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1 MeTa po6oTun

[MpoBefeHHSA eKCrepuMeHTa/IbHOr0 AOCNIMKEHHS reHepaTopa rapMoHiK i3
HENiHINHO HAYKTMBHICTIO Ta reHepaTopa rapMoHiK 3 BifCIKaHHSIM CTpyMy.
[MpoBecTV BUMIPIOBaHHA PiBHIB FAPMOHIK, 3p0OMTN BUCHOBKM.

2 Knro4yoBi Nono)eHHA

Y 6aratokaHa/lbHUX cucTeMax nepegadi 3 YaCTOTHMM PO3MOAINOM KaHa-
ni (BCI 3 YPK) BMKOPUCTOBYKOTLCA rapMOHIYHI (CUHYCOIAHI) Harpyra abo
CTPYM, AKi Ha3MBatOTbCA CUrHa/IaMN HeCcy4umx 4acToT. CMHTe3 UuX CUTHalIB €
ro/IOBHUM 3aBAaHHAM reHepatopHoro obnagHaHHsA BCI 3 UPK.

Bumorun woao ctabifibHOCTI YaCTOTU HEeCyUYMX 4acTOT € HaATO BaXK/MBI,
OCKIifIbKWU Mpwn nepegadi ogHiei 6i4HOT cMyrn Tpeba BiAHOBUTM HECYYY YacTOTy
Ha NPUMOMHIN cTaHuii. BigmiHa BIATBOPEHOT HECYYOI Bif HECYYOI Ha nepegaui
MPUBOAUTL A0 3MIHIOBaHHSA YacTOTU CUTHay, NepeaaBaHoro B KaHani, LWo 3HW-
XYE AKICTb Nepefadi. 3miHa YacToTu B curHani (Af,) He NOBMHHA NepeBuLLyBa-
™ 0,5 Ny AKWwo B cucTemi nepeaadi BUKOPUCTOBYETLCS OAMH CTYMiHb nepe-
TBOPIOBaAHHS, TO MPUNYCTUMa BiJHOCHA HECTabI/IbHICTb FreHepaTopa Hecy4ol Ya-
ctoTh i-ro kaHany (f,) Ana Halripworo Bunagky (KoM YacTOTU reHepaTopiB
MatoTb NPOTU/IEXXHE 3MiHIOBaHHS 4acTOT) He NMOBWHHA MepeBuLLYBaTW BENNYU-
H¥ 0,5f,. 3BiAcK BMAHO, WO Halb6ifNbLL BUCOKI BUMOrM Npea’aBAaTUMYTbCS A0
HECYY0T YaCTOTM BEPXHLOI0 3a YacTOTOK KaHasy.

3a 6araTtoCcTyniH4YacToro NepeTBOPOBaHHSA YacTOTU AK Ha repefadi Tak i
Ha NPUIOMI BUKOPUCTOBYETLCA KiflbKa HECYYMX YacTOT. AKLLO Lii 4acTOTU CTBO-
PEHO Bif, He3aNeXHNX reHepaTopiB, TO 3MiHa CNeKTpa B KaHali BM3HAYaETbCA
CYMOI0 BifXMMeHb YacTOT YCiX reHepartopiB. AKLIO Li 4acTOTM CTBOPEHO BHa-
CMiJOK NOMHOXEHHSA YW NOAINEHHS YacTOTWU OAHOrO 3aaBa/lbHOro reHepaTopa,
TO BIAXW/IEHHS CNeEKTpa B KaHasli BU3HAYaeTbCS BiJHOCHOKO HECTabifbHICTIO Ya-
CTOTM LbOro OHOr0 reHepaTopa, Aka Mae 6yTU He TipLIoD, a HiXXK 064YmcneHa
A9 HECYYOi YacToTu (BipTyaslbHOT YacTOTU) BEPXHLOrO 3a YaCcTOTOK KaHany B
CUCTEMI 3 OAHWUM CTYMEeHeM MepeTBOPOBaHHS.

CUrHaIM KOHTPOJIbHUX YaCTOT TaKOX MOBUHHI 6YTK [0OCTaTHLO CTabifb-
HUMMW, OCKINIbKWU CMYroBi (iSIbTPU SKI BMOKPEM/IOKTL KOHTPOJIbHI 4acToTH,
MatoTb CMOTBOPEHHS aMMIiTy4HO-4aCTOTHOT XapaKTePUCTUKM B CMYy3i nponyc-
KaHHSA, AKI NpU3BOAATL A0 3MIHIOBAHHSA PIBHA CUTHa/Ty KOHTPO/IbHOI YacTOTW.
Lle MOXe CnpvYnHUTK NMOMUIKOBY PO6OTY CUCTEMU aBTOMATUYHOIO Perysio-
BaHHA piBHA. Bce X BeNMYMHa BiAHOCHOI HeCTabifIbHOCTI KOHTPO/IbHOI YacTOTy
MOXKe 6YTM Ha MopALOK HVbKYa Bif HecTabiflbHOCTI Hecy4oi 4YacToTh. BcTaHOB-
NEHO, WO HecTabiNbHICTb PIBHA KOHTPO/IbHUX YacTOT He MOBUHHA MepeBuULLLY-
BaT = 0,2 Ab, a HecTabifibHICTL piBHA Hecyumx + 0,5 ab.

HaituacTiwe npv nobygosi reHepatopHoro obnagHaHHsA (FO) BCIM 3 YPK
BUKOPUCTOBYETHLCA CXEMa 3 reHepaTopoM rapMOHIK, HaBefeHa Ha puc. 2.1.

BugasHuunin uenTp OHA3 im. O.C. Monosa
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PucyHok 2.1 — CtpykTtypHa cxema 'O 3 reHepatopom rapmoHik (')

Ha cxemi puc. 2.1: 3I" — BUCOKOCTabiNIbHWUIA reHepaTop CUrHany 3 4acTo-
Toto fo; T — reHepaTop rapmoHiK, KOTPUIA CTBOPIOE IMMY/NbCHY MOC/IA0BHICTS,
y CMeKTpI AKOT € 6arato BULLMX rapMoHiK YacTtoTtu fo, AKi cniBnagatoTb 3 HEOO-
XiAHAMU HECYyYMMK YacToTamu fy;.

LLi 4aCcTOTK BMOKPEM/IOKOTLCA CMYTroBUMM (ibTpamun (CP;) | vepes pos-
nogintoBadi notyxHocTi (Pl1;)) nogaloTbcsi Ha MOAYNATOPU W AEMOAYNATOPW.
Taka CTPYKTYpHa CXeMa € eKBiBa/IEHTOM Habopy nepemHoXyBayiB yactotn 3
Ha uine uncno K; (f,;i = Kifo) | BUKOpUCTOBYE TifIbKM OAWMH BUCOKOCTaBINIbHWIA re-
Heparop.

BYKOPUCTOBYIOTLCS reHepaTopu rapMoHiK 3 HesiHINHOK iHAYKTUBHICTIO
i 3 BIACIKaHHAM CTpyMYy.

2.1 eHepaTop rapMOHIK 3 HeMiHINHOK IHAYKTUBHICTIO Ha puc. 2.2

3r

PUCYHOK 2.2 — eHepaTop rapMOHIK 3 HENIHIAHOW IHAYKTUBHICTHO

Ha puc. 2.2: 3I" — BUCOKOCTabi/IbHWNIA reHepaTop CUrHany 3 4actoToro fo;
S — nmigcunmtoBay; Ly, Co — pe3oHaHCHMIn KOHTYpP Ha YacToTy fo; L, — HeniHiiHa
IHAYKTUBHICTb; C — KOHJeHcaTop; R, — ONnip HaBaHTaXXeHHS.

BugasHuunin uenTp OHA3 im. O.C. Monosa



JocnigpKeHHS reHepaTopiB rapMoHiK 5

HeniHiiHa iHAYKTMBHICTb Mae TOPOiAHe ocepas 3 OKcudepy 3 NPSMOKYT-
HOO MeT/et0 ricTepesuca.

Ha puc. 2.3 HaBefleHO 3a/1eXHICTb MarHiTHOI IHAYKLiT B B ocepai Bif Ha-
MPY>XeHOCTI H MarHiTHOro noss. Y CBOK Yepry Hanpy>eHiCTb MarHiTHoOro no-
na 3anexunTb Big cTpymy (1), AKnin NpoTikae Yepes3 iHAYKTUBHICTb (Ly). IHAYKTK-
BHiCTb L, € NPONOPLiAHOIO 0 MarHiTHOT NPOHUKHOCTI ocepas u = dB/dH.

v

PUCYHOK 2.3 — 3a/1eXKHICTb MarHiTHOT iHAYKUIT B B ocepai iHAYKTUBHOCTI L,
Bif, HANpy»>eHocTi H marHiTHoro nons

Ha puc. 2.3: Bs — iHAYKUiIA HacuyeHoro ocepas; B, — IHAYKUiIA 3a/1MLLKO-
BOI HamarHi4yeHocCTi.

Y IHOYKTMBHOCTI L, BUKOPUCTOBYETLCS OCEPAA 3 MPSAMOKYTHOIO MET/E0
rictepesucy B skomy B,/Bs ~ 1.

[Liarpamy poboTu reHepaTopa rapmMoHiK HaBefleHO Ha puc. 2.4.

Ha pwuc. 2.4,a HaBefieHO CTpyM |y rapMOHIYHOT (hopmMu, Sika 3abe3neyvyeTb-
cA KOHTYpPOM LoCop; Ha puc. 2.4,6 3a3Ha4eHO B AKMI1 CNOCIO 3MIHIOKOTLCA IHAYK-
TUBHWI oNip X, IHAYKTUBHICTb Ly, Ta MarHiTHa NPOHMKHICTb L.

3a 3HayeHb CTpymy lo Big O 00 lguac OCEPAS X, Ma€ BEIMKE 3HAYEHHS W
KoHaeHcaTop C (AMB. puc. 2.2) Hakonuuye 3apsg; 3a 3HavyeHb CTPYMY Bif louac
00 lowaxcXL PI3KO 3MeHLYETbCA 1 KoHAeHcaTop C LUBMAKO PO3PALXKYETHCA Yepes
Onip HaBaHTaXeHHA R, Ta IHAYKTUBHICTb L, (X.—0), a Ha onopi HaBaHTaXXeHHS
3’ABNAETLCA iMMyNbC (puc. 2.4,B) eKCNOHeHUiHOT opmun. Jani npouec nepi-
OAWYHO MOBTOPHOETLCA | HA OMOpPI HaBaHTaXXeHHA Ry, 3’ABNAETLCA MOCNILOBHICTb
ABOMONAPHUX IMMY/bCIB EKCNOHEHLiaIbHOT (DOPMU, KA MaEe HernapHi rapMOHIKu
yacToTu fo. KifbKiCTb rapMOHIK 3 NPUBAN3HO OLHAKOBUMW aMnaiTyfamun 3ase-
YXWUTb Bif TPMBAIOCTI IMNY/NbCY. UMM MeHLLa TPUBaNICTb IMMY/bCy, TUM OinbLue
ICHY€E rapMOHIK 3 NPM6/IM3HO O4HAKOBMMM aMnniTygamun. TpmBanicTb iMMysbey
MOXXe peryntoBaTncb KoHgeHcaTopom C.

BugasHuunin uenTp OHA3 im. O.C. Monosa
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PucyHok 2.4 — [liarpama pob0oTu reHepatopa rapMoHiK

[nsa pictaHHA napHUX rapMoHik f, Tpeba ABONONAPHY NOCNILOBHICTL M-

Taka cxema 'O Wnpoko

(V]

My/nbCiB NOAATV Ha ABOHAMIBNEPIiOLHUA BUNPAMAAY.
MapHi rapMoHikn f, cnpowye BUMOrn Ao ginbTpis, AKi BUOKPEMIOKOTL L rap-

BUKopucToBYeTbCA B BCIT 3 YPK. MOXIMBICTb BUKOPUCTOBYBATU NapHi i He-
MOHIKMU.

2.2 NeHepaTop rapMoHiK 3 BiACIUKOI CTPyMYy

[eHepaTop rapMoHiK 3 BifICiKaHHSIM CTPYMY HaBefIeHO Ha puc. 2.5.

BugasHuunin uenTp OHA3 im. O.C. Monosa
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PucyHok 2.5 — Cxema reHeparopa rapMOHiK 3 BiACiKaHHAM CTpymy

dopmy CTPyMy Ha BUXO/i TaKOro reHepaTopa HaBefleHo Ha puc. 2.6.

ur

i
f
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)

PucyHok 2.6 — dopma CTpyMy Ha BUXOAI reHepaTopa rapmMoHiK
3 BICIYKOIO CTpyMy

BuxigHuii cTpyM reHepatopa 3 BifCikaHHAM CTPYMYy Mae rapMoHiKu, am-
NAITYAN AKUX 3anexartb Bif KyTa BifcikaHHA 6 (auB. puc. 2.6) Ta CTPyMY lyaxc.
BennunHa KyTa BifiICiKaHHA 0 BM3HAYaETLCA BE/IMUMHOKD 3anipHOi Hanpyru Ha
6a3i TpaH3ucTopa. Ha Buxogi R, cxeMu reHeparopa 3’sBMSETbCSA YaCTUHA rap-
MOHIYHOT Hanpyru, po3noYrMHaKun 3 BEIMYNHU MUTTEBOIO 3HAYEHHS HAa BXO[I,
AKe NepeBuLLYE 3anipHy Hanpyry Ha nepexofi emitep—6asa TpaH3ucTopa.

Yum meHwe B, TUM Ginblue rapMOHIK 3 MPUGAN3HO OAHAKOBUM PIBHEM,
ane 3a Manmx 6 manuin KoeiLieHT KOPUCHOT AiT cxemn, TOMY TaKWil reHepaTop
BUKOPUCTOBYETLCA B Ma/lOKaHa/IbHUX CUCTeMax nepegadi.

KyT BigcikaHHA AOPIBHIOE:

o_ _" 0 :
6°= —r— - (360°) (2.1)

BugasHuunin uenTp OHA3 im. O.C. Monosa
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AmMnMniTyga cTtpymy:

2(cos 0 sin kB — ksin 0 cos kB)
kr(k* - 1)(1 — cos 0)

(2.2)

|F= IMaKc'

3 Kno4oBi NUTaHHA

3.1 Yomy ana gictaHHA Hecyumx yacTtot gna bCI 3 UPK gouinbHO BUKO-
PUCTOBYBATW reHepaTopn rapMoHiK?

3.2 3a SIKUX YMOB BUXi[HWUIA CTPYM reHepatopa rapMoHiK Matume 6ifbLuy
KINIbKICTb FapMOHIK 3 MPM6/IM3HO 04HAKOBMMM amMnaiTygamMum?

3.3 T1oACHMTN nNpUHUMNK NobyaoBKN reHepaTopa rapMoHiK 3 HEeNiHIHO
IHAYKTUBHICTIO. 3 AKOro MaTepiany Mae 6yTu BUrOTOB/IEHO OCepAs Takol IHAYK-
TUBHOCTI?

3.4 Ona yoro notpibeH KOHTYp LoCy Ha BXOAI reHeparopa rapmMoHikK 3 He-
NiHINHOK IHAYKTUBHICTIO?

3.5 dAk gictatv Ha BUXOAI reHepartopa rapMoHiK napHi rapMoHIKun?

3.6 AKi nepesarn i HefONIKA Ma€e reHepaTop rapMoHiIK 3 HeiHINHO iH-
AYKTUBHICTHO?

3.7 TpuHUMNM po6b0oTU reHepaTopa rapMOHIK 3 BiJICIKAHHAM CTPyMY.

3.8 AK 3aniexxartb amnniTyau rapMoHIK Bif, KyTa BifiCikaHHSA 07

3.9 3 AKO METO 3[IMCHIETLCA NocnabneHHs OCHOBHOI 4YacToTh fy Ha
BUXO/i reHeparopa 3 BifiCIKaHHAM CTpyMy?

3.10 ¥ Akunx Bunafgkax [OLUiNbHe BUKOPWUCTaHHA reHepartopa rapMOHIK 3
HeNiHIMHO IHAYKTUBHICTIO, @ B AKMX — 3 BifjCIKaHHAM CTpyMmy?

4 [lomallHe 3aBaHHA

4.1 BMBUATK 3a PEKOMEH0BaHOK NiTepaTypolo NPUHUMNN poboTH reHe-
paTopiB rapMoHiK.

4.2 TigroTysaTtu BiANOBIAI HAa K/THOUOBI 3aMyTaHHS.

4.3 MiagroTyBaT CXeMu i Tabnuvui pesynbTaTiB BUMIpPHOBaHHS 415 3BITY.

5 JTabopaTopHe 3aBAaHHSA

5.1 OsHariommTUCA 3 NabopaToOPHUMK MakeTamy reHepaTopiB rapMOHIK 3
HeNiHIMHOK THAYKTUBHICTIO Ta BiACiKaHHAM cTpymy. Ha nuuesiin naHeni 3o-
OpaXKeHO CMPOLLEHI CXeMM TeHepaTopiB 3 KOHTPONbHUMU THI3AamMu A8 BUMI-
PHOBaHHS.

BugasHuunin uenTp OHA3 im. O.C. Monosa
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dopmy curHany Ha BUXofax reHepartopis Tpeba cnocrepiratv 3a 4ornomo-
roto ocumnorpadga, a BUMiptoBaHHS PiBHIB OKPEMUX rapMOHIK Chif, 34iACHI0Ba-
TW 3a ONOMOIOK0 CENeKTUBHOMO BUMiptoBaYa piBHiB nysnbTa 1M-300.

Y nepebiry BUMIptOBaHHS Cif 3HATK, L0 OCHOBHa YvacTorTa f, JopiBHIOE 8
K'Y,

5.2 lMpoBecT BUMIPIOBaHHA HEMapHUX rapMOHIK | pe3ynbTaTh 3aHecTu
ao Taon. 5.1.

Tabnuud 5.1 - PiBHI HenapHUX rapMoHiK

Ne 1 3 5 7 9 21 | 31 MpuMiTKa
rapMOHIK
Hactora, | g 24 | 40 | 56 | 72 | 168 | 248
Ky,

PiBeHb, ab [opaTkoBwii
KOHZeHcaTop

BUMKHEHO
PiBeHb, ab [opaaTtkoBuin
KOHZeHcaTop

YBIMKHEHO

5.3 MpoBecTn BMMIpIOBaHHA MapHUX rapMoHiK i pe3ynbTaTh 3aHecTu [0
Tabn. 5.2.

Tabnuud 5.2 — PiBHI NapHUX rapMoHiK

Ne 2 4 6 8 10 20 30 MpuMmiTka
rapMOHiK
Hactota, |\ 16 | 32 | 48 | 64 | 80 | 160 | 240
Ky, —
PiBeHb, ab [opaTtkoBuin
KOHZeHcaTop
BYMKHEHO
PiBeHb, b JopatkoBuii
KOHeHcaTop
YBIMKHEHO

5.4 TpoBecTn BUMIPIOBaHHA rapMOHIK Ha BUXOZI reHepartopa 3 BiAcikaH-
HAM CTPYMY i pe3yfbTati 3aHecTu 4o T1abn. 5.3.

BugasHuunin uenTp OHA3 im. O.C. Monosa
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Tabnuug 5.3 - PiBHI rapMOHiK Ha BUXOAi reHepartopa 3 BiCIKaHHAM CTPyMY

No 1 2 3 4 5 6 10 MpumiTka

rapMoHiK

YacToTa, 8 16 24 32 40 48 80 _

Ky,

PiBeHb, b KoHTyp LoCo
BUMKHEHO

PiBeHb, b KoHTyp LoCo
YBIMKHEHO

5.5 BMMiproBaHHA Be/IMUNHM KyTa BiACIKaHHAM O Ta amnaiTyamn iMnynbcy
3AIACHIOKOTLCA NPWMG/IN3HO 3a OCLMN0rPaMoto BiNoBIAHO 0 puc. 2.6.

6 3MICT NpoTOKONYy

Y npoToKo/i nabopaTtopHOT PO6OTH HABECTWN CXeMy /IMLbOBOT NMaHeni Ma-
KeTa, Tabnuui 3a pesynbTaTamMy BUMIpPHOBaHb. 3a pesy/bTatamy BMMIpHOBaHb
3p06MTN BUCHOBKM.
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