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JIABOPATOPHA POBOTA Ne 1

IIpoxoaskeHHs CUTHAJY Yepe3 JiHiHHI Ko1a

Merta po0OTH: BUBYMTH W MpoOaHAII3yBaTH NPOXOJKEHHS CHUTHAIIB 4epes
J1HIIHI KoJIa.

3arajibHl TOJ0KEHHS

[IpoxomkeHHs CUTHaly 4epe3 JIiHIiHE KOJIO € IIMPOKO PO3MOBCIOJIKEHUM
nepeTBOpeHHsIM curHainy. lLleil mpoliec 4acTo CympoOBOJKYEThCS 3MIHOKO (opmu
CUTHAITy, 1110 €KBIBaJICHTHO BTpaTaMm 1H(opmMallii, [0 MICTUTHCSA B HbOMY. Taki 3MiHU
NOB's13aH1 3 OOMEXEHICTIO CMYTH MPOMYILIEHHS peajbHUX KUI. Y peajbHUX MPUCTPOSX
3aBXKIU € CIellaJbHO BCTAHOBJICH1 a00 Mmapa3uTHi omopu 1 eMHOCTi (cxema Nel), a
TaKOX PO3JUTIOBANIbHI i PUIbTPYIOY1 KOHAEHCAaTOPpH (cxema Ne2).

Po6ora miHIMHMX KT OOYMOBIIOETHCA JBOMa BHJAMHU XapaKTEPUCTUK -
YacOBUMHM W YAaCTOTHUMU. MDK HUMH ICHYE€ OJHO3HAYHA 3aJeXHICTh. Tak,
TPUBAIICTH (PPOHTIB IMITYJILCY Ha BUXO/I1 KOJIa BIAMOBIIa€ MAJIUM YacaM, a 3HA4UTh -
CIIPOMOKHOCT1 KOJIa MPOIYCKAaTH BHCOKI YacTOTW. | HaBmaku, BeJWYMHA CHaay
BEPIIMHU IMITYJIbCY XapaKTepU3ye MapaMeTpu Kojia B 00JIacTi BEIMKHX 4YaciB 1
0OYMOBIIIOE CMYTY MPOMYIIEHHS KOJIa HA HU3bKUX YaCTOTaX.

Ilepekpy4yBaHHs CUTHaIly, IO BIAOYBAlOTBHCS B JIIHIHHMX KOJAxX, Ha3HBAIOTH
NiHIMHUME 2060 YAaCTOTHUMH. IXHS OCOOGNHUBICTH y TOMYy, IO HA BHMXOAI KOJla He
3'SIBIISIFOTHCA JTOJATKOB1 CKJIa/I0B1 B CIIEKTP1 CUTHAIY.

JIiHiitHI nepeKpy4YyBaHHS BUHUKAIOTh Y ABOX BUITQ/IKAX:

- KOJIM OKpeMi TapMOHIMHI CKJIaJIOB1 BXITHOTO CUTHAIY IEPEIAOThCA 4Yepes
KOJIO HEOJTHAKOBO (3MIHIOETHCSI IXHE aMIUTITYIHE CITIBBIIHOIIICHHS);

- konu (ha3oBi 3CyBH, SKi 3400yBarOTh TapMOHIWHI CKJIQJIOBI CHUTHAIY,
IIPOUIIIOBIIN YePe3 KOJIO, 3MIHIOIOTh CBOT1 B3aEMHI 3CYyBH B 4aci.

[IIo6 koJ0 B cMy3i poOOYHMX YAaCTOT HE BHOCWJIO JIIHIMHUX TEpeKpydyBaHb,
HOTo aMIUTITyTHO-4acTOTHA XapakTepucTuka (AUX) moBuHHA OyTH MPSIMOKYTHOIO, a
dazouactorHa xapaktepuctuka (PUX) - niHliHOTO.
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TTopsimok BUKOHAHHS POOOTH

1. 3i0patu cxemy Nel, mo Monenoe napazuTHI €MHOCTI W OHOpU B
eJIEKTPOHHUX KOJIaX.

D

Cxema Nel.

2. YcraHoBuTH napameTpu eiaeMeHTiB (N - HoMep 3a CIIMCKOM Y XKypHai):

2.1. I'eneparop meanapy (Clok) E:

- ammutityna curiany Um = 4N, B;

- gyactota f= 50N, I'm.

2.2. R =1 xOwm.

2.3.C=1/N mMx®.

3. Po3paxyBaru nocriiiHy yacy naniiora T = RC.

4. Bumipsrtu:

- TPUBATICTH iMITyJbey 3a piBHEM 0,5Un ;

- TpUBANICTh GpOHTY i cnaay 3a piBHeM Big 0,1 mo 0,9 Big Up .

5. 3MEHIINTH BeIUYUHY o1nopy R y /Ba pa3u il po3paxyBaTu HOBE 3HAYEHHS T.

6. IloBTopuTH 11. 4 /1711 HOBOTO 3HAYCHHS R.

7. IlopiBHATH ¥ MpoaHATI3yBaTH OTPUMaHI1 PE3yIbTaTH.

8. 3aminutu reHeparop E Ha mkepeno mepeminnoi Hampyru (AC voltage
source) 3 mapameTtpamu N B i 1 xI'mr.

9. 3a momomoror NYyHKTIB MeHIO “Analysis” — “AC freguency” 3HsATH
amrutiTyqHo-4yacToTHy (AUYX) 1 dazouacrorny (PUX) xapakTepuCTHKX Koja s
000x 3HaueHb onopy R y miamazoni yactot Big N I'it qo 2N kI,

10. BuzHaunutu cMyru OpoIylIeHHs Kojia B 000X BHMaAKax 3a piBHeM -3 ab
(0,707) Big Un.

11. TlopiBHATHU ¥ TTpOaHANi3yBaTH OTPUMaH1 PE3yJIbTATH.

12. 3a gomomoror MyHKTIB MeHIO “Analysis” — “Fourier” mepexoHatucs y
BIJICYTHOCT1 BUIIMX TApPMOHIK y CHEKTpi BuXimHoro curHany (Ha eixementi C). s
1bOTO MepeJl MOYaTKOM CIIEKTPaJIbHOTO aHalli3y B MeHIO “Fourier” ycTaHOBUTH:

- HOMEp BHXIJHOrO By3Ja cxemu y BikHi “Output node” (3a3panerigp
BU3HAYAETHCA TaK: MIABECTH KypCOp IO BHUXIIHOTO BYy3Jla CXEMH, HAXKATH TPABY
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KHOIIKY MMILIKH, YBIATH B MeHI0 “Component properties”, y BIKHI, II0 BIAKPUIOCS,
“Node ID” mpouuTtaTi HOMEp By314);

- KpPOK 4YacTOTH JUIsl aHajidy, JOPIBHIOE YacToTi reHepartopa (y HaIIomy
Bumnajky - 1 kI'n) y BikHi “Fundamental frequency’;

- yucno rapMoHik “Number harmonics” piBae 9.

13. 3i0patu cxemy Ne2, 1110 MOJIETIO€ BIUIMB PO3AUIIOBAJILHUX KOHAEHCATOPIB
Ha TPOXO/KEHHS CUTHAITY.

| |
— 1 || L 4 ® N A

O !

Cxema Ne2.

14. YcranoBuTH nmapaMmeTpu esneMeHTiB (N - HOMep 3a CIIMCKOM Y JKypHaJIi):

14.1. TI'enepatop meannpy (Clok) E:

- ammutityna curnany Um= 5N, B;

- gyactota f= 50N, I'm.

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

14.3. C1 =10/ N mMx®, C2 =1/ N mkD.

15. Bumipsitu:

- TPUBATICTH iMITyJbCy 3a piBHEM 0,5Un ;

- TpuBaNICTh GpoHTY i ciany 3a piBHeM Bifg 0,1 1o 0,9 Big Unm;

- cIaj BepIIMHH IMITYIbCy B % Bif Up .

16. 3menmuTu BenmmunHy eMHOCTI C1 y 1Ba pasmu.

17. TloBTopuTu 1. 15 7151 HOBOTrO 3HaYeHHs Cl.

18. TlopiBHATHU i TTpOaHaNi3yBaTH OTPUMaH1 PE3yJIbTATH.

19. 3amiautu reneparop E Ha mkepeno mepeminnoi Hampyru (AC voltage
source) 3 mapamerpamu 0.5N Vi1 kI'm.

20. 3a momomoror MyHKTIB MeHIO “Analysis” — “AC freguency” 3HsATH
amrutiTynqHo-4acToTHy (AUYX) 1 ¢dazovacrotHy (DPUX) xapakTepUCTUKH KOJja IS
0060x 3HaueHb eMHoCTi C1 y miana3zoni yactot Bix N 't mo 2N xI'1.

21. BuzHauutu cMmyry mpomyiieHHs koja 3a piBHeM -3 ab (0,707) mns o6ox
3HaueHb eMHOCTi C1.

22. TlopiBHSTH i IpOaHANII3yBaTH OTPUMaHI PE3yIbTAaTH.

23. 3a pmomnoMoror NyHKTIB MeHIO “Analysis” — “Fourier” nmepekoHaTucst y
B1ICYTHOCTI BHUIIIMX FAPMOHIK Yy CIEKTpP1 BUXIAHOTO curHany (Ha enemeHTi R2). Jlns
LbOT'O MepeJl MOYaTKOM CIIEKTPaJIbHOTO aHalli3y B MeHIO “‘Fourier” ycTaHOBUTH:
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- HOMEp BHXIJHOTO By3Jla cxemu y BikHi “Output node” (3azmaneriiib
BU3HAYAE€ThCA TaK: MiJBECTH Kypcop OO0 BHUXIAHOTO By3Ja CXEMH, HAKATH TPaBy
KHOIIKY MMILIKH, YBIATH B MeHIO “Component properties”, y BiKHI, IO BIAKPUIOCH,
“Node ID” mpouuTtaTi HOMEp By314);

- KpPOK 4YacTOTH JUIsl aHaji3y, JIOPIBHIOE YacTOTi reHepartopa (y HaIIomy
Bumnajky - 1 kI'n) y BikHi “Fundamental frequency’;

- yucso rapMoHik “Number harmonics” piBue 9.

3MICT 3BIT

1. Cxemu, 110 aHAI3YIOTHCS.

2. Pe3ynbratu 00UMCIEHB 1 BUMIPIOBAHb.

3. ®opmMu BUXITHUX CUTHAJIB (IMIYJbCIB).

4. T'padiku OTpUMaHHUX XapaAKTEPUCTHUK.

5. Pe3ynbpTaTi poBeeHOT0 aHai3y i BUCHOBKH 110 POOOTI.

KOHTDOJIBHi IMUTaHHA

1. [MosicuiTh hopmy iMIysibcy Ha KoHAeHcaTopi C cxemu Nel.

2. Slka 6yne popMma iMmybCy Hanpyru Ha pe3uctopi R cxemu Nel?

3. Sx BmIMBarOTH mNapameTpu eneMeHTiB cxemMu Nel Ha ¢opMy BHXITHOTO
IMITYJIBCY ?

4. Sk BuUMIpATH TPUBAIICTE GPOHTY MW cmaay IMIIYJIbCY 3a JOIOMOTOIO
ocruorpaga?

5. [Mosicuite otpumani AUX 1 ®DUX cxemu Nel.

6. [1lo Take cmyra nponymenas? Sk ii BuMipsaTu? SIK BIUIMBAIOTh MapaMeTpH KoJia
Ha CMYTY MPOMNYIIEHHS ?

7. IosicHiTh hopmy iMITysIbCy Ha KoHaeHcaTopi C2 cxemu No2.

8. Sk BIUIMBa[IOTH IMapaMeTpu eleMeHTIB cxemu Ne2 Ha (opMy BHUXITHOTO
iMITyJIbCy ?

9. INosicHiTh oTpuMani AUX 1 DUX cxemu No2.

10. Sxuii 3B'I30K MDK YAaCOBUMHM ¥  YaCTOTHUMH  XapaKTePUCTUKAMHU
JOCIIHKYBaHUX KilT?

11. Ilo Take miHiiHI (YACTOTH1) NEPEKPYUYBaHHS CUTHAIY?

12. Sxumm moBuHHI Oyt AUX 1 ®UX «xin nmns mepemadi curHaimy 0e3
MepeKpyyyBaHb?
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JIABOPATOPHA POBOTA Ne 2

IIpoxoaskeHHsI CMTHAJIY Yepe3 HeJiHiHHI Koa

Merta po0OTH: BUBYMTH W MpoOaHAII3yBaTH NPOXOJKEHHS CHUTHAIIB 4epes
HEJIHIAHE KOJIO.

3arajibHl TOJ0KEHHS

[Ipy MpoXOMKEHH1 CUTHANIB 4Yepe3 OUIBbIIICTh pPeaIbHUX PaJlI0eIeKTPOHHUX
OPUCTPOIB, KPIM JIHIMHUX NEpEeKpyuyyBaHb, TOCHIIKEHUX paHille B JabopaTOpHIN
po0oTi Nel, BUHUKAIOTh HENHINHI TEPEKPYUyBaHHS.

[IpyunHOIO HENIHIMHUX TMEepeKpydYyBaHb € TMPOXOJKEHHS CHUTHAIY Yepes
€JIeMEeHTH, 10 MaloTh HEJIHIHHY BOJbTaMIepHy XxapakTtepucTuky (BAX),
HaOpUKIaA, Jammy, [10J, TpaH3UCTOp, TpaHchopmaTop. Y pe3yiabTaTi LbOTO
CIIOTBOPIOETHCA (hOpMa KOJMBAHb 1 3MIHIOETHCS IXHIM crieKTpajibHuM ckiaa. ToOTo B
CHEKTpl BUXIJHOTO CUTHAJy MPHUCYTHI HOB1 (JOJaTKOB1) TapMOHINHI CKJIaJOBI, 5Kl
KUIbKICHO OIIHIOIOTBCS KOe(II[IEHTOM HENIHIMHUX TepeKpydyBaHb (KoedilieHToM
rapmoHik) K, sk CmiBBIHOIICHHS BCiX BHUINIMX (HOBHUX) TapMOHIK JIO0 OCHOBHOT
rapMOHIKH BX1JTHOTO CUTHAITY:

_ JUZ4UZ4+UZ U2 4.
r — Ul
VY naHiii poOOTI SK HENIHIHHUA €JIEeMEHT BUKOPUCTOBYETHCS OIMOJISAPHUIMA
TpaH3ucTOp. YnuM OLIbllle aMILIITYyAa BXITHOTO (BUXIJHOTO) CUTHANY, TUM CHJIBHIIIIE
NpOSIBISIEThCA HENiHIHHICTE BAX TpaH3ucTopa W THM CHIBHIIIE TEPEeKpydIyBaHHS
curHaiy. Y OUIBIIOCTI IPUCTPOIB NPUUHATHUM € KOe(DIIIEHT TapMOHIK Ha PiBHI BiJl
JIECATUX YAaCTOK IO OJUHHUIb BIICOTKIB.

K ~100% .
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TTopsimok BUKOHAHHS POOOTH

1. 3i0patu cxemy.

—
D B

2. YcTaHOBUTH TapaMeTpH €JIEMEHTIB:

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

- ammutityna curany Upm= 0.05 B;

- yacrota curHany f .= 0.5N kI'm.

2.2. Tpanzuctop VT - ineanpHUM.

2.3. Bci 1H1I1 €J1EMEHTH - BIAMOBIAHO 10 HOMIHAJIIB Ha CXEMI.

3. 3a pgomoMororw MyHKTIB MeHi0 “Analysis” — “AC freguency” 3HsATH
aMITiTyaHo-4actoTHy (AUX) 1 ¢aszouactrotHy (PUX) XapaKTepUCTHKH CXEMU B
miana3oui yactot Bix 50 I'n mo 50 kI

4. BusHaunuTu cMyry npomnyiieHns 3a pisaem -3 ab (0,707).

5. I[IpoBectu aHaITI3 BIUIMBY €JIeMEHTIB cxeMH Ha Xim AUX 1 ®UX.

6. 3a monmomoror ocuuiorpada Bi3yallbHO OI[IHUTH CTYIIHb NMEPEKPYyIyBaHHS
BUXIHOTO CUTHaNY (BIIXWICHHS Bia cuHycoigambHOi dopmu). Ilepenectu dopmy
IIOTO CUTHAIY B 3BIT.

7. 3a pgomoMoror MyHKTIB MeHI0 ‘“Analysis” — “Fourier” onepxxaru
CHEeKTpalibHy niarpamy Ha Buxoil cxemu (Ha Cy). [ns mporo mepen moyaTkoM
CIEKTPAILHOTO aHaJli3y B MeHIO “Fourier” yCTaHOBUTH:

- HOMEp BHXITHOTO By3Jla cxemMu y BikHI “Output node” (3a3manerimb
BU3HAYAETHCA TaK: MIABECTH KYypCOp 1O BHUXIIHOTO BY3Jla CXEMH, HaKATH TMPaBY
KHOIIKY MUIIIKH, yBIATH B MeHIO “Component properties”, y BikHI, IO BIAKPUIOCS,
“Node ID” mpounTtat HOMEp By3Ja);

- KPOK 4YacTOTU [Jisi aHami3dy, JOpIBHIOE 4YacToTi reHeparopa f. (y BIKHI
“Fundamental frequency”);

- yucno rapMoHik “Number harmonics” piBHe 9.

8. BumipsiTa i 3anucaTil aMILTITYH BCIX TApMOHIK.
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9. 3ammcatu po3paxoBaHE MPOrpaMOI0 3HAYCHHS Koe(dilleHTa HEeTiHIMHUX
nepekpyuyBanb (Total harmonic distortion).

10. PozpaxyBatu KOE(IUIEHT HENIHIMHUX MEpEeKpydyBaHb (KOEPIIEHT
rapMoHik) 1o ¢hopmyii:

K

_ JUZHUZ4UZ U2 .
L= 100%,
U,

ne:

Uy, Uz U, Us — ammuniTyin BUIIIMX TapMOHIK BUXIJHOTO CHUTHATy, OOMIpIOBaHi
Ha CHEKTpaJIbHIN Jiarpami;

U1 — ammnityaa nepiioi (OCHOBHUI ) TapMOHIKH, OOMIpIOBaHA TaM Ke.

11. TlopiBHATH OTpUMaHE 3HAYECHHS 31 3HAUCHHSIM 3 1I. 9.

12. TloBroputu m.m. 6 - 11 s 3HaYeHb AMIUTITYM TeHEpaTopa BXIJTHOTO
curnany E1 =0.07 Bta 0.1 B.

13. IlpoananizyBaTu OTpUMaHi pe3yIbTaTH.

3MICT 3BITY

1. locmimxyBaHa cxema.

2. PesynbTaTi 004MCIICHD 1 BUMIPIOBAaHb.

3. ®opmu CUTHATIB.

4. I'padiku oTpUMaHUX XapaKTEPUCTHK 1 Tiarpam.

5. Pe3ynbraTu MpoBEICHOTO aHalli3y i BUCHOBKH 110 POOOTI.

KoHTpoIbHI U TAHHSA

1. Illo Take HeniHIMHI TEepeKpydyBaHHS CHUTHAITY? UMM BOHU BIJPIZHSAIOTHCS Bin
TiHIHHAX?

2. Slkuii eneMeHT AOCTKYBaHO1 CXeMH € HellHinHuM? Yomy?

3. lllo BmMBae Ha BETMYMHY HENIHIMHUX MEPEKPYIyBaHb y JOCIIKYBaHIH cxemi?

4. Sxuit K, € momycTuMuM TpH niepeaadi MOBHOTO cUTHaITY? SIK BiH BHUSIBIISIETHCS
Ha BHXIJIHOMY CHUTHa1?

5. [Mosicuite otpumani AUX 1 DUX cxemu.

6. lllo take cmyra mponymeHnHs? Ak ii Bumipatu? SIK BIIMBaIOTH MapaMeTpu
CXEMH Ha CMYTY MPOITYIIEHHS?

7. IlosicHITH IpU3HAYCHHS €JIEMEHTIB JOCTI)KYBAaHOI CXEMHU.

8. SIk BIUTMBAIOTH MapaMeTPH €IIEMEHTIB CXeMH Ha KOoe(IliEHT TapMOHIK BUX1THOTO
CUTHaIy?

9. SIK pO3MIMPUTH CMYTY TPONYIICHHS B 00JIACTI HU)KHIX YacTOT (3MeHIIHTH fy)?

10. Sk po3mpuTH CMYTY MPOIYIICHHS B 00J1acTi BEPXHIX 4acTOT (30UThIUTH f35)?

11. Sx  3MEHIMUTH  HENIHIAHI  [EepeKpyYyyBaHHS B  TPAH3UCTOPHOMY
MIJICHJTIOBAILHOMY Kackami?



11
JIABOPATOPHA POBOTA Ne 3

AMILUIITYIHO-MOYJ/IbOBAHI KOJIUBAHHS

Mera po0OOTH: BUBYMTH W MpoaHAII3yBaTH XapaKTEPUCTHKU aMILTITYIHO-
MOyJ1boBaHUX (AM) KOTMBaHb.

3arajibHl TOJ0KEHHS

[lepeHeceHHsl crieKTpa CUTHajliB 3 HU3bKOYACTOTHOI 00JIACTI y BUIUICHY IS
iXHBOT Mepeaavi 00J1aCTh BUCOKMX YaCTOT KaHATY 3B'SI3KY BUKOHYETHCS OIEpaIli€ro
MOOynAayit.

Ammutityaaa moayssiiisi (AM) BiamoBinae mepeHeceHHro iHdopmarii s(t) =
U(t) npu nOCTIMHUX 3HAYEHHSX MapaMeTpiB @ 1 @. AM - CUTHaJl CUMETPUYHUI 111010
ocl yacy 1 siBisie co6orw n00yTok iHpopmamiiHoi o6BimHOoi U(t) 1 ii 3amoBHEHHS
rapMOHIMHAM  KOJIMBaHHSIM, YacTOTa SKOro, SIK TpaBWjo, Oarato BHIIE
MaKCUMaJbHUX YacTOT B oOBiAHIN (ynkmii U(t). dPopma 3amucy aMmImIiTyIHO -
MOJ1yJIbOBAHOT'O CUTHANY:

u(t) = U(t)-cos(mot+o),
U(t) = Un-[1+M-s(1)],
ne Uy — mocTiiHa aMIUTITy/la HECYdoro KOJIMBaHHS TIPU BiIICYTHOCTI BXIJTHOTO
(Momymroro4oro) curany s(t), M — koedilieHT aMILUTITYTHOT MOYJISIIi.
3HadeHHs KoediienTa M XapakTepu3ye 2nubuny aMIniiTyaHoi Moayssiii. [lpu

3HaueHH1 |[M-s(t)] < 1 nna Oyab-sSKUX 3HA4YeHb t 3 |
dbopma 0OBITHOT HECYHIOTO0 KOJTMBAHHS TOBHICTIO
NMOBTOPIOE (OPMY MOJYITIOOYOr0 CUTHaAIy S(t),
mo MO)kHa OaunTh Ha puc. 1 (curHam s(t) =
sin(wst), xkoedimient moaymsii M = 0.5). Many
rmbuay Moxynsamii (M << 1) 3acTocoByBaTu
HEJIOIUTBHO, TOMY IO MPU IBOMY IOTY>XHICTb 0 20 B;‘Em B0 &0
nepenanoro iHdopmaiiitHoro curHaimy - s(t)

"'W=05"

AmnnnTyaa

: Puc. 1. MoayyiibOBaHU CUTHAIL.
0arato MeHIIe MOTY>KHOCTI HECY4Oro KOJIMBaHHS
# TOTYXHICTh TIepe/laBadya BUKOPUCTOBYETHCS HE EKOHOMIYHO.

Ha puc. 2 nHaBeneHuil mpukiajg Tak
HA3UBAHOI 2nuboKoi Mooynayii, TpH SKIA
3HaYeHHS |M-Seierp(t)] mparme nmo 1 B
eKcTpeMalibHuX Toukax (yHkuii s(t). Ilpu
rMMOOKIA  MOJYNAIii  BUKOPHUCTOBYIOTHCS
TaKOXX TIOHATTS BIIHOCHOTO KoedimieHTa

-3k L L L 3 MOI[yJIHH{l: Haropy: My = (Umax - Um)/Um, 1
Bpems momynsamii BEHU3: My = (Um - Umin)/Un.

Puc. 2. I'nmuboka MomyJisis. 100% - ma moxmymsauis naropy (M; =1) Moxe
IPUBOAUTH JI0 TEPEKPydyBaHb CHUTHAIIIB
NPy TIEPEBAHTAXKEHHAX IepeaaBaya, SKIIO OCTaHHIM Mae OOMEXKEHHN TUHAMIYHUN

AMnAKTYAa
= o = MW
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Jiana3oH MO aMIUTITyJll HECy4YMX YacTOT ado

oOMeKeHy MOTYKHICTh Iepe/iaBaya

(30UIBbILLIEHHS aMIUTITYId HECYYMX KOJUBaHb y MIKOBUX 1HTepBasiax curHany U(t) y

JIBa pa3y BUMarae 30UIbIIEHHS OTY>KHOCTI Mepe

JaBaya B YOTUPH pasH).

BinHocHuil koediieHT MOAYJALII BHU3 TAKOX MOBUHEH OYTH JOCUTh HaJ1HHO

oOMesxxenuid. [Ipu My, > 1 BUHMKaE Tak Ha3MBaHa
nepemooynAyisa, TPUKIAI SIKOi HaBEJACHUU Ha
puc. 3, mnpu skii  ¢Qopma  0OBinHOI
CHOTBOPIOETHCA W00 (OPMHU  MOJYIJIIOIOYOTO
CUTHAIY.

[Ipocrima dopma MOZYJIbOBAaHOTO
CUTHAIy CTBOPIOETHCS TMPU  OOHOMOHAbHIL
aMIUTITYHIA MOJYJALIT — MOJYJIALIT HECYYOro
CUTHAJIy TapMOHIMHUM KOJMBAHHSAM 3 OJIHIEIO
4acTOTO0 !

u(t) = Un[1+M-cos(Qt)]-cos(mot).

AmnnnTyaa

n 20 40 G0 a0
Bpema

Puc. 3. [lepemopaymsitisi CUTHaIY.

(1)

JIJIst CIpoITIeHHS MaTeMaTHYHUX BUPa3iB 3HAYCHHS MMOYATKOBUX (pa30BHX KYTIB
HECY4YOTO ¥ MOJYJIIOIOUOTO KOJIMBAHHS MPUHMAEMO PIBHUMH HYJIIO.
3 ypaxyBaHHsIM BioMoi Gopmynu cos(x)(cos(y) = (1/2)[cos(x+y)+cos(x-y)] 3

BupaxeHHs (1) oxepxyemo:

u(t) = Umcos(wot) + (Um/2) cos[(met+)t] + (Um/2) cos[(woe-Q)t].

3Bigcu  Tpeba, MO  MOJIYJIOIOYE
KOJIMBaHHS 13 4acTOTOIO () TMepeMillyeThCs B
00J1aCTh YaCTOTH Mo 1 PO3IIEIUTIOETHCS HA J[Ba
KOJIMBaHHS, CUMETPUYHI 100 YaCTOTH (Mo, 13
4acTOTaMH  BIAMOBITHO  (wot+()) — BEpXHSA
Oiluna dyacrora, 1 (Wo-Q2)— HWXKHA OivHa
yactoTa (puc. 4 1 CUTHaNly, HaBEJICHOTO Ha
puc. 1). AMIUNITYaIM KOJWMBaHbL Ha OIYHUX
gacToTax piBHI oauH omgHomy i mpu 100%-

Uk -
M=05 ':F
ED
|

AmMnNMTYAa
— o +il

0 T T T
o £ 08 1 1.5 i 25

YacToTa, paas
Puc. 4. AMIIIITYHI CIIEKTPU CUTHAIIB
IIPU OJTHOTOHAIBHIM MOJTYJISAIII.

HIE  MOAYJAii  JOPIBHIOIOTH  ITOJOBHHI
aMILTITYI¥ KOJTMBaHb HECYYOi YACTOTH.

[TpuHIIMTIOBOT HEOOX1THOCTI BUIPOMIHIOBATH OOMABI OI4HI CMYTH HEMA€E, TOMY
0 B HUX MICTHThCS ofHakoBa iHQopmaria. [lepemaua iHdopmarlii 3a H0MOMOTOI0
onuiei 6iunoi cmyru (OBC) mo3BOIUTH OIMaIMBINIE BUKOPUCTOBYBATH MiCIE B
edipi, TOMY [0 CMyTa BUMPOMIHIOBAHOTO CUTHATY CKOpOYYy€eThCs BIBidi. YacTo mpu
OJTHOCMYTOBOMY 3B'SI3Ky MPHUAYIIYEThCSI HIDKHA CMyra 4YacToT 1 pa3oM 3 HEIo
BUTIPOMIiHIOETECA 15 - 20% -Humif 3anumok Hecy4doi 9acToTH. [Ipu mboMy 3HIDKY€EThCS

HaBaHTAXCHHA Ha 1I€pcaaBay.

Henonikom 3B'si3ky Ha OBC yacToT € OUTbII CKIagHA peaizallis TpUHOMHOI

amaparypu.
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TTopsimok BUKOHAHHS POOOTH

1. 3i6paTtu cxemy Nel, o moaentoe AM kKonuBaHHS.

Cxema Nel.

2. YCTaHOBUTH TIapaMeTpH EJICMEHTIB:

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

- ammutityna curany VC = 0.5N B;

- Hecyya yactoTta FC = 1 xI'1;

- moayntoroua yactota FM = 100 I'm;

- koedimieHT Moaysiii M = 0.3.

2.2. Omip R1 #1 R2 o 1 kOM KOXHUHA.

3. [lepenecTn ocumiiorpaMy OTpMMaHOTO KojiuBaHHs B 3BIT. [lo ocuumiorpami
BU3HAYUTH CKCIIEPUMEHTAIBHUN KOe(Iili€EHT TIIMOMHM MOAYJIAIIl, BUKOPUCTOBYIOUU
PO3paxyHKOBY GOpMYIy:

Me: Umax _Umin )
U Y min

4. 3a pgomoMororw MYyHKTIB MeHIO ‘“‘Analysis” — “Fourier” orpumartu
CHEKTpaJIbHY JlarpaMmy Ha BHUXOAl cxemu. Jlns 1mporo rmepes MOYaTKOM
CIIEKTPaJIbHOTO aHami3y B MeHIo “Fourier” ycTaHOBUTH:

- HOMEp BHXIJHOTO By3Ja cXemu Yy BikHi “Output node” (3a3manerizib
BU3HAYAETHCA TaK: MIABECTH KypCOp IO BHUXIIHOTO BY3Jla CXEMH, HaXAaTH TMPaBy
KHOIIKY MUIIIKH, YBIATH B MeHIO “Component properties”, y BikHI, IO BIAKPUIOCH,
“Node ID” mpouuTaTt HOMEp By3714);

- KPOK YacTOTH [JIsl aHalli3y JOPIBHIOE YACTOTI MOIYJIIOIOYOro cUTHAIY (y
Hamomy Bumaaky - 100 I'm) y BikHi “Fundamental frequency”;

- yucyo rapMoHik “Number harmonics” piBae 15.

5. IlepenecTtn cnexkTporpamy B 3BiT. BumipsiTa ¥ 3anucaty napameTpu HeCydoi
Uo, amxabO1 Uy 1 BepxHBbOi Uy OIYHUX 4aCTOT.

6. PospaxyBatm edexTuBHICTH Tiepemadi iH(opmalii 3a  JOMOMOTORO
aMILTITYHOT MOJYISAIIT SIK BIIHOIIEHHS IMOTYXXHOCTI CHUTHAJIB, IO MICTATHh Yy co0i
nepenany iHdopMailito, 10 3arajbHOI MepeaaHoil MOTYKHOCTI AM-KOoJUBaHHS.

UZ2+U?

~YutYe 900%.
UZ+UZ U2

Ne =
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7. TlopiBHATH OTpUMaHE EKCIICPUMEHTAJIbHE 3HAYCHHS Me 3 TEOPECTUYHUM,
KOTpE MOXkHa po3paxyBaTu 1o Gopmyii:

_ M?
Me = 100% .

8. IloBropuTu n.m. 3 - 7 nis 3Ha4eHb KoedimieHta Moaysiii M, piBaum 0.5,
1.0# 1.5.
9. Pe3ynbTaTu 3B€CTH B TaOJIUIIIO.

M Ne Nr
0,3
0,5
1,0
15

10. IIpoananizyBaTu OTpUMaHi pe3yJbTaTH.

11. 3ibpatu cxemy Ne2, mo woxenwe ojaepkanHs AM curhamy 3
OJIHOCMYT'OBOIO MOJIYJISIIIEIO.

() —

Cxema Ne2.

12. YcTaHOBHUTH MapaMeTpH €JIIEMEHTIB:

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

- amrutityna curiany VC = 0.5N B;

- Hecyya yactota FC = 1 xI'1;

- moayitoroua yactora FM = 100 I'i;

- koedimienT momynsamii M = 0.3.

12.2. Omip R = 200 kOwm.

12.3. ITngyktusnicte L = 0.1 I'n.

12.4. Benmnunny emHocti C po3paxyBaTu Tak, o0 KOJWBaIbHUN KOHTYp OyB
HAJAIITOBAaHUNA Ha 4YacTOTy BEpXHBOI OIYHOI CKJIAIOBOI JOCHiKyBaHOTO AM
curHainy. Po3paxyHku 3aHeCTH B 3BIT.

13. TloBropuTu mn.m. 4 - 6 11 3HA4eHH KoedirieHTa Moayssiiii M, piBaum 0.5
i 1.0.
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14. Pe3ynbTaT 3B€CTU B TaOIHIIIO.

M Nom
0,3
0,5
1,0

15. IIpoananizyBaTu OTpUMaHi pe3yJabTaTH M MOPIBHATH iX 3 1. 9.

16. 3aminuBmiu B cxemi No2 mxepeno AM curnany E Ha reneparop
CUHYCOiJanbHOI HAPYTH, 3HATH i niepeHect B 3BIT AUX 1 ®UX cxemu B Aiana3oHi
gactoT Big 500 mo 1500 TI'u. Ilepexonatucsi B NpPaBUIBHOCTI PO3PaXyHKY
pe3oHancHo1 yactotu LC KOHTYpY.

3MICT 3BIT

1. JocmimpKyBaH1 CXEMHU.

2. Pe3ynbratu 00UMCIEHB 1 BUMIPIOBAHb.

3. ®opmu CUTHATIB.

4. T'padiku OTpUMaHHX J1arpaM.

5. Pe3ynbpTaTi mpoBeeHOT0 aHai3y i BUCHOBKH 110 POOOTI.

KOHTDOJIBHi IMUTaHHA

1. Ilo Take ammuriTynHa MOAYNAIiA? 3alUIliTh AHAIITHYHE BUpaKEHHS AM-
KOJIMBaHHS.

2. Sxuit cnektp mae AM-konuBaHHA? K MOXHA 3MEHIIUTH IIHPUHY ILHOTO
criekTpa?

3. o Take edexTuBHICTH, Tepenadi iH@opmarlii 3a JOMOMOTOK aAMILTITYIHOI
MOAYJIALIT? SIK TOIIIIUTH 1€l TOKa3HUK ?

4. SIxi HeIOMIKU JBOCMYTOBOTO AM KOJIMBaHHS?

5. Yomy B m. 12 LC KOHTYyp HACTpPOIOETHCS HA YaCTOTy BEPXHHOTO OIYHOTO
ckinagoBoro cmnekrpa AM-konuBanHsA? YoMy HOpiBHIOE 11 4acTOTa B I[bOMY
BUNAJKY?

6. SIkxi Buou AM-konuBanb Bu 3Haere?

7. 1llo Take aMIIIiTYTHA MAHIITYJISIIis?

8. Sk omepxxatu AM 3 omHiero 6igyHOrO cmyTOr0 (OBC)?

9. Uum Binpizaserbess AM-konuBanus 3 ObC Bix nBocmyrosoi AM?

10. Ha3BiTh nmepeBaru i Hegoniku AM-konuBans 3 OBC.

11. o Take koedimienT Moxy:siii M? Skuii fioro ¢dizuanuii 3MicT?

12. o BinOyBaeTbes 3 AM-konmuBaHHSIM Tipu M > 17

13. o Take MOOPOTHICTh KOMUBAJIBHOrO KOHTYpY? SIK ii po3paxyBaTu 1 SKUM ii
b13uyHUN 3MICT?

14. SIxa 1OOPOTHICTH KOJIMBAJIBLHOI'O KOHTYpPY OBUHHA OyTH B cxemi Ne2? Homy?
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JIABOPATOPHA POBOTA Ne 4
JleTeKTyBaHHS aMILIITYAHO-MO1Y/IbOBAHUX KOJIUBAaHb
Meta poOOTH: BUBYMTH ¥ IMpOaHAII3yBaTH MPOLECH MPU KBAJpaTUUHOMY WU

JTHIHHOMY peXHMax JIeMOJYJSIIl (IETeKTYBaHHI) aMIUTITYIHO-MOIYJIbOBAHUX
KOJIMBaHb.

3arajibHl HOJ0XKECHHS

JleTeKTyBaHHSI KOJHMBaHb TIOJSATAE Y BIAHOBIICHHI KEPYIOYOTO CHUTHATY, IIO B
HEsIBHIM (OpMiI MICTUTBCSI B MOJYJIhOBaHOMY BHCOKOodacToTHOMY (BY) konmmBaHHi.
[To cBoeMy TIpU3HAYCHHIO JETEKTYBAaHHS € TMPOIECOM, 3BOPOTHHM MPOIECY
MOIYJISIIII.

B ammmitynnomy gerektopi  (AJl) 3miiiCHIOETBCS  BUIUIGHHS OOBITHOT
aMIUTITYTHO-MOJTyJIbOBAHOTO ~CUTHAJly 3 OJIHOYaCHMM YCYHCHHSM HECYdYOro
KOJIMBaHHSI. Poib HeCyynmx KoNMBaHb MOXYTh BHKOHYBAaTH SK TapMOHIiiHI
KOJIMBaHHS, TaK 1 MOCIIOBHOCTI paaio- ab0 BiJICOIMITYJIbCIB.

Jlo ckitay Oyab-sSKOTO JETECKTOPa BXOAUTh HEMIHIMHUHN €IIEMEHT JIJIsl YTBOPCHHS
CIIEKTPaJIbHUX KOMIIOHEHTIB, IO BiJIMOBIIAIOTh MOIYJIIOIOUIM YacTOTi, 1 JIHIAHUM
GbUIBTp JUIS BUAUICHHS KOMIIOHEHTIB, IO  BIAMOBIAIOTH CHEKTPY MOJYITIOHOYHNX
YacTOT 1 YCYHEHHSI KOMIIOHEHT, 110 BIAMOBIIal0OTh CIEKTPY HECYHYOro KOJMBAHHS 1
roro rapmoHik. Takum dYHHOM, (YHKIIOHAJIbHA CXeMma JeTeKTopa MOXe OyTu
IpeACTaBiIeHa y BUTJIAI MOCTIOBHO 3'€IHAHUX HEIIHIHHOTO eleMeHTa W (inbTpa
HUKHIX 9acTOT. SIK HENHINMHI eJIeMEHTH BUKOPUCTOBYIOThH HAIIBIPOBIAHUKOBI A10/1H,
a TakoXX OIMOJSApHI ¥ MOJABOBI TpaH3UCTOPH. Ponb (GinbTpa, SK MpaBUIO, BUKOHYE
KOJO, 10 CKJIQJAa€ThCsl 3 PE3UCTOpa W HIYHTYHOYOI MOro €MHOCTi. Y Iied dac
€JIEMEHTH JIETeKTOpa YacTIIle Peari3yloTh B OJHINH MIKPOCXEMi.

Ha puc. 1 nmokazana cxema MmocCiaiJOBHOTO aMILIITyTHOTO JE€TEKTOpa, a Ha PHC. 2
- MapayeNbHOTO JETEKTOPA.

Cxema mapaneiabHOr0 aMIUIITYJHOTO JETEKTOpa JOTOBHEHA (PUIBTPOM HIDKHIX
gactoT R,C, .

.&Uswxe. Re
Vi,
N P
il zvo, | |R Cp U
USX ":“ C UEMX ? L
Puc. 1. AJl mociigoBHOTO Puc. 2. AJl mapaneabHOTO

TUILY. THUITY.
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[locTiitHa yacy AeTekTopa BUOMPAETHCS BIAMOBIAHO O HEPIBHOCTI:
(1/ fo) << RC << (1/ 1y). (1)

JliBa yacTMHa 1l€i HEPIBHOCTI XapaKTepus3ye 3JaTHICTb JETEKTOpa
BI(pIIbTPOBYBATH BHCOKOUYACTOTHI CKJIAJIOBI CHTHANy, IO JETEKTY€TbCS, a IMpaBa
YacTHHA BAOOpakae BUMOTY BIATBOPEHHS (POPMU HU3BKOUACTOTHOTO MOJYJIIOKOYOTO
KOJIMBAHHS.

Y  naHiif  poOOTI SK HENIHIWHUN €JEMEHT BUKOPUCTOBYETHCS  J10].
JlocnmipkyBaHa cxeMa IMOCTIAOBHOTO JAETEKTOpa MOXKE MPAIIOBAaTH y JBOX PI3HUX
pexuMax, ki BU3HAYaI0ThCsl BUOOPOM MOJIOkKEHHs pobouoi Touku Ha BAX miofa.

VY nepmioMy Bumajaky pododya TOUka BUOMPAETHCS HA HIDKHBOMY BUTHHI BAX,
10 BIJIMOBIA€ JETEKTYBAaHHIO CJIA0KUX cHUTHaMIB. OCKUIbKM IMOYATKOBA UISHKA
BAX nioma moGpe anmpoKCUMY€EThCSI TIOJIIHOMOM JPYTrOro CTYMEHS, TO TaKUl PeXuM
JIETEKTYBaHHS Ha3UBAETHCS KBAAPATUIHUM.

Y npyromy BHUIIQJIKy MPOBAIUTHCS JETEKTYBaHHS CWIBHUX curHaiiB. [lpu
IIbOMY BHKOPHUCTOBYEThCS JiHIMHA AuIsiHka BAX ngioma ¥ peXuMm JIETEKTyBaHHS
Ha3UBAETHCS JIHIHHUM.

[Ipu xBagpaTuHOMy pexxuMi koedirieHT rapMoHik K. = M / 4, To6TO mipsimo
IPOMOPLINHUN Koe]ilieHTY MOyl M.

[lopssgoK BUKOHAHHS DO6OTI/I

1. 3i6paTu cxemy aMILIITyIHOTO JETEKTOpa.

<
:

=7

2. Jlns MOJeNrOBaHHS PEXHMY KBaJIpPATHYHOTO JCTEKTYBAaHHS BCTAaHOBUTHU
napameTpu eJIEMEHTIB:

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

- amrutityna curHary VC = 0.1 B;

- Hecyya yactoTa (FC) fo = 10N xI'1;

- moayntoroua yactora (FM) f,, = 100N I'i;

- koediuienT moaymsuii M = 0.3.
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2.2. Mion VD B3aru tuny DINI1200C (3 610110TekH MporpaMud B MEHIO
“Models”, “motorol1”).

2.3. Omip R = 10 xOwm.

2.4. Kongencatop C Bubpatu 3 noAsiiiHO1 HepiBHOCTI (1).

3. IlepeHectu ocumiorpamy OTPUMAaHOTO KOJMBAHHSA (3 YypaxyBaHHSIM
MOCTIMHOT CKJIa/I0BOT CUTHAIY) Y 3BIT.

4. 3a ponoMmoror NYyHKTIB MeHO “Analysis” — “Fourier” oaepxxaru
CHEKTpaJIbHy JlarpaMmy Ha BHUXOAl cxemu. Jlnsg 1mporo mepes MoOYaTKOM
CHEKTPaJIbHOIO aHajli3y B MeHI0 “Fourier” ycTaHOBUTH:

- HOMEp BHXIJHOTO By3Ja cxemu y BikHi “Output node” (3a3maneriib
BU3HAYAETHCSA TaK: MIJABECTH Kypcop A0 BHUXIJHOTO By3Jla CXEMH, HAXKaTU MpaBy
KHOIIKY MMILIKH, YBIATH B MeHI0 “Component properties”, y BiKHI, 1110 BIAKpHIIOCS,
“Node ID” mpouuTaTt HOMEp By3714);

- y BikHI “Fundamental frequency” - Kpok 4YacTOTH AJii aHali3y, JOPIBHIOE
4acTOTI CUTHAILY, 1110 MOJYIIOE, fy;

- yucso rapMoHik “Number harmonics” piBae 15.

5. Ilepenectn cmekTporpamy B 3BIT. 3amucaTH OTpUMaHUN KOEQIIIEHT
HeNHIMHUX nepekpy4dyBanb (Total harmonic distortion).

6. [loBroputu m.m. 3 - 5 ns 3HadeHb koedimienta moaynsnii M = 0.5, 0.8 #
1.0.

7. Pe3ynbTaTu 3BECTH B TAOIHITIO.

M Kr KBAJIP 1 % Kr JiH %
0,3
0,5
0,8
1,0

8. I[IpoanamizyBatn OTpUMaHi pe3yJIbTaTH.

9. Jlns MosiemtoBaHHS PEKUMY JIIHIHHOTO JIETEKTYBAHHS 30UTBIIUTH aMILTITY Ty
reneparopa AM-konuBans E 10 1 B.

10. IToBTopuTH T.11. 3 - 8.

3MicCT 3BiTY

1. JocmimKyBaHi CXEMH.

2. Pe3ynbpTaTi 004KCIIEHb 1 BUMIPIOBAHbD.

3. ®opmu cUTHAIIIB.

4. I'padiku OTpUMaHHX Jiarpam.

5. Pe3ynbpTaTi mpoBeeHOTO aHATI3y i BUCHOBKH 11O POOOTI.
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KoHTpOIBHI IMTAHHA

. lllo Take nemomynsilis (A€TEKTYBaHHS) CUTHATY?

. SIxuii npuHIMNO neTekTyBaHHs AM-KonuBaHb?

. lIlo Take KBaApaTUYHUHN PEKUM JIeTEKTYBaHHSI AM-KonnBaHb?

. llo Take niHIAHUN pexxuM AeTeKTyBaHHS AM-KonuBaHb?

. SIxi HeoMIKM 1 epeBaru KBaJpaTUYHOTO PEKUMY JAETEKTYBaHHS?
. SIki HeJOMIKM 1 TepeBaru JIHIHHOTO PeXUMY JAETEKTyBaHHS?

. [losicHIT pe3yNbTaT BUMIPIOBaHb, 3B€ACHI B TAOJULIO MYHKTY 7.
. [losicHiTh KpuTEpiit BUOOPY noctiiiHoi yacy RC korna.

. SIx Hajgan yCyHyTH NOCTIMHY CKJIaJIOBy CUTHaly Ha Buxoai AJl?
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JIABOPATOPHA POBOTA Ne 5

YacToTHO-MOAY/IbOBaHI KOJTMBAHHS

Meta poOOTH: BUBYMTH W TMpOAHATI3yBaTH XapaKTEPUCTUKH YACTOTHO-
MoayiboBaHux (UM) konuBaHb.

3arajibHl HOJ0KEHHS

Y wMeroxi yactorHoi monymsanii (UM) ammutiTyna MOAYJIIOOYOTO CHUTHATY
yIpaBJisi€ MUTTEBOIO YACTOTOIO Hecyuoi. [neanbna UM He BHOCUTH 3MiH B aMILTITYy 1y
Hecyyoi. OTxe, popma Hampyrn MOAYIHOBAaHOI HECydoi MOke OyTH BUpaKeHa y
BUTJIAI1

Can=AxCOS[yt+3-Sin(wyt)],

e Oy U My - BIAMOBIJIHO HECyda 4YacToTa M YacToTa MOJIYJAIIi, a O - 1HJIEKC
Moaysrii. YacToTH MOJYJIbOBAaHOTO KOJIMBaHHS MOXYTh OYTH OTpHUMaHi 3
BUP@KEHHS COS[mut+d-SiN(wyt)] 3 BHUKOPHCTAHHSAM TPUTOHOMETPHYHUX (GOPMYIT 1
crienianbHuX Tadauib (QyHkiii becens).

Ingeke wmoaymamii & Bu3HAYaeThest SIK  Aoy/oy=Af/fy - BigHOIICHHS
MaKCHMAaJIbHOI JieBialli 4acToTH (32 OJWH Mepiof MOIYJIIOIYOro CHUTHAIY) 0
YaCTOTH MOIYJISIIII.

AMIUTITYIa CHEKTpalbHUX CKIagoBuX UYM  KOJMBaHHS BU3HAYAETHCS
BEJIMYMHOIO 1HJACKCY dYacToTHOI Mmoxayusmii. Ilpu By3bkocmyrosiii UM (6<<1)
aMIUTiTyaHui criektp UM kosmBaHHA 301iraeThes 31 criektpom AM konuBanHs. [Ipu
BEJIMKUX 1HJEKcax Moayusamii (6>>1) mmpuna cnektpa UM konuBaHHS OJIM3bKa 10
[IOABOEHO] JIeBiallii 4aCTOTH.

IcayroTh pi3Hi MeToan UM-nerekTyBaHHs U cenekilii. B ocHOB1 OLIBIIOCTI METOIB
JISKUTh BUKOPUCTAHHS HAXWJIY YaCTOTHOT XapaKTEPUCTHUKU PE30HAHCHOTO KOHTYPY
(puc. 1). Amrutityna BIATYKY 3MIHIOETBCS 13 9acTOTOrO. (I ytAmy oaepKyeMo
aMILTITYAy A1, IS Ox-A®y - aMILTTYDy Az a JIJIS 9acTOT MK 0xtA®y U 0x-A®y
Ma€eMO BCI MPOMDKHI aMILTITYIu MK A1 ¥ Ap. BuxigHuii curaai BiaIoBiznae aeBiamii
YaCTOTH BXIHOTO CUTHANy (Xo4a W HE 30BCIM JIHIHHO B TIPOCTOMY PE30OHAHCHOMY
KOHTYp1) 1 THM CaMUM BiJITBOPIOE TIEPBICHUN MOIYJTIOIOUNA CUTHAI.

VY 4acToTHOMY JI€TEKTOP1 3 PO3CTPOEHUM KOJMBAIHHUM KOHTYpOM (cxema No2)
3MIACHIOETHCS TIOTIEPETHE TIEPETBOPEHHS 3MiH YaCTOTH PATIOCUTHATY B MPOTIOPIIAHY
3MiHY amIutiTyau. HacTymHe JeTeKTyBaHHSA IIbOTO TMEPETBOPEHOTO PaJiOCHTHATY
3MIACHIOETHCS 32 JOTIOMOTOI0 3BUYAHOTO JeTekTopa AM KONMHBaHb.
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Arnnumyia

Yacmoma

Puc. 1. [IpyH1IMN BUKOPUCTAHHS PE30HAHCHOTO KOHTYPY B SIKOCTI YaCTOTHOIO JETEKTOpA.

Ilopsi1oK BUKOHAHHS DO6OTI/I

1. 3i6patu cxemy Nel miist mocnimxents UM konuBaHHS.

1
— 1 s
oo

(D= I B

Cxema Nel.

2. YcTaHOBUTH TapaMeTpH €JIEMEHTIB:

2.1. T'enepatop UM-konuBaus (FM source) E:

- amrutityna curHany VC =20/ N, B;

- Hecy4da yactota FC = 1 xI'1;

- moayitoroua yactora FM = 100 I'i;

- iHexc moayssrii M = 0.5.

2.2. Omip R1 it R2 mo 1 kOM KoXHHIA.

3. IlepeHectu ocumiiorpaMy OTPUMAHOTO KOJIMBAaHHS B 3BIT.

4. 3a nmomomoror TYyHKTIB MeH0 “Analysis” — “Fourier” omepxaru
CHEKTpaJIbHY JlarpaMy Ha BHXOAl cxemu. Jlns mporo meped  MOYaTKOM
CIEKTPAIBHOTO aHali3y B MeHIO “Fourier” ycTaHOBUTH:

- KPOK YacTOTU JIA aHaji3y, JIOPIBHIOE YAaCTOTI MOMAYJIOKYOro curHany (y
Hamomy Bunajky - 100 I'n) y Bikni “Fundamental frequency”;

- yucno rapMoHik “Number harmonics” piBHe 21.
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5. IlepeHecTu cieKTporpamy B 3BIT.

6. Onmepxatu U 3adikcyBaTH B 3BITI CHEKTpOrpaMu JJisi 3HAYEHb IHACKCY
MonayJsaiii M, piBaum 1, 2 # 5.

7. IlpoananizyBatu OTpUMaHi pe3yJbTaTH.

8. 3i0patu cxemy Ne2, mo mMozentoe mporec aemonyisnii UM curnamny 3a
JIOTIOMOT'O0 PO3CTPOEHOTO KOJIMBAIBHOTO KOHTYDY.

Cxema Ne2.

9. YcraHoBUTH TapaMeTpy €JIEMEHTIB:

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

- ammutityna curiainy VC =20/ N, B;

- Hecy4da yactota FC = 1 xI'L;

- moayitoroua yactora FM = 100 I'm;

- iHexc Mmoayaii M = 1.

12.2. Omip R = 10 kOwm.

12.3. IngyktuBHicTs L = 0.1 T'R.

12.4. Bennuuny emHocti C po3paxyBaTH Tak, MO0 KOJWBAJIBHUI KOHTYp OYB
HajamToBaHui Ha yactoTy 1100 I'tt. Po3paxyHok BioOpa3uTH B 3BITI.

13. 3HATH 1 IEPEHECTH B 3BIT OCIIUJIOTPaMy OTPHUMAaHO1T BUXITHOT HAIIPYTH.

14. TloBropuTu 1. 13 s 3HAYEHB 1HAEKCY MOoayJslii M, piBHuUM 3 i1 5.

15. IlpoananizyBatu OTpUMaHi pe3yabTaTH.

16. 3aminuBmu B cxemi Ne2 mkepeno UM curnanmy E Ha reHeparop
CUHYCOIJanbHOI HANIPYTH, 3HATH i niepeHecTu B 3BIT AUX 1 ®UX cxemu B giana3oHi
gactoT Big 500 mo 1500 T'm. Tlepexonatwcss B TpPaBUIBHOCTI PO3PaXyHKY
pe3zoHancHo1 yactoTu LC KOHTYpY.

3MicCT 3BiTY

1. JocmimKyBaHi CXEMH.

2. Pe3ynbTaTi 004KCIIEHb 1 BAMIPIOBAHbD.

3. ®opmu cUTHAIIIB.

4. I'pacdiku oTpUMaHUX Aiarpam.

5. Pe3ynbTaTu mpoBeACHOr0 aHai3y i BUCHOBKH MO pOOOTI.
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KoHTpOIBHI IMTAHHA

1. o Take kyroBa MomyJsuid? Ski BUAM KOJNMBAaHb 13 KyTOBOIO MOAyJsLiero Bu
3Haere?

2. Sxnii cnektp Mae YM-konuBaHHsA? Big 4oro BiH 3a/1eKUTh?

3. o cminpHOTO MK UM 1 ®M KOIMBaHHIMU?

4. Y yomy pizuuusg Mixk UM 1 ®M koiauBaHHAMU?

5. Sxi Heponiku ®M konuBaHH:?

6. Sxuit npunuun pemoxyisauii UM KoiMBaHB JETEKTOPOM 3 PO3CTPOEHUM
KOJIMBJILHUM KOHTYPOM?

7. Illo Take yacTOTHA MAHIMTYJISIIisI?

8. o take 1naexc Mmoaynsuii? SAxuit oro Gpi3myHM 3MicT?

9. lllo BinOyBaeThes 31 ciekTpoM UM-konuBanHs npu M >> 17

10. Illo Take mOOPOTHICTH KOJMBAJIBHOIO KOHTYpY? Sk ii po3paxyBaTH 1 sSIKMi ii
(b13uuHUN 3MICT?

11. SIxa 1OGPOTHICTH KOIMBAIBLHOTO KOHTYPY MOBUHHA OyTH B cxeMi Ne2? Homy?

12. IIlo Take aeBialis 4acTOTH?
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JIABOPATOPHA POBOTA Ne 6

MHoKeHHs i IepeTBOPEHHS YaCTOTH CUTHAJLY

Mera poOoTH: BHUBYMTH ¥ TpoaHaldi3yBaTH MNPUHLMIM ¥  TIpoLecu
MEPETBOPEHHS YaCTOTH (IEPEHOCY CIEKTPa) CUTHAIIIB.

3arajibHl TOJ0KEHHS

Skuo Ha HeNmHIMHUN eneMeHT (0a3y TpaH3UCTOpa) MOAATH BEIUKUN BXITHUN
CUTHAJI, TO MOKHA OJIEp’KaTU CTPYM KOJEKTOpA Yy BHUIJIAJ1 MOCIITOBHOCTI TOCTPHUX
iMnyJsibeiB. Takuid cTpyMm OaraTHil rapMOHIKamMu, 10 YTBOPATH JIHIHYATHH CrieKTp. Y
CKJaAl IMITYJBCHOTO KOJIEKTOPHOTO CTpyMy OyAyThb MPUCYTHI TapMOHIKK 13
4acTOTaMH, KpaTHUMU OCHOBHIN yacToTi 30y/xeHHs. Lle 103Bossie BUKOPUCTOBYBATH
OiICUIIIOBAaY Yy SKOCTI IMOMHOXYBaua 4acToTH. [{is 1bOro AOCUTH HACTPOITH
HAaBaHTAXXYBAJIbHUIM KOJMBAJIbHUA KOHTYp Ha 4YacTOTY BMJIUTIOBAHOI TapMOHIKH U
YCTAaHOBUTU PEXKUM POOOTH HEIIHIMHOTO €JIeMEHTa, HAWOUIbIN BUTITHUM IS
MiIKPECIICHHS] KOPUCHOI TrapMoHikKd. OnTUManbHUN KYT BIJICIYEHHS MOJXKHA
pPO3paxoByBaTH MO CHIBBIAHOMIEHHIO Oonr = 120° / n, 1e n — MOpsSIIOK MHOKEHHS
Y4acTOTH.

—» !
2n 2n+0

Hamnpyra 3cyBy Ug BU3HauaeThcs 3 Gopmyiiu:
SU, +1
SV

m

cosf =—

ne: S — KpyTICTh MPOXiTHOT XapaKTepUCTUKH TpaH3ucTtopa, Um — ammuriTyna
BXigHOTO curHany, U, — Hampyra 3amupaHHs aKTHBHOTO €JIieMeHTa, | — opaunHara
TOYKHU MEPETUHAHHS alPOKCUMYIOYOT IPSIMOi 3 BICCIO OpJIMHAT.

[Iporiec mepeTBOPEHHsSI YACTOTHOTO CHEKTPa, MPU SIKOMY Yy BUXITHOMY KOJI1
BUJIUIAETHCS KOMOIHalliHA vacTtoTa (pi3HULEBa ab0 cymapHa), Ha3UBAETHCS
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MEPETBOPEHHAM YacTOTH. llepeTBOpeHHs 4YacTOTH 3IMCHIOETHCS 3a JIONOMOTOIO
HEJIIHINHUX €JIEMEHTIB.

[lepeTBOprOBaYeM YacTOTH HA3UBAIOTh MPUCTPIH, IO 3A1MCHIOE MEPEHECEHHS
CHEKTpa paJloCUTHANY 3 OAHIET 001acTl 4acTOT B 1HIIY. OCKUIBKHM CUTHAJ Hece B co01
KOpHUCHY 1H(pOpMAIlilo, YKIaJeHy B OIHOMY a00 JNEKUIbKOX MOro mapameTpax, TO B
IpolLieci MEepeTBOPEHHsI 4acTOTU 1 i1H(opMmalis nmoBuHHa 30epiratucs. [IpupogHo,
10 B peaJIbHUX yMOBaXx 3aBXKIU MalOTh MICLE NMEepeKpydyBaHHs 1H(oOpMalli, Kl He
MOBUHHI NIEPEBEPILIYBATU JEAKUX MPUITYCTUMHUX 3HAYEHb.

[Mum ymoBaM HaiiOUIbLlIE TOBHO BIANOBIA€ MPUHLUI TE€TEPOJIUHHOIO
NEPETBOPEHHS YaCTOTHU:

fc ;

, HE CC >

A 4

VY takoMmy mepeTBOproBayi yacToTu curHai fc 1 komuBanus f. MamonorykHOro
JOMIOMDKHOTO TeHepaTopa, 10 Ha3WBarTh rerepoauHoM (I7), omHOYACHO BILTUBAIOTH
Ha HeniHiiHui enement (HE).

VY pesynapTari Ha BUXOJ1 HENTIHIMHOrO eJeMeHTa (3MillyBaya) 3'SBISETHCS
MHOXHHA KOMOTHAI[IHHUX CKJIQJIOBUX CTPYMIB/HAMPYT 13 4aCTOTAMU:

fk=|tnf.£tmf;]|,

Je n Ta M MoXyTh AopisHioBatu 0, 1, 2, 3, ... .

OnHa 13 MMX KOMOIHAIIMHUX YaCTOT BUKOPHCTOBYETHCS B SIKOCT1 HOBOI HECY4Oi
YaCTOTH BHUXIIHOTO curHany. Lls actoTa Ha3uBaeThcs MPOMDKHOKW 4acTOTOK (frp).
Jlns i BUAUICHHS SK HABAaHTAXKCHHS 3MIllyBaya BUKOPUCTOBYIOTH PI3HI THIIHU
cenektuBHUX cucteM (CC).

3 mornsAmy MiHIMI3aIlli nepekpydyBaHb iH(opmallii mpu nepeTBOPEeHHI YaCTOTH 1
MOJIIMIIIEHHsI BUOIPKOBOCTI MPH HASIBHOCTI CUTHAJIB, IO 3aBa)KalOTh, IEPETBOPIOBAY
YacTOTH I CUTHAJIY TOBUHEH OyTH JiHIMHMM, TOOTO B HBOMY HE IOBHHHI
MOPOKYBAaTUCS TAPMOHIKH 4acToTu curHainy (m=1). Ils ymoBa Moke BUKOHYBaTHUCS
JOCUTh TOYHO, SIKIIIO CUTHAJ € «MamuMy. [Ipu 1iboMy HOro po3mMax 3aXOTUTIOE JTUIIIE
HEBENUKY NUISHKY XapaKTePUCTUKH TMEPETBOPIOBAIHHOTO €JeMEeHTa 1 1i MOXHa
BBa)KaTH ISl HAIIPYTH CUTHAJTY JIIHIAHOO Ha 1K JIISHIII.

CTOCOBHO KOJIMBaHb TE€TEPOJMHA HENIHIMHICTh TEPETBOPIOBAIHHOTO €JIEMEHTA
MOBUHHA TMPOSBIATH ce0€ MOXIJIMBO CHJIBHINIE. 3BHYAWHO, 1€ NPUBOAUTH IO
HEOOXITHOCTI MAaTH 3HAYHY aMIUIITyly T€TepOJAMHHOI Hampyrd. TakuM 4uHOM, Y
MepeBaXKHIM OUIBIIOCTI BUNIAJKIB BUKOHYETHCSI YMOBA:

Uc(t)<<U(1).
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JloTu, MOKM BUKOHYETHCA LI HEPIBHICTh, BIACTHBOCTI MEPETBOPIOBAYA YaCTOTU
HE 3ajJexarb BIJ AaMIUNTYAd CUTHANy, a BHU3HA4YalOThCS BIIACTUBOCTSAMHU
MEPETBOPIOBAIIBHOTO €JIEMEHTA, AMILTITY010 F€TEPOANHHOT HAIPYTH M CTaOLIBHICTIO
HOro KOJIUBAaHb.

Ponp HenmiHiliHMX a00 MapaMeTpUYHHUX €JIEMEHTIB y Cy4aCHUX MEpPEeTBOPIOBavax
YaCTOTU BUKOHYIOTH OIMOJISIPHI U MOJIBOB1 TPAH3UCTOPH, MIKPOCXEMH, TIOAH.

B dKoOCTI CeNneKTUBHOI CHCTEMH BUKOPUCTOBYIOTHCS OJMHOYHI KOJIMBAJIbHI
KOHTYPH, JBOKOHTYPH1 GUIbTpU U PUIHTpU 30CEPEIKEHOT CENEKIIIT pI3HOTO BUY.

[opsiioK BUKOHAHHS DO6OTI/I

1. 3ibpatu cxemy Nel, mo imiTye poOOTy DNOMHOXyBaya YacTOTH
KOJIMBaHb.

Cxema Nel.

2. YcTaHOBUTH TTapaMeTpH €JIEMEHTIB:

2.1. I'enepatop cunycoiganbHoi Hanpyru Er:

- ammutityna curiany Un = 1 B;

- yacrota curHany f .= 0.5N kI'u.

2.2. Tpanzuctop VT - igeanbHuUi.

2.3. ImgykTuBHIicTh Ly = 2.5 MI'H.

2.4. €wmmnicte C po3paxyBatu Tak, 00 KOJMBAIBHUN KOHTYp Yy KOIIi
KOJIEKTOpa OyB HAJIAIITOBAHWHN Ha APYTY TApMOHIKY curHaIYy f .

2.5. Bci iHIII1 €I€MEHTH - BiJIMOBITHO 10 HOMIHAIIB Ha CXEMI.

3. 3a pmomoMmorow mNyHKTIB MeHI0 “Analysis” — “AC freguency” 3HsSTH
aMIniTyaHo-4yactoTHy (AUYX) 1 ¢azouactotHy (DPUX) XapaKTepUCTUKU CXEMH B
miana3oni yactot Bix 200 'y mo 200 kI'1x.
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4. IlepexoHaTHCsl B MPaBUIBLHOCTI HACTPOIOBAHHS KOJIMBAJIBHOIO KOHTYpPY L
Ce

5. Ilepenectu oTpuMaHy ocuuiIorpamy B 3BIT. BUMipsaTu amminiTyy # 4acToty
KOJIMBaHb.

6. 3HATH 1 IEPEHECTH B 3BIT CIIEKTPOrpaMy CUTHaIy Ha BUxoii (Ha Ry).

7. lloBroputn m.m. 3 - 6, HACTPOIBIIM KOJMBAJbHHUI KOHTYpP Ha TPETIO M
YEeTBEPTY F'APMOHIKH BX1THOTO CUTHAITY.

8. Jlms onepikaHHS OCHMJIOTpaMHU M CHEKTpOrpaMu BHUXIIHOIO CUTHaiIy Oe3
ypaxyBaHHS BIUIMBY KOJHMBAJIbHOTO KOHTYPY 3aMIHMTH HAaBaHTa)X€HHS B KOJI
KOJIEKTOpa TpaH3ucTopa Ha akTuBHMM omip R, = 500 Om (cxema Ne2).

)

Cxema Ne2.

9. 3HATH OocIIIIIOTPaMy ¥ CIIEKTPOrpaMy BUXITHOTO CUTHAITY.
10. IIpoananizyBaTtu OTpUMaHi pe3yabTaTH i 3pOOUTH BHCHOBKH.
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11. 3i0patu cxemy Ne3, 110 iMiTye poOOTY 3MilllyBaya KOJIUBaHb.

SRR
NN

Cxema Ne3.

12. YcTaHOBUTH MapaMeTpH €JIEMEHTIB:

12.1. I'enepatop cunycoinanbHOi Hanpyru (curHan) El:

- ammutityaa curiainy Upe= 0.05 B;

- yacroTa curHany f .= 10N kI'm.

12.2. I'enepatop cuHycoinaibHOI Hanpyru (rerepoauH) E2:

- amrutityna curHany Umr= 0.5 B;

- yacrota curHany f .= (10 + N)N kI 1.

12.3. Tpanzucrop VT - ineanbHHiA.

12.4. IngyktusHicts L = 10 / N MIH.

12.5. €wmmnicts Cy po3paxyBaTd Tak, MO0 KOJWUBAIBbHUNA KOHTYp y KO
KoJIekTopa OyB HACTpOEHUH Ha pi3HUIO YacToT rereparopiB E2 it E1 (f - f o).

12.6. Bci iH1I1 €1eMeHTH - BiMOBIAHO 10 HOMIHAJIIB HA CXEMI.

13. 3a pmomomoroio MyHKTIB MeHIO “Analysis” — “AC freguency” 3usTH
amrutiTyqHo-yacToTHy (AUX) 1 ¢azouactotny (PUX) xapakTepUCTHKH CXEMHU B
marma3zoni yactotT Bix 100 I'u mo 1 MI'L.

14. TlepekoHaTucs B MpPaBHIBHOCTI HACTPOIOBAHHSA KOJMBAJIbHOI'O KOHTYPY
LCx.

15. Tlepenectn oTpuMaHy OCIWIOrpaMmy B 3BiT. Bumipatu ammmityny u
94acTOTY KOJIUBaHHS.

16. 3HATH ¥ IEpeHECTH B 3BIT CIIEKTPOrpaMy CUTHaIYy Ha BUXoi (Ha Ry).

17. Ins onepskaHHsS OCHWJIOrpaMU W CIEKTPOTpaMH BUXIJHOTO CUTHAlIy Oe3
ypaxyBaHHSI BIUIMBY KOJWBAJbHOTO KOHTYPY 3aMIiHUTH HABAHTAXKCHHS B KOJI
KOJIEKTOpa TpaH3uCcTopa Ha akTuBHMI omip R =250 Om (cxema Ned).
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Cxema Ne4.

18. 3usTH OCUMIIOTpaMy i CIIEKTPOTpaMy BUXITHOTO CUTHAITY.
19. IlpoananizyBatu OTpUMaHi pe3yabTaTH i 3pOOUTH BUCHOBKH.

3MICT 3BITY

1. JJocaimkyBaHi CXEMHU.

2. PesynbTaTi 004MCIICHD 1 BUMIPIOBAHb.

3. ®opmu CUTHATIB.

4. I'padiku OTpUMaHUX XapaKTEPUCTHK 1 Tiarpam.

5. Pe3ynbTaTi mpoBeACHOTO aHai3y i BUCHOBKH IO pOOOTI.

KoHTpOobHI TUTAHHS

1. ITo Take MHOXEHHS YacTOTU KoJuBaHHA? Ha YoMy BOHO 3aCHOBaHO?

2. B axux Bunaakax motpiOHe MHOKEHHS 4acTOTH?

3. Ha sskoMy mpUHIMIII MPAIO€ 3MIITyBay YaCTOTU KOJIUBAHb?

4.V oMy PI3HUIA MK IOMHOKYBadeM 1 3MIITyBa4eM 4acTOTH?

5. SIx AOMOTTHCS MaKCUMAaJIbHOT €(pEKTUBHOCTI PpOOOTH MEPETBOPIOBAYA YaCTOTH?
6. [TosicHITh IpU3HAYCHHS €JIEMEHTIB JOCIIKYBAHUX CXEM.

7. Jle 3aCTOCOBY€EThCS MHOKEHHS YaCTOTH U 3 KOO METOIO?

8. Jle 3acTOCOBYETHCA 3MIlITyBay YaCTOTH i 3 SIKOIO METOO?

9. ki koMO1HaIIIT YaCTOT MOXHA OAEPKATH HA BUXO/I1 3MilllyBayva?

10. SIxi 9acTOTH MOKHA OJIEp)KATH Ha BUXO/Ii IOMHOXKyBada?
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