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1 leans padoTnl

V3y4yeHune METOI0B MOACITMPOBAHUS dJICKTPOHHBIX YCTPONCTB C IIOMOIIBIO
nporpammbl Multisim, uccnenoBanue Metoaa yacToTHOM Moy siiud (UM) npu
nepeaue HEeMpPEPhIBHBIX COOOIICHUH, MOIYYCHHUE OCHUUIONPAMM U CIEKTPO-
rpamMM UM cursaia ¢ pa3InyHbIME KO3 (OHUIIMEHTAMH U YaCTOTAMU MOy JISLIHH.

2 OcHOBHBIE TeOpeTHYECKHE CBEAeHUA

Jlist onucaHusi MOZYJIMPOBAHHBIX KOJIeOaHUN y/I0OHO MCIIOIh30BaTh KBa-
3UTAPMOHUYECKYIO (hOpMY:

u(t) =U, (t)cosd(t), (1)

rae O(t) = oyt +Ao(t) + ¢, — Texkymas dasza;Ap(t) — neBuarms (OTKIOHEHHE)
(asel; @, — HauanbHas Qasa.

[Tpu yrioBoii moayssiiuu (YM) orudarorias Uo(t) He m3mensiercs Uo(t)=
const, a I3MEHEHHUIO ToaABepraeTcs 1100 dasza, 1udo0 e€ Mpon3BO HAS.

®dazoBas Moxysaius (OM) — BUA MOIYJISLKUM, PU KOTOPOU JE€BUAIIUS
(a3bl IponopIHOHATbHA MOIYJIUPYOIeMy curHamy Ue(t):

Ag(t) = Ky, (1), 2)

riae Koy — KOHCTaHTa, XapakTepu3yrolas padoTy MOIYIsATOpA.

st yactHOrO citydas — ToHaibHOM DM, KOrjia B Ka4eCTBE MOAYJIUPYIO-
IIEr0 CUTHaJIa HMCIOJIB3YeTCS TapMOHWYECKUN CUTHAT HHM3KOM 4acToThl (€2
<<(00):

u, (t) =U, cosQt,

nesuaius (as3sl coriacHo (2) paBHa:
Ap(t) = Kgy U, cosQt = M, cosQt, (3)

rie Mom =KomUc=AQmax — uHIeKC (Pa3oBoi MOIYJIAIUN, UMEIOIIUNA CMBICT
MakcuMasibHOM nesuanuu Baszpl. [loactaBus (3) B (1), momydum BeIpaKeHUE NS
TOHAJIbHOU OM:

Ugyy (1) = U, cosla,t + M, cosQA],
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(B 9TOM BBIp@XEHUH U Janee moyuaraercst @, =0).
YacroTtHast moaymsinust (UM) — Bua MOIYISIIUM, TIPU KOTOPOM JEBHUAITUS
YaCTOTHI MPONOPIMOHAIIBHA MOTYJIUPYIOIIEMY CUTHAITY:
Aw(t) = Kgyu, (1),

raeKynv— KoHCTaHTa, XapakTepu3yloias padboTy MOYJISATOpa.

[IpousBogHas oT Tekyuield (a3bl paBHa MTHOBEHHOM 4YacTOTE CHUTHasIa
o(t):
d
dt
paBHOW CyMMeE HECYIIEeW YacTOTHl (g M JeBHANUU 4acToThl Aw(t), N3MEHSIO-
LIEHCS MO YIIPABICHUEM MOIYJIMPYIOLIEro CUTHaNa. B KaXaplii MOMEHT Bpe-
MEHU MIHOBEHHAs 4acTOTa CUI'HAJa UMEET TOJBKO OJIHO 3HAYEHUE, B TO BPEMs
KaK CHEKTP CUTHAJIa MOXKET COCTOSITh U3 OOJIBIIOr0 YMCIIa YaCTOTHBIX COCTABIIA-
FOIIUX.

B yacTtHOM ciydae ToHasbHOM UM:

u.(t) =U_cosQt, Aon(t) =Ky,U,cosQt = A, COSQL,

oft) = SO = 0+ [A0(1] = @, + Ao )

MT'HOBEHHAS 9acTOTa paBHA:
o(t) = 0, + Ao(t) = ©, + A®,,,, COSQL,
a moytHas (paza:

t t t
O(t) = [o(r)dr = [ @0t + [ Aw,,, cosQrdt =
0 0 0

A : :
= oyt + 0;;“”‘ SINQt = oyt + My, SInQt.

3nech Muym = A®max/Q —anexc UM, uMeromuil cMBICI MaKCUMaJIbHOM JeBUa-
uu 4actoThl. [loicTaBuB nociieaHee Beipaxenue B (1), momyyum:
Uy (1) =U, cos[oyt + My, SinQit|.
N3 conocraBnenus BeipaxeHuii it ToHAUTbHBIX @M 1 UM crieyer, 4Tto oHH
OTJIMYAIOTCS TOJILKO HaYaIbHOM (Da3oii, 4To JaET OCHOBaHUE pacCMaTPHUBATh UX KaK
OJHO o0I11Iee KojieOanue ¢ YM:

Uy (t) =U, cos|ogt + My, sinQt].

[IpencraBuM 3TO BBIpaKE€HHWE B KOMIUIEKCHOU (dopMe (aHATUTHUUYECKUIA
CHUTHAJI):
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UYM (t) = erj[(DOHMVMSith] — erjfﬂot . ejl\/lyMsith . (4)

[TocienHUA COMHOKUTEIb B 3TOM BBIPAXKEHUU SIBJISICTCS NEPUOINYECKON
dbynkuueit Bpemenu. Paznoxum ero B psg Oypeoe:

ejM sinQt — ZJK(M)eJth . (5)

k=—c0

Koaddummenramu paznoxenus spistorcs Qynkuuu beccens mepBoro
pona K-ro mopsijika oT HHACKCa MO M(PUCYHOK?).
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[ToncraBus (5) B (4), noy4uM:

Uy () =Ug D3, (Mg, el el

k=—w0

B34B BeNIeCTBEHHYIO YaCTh OT ATOTO BBIPAKEHUSI, IEPEUIEM OT KOMILJIEKC-
HOM 3alMCH K KAaHOHUYECKO# (hopMe KBa3UTAPMOHUYECKOTO KOJIeOaHuUs:

Uyy () =Ug D3, (Myy,) cos(wg + k)t
k=—o0

N3 3TOro BhIpaK€HUS BUIAHO, YTO CHEKTP aAMIUIUTY]T MOJYJIUPOBAHHOTO
KOJIEOaHUSI COCTOUT U3 OECKOHEYHOTO YUCIIa CIEKTPAIbHBIX JIMHUM, PACIOo-
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’KEHHBIX Ha YACTOTHOM OCH C PAaBHOMEPHBIM MI1arom ). AMIUTATYbI CIIEKTPaJIb-
HBIX JIMHUH ONPEACISIOTCS TPOU3BECHUEM aMILTUTY/ Ibl MOAYJIMPOBAHHOTO KO-
nebanus Ug Ha cooTBeTcTBYIONIME 3HaYeHus GyHKIMH beccenst — UoJk(M). Ho
TaK KaKk MakcuMajbHOe 3HaueHue ¢GyHKIuu beccens paBHo eaunwuie (Jompu
M=0), To 3HaueHus Jx(M) MOryT paccMaTpUBaTLCS KaK OTHOCUTCIIBHBIC aMILIH-
TYAbl CHEKTPAIBHBIX COCTABJISIOIINX.

[IpakTrueckas MUpHHA CHEKTPA CUTHajJa ¢ Y M OorpaHmymBaeTcsi COCTaB-
JSIOIUMU C OTHOCUTENbHOM aMmIuiuTyaon Oonee 0,1 (oTHOcHTEIbHAs MOIII-
HocTh Ooubie 1%). Homep Takoii cocraBnsromeit (Krp) HaX0AUTCs U3 BhIpaXKe-
HUSL:

3y, (K, =1)>0L1.

Aprymentom ynkimuu beccens siBasiercss unuekc moayisuuu M, cieno-

BaTeNbHO Krp-1=M, oTkyxa:
Kep =M + 1.

CocrapJsirolnas CriekTpa ¢ HoMepoM Kp+1 MMeeT OTHOCUTENbHYIO aMILIU-
Tyny Mmenee 0,1, T.e. okaxkeTcs 3a mpeaesiaMu IPAKTUYECKOW IIMPUHBI CIEKTPA.

[locnennee BbIpa)KEHUE MO3BOJISIET MO MHAECKCY MOAYJIALUMU M OLIEHUTH
YUCJIO CHEKTPAIbHBIX JIMHUI B MPAKTUYECKOW IIMPUHE CIeKTpa. Tak, Hampu-
Mep, pu M=3,2 rpanndHoe 3HaueHue Ky,=4 (Onmxkaitiee menoe uncio). Cire-
JOBATENbHO, B CIIEKTPE TAKOTO CUTHAJIA JOJIKHBI ObITh HECYILIAsA U YETHIPE Mapbl
OOKOBBIX YaCTOT. DTH pe3yJbTaThl JETKO MPOBEPUTH 10 rpadukam OecceaeBbIX
dynkuwmii (puc. 2). JlelcTBUTENHHO, YeTBEPTAs apa OOKOBBIX UMEET OTHOCUTEIb-
Hyt0 amMuntyay J4(3,2)=0,16, T.e. HaXOAUTCS B MpeAeiax MPAKTHYECKOU IIIMPUHBI
CIEKTPA, a CIEAYIoIas naTast napa OOKOBBIX UMEET OTHOCUTENBHYIO aMIUIUTYIY
J5(3,2)=0,04, T.e. HaxoAUTCA 3a NpeaenaMu 3Toi nojockl. U3 pucynka 3 cienyer,
YTO MpaKTHUYECKas MUpHHA criekTpa 2Aw*=2Q(M+1).

Jx(M) Jo(M)
J2(M) J2(M)
Ja(M) J1(M)
J-xrp(M) Jkrp(M)
01| m l; _______________________________ l; ______
0 /l/ (.AJC--KrpQ /I/ wo-202  wo-Q2 Wo  wo+Q2 wo+20 /l/ wlj-'i‘KepQ w
(-Kep) 2y 1 O @ @ (Kep) K

| IpaKTHYECKAasd MHPHHA CIIEKTpa |
| 2A@+=2Qxr=2Q(M+1) |

Pucynok 3 — K onpeaeneHuro NpakTH4eCKOM MHUPUHBI CIEKTPa MPH yIo-
BOW MOJYJISIIAU
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311ech OTJI0KEHbBI OTHOCUTEIbHBIC aMITUTYAbI Jk(M); 715t mocTpoeHus aM-
IUIUTYJIHOTO CHIEKTpa BCE COCTABJISAIOIINE CIEAyeT YMHOXHUTh Ha Ug =const.
g OMM=Mom. Uanekc ®M Mom=A@max 1 3aBUCUT OT aMILUTUTYbI
Moaynupytomero curiaia U [loaTomMy mpakThyeckas ImMpUHA CHEKTpa IpHu
OM pasHa:

ZAO)*q)M:ZQ(McpM'F 1)

Y 3aBUCHUT KaK OT YaCTOThI, TAK U OT aMILIUTYIbl MOJTYJIUPYIOLIErO0 CUTHATA.
It UMM = Mum = Aomax/Q2, e A®maxIIPOIOPIHOHATIbHA AMILUIHTY/IS
Moaynupyroniero curtana Ug:

2M00%,, = 29(% +1j =2Aw,, +2Q.

OO6BIYHO AOmax>>Q U 2A®yy, = 2A0

pHHA CIIEKTPA 3aBUCUT OT aMILIUTYAbI U IOYTHU HE 3aBUCUT OT YACTOTHI MOIYJIU-
pyromiero curHana Q. CiienoBaTelbHO, NMPAKTUYECKAsA MpUHA crnektpa UM
CUrHaja 3HAYUTEIbHO MEHbIIIE, yeM st OM curnana npu tex *ke rnapamerpax
MOJYJISLMH, YTO U OIPEAEIIUIIO IIUPOKOE UCIIOIb30BaHue UM B paanoBemianum
Y CBSI3U.

BrixoHas MOIIHOCTH TiepefaTurka ¢ Y M Ha HeKoTopoiu Harpy3ke R, Mo-
XKET OBbITh HalJIeHa KaK CyMMa MOIIHOCTEM, OTIEIbHBIX COCTABJISIONINX CIEK-
Tpa:

max» T-€. IIpu UM npakTuyeckas 1u-

P, =P(o,)+Plo, +Q)+ Plw, — Q)+ Plw, +2Q)+...=
2

ZZURO [02(My+ 32 (M) + 32, (M) + 2 (M) +..]= P,
H

3nech U02 / 2R = P, — MOITHOCTh TAPMOHNYECKOTO (HEMO Y IMPOBAHHOTO)

CUTHaJa, a CyMMa B KBaJpaTHBIX CKOOKax, COTJIACHO CBOMCTBY 4 OecceneBbIX
¢yHkumii, paBHa enunuiie. Cie10BaTelIbHO, MOIIHOCTD MEpEaTIYMKA C YTIOBOH
MOZYJISIIUENA OCTAETCS MTOCTOSSHHOW HE3aBUCUMO OT MapaMeTpoOB MOAYJ L. B
3TOM OoTHOIIEHUH UM u ®OM BBITOIHO OTIMYAKOTCS OT AM, 1JIsI KOTOPOM BBI-
XOJIHasl MOIITHOCTh MepeAaTynka MEHSETCS B OOIBINUX Mpeaeiax (Hampumep,
IPY MaKCUMAaJIbHOU Ti1yOuHe MoAy i Mav=1, MoliHOCTh niepeaatunka AM
MeHsIeTCs OT Hys 10 4Po).

B criektpax UM cursanoB HET HU3KOYACTOTHOM COCTABIISIFOIIEN, COOTBET-
CTBYIOILIEH HMCXOJAHOMY MOJAEIHPYIOIIEMY curHaiy. s Toro 4ytoObl BoccTa-
BUTh CUTHAJI COOOIICHUS HEOOXOAMMO OCYIIECTBUTH JETEKTUPOBAHHUE — IPO-
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1ecc, OOpaTHbIN MOIYIAIIUK. J[eTeKTHpOBaHUE, KaK U MOIYJISIIUS, — HeJTMHEH-
HOE MpeoOpa3oBaHMe cUrHana. HenumHenHbIN 3j1eMeHT o0oraiaeT CIeKTp BhI-
XOJIHOTO CHUTHaja HOBBIMU CIEKTPAJbHBIMM KOMIIOHEHTaMH, a (UIbTP BBIJE-
JISI€T HU3KOYAaCTOTHBIE KOMIIOHEHTHI. B KauecTBe HEMTMHEMHBIX AJIEMEHTOB MPH
JETEKTUPOBAHUM MOKHO HCIIOJB30BaTh TPAH3UCTOPHI U MOJYNPOBOIHUKOBbBIC
auoAbl. Yarie BCero UCroiab3yrTCs MOJIYITPOBOJHUKOBBIE JUOAbL, IPUYEM MPH-
MEHSIFOTCS TOJILKO TOUEUHBIE JUO/IbI, TAK KaK MIOCKOCTHBIC IOl UMEIOT 00JIb-
LIYIO BXOJIHYO EMKOCTB.

[Ipn nerektupoBanne UM curnana HanmpsKEHUE HAa BBIXOJE YaCTOTHOIO
nerekropa (Y1) n1omKkHO BOCIPOU3BOJANUTH 3aKOH M3MEHEHWSI MTHOBEHHOM 4a-
CTOTBI BXOJHOro curHania. Iloaromy mis uaeansaoro Y/[

Usux(t) = Sun()AF(t), rne Suy — kxpyTnsna xapakrepuctuku YJ1. TIpu atom
npeanoaraercs, 4to Af(t) u Usux(t) sBistores «MemieHHbIMEY (QYHKIAIMU
BpeMEHU. B oTiamume oT aMIUIUTYJHOTO JIETEKTOpa, AJisi 0Opa30BaHUsS YaCTOT
coo0IIeHns (HU3KOYaCTOTHOM KOMITOHEHTHI) OJTHOTO JIUIITh HEJIUHEHHOTO dJie-
MEHTa HEJOCTATOYHO: HETMHENHOCTh JUOJa MPOSIBISACTCS IPYU U3MEHEHUH JIeH-
CTBYIOIIIET'O Ha HETO HAMPSIKEHUs, a HE TPU U3MEHEHUH 4acTOThI. [loaToMy nst
ocymiectBieHnss UM netektupoBaHus TpeOyIOTCs JOMOIHUTEIbHBIE TTpeolpa-
30BaHUSI.

CymectByert nBa kinacca UJ[: B onaux aerexkropax UM curnaisl ¢ momo-
1IbI0 KOJIEOATENHLHOTO KOHTYpa mpeoOpa3ytorcsi B AM cUrHaibl, a MOTOM JETEK-
TUPYIOTCS, B IPYyTUX (AUCKPUMUHATOP, AETEKTOP OTHOIICHUMN) — MPU AETEKTH-
poBanuu UM CHUTHAJIOB MCIOIB3YETCS 3aBUCUMOCTh OT YaCTOTHI B KOJIEOATEIIb-
HOM KOHTYp€ pa3HOCTHU (Pa3 MeXAy TOKOM U HANPSHKEHUEM.

OCHOBHBIMU XapaKTEPUCTUKAMU U mapameTpamu Y/J[ saBisitoTCs:

1) cemeiicTBo nerektopHbIX Xapaktepuctuk: AU = F(f)mpu  Ug = const;

2) KpyTH3HA JIETEKTOPHOM XapaKTEPUCTHKU: Sqy = AU/AT;

3)  nmama3oH 4acToT Afuy, B KOTOPOM JACTEKTOpHAS XapaKTepUCTUKA JI0-
CTATOYHO JIMHEHHA;

4) BxogHoe conpoTusieHue: Ry = Uo/lo;

5) muaumanpHOe Ugminkt MakcuMaibHOEe Uomax 3HAUCHUS aMILTUTYIIBI
BXOJHOTO CUTHAJIa, IPH KOTOPHIX TApAHTUPYIOTCS OCHOBHBIC KAUECTBEHHBIE 110-
Ka3aTenu;

6) BeIXOAHOE compoTtuBicHue: Ryx = Uo/lg, onpenensemoe cBolicTBaMu
ALL;

7) HeTWHEWHbIC NCKaXCHUS BBIXOJHOTO CHTHAJA:
P+ Po +Pg +...

Pa

’Y:
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PaccmoTpum mpouecc AETEKTUPOBAHUS BBICOKOYACTOTHBIX UM cUTHAIIOB
Ha OpuMepe HEKOTOPBIX cxeM Y/ nmepBoro tuma. B 3Tux AeTeKTOpax UCIOJIb3y-
FOTCSL:

- aMIUIUTY AHBIN orpannuntens (AO) UM curnana;

- u30uparenbHas JIMHEWHAs Lenb, TpeoOpasyromas YaCTOTHYI MOJYJIs-
W0 B aMIUITUTYJHYO;

- AMIUTUTYIHBIN JE€TEKTOP.

AO YM curnana no3BojsieT YCTPaHITh HEXKENATEIbHBIC N3MECHEHUS aM-
IUTUTYAbl BBICOKOYACTOTHOT'O KOJIEOAHUS, BOSHUKAIOIINE BCJIEACTBUE BO3JICH-
CTBHUS TIOMEX Ha paJMOCUTHAN Tpu nepenade UM curnanos uepes n3Ouparesb-
HBIC LIETH, TPU OTHOCUTEILHOM U3MEHECHUH MOJIOKECHUA NMEPEJATUNKA U PUEM-
Huka UM curnana u T. 1., ¥ IPEJICTABIISIET COO0M coueTaHre HEIMHEHHOTO dJIe-
MEHTa ¥ U30UpaTeIbHON HArpy3Ku. B kauecTBe TMHEMHOM 1IENT MOKHO HCTIOJIb-
30BaTh JIOOYIO 3JEKTPUUYECKYIO LIETb, 00JaJal0NlyI0 HEPABHOMEPHON 4acTOT-
HOH xapakrtepuctukoit: RL-, RC- bunbsTpsl, konedaTenbHble KOHTYPHI U T. 1.
HauGonbiiee npuMeHeHre MOTYYUIIN KoJeOaTeIbHbIC IICTTH.

Camoii mpocToii sBisieTcs cxema, B koropoid UM curnan ¢ Hecymietifo mo-
naéTcs Ha Koyie0aTeIbHbIM KOHTYP ¢ yacToTol pe3oHanca fo=fo (pucyHnox 4, a).
JIoOpOTHOCTH KOHTYpa BIOMPAETCS] TAKUM 00pa3oM, YTOObI IPHU YABOEHHOM Jie-
BUAIIUU YaCTOTHI paOOYUil y4acTOK aMIUIMTYAHO-4aCTOTHOM XapaKTEPUCTUKU
ObLIT TMHEWHBIM. B 3TOM ciydae npu u3MeHeHuu yactotsl UM curnana amiuim-
Tyna HanpsbkeHuss Ha KoHType Ug(t) OyneT u3mMeHsATCs BO BpEMEHH B COOTBET-
cTBUU ¢ 3akoHOM Moayssiuu f(t) (pucynok 5).

]
1
VD 1 L] 2
_ o Tze 0 (s
OrpaHHyHTENE g 1 Cl L Cl
| avmmmy, T T D2
=1
::C3 2::(::4
3)
6]

Pucynok 4 — Cxemsl nipocreiiiero (a) u guddepenuunansaoro (0) /1
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Pucynok 5 — K 00bsicHennto padoTsl npocreiimiero Y1

[TosryduBIIMKCS CUTHAI C M3MEHSIOIIEUCSA aMIUIATYAO0M JNETEKTUPYETCS
aMITUTYAHBIM AeTekTopoM ¢ RC-dunbrpom. Hepoctatkom T0M cXeMbl SBIIS-
€TCsl HEOOXOAMMOCTh HACTPOMKHM KOHTYpa Ha YacTOTY, OTJIMYHYIO OT HECyIIeH
UM curnana. Kpome TOro, pe3oHaHcHas KpuBas OJUHOYHOI'O KOHTYpa UMEET
HEOOJIBIIION JIMHEHHBIN y4acTOK Ha CKaTe XapaKTepUCTHKU. V3-3a HenuHEHO-
CTH CKJIOHA pE30HAHCHON KPUBOU TaKUE JETEKTOPHI UMEIOT OOJBIIINE HETUHEH-
HBIC UCKAXKECHUS.

B HEKOTOpO CTENEHN YCTPAHUTH 3TOT HEJOCTATOK MO3BOJISIET CXeMa U Q-
bepennpanbHoro YJ1 (pucynok 4, 6). UM curnan nojgaércs oqHOBPEMEHHO Ha
JBa KOHTYpa: pe3oHaHCHbIe 4acTOThl fy1 # fo2 BeIOMparoTcs Takum oOpaszom,
qTOOBI Hecymas yactoTa fo pacrmonaranaces Ha cepeliHe JIMHEWHOTO YJacTKa Xa-
pakTtepuctuku. Curnansl A/l mpoTuBoda3Hbl U BEIYUTAIOTCS (OTCHOJIa U Ha3Ba-
HUE CXEMBI), YTO MO3BOJISIET YMEHBIIIUTh HETUHEHUHBIC UCKAKEHUS.

HenocratkoM pacCMOTPEHHBIX CXEM (PUCYHOK 4) ABISIETCS 3aBUCUMOCTD
BBIXOJIHOTO CHTHAJIa OT YPOBHSI BhICOKOYACTOTHOr0 UM curnana (pucyHOKO).
JInst ycTpaHEHHs 3TOr0 BIUSIHUASI TPUMEHSIOT aMILUIUTYAHBIE OTPaHUYHUTENH.
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Pucynok 6 — CeMelcTBO XapaKTEpUCTUK ABYXKOHTYpHOTrO Y /[

2Af
= = Q— oTHOCHTENbHAA 9acToTa, Q — JOOPOTHOCTH KOHTYpa

U
a = —2_ oT-
fo V= N o

HOCHUTECJIbHAA aMIUIMTY A HAIPSKCHUS Ha BBIXOAC qﬂ,

N — nocTtostHHBIN K03 PUIeHT, f — KO3 PUIIUEHT CBSI3U KOHTYPOB

CxeMbl UM n1€eTEKTOPOB BTOPOrO Kjacca BecbMa €1ab0 pearupyroT Ha U3-
MEHEHHME aMIUIMTYAbl CUTHAJa W MO3TOMY HE COJAEpKAT OIPAHUYMUTEINA. IJTH
CXEMbl JOBOJIbHO IIMPOKO MNPUMEHSIOTCS B NpuéMHuKax UM curnanos, B
YCTPOMCTBAX aBTOMATUYECKOU MTOJACTPOMKHM YaCTOTHI T€HEPATOPOB U JIP.

B 3Tux cxemax:

1) nmeBmanus 4acTOThI BXOAHOTO UM KojeOaHus mpeoOpa3yercs B JICBH-
anuio asbl APYroro HaIpsKEHUS;

2) nesumanms (a3wl mpeoOpasyeTcs B aMIUIATYIHYI0 MOIYJISIIUIO HAmpsi-
KEHUU, TPUIOKEHHBIX K JUO0/IaM;

3) oCyIIeCTBISIETCS aMIUTUTYHOE AETEKTHPOBAHHE.

Ha pucynke 7 npuBeneHbl cxemMa (azo4yaCTOTHOTO JUCKPUMHHATOpPA U
rpaduK 3aBUCUMOCTH BBIXOJHOTO HAIPSKEHUS OT YacTOTHI.
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Pucynok 7 — Cxema (a304acTOTHOTO JUCKpUMHUHATOpPA (a) U
3aBUCUMOCTH BBIXOJIHOTO HANPSIXKEHHUS OT 4acTOTHI (0)

4 Conepskanue padoThl U MOPAJIOK BbINOJIHEHUSA

Co0path 3KCIEPUMEHTANIbHYIO YCTAHOBKY ISl ccaeaoBanuss YM curna-
JIOB, U300pKEHHYIO HA PUCYHKE 8.

XSC1

Vi v "”'9
*\5V

™ ) 250kHz 20kHz A?L_,t < S

XSAl

i
ao

dll.lllllll.ll' g%f

Pucynok 8 — CxeMa 3KCrepuMEHTAIBHON YCTAaHOBKHU
V1 — gactoTHbIl MOgysITOp, XSA1 — aHanmu3aTop cnekrpa,
XSC1 - ocummnorpad
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JIs HACTPOWKM aMIUIMTYJIHOTO MOJYJISATOpa HEOOXOIWMO MPOU3BECTH-
JIBOMHOM IIETYOK JI€BOM KHOMKOM MBI 110 (hyHKIIMOHAJIbHOMY 050Ky V1. Ilo-
aBisieTcs quanoropoe okHo FM_ VOLTAGE napaMeTpoB aMIUIMTYAHOT'O MOAY-

asTopa (PUCYHOK 9).

label Cuglay "Mn Fub va Yot LD Pely

Vil oge Sevpit e ; ¥

"

Vol ade T A v -

ey Freguersy 0 Wwe

Mod At e IPede

vl
Irteligerce Feagmncy 0 (21 -

5V . g
250kHz 20kHz

|' Legum e | 1 . ‘ l Carved | ‘ e || Hek

Pucynok 9 — Beoa napamerpoB UM HanpspkeHUs

B nosisusmemcst okae maneau AM_VOLTAGE Bo Bknanke Value (Bemnu-
YrHa) BBECTH napameTpbl AM HanpsiKeHHs:

- aMIIuTy1a Hecyiero kosebanus (CarrierAmplitude) v, =5V (U, =5B);

- 4acToTa HECYIIETro KoJIeOaHUS (CarrierFrequency)
f. =250kHz ( f, = 250kHz);

- uaaekc moayJsaiuu (Modulationlndex) m=35;

- yactota Moy (Intelligence Frequency) Fym= 20 kHz (Fm = 20 xI'mr)
KOJie0aHusl, UIMUTHPYIOIIETO HU3KOYACTOTHBIA MOAYJIUPYIOIIUNA CUTHAI.

VYcraHOBHTE 3JIEMEHTHI PETYJIMPOBKH aHAIM3aTOPa CIIEKTPa B MOJIOKEHUS
(pucyHok 13):
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Juana3on gactoT (Span): 400 kHz.

Hauasno (Start): 50 kHz.

I'panuma (End): 250 kHz.

YysctButensHocTh (Range): 0,3 V/Div (B/gen).

Paspemenue (Resolution freq): 200 Hz.

Bxnanka Set: uncno touek paznoxenus bII® (FFTpoints): 8192.

Jlns 3amycka SKCIIEPUMEHTa HEOOXOJMMO IIEIKHYTh JIEBOM KHOIKOM
MBIIIK TI0 3€JIEHOMY TPeYroiabHUKy Run manenu Simulation unu BO BKiIajake
Simulate. 3adukcupyiite popMy U CHEKTp CUTHAJIa B COOTBETCTBYIOIEM pa3-
nene ortyeta. Caenaite BbIBOJ 0 popme moayuenHoro UM curHana v ero crek-
Tpe.

[ToBTOpUTE IKCIIEPUMEHT MPU IPYTrUX KOdPIUIIMEHTAX U YACTOTaX MOJIY-
aaapd (muy = 0,9; 2; 5; 10; Fm= 50 xI'm). [Ipm m3menennu mapametpoB UM
CUTHaJa TOJIOKEHUSI AJIEMEHTOB PETYyJIMPOBKHU ocimiuiorpada u aHaamzatopa
CIEeKTpa HEOOXOAMMO H3MEHATh C YYETOM OXHUIAEMBbIX IIUPUHBI CIEKTpa U
YPOBHEHN CIEKTPATbHBIX COCTABJISIONIUX CUTHAJA.

J1o cux mop KOHTPOJIb BPEMEHHBIX YACTOTHBIX XapaKTEPHUCTHK HCCIICTye-
MBIX CUTHAQJIOB OCYIIECTBIISIICA MX HAONIOJEHHEM Ha dKpaHaX HCIOJb3yEeMBbIX
BUPTYaIbHBIX MPUOOPOB (TIOKa3aHHBIX Ha pucyHKe 10) mociae UX OTKPBITHS
JTBOWHBIM IIEITIKOM JICBOM KHOTKHM MBIIIH 10 TUKTOrpaMMe BEIOPAHHOTO IPH-
oopa.

Bo3MoskeH 1 BecbMa MoJie3¢H BBIBO M HAKOIIJICHUE MTOTy4aeMbIX Pe3yIib-
TaTOB C ITOMOIIBIO CAMOITHCIIA, BKIIFOYaeMOro BeIOOpoM mno3utinu Grapher BbI-
najaronero Meuro View (pucynok 10, a) unu nynkra Analises U moanyHKTa
TransientAnalises ... (AHanu3 mepexoHbIX MPOIECCOB) B MeHIO Simulate (pu-
cyHok 10, 6). IIpu xaxxmoM 3ammycke 3KCIepuMeHTa KHOMKoM Run u ero ocra-
HOBE KHOIKOM Stop simulation B camonuciie popMupyroTcsi BKIAJIKHU C PE3YJIIb-
TaTaMH.
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Pucynok 10 — Beibop B0B BbIBOJIa XapakTepucTUK UM HanpskeHus
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JInst AeTanpbHOro pacCCMOTPEHUSI MOJIYYEHHBIX PE3YJIBTATOB IPU HAXKATOU
JIEBOM KHOIIKE MBIIITN MOKHO BBIJICIUTh MHTEPECYIONIUN (PparMeHT MOTy4YEeHHOU
XapaKTEPUCTUKH, KOTOPBIN OyET Mmoka3aH 0osee moApoOHO B HOBOM MaciTade.

[TomyuenHble Tpad Ky 3aHECUTE B COOTBETCTBYIOLIUI pa3/ies OTUeTa.

Cnenaiite BoiBOJ 0 hopme UM curnana u ero crekrpe. CpaBHUTD MOJY-
yeHHble UM CUTrHaIIBI C aHAIOTUYHBIMUA KPUBBIMHU, MTOJIYYEHHBIMU B IIPEABAPU-
TEJIbHOM PacueTe.

5 TpeOoBanust kK 0(pOPMIICHHUIO OTYETA MO BBHINMOJHEHUIO JadopaTop-
HOH padoThI

OT4€T nOJKEeH OBITH 0(OPMIICH C TOMOIIBI0 peaakTopa MS Word, Bepcun
97 u Botne (.doc, .rtf).

[TapameTphl CTpaHUIIBIL:

- BEpXHEE moJie- 2 cM;

- HUOKHEE TI0JIe- 2 CM;

- JICBOE TI0JIe- 2 CM;

- mpaBoe mnoJie- 1 cm;

- nepemet- 0 cm;

- pa3mep Oymaru A4;

- pa3In4aTh KOJOHTUTYJIbI IEPBOM CTPAHUIIBI.

[Ipudt Texcra: Times New Roman, 14 mynkrtoB, uepe3 1,5 unrepnaina,
BBIpaBHUBAHME MO IIMPHUHE, TIepBasi CTpoka ¢ orctynom 1,25 cm. Homep ctpa-
HUIIbl BHU3Y, CIpaBa, 14 MyHKTOB.

Hecnoxubie GopmyIibl 1OTKHBI ObITH HAOPAHBI C KIIABUATYPHI U C UCTIOJb-
30BaHueM KoMaHAbl «BctaBka—CuMBos». CroxHble POopMyIibl JOJKHBI OBITh
HaOpaHbl B penakrtope MathType 6.0 Equation.

OT4Y€T 10 BHITIOJHEHUIO JJTA00pPaTOPHOUM paboTe MOHKEH COAEPKATh:

- Ha3BaHME MpPeIMETa, HOMEP U Ha3BaHUE JTaOOPaTOPHOI padOTHI;

- (paMUIIMIO M MHUIMATIBI aBTOPA, HOMEP TPYIIIIHI;

- (haMUITUIO M MHUITMATIBI TTPENOAaBaTENS;

- 11eJ1b paOOTHI;

- IEPEUYCHb UCIIOIB3YEMOT0 000PY/I0BAHUS;

- IOCJIEIOBATEILHOCTD AEUCTBUM MPU MPOBEICHUU UCCIIEIOBAHUM;

- BBIBOJI O MPOJICTIaHHON paboTe;

- OTBETHI HA KOHTPOJIBHBIE BONPOCHI;

- IaTy BBITMIOJIHEHUS U TUYHYIO TIOAMHUCH.
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Pe3ynbTarhl pa3nuyHbIX U3MEPEHUN HEOOX0IUMO MIPEACTaBUTD B BUJIC He-
CKOJIBKHX CaMOCTOSITeNIbHBIX Ta0nul u rpadukoB. Kaxmaas Tabnuia u Kaxablid
rpaduk JOJDKHBI UMETh CBOM 3arojIOBOK W MCXOJIHbIE JaHHBIE SKCIIEPUMEHTA.

[Ipu BBINMOTHEHNU YUCICHHBIX PACYETOB HAJIO 3amucath GopMysy ompe-
NENEMON BEIIMYMHBI, CJIENIaTh COOTBETCTBEHHYIO YHCJIIEHHYIO MOJICTAHOBKY M
ITPOU3BECTU BBIYUCIICHHUS.

6 KoHTpoJ/ibHbIE BONPOCHI

1. YTto Tako€ MHIEKC MOAYJISIIIAN?

2. Kak 3aBUCHT CIIEKTpajbHBIN COCTAB OJHOTOHAIbHOIO UM curnana ot
WHAEKCA MOIYJIALN?

3. Kak pacnoJiokeHbl CIEKTPAIbHBIE KOMIIOHEHTHI OJHOTOHAIbHOTO UM
CUTHAJIa OTHOCUTEJILHO HECYIIEH YaCTOThI?

4. Kak cBsizanbl mMprHa cnektpa UM curaana v MHAEKC MOAYJISIIUMN ?

5. IlosicHuTE pa3nuyve amILuIATYTHOM U YaCTOTHOM MOTYJISALIUNA?

6. KakoB npuHIUIT paAuOCBA3U C UCTIOJIb30BaHuEeM UM?



