Tema 2.4
MarHuTHble ycunutenu 6e3 oopaTHOM CBA3U

1 OCHOBHbIE MOHATUA

MarHuTtHbIn _ycunurtenb (MY) - 3TO cTaTuyeckoe 3MeKkTpOMarHUTHOE YCTPOWCTBO, COCTOsILLEE U3 cepaevHuka u
HanoXeHHbIX Ha Hero 06MOTOK.

MpumeHsatoTCcA:

1) B U3MepuTenbHON TEXHUKE:
a) B cxeMax aBTOMaTUYeCKOW KOMMNeHcaUnu n3mepuTenbHOW TEXHNKE;
6) Ana ycunexus cnabbix Tepmo - 3OC, curHanos oT TEPMOAATHUKOB;
2) B ynpaBneHuv ABuratensiMu noCTOAHHOrO U MePeMEHHOro TOKOB B CNeasiluyX CUCTEMAX;
3) B cuctemax penevHom 3allmTbl U CUrHanmM3auuu;
4) B BblYMCIMTENBHBIX MallMHaX, CYETHO-peLlaoLwmx npubopax;
5) B aBTONUMNOTax u T.A4.

OdocTouHcTBa:

1) BbICOKasA HadeXHOCTb T.K., MarHUTHbIN ycunutenb (MY) - cTatuyeckoe YCTPOMCTBO, HET MOABECHbLIX YacTen -
MeXxaHu4eckas NpoYHOCTb, paboTaeT B LUMPOKOM AMana3oHe U3MEHEHUs TeMnepaTtypbl, BNaXXHOCTU, AABMNEHNUS, TONYKA U
Bnbpauus He BNUSIOT;

2) HeorpaHWYeHHbIW CPOK CNyXObl, MPOCTOTa JKCNAyaTauum;

3) HemedneHHasi rOTOBHOCTb Kk paboTe nocrne BKIOYeHUs, OTCYTCTBYET HyNeBOWn Nepuog;

4) BO3MOXHOCTb YCUITEHNS OYeHb Criabbix CUrHaNoB NOCTOAHHOIO TOKa;

5) BO3MOXHOCTb MUTaHWS HENMOCPEACTBEHHO OT CETU NEPEMEHHOrO TOKa NPOMBILLIEHHOW YacToThl;

6) NnpocToTa CyMMMPOBaHUSA BOMbLIOrO YMCna BbIXOOHbBIX CUTHAMO0B;

7) HeorpaHu4eHHasi BbIXOAHast MOLLHOCTb (40 COTEH ThICAY KMMOBATT);

8) KIMJ Bbiwe, Yem y 3NeKTPOHHbIX YCUnnTenewn;

9) 6onbLUOK KO3 PULMEHT NO MOLLHOCTY;

10) HebonbLUas NHEPUNOHHOCTb (AECATKN AOMW CEKYHA);

11) nocTosiHCTBO XapakTtepuctuk MY B npoLecce akcnnyaraumm.

2 OnucaHuMe MarHUTHbIX yCcunurTeneun

MpuHumMn pgenctBua MY OCHOBaH Ha MCMNONb30OBaHWM 3aBUCUMOCTM WHAYKTUBHOCTM KaTYLWKN C (PEPPOMarHUTHbIM
cepaevyHVKoM OT BeNUYUHbI  MOAMarHU4MBalLlero TOKa, CO34aBaeMoro yrnpasnsloWwMM  BXOAHbIM  CUrHariom.
deppomarHuTHble MaTepuansl 06nagaT HENMMMHEVHON 3aBUCUMOCTBI0 MarHMTHOWM MHAYKUUK. BENnYmMHON HanpsikeHHOCTH
MarHuTHoro nonga H. B MY npMMeHsa0TCAa MarHUToMSArkne Matepuansl, UMetoLLme y3Kyto NeTro ructepesnca, NnoToMy 4YTo
npu aHanuse 3asucumoct B =T(H) 6ygem cuutate GernctepesucHoll, M 3aMeHUM ee CpeaHel KPUBOIA
HamarHnuYMBaHus (pucyHok 2.4.1).

PucyHok 2.4.1- I'pacuk cpegHen KpnBOM HamarHM4YMBaHums
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PucyHok 2.4.2- TpocTeian cxema MarHMTHOro ycunurens

Ha pucyHke 2.4.2 gpoccernb WP UMEeeT 3aMKHYTbIN CepaeyYHWK U3 MarHUTOMSArKOro matepvana v SONOSHUTENbHON

o6moTku W/, , HO KOTOpas NpomnyckaeT MOCTOAHHbIV TOK.

MMpn yBenuyeHUn NOAMarHWYMBaHWS, LI YMEHbluaeTca (Ha 3TOM OCHOBaHO AEWCTBME MarHWTHOrO YCUMWTENs), 4To
NPUBOANT K YMEHbLUEHNIO UHAYKTUBHOIO COMPOTUBIEHUS APOCCENS, a 3Ha4YUT YBENMYMBAETCS TOK, NpoTeKalowmin Yepes
0BMOTKY:
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PucyHok 2.4.3- ["'padukm 3aBUCMMOCTHU

NameHasa BENMYMHY nogmMarHuyeBaroulero nonsa (I/I3M€HF|F| TOK B LUenn MNOCTOAHHOIo TOKa) MOXHO YynpaBnATb
BESTMYMHONM TOKa B Lenu nepeMeHHOro Toka, a crnegoBaTesibHO, U B Harpy3ke, eclnmu BKINO4YNTb ee nocrieqoBaTtesibHO C Wp.

MarHUTHbIN ycunutenb C napannesfibHbIM BKIlOYeHUeM Harpy3kum

B ycunuTensax ¢ nocnenoBaTteribHbIM BKITFOYEHMEM HArpy3ku Hago NoanepXuBaTb HEU3MEHHbBIM HanpsXXeHne NUTaHus.
A B ycunuTensax ¢ napansernbHbIM BKIIHYEHMEM HE0OXoaMMO noaaepXmBaTb HEM3MEHHbIM TOK MUTaHWs |~, noatomy
NPUXOANTCHA OOMNOMHUTENbBHO BKIHOYATb [OCTATOMHO 6onblioe nOoCTosiHHOe (OannacTHoe) conpoTuBneHue Rg, 4TO
npvBOAUT K GonbluinMM notepsM, yMeHblieHuto KM, nostomy MY ¢ napannensHOW Harpy3ko NPUMEHSIETCS penko,
TONbKO AN cneumnanbHbIX Lenen. YnpasneHve (NoAMarHMinBaHUE) MOXHO OCYLLECTBIATh HE TONbKO HA MOCTOSAHHOM, HO
M NepeMeHHOM TOKe, MNpuM STOM YacToTa YNpaBnsawLEero Toka [AOMKHa ObiTb MEHbLUe YacTOTbl WUCTOYHMKA
nutaHus.f,>20%f. Xapaktepuctuka u KpaTHOCTb W3MEHEHUs MarHWTHoM npoHuuaemoctn p (l,) nNpu U3MeHeHun
NoAMarHMYMBAoLLLEro MOJS, 3aBUCUMT OT CBOWCTB MAarHUTHOIO MaTtepuarna cepaeyHuka.

HepocTtatku npocrenwero MarHUTHOrO yCUIIUTens:

1) NepemMeHHbIn MarHUTHbIV MOTOK, MYNbCUPYKOLIMA B CepaedHvke, HaBOoAUT B OOMOTKE ynpaBrneHust U BO BTOPOM
obmoTke TpaH3ucTopa nepemeHHyto O[C, koTopasi Bbi3biBaeT MOSIBNEHME MEPEMEHHOrO TOKa, MPOTEKAaKLero vepes
WUCTOYHUK MOCTOSHHOIO HanpsbkeHus. [ns yMeHbLleHUs NepeMeHHOro Toka nocrnefoBaTenisHo ¢ 0OMOTKOM ynpaBneHus
BKMOYAIOT GONbLUYI0 MHAYKTUBHOCTL L, 1nn 6onblloe akTBHOE conpoTusneHve. BeeaeHne MHOYKTMBHOCTU Bbi3blBaeT
yBENUYEHNE WHEPLIMOHHOCTU YCWUMWUTENS, pacxodbl Matepuana, Bo3pactalT rabaputel U Bec. BBegeHne akTvBHOro
COMPOTMBIIEHUS YBENMYMBAET NOTEPU MOLLHOCTU, YMEeHbLUaeT KoadhduuuneHT yeuneHna MY;



2) dopma KpuBOW TOKa |~, NpoTekalrowero no Harpyske, MCKaXeHa M3-3a Hanuuus B KPUBOW HanpshKeHHoCcTn H~
YeTHbIX rapMOHUK.

MarHuTHble ycunurtenu ¢ BbiIxogom Ha nepeMeHHOM U NOCTOAHHOM TOKe.
Cnoco6bl ycTpaHeHNsA HeAOCTaTKOB.

[nsa ycTpaHeHus HegocTaTkos, B MY NpUMEHSAOTCA CXeMbl C IBYMSI OQUHAKOBLIMU CepAeYHNKamMu (pUCyHok 2.4.4).
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PucyHok 2.4.4- Cxema MarHUTHOrO YCUINUTENS C ABYMSI OAMHAKOBbIMU CEepAEYHUKaMM

O6wmotkn Wy n W, umeloT no ase cekumu. Cekuum ynpasnsiollein 0OGMOTKM COEAUHSIOTCA MOocneaoBaTensHo K
BCTPEYHO, MpW 3TOM MNPOUCXOAMT B3aumHoe BbluutaHve J[C. Pesynbtatr 3[OC ynpaBnswllen Lenu paBHa HYyMHo.
Paboune oOMOTKM CcOedMHEHbl MocnegoBaTeribHO, OAHAKO MX MOXHO BKIOYUTb M BCTpeyHo. B ogmH nonynepwop
nuTaroLlero HanpsxeHna U~ MarHuTHble NoTokn ®~ n ®, cknaabiBaloTcs B OQHOM CEPAEYHUKE U BbIMATAIOTCS B IPYroM, B
cnegywowun nonynepuopn - HaobopoT, T.e. B 06a nonynepuoga obe paboume oOMOTKM OENCTBYOT Ha pabouyro Lenb
OAVHAKOBO W MOMYBOMHbI pPaboyero Toka CUMMETPUYHbI (YETHBIX FAapPMOHMK HET), 3HauuT opma KpMBOW TOKa MeHee
NCKaXkaeTCsl, YeM B CXeMe C OQHNM CepaeYHMKOM.

PucyHok 2.4.5- MoamduumnposaHHas cxema MarHUTHOrO yCUnuTens ¢ AByMs cepaeyHuKaMmu

MarHUTHbIN ycunutenb C cepae4HUKOM 6pOHeBOFO TMNa.

MoxHO cOnM3nTb CepaeyvHMKM U YyNpaBnsawLy0 0OMOTKY HamaTbiBaTb Tak, YTOObl 0GXBaTbiBanvcb ABa COCEOHUX
ctepxHs. OOMOTKM MEepeMeHHOro TOKa pacnonaratTcs Ha KpavHux cTepxHsax. [pm atom nepemeHnHas J[C,
UHOyuMpyemble B 0OMOTKE yrnpaBrieHUs MarHUTHbIMM NOTOKaMu, co3gaBaeMbiMy paboynmmn obmoTkamu, 6yoyT B3aMMHO
KOMMeHcmpoBaTbcs. BMecTo aByx cepaeyHMKOB MOXHO NPUMEHNTL cepaeydHmkn 6poHesoro Tuna (LU - o6pasHbie).

Paboune obmoTkn W, Ha KpaiHuX CTepxHsax, obmoTka W, ynpaBsnsieT Ha cpeaHem cTepxHe. B cpeaHem crepxHe
NPOMCXOANUT KOMMEHCALMS MEPEMEHHOrO NOTOKa (MepeMeHHbIe MarHUTHbIE NOTOKN) 0OMoTku W 0fMHAKOBbI MO BEMUYUHE
W HanpaeneHbl BCTpevyHO apyr apyry. lNepemeHHble 3AC B ynpaBnswoLieri oOMOTKE WHAOYKTUPOBATbCHA He Oygert.
MpumeHseTca kak yeunuterns 6onbwon MowHocTu (o1 100BT 1 Bbiwe) (pucyHok 2.4.5).

JocTouHcTBO: MNPOCTOTa KOHCTPYKUMNN.

Ycunnutenb ¢ BIXOAOM Ha NOCTOSAHHOM TOKe U napasnnesibHOM BKITHOYEHUEeM Harpysku
Ha pucyHke 2.4.6 (a 1 6) Harpy3ka BKIOYEHa Yepe3 BbINPsIMUTESb - 4EMOAYNSATOP.
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a) Cxema ycunuTens ¢ BbIXOAOM Ha NOCTOSAHHOM 6) Cxema ycunutens ¢ napannenbHbiM BKITIOYEHNEM
TOKe 06MOTOK

PucyHok 2.4.6- CxeMbl ycunurtenem

Ha pucyHke 2.4.6 © nepemeHHas J[C B ynpaBnswLwer OOMOTKE MOJMHOCTBK KOMMEHCUMpYeTCs B CXemax C
napannenbHbIM BKITHOYeHNnemM oOMOTKN. HegocTaTok: NOBbILWEHHAs MHEPLMOHHOCTb.

Harpy3ouHble XxapakTepuUCTUKU MarHUTHbIX YCUUTENen.

Mpu oTcyTcTBUM ynpaBnsioulero curHana, korga ly = 0, UHAYKTMBHOCTL 06MOTKM W, - max, ToK B Harpyske - min. o
mMepe yBenuueHus |y, n3-3a HenMHeMHOCTM XapaKTePUCTUKN HaMarHM4MBaHus, YBenuynBaeTcs HacblleHne cepaedHuka,
npy 3TOM YMeHblUAeTCs MarHWTHas MpPOHMUAeMOoCTb |l~, a crnefoBaTenbHO UM WHAOYKTUBHOCTb L~, 4yTto mpmBOAWUT K
YBENMYEHUIO TOKa HarpysKku.

Ha pucyHke 2.4.7 KpuBble CUMMETPUYHbLI OTHOCUTENBLHO OCU OpAMHAT, T.K. MarHUTHOE COCTOsSiHUE cepAeyHuKa He
3aBUCUT OT HanpasneHus |, noaTomy MY nmeeT xapakTepucTKy BXOA-BbIX0[, T.€. 3aBUCMMOCTb BbIXOAHON BENMUYUHbI |~
oT BXxoAHOW |,. [laHHble yecunuTenu HasbiBalTCA OAHOTAKTHLIMW (HEPEBEPCUBHbLIMW) HENTPANbHbIMU YCUMUTENAMU.
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PucyHok 2.4.7- XapakTtepucTmka MarHMTHOro yeunutens

MarHMTHbIn younuTenb Ha [OBYX CepAevHVKax C Harpyskol BKMOYEHHOW napannenbHo paboyen obmoTtke W,
BenvunHa nepemMeHHOro TOka MNWUTaHWUSA MNOAAEPXKMBAETCH MOCTOSHHOW, NyTeM BKMYeHUs 60Mbloro MOCTOAHHOrO
conpotueneHuns Ry nocnegoeaternsHo ¢ o6moTkon Wy (o6moTtka W, BKIMOYEHa BCTPEYHO).

Mpu otcytcTBuM ynpasnswouero curHana |, = 0 uHAYKTMBHOCTL 06MOTKM W -HambGonbluasl, NnosToMy Harpyska
LIYHTUPYETCS HE3HAYMTENBbHO M TOK MMEeT MakCMMarbHOe 3HayeHne (PUCYHOK 2.4.7).
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PucyHok 2.4.8- 3aBMCMMOCTb pe3ynbTMPYOLLEro TOKa OT YNpaBrsioLero
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PucyHok 2.4.9- 3aBMCMMOCTb UHAYKTMBHOCTM OT yNpasnsoLero Toka

Mo Mepe yBelmM4YeHUA CurHana Ha Bxoge ycunutena UMHAOYKTUBHOCTb 0OMOTKM Wp YMeHbLIaeTCA, a TOK B HUX
BO3pacTaeT, No3TOMY TOK B Harpy3ke ymMeHblUuaeTCA. anMeHﬂeTCﬂ B CXemMaX 3alunTbl N aBTOMATUKN, MUTAEMbIX OT
TpaHccopmaTopa Toka.

MarHuTHbIe MaTepuanbl, npuMmeHsAemMblie AnAa U3rotoBsrieHUsA cepae4YHMKOB MarHMTHbIX ycvmvn'eneﬁ.

Xapaktepuctukn MY onpefenstoTca MarHUTHbIMU CBOMCTBaMM CrsiaBa, KOHCTPYKUMEN U TEXHOMOrMen M3roToBneHus
cepaevHvKa 1 CXeMon.

CBoicTBa cnnasa:

1) BbICOKUI KO3PDPULMEHT NPAMOYTroNbHOCTY (OTHOLLEHME OCTAaTOMHOWN MHAYKUMKU Br K uHaykuun HaceiweHus Bs);

2) manoe 3Ha4veHue nonsi, NpyM KOTOPOM AOCTUraeTCH MHOYKUMSA HaCbILWEHNS;

3) BbICOKOE 3HayYeHne MHOYKUMN HacCbILLEHUS.

MaTtepuana, ogHOBpEMEHHO OTBevarLero Bcem TpeboBaHusAM, He cyuwlecTByeT. Kaxabin maTepnan obnagaet temu
WNy MHBIMW JOCTOMHCTBaMM U HegocTaTkamu. CylecTByeT Tpu rpynnbl Matepuanos Ans cepaedHmkos MY:

1) cnnaebl Xenme3a C KpeMHMEM- 3neKTpoTexHudeckue cTanu. BeinyckaioTcs B Buae IUCTOB WM MEHTHI
(xonogHokaTaHas TekCTypoBaHHasA cTanb). [puMeHeHne TeKCTypOBaHHbIX CTanen cHwkaeT rabapuTbl 1 BeC MOLWHbLIX MY
B 1,5-2 pa3a no cpaBHEHUIO C ropsiyoKkaTaHbiMK cTansaMu. HegoctaTok- 4OPOroBm3Ha;

2) xene3Ho-HVKeneBble Crnnasbl:

a) Huskoe copepxaHue Hukens (40-60%) xapakTepusyeTcs BbICOKMM 3Ha4YeHUeM UHAYKUMW HacblweHus (1,4-1,6) n
npsiMoyronsHon netnein ructepeauca (Kmp =0,95), npumensiotca ans Geictpopeicteytowmx MY w gns MY Ha

OOCTaTOYHO BbBICOKYHO MOLUHOCTb MNpUM  MWHMManbHbIX rabaputax u Bece. HepocrtaTtok: popoxe B 15-20 pas
ANEeKTPOMEXaHNYeCKUX cTaneu;
6) c cogepxaHuem Hukens (75-80%) xapakTepunsyeTcs BbICOKMM M , U HU3KUM 3HAYEHUEM UHAYKLMN HACLILLEHUS.

HepocTtaTtok: 4yBCTBUTENbHbLI K MEXaHUYECKUM BO3OENCTBUSM;

3) okcupaHble cheppomMarHeTvku - okcudeppuTbl N eppuTbl: HEMETaNMYeckue COeaMHEHUST OKCUOOB >enesa,
HUKen4, UMHKa, MapraHua, Mmeam u 1.4.

[ocToMHCcTBa: MOHOMWTHOCTb, MNPOCTOTa U [AelleBuM3Ha W3roTOBMNEHUSA, HEYYBCTBUTENMbHOCTb K MEeXaHW4eCKUM
BO34encTBuAM. HegoctaTku: BbicOKasi YyBCTBUTENBHOCTb K KonebaHnam Temnepartypbl, HA3K1ME MarHUTHbIE CBOMCTBA.

MpumeHsatoTca B MY, paboTalowux Ha BbICOKMX 4YacToTax (HaumHaa ¢ 2-5 k4 B MarHuMTHbIX MoAZynsaATopax u
MarHUTOHACLILLEHHbIX TPUITEPHbIX YCTPONCTBAX).

Tunbl cepaeYHUKOB:

1) ToppouaarnbHble- Ha6v|pa+0Tc;| M3 LWTaMnoBaHHbLIX Komneu W1 B BuUAe cnvpanm wm3 IneHThl. Mo mMarHMTHbIM
CBOWCTBAM, MIOTHOCTU U3rOTOBSIEHUS, SKOHOMUYHOCTM LUTAMMNOBaHHbIE YCTYNnakT NeHTOYHbIM.



PucyHok 2.4.10- Cxema TopponaanbHOro cepaeyHmnka

lMpumeHsieTca B BbICOKOYYBCTBUTENbHBIX MY, BO BXOAHbIX Kackagax MHOrOKacKagHbIX YCUMUTENEn u Opyrux
yCTpOMcTBax. WM3roTaBnuBaeTcss B OCHOBHOM W3 Xene3o - HUKENEeBbIX CNraBoB. [ns 3awuTbl OT MEXaHU4ecKoro
BO3[ENCTBUSA CepAeYHMK MOMELLAT B Kapkac, M3roTOBIEHHbI N3 TBEpAbIX NIAacTMacc Unv arpantoMmHns. [ns 3awuThbl
OT TPSICKM M BUOpaunn cepaeyHuKn B kKapkace 3anvBatoT SN1acTUHHON MacCco.

2) O n C - obpasHble cepaedHukm, "O" - obpasHble wnarotaBnuealTcs (pucyHok 2.4.10) nyTem npsAMOYroribHOro
HamaTbliBaHWsi NeHTbl. [psiMOYronbHbIN BUTON NeHTOuYHbIN. O- 06pasHbii cepaevHrK COXPaHaeT CBOWCTBA Toppouaa v
ncnonb3yeTcs A5s MOLUHbBIX YCUNUTEenen.

[OCTOMHCTBO MO CpaBHEHUIO C TOppouAanbHbIMK - OonblUaa Nowaab oxnaxaeHusa. HegoctaTtku: npouecc HaMoOTKU
Manonpon3BoauTENeH, HepauMoOHanbHO NCMOMb3YeTCS OKHO.

Pa3pesHon cepaeyvHuK NO3BONSET NOJIHEE UCMOMNb30BaTh 0OMOTOYHOE OKHO, Nerde nNpou3BOAMTCS HAMOTKA.

HepoctaTtok: Hanmumne ABYX 3a30POB CHKAET MarHUTHbIE CBOWCTBA, MO3TOMY UCNONb3YEeTCst PeaKo.

PucyHok 2.4.11- Cxema O - obpasHoro cepaeyvHuka

3) M un W -o6pa3sHbie cepaeyHmKN NPUMEHSIOTCS B MaCCOBOM NPOM3BOACTBE.

PucyHok 2.4.12- Cxema I n LLI- o6pasHbIx cepaeyHmKoB

BrnusaHve 3asopa Tem cnabee, Yem MeHbLUEe 3a30p M TOMWMHA MaTepuana n Yyem Oonblue LMPUHA CNWHKU U ANvHA
cpegHen cunoson nuHuK. MNMoatomy Ana MY npuMeEHSOTCA C YyMEepPeHHOW CMUHKOW, C KOCbIM CPe3oM U TpaneuMmaansHom
CruHKOW. B HacTosiwee Bpems LWMpoko npumeHsitoTcst 1 - obpasHble nnacTuHbl U3 TEKCTYPOBAHHOrO Martepuana,
Nno3BonsoLLne co30aTb BbICOKOKAYECTBEHHbIE N OKOHOMUYHbIE YCUNUTENN.

4) M- o0Opa3sHble LTamnbl- MHOFOCTEPXXHEBOW MPOCEYKOM, YTO CYLLECTBEHHO yNpoLLaeT cOOpKy 1 NOBbILLAET KA4eCTBO.



PucyHok 2.4.13- Cxema M - o6pasHoro wramna

KOHCTPYKTMBHbIE BapyaHTbl MarHUTHbIX YCUIUTENEN:
1) marHuTHbIE yeunuTenu Ha cepaeyHukax C u I -ob6pasHbix dopm;
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PucyHok 2.4.14- Cxema marHuTHoro ycunutens Ha I - obpasHom cepaeydHmke

2) MarHuTHble ycunutenu Ha LU- obpa3sHbix cepaeyHukax;
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PucyHok 2.4.15- Cxema marHuTHoro ycunutens Ha L - obpasHom cepaeyHmke

3) MarHUTHbIe yCUNUTEnu Ha ABYX TOppOoMaanbHbIX cepaevyHuKax.

PucyHok 2.4.16- CxeMa MarHMTHOro yCUnuTens Ha AByX TOppouaanbHbIX CepaeyHmKax

dusnyeckue NpoLecchbl B MarHUTHbIX YCUITUTENAX C naeanbHOW KPMBOM HaMarHUYMBaHUA cepaeyYHuKa.
M3-3a cnoxHocTu paboTtel peansHoro MY ¢ uenbto obneryeHnss ero aHanmsa UCnorib3yTCH TEOPUN:

a) NMHeapu30BaHHOIO MarHUTHOIO YCUNUTENS;

6) naeanbHOro MarHUTHOIO YCUNUTENS.

O[QHOM U3 OCHOBHbIX XapaKTepUCTUK naearnbHOro MarHUTHOrO YCUNUTENS ABNSETCSA UHEPLMOHHOCTb.



WHepuuoHHocTb MY onpegensieTcs BpeMeHeM 3anasfgblBaHuWd, KOTOpOe paBHO MHTepBarny BpeMEeHUM C MOMEeHTa
nogaym Ha BXo[ YCUNUTEens HanpsbkeHus 4O MOMEeHTa YCTaHOBMBLLErocsl 3Ha4YeHUs Toka B Harpy3ake. lNpouecc cumtaeTca
3aKOHUMBLUEMCS, KOrAa TOK AOCTUIHET 3HadeHus |, ,=0,95l, ., Toraa Bpema 3anasgbisaHus byaet t3 = 3T . MocTosHHas
BpemeHn MY oHO3Ha4YHO CBA3aHa C KOIMPMULIMEHTOM YCUIEHMS MO MOLLIHOCTU, noActasum K, nonyqmm:

_Ke (2.4.2)
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Mpeobpasyem BbipaKeHNe 1 NoNy4nMm:
T, 1
i S (2.4.3)
Ko 4f

BeipaxeHue (2.4.3) nokasbiBaeT, YTO ANt MaeanbHOro MarHUTHOIO YCUNUTENS OTHOLLEHWE NOCTOSHHON BpemMeHn MY k
KO3 PMLNEHTY YCUMEHNST MO MOLLHOCTM 3aBWUCUT TOSbKO OT 4acTOTbl UCTOYHMKA f M He 3aBMCWT OT napamMeTpoB Lenwu
ynpaBneHus un Harpy3ku (npu KMO =1), Hu ot pa3mepoB MY. Yem Oonblie KO3(pPUUMEHT ycuneHus, Tem Oonblue
noctosHHasd BpeMeHn. OTHoweHue koadpduuMeHTa ycuneHuss no MOLUHOCTU, K MOCTOSIHHOW BpemMeHW Ha3biBaeTcs

AOOpPOTHOCTLIO UNu 6bicTpoaencTenem MY:

K
n===, (2.4.4)
TY
Yem Oonblue 4OOPOTHOCTb, TEM MEHbLLE UHEPLIMOHHOCTb.
KP
I =—=4n, (2.4.5)
TY

raoe n- KM pabouen uenyv MarHUTHOro ycunmTens.

MeToabl yMeHbLUEHUA UHEPLUNOHHOCTU MarHUTHOroO yCUNUTens:
1) ymeHbLUEeHMe NOCTOAHHOW BPEMEHU OTAENbHbIX Lenewn;

2) NoBbILLEHWE YacTOTbl UCTOYHMKA MUTAHUS;

3) BBegeHue nonoxutensHon obpatHon ceasm (OC);

4) NnpyMeHeHNe MHOrOKackagHbIX yCcunuTenem;

5) BBEOEHME YCKOPAOLLMX KOHTYPOB.

KoadpuumeHTbl ycuneHnss MarHATHOro yCUnuTens:
1) kKO3 PULMEHT YyCUNEHUS MO TOKY:

I )
K, == (2.4.6)
l, op
2) K03(pPULNEHT YyCUMEHUSI NO HAMNPSIKEHMIO:
U IR R o,R
KuzﬁzuzKY._H:M, (2.4.7)
U, I,R, R, o.R,
3) K03 PULIMEHT YCUIEHUSA MO MOLLHOCTY:
P I U KR ;R
KP:P—H: IH i =K,K, l; H = YRH : (24.8)
Y vUy Y WpRy

(2.4.9)

Yem Gonblue K, Tem Bbilwe kavectso MY ans Huskoro kavectsa matepuana K = o1 25 go 20, BbICOKOro KayecTsa
maTepuana K, >100.



5) BoBpOTHOCTL MK BbICTPOOENCTBUE:

K P
i =—=4fn, (2.4.10)
TY
Yem 6onblue [, Tem 60nblle MHEPLMOHHOCTb.
6) K.N.4. pabouent uenu MY:
RH
n=—, (2.4.11)
Rn

MpadoaHanuTMYeCckMn cnocob NOCTPOEHNE CTAaTUYECKON XapaKTEPUCTUKN MAarHUTHOIO YCUNUTENS.

[na pacyeta ycrnoBHO MPUHUMAEM, YTO TOKU B paboyux Lensix CMHycouaanbHble, a paboue obmoTkm MY nuHeriHble
WHOYKTUBHbIE CONPOTUBMEHNSA. PacyeT BbINOMHAETCA MO CPeaHUM 3Ha4YeHUAM YCNOBHO MPUHATBIX CUHycou C
NCMNONb30BaHMEM CEMENCTBA XapakTepUCTUK OAHOBPEMEHHOIr0 HaMarHWYMBaHWS CEPAEYHUKOB - MNEepPEMEHHbIMU U
NOCTOSAHHBLIMM MOSISAMU U HArpy304HbIM AMFIUMCOM, Harpy304HOW NPSMONA.

PaccMoTprM nocTpoeHMe CTaTUYEeCKOW XapakTepucTUKU NMHeapu3oBaHHoro MY, ¢ Bbixogom Ha paboyel yactoTe,
aKTMBHAs Harpys3ku BKIKYEHa MOCnefoBaTeNbHO C aKTMBHBIM COMPOTUBMEHMEM pabouyen 0OMOTKM, rpadmyeckoe
NOCTPOEHUEe XapaKTEPUCTUKM BXO[ - BbIXO YCUIUTENSA C Harpy3Komn.

B.m

Bc

PucyHok 2.4.17- CtaTudeckas xapakrepucTumka nmHenHoeix MY

Tema Ne2.5
MarHuTHble ycunutrenu ¢ obpaTHOM CBA3bLIO

06pa1'|-|a;| CBAA3b B HEpPEeBEPCUBHbLIX MAarHUTHbIX ycunutensax

[nsa noBbiweHMs KoaddurumeHTa yeuneHusa MY u nx 6bICTpoaEeNCTBMS MOXHO BBOOUTL MOMOXMUTENBHYK 00paTHYyo
cBsasb (MOC) B MY. ObpaTtHasa cBA3b MOXET ObiTb BHELLIHEN U BHYTpeHHeN. BHewHsa OC MOXeT BbIMOMHATCA Kak no
TOKY, TaK U MO HaMNPsPKEHUIO.

BHewHas OC BbinonHsaeTcs ¢ NnoOMOLL b cneu,maanoﬁ 06MOTKI/I, KOTOpaA HaknaabiBaeTCcA Ha cepae4vYHUKN TakKunM xe
0o6pa3oM, kak OOMOTKM ynpaBrneHus.

BHyTpeHHilil OC BbINonHAETCS nyTemMm BKIMHOYeHUA ogHononynepuoaHbIX Bbll'lpﬂMI/ITeJ'IeVI nocnegoBaTeryibHO C
pabounmu oGMoTKamu.




1 MarHuTHble ycunuTenu ¢ BHeLWHen obpaTHON CBA3bI0

PucyHok 2.5.1- Cxema MarHUTHOro yCUnNuTerns ¢ BHeLHen obpaTHOW CBA3bIO MO TOKY

Ha pucyHke 2.5.1 Tok Harpysku nocTtynaet 8 06motkn OC - W, . coeanHeHHble aHanornyHo obmoTtkam ynpasneHus W,
Tok |, B obmoTkax W, co3gaeTcsa AOMONHUTENbHbLIA MarHMTHbIM noTtok OC, HanpaBneHuMe KOTOPOro MOCTOSIHHO U
onpeaenaeTca NnonapHOCTLIO NoakmodeHus oomoTtok OC k BeinpamuTento. Ecnn notokun ®, . 1 @, cknageisatoTcs, To OC
CcuYMTaeTCs NONMOXUTENnbHOW. Ecnn noTtokn OewncTByloT HaBCTpedy Apyr Apyry, To MY umeeT oTpuuatenbHylo obpaTHyo
cBsa3b (OOC) (pucyHok 2.5.2).

Mepexop ot MOC k OOC B MY ocylecTBnseTcs Npu 3MEHeHnn NonspHOCTY ynpasnsowero curdana U,. Harpyska
NMOCTOSIHHOIO Toka R, BkntouyeHa nocneposatensHo ¢ oomoTkamm OC W,.. Harpyska nepemeHHOro Toka Z,, BKMo4yaeTcs
00 BbINPAMUTENS, T.€. BbINPAMUTEND CNYXUT ansa ocywecteneHns OC. VIHorga npu Harpy3ke Ha NOCTOSIHHOM TOKe Arnis
nonyyeHnss OC MCNONb3yOTCA OTAENbHbIA BbINPSIMATENb, YTO MOBLIWAET CTAabOMMBLHOCTE Xapaktepuctuku MY, T.k.
cosgatoTcsa obnerdyeHHble ycnosus pabotsl MY.

PucyHok 2.5.2- CxeMa MarHMTHOro yCcunuTens ¢ BHeWwHen obpaTHOM CBA3bI0 NO HaMNpPsXKeHWo

PaccmoTpeHHasa cxema MarHMTHOrO ycunuTens ¢ obpaTHOM CBSI3bI MO HAMPSHKEHUIO, NMPUMEHSIETCS B MOLLHbIX MY,
Korga BenuKk |, mpu aTOM CHWXarTcs pa3mepsl BbinpamuTens OC.
BenuuuHa |, B Harpyske MY 3aBUCUT OT BeNUYMHbI HaNpsbKeHHOCTU noamarHuymsatowero nonsa H. B ngeansHom MY ¢

OC no TOKy ypaBHEHUs cTaTudeckoit xapaktepuctukun onpefensietcs kak H~=H, rpe H=H, +Y.-

Hanps>KeHHOCTb MOCTOSAHHOrO MarHUTHOrO MOfs, KOTOPOe MOMMMO ynpaBngaLLen o6MoTku ewe n odomoTtkon OC. 3Hak "+"
-MNOC, 3Hak"-" - OO0C.

H=KgH~p; Koe =——=—2=, (2.5.1)

KoadbdumumeHt OC npenctaBnsetr cobow OTHOLLEHME MOCTOSIHHOW cocTaBnsLwen HanpskeHHocTn OC Kk cpenHemy
3HAYEHUI0 HanNpPsHKEHHOCTM nepeMeHHoro nond. Yem Gonbwe K., Tem cunbHee OC. lNocne npeobpasoBaHus NOnyyYnm
YpaBHEHME CTaTUYECKON XapakTepuctukm ngeansHoro MY ¢ OC:



Hy

He~,—— Y _ 252
@~ @K, (252

3Hak "-" - T10C, "+"— OOC. U3 BbipaxeHus (2.5.2) Haxogum koacpduumeHTobl yeuneHus ¢ OC.

MapameTpbl pearnbHbIX MarHUTHbIX ycunutenei ¢ OC:

1, my/m},

Kioc=—7""=7—7"7"7"", (2.5.3)
y 1tK,.
Kvoc :KYR_H:—KU , (2.5.4)
R, 1+K,.
Kpoc = KI* R_H = —KP , (2.5.5)
R, 1K,

rae Kl, KU, Kp - KoathdurumeHTbl yecnneHms MarHATHOro yeunutens 6e3 o6paTHoM cBA3U.
MocTosiHHas BpemeHu B MY ¢ OC:

T
Tyoe =—t—, (2.5.6)
1+ Koo
Ho6poTtHocTb MY ¢ OC:
A
Hoc =7—"—"—, (2.5.7)
1+ Koo

B MY ¢ OC NOC cnocobcTByeT ycuneHno Toka 1 Hanpsxkerus B (1-K,.) pas, a mowHoctn (1-K,.) pas.

Mpn Ko =1 TIOC yBenuumBaeT KOIMPULMEHT YCUNEHWS, MPU KAeanbHbIX CEpPAEYHUKAX W BEHTUNAX - [0
GEeCKOHEYHOCTH, NPUYEeM CUMbHO pacTeT KO3IMMULIMEHT ycuneHus no mowHoctu. Ecnu Ko.>1 (B cnyyae, korga W >W ),
TO yCuUnuTenb NepexoamuT B peneriHbiin pexuMm paboTel, npyu KOTOpoM |, M3MeHsieTcs ckaykoobpasHo, aHanormyHo

CKaykoobpa3HOMY M3MEHEHUIO TOKa B Lienn KOHTakToB npu cpabaTbiBaHumu pene. B TakoM pexume MY ucnonbayeTcs kak
OECKOHTAaKTHOE MarHUTHOE pere.

Cnocobbl perynupoBaHus koadgurumreHTa obpaTHON CBA3MW.

KoadhdumumneHt OC onpenensieTcsi COOTHOLLIEHMEM:

W,
K, . =2 258
oc =T ( )

T.e. nogbupaetca uameHeHvem ButkoB OC W,.. Ha npaktuke gna ymeHbleHusa K,. obmotky OC BbINOMHSOT C
oTBOAaMMW. [Ans nnaBHOro mameHeHus Ko MCMonb3yetcs perynnpoBOYHOE COMpoTUBIIEHWE Ryer, KOTOpble BKMHOYAOTCA
napannensHo W,. ana cnyvasa MY ¢ OC no Toky un nocnegosarensHo npu OC no HanpspkeHuto. Mpu OC no Toky Rpe:
nogknto4vatoT He no Bcen obmoTke W, a TONbKO K ee 4acTu, cocTaenstowen npumepHo 10-20% ot Bcent 06MoTkn W,

T.K. PV WYHTMPOBAHUN BCEN OOMOTKM B3pacTaeT UHEPLIMOHHOCTL MY.

Wyl W ¢ E T
E
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PucyHok 2.5.3- Cxema perynupoBaHus obpaTHON CBA3N



PucyHok 2.5.4- CTatnyeckas xapakTepucTuka ycunurens ¢ obpaTtHOM CBA3bHO

CwmelLeHne B HepeBepPCUBHbIX MY.

OpHoTakTHble MY o6nagatoT ABYMS CYLLECTBEHHbIMU HegocTaTkaMu:

1) oTCcyTCTBME peakumm Ha NONSIPHOCTb YCUNIMBAEMOrO CUrHana;

2) Hann4yne 6oMnbLLOr0 TOKa XOMNOCTOro XoA4a, OrpaHNYMBaIOLLErO BENUYMHY KPAaTHOCTU B Harpyske:

I
K = MAX (2.5.9)

PucyHok 2.5.5- CxeMa OgHOTaKTHOrO YCUNUTENS CO CMELLEHNEM

NmetoTca ase nogmarHuymsatowme obmotkn Wy n W, kK o6moTke W, NPUNOXEHO NOCTOAHHOE MO BEMYMHE N 3HaKy
HanpsixeHue U, a k HamoTke W, - U, (pucyHok 2.5.5). MNpwn oTcyTCTBUM curHana Ha Bxofe TOK B Harpyske paBeH He |y, a

TOKY Il’ onpeaendeMomMmy HanpAXeHHOCTbH NoNA CMeLleHnsA.



Mpu nopgave curHana Ha BXxon TOK B Harpyske GyaeT onpenensitbCs CYMMOW UMW PasHOCTbH HanpsiKeHHOCTU Moren,
cosgaBaeMblx oboumn obmotkamn H=H, +H,, T.e. 6yger ysenmuuBatb unu ymenbwatb |,, a sHauut MY
pearnpyeT Ha NonsipHOCTb.

Iu

Koc=0
0.9

Koc=0.98 Imo(zxy Iy

1

PucyHok 2.5.6- PearnbHble xapakTepucTuku ycunutens

C yBenuueHveM K (pucyHok 2.5.6) xapakTepuCTWKM NepemMeLlarTcs BMeBO napannensHo ocu abcuucc. Tok B uen
Harpysku npu curHane ysenuuuBaeTcs ¢ pocTom K. (B Toukax 1,2,3) oT 3Ha4eHus |y, T.e. npu Hanuumm OC TOK Harpysku
npoxoas no oo6motkam OC co3gaeTt JONOMNHUTENbHOE NogMarHMynBaHue, cMmellas xapakrepuctuky MY. [Inga toro, 4tobbl

nonyunts |, = IHO(X.X) npu |y, =08 MY c MOC npumeHsoT cneumnanbHylo 06MOTKy cMelleHnst We, Unm o6MoTKy

Ha4anbHoro noAmMarHMunBaHusa. HanpskeHHOCTb nons, co3aaBaemast 3To 06MOTKOW AoMKHa GblTb paBHa No BenuuuHe
HanpshxeHHOCTM, cosaaBaemoit 06MoTkoit OC W, pU NPOXOoXAeHUM Mo Helt Toka | Ho(x.x) ¥ 0BpaTHas no HanpaBneHuio.

Torga obmoTka ByaeT MOMHOCTbI0O KOMMEHCMPOBAaTb MOAMAarHuyMBarollee AencTteme co cTtopoHbl OC npu |y =0. Ky

peanbHoro MY paBHo 0,96-0,98, nHorga npu HeOOMbLIMX BbICOKOKAYECTBEHHbIX CEPAEYHWKOB W YCUNUTENEN npwu
HebonbLnx konedaHuax Temnepatypbl K,.=0,98-0,99.

2 HepeBepCUBHbI€ MarHUTHbIE YCUITUTENU C BHYTPEeHHe o6paTHOW CBA3bLI0
MHaykTmBHOCTL L, B Lilenun ynpaBnsatoLwen o6MoTKN (PUCYHOK 2.5.7) cnyXuT Ansa orpaHn4YeHns Toka, HaBoAUMMOrO U3
Yy y Yl Yy y

pabouen uenu. bnaropaps guogy O no paboyenn 0OMOTKE NPOXOAUT OAHOMONYNEPUOLHbIN BbIMPSAMUTENbHBIN TOK,
NMOCTOsIHHAsA COCTaBNAKLLAA KOTOPOro CO34aeT B CEpAEYHUKE MarHUTHOE nose, NponopumnoHansHoe ToKy |, B Harpyske.
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PucyHok 2.5.7- Cxema ycunutens ¢ BHyTpeHHel obpaTHOW CBS3bI0

BosHukaeT adpcpexT, aHanornuHbin aenctemio obmoTtkn OC ¢ BHewHen OC, noaToMy AaHHyO cxemy HasbiBawoT MY ¢
BHyTpeHHen OC munu MY ¢ camonogmarHnymBaHmeM munm camoHachbiweHnem. Koadgpdpuument OC:



Koe = =1 (2.5.10)

Mpuuem paboyas obmoTka W, BbINONHAET OAHOBPEMEHHO U (hyHKLMI0 06MOTKM OC.

PaccMoTpuM cxemy ¢ BbIXOAOM Ha NepeMeHHOM TOKe.

Bes anopos 1 1 [12 310 06bI4HbLIN MY ¢ napannenbHbiM coeanHeHnem pabounx obmotok Wy W, 6e3 OC (pucyHok
2.5.8).

+

Uyo

PucyHok 2.5.8- Cxema ycunurtens ¢ BHyTpeHHeln 06paTHONM CBA3bI0 Ha ABYX CEpAEeYHUKaX

B cxeme MY ¢ BbIXOOOM Ha MOCTOSIHHOM TOKE Ha BbIXO4E OCYLLECTBMNSAETCHA AETEKTUPOBAHWE U MONyYaeM Harpysky,
BKITHOUEHHYI0 Ha NOCTOSIHHOM Toke. Cxema npocTtasi, nonyyuna 6onbLuoe pacnpocTpaHeHue (pUcyHok 2.5.9).

o
nf Bl 3n

2

+U_F a

PucyHok 2.5.9- Cxema ycunutens ¢ BHyTPeHHer 0bpaTHOW CBA3bIO U BbIXO4OM Ha
NMOCTOSIHHOM TOKe

Cnoco6bbl nameHeHus koadpduumneHta OC B ycunutensix ¢ BHyTpeHHen OC.
Pa6ouasi o6MoTka pasbuBaeTcs Ha yacTn. OC ocyliecTBnsieTcs He Ha Bceii paboueit oomotke Wy, + W, ,a Tonbko
W1 (pucyHok 2.5.10).
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PucyHok 2.5.10- Cxema ycunurtens ¢ BHyTpeHHen obpaTHON CBA3bIO

W, W,
Ko =—X= n_ (2.5.11)
W W, +Wo,

3Hak "+" - npu cornacHom coeauHeHun paboumx o6mMoToK Wy 1 Wpy (Koe<1), 1 - MPU BCTPEYHOM BKIHOYEHUMU
pabounx 06mMoToK (K,c>1). [na nnasHom perynmposku Ko, BLINPAMUTENN LLYHTUPYIOT NEPEMEHHBLIM CONPOTUBMNEHNEM R

Ecrm R, =1, 10 Ko =1, ecru xe R,,p =0, 10 K. =0, T.e. B peanbHbix cxemax Ko, Haxoautcst B npeaenax
0<Koo<1.

PaGoune o6MoTkm Wp2 coefHeHbl MocrnefoBaTeNlbHO, NPU 3TOM MO HUM MPOXOAUT MOMHBbIA TOK Harpy3ku (PUCYHOK
2.5.11).

i

¥

PucyHok 2.5.11- Cxema ycunurtens ¢ BHyTpeHHen obpaTHON CBA3bIO

WPl

— (2.5.12)
WPl + 2WP2

Koc:

CpaBHeHue cBoncTs MY ¢ BHyTpeHHen u BHewHen OC:

1) BUA cTaTM4eCcKon XapaKTepuCTUKN aHanormyeH;

2) koapPuUMeHTbI yeuneHms 6nmsku;

3) AVHaMMYeCcKne xapakTepucTuku 6nusku, ecrniv 4ymcno BUTKOB pabounx obmoTok MY ¢ BHyTpeHHen OC B 2 pasa
GonbLue Yncna BUTKOB paboumx oomotok MY ¢ BHewwHeln OC npy npoYmx paBHbIX YCIOBUSIX.



4) notepu B pabouent uenn MY c BHyTpeHHern OC meHbLUe, Yyem B pabouen uenu MY c BHewHen OC, T.k. B pabouen
uenn MY c BHewHen OC Bce BpeMsl BKITHOUYEHbI aKTUBHbIE COMPOTUBIEHUS oboux paboumx obmoTok n obmotok OC, a B
paBHoUeHHOM MY ¢ BHyTpeHHen OC B kaxabli Nonynepuos MMeT MeCTO NOTepU TOMbKO B OCHOBHOW paboyen obmMoTke

c uncrnom ButkoB W, + W ;

5) MY ¢ BHyTpeHHen OC umeet Gonbwmn KMNA | n = & n gobpoTtHocTb [, yem MY ¢ BHewHen OC;
N

6) Npu OAMHAKOBLIX pa3mepax cepaeyvHukoB MY c BHyTpeHHen OC umeeT MakCMManbHYH BbIXOLHYH MOLLHOCTb
npumepHo Ha 40%, yem y MY ¢ BHewHen OC. bnarogapst atomy npeumyiiectsy MY ¢ BHyTpeHHern OC Hawwnm wmpokoe
NPUMEHEHNE B MOLUHbIX YCUITUTENSX;

7) cxembl MY ¢ BHyTpeHHen OC npolue, T.K. TpebyloT MeHbLUIEero Konmyectsa BeHTunen, yem cxemosl MY ¢ BHewHe OC;

8) cxembl MY ¢ BHewHen OC obnagatT Gonbluer cTabunbHOCTLIO, MO3TOMY HaxXoOAT NMPUMEHEHUE B MANOMOLLHbIX
yeunutenax. Hanpumep, B ycunuTensx, UCMNOMb3yeMbIX B BbIYUCAWUTENbHOW U U3MEPUTENbHOW TEXHUKE, B KOTOPbIX
BNUSIIOLLMM chakTopoM sBnsieTcs cTabunbHOCThL paboTel, a He rabaputel 1 KM,

9) MY c BHewHenn OC obnagaoT Gonblien rmbKOCTbI0 B MOCTPOEHMU CXEM, OHWM MO3BOJISIOT MPOLLE OCYLLECTBMSATb
perynmpoBky Kqc.

Tema 2.6
PeBepCMBHbIe MHOINoKaCKagHble U 6bICTpO,qu7ICTByI-OLI.|,I/Ie MarHUTHbIE

ycunurtenu

1 PeBepCUBHbIE MarHUTHbIE YCUNUTENN

Otnnune peBepCUBHbIX MY B TOM, 4TO npu nameHeHnn nNoNnApHOCTN ycunmBaemoro curHana naMeHaeTcd nondapHOCTb
BbIXOOHOIo HaMpsAXeHn4.

PucyHok 2.6.1 - CTaTtnyeckasi xapakTepucTka peBepCUMBHOIO YCUNUTENS

PeBepcuBHbIi MY MOXHO NOMy4uTb, €CNU COEAVMHUTH [OBa OLMHAKOBbIX HepeBepcuBHbIX MY Tak, 4TOObI OHU
OencTBOBanM BCTPEYHO Ha O6LLyt0 HarpysKy oT ogHoro obuiero ynpasnsiiolero curHana. PesepcusHbie MY moryT 6biTb C
BbIXOZI0M MEPEMEHHOIO MIM NOCTOAHHOIO TOKa, C 0OpaTHLIMY CBA3AMU UK Be3 HUX.

PeBepcuBHbie MY MMEKT NyYLLYHO NIMHENHOCTb U CTabWMMbHOCTb XapaKTepUCTUK, YeM HEPEBEPCUBHbIE, T.K. CXema y
Hero siBnsaeTcst 6anaHcHON.

PaccmoTpum HekoTopble cxeMbl peBepcuBHbIX MY c BbIxogom nepemeHHoro Toka 6e3 OC, cobpaHHble u3 AByX
HepeBepcuBHbIX MY Ha AByX cepaeyHuKax.

1) OudhcbepeHumnansHas cxema peBepCUBHOIO MarHUTHOMO ycunutens 6e3 o6paTHoOW CBA3MU.

Paboune 0OMOTKM [OBYX OAMHAKOBbIX HepeBepcuBHbix MY, MY1 u MY2 npu nomowwm pauddepeHumransHoro
TpaHcdopmaTopa T, 06pasytoT auddepeHLmnanbHyo cxemy NUTaHna Harpysku Z, (B ka4ecTse KOTOPOW MOXeT BblTb 0AHa
13 06MOTOK ABYX(Ha3HOro aCUHXPOHHOIO ABuratens) (PUCyHok 2.6.2.).

Mpun otcytcTBUK BXOAHOro curHana (ly =0) Toku I 1 |, paBHbI NO BENUYMHE N ONpPeaenalTcs BeNNYMHON CMeLLeHns
(HayanbHOE nogMarHuyeBaroLlee Mone CEepAEeYHUKOB CO3[4aeTCsl TOKamMu CMeLLeHusl, npoTekawwumm B 0OMOTKe
CMELLEHNA W,). PerynmpoBouHblii pesunctop Rpe cnyxuT ans 6anaHcupoBKM (YCTaHOBKM HyMs) ycunutens npu
OTCYTCTBUM CUTHanNa Ha BxoAe, T.K. U3-3a HE WOEHTUYHOCTU HEPEBEPCUBHBIX YCUMUTENEN Yepes3 Harpysky npoxoauT TOK
HebanaHca (1,=0).

ConpotuneHus R1’ n R1" nocTosiHHbIe M OOCTAaTOYHO Gonbluve MO BENVYUHE, YBENUYMBAET COMPOTMBIIEHME Lenu
CMeLLEeHUs ANng YMEHbLUIEHUSI UHEPLIMOHHOCTH.

Tok |y noctynaet B 06MOTKY Wy U cO34aeT MarHUTHOE norne, cosnagaroliee No HanpasneHUo ¢ NofiemM CMeLLeHns B
O[IHOM MNape CepAeYHMKOB 1 MMeloLLee NPOTUBOMNOMNOXHOE HanpasneHue B Apyron nape, T.K. OBMOTKM Wy U W, B OOHOM
MY coeavHeHbl cornacHo, a B ApYyroMm BCTPEYHO.
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PucyHok 2.6.2 - ludbdpepeHumanbHasi cxema peBepCcuMBHOro ycunurens 6e3 obpaTHom CBs3M

MNpu nogaye curHana |y, Toku |4 1 |, UMEIOT pasHble HanpaBneHus: Npu O4HON NoNApHOCTU |, Bo3pacTaerT |y, T.K. B 3TOM
nape cepaeyHMKoB WHOYKTUBHOCTb YMeHblUaeTCcs, U yMeHbllaeTca |, n3-3a yBenuueHus uHAyKTuBHoOCTU. [pu gpyron
MOMAPHOCTHU |, MNeYN YCUNUTENA MEHAIOTCH POMNAMM.
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PucyHok 2.6.3 - CtaTtnyeckasi xapakTepucTka peBepCMBHOIO MarHUTHOIO YCUNUTENs

B Harpyske pasHocTu gByx TokoB |, = l4-l,, dasa |, ymeHblaetca Ha 180 rpagycoB npuv yMeHbLUEHUN MOMASPHOCTH
curHana.

Mpw Toke |, =0, 14=l,. PaccmoTpeHHbIN MY nMmeeT peBEepPCUBHYIO XapaKTEPUCTUKY.

Ha pucyHke 2.6.3 nonydeHa cratuyeckas xapakrepuctuka MY I1=f(l,), nytem cymmmpoBaHusa opavHaT KpUBbIX TOKOB |4 1
l,. 3Ta cumMmmeTpuYHas KpyBasi NMPOXOAMUT Yepe3 Hayano KoopauHar.

2. TpaHcopMaTOpPHbIA MarHUTHbLIN YCUNUTENb.

Cxema cocTtouT (pucyHOK 2.6.4) n3 AByx HepeBepCuBHbIX TpaHcgopmaTopHbix MY, nmeet veTbipe cepaeyvHuka, 6es
OC. [se napbl nepsuYHbIX pabounx 0BMOTOK W1 COeAMHEHbI NOCNeAoBaTENbHO U NOAKMIOYATCA K UCTOYHUKY NUTaHKS.
Harpyska nogkniovaeTcs K 3axumMamM BCTPEUHO BKMIOYEHHbIX BTOPUYHBLIX paboumx 06MOTOK Wy,
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PucyHok 2.6.4 - CxeMa TpaHchopMaToOpHOro yecunurens

UnMTaH.=U1’+U2”: (261)
UHarp.=KT(U1"U2”): (262)
KT=Wp2/Wp1, (263)

roe K; - koadduumeHT TpaHchopmaymm.

lMpun oTcyTCTBMK yNpaBnsoLWero curHana Ha exone MY WHOYKTMBHbLIE CONPOTUBMEHUS BCEX NEPBUYHLIX OBMOTOK Wy -
O[VHAKOBbI, MO3TOMY NEPEMEHHOE HanpshKeHWe MUTaAHUS PaBHOMEPHO pacnpefensieTcs mMexay 3TuMuM obmoTkamu, T.e.
Uy =U, = U/2, npu aTom HanpsbkeHue Ha Bbixoae MY U,qmp =0.

Mpn nogadve curHana yBenuuMBaeTCs NOAMarHW4eBarwollee nore B OAHOW MNape CepaeyYHUKOB W yMeHbluaeTcsl B
Apyron, T.K. none, cosnaHHoe o6MOTKON W, B O[HOW Nape Cepae4YHUKOB COBMafaeT ¢ rnonem obMoTKM W,, a B APYrou
nape HanpskeHne BCTPEYHO.

Mpn 3TOM MHAOYKTMBHOCTbL OA4HOMW Napbl ogHoro MY napgaet, a Apyron - NoBbIWAETCS, U,-ymeHbLluaetcs, Uq-
yBenuumeaeTtcd. B pesynbrate HanpsixeHne NUTaHus nepepacnpenensaeTcss Mexay nepBuYHbIMY 06MOTKaMu 1 B Harpyske
- nosiBnsieTcsa HanpskeHuwe. [pu M3MEHeHWW NOMSPHOCTU YNpaBnAlLWeEro curHana dasa BbIXO4HOrO HanpsXeHus
nameHsietcs Ha 180 rpagycos.

CtaTu4yeckas xapakrtepucTtuka TpaHcdopmaTtopHoro MY nogobHa xapaktepuctuke guddepeHumansHoro MY.

TpaHcdopmaTopHble MY npu COOTBETCTBYKOLLIEM MOAOOpPE uYMcrna BUTKOB BTOPUYHOW OOMOTKM Oat0T BO3MOXHOCTb
nony4nTb NMoObIe HAMPSXKEHNUST HA HArpy3ke, HE3aBUCUMO OT HanNpPSXXeHUsS1 UCTOYHMKA MUTaHUS.

Ha pucyHke 2.6.5. paboume o0OMOTKM coOefuHEHbl MO MOCTOBOW cxeme. [lpu OTCYyTCTBMM BXOLHOrO CuUrHana
VHOYKTUBHbIE COMPOTMBIEHNA BCeX pabounmx Oo6MOTOK W, OAMHAKOBbI M MOCT ypaBHOBELLEH, T.€. TOK B LN Harpysku
paBeH Hynt. [Npu Nogaye ynpaBnsilOLWEro curHana cxema paboTaeT kak paccMOTpeHHas paHee guddepeHumnansHas,
cTaTnyeckas XxapakTepucTuka Takas xe.
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PucyHok 2.6.5 - MocToBas cxemMa peBepCUBHOrO MarHUTHOrO yCunuTens



CpaBHuTenbHble AaHHbIE AnddepeHLnansHoOm, TpPaHCHOPMATOPHOM U MOCTOBOW CXEM.

1) MocToBas cxema- Haubornee npoctasi U ob6rnagaeT MeHbLUMMN NOTEPAMM B 06MOTKax. OfHAKO NPUMEHSATCS TONbKO
B CNny4ae, ecrv MakCcMMarnbHOe HanpsXXeHne Ha Harpyske He npeBbllaeT 65-75% HanpsxeHns UCTOYHMKA MUTaHKS.

2) TpaHcchopMaTopHas cxema NPUMEHSIETCS, KOrda MakCUMaribHOe HanpsbKeHWe Ha Harpyske OOIMKHO ObiTb Gornblue
UM HAMHOTO MEHbLLE HaNPsPKeHUS UCTOYHUKA NMUTAHUS.

3) AnddhepeHumanbHas cxema Haluna LWMpoKoe NPUMEHEHMe, T.K. MO3BONSAET 3Ha4UMTENbLHO npotue BeoamTb MOC.

4) MakcmanbHas BbIXOAHAs MOLLHOCTb Y peBepcuBHOro MY, BOBoe MeHbLUe, YeM Yy HepeBepcuBHoro MY.

5) PeBepcuBHbIN ycunutens, umes BOBoe OonbluvMe pa3mepbl, OTAAEeT B ABa pal3a MEHbLUYI0 MOLHOCTb. [[abapuTbl u
BEC PEBEPCUBHOIO YCUNUTENsS MNPU OOUHAKOBOW BbIXOOHOW MOLLHOCTM B 4YeTblpe pas3a 6onblle HepeBEepPCUMBHOMO
MarHUTHOro ycunutens.

6) KoacbduumneHT ycuneHuss no MOLLHOCTU, MOCTOSHHblE BpeMEHW, OOOPOTHOCTb OAMHAKOBbI Yy PEBEPCUMBHOMO WU
HepeBepcusHoro MY.

OuddepeHumnanbHble 1 MOCTOBbIE CXEMbl MOXHO MOSMYYUTb NPU MOMOLLN peBepcuBHbIX MY ¢ BbIXO4OM nepeMeHHOro
ToKa ¢ obpaTHOM cBA3bI. [pMMeEHAITCA OHM ANs ynpaBneHus AByxXdasHbIMU aCUHXPOHHLIMY ABUrATENSAMM.

MarHuTHbIA ycunuTtenb, paboTarlmii Ha BXo SMNEKTPOHHOIO YCUNUTENs, YCUNMBAET HE MOLLHOCTb, @ HanpsbkeHue u
HOCUT Ha3BaHWe - MarHUTHOMO YCUMNNTENS HaNpPsXXeHUs.

B kavyectBe MY HanpsikeHUs Ucnonb3yloTcs ABYXTakTHble MY ¢ BbIXO4OM Ha nepeMeHHOM Toke: audydepeHumnansHbole,
TpaHcdopMaTopHbIEe, MOCTOBbIE.

UyBCTBUTEMNBHOCTbL TPAHCHOPMATOPHOM CXeMbl B TPU pa3a MeHbLUe, YeM B MOCTOBOMW U AnddepeHLmanbHbIX cxemax
U MPUMEHSAETCH NPU BXOOHbIX CUrHanax MoLHOCTb He Hke 10 10-7-10 10-8 BT (pucyHok 2.6.6).

OudbdepeHumnanbHag n MOCToBasd CXeMbl UCMOMNb3YOTCA NPU MeHee MOLLHbIX BXOAHbIX curHanax 1010-13-1010-14 Br,
npyv 3TOM A58 NOBbIWEHUS Ko duLneHTa yCUneHnsa Ha Bxoae BKNo4aeTcHd NoBblwaloWwmin TpaHcdopmaTtop.

e LR U

PucyHok 2.6.6 - CxeMa peBepCc1BHOro ycunutensi ¢ o6paTtHON CBA3bIO

[OCTOMHCTBO: nerko nonyuntb Gonblon KO3MUUNEHT ycuneHusa (yBenuyeHvem 4mcna BUTKOB pabouven obMOoTKM)
(cm. pucyHok 2.6.6).

HepocTaTtok: TexHonormyeckme TpyAHOCTU M3roTOBMNEHUS, HeCTabunbHOCTb Hyns 6onblue, Yem B auddepeHumnansHomn
1 MOCTOBOW CXxeMax, T.K. U3-3a OONnbLIOro YMcra BUTKOB 3HAYMTENbHEE YTEUYKM 1 MapasuTHbIe EMKOCTMU.

2 MHorokackagHble MarHUTHbIE YCUNUTENU

OCHOBHbIE MOHATUSI U CXEMA MHOrOKackaHOro ycunurens.

KackagHbiM HasblBaeTcs - nocrnefoBaTensHoe coefuHeHne ycunutenen. OtaensHble MY HasbIBalTCs - KackagaMmu.
Mpn aTOM HanpspkeHWe ¢ BbIXxo4a OAHOro Kackaga nogaeTtcs Ha Bxog agpyroro MY.

Obwun KoahPULUMEHT YCMNEHMS MHOrOKacKagHOro YCWNWUTENs paBeH MNPOM3BEAEHMIO KO3IMMULMEHTOB YCUITEHUS
OTAEnNbHbIX KackafgoB, a oblias MOoCTOsAHHAs BPEMEHU paBHA CyMME BCEX MOCTOSHHbIX BPEMEHU BCEX KackadoB
ycunuTens, no3ToMy Npu MHOroOKackagHOM BKMOYEHUU MOXHO 3HAYUTENbHO YBENUYUTb KOIMPMUUMEHT yCUneHusa npwu
CpaBHUTENbHO HEOOMbLLOW MHEPLIMOHHOCTMU.

MHorokackagHble YCUNUTENM MPUMEHSIOTCA B TOM Crlydae, Koraa Hemnb3si Nony4ntb TpebyeMoro ycuneHmsi ¢ noMOLLbHo
O[HOKACKaHOro ycunutenst unu HeoOXOAMMO 3HAYMTENbHO YMEHbLUUTb WMHEPLMOHHOCTb YCUNUTENs npuv 3agaHHOM
KoadbdpuumneHTe ycuneHus. Yucno kackagoB B MarHUTHOM ycunuTene pocturaet natu, wectu. PaccmoTpum cxemy
OBYXKAackagHOro peBEpPCUBHOIO YCUNUTENSI C BbIXOAOM MEPEMEHHOro Toka (pUCyHOK 2.6.7), KoTopas npuMeHsieTcsa Ans
yrnpasneHnss ManoMoLLHbIMY ABYX(ha3HbIMU aCUHXPOHHLIMU ABUraTensiMu.
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PucyHok 2.6.7 - [1ByxkackagHbIi peBEPCUBHbIV YCUNUTENb C BLIXOAOM NEePeMEHHOro Toka

Kackagbl mocTpoeHbl Mo mpuHuuny auddepeHumanbHbix cxeM. OTaenbHble BbIXOAHble BbINPSMUTENW B NEPBOM
Kackaze NpUMEeHSIIoTCA NS NOBbILEHWST CTabMNbHOCTU XapakTepUCTUK yCUnmuTens.

Ha Bxoge nepBoro kackaga BKMAYeHbl Bbinpamutenu By n B, coeguHeHHble NO MOCTOBOW CXEeMe, OHWU
npeaHasHa4vyeHbl Ang NUTaHns ynpaensoLwmx 06MOTOK, KOTOPbIN BbINOIHEH MO MOCTOBOM CXeMe.

Harpyska Z, nepemMeHHOro Toka BKIOMeHa Ha BXxode BTOpOro kackaga. Hanpskenue nutanms U, cHumaeTcs co
crneymnanbHblX TpaHCOPMaTOpHbIX OOMOTOK W;, HaMOTaHHbIX Ha cepaedHuku BTOoporo MY Takum oOpasom, 4To
HaBoaMMble B HUX M3 paboumx obmoTtok SLC cknagbiBatoTcs. HanpspkeHue U, ocTaeTcs nponopumoHanbHbIM NOIHOMY
HaMps>KeHUo NMUTaHUS guaroHany mMocTa, T.e. Us. OTaensHoro TpaHcgopmatopa nutaHus He TpebyeTcs.

MHepunoHHOCTb MHOrokackagHoro MY onpepensieTcd, B OCHOBHOM, WHEPLMOHHOCTbIO NEpBOro Kackaga, noaToMy
KOo3a(pUUMEHT NepBOro kackaga HeoOXOAMMO yMeHbllaTb, a HeoOXOoAMMbIN KO3IMMUUMEHT nonydatb 3a c4yer

nocrneaylwmnx kackagos. VIHEpUMOHHOCTL AByxKackagHoro MY MmeHblue, YeM y ogHOKackagHOro, 0gMHakoBOW MOLLHOCTU
1 C OANHAKOBbLIM KO3 PULMEHTOM YCUMEHUS.

YMeHbLWNTb NHEPLUOHHOCTb MarHUTHOIO YCUNUTENS MOXHO:
1) ecnv nepBbIN Kackag NUTaTb HAMPSXKEHNEM MOBbLILLEHHOW YaCTOThl;
2) ecnv oxBatuTb MY cunsHon OOC.

OxBat cunbHot OOC noBbiwaeT ctabunsHocts MY, Tarke MY Oyaet mMano 3aBUCETb OT U3MEHEHUS HaMNpsDKEHUS,

HYacCTOThbl NUTAHUA U OPYrMx napameTpoB. COXpaHﬂeTCﬂ B LUMPOKUX npepgenax NMHEeNHasa 3aBMCUMOCTb Mexay Tokamu B
Lenun Harpyskm v ynpabsreHua.

B mHorokackagHom MY no CpaBHEHUIO C OAHOKAaCcKaaHbIM MNoBbILLIAEeTCA ﬂ,OGpOTHOCTb, M YMeHbLLlalTCA pa3Mepbl 1 BeC.

n=K,/n,, (2.6.4)
roe [ - A[06POTHOCTL MHOFOKacKkagHOro MarHUTHOMO yCUnMTensi.

Mpn kackagHom coeguHeHun MY KoadhPUUUEHTbI MO MOLHOCTM MNEepeMHOXalTCs, a MOCTOSAHHbIe BpPEMEHM

CKnagblBakOTCA, NMNO3TOMY ﬂ,OGpOTHOCTb MHOrokackagHoro ycumnurtensa Oonblle, YemM OAHOKACKagHOro u BO3pacTaeT C
yBenn4yeHnem 4ncra Kackagos.

3 BbicTpoaencTByOLWMNE MarHUTHbIE YCUNUTENU

MpuHuMn paboThbl NpocTenero 6bICTPOAENCTBYOLLETO YCUIMTENS.

MY c¢ manbim 3anasgbiBaHnem (He 6ornee 0,5 - 1,0 mepuoga 4acTOTbl MUTAKOLWENO HAMPSXEHMS) - Ha3blBAKOTCHA
GbICTPOAENCTBYIOWLMMUN.

BeicTpopenicTeyowme MY MOXHO MNOMy4nTb, UCMONb3ys AMS CEpPAEYHUMKOB Martepuansl C NpsiMOYronbHOW netnen
rmcrtepesunca. Takke Manoe 3anasgbiBaHne MOXHO NonyyYnTb B cxemax MY ¢ BHyTpeHHen OC.

PaccmoTpum npocTtenwunin 6bICTPOAENCTBYIOLLMIA OQHOMNOMYNEPVOAHBIN MarHUTHBIA yeunuTenb (pUCyHok 2.6.8).
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PucyHok 2.6.8 - MarHUTHbIN ycunuTens ¢ BHYTPEHHEN 0b6paTHOM CBA3bI0 HA OAHOM
CepAeyHVKe C aKTUBHOW Harpyskon

CeppeyHuk paboTaeT TOMbKO B TeYEHME OOHOro nomnynepuoda nuTaloLero HanpshkeHus, korga nonspHocte O0C
NMTaHUA COBMaZaloT C NPOBOASALLMM HanpasneHveM [14, 370 paboyunii nonynepuos.

B gyron nonynepuog 4 3anepT oTpuuaTenbHON MNOMYBOMHON HANPSKeHUsS NUTaHUS, NO3TOMY U3MEHEeHUe MarHUTHOro
COCTOSHUA cepheyHMKa NpomcxoauT TOMbKO nof BnusHuem E,. OTo- ynpasnawowmin nonynepuof, ToK Harpysku B Hem
paBeH Hyno.

B pabouem nonynepuoge umeeT MecTo ABa pexuma paboTel MY:

1) paboyas Touka HaxoguTCA Ha BEPTUKANbHOM Y4YaCcTKe XapakKTEPUCTUKM HaMarHWYMBaHWUS, Npyu 3TOM yCUINUTEnNb
3aKpbIT, T.K. UHOYKTMBHOE COMPOTUBIEHME BEMNWNKO U TOK B paboyen Lienu paBeH HyIo.

2) paboyas To4YKka HAXOOUTCS Ha rOPU3OHTANbHOM Y4aCTKE XapaKTEPUCTUKA HaMarHU4MBaHust - yCUNMUTENb OTKPbIT, TOK
onpeaensaeTcs MrHOBEHHbIM 3HaYeHNEM HanpPsKeHUs NMUTaHNSA N akTUBHbLIM COMPOTUBMEHUEM B Lienn HarpysKku.

IH max=Umax/Rna (265)
R=R.+R,+R,, (2.6.6)

roe R, - cymMmMapHoOe akTMBHOE COMpOTUBIIEHME;
R, - conpoTmBneHne Harpysku;

R, - conpoTtusneHve paboyen o6MOTKY;

R; - conpoTmBneHne BeHTUNS;

li max - MAKCUMarbHbIA TOK Harpysku;

Umax - MakcmarnbHO€E HanpspKeHue.

PaccmoTpum uameHeHve ¢opmbl KpuBoW TOT B paboyen uenu ang Tpex 3HavyeHun ¢asbl OTMMPAHUSA YCUITUTENS.
OTnupaHve cepaeyvyHuKa 3aBMCMT OT €ro MarHMTHOTO COCTOSHMS B KOHLE MpeflecTBYoWero ynpasnstowero
nonynepuoga (pucyHok 2.6.9).
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PucyHok 2.6.9 - lNpouecchl B ObICTPOAENCTBYIOLLEM yCUnurene

Yem Oonblue BenuuMHa HayanbHOW wHAykuun B, Tem 6biCTpee MrHOBEHHOE 3HAYeHUEe WHAOYKUMU CTAHOBUTbLCHA
COM3MEPUMbIM C WMHAYKUMEN HacbiweHus B,,.. TOoT MomeHT onpegensdet nepexog MY M3 3aKkpblTOrO COCTOSHMS B
OTKpbITOE, T.€. YeM BonbLue HavanbHOEe 3HayYeHne MHAYKUUKU, Tem Gornblue nnowaib MMMynbca TOKa B HAarpyske, a 3HaumT
1 HanpskeHust Ha Harpy3ke (U, =1,*R,). 3anasgbiBaHne He npeBbIlLaeT nepmoga nutatoLlen YactoTsl npu ly=0.

3aBUCMMOCTb BbIXOAHOIO HAaMpPsKEHUs1 OT YNPaBIisitoLLEro:

a) npu OTCYTCTBMM YMNPaBISIIOLWLEro CUrHana BbIXOOHOE HarnpsbKeHWe MakCUMarnbHO, ANsi YMEeHbLUEHUs Heobxoamm
oTpuuaTenbHbI curHan - Ey. Ota xapakrepuctvka He Bcerga npuemnema pucyHok 2.6.10.

=

a) 6)

PucyHok 2.6.10 - 3aBMCMMOCTb BbIXOAHOIO HAMpPSKEHUS OT YNpaBnsioLLero



6) ana nonyveHus xapakrepuctukn (6) npu E,=0, Ug,,=0. Uy, pacteT ¢ ysenuueHnem curHana. Heobxoammo B cxemy
BKITHOUNTb AOMONMHUTENBHBLIN UCTouHUK OOC, cmelweHne Uy, (ONOpHOE HanpsbkeHue), umetolee Ty e 4actoTy, 4to Uy,
HO cABMHYTL no dase Ha 180 rpagycos.

OnopHoe HanpspkeHue TpaHcdopmaTopa (BTopuyHas 0OMOTKA), BbIMOMHAKLIEE POfb HAaMPSKEHWUS CMELLEHUst U
pasHoe U, =U(w,/w,), B TeueHne ogHoro nonynepuoaa sanupaet avod O1 (unu [12), BKNOYEHHLIN NocnenoBartensHo ¢
0OMOTKOW ynpaBreHus TOro cepaevHuka, B KOTOPOM MMeeT MecTo paboumn nonynepvon, TEM CaMbiM OTKMOYasa Ty
0obmoTky (pycyHok 2.6.10) ogHOBpeMEHHO omnopHoe HanpsbkeHue Uy, oTnvpaeT auod obMOTKM y OpYyroro cepaevHuka,
nogaetcs HanpskeHne Ug-E, nog pevcTsyMem KOTOPOro K KOHLY Ynpasrsiowero nonynepuoga ycTaHasnmBaeTcs
nHOykums By. Yepes kaxabin nonynepnos cepaedHuKA MEHSTCA PonamMu.

PucyHok 2.6.11 - Cxema AByxnonynepuoaHoro 66ICTpOAENCTBYIOWEro MarHUTHOrO YCUIUTENS

Mepsbin nonynepwof - 12 3anept, Tok ynpasneHus Tedet no uenn Ug, — wyq - Iy — Ey - 14 — Ugq. BTOpon nonynepuog -
[ 3anepT, Tok TedeT no uenu Ugy, - Oz —E, - [ — Wy — Ugp.

KoahduUMEHT ycuneHnsa AaHHON CXeMbl Takow Xe, Kak 1 B OAHOMNONYNepuoAHON CXxeme.

CpaBHUTEnbHbIE AaHHbIE BBICTPOAENCTBYHOLLUNX U OOBIYHBIX YCUNUTENEN.

1) YcnneHune no TOKy OOUHaKOBbIE.

2) Manasi BenuumHa 3ailepP>XKu BbI3bIBAET YMEHbLUEHWE YCUMEHUS MO MOLLHOCTU U HAMpPsKEeHWU0, a Takke MoBbILLIEHNE
MOLLHOCTY yNpaBnsoLLero curHana, no3ToMy MeHee NpurogHsl Ans ManoMoLHbix MY.

HocTtouHcTBa:

1) Hannume prKCMPOBaHHONM 3a4EepPXKKW, PABHOM NONOBUHE Nepuoaa NUTAKLLEro HanpshXXeHus;

2) npocToTa, HeBONbLLOE YMCMO ANIEMEHTOB (B OAHOMONYNEPUOAHON CXeme);

3) BO3MOXHOCTb YrpaBreHnsi MOCTOSAHHbIM, NEPEMEHHbIM, OOHOMOMNYNEPUOAHBIM, UMMYbCHLIM HAMNPSXKEHUAMU.

MpumeHeHwue:

B ycTporicTBax aBTOMaTuKK, TeneMexaHuku, BblYUCANTENBHON TEXHUKN ANCKPETHOro AEeNCTBUS.

Tema 2.7
EeCKOHTaKTHbIe MarHnTHbIlEe pene n CTa6I/|J'II/|3aTOpr

1 BeckoHTaKTHbIe MarHuTHbIe pene (BMP)

Ona cospaHns LIBM pene He ucnonb3yloTcst, T. K. MMEKOT Gonbluve rabapuTbl U X KOHTaKTbl HEHaAEXHbl (M3HOC,
OKUCIIEHUE, 3pO3Ms), B HaAcTosdLlee BpeMsi CO30aHbl OECKOHTAKTHbIE 3NeMEeHTbl OMCKPETHOro OEeNCTBUs, 4alle BCero
NPUMEHSAITCA eppOMarHUTHbIE SNIEMEHTDI.

B BMP un3ameHeHue BXOOHOW BENUYMHbLI OCYLLECTBNAETCA HEe pa3pbiBOM, LeNU Kak y 3feKTPOMarHuUTHbIX perne, a
N3MEHEHMEM €€ XapaKTEPUCTUK.

Mpeunmywectea BMP:

1) BbICOKast HAQEXHOCTb M3 - 3@ OTCYTCTBUS KOHTaKTOB;

2) NpaKTUYeCKN HeorpaHUYEHHbIN CPOK CryXObl U3 - 338 OTCYTCTBUS NMOABWKHbLIX YacTew;
3) napameTpbl cpabaTtbiBaHMSA U OTNYCKaHWSI HE 3aBUCSAT OT yAapOB U BMOpauun;

4) npocToTa 3Kcnnyatayuu;

5) HeBonbLlasd MowHOCTL cpabaTeiBaHus (Nopsgka -9... -10 ctenexun) BaTtT.



HepocTtatku:

1) Huzkun KMNpAa - 60... 70 %;

2) Hannuyue OfHOrO BbIXOAA, T. €. BO3MOXHA TOMbKO OAHAa KOMMYTaLUMOHHAas Lenb;

3) HenomnHoe pa3mMbikaHne (HanmMymne XonocToro xoaa);

4) npn yactoTe nuTaHus 50 Ny rabapuTbl 6onbLUe, YEM Y KOHTAKTHbIX pene;

Yem Oornblue YacToTa NuTaHus, TeM MeHbLue rabapuTbl 1 Bpems cpabatbiBaHust BMP.

O6MoTKa obpaTHOM CBA3WM MpegHasHaveHa Angd nonydeHus 6onbwmx Ky, T.e. B Cxeme OEeVCTBYET U BHYTPEHHSS, U
BHELLHAS: 0bpaTHble CBA3N. B KOHCTPYKTMBHOM OTHOLLEHMMN cxema Havbornee pauuoHarnbHa, T.K. YMEHbLUAET YMCO BUTKOB
o6MoTkn OC, 4TO NPMBOAMT K yMeHbLLeHuo rabapuTos, Beca n ctoumoctn BMP (pucyHok 2.7.1).
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PucyHok 2.7.1- Cxema BMP ¢ OC

XapakTepucTtuka ctpoutcsi coBmelueHunem xapakrepuctukn |, =f(l,) nm H— =f(H,) c xapakrepuctukon OC

(pucyHoOK 2.7.2).
Xapaktepuctuka umeet S - obpasHyto popmy. CoctosHne 6, He yCTONYMBOE (HEBO3MOXEH YCTAHOBUBLUUNCS PEXUM
paboThl).
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PucyHok 2.7.2- Xapaktepuctuka bBMP

Xapaktepuctuku BMP

Mpu nosbileHUn |, TOK B Harpyske NnaBHO M3MEHAETCA 00 Touku 6, AanbHeillee yBenuyeHue MPUBOAUT CXeMy K
CKauykooBpasHOMy pexumy, T. . B TOUKY a 4 npasee. [pn ymeHbLIeHU |, TOK Harpyski NnaBHO M3MEHAETCH [0 TOYKM 6 1
CKa4ykoM MafjaeT A0 MUHMMYMA - Todka r. T.e. xapakTepucTtuka npuobpeTaeT penenHbii pexuMm nogobHo pexunmy
NONsipMu30BaHHOIO pene ¢ pasMblKaloLlMM KOHTAakTOM. bonbliee 3HauyeHue |, COOTBETCTBYET 3aMblKaHUIO, @ MEHbLUee
pa3MbiKaHUIO.



PucyHok 2.7.3- Cxema BMP co cmelleHnem

Ha pucyHke 2.7.3 uenb CMeLLeHNs NMTaeTcsa OT CaMOCTOATENbHOMO UCTOYHMKA.

Ha pUCyHKke 2.7.4 uenb cMeLeHns nuTaeTcs BbINMPAMIIE€HHbIM TOKOM OT TOro XXe UCTOYHUKa, YTO U uenb nepemMeHHOoro
TOKa, T.e. cxemMa paGOTaeT C aBTOMAaTU4eCKMM CMeLLEeHNEM.

PucyHok 2.7.4- Cxema BMP ¢ aBToMatnyeckMm cmelleHnemM

OTnm pgocTturaeTcs ctabmnnmsaums Toka cpabaTbiBaHUS.

C nomoLb0 CMELLEHNST MOXHO CMECTUTb XapakKTePWUCTUKY BMPaBO U MOMyYUTb pene C 3aMblKaloWUM KOHTaKTOM
(pncyHok 2.7.5). Ecnu cmectutb netnio Tak, 4Tobbl ee cepedMHa Mpuwnacb Ha OCb OpPAUHAT, TO MOMyYnMm
OByxno3uumoHHele BMP 6e3 npeobnagaHusa. U BMP GygeT paboTate B pexume Tpurrepa (3anomuHaHue). Ha pucyHke
2.7.5 (6) npu ly = 0 umeet mecTo gBa yCTONUMBBLIX COCTOSIHUS.

a)
PucyHok 2.7.5- XapaktepucTtuka pene ¢ npeobnagaHnem



2 beckoHmakmHble heppope3oHaHCHbIe MagHUMHbIe pere

C nomolbto ABneHus oeppopesoHaHca co3aatTca 0eckoHTakTHble pene. OHM umetloT 6onee NPoCTY KOHCTPYKLMIO,
T. K. He nmetoT oomoTtok OC u BeINpsMUTENEN, ABNSATCA bonee HagexXHbIMKU, 0OCOBEHHO Ha BbICLLMX YAaCcTOTax (HECKOJbKO
mMerarepu), Ha KOTOPbIX OHW, B OCHOBHOM, NMPUMEHSIIOTCS.

MpyHUMN OEnCcTBMA OaHHBIX perieé OCHOBaH Ha MCMOMb30BaHMU S - 0B6pasHON XapakTepucTukn heppope3oHaHCHbIX
KOHTYpoB. [lpocTenwmne deppope3oHaHCHbIe perne MOXHO MONy4MTb, €Cnv nocrnegoBaTenbHo ¢ paboyenr obmoTkOM
BKIIIOYNTb €MKOCTb (MMEeT MEeCTO Pe30HaHC HanpshKeHUN (PUCYHOK 2.7.6)) unu BKNOUYUTb NapannensHo 06MOTKe eMKOCTb
(MmeeT MeCcTO pe3oHaHC TOKOB).
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PucyHok 2.7.6- Cxema npocTeniiero heppope3oHaHCHOro pene

3aeuncumocTb U Ha paboyen o6MoTke 1 eMKocTu OT paboyero Toka |, (pucyHok 2.7.7).

PucyHok 2.7.7- XapakTepucTtuka npocTtenLiero pene

U, — U, = U, ecnn nperebpeub aktusHbiMu noTepsimm v npuHste RN = 0. Mpy Hanuuum akTnBHbIX NoTEpb B TOKE

pe3oHaHca HanpskeHue Ha KoHType U, He pasHo 0.
Mpun ysenuuenun U, OT O Tok BHavane sospacTaeT (0A), npu goctwxkeHnn Ug, TOK ckaykoobpasHo BospacTaeT oT |y Ao
I (AE), npu panbHenweM yBenmdeHun Uy TOK onATb MOHOTOHHO Bo3pacTtaeT, ecnum Uy yMeHbluaeTcs, TOK NnaBHO

ymenbluaetcs (EB) v npu UK = U, nponcxoaut o6paTHbiii ckavok oT I3 go |y (BC).

8),uk iy1=iyor % iz_'_"_____{__
Bl
| | |
! | ] .
! "w ° ’ ' !1-
3= - b
P chpll ! | H ! ! : ly
" B ) lyor Iy lyep

PucyHok 2.7.8- BonbT - amnepHas xapaktepucTtuka

Moctpoum 3asucumoctb | =T (ly). Ona atoro ucnonbayem BAX xapaktepuctvku Ans TpeX 3HaA4YeHUn Toka B

ynpaenstoLiein obmoTke pene: ly1; lyz; lyz Npu sin HanpsxeHun U, ¢ NOCTOAHHOWM amMnnuTyaon (pucyHok 2.7.8), T.e. cxema
paboTaeT Kak pene C 3amblkalOWUMUCA KoHTakTamu. C  nomowbld OBMOTKM CMELEHUS MOXHO MNOMy4uTb
heppopesoHaHCHbIe pene, paboTaloLee B pexvMax pa3MblKaHUS WU NEePEKIIOYEHNS KOHTaKTOB.



JdocTouHcTBa:

deppopesoHaHcHble BMP vmetoT Gonblion Ko3ahOUUMEHT YCUMEHUS NO MOLLUHOCTU, Manyk MpPOOOSBKUTENBHOCTb
nepexoaswux npoueccoB. Bpemsi cpabatbiBaHus (1...5) nepuopa nuTaHus paboden obmoTku. [MpumeHsioTcs B
BbIYMCIIUTENBHbBIX U YNPaBMSOLLMX YCTPOUCTBAX, paboTatoLLmx Ha BbICLLMX YacToTax. CepaeyHuku ns oeppuTos.

HepocTtaTtku:

HeBO3MOXHOCTb UCMoONb3oBaHMA Ha udnctote 50 Iy, T.K. Bo3pacTakT rabaputbl U BeC KOHOEHcaTopa M OCOBGEHHO
MarHmtonpoBoaa. ¢eppope30HaHCHble pene - OOHOKOHTaKTHbIe, T.K. MMEIKT Ha BbiXOAe TOJIbKO OAHY UCMNONTHUTEINbHYH
uenb.

3 Knaccudgpukayusi cmabunuszamopos

ObGsi3aTeNbHbLIM YCNOBMEM HOPMAIbHOM PAabOoThl MHOMMX COBPEMEHHbIX PAOVNOTEXHUYECKUX, U3MEPUTENBHbBIX U CYETHO-
peLLalLLMX YCTPOWCTB SABMSIETCS BbICOKAS CTEMEHb NMOCTOSHCTBA HaMpsbKeHUs unu Ttoka. Mexagy Tem, GOonbLUMHCTBO
notpebutenen nonydyaeTt nuTaHMe OT OOLLMX CETEN SHEeProcUCTEM, B KOTOPBIX MO CYLLIECTBYHOLLMM HOPMaMm A0MycKalTCH
3HauuTenbHble (0T 5 00 10 NPOLEHTOB) OTKITOHEHWS HANPSXXEHUST OT HOMUHANBLHOrO 3HayeHust. Ewle 6onbluve konebaHus
ObIBaOT B CYOO0BbIX, CEMNbCKUX U APYrMX ManoOMOLLHbIX YCTAHOBKaX C PE3KOMEHSIIOLLENCH Harpy3Kom.

OTO BbIHYXOaeT CTaBUTb HEMNocpeacTBEHHO y MoTpebutenen cneumarnbHble  YCTPOWCTBA-CTAabuUnusaTopsbl,
NoAdEPXKMBAOLLME BENIMUMHY HAMPSKEHUS (@ B HEKOTOPbLIX CyYasx BEMMYUHY TOKA) Ha ONpefeneHHOM YPOBHE.

OcCHoOBHbIe TUNblI CTabunNM3aTopoB NOAPA3AENSATCA Ha CneayLmMe KaTeropum:

1) No xapakTepy BbIXOLHOW BEMUYUHBI;

2) No NpUHUMMNY yCTPOMCTBA.

MepBasa knaccudukaums (N0 BbIXOOHOW BENUYUHE) HE MpeacTaBnseT MHTepeca, Tak Kak He COOEepXUT CBEeAEHUN O
xapakTepe yctponcTtea. Kak napameTtpuyeckme ctabunmsaTtopbl, Tak 1 CTabunusatopbl C 3aMKHYTbIM KOHTYPOM paboThbl
pasnuyalTCca ewe U No poay BXOAALWMX B HUX HEMVHENHbIX 3MEMEHTOB. OTU 3reMeHTbl OblBalT aKTUBHbIMU U
peakTuBHbIMU. [lepBble He BHOCAT (Pa30BbIX UCKaXXEHWM, TOr4a Kak BTOpble codepXaT WHAYKTUBHOCTW UMW €MKOCTW,
BbI3bIBaKOLLME COABUI (has, a Takke NCKaxeHne popMbl KpMBOWM MEPEMEHHOIO TOKa UMK HanpshKeHus.

Crabununsatopbl MOrytT paboTaTb Kak MO 3aMKHYTOMY UWKMYy, Tak M NO pa3oMKHyTOMy. B nocnegHem cnyyae
noagepXaHue NOoCTOSIHCTBA BbIXOOHOW BENUYMHBI AOCTUraeTCsl UCKIMUUTENBHO 3a CHET XapakTePUCTUK BXOOALLMX B HUX
3NEMEHTOB, T[MaBHbIM 06pa3oM HemnuHenHbix conpoTuBneHun. CTtabunu3aTtopbl Takoro Ttuna 6Oygem HasbliBaTb
napameTpuyeckumun. B Takmx ctabunmnsatopax cteneHb TOYHOCTM CTabunm3auum nony4yaeTcsa CpaBHUTENBHO HEBLICOKOW.

Bbonee coBeplUeHHbI cTabunusatopbl, paboTawlimMe MO 3aMKHYTOMY LUKy C oOpaTHOM CBA3bl; AEWCTBUE MX
onpenenseTca OTKNOHEHMEM BbIXOOHOW BEMWYUHbI OT 3a4aHHOro 3HaveHus. Hanuuve obpaTHOM CBA3M MOBbIWAET
TOYHOCTb cTabunusaumm, Ho TpebyeT BBEOEHUS B CXEMY HEKOTOPOro "OTanoHHOro" anemMeHTa, ¢ KOTOPbIM CpaBHMBAETCS
cTtabunuaupyemasa BenuuuHa. OOGbIMHO cTabunusatopbl ¢ O0OpaTHOM CBA3bK Oonee CroXHbl, HO WX MpeumyLlecTsa
3aCTaBnAT B psaje Cnyvyaes oTAaBaTb UM NpeanoyTeHNE.

4 ®eppope3oHaHCHbIe cmabunnu3amopbi

PaccmMoTpyM KOHTYp, COCTaBMEHHbIN M3 NOCNeAoBaTeNbHO COEAMHEHHbIX WHOAYKTUBHOCTU M €MKOCTU (PUCYHOK 2.7.9,
a).
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PucyHok 2.7.9- Cxema nocrnefoBaTernbHOro 1 napannenbHoro KOHTypoB

Ecnn npeHebpeyb aKTUBHbIM COMPOTMBIIEHWEM, TO BOJIbT - aMNEPHYH XapaKTePUCTUKY KOHTYpa MOXHO MONy4uTb
Kak pe3ynbTaTt CMOXEeHNs XapakTepuUCTUK, MPUCYLLUMX MHOYKTUBHOCTM U eMKOCTU (pncyHok 2.7.10, a, kpueas Uy)
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a) 6)
PucyHok 2.7.10- XapakTepuUcTuku nocrnefoBaTenibHOro KoOHTypa

B Touke A hasa HanpspKeHUs N 3HaK NPOM3BOOHON MeHsTcs. OgHaKo ANst NPaKTUYEeCKUX 3agayvy BO MHOIMX Cryvasx
¢asa He wrpaeT cyllecTBEHHOM ponu, noatomy BAX koHTypa MOXHO npeactaBuTb kpuBor U"K. C y4yeToMm akTMBHOro
COMPOTMBIIEHUS KOHTYpa XapaKTep ee HECKONbKO MEHSIeTCsl, Todka A MogHUMaeTcs Hag ocblo abcumcc (T. K. Ans
MOKPLITUS aKTMBHbBIX MOTEPb BCerga HeOOXOAUMO HEKOTOPOE HampsiKeHWe), MPUYeM Mnpu M3MeHeHun BenuyuHel r byaet
HabnoaaTbcs OONbLUNA UMM MEHbLLWIA NOOBEM.

PaccmartpuBas aTu xapakrtepuctuku (pucyHok 2.7.10, 6), ybexaaemcs, UTO Ha HUX MMEKTCHA TPU SIPKO BblPaXKEHHbIX
yyacTka unm obnactu. NepBasi obnacTe COOTBETCTBYET NPOMOPLUNOHANBHBIM U3MEHEHUSAM (NMHEHAA 3aBUCUMOCTb), OHa
HenpurogHa Ansi ctabunusauuu; BTOpas oTBedaeT knaccy B; Tpetbsa -kmaccy A. Takum obpa3oM OAMH U TOT Xe
heppope30HAHCHbIV KOHTYP MOXHO MCMONb30BaTh Ha pasHbiX ydacTkax (pucyHok 2.7.10, 6), kak ons ctabunusauum Toka,
Tak u anga ctabunusaumm HanpskeHusi. YUnTbiBasi OrpaHUYEHHOCTb BTOPOW obnacTtu, nocrnefoBaTenbHbI KOHTYP 00bIYHO
NPUMEHSIIOT Ana cTabunusaunm Toka (TpeTbs 0bnacTe), u pexe Ang crtadbunusauun HanpskeHus (BTopas odnacTb).

lMepexoast k napannensHoOMy coeauHeHuto (pucyHok 2.7.10, 6) L n C, npomsBoaum aHanornyHoe nocrtpoeHue. Ecnu
Yy4eCTb aKTMBHOE COMPOTUBMEHME U MpeHebpeyb ha3on Toka, TO B 3aBUCMMOCTM OT BEMWYMHLI I' MOJTYYMM CEMENCTBO
XapaKkTepucTuk (pucyHok 2.7.11).
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a) 6)
PucyHok 2.7.11- XapakTepucTukun napansnenbHoro KOHTypa

30eck Takke nmelTca Tpu 0bnacTu: nepeas He NpurogHas ans cradbunmsauuu; BTopasi- COOTBETCTBYET Knaccy A;
TpeTbs - knaccy B, 0o n3noxeHHbIM COODpaxeHUsaM napannenbHbin (heppOPEe30HAHCHBIA KOHTYP MPUMEHSIOT valle
BCEero B TpeTben obnactu.

M3 ckaszaHHOro BMAHO, YTO 34eCb UCMOMb3yeTCs SIBMeHMe pe3oHaHca, Ho ctabunusaTtop pabotaeT nnboO OO TOYKM
pe3oHaHca (cTtabunusauyusa Toka), NMMbo 3a Hen (cTabunusaums HanpsxeHust). PeppopesoHaHCHble cTabunmnsaTopsl,
BbIFOOHO OTNUYAKLLMECH OT cTabunusatopoB 63 eMKOCTU nydlien OPMON KPUBOWM BbIXOOAHOrO HanpshkKeHust 1 60mnbLMM
KMAO, nonyuunu wmpokoe pacnpocTpaHeHue. WX Mcrnonb3yloT rMaBHbIM 00pa3om Ansi nogaepXaHusi MOoCTOSHCTBA
HanpsXXeHus, Ana 3TOW Lenu Kak ykasbiBanocb, MPUMEHSOT napannenbHble KOHTYPbl, O4HaKo Npy HEU3MEHHOW Harpyske
MOXHO MCNOMb30BaTh U SIBNEeHUe pe3oHaHca HanpsbkeHui. Ha pucyHkax 2.7.12, 2.7.13 npvBeaeHbl HEKOTOPbIE CXEMbI C
nocrnegoBaTtenbHbIMU KOHTYpaMu.



Ha pucyHke 2.7.12 nokasaH cTabunusaTop, KOTOpbIi MMEET B KauyeCTBE KOMMEHCALUMOHHOW OOMOTKM MEepBUYHYHO
obmoTka TpaHchopMaTopa, BKITIOYEHHYIO B CETb.
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PucyHok 2.7.12- Cxema ctabnnmsaTtopa ¢ nocrnegoBarterbHbiM (eppOope30HaHCHBIM KOHTYPOM

Ha pucyHke 2.7.13 cTtabunusartop BbinonHeH Ha LL- o6pa3Hom cepaedHnke 6e3 KoMneHcauMoHHOM 06MOTKN. EMKOCTb
C2 pacwupsieT guanasoH ctabunusayuu.
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PucyHok 2.7.13- Cxema ctabnnmsaTtopa ¢ nocrnegoBarterbHbiM (eppOope30HaHCHBIM KOHTYPOM
Ha LL- obpa3HoM cepaeyHuke

O6LWKMM HegoCTaTKOM PACCMOTPEHHbBIX CXEM ABMSAETCS TO, YTO OHM TPeOBYIoT NOCTOSAHCTBA Harpy3ku. Hago ckasatb, 4To
B nocrnegoBaTenbHOM KOHTYpe eMKOCTb UCMNoMb3yeTcs HeBbIroAHO. Kak 3BeCcTHO, 3Heprus, 3anacaemasi KoHgeHcaTopoM,
nponopuuoHarnbHa KBaapaTty HanpshkeHus, mMexay Tem B npeabiaylwimx cxemax BenuuuHa nocnegHero mana. bonee
LenecoobpasHo, C 3TOW TOYKM 3pPEHWs, MPUMEHATb NapannenbHble KOHTYpbl, obecneynBaoLlme K TOMY Xe W MydLlyo
opMy KpMBOW BbIXOOHOIO HanpsbkeHus. INocTpoeHHble Ha nx 6ase cTabunusaTopbl HaNPsPKEHWS NPeACcTaBneHbl HUXKe Ha
pucyHke 2.7.14.

UCT

PucyHok 2.7.14- Cxema cTtabunusatopa HanpsikeHus ¢ napannenbHbIM
¢eppope3oHaHCHbIM KOHTYPOM

Ponb nuWHEMHoro conpoTMBNEHWss 34ecb urpaeT nepsBuyHas ob6MoTka Wg HeHacbllWeHHOro TpaHcdopmaTopa,
BbIMOMHSALAA pofb 6GanaHCHOro CONMPOTUBMEHUS 1 BKITFOYEHHOTO NOCNEeA0BaTENBHO C KOHTYPOM.



I'IpV| M3MEHEeHNAX BXOOHOro HanpsXeHnda CcOOTBETCTBEHHO MEHANTCA TOK U nageHue HanpsaxeHua Ha obmoTke W6-

Takum o6pasoM, HanpsKeHue MNPUXOAALLEecs Ha KOHTYp, B COOTBETCTBUM C €ro XapakTepUCTMKOM OcTaeTcs Mo4vTu
HEN3MEHHbIM.
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PucyHok 2.7.15- AdToTpaHcdopmaTopckas cxema heppope3oHaHCHOro ctabunusaropa

YT106bl YMEHbLINTE €MKOCTb KOHAEHcaTopa, MOCHeOHWA BKIIOYalT Ha MOBBILWEHHOE HamnpshkeHwe, AN CO34aHus
KOTOPOro MCMNOMb3YT AOMOMHUTENBHYD 06MOTKy W". CHMMaemoe ¢ KOHTypa HanpsbkeHue U, (pucyHok 2.7.16) nepBoro
cTabunusaTtopa BKIIOYEHO BCTPEYHO K HanpsbkeHuto Uy, KOMMNEeHCauuoHHOW OBMOTKM, U ux pas3HocTb Ugr mopgaeTtcst Ha
BbIX04 cTabunu3atopa. KapTuHa nposicHunace (pucyHok 2.7.17), OQHAaKo, TONbKO MpuONM3uTenbHO, T. K. casur a3

pasnuyeH; B BWAOY PasfMYHbIX WMHOYKTUBHOCTEN crefoBano Obl CMOXEHWe W BbldMTaHME HanpsiKeHW npou3BoAuTb
reoMeTPUYECKMN.

Hepoctatkom aToro crabunusatopa $£BRSETCA CBSI3AHHOCTb BENUYUHbI CTAOUITM3UPOBAHHOIO HaMpsPKeHUss C
HanpsKeHNeM ceTu. ATOT HEQOCTATOK YCTPAHAETCHA NMPMMEHEHUEM CriefyoLlen aBToTpaHChopMaToOpHOM CXeMbl (PUCYHOK
2.7.16). B aton cxeme BenuuuHa U"y moxeT BbiTb ntobown, kak 6onblue Uy, Tak U MeHbLLE Hee, YTO MO3BOMSET nonyyaTb
nobble cTabununsvMpoBaHHble HanpsbkeHusa. B Tex cnyyasx, Korda HyXHO KOHOYKTMBHO OTAENUTb Harpy3kM OT CeTw,
NCMNONb3YHT TPAHCHOPMAaTOPHYO CXxeMy (PUCYHOK 2.7.17).

Pa3HOBUAHOCTM CTabMNM3aTOPOB HAMNPSPKEHUS, BbINOMHEHHbIE HA OOAHOM TpexcTepxHeBoM LU - o6pa3HoM cepaeyHuke
BMECTO [ABYX NpeAcTaBneHbl Ha pucyHkax 2.7.18, 2.7.19, 2.7.20.

Ha pucyHke 2.7.17 neBbll CTEPXEHb CEpAEeYHUKa HacbIWEH, Ha HeM pacnoroxeHa obmoTka KoHTypa. [lepBuyHas
obmoTka W4 nomMellieHa Ha cpedHeM CepaeyHuke.

ABTOTpaHcopmaTopHasa 1 TpaHcopmaTopHas cxeMbl heppPOPE30HAHCHBIX CTabUNN3aTOPOB HAMNPSHKEHUS.
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PucyHok 2.7.16-ABToTpaHcdhopmMaTopHas cxema PucyHok 2.7.17-TpaHcdopmaTopHas cxema

Cos3gaBaembllii €0 MOTOK, Kak W3BECTHO, MPOMOpUMOHAneH BXOAHOMY HanpsbkeHuto. Mexay Tem, Bcreacteue
HacCbILLEHUA MOTOK INEBOro CTEepPXHS cepAedvHuKa MeHsieTcs Mano, W, TakuM oOpas3om, BCe W3MEHeHUsi MoToka,



cosgaBaemoro obmotkor WI, nponcxogaT 3a CYeT COOTBETCTBYHOLLEINO WU3MEHEHWs] MOTOKa, 3aMblKaloLllerocsi 4vepes
npaBbli (HEHACBILLEHHbIV CTEPXEHb) M BO3QYLWHbLIN 3a30p. Bapuauusa notoka B CpeaHEM CTEpPXHE MCMNOonb3yeTcsa Ang
koMmneHcaumm (0bmoTka WK) B NepBON CXxeMe crefyrLmnx ctabunnsaTtopos:

Ha pucyHke 2.7.18 ctabvnmsaTop OoTnmMyaeTcs TOMbKO TEM, YTO KOMMEHCALUMOHHass 0bMoTka nepeHeceHa Ha npasblii
cTepxeHb. Ha pwucyHke 2.7.19, B nocnegHem crabunusatope ponb 6GanaHCHOrO COMPOTUMBIEHUS BbIMOMHAET
WHOYKTUBHOCTb, CO3aBaeMasi N0TOKaMu paccesiHUs, MEHSIOLWUMNCS NO BENUYMHE C U3MEHEHUEM BXOOHOMO HamnpshKeHns.

KIO deppopesoHaHcHbIX cTabunusaTtopos coctaensieT 70...80%, npm aToM cosA nexuT B npegenax ot 0,7 oo 0,8.

Bpems nepexogHoro npouecca npv U3MEHEHUAX MNUTAOLWLEro HanpsXXeHUs UnvM BenUuUMHbL Harpysku 3aBUCUT OT
MoLWHOCTM cTabunm3atopa u coctaBnsetr 0,02 - 0,2 cekyHObl. VckaxeHWe KPUBOW BbLIXOOHOTO HaMpshkKeHus y
eppope30oHaHCHbIX CTabunM3aTopoB OOYCMOBMEHO rMaBHbIM O00pPa3oM TpeTben M MATOW rapMOHMKaMK, NO3TOMY Ans
nonyyeHusi popmbl, 6Gonee GnM3KOM K CMHycouae, MHorga nNpuberarT K UCMONb30BaHMO (UNbTPOB MO cxeme (PUCYHOK

2.7.20).
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PucyHok 2.7.20- Cxema cTtabunusartopa ¢ ynyyLieHHon hopMOoi KpUBon

[Onsa atoro emkocTb pasbuearT Ha gBe: C2 m C3, BkmYasd MX nocrnegoBaTenbHO CO BCMoMOraTenbHbIMU
MHOyKTMBHOCTAMM L3 1 L5, KoTOpble cOCTaBNAT (PUMNbTPbl, HACTPOEHHbIE HA TPETLIO U NATYIO FAPMOHUKN.

OCHOBHbIM HegocCTaTkOM (PEpPPOPE30OHAHCHBLIX CTabMnM3aTOpPOB SIBNSAETCS 3aBUCUMMOCTb BEJIUYMHBI BbIXOLHOMO
HaMps>KeHUs OT YaCTOTbI; NOrpeLlHoCcTb coctaBnsaeT oT 1 o 1,5% konebaHuii HaNpPs>KeHUs NPy OTKMOHEHUM YaCTOThl Ha
1% oT HOMMHana.

[na KoMneHcaumyM 4acTOTHOW MOrpeLuHoCTV GbiNM NpeanoXeHbl ABE CXeMbl NpeacTaBrneHHble Ha pucyHke 2.7.20.
ConpoTuBneHne KOHTypa B NEPBON CXEME C U3SMEHEHUEM YACTOTbl MEHSETCS TaK, YTO HanpshKEeHEe Ha Harpyske ocTaeTcs
HEN3MEHHbIM. YTOObI MCMOMb30BaTh 3Ty CXEMY, HAOO YBENWYUTb HanpshkeHue Ha Bbixode crabunusatopa, npu 3TOM
Heckornbko cHmxaeTca KIMM, Tak kak 4acTb MOLLHOCTU TEPSETCS B KOHTYpe.
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PucyHok 2.7.21- Cxema cTabunm3artopa ¢ kKoMneHcauuen YacTOTHON NMOrpeLlHOCTM

Bo BTOpOM cxemMe npu M3MEHeHUM 4acToTbl eMKOCTb C2 KOMMEHCUMpyeT M3MEHEHWEe WHOYKTUBHOrO COMpPOTUBIEHUS
HeHacblIWeHHOoro TpaHcdopmartopa ( obmoTtkn WE).



