MMHUCTEPCTBO HU®POBOI'O PASBUTHA, CBA3N 1 MACCOBBIX KOMMYHUKAIWIA
POCCHUHNCKOU OEJJEPAIINN

CeBepo-Kapkasckuii ¢hunuan
opaexna Tpyaosoro KpacHoro 3Hamenu ¢enepalibHOTo rocyJapCTBEHHOTO
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OBIIIASA TEOPUSA CBA3U

Meroanueckoe rmocodue Juisi mpoBeaeHus 1a00paTOpHBIX paboT
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O0masi Teopusi cBf3M. Meroandeckoe TMocoOue s TPOBEIECHUS
nabopatopHbix pabotr. Ilocobue mnpeaHasHayeHO IS MPOBEICHUS 3aHATHM 10
HanpasiieHuto noarotoBku 11.03.02 MHpOKOMMYHUKAIIMOHHBIE TEXHOJIOTUU H

CUCTEMBI CBSI3M OYHOM M OUYHO-320YHOU U 3a0UHOM (OopMBbI 00yUEHUS.

Cocraputenu: 3aBenyromuii kapeapoit UTCC k.1.1. nouent FOxunos B.1.

Honent kadenpsr OHII k.¢p-m.H. noueHT boponun A.B.

Penensent: nouent kadeapsr UTCC nonent Epmos B.B.

Metoauueckoe mocooue 00CykJIeHO U
onoOpeHo Ha 3acenanuu kadenpst UTCC.

[Iporokoun ot «19» nexabps 2022 r. Ne 5.
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AHHOTALMS

[leapto ocBoeHust yueOHOU mucrurumabl «O6mas teopust cBsizm»y (OTC)
ABIIIETCS M3y4YEHHE OCHOBHBIX 3aKOHOMEpHOCTeH oOMeHa wuH(opMmalue Ha
pacctostHuHM, €€ o0paboTku, >(pQeKkTHBHON TMepeaayn U IMOMEXOYCTONYHBOTO
npuéMa B CHCTEMaX Pa3IMYHOrO Ha3zHaueHWs. V3ydeHwe MUCIUTIIMHBI JOJIKHO
CIOCOOCTBOBAaTh PA3BUTHIO TBOPYECKUX CIOCOOHOCTEH CTYJIEHTOB, YMEHHIO
dbopMynupoBaTh W pemiaTh 3aJaddl ONTUMHU3AIMH CHCTEM CBSI3H, YMEHHIO
TBOPYECKH TPUMEHSATh M CAMOCTOSTEIHHO TIOBBINIATH CBOM 3HAHHUS B 0O0JACTH
MH()OKOMMYHHUKAIUH.

[IpoxoxkneHue J1abOpaTOpHOrO0 MPAKTUKyMa CTaBUT CBOEW  3ajadei
MCIIOJIb30BAaHUE Ha MPAKTUKE MOJYYEHHBIX TeOpeTuuecKuX 3HaHui. [Ipeaaraemoe
MOCOOHME COIEPKUT KPATKOE H3JI0KEHHE OCHOBHBIX TEOPETHUECKUX CBEIACHHUM U
MOPSJOK BBIMOJIHEHHUS J1a0OpaTOPHBIX paboT Ha JabopaTopHoM cTeHae «Teopus
AJIEKTPUYECKOM CBSI3H.

COopHUMK mpenHa3Ha4YeH [JIsi MOJATOTOBKM CTYIEHTOB K J1abOpaTOpHBIM

3aHATHUAM U ABJEICTCA PYKOBOJICTBOM IIPH BBITTOJIHCHUHA J'Ia60paTOpHBIX pa60T.
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Kparkoe onucatne 1abopaTopHOro CTeHIa
«TEOPUSA DJIEKTPUYECKOU CBA3N».

JlaGopaTtopHbIii CTEHJ TMPEACTaBISIET COO0OM MPSIMOYTOJIBHBIM OJIOK C
rabaputamu (1200x370x280MM), yCTaHOBJICHHBIM Ha TIOJKE pabdodero croja
(pucyHoK 1).

Pucynox 1- OOmuuii Buj 1a00paToOpHO YCTAHOBKH.

CreHn  comepX UT psia  (QYHKUMOHAIBHBIX  Y3JI0B,  MOJIECIHUPYIOUIUX
(YHKIMOHAJIBHYIO CXEMY CHUCTEM CBSI3M, a TAK)KE€ BCE HEOOXOIUMBbIE MCTOYHUKHU
CUTHAJIOB ¥ U3MEPUTENIbHBIE TPUOOPHI, 4 UMEHHO (CJIEBa HAIIPaBO):

- ICTOYHUKH CUTHAJIOB,;

- omoxu KOJEP-1, AL u cymmarop;

- CMeHHble OJOKM (B cepeauHe CTeHAa), COoepXkallue HCCleayeMble
(GyHKIMOHATBHBIE Y37, THE3a KOHTPOJBHBIX TOUYEK, HEOOXOIMMBIC OpTaHbI
YOPABJICHUS U WHIUKAIW;

- CBETO/IMO/IHBIE TAa0JI0 MepeAaHHoro v npuHAToro cooduieHus, LIAII u 6110k
KOHTPOJIS OMHOOK;

- OJIOK WHAWKAIMKA, B KOTOPOM pACIIOJIOXKEHBI W3MEPUTEIhHBIC TPUOOPHI
MOCTOSIHHOTO M TEPEMEHHOT0 HAIpSKEHUS, a TAKKe JABUKKOBBIN MOTEHIIUOMETP
HaIpsKEHUS! CMEIICHUS.

B 6:10ke UICTOUYHUMKU CUT'HAJIOB npeacraBiieHsI:

- rapMoHuyeckue curdaisl ¢ yactotamu 1kl'm, 2xl'nu 110k ¢
perynsitopamu Beixona (0+1,5);

- AaMIUTUTYJIHBI MOIYJATOp C Hecymied uactoto 110kI'm u dyacroToi
moayssinuu 1k, YpoBeHb Hecylel U rryouHa MOAYJISKU (M) peryaupyroTcs B
npenenax 0+1,5B u 0+1B cooTBETCTBEHHO;

- rereparop mryma (') ¢ peryaupoBKoOM BRIXOHOTO cUrHaja (KBa3uOebIi
myM B nosioce He Menee 10I'n-100kI ).

- UMNyJbcHbIe curHayibl TakToBoM (Cl) u mukioBoit (C2) CMHXpOHHU3ALIUU.
s C1 nepuon T=450mkc (takroBbiid unrepsan). Illepuon C2 Ty=17T. Curnansl
MCIIOJIB3YIOTCS ISl BHEIIHEW CUHXPOHU3AMHU OcIruiorpada;

- rapMoHuyeckue curHaiel f1 u fo, ucmonbp3yemble i morydeHus
JTUCKPETHBIX BUIOB Moy siiun; f1=27kI m; fo=18kI 1.
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- O(t)-curHan “0-pyHKIUN - MPAMOYTOJIBHOU POPMBI C JITUTEILHOCTHIO
ty=5Mkc u nepuoaom 17 T; ammnuryaa He MmeHee SB;

- S1+S3 -CUTHAJIbI CJI0KHON (DOPMBI, COCTOAIIME U3 IBYX TAPMOHUK (OCHOBHAS
yactoTta 2kl 1);

- S4 -CUT'HaJ, COCTOSIILNN U3 CyMMBI IIEPBOM U TPETHEU FAPMOHUK C
gactotamu 23 u 69 ' (s uccnenoBanust ALIT);

- U1 u Uy - perynupyeMbie HICTOYHUKHU OCTOSIHHBIX HAMPSHKEHUH (B
npeaenax —10 + +10 B);

- AIMANa30HHBI  HU3KOYACTOTHBIM  TE€HEpaTop; HMEET IUIaBHYI0 H
CTYNEHYATyI0 PEryJIupoBKY BhIXoJqHOro curHaia (0+5B). YcranoBka yactoThl (B
npenenax 20 I'm=160 xI'11) mpous3BOAUTCS MO BCTPOCHHOMY YacCTOTOMEPY C
UG poBOM UHAUKAIIUECH.

Curnansl Bcex wucToyHMKOB cTeHaa (kpome Il u renepatopa HY)
MOJy4YeHbl OT OJHOrO KBaplIEBOrO TeHeparopa IyTeM JeJeHUs YacTOThl M
bunpTpanyu. ITO CYIIECTBEHHO yMPOIIaeT HAOIIOACHUE N3YYaeMbIX CUTHAJIOB Ha
ocriuiorpade.

B O6moxke KOJIEP-1 mpowusBomutTcs pydHoe (HOpMHUpPOBAHHE ITHO00M
MATUCUMBOJILHONM KOMOHWHAIMM C TOMOIIbI0 MHUKpOTymOsepoB. HabOpannas
KOMOMHAIM UHIUIMPYETCS Ha cBeToauoAHOM Tabmo ¢ Haamuckio [IEPE/JAHO.
(Takoe xe Tabmno, Ho ¢ Haanuchio [IPUHATO, pacnonoxkeHo Hajl 0003HAYEHHUEM
JEKO/IEP-1).

bnox ALII seasercs KOJIEPOM-1 ans anamoroBblx curHajioB. Ha
Bxoxa 1 6moka ALl momaetcst BXOAHOM aHANOTOBBIN CUTHAM, BXOJ 2 (“OTKPBITHIHA
BXOJ’) CIIYKUT JJIsl CHSITUS CTaTHUYECKON XapaKTEPUCTUKHU aHAJIOTOBO-IIU(PPOBOro
npeoOpa3oBanus. HwkHee rHE3m0 S (KAL) CIy>KHUT 1Sl HAOMIOACHUS 32 OTCUETAMHU
npeo0pa3yeMoro CUrHajia, IpuueM MOTYT OBbITh UCIIOIb30BaHbI IBE YaCTOTHI

muckpermzanun  f51=125T'n wmm fs5p=23x['1, mnepexaoyaempie TyMOJIEPOM.
Kuonounsiii nepexmouarens PA3PAJIHOCTD mno3Bosiser MOAy4YUTh YHCIO
paszpsaoB ALII 3, 4 u 5. Ilpu oTKaThIX KHONKAX MPOUCXOIUT BOCBMHPA3PSIHOE
KOJIUPOBaHHE.

bnox IIAIl umeer oamH BXOoa M JBa BbIXojga. Ha Beixoge 1
dbopMHUpyeTCsl CTYNMEHYAThIi CHUTHAl B COOTBETCTBUHM ¢ BbiOpanHOW B ALl
pa3psAIHOCTBIO M YacToTOM auckpetuszaumu. Ha Bbixone 2 dopmupyercs
BBIXOJTHOM CHWTHan mocie criaaxuBawomero ¢uibrpa. TymGaep «0 — 1o,
pacnosiockeHHbI Huxe [AIIL, ciyxut i kommneHcauuu 3aiaepxkku Ha T,
BHOCHMOU nemonaymsitopoM. [Ipu HenmocpencrBennoM coequnenuun 010koB AL
ITAII - Tym6ep goJKeH ObITh B MOJIoKeHUHU “0”, a TIpU BKIIOUYCHUH MEXy HUMH
MOJYJISITOpA U JEMOJYJIATOPA - B MOJOKEHUH ‘T,

brox koHTponst ommOOK mpeaHa3HayeH sl (UKCAIUU OIMMOOK B
“cucteme cBa3u”’. CurHanbl OMMOOK € BBIXOJA ATOr0 OJI0KA MOJICYUTHIBAIOTCS HA
[IK 3a omnpeneneHHoe Bpemsi HAOMIONEHUS, W PACCUUTHIBACTCS OIICHKA
BEepOSITHOCTU OmMOKK. CurHagpl OMmMMOOK B CHUMBOJE — IOJOXKUTEIbHBIC
UMITYJIBCHl  MPSMOYTOJNBHOM  (POpPMBI  UIUTENBHOCTHIO  OKOo 200  MKC
bopMHUpYIOTCS  TOJBKO JUIsl TEPBBIX TMSATA CHMBOJIOB TOCJEI0BATEILHOCTH
(nHQOPMAITMOHHBIX ).
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JUIMTeNbHOCT CHUTHala OIMOKH B «OykBe» - TO €CTb B
MSATUCUMBOJIBHOM WH(OPMALMOHHONW TOCBUIKE — OMNPEACNSETCS IMOJI0KECHHEM
IEPBOI0 OIIMOOYHO MPUHITOIO CUMBOJIa U MOMEHTOM OKOHYaHUs 57 cumBoua.

Huxe 6510xka KOHTpOIIst olMOOK pacrosiokensl rHé3aa Bxonos 11K ¢
NOTCHIIMOMETPAaMH, PETYJIHMPYIOLIMMU yYpOBEHb CHUIHaJOB, mnojasaeMbix Ha IIK.
Ces3p crenga ¢ IIK  ocymectBisiercss d4epe3 5SKpaHUpPOBAHHBIM KaOelb,
3aKaHUMBAIOIIUICS pPa3bEMOM, KOTOPBIM JOJKEH OBITh BKJIIOUEH Ha BXO]
3ByKoBOM 1atel [1K.

B mHacrosimee Bpems CTEHI KOMIUIEKTYETCS IIATbIO CMEHHBIMU
Ooxamu:

1 TIPEOBPA3OBAHME CUT'HAJIOB B HEJIMHEMHOM LIEIIA

biloK cOmepKUT MOJEBOM TPaH3UCTOpP C HATPY3KOM B LENU CTOKAa B BUJE
pesuctopa uinu konedarensHoro LC koHTypa. HacToTa pe3oHaHca KOHTypa OKOJIO
15kI'n. brmox mno3Bonser mnoapoOHO wM3y4yaTh TakWe MpeoOpa3oBaHUA B
pagMOTEeXHUKE, KaK HU3MEHEeHHEe (OpMbI U CIEKTpa CHUTHAJIOB HEIMHEWHOM
O€3bIHEPIIMOHHOM LIETBIO, HETMHEWHOE PE30HAHCHOE YCUIIEHUE, YMHOXKEHHE
4acTOThl,  NIpeoOpa3oBaHUE  YACTOTHI,  AMIUIMTYJHYIO  MOAYJLILHUIO U
nerektupoBanne AM CUrHAIIOB.

2 YACTOTHbBIN MOJIEM

biok coxmepxutr vactoTHbil MoxyisaTop Ha RC reHeparope C mMONEBBIMH
TpaH3uctopamu B (a3obamaHcHOM 1enu u dYacToTHBI aerekrop (UM) c
CUMMETPUYHO pacCTpOEHHbIMU KOHTypamu. Mopayastop UM oOecneunBaer
MPAaKTUYECKH JIMHEHHOE M3MEHEHWE YacToTel B npegenax 7+18 kI
XapaktepucTuka JaeTekThupoBanus YJ[ umeet NMHEWHBIN ydacTok HE yxe +2 kl'1
OTHOCUTEBHO Hecylierd 4yacTtoTel 14 kl'n. M3mepeHue 4acToTbl MOAYJSATOpa NpU
CHATHM CTAaTUYECKOW MOIYJALMOHHOW XapakTtepucTuku (CMX) m HaOmroneHue
CIEKTPOB MOAYJIMPOBAHHBIX KOJEOAHUI MPOU3BOAUTCS MO AHAIU3ATOPY CIEKTpa,
peaM30BaHHOMY MTPOrpaMMHBIM MeTo10M Ha [1K.

bnox mo3Bonsier cHATh CMX U XapaKTepUCTHKY ACTEKTHUPOBAHUS, BHIOPATh
ONTUMAaJIbHBIE PEKUMBI MOAYJISITOPA U JETEKTOpa, HaOMI0AaTh OCIMIUIOTPaMMBbI U
criekTpsl UM cursanos, MPOX0KIEHUE CUTHAJIOB Y€pe3 YaCTOTHBIA MOJEM.

3 JHAUCKPETU3ALIMA CHUI'HAJIOB BO BPEMEHUM (TEOPEMA
KOTEJIbBHMKOBA)

bnok comepKUT AMCKPETU3aTop, MEpPEeKIrYareib (PUKCUPOBAHHBIX YacTOT
nuckpetuzanuu (3, 6, 12, 16, 24 u 48xl'u) u tpu ®HY yeTBepTOoro nopsiaka Ha
OIEPAIMOHHBIX yCHIUTENAX. OCOOEHHOCThIO OJIOKa SBISETCS BBIOOP KakK 4acToT
CUTHaJa, TAK M 4YaCTOT IWCKPETU3alUH, NOJYYEHHBIX OT OJHOTO KBapLEBOIO
reHepaTopa, 4to obJjeryaer HabJtoIeHue Ha ocLuiorpade AMCKpEeTU3MpOBaHHbBIX
CUTHAJIOB.

4 ABTOI'EHEPATOPBI

bnox comepxutr LC u RC aBTorenepatopsl ¢ o0Imiel cxeMoil mpepbiBaTesis
Lerneil 0OpaTHON CBA3M JUJIsl U3yUEHUS IEPEXOIHBIX MPOLIECCOB.

LC reneparop coOpaH Ha IOJEBOM TPAH3UCTOPE C TpaHC(HOpMATOPHON
oOpaTHOH CBs3bl0. VIMeeTcs BO3MOXHOCTh M3MEHSATh 3HAK OOpaTHOM CBSI3U WU
BOOOIIIE OTKIIOUUTH e€. YacToTa reHepanuu - GuKCupoBaHHasl, 0KoJio 25k 1.
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PaboTaeT B pexxuMax aBTOMaTUYECKOTO JIMOO PETyJIMPyeMOro CMEIICHHUS.

RC renepatop coOpaH Ha JBYXKAcKaJHOM pPE3UCTUBHOM YCUIIHTENE C
¢dazobanancHoit 1enwlo. IlpemycMoTpeHa BO3MOXHOCTH OTKIIOYEHHUS LIETH
OoOpaTHON CBS3M, a TaKXe MPEBpAICHHUS CXEMbl B MyJIbTHBUOpaTop. YactoTa
rE€HEpalry PETYIUPYETCS CABOECHHBIM MOTEHIIMOMETPOM B IMpEeaeIax COTEH Tepil -
eauHul] kujorepu. Mmeercs pydHas M aBTOMAaTHYECKas PEryJIMpPOBKA YCHIICHHS
(APY) K-nemu. Cxema APY, Bkirodaemasi OTAETBHBIM TyMOJIEpOM, MO3BOJISCT
COXPaHUTh MPAKTUYECKH CUHYCOUJANBbHYIO (hOpMY KoJieOaHUM Jaxe MPH MOMbITKE
BPYUYHYIO U3MEHUTH K03 puumrent ycunenus K-memnm.

briok ABTOT'EHEPATOPBI mo3BOJsieT BBIMONMHATH TPU JaOOpPATOPHBIE
paboTHI.

S MOAYJIATOP-AEMOAYJIATOP

brok comepkuT UMPPOBON MaHUITYIATOP, padoTalImuil B pexuMax AM,
UM, ®M u ODM, “kaHan cBsI3W’, MPEACTABICHHBIM B BHUJE CyMmaTopa C
nosiocoBbiM  puasTpoM (I1®) s momaum myma ot [T'l, m gemomynsrtop,
COOpaHHBII MO CXeMe KOppesIHOHHOrO mpueMHuka. I[lomocoBoit (uiasTp
NpeAHa3HauYeH I OTPAHMYEHUS IOJIOCHI IIyMa MOJIOCOM 4YacTOT, 3aHUMaeMOu
cekTpoM MopayiaupoBaHHBIX curHaimoB (10+35kI'm). Kosddumuent mnepemaun
cymmatopa g curnaia — 0,5, ansg mryma — 5.

Ha cmenHOM 6510K€ TOAPOOHO pacKphITa CXeMa IEMOIYJISATOPA — BHIBEACHBI
Ha KOHTpOJIbHbIE TOYKHM (THE3[A) HAIpPSKEHUS OIMOPHBIX CUTHAJIOB, BBIXOIBI
MIEPEMHOKHUTEIIEN, THTETPAaTOPOB, OPOTrOBbIE HAaNpshKeHUs. [lepekntouenre BuaoB
MOJYJSIIIUU  OCYIIECTBISIETCS KHOIMKOM, PpacrojoKEHHON OKO0JIO 0003HauYeHUs
MOJYJISITOPA U UHIUIUPYETCSI CBETOANOHBIMU UHANKATOPAMH.

B Onoke wumeeTcss TakkKe IMepeKtoyareilb HaudadbHOM (a3bl OMOPHOIo
konebanus (OM u ODM), pyunHast yctaHoBKa nopora (AM), a Takke UHJIUKATOP
OIIUOKH.

briox mo3BossieT u3y4yaTh BUIBI TUCKPETHON MOJYJSAIINH, HAOIIOIAaTh CMECh
CUTHajJa M IIyMa MOpPH OINPEACICHHOM HX COOTHOIICHHH, H3y4aTh IPUHIIUI
NEUCTBUS  AEMOAYJATOpPAa MNpPH  Pa3HbIX BHIAX  MOAYJSALMH, H3MEPATH
ITOMEXO0YCTOMYUBOCTh CUCTEMBL.

CMeHHBIE OJIOKM KpEmsSTCS K CTEHAY YeThIphbMsA (DACOHHBIMU BUHTAMU;
AIEKTPUYECKOE COECIMHEHUE OCYIIECTBISETCA JIECHTOYHBIMU MHOTOKWIbHBIMHU
kabemsiMu ¢ pazbéMamu. Pa3béMbl UMEIOT OYKBEHHYIO MapKHUPOBKY, COCTOSIIYIO
U3 TMEpBbIX OYKB Ha3BaHUSI CMEHHOTO OJIOKa. 3aMEeHY CMEHHBIX OJIOKOB ClIeJyeT
MIPOU3BOJIUTH TOJBKO MPU OTKIIFOYEHHOM MUTAHUU CTEHAA.

Jlis BBIMOJHEHUS J1a00paTOPHBIX pabdOT KpOME CTEHJa MpeArnoaraerTcs
HCIIOJIb30BaHUE JBYXJTy4€BOTO (IBYyXKaHaJIbHOT'O) ocuwiuiorpaga
MIEPCOHAIBHOTO  KOMITBIOTEPA, K KOTOPOMY IIOCTaBIISIE€TCA  OPHUTMHAJIBHOE
MIPOTrpaMMHOE 00ECTIEYCHHE JIJIS1 BHITIOJIHEHUS PSia CIIEITUATBHBIX U3MEPUTEITHHBIX
U JIEMOHCTPALIMOHHBIX (YHKUMH (AByXKaHAJIbHBIA aHAIM3aTOp CIHEKTpa,
MOCTPOEHUE THUCTOrpamMM, (YHKIUNA  KOPPENSALHUH, BBIYUCICHHE  OICHKH
BEPOSTHOCTH OIIMOOK).



Jlabopartopnas padorta Ne 1
«JluckpeTnsanus HENMPEPHIBHBIX CUTHAJIOB BO BpPEMEHM (Teopema
KotenbHukOBa)»

Lenn Da6OTbK HCCJICJOBAHUC MPOHCCCOB NUCKPCTHU3AIMU U BOCCTAHOBJICHUSA
HCTIPCPBIBHBIX CUTHAJIOB.

Kparkue cBeeHus1 U3 Te0puu

Beskoe Hempepoisaoe coobmenne S(t), 3aHmmaromee KOHEUHBIH MHTEpPBA

BpeMeHu 1, MOXeT ObITh MEpPEeJaH0 C JOCTATOYHONH TOYHOCTHIO KOHEYHBIM
uuciom N orcuero (BeiGopok) S(NT), T.e. MOCIETOBATENBHOCTBIO KOPOTKHX
HMMITYJIbCOB, Pa3/ICJICHHBIX NAay30H.

Jluckpetrsanus cooOIEeHUI 0 BpEMEHH — MPOIIelypa, COCTOSAIIAs B 3aMEHE
HECYETHOTO MHOYKECTBA MI'HOBEHHBIX 3HAYEHUW CHUTHAJIAa HMX CYETHBIM
(IMCKPETHBIM) MHOKECTBOM, KOTOPOE€ COJEPNKHUT HHPOPMALMIO O 3HAUYCHUSIX
HEIMPEPBIBHOTO CUTHAJIA B ONPEAEICHHBIE MOMEHTHI BPEMEHH.

[Ipu nuckpeTHOM croco0e mepeaadyud HENPEPHIBHOTO COOOIMICHUS MOKHO
COKpATUTh BPEMS, B TCUEHHE KOTOPOIO KaHaJl CBA3MU 3aHAT Mepeaadyeii 3 TOro

cooOmienust, ¢ 1, noﬁ‘ffme ‘4 - JIIMTENBHOCTH UMITYJIECA, TPHUMEHIEMOTO JJIs

nepenayr BhIOOPKH; MOYKHO OCYIIECTBUTH OJHOBPEMEHHYIO Iepenady Mo KaHaly
CBSI3M HECKOJIBKUX COOOIICHUI (BPEMEHHOE YIIJIOTHEHUE CUTHAJIOB).

HaubGonee mpocTeiM SBISETCS CIMOCOO TUCKPETH3AIlMH, OCHOBAaHHBIA Ha
teopeme B.A. KorenpHukoBa, c(hOpMyIHpOBaHHOW i  CUTHAJIOB  C
OTpaHUYEHHBIM CIEKTPOM (TeopemMa OTCUETOB):

eciu Hausvlcuias yacmoma 6 cnekmpe Qyuxyuu s(t) meuvute, yem Fp,, mo
@dyuKyus s(t) noHocmoio onpeodensiemcs NoC1e008ameIbHOCMbI0 C8OUX 3HAUEHULL
B MOMeHmMbl, omcmosuue opye om opyaa He 6onee, yem Ha 1/2F cexyno, mooicem
ObIMb npedcmasieHa pOoOM:

M

sin [ 247, |6 - =
o 2F
- % " 1.1)
sii) = (
0= 2.4z, H
2af, |t -——
2F,
31ech BeJIMYMHA 0003HaYaeT UHTEPBAI MEKY OTCYETAMH Ha OCU

1
BPEMCHH, & — = HTFB‘I)EMH BeIOOpKHU S(NT), - 3HAUEHUE CUTHATIA B MOMEHT
2K »

OTCUCTA.

Psn (1.1) mazeiBaercs psaom KorenbHrKOBa, a BRIOOPKH (OTCYETHI) CUTHAJIA
{s(nT)} uHOrAa HA3BIBAIOT BPEMEHHBIM CIIEKTPOM CHUTHAJIA.
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S[?_F ] = s(nT)

sin [2 47, (¢ — nT)] _ sin w, (£ —aT)
27 (¢t —nT) i, (£ —nT)
o0JnafaeT cleayoIMMHI CBOMCTBAMMU:
a) B Touke t=nT ¢yHKIMSA paBHA 1, T.K. B 3TON TOYKE apTyMEHT (DYHKIIUH

OyHKIUA i, (£) =

SIS, paBsen 0, a 3HaUEHME €€ PaBHO 1;

X

6) B Toukax t=kT, & # 2 dynkuusa ¥, (X7) =0 1.k aprymenr cunyca B 3THX
2 (kT —nT) =248, (k—n)T = (k —n)%2»ﬂ, =(k-n)r

»

TOUYKaX paBeH ,a
caM CHHYC PaBEH HYJIIO;

B) CHIEKTpasbHas IWIOTHOCTH GyHkimu Up(NT) paBHOMEPHA B OIOCE 9aCTOT

1
| 7 | s &, WpaBHa E DTOT BBIBO/JI C/IEJIaH Ha OCHOBE TEOPEMBI B3aUMHOCTHU

™ o o
4acTOThl M BpeMeHH mnapbl mnpeoOpazoBanuit dypre. DPUX cnexTpanbHOR

. () = —nT g .
TUIOTHOCTH JIMHEWHA U paBHA £ (4) J (B COOTBETCTBUH C TEOPEMOU O
casure curuana). Takum oOpazom,

1
Ulw) =1 25,
0 mpu |ﬂ_?|:=-ﬂ_?m

g P = Tp I ey |os| = aa,

BpemenHoe u yacToTHOE TipecTaBicHus GyHKIMH Uy (t) JaHBI HA pUCYHKE

1.1.
‘un(t) a5 )
R ] :
|
|
|
: Gulf)
: \-\_\ Fm_ i
P B | PN N = g
0 N \‘\.J'II! nT !ll\_/ N Tz -2 Tf

(n-1)T  (n+1)T

Pucynok 1.1 - Bpemennoe u uactotHoe npeacrasnenus pynkiuu Up (1)

I'padmyeckas wHTEepnperanus psga KoreldbHWKOBa MpejcTaBicHa Ha
pucyske 1.2.
Psn Korensaukosa (1.1) oGmamaer BcemMu cBOMCTBaMuU 0OOOIIEHHOTO psia

®ypre ¢ GasucapiMu Gyakuuamu Up(NT), 1 nostomy onpenenser Gynkuuio S(t)
HE TOJIBKO B TOUKAaX OTCYETA, HO M B JTI0OOH MOMEHT BPEMEHHU.
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Pucynoxk 1.2 - I'padguueckast untrepnperanus psga KorensHukoBa
WuTepBan opTOroHabHOCTH (PYHKIMH Up paBeH OeckoHeuHoctu. KBampat
HOPMBI
- 2
® sin® 4 (r—rzT) 1 T sin“x i
be | = = dt=— [ ——dt=—=T
-m afm (t- P’IT) G o x £y
Koaddunments! psiga, onpenenseMsie o oo1ieit ¢popmyne mis psaga Oypee,
paBHbI (C UCMOIb30BaHKEM paBeHcTBa [lapceBans):

L .'_.:)‘m

1< T . e 1 1 1 : T
C,=—= ]s@th,t)dt=— — S (add o= —  —— - = [ §(ade/T%d o
27 [@Oa®d =3 0 | 3@V @e= s [3@)
Tak kak
1 7. ;
— IS(m)eM”dm snT) .,
axd
1
CJIEA0BATEIBHO c = s(xT).
“ToE, T
IIpn orpanMyeHnn CHeKTpa CUrHajga KOHEYHOW HAWBBICIIEH 4YaCTOTOM PAX
(1.1) cxogures k Gynkuun S(t) mpu 1r060M 3HaYCHMH {. 1
Ecnu B3sTh nHTEpBaN 7' Mex a1y BRIOOpPKAMH MEHBIINM, YEM , 2F,

TO IIMpPUHA CcHeKTpa Oa3ucHoM GyHKIUKU OyaeT OOoJbIlle HIMPUHBI CIIEKTpa
CUTHAJIa, CJIEJAOBATEIbHO TOYHOCTh BOCIIPOM3BENCHUS CHUTHajga OyJeT BHIIIE,
OCOOCHHO B CIlydasx KOTJa CIEKTp CHUTHaja HE OTpaHWuYeH IO YacToTe u

HauBBICIIYIO YacToTy Fy mnpuxoautcss BeIOMpaTh W3 DHEPreTUUYECKUX WM
MH()OPMAIIMOHHBIX COOOpaKEHUN, OCTABIISAS HEYUYTCHHBIMH ‘“‘XBOCTBI” CIEKTpa
CUTHAaJA.

1
[Ipu yBennyeHUr paccTOSHUS MEXYy BRIOOpKaMU ( i F ) CHIEKTp

0a3ucHOM (DYHKLIMM CTAHOBHUTCS yXK€ CHEKFpg CurHana, kodpduuuenter Cp OymyT
™, m

ABIATHCA BhIOOpKaMu apyroi pynkmuu S1(t), ciekTp KoTopoii orpannyen
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Y4aCTOTOM.

Ecnu minMTensHOCTh cuTHala | ¢ KOHEYHa, TO IM0J0Ca €ro 4acToT paBHa
CTpOTO OECKOHEYHOCTH, T.K. YCJOBHSI KOHEUYHBIX [IJIUTEILHOCTH U TIOJOCHI
HecoBMecTUMBI. OJIHAKO TPAKTUYECKH BCEra MOXKHO BBIOpAaTh HAMBBICIIYIO
4acTOTy TakK, 4TOOBI “XBOCTBI” COJAEpKaIM JUOO Majayro JOJII0 DHEPTHUH, JHU0O
ciabo BIUsUIM Ha (OpMYy aHAJOroBOro curHaia. [Ipum TakoMm AOMYIIEHWH YHCIIO

orcuetoB N na Bpemenu T Oyner pasro 1./T, 1.e. N=2FyT¢. Pazg (1.1) B oTOM
ciyuae umeet npeaens 0, N.

Yucino N uHOrIa Ha3BIBAIOT YKCIOM CTENEHEH cBOOOABI CUrHaja, Wik 0a3oi
curtaia. C yBemuyeHHEeM 0a3bl TOYHOCTh BOCCTAHOBJICHHS aHAJIOTOBOTO CHTHAJIA
U3 JUCKPETHOI'O YBEIUIMBACTCS

Kparkas xapakTepucTuKa UCCIENYEMBIX LENEH U CUTHAJIOB

Uccnenyemoe yctpoiicTBO (pucyHoK 1.3) pa3MmenieHo Ha CMEHHOM OJIOKe
TEOPEMA KOTEJIbBHUKOBA wu mpeacraBiaser co0oil  AWCKPETH3ATOP
(0003HayYEHHBIM Ha MakKeTe KaK IMEePEMHOKHUTENIb CUTHAJOB) W Habop M3 Tpex
(GUIBTPOB - BOCCTAHOBUTEICH C pa3HBIMH YacTOTaMH cpes3a. McTouHukm

HCCIIeTlyeMbIX CUTHAIOB - S1, So um S3 Haxomarcs B Omoke MCTOYHUMKU
CUT'HAJIOB, a camu curHajibl MpeJCTaBISIIOT COOOH CYMMBI TapMOHHMK C
yactotamu 2, 4 u 6xl'1. (Ilpn HeoOX0aAMMOCTH HCCIEeTyeMblii CUTHAII MOXKET OBbITh
YCIIOKHEH J100aBJICHUEM €l11l€ OJIHOI0 TAPMOHUYECKOTO CUTHaJa ¢ yacToTor 1kl
C TIOMOIIBI0 CYMMaTopa CTeH/1a).

FEF:3K|_
o | e |,
)ﬁh""-\-\_,-
o— X [ Fer=BKy
l o - o
/ﬂ\-\_ﬁ'
Ha Fep=12kT4
L /-'_H-\"'\-\_o-‘

Pucynok 1.3 - BJ0OK 1HCKpeTH3aluy CUTHAJIOB

Juckpetuzarop, Gopmupyromuii orcuetbl s(kAt) HempepbIBHOrO CHUTHaja
s(t), BBIMOJHSAET (YHKUUIO TEPEMHOXKHUTENs JTOr0 CHUTHaja Ha KOPOTKHE

MMITyJIbCBl  HampspKeHust  auckpersauud  (Uppckp). B mamHOM  ciydae
JTUCKPETU3ATOP BBIMOIHEH MO CXEME aHAJIOIOBOT0 KOMMYTATOPa, MPOIYCKAIOIIEro
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BXOJHOW CUTHaN S(t) Ha BBIXOJl B T€UEHUE KOPOTKOTO BPEMEHH CYIIECTBOBAHHUS
UMITYJIbCOB TUCKpeTH3aInu. BpeMeHHOM HHTEPBAT MEXKIY COCETHUMH OTCUETAMHU
nuckpetuzupoBaHHoro  cur"ana  s(kAt) 3aBUCHMT OT  BBIOOpa  YaCTOTHI
auckpetusanuu fy:
At=1/ 1.

OTa 4acTOTa MOXKET U3MEHSATHCS JUCKPETHO IPU HakaTUM KHOmIkM f;, mpu
9TOM BBIOPAaHHOE 3HAYEHHWE OTOW YAaCTOTHl HMHAMIMPYETCS CBETOIHOIOM
(f;=3,6,12,16,24 u 48 xl'm). Bce ynomsHyTble BBINIE YACTOTHl (YACTOTHI

JUCKPETU3allMM ¥ 4YacTOThl TapMOHUK HCCIEAYEMBbIX CHUTHAJIOB) JKECTKO
CUHXPOHHU3HUPOBAHBI, YTO YIIPOILAET HAOIIOACHUE MPOLECCOB Ha ocuiuiorpade.

B kadectBe (QUIBTPOB - BOCCTAHOBUTEJECH HMCHOIB3YIOTCS TPU AKTHUBHBIX
®HY yerBepToro mopsiika ¢ yactoramu cpeza 3, 6 u 12 kl'm. [uga cHsTus
UMITYJIbCHBIX XapaKTepPUCTUK (DUIBTPOB UCIOJIB3YETCSI TEHEpaTop KOPOTKHUX
uMITyJI6coB "0 - pyHkiui" (raesna o(t) B 6moke MCTOYHUKIM CUT'HAJIOB).

B cootBercTBuM ¢ Teopemon KoTelnbHUKOBAa OTCYETHI, CIEAYIOLIME YEPE3
uHTEpBaNbl BpeMenu At=1/2Fg, rne Fg - BepxHss yacToTa CHrHaia, MOTYT OBIThH
npeoOpa3oBaHbl B HCXOAHBIM CUTHAI MOCIIE TPOXOXKIAEHUS uyepes uaeanbHbii GHY
c uacrotoir cpesa Fcp = Fp. B pabGore ucnons3ytorcs peanmbHbie OHY ¢
J0CTaTOYHO KpyThiMH cniaiamu AUX nocne yactoTsl cpesa. [1oaTomy Ha mpakTuke
BbIOMPAIOT At HECKOJIbKO MEHbIIE (2 MHOTJAa U B HECKOJbKO Pa3 MEHbIIE), YeM
Tpebyercs B Teopeme KotempHMKOBa ¢ TeM, uToObl peanmbHbiii ®HUY ¢ AUX
TpanenueBUIHON (OPMBI TO3BOJIST BBIICITUTH CHEKTP HMCXOMAHOTO CHUTHANIA W3
CIIEKTpa JHMCKPETU3UPOBAHHOIO CHUTHAJIA, YTO TAPAHTHPYET OTCYTCTBHE
UCKaKEHUU Mpu 00paTHOM MpeoOpa3oBaHUM (BOCCTAHOBJICHUH ) CUTHAIA.

B kauecTBe N3MEPUTETHHBIX MPUOOPOB UCTIONIB3YIOTCS JBYXIYUYEBOI
ocimorpad u 1K, paboraromuii B pexxume aHaau3aTopa CreKTpa.

JlomaiHee 3aaHue

1 WMsyuuts paznen "uckpeTusamusi HeNMpephIBHBIX CUTHAJIOB BO BpeMeHH"
10 KOHCTEKTY JIeKIui u ureparype: [3] c. 64+69; [4] c.44 +49; [5] c.116+119.

JlabopaTopHoe 3aaHue

1 IIpousBecTu TUCKPETU3ALMIO OJHOTO U3 CIOKHBIX CUTHAJIOB (S1, S2 WU

S3).
2 ViccnenoBaTh CIIEKTPBI UCXOAHOTO U JUCKPETU3UPOBAHHOTO CUTHAJIOB.
3 UccnenoBarh 4acTOTHBIC U UMITYJIbCHBIC XapaKTEPUCTUKU (PUIBTPOB —
BOCCTAQHOBHTEJICH.
4 ViccnenoBaTh MPOIECC BOCCTAHOBIICHUS TUCKPETU3UPOBAHHBIX CUTHAJIOB.

MeTtoanyeckue YKa3aHHu:A

1 JuckpeTH3alys curHana.
1.1 BeiOpath ouH U3 Tpex curHajnaoB (Hampumep, S1) B 6i1oke MCTOUHUKU
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CUTHAJIOB u momates ero Ha Bxoa «A» IIK, pabortaromero B pexume
cnektpoananuszaropa. (Bxoae! [IK HaxonaTcst B HU)KHEN 4acTH CTEH/A CIIpaBa).

1.2 C nomompto cnekrpoananuzaropa (IIK) momyuuts cnektp curhHana u
OIIpENIeNUTh ero BepxHioto yactoty (Fp).

1.3 Paccunrath TpeOyeMylo 4acTOTy QUCKpeTH3auuu f; u ycTaHOBUTH ee Ha
MaKeTe KHOIKOM « fj «,

1.4 CoenuHuTh BXOABI ABYXJIy4€BOI'O OCHMIUIOrpada co BXOJIOM U BBIXOAOM
JAUCKPETU3aTOPa, YCTAHOBUTh PEXHUM BHEIIHEH CHUHXPOHM3ALMU OCIuLIorpada
(ot rue3na C1 6moka MICTOYHUKMU). Bxox criekrpoananuzaTopa MOAKIOYUTH K
BBIXOJly TUCKPETH3aTOPA.

1.5 3aduxcupoBaTh B OTUETE BPEMEHHBIE TUArPaMMBbI B CJIEAYIOIIEM MOPSIKE
(c coxpaHeHHreM MaciTada 1Mo OCH BPEMEHH )

- UCClelyeMbli curHain s(t);

- HallpsDKEHUE AUCKPETU3alny (THE30 HUKHETO BXOJa EPEMHOXKUTEINS);

- BBIXOZHOM JMCKPETU3NPOBaHHKIH curHal s(kAt).

C »skpana monutopa I1K 3apucoBaTh CIEKTPBI IEPEUUCIECHHBIX BBILIE
CUTHAJIOB.

1.6 Ilepexnrouass KHOIKOW 4acTOTy AMCKperusanmu f; Ha 1-2 miara Bele H

HIKE BBIOpAaHHOTO 3HA4YeHHs f,;, HAOIIOAaTh M3MEHEHUS B OCIIMIUIOTpAMMAax H
CIEKTpax Ha BBIXOJAE MAHWCKpeTu3aropa. Hambosiee XapakTepHble Claydau
3a(UKCUPOBAThH B OTUCTE.

2 UccnenoBanue GuiabTpoB.

C unensto BbIOOpa Hawmyumiero u3z Tpex ®HY B kauectBe ¢unbtpa -
BOCCTAHOBUTENSI HEOOXOJUMO OIpPEAECIUTh YAaCTOTY Cpe3a KaXKJIOTro U3 HUX IO
AYX nubo mo ummyibcHOM xapakrepuctuke g(t). Kpome toro, AUX ¢unsTpos
HeoOXoamMa I TOCHenylomed Koppekiuu fy;, a uMmmynbcHas peakuus g(t)
HY’KHA JI71s1 00BSICHEHHUSI POTIECCa BOCCTAHOBIICHUS CUTHAJA.

2.1 Custnue AUX ¢unpTpa npoOBOAMTHCA NyTEM NOJAYM HA €ro BXOJ
rapMOHMYECKOrO0 CUTHaja C HampsbkeHuemM 1B oT BCTpoeHHOro reneparopa B
onmoke HMCTOUHUKUN CHUTI'HAJIOB. K Beixony ¢uibTpa MOAKIIOYUTH
BCTPOCHHBIH IU(POBOM  BOJBTMETP MEPEMEHHOro HampsbkeHus. [lmaBHO
yBennuuBasi yactory reaeparopa ot 0,3 kI’ 10 4aCcTOThI Cpe3a, CHATh YACTOTHYIO
xapakTepUCTUKY Uy, =¢(f) c marom 1 kI'11 Tak, 4ToOBI 3apUKCUPOBATH YACTOTY
cpesa Fc, Ha koTopor Upg,x OKaxercs B\2 pa3 meHsblIe, yeM Ha yacrore 1kl'm, a
TaKke 4acTtoThbl, Ha KOTOphIX Uppix ymenbmutes 10 0,1 u 0,05 or Uspyx(1kI ).
[TocTpouts Ha omHOM Tpaduke AUX Tpex GuIbTPOB U OTMETHTHh HA HUX
yTOYHEHHbIE 3Ha4YeHus 4acTtoT cpe3a Fc. BoiOpars nyummit  ¢uiabtp -
BOCCTAHOBUTENb JJIsI HCCIEAYEMOT0 CUTHAJIA.

2.2 Cuarue uMmnyibcHOM peakiuu PHY nmpousBoauTca MyTeM MOJAaYd HaA
BXOJl (pUIIbTpa KOPOTKUX UMITYJIbCOB (0T THe3xa "o(t)" 6moka "MCTOYHUKN").
OcnuuiorpaMMa  BBIXOJTHOTO CHTHaja Oy/leT COOTBETCTBOBATh HWMITYJIHCHOM
peakiuu duibTpa g(t). 3apucoBarh ocHHLIOrpaMMbl g(t) i Tpex (UIbTPOB,
bukcupys Ha HUX 3HAYeHUs "Hynei" (pucyHok 1.4) 1o mikaiie Ha SKpaHe
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ocmmuiorpada ¢ yuerom macirada pa3BepTku (Mkc/nen). Onpenenvs At TUTST
kaxoro ®HY, naxoaum yacToTsl cpesa no popmysie:

Fe =12 At))

g(t) ry

-
L 4

L 3

At t

" [
d »

Pucynoxk 1.4 - OcuuiiorpaMMa Ha BeIXojie (PUIIbTpa
2.3 Ilo nynkTam 2.1 unu 2.2 BeIOpaTh GuiibTp, HanboOJIEE MPUTOIHBIN IS
BOCCTaHOBJICHUS TUCKPETU3UPOBAHHOTO CUTHAIA.

3 BoccraHoBieHrE AUCKPETU3UPOBAHHOIO CUTHATIA.

3.1 ComnocraBisisi CEKTPbI, CHATBIE MO 1.1.6 C YaCTOTHON XapaKTEPHUCTUKOM
BbIOpaHHOrO  (puiIbTpa -  BOCCTAaHOBUTENS, CKOPPEKTUPOBAaTH  YacTOTY
JUCKPETU3ALMH, YBEIUYMB €€ Ha | - 2 mara oT pacC4eTHOIO 3HAYEHHUS C TEM, YTOOBI
CHEKTpP HCXOAHOro curHamza s(t) MOXKHO ObIIO BBIIEIUTb U3 CIHEKTPA
JUCKPETU3UPOBAHHOTO CUTHAJIA C TOMOILBIO BBIOpaHHOro peaibHoro @HY.

3.2 CoenuHuTh BBIXOA OUCKPETH3aTOpa CO BXOJOM BblOpaHHoro ®HUY,

YCTAHOBHUTh Ha MakeTe yTOUYHEHHOE B 1.3.1. 3HaueHue fﬂ|. [ToaxounB OUH U3
BXOJIOB ociuuiorpada ko BXOJy IHUCKpEeTH3aTopa, a BTOpod - K Bbixomy PHY,
3aUKCUpPOBaTh B OTYETE OCHHJIJIOTPAMMBI HCXOJHOTO MU BOCCTaHOBJIEHHOIO
CUTHAaJA.

3.3 N3MeHsia 4acTOTy JUCKpeTU3aluu Ha 1 - 2 mara oT CKOPPEKTUPOBAHHOTO
3HaueHuss f;, 3adukcupoBarb HauOoiee XapaKTEpHbIE  OCLHLIOrPAMMBI
BOCCTAaHOBJICHHBIX CUTHAJIOB. B oTueTe mpUBECTH 3aKIIOUYEHUE O TOM, JIOIYCTHUMO
JIM M3MEHSATh HHTEPBAJ MKy OTCUETaMH JTUCKPETU3NPOBAHHOTO curHaia (At).

3.4 YcTaHOBUB NpeXHEE 3HAUCHUE fﬂ|, 3amMeHuTh BbIOpanHbi PHY Ha
Ipyroi, a 3areM W Ha TpeTud (QuiIbTp, QUKCUPYS B OTYETE OCLHLIOTPAMMBI
BOCCTaHOBJICHHBIX CUTHAJIOB € yKa3aHuem Fc OHY.

3.5 CoenuHute BXOJ JIUCKpETHU3aTOpa C MCTOYHUKOM TMEPUOANYECKOM
MOCJEAOBATEILHOCTH MPAMOYTOJIbHBIX HMIYJbCOB, B KayeCTBE KOTOPOTO
ucnionp3yercst  KOJEP-1.  VYcranoBute tymOmepamu KOJIEPA-1  mobyto
KOMOUWHAIIMIO W3 OJHOM eAMHMII W 4YeTbipex Hyneil. Ilpu sTom Ha BbIXOHE
KOJIEPA-1 dopMupytotcst mpsiMOyTOJIbHbBIE UMITYJIBCHI JUTUTEIHHOCTHIO 450 MKC C

nepuogom 7650 mkc. IlpoBens aHanu3 crekTpa 3TOro curHana, Beioepute f; n
(GuabTp BOCCTAHOBUTEND. 3aUKCUPYHUTE OCHMIIIIOTPAMMBI U CHEKTPHI BXOJHOIO,
JTUCKPETU3UPOBAHHOTO U BOCCTAHOBJIEHHOTO CUTHAJIOB.

Ortuer

OT4er TOoJKEH coepkKaTh:
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1 OyHKIMOHATBHYIO CXEMY YCTaHOBKHU.

2 OcunsuiorpaMMBbl, CHEKTPBI U XapaKTePUCTUKU (PUIBTPOB MO BCEM IMYyHKTaM

3aJaHus.
3 BoeiBoaibl 10 myHKTam 1.3 u 1.5.

KOHTpOIBHBIE BOITPOCHI
1 KakoB nmpakTryeckuii CMbICT B JUCKPETU3ALNN aHAJIOTOBBIX CUTHAJIOB?

2 Copmynupyiite Teopemy KorenbHuKoBa.
3 Ilpu kakux yciaoBusix Teopema KoTenbHUKOBa rapaHTUPYET JBOMHOE

npeoOpa3zoBaHue CUTHAIOB (AUCKPETU3ALINS U BOCCTAHOBJIEHUE) 0€3 UCKaXEHUI?

4 KakoB aJIrOPUTM BOCCTAHOBJIEHUS JUCKPETU3UPOBAHHOIO CUTHAJIA?

5 KakoBa poiib psna KoTenbHUKOBa B 00BCHEHUH NpoIiecca
BOCCTAHOBJIEHMsI CUTHAJIA?

6 Urto takoe 6a3zucHast QyHKIHS?

7 Kakyto ¢pyukmuto Beimonaser @HY?

8 C kakol 1enbio B paboTe UCCIIEOBATUCH CIIEKTPHI HCXOIHOTO U
JUCKPETU3UPOBAHHOTO CUTHAJIOB?

9 M0>kHO 111 IPOU3BOJIBHO YBEIMYMBATh UJIM YMEHbIIATh At MEXAY
orcueramMu? K ueMy 310 MOXET nmpuBecTu?

10 B yeM oTiinumne uaeanpHoro u peanbHoro ®HY?

11 C yem cBsi3aHa HEOOXOAUMOCTh KOPPEKTUPOBATH 3HAUEHHUE YaCTOThI
TUCKPETU3ALINU?

12 Kak Bsl npencrasisiere cede npoiecc AUCKPETU3ANHA aHATOTOBOTO
curHazna? Kakue QyHKIIMOHAIbHBIE Y3JIbI IJIs1 3TOI0 HEOOXOAUMBI?

13 Bce 11 aHAIOrOBbIE CUTHAJIBI MOT'YT OBITh:

- TUCKPETU3UPOBAHBI BO BPEMEHHU;

- BOCCTAHOBJIEHBI [1OCJIE TUCKPETU3ALUY.

14 Ha3zoBuTe NpUYMHBI, BHI3BIBAIOIINE UCKAKEHHSI IPH BOCCTAHOBJICHUU
JTUCKPETU3UPOBAHHBIX CUTHAJIOB.
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Jlabopartopnas pabota Ne 2
"HccnenoBaHue aMIUIMTYAHOM MOAYJISITAM "

Llenb  paboThl: HCCAEIOBAaHUE TpolEecca aMIUIUTYIHOHM  MOIYJISIIUH,
MOJIyYeHHE  CTAaTMYECKOW  MOJIYJSLMOHHOM  XapaKTepUCTUKHM U BBIOOD
ONTUMAJIBHOTO peXUMa padOThl MOAYJISTOPA.

Kparkune cBenenus us teopuu

I[JI?I CUTHAJIOB C aHAJIOTOBBIMHU BHUAAMH MOAYJIALNU YI[OGHO HCIIOJIB30BAaTh
KBa3UT'apMOHHNYCCKOC IIPCACTABJICHUC:!

i(t) = 1_(t) cosd(t), rue |,(t) - orubaromas npouecca, @(t) - monmas pasza
O(t) = ot+Ap(t)

[TepBoe cimaraemoe 31ech — Tekymas ($asza, BTopoe — AeBuaius (OTKJIOHCHHE)
dasel. YunteBas, uto |, (1) u A@(l) - cyrs Mennenno mensromuecs QyHKIMH
BpPEMEHH, 3a OJIMH MEPHO] KoJeOaHus ¢ HeCyIIel YaCTOTON m(, MOTYTUPOBAHHBIHI
CUTHaI 1o ¢opMe TMpencTaBIsieT CO0OW CHHYCOMOy. OTUM U OOBICHIETCA
Ha3BaHUE «KBAa3UTAPMOHUYECKOE», TO €CTh TOUTH CHHYCOHIATbHON (DOPMBI.

AMIUTUTYAHYIO MOIYJISIIAI0O MOXHO OIMPENEIUTh KaK BUA MOIYJSAIUHU, TIPH
KOTOPOM JIEBUAIHS aMIUTHTY bl TPOMOPIIHOHAIEHA HH()OPMAITMOHHOMY CUTHAITY
Uc () , a neBuanms paspl A@(t) BEIpOKIaeTCs B HAYAIBHYIO hasy (o -

Alm (t) = Kamuc (t) , Ap(t) = g0 (2.1)
rae Kaym — koadduimeHT nponopuuoHaibHOCTH, XapaKTepU3yIOLInil paboTy

Moy siTopa. PU3HUECKHUil CMBICI 3TOT0 Ko duiimenTa Oy1eT MoKa3aH HIKE.
Orubatomass mpomecca In(f) MoOXeT OBITh MpeAcTaBlieHAa KaK CcyMMa

MOCTOSTHHOM COCTaBJIAIONIEH (aMILTUTYAbI HECYILIETO KOJeOaHus) U JeBUAITUU
AMIUIUTYIbI:
I ®)=1_,+Al_(t)
OO6mas 3anuch aMIUIUTYTHO-MOAYJIMPOBaHHOTO curHaia (AM) umeer BU:
i)=_1 +K u(t) cos(wt+¢ )
[ mo AM ¢ ] 0 0 (2.2)
J171s1 4acTHOTO ciy4asi, TOHaJIbHOU AM:

u®=U cosQt
i(t) = [Imo + KamUnme coth]cos(a) ot + ) .

Bemuuuna KoyUme = Al max ; BBIHOCS | no 32 CKOOKY, TOTy4YUM:

: Al
i(t) =1 m0r1+ —mmax COSQU 1| cos(o t+¢,)
|mO J
Al Il
0O603HaunM — "™ = (TIyOWHA MOIYJISIIIAHN).

1
mO

OKOHYATEJIBHO 711 TOHAJLHON MOYJISAIINU:
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i()=1 I+mcosQt = cos(wt+ ¢ ) (2.3)
mo 0 0
Jas MOIyNANMM CIOXKHBIM CUTHAJIOM e (t) = D Um coskQt  momyuaem
k=1
_ [ & ]
BBIPKCHHC |(t) = o 1+ka cos kQt COS(C{{)t + (00 )’
k=1
_ Al mk max
3aech Mk = |~ vacTudHasg (maprmanpHas) TrayOMHA MOTYJISAINY;
mO
sk
m <1

Bpemennpie quarpaMMbl ”HGOPMAIIMOHHOTO — cHMTHaNa Uc () 1 curaama AM
MPECTABICHBI HA pUCYHKE 2.1.
Jyist mony4ueHus CrieKTpa ToHaTbHOTO AM  cHrHana packpoeM CKOOKU B
BbIpakeHuu (2.3)
it)=1 cos(wt+¢ )+ml cos(o +Q)t+e ]+m| cos(o -Q)t+¢
0

mo 0 0 2mo [ o0 2 mo [ o 0]

CrekTporpamMmbsl UCXOJHOTO (MH(OPMALMOHHOTO) curHaia u AM curhana
MOKa3aHbl HA PUCYHKE 2.2.

} u.

3 Une e .

‘1AM

- . Tem 1]
ST iy
U U

IS VAN Y S <]

Pucynok 2.1- Bpemennsie guarpaMMbl TOHAIBHOTO AM curnana
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Pucynok 2.2 - Cnektp ToHasibHOro AM curnana

CHCKTp TOHAJILHOTO AM cuTrHana COCTOUT M3 KOJIcOaHUs HCCYHICﬁ HaCTOThbI
n AByX 6OKOBBIX, KOTOPBLIC SABJIAIOTCSA KOM6I/IHaI_II/IOHHBIMI/I qacTOTaMH.
HTaK, HOBBIMH KOHCGaHI/IHMI/I, BO3HHKAOIMNMHA B AMIUIMTYIHOM

MOAYJISITOpPE, SIBISIIOTCS KOMOWHAITMOHHBIE KOJIE0aHUsI BTOPOTO MOpsiaka g + Q.
CrnenosarenbHo, Hauy4iei gopmoit BAX HenmHelHOTro 3J1IeMeHTa B

AMIUIUTYHOM MOJYJIATOpE SABJIAETCA KBaJpaTudHas nmapabona: 1=S@ (U—Uw )20
2u2 . .
npu % . Ecau Ha BXOJ HENMHEIHOTO IEMEHTa [OIaTh OUTrapMOHMYECKUI

CUIHAT uBX:u= ECM +ul+ uc :ECM +U mcosa)ot +U . CcosQt, TO B CIEKTpE

TOKa i , KPOME I'apMOHHUK BXOJHBIX CUTHAJIOB, O0Opa3yrOTCsl KOMOWHAI[MOHHBIE
Kosie6anust Broporo nopska (ix ):

I =S [u +u +(E —U(Z))]z =
K1cCMO

=S(2>[u2+u2 +(E —-u®)2+2uu +2u(E
0 1c 1

-u)4+2u(E -u®)
1 c CM 0 0 ]

CM c CM

i =S @) 2uu =2S (2)U U cosw tcosQt=S (Z)U U

K lc mc 0
+s@u mU mc CoS(@ o — QL.
(2.4)

Becp crnekTp TOKa i ITOKa3aH Ha pUCYHOK 2.3. Jlis BBIACIIEHUS W3 CIEKTpa
TOKa TIOJIE3HBIX KOMIIOHEHTOB cHUTHayia (g, ®pt(2) HE0OXOAMMO NPUMEHUTH
MOJIOCOBOM (PUIIBTP C LIEHTPAIBLHOM YACTOTOM (g M MOJIOCOM MPOIMYCKAHUS HE yKe
2Q).

cos(w +Q)t+
0

C



20

Cnexmp Un
UHI Um T
| =
0 Q ,\'/ (1. E
Cnexp |
. ~ Zu()
- I . - - g .
P [mo \
\
,-*f b
I A, < ] T B
o Q 20 W0 O W0 200 ¢
Cnewtp |
Bl Urm-
(8] AV -8 0, .0

(1)

Pucynok 2.3 - CriekTpbl aMIUIUTYJHO-MOYJIMPOBAHHOTO CUTHAJIA

B mpocrteiiieM BapuaHTe TakKWM IOJOCOBBIM (UIBTPOM MOXKET OBITh
napajuiesIbHbIA KOHTYP ¢ HEBBICOKOU JI0OpOoTHOCTHIO. (ITpu BhICOKOM 1OOPOTHOCTH
KOHTypa B CHEKTPE BBIXOJHOTO HAMPSHKEHUS OYIAyT TOJABICHBI OOKOBBIC
YacCTOTBHI).

J11s HaXOXKJCHUS OTNITUMAILHOTO PEKUMa pabOThl MOIYJISITOPA CIICAYET
MOJTYYNTh (PACYCTHBIM I IKCIIEPUMEHTAIBHBIM ITyTEM) CTATHICCKYFO
Moy sIOHHY 0 Xapakrepuctuky (CMX) |, =¢(Ecv ) mpu U,,, = const. Ira

XapaKTEPUCTHKA TTOKA3BIBAET BO3MOKHOCTH MOJYJISITOPA B U3MECHEHUHT
aMIUTATY/IBl CUTHAJIA.

CTposITCSl HECKOIBKO TAKUX XaPAKTEPUCTHUK JIJIST Pa3HBIX aMILIUTY/]
KoJiebanuii Hecyien yactoTel ( U m,, ) ¥ U3 HUX BBIOMpAETCS Ta, KOTOpask UMeeT

HauOOJIBIINN IO MPOTSHKEHHOCTH JIMHEHHBIN ydacToK. TpeboBaHue TMHEHHOCTH
CMX BriTekaeT u3 onpeaeneHuss AM. TanreHc yria HakJI0OHA JUHEMHOTO y4acTKa
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CMX (yrna o Ha pucyHoK 2.4) sBisieTcs Kod(pHUIIMEHTOM MPONOPIUOHATIBHOCTH

Kam. C nomompro CMX MOXHO ONPEACIUTh ONTUMAJBHBIM  PEXKUM
aMIUTATYHOTO MOJYJIATOPA U €ro MapaMeTpshl:

- BBIOOp ONTUMATHLHON AMILUTHTYIbI CHTHama Hecymed yactotsl Y., (1o
MaKCHUMaJIbHOU MPOTSKEHHOCTU JTUHEHHOro yyactka CMX);

- rpaHuIlbl JuHeWHoro ydyactka CMX (cpenHsisi TOYKa JUHEWHOTO ydacTKa
COOTBETCTBYET ONTUMAJIbHOMY HAIPSIKEHUIO CMEUIEHUS U aMIUIUTYAE HECYILETO
KoJieOaHus (M0 BEPTUKAJILHON OCH));

- MAKCHMAaJIbHAS AMILIATY/Ia MOIYJIMPYIOIIEro CHrHana Yo max - IIONOBHHA
MPOEKIUU JUHEHHOTO yyacTka CMX Ha ropu30HTaNbHYIO OCh IpaduKa;

- MakcHMaJbHas NEBHAIUS aAMIUIATYIbI Al max - TIONTOBMHA TIpOEKIMH
nuHenHoro yyactka CMX Ha BEpTUKaIIbHYIO OCh;

m = A m max
- MAKCUMAJIbHO JOCTUXXHUMaAs I‘JIy6I/IHa MOOYJIALINH max
mO

iIm1
Immax
A:[mrnax"'_’
Iml)
A
Immin
0 ECM
ECMO"T
= UBK
/ ;0
/| 3 e
# \/
d 7
vl s
/| e
v 7
Vel ///
7| rd
rd — s
/| e
’ 7
ﬁ Umﬂmax ;
/| s
- -
) — Vs
; A

Pucynox 2.4 - Cratudeckas MOAYJSIMOHHAS XapaKTEPUCTUKA

Pa3HOBUAHOCTH aMITUTYTHON MOIYJISILIUY.
B cnektpe ToHambHONT AM mpHUCYTCTBYIOT JBE€ OOKOBBIE YacTOTHI,

ABIISIONIMECS KOMOMHAIMOHHBIMU KOJIE0AHUSIMU BTOPOTO MOPsIIKAa g (2

Hecymass U Ha Y9aCTOoTEC . I/IH(l)OpMaHI/IH 0 MOAYJIUPYIOLIEM CHUIHAJIC u (1)
mo 0 C

COJEPKUTCS B OOKOBBIX COCTABIISIIOIIMX CIEKTpa, MPHYEM UX aMILTUTYIbI
IIPONOPLIMOHANIBHBI AMIUIMTY/I€ MOAYJIUPYIOIIETO curHana Upye , @ paCCTOSTHUE T10
OCH 4YacTOT OT HeCcylledl g — COACPKHUT HUH(MOPMALUIO O YaCTOTE

MOAYJUpYIollero curHana Q. AMIUIUTYyAa Hecylero kojaedanusi Uy, HE 3aBUCHUT
OT MOJYJIMPYIOIIETO CUTHAJIA U B TOM CMBICJIE Hecyllee KosebaHue, BOIPEKU
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CBOEMY Ha3BaHWIO, HUKaKOW WH(}OpManuu He HeceT (KpoMe Toro (Qakrta, 4To
nepeaaTIuK paboTaeT).

Jlaxke TMpu MaKCHMaJbHOW aMIUIUTylle MOIYyJIupylomero curaama (m=1)
aMIUTUTY/Ia HeCcymen Um B 2 pasza MPEeBHIIAeT aMIUTUTYAY KaKI0H 13 OOKOBBIX

(u\

mo

\ 2)

COOTHOHICHHUEC 3HAYUTCIIBHO B03paCTaCT. CJICI[OB&TCJILHO, Ha HOJICBHy}O qacCTb
CHCKTpa AM CUTHAJIa IIPUXOOUTCA Majdsd YaCTb MOIIHOCTH Hepe,ﬂaT‘{I/IKa, a
IIoJaBJIAOIIAA 4aCTh €€ paCXOI{yeTCH 6CCHOJ163HO — Ha CO31aHHC FapMOHI/I‘{CCKOFO

[Ipy MampIX 3HAYEHUAX MOAyJHpyrouero curiaga (m—0) 3To

Kose0aHusl Ha yacTore mg. [103TOMy BO3HUKIIO MPEAsOKEHUE YAAIUTh HECYIYIO
u3 crekTpa AM curHana, 4To JaeT 3HAYUTENbHBIA SKOHOMUYECKUN I PexT oo
MO3BOJIUT YBEJIUYHUTh JAJIbHOCTh CBSI3UM, TaK Kak TeENepb BCA MOIIHOCTD
nepenaTurka OyJeT pacxo0oBaThCs Ha CO3JaHHe KoJeOaHWW OOKOBBIX YacTOT.
Taxyio pasHoBunHocTh AM HazpiBatoT OanancHoi (BAM). Curnan ¢ GanancHoM
AM MOXHO MOJXYYUTh MyTEM IIEPEMHOKEHUS HECYILIEH Un (t) = Um COS@ ot U
MOJYJIUPYIOWIETO CUTHAIa  Uc (t)=UmccosQt. Ha BbeIxome mnepeMHOXUTENS
MOJTyYUM:
U BEIX= KUH(t)“C(t) =KU ) cosatU cos Qt =

0 mc
_KUU cos(a) +Q)t+ K U nU e cos( o
2 m mc 0 _ Q)t 2
[Tpu 3TOM HUKaKKUX QUIBTPOB HE TPEOyETCS.

Takyro omepanuio MOXHO BBIIIOJHUTh Ha AHAJIOTOBBIX NEPEMHOKUTEISAX
CUTHAJIOB UJIM HA CHMMETPHUUHBIX (0aJaHCHBIX) CXEMaX, KOTOPhIE U JaId HAa3BaHHE
3TOM pasHOBUAHOCTH AM. JlanbHEHIIUM «yCOBEPIIEHCTBOBaHMEM» bM sBisgeTcs
OTKa3 OT OAHOW M3 OOKOBBIX MOJOC (M1 TOHAIBHOM MOAYJSIUUU — OJHOU W3
OOKOBBIX COCTAaBISIIONIMX), TaK KaK KaXJas U3 HUX COACPKUT OIMHAKOBYIO
uHpOpMAIIMIO O MOAYJIUPYIOIIEM CcurHajge. Tak BO3HHMKJIA €Ile OJiHa
pasHoBHIHOCTE AM — omHomnonocHas moxyisaus (OBIT — ogaa GokoBast mosioca
win SSB — Single Side Band). Cyns no cnekrpy curdana ¢ OBII, nocnennuii
MOXXET OBITh TONyYeH IyTeM T[EepeHoca  CIeKTpa  MOAYJIHPYIOIIETO

= upm(®). (2.4)

HHU3KOYACTOTHOTO CHUTHaja BBEpPX IO OCH YacCTOT Ha YacToTy g (M0J00HO
npolieccy nmpeoOpa3oBaHus YacTOTHI).

CymectBeHHbIM aoctouHcTBOM OBII no cpaBHenuto ¢ BM sBisieTcs BIBoe
MEHbIIIas T0JI0ca, 3aHUMaeMasl CIIEKTPOM CUTHajia, a OOIIMM HeaocTaTkoM bM u
OBM sBisItOTCS. TPYJHOCTH TPU JAETEKTUPOBAHUU 3TUX CUTHAIOB, BbI3BAHHBIC
OTCYTCTBHUEM HECYILEH.

CymecTByer ele oJHa pa3HOBUIHOCT AM — nossipHast moayssinus (I1IM).
Jleno B TOM, YTO BEpXHSAS W HIKHAA orubaronme oObidHOro AM curhana
CUMMETPUYHBI OTHOCHUTEIBLHO OCH BPEMEHHU (CIEA0BATEILHO HECYT OJIMHAKOBYIO
uHDOpPMAIMI0O O MOIYJIUPYIOIIEM CHUTHANE) a MPU JACTEKTUPOBAHUH OOBIYHO
UCIIOJB3YeTCSl TOJIBKO OfHAa U3 orudaromux. Bo3HukiIa uaes HCHOJIb30BaThH
JIPYTYIO OTHOAOIIYIO JJIS TIEpeIadyd BTOPOTO MOIYJIUPYIOIIETO CUTHAIA HA OJTHOM
Hecyien. [TpakTuuecku 3ta uaest peaarm3oBaHa B OTEUECTBEHHOM CUCTEME
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crepeoponnueckoro Bemanuss B YKB nmanazone. PaccmoTpum mpocreimmii
ClIy4yal, KOrja o AByM KaHajaM IIepearoTCsi FTapMOHUYECKUE CUTHAJIBI Pa3HbBIX
4acToT:

u (t)=U cosQ t
A ma A
CursHai ¢ noJsipHON MOTYJISIUECH:
Urtm () = (Un + U ) + [U mrioa + (U, — U )]cosorion t
, (2.5)
rae U 1on ¥ @ yoa -~ COOTBETCTBEHHO aMIUIMTYA U YaCTOTA TAK HA3bIBAEMOTO

u ()=U cosQ t
I1 mIl n

MOJTHECYIIETO KOJICOAHUS; UHACKCHI «A» M «I» OTHOCSTCS K JICBOMY U MPABOMY
ka"aaMm. Takum o6pazom, [IM curHam cocTOUT U3 CyMMapHOTO HU3KOYACTOTHOTO
CUTHaja u. + un (MOHO(OHWYECKHIA CUTHAJI, HE COIep KA HHPOPMAITIH O
MPOCTPAHCTBEHHOM PACIOJIOKEHUH HMCTOYHUKOB 3BYKAa) M CHTHANA TMOJHECYIIEH
JaCTOTBI, IIPOMOTYJTUPOBAHHOTO MO AMILIUTYAC PA3HOCTHBIM CHTHAJIOM ( U, - Un ),
B KOTOPOM COJIEpKHUTCSI HH(OpMAIMg O TMPOCTPAHCTBEHHOM PACIIOJIOKECHUU
HMCTOYHUKOB 3BYyKa. Onpenenum orudaromntue [IM curnana u3 (2.5):

- BepxHsis ormbaromas uso (mpu COS@ 0,1 =1):

Uso =U +u +U +Uu -u =U +2U .
A I1 mITOA A 11 mITOA A

- HUOKHSISL OTHOAromas (mpu COS@p, t = -1):

Uso = Un + Un —Umnoa — U~ +un =-U + 2U
mMITOA -

Otcromla BHIIHO, YTO BEPXHSSI OTrUOAronas COIEPKUT HHPOPMAIHIO O
CHUTHAJIaX TOJILKO JIEBOTO KaHaja, a HWXKHSSA - TOJIBKO MPABOro KaHayIa. 31€Ch HAJ0
OTMETUTh, uTo [IM curHan He sBiAseTCS MOAYJIUPOBAHHBIM (B TOYHOM 3HAYECHUU
ATOTO MOHSTHUS), TAK B €ro CHEKTPE KPOME MOJYJIHPOBAHHOTO IO aMIUIUTYJE
CUTHaJjIa MOJHECYIel eCTh e U MCXOMHBIN HU3KOYACTOTHBIM CUrHA ( U, + U ).
HanoMHuM, 4TO MOAYJIHpPOBAHHBIE CHUTHANBI SIBISIOTCS BBICOKOYACTOTHBIMH, TO
€CTh JIJISI HUX BBITIOJIHSIETCS YCIIOBHE:

@Wmax — @Wmin <@ min (26)
Jns Oonplielt HArJISIAHOCTH TPUBEAEM CIEKTp paccmaTpuBaemoro [IM
CUTrHaJIa (PUCYHOK 2.5), U3 KOTOPOTo BUJHO, YTO yCJIOBHE (2.6) 711 3TOr0 CUrHaa
He BbImoaHsAercsa. llostomy mima nepemaunm [IM curnmana mo paavoxaHaimy
HE00X0IuMa JIONOTHUTEIbHAA MOy s (00b1uHO UM) Ha GoJiee BHICOKOM

HECYIIEN YACTOTE ) o >> ) roa -

C
vl Unnnos
lJI'Ill'l
Unn
| Ll
0 ﬂn Qn @mﬂ - ﬂn mI'Il:I,.Il| mI'I]|.IZI, + £'-JI'I

Pucynok 2.5 - CriekTp nmpocTeuiero noasipHO-MO Ay IMPOBAHHOIO CUTHANA
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KpaTKa}I XapaKTCPUCTHUKA UCCICAYEMBIX LICTICH ¥ CUTHAJIOB

B paboTe ucmonb3yeTcss yHHBEpPCATbHBIA CTEHJ CO CMEHHBIM OJIOKOM
[TPEOBPA3OBAHUA CUT'HAJIOB B HEJIMHEMHOM LIETIN.
[IpuHnMnUanbHasg cxema HCCIeNyeMOW Ienu MnpuBeAeHa Ha pucyHke 2.6. C
nomompio mepekiouatens "R,LC" BwriOupaeTcss KoiaeOaTebHBIH KOHTYD, a IS

CHIDKEHUS €ro JOOPOTHOCTH COMpOTHBIEHHE Riyjp AOMKHO OBITH BKIIOUYEHO. B
KayecTBE MCTOYHMKA HECYIIETO KOJIeOaHUs UCTOJIb3yeTCs BCTPOCHHBIN TeHepaTop
3BYKOBOM 4YacTOTHI, MOJKIIOYaeMbIdi KO BXxoay 1. MICTOUHMK HH3KOYaCTOTHOTO
MOJlyJIUPYIOLIEro KojiebaHus ¢ 4actoTod 1kl JO/KEH ObITh MOAKIIOUEH KO
BXOJy 2 cyMMaropa.

tE¢

o]

—
Ru

Ii

——

R

nLOT

5 R — KT1

M Q

Pucynok 2.6 - [IpuHuunuanbHas cxeMa ucciaeayeMon Henu
B kawecTBe M3MEpUTENBHBIX MPUOOPOB  HCIONB3YIOTCS  BOJBTMETP,
ocumsuiorpad u 1K B pexxume ananuzaropa crnektpa. HaGmoaenue npoieccoB Ha
3aTBOPE M CTOKE IOJIEBOr0 TpaH3ucTopa ocymectrisgerca Ha re3gax KT 1 u KT 2
COOTBETCTBEHHO.

JlomaliHee 3a1aHue
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1 V3yunTe 1O KOHCHEKTY JEKIHH U JUTEPAType OCHOBHBIC BOMPOCHI TEMBI
"AMrmumatyaHas momyssusa': [1] c. 113+134; [2]c. 73+81; [4]c. 88+96; [5]c.
88+96, 281+286.

2 OdopmuTe 3aroTOBKY OTYETA.

JlaGopatopHoe 3aaHue

1 IomyuynTe cTaTUYECKYIO0 MOTYJISIIIUOHHYIO XapaKTePUCTUKY YCTPOUCTBA.

2 OmpenenuTe BEIUYMHBI HANpPSDKEHUH, HEOOXOAWMBIX ISl TOy4EHUS
Kosie0aHui ¢ HanOObIIeH MTYOMHON MOIYISAIMU O0€3 3aMETHBIX UCKaKEHUH.

3 Uccnenyiite popmy u crieKTp KojaeOaHHi B ONTUMAIBHOM PEXUME, a TAKKe
MIPU PA3IMYHBIX OTKJIOHEHHUSIX OT 3TOTO pekKUMa.

Meroanueckue yka3aHus

1 Hactpoiika B pe3oHaHC MpeAmecTByeT Beeil padore. OHa OCyIECTBIsSETCA
Opy Tojlaye Ha OAWH U3 BXOJOB CymMmMmaTopa HampsbkeHus okosio 0,5 B or
BCTPOEHHOTO 3ByKOBoro reneparopa (12...16 kl'm). JoctmkeHue pe3oHaHca
¢bukcupyetcs 1100 MO0 MAKCUMAIbHOMY OTKJIOHEHHUIO CTPEIKU MUKpOaMIEpMETpa
cTeHAa (BCTPOEHHBIM MHAMKATOpP pEe30HaHCa) JIMOO MO MAKCUMYMY BBIXOJHOIO

HanpspkeHuss Ha rHe3gax KT2. TouHoe 3HaueHHe pPe30HAHCHOM wYacToThl f(
BHOCUTCS B TaOnuiIry 2.1.

Ta0muma 2.1
fo=...x['m Uy=...B; Un=0
Ecvm, B
Ugkix. B
lc1, MA

2 Cratnueckue MoOayIsanuoHHBbIE XapakTtepucTuku Ic1=y(Ecy) cHumaroTcs
Ha PE30HAHCHOM YacTOTE€ KOHTypa IpPH OTCYTCTBUHM MOAYJIMPYIOIIETO CHUTHajia

(Up=0) mig nByX 3HAaYeHWH BBICOKOYACTOTHOTO HANPSDIKESHUS Ha BBIXOJE

cymmaropa: Uy=0,5B; Uy=1,0B. M3MeHas HaNpsoKEeHHWE CMENICHHS C IIarom
0,5B, m3mepstoT Beixognoe HanpsbkeHue B KT 2. JlanHble 3kcniepruMeHTa B 000uX
Clly4asix BHOCATCA B JIBE TaOJIMIIbI, aHAJIOTMYHbIE MPUBEAEHHON Bbille. [lepBas
rapMOHHKA TOKa CTOKA PACCUUTBIBAETCS 1O (HOpMyJIe:

lc1= Usbix / Roo,

rae Ryo=1xkOM - conpoTuBIEeHHE KOHTYpa Ha PE30HAHCHOM YacToTe.

3 Ilo TabGauiiam Ha 0JJHOM TpaduKe CTPOATCS 00€ 3aBUCUMOCTH
lc1=y1(Ecm) mpu Uw=0.5 B u Ic1=y2(Ecm) mpu Uy=1,0 B.
4 OnTuManbHBIA PEXUM MOIYJIATOpPA HaxoIWTCA B ABa 3Tama. Ha mepBom

aTare BbIOMpaeTCs CTaTHYecKas MOIYJIALMOHHAs XapaKTepUCTHKE C Haubosee
IIPOTSKEHHBIM JIMHEUHBIM YYaCTKOM, HA BTOPOM — OIIPEAEIIAECTCS ITOJI0KEHHE
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paboueil TOukM Ha O3TOW xapakrtepuctuke. [lo 3ToM ke XapaKTepUCTHKE
ONPENEISACTCS MAaKCHMaJlbHAsl AaAMIUIMTYJa HU3KOYACTOTHOTO MOIYJIUPYIOLIETO

HanpsikeHusT UnmoMAX Tak, 9TOOBI MOAYJISIINS OCYIIECTBIISIACH 0€3 3aMETHBIX
UCKAXXKEHUIM.

4.1 Coemuauts tHE3m0 "lk['m" Omoxa MCTOYHUKU CUTHAJIOB co
BXOJOM CyMMaTropa M PYYKOM peryiasTopa BbIXOJa YCTAaHOBUTH HaWMJICHHOE

3HaueHue UmpmOMAX, IOMHSA, YTO BOJBTMETPHl IEPEMEHHOIO HAaIPSKEHUS
nokasbIBatoT aeictByromee 3HaueHne Uomax= UmamMax 2.

4.2 VYcranoBuTh cMemeHue Ecm  OrT, COOTBETCTBYIOLIEE CEPEIMHE
nuHeHoro ydactka kpuBo Ic=y(Ecnm). YcranoBuTh Ha Bxoae 1 cymmaropa

BbIOpaHHOe 3HaueHue Ug (0,5 B unu 1 B). HalineHHble BeTWYUHBI 3aHOCSATCS B
Tabnuiy 2.2.

Tabnuma 2.2.
fo, k' Ecm Ug, B Uamax,B R
ont, B
BKJI
BHUMAHMUE!

B nganHoMm (onTuManibHOM) pexuUME MOAYISATOpP OyJET MCIOJIb30BaH CHOBA B
crenyromei 1adopaTtopHor paboTe KaK UCTOYHUK aMILTUTYTHO-MOIYJIMPOBAHHBIX
curHasioB. [ToaToMy HEOOXOAMMO YETKO 3a(DUKCUPOBATH YCIOBUS SKCTICPUMEHTA U
CXEeMY COeAMHEHUH.

BpemenHble nuarpaMMbl M CHEKTPbl Ha BXOJAaX M BBIXOJE MOIAYJISATOpA
CHUMAIOTCSI JJI1 ONITUMAJIBHOTO PEXXUMa B CJIEIYIOLIEM MopsiaKe (MaciTad mo ocu
BPEMEHU COXPAHSAETCA HEU3MEHHBIM):

- BXOJIHOM CHUTHAJI HU3KOM 4acTOTHI (THE3/10 2);

- BXOJIHOM CHUTHaJl Hecylieil 4acToTsl (rHe3no 1);

- CyMMapHbIid BX0JHOM curHan (rue3no KT1);

- BIXOJHOE HamnpsixeHue (rue3no KT2);

- popma Toka ctoka ic(t) (rue3mgo KT2, knonka "R" Haxara);

- BBIXOJIHO€ HAIPSKEHHE MPH BBICOKOM TOOpOTHOCTU KOHTYpa (rHe310 KT2
npu Haxxatoil kHomke "LC" u omkaroit " Ry ).

OnHOBPEMEHHO C OCHWJUIOTpaMMaMHU 3apUCOBBIBAIOTCS  CIIEKTPBI  BCEX
NEPEUMCIEHHBIX CUTHAJIOB C COXpaHEHHWEeM MacmTaba 1mo ocu yacToTbl. [lo
MOJIYYeHHBIM OCIIJIIOTpaMMaM ompenesnsercs u (Gukcupyercs B Tabmumie 2.3.
rIIyOMHA MOJTYJISIITAA M.

TaOmuna 2.3.
Ru ['myOuHa MOayIsiuu, m
10 CIIEKTPY 110 BpEMEHHOMW JrarpamMmme
BKJIL.
BBIKJI.

5 I[I/IarpaMMI)I UCKOKCHHBIX KoJicOaHMi  Ha BBIXOJE BHC OIITHMAJIBHOI'O
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pexuma HaOJII0Iat0TCs M 3aPUCOBBIBAIOTCS TP MPABUIIBHO BEIOPAHHOMN Harpys3ke:
BKiroueHo "LC" u " Ry ", HO mpu HanmpspKeHUsAX, OTIIMYHBIX OT HAWAEHHBIX B II. 3:

5.1 Ecm =Ecwmonr +1B;

5.2Ecm =Ecmonr -1B;

5.3 Ecm = Ecm ot Ho U =22 Ugmax-

6 Mopynsiuusa CJIOXKHBIM CHUTHAJIOM MPOU3BOJUTCA MpPHU JEUCTBUM JBYX
HU3KOYacTOTHhIX curHanoB (1kl'm w 2kl'1m), mnonaBaembix u3  OJIOKa
"UCTOYHUKHN" na BxXxompl 2 u 3 cymmaropa wmakera. [[ns coxpaHeHusd
ONTUMAJIBHOTO PEXKUMa MOAYJSATOPA KaXKIbI M3 MOJABAEMBIX CUTHAJIOB JIOJKEH

COOTBETCTBOBaTh MosioBUHE UQMAX. 3apUCOBaTh OCHUIIJIOTPAMMBI U CIIEKTPhI Ha
Bxoze moayisrtopa (rue3go KT 1), mias dero cieayer OTKIHOYUTh HCTOYHUK
"Hecymel" oT Bxona 1, a Takke Ha Beixoje (rHe3go KT 2 mpu BoccTaHOBICHUU
cUTHaja Ha Bxoje 1).

Ortuer

OT4er TOoJKEH coepKaTh:

| TIprHOHUNTHATIBHYIO CXEMY UCCIIEOBAHUS.

2 CTOK-3aTBOPHYIO XapaKTEPUCTHUKY TMOJEBOTO TpaH3ucTopa it Bamero
CTEHJA.

3 Tabmu1bl SKCIIEPUMEHTAIIBHBIX JTAHHBIX.

4 Tpaduk y1(Ecm) 1 72(Ecm), @ Takxke OCIIIIIIOTPAMMBI U CIIEKTPHI
MCCJIEIOBAHHBIX MPOIECCOB.

KoHTpoapHbIE BOITPOCH

1 Yro Takoe aMmiuuTynHas MOAYJSLUA? 3amUIIUTE aHAJIUTHYECKOE
BbIpakeHHEe AM curnana.

2 Kakas dopma BAX HenmHEHHOTO 3JIeMEHTA SIBISETCS HAWTYUIeH IS
nosryueHust AM curnanos?

3 Yto Takoe riryouHa MOTYJISIITUN?

4 Kak wu3MepuTh DIIyOMHY MOJIYJSIMU IO BpeMeHHoW auarpamme AM
CUTHAJIa WM MO CHEKTPY?

5 Kak cBsi3anbl Mexay co00i IIMpUHA CIEKTPa MOAYJIHUPYIOIIETO U IIHUpUHA
CIEKTpa MOAYJIMPOBAHHOIO curHana npu AM?

6 Kak pacnpenensercs MOIHOCTh MEKIY COCTaBIIOIIMMU AM curnana?

7 KakoBa poJib Harpy3Ku aMIUIMTYJHOTO MOAyIsiTopa’?

8 Uro Takoe cratMyeckas MOAYJSILIMOHHAs xapakrepuctuka? Kak 1o
CTaTHUYECKON MOJIYJIALIMOHHOW XapaKTEpUCTHKE BbIOpaTh PEXKUM  pabOThI
Moaymisitopa?

9 Kak no cratuueckoil MOAYJIAIIMOHHON XapaKTEPUCTHKE OMPENETUTh
MaKCHUMAaJbHYIO J€BUALIUIO aMIUIUTY1bI? MaKkcUMalIbHYO TI1yOUHY MOAYJISILIUU?

10M1300pa3nuTe BEKTOPHBIE TUArpaMMBbI JIJIsi CHTHAJIOB 00OBIYHOM AM,
oamancuo AM, oxHomosiocHor AM.
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11Maiite ompenenenne OamancHoit wmonymsiiuu  (bM).  M300pasute
BPEMEHHYIO U CIICKTPAJIbHYIO JuarpaMMbl BM curHania ¢ TOHaJIbHON MOIYJISALIHCH.

JlabopatopHnas padota Ne 3 "HccnenoBanue

nerektopa AM curnaion"
HCJII) Da6OTLII HCCJIEA0OBAaHHUC pa6OTBI M XapaKTECPUCTHUK JUOAHOI'O JECTCKTOPA.

Kparkue cBenenus us reopuu

Onepauysi aMIUIMTYAHOTO  JETEKTUPOBAHUA MPSIMO  IPOTHUBOIOJIOKHA
aMIUTUTYJHOM MOJYJSIMMM M 3aKJIIOYAETCSl B BBIACICHUM HU3KOYACTOTHOIO
nH(pOpMaIIMOHHOTO cuTHaja u3 AM-konebaHusl.

PaccmoTpum mpuHLUn neTeKkTupoBanusi AM CUTHAJIOB B HEJIMHEWHOW IIEMH.
Ilycte HenuHeWHBIM d1eMeHT obOnamaer kBagpatuyHot BAX. Takas
anmpoOKCUMAIs TOAWTCS JUIsl JIO00OTO HETWHEHWHOTO »JJEMEHTa IPU MaJIbIX
aMIUTATYZaX BXOJHBIX CHUTHaJIOB. [lonb3ysick BBIBOAAMH, ITOJIYYEHHBIMH THpPH
PACCMOTPEHHHM METOJIa KPAaTHBIX Iyr MJisi OWUTapMOHHMYECKOTO BO3JEHCTBHS Ha
HEJIMHEWHBIA 3JIEMEHT, OLIEHMM CHEKTPaJbHBIA COCTAB TOKA IPH BO3JCHCTBHUH
TOHAIBHOTO AM cHrHana, CneKTp HalpsKeHUsI KOTOPOTO COCTOUT U3 TPEX

FApMOHMYECKUX CHUTHAJIOB - o — Q,an,an + Q. OUEBHUJHO, YTO CIEKTpP TOKa
(pucynok 3.1) Oyder cOCTOSTh M3 TEPBBIX M BTOPBIX TapMOHHMK BCEX TpeX
CUTHQJIOB, a TaK)K€ KOMOWHAIMOHHBIX KOJICOAHUH BTOPOTO MOPSAIAKA MEXITY
napaMu 3TUX CUTHAJIOB:
(0, +Q)xto :
wot(an +Q);
(a)o —Q)i(a)o +Q).

|CnexTp
[
/ZH(U;J)
o . o
| \
\
N
] \‘“*-/\/ [ ] A—1 [ [ 1 -
o Q 20Q a s oo 83 oo M
Cnektp 2 e Taam oz Y
Uskix S . = g E 2
~ ™

ll A A
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Pucynok 3.1- CriekTpaibHbIil COCTaB TOKA U BBIXOJITHOTO
HanpspKeHUs AeTekropa AM npu HOpMUPOBAHHBIX CUTHAJIAX

(ITpou3BecTH TOYHBIN pacueT TAaKOTO CIIEKTpPa MOXKHO, HAIIPUMED, JJIS CXEMBbI
KOJUICKTOPHOTO JeTeKkTopa). M3 mpuBeAeHHOIro CIEeKTpa BHJIHO, YTO ITOJIE3HAs
COCTaBJIAIONIAS TOKa JETEKTOpa C 4YacToTou () sBISETCS KOMOWHAIIMOHHOM
Pa3HOCTHOM YacTOTON MEXy HECYIIEH 1 OJTHON U3 OOKOBBIX:

oo —(aw —Q)=Q;

(an +€2) —aw :
=Q
Pa3nocTHas yactora Mex1y O0KOBBIMHU JJa€T BTOPYIO TAPMOHHUKY TTOJIE3HOTO

cUTHaja, (@, +Q)~( ,—Q) =2Q , KOTOpas ABJISETCS IOMEXOU, CO3MA0IIEN
HEJIMHEWHbBIE NCKAKEHHS TIOJIy4YEHHOIO CUTHAJIA.

Jns BbIOENEHUA W3 BCETO CIEKTpPa TOKAa HHU3KOYACTOTHBIX CUTHAJIOB, B
Ka4eCTBE HArpy3KH HeJIMHEWHOro sneMeHta npumensor ®HY, a B npocrenmem

cllyyae - napajuiejbHoe coeauHeHue Ry u Cy, CONPOTUBIICHUE KOTOPBIX Zy()

BEJIMKO Ha HU3KHUX YacTOTaX M OYEHb Majl0 HAa YacTOTax BOJIM3M HECYIIEH ®(.
N30aBUTHCSA OT BTOPOM rapMOHHUKH 2€) C IOMOIIbIO (PUIIBTPa HEBO3MOXKHO (Kpome
YaCTHBIX CJIy4aeB), T.K. CHEKTP MOIYJUPYIOUIEr0 CUTHAJIA JOCTATOYHO WIUPOK H
paccMaTpUBaEMbIil CUTHAJI € 4acTOTOW () M €ro rapMOHUKH MOTYT OKa3aTbCs B
npenenax nosocel npomnyckanus @OHY. IloseineHne BTOpONM TapMOHUKHU IIPH
JICTEKTUPOBAHUHU CBSA3aHO C paboToil Ha KBagpatuyHoM ydactke BAX wu
IIPAKTUYECKH BCEIIA CYLIECTBYET IPA MAJIBIX aMIUIUTYAaX BXOJHBIX CUTHAJIOB.
Jl1s1 G0NBIIMX CUTHAJIOB Ha BXoje AeTekTopa BAX HenuHeHOro 3yieMeHTa
MOKET OBITh AaNMpPOKCUMHUPOBAHA  KYyCOUYHO-JTMHEMHOM (yHKUMEH, NpuueM

HaNpsHKEHNE OTCEUKH U s mEoa OOBIYHO CUMTAIOT HYJIEBBIM:
[su u>0
=1 pu
|* u<o0
B mpakTtudeckux cxemax JeTEKTOPOB C 3TOM IEIBI0 YaCTO BBOIAT CMEILCHHE,
KOMITEHCHPYIOIIIEE HAIPSHKEHNE OTCEUKH.
[TycTs Ha BXOJE IUOTHOTO AeTeKTopa (PUCYHOK 3.2) neiictByer AM curHai

Usx = Um (t) COSw ot . Hatomuum, uto U m (t) siBIIsICTCS MEAICHHO MEHSFOIICHCS
byHKIuel BpeMeHu (0 CpaBHEHUIO ¢ OBICTPBHIM U3MEHEHUEM TeKyIIeH (a3l @ g t

27
). 3a omuMH IEpUOJ, BBICOKOYACTOTHOIO KonebaHus Tpq=  —— ammmryza

)
(orubaromiasi) AM cursana He yCIeBaeT 3aMETHO M3MEHUThCS (IIPU BBINOJTHEHUH

ycioBus ) << @ g ). IT0 MO3BOSIET cYUTaTh (hopmy AM curHana 3a oiMH NEPUOA
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Tgy - TapMOHMUECKOH (TOYHEE - KBA3UTAPMOHUYECKOMN) U MPHU BBIBOJIE PACUETHBIX
COOTHOIIIEHHUI IOJb30BAaTbCS METOAOM yTIja OTCeYKH. HampspkeHue Ha BBIXOJIE
LETH:
Upgx —Ump + s COCTOUT U3  MEUICHHO MEHSIOIIErocs U no
CIIaraeMoro
(Oynmem cuMTaTh €ro NOCTOSTHHBIM 32 BpeMsi Tyy) ¥ OBICTPO MEHSIOIIET0CsS BTOPOTO
CUTHAJa U, , KOTOPOE OIUCHIBAET MIEPEXOJIHOM Mpoliece Mepe3apsia KOHAEHcaTopa

Cy. Ipu npaBunbHo BeIGpanHoii eMkocTd Cy y. << Uy » TOITOMY BeIMIHHON U~
1T KOJIMYECTBEHHBIX PACUETOB MOYKHO MPEeHeOpeyb, T.€. U seix =Uno (t) .

K mnony nerekropa (pUCYHOK 3.2) mpuiioskeHa pa3HOCTh HAMPSDKEHUN MEXKTY
BXOJIOM U BBIXO/IOM:

u=U,@®cos ot-U () . (3.1)
[pu wot = 6: 0=U, (t)cosé —Umo (1) .
Upo (1)
cosfg Um (V . (3.2)
I
I H
> L

OIS

Pucynok 3.2 - Cxema IMOJJHOTO IETEKTOpa

IIpu a())t =0
u =U -V ©=U (O1-cost] (3.3)
max m HO m [ :
Breranciaum IMMOCTOAHHYIO COCTABJIAOIIYIO TOKA!:
u [ e,
I =a (O =a (6 —M* -y ()1-cosd 0 )
0 0 max 0 R m R )

BBIXOIIHO@ HaITpsKCHUC NCTCKTOpA:
U (M)=1 R =U ()[L-cosla () "
R

HO 0 H m 0

Pa3znenum o6e yactu ypaBHeHHs Ha Up, (t) , mOJTydaeM:
cosf= (1 -cosba) (6 R R — cos6

o R MM R g (G(L-cosh)’

i
W3 mocneaHero BeIpaXXeHU CIEIYET, YTO YroJl OTCEUKHU O SIBISETCS CIOKHOU
0= (R )
19 9 f__H! 9
(GYHKIMENH OTHOIIEHHS CONPOTHUBJIEHUM \'R /> TIPMYEM HET HHMKAaKOH

3aBHCHMOCTH yTJIa OTCEUKH OT aMIutuTy bl curaana Up, () . CiemoBatenbHo, ipu

1

BBIOPAHHBIX IIAPAMETPAX cXeMbl aeTekTopa Ry u Rj =S yrom orceuku 6= const ,
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clieoBaTeNbHo U COSE = const . U3 sripaskenus (3.2) umeeM:
U, ) =U_(t)cosd (3.4)

W3 mociieiHeTo BRIPAXKEHUS CIIEIYET, YTO BBIXOHOE HAMPSIKEHHUE IETEKTOpa
C TOYHOCTBIO [JI0 TIOCTOSHHOTO Kod(ddunuenta (cosb=const) mOBTOpSET
Oru0aroIIyI0 BXOJHOTO curHana Un (t) . CegoBaTenbHO, B pACCMOTPEHHOM Cydae
(11 OOIBIIUX CUTHAJIOB) IETEKTUPOBAHUE MPOUCXOAUT 0€3 NCKaKEHUH.

UtoOBsl OTBETUTH HA BOMPOC, TJ€ HAXOAWTCS TPaHHIA CIA0BIX U CHIHHBIX
CUTHAJIOB, CJIEyeT CHATh (MM PaccuMTaTh) TaK HA3BIBAEMYIO XapaKTEPUCTHKY

JNETEKTUPOBaHUA lo = ¢(Um ) ipu m=0 (pucyHok 3.3).
1L

Um
o f—
— 4 UBX
— Vs
...-:__-—"7
@ == Un()
—
— ~
—-:_"________A\
— ]

£
Pucynok 3.3 - XapakTepucThka AeTEKTUPOBAHUS

Pa6ota AM nerekTopa B pexkume Maitbix (1) u Gonbmux (2) CUTHAJIOB.
DTa XapaKTepUCTUKA MO CMBICTY OOpaTHa CTATUCTUYECKON MOMYJISIIMOHHOM
XapaKTePUCTHKE aMILTUTYTHOTO MOAYJISATOPA: OHA TTOKA3bIBACT, KAK MEHSIETCS TOK

IR

| o(a ClIe0BaTENbHO | U HO (t)= 0 m) IpH mMeHeHNE STTYIE EXOTHOTO

curHasia. Hamomuanm, uto nosie3Hast naopmarus B AM curHaie 3akiIfoueHa B €ro
orubaromedi. Ecim  mocnenHsss  OpUXOIUTCS  HA  JIMHEWHBIM  y4acTOK
XapaKTEPUCTUKHU  JE€TEKTUPOBAHUS, TO HUCKAXKXEHUS TIPpU JICTEKTUPOBAHUU
OTCYTCTBYIOT. [Tpu MainbIx curHanax (y4acTok JieBee TOUKU A Ha pUCyHKe 3.3) HeT
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IPOMOPLMOHATLHOCTH o aMIUTUTYJI€ BXOJHOTO CHUTHaja, CJelI0BaTeIbHO
BBIXOJTHOE HAIpsDKEHUE AETEKTOpa HE COOTBETCTBYET Orularoiieid BXOAHOIO
CUTHaja, T.e. TMpPU MajblX CHTHaJIaX JACTEKTUPOBAHUE COMPOBOKIACTCS
UCKaKeHUsIMU. ['paHunia nMHEWHOro ydactka (Touka A) XapaKTepUCTUKH
JETEKTUPOBAHUSL COOTBETCTBYET TpaHHUIE CJHA0bIX W CHUJIBHBIX CHUTHAJIOB.
PaccmoTpeHHass XapaKTepHCTHUKA JETEKTHUPOBAHUSI TO3BOJISIET  OMPEACIISITh
YCIIOBUS, NTPU KOTOPBIX UCKAXKEHUS OTCYTCTBYIOT - BBIOpaTh aMIUIUTYy HECyIIeH

Ha BXOJI€ IETEKTOPa U MAKCUMAJIBHO JOMYCTUMYIO TTTyOUHY MOAYIISIIUN Mmay -

Kparkas xapakTepuCcTHKa UCCIIENYEMBIX LIENEH U CUTHAJIOB

B paboTe HCMONB3yeTCs yHMBEPCAIbHBIM CTEHJI CO_CMEHHBIM OJOKOM
[IPEOBPASOBAHHNS CHUIHAJIOB B HEJMHEMHOM IIEINM. Cxema

'

ucciaenyeMor uenu npuBeieHa Ha pucyHke 3.4. Ilepexmouarens "Cy" paet
BO3MO>XHOCTh U3MEHATH B IIUPOKUX Ipeenax mocTosHHyo Bpemenu RC - nenu
(Harpy3ka auoja). M3o0pakeHHBIE Ha CXe€Me€ MHUKpPOaMIIEpMETP HaXOIUTCS B
npaBoi YacTu MpUOOPHOI! MaHe N HaBepXy CTEH/A.

B xauectBe mcrounuka AM curHaiza ¢ OTHOCHTENBHO HHU3KOM 4YacTOTOU

Hecymero kojiebanus (fyy1=13...15k[ 1) ucnonas3yercss MOIYJISATOpP, U3YUEHHBINH B
npenpiaynen J1aboparopHod paboTe W HACTPOEHHBI B COOTBETCTBUHU C
AKCIIEPUMEHTAILHBIMU JAHHBIMH ONTUMATIBHOTO PeXUMa. BBIXOJ aMIUIUTYAHOTO
Moxayisitopa (rHe3no KT 3) siBiisieTcst BXOAOM I€TEKTOpa.

e s
g STHTSDTSDDTEHL;‘”
ARRRES

Pucynox 3.4 - [lpunuunuaibHas cxeMa aMILTUTYIHOTO JETEKTOpa

B kauectBe ucrounnka AM cuUrHaia ¢ MOBBIIIEHHOW Y4acCTOTOM HECYILETo
KoJieOaHUs MCIIOJB3YeTCsl TeHepaTop, pacnoioxkeHHsld Ha 6i10ke MICTOYHUKU

CUT'HAJIOB (fg>=110 xI'r). Ilpu uicmosib30BaHUM 3TOTO T'€HEpaToOpa OH TaKKe
npucoenuHsercs ko Bxoay aerekropa (rue3no KT 3), Ho mpu 3ToM Harpy3koi B
moaynarope ciuenyer BbeiOpath "R". (Knomka Bkitouenus pesuctopa "R
OJIHOBPEMEHHO OTKJIFOYAET EMKOCTh KOHTYypa (Ha CXEME MAaKeTa 3TO HE IMOKA3aHO)
JUISL  TOro, 4YTOObI MCKJIIOYUTh UIYHTUPYIOUIEE JCHCTBUE PACCTPOEHHOTO
HU3KOYACTOTHOTO KOHTYpa ( ~ 15 k['11) Ha reHepaTop BhICOKOYACTOTHOIO CUTHAIA
(110 xI'm).

W3mepuTenbHble MPUOOPHI MOAKIIOYAIOTCS K BXOIY JETEKTOpa WU K
BbIxoy (THe3110 KT 4). Micrionb3yroTcst BOIBTMETP, OCIIuLIorpad U aHATH3aTOP



33

cniektpa (I1K).

JlomaliHee 3aaHue

1 M3yunTe 1m0 KOHCIEKTY JICKIMH U JUTEPAType OCHOBHBIC BOIPOCHI TEMBI
"JletexktupoBanue AM konebannii:[1]c.134+148; [2] ¢.90+106; [4] c.88+96; [5]
c. 286+290;

2 OdopmuTe 3aroTOBKY OTYETA.

JlaGopaTopHoe 3a1aHue

1 HaGmropaiiTe BpeMeHHblE JUarpaMMmbl M CIEKTpbl B  Ipoliecce
JETEKTUPOBAHUSL KOJeOaHUl C pa3HbIMU TOCTOSHHBIMA BpPEMEHH Harpys3ku
IETEKTOopa.

2 W3yuute XapaKTEPUCTHKY ACTEKTUPOBAHHS NMPU MaJbIX U MPU OOJBIIMX
aMIUTATYJaX BXOJIHOTO CUTHAJIA.

MeTtoanyeckue YKa3aHUuA

1 BpemeHHbIC nUarpamMMbl U CIEKTPHI TIPH JIETEKTUPOBAHUM HAOIOJAIOTCS
npu nojgade AM kosieGaHMM ¢ TTOHWYKEHHOM 4acTOTOM Hecylero koieoanus. Jlis
ATOTO COOpaTh CXEMy MOJIYJATOpPAa W YCTAHOBHUTH ONTHUMAIBHBIN PEXUM TIO
JTAHHBIM TIpebIAYIIeH JTabopaTopHOM paboThI. Jpyr moja apyrom ¢ coxpaHeHHEM
MaciTaba 3aprCOBBIBAIOTCS OCIIHILIOTPAMMEI M CTICKTPHI:

- MOAYJIMPOBAHHOT'O KOJIeOaHus Ha BXojie AeTekTopa (THe3no KT3);

- HanpspKEHUS Ha BBIXOJE JIETEKTOPA MPU BCEX 3HAYEHUSIX EMKOCTU HArPy3KH

Cy (0, 3, 15,30, 300 ud).

2 3amanus m. 1 moBTOpsitoTcs (0€3 aHanmM3a CIEKTPOB) mpu AedcTBuu AM
KOJIeOaHU ¢ MOBBIIIEHHON YacToTOM Hecytero kojaedanus (110 kI'). s aToro
k rHezgam KT 3 mpucoeaunsercs BHYTpeHHUM HUCTOYHMK AM KkonebaHwMii;
aMIUTUTyJla Hecymied BeiOupaetrcs paBHoil 1B mpu m=0,6...0,8. Ilepexmrouarens
"Cyg" ycraHoBuTh BHauasie B mnoJsioxkenue "0". Ilepexmtouarens R ummu LC
(Harpys3ka MojeBoro TpaH3ucTopa) - B nojoxenue "R".

3 JerexktupoBanue AM curHanoB c¢ riayouHor monymsaiuuu m>1. Coxpasss
CXeMy M3MEpPEHUH NyHKTa 2, YBEJIUYUTh 1O MaKCUMyMa TIi1yOWHY MOAYJSLIUU
(pyuky «m» - B KpaiiHee MpaBoe MOJ0KEHHUE).

4 3apucoBaTh OCLHHJIJIOTPaMMBbI Ha BXOJ€ U BbIxoie AeTekropa npu Cy=3 HO.

5 Xapakrepuctuka aerektupoBanus Ig(Ug,) cHuMaeTcs mnpu JeHCTBUM
HEMOJYJTUPOBAHHBIX KOJEOaHWI, TOJIy4aeMbIX OT BCTPOCHHOIO TEHEpaTopa ¢
gactoroit fiy;(m=0). Ilepexmouarens Cyy — B mnomoxenme 15 HD. Tok
JETEKTUPOBAHUS U3MEPSAETCSI BHYTPEHHUM MUKPOAMIIEPMETPOM — IPH U3MEHEHUU
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U, B mpenenax no 1 B. JlanHble n3MepeHuid 3aHOCsATCs B Tabauiy 3.1, mpu 3Tom
0c000e BHUMaHUE HaJI0 OOpaTUTh Ha BBISBIICHUE OOILIEr0 BUA XapaKTEPUCTUKH U,
B YaCTHOCTH, €€ HA4aJbHOTO y4acTka (onpenesutsb U, Mpu OTHOM, ABYX U TpeX

JCICHHSX MIKAJIbl MUKPOAMITIEPMETPa).
Taomuma 3.1

fg = KI'1g m=0 Cy = 150®

U(na B

lg, MKA

Ortuer

OTyeT J0JKEH COJepKaTh:

1 TIpyHIUMIIHATIBHYIO CXEMY HCCIIE0BaHUS.

2 Tabnuilbl SKCIEPUMEHTAIBHBIX JAHHBIX.

3 I'paduk xapakTEPUCTUKU ACTEKTUPOBAHUS, a TAKKE OCIUIUIOTPAMMBI U
CIIEKTPBI UCCIICIOBAHHBIX MTPOIIECCOB.

KoHTposibHbIE BOMPOCHI

1 Yto takoe aerexktupoBanue? [losicuute npouecc nerekrupoBanus AM
CUTHAaJIa, MOJIb3YysCh BPEMEHHBIMU U CIIEKTPaIbHBIMU MPEACTABICHUIMHU.
2 N3o0pasuTte cxemy KOJJIEKTOPHOIO JIETEKTOpa Ha TPAH3UCTOPE.
3 KakoBa xapakTepucTrKa AeTEKTUPOBAHUS JUOJHOTO ACTEKTOpa IIPH
rmojiaye cjaadbIX CUTHAJIOB?
4 KaxkoBbl yCIIOBUS JTMHEHHOTO IETEKTUPOBAHUS B CXEME JUOIHOTO
nerekropa’?
5 U3o6pa3ute cxemy quoAHOTO AeTekTopa. [losicHuTe padoTy 1HOIHOTO
JETEKTOpa COOTBETCTBYIOIIMMHU BPEMEHHBIMU JTUarpaMMaMH.
6 C KakuM yIJIOM OTCEYKHM paboTaeT AUOJ B CXEME IUOAHOTO aerekropa? Ot
Yero 3aBUCHUT BEJIMYMHA ITOTO yriia?
7 U3 kakux ycioBui BEIOMpaeTcs MOCTOSIHHAS BPEMEHH Harpy3KH Mpu
neTekTupoBaHu AM curHanon?
8 MOXHO JI1 IETEKTUPOBATh TUOJHBIM JETEKTOPOM:
- AM konebanus npu m>1;
- AM xonebaHus ¢ MOJaBJICHHOW HECYIIEH;
- K0JIeOaHMS C OJTHOIMIOJIOCHOW MOTYISIIUCH?
9 Uto Takoe CHHXPOHHBIN IETEKTOP M B KAKUX CIy4asx OH MOXKET ObITh
HCIIOJIb30BaH?
10 Kak nerektupoBaTh KoJieOaHHS C TOJISIPHONW MOTYJISIITAEH?
11 Yem oTnvyaeTcsi AUOHBIA IETEKTOP OT BBHIMPSIMUTEINS?
12 Kak sKkCriepuMeHTaJIbHO MOJYy4YUTh (OpPMY TOKA, MPOTEKAIOIIETO Yepe3
Mo B cxeMe AeTekTopa AM konebaHmit?
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JlabopaTtopnas padorta Ne 4
" UccnenoBanue 4aCTOTHOW MOy asiiuu'”

Llenb paboOTHI: UCCIEOBAHUE MPUHIUIA JACHCTBUS YaCTOTHOTO MOJAYJATOPA.
IlonydeHune XapakTEpUCTUK YaCTOTHOTO MOZYJIATOpPA IPU BO3IAEHMCTBUM HA €r0
BXOJ] MOHOTapMOHHUYECKOr0 curHana. MccienoBanue (popmsl U CIEKTpa CUTHAJIOB
C YaCTOTHOW MOIYJISILIUEN

KpaTKI/IC CBCACHUA U3 TCOPHUU

B nanHoii pabote uccienyroTcs MOAYIUPOBAHHBIE PATUOCUTHAIBI, KOTOPHIE
MOJIy4aroTCs 3a CYET TOro, 4YTO B HECYIIEM TapMOHHUYECKOM KOJeOaHUU

nepenaBaeMoe coodmenne Ug(t) m3mensier 6o vactoty, b0 HadalbHyIO (asy;
aMIUTATYy/Ia  BBICOKOYACTOTHOTO  MOJAYJIMPOBAHHOTO  KOJICOAHUS  OCTaeTCs
peusMeHHOM. [lOCKOJNIBKY apryMEHT TapMOHHYECKOTO KOJICOAHHS OIpeaeiseT
TeKyllee 3HadeHWe (a30BOro  yrjia, TO TaKUE CUTHAIBI  IOJYYHJIH
Ha3BaHUE CUTHAJIOB C YIVIOBOW MOJYISLUEN.

HanoMHuMm, 4TO JIJ1s1 ONIMCAaHUs MOTYJIMPOBAHHBIX KOJICOAHUH C YTII0BOM
MOJTYJISIITUCH yIOOHO MCIIOIh30BAaTh KBa3UTapMOHHUYECKYIO (hopMy:

i() = 1 (t) cos D(t) (4.1)
rne @M= @t + Ap() +o o - TonHas (asa; (4.2)
Ol _ rexymas pasa;
A(t)

- neBuanst (OTKIOHEHHE) (hasbl;
@o - HauanpHas (dasza.
Ipu  yrnosoit  moxmymsmum — ormbaromas  Im(t) He  u3Mensercs:
I (©) =1 o = const , a usmenenuo nojBepraercs 1100 AeBuanus $aspl, TM00 e
IPOU3BOIHASL.
Dazosas mooynayus (OM) — Bua MOIYISLNAM, IPU KOTOPOH AeBUAIMS (a3bl
HPOTOPIMOHATIEHA MOIyTUpYOIIeMy curaainy Uc(t):
Ap(t) =K omUc ) (4.3)
rre Kgy - KOHCTaHTa, XapaKTepu3yIomias padoTy MOTyJIsSTOpA.

g gacTHOTO Ccitydast — ToHanbHOU @M, KOrj1a B KAUYeCTBE
MOJIYJIMPYIOLIETO CUTHAJIA UCIIOIB3YETCSI TApPMOHUYECKUN CUTHAJI HU3KOW YaCTOThI
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t) = ot
(Q<<a)0 ): uc() Umc C0S

[Tpu aToM neBuanus daszsl cormacuo (9.3):
Ap(t)=K ,,U, . cosQt=M,, cos Qt (4.4)

rie Mgy =KgyU e =A@ yax - unzexc $a3oBoil MOMyNSIME, HMEIONTUI
CMBICJT MakcuMasbHOU neBuaiuu dasel. [loacrasus (4.4) B (4.1), momydum
BBIpAKEHUE [T TOHAIBHOU OM:
i s (1) = Img cos| mgt + Mgy, cos Q] (4.5)
(B 9TOM BBIp@XXEHWH | jajiee OyaeM moyiararh, 4To HadanbHast Gpaza  ¢g = 0).

Yacmomnas mooynayusa (YM) — BUI MOIYISIUM, TIPU KOTOPOM JICBUALIMS
9aCcTOTHI MTPOIMOPIIMOHAIEHA MOIYIMPYIOIIEMY CUTHAITY

Aat) = Kypy uc (1) (4.6)
3mecs Kuv - koHcranTa, Xapakrepusymoluas paboTy MoayasTopa. Bozsmem
MIPOM3BOJIHYIO OT MOJHOMU (ha3bl (4.2)
o) =d D) = w +d[Ap(t)]= @ + Aaxt)
dtdt
31ech MTHOBEHHAsI YacTOTa CUTHAJIA ot) paBHAa CyMME HECYIEeH 4acTOThl U
®, JI€BUAIIUH YACTOTHI Aw(t) , yIPABIIEMON MOTYIUPYIOIIUM CUTHAJIOM.

HamoMHuM, 4TO B Ka)Abli MOMEHT BPEMEHU MIHOBEHHAs 4acTOTa CHTHaja
MMEET TOJIBKO OJHO 3HA4YECHME, B TO BPEMS KAK CIIEKTP CUTHAJIA MOXKET COCTOATh U3
OO0JIBIIIOTO YKCIIa YACTOTHBIX COCTABISIOLIHX.

PaccmoTpum gacTHBIN citydalt ToHanpHOM UM:

u =U cosQt, Aaft)=K U, C0SQt=Awm,,, c0sQt.
I[Hﬂ 9TOr0 ClIydass MTrHOBCHHAA 4aCTOTa OIIPCACIIACTCS KaK:
ot) = @ ,+ Aat) = @ ;+ Ay COS QL

HNHuTterpupys no z, nepeiieM K moaHou ¢aze
t t t
At) = ,[w(r)d T= _[ab dr+ ,[Acavmx cos Qrdr=
0 0 0

— wt+2%m sinOt= wt+ M sin Ot

0 0 0 um 4.7)
M = A® yux .
3nece M yy O - UHJIeKC YacToTHOW Mopyisiuuu. [loncrasinss (4.7)
i ()=1 cosjat+M sinQt
B (4.1), monyuum qM( ) . [ 0 o ] (4.8)

Cnextpsl ®M u UM curnanos.
N3 conocraBnenus BeIpakeHUM 11 TOHAIBbHBIX @M m UM cnenyer, 4yto
OHM OTJIMYAIOTCS TOJBKO HAYalbHOW (pa3od, dYTO JaeT BO3MOXKHOCTH
paccMmaTpuBaTh UX KaK OJHO oOlee KojeOaHue ¢ yriioBOi MOy IsIUEi

iyar () = Imo cos[ gt + Msin Qt].  (4.9)
[IpenctaBuM 5TO BBIpaXKEHHE B KOMIUIEKCHON ¢dopme (aHATUTUUYECKUN
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CUTHaJ):
| (t): | e jlot+MsinQt] = | € jot: € jMsinQt
VM mo U mo U , (4'10)
31ech MOCIeAHUNA COMHOXUTENb SBJSECTCS IEPUOINUECKON GyHnxupmein
BPEMEHH; PA3JIOKUM €ro B psa Dypre
ejMSIth:ZJ < (M)e jKOt . (4.11)
K =0

Koaddurmmentamu paznoxenus spisrotcs GyHkiuu beccens mepBoro pona
K-ro nopsizika oT vHAEKCca MOAYIAIKH (prucyHOK 4.1).
IToncraBus (4.11) B (4.10), momyunm

lyns (=1 mo 2. k (M)e Lxale | (4.12)

K =—0
Bzas BCIICCTBCHHYIO YaCTb OT (412), HepeﬁﬂeM OT KOMIUJIEKCHOU 3aITUCH K
KAaHOHHUYECKOU CbOpMe KBa3uTrapMOHHNYICCKOI'O KOHe6aHI/Iﬂ:

.
o =1 mo Z J K (M) COS(a)o + KOt (4.13)
K =0

k! MMOCJICAHEr0 BBIPAXKCHNA BUJHO, YTO CIICKTP aMINIMNTYd MOJAYJIUPOBAHHOT'O
KoJIeOaHus COCTOUT n3 OECKOHEYHOI'O qucia CIICKTPAJIbHBIX HHHHﬁ,

PAaCIIONIOKEHHBIX Ha YACTOTHOM OCH C PABHOMEPHBIM IAroM (). AMILIHTY IbI
CIICKTPAJIbHBIX JIMHUHN OIIPEACIIAIOTCA IIPOU3BCACHHUEM AMIIINTY bl
MOJIyTMPOBAHHOTO Kojebanus | mo Ha cooTBeTcTByrOIIME 3HAueHMS (DYHKLUU

beccens - Imo ) JK (M ) . Ho Tak kak MakcMMaJIbHOE 3HAUYCHHUE (bYHKIlI/II/I beccens

paBHo enunuiie (Jo mpu M=0), To 3Hauenus Jy (M) MOryT paccMaTpuBaThCS Kak
OTHOCUTEJILHBIC aMIUTATY/IbI CIIEKTPATBLHBIX COCTABISIONIUX.

A J, (M)

0,8

0,6 1

"
/)
Z

~N

X -
%. .
)[/mt

<
NI AKX

-0,2 \ \_/\,(_/)&_/\\)

Pucynok 4.1 - ®ynknusa beccens qjst M > 0

LN
TN
\
A

(V4
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PaccmoTpum HEKOTOpBIE CBOMCTBA OecCeNIeBhIX (DYHKITHIA:
1) J.k(M)=Jk(M) nns yetHbIx K,
J.k(M)=—=Jk(M) mns meuetHsix K.

OTCIOI[a CiaeayeT CUMMCTPHA CIICKTpa aMINIMTYd OTHOCHUTCIIBHO HCCYHICﬁ
4acToThl @ (A1t koTopoit K=0).
0

2) Jk(-M)= Ik (M) st wetHbIX K,
Jk(-M)=-Ik (M) nnst HeueTHbIX K.
CremoBaTeabHO CHEKTP aMIUIATYJ] HE 3aBUCHT OT TOTO, YBEIMUYHUBACTCS HIIH
YMEHBIIIAETCSl MHJIEKC MOJIYJSAIMH. 3HAK MUHYC 371eCh, KaK M B CBOMCTBe 1, He

YUUTBHIBAETCS B CTIEKTPE aMILIUTY I, HO IPOSBIISIETCS TOJIBKO B CIIEKTpe ¢as.
3) JK+1(R)>0)1!
Jisa(K)<0,1.

o0

TIK(M) =1

Hcnonb3yst nepByO CTPOUKY CBOMCTBA 3, 3aIIUIIEM 3TO HEPABEHCTBO IS
npeasiaynero 3Hauenus K-

Je(K-1)>01 (4.14)

Ecau npuHATH, 4TO NMpakTUYECKas MIMPUHA CIEKTpa CUTHAjda C YIJIOBOM

MOJAYJAIIMEH OTrpaHUYE€HA TEMH COCTABJSIONIMMHU  CIEKTpa, Yy KOTOPBIX
OTHOCUTENbHAs aMImuTya 6osee 0,1 (a cmegoBaTelbHO, OTHOCUTEIBHAS

MOIIHOCTH >1%), TO MaKCHMaJIbHBI HOMEp TaKol coctaBiisitomed  (KTp) MOXKeT

ObITh HaiiieH u3 BoipaxeHus (4.14) npu K=Ktp.
Jo (K,,-1)>01

K

Hamomuaum, uto aprymeHToM GyHKIMU beccens sBiaseTcss WHIEKC
Moyt M, cinenoBatensHo Krp-1=M, oTkyna

K» =M+1 (4.15)

B cooTBercTBHM CO CBOWMCTBOM 3, cOCTaBJstoIas CrieKTpa ¢ HomepoM Kp+1

OylneT HMMeTb OTHOCUTENbHYIO aMiuTyny Menee 0,1; TO ecTbh oOKaxercs 3a
npeaeaaMu IMPaKTUYECKON [UPUHBI CIIEKTPA.

Boipaxxenue (4.15) mo3BoiisieT MO MHJEKCY MOAYJSAUMUA M OLEHUTh YHCIIO

CHEKTPATbHBIX JTUHUHN B MIPAKTUYECKON MIUPHUHE crieKkTpa. Tak, Hanpumep, npu M=3,2

rpaHu4HoOe 3HaueHne Kp = 4 (Ommkaitiiee 1ienoe unciio). CiieroBaTesbHO B CIIEKTPE
TaKOrO0 CHUTHaja JOJDKHBI OBITh HeECyIlas W dYeThIpe Mapbl OOKOBBIX YaCTOT. DTHU

pe3ynbTaThl JIETKO TPOBEPHUTH MO TpadukaM OecceneBbIX (PyHKIHMH (pucyHOK 4.1).
JleiicTBUTEIPHO dYeTBepTasi Mapa OOKOBBIX HMMEET OTHOCUTEIBHYH) AaMIUTUTYIy

J4(3,2)=0,16, T.e. HaxomuTCS B IMpeaeiaX MPaKTHYCCKOW IIMUPHHBI CIEKTpa, a



CIIeyIONIas TsTas mapa OOKOBBIX MMEET OTHOCHTEIbHYI0 aMmruintyay Js(3,2)=0,04,
T.€. HAXOJAUTCH 32 MpeaenamMmu 3Toi nojiocel. Kak BUaHO U3 pucyHka 4.2,

NpaKTHYecKas MuprHa cruekrpa 2Aw*=2Q(M+1).

| e oD

P S Y

Pucynox 4.2 - K onpeneneHuto mpakTHYeCKON MUPUHBI CIIEKTPa IIPU
YIJI0BOM MOYJISALIMU
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(3mech oOTHOXKEHBI OTHOCUTENbHBIE amruuTyabl Jk(M); mis moctpoeHwus
AMILTUTYIHOTO CIIEKTPA BCE COCTABJIAIONINE CIIESIyeT JOMHOXKHUTD Ha | mo=CoNst).

Hnst gpazosout mooynsayuu M=Mqpn. Uaneke dazoBoit momymsiiuu Mepn=A@
MAX M 3aBUCHUT OT aMIUIMTyIbl Mopayiupytouiero curiaia Upme. Ilostomy
IpaKTHYecKas MMpuHa ciekTpa npu @M

2A0* pM=2Q(M pp+1)
3aBHCHT KaK OT 4aCTOTHI, TaK U OT aMILTUTY bl MOAYJIUPYIOIIErO CUTHATIA.
M=M =Ao,,

Jlist YACMOMHOU  MOOYIAYUU uy T ) rae AomMAX
MPOTIOPIIMOHANIEHA aMIUTATY/Ie MOy JInpytoiero curiania Upme,
(Aw A
ZA(D*LIM =20 et =2Aw +2Q
\ Q } MAX

Ho Tak kak o00biyHO AMAX>>Q), TO 2A0*uM = 2A@war , TO €CTh TPH
YaCTOTHOW MOMYJISIITUU TIPAKTUYECKAs MMUPUHA CIIEKTPa 3aBUCUT OT aMILUTUTYbI U

MOYTH HE 3aBUCUT OT YaCTOThI Mojyiupytomiero curHaia (€). CrienoBareibHo,
MpaKTAYECKas muprHa criektpa UM curHaia 3Ha4uTeNbHO MEHbIIE, yeM Jisi OM
CHTHAJIA TPU TEX K€ NapaMeTpax MOAYJSIUUH, YTO W OINPEACIHIO MIHPOKOE
rcnoJib3oBanne UM B palMOBEIIAHUY U CBSI3U.

B 3akimrouenne paccMOoTpuM, KaKk MEHSIETCSI BO BPEMEHHU BBIXOJHAS MOITHOCTD
nepegaTyMka C  yriaoBod Moayisinuend. O4YeBMIOHO, 4YTO 3Ta MOIIHOCTh Ha

HEKOTOpOH Harpy3ke Ry MoxkeT ObITh HailieHa Kak CyMMa MOIIHOCTEN OTAENbHbIX
COCTaBJISIFOLLUX CIIEKTpA:

P =Plo)Plo + Q)+ P(o - Q)+ P(w e 2Q)+... =

6bIX 0

- »]—'IZ R [J 2 (M)+J2(M)+‘J ? (M)+J2 (M) +'"]: P
1 2

2m0 H O 0

1
2 =
3nech —2| mORH ’; - MOIIHOCTh FTAPMOHUYECKOTO (HEMOIYJIUPOBAHHOIO)

CUTHAJIa, a CyMMa B KBAaJpPATHBIX CKOOKaX, COTJIACHO CBOHCTBY 4 OecceneBbIX
byHkumii, paBHa enunuie. CrenoBaTeabHO, MOITHOCTh MEPEeNaTdyuKa C YIJIOBOU
MOJYJISIIUEN OCTAeTCAd TMOCTOSIHHOM HE3aBUCUMO OT IapamMeTpoB Moayisuuu. B
3ToM OTHOWIEHUH UM u @M BBITOAHO OTJIIMYAKOTCS OT aMIUIATYIHOM MOJYJIALMH,
JUTSI KOTOPOW BBIXOJIHASI MOIIHOCTD TME€peIaTynKa MEHIETCS B OOJBINMX Mpeaesiax.
(Hanmpumep, TpU MaKCUMATLHOM TITyOWHE MOYJISAIIUA M=1, MOIITHOCTh
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nepenatanka AM MeHsieTcst ot HyJis 10 4P).
Kparkas xapakTepuCcTHKa UCCIIENYEMBIX LIENEH U CUTHAJIOB

B nmanHOii paboTe uCnosb3yeTcsi yHUBEpPCaIbHBIA JaOOPATOPHBIN CTEHI CO
cmenbM  GiokoM YACTOTHBIM MOJIEM, ynpowéHHAs HpUHIHIHAILHAS
cxema KOTOporo mnpuBesieHa Ha pucyHke 4.3. OObEKTOM HCCIEAOBAHUS SBIISAETCS
neBas yacTb cxemsl (Mexay raézgamu KT 1 u KT 2).

Kak BUAHO W3 CXEMbI, YACTOTHBIH MOIYJATOp TpeactaBisier coboir RC
reHepaTop, COCTOSIIMUA UX JABYXKACKaIHOTO pe3ucTuBHOro ycwiurens (Al) u
¢dazobanancHoi nenu (PBL]), oOecreunBaromieil MOMOKUTEIbHYIO OOpaTHYIO
cBs3b. Yacrtora reHepamuu 3aBucUT OT mnapamerpoB DBI-C3, C4 wu

conpoTtuBieHuit kaHanoB (Rcy) monessix TpansucropoB VT1 u VT2.

KT2 KT3

ET1

MOAVIIATOP JETERTOP

PucyHnok 4.3 - YoponieHHas npHHIMIHAIbHAS CXeMa YaCTOTHOIO MOJIEMA

ConpotuBnenue kaHana (Rcp) 3aBHCUT OT YIpaBIISIFOIIETO HANPSDKEHUS,
IPUIIO’KEHHOTO K 3aTBOPY. Takum oOpa3om, nonesoit Tpansuctop B OBI asnsercs
[TApAMETPUUYECKUM JJIEMEHTOM, YNPABISEMBIM MOAYJHUPYIOIIAM HANPSKECHUEM.
Hanpsiokenue cmemenust (Ecyp), sBIsioneecs: MOCTOSHHOW —COCTaBIISIOLIEH
MOJYJIAPYIOIIETO CHUTHAJIA, MO3BOJISET YCTAHOBUTH HECYLIYK) YacTOTYy
MOJYJIMPOBAHHOTO CHUI'Hala, a IIEPEMEHHAs COCTABJIANOIIAs, T.€. CaM
MOAYJIUPYIOIINNA curHai, nogaHHeld Ha rHe3aa KT 1, obecnieunBaeT neBuanuio
4aCTOTHI Afmax, 3aBHCAIIYIO OT aMIUIUTYABl MOJIYJIHPYIOIIETO CHUTHAIA.
BbIxos10M yacToTHOTO MOAysiTopa sBsiroTes rue3na KT 2.

B cxeme wMoaynaropa wumeercss OJIOK aBTOMAaTUYECKOW PpEryJIUpPOBKU
YCUJIEHUS, TOJIEPKUBAIOLINM MMOCTOSHHYO aMIuutyny UM-curnana (Ha cxeme
HE MOKa3aH).

B xauecTBE HCTOYHMKA MOIYJIMPYIOIIETO CUTHAJIA UCIIOIb3YETCsl BCTPOCHHBIN
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JMAIIa30HHBIM T€HEPATOp, MOAKIIOYEHHBIN KO BXOAY MOIYJSATOpa. I KOHTPOJIA
BXOJIHOTO CHUTHAJIa HCIIOJb3YETCS BCTPOEHHBIM BOJBTMETP. AHAJIHM3 CIEKTpa
npousBoauTtcs Ha 1K B pexxume «CnekTpoaHain3aTopy.

JlomaiHee 3aanue

1 M3yuute OCHOBHBIE BOMNPOCHI IO KOHCHEKTY JIEKIIMH U JHTeparype:
[1]c.148+161; [2] ¢.82+87; :[4]c.96+102; [5] ¢.96+104; [6]c. 98+105, 351+359;

JlaGopatopHoe 3aaHue

1 CHuMHTE CTaTUYECKYI0 MOJYJSIUOHHYIO  XapaKTEPUCTUKY H
OTIPEAEINTE ONTUMAIBHBIN PEXKUM MOIYJISATOPA.

2 Onpenenurte BAUSHUE aMIUIMTYAbl MOAYJIUPYIOIIETO CUTHANIA Ha GOopMy
U mMpUHy cnekrpa YM-curnana (mpu NOCTOSSHHOM 4acTOTE MOYJISILIUM).

3 Onmnpenenure BIWSHUE YacCTOThl MOIYJSIUMU Ha (QOpMYy M HIMPUHY
cnektpa YM-curHana (IpU TOCTOSHHOW aMIUIUTYJE€ MOJYJUPYIOLIErO
CUTHAaJa).

4 HaOmromaiite ¢dopMmy curHajga Ha BXOJE€ M BBIXOJAE YaCTOTHOTO
MOJYJIATOPA.

MeTtoanyeckue YKa3aHHu:A

1 Craruyeckas monayinsnuonHas xapakrepuctuka (CMX): f=o(Ecm)
CHUMAeTCA TIpU OTCYTCTBHU MOAyIHpytomero curHaia. [lociemoBarensHo

yCTaHABIWBas JIBIKKOBBIM MOTEHIIMOMETpOM Ecy 3HaueHus u3 tabmwuip 4.1,
OTIPENIEINTh 3HAYCHUS YaCTOTHI MOIYJISATOPA f, MOAKIIOYMB BHIXOI MOIYJIATOPA
(rue3no KT 2) ko Bxoay I1K, paGoTaroriero B pexxuMe aHaian3a CrekTpa (cum.
[MTPUJIOXXEHUE).

Tabnuna 4.1

Ecm B 0 -0,5 -1 -9 -6,5

f k[

[To nannbM Tabsuibl cTpoutes rpaguxk CMX, Ha KOTOpOM creayeT
OTMETHTH:

- I0JI0’KeHUe paboyeil TOukU (Ha cepeiMHe JMHEHHOr0 y4acTKa); 0TCroaa
Haxomat Ecy orT ¥ Hecytyro 9actoTy f (0 BepTUKAIBLHON OCH);

- yroJ HakJjioHa JuHerHoro ydyactka CMX; (TaHreHC ATOro yria
cooTBeTCTBYET KO3 dunmeHty Kyy Mmoaymnstopa);

- rpanuilsl auHerHoro yuactka (fvin, fmax)-

[Tomy4yeHHble JaHHBIE CBEAEM B TaOIULy 4.2.

Tabnuna 4.2

EcMm ont fo MmN fmax Kum
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B caywsae xopomieit nuueiitHocth CMX BbpIOOp Hecymied YacTOTHI
HEKPUTHYEH, OJTHAKO, JUIS MOCIEIYIOIUX MyHKTOB Jiy4ine BeiOpars fg=12+13 xI'm.

2 BiusiHUE aMIUTMTY B MOYTUPYIOIIETO CUrHa a Ha ciekTp UM (tipu
Fmop=const).

2.1 Tlo psny 3amaHHbIX 3HaUeHUN My (Tabauna 4.3) paccuurtarhb
aMIUTUTY/IBI MOTYJIUPYIOIINX CUTHAJIOB, a 3aTeM U JelicTByromue 3HaueHus Uc.

Tabmura 4.3
Mum 0 1 2 3 4 5
Afmax
Uwmc
Uc

Jlist 3amosTHeHHsT Ta0IUIThI HATIOMHUM HEKOTOPBIE OTPEICTCHUS IS
YUM. MHaekc 4acTOTHOM MOIYJISIIIAU

— Af
Yo o (4.16)
Mon
Otcrona Haxomatr Afpax.
Onpeneneane YM-curnana Af (t) = Kqym Uc(t)
I[Tpu aMIINTYIHOM 3HAYEHHH TapMOHMYecKoro curaana Upmc
Afmax = Kum Ume (4.17)

Otcroga Ume= A fmax / Ky -
HpI/I HCII0JIb30BAHUH BOJIBTMCTpa ICPEMCHHOI'O HAIIPSXKCHHA, HMCIOLICTO
IPajlyupOBKY B J€HCTBYIOIIUX 3HAYEHHUAX
UC = Umc' 0,707
2.2 TloAKII0YNTH BHYTPEHHHUI 3BYKOBOM I'eHepaTop KO BXOAy MOJYJIATOpa
(rue3no KT 1). Tyna ke NOAKIIOYMTL M BOJLTMETP MEPEMEHHOTO HAIPSKEHUS

CTeH/a. Y CTaHOBUTH 4acTOTy reneparopa Fyjoy = 500 .
2.3 TlocnemoBatenbHO ycTaHaBnuBas 3HadeHuss Uc wu3 Ttabnuusl 4.3
peryasTopoM BBIXOZa TeHeparopa, moayduTh Ha [IK, moaxirou€HHOM K BBIXOAY

Moxayistopa (rue3no KT 2) cnektpet UM-curnanoB. Ha kaxaoi cnekTporpamme
00s3aTeNbHO YKa3bIBaTh:

- YCIIOBUS POBEACHHS SKCIIEPUMEHTA,

- YaCTOTHI OT/IETIBHBIX COCTABIISIFOIINX CIEKTPA;

- IPAKTUYECKYI0 MHUPUHY criekTpa 2Af.

(npu onpenenenuu 2Af yuuThIBaTh TOIBKO Ty YaCTh CIIEKTPa, B KOTOPOU
amruuty bl 0onee 10% oT MakCUMaNbHBIX aMIUIUTY ).

[Tonyuennsie 3Hauenus: 2Af BHecTH B Tabmuiy 4.3

3 BuusiHue yactoThl Moy iy Ha criektp UM-curnana. (Uc=const)
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3.1 Coxpansas cxemy coeauHeHHi (1.2), ycTaHoBUTH 3HadeHus Uc wu3

Tabmuupl 9.3 111 Mypn = 3 ¥ He MEHSTh €r0 B JaIbHCHIIICM.

3.2 TlocnemoBaTenbHO yCTaHABIMBAs YacCTOTHl MOAyJsuu (tabmumna 4.4),
MOJIYYUTh CHEKTPOrpaMMbl COOTBETCTBYIOIMX UM-curdanos. B Tabnuiy BHeCcTH
3HaueHus 2Af .

Tabmuma 4.4
Uc=...... B, fg=...... Kkl '11
Emon | T 50 100 250 500 1000
2Af '
Mum

3.3 3anoiaHUTh MOCIEAHIO CTPOKY TaOiuIkl 4.4, UCIOIL3Ys OIpeaeieHre
My ¥ He0OXO0aUMBIE JaHHBIE U3 TaOIUIIbI 4.3.

4 dopma koebaHUil HAa BXOJIE U BBIXOJIE YACTOTHOTO MOIYJISITOPA.

4.1 CoenMHUTHh OJMH M3 BXOJOB JBYXJIyueBOro ocuuuiorpada co BXOIOM
MOAyJsTOpa (11 3TOr0 HAJAO OTKJIIOYUTH BOJBTMETP, COXpaHSsl COCAUHEHHUE C
remepatopoMm). Ha napyroii Bxon ocmwmiorpada MmoaaTth BBIXOAHOW CHTHAN
MOAYJISATOPA.

4.2 YcranouTh yactoTy mMoayssuuu Fyion = 300 I'n, a ypoBeHb curHaia
YBEJIMYUBATH JO TEX MOp, MOKA Ha OCHUIUIOrpaMME€ BBIXOJHOTO CHUTHAJIa HE
MOSIBUTCS MMapa3uTHAs aMIUIUTYIHAasE MOAYJALMs. HeCKkoIbKO YMEHBIIUTH BXOHOM
CUTHAJ Tak, 4ToObl orubaronias YM-curnana crajia poBHOM.

4.3 YcTaHOBUTH CUHXPOHU3AIMIO Ocuuiuiorpada no tomy kaHaiy (BXoay), Ha
KOTOPBII MO/IaH BRICOKOYACTOTHBIN (BBIXOJAHOM) CUTHAJ. PydkamMu CUHXpOHHU3ALUH
JI0OUTHCS HETIOABMXKHOTO (XOTsI ObI Ha YaCTU IKpaHa) U300paKeHHUs.

4.4 TloagctpamBasi B HEOONBIIMX MpeAeNaX YacTOTy MOIYJSALUHU, TOOUTHCS
HEMOJIBIYKHOM KapTUHKH MOJIYJUpYyIoUlero curnana. MHrma HyxHbBIH 3(dexT
MOKET OBITh JIOCTUTHYT HEOOJIBIIONW TMOACTPOUKON HECyIled 4acToThl (PYUKOM
CMEILEHUE)

4.5 3adukcupoBaTh OCHWJUIOTPAMMBl HAa BXOAE€ U BBIXOJE YaCTOTHOTO
MOZYJIATOPA.

Ortuer

OT4er TOJKEH colepkKaTh:

1 CxeMy 4aCTOTHOTO MOAYJATOPA.

2 CTaTU4eCcKy0 MOAYISILUOHHYIO XapaKTEPUCTHUKY.

3 CnekTpsl, TAOIHIIBI U OCHMIITIOTPAMMBI 110 BCEM IMyHKTaM HCCIIEIOBaHUM.
4 TeopeTnudeckuii pacu€T CIIEKTPOB IS

-m.2.1., mss Myy = 2,4 (13 Tabnuiet 4.3)

-m.3.1., qa FMO[[: 250 ' (u3 Tabnuib! 4.4).

Jlis pacué€roB npuHATh Umpp=1B (ammmtyaa HeMO Ly IMPOBaHHOTO
CHUTHAJIA).
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5 BbIBOJIBI 11O MMyHKTaM 2 # 3.
KOHTpOIBHEIE BOITPOCHI

1 JTaiiTe onpenenenune UM-konebanus.

2 llpuBeauTe mpuMep 3amucu TOHaIBbHOTO UM-KonebaHus ¢ mapaMeTpaMu
fo =100 MI'1; FMOI[ =10 KI'u; Afpax = 50 KT,

3 OnuiuTe NPpUHIMUI ASHUCTBUS YaCTOTHOTO MoAyJsiTopa. Kakue crnocoOsl
nonyuenuss YM-konebanuii Bam u3BecTHb1?

4 Cratnueckast MOIYISILIUOHHAS XapaKTEPUCTUKA U €€ CMBICII.

5 Yto Takoe yriioBasi MOIyJsLus?

6 Kak paccunrats cnexktp UM-konebanus?

7 IlpenctaBpTe (Ka4eCTBEHHO) CIeKTp Kosiebanus i(t) = Img cos(wot + 0,01cos
Qt).

8 Kakoe oTtHomenune umerot ¢pyHkunu beccenst kK 4acTOTHON MOTYJISILIMU?

9 CKOJIBKO CHEKTPANIbHBIX JIMHUN HAJI0 YYECTh B MPAKTUUECKON IIHMPUHE
criektpa UM nipu Myy = 47

10 HazoBuTte u3BectHbie Bam o6nactu npumenenus YM curHanos.
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Jlabopartopnas padorta Ne 5
" UccnenoBanue aerekropa YM curnanon”

Ilenb paboThl: IKCHEPUMEHTAIBHOE HMCCIEAOBAHUE YACTOTHOIO JIETEKTOPA.
Bb100p ONTUMANBHOTO peXuMa AETEKTUPOBAHUS.

Kparkune cBenenus us teopuu

Onepamust  gerexktupoBaHuss UM-koniebaHusT COCTOMT B BBIJCJICHHUH
HaIpPsDKEHHS, KOTOPOE MPONOPLHOHAIBHO OTKJIOHEHUIO YacTOThl CHUTHala OT
CPEAHErO 3HAYECHUS.

B cnmexktpax UM cur"HanoB HET HU3KOYAaCTOTHOM  COCTaBIISIOLICH,
COOTBETCTBYIOIIEH HCXOAHOMY MOJEIUPYIOLIEMYy curHamy. [ias Toro d9toOsbl
BOCCTaBUTbh CHUTHAJ COOOIIEHHUS, HEOOXOAMMO OCYIIECTBUTh JIETEKTUPOBAHUE —
npouecc, OOpaTHBIA MOAyNsAUMU. JleTeKTupoBaHHWE, Kak UM MOAYJSALUA, -
HEJIMHEWHOe MpeoOpa3oBaHue curHaga. HeamHelHbld 37eMeHT 00oramaer CrekTp
BBIXOJJTHOTO CHUTHAajJa HOBBIMU CIIEKTPAJIbHBIMU KOMIIOHEHTaMH, a (QUIbTP
BBIJICIIICT HU3KOYACTOTHBIE KOMIIOHEHTBHI. B KadecTBE HEIMHEWHBIX 3JIEMEHTOB
IIPU JETEKTUPOBAHWH MOKHO MCIIOJIB30BAaTh BAaKyYyMHBIE JTHOJbI, TPAH3UCTOPHI,
NOJIYIIPOBOAHUKOBBIE JTHOJbI. Yamie BCEro MCHOJIb3YIOTCS MOJIYIPOBOAHUKOBBIE
IUOABL, IPUYEM MPUMEHSIOTCS TOJIBKO TOYEYHBIE AUOMBI, TaK KaK IIOCKOCTHBIE
JIMOJIbI UMEIOT OOJIBIITYIO BXOJIHYIO EMKOCTb.

Paccmorpum aerekrupoBanue UM curnana. byaem cuurtarb, 4TO Ha BBIXOJE
UM nerexTopa AEHCTBYET HAIIPSIKEHHUE ITOCTOSTHHOM amMIuiuTyabl. Hanpsokenne Ha
BBIXOJIE JIETEKTOpPA JOJHPKHO BOCIPOU3BOJIUTH 3aKOH HM3MEHEHUS MIHOBEHHOMU
YaCTOThI BXOJHOTO cUrHaJa. [1oaTOMy N1 HI€aIbHOTO YaCTOTHOTO IETEKTOpA

U (=S -Af(), Syz = const
yn rae

6blX

- KpPYTH3HA XapaKTEPUCTHKU IETEKTOpA.
AM@®uU (b

IIpn sTOM mpenmonaraercs, 4To o SABJISIFOTCS  «MEJICHHBIMM
byHKIUSAMU BpeMeHHU. B 0TIIMYuU OT aMIUIUTYTHOTO JETeKTOopa, Al 00pa3oBaHus
4acTOT COOOUICHHs (HU3KOYACTOTHOM KOMITIOHEHTHI) OJHOTO JIMIIb HETUHEHHOTO
AJIEMEHTA HENOCTATOYHO: HEJTMHEUHOCTD TUO/A ITPOSIBIISAECTCS IPU U3MEHEHUN
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JCWCTBYIOIIETO HAa HETrO HAIPSDKEHUS, a He MPH M3MEHEHHH 4acToThl. [loaromy
mis  ocymectBieHus UM neTekTHpoBaHUST  TPEOYIOTCS — JOMOJHUTEIbHBIS
npeoOpa3oBaHuUs.

CymectByer nBa kinacca UM JeTEeKTOPOB: B OJAHUX JETEKTOPAaX YaCTOTHO-
MOJyJTUPOBaHHbIE  KOJICOAHHS C  TIOMOINBIO  KOJEOATEIbHOTO  KOHTYypa
peoOpa3yroTcsi B aMIUTUTYIHO-MOAYJIMPOBAHHBIC, a TOTOM JETEKTUPYIOTCS, B
APYruX (IUCKPUMHHATODP, JETEKTOpP OTHOIIeHWi) — mpu UM jaeTeKTHpoBaHHH
UCTIOJB3YETCS 3aBUCHUMOCTh Pa3HOCTH (a3 MEXIy TOKOM W HANpPSHKCHUEM B
K0JIe0ATETbHOM KOHTYPE OT YacTOTHI.

OCHOBHBIMHU XapaKTEPUCTHKAMHU 1 TapamerpaMu UM IeTeKTOpOB SBISIOTCS

ClIeqyIoIIue:
1 CemeiicTBO neTekTopHbIx xapakrepucruk: AU - = F(f) mpu U ;= const.
2 KpyTu3Ha neTeKToOpHOW — XapaKTepUCTUKHU: s =AU
NS
3 JlnamazoH 4acToOT A B KOTOPOM JETEKTOpHas  XapaKTepHUCTHKA
OCTaTOYHO JIMHEWHA. U

4 BXxoaHOE CONPOTUBIICHUE R& - I_O
0
5 MuHumaneHOe UOminH MaKCUMaJIbHOE mx  3HAYEHUS AMIUIATYIbI
BXOJHOTO CHIrHaja, NPH KOTOPBIX TapaHTUPYIOTCS OCHOBHBIE KadyeCTBCHHBIC
[IOKAa3aTelIx.
6 BrIxoHOE CONPOTUBIEHUE, ONpeensieMoe cBorictBamu AM nerekropa:

0

R =Yg,
8bIX |
. ’ P +P +P +--
7 HenmHenHbIE UCKAXKEHUS BBIXOIHOI'O CUTHAJIA y = 20 20 40
P

Q

PaccmoTpum nporiecce AeTEKTUPOBaHUS BEICOKOYACTOTHBIX UM KkosebaHui
Ha MPUMEpPE HEKOTOPBIX CXEM YAaCTOTHBIX AETEKTOPOB IMEpPBOro Tuma. B atmx
JNETEKTOPAX MCIIOIb3YIOTCS:
— aMIUTMTYJHBIN orpannuntens AM curnana;

— n3OupaTenpHas JWHEHHAs Ienb, Mpeodpasyromas YacTOTHYIO
MOJYJIALIAIO B aMIUTUTYIHYIO;
— aAMIUTUTYTHBIN TETEKTOP.

CxeMa 4acTOTHOTO JI€TEKTOpa MEePBOro TUIA IPUBEAEHA Ha pUCyHKe 5.1a.
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~ VD
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OrpaHu4uTenb 1 C1 1 _C2
AMILTUTY/IbL. 1 T
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L1
%g 1 C1 Rl__CZ
VD2
L1
g 1 C3 RZ__C4
0)

Pucynok 5.1 - CxeMbl 9aCTOTHBIX JE€TEKTOPOB:
a) mpocreiiiiero, 6) nuddepeHnaIbHOro

AMmMTyaHbl  orpaHnuuTens UM curHanza  MO3BOJISIET  YCTPAHATh
HEKENaTeNbHbIE W3MEHEHHS  aMIUIUTYJbl  BBICOKOYACTOTHOTO  KOJIeOaHWUs,
BO3HUKAIOIME M3-3a HAKJIAJIKW I[OMEX Ha paJAuoCurHai, npu nepenade UM
KojeOaHui depe3 u3OMpaTenbHbIe LEMU, NPU OTHOCHUTEIBHOM H3MEHEHHUH
HOJIOKEHUS NepenaTurka u npuéMHrka YM curnana u T.J1. ¥ IpeJCTaBiIsieT cCOOOH
COUYETaHME HEJMHEHHOTr0 3JIEMEHTA U N30UpaTeIbHON Harpy3KHu.

B kauecTBe NMHENHOW LEMM MOKHO MCIOJIb30BaTh JHOOYIO 3JIEKTPUUECKYHO
1enb, O0JaJalollyl0 HEpaBHOMEPHON 4acTOTHOM xapakrepuctukou: RL-, RC-
¢bunbTpeI, KoJeOaTeNbHbIE KOHTYPBl M Tak jAajiee. B BBICOKOYACTOTHON TEXHUKE
HauOOoJIbIlIEe PACTIPOCTPAHEHHE MTOJIYUNIIN KOJIEOATEIbHbIE LIETH.

[

i
1 b

i+ B)

| /
- o A=
L1+ ! Un 0 t

Y : ﬁ\ |
L FHTF—
[ —— —)
\— T —7

N I i
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Pucynox 5.2 - I'paduku, MOSCHSIONINE MPUHLIUI PaOOThI YaCTOTHOTO
JIETEKTOpa C MpeoOpa30BaHUEM YaCTOTHI B aMIUIUTYAY CUTHAja

CaMoii TIpocTOii sBNsAeTcs cxema, B KoTopoii UM curHam ¢ Hecymeit
noiaércs Ha KoJiebaTeNIbHbI KOHTYP € YaCTOTOM pe30oHaHca fp # f , (pucynox

5.1a). 1o6pOTHOCTh KOHTYpa BHIOMPAETCS TAKUM 00pa3oM, YTOOBI NMPU YIBOCHHOM
JI€BUALIMA YaCTOThl pabOYMii y4acTOK aMIUIUTYAHO-4YaCTOTHOM XapaKTEPUCTUKU
ObLT TUHEHHBIM. B 3TOM citydae mpu usMeHeHun yactoTel UM curnana (pucyHoke

5.20) amMmInTy1a HanpsHKEHUST Ha KOHTYPE - U (1) OyAeT U3MEHATCS BO BPEMEHU

B COOTBCTCTBUHM C 3aKOHOM MOIYJIALIUH f(t) 'HOquHBHIHHCH CHTHAI €

M3MEHSOLICHCsS.  aMILIMUTYOH (pucyHok 5.2p) ACTEKTHPYCTCH AMILTTYHAM
nerektopoM ¢ RC-puasTpom.

Henoctatkom cxembl, NOpEACTAaBIEHHOM Ha pucyHke S.la, sBasercs
HEOOXOIMMOCTh HACTPOMKM KOHTYypa Ha 4YacTOTy, OTIMYHYIO OT Hecymed UM
curHana. Kpome TtOoro, pesoHancHas KpuBas OJMHOYHOIO KOHTypa HWMEET
HEOOJIBIIION JIMHEWHBIM y4acTOK Ha CKaTe XapaKTepUCTUKH. M3-3a HeTWHEHMHOCTH
CKJIOHA PE30HAHCHOW KPWUBOW TaKWe JCTEKTOPHl UMEIOT OOJIbINE HETMHCHHBIC
UCKaKEHUS.

B HekoTOpoll cTEneHW YCTpaHUTh HTOT HENOCTATOK IO3BOJISIET CXema
g epeHInaIbHOT0 YaCTOTHOTO eTeKTopa (pucyHok 5.16). UM curnan

no1aéTcs OAHOBPEMEHHO Ha JBA KOHTYpa: PE30HAHCHBIE YaCTOThI f pest f pes2

BI:I6I/IpaIOTCH TaKHUM 06p&30M, 4TO HECyIlasa 4acToTa fo pacmojiaracTcs Ha

CepeluHax JIMHEHMHBIX YYaCTKOB XapakTepucTuk. [lOCKOIbKYy CHrHambl OT
aAMIUTUTYTHBIX JIE€TEKTOPOB MPOTHBO(A3HBI W BBHIYUTAIOTCA (OTCIO/Ia U HA3BaHHE
CXEMBI), TO ATO MO3BOJISET YMEHBIIUTh HEJTMHEHHBIE UCKAXKEHUSL.

Henocratkom paccMOTpPEHHBIX CXeM (PUCYHOK 5.1) siBIsieTCsl 3aBUCHUMOCTD
BBIXOJIHOIO CHTHAJIA OT BbICOKOYAcTOTHOro UM curnana. {jst ycTpaHeHusl 3TOTO
BIIMSTHUS TPUXOAUTCS UCITOIB30BaTh aMIUIUTYIHbIE OTPAHUYUTENH.

CxeMbl YaCTOTHBIX JIETEKTOPOB BTOPOTO KJIacca BeChbMa CiIad0 pearnupyroT Ha
W3MEHEHHUE AMIUIMTYJbl CUTHAjJa M MO3TOMY HE COAEpKAaT OTrpaHUYUTENsA. ODTH
CXEMBbI JIOBOJILHO IIHMPOKO TpPUMEHsIOTCS B mnpuémHukax UM konebanuii, B
YCTPOMCTBAX aBTOMATUYECKOM ITOACTPOUKHU YACTOTHI TEHEPATOPOB U JIP.

B 3Tux cxemax:

1) JeBUalrs 4actoTbl BXxogHoro UM koneOanus mpeoOpasyeTrcs B
JeBUALIMIO a3kl  JAPYTOro HAIPSKEHUS;
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2) AeBualys Gaspl Ipeodpasyercs B aMIUIUTYAHYIO MOTYJIALIUIO
HaNpsHKEHUH, IPUIIOKEHHBIX K TUOIaM;
3) OCYILECTBIISIETCS] AMIUIUTYTHOE J€TEKTHPOBAHUE.

Ha pucynke 5.3 npuBeneHbl cxema (a3ouacTOTHOrO JMCKpUMHHATOpA H
rpa@uK BBIXOAHOTO HAIpPSDKEHUs JJI1 HEro ot 4actorbl. Ha mpakTuke 0OBIYHO
HCIIONIB3YeTCs cXxema, He cojeprkaias BU npoccens (pucyHok 5.4).

I
I

¢

’ M I

Pucynok 5.3 - Cxema ¢a304aCTOTHOT'O JUCKPUMUHATOPA — @) U 3aBUCUMOCTh
BBIXOJTHOTO HAMPSKEHUSI OT YaCTOTHI — 0)

™~
L1

B
L

™~

L~
I
Ql_l

Pucynox 5.4. CxeMa AUCKPUMHUHATOPA, UCTIONB3YIONIASICS HA MTPAKTUKE

bonee moapoOHO paccMOTpUM CXe€My YacTOTHOTO JETEKTOpa — JETEKTopa
otHomeHu# (pucyHok 5.5). KomebaTtenpabie KOHTYPHI 1 1 2 00pa3yroT MOJI0COBOM

bunbTp.

. H —— pe-
1 [
1 2 i | ; R1__ 1
Ui == — —— 15
;[2 E 2 —
2
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Pucynok 5.5. Cxema neTexktopa OTHOLICHUI

Karymka  unayktuBHoctH L UMEETCUJIBHYIO  CBS3b C KOHTypoM 1.

Hanpsokenue Ha katymke Ug COBINAAAET C HANPSIKEHUEM HA EPBOM KOHTYPE U

r=C-(R+R)

u u
pasHo emy ( L 1). IlocrosHHas BpeMeHH (unsTpa
BHIOUpAETCS OOIBIION 32 CYET ITOrO CyMMAPHOE HANPSDKEHHE HA KOHIEHCATOPax
C: C2

)44 C TCUCHUCM BPpECMCHHA OCTAETCS IMMOYTH ITOCTOSIHHBIMU

Uct +U C = Uc zCOﬂSt
2

[Tpu wm3MmeHenun dacToThl W3MeHsercs orHomeHue Ucq1/Ugo (orcroma wu
Ha3BaHUE cxembl). HampspbkeHne Ha KaxaoM KOHJEHcaTope OyJeT 3aBHUCETh OT
BEJIUYMHBI MMITYJIbCHOTO TOKa, 3apsDKAOIIero €ro, W OyaeT TeM OoJbIle, YeM
OOJIBITIC HATIPSDKEHUE HA JUOJIC.

PaccMoTpuM M3MeHeHHe HamnpsOKeHHsI Ha JTHOAaX NPH W3MCHEHUH HECYICH
JaCTOTHI Ha BEKTOPHBIX JHarpaMmax.

BexktopHble auarpamMmbl ITOCTPOEHBI B IPEAIIOIOKEHUH, YTO AMILIUTYJa
HalpsDKEHUST Ha TMEPBOM  KOHTYpE IIOCTOSIHHA B pefenax €ro IoJocChl

npomyckanus. [lostomy pacnonoxenue sektopos Y 1 E sy pasmerx wactor

0JIMHaKoBO. [Ipy U3MEHEHNH YaCTOThI paAMOCUTHAJIA U3MEHSETCS pa3HOCTh (a3
mexay DJIC u TokoM Bo BTopoM KoHType (pucyHok 5.6). Ilpu T = T pasmocts

¢da3 paBHa HyITIO W HalpsDKEHUS Ha AMOAAX U KOHJEHcaTopax paBHbl. B sTom
CJIydae HalpsHKEHHUE Ha BBIXOJE IETEKTOpa OTCYTCTBYET. [Ipn n3MEeHeHnn 4acToThl
YM curHana mo HEKOTOPOMY 3aKOHY HaNpsDKEHHsS Ha KOHJeHcaTtopax OyayT
pa3HBIMU M 3aKOH HW3MEHEHHUS HaIpsSOKEHUsT Ha BBIXOJE JeTeKTopa Oyner
COOTBETCTBOBATh 3AKOHY U3MEHEHUS 4acToThl UM curuana.
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PucyHnok 5. 6 - BektopHble JuarpaMMbl HAIPSDKEHUH 111 CXEMBbI JUOTHOTO
UM nerekropa

JIOBOJIBHO YacTO TMPUMEHSIOTCS YacCTOTHBIE JETEKTOPb, B KOTOPBIX
npeoOpa3oBaHue JAEBHUALMM YaCTOThl B JIeBHAIMIO (ha3bl OCYIIECTBISETCS B
IPOCTOM OJMHOYHOM KOHType. 3aTeM HCXOJHOE€ W cABHHyTOe 1o ¢aze UM
Kosie0aHusl Mpeodpa3yroTcsa B MPSIMOYTOJIbHBIE KOJIeOaHUSI U MOJAIOTCA Ha CXEMY
COBMaJIeHUsl («IETEKTOp NPOM3BEACHUS», WIM MEepeMHOXuTenb). Ha BwIxoze
NEPEeMHOXKHUTENS  TMOJYYalOTCsl  IPSIMOYTOJIBHBIE ~ HUMITYJIBCHI,  JJTUTEIBHOCTD
KOTOPBIX H3MEHSETCS IMPOIMOPIUOHAIBHO (Pa30BOMY CABHUTY H, CJIE€JOBATENIBHO,
nesranu YM koseOanus.

CoBpeMeHHass CXEMOTEXHHKa MO3BOJIsIeT CTpouTh UM nerektopbl BoOOIIE
0e3 KaTyleK HHIYKTHBHOCTH. [lJIs 3TOro HCHOJB3yeTcs OMOPHBIM TeTepouH,
BbIpa0aTHIBAIOIIMN CTaOWJIBHBIE NPSIMOYroyibHbIE KoneOanus. KoneOanus ot
rerepoarHa U ucxoaublii UM curHai, Takxke npeoOpa3oBaHHBINA B IPSIMOYTOJIbHbIE
KojeOaHusl, MoAaroTcsl Ha (a3oBbId ACTEKTOp (NEpeMHOXUTENb). B pesynbrare
JOCTUTAETCA TOT ke 3(PPEKT, UTO U B OMMCAHHOM BBIIIE YACTOTHOM JIETEKTOPE.

KpaTKaH XapaKTCPpUCTHUKA UCCICAYCMBIX ueneﬁ N CUTHAJIOB

B nanHOii paboTe HCIIONB3yeTCsl YHUBEPCAIBHBIN 1a00paTOPHbIi CTEH/I CO
cmeHHbIM 0J10koM YACTOTHBIN MOJIEM (pucyHok 5.7).

KT1

LIOIYVIIATOP JETERTOP

Pucynok 5.7 - YnpolieHHas cxema 4aCTOTHOTO MOAeMa
BkauectBe uncrounmka YM-curnana B JTAaHHOM pabote UCIIOJIb3YETCS
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YaCTOTHBIA MOJYJIATOP, PaccMOTpeHHbI B padore Ne 4. BbIxoJl 4acTOTHOTO
moxyiaropa (rue3no KT 2 Ha pucynke 5.7) cOeUHIETCS IEPEMBIUKON CO BXOJI0M
yactoTtHoro aetrekropa (rue3no KT 3). Beixog yacrotrHoro nerekropa (rHezno KT
4) coeMHEH C MUKPOaMIIEPMETPOM, U3MEPSAIOIIUM MOCTOSIHHYIO COCTABJISIOIILYIO
TOKa AeTekropa. CxeMa 4aCTOTHOrO AETEKTOpPa COCTOUT U3 YCUJIUTENS HA MOJIEBOM
Tpansucrtope VT3, B Harpy3Ky KOTOPOIrO BKJIFOYEHHI /IBa PE30HAHCHBIX KOHTYpA,

HACTPOEHHBIX Ha pa3Hble 4YacToThl (fgp1 U fpp). DTHM yacTOTHl pacnoyiOKEHbBI
CUMMETPUYHO OTHOCUTENIBHO Hecyler 4yacToTel UM-curnana. Tok UM-curnana c
MOCTOSIHHOM aMILUTATYJOM, MPOTEKAasi Yepe3 ABA PACCTPOCHHBIX KOHTYPA, BbI3BIBAET
HAa HUX MaJACHUS HANPSKEHUS, MPONOPUHOHAIBHBIE UX CONMPOTUBICHUAM. Uem
OJiv>ke MrHOBEeHHasi yactora YM-curHana K pe30oHaHCHOW 4acTOTe KOHTYypa, TeM
OoJpllle aMIUIUTYyAa HAMNpsOKEHUS Ha KOHType M Haobopor. Takum oOpazom,
JUHeWHass 1enb (pacCMOTpPEHHBIM KojeOaTelnbHBI KOHTYp) mpeodpasyer UM-
CUTHAJ B CUTHAJ, B KOTOPOM M aMIUIMTY/a, U 4aCTOTa MEHSIOTCS OJJHOBPEMEHHO.
OcuworpaMma Takoro CHUTHajla BHEIIHE OYEHb INMOXO0ka Ha AM-curHai, HO
4acTOTa 3alOJIHEHUS €ro MEHSETCS TakK Xe, Kak y BXxogHoro YM-curnana.
Harpy3koil KaXmoro KOHTypa SBJISIETCS CBOM JieTeKTOp orubaromeit (AM-
JIETEKTOP).

Brixognsie Hanpsokenus AM-netekTopoB (Ha pesuctopax RS u R6) 3aBucsar
OT PaCCTPOMKH KOHTYPOB OTHOCUTEIILHO MTHOBEHHOU 4acTOThl UM-curnana. [
uneanpHo  pabotel  UM-geTekTopa  MOAYJIh  MOJIHOTO — CONMPOTHBIICHUS
PacCTPOEHHOTO KOHTYpa AOJDKEH MEHSTHCS MPSIMO MPONOPUUOHAIBHO JEBHALUA
yacToThl UYM-curnana. OJIHaKO Ha YaCTOTHOM XapaKTEPHUCTHUKE KOHTypa UMEETCs
HEOOJBIIION TMMOYTH JIMHEWHBIA YyYacTOK B palioHe TOYKH Tmeperuba. [l
YBEIIMUEHHS] IIMPUHBI JIMHEWHOIO YyYacTKa XapaKTEpUCTHKU JETEKTUPOBAHMS
IIPUMEHSIOT HE OJMH, a JBA CUMMETPUYHO PACCTPOECHHBIX KOHTypa. BcerpeuHoe
BmroueHue auona (VD2) Bo BTOpoM JneTekTope orudaromield IMO3BOJIIECT B
3HAYUTEIBHON CTENEHU KOMIIEHCUPOBATh HEIMHEUHOCTh ckiIoHa AUX-KOHTYpa, a
TaKXe€ KOMIIEHCUPOBATh MMOCTOSIHHYIO COCTABJISIONIYIO BBIXOJHOTO CUTHAJIA.

Brixognoe nampsbkenne UM-nerektopa (rue3go KT 3) paBHO pasHOCTH
HanpspkeHuil Ha Beixonax AM-nerektopoB: Ugpix = Urs — URs.

B pabote Takxke MCHONIB3YIOTCS BCTPOEHHBIE 3BYKOBOM T'€HepaTop, IpruOophI
MOCTOSIHHOTO U TEPEeMEHHOT0 HampshKeHHM, AByxiydeBod ocimiorpad u IIK,
HCHOJIb3YEMbIN KaK YACTOTOMED WJIM aHAIIM3ATOP CIIEKTPa.

JlomaliHee 3a1aHue

1 M3yunte OCHOBHBIE BOIIPOCHI IO KOHCIIEKTY JIEKIUI U JIUTepaType
[1]c.161+164; [2] c.108+111; [5] ¢.291+292; [6]c. 311+316.

JlabopaTopHoe 3a7aHue
1 CHUMUTE XapaKTEePUCTUKY JETEKTUPOBAHUS U BHIOEPUTE ONTUMATbHBIN

peXUM pabOThl YACTOTHOIO JETEKTOPA.
2 HaOmiogaTh CUTHaNBl Ha BXOJE€ MOAYJSATOpPa W BBIXOJE JAETEKTOpa B
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OIITUMAJIbBHOM PEKUME U P OTKIIOHCHHAX OT HETO.

Meroanueckue yka3aHus

1 Custne xapakTepucTHKu AeTekTupoBaHus lg = ¢2(f) mpousBoguTcs npu

OTCYTCTBUU Moayhupytouiero curHaina (Mypn=0) myTéM u3MEHEHHsS] YaCTOTHI
BXOJHOTO CHTHAJIa C U3MEPEHUEM IOCTOSHHOM COCTABIIIOLIEN TOKA JETEKTOpA.
[Ipu »TOoM BXOA wMomymstopa otkmodeH (rHe3no KT 1 cBobomgHO), Mexmy
rHezgamu KT 2 m KT 3 ycraHoBieHa nepempluka, a yOpaBICHUE YaCTOTOM
ocyuiecTBisiercss m3meHenueM cmemenus (Ecy) B monymstope. M3mepenue
4acToThl Ha Bbixojie Mmoayiaropa (rae3no KT 2) npousBoautcs ¢ nomouisio [1K B

pexxume «CrieKTpoaHaan3aTop», a ToK g — MuUKpoaMmnepmMeTpom, paciooKeHHBIM
HaJ peryasatopom Ecy.

[Ipouiecc u3MepeHUs XApAKTEPUCTUKH JETEKTUPOBAHUS  CYIIECTBEHHO
yIpOUIaeTCs, €CJIM Ha 3TOM K€ CTEHJE yKe BbllosiHeHa pabora Ne 9. B stom
cily4ae HEOOXOJUMOCTh B U3MEPEHUM YaCTOT OTHAAAeT U MEPBBIE JBE CTPOUKU U3
Tabnuubl 4.1 nepeHocarcs B Tadnuiry S.1.

1.1 U3smenss nanpspkenue cmenieHus (Ecy) B cooTBeTcTBUM ¢ Tabmuiei 5.1
m3meputrb ¢ nomombo IIK (B pexume «CnekrpoaHain3aTop») YacTOTHI

MoOAyJsATOpa U, OJHOBPCMCHHO C 9THM, TOK JCTCKTOpA IO.

Tabmmma 5.1
Ecm B 0O -05 =-1{ -15 ... -6,5
f Krix
lo MKA

[Tpu 3anmonHenun Tabmuibl 5.1 Kpome yKasaHHBIX 3HaueHUil Ecyp cnemyer

no6aButh Te 3HaueHuss Ecy u f, mpu kotopeix lp mpuHHMaeT HysleBoe H
AKCTpEMAaJIbHbIE 3HAYCHHS.
1.2 Tlo pe3ynbrataMm Tabauubl 5.1 CTpoUTCA CTaTUYECKas MOJYJISIIMOHHAS

xapakrepuctuka (CMX) - = ¢1(Ecm) u xapaktepuctuka nerekrupoBanus (X/) -
lg = ¢2(f). U3 rpadbuxa X]JI ompenenuTh ONTUMAIbHOE 3HAYCHUE HECYIIEH
yacToThl f(p, COOTBETCTBYIOIEE HYJIEBOMY TOKY JETEKTOpa M MaKCUMAJIbHYIO
AeBUaIio 4actoThl A fyjax, COOTBETCTBYIOIIYIO TpaHUIE JIMHEHHOTO ydYacTKa
XM, cuutas ot yactoThl fo. 13 CMX onpenenstorT HanpsbkeHue cmenieHus Ecopm
OIIT, IpA

KOTOPOM HecyIas dacToTa paBHa fp W MakCUMadbHYH  aAMIUIUTYOY
mMoaynupytomero curHaia Upc, OpU KOTOpOH JeBHALMS YAcCTOThl COCTaBUT
Afmax. TlonydeHHbIe 3HaYCHUS TAPAMETPOB BHECTH B TAOIUILy 5.2.

Tabnuna 5.2

Ecmont ,B fo , Iy Afmax , kI'n | Umcmax ,B | Ucwmax B

1.3 CoenuHuTh BBIXOA 3BYKOBOro reseparopa c¢ raesgom KT 1 (Bxox
monynaropa). Tyna e HNOAKIOYUTH BOJBTMETP MEPEMEHHOIO HaIPSHKEHHUS.

Y CTaHOBUThL HAa T'€HEPATOPE FAPMOHMYECKHI cUrHa ¢ 4acToToi Fpnio=200 I'u u
nerictpyromuM 3HaueHueM Uc npax (o BosbTMETpY). YcTtaHoBUTh Ecpm = Ecm
orT- (13 Tabmuiel 5.2).
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1.4 3amMeHUTh BOJBTMETP HAa BXOAE | HAa OJWMH U3 BXOJOB JBYXJIy4EBOI'O
ocmuiorpada, a BTOPOM €ro BX0Jl COSIMHHUTH ¢ BbIXogoM aetekropa (rHe3mo KT
4).

1.5 ITomyunB HEMOABMXKHBIE OCLMIUIOIPAMMBI, 3a()UKCUPOBATh UX B OTYETE.
OOpaTuTh BHUMaHUE Ha «3YOLbl» BBIXOJAHOM OCLMJUIOIPAMMBI, CBSI3aHHBIE C
paboTON aMIUIMTYAHBIX IETEKTOPOB.

2 Pabota netekTopa B HEONTHUMAIBHOM PEXHME BO3HHUKAIOT MPU BBIXOIE
CUTHAaJa 3a Mpeaesbl INHEUHOTo yyacTka X/I.

2.1 W3menuts HampsbkeHue cmenieHuss Ha +0,5B ot ontumansHoro. Ilo
rpaguky CMX unu Tabnuue 5.1 onpenenuTs HOBOE 3HAUEHHE HECYIIEH YacTOThI U
BHECTH ero B oTu€t. [loBTOpuTh 11.1.5.

2.2 Ilostoputs n.2.1, Ho npu Ecm = Ecm onit — 0,5B.

2.3 BoccraHoBUTH TpexHee 3HaueHue Ecy orr. YBEIUYUTh MOIYIUPYIOMIUI

curnan Uc B 1,5 paza. (Jug sToro Ha BpeMs HU3MEpPEHHsS 3aMEHUTh BXOJ
ocuuiorpada, mNoaKI0YeHHbIN kK THe3ay | Ha BoiabTMeTp). [loBTOpUTS 1.1.5.

Ortuer

OT4eT J0JIKEH coliepKaTh:

1 [IpMHIMNHATIBHYIO CXEMY YACTOTHOTO JIETEKTOPA.

2 CTaTU4eCcKyr0 MOAYISIMOHHYIO XapaKTePUCTUKY YaCTOTHOTO MOAYJISTOPA.
3 XapakTepucTUKy N€TEeKTUPOBAHMUSI.

4 BpeMmeHHbIE IHarpaMMbl ONITUMAIBHOTO U HEONTUMAJIBHBIX PEXXUMOB.

KOHTpOIBHEIE BOITPOCHI

1 Jaiite onpenenenue YM-curnana.

2 3anuimTe BhIpaKEHUE CUTHAJIA C TOHAIBHON YaCTOTHOM MOTYJISLIUEH.

3 AMIUIMTY1a HECYLIETO KOJIE0aHUs U aMIUIUTyAa HEMOAYIMpoBaHHOTO YM-
CUTHAJa — 3TO OJHO U TO XK€ WJIU HET?

4 Tot e Bompoc it AM-curnana.

5 Yro Takoe Mypn u Kypn?

6 Kaxue TpeOoBaHUs MPENBABISAIOTCA K YACTOTHOMY MOIYJISITOPY U
YaCTOTHOMY JIETEKTOPY?

7 Kakue (HyHKIIUU BBITOJHSIOT YaCTOTHBIM MOAYJISITOP U YaCTOTHBIN
JIETEKTOp?

8 Kak paGoTaet 4aCTOTHBIN JETEKTOP?

9 I'me mpuMeHsIeTCsl YaCTOTHAS MOy AN ?

10 Kakoe otHomenue umeet pynkuus beccens k cnextpy UM-curnana?

11 Yro Takoe ONTUMAIBHBIN PEKUM YaCTOTHOIO JETEKTOpa?
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JlabopaTtopnas pabota Ne 6
“UccnenoBanre 3aKOHOB pacIpeiesICHUs CIIyYailHbIX CUTHAJIOB”

Ilenb  paboThl: 03HAKOMJIEHHE C  METOJUKON  SKCHEPHUMEHTATbHOTO
MCCIICIOBAHNS IUIOTHOCTENM BEPOSITHOCTH MIHOBEHHBIX 3HAYEHUM CIIy4anlHbIX
IIPOLIECCOB. YCTAHOBJICHUE KOJUYECTBEHHBIX CBS3EH MEXIY XapaKTEpoM
CIIy4allHOTO IIpoLecCca, €ro YHUCIOBBIMM XapaKTEpUCTUKaMU U Tpadukamu
IJIOTHOCTH BEPOSITHOCTH.

Kpatkue cBepenus u3 reopuu

CnydalilHBIM  Ha3bIBAE€TCSI CHIHAJ, MIHOBEHHBIE 3HAYEHUS KOTOPOIO
M3MEHSIOTCS BO BpPEMEHHU CilIydaHbIM oOpa3oM. OH OIUCHIBACTCS CIy4alHOM
¢bynkueit Bpemenu X(t). 9Ty GyHKIIHIO MOKHO pacCMaTpUBaTh Kak OECKOHEUHYIO

COBOKYITHOCTh (PYHKIMH Xj(t), KaXk/as U3 KOTOPBIX MPEACTaBIsAET COOOM OAHY U3

BO3MOXKHBIX peanu3anuii X(t). ['padudecku 370 MOKHO IPEACTABUTH CIACAYIOIIAM
o0pa3zom (pucyHok 6.1).

X
I s(h)
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Pucynok 6.1 - Peanuzauuu ciny4aitHON QyHKITUH

[lonHoe omucaHue Ciy4alHBIX CHUTHAJIOB MOXET OBITH TNPOU3BEACHO C
MOMOIIbIO  CHUCTEMbI  BEpOSITHOCTHBIX  XapakTepuctuk. Jlrobas wu3 3TUX
XapaKTEPUCTUK MOXET OBbITh OINpejesieHa JTU0O0 YCPeIHEHHEM MO COBOKYIHOCTH
peanuzaiuu Xj(t), 1100 ycpeaHEeHHEeM MO BPEMEHH OJHON OECKOHEYHO IJIMHHOMU
peanu3aluu.

3aBUCUMOCTh WJIA HE3aBUCUMOCTh pE3YyJbTaTOB TAaKUX YCPEAHEHHM
ompesenseT ciuenymmue (QyHaaMeHTadbHbIE CBOMCTBA CIIy4alHBIX CUTHAJIOB —
CTAllMOHAPHOCTH U 3PTOAUYHOCTb.

CranuoHapHbIM Ha3bIBAE€TCS CUTHAJT, BEPOATHOCTHBIE XapaKTEPUCTUKU
KOTOPOTO HE 3aBUCST OT BPEMEHHU.

OproJuyeckuM Ha3bIBAa€TCS CHUTHAJ, BEPOSTHOCTHBIE XapaKTEPUCTUKH
KOTOPOTO HE 3aBHUCSIT OT HOMEpa pealn3allui.

JUis  CTaMOHAapHBIX  JIPrOJUYECKHX CUTHAJIOB  YCpPEIHEHHE  JI000H
BEPOATHOCTHOM XapaKTEPUCTUKH 10 MHOXECTBY peanu3alii SKBUBAJICHTHO
YCPEHEHUIO 1O BPEMEHU OJHOM TEOpeTHYEeCKHM OECKOHEYHO JJIMHHOM
peanu3aluu.

JUis TpakTHUeCKUX Lenell Haumbojiee BaKHBIMH SIBIISIIOTCA CIEAYIOIINE
BEPOATHOCTHBIE ~XAPAKTEPUCTUKH CTALMOHAPHBIX 3ProJIMYECKUX CUTHAJIOB,
UMEIOLIUX JUIUTEIBHOCTh peanu3anuu T:

- cpenHee 3HaueHue (MaTeMaTudyeckoe oxkuaanue). OHO XapakTepu3yeT
MOCTOSIHHYIO COCTABJISIFOIIYIO CUTHAJIA

T
My = () = lim — | x(t)dt - (6.1)
T—ow 2T
- cpeniHssi MOIHOCTh. OHA XapaKTepu3yeT CPeHUM YPOBEHb CUTHAJIA
P =x2(t)=1lim 4 I X2 (t)dt - (6.2)
X =227 ¢
- IUCTIEPCHsl, XapaKTePU3YIoIIas CPEAHIOIOT MOIIHOCTh  MEPEMEHHOMN
COCTAaBJILIONIEN CUTrHAJIA:
] 2
Dy = lim 1 JT [x(t) — my ] dt : (6.3)
T 2T

-7
- cpenHekBaapatuieckoe otkioHeHue (CKO):
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o =P (6.4)

X 4

- QyHKIUs pacnpeneseHus, KoTopas OnpeaeisieTcsi Kak BEPOSTHOCTb TOTO,
uto 3HaueHue Xi(t j) B J-ii MOMEHT BpeMeHH OyIyT HIKE HEKOTOPHIX 3HAUYEHU X:

F=Plx@)x]=tim 1" . (6.5)

i=1

Towo |
nN—o0

- OAHOMCpHAsA INNIOTHOCTb BCPOATHOCTH, Ha3bIBaCMasd ,Z[I/I(I)(I)CPCHHI/I&TIBHI)IM
3aKOHOM pacClpeaCICHUA:

g m
A0 ;
TJIE X - pacCTOSIHUE MeX Iy cocenHumu ypoBHsimu X(t), HazpiBaemoe
auddepeHInaIbHbIM KOPUIOPOM;
tj - | —if urTepBan npeObIBaHMS peanu3alyy B IpeeIax JaHHOTO YPOBHS.

- KoppemsiuuoHHas ¢yHkuus. OHa XapakTepu3yeT CTOXaCTHYECKYIO
(ciiydaifHyt0) CBSI3b MEXKJY JIByMS MTIHOBEHHBIMH 3HAYEHUSMH CIy4ailHOTO
CUTHAJIa, Pa3eJICHHOT0 3a/IaHHBIM HHTEPBAJIOM BPEMEHH T:

u
R (r)=lim 1 —m Jdt .
(1) JIx® - me ] [+ o) —meJae. (6.7)
T—w 2T -T
- B3aUMHas KoppelsinuoHHas QyHKIuA. OHa XapaKTepU3yeT CTOXAaCTHYECKYHO
CBSI3b MEXKJy MTHOBEHHBIMU 3HA4YeHMAMH ciywdaitnbix curnanos X(t) u y(t),

pa3aciIiCcHHBIMHA HHTCPBAJIOM BPCMCHU T.

Ry (7) = lim—~ J[x(ty - mi - [Y(t+f)—my]0't : (6.8)

T—o -T
- CICKTpajlbHasd IJIOTHOCTb cpeszeﬁ MOINHOCTH IMPECACTABIACT coboit
CPCAHIOKO MOIIMHOCTH, IIPUXOIAIIYIOCA Ha I T IpU 33JaHHOW YacTOTE
BBeleHHyI0 TakuM 00pasoM CHEKTpalbHYI0 IUIOTHOCT: W(w) B nanbHeiiem
6yI[eM HA3bIBaTh JSHEPTETUUYECKUM CIIEKTPOM CIIy4alHOU q)YHKHI/II/I X(t) Cwmbich
TaKOro Has3BaHHUA OIPEACTIACTCA PasMCPHOCTHIO q)YHKHI/II/I W( C()), ABJIAIOLICHCS
OTHOIICHHUEM MOIIHOCTH K ITIOJIOCC YaCTOT:

[w (a))]j MOWilOCWlb —!= | Mownocmoxepems]= [ Duepe us].

| Honoca wacmom]

N3 Beipaxenuit (6.1 - 6.8) BUAHO, UTO BCE BEPOSTHOCTHBIC XapPaKTECPUCTUKU
NPENCTaBIIAIOT cO00M HecayyaliHble Yyuciaa Wikl QYHKIUU OT T U ONpeeNsieTcs 1o
OJIHOM peanu3anuu 0eCKOHEYHOW MuTeNnbHOCTU. [[pakTuyecku ke MIUTEIbHOCTD
T, naspiBaeMasi TIPOIOJKUTEIBLHOCTHIO aHAIM3a, BCErIa OrpaHuYeHa, MOITOMY Ha
MPAKTUKE Mbl MOXEM OIPEETUTh HE CAMU XapaKTEPUCTHUKH, a TOJBKO UX OLEHKHU.

Ot OLICHKH, INOJIYYCHHBIC 9KCIICPUMCHTAJIbHBIM IIyTCM, Ha3bIBAIOTCs
CTaTUYCCKHUMHU XapaKTCPHUCTHUKAMMU. A pa3 OLICHKA, 3HA4YHUT HpI/I6JII/I)KCHI/IC, KOTOpOC

(6.9)
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XapaKTCPU3yCTCs IMOTPCITHOCTAMMU, Ha3bIBACMBIMU CTaTUCTHYCCKHNMU
MMOTPCIIHOCTAMM.

I_HI/IpI/IHy CIICKTpa CHIHajla OIpcACIsACT MaKCUMaJbHasd CKOPOCTb €TO
n3MeHeHus. C szyrof/i CTOPOHBI, CKOPOCTb UBMCHCHH CUTHAJIa OIIPCACIIACT U X0

KOPPESIUOHHON (YHKIMM, TO €CTh MOXHO yTBepkaath, uto Wy(w) u Ky(7)
B3aMMOCBSI3aHbl. JTY CBSI3b OIPEICIWIN HE3aBUCUMO APYr OT ApYyra y4YeHbIE
H.Bunep nu A.S1.XuHUMH , MO3TOMY €€ Ha3bIBalOT Teopemoil BuHepa-XuHUMHA.
CoryacHO 3TOW TEOpEME SHEpeemuyecKull CneKmp CmAayuoHAPHO20 CAYYAUHO2O
npoyecca U e20 KOPPEeIAYUOHHAS (DYHKYUSA C6A3aHbl NPAMbIM U O0OPAMHbIM
npeobpazosanusimu Pypwve, TO €CTh

Wy lan = I KXI:T:IE_‘?;WQ!?T,
1 T —jar
K, (0= —j W (e = da
s

-

N3 31Ol  CBsA3M  BBITEKAET  CBOMCTBO, AHAJOTMYHOE  CBOMCTBAM
npeoOpazoBanuil Oypbe A1 AETEPMUHUPOBAHHBIX CUTHAJIOB: YEM IIHUPE CIIEKTP
CJIy4ailHOTo mpolecca, TeM MEHBIIE HHTEPBAJl KOPPEALNH, U HA000POT.

B Teopuu amekTpocBs3u HanboIbIIEe pacCIpOCTpaHEHUE UMEET HOPMATbHBIN
3aKOH paclpeesieHus cliydyaiiHON BenuyuHbl. HerpepbiBHAs cilydaiiHasi BEIMYUHA
X UMeeT HopmanvHblll 3aKoH pacnpedenenus ¢ IapaMeTpaMu d U O, €CIN e
moTHOCTH BepoaTHoctH f(X) umeer Bus:

1 _x-ay?
flx)=——e 2o .
o2z

Kpupas nopmansaoro pacmnpenenenus f(X) (xpusas Iaycca) npusenena Ha
pucyHke 6.2.

) 4

"

PucyHok 6.2 - TII0THOCTD BEPOSITHOCTH CIy4aiiHON BETHUUHBI X,
pacupeneseHHON 10 HOPMAJIBHOMY 3aKOHY paclpeeIeHUs

MaremaTuyeckoe OXHUJaHUE CIIy4allHON BelUuYuHbl X, pacnpeieia€¢HHON Mo
HOPMaJbHOMY 3aKOHY, PaBHO IapaMeTpy @ 3TOro 3akoHa, a €€ aucnepcus -
KBaJpaTy rapamerpa o, T.€.
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M(X)=a, DX)=c

PaccMmoTpuM BiMsiHME TTapaMEeTpPOB HOPMAJIBLHOTO pacipejesieHus Ha (popmy
KPHUBOI TJIOTHOCTHU BEPOSITHOCTH.

Ecrm o = const, m wmeHsercs mapamerp d, T.€. IEHTP CUMMETPHUH
pacnpesiesieHus1, To KpuBasi pacrnpezienenus OyneT cMenaThes BIoJIb ocu abcuucc,
HE MEHsIs1 (DOPMBI.

Ecmu a=const u MeHseTcs mapaMeTp o, TO MEHSETCS OpIMHaTa MaKCUMyMa
5 1
KPUBOU Jow (@)= —= [lpy yBenWueHWM O KpUBas paclpeeIeHus
Ff 27T
CTaHOBHUTCS 00JIee IIOCKOM, paCTATUBAsACh BAOJb OCH aOCIUCC; MPH YMEHBIICHUH

O KpHBas BBITATHBACTCA BBEPX, OTHOBPEMCHHO CXKUMASCH C OOKOB.

HopwmasnbHblli 3aK0H pacnpeiesieHUs CIIy4YaliHOM BEJIMYMHBI C TapaMeTpaMu d
= 0 u o = 1 HaselBaeTcs cmandapmubiM WIA HOPMUPOBAHHBIM, a
COOTBETCTBYIOIAsi HOpMaJIbHasi KPUBAS - CIMAHOAPMHOU WA HOPMUPOBAHHO.

®ynxuus pacnpenenenns F(X) ciygaiinoi Benuunnbl X, pacrpenenénHo
10 HOpMaJIBLHOMY 3aKOHY, BBIpakaeTcs uepes pynkuuro Jlammaca @(x) mo

dbopmyre:
[ X — al\

\G)

x Y2
2( —,d
rae: CD(x): \/:ﬂ_[e 0 .
0

ITepeuncnum HanboJee BaXKHBIE CBOMCTBA CIyYaifHOW BETUYMHBI,
pacrpenenéHHon 0 HOPpMAJIbHOMY 3aKOHY:

F(X)=05+d

1) BeposTHOCTh MonamaHMsi CIOydaliHOM BenuuMHBI B MHTEpBan (X1, X2),

paBHa
Plx <X <x)=®@)- D), rme f,=2_2 ¢ =

F F
2) IlpaBuno «Tpéx curmy». Ecnm ciydaiinas BenmumHa X pacrpenerneHa

HOpPMaJIbHO (C TMapaMeTpaMd d W O), TO TMPAKTUYECKH JOCTOBEPHO, YTO
aOCoMIOTHAsT BeMWYMHA €€ OTKJIOHEHUS OT MaTeMaTHYECKOTO OXHUIAHUS He
IPEBOCXOAUT YTPOSHHOI'O CPEAHET0 KBaIPAaTUYECKOTO OTKIOHEHHUS, T.€.

PX —a|=230) =1,

JlpyrumMu  ClOBaMH, €CIHM ClydaiiHas BennunHa X HMEET HOPMAIbHBIA 3aKOH
pacupeneseHus ¢ mapamMeTpaMu d U O, TO IPAKTUYECKU IOCTOBEPHO, YTO €€
3HAYEHHUS 3aKIIOUYEHBI B MUHTEpBAJIC (- 3o, a+ 3o

Kparkas xapakTepucTuka UCCIENyEMBIX LENEH U CUTHAJIOB
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J1is mpoBeeHus 3T0i paboThl He TPeOYIOTCSI CMEHHBIE OJIOKH CTEH/A;
JOCTaTOYHO KCIOJIb30BaTh BHYTPEHHUE UCTOYHUKH CUTHAJIOB:

- TapMOHUYECKHUE CUTHaNbI ¢ yacToTol 1 kIl B KauecTBe cUrHajia co
Clly4yaliHOU HaudaJibHOU (pa3oii;

- “OenpIil” IIyM C BBIXOJIa T€HEpaTOpa IIymMa;

- aJIMTHBHAS CMECh ATHX CHIHAJIOB [P PA3IMYHOM COOTHOLIEHNH &/ O,

N3mepeHure mIoTHOCTH BEPOSITHOCTA MTHOBEHHBIX 3HAYEHUN CUTHAJTIOB
npousBoautcs ¢ nomoiuisto I1K, paboratomiero B pexxume “I'MCTOPAMMA” (cwm.
[Ipunoxenue). 3anucanHas B namarh [IK peanuszanus ucciegyeMoro curiasia
BOCITPOM3BOAMTCS Ha KPAHE MOHUTOPA, a 3aTE€M IOABEPraeTCs CTATUCTUYECKOMY
aHaJIM3y, B pe3y/bTaTe KOTOPOTO MOIY4arOTCs rpaQUKu IUIOTHOCTH BEPOSTHOCTU U
BBIYHMCIIIFOTCS MMapaMeTpsl ciydaitHoro mpouecca (M u 0). Jas KoHTpouss
MapaMeTpOB BXOJHBIX CHUTHAJIOB HCHOJB3YIOTCA BCTPOCHHBIM BOJBTMETP U
ocuwiuiorpad. IlomyueHue aAIUTUBHOM CcMecH CUTHAJIOB 0OecreYrBaeTCs
CymMMaTopowm () cTeHja.

JlomariiHee 3a1aHue

1 N3yuute mo KOHCHEKTY JICKIIMM W JIMTEepaType paslieiibl O CIy4ailHbIX
CUTHaJaX M X xapakrepuctukax [3], c. 27+35; [6] c. 132+144.
JlabopaTopHoe 3amaHue

1 TTonyuute ¢ nomoursto [1K peanuzanuu curuanos, rpaduKu MIOTHOCTU

BEPOSITHOCTH U mapameTpsl (M u 0).
2 VYCTaHOBHUTE CBSI3b MEXKIY XapaKTEpPOM peanm3aluu Iporecca, (opMoi
rpaduka MIOTHOCTU BEPOSITHOCTH U €ro MapaMeTpamH.

Meroanueckue yka3aHus

1 T'apMoHHYEeCKHUi CUTHAJ CO CIIy4ailHOM HaYanbHOU (ha3oil.

1.1 TIpoBectn kanumOpoBKYy ocuwuiorpada. is 3TOro COeAMHUTH BXOJ
BOJIBTMETPA, PA0OTAIOIIETO B PEKUME M3MEPEHUS MEPEMEHHOTO HANPSLKEHUS, C
rae3goMm “1 k['m” B 6moke UCTOUHUKU CUI'HAJIOB. Pyuxoit perynsropa
BBIXOJIla TeHeparopa ycTaHOBUTh HampspkeHue 0,707B. Hanmomsum, d4TO
M3MEpUTENIbHbIE TPUOOPHI MOKA3bIBAIOT JIEHCTBYIONIEE 3HAUCHHE TAPMOHUYECKOTO
CUTHaJIA:

Um=U \E :O,707 \E = 1B.

He wMeHsis perylupoBKM BBIXOJIHOTO HAMNPSKEHHs, 3aMEHUTh BOJBTMETP
ocisuiorpadomM. OTperynupoBaTh MacTad yCuiaeHus ociuuiorpada Tak, 4ToObI
pa3Max CUTHaJIa 10 BEPTUKAIN COCTABIISUI 2 KIIETKH, T. €. aMIUIATyAa d = | KieTke.
Ha sToM kanuOGpoBka 3aKOHYEHa U B JajbHEilIeM e€ MEHATh He cieayeT. Mrak,
OJlHa KJIETKa Ha dKpaHe ocuuiuiorpada terneps COOTBeTCTByeT 1B.

1.2 3adukcupoBarh peanuzanuio (OCHUILIOTPaMMYy) UCCIIETyeEMOT0 CUTHAIA.
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B cinywasix, xorma wucclienyercs HENEpUOJUYECKUH CHUTHaJ, CAeNaThb 3TO IO
ocumiorpady 3aTpyIHUTENBbHO. B 3TOM cilyyae ucciemayeMblil CUTHaN CIeayeT
nogath Ha THe3M0 «A» Bxoaa IIK Ha crTeHme, a 3areM BbI3BATH MPOrPAMMY
«OCHUJUIOT'PA®y, koTOpas TO3BOJSET «OCTAHOBUTH» KApTUHKY W MpPHU
HEOOXOAMMOCTH U3MEHUTH €€ MacIITao.

1.3 Coenunuth Bxon “A” IIK (oH pacmoiokeH B IpaBOM YacTH CTEHJA,
BHM3Y) ¢ THe370M reneparopa “l1 kI'm”. Ilpu 3TOM ypoBeHb CUTHAlIa HE MEHSTB;
Um=1B.

Ilepesectu 1K B pexxum “I'MCTOI'PAMMA”.

1.4 B otuére 3aduKCUpPOBATH:

- TpaUK TUIOTHQOCTH BEPOSTHOCTH;

-Mu o (wmm o),

- peanu3zanuio (ocuuiorpammy m.1.2);

- YCJIOBUS DKCIIEPUMEHTA.

1.5 Tlonp3ysiCh BONBTMETPOM WM OCHHILIOTPadOM, YMEHBIIUTH CHUTHAT C
BbIxosa TreHeparopa “1 k[’ B 2 pasa, T.e. Teniepp Um Oynetr 0,5B (umu U =
0,35B).

1.6 IToBTOpUTSH 1. 1.4.

2. “benbit” mrym.

2.1 CoemunuB rtHe3m0 [III co Bxomom ocuumiorpada, yCTaHOBUTH
HaNpsOKEHUE ITyMa TaKuM, 9TOOBI MakCHMalbHas IIMpPUHA ITYMOBOH “TOpOXKKH™
Ha dKpaHe He npeBbimnana 6 kietok. CoriacHo npaBuiy “Tpéx curma”

HOPMAaJIBHOTO 3aKOHA 3TO O3HAYaeT, 4T0 6O = 6 KJIETOK, Wi O = | KIEeTKe, T. €. B
COOTBETCTBHUHM C KanHOpoBKOH, G = 1B.

Coenunuth Bxoa [IK (“A”) ¢ rae3nom Beixomda I'TII.

2.2 IloBTOpuTs 1. 1.4.

2.3 KonTponupys HanpspKeHHE IIyMa 1o SKpaHy ociuiuiorpada, yMEeHbIIUTh

(pyuxoit Beixoga I'lll) nanmpsbkenue myma B 2 pasa. Ilpu stom o Oyxer
COOTBETCTBOBATH ITOJIOBUHE KJIeTKH, T.€. 0,5B.
2.4 IloBTopurs 11. 1.4.

3 AnauTuBHAsS CMECh TapMOHHYECKOTO CHTHaja u “Oemoro” Tryma
MOJy4YaeTcsi C MOMOIIBID CyMmaTopa cTeHaa (X), pacloJIOKEHHOIO B IMPaBOM
HI)KHEW €r0 YacCTH.

3.1 Hoaxmrounth ocrmiuiorpad K BeIxomay cymmaropa. [lomate Ha onuH U3
BXOJIOB TApMOHUYECKUU CUTHAI (BTOPO#l BXOJ cB0OOoAeH). OTperynupoBath (eciu
HapylleHa npeablayas peryaupoBka) a = 0,5 KIeTKA pydyKoi BbIX0Jla reHepaTopa
“l k['n”. 3arem, OTKJIIOUMB CUTHAJI OT BXOJa CyMMaTopa, Ha BTOPOW €ro BXOJ
noaath 1myM. lllupuna mymoBoit “moposkku’ Ha 3kpaHe ociuuiorpada J0JDKHA
obiTh 3 kieTku. [Ipm HEOOXOMMMOCTH OTPETYIMPOBATH BBHIXOJHOE HAMPSIKCHUE
['I1. BoccTaHOBUTH CXEMY, NOAKIFOYMB UCTOYHUK “1 KI'II” KO BXOIy

cymmatopa. Takum 00pa3oM, BBICTABIEHO COOTHOLIEHHE curHan/mym a/o = 1.
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3.2 TIloBTopuTts . 1.4.

3.3 OTKIII0YMB 1IyM, YBEJIMUUTh CUTHAJ B 2 pa3a (pa3Max CUrHajia Ha DKpaHe
ocrmuiorpada MODKeH OBITh 2 KJIETKH), a HampsoKeHWE IyMa COXPAaHHTH
npexHuM. BocCTaHOBUTH cXeMy, MOJKIIIOYUB UCTOYHUK IIIyMa K CyMMaTopy.

Teneps &/ o= 2. IToBropurts 1. 1.4.
3.4 Vcranosuts otHOenue a/ o= 3. Iloroputs 1. 1.4,

Otuér

OTu€T TOIKEH CoAepKaTh:
1 CtpyKTypHYIO CXeMy U3MEpEHHil.
2 I'paduku peanu3anuii CHTHAJIOB.

3 Pesynbrarsl usmepennit W(X), mu o
KOHTpOIBHBIE BOITPOCHI.

1 Hapucyiite rpaduk mioTHOCTA BEPOSITHOCTH Jr000r0 curHana. OO0bsacHUTE,
YTO OTJOXKEHO MO OcAM, pasMepHOocTH. CMbICT TOHATUS — “TUIOTHOCTH
BEPOSITHOCTH .

2 Kak npakTH4ecKu OIPEAEIIUTD IIJIOTHOCTh BEPOSITHOCTH?

3 Yto Takoe HOpMaJIbHBIN CiIy4daiiHbIi npouecc? Ero ananuruyeckas 3anuch.

4 Tpapux W(X) 11 HOPMAIBHOTO 3aKOHA M €70 U3MEHEHMS [IPH YBEIUYEHHUH
WM YMEHBIICHUHU O U M.

5 Kax no rpaduxy W(X) HOpManbHOro 3akoHa HaliTH MaTEMATHYECKOE
0XKUJAHUE U JUCTIEPCUIO?

6 Kak onpenenutb BEpOATHOCTh ONAaAaHuUs B 3aJJaHHbIA HHTEpBaA AX 1O

- rpaduKy TUIOTHOCTH BEPOSITHOCTH;

- rpaduky GYyHKIIUU pacipeaceHusI.

7 ®U3NYECKUN CMBICI MOHATHN MAaTEMAaTUYECKOE OXKUJIAHUE U TUCIEPCUS
IPUMEHHTENBHO K CUTHAJIaM CBSI3U?

8 B uém paznuume CTalMOHAPHBIX U HECTAIMOHAPHBIX MMPOLECCOB?

9 Yrto Takoe sproauyueckuil npouecc?

10 Yto Takoe ciy4yalHbIN MPOIIECC U €r0 peanu3anus?
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JlaGopatopHas padorta Ne 7

"HccnenmoBanue ONTHUMAaIbHBIX KOMEPEHTHBIX AEMOIYJIATOpOoB AM
n UM curnanos"

Llenb paGoThl: H3yYeHWE MNPUHIMIA JEHCTBUA JeMOIYJISITOpoB. Pabota
JAEMOIYyJISITOpa B YCIOBUSAX MOMeX. V3yueHue BIMSHUS MOpOra Ha BEPOSATHOCTD
ook npu AM.

Kparkune cBenenus us teopuu

[Ipuem curnana B ar000H cHCTEME CBSI3UM IPOU3BOAUTCS Ha (POHE MOMEX.
Yamie Bcero moj nmoMexod MOHUMAETCS aJIIMTUBHBIN O€JbI rayCCOBCKUN IITYM.
DTO TakoW Ciay4yalHBII MpOLIECC, KOTOPbIA CYMMHUPYETCS C CUTHAJIOM B TOYKE
npUeMa U MMEEeT TrayCCOBCKOe (HOpMalbHOE) paclpesesieHne B JI000H MOMEHT
BPEMEHU.

[TpuemMHuK curHana (IeMOAYIATOP) AOJKEH 00ECTIEUUTh 3aJaHHOE KaueCTBO
npuemMa (IOMeX0yCTONYMBOCTb) MPU ACHCTBUU OMEXH 3aJaHHON MOIIHOCTH.
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[ToMexoycTOMYUBOCTh — CIIOCOOHOCTh MPUEMHUKA 00€CIIeUnBaTh 3aJJaHHBIC
TEXHUYECKUE XaPAKTEPUCTUKU MPU 33 JAHHON MOIIIHOCTHU TTIOMEX.

[ToreHuuanbHasgs  MOMEXOYCTOMYMBOCTh —  NPEACIbHO  JOCTHXHMas
MOMEXOYCTOWYMBOCTD ISl TAHHOW CUCTEMBI CBsI3H. [[preMHHK, 00ecriednBaromuii
MOTEHIUAIbHYI0 TOMEX0YCTOMYMBOCTh, HA3bIBAETCSI ONTUMAJIBHBIM (UACaTbHBIM).

PaccMOTpHM CHCTEMY CBS3M, B KOTOpOiM nepemarorcs asa curxana S1(t) u
So(t) omunaxoBoii mnurensHOcTH 1, MPOM3BONBHOM (HO W3BECTHOI) (OPMEI,

anpropubie BeposTHocTH nepenaun P(S1) u P(S2) ussectnsl, nomexu B kanane
CBs3M (DIFOKTYallMOHHBIE, (DYHKIMS IUIOTHOCTH PACHPENENEHHsS KOTOPHIX MMEET
rayCCOBCKHI 3aKOH PACIpPENeIeHNs BUIA

w(n) = L e 2o
275, | (7.1)

2
rje o - aucnepcust (MOUTHOCTD) MTOMEX.

3ajaH KpUTEpHd ONTHUMAIBLHOIO TMpUeMa: HWAealbHbIN HaOMomaTenb (HiIu
HaOmomarens  B.A.KorenbHukoBa), KOTOPBI ~ MHUHUMH3UPYET  CPEIAHIONO
BEPOSITHOCTH OIINOKH
Pow = P(S1)P(y2/S1) + P(S2)P(y1/S2). (7.2) Haitnem onTuMaibHOE
NPaBUJIO PEIICHUS W CTPYKTYPHYI CXEMYy ONTHMAaJbHOTO IMPUEMHHKA IS
YKa3aHHBIX BBIIIC YCIIOBUH Mepeaadn CUTHAJIOB
S1(t) u S2(1).

Jlist yrpowienus pelenus moiaoxum saadane, uro P(S1)= P(S2) = 0,5.

B »stom ClIy4dac, IpaBHUJIO OIITUMAJIBHOI'O ITpHUEMa, UCIIOJIbL3YEMOC
IMIPUCMHHUKOM KOTCJIBHI/IKOBa, 3aKJII0YacTCA B CIICAYIOIICM:

((t) - 8,07 <[xt) -5 01 7.3

TO MPUHHUMAETCA S1, HHAYeE S).

Takum oOpa3om, ONTUMaiIbHBIA MPUEMHUK (UACATBHBIA MPUEMHUK
KorenbHukoBa) paboraet CJIEIYIOIUM obpa3zom: ONpEIEAETCS
CPEIHEKBAIPATHYECKOE OTKIOHEHHE MOCTYIUBIIETO Ha ero Bxox curHana X(t) or

oboux oxumaembix curHanoB (S1(t) u S2(t)) u BeHOCUTCS pemieHMe B MOJIL3Y
TOrO CHTHAJIA, TJI€ OTO CPEIHEKBAAPATUYECKOE OTKIOHEHHE MEHBIIIE,

B COOTBETCTBUM C MOIYYEHHBIM IIPABMIIOM PEUIEHUS CTPYKTypHas CXema
IpHeMHUKA OyJIeT MMETh BHJ, NPMBEIECHHBIM Ha pucynke 7.1. Cxema COmEpKUT

nBa reneparopa omnopueix curnanos S1(t) u So(t), koropsie reHepupyrOT TOUHO
TaKUE K€ CUTHANBI, KAKME MOTYT IIOCTYIIUTh HA BXOJ HNPHEMHHMKA, 4 TAKXKE JBA
BBEIYMTAIOLINX YCTPONCTBA, [IBA KBAPAaTOpa, 1Ba MHTErPaTopa U CXEMy CPaBHEHHS,

KOTOpasi, B COOTBETCTBUHU ¢ (7.3), BHIIAET CUTHAJLI S1 WK S2 .

e -KB—’O.[

Si(t) v

Cxema < Si
@l — cpaBHEHWA o
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Pucynok 7.1 - CtpykTypHas cxema ONTUMaJIbHOTO TPUEMHHKA
Ecmu BeposatHoctu nepenaun curaanos S1 (t) u So(t) ve onqunakosel, T.€.

P(S1) ue pasno P(S2), To Hepasenctso (7.3) npuHUMAaeT HECKOIBLKO APYTOM BUIT:

eciu 2 2 2 2
[x(t)-S(M)] -20, INPS )< [x(t)-S ()] -26 InPE ), (7.4

TO PUHUMAETCS S1, WHA4e S).

CrtpykTypHas cxema npueMHUKa OyJeT UMETh BU/, MPUBEICHHBIN HA PUCYHKE
7.2, B CTpPYKTYpHOM CXeme TepeJl CXEeMOW CpaBHEHHUS JI0OABISIIOTCS
BBIPaBHUBAIOIINE YCTPOUCTBA - B (ITOKa3aHbl IyHKTHPOM).

MoskeT moka3aThCsl, UTO MPUBEICHHbIE Ha puUCyHKax 7.1, 7.2 cxemsl
MPUEMHHUKOB JOCTATOYHO MPOCThl. OHAKO MPUMEHSIONIUECS B CXEMaX MECTHBIC
rerepaTopsl S1(t) u S2(t) HOmKHBI BBIAABaTh CUTHANBI MO (OpME HACHTHYHBIC
neperaBaeMbIM CUTHAJIaM, OXHJIAa€MbIM Ha BXOJ€ NIPHUEMHHUKA; IO3TOMY OITH
TeHEPaTOPhl JIOJKHBI CUHXPOHU3UPOBATHCS MPUXOASIIMMHU CUTHAJIAMH, a 3TO
C/IeNaTh IOBOJIGHO TPY/THO.

7] . 20" INP(S1)

e
Si(t) S
— Cxema cpaBHEHWUA
x(t)
Sa(t) S
- Ke | B
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Pucynok 7.2 - CTpyKkTypHas cxema ONTHMaJIbHOTO MPUEMHHKA ITPH Pa3HBIX
BEPOSTHOCTSX Tiepenadyn curHayioB S1(t) u So(t)

JluckpetHas aMmnTyaHas moayssamnusa — [JAM.

[Tycte curnamer Sq(t) = A coswgt u Sp(t) = 0 TlomcraBum Sp = 0 B
HepaBeHCTBO (7.3). [Homyuum _ _
ecom [X() - S1()]° < [X(t) - 0]°, 10 Sy . (7.5)

[IpeoOpa3yeM 3TO BbIpaKEHHE
XD - 2x(®S1() + ST1(t) <x“(t) . To S1.

Cokpainas Ha Xl(t), HOJYYUM: €CIIH X()S1(t) > s 1(t)/2, 70  S1 nm,
OKOHYATENLHO, €CIIN Bys1(0) > Ps1/2,10 S7. (7.6)

DTO - ONTUMAJIBHOE MPABUIIO PEIICHUS MPHEMHNKA /I H3BECTHBIX CUTHAIOB
c maccuBHOM may30il. Bys1(0) - QyHKIUS B3aMMHOW KOppENSIMH CHTHAJIA Ha
BxoJie mpueMHuKa X(t) u oxumaemoro curnaia Si(t), a Ps; - MOITHOCTh CUTHaJIa
S1(t) Ha BXOJe MpUEMHHKA.

B cootBeTcTBHU ¢ TIpaBUIOM (7.6) CTPYKTYpHAs cXeMa MPUEMHUKA MPUMET
BU (pUcyHOK 7.3). B omiinume oT cxeMbl (pUCYHOK 7.1) 311€Ch BMECTO BBIYMTAHHUSI
MIPOM3BOIUTCS IEPEMHOKEHHE BXOIHOTO curHaia X(t) Ha OopHOE HAMPSHKEHUE
MECTHOro TeHepaTopa curHanoB Si(t) (B mannom ciydae S1(f) = A cos wot).
[TpuBeneHHass cXxeMa Ha3bIBACTCS KOPPEISAIMOHHBIM TPUEMHHKOM, TaK Kak
BBIYUCIIACTCS (DYHKIMS B3aUMHOMN KOPPEJSIIIMK BXOAHOTO curHaia X(t) 1 MecTHOTo
curHasia S1(t), a B cxeMe cpaBHCHUS (PYHKIHS KOPPESAIMHU CPAaBHUBACTCS C
HEKOTOPBIM MTOPOTOM X(, 3HaUeHue kotoporo paBHo 0,5Ps;. Korna P(S1) He paBHO
P(S2), To B cOOTBeTCTBHHM C HEpaBEeHCTBOM (7.4) 3HaYCHHE [TOPOTa CTAHOBHUTCS
paBubiM 0,5Ps; +opn~ In P(Sy).

[IpaBuiio pemenus (7.6) umeeT npoctoit puznueckuii cmbici. Ecnu QyHkIus
B3anMHON Koppemsiuu curaana X(t) u curaama Sq(t) mocTarodHo BeMKa, 3HAUUT
X(t) kpome momexu coaepKHT Takke curHan Sq(t) ¥ MPUEMHHUK BbIJIAET CHTHAJ
S1(t). Ecnu e 3Ta QyHKIMSA B3aMMHON KOPPEJISIMK JOCTATOUYHO Masia, 3HauuT X(t)
He conmepxkutr curHama Siq(t), T.e. X(t) comepkuT TOIBKO OMHY MoMexy. B 3Tom
cllydae MPUEMHHMK BbIaeT curHai So(t).

=
ﬂh i o TI Cxema
2 CPEBHEeHUH
“ACOS tgl TPS*' 5 =2

=

Pucynok 7.3 - CTpykTypHasi cxeMa KOre€peHTHOTO TPHUEMHHKA
JIAM curnanoB
HenocraTkoM paccMOTpPEeHHOW CXEMBI SIBISIETCS TO, YTO Ui €€ PadoThI
TpeOyeTcst 3HaHne MonTHOCTH curHana S1(t) Ha BXoze mpuemHnKa. OIHAKO OYEHB
9JacTO 3Ta MOIIIHOCTH HE SBJISICTCS TIOCTOSIHHOM M3-3a 3aMUPaHHA, U3MECHCHUS
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OCTAaTOYHOI'0 3aTyXxaHHusA B JIMHUAX CBA3W W IIP. yCTpOfICTBO IJsT U3MCPCHUA

MomHocTH curHanma Si1(f) Ha BXoxe NPHUEMHHKA CTAaHOBHUTCS CJIOXKHBIM M
HEIOCTATOYHO  TOYHBIM, YTO  3aTPYAHSAECT MPAKTUYECKYIO  PEATU3ALHIO
ONTHUMAJIbHOTO IPABUJIA PEIICHUS.

JnckperHas yactotHas MmonyJsranus — JJUM.

[Tyctp Si(t) = A cos wat, S2(t) = A cos wat.

[IpeoOpazyem Beipakenue (7.3):

ecim X2(t) - 2x()Sa(t) + Saa(t) < x2(t) - 2x(t)S2(t) + S2o(t) , To Su.

3nmeck S21(t) = S22(t), Tak kak 3T0  MomrHOCcTH curHaaoB Si(t) u S2(t), a aTu
MOIITHOCTH PaBHBI MEKIY COOOH M3-3a paBEHCTBA aMILTUTY/] 3THX CUTHAJIOB.
[Tocne oueBHUAHBIX COKPAIICHUH MOTyYaeM CIIeAyIOIIee ONTHMAILHOE IPABUIIO0

pemieHus:  eciu X(t)S1(t) > x(t)Sz2(t) , To S1
ui, Oojee KpaTko: eciu BxS1(0) > BxS2(0) , 10 S1
(7.7)

CMBICTT TIOJYYEHHOTO BBIPAKCHHMS OYEBUJCH: €CIM (YHKIUS B3aUMHOU
Koppessiiuu BxogHoro curHana X(t) m curHama Sq(f) Oonbime, deM QyHKIHS
B3auMHON Koppessaiuu curaaiaoB X(t) u So(t), To X(t) comepkut, KpoMe MOMEXH,
curnan Sq(t).

Curnanst S1(t) u Sy(t), ucrmonb3yemsbie sl BEIYUCICHUST (DYHKIUI B3aMMHOU
KOPPEJSINK, JOJDKHBI TEHEPUPOBAThCSI B CXEME INMPHEMHUKAa M COBMAIaTh IO

qaCTOTC U (1)336 C ONTUMAJIbHBIMU CHUTHAJIaMH, KOTOPBIC ITOCTYIIAKOT WM MOTYT
IMOCTYIIAaTb Ha BXOJ IIPUCMHHKA.

Cxema, peanmsytomas npaBwio pemenus (7.7), Takke Ha3bIBaeTCs
KOPPEJSILIMOHHBIM IPUEMHUKOM M MPUBEIECHA HA PUCYHKE 7.4.

Cxema coaep:KuT Ba KOPpENITOopa MO YUCITy MepenaBaeMblx curHanos. [Ipu
npueMe curiaiioB J[UM mecTHbIe TeHEpaTOpbl TEHEPUPYIOT CUTHAIBI A COS W1t
u A coswst.

-
—e X = IZII
&
S
xtty| |5 v
— Cxema cpaBHeHWUA
Szl::t) &
¥ S
T
L X &
J

Pucynok 7.4 - CTpykTypHas cxema KOrepeHTHOTO PUEMHUKA
JIUM curnanos
Ecnu BepostHoCTH nepenaun curHaioB Sq(t) u So(t) He onMHAKOBEI, T.€.
P(S1)

He paBHO P(S7), To HepaBeHCTBO (7.7) MPUHUMAET HECKOJIBKO JIPYTOi BUJ

x()S1(t) - o> INP(S1) > (S (t) - o5° INP(S3) , 0 S | (7.8)
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a B CTpPYKTypHOW cxeme (pucyHok 7.4) mepen CXeMOM CpaBHEHUSA
N00aBIIAIOTCS BBIPABHUBAIOIINE YCTPOWMCTBA, aAHAJOTUYHO IIOKA3aHHBIM Ha
pucyske 7.2 .

KpaTKa}I XapaKTCPUCTHUKA UCCICAYEMbBIX LICHCﬁ N CUTHAJIOB

B pabore wucnonb3yercss yHUBEpPCAIbHBIA CTEHJ CO CMEHHBIM OJIOKOM
"MOIVJIATOP - JEMOIAVIJIATOP", dyHkunoHanpHas cxeMa KOTOPOIo
NPUBEIECHA HA PUCYHKE 7.5.

Hctounukom mudpoBoro curHana sisnsgercs KOJIEP-1, kotopsiii BeimaeT
MEPUOANYECKYI0 TOCIEI0BATEIbHOCTh K3 MATH CUMBOJIOB. C  MOMOIIBIO
TyMOJIEPOB MOKHO YCTAaHOBUTH JIO0YIO MATUAIEMEHTHYIO KOJIOBYI0 KOMOMHAIIMIO,
KOTOpass WHAUIUPYETCS JIMHEHMKOW W3 MSATH CBETOJUOAHBIX HWHIUKATOPOB C
Hagnuceio "IIEPEJJAHO". B 6moke MOIVYJIATOP npoucxoaut MoOmymisius
(MaHUMYSAUKS) ABOMYHBIMU CHMBOJIAMHM ''BBICOKOYACTOTHBIX'" KoJieOaHMM 1O

aMIUTATYJE, YacTOTe WU (pa3e, B 3aBUCUMOCTH OT IMOJIOKEHHUS MEPEKII0YaTelIs
"BU MOAYJIALNUN" - AM, UM, ®M uiiu ODOM. I1pu "HyneBoMm" monoxxeHun

Sn - 0,5Eq

| [

st L Lam

i
o—1 MOOQ¥NATOP |—o o— KAHAN — JEMO O ¥NATOP PY—o
[ 1 [ ARz

0

Sq = nit) l. l
=9 - 0,5E;

MEPEKIIOYATENs] BBIXOJ MOJIYJATOpPA COEAMHEH C €ro BXOJAOM (MOZYJISLIHS
OTCYTCTBYET).

Pucynok 7.5 - ®yHKIMOHANBHAS CXeMa CMEHHOTO OJI0Ka
"MORyJATOp - AEMOIYIATOP"

KAHAJI cBs3u mpencrtaBisieT co0OM CyMmaTop CHTHajga C BBIXOZA
Moaynaropa W 1yma, reHepatop koroporo (I'Il) pacnonoxken B OJoke
NCTOYHUKN CUI'HAJIOB. BuyTtpeHHuii reHepaTop KBa3HOEIOro Iyma,
UMUTHPYIOIIMHA IIIyM KaHaja CBA3H, pabOTaeT B TOM K€ MOJI0CE YaCTOT, B KOTOPOM
PaCIIOJIOKEHBI CIIEKTPBI MOIYITMPOBAHHBIX CUTHAIOB (1228 kI'1).

JEMOIYJIATOP BpINOAHEH MO KOTEPEHTHOM CXeMe€ C JIBYMs BETBSIMU;
KOMMYTallusg BUJOB MOZIYJISIUHU - oOmias ¢ MoaynaropoM. [losTomy 3TaioHHbIE
CUTHAJIBI S W S1 U MOPOrOBbI€ HAMPSIKEHUS B KOHTPOJBHBIX TOYKAX CTEHJA
M3MEHSAIOTCS AaBTOMAaTUYECKHU IIPU CMEHE BUAA MOLYJISALIHAM.

3nakamu  (X) Ha (QYHKIMOHAJIBLHOM CcXeMe O0003HAaYeHbl aHaJOTOBbBIC
NEPEMHOKUTEIM CUTHAJIOB, BBITTOJHEHHBIE Ha crienranu3npoBanHbix UMC. biioku
MHTETPATOPOB BBIMIOJIHEHBI HA ONEPALMOHHBIX YCUIATEIAX. DJIIEKTPOHHBIE KIHOUN
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(Ha cxeMe He MOKa3aHbl) pa3psuKaroT KOHAEHCATOPbl HHTErPATOPOB NEPE] HayaaoM
KaKJI0r0 CUMBOJIA.

Cymmaropsl () mpeaHa3sHA4YeHbl Ui BBEACHHS IOPOTOBBIX 3HAYCHHI
HaIPSHKEHUH, 3aBUCSIINX OT SHEPTHH 3TAJIOHHBIX CUTHAJIOB S1 U Sg.

biok "PVY" - pematoniee yCTpoMCTBO - MpEACTaBISIET COO0M KoMmapaTop, TO
€CTh YCTPOMCTBO, CPAaBHUBAIOIIECE HAIPSDHKEHHS Ha BbIXOAAaxX cymmaTopoB. Camo
"pemenne", T.e. curdan "0" wim "1"monaercs Ha BBIXOJ IEMOAYJSATOPA B MOMEHT
1epe] OKOHYaHUEM KaKJI0I0 CHMBOJIA U COXPAHSAETCA 10 NPHUHITHUS CIEIYIOLIErO
"pemienus". MoMEHTBI TPUHATUS "pemieHus" ¢ MOCIEAYIOUIEro  pas3psia
KOHJICHCATOPOB B HMHTErpaTOpax 3aJar0TCs CIEHHAIBHOM JIOTMYECKOM CXEMOW,
YIPaBISAIONIEN AIEKTPOHHBIMU KOMMYTaTOPAMH.

Hns  nemonynsanuu curHaioB ¢ OPM k cxeme aemoxayisitopa OM
n00aBysII0TCS OJIOKH (Ha cXeMe He TIOKa3aHbl), KOTOPhIE CPAaBHUBAIOT MPEAbIAYIIIEEe
U TOCHenymwllee peumeHus aemoayisropa @OM, dYro TMO3BOJSIET CHAENATH
3aKJII0YEHUE O CKauke (pa3bl (MM €ro OTCYTCTBUM) B IPUHUMAaeMOM cuMBoJie. [1pu
HaJU4YMHM TAKOro CKadyKa Ha BBIXOJ JeMOAyYJsATOpa mnoxpaercs curHain "l1", B
npoTtuBHOM citydae - "0". B cmenHOM OJ10Ke TIperycCMOTpeH TymoOJiep,

MEPEKIIIOYAIOIIMH HavaabHyIo (Basy (¢) onoproro konebanus (0 wiu 7) — ToNbKO
s @M u ODM. J{ns HopManbHON pabOTHI IEMOAYISITOPA TyMOJIEp TOJIKEH OBbITH
B HYJIEBOM I10JI0XKEHUHU.

[Ipy amMmIUTYyHOM MaHMIYJSIUMM MPEAYCMOTPEHAa BO3MOXKHOCTh PYYHOMH
YCTaHOBKH TOPOTa C IENbI0 M3YyUYEHUs €ro BIMSHHUS HAa BEPOSITHOCTh OLUIMOKH B
npueme cumBoiyia. OueHka BeposiTHOcTH omuOku mpousBogutcs B IIK myrem
HOoJCYeTa Yuciaa OLIMOOK 3a OIpenereHHOe BpeMs aHanu3a. CamMu CUTHajbl
omnOKu (B CUMBOJIE WIH «OyKBe») (HOPMHUPYIOTCS B CIEHUAIBHOM OJIOKE CTEHAA
(«(KOHTPOJIb OIINBOK»), pacnonoxxenHom Hwke Omoka [IAIL Jlna
BU3YaJIbHOT'O KOHTPOJISI OIIMOOK B CTEH/I€ UMEIOTCS CBETOIMOIHBIE HHIUKATOPHI.

B kauecTBe wu3MEpUTENBHBIX MNPUOOPOB HUCHOIB3YIOTCS JBYXKaHAIbHBIN
ocuusuiorpad, BctpoeHHblii BonbT™MeTp U 1K, paboraromuii B pexume nojacyera
OILIUOOK.

JlomalHee 3aaHue

1 M3yunTte OCHOBHBIE pa3/iebl TEMbI IO KOHCTIEKTY JIEKIIMM U TUTEpaType:
[3] c. 159+174, 181+191; [4] c. 165+192.

JlaGopatopHoe 3aaHue

1 HabGmromadiTe OCIMILIOTPAMMBI CHUTHAJIOB B PA3UYHBIX TOYKAX CXEMBI
JEMOYJISATOpA MPHU OTCYTCTBUM IIIyMa B KaHAJIE.

2 HabGmonaiite nosiBieHHe OMMOOK B paboTe AEMOIYJSATOpa MpPU HATUYUU
myma B KaHaie. OrieHuTe BepoSTHOCTh omuOku misi AM u UM npu
(PMKCUPOBAHHOM 3HAUYEHUU OTHOILIEHUS CUTHAJ/IIYM.

3 IlonyuyuTe 3aBUCMMOCTb BEPOATHOCTH OIIMOOK Tpr AM OT OPOTOBOT0O



70

HaIPSHKCHUS.
Meroanueckue yka3aHus

1 PaGoTa nemoaynsatopa B yCIOBUSX OTCYTCTBHUS ITOMEX.

1.1 Cobepute cxemy wu3MepeHUN corymacHo pucyHka 7.6. TymOiepamu
KOJEPA - 1 naGepute 00yr0 ABOMYHYIO KOMOMHAIIMIO U3 5 2JIEMEHTOB. Pyuky
perynstopa “IIOPOI’ AM” ycTaHOBUTH B KpailHEEe JIEBO€ TojoxeHue. [Ipu stom
PETYJIATOP BBIKJIIOUEH U MOPOT YCTAHABIMBAETCS aBTOMATUYECKU MIPU CMEHE BUJA
Moxaymsituua. Tymbnep ¢asupoBku omopHoro konebanus JEMOJYJISATOPA
ycTtaHoBUTh B mosioxkeHue "0". CoenuHuTh BbIXOA TeHepaTtopa myma (I'LI) B
omoke HWCTOYHUKU CUTHAJIOB co Bxomom N(t) KAHAJIA cBssw.
[ToTeHmomMeTp BBIXOJA TreHepaTopa IIymMa - B KpailHEM JIEBOM IIOJIO)KEHHUH
(HampspKeHHe 1rymMa OTCYTCTBYET). BXos BHENTHEH CHHXpOHU3AIUN OCcImuIorpada
coequuuTh ¢ THe3goM C2 B 6moke MCTOYHUKMU, a ycunutenu BepTUKaIBLHOTO
OTKJIOHEHUS JIy4ell MEePEBECTU B PEKUM C OTKPBITHIM BXOAOM (JJisl IPOITYCKAHUS
MOCTOSIHHBIX COCTAaBJISIOIINX UCCIIENYEMBIX MTPOILIECCOB).

Konep 1 [
g M oIy ATOR —e— KaHan —— Jemogynarnp F—e—2cuMnnorpadg
Inty
M ; KoHTpone Bxog MK
owubor do—»F—o o
E CHMEOMNE A, B

Pucynok 7.6 - @yHKIIMOHAJIbHAS CXEMa U3MEPEHUN

1.2 KHomkod  TEpeKIOYeHUS  BUIOBMOMIYJISIMU YCTAHOBHUTH BapHaHT
“0”,coorBeTcTBYIOmMiI  curHany Ha  Bxoge ~ MOIAVIIATOPA.  Cuss
OCLIIJIJIOTpaMMy 3TOrO0 CUTHAJla M, HE MEHSIS PEeXKUM pa3BEPTKU ocuusuiorpada,
BbIOpaTh BUJ monymsiuu (AM). 3apucoBaTh OCHMIUIOTPAMMbl B KOHTPOJIBHBIX
TOYKaX JIEMOAYJISATOPA:

- Ha BXOJIE JEMOYJIATOPA;

- Ha BBIXOJIaX TICPEMHOXKUTENEH (B OJHOM MaciiTade 1o BEPTUKAITBHOU OCH);

- Ha BBIXOJIaX MHTETPATOPOB (TaKkKe B OJTHOM MacIiTabe);

- Ha BBIXOJIE AEMOAYJISATOPA.

Ha Bcex mosiy4eHHBIX OCHMILIOPAaMMax OTMETHUTH IMOJO0KEHUE OCU BPEMEHHU
(T.e. MOJIO’)KEHHE HYJIEBOTO YPOBHsI cUTHaa). [[s 3T0ro mMoxkHo 3auMKCHUpOBAThH
MOJIOKEHUE JIMHUM PA3BEPTKU MPU 3aMBbIKAHWU BXOJIHBIX 32KMMOB ocliIIorpada.

1.3 IToBTOpUTH 11.1.2 117151 Ipyroro Buaa MaHumysiuu (UM).

2 Pabora gemonynsTopa B yCIOBUSAX TOMEX.
2.1 Iepexmtouarenem BU] MOIAYJIALINA yctanoButh @M. [ToakiirounTh
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OJIMH U3 BXOJIOB JBYXJIY4eBOro ocuwuiorpada K BXoay MOAYJISTOpa, a BTOPOil - K
BBIXOJy JAemonyiaropa. llomyunte HENOABH)KHBIE OCHWLIOTPAMMBI  ATHX
CUTHAJIOB.

2.2 IlnaBHO yBenuuuBas ypoBeHb Iiyma (moteHuuoMerpoMm I'IIl) noOuthcs
HOSIBJIEHUS PEIKUX «COOEB» Ha BBIXOJHOM OCLUIUIOTPAaMME WJIM Ha BXOAHOM TabJ10
I[TPUHATO.

2.3 C nomompio ocuwuiorpadga HM3MEPUTh YCTAHOBJIEHHOE OTHOILIEHUE
curHai/mym. i 3Toro, nocjie1oBaTeIbHO OTKIJIIOYas UICTOYHMK LIyMa, U3MEPUTH
Ha BXOJE JEMOJIYJIATOpa pa3Max CUTHala (B JIEJICHHMSIX Ha dKpaHe) - 2a - (T. e.
JBOMHAs aMIUINTY/la CUTHAJA), & OTKJI0Yasi MCTOYHUK CUTHAJIA OT BXO/a KaHala U
BOCCTAHOBHMB LIYMOBOW CHUTHAJ - U3MEPUTH pa3Max IIyMa (TaKKe B IEJICHUSAX) -

6 0. HaiiienHnoe oTHOIIEHHE @/OC BHECTH B Tadmity 7.1.

2.4 llepeximouateneM «Bua MoAyisiuu» yCTaHaBIMBATh MOCIEAOBATEIBHO
AM, UM, u ®OM, nHabmogas no BchblmkaM cBeroguoga "OILIMBKA" wmm mo
OCLIMJUIOrPaMME BBIXOJHOTO CUTHAJIA IEMOAYJIATOPA YaCTOTY MOSIBICHUS OLIHOOK.
Pe3ynbrarsl HaOIIOAEHNI BHECTH B OTYET.

2.5 He u3MeHsst ypoBEHb IllymMa B KaHaJle, U3MEPUTh BEPOSTHOCTb OLIMOKHU
JEMOYJISITOpa B NMpPUEME CHMBOJIa 32 KOHEYHOE BpeMs aHainu3a (T.e. OLEHKY
BepoaTHOCTH omubku). [ns storo mpuBectn I[IK B pexum u3MepeHus
BepositHocTh omuOku (cm. [IPUJIOXKEHUE) u ycranoButh Bpems ananmza 5+10
c. Hauunas ¢ ®M, (a 3arem — UM u AM) omnpenenuTs 4uciao OMMOOK 3a BpeMs

dHaJIn3a U OOCHKY BCPOATHOCTH OIITNOKH. HOqueHHBIC JaHHBIC BHCCTH B Ta6J'II/IHy
7.1

Tabmuma 7.1

Bpewms ananmsa - ...c a/oc
Bun monyisaiun dM M AM

Yuciio ommbdok

OneHka BEpOATHOCTH
OIHUOKH

3 3aBUCUMOCTh BEPOSITHOCTH OIIMOKM OT TOPOTOBOTO HAIPSIKEHUS B
nemonaynsitope npu AM.

3.1 Ilepexmouwatrenem BUJ[ MOIAYJIALIMU  ycranoButeh  AM.
[ToTeHmoMeTp BHIXO/A TE€HEPATOPA IIIyMa YCTAaHOBUTH HA MUHUMYM. C TIOMOIIBIO
ocrmiorpada, MOAKIIOYEHHOTO K BBIXOAY HIDKHETO HWHTErpaTtopa, H3MEpPUTh

pa3Max IMUI000pasHOro HaIpsDKEHUS 110 BEPTUKaK B BoJbTaX — Umax.
3.2 3arotoBuTh TabIUILY 7.2, MIPETyCMOTPETh B HEM HE MEHEe 5 3HaUYCHUI

nopora U op.
Ta0muma 7.2

Bpewms anamusa - ...c

Unop 0 U max/2 Umax
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Yucio omumo.

POHI
3.3 Ilorernuomerpom «IIOPOI" AM» yctaHOBUTH 3HaueHue mopora Umay /2

(u3mepsia HanpsixeHue «E1/2» B KOHTPOJIBHOM TOYKE AEMOIYJISTOPA C MOMOUIBIO
BOJIbTMETPA MOCTOSTHHOTO HANPsDKEHMS ). Y BEIMYUTh YPOBEHb IIyMa B KaHAJIE 110
NOSIBIICHUA penkux coOoeB. He wMeHsst ypoBeHb IIymMa, H3MEpPUTh OLEHKY

BEPOSTHOCTH OMMOKHU 17151 3TOTO TIopora (Umay /2), @ 3aTeM U J1sl BCEX OCTaIbHBIX

suavenuit Uy, loctponts rpaduk sasucumoctu Poyy, = @ (Uygp)-
OTtuér

OTYéT NOJKEH coaepKaTh:
1 OyHKIMOHATIBHYIO CXeMY U3MEPEHUM.
2 OcuuuiorpaMmbl, TaOIUIBI U TPaUKH 110 BCEM ITyHKTaM U3MEPEHHIA.
3 BreiBojibI 0 myHKTaMm 2.4 u 3.3.

KOHTpOIBHBIE BOITPOCHI

1 KakoBo Ha3HaueHue aeMoayisTopa B udppoBoii cucteme cBsizu? B uem
€ro OCHOBHOE€ OTJIMYKE OT JIEMOAYJISITOpA aHAJIOTOBOM CUCTEMbI?

2 Yro Takoe ckajsipHOe Mpou3BeieHne curianoB? Kak oHO ncnomb3yeTcs B
aAropuT™ME pabOThI IEMOYJISITOpA?

3 MOHO JI1 B ONITUMAJILHOM JEMOJIYJIATOPE MPUMEHSTh COTJIaCOBAHHbBIE
bunbTphI?

4 Yto Takoe "KpuTepuil naeaabHoro HabmoaaTens"?

5 Uro Takoe "mpaBuio MakcUMyMa mpaBaonoaoous’?

6 Kak BeiOupaercst mopor pematomiero ycrpoictsa? Urto Oyzaer, eciu ero
U3MEHUTH?

7 KakoB anroputm npuHsATus pemeHus B PY?

8 OO0BsicHUTE HA3HAYCHUE KAXKIOTO OJIOKA IEMOAYIISTOPA.

9  Kak MoxHO paccuuTarh P TeOpeTHuecku 1 U3MEpUTh
AKCIIEPUMEHTAIILHO?

10 AnropuT™m ONTUMAIBLHOTO AEMOIYJSITOPA U ero GyHKIHOHAIbHAS cXeMa
st AM.

11 AnropuT™m ONTUMAJIBLHOIO IEMOYJISITOpA U €r0 (YHKIIMOHATIbHAS CXeMa
st UM.

12 OObsicHUTE pa3HUIly B TOMEXOYCTOMYUBOCTH CUCTEM CBS3H C PA3HBIMU
BUJIAMU MOYJISIIIUN.

13 OOBACHHUTH OCIUIUIOTPAMMBI, TIOJIYICHHBIC B PA3HBIX KOHTPOJIHHBIX
TOYKaX JIEMOIYJSATOPA (ISl OJJHOTO M3 BUJIOB MOAYJISIIUN).
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Jlaboparopnas pabota Ne 8
"HccnenoBanue ONTUMAaIbHBIX KOTE€PEHTHBIX AEMOIyJIATOpoB OM
n OPM cursaiaos"

Llenb paOoThI : U3yYEHUE NPUHLMIA JEHCTBUS AeMOAYIiTOpoB M u OOM
curHanoB. M3ydenue BiausHUS (a3pl OMOpPHOro KojeOaHuss Ha padboTy
nemoaynsitopa. PaboTta nemonynaropa B yCIOBUSIX TOMEX.

Kparkune cBenenus us teopuu

OO11re TeopeTUIeCKUe CBEJCHHS O MPHHIMIAX MOCTPOCHUS ONTHUMAIBHOTO
MPUEMHUKA U3JI0KEHBI B TabopaTtopHO padote Ne 7.

HuckpetHas dhazoBas Moy (JJOM).

Cxema s nmpuema curHainoB UM (pucyHok 7.4) mpuroaHa mjis npruema
CUTHAJIOB TUCKpEeTHOHN (a3zoBoit Mmoaymsauuu (IDM), ecan B kauecTBe OMOPHBIX
CUTHAJIOB HCHOJb30BaTh curHaiel Sq(t) = A cos wot m S »(t) = - A cos wot.
CrpykTypHas cxeMa npueMHuka curaainoB JJ®OM noka3aHa Ha pucyHke 8.1.

m
—e X = IZII
&
}{(t) S1ﬂ) ¥ S1
CxemMa
1 CpaBHeHWUA <:
Sz(t) F 3 82
¥
5
L X s
E.I

Pucynok 8.1 - CTpykTypHasi cxema KOreépeHTHOTO IPUEMHHUKA
cur"aios JJOM
Onnako mis npuema curdHanioB JI®OM cxemy (pucyHok 8.1) MOXHO
YIOPOCTUTD, €CIIM UCTIOIB30BaTh OJWH OO KOppensaTop (pucyHOK 8.2).

S
L ¢ A A | Cxema
. T ,]I "| cpaBHeHWA
OANY. U, = cos Wqt T S,

r 0

Pucynok 8.2 - YopoienHast cxema nnpuemauka JJOM
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Ecim X(t) comepkut curram Sq(t) = A COS Wot, #a BBIXOJE HMHTErpaTopa
uMeeM Hanpspkenue, pasaoe ByU, (0) > 0. Eciu xe X(t) comepxxut curran So(t) =

- A cos wOt, To Ha BbIXOJIe HHTErpaTOpa MMeeM Hampsbkenue, paBaoe ByU, (0) < 0.
Hampsixenue Ha BbIXOJE WHTErPAaTOpa CPABHUBACTCS C MTOPOTOBBIM HAMPSIKCHHUEM,
PaBHBIM HYJIO, ¥ B 3aBUCUMOCTH OT pE€3yJbTaTOB CPABHECHHSI CXEMBI BBIJACT
CUTHAJIBI S1 WM S).

B paccMOTpeHHBIX 3/1€Ch KOPPETSIMOHHBIX MPUEMHUKAX OCYIIECTBISICTCS
KOTEPEHTHBIH TPUEM CUTHAJIOB, TI03TOMY TIPUMEHSEMbIE B TPUEMHHUKAX

TeHEepaTOPhI JODKHBI BBIJIaBaTh onmopHbie curHaibl S1(t) u So(t), coBnamaromue ¢
aHAJIOTMYHBIMU PUHUMAEMBIMU CUTHAJIAMU C TOYHOCTHIO 70 ¢a3bl. [losTomy mss
paboThl PACCMOTPEHHBIX 3/€Ch KOPPEJSIMOHHBIX MPHEMHHUKOB TpedyeTcs
CUHXPOHU3AIMSI MECTHBIX reHepaTopoB curHainoB. Ha pucynke 8.2, Hampumep,
NYHKTUPOM IMOKa3aHa IIeMb CHHXPOHU3AIMHU OMOPHOTO reHeparopa I BXOIHBIM
curHayioM X(t) ¢ MOMOIIBIO CIIEIUAILHOTO YCTPOUCTBA (ha30BOM aBTOIMOICTPOUKH
yacToThl (DAITY).

Opnako mnpuemMHukd curHanoB J®OM  o0nagai0T  CyIIECTBEHHBIM
HegocTaTkoM. OCHOBHOM HEJOCTATOK — MOTEps TAKTOBOW YaCTOTHI MPH IMepeade
JUIMHHOM cepun HyJed. Ha nmpueMHON CTOpOHE NpU IEMOIYISLUWNA NPUHSATHIN
CUTHAJI CPAaBHUBAETCS C OMOPHBIM CUTHAJIOM, ITPU 3TOM e€ciH (ha3bl COBMAIAIOT, TO
oepma 1, vet — 0. Ecnim dasza omopHoro curnana n3menutcs Ha 180°, To 1 Oynmer
BocrpuHaTa Kak 0, a 0 xkak 1. Takoit apdekT HazpiBaeTcsa “oOpaTHON pabOTON” U
UMEHHO IO 3TOM mpuurHe (pa30Basi MOAYJISIUS HE HAILIA IIUPOKOTO MPUMEHEHUS
B Texumke I1JIC.

JuckpeTHas oTHOcuTeNbHas pazoBas moayssnus (JJODOM).

Uckmiouenne siBieHus ‘“‘oOpaTHOW palOoThl” oOecreunBaeTcs TUCKPETHOM
oTHocuTeNnbHOU (pazoBoit moayssiuueit. [Ipu JIODOM otcuer ¢aspl nepeaaBaeMoro
CUTHaja MPOU3ZBOJUTCS HE OTHOCUTENBHO HECyIled, a OTHOCHTEIHHO
npeabIayero ajeMenta. [lpu Moaynsiuuu eauHuIbl, (aza JIEeMEHTOB MEHSAETCS
Ha MPOTUBOIIOIOKHYIO, TP HYJIE OCTAETCS TaKas e, KaK y IpeIblIyIIero.

Takum o0Opa3zoMm, TpeOOBaHHUE [IOJTOBPEMEHHOW CTaOMJIBHOCTH YacTOThI
(da3er) 3ameraeTcsi CTaOUIIBLHOCTBIO YacTOTHI ((ha3bl) 32 BpeMsl MOCHUIKH OJHOTO
CHUMBOJIA.

Cnengyer oTMeTUTbh, 4TO (ha3a MEPBOTO AJIEMEHTA HEONpeNeNIEHHA, TaK Kak
IUIA HEeTo HeT npeabiaymiero. [loaToMy npuem HaunHAETCS CO BTOPOTO JIEMEHTA.

[Tpuem curnanos JJOD®M Bo3MOKEH IBYMs CIIOCOOAMM:

1) ciocobom cpaBHeHHs (a3 (HEKOTEPEHTHBIH TPUEM)

Cxema npuemnnka curiainoB JJO®M metonom cpaBHeHHs (a3 mpuBeAeH Ha
pucyHke 8.3.

DNeMEeHT MaMsTH 3a/IepKUBAET CUTHAJ HAa OJIMH €IMHUYHbIN nHTepBai. O/l -
CpPaBHMBAET CUTHAJ C IPEABIIYIINM - 3aJiepxKaHHbIM. Pematoniee ycrporicto (PY)
ompenensieT, eciu (a3bl COBMAa0T, To npuHAT “0”, ecnu HET, To “17.
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Pucynok 8.3 - Cxema npuemHuka curiaio JJOOM
110 METOy CpaBHEHHs (a3

2) cioco0OM CpaBHEHUS MOJSIPHOCTEH (KOTEPEHTHBIN TIPUEM )
Cxema npuemHuka curtaioB JJODM MeTo10M CpaBHEHUS MOJAPHOCTEN
MIPUBEJICH Ha pUCYHKE 8.4.
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Pucynok 8.4 - Cxema npuemnuka curtainos JJOOM
10 METOJy CPABHEHHSI MOJISPHOCTEN

B ganHoM cnyyae omopHblid curHan (GopMmupyeTcs U3 ero padoueit
MOCJIEIOBATEIbHOCTA IyTEM YMHOKEHHUS HECYyIled YacToThl Ha JBa U €€
MOCIICAYIOLIEro AeNeHUsT Ha JBa (s yCTpaHeHus (a30BOTO CIBHUra B OMOPHOM
kosneOanum). Jlanee uaer cpaBHeHHE (a3bl KaXJAOro €IUHUYHOTO DBJIEMEHTa C
(dazoit omopHoro, kak y JI®M wu pemaroriee yCTpOHCTBO MO 3HAKY MOJISIPHOCTH
CUTHAJIa Ha BBIXOJIC IEPEMHOKUTENS ONPEEIIET UCXOAHYIO MOCIE0BATENbHOCTb.
Tak kak uH(pOpMaIUs 3a10KEHA B U3MEHEHUU (Da3bl OTHOCUTENILHO MPEAbIAYIIETO,
To “oOpatHON paboTer” He Oymer. OmHAKO TPU OMMOKE B OJHOM DIIEMEHTE

BBUIETAIOT JBa, 3TOT U MOCIEAYIOUINI, KOTOPBI ¢ HUM CPaBHUBAETCA.

CpaBuenue crnoco0oB npuema cursainon JJOOM.

B “cpaBHenuu a3’ mpu NPUHITUH PEIICHUs] UCMOJIb3YIOT JBa CUTHala C
noMexo. B “cpaBHEHMM MOJISIpHOCTEH OJWH CUTHAJ C IIOMEXOW W OJIUH
“qucThlid” - onopHbIA. [ToaTOMY “NIONSAPHBIN" MPUEMHUK JTOCTOBEPHEE.
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KpaTKa}I XapaKTCPUCTHUKA UCCICAYCEMBIX LICHCﬁ N CUTHAJIOB

B pabore wucnonb3yercss yHUBEpPCAIbHBIA CTEHJ CO CMEHHBIM OJIOKOM
"MOAVYJIATOP - JOEMOJIVYJIATOP", ¢dyuknuonansHas cxemMa KOTOPOTO
MpUBe/IeHa Ha pUCYHKE 8.5.

S0 - 0,5E;

Y] [T L E

s 12
o—1 MOO¥NATOR |—= o—| KAHAIT o JEMO N Y NATOR Yo
[ 1 l Xz
So = ﬂ(t] l ‘L
S - 0,5E;

Pucynok 8.5 - @yHKIIMOHAJIbHAs cCXeMa
CMEHHOT0 0JI0Ka "MOIYJISITOp - AeMOAYyaATOp"

Hctounukom mudpooro curHana sisnsgercs KOJIEP-1, kotopsiii BelmaeT
MEPUOJANYECKYIO TOCIEI0BATEIbHOCTh K3 MSATH CUMBOJIOB. C  MOMOIIBIO
TyMOJIEPOB MOKHO YCTAaHOBUTH JIO0YIO MATUAIEMEHTHYIO KOJIOBYI0 KOMOMHAIIMIO,
KOTOpasi WHIAWLHUPYETCS JIMHEUKOM U3 IMISITA CBETOJAMOJHBIX HWHIMKATOPOB C
Hagnucbio "IIEPEJJAHO". B 6moke MOIVYJIATOP npoucxoaut Momymisius
(MaHUMYSAUKS) ABOMYHBIMU CHMBOJIAMHM ''BBICOKOYACTOTHBIX'" KoJieOaHMM 1O
aMIUTUTYJIe, 4acToTe Wih (a3ze, B 3aBUCUMOCTH OT MOJIOKEHUS MEPEeKII0YaTeNs
"BU MOAVYJIALIUN" - AM, UM, ®M unu OOM. Ilpu "HyneBoM" nosioxeHUN
NEPEeKIIoYaTeNsl BBIXOA MOJIYJSATOpA COEAMHEH C €ro BXOJOM (MOIYJSLIUS
OTCYTCTBYET).

KAHAJI cBsi3u mpeacrtaBiser co0OMl cyMMaTop CHUTHajga C  BbIXOJa
Moayisitopa W I1ryma, reHeparop koroporo (I'Il) pacnonoxken B 0Oyoke
NCTOYHUKN CUI'HAJIOB. BuyTtpeHHuii reHepaTop KBa3uOeEIOro Iyma,
UMUTUPYIOIIHUM IIIyM KaHaja CBA3HU, pabOTaeT B TOM K€ MOJI0CE YaCTOT, B KOTOPOM
PacCIOJIOKEHBI CIIEKTPhHI MOIYTUPOBAHHBIX CUTHANIOB (12 + 28 kI'm).

JEMOJVYJISATOP BbIOAHEH MO KOTEPEHTHOW CXEMe C JIBYMSI BETBSIMU,
KOMMYTAIs BHJIOB MOAYJISIIMU - O0ImIas ¢ MoayasTopoM. [loaTomy 3TamoHHBIE

CHTHAIBl S() U S1 M IOPOrOBHIE HANPSHKEHHMS B KOHTPOJBHBIX TOYKAX CTEH/A
MU3MEHSIOTCS aBTOMATUYECKH IPYU CMEHE BUJ1a MOYJISILIUU.

3nakamu  (X) Ha (QYHKIMOHAIBHOW cXeMe OOO3HAYEHbl aHaJOrOBbIE
NEPEMHOKUTENN CUTHAJIOB, BBIMIOJHEHHBIE Ha crielanin3upoBanHbix UMC. brioku
MHTErPaTOPOB BHIMIOJIHEHBI HA ONMEPALMOHHBIX YCUIIUTEISAX. DIEKTPOHHBIE KIHOUH
(Ha cxeMe He I0Ka3aHbl) pa3pskKalT KOHJIEHCATOPbl HWHTErPaToOpoOB IEpen
HayaJoM KaKJI0TO CUMBOJIA.

CymMmaropsl () mpeaHa3HadyeHbl U BBEACHHsS IOPOTOBBIX 3HAYCHHI
HaIpsOKEHUH, 3aBUCSIINUX OT SHEPTUH 3TAJIOHHBIX CUTHAIIOB Sg U S71.

biok "PY" - pemaroliiee yCTpoMCTBO - MpeICTaBIsAET COO0M KoMIapaTop, TO
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€CTh YCTPOICTBO, CPAaBHHMBAIOIIEE HAIPSHKEHHS Ha BbIXOAax cymmaTopoB. Camo
"pemenue", T.e. curHan "0" wiam "1"momaercs Ha BBIXOJ AEMOIYISATOPA B MOMEHT
nepes; OKOHYaHUEM Ka)KJIOTO0 CMMBOJIA U COXPaHSIETCS 0 MPUHSTHUSL CIETYIOLIEro
"pemienus". MoMEHTBI TpUHATHS 'pemieHus" U MOCIEAYIOUIEro  pas3psia
KOHJEHCATOPOB B MHTErpaTropax 3aJar0TCsl CHEHHUATbHOW JIOTMYECKOU CXEMOM,
YIPaBJISIIONICH AJIEKTPOHHBIMUA KOMMYTAaTOPaMHU.

Hns  nemonynanuu curHaioB ¢ OOM k cxeme aemoxayistopa OM
n00aBIArOTCS OJI0OKU (HA CXeME HE MOKa3aHbl), KOTOPHIE CPAaBHUBAIOT MPEABITYINECE
U Tocienymwllee pemeHus aemoxayisaropa @M, dYTo 1O3BOJSIET CHENATH
3aKJIFOUCHHE O CKauke (ha3bl (MJIM €r0 OTCYTCTBHUU) B IpUHUMaeMoM cuMBoJie. [Ipu
HAJIMYUM TaKOTO CKadyka Ha BBIXOJ JEMOAYJATOpa mojaercs curhain "1", B
npoTuBHOM citydae - "0". B cmenHOM OJ10Ke IpeIycCMOTpeH TymoJiep,

HEPeKITIOYaloNnil HadalbHy1o (a3y (@) omopHoro konebanus (0 Uiau /1) — TOJBKO
1t @M u ODM. [l HopMaIbHOM paboThl JEMOYIATOPA TyMOJIEp JT0OKEH OBITh
B HYJIEBOM IOJIOKEHUH.

IIpr amMnMTynHOW MaHHMYJSLMM IPELYCMOTPEHA BO3MOXKHOCTb PYYHOU
YCTAaHOBKHU TMOpPOTa C ILEJIbI0 MU3YYEeHHs €ro BIUSHUS Ha BEPOSTHOCTH OLIMOKU B
npueme cumBoiia. OneHka BeposTHOCTH omuOku mpousBogutcs B IIK myrem
noJicueTa yucia OMMOOK 3a ompeneieHHoe Bpemsi aHanmuza. CamMu CHUTHaJbI
omnOKu (B CUMBOJIE WIH «OyKBe») (hOPMHUPYIOTCS B CHEHUAIBHOM OJIOKE CTEH/AA
(«KKOHTPOJIb OHINBOK»), pacnonoxxkenHoMm Huxe Onoka ATl Jlna
BU3YaJIbHOTO KOHTPOJISl OIIMOOK B CTEH/IE UMEIOTCSI CBETOJIMOAHBIE MHIUKATOPBI.

B kauectBe H3MEpUTENbHBIX NPUOOPOB HCMONB3YIOTCA JBYXKaHAJIbHBIN
octorpad, BcTpoeHHbI BonbTMeTp U 1K, paboraromuii B pexume mnojcyera
OLIMOOK.

JlomaiHee 3aaHue

1 M3yuuTe OCHOBHBIE pa3/ieibl TEMbI IO KOHCIIEKTY JIEKIIUN U JIUTEpaType:
[3] c. 159+174, 181+191; [4] c. 165+192.

JlabopaTopHoe 3aaHue

1 HaGmromaiite ocUIOrpaMMBbl CUTHAJIOB B Pa3JIMYHBIX TOYKAX CXEMbI
JAEMOIyJISITOpa MPU OTCYTCTBHH IIIyMa B KaHAJIE.

2 HaGnropaiite mosiBieHne OMIMOOK B paboTe AEMOAYIATOPA MPU HATNIUH
IrymMa B KaHaJe.

3 H3mepbTe BEpOSITHOCTHh OMIMOKH B IPUEME CUMBOJIA MPU GPUKCUPOBAHHOM
OTHOIIECHUH CUTHAJI/IIIYM JJISl pa3HbIX BUAOB MOIYJISIIHH.

4 Habmonaiite a3 ekt "obparHoit paboTer" aemomynstopa npu OM.

Meroanueckue yka3aHus

1 PaboTa nemoynsTopa B yCIOBUSAX OTCYTCTBUSI IIOMEX.
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1.1 CoOepure cxemy u3MepeHHil coriacHo pucyHka 8.6. TymOnepamu
KOJEPA — 1 naGepure m00yi0 IBOMYHYIO KOMOWHAIMIO W3 5 3JIEMEHTOB.
Tymbnep ¢asupoku omnopHoro konedbanuss JEMOIAYIIAATOPA ycraHoBUTH B
nonoxxkenne "0". CoemuHuth BbIXOJ TreHepartopa 1myma (I'LLI) B Gioke
MUCTOYHUKU CUTHAJIOB ¢ Bxomom N(t) KAHAJIA cBsasu. Iorenumomerp
BBIXOJIa T€HepaTopa IIyMa - B KpalHEM JIEBOM MOJOXEHUH (HANpsOKEHUE IIyMa
OTCYTCTBYeT). BXon BHemIHEHl CHHXpOHM3AIMK ocuuuiorpada COSAUHUTH C
rae3goM C2 B 61oke UICTOUYHUKH, a ycunurenun BepTHKAIbHOIO OTKIOHEHHS
Jy4yell MepeBeCTH B PEXKUM C OTKPBITBIM BXOJIOM (IUIsl MPOITYCKAHUS OCTOSTHHBIX
COCTABJISOLIUX UCCIIETYEMBIX ITPOLIECCOB).

Komnep 1 [
E Mogynatop |l—e—  KaHan e Jemoaynarop |—e—Ccuunnorpad
[nty
Mo : FOHTpONE Bxon M
owunbor 4ot = a
E CHMMEONE A, B

Pucynok 8.6 - @yHKIIMOHAJIbHAS CXEMa U3MEPEHUN

1.2 KHONKOW NEepeKnoYeHusl BHIOB MOIYJSLMM YCTAHOBUTH BapuaHT “0”,
cooTBeTCcTBYyIOIMKA curHainy Ha Bxoae MOIVYIIATOPA. CHsB ocumuiorpammy
ATOrO CUTHAJIA U, HE MEHSS PeXUM pa3BEPTKU oclrIorpada, BbIOpaTh OUH U3
BUA0B Moayimsiiuu  (OM). 3apucoBarh OCHWIIOTPAMMbl B CIEAYIOIIUX
KOHTPOJIBHBIX TOUKAX IEMOAYJISITOpA:

- Ha BXOJIE IEMOAYJIATODA;

- Ha BBIX0/1aX MIEPEMHOKUTENEN (B OJHOM MacuITade 10 BEPTUKAIBHON OCH);

- Ha BBIX0/IaX MHTETPATOPOB (TAKKE B OJTHOM MaciiTabde);

- Ha BBIXOJIE AEMOYJISITOPA.

Ha Bcex mosy4eHHbIX OCHMIIIOTpaMMax OTMETUTH IOJOKEHUE OCU BPEMEHU
(T. €. MOJIOKEHUE HYJIEBOTO YPOBHA curHaina). [[ist 3Toro MoxkHO 3auKCHPOBATH
MOJIO’KEHUE JIMHUU Pa3BEPTKU MPHU 3aMbIKAaHUHU BXOJHBIX 32KMMOB ocLiiiuiorpada.

1.3 IToBTopuTsk 11. 1.2 i1 apyroro Buaa Mmanunysiauu (OPM).

1.4 Tlepexitouas BUABI MOTYJIAINHA, HAOMIOJANTE, KAK MEHSIFOTCSI CUTHAJIBI HA
BBIXOJIaX UHTETPATOPOB.

1.5 YcranoBure Bua moaymsinuu @M. 3apucyiTe OCUMILIONPaMMbl CUTHAJIOB
Ha Bxogae MO VYJISATOPA u Beixoge AEMOAVYJIATOPA npu aByx moJIOKEHUAX
TyMOepa ¢da3supoBku ornopHoro kojebanus - 0 u 180°. OOparure BHUMaHUE Ha
cocrosiaue ceeroanogaHoro nuankatopa OLIMBKA B CUMBOJIE. 3adukcupyiite
B OTYETE POJIb (Da3UPOBKHU OMOPHOTO KOJeOaHus sl pabOThl JEMOAYIISITOpPA

®M. 1.6 IloBropute myHKT 1.5 1 OOM.

2 PaboTa n1eMoayasiTopa B yCIOBUSIX TOMEX.
2.1 Tlepexmouatenem BUJL MOJIYJISALNU ycranoButs @M. [ToaxmrouuTh
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OJIMH M3 BXOJIOB JIByXKAHAJILHOTO OCIIMLIOrpada K BXOy MOJIYJIATOpa, a BTOPOU -
K BBIXOAY AemMonayisitopa. [lomydnte HeMOABUKHBIE OCITUIUIOTPAMMBI ATHUX
CUTHAJIOB.

2.2 IlnaBHo yBenuuuBarth mnoteHiumomerpoM [T HampspkeHue 1mIyma,
N0OUBAsICh MOSBIICHUS PEIKUX COOEB HA BBIXOAHOW OCHMIIIIOTPAMME MJIM Ha Ta0JI0
«ITPUHATO» penkue Bcnbimiku ceToguoaa "OILIINBKA".

2.3 C nomomipio ocuuuiorpaga H3MEPUTh YCTAHOBJIEHHOE OTHOIICHHE
curHay/mrym. JIjist 3TOTo, MOCie0BaTeIbHO OTKIII0Yas UCTOYHUK IITyMa, U3MEPUTh
Ha BXOJI€ JEMOAYJISITOpa pa3Max curHaiga (B JeJIeHUSX Ha dKpaHe) - 2a - (T. e.
JIBOIHAS aMIUTUTY/a CUTHANA), a OTKJIF0Yasl UCTOYHUK CHTHAJIa OT BXOJa KaHalla u
BOCCTAaHOBUB IITYMOBOMW CUTHAJI - U3MEPUTH pa3Max IryMa (TakxKe B JCICHUSIX) -

6 0. Haiinennoe oTHoIeHWEe @/0 BHECTU B Tabauiy 8.1.

2.4 Tlonp3ysich METOAWKON W3MEpPEHHsS OLIEHKH BEpOSTHOCTH OIIMOKH,
U3JI0KEHHOU B 1.2.5 mabopatopHoi paboTel Ne 7, ompeaenuTh YUCiIO OUIMOOK U

Py 1t ®M u OOM. [NonyueHHble TaHHBIC BHECTH B Ta0uity 8.1.

Ta0mura 8.1
a/o=... Bpewms aHanmsa ...c
Bung Mmonynsunmn OdM OdPM

Ywucao ommbok
O1eHKa BEPOSITHOCTH OIMHOKH

Otuér

OTY€T NOJKEH COJePKaTh:

1 OyHKIMOHATBHYIO CXEMY U3MEPEHUM.

2 OcuuiiorpaMMBI IO MMyHKTaM U3MEPEHUH, Ta0IuILy.
3 BeiBogsl no nyHkTam 1.5, 1.6, u 2.5.

KoHTpoapHbBIE BOITPOCH

1 KakoBo Ha3HaueHue 1eMoaynaTopa B uudpoBoi cucteme cBs3u? B uem ero
OCHOBHOE OTJIMYHE OT AEMOAYJIATOPA aHAJIOTOBOW CUCTEMBI?

2 Yro Takoe CKaJIsipHOE NPOU3BEICHUE CUTHANIOB? Kak OHO HCHOJIb3yeTCs B
aNropuT™Me pabdoThl AEMOyIATOpa?

3 MOHO 71 B ONTUMAIIBHOM JIEMOYJISITOPE PUMEHSTH COIIACOBAHHBIE
GbunbTpHI?

4 Yro Takoe "KpUTepuil ujearbHOro HaomoaaTess'"?

5 Uto Takoe "mpaBuio MakcuMyma mpaBaonoaoous’?

6 Kax BriOupaercs mopor pematoiiero ycrporcrsa? Uro 6yaer, eciu ero
W3MEHUTH?

7 KakoB aJirOpuT™M NPUHATHS pelieHus: B PY?

8 OOBsICHUTE HA3HAYEHUE KAKI0TO OJI0KA JEMOTYIISITOPA.
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9 [louemy (azoBasi MAaHUMYJISIMS HE MOJYYHIIA IIUPOKOTO PACIpPOCTPAHEHUS
B CUCTEMaXx CBA3U?

10 Yo Takoe "obpatHas paborta gemomynstopa?

11 AAropuT™ ONTUMAIBLHOTO AEMOIYJISITOPA U ero GyHKIHOHAIbHAS cXema
g OM.

12 AAropuT™M ONTUMAIBLHOTO AEMOIYJISTOPA U ero GyHKIHOHAIbHAS cXema
w11 OOM.

13 OOBsicHUTE pa3HUILY B IOMEXOYCTOMYMBOCTH CUCTEM CBSI3H C Pa3HBIMU
BUJAMHU MOJYJISIIUH.

14 Kak MO>XHO TIOJTyYUTh OMOPHOE KOJIeOaHWe U3 MPUHUMAEMOI0 CUTHAJa
1 DM u OOM?

Jlaboparopnas padota Ne 9
"HccnemoBanne NOMEX0yCTOMYMBOCTH CUCTEMBI CBA3U MPU PA3HBIX
BUJIaX MOIYJISALIUN"

Llenab pa®oThl: U3MEPEHUE OLIEHOK BEPOSTHOCTH OLIMOKU B MPUEME CUMBOJIA
IPU Pa3HBIX BUJAX MOAYJIALMU U Pa3HBIX OTHOLIEHUSIX CUTHAI/IIYM.
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Kpatkue cBeaenus u3 reopuu

Jlist nepenaun snemeHToB JBoMYHOrO kona (0 m 1) 0ObIYHO HCHOB3YIOTCS
CUTHAJIbl C JUCKPETHOW aMIUIMTYyAHOW wmoaynsiuuer (AM), dacTOTHOM
moxaymsituert (UM) u dazosoit mogymsnueit (OM) wnm oTHOCUTENTHHOU (Da3oBOiA
moxayismuei (ODM).

B mnpouecce nepenaun aneMeHTbl KOJa UCKaXKaK0TCsl IOMEXaMu, IPUYEM,
HAOJII0/IAI0TCS OMINOKU ABOSIKOTO POJA:

1) I[Ipu nepenaye snementa 0 MOKET BbITh IPUHSAT 3JIEMEHT 1, BEpOSATHOCTh
takoro coObrtus (nepexona 9—>1) o6o3naunm uepes p(1/0).

2) Ilpu nepenaue snemeHTa 1 MOXXeT ObITh MPUHAT 3eMeHT 0, BEpOSITHOCTD
takoro coobrtus (mepexoma 1—0) o6o3naunm uepes p(0/1).

[ToHast BEpOATHOCTH OMUOKH OMPEAEIIICTCS 10 hopMyIie

P =PO)yxp(1/0)+ P1)x p(0/1) (9.1)
B nanpHelimem Oynem cuuTaTh, YTO ampUOpPHBIE BEPOSATHOCTH MEperadyu
DJICMCHTOB KOJla paBHBI, TO €CTh P(0)=P(1)= 0-5, Ipu 3TOM

Pom =0.5x [p(” 0)+ p(0 “)] . (9.2) Tlomexy B kaHaie

CBsI3U OyJIeM CUUTATh (IIIOKTYallMOHHOW ¢ HOPMaJIbHBIM
3aKOHOM pacCIIpeAeIeHUs] MTHOBEHHBIX 3HAYCHUN

2

W (X) = 1 xe - 20
T (9.3)
\ 27O
rIe:
% - cpenHee 3HaYeHKE (IIOCTOSTHHAS COCTABJISIOINIAS) CIIY4aifHOIO Ipoliecca,

O 2 - qucnepcus ciy4yaitHoro npoiecca (MOIHOCTh NEPEMEHHON
COCTAaBJISIFOLIEH, BblIEsieMas Ha conpoTuBieHnn 1 Om).

[TomexoycToitunBocTh puema curHasiop AM, UM, @M B yKka3aHHBIX BBIIIIE
YCIIOBUSIX MOKHO OIpPEACINUTb, BBIYUCISAS CPEAHIOI BEPOSITHOCTh OIIMOKH
CIEAYIOIIUM 00pa3oM.

AMIUTATYTHAS MOTYJISIITHSI.

OnemeHTaMu curHajga AM SBISIOTCA TOCBUIKK (KOJOBBIM 3yemeHT "1") u
nay3bl (KoJ10BbIM 31emeHT "0")

S,(t)=axsin ot

Sz(t)zo } 0<t<T

rae T - JJIUTEIbHOCTD DJIEMEHTA CUTHAJIA.

HexorepenTtHsiit npueM.
[Ipuem curnana AM B 3TOM cilydae OCYIIECTBISIETCS MYTEM CpPaBHEHMUS
YPOBHSI CHUTHaJIa TOCJIC aMIUTUTYJIHOTO JeTEeKTopa (JIeTeKTopa orubaromiei) c

HEKOTOPHIM MOPOTroBbIM YPOBHEM Upopor (PUCYHOK 9.1). Peniaroriee ycTpoiicTBo
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paboTaeT MO ClEAyIIMeMy IPaBWIy: €CJIM HalpsOKEHHE Ha BBIXOJE JETEKTOpa

npeBbimaeT Upgpor , TO HA BBIXOJIE PEIIAIOMIEr0 yCTPOUCTBA PUHUMAETCS PEIICHHE
0 mpueMe curHaina «1», B MIpOTUBHOM Cilydae — pellieHre o nprueMe curtaia «0».

1
ITomocoroit A VI TV THEIL Pemraroiee
—— g e i S
s Tp oeTeKTop VCTPOHCTEO
0
Unopor

Pucynok 9.1 - CtpykTypHas cxemMa HEKOr€peHTHOTO MPUEMHHKA
AM curnaion

OmuOKY BO3HUKAIOT B CIyYasx:

1) Ilpu mepenave MOCHUIKM Orudaroiias CyMMbl curHajia U mnomexu (E.,)
OKa3bIBa€TCsl MEHBIIIE IOPOTOBOTO YpoBHs (mepexon 1—0),

2) Tlpm nepenave nay3el orudaromias nomexu £y, okaspisaercst 6onbime Upopor
(epexox 0—1),

AHaIUTUYECKU BEPOSTHOCTh OLTMOKM MOYKHO 3aMKcaTh B CIEIYIOIIEM BUIE

PO/ D= [, )dE,; (9.4)

p(1/0)= [w(E,)dE, |
i

n

rue: E? E,

- pCHCCBCKI/Iﬁ 3aKOH pacCHpCACIICHUA IIJTIOTHOCTH BEPOATHOCTU ITOMCXH;

2 2
E -F _“+a E _xa
w(E )=—"2 xex = xI |—
cn o 2 0 2
o 20 o

— 3aK0H Paiica pacnpenenenus mI0THOCTA BEPOSITHOCTH CUTHAJIA + TTOMEXH.
CpenHsist BeposSTHOCTh OIIMOKHU ¢ yueToM (9.2) u (9.4) paBHa

U, o
P =05x| [ W(E,)dE, + [o(E,)dE, (9.5)
0 U

n

3unauenue P ;4 )/ 3dBUCUT OT IIOPOTOBOTO ypOBHHUI—IOpOF. MoxHo
MOKa3aTh, YTO BEPOATHOCThH OMUOKH MUHUMAJIbHA, KOTa

U=la
2
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(CCHI/I 612 - 0—2 )
Ilocne BeruncieHus HHTCrpaia (95) IMOJIYYHM

1 h h*
£ =0.5x|—|1-D| — || +exp| ——
oA n NG P 4 (9.6)
rae:
e
W =F - OTHOIIIGHWE MOIIHOCTeH CHUTHajga U TOMeXH (OTHOIICHHUE
o
CUTHAJI/IIyM);
X2
()= x| o BT TaOyIMPOBAHHBIN UHTErpas BEPOSITHOCTEH.
2’]’1’ 0
42
1 T
Eciu he >> 1 TO ﬂmm’“ae A (9.7)

MakcumanbHas MOMEXOYCTOMYMBOCTh NpH NpuUeMe curHaioB AM
HaOJIIOAAEeTCsl B TOM CJIy4ae, €CJIH IMepe]] IETEKTOPOM NPUMEHSIETCS ONTUMAJIbHAS
¢unbrpanus curHaios. IIpu sTom obecrneunmBaeTcss MakCHMaldbHOE OTHOIIEHHE
CUTHAJI/IIIyM, paBHOE

2
b2 = a“xf
¢ 2xN?
o 2 x
rae 5 =F - 3Heprus NpUHUMAEMBbIX ITOCHLIOK,

NU - CIICKTpaJibHas IIJIOTHOCTb IIOMECXH.

KorepenTtHsii mpuem.

[Ipy KOTEpEeHTHOM NpUEME MPUMEHSETCS CUHXPOHHBIM AETEKTOP, KOTOPBIH
YCTPAHSIET OPTOTOHAIBHYIO COCTABIISBIIYIO BEKTOpA MOMEXH (PUCYHOK 9.2).

Ilonocoroit ANTLITHT Y THEIE Pemarrmee
e Tp JeTeKTop VCTPOHACTRO

Korepenraoe
—®=  omopHoe

HAIIpAE eHITe
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Pucynok 9.2 - CtpykTypHas cxema KOrepeHTHOTO TpueMHuKa AM CHrHajIoB

Cocrapmsiomast momexu X = £ xcos® MMEET HOPMAIIBHBIA 3aKOH

2
pacupeacicHusg 1 MOOJHOCTD X = . HOC—)TOMy BEPOATHOCTDb HCKAKCHUSA

nocbUlKu p(0/1 ) v BepOATHOCTb UCKaXKeHUs nay3bl p(1/0) OyayT paBHbI

p(on):UfW(x/a)dx u p(/0)= }DW(x)dx
0 Un
rie: 1 x° u 1 (x-a)°

W(x)=

Wx/a)=

xexp|-——= X eXp|——ri—
2o P 25° NoY T P 26°

- TUIOTHOCTH pacIipe/ie]ICHHs BEPOSTHOCTEH CUTHAIOB Ha BBIXOJIE AETEKTOpa
P TIPUEME TTOCHUTKH 1 TTaY3bl.
Cpennsist BEpOSITHOCTD OIITMOKHU

2 @
P g =053 [ W(x/a)dx+ [W(x)dx (9.8)
0 U
U =la
Ecnn 2 | BEpOSITHOCTH OMIMOKH MPHUMQIbHA U PaBHA
P =1 1-@|— 9.9
omAM 5 N2 (9.9)
2
T h2 — L _ /
ne S OTHOILICHUE CHTHAI/IITYM.

MaxkcumanbHas (MOTEHIMAIbHASI) MTOMEXOYCTOMUYMBOCTh NpPHUEMa CHUTHAJIOB
AM wumeer MecTo, Korja IOCJI€ JAETEKTOpa OCYILECTBIISETCS ONTUMAasbHas
¢unbrpanus curHana. llpm 3TOM [OCTHraeTcss MAaKCUMAallbHOE OTHOLIEHHE
CUTHAII/IIIyM 5

a7l
° 2N,

YactoTHass MOIyISLIHS.

DiieMeHTaMu curdaia npu UM saBisitoTcs
S (H=axsinat
: 0<#LT
S, (H)=a xsin w,t
B npueMHuKe CUTHAIBI pa3IessitoTcs ¢ MOMOIIbIO (UIBTPOB, HACTPOCHHBIX

Ha 9aCTOThI (W] U (W2 C MOCICAYIOINIUM NJCTCKTUPOBAHHUEM.

HexorepeHTHbIN pUEM.
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[Ipu nmpueme curnanoB UM (pucynok 9.3) B ogHOM 3 (QHUIBTPOB Bcerna
IPUCYTCTBYET CyMMa CUTHaja U MOMEXH, a B APYroM TOJbKO rnomexa. Ommuodka
IpU pErucTpaly CUrHajia, O4eBHJIHO, OyIeT B TOM cllyyae, KOorjga oruoarorias
oMeXH B GuiIbTpe 0€3 CUrHaia MPEBBICUT OTMOAIOIIYI0 CYyMMbI CUTHAJIA U IOMEXH
B (DUIIBTPE C CUTHAJIOM.

ITonocoroit A VILTE T VI EBITY
— [ o YA
e Tp OeTeRTop ‘
1
Brrdnraroigee Peurarotnee
—_— i — - o
YCTPOHCTE O VCTPOHCTE O
0
ITomocoroit A NI T VIIH BT
e —n—— =
daaETp OeTeKTop

Pucynox 9.3 - CTpykTypHasi cxema HEKOI€pEeHTHOTO IPUEMHHUKA
UM curnanos
Y4uThiBas, 4TO MOIIHOCTH CHTHAJOB W TMOMEXH B KaXIOM U3 (UILTPOB
OJIMHAKOBBI (KaHaJl CAMMETPUYHBIN ), BEPOATHOCTH UcKakeHus "1" u "0" OynyT
onunakoBel, T.e. p(0/1)= p(1/0) . Bepoaraocts TOro, 4ro orudaromas moMexu B
¢bunpTpe 0e3 curHanga Oyaer OoJble Orudarolei CyMMbl CUTHajda UM MOMEXHU B

Apyrom QuibTpe, paBHa o
HE >E )= (W(E,)E, (9.10)
Cil
B Beipaxenun (9.10) orubaromasi CyMMbl CUTHajla U TIOMEXHU SIBIISIETCS
CIIy4ailHOW BEIMYMHOW, WMEIOIIeH OOOOIICHHBIM 3aKOH pacmpeneiieHus Pernes.
[ToaTomy /U1 onpeesieHrs BEpOSTHOCTH OMIMOKA HEOOXOIUMO YCPETHUTh

E

BEPOATHOCTD p(En > Enn) IO BCEM 3HAUYCHUAM “.cn

p(0/1)=p(1/0) =TW(Em YNE, >E )E = '}W(Em) [W(E,)dE, |dE.,
0 0 E

cn

[Moncrasnsas emecto W(E ;) u W(E;)) ux 3na4uenus u Berauciss uarerpa,
IOy YHM 5

’ P(0/1)= p(1/0) =%e_?

2
rae: N - oTHOIIEHWE CUrHAJ/IyM Ha BBIXOJE (PUIBTPA C CUTHAIIOM.

CpenHsis BEPOSATHOCTH OIMOKM paBHA ;
h
il
B =0.5><[p(1!0)+p(0f’1)] =5€ 2 (9.12)
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MakcumanbHas HOMCXOYCTOI\/JI‘{I/IBOCTB AOCTUTACTCA IIpU INPUECME CHUTHAJIOB
YM B TOM ClIy4dac, CCJIM OCYIICCTBIIAACTCA OIITUMAaJIbHAsA (bHHBTpaHI/Iﬂ CHUT'HaJIa.

2
IIpustom h™=hg".

KorepeHTHbII TpUEM.

IIpu korepentHOoM mipueMme curHaioB UYM  (pucyHok 9.4) Ha
OMEXOYCTOMYUBOCTh BIUSIOT TOJBKO CHH(A3HBIE C CHUTHAJIOM COCTaBJISAIONINE

nomMex X1 B punpTpe @] U X2 B QUIBTpE ®2. DTH COCTABISIOUINE HMEIOT
HOPMAaJIbHBIN 3aKOH PACIPENEIICHNUS aMILIUTYI.

2
X

1
S S .
J2ro 0 20°

X=X
¥ OJIMHAKOBBIE TUCIIEPCHU | , =0

W(x)=W(x,)=

ITomocoe oii ’ A ML T VT RIS
(e Tp OeTEKTOP

!

FKorepeutaoe
= smopHoe 1

HaIlpAZ e HIIe

B riyuTamninee FPemaromee
VCTPOHCTED YCTPOHCTE O

KorepeutHoe
= omopHOe

HaIlpAZ e HITe

!

ITonmocoroii A ML TV THEIT
(e Tp TeTeKTop

Pucynok 9.4 - CTpykTypHasi cxemMa KOrepeHTHOro nmpruemManka UM curHaioB
BepositHOCTE TipeBbIIeHNs OTHOAOIIEH TOMEXH B (UIBTpE 0€3 CUrHaja X2
oru0aromiel CyMMbI CUTHaJIa U TIOMEXHU B GUIBTPE C CUTHAJIOM ¢ + X1 paBHa

Plx,>a+x)= TW (x5 )dx,

atx

J1is1 onpesienieHust BEPOATHOCTU OIMOKY HEOOXOIMMO YCPEAHHUTD

BEPOATHOCTL P(X2>a+Xx1) 10 BCeM 3HAYEHUAM CIyYalHON BEIMYUHBL:

20/ 1) = p(1/0) =_}° Wasx)| [ (xy)dbe, |, =051 ()

a+x1
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2
une ™ - oTHOMIEHNE curHAN/ITYM.

Cpennsisi BEpOSTHOCTh OIITMOKY paBHA

B = o.s[p(o /D+ p(1/ 0)] - 0.5[1—@(11)] (9.12)

MakcuManibHasi TIOMEX0YCTOWYHNBOCTh IIPU KOTEPEHTHOM IPUEME CUTHAJIOB
YM pocturaercs mpu ONTUMAIbHON (QUIBTpAllMK CUTHATIOB, KOT/IA W= hg

da3oBast MOLYJISLHUS.
DnemeHTamu curdana npu @M sBistoTcs
S (H=axsinm,t
_ : O<t<T
S, (H)=—axsinmt
[Ipuem curHamoB (a3oBOl MOIYNAIUH BO3MOXKEH TOJBKO C IOMOIIBIO
CHHXPOHHOTO (KOT€PEHTHOro) AeTekTopa (pucyHoK 9.5), paznmuuaroriero ¢assl
CUTHAJIOB.

IMonocoroit T azoB BII Pemaroiuee
e Tp oeTeKTop VETPOIIC TR O

1 0

Korepearuoe
—=  onopHoe

HaIIpAR e HITe

Pucynok 9.5 - CtpykrypHas cxema npueMHruka @M cUrHaioB
BepostHoctn mepexomoB p(1/0) u p(0/1) mpu roKTyanmmiOHHON TOMEXE B
KaHaJle CBA3U OJIMHAKOBBI U PaBHBI

- 2
20/ 1) =p(1/0) = «f%a x Iexp[;?]dx=0.5[l@(ﬁh)}

CpenHsisi BEpOSITHOCTh CHIMOKH
P e =05 pO/D)+p(L/0)] =0.5[1—@(J§h)] . (9.13)

MakcumanbHass NOMEXOYCTOMYMBOCTH curHana ©OM pocturaercs npu
ONITHMANBHOH (QHIBTPAINN CHTHANOB, KoTa ~ F2 = }202

OcHoBHBIM HefocTaTkoM @M sBIIsIeTCS Tak Ha3bIBaeMasi «oOpaTHas paboTay.
Ecnu nepenaBaemblii CHMBOJ MCKa3UTCs, Hampumep «1» Oyner mpuHsaTa Kak «0»,
TO U BCE TOCIEAYIONIME CUMBOJIBI OynyT uckaxeHbl. [loatomy ®OM He Hamuia
MPAKTAYECKOTO MPUMEHEHHS.
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OTtHOcuTenbHas (pa3oBas MOAYIISLIMSL.

ITpu ODOM uHopmanust 3akaaabIBacTCs HE B aOCOJIOTHbIE 3HAUECHUA (a3
MOCBUIOK, Kak 3TO uMmeeT MmecTo npu ®OM, a B oTHOCHTENbHOM 3Ha4deHHH (a3
COCEHUX IMOCBIIOK, T.€. B pa3HOCTh (a3 nByX mockuiok. [lpuem curnamos OOM
MO>KET OCYIECTBIIATHCS IBYMsI METOJAMHU:

a) MpUeM 1o METOTy cpaBHEHUS (a3 (PUCYHOK 9.6)

ITomocoroit D azop b1l Perarormee
prmTp meTeKTop VETPOICTEO

* 0
Jlrmmin
—im=— agepiEKH

Ha L¢

Pucynok 9.6 - CtpykrypHas cxema nnpuemuuka O®M curnainon
10 METOJy CpaBHEHHUs (a3

HenocTtatkom Takoro Meroia npuema siBiIsieTCs TO, YTO OIOPHOE KoJieOaHue B
JTAHHOM CJTy4ae TakKe TOPakKeHO IIIyMOM, KaK ¥ WH()OPMAIIMOHHBINA CUTHAJL.

BepositHOCTh o1mmOku nipu npueme curaanoB O®M 1o MeToay CpaBHEHHS
(a3 onpenenseTcs BoIpaKeHUEM

Powoom = 0,59Xp (_ h2) (9.14)

0) mpueM Mo METOly CpaBHEHUS MOJISIPHOCTEH (PUCYHOK 9.7)

[Ipu TakoM MeTOJe MpueMa OmMOKa MPOU30MAET TOJIBKO TOTNa, KOraa
MOJISIPHOCTh OJTHOW MOCBHUTKH (M3 ABYX COCEIHHX) ompenaesieHa HeBepHo. [loatomy
BEPOSTHOCTh OMmUOKK mpu npueme ODM CUTHAJIOB TO METOJAy CpPaBHCHHS
MOJISIPHOCTEH OTIPEENISICTCS BRIPAKEHUEM

P -2 (1P )-05[1-a(/2n)]

o ODPM oudM owdPM . (915)
1
1 . ” . Pemaroimee - Pemrazonee
i | AlnmoEoRo. | oo | a0BRl [ | orpoiicto g JLEPEMHO= | L hoficTBO
e Tp JeTeKTop = JKHT ek
* ? 0
KorepeutHoe Jhienia
—jie=- oOIlOpHOE —e= IaTe]EEKH
HANpAXeHIe Ha T¢
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Pucynok 9.7 - CtpykrypHas cxema npuemHruka O®M curnaion
10 METO/ly CPABHEHUS NOJIIPHOCTEN

[Ipu npueme curHamoB O®DPM 10 METOAy CpaBHEHUS MOJSPHOCTEH
[IOMEXOYCTOWYUBOCTb IPUEMA BBIILIE, YEM IPU IIPUEME 110 METOy CpaBHEHUs (a3,
4TO OOBSACHSETCS TEM, 4YTO B cXeMe Ha puc. 9.7 omopHoe KosiebaHue
JOTIOJIHUTENBHO (PHIIBTPYETCS M MOPAXKEHO IIYMOM B MEHBILEH CTENEHU, YeM IPH
mpueMe TI0 METOy CpaBHEHHUs (a3.

CpaBHeHHE IOMEXOYCTOMYMBOCTH PA3IUYHBIX BUJOB MOMYJIALMH.
HayMeHbIIeH OMEXOYCTONYMBOCTLIO IPHEMA CUTHAIIOB 00JIAIA0T
HEKOT'€PEHTHBIE IPUEMHUKH AM CUTHAJIOB.
\l | ( h \ | —h? ]
PomAM = 035 01‘5 1_CD|— ‘ |+ e 4 | ]
WRST
2
ITpu ycosun h™ >>1 |
J
h 2

P ~05e 4

owAM
Brlimie moMexoycToiurnBOCTh MprUeMa CUTHAIOB HA0II01aeTCsl B KOT€PEHTHBIX
npueMHUKax AM cursajioB
[ h)]

POWAM = 0,51 -D— | .

I \«EJJ

[TpuemHuku UM CUTHAJIOB 0o01agaroT ooiiee BBICOKOU
MIOMEXOYCTOMYUBOCTHIO TIO CPaBHEHUIO C mpueMHukamMu AM curnainoB. Ilpuuem
KorepeHTHble npuemMHukun UM  curHamoB  ob6nagaioT  Ooiiee  BBICOKOM
MIOMEX0YCTOMUYUBOCTHIO, YEM HEKOTE€PEHTHBIE.

HexorepentHslii npruem

_h?

4
Pouuym = 0,5e
KorepenTHblii mpuem

Powuy =05[1—@(h)].
[TomexoycToitunBocTh  mpueMa curHasioB OM  u  OOM  Beuue
MIOMEXO0yCTOMUMBOCTH Tmpuema curHaioB AM u UM wu pacnonaratorcsi B
CJIeIyIOLIEM NopsiiKa (110 Mepe BO3pacTaHUs IOMEXO0YCTOMYMBOCTH):
- npueM curiajgoB ODOM meToom cpaBHeHUS (a3

Powoaom :O’Se_hz ;

Pom@M = 0,5[1 —@(\/Zh)],

- npuem curiasios ®M



- ipueM curiaiioB O®M MeTo10M CpaBHEHUS MOJISIPHOCTEH
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)1
PomO@M = 0’5[1—@2 (\/;h

Kparkas xapakTepuCcTHKa UCCIIETYEMBIX LIENEN U CUTHAJIOB
B paGote wucnonp3yercss yHUBEpPCAIbHBIM CTEHJ CO CMEHHBIM OJIOKOM

"MOAVYJIATOP - JOEMOJIVYJIATOP", ¢dyuknuonansHas cxemMa KOTOPOTO
MpUBeE/IeHa HA PUCYHKE 9.8.

g -0.5Eq

YA I | =

=0l
o— MOO¥NATOP |—o o—o KAHAN — JEMOAYNATOP F4'b—o
[ 1 [ ARz

0

Sq =p nit) l. l.

=3 - 0,5E;

Pucynok 9.8 - ®yHKmoHanpHas cxeMa CMEHHOTO 0JI0Ka
"MOAyaATOp - AEMOyISTOp"

Hctounukom nudposoro curnana ssusercs KOJEP-1, xoropslii Bbigaer
NEPUOJANYECKYIO IOCIEAOBATEIbHOCTh M3 MATH CUMBOJOB. C  MOMOUIBIO
TyMOJIEpOB MOXKHO YCTaHOBUTH JIFOOYIO MATHUIIEMEHTHYIO KOJOBYIO KOMOMHAIIHIO,
KOTOpasi WHAULUPYETCA JIMHEWKOM U3 MATH CBETOJUOJIHBIX HWHAUKATOPOB C
Hagnmuceto "[IEPEJIAHO". B 6moxke MOJYJISATOP npoucxomut MOIyJsiius
(MaHUDYJALMS) JIBOMYHBIMM CHUMBOJIAMHM '"BBICOKOYACTOTHBIX" KOJeOaHUl 1O
aMIUTUTYJIe, 4acToTe Wi (a3ze, B 3aBUCUMOCTH OT MOJIOKEHUS MEPEeKITH0YaTENs
"BU MOAVYJIALIUN" - AM, UM, ®M unu OOM. Ilpu "HyneBoM" nosioxeHun
MEPEKIIOYATENs] BBIXOJ MOJYJSATOpPA COEAUMHEH C €ro BXOJAOM (MOZYJISLIHS
OTCYTCTBYET).

KAHAJI cBs3u mpencrtaBisieT co0OM CyMmaTop CHTHajla C BBIXOZA
MoayisiTopa W I1ryma, reHeparop koroporo (I'II) pacnonoxken B Oyoke
NCTOYHUKN CUI'HAJIOB. BuyTtpeHHuii reHepaTop KBa3uOeEIOro Iyma,
UMUTUPYIOIIHUM IIIyM KaHaja CBA3H, pabOTaeT B TOMU K€ MOJI0CE YaCTOT, B KOTOPOM
PaCIIOJIOKEHBI CIIEKTPBI MOIYTMPOBAHHBIX CUTHAIOB (1228 kI'1).

JEMOIYJIATOP BpINOAHEH MO KOTEPEHTHOM CXE€ME€ C JBYMs BETBSIMU;
KOMMYTallusg BUJOB MOJIYJISIUHU - oOmias ¢ MoaynaropoM. [losTomy 3TaioHHbIE
CUTHAaJbl S) U S] U TOPOTOBBIE HANPSIKEHUS B KOHTPOJBHBIX TOYKaX CTEHAA
MU3MEHSIOTCS aBTOMATUYECKH NP CMEHE BUJ1a MOLYJISILIU Y.

3nakamu  (X) Ha (QYHKIMOHAJIBLHOM CcXeMe 0003HAaYeHbl aHaJOTOBbBIC
NEPEMHOKUTEIM CUTHAJIOB, BBIITOJIHEHHBIE Ha crienranu3npoBanHbix UMC. biioku
MHTETPATOPOB BBIMIOJIHEHBI HA ONEPALMOHHBIX YCUIATEIAX. DJIIEKTPOHHBIE KITOUN
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(Ha cxeMe He MOKa3aHbl) pa3psHKaloT KOHAEHCATOPbl HHTErPATOPOB NEPE] HayaaoM
Ka>KJI0TO CUMBOJIA.
Cymmaropbl () mpeaHa3HA4YeHbl Ui BBEACHHS IOPOTOBBIX 3HAYCHHI

HANPSOKEHUM, 3aBUCSIINX OT SHEPIUHU JTAJIOHHBIX CUTHAIOB S1 U S().

brok "PY" - pemaroriee yCTpOHCTBO - MPEACTaBISET COO0M KoMIaparop, TO
€CTh YCTPOMCTBO, CPAaBHUBAIOIIECE HAIPSIKEHHS Ha BbIXOAax cymMmaTopoB. Camo
"pemenue", T.e. curHan "0" wnam "1"momaercs Ha BBIXOJ AEMOIYJISATOPA B MOMEHT
nepe; OKOHYaHUEM Ka)KI0TO CUMBOJIA U COXPAHSETCS 10 MPUHATHS CIEAYIOLIETO
"pemienuss". MOMEHTBI NpUHATUSA '"pelleHuss' ¢ NOCIEIYIOUIEro paspsna
KOHJEHCATOPOB B MHTErpaTropax 3aJar0TCsl CIEHHUATbHOW JIOTMYECKOU CXEMOMH,
YIPaBJISAIOMIEH JIIEKTPOHHBIMU KOMMYTAaTOPaMH.

Hns  nemonynsanuu curHaioB ¢ OPM k cxeme aemopayistopa OM
n00aBIIAIOTCS OJIOKU (HA CXeMe HE MOKa3aHbl), KOTOPhIE CPABHUBAIOT MPEAbITYIIEE
U TOClIenymwllee peumeHus aemoxayisaropa @M, dYro TMO3BOJISIET CHAENATH
3aKJTI0YEHUE O CKayke (pa3bl (MM €ro OTCYTCTBUH) B IPUHUMAEMOM cUMBOJIE. [1pu
HaJU4YMHM TAKOro CKadyKa Ha BBIXOJ JeMOAyYJsATOpa mnoxpaercs curHain "l1", B
npotuBHOM ciydae - "0". B cMmenHOM 6710Ke TIpeaycMoTpeH TyMOIep,

NEePEKITIOYAOIINI HavYaIbHYI0 a3y () omopHoro koyedanus (0 win 77) — TOJIBKO
st ®M u ODM. [l HopMaabHOH paboThl AEMOYIATOPA TyMOJIEp TOKEH OBITh
B HYJIEBOM I10JI0KEHUHU.

[Ipy aMmIuUTyHOM MAaHUIMYJSIIUU MPEAYCMOTPEHAa BO3MOXHOCTH PYYHOU
YCTAaHOBKH TOPOTa C TIEJbI0 U3YYCHUSI €ro BIUSHUS HA BEPOSTHOCTH OIIMOKHA B
npueme cumBoJia. OlleHKa BEpPOATHOCTH ommnoOku mpousBoautca B IIK myrem
MoJjIcUeTa YWclia OMMOOK 3a ompenelieHHOe BpeMs aHaim3a. CaMu CHTHAIBI
OomuOKK (B CUMBOJIC UK «OyKBE») (GOPMHUPYIOTCS B CIICIIMAIBLHOM OJIOKE CTEHJIa
(«KKOHTPOJIb OIINBOK»), pacmnonoxxennom Huxe Omoka [IAIL Jlns
BU3YaJIbHOTO KOHTPOJISI OIMOOK B CTEHJIE UMEIOTCSI CBETOJIMOAHBIE MHIUKATOPBI.

B kadectBe H3MEpUTENbHBIX NPUOOPOB HCMONB3YIOTCA JBYXKaHAJIbHBIN
ocumorpad, BctpoeHHbI BonbTMeTp U 1K, paboraromuii B pexume mnojcyera
OIHOOK.

JlomaliHee 3agaHue

1 M3yunte OCHOBHBIE pa3/iebl TEMBI IO KOHCIICKTY JIEKIIMA U TUTEpAType:
[3] c. 159+174, 181+191; [4] c. 165+192.

JlaGopatopHoe 3aaHue

1 CHUMUTE U TIOCTPOITE KPUBBIE TOMEXOYCTOMYMBOCTH JIJIsl Pa3HBIX BUJIOB
MOJTYJISIIUH.

Meroanueckue yka3aHus
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1 CobGepuTte cxemy uzmepeHuit corsacHo pucynka 9.9. Tymbnepamu KOJIEPA
- 1 HabepuTe MOOYIO ABOMUHYIO KOMOUHAIIMIO U3 5 35ieMeHToB. Pyuky perymstopa
“IIOPOI' AM” ycTaHOBUTH B KpaiiHee JieBoe mojioxkeHue. [Ipu atoMm perynstop
BBIKJIIOUEH U TOpPOr YCTAHABJIMBAETCS AaBTOMATHYECKM TIPU CMEHE BHJA
mMoaynsanuu. TymoOnep ¢a3upoBku omnopHoro kosedanus JAEMOJYJISAATOPA
yctaHoBuTh B mnojoxenue "0". CoenuHuth BbIXOA reHepatopa myma (I'L) B
onoke HWCTOYHUKU CUTHAJIOB ¢ Bxomom N(t) KAHAJIA cBsasw.
[ToreHnroMeTp BBIXOAA TEHepaTropa IIyMa - B KpalHEM JIEBOM IMOJOKEHUHU
(HanpspKeHue 1rymMa OTCyTCTBYeET). BXoj BHENIHel CHHXpOHU3aluy ociuiuiorpada
coequHuTh ¢ rHe3aoM C2 B 6imoke UCTOUHUKU, a ycunutenun BEpTUKAIBHOTO
OTKJIOHEHHUS JIy4el MEepEeBECTH B PEKHUM C OTKPBITHIM BXOJOM (ISl TIPOITYCKAaHUS
MOCTOSIHHBIX COCTABJISIIOIINX UCCIIETYEMBIX MPOLIECCOB).

Fonepn 1
Mogynatop l—-—  Kawan | Jemogvnarop —e—Ccuunnorpad
[t
r > K.oHTpone Bixon MK
owubok 4o o
B CHMEONE A =]

Pucynok 9.9 - @yHkuMOHaNIbHAS CXeMa U3MEPEHUN

2 YcranoButb Bua Moaymsinuu DM. PyukamMu  CHHXpOHHU3alUU
ocmmiorpada J0OUTHCS HETMOJBIKHBIX HM300paXEHUN HA BXOJIE U BBIXOJIC
JEMOIYJIATOPA.

3 TloaroroButh Tabmuiyy 9.1. YcraHOBKYy TpeOyeMbIX 3HaueHWd /O
OpPOM3BOAUTH MO  BKpaHy ocHwuiorpada, TMOAKIIOYEHHOTO K  BXOJIY
JEMOIAVYJIATOPA. [dns 3TOro0 ciaeayer:

3.1 OrkmouuB I'lll oT BXxoga KaHana, pydykaMyd YCUJICHUS BEPTUKAIHHOTO
OTKJIOHEHHS ocIuiorpada yCTaHOBUTh pa3Max MOJYJIMPOBAHHOTO CHUrHaja Ha
sKpaHe 2 KJIeTKH (T.e. amIudtyna a = 1 kuetke). B xone nanbHeimel paboThl
MOJIOKEHHUE 3TUX PyUeK ocIuuiorpada He MEHATD!

3.2 BoccTanoButs mymoBoe Hanpsokenne Ha Bxoge N(t).

3.3 Otkimrounts curdai ot Bxoga KAHAJIA, yOpaB nepeMbIuKy MExXy
MOAVYJIATOPOM u KAHAJIOM.

3.4 Pyukoii perynstopa ypoBHsa 'lll ycranoBuTh Ha 3kpaHe ocuuuiorpada
MIMPUHY [IYMOBOM «IOpPOXKH» paBHYI0 6 KkieTok. COINIacHO MpaBMILy «TPEX
CUI'Ma» JIJIsl TayCCOBCKOTO MpoIecca IMPHUHA 3TOW TOPOKKH NPUMEPHO paBHa 00,
TO €CTh 6 0= 6 KIICTOK, Wi O = | KIIETKeE.

3.5 BoccranoButh curtan Ha Bxoge KAHAIJIA. Tak kak a = 1 KJIeTKe, Kak
OBLJIO BBICTABIIEHO paHEE, TO COOTHOIICHHUE B CMECH CUTHAJI/IIIYM COCTaBUT
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a/o=1.
Ta0muna 9.1.

a/oc 1 2 3 10

AM

UM

POW @M

ODOM

4  TlomroroButh I[IK kpabore B pexume mojacyeTa OMHUOKU (CM.
[MTPUJIOXXEHUE).
VYcranoBuB Ha IIK BpeMs aHanuza B mpenenax 9+7 ¢ (M HE MEHSS €ro B

JanbHEHIIIEM ), IPOU3BECTH U3MEPEHHE OLICHKH BEPOSTHOCTH OIMOKY — Py, .

[Tony4eHHoe 3Ha4eHre BHECTH B Tabiuity 9.1. He MeHsis a/0, HOBTOPUTS I1. 4 j1ist
APYTUX BUAOB MOAYJIALIHH.

5 YcTaHOBHUTH HOBOE COOTHOIIICHUE (/O 10 METOUKE, PACCMOTPEHHOI B
ni.3.1 - 3.4, npuyém B 1. 3.4 Ha10 YCTAHOBUTH HOBYIO (MEHBIIYIO) IIUPUHY

IIyMOBOH «I0pPOKKW». Hanpumep, 1uist a/0 = 2, 3Ty UPHUHY CJIEAYET YCTAaHOBUTH

B 2 pa3a MeHblle, T.e. 60 = 3 kietku, caegosarenbHo o = 0,5 knerku. Ilocie
BOoccTaHOBJIeHUS curHasa Ha Bxojae KAHAJIA cooTHoleHre CUrHai/iym Ha

Bxojae JTEMOIYJISITOPA okaxkercst a/o=1/0,5 =2 (T.K. @ = | KJI€TKe), €CIIU HE
MEHSIJIaCh HACTPOKa ocmiiiorpada.

[posens usmepenus P, Ui BCEX BUIOB MOAYJIALMH M BCEX 3HAYEHHH a/O,
3anoyiHUTh Tabsuiy 9.1. Tlo pesynpraram Tabiuis! 9.1. MOCTPOUTH CEMEMCTBO

KpHUBBIX Py, = (p( a/ G) JUJISL Pa3HBIX BUJIOB MOJTYJISIIIUU.
Otuér

OT4€T TOJKEH coepkKaTh:

1 OyHKIHMOHANBHYIO CXEMY U3MEPEHHUM.

2 Tabnuily pe3yabTaTOB U3MEPEHUN U rpadUKH.
3 BeIBOIBI 110 pe3ysabTaTaM U3MEPEHHUIA.

KoHTpoapHbIE BOITPOCH

1 KakoBo Ha3HaueHHe 1eMoaynaTopa B HuppoBoi cucteme cBs3u? B uem ero
OCHOBHOE OTJIMYHE OT JEMOAYJIATOPA aHAJIOTOBOM CUCTEMBI?

2 Yto Takoe "KpuTepuil uieaabHOro HaomoaaTesns'"?

3 Yro Takoe "mpaBuio MakcuMymMma mpasaonogoous'?
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4 Kaxk BpIOMpaeTcs mopor peraromiero ycrporicrsa? Uro 6yaer, eciu ero
U3MEHUTH?

5 KakoB anroputm npuHsTHs pemenus B PY?

6 Urto Takoe "moTeHIMaabHas TOMEX0YCTOMUYUBOCTD" U KaKytO
MMOMEX0YCTOMYUBOCTH BbI n3mepsiiu B 3Toil padote?

7 Kak M0>KHO paccuntarts Py TEOpEeTHUECKN U U3MEPUTH
AKCIIEPUMEHTAIIBHO?

8 OOBsACHUTE pa3HUILY B TOMEXOYCTOWYMBOCTU CUCTEM CBSI3U C PA3HBIMU
BHUJIaMU MOJYJIALINH.

9 Kak MOXHO M3MEPUTH OTHOIIIEHHE CUTHAJ/IIIYM Ha BXOJie JeMoaysiTopa’?

10 [Ipu kakOM COOTHOIIIEHUH a/CG CUCTEMa CBS3U padoTaeT yctounuBo? OT

KaKuX (PYHKIIMOHAJIbHBIX Y3JI0B CUCTEMBI 3TO 3aBUCHUT?
11 Yro Takoe >KBMBaJICHTHAS SHEPTUs CUTHATIOB?

JlaGopartopHas padora Ne 10
«HMccnenoBanue IpoIeccoB MOMEXOYCTONYHBOTO KOJIUPOBAHHUS
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Ilenb paboOThl: M3YyYUTh NPUHLHUIBI TOMEXOYCTOHYMBOIO KOJUPOBAHUS;
MCCIIEI0BATh NPUHUMIIBI KOJAUPOBAHUSA M JEKOJAMPOBAHUA KOJA C IIPOBEPKOM HaA
YETKOCTh M [IUKIIMYECKOTO KOAA.

Kpatkue cBepenus u3 reopuu

KoaupoBanuem Ha3bpIBaeTCsl MPEJCTABICHUE PA3IMYHBIX COOOIIECHUN B BUEC
YCIIOBHBIX KOMOWHAIIUWA, COCTOSIIIUX W3 ONPEIEICHHOTO YHUCJA 3JIEeMEHTapHbIX
CHUMBOJIOB, MPHYEM KaXXIOMYy COOOILIEHUIO COOTBETCTBYET OJHA €IMHCTBEHHAs
yCJIOBHas KOMOWHAIMS (ITOCIe0BaTeIbHOCTh) CUMBOJIOB (MUK ITU(p, UM 3HAKOB,
WM UMITYJIBCOB).

[TomygyaTenb To TPUHATON KOMOBOW KOMOWHAuu (TMOCIEIOBATEIIBHOCTH)
BOCCTAHABIIMBAET NepenanHyo nHdopmanuio. Onepamus, B pe3yibTrare AeHCTBUS
KOTOpPOM OCYIIECTBIIAETCA NpeoOpa3oBaHUE TMPUHATOTO KoJa B COOOIIEHHE,
Ha3bIBAETCA JEKOJUPOBAHUEM.

Kox ctpoutcst u3 cuMBOJIOB (351eMEHTOB). UHCIIO pa3IuvHBIX CHMBOJIOB (M)
Ha3bIBAaCTCs OCHOBaHMEM Kona. Kox, cocrosdmmii U3 AByX pasIMYHBIX CUMBOJIOB,
Ha3bIBaeTCSI KOJAOM ¢ ocHoBaHueMm aABa (M = 2). Koa, cocrosimmii u3 Tpex
CHUMBOJIOB, Ha3bIBaeTCs KOJIOM C OCHOBaHMeM Tpu U T.a1. Hampumep, komoBas
komOmHamusa 10-1-10-11 cocrontuz 1,0, - 1, T.e. m = 3.

Uwuciio pasIuyHBIX CHUMBOJIOB MOXXHO BBIOMpATh paBHBIM YHCIY Iepe-
JaBaeMbIX 3HaKOB andaBuTa coobuieHus. Eciau ynuciao 3HaKoB BENUKO (HarpuMmep,
32 OyKBBI pyccKoro ajigaBuTa), TO IpH Iepeaadye TaKoro cooOIeHUs] HEO0X0IUMO
00JIBIIIOE KOJMYESCTBO Pa3IMUHBIX CUMBOJIOB (M = 32). TexHUYecKas pearu3anus
TaKOTo KOJia BCTpedaeT O0bIINE TPYAHOCTH.

[TosTomy HaubosbIIEe PACHPOCTPAHEHHE MOMYYMIH KOJbl, Y KOTOPBIX
OCHOBaHME 3HAUMUTEIBHO MEHbIIEe uuciaa OykB andaButa cooOuieHus. Torma
Kaxaass OykBa andaBuTa TNepenaerca HE OAHUM DBJIEMEHTOM KojJa, a HX
KoMOuHanued. Yuciao 3JIeMEeHTOB WM 3HAKOB KOMOWHAIMM KOJa Ha3bIBAETCS
3HAYHOCTHIO KoJ1a (N) WJIK YUCIIOM pa3psaoB KOAA.

Koapl, Bce KOMOMHAIMKM KOTOPBIX HMEIOT OJMHAKOBOE YHCIO 3HAKOB,
Ha3bIBAIOTCS] PABHOMEPHBIMHU.

JIJist paBHOMEPHOT0 KO/Ia ¢ OCHOBaHUEM M ¥ 3HAYHOCTHIO N YHUCIO KOJOBBIX
komOuHarui (M) ompenensercss YUCIOM BO3MOXHBIX KOMOMHAIMi U3 M 1o N
T.C.

M=m"
rae M - ocHoBaHKe Koaa, N — 3HAYHOCTH Koaa, M — 4rciio koMOuHAIHIA.
Hanpumep, nnst koga c M = 2, N = 3 cyniecTByeT 8 KOJOBBIX KOMOWHAIIUN

(M= 23), cocrosimux u3 Tpex cumoios (000, 001, 010, 011, 100, 101, 110, 111).

[IprHIMIIBI TOMEXOYCTONYMBOTO KOJAUPOBAHUSI.
Teopusi TOMEXOYCTOMYMBOTO KOAMPOBaHUS BO3HUKIIA B 50-€ TOJIbI U
HamOoJiee MOJIHO pa3padoTaHa AJis JBOMYHBIX KOJIOB. B nanbHeiem mbl
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paccMaTpuBaeM TOJBKO ABOMYHBIE X061 (M = 2).

[TomexoycToitunBoe KoAMpOBaHUE SBIsETCA I(P(GEKTUBHBIM CPEACTBOM
NOBBIIICHUS JIOCTOBEPHOCTU IMepeAauyd COOOIEHUN B KaHajlaX C MOMEXaMHu, B
KOTOPBIX TMPUMEHSIOT CIeUuajIbHble KoJa, KoppekTtupyrommue omuoku. Kop
HA3bIBACTCSI KOPPEKTUPYIOIIUM, €CJIM OH MO3BOJISIET OOHAPYKUBATh U UCTIPABIIATH
OIMOKKM B KOJOBOM KOMOMHanuu. B  KOppekTHpylOIeM KOAE JOJDKHBI
CoJlepKaThCsl JOMOJHUTENbHbIE (M30BITOYHBIE) CUMBOJIBI, MIPEIHA3HAYCHHBIC IS
KOPPEKTUPOBaHUs OMOOK. YeM Ooibiie N30BITOYHOCTh KOAA ()), TEM BBIIIE €r0
KOPPEKTUPYIOIAasi CIOCOOHOCTb.

M M '

rae M — 4ucio KomoBbIX KOMOWHALINM;

(10.1)

M — aucno coobiennit (anpaBuT) KCTOUHUKA.
B HekoppekTHpyromeM Kojae 4ducio kKomOuHanuii M BeIOMpaeTcsi paBHBIM

qyucy cooOuieHui (andaButy) uctounuka M u n30bITOYHOCTD KOJIA OTCYTCTBYET

(¢ = 0).

KoppekTupyromue Koabl CTPOSITCS TakK, 4TOOBI 001iee Yncio komounarmit M
IIPEBBIILAJIO YUCIO coobmenuii ucrounuka Mo (M > M(). B sTom citydae nunib

M xoMOUHAIMI UCTIONB3YIOTCS TS Tiepeaaun uHopmaru. OHU Ha3bIBAIOTCS

paspemeHabivMu. Octanbabie M — M) koMOMHAIIMK HA3BIBAIOTCS 3aMPEIICHHBIMH.
Ha mnpuemMHOM KOHIIE MpH JEKOIUMPOBAHMM H3BECTHO, KaKHE€ KOMOWMHAIUH
SIBIISIIOTCSL pa3pelleHHbIMHU, a Kakue - 3ampenieHHbIMU. [losToMy, ecnu mpuHsTa
3alpelieHHas KOMOHMHAIMs, TO OMIMOKa MOXXET ObITh OOHapyXeHa U TMpH
OTIpe/IeNICHHBIX YCIOBUSX UCTPABIICHA.

Paznuume Mexny KOMOMHAIMSIMM pPAaBHOMEPHOTO KOJa NPUHATO Xa-
PaKTEpHM30BaTh KOJOBBIMH paccTosHueM Xommumnra (0), paBHbBIM HauMEHBIIEMY

YHCITy CUMBOJIOB, KOTOPBIMH KOMOMHAIMU Aj u Aj OTJIMYAIOTCA OAHA OT APYTOM.
Jlst mo6oro koxa d< n. KogoBoe paccTosiHue 0OBIYHO OIPENEIIAIOT KOJIHIECTBOM

eqnuull B cymme otux Aj u Aj o monymo ssa. Hanpumep Aj = 10100, Aj =
00111

10100
® 00111

10011 =3
[Tpumeuanue. Cii0)Kk€HHE CUMBOJIOB IO MOJYJIIO IPOU3BOINUTCS TaK:

a, Ob =1 may+ by
a C—Bbk= 0, ecu a = bk;

Yto0sI B pe3yibrare omubku Aj mpeobpasoBanack B Aj 10KHO HCKa3UTHCH
3 cumBona. Ilpu HMCKa)XEHHMH MEHBIIETO YKCIIa CHUMBOJIOB Aj nepeiiner B
3ampenieHHyr0 KOMOMHaIMoo, U omuboka Oyaer oOHapyxkeHa. OmmuOka Bceraa
OOHaApyXMBAETCsI, €CIU €€ KPaTHOCTh (J, T.€. YHCIO HMCKAKEHHBIX CHMBOJIOB
KOZIOBOW KOMOWHAIINN, MEHBIIIE KOJOBOTO PACCTOSTHHS
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g<d-1 (10.2)

Ilpu g > d ommbkM TOKE MOryT OBITH OOHApPYKEHBI, HO HMEETCS

BEPOSITHOCTh, YTO OMIMOOYHAST KOMOWHAITMS COBIAJIET C KAKOW-TMO0 pa3penieHHON

KoMOWHanue.  MMHHManbHOE  KOJOBOE  pAcCTOSHHWE, TPU  KOTOPOM
0OHApYKUBAIOTCA JIIOOBIE OMHOYHBIE OIIMOKH, paBHo d = 2,

Hns Toro, yToObl omMOKa OblIa HCIpaBieHa, HEOOXOAUMO, YTOOBI €e
KPaTHOCTh yJIOBJICTBOPsIA HEPABEHCTBY

<d-1
5

MuHnumanbHOe KOJAOBOE PACCTOSHUE, MPU KOTOPOM BO3MOXKHO HCITPABIICHUE
MOOBIX OJMHOYHBIX OMIMOOK, paBHAETCS TpeMm, T.e. d = 3, Tak kak

g (10.3)

_3-1
§=773

OCHOBHBIMH XapaKTCPUCTUKaAMH KOPPCKTUPYIOIIECTO Koga  ABJIIIOTCA

BEPOATHOCTE HCKOPPEKTHUPOBAHHLIX omnOoK POLLb M30BITOYHOCTH X W YHUCIIO

CHUMBOJIOB N. DTH MOKa3aTeIN MO3BOJISIOT MOHITh, HACKOJBKO YJ1a€TCs MOBBICUTH
MOMEXOYCTOMUYMBOCTh KOJA M KakoW IeHoW 3To gocturaercs. OOmias 3amada

CO3JIaHMs KOJIa COCTOMT B JOCTH)KEHUH HAUMCHBIINX 3HAYCHUH P, U ).

PaccmoTpenue kiaccuukanuy KOPPEKTUPYIOIMIUX KOJIOB HE SBIISETCS HaIIeH
3ajaueil, OTMETHM TOJBKO, YTO B JA0OpaTOpHON pPabOTe M3Yy4arOTCS KOIBI,
OTHOCSIIUECS K JIMHEHHBIM CUCTEMATHIECKUM KOJIaM.

Jlunelinple pa3genuMbleé KOJObl - 3TO KOJbl, B KOTOPBIX CHMBOJIbI
NOJpa3feNaoTcsT Ha HH(DOPMAIMOHHBIE W MPOBEPOUYHBIE (KOHTPOJBHBIE).
NudopmanimonHsie  CHMBOJIBI  COJEpXKAaT  IMepefaBaeMylo  WH(POPMAIIUIO.
KoHTpoJibHbIE CUMBOJIBI SIBJISIOTCS U30BITOYHBIMHU U CIIY>KAT MUCKIIOYUTENBHO IS
KOPPEKIMU OMUO0K. UNCII0 KOHTPOJIBHBIX CHMBOJIOB PaBHO I, HHPOPMAITMOHHBIX
-k (r+k=n).

JIvuHeHbIEe KOABI pa3IeIIA0TCS Ha NOAKIIACChL. M3yyaemble KOIbI OTHOCSTCS K
CUCTEMaTHYeCKUM. Bce  JIBOMYHBIE CHCTEMATHYECKHE  KOABI  SIBJISIFOTCS
IPYNIOBBIMU U 00JIaJJal0OT TEM CBOMCTBOM, YTO CyMMa IO MOJIYJIIO JBa JHOOOM
napbl KOMOWHAIIMIA CHOBA Ja€T KOMOWHAITMIO, TIPUHAJICKAITYI0 3ToN rpynme. 13
MOJIKJIACCOB CHCTEMAaTHYECKUX KOJOB Mbl Oy/ieM paccMaTpuBaTh KOJbI O YETHBIM
YUCJIOM €IUHUI] ¥ IIUKITNICCKUEC BOIBI.

Kox ¢ d4erHbIM 4YuCIOM €AWHUI] SABISETCS OJHMM U3 MPOCTEHIINX
CUCTEMATHYECKUX KoAoB. Kaxkmas ero KOMOWHAIUS COJEPKUT TIOMHMO
UH(GOPMAIMOHHBIX CHMBOJIOB {a1,a2....ak } OJUH KOHTPOJIbHBIA CUMBOJI {C} ,
BbIOMpaeMbiit 0 mwiam I Tak, 4TOOBI CyMMa €AWHUII, B KOMOWHAIMK Bcerja Obliia
yeTHoM. CiienoBaTenbHO, JUIsl JIIOOOM KOAOBOW KoMOMHamuu cymma 1 Bcex
CUMBOJIOB 110 MOAYJIIO JBa OYJIET paBHA HYJIIO:

k
(oS> Zai =0 (10.4)
i=1



98

N3 dpopmynel (10.4) MOKHO BBIpA3UTh KOHTPOJIBHBIN cuMBoJl C uyepes
nH(pOpPMaIMOHHBIE!

k
c=2ai (10.5)
i=1
Hanpumep, s koma 111 c=1®1®1 =1.  3akoamposannas
nocneaoBareabHocTh Oyaer 1111.

Kozep /18 KOZia O YeTHBIM YHCIOM eIUHHUI d1,d2,...,ak,C , paboTaromuii mo
anropurmy (10.5), oTIMYAETCA MPOCTOTON U COAEPKHUT CyMMATOP IO MOJYJIIO IBA
JUIS OJTyYeHHs] KOHTPOJIBHOTO CHMBOJIA C.

Jlekoziep OCYILIECTBISET MPOBEPKY NPHUHATOTO Kojga 1@1,@7, QL } Ha
YEeTHOCTh M pabOTAET 110 ANTOPUTMY

k
F®ai =0 (10.6)
i=1

Hapyiienne 4YeTHOCTM UMEeT MECTO IMpU TMOSBIECHUU OJHOKPATHBIX
TPEXKpaTHBIX M B OOIIEM cllydyae OMIMOOK HEYETHOM KpPaTHOCTHU, YTO M JaeT
BO3MOXHOCTh HX OOHapyXuTh. [losiBeHME 4YeTHBIX OIMUOOK HE HapylIaeT
YEeTHOCTH CHMBOJIOB B KoJie¢ ¥ HyIs cyMMbl (10.6), moaToMy Takue OIIMOKU HeE
0OHapyKHUBAIOTCH.

Jlexonep Koja C YETHBIM YHCIOM EIAUHUI] COJEPKUT B CBOEM COCTAaBE
CyMMaTop Mo MOAyJito /iBa. Eciu curHan Ha BbIXOJE CyMMaTopa Mo MOAYJIIO JBa
pPaBHSETCS] HYJIO, TO 3TO 3HAYUT, YTO CHUTHAN OMMOKH JeKoaepa OyneT paBeH
HYJII0, a Ha BbIXOJE JEKoAepa  TMOSBISAECTCA  HCXOAHAs  KOJOBas
MOCJIEIOBAaTENbHOCTh. ECIM Ha BBIXOAE CyMMaropa IO MOJIYJIO JBa OyAeT
€AVHUIIA, TO CHUTHaJI OWUOKM OyJeT paBeH eAUHHUIE U KOJOBas
MOCJIEIOBATEIBLHOCTD HE MOCTYNUT HA BBIXOJI JEKOAEPA.

K noctomHcTBaM KO/a C YETHBIM YUCJIOM €/IMHUIL CJIEYET OTHECTU MPOCTOTY
KOAMPYIOMINX U NEKOAUPYIOIINX YCTPOUCTB, a TAKXKE MaTyl0 M30BITOYHOCTh KOJIA.
K HegocTaTkam - HU3KYIO KOPPEKTUPYIOINLYIO CIIOCOOHOCTD KOJIA.

[Muknmnueckne koapl. B momckax Oosiee MpOCTON TEXHUKH KOIWPOBAHUS H
JIEKOAUPOBAHUS OB HAWIEH MOJKIACC JIMHEWHBIX CUCTEMATHYECKUX JIBOUYHBIX
KOJIOB, HA3bIBA€MbIX IUKJINYECKUMHU. OHU HAIIM IIUPOKOE MPUMEHEHHE B TEX-
HUKe CBA3M. Ha3zBaHue Koja CBsSI3aHO C T€M, YTO KOJA 00JalaeT CBOMCTBOM
LHUKJIAYHOCTH. DTO CBOWCTBO COCTOWUT B TOM, YTO IMKJIMYECKas IEPECTAHOBKA

cuMBONIOB Kona B KomOunaumn Aj (010110) naer mpyryro komOunammio Aj
(001011), mpuHaiexaIiyt 3ToOMy KOaIy.

[{uknudeckuii Koa XapakTepu3yeTcs IByMs mapamu umcen{n, r}, rame N -
O3HaYaeT JJIMHY KOJOBOW KOMOWHAIWH, I - YUCIIO MPOBEPOYHBIX CUMBOJIOB. J1J1st
00pa30BaHKs HUKIMIECKOT0 KOJa HCXOIHBINA KO JuIMHOK K HPEICTABIISIOT B
Bujie ToauHOMa cTenieHn K-1 ¢ kosdpuuueHTaMu npu cTeneHsx, paBHbIME 0
i 1:

k-1 k -2
A(z):ak_lz +akg 272 +....+ta1Z+qg.
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[IpencraBieHre KOMOBBIX KOMOMHAIIMM B BUJIE MHOIOYJIEHOB IO3BOJISET
YCTAaHOBUTHh OJIHO3HAYHOE COOTBETCTBHE MEXIy KOMOWHAIIMSIMU M CBECTH
JNEUCTBUA HAJ HUMHM K JECHUCTBHUSAM HAJ MHOIOWIEHAMHU. Teopusi MOCTPOCHUSA
[IUKJINYECKUX KOJOB OCHOBBIBAETCS Ha pa3jiesiax BBICIICH aiareOphl, M3y4aroIux
CBOMCTBA JABOMYHBIX MHOTOWICHOB. 3aMUIIEM HCXOJHBIE KOJbI, MOIYy4YaeMbI€ C

BBIX0/I0B rereparopoB O0ykB C u @ 1abopaTOpHOro CTEeHAa B BUjIE MOJHHOMOB. C
Bbixoza reaeparopa C - kombunanus 10100 ( K = 5), eli cOOTBETCTBYET MOJIUHOM
cremenn K—1=5-1=4; _ _ |
A1(2) = 175 +02° + 125+ 0z + 02 =2 + 2 (10.7)
C Beixoza reneparopa @ xomounamusa 10110 (K = 5), eit cooTBeTcTBYET
NOJIMHOM 4 CTENEHU

4 3 Z 1 V) 4 Z
Ap(z)=1z +0z +1Z +12 +0z =2 +Z7 +1Z (10.8)
O6paszosare nukamueckuii kog A*(Z) us ucxomnoro A(Z) mMoxHO myTem

YMHOKEHHUS TOJUHOMA HCXOAHOTO KOJIa Ha 00pa3yrolInid MOJIUHOM G(Z) , TaK
YTO OH 00pa3yeT pa3pelieHHbIe KOJI0BbIe KOMOMHAITUY:
A*(2) = A(2)-G(2). (10.9)

[Toy4eHHBIE TAKUM CIIOCOOOM KOMOMHAIIMH OKa3bIBAIOTCS HE Pa3AeluMbIMU
Ha IIPOBEPOYHBIE M MH()OPMALMOHHBIE CUMBOIIBI, YTO 3aTPYAHAET TEXHUYECKOE
OCYIIECTBJIEHHE JIEKOIMPOBAHUS 110 TAKOMY aJITOPHTMY PaOOThI IPH HAIMYUH
OILIUOKHU:

A(2) = A*(D)/G(2). (10.10)

CyuiecTByeT ¥ JPYrod  Crmoco® MONydYeHHs IMKIMYECKOTO — KOJa,
MCIIOJB3yEMBIM B JaHHOM J1a0OpaTOPHOM CTeHAE. 110 CPaBHEHHIO C MEPBBIM OH
uMeeT 0oJiee TPOCTOE TEXHHYECKOE ocyluecTieHne. Crocod 3aKkiodaercs B
crnenyromem. CHagana ucxonnbii ko A(Z) ymuoxaercs na nomunom F(z) = Zr,
CTENeHb KOTOPOTO PABHAETCS YUCITy IIPOBEPOUHBIX CHMBOJIOB. Y MHOXEHUE A (Z)
na F(Z) ananornuno casury ucxomHoro Koaa Ha r paspsaoB BIEBO, T.€.:

AR =AQ)F@) =A@z, (10.11)
Hampumep F(z) =z 5, torma A'1 = A1(2)-F(2) = (z4 + 22)-25 =z + 27.
YKCII0 JIEMEHTOB B KOJOBOM KOMOMHAIIUM CTaHOBUTCS paBHbIM K+ I = N,
T. €. YHCIy DJIEMEHTOB KOMOWHALMH LMKIHYECKOTO KOJAA. 3aTeM BLIOMPAETCS
oOpasyrommii nomueoM G(Z) mo TabnMie IONMHOMOB, NMPUYEM €0 CTENEHb
GepeTcst PaBHOM YMCITy IPOBEPOYHBIX CUMBOJIOB. 3aTEM MPOU3BOIUTCS JENIEHHE
A'(z) a G(z). B obmem ciydae pe3ynbTaT JAEICHHS COCTONT U3 LEIOT0 YHCia
Q(2) mocratka R(z). 3anmwenm sty npouenypy:
I r L
ol ) R
G(z) G(z) G(z) | (10.12)
rae Q(2) — uenas wacte, R(zZ) — ocrarok ot menenns.
Q(2) B (10.12) umeer Takyro xe crenens, uro u A(Z) u Takxke mpeanonaraer
coboil komoByr0 komOuHauio K-paspsgsoro koma. Cremens ocratka Q(zZ) me
BBILIE CTENEeHn oOpasyromiero nojuaoma G(2), T.e. He BbiIe cTenenu -1 , a
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YHCJIO WICHOB HE TIPEBBIMIALT I

Brruncnennsiii ocratok R(Z) ucnonssyercs s o6pazoBaHus KOMOMHALMU
UKJIMYecKoro kozaa. s aroro mpeobdpazyem hopmyiny (10.12), T.e. yMHOXHUM Ha
G(2). B pesynbrare noay4uum

A@Z) =A@z =Q@)G() @ R@). (10.13)
3aTeM Kk (18.13) mobGaBHM OCTaTOK
A'(z) BRG = A@) R = Q(2)G(2) ®R(z2) ER(2). (10.14)

N3BecTHO, YTO CIIOKEHHE WJIM BBIYMTAHUE MO MOAYJIO J1Ba JAET OJHU U TOT
ke pe3yabprat. [loaroMy B pesynbrare nmpouenypbl J00aBIE€HUS OCTaTKa
MOJIy4aeTcs

A’(2) 8R(2) = A@)Z @ R@) = Q(2)-G(2). (10.15)

Takum 06pa3om, BerurcieHHbIH nomuHoM(10.15) y10BI€TBOpSET IPUHIIUIIAM
NETMMOCTH Ha OOpasylomUii MOJMHOM, YTO sBISETCS (PYyHAaMEHTAIbHBIM
CBOMCTBOM IUKJIMYECKOTO MOJUHOMA. I10Jy4eHHOMY IOIMHOMY COOTBETCTBYIOT
paspelieHHble KOMOMHALMHI LUKJIMYeckoro koaa. B Hem K paspsmos otHocsTcs K
MH()OPMALMOHHEIM U I — K IPOBEPOYHBIM CHMBOJIAM.

UTaK, KOIMPOBAHKUE UCXOTHBIX KOMOMHALMHA COCTOUT:

1) B npeacrasnenny HHGOPMALMOHHOTO KOJa JUTMHOKO B K cuMBOIIOB B BUjIE
nonuHOMa crenern K-1 ;

2) Ymuoxennu A(Z) na momunom F(z) = Z ;

3) JleneHuu mosry4eHHOro nojMHoOMa Ha oopasyroruuii momuaom G(z) ns
onpenenenus ocratka R(2) ;

4) Cymmuposannu A(z2)F(2) u R(2) no momyiro 2.

[Iporieypa AEKOAUPOBAHHS COCTOMT B OOHApYXEHHH W HCIPABICHUH
OIIMOOK B NPUHATOM KOmOBOM komOuHamuu A**(Z) . Ilpu 3ToM Mcmonb3yercs
(GyHIaMEHTAIbHOE CBOMCTBO MHUKIMYECKOTO KOJA: JEIUMOCTh Ha 00Opasyromuii
nosmHOM. Eciin npuHsATas KOMOMHAIKMS JENUTCS Ha 0Opa3yrolinil OJMHOM 0€3
ocratka, T.e. R**(zZ) = 0, To, 3Hauur, B NPUHATOH KOJOBOM KOMOWHAIUH
OTCYTCTBYIOT OIIKOKH. CIie0BaTeNbHO, MOYHO BBIIEIUTh HH(DOPMAIMOHHBIE
CHMBOJIBI KOJIOBO# TTOCIIE0BATEIBHOCTH | TIOJIaTh MX HA BBIXO AEKOCPA.

Eciu B mporecce mepermaun Obila BBeJAEHA OJHOKpATHas OIMIMOKA, TO B
pe3yJbrarte JeNICHUS TMOJMHOMA IPUHATON KOMOBOM MOCIEIOBATEIILHOCTH Ha
00pasyIOIIUii TTOJMHOM TOJYYUTCS 0CTaToK R**(Z) # 0, KoTOpHIi MCIONB3yeTCs
st oOpasoBaHuMs — CHHApPOMa  (KOHTPOJIBHOTO — YHCJa),  HMCHPABISOIIETO
OJIHOKPATHYIO OMIMOKY. 3aIHIIeM aTOPUTM 3TOH MPOLEAYPHI:

A::-ci-c(z} Ri—csc{zj

G(z) =Q"@ & G(z)

Ocratky R**(z) coorsercrByer mommnaom ommbku E(Z). Onpenenenue ero
IPOBOIUTCSA Ha OCHOBAHMU TAKOTO CBOMCTBA IHMKJIMYECKUX MOJMHOMOB: OCTaTOK
R£(2) or nenenus nonmunoma ommbox E(Z) na o6pasyrommuii nomunom G(2) pasen
ocratky R**(Z) ot nenenus nonunoma kogosoii nocienosarensaoctu A**(2) na
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o6pasyrommii nomuaom G(2), T.e RE(2) = R**(2).

Ha npueMHON CTOPOHE M3BECTHBI BCE OJMHOYHBIE OIIMOKU B IPUHMMAEMOM
kogoBoi xkomOuHarmu. O1o 1000000000, 01000000000... 1 T.1., @ 3HAYUT U BCE
Bosmoxkuble nonuHoMbl E(Z) u Rg(Z). CnenosarensHo, B gekomepe ocraercs

TONLKO cpaBHMTHL cootBercTtBHE RE(Z) ¢ R**(2) u onpenemurs E(Z). Ucxonnas
KO/IOBas KOMOMHANMUS BOcCTaHapauBaercs o npasmiy A'(z) = A**(z) + E(2).

3aTeM M3 KOJOBOH KOMOMHAIMM BBLIEIAKOTCA MH(GOPMAIMOHHBIE CUMBOJIBL.
TakoB anroputM paGoOTBl JAEKOJAEPa, KOTOPBIA HECIOXKHO OCYHIECTBHUTH
texHudecku. OmmuOKku OOJbIIEH KPaTHOCTH, YeM TIEPBOM, B JIAOOpAaTOpPHOU padoTe
HE UCTIPABJISIOTCS.

Jlns mpuMepa paccMOTpMM 00pa30BaHME HUKIMYECKHX KOJIOB JUIS KOJOB,
IOJTy4aeMBIX ¢ BBIXOI0B renepaTopoB Oyks C u @.

B nmannoit maGoparopHoi pabore ucnonbzyercs kox 10,5. CnenoBarensHo, B
KOIOBOW KoMmOuHammu 10 3JIeMEHTOB, M3 HHUX 5 — mMpoBepouHBIX. YucIo

IPOBEPOYHBIX cuMBOJIOB I ipu d = 3 onpenensercs u3 ypapuenus 2 — [ >k + r.
Ji1st 06pa3oBaHus HUKIMYECKOTO KOJIA U3 MSATUJIEMEHTHBIX KOJIOBbIX KOMOUHALIUNA

(18.7) u (18.8) ymuoxum ux Ha nomuHom F(z) = z, T.e. caBuHem mx Ha 5
pas3psaoB BiEBO. B pe3ynprare nonydynm

, 4 N5 Y
A1(2)=A10)F(2)=@ +2) =72 +z. (10.16)

[omuuomy A'1(Z) coorBerctByer kombuHarms 1010000000.
A @=A@F@= '+ +)"="+7"+7". (10.17)

[Moaunromy A’ 9 cootBercTByeT kKomOuHanus 1011000000.

O6pa3y1051)111/1171 [JOIHHOM B JTaHHOM J1TabopaTopHOM paboTe paBeH

G()=z +z +1z +1;emycoorserctByer 110101.

[Tonenum komoBbie ocieaoBaTenbHOCTH (18.16) u (18.17) Ha oOpasyromuit

ITOJIMHOM.
1010000000 (110101
110101 11010
e 111010

110101

111100
S 110101

10010

B pesynbprare nonyuum

A4z R, (2) 10010
e 0.(2) + 6(2}44,. 10010 + o

Crnie10BaTeNbHO, R1(z) =z +z — 10010.

@ 1011000000 (110101
110101 11001
110010
@ 110101

) 111000
110101 1101

R 110101
— 0.(D)+ = 1001 + .
Q2(z) Gres J1o0L 110101

Arz(z)
G(z)
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3 2
CnemoBarensno, Ro(2)=z +z +1—1101..

Orcrona o popmyste (10.14) nomyuaem nuknmudeckne komObunanuu A'1(2) =
A1(2)z" + R1(z) — 1010000000 + 10010 = 1010010010 A'2(2) = Ax(2)z

+ R9(z) — 1011000000 + 1101 = 1011001101 ITonyueHHbie KOMOUHALMH
ABISIOTCS KOMOMHAIUAMH IIUKIMIECKOTO KOJIA.

[ToaTBepKIEHUEM ITOTO CIIYKHUT JieJieHrne 0e3 0cTaTKa KOJAOBBIX KOMOMHAITMI Ha
o0pa3yroluii MOJIMHOM:

» '(z) _ 1010010010

=11010 R =
G(2) 110101 -re =0,
A (z) =1011001101 = ,
20) 11001, 1te. R, =0.
Gz 110101

Kpatkas xapakrepucTuka 1enei 1 CUrHajoB

JlaGopaTopHBIil CTEH] MpeACTaBisIeT co00i YHHBEpPCAIBbHYIO MOJETH CBS3U
(pucynok 10.1). On Bkirouaer B ceOsi OJIOKM, KOTOPBIE HCIOJIB3YIOTCS IS
MIPOBEICHUS TaHHOU 1abopaTopHOU padoThl: ucTouHuku coodmennit (MC) (OykBbI

C u @), xomupyromue yerpoiictsa (KVY), kanan cesasu (KC) ¢ yerpoiictBoM BBO/IA
omnbok (YBO), nekonupytomue ycrpoiictsa (V).

/ KV-1
HC

"N OKV2

YBO

Pucynoxk 10.1 - YHuBepcanbHas MOJ€Jb CBSA3U

McTOYHNKAMK CHTHAJIOB CITyaT BbIX01bl TeHepaTtopoB OykB C u @, koTopbie
JAIOT S5-3JIEMEHTHBIE KOJOBBIE IOCIEA0BATENBHOCTH. Koaupyromee yCcTpOUCTBO
couepxkut nBa koxepa. Komep 1 koawpyer KOoaoM ¢ NpOBEPKOM Ha YETHOCTbH, a
KOZEP 2 OCYLIECTBIISIET UKINYECKOE KOAUPOBAHHUE.

B nabopaTopHOM CTE€HZIE MMEETCsSl KaHal CBSI3U, C IOMOIIBIO KOTOPOTO B
[epeJaBaeMyro KOJOBYI0 KOMOMHALIMIO BBOAATCS omnOku. st atoro nmeercs 10
MEPEKII0YATENEH, TOCPEACTBOM KOTOPBIX COOTBETCTBYIOLIME CUMBOJIBI B KOJOBOM
KOMOWHAIUY U3MEHSIOTCS HA POTUBOIMOJIOKHBIE.

biok pexkoaupyromux yCTPOMCTB CONEpPXKHT aBa Jekoxaepa. [lexomep mid
KO/a ¢ OOHapyXeHHeM OHIMOOK (LIMKIMYECKOro KOJa) MMEET JiBa BBIXOJA: IS
WH(POPMALIMOHHOTO CHUTHaNa M curHaja omuOku. [Ipu moctymieHun Ha BXOA
HEUCKaXEHHOM KOJOBOW KOMOMHAIMM WM KOMOMHAallMM C HEOOHapyKeHHOU
OIIMOKOM 3Ta KOMOWHAIUS TOCTYMAaeT Ha HHPOPMAIIMOHHBIN BbIxo. [Ipu
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NOCTYIUICHHH Ha BXOJl KOMOMHAIMM C OOHApy>KMBAaeMOM OIIMOKOW CHUrHalI Ha
WH(GOPMALIMOHHOM  BBIXOJIE OTCYTCTBYET M TMOSIBISIETCS CUTHANl — OUIMOKH
(IOJIOKUTENBHBIN NPAMOYTOJIBHBIN HMITYJIbC).
Jlexonep 2 ucnpasisieT B HUKINYECKOM KOJI€ JIF0OYI0 OJIMHOYHYIO OLIUOKY.
Cursassl HaOIIOAIOTCS € MOMOIIBIO OcLMIIIOrpada Ha BBIXOAAX

renepatopoB C u @, konepos | u 2 kaHaja CBA3M M JEKOAEPOB 1, 2.
JlomaliHee 3agaHue
1 M3yunTte OCHOBHBIE pa3/ieiibl TEMbI IO KOHCIIEKTY JEKLIUHA U JTUTepaType.
JlabopaTopHoe 3a7aHue

1 Ko ¢ mpoBepkoi Ha YETHOCTb.

1.1 W3yunTe mpUHLMI MOCTPOEHMSI KOJA C IMPOBEPKOM HA YETHOCTh U €ro
KOPPEKTUPYIOIIYIO CIOCOOHOCTb.

1.2 Onpenenute st koma OykB C u @ 3HaYEHUs] TPOBEPOUYHBIX CHMBOJIOB
IIPU KOJAUPOBAHUHU C IPOBEPKOM HA YETHOCTb.

1.3 Cobepute cxemy sl OCYIIECTBICHHsS KOJHWPOBAHMUSA C IMPOBEPKOM Ha
YETHOCTb. YOEAUTECh B KOPPEKTUPYIOLIEH CIOCOOHOCTH KOJa IpU BBEICHHUU
OJTHOKPATHBIX OMIMOOK. 3apucyiiTe auarpaMMbl HampsDKEHMA Ha  BBIXOJZE
reHepaTopa, Kojepa, KaHajla CBS3M U JIEKOJepa NPHU OTCYTCTBUM OIIMOOK M IPU
BBEJICHUH OJHOKPATHOW OIIHOKH.

2 lluxmnaecKuii KoJ.

2.1 VM3yunTe NpHUHIMN OHKIAYECKOTO KOJUPOBAHUS U €r0 HCIPABIISIIOIIYIO
CIIOCOOHOCTb.

2.2 VYOenurech B OCHOBHOM CBOMCTBE IIMKJIMYECKOIO KOJA: HEIUMOCTH
KOJOBOM KOMOMHAIIMK O3 ocTaTka Ha 0Opa3yromui IMOJUHOM IIPH OTCYTCTBUH
OmUOKH B KOJOBOW KOMOWHAIMU W €€ MEeTUMOCTH C OCTaTKOM TP HaJIHYWU
OIINOOK.

2.3 CobOepure cxemy IS OCYIISCTBICHUS IUKINYECKOTO KOIUPOBAHMSL.
Yo6enuTech B MCHPABIISIONICH CIOCOOHOCTH KOJa TNPHU BBEJICHUU OJHOKPATHBIX
OImMOO0K B KOJIOBYIO MOCJIEIOBATEILHOCTh. 3apUCYUTE TUarpaMMbl HAPSOKCHUA HA
BBIXO/IE TEHEPATOPa, KOJepa, KaHayla CBI3U U JCKOAepa.

MeTtoanyeckue YKa3aHHu:A

1 Tloxmcoemmuure ocummiorpad cHadama k remeparopy "C". 3apucyiite
AuarpamMmbl HampspkeHU. YacToTy pa3BepTKu ociuuiorpada yCTaHOBUTE PAaBHOM
4acTOTE CIICIOBAHUS ISTHAJIEMEHTHBIX KOMOWHAIMK C TeM, 4TOOBI Ha JKpaHe
ocrmuiorpada MOXKHO OBLIO YBHJIETH JIMITL OJHY KOJAOBYIO KOMOMHaImio. To ke
camoe cJIeNTaiTe JUIsl CUTHANA ¢ BhIX0oJa reHepaTopa @.
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2  VI3yuyuTe NpUHIUI MOCTPOEHUS KOJa C MPOBEPKOM HA YETHOCTH U €ro
KOPPEKTUPYIOILYIO CITOCOOHOCTb.

2.1 Cobepute cxeMy MJig OCYIIECTBICHHS] KOJAMPOBAHUSA C MPOBEPKON Ha
4eTKOCTh. CxeMa JoJKHa coepxaTh KoAep 1, KaHall CBSI3U C BBOJIOM OIIHMOOK B
KOI0BYI0 KomOuHaimio u aekogep 1. K Beixomy renepatopa C momcoeauHuTe
kozep 1. K Beixomy kozepa 1 - Bxoja kaHana cBsi3H (YCTPOMCTBO BBO/IA OMMOOK). K
BBIXOJy KaHalla CBSI3UM - BXOJ Jekogepa 1. YbOemurtech, 4To MpPH OTCYTCTBHUH
olIMOOK B KaHaJle CBS3M Ha BbIXOJ€ JeKoaepa | Habt01al0TCs UCXOAHbIE KOTOBbIE
MOCJICZIOBATEILHOCTU. 3apuUCyWTe C TOMOUIbIO OcCIuUIorpada CUTrHalIbBl Ha
BoIx01ax rereparopa C, koaepa I, kaHana cBsi3u u jgexoepa .

2.2 Beemute ommMOKYy HEYETHOM KpaTHOCTH, yOemuTech, 4yTo Aekonaep 1
bukcupyer HaiauuMe OIMMOKM B KaHajle CBSI3U. 3apuUCylTe JIuarpaMMbl
HaIpSDKEHUS Ha BbIXOJE Kojepa |, kaHana cBsi3u u aexoxaepa 1.

2.3 Beenute ommOKHM Y€THOM KPaTHOCTH B CUTHAJ. 3apuUCyiTe
OCIIMJIOrpaMMBbI HaIlpsKEHUs Ha BBIXO/JIE Kojiepa 1, kaHana cBsi3u, fekonaepa 1.

2.4 To e camoe, uTo B 1.11. 2.1—2.3 nipozenaiite aas reneparopa D.

3 M3yuurte NpUHIMUI HUKINYECKOTO KOJUPOBAHUS, €T0 KOPPEKTUPYIOLTYIO
CIIOCOOHOCTb.

3.1 Cobeputre cxemy isi OCYIIECTBICHHS IUKIMYECKOTO KOAUPOBAHUS.
Cxema JopKHA cofiepkKaTh KoJep 2, KaHall CBSI3U C YCTPOWCTBOM BBOJIa OIIMOOK,
nekojep 2.

3.2 TloacoenuuauTe K BXOMy Kozepa 2 Beixoxa rereparopa C. Yoeautech, 4to
Ipy OTCYTCTBUM OLIMOOK B KaHaje CBSA3M Bbl HAOJIOJAeTe MCXOJHbIE KOJOBBIC
MOCJIEIOBATEILHOCTH Ha BRIXOJIE Kojepa 2. 3apucyiTe ¢ MOMOIIbI0 ociuiuiorpada
CUTHAJIbl Ha BBIXOJIE KO/epa 2, KaHaja CBSI3U U JieKozepa 2.

3.3 Beeaure m100y10 0OJHOKPATHYIO OIIMOKY B KOJIOBYIO ITOCJIE€IOBATEILHOCTD
U yOeauTeCh, UTO JIEKOJIEp 2 UCIIPABIISET UX. 3apUCYHTE CUTHAIIBI Ha BBIXO/aX
KoZiepa 2, KaHaja CBsI3U U JIeKoJiepa 2 sl CUrHaiia ¢ reneparopa 0ykssl C.

3.4 Breaute onmmOKH IBYKpaTHBIE M OOJIbIIEH KPAaTHOCTH B KOJOBYIO
MOCIIEA0BATEIBHOCTh. Y O€AUTEChH, YTO AEKOEP 2 HE UCIIPABIISAET UX.

3.5 Bemmonaure .. 3.2 — 3.4 ¢ renepatopom OykBbl .
Otuer

OT4eTr TOoJKEH colepKaTh:

1 BrinmosiHEHHOE TOMAIIIHEE 3aJJaHuUE.

2 CTpyKTYpHYIO CXeMY HUCCIEOBaHUM.

3 OcrumiorpaMMbl KOJOBBIX KOMOWHAIIWN, TIOTyICHHBIC TIPHU BBITIOJTHEHUT
nabopaTopHOI PabOTHI.

4 Ananu3 mosy4eHHbBIX pe3yJbTaTOB U BHIBOJIbI.

KoHTpoJsibHbIE BOMPOCHI
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1 Yto Takoe moMex0oyCTOMYHNBOE KOJAUPOBaHUE?

2 Kakune xoapl Ha3bIBAIOT JIMHENHBIMU ?

3 Kakue »j1eMeHTHI KOJIa B KOJOBOMH ITOCIEIOBATEIbHOCTH HAa3bIBAIOT
MIPOBEPOYHBIMH, a KaKue WHHOPMAITMOHHBIMU ?

4 Kak CTpoUTCSsl KOJi C TPOBEPKOM HA YETKOCTH?

5 Kakue ommOku oOHapy»KUBAET KOJ[ C TPOBEPKON HA YETKOCThH?

6 Kak cTpouTcst TUKINYECKUA KO ?

7 B 4eM COCTOUT MPHUHITUIT UCTIPABJICHUS OIIMOOK MPH [IUKINYECKOM
KOJIUPOBAHUU?
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ITPMJIOKEHUE

NHCTpyKIIMsT 1O  HCHOJIB30BAHMKO  IporpaMmHOro makera ““Teopus
anektpuueckoit cBsazu’(TIC)

1 OO01He mooKEHUS

[Iporpammubiii maker “TOC” co3maH Il UCMOJB30BaHUS COBMECTHO C
nabopatopHbiM cTteHaoM ‘“‘Teopust anexTpuyeckoit cBsa3u”. Ilaker oOecrieunBaeT
MPOTPAMMHYI0 PEATU3ALMIO0 CIIEKTPOAHAIU3ATOPa, KOPPEISITOpa, MOCTPOUTENS
TUCTOTPaMMBbl JIJII OLEHKH IIJIOTHOCTU BEPOSTHOCTM MIHOBEHHBIX 3HAUYECHHM
CUTHAJIa, a TAKKE MPOU3BOJIUT TOJCUYET YUCIIA OMTMOOK C TMOCIEIYIONIEH OIEHKOM
uX BeposTHOCTU. Jlnsi paboThl mporpaMmbl TpeOyercs NpolLeccop He MEHee
Celeron 300 MIn, 32Mb omepatuBHOW maMmsTH, 3ByKoBas Kkaprta, Windows
98(pexomenpayercs SE).

2 Kak paboTarh ¢ KOMIIOHEHTaMH [TaKeTa

[Tocne 3arpy3ku mporpaMMbl MOSIBISIETCSE OKHO, U300paKE€HHOE Ha PUCYHKE 1.

. Mporpamioe oGecnevenyde AadoparopHOro annaparHo-NporpaMHoroe KoMnaexca " T eopHA 9 NEKTPHYECKOH CEASMH" =l EE

(1L of e

Pucynok 1 - Pabouee okHO mTporpaMmbl

BbI30B KOMIIOHEHTOB OCYILECTBIISIETCS C IOMOIUBIO KIIABMII Ha IaHEIU
ynpaiieHusi(cM. pUCyHOK 1). Mccnenyemblie curaaibl cieayer moaaBaTh Ha BXO/IbI
A u b crenna, npudeM ypoBEHb CUTHAJIOB MOKHO MEHSTH C TOMOIIBIO
NOTEHIIHOMETPOB, PACIIOJIOKEHHBIX OKOJIO COOTBETCTBYIOIIUX BXOJIOB.
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1.1 Cnexrpoananuzarop

Pexxum “Cniektpoananu3aTop’ BbI3bIBACTCS HAXKaTHEM Ha KHOTIKY 1(pUCYHOK
2).

. lNporpamyoe ofiecrieyeHHe Nal opaTopHOro annaparHo-MporpaMHOro KoMnnerca =T eopHA 3 NEKTPHYECKOR CEASM

0 O I

(C.‘ne}crpDaHsLmI'sﬂmpj
Pucynok 2 - BkitoueHne ciekTpoaHanu3aTopa

[Tocne HaxkaThs Ha KJIABHITY | TOSBIISETCS OKHO, H300paKEHHOE HA PUCYHKE

. Mporpamioe oGecneyenyde AadoparopHOro annaparHo-NporpamHoro komnnexca "'Teopua 3 nexTrpHYeckol cEASKH” =l EE

C ol e e

Wkana kaHana &

!1 vi B
FHih-—E] Tu
FBiEEa.D-D-H Tu

rCnekrp——
& ArniuTya

¥pogeHe BxogHoro cumana, B

= MowHocTH

Wrana kaHana b

_n
I
=
4 .
‘_|
=
Y¥pogeHe BrogHoro cumana, B

Fe izannn v] Tu

Pucynok 3 - OkHO crieKTpoaHan3aTropa

B nepoit yactu okna (Illkama xanama A(b)) MOXHO WU3MEHATH MacuITad, B
KOTOpBbIX OyAeT M300pa’keH CrekTp curHaia. [lepBelil mpenen — HanpsHKEHHS B
Bonbrax. FH 1 FB — COOTBETCTBEHHO HWXHSS WM BEPXHSS TPAHULBI IO YaCTOTE.
CurHansl 17151 aHaIM3a MOAAIOTCA Ha COOTBETCTBYIOIIME BX0bl (A wiu b), npuuem
UX aMIUTUTY1y MOKHO U3MEHATH C MOMOIIbIO MOTEHIIMOMETPOB 3TUX BX0J0B (DTa
pEryJIupoBKa MOXET IMOTpPeOOBaThCS B CIyyasix, KOIJa HCCIEAyeMbld CHUTHaI
npesbiaet 0.7B u nosiBiisieTcst meperpysKa Ha BXO/JIE).

1.2 I'ucrorpamma(imarpamma ypoBHEN )
Pexxum “I'mcTorpaMma’ BbI3BIBAETCSI HAXKATUEM Ha KHOIKY 2(PUCYHOK 4).
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. Mporpamyoce obecrnevenHe NadoparopHOre anNmNaparHo-NporpaMioro Komnaekca " T eopHa a nexTpHYECKOR CEASH

Ll 1] @ o

PucyHok 4 - BkintoueHnue pexxuma rucTorpaMMbl
[Tocne Ha)kaTusl HA KJIABHIIY MOSBISETCS OKHO, M300paKeHHOE HAa PUCYHKE 5.

B Nporpamuce ofiecneveHue natiopaTOPHOrD aNNAPATHO-NPOrPAMHOND KOMNAEKGA T 20pHA 3 NEKTPMYECKOR CEASK =l 5

S IO T R B |

[ McTOrpaMma.

= 10000

MNoTHOCTE AHepru

05 04 03 02 .04 0 o4 02 03 0.4 05
Hanpamxenwe, B

Pucynox 5 - OKHO MOCTPOUTENS THCTOTPAMMBbI

Curnain nis aHanu3a cieayeT MoAaTh Ha OJMH U3 BX0A0B MakeTa (A unu b).
Tak kak ucnoisb3yercs pexum “MOHO” He mMeeT 3HaYeHUs, HA KaKOW MMEHHO
BXOJl IOJaBaThb CHUTHAJ, HO HE CcleAyeT IoAaBaThb CUTHal Ha o0a BXoAa
OJTHOBPEMEHHO, TaK KakK B pe3yJibTaTe MOJYyYUTCS UX anreOpanueckas cymma.
I'paduk, NOTyYEHHBI B ITOM pEXUME, NPEACTABISIET COOON OLIEHKY IJIOTHOCTH
BEPOSITHOCTH MTHOBEHHBIX 3HAUEHHI HCCIIEyeMOr0 CUTHaA.

1.3 Koppensitop
KoppesnaTop BbI3bIBa€TCS HAXKATHEM HA KHONKY 3(PUCYHOK 6).

. lMNporpaMyoe o6 ecrneéyeHHe NaboparopHOro annaparHo-NporpaMHOro KoMnferca " T eopuA 3 NEKTPHYECKOH CEASM

_1_1_\1113131

Pucynok 6 - Bxitouenue koppensitopa
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ITocne HaxkaTtus Ha KJIIaBUITY ITOABJIACTCA OKHO, I/I306pa)K€HHOC Ha PUCYHKE 7
=100 x]

. lporpamyoe o6ecnedMeHMe NatfopaTopHOro annapaTHo-NporpamMHOro KoMnaekca *'T eopHa 3 NEKTpUYECKOA CEASM™

BaanmokoppenayuoHHan chyHKUMA
Mexay kaHanamu A n b

=

Ritau)

-0 -0.005 1] 0.0
tau, c

Ritau)

Ritau) =

.
i

-0.015 -0.01 1] 0.
tau, c

-0 -0.005 1] 0.0 0ms
tau, c

Pucynok 7 - OxkHO KoppensiTopa

[Tpu HaxxaTnu Ha 3eseHyt0 KHONKY “Ilyck” mpoucXOauT CHATUE OTCUETOB CO
3BYKOBOW  KapThl W mocuenymoomas — obpaborka  (aBTOKOPPEISIHS,
B3auMoOKoppensus).  Pe3ynbrarel  moOsSBISIIOTCA  HAa  Tpex  rpadukax
cootBercTBeHHO. ['paduku AK® um BK®D crposrcs B auanazoHe 3HaYeHUUW -
20mc<t<20mc.

BHUMAHME!!! ocmbICieHHbIE pE3yabTaThl IMpPOrpaMMa BBIJAET TOIBKO
OCJI€ XOTsI ObI OJTHOKPATHOTO Ha)kaTus Ha KHOMKY “Ilyck™.

CurHanel cienyeT MoJaBaTh COOTBETCTBEHHO Ha Bxoabl A u b, mpuuem
YPOBEHb CUTHAJIA BIIUSET TOJbKO HA HEJIMHEHHBIE UCKAXKEHUSL.

1.4 TToxacuet ommoOOK
Pexxum [Toacuera ommbOOK BRI3BIBACTCS HAXKATHEM Ha KHOTIKY 4(PHCYHOK 8).

. lNporpamyoe ofiecnevyeHHe NatopaTopHOro annaparHo-NporpaMHoro KoMnnexca T eopya 3 NeKTPHYECKOR CBASH™

L[] @ e
-

[Hn.:[cqe'r numﬁnhj
Pucynok 8 - BxiroueHnue pexxuma mojcuera ommook
[Ipu HaxkaThK Ha KHOMIKY 4 MOSBIISIETCS OKHO, M300paXKEHHOE Ha PUCYHKE 9.
[ToncueT mpou3BOUTCA HAXKATUEM Ha 3€JICHBIN TPEYTOJbHUK (KHOIIKA
“ITyck”). JJmuTeapHOCTh aHAJIM3a 3aBUCUT OT 33JIaHHBIX HacTpoek. OKHO Jauasora
HACTPOUKHU M300pakeHo Ha pucyHke 10.
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I'IpnrpaMHne ofiecneyeHHe naﬁnpaTn HOr o annapaTHoO-Npor paMHoOro KoWMnAekca TBDDHﬂ 3ﬂEKT|JH‘IEf‘KDH CBHSH

FECE O o

Pucynoxk 9 - OxkHo nojcuera omubOK U UX BEPOSITHOCTEN

HacTpofiku

[ EI 000512

Pucynok 10 - MeHo HacTpOWKH BpEMEHU CUETA

B nanHOM MEHIO IOCTYHmHO TOJBKO OJHO moJie: Bpems cuera. OcTtanbHble
nosst nHpopMarimoHHeie. BpeMsi cueTa B ceKyHaaxX 3aJaeT MHTEpBaJ BPEMEHH, 3a
KOTOPBIA TPOU3BOAUTCS TOACYeT OommOoK. J[yis paboTel HEOOXOAMMO MOAATh HA
BXObI A W b COOTBETCTBEHHO CHTHajbl OHIMOOK B OyKBE M CHMBOJIE.
JIMMTEeNbHOCTh CHUMBOJIA U YMCJIO CHMBOJIOB B OYKBE yKa3aHbl B WHCTPYKIIUU K
71a00paTOPHOMY CTEH/TY.
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