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JJABOPATOPHA POBOTA Ne 1

IIpoxomskeHHsI CUTHAJIY Yepe3 JiHilHI KoJ1a

Mera po0OOTH: BUBYMTH ¥ TNpoaHaTi3yBaTH IPOXOJDKECHHS CHUTHAIIB depes
JIIHIIHI KOJIa.

3arajbHI IOJ0KEHHS

[IpoxomKeHHsI CUTHATY depe3 JiHIHHE KOJIO € MIMPOKO PO3MOBCIOIKCHUM
MEepeTBOPEHHSM curHanmy. lleil mporec 4acTo CyNmpOBOKYETHCS 3MIHOIO (HopMH
CUTHAITy, 1110 €KBIBAJICHTHO BTpaTaM 1H(oOpMallii, 1[0 MICTUTbCA B HbOMY. Taki 3M1HU
MOB'A3aH1 3 00OMEKEHICTIO CMYTH MIPOITYLIEHHS peaIbHUX KUL Y pealbHUX IPUCTPOSIX
3aBX/IM € CIElIabHO BCTAHOBJIEHI a00 Mmapa3uTHi onopu i eMHOCTI (cxema Nel), a
TaKOX PO3AUIIOBAIBHI i GIbTpyIOUl KOHJeHcaTopu (cxema No2).

PoGora miHIMHMX KiJT OOYMOBIIOETHCS JBOMAa BHJIAMH XapaKTEPUCTUK -
YaCOBUMHU M 4YaCTOTHUMHU. MK HHUMH ICHYE OJIHO3HAYHA 3aJeXKHICTh. Tak,
TPUBAJICTH (PPOHTIB IMITYJILCY Ha BUXO/]I1 KOJIA BIJMOBIAA€ MAJIUM Yacam, a 3HAYUTh -
CIIPOMOXHOCT1 KOJIa TPOIMYCKAaTH BHUCOKI YacTOoTU. | HaBMaku, BEJIMYMHA CHATY
BEPIIMHU IMIYJbCY XapaKTepU3ye IMapaMeTpu Koja B 00JIacTI BETUKHUX YaciB 1
00yMOBITIO€ CMYTY MPOIYIIEHHS KOJia Ha HU3bKUX 9acTOTax.

IlepekpydyBaHHs CHrHally, IO BiIOYBAtOThCS B JIHIMHUX KOJNaX, Ha3HBAKOTh
NiHiMHEEME a00 YACTOTHHUMHM. IXHS OCOONMBICTH y TOMy, LIO HAa BHXOMAi KOla HE
3'SIBJISTFOTHCSI IOAATKOBI CKJIZIOB1 B CIIEKTP1 CUTHAITY.

JIiH1iiHI IepeKpy4YyBaHHS BUHUKAIOTh Y ABOX BHUIMA/IKaX:

- KOJM OKpeMi TapMOHIMHI CKJIaJ0B1 BXIJTHOTO CUTHAJIY IMEPEIar0ThCs Yepe3
KOJIO HEOJTHAKOBO (3MIHIOETHCS IXHE aMILTITY IHE CITIBBITHOIIICHHS );

- koinu (a3oBl 3CyBH, SIKI 3100yBarOTh TapMOHIWHI CKJIaJ0BI CHUTHAITY,
MIPOMIIIOBIITN Yepe3 KOJI0, 3MIHIOIOTh CBOi B3aEMH1 3CYBHU B 4acl.

[Ilo6 kom0 B cMy3i poOOYMX YACTOT HE BHOCHWIJIO JIIHIMHMX IMEpPEeKpydyBaHb,
HOTO aMIUTITYAHO-4acTOTHA Xapaktepuctuka (AUX) moBuHHA OyTH MPSIMOKYTHOIO, &
(dazouactorHa xapakrepuctuka (OUX) - niHIHHOO.
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[Topsiiok BUKOHAHHS pOOOTH

1. 3ibpatu cxemy Nel, mio Mojentoe mapa3uTHI €MHOCTI W OMOpU B
CJIICKTPOHHUX KOJIaX.

D

Cxema Nel.

2. YcranoButu napameTpu eyieMeHTIB (N - HOMep 3a CIIUCKOM Y KypHalli):

2.1. I'eneparop meanapy (Clok) E:

- ammutityna curnainy Uy, = 4N, B;

- gactota f = 50N, I'm.

2.2. R=1xOwm.

2.3.C=1/N M.

3. Po3paxyBaTu nocriiiny 4acy snasiora T = RC.

4. Bumipsitu:

- TPUBAJICTH IMITYJIbCY 3a piBHEM 0,5U, ;

- TpuBalicTh poHTY ¥ cnaay 3a piBaem Big 0,1 mo 0,9 Big Up,.

5. 3MeHIIUTH BeIUYHMHY onopy R y /1Ba pa3u i po3paxyBaTu HOBE 3HAUEHHS T.

6. [loBroputHu 0. 4 1711 HOBOTO 3HAa4YeHHS R.

7. IlopiBHATH ¥ IpoaHaIizyBaTu OTPUMaH1 pe3yabTaTH.

8. 3aminutu reneparop E Ha mxepeno mepeminHoi Hampyru (AC voltage
source) 3 mapamerpamu N B 1 1 xI'11.

9. 3a pomnomoror nNyHKTIB MeHIO ‘“Analysis” — “AC freguency” 3HATH
amruTiTyiHo-4acToTHy (AYX) 1 ¢azouacrorny (DPUX) xapakrepucTUku KoJia IS
000x 3Ha4YeHb onopy R y mianmazoni wactot Big N I'm 1o 2N I'I.

10. BuzHaunTy cMyru MPOMYIIEHHS KOJIa B 000X BUMaAKax 3a piBHeM -3 nb
(0,707) Big Up,.

11. TlopiBHSTH ¥ TpoaHATI3yBaTH OTPUMAaHI PE3YJIbTATH.

12. 3a momomororo myHKTiB MeHIO “Analysis” — “Fourier” mepexonatucs y
BIJICYyTHOCTI BUIIMX TapMOHIK y CIEKTpl BUXigHOrO curHany (Ha ememenTti C). [ns
[[BOTO MEPEJI MOYATKOM CHEKTPATBLHOTO aHati3y B MeHIo “Fourier” ycTaHOBUTH:

- HOMEp BHXIJIHOTO BYy3Jla cxemMu Yy BikHI “Output node” (3a3manerignb
BU3HAYAETHCS TaK: MIJBECTH KypcOp IO BHUXIJHOTO BY3Jla CXEMH, HaXaTH IMpaBy
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KHOINIKY MUIIKH, YBITH B MeHI0 “Component properties”, y BiKHI, IO BIAKPHIOCH,
“Node ID” mpounTat HOMEp By3Ja);

- KPOK 4YacTOTH I aHaji3y, JOPIBHIOE YacTOTI TeHepaTopa (y HaIIoMy
Bunajaky - 1 kI'n) y Bikai “Fundamental frequency”;

- ypcio rapMoHik “Number harmonics” piBHe 9.

13. 3i6patu cxemy Ne2, 110 MOJEIIOE BIUIUB PO3AUIIOBAILHUX KOHJICHCATOPIB
Ha MPOXO/KEHHS CUTHATY.

¢

—

O

Cxema Ne2.

14. YcranoButu napamerpu eiaeMeHTiB (N - HoMep 3a CIIUCKOM Y KypHaTi):

14.1. T'eneparop meannpy (Clok) E:

- amrutityaa curnany Uy, = SN, B;

- gactota f = S0N, I'L.

142. R1 =1 xOwm, R2 = 2 xOwm.

14.3. C1 =10/ N mMx®, C2 =1/ N MkD.

15. Bumipsru:

- TPUBAJICTH IMITyJIbCY 3a piBHEM 0,5U, ;

- TpuBaticTh (ppoHTy U cnaxy 3a piBHeM Big 0,1 no 0,9 Big Up;

- crajl BepIIMHY iMITyJIbey B % Big Uy, .

16. 3menmutu BennunHy eMHocTi C1 y n1Ba pasm.

17. IloBroputH 1. 15 11 HoBoro 3HaueHHs C1.

18. TlopiBHSTH i MpoaHaIi3yBaTU OTPUMAaHI PE3YJIbTATH.

19. 3amiautu renepatop E Ha mxepeno nepeminnoi Hanpyru (AC voltage
source) 3 mapamerpamu 0.5N Vi 1 kl'm.

20. 3a pgomomoror MyHKTIB MeHIO ‘“Analysis” — “AC freguency” 3HsATH
amruriTyiHO-9acToTHy (AUYX) 1 dazouacrorny (PUX) xapakTepuCTHKUA KoJia JIs
000x 3HaueHb eMHocTi C1 y miana3zoni wactoT Big N ' 1o 2N kI'.

21. Busnauutu cMmyry mnpomnyiieHHsa kona 3a piBHeM -3 ab (0,707) ans o6ox
3HadeHb eMHOCTI Cl1.

22. TlopiBHATH ¥ TpoaHaIi3yBaTH OTPUMaHI Pe3yJIbTaTH.

23. 3a pomoMoror NyHKTIB MeHIO “Analysis” — “Fourier” mepekoHatucs y
BIJICYTHOCTI BHIIIMX FAPMOHIK Yy CIIEKTp1 BUXITHOTO cUrHaiy (Ha enemeHTi R2). Jlus
[[LOTO TIEPE]T MOYATKOM CIIEKTPAILHOTO aHali3y B MeHIo “Fourier” yctaHOBUTH:
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- HOMEp BHXIJHOTO By3la cxemd Yy BikHI “Output node” (3a3manerimb
BHU3HAYAETHCS TaK: IMJBECTH KypcoOp 0 BHXITHOTO BYy3Jla CXEMH, HaKaTH TPaBY
KHOIIKY MHIIIKH, YBIUTH B MeHI0 “Component properties”, y BIKHI, II0 BIIKPUIOCS,
“Node ID” mpounTat HOMEp By3Ja);

- KpPOK 4YacTOTH JJIs aHaji3y, JOPIBHIOE YacTOTI TeHepaTopa (y HaIIoMy
Bunajaky - 1 kI'n) y Bika1 “Fundamental frequency”;

- ypcio rapMoHik “Number harmonics” piBHe 9.

3MicCT 3BiTY

1. Cxemu, 110 aHATI3YIOThCSL.

2. Pe3ynbratu 004MCIeHb 1 BUMIPIOBaHb.

3. ®opMH BUXITHUX CUTHATIB (IMITYJILCIB).

4. I'padiku OTpUMaHUX XapaKTEPUCTHK.

5. Pe3ynbpTaTi mpoBEIEHOT0 aHaIi3y i BUCHOBKH 1O POOOTI.

KoHTpOJILHI TUTAHHS

1. IMosicHiTh (hopmy iMITynbCy Ha KoHJeHcaTopi C cxemu Nel.

2. Sxa Oyne popma immysbecy Hanpyru Ha pe3uctopi R cxemu Nol?

3. Sk BmiIMBarOTHh mnapameTpu eineMeHTiB cxemMu Nel Ha dopmy BHUXIZHOTO
IMITyJIbCY?

4. Sx BuUMIpATH TpPUBATICT (POHTY U cHagy IMIYJIbCYy 3a JOTOMOTOIO
octuorpada?

5. [Mosicuith oTpumani AUX 1 ®UX cxemu Nel.

6. Illo Take cmyra mpomnymeHHs? Sk ii BuMipsaTu? Sk BIUIMBaIOTh MapamMeTpH Koja
Ha CMYTY IPOIYILIEHHS?

7. Iosicuith popmy iMmnynbecy Ha KoHAeHcaTtopi C2 cxemu Ne2.

8. Sk BmIMBaIOTH TapaMmeTpu enaeMeHTIB cxemu No2 Ha ¢GopMy BHXITHOTO
IMITyJIbCY?

9. [losicuiTh oTpumani AUX 1 @PUX cxemu Ne2.

10. Sxuit  3B'SI30K MIDK YacOBUMHM W YaCTOTHUMH  XapaKTEPUCTUKAMU
JTOCTIKYBaHUX K1J1?

11. o Take niHIMHI (4ACTOTH1) IEPEKPYUyBaHHS CUTHAITY?

12. Sxumum noBunHi Oytn AUYX 1 OUX kinm i nepenadi curHainy 0e3
NEpEKPYUyBaHb?
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JIABOPATOPHA POBOTA Ne 2

IIpoxomskeHHsI CHTHAJIY Yepe3 HeJIiHiiHI KoJ1a

Mera poOOTH: BUBYMTH ¥ TNpoaHaNI3yBaTH IPOXO/KCHHS CHUTHAIIB dYepes
HEJIIHIHE KOJIO.

3arajbHI IOJ0KEHHS

[Ipu mpoXOoKeHHI CUTHAJIB uYepe3 OLIbIIICTh PEeaTbHUX PaaiOeNeKTPOHHUX
MPUCTPOIB, KPIM JIHIMHUX TEPEeKpydyBaHb, AOCTIKEHUX paHilie B JabOpaTopHii
po0oTi Nel, BUHHUKAIOTh HEJIHIKHI IEPEKPYyIyBaHHS.

[IpyurHOIO HENIHIMHUX TMEPEeKPydYyBaHb € MPOXOKCHHS CUTHAIY uYepes
€JIeMEHTH, 1110 MAalTh HEIIHIMHY BoJbTaMIlepHy xapakrtepuctuky (BAX),
HaMpUKJIaJ, JaMIily, Ji0Jl, TpaH3UCTOp, TpaHchopmaTop. VY pe3ylbTari ILbOro
CIIOTBOPIOETHCS (popMa KOJMBAHB 1 3MIHIOEThCS IXHIN CIIEKTpadbHUM ckiaa. ToOTo B
CHEKTPl BHUXIJHOTO CUTHATY MPHUCYTHI HOBI (JI0JJaTKOB1) FapMOHIMHI CKJIaJ0BI, SIKI
KUIBKICHO OLIIHIOIOTBCSI KOE(IIIEHTOM HENHIMHUX MepeKkpydyBaHb (KoedillieHToM
rapmoHik) K. sK CHiBBIAHOIIEHHS BCiX BUIIUX (HOBHUX) TapMOHIK JO OCHOBHOI
TapMOHIKH BX1JIHOTO CUTHAY:

_JUZiUZ+UZ+UZ 4
= U

VY npaniii poOOTI SIK HETIHIAHUNA €JIEMEHT BHUKOPUCTOBYETHCS OIMOJAPHUMN
TpaH3ucTop. Ynm OijbIlle aMIUTITy/1a BXITHOTO (BUX1IHOTO) CUTHANY, TUM CHJIBHIIIE
MPOSIBISIEThCS HEMiHIAHICTE BAX TpaH3ucTopa i TUM CUJIBHINIE MEPEKpPydyBaHHS
curHaity. Y OUIBIIOCTI MPUCTPOIB MPUUHATHUM € KOe(]IIli€EHT TapMOHIK Ha PiBHI BiJ
JIECSATUX YACTOK J0 OJMHHUIIH BIJICOTKIB.

K. "100% .




9

[Topsiiok BUKOHAHHS pOOOTH

1. 3i0patu cxemy.

—
D B

2. YCTaHOBUTHU NApaMETPH €JIEMEHTIB:

2.1. I'enepatop cunycoinanbuoi Hanpyru (AC voltage source) El:

- ammutityaa curnainy Uy, = 0.05 B;

- yactota curHaiy f .= 0.5N k[11.

2.2. Tpansuctop VT - ineanbHui.

2.3. Bcl 1HII €J1EMEHTH - BIAMOBIIHO O HOMIHAJIIB HA CXEMI.

3. 3a gomoMorow MOyHKTIB MeHio “Analysis” — “AC freguency” 3HATH
aMIuIiTyIHO-4acToTHY (AUYX) 1 ¢dazouacrotHy (PUX) xapakTepUCTUKUA CXEMH B
mamna3odi gactoT Big 50 ' no 50 kI

4, BusHaunTu cMyTy mpomnyineHHs 3a pisaem -3 1b (0,707).

5. [IpoBecTu aHasi3 BIUIMBY €JIeMEHTIB cxeMu Ha xig AUX 1 ®UX.

6. 3a gomomoroo ocruiiorpada Bi3yalbHO OLIHUTU CTYIIHb NEPEKPYydyBaHHs
BUXIJTHOTO CUTHaNY (BIAXWUJIEHHS Bif cuHycoimanbHOi (Gopmu). Ilepenectu dopmy
I[OTO CUTHAIy B 3BIT.

7. 3a pomoMoror NYyHKTIB MeHio ‘“‘Analysis” — “Fourier” opgepxartu
CIeKTpaJIbHy Aiarpamy Ha Buxoai cxemu (Ha C,). s 1poro mepes mMo4aTKoOM
CIIEKTpaJIbHOTO aHai3y B MeHIo “Fourier” ycTaHOBUTH:

- HOMEp BHXIJIHOTO BYy3Jla cxemMu Yy BikHI “Output node” (3a3zmanerignb
BU3HAUAETHCS TaK: MIABECTH Kypcop M0 BHUXITHOTO By3Jla CXEMH, HaKaTh TPaBy
KHOIIKY MUIIKH, YBIUTH B MeHIO “Component properties”, y BIKHI, IO BIIKPUIOCS,
“Node ID” mpounTati HOMEp By3Ia);

- KpOK 4YacTOTH AJisl aHam3y, AOpIBHIOE dYacToTi reHepartopa f. (y BikHI
“Fundamental frequency”);

- yucio rapMoHik “Number harmonics” piBue 9.

8. BumipsTu i 3anucaTé aMIuIiTyId BCIX TAPMOHIK.
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9. 3amumcatu po3paxoBaHE NPOrPaMOI0 3HAYEHHS Koe(ilieHTa HETHINHUX
nepekpydyBanb (Total harmonic distortion).

10. PoszpaxyBaTu KoedIlIEHT HETIHIMHUX NEPEeKpydyBaHb (KOe]IIlieHT
rapMoHiK) 1o hopMmyi:

K

_JUZiuZiuZ4ul+
r= 100%,
Ul

ne:

U, Uz Uy Us — aMIuniTyau BHIIMX TApPMOHIK BUXIJHOTO CHUTHATY, OOMiproBaH1
Ha CIIEKTpasIbHIN Jiarpami;

U; — ammityaa nepiioi (OCHOBHUM) TrapMOHIKH, 0OMipIOBaHa TaM Ke.

11. TlopiBHSTH OTpUMaHE 3HAYEHHS 31 3HAYCHHSM 3 1I. 9.

12. TloBToputn m.m. 6 - 11 i 3HA4YeHb AMIUNITYAW TeHEepaTopa BX1AHOTO
curHany E1 =0.07 Bta 0.1 B.

13. IIpoananizyBatu OTpuMaHi pe3yJIbTaTH.

3MICT 3BITY

1. JocaimkyBaHa cxema.

2. Pe3ynbratu 004MCIEHb 1 BUMIPIOBAHb.

3. ®opmU CUTHAIIIB.

4. I'padiku oTprMaHUX XapaKTEPUCTHK 1 Aiarpam.

5. Pe3ynbpTaTi mpoOBEIEHOTO aHai3y i BUCHOBKH 1O POOOTI.

KoHTpOJILHI ITUTAHHS

1. o Take HemniHIMHI NepeKkpydyyBaHHS cUrHaidy? UMM BOHM BiAPI3HSIOTHCS BiA
JTHIMHUX?

2. Slkuit eeMeHT JOCTiKyBaHO1 cXeMu € HellHIHHUM? YoMy ?

3. [llo BrIMBa€e Ha BEIMYMHY HENIHIHHUX NMEPEKPydyBaHb Y AOCTIHKYBaHIN cxemi?

4. dxuii K, € gonycTuMuM npu nepegadi MOBHOTO curHany? SIK BiH BHUSIBISIETHCS
Ha BUX1JHOMY CUTHaI?

5. [MosicuiTh oTpumani AUX 1 @PUX cxemu.

6. lllo Take cmyra mpomymieHHs? Sk 1 BumipsaTu? Sk BIUIMBAIOTH MapamMeTpH
CXEMHU Ha CMYTY IPOIYIIEHHS?

7. I1osicHITh IPU3HAYEHHS €JIEMEHTIB JOCIIIIKYBaHOT CXEMHU.

8. SIk BIIMBAIOTH MapaMeTPH €IEMEHTIB CXeMH Ha KOe(III€EHT TApMOHIK BUX1THOTO
CUTHAITY?

9. SIK pO3MMPUTH CMYTY IIPOMYIIEHHS B 00J1aCTI HUXKHIX 9acTOT (3MEHIIUTH f)?

10. SIk po3IMIHUPUTH CMYTY MPOMYIICHHS B 00JIACTI BEPXHIX 4acTOT (30L1bmuTH f,)?

11. Sk 3MeHIIUTH  HENIHIMHI  MepeKpydyBaHHS B  TPaH3UCTOPHOMY
M1JCUITIOBAJILHOMY KacKai?
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JIABOPATOPHA POBOTA Ne 3

AMILTITYTHO-MOYJIbOBAHI KOJIMBAHHS

Meta po0OTH: BHBYMTH W TMPOAHATI3YBAaTH XapaKTEPUCTHKU AaAMILIITYTHO-
MoayJboBaHUX (AM) KOTMBaHb.

3arajbHI IOJ0KEHHS

[lepeHeceHHsl CeKTpa CHTHATIB 3 HU3bKOYACTOTHOI 0OJIACTI y BHAUICHY AJIS
ixHpoi mepenaui 00JacTh BUCOKMX YAacTOT KaHANy 3B'SI3KY BHKOHYETHCSI OINEPALII€l0
MOOYNAUIT.

AmmmityaHa monyssiniss (AM) BiamoBizae nepeHeceHHo 1Hpopmarii s(t) =
U(t) mpu nocCTIHUX 3HAYEHHSIX MapaMeTpiB ® 1 @. AM - CUTHaJI CUMETPUYHUH 0]10
ocl 4dacy 1 siBisge coboro a00yTok iHpopMmariitnoi oOBigHOT U(t) 1 ii 3amOBHEHHS
TapMOHIMHMM  KOJNMBAHHSIM, YacTOoTa SKOTrO, SK IMpaBWIO, Oarato BUIIE
MaKCUMaJIbHUX 4YacToT B 00OBiAHIN ¢yHkmii U(t). Pdopma 3amucy aMIUITyaHO -
MOJYJIbOBAHOTO CUTHAITY:

u(t) = U(t)-cos(mot+qo),
U(t) = Un-[1+M-s(t)],
ne Uy — mocTiiHa amIuIiTy/la HECydoro KOJHMBAHHS TPH BIJICYTHOCTI BXIJIHOTO
(Momynrot049oro) curHany s(t), M — koedilieHT aMILTITY THOT MOTYJISIII.

3HadeHHs koediiienTa M xapakTepusye nubuny aMIumiTy1Ho1 MoayJsiii. [Tpu
3HaueHHl [M:-s(t)] < 1 mist Oyab-sIKMX 3Ha4YeHb t 3 :
(dhopma 00BITHOT HECYYOTO KOJMBAHHS MOBHICTIO
MOBTOPIOE (POPMY MOJIYJIIOIOYOr0 cHUrHamy s(t),
oo MOXHa Oauutu Ha puc. 1 (curnan s(t) =
sin(wst), koedimient moxysaiii M = 0.5). Many
rmbuny monynsnii (M << 1) 3actocoByBaTu
HEJOLIIBHO, TOMY IO IPH LBOMY MOTY>KHICTh 0 20 B B0 80
nepeaaHoro iHdopmaiiiiHoro curHaimy  s(t)
0araTo MeHIIe MOTYKHOCTI HECY4OTr0 KOJTUBAHHS
i MOTYXXHICTh TIepeZiaBaya BUKOPUCTOBYETHCSI HE €EKOHOMIUHO.

Ha puc. 2 naBegeHuil npukiajg Tak
Ha3UBAHOI 2nuUbO0KOI MOOYaAyil, TPU SAKIA
3HaueHHA |M-Sgcrp(t)] mparme mo 1 B
eKkcTpeMaibHuX Toukax (yHkmii s(t). [pwu
rIMOOKIA  MOAYJSLIL  BUKOPUCTOBYIOTHCS
TaKOXX TIOHATTS BIAHOCHOTO KoedilieHTa

= L - L 3 MOI[yJ'ISIII{I: Haropy: M, f (Umax - Un)/Up, 1
Bpema voayismii BHu3: M, = (Up - Upin)/Un.

Puc. 2. 'nubGoka Moy isis. 100% - na moxysstis Haropy (M, =1) Moxke
NPUBOAUTH JIO TEPEKpy4YyBaHb CHUTHAIIIB

Py TIEPEBAaHTAXKCHHSIX TMepeaaBaya, SKIIO OCTaHHIM Mae OOMEXKEHWN TUHAMIYHUN

"'W=05"

AmMnNKTy A3

Puc. 1. MoaynpoBaHuii CUTHAIL.

3
2F
Ly
1]

-1

AmMNNKTYAA
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Jiana3oH MO aMIUTITYAl HECydyuX 4YacToT abo OOMEXEeHy MOTYKHICTh TepenaBada
(301IBIICHHS] aMIUTITYIM HECYYMX KOJIMBaHb y MIKOBUX 1HTepBanax curHamry U(t) y
JIBa pa3u BUMarae 30UIbIICHHS OTYKHOCTI IepejaBaya B YOTUPH Pas3m).

BigHocHu#t koedimieHT MOIYJIALIT BHU3 TaKOXK MOBUHEH OYTHU JOCHUThH HaJIIMHO
obmexxenuid. [Ipu M,, > 1 BuUHHKa€e Tak Ha3uBaHa
nepemooyiayis, TPUKIAA SKOi HaBEJECHUW Ha
puc. 3, npu skii  ¢opma  0OBigHOT
CIIOTBOPIOETHCST MO0 (OPMU  MOJYITFOIOUOTO
CUTHAITY.

[Tpocrima dopMa  MOAYIHOBAHOTO
CHTHAIy CTBOPIOETHC IIPU  OOHOMOHANbHILL 0 =0 Broms il
aMILITYJHIM MOIYJALIl — MOLYyJALil Hecydoro Puc. 3. IlepeMomyisiisi CHTHAITY.
CUTHAJy TapMOHIMHUM KOJIMBAHHSM 3 OJIHIEIO
4acToTOoHO 2!

u(t) = Un[1+M-cos(€t)]-cos(mot). (1)

JIyist cipoITieHHsT MaTeMaTHYHUX BUPA3iB 3HAYCHHS TIOYATKOBHUX (Da30BUX KYTIB
HECy4oro i MOAYJIIOIYOr0 KOJMBAHHS MPUUMAEMO PIBHUMU HYIIIO.

3 ypaxyBaHHsaM BiioMoi dopmynu cos(x)(cos(y) = (1/2)[cos(x+y)+cos(x-y)] 3
BupaxeHHs (1) onepxyemo:

u(t) = Uncos(mot) + (Um/2) cos[(me+Q)t] + (Um/2) cos[(w.-Q)t].

3Bimcu  Tpeba, MO  MOIYIIOIOYE
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AmnnnTyaa

KOJIMBAaHHS 13 4acTOTOIO () NEpEMILY€EThCS B gu"’_ M =05 ]
00J1aCTh YaCTOTH (0, 1 PO3IICTUTIOETHCS Ha JIBa E C“i‘c_ Cfc_
KOJIMBAHHS, CAMETPHYHI 100 YA4CTOTH M, i3 3 T T
gacTotaMd  BimmoBimHo  (wotQ) —Bepxust Yo % ] 15 P
O0ilyHa w4acTtoTa, 1 (y-Q2) —HWKHS OldyHa HacToTa, paa.

wacrora (puc. 4 s CUrHany, HaBejeHoro Ha FHC. 4. AMHHiTymﬁi CIICKTPH ?HrHaﬂiB
prc. 1). AMILUITYIM KOIMBaHb Ha OigHpx TPH OJHOTOHANBHIH MOIYIALII.
gacToTax piBHI onuH ogHomy il mipu 100%-
HIM  MOIYJNAILii  JOPIBHIOIOTH  ITOJIOBHHI
aMILTITY/IM KOJMBAaHb HECY4Oi YaCTOTH.

[TpuHIIMTIOBOT HEOOX1THOCTI BUITPOMIHIOBATH OOUBI O14HI CMYTH HEMAE, TOMY
10 B HUX MICTUThCS ojHakoBa iHdopmaris. [lepemada iHpopmarlii 3a 10MOMOTOO
onniei OiuHoi cmyru (OBC) 103BOAUTH OIIAAUBIINIE BUKOPHUCTOBYBATH MIiCIE B
edipl, TOMy 10 CMyra BUIPOMIHIOBAHOTO CUTHAJy CKOpPOUYYyeThCs BABIYl. YacTo npu
OJTHOCMYTOBOMY 3B'SI3Ky MPUIYIIYETHCS HIDKHS CMyra 4YacTOT 1 pa3oM 3 HEHo
BUNPOMIiHIOEThCS 15 - 20% -Hult 3anuiok Hecyqoi 4acToTh. [Ipu 11boMy 3HMXKY€EThCS
HAaBaHTAKCHHS Ha IepeaaBad.

Henomnixom 3B'si3ky Ha OBC yacToT € OUThIN CKJIaJHA peaizallis MpUuioMHOT
amaparypu.
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[Topsiiok BUKOHAHHS pOOOTH

1. 3i6patu cxemy Nel, o moxaentoe AM KoJiMBaHHS.

— -
| I oo

L

Cxema Nel.

2. YCcTaHOBUTH NapaMETPH €JIEMEHTIB:

2.1. I'enepatop AM-konuBaub (AM source) E:

- ammutityna curnainy VC = 0.5N B;

- Hecyya yactora FC =1 xI'L;

- moayJiroroua yactora FM = 100 I'n;

- koediienT moayssii M = 0.3.

2.2. Omip R1 #1 R2 no 1 kOM KOKHUH.

3. Ilepenectu ocruiaorpaMy OTpUMaHOTO KoJiMBaHHS B 3BiT. [lo ocruorpami
BU3HAYUTH €KCIIEPUMEHTAILHUN KOCPIIIEHT TIMOUHU MOJYJIAILII, BUKOPUCTOBYIOUH

pPO3paxyHKOBY GOpMYITy:

Umax_umin

M,= —max _—mn
Umax-’_umin

4. 3a ponomoror NyHKTIB MeHI0 ‘“Analysis” — “Fourier” orpumatu
CIEeKTpalibHy JiarpaMy Ha BHXOAI cXeMmd. J[IsS 1[boro meped MOYATKOM
CHEKTpaJIbHOro aHali3y B MeHIo “Fourier” yCTaHOBUTH:

- HOMEp BHXIIHOTO BYy3Jla cxemMu Yy BikHI “Output node” (3a3znmanerignb
BU3HAUAETHCS TaK: MIABECTH Kypcop M0 BHUXITHOTO By3Jla CXEMH, HaKaTh TPaBy
KHOIIKY MUIIIKH, YBIATH B MeHIO “Component properties”, y BIKHI, 1[0 BIIKPUIOCH,
“Node ID” mpounTaTu HOMEp By3Ja);

- KPOK YacTOTH JUIsl aHali3y AOPIBHIOE YAaCTOTI MOJYJIOIYOro CUrHaiy (y
Hamomy Bunajky - 100 I'n) y Bikai “Fundamental frequency”;

- yucyo rapMoHik “Number harmonics” piBae 15.

5. Ilepenectu criekTporpaMy B 3BIT. BumipsTu it 3amucatu mapameTpu HECydoi
Uy, HixHbO1 Uy, 1 BepxHBOi1 U, O1YHMX 4acTOT.

6. PospaxyBarn edexTuUBHICTH mepenadi iHGopmaiii 3a JJI0MOMOTOI0
aMILUTITYJHOT MOIYJISLII SIK BIIHOIICHHS MOTYXXHOCTI CHUTHAJIB, IO MICTATHh y cOOi
nepeaany iHdopMalliro, 10 3arajibHoO1 MepeaaHoi MoTyKHOCTI AM-KOJIUBaHHS.

_ Ur+u?
Ne

=Y 100%.
UZ+UZ1UZ
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7. TlopiBHSTH OTpUMaHE EKCIEPUMEHTAJIbHE 3HAUEHHS 1. 3 TEOPETUYHHM,

KOTPE MOXKHA PO3PaxyBaT 110 POPMYJIi:
M 2
2+ M?

Ne =

8. [loBroputH m.m. 3 - 7 ans 3Ha4eHb KoedilieHTa MOAYii M, piBauM 0.5,

1.0# 1.5.
9. Pe3ynbTaTy 3B€CTH B TAOJIUIIIO.

100% .

M Ne

N:

0,3

0,5

1,0

1,5

10. IIpoananizyBatu OTprMaHi pe3yabTaTH.

11. 3ibpatu cxemy Ne2, mo wmogemoe oaepxkanHs AM cur”anry 3

OJIHOCMYTOBOIO MOJIYJISIIIEIO.

Cxema Ne2.

12. YcTaHOBUTH apaMeTpu €J1eMEHTIB:

12.1. I'eneparop AM konuBanb (AM source) E:

- ammutityaa curiany VC = 0.5N B;

- Hecyya yactora FC =1 xI'L;

- moayntoroua yacrtora FM = 100 I'n;
- koegiuieHT Moayisuii M = 0.3.
12.2. Omip R =200 kOwm.

12.3. IngyktuBnicts L = 0.1 I'n.

12.4. Bennuuny emuocti C po3paxyBaTu Tak, 100 KOJWBAJIbHUA KOHTYp OyB
HaJAIITOBAaHUM HA 4YaCTOTY BEPXHBOI OIYHOT CKJIAIOBOI JOCHIKyBaHOTO AM

curtaiy. Po3paxyHku 3aHECTH B 3BiT.

13. IloBTrOopuTH 11.11. 4 - 6 )11 3HaUEHb KoediieHTa MoAyJ il M, piBaum 0.5

n1.0.
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14. Pe3ynbTaT 3B€CTH B TaOIUIIIO.

M Nom
0,3
0,5
1,0

15. [IpoananizyBaTu OTprMaH1 pe3yabTaTu W MOPIBHATH iX 3 1. 9.

16. 3aminmBmm B cxemi Ne2 mxepeno AM curHany E Ha renepatop
CHUHYCOIaNbHOI HAMpyTH, 3HATH i1 iepeHect B 3BIT AUX 1 ®UX cxemu B Aiama3oHi
gactor Big 500 go 1500 TI'm. IlepexkoHaTucss B MNPaBHWIBHOCTI PO3PAXYHKY
pe3onancHoi yactotu LC KOHTYpYy.

3MICT 3BITY

1. JocmimxyBaHi CXEMH.

2. Pe3ynbratu 064McCieHb 1 BUMIPIOBaHb.

3. ®opMu CUTHAJIIB.

4. I'padiku OTpUMaHUX Jl1arpam.

5. Pe3ynbpTaTi mpoBEIEHOT0 aHaIi3y i BUCHOBKH 1O POOOTI.

KoHTpOJILHI TUTAHHS

1. o Take ammuliTygHa MOIYJALIsA? 3aNuIliTh aHANITHYHE BUpaxeHHs AM-
KOJIMBAHHS.

2. Sxkunn cnektp mae AM-konuBaHHA? fIK MOXKHA 3MEHIIUTH LIMPUHY LBOTO
criektpa?

3. lllo Take edexTuBHICTH Tepedadi iHQoOpMallli 3a JOMOMOTOK aMILTITYIHOI
MOIYJIAIIT? SIK MOTIMIINATH 1IeH MOKa3HUK?

4. Sxi Hemomiku ABOCMYToBOoro AM konuBaHHs?

5. Yomy B m. 12 LC KOHTYyp HAaCTpPOIOETHCS Ha YACTOTY BEPXHHOTO OIYHOTO
ckianoBoro cnektpa AM-konuBanHsA? YoMy JOpIBHIOE L YacToTa B IBOMY
BUOAAKY?

6. SIxi Bunn AM-konuBaus Bu 3Haere?

7. lllo Take aMIUTITyIHA MAHITYJISLIS?

8. Sk oneprxatu AM 3 oaHiero 6iuHor0 cmyroro (OBC)?

9. YUum Biapizusaerbcss AM-konuBanHus 3 OBC Bix nBocmyrosoi AM?

10. Ha3BiTh nepeBaru it Henoniku AM-konuBanb 3 ObC.

11. o Take koedimienT Moaysii M? SAkuii ioro ¢i3nuHuit 3MicT?

12. o BinOyBaeTbest 3 AM-konuBaHHsAM ripu M > 17

13. Ilo Take MOOPOTHICTH KOMMBAIBLHOTO KOHTYpY? Sk ii po3paxyBaTw 1 SKu# ii
¢b13uuHul 3MiCT?

14. Slka TOGPOTHICTH KOJUBAJIBLHOTO KOHTYPY NMOBUHHA OyTH B cxemi Ne2? Yomy?
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JIABOPATOPHA POBOTA Ne 4
JleTeKTYBaHHS aMILTITYyITHO-MO/1y/J1b0OBAHUX KOJMBAaHb
Mera poOOTH: BUBYMTH W MpoaHaNi3yBaTH MPOIECH NPH KBAJAPATUYHOMY M

JTIHIAHOMY peXuMaxX JIeMOIYJAil (JETEKTYyBaHHS) aMILIITYHO-MOAY/IbOBAHUX
KOJIMBaHb.

3arajbHI IOJ0KEHHS

JleTekTyBaHHS KOJHMBAaHb TOJATA€ y BIJHOBIEHHI KEPYIOYOro CHUTHANY, IO B
HesBHIN (GopMi MICTHTBCS B MOJAYJIbOBaHOMY BHcCOKo4dacToTHOMY (BY) kosmBaHHI.
[Io cBoemMy mpHU3HAUEHHIO JETEKTYBaHHA € IPOLIECOM, 3BOPOTHUM IIPOLECY
MOTYJISIITI.

B ammmitynHomy gerektopi  (AJl) 3miMicHIOETBCS BHAUICHHS OOBITHOT
aMIUIITYAHO-MOJYJIbOBAHOTO CHUTHAJIy 3 OJHOYaCHUM YCYHEHHSM HECY4Oro
KOJIMBaHHS. Ponp Hecyuux KoJMBaHb MOXYTb BHKOHYBAaTH $IK T'apMOHINHI
KOJIMBAaHHS, TakK 1 IMOCIIIOBHOCTI pajiio- a00 BiJIEOIMITYJIbCIB.

Jo cknany Oyab-sIKOTO I€TEKTOpa BXOJUTh HENIHIMHUMN €JIEMEHT AJIsl YTBOPEHHS
CIIEKTPAIbHUX KOMITOHEHTIB, 1110 BiAMOBIAAIOTh MOMIYJIIOKOYIN 4acToTi, 1 JIHIMHUMN
GUIBTp AJIA BUAUICHHS KOMIIOHEHTIB, L0  BIANOBIAAIOTH CHEKTPY MOIYJIIOYUX
YacTOT 1 YCYHEHHS KOMIIOHEHT, 110 BIAMOBIAAIOTh CIEKTPY HECYYOro KOJMBAHHA 1
Horo rapMoHik. TakuMm 4YWHOM, (YHKI[IOHaJIbHA CXeMa JETEKTOpa MOXe OyTH
MPEACTABICHA Y BUIIISIAI MOCTIAOBHO 3'€IHAHMX HENIHIMHOTO eJleMeHTa U (iibTpa
HUKHIX YacTOT. SIK HeJiHIIHI eJIeMEeHTH BUKOPUCTOBYIOTh HAIIBIPOBITHUKOBI 110/1H,
a TakoX OIMOJSIpHI W TOJIbOBI TpaH3UCTOpU. Poib ¢inbTpa, K MpPaBUIIO, BUKOHYE
KOJIO, M0 CKJIAJA€ThCS 3 PE3UCTOpa ¥ NIYHTYIOUOI MOro €MHOCTI. Y 1eil dyac
€JIEMEHTH JIETEKTOPA YaCTillle Peasli3yi0Th B OJIHIM MIKPOCXEMI.

Ha puc. 1 nmokazana cxema MociiIOBHOTO aMILTITYJTHOTO JETEKTOpa, a Ha puC. 2
- IapaJieIbHOTO JETEKTOpa.

CxeMa mapaJienbHOTO aMILTITYJHOTO JIETEKTOpa JIOMOBHEHA (PLIBTPOM HIDKHIX
yactot R,C, .

.%UEIHX% R‘(p
Vi,
N H
O Z VD, | |R Cp U
UGX R C USHX 1 tﬁj Bhi
Puc. 1. AJ] mocnimoBHOTO Puc. 2. A]l mapanensHOTO

THUITY. THUIY.
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[ocriitHa yacy aeTeKTopa BUOMpPA€EThCA BiIMOBIAHO 10 HEPIBHOCTI:
(1/ fp) << RC << (1/ 1). (1)

JliBa dyacTmHa 1€l HEPIBHOCTI XapaKTepu3ye€ 3JaTHICTh JETEeKTopa
B1I(p1IbTPOBYBATH BHCOKOYACTOTHI CKJIQJIOBI CHUTHAJy, IO JIETEKTYEThCS, a IMpaBa
JacTHHA BiI0Opakae BUMOTY BiITBOPEHHS (POPMHU HU3bKOYACTOTHOTO MOYJIFOIOYOTO
KOJINBAHHS.

Y  panHiit  poOOTI SK HENIHIWHUNA E€JIEeMEHT BUKOPHUCTOBYETHCS IO,
JlocmimkyBaHa cxeMa TOCITIJOBHOTO JETEKTOpa MOXE MPAIOBaTH Yy JBOX PI3HUX
peXHUMax, sIKi BUBHAYAIOTHCSI BUOOPOM TOJI0KEHHs pobouoi Touku Ha BAX niona.

VY nepmiomy BUmaaky podoya Touka BUOMPAETHCSA HA HIXKHROMY BUTHHI BAX,
110 BIAMOBIA€E JETEKTYBaHHIO ClHaOKux curHamiB. OCKUIBKM TOYaTKOBA MIJSHKA
BAX niona no0pe anpoKCUMYETHCSI TTOJIIHOMOM JAPYTOro CTYIEHS, TO TaKUW PEKUM
JIETEKTYBAaHHS Ha3UBAETHCS KBAJIPATUYHUM.

Y npyromy BUIAJKy MNpPOBAIUTHCA JCTEKTYBaHHS CHJIBHUX CHUTHaNIB. [lpu
IIbOMY BUKOPUCTOBYEThCS JiHIMHA nuisiHka BAX nioma ¥ pexxuMm JeTEKTyBaHHS
HA3UBAETHCS JIHINHUM.

[Ipu xBagpaTuyHOMy pexkumi koeditieHT rapMoHik K. = M / 4, To6TO mpsimo
MpoNOpIiHHUN KoediieHTy MoaysIii M.

[Topsinok BUKOHAHHS pOOOTH

1. 310patu cxemy aMIUTITYAHOTO IETEKTOpA.

c
U

|

2. Jlns MOJeIOBaHHS PEXKUMY KBAJIPATUYHOTO JETEKTYBAHHS BCTAaHOBUTH
napameTpH eJIEMEHTIB:

2.1. I'enepaTtop AM-konuBanb (AM source) E:

- amrutityga curHany VC = 0.1 B;

- Hecyya vactota (FC) f = 10N &I m;

- moaymtoroua yactora (FM) f, = 100N T'r;

- koedimienT moayssii M = 0.3.
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2.2. Hion VD B3satu tumy DIN1200C (3 6i0mioTeku mporpamMd B MEHIO
“Models”, “motoroll”).

2.3. Onip R =10 kOwm.

2.4. Konnencarop C BubOpatu 3 nojiBiiiHo1 HepiBHOCTI (1).

3. Ilepenectu ocuuiorpamy OTPUMAHOTO KOJUBaHHA (3 ypaxyBaHHSIM
MOCTIHHOI CKJIaJIOBOi CUTHAITY) Y 3BIT.

4. 3a pomomoror NYyHKTIB MeHI0 ‘“‘Analysis” — “Fourier” onepxatu
CHEeKTpalibHy JiarpaMy Ha BHXOJAI cXeMd. J[as 1[poro meped MOYATKOM
CIEKTPaJIbHOTO aHaTi3y B MeHIO “Fourier” ycTaHOBUTH:

- HOMEp BHIXIIHOTO By3la cxemMu y BikHI “Output node” (3a3manerian
BU3HAYAETHCS TaK: MIJBECTH KypCOp M0 BUXIAHOTO BY3JIa CXEMH, HaXaTH TPABY
KHOIIKY MUIIKH, YBIUTH B MeHIO “Component properties”, y BIKHI, IO BIIKPUIOCH,
“Node ID” nmpounTaTu HOMEp By3J1a);

- y BikHI “Fundamental frequency” - kpok 4acToTu uisi aHali3y, JOPIBHIOE
YacTOTI CUTHANY, 10 MOAYJIOE, fy;

- yucso rapMoHik “Number harmonics” piBae 15.

5. Tlepenectu crHekTporpamy B 3BIT. 3amucaTH OTPUMaHUN KOEQIIIEHT
HEJNiHIHHUX nepekpydyBanb (Total harmonic distortion).

6. [loproputu m.m. 3 - 5 aus 3HaueHb KoedimieHTa moayssmii M = 0.5, 0.8 #
1.0.

7. Pe3ynbTaTu 3B€CTH B TaOJIHULIIO.

M Kr KBaJIP ! % Kr JIH 3 %
0,3
0,5
0,8
1,0

8. IIpoananizyBatu oTprMaHi pe3yJbTaTH.

9. 511 MOZIETIOBAHHS PEXXUMY JIHIMHOTO NETEKTYBaHHS 30UIBIIUTH aMILTITY Ly
reHeparopa AM-konuBans E 10 1 B.

10. IloBTOopuTH 11.11. 3 - 8.

3MICT 3BITY

1. JocnmigxyBaHi CXEMH.

2. Pe3ynbratu 004ncieHb 1 BAMIPIOBaHb.

3. ®opmu cUTHAJIIB.

4. I'padiky OTpUMAHUX Jiarpam.

5. Pe3ynbraTu npoBeAeHOr0 aHali3y i BUCHOBKHU MO POOOTI.
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KoHTpOJIbHI ITUTAHHS

. Illo Take nemomymAiis (AETEKTYBaHHS) CUTHAITY?

. SIxuii npuHIUN AeTeKTyBaHHA AM-KOIMBaHb?

. 1o Take KBaApaTUUHUN PEKUM JETEKTyBaHHA AM-KOJIMBaHb?

. lllo Take MiHIAHUN peKUM JAeTEKTyBaHHSI AM-KoJIMBaHb?

. SIK1 HEJTOJIIKM 1 IIepeBaru KBaJpaTUYHOTO PEXXUMY AETEKTYBAHHSA?
. SIK1 HEJTONIKY 1 TIepeBary JiHIMHOTO PEKUMY JI€TEKTyBaHHS ?

. IlosicHITh pe3yNbTaTH BUMIPIOBaHb, 3BEICH] B TAOIHIIIO ITYHKTY 7.
. Iosicuith kpuTepiit BuOOpy nocTtiitHoi yacy RC kona.

. SIk Hajam yCyHYTH MOCTIMHY CKJIaJIoBy cUrHaity Ha Buxoai AJ[?
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JIABOPATOPHA POBOTA Ne 5

YacToTHO-MOAY/1bOBaHI KOJIMBAHHS

Meta po0OTH: BHWBYMTH W TPOAHATIZYBAaTH XapaKTEPUCTHKH YaCTOTHO-
MoayiboBaHuX (UM) KoMBaHb.

3arajbHI IOJ0KEHHS

VY wmertoni wactotHoi moaymsamii (UM) amrmuiityga MOIYNIOIOYOTO CUTHAIY
yIpaBJsie MUTTEBOIO YacCTOTOIO Hecydoi. [neansna UM He BHOCHUTB 3MiH B aMILTITYAy
Hecydoi. OTxe, ¢dopMa Hampyrd MOJYJIbOBAHOI HECY4Oi MOXe OyTH BHpa)KeHa Y
BUTJISAI

Cu=A,COS[®,t+5-SiN(wt)],

e o, U M, - BIIMNOBIHO HECyda dYacToTa M yacToTa MOAyJslii, a O - 1HACKC
Moayssii. YacTtoTu MOAYIHOBAHOTO KOJMBAHHS MOXKYTh OyTH OTpUMaHl 3
BUPKEHHS COS[,t+3-SiN(®yt)] 3 BUKOPHCTAHHSAM TPUTOHOMETPUIHHX (HOpMYT i
crietiaibHUX Tabmuib (PyHkuii becess).

Ingekc Moxmymsamii & BH3HadaeThCsd K Aw/o,=Af/f, - BigHomeHHS
MaKCHMAaJIbHOI JieBiallii 4acToTu (3a OAWH TMEpioJi MOMAYJIIOIYOTO CHUTHAIY) [0
YaCTOTU MOAYJIAIIII.

AMIIIITYy1a  CHEKTpajdbHUX CKIaAoBUX UYM KOJMBaHHA BHU3HAYAETHCS
BEJIMYMHOIO 1HJEKCY 4YacToTHOi Moayisinii. [Ipu By3pkocmyroBii UM (6<<1)
amMIUTiTy il criekTp UM konmBaHHS 30iraeTbes 31 criekTpoM AM konuBanHs. [Ipu
BEIIMKHUX 1HAEKCaX MOoAyJsiii (0>>1) mmupuna cnekrpa UM konuBaHHS OIM3bKa 10
MMOJABOECHOI AeBiallli YaCTOTH.

Icuyroth pizHi MeTogu UM-neTekryBaHHs ¥ cesekiii. B ocHOBI OLIBIIOCTI METOIB
JISKUTh BUKOPUCTAHHS HAXWJTYy YaCTOTHOI XapaKTEPUCTUKH PE30HAHCHOTO KOHTYPY
(puc. 1). AMIuTiTya BIATYKY 3MIHIOETBCS 13 wacToToro. s o,+tAwm, omepxyemMo
aMILTITYy A, I Oyp-A®y - aMIUITYyy A, a A 4acToT MK Ox+A®,; 1 04-A®y
Ma€eMO BC1 IPOMDKHI aMILTITYIu MK A; i A,. Buxiguuii curnan BinoBijgae aesiamii
4aCTOTU BXIJHOTO CUTHAIIy (XO4ya W HE 30BCIM JIHIHHO B MPOCTOMY PE30HAHCHOMY
KOHTYp1) 1 TUM CaMUM BI1ATBOPIOE MEPBICHUNA MOJYJTIOIOUYHI CUTHAI.

VY 4acTOTHOMY JAETEKTOP1 3 PO3CTPOEHUM KOJTUBAILHUM KOHTYpOM (cxema Ne2)
3MIIMCHIOETHCS TTOTIEPEIHE NTEPETBOPEHHS 3MIH YACTOTH PaiOCUTHAITY B TPONOPLINAHY
3MiHY amIUnTyau. HacTynmHe neTeKkTyBaHHS I[LbOTO MEPETBOPEHOTO PaJaiOCUTHAITY
3IMCHIOETHCS 3a IOTTIOMOT'0OK0 3BUYAHOTO JeTekTopa AM KOJIMBaHb.
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Amnnumyda

P

Yacmoma

Puc. 1. HpI/IHHI/IH BUKOPUCTAHHSA PE3OHAHCHOI'O KOHTYPY B SIKOCTI YaCTOTHOI'O ACTCKTOpPA.

[lopsigok BUKOHAHHS DO6OTI/I

1. 3i6paTtu cxemy Nel st qocmimkeHHss UM KoMBaHHS.

1
— I NS
oo

(D I o

Cxema Nel.

2. YCTaHOBUTHU NapaMeTPH €JIEMEHTIB:

2.1. I'enepatop UM-konuans (FM source) E:

- amrutityna curHainry VC =20/ N, B;

- Hecyua yactota FC = 1 xI'i;

- moayJiroroua yactora FM = 100 I'm;

- IHAeKC MOayJIsLii M = 5.

2.2. Omip R1 #1 R2 mo 1 kOM KOXHUIA.

3. [lepenecTu ocuiorpaMmy OTpUMaHOTO KOJUBAHHS B 3BIT.

4. 3a pomomoror NYyHKTIB MeHI0 ‘“‘Analysis” — “Fourier” onepxatu
CHEKTpaJbHy JlarpaMy Ha BHUXOJl cxemMHu. [[ns 1poro mepen MOYATKOM
CIIEKTpaJIbHOTO aHali3y B MeHIo “Fourier” ycTaHOBUTH:

- KpPOK 4YacTOTH JJIsl aHalli3y, JOPIBHIOE YAaCTOTI MOJIYJIOIOYOTO CUTHANy (y
Hamomy Bunajky - 100 I'n) y Bikai “Fundamental frequency”;

- yciio rapMoHik “Number harmonics” piBue 21.
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5. IlepenecTtu cieKTporpamy B 3BiT.

6. Onepxatu ¥ 3adikcyBaTH B 3BITI CHEKTpOTpaMu JJisi 3HAYEHb 1HIEKCY
moxayJaiii M, pisaum 2.0, 1.0 # 0.5.

7. [IpoanainizyBaTi OTpUMaH1 Pe3yJIbTATH.

8. 3ibpatu cxemy No2, mo mojemntoe mporec aemonayisiii UM curhany 3a
JIOTIOMOT'OI0 PO3CTPOEHOTO KOJIMBAIBLHOTO KOHTYPY.

Cxema Ne2.

9. YcraHoBUTH TapaMETPH €JIEMEHTIB:

9.1. I'enepatop UM-konuBaus (FM source) E:

- ammutityna curnainy VC =20/ N, B;

- Hecyya yactota FC =1 xI'L;

- moayJiroroua yactora FM = 100 I';

- iHgexe Moaysii M = 0.1.

12.2. Onip R = 10 kOwm.

12.3. InpyktuBHicts L = 0.1 I'H.

12.4. Bennuuny emuocti C po3paxyBaTu Tak, 100 KOJIUBAIbHUM KOHTYp OyB
HajamroBanuii Ha yactoty 1100 I'. Po3paxyHok BigoOpa3uTu B 3BITI.

13. 3H8TH I IEpeHecTH B 3BIT OCHMIIOTPAMy OTPUMAHOT BUX1AHOI HAMPYTH.

14. TloBToputu 1. 13 nns 3Ha4eHsb iHAEKCY MoAy siuii M, piBauM 0.3 i 0.5.

15. IIpoananizyBatu OTprMaHi pe3yJabTaTH.

16. 3aminuBmm B cxemi No2 mkepeno AM curnHany E Ha reHepatop
CUHYCOIJIaJIbHOI HANPYTH, 3HIATH 1 nepeHecty B 3BIT AUX 1 ®UX cxeMu B Jianas3oHi
gactor Big 500 go 1500 TI'u. IlepexkoHatucs B NPaBHIBHOCTI PO3PAXYHKY
pe3oHaHcHO1 yactotu LC KOHTYpy.

3MICT 3BIT

1. HocaimxyBaHi CXeMHU.

2. Pe3ynbpTat 00YUCIIEHDb 1 BUMIPIOBAHb.

3. ®opmu CUTHAIIIB.

4. I'padiku OTpUMaHUX Jiarpam.

5. Pe3ynbTaTi mpoBeaEHOT0 aHali3y i BUCHOBKHU 11O POOOTI.
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KoHTpOJIbHI TUTAHHS

1. o Take xKyToBa MoayJsMisa? Ski BUIU KOJMBaHB 13 KyTOBOIO MOAyJsIliclo Bu
3HaeTe?

2. Slkuit ciektp mae UM-konuBaHHA? Big 9oro BiH 3aJ1€KUTh?

3. o cminpHOrO Mixk UM 1 ®M KkoauBaHHIMU?

4.V qyomy pizauIl Mk UM 1 ®M konuBaHHAMU?

5. SIxi Henoniku ®M koauBaHHS?

6. SAxuit mpuHmmMn aemonynsanii YM KoIMBaHb JETEKTOPOM 3 PO3CTPOEHUM
KOJIMBAJILHUM KOHTYpOM?

7. o Take yaCTOTHA MAHIMYJISIIis?

8. o Take 1Haekc Moaysuii? Akuii oro ¢pi3udHM 3MiCT?

9. llo BinOyBaeThCs 31 criekTpoM YM-konuBanHs npu M >> 17

10. o Take AOOPOTHICTH KOJUBAIBLHOTO KOHTYpY? Sk ii po3paxyBaTu 1 AKuM ii
Gb13udHMM 3MiCT?

11. SIxa 1OGPOTHICTH KOJUBAIBLHOTO KOHTYPY MOBHHHA OyTH B cxemi Ne2? Yomy?

12. Ilo Take nesiaris 4acTOTH?
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JIABOPATOPHA POBOTA Ne 6

MHOKeHHA ¥ ePeTBOPEHHA YaCTOTH CUTHAJY

Mera po0GoTH: BHUBYMTHM ¥ MpOaHANI3yBaTH NPUHIUON W  MPOILIECH
NEPETBOPEHHS YaCTOTH (IIEPEHOCY CIEKTPa) CUTHAJIIB.

3arajbHI IOJ0KEHHS

S0 Ha HenmiHIWHUN eneMeHT (0a3y TpaH3WMCTOpa) MOAATH BETUKUN BXITHUN
CUTHaJ, TO MOXKHa OJIEp>KaTh CTPYM KOJEKTOpa y BHUTJIAI MOCTIOBHOCTI TOCTPHUX
iMITysbCiB. Takuil cTpyM OaraTuii rapMOHIKaMU, IO YTBOPSATH JIIHIMYATUN CIIEKTp. Y
CKJIaJl IMIYJbCHOTO KOJEKTOPHOTO CTPyMy OyIyThb MPUCYTHI TapMOHIKU 13
4acTOTaMH, KpaTHUMHU OCHOBH1HM 4acToTi 30y keHHs. Lle 103Boisie BUKOPUCTOBYBATH
HiCWIIOBaY Yy SKOCTI IOMHOXyBaya 4acToTH. JlJIi 1bOro JOCUTh HACTPOITH
HABAHTAXKYBAJbHUN KOJIMBAJIBHUN KOHTYpP HA YacTOTy BHJUIIOBAHOI TapMOHIKH W
YCTAHOBUTH PEXKHUM pPOOOTH HEIIHIMHOTO eJeMeHTa, HaWOIIbIl BUTITHUM IS
MIIKPECICHHS! KOPUCHOI TapMOHIKM. ONTUMabHUM KyT BIJCIYEHHS MOXHA
PO3paxoByBaTHU MO CHIBBIIHOIIEHHIO O, = 120° / n, 1e n — MOPSAIOK MHOXKCHHS
YaCcTOTH.

!
|
l
|
I
|

0 T 5 0 — ()¢
0 2n 2n+0
T L=
[
[
u, |
I
|
\,
b
3 |
Hanpyra 3cyBy Up BUu3HauaeThes 3 GopMyIu:
SU, +1
cosf=——,
SuU

m

7e: S — KpYTICTh MPOXIJHOI XapaKTepUCTUKH TpaH3uctopa, U, — amrityma
BX1AHOTO curHany, U, — Hampyra 3anmupaHHs aKTHUBHOTO eleMeHTa, | — opauHarta
TOYKH MEPETUHAHHA allPOKCUMYIOUO1 MPSMO] 3 BICCIO OpAMHAT.

[Iporec mepeTBOpPEHHsS YaCTOTHOTO CHEKTpa, MPU SKOMY Y BHXITHOMY KOJIi
BUJIUIAEThCS KOMOiHaIlMiHA yacTtoTa (pi3HUIIEBa ab0 CcymapHa), Ha3MBA€ThCS
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NEPETBOPEHHSAM YacTOTU. [lepeTBOpeHHS YacTOTHU 3AIMCHIOETBCA 3a JIOMOMOTOIO
HEJTIHINHUX €JIEMEHTIB.

[lepeTBOproBadeM 4acTOTH HA3WBAIOTh MPHUCTPIH, IO 3AIMCHIOE TIEPEHECEHHS
CIEKTpa pa/iloCUTHaITY 3 OJHI€T 00JacTi YacToT B iHITY. OCKUIBKM CUTHAJ HEce B c001
KOpHUCHY 1HGOpMaIlilo, YKIIaJICHY B OJJHOMY a00 JCKUJIBKOX HOro mapamerpax, TO B
mporieci MepeTBOPEHHS 4acToTu I iH(opMalis moBuHHa 30epiratucs. [IpuposHo,
0 B peajJbHUX YMOBaX 3aBKJIM MalTh MICIIE MepeKpydyBaHHs iH(opMaillii, ki He
MMOBUHHI MTEPEBEPIIYBATH JCIKUX MPUITYCTUMHUX 3HAYCHbD.

[lum ymoBaM HaiOlIbIIE TOBHO BIAMOBIIAE€ TPHUHLHUI TETEPOAHMHHOTO
MEPETBOPCHHS YaCTOTH:

f. “

. HE CC >

A 4

Y TakoMy mepeTBOproBavi 4acToTH curHai f; i xonwBaHHs f. MamomotyxHOTrO
JOTIOMI>)KHOTO T€HepaTopa, 110 Ha3uBaroTh rerepoauHoM (I'), o1HOYACHO BILIMBAIOTH
Ha HeniHiiauik enement (HE).

VY pesynapTari Ha BUXOJAl HEIIHIMHOrO e€JeMeHTa (3MilllyBaya) 3'SBISE€ThCS
MHOXMHA KOMOTHAI[IMHUX CKJIaJ0BHX CTPYMIB/HAIPYT 13 YACTOTaAMMU:

fe=|xnf.£tmf,|,

Je n Ta M MOXyTh gopiBHioBatu 0, 1, 2, 3, ... .

Opna 13 HUX KOMOIHAIIIMHUX YaCTOT BUKOPUCTOBYETHCS B AKOCTI HOBOT HECY4Oi
4acTOTH BUXiZHOTO curHaiy. Ll dacTora HazuBaeThesl mpoMikHOIO yacToToro (fip).
JUist 1 BUAUICHHS SIK HABAHTAKEHHS 3MIIIyBaua BUKOPHCTOBYIOTH pI3HI THIH
cenextuBHUX cucteM (CC).

3 norsiay MiHiMi3alli nepeKkpydyBaHb 1HGOpMAallii NPy MEPETBOPEHHI YaCTOTH i
MOJIIMIIIEHHS BUOIPKOBOCTI MPU HASIBHOCTI CUTHAJIB, IO 3aBa)al0Th, IEPETBOPIOBAY
4acTOTU JUIsl CUTHATY NOBUHEH OyTH JiHIWHMM, TOOTO B HBOMY HE TOBHHHI
MOPOKYBATHUCS TAPMOHIKHM YacToTu curHainy (m=1). L{s ymoBa Mo)ke BUKOHYBaTUCS
JOCUTh TOYHO, SIKIIO CUTHAJN € «Manum». [Ipu 11boMy HOro po3Max 3axOIUIIOE JIUIIIE
HEBEJIMKY NUISHKY XapaKTePUCTUKH IEePETBOPIOBAILHOTO €JeMeHTa 1 il MOKHa
BB)KATH JIJIs1 HAIPYTH CUTHAITY JITHIMHOIO HA ¥ JTIJISTHIIL.

CTOCOBHO KOJIMBaHb TE€TEPOJMHA HENIHIMHICTh TEPETBOPIOBAIBHOTO €JIEMEHTA
NMOBUHHA TPOSBIATH ce0e MOXKIMBO CHIIbHINIE. 3BHYAWHO, 1€ MPUBOAUTH O
HEOOX1THOCTI MaTU 3HA4YHYy aMIUNTYAYy TE€TepOJMHHOI Hampyru. TakuM YHHOM, Y
NepeBaXKHIM OUTBIIOCTI BUTIAJIKIB BUKOHYETHCS YMOBA:

Ue(D)<<U(1).
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JloTH, OKH BUKOHYETHCS 1151 HEPIBHICTb, BIACTUBOCTI MEPETBOPIOBAYA YaCTOTH
HE 3ajeXaTh Bl AaMIUNTYAM CHUTHalIy, a BHU3HAYalOThCS BIACTUBOCTSAMU
IIEPETBOPIOBAIBHOTO €JIEMEHTA, aMILIITYJ0I0 T€TEPOMHHOI HANPYTH 1 CTaOUIBbHICTIO
MOr0 KOJIMBAHb.

Posip HenmiHIMHUX a00 MapaMeTpUYHUX E€JIEMEHTIB Y Cy4aCHHUX MEPETBOPIOBaYAX
YaCTOTH BUKOHYIOTh OIMOJISIPHI 1 MOJIBOBI TPAH3UCTOPU, MIKPOCXEMHU, JT10]IH.

B sKOCTI CENeKTHBHOI CHCTEMH BHUKOPHCTOBYIOTHCS OJMHOYHI KOJIMBAJIbHI
KOHTYPH, IBOKOHTYPH1 GUIBTPH 1 PLIBTPH 30CcE€pEeIKEHOT CENEKIli Pi3HOTO BUY.

[Topsiiok BUKOHAHHS pOOOTH

1. 3ibpatm cxemy Nel, mo iMiTye poOOTy IOMHOXYyBaya YacTOTH
KOJIMBAaHb.

Cxema Nel.

2. YcTaHOBUTHU TTapaMETPH €IIEMEHTIB:

2.1. I'enepatop cunycoinanbHoi Hanpyru Er:

- amrutityaa curiany Uy, = 1 B;

- yactota curHaiy f .= 0.5N kl'm.

2.2. Tpanzuctop VT - ineanbHui.

2.3. [npyktuBHicTh L, = 2.5 MI'H.

2.4. €wmuicte C; po3paxyBaTH Tak, 00 KOJIMBAJIbHUI KOHTYp Yy KOIi
KOJIEKTOpa OyB HaJIAIITOBAaHUHN Ha APYTY FapMOHIKY curHany f

2.5. Bcl 11111 €JIEMEHTH - BIAIIOBIIHO 10 HOMIHAIIB HA CXEMI.

3. 3a pmomoMororw MyHKTIB MeHIO “Analysis” — “AC freguency” 3HSATH
aMIUTiTyqHO-4acToTHY (AUX) 1 ¢azouactrotHy (DPUX) XapakTEpUCTUKH CXEMH B
miana3odi gactoT Big 200 I'q mo 200 kI 'm.



27

4. TlepexkoHaTuCsl B MPABWILHOCTI HACTPOIOBAHHS KOJMBAIBHOTO KOHTYpY L
Cx

5. Ilepenecty oTpuMaHy OCHIJIOTpamMy B 3BIT. BUMIpsATH aMIUTITYly 1 4acTOTy
KOJIMBAHb.

6. 3HATH 1 IEPEHECTH B 3BIT CIIEKTPOrpaMy CUTHAIY Ha BUX0i (Ha R,).

7. IloBToputHn 1.m. 3 - 6, HACTPOIBIIM KOJMBAJIBHUKA KOHTYpP Ha TpETIO M
YEeTBEPTY FAPMOHIKH BX1JJHOTO CUTHAIY.

8. [nst onmepikaHHA OCHMJIIOTPAaMHM W CIEKTPOTpaMH BUXIJAHOTO CHUTHaIy 0e3
ypaxyBaHHS BIUIUBY KOJHWBAJIGHOTO KOHTYPY 3aMIHUTH HaBaHTAXKCHHS B KOJi
KOJIEKTOpa TpaH3ucTopa Ha akTuBHUMU omip R, = 500 Om (cxema Ne2).

)

Cxema No2.

9. 3usTH OCLIMIIOTpaMy M CHEKTpOrpaMy BUX1JHOTO CUTHAIY.
10. IIpoananizyBat OTpUMaHi pe3yJbTaTu i 3p0OUTH BUCHOBKH.
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11. 3i6patu cxemy Ne3, 1110 iMiTye poOOTY 3MilllyBaya KOJIHBaHb.

N TN
NN

Cxema Ne3.

12. YcTaHOBUTH NapaMeTpu €1eMEHTIB:

12.1. I'eneparop cunycoiganbHoi Harpyru (curnain) E1:

- ammutityna curany Uy, = 0.05 B;

- yactota curHany f .= 10N kI.

12.2. I'eneparop cuHycoiganbHOi Harpyru (rerepoaun) E2:

- amrutityaa curnany Uy,.= 0.5 B;

- yactota curHainy f .= (10 + N)N k['m.

12.3. Tpanzuctop VT - ineanbHUiA.

12.4. ITngyxtusnicts L, = 10/ N MI'H.

12.5. €muicte C; po3paxyBaTd Tak, 1100 KOJIMBAJIbHUNA KOHTYp y KOJI
KoJIeKTOpa OyB HACTPOEHMH Ha Pi3HUILIO yacToT reHepatopiB E2 it E1 (f, - f .

12.6. Bci 10111 €J1EMEHTH - BIAMIOBIIHO O HOMIHAJIIB Ha CXEMI.

13. 3a pomomororo MyHKTIB MeHIO “Analysis” — “AC freguency” 3HITH
amIuTiTyIHO-4acToTHy (AUYX) 1 ¢dazouacrotHy (DPUX) xapakTEepUCTHUKH CXEMH B
mamna3oH1 gactoT Big 100 I'g mo 1 MI'm.

14. TlepexkoHaTucsi B MPaBUJILHOCTI HACTPOIOBAHHS KOJUBAJILHOTO KOHTYPY
L.Cx.

15. Ilepenectn oTpumaHy ocHuiorpamy B 3BIT. Bumipsatu ammmityny i
4acTOTY KOJIMBAHHS.

16. 3HsTH i IEpEHECTH B 3BIT CIIEKTPOrpaMy CUTHATY Ha BUXoi (Ha Ry).

17. Ins oxgep»aHHS OCUMJIOTPaMU M CHEKTPOrpaMU BUXIJTHOTO cUTHalIy Oe3
ypaxyBaHHS BIUIMBY KOJIMBAJbHOTO KOHTYPY 3aMIHUTH HAaBaHTAXKEHHS B KOJI
KOJIEKTOpA TpaH3UCTOpa Ha akTuBHUM omip R, =250 Om (cxema Ned).
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Cxema Ne4.

18. 3usTH OCUMTIOrpaMy i CIEKTPOrpaMy BUXITHOTO CUTHAIY.
19. IIpoananizyBatu OTpUMaHi pe3yJbTaTu i 3p0OUTH BUCHOBKH.

3MICT 3BITY

1. JocmimxyBaHi CXEMH.

2. Pe3ynbratu 064ncieHb 1 BUMIPIOBaHb.

3. ®opMu cHUTHAIIIB.

4. I'padiku oTprMaHUX XapaKTEPUCTHK 1 Aiarpam.

5. Pe3ynbpTaTu IpOBEIEHOT0 aHaI3y il BUCHOBKH MO POOOTI.

KoHTpOJILHI TUTAHHS

1. 1o Take MHO>KEHHS 4acTOTH KoJinBaHHs? Ha YoMy BOHO 3aCHOBAaHO?

2. B sxux Bunagkax moTpioHe MHOXKEHHS 4acTOTH?

3. Ha axomy mpuHITUII TIpAIO€ 3MINTyBa4y YacTOTH KOJIMBAHb?

4.Y yomy pi3HULA MK TIOMHOXKYBa4eM 1 3MiIIyBayeM 4acTOTh?

5. SIx AOMOTTHCSI MaKCUMAaJIbHOT €()eKTHBHOCTI pOOOTH TIEPETBOPIOBAYA YACTOTH?
6. IlosicHITh TPU3HAYEHHS €JIEMEHTIB JIOCIII)KYBaHHUX CXEM.

7. J1e 3aCTOCOBY€THCSI MHOKEHHS YACTOTH U 3 SIKOIO METOIO?

8. Jle 3aCTOCOBYETHCS 3MIITyBay YacTOTH 1 3 SIKOKO METOO?

9. ki koMO1HaIIi1 YaCTOT MOKHA OJIepKaTH Ha BUXO/I1 3MilTyBaya?

10. SIki yacTOTH MOYKHA OJIEp)KATH HAa BUXO/II TOMHOXYyBaya?
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