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YnpaBsieHue uppoBbIX 06pa30BaTENbHBIX TEXHOJIOTUH
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LIEJ/1b PABOTbI

WccnepoBaHWe CUrHanoB C aMNIUTYAHOM MoaynsiumMii, uccneno-
BaHue paboTbl aMMIMTYAHOrO MOAYNATOPA WM aMMIMTYAHOrO AETEKTO-
pa

1. ONMUCAHME NOCJIEAQOBATEJIbHOCTHA
BbINOJIHEHNA UCCNTIEAOBAHUA

CTpyKTypa BbIMONHSIEMOM paboTbl cneaytoLas:

- UccneaoBaHue BAMSHUA KO3 dUUMEHTa MOAYNSUMM U MeToAa
MOZYNSUMM Ha BPEMEHHYIO AnarpamMmy (ocumnnorpammy) mMoaynvpye-
MOro CurHana;

- UccnepoBaHve 3aBUCMMOCTM CriekTpa MoZy/iMpyeMoro curHana
OT MeToAa MOAYNSLNN.

- nccnepoBaHve paboTbl YaCTOTHOrO AeTeKTopa

ANns npoBefeHVst UCCNeaoBaHWiA MCNOMb30BaTb MPOrpaMMHbIN
npoaykt ElectronicWorkbench v a3blkoByto cpely MathCad 14.

- 3a/aTb MCXOAHble [aHHble B COOTBETCTBMWM C BapuMaHTOM M3

Tabnuupl 1.
Tabnuua 1 — BapnaHTbl UCXOAHBIX AAHHBIX ANs NPOBEAEHUS UC-
cnefoBaHni
Amnnutyga | Yacrota | AMniMtyga | YacToTa
Homep | ycrounmka | vctounmka | uctounmka | ucrourmka | L1r | C2:.| RS,
BapuaHTa Vy, B V, Ky V,,B V,, Ky | MKTH | HO Om
1 0,5 155 0,1 3 300 | 3,6 12
2 0,5 200 0,1 5 620 | 1,0 51
3 0,5 450 0,1 7 62 2,0 3
4 0,5 610 0,1 3 30 2,2 1
5 0,5 255 0,1 7 300 | 1,3 27
6 0,5 185 0,1 4 620 | 1,2 47
7 0,5 515 0,1 8 62 1,5 2
8 0,5 405 0,1 6 150 | 1,0 6,2
9 0,5 180 0,1 2,5 150 | 51 1,5
10 0,5 295 0,1 2 62 47 1

2. UCCNTIEAOBAHME NPOLLECCA AMMJIUTYQHOM
MoAvIALUUUN

[JleTekTMpoBaHWe WK AeMoaynsauus — 3TO pagmodusnyeckuii
npouecc, 06paTHbIA MOAYNSALUMM, T. €. U3 MPUHATOrO MOAYTMPOBAHHO-
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ro CUrHana AO/MKEH MOMYUYMTLCS NMEPBOHAYAsbHbIN MONE3HbIA CUrHanN,
KOTOPbI MPOMOAY/IMPOBANMN B NepefaTynKe U U3Ty4ynsiv B NPOCTPaH-
CTBO B BUAE 3MEKTPOMArHUTHbIX BOJIH.

Moaynsiums - 3T0 NpoLECC YNpaBieHUst OAHUM WU HECKONbKU-
MW MapaMeTpaMm BbiCOKo4YacToTHoro (BY) konebaHus. Ynpaensiowmm
ABNISIETCS CUTHA, HECYLMI UHOPMaLMIO.

AmnnutyaHon wmoaynsiumein (AM) HasbiBaeTcs 06pasoBaHue
CUrHana nyTeM W3MeHEHMsI aMnauMTyabl FapMOHMYECKOro KonebaHus
NPOMOPUMOHANIbHO MIHOBEHHBIM 3HAYEHUEM HanpshKeHWs WM ToKa
,qp1yroro 3NEKTPUYECKOro curHana (coobuueHus).
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2.1 BbinosnHeHue nccnenoBaHum no BJZINSTHUIO
napaMeTpoB aMIvIMTyA TreHepaTopoB Ha BpPEMEHHYI0
AvarpaMMy MoaynmMpyeMoro cCurHana

2.1.1 PaboTy HauyaTb C WCCNEeAOBaHUS BAUSHUS aMMMTyAbl

2 UCTOYHMKA MOAY/IMPYIOLLEro CUrHana Ha KosdbduUMEHT Moayns-
umm.

[ns npoBefeHWst MCCNeaoBaHW Heo6XoaMMO BK/IOYWTbL MO-
fAenb 1 HabnoaaTe AM-curHan Ha Bbixoge ocuunnorpada B (B pexu-
Me DC), yCTaHOBUB HeobXoanMble 3HAYeHUS! ANUTENBbHOCTM pa3BepPTKM
(7imebase) v nenvtenel Hanpshxenus (Scale).

BbIKNHOUNTbL MOAENb HE3aA40M0 A0 MOMEHTa MOJSIHOro Xo4a fy4a
ocumnnorpada. BkiounTb TpaHCMNOHMPOBaHUE OcuMAiorpamMm B £xel.
Ons atoro nocnepoBatenbHO HaxaTtb WMHCTPYMEHTBI-OKCMOPT B
Exel.

KonupoBaTb rpacuk B COOTBETCTBYIOLWIMI pa3aen oT4yeTa.

MoBTOpUTbL M3MepeHusa no n.2.1.1, ysenuumnsasl aMmnauMTyay uc-

TOYHMKA V2 Ans crneaytowmx 3Hadvenui: 0.5, 1, 1.5, 2, 2.5, 3 5 B.
B Tabnuuy 2.1 3aHecTn nosy4YeHHble 3HavyeHns koadduumeHTa
MOAYNALUMM, PACCUMTAHHOW C UCMOJIb30BaHUEM (OPMYIIbl:
Vo =V
—mex  "min_100%. (2.1)

max T Vmin

m=

Tabnuua 2.1 — 3aBMCMMOCTb KO3 duumeHTa Moaynaumm u
koapduumeHTa Nnone3Horo [encTBus

OT aMMIUTY bl UCTOYHMKA V2 MoaympyioLle-

O CUrHana
Homep namepe- | AMnnuTyga wc- KoadhdumumeHT Kn4d n, %
HUA TouHuka V,, B | Modynsaumm m, %
1 0,5 4,37 0,095
2 1 5,93 0,176
3 1,5 7,55 0,284
4 2 9,19 0,421
5 2,5 10,97 0,598
6 3 12,62 0,79
7 5 17,81 1,561

Ansa npumepa B Tabnuuy 2.1 66111 NoOMeLLeHbl AaHHble uccne-
[OBaHWI Ans nepBoro BapuaHTa. Ha pucyHkax 2.1-2.3 npusepeHbl
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BPEMEHHbIE AMarpaMMbl (OCUMIOrPaMMbl), MOJTyYeHHble AN 3Hade-
HWUI NEpBOro, BTOPOro U CEAbMOIO HOMEPA U3MEPEHUA.
AHanu3 faHHbiX Tabnuubl 2.1 MOKa3bIBAET, UTO YBEIUYEHME

aMnAnTyabl NCTOYHMKA V2 MOAYIMPYIOLLEr0 CUrHana npuBoauT K po-
cTy ko3pdumumeHTa Moaynsiumm. OgHAKO POCT HECYLLECTBEHHbIN. Tak,
npu yBenuyenmm amnantyasl ¢ 0,5 B oo 5B, T.e. B 10 pa3, koaddu-
LUMEHT MOAYNsauUMM yBENNUNACS Bcero Ha 13%.

150 150
1381 133
= &
™ 126 1 126 @
a
% i A Il l i J l “ M I -
=114 14
=3 s
@ 101 101 &
s 2
<
< g9 L9
77 77
5.0u 158.0 311.00 464.00 617.00 7701
Bpems (c)

0 Kawan A HZK;Han B

PucyHok 2.1 — OcumnnorpaMmMa MoayMpyeMoro curHana npu amnnm-
TyAie NCTOYHMKa Moaynmpytowlero curHanaV, = 0.5 B

149 149

132+ 132
5 s e €
e 8
511.5- t115
K} w

> 93 las
% 5
3 821 Loz &
z pug
<
X 65/ L6s

48 48
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O Kawan & Hsznsn B

PucyHok 2.2 — OcuunnorpamMMa MoaynnmpyeMoro curHana npu
aMnanTyae NCTOYHNKa Moaynmupytollero curHanaV, =1 B
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PucyHok 2.3 — Ocumnnorpamma mMoaympyemoro curHana npu
aMnnNTysle UCTOUHMKa Moaynmpytowiero curHanaVy, =5 B

BennunHa koacbdurumeHTa NoNe3HOro AencTemns, 3aeucswias ot
K03 PpuumeHTa Moaynsumn, He npesbiwaet 1,5%.
2.1.2 Ana npoBefeHne UCCNeaoBaHUN BIUAHWUSA aMNIUTYAbl UC-

o V
TOYHMKA Hecyllei YactoThl 1 Ha dopMy AM-curHana Heobxoammo
YCTaHOBUTb ~ aMMAUTYAy  MUCTOYHMKA  MOAY/MPYIOLEro  curHana

V, =0. V=1
2=05 B, @ aMnUTyay MCTOYHMKA HECYLMX KonebaHmin 1 B.

BbIkniounTL MOAENb HE3a40NT0 A0 MOMEHTA MOJIHOMO Xoda flyya
ocumnnorpacda. KonuposaTb rpacuk B COOTBETCTBYHOLWMI pasaen oT-
yeTa.

MoBTOpUTL M3MepeHus no n.2.1.2, yBenmuneas amnantygy uc-

.V "
TOYHMKA Hecylumx konebaHun 1 ang cneayrowmx 3HadeHuit: 1.5, 2,
2.5 B. MocTtpounTb rpadvkn M NOMECTUTb MX B OTYET. 3aNO/IHUTL AaH-
Hble Tabnuupl 2.2.

Tabnuua 2.2 — 3aBUCMMOCTb KoadduUmeHTa Moaynauum u
KoaddurLUMeHTa NONE3HOro AENCTBUS
OT aMNNTY/ibl UCTOYHMKA V; HecyLei YacToTl

Homep Amnnuntyaa 3HayeHune KN4 n, %
U3MEpEeHNs | NCTOYHMKA Ko3(pPpuumeHTa
V1: B MoaynsumMn m, %
1 1 12,81 0,814
2 1,5 21,84 2,329
3 2 30,91 4,559
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4 | 25 | 40,5 | 7,58

MpuMep nonyyaeMblx rpacdmMKoB ANsi pacCMATPMBAEMOro Bapu-
aHTa UCXOHbIX AaHHbIX NPUBEMEH HA pUCYHKaX 2.4-2.7.
AHanusupys nosydeHHble pe3y/bTaThl, MOXHO CAeNaTh BbIBOJ

0 TOM, YTO YBE/IMYEHNE aMMANUTYAbl UCTOYHMKA HECYyLLEeN YacToTbl Vi
npvBoAnT

- K CyLLEeCTBEHHOMY POCTy KoadduumeHTa mogynsiumm (c 12,8%
110 40,5%);

- pocty koadbduumeHTa nonesHoro aencteus (c 0,814% po
7,58%);

- U3MEHEHMIO (DOPMbI MOAY/IMPYEMOrO CUrHaNa: pasHuLa Mexay
MWUHUMaAlNbHbIM U MaKCUMaJibHbIM 3HAQ4Y€HWEM aMMIUTYyAbl BbIXOAHOIO
HanNpsXEHUS YMEHbLUAETCS, CUMHaN Kak bbl «3anblBaeT».
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PucyHok 2.4 — OcuunnorpamMMa MOAynMpyeMoro curHana
NPy aMnAMTyae NCTOYHMKA Hecyulet yactotelV; =1 B
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PucyHok 2.5 — OcumnsiorpaMma MoayiMpyemMoro curHasna
Npu1 aMnAMTyae UCTOYHNKA Hecywlelt vactotelV; =1.5 B
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PucyHok 2.6 — OcuunsiorpaMMa MOAYyMpyeMoro curHana
Npu1 aMNAMTyae NCTOYHMKA Hecyllelt YacToThlV; = 2B
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PucyHok 2.7 — Ocumnnorpamma mMoay/iMpyemoro curHana
npy aMnNINTyae UCTOYHMKa Hecyllei yacTotelV; = 2.5 B

3. UICCJIEAOBAHUE PABOTbI AMIJIUTYAHOIO
AETEKTOPA

Ha pucyHke 3,8 nokasaHa CxeMa MoC/efoBaTeNIbHOrO aMmnsiu-

TYAHOrO AETEKTOPa, @ Ha PUCYHKe 3,6 - MapannenbHoro AeTeKTopa.

VD e Uap
i 1< 4 R
joa ﬁ‘ % 4
UEX F‘:' Ez I""IIID? |::|"q UEI.':I.'X
o
L L

2) 6)

PucyHok 3 — MpuvHUMnnanbHbIe CXeMbI:
a) NocnenoBaTeNbHOro AeTeKTopa,
6) napannensHoro AeTekTopa

Bxoasiumii B aetekTop GUALTP HMXKHUX YacToT (OHY) xapak-

Tepusyercs:

- YacTOTONM Cpe3a WM rPaHWYHOW YacToToM, T.e. YacToToW,

11



YnpaBsieHue uppoBbIX 06pa30BaTENbHBIX TEXHOJIOTUH

O61as Teopus cBS3U

BbIlLE WM HUXE KOTOPOM MOLLHOCTb BbIXOAHOMO CWUrHana 3NEKTPOH-
HOW CXEMbl YMEHbLIAETCS BABOE OT MOLLHOCTM B MOJIOCE NPOMYCKaHUS:
1
“r = omRC’

- KOMMJIEKCHbIM KO3 (PUUMEHTOM nepedaydn, XapakTepusyto-
UMM OTHOLIEHME aMMNTYAbl BbIXOAHOMO HAMpshKeHMsl K aMnauTyae
orvbatoLlei BXoAHOrO MOAY/IMPOBAHHOMO HAMPSHKEHNS:

U 1

K' — 6bl.x_
Ue) = = 1 jeRrC

6X

nnn ero Mmoaynem

K(jo) = ——

1+ (@RC)?

B pexuMe NMHeHOro AeTeKTMPOBaHUS (CUIbHBIA CUrHanN) Ko-

3chdUUMEHT Nepeaumn AeTeKTopa NPAKTUYECKM He 3aBUCUT OT aMmiun-
TyAbl BXOAHOrO CMrHana, a onpeaenseTcs yrioM OTCeYKMN ToKa, TeKy-

LLEro Yepes HENNHENHbIN 3NEMEHT:
IK(jw)|=cosb.

Mpu Manbix yrnax otceukn 6 BenuumHa mopyns kosbduLM-

€HTa nepeaayun onpeaendeTca BblpaXXeHnem:.
. 3
IK(jo)| =cos3|—,
SR

roe S- KpyTusHa XapakTepUCTVKM auoaa.
CBolcTBa AETEKTOPOB MPUHSTO XapaKTepu3oBaTb CleayoLm-
MM MNoKa3aTensiMu:

- BXOAHbIM U BbIXOAHbIM COMPOTUB/IEHUEM,

12
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- 4YaCTOTHbIMU U Cba3OBbIMVI NCKaXXEHNAMU orm6a|ou4el‘/1;

- HENMMHENHBIMU UCKAXKEHNAMU, OLIEHMBAEMbIMK KO3 dULIMEH-
TOM HENUHENHBIX UCKaXXEeHWUN:

- K03(PDNUMEHTOM NoJaBNEHNS Hecylero konebaHus;
- JIMHENHBLIMU UCKAXKEHUAMM.

4. NOCNEAOBATEJIbHOCTb BbINOJIHEHUA
NCCJIEAQOBAHUA PABOTbI A

4.1 Ona npoBeAeHVs UCCNIENOBaHUI aMNIMTYAHOrO AETEKTOpa
MCNOMb3YETCS NPOrpaMMHbI NpoaykT NIMultisim.

CTpyKTypHas cxema yCTaHOBKM NpuBeAeHa Ha pucyHke 4.1, a
€e NpuHUMnuanbHas cxemMa — Ha pucyHke 4.2.
o e

] Ierekrop

i

) |

Hctounuk ) Henmneiinbiii ) |
AM-currana EMEHT dHY Ocumnorpad

| |

e e e e e e e —— 1

PucyHok 4.1 — CTpyKTypHas cxema uccriefoBaHus aMmninTyaHo-
ro geTekropa
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YnpaBsieHue uppoBbIX 06pa30BaTENbHBIX TEXHOJIOTUH

O61as Teopus cBS3U

HSCL - - -

| N S

. s S A NI
+D-I_ +B-I_ ....................................
N LS I DI N

'Key = Space
o les
— ——100pF &

n_-|_

PucyHok 4.2 — MNpuHUMNuanbHas cxeMa UCCneaoBaHUs ammnin-
TYAHOro AeTekTopa

AHanus CTpyKTYpHOMN CXeMbl MOKA3bIBAET, YTO OHa BKIIOYAET:

-AByxny4yeBol ocumnnorpad (Oscilloscope);

- uUctovyHuk AM-curHana (AM_Voltage) — cospaer AM-curHan
BMaa:

U =U o [1+ M cos(Qt + ¢) ]cos oyt

-HE/IMHEWHbIN 3MEMEHT — MOMYNPOBOAHUKOBLIM Avod Tuna
1N4148;

-buUnbTp HM3KKMX YacToT 1-ro nopsiaka (RC-uensb).

BapuaHT 3agaHus paBeH NOpPSAKOBOMY HOMEPY CTyAEHTa B
XypHane rpynnbl.

Tabnuua 4.1 — BapuaHTbl MCXOAHBIX AaHHbBIX ANs NpoBeAeHus
nccneaoBaHui

14
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Homep | HecywasuyacroTa AMnnuntyaa KoadhdumumeHt | Yactotamogynsumm
BapuaHTa (Carrier (Carrier MOAyNsiUMK (Modulation
Frequency) @y, Amplitude)  |(ModulationIndex)| Frequency) (2 kT
U ,B M
Ky g !
1 1 6 0.7 10
2 1 8 0.9 8
3 1 7 0.6 9
4 1 11 0.4 12
5 1 9 0.5 11
6 1 10 0.8 8
7 1 12 0.7 10
8 1 15 0.5 9
9 1 14 0.6 11
10 1 16 0.8 12

4.2 B nporpamme NIMultisimco3gaTe Mogenb Ans NCCneaoBaHns
aMNUTYQHOrO AETEKTOpa, MCNOMb3ys NPUHUMNUaNbHY cxeMmy (pucy-
HOK 4.2).

4.3 YCTaHOBMTb NapaMeTpbl UCTOYHMKa AM-CurHana B COOTBET-
CTBMM C BapuaHTOM 3afdaHus (Tabnuua 4.1).

4.4 HacTpouTb NapaMeTpbl pa3BepTKM U AENUTENSA HanpsXXeHus
ocumnnorpada TakuMm obpaszomM, 4Tobbl Ha ero sKpaHe perncTpupoBa-
mmck 3-5 neproaos curHana 6e3 orpaHnyveHust aMnanTyapl.

4.5 3anyctutb cumynaumio Mmogenu (knaeuwa F5) u HabnoaaTb
curHanbl Ha Bxofa ocumnnorpacda A n B B pexumax DC. OCTaHOBUTb
CUMYNAUMIO HE3a0/r0 A0 MOMEHTa MOJTHOro xoda fiyda ocuuniorpa-
da. CHaTb ocunnnorpamMmy Ha Bxoae A.

4.6 NyTeM KOMMYTAUMOHHbLIX 3M1eMeHTOB JINJZCHATb OCumMnno-
rpaMMbl OETEKTUPOBAHHbLIX CUIHANIOB MPU BCEX COYETAHUAX 3S1EMEH-
ToB C1, R1, C2, R2.

4.7 Onsi ogHOMO M3 MOJIOXKEHWUI KOMMYTALMOHHBIX 3/1IEMEHTOB
JInJ2, ¢ noMoLublo MapkepoB ocuunniorpada, U3MepuTb MakcuMasib-
HYI0O U MUHUManNbHYIO aMnAuTydbl CUrHana. 3aHecTu pesynbTaTbl B
COOTBETCTBYIOWMIN pa3aen Tabnuubl. Paccumtatb KosdhULMEHT ne-
penayun AM-geTekTopa.

4.8 Moagknountb 3anemeHTbl Cl, R1 B M3MeEpUTENLHYIO Lerb.
YCTaHOBUTL B MapaMeTpax UCTOYHWKa AM-CUrHana BeNWYuHY Moay-
naumu pasHyto 1.3. CHATb ocuMAIorpaMMy BbIXOAHOIO CUrHarna.

Tabnuua 4.2 — Pe3ynbTaThl UCCNEA0BaHUM

15
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R C ® A A K(jo)

cp MUH Mmakc

COAEPXXAHMUE OTYETA

OTYeT Mo AaHHOMY 3Tany UccnefoBaHWi AOMKEH BKOYATb:

- CTPYKTYPHYIO M MPUHUMMMASIbHYIO CXEMbl UCCIEAOBaHWIA aM-
NAMTYAHOrO MOAYNATOPa;

- rpamKun oCUMINOrpaMM U CNEKTPOB CUIHAIOB;

- rpacMKM 3aBUCMMOCTEN OCLMIINIONPaMMbl U CTNIEKTPOB MOAYn-
POBAHHOrO CMrHasia OT Tuna MoAaynsiuumn;

M3MEPEHHbIE W pacyeTHble AaHHble, rpaduKM OCLMANOrpaMM,
pacyeT vactoT cpe3a ®HY ansa Bcex codetaHuit R u C (Bua otyeta
npvBeaeH B Tabnuue 4.2), - BbIBOAbI.

KOHTPOJIbHbIE BOMNMPOCDI

1. [aviTe onpeneneHne Moaynsiumm Kak ogHOrO U3 paamoTex-
HUYECKMX NPOLeCcCcoB.

2. MosicHuTe npuHUMn paboTbl aMAANTYAHOrO MOAyNsATOpa.

3. Ob6bsACHNTE HEOBXOAMMOCTb paboThbl B pEXUME C OTCEUKOM.

4, Kak perynupyetca rnybuHa mMoaynsiuMm BbIXOAHOMO CUrHa-
na?

5. MosicHuTe npuHumn paboTbl 6anaHcHOro MoaynaTopa.

6. MosicHMTe NpuHUMN paboTbl YaCTOTHOrO MoAyNATOpa.

7. O6bACHUTE NPUHLUMN AENCTBUSI YaCTOTHOrO MOAYNSTOPa Ha
ocHoBe 6anaHcHoOro moaynsTopa.

8. [aTb onpeaeneHve aMnNaMTyaHoON Moaynaumm.

9 [aTb onpepeneHve npouecca AeTEKTUPOBaHNS.

10. YTo0 xapakTepusyeT yactoTa cpesa OHY?

11. Y10 xapaktepusyeT k0adPUUMEHT nepesayn?

12.  Kak onpenenstoTcs HeNMHENHbIE UCKaXXeHUsI AeTekTopa?
13.  Yt0 onpeaenstoT NMNHENHbIE UCKaXKEHUSA?
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