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LIEJ/Ib PABOTbI:

1. NccnepoBaTb 3aBUCMMOCTb XapaKTepucTuK curHanos UM ot
napamMeTpoB MePBUYHOIO 3/IEKTPUYECKOro CurHana, paboTy 4acToTHO-
ro geTekropa

2.CoBepLIeHCTBOBaTb METOAUKY MPOBEAEHUS IKCMEepUMEHTasb-
HbIX MCCIEA0BAHUIA U aHanM3a NoJTyYEHHbIX pe3y/bTaToB.

3.MpuBMBaTb HaBbIKMN PaboTbl C BbIYNCIUTENBHON TEXHUKOM.

NMPNBOPbI N OBOPYQOBAHME:

1.MepcoHanbHble KOMMNbIOTEPSI.

2.MporpamMma cxeMOTeXHUYecKoro mogenuposaHus Electronics
Workbench 5.4.

3. Mporpamma Multisim.

NMOPAAOK BbIMOJIHEHUA TP

1. WccnepoBaHWe 3aBUCMMOCTM XapaKTEPUCTUK curHanos YM
OT MnapaMeTpoB MEPBUYHOrO 3NEKTPUYECKOro curHana, paborty ua-
CTOTHOr0 AeTekTopa

2.  Wccneposanwue pabotobl YA :

- BAUSIHWE napaMeTpoB LC-KOHTYpa Ha 3ddeKTUBHOCTb paboTbl
YacTOTHOro AeTeKTopa.

- U3y4yeHue paboTbl YaCTOTHOrO AETEKTUPOBAHMS MCXOAHOMO CUr-
Hana.

3. 3awwuTa oT4eTOoB

1. UccnepoBaHue curHanos ¢ YM

Mporpamma  Electronics  Workbench  copgepxut  Habop
usMepuTenbHbix nNpubopos, 6onbluyto 6uUbnMoTeky snemeHTOB. Bce,
4yTo HeobxoaMMO WCCneaoBaThb KOHCTPYMpYeTC M3  TFOTOBbIX
6UBNNOTEYHBIX 3NIEMEHTOB U TYT X€ HauMHaeT paboTtaTtb. NS AaHHOM
nabopaTopHoi paboTbl HeobxoAuMble 1S UCCNEAOBAHUS CXEMbI YXKe
cobpaHbl.

BpeMeHHble AuarpaMMbl BXOAHOMO WM BbIXOAHOTO HanpshKeHWM
uccnegyloTcs € MOMOLWbLK — ABYXJlydeBoro — ocumnnorpada, a
CMEeKTPanbHbI COCTaB - C MPUMEHEHUEM peXUMa CreKTPasbHOro
aHanmM3a CXeMmbl.

BpeMeHHbIE 1 CIIEKTPA/IbHBIE XaPAKTEPHUCTUKU CUrHana YM
CxeMa Ans NpoBefeHUst AaHHbIX UCCNEA0BaH
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Ui NpeacTaBneHa Ha puc. 1.
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Puc. 1 Cxema uccnefoBaHusl curHana YM

o

CxeMa BK/OYAET reHepaTtop Hecyuwero konebauus Gen, wc-
TOYHWK curHana Signal v ocumnnorpad. B kauecTtBe MCTOYHMKA CUr-
Hana MCNosb3yeTcsl reHepaTop rapMOHMYECKUX KonebaHuii, aMnanTy-
AY M 4acTOTy KOTOpPOro MOXHO yCTaHaBnMBaTb NpOM3BOJSIbHO. MeHepa-
TOp Hecywero konebaHus Gen, dopMUpyeT rapMoHunyeckoe koneba-
HWe ¢ yacTtoToit 10KIy. BpeMeHHble AnarpaMMbl BXOAHOTO M BbIXOAHO-
ro HanpsbKEHUW MCCNeayloTcs C MOMOLUBI0 ABYX/YYEBOTO OCLIMIIIO-
rpada, a cnekTpasnbHbIi COCTaB - C MPUMEHEHWUEM PEXMMA YaCTOTHOMO
aHanm3a Cxembl.

YacrorHo-MogymposaHHbiM (UM) Ha3blBaeTCs BbICOKOYACTOT-
Hoe KonebaHue C NOCTOSIHHOWM aMNAUTYA0W, NpUpaLleHe MrHOBEHHOW
YacToTbl KOTOPOrO0 OTHOCUTENbHO CPeAHEro 3HadeHwWs Mpornopumo-
HanbHO MoAynuMpyloLeMy KonebaHuio.

MakcmMManbHoe OTKNOHEHWE YacToThbl Hecyllero konebaHuns ot
CBOEr0 HOMWHAsIbHOrO 3HAaYEHWUs1 Ha3bIBAlOT geBuaLmesi YacToTsl, KO-
TOpoe NPAMO MPONOPLMOHANbHO aMnMTyae MOAYMPYIOLEro CurHa-
na

Afn = aUm.O,
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roe o - Ko3(dUUMEHT MPOMNOPLMOHANIBHOCTU, OTpaXkatoLLnii
CTeneHb M3MEHEHMs 4acToTbl Hecywero konebaHus npu M3MeHeHuu
aMNAMTYAbl NEPBUYHOIO 3/1EKTPMYECKOro CMrHana Ha 1B, namepsercs
B kl'u/ B. Hanpumep, konebaHue Hecyluel ¢ yactoton 100 Ky mMoay-
NUPYETCA TApMOHMYECKUM KonebaHueM ¢ amnnuTyaon 5 B. Ecm o =
10 klu/B, To YacToTa Hecyllen yBenmuuTcs Ha 50 KIu.

OTHOWeEHWe aeBMauMn 4acToTbl K 4acToTe MOAY/IMPYOLWEro
KonebaHwsl, Ha3blBaeTC MHIEKCOM YaCTOTHOM MOJY/ISLMN

muy = Afm /F.

CnepgoBaTtenbHO, MpU YacTOTHOM MOAYNSILMW MHAEKC MoAayns-
UMM NpsSIMO NPOMNOpPUMOHANeH aMnAnTyae MoAynupytowwero konebaHus
1 obpaTHO NpoONOpUMOHaneH ero Yyacrore.

CnekTpanbHas gvarpaMma curHana UM ang cnydas m=2 noka-
3aHa Ha puc.2. Mpy MoaynsSUMM rapMOHUYECKMM KoNlebaHMeM CnekTp
TEOpeTUYECKN GECKOHEYEH, MMEET AMCKPETHbIM XapakKTep, paccTosi-
HMEe MeXay COCeAHUMM CneKTpasibHbIMU COCTaBASOWMMA PaBHO Ya-
CTOTE MoAynupyloLero konebaHus F.

Ar
Ume Ji{im)

Uma Jo(m) i[-'m.b(ng |
] B { l !_Umjiw I i
4

WM fekF fo fF

Puc. 2. CniekTp cvrHana YM npu moaynsaumm TOHOM

B coctaBe cnekTpa ecTb Hecyllee koniebaHue ¢ 4actoTon fv U
6eckoHeYHOe MHOXECTBO COCTaBASOWMX C YaCcTOTaMu:

fu + kF— BepxHsis 6okoBas nonoca, rae k=1, 2, 3, ...

f— kKF— HMXHSIE bokoBas nonocarae k=1, 2, 3, ...

AMOAUTYAbl  COCTaBASAOWMX  CMeKTpa  MponopunoHasbHbI
COOTBETCTBYIOLMM 3HaYeHUsIM yHKUMM Beccens nepsoro poga Ji(m)
N onpegensloTcs HomepoM k dyHKumm beccensi, rpacmku KOTOpPbIX
nokasaHbl Ha puc.3.
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Puc. 3. ®yHkumin beccensi nepsoro poaa
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AprymeHToM dyHKUMKM Beccens Jk(m) aBnseTcs MHAEKC 4acToT-
HOW MOZyNnAUMM myy. Ha NpaKkTUKE YUMTBbIBAIOT YNAC/IO COCTaBSIOLIMX
k=2(m+2).

Toraa wvpyHa cnekTpa onpeaenseTcs

AF =2F (m+2)

Obllee BblpaXXeHNe ANa OnpeaeneHnst LWWMPUHBI CrekTpa —
@gopmynia MaHaesa:

AF=2F(1+m+\/E)

roe F— 4actoTa NepBUYHOrO CUrHana;
M — VHAEKC YaCTOTHOW MoAaynsiLnu.

2. UccnepoBaHue 3aBUCUMOCTU XapaKTEpPUCTUK CUrHana
YM oT napaMeTpoB NepBUYHOI0 3JIEKTPUUYECKOro
CcUrdHana

1.0TkpbITb hain YM.ewh.

2.03HaKOMWUTBCA CO CXEMOM WCCNefoBaHus curHana YM w
BKJTIOUUTL €e NnuTaHue.

3.[1BOVHbIM LLENYKOM MO M30OpaXKeHUIo reHepaTopa curHana
pacKpbiTb €ro nepefHioln naHesb U YyCTaHOBUTb MapaMeTpbl: aMnaun-
Tyay 1,5 B, vactoty 1000 Iy.

4. BbluepTuTb BpeMeHHyto avarpammy UM curHana.

5.Ucnonb3ys BM3MpHbIE NNMHUKM ocumunnorpada nsmMepuTb ne-
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pvog MunumansHoro (T . ) (makeumanshoro (.. )) 3Hauenms

min
yactotbl UM konebaHusl. [nsi NpoCTOTbl U3MEPEHUSI PEKOMEHAYETCS
U3MepATb MNepuoa MWHUMANbHOMO 3HayeHus 4actoTbl. Paccuutatb
MUHUMasNbHYO (MaKCMMarbHYl0) 4acToTy, OnpeaenuTb AEBUALMIO,

KakK:
Afm = fn - fmin = fmax - fn'
rge fH - 3Ha4YeHne 4aCTtoTbl HECYLLEIO KonebaHus.

PaccuntaTb MHAEKC YaCTOTHOM MOAY ISILMN.

6. BbluepTuTb criekTp YM curHana.

7.0npenenvTb WKPKUHY cnekTpa.

8.YcTaHoBMB 3HayeHMs napaMeTpoB NEpBUYHOMO CUMrHana: am-
nantyay 3 B, yactoty 1000 My vi BbINOMHUTL NYHKTbl  4+7.

9.YCTaHOBMB 3HA4YeHWsI NApaMeTPOB NEPBMYHOrO CMrHana: am-
nnutyay 3 B, yactoty 2000 Iy vi BbINOAHUTbL NYHKTbI 4 +7.

10.Caenatb BbIBOAbI O BAVSIHAM NApaMeTPoOB MEPBUYHOIO CUT-
Hasa Ha AeBMaumnio, MHAEKC MOAYNSUMU U LUMPUHY CrieKTpa curHana c
4YM.

3. NMNocnepoBaTesIbHOCTb BbIMNOJIHEHUA UCCNIeAOBaHUA
pa6ortbl YU

3.1 JlabopaTtopHasi paboTa BbinonHseTcs B Asa dTana. Ha
nepBoM 3Tane UCCneayeTcs BANSHUE NMapamMeTpoB LC-KOHTypa Ha 3d-
(heKTMBHOCTb paboTbl YaCTOTHOrO AeTekTopa. Ha BTOpoM aTane u3y-
yaeTcs paboTa YaCTOTHOIO AETEKTUPOBAHMS UCXOLHOrO CUrHana.

Maxer n1abopaTopHO# yCTaHOBKM AJ11 NEPBOro 3Tana
nccneqoBanmi [aeT BO3MOXHOCTb BbINOHUTL UCCNEA0BaHUS BUS-
HWS HOMWHANOB MapaMeTpoB LC-KOHTypa Ha 3P deKkTUBHOCTb paboThbl
4YacTOTHOro Aetektopa. 3To 06yC/ioBlEHO TEM, YTO HOMMHANOB 3Ha-
yeHuih L n ConpegenstoT ero AYX 1 3HaYeHVe pe3oHaAHCHONM YacToTbl
KOHTYypa.

[ns npoBeaeHUs McCnefoBaHWI YacTOTHOrO AeTeKTopa WC-
nonb3yeM MporpamMmHbii npoaykt NIMultisim. CTpyKTypHas U NpuH-
LuMnuanbHasa CxemMbl MakeTa npuBefeHbl Ha pucyHkax 3.1 n 3.2 cooT-
BETCTBEHHO.

B cxeMy BKktoYeHbI Crneayrowme npnbopbl:

-AByxny4yeBol ocumnnorpad (oscilloscope),

-uameputens AYX n ®YX (BodePlotter),

- reHepaTop curHanos (FunctionGenrator),

8
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- UICTOYHUK YM-curHana (FM_Voltage).

HetekTop I Nameputens
| AUX v SUX
MCcTOYHMK |

YM-curHana ﬁ LC-KOHTyp

I |
: =§ Ocuwnnorpad

L ——_——

PucyHok 3.1 — CTpyKTypHas cxema uccneaoBaHnst YacTOTHOMO
feTekTopa

XBP1
XFG1 —-1\
S NS O [ QuT
+ _ + - f—
Tt ——+
XSC2
% Ext Trig
Fu B
+{?—I— +§—I—
J1 L1
620pH
Key = Space c1 R1
Vi y=sp ==1nF 3kQ
N EmV
™ J250kHz 10kHz
|

-4

PucyHok 3.2 — lpuvHuMnuanbHas cxema wuccnefoBaHus 4a-
CTOTHOrO AeTeKTopa

BapuaHT 3agaHus paBeH MOPSAKOBOMY HOMepy CTyAeHTa B
XKypHane rpynnbi.
Tabnvua 3.1 — BapuaHTbl UCXOAHbIX A@HHbIX YaCTOTHOrO MOAyNATOpa
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Homep | Hecywasua- Amnnuty- | UHagekc | YacTtotamopyns-
BapuaH- cToTa aa moaynsi- | unm (Modulation
Ta (Carrier Fre- | (Amplitude Lmu Freguency),kl'y,
guency), kl'u ), MB (Modula-
tion In-
dex)
1 152 6 9 10
2 250 8 5 10
3 400 7 5 10
4 540 11 6 10
5 300 9 5 10
6 240 10 8 10
7 480 12 6 10
8 450 15 6 10
9 140 14 7 10
10 250 16 5 10
Tabnvua 3.2 — BapuaHTbl UCXOAHbIX AaHHbIX uabTpa
Homep L1, MKIH Cl, HOD R1, KOM
BapvaHTa
1 350 3,6 12
2 620 1 51
3 62 2 3
4 30 2.2 1
5 300 1.3 27
6 620 1.2 47
7 62 1.5 2
8 150 1 6.2
9 150 5.1 1.5
10 62 47 1

3.2 MNocneaoBaTenbHOCTb BbINOAHEHUS paboThl cneayiowas. B
nporpamme NIMultisim co3gaTb Mofenb AN UCCNeaoBaHWUs YacTOTHO-
ro [AeTeKTopa, WUCNosb3ys MPUHLMUMNUANBHYIO CXEeMY, MOKa3aHHY Ha

pucyHke 3.1.

YCTaHOBUTb MNapaMeTpbl UCTOYHMKa YM-curHana B COOTBET-
CTBUM C BapuaHTOM 3agaHus (Tabnuua 3.1).
YcTtaHoBUTb 3HayveHust L1, C1, RIB COOTBETCTBUMN C BApUAHTOM
3afaHus (Tabnuua 3.2).
PaboTy HauaTb C YCTQHOBKM MNapaMeTpOB BMPTYyasibHbIX

10
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CPefcTB M3MepeHns U cumynsuun. [ns 3Toro HeobxoauMo 3adaTb
napameTpbl oTobpaxeHusi nameputens A4X n O4YX:

- MacliTab otobpaxkeHns YactoTbl M a3kl (MO ropuoHTaNn)

— NIUHENHBIN,

- MacwTtab otobpaxxeHns amnanTyabl (MO BEpTMKANN) — nora-

pUMUYECKUTA,

- npeaensl oTobpaxkeHnst dasbl (No BepTukanm) — ot -180° ao

+180°,

- npepensl oTobpaxeHus 4acTtoTbl (MO rOpM30HTaNu) — OT Fc

100kl Ny no Fc+100ky,.

HactpouTb napameTpbl pa3BepTKM W AeNUTens HanpskeHus
ocumnnorpada TakuMm obpa3oM, 4Tobbl Ha ero aKpaHe perncrTpuposa-
mmcb 3-5 neproaos curHana 6e3 orpaHuyeHns aMnanTyapl.

Moaknountb UcTouHMK YM-curHana (knasuwa «[poben»).
3anyctutb cumynaumio Moaenu (knasuiua F5) v Habmoaatb BXOAHOM
M BbIXOAHOM curHanbl Ha Bxodax ocuumiorpada A U B B pexumax
DC.OCTaHOBUTb CUMMYNSILUMIO HE3aA0Nro A0 MOMEHTa MOMHOro Xxoga
nyya ocumnnorpada. MNMepeHecTn ocuMnnorpaMmmMy BbIXOAHOMO CUrHana
B OTYeT.

C noMoLlblo MapKepoB W3MEpPUTb MAKCUMASIbHYI0 WU MUHW-
MasibHYl0 aMnAMTyAbl CUrHana. 3aHeCcTU pe3ysnbTaTbl B COOTBETCTBY-
lowmin pasgen Tabnuupl. Paccuntath ko3ddUUMEHT nepepaun YM-
fAeTekTopa.

Pe30HaHCHOW 4acToTe COOTBETCTBYET MWK Ha aMMAWUTYAHO-
YaCTOTHOM XapakTepucTuke. MoATBEpANTL 3HAUYEeHME Pe30HaHCHOW
YacToTbl KOHTYpa HeO6X0AMMO C MOMOLLBIO pacyeTa no dopmyne:

f 1
" 2zJLC

MNepeHecTtn rpacdmk AYX 13 okHa nnoTTepa boae B oTyeT.

YCTaHOBUTb 4YacTOTy WMCTOYHMKa YUM-curHana paBHON peso-
HaHCHOM YacToTe. MoBTOPUTb M3MEPEHMUS.

C NoMoLLbIO MMEIOLMXCS! 3HAYEHWUI MHAEKCA MOAYNSLUMM U Ya-
CTOTbl MOAYNWpPYIOLLEro curHana onpegenutb AeBuaumio YacToThl
[paalno dopmyne:

(3.1)

Wy = mQ,
rae /m — UHAeEKC Mmoaynauun.

Q - yrnoeasi YyactoTa MOAy/IMPYIOLLIEro CUrHanNa.
PaccunTaTb 4OBPOTHOCTL KOHTYpa Mo copMyne:

11
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21 pr
Q:T, (3.2)

rae rnosiHoe conpoTtusneHne (uMneaaHc) LC-KOHTypa Ha pabodyelt ya-
crore f paccuntbiBaetcs no dpopmyne:

R=27fL— (27 fC) ™. (3.3)

[N KOHTPONS MOMYYaeMbIX 3HAYEHWUI CIEAYET UMETL B BUAY,
YTO AO6POTHOCTb peasbHbIX KonebaTeNbHbIX KOHTYPOB, BbIMOTHEHHbIX
Ha [MCKPETHbIX KaTyllKaxX WHAYKTUBHOCTM U KOHAEHCATOPax, COCTaB-
NSET OT HECKOMBbKUX €IMHUL, 10 COTHU U 6onee.

Mo HalAeHHOMy 3HauyeHuio A0BPOTHOCTY OMpPeaeNUTb Benu-
UMHY 3aTyXaHWsl KOHTypa:

d=Q7, (3.4)
a Takke mMoaynb Ko3dUUMEHT nepeaadn KoHTypa:
i 1
K(jo)) = —. (3.5)
J1+ (27 fRC)

3.3 [lns BTOpPOro 3Tana uccnefoBaHWin NpUMHUMNUaNbHas cxe-
Ma MMEET B/, NOKa3aHHbIN Ha pUcyHKe 3.3.

PaboTy HauaTb C YCTaHOBKM MNapaMeTpoB BUPTyasnbHbIX
CPeacTB U3MepeHns u cumynaumn. [ing 3toro HeobxoamMMo, Kak M Ha
nepBOM 3Tane, 3aAaTb NapaMeTpbl oTobpaxeHuss nameputens AYX un
ouX:

- MacwTab otobpaxkeHns yactoTbl M a3kl (MO ropn3oHTaNn)

— NIUHENHBIN,

- MacwTtab otobpaxxeHns amnnuTyabl (MO BEpTMKaNM) — nora-

pucMmyeckmi,

- npeaenbl otobpaxkeHus dasbl (No BepTukanu) — ot -180° ao

+180°,

- npepenbl 0TobpaXeHus 4YacTtoTbl (MO ropM30oHTaNM) — OT Fc

100kly, no Fc+100kM L,

12
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PucyHok 3.3 — lMNpuHUMnNuanbHas cxema nccneaoBaHus YacToTHOMo
[eTeKTopa Ha BTOPOM 3Tarne

HacTpouTb napameTpbl pa3BepTKM U OenNUTens HanpsKeHus
ocumnnorpada TakuMm obpaszomM, 4Tobbl Ha ero sKpaHe perncTpupoBa-
nucb 3-5 neproaos curHana 6e3 orpaHnyeHus amnanTyapl.

3anycTuTb CUMyNAUMIO MOAENM U HabnodaTb BXOAHOW W Bbl-
XO4HOW CurHanbl Ha BXxogax ocumnnorpada A M B B pexumax
DC.OCTaHOBUTb CUMYNALMIO HE3aA0/ro A0 MOMEHTa MOSIHOro Xoaa
nyya ocumnnorpada. MNepeHecTn ocuMnnorpaMmMy BbIXOQHOMO CUrHana
(kaHan B) B oTyeT.

Coaep)xaHue otueTta
1. HaumeHoBaHue u UeneBast yCTaHOBKa paboTbl.
2. Cxema cdopmupoBaHusa curHana UM wn Yj.

3. BpeMeHHble u cnekTparnbHble AgnarpaMMbl curHana YM nipu
13
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Pas3nIMyHbIX NapaMeTpax NeEPBUYHOIO CUrHana.

4, Pe3ynbTaTbl U3MEPEHUI 1 pacyeTa AeBUaLIMK, UHAEKCA Ya-
CTOTHOW MOAYNSIUMK, LUMPUHBI CNEKTPA, U3MEPEHHLIE U pac-
YyeTHble AaHHble, rpadmk AYX, BbIBOAbI MO NOMYYEHHbIM pe-
3ynbTaTaM AaHHOIO MCCneaoBaHus.

5. BbIBOAbl NO pe3ynbTaTaM aHanu3a MoayyYeHHbIX pe3yfbTaToB..

6. O6lume BbIBOAbI NO paboTe.

KOHTPOJIbHbIE BOMNMPOCHI

1 Onpegenexune curHana YM.

2. MpuHUMNBI PopMMpOoBaHUS curHana YM.

3. BpemeHHas avarpamMMa curHana YM npu mogynsumm
rapMOHUYECKMUM CUrHAJIOM.

4, Onpenenenue 1 GU3NYECKUA CMBICT AEBMALMM YaCTo-
Thl.

5. OnpeneneHne MHAEKCa YacTOTHOW MOAY LMK,

6. CnekTpanbHas avarpamMma curHana YM npu moayns-
UMW rapMOHUYECKUM CUTHASIOM.

7. BnusiHe BeNMUMHBI MHAEKCA YacTOTHOW MoAyNsaLMK
Ha CrieKTpanbHylo AnarpamMmMy curHana YM.

8. LLInpuHa cnekTtpa curHana YM, ee cBsi3b C BEUUMHOM
MHAEKCA YaCTOTHON MOAYNSILUN.

9. PacnpeneneHne MOLWHOCTM B criekTpe curHana UM um
€ro CBA3b C BEIMYMHONM UHAEKCA MOAYNSLMMN.

10. B KaKkux yCcTpoicTBax MCMOJb3YOTCS YacTOTHbIE Ae-
TEKTOpbI.

11. Kakoli OCHOBHOW anroputM npeobpa3oBaHusi CUrHa-
NT0B UCMOSIb3YETCs NpU NOCTPOEHMMN YaCTOTHbIX AETEKTOPOB?

12. OnpeaeneHne 4acTOTHOM MOAYNSALUNN.

13. Onpegenexve nHaekca Moaynaumm v aesvaunn va-
CTOTbl.

14. Onpepenexve koadhduumeHTa nepeaaydn.

15. OnpepeneHve umnegaHca LC-KOHTYpa.

16. Onpegenexune gobpoTHOCTM LC-KOHTYpa.

17. OnpegeneHuve BeMUYNHBI 3aTyXaHUS KOHTYpa.

18. 3ayeM OCyLLECTBNAETCS paccTpoika LC-KOHTYypa?
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