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BBEAEHUE

B xopalenbHBIX U CyA0BBIX aBTOHOMHBIX 3JIEKTPOIHEPIeTUUECKUX CHCTEMax
u yctaHoBkax Poccuiickoit @enepannu moyTH 3/4 3JIEKTPUIESCKON SHEPTHH BBI-
pabateiBaeTcsi Tpex(a3HbIMH CUHXPOHHBIMU TYp0O- U IHM3EIb-TeHEPATOPAMHU CO
CTaHIapTHBIM YPOBHEM JIMHEWHOTO TpexdaszHoro HanpspkeHus 380 B u wacroroit
50 I'm, Tak xe kak u B 3amamHoi EBpome, B To Bpems kak B CIHIA, Kanane,
Snonnu, crpanax lentpanbaoit u KOxHON Amepuku u Jip. ¢ gactotor 60 I'm.
Kpome CHHXPOHHBIX I€HEpaTOpOB B aBTOHOMHBIX CHUCTEMaX 3JIEKTPOCHAOKEHHUs
MOT'YT IPUMEHATHCS ACUHXPOHHBIE T€HEPATOPHI, @ B OTAEIBHBIX CIIy4asX CHELHU-
aJIbHBIE EKTPUUECKUE MAIIKHBI, KaK PaBUIIO, C MOBBILIEHHOW YaCTOTON Hampsi-
sxenuns 10 400 ' u Beimme [1, 4, 6].

3HAaYUTENBHO PeXe B Ka4eCTBE IIEPBUYHBIX UCTOUHUKOB 3JIEKTPUUECKOM 3Hep-
MU WCHOJB3YIOTCS TEHEPATOPBI MOCTOSHHOTO TOKA. Y TITyOOKOBOAHBIX IMOJIBOJ-
HBIX amnmapaToB MOTYT npuMeHsAThCs MI'Jl-reHepaTopsl U TOIIMBHBIE AJIEMEHTHI.
B kauecTBe pe3epBHBIX UCTOUHUKOB AJIEKTPUUECKOM IHEPIUU MPUMEHSIOTCS, KaK
NPaBUIIO, aKKYMYJISITOpPHBIE OaTapeu U TOIIMBHBIEC JJIEMEHTHI.

B cooTBeTcTBUU C ABYMS BHJIAMU UCTOYHHKOB JIEKTPUUECKON S3HEPTUU HA KO-
palIsIx, Cyax U IUIABCOOPYKEHHUAX MOPCKOro U pedHoro ¢uora PO mpumeHsoT-
csl 1Ba BUJIA TIOTpeOUTENEH JIEKTPUUECKON IHEPTUU: MOTPEOUTENN TePEeMEHHOTO
TOKa (MPEeUMYIECTBEHHO MHOTO(Aa3HbIe) U MOTPEOUTENIN TOCTOSIHHOTO WJIH ITyJIb-
CUPYIOLIET0 OAHOHAIPABICHHOIO TOKA.

B 3aBucumocTH OT Ha3HA4YeHHUs, YPOBHS U CTEIIEHU aBTOMATHU3AIMH NOTPeOH-
TEJIM MOTYT TpeOOBaTh MPUMEHEHHS dIIEKTPUYECKON YHEPTUU ¢ HECTAHAAPTHBIMU
napameTpaMu (C peryjaupyeMbIM HalpsDKeHHEM, HeCTaHAAapTHOW 4acTOTOM, pas-
JUYHBIM YuciioM (a3, T.e. ¢ mapaMeTpaMu, OTJIMYAIOUIMMHUCS OT MapamMeTpoB HC-
TOYHMKA 3JIEKTpUYecKol 3Heprun). [103ToMy B aBTOHOMHBIX 3JIEKTPO3HEpreTHYe-
CKHX cucTeMax u ycraHoBkax (ADDCY) HeoOxonuMo Haauune npeodpa3zoBaTeieit
apaMeTPOB EKTPUUECKON SHEPTUH, KOTOPHIE BKIIOYAIOTCS MEXy MCTOYHHKA-
MU U oTpeduTensiMu. B pa3Buteix crpanax mupa cerogns yxe 10 50 % Bceit BbI-
pabaTeIBaeMOi 3JEKTPOIHEPTUU TO/BEPTaeTcs MpeoOpa3oBaHUIO MEPe]] UCIOTb-
30BaHMEM MOTPEOUTEIIIMHU.

[[Iupokoe NpPUMEHEHHE MOJIYIPOBOJIHUKOBBIX Mpeodpasosareneit (I1I1) B
ADDCY nopoxaaer mpodiaeMbl B MOJTOTOBKE MHKEHEPHO-TEXHMUYECKHX paboT-
HUKOB (UTP) 31eKTpo3HEpreTHYeCKUX M JIEKTPOTEXHUYECKUX CHEIHMabHOCTEH,
Ha KOTOPBIX JIOJKHBI OBITh BO3JIOXKEHBI OOIIMPHBIE 3a1auu:

1) npoektupoanue I1I1 anst anexrpoodopynoBanus ADICY,

2) uzrorosnenue [111, ero ucnpiTanue u HamagKa;

3) MoHTax, HanaaKa, ucrbiTaHue u caada [1I1 BMecTe ¢ amekTpoodopyaoBaHuU-
€M B YCJIOBHSIX CTaIleIbHOIO IPOU3BOACTBA U MIBAPTOBHBIX UcnbITaHui ADDCY;

4) skcmnyaranus [1I1 BMecTe ¢ 271eKTpooOOpyA0BaHUEM B XO/I€ IKCILTyaTaluH
ADDCY.
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Vkazannsle 3a1aun TpeOyoT auddepenunpoBannoit noarorosku UTP, uto, B
CBOIO OY€pe/ib, BHI3BIBAET HEOOXOAMMOCTh COOTBETCTBYIOLIETrO U dhepeHIrpoBa-
HUS y4eOHOI TuTepaTyphl.

UYro kacaercs yueOHoit sureparypsl no I gns ADDCY, To ee coBceM He-
MHOT0, 1 0OJIbIIasl YaCTh HAITMCaHa HAa YPOBHE JECATH-TIATHAALATUICTHENW TaBHO-
ctu [4, 5, 15, 16, 20, 30, 37, 53], 4To /Ui UHTEHCUBHO Pa3BUBAIOIICHCS OTpaciu
CUJIOBOM 3JIEKTPOHUKH OYEHb CEpbe3HbIA CpOK. JIOCTaTOUHO CKa3aTh, YTO TaKue
BBICOKO?()(heKTUBHBIE HOBBIE MOIYNPOBOJHUKOBBIE MpuOOpPHI, kKak GTO- u IGCT-
tupuctopbl, IGBT-TpaH3UuCTOpBI, CUIOBBIE WHTEJUIEKTYaJbHbIE MOIYJIH, MUKPO-
MIPOLIECCOPHBIE KOHTPOJLJIEPHI, a TAK)KE HOBBIE TEXHUYECKUE PELICHUS YCTPOHUCTB
CUJIOBOM 2JIEKTPOHUKHU B YueOHyt0 nureparypy mig ADICY npakTH4ecku eie He
HOTIAJIH.

Ilenp HacTosimero yuyeOHMKa cOCTOUT B (hopmupoBanuu y Oymymmx UTP Ga-
30BBIX 3HAHWUH, HEOOXOJUMBIX Ul MOHUMaHHS 3JIEKTPOMArHUTHBIX MPOIECCOB B
III1, uro HeoOXOoAMMO Ha 3TAallaX MOHTa)Ka, HANAAKW, McHblTanus U caadn 1111 B
YCJOBUSIX CTarelbHOrO MPOM3BOJICTBA M IMIBAPTOBHBIX HcmbiTaHuil ADICY, a
Takke npu skcruryaranuu [T BMecTe ¢ anekTpoodopynoBannem ADDCY.

MepeiiTu Ha cTpaHuLy ¢ NOJIHON Bepcueit»


https://rucont.ru/efd/638575
https://rucont.ru/efd/638575

MepeitTn Ha cTpaHuLy ¢ NoJSIHOI Bepcueit»

OrNABJIEHUE
BBEJEHUE ... 3
[IEPEYEHDB YCJIOBHBIX OBOBHAUEHMM ........cocoovoviieeecccccseveee e 5
I'mapa 1. OTAIIbI PABBUTH A CUJIOBBIX ITOJIVIIPOBOJHUKOBBIX ITPUEOPOB.. 8
1.1. ba3zoBbIe CTPYKTYPHI CUIIOBBIX TOTYIPOBOJIHUKOBBIX KITFOUCH ...cvvevieiveesieerieane 10
1.1.1. JIByxcioitHble NOTYIPOBOAHUKOBBIE CTPYKTYPBI ...cvviviiiiieiiisinsiesiis e 10
1.1.2. TpexcioiiHble OUIOIAPHBIE TOTYIIPOBOAHUKOBBIE CTPYKTYPHI ....c.vvvvvneese. 12
1.1.3. TpexcrnoliHble YHUTIONSAPHBIE CTPYKTYPHI, Wi M/II1-TpaH3uCTOpHI ......... 13
1.1.4. CraTudecKkre WHIYKITHOHHBIE TPAHZHUCTOPB ...ovvrvrirererirerieesiresinesenessnessns 16
1.2. bunonspHble TPaH3UCTOPHI ¢ H30IUPOBaHHBIM 3aTBOPOM (IGBT) .....ocvvneee. 17
1.3. OTHOOTIEPALTMOHHBIE THPHCTOPBL. ....vevirrrvesestesresreseesessesresresessesresnessesessesresneseans 20
1.4. 3aITAPACMBIC THPHCTOPDL. ..veeuveeteeteesieesteesteesteesteessesstesssesssesssesssesssesssesssesssesssenns 23
1.5. THIYKITHOHHBIC THPHCTOPBL. .veuveerveeiteeteesteesteesieestesssessseessesssesssesssesssesssesssesssenns 26
1.6. TTOJEBBIE THPHCTOPBL. . .v..vveverereseetesresre st snesneseesesnesnesn e esesresnesn e snesresne s 27
I'maea 2. YIIPABJIEHUE CUJIOBBIMHU ITOJIYIIPOBOAHUKOBBIMU KIIIOYAMU.. 30
2.1. OYHKIUHU U CTPYKTYPHI CUCTEM YITPABICHUS CUIOBBIMH KITFOUAMH. ......vvevvsenes 30
2.2. OCHOBHBIE TUIIBI ()OPMHUPOBATEICH UMITYIIBCOB YIIPABIICHMS «.c.vvevvvesvveereseneenes 33
2.3. ®opMHpOBaTETH UMITYJIBCOB YIPABICHUS OUIOJSPHBIX TPAH3UCTOPOB .......... 34
2.4. dopMupoBaTEIHM UMITYJIBCOB YIIPABJICHHS TPAH3HCTOPOB C W30JIMPOBAHHBIM
BATBOPOM ..utteuteesteeteesseesseessesssesssessseesseesseesssesssesssesssesssesssesssesnsesssesnsesnsesnsessennes 37
2.5. ®opMHpOBATETH UMITYJIBCOB YIPABICHUS THPHCTOPOB. ....vvveveverrereneeeenresreneens 39
2.6. TparchopmaTopHbIe DUY THPHCTOPOB ...vovviveviirinriieiesresre st 42
2.7. IpaliBEPbl CHIIOBBIX TPAHZHCTOPOB .. veeveeveervessteessessuesssessseessesssesssnsssesssesssessees 46
2.8. JIPATBEPBI THUPHCTOPOB ..vveuveerveereestessuessseesuesssesssesssesssssssesssesssesssesssesssessssssssssees 48
I'masa 3. METO/Ibl U CXEMBbI 3AILMTHI ITOJIYIIPOBOJIHUKOBBIX KJIFOUEM .... 51
3.1. OcHOBHBIE BUJIBI IEPETPY30K MO HAMPSDKCHUIO M TOKY...cvviiviivieeeiisrnsiesieesinsnens 51
3.2. METOIBI 3AIIUTEL OT TIOMEX. «.uuuuuuesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 54
3.3. 3aIIUTHBIC [T THPHUCTOPHBIX KITFOUCH. «.evvervrerrrissiessiesiessiesstesstessesssesssesssesnns 59
3.4. 3aIIUTHBIE [ETIH CHIIOBBIX MOJLYIICH. ... vivviiiiieiesiiisiiesiie sttt 62
3.5. 3amuTa CHIOBBIX KIIIOYEH OT PEKUMOB KOPOTKOTO 3AMBIKAHU. ...ovvvveeeerenins 65
3.6. CuItoBBIE KITFOUN C UHTETPUPOBAHHON CHCTEMOM 3AIIMHTEL . ...c.veveenveseeseesseesnenens 68
I'mara 4. TIPOLIECCBI B OJJHO®A3HBIX IEIISX C BEHTUJIMMU. .......ocvvvvvvinnen, 74
4.1. OnHOa3HbIH OXHOMOIYIEPHOIHBIH BRIIPSIMUTEb C aKTUBHOI HArpy3KOH. ...... 74
4.2. OnHohazHbIi OHOMOTYIEPHOAHBINA BHINIPSIMUTENIb C aKTHUBHO-UHYKTUBHOMN
3 E) 0\ ) U] SRR 76
4.3. OgHo(ha3HBIN OAHOMONTYIICPHUOIHBIA BRIMPSAMHUTEIh C AKTHBHO-eMKOCTHOW Ha-
TPYBKOM ..viiiiiiiiiiiie it 77
4.4. llenb c OTHUM BEHTWIEM U aKTUBHO-MHIYKTHUBHOI Harpy3koil c mporuBosac 79
4.5. OgHo(ha3HbIM OTHOTAKTHBIM BBIIPSIMUTENH C OOPATHBIM BEHTHIICM..........cveeee. 82
4.6. JIByXTOTYTICPUOTHBIC BBITIPAMUTEIIH ....e.vvereveeresressnesseesssesnsesssesssesssesssesssesssesnes 84
4.6.1. Pabota ogHO(pA3HOTO ABYXTAaKTHOTO HEYIMPABISEMOTO BBIIPAMHUTENS CO
CPEIHEN TOUKOHM Ha AKTUBHYIO HATPY3KY ...eorveirveiiriiiieisieisiensiesssesssessinsnenns 84

550

MepeiiTu Ha cTpaHuLy ¢ NOJIHON Bepcueit»


https://rucont.ru/efd/638575
https://rucont.ru/efd/638575

MepeliTn Ha cTpaHuLy C NOSIHOM BepCUen»

4.6.2. PaboTa 0H0(ha3HOTO IBYXTAaKTHOT'O HEYITPABIISIEMOTO BBIIPSIMUTEINSL CO

CpeIHEel TOUYKOW Ha AKTHBHO-UHIYKTUBHYIO HATPY3KY .verveereverresienieeseens 89

4.6.3. Pabota ogHO(}a3HOTO ABYXTAKTHOTO YIPABISAEMOTO BBIIPSIMHUTENS CO
CPEIHEN TOUKOM Ha HATPY3KY C IIPOTUBODIC. .evvvvrvirivirsiisssnsssisssisssnsssinsnns 91

4.6.4. Pabora ogHO(}a3HOTO ABYXTAKTHOTO YIPABISAEMOTO BBIIPSIMHUTENS CO
CPEIHEH TOUKOW Ha AKTHBHYO HATPYZKY .e.vverveverrerseessessessesseessessesenseeseens 93

4.6.5. Pabora ogHO0(}a3HOTO ABYXTAKTHOTO YIIPABISEMOTO BBIIPSIMHUTENS CO
CpeIHEelN TOUYKOW Ha AaKTHBHO-UHIYKTUBHYIO HATPY3KY ..vevvverrerverrerieanereens 97

4.6.6. Pabota ogHO(}a3HOTO ABYXTAKTHOTO YIPABISAEMOTO BBIIPSIMHUTENS CO
CPEIHEH TOUKOU M HYTCBBIM BEHTUIICM ....c..eeuvervesrensearessessesseessessessessseseens 98

4.6.7. KoMMyTalmoHHBIE TIPOIIECCHl B OJHO(DA3HOM JIBYXTAKTHOM YIpaBlsie-
MOM BBIIPSMUTENS CO CPEITHEH TOTKOM ...vvevverveveniieiesiesieeeesieseesseaneneens 100

4.6.8. BHenHsAsA XapaKTepUCTHKAa OMHO(A3HOTO BBIIPSIMUTENS CO CPETHEH
0L 10) Z SRR TP TP 103

4.6.9. DHepreTHYECKUE XapaKTEPUCTUKU OMHO(A3HOTO  BBIIPSIMHTENS CO
CPEIHEH TOUKOM. ..ecvveiviiiieitiesiiesiee sttt 104
4.7. OMHODABHAST MOCTOBAST CXEMA 1..vevveerteesteeieesieesseesseesseesiesssessseessesssesssesssesssesssenns 106
4.7.1. HecumMMmeTpru4HBIE OAHO(MA3HBICE MOCTOBBIE CXEMBI BBIITPSIMIICHHS. ............ 110

4.7.2. KoMMyTalMOHHBIE MPOIECCHl B OAHO(PA3HOM MOCTOBOM YIPABIISIEMOM
1531010 17174 N1 (T RR T R 113
4.8. Tpexda3zHas cxemMa BBIIPSAMIICHHUS CO CPEAHEH TOUKOU . ....vevveverrerreneeeerienreeenns 115

4.9. KoMMyTallMOHHBIE MPOIECCH B TpeX(a3HOi cxeMe BBIMPSAMIICHUS CO Cpel-
13 (57 B V015 140 ) AT PRSPPI 120
I'maBa 5. PET'YJISATOPBI HATIPSIOKEHUST ..o 124

5.1. OnHo(a3HbIi perynaTop NEPEeMEHHOT0 HANPSXKEHHs C aKTHBHOM Harpy3koi... 124
5.2. OgHO(a3HBIN peryasTop HAIPsDKEHUS ¢ aKTUBHO-UHIYKTHBHOW HAarpy3koi.... 127

5.3. Peryastopsl HANPsDKEHUS HA TIOJTHOCTHIO YIIPABIIAEMBIX KITFOUAX ...ovververeeereesees 132
5.4. TpexdasHbIe PErYIISITOPEI HATIPSIIKEHMS. .. veevveerveesreesiessreaieasueesesssesssesssesssesssesnns 135
5.5. PeryasiTopbl HOCTOSTHHOTO HATIPSKCHMS. .....vovviviiieiesiesiisie s 141
5.5.1. TumnoBble CTPYKTYypHBIE CXEMBI YIPABJICHUS HMITYJbLCHBIMH PETYJIATO-
PAMIE. ...ttt 141
5.5.2. IMITyIbCHBIN PETYIATOP C MOCICAOBATEIIEHBIM KITFOUOM ....vvvevveeieeieerienns 145
5.5.3. IMIynbCHBIN PEryasiTOp € MAPATUICIBHBIM KITFOUOM ....ovvvieeeviiresieeeeinns 151
5.5.4. NuBeptupytomuii NI ¢ mapamienbHbIM WHAYKTHBHBIM HaKOIHTE-
b1 (<) Y S ORI 155
5.5.5. UMnynbcHBIE peryasToOphbl MOCTOSHHOTO TOKA C W3MEHSIEMBIMHU TIOJISIpP-
HOCTBIO HAIPSIKEHUS U HATIPABICHUEM TOKA....o.vvireviirisiiisiinsis s 158
5.5.6. UeThIpeXKBAIPAHTHBIA PETYIIATOP. .vveveeveerueesseerseesseesseessesssessseessesseesenss 159
I'maBa 6. MHOT'O®A3HBIE ITPEOBPA3BOBATEIIM .....ccovviieiieiiecie e 161
6.1. TpexdasHbIi MOCTOBOM MPEOOPABOBATEIID ..vevvvervrereesrressresseesseesseesssesssesssesssennes 161
6.1.1. Pabora ympaBnseMoro Tpex$a3HOr0 MOCTOBOTO BBIIPSMHUTENS Ha aK-
THUBHYEO HATPY3KY +evveerveerteesieeteaieesiesseessessesssesssesssesssessessseessesssesssesssennns 164
6.1.2. Pabora ympaBnseMoro Tpex($a3HOr0 MOCTOBOTO BBIIPSMUTENS Ha aK-
TUBHO-UHAYKTUBHYIO HATPY3KY. ..veeveerreerieeieaieeieaiesssesssessseessesssesssesssennns 166
6.1.3. Pabota ympasnsemoro Tpex(a3sHOro MOCTOBOTO BBIIPSAMHUTEINS HAa aK-
TUBHO-UHAYKTUBHYIO HATPY3KY C IIPOTUBODIIC. ...vruvirrisirnssinsiesne s 168
6.2. KoMMyTanus TOKOB B TPEX(PA3HBIX MOCTOBBIX BBITPSIMHUTEIISIX ....vvvververreeseenens 173
551

MepeliTn Ha cTpaHuLy C NOHOI Bepcueii»


https://rucont.ru/efd/638575
https://rucont.ru/efd/638575

MepeitTn Ha cTpaHuLy ¢ NoJSIHOI Bepcueit»

6.3. Beiciue rapMOHHMKH Ha BXOJZI€ ¥ BBIXOJIE CHMMETPUYHOTO TpeX(a3HOTO MO-
CTOBOT'O THPHCTOPHOTO MPEOOPABOBATEIIN «v.vvuvvenrerveeesseeseessessessesssessessessessseses
6.3.1. Bricime TapMOHUKH Ha BXOJe CHUMMETpUYHOro Tpexdasznoro TII B
CHUMMETPUTHBIX PEIKFIMAX. .ververreneesresresseeseesessesseesssssessesseessesssssesseessennenns

6.3.2. Beiciie rapMOHUKY HAa BBIXOJIC CHMMETPHYHOTO TPEX(Pa3sHOrO0 MOCTO-
BOT'O THPHCTOPHOTO MTPEOOPABOBATEIIM .. cevvrververeeaseesresresseessessessesseessesseses

6.4. DHepreTHvecKue XapakKTEPUCTHKH CUMMETPUYHOTO Tpex(ha3HOr0 MOCTOBOTO
0 TP P PR

6.5. Bricue rapMOHUKHY B (pa3HOM U JIMHCHHOM HAINPSDKCHUAX HA BXOJE MpeoO-
pasoBatesnei Ipyu CHMMETPUYHOM U HECUMMETPHYHOM YIIPABICHHM. ..............

6.6. Bricmme rapMOHUKH TIPH HECUMMETPHU ITUTAFOIINX HATIPSIKCHUH ..o.vvvvvenveene
6.7. Beicime rapMOHHKH, 00yCIIOBIIEHHBIE BHICOKOYACTOTHBIMH KOJICOAHHSIMM. ...
6.8. Bricire rapMOHHUKY HANPSKESHUS TIPH MOYJISIIUAM A TAFOIIIX HAIPSHKCHHHH. ...

I'maBa 7. YIIEPE OT BbICHIUX TAPMOHUK, TEHEPUPYEMBIX TUPUCTOP-
HBIM ITPEOBPA30OBATEJIEM, U OCHOBHBIE CITOCOBbI ET'O CHM)KEHUA ........
7.1. TexHUKO->KOHOMHYECKAs OIICHKA yIiepOa OT BBICIINX TapMOHHK C Y4€TOM
PETyIUPOBAHUS BO30YKICHUS CHHXPOHHOTO TCHEPATOPA v.vvvveervevesresieaneeseenes
7.2. CHWKeHHe YpOBHEH BBICIIMX TApMOHHK U yiiepba OT HHX 3a CUET COBEp-
IICHCTBOBAHMS CXEMBI IIUTAHUS U KOHCTPYKIIMH THPUCTOPHBIX Ipeodpa3oBa-
B U= (<) O TP
7.3. CHwkenne ymepba 3a cueT NPUMEHEHUS (QUIBTPOKOMIIEHCHUPYIOIINX
D (S8 3102 (o ST
7.4. O6mecucTeMHasi KOMIIEHCANNS PEAKTUBHOM MOITHOCTH
7.5. ToBwmieHne kadectBa 3JeKTpodHeprud B CODC ¢ MOMOIMIBIO aKTUBHBIX
U THOPHITHBIX (DHIIBTPOB....ccuviviiieiiiitistisiee st sre s sresre s sresne e srssrs s s
7.6. CHMXKCHHE BIIMSHHUS BBICIINX TaPMOHUK Ha 0CO0O OTBETCTBEHHBIC MOTPEOU-

7.6.1. 3amuTa 0c000 OTBETCTBEHHBIX NOTPEOHUTENEH TACCHBHBIMU (PUITBTPaMHU.
7.6.2. 3amuTa 0c000 OTBETCTBEHHBIX NOTPEOHTEINICH aKTUBHBIMU (DHIIBTpaMUL. .
7.7. Camkenue ymep0a 3a c4eT NPUMEHEHHS CIIEIMAIbHBIX KOPPEKTOPOB KO3 (-
(bUIMEHTa MOIITHOCTH B COCTABE TPEOOPABOBATEIICH ..o.vvevvviivveseresieisireseresinesenas

7.8. BKiIIOYEHHE HYJIEBBIX BEHTHIICH ....o.vcvvvirircieeienne e
7.9. CrinaxuBarolye MacCUBHbIE (GHIBTPHI
7.10. AKTHBHBIC SHEPTCTHUCCKUE DUITBTPBI 1vvovvveveeeeereeesieesieesseesseesseessnessnessnsssnessnes
7.10.1. Ananu3 npocTeiinero akTHBHOTO (PHIIBTPa C MOCIEI0BATEILHOW KOM-
TICHCALIMCH ...eevvvvreererereeeeeeeeeeeeeseeessesessssesssssssssssssssssssssssssssssssssssssssssssssssnes
7.10.2. KoaumueHT 3¢ ¢HeKTUBHOCTH aKTUBHBIX (HIBTPOB C IIOCIEIOBA-
BLS 135 00)7 0 NI 00 (S35 (07117 (<) /
7.10.3. MuHHAMU3AIHUS TEXHUKO-SKOHOMHYECKHUX ITOKa3aTeied KOMOWHHPO-
BAHHBIX (DHIIBTPOB ....vevveeeiiriiresieeses st sre s snesre s sre s sne s sre e

I'maBa 8. THBEPTOPDI ......cccvviiiiiiiei ettt ettt
8.1. uBepTOp, BEAOMBIN CETHIO, WITH 3aBUCUMBIA HHBEPTOD «vevveerveerreasreesreaseeaneeenes
8.2. Tpexda3Hblif MOCTOBOWH HHBEPTOP, BEIOMBIH CETBIO ..vevvevversreasiesnieasresseeeeeenes
8.3. DHepreTryeckue COOTHOIIEHHSI MHBEPTOPOB, BEIOMBIX CETBIO.......ovvrvirveerinins
8.4. OCHOBHBIEC XapaAKTEPUCTUKU HHBEPTOPOB, BEJOMBIX CETBIO ....evveviviriieeinennns
8.5. ABTOHOMHBIC MHBEPTOPBI TOKA ...vveuvvevreeressessseessressuesssesssesnsesssesssessesssessesssesnns
8.6. OHO(Da3HBII HHBEPTOP TOKA HA IMOJTHOCTBIO YIIPABIISIEMBIX KITFOUAX .vo.vvveeeeene.

552

MepeiiTu Ha cTpaHuLy ¢ NOJIHON Bepcueit»

182
184
194
196
198
205

212
219

223

223

229

232
234

239
245
245
251
252
255
256
261
264

271


https://rucont.ru/efd/638575
https://rucont.ru/efd/638575

MepeitTn Ha cTpaHuLy ¢ NoJSIHOI Bepcueit»

8.7. [NapamienbHBIN ABTOHOMHBIA MHBEPTOP TOKA. «vevveerveesreanreasreasresseesssessesssesssesnns 291
8.8. IociienoBaTENbHBIN ABTOHOMHBIA HHBEPTOP TOKA. . .veuveveeseessesresseeseessessesseesseses 294
8.9. [NapamtenbHO-TOCIICIOBATEIbHBI ABTOHOMHBIH HHBEPTOP TOKA ...vvevvverrveanvnnns 295
8.10. ABTOHOMHBIM HHBEPTOP TOKA C «OTCEKAIOITIMID THOJAMH .....vvevveerresseenneenns 296
8.11. ABTOHOMHBIH MHBEPTOpP C MIMPOTHO-MMIIYJIBCHBIM CIIOCOOOM (hopMHUpOBa-
HUS KPUBON BBIXOJTHOTO TOKA. . euveeureesreeseesseesseesuesssesssesssesssesssesssesssesssesssssnnes 297
8.12. Tpexdas3nbie aBTOHOMHBIE HHBEPTOPHI TOKA C THPHCTOPHBIM PErYIISTOPOM ... 298
8.13. PE30HAHCHBIC MHBEPTOPDBI . veevveerteasieesteasieasieesteeseessesssesssesssesssesssesssesssessesssesnns 300
8.13.1. [TocnenoBaTeNbHBINH PE3OHAHCHBIH HMHBEPTOP ...cvvverrereeeenresreneesesresresneneas 300
8.13.2. [TapaynenbHbIi PE3OHAHCHBIA HHBEPTOP ..o.vvvevererereseaienrenneseesessennesneneas 302
8.13.3. Pe3oHaHCHBIC HHBEPTOPBI C OOPATHBIMH JTUOJAMIE .....vevveerveerreeseeesieesseens 303
8.13.4. Pe3oHaHCHBIE HMHBEPTOPHI C HIMPOTHO-UMITYJIBCHBIM PETyJIMPOBaHU-
€M HAIIPSIKCHHUS. ...vvivviiiiieie st 304
8.14. ABTOHOMHBIE HHBEPTOPBI HATIPSIIKEHMM .......veverresreienrenresreseeiesnesnesresessesnesnenens 305
8.15. uBepTOpHI HANPSHKEHHUS HA MOHOCTHIO YIPABIISIEMBIX CUJIIOBBIX KITFOYaX..... 307
8.16. TpexdasHbIe HHBEPTOPBI HATIPSIKEHIIS ....evveesveesreesressreesressresssesssesssessnesssesssesnns 311
8.17. YrpaBiieHne BEIXOIHBIM HAIIPSHDKEHUEM U €70 DHIIBTPALIS «..vovvvvveeerrereneees 316
8.18. MHOTOYPOBHEBBIE TIPEOOPABOBATEIIH .....vevvevrrsrseeiesrenresreseeiesresresresesresresnenens 320
8.18.1. Cxembl Ha OCHOBE KOHJICHCATOPOB C JHOJHOUN OJIOKUPOBKOH.....vveveerreens 320
8.18.2. [Ipeobpa3oBarenu ¢ SYECHKO-THE3AOBOM CTPYKTYPOH KOHIIEHCATOPOB. ... 322
8.18.3. [IpeoOpa3oBaTenu ¢ TICHKO-IETIOUCTHOM CXEMOM. ....verveveerrerieriesieeienins 322
I'maBa 9. IIPEOBPA3OBATEJIN UACTOTDBL......cciiiiiiiiiiieiiee e 326

9.1. [IpeobpazoBaTeny 4aCTOTHI C MPOMEKYTOYHBIM 3BEHOM TIOCTOSIHHOTO TOKA..... 326
9.2. TlpeoOpa3oBareiii Y4acTOTHl C HEMOCPEICTBEHHON CBSA3BIO M €CTECTBEHHOMN

KOMMYTAIIEH TOKA TUPHUCTOPOB. ... civiveesiiiristisiiesiesnessessessresrs s s sns s sne s 328
9.3. IlpeoOpa3zoBarei YaCTOTHl ¢ HEMOCPEACTBEHHON CBSA3BIO M UCKYCCTBEHHON

KOMMYTAITHEH TOKA THPHCTOPOB ..c..veerveasteesteasseasteasseessesssesssesssesssesssesssesssesssesnes 335
9.4. TlpeoOpa3oBaTenyu 4acTOTHI C HEIOCPEACTBEHHOM CBS3bI0 W €CTECTBEHHOM

KOMMYTAITHCH ...evvievveesreenteeireeiteasse ettt ettt b et e bbb e 342
9.5. YMeHbIIeHNEe UCKAXKEHUH BBIXOJHOTO HAPSHKCHHS MTPeoOpa3oBaTesis 4acTo-

12 ST TP TP 345
9.6. MaTpH4HBIE ITPEOOPABOBATEIH YACTOTBL .....vuverrerreseeresrenresreseesesresresresessesnesnenenis 348

I'masa 10. ITOJIYIIPOBOJHUKOBGIE TTIPEOBPA3OBATEJIN, IIOCTPOEHHBIE
HA BA3E TPAHCOOPMATOPOB C BPAIITAIOIIIMMUCA MATHUTHBIMHA

TIOJISAMUI ... e e e snnes 351
10.1. KoncTpykiwmst TpanchopMaTopa ¢ BpallaroIiuMCsl MATHUTHBIM TTOJIEM ........... 352
10.2. DnexrpomarauTHbIE MPOUECCH B TBMIT ..o 356
10.3. Peaknust KPYTOBOH OOMOTKH. .......ccuviuiiriiiieiiitesieesie st sre e sne 361

10.3.1. PasmaranumBatomiee aeiictBre nonepedHoro moist KO.......ccvvvvenene, 363
10.3.2. Peaknus KO mpu cMemeHHH IUIOCKOCTH KOMMYTHPYIOIIUX KITFOUEH
OTHOCUTEJIBHO YCIIOBHOU reomerpuueckoi Helitpanu TBMII ............... 364
10.4. BnusiHue KOHCTpYKTHUBHOTO HcnoiaHeHuss TBMII Ha kadecTBO MUTAIOIIETO
HATTPSIKEHYIS 1.t evveesveesteesteesteesteesseesseesseessessseesseesaeesseessesssesssesssesssesssesssesssessnees 364
10.5. Iynbcarmn HanpskeHUS Ha OTBOJAX KO ..ovviiiiiiiiiiiiiee e 372
10.6. DnekTpoMarHUTHBIE MPOIECCH B yIIpaBisieMOoM BeipsiMutenie ¢ TBMII npu
pasnmuaHoM guciie map CKIL......ccooii 374
10.7. DneKkTpoMarHuTHEIE MPOLECCH B aBTOHOMHOM HHBepTOope ¢ TBMII .............. 380
553

MepeiiTu Ha cTpaHuLy ¢ NOJIHON Bepcueit»


https://rucont.ru/efd/638575
https://rucont.ru/efd/638575

MepeitTn Ha cTpaHuLy ¢ NoJSIHOI Bepcueit»

I'maBa 11. VIIPABJIEHUE ITOJIYITPOBOAHMNKOBBIMU ITPEOBPA3OBATEJISIMUA .. 386

11.1. Haznauenne CVY. TexHuueckue TpeOOBAHUS M KIACCUPUKALIA «..o.verveereerennes 386

11.2. CucteMbl ympaBieHHS PETYISITOPAMA W KOMMYTATOpaMH TIEPEMEHHOTO
HATIPSIIKEHIIT .vevveeveesteesteesteesteesbeesbeesbeesbeesbessbeesaeesbeesbeesbeesbeesbeesbeesbeesbeesbesssenns 391
11.2.1. CTPYKTYPHBIE CXEMBI CV ..vviiiiiiiiiiiiieicit s 391

11.2.2. [Ipumepsl cUcTeM yNpaBIeHUS PETYIATOpaMH-CTaOMIN3aTOpaMH Ie-
PEMEHHOTO TOK. 1. .veerveerreeteesteesteesteestesssesssesssesssesssesssesssesssesssesssesssesssenns 396

11.3. CucreMbl ymnpaBieHHS HWMITYJIbCHBIMH TPEOOPa30BATEIIIMU TIOCTOSHHOTO
HATIPSIKEHIST .o.ovinvi ittt bbb bbb bbb bbb 399
11.3.1. Cucremsl ynpaBieHUS LUTT ..o 400
11.3.2. YaCTOTHO-UMITYITBCHOE YIIPABIIECHHC. 1. vveuvverversvreseresseessnessesssnessnessnsssnessnes 403
11.3.3. Cuctemsl yrpaBieHNs: ¢ KOMOMHUPOBAHHONW MOJYIISAIHCH. ...vvevvveeeenene. 405
11.4. CucteMsl yIpaBICHUS AaBTOHOMHBIX HHBEPTOPOB.....cveeuviiiiiiisiiesinsin e sis s 407
11.4.1. Cuctemsl yIpaBIEHUS HHBEPTOPAMH TOKA. ....oovvverueeivisirsiisissinsiesses e 407
11.4.2. CucteMsbl yIIpaBICHNS HHBEPTOPAMH HATIPSIKCHHS «..vvvevvvereveseveseresenesenas 410
11.5. Cucrembl yrpaBJICHUS MPEOOPAZOBATEIEH GACTOTBI .. vveveeveerveerieesieesreesieeseeens 412

11.6. MukpompoLeccopHble CUCTEMbI YIPABJIEHHS MONYIPOBOIHHKOBBIMU IIpe-
OOPABOBATEIIAME .....vvieiiiiiti sttt bbb bbb bbb bbb 415
11.7. InarHoCcTHKA BEHTHIBHBIX TTPEOOPAZOBATCIICH . .. eeveeveerteeseeesieesieesieesieesieesenens 421
11.7.1. OCHOBHBIC TIOHATHSA U OTPEICTCHHUSM v.vveerveerveeieesieesteesieesseessesssesssesssennes 421
11.7.2. AITOPUTMBI U CUCTEMBI IUATHOCTUPOBAHMSL. ©..vevvvvirisiiiie s 422
11.7.3. Moaenu 00BEKTOB TUATHOCTHPOBAHMS. ... .vevververeerseestessesseessessessessesssesees 424
11.7.4. TecToBOE AMATHOCTUPOBAHNE BEHTHIBHBIX HETICH ....veevveerveeveeieeieeneeens 427
11.7.5. dyHKIMOHAILHOE TUArHOCTHPOBAHHE BEHTUIILHBIX IIpeoOpasoparereit. . 427
11.7.6. ®yHKIIMOHAIBHOE AUATHOCTHPOBAHUE CHCTEM YIPABICHUS. ..ovvvevvrie 428

11.7.7. OyHKOMOHAILHOE ITHATHOCTHPOBAHWE CHIIOBOM YaCTH BEHTHIIbHBIX
TIPEOOPABOBATEIICH. ... eevveerveereeiteesieesteesteesteesteesbeesbe e sbeenbeesbeenbeenbeesbeebe e s 429

I'masa 12. OCOBEHHOCTH CXEMOTEXHUYECKOI'O MOJIEJIMPOBAHU A

CHUJIOBBIX CXEM ITOJIVIIPOBOJJHUKOBBIX IIPEOBPABOBATEJIEM................... 431
12.1. Kpatkoe onmcanue cpesibl MOISTHPOBAHUSA MIiCTOCAP .....coovvvviiiiiiiiieiie 432
12.2. Monenb 0mHO()Aa3HOTO BRIIPSMHTENS CO CPEITHEH TOUKOH .vvvvvveveevieerieeiieeniens 438
12.3. Mopenb 01HO(a3HOTO MOCTOBOTO BBITPSAMUTEIIS ....c.vvvesreeeeenrenresnesesnesrenneeens 442
12.4. Mopnens Tpex(a3HOTO BBIIPSMUTEINS CO CPETHEH TOUKOH ...vvvvveeeiviiiiee i 445
12.5. Monenb TpexX(hazHOTO0 MOCTOBOTO BBITPSIMUTECIS ... vvevveeveesreesseesseesseessesssnsseenss 448

12.6. Mogenbs oaHO(hAa3HOTO BBITPSIMHTENSI CO CPEIHEH TOYKOHM B peKMME HHBEP-
TOPA, BEIOMOTO CETBIO. .. .cuuiitieiiisitiesrissiesssessbessssssbessbessbe s b s sbe s e sba s s 453
12.7. Mopnenb aBTOHOMHOTO HHBEPTOPA HATIPSIKECHIS .....vvvvenveeriiresieeeis s 456
12.8. Moie)ib aBTOHOMHOTO HHBEPTOPA TOKA .vevveesveesveesseesueesseessesssesssesssesssesssessseens 459
12.9. CxemoTexHHYECKast MOJICIb YIIpaBisieMoro BeimpsMutelist ¢ TBMIT.............. 462

12.10. CxeMOTeXHUYECKOE MOJISTMPOBaHNE aBTOHOMHBIX HHBEPTOpoB ¢ TBMII ... 473

I'mara 13. C52C C MOLIHBIMU TTOJIYITPOBOAHUKOBBIMU ITPEOBPA30OBA-

TEJISAMI ..o 476
13.1. OcuoBHbIe cTTIOCOOBI MOCTPOCHUS CODC ...t e 476
13.2. OCHOBHBIE THITBI CYAOBBIX MOJTYIPOBOIHUKOBBIX MPEOOPA30BATENCH ............ 485
13.3. Ilpeobpa3zoBaTeny 1Jisi MUTAHUS CYIOBOI CHUIOBOM HATPY3KH ....covvvveveneennnns 486
13.4. TIpeoOpazoBaTeny Il YIIPABJICHUS CYJAOBBIM 3JICKTPOIPUBOIOM IOCTOSH-

2 (0] N0 I )& F PP P PSP 494

554

MepeiiTu Ha cTpaHuLy ¢ NOJIHON Bepcueit»


https://rucont.ru/efd/638575
https://rucont.ru/efd/638575

MepeliTn Ha cTpaHuLy C NOSIHOM BepCUen»

13.5. YpapneHue CyJJOBBIMH THPHCTOPHBIMHU BBITTPSIMHTEIISIMH . ... vvevvverereeeerenesenes 501
13.6. CymoBble HHBEPTOPHI U IPEOOPAZOBATEIH YACTOTBL. . vc.vvervesvesreeseeeessesseeseessens 503
13.7. TlpeoOpazoBaTenu i YIIPaBICHUS CyJOBBIM JJICKTPOIIPUBOAOM IEpEMEH-
1300 O I ) & TSR T PR 509
13.8. YnpaBieHue cyJOBBIMH HHBEPTOPAaMH M IPEOOPa30BaTEISIMU YACTOTHI ......... 511

I'maBa 14. DJIEKTPOMATHUTHAS COBMECTUMOCTD ITOJIYITPOBOHNKO-

BBIX ITPEOBPA3OBATEJIEN C TUTAIOLIEN CETBIO M1 HATPY3KOH ................... 515
14.1. DHepreTUYecKre MTOKA3aTeM KauyeCcTBa IIEKTPOMArHUTHBIX MTPOIECCOB ........ 515
14.2. DHepreTHyeckue MOKa3aTeId KayecTBa MCIOJIB30BaHHS HJIEMEHTOB Mpeoo-

PABOBATEIIEH ...ttt 517

14.2.1. YcraHOBICHHAS MOITHOCTH IByXOOMOTOYHOTO TpaHCHOpMaTOpA........... 517
14.2.2. Y nenbHbIC BECOBBIE, TA0APUTHBIC M CTOMMOCTHBIC TTOKA3ATEIH .............. 519

14.3. DIEeKTPOMATHUTHAS HECOBMECTUMOCTD .. ...vvereresreseasensenreseesessennesnesessesrenneseaes 520
14.4. 'apMOHUKH B CYyZIOBOM CETU B HECUMMETPHUHBIX PEKUMAX. ...vvevveviiirsiisisinnns 526
14.5. BubpoakycTuieckne XapaKTEPUCTHKH IICKTPOOOOPYHTOBAHU ...covvvervvervrenenes 529
14.6. ITytr pemmreHust MPOOTEMBI DMC .....oiviiiiiiiiiiiie e e 535
CITMCOK JIUTEPATYPDBL......ciieee et 537
555

MepeliTn Ha cTpaHuLy C NOHOI Bepcueii»


https://rucont.ru/efd/638575
https://rucont.ru/efd/638575

