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BBEOEHUE

DONEeKTPOdHEPTHsl B TMPOMBIIUIEHHOM IPOU3BOJICTBE HCIOJIB3YETCS B
AIIEKTPOIIPUBOJIE, pa3zHooOpa3HbIMU ANEKTPOTEXHOJIOTMUYECKUMU U
OCBETHUTEJIbHBIMU yCTaHOBKAaMH. CoOTBETCTBEHHO, napameTpbl
AIIEKTPOIHEPTUHU, HEOOXOoAuMBbIE aiid ee 3(P(PEeKTUBHOIO NPUMEHEHUS B
KOHKpPETHBIX ClIy4asX,  JOJDKHBI ObITh pasznuuHbl. Hepenko wyactora
NEPEMEHHOr0  HANpsOKEHUsS, €ro  BeJIMYMHA  TPeOYIOT  H3MEHEHUSs
HEMOCPEACTBEHHO B TEUEHHE TEXHOJOTMYECKOro mpouecca. B To ke
BpEMsI UCTOYHHUKHU BJIEKTPOIHEPTUHU — IHEPIOCUCTEMBI, TPAHCPHOPMATOPHbBIE
MOJICTAaHIIUU 00ECTIEUNBAIOT MOTPEOUTENEH CTaHAAPTHOM AIEKTPOIHEPTUen B
BUje TpexdazHoro rmnepeMeHHoro Toka dYactorod 50 Im u  psgom
CTaHJApTHBIX Hanpsbkenuit ot 0,4 mo 220 kB.

CnenoBatenbHO, JJIS YJIOBJIETBOPEHHUS HYXKJ IPOU3BOJACTBA B
AIIEKTPOIHEPTUU PA3HBIX BUAOB M MapamMeTpoB, a Takxke s 3 (PEeKTUBHOTO
YIPABICHUS ee pacnpeieIeHueEM HEO0OXO0IUMBbI pa3Iu4HbIe
npeoOpa3zoBaTEeIbHbIE YCTPOMCTBA. Ob6nactbio MPUMEHEHUS
npeo0pa3oBaTENbHBIX YCTPOMCTB SIBISAIOTCS XMUMHUYECKHE U aJIOMUHUEBbBIE
MpEeANpUsATHUs, TATOBBIC MOJICTAHIIUH, ANEKTPUPUIIMPOBAHHBIN
KEJIE3HOIOPOKHBIM TPAHCIOPT, PEryIUPYEMBbI 3JIEKTPONPHUBOJ, MUTAHUE
pa3IUYHOrO0  pojAa  MOJBEMHHUKOB, JU(PTOB, MOJ3EMHOr0  MIAXTHOTO
o0opyaoBaHus, BO30OyAUTENed CUHXPOHHbIX MamuH u T. A. Cpemu
pa3HoOOpa3HbIX TpPeOOBAHMM, TMPEABABISIEMBIX K MpPeoOpa3oBaTessiM,
oOuumu  sBisitorca  obecrnieuenue  Beicokux KIIJI u  xoadduuumenta
MOIIIHOCTH, & TaKe MaKCUMaJIbHOM Ha/IeKHOCTH U YCTOMYHUBOCTH.

[lonmynpoBoAHKMKOBBIE — TIpeoOpa3oBaTeNd  Hambojee  KauyeCTBEHHO
YIIOBJIETBOPSAIOT TMEpPEUYUCICHHbIM TpeOoBaHusiM. OHM  UMEIOT MaJble
rabapuTel M BeC, MOTPEOJSAIOT OYEHb Malyld MOUIHOCTb YIpPaBIEHUs,
00J1aal0T BBICOKUM OBICTPOJEHCTBUEM, a UX YHUBEPCAIBHOCTH IO3BOJISET
co3daBaTh camble pa3zHOOOpa3Hble ycTpoicTBa. Bce T KadecTBa
OTKPBIBAIOT LIUPOKKHE BO3MOKHOCTH JJIs1 UX MPUMEHEHHS.

CunoBasi 3J€KTPOHUKA SIBJISETCA 3HAUUTEIbHBIM PE3E€PBOM MOBBIIIICHUS
HSHEProdP(HEeKTUBHOCTH CHUCTEM BJIEKTPOCHAOKEHHUS, MOCKOJIbKY OCHOBOM
OOJBIIMHCTBA METO/JOB  ONTHUMHU3AIMU  DHEPronoTpedsieHUus  SIBISETCS
ylpaBieHUE MpPeoOpa3OBaHUEM  JJIEKTPOIHEPTUU CETH B DHEPIUI0
YIPAaBIIEHUsI OOBEKTOM.

TeopeTndeckue OCHOBBI MTPOLIECCOB MPEOOPa30BaAHUS IIEKTPOIHEPTUH C
MOMOIIbI0O BEHTWJIbHBIX YCTPOMCTB ObUIM pa3paboTaHbl B Hayaje TEKYIIETo
cronetusi. Ho mmpokoe BHeapeHHWE B MPaKTUKY IMpeoOpazoBaTeabHas
TEXHMKa TMOJy4Ywsia rmociae co3gaHuss B 50-X  romax  CHIJIOBBIX



MOJTYTIpOoBOAHUKOBBIX nprubopoB (CIIII): muomoB u tupuctopoB. B yuebHOM
nocoouu pPaccMOTPEHBI XapaKTEPUCTUKH OCHOBHBIX CHJIOBBIX
MOJIYTIPOBOTHUKOBBIX TPUOOPOB, KiaccUpUKAIMI W  OCHOBHBIC  THIIbI
BEHTWJIBHBIX MpeoOpa3oBaTesieil AIeKTPOIHEPTUH.

1. SAAAYN U METOAbI UCCIIEQOBAHUA CUNOBLIX
NMPEOGPA3OBATENEN 3NIEKTPO3HEPI UM

1.1. Knaccugpukauyussi  cunoebix  npeobpa3oeameriel
SJIeKMpPO3Hepa2uUu
[Mupoknii  Kpyr  3aJay,  pellaeMblii  MOJYNPOBOJAHUKOBBIMHU

npeoOpa3oBaTeIbHBIMU YCTPOUCTBAMHU, OIpeaeseT 00JbIlIoe pasHooOpasue
UX CXEMHBIX U KOHCTPYKTUBHBIX PEIICHUN.

CXxeMHYI0 3JIEKTPOHHKY YCIOBHO AEJSAT Ha JIBa Kiacca.

K nepBoMy KJ1acCy OTHOCST 3JEKTPOHHBIE CPEJICTBA MaJIOW MOILITHOCTH,
[IMPOKO TPUMEHSIONIMECS B CHUCTEMaxX aBTOMATHYECKOTO YIPABICHUSA W
peryiaupoBaHusi. DTO PA3IMYHOTO POJa YCHWIMTENH, TeHepaTopbl U T. .
Hasnauenue 5S1neMEeHTOB  MHepBOro  kKjacca — TIeHEpUpOBaHHE U
npeoOpa3oBaHUE JJIEKTPUYECKUX CHUTHAJIOB OMNpPEICICHHONH (GOpMBI |
aMIUTATYJbI, OCYIIECTBISIIOIIMX TMepenady uHpopmaruu. s Takux
AIIEKTPOHHBIX IIeJIeld OCHOBHBIMH XapaKTePUCTUKAMH SBIISIOTCS aMIUTUTYIHO-
YacTOTHBIE W (Da30-4acCTOTHBIE XapaKTEPUCTHKH, YCIOBHS YCTOHYUBOCTH
pabotrel U T. A. Takue xe Moka3aTend, KaKk KOA(PQPHUIMEHT MOJIE3HOTO
aercTBus, KOdPGUIIMEHT MOIIHOCTH, IS HUX SBJISIOTCS BTOPOCTETICHHBIMH,
U MX 3249aCTYIO HE YUUTHIBAIOT.

Ko  Bropomy  Kjaccy  OTHOCAT  DJIEKTPOHHBIE  CPEICTBa,
NPUMEHSIONINECS B PA3IMYHBIX CUCTEMaX W HMCTOYHUKAX DIIEKTPOIUTAHHUS.
DNeKTpOHHBIE LENu BTOPOro Kiacca chayXar Juisi IpeoOpa3oBaHUS
AJIEKTPUYECKOTO TOKA W HAIpPsDKCHUS: MEPEeMEHHOTO TOKa B TIOCTOSTHHBIMH,
MOCTOSTHHOTO TOKa B TIEPEMEHHBINA, NMEPEMEHHOTO0 TOKa OJIHOW YacTOTHI B
NEPEeMEHHBI TOK APYrod 4YacTOThI, HU3KOTO TOCTOSHHOTO HAIMpPSIKCHHUS B
BBICOKOE IOCTOSIHHOE HampspkeHue W T. A. K 3ToMy ke Kilaccy OTHOCST
AIIEKTPOHHBIE YCTPOMCTBA, OCYILECTBISIONINE (GUIBTPALIUIO U CTAOMIN3ALIUIO
ToKa M HanpspkeHus. OCHOBHBIMU XapaKTEPUCTUKAMHU AJICKTPOHHBIX IETeH
BTOPOr0  Kjlacca  SIBISIIOTCA  KOI(DPUIMEHT  MOJE3HOro  JeHCTBUS,
KOO(POUIIMEHT MOIIHOCTA W JPYrHe DIIEKTPUYECKHE XapaKTCPUCTHKH.
CxeMHasi SJIEKTPOHHKA BTOPOTO KiIacca CIYKUT JHEPreTHUYCCKHM IIENISIM,



MIOATOMY €€ YaCTO HAa3bIBAIOT HHEP2emuyecKol 31eKmpoHUKOL, a YCTPOUCTBA
3TOrO KJlacca — npeobpaszosamensimu 21eKmpuiecko2o moxda.

PaccMOTprM  OCHOBHBIE THUIIBI MpPeoOpa30BaTEIbHBIX YCTPOUCTB,
paboTarolux B CeTAX mnepeMeHHoro toka. CuinoBbie npeoOpa3zoBaTeiIbHbIC
yCTPOMCTBA MOXHO pa3JeiduTh Ha JBE OOJbIIKME TPYMIbl MO MPUHIIMITY
NEUCTBUA: Oe3 npeodpazosanusi 4acmomel U € npeoopPazo8aHuem Yacmomsl
numaroujeco Hanpsaxcenusa (puc.l.1). YcrpoiicTBa, He U3MEHSIOIINE YaCTOTY
BXOZHOI'O HAlpsDKEHUs, BKIIOYAIOT B CBOM COCTAaB KOMMYTAaTOpbl U
PETYIATOPBI-CTAOMIN3ATOPBI, KOTOPHIE MOTYT CTPOUTHCA MO MPUHIUITY
MUPOTHO-UMITyJIbcHOM Monyisiuuu (LLIMM) unu dazoBoro perynupoBaHus
BbixogHOro HampsbkeHusi (OP). Ilo crmocoOy xoMMmyTalnuu TUPUCTOPOB U
KOMMYTaTOPbl, U PEryISTOPBI-CTAOMIM3ATOPbl MOTYT BBINOJHATHCA KakK C
ectectBeHHoM (EK), Tak u ¢ uckyccrsennoit (MK) kommyranueit. Ha ocHoBe
dazoperynupyemMbix IpeoOpa3oBaTesiel ¢ HCKYCCTBEHHOW KOMMYyTaluei
MOT'YT CTPOUTHCS TUPUCTOPHBIE MCTOYHUKHM PEAKTUBHOM  MOILIHOCTH
(TUPM).

[IpeoGpazoBaTenbHbIE YCTPONUCTBA, U3MEHSIONIUE HE TOJIBKO BEIIUYUHY,
HO M 4YacTOTy BBIXOAHOI'O  HANPSDKEHMs, BKJIIOYAIOT B CBOM COCTaB
BBINIPSIMUTENIA U TIpeoOpa3oBaTeM YacTOThl. BrIpsMuTenan MOTyT OBITh
neynpasiasiembie (HYB) u ympasnsembie ¢ ecrectBennoit (YBEK) wu
uckycctBeHHoi (YBUK) xommyrtanueit Bentuneit. [lo cxemMHBbIM pernieHusm
BBIIPSIMUTENIA  MOTYT OBITh MPOCTHIE (HYJIEBBIE, MOCTOBBIE) U CIIOKHbBIE
(mpencrapisionMe coO0W MOCIEAOBATENFHOE U MapajlieIbHOE COETUHEHUE
npocthix cxem). [IpeoOpazoBarenu YacTOTbl MOXXHO pa3feNuTh Ha
HEIOCPEACTBEHHbBIE (HITY) C €CTECTBEHHOM H HMCKYCCTBEHHOM
KOMMYyTaIlleil 1 BBINPSIMUTEIbHO-UHBEPTOPHBIE ¢ ympasisgembiM (YB-AI)
uin HeynpasisgembiM (HYB-AN) BoinipsimuTenem.

Tepmun «mpeoOpazoBaTeian 4acTOThI» BBIAEISET OCHOBHYIO (DYHKIIHIO
JAHHOI'O YCTPOMCTBA, 3aKIIOYAIOLIYIOCS B U3MEHEHHUM YacCTOThI MHUTAIOLIECH
CEeTH TMEpPEMEHHOro Toka. B OONbIIMHCTBE ClIy4aeB MPaKTUYECKOTO
UCIIOJIb30BaHMs MpeoOpa3zoBareieil BMecTe C MpeoOpa3oBaHUEM YaCTOThHI
MPOUCXOUT MPeoOpa30BaHUE BEIMYMHBI BHIXOJHOTO HAMpPSKEHUS M 4YMCia
¢bas.

IIpuBenenHas KJ1accudukanus CUJIOBBIX npeoOpazoBaTeneit
AIEKTPOIHEPTUN OTPAKAET UX OCHOBHBIE (DYHKIIMOHAIBHBIE CBOMCTBA.
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1.2. CucmemHbIli nN0OX00 K  aHaluly  cuJioebix
npeobpasoeamersiell 3/IeKMpPO3IHepauu

B  oOmem cioyyae  QyHKUMHM ~ CHMJOBBIX  IpeoOpazoBaTesieit
AIEKTPOIHEPTUU MOTYT OBITh CBEACHBI K CIEIYIOIIUM OIEpaIusaM:
— [IpeoOpa3oBaHue poaa TOKa;

— peryJupoBaHue BBIXO/THBIX apaMeTpoB npeoOpa3oBaTeneit
AIEKTPOIHEPTUN;

— COIJIaCOBAaHME BEJIIMYMHBI HAIPSIKEHWM NUTAIOLEd CETH W Harpy3Ku
npeoOpa3zoBaTes;

— obecrieyeHre 3JIEKTPOMAarHUTHOM COBMECTHUMOCTH IpeoOpa3zoBaTels ¢
MUTAIOUIEN CEThIO U HAIPY3KOH.
Hcxons u3 3tux (pyHKIHMOHATBHBIX OCOOCHHOCTEH CTPYKTypHas cxema
npeoOpa3oBaTessi MOXKET ObITh NpEeJCTaBlieHa B BHUJAE, NMPUBEIECHHOM Ha
puc. 1.2.

Inc —| Tp —| &, —| Cll |—| &, —| H

Ccy

Puc. 1.2. CtpykTypHas cxema CUJIOBOTO nmpeoOpa3zoBaTeisl 3JEKTPOIHEPTUH:
[1C — nuraromas cets, Tp — cornacyromuii Tpancpopmarop, @, — cereBoi
¢unbTp, CII — cobcTBeHHO cuiIoBOM mpeoOpazoBarens, CY — cucrema
ynpasieHusi, ®, — punpTp BeIXo1HOTO HanpsbkeHust, H — Harpyska.

OyHkiuu ~ mpeoOpa3oBaHUs W PETYJIMPOBAaHMS  IMapaMeTpoOB
AJIEKTPOIHEPTUU OCYILIECTBIISFOTCS KOMIUIEKTOM CUJIOBBIX
MOJTYTIPOBOIHUKOBBIX YIPaBISEeMbIX BeHTWJIEH, oOpasyromux cxemy CII, ¢
COOTBETCTBYIOLIEH cucTemoit ynpasieHus CY.

CornacoBanue ypoOBHEH HaNpsKEHUN MUTAIOIIEH CETH U HArpy3KH JJIs
KOHKPETHOTO  TUMa mpeoOpa3zoBaTeiel  JOCTHraercs  NpUMEHEHUEM
cornacytomero Tpaacdopmaropa Tp.

ObecnieueHre 3JIEKTPOMArHUTHONM COBMECTUMOCTH YCTPOMCTBA C
MUATAIOLIEN CEThI0O W HArpy3Koul, Hapsay C NPUMEHEHUEM CIEeIUaTbHBIX
CXEMHBIX pElIeHU mnpeoOpa3oBartensi, JOCTUTACTCS YCTAaHOBKOM CHIIOBBIX
¢unbTpoB O u D,.



Takum o6pazom, aHaNKM3 MPOLIECCOB MPEOoOPa30BaAHUS DIEKTPOIHEPTUH B
CWJIOBBIX Mpeodpa3oBaresix TpeOyeT CUCTEMHOTO MOIX0/a, YUYUTHIBAIOIIETO
XapaKTePUCTUKU HE TOJBKO COOCTBEHHO BEHTHJIBHOI'O YCTPOWCTBA, HO U
3HaYMMBbIE TMapaMeTpbl MHUTaloIme cetu u Harpy3ku. HeobxomumocThb
KOMIUIEKCHOTO M3YYEHUs JJIEKTPOMAarHUTHBIX TIPOLIECCOB B  CHJIOBBIX
npeo0pa3zoBaTeNsIX, SBISIOUIMXCA AJIEMEHTAMH CHUCTEMBbI 3JIEKTPOCHAOKEHUS
00BEKTa, OIpeAeNseTcsl COM3MEPUMOCTBIO MOIIHOCTEH MpeoOpazoBarTess
AIEKTPOIHEPTUU U MUTAKOUIEN CETH.

B 3aBucumocTH OT 3ajad UCCIENOBAaHUA MOTYT OBITb HPHUHSITHI
Pa3JINYHbIE AOIMYIIEHUSA:

1. Bce anemenTtsl npeoOpa3oBarensi HealbHbl, MUTAIONIAs CETh UMEET
OECKOHEYHYI0 MOIIHOCTh (MCTOYHHK HamNpsOKEHUs), Harpy3ka Takke
UJeaNn3upoBaHa (Yalie akTUBHOTO XapaKTepa WM aKTUBHO-UHIYKTHUBHAS C
OecKOHE4YHO OOJbIION WHAYKTUBHOCTHIO). Ilpu 3TUX  jAomymieHusx
CUCTEMHBIM mOaX0J7 (HaKTHUECKH TepsaeTcs, IMpoleaypa HccaeqoBaHus

AIIEMEHTapHa.
2. Iluratomas ceTb M 3JIEMEHTHI MpPeoOpa3oBaTEIbHOIO YCTPOUCTBA
MPEACTABISAIOTCS  peajbHBIMU  TlapaMeTpaMM,  Harpy3ka  OCTaercs

HHC&HHBHpOBaHHOﬁ. Hpoueccm B CHCTCMC B JOTOM ClIydac MOTYT
HCCIICAOBATHCA AHAJIUTHYCCKH. Pe?)y.HBTaTBI JO0CTAaTOYHO XOopomo

0TOOpaXKaroT pealibHbIE DHEPTrETUUECKUE XapaKTEPUCTUKU
npeo0pa3oBaTENbHBIX  YCTPOMCTB, pPACHpPOCTpPAaHEHHE JIAHHOTO  Kjacca
JOIYLICHUHU.

3. Bce sneMeHTHl MpeoOpa3oBaTEIBLHOTO YCTPOWCTBA OIMUCHIBAIOTCS
MOJIECJIIMU C PEaIbHBIMU XapAKTEPUCTUKAMU JIEMEHTOB. AHAJIU3 Yalle BCEro
BO3MOJKCH C MCIIOJIb30BAHHMEM YHCICHHBIX METOJOB M BBIYHCIUTEIHHOU
TeXHUKU. B HacTosmiee BpeMs CYHIECTBYET Pl NAKETOB MNPUKIIAIHBIX
mporpaMMm JyUIsi MOJIETUPOBAHUsA, B TOM 4YHCIEe M TpeoOpa3oBaTeIbHBIX
YCTPOMCTB.

BaxxHOM COCTaBIAOIIEN CHUCTEMHOrO IOAXOAa K HU3YYEHHUIO CHUJIOBBIX
npeoOpa3oBaTesell  ABISICTCS  ONpeEJeeHue yHUBEpPCaJbHOTO  Habopa
KPUTEPHUEB, XapaKTEPU3YIOUIUX HHEProd(PGeKTUBHOCTh MPeoOpa3zoBaHUs
AJIEKTPOIHEPTUH.

Baxxneitmumu AHEPreTUYECKUMU MMOKa3aTeIsIMU KadecTBa
AJIEKTPOMArHUTHBIX MPOLECCOB, COOTBETCTBYIOIIMMHU TOCYJAPCTBEHHOMY
CTaHJApTy Ha Ka4eCTBO DJICKTPOSHEPTHU B IJIEKTPUUYECKHUX CETAX OOIIEro
nosb3oBanust ('OCT 13109 — 97), aBnsitoTes Clieayrolue:

1. Koaddurmentsl npeoOpazoBaHus 10 HAMIPSKEHUIO U TOKY:



UBX ]BX
=B k===

ku = , .
UBI)IX ]BI)IX
B 3aBucumoctu or OIIPCACIICHHBIX 3HA4YEHUN TOKOB U HaHpH)KeHI/Iﬁ —
CpCaHuc, HeﬁCTBYIOHIHe, MNCPBLIC TAPMOHUKU — MOTYT OIPCACIIATBCA H
COOTBETCTBYIOIIME 3HAYCHHsS KOA(PGUIMEHTOB TpeodpasoBanus. IIpu 3TOM
CICAyYCT YUUTBIBATb, YTO B IMICIAX ICPEMCHHOIO TOKa II0JIC3HBIMHU
COCTAaBIFOIIUMHU, TICPCHOCAIINMU AKTUBHYIO MOIIHOCTD, O6BIqHO ABJISIFOTCA
MCPBBIC T'apDMOHHUKH TOKA W HAIPAKCHUA. B HOCIsIX ITOCTOAHHOI'O TOKaA —
CPCOAHNC 3HAYCHMU.
2. KoahdurmeHTsl rapMOHUK TOKA U HAMTPSHKCHUS:
0
I3
ko = Isr. _ Vk=2 oy = Us.r. —
1 1 U
rac Ik, Uk — HeﬁCTBYIOHlHe 3HAYCHHUSI TOKOB H HaprI}KeHI/Iﬁ BBICIIUX
IrapMOHHK; [, U—- HeﬁCTBYIOHlHe 3HAYCHU TOKA U HAIIPSAKCHUA.
3. KoaddunueHT cIBUra ToKa OTHOCUTEIBHO HAMPSHKCHUS MO TIEPBOI
rapMOHHKEC

P

Jpi+0?

rae P;, () — aKTUBHAs W peaKkTHBHAs MOIIHOCTH MEPBbIX TAPMOHUK TOKA U
HaIpPsHKESHUS.
4. Koa(hpuimeHT MOITHOCTH

CosS(P, =

K=—,

S
rae P, S — akTUBHAS M MMOJTHAS MOIIHOCTH B DJICKTPUUYCCKOM IICTIH.
5. KoaddurmeHT nose3noro aelcTBus

o= Pu
PBX

HpezmaraeMLIe MMPUHOUIIBI q)OpMI/IpOBaHI/ISI CUCTCMHOI'O IIoAXOHda K
HCCICA0OBAHUIO CHIIOBBIX Hpeo6pa3OBaTeJIeﬁ QJICKTPOSHCPTHUN ITO3BOJIAIOT
AHAJIM3UPOBATb JJICKTPOMAIHUTHBIC IIPOUCCChHI C TCMHU OOIIYHICHUAMU,
KOTOPBIC COOTBCTCTBYIOT 3aldavdYaM aHaJIHU3a. HpI/I O9TOM PC3YyJIbTATHI,
IMOJYYCHHBIC Ha JTallC J3JICMCHTAPHOI'O aHalln3da, MOI'yT YTOYUYHATHCA
MMOoCJICAYIOIIUM, Ooitee ACTAaJIbHBIM, HCCICA0BaHUECM C MCEHBIINUMU

JONYIIECHUSIMHU.



2. XAPAKTEPUCTUKU CUJTOBbIX
nonynPoBOOHUKOBbIX NMPUBOPOB

2.1. Nlapamempbl U cxeMbl 3aMeW,eHUs1 cusioebIx eeHmursieu

K cunoBeiM monynpoBoaHukoBsiM mnpubopam (CIIII) otHOCsATCA
MOJIYIIPOBOJAHUKOBBIE TPUOOPHI: JTHOABL, THPUCTOPBI, TPAH3UCTOPHI  C
MPEAEIBHBIM CPEIHUM WM JAEHCTBYIOIIMM TOKOM He MeHee 10 A, KoTopsmie
CHI0cOOHBI paccenBaTh MoIIHOCTL 10 BT 1 Gonee.

ITo npunuuny nevicrBus CIIII pensTcs Ha cineayromue OCHOBHbIE BUBIL:
IUONIbI,  TUPUCTOPBI,  TUPUCTOPHl  CHUMMETPUYHBIC,  CTAaOWIUTPOHBI,
OTpaHUYUTENTN HANPSKEHUS, TPAaH3UCTOPHI (Tad. 2.1).

Tabnuna 2.1
Obo3HaueHus npubopos no UOAM
Bun npubopa O6o3HaueHue
Huon il
Tupucrop, He POBOAALIMN B 0OpaTHOM HalpaBJIeHUU T
Tupucrop, npoBoAsinii B 00paTHOM HanpaBjIeHUU TH
Tupucrop cMMMETpUYHBIN TC
CtaOunnTpoH C
OrpaHu4uTenb HANPSKEHUs OH
Tpanzucrop TK

Yamie BCero B CWIOBBIX DJEKTPUYECKUX  LEMSAX MPUMEHSIOTCS
MOJIYIIPOBOJAHUKOBBIE JUOABI  (HEYNpaBiseMble BEHTHIM) U TUPHUCTOPHI
(ynpaBisiemble  BEHTWIHM). PaccMOTpuM ~ XapaKTepUCTUKH, OCHOBHBIE
IapaMeTpbl U CXEMbI 3aMEILICHHS HEYNPABIISIEMBIX U YIPABISEMbIX BEHTUIIEH.

Jduon — 93TO  TONYNPOBOJHUKOBBIA  TpUOOpP,  MPOIYCKAIOIIUN
ANEKTPUUYECKUIM TOK TOJIBKO OJHOTO HANpPaBJIEHUS W MMEIOLIHUNA JBa BBIBOAA
IUTS1 BKIIFOUEHUS B DJIEKTPUUYECKYIO 1IETb.

[TonmynpoBOAHUKOBBIA JAMOJ — TMOJYIPOBOAHUKOBBIM mTpubop ¢ p-n-
nepexogoM. Paboumii sneMeHT — KpUCTAI TepMaHUs WIM KpeMHUs,
oOnafaronMii MpPOBOJAUMOCTBIO 7 -TUNA 3a CYET HeOoNbLION J00aBKU
NOHOpHOM mpuMecH. J[yig co3gaHus B HEM p-n-IIEPEXOAOB B OJHY U3 €O
MOBEPXHOCTEH BIUIABIAIOT WHAMN. Beneactsue auddy3un atoMoB UHAUS
BIUIyOb MOHOKpHUCTAaJJIa T€pMaHUsS y TMOBEPXHOCTH TepMaHus oOpasyercs
o0nacth p-tumna. OcTajnbHas 4acTb repMaHusl MO-NIPEeKHEMY OCTAETCs n-TUTIA.
Mexnay STumMu AByMs  0OJacTsIMHU  BO3HUKaeT p-n-niepexod. Jns
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[IPEIOTBPAILICHUS] BpPEIHBIX BO3JCUCTBUM BO3AyXa U CBETA KPUCTAJI
repMaHus IMOMEIIAI0T B TEPMETUUYECKUM KOPITYC.

JIOCTOMHCTBAaMM  IIOJYIPOBOJAHUKOBBIX  JAUOJOB  SIBISIOTCS  MaJlble
pa3Mepbl M Macca, JJIUTEIbHBIM CPOK CIIy)KObI, BBICOKAasi MeXaHUYecKas
IIPOYHOCTH; HEJOCTATKOM — 3aBUCUMOCTb UX IIapaMETPOB OT TEMIIEPATYPHI.

Bonbr-amnepnas xapakrepuctuka (BAX) HeympaBisieMoro cuiaoBOro
BEHTUJIS MTOKa3aHa Ha puc. 2.1.

OOBIYHO JI YIPOILUEHUS PACYETOB HCIOJB3YIOT KYCOYHO-JIMHEWHYIO
anmpokcumanuioo  peansHoil BAX. Jlng  aToro  mpsamoit Y4aCTOK
XapaKTEepUCTUKH, COOTBETCTBYIOUIUN IPOBOIAIIEMY COCTOSIHUIO BEHTWII,
IIPEICTABIACTCS OTPE3KOM IPAMOM, BBIXOIAIIUM U3 TOYKU U C HAKIOHOM,
OIpEAEIAEMbIM JIUHAMHYIECKHM  compotuBienueM R, T'paduueckn
IIOCTPOCHHE  JIMHEWHOW  anmpokcuManuu — npsmod  BetBM  BAX
OCYILIECTBIISECTCS [0  TOYKaM Ha  peajbHOU XapaKTEePUCTUKE,
coorBercTBytomum 1,571, u 4,711, tne I, — npenenbHbIi TOK BEHTHIIS.

O6paTHa$I BE€TBb XAPAKTCPUCTUKHU AIIIPOKCUMUDPYCTCA OTPEC3KOM,
BBIXOJAIIUM M3 HaYaJla KOOPAWHAT C HAKIIOHOM R oo = dUO6P .
P d 1 o0p
I, A1
4,71 I,
o _dU
odl
1,57 It~
U B
_ d U06p
6 =
P d 1 obp
< U06p »

Puc. 2.1. BonbT-amnepHast XxapakTepUCTUKa HEYTIPABIISIEMOTO
BEHTWIS — IMOJA
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Kycouno-nuneiinas BAX BeHTUIS TO3BOJISAET COCTaBUTh €TI0 CXEMY
3amenieHus (cM. puc. 2.2). 3HaueHUs MapaMeTPOB CXEMbI 3aMelICHUS
BEHTWJISl 3aBUCAT OT €ro THUIIA, HampuMmep, s cuioBoro aumoaa B 200 c
npenenbHbiM - TokoM I, = 200 A, R;= 7010 Om, U, = 1,12 B
MaKCHUMaJIbHBI OOpaTHBIM TOK HE TMPEBbIMIAeT 2 MA TpH HOMHHAIHHOM
3anuparonieM HanpsbkeHuu [1]. B 3aBUCMMOCTH OT pEeKOMEHAYeMOro
pabodero HampsKeHUs NPUOOPY MPUCBAMBAETCA KJIACC MO HAINPSHKEHHUIO.
Knaccwl aist nuogoB HaumHatotes ¢ 0,5, 4TO COOTBETCTBYET HAIPSIKEHUIO
50 B. [lpu yBenuueHuu Kjacca BEHTWIS Ha EAMHMILY, €ro oOpaTHOe
HanpsikeHue Bozpacrtaetr Ha 100 B.

KonuuecTBeHHBIE COOTHOIIEHUS MEXAY TMNPSIMBIMH W OOpaTHBIMU
TOKAaMH ¢ HaNPSHKCHUSIMU TMO3BOJISIOT OLICHUTh KA4yeCTBO PabOThI BEHTHIIS
M0 CpaBHEHUIO C uAeanbHbIM, BAX  KOTOporo coBIagaer ¢ OCAMH
KoopauHar, a 3Hauenus R, Uy = 0, Ry, =0

R | Yo
R i R e B
Puc. 2.2. Cxema 3aMelieHuss HeynpaBiasieMOIro BEHTUIIS

s yBenumdeHus mourHoctu, nepenasaeMmoin CIIII, yacTo ucnone3yercs
rpynmnoBoe coeauHeHue npubopoB. I[locimenoBaTenbHOe W HapajiebHOE
COCIMHEHUE TOJYIPOBOJHUKOBBIX MPUOOPOB TMO3BOJSET TAKXKE MOBBICUTH
HaJIeKHOCTh BEHTUJILHOTO Mpeodpa3oBaTels.

HeunentnuHocts BoibT-aMnepHbiX xapaktepuctuk CIIII mpuBoauT k
neperpy3ke OTACIbHBIX BEHTHICH MO TOKY IPHU MapajljIEeIbHOM COCIMHEHUHN
WJIU TI0 HANIPSKEHUIO TPU MOCTIeI0BATEILHOM coequHeHuu (puc. 2.3).

Haubonee pacnpocTpaHeHHBIM CIIOCOOOM BBIPAaBHUBAHUSI TOKOB MEXKIY
MapajyieIbHO  COCJMHEHHBIMU  BEHTWISIMM  SIBISIETCS.  BKJIIOYEHHE
MOCTIEIOBATENBHO C Ka)XJIbIM BEHTWJIEM JAPOCCENS, KOTOPbIM yMEHBIIAET
pa30poc napamMeTpoB MapaieIbHbIX BETBEH.

BripaBHuBaHue 00paTHBIX HaIpsHKEHUN NIOCJIEIOBATEIBHO
COCIMHEHHBIX MPUOOPOB  OCYIIECTBISIETCS BKJIIOYEHUEM MapaijiesIbHO
KKJOMY MPUOOPY HIYHTUPYIOLIETO PE3UCTOPA.
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! > v i06p
AU U
Puc. 2.3. I'pynnoBoe coelMHEHUE BEHTUIIEH
Tupuctop — 2310 mpuOOp, oONamaAONUN ABYMS yCTOWYHMBBIMU

COCTOSIHUSIMM PABHOBECHS: COCTOSIHUEM C HHU3KOH TPOBOJUMOCTBIO H
COCTOSIHUEM C BBICOKOM TPOBOJIUMOCTHIO. [lepexon W3 OIHOrO0 COCTOSHUS
paBHOBEeCHSI B JApyroe OOYCJIOBJIEH JEHCTBMEM BHEIIHUX (aKTOPOB:
HaIpsDKEHMS, CBETa, TEMIIEPATYPhI U JIp.

BonbpT-amriepHas xapakTepHCTHKa YIIPaBIsIEMOr0 BEHTWISA-TUPUCTOpPA
npuBeAcHA Ha puc. 2.4.

IIpu orcyTcTBMM TOKa ympapjieHus (Iy = 0) TUPUCTOp 3aKpBIT I
HaIpsDKEHUsT JIFOOOM TOJISIPHOCTH, €CIM €r0 BEJIMYMHA HE TPEBOCXOIUT
HanpspkeHue TnepekiatoueHus Uye,. OObuHO BenuuuHa Upe, COOTBETCTBYET
Kjaccy npubopa Mo HampspkeHuio. B 3TOM cocTostHUM 4Yepe3 TUPUCTOP
MIPOTEKAIOT TOJILKO MPSMONA U OOPATHBINA TOKH YTEUKHU.

[Ipu mojgaue Ha ympaBiSIOMIMKN 3JIEKTPOJ TUPUCTOPA TOKA YIPABICHUS
JIOCTATOYHON BENWYUHBI TpsiMas BeTBb BAX Tupuctopa crpsmisercs u
npuobperaer NUOAHBIN BUA. TOK yIpaBieHHUsS B 3TOM Cllydae Ha3bIBaeTCs
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mokom ynpaenenus cnpsamaenus. Kak mpaBuiio, TAPUCTOP UCIONIB3YETCS KaK
yIpaBisieMblii O€CKOHTAKTHBIA KJIIOY, COCTOSIHUE KOTOPOTO OMpeaeisieTcs
HaJUYUMEM WA OTCYTCTBMEM YyIpasisitomiero curhaia. [lostomy B
CIIPaBOYHMKAX MPUBOJATCS HAMMEHBIINE 3HAUECHUS TOKA YIpaBieHus [y, pu
KOTOpPOM IpUOOp MEePEKITI0YALTCS.

LAA

Uo6p

—
A
A

Puc. 2.4. BonbT - amnepHasi XapaKTEpUCTUKA THPUCTOPA

BrIkiro4aeTcss 0THOONEPAMOHHBIN TUPUCTOP TOJBKO MO LEMU CHUIOBBIX
NMEKTPOJIOB, KOTJA €ro NpsAMON TOK CTaHET MEHBIIE TOKa yAepXkKaHHs Iy,
[Ipu pabGoTe B CETH MEPEMEHHOIO0 TOKAa TUPHUCTOP BBIKJIIOUAETCS B MOMEHT
IIEpeXoa KpPUBOM €ro TOKa 4epe3 HyJeBOe 3HadeHWe. B 3Tom ciydae
KOMMYyTAalUsl TUPUCTOPAa HAa3bIBACTCA ecmecmeenHou. B npyrux ciydasx,
KOIrJIa THUPUCTOP HEOOXOAMMO BBIKIIOUYUTH B TMPOU3BOJBHBIA MOMEHT
BPEMEHM, KOMMYTallUs Ha3bIBAaeTCsl uckyccmeennou. VICKycCTBeHHas (WM
MPUHYIUTENIbHAS ) KOMMYTAIUsl OCYIIECTBIISIETCS CIIEUATbHBIMUA CXEMaMHU.

KpoMe onHOONEpAaIMOHHBIX, CYIIECTBYIOT U MOJHOCTBIO YIIPABIISEMBIC
IBYXOINEPALMOHHBIE  TUPUCTOPBL. JTU  IOJYNPOBOJHUKOBBIE  BEHTUIU
OTJIMYAKOTCS TEM, YTO HMX MOXHO 3alepeTh IoJa4Yel HMMIyJbca TOKa
00paTHOH MOJIAPHOCTHU B LIEIb YIPABISAIOLIETO 3JIEKTPOAA. 3alUparolIui TOK
yIpaBiIeHUs 3HAUYUTEIbHO Ooublle oTnuparomero. OOBIYHO BeJIUYMHA
koa(duIMeHTa ycuiieHus 1o TOKY MpU 3anvpaHuu He npesbimaeT 4-5. Tlo
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CBOMM MPENEIbHBIM MOIIHOCTSIM 3allUpaeMble TUPUCTOPBI MPUOIMKAIOTCS K
OJIHOOTIEPALlMOHHBIM ~BEHTWISIM, a TI0 YacTOTHBIM CBOMCTBaM Jlaxke
MPEBOCXOIAT.

Jpyrum, MOTHOCTHIO YHPABISAEMbIM, MOJYIPOBOJHUKOBBIM 3JIE€MEHTOM
ABIsAeTCSl TpaH3UCTOp. OCOOEHHOCTBIO TPAH3UCTOPOB, IO CPABHEHUIO C
TUPUCTOpPAMHU, SIBIISIETCS HEOOXOAMMOCTb HalWYMsl CUTHAJa YIpPaBIEHUS B
TE€YeHHE BCEr0 BPEMEHU €r0 MPOBOJSAILIETO COCTOSHHUS.

Cyl1iecTByIOT pa3iHyYHbIe TUIIBI TPAH3UCTOPOB, OCHOBHBIMU M3 KOTOPBIX
ABIIAIOTCS ~ OWNOJISIpHBIE M TOJEBble.  BuUMoONApHbIE  TPaH3UCTOPHI
MPEACTABIAIOT COOOM TPEXCIOMHbIE OMYTPOBOIHUKOBBIE CTPYKTYPhI p-n-p—
Wi n-p-n — TUNOB. [loJeBble TPAaH3UCTOPHI OCHOBAHBI HA BO3MOXKHOCTHU
yIpaBJIEHUSI MPOBOJUMOCTBIO IMOJYIPOBOAHUKOBOM CTPYKTYphl mpubopa ¢
IOMOIIBIO  JIEKTPUYECKOI0  MOJsI,  NPUKIAABIBAEMOro K  KaHaly
MPOBOJUMOCTH B MONEPEYHOM HAIPaBICHUHU.

OObIYHO B  YCTpPOMCTBaX CHUJIOBOM  DJIGKTPOHUKUA  TPAH3UCTOPHI
UCHOJB3YIOTCS B KJIKOYEBOM  pexume  paboTsl, 00ecrneuynBacMoM
COOTBETCTBYIOIINM YITPaBICHUEM.

[lo npenenbHbBIM MOIIHOCTHBIM  XapaKTEpUCTUKAM  OUMOJSpHBIC
TPaH3UCTOPbl HA OJWH— JBa TMOpSAKa YCTyHaloT THPUCTOpaM U
COOTBETCTBEHHO IMPEBOCXOASAT HUX MO YaCTOTHBIM cBoicTBaMm. I[lonieBbie
TPaH3UCTOPHI IO MOUIHOCTHBIM XapaKTepPUCTUKAM 3aMETHO YCTYMaloT
OUMOJNSPHBIM, CYILIECTBEHHO MPEBOCXO/IS MX IO YACTOTHOMY JIMAIa30HY.

CpaBHUBasi TpeAesibHbIE MOIIHOCTHBIE XAapAaKTEPUCTUKU PA3IUUYHBIX
TUMIOB ~ CWJIOBBIX  IOJYNPOBOJHUKOBBIX MPUOOPOB, OTMETHUM  SIBHBIC
MPEUMYIIECTBA CHJIOBBIX JIMOJAOB U OJHOOMNEPAIIMOHHBIX THPUCTOPOB.
OpueHTupysCh Ha U3yUYeHHE NpeoOpa3oBaTeseii AIEKTPOIHEPTUU B CUCTEMAX
AIIEKTPOCHAOXKEHUST TPEINPUATUH, DSJIEKTPOIHEPreTUUECKUX CHCTeMax, B
JanbHEHIIEeM U3JI0)KEHUM MaTepuana OCHOBHOE BHHUMaHHE YJEIseTcs
BEHTUJIBHBIM YCTPONCTBaM Ha 6a3e TUPUCTOPOB U TUOJIOB.

TemoBble moTepu, BO3HUKaWIIME Npu paboTe TpuOOPOB B
AIEKTPUYECKON LEMHU, JOJKHBI PACCEUBATHCA CUCTEMOM OXJIXKIEHUS Tak,
YTOOBl MaKCHUMajbHas TeMIeparypa MOJYNPOBOJIHUKOBOW CTPYKTYpPhl HeE
IpeBbICUIa MakcuMmanbHO pomyctumoe 3Hauenwe 120-140 °C. Cucrema
OXJIAKJICHUSI BEHTUJISI MIPEyCMATPUBAET HAJIMYUE OXJIAIUTENS, Ha KOTOPBIN
OTBOJAMTCS TEIUIO € Kopmyca npubopa. Bo3ayiiHoe oxnakIeHue BEHTUIIEH
OCYILIECTBIISIETCS ~ €CTECTBEHHbIM  00pa3oM  WIM  YCTaHaBJIMBAIOTCA
BEHTWJISITOPHI JUIsl YCUJIEHWS WHTEHCUBHOCTH OXJAaXKJAEHUs. s MOIIHBIX
CIIIT ucnonb3yeTcst BOASHOE OXJIAXKIECHUE.
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MOIIHOCTh IOTEPh, BBIACISAIONIASCA B MOJYIPOBOJHUKOBOM CTPYKTYpE
npubopa, TMpHU MPOXOKICHUU MO HEMY TOKa MOXKHO TPEJCTaBUTH B BHUJIEC
CYMMBI OCHOBHBIX AP U JTOMOTHUTENBHBIX MTOTEPb AP, :

APs = AP + APy, .

IIpu pabGore npubGopoB Ha uactore, MeHbiied 400 [, MOIIHOCTH
OCHOBHBIX TTOTEPb SBIISETCS ONMPEACTSAIONICH, U JOTOJHUTEIBHBIMY TTOTEPSIMU
npeneOperator. [lpm  Oonblmmx 4YacToTax HEOOXOAMMO  YUYUTHIBATH
JOTIOTHUTEIIbHBIE MTOTEPH, BOSHUKAIOIIKME OT 0OPAaTHOTO TOKA U OT TOKOB MpHU
BKITIOYCHHH U BHIKJIIIOUEHUHN TMPHUOODPA.

MoITHOCTh  OCHOBHBIX ~ TOTEPh  OMpPENEISIeTCS ~ MHTErPaIbHBIMU
3HAYEHUSAMH MPSMOT0 TOKa, MPOTEKAIOIIETO Yepe3 BEHTHUJIb:

AP=Usl, + IR,
rne I, , I, — cpenHee M JEHMCTBYIOIIEE 3HAYEHHME TOKOB BEHTHA. Jlis
YIPOLIEHHSI PACYETOB MCIOJIb3YyeTCs KodpduuueHt ¢opmsl ko= I, / Iy,
KOTOPBIH 1St U3BECTHOM (POPMBI TOKA BEHTUJISI TIO3BOJISIET JIETKO OINPEACIIUTh
JEHCTBYIOIIEE 3HAUEHHUE TOKA [0 U3BECTHOMY CpPEIHEMY.

Takum oOpaszoMm, Ha yactotax g0 400 ['1 pacyeT OCHOBHBIX HOTEPH B
TUPUCTOPE MOKHO MPOU3BOJIUTH MO TOM XK€ CXeMe 3aMeIIeHUs, YTO U A
auona. Jns GoNblIMX YAcTOT CIIEAyeT YYMTHIBATh W JTOTIOJHUTEIbHbBIE
MOTEepH, KOTOpBIE JJII THUPUCTOpPA BKIKOYAIOT MOTEPU OT MPSIMOTO TOKa
yTE€UYKH, TMOTEpU B IICTH YIPABICHUS, & TaKKe JOTOJIHHUTEIbHBIE MOTEPH,
YUUTBIBAEMBIC ISl HEYIPABISIEMOTO BEHTHIISL.

[lapameTpom, XapakTepHU3yIOIIMM TEIUIOBOE COCTOSIHUE Mpubopa Hu
CUCTEMBI, SIBJIsieTCsl 0Ollee YCTaHOBUBILEECS TEIJIOBOE COMPOTUBICHUE
R:=(0,, - 0.)/ AP. Tennosoe CONPOTHBICHUE ONPEIEIAETCA KaK OTHOILEHHE
IPEBBILIEHUS TEMIIEPATYpPhl CTPYKTYpHI 0, Hall TeMIepaTypoil okpyxatroeil
cpenbl O, K MOUIHOCTU T1OTepb AP, BbI3BaBIIECH 3TO NPEBBILICHUE
Temneparypsl [1].

TemnoBoil pexuM cuMTaeTCcs YCTAHOBUBIIKMMCS, €CIM YacTOTa TOKa,
npoTekaroniero uepes rnpuodop, npesbimaer 20 I'm. Ecou 310 ycnoBue He
BBITIOJTHSICTCS, TO TEIJIOBOH PEXHM TpHOOpa HE SBISETCS MOCTOSHHBIM H
XapaKTepu3yeTcs: OOIIUM MEePEXOAHBIM TEIJIOBBIM CONIPOTUBICHUEM

r+= (0, - 0)/ AP
rae 0,, -Temneparypa MOJyIpPOBOJIHUKOBOW CTPYKTYPhl B MOMEHT BPEMEHU
{ OTHOCUTENbHO Hauajsa paboTel mpubopa. IlepexogHbie TEMIOBHIE
CONPOTUBJICHHUSA, B OTJIMYHE€ OT YCTAHOBUBIIMXCS, MPHUBOAATCS B
CIPaBOYHMKAX B BHJE OKCIEPUMEHTAIBHO CHATHIX 3aBUCUMOCTEH TIpH
OTIPEJICTICHHBIX YCIOBUIX OXJIAKICHUS.
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NwxeHepnas MeTtoauka pacuera paboyux PEeXUMOB  CHIIOBBIX
MOJIYTIPOBOTHUKOBBIX MPUOOPOB MPEIyCMAaTPUBACT SKBUBAICHTHPOBAHHE
MMITyJIbCa MOIITHOCTH  TOTEPh MPOU3BOJIBLHON (OPMBI  HUMITYJIHLCOM
MPSMOYTOIBHON (OpMBI. DKBUBAICHTHUPOBAHUE OCYIIECTBIISETCA C YYETOM
paBeHCTBa IUIOMIAAEH M AMIUIUTYAHBIX 3HAYEHUH  HUCXOJHOTO |
SKBUBAJICHTHOT'O UMITYJIHCOB.

TemnoBoii pacuet pexuma padotel CIIII 3aknrogaeTcs B onpeaeneHun
TeMIepaTypbl MOJYNPOBOJHUKOBOM CTPYKTYpbl MO HM3BECTHOW MOIIHOCTH
MoTeph MO0 B pacuere MaKCUMAaJIbHO JOIMYCTUMOW MOIIHOCTH TOTEPh IS
3aJJaHHOM TeMIepaTypbl MOJIYNPOBOJIHUKOBOM CTPYKTYpPHI IIPU MU3BECTHBIX
crnoco0ax OXJIaXKIeHHS.

B nureparype [1] MPUBOMSITCA  PacyeTHbIE COOTHOIICHUS,
MO3BOJISIIOIIME ONPEACTIUTh TEMIIEPATYPY MOTYIPOBOJHUKOBOM CTPYKTYPHI
BEHTWJISI IO M3BECTHOM MOIIHOCTH MOTEPb WX JOMYCTUMYIO MOIIHOCTH AP
IOpYd OrpPaHUYEHMSAX Ha Temueparypy O0,, 14 pasIH4HbIX TIpaduKOB
Harpy3KH.

Takum  0o0pa3oMm, cxeMa  3aMelIeHUS BEHTWIS U €ro TeIUIOBbIC
napaMeTpbl TMO3BOJISIOT MPOAHAIM3UPOBATH Pa0OUYMil PEKUM BEHTWIA B
KOHKPETHBIX YCJIOBHUAX 3KCIUTyaTauuu. [Ipu pacuerax 3JeKTpUUYECKUX LETEi
¢ CIIIT yacTo mpeHeOperaroT UX OCTATOYHBIMU TapamMeTpaMyd U CUHUTAIOT
BEHTUJIbHBIC 3JIEMEHTHI UACATbHBIMU. DTO MO3BOJISIET HECKOJIBKO YNPOCTUTh
pacyeThl TOKOB M HampsokeHUil B cxeme. [lpum HeoOGxomumoctu BbeIOOpa
BEHTWJIEH HaWJICHHBIE 3HAYEHUS TOKOB W HANPSHKEHUM WCHOJIB3YIOTCS IS
ONpeAEICHUs] MOIITHOCTU NOTEPh i KoHKpeTHoro tuna CIIII ¢ yuetom ero
napameTpoB Uy, R, 4TO O3BOJISIET IPOBECTHU aHAJINU3 €r0 TEMJIOBOTO PEKUMA.

2.2. KoHncmpykuusi u MapKupoeKa cusnoebix
nosynpoeodHUKo8bIx rnpubopoe

OCHOBY KOHCTPYKIIMM CHJIOBBIX TOJYNPOBOJHUKOBBIX MHPUOOPOB
COCTaBJISIET MOJYNPOBOJAHUKOBASI CTPYKTypa, KOTOpas OIPEOEIseT €ro
AIEKTPUUYECKHE MAPAMETPBI U XapaKTEPUCTUKH.

OCHOBHBIMH ~ TpeOOBaHUSIMH, MPEABABISIEMBIMU K  KOHCTPYKIUHU
CWJIOBBIX  TOJYNPOBOJHUKOBBIX  MPUOOPOB,  SBISAIOTCS  HEoOXoaumas
MEXaHU4YecKasi MPOYHOCTb, XOPOIIME Macco-radapUTHbIE IOKa3aTellu,
BBICOKAs SKCIUTYTallMOHHAS HAJIEKHOCTb, yI00CTBO MOAKIIOUEHUS, HAJC)KHOE
COEIMHEHUE C OXJIAIUTEIIEM.

JUisi TOCTHKEHHUS BBIIIEHa3BaHHBIX TPEeOOBaHUM MMOIYIPOBOJHUKOBAS
CTpyKTypa mpubopa TMOMENIAETCs B CHEHHAIbHBIA KOPIYC, KOTOPbIA
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oOecreynBaeT HaJACKHYIO 3alIUTY OT OKpYXKalolled cpeabl M XOpOLIui
BJIEKTPUYECKUH U TEIJIOBOW KOHTAKT.

IIo BUAY KOHCTPYKIMM KOpIyCa BCE€ CWIOBBIE IIOJIYIIPOBOJHHUKOBBIC
npuOOpsl  MOAPA3AEISIOTCS Ha IITHIPbEBBIE C IUIOCKUM OCHOBaHUEM,
TaOJIETOYHBIE U BBITIOJHEHHBIE COBMECTHO C CUCTEMOM OXJIaXKICHUSI.

Haubonpiiee pacnpocTpaHeHUE MOAY4YWIa IIThIpheBas KOHCTPYKLHUSA
CIIII (puc. 2.5).

YT
/7 8
9
10
i
6 — 13
" "
277
7

Puc. 2.5. lllTeipbeBasi KOHCTPYKIUS CUIOBBIX MOJIYIPOBOIHUKOBBIX TPUOOPOB

K ocHoBanunio xopnyca | npunasiH BEHTHUJIBHBIM 3JIEMEHT, COCTOSIINI
U3 KPEMHHUEBOM IIACTUHBI 2, TOMEIIEHHON MEXIy JABYMs BOJIb(PpaMOBBIMU
muckamu 3. K BepxHemy BoJIb(ppamMOBOMY ITUCKY MpUNAsHbI yalieuku 13,
KOTOPBIE COEUHSAIOT MOJIYIIPOBOHUKOBYIO CTPYKTYPY C BHEIIHUM CHJIOBBIM
BBIBOJOM 4. B BeEpXHEM IUCKE TaKKe HMEETCS OTBEPCTHE, B KOTOPOM
pa3MeliieHa MOJIMOJIeHOBAs TUIACTUHA C MPUIASHHBIM K HEW yNpaBIsiOlIUM
anektpogoM 5. IlpyxuHHble 31eMEeHTHI 9 U TepMokoMmmeHcatopsl 10
MPUKAThl METAUIOKEPaMUYECKON KpbIIKOW 14 u obecneunBaroT HaJSKHBIN
TEIUIOBOM M DJIEKTPUYECKUM KOHTAKT IOJIYIIPOBOJIHHMKOBON CTPYKTYpBI C
KOPITyCOM.

DNeKTpUYecKue MOTEepPH, BOZHHUKAIONIME B MpUOOpE MPH MPOXOKIECHUU
4yepe3 HEro TOKa, MPUBOIAAT K BBIACICHHUIO TEIUIA, KOTOPOE OTBOIAUTCA C
KOpIlyca U pacCceMBAETCs B OKPYXAIOIIYIO CPEAY C MOMOILIBIO OXJIAJUTENEH.
KauecTBO oxytaguTens XapaKTEPHU3YETCS €r0 TEIUIOBBIM CONPOTHUBIICHUEM.
Yem MeHbIIE TEIJIOBOE COMNPOTUBJICHUE OXJAAUTENsA, TEeM OOJBIIYIO
TEIUIOBYI0O MOIIHOCTh MOXHO OTBecTH OT npubopa. Haubonbiiee
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pacrpocTpaHeHUE TOJYYWIA OXJIAIUTEIN, W3TOTOBJICHHBIE W3 AJTIOMHUHHS,
oOJafaroriue 3a cuet pedep OOJBIION MOBEPXHOCTHIO OXJIAXKICHHUS.

B kauectBe cmnoco6oB oxnaxaeHuss CIIII mpumeHsIOT yaie BCero
BO3JIYIITHOE, a JJISI TSDKEIBIX TEIUIOBBIX PEKHMOB — BOJISHOE OXJIaXKJICHHE.
BozaymiHoe oxmnaxjaeHne MOXKET ObITh €CTECTBEHHOE M C MPUHYIUTEIHLHON
HUPKYJSIUNA  BO3JyXa, KOTOpoe oOecreyuBaeTcs JjIsi  MOBBIIICHUS
WHTEHCUBHOCTH OXJIQXKJICHUS C TIOMOIIBIO BEHTHIISITOPOB.

Buemnnii Bun CIIIT u oxnagureneit npeAacTaBiieH Ha puc. 2.6.

Puc. 2.6. KOHCTpyKTUBHOE UCITOJTHEHHUE CUIIOBBIX
MOJIYIIPOBOAHUKOBBIX IPUOOPOB U UX OXJIAJUTENEH

[To Ha3HaYEHWIO U 0OJACTH MPUMEHEHHSI CHIIOBBIC MOTYIIPOBOTHIUKOBBIC
npuOOphl  MOAPA3NETSAIOTCS Ha HU3KOYACTOTHBIE, BBICOKOYACTOTHBIC W
opicTpoaelicTByomue. K rpymnmne 1uoIoB OTHOCATCS TaKKe CTAaOMIUTPOHBI U
OTPaHUYHUTENN HANPSDKEHUS, a K TPYIIe THPUCTOPOB — (HOTOTHUPUCTOPHI U
CUMMETPUYHBIE TUPUCTOPHI (CUMUCTOPHI). B 3aBUCHMMOCTH OT TuIa npudopa
OHM MOTYT TPUMEHSTHCS B BBIMPSMUTENAX, WHBEPTOPAX, HMITYJIBCHBIX
perynsTopax, mpeoOpa3oBaTeNsaxX IMOCTOSHHOTO W TIEPEMEHHOTO TOKa,
cucTeMax BO30YKIEHHS TeHEPaTOpOB U T. .

19



TpeboBanusi K yCIOBUSAM HOpPMajdbHOM pabOThl, MOHTaxa u
AKCITyaTalldd CHUJIOBBIX MOJIYIPOBOJAHUKOBBIX TPUOOPOB COAEpKaTCI B
CIIPaBOYHUKAX.

VYcnoBHble 0003HaUYE€HMS] CHJIOBBIX TOJYNPOBOJHUKOBBIX HPHOOPOB
pacir(poBHIBAIOTCS CIEAYIOIIUM 00pa3oMm:

5

OykBa B (BenTwiip) o603Ha4aeT auos; T — Tupuctop;

OykBa, 0003HayaoIas NPUHAUIEKHOCTh MpUdopa K
omnpeneneHHorn rpynmne: Y — BBICOKOYACTOTHBIN;
b — OsicTponetictByromuii; C — CHMMETPUYHBIN
U T.J.;

o0o3HaueHue MOAUPHUKALTUT o pasmMepy
HIECTUTPaHHUKA JJI IITHIPhEBBIX MPUOOPOB WU
0 AUaMETPY AJIsl TaOJETOYHBIX;

o0o3HaueHue KOHCTPYKTUBHOT'O WCIIOJIHEHUS
KOpIyca;

MAaKCUMAaJbHO JOIYCTUMBIM CpEIHUN IPSAMON TOK B
OTKPBITOM COCTOSIHHH, A;

—— KJIacc MpuOopa 1Mo HANPSHKEHUIO.

[Ipumep MapkupoBKHU MpuOOpa:
TU112 — 125 — 8 — TupucTop BeicOKOYacTOTHBIN Ha 125 A u 800 B.

2.3. Cnocobbl ghopmupoeaHusi ynpasensiouux cusHamnoe osns
mupucmopoe

JIns BKIIFOUEHHUS TUPUCTOpPA IPU YCIOBHM, YTO HA €r0 aHOJ IOAAHO
MOJIOKUTENIbHOE ~ HANpsDKEeHHE  OTHOCUTENIbHO — KaroAa,  Heo0XoauMm
OTIUPAIOIIUN  HMMIYJIbC ONPEACIECHHON aMIUIMTYAbl, JJINTEIBHOCTU H

IMOJIIPHOCTH. OTHI/IpaIOH_II/Iﬁ HUMITYJIbC MOJIOKUTEIILHOU IMOJIAPHOCTH
OTHOCHUTCIIBHO KaTOda ITOJACTCs Ha ynpaBHHIOH_II/Iﬁ QJICKTPOU.
I[JISI OTIIUpPAaHUsA THUPHUCTOpPA TTOCTOAHHBIM TOKOM BCIIMYHHA

YIOPABIISIIOLIETO0 CHUTHAjJa OIpelesseTcs Mo AuarpaMMe YIpaBJICHHS, BHUJ
KoTopoi nokasaH Ha puc.2.7 [1]. Kpuas 1 coorBerctByer BxomaHoii BAX
npubopa C MaKCUMAaJIbHBIM COMPOTHBICHHEM LIENH YOpPaBICHUA, 2 — C
MHUHMMalIbHBIM. CBEpXy MW cCIpaBa JuarpaMMa yIpaBJ€HUs OrpaHUYEeHa
3HAQYEHUSIMH  OTHUPAIOLIIMX TOKA W HANPSHKEHUS TPU ONPENEIEHHON
TEMIIEpaType OKPYKArOLIEH CpeIbl.
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Puc. 2.7. Inarpamma ynpaBlieHUs Puc. 2.8. BxoaHble XapakTEpUCTUKH NN
THUPUCTOPA yIIpaBJICHUS TUPUCTOPA

[Ipy UMIYIECHOM YIPaBJICHUH JITUTEIBHOCTH OTIHPAIOUIET0 UMITYJIbCA
CBs3aHa C €ro aMIUIUTYJol rpaduyecKkoll 3aBUCUMOCTBIO, BUJ KOTOPOMH
nokasaH Ha puc. 2.8. Jlomyctumas B HMIYJIbCE MOIIHOCTH APy nay,
BBIJICNIAIONIASICS B LM YIPABICHUS TUPHUCTOPA, MPEBBIIIAET JTOMYCTUMYIO
MOIIHOCTb YIpaBJIEeHHA Ha NOCTOSHHOM Toke AP,. Ha puc.2.8 mpuseneHsl
KpPHUBBIE 3HAYEHUH APym,c IPH OTHOCUTEIBHOW UIMTEIBHOCTH HMMITYJIbCa
ynpasienus 10, 25, 50 u 100 %.

JlomycTimasi MOIIHOCTh pPACCEsHUSl YINPaBJISAIOLIEro AJIEKTpoAa Mpu
MMITYJIbCHOM YTIPaBJICHUU OTNPEIEINSIeTCS] U3 BhIPaKEHUS

T
APymax = APy—>
Ly
rae T — nepuoj HampsiKEHUs! CUIOBOM LEMH, MKC;

ty — NJIMTEIBHOCTh UMITYJIbCA YIPABICHUS, MKC.

[Ipu BbBIOOpPE MIUTETBHOCTH MMIYJbCa YNPABIEHUS HEOOXOAUMO
CTPEMHTHCSI K BO3MOKHO 00Jiee KOPOTKMM MOIIHBIM UMITYJIbCaM C KPYThIM
¢ponrom. Ilpu 3TOM coKpamaercss BpeMsl MEpPEKIIOUEHUsT THUPUCTOpA U
MOIIIHOCTh KOMMYTAIIMOHHBIX TOTeph. OCOOEHHO 3TO BAXKHO ISl TAPUCTOPOB
¢ OOJBIIMMHU HOMUHAJIBHBIMU TOKAMH.

HwxHuil npegen MOIIHOCTH ONpENeNsieTcss TPaHUYHBIMUA 3HAYCHUSIMU
TOKa YNpaBIEHUs, MPU KOTOPHIX OTKPHIBAIOTCS BCE THUPUCTOPHI JTAHHOTO
tuna. BepxHuil mpemen  MOLIHOCTH — OTPaHUYMBAETCS — JOMYCTHUMOU
TEeMIIepaTypoil HarpeBa YeThIPEXCIONHON CTPYKTYPHI.

Ha mpaktuke A OTKPBITUS THUPUCTOPOB HCHOJB3YIOTCS HMMITYJIbCHI
camoil  paszHooOpa3zHOW  (opMBI:  TPSIMOYTOJBHOW,  TPEYroJIbHOM,
TpaneueuJaibHON U JIp.
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@opMHUpOBATH YNPABIAKOLIMNA CUTHAI JJISI THPUCTOPA MOXKHO Kak OT
HaIpsDKEHHUS] CUJIOBOM IIEMM, TakK M C INPUMEHEHUEM JONOJHHUTEIBHOTO
HMCTOYHUKA NMUTAaHUA. B THUPUCTOPHBIX KOMMYTATOpax NEPEMEHHOIO TOKa
4acTO MCIOJIb3YyeTCsl crnoco0 (OPMUPOBAHUS YIPABIAIOLIETO CHUTHAlIA W3
HalpsDKEHWsT WCTOYHUKA NMHUTAHUS CWIoBOM 1Henu. Cxema peanu3ainuu
JaHHOT'O crioco0a rnokasaHa Ha puc. 2.9, a.

e
Rs R, IE'"

a 0

Puc. 2.9. Cnoco6 ¢hopMupoBaHus UMITYJIbCOB yIPaBICHUS
U3 HAIPSDKEHHS CUIIOBOH IIeTIH

IIpu 3ambikanun kiIoua K B menu ymnpaBieHHs HPOTEKAaeT TOK,
MTHOBEHHOE 3HAYEHUE KOTOPOTO PABHO
) E,sina
ly = 5
R6 + l";[ + rym
rae  ry — OpsAMOe conpoTusieHue nuona Vh;
Fym— CONPOTHUBJIEHHE LIENIN YIIPABICHHUS TUPUCTOPA;
Rs — GayiacTHOE CONPOTHUBIICHHUE, OTPAHUYUBAIOIIEE TOK YIIPABICHUSI.

Curnan ympaBlieHUs B JaHHOH CXEME JINTEIbHBINA, MEPEKPhIBAIONTUI
MOJIOKUTEIbHBIN  MMOTYNIEPUOT HANPSDKCHHST WM OOJBIIYI0 €ro  4acTh
(puc.2.9, 6). B pomu xmouya K ™Moxer OBITh KOHTAaKTHBIA WIH
OCCKOHTAKTHBINA JICMEHT.

YMEHBIIUTh MOIIHOCTh,  BBIICISAIONIYIOCS B IEMH  YIPaBICHUS
TUPUCTOPA, TO3BOJSIET croco0 (HOpPMHUPOBAHHS OTHHPAIOUIETO CHTHANIA W3
aHOJ/HOTO HampsKeHus Tupuctopa (cm. puc. 2.10, a, 6).

OT mpeapIayIIero JaHHbIA CIIOCO0 OTIMYACTCS TEM, YTO HAINpPsOIKEHUE B
IIENM YIPaBICHUS pPaBHO HANPSOKCHUIO Ha TUpucTope VS. B MomeHT
BKIIFOUCHUST THPUCTOpPA HAIPSOIKCHUE YIPABICHUS PAaBHO HAIPSHKCHHUIO
nuratomeil cetn Uy=e(?) 0e3 ydeTa npsMOro Toka yredku tupucropa. Ilocne
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BKIIFOUCHUS TUPUCTOPA HAIPIKCHUC VYIIPABICHUA IIAAACT OO0 BCIMYNHBI
IpAMOTo MaJgCHUA HAIPSIKCHUA HAa OTKPBITOM THPUCTOPC. Takum O6p330M,
THUPUCTOP BKIHOYACTCA KOPOTKHUM HUMITYJIIBCOM, JIHUTCIBHOCTH KOTOPOTO
OoNpCaACIIICTCA BPCMCHCM  BKIIFOUCHUA toxn THUPHUCTOpPA IIpU OHpeHeHCHHOﬁ
BCIIMYMHC TOKa YIIPABJICHUA iy min- Ecnmu xmrou K Obln 3dMKHYT K Ha4dally
oqepenHoﬁ MOJOXKUTEIILHOM IIOJYBOJIHBI € , TO JJIUTCIbHOCTH UMITYJIbCA
TOKa YIIPABJICHUA WJIN YT'OJI BKIIFOYCHUA O OIIPCACIIICTCA KaK

- 2
En
rac iy min — MHHHUMAJIBHOC 3HAUYCHUC I/IMHyﬂbca TOKa praBHeHI/IH,
06eCHqu/IBaIOH_IeFO BKIIFOUCHUC TUPUCTOPA.
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Puc. 2.10. Cnoco6 ¢popmMupoBaHusi UMITYJIbCOB YIIPaBICHUS
W3 aHOJHOTO HAPSDKEHHSI THPHCTOPA

KopoTkuil ynpaBisitoniuii UMIyjabC YMEHBUIAET MOUIHOCTh TIOTEPh B
LENH YIPABISAIOLIET0 MIEKTpoa. BmecTe ¢ TeM naHHBIN ClIOCOO BKIIOYEHUS
JOCTaTOYHO HAJIEKEH, TAaK Kak YNpaBJISIOIMNA CHUTHAJI HE HCYe3aeT [0
MOMEHTA BKJIIOUEHUSI TUPUCTOPA.

Onucannpie  cnocoObl  (GOPMHUPOBAHUS  CHUTHAJOB  YNpaBJICHUS
TUPUCTOPOB C KCIOJIH30BAHUEM HANPSDKEHHUS] CHJIOBOM LIEMH OTJIMYAIOTCS
MPOCTOTOM  CXEMHBIX peleHud, He TpeOYIoIUX JOMOIHUTEIbHOTO
UCTOYHMKA MHUTAHWS [Jis yhOpasisoomed uend. Hegocratkom JaHHOTO
croco0a SBIAETCA JJEKTpUYECKass CBA3b CHJIOBOM LIEMUM CO CXEMOM
yIPaBIEHUSI TUPUCTOPOM.

JtoT HEI0CTaTOK ycTpaHsiercs OpyU  MCHOJB30BAaHUU
doTornexTprueckux npeoOpazoBareneii. BapuaHT cxembl ¢ THPUCTOPHBIM
ONTPOHOM IOKa3aH Ha puc. 2.11.

23



p«_>(_. Vs

Puc. 2.11. ®opmupoBaHue UMITyJIbCa yIPABICHUS
THUPUCTOPOM C IIOMOUIBIO ONTPOHA

Bropeim criocobom dhopMupoBaHusi CUTHAJIOB YIIPaBIEHUS TUPUCTOPOM
SBJSIETCS ~ UCIOJB30BaHUE  CIHENUATBHOTO  HUCTOYHUKA  YIPABJISIOMIMX
CUTHAJIOB. JTOT CHOCO0 IO CXEeMHOM peanu3aiii MOKET ObITh pa3/eieH Ha
HECKOJIbKO BapHaHTOB.

Curnan ymnpaBiieHHs] MOXET ObITh C(OOPMUPOBAH B BUJIC NJIUTEIHHOTO
CUTHaJIa TIOCTOSTHHOTO TOKa MO CXeMe, MpUBEACHHON Ha puc. 2.12, a, 6.
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Puc. 2.12. ®opMupoBaHue NOTEHIUAIBHOTO YIIPABIISIIOLIETO
WMMITYJIbCA JUIsl THPUCTOpA

JIOCTOMHCTBOM ~ JTaHHOIO  cHocoba  sBIseTCsl IpocToTa U Oosee
HIMPOKHUE BO3MOKHOCTU MOJ00pa 3JIEMEHTOB LEMU YIPABICHUS TUPUCTOPOM.
HenocraTtok — snexkTpuyeckas CBA3b CUJIOBOM LENMM C LENbH YIPABICHUS
TUPUCTOPOM.

VYceTpaHuTh OCHOBHOM HENOCTATOK MPEABINYIIEH CXEMBI MOYKHO, €CIH
(bopMHpOBaTh YNPABJISIOUIUN CUTHAI B BUJI€ KOPOTKOTO UMITYJIbCa WM CEPUU
BBICOKOYACTOTHBIX HMITYJIbCOB. B 3TOM ciydyae HMCTOYHHUK HUMITYJIbCHBIX
CUTHAJOB CBS3BIBAETCS C YIOPAaBISAIOIIMM BXOJOM THPUCTOpA Yepes
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uMIyabCHbIN TpaHcopmarop (MUT). Cxema U BpeMEHHbIE JAUATPAMMEBI
paboTHI LIeTIH YIIpaBlIeHUs MOoKa3aHbl Ha puc. 2.13, a, 6.
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Puc. 2.13. Cnoco6 BKJIIOYEHHS] TUPUCTOPA OT UCTOYHUKA UMITYJIbCHBIX CUTHAJIOB

OIIHHO‘IHBIﬁ HUMITYJIbC TOKa YIpPaBJICHUA B pPAAC CJIydacB HC
obecrieunBaeT AOCTATOYHYIO HAACKHOCTH BKIIOYCHUA THUPHUCTOPOB. Cepml
BBICOKOYACTOTHBIX MMITYJIbCOB IMOBBIIACT HAACKHOCTDb BKIIIOUCHHA. Yacrora
HUMITYJIbCOB ccpun BBI6I/IpaCTC$I JOCTAaTOYHO BBICOKOﬁ, OOBIYHO B
KWJIOTCPpIHOBOM  OHUAITA30HC, YTOOBI YMCHBIIUTD MNOTPCIIHOCTL  yIJIa
BKIIFOUCHUA  THUPHUCTOpPA, CCIM  OTIIMPAHUC TIPOHUCXOOUT HEC TIICPBLIM
HUMITYJIbCOM CCPHUMU.

YIIO6HBIM CXCMHBIM PCHICHUCM JJIA CBA3HM HMCTOYHHKA YIIPABJIAROOINX
CUTHAJIOB C YIPABJEICMBIM BCHTHIICM SBJIAACTCA UCIIOJIb30BAHUC TUPUCTOPHBIX
OIITPOHOB.

2.4. lMoHssmue (o]4] UCKyccmeeHHoU KoMMymauuu
mupucmopoe

Kak yxxe oTmeuanoch BbIle€, OOBIYHBIN OJTHOOTIEPAIMOHHBIN TUPUCTOP
MO>KHO pacCMAaTPHUBATh KaK MOJIYyHpaBIsieMblil Kitod. TUPUCTOpP BKIIOYAETCS
[0 YNPAaBIISIIOMIEMY AJIEKTPOIY, & BBIKIIFOYAETCS TOJBKO IO CUJIOBOW LIETIH.
[Ipu paboTe B ceTsAX MEPEMEHHOIO0 TOKAa THUPUCTOPHI BBIKIIOYAIOTCA TPHU
CMEHE  MOJAPHOCTH TMPHUKIAABIBAEMOTO K HX CHIOBBIM 3JIEKTPOJAM
HampsbkeHus. B 3ToM  ciiyyae TOBOpSIT, 4YTO THUPUCTOPHI pabOTalOT C
ectectBeHHOM komMmyTaruei (EK).

JInsi TOCTPOEHUS  TMOJHOCTBHIO YHPABISEMOTO THUPHUCTOPHOTO KIiIHO4a
HEO0OXOUMO MPUMEHEHHE CIEIUABHBIX CXEM HMCKYCCTBEHHON KOMMYTAIMU
(MK) ¢ nomogHUTETbHBIMA KOMMYTUPYIOITUMHU dJIEMEHTAMHU.
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OOBIYHO HMCKYCCTBEHHAs KOMMYyTallsl OCYIIECTBISETCS 3a CYeT
IPONYCKAHUS Yepe3 TUPUCTOp OOpaTHOIoO TOKa, OJjarojaps 4eMy TOK 4epes
OTKPBITBIA TUPUCTOP YMEHBIIAETCA [0 BEJIWYMHBI MEHBIIEH TOKa
yaepxkanus.  [lanee, Ha BpeMs = 3anupaHus ~ TUPUCTOpa K HEMY
NpUKIaabIBaeTca oOpaTHOe HampsbkeHue. OOpaTHble TOK U HAaIpsHKEHUE
CO3/al0TCsd MO0  CHEIUAIbHBIM  HCTOYHUKOM nuTaHus, Jubo, B
OOJBIIMHCTBE CIy4yaeB, TMPEABAPUTENILHO 3apsyKEHHBIM KOHJEHCATOPOM.
Cxema UK tHpuctopa € KOMMYTHPYIOIIMM HCTOYHUKOM IIOKa3aHa Ha

puc. 2.14.
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Puc. 2.14. Cxema UCKyCCTBEHHON KOMMYTallUN
TUPUCTOPA C KOMMYTHUPYIOIIUM UCTOYHUKOM

Bximtouenne Ttupucropa VS ocymiecTBiIsSieTcss € HCIOJIb30BaHUEM
HaIpsHDKEHUsT aHOJIHOM 1eNy BEHTHJIA 4epe3 KOMMYTUpYIoui smeMeHt K.
BrikiioueHue THpUCTOpa OCYILIECTBIISETCS TOKOM, 0OpaTHBIM TOKY Harpys3ku,
CO37aBa€MbIM  KOMMYTHUPYIOLIUM UCTOYHUKOM  Ei. OueBUAHBIM
HEJIOCTAaTKOM CXEMbl SBJSETCS 0oJiblIasi MOIIHOCTh Ey, KOTOPBIA JTOJKEH
CO3/1aBaTh 3aIMPAIOIINAN TOK, HE MEHBIINN TOKA HArpy3KH /.

JUiss  yMeHbIIEHHs] MOIIHOCTH KOMMYTHUPYIOIIETO HUCTOYHUKA FEy
ucrnonb3yercs KouaeHcatop Ci, oOecrneyuBalomuid KpaTKOBPEMEHHBIN
3anuparoui TOK. 3apsA] KOHIAEHCATOpa OCYLIECTBIIAETCS OT UCTOYHMKA E
MEHBIIIEN MOIIHOCTH (o6nanaromero OOJBIINM BHYTPEHHUM
CONPOTHUBICHHEM) B TEYEHHUE HWHTEpBaJia  BPEMEHH, 3HAYUTEIHHO
IPEBBIIAIOIIETO JUINTEIBHOCTh MMITYJIbCA PA3PSIAHOTO TOKA, 3alHPArOIIEro
TUPUCTOP.

Yacto BMECTO KOMMYTUPYIOLIEIO HCTOYHMKA FE, HUCHONb3yeTcs
HaIpspKeHUe CUIIOBOM Lienu ThupucTtopa. Cxema UCKYCCTBEHHOM KOMMYTallUu
TUPUCTOPA C EMKOCTHOM KOMMYTallMel NTOKa3aHa Ha puc. 2.15.
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Puc. 2.15. Cxema eMKOCTHOM KOMMYTAIIMU TUPUCTOPA

IIpy BKIIOYEHUM OCHOBHOTO TUPHUCTOpa VS, KOMMYTHPYIOLIETO
Harpy3ky Ry, emkoctb C 3apspkaercs mo nenu +E, pesuctop R1, C, E.
BrIkiroueHue Harpy3ku Ry OCYIIECTBISETCA BKIOYEHHUEM JTOMOJIHUTEIBHOTO
tupuctopa  VS1, moakmrouaromero  3apsokeHHbld - KoHpeHcatop  C
napayensHo VS. Tok paspsaa I, yuepe3 TUPHCTOP HAINpaBlIEeH BCTPEUYHO TOKY
Harpy3ku /;, 4TO MPUBOAUT K MPUHYAUTEIBHOMY BBIKIIFOUEHUID OCHOBHOTO
tupucropa. Pesucrop R1 cuyxuT nmma orpanuueHus Toka 3apsga C u
psIMOro TOKa 4yepe3 Tupuctop VS1. B 3aBucumMocTH OT BenuuuHbl R1 naHHas
cxeMa MOXeT paboTaTh KaK TMOJHOCTbIO VYIPAaBIsAEMbI BBIKIIOYATEh
Harpy3ku R,. Tornma compotuBnenue R1 JOMKHO BBIOMPATHCS TaK, YTOOBI
OrpaHWYMBATH TOK 4epe3 VS1 10 BEeMMUYMHBI, MEHBIIEH €r0 TOKA yJIEpKAHUS.
B »stom cnywae (mocne paspsga €MKOCTHM) TOK depe3 Tupucrop VSl
YMEHbBINIAETCS M OH 3aKpbiBaeTcs. JlaHHas cxemMa MOXeT padoTaTh M Kak
OCCKOHTAKTHBIM  MEepeKiIoYaTeslb ABYX Harpy3ok: R, u R1. BkioueHue
moboro u3 tupucrtopo (VS wiu VS1) npuBeger K NPUHYAUTETLHOMY
BBIKJIFOUEHUIO JIPYTOr0 pa3psiAHBIM TOKOM KOMMYTHPYIOLIEr0 KOHIEHcaTopa
C.

BennurnHa eMKOCTH KOMMYTHUPYIOIIETO KoHAeHcatopa C onpenensercs
B 3aBHCUMOCTH OT TOKa Harpy3ku /;, BPEMEHU BBIKIIFOUEHUS TUPUCTOPA Ly U
HaIpsHKEHUsT Ha KOMMYTHPYIOIEM KOHJieHcaTope 1o ¢popmyse [3]:

> (1= 1.4) Lo
Ue

Cnenyer OTMETHTb, 4YTO HMEETCS OOJIbIIOE KOJUYECTBO CXEM
MCKYCCTBEHHON KOMMYTAallUd TUPUCTOPOB.

Takum oOpa3oMm, THUPHUCTOPHI TO3BOJIAIOT CO37aBaTh OECKOHTAKTHbHIE
KIIOYM TEPEMEHHOT0 U TMOCTOSHHOIO TOKa, OTJIMYaloUmuecs OOoJbIIuM
CPOKOM CIIy>KOBbI U BBICOKOW HAaJE€KHOCTHIO. ITO OOBSCHAETCS CTATUHYHOCTHIO
MX KOHCTPYKIMH WM MPAKTUYECKUM OTCYTCTBHEM M3HOCA IMPU IKCILTyaTal[UU.
HagexxHocTh M CpoK ClIy’KObl OECKOHTAaKTHBIX YCTPOWCTB OMpeaeisieTcs
CTapEHUEM HX KOMIIOHEHTOB M B TNEPUOJ] HOPMaJbHOM SKCIUTyaTallUH
Hanexuocts CIIIT BecpMma BBICOKA.
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Baxuernmen XapaKTepUCTUKOU KOMMYTaropa SIBIIAETCS
obicTpoaeiicTBue. TUPUCTOP MMEET BpeMsl BKIIIOUEHUS MOps/Ka JECSITKOB
MHKPOCEKYHJI, YTO II03BOJISIET CO3/1aBaTb KOMMYTHUPYIOIIUE YCTPOMCTBA CO
BpeMeHeM BkItoueHust He 6omee 0,001 ¢ [2]. Bpems BBIKIIOUEHUSI TUPUCTOPA
C €CTECTBEHHOM KOMMYTAalME€W OINpENessieTCsl B OCHOBHOM 4YaCTOTOM CETH
IIEPEMEHHOI0 TOKa M  COCTABJSAET BEIMYUHY MOPsAKA IIOJOBUHBI €r0
nepuoga. MckyccTBeHHass KOMMYTAalusl II03BOJISIET YMEHBIIUTh BPEMs
BoikmtoueHust CIIII.  Takume mapamerpsl  OBICTPOACHCTBUS THPUCTOPOB
[IO3BOJISIFOT ~ CO3JaBaTh KOMMYTAllMOHHYIO — amlllaparypy, CYLIECTBEHHO
IIPEBOCXOJAIIYI0  3JIEKTPOMArHUTHBIE  KOHTAKTOPBI, HMEIIIUE BpEMs
BKTtoueHUs nopsaka 0,04 c, Beikimouenus — 0,02 ¢ [2].

K ocHOBHBIM HepocTaTkaM OECKOHTAKTHBIX MOJIYIPOBOJHUKOBBIX
KIIOYed OTHOCATCS: Mayas Meperpy3odHas CHOCOOHOCTb M XyJIIUE
OCTaTOYHBIE MapaMETpbl 110 CPABHEHUIO C KOHTAaKTHBIMU almaparaMu
(conmpoTuBIIEHUsI BO BKJIIOUYEHHOM M BBIKIIFOYEHHOM COCTOSIHUSIX).

3. TUPUCTOPHbIE KOMMYTUPYIOLUUE U
PEIYNIUPYIOLWME YCTPOUCTBA B CETAX
NMEPEMEHHOIO TOKA

3.1. TupucmopHbie KOMMymamophbl

TupuctopHble KOMMYTATOpPbl TO3BOJISIIOT  YCTPAaHUTh HEIOCTATKHU
KOHTaKTHOW  amnmaparTyphl, CBSI3aHHBIE C HAJIMYUEM MEXAaHUYECKOU
KOHTAaKTHOM cHCTeMBbl. BpicOkoe  OBICTPOJECHCTBHE MOJYIPOBOTHUKOBBIX
npuOOpOB  TO3BOJSET  MOpHUAATh  TUPUCTOPHBIM  IYCKO3AI[UTHBIM,
PETYJIMPYIOIIMM ¥ KOMMYTHPYIOIIUM  YCTPOMCTBAaM HOBBIE CBOMCTBA,
HEIOCTYIIHbIE KOHTAaKTHBIM armmaparaMm. K TakumM HOBBIM CBOWMCTBaM
OTHOCUTCS TMPEXJAE BCEro BO3MOXKHOCTh PETyJIMPOBAHUSI  BBIXOJHBIX
AJEKTPUYECKUX MAapaMEeTPOB, YTO IMO3BOJSIET, HANPUMEP, OCYIIECTBIATh
yOpaBJICHUE  JBUTATEISIMU, BKIOYas  Oe3yJapHbld  MYCK, PeBeEpcC,
peryJIMpoBaHrE YacTOThl BpAIICHUS MO 3aJaHHOMY 3aKOHY, JUHAMUYECKOE
TopMmoskeHue u ap. Kpome toro, Beicokoe ObicTpoaeiicTBue cooctBenno CIIIT
MO3BOJIIET CO3/1aBaTh KOMMYTHUPYIOIIME almaparbl, 00eCIeYMBAIOIINE
HAJIC)KHYIO, TPAKTUUECKH O€3bIHEPIIMOHHYI0 KOMMYTAIUIO AJIEKTPUYECKHUX
[eTIe ¢ BBICOKOW 4YaCTOTOM.

JInsi uCHonb30BaHMS ~ TUPUCTOpPA B KA4eCTBE  KOMMYTaropa
HEOOXOMMO CHAOJUTh €ro OJHOU M3 cXeM (HhOPMHUPOBAHUS YIPABIISIIONIETO
CUTHaJIa, PAaCCMOTPEHHBIX BbIIIE. [[JI1 KOMMyTaToOpa MOCTOSHHOTO TOKa HIIH
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MIPU TIOBBIIIIEHHBIX TPEOOBAHUSAX MO BPEMEHM BBIKIIOUCHHS YCTPOWCTBA Ha
MEPEMEHHOM TOKE HEO00XOJMMa cXeMa HCKYCCTBEHHOM KomMyTtanuu. B
TUPUCTOPHBIX KIIFOUaX, pabOTAIOIINX B CETAX MEPEMEHHOI0 TOKA, YaIlle BCETO
HCIIOJIB3YETCSl €CTECTBEHHAS KOMMYTAITUsI BEHTHIICH.

KnaccupunmpoBarh THUPUCTOPHBIE KOMMYTATOPhI, HCMOJb3yeMble B
LEMsSX TEPEeMEHHOI0 TOKa, MOXKHO MO pa3jdudyHbIM Mpu3Hakam. [Ipexie
BCET0, UX MOXHO pa3aeuTh Ha ogHodazHbie U Tpexdaszubie. OqHOoda3HBIC
MOXHO, B CBOIO O4Y€pellb, pa3leluTh Ha MoHomojsipHble (puc. 3.1, a),
ounosisipable cuMMeTpuaHbie (puc. 3.1, 6) u HecummMmeTpuunble (puc. 3.1, g).

F U ~U ~U ~U
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Puc. 3.1. Ognoda3Hble BEHTUIbHBIE KOMMYTaTOPBI

YcnoBust pabOTBl TUPHCTOPHOW SYEHKHM B CHCTEME C HYJICBBIM
MPOBOJIOM HE OTIMYAOTCA OT OJHO(a3HOro BapwaHTa. B cucTemax
AJIICKTPOCHAOKEHUS O3 HyJIeBOrO MpoBojaa (a3HbIE HArpy3KH MOTYT
BKJIFOYAThCA B <«3Be3Ay» (cM. puc. 3.2, 6, 6), mpudeM COOCTBEHHO
TUPUCTOPHBIC SYCHKH MOTYT COOMpaThCcsl KAk II0 CXEME «3Be3da»
(puc. .3.2, 6), Tak U B «TPEyroibHUK» (puc. 3.2, 8).

Cxema, mpuBeleHHas Ha puc. 3.2, 2, WUIOCTPUPYET BKIIOUCHUE
Harpy3K B «TPEYTrOJIbBHHK». B «TpeyrojibHUK» MOYKHO BKJIFOYATh HArpy3Ky u
C UCIOJIb30BAaHMEM MOHOIIOJISIPHBIX STYEEK 110 CXeMe, OKa3aHHOW Ha puc. 3.2,
0. Pa3HOBHIHOCTBIO JIHOJHO-TUPUCTOPHOTO KOMMYTAIIMOHHOTO YCTPOHCTBA
SABJISIETCST MOCTOBasi cXxeMa, INoka3zaHHas Ha puc. 3.2, e. O4yeBHAHO, YTO
MOCJICTHAS cXeMa TpeOyeT NMPUMEHEHUsS HCKYCCTBEHHOW KOMMYTAITUH JIJIst
TUPHUCTOPA.

Cnenyer OTMETHTh, 4YTO CTPEMIJICHHE COBMECTHUTH JOCTOMHCTBA
OCCKOHTAaKTHOM W KOHTAaKTHOW ammapaTrypbl TPUBOAAT K CO3JIaHHIO
TUOPUIHBIX KOMMYTATOPOB [2].
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[TpuHiMn AeMCTBUS TaKUX aIllapaToB MOSCHIETCS CXEMOMW, MOKa3aHHOM
Ha puc. 3.3.

PaboTta cxembl MPOUCXOIUT B CIECAYIOIIEM IMOPSIKE: MPU BKIIOYCHUH
KOMMYTaTopa BHayaje BKJIIOYAETCS COOTBETCTBYIOIIMN THUPHUCTOP, 3aTEM
3ambIKaeTcss KoHTakT K. OTo obOecreunmBaer Majoe BpeMs BKIIOUCHUS
ammapara, a 3aMKHYThIN k1tod K myHTHpyeT Tupuctopbl. B pesynbpraTe TOK
Harpy3Ky MPOXOJUT Yepe3 KJIIY, HWMEIOIIUN MEHbIee CONMPOTUBICHUE, YeM
MOJTYTIPOBOTHUKOBBIN TTPUOOP, U paboTa TUPUCTOPOB OOJIErv4aeTCs.
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Puc. 3.2. TpexdazHble BeHTUIbHbIE KOMMYTATOPbI
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Puc. 3.3. 'uGpuansiii KOMMyTaTOp

Jlns BBIKJIFOYEHHST KOMMYyTaTopa 0Oe3 o00pa3oBaHMsl Jyrd BHaYaje
BBIKJIIOUaeTCcs K4 K, MOTOM CHUMAIOTCST HMMITYJIbChl YIPaBICHUS C
TUPUCTOPOB M TOK B MENH HArpy3KH MPEKpaAIIACTCS NPU OYEPEIHOM
repexojie ero 3HaueHus uepes 0.

Takum oOpazom, JaHHas cxema OTJINYAETCS BBICOKAM
ObICTpOACHCTBUEM U O€3yroBOM KOMMYTAIlMel, YTO XapakTEpPHO IS
TUPUCTOPHBIX KITIOYEH, a Takke OOJBIION Meperpy304HOr CIIOCOOHOCTHIO,
MPUCYIIEN KOHTAKTHOM armaparype.

3.2. TupucmopHsbIe ycunumenu

Yewmrens — 3T0 YCTPOMCTBO, yCUMBarouee BXogHou curHai. Ilox
JJIEKTPUYECKUM CUT'HAJIOM 4Yallle BCEro IOHMMAIOT JCHUCTBYIOLIEE WIU
CpelHee 3HauyeHue TOKOB M HamNpsDKEHWM. B 3ToM ciiyyae TUPUCTOPHBIN
KJIFOY, HCHOJIB3YEMBIW ISl PEryJIMPOBAaHUS HHTEIPAIBHBIX JJIEKTPUYECKUX
[IapaMeTpoOB  HArpy3KH, MOXET pacCMaTpUBaTbCsl KakK  YCWIUTEINb.
TupucTopHBIN yCUIHUTEND B LIETIH MIEPEMEHHOIO TOKA MOKET CTPOUTHCS MO0
M0 MPUHIMUIY MUPOTHO-UMNYJIbCcHOM Moaymsiuu  (IOUM), nubo mno
NPUHIMITY (Ha30BOro peryjIupoBaHus yria BKIIOUEHUS TUPUCTOPOB.

[IpyHUMO ~ OEHMCTBUST  OPOCTEUIIEr0  TUPUCTOPHOTO  YCUIIUTEIIS,
noctpoeHHoro ¢ [IIMM BbIXOIHBIX IapaMeTPOB, NOSCHSET puc. 3.4.
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Puc. 3.4. TupucTOpHBI YCUINTEND ¢ IIUPOTHO - UMITYJIbCHOM MOAYJISLIUEN

Ecnu xmrou K B menu ynpaBiaeHuss THPUCTOPA NMEPUOJUYECKH 3aMBIKATh
Ha Bpems ¢ ¢ nepuogoMm I, TO cpeaHee 3HA4YCHHME TOKa Harpys3Ku
OIIpENENNUTCS KaK
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r1€ lycpo — CPEAHUM TOK, ONPENEISAEMBI CXEMON TUPUCTOPHOTO YCUIUTENS U
rapaMeTpaMHl CETH W Harpys3KHu.
JI1st TpUBEICHHON CXEMBI YCUIIUTENS

T
Z Lo

172
=— sin ot - dt ===,
]HCpO T£]m -

rae I, - aMIUIMTYAHOE 3HaY€HUEe CUMHYCOMAAIBHOIO TOKa uenu; 7 — nepuoj
MEePEMEHHOT0 HANPSKEHUS CETH.

CnenoBaTesibHO, U3MEHSSI BEIMYMHY BPEMEHU BKIIOUEHHOTO COCTOSTHUS
TUPUCTOPA, MOXHO PEryJMpoBaTh CpelHEe 3HAYECHUE TOKa B Harpyske.
PaccmarpuBaeMbiii  crmoco® TOCTPOCHHMS  TUPHUCTOPHBIX  YCHIIMTENEH
OTJIMYAETCS IPOCTOTOM CXEMHBIX PEIICHUH, HO €ro HEAOCTATKOM SIBISETCS
HEN30€KHOCTh KOJIEOAHWs MHTErPAJIbHbIX 3HAUYEHUW TOKAa U HAIpPSIKEHUS C
nepuoguyHocThio 7. OTcloa NpakTHYeCKoe NPUMEHEHHE TaKoro TuIla
YCTPONCTB PEKOMEHAYETCsl MAJii Harpys3oK, OOJaJaroIluX 3HAYUTEIIbHOU
WHEPIIMOHHOCTBIO. XapaKTepHbIM TMPUMEPOM SIBIIAIOTCS HarpeBaTesIbHbIC
AJIEMEHTHI B AJIEKTpOIIeyax.

da3zoperynupyeMble TUPUCTOPHBIE YCUIIUTENIN 00ECHeurnBalOT MJIABHOE
pEryMpOBaHUE BBIXOJHBIX MapameTpoB. [IpuHuMN AEHCTBUS MpOCTEHIIEro
YCWINTEIA NOACHSAETCA puc. 3.5.
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Puc. 3.5. Ilpunuun neiictBus pazoperyaupyeMoro THpUCTOPHOTO YCUITUTEINS

CyTb (ha30BOTO peryjaupoBaHusl yria yNpaBJICHHUs TUPUCTOPA COCTOUT
B 3aJIEpXKKE Ha yroy 0. MOMEHTa OTIHUPAHUSI TUPUCTOPA OTHOCUTEIBHO €Tro
TOYKM €CTECTBEHHOW KOMMYTAIlMU. OTy 3ajady pemniaeT CrhenraibHas
cuctema ympasienus (CY), pabora KOTOpOM CHUHXPOHH3UPOBAHA C
HampspDKeHUeM ceTH e. Torga Juisi paccMaTpUBaeMoOro ciydasi CpejHee
3HAYCHHUE HAIPSHKEHUS Ha HAarpy3Ke paBHO

1“ 1 o T . 21
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OyeBHUIHO, YTO NPUPAIIECHUIO YIJIA YIPABICHHUS O, BBI3BAHHOIO
NPUPALICHUEM YIIPABIAIOIEro HanpshKeHus AUy, COOTBETCTBYET HEKOTOPOE
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U3MEHEHHNE HANpPsHKCHUS Ha Harpyske Ha BeauuuHy AU,q. ClenoBaTrensHo,
HECMOTpS Ha  MPaKTUYECKU  OECKOHEHHO OOJIBIIYI0O  BEJIIUYUHY
koaduirieHTa ycuieHus: COOCTBEHHO TUpUCTOpPA (OOBIYHO TaKOW MapameTp
HE paccmaTpuBaercs), (azoperyaupyeMble THPUCTOPHBIE  YCTPOMCTBa
00Jaat0T BMOJHE KOHKPETHBIMU 3HAUYCHUSIMH KOd(h(dUIMEeHTa YyCUIeHUS —
k,=AU,/AU,, KOTOpBIi onpefienseTcst cxemoit ynpasnenus CY.

CunoBble CXeMbl THPUCTOPHBIX YCHUJIUTENEH TMEPEMEHHOI0 TOKa He
OTJIMYAIOTCSI OT CXEM KOMMYTaTOpoB, IPUBEACHHBIX Ha puc. 3.1, 3.2.
Pa3znuiia Mexay HUMU COCTOUT JIMIIb B CIOCOO€ yNpaBlIeHUsS TUPUCTOPAMHU.
[IpakTHdeckoe MpUMEHEHUE THUPUCTOPHBIX YCUIIUTENEH MEPEeMEHHOr0 TOKa
pacnpocTpaHseTcs Ha MyCKOPETryJIUpYIOUIYI0 anmnapaTypy AJis JBUTaTelei,
PEryJISATOPBl M CTAOMJIM3ATOPbl  DJEKTPUYECKOTO  HANpPSDKEHMs, TOKa,
MOIIIHOCTH.

PaccMoTprM oCHOBHBIE cIOCOOBI (PA30BOTO yMpaBIE€HUS THPUCTOPAMH.
Jis  perynvpoBaHusT ~ yrila  BKJIIOYEHHS  TUPUCTOpA  HEOOXOJIHUMO
YIPaBISIOMIMA  CUTHAJ CABUTATh MO (paze OTHOCUTEIBHO HAIpPSKEHUS
nuTaromei cetd. CucTeMbl YIpaBi€HHs, BBINOIHSIOUIUME 3Ty (GYHKIUIO,
HasbIBaIOTCS hazocosuearowumu yempoticmeamu (OCY).

Ilo mpunnuny nevictBus OCY paszpenstoreas Ha PCY BepTUKAIBHOTO
ynpanenusi, @CY ropuzonTtanbHoro ynpasienusd 1 @CY TaHTeHIMATBbHOTO
THUIIA.

[Tpunnun pevicteuss @CY BepTUKAIBHOIO THIA NOSICHAETCS pHC. 3.6.
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Puc. 3.6. Ilpunuun peiicteuss @®CY BEpTUKAIBHOTO THIA

Nmniynee  yrmpaBieHHsT TUPUCTOPOM I, dopmupyercssi B MOMEHT
PaBEHCTBA CUHXPOHHU3UPYIOIIETO HamNpshKeHUs: nuiooOpaszHou dopmbr U,
CHH(}A3HOrO C HaNpsHKEHHEM CETH, U ynpasiistomiero HamnpsokeHus U,. Ilpu
U3MEHEHUU BeIUYMHEl Uy, T. €. CMELIEHUH €0 10 BEPTHKAIIM, IIPOUCXOIAUT
W3MEHECHUE BEJWYUHBI YIJla YIIPABJIECHHUS TUPUCTOPOM O U COOTBETCTBEHHO
CpPEIHETO 3HAYCHUS TOKA HArpy3KH [y

CrpyktypHas cxema @CY  BepTUKaJbHOIO THUNA [OKa3aHa Ha
puc. 3.7. Cxema cocrout u3 cienyromux saemeHtoB: [TIH — reneparop
nuiaooOpa3Horo  Hampspbkenus, K —  kommapatop, ¢GopmupoBaTeilb

umityibcoB OU,  ycunurennb UMIyJibCa YIPABISAIOIIETO TOKA | = |.
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Puc. 3.7. CtpykrypHas cxema ®CY BepTUKaIBHOIO THIIA

OCY ropu30oHTaJBbHOTO THUIA KCHOJB3YIOT MNPUHIMUI (HOPMUPOBAHUS
MMIIyJIbCa YNPABJICHUS TUPUCTOPOM no yriay ¢a3oBoro ciBura
YOPaBIAIOUIETO  HAMNPSsDKEHUST OTHOCHUTENIBHO CETEBOrO0 HampsikeHus. B
KauecTBe (Pa30CABUTAIONIMX YCTPOWCTB HCHOJIB3YIOTCS — (pa30peryssTopshl,
paznuuHbie (a30CABUTAIONINE 1IETIOYKU. BpemeHHble nuarpaMmbl pabOTHI
takux ®CVY nokazanpl Ha puc. 3.8. OOBIUHO UMITYJIBC YIPABIISIIONIETO TOKA
I, ynobHo (opMHpOBaTh B MOMEHT IIEPEXOJiA YNPABIIAIOIIETO HAMPIKCHUSA
yepes 0.

OCY TtaHreHuuaigipHoro tumna ominyarrcs oT PCY BepTHUKAIBHOTO
yIpaBJIeHUsi TeM, YTO (Pa30HECYIUH CUTHAN 3aKII0YaeTcsl B YIJIe HAKJIOHA
CUHXPOHU3HUPYIOUIET0 HANpsOKEHUsA. BpeMeHHble AuarpaMmbl, MOSICHSIOIINE
npuHun aeicteus takoro tuna ®CY, nokazansl Ha puc. 3.9. Ummynbc Toka
ynpaBieHus:  (GopMupyeTcss B MOMEHT cCpaBHeHMs HampsikeHus U, ¢
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Up= const. N3mensasa yron HakiioHa U;, CUHXPOHU3UPOBAHHOI'O C CETEBBIM
HaIpsKEHUEM e, MOKHO PEryJIMpOBaTh YroJ BKIFOUEHHS TUPUCTOPA O .

e, Uy

Puc. 3.8. Bpemennsie auarpammbl @CY ropu30HTaIBHOTO THUIIA

OO6biyHO 111 GOPMHMPOBAHUS  NUIOOOPA3HOrO  HAIMPSIKEHUS  C
IIEPEMEHHBIM  YIJIOM HAKJIOHa MCHoONb3ytoTca R-C — [ENOYKH C
pEryiupyeMoil BEJIMYUHON MOCTOSTHHOM BpPEMEHU 3apsijia EMKOCTU. Y jo0Hee
JUISL OTOM LIEJIM U3MEHATH BEJIMUUHY aKTUBHOTO COIPOTUBIICHUS R.

U, Us]

v

Puc. 3.9. Bpemennsie auarpammbl pa®otel @CY TaHreHIIMATBLHOTO THUTIA

Ta"re”HnuairHOE yIpaBJICHUE TUPUCTOPHBIMHU yCTpOMCTBaAMU
1enecoo0pa3sHo HCMOJb30BaTh NPU paboTe OT CETH C H3MEHsIoUencs
4aCTOTOM.
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Haubonpiiee pacnpoctpaHeHue B MNpeoOpa3oBaTENbHOM  TEXHUKE
MOJIYYUJT CHOCOO BEPTHKAIBHOIO YIPABICHUS TUPHUCTOpamMu OJjarojaaps
npoctore cxeMHbIx pemeHud DO®CY mnpu  J0CTaTOYHOM  TOYHOCTH
dbopMUpOBaHUA yIJIa o0 U MIUPOKOM JUAIa30HE €ro U3MEHEHHUS.

3.3. Paboma ghazopeaynupyembix mupucmopHbIX
ycunumeneu

OcHoBHBIMU (paKTOpaMu, ONPEAENIAIONUMEI padboTy (ha3operyaupyeMbix
TUPUCTOPHBIX YCTPOWCTB, SIBISIIOTCS CXEMbl COOCTBEHHO BEHTHJIBHOIO
npeoOpazoBaTesis M CETM IEPEMEHHOr0 TOKa, a TakkKe XapakTep
EKTPUUYECKHUX HArPy30K.

Haubonee pacnpocTpaHeHHOM CXeMON BEHTHJILHOTO PETYIsTOpa B CETU
MEPEMEHHOr0 TOKa SBISETCA CHUMMETpUYHAs OWIONSIpHAsT TUPHUCTOpHAs
aueiika. CeTHm TEpPeMEHHOr0 TOKa OOBIYHO  BBIMOJHSIOTCS  JUOO
onHoda3HbIMU, JUOO Tpex(azHbBIMU TpPEX- WIA YETHIPEXIPOBOIHBIMHU.
TUOUYHBIM  XapakTEPOM HArpy30K SIBJISIETCS AKTUBHAs WM AaKTUBHO-
WHIYKTUBHAs Harpy3ka c 3alaHHbIM KOA()(PUIIMEHTOM MOUTHOCTH.

PaccmoTpuMm  paboTy CHUMMETpUYHOW OWIONSIPHOM  TUPHUCTOPHOMU
auyeiiku B OAHO(A3HON ceTH NMEepPeMEHHOro TOKa Ha Harpy3Ky aKTHBHOIO
xapakrepa. CxeMa M BpeMEHHbIE aUarpamMMbl paOOThl pacCMaTPUBAEMOTO
yCTpOMCTBa NpuBEAEHBI Ha puc. 3.10.
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Puc. 3.10. OnHoda3zHblil peryasTop MepeMEeHHOT0 TOKa

[Ipu dazoBoM ympaBiaeHWH HA TUPHUCTOP TMOAACTCS YIPABISIOIIMIMA
WMIYJIbC, CIBUHYTHII OTHOCHUTEIIBHO IPOBOJAIIETO MOJYyNEepruoaa
HamnpsDKEHUs CeTH Ha Yros  o. 3alupaHue TUPUCTOpA MOPU IPUHATHIX
YCJIOBUSIX TPOUCXOJUT €CTECTBEHHBIM 00pa3oM B KOHIE Toyiynepuonaa. B
MepBOM MPUOIMKEHUN MOXKHO MpeHeOpeus mapamMmeTpamu Tpancopmaropa
Xg4, Tgy YTO JAET BO3MOXXHOCTH YYHUTBIBATH  TOJIBKO BBIHYKJICHHbIC
COCTaBJisIfoIIME B KpuBoM Toka [4].  [nd wuaeanbHbIX THPHUCTOPOB
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BpeMEHHas JauarpamMmma paboThl cXxeMbl moka3zaHa Ha puc. 3.10. Cpennee
3HAUEHWE HANpsDKEHUsT Ha Harpy3ke R, 3a TOJOBUHY Tepuoia B
3aBUCUMOCTH OT 0O PaBHO

Un

. (1+cosoc), (3.1)

2% U "
e 1 . :—m — =
Ucp—Tijsmu)t dt (- coswt)
o n o
rae o = 2mf KpyroBas 4acTOTa MEPEMEHHOT0 TOKa MUTAIOIIEH CEeTH.
Ha narpy3ke akTUBHOro xapakrepa (opma TOKa MOBTOpsET (opmy
HaIpsKEHUS], TO3TOMY

I,=L

TR,

JleficTByOIIEE 3HAUEHNE HANPSXKEHUS HA Harpy3Ke paBHO

(1+cosoc), (3.2)

U,= 2D(Umsm(m‘)dl#I(Umsm(m‘)dz} «/_ Tt

. (3.3)
T+o

COOTBETCTBEHHO, JEUCTBYIOLIEE 3HAYECHUE TOKa HArpy3KH

OmpeeIsieTCs BBIpa)KeHI/IeM
\/ N sin 2o (3.4)

T—0a
Jl .
R. \/2n

Takum oOpazom, mpu ($a30BOM YIPABICHUM WHTETpaibHbIC 3HAYCHUS
TOKa M HalpsDKeHUs Harpy3Kd TUPHUCTOPHOIO PETYJsATOpa  SIBISIOTCA
GYHKIUSAMHU yTiia yIpaBieHUs o.

['paduueckne 3aBUCHMOCTH CpEIHEr0 W JACHCTBYIOLIETO 3HAYECHUN
HaIpsDKeHUs, MOCTpoeHHble nmo BeipaxkeHusm (3.1), (3.3) npu U, = 1,
noka3aHsl Ha puc. 3.11.

U, o.e. ~———

NN
0,6
\K(]cp /UII
0,5 AN

0,4 AN
s A
" ANIN
0,1 \\ \
| N

0 N
30 60 90 120 150  «, rpang

Puc. 3.11. 3aBucumoctu cpeanero U, u
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nercTeymomero U, HanpspKEHUsT Ha Harpyske

Tok ¥ HampspKEHHE HArpy3Kd CYIIECTBEHHO HECHHYCOMIAJbHBI, UTO
MOYKET BJIMATHh HA HEKOTOpbIE THUIIBI HArpy30K, HAIpUMEpP JABUTATEIIbHYIO.
AHanu3  DJEKTPUYECKUX  Leneid C  HEJIWHEWHBIMM  3JIEMEHTAMH
OCYILIECTBIISIETCS  C  IIOMOIIBIO  NPEICTABICHUS  pEaJbHOM  (QopMbI
HCCIIEyeMOr0 CHUTHajga B BHJE TapMOHHMYECKOIO CIEKTpa TOKOB W
HaIPSIKECHUMN.

Ammmurtyna [, w HavanbHas Qasza ¢r k- ¥ TapMOHUKU TOKa
OIPEEIAI0TCS ¢ MOMOLIBIO psaa Dypbe:

Lim=vBi+Ci;

Crk

B
rie By u C, —xodddunuentsl psaaa Oypne.

(3.5)

0, = arctg

b

B, =3ji(t)sin koot - dt ; Ci= 2Ji(t)coskwt-a’f.
T T

[Ipu cuMMETpUYHOM YINIPABICHUU TUPUCTOPAMHU B CIIEKTPE OTCYTCTBYET
MOCTOSIHHAsI COCTAaBJISIFOIIAsi M YETHBIE TapMOHUYECKHE COCTABJISAIOLINE
TOKOB. BaxkHenen XapakTepUCTUKOW HEIIMHEWHOM LIENU SIBJISETCS NepBas
WJIM OCHOBHAs rapMOHHWKa TOKa U HanpspkeHus. Koadgdumuents! psga Oypobe
IUJI1 OCHOBHOM TapMOHUKHU TOKA B 3aBUCUMOCTH OT 0L UMEIOT BUJ [2]:

B.=1 E—Lz(x+isin2(>c )
M2 2 2n
> (3.6)
Ci= Q(2 - 2cos2a) ,
4r D,
rne [, = Tm — aMIUTUTYHOE 3HAYCHHE TOKA.

AMIUTATY/ABI BBICHIMX TapPMOHUYECKHUX COCTABISIOMIMX ONPEAEISIIOTCS
BBIPKEHUAMHU 117151 KOddpuireHToB psga Oypobe:
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Bi= ;";L_lk Sin[(l_k)mt]_l—l—lk Sin[(1+k)@t]} a N h
2n

+ ;”;L_lk sin[(l—k)cot]—lik sin[(l+k )ﬂ)l‘ ]} » ;
> (3.7)

Cp= fm[_lk cos[(1+k)cot]—1_1k cos[(l—k)cot]} a n

2| 1+
2n
Inl 1 1
woml = cos[(I+k ot ] cos[(1—k Jot] )
2n| l+k 1-k
T+a
Pesynbrathl pacuetoB no Gpopmynam 3.5-3.7 npuseaeHsl B Ta0I. 3.1
Tabmuma 3.1
a, rpag | 0 18 45 60 72 90 100 112 128 164
Li,0e | 1] 0994 0,924 0,838 0,749/ 0,593| 0,500] 0,379 0,236| 0,027
o, rpan | 0 | 1,710] 9,820] 16,620| 22,670| 32,500| 38,240| 45,940| 56,120| 79,980
L, 0e | 0] 0,030 0,158 0,240[ 0,289, 0,318 0,309] 0,273 0,196] 0,026
Is,,0.e. | 0] 0,028 0,118 0,138] 0,127/ 0,106 0,114] 0,133] 0,132] 0,025
L, 0 | 0| 0,027 0,075 0,069 0,082 0,106] 0,098 0,075 0,073| 0,024
Ly, 0.e. | 0| 0,024 0,045 0,063] 0,076/ 0,064 0,071] 0,079] 0,049] 0,022
Lm0 | 0] 0,022 0,038 0,055/ 0,050 0,064 0,056/ 0,052| 0,049] 0,020

['paduueckne 3aBUCUMOCTH aMIUTUTYAbl M (a3l OCHOBHOM U
aMIIUTyabl 3,5 1 7 TapMOHUK TOKA Harpy3KH NOKa3aHel Ha puc. 3.12.

WN3BecTHBII TapMOHMYECKHUI CIIEKTP TOKa, noTpedIIsieMoro
BEHTUJIBHOM  HAarpy3KoM, IIO3BOJISIET  OLCHUTh €€  HHTETPAJIbHBIC
YHEPreTUYECKUE XapaKTEePUCTUKHU. HenicTByroniee 3Ha4YCHUE
HECUHYCOMJAJIBHOI0 TOKA PaBHO

]szllzﬂ_'_%]%ﬂ’ (38)

— IICﬁCTBYIOH.IH@ 3HAUYCHUS TOKAa OCHOBHOM U

L Lim

BBICIINX I'APMOHHNYCCKUX COCTABJIAOIIHX.
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Ikma (Pl,
o.e l“paﬂ\

0.8 180 "
\ //_ o1

0.6 60 N
) I3m y/
0.4 |40 \ -
0,2 24 I””x)’/A& L,
0 40 80 120 o, rpaj

Puc. 3.12. 'apmoHMYECKUI CIIEKTP TOKA B 3aBUCUMOCTH OT O

Ilomaas MOIIIHOCTB, HOTpe6JI$IeMaSI HarpySKOﬁ
2 w2

Ecnu OCHOBHYIO TapMOHHMKY TOKa BBIPa3UTh Yepe3 AaKTHUBHYIO U
PEaKTUBHYIO COCTABIISIONINE, TO BeIpaxkeHue (3.9) npumer Bua

(e 0]
_ - 2 _ [ 2 a2
S =E;, (IlaCOS(Pl)Z + (IIHSIH(Pl)z + %Ik;[ = \/Pl +tO N (3.10)
rac P], Ql — AaKTHBHasg U PCAKTHBHASA MOIIHOCTH OCHOBHBIX TapMOHHUYCCKHUX

o0
COCTaBJISIIOIIMX TOKA M HampsbkeHus; N = E. > [in —  MOII[HOCTH
k

UCKAXKEHHUS, OmpenesisieMasl BBICIIMMU TapMOHUYECKUMH COCTABISIOUIUMU
HECUHYCOMJIAIbHOTO TOKA.

OTtcioga WHTErpasbHOE 3HayeHUE KOd((UIIMEHTa MOIIHOCTH MOKET
OBITH MIPE/ICTABIICHO KaK

P E 11,050, T

§ Enly In

C  u3MEHEHMEM  BEJIMYMHBI  yrjla  YIOPaBICHUS  U3MEHSIETCS

FapMOHUYECKUM CHEKTp TOKa W  COOTBETCTBEHHO JSHEPreTHUYECKUE
XapaKTePUCTUKH LEMH C BEHTHISIMH.

Takum oGpazom, TUPUCTOPHBIA  PETYJISATOP, KpPOME AKTUBHOM

MOIITHOCTH, TIOTPEOJIIET Tak)Ke PEaKTUBHYIO MOIIHOCTh W MOIIHOCTh
ucKakeHus. PeakTWBHass MOIIHOCTH MOTpeOisieTcs 3a cuerT ciasura  (¢as

Cos(pl. (311)
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MEXAy  NEepBbIMM  TapMOHMKAMHM HalpsDKEeHUsT W TOKa TeHepaTopa,
BO3HUKAIOUIETO MpHu (a30BOM yIpaBiIeHUH THpUcTopamu. lpu ecrecTtBeHHON
KOMMYTallUM BEHTWJIEH TOK OTCTaeT OT HaIpsSKEHUsS Ha yroJl,
ONpeJeNsieMblii  YIJIOM BKJIIOUEHHS TUPUCTOPOB (yroa Ha puc. 3.12).
MOIIIHOCTh MCKa)XEHUsl ompenenseTcs HanmuuueM B (da3ax NUTAIOUIETo
MCTOYHHUKA BBICIIUX TAPMOHUYECKHUX COCTABIIAIOIIMX TOKA.

CxeMbl € HCKYCCTBEHHOM KOMMYTallM€ TO3BOJIAIOT 0OECHeunuTh
pErylMpOBaHUE MEPEMEHHOr0 TOKa C HEUM3MEHHOM BeIMYMHOM (Hha30BOro
CABUTA TOKa MEPBOM TapMOHUKH OTHOCUTENBbHO HampspkeHus. Iloctpouthb
TAaK)K€ CXEMbl MOXKHO MO TPUHIIMIY PETyJIUpOBaHMs, MOKa3aHHOMY Ha
puc. 3.13. Ha pucyHke COOTBETCTBYIOIINI BEHTHIb BKJIIOUAETCS C YIJIOM O U
BBIKJTIOYAETCSI B MOMEHT, OIPEAeIIeMbIi yTioM f.

U I
UIT Ny

2t ot

T

|

Puc. 3.13. Bpemennsie nuarpammel peryisaropa ¢ MK

ITonHOCTBIO yIpaBiIiEMble BEHTWIM IIO3BOJISIIOT CTPOUTH HCTOYHUKHU
peakTuBHOM MoutHOCTH (MPM). PeakTBHAsE MOIIHOCTH B TAKMX MCTOYHUKAX
reHepupyercs 3a cdeT (a3oBOro CABHUra MEXY TOKAMU M HaIpsHKEeHUSIMU
JJIEMEHTOB LENM U ONpPENENseTCS KaK UHTerpajibHas Mepa  CKOPOCTH
VM3MEHEHUsI MTHOBEHHOT'O COIIPOTHBIICHUS LIENIN BO BPEMEHH.

TUIMYHBIA 2JIEMEHT CUJIOBOM CTPYKTYphl TUpUCTOPHBIX MIPM mokasan
Ha puc. 3.14.

U [4

2“\ ot

Puc. 3.14. Dnementapusiii TUPM
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B ycranoBuBIIEeMcs pexume cxema paboTaeT CIEAYIOIUM OO0pa3oM.
[Ipn HanmWuuuM yOpaBISIONIETO CUTHAjJa TUPUCTOP VS| BKiIOYaeTcs B
MOMEHT, KOT'/Ia TOK Harpy3KkH /; CTaHOBUTCS TOJIOKUTEIbHBIM (Touka 2). Ha
ydacTke 1-2 TOK Harpy3ku npoxoaut yepe3 auona VD;.

B Moment ot = w (Touka 3) tupuctop VS) 3akpeiBaetcs, a auon VD,
oTkpbiBaeTcss 1o aeiictBuem JDJIC caMOMHAYKIIMH Harpy3Ku u
obOecrieurBaeT MPOTEKAHUE WMHAYKTHMBHOTO TOKa HArpy3ku. Bkirodenwe wu
BBIKIIIOUEHUE THUpHCTOpa VS, u nuona VD, MpOUCXOIUT aHAJIOTUYHO.

B nanHO# cxeme TPOUCXOAUT OOMEH PHEPTUAMHU MEXKY UHIYKTUBHBIM
HakomuTesleM L W  HMCTOYHHUKOM TIOCTOSSHHOrO Hampsbkenus E. Ponib
TUPUCTOPOB COCTOUT B OOECIIEUEHUU ITOTO0 OOMEHA IMyTeM MPUHYIUTEIbHON
KOMMYTallUM TOKa [8].

3.4. UckaxxeHus1 HanpshXeHusi numarouwell cemu HeslUHeUHOU
Haz2py3kol

CreneHp WCKaKEHHMS HANpPsDKEHUS IUATAIOIIEN CETH HEJIWHEWMHOU
BEHTWJIBHOW HArpy3Koil Takke MOXKeT ObITh OINpejeieHa C MOMOIIbIO
rapMOHMYECKOTO aHAJIN3a KPUBOW HANPSKEHUS. 3HAsl TAPMOHUYECKUM COCTAB
¢a3HOoro TOKa U IKBHUBAJICHTHBIE napameTpbl TpaHncpopmaropa L, 7,
MOYHO OIpPEAEIUTh TapMOHUYECKUNA COCTaB CETEBOTO HAINPSKEHUS

Us=is Zu koL, ] 472, (.12)
rie iy — BEJIMYMHA K-A TapMOHUKH TOKa, MOTPEOJIIEeMOro BEHTHJIHLHOU
Harpy3Kom.

Pe3ynbTaTel pacuera TapMOHMYECKOTO COCTaBa HAmNpsOKEHUS B
OTHOCUTENIbHBIX €JUHUIAX MPHU YCIOBUHU, YTO UCTOYHUK MEPEMEHHOTO TOKa

MUTACT BEHTWIBHYIO HArpy3Ky IMPAKTHYCCKU PABHOW MOIITHOCTH, TIPHBEICHBI
B Tabi. 3.2.

Tabmuma 3.2

0, rpax 18 36 45 60 72 90 100 112 118 150

Uy, 0.e. 10,073 10,075 | 0,075 ] 0,072 | 0,068 | 0,061 | 0,057 | 0,056 | 0,050 | 0,056

U3, 0.e. | 0,005 | 0,020 | 0,030 | 0,044 | 0,053 | 0,058 | 0,056 | 0,050 | 0,036 | 0,013

U,s, 0.e. | 0,008 | 0,028 | 0,036 | 0,042 | 0,038 | 0,032 | 0,034 | 0,040 | 0,040 | 0,021

Uy, 0.e. 10,011 0,029 | 0,032 | 0,029 | 0,034 | 0,045 | 0,041 | 0,032 | 0,031 | 0,024

Uy, 0.€. 10,013 | 0,025 | 0,024 | 0,034 | 0,041 | 0,035 | 0,038 | 0,040 | 0,026 | 0,024

Uy, 0.e. | 0,010 | 0,020 | 0,038 | 0,036 | 0,033 | 0,042 | 0,037 | 0,034 | 0,032 | 0,021
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OKBUBAJIEHTHOE COMPOTUBIIEHNE OOMOTOK MUTAIOIIET0 TpaHchopmaTopa
OpUHATO B pacyeTaXx paBHbIM 10 % OTHOCHUTENBHO  HOMMHAJIBHOTO
COINPOTHUBIICHUS HATPY3KU PETYIATOpA.

Bennunna UCKa)KEHUHU HaIPSHKCHUS MOXKET U3MEPATHCS
KO3 (PUIIMEHTOM TapMOHUK, KOTOpBIM oOmNpenensieTcss Kak OTHOLIEHUE
CPEIHEKBAJPATUYHOTO 3HAYECHHS BBICHIMX T'APMOHUK K MEPBOM TapMOHHKE
UCCJIeyeMOT0 CUTHAIA:

%
XU
kyy=-"——"100%. (3.13)
1
KoadhurmenT rapMoHMK 3aBUCHUT OT BEJIUYHMHBI YIJIa YIPaBICHUS
TUPUCTOPAMU OMITOISAPHON SYCHKH, TOCTUTass MaKCUMAJIBHOT'O 3HAYCHUS JIJIS
0=90 °. I'padmueckas 3aBUCUMOCTS k,y = f(0) mpuBeaeHa Ha puc. 3.15.

krua %

8,0 \
6,0 \

/ N

4,0 / N
N / \
0
30 60 90 120 150  a rpax

Puc. 3.15. MckaxeHus HaNpsKEHUs CETH, MUTAOIIEN TUPUCTOPHBIN PETYIISITOP

DHEpPreTHYeCKne XapaKTCPUCTUKH CHCTEMBI 3JIEKTPOCHAOKEHUS C
BCHTWIBHBIM  TIpe0oOpa3oBaTelieM COU3MEPUMON  MOIIMHOCTH  JIOJDKHBI
OTIPEICIATECA C YUETOM HCKaXeHUs (GOpMbl KpHBOW HampspkeHws. Torma
MOJTHAast MOIITHOCTH (ha3wl TpaHchopmaTopa paBHA

S = U12ﬂ+§Uiﬂ Tt 2T, (3.14)
k

rne Uy, n Uy, — JOCHCTBYIOIIHME 3HAYEHUS TNEPBOM M BBICIINX
rapMOHUYECKUX COCTABISIOIINX HAIIPSKEHHUS.

BbeIpazuB neiCTByrOIIME 3HAYEHHUS TOKOB M HAaNpsDKEHUM 4epes
KO3 (PUIIMEHT TapMOHUK W TMEPBYI0 TapMOHUYECKYIO0 COCTABIISIONIYIO,
MOy YUM
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111:]1)1 V1+k1%1;
Un:Uln‘/“ng; (3.15)

S zlanln\/”k%UJfkgﬁk%ngl ’
rae k,; u k,y —Ko3hOUIIMEHTH TAPMOHUK TOKA U HAIIPSKCHMUS.
Torma, c¢ ydyerom Beipaxenusi (3.11), wuHTerpajsbHOo€ 3HauYEHUE
Kod(dPUIIeHTa MOIIHOCTH TUPUCTOPHOTO PEryyisaTopa, padoTarolero or
CETH COU3MEPUMON MOIIHOCTH, PABHO

0 Pk
coSs 1+ =%
i %Pl

X (3.16)

N 2 2 . .2 .2
\/1+krU+krl+krUkrl
riae P, — akTUBHAas MOIIHOCTb K- TapMOHUKH.

3.5. ®aszopeaynupyembili mupucmopHbIili ycunumesnb 6e3
HyJ1eeo20 rpoesoda

Kpome Toro, omHoda3Hbple KOMMYTAaTOPHI MOTYT BBHITIOJTHITHCS TI0
MOCTOBBIM cxemaM (cM. puc. 3.1, 2).

TpexdazHpie KOMMYTHPYIOIINE YCTPOMCTBA MOTYT BBITIONHATHCS Kak
HenonHo(a3HbIe, KOTJa BEHTHIIM YCTAHABIMBAIOTCS TOJNBKO B JBE (asbl, U
noimHo(a3Hble, KOTJa BEHTHIbHBIC SYCHKH YCTaHABIMBAIOTCS BO  BCEX
¢dazax. llomHodaszupie  ycTpoiicTBa  Ooyiee  pacmpocTpaHEHBl IO
COOOpaKCHHUSAM HAJIEKHOCTH KOMMYTAIlMH. BeHTHIbHBIE KOMMYTaTOPBI
(vame Bcero B BHJE CHUMMETPUYHBIX OHIOJSIPHBIX THUPUCTOPHBIX SYEEK)
MOTYT YyCTaHABIMBATHCA KakK B UYETBIPEXIIPOBOAHEIE (CM. pucC. 3.2, a), TaK u
B TPEXIIPOBOJHBIE CETU MEPEMEHHOTO TOKa (CM. puc. 3.2, 6 — e).

Hanpumep, nis cxembl, ToKa3aHHOW Ha puc. 3.2, 6, B 3aBUCUMOCTH OT 0.
MOKHO BBIJICJIUTh TPH PEXHMa padOThI, COOTBETCTBYIOIIUX TUAIa30HAM
n3MeHenus yria ympasienus 0 < a < 60°% 60° < a < 90°% 90° < a < 150°.
Paccmotpum dopMy HampspkeHHsT Ha Harpyske, COOTBETCTBYIOUIYIO ITHM
pekruMaM pPa0OThl BEHTWJIBHOTO  MpeoOpas3oBaress, TpU  JOMYyIICHUH
UICATbHOCTH BEHTWICH W CHMMETPUM  HArpy3KH M YIJIOB YIPaBICHUS
TUPHUCTOpaMu 1o (azam.

Bpemennble nuarpaMMbl HampsOKEHUS TMOKa3aHbl Ha puc. 3.16. Jlns
WLTIOCTPAllMd  TIEPBOTO  peKuMa paboThl MpUHATO 3HaueHue o = 30°. Ha
uHTepBaie 0—o HampspDkeHHe Ha Harpyske (assl 4 paBHO HYIIO, TaK Kak
TUPUCTOpP HE BKJIIOYEH. [Ipw BKIOYeHMHM THpHCTOpa B MOMEHT o = 30°
tupuctopel B dazax B m C BKIIOYCHB paHee W TpexdasHas cucrema
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cuMMeTpuuHa. KpuBasi HampshkeHHs HArpy3sku [JJsi  JaHHBIX YCIIOBHI
dbopmupyercss u3 (Paznoro Hampspkenus Uy CuUMMETpuUs CHCTEMBbI
coXpaHsieTcsi A0 BbIKJIIOueHUs BeHTWI (a3l C B MoMmeHT nepexoga Ue
yepe3 0. Hampsikenue Ha Harpyske npu 3ToM (GopMupyeTcs: U3 MoJIOBUHHOTO
3HAYCHUs JIMHEWHOTO HAIPSKEHUS U,p/2. Jlanee, B COOTBETCTBHH C
COCTOSIHMEM BeHTWJIeH B (pa3ax, HampspKeHUe Ha Harpyske GopMHupyeTcs u3
Yy4acTKOB (Da3HOT0 U MOJOBUHHOTO JTMHEHHOTO HANIPSKEHUSI TUTAIOIICH CEeTH.

OueBuaHO, 4TO, HAUMHAasA ¢ o = 60°, CUE3al0T CUMMETPUYHBIE PEKUMBI
CUCTEMBl M HampsbKeHUe Ha Harpy3ke (asel 4 GdopMmupyeTcss TOIBKO U3
muHelHbIX HanpsokeHuil Uyp/2 u Uyc/2. KpuBas HanpsokeHHs — Harpysku
da3el 4 111 o = 75° mokaszana Ha puc. 3.16. Ilpu o = 90° pexum paboThI
CXEMbl HECKOJBKO M3MEHSETCA 33 CUET MOSIBICHUSI 0€CTOKOBBIX May3 MEXKIY
IBYMs. ~ JUHEHHBIMM  HAOpsDKEHUSIMH,  OOpasyloUUMU  TOJYHEPHO
HanpsDKeHUsl Harpy3ku. JlaHHbIM pexuM paboThl CXEMbl WILTIOCTPUPYETCS
puc. 3.16 ays o = 120°.

AHanu3 pexuMoB paboThl Tpex(a3zHOW TPEeXNpPOBOJAHON CXEMBI C
dazoperynupyemMbiM  TUPUCTOPHBIM  IpeoOpa3zoBareieM MOXKET  ObITh
BBITIOJIHEH MO METOJMKE, OMUCAHHOW sl ofgHoda3HbIX cxeM. OTCcyTcTBHE
HYJIEBOTO MPOBOJIa HCKIIOYAET U3 TapMOHHYECKOro cocTaBa (ha3HbIX TOKOB
Y HAaNpsDKEHUM TapMOHUKHM KpaTHbBIE 3, a JAMana3OH pEeryJMpOBaHUs YIJIOB
yhnpaBiIeHUs: TUpUcTOopaMu cokpamaerca 1o 150°. Ilo crenenn uckakeHUi
HaMpsDKEHUS] CETH PEryJIATOp, COCTOSAIIUMN M3 OUIMOJIAPHBIX TUPUCTOPHBIX
sgyeek 0e3 HyJeBOro MpoBOJia, HE3HAYUTEIBHO OTJIMYAECTCS OT aHAJIOTHYHOIO
peryisTopa, paboTaroIero B YeTHIPEXITPOBOJHOM CXEME.

B kayecTBe mpuMepa pacuETHBIX MHTETPAJIBHBIX XapaKTEPUCTUK
npeoOpa3oBaTensi MPUBEAEM BbIpOKEHHE MJIA JCHCTBYIOIIETO  3HAYCHUS
TOKa HArpysk# [2]:

Ifln 3 sin 2o
I1.=1. ] a1 0 <a < 60%
3 (n 3. 3
I.=1n Zn E+Zs1n2oL+TCOS20L s 60° <o <90% 1(3.17)
(s 343 3sin2a
]ﬂ:% ; 57‘[—3(14'70032(14‘7 I[JIH900<(1<15009J

rae [, — aMIumMTyHOe 3HaueHue Toka da3el npu o = 0°.
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Puc. 3.16. Bpemennble n1uarpaMMbl Hanps>KeHUs: Ha Harpys3ke B gasze A
mig o=30° oa="75° a=120°
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Takum oOpazom, (azoperyaupyeMblii THPUCTOPHBIN TpeoOpa3zoBaTesb B
LeNM NEPEMEHHOro TOKa o0ecnednBaer IUIABHOE perynupoBaHue
MHTETPAIbHBIX XapaKTepUCTUK TOKA W HANpPSDKEHUS B LENH Harpy3Ku.
@dopMbl TOKa M HaNpSKEHUS B CHCTEME JJIEKTPOCHAOKEHUS TMpPU 3TOM
uckaxarorcs.  CTeneHb HWCKaXEHUs HANpsHKEHUsT CETH  3aBUCUT OT
COOTHOUIEHNS MOIIHOCTEW MCTOYHUKA MUTAHUS U BEHTWIBHOW HArpy3kH, a
TaKKe€ OT BEJIUYHUHBI YIJIOB YIIPABIEHUS TUPUCTOPAMH, CXEMBI THPUCTOPHOTO
peoOpazoBaTeIs.

3.6. daszopezynupyemble mMUpPUCMOPHbLIE ycunumesnu ¢
aKmueHO-UHOYKMUBHOU Ha2py3kKou

B 1memsax ¢ aKTMBHO-WHAYKTHMBHOM Harpy3kod mnpu  ¢a3oBoM
peryaupoBaHUM  TUPUCTOpOB  Bo3HuKaeT DJIC CaMOUHYKIIUH,
3aJIep>KUBalollasi HapacTaHWe M CHaJaHue TOKAa. OJKBUBAJIGHTHAs CXema
onHo(a3zHOU 1enu ¢ TUPUCTOPHBIM PEryJaTOpoM IoKa3aHa Ha puc. 3.17, a,
BPEMEHHbBIC JUarpaMMbl TOKOB W HAIPsKEHUU CXeMBbI 0€3 yuera mapameTpoB
L., r, —Hapuc. 3.17, 6.

VS,
O —.
F—Y Y
s
~U R
L I
[P o o W H
a o

Puc. 3.17. OnHoda3Helil peryasarop NEPEeMEHHOTO TOKa
C aKTUBHO-MHAYKTUBHOM HArpy3KOMH

[Ipy BKIOUEHUM BEHTWISI B MOMEHT O B CXEME HAYMHAETCS
MEPEXOIHBIN TPOLECC HapacTaHus TOKA. YPAaBHEHUE BIEKTPUUECKOTO
PaBHOBECHS 1IETIH MOXKET OBITh TIPEJACTABICHO B BUJIC

) . di
E, smof=iR+L—. (3.18)
dt

Pemas 310 ypaBHEHHE, C yUETOM, YTO MUHUMAJIBHBIN YIOJl YIIPABJICHUS

oL
BEHTHIAMU g, = = arctg? , HOJIy4MM
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E . _ wr—ao
i="".cosq|sin(wt—@)—sin(o—9)e tep | (3.19)
R
PICH M % -cos@sin(wf — @) — IPUHYKIECHHAS COCTABIAIONIAS TOKA;

E _(Dt—(l
= —Tm . cos(psin((x — (p)e tgp CBO6OIIHa$I COCTaBJIAIOIIAA TOKA.

ice

OOblyHO 1711 peajbHBIX NapaMmMeTpoB  Harpy3ku cose = 0,6-0,9
(¢ = 25-50°) cBoOOAHAsI COCTABIISIIONIAS TOKAa 3aTyXaeT 3a BPEMs, MCHBIIIEE
JUTUTETLHOCTH MOIYNEPHO/Ia TUTAIOUIETO HAIPSHKSHMUS.

B 3aBUCHMOCTH OT COOTHOLIEHUSI MEKIY 0. M 0 B IAaHHOM CXEME MOXKET
ObITh Tpu pexuma padoTbl. HopManbHBIM pexxuM paboOThl COOTBETCTBYET
3HaUEHUI0 o > ¢ (mokas3aH Ha puc. 3.17). Tok B Harpy3ke IpepbIBUCTHIMH,
HECUHYCOUJAIbHBIN, a €ro cpeliHee U JEeHUCTBYIOIIee 3HAUCHUS 3aBUCST OT O.
[Ipu o = @ cBOOOgHAs cOCTaBisAIOUIas TOKA iz OTCYTCTBYET W TOK
ompeJeNsieTcs] TOJNbKO BBIHYXKIEHHOM cocTaBisiome. B aToM pexume Tok
B Harpy3keé HMEeT CHHYCOMJaJbHYI0 (OpMy, THPUCTOPHOE YCTPOWCTBO
paboraer kak kommytarop. Ecnu yron ynpaBienust Tupuctopa o < @, TO
NEPBBIM KOPOTKUM YIPABIAIONIMM HMITYJIbCOM BKIIIOUUTCS THPUCTOP, K
CWJIOBBIM 3JIEKTPOJAaM KOTOPOI'O MPHJIOKEHO IMPOBOJAIIEE HAIMpPSKEHUE.
Bropoii TupucTOp sUeHKHU BKIIOYUTHCS B MOMEHT (. HE CMOXET, TaK Kak
NEPBBIA TUPUCTOP €€ HAXOAUTCS B MPOBOISLIEM COCTOSIHUU TI0A
BozneiicteueM OJIC camomHaykumu Harpy3ku. CregoBaTenbHO, IIPU
KOPOTKHMX YIPABISIIOIIMX CUTHAaX TOK B LEMU HATrPY3KU OIHOIOISPHBIN.
[IpakTUdyeckoro NPUMEHEHUS TMOCIEIHUNA peXuM paldoThl OUIOISIPHON
TUPUCTOPHOU STYEHKHU HE UMEET.

Ananu3 pabouynx peXHMOB BEHTHJIBHOTO pEryssaTopa Ha AaKTUBHO-
MHIYKTUBHYIO Harpy3Ky 0osiee ClI0KeH, XOTs MPUHIUITUATIBHO HE OTJINYaeTCs
OT PAaCCMOTPEHHOTO BHIIIIE.

3.7. lMpumepni npakmu4ecko20 ucnosib308aHus
MmupuCcmMopHbLIX KOMMYyMUpPYOWUX U pe2ynupyroujux ycmpoucme

TunuuHbIM TPUMEPOM NOCTPOECHUSI OECKOHTAKTHOI'O KOMMYTHPYIOIIETO
amnmapara SBJISETCS PEBEPCHUBHBIA TUPHUCTOPHBIN myckatenb cepun 11T,
MPUHLHUIHAAIBHAS CXeMa KOTOpOro ImpuBeneHa Ha puc. 3.18 [2].
Hanpspkenne TpexdasHoi nuraromieid cetu mojaercss Ha BbiBoabl A, B, C.
Harpy3ka — acCHHXpOHHBIA ABUTATENb — MOAKIKOYAETCA K BbIBOAaM A, B,
C;. BxiroyeHue myckarenss OCYHIECTBISIETCS BbLAAYEH YIPaBISIOMINX
CUTHAJIOB Ha CHJIOBbIE TUPUCTOPBL. VIMITyNbChI yripaBieHus: popMupyrorcs u3
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AHOJHOTO HAmpsiKEHHUs TUPUCTOPOB. IIpu mojgave HampsbkeHUs: Ha pele P
niu P, (pyu HAXKaTUHU KHOTIOK «B» WIH «H») KOHTAKThI pejie 3aMbIKAIOT 1eTTH
yOpaBICHUS TUPUCTOPAMH U OHU BKJIIOYAIOTCA, €CJIM TMOTEHIIMAJ] aHOJOB
BEHTHJIEW TOJIOKUTEIEH OTHOCUTENBHO KatonoB. [Ipu mepexone Toka uepes
HyJb TUPUCTOpP BBIKIIOYAaeTcs. HWMOynbCchl  yOpaBiA€HHS MOCTYIAIOT
CUHXpPOHHO C HaNpsOKEHUEM CETH C JJIMTENbHOCTBIO, 3aBUCAILLICH OT
XapakTepa Harpy3KH.

PeBepc naBurarens OCyIIECTBIACTCS M3MEHEHUEM nopsiJiKa
yepenoBaHusi paz A u B myTeM U3MEHEHHS ¢ MOMOIIBIO pene P u P, nenei
bopMHpoOBaHUs YNPABIAIOMUX UMIYIbCOB TUpUCTOpOB stueek I, I umm 11,
IV.

IlyckaTtenu HMEIOT  MaKCUMAJIbHO-TOKOBYIO — 3alUTY M TEIJIOBYIO
3alIUTy OT MEeperpy3ok. TepmMoaaTUMK TEIJIOBOM 3allUThl YCTAHABIMBACTCS
Ha OXJaauTele TUpHUcTOpa. TemoBas 3aluTa HACTpAWBaeTCs Ha
Temriepatypy kopmyca tupuctopa 105° C. Ileperpy3ka Qukcupyercs
YCTPOMCTBOM  3aIlIMThl, KOTOPOE€ BBIAAECT CHUTHAI Ha 3amnupaHue
TPaH3UCTOPHOIO KJIOYa B IIEMU NUTAHUS pelie ymnpaBieHus. B pesynbraTte
oOMOTKH peie 00eCTOYMBAIOTCA, KOHTAaKThl B IENAX  YIPaBICHUS
TUPUCTOPAMHU PA3MBIKAIOTCS W IyCKaTelIb OTKIIOYAET HArpy3Ky OT CETH.
MakcuManbHO-TOKOBas 3amuTa HacTpauBaeTcs Ha (9-10) Loy

Baknelmnm JOCTOMHCTBOM  TUPUCTOPHBIX ITyCKaTeled SBIACTCS
BBICOKAs 4YacTOTa BKJItOUeHUH — 10 600 BKJI./4.

KoHCTpykTHBHO  TycKaTead  HMMEIT  JIBa  WCHOJHEHHUS: s
B3PBIBOOE30MACHOTO TPUMEHEHHS U OOIIETPOMBIIIIICHHOTO Ha3HAYCHUS.

TupucTopHble KOMMYTAaTOPbl YCIICIIHO JKCIUTYaTHPYIOTCSI BO MHOTHX
HedTerazonoObIBaOIMX 00beAMHEHUAX Poccuu. Hampumep, THUpUCTOpHBIC
KoMmMmyTaTopsl cepun TK BbITyCKaroTCsi HA HOMUHANIbHOE HamnpshbkeHue oT 0,4
no 2,4 kB u HomuHaneHble TOKM OT 90 nmo 630 A. Kommyraropsl
MPEHA3HAYECHBl IS KOMMYTAIIMU 3JIEKTPOJBUTATEIEH cenapaldoOHHbIX M
MOTPY>KHBIX HACOCOB HE(PTSHBIX CKBAXKUH, MOTYT MPUMEHSITLCS B MPUBOJIAX
CTaHKOB-Ka4aJIOK Be3Jie, I7ie¢ He0OXOAMMO MEPEKII0UaTh armapaThl O0JIbIION
MOIIHOCTH.

OHu o0nagarT PSAIOM MPEUMYIIECTB MO0 CPABHEHUIO ¢ BaKYyMHBIMHU U
MEXaHMYECKMMU KOHTAaKTOPaMH: BBICOKOW HAJEKHOCTBbIO; OTCYTCTBUEM
MEepEeHANPSHKEHUH TPU  BBIKIIOYEHUHU, CJIEJ0BATEIBHO, ASKOHOMHUYECKOM
3 PEKTUBHOCTBIO 3a CUET CHWXXEHHUS AaBapUHWHOCTH JJIECKTPOJABUTATENCH;
OCCKOHTAaKTHOW M OeCIIyMHON KOMMYyTAIlMel; OOJBIINM PecypcoM padoThI;
MEHBIIINM TOTPEOJIECHUEM IICKTPUUECKON IHEPTUH B IETISAX YIIPABICHUS.
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Puc. 3.18. [IppHuunmansHas cxema IycKaTess
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B KOHCTpYKTMBHO-CXEMHOM PpEIIEHUH KOMMYTATOpbl MPEJCTaBISAIOT
co0Ol TpU OJUHAKOBBIX ABTOHOMHBIX Ojioka ((a3bl), OCYIIECTBIISIOMIMX
KOMMYTAIMI0 W 3alIUTy OT HArpy3o0K B Kaxaou (aze He3aBHUCHUMO IpYyr OT

npyra (puc. 3.19).

Puc. 3.19. BHemnuii Bua TupuctopHoro kommyraropa cepun TK

TUpUCTOPHBIN KITIOY CIIY>KUT OCHOBOHM JJISI MOCTPOCHUSI PETYISATOPOB
MOIIIHOCTH C UIMPOTHO-UMITYJIbCHBIM PETYJIUPOBAHUEM. B kauectBe
MpUMepa MOXHO IPUBECTH CHIOBYIO CXeMy peryistopoB Ttuna PMT,
MpeaHA3HAYCHHBIX ISl YIpaBlieHUs Tpexda3sHbIMU DJJICKTpOINeUaMHu. OTH
peryyisiTopbl BeIycKaroTcs Ha MomHocTu 250 u 360 kBT U HampsikeHue
380 B.

OCHOBOM CHJIOBOM CXEMBI SIBIISIFOTCSI TUPUCTOPHO-TUOAHBIC STYCHKHU (CM.
puc. 3.20), ympapiseMble CUTHajJaMUd C OJOKa YNpaBICHUS W 3alllUTHI
bY3 [2]. Jdanublii perynsTop MMEET JBa BUAA 3aIlUT: MO YIPaBISIOUIUM
AJIEKTPOJIaM THPUCTOPOB W MO OOMOTKE YINPaBICHUSI THUCTAHIIMOHHOTO
pacuenurens. Kpome TOro, CHUIOBbIE BEHTWIM 3alllMIIEHbl IIJIABKUMH
NpeoXpaHuTensaMu. TemioBas 3aluTa peardpyer Ha TeMrepaTrypy
OXJIAJIUTEJIEN TUPUCTOPOB C MOMOIIBIO TEPMOPE3UCTOPOB.

beckoHTakTHasi TUPUCTOpPHAs CHCTEMA PETYJUPOBKH  MOIIHOCTH
AJIEKTPOKOTIIAa TIpeacTaBieHa Ha puc. 3.21. Tupuctopnas cxema MO3BOJISIET
peryaupoBaTh MOIIHOCTh TUIaBHO (O6e3cTyneHnyaTo), 6maroaapst yeMy yaaércs
C BBICOKOW TOYHOCTBIO MOJJECPKUBATH 3aJaHHYIO TEMIIEPATypy BOJABI HaA
BBIXO/IE U3 KOTJIa M YBEJIMUMBATH CPOK Ci1yk0b61 TOHOB.

Heperynupyemble KOMMYTAaTOPbl HCIHOJB3YIOTCS 11  MHOCTPOCHUS
nepexioyaTesied Ccekuuidi M OOMOTOK CHJIOBBIX TpaHC(OpPMATOpPOB U
nBUTATeNeH,  CBEPXOBICTPOJCHCTBYIONIMX  BBIKJIIOYATENE B CeTAX
MEPEMEHHOr0 TOKa (IPHU €CTECTBEHHOM KOMMYTAIIMU BPEMS BBIKIIOUEHUS —
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He 6osee 0,01 ¢, mpu uckycctBennon — nopsiaka 0,002 ¢ [2]). Kpome Toro,
TUPUCTOPHBIC KITIOUM 00ECIICUUBAIOT CUHXPOHHYIO KOMMYTAITUIO Pa3InYHBIX
Harpy3ok, Hampumep BKJIIOUYCHUE CHUHXPOHHBIX TE€HEpPaToOpoB Ha
napajuieibHyIo padoTy.
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Puc. 3.20. CunoBas cxema peryysitopa MOITHOCTH AJIEKTPOIeUeit
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Puc.3.21. TupucropHas cucrema peryJMnpoBKH MOIIHOCTH 3JIEKTPOKOTIA
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[lupokoe mNpPUMEHEHHE THUPUCTOPHBIC PETYISITOPHl TOJYYWIH B
cucTeMax BO30YyXJeHHs TypOoreHepaTopoB. CucteMbl BO30YKICHUS
00eCreunBaT: MyCK M OCTAaHOBKY MpPH pa3BOpPOTe M TOPMOXKCHHH OT
TypOHMHBI; HayalbHOE BO30YKIEHHE W BKIIOYCHHE B CETh METOJIOM TOYHOM
CUHXPOHHU3allMd B  HOPMAJBHBIX pEeKUMax paboTl W METOAOM
CaMOCHHXPOHM3AIHNH; pabOTy B PHEPrOCUCTEME C HArpy3KaMU OT XOJOCTOTO
X0/a 10 HOMUHAJIBHOW U C JOMyCKaeMBbIMH JIJIsi TeHepaTopa Meperpy3KaMu;
YCTOMUYMBYIO pabOTy B MEPEXOTHBIX PeKUMaX U PEKUMaX HETOBO3OYKICHUS,
JIOTIyCKaeMbIX TeHepaTopoM; (POpCUPOBKY BO3OYKICHHS U Pa3BO30YKICHUS
OpU HApYIICHUSX B DHEPrOCHCTEME, BBI3BIBAIONIMX  CHIDKEHHE  WIH
YBEIIMYCHUE HAMPSDKEHUSI CTaTopa reHepaTopa B TOUKE PEryIMpPOBAHUS, U T.
.

KOHCTpYKTHBHO CHUCTEMBI BO30YXICHHUS BBITIOTHSIIOTCS B BUAE IIKa(oB
JIBYXCTOPOHHETO OOCITY>XHMBaHHUSI €O cTeneHbto 3amuThl P21 (puc. 3.22).
KommuecTBo mKadoB 3aBUCHT OT MOITHOCTH CHCTEMBI BO30YKICHUS H
KOHKPETHOU MPUBS3KH K OOBEKTY.

Puc. 3.22. KOHCTpYKTHUBHOE BBINIOJIHEHUE CUCTEM
BO30YXKICHUS TypOOT€HEPATOPOB

TupucropHble KOMMYTaTOpbl C (a30BbIM pEryJIUpPOBAaHUEM HIMPOKO
NPUMEHSIOTCS IS YOpaBJeHHsT  MYCKOM,  4YacTOTOM  BpalleHus,
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AIEKTPOAMHAMUYECKUM TOPMOXKEHHEM U PEBEPCHUPOBAHMEM ACUHXPOHHBIX U
JUHEWHBIX IBUTATEIICH.

B kadecTtBe mpuMepa pacCMOTPHM CHJIOBYIO CXEMYy CTaHIIHUH
yIPABJICHUS ACUHXPOHHBIMHU JBUTaTesiMu Tuna bJID Ha MOITHOCTH 10
7,5 kBT, npuBenenunyto Ha puc. 3.23 [2].
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Puc. 3.23 . CunoBas cxema cTaHIMH yIipaBiieHus tuna bJI9

Cranmust obecrnieurBaeT IUTABHBIM MYCK W OTKJIIOYEHHUE JBUTATENS C
topMmoxkeHueM. [[ns oOecneduenus: Oe3ymapHoro mycka AJl BpydHYIO WU
JHUCTAHIIMOHHO BKJIOYAETCS pelie P, 3aMbIKasi LIENX YIIPABICHUS TUPUCTOPOB
T, Ts T, BXoAsAuMX B HECUMMETPUYHBIC OUIOJISIPHBIC SIYCHKHU.
OIHOBpEMEHHO B 3aJaTYMKE WHTEHCUBHOCTH 3M HaumHaeTcs paspsia
€MKOCTH, HAaIpsHKEHUE Ha KOTOPOM SBIAECTCS YIPABISIOIIAM B CHUCTEME
($ha30BOTO peryaupoBaHus TUPUCTOPOB. B pesynbTaTe MPOUCXOAUT IUIABHOE
W3MEHECHUE YIJIOB YIPABJIECHUS BKIOYEHUEM THUPUCTOPOB 17, T3, T4 oOT
MakcumanpHoro a0 O B TeyeHue mycka JBurarens. Bpems 1mycka
peryinupyercst B npeaenax -3 ¢ 3a cyeT U3MEHEHHUsI BEJIMYMHBI pa3psIHOTO
pesucTopa.

Topmoxxenue AJ[ ocyliecTBiIseTcss NOpU OTKIIYEHUH pene Py,
oOpazyomux Ienb JJs TPOTEKaHUs BBINPIMICHHOTO TOKa uepe3 [IBe
CTaTOpHbIE OOMOTKM jBurareiass B TeueHue 0,5-1,2 ¢, nmiud MIaBHOTrO
TopMOXkeHHs B 3U mpeayCcMOTpeH CHelUaIbHbId PE3UCTOpP, C MOMOIIBIO
KOTOPOTO IUIABHO U3MEHSIOTCA YTJIbl YIIPABJIEHUS TUPUCTOpaMU 15, T.
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Kpome Toro, craHuus ynpaBi€HUs IO3BOJIAET PETYJIUPOBATH YACTOTY
BpalllcHUsl JABUTATeNsl IyTEM HU3MEHEHHUS  BEJIMYUHBI MUATAOIIETO
HaIpsHKEHUS 3a cYeT (pa30BOT0 PETyIUPOBAHUS TUPUCTOPOB.

B aBroHOMHBIX cucTtemax 3nekTpocHadxenus (ACIC), CTOIB3YIONIUX
MPUPOAHBIE BO30OHOBISIEMbIE HHEPropecypchl (BeTep, MOTOKH BOJABI) B
MOCJIEAHEE BpPEMS HAXOAAT IIUPOKOE TNPUMEHEHUE BEHTUJIbHbBIC
aBTOOAQJVIACTHBIC CHUCTEMbl CTaOWIM3alMM HanpsbkeHus [6].  PaGouwe
pexuMbl Taknx ACIC perylupyroTcs ¢ MOMOIIbIO YIPABICHUS MOIIHOCTHIO
UX DJJEKTPUYECKUX Harpy3ok. I30bpITouHass MOIIHOCTh, reHEepHpyemas
BETPO- WM TUJpoarperaTaMu, paccenBaeTCs Ha JIOMOJHUTENbHBIX
«bamnacTHBIX» Harpy3kax. B kadectBe OayulacTHBIX — I1eJiecO0Opa3HO
UCIIOJIb30BaTh PA3JIMYHbIE TEIUIOBBIE HArpy3KH, MO3BOJIAIOIIME Haubojee
MPOCTO aKKyMYJIMPOBATh U30BITOYHYIO MOIIHOCTh U 00€CIEYUBATh TEIJIOM U
ropsiueil Boj1oi OBITOBBIE U MMPOU3BOACTBEHHBIE TOMEIICHUSI.

Cxema cHCTEMBI JJIEKTPOCHAOXKEHMSI C BEHTUJIBHBIM PETyIUPOBAHUEM
pPEXUMOB pabOTHI TOKa3aHa Ha puc. 3.24.

['enepupyromue yctaHoBku G;— G, 00ecneyuBaioT 3JIEKTpPOIHEpruen
Harpy3ku H. VI30bITOUYHAss MOIIHOCTh CHCTEMBI MpeoOpa3yercs B TEIIO Ha
OasmacTHOM Harpy3ke HH ¢ MOMOIIBI0O THPUCTOPHOTO PETYISITOPA MOIIIHOCTH
PEH. ACOC paboTaeT B YyCTaHOBMBIIEMCS PEXUME MpPU YCIOBUH, YTO
reHepupyeMasi MOIIHOCTh YpaBHOBeIIUBaeTCsl nmorpednsiemot: H u HH. 310
yCIIOBUE O0ECMEeYMBaeT peryjsTop MOIIHOCTH OajulacTHOM HarpyskKw,
paboraromuii B (QYHKIMHM TOKa HArpy3ku Iy, 4acTOTHl f WIM BEIUYUHBI
HampspbkeHust B cucremMe U wiM B 3aBUCMMOCTH  OT  ONPEAEIICHHBIX
KOMOMHAIMA  3TUX  MapaMeTpoB. THUPUCTOPHBIA  PErylaTOp  MOXKET
BBITIOJIHATHCSA Kak ¢ (pa30BbIM PEryJIMpPOBaHUEM, TaK U B BHJI€ KOMMYyTaTopa
J03UPOBAHHBIX 0AJIACTHBIX HArPY30K.

U, 1,
T] @ f > H

Is _
PEH bH

Puc. 3.24. ACOC ¢ BEeHTHIbHBIM PETYJIUPOBAHUEM PEKUMOB pabOTHI
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JIoCTOMHCTBaMU BEHTHIJIBHOT'O PETYIUPOBaHUS pexuMoB padotel ACOC
SABJISIFOTCSL:

— YIOPOLIEHWE M  YACUIEBIEHUE THUIPO- M BETPOTr€HEPATOPOB 3a CUET
MCIIOJIb30BAHUS HEPETYJIUPYEMbIX TYpOUH;

— TIOBBIIICHUE KAayecTBA pEryJMpPOBaHUsA HANPSHKEHUS B CUCTEME,
OCOOEHHO B JUHAMUYECKUX PpPEKUMaX, 324 CYET BBICOKOIO
OBICTPOJECHCTBUS THUPUCTOPHOTO PETYISITOPAa MOIIHOCTH, MPAKTUYECKU
HCKIIIOYAIOLIEr0  JJEKTPOMEXAaHUYECKHME U THAPOMEXaHUYECKHE
MIEPEXOIHBIE MTPOLIECCHI B CUCTEME;

— BO3MOYKHOCTb TIOCTPOEHHS IOJHOCThIO aBTOMaTU3UpoBaHHBIX ACOC,
oOnafaronMx afanTUBHBIMM CBOMCTBAMHU HE TOJIBKO MO OTHOIIEHUIO K
BEJIMYMHE HArpy3KU CUCTEMbI, HO U K SHEPTrUUd pabdoyero rmoToka BOAbI
WJIM BO3lyXa.

K HemocratkaM TOJIOOHBIX CUCTEM MOXHO OTHECTH MCKaKCHHE (HOPMBI
KPUBBIX TOKOB M HANPSOKCHUHW THPUCTOPHBIM PETYIATOPOM MOITHOCTH,
0COOCHHO MpH (Pa30BOM PEryIUPOBAHUN TUPUCTOPOB.

TakuM 00pa3oM, THPHUCTOPHBIE KOMMYTHPYIOIIHE M PETYIUPYIONIHE
YCTPOMCTBA TEPEMEHHOTO TOKa IIO3BOJISIOT CO34aTh pa3HOOOpas3HbIE
anmaparbl, O0O€CIeUMBAIOIIMEe  NPEeoOpa3oBaHUE W paclpeleicHue
AJIICKTPOAHEPTUH B PA3IMYHBIX MEIAX. BaXHEWIIUMHU TPEHMYIICCTBAMHU
CWJIOBBIX TIOJYIPOBOJHUKOBBIX YCTPOWCTB SBJISIOTCA OBICTPOJICHCTBHE,
BBICOKasi pabodvas YacToTa M IEJbli HaOOp JOCTOMHCTB, CBSI3aHHBIX C HMX
OECKOHTaKTHOCTHIO.

4. BbINMPAMUTENA

4.1. O6bwue ceedeHus

Brinpsimutens — 3TO AIEKTPOTEXHUYECKOE YCTPOMCTBO,
MpeaHa3HAYeHHOE [JI1 TpeoOpa3oBaHUs TIEPEMEHHOIO0 HAINPSDKCHHUS B
MOCTOSIHHOE.

OCHOBHBIMH D3JIEMEHTAMHU BBIPSIMUTENSL SIBISIOTCA TpaHcopMaTtop u
BEHTHJIU, C TIOMOIIIbIO KOTOPBIX 00ECTICUMBACTCS OJJHOCTOPOHHEE MPOTEKAHKE
TOKa B 1€MW HArpy3kd, B peE3yibTaTe 4Yero IMEpPeMEHHOE HampsHKeHUE
npeoOpa3yeTcs B MyJIbCUPYIOLIEE.

Jlns  crioaxuBaHMs — MyJIbCAlldid  BBIMPSAMIICHHOTO  HAMPSDKEHHUS K
BBIXOJITHBIM 32)KMMaM BBITIPSMHUTEIISI 4YacTO TMOAKIIOUYAIOT JJIECKTPUUYECKUI
criaxuBaromuii - uineTp. s peryaupoBaHUS WM CTaOWIM3aLUU

BBIIIPSAMIICHHOI'O HAIIPSAKCHHUA W TOKaA HOTpC6I/ITCJI$I K BXOJHBIM 3aXHUMaM
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BBINIPSIMUTENS TOJKIIOYAIOT PEryJATOp WM CTadWiIn3arop (CTaduiu3aTop
MOJKET OBITh BKJIFOUEH U Ha CTOPOHE MEPEMEHHOTO TOKA BBITIPSIMHTEJIS).

Pexum paboThl W mapaMmeTpbl OTACIBHBIX AJIEMEHTOB BBITPSIMHUTEIS,
¢wibTpa, perynasTopa M CTa0WiIM3aTopa COIJIACYIOTCS C  3aJlaHHBIMU
YCIOBHSMH pabOThl TOTPEOUTENsI TOCTOSHHOTO Toka. [loaToMy OCHOBHas
3aJa4a TEOPUH BBIIPSIMHUTEIBHBIX YCTPOHCTB CBOAMUTCA K ONPEICICHUIO
pacueTHBIX COOTHOIIEHUH, MO3BOJIAIONINX IO 3aJlaHHOMY PEXUMY pPaOOTHI
NOTpeOUTENs]  OMPEAETUTh  DICKTPUYECKHE  MapamMeTpbl  3JIEMEHTOB:
cTabmiIn3aTopa, peryiasTopa, GuibTpa, a Takke BEeHTHIICH U TpaHcdopmaropa
BBITIPSIMUTEIS M 3aTEM MIPOU3BECTH BHIOOP ATUX AJIEMEHTOB TI0 KaTaJjory WIIH,
€CIIU 3TO HE0OX0AUMO, PACCUUTATH UX.

CxeMbl BBIIPSIMUTENEH KIacCU(DUIMPYIOT MO PSAY MPU3HAKOB (CM. pHC.
4.1).

B 3aBucuMocTH OT uYncia (a3 MHUTAIONMEr0 UCTOYHHKA MEPEMEHHOTO
HANPSDKEHUST Pa3inyaloT CXeMbl OJHO(GA3HOTO W Tpex(da3HOTO MUTAHWUS.
He3aBucuMO OT MOIIHOCTH BBHINIPSMUTENEH BCE CXEMBI JCNAT Ha
OJTHOTAKTHBIC U IByXTAaKTHEIE.

K 0HOTaKTHBIM OTHOCSIT CXEMBbI, Y KOTOPBIX TI0 BTOPHYHBIM OOMOTKaM
Tpancopmaropa TOK TPOTEKAET TOJBKO OJWH pa3 3a TOJIHBIA MEPHO
(momynepuon wnM  ero  4acTh). OTHOIIEHWE YACTOTHI  IyJIbCAIUA
BBIMPSIMIICHHOTO HAMPSKEHHSI K YaCTOTEe CETH B OJJHOTAKTHBIX CXeMaX PaBHO
yrcny ¢a3 BTOPUYHON OOMOTKM TpaHCcopmaTopa. B Takmx cxemax, Kpome
IpOCTEHIIero 0JHO(ha3HOTO OJTHOTIOJTYTIEPHOTHOTO BBITIPSIMUTEIIS
(cMm. puc. 4.1, a), ob6s3aTeNIbHO BBIBOJUTCSA HyJeBas TOuKa TpaHchopmaTopa.
Takum 00pa3oM, OJHOTAKTHBIE CXEMBI — 3TO CXEMBI C HYJEBBIM BBIBOJOM
(cm. puc. 4.1, 6).

K ABYXTaKTHBIM OTHOCSIT CXEMBI, Y KOTOPBIX B K&KI0U (pa3ze BTOPUIHON
0OMOTKH TpaHC(OpMAaTOpa TOK MPOTEKAET ABAKIBI 32 OJUH MEPHO, TIPUTOM
B MIPOTHBOIIOJIOKHBIX HampaBJICHUSIX. KpaTtHocTh MyJIbCaIUN
BBIMPSIMJICHHOTO HAIPsDKCHUsT B TAaKMX CXEMax B JBa pasza Ooublie, deM
yrcno (a3 BTOPUYHON 0OMOTKH TpaHcopmaTopa. CXeMbl BBITPSIMHUTENCH,
OTHOCSIIIIMECS K IBYXTaKTHBIM, HA3bIBAIOT TAKKEe MOCTOBBIMU (cM. puc. 4.1, g,
0). B MOCTOBBIX cxemax TOK BO BTOPUYHOW II€MM BCETJa MPOXOAUT
MOCTIEIOBATENBHO 110 ABYM BEHTHIISIM.

B 3aBHCHMOCTH OT Ha3HAYCHHS BBIMPSMUTENM MOTYT OBITH YIIPaBIIs-
eMBIMU (C PETryJIMpPYEeMBIM BBHITPSIMICHHBIM HAINPsHKCHUEM) W HEyNpaBils-
eMbIMUA. B0O3MOXHBI paznudHble MOIU(UKAIIMA CXEM BBIIPSIMUTENCH — C
BKIIIOYCHHEM  BTOPUYHBIX  OOMOTOK  TpaHcpopmatopa B  3HI3ar,
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HCCUMMCTPUYIHBIC CXCMbI, CXCMbI C Hany3K0ﬁ, HIYHTHpOBaHHOﬁ AUOA0M H
Ap.
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Puc. 4.1. OCHOBHBIE CXEMBI BBIIPSIMUTEIICH:
a — oxHoazHas OJHOTIONYIEpUOaHAs; O — OqHO(A3HAs C HYJIEBBIM BBIBOJIOM; 8 —
oaHodazHass MOCTOBas; 2 — Tpex(das3Has HyJeBas cxeMa; 0 — Tpexda3zHasi MOCTOBAs CXema

IKCIUTyaTAHOHHbIE XaPAKTEPUCTHKHU BbINPSIMHUTEJIEH

OCHOBHBIMM BEJTUYMHAMH, XAPAKTEPU3YIOLUIMMHU HSKCIUTyaTal[MOHHbIE
CBOICTBA BBINPSIMUTEIICH, ABIISIIOTCS [9]:

1) cpenHue 3HAYCHUS BBIIPSAMIICHHOTO HAaNpsoKeHus U Toka Uy, 1,

2) k03¢ HUITUEHT TOJIE3HOTO JICUCTBUS 1);

3) ko3dPULHEHT MOLTHOCTH ;

4) BHEIIHSAS XapaKTEepUCTHKA, MPEACTaBIAIONIAsl 3aBUCUMOCTh Hampsi-
’KEHUS Ha BbIXOJ€ OT Toka Harpy3ku: U, = f (1,);

5) peryaupoBOYHAsl XapaKTepUCTHKA, MPEACTABIAIONIAs 3aBUCUMOCTh
BBITIPSIMIICHHOT'O HANPsDKEHUS OT yria perynupoBanus: Uy = f(o);

6) xodhdUIMEHT MyJbCcaluid, MPEICTABISIOMINNA OTHOLIEHUE AaMIUIH-
TyJIbl IaHHOM TapMOHUYECKOM COCTABIISIIONIECH BBIMPSMICHHOTO HANPSKEHUS
(TOKa) K cpeHEMY 3HAUEHUIO BBIMPSMIIEHHOTO HAPsHKEHUS! (TOKA):

_Ugm
- 2
U
7) k03 HUIMEHT UCKaKEHWS, PABHBIA OTHONICHUIO JCHCTBYIOMIMX 3Ha-

YCHU OCHOBHON TapMOHUKH W TIOJIHOTO TOKa TIEPBHYHON OOMOTKH TpaHC-
dbopmaropa:

€

I

Vv =
2 2 2 2"
\/]1+]2+]3+ ..... + [,
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TpancdopmaTopsl Kak 3jieMeHTbI NPe0dPa3oBaTeIbHBIX YCTPOMCTB

C nomomibio TpancpopMaropa B MpeoOpa3OBATEIbHBIX YCTPOMCTBAX
MPOU3BOJUTCA NPEOOPa30BaHUE BETUYMHBI BXOJHOTO (ISl BBIIPSIMUTEIIECH)
WM BBIXOAHOTO (/1711 MHBEPTOPOB) HANPSKEHUSI, AIEKTPUUECKOE pa3/iesieHue
OTIEIBHBIX Lienel mnpeoOpaszoBarensi (KaKk MpaBWIO, pa3lesioTcs Ienu ¢
HMCTOYHUKAMH TIMUTaHUS W MU C Harpyskoi), mpeoOpa3zoBaHue uucia ¢as
CUCTEMBbl HANpsKEHUW (HAMpsDKEHHS, MUTAIOUIETO BBIIPSIMUTENb, WU
HaIpPsDKEHMS, TUTAIOIIET0 aBTOHOMHYIO HAarpy3Ky uHBepTopa) [9].

Pexxumbl paboTbl TpaHchopMaropa B HpeoOpa3oBaTessix 3JeKTpuye-
CKOT'O TOKa OTJIMYAIOTCS OT OOBIYHBIX PEXKUMOB pabOThl TpaHCHOpMaTOpOB
npy JUHEHHOW Harpy3ke. ITo OOYCIOBIMBAETCS, C OJHOM CTOPOHBI,
XapaKTepoOM OHKBHUBAJICHTHOM HAarpy3ku Uisl TpaHcopmaropa, KoTopas B
npeo0pa3oBaTeNsIX AIEKTPUUECKOro Toka HenuHerHa. C apyroi CTOpPOHBI,
OTJIMYME PEKUMOB OMPEEIAETCS YACTOTON NepeMarHMuMBaHUs CEpACYHHUKA
TpaHchopmaropa. s o0OBIYHBIX TpaHcPoOpMaTOpOB, paboTAIOMUX Ha
JUHEHHYI0O Harpys3Ky, 4acroTa, Kak mpaBuio, craHgaptHas (50 I').
TpancopmaTopsl B mpeoOpa3zoBaTeisiX JJIEKTPUYECKOTO TOKAa 4YacTo
paboTaroT MpHU MOBBIMIEHHBIX YacToTax, paBHbIX 400, 1000 ' u BeIIIE, YTO
0OyCJIOBJIEHO B HEKOTOPOW CTENEeHM MUHHUATIOpU3alueid oO0OpyAOBaHUS U
YCTPOMCTB, MUTAIOIIMUXCS OT MpeoOpa3oBaTenell 3IIEKTPUYECKOro TOKa, a
TaK)kKe MUHHUATIOpU3aIeil mpeodpa3oBartels.

[Ipu cocTaBieHUU SKBUBAJIEHTHBIX CXEM IS TpaHCHOPMATOPOB IIpe-
oOpa3oBareseil He0OXOANMMO YUUTHIBaTh MEPEUYUCICEHHbIE OCOOCHHOCTH, TaK
KaK HeJIMHEWHas Harpy3ka OOyCIIOBIMBAET HECHUHYCOMIANbHbIE TOKH,
HaIpsDKEHUs] 1 MarHWTHbIE TIOTOKU B TpaHc(opmaTope; MOBBIIMICHHAS Yac-
TOTa NIEpEeMarHUYMBaHUS BBI3BIBAET JIONOJHUTEIbHBIE MOTEPU B CEPIICUHUKE
U B OOMOTKax; crnenupuyHOe pacroyioKeHrue OOMOTOK TpaHchopmaTopa
OTHOCHUTEJIBHO JPYT Apyra NPUBOAUT K 0COOOMY pacipeieIeHuI0 MAarHUTHBIX
MOTOKOB 3TUX OOMOTOK B MPOCTPAHCTBE OTHOCUTEIBHO APYT APYyra u T.1.

KoHcTpykTuBHO TpaHchopmaTopsl npeodpa3oBaresieil TOKa OTIMYAI0TCA
0T OOBbIYHBIX TpaHcopmaTopoB. Tak, Hanpumep, TpaHCHOPMATOPHI MOLITHBIX
npeoOpa3oBaTeiel  ANEKTPUUECKOro TOKa, M B  MEPBYIO  OYEpelb,
BBINIPSIMUTEIICH, OTIIMYAIOTCS OT OOBIYHBIX MOIIHBIX CUJIOBBIX TpaHCchopMaTo-
pPOB TE€M, UTO BCIIEJCTBUE OoJiee TSKENbIX aBAPUHHBIX PEKMMOB B HUX
HEOOXOIUMO TMpeAyCMaTpuBaTh OrpaHUYECHHE aBAPUUHBIX TOKOB IyTEM
YBEJIIMYEHUSI MHJYKTUBHOTO COMNPOTHUBICHHS OOMOTOK, a TaKke HaJeKHOE
MEXaHUYeCKoe 3aKperuieHue OoOMOTOK M cepAedHHKa TpaHcdopmaTopa BO
n30eKaHue BO3MOXKHOTO BO3HUKHOBEHHUS OIACHBIX 3JIEKTPOJIUHAMHYECKHX
yeunuit. s psana npeoOpaszoBareneil HEOOXOIUMO TaKXe YYUTHIBATh, YTO
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YCTAHOBIICHHAS! MOIIHOCTh BTOPHYHBIX OOMOTOK MOXET OBITH OOJbIIe
YCTaHOBIIEHHOW MOIIIHOCTH MEPBUYHBIX OOMOTOK TpaHchopmMarTopa.

Tak kak yCTaHOBJIICHHBIE MOIIHOCTH IHTAIOUIETO TpaHchopMaTopa M
npeoOpa3oBatesis B 0OLIeM Ciydyae COM3MEpPUMBI, TO TIpH aHaIu3e
AJIGKTPOMATrHUTHBIX MPOIIECCOB B MpeoOpa3oBareie HEOOXOAUMO YUUTHIBATH
napameTpbl TpaHcopmatopa. Ha mnpaktuke o00buHO Kaxnaas (asza
MUTAIOLIETO Tpanchopmaropa OKBUBAJICHTHPYETCS HUCTOYHUKOM
cunyconganbHoii DJIC W aKTHBHBIM W WHIYKTUBHBIM CONPOTHUBICHHEM.
[TapameTpbl SKBHBAJCHTHBIX CXeM TpaHC(hopMaTopa OOBIYHO OMPEICIIIOT
OTIBITHBIM ITyTE€M, C TIOMOIIBIO OIMBITOB KOPOTKOTO 3aMBIKAHHS U XOJOCTOTO
xo/a.

4.2. O0HononynepuoOHbIl HeynpaessieMbil ebINpsiMumernb
00HO(ha3HO20 MOKa

Paccmotpum paboTy OJHOIMOMYNEPUOTHOTO BHITIpSMUTENS (CM. puc.4.1,
@), HarpyXEHHOTO Ha AaKTUBHOE CONPOTHUBJIECHHE, MpeHeOperas HHIYKTHB-
HOCTBIO paccesHus TpaHchopMaropa (UCTOYHUK MHUTAHUS OECKOHEYHOU
MOIITHOCTH).

Ha puc. 4.2 noka3zaHa >KBUBaJICHTHAas CXeMa U BPEMEHHbBIC THarpaMMBbl
paboThI BHIIPSMUTETIS.

[lon npeiictBuem cunycoupanbHor OJIC  BTOpUYHOW  OOMOTKHU
e(t)=E,sinb, rne 0 = of, TOK B LIENU HArpy3KW MOXKET MPOXOJIUTH TOJBKO B
TEUCHHUE TEX IOJIYNEPUOAOB, KOI/A aHOJ BEHTWIS UMEET IOJIOKUTEIbHBIN
MOTEHIIMAJl OTHOCUTENIbHO KaToja. Ha puc. 4.2, 6 npeacTaBieHbl BpeMEHHbIE
IuarpaMMbl HalpsOKEHUH U TOKOB, MOSACHSIONIME paboTy BBIIPSIMUTEIS.
Bentune VD mnpomyckaeT TOK B IEPBBIM MOJIYIIEpUOL; BO BTOPOHM IIO-
JyIIEpUo, KOT1a MOTEHIMAJ aHOa CTAHOBUTCS OTPULIATEIIBHBIM, TOK B LIENIU
paBeH HYJ0. YUUTHIBAs 3TO, MTHOBEHHOE 3HAYECHHUE BBIIPSIMIICHHOIO TOKa
MO>KHO MPEICTaBUTh Ha UHTEpBaiaxX CIeAyIOUUM 00pazoM:

. e m .
iyj=i,=———sin0 npu 0 <0 <m;
ratra
i=1,=0 npun <0 <2m.
E., _
Bemnunna P I, O3HauyaeT MakCHUMaJIbHOE  3HAYEHHE
ra I"d

BBINIPSIMIICHHOTO TOKa. BpIMpsiMieHHOEe HamnpsbkeHne B JII000OH MOMEHT
BpeMeHn MeHbie, uyeM OJIC BropuuHONl OOMOTKHM, TaK KakK YacTb
HaIpsKEHUS] TEPSIETCS HA CONIPOTUBIIEHUU 7'y
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. Em ]"d . . .
Ug=Tgig=—"——sin0=nF, sin0=[], sin0 4.1)
Vatra
__ra o o
rae  MN=—— — ycnoBubii KIIJ] anogHO# 1ienu;
Vatrg
U sn =ME, —MaKCHUMaJbHOE 3HAYCHHUE BBIIPAMIIEHHOTO HAIIPSKEHUS.

CpeL[Hee 3HAYCHUC BBINIPAMICHHOI'O HAIIPSAXKCHUA

1 2n 1 2n U n
=— [y, do=— sin6 - df == = — 4.2
U 2n,(|;ud 2n,(|;Udm . nEm- (4.2)
CpenHee 3HaueHUE BBIPSIMIICHHOTO TOKa (@ Tak)Ke TOKa BEHTHUIIS)
U, 1
ra T
JlecTByIOIIIEE 3HAUYEHUE TOKA BEHTHIIS
17, 17, 5 1 E
Ii=y7=)i7d0 = |—|I,sin"0-d0 =—*=—"— 4.4
Y \2ng 2n£ 2 2pstr) 44)
'y VD e t . . 1 rqia
— N : : ;
L 2n ”

4 ?
|::| ud“ UoEp max

lq

v

Unf & T

v

o

Puc. 4.2. OgHonomyneproAHbIN BRIIPSIMUTENh C aKTUBHOM Harpy3koi (L, =0, r, # 0):
a — 3KBHBAJICHTHAasA CXEMa, 6 — BPCMCHHBIC AUarpaMmMbl HaHpH)KeHl/If/'I U TOKOB.

MakcuManbHOe 00paTHOE HaMpsHKEHUE Ha BEHTHIIC, KaK BUJIHO Ha PHUC.
4.2, nocturaeT aMIuTyaHoro 3Hadenust 3J]C BTopuuHON 0OMOTKHU:

63



T

Uo6pmax:Em:HUd- (4.5)

ITo HaiinenubM BenmuuuHaM I, I, Iy 1 Ugsp max BPIOMPAECTCS BEHTUIIB.
CornacHo MOJIy4YEHHBIM JTAHHBIM BEHTWJIb JOJDKEH JOMYCKATh aMIUIUTYIHOE
3HAUYCHUE TOKA U MAKCUMAJIBHOE HANPSIKEHUE, MO0 KpaWhHEW MEpE B T pa3
MPEBBIIAIOIIEE CPEIHEE 3HAUECHHUE TOKA U HAIIPSDKEHUS HA HArpys3Ke.

[TepeMenHas cocTaBisrOLIAs BBITPAMICHHOTO HANPSKEHUS U TOKa IS
JAHHOM CXEMBI, KaK CJEIYyeT U3 BPEMEHHBIX AUAarpamMm IJis Uy U iy, BEIUKA,
MpUYEM OCHOBHAs TAPMOHHUKA MYJIbCALIUA MUMEET 4acCTOTY, PABHYKO 4YacTOTE
MUTAIOIIECH CETH.

st ynoOcTBa BBIYMCIICHUST aMIUTUTY/Ibl OCHOBHOW TapMOHMKH ITyJIbCa-
1Ml BeIOEpEM HaYaJlo KOOPAMHAT B TOYKE, IJIe BHIIPSMIIEHHOE HAIPSIKCHHE
HUMEET MaKCHMajbHOE 3HaueHue. Torjga MIrHOBEHHOE 3HAYCHUE U; MOXKHO
MPEACTaBUTh KaK KOCHHYCOWUJAIbHYI0 (YHKIHUIO B TMpeneiax yria
—Egeg+%;

uy =U 4,c0s0 .

Tak kak u; — 4eTHas (PYyHKIHUA, TO MPU PA3JIOXKEHUH B psia Dypbe

OCTaHYTCS TOJBKO KOCHHYCOWJQJIbHBIC WICHBI. AMIUIUTYAA MEPBOU (OCHOB-

HOI) FTapMOHUKH HANPS>KEHUS

Y
+—

1 2

Udm

2 T
. Udmcosze‘d9=T=EUd. (4.6)

S —N |3

2
Kosddumment mynbcaruili BRINIPSAMIECHHOTO HAaNpPsHKEHUS IO TepBOU
rapMOHHKE

U ym
8(1):—Ud =1,57. 4.7)

PaccmoTpum pexxkuMm pabothl TpanchopmaTopa. JleicTByroliee 3HaUeHNE
TOKa BTOPUYHON OOMOTKH

In_ T

- ==1a. 4.8

) "5 (4.8)
OTHoOIlIEHWE TEPEMEHHOTO M TOCTOSHHOTO TOKOB  BBIIPSMHUTEIS

Ha3bIBACTCS KOOI puyuenmom npeobpazosanusi cxemvl no moky. s

paCCManI/IBaCMOﬁ CXCMBI BBITIPAMUTCIIA

Iz[:]a.atb(b:

ki=—== . (4.9)



OTtHomieHue AeiCcTBYIONEro 3Ha4eHus1 (ha3HOTO TOKa [; K €ro CpelHEMY
3HAYEHHMIO [, Ha3BIBAOT KOO(PQHUIMEHTOM (QOPMBI TOKa:

I,
ko=—". 4.10
) Io (4.10)

B OAHOTAKTHBIX CX€MaX IIOCTOsAHHAsA COCTaBJIAKOIIAA q)aBHOFO TOKa
OIIPCACIIACTCA BBIPAKCHUCM

I
Io=1.="", (4.11)

rjae m — 4uciio ¢ha3 BTOpUIHON 00MOTKHU TpaHchopMaropa.
JI1s JaHHOM CXEMBI

I,;m [, =
ko=""—="=—. 4.12
HeiictByromee 3Hauenne IJ[C BropuyHO 0OMOTKHI
1 T 2,22
— - et iy & (4.13)
OtHomenue neictByroniero 3HaueHuss JJC E; K cpeagHeEMY 3HAYEHUIO
BBIIPSIMJIICHHOTO ~ HANpPsHKEHUs U,  Ha3bBalOT  K02Quyuenmom
npeoobpazosanus cxemol N0 HANPHCEHUIO
fyy = £n 222, (4.14)
Uqa n
PacueTHast MOIIHOCTH BTOPUYHOM 0OMOTKH TpaHchopmaTopa
3,49
Sw=mEnl=mkyUqakils=m N Py (4.15)

rjae m — 4uciio (a3 BTOPUIHOU 0OMOTKH TpaHcpopMaTopa;
P; = U, <l;— MOITHOCTh TTOCTOSIHHBIX COCTABJISIFOIIMX BBITPSMIICHHOTO
HaIPsHKCHUS U TOKa.

I{oaqbqu;ueﬂm UCNOIb306AHUA MowHocmu numaroujeco
mpaHcpopmamopa onpeaenseTcs u3 BeIpakeHus
km:Mmo %. (4.16)
MEnd

i paccmarpuBaeMoil  cxeMbl  KOAG(UIIMEHT  MCIOJIb30BaAHUS
MOIIIHOCTH BTOPUYHOM 0OMOTKH TpaHcpopmaTopa He mpeBbiaet 29 %.

B cepneunuke Tpancopmaropa 3a CYET MOCTOSHHOW COCTaBIISIOINICH
TOKa BTOPUYHONW OOMOTKH CO37a€TCs JOOABOUHBIN MOCTOSHHBIA MarHUTHBIN
MOTOK, HACBHIIIAIOIIUNA CepJICUHUK TpaHchopmaTopa. DTO SBJICHUE TPHUHSITO
Ha3bIBaTh  BBIHYXJCHHBIM  HaMarHu4uBaHWeM  TpaHcpopmatopa. B
pe3yibTaTe  HACBIIMICHWS  HAMarHUYWMBAIOIIMKA  TOK  TpaHcdopmaropa
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BO3pacTacT B HECKOJBKO pa3 IO CPaBHEHUIO C TOKOM IIPH HOPMAJIBHOM
peXuMe HaMarHW4YMBaHUS cepliedyHHKa. Bo3pacTaHue HamMarHMYMBAIOIIETO
TOKa CBS3aHO C YBEJIMYEHUEM CEUEHHUs MPOBOJA MEPBUYHON OOMOTKH U
pa3MepoB TpaHc(hopMaTopa B LEIOM.

OnHONOJIynEPUOIHBIN BBIIIPSIMUTEIIb n3-3a MIEPEYNCIEHHBIX
HEJIOCTaTKOB MpPUMEHSIETCS pelnKko (B HCTOYHHUKAX AJIEKTPOINUTAHUS
MaJIOMOLIHOM anmapartypsl).

[Ipu ydyere HMHIYKTUBHOCTH paccesHuss OOMOTOK  IHUTAIOLIEro
TpaHchopmaTopa (BHIIPSIMUTEND OOJIBIION MOIIHOCTH ) SKBUBAJICHTHASI CXEMa
MPOCTEMIIETO  OJHOMOJYNEPUOJHOIO  BBIIPSAMUTENIS  COOTBETCTBYET
pacyeTHOM cxeme, ImpeacTaBiieHHON Ha puc. 4.3, a. [Ipenebperas norepsiMu B
BEHTUJIE, OH MOXXET OBbITh 3aMEHEH KJIIOYOM, 3aMBIKAIOIIUMCS B MOMEHT
MOSIBJICHUS TIOJIOKUTEIBHOTO MOTEHIMANa MEXIy aHOAOM M KaToJOM M
Pa3MBIKAOIIMMCS B MOMEHT IPOXOXKAEHUS TOKa dYepe3 Hylb. Toraa
DKBUBAJICHTHAsl CXE€Ma 3aMEIICHUS BBIIPSIMUTENS IMPUBOJUTCA K CXEME,

n300pakeHHOH Ha puc. 4.3, 6.
. y VD VD

L, l Ta L i r
-—
M 1 M<— 1
a . o
e H
/ > >
0 T 2n 0
21
N
1= lpp T s
> Uyps 21 b
0 A
T ; 2n
8 K

Puc. 4.3. OgHONOMYNIEpUOIHBIN BBIIPSIMUTETD
MIPU AKTUBHO-UHIYKTUBHON Harpys3ke
DJIEKTPOMArHUTHBIE MIPOLIECCHI B CXEME OMUCHIBAIOTCS] YPABHEHUEM
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e—Lﬁ+ri 4.17
dt 9 ( ¢ )

rae e= F,, sSin0 — HCTOYHMK CHHYCOMIAILHOrO HampsokeHus (0 = wt);
L=L,+tLyr=r,+ry,

riae L, 7, —3KBUBAJICHTHBIC COMPOTUBIICHUS MTUTAIOIETO TPAHCHOPMATOPA;
Ly, 7;— CONIPOTHBIICHUS HAIPY3KH.

Pemenue ypaBuenus (4.17) no3BossieT HallTH 3HaYEHUE TOKA B LICTIH:
r

[=inpticg=] sin®-)+],sine-e 1" (4.18)
En

rac Im = ﬁ— AMINIUTYIHOC 3HAYCHUC TOKA.
Vr +(oL)

Ha puc. 4.3, 6 u3o0pakeHa KpuBasi TOKa, IOCTPOCHHAS 110 BBIPAKEHUIO
(4.18). Xapaktep TOKa B IIeNU NYJIbCUPYIOIIUH, a MPOIOIHKUTEIHHOCTD
HUMITyJIbCa TOKa A OOJIbIIIEe TIPOJOJKUTEIIBHOCTU TTOJIOKUTETHLHOMN MOTYBOJTHBI
OJ1C uCTOYHHMKA MUTAHUS L.

Benuunna yria A 3aBUCUT OT COOTHOIICHUSI MEXK1y BETUUMHAMU OL U 7.

oL oL
Yem Oonbiie —, TeM Ooinblie A. Ecmu —— crpemutcs kK 0€CKOHEYHOCTH,
r r

®
10 A—21. Ecmm — — 0, To A — 7.
r

4.3. OOHopa3HbIl ebInpsiMumerib C HyJsle8biM 8bI8000M

Pexumr,# 0,L,=0

OKBUBAJICHTHAs! CXEMa BBINIPSMUTEIS], a TAKKE BPEMEHHBIE THArPaMMBbI
HaIpsKEHU U TOKOB TIOKa3aHbl Ha puc. 4.4.

Beinpsimutenb ¢ HyJleBbIM BBIBOJOM (cM. puc. 4.1, 6) mo cymiecTBy
aBigeTcss IByX(a3HbIM, Tak Kak BTOpUYHAs OOMOTKa TpaHchopmaTopa ¢
HyJneBoM Toukod co3maer JaBe OJIC, paBHble 0O BEJIMYMHE, HO
IIPOTUBOIOJIOKHBIE 110 HAIIPABIICHHUIO.

Bentunu VD, u VD, npomnyCKarOT TOK IOOYEPEIHO: B TEYEHUE IIEPBOTO
MOJIyIIEpUOAa IOJIOKUTEIBHBIA MOTEHUHA HMEET aHoA BeHTuns VD,
MIOATOMY TOK IPOXOJMT YEPE3 ATOT BEHTWJIb, CONPOTUBJIEHUE HArpy3KH M
nosioBuHy o00MoTKH ¢ JOJIC e;, B TEUeHHE BTOPOro IMOIyNepruosa
MTOJIOYKUTEBHBIN MOTEHIIMAI UMEET aHOJ BEHTWISA VD,, TOK MPOXOJUT Yepes3
nosioBuHy oo6MoTKHu ¢ DJIC e,, BeHTWIb VD, U CONpPOTUBICHHE HATPY3KU B
TOM € HaIlpaBJICHUH, YTO U B MIEPBIN MOIYIIEPUOA.
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B orauuMe OT MpOCTEHMIIErO0 OAHOMOJIYHEPHOIHOIO BBIIPSMUTENS B
BBIIIPSIMUTEJNIE C HYJIEBBIM BBIBOJOM BBINIPSAMIICHHBIM TOK IPOXOAUT IIO
Harpy3ke B T€UE€HHE 00OMX MOIYIEPUOJOB MEPEMEHHOTO TOKA, HO KaXKJas U3
MOJIOBUH BTOPUYHON OOMOTKH TpaHC(POpMaTOpa OKa3bIBAETCS HArPY>KEHHOU
TOKOM TOJIBKO B TE€YEHHE ToJiynepuona. B pe3ynbrare BCTpEeYHOro
HaIpaBJICHUs] HaMAarHWYMBAIOIIUX CUJI MOCTOSIHHBIX COCTAaBIIAKOIIUX TOKOB
BTOPUYHBIX  TOJYyOOMOTOK B  CEpAE€YHUKE  TpaHchopMaropa  HET
BBIHYK/ICHHOTO HAMarHW4YMBaHUS.

e’ A
Ua

Va

Va

i1

Ua a i
S/ S 25
“ (v + r)l
kK >
U, Ui, iq 0
0 7" VA >
d 2t 0
8 0

Puc. 4.4. Ogroda3Hblii BRIIPSIMUTEN ¢ HYJIEBBIM BBIBOJIOM (L, = 0, 7, # 0):
a — 3KBHBAJICHTHAasA CXEMa, 0 — BPCMCHHBIC AUarpaMmbl HaprI)KeHI/Iﬁ 1 TOKOB,
6 — BHEILIHASA XapaKTePUCTUKA C YYETOM I0TEPh

Bo BropuuHOii 00MOTKE TpaHChOpMaTOpa U3-3a HATUYHS BEHTUIIEH TOK
HECUHYCOHUJAJIEH, YTO OOYCJIOBIMBAET MOSBJICHUE MOITHOCTH HMCKakeHus. B
MEePBUYHON OOMOTKE TOK CHHYCOWJQJIEH M MOIIHOCTH HUCKKCHUS HET.
[ToaToMy nJis paccMaTpuBaeMOTO BBIIPAMUTENS CIEAYEeT IPOCKTUPOBATh
CHielUaJIbHBIA TpaHCchOpPMATOp C Pa3IMYHBIMU PACUETHBIMH MOUTHOCTSIMHU
oOMoTok. YacTo, 0COOCHHO JIsI MAJIOMOIIHBIX BBIMPSIMUTENEH, TPUMEHSIIOT
OOBIYHBIC CTaHAApPTHBIE TpaHCHOPMATOPHI € PaBHBIMH  MOIIHOCTSMHU
obmoTok: S1= S, = S;p. MomHocTh Takoro Tpanchopmaropa JOIKHA OBITh HE
MEHBIIIE TUIIOBOM MOIIHOCTH, HAWJIEHHOW MpH pacyere Beinpsamurens. Ho
HY)XHO Y4YHUTBIBaTh, 4YTO B CTaHJAApPTHOM TpaHcpopMaTope BTOPUYHASL
oOMoTka OyneT paboTaTh C MEperpy3Koi, a MepBUYHAS — C HEIOTPY3KOM.
TemoBoil pexxuM Tpancpopmaropa OyaeT 6IM30K K HOMUHATILHOMY.

68



BHemHsgs xapakTepuCTUKa BBIIPAMUTENSA, C Y4YETOM IIOTEPh B
TpaHc(opMaTtope U BEHTWISAX, ONPEIEIICTCS ypaBHEHUEM

Ud:UdO_(ra—i_rnp)[da (419)

2
Trac Ud() :_Em — CPCOHCC 3HAYCHUC BLIIIPAMIICHHOTO HAIIPSKCHUS IIPU
T

XOJIOCTOM XO[E; 7yp — CONPOTHBICHUE BEHTHISA B IPSAMOM HalpaBICHUU
(cuutaeM €ro TOCTOSHHBIM). BHEIIHSsS XapakTEpPUCTHUKA BBIIPSIMUTEIIS
npuBeaeHa Ha puc. 4.4, .

Pexumr,= 0, L, #0,r;#0,L;#0

OpnHol U3 OCHOBHBIX XapaKTEPUCTUK BBIMpAMUTENEH ¢ uducioMm (a3
BTOpUYHOM OOMOTKHM TpaHchopmaTopa JABEe U Ooisiee SBISETCS Yrodl
KOMMYyTaluu (IEPEeKpbITUSL), OKa3bIBAIOIIMI OOJIbIIIOE BIUSHUE Ha BUJ
BHEIITHEN XapaKTePUCTUKU BBITTPSIMUTES.

Hanuuue noTtokoB paccesiHus B 00MOTKax TpaHchopMaTopa NpUBOIUT K
TOMY, YTO TPOJOJIKUTEIBHOCTh PAOOTHI BEHTUIISI A MOXKET OKa3aTbcs OOJbllie
MPOJOJDKUTENBHOCTH  TOJOKUTEIBHBIX 3HAYEHHM HANpsDKEHUM  MexIy
aHOJIOM M  KaToJoM BeHTWwI . [lns  BeimpsmuTtened, nOpu  ydere
WHIYKTUBHOCTE B aHOAHBIX BETBSIX BEHTWIEH, XapaKTepHbl WHTEPBaJbI
paboThl, KOrja OJHOBPEMEHHO NPOMYCKAIOT TOK JBa CMEXHBIX MO Qaze
BEHTWJISI: B OJHOM TOK yOBIBaeT, BO BTOPOM — HapacTaeT. Takue WHTepBajbl
OJIHOBPEMEHHOM paboThl HA3BIBAIOT MEPUOJAMH KOMMYTAIlUU, KOTOpbIE
MpuHATO 0003HaYaTh Y (cM. puc. 4.5, 0).

PaccMoTpuM siBIeHHME KOMMYTAalMid B OJHO(A3HOM BBIIPSIMUTENE C
HYJIEBBIM BBIBOJIOM, OSKBUBAJEHTHAas CXe€Ma KOTOpOro Hu300pakeHa Ha
puc. 4.5, a. 9Ta cxema COOTBETCTBYET BBINMPSIMUTEIIO OOJBIIION MOITHOCTH,
AKTUBHBIMU CONPOTUBJICHUSMU OOMOTOK TpaHC(hopMaTopa KOTOPOTrO MOXKHO
npeHeOpeub.  Jns  ydera  MHAYKTHMBHOCTH  paccesiHuss ~ 0OMOTOK
TpaHcopMaropa B CXEMy BBEACHbl HHIYKTHBHOCTU L, a Takxke
WHIYKTUBHOCTh  CTJIQXHUBAIOLIET0  peaktopa L; U CONPOTUBIEHUE
HArpy3KH 7.

Jlist JaHHOW CXeMbl MO>KHO BBIJIEIUTHh TPU XapaKTepHBIX MHTEpBaja 3a
OJIMH MEepUO;: UHTEpBa [, Korja TOK MPOTEKaeT TOJIBKO 4Yepe3 BEeHTW b VD;;
uHrepBan II, korga Tok NpoIyckaroT OJHOBPEMEHHO BeHTWIU VD u VD»;
untepsai III, korga Tok npoTekaeT ToJIbKO Yyepe3 BeHTWIb VD, Jlns kaxaoro
U3 3TUX MHTEPBAJIOB MOXXKHO COCTaBUTh SKBHUBAJICHTHYIO cxeMy. Paccmorpum
AIIEKTPOMArHUTHBIE MPOIECCHl MO HMHTEpBaiaM. DKBUBAJICHTHAsI cXeMa JJIst
uHTepBaina | umeer Buja, n300pakeHHBIN Ha puc. 4.5, a.
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Puc. 4.5. SIBnenre koMMyTanuu B BBIIPSIMUTENE C HYJIEBBIM BBIBOJIOM:
a — OKBHBAJICHTHad CXEMa BLIIIPAMUTCIIA, o — BPCMCHHBIC JUarpaMmMbl TOKOB H

, ecn 0 < L; < o0; 8 — DKBUBaAJCHTHAS cXeMa BBIIPSIMUTEIIS
70

OJIC e; u ey; 2 — PKBUBAJIGHTHAsI CXeMa BBITIpsAMHATENA npu aericteuu DJ[C

HaIpsDKEHUH IPU KOMMYTALMKU

NpU ACHUCTBUU



CaMOMHIYKIMH L, ; O — BpeMEHHbIE AMarpaMMbl TOKa il CBOOOJHOIO PEXUMA; e —
BPEMEHHBIE TMarpaMMbl TOKOB U HAIIPSKEHUW IPU KOMMYTalUH, eciu L, = oo

Kak u B mpocreiiiieM BbIIpIMUTENE, TOK i,) BHAYal€ YBEIUYUBACTCS, a
3aTeM, JOCTUTHYB MaKCUMyMa, YMEHbIaeTcs. UToObl OompenenuTb MOMEHT
BPEMEHH, KOTJa BEHTWIb V| Ha4HET NMPOIMyCKaTh TOK, HY>KHO 3HATh, KakK
W3MEHSAETCS NOTCHIHMAJI aHoja JToro BeHTWII. Kak TOJBRKO OH CTaHeT
MOJIOKUTEILHBIM, BEHTWIb VD BCTynUT B paboTy M OyJIyT IPOITyCKaTh TOK
OJHOBPEMEHHO JIBa BEHTHJIS.

Ilorennman anoga BEHTHIISA VD, OTHOCHUTEIBHO ITOTCHIIMAJa KaToja
paBeH

UVD1 — e Uko>

r7i€ Uy MOKHO OTIPENEIUTh U3 PeKUMa padoThl BeHTWIIS VD;:

diazz _ diaZ
di €2 T g

Uro=ex— L, rae x, = OL,.

dj
. 2 )
Jo makcumyma Toka I,; DJC Xx,— - NPOTHBOAEHCTBYET HAPACTAHUIO

do
diaZ
do

COBIIAACT IO HAIIPABJICHHUIO C TOKOM, T. €. YCUINBACT HCﬁCTBHC SI[C és. B

toka (meiictByer mpotuB DJC e,). Ilocie makcumyma Toka SAC X,

touke M (cMm. puc. 4.5, 6), COOTBETCTBYIOIICH MakCUMyMy ToKa I, DJIC
d iy
S

C »TOro MOMEHTa MNOTEHIMald aHoja BeHTWIsA VD, CcTaHOBUTCS
MOJOXKUTENbHBIM. CJeI0BaTEeIbHO, TOUKAa A SBIAETCS HayalloM HHTEpBajia
OJIHOBPEMEHHOU pabOThI IBYX BEHTUJICH.

OKBHUBaJICHTHas cxema Jisi uutepBana Il nmpeacrasnena Ha puc. 4.5, a. K
MOMEHTY Hayaja TMPOXOXKIACHUS TOKa Yepe3 BEHTWIb VD »Hepruei,
3aMaceHHON B MHAYKTHUBHOCTH L, BETBH C BeHTWIeM VD, (110 CpaBHEHHIO C
SHEpPrHUell B  CIVIAKUBAIOIIEM  peakTope C  HUHAYKTUBHOCTBIO L),
npeHebperaem, Tak kak oObiuHO L; >> L, Takum oOGpa3oM, B cxeMme K
Hayally KOMMYTAallUd MMEIOTCS JBe paBHble BHemHue JDJC — e u e,
Haxonsmuecs B NpoTuBodasze, W CBOOOIHAs DSHEpPrus, 3armaceHHas B
WHIYKTUBHOCTU L;, KOTOpas oOycCJOBIMBaeT CBOOOJHBIN pexxum. B mepuon
KOMMYTallUM 1EeMb JIMHEHHA, €clIu cuuTaTh r = const. [loaToMy MOXHO
MPUMEHUTh METOJI HAJIOXKEHHS JEHCTBUN BHEIIHUX HUCTOYHUKOB JIJIC
(etne;) m OJIC caMOMHAYKIMM WHIYKTUBHOCTU Lg OOYCIOBICHHOM
3aIlaCEHHOM B HEW aHEPTUEH MAarHUTHOTO TOJIS.

=0, nostomy g = €. B Touke 4 Uy = €1, nostomy Uypy = 0.
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[Ipu neiictBun DJIC e; u e, (cM. puc. 4.5, ) BEeTBb Harpy3ku ¢
JJIEMEHTaMU 7y, Ly MOXKHO HE yUUTBIBATh IPU HOMUHAJIBHOM PEXHUME, TaK
KaKk OHa 00JaJaeT 3HAYUTENbHO OOJBIIMM CONPOTHUBIECHUEM IS BCEX
TFapMOHMK ITyJBCUPYIOILIEr0 TOKA M0 CPAaBHEHHUIO C BETBSIMH, COJECpPKAIIMMHU
aneMeHThl L,. Ilpy TakoM JOMyIIEHHH TOK I; B KOHTYpE ONpPEACISICTCS W3
ypaBHEHUS

di,
er—er=2x, 0 (4.20)
Ho, Tak kak g =¢,=F, sin(0+¢), OTCYCT BPEMEHH BEACTCS C

MOMCHTA Ha4dajla KOMMYyTalluu, IIO3TOMY

d .
xaﬁ= E, sin(0+0). (4.21)
Pemenne ypaBaenus (4.19) B oOiiem Buje gaet
ir :hj'sin(EH(p)dO = —hcos(0+(p)+A. (4.22)
xa xCl

IIpu 3TOM HanpsKEHUE HA HArpy3Ke Uy = 0.
[Tpu peiictBun 3AC caMOUHIYKIIMU UHAYKTUBHOCTU Ly (puc. 4.5, 2) TOK
B IICTIH HATPY3KH I, ¢, OTIPEICISCTCS U3 YPABHCHUS

La dld CB
O Ls+— = +ismra=0. 4.23
T desld (4.23)
. . la.
Toku B aHOAHBIX BETBIX I41cs = lg2cs = =2 EcnM TOK B UHAYKTUBHOCTHU
C asc 2 y

L, K Havajay KOMMYTalU{d UMEJ 3HAaYCHUE 1y, TO U3 YpaBHEHHUS (4.23) MOXKHO

OIIPpCACINUTD 3HAYCHHUC CBO6OIIHOI‘O TOKa B ICIIN HAT'PY3KHU
0

idcs=ld0€ or- (4.24)
_ Xa d id .CB
Hanpsxkenue Ha Harpys3ke npu 3ToM 1y = 7 ) W

Takum oOpa3zom, ¢opma KpHUBOH TOKa I, 3aBHCUT OT BCIIMYMHBI

L,
Ld+7

MOCTOSIHHOM BpeMeHHu 1enu T=———"—_ Yem Oousblile BeauuuHa L, 10
Va

CPaBHEHHIO C 7y, TeM OoJiee mosiorast Kpusas I, ., B epruo kKomMmyTamun. Ha

puc. 4.4, 0 mpencTaBieHbl KPUBBIC Iy Mg Ly = o u 0 < L; < . Eciwm
JUTMTEIPHOCTh TIEpUOJa KOMMYTAllUM Y MEHbIIIE BEJIWYUHBI T, UTO
CIpaBeUTMBO MPHU OONBIINX 3HAYCHHUSIX Ly, TO TOK I, HA HMHTEPBAJIC MOYKHO
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CUUTATh M3MEHSAIOUIMMCS MO MPSIMOJIMHEUHOMY 3aKOHY; TOTJa HAMNpsKECHUE
Uiy OyzieT Hen3MeHHo 1o Bennuune (muHus AB Ha puc. 4.5, 6).

IIpousBens HamoxeHus neuctBuil ucrounnkoB IC u onpenenus
MNOCTOSIHHBIE UHTETPUPOBAHUS, TTOJTYUYUM BBIPAXKECHUS 711 TOKOB B BEHTHJISX
Y HAIPSIKEHUS HAa Harpy3Ke B MEPUOJ] KOMMYTAILIUU:

: 0
jur = 2 [cos 9 — cos(0 + )]~ “’70(1 - )
Xa
: 0
ign = Em [cos(O + @) — cos (p] + ld—o(l - e‘mj; (4.25)
Xa 2
‘uko‘ — Xaldo e_i-
20t "

[Tepuon KOMMyTalMu 3aKOHYMTCS B MOMEHT, koraa I, = 0. 3arem
HactynaeT uHtepBai I, korga mpormyckaer TOK TOJBKO BEHTUIb VD;. DTOT
MHTEpPBaJ HE OTIIMYAETCs 110 CBOEMY XapaKTepy OT nuHrepsaia .

B BBIIPSAMUTENSIX CO CIIaXKHUBAIOIIMM PEAKTOPOM OO0BIYHO L, >> L,

nostomy JJIC Manma 1o cpaBHeHuto ¢ OJ[C momyoOMOTOK

Diay
S
TpancopMaropa, u €10 MOKHO TIpeHeOpeub. Toraa KpuBast HAMPSKEHUST Uy
coBnagaetr ¢ kpuBbiMu DJ[C e u e, nys unrepBasios | u 11l u ¢ ockro abenuce
s uatepBana I, rae Uy = 0 (em. puc. 4.5, ). DTOT peKUM COOTBETCTBYET
WHIYKTUBHOCTU L,= 0. PeakTop ¢ 0€CKOHEYHO OOJIBIIONW WHIYKTUBHOCTBHIO
L; B Teuenue unrepnanoB | u Il naeanbHO CriaxuBaeT MyiabCcalid TOKOB B
BeHTWISX VD; u VD, Takum oO0pa3oM, UYTO OTH TOKH OKa3bIBAIOTCS
HEU3MEHHBIMU [0 BEJIWYMHE, PABHBIMU TOKY Harpy3ku [;. B TteueHue
MHTEpPBAJIAa KOMMYTAllUM ULENb HArpy3Kd CIEAYET paccMaTpuBaTh Kak
WICAIbHBIM  HMCTOYHMK  TOKa  OECKOHEYHO  OOJBIIONM  MOIIHOCTH,
oOecreynBarouii HEN3MEHHBIN TOK B HAarpy3ke /.

ToKM B BEHTWISIX B IIEPUOJ KOMMYTALMU MIPU L; = 00 ONPEAEITAIOTCS U3

BhIpaxkeHui (4.23) ¢ yaeTom, yTo IpU T=00 U Q¢ = 0 I = Ly = const = I

igl = &(1 —cos0);

A (4.26)
ia2=&(0059—1)+1d.
Xa
Tak xak B ciyuae 0 = y I,y = [I; yroin KoMMmyTanmuu npu L; = o

OIIPCACIIAACTCA U3 BBIPAKCHUA
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XQ]d

l—-cosy= (4.27)

m
Takum  oOpazoM, uYeM  MeEHbIIE  HHIAYKTUBHOCTb  pPacCEsTHUS
TpaHcdopMaropa, TE€M MEHbLIE Yroil KOMMyTamuu. /[{i1s ManoMoIIHbIX
BBIIPSIMUTENIEH X, — BEIWYMHA Majas, MO3TOMY IpU pacyeTe MOXKHO
JOOMYCTUTH, 4yTO ¥ = 0.

Pexum r,= 0,L,#0,L,=

OKBHUBAJICHTHAasi CXeMa  BBIIPSAMUTENS Uil JAHHOTO  pekuma
npejacTaBieHa Ha puc. 4.5, a.

CpenHee 3Ha4Y€HUE BBIIPAMICHHOTO HANPSKEHUS ONPEACIUM C
MOMOIIBI0 BPEMEHHBIX JUarpaMM HANpsDKEHWM, TMPEICTaBICHHBIX Ha
puc. 4.6, a:

Us=Uaq—AU;,
rae Uy — cpeliHee 3HAUCHUE BBIMPSIMICHHOTO HAIPSKEHUS MPU XOJIOCTOM
X0JI€;

AU, — cpenHee 3HAYE€HHE TIOTEPU BBINIPAMIECHHOIO HaIpPKEHUA,
00yCJIOBJIEHHOTO KOMMYTaIIUEH.

Ha puc. 4.6, a AU, mupexacrtaBisier co0OOi cpeaHee 3HAUYCHHE
3amTpuxoBaHHbIX Tiomanei ABC u A’B’C’, orpaHUYE€HHBIX KPUBBIMHU €] U €;
Ha MEepHoJ KOMMYTAIUH.

Ecnu D/1C e u e; U3MEHSIOTCA MO 3aKOHY CUHYCA, TO CPEIHEE 3HAUCHUE
BBIIPSAMJICHHOTO  HANpPSDKEHUST TIPU  XOJIOCTOM  XOAE€  OMNpenesieTcs
BBIPAKCHUEM

17 2F
UdO:—IEm51nO-dO:—m:O,9EH, (4.28)

T T
rne E, — neictByromee 3HadeHue OJIC  BTOpuYHONW  OOMOTKH

TpaHchopmaropa.
CpenHee  3HAauU€HWE  TOTEPU  BBHIMPSAMIICHHOTO  HaNpsDKEHUS,
00YCIIOBIEHHOTO KOMMYyTaluen

17 .
AU, =~ [E,sin0-d0=£2(1-cosy). (4.29)
Ty T
[ToacraBnsis (4.25) B (4.27), nonydum
AU, =¥l

CpeL[Hee 3HAYCHUC BBINIPAMICHHOI'O HAIIPSAXKCHUA

(4.30)
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Ud=Ud0—AUx=2E"’—x“TI”’.

JlaHHOE ypaBHEHHE IPEACTABIAET COOOM BHEIIHIOK XapaKTEPUCTHKY
BBINIPSAMHUTENS, KOTOpas Ha rpaduKe BHIPA3UTCS NPAMOM JTHHUEH.

B COOTBECTCTBUU C ypaBHeHI/IeM BHeH_IHeI‘/'I XapaKTepI/ICTI/IKI/I
BBIHpHMI/ITeJIB I1I0 OTHOLNICHHUKO K Hal“pyBO‘{HOMy COHpOTI/IBHeHI/IIO MOXHO
HpeIICTaBI/ITB B BUJIC 3KBHUBAJICHTHOI'O FeHepaTOpa ITIOCTOSHHOTI O TOKa, SI[C
xotoporo paBHa Uy. BHyTpeHHee CONPOTUBICHUE SKBHBAJICHTHOIO
reHepaTopa

4.31)

_AUx_Xald_Xa (4.32)
VsxB
14 Uy T

Takum oOpa3oM, IMOTOKH paccessHuss B OOMOTKax TpaHchopmaTopa
OKa3bIBAIOT CYIIECTBCHHOE BJIUSHUE HA BEIWYUHY BBINPSIMICHHOTO
HaIPsHKCHUS: YeM OOJIbIIe X, TeM MeHbIe U,.

OmnpenenuM cpeaHee, MeHCTBYIONIEE M MAKCUMAIbHOE 3HAYCHUS TOKA B
BEHTWJIC, HEOOXOAMMBIC JUIsl TPAaBUIBLHOTO BBIOOpAa BEHTWISA, a TaKkKe
JCHCTBYIOIIME 3HAYEHUS TOKOB B 00MOTKaX TpaHchopmaTopa, HeOOX0IUMbIE
JUISI  TIPaBWJIBHOTO  BBIOOpAa  THUIIOBOM  MOIMHOCTH  TpaHchopmaTopa.
BpeMeHHbIE TrarpaMMBbl 3THX TOKOB IPUBEICHBI Ha puc. 4.6, 0.

Udo 1

. N
Y, X 74
N La > -/1\ s\
a - 'n'- —>
_,‘-‘_(P_i,_ 21 0
U |
1 1
1 1
1
! !
! -~y
<o)
1 1
1 1

67 I/ \\\ 67 -
0 a's i1=n(ia1-12 o )/
A
' T ‘\ ’/27'5 e
\
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Puc. 4.6. BpeMenHnble AuarpamMMbl BBIIPSAMIICHHOTO HAITPSIKEHUS
0/1H0(ha3HOTO BBIPSAMUTEINS C HYJEBBIM BbIBOJOM Iipu L, # 0, L; = o (a);
BPEMEHHBIE TMarpaMMbl TOKOB B 00MOTKax TpaHchopmaTopa (6)

1q

CpCI[HCe 3HAYCHHUC TOKa B BCHTHIIC ]a=7, MaKCHUMAJIBHOC €TI0

3HaueHue 1, = 1,.

JleiicTByroIIee 3HAYCHUE TOKA B BEHTHWJIE (BO BTOPHYHON OOMOTKE
TpaHchopMaTopa) ONpeeIuM MPUOIFKEHHO, 3aMEHSS ACHCTBUTECIIBHBIN TOK
SKBHBAJICHTHBIM TOKOM, MT'HOBCHHBIC 3HAYCHHUS KOTOPOTO H3MEHSIOTCS I10
3aKOHY NMPSAMOYTOJIbHUKA abee (puc. 4.6, 0):

1% 5
In=1[5r [15d6=0707],- (4.33)
0

IIpu axtuBHOUW Harpy3ke [, = 0,785 [, CnenoBaTenbHO, CEYCHHE
BTOPUYHOM OOMOTKM TpaHchopmaTopa TMpU UHAYKTHUBHOW Harpyske
HECKOJIBKO YMEHBIIAETCH.

MakcumanbHOE 3Ha4Y€HHE OOpPATHOIO HAIpPSKEHUS Ha BEHTWIE NpU
WHIYKTUBHOW Harpy3Ke Takoe ke, KaK U B CiIy4ae aKTUBHOM Harpy3Ku:

U06p.max = 71:l]d . (434)
PacueTHass MOIIIHOCTB BTOpI/I‘IHOﬁ 00OMOTKH TpaHC(bopMaTopa
T
Sip=2Exlx=7Uala=15TPy- (4.35)

IIpu axtuBHOM Harpyske Sy,= 1,73P; CnenosarensHo, 1pu
WHIYKTUBHOW Harpyske TtpaHchopmaTop wucnoisdyercs Jydme. Cremyer
OTMETHUTh, YTO MOUTHOCTh IMOCTOSIHHOM COCTAaBIISIFOLIEN BBIIPSIMIEHHOTO TOKA
B cily4ae L, = oo paBHA IMOJIE3HOM MOUTHOCTHU, MOTPEOIsIEMON HArpy3KOil.

Tox i;1) B BBIIPIMHUTENE, C YYETOM pEATbHO CYIIECTBYIOIINX
MarHUTHBIX TOJIEH paccesHusl, OTCTaeT Mo (aze OT MPUIOKEHHOTO BHEITHETO
HanpspkeHusi. Takum 00pa3oMm, OOBIYHBIE BBIIPSIMUTENM JUIsl BHEIIHHX
HUCTOYHUKOB  D3JIEKTPONMUTAHUS  TMPEJCTABISIOT  AKTUBHO-MHAYKTHUBHYIO
Harpy3Ky, CIOCOOCTBYIOUIYIO YXYAIICHHIO KO3(P(UIHMEHTa MOIIHOCTU
MPEeANpUsATUs, Ha KOTOPOM YCTAHOBJIEH JAHHBIM BBIPSIMUTENb, TaK KaK OH
ABIIIETCS MOTPEOUTENIEM PEAKTUBHON MOIIHOCTH.

4.4. OOHogha3Hass MOcmoeasi cxema ebInpsiMumernst

MocToBasi cxema COCTOMT W3 JBYXOOMOTOYHOTO TpaHcopmaTopa u
KOMIUIeKTa BeHtwien VD,, VD,, VDs, VD, (puc. 4.1, g).

[lepemenHOE HaANpPSHKCHUE IMOABOJUTCS K OJHOW JWMAroHajad MOCTa, a
Harpy3ka IMOAKIIOYACTCS K JPYrod ero JWaroHaidi — MEXIy TOYKOU
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COCJIMHEHHUs KaTOJIOB JBYX BEHTWJIEH, OOpa3ylolluX KaTOJHYIO TPYIIy
BeHTwiie (VDi,, VD;) U TOYKOW COEIWHEHMsS aHOJOB JIBYX BEHTHJICH,
o0pa3yolux aHOHYO0 Tpyniy BeHTusek (VD,, VDy).

B cxeme BeHTWIM IIpOIyCKarOT TOK nonapHo: VD,, VD4 wu VD,, VD3; onn
COCJIMHEHBI MEXy cOO0OM M Harpy3Koi mocliieloBaTelibHO. B kaxmayro mnapy
BXOJUT OJWH BEHTWIb M3 KATOJHOW TPYNIIBI U BTOPOW BEHTWJIb U3 aHOJHOM
TPYMIIbI, TO3TOMY HY>KHO YYUTHIBATh YABOCHHOE HAIPSIKCHUE HA BEHTUIIAX.
B cxeme HauHeT mpomyckaTh TOK Iapa BEHTWIEH, Y KOTOPOM aHOJ BEHTUIIS
karogHou rpynmnsl (VD; wnu VD3;) uMmeeT HanOoJiee BBICOKMI MOTEHLHUAN, a
KaTtoJ BEHTWIs aHonHou rpynnsl (VD, unu VDs) — Hambonee HUBKUN
noreHuuan. Tak, HampuMep, €CId MOTEHLMWAJl TOYKH d CTAHET BBIIIE
MoTeHIMana TOo4Ykd 6 (Ha puc. 4.6, 6 DTOT pPEKUM COOTBETCTBYET
nosioxkurensHoi nonyBoiHe DJIC e;), To aHom BeHTWss VD, Oyner UMeETh
HanOoJiee BBICOKMI MOTEHIMAJ, a KaToJ BeHTWIS VD, — HanOoJiee HU3KUU
MOTEHUHaN, T.€. B 3TOM ciiydyae BeHTWIM VD, u VD4 TpomycKarT
AJEKTpUYECKHl TOK. B TeueHne orpuuarensHoil nosyBojHbl J/C e, kaTon
BeHTHIad VD, uMmeetr HanOoJiee HU3KUM MOTEHIMAN, a aHOJA BEHTUIS VD3 —
HauOoJsiee BBICOKUU TMOTEHIIHUAJ, MOATOMY TOK MPOMYyCKaloT BEeHTWIH VD, u
VDs.

Pexumr,#0,L,=0,L,=0

OKBUBAJICHTHAs] CXEMa BBIMPAMUTENS ISl PACCMAaTPUBAEMOTO PEeXUMA
npejacTaBiieHa Ha puc. 4.7, a.

BpemeHnnbie auarpamMmbl IS TIOCTOSSHHOTO HAIpsKEHUS C YYETOM
MaJIeHUs] HaMpPsDKEHHS B BhIIpsAMUTENE (00YCIOBIEHHOTO CONMPOTUBICHUSIMHU
¥ M T'yp) TIOKa3aHbl Ha puc. 4.7, 6. Hanpsbkenue Ha Harpyske Mensine DJ1C e,
Ha BEJIIMYMHY MaJCHUS HAMNPSOKEHUS B OOMOTKE M JIBYX IOCJEI0BATEILHO
COCIMHEHHBIX BEHTHJISIX.

CpenHue 3Hau€HUs BBIIPSIMICHHOTO HAMPSOKCHUS W TOKA, a TakkKe
CpeaHee W JICUCTBYIOIIEE 3HAYCHHUS TOKAa BEHTHJISI MOCTOBOM CXEMBI TaKHe
XKe, KAK U B CXEME C HYJIEBBIM BBHIBOJIOM.

O6paTtHoe HampspkeHue Ha BeHTWie MeHbiie DJ[C e, Ha BenTUYUHY
MaJIeHUs] HAMPSOKEHUST BO BTOPUYHONW OOMOTKE TpaHchopMmaropa U B OJHOM
paboTaromieM BeHTuie. Hanbosnbiiiee 3HaueHHe OOpaTHOTO HAIpPsHKCHHS Ha
BEHTHJIC OyAET MPU XOJOCTOM XOJE, KOT/Ia OHO JocTUraeT aMrautyasl D/(C
BTOPUYHOU OOMOTKH TpaHC(opMaTopa, 4To B JIBa pa3a MEHbIIIE, YEM B CXEME
C HYJIEBBIM BBIBOJIOM.

Bo BropuuHOW 0OOMOTKE TOK MpPOTEKAET NBaXAbl 3a TMEPUOA U TPH
aKTUBHOM  Harpy3ke umeeT (OpMy  CHHYCOUIbI.  BBIHYXIEHHOTrO
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HAMarHWYMBaHUs cepAcuHuKa TpaHchopmaropa HET. TOK B MEPBUYHOM
oOMOTKe Takxke cuHycoupaaieH. Ilostomy pabory TtpanchopmaTopa mpu
TAaKOM pEXHME BBIIPSAMICHUS MOXXHO paccMaTpuBaTh Kak paboTy Ha
O0OBIYHOE aKTHBHOE COMPOTHBIICHUE 0€3 ydeTa BEHTHIICH.

OCHOBHBIE  JJIEKTPUUYECKHE  MMapamMeTpbl  CXEMbI  BBIIPSIMUTEIS
npuBeAeHbI B Ta0IM. 4.1.

[Io cpaBHeHHIO C TPEABIAYIIMMH CXEMaMH B MOCTOBOH cXeMme
BBIMIPSAMUTENS KOA(D(PHUIIMEHT WCTOIB30BaHMUS TpaHCPopMaTopa BBIIIE, a
MaKCHMajJbHOE O0paTHOE HAMpsDKEHHWE HAa BEHTWIAX MEHbIIe. MOCTOBOM
BBITIPSIMUTENIb MOKHO TTUTATh O6€3 TpaHCPopMaTopa, €CIIH HAMPSHKEHUE CETH
COOTBETCTBYET BBINIPSMIICHHOMY HAIPSHKCHHUIO (CXeMa C HYJEBBIM BBIBOJOM
6e3 TpaHcopMaTopa HEOCYIIECTBUMA), a UCTIOIb30BaHHE B MOCTOBOI cXeme
TpaHchopmaropa ¢ HylIeBbIM BBIBOAOM (puc. 4.7, 6) O3BOJISIET MOIYYUTH ABA
3HA4YeHUsI BBITIPsIMIIEHHOTO Hanpspkenus: Uy u Uy/2.

e

a y O
I14 Va 123 e Ust
Pl [
N Vli] N
123 i J/Dz
o >
3 rq 114 114
—== —

~U
. ~
123

\ 4

fﬁ’“m_
1 | >
N << A
Ug, 1q
| |
~N ~
< Ud/2 N Ud/2 >
+& -+ & -

Puc. 4.7. Ogaodaszubrit MocToBO#M BeIIpsiMutens (L, =0, r, # 0)
a — 3KBHBAJICHTHAasA CXEMa, 6 — BpCMCHHBIC )II/IanaMMBI TOKOB 1 Hal'[pf[)KeHPIﬁ;
8 — CcXeMma C HYJ'IGBI)IM BBIBOJIOM

B HaCTOALICC BpCMA B Ka4uCCTBC BCHTUJICH HCIIOJIB3YIOTCA
MMOJIYIIPOBOAHUKOBEIC HpI/I60pBI C MaJIbIM 3HA4YCHHUCM Fyp, IIO3TOMY MOCTOBAA
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cxema siBJsieTcss HauboJsiee MpUueMIeMON U MEPCIeKTUBHON MO CPaBHEHUIO C
IPYTUMU CXEMaMH.

Pexuwmr,=0,L,# 0, L;,=

OKBHUBaJEHTHAas CXeMa OJHO(PA3HOIO MOCTOBOTO BBIIPSMUTENS C
y4e€TOM MHAYKTUBHOCTEH paccessHUss B OOMOTKax TpaHcdopMaropa u
KaTOJHOM pEakTope IoKazaHa Ha puc. 4.8, a, a COOTBETCTBYIOIIME
BpEMEHHbIE TUarpaMMbl — Ha puc. 4.8, 6.

Hanuuue wunaykTuBHOCTH L, OOYyCIOBIMBaeT M B JTOM CXeMe
KOMMYTAaIIMOHHBIE MeproJibl. Ho B OT/IMUME OT CXeMbI ¢ HyJIEBBIM BBIBOJIOM B
NEepHoJ KOMMYTAI[MM OJTHOBPEMEHHO MPOIMYCKAIOT TOK BCE YEThIPE BEHTUJIS.
B pesynbrare BrOopruHas oOMoTKa TpaHc(opmaTopa B TEUEHHE MHTEpBaja y
OKa3bIBAETCS KOPOTKO3aMKHYTOH. TOK B BEHTWISIX B MEPHUOJ KOMMYTAallUU
MO>XHO OIpEAENIUTh TOYHO TaK K€, KaK U B CXEME C HYJIEBBIM BBIBOJIOM,
MPUMEHSSE METO/ HAJTOXKeHUsI 1ecTBUi ncTouHnKoB DJIC U HCTOUYHMKA TOKA:

eh
(%) E
L, o : s
L1 L1 VD ! 5 :
Nyp, l N la ! ! !
Ik : : :
. 1 X X
l\IVDr L l\} 0 ~ I’E 4 :\\ Il' :\\ ,: b
4':(1 v _d> s /\\: ia4 : /\« : ia2 ://Vi
e e b e e e e e e e — -
¢ plo L
i = n(la —igz) b
0 / N | N
/! A VAR
i1 =Nl — i)
6

Puc. 4.8. Ognoda3zuerit MOCTOBO# BeIpsiMuTens mipu 7,= 0, L, # 0, L; = ©
a — OKBUBAJICHTHAA CXEMa, 6 — BPpCMCHHBIC IarpaMMbl TOKOB U HaprI)KeHI/Iﬁ

lqa ix _E
i =ian =Lt = S (cosO—1)+ [y

2 2 Xa (4 36)
. , la ik _ Em |
la3 la2 2 2 xa( )
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rre iy = Lm(1-sin®)~ [,
Xa

MoctoBass cxema B TEUYEHUE KaXIOr0 IIOJYIIEpUOJA HUYEM He
OTJIMYAETCSA OT CXEMBbI C HYJIEBBIM BBIBOJOM, TOJIBKO 3J€Ch IIPOIYCKAET TOK
HE OJIMH, a JBa BEHTWJIA, COCAUHEHHBIE IOCIEAOBATEIBHO, U I KaKI0I0
MOJIyIIepUOa UCTIONB3YIOTCS HE OTJIEIbHbIE OJIOBUHBI BTOPUYHON OOMOTKH,
a ogHa oOOMOTKa, 4YTO TOBBIIAET J(PPEKTUBHOCTh HCIIOIb30BAHUS
TpaHcopmaropa. B MocToBOH cxeme AeiCTBYIOIIEe 3HAUEHHE TOKA BO
BTOpUYHOU 0OMOTKE [, = 1.

Bcenencreue aHaoruu 3J1€KTPOMarHUTHBIX MPOLIECCOB MOCTOBAs CXeMa
M CXeMa C HYJEBbIM BBIBOJOM HMEIOT aHAJIOTWYHbIE BHELIHUE
xapakrepuctuku. Ho u3-3a 6onee 3 PeKTHBHOrO UCOIB30BaHUS BTOPUUHON
O0OMOTKH B MOCTOBOM cXe€Me TUIIOBasi MOIIIHOCTh TpaHCPOpMaTOpa HECKOIBKO
Huxke. PacuerHble  MomHOCTH  OOMOTOK W THIOBask  MOIIHOCTb
TpaHcopmaropa MOCTOBOM CXEMbI JUIsI PACCMATPUBAEMOIO  pEXHMMA
OJIMHAKOBBI:

Sp=81=8=111U;<1;=1,11 P, (4.37)

MakcumanbHOE 3HaU€HHE 0OPATHOTO HAINPSKEHUSI Ha BEHTUJISX, KaK U B
Clydyae aKTUBHOM HAarpy3Kd, HE€ IIPEBBIIIACT AaAMIUIMTYAHOIO 3HAYCHUs
BTOPUYHOTO HaNpsKEeHUs TpaHchopmaropa.

4.5. Tpexcgha3Hasi Hysiegasi cxema 8bINPsIMIIeHUs

[IpoBenem aHanmu3 (QU3MYECKUX TMPOLIECCOB U  IHEPreTUUECKUX
COOTHOILICHUN B HYJIEBOU m — (pa3HOM cXeMe BBINPSAMIICHUS MPU CIIECTYIOMINX
OOLIENTPUHSATHIX TOMYIIEHUAX:

v DJIC MUTAIONIEro TpaHcopmaTopa COCTaBISAIOT CUMMETPUYHYIO
cuctemy m—¢pa3Hbix cuHyconaanbubix J/C;

v/ Harpyska BBIIPSIMHUTENSI HMEET WHIYKTUBHBIA XapakTep, ¥ TOK HATPY3KH
UJICATIBHO CIUIaXEH;

v’ mapamerpbl TpaHcdopmaropa X, , ¥, NPUHAMAKOTCS IMOCTOSHHBIMH BO
BCEX pEKUMax pabOoThl BBIIPAMUTEIIS;

v/ BEHTWIM TPEJICTABISAIOTCS HICaTbHBIMU KIIOYaMH, CpadaThIBAOIIMMH
KOTI'/Ia HANPSDKEHUS. Ha aHOJI€ U KaTOJIe PABHBI.

OKBHUBaJICHTHAS CXeMa BBIIIPAMUTCIIA IIOKAa3aHa Ha pUC. 49, a.

B pa60Te BBIIIPAMUTCIIA MOZKHO BBIACIIUTL B4  PCIKHUMA,
OT/IMYarOImMuUeCAa KOJINICCTBOM OJJHOBPEMCHHO pa60TaIOI_HI/IX BCHTUJICH.
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1. Brexommymayuouuwviii — B  paboTre  ydacTByeT onaHa (a3za
MATAOIIETO TpaHchopMaTopa U BEHTUIIb, BKIIFOUEHHBIHN B ATy (a3y.

2. Kommymayuonnwlii pesxcum — B pabOTe€ y4acCTBYIOT TOJ JCHCTBHEM
OJC camMOMHAYKIIMM WHIAYKTUBHOCTH X, JBe U Oomee ¢da3 w
COOTBETCTBYIOIIIEE KOJIMYECTBO BEHTWICH. B 3ToM pexume TPOUCXOAUT
KOMMYyTalsi ToKa U3 oaHou (asbl B apyryro. Ilpu HOpManbHOU 3arpyske
BBITIPSIMUTEIISE B KOMMYTallUOHHOM TPOIIECCE OJTHOBPEMEHHO YYaCTBYIOT JIBE
($ha3bl ¥ IIUTETHHOCTh KOMMYTAIIMK HE TIPEBBIMIACT Y =2T./Mm.

PacueTHble CXeMBI PEKUMOB pabOTHI BBIIPSAMUTEIS TMPUBEICHBI Ha
puc.4.9, 6.

G i Ly R L,

@ -mimimimmioioioiioioiomoo -e BHEKOMMYTAITMOHHBIN PEKUM
¢ oo IR —ee- -8
! i i
Em Xa Vg ———* e Xqg Vg ——
(o M P
e Xg Va K
L R, A0 mmm T
) SN L e @ AR S-S

! ' L R 1
3 U, K ~ AN |

KOMMYTallHOHHBIN PEXUM

o

Puc. 4.9. DxBuBanenTHas cxema m — (a3HOro HYJIEBOT'O BBIIPSAMUTEN (@);
pacyeTHbIe CXEMbI BRIIPAMUTENS (6)

Pexum r,=0,L,=0,L =0
B uneanu3upoBaHHOM cxeMe KOMMYTAIUs OCYIIECTBIISIETCSI MTHOBEHHO,
T. €. B JIIOOOM MOMEHT BPEMEHHU TOK MPOIYCKAET TOJIBKO OJIMH BEHTUJIb, aHO]T

KOTOpPOTO HMCCT HanuOoJjiee BBICOKUH IIOTCHIIMAJI. HpOI[OJDKI/ITCJIBHOCTB

271
paboThl KaXXKJIOTO BEHTUJIS A=—. BoinpsiMieHHOEe HanpsiKEHWE U TOK
m

MMEIOT OJIMHAKOBYIO (DOPMY U COJIEpkKAT M - KpaTHBIE MyJIhCAllUU 3a MIEPUOI.
Bpemennsie nuarpaMMbl pabOThl HYJIEBOTO BBRIMPSIMUTENS TIpu m = 3 (cxema
MurtkeBuua) uzoopaxensl Ha puc. 4.10.

MrHoBeHHOE 3HaueHHE OOpPaTHOro HaNpsHKEHUS Ha BEHTHNIE Ugspmax B

V3 pa3 6osble aMIuIUTy1HOro 3HaueHus: JJ1C BTOpu4HON OOMOTKH.
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e, uqt e e €3 ‘ e

v

Uso . o 0

v

Uo6p. max

Puc. 4.10. Bpemennble iuarpaMMbl TOKOB M HANIpsKEHUH TpexgdazHoTro
BBITIPSIMUTEIIS C HYJIEBBIM BBIBOJIOM IIPH aKTUBHOM Harpyske (v, =0, L, =0, L =0)

Cpez{Hee 3HAYCHUC BBINIPAMICHHOT'O HAIIPSAXKCHUA

Ua=+— jnudde ——_jE cos0- d@——E s1nz' (4.38)

Ipum=3U;=0,83 E,,= 1,17 E,

[Tpr aKTUBHOW Harpy3ke GOPMBI KPUBBIX BBITPSMIICHHOTO HAMPSIKECHUS
U TOKa OJMHAKOBBI, IMMOXTOMY CpeIHEe 3HAYCHHUE BBIIPAMIICHHOTO TOKa
onpenenseTcs aHaaorudHo (4.38):

m . T
Is=—1I,sin—, (4.39)

T m

Trac Im = ?m — aMINIUTYIHOC 3HAYCHUC TOKA BCHTUJLA.
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I[lpu m =3 1, = 0,83 I,.

B wmuHorodasHoit cxemMe ¢ HyJIEBBIM BBIBOJOM YHCIIO BTOPHYHBIX
oOMOTOK TpaHcopMaTopa paBHO YHUCIY MYJIbCAUA BBIIPSIMICHHOTO
HamnpspKEHUsT 3a TEPUOJl, MOITOMY KaXKIbli BEHTWJIb MPOIYCKAae€T TOK B

271
TEUEHUE 4YacTu Tepuoja, paBHoil —. CpenHee 3HAUYCHUE TOKa B m  pa3
m

MCHBIIC TOKA HAT'PY3KH

fa_1 L sin (4.40)

m m
Ipu m =3 1, op= O,277]m wia 1,/1, o = 3,63

]acp

MaxkcuMaJibHOE 3HAUCHUE O6paTHOFO HaIIPSKCHUA HAa BEHTUIIC

T U
U06pmax \/_E \/_ i’[ (441)

HpH m=3 U06p.max ~ 271Ud .
HetictBytromee 3nauenue DJ[C BTopudHO 0OMOTKH TpaHchopmaTopa
E. T U d
E.=
Y \/— m . (4.42)

m

IIpu m =3 E, = 0,855 U,
Ecnu yunThiBaTh aKTUBHBIE COMPOTHUBICHHUS OOMOTOK TpaHc(popMaropa
¥q M BEHTWJIEH B IPSIMOM HAalpPaBJICHUH 7y, TO

E,=0855Y4 (4.43)
n
r
rae N= — ycinoBHbId KIIJ[ anoHOM Heny.
ra + Va + Vnp

Toxk BO BTOpI/I‘IHOﬁ 0OMOTKE (TaK KC KaK U TOK BeHTI/IJ'ISI) IMPOTCKACT B

271
TEUCHUE BPEMEHH, OMPEACISIEMOr0 yriioM —— 3a KaXbli MEepPUO/l, TOATOMY
m

JICﬁCTBYIOH.I@C 3HAYCHHUEC TOKa
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T T

L 2 2 17w,
= |— 0-do =4|— i N
1 2n_fnlmcos o (f)lm(

m

IIpum =3 ]H:O,484; 1,=0583],.

PacuerHass MONIHOCT,  BTOPUYHOM  OOMOTKHM  TpaHchopmaropa

BBIIIPAMUTCIIA C HYJICBBIM BbBIBOJIOM
S =mE, I, =3 0,855 Uy 0,583 1, ~ 1,48 P,. (4.45)

Pexuwm r,# 0, L,# 0, L;,=

VYuuTbiBasgs BHYTpEHHEE COINPOTHUBIEHHE OOMOTOK TpaHcpopMarTopa
T4y X4, HAUAJO KOMMYTAIMOHHOTO TMpollecca (3ambikaHue kitoya K, cwm.
puc. 4,9, 6) BO3MOXHO, KOrja HampspkeHue paboTtatomend dasel u I/C
BCTymnaromiel B paboTy ¢a3bl CTaHYT PaBHBI:

Ui(ot) = e;(o1).

MomeHT Hauajna KOMMYTallMOHHOTO IIpoliecca YAOOHO MPUHATH 3a
Hayasio oTcuera ®f = (. BpemeHHsle quarpamMmbl pabOThI HYJEBOM CXEMBbI
BBIIIPSAMIICHHUS U1 m = 3 TIoKa3aHbl Ha puc. 4.11.

e udl el e, llala e €]
; ; Un
v _
;
X i
\ T P 2n 0
U06p Y
! TC\ > >
A n 0
Y §
Uo6p.1fnax

Puc. 4.11. Bpemennble 1uarpaMmbl paboThl Tpex($a3HOro HYJIEBOIO
Boinipsimutens (r,# 0, L, # 0, L; = )

Jis npuHsATOM TOUkM oTcuera cuctema ¢aszubix JJIC  omnmchiBaercs
BBIpa)KEHUEM
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2j-1

B ) T ]
ej—EmSIH(OJf-i‘E— n), tnej=1,2,..., m

B cootBeTcTBUUM c pacuetHOoMl cxemoil (cM. puc. 4.9, 6) B
KOMMYTAIITAOHHOM PEXKHME IPOIECCHl B BBIIPAMUTENC  OMHCBHIBAIOTCS
cuctemMoit uddepeHIMATBHBIX YPaBHCHHM:

Jj e] lj]"a adea
_ . di.
Ul—el—llra—La%, [
(4.46)
ntij=1;
ﬂ:(); 0 =t
do J

Peuienre 310l cUCTEMBI YpaBHEHHI OTHOCUTENIBHO TOKA UMEET BUA 5]

E, sin—
i :i(l—e_pe)+u sin(0 —9) +sin 9o, (4.47)

2 | 2
xap+1

rae p =Q, 9 =arctgp .
Xa

JUINTENBHOCTh KOMMYTALIMOHHOIO IIPOLIECCa MOXKET OBITh ONpesesieHa
u3 Belpakenus (4.47) npu ycinoBuu, uro i; = 1. Torga B MomenT i; =1, 0 = 1.

B peanbHBIX yCIOBHUSX JUJISi YCTAHOBOK CpefHEN U OOJBIION MOIIHOCTH
aKTUBHOE COMNpOTHUBICHHE (Ha3bl ¥, MHOTO MEHbIIE HHAYKTUBHOTO  X,.
[lIo3TOMy MJIMTENBPHOCTH KOMMYTALIMOHHOIO IIpoLecca OIpeneisieTcs B
OCHOBHOM HHIYKTHBHBIM  comnpoTuBieHueMm (a3pl. B stom  ciyuae,
BbIpakeHue (4.47) ynpoiaercs ¥ BeJIMYMHA Yyrila KoMmmyTauuud npu p = 0
OIIpeNENsIeTCs KaKk

Xal
y =arccos| | ——4-4

o s (4.48)
" m

AXTHUBHOE COIMPOTHUBIICHUC 7, MPOABIIACTCA B HCTOUYHUKAX IICPEMCHHOTO
TOKa Majou MOIITHOCTH MW BJIMACT Ha (1)OpMy TOKa B IIPOUCCCC KOMMYTAIIUU.
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Tak, mpu p = 0,5-1 KOMMYTAIIMOHHBIM TOK H3MEHAETCS IO 3aKOHY,
OJIU3KOMY K JINHEHHOMY.

Bo BHEKOMMYTallMOHHBIN IIPOMEKYTOK BPEMEHU OTKPBITBIM OCTACTCS
TOJIBKO OJMH BEHTWJIb U, C YYETOM HJCAIBHOTO CTJIAKMBAHMS TOKA HArpy3Ku
1, BBIIPSIMUATEIIb OMUCHIBACTCS IIPOCTHIM YPAaBHEHUEM:

U=1I:R. (4.49)

Jlnsg  ompenesnieHuss JHEPreTUYECKUX XapaKTEPUCTUK  BBIIPSIMUTENS
HEOOXOIMMO HAWTH MHTErpaibHble 3HAYEHUS (Pa3HbIX TOKOB. YIPOCTUTh
ATy 3a7ady IMO3BOJIAET 3aMEHa KpUBOM (a3HOro TOKa, MpeICTaBIsIOIEH
KPUBOJIMHEHWHYIO TpAaNELHIo, NPSAMOJUHEHHOM Tpaneuuen. JInHeapusauuys
KpUBOM (ha3HOrO TOKAa HA YYacTKE KOMMYTAllUU MPAKTUYECKU HE HU3MEHSET
oAb KPUBOJIMHEWHON  Tpameuuu, 4YTo oOecredyrBaeT MHUHUMAalIbHbIE
MOTPENIHOCTU B ONPEIENICHUU CPETHErO U ACHCTBYIONIEro 3HaUYeHUH (pa3zHbIX
TOKOB.

VYpaBHEeHUSs, ONMUCHIBAIOLINE JIMHEAPU30BAHHYIO KPUBYIO (Pa3HOTO TOKa,
MMEIOT BULL:

I 3
Y
27
ll_I: GZ'Y——,
n >
1 21 2n 2w (4.50)
i1=—|0-——-v} O=—+—+vy
Y m m m
27 27
1'120, 0:—+'Y+—.
m m J

Bripaxenus (4.50) mo3BOJISIIOT OMPENENUTh JACHCTBYIOIIEE U CpPEIIHEE
3HAYEHUsI TOKA q)a351 TpaHc(opMaropa, TUTAIOIIETO BBIIPSIMUTEIb:

2

2 2
(1Y n I 2 1y
= |—|]| = | *a0 do o-""—y||d0|=1]——: .
L= 0’ +I1 +I y( . vj Ve (45D

m

) 2n 2—n+y
Licp= 21 ie do + jl do + j Y(O—;—y)d@ =é : (4.52)
0 Y 2n

m
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COOTHOIIIEHNE MHTETPAIbHBIX 3HAYEHUM MEPEMEHHOIO U MOCTOSHHOIO
TOKOB BBIIIPSIMUTENS TO3BOJISIET BBECTU KOd(DPuIueHT mnpeoOpa3oBaHus
CXEMBI BBIPSAMIICHUS 10 TOKY:

k= é _ Loy JUISl IEUCTBYIOUIUX 3HAUYCHUI; (4.53)
I 6
d m T
Iep 1

ki 0=, = ULl CPeIHUX 3HA4YeHWM (MpU 3TOM HMEEM B BUIY, UTO
d m
UJCaNbHO CTIIAKEHHBIN TOK Harpy3Ku XapakTepu3yeTcsl OJJHUM 3HaueHueM /).
W3 Beipaxkenuit (4.53) cienyer, uYTto KOI(PPUIMEHT HCHOIB30BAHUSA
TOKa TpaHcQopMaTopa, MUTAIOLIETO BBIIPSIMUTENb, YXYJIIIAETCS C POCTOM
KOJM4YecTBa (pa3 U BEIMYMHBI YIiia KOMMYTaIUH.
CooTHolIeHNe HAPSHKEHUM B CXEME BBIPSMUTENSE MOKHO OIMPEIEIIUTh,
nonaras, 4To BO BpeMs KOMMYTallu1 TOKa B (a3ax e; U e; , HANPSUKEHHE Ha
Harpy3ke paBHO

e te j
7 9
IIpu 3TOM yuuThIBaEM IONyIIEHUE, 4TO 7, = 0.
HOCJIC BaBepH_ICHI/ISI KOMMYTaI_II/II/I HaHpH)KCHI/IC B Harpy31<e paBHO

daznoit D/C:

(4.54)

U,=e. (4.55)
Takum 06pa30M, CPCAHCC 3HAUYCHUC BBIINIPAMICHHOT'O HAIIPSKCHUA
2n
m } eite;

n m T
MO 04 Todo = p sin (14
Us=5 175 {el 5 Ensin—(1+cosy), (4.56)

Otcrona ko3¢ uIreHT npeodpa3oBaHus HYJIEBON CXEMbl BBIIPSIMIICHUS
10 HAMPSDKEHUIO PaBEH

E 27
ky=—7= . : (4.57)
Ui \om sin— (1+cosy)
m

rae E, — nelictBytoniee 3Hauenue gazuon I/1C.

3Has kod3(ppuuMeHTs TpeoOpa3oBaHUsl BBIIPSAMUTENS MO TOKY U
HaIpPsHKEHUIO, MOYXKHO ONPENeanTh KOA(DPUIIMEHT UCIIOIb30BaHUS MOIITHOCTH
IUTAIOIIEro TpaHchopmaropa:

kHc:Pd:[d‘Ud 1

= . 4.
S MIEx Mkike (458)
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[loncraBnsas B mnonydeHHoe ypaBHeHue (4.58) 3uauenus k;,  ky,
HoJTy4aeM

sin (1+cosy)
m

Lt

m 6n

W3 Beipaxkenus  (4.59) cruenyer, UTO HUCIOJB30BAaHUE MOUIHOCTU
MCTOYHUKA MUTAHUS BBIIPSIMUTEINS YXYyIIIAETCS C pOCTOM KosinuyecTBa a3 u
JUIMTETLHOCTH KOMMYTAI[MOHHOTO Tmporecca. ['paduyeckas 3aBUCUMOCTb
ky. oT uymcia a3z m npu HEU3MEHHOM 3HAaY€HMHM Y I[OKa3aHa Ha puc. 4.12.
Haunyumee UCIIOJIb30BaHME MOIIIHOCTH LIENA TEPEMEHHOI0 TOKa
JOCTUTAETCs MPU KoJauuecTBe (a3 m = 3, 0lHAKO U B 3TOM CIIy4ae BEJIMYMHA
ky,. He mnpebimaer 70 %. IlosToMy HyJeBblE CXEMbl  BBIIPSMIICHUS
NPUMEHSIOTCA JIMIIb TOT/Ia, KOTJa HEOOXOAMMO YMEHBIIUTh YHUCIO
BBINIPSIMUTENIBHBIX ~ 3JIEMEHTOB  HIJIU o0ecrneyuTb  pexuM  paboThI
BBIIIPSIMUTEIIS C OOJIBIIMMHU yTIaMU KOMMYTAIUH.

Kue (4.59)

0,8 o

0,6 //-\\

T~

0,4

0,2

2 4 6 8 m
Puc. 4.12. 3aBucumocTs k. oT uncna a3

Breipaxenus (4.48) wu (4.56) MO3BOJSIOT  TOJYYUTh YpaBHEHHE
BHEIIIHEH XapaKTePUCTUKU BBIIPSIMHUTEIS:

m . omx,dy
Uas= ;EmSIHZ—T (4.60)
mx,

B sTom BBIPAKCHUMU BCJIMYMHA 2— Ha3bIBACTCA JOKBHBAJICHTHBIM
T

BHYTPCHHUM COIIPOTHUBJIICHUCM BBIIIPAMUTCIIA. OTa BeIWYUHA OIIpCACIIACT
CTCNECHb HAKJIOHA BHEIIHEH XAPAKTCPUCTUKN M HC CBA3daHA C IIOTCPAMU
OHCPTUMU B  BBIIPAMHATCIIC. OKBUBAJICHTHOC BHYTPCHHCC COIIPOTHUBIICHUC
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IIO3BOJIACT YUCCTh YMCHBIHICHHUC CPCOAHCTO 3HAYUYCHUS BBIIIPAMIICHHOTO
HaIllPSAKCHUA 3a CUCT SABJICHHUA KOMMYTAIIUU.

KpoMe mnOCTOSHHON COCTaBIAOLIEH Ui , B BBIIPSAMIICHHOM
HalpPsDKEHUU COJEPKATCS BBICIIME TapMOHUYECKHE cOcCTaBisomue. Jacrto
Ka4eCTBO BBIIIPSAMJICHHOIO  HAIpPSDKEHUS  OLICHHUBAIOT C  IIOMOILBIO

KOO UIIMEHTA MyJIbCAllUi, KOTOPBI MOXET OMpPENesIThCsl C TOMOIIBIO
TrapMOHHMYECKOTO aHAIM3a KPUBOH BBIXOAHOTO HAMPSKCHHUS BBIMPSIMUTEIS
b0 HEMOCPeACTBeHHO Mo ero gopme. B nmocnenneM cinyyae ko3pduUIMeHT
MyJIbCaIUid paBeH

€= Ud.maX_Ud.minl()O% - (461)
Ud.max+Ud.min

OueBuaHO, YTO KOAGOUIMEHT MyJIbCAUN YMEHBIIAETCS C POCTOM
KonuuectBa (a3, mnpuyeM OonbmMM 3PPexT gocTUraeTcss npu HEYETHOM
yucie (a3. [IpakTuuecku B Tpex@azHbIX LEMAX JTOCTATOYHO MPOCTO YIAAeTCs
MOJIyYUTh LIeCTU(A3HbIE HYJIEBbIE BBIIPSIMUTENA 3a CYET COEAMHEHUS
BTOPUYHOM oOMOTKH TpaHchopmaTopa B 1iecTU(a3Hyl0 3Be31y,
MCIOJIb30BAHMS PACIICIUIEHHBIX BTOPUYHBIX OOMOTOK TpaHcpopMmaTopa H Jp.
Kak Obulo moka3zaHo BblIIE, yBeIMYEHHE 4Yucia (a3  BBIIPIMUTENSA
OPUBOJUT K  YXYJILIEHUIO  HCHOJB30BAHUA  MOIIMHOCTH  IUTAIOUIETO
TpaHchopMaTopa U CHIKEHHIO S()PEKTUBHOCTH HCIIOIb30BAHUS BEHTHIISA,
KOTOPBII MPOBOJUT TOK B TE€YEHHE MEHBIIEH YacTH NEPHOIA.

Kpome Toro, Hanuuue MOCTOSIHHOW COCTaBisioumied B (Da3HBIX TOKax
TpaHchopMaTopa MPUBOAUT K €r0 MOJMAarHUYMBAHUIO. IDTO MOXKET BbI3BATh
HACBIIIEHHE MAarHUTONpoBOAa TpaHcpopMaTopa U HCKaXKEHHE (OPMBbI
KpUBOM MOTPeOJIIeMOro TOKa, YTO MPUBOJUT K MOSBICHUIO B MUTAOLIEH
CETH BBICIIMX TapMOHHUK HaMpsDKEHUs. YCTPAaHUTh A3TH HEXKeJIaTeIbHbIE

SABJICHUSI BO3MOXHO TOJBKO 3aBBIIICHUEM MOIIHOCTH IHTAIOIIETO
TpancpopMaropa W CHHXKEHHEM Ko3(p(dUIMEHTa MCIOJB30BAHUS €T0
MOIIIHOCTH (cm. puc.4.12) 1581051 HCTIOJIb30BaHUEM MOCTOBBIX

ABYXITOJYIICPUOAHBIX CXCM BLIIIPAMIICHUA.
4.6. TpexcghazHasi MOcmMoeasi cxeMa 8bINnpPsIMIIeHUs

CxeMa u BpeMEHHBIC JHarpaMMbl TOKOB W HaIpsDKEHHM TpexdazHoro
MOCTOBOTO BBIIpsAMHUTENST (cxema JlapuoHoBa) Tpu HIEATU3UPOBAHHBIX
yenosusx (v, =0, L, =0, L = 0, ry, = 0) u3o06paxensl Ha puc. 4.13.

B cxeme mociegoBaTeabHO — COCIMHEHBI  JIBE TpexdazHbie
BBIIPSIMUTEIIbHBIE TPYNNbl: aHoaHasA VD,, VD4, VDe n xatonnas VD, VDs,
VDs, kaxkaasi 3 KOTOPBIX MOBTOPSIET padboTy Tpexda3zHoH CXeMbl C HYJICBBIM
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BbIBOZIOM. (ClienoBatelibHO, Mpu TakoM ke 3HaueHuu DJIC BTOpUUYHOMN
obmoTku TpaHchopmaropa E, Kak U B Tpex(a3HOM cXeMe C HYJECBBIM
BBIBOJIOM, JIaHHAsl CXeMa MMEET Cpe/lHee BHINpsMIIeHHOe HampsikeHue U, B
JBa pasza OoJibllle, WK, HA000POT, npu ToM ke 3HaueHuu DJC E, Oyner B
nBa pasza menbie (E,=0,43U,).

B MocToBO#1 cxeMe 0JHOBPEMEHHO MPOMYCKAIOT TOK JIBa BEHTWIS: OJIUH
— ¢ HauOoJiee BBHICOKUM IOTEHIIMAIOM aHOJa OTHOCUTEIHHO HYJEBOW TOYKHU
TpancopMaropa M3 KaTOAHOM TPyNIbl BEHTUJIEH, a Apyrol — ¢ Haubosee
HU3KUM TIOTCHIIMAJIOM KaTojla W3 aHOJHOW Tpymmbl BeHTwIeH. Tak,
Hanpumep, B uHTepBasie 1-2 (cM. puc. 4.13, 6) NPOMyCKarOT TOK BEHTHJIU
VD, n VD4, B untepBane 2—3 — BeHtunu VD, u VDg, B unteppasie 3—4 —
BeHTUIIM VDs u VDg n T. 1.

B wuntepBasie 1-2 BBINIPAMIICHHOE HANPSIKEHUE Uy OIMPEeseTcs
pasHocthio (daszaeix IJC e; — e, (Ha puc. 4.13, 6 3Ta pa3HOCTH
3allITPUXOBaHA), B UHTEpBaje 2-3 HampsiKeHue uy; = e — ez U T. 1. Takum
0o0pa3oM, BBINIPSMIICHHOE HANpsKEHWE HMeEeT IecTUu(azHble MyIbCalllH,
XOTS TIPOJIOJKUTEIIBHOCTD pabOThI KaXKI0T0 BEHTUJISI OCTANIach TakKas jKe, Kak
1 B Tpexda3Hoil cxeMe C HYJIEBbIM BBIBOJIOM.

e A
i]l e (%) e3
Xa Xa Xa
iZI
7a 74 7a
b (P i, P
[ - L1
VD4 VD;
B .
lyp
VD¢ VD5
N
L1 L1
i> L R L IDPS =™
;: /e W e—
I +
a
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Puc. 4.13. Tpexda3zublii MOCTOBOI BBITPMUTEND PU AKTUBHOW Harpys3Ke
(r,=0,L,=0,L=0,r,,=0):
a — 3KBHBAJICHTHAasA CXEMa, 0 — AuarpaMMbl TOKOB U HaprI)KCHl/If/'I

Pexum r,=0,L,# 0, L;,=

Omnopbl TOKOB M HANpPsDKEHUM Tpex(a3HOro MOCTOBOTO BBIPSMUTENS
VISl peXMMa aKTMBHO-MHAYKTHMBHOM HAarpy3ku IOKa3aHbl Ha puc. 4.14.
KpuBple TOKOB M HalpsKEHHW MOCTPOEHBI NPU TEX K€ AOIMYLIECHUSX,
KOTOpble OBUIM TMPUHATHI AJIA HYJEBBIX cxem: Ly = oo, r,= 0; BeHTHWIU
uaeanpHbl, nuTtaromue I/1C cuHyCcOnIaIbHBbI.

Kak cnexpyer W3 KpUBBIX U3MEHEHUs HANpPSDKEHUM, IMOKA3aHHBIX Ha
puc. 4.14, B TedueHue mnepuona U3MEHeHUs cuHycoumpaiapHol OJ[C
TpaHchopMaTopa UMEET MECTO 2/ WHTEPBAJIIOB IOBTOPSIEMOCTH CXEMBI.
BrINpsiMIIEHHOE HANpsHKEHUE UMEET IyJIbCAIIUU, YHUCIO KOTOPBIX PaBHO 2m
3a nepuon ¢azHoit DJIC. B MOCTOBOM BBIIpSIMUTENIE HET BBIHYKJIEHHOTO
HaMarHU4MBaHUS CeplleyHUKa TpaHcopmaTopa, Tak Kak (pa3HbI TOK He
COJIEPKUAT TMOCTOSIHHOM COCTaBIISIIOLIEH. B MOCTOBOM BBIIPSIMUTENE MOTYT
UMETh MECTO PEXHUMBbI PabOThl C Pa3IUYHBIM YHUCJIOM  OJAHOBPEMEHHO
npoBoasmux BeHTWwned. Ha puc. 4.14 mnokazaH HOpPMalbHBIM  PEKUM
paboThl TpexdazHON CXeMbl C OJJHOBPEMEHHOW pabOTON BEHTUIIEH TrpylnaMu
1o 2 u 3. DTOT pEeXUM SBJISIETCS OCHOBHBIM U XapaKTEPEH ISl IPABUIBHO
CIIPOEKTUPOBAHHOTO M 3arpy>KE€HHOI'O BBINIPSMUTEINA. YBEJIMYEHHE TOKA
Harpy3ku 0osee HOMHUHAJIBHOTO MOXKET NPHUBECTH K OJHOBPEMEHHOM padbore
BeHTW el rpynnamu 1o 3—3 u 3—4. DT pexxuMbl 0OBIYHO paccMaTPUBAIOTCS
KaK aHOMaJbHble U B OOJBIIMHCTBE CIIy4aeB MOTYT JIOIMYCKAaThCS TOJBKO
KpaTKOBPEMEHHO.

eh

N
A

Ua

/(

i

o1



Puc. 4.14. Dniopsl TOKOB ¥ HaNps>KEHUH TpeX(a3HOr0 MOCTOBOTO BBITPSIMUTEIS
npur,=0,L,# 0,L; =0

PaCCManI/IBaSI HHTCPBAJIbI ITIOBTOPACMOCTHU pa6OTBI BeHTHJIeﬁ, BBIJACINM
ABa IMOAUHTCPBAJIA: KOMMYT&HHOHHBIﬁ — JIIUTCIIBHOCTBIO Y u

27
BHEKOMMYTAIIMOHHBI — JIUTEIBHOCTBIO —— —7Y. PaccmarpuBas pexum
m

KOMMYyTaIlul, yOexaaemMcss B €ro IOJHOM MJIEHTUYHOCTH KOMMYTallUU
BEHTWJIEH B HYJEBOH cxeme BoinpsiMieHus. CieaoBaTenbHO, BhIPAXKEHUS,
OMHCHIBAIOIIUE ATOT  TMpolecc st HyneBoil  cxeMbl (4.47), (4.48),
MOJIHOCTBIO CIIPABEJIUBBI U JJII MOCTOBOTO BBIIPSIMUTEIIS.

JluHeapusupyss KpUBOJIMHEHUHYIO TpaIenuro ¢dazHoro Toka
TpaHchopMaTopa Mo METOJIUKE, U3JI0KEHHOH BbIIIE, MTOTYYUM UHTETpaIbHbIC
3HAUEHUs TOKAa, NOTPEOJISIEMOr0 BBIIPSIMUTENEM OT MHTAIOIIEH CeTH.
Cpennee 3Hauenue (aszHoro Toka paBHo 0, a JeHCTBYIOLIEE ONMpENEsIeTCs
BBIPAKEHUEM

2y
In=14 PR (4.62)
Koaddumment ucnonb3oBanus TpaHchpopMaTopa o TOKY OIpenesnsercs
KaK
Iy _
kr= I (4.63)

W ero 4uCIleHHOE 3HAaueHHE B 2 pa3 OoJjbllie, 4eM B HYJIEBOU
cXeMme, TPH MPOYUX PABHBIX YCIOBHUSX.

BrInpsiMIIeHHOE HaNpsHKEHHE MOCTOBOTO BBIPSAMUTENS ONpPEIeseTCs
M0 METOJWKE, HWCIIOIh30BAaHHOW IS HYJEBBIX cxeM. CpelnHee 3HAUYCHHE
HaIpsDKEHMS Harpy3Ku B 2 pa3a npesbiaetr Uy U1 HYJIEBBIX CXEM:

m . T
Uqs=—FEsin—(1+cosy). (4.64)
T m
KOC)(I)(i)I/II_II/ICHT HCITIOJIB30BaAHUA HaIIPAXKCHUA IIUTAKOIICTO
TpaHncpopmMaropa paBeH
E T
ku=—+ (4.65)

Ui 2msin ™ (1+cosy) '

m
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Ucnonb3oBanue MOITHOCTH MUATAOIIETO TpaHchopmaropa
XapakTepu3yeTcs K03 HUIIMEHTOM UCIIOJIH30BAHUS

\/Esinﬁ(l +cosY)
ne S, mkky ] 2y : (4.66)
m 3m

YUucneHHble 3HAUCHUS kI/IC AJI1 MOCTOBBIX CXCM CYHICCTBCHHO 6OJIBH_IC,
4eM JIA HYJICBBIX. MaxkcuManbHOr o SHAYCHUS, TaAK JKC KAaK W I HYJICBBIX

cxeM, KO3(P(PUIMEHT UCHOAb30BaHUS JIOCTUTaeT IS TpexdazHbIX
BBINIPSIMUTEIICH (BETUUMHA Ky MOXKET 1ocTurathb 0,95).
Takum  oOpa3om,  BBICOKMH  KO3(PQUUMEHT  HCIOJIb30BAHUS

Tpancopmaropa, 3ppeKTUBHOE HCIOJIB30BAHUE BEHTHJICH, OTCYTCTBHE B
CEpJICYHUKE TIOTOKOB BBIHYKJIECHHOTO HaMarHWYMBaHUWsS, MaJIbIi ypOBEHBb
MyJbCAllMii  BBIIPSIMJICHHOTO  HAIPSKCHUS OTIPEJICIISIIOT  IIIUPOKOE
MPAKTUICCKOE MPUMEHECHHE TPeX(Pa3HbIX MOCTOBBIX CXEM BBIMPSMIICHUS.

Tabnuua 4.1
OcHosHble napamempul cxem 8binpsmumeseil npu aKmMueHoU HazpysKe
(r=0,L,=0,L=0,ry,=0)

TpanchopmaTop Bentunu
CxeMma BBIIPSMUTEIIS & ko | ko U 06UQ- max | [, | L
d 1, 1,

Oneodasnas NBYXIOMYNCPHOMHAA C | ( 790 | | 110 | 0,578 | 3,14 0,5 | 1,57
HYJIEBBIM BBIBOJIOM
Opnnodaznas MmocToBas 1,110 | 1,110 | 0,813 1,57 0,5 1,57
Tpexdasznas ¢ HyJIeBbIM BBIBOJOM 0,583 | 0,855 | 0,676 2,09 0,33 1,21
Tpexdaznas mocTtoBas 0,817 | 0,427 | 0,950 1,05 0,33 1,04

4.7. YnpaensieMbili 00HOha3HbIU ebINPsAMUMesib ¢ HyJieebIiM
8bI8O0OOM

[Ipu perynupoBaHUM BBINIPSAMIECHHOTO HAIMpPsHKEHUS MyTeM HM3MEHEHUs
MOMEHTOB OTMHPAHUS YOPABISIEMBIX BEHTWJICH BO3HUKAIOT HCKAXKEHUS
HaIpsHKEHU U TOKOB 0OMOTOK TpaHcopMaTopa M LENu Harpy3kH, a Takxke
ATO TPHUBOJUT K CABHUTY (a3 OCHOBHBIX T'apMOHUK TOKa IO CPAaBHEHHUIO C
HEYTMPaBISIEMbIM PEXKUMOM.

Ha puc. 4.15 mpexacraBiieHbl BpeMEHHbIE AMArpaMMBbl HaIpsSKEHUN U
TOKOB uzaeanpHol (1, = 0, ryp = 0, L, = 0) onHO(}a3HON CXEMBI C HYJIEBBIM
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BBIBOJOM IIpM AKTHBHON Harpy3ke Uil IPOU3BOJIBHOTO 3HAYEHMS yria
pEryJIUpPOBaHUSA 0, ONPEIEIAEMOr0o MOJOKEHUEM OTHUPAIOLIUX HMITYJIbCOB
YIPaBIIAEMBIX BEHTHIEH iy U iy, 1Mo orHomeHuo Kk OJ[C momyoOMoTok
TpaHchopmaropa e; u e;. CpeiHee 3HaUCHHE BBINMPSIMICHHOTO HAIPSIKEHUS B
ATOM CJIy4yae paBHO

Ud:lTEmsinO-dO=&(1+cosa)_ (4.67)
T, T

2E

m

s veperynupyemoro pexuma oo = 0 u Uyzo=———, m0O3TOMY NpU

T
a#0
B I+cosa
Ui=Uuao 5

[lomyyeHHOE BBIpaXXEHUE TIPENCTaBIsAeT COOOM  PEryaupoOBOYHYIO

XapaKTepucTuKy Bblpsamutens U, = f(o). 18 naHHOTO pexuma cpeaHee

3HAYEHHUE BBIIPSIMIICHHOT'O HAIPSKEHUSI OYJIEeT paBHO HYJIIO MPU O = Tt.

(4.68)

A ' |

. l .
lal La vy VS] Y ] Iyl

1 1
A -
e, uy| €1~
el F7 Fooos
7 Ud
3 \ | :
A} ! |
\N ! !
'y \\: \L
€ lg T~—- ) AR
1
I
______ e md—gm—— =
_ B2

UVS/ I

Puc. 4.15. DxBuBaneHTHas cxema (a) 1 BpeMeHHbIE AuarpamMmmsl (0) ynpaBisieMoro
0JIHO(A3HOTO  BBIIPSMUTEINS C HYJIEBbIM BBIBOJOM IIPU aKTUBHOM Harpys3ke

B omiiMune OT HeperyampyeMoro pexuMa B paccMaTpUBAaEMOW CXEME
HaIpsDKEHWE Ha BEHTWIE Ha MHTEPBAJE O MEPE] OTIHPAHUEM THPUCTOpA
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HMCCT IIOJIOKUTCIIBHBIC 3HAUYCHMA. HpSIMOC HaAIIPSKCHUC HA BCHTUIIC 6YI[CT

T
MaKCHMAJIbHBIM, PaBHBIM E,,, ipu O = 5

OOpaTHOe HamnpsKeHUE Ha BEHTHIIE (IIOCIIE Iepexoa ToKa Yepe3 HyJIb)
Ha HMHTEpBaJe o OIpeAeNseTcsl OTpUIaTeNIbHbIM 3HaueHueM aHojgHo DJC
Toro e BeHTWwIs1. C MOMEHTa BCTyIUIEHUS B pabOTy OuepeaHOr0 BEHTHJIA
oOpaTHOe HampsbkeHue onpenenserca pesynbrupytouieit O/1C (e; — e»)
BTOpUYHOM 00MOTKM TpaHchopmaropa. OOpaTHOE HaNpsHKEHHE Ha BEHTUIIE

T
OyIeT MaKCHMAJlbHBIM, paBHbIM 2FE,, pu O < 5

CpCI[HCC 3HAYCHUC BBINPAMIICHHOTO TOKA

U.ol+cosa
[,==2 (4.69)
Vd 2
CpenHee 3HaYCHHE TOKA BEHTUJIS
Lq

JleiicTByrolee 3HAYCHWE TOKa BEHTWIS (WJIM BTOPHUYHOH OOMOTKH
Tpancdopmaropa)

I,= (4.71)
Iy
re k b~ 5  —Kodp¢uuueHT HOpMbl KPHBON TOKA BEHTHILS,
acp
1
L lsin 2a
I = 2n \mw\2 4 47
b NG 1+cosa ' (4.72)

C yBenuueHHEM YIJia peryiaupoBaHus KodpduuueHT (Hopmbl KpUBOH
TOKa pacTeT, YTo HEOOXOJMMO YyUYUTHIBaTh MpPU MPOECKTUPOBAHUU
CTaOMJIM3UPOBAHHBIX BbIIpsMUTENel. PacueTHble MoIIHOCTH OOMOTOK U
TUIOBYI0 ~ MOIIHOCTb  TpaHcopmaropa  ONPEAENAIOT, HUCXOAs U3
HEYIPABIIIEMOI'0 PeKUMa KaK HauboJiee TAKENoro.

[Ipy aKTUBHO-MHAYKTUBHOW Harpy3ke cxema MOXeT padoTaTh B JIBYX
peXrMax: B peXUME HENpPEephIBHOTO TOKa HArpy3ku (A = m) U B peKuUMe
MpEepPLIBUCTOr0 TOKa Harpy3ku (A < m). Ha puc. 4.16 nokazaHbl BpeMEHHbIE
auarpaMMbl  TOKOB M HalpsDKeHWM  OJHOGA3HOW  HYJIEBOM  CXEMBbl
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BBINIPSIMIICHHSI,  HArpYy)KEHHOWM HAa  aKTHMBHO-WHIYKTHUBHYIO  HarpysKy,
paboTarolieli B peskuMe HeTPEePBIBHOTO TOKA.

B oTiMume oT pexnMa mpH aKTHBHOW HAarpy3Ke 3/IeCh BBITPAMIICHHOE
HalpsHDKCHUE Ha WHTEpPBaJC 0 WMEET OTPHIATENbHBIC 3HAYeHUSA. OTO
OOBSCHSETCS] TEM, YTO SHEPTHsI MAarHUTHOTO TOJISI HHIYKTUBHOCTH HAarpy3KH
MOJIZICP)KUBACT TOK B BEHTHIIE M mocie nepexona anogHor DJC depe3 Hynb
(Ha uHTepBate o). [loaToMy cpeaHee 3HaUCHUE BRIPSIMIICHHOTO HAITPSIKCHUS
Oyner paBHO

o+ 2
U= [ E,sin6-do="Ln
T T

cosa, (4.73)

OOpaTHO€ HaNpsOKCHHE Ha BEHTWJIE, B OTIWYHE OT peXuUMa TMpH
aKTUBHOM Harpyske, ompenaenseTcs JUHeHHbIM 3HaueHueM DJ[C BTOpu4HOIMA
00MOTKH (e; — e;) Kak Ha MHTEpBaJje o, TaK U Ha UHTEepBaJe (7-a).

Xd
d)opMa TOKOB B JJICMCHTAaX CXCMbI 3daBUCUT OT BCIMYUHBLI — . HpI/I
ra

X4= 00 COOTHOILLIEHHSI MEXKIY TOKaMU ONPEAEISIOTCS TAK KE, KaK B CIydae
HEYIPaBJISIEMOI0 PEKHUMA.

e Uy e1\/,-/
’

=]

~.
Q
>
>

iaz y

-———

1/

Uys




Puc. 4.16. Bpemennble iuarpaMMbl YIIpaBiasieMoro  OAHO()A3HOTO  BBIIPSIMUTENS
C HYJIEBBIM BBIBOJIOM IIPH aKTUBHO-UHAYKTUBHOW Harpy3Ke

KoaddunmeHT MOITHOCTH BBIIPSIMUTENSE B JAHHOM PEXKUME TEM HIKE,
geM OOJIbIIe yroJl PeryaupoBaHus O. ITO OOBACHIETCS TEM, YTO CIABUT IIO
(a3ze OCHOBHOI TapMOHUKH TOKa MEPBUYHOM OOMOTKM TpaHchopmaropa ¢,
[0 OTHOLICHUID K HaNpPsKEHUIO CETH C YBEIMYEHUEM VyIJIa 0 TaKXKe
YBEIIMYUBAETCS.

[Ipu GoNbIIMX MHAYKTUBHOCTSX BBIXOJHOW IENU L; B BBIIPSIMUTEIAX
YacTO HCIOJB3YIOT HYJEBOW BEHTWIb VD, IIYHTUPYIOIHUM HArpy3ky (cwm.
puc. 4.17, a). llpuMmeHeHHe IIYHTUPYIOUIETO BEHTWUJS  yYMEHbBINIAET
noTpebJieHne M3 CETH PEaKTHMBHOM MOIIHOCTH, a CJICIOBATENIBHO, YIy4IlaeT
KO2()PUIIMEHT MOIIIHOCTH BBITIPSIMHUTEIISL.

Ha puc. 4.17, 6 npeacTaBieHbl BpeMEHHBIE THUAarpaMMBbl, MOSCHSIOIINE
NPUHIUI pabOTEI CXEMBI 0€3 ydeTa apaMeTPOB g, Tp, L.

HyneBoit BeHTHIb VD BKIIOYAETCS B T€ MOMEHTBI, KOTJla BTOPUYHBIE
OJIC MEHSI0T 3HaK C MOJOKUTEIBHOrO Ha OTpulaTelbHbIi. Ha unTepBane o
TOK MNPOTEKAET YEPE3 HArPy3Ky M HYJIEBOW BEHTWIb. HO Tak Kak HyJeBOH
BEHTWIb IIYHTUPYET HATrPy3Ky, TO BBIIPSIMIICHHOE HANPSIKEHUE B ITH
OTPE3KH BPEMEHM DPABHO HyI0. B pe3ynbrare mnepBas rapMOHUMKA TOKa B

obmoTke TpaHcopmaropa npu L, = oo OKa3bIBAe€TCS CABUHYTOM Mo (ase
OTHOCHUTEJIPHO HANpSOKCHHUS CeTH Ha yroia o (0e3 HyJeBOTO BEHTHIIS 3TOT
o

yroi paset — ).

Cpennee 3HaueHUE TOKa B BEHTUWIISIX MTOJIyOOMOTOK Mpu Ly = o0

14 m-a
Ia cp_T' . . (474)
JlecTByIOIIIEE 3HAUCHUE TOKA BEHTHIIEH
_ Q T—0

CpeL[Hee 3HAYCHUC TOKA B HYJICBOM BCHTUJIC
a
Tocp =]d; . (4.76)

JlelicTBy1olllee 3HAYEHUE TOKA B HYJIEBOM BEHTUIIE

a
lo:=14 ; (4.77)
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OO6paTHOE HaMNpsDKEHHE HA pab0YMX BEHTUJISAX, KaK M B OOBIYHON CXeMe,
ompenensaeTcsl JMHEHHBIM HaIpsHKEHUEM BTOpUYHOM 0OMOTKH. OOpaTHOE
HaIpsDKEHHE Ha HYJIEBOM BEHTHUJIE paBHO (ha3HOMY HAMPSHKEHUIO.
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Puc. 4.17. OnnodazHblil yripaBisieMblid BHITPSIMUTEND C HYJIEBBIM BHIBOJOM
IIPU AaKTUBHO-UHAYKTUBHOW Harpy3ke, IIyHTUPYEMON HYJIEBBIM BEHTHIIEM:
a — 3KBHBAJICHTHAasA CXEMa, 0 — BPCMCHHBIC AUarpaMmbl

Taxkum oOpa3om, BKIIFOUEHHE B CXEMY IIYHTUPYIOIIETO JUO0a MO3BOJISET
MpU COXPAHEHUU TMPOUYMX HHEPreTUUECKUX XAPAKTEPUCTUK 3HAUYUTEIHHO
MOBBICUTH KOA(D(PHUIIMEHT MOIIIHOCTH BBITIPSIMHUTEIS.

4.8. Tpexgha3Hblil ynpaeJsisieMbliu mMocmoeou
npeobpasoeamersib
PaCCMOTpI/IM QJICKTPOMAroHuTHLIC IMPpOLCCChI B CUCTEMC

3JIEKTPOCHAOKEHHsI, Co/ep KaIieil Tpex(asHblii MOCTOBOM IpeoOpa3oBaTellb
C yOpaBISEMBIMM BEHTUIISAMU. YIPABIAEMBIE BEHTHIM  IO3BOJIAIOT
PEryIUpOBaTh BEIMYMHY BBIIPAMIIEHHOIO HANPSHKEHHMS B 3aBUCHMMOCTH OT
yrna peryaupoBanus — [/, =f(0). Amnamu3 Tpex¢azHOro MOCTOBOIO

npeobpaszoBateiss OyaeM NPOBOJAUTH MPU CICAYIOMUX  OOIIETPUHSITHIX
JMOMYIIEHUSIX:  Harpy3ka aKTUBHO—MHIYKTUBHasA L = oo, BEHTHWIH —
uJeanbHble, aKTUBHOE compoTuBieHue (aszpl TpanchopmaTtopa paHO O,
WHIYKTUBHOEC — X,. KpuBbie OJIC, HanpspkeHUs W TOKOB B CXEMeE
BBITIPSIMUTEIISI, pPaOOTaIOMIET0 C  YIJIOM YIOPABJICHUS TUPUCTOPAMHU 0,
MoKa3aHbl Ha puc. 4.18.
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Puc. 4.18. Onropbl TOKOB M HaIlIPSYKEHUW BBIIPSIMUTEIS,
pa0boTAaOLIEro C YIJIOM yIPaBICHHUs TUPUCTOPAMU O

T
JlJisi HOpManbHOTO peXuMa PadOThI BBITPSIMUTEIS (Y<§), C y4eToM

MIPUHATBIX HOHymeHHﬁ, 3aKOHBbI HM3MCHCHUA (1)3,3H]'::IX TOKOB Ha HWHTCPBAJIC
KOMMYTallUU OIMUCBIBAIOTCA BBIPAKCHUCM

3
) :2—Em(COSU—COSG). (4.78)
Xa

Torma kpuBas ¢a3Horo TOKa TpaHcPopMaropa Ha MPOTIKEHUU
MOJIOBUHBI MEPUOa MOXKET OBITh IIPE/ICTAaBIICHA [0 HHTEPBAJIAM:

2n T

=0, O=la+y——|+|a——|
§ ( ! 3)( 3)
i1=\/§Em cos o — cos(9+nj O=(a—£j+(a—£+yj;

2x, 3 3

T

ilzlda 0= ((I‘F'Y——j—(a-FEj

V3E ( T T T
| =—" 0——|—cosla+vy)|, O=|a+—|+la+—+7|
"o, 3j (er) ( 3)( 3Yj
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Boipaskenust (4.79) mMO3BOJSAIOT TPOBECTH TapMOHMYECKHUI aHamu3
KpUBOH (ha3HOTO TOKA BBIMPSMUTENS U OLEHUTh CTENEHb €ro UCKakeHus. B
CUJIy CHMMETPUU OTHOCUTEIBHO OCH a0CIIUCC MUTAIONINI TOK U HANPSKEHUE
HE COJAEPKAT HU NMOCTOSIHHOM COCTAaBIIAIONIEH, HU YETHBIX rapMoHUK. Ilocne
MHTETPUPOBAHUS B OKOHYATEJIBbHOM BHUJE MOYKHO TMOJYYHUTH CIEAYIOIIHE
BBIPAKEHHUS [ KOCUHYCHBIX U CHUHYCHBIX TAPMOHMK TOKa TpaHchopmaTopa

[7]:

Bk:msinkn[ L gin(+ 1) Y sin(k + Dy —— sin(k—l)ysin(k—l)\y};
n-kx, 1 2 k-1 2 (4.80)
243 . .m ) Y | Y
=7 Gink= k—1)L cos(k -y — k+ 1)L cos(k + Dy |,
B - xasm [k_lsm( )2cos( W k+1s1n( )2cos( )\y}
Y
=0+~
roe Vv 5

KocuHnycHass W cuHyCHas COCTaBJISIIOIIME OCHOBHOW TapMOHUKH
MEPEMEHHOT0 TOKa i; SBISIOTCS AKTHUBHOM U PEAKTUBHOW COCTaBIISIONICH
OCHOBHOW rapMOHHUKM TOKa oTHOcUTENbHO D/IC.

AMIUTUTY/IHBIE 3HAYEHUSI TApMOHHUYECKOTO CreKkTpa (a3HOro Toka
MO>KHO MPEJICTaBUTh B BUJIE [7]

23E, | . kn
=—Em‘ Sm_“\/km"‘kkz‘Sinz\l’. (4.81)

]km n-kxa 3

D10 BBIpaXKEHUE OOpaliaercs B HyJlb MpPU &, KpPaTHBIX TPEM, 4YTO
TOBOPUT 00 OTCYTCTBUH B CIIEKTPE TOKA FaPMOHMK, KpaTHBIX TpeM. C ydyeTom
ATOr0  3HAYEHUs aMIUIUTyJa Kk —i TapMOHHMKM TOKa MOXKET OBbITh
Mpe/ICTaBIIEHA BbIPAXKEHUEM

1 fm = 3Em
n-k Xa
rnek =1,5,7,11, 13,17, ....
Kosddummentsr kg, ki B dopmyne (4.82) sBiusitoTcss (yHKIUSIMU
YIIaKOMMYTAIUU U 3aBUCSAT OT HOMEpa rapMOHHUKH TOKa:

Vi +kia-sin’v | (4.82)
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- -2

sin[(k - 1);} sin[(k + 1);}

ka=| "0 T T ;

- E (4.83)
- sin[(k—l);]sin[(k+l)ﬂ
k2 k-1 k+1 |

OTCIOIIa BBIPAKCHUC i1 OIPCACIICHUA AMIUINTYIbI OCHOBHOM
rapMOHHKHA TOKA, HOTpe6JI$ICMOFO BBIIIPAMUTCIICM, UMCCT BUJL

3 : .
Lin= 2EE’” \/ (y-siny)’+4ysiny-sin’y | (4.84)
.

Yron casura ¢az mexnay OJIC M OCHOBHOM TapMOHHMKON TOKa
TpaHnc(opMaropa onpenenseTcss COOTHOIIEHUEM

Y —siny

_ tgy |. (4.85)
2 51nysin2\|/

(p1 =arctgl | 1+

Ecau npubnmxeHHo cuuTaTh, 4TO Y= siny, TO
(plz\l/:(x+%. (4-86)

HckaxeHuss HaNpsSOKEHUs CETH, NUTAIOLWEH BBIIPAMUTENb, MOXHO
OLICHUTh IO METOJIMKE, U3JI0KEHHON B TiaBe 3. CyTb 3TON METOAUKH
COCTOUT B TOM, YTO BBICIIME TapMOHUKH TOKa W HAIPSIKEHUS CBS3aHBI
COOTHOLIEHHUEM

Ui = Link Xa »

rne Uy, — mnajgeHue HampshkeHuss oT kK — W TapMOHUKM TOKa Ha
COMPOTHUBJICHUH (Pa3bl AJIs1 3TOM TraPMOHMYECKON COCTABIISIIOIIEH £ <x,.

W3 ananuza paboThl BBIIPSAMUTENS CIEAyeT, 4YTO JJId pacuera
rapMOHMYECKOIO COCTaBa TOKOB M HANPSKEHUM, SHEPreTUYECKUX U JIPYTHUX
XapaKTePUCTUK HEOOXOAMMO ONpPENEeNsATh Yrojl KOMMYTAIUH Y. DTOT yroi
3aBUCHUT OT BBIIPSIMIIEHHOTO TOKA /; W yrja yNpaBJICHUS O

V3E,

3
I,= [cosa—cos(a+7)], (4.87)
2x

a

OTKyJa

2xL1]d
- |~ a, 4.88
BE, (4.88)
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C npyroil CTOpPOHBI, TOK OMPEACISIETCS BBIIPSIMIICHHBIM HaNpsHKEHUEM
U,, BeIMUMHA KOTOPOTO PETYIUPYETCS YTIIOM ¢ 110 3aKOHY:

33 cosa+ cos(a+v)
Uas= E .
2
W3 Beipaxenuit (4.87), (4.89) MOXHO NOJYyYUTh ypaBHEHHE BHEIIHEH
XapaKTEPUCTUKU BBITTPSIMUTEINS 1711 HOPMAJILHOTO PEKUMA pabOTHI:

3\/5 xa]d
=—=F, | coso——4— 4

(4.89)

I'padpyiueckn BHEIIHHWE XapaKTEPUCTUKU BBIIPSIMHUTEIS MPH Pa3HBIX o
MIPEICTABIIIOT COOOM CEMEHCTBO MPSAMBIX, TAPALICIBHBIX JIPYT APYTY.

Pacuer pexunma padoTHI BBITIPSIMUTEIIS 10 TPHUBEICHHBIM
BeipakeHusiM  (4.78)—(4.90) 1enecooOpa3HO  OCYIIECTBISATH  METOAOM
MOCTIEIOBATENBHBIX UTEPALd ¢ TOMOIIBI0 OBM.

C pocToM TOKa Harpy3Kd BBITIPIMUTENSI YBEIUYUBACTCS JTUTEIHBHOCTD
mporecca KOMMYTAIluU, XapakTepu3yeMmasi OJHOBPEMEHHOW paboToi Tpex
BeHTWICH. COOTBETCTBEHHO, MEHSACTCSI PEKUM pabOThl BEHTHIIBHOTO

T
HpCO6p330BaTCJIH. B YaCTHOCTH, IIPHU JOCTUKCHUNU BCINYHNHBI Y= E B CXCMC

IMOCTOAHHO IMPOBOAAT TOK TPHU BCHTHIIA. HpI/I naaneﬁmeM YBCIIMUCHUHN TOKaA

T

Hany3KI/I, B C.quae C€CJIN a<g, erH KOMMYTaHI/H/I HC MHN3MCHIACTCA,
HOCKOHBKy B CXEMC€ HC BO3HHKACT yCJIOBI/Iﬁ JJIA OTKpBITI/IH ‘{eTBepTOFO
BCHTUJIA. BHCH_IHSISI Xap aKTepI/ICTI/IKa BBIHpHMI/ITeJISI B OTOM pe)KI/IMe

OITUCBIBACTCA ypaBHeHI/IeM JJIJIUIICA

2 52 2512

2 2

3E. SIER

(4.91)

T
Pexxum pabotsl Y > 7 » XapaKTepu3yeMbIl oo4YepeHON paboToN Tpex

T
N YCTBIPCX BCHTUJICHU, HAYUHACTCA C MOMCHTA, KOT'1a a+y 2 5 . 3aBUCHUMOCTh

BEJIMYUHBI BBITIPSMIICHHOTO HAIPSDKEHUsI OT TOKA HArPy3KH B 3TOM PEKUME
BHOBb CTAHOBUTCS JIMHEWHOM, HO 0oJiee KpyTO MaJaollei Mo CPaBHEHUIO C
HOPMaJIbHBIM JIBYX—TPEXBEHTHJIbHBIM PEKUMOM palOOThl BBIMPSIMUTEIS.

T
YPaBHeHI/Ie BHCIIHCH XAPAKTCPUCTUKU HJISI SHAUCHUS o= g HMCCT BU
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_ 9F m|q_ Xala
T E.
I'paduueckue 3aBUCHMOCTHU BHEMIHUX XapaKTCPUCTHUK (B
OTHOCHUTEIIbHBIX €JIMHMIIAX) YINPaBISIEMOTO BBIIPSIMUTENS ISl Pa3IMYHBIX

Ui (4.92)

T
VIJIOB YIpaBlieHUs o mnoka3aHbl Ha puc. 4.19. Ilpu Ot<g BHELIHUE

XapaKTePUCTUKUA BKJIIOYAIOT BCE PEKUMBI PAOOTHI BBIIPSIMUTENS: JIBYX-
TPEXBEHTUJIbHBIA (HOpMAaJIbHBIN) — ydacTok L — M, TpeX-TpeXBEeHTHIbHbIN —
y4acToK M — N, TpeX-4eThIpeXBEHTUIIbHBIN — y4acToK N — K.

T T
ITpu S <o< 3 B0 BHEHAX  XapaKTepuCTHKaX — HCUe3aeT

ki
3

OMUCHIBAETCA TOJBKO OJHHUM YPAaBHEHHUEM, COOTBETCTBYIOUIUM IEPBOMY
JIMHEMTHOMY y4YacTKY.

DIUTMIITHYCCKUN yyacTok M — N. Ilpu 02— BHEIIHAS XapaKTePUCTUKA

Ua

0.€. ‘N Lo

/2| /
Y

K L
0, o.c.

0 0, 0, 0

»

Puc. 4.19. Buenrnue xapakTepuCTUKH Tpex(a3zHOTO MOCTOBOTO IIpeoOpa3oBaTes
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4.9. CneyuarnbHble cxeMbl ebinpsimumerneu

CrpemieHue ylIydllUTh Kakve-IMOO MapaMeTphl  BbIIPSAMUTENEH
MPUBOJUT K YCJIOXHEHHUIO MX CXEM, KOTOpbIE€ IMOJY4aloTCs B PE3yJIbTaTe
KOMOUMHAIUHI AIIEMEHTAPHBIX HYJEBBIX U MOCTOBBIX CXEM BBIIPSIMIICHHUS.

OaHuM U3 BaKHEHIIUX MOKa3aTesiel BBIIPSIMUTENS SBIISIETCS BEJIMYMHA
NyJbCallMid  BBIIPSIMIICHHOTO  HampsikeHus. O(QQPEKTUBHBIM  METOJIOM
CIJIXKUBAaHUS KPUBOM BBIIPSIMIICHHOIO HANPSDKEHUS SIBIIACTCS YBEJIUYEHUE
yuciia (a3 MUTAIOIIEr0 MCTOYHMKA MEepeMeHHOro Toka. Hampumep, Ha puc.
4.20 mokazaHa cxeMa BBIIPAMUTENS C 12-KpaTHBIMH MYJIbCALUSAMU T10
OTHOIICHUIO K YacTOTE MHTAIOMIero HampsbkeHus. (Cxema mpeacTaBisieT
co0oll mocien0BaTeNIbHOE COEAMHEHUE JBYX-TpeX(a3HbIX MOCTOBBIX CXEM,
paboTarolux Ha OAHY Harpy3ky Ry. B cxeMe ucnoinb3yercs TpaHncpopmarop
c Tpemsi ooMoTkaMu. OHa U3 BTOPUYHBIX OOMOTOK COEJMHEHA B 3BE3Y,
apyras B TpeyroidbHUK. [lo3TOMy CHCTEMBl BTOPUYHBIX HANPSKEHUN
OKa3bIBAIOTCS CABUHYTHIMU IO (paze OTHOCUTENBHO Jpyr Apyra Ha yroa 30°.
B pesynbTate BBINPAMIIEHHOE HAMpsDKEHHE  CONEPXKHUT  12-KpaTHbIe
nynscauuu. KosdduimenT nynascanuii mo OCHOBHOW TapMOHHMKE MPH 3TOM
coctaBisier 0,0135 mpotus 0,057 nns tpexda3zHoil MOCTOBOHM cxembl [9].
AHanoru4Hble  pe3yiabTaTbl MOXHO TMOJY4YUTh TpH  HapajIeIbHOM
COCIMHEHUHU JBYX-TpeX(a3zHbIX MOCTOBBIX cxeM. Mcronb3ys 6ojee clokHbIe
KOMOHMHAIIMU BBIIPSMUTENEH, MOKHO MOJTYYUTh BBIIPSIMICHHOE HAMPSKEHUE
¢ uncioM myiecauuii 18, 24 u 1. 1. BenuunHa mynbcanuii HanpsHKEHUS HA
Harpy3ke OyJeT yMEeHbIIAThCsI, HO, KaK ObLJIO MOKa3aHOo BbIIIE, KOYP(HULIUEHT
MCITOJIb30BAHUS MOIIIHOCTH MUTAIOMIETO TpaHCc(hopMaTopa CHUKAETCS.

JUis ~ KOMIIEHCalluu  PEAKTUBHOM  MOLIHOCTH  YHPAaBISEMOIO
BBINIPSIMUTEIIST MCIOJB3YIOTCS KOMIIEHCAllMOHHbIe cxembl. Ha puc. 4.21
MoKa3zaHa mpocredmas Tpex@asHas cxema C yaydlleHHbIM KO3 (UIHEHTOM
MOIIIHOCTH, KOTOpas CIY>KHUT OCHOBOW JUIsl TOCTPOEHHUs 0oJiee CIOXKHBIX
KOMITEHCALIMOHHBIX BBIMPSAMUTENEH.
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Puc. 4.20. CnoxHas MOCTOBasi cCXxeMa BBIIPSIMIICHUS

OTANYUTENIBHOM OCOOCHHOCTBIO CXEMBbI SBIISIETCS ypPaBHUTEIHHBIN
TpexdasHplii peaktop L u TpexdaszHas rpymia KOHJICHCATOPOB, UYTO BIIMSIET
Ha TIPOILIECC KOMMYTAIIMM BEHTHJICH BBIIPSAMUTENS. DTO OOBSCHSIETCS TEM,
YTO B KOMMYTAaIlMOHHOM mporecce kpome dasupix IJIC, yuacTByer
COOTBETCTBYIOUIMN 3aPsKEHHBIN KOHIEHCATOP.

et €a Q. e e €,
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Puc. 4.21. Tpexda3ubiii HyJ1€eBOW BBHIIPSIMUTEID C YIIyUILIEHHBIM
KO3 PHUITMEHTOM MOIITHOCTH
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[Ipu pomymenun, uto L = L; = o, a (¢da3Has UHAYKTHUBHOCTb
paccestHusl paBHa HYJO, (ha3HbIe TOKH BBIIPSIMUTENSI UMEIOT MPSAMOYTOJIbHYIO
dbopmy. B sroM ciyuyae HampspkeHHE Ha KOHJACHCATOpAaX HM3MEHSETCS IO
JUHEWHOMY 3aKOHY. Y CIIOBUEM KOMMYTAIIUU TOKAa BEHTWIA VS| Ha BEHTUIIb
V'S,, B ciiydae uX UeadbHOCTH, SIBJISIETCS PAaBEHCTBO

€, — €p + €cab - (493)

MoMeHT BpeMeHH, COOTBETCTBYIOIIMK paBeHCTBY (4.93), HacTymaeT
paHbIlle TOYKH €CTECTBEHHOW KoMMyTanuu (€, = €p) Ha yroil ¢. Takum
oOpa3oMm, jJaHHas cxema CIocoOHa paboTaTh B E€MKOCTHOM pPEXUME C
orepeskaroIieil OCHOBHOM rapMoHukon (azHoro Toka. [lonOupas Benmuuuny
€MKOCTH KOHJICHCATOpa, MOXXHO HU3MEHSTh HANPSIKCHUE HA HUX, PEryJIupys
BEJIMYMHY YIJIa Q.

BenuurHa peakTUBHOW MOITHOCTH, T€HEPUPYEMOM BBHITIPSIMUTEIIEM, HE
HAMHOTO OOJIbIlIE MOIIHOCTH KOHJEHCATOPOB CXeMbl. OTHOIIEHHE 3THUX
MorHocTel cocrasisieT 1,37 [9]. C poctoMm ymcia (a3 KOMIEHCAIIMOHHOTO
BRITIpIMUTENS 3 (PEKTUBHOCTH MCIIOIB30BAHUS YPABHUTEIBLHOTO PEAKTOpa U
KOMMYTUPYIOITUX KOHJACHCATOPOB MOBBIIIACTCS.

Hpyrum criocoOOM  yMEHBIIIEHUS  PEaKTUBHOM MOIITHOCTH,
MoTpeOJIIeMOl  BBITIPSAMHUTENIEM TIPU TIIyOOKOM (ha30BOM pPETYIMPOBAHUH,
SIBJISIETCS MIPUMEHEHHE HECUMMETPUYHBIX npeoOpa3oBaTeneil.
Hecummerpuunsie nmpeoOdpa3zoBaTesii MOTYT ObITh TTOJTYYCHBI:

— HCIOJIb30BAHUEM HECUMMETPUYHOTO PETyJIUPOBAHUS YTIIOB YIIPaBICHUS

BEHTHISIMU;

— UCIOJIb30BAHUEM HECHUMMETPUYHON CUCTEMBI MUTAIOITUX HANIPSHKECHUH;
— TPUMEHEHHEM CIEeIUAIbHBIX HECUMMETPUUYHBIX CXEM.

Haubonee 4acTo UCIIOIb3YETCS

(fo ;?B ;fxC HECUMMETPUYHOE PpETyJIMPOBAHHUE  YIJIOB

§ BKJIIOUEHHUS B OOBIYHBIX CHMMETPHUYHBIX

cxemax BelnpsimiieHusi. Hanprumep, yacTHbIN

1 ciyJai HECUMMETPUYIHOTO

%ea ieb %ec npeoOpas3oBatesii —  MONYYIpPaBJIsieMBbIil

N 1 L BBITIPSIMUTEIIb, HW300paXKEHHBIN Ha pHUC.
N 4.22.

ﬁ|<'| <] B nmanHOM cxeme aHoAHas rpynna

\ LA BEHTWJIEW HEyIpaBisieMa, a KaToJdHas —

N g, Ly 'D‘ yIpaBisieMa, C yIJOM YIOPaBACHHS  O.

Y

COOTBCTCTB@HHO, HCYIIpaBJIICMad  Y4aCTb
BBIIIPAMUTCIIA HC U3MCHSCT CBOCTO
HaIIPAXKCHUA, a BBIIIPSAMIICHHOC

Puc. 4.22. HecummeTpuuHbIN
BBIITPSIMUATEIb
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HanpspKEHWE KaTOAHOM Tpynmbl OmpeaenseTcss yriom o. Hampsokenue Ha
Harpy3ke U, omnpenensercs KaKk CyMMa BBIIPSMIICHHBIX HampsiKEHUM
yIPaBII€MOT0 U HEYNPABIIEMOTO HYJIEBBIX BBHIIPIMUTEIICH.

Torma npu uaeanbHbIX YCIOBUAX, Koraa L, = o, x,=0, MOXHO 3amnucaTh
JUIS1 HATIPSIAKEHUS] Harpy3KHu:

3J3
G
T

[lepBasi rapMoHuKa (ha3HOTO TOKA OMPEACTUTCS KaK

24/3
Iim= 7[151 cosa, (4.95)

E,(1+cosa). (4.94)

a ee ¢azoBblil caBur otHocurenbHo DJC ¢ = o/2, 4yTO B 1Ba pa3a MEHbIIE,
4&M IS CHMMETPHYHOTO MpeoOpazoBarens [9].

HenoctaTkoM paccMOTpPEHHOW CXEMBbI SIBISIETCS IMOSIBIIEHUE B CIIEKTPE
MEPEMEHHOr0 TOKa JOIMOJHUTENIbHO K HEYETHBIM €II€ U YETHBIX TapMOHUK.
DTOT HEJOCTATOK YCTpaHseTCsl B 00jee CIOKHBIX BYX- U YETHIPEXMOCTOBBIX
HECUMMETPUYHBIX CXEMaX, COCTOSIIIUX U3 MOCIE0BaTeIbHO-apaIeIbHOTO
COEJIMHEHUS PACCMOTPEHHON HECUMMETPUYHON CXEMBI.

4.10. UheepMOPHbIU pexum yrpaesisseMo20 ebInpsimumerns

Yacto TpelyeTcsi HACTONBKO TIIIyOOKOE peryjaupoBaHUE YMPaBIsSEMbIX
BBINIPSIMUTEJICH, YTO OHM MEPEXOMAST B KAUECTBEHHO HOBBIN PEeXHUM PaOOTHI,
XapaKTepU3YIOUIUICS BCTPEYHBIM HANpPABJICHUEM TOKa OTHOCUTEIBHO
npeodbpazoBanHor DJIC. Takoi pexkxuM paOOThl HA3BIBACTCS UHBEPMOPHBIM.
B Gosnee mmpokoM cMmbiciie HHBEPTOP B MPpeoOpa3oBaTEIbHOU TEXHUKE — 3TO
YCTPOMCTBO ISl MPpeoOpa30oBaHus MOCTOSHHOTO TOKA B IEPEMEHHBIN.

WNHBepTOpHBINM pexuM yIpaBiieMOro BBIIPSIMUTENS BOBMOMXEH TOJIBKO B
TeX Mpeodpa3oBaTessix, y KOTOPHIX B LIEMIH HATPY3KH UMEETCs JIMOO0 UCTOYHUK
O/1C, nub0 MHIYKTUBHOCTD, TUOO TO U JIPYTOE.

PaccmoTpuMm  paboTy onaHO(a3HOrO HyJIEeBOro mpeodpasoBarens ¢
aKTUBHO-UHAYKTUBHOM Harpy3koi (cm. puc. 4.23, a).

B BeinpsamuTtensHom pexume, npu o = 0° (puc. 4.23, 6), nepexiioueHue
BEHTUJIEH IPOUCXOJUT B TOYKAX €CTECTBEHHOM KOMMYyTaluu. JJIMTEIbHOCTD
KOMMYTAIIMOHHOTO ~ TIpoliecca OMpenesseTcss YIJioM KOMMYTaluh .
BrinpsimiienHoe HanpsibkeHue cosmanaet ¢ 3/[C paboraromieit mol1yoOMOTKH
TpaHchopmaropa. Bo BpeMs KoMMyTaluu HamnpssKeHHE Ha Harpys3ke paBHO
eter

2
0. TOYKa TEPEKIIOYEeHHs] BEHTHJIEH CMeIlaeTcsl BIPaBO, CpeHEee 3HaueHUe
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BBINIPSIMIICHHOTO ~ HampsbkeHus  ymeHbliaetcs. € mepexoloM  KpUBOM
HaIpsDKeHUsT 4epe3 HyJb MPOBOJSAIIMN BEHTUJb HE 3aKphIBA€TCs 3a CUET
nevictBuss  OJIC  caMOMHAYKIMM  WHIAYKTUBHOCTH  HArpy3ku L,
oOecreynBaoIied HaealbHO CIVIaKEeHHbIM TOK [I; (cMm. puc. 4.23, s).
OueBuaHo, yto pu o = 90° (c y4eToM yria KOMMYTallMu Y, HECKOJBKO
panbiie — oty = 90°) mosoXKHUTENbHAs YaCcTh BBIMPSAMIEHHOTO HANPSKEHUS
CTAaHOBHUTCSI PaBHOM OTPUILIATENILHOM: CpelHee 3HAaYeHUE WU TOCTOSTHHAs
COCTaBJISIOIIAs HAIIPSDKEHUS HA Harpyske OyAeT paBHa HYJIIO.
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Puc. 4.23. Ynpasnsiemslii ogHo(ha3HbIi TpeoOpa3oBaTeb ¢ HYJIEBbHIM
BBIBOJIOM:
a — DKBUBAJICHTHAs CXE€Ma; O — BBIPSAMUTENbHBIA pexuM 1pu o = 0°;
6 — BBIIPSIMUTENBHBIN peKUM NpU o # 0°; 2 — THBEPTOPHBIN PEXUM
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IIpu o > 90° cpeaHee 3HAYEHUE BBIIPSIMIIEHHOTO HANPSKEHUS MEHSAET
3HaK W BBIIPSMHUTENb MEPEXOJAUT B MHBEPTOPHBIA pexuM. B aToM pexume
OOJIBIITYIO YacTh pabOThI BEHTHJIS €ro TOK HampaiieH potuB (aznoit DJIC u
aKTUBHAs MOIIHOCTh W3 1IN HArpy3KH TIepeaacTcss B AaHOJHbBIC IIENH
npeoOpa3oBaTes, T. €. B MICTOYHUK MEPEMEHHOro Toka (puc.4. 23, 2).

[Ipouecc wWHBEPTUPOBAHMS TPENCTaBIseT CcoOOW mpeoOpazoBaHUe
MOCTOSIHHOTO TOKa, MPOTEKAaIoUIero B Harpyske mpeoOpas3oBatens, B
MIEPEMEHHBIN TOK, MPOTEKAIOIIUN B aHOHBIX LIETISIX MPeoOpa3zoBaTels.

[Tockonbky  KOMMYyTalus BEHTWJIEM B  PAacCMOTPEHHOM  CXEMe
MIPOUCXOJIUT €CTECTBEHHbIM 00pa3om 3a cueT ¢aszubix JC e, e;, TO Takon
MHBEPTOP HA3bIBAIOT 6€0OMbIM Cembl0 B OTIWYHE OT AaBTOHOMHBIX
WHBEPTOPOB, HE COJEpKAIIMX MCTOYHUKA TMUTAHUS B ILEMH MEPEMEHHOTO
TOKa.

OOBIYHO B MHBEPTOPHOM PEXKUME VYIroJ YIPaBICHUS BEHTUIISIMU
OTCUUTHIBAECTCSI B CTOPOHY OMEPEKEHUS (BJIEBO) OTHOCUTEIHHO CABUHYTHIX
Ha T MOMEHTOB €CTECTBEHHON KOMMYTAIlUU. YTOJ YIpPaBJICHUS TOraa
HAa3BIBACTCS VeloM onepedxceHus U 0003HadaeTcs B =1 — a.

VYpaBHEHUS, XapaKTEPU3YIOIIUE BBIIPSIMUTEIBHBIN PEKUM BEHTHIIBHOTO
npeoOpa3oBaTess, CHPaBEMJIUBBI U JJII WHBEPTOPHOIO PEXUMa B CHIY
UJEHTUYHOCTH (PUBMYECKUX MPOIECCOB MPeoOpa3oBaHUsl DJICKTPOIHEPIHUH,
eciau cuutath o0 = m — (3. B uacTHOCTH, IS pacCMOTPEHHOW CXEMBI B
WHBEPTOPHOM PEXKHUME

74 =E2[cos(B—v) - cosp}
x”’z (4.96)
Uj=—E,cosp— Xald
- T

I'paduueckass 3aBUCMMOCTb HAMPSDKEHHS B IIEMHM TMOCTOSHHOTO TOKa
npeoOpa3oBaTensi OT yria yOpaBleHHs TMoKazaHa Ha puc. 4.24, a, a
CEMEMCTBO BHEITHUX XapaKTEPUCTHUK MTpeodpa3oBaTeis — Ha puc.4. 24, 0.
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Puc. 4.24. PerynupoBoyHas ¥ BHEITHUE XapaKTEPUCTUKHU OJHOPA3HOTO
npeoOpa3oBares ¢ HyJIEBbIM BbIBOJIOM

[lpunnun peiicTBus 0oJiee CIOXKHBIX HHBEPTOPOB, B TOM YHCIIE
Tpex(a3HbIX, TaKOHW K€, Kak U PaCCMOTPEHHOro OaHO(a3HOTO.
XapaKTepUCTUKU BCEX UHBEPTOPOB TAKXKE COOTBETCTBYIOT XapaKTEPUCTUKAM
oJ1HO(a3HOTO0 UHBEPTOPA.

4.11. Obnacmu npumMeHeHus ebinpsimumerneu

bnarogapsi BO3SMOKHOCTH PETyJIMPOBaHUS BBIIPSIMIICHHOT'O HANPSKEHUS
u oOMeHa AaKTUBHOM MOIIHOCTBIO MEXIY ULEMIMH TEPEMEHHOI0 U
MOCTOSIHHOTO TOKa YIpaBJsieMble BBINIPSAMUTEIN IIUPOKO MCIOIB3YIOTCS B
AIIEKTPONPUBOJIaX TMOCTOSTHHOrO ToKa. PaccMoTpum mnpuHUUMI AeHCTBUS
PEBEPCHOTO YNPABIEHUS JABUTATEIEM MOCTOSTHHOTO TOKA C «QJIEKTPUUECKIM
TOpMOXEHUEM. TUIMHUYHAS cXeMa TaKOro JIIEKTPONpPHUBOJA C SKOPHBIM
yIOpaBICHUEM IpUBEIECHA Ha puc. 4.25.

[Ipenmnonoxum, 4To ABUraTeiab padoTaeT B yCTAHOBUBILIEMCS PEXHUME U
NUTaeTCd  OT  BEHTWIBHOIO  IIpeoOpas3oBarens,  paboTaroolero B
BBIIPSIMUTENILHOM pekume. st 3pdeKTUBHOrO U OBICTPOro TOPMOKEHUS
HEOOXOIUMO TEPEBECTU BBINMPSIMUTENb B MHBEPTOPHBIN pexxkum. [lpu stom
HHEPrus, HAKOIUICHHAas BO BpaUIAIOUIUMXCS YacTsIX MPHUBOJA, 00eCreyuBaeT
paboTy JaBuraTelns B TEHEPATOPHOM pEXUME C HWHBEPTUPOBAHUEM
reHepUPYyEeMOro MOCTOSTHHOTO TOKa B MHUTAIONIYIO CETh NMEPEMEHHOTO TOKa.
Jis  mepeBoja  BBIIPSMUTENS] B WHBEPTOPHBIM  pPEXUM  JOCTATOYHO
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NEPEeKITIOYUTh KOHTAKTOPHI (K;— 3aMKHYTO, K, — pa3sOMKHYTO) U NEpEeBECTU

T
VIJIbl YIPaBICHUS TUPUCTOPAMU B 00J1acTh O > 5
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Puc. 4.25. Cxema peBepCUBHOTO Puc. 4.26. I[Ipeobpa3zoBaTenb

AJIEKTPONPUBOIA BUII-5600 YXJI2

Takoit pexxum paOoThl Ha3bIBaeTCs pexcumom pexynepayuu. llupokoe
MIPUMEHEHHUE PEKYNEPATUBHOE TOPMOKEHUE HAXOJIMUT B AJIEKTPOTPAHCIIOPTE.
Jlnsi OECKOHTAKTHOTO OCYIIECTBICHUS pEeXUMa pEKylepalud U peBepca
OOBIYHO HCIOJB3YIOTCSI JBa BEHTWIBbHBIX KOMIUICKTa, MOAKIIOUCHHBIX
BCTPEUHO-TAPAIIIEIBHO.

Ha puc. 4.26 nokazan mnpeoOpa3oBaTeib BBIIPSIMUTENbHO -
uaBeptopHbli BUIT-5600 YXJI2 aist maructpainbHbIX 31€KTpoB0o30B BJII 65.
[IpeoOpazoBaTens mpeaHa3HAUY€H IS BBIOPSIMIICHUS  OJHO(A3HOTO
MepeMEHHOro Toka 4actoTo 50 'l B MOCTOAHHBIN B LIENU MUTAHUS TATOBBIX
JIBUTATENIEd B PEXKHUME TITM U TpeoOpa3oBaHUs IOCTOSHHOTO TOKa B
onHo(a3HbI IepeMeHHbI Tok yacToTol 50 I'11 B pesxuMe pexynepaTuBHOTO
TOPMOXEHHUS 3JIEKTPOBO30B MEPEMEHHOT0 TOKA.

Hpyroil mupokoil 06J1acThi0 MPUMEHEHUSI TTOCTOSTHHOTO TOKA SIBIISICTCS
AJIEKTPOTEXHOJIOT U, HampuMmep  DJIEKTPOJIM3HbIE  YCTAaHOBKU  JJIs
MPOU3BOJICTBA IIBETHBHIX METAIOB. OOBIYHO JJIEKTPOJIM3HBIE YCTaHOBKHU
MPEJICTABIISAIOT coboi TPYIIIbI MOCJIEIOBATEILHO COCIUHEHHBIX
AJIEKTPOJM3HBIX BaHH, HANIPSIKEHUE KAXJO0M U3 KOTOPBIX cocTaBiaeT 3 — 7 B.
['pynmnsbl 3J1€KTPONM3HBIX BaHH MUTAIOTCS OT BBIPSMUTEIbHBIX MOACTAHIINM,
TOKOBasi Harpy3ka KOTOPBIX MOKET JOCTUTaTh COTEH ThicsS4 amrep. B
Ka4eCTBE BBINIPSAMUTEIBHBIX arperaToB MPUMEHSAIOT MOJYIPOBOJIHUKOBBIC
Boinpamurenu cepuii BAK, BAKP, B-III1J, B-TIIB/I, BI'-TIIE, BI'-TIIB u
T. a. MomHoCTh OTACNBHBIX NpeoOpazoBareneld gocturaer 120000 kB <A.
Hanpsixenue nutanus cocrasiser 0,38; 6; 10 u 35 kB.
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Ha puc. 4.27 npencraBieH BHEIIHUNA BUJ BBITPSIMUTENbHBIX IHIKa(OB
JUIsL TATAHWS DJEKTPOJIM3HBIX M TalbBaHWYECKMX BaHH. Kpome Toro,
BBIIIPSIMUTENIA ~ MOTYT  MCHOJIB30BaThCA  JJIA  INHTAaHUS  CTaHKOB
AIEKTPOXUMHYECKOW OOpabOTKH METalIOB, YCTAHOBOK CTOYHBIX BOJ U
APyroro 00Opy0BaHHUS.

Beinpsimurens Bempsamurenn
B-TIIIIA-6,25k-900 cepuu BI'-TIIE, BI'-TIIB

Puc. 4.27. BrinpsiMuTenbHble HIKadbI 1715 TEXHOJIOTMYECKUX YCTAHOBOK

[Ipumep cxembl BBIIPAMHUTENBHOTO arperata Ha 25 KA mMoka3aH Ha
puc. 4.28. PerynupoBaHue HanpsiKEHUS MOXKET OCYIIECTBIISITHCS C TIOMOIIBIO
CUJIOBOro TpaHcdopmaTopa 4, IpocceisiMU HachIeHus 6 U J00aBOYHOTO
aBToTpaHchopmaropa 3.

[[naBka pas3IWyHBIX  METaUIOB M CIUIAaBOB B HACTOSIIEE BpeMs
OCYIIECTBIICTCS B JYTIOBBIX 3JieKTporieuax. Hampumep, ayroBele mnedu
MPSIMOTO HarpeBa JJIsl TJIaBKU CTalli BBIMYCKAIOTCS BMECTHUTENBHOCTHIO 0,5;
1,5; 3; 6; 12; 25; 50; 100 ToHH ¢ COOTBETCTBYIOIIMMHU MOIIHOCTSIMHU
tpanchopmaropos: 0,83; 1,25; 2; 4; 8; 12,5; 32 u 50 MB <A.
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Puc. 4.28. CunoBas cxema BBIIPAIMUTENIBHOTO arperara:
1 — pa3peuHUTEND; 2 — MAaCIISIHBIN BBIKIIIOYATENb; 3 — aBTOTpancpopmarop; 4 — CUIOBOM
TpaHcpopMmaTop; 5 — ApOCCeNnu HACBILIEHUS; 6 — BBIIPSAMUTENbHBIN OJIOK

HCTOYHMKOM TNHUTaHHWS JOYrOBBIX Ie€4Yed ABIAETCS TOHMKAIOIIUN
TpaHchOpMAaTOp U MOIYIPOBOAHUKOBBIM BBHIIPSIMUTENbHBIN arperar. Cxema
aeKTpooOopyaoBaHus BakyymHou neun tumna BJIIT mokasana Ha puc. 4.29
[10].

BecpMa pacnpoCTpaHEHHBIM TEXHOJOTMYECKUM MPOLECCOM SIBISETCS
JNEKTpUYeECKass cBapka. JlyroBas cBapka Ha TIIOCTOSHHOM TOKE HMMEET
ONpEJICTICHHbIE  TEXHOJIOTMYECKME NPEUMYIIECTBA, YTO CIOCOOCTBYET
pacmMpeHudto  obiactei  ee  mpuMeHeHud.  VICTOYHMK — muTaHus
AIEKTPOCBAPOYHOIO arperara Ha MOCTOSHHOM TOKE COCTOMT U3 CBAPOYHOIO
TpaHchopMaTopa, BHIIPSIMUTENST U MHOTJA JIPOCCENis, BKIOYAEMOTO B LEMb
MTOCTOSIHHOTO TOKA.

B cBapoyHBIX  BBIIPSIMUTENAX  HUCIOJB3YIOTCS  OJfHOGA3HBIE U
Tpex(dasupie cxembl. bonee pacnpocTpaneHa TpexdaszHas MOCTOBasl CXeMma,
oOecrieynBaoiias yCTOMYMBOCTh CBAPOYHOM NIyTHU, a TaKKe PaBHOMEPHYIO
3arpy3ky Bcex (a3 ceru. HanpsbkeHue NUTaHUS HCTOYHUKOB JIEKTPOCBAPKU
—380/220 B, notpebisemas momHocTh — 5-40 kB <A.
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Puc. 4.29. Dnexrpuyeckas cxema NUTaHUS TyTOBOM MEYU:
T — tpancopmaTtop nonmxkaromuii; IH — qpoccenb HachlleHUs;
B — Beimpsimutens; CP — criaxuBaroninil peakTop

BeIlipssMUTENIM  CBApOYHBIE  YHHMBEPCAJIbHBIE  UCIOIB3YIOTCS  JJIS
KOMIUIEKTAllUd CBAPOYHBIX W HAIUIABOYHBIX ITOJyaBTOMATOB M aBTOMATOB, a
TaK)K€ PYYHOM JYroBOMl CBapKH, pPE3KM U BO3AYIIHO-IYTOBOW CBapKu
yroyibHbIM 3ekTpoaoM (puc. 4.30). Bempsimutenu o0ecrneynBaoT IIaBHOE
pEeryiMpoBaHuEe U CTAOUIIU3ALMIO CBAPOYHOTO TOKA U HANPSDIKEHUsS Ha JIyTe,
OCHAIIEHbl  CBETOAMWOAHOM  HMHAMKAUWEW  TEIJIOBOM  MEpEerpy3ku H
MPaBUIBLHOCTU MOJAKIIOUEHHUS (a3 MUTAIOIIEH CETH.

B/1Y-3020 BAY-5069 BAY-1202 B/1-405

Puc. 4.30. BeinpssmuTenu cBapoOYHbIE YHUBEPCAIbHBIE
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MammuHbl KOHTaKTHOW CBapKH MHOTOXJIEKTPOJIHBIC TPUMEHSIOTCS B
CaMbIX pa3HOOOPa3HBIX TPOM3BOJCTBAX: B IPOM3BOJCTBE PA3IUIHBIX
KENe300€TOHHBIX KOHCTPYKIUHA B  KPYIMHONAHEILHOM JIOMOCTPOCHUH,
aBTOMOOMJIBHOM MPOM3BOACTBE W T. A., (cM. puc. 4.31), obecneuyuBaroT
BBICOKOE  KAaueCTBO  CBApKH M  BBICOKYIO  TPOHM3BOJUTEIHHOCTD
TEXHOJIOTUYEeCKOTro mporecca. C MOMOIIBI0 YIPABISIEMBIX BBITPSIMUTENCH B
ITHX YCTaHOBKax oOecredynBaeTcs CTaOWIU3allis CBApOYHOTO TOKa TMpH
W3MEHEHUU HANpsHKCHHsI CETH, CTyIIeHUaTO-TuTaBHas ((pa3oBasi) peryanpoBKa
CBapOYHOTO TOKA, TUCKPETHOE PETYTUPOBAHUE MMO3UIINN CBAPOYHOTO IIHKIA U

T. 1.

OnHolt W3 camMbIX W3BECTHBIX OOJacTeld MPUMEHEHUS SBISICTCS
WCIIOJIb30BaHUE BBIMPSIMUTENEH IS 3apsAJIKU aKKyMYJISTOPHBIX OaTapeil u
3alycKka JBUTaTesle aBTOMOOWJIEM M CeNbXO3TeXHUKU. ManorabapuTHbIE
SKOHOMUYHBIE 3apsHbIE U MYCKO3aPsAIHBIC BBIMPSIMUTEIN IMpPEIHA3HAYCHBI
JUTSL 3apsiIKA aKKyMYJISITOPHBIX — Oatapeid eMKocThio oT 55 mo 220 A/d
HanpsbkeHreM 12 B unm 24 B Bcex TUIIOB aBTOMOOWIEH U TPakTOpPOB, a
TaKoKe JIJIS 3aIycKa JIBUTaTeNIe B 3MMHUX YCIOBUSX (puc. 4.32).
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Puc. 4.32. [lycko3apsaHbie yCTpOHCTBA

OKOHOMUYHOE TpPAHCHOPTUPOBAHUE DIIEKTPOIHEPrUU Ha OoJblIue
PacCTOSIHUA MO3BOJISIIOT OCYHIECTBIIATH JIMHUU AJIEKTPOIIepeiad TOCTOSHHOTO

TOKa. HpeI/IMYH_ICCTBaMI/I IMOCTOSTHHOT'O TOKa SIBJIIIOTCS: OOJbIIast IMPOITYyCKHAas
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CIIOCOOHOCTD JIMHUKY, MCHBIIHC KaIIUTAJIBHBIC 3aTpaTbl, MCHBIINC IIOTCPU
OHCPIUH, BO3BMOKHOCTDH HeCI/IHXpOHHOﬁ pa60T51 CHUCTCMBEI.
I[JISI IMOCTPOCHHUA JIMHUKU  JJICKTpoICpcaadyn IOCTOAHHOI'O  TOKa

HCO6XOIII/IMBI ABC HpeO6paSOBaTeHBHBIC nmoACTaHOuu: T1ICpBast — IJIA
BBIIIPAMIICHUA TICPBUYHOI'O HAIIPSKCHUA TICPEMCHHOI'O TOKA, a4 BTOpasd — IJIA
HHBCPTUPOBAHUSA HOHy‘{eHHOﬁ QJICKTPOSHCPTUHN B IIPUCMHYIO CCThb

MEePEMEHHOT0 TOKa.

[IpeoGpa3oBaTenbHble  MOACTAHIIMM HA  AMANa3oHbl  MOUIHOCTEH
HDHEPrOCUCTEM  MOTYT  OBITb  IMOCTPOEHBI HAa  OCHOBE  MOIIHBIX
MOJIYIIPOBOJAHUKOBBIX ~ BEHTWJICH,  COEJAMHEHHBIX  IOCJIEI0BaTEIbHO-
napajieIbHbIMUA FPyIIaMu.

Iupoko MPUMEHSAIOTCS OTYIPOBOIHUKOBBIE BHITPSIMUTENH B CHCTEMAaX
BO30Y)KJIEHUSI CUHXPOHHBIX MamuH. KOHCTPYKTHBHO Takue BBIIPSIMHUTENIN
MOTYT BBINOJHATBHCS KaK CTallMOHAPHbBIE, TUTAEMbIE OT BO30YIUTENEH, TaK U
Bpalllarolrecs,, ycTaHaBIMBaeMble Ha poOTOp Bo30yauTens. B mocinegHem
clly4ae cUCTeMbl BO30YKIEHUS MOIy4atoTCsl OECKOHTAKTHBIE.

5. PUNBTPbLI BbICLWUUX TAPMOHUK

QOWIbTPl MOTYT NPUMEHATHCS JJI  YJIY4YIICHUS KadyecTBa Kak
BBIXOJTHOTO HAIPSKEHUSI CUIIOBOTO TIpeoOpa3oBaTesisi AJEKTPOIHEPTUH, TaK U
(hopMBI KPUBOM CETEBOT0 HANIPSIKEHUS, MUTAIOIIETO MPeoOpa3oBaTellb.

JIng  TOBBILIEHWST KayeCTBAa BBIXOJHOTO HAINPSKEHUS BEHTUIBHBIX
npeobpaszoBaTesieil UCIOJIB3YIOT CriaxuBaromiue GuiabTpbl. CriakuBarolime
GUIBTPHl TPUMEHSIIOTCS IS CIJIAKUBAHUS TYJbCAlMM  BBIPSIMIICHHOTO
HalMpsDKeHUsT 10 YPOBHS, HEOOXOAMMOTO IO YCIOBUSIM OKCIUTyaTaluu
MOTPEOUTEIS, MOTYYAIOIIETO MUTAHUE OT BBITTPSIMUTEIIS.

ITpu JIr000H cXeMe BBINIPAMIICHUS, NOMHMO MOCTOSIHHOM
COCTABJAIOLIEH, B KPUBOW BBIXOJHOIO HANPSDKEHUS  BBIIPSIMUTEIA
COAEPKUTCA  TEPEMEHHAs  COCTAaBJSAIONIAsA, Has3blBaemas nyabcayueu
HanpssiceHus. OTa TMyJlbCalldsd MOXET ObITh CTOJb 3HAYUTEIBHOH, YTO
HETIOCPEJICTBEHHOE TMUTAHUE HArpy3Kd OT BBIIPAMUTENS  BO3MOKHO
OTHOCHUTEIIBHO PEJIKO: 3aps/ika aKKyMYJSITOPHBIX OaTapeil, NUTaHHE
BJICKTPOABUTATEIIEH, LIENIEN CUTHAIM3AIMA U T. 1., T. €. TaM, TA€ NIPUEMHHUK
DHEPTUM HE YYBCTBUTEJIEH K IIEPEMEHHOM COCTABIAIOIIEH B KPUBOH
BBIIPSIMJIEHHOTO HATIPSKCHUS.

JIng  yMEHbIIEHHST  TEPEMEHHOM  COCTaBJISIIOIIEH B KPUBOM
BBIIPSIMJIEHHOTO ~ HANPSDKCHUS MEXKAY BBIIPAMUTEIEM W HArpy3Kou
YCTAHABIIMBACTCA CIELHUAIBHOE YCTPOMCTBO, HA3BIBAEMOE C2IANCUBATOUSUM
Gunompom (puc. 5.1).
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OUIIBTP > HAI'PY3KA

\ 4

BBITIPAMHUTEIIb

Puc. 5.1. Cxema noaxitoYeHus! CriaXuBaroniero GpuibTpa

CrnaxuBatoniee  jaeiictBue  (QuibTpa  XapaKTepU3yeTCs  €ro
KOA(DPUIIUEHTOM CTIIaKUBAHMUS.

Koappunment criaaxuBanus (QuibTpa MO TapMOHUKE MYJbCalMi ¢
ompenensaeTcs Kak oTHoleHue kodduimenTa myabcaluii Ha BXoie GuibTpa

K K KOd(phUIIMEHTY MyJbCallMii Ha €ro BBIXOJE Kg 1 Ton ke

I'apMOHHKH ¢

Kcr(q):T' (5-1)
Ko

Koapdunmentsl mynbcamuii  OOBIYHO  OMPENENSIOT IO  MEePBOM
TapMOHHUKE MEPEMEHHOM COCTAaBIISIONIEH BBIMPSIMIICHHOTO HAIPSHKEHUS, TaK
KaK BCE BBICIIME TapMOHWYECKHE TI0 CBOEH aOCOJIOTHOW BEIMYMHE
3HAYMTEJIPBHO MEHBIIE TMEPBOM M OCHAONSIOTCS (UIBTPOM B  OOJbIICH
creriend. [losTomy KOd(PGUIMEHT CriaXMBaHUS OIICHUBAIOT TaKXKe IIO
HUBIICH TapMOHUKE IyJIbCAllUi BBITIPSIMICHHOTO HAMPSOKCHUS, MPU ITOM
WHJIEKC ¢ ipU KO3PUIIMEHTE CTIIaKUBAHUS OITYCKAIOT:

~ Uwym v Uym

K.,=—7"""—; K,= , 5.2
U,+AU Uy (52)

rne Ugm, Uqgm— aMILIATYAbl OCHOBHOM TIapMOHHMKM  IyJIbCalMi

HaIIPSAKCHUA HAa BXOAC U BBIXOJAC CIUVIAKUBAIOIICTO q)HHBTpa;
Ud — IIOCTOAHHOC (BBIHpHMHCHHOC) HAIIPSAKCHUC HAa HAT'PY3KE,
AU — MaJCHUC ITOCTOAHHOT'O HAIIPSKCHUA Ha CIIIAKUBAKOIICM q)HHBTpe;

K, Uom Uy
K., U(l)m Ud+AU

cr :}\IKQ)) (53)
pe—Ud
U,+AU

HampspDKeHUs ¢ Bxoja (UIbTpa Ha €ro BBIXOJ, KOTOPBIM XapakTepusyer
MOTEPIO HATNPSIKEHUsS B (PUIIBTPE;

rae — K03 PUIMEHT Tepesjadu MOCTOSHHOW COCTaBIISIONICH
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_Upm
U ym
CKOJIBKO pa3 YMEHbILIAETCS aMIUIUTY/la MyJlbCAalliii OCHOBHOM rapMOHHUKHU Ha
BbIXO/ie (PUIIbTPA IO CPABHEHUIO C AMIUIUTYI0M MyJIbCallui HA €ro BXO/IE.
CriaxxuBaronuii GpuiabTp mpeacTaBiseT coO0i OOJbIIOE COMTPOTUBIECHUE

JJIA HepeMeHHOﬁ COCTAaBJISIOLICH TOKA. HOC—)TOMY MNEPCMCHHAA COCTABJIAOIIAA
HaIIPAKCHUA HAd BXOAC 3HAYUTCIBHO 0obIIe HepCMCHHOﬁ COCTAaBJISIOLICH Ha

Ky

— Ko3(huimeHT ¢GUIbTpalUU, KOTOPHIM YCTAHABIMBAET, BO

BBIXOJIe criiaxkuBarorero ¢unsrpa (U '(1)m >> U Zl)m)- Hapsiny ¢ ocnabinenrem

MEPEeMEHHOM  COCTAaBJISIONMIEH  HANpsDKEHHsS  CTaXHUBAIOUUMH — QUIbTP
YMEHBIIAET €r0 MOCTOSSHHYK) COCTaBISIOMYIO, T. €. Uy < Ugyx, TOE Uypx —
MOCTOSIHHAsE COCTaBJISIONIasi Ha BXOJAE cCriaxuBarouiero ¢uibrtpa. Yem
MEHbIIE CTENEHb YMEHbUICHUS MOCTOSIHHOW COCTABIISIONIEH, T. €. UeM OJIMKe
K eauHuIle oTHomeHue HanpspkeHuit Uy / Ugy TpU  HEU3MEHHOM
OCJIa0JIeHUH TEePEeMEHHON COCTaBIISIONIEH, TeM KauecTBeHHee (puibTp. s
(GUIBTPOB BBIIPSAMUTENEH Malod MOIIHOCTH BeIUYMHA KO3(PduIreHTa
nepegadu oObidHO coctaBisier A~0,91-0,95, s BeImpsiMuTeneh OOJBIION
MonTHOCTH A = 0,99, nns unbTpoB 6e3 motepb A = 1.

Ecnu npenebpeusb notepsimMu B PuIIbTpe, TO KOIPPUIUEHT CriiaKuBaHUs
npUOIMKEHHO paBeH KO3 PUIMEeHTY QUIbTpaLIUN:

Kcr = " :K(p . (54)

B 3aBucumoctu ot TOIro, Ha KaKHUX JJICMCHTaX OHM BBIIIOJIHCHEI,
CI'JIa’KMBArOiunue (I)I/IJIBTpBI MOJKHO YCJIOBHO pa3aC/IMTh Ha IBC KaTCTOPHUU:

1) GUIBTPBI Ha PE3UCTOPAX M PEAKTUBHBIX 3nemeHtax (R,L,C —
GbuIbTpHI, CM. puc. 5.2);
2) AIEKTPOHHBIE (PUIIBTPHI.

5.1. EMkocmHoU ¢hunbmp

JUiss ManmoMOIHBIX MNOTpeduTenei MpocTeHIUM (PUIBTPOM SIBIISETCA
KOHJIEHCATOP, OJIKJIFOUEHHBIN NapalulelibHO Harpyske (puc. 5.2, a).

CrnaxuBaroniee IeMCTBUE KOHAEHCATOPA, BKIOUYEHHOIO MapaJUIEIbHO
Harpy3ke, oOecCleYMBaeTcsi 3a CYEeT ero NepuoUYecKoro 3apsaa (koraa
HaIpsHKeHUe Ha BbIXOJIE BBIIPSIMUTENS PEBBINIAET HANPSHKEHUE Ha EMKOCTH)
U pazpsaa (Korja HampsbKEHHWE Ha BBIXOJE BBIIPSIMUTENS MEHBIIE, YeM Ha
3aKMMax KoHjaeHcaTopa). [ns oOecreueHus 3HAUYUTEIBLHOTO CriiaKHUBaHUS
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HYJIBC&I_II/Iﬁ H€O6XOIII/IMO, YyTOOBI €MKOCTHOE COIMIPOTHUBJICHUC KOHIACHCATOPA
OBLJI0 3HAYUTEIBHO MCHBIIC, YCM COIIPOTHBIICHUC HAI'PY3KH. B sTom ciay4dac
MOXHO CYUHNTATDH, YTO ICPEMCHHAA COCTABIIAOIIAA TOKA BCHTHIISI pPaBHA TOKY
KOHICHCATOpPA, a MOCTOAHHAA COCTABJIAOIIAA — TOKY HAI'PY3KH.
MaJIOMOH_IHBIe BBIIIPAMUTCIIN OOBIYHO pa60Ta}0T B PCXKHUMaAX, KOraa

T
Yol OTCCYKMU HC MPCBLIIIACT yIjia —~, IMO3TOMY IJIA OAHOIIOJYIICPUOIHBIX

6
BBIIPSAMHTEINEH MOXKHO CUHTATh, 9T0 [ 1y, & 2], .

Torna aMIUINTyda HCpCMCHHOfI COCT&BJIHIOH.ICﬁ HaAIIPpSOKCHUA ~ Ha

KOHJIeHCaTope (Ha Harpy3ke) paBHA
n 1 1 2]
d
U D = i =~ —— . 5.5
(m = Ly~ 75 (5.5)
Ecnu pomyctumblil ko3duimeHT mynbcanuii Ha Harpyske — K, TO,
yLII/ITBIBaH, qTo Ud =ry [d, HOHyLII/IM BBIpa)KeHI/IC AJIs1 OHpeI[eHeHI/IH CMKOCTU
CTJIAXXKWBAKOIICTO KOHIICHC&TOpa OIIHOHOJIYHCPHOIIHOFO BBIHpSIMI/ITCJISIZ

2
C=—-—. (5.6)
_L_ _L_ L
o o aal Jraeaa P ~
C C C C
%= rq rq == rq = =
# # # #
a o 8 2
L] L2 Ln
& Ty Sy TS
C G C,,__
—_— vy
/Q(
0 e

Puc. 5.2. Cxems1 R-,L-,C — puiabTpoB:
a — eMKOCTHOM QUIIbTP; 6 — UHIYKTUBHBIN QUIbTP; 6 — [ -00pazubiit L-C-
GuIbTp; 2 — MHOTO3BEHHBIN (DUIBLTP; O — [1-00pa3HbIil PUIbTP,
e — DKBUBaJIEHTHAas cxeMma [/ -o0pa3Horo ¢puiabTpa
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Jis  OGONpIIMHCTBA  PEXKUMOB  pabOThl  JABYXMOJIYNEPUOIHBIX

o " " ]d
BBIIIPAMUTCIICU I(l)m ~ Id , COOTBCTCTBCHHO U(l)m ~ 2— , 1 TIpU 3aJaHHOM
(O]
K03 puIeHTe MyIbCcallii eMKOCTh CTIIaXUBAIOLIEr0 KOHJEHCATOpa paBHa
1
C=——"— (5.7)

OCHOBHBIMH ~ HEIOCTaTKAMH  €MKOCTHBIX  (DHIBTPOB  SIBISIFOTCS
neperpy3ka MCTOYHMKA MUATAHUS OONBIIMMHU TOKAMH 3apsIKH KOHJEHCATopa
¥ YMEHBIIICHHE BPEMEHH MPOTEKAaHUs TOKAa Yepe3 BEHTWUIIH, T. €. YXyIIICHHE
pexxrMa paboThl ICTOYHUKA MTUTAHUS W YBEIHMUEHUE OOPAaTHOTO HAMPSIKCHIS
70 TaKOW BEIMYHWHBI, MPH KOTOPOH MOXKET BO3HUKHYTH JJICKTPUUYCCKHIM
po0oil BEHTHJIS.

5.2. UHOyKmueHbIlU ¢hunbmp

Jlns BeIIpSIMUTENICH CpelHEeW W OOJBIION MOIIHOCTA MPUMEHSIOTCS
UHIYKTUBHBIE QUIBTPHI (CM. puc. 5.2, 6), o0ecrneynBaroe HenpepbIBHOCTh
TOKAa B IIEMHU HATrPy3KH U OJArONPHUATHBIA PEXKUM palOOThl JJis BEHTHUIICH
BBITIPSIMUTEIIA.

[Tpuniun necTBUS MHAYKTUBHBIX (DMJIBTPOB OCHOBAaH Ha CO3J]aHUU B
oOMOTKax Jpoccessi, BKJIIOYEHHBIX IOCIE0BATEILHO B IIE€Mb HArpy3KH,
npotuBOIIC caMOMHIYKIINH, MPENSTCTBYIONIEH W3MEHEHHUIO TOKa B LIECMH.
YMeHbIIEHUE OTHOCUTEIIbHBIX U3MEHEHUN TIEPEMEHHON COCTABIISIIOIIEN TOKA
B LIENHU BBHI3BIBAET YMEHBIIECHUE OTHOCUTEIIBHBIX W3MEHEHUW IMyJIbCalNil
HanpsHKEHUSI HA PEeKUMax Harpy3KH.

Jns  Jydmiero  CIVIaKMBAHUSA — MyJbCalldid  HEOOXOJUMO, YTOOBI
WHYKTUBHOE COINPOTHUBJIEHUE JPOCCEs OBbUIO 3HAYUTENIBHO OOJbIIE, YeM
COMPOTHUBIICHUE HATPY3KH, T. €. YTOOBI BBIMOJIHSIOCH YCIOBUE

ra
Lyp>>— 5.8
Ap p(D H ( )
rac P — KOC)(i)(i)I/II_II/IeHT, 3aBI/IC$II_HI/II7I oT CXCMBI BLIHp?IMJ'IeHI/ISI nu

MOKAa3bIBAIOIINM, BO CKOJBKO pa3 4YacToTa OCHOBHOM TapMOHUKHU
BBINPSIMJIICHHOT'O HAIPSIKEHUS! OOJIbIIIE, YEM YAaCTOTa CETH;

® = 2nf — Kpyropas 4acToTa;

Lyp — MHIYKTHBHOCTB JIPOCCEII.

Tak kak Apoccenb M MOCIENOBAaTENbHO BKIIOYEHHAs C HUM Harpyska
00pa3yroT A MEPEMEHHON COCTABIIAIOIIEH JEIUTENb HANPSDKEHUS, TO IpU
BBITIOJIHEHUU YcJIoBHS (5.8) mepeMeHHOe HaNpsKEeHHE Ha 3aKUMaXxX Harpys3ku

6YIICT SHAYUTCIIbHO MCHbIIC, YCM HAIIPAKCHUC HA 3aKUMaAX IPOCCCIIA.
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AKTHBHOE COMNPOTHUBJICHHE JIpoccesii OOBIYHO HAMHOTO MEHBIIIE
CONPOTHUBIICHHS HAarpy3KH, B CBA3U C YEM AKTHUBHBIM I1aICHUEM HaIPSKECHUS
Ha JpOCCesie MOXHO NMPEeHeOpeUb U CUNTaTh, YTO MOCTOSIHHASA COCTaBIISIOIIAs
HaIpsDKeHUs. Ha BbIXoJle (UIbTpa paBHA MOCTOSHHOM COCTAaBIISIONIEH HA €Tro
BXOJ€.

OCHOBHBIMM HEJOCTAaTKAMH HWHIYKTUBHBIX (UIBTPOB SIBISIOTCA
M3MEHEHHE CIIAKUBAIOLIErO ACHCTBHUS INMPU HW3MEHEHUM TOKAa HArpy3ku H
BO3MOXHOCTb TIOSIBJICHMSI TIEpPEHANpPSDKEHU B CXeMe MpU OOpbIBE LENu
Harpy3kd WM PE3KOM yMEHbIIEHHMH TokKa B menu 3a cuér OJJIC
CaMOMHIYKLIUU JPOCCEIIS.

5.3. CnoxHbie R-, L-, C - ¢punbmpobl

bonee »sddexTrBHO  criaxxmBaHWE — MyNIbCAlUi  BHIMPSMICHHOTO
HANPSDKEHUST OCYIIECTBIISETCS TPU MOMOIIM (UIBTPOB, COCTaBICHHBIX W3
MOCJIeI0BATEIbHO COCMMHEHHBIX /- win //-00pa3HbIX 3BeHbEB. B kauecTBe
AJIEMEHTOB ATUX 3BEHBEB HCIOJIB3YIOTCS KOHAECHCATOPHI, JAPOCCENH U
PE3UCTOPBI.

Ecnu npencraButh [-o0Opasubiii punbtp (cM. puc. 5.2, 6) B BHIE
YETHIPEXIONMIOCHUKA C BXOAHBIMU ab W BBIXOAHBIMU cd 3aKUMaMu (CM.
puc. 5.2, e), To ero kodppuuueHT GUIBTPALUU MOXKHO ONpPENEIUTh U3
BBIPAKCHHSI

1
Koy=—"=1+2} Y +— |, (5.9)

[TapameTpbl 3nemeHTOB [-00pa3HOro QuUIbTpa BHIOMPAIOTCS TaKUM
o0pa3oM, YTOObI MOCIEIOBATEIbHO BKJIIOYEHHbIE C MCTOYHHKOM 3JIEMEHTHI
uMenu OOJIbIIOE COMPOTUBIEHUE JIs TEPEMEHHOW COCTaBISIOIIEH TOKa U
Majble CONPOTHUBICHUS — JJIs TMOCTOSIHHOM cocrapisitomeid. B kauecTe
MOCJIEIOBATENIbHO ~ BKJIIOYAEMBIX  JJIEMEHTOB Ha  MPaKTUKE OOBIYHO
HCIIOJIb3YIOT IPOCCENb, a 1JI1 MAJIOMOIIHBIX TOTPEOUTENEH — PEe3UCTOp.

OnemeHThl (QUIbTPa, BKIIOYAEMble MapaJyieIbHO HarpysKe, JIOJKHbI
UMETh Mallble CONPOTUBJICHUS [JIsi TEPEMEHHON COCTaBISIONIEH TOKa U
OoJIbIlIEe COMPOTUBIICHUS IS TOCTOSHHOM cocTaBisitonieid. B kauectse
napajijieIbHO BKIIIOYaEMbIX 3JIEMEHTOB OOBIYHO UCIOJB3YIOT KOHJEHCATOP.

Tak kak B MNPaBUIBLHO CHOPOEKTUPOBAHHOM [-00pa3HOM (QuUIbTpe

Y>>— (ma mnpakTuke OOBIYHO rdZ?), TO BbIpakeHue (5.9) MOXHO
Va
YIIPOCTUTH:
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Ky~1+2Y. (5.10)

JIJ1st ”HIYKTUBHO-eMKOCTHOTO puiibtpa Z = jpol, ¥ = jpoC, oTKyna

Ky~1-p o’ LC. (5.11)

W3 Boipaxkenust (5.11) cnenyer, uro kodPduuueHT GUIbTpaluu
MHIYKTUBHO-€MKOCTHOTO (MiIbTpa 3aBUCUT OT BennuuHbl LC. Ecnu eMkocTh
KOHJIEHCAaTOpa BBIPA3UTh B «MUKpodapanax», a MHAYKTUBHOCTb JpOcCCels B
«TEHPW» U y4ecThb, YTOo ® = 314 paz/c, TO Mbl MOJIYYUM PacUETHYIO GOPMYITY
LC —dunsbTpa:

LC=~ % (5.12)
2 - .
P

Ecni HeoOXoauMoO TOJNYyYUTh BBICOKMM KOA(DPUIMEHT GuiIbTpaluu
HaIpsHKEHUs], TO OOBIYHO MPUMEHSIOT MHOTO3BEHHBIE (GUIBTPHI (CM. puc. 5.2,
0). B MHOTO3BeHHBIX (QUIBTPaX ANEMEHTbl OTIAEIbHBIX 3BEHBEB MOJOUPAIOT
TakuM 00pa3zoM, YTOOBI Ka)KJ0€ MOCIEaYyIollee 3B€HO HE BIMSIIO Ha paboTy
MpeabIIYIIEro.

Ecniu MHOro3BeHHBIM (QUIBTP COCTaBI€H U3 IMOCJEI0BATEIBHO
coenuHeHHbIX L-C — GUiIbTpOB, TO HEOOXOAMMO, YTOOBI COMPOTHUBIECHUE
Apoccens MOCIEAYIOEro 3BeHa 3HAYUTENbHO MPEBBIIIATIO COMPOTUBICHUE
KOHJIEHCAaTOpa TMpeAbIIyIIero 3BeHa, a COMPOTUBJICHHE HAarpy3ku ObLIO
3HAYUTENBHO OOJIbIIE COMPOTHUBICHUS KOHJEHCAaTopa /i OCHOBHOM
rapMOHUKHM TyJbcauuid. [lpyu BBIMONHEHHH ATHX YCIOBUUA KOIPPULIKEHT
(GuIbTpalud MHOTO3BEHHOTO (GUIbTpa OMNpEAeNsieTcs] KaK IMPOU3BEICHUE
K02 (P hULIMEHTOB (PUIBTPAIIUU OTACIIBHBIX 3BEHBEB:

Ko=KYy Ky K- (5.13)
MHoro3BeHHbIe (WIBTPbI OOBIYHO BBIMOJHAIOT W3 Jpocceicit u

KOHJI€HCATOpOB onHoro tuma. Juga Takux ¢uiabtpoB L;=L,=L,=L,
C1=C,=C,=C, no3tomMy

Ko =50, (5.14)

rae K ((bl) — kK03 PUIMEHT PUIIbTpaIU EPBOro 3BEHA;

1 — YHUCIIO 3BEHbEB.
B [l-o6paznom ¢unetpe (cM. puc. 5.2, 2), KOTOpbIA OOBIYHO

MPUMEHSIETCS JJI1 HArpy30K Majold MOIIHOCTH, NMEPBbIM 3BEHOM SBISETCS

koHsieHcaTop C, a BTOpbIM 3BeHOM — [ -00pa3ubiilt LC- win RC-GunsTp.
Koadunuent Gunsrpanuu /7-o6paznoro ¢puiabTpa

K=Ky Ky, (5.15)
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rae K ((bl) — kod(pdunmeHT ¢unpTparuu eMkocTHoro ¢punbrpa C;

K ((bz)_ koappurrenT dpunprpanuu /-00pa3Horo GUILTPa, KOTOPBIA CBSA3AH C

napametpamu L u C, cooTHouieHuem (5.12).

B MHOro3BeHHbIX (uibTpax BOOpOC O BbIOOpE uuciaa HEOOXOIUMBIX
3BEHBEB PEIIACTCS C Y4ETOM SKOHOMMYECKHX IMokKa3arenei. IIpoBeneHHbIe
UCCIIEI0OBAaHK MIOKA3aJIM, 4YTO C DKOHOMHUYECKOM TOYKM 3peHus npu Ky > 50
LIeJIECO00Pa3HO NPUMEHATh  JBYX3BEHHBIE (QHIBTPBI, a npu Ky > 220 —
TPEX3BECHHBIE.

5.4. Pe3oHaHCHbIe ¢hunibmpbl

[Ipy HeoOXoaUMOCTH (UIBTpPALMK HANPSHKEHHUS BBIIPSIMUTENS OT
OTIpPEJICTICHHBIX TapMOHUK TNPUMEHSAIOT pe30HaHCHble (UIbTpbl (puc. 5.3).
JlocTOMHCTBaMU ~ pE30HAHCHBIX  (QUIBTPOB  sIBISETCS UX  OoJblIas
KOMIIAKTHOCTh M MEHbIIAsi CTOUMOCTh B CpaBHEHUU C OObIYHBIMU LC-

buabTpaMu.
[lo npuHLMITy NeWCTBUS pe30HAHCHBIE (QUIIBTPHI ACNATCA HA J1BA TUIIA!
1) GuIbTPHI-NPOOKHU (OCHOBAaHBI HA PE30HAHCE TOKOB);
2) pEeXKEKTOpHbIE PUIBTPHI (OCHOBaHBI HA PE30HAHCE HATPSKEHUN).
_L_ e
oL (Y YN oL (Y YN, e, 8 Py
Vel N Vel N 77
Cp Cp CO
s eIl b [
TG
e 7 e
a o 6
L,
F—e (Vg
G
- e
.
# TC
2 0

Puc. 5.3. Pe3zonancHbie GUIBTPBHIL:
a — GpunbTp-npodKa; 6 — [ -00pa3Hblil PUIBTP C PE30HAHCHBIM KOHTYPOM;
6 — PeXKEKTOPHBIN GUILTP; & — [ -00pa3HbIid PHIBTP C PE30HAHCHOM IETIOYKOM;
0 — I'-00pa3HbIii GUIBTP C PE30HAHCHBIMUA KOHTYPOM M IIETIOYKOM
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OWIBTPBI-MTPOOKH OOBIYHO HCIONB3YIOTCS BMEcCTO apoccenss B LC-
dbunetpe (puc. 5.3, 6). Koabduruent punbrpanmu /-o06pa3znoro GuibTpa c
PE30HAHCHBIM KOHTYPOM

Ky=1+Z,Y~Z,Y, (5.16)
rae Z, — CONPOTHBICHHE PE30HAHCHOIO KOHTypa Ui OIpENEICHHOM
TapMOHHKH.

BenuunHa mpOJOJIBHOTO  CONPOTUBIIECHHUS, a COOTBETCTBEHHO U
kodhduirienTa QuibTpauu pe3oHaHCHOro ¢uiIbTpa BO MHOTO pa3
NPEBBIIIAIOT MHIYKTHBHOE CONPOTHBIECHHE Apoccens u Ky obsranoro LC-
¢bunbTpa:

Z Ky

[lpumeHsis 1enmouky QUIBTPOB-MPOOOK, HACTPOCHHBIX KaXraas B
PE30HAHC Ha OMNpPEACNICHHYI0 TApMOHUKY, MOKHO OCYHIECTBUThH (PUIIBTPALIUIO
HECKOJIbKHX TapPMOHHUK.

Pexexropuble  ¢GuabTpbl (cM. puc. 5.3, 8, 2) OOBIYHO HCHOJB3YIOTCA
B /- o00pa3HbIXx (uabTpaXx BMECTO KOHACHcAaTopa i (UIbTPAIUH
OIIpeIeIEHHON TapMOHUKHU. CONIPOTUBIICHHE PE30HAHCHOM Lenoyku L,C, ipu
pPE30HAHCE MUHUMAJIBHO M ONPEIEISICTCS aKTUBHBIM COMTPOTHBIICHUEM BETBU:

Zo=ritre, (5.18)

rZe 77, ¥c — aKTUBHBIE CONMPOTHUBIICHHUS, YIUTHIBAIOIINE TIOTEPU B JPOCCEIE U
KOHJIEHCATOPE COOTBETCTBEHHO.

Koapdumment dunprpamuu [-o6pazHoro ¢uiabTpa C PEKEKTOPHOM
[ENOYKOM JJ1s1 JIF000# rapMOHUKH

1, (5.17)

Z  gpol

: (5.19)
Zy, ritre

Jliss BBICOKOW (MIBTpAIlMKM ONPEACIEHHOW TapMOHUKH HCIIONB3YIOT
GuUIBTP-IPOOKY U PEKEKTOPHBIN (PUIBTP COBMECTHO (CM. puc. 5.3, 0).

K  HemocrtaTkaM  pe30HAaHCHBIX  (QPUIBTPOB  MOXHO  OTHECTH
HEOOXOAMMOCTh MHAUBHUYaTbHONW HACTPONKHU KaXI0T0 QUIBTPA U CHUKCHHE
ko3 uimeHTa GUIbTpaIy MPH U3MEHEHWH YaCTOThI BHEIIHETO HCTOYHUKA
MUTAHUS.

5.5. dnekmpoHHbIe ¢hunbmpbli

B ucrounmkax QJICKTPOIMUTAHUA HEOOIBIIION MOIIMHOCTHU B IIOCJIICOAHCC
BpCMs BCC Oonblee MMPUMCHCHHUC HAXOAAT ITOJYIIPOBOIHHUKOBBLIC q)HHBTpBI,
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AOCTOMHCTBAMU KOTOPBIX SABJIAKOTCA MaJIbli BeC U Fa6apI/ITBI h OTCYTCTBHUC
MarHMTHBIX MOJIeH pacCesiHuA, KOTOPBIC IPUBOAAT K YBCIIMYUCHHUIO ITOMCEX

paguonpuemMy.
I[lo mnpuUMEHSEMBIM CXEMHBIM  PELICHUSIM  MOJYIPOBOJHUKOBbBIC
CIJIAKHUBAIOLLNE buIbTPHI MOJpa3AesIOTCS Ha CXEMBI C

MOCJIeI0BaTeNIbHBIM (CM. puc. 5.4, a) WK C MapajuieabHbIM (CM. puc. 5.4, 0)
PETYIHPYIOIINM TPAH3HUCTOPOM.

~— VT
Rs
C Ta
& T

a

Puc. 5.4 . CxeMbl 3IEKTPOHHBIX CTIAKUBAIOUIUX (PUIBTPOB:
@ — TOJIYTIPOBOAHUKOBBIN (PUIIBTP C MOCIIEI0OBATEIBHBIM PETYIUPYIOIIUM TPAH3UCTOPOM;
6 — MOJIYIIPOBOJHUKOBBIN (QUIIBTP C MapaJlIeIbHBIM PETYIUPYIOIIUM TPAaH3UCTOPOM

B mocnemoBartenbHBIX — TPAH3UCTOPHBIX  (QuiIbTpax  mepeMeHHas
COCTAaBIIAIONIAS] BBINPSAMIECHHOTO HANpPsDKEHHUS TaJaeT Ha KOJUIEKTOPHOM
nepexo/ie TPAaH3UCTopa, TaK Kak paboyas TOYKa TPAH3UCTOpA BHIOMpAETCS Ha
MOJIOTOM YYacTKE XapaKTepucTuku. [losToMy BelnymHa CpelHEero 3HaYeHUs
KOJUIEKTOPHOTO HaNpsHKEHUs TOJDKHA ObITh BhIOpaHa Tak, YTOObI pa3sHOCTh
CPEIHEr0 3HAa4YeHUsl KOJUIEKTOPHOTO HANpPsDKEHHSI M aMIUIMTyAa MyJbCaluu
ObUTM  OOJIbIIIE MHUHHUMAJIBHO JOMYCTUMOTO 3HAYEHUS KOJUJIEKTOPHOTO
HaIPSHKCHMUSL.

BennunHa KOJIJIEKTOPHOTO HANpPSsDKEHMSI TPAH3UCTOPA 3aBUCUT OT TOKa
0a3bl, MpOTEKawIlero uepe3 compotuBieHue Rg. llpu yBennueHun Toka
Harpy3ku (COOTBETCTBEHHO U TOKA KOJUIEKTOPA TPAH3UCTOPA) YBEIUMYUBACTCS
U TOK 0a3bl, TaK Kak

1
I :Fd’ (5.20)
rie B — ko3dduIMEeHT yCUIUTEeNIs TPaH3UCTOpa B CXeMe C OOImUM

AMUTTEPOM.

CoOTBETCTBEHHO, ISl yBEJIMYEHHUS KOd(PPuIMeHTa CriakuBaHUS
TPaH3UCTOPHOTO (QUIbTPA COMPOTUBIEHUE O0a3bl TpaH3UCTOpa Rg AOJKHO
OBITH HEOOJIBIIUM.

Kpome crarnueckoro koadduimieHTa ycuieHus TpaH3UCTOpa Ha
BEIMUYMHY KO3(P(UIMEHTAa CIIIQXKMBAaHUA MYJbCALMA  TPaH3UCTOPHOTO
bunbTpa  TaKXKe  OKa3bIBAIOT  BIUSHUE  COOTHOUIEHHWE  BXOJHOTO
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CONMPOTHUBIICHUS] TpaH3UCTOpa Ry U CONPOTUBJIEHUS KOHAEHCATopa
X=1/poC; yem Oonbllle COOTHOLIEHUE Ry/X., Tem nydiie Ko3PPUIUEHT
buabTpaluu.

B cxemax c¢ mnocienoBaTeNbHBIM BKJIOYEHHEM TPaH3UCTOpA Yepe3
TPaH3UCTOpP MPOTEKAET BECh TOK HArpy3Kd, 4To TpeOyeT MCMOJIb30BaHUSA
TPaH3UCTOPOB OOJIBIION MOIIHOCTH, B CBSI3UM C YE€M Ha MPAKTHKE OHH
MPUMEHSIOTCS PEKO.

Bonbiiee  pacnpocTpaHeHHe  TOMYYMIM  CXEMbl  CTIIQXHBAIOLIUX
(GUIBTPOB C MapauieNbHBIM BKIIOYEHHEM PETYIHUPYIOIIHUX TPaH3UCTOpoB. B
ATOM CiIydae Jake MpU OONBIIUX TOKaX HArpy3Kd MOXKET OBITh MPUMEHEH
OTHOCHUTEIHHO MAJOMOIIHBIA TpaH3uCTOp. J[JIs yMEHBIIEHHS TMOTeph
MOIIIHOCTH Ha TPAH3UCTOPE IOCIEAOBATENbHO C HArpy3koil BKIIOYaeTcs
racsiee conporuBieHue Ry. OmpHako 3T0 NpUBOAUT K yMeHblieHUo KIIJ
BBITIPSIMUTEIIS.

BaXHBIM JOCTOMHCTBOM CTJIaKMBAIOMUX (UIBTPOB C TapauieIbHBIM
BKIIIOUYCHHEM PETYIHPYIOIIUX TPAH3UCTOPOB SBISIETCS TO, YTO OHH
COXpaHAIT pabOTOCIOCOOHOCTh MUTAEMOIO YCTPOMCTBA Ja)K€ IPU BBIXOJE
U3 CTPOs TPAH3UCTOPA.

OCHOBHBIM  HEJOCTaTKOM  JJICKTPOHHBIX  (QPUIBTPOB  SBISAETCS
BO3MOKHOCTh HUX HCIIOJIb30BAaHUS JIUIIb TP MOTPEOUTENSIX, HEKPUTUIHBIX K
M3MEHEHUIO TTOCTOSTHHON COCTAaBJISIONICH BHIXOHOTO HATIPSIKEHHS.

5.6. Cemesblie ¢hunnbmpo-KoMneHcupyrowue ycmpoticmea

OcHOBOI 3HepreTuyeckux (UIBTPOB BBICHIMX TapPMOHUK SIBIISIFOTCS
[I0CJIEI0BATEIbHbIE VHJYKTUBHO-EMKOCTHBIE PE30HAHCHBIE Leny,
HACTPOEHHbIE HAa  COOTBETCTBYIOLIME HOMepa rapMoHHMK. OOBIYHO
pe3oHaHCHbIe L-C QuiIbTphl HACTPAUBAIOTCS Ha TAPMOHUKU C HOMEpaMU # =
5,7,11, 13.

[TapameTpbl Ka)K70if pE30HAHCHON BeTBU (PUIIbTpa OMPEAENSIIOTCS U3

YCIIOBHUSI
1

—
rac L Cy — HHAYKTUBHOCTb U €MKOCTBb 3JICMCHTOB (DUJIBTPA, 77 — HOMC
q” (1) 9

TapMOHUKHU.
Cxema ¢unbTpokomneHcupymoiiero ycrpoicrsa (OKVY) npusenena Ha

puc. 5.5.
/ [
é Xy —cC

(0

nO‘)L(b:




Puc. 5.5. Cxema pe3oHaHcHOTO GuiIbTpa

B cocraB ycrpolictBa, kpoMe pe3oHaHCHBIX L-C 1IeNoYeK, HACTPOCHHBIX
Ha 5, 7, 11, 13 rapMoHMKH, BXOIHUT YHPABISIEMBIA THPUCTOPHBIN
WHIyKTUBHBIA PeakTop X; M IMUPOKONOIOCTHON eMKOCTHOU (GuiIbTp Cy.

Ilo mpuBeeHHOW CXEM€E BBIYCKAIOTCS CEPUU KOMIUIEKTHBIX CHIIOBBIX
pe3oHaHCcHBIX (uibTpoB 5, 7, 11, 13 rapmonuk mis ceret 6-10 kB
MoutHOCThIO 10 1200 kBAp miig 5 m 7 rapMoHuK U MomHOCTEIO 850 kBAp
s 11 u 13 rapMoHHK.

[Ipumenenue ¢GuUIBTPOB IIe€CO00pa3HO, Korjaa TpeOyeTcss He TOJIBKO
YIYy4IIUTh  TAPMOHMYECKUMH  COCTaB  HANpsDKEHHsT  CETH, HO U
CKOMIICHCUPOBaTh PEAKTUBHYIO MOIIHOCTh II0 OCHOBHOM TapMOHUKE B
paccMaTpUBaEMOM MYHKTE CUCTEMBI JIEKTPOCHAOXKEHHUS.

O4eBUAHO, YTO pE30HAHCHBbIE (UIBTPHI BBICHIMX TApPMOHUK Ha
OCHOBHOM YacTOT€ CETH MPEJCTaBISAI0T CO00M peakTUBHBIE HArpy3Ku
€MKOCTHOTO  XapakTepa. PerynmpoBka pe3yJdbTUPYIOIIEN pEaKTUBHOU
MOIIHOCTH B LIEMHU JOCTUTAETCS C MOMOIIBIO UHAYKTUBHOI'O pEaKTOpa Xz, TOK
KOTOPOT'0 PETYIHPYETCs OUTOISAPHON TUPUCTOPHOU suerikoit. Ilpu momHOM
OTKPBIBAHUM BEHTWIEH peakTopa CyMMapHas pEaKTUBHAs MOIIHOCTb
YCTAHOBKH OMPENENIAETCS Pa3HOCTBIO MEXIY MOIIHOCTBIO, T'€HEPUPYEMOM
(GuUIBTPOM, M MOIIHOCTHIO, MOTpedisieMol peakTopoMm. Ilpu 3akpeiBaHUU
BEHTWJIE MOIIHOCTh WHIYKTUBHOTO PEAKTOPA YMEHBIIAETCS W NpPU HX
IIOJIHOM  3aKpbITUM MOUIIHOCTb, reHepupyemas @DPKVY, onpenensercs
CYMMAapHOH MOIIHOCTBIO OaTapeil KOHJIEHCATOPOB (PUIIBTPOB.

OWIBTPOKOMIIEHCUPYIOIIME  yCcTpoiicTBa  HauOosnee  3(PPeKTUBHO
MPUMEHATh B CETAX C M3BECTHBIMU U CTAOWJIBHBIMH XapaKTepPUCTHKAMU
UCKAKEHUW KpUBBIX TOKOB U HampsbkeHuil. OOBIMHO 3TO TpeOoBaHUE
BBIITOJIHSETCS 711 BEHTWIBHBIX HArPy30K — BBINPAMUTENEH, PETYIATOPOB U

Ap.
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6. MTPEOBPA30OBATEJIN YACTOThbI

Opnum U3 Hauboliee PaclpOCTPAHEHHBIX CIOCOOOB MpPeoOpa3zoBaHUs
AJIEKTPOIHEPTUU 110 YACTOTE U BEIIMYMHE HANPSKEHUS SBIISIETCS IPUMEHEHUE
cTaTuueckux npeoodpazosateneid yactoTel (CIIY), BBINMOTHEHHBIX HA OCHOBE
MOJIYIIPOBOJAHUKOBBIX ~ MpuOopoB. OcHOBHbIMU  nocTtouHcTBamu  CITY
ABJIAIOTCS: IIMPOKUNA [HMANa30H 4YacTOT MPeOoOpPa30OBAHHOIO HAMPSIKEHUS C
BO3MOXHOCTBIO €ro TUIaBHOU peryiaupoBkH; Beicokuit KITJ[ npeobpazoBanus;
HAJIe)KHOCTD U XOPOILIHE HKCILUTYyaTallMOHHbIE Ka4eCTBA.

[lo cmocobam mnpeoOpazoBanusi mepBUYHON dnekTpodneprun CITY
paszensiorcs Ha mnpeoOpa3oBaTeild CO 3BEHOM IOCTOSHHOTO TOKa, WIIU
BBINIPSIMUTENIbHO-UHBEPTOPHBIE, M HAa TIPEe0Opa3oBaTesid C HEMOCPEICTBEHHON
cBs3blo nutaromen cety U Harpy3ku (HITH). HITY mMoryT BBIONHSATHCS Kak €
ectecTBeHHOM kommytanueidt BenTwied (EK), Tak W ¢ HCKycCTBEHHOM
kommyTanueit (MK).

6.1. lpeobpazoeamesnu 4Yacmombl C HenocpedcmeeHHOLl
C853bi0

HIIY ¢ ecrecTBeHHOM  KOMMYTallMEd  BEHTUJIEW  IO3BOJISIOT
npeo0pa3oBbIBaTh MEPEMEHHBI TOK OJHOW YacTOThl B MEPEMEHHBIM TOK
apyroi — Oonee Huszkoil. OOBIYHO [ Tpolecca Npeodpa3zoBaHUs
ANEKTPOIHEPTUU C BBICOKMMH SHEPreTUYECKUMU MOKA3aTENSIMUA OTHOLLICHHE
MEPBUYHON YACTOTHI f; K BBIXOJHOM YaCTOTE f; JOJIAKHO ObITh HE MeHee 4—3.

Opgna w3 kiaccuyeckux TpexdasHo-Tpexdasupix cxem HIMY ¢
€CTECTBEHHOW KOMMYTAallMel BEHTWIECH IpuBeIeHa Ha puc. 6.1.
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Puc. 6.1. CunoBas cxema tpexdazno-tpexdaznoro HITH EK Ha ocHoBe
HYJIEBBIX TIPe00pa30BaTEIbHBIX CXEM

CuiioBasi cxema coctouT u3 Tpex komruiektoB Bentwieu (I, II, III),
KOKIBIA M3 KOTOPBIX TIPEACTaBIseT COOOH JBE BCTPEUHO-MApAILIEITHLHO
BKJIFOUEHHBIE HYJIEBbIE CXeMbl. Kaxabiii KoMmIuiekT (opmupyet dasHoe
HanpsbkeHue U, Ha COOTBETCTBYIOLIEM €My Harpyske Z,, Z, Wi Z. C
gactotoi f>. Kaxnmas u3 ¢a3 mpeoOpaszoBatenss paboTaeT HE3aBUCUMO OT
npyrux. [punmun neiictBust HITY nosicHsieTcss BpeMEHHBIMU JTHarpaMMaMmu,
MpeACcTaBleHHbIMU Ha puc. 6.2. Eciu B MOMEHTBI BpEeMEHU 1, ), I3
OTKpBIBaTh TUPHUCTOPHI 1, 2, 3, a K MOMEHTY BPEMEHH f4 CHSITh HUMITYJIbCHI
yIOpaBJICHUS, TO Ha Harpy3ke cOopMUpYETCs TOJIOKHUTEIbHAs TOJYBOIHA
BBIXOJHOTO HamnpspbkeHust U,. OTKpbIBass THUPUCTOPHI 4, 5, 6 B MOMEHTHI
BpEMEHH fs5, lg, t7, GOpPMHUpPYETCS OTpHUIATEIbHAs TOJYBOJIHA BBIXOJIHOTO
HaIPsHKESHUS.

Takum 00pa3om, peryaupyss ¢ TIOMOIIBIO CHUCTEMBbl YIIPaBICHUS
KOJIMYECTBO TOJYIEPHUOIOB TEPBUYHOTO HampsbkeHuss U; B TONyNEpUOje
BBIXOJTHOM YaCTOTHI f,, MOKHO JUCKPETHO PEryJIUPOBATh BHIXOJAHYIO YacTOTY.
WNuTepBan AuWCKpeTU3aIllMd  COOTBETCTBYET TMOJYNEPUOSY  HAINPSIKSHUS
nurarotieit cetu U;. YacTora OCHOBHOM TapMOHHMKH BBIXOJHOTO HAIPSYKEHUS
MOXET OBITh OIpe/ieieHa U3 BhIpakeHus [9]:

f2_ flml

- 5
2n+ m
ra€ n — KOJIHUYCCTBO HOHyBOHH HepBI/IqHOFO HaprI)KeHHfI;
m; — KOJIN4eCcTBO (a3 MepBUIHOM CETH.

(6.1)
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Puc. 6.2. Bpemennsie auarpammsl HITY ¢ EK
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JIJIsi OCyIIeCTBIICHUS TUTABHOTO PETYIMPOBAHUS YaCTOTHI MPUMEHSICTCS
perynupyemas maysa (f,;) MeXIy BKIIOUECHHEM M OTKIIFOUCHHWEM KaTOJHOW U
aHOJTHOM TPYIIT BEHTHJILHOTO KOMITJICKTA.

JIIst peryIupoBaHus BEIMYMHBI BEIXOAHOTO HAIIPSHKCHUS YIIPABIISIOIINAE
UMITYJICBI Ha THPUCTOPHI MOJAIOTCS C 3ama3bIBAHUEM OTHOCHTEIIBHO TOYCK
€CTEeCTBEHHOW KOMMYTAIuu (¢, f, t3....) Ha yroia o (U, Ha puc. 6.2).

Yayummthk (opMmy BbixogHoro HampspkeHuss HITY Bo3MOXHO myTeM
IUTABHOTO WM3MEHEHUS BCIIMYWHBI yIia YIPABICHUSA O O TEPUOIUICCKOMY
3aKOHY: TPEYTroJIbHOMY, apKKOCHHYCOUAaIbHOMY M Jp. Hampumep, Ha pwuc.
6.4 TOKa3aHBl BPEMEHHBIC JWAarpaMMbl TOKOB M HaNpsDKEHUH Tpexdas3Ho-
onnodaznoro HITY ¢ EK, coOpanHoro nmo MmoctoBoit cxeme (puc. 6.3).

JUIs  ToylydeHHMsT KpHWBOW  BBIXOJHOTO HANpPSDKCHHsSI, OJM3KOH K
CUHYCOUJQIBHON, YIJIBl PETYJIHPOBAHUS B  BBIIPIMUTCIBHOM 0O |
WHBEPTOPHOM [} peXMMaXxX JIOJDKHBI U3MEHATHCS 10 apKKOCHHYCOUIATbHOMY
3aKkoHy [9]:

o =arccos(vsing,t), (6.2)

U2m

2m0
Uspmo — HamOoJpliee 3HaYEHUE BBIXOJHOIO HANPSHKEHMSI, COOTBETCTBYIOLIEE
MOJIHOCTBIO OTKPBITBIM THUPUCTOPAM.
[Ipu v = 1 3aK0H U3MEHEHUs YIJIOB PEryJUpoBaHUs o U B s oOeux
IpyHI TUPUCTOPOB AOJKEH ObITh IMHEHHBIM (puc. 6.3).

roe V= ) Ugm — aMINTUTYIHOC 3HAUYCHUC BBIXOJHOTO HAIIPAKCHUA,
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Puc. 6.3. HenocpencTBeHHBIM mpeoOdpa3zoBaTeb YaCTOTHI TPEX(Pa3HOTO TOKa
B 0AHO(Da3HbIN, COOpaHHBIN IO MOCTOBOM cxeme

Ha nmarpamme BHIIHO, YTO KpWBas HANpsDKEHUS Ha HArpy3Ke MO CBOEH
dopme npubimxkaercs K OCHOBHOW rapmonuke U, OueBHIHO, 4YTO ueM
0obIlIe KPAaTHOCTh YaCTOT MHTAIOMIETO HAMPSIKEHHS] W BBIXOJHOW YacCTOTHI
npeoOpazoBatensi, TeM Ommxke ¢opma BbIxoAaHOro Hampspkenus U, K
CUHYCOUJIE.

K ocHoBHbiM pgoctomHcTtBamM HITY EK wmoryr OBITH OTHECEHBI
CJIeIyIOUIHE:

— Bbicokurd  KIIJl, Omaromapsi  OIHOKpaTHOMY  MpeoOpa3OBaHUIO
AIEKTPOIHEPTUH;

— BO3MOXXHOCTH JBYCTOPOHHETO OOMEHA JJICKTPUICCKON IHEPTHEH MEKTY
MUTAIOIEH CEeThI0 W Harpy3KoW, YTO IMO3BOJSET MpeoOpa3oBaTesio
paboTath Ha 000 THUIT HATPY3KHU;

— OTHOCHTEJIbHAs MPOCTOTA CHUIIOBBIX CXEM MpeoOpa3oBaTels;

— ©CTeCTBEHHAsi KOMMYTAIIUs BEHTHIICH.
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B kavectBe Hambojee CyIIECTBEHHBIX HEIOCTAaTKOB JaHHOTO THIIA
npeoOpazoBaTenel  OTMETHUM  HU3KUHA  KO3(P(GUIHMEHT MOIIHOCTH U
OTrpaHWYEHUE BEPXHETO MPEJIENIa YACTOThI BBIXOIHOTO HATIPSIKEHUSI.
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Puc. 6.4. ®opMmupoBaHU€e BBIXOIHOTO HANPSKEHUS
IIpU IIEPEMEHHOM yruie peryianposanus HITH

BBeneHne HMCKYCCTBEHHOM KOMMYTallMd  MO3BOJISIET  PacCUIMPUTH
JUana3oH BBIXOJHBIX YacTOT M TMOBBICUTH DJHEPreTHUYECKHE IMOKa3aTelu
IpeoOpa3oBaTeIs YaCTOThI C HEMOCPEACTBEHHOM CBS3BIO.

Ogaum  u3  HauOosiee HPGEKTUBHBIX CIOCOO0B  (POpMUPOBAHUS
BBIXOIHOT'O HAMPSKEHHUS C MTOMOIIBIO MOJTHOCTHIO YIPABISIEMBIX CTATHUECKHUX
npeoOpa3zoBaTesield 4acTOThl SIBISETCS LUKIMUYECKOE IOJKIOYEHHE dYepes
paBHble HMHTEpBajJbl BpeMeHU (a3 UCTOYHMKA K (pazam Harpy3ku. B sTom
Clly4ae B BBIXOJHOM HANPSKEHUU UCTOYHUKA OTCYTCTBYIOT CYOTapMOHHMKHU B
IIMPOKOM JIMala30He HW3MEHEHWl 4YacToT TreHepaTopa W KOMMYTalluu.
Cucrema ynpasieHus: peoOpa3oBaTess MOJyYaeTcsl CPaBHUTEIBHO MTPOCTON
Osarogaps TOMy, 4TO HE TpeOyeTcs oJy4yaTh U UCIIOJIb30BaTh MH(OPMaLIUIO
O MEePBUYHOM HAMNPSKEHUU.

Bapuant HITY UK noxa3an Ha puc. 6.5.

CucremMa MNUTAOIIUX HANPSHKEHUH TpelncTaBisier coOod m  rpymm
Tpex(da3HpiX cucTeM. MHUHUMaNIbHOE 3HAYEHUE m = 2, C YBEJIMYECHUEM
KOJIMYECTBA TPy Tpex(a3HbIX 0OMOTOK KaueCTBO BBIXOJAHOI'O HAIPSKEHUS
npeoOpa3oBaTensl  yJIydllaeTcss Npd  OJAHOBPEMEHHOM  YXYIILIEHUHU
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KCTOJIb30BAHUSI MOIIIHOCTHU MEPBUYHOTO UCTOYHUKA 3JIEeKTponuTanus. Kiroun
K, K;,. . ., K, — HOJIHOCTBIO yIIpaBIIsIEMBIE.

[Mpunnun  geiicTBus mpeoOpa3oBaTeNs TMOSACHIETCS BPEMEHHBIMU
auarpaMmamMu, TIOKa3aHHbIMU Ha puc. 6.4. Ecium B TeyeHHE BpPEMEHH
At = t; — tp 3aMKHYT TIEPBBIN KIIt04 K|, a OCTallbHbIE PA30MKHYTHI, TO K (hazaM
Harpy3ku OyayT npuiokeHsl ¢dazubie Hanpsikenus U,y, Uy, U,. B momeHT
BPEMEHHU f| 3aMBIKAETCSl CICIYIOIINI KIII0Y U pa3MbIKaeTcs npeasiayumid. Ha
WHTEpBaJle f,—f; HaANpsDKCHHE Ha Harpy3ke (QOpMHUpYETCs W3 HaNpsHKCHUM
cienymwieit rpynibl 00MoTok: Uy, Uy, Uy, CABUHYTHIX OTHOCUTENBHO U,

27
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Puc. 6.5. Cxema u Bpemennsie quarpammel HITH UK

Takum o0pa3om, B pe3yjibTaTe MEPEKIIOUYEHUS OOMOTOK MCTOYHHMKA
MOJTIYTIPOBOIHUKOBBIMU KiMtouaMu K, Ks,. . . , K, B Harpy3ke dhopmMupyercs
MEPEMEHHOE HANPsHKEHUE C YacTOTOM fp, OTIIMYHON OT YaCTOThI MUTAIOIIETO
ucrouyHuka fi. Ha puc. 6.5 nmokazano HampspkeHue oHou u3 a3 Harpysku U,
MpU KOJWYECTBE Tpynnm oOMOTOK m = 6. HampspkeHust nByx apyrux ¢as
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3 3
paZriad BBIXOJIHOTO HANPSDKEHUS YaCTOTHI f;.
Yacrora OCHOBHOW TIapMOHMKM KPUBOM BBIXOJHOI'O HAIIPSKEHUS
CBsI3aHa C YaCTOTOW MEPBUYHOMN CETH f| U YACTOTOM KOMMYTAIMH f, Kak

rfo= S (6.3)

C BO3pacTtaHueM 4acTOThl KOMMYTallUd OOMOTOK MCTOYHMKA MUTAHUS OT
HyJs J0 f; 4YacToTa OCHOBHOM TapMOHHMKHM HANpsOKEHUsS Ha Harpyske
yMeHbIlaercs oT fi 1o Hynd. Ilpu fi > f; 4YacroTa OCHOBHOW TapMOHUKHU
BBIXOJIHOT'O HANpPSKEHUs BHOBb yBennunBaeTcs. CMeHa 3Haka y BBIXOJHOU
YacTOThl YKa3bIBa€T HAa OOpATHBIM MOPSAOK uYepenoBaHMs (a3 HaNpPSKEHUS
Ha Harpys3ke. CienoBaTelbHO, IPUMEHEHUE pacCMaTpUBAEMOM CXEMBbI IJis
YaCTOTHOTO PEryJIMpOBaHUSl 3JIEKTPOJBUTATENIe OOecrneynuBaeT IUIaBHBIN
OECKOHTAKTHBIN peBepc MPHU U3MEHEHUU COOTHOIIECHUS [/ fy.

W3 nmpunnuna aedcTBus mnpeoOpa3oBaTesst CIEAYET, YTO BBIXOAHOE
HanpsbkeHue (GopMupyeTcsi U3 MHOro(pazHOTro HaNpsHKEHUs TIEPBUYHOM CETH.
Oyukuus HITY cBoauTcst K MepekstoueHuIo Tpynn Tpex(da3HbIX 0OMOTOK B
ONPENENICHHON  IOCJIE0BATENbHOCTU.  JJIUTENBHOCTh  MOAKIIOUEHHOTO
COCTOSIHUS Ka)XJOW rpymibl Tpex(da3HbIX OOMOTOK K HArpy3Ke ONpereauTCs
KaK

T

At
T 6

rae ky - orHomenue 4yactorsl DJIC 0OCHOBHON rapMOHMKH NIEPBUYHON CETH f)
K YacTOTE€ OCHOBHOM TapMOHMKH BBIXOJHOTO HANpSDKEHUS fr. 3HAK — «-»
COOTBETCTBYET  pEXHMMy  paboThl  mpeoOpa3oBaTenss C YacTOTON
NEePEeKITI0YeHUs] OOMOTOK fi < fi, «+» —C 4aCTOTOM KOMMYTallH fi > f].

[Ipy MTHOBEHHON KOMMYyTAaIMK KJII04Yeil mpeoOpa3oBaTeliss MOXKET ObITh
MIPOBEJICH TApMOHUYECKUN aHAIN3 TOKOB M HANpsDKEHUM mpeoOpa3oBaTes u
ONpeJieieHbl  €ro  3HepreTudeckue  xapakrepuctuku. Koadduuument
npeoOpa3oBaHusl IO HANPSHKEHWIO, PABHBIM OTHOIICHUIO JIEWCTBYIOIIETO
3HaueHus (Ha3HOrO HAINpPSHKEHUS OCHOBHOM TapMOHUKH  HaIpPSKEHUS
Harpy3ku U,; K JEHCTBYIOIIEMY 3HAYEHUI0 OCHOBHOM FapMOHUKH MUTAIOMIEN
cetu Uy, paBeH [5]

Uz m . T
kyi=——"=—sin—, (6.5)

U, ™ m
Koaddunment npeobpazoBaHusi MO TOKY MHpPH JOCTATOUHO OOJIBIIOM

KOJIMYECTBE IpyIit 0OMOTOK m > 6 paBeH
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Dy gin ™7
m

rae [, — NeUCTByIOIIee 3HAUCHHE OCHOBHOM rapMOHUKH TOKA HArPY3KU;

I, — neicTByolee 3HAUYCHHE OCHOBHOW TapMOHHMKH (Da3HOTO TOKa
MUTAIOIIEN CETH.

Ha BpemeHHBIX auarpaMmax TOKOB M HaIPsDKEHUM MpeoOpazoBaTelis
(cMm. puc. 6.5) 3ameTHBl y4yacTku (fy — ¢, t; — 1), Ha KOTOPBIX OCHOBHAas
rapMoHuka (azHoOTro Toka OOMOTOK MUTAIOIIETO UCTOYHUKA OTIEPEKAET CBOIO
OHC u yuactku (t3 — ty, t4 — t5), HA KOTOPBIX TOK UMEET SIBHO OTCTAIOIIHM,
WHIYKTUBHBIA XapakTep. B cpeqneM uHTErpanbHoe 3HaueHue ko3¢ duirenHTa
MOIITHOCTH TaKOTr'0 IIpeoO0pazoBaTelisi MOXKET OBbITh CYIIECTBEHHO BBIIIE, YEM B
HITY EK.

Takum o00pa3oM, IIEHOM HCMOAB30BAHUS TIOJHOCTHIO YIPABISIEMBIX
BEHTHJICH yIaeTcs YIy4IIUuTh XapaKTepUCTUKHU MpeoOpa3oBaTeieid YaCTOThI C

HETIOCPEJICTBEHHOU CBA3bI0 U €CTECTBEHHOM KOMMYTAI[MEW BEHTUIICH.

kn (6.6)

6.2. BbinpsiMumesnbHO-UHBEPMOPHbIe npeobpazosamenu
Yyacmombl

BrInpssMUTEIbHO-UHBEPTOPHBIE TTPeoOpa3oBaTEIM YacCTOThl CTPOSITCS B
COOTBETCTBUU CO CTPYKTYPHOW CXEMOW, MOKa3aHHOW Ha puc. 6.6. B stom
npeobpa3oBaTesie IMepeMeHHoe HampspkeHue Up, fi, m; TOUTaloOmEel CeTH
BBITIPSIMJISICTCSI C TMOMOINIBIO BhIpsAMUTENST B, ¢unsTpyercs punbtpom @ u
WHBEPTUPYETCS aBTOHOMHBIM MHBEPTOpOM AU B BbIXO[HOE HampsikeHue U,
UMeEIoIee YacToTy f» W KoimuecTBo a3 my. PerynmupoBaHue 4YacTOTHI
BBIXOJIHOTO HAMpSHXKEHUS OCYIIECTBIISIETCS WHBEPTOPOM, a BEIMYMHBI —
yhpaBisieMbIM BeIpsMuteneM. Horaa o6e (yHKIMHM BBIMOJIHSAET UHBEPTOD,
a BBIIPSIMUTEIIb UCIIOIB3YETCS HEYIIPABIISIEMbINA. Y TIPAaBICHUE BHITIPAMUTEIIEM
OCYILIECTBIISACTCS CUCTEMOM ymnpasieHus Boinpsamutens — CYB, a uaBepropa
- CVI.

Janubii THO mpeoOpa3oBarenield dacToTrhl mpoite, dem HIIY, wu
MO3BOJISIET PETYIUPOBATH BBIXOJHYIO YaCTOTY f> B IIMPOKOM JHAIa30HE, KaK
BBIIIIC, TAK U HUYKE YaCTOTHI MUTAIOIIEH CETH.

Henocrarkom BBITIPSMUTEIbHO-UHBEPTOPHBIX npeoOpaszoBaTeneit
YacTOTHI SIBJISICTCS JBOMHOE MPeoOpa3oBaHUE JHEPTUU, UYTO YXYJIIAET HX
KITJI v npuBOAMT K YBEIMYECHUIO MAacChl U Ta0apUTOB.
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CYB = CVYHU

U,
Puc. 6.6. CtpykrypHas cxema npyeoGpa3OBaTenﬂ YaCTOTHI

C IMPOMCKYTOYHBIM 3B€HOM ITOCTOSAHHOT'O TOKa

Baxneiimum smeMeHTOM TpeoOpas3oBaTeieli 4acTOThl CO  3BEHOM
MIOCTOSSHHOTO TOKa SIBJISIETCS aBTOHOMHBIM HWHBEpTOp. B oTiaumume ot
WHBEPTOPOB, BEJOMBIX CETHIO, Y aBTOHOMHOI'O HWHBEPTOpPA HA CTOPOHE
MEPEMEHHOr0 TOKa HET uctouHuka nepemenHon J/[C. [ToaToMy aBTOHOMHBII
WHBEPTOP MPUHUUIHAIBHO HYXAAETCSI B  IOJHOCTBIO  YIPABISEMbBIX
BEHTHWJISIX, BBIMOJHSIONINX POJIb KITIOUEH, KOMMYTHPYIOIIUX (ha3bl HATPY3KH K
HMCTOYHUKY TTOCTOSTHHOTO HAIPSXKEHUS.

ITo xapakTepy HpOTEKAIOIIUX B CXEME€ JJIEKTPOMATrHUTHBIX MPOILIECCOB
ABTOHOMHBIE MHBEPTOPHI MOPA3ACISAIOTCA Ha HHBEPTOPHI TOKA U UHBEPTOPHI
HanpsbkeHus (cM. puc. 6.7, a, 0).

HNuBepTopsl HanpsHkeHUs: GOPMHUPYIOT B HATPY3KE KPUBYIO HATIPSKEHUS,
a (hoopMa TOKa 3aBUCHUT OT XapaKTepa Harpy3KHu.

B nepsom nonynepuoge (0 < 0 <1, puc. 6.7, 6) OTKPBITHI BeHTWIH VS| 1
VS,, myTh TOKa MOKa3aH CIUIONIHOW juHUEH. B mMomeHT BpemeHu O = f,
BeHTWIU VS| u VS, 3akpbiBatorcs, a BeHTUIu VS; u VS, otTkpsiBatotcs. Tak
KaK Harpy3ka HMMEET aKTMBHO-WHAYKTHUBHBIM XapakTep, B NEPBbIA MOMEHT
nocJie nepekyiroueHus: BeHTuieh (4, < 0 < ¢3) Tok B Harpyske 3a cueT D/[C
CaMOMHAYKIIUM COXPaHSET CBOE HAIMPABJICHHUE, a TOK B LIENH HCTOYHUKA
MUTAHUS MEHSIET 3HaK. B 3TOT MpoOMEKyTOK BpEMEHH 3allaceHHas B HArpy3Ke
SHEprus BO3BPAIIAETCS B UCTOUHUK MUTAHUS.

IIpy aKTUBHO-MHIYKTUBHOM HArpy3K€ PEaKTUBHBIM TOK Iy 3aMBIKACTCS
Ha HWCTOYHUK IIOCTOSIHHOTO HampspkeHuss U; depe3 OHOAbI  0OpaTHOro
Beinpsimutens VD, -VD, (myHkTUpHas JTuHUS Ha puc. 6.7, 6). Eciu unseptop
MATAETCSI OT BBIIPSIMUTENS, TO JJIsI 00ECTICUCHUSI TPOBOIMMOCTH UCTOYHUKA
MOCTOSTHHOTO HAMNpsDKEHUST B OOpaTHOM HAIMpAaBJICHUH HA BXOJE CTaBUTCS
KOHJIeHcaTopHas Oatapesi C, KOTOpasi OJTHOBPEMEHHO BBITIOIHSACT U (DYHKIIUU
dbunbTpa BBICHIUX TapMOHUK. VHBEpTOp HANpPsHKEHUS XapaKTepu3yeTcs
KECTKOU BHEITHEN XapaKTePUCTUKOM, MOXKET paboTaTh B peKUME, OJIM3KOM K
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xoJjioctoMy xoay. Harpyska nHBepTOpa HApsIKEHUSI MOKET UMETh aKTUBHBIMN
WU aKTUBHO-WHIYKTUBHBIA XapakTep. M3-3a 3HAUUTEIBHBIX OPOCKOB TOKa
JTAHHBIN TUIT UHBEPTOPOB HE MOKET pabOTaTh Ha EMKOCTHYIO HAPY3KY.

Lq e e .
4+ N N :
E —VD1 VS] VS3 ? VD3
v o, W | L N ST L
Ui | Uiy = D r_____g__’.____l VD
L] L | 44 VS4 2 2
L 37\ 1 SA N 5 N 37\ ,,§7\ iy
e R

' I - Uy, Iy 1
e A o A" /

a 0

Puc. 6.7. Cxembl 1 BpeMeHHBIE TuarpaMMbl HHBEPTOpPA TOKA (a)
Y MHBEpTOpa HampskeHus (0)

HNuBepTopsl Toka (GOpMUPYIOT B HArpy3ke KpuByro Toka (puc. 6.7, a).
dopma KpUBOW HAIPSIKEHUS 3aBUCUT OT I[apaMeTpoB Harpys3ku. [l
[IPUIAaHUS THUTAOIEMy UCTOYHUKY CBOMCTB HMCTOYHMKA TOKAa BO BXOJIHYIO
LEeMb BKJIIOYAeTCs Apoccenb Ly ¢ 60b1I0i HHAYKTUBHOCTHIO. HBEpTOp TOKA
MOXXET paboTaTh TOJBKO Ha AaKTUBHO-€MKOCTHYIO HAarpysKy, Korja
HaNpsDKEHUE aHOJ-KaTOJ, 3aKPBIBAIOLIETOCS BEHTUII B TEYECHHUE HEKOTOPOIO
BPEMEHU NOAAECPKUBACTCA OTpULATEIbHBIM. B pexume xosocrtoro xoxaa
JaHHBIA THUI MHBEPTOPOB paboOTaTh HE MOXKET H3-32 HEBO3MOXKHOCTHU
nepesapsga konaeHcaropa C.

Haubonbmee pacnpocTpaHeHue NOIYYWIM Tpex(asHble aBTOHOMHbBIE
WHBEPTOPBI, CPEAN KOTOPHIX HEOOXOJUMO OTMETUTH MOCTOBYIO CXEMY.

CuiloBasi cxema Takoro MHBEPTOpA C BKIKOYEHUEM HArpy3KH B 3BE3AY
MmokaszaHa Ha puc. 6.8. Jlnsg 3aMbIKaHUS PEAKTUBHOIO TOKAa HArpy3KH
unBeptop AU ucnons3yet o6patHbiit Beimpsamutess OB.
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Puc. 6.8. CunoBas cxema Tpex¢a3HOr0o MOCTOBOTO HHBEPTOPA

PaccMoTpuM npuHIMI  (POPMUPOBAHUS TMEPEMEHHOTO Tpex(pa3HOro
HaIpsDKEHMS], CUNTAasA, YTO JJIMTENIBHOCTh YIJOB NMPOBOAUMOCTH THPUCTOPOB

paBHa 180°.

BpeMCHHBIC auarpaMmbl IIPOBOAUMOCTHU CHJIOBBIX BCHTUJICH

aBTOHOMHOTO MHBEPTOpA NOKa3aHbl Ha puc.6.9.

|||||

A

Puc. 6.9. BpemeHHbIe quarpaMMbl IPOBOJIUMOCTH BEHTUIIEN
1 (ha3HbIX HANIPSKEHUI Ha Harpy3ke Tpex($a3Horo MOCTOBOI'O HHBEPTOpa
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Kak BuAHO M3 quarpaMmbl, KaXxJA0My U3 BO3MOXKHBIX IIECTH COUYETAHUN
COCTOSIHUM  BEHTWIEH COOTBETCTBYET CBOSl DKBUBAJEHTHas CXeMa
NOAKIIOUeHHUsT (a3 Harpy3ku K HcTouyHuKy nurtanus U, Bcee »atn
HKBUBAJICHTHBIE CXEMbI XapaKTEePU3YIOTCS JABYMsI CIIOCOOAMM TMOIKIIOUYEHUS
Harpy3ku. Kaxnas ¢aza nmubo BKIIOUEHA MapaienbHO Apyrodl ¢dasze u
MOCJIEIOBATENIbHO € TPETheH, MO0 MOCIENOBATENbHO C JABYMS JPYTUMHU
dazamu, coelMHEHHBIMU  mapasuienbHo.  [losTomy  mpu  paBHBIX
CONMPOTHUBICHUSIX (a3 K KaKI0M (a3e MpuKIIagpIBacTCs HANPSKEHUE, paBHOE

2
Vs o 2Ua
3 3

IBYXCTyleH4yaTyto (opmy. JleicTByromee 3HaueHue (ha3HOrO HaIpPSKEHUS

dazHoe HaIlPAKCHUC B 9TOM ciy4dac HMCECT

2 o o
qu = \/_Ud 3 > AMIUINTYIHOC 3HA4YCHUC IepBON rapMOHHNYCCKOU

o 2 o
COCTABIABUICH [y, = Udn. B KpuBOI  BBIXOJHOTO  HAaINpSKEHUS

Tpex(}a3zHOro MOCTOBOIO HMHBEPTOpPA OTCYTCTBYIOT TapMOHMKH, KpaTHbIE
TPEM, aAMIUIUTYJHbIE 3HAYEHUE MATOM M CEAbMOM TapMOHHK COCTaBIISIOT
coorBeTcTBeHHO 20 m 14,3 % or ammuuTynsl nepBod rapMoHUKHU. llpu
BKJIIOUEHUU HArpy3Kd B TPEyrojbHUK ¢GopMa (pa3HbIX HaNpsIKEHUN
[I0JIy4aeTCs MPSAMOYTOJIBbHOM.

Kpome 180°- ro ympapieHus BEHTWISIMA HUHBEPTOpPA, PacIpOCTPAHEHO
takke 120°-e ympaBieHuWe, 4YTO NpPU COCIMHEHUM HArpy3kKu B 3BE3NY
oOecrieynBaeT MNPSIMOYTONbHYI0 (OpMY HaNpsOKEHUsT Ha Harpyske, a Ipu
COEIMHEHUN HArpy3KH TPEYrOJbHUKOM — JABYXCTyHEHYaTyro, Kak s 180°
YIPABIICHUS.

6.3. Cnocobbl  yny4dweHuss  Kayecmea  8bIXOOHO20
HanpsiXeHuUsi aeMOHOMHbIX UH8epmopoe

BaxxHeNMMU TEXHUYECKUMH XapaKTEPUCTUKAMU, NPEABIBISAEMBIMA K
ABTOHOMHBIM HMHBEPTOpPAM, SBISIOTCS BBICOKOE KayeCTBO BBIXOJHOTO
HaIpsKEHHSI M BO3MOYKHOCTD €r0 PEryJIMPOBaHMs B 3aIaHHBIX IIpeenax.

VYiay4qmuts ¢GopMy BBIXOAHOTO HANPSHKEHHsS aBTOHOMHBIX HHBEPTOPOB
BO3MOKHO  HECKOJbKMMHU NYTSAMHU: HCIOJIb30BAHUEM  DJIEKTPUUYECKHUX
(GuUIbTPOB,  BEKTOPHBIM  CHUHTE3UPOBAHUEM  CHUHYCOUJbI,  IIMPOTHO-
MMITYJIbCHOM MOAYJISILUEN NPSIMOYTOJIBHOTO HATIPSIKEHUS.

B kadectBe (UIBTPOB OOBIYHO NPUMEHSIOTCS maccuBHble L-C—
GUIABTPBI pa3IUYHBIX CXEMHbIX pemeHud. HemoctatkoMm QuiabTpyrommx
YCTPOMCTB SIBJIsIETCSl OOJIblIasi yCTAaHOBJIEHHAs] MOLIHOCTh, a CJIEI0BATENbHO,
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rabaputel U Bec. HWHBeEpTOpHI € peryiupyeMol 4YacToTo TpeOyroT
npUMeHEHUs! (GUIBTPOB C MEPEHACTPANBAEMBIMH ITApaMeTpaMHu.

CyTb BEKTOpHOro crmoco0a cOCTOMUT B (OPMUPOBAHUM BBIXOJIHOTO
HampsDKeHUsT W3 HampsDKEHUM  HECKOJNIbKUX  HMHBEPTOPOB, HMMEIOIIMX
cooTBeTcTBYyIOIIME (azy u yactory. Hampumep, Ha puc. 6.10 nokasan
OpuHIUN  (GOPMHUPOBAHUS HANPSDKEHUS — YIyYIIEeHHOM (OpMBI  myTeM
CYMMHPOBAHUSI HAINpPSHKEHUH TPEeX MHBEPTOPOB, UMEIOLIUX YacCTOTHI fi, 3fi,
5f1, COOTBETCTBYIOIIMX aMIUIUTYJ U YIioB (azoBoro casura. Kak ciegyer us
puc. 6.10, popma HanpspKeHHs] Ha HArpy3Ke yJaydllaeTcsl MO CPaBHEHUIO C
IIPSIMOYTOJIbHOM.

BekTtopHbiii  cmoco®  (GopMUpOBaHMS ~ BBIXOJHOTO  HANPSKEHUS
o0ecreynBaeT BOZMOXHOCTb PETYJIMPOBKU BETUYMHBI U YACTOTHI BBIXOJIHOTO
HampspkeHus: 0e3 CYIIECTBEHHOTO H3MEHEHHUsI TapMOHMYECKOr0 COCTaBa
BBIXOJIHOT'O HAMPSKEHUS.

[upoTHO-UMITYIbCHAST ~MOAYJSAIUS  MPSMOYTOJIBHOTO — HAIPSKEHUS
Harpy3kd  aBTOHOMHOTO  HWHBEpPTOpa  IO3BOJISIET  YIY4YIIUTh  €T0
FapMOHHUYECKUN COCTaB.

Jist obecnieueHust 3aJaHHOW TOYHOCTH OTOOPaKEHUSI CUHYCOUIAIBHOIO
CUTHAJIa W HCKIIOYEHHUS ONPENEJICHHBIX TapMOHHYECKUX COCTABIISIOMIMX
NPUMEHSIOT OJHO- WM JBYXIOJSIPHYIO MOAYJSIUIO MPSMOYTOJIbHOTO
HaIPsHKCHMUSL.
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Puc. 6.10. IIpeoOpazoBaTenb ¢ CYMMUPOBAHHEM MPSMOYTOJIbHBIX

HaIIpsDKEHNUN Pa3JInYHbIX YaCTOT
141



Ha puc. 6.11 mnpencraBiaeHbl BpEMEHHbBIE JHArpaMMbl BBIXOJIHOTO
HamnpspDKeHUsT  OJHO(A3HOTO MOCTOBOIO HMHBEPTOpA HAMPSDKCHUS  TIPU
IBYXMOJsipHON (puc. 6.11, a) u ogHonossipHo# (puc. 6.11, 6) moaynsiuu. B
pe3yibTare  MUPOTHO-UMITYJILCHOM  MOIYJISLIMM  YAAETCA  YCTPAHUTh
OTHOCHUTEIIbHO HHU3Ko4YacTOTHhIE (3, 5) rapmoHuku crektpa. B To Bpems
OTHOCUTEJIbHASI BEJTMYMHA BBICIITUX TapMOHUK (7-i U BBIIIE) YBEIUIUBACTCS.
Bricokas yacToTa 3TUX TApMOHMK MO3BOJISECT UX JIETKO OT()HIBTPOBATS.

JocrounctBom MM sBisieTcss mpoOCTOTa CHJIOBBIX CXEM, IIMPOKUH
JIAATNIa30H PETYIMPOBAHUS BBIXOJHOW YaCTOThI, HAUMHAS C HYJICBOMU.

OcnoBubiMU HegocTaTkaMu [IIMM SIBIISIIOTCST HEKOTOPBIE YCIOKHEHHS
Lenel YNpaBJIEHUS WHBEPTOPA U YBEIWYCHUE YACTOThl NEPEKIIOUYEHHUS
BEHTWJIEH, YTO YBEIIMYMBAET B HUX MMOTEPU MOILIHOCTH.

JInst perynupoBaHUsl BEJIMYMHBI BBIXOJHOTO HAMNPSIKEHUS aBTOHOMHBIX
WHBEPTOPOB  TaKXK€  KCHOJB3YIOT  pa3dudyHble  METOJbl, Hauboiee
pPaclpOCTpaHEHHBIMU M3 KOTOPBIX SBISIOTCS aMIUIUTyJIHOE, (a30Boe U
HIAPOTHO-UMITYJIbCHOE PETYIUPOBAHUE.

AMIUIMTYIHBI METOJl PEryJIMPOBaHHUsI OCYIIECTBISETCS C IMOMOIIBIO
YIOPABISIEMOTO  BBIIPSIMUTENIA HAa BXOAE HHBEPTOPA, OJHOTAKTHOIO
TUPUCTOPHOIO KJIKOYAa B LENM IOCTOSHHOIO TOKAa M Ha OCHOBE
BOJIbTOJI00ABOYHBIX YCTPOWUCTB. AMIUIUTYIHBIA METOJl PEeryJUPOBaAHUS
BBIXOJIHOTO HAIPSDKEHUSI MPUMEHACTCS KaK JJIsl KHBEPTOPOB TOKA, TaK W JJIS
MHBEPTOPOB HAIPSKEHUS.
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Puc. 6.11. Buasl mIUpOTHO-UMITYJILCHOM MOAYJISILIUA
MPSAMOYTOJIBHOTO HAIPSYKEHUS :

a — MBYXIIOJISIpHAS MOIYJISIITUS; O — OJTHOTIOJISIPHAST MO TYJISIIHS
142
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[Ipy npuMeHeHMHM yHOpPaBIAEMBIX OJHO(PA3HBIX WM TpexQazHbIX
BBIIIPSIMUTEIICH PETYJIMPOBAHUE HAIPSIKEHUS] HA HAarpy3Ke OCYLIECTBISAETCS
3a CYET PEryJIuMpOBaHUs HANPSDKEHUs, MOJaBaEMOI0 Ha HMHBEPTOP. B 3TOM
cllydae YCJIOXHSETCS cxema IpeoOpa3oBaTeisi M TpeOyercs NMpUMEHEHUe
CrJIQXUBAIOIKUX  (QUIBTPOB OOJbIIEH MOIIHOCTH, YeM B CXE€Max C
HEYIPaBISEMBIMH BBIIPIMUTEISIMHU.

IIpuMeHeHrE OJHOTAKTHOIO TUPUCTOPHOIO KIIFOYA B LEMU MOCTOSHHOTO
ToKa (puc. 6.12) uMeeT CylleCTBEHHbIE HEJOCTATKH: KIIOU PACCUUTHIBAETCSA
Ha TOJIHYI0 MOIIHOCTh HAarpy3k, a YCTAHOBJEHHash MOIIHOCTh (QUIbTpa
uMeeT OOJIbIIYI0 BEJIMYMHY, HO B JTOM Cllydae MOXHO HCIOJIb30BaTh
HEperyJIupyeMblid IEPBUYHBIA UCTOYHHUK MUTaHUs (AKKyMyJIATOpHas O6arapes,
HEYTNPaBISIEMbIN BBINPSIMUTEND).
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Puc. 6.12. PerynupoBaHue BBIXOJHOTO HAIIPSKEHUS HHBEPTOPA C
ITOMOIIBIO0 TUPUCTOPHOTO KJIK0Ya B LIENH MOCTOSHHOTO TOKa

Bonbrono0aBoyHOE  YCTPOMCTBO OOBIYHO CTPOUTCS Ha  OCHOBE
JOTIOTHUTENIbHOTO aBTOHOMHOTO HWHBEPTOpA, HANpPSIKEHUWE HAa BTOPUYHOMU
0o0MOTKe TpaHc(opMaTopa KOTOPOTO PACCUUTHIBAETCS, UCXO/s U3 AUana3oHa
PEryJIMpPOBaHUsl BBIXOAHOTO HampspKeHus. B cioyuyae HeOoOnbIIOro quanazoHa
PErYIIMPOBaHUSl  BBIXOJHOTO  HAMNPSIKEHUS  YCTAHOBJICHHAs  MOIIHOCTh
BOJIbTOZI00aBOYHOTO MHBEPTOPA HE3HAUUTEIbHA.

BonbTo100aBOYHOE YCTPOHMCTBO MOKET BKIIIOUATHCA IMOCIENI0BATEIHHO
WIM TapajuielibHO OCHOBHOMY HHBepTopy. llocimemoBarenbHoe BKIIOUEHHE
6onee 3¢ dekTuBHO, Tak Kak no3poiseT nosbicuTh KIIJI Bcero ycrpoiictBa u
MpY MEHBIINX radapurax GuiIbTpa MOIYYUTh OJJHU U T€ K€ MyJIbCALUU, YTO U
Ipy MapaieNbHOM BKIOYeHHH. K ToMy e [JaHHBIA MeToJ YyAauyHO
COUYETAETCS C CUCTEMOM (Pa30BOTO PETYIUPOBAHUS BBIXOIHOT'O HAIIPSKEHUSI.

Ha puc. 6.13 npexacraBieHbl cTpykTypHas cxema (cMm. puc. 6.13, a) u
BEKTOpHasi JuarpaMma HampspkeHud (cMm. puc. 6.13, 6) aBTOHOMHOTO
MHBEPTOpA C TEOMETPUUECKUM CIIOKEHUEM HaIPSKEHUI.

Boixognsie 0oOMOTKH TpaHchopmaTopa JOMOJHUTEILHOTO MHBEPTOPA
AW, BKIIOYEHBI TMOCJIEA0BATEIbHO € O0OMOTKamMu TpaHchopmaTopa
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OCHOBHOT'O HHBCPTOpPA AN. HpI/I N3MCHCHHNU (1)2130301“0 cABUI'a BBIXOJHOI'O
HaIIPSAKCHUA JOIMOJIHUTCIIBHOT'O HHBECPTOPA UHOH OTHOCHUTCIIBHO BBIXOAHOTI'O
HaIIPAKCHUA OCHOBHOI'O MHBCPTOPA U u3mensercs u reoMeTpnuiIcCKasd Cymma
HaHpH)KeHHﬁ, a CJICAOBATCIIBHO U HAIIPSAKCHUC HAa HAT'PY3KC UH.
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Puc. 6.13. PerynupoBaHue BBIXOJHOTO HAIPSKEHUS HHBEPTOpA C
MOMOIIBI0 TEOMETPUUYECKOTO CYMMHUPOBAHMS HANPSXKEHU N

@a30Bblli METOJ PEryJUPOBAaHUS PEAIUIYETCS TAKKE C IMOMOUIBIO
yNpaBIsieMbIX BEHTUJIEH (TUPUCTOPOB), BKIIOUYEHHBIX IOCIEIOBATEIBHO C
Harpy3koi (puc. 6.14) unam oOpaTHOro YHpPaBISIEMOTO BBIMPSAMUTENS (CM.
puc. 6.15).

[Ipu npumeHeHUH OOpPATHOTO BBIIPSIMUTENSA, COCTABIEHHOTO U3
BeHTWJIEH VS5-VS8, HampsikeHHMe Ha Harpy3ke peryjiupyercsa 3a CYeT
M3MeHeHHs OanaHca noTpediieMol peakTUBHOM U aKTUBHOM MOIIIHOCTH MpU
M3MEHEHHUH YTJIOB YNPABIEHUSI BEHTUJIEH 0OpPaTHOrO BBHITPSIMUTES.
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Puc. 6.14. ®a30Bsblil METO PETYIUPOBAHUS HANPSIKEHUSI C TIOMOILBIO
IIOCJIEIOBATENIBHO BKIIIOUEHHBIX C HATPY3KOW THPUCTOPOB
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OnHako TUPUCTOPHI B LIETIM HArpPy3KH YXYAIIAlOT (OPMY BBIXOTHOTO
HamnpspDKeHMs, a OOpaTHBIA YOpaBISIEMBIH BBIIPSIMHUTENIbL MOXET OBITh
MPUMEHEH TOJIBKO JIJI1 HHBEPTOPOB TOKA.

[IupOTHO-UMITYJIBCHBIM METOJ PETYIUPOBAHUS BBIXOAHOIO HAPSKEHUS
paccMOTpUM Ha mpuMmepe Tpex(dazHOro MOCTOBOTO HHBEPTOpA, MPHUHIUII
paboThl KOTOPOTO M3YYEeH B MpEAbIayIeH riaBe. OyHKIUN UHBEPTUPOBAHUS
W PETYJUPOBAHHS HAIPSOKEHUS TAaKUX YCTPOMCTB COBMEIIEHBI B OJHOM
CHUJIOBOM dYacTH, 4YTo oOecmeuumBaeT ux BbIcokui KIIJI[, mambiii Bec u
rabaputsl. CyIIHOCTh METOJA 3aKJII0YAETCS B TOM, UYTO B Ipoliecce paboThI
MHBEPTOPA MOXKHO U3MEHSATh UIMTEIBHOCTh BKJIIFOUEHHOTO W BBIKIOUYEHHOTO
COCTOSIHUH pabo4MX TUPHUCTOPOB U TEM CaMbIM H3MEHSTh HANpsDKEHUE Ha
BBIXOJI€ UHBEPTOPA.
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Puc. 6.15. ®a30Bslil METO PETYIUPOBAHUS HANPSHKEHUS C TIOMOILBIO
YIPABJISIEMOT0 0OPATHOTO BBIIPSMUTEIS

Ha puc. 6.16 npencraBieHsl BpeMEHHbIE UHTEPBaJIbI PaOOThl BEHTHIIEH
U JMarpaMMbl HallpsKEHUsS! Ha HAarpy3Kke Tpex(a3zHoro MOCTOBOI'O HHBEPTOPA,
BBITIOJITHEHHOTO MO CXeMe, H300pakeHHOM Ha puc. 6.8.  JlmarpaMmsbl
COOTBETCTBYIOT YIJIy MPOBOJSIIETO COCTOSIHUSI BeHTHiIeH A = 120° (cM. puc.
6.16, @) u A =90 ° (cm. puc.6.16, 6).

W3 BpeMeHHBIX JuarpamMm, H300pakeHHbIX Ha puc. 6.9 u 6.16,
OTYETJIMBO BUJIHO, YTO MPHU MIMPOTHO-UMITYJIbCHOM METOJI€ PEryJIUpOBaHUS
BBIXOJIHOTO HANpPsDKEHHs aBTOHOMHBIX WHBEPTOPOB H3MEHEHUE BEITUYMHBI
BBIXO/IHOT'O HAIpPSKEHUS MPUBOJUT K U3MEHEHHUI0 ero ¢Gopmbl. iMeHHO 3TOT
(dakTop SBISETCS OCHOBHBIM HEJOCTATKOM PAacCMOTPEHHOTO crocoba
PEryIHpOBaHUS.
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Puc. 6.16. BpemenHble tuarpaMMbl IPOBOJUMOCTH BEHTHIIEH
1 (ha3HbIX HANPSKEHUI Ha Harpy3ke Tpex($a3HOro MOCTOBOI'O HHBEPTOpa

a-rA=120%6-A=90°
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6.4. lpakmu4yeckoe ucrnoJsib3oeaHue cmamu4ecKux
npeobpasosamenel Y4acmomabl

OcHOBHBIMHM OOJIACTSIMU MPUMEHEHUsI CTaTUYECKUX MpeoOpas3oBaTenent
YacTOThl SBJISIOTCS BEHTWJIBHBIA 3JIEKTPONPUBOJ] TMEPEMEHHOI0 TOKa U
AJIEKTPOTEXHOJIOTHS.

B kauectBe mnpumepa Ha puc. 6.17 mnpuBeneHa oJHAa M3 CXEM
ACUHXPOHHOI'O 3JIEKTPONPHUBOJA C aBTOHOMHBIM HWHBEPTOPOM HAIPSKEHUS.
IIpeoOpazoBaTenb YacTOTBl €O 3BEHOM IIOCTOSIHHOIO TOKAa COAEPIKUT
yIpaBisieMbll  BhIIpAMHUTENb YB, BbIXOJHOE HampsKeHHE KOTOPOTO
¢bunbTpyetcs puinbTpoM Lo-Cy M1 HHBEPTUPYETCS B EPEMEHHOE HATIPSIKEHUE
pEeryiupyeMoil 4YacTOTbl M  BENIMYUHBI f, U,, KOTOpPBIM MHTaETCA
acUHXpOHHbIH  nBurarenb AJl. BenuunHa BBIXOJHOTO  HAIpPSKEHUS
PEryIHpYyeTCsl YIPABISIEMbIM BBIIIPSIMUTEIEM, a YaCTOTa — UHBEPTOPOM.
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Puc. 6.17. CxeMa BEHTHJIBHOTO aCHHXPOHHOT'O AJIEKTPONPUBOAA

Jlist oGecnieyeHus] MPUHYAUTEIBHOTO BBIKIIOYEHHUS] TUPUCTOPOB CIIYKAT
IVO/bI, BKJIIOYAEMbIE IOCIEA0BATEIBHO C TUpUCTOpamMu U L-C— 1Lenoydku
Mexay (¢azamMu UHBepTOpa. PEakTUBHBIN TOK Harpy3Kd 3aMBIKAeTCsl yepe3
auonbl oOpatHoro BeimpsiMutenss OB. Korpa Tox M HampspkeHHE HAarpys3Ku
aBTOHOMHOIO uHBepTopa HampsbkeHuss (AMH) wumeroT oauHakoByro
IOJIIPHOCTD, TO LIENBIO TOKA SABJISIIOTCS: ITOJI0KUTEIBHBIN BBIBO Y B, peakrop
Ly, cootBercTByomue Tthpuctopsl AMH, oOMOTKM aBuraTens ¥ BEHTWIH
katogHoM rpynnsl AMH m MUHYCOBBIN BBIBOJ BhIIpAMUTENS. OTCTaromuil
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PEaKTUBHBIII TOK HAarpy3ku Iporekaer mnojJ Boszaeicteuem JJIC
CaMOMHAYKIUU OOMOTOK AJl MO COOTBETCTBYIOIIMM BEHTHJIAM OOpPaTHOTO
BoipsiMuTesis OB u 3ambikaeTcsd Ha eMKocTh Cy. BenuumHa 3TOH EMKOCTH
J0JI’KHA BBIOUPATHCSI B COOTBETCTBUU C PEAKTUBHOM MOIIHOCTHIO HArpy3KH,
T. €. aCHHXPOHHOTO JIBUTATENS.

3aKOHBI PETryJIUPOBaHUs YIPABISIEMOrO BBIIPSIMUTENS. U aBTOHOMHOIO
MHBEPTOpPa JOJDKHBI IPEIyCMaTPUBAaTh OJHOBPEMEHHOE B3aWMOCBSI3aHHOE
perynupoBaHue BenWYuHbl U, M 4YaCTOTHl f, HANpPSDIKEHUs, MUTAIOLIErO
JBUTATEIb.

B kauecTBe mpuMmepa HCMONB30BAaHUS CTATHUYECKOIO Mpeodpa3oBaTesis
YacTOTbl B JJIEKTPOTEXHOJIOTMYECKUX YCTAaHOBKAaX PAacCMOTPUM CXEMY
MATaHUSI MHOAYKIUOHHOM TUreJbHOM neud. Takue rnedyn MomHocThio oT 90 1o
2500 B <A c nossimenHoit yactoroi (500, 1000 u 2400 ') npeaHazHaYeHBI
JUISI TUTABKU M papUHUPOBAHUS CTajeil.

[IpuHuMnUanbpHas cxema MUTAHUS UHAYKUUOHHOM TUTEJIbHOW IE€Yd OT
BBINIPSIMUTENILHO-MHBEPTOPHOI'O MPeoOpa3oBaTesis 4acTOThl MOKa3aHa Ha pUC.
6.18 [10]. Ha pucynke o0o3HaueHbl: AB — aBTOMaTHYE€CKUN BBIKJIFOYATEIb
nurawoeit cetu 0,38 kB; B — TupuctopHsiil BeipsMurens; [IY — myckoBoe
ycrpoiictBo; bP — 650k peaktopoB, 1 — ogHO(Da3HbIi MOCTOBON HMHBEPTOP;
UTII — vHayKUMOHHAS TUTEJIbHAS T1€Yb.
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Puc. 6.18. CxeMa nuTaHusi UHIYKIIMOHHON TUTEIbHOU MEYN

KpOMC HMHAYKIIMOHHBIX neyeu AJIA TUIABJICHHA MCTAJIJIOB, TUPHUCTOPHBIC
HpCO6paSOBaTCJII/I YaCTOThI IMHUPOKO TMPHUMCHANOTCA JJIA HHHYKHHOHHOﬁ
HOBerHOCTHOﬁ 3aKaJIKH I/ISIICJII/Iﬁ N3 CTAJIM U YyT'yHaA. B »tux YCTaHOBKAax
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UCIOJIb3YIOTCs MpeoOpazoBarenu yacTotsl Tuna TIIH momrHocthio 100-3200
kBT u wactotoii 0,15-8 x['ti. Hanpspokenue nuranus npeodbpazonareneit 0,38;
0,66; 6 nmu 10 xB.

B cBsi3u c pa3BUTHEM aBTOHOMHBIX CHCTEM »3JIEKTPOCHAOXKEHUS Ha
TpaHCHOpPTE, a  TakXke  HCIOJb30BAaHUEM  HHEPruM  MPUPOJHBIX
BO300HOBIIIEMBIX PECYPCOB NMPUMEHSIOTCS MAlIMHHO-BEHTUJILHBIE CHCTEMBbI
tuna [IC-ITY: nepemeHHass CKOpPOCTb BpalleHUs, IOCTOSHHAs 4YacToTa
reHepUpyeMoro TIMEepeMEHHOTro Toka. Takue cucTteMbl MpeoOpasyroT
MEPBUYHYIO 3JIEKTPOIHEPIHIO IIEKTPOMAIIMHHOTO Te€HEPaTopa, BpalaeMoro
C MEePEMEHHON CKOpPOCThIO OT Bajla 0TOOpA MOIIHOCTH XOJOBOI'O JIBUTaTENs
TPaHCIOPTHOTO CPEACTBA WM OT TypOUHBI, pabOTaloIIeH B TOTOKE BOJbI MIIH
BO3/yXa.

HocrounctBamu  cucrem  Tuna [IC-IIY  sBasiorcs  BBICOKHE
HHEPreTUYEeCKUe MOKa3aTeNH, XOPOoIllee KaYeCTBO BBIXOJHOTO HANPSDKEHUS B
YCTAaHOBUBILIUXCS U TEPEXOJHBIX PEKUMaX, HKOHOMHUYHOCTH MOCTPOEHUS
MCTOYHUKOB AJICKTPOMUTAHUS 32 CUET YIPOIIECHUS KOHCTPYKUUU TypOuH,
UCKJIIOUEHUE YCTPOMCTB CTaOMJIM3allMM YacTOThl BpalleHUH TeHepaTopa u

T. HO.
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CHUJIOBBIE NIPEOBPA3OBATEJIN B
QJIEKTPOCHABXEHUU

YueOHoe rmocooue

Penakrop N.0.@amuius
Komnsrorepnas Bepctka NM.O.Oamunus
Ju3aitn 0610xku M.O.damunmms

[Toanucano k meuatu 05.11.2013. ®opmat 60x84/16. bymara «Cuerypouka.
IIeuars XEROX. Venneu.. 9,01. Yu.-uza.a. 8,16.
3aka3 . Tupax 100 k3.

HanumonanbHblid vccienoBaTenbCKuil TOMCKUIM MONUTEXHUYECKUN YHUBEPCUTET
CucreMa MEHEIKMEHTA Ka4eCTBa
KCETETT NznatenncTBa TOMCKOrO MOJUTEXHUYECKOIO YHUBEPCUTETA CepTU(UIIMPOBAHA

NATIONAL QUALITY ASSURANCE o craggapty BS EN ISO 9001:2008

WUIDATEALCTBO ¥ TNV, 634050, r. Tomck, mip. Jlenuna, 30
Ten./dakc: 8(3822)56-35-35, www.tpu.ru
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