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V]IK 621.394.4(075.8)

Moy /siiiHs, CHHXPOHH3ALMA, KOPPEKIA YACTOTHBIX XapaKrepH-
CTUK W KOIMpOBAHME NpH repeiase JMCKPETHBIX COOOLICHMIT: METO/MHE
cKHe  YKa3aHWs K KypcoBo# pa6ore / PsizaH. roc. paMoOTeXH. yH-T; COCT.
B.B. Ezepckuii. Pa3aHb, 2016.24 c.
ConepKatcs MCXO[HbIE NAHHbIC LA BHINIONHEHMS KypcoBoil paboTsl 1O
kypey “OcHOBBI lepeatil JIHCKPETHBIX coobimennir’”’. [IpuBeIeHbl KPATKHE
pPEeKOMEHIALMH 11O BHITIOTHEHHIO pacy&ToB.

TpenHasHadeHbl A CTYACHTOR 4-ro Kypca HampaB/IeHHA HOIro-
ropku Gakanaspos 11.03.02 “UndoxoMMyHHKATHOHHBIE TeXHOJIOTUH W
CHCTEMBL CBA3H PAIMOTEXHHHECKOrO GakyneTeTa,

Tabn. 6,Mn. 9. Bubnmorp.: 17 Ha3B.
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Moy AIHs, CHHXPOHH3ALMA, KOPPEKIWAA aCTOTHBIX XapakTepu-
CTUK | KOTMPOBAHUE MK Tiepeate MMCKPETHRIX coobeHNH
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1. Beejenne

ViqeGHbIM TIAHOM HATPABICHHA oAroToBKH 6aKanaBpos 11.03.02
“UnoKOMMyHHKALMOHHBIC TeXHOJIOTMH ¥ CHCTEMBI cpA3y’ MpeycMOTpe-
HO B CEBLMOM CEeMeCTpe BEITONHEHNE KyPCOBOH paboTBl 10 AMCUMIUIHHE

Cx L

“OcHOBSBI TIEpeJaiu JIMCKPETHBIX coobIeHuH .
[Tpu IPOSKTHPOBAHUI CHUCTEMBI mepeaativ JIMCKPETHRIX coobe-

Huii BO3HMKAET HEOOXOMMMOCTE obecrieunTs 3aaHHYI0 CKOpOCTE nepeaayn
B 3a1aHHOE BpEMs C TPeOYeMBIM kauecTBOM. JUA HOCTHIKCHHA ATHX Xapak-
TEpUCTHK HEOOXOAUMO peunTh YeThIpe 3a;avm: BHIOpaTH MPOTOKON Mojy-
NANMY W BHAJ MOAYJIALHH, BLIOpaTs METOJ CUHXpOHM3AIHA H paccuuTath
apaMeTphl CUCTEMBI cHEXpOHU3aIMH, obecTietHTh KOPPEKIIMIO HETPephIB-
HOro KaHana CBA3H H paspaGorath CHCTEMY :on:nowwmsa‘boxohsvowwmsn
[HKTHIECKOro W3OHITOTHOTO KOJA. TTpoToKOJ ¥ BHI Moy MK obecrieTH-
BAOT 3AJAHHYIO CKOPOCTh MOLYMALIH. CucTeMa CHHXPOHH3ALMH 03BONA-
€T BBHIMOIHUTH npaBHIbHBIA TPHEM coobenuit. Koppexuusa HaCTOTHBIX
XapaKTepHCTHK KaHana CBA3N obecre4HBacT MUHHMATBHBIH yPOBEHE MEHK-
CHMBOJBHBIX HCKaXKeHMH. [pHMEHCHHE [HOMEXOYCTONYHBOTO W3OBITOYHOTO
xoaMpoBaHms obecneanBacT 3anaHHyK BEPHOCTE nipuéMa MCKPETHBIX CO-
ob1IeHHH.

2. 3apanue g
PaspaboTaTs CHCTEMY nepenadn ACKPETHBIX coobuIeHni Ha OC-

HORBE pEIICHHA yeThIpEX 3a1at.

Jaxayva 1
BeibpaTs METOA MOIYJIAIHE H vm%wmoqﬁ.r cxeMy MOAy/aTopa H

nemopynsTopa. PaccauTarh BEpOATHOCTh omubKH Ha CHMBOIL. QOrHOLIEHHE
CHrHAN-IIYM, CKOpOCTb MOJYALMHA U Tpebyemas CKOpOCTD nepefaun uH-
dhopmauuu Ui 33[aHHOTC BapHaHTa npencTaBicHbl B tabn. 1. BapuanT
COOTBETCTBYET HOMEpY CTyACHTA B crmcke i 18— rpynmbl ¥ HOMEDY,
yBelIHYEHHOMY Ha 20, nas 19-# rpynubl.

w.:_m BapuasT
2400 21

1 15
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Bapuant | Q. B | B B Bapwant OOHM:AEMS Smbmn! L , OxonHanye Tabauist 2
8 51 [ 900 9500 28 T8 11100 14400 Bapuaut | £, ¢ tncs © Opur %o k.
9 16 700 | 14400 29 15 1000 | 9600 9 1,5 13 20 107
10 23 800 | 19200 30 20 900 4800 10 2 14 25 10°
11 20 900 | 2400 31 17 300 2400 11 2 15 5 10°
12 17 | 1000 | 4800 32 12 | 600 | 1200 12 3 16 10 107
13 21 1100 | 9600 33 20 1200 | 19200 13 0,5 17 15 10°
14 23 1200 | 14400 34 22 1100 | 14400 14 1 18 20 10°
15 22 600 | 19200 35 17 1000 | 9600 15 L5 19 25 107
16 15 700 | 2400 36 15 900 | 4800 16 2 20 5 10°
17 17 800 | 4800 37 18 800 2400 17 2.5 3 10 10°
18 19 900 | 9600 38 15 600 | 1200 18 3 6 15 10”7
19 20 1000 | 14400 39 20 1200 | 19200 19 0,5 7 20 107
20 21 1100 | 19200 40 18 1100 | 14400 |20 1 8 25 10°
21 1.5 9 5 10”7
Jransi BuIOTHeHNs 3aayu 1 22 2 10 10 10”
1. BaGop BHAa MOY/IAUHA. 23 2,5 11 15 10°
2. PazpaboTKa cXeMBI MOAY/IATOPA H AEMOMYIATOPA. 24 3 12 20 10”7
3. PacuéT BepoATHOCTH OLIMOKYM Ha CUMBOIL. 25 0,5 13 25 107
) 26 1 14 5 10°
3anaua 2 27 L5 15 10 107
BriGpaTh METOJL CHHXPOHH3AUBH U pazpaboTarh CXeMbI tazupyro- 28 2 16 15 10°
Lero yCTPOHCTBA U CHHXPOHW3ATOPA. PaccuyMTaTh NApaMeTpEl YCTPOHCTBA 29 2.5 17 20 10°
CHHXPOHM3ALUH C NPEACTABICHHLIMA B Tabn. 2 BpEMEHEM CHHXPOHM3ALHH 30 3 18 25 107
1., BpEMEHEM NOJNCPKAHHA crHbazHOCTH 1, CpeIHEXBAPATHIECKUM 31 0.5 19 5 10°
3HAYEHHEM KPAEBBIX HCKAKEHKH Oy H k03 PUIUEHTOM HecTabUIEHOCTH 32 1 20 10 10°
reHepatopa k, . ww _% w ww ”WM
s
Tabnuna 2 ww Nwm w Nmu ”Mq
Bapuart | sc.c | tne:C | O ® ks 37 0.5 9 10 10
1 0.5 5 5 10° 38 i 10 15 10°
: 1 6 10 10° 39 15 3 20 107
4 2 3 20 10°
5 2.5 9 25 _ou Jransl BLIMOJHEHHS 3a8a4u 2
6 3 10 S —o.u 1. Brifop MeTO/Ia CHHXPOHH3ALMH.
7 0.5 11 10 10° 2. Paspabotka CXEMBI CHHXPOHH3ATOPa.
8 1 12 15 10°._.4 3. PacuéT MapaMETPOB yCTPOHCTBA CHHXPORM3ATIHH.
|




3apaua 3 ! OxoHYaH#He Tabnuibl 3
Beibpats METOJ| KOPPEKUMH (as04aCTOTHOH XapaKTePHCTHKH | B 4 4
(®UX) kasana TY, Gopma KOTOPO# Ul OAHOTO MEPENPUEMHOrO ydacTka ,__, o N o e by by 1. MO 2Me
3a71aHa BEIPAKEHUCM: 29 9 0,4 2 4 2
o@)=1, (@ - @p)+ by sinld; (@— @o)]+ by sinldy(@-ag)l. - (D 30 10 ! 0.5 2 4
Haiitu tpeboanus kK PUX koppekTopa 1 paspaloTaTs CXeMy KOPpEKTOpa : 31 1 3 0.1 2 4
W cXeMy MOAKITIOYeHHs KOPPeKTopa K Kanay cBa3u. [lapameTpsl ®YX xa- ww w oww opw w M
xana ceeaeHsl B Tadi. 3 npH \oﬂ.nhou =1800T"w. _ 34 4 0,4 2 4 2
i 35 5 1 0,5 2 4
Jegeung > 36 6 5 0,1 2 2
BapuauT | £, MC by by dy, MC dy , Mc 37 - 02 a 2 2
1 1 5 0,1 2 4 { 38 ? 3 03 2 4
2 2 0.2 4 4 2 ] 39 9 0,4 2 4 2
3 3 3 03 2 4 40 10 1 0.5 2 4
4 4 0,4 2 4 2
S 5 1 0,5 2 4 KONMUECTBO TepEeNpHEMHBIX YYACTKOB Bhi4MCIseTcs 1O  (opmyne
6 6 5 0,1 2 4 N,,, =1+[2+N]mod8 . r1ie N - HOMep BapHaHTa.
7 7 0,2 4 4 2 |
8 8 3 03 2 4 Iransl BLINOJIHEHHS 324K 3
9 J 04 2 o 4 2 1. Beifop MeTona KOPpeKLHM.
10 10 1 0.5 2 4 2. Onpenenenue HEPABHOMEPHOCTH rPYIIOBOTO BPEMEHH 3allas/IbIBAI
11 1 5 0,1 2 4 (I'B3) kanana.
12 2 0,2 4 4 2 3. Onpenenenne Tpebyemoro I'B3 xoppekTopa.
13 3 3 0,3 2 4 4. Pa3paboTka cCXeMbl KOpPPEKTOpa.
14 4 0.4 2 4 2
15 5 1 0,5 2 4 3anaua 4
16 6 S 0,1 2 4 | PaspaGorats cHCTEMy KOAMPOBAHHS/ACKOAUPOBAHMA LHKIHIECKO-
17 < 0,2 4 4 2 _ [0 KOAA [UTA k -37EMEHTHOr0 H3GBITOYHOrO KOJIa, KOTOPhIA HCMpPABIALT 7,
18 8 3 0.3 2 4 " ommnbok. Mcxonmsie AaHHble npenctasienbi B Tabn. 4. IpusecTd CTPYK-
19 9 04 2 4 2 , TYpHBIE CXEMbl KOZMPYIOLIErO M ACKOIMPYIOLICro yerposicts. OueHuTsh
20 10 1 0,5 2 + BEPOSTHOCT NMOJIyHEHHs HeOOHapyXkuBaeMOH OLIHOKHM Ha BBIXOJE CHCTE-
21 1 5 0.1 2 4 MBI, €CJIH BEPOATHOCTE OUIMOKH g B KAHAIE CBA3M MEHAETCA OT 107 10
22 2 0,2 4 4 2 1072
23 3 3 0,3 2 4 Tamimia 4
24 4 0,4 4 4 2 B B . :
35 5 1 05 2 3 apHaHT k £ apHanT 2
26 6 5 0,1 2 4 1 5 1 21 7 4
27 7 0.2 4 4 2 2 6 5 22 8 3
28 8 3 03 2 4 3 7 3 23 EJ 1
4 8 2 24 5 5
1
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ITansi BEIMOJHEHHs 3a124H 4

1. Onpejenesye Yrcia NPOBEPOYHBIX NEMEHTOB M3OBITOUHOrO KOAA.

2. Iloctpoenne HyHKUHOHAILHONW CXEMEI YCTPOHCTBA KOAMPOBAHMUS [10-
JIYMEHHOTO KOJa.

3. Pacuér MaTpHIBI CHHAPOMOB I OZHOKPATHOM OLIUOKHU.

4. TloctpoeHue (YyHKUMOHANLHOW CXEMBI YCTPOMCTBA JEKOAUPOBAHMA
HOJTY4EHHOrO KOJI. a

5. TIloctpoenue rpaduka nosBneHHs HeoOHapyXMBaeMOH OWMOKH NPH
3a/JaHHOM HW3MEHEHHH BEPOATHOCTH OIIMOKH B KaHane CBA3H.

3. MeroauyecKne yKasanus

3.1. Moaynsums 1 AeMOAYIALHS CHIHAJIOB

Buibl MOAYIALUMH CHIHANOB, IPOTOKOIB MOAYJISLMH NpPH Tepenate
AMCKPETHEIX COOOIUEHHH, a TakKe BO3MOXKHBIE CXEMBI MOLYJIATOPOE H AC-
MOAY/IATOPOB MOAPOOHO M3M0XKeHH! B [17].

Beibop Buja MOAYISUMH 32BACKT OT TpebyeMoi CKOpOCTH nepenain
uHdopmanmu,

Haubonee nmpoko NpUMEHAOTCS

- wactoTHas Moxyisuua (YM);
- oTHOCHTeabHAs (azosas monyisiuus (ODPM), koraa uHdopmaiws © nepe-
ZABAEMOM OUTE 3aKII0YeHa B HaMeHeHHH (a3sl TeKyLIeH NMOCBLIKM OTHOCH-
TEABHO NPEABUTYIIEH;
- JBOiiHAs oTHOcMTeNnbHas (azopaa Moaymauua (JJOOM), xoraa OTHOCH-
TEABHEIM U3MeHeHHeM a3kl Tekyileil MOCHUIKM YIpPaBIAoT aABa HuTa me-
penaBaeMbiX JaHHBIX;
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- ammiuTyAHO-ba30Bad MM KBAApaTypHas MOLYUALHA (KAM), npu KOTO-
poii TIepe/iaBaeMbie rPyMiTs GUT YNpaBioT hasoli 1 aMIIUTYION Tiepesia-
BAEMOTO CUTHANA;
- TPEJUTHC-MOIYIALMA (TCM), 3aKTIOYAIOMANCA B COBMELICHHH KAM co
cBEPTOYHBIM KOHPOBAHHEM.
PekoMeHIyeMble CKOPOCTH Nepefady JUif 3THX BHIOB MOMYNALMH IPHEO-
AATCA B IPOTOKONAX cepuu V.

Tporokoa V.21 ABAsETCH AYUIEKCHBIM H HCTIONIB3Y ST YM 1 4acToT-
Hoe pasjenenne kaHanoB. CKOPOCTE MOAYJALWH M CKOPOCTR nepeaiu
nanmpx coorsetctenHo 300 Box 1 300 dur/e.

[Tporokon V.22 MOy TUIEKCHBIH, HCTIONB3YIOMIHA OPM u 10OM
[Ip¥ YACTOTHOM Pa3ie/IeHHH KaHAIOB MEPEaaty B3aHMOJCHCTBYIOUMX MO-
nemop. Hecymue wactotel - 1200 't u 2400 Iu. CkopoCTs MOAYJIALMH -
600 Boa. COOTBETCTBEHHO CKOPOCTDb MEpeliain napopmaiy - 600 Gut/c U
1200 6ur/c. [TpeaycCMOTPEHO HCIIONL30BAHKE KOPPEKTOpa (hazoBBIX HCKa-
skenuii (3xBanaiizepa) ¢ PUKCHPOBAHHOM XapaKTepHCTUKOM,

Tlporokon V.22bis MMeeT TakHe Xe HeCyLne HacToThl 1 CKOpPOCTH MO-
pymsiAR. Brapt MOy sy JIO®M u KAM-16. CoOTBETCTREHHO CKOPO-
cri nepenaty - 1200 Gut/c n 2400 our/c.

ITpotokon V.23 ofecrnieyuBacT HCIIONL30BAHUE YM B KOMMYTHpYe-
MBIX KaHazax co ckopoctamu 600 u 1200 fur/c TpH NOMYAYIIEKCHOM pe-
XUMe Nepeliauu ¢ UCTIONB30BAHMEM HEANANTHBHOIO 9KBasaiepa U peanu-
3yeT cykeOHBIH 0BpaTHEBIH KaHall CO CKOPOCTHIO nepepaum 75 6ut/c.

TIporoxonst V.26, V. 26bis u V.26ter uenonszyor JOGM co cko-
pocTeio Monynauuu 1200 bon. JL1A HMxX COOTBETCTBEHHO OOECTICUHBAIOTCH
JlyIUIEKCHAs Tlepeaaya Mo YeThpEXNPOBO/IHBIM BBIICJICHHBIM THHUAM, MO-
JyAyIUTEKCHas Nepeaaya o AByXNpOBOIHEIM KOMMYTHPYEMBIM JIHHUAM H B
focaeIHEM cydae, 61arofiaps TEXHOIOMWM 3X0-NONABNCHIA H aanTHBHOM
KOPPEKIWMH, - AYTUICKCHAA Nepeaasa.

Iiporokon V.32 HCTONB3yeT KAM-15 wm KAM-32 ¢ npuMeHeHHeM
TPeINC-KOAUPOBAHUA (CHrHAIBHO-KOJIOBAS KOHCTPYKIIMA CKK-32 c BHe-
CeHUEM OHOrO H3OBITOYHOro OuTa Ha 4eThIpe uHPOPMALMOHHEIX /i NO-
BLILIEHHUS [IOMEXOYCTOHYHBOCTH) M CKOPOCTBIO MOLYIALIMH 2400 Boa. Oba-
3aTeNBEHO peanu3yloTes QyHKUUA IXO-TIOAABACHA H COOTBETCTBEHHO /YT~
JleKkcHas mepejaya mo JBYXMPOBOJHGBIM KaHATaM TY. ObecneunBaroTCs
ckopocTi nepeaaan 9600, 4800 1 2400 6ur/c. Yacrora Hecymer - 1800 I'n
ripw nosioce gactor ot 300 1o 3000 T'u.

Iporokon V.32bis obecrieuuBacT CKOpPOCTH NEPEatn no 14400,
1200, 9600, 7200 6uT/c ¢ TPENIHC-KOAUPOBAHUEM H 4800 6ut/c He3 Koju-
pOBaHKs MPH CKOPOCTH MOAYIALMH 2400 Box. ObecnieuuBaeTcs AYTUIEKC-
HEIil pexMM NpH paboTe Mo KOMMYTHPYEMBIM KaHATaM TY u apeHayeMbIM




[BYXTIPOBOJHBIM JTHHHAM IIEPEAAdH € IXO [O/ABTCHHEM. YacroTa Hecye
pasua 1800 't np# nos0ce YacToT OT 300 o 3000 I'u.

ITporokon V.33 npeanasHateH i ofecnieueHns AyIIEKCHOH CBA3H
{10 YETHIPEXNPOBOHAIM BEIIEICHHBIM KAHAIAM Ha HacTOTe 1800 ' npu
CKOpPOCTH MOZYJIALNH 2400 Bon. Mcnonszyercs KAM  COBMECTHO C pe-
(IETYATHIM KOJMPOBAHUEM Ha OCHOBE CKK-64 u CKK-128. baarozaps 3T0-
My JOCTHIArOTCA CKOPOCTH Mepe/iatin 12000 u 14400 Gut/c. BxogHo# 10-
TOK JaHHBEIX CKPEMOIUPYETCA CAMOCHHXPOHH3HPYIOUIHM ckpembepom.

Tpotokonst V.34/V.34bis 06ecnedHBaloT epeiauy JaHHbIX CO CKO-
POCTSIMH COOTBETCTBEHHO 28800 1 33600 6utT/c B KOMMYTHPYEMbIX KaHa-
nax TU # Ha ABYXTOUEHHEIX ABYXNPOBOIHBIX BBIACTCHHBIX JTHHUAX CBA3ZHM.
CxopocTs Tepeaaiu BEIOHpaeTcs B AMAaNasoHe OT 2400 6ut/c Bo MakKcu-
MaTBHOMN ¢ mwaroM 2400 6ut/c. CkopoCTs MOMY/IALMH HE ABIACTCA ¢uxcH-
poBaHHOM M BHIGHpAETCA U3 IECTH BO3MOXHBIX BapHaHTOB, paBHEX 2400,
2743, 2800, 3000, 3200 u 3429 cumeoi/c. Mcnonb3yeTcss MHOIOIO3HIMOH-
nas KAM ¢ pemiérdaTbiM KOAMPOBAHAEM NpH YBEHYEHHOH Pa3MepHOCTH
KOZMpPYeMOro HH(OPMALHOHHOrO JEMEHTA. Kpome fByX mapaMeTpoB -
aMIUTY b ¥ Gasel, MCHONB3YeTCA TpeTHii - Bpems. Kaxubii KOMPYEMBIH
aieMeHT TpeacTasnseT coboi 18a MOCIEOBATEILHO nepeaaBaeMbiX CHIHa-
1@, MOAY/IMPYEMBIX MO aMIUIMTYAE U daze. B pesynbrare nomydaercs qe-
THIPEXMEpHOE MPOCTpaHCTBO. B MpOTOKONE HMEIOTCH 50 paznu4HBIX CHI-
HANbHBIX CO3BE3 MM 171 paboTsl Ha BCEX BO3MOMHBIX CKOPOCTAX. 3HaYeHHe
Hecylell 4acToThl BHIOMpacTCH M3 pAja 1600, 1646, 1680, 1800, 1829,
1867, 1920, 1959, 2000 I'u. O6ecneunBaeTcs ajanTHBHAsg MOJCTPOHKA e~
pe/laTaMKa W [IPHEMHHKA NOJI CBOACTBA KaHasa CBASH.

Moayasiusi JO®M BHITONHACTCA ¢ MOMOLIBIO CXeMBI, MoKa3aH-

Ho¥ Ha puc 1.
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Ioneszuas uudopManus B ABOMYHOM KOJIC (maupble) NOCTYMaeT BO
BXOJIHOE YCTPOUCTBO, T/le MPOMCXOUT npeobpazopanue CUIONAPHBIX HM-
My/bCOB B OfHoNOApHbie. Jlanee CHrHAJ TOCTYNACT Ha pereHeparop, rie
OCYIECTBIIAETCA MPHBA3KA UMITY/IECOB ABOUIHOTO Ko/a K QpPOHTY HMITYJIb-
cos TY.

Jlns yBenuYeHus CKOPOCTH Nepeiaii HMIyIbChl BXOJIHOTO KO/a pa3-
JIeNAOTCS HA JBa TOTOKA: MOTOK YETHBIX H MOTOK HEYETHBIX CHMBOJIOB.
JIMHTENEHOCTS K&kKA0r0 CHMBOJIA NPH 3TOM yABAHBAETCA, H OHHM COBMeELIa-
joTes Mo BpeMeHH. T1apa COBMEIEHHBIX BO BPEMEHH CHMBOJIOB (YETHBIH U
neveTHsii) oGpazyer auGHT. [To cojepiaHitio TeKyLIEro JubuTa W 3Ha4e-
HUtO (assl HPEABIAYIISH MOCBUIKH kononpeoGpasopatens GOPMHPYET CHT-
HaJbl, OTKPBIBAIOLINE ONWH M3 wioueit K1 - K4. Orum obecreunBacTes
WAMEHEHHE HAYANBHOM (a3sl A@ O4EepeHON NOCKUIKHA (1o OTHOMIEHHMIO K

HauanpHOi (ase @, TPEABLIYIIEH MOCKUIKH): AQ =@, — Py KoneGanws
qactorst 14.4 k' va kmoun K1 — K4 mocTynaioT no 4ersipem uensM u3
dopmupoparena pa3. Mexiy curHanamu B 9THX LIEMNsX CO3[JaH CABUI 1O
daze 90, 180, 270° OTHOCHTENHHO TepBOi LenH (HauallbHal (aza koine-

Hanus B KOTOPO NPHHATA 32 HOJIB).

JleMoayIATOP CHIHAJIOB JIO®M ocyuecTBIAeT MPUHUMI Kore-
peHTHOrO npuema. YHpouleHHas CTpYKTypHad cxema JIEMOZYJIATOpa MpH-
BeJIeHa Ha puc. 2.

moz._?v
* 4 G.-,.; B
> OO-1
U 3
NEST) e 5 Eas.q
U 8
1,2 M.
-2 Yz ) 88
*mD_._mAC
Puc. 2

Ha exojibl ABYX (ba3oBbIX (CHHXPOHHBIX) JI€TEKTOPOB ]| moctyrmna-
ot nochuiku ¢ JJOOM. B kavectse ONMOPHBIX konebanuii B OJ1 uenonb3y-

totcs konebamust S, (1) u S, (), CABMHYTEIE TI0 daze na 90° orHocu-
TENBHO ApYr Apyra U Ha 4+45° OTHOCHTENBHO CUIHANOB HECYIIHX YacTOT
[OCHIIOK (CM. Auarpammy Ha puc.3). HanpsokeHue Ha BLXOAax DI u D2
NPONOPUMOHATHEHO KOCHHYCY W CHHYCY pasHOCTH HauansHeiX a3 NpHHH-
Maemoii mockimki x(r), 0 <t <T ¥ OHOPHBIX Kosnebanui ms._s " MS.NSH
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S, () =sin(ax + 7/4) ,
S, (1) = cos(a@x + x/4) .

CrenosarensHo, Ha Beixoae nepsoro @1 GpopMUpyIOTCS MOCASA0BATENBHO
HanpsuKeH .

T > wa:n 10 w:.:
s_-_._nT,Smsé&umis_-_Ia\a. :

0

ﬂ
y, = [%,)S,,, ()t = sin(, ~7/4)..
Q0

11 00
COOTRETCTBEHHO Ha Bhixoze Broporo ®]1:
T

Uyay = % (OSa(Ot = cOS(0,, ~7[4),
0 “
T £
:auT,Smisauoomﬂe,na\&. o
c wmn.w

(@) n x,(1). Pas-

3nech @, M @, - HadabHble (a3l Mapel MOCHUIOK X,

HOCTH 3THX HauansHbIX pas u des S, (1) u S,,(1) Hecer unpopmamio 0

cONepKAHHU TIEPEaBAeMOro IubuTa.
3uauenue AUOUTA ONpPENENACTCS 3HAKAMM HANPSOKSHUI U,y (\ U,»

Uy 17 Uy, [TO3TOMY CHIHAJIBI € BEIXOAA ®J1 hopMUPYIOTCs TI0 YPOBHAM 1
u 0. Ha BeIXOgaxX pereHepaTopa, TakuM 06pasoM, ofpaszyercs 4-

NOBMIHOHHBIH KOX (, yy )%y 13ty 10-Hy)s THE Uy yys Upy, Wy H i, -
COOTBETCTRYHOMIHE HOPMHPOBAHHBIC 3HAYCHUA.

Kononpeo6pazoparens rpeobpasyeT 4-TO3MUMOHHBIH KOA B 2-
nosuuuonssii (aponynsi). [TpeobpasoBaHus peanusyioTca ¢ HOMOLIBIO
norsueckux snemenrtos Y, WIW, HE.

Mojyasrop KAM 16 nokasar Ha puc. 4. B 9T0ii cXeme HCNOIB3YIoTCA
[1BA OIWHAKOBBIX :SQE,B@» JJODM.

X Sin(w A Af KAM 16
. % Cos(®)
>z [x] [ree cL_e

; v

JIO®M 6 1B
Puc. 4

o AOCOM
A
)

v

Yy

w
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MexoaHas Mocie[oBaTeIbHOCTS CHMBOIOB pasOHBAETCA HA IPYNNBI MO
4 cumsona (X, Y, Z, W). Ilapa nepBbiX CHMBOJIOB (X, Y) nocrynaer Ha
omun MoynsTop JO®M, napa Brophix (Z, W) — Ha napyroi. C resepartopa
HECYILEro CUrHaja Ha MOMY/IATOpSI JIO®M nocTynarT ABa CHrHana co
casuroM mo ¢ase Ha 90°, BEIXOAHOM CHrHAJ OJHOTO M3 MOIYJISTOPOB
JO®M ycunuaetcs Ha 6 1B, u 0b6a CHrHata CKIafbIBAIOTCA.

®opMUpPOBAHHE CHTHAIBHOTO CO3BE3/IMA HA OCHOBE CYMMMPOBAHUS
CHTHAI0B NMOKA3aHO HA PHC. 5.

QL At

0101 \._:98 0001 __ 0000
1 1

Puc. 5

Jlemoayasrop KAM ominyaerca OT JEMOAYJIATOpa JOOM HanuuueM
JIOTONHUTETBHONO AMIUTHTY/IHOTO KaHAjla, B KOTOPOM MPOM3BOJIMTCS aHa-
7M3 AMIUIATYIBI TEKYIIeH MOCHUTKH OAHOBPEMEHHO C aHATTM30M H3MEHEHHS
(azsL.

Tlocie BEIGOpA IPOTOKONA W BIJA MOMYNALMM HEQOXOHMO PaccH-
TaTh BEPOATHOCTH OMIMOKH MO GopMynant, TPHBEAEHHBIM B tabn. 5 [5].

Tabnuua 5
Mopaynsauus BeposTHOCTh OIIHOKH
dazonas 2E
F,=0Q :
Zo
OrrocurenbHas dazopas 1 E
B =exp| ——*
2 N,
OproroHanbHas 4acToTHas (Ko- E
repeHTHOE IETEKTHPOBAHYE) P.=0 1\%.
()
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Okonyanue TabiHus! 5

Mogysuus BepostHOCTH OIHOKH
dvao_.o:m:wmmu yactoTHas (He- 1 1E,
KOrepeHTHOE ACTeKTHPOBaHHE) B, =—exp

MHuorokpaTHas 9acTOTHasd

Muorokparsas (azosas

KpaapaTypHas aMIUTATY AHas

B tabn. 5 0603Ha4eHo:
185 u’

o(X)= ._.mxvhlll du - nHTeTpai BEpOATHOCTH;

(X)=7= ) 5
E,=E,log, M ; M =2*; k- uérnoe; L=\IM .
Tlp4 BEINOJHEHAM 3THX PacyEToB HE0OXOAUMO TIOMHHTE, YTO OTHOMICHHE
curnan-myM g =2E, /N, npHBeaeHO B Tabn. 1 B 1B, a B ykaszaunbie Gop-
MyJTBI OHO BXOJIUT B OTHOCHTE/JBHBIX CAMHHMUAX. IMepecuéT 3nauenmii B8 1b
Gy B OTHOCHTENILHBIE EIMHHULL (ory, BBIMOTHACTCA IO dopmyne:

Qo <1075

3.2. YerpoiieTsa CHHXPOHH3 MU

Ocobennocteio CIJIC smisieTcs HEOOXOMMMOCTE MOAIEpHKAHIA
CTPOro OMPEeNEIEHHOrO COOTHOWCHMA paboTel NpUEMHUKA W MepeaaTinka
ans obecreyeHys MPaBATBHOR DErdCTPAliy JUHHYHBIX 3/ICMEHTOB. B
nyHKTe npuéma HeobxoanumMo BBIIE/UTE 2Havamue MomeHTsl (3M) npHHU-
MAEMOTrO CHrHANa. ITO ycioBHe 0BECTIeUMBAETCS YCTPOHCTBOM CHHXPOHH-
3amun no anementam (YCI), kotopoe GopMHPYET YNpaBIsiouiue CUruaibl
B (aze ¢ 3M KakKI0ro eIHHHIHOrO S/IEMEHTA. TH CUrHAIBI HA3BIBAIOT TAK-
TOBBIMH MJIM CHHXPOUMILY/TbCAMH.

KpoMme TOro, HCIOJIB3YIOTCA YCTPOHCTBA A dopMHpOBaHUA OMOP-
HOM YACTOTHI, HEODXOAUMOMN MPH AEMOYJIALNK CHIHANOB JIO®M. Taxoe
YCTPOMCTBO HA3BIBAETCA CXCMOH  BbUICNCHMA CHHXPOHHOH  H4aCTOTHI
(CBCY). CBCY obecneunpaeT roIy4eHHe ABYX kone6anuit yactorel 14.4
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kI (CY1, CY2), pasHoii HauanpHOH uacToTe Hecymel OOM MOChIIOK.
Konebauus casunyThl nmo ¢ase na 90° ¥ MCHIOABL3YIOTCA NPU CHHXPOHHOM
(KOrepeHTHOI) AEMOTYAAUMH NPHHUMAaeMbDX chriaios OOM.
DOPMUPOBAHUE KOTEPEHTHOr0 KOJNEOAHUS OCYIIECTBAAETCH HM-
My7LCHOH ABTOMATHYECKOM MONCTPOMKOH (pasbl 32 CHET BOINCHCTBHA Ha
npoMesKyTOuHENH AeauTens. [loacTpoiika da3ss gocTuraeTes A06aBrieHnem
WO¥ BeiuuTaneM umnynbcoB KIT Ha BXOJE MPOMEKYTOYHOTO JGNTHTENA C
xkoadduunentom feneHus m=72. QyHKUHOHANBHAA CXEMa BBLUICICHHR
CHHXPOHHOI YacTOTHI NIPHBEJICHa Ha PUC. 6.
[Mocsuikn JJOPM curHajios nocry-

OdM 3 +
oy H NAlOT B YCTPOMCTBO BXOMHOW AMCKpeTH3a-
L g pun BJI. Ha Beixoae ycrpoticrea GopMupy-
BIX.
Ton 3 ©TCA N0CIenoBATENEHOCT KOPOTKHMX HMM-

NyJBCOB, COBRAJAIOUIMX NO BPEMCHH HYy-
nsvMu curnaia JOOM. D1y UMITYIILChl 10-
CTYNaKT Ha OJMH BXOA HMdpororo haso-
poro aerckropa LIMJI. Ha gpyro#t exox
1IdMJ] mocTymaer Konedanue ¢ OCHOBHOIO
gemurenss OJf. B 3aBMCHMOCTH OT 3Haka
paccoryiacoBasus 1o ase konebaHui, neii-
crBytommx Ha sxopax LI®/I, na ogHom M3
ZBYX BBIXOJIOB (JOpPMMpYETCs CHTHAN, OT-

Puc. 6 kpeiBaroluii cxems! U1 wm M2. B 3apu-
CHMOCTH OT TOTO, KaKas M3 3THX cXeM orTkpbita, uMimynschl o1 KI' nocty-
naoT JH60 Ha CyMMMpPYIOLIHIL, JIM00 Ha BEIYHTAOIMA BXOL PEBEPCHBHOIO
cuetunka PC, KOTOpHI HEOOXONUM Ui yMEHBIICHHS BIHAHUA HIYMOB U
cryyaitaeIx paccornacoanmit. Emxocts PC pasua 16, mostomy TOABKO
rocne mocTyILieHns 16 uMity/IscoB ¢ BhEXoaHOTo yerpoiictea BJI, omnepe-
saromux cursan OJl, Ha Beixone PC noseiseTcs CHrHAM “HCKITIOUEHHE”,
110 KOTOpOMY cxema No0aBieHus W HekmodeHus JIH MCKIoYaeT COOTBET-
creyiomuii umnyase KI' va Bxoge OJI. @a3za xonebaHns Ha BbIXOJIC (801

MPH 3TOM H3MEHHTCA B CTOPOHY OMNEPEXKEHHs HA BEAHIHHY @, HNN: s

BenuypHy nepuopa xonebanuit KI'. Ecnm npi 9TOM paccornacoBaHue Ha
pxonax LI®JI we ycrpaHeHo, To 4epe3 16 mmmynscos ¢ ycrpoiictsa BJI
npouenypa nopropsercs. Pasa seixoanoro curnana OJ1 cHOBA HIMEHUTCA
Ha BEMYMHY Iara KoppexTuposanus. [Tocne kaxioro cpabarsiBanus cxe-
Mt JIA pesepcuBHEI CYeTUMK cOpacklBacTCs B HYNEeBOE (MCXOMHOE) Cco-
CTOSIHHE.

Tpwu oTcTaBanuK KoneGanuii Ha Bpixoze yerpoicTea B/I ot curnana
¢ OJ1 na sropom Beixoge LIMJI nossurcs cUrhan, OTKPHIBAFOILIMH CXEMY
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2. Ecnu OTCTaBaHHE YCTOHUYHBO (UMeeT MEecTO B TEHYCHHE 16 mepuoaos
qactorst BJI), To Ha Beixoae PC nosBUTCA CHIHAM “no6apnenne”’. [To Hemy
cxema [T ZOGABAT O/IMH HMITYJIEC B OTOK Ha BXOAC OJ1. ®asza xonebaHus

ua ppixone OJ H3IMEHHTCS HA BEHUHHY @, = \N; B CTOPOHY OTCTaBaHus.

[Mpouece u3MeHenus ¢aspl CHrHana, dopmupyemoro O], Oyner
NMPONOIDKATECS /10 TEX 110p, NOka PasHOCTE a3 koneBanuii na pxonax IO/

He OKaKeTCs MEHbLIE Liara KOppPEeKTHPOBAHHUA S. S

(asupylouiee yCTpoHCTBO (®Y) obecneunBaetT NOCHMBOJIBHYIO
CHHXPOHM3ALMIO ¥ GOPMHPYET HMITYJIbCBI taxtoBoi yactotsl (TY) mpuem-
HHKa, PABHOM CKOPOCTH mepenatn urdopmaimu. DTO cHcTEMa aBTOMATH-
4eCKOro peryiipoBaHus ¢ IMCKPETHEIM ynpasiennenM. OJHaKo peannsaius
@Y 103BOASET OCYMIECTBHTS YNpaBicHue dazoii xonebanus Ha BBIXOAC
JTY, nponopUMOHATEHOE BETHTHHE paccornacoBaHus.

7ot 2¢¢dexT AOCTUTAETC TEM, UTO (a30BbIil IETEKTOP CXEMBI (00
ofecrieqHBacT NpONOPUHOHALHOE N3MEHCHHE COOTHOUIEHNAS YacToT clie-
[OBAHMS MMITYJIECOB JOGABJICHHS H BHIMATAHIA B 3aBHCMMOCTH OT 3HaKa u
BeTMUMHbl pasHOCTH (a3 Ha BXOAaX jRC18

DyHKIHOHAIBHAA CXEMA ®V npuseneHa Ha puc. 7.
Beix. B cocra @Y BXOAAT ClEAyIOUHE

yCTpOWMCTBA: JAeIUTEb 9aCTOTHI 4, yer-
POMCTBO OLEHKH Pa3HOCTH ¢a3 OPD, ne-
nurens pobapnedns JUJ1, nenuTens BhIYH-
tarus JIB, ycTpoiicTBo H00aBNEHUs U HC-
kmovenus JIW.
’ TMonctpoiika (assl NPOU3BOAMTCA  HA
Or Bl ppixoze JIU. Ha ero BXoj NOCTYNAKOT UM-
Puc. 7 myasesl BU ¢ nepuogom 7 epes cxemy
JIN ¢ noGaBICHHBIMH H HMCKITHOUCHHBIMH
umnynbcamu. KoapduuuenT AeneHuds ACTHTEIA m=7T2. NMnyiscel H3
roxa BJI, cootsetcTBylomme (QpoOHTAM NOCKHUIOK, IOCTYTAIOT Ha BXOM
OP®. Ha npyroii BXOH JTOH e CXeMBI I0AACTCA curnan ¢ seixompa 4.
Yerpoiicteo OP® (akTuyeckn ABIACTCS KTOYOM, KOTOPBIA OTKpPBIBACTCA
MMITYIBCOM C BBIXOJA BJI # 3aKphiBaeTcs 33 HUM (PPOHTOM HMITY/IbCa C
a JT4. B urore pOpMHpPYETCH Nadka HMITYNBCOB BY, uHCiiO UMITYIIb-

BY

BBIXO/

COB B KOTOPOii [IPOMOPUHOHANIEHO MHTEpBAY BPEMEHH 1,

AMny/sCHl MAYKK MOCTYA0T Ha BXOA JUIL. Kaoknpiit 72-i MMIyJi6C,

rocTynuBmi Ha BXOA 1, ABAAETCHA HMIYTHCOM noGaBneHus «
He MEHSETCA M onpe-

GuieHT BHIOUpaeTes

ITepuos CeOBAHUA HMIYIBCOB HCKIFOHEHHA
nensercss KO3GPUIMEHTOM AETCHHA JIB. Dror ko3
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Takum 06pa3oM, 4TOGHI B pekuMe CHMH(}A3HOCTH HMEJI0 MECTO PAaBEHCTBO
T, =T,. Pexum cuH}pazHOCTH B paccMaTpUBAcMOM yCTpOHCTRE COOTBETCT-
BYET YCIIOBHIO 7, =T, /2, nostomy T, =27,. [1pu 3TOM B KaK/10H natke Ha
BEIXOE yerpolicTea OP® umeercs 36 UMITYIbCOB.

[Tocne BEIGOpa CXeMbl YCTPOHCTBA TAKTOBOH CHHXPOHH3AUMH HE00-
XOJWUMO BBINOJIHUTE PACUET OCHOBHBIX MAPaMETPOB YCTPOHCTBA CHHXPOHH-
3aUMK.

IorpemnocTs cuuxponusaumn € Xapaktepusyer Hanbosbiuee
oTkioHerne $assl CHHXPOHMITYIECOB OT HX ONTHUMATBHOTO NONOKEHHA.
[TorpemHocTs CUHXPOHU3AIMH CKIIa/IBIBAETCA M3 CTATHYECKOH H JUHAMM-
yeckoi: £ =g, +&,,, . CTaTudeckas MorpemHocTs B/1ACTCA annapatypHOH
W onpenensercs (GasoBbIMH OTKIOHeHMAMH. IIpHuHON craTHueckoH no-
rPEIHOCTH MOXeT ObiTh HeCTaOMIBHOCTE YacTOT FEHEPATOPOB. Junamu-
yeckas MOrpelIHOCTS XapaKTepU3yeT CTeNeHb YBENHueHHs (asoBbIX OT-
m.:o:gﬁ._ curxpoumnysiscoB (CH) B ycnoBUSX MOCTYTUICHUS Ha BXOJ TPH-
EMHHUKA M3 KaHaa CBA3H CHIHAJIOB, HCKAXEHHBIX [IYMaMHy U IOMEXaMH.

Bpemsi CHHXPOHH3AIMH f, - BPeMs, HEOOXOIMHMOE JUIAl YCTPaHeHNS
BO3HMKIIEro (asosoro paccornacoparms Mexay CH u NpuRMMacMbIMH
ENMHHYHBIMH 3J€MEHTaMH. DTOT NapameTp XapaKTepusyeT ObICTpOmeHCT-
BUE YCTPOHCTBA CHHXPOHH3ALMH.

Bpemsi IOAePKAHMSA CHHXPOHM3MA 7, - BPEMA, B TCHCHHE KOTO~

poro ¢asa CH He BHIiIET 22 IONYCTAMbIE MPEIE/IBI PACCONTACOBAHUA £,,, -

[Mpu muckpeTHom ynpasnenun (asa CH npuHuMaeT AUCKPETHBHIC
IHAYEHHMA C TOUHOCTHIO 110 Liara koppexunn @, =1/m. Tpu Hamu4ny pac-
XOA/ISHHS YaCTOT reHepaTopos ¢ koaduuuentom Hecrabuibnoctn K. x
3T0i BenuuuHe nobasagercs azoBoe paccoriacoBaHue, HaKarInBaeMoe B
NPOMEKYTKE MEKIY ABYMS COCECAHWMH MOMEHTAMH KOPPEKTHPOBAHMA 7,

9, =2K.1,
$aKT, 4TO B peanbHbIX CHIHANAX 3HAYALMe MOMEHTEI BCTPE1alOTCA ¢ BEPO-
srroctsio P, =0,3..0,5, MoxkHo 3anucars 1, =7,M /P, . B utore

g, =1m+2KM[P,, . (2)

JluHaMugecKas NOrPeuiHOCTb B YCIOBHAX KPACBBIX MCKAKCHHH M-
HUYHBIX 3JIEMEHTOB 3aBHCHT OT Kod(duuueHTa ACICHUA ACAUTeas m U
gMxocTH pesepcuBHOro cuérymka M . Ilpu 3HayeHMAX m>100 u Bop-
MalbHOM pachpeeNieHHH KpaeBbIX MCKKCHHH BXOJHOrO CHTHama co
CpelHUM 3HaYeHHeM, paBHbIM 0, M CPEHEKBAIPATHYCCKIM OTK/IOHCHHEM
0, pacnpenenenne cvemennii Gassr CH Takoke ABIACTCS HOPMATBHLIM €

/% - YuutsiBas EMKOCTE PEBEPCHBHOIO cuéruuka M u TOT
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mucrepcueit o, = (o, /mM )J7/2 . C yuérom npapuia TpEX CHIM MOKHO
3aMMCATH AMHAMHYECKYHO MOrpeliHOCTh

£, =340,6280,/mM . 3)

Teneph MOKHO OIpeaesuTs 00110 NOrpelHocTs
o= 4
E=¢E +E..- “)
Wﬁan CHHXPOHHM3ALNH MaKCHMAaJBHO IIpH HanOOBIIEM HAYATBHOM
OTKJIOHEHHH HMIIY/IbCOB Ha BpeMs 7,/2. B pesyisrare KaXIOH KOppeK-

LMK, TPOMCXOMALIEH uepes Bpems 1, , (jasoBoe paccOrnacoBaHME yMEHb-
maercs Ha pennuuny Af =7, /m. TlonHas KOMICHCAIMA B HTOrE NPOU3OH-

HOET 3a BpeMs

t, =mMt,[2P,, . (5)

Bpems nojuepKaHus CHIXPOHM3MA NPH 3a/IaHHOM JI0MyCTHMOM da-
30BOM PACCOIIACOBAHMU £, M3-3a HECTAOWILHOCTH JACTOT FEHEPATOPOE A
B CJAOBHAX OTCYTCTBHSA 3HAYAMAX MOMEHTOB B NPUHATOM CHIHAIIE

g =an faKn 6)

Vcnpagnsiowas cnocoGHocTs NpUEMHIKa ONPEIGNACTCA 10 (popmy-
ne

K. =0,5-&. - (7)

TMocneaoBaTeILHOCTS PacyéTa napameTpos Crefyronas.

1. TIlo 3amanseiM B Tab1. 2 BpeMEHH CHHXPOHH3AUHK H cTabHiIbHO-
CTH TeHepaTopa U 3aiaHHoi B Tabn. 1 CKOpPOCTH MOAYNALHUH H3 (5) onpene-
nAeTcs npon3senenne mM npu ycnoun, 9ro P, = 0,3...0,5.

2. Jlnsi MONYHEHHOrO 3HaYeHUs BHIONPAIOTCA OTACNBHO M U M B
cootHomenun npumepHo 10:1 Tak, 4ToOB! MX NPOU3BEACHHE Oy YHIOCH
He MEHBIIE PACCYMTAHHOIO Ha IPeBIAYILEM STarle.

3. BruuMcasercs War KOppeKuun @, =1/m.

4. Tlo dopmyie (2) BoMHUCHAETCA CTATHYECKAA MOTPEIIHOCTS, MO
dopmyne (3) - muHaMBEYeckas MOrPEIMHOCTE W T10 dopmyre (4) — obuas

OFPEITHOCTb.

5. Tlo ¢opmyse (6) BEIMHCIAETCS BeNMIMHA JOMYCTAMOrO (hazoso-
'O PaccornacoBaHusl.
6. Fcnu serumciiesinas obuias HOrpeiHocTh NPEeBBIIaeT AOTYCTH-
MYI0, TO HEOGXOAMMO BEPHYTHCA K I1. 2, NEpepacpeic/uTh BEMMIHHbL 171 ¥
M u noeToputh pacuét. Ecnu Takoe MOBTOPEHHE HE MO3BOIACT noGuTBCA
CHIOKEHUS TOrPELTHOCTH HIDKE AOMYCTHMOMN, HEoGXOMMO yBETHYHTE MPO-
waBeenne mM W CHOBA MOBTOPHTE BCE PAacUEThl 10 AOCTHAKEHMA Tpebye-

MOro COOTHOMICHWA.,
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7. PaccuuThiBaeTCs MCIPaBAAIONIAA CIIOCOOHOCTh NPUEMHMKA TIO
dopmyse (7).

3.3. Koppekumsi 4aCTOTHBIX XapaKTePHCTHK KAHAJIA CBHA3H

Jins Toro 4ToObI CHrHAJBI IPOXOJIUITH KaHAT CBA3M 0e3 UCKAKEHUH,
€r0 YacTOTHEIE XapPaKTEPUCTHKH MO/DKHBI OTBEYATH COOTBETCTBYIOLMM
TpebopaHusIM. B YacTHOCTH, AMIUIHTYAHO-YACTOTHAS XapaKTepHCTHKA
(AYX) K(w) nomxHa OBITh HOCTOSHHOMN B Mpeenax Mo/lockl 4YacTOT KaHa-
na cessu, a OUX B(w) nomwkya GrITh JuHelno Bo3pactaromed (yHkumeit
yactoTel. TpeGopanue Bospactanusg PUX BeITeKkaeT U3 CYMECTBYIOLICH
dB(w)
cea3m Mexy OUX u I'B3 Ar(w) xawana cBszu: Ar(@) =-

da

I'B3 He MoxkeT OBITb OTPHUATENBHON BEJIMYHHOMN, ITOCKOIBKY 3TO BpEMs
3anasjbiBaHUs CUTHANA B KaHANE CBA3M, crenoBatensHo, @YX Moxer Grith
TOMBKO BO3pacTarolelk GyHKnueH 9acTorel. OUEBHIAHO, YTO I HACAILHO-
ro kanana cBs3d [B3 JgomkHO OBITE NOCTOAHHOM — BEMHYHHOM:
At(@) = const , TOITOMY IS OUEHKH ()a30BBIX HCKAKEHMI BAXKHO He ef

. Tak xak

abcomoTHOE 3HaYeHue, a HepasHOMepHecTh I'B3 B nosioce yacTor kaHana
CBA3M.

Jins ycTpaHeHHSA MCKaKEHMH CHIHATOB HCHONB3YIOT KOPPEKIUIO
JuBeinpix uckaxeHuid. Ilpu ckopocTiax nepepayu nopanka 1200 our/c
KOPPEKLMS TPUMEHACTCS TOMBKO Ha JIMHUAX ¢ GONbIIMM YHCIIOM HeperpH-
EMHEBIX YYaCTKOB, a MpH GONBIIHX CKOPOCTAX Mepeiadu KOPPEKLHs MpHMe-
HAETCS 0053aTENBHO.

Koppekiuuio pOH3BOIAT ¢ MOMOIIBIO KACKaIHOr0 BKIIOYECHMS B Ka-
Ha/l CBA3H YaCTOTHO-3aBHCHMOTO YETHIPEXTIOMIOCHHKA, HA3bIBAEMOr0 KOp-
PEKTOPOM.

B pesynbTare B 330aHHOM MOJIOCE YacTOT @ < W< @, MMEET MECTO
yCIIOBHE:

K, (Jo)K  (jo)=K(jw)= K(w)exp jB(a)], (8)
roe K, (jw) - nepenarounas gyHkuus kanana casu, K, (j@) - nepena-
TOUHAA QYHKUUA KOPPEKTHPYIOWIETo yerpoiictea, K(j@w) - pesyNsTHPYIO-
niag nepenatovHas GyHKIUS CHCTEMBI ‘KaHall CBSI3M IUIOC KOppekTop™.

B 3agucumocTti oT obnact npumeHeHHs 1 TpebopaHui K HeobXo-
JIUMOH TOYHOCTH KOPPEKLHMA PAIMYAI0T THU rpynibl KOPPEKTOPOB.

Crangaprabie KOPpPeKTOpbl, NPeIHA3HAYSHHBIE Ui BLIPABHHBA-
HHA YCpeNHEHHBIX YACTOTHEIX Xapakrepuctuk ['B3 opHoro nepenpuémuoro




18

y4acTKa pasiu4HbIX KaHaoB CBASH. XapakrepucTuku B3 pasznntHbiX Ka-
HanoB HE OAMHAKOBBI M3-3a pa3bpoca rapameTpoB MCTIONB3YeMbIX B HMX
ycrpoiicts. [ToaTomMy BeTH4HHA At,(f) rpynnoBOro BPEMEHH 3aliasibipd-
HUs HA KaKIOW 4acTOTe ABIACTCH BeJIAUMHON C/LyYaifHOM, CpejiHee 3Have-
nue koropoi At ( f) omnpe/enseTcs B OCHOBHOM HCIIOM repenpueMHbIX

MyHKTOB 71 TIO HH3KOH WacToTE. Xapaxrepuctuka B3 cranaapThoro (azo-
poro koppekropa At (f) peIGupaeTcs oOpaTHO#H yCpeaHEHHON XapaKTepH-
CTHKE OJIHOrO nepenpuéMHOro y4acTKa TaK, 4TOOBI

?@:Qv.f?._qv = const .

Yueno CTaHIapTHBIX KOPPEKTOPOB, BKIKOYAEMBIX B KaHajl CBS3H,
PABHO YHCITY NEPENPHEMHBIX yHACTKOB. TovHOCTH KOPPEKIIMH B 3TOM CIIy-
yae Hepbicokas. OcTaTouHas HepaBHOMEPHOCTD I'B3 OTKOpPEKTHPOBAHHO-
ro Kanana o6bIMHO HMeeT KoaebaTe b bl XapaKkTep. CraHaapTHBIE KOP-
PEKTOPBI MO3BO/IAIOT YMEHBLIHTE nepasromeprocTs ®UX B 5 -10 pas.

MuauBHAyATbHbIE KOPPEKTOPbL, 06RIMHO M3rOTABIMBAEMbiE Ha
OCHOBE pe3yBTaTOB H3MEPeHUA I'B3 n AUX onpenen€HHOro kanaia cBisu,
1% KOTOPOTO 3TH KOPPEKTOPEI HCTOMNB3YHOTCA. TOYHOCTE KOPPEKLUU NPH
3TOM MOXET OBITh OUEHB BHICOKOH ¥ OrPAHHIMBACTCH TOABKO MOrPEIIHO-
CTAMH M3MEPEHHS XapaKTepHCTHK KaHamos i pacuéra koppekropa. OnHako
TaKue KOPPEKTOPHI HAaXO[AT OrpaHHHECHHOS nprMerenne. Yaiie BCEro OHH
[IpUMEHAIOTCA, KOrzIa 32 aGOHEHTOM HA JUTHTE/IBHOE BPEMs 3aKPETIEH OMIHH
1 TOT XK€ KaHall.

Jlepevennbie KOPPEKTOPHI, BBLIMOJHSAEMBIE B BHAE COBOKYITHOCTH
TiepecTpanBaeMbIX 3BCHBEB. B Hacrosiiee BpeMs B KauecTBe NepeMEHHBIX
HAXOAAT LIMPOKOE (pHUMEHEHUE MONHHOMHATBHLIC KOPpPEKTOpHI ¢ nepena-
TOYHBIMH (QYHKUMAMH B BUIC 06001IeHHOr0 MHOTOYWIEHA:

K(j®) =Y. x9.(j®), ©)
k=0
roe @, (jo), k =0, Ll...,- GasucHbIe GyHKIMH, X, k=0, 1,..,- Baps-

EpyeMble 3HAKONEPEMEHHEIE MapaMeTpel, M3MEHeHHEM KOTOPbIX OCYLIECT-
anAeTCA CHHTe TpeGyeMoil mepeaTouHOH dymKuuH KoppekTopa. BaxHbIM
wraccoM 6a3ucHEIX QYHKUHMHA ABIAKOTCH dyHKLUMHA, OPTOrOHAIBHBIC B MO0~
Ce HACTOT KaHaNa CBA3H @ S DS @

“ : ; (const npu m=n,
[o. (i, (jo)do= (10)

i Mo npu  m# n.
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. OproroHansHocTh HasMcHBIX QyHKUMI ofecneuuBaeT NpoCTOTy Ha-

M.Eo:.s_ ¥ MaJIYIO0 YYBCTBHTENEHOCTh XapaKTePHCTHK KOPPEKTOpa K HecTa-
Hlb,

noct kodpduuuentos x, . DaKTHYECKH 3TO TPAHCBEPCANIBHBIH

rABTP, CXeMa KOTOPOro NpHBEaEHA Ha puC. 8.

H(jo) > H(j©) H{jw) }=- - - H(jw)
g [
X

XimXirmX X
o B « Xy « X1 x_.,v«
M Wx.

Puc. 8

Bx.

Y

<

Basucupte (yrkuun npu stom pasust @, (jw)=H"(jw). B xave-
cTBe GasmcHBIX QyHKIM yaie BCcero Henons3yT @ (j) =exp(—jkat,) .
COOTBETCTBYIOMIME DIEMEHTaM 3aJepKKu Ha BpeMa 7, . Koppekrtopsl ¢ Ta-

KuMy 6a3UCHBIMA (DYHKIMAMH HA3bIBAIOT FrAPMOHHYECKAMH.
Ha npuéMHOM KOHIE IPOU3BOJAMTCS YCTAHOBKA KOO (ULMEHTOB X,

TaK, 9T06BI GopMa HMITYJIECHOMH peakiiy TPaKTa “kaHan+KkoppekTop” Obuia
Kax MoxHo Gmmke K popMme peakunu uaeanbHoro kanana. OGsraHO nepen
rapMOHHYECKAM KOPPEKTOPOM JUIA MPEBAPUTE/IBHOM KOPPEKLHK BKIIFOYA-
10T CTAHAAPTHBIC KOPPEKTOPH! B COOTBETCTBHH C YMCIIOM HEpernpHEMHBIX
yuacTkoB. B 3TOM ciydae ynaércs yMeHbUIMTH HepapHomepHocTs @UX B
50 - 100 pas.

JIA BRIMOJIHEHHS 3TOH 3a7a4u HeOOXOAUMO 10 3a/IlaHHOMY BhIpaXKe-
HUIO roctpouTs rpaduk GUX kaHana cBa3u. 3aTeM HaiTH AHATUTHYECKOE
peipaxenue A B3 kanana csasu u I'B3 koppexropa H ocTpouTs rpadu-
ki I'B3 OTAENBHO KaHaNa CBA3H, KOPPEKTOpa U pesyJIbTHPYIOLIHIA rpaduk,
roy4aeMblil PH MOAKITFOYEHHH KOPPEKTOPA KACKAHO C KAHAIIOM CBS3H.

Jlanee HeOOXOAWMO MPHBECTH CXEMbl CTAHAAPTHOrO M MEPEMEHHOr0
KOPPEKTOPOB, yKa3aTh MX CBOHCTBA M CTPYKTYPHYIO CXEMY COGIMHEHUSA
KaHajla CBS3M, COAEPIKAIIEero 3aJaHHOe YHCIIO MEPENPUEMHBIX YYaCTKOB, CO
CTaHAAPTHBIMH H OJXHHMM EPEMEHHBIM KOPPEKTOPAMH.

3.4. [TomexoycToifuMBOE H30BLITOUHOE KOAHPOBAHME
[MukingecKkne KoLl UMEIOT OMOYHYIO CTPYKTYPY W OTHOCATCH K
CHCTEMATHUECKHM pasjienumsiM kojgam. Kaxupiii 610Kk nepenapaeMoH WH-
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dopmanuu COCTOHT U3 HHPOPMALMOHHOM ¥ MPOBEPOYHOH YacTei. IMpose-
pOuHBIE CUMBOJIEI GI0K2 ABISIOTCA el KoMOuHaumen uHpopMany-
OMHBIX CHMBOJIOB TOFO ke 6noka. Hucno snemeHToB B Gioke (n) B nngop-
MalHOHHOI (k) ¥ NPOBEPOYHOi (1-k) HACTAX PUKCHPOBAHO. Kononas
KOMGUHAIMS CUCTEMATHIECKOrO Koj1a MOXKET OBITh NPEACTABIEHA B BUIC
ao,n—.....malklfﬁzlkt.;Q:l_. .H:.v
A€ dg,ay,..esp_f—j - IPOBEPOTHAS HACTB, Gpfs--sln-1 ~ nHpopManu-
OHHafA 4acTs.

Cpemy LHKTHIECKHX KOJIOB W3BECTEH Gonsimoit kmace koos boysa,
Yoymxyp ¥ XOKBUHTEMA. DTH KO/bI NOIYIHIIH HA3BAHHC KOJIOB BYX.
Jponunsie kojel BUX obnanaior CBOKCTEOM [4, c. 372]:

n=2"-1; n—-k<mt, (12)

re t ¥ m>3 - COOTBETCTBEHHO KPATHOCTH MCIPaBIIAeMOl omubKH | Mpous-
BOJIBHOE LIEJIOE HHCIIO.

10 CBOMCTBO JIGKHT B OCHOBE METOXMKM BHIOOpa 0Opasyromierc MHoro-
4ieHa.

Bri6op 06pasylomiero MEOroIeHa HHKJIHYECKOro KoAa

CHagasia PAaCCUHTAEM NAPAMETPhl KOJIa, MCIIONE3YS 3aJaHHEIC KOTH-
yecTBO HHGOPMALHORHBIX PazpsUloB k ¥ KPaTHOCTh UCTIPABIACMBIX omuboK
1,. Jns onmpenesneHns MAHUMANBHOTO YMCIIa NPOBEPOTHBIX 37IEMEHTOB 1,
HEOBXOMMOrO JUTS MCTIPaBlieHHs BeeX OMMOOK KpaTHOCTH Iy ¥ MEHBIUE,
pemnuM rpaduuecku ypaEHeHHE, BRITEKAIOLIEE H3 (12):

iiuam», :3

]

rae m,?& =log, :Mﬁ,_. e coorercrsum ¢ (3.11) m3 [1, c. 95];

=l

G, uﬂﬂ:*% - YHCIO BOZMOXKHBIX COMETAHHH U3 7 110 L.

JIns Takoro pemenis CTPOHM Ha OZJHUX OCHX rpaduKi NeBO¥ 1 1pa-
BOit uacTeil ypapHeHus B 3aBUCHMOCTY OT BETUIHHEL 1. Touka nepeceyeHus
3TUX rpadUKOB SBNAETCH OPHEHTUPOBOYHBIM 3HAUCHHEM HHCIIA Heobxoau-
MBIX Pa3psiioB M.

Tanee ucrons3yem tatin, 6, rae MpHBECHL! K03 PUIHEHTEl IOPOXK-
Jaroux nonuroMos a1a BUX konos imHEL 7 Sn < 127 [4]. Koabpuum-
eHTH JaHBI B BOchMepHuHoil dopme. FX HeoOXoAuMO NPEACTABHTE B ABO-
HuHoit hopme.

Camas neBas UMdpa COOTBETCTBYET ClaraeMoMy MOJHHOMA C Hau-
BRICIIEH CTENEHBIO.
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Tabamnua 6
n k t 2(p)
7 4 1 13
15 11 1 23
7 2 721
5 3 2467
31 26 1 45
21 2 3551
16 3 107657
11 5 5423325
6 7 313365047
63 57 1 103
51 2 12471
45 3 1701317
39 4 166623567
36 5 1033500423
30 6 157464165547
24 7 17323260404441
18 10 | 1363026512351725
16 11 | 6331141367235453
10 13 | 472622305527250155
7 15 | 5231045543503271737
127 120 1 211
132 41567
106 |3 11554743
99 4 3447023271 "k
92 5 624730022327
85 6 130704476322273
78 7 26230002166130115
71 9 6255010713253127753
64 10 | 1206534025570773100045
57 11 | 335265252505705053517721
50 13 | 54446512523314012421501421
43 14 | 17721772213651227521220574343 &
3 15 | 3146074666522075044764574721735
29 21 | 403114461367670603667530141176155
22 23 | 123376070404722522435445626637647043
15 27 | 22057042445604554770523013762217604353
8 31 | 70472640527510306514762242715677331330217
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Hie Haubosee MOAXOMsLIee COYETAHHE [1apaMeTpoB
41O BHIOpaHHbIE MapaMeTphi k M f, AOMKHAI ObITH
¥ BHIOpaHHAA BEIMYMHA 71 JIOJDKHA

Haxonum B 3T0# 120
KOfa MCXOAA M3 TOro,
Gonbule, YeM 3a/@HHBIC A PacueTa,
GLITh He MeHee MOTYUeHHOM rpaduIecKuM crnocoboM.

[locTpoeHue KOAMPYIOUIMX YCTPOHCTB, NPUMCHACMBIX Ha MPaKTH-
ke, BBUTOMHAETCA HA OCHOBE PEKYPPEHTHOIO COOTHOIICHHA

k=1
Apk—j = .M.oh:l..lg.w-. ’ (14)
i

rae hj - koG UILHEHTEI TEHEPaTOPHOTO (NIpOBEPOYHOr0) MHOTOUIEH

n
*AHV“ x 41
gx)
B pesynbpTate Koaupyouiee YCTPOHCTBO peajl3yeTcs B BHAC peru-
cTpa capura ¢ k s4eHKaMu namATH (o umcny MHGOPMALMOHHBIX CHMBO-
70B) 1 IOTHYECKO# 0OpaTHOH CBA3BIO, NOKazaHHoro Ha pHc. 9.

(15)

"\—o+*:k+...+\:nkk .

e

P B = tlS

F 7_3 F‘u TN ~,~_ Uc

1 i 2 - - k-1 k »

m.fx m:xf m?n m:.._

Puc. 9
UudopMaiMORHBE CHMBOJIBI 3aHOCATCA B perucTp TaK, 4TOOBI
crapuiuii kKo3hdHUUEHT @, OKa3aicA B nocienHen sueiike, a @, , B Iep-

BOM.
Jlornueckas obpatHas ca3b (JIOC) nocTpoeHa TakUM ofpa3oM, 4TO

Ha ee BBIXOAE HOPMHPYETCH MePBhIH TIpOBEPOHHBIH CHMBON

k-1
Bhgat = Mn::..-} =a, b ® a,,h®..® a, hy. (16)

i=0
TTocne nocTymieHua nepBoro uMInyneca NPOABUKEHHA AEOE_‘? 110 KOTOPBIM
[IOCTYNarwT HMITYJIBCHI NPOJABIKCHHA, Ha puc. 9 He 1OKa3aBbl) 3TOT CUMBOJI
JAMAIIETCA B MEPBYIO AUEiKy, 8 HHHOPMALIMOHHEIE CHMBOITB] CMeCTATCS Ha

onHy sdeiiky Brpaso. Teneps Ha BRIXONE JIOC pmelicTByeT BTOpOH IpOBE-

POUHbBIN CHMBOII
k-1

=Y 8,0 =a,,hPa, 5k ®©..0a, (h,-

§:1»|u n-i—
i=0

amn
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Ha nocienyromux Taktax paboTsl MOCIEeI0BaTENbHO (OPMUPYIOTCS
OCTaBLIMECS TIPOBEPOHHbIE CHMBONBL M 3aTeM CHOBA HMHYOPMALMOHHBIE
CHMBO!TBI.

ITo ronydeHHON CXeMe 3aMUCBHIBAIOTCA BBIPAKEHHA AN BCEX one-
MEHTOB Kozia, (POPMHPYEMBIX 9TOM CXeMOH Ha OHOM [OJHOM LIMK/IE KOIM-
POBaHHSA, CONEPKALIEM N TAKTOB. AHAM3KPYS STH BHIpaXKeHHA HeobXomu-
MO 3aMKcaTh POBEPOUHBIE BEIPAKEHUS JUIN CaMOro CTapilero npoBepo4-
HOTO pazpsajia.

OTH BBIPAKEHUA NMO3BONAIOT CKOHCTPYHPOBATH CTPYKTYPHYIO CXEMY
nexopepa tana MJI-1.

3areM onpe/enseM BEPOATHOCT HeoOHapyKHUBaeMOil olmbKu Py, :

NSM:QN.«—l .1._-
.M. p(1-p) (18)

TJie p — 3a/laHHas BEPOATHOCTh OLIMOKHM B KaHasIe CBA3H.
TIpn noctpoeHnH rpadyka BEPOATHOCTH HEOOHAPYXKHMBAeMOit OlHOKH He-
06X0IHMMO 1O 0GEHM OCSM HCMOMB30BaTh TorapuMuyecknit MacTal.
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