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MHOTOYpPOBHEBOTO  Ipeo0pa3oBaTeis, HMEIONIETO MHOKECTBO CHJIOBBIX S[UEEK, COCIMHEHHBIX
MOCJICAOBATCIIBHO, C IIOJOXHTCIBHBIM ICJIbIM YHCIOM BBbIXOAHBIX ypOBHeﬁ HaIlpsOKEHUA, W U1
ynpaBieHus o060 ¢dopmoit Toka AC/DC B Harpyske, IepeHOCa D3JIEKTPHUECKOH MOIIHOCTH OT
9JIEMEHTOB HAaKOIJICHUSI SHEPTHH CHJIOBBIX SUEEK B 3Ty HArpy3Ky W BOCCTAHOBJICHHS 3HEPIUH OOpaTHO
B HAKONHUTEJbHBIE d7eMEHThl. CHUCTEMBI H CHOCO6BI JUIA 6aJ'IaHCI/IpOBKI/I HaIlpsHKEHUA Ha J3JIEMEHTax
HaKOIUICHUSI SHEPTHH CHIIOBBIX STY€EK, YTOOBI ONPENENSATh, CIISIYET JIM BBOAUTE YHEPTUIO B WM BHIBOJUTH
SHEPrUI0 OT BHIOPAHHOTO HAKOIIMUTENBHOTO 3JIEMEHTa, W JUIS METOJa IT0OBOPOTa COCTOSHHS HYJIEBOTO
MEePEKITIOUSHNUS TIEPEKITIOUAIOIIMX AJIEMEHTOB B KXKI0H CHUIIOBOH siueiike KacKaHOr0O MHOTOYPOBHEBOIO

mpeobpa3oBaTes.
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OIIMCAHUE U30BPETEHUA
2420-560490EA/55
MHOI'OYPOBHEBBIE MHOI'O-KBAAPAHTHBIE 'NCTEPE3UCHBIE
KOHTPOJUJIEPBI TOKA H CITIOCOBbLI YIIPABJIEHUA UMH

OBJIACTb TEXHUKU

[0001] Hacrosiiiiee packpbITHE OTHOCHTCS K CXE€MaM CHUJIOBOH 3JIEKTPOHMKH W, OoJjee
KOHKPETHO, K MHOTOYPOBHEBbIM MHOT'O—KBaJPAHTHBIM T'MCTEPE3UCHBIM KOHTPOJUIEPAM TOKA U K
croco0am yrpaBiIeHUs] UMH.

[IPEJIIIECTBYIOIINKU YPOBEHbh TEXHUKU

[0002] B snekTpoTeXHHUKE, SHEPreTUKE U 3JIEKTPOIHEPTETHUECKOW MPOMBIIIIEHHOCTH
npeoOpa3oBaHuEe MOILIHOCTU TIPEACTaBisieT coOol nmpeodpa3oBaHue JEKTPUUECKON SHEPTHU U3
onHoW (opmbl B apyryro (Hampumep, npeodOpasosanue Mmexay AC u DC, perynmpoBanue
HANPSDKEHUS] WM YacTOThl WJIM HEKOTOPYH UX KoMOmHaumio). IIpeoOpasoBaTens MOIIHOCTH
NpPEACTaBsieT COOOW  BJIEKTPUUECKOE WM 3JIEKTPOMEXaHWYECKOe  YCTPOWCTBO  UIA
npeoOpa3oBaHus 3JeKTpudeckol sHepruu. [IpeodpasoBarenb MOIIHOCTH MOKET NMPEACTABISTH
coboli mpocToil TpaHchopMaTOp ST M3MEHEHHUS! HANPSDKEHUS MOIIHOCTH TMEPEMEHHOrO TOKa
(AC), HO MOXeT Takke OBITh PEaJM30BaH C MCIOJIBb30BAHUEM Topasfo Oosee CIOKHBIX CHCTEM.
Tepmun “npeoOpa3oBaTesib MOITHOCTH MOKET TaKXKe€ OTHOCHTBCS K KJACCY 3JIEKTPHUYECKOTO
00opynoBaHus, KOTOPOE HCHOJIB3YETCs, YTOOBI MPeoOpa3OBbIBATh OAHY HYAaCTOTY NMEPEMEHHOIO
TOKa B Apyryro dactory. CucreMbl mpeoOpa3oBaHUS MOIMHOCTH YacTO BKJIOYAIOT B ce0s
M30BITOYHOCTD U PEryJINPOBAHUE HATIPSKEHHUS.

[0003] IlIpeoOpa3oBaTreny MOLIHOCTH OrPaHUYEHbl 10 CBOUM (PYHKIHMOHAJIBHBIM
CIOCOOHOCTSIM ~ HMX  MEPeKJIIYAILIUMH  yCTpoiicTBamy, paboume orpaHudeHus (T.e.,
paspemieHHoe palodee HANpPsHKEHHE W MAKCHMAJIbHBIH TOK) KOTOPBIX — ONPENeNsoTCs
(u3MUECKMMH XapaKTEPUCTHKAMH MOJYIPOBOJHUKOBBIX MAaTEpHANIOB, HCIHONb3YEMBIX IJISI UX
U3rOTOBJICHUs. MHOTOYPOBHEBBIE TOMOJOIUH, TAKWE KaK TOMOJOTHs C JUOAHON (ukcaumeit
YPOBHsI, TOIOJIOTHS C HABECHBIM KOHJEHCATOPOM M KacKaiHble (BKJIIOYAs THUOPUIHBIC)
TOTIOJIOTHH, TOBBILIAOT padoyee HampspKkeHue npeodOpasoBaTeneil. [To Mepe yBenuueHus: yucnia
YPOBHEH U Mepekyrovarenei, HeoOXoauMmbl Ooyiee TOUHBIE CIIOCOOBI YIpPABICHHS U
NEPEKTIOUEHUsT Ui TMOJNYYEHHs JKEJAaTeIbHOTO HANpsDKeHUS W/WIM TOKAa Ha BBIXOJE
MHOTOYPOBHEBOTO Mpeodpa3oBaTersi.

[0004] Crioco0Obl yripaBieHHsT TOKOM TaKXKe€ WIPAIOT BAKHYIO POJb B CXeMaX CHUJIOBOM
SJIEKTPOHUKH, B YACTHOCTH, B HEMPEPBIBHbIX HMCTOUHMKax nutaHus AC, rae 1enb COCTOUT B
¢dopmupoBarnn cuHycoupanbHoro Beixoga AC (Hampumep, B uHBepropax PWM ¢
peryiupyeMblM TOKOM, IIMPOKO TMpPUMEHSEeMBbIX B JJekTpuueckux mnpusogax AC, u B
HeTpepbIBHBIX NCTOYHMKAX nuTaHust DC nist nurareneit DC mnm MomabIx MarauToB). [ maBHas
3a/a4a CUCTEM YIIPABIIEHUS B PETYIUPYEMbIX PEoOpa3oBaTENsiX TOKA COCTOUT B YCHJIIEHUH TOKA
B Harpy3Kke B COOTBETCTBUU C ONOPHOU TPAEKTOPUEH.

[0005] T'mcrepesuc mpencraBisier COOOH sIBIEHHE, B KOTOPOM OTKJHK (PU3UIECKOM

CHUCTCMbI Ha BHCHIHCC BO3)1€I‘/'ICTBI/IG 3aBUCHUT HE€ TOJBKO OT TeKYIHGﬁ BCJIIMYHMHBI 3TOI'O



BO3JIEIICTBYsI, HO TaK)Ke OT NMPEbICTOPUU CUCTEMBL. B MaTemMaTnueckoM BbIpaXK€HUH, OTKJIUK Ha
BHEIIHEe BO3/EHCTBHE SIBJISETCS ABY3HAYHOH (YHKIMEH, OIHO 3HAUYE€HUE NMPUMEHSIETCs, KOTaa
BO3JIEIICTBHE BO3PACTAET, B TO BPEeMsl KaK JpPyroe 3Ha4eHUE NPUMEHSETCs, KOTAa BO3AEHCTBUE
CHIKAETCH.

[0006] CymecTByr0oT TpU TIJaBHBIX KJacca PEryJsTOPOB TOKAa. THUCTEPE3UCHBIE
peryJsaTopbl, JUHEHHble Pl-perynsTopbl M peryJsiTopel HYJEBBIX OHEHUIl C YHpPEXKICHHUEM.
Cpenu 5THUX KJIACCOB, TMCTEPE3UCHOE YIIPABJIEHHUE TOKOM IIOJIOCHI OCTAETCSl CAMBIM IPOCTBIM
crocobom. IToMHUMO TOKOBOIO KOHTYpa ObICTPOrO OTKJIMKA, CIIOCOO YIIpaBJIeHHs] TOKOM MOJIOCHI
rucrepesuca He TpeOyer Kakoro—immbOO 3HAaHUS MNapaMeTpoB Harpy3ku. OIHAKO MeTox
THCTEPE3NCHOrO YIPABJICHUS] TOKOM JJISi MHOTOYPOBHEBBIX NpeoOpa3oBaresieli CTAHOBUTCS BCE
0oJ1ee CIIOKHBIM C YBEJIMYEHUEM YUCIIA YPOBHEH.

[0007] BBuay BBIIEU3JIOKEHHBIX OTPAHUYCHUH, KEJIaTeIbHO O0ECHEeYUTh MPOCThIE H
3¢ eKkTUBHBIE CHOCOOBI MHOTOYPOBHEBOI'O YETHIPEX—KBAAPAHTHOIO M JBYX—KBAJIPAHTHOTO
TUCTEPE3UCHOrO YIIPABJIEHUS TOKOM.

KPATKOE OIITMCAHUME CYITHOCTHU U30BPETEHU A

[0008] BapuaHThl OCYLIECTBIEHHS] HACTOSILErO PACKPBITHSl HAIPABJIEHbl HA CUCTEMBbI U
Croco0BI, KOTOpBIE O0ECHeYMBAIOT MpPOCThle U 3((EeKTUBHBIE CIMOCOOBI MHOTOYPOBHEBOTO
YeThIpeX— U JABYX—KB3JPAaHTHOTO TUCTEPE3UCHOrO YIPaBIE€HUS TOKOM Ul LIMPOKO
UCTIONB3YEMBIX ~ ONHO(A3HBIX  WIM  MHOTO(A3HbIX  KACKaJHbIX  MHOTOYPOBHEBBIX
npeoOpa3oBaTenieli € OJHUM MJIM HECKOJbKUMH BBIXOAHBIMH YPOBHSIMH  HAIPSIKEHUS.
OnnodasHelli win MHOroasHelii KacKaJHbIi MHOIOYPOBHEBBIN NpeoOpa3zoBaTeib CONEPIKUT
MHOYKECTBO CHUJIOBBIX STY€€K, COEIMHEHHBIX MOCIIEeIOBATEIbHO B KAKION (ha3e C MONOKUTETbHBIM
LIeNIbIM YHCJIOM BBIXOJHBIX ypoBHeH HampspkeHus. CuctemMbl M CrocoObl MHOTOYPOBHEBOTO
4eTbIPEX— U JIByX—KBAJPAHTHOIO FUCTEPE3UCHOIO YIPABIECHUS TOKOM, NPEACTaBICHHbBIE 37€Ch,
3¢ PEeKTUBHO U TOYHO YNpaBisOT Jr000H ¢opmoit Toka AC/DC B Harpyske, NepeHOCST
BJIEKTPUUYECKYIO MOLIHOCTb OT 3JIEMEHTOB HaKOIUIEHHUSI SHEPTUU CUJIOBBIX Y€K B 3Ty Harpy3Ky,
U, B Clly4ae PEaKTUBHON WJIM PEreHePaTUBHOI HArPY3KH, BOCCTAHABINBAIOT SHEPTUIO OOPATHO B
HAKOIIUTEJIbHBIE 3JIEMEHThl. BapuaHThl OCYLIECTBIIEHHsS] TaKXK€ HANpaBJIeHbl Ha Crocod
OamaHCUpOBKM (BBIPABHMBAHUS) HANPSDKEHUH HA 3JIEMEHTAX HAKOIUIEHUS SHEPTUHM CUJIOBBIX
SYeeK KACKaJHOTO MHOTOYPOBHEBOTO MpeoOpa3oBaTesisi, KOTOPbIA BKIOYaeT B ceOsi BBIOOP
HAKOIUTENIbHBIX 3JIEMEHTOB C MAaKCHUMAJbHBIM M MHHHMAaJbHBIM HANpSDKEHUSMH (Ha OCHOBE
HANpPSDKEHUH 3JIEMEHTOB HAKOIUICHHUS] HEPTUH BCEX CHIIOBBIX SUEEK) M KOTOPBIH BBIMTOJHSET
ompeneneHue OallaHCa KacaTeNbHO TOTO, CIEAYEeT JIH BBOAWTb JSHEPTHI0O B BBIOPAHHBIN
HAKOMUTENbHbIM 3JIEMEHT OT PEaKTUBHON WM pereHepaTUBHON HAarpy3ku WJIM BBbIBOJUTH
SHEPTHI0 OT BBIOPAHHOTO HAKOIUTENBHOTO 3JIEMEHTa B PEAKTUBHYIO WJIH PEreHepaTHBHYIO
Harpy3ky. Kpome Toro, BapraHThl OCYINECTBIEHUS BKIIOYAIOT B ce0s METOA MOBOPOTA HYJIEBOT'O
COCTOSIHUS IEPEKITIOUEHHST, YTOOBI MUHUMHU3HPOBATDh YHUCIIO KOMMYTALIUH BCEX MEPEKIIOYAFOIINX
3JIEMEHTOB B KQ)KJIOW CHJIOBOH sTuelke KaCKaJHOTO MHOTOYPOBHEBOT'O IPe0oOpa3oBaTes.

[0009] BapuaHTbl OCYILUECTBJEHUS, MPEACTABICHHBIE 3/1€Ch, MOTYT MPEANOYTUTEIBHO

UCIIOJIb30BAaTbC BO MHOXKECTBE IPUJIOKEHHUM, B KOTOPBIX INPUMEHSIOTCS PEryJIUpyEeMble



npeoOpas3oBaTenu Toka. IIpuMepsl TakMx MPUIOKEHMH MOTYT BKIKOYaTh B ceds, Oe3
OTpPaHUYEHUs], CXEMbI CHJIOBOH 3JIEKTPOHUKH, COAEpIKALUE. 3JIEKTPOMAarHUThI Ui MJ1a3MEHHbIX
PEaKTOPOB, BKJIIOYAsi MOJOUAANBHBIE U TOPOUAAJIbHbBIE BO30YKAAIOILINE MArHUTHI (MHAYKTOPHI)
Tokamaka, 1 paBHOBECHBIE U NOICTPOEYHbIE MArHUTHI PEAKTOPOB KOH(PHUrypamuu oOpaTHOro
nojst (FRC); yckopurenpHble MarHuThl nuHeHbIx yckoputeneit (LINAC); snekrponsurarenu
mo0oro Tuma M J000ro Kjacca MOIIHOCTH, BKIrodass PMSM u koMMyTHpyeMble peakTHBHbBIE
snekrpoasuratenu (SRM) ¢ MHOkeCTBOM (ha3; COCAMHEHHBIE C CEThIO CHCTEMbl HAKOIUICHUS
sHeprur; STATCOM nnst KOMIEHCAIMM PEeaKTHBHOH MOINHOCTH, (UIBTPALIMM  BBICOKHX
TapMOHHUK TOKA M CTaOMJIM3AL[MH HANPSDKEHUS, U COSNUHEHHbIE C CeThI0 (DOTOraibBAHHUECKUE
CUCTEMBI.

[0010] dpyrue cucremMbl, criocoObl, MPU3HAKU U MIPEUMYIIECTBA TPUMEPHBIX BAPUAHTOB
OCYIIECTBIIEHHs] OYAyT WJIM CTAaHYT OYEBUAHBI CIIELIUAIUCTY B JAHHOH OOJIACTH TEXHHKH IOCIE
U3YUYEHHS CIENYIOIUX YepTeked u nogpodHoro onucanus. J{oyKHO OBITh OHITHO, YTO “ABYX—
KBaJpaHTHBIN U “2—KBaJpaHTHBIN HCIONB3YIOTCA 37€Ch B3auMo3ameHsieMo. JIOJKHO ObITh
MOHSTHO, YTO “‘YeTbIpeX—KBaApPAaHTHBIN U “4-KBaApaHTHBIM  MCIONB3YIOTCA  37€eCh
B3alMO3aMEHSIEMO.

KPATKOE OIMCAHUE YEPTEXXEU

[0011] Jletanu mnpuMepHBIX BapUaHTOB OCYLIECTBIEHHUS, BKJIOUas CTPYKTYpy H
(YHKIMOHMPOBAHUE, MOXKHO IOHATh OTYACTH Ha OCHOBE M3YYEHHUs MPUIIAraeMbIX YepPTEXKel, Ha
KOTOPBIX OJJUHAKOBBIE CCHUIOUHBIE MO3ULIMUA OTHOCSTCS] K OAMHAKOBBIM 4acTsM. KOMIOHEHTHI Ha
yepTeskax NpPEACTaBIeHbl He o0s3arenpbHO B MacimTabe, BMECTO 3TOrO VIOp CAENaH Ha
WUTIOCTPALIMM NPUHLIUIOB packpeiTus. Kpome TOro, Bce WIIHOCTpaLUU NpPEAHA3HAYEHbI IS
nepenavy KOHLEMNIMH, TZie OTHOCHTENbHbIE pasMepbl, GOpMbI M Ipyrue AeTalbHbIE aTPHOYTHI
MOTYT ObITh IPOUJUTFOCTPUPOBAHBI CXEMATHYHO, & He OYKBAJIBHO MJIM TOYHO.

[0012] @ur. 1A WUOCTPUPYET  CXEMAaTUYHOE  HM300pa)KeHHe  MPUMEPHOM
MHOTOYPOBHEBOW MHOTO—KBaIPAHTHOM CUCTEMBI B COOTBETCTBUH C BAPUAHTAMHU OCYILECTBIICHHUS
HACTOSLIETO PaCKPBITHUSI.

[0013] Dur. 1B wummrocTpupyer MPUMEPHYIO siUeHKy MNpPUMEpPHON AeBSITHYPOBHEBOMU
YeTbIPeX—KBaJAPAHTHON CHUCTEMBI B COOTBETCTBHUHU C BapHaHTAMM OCYIIECTBIIEHUS HACTOSIIEro
PaCKpPBITHSL.

[0014] @ur. 2A WUIOCTPUPYET CXEMAaTUYHOe  H300pakeHHWEe  MPUMEPHOMH
MHOTOYPOBHEBON MHOTO—KBaIpAHTHON CUCTEMBI B COOTBETCTBUH C BAPUAHTAMU OCYILECTBIICHMUSI
HaCTOSLIEro paCKpbITHS.

[0015] Dur. 2B wuuirocTpUpyeT NPUMEPHYIO siUeHKy MNPUMEPHON JeBSITUYPOBHEBOM
JBYX—KBaJpaHTHOM CHCTEMbl B COOTBETCTBUU C BapHaHTAMM OCYIIECTBIEHMs] HACTOSLIETO
PaCKpPBITHSL.

[0016] Pur. 3 wuUOCTPUPYET NPUMEPHBINH CEJIEKTOP YPOBHs HANpsIKEHUs B
COOTBETCTBUH C BAPMAHTAMU OCYLIECTBIIEHUS] HACTOSLIETO PACKPBITHUS.

[0017] Pur. 4A wumrOCTpUpyeT MNPUMEPHOE YIpaBleHUE TOKOM [0 BpPEMEHU B

COOTBETCTBUH C BapHUAHTAMU OCYILICCTBJICHUS HACTOALICTO PACKPBITUS.



[0018] ®ur. 4B wunmocTpupyeT NpUMEpPHbIE ONOPHBI U AEMCTBUTENIbHBIN TOKU IO
BPEMEHU B COOTBETCTBUU C BAPUAHTAMH OCYLIECTBJICHMS HACTOSILETO PACKPBITHSL.

[0019] @ur. 4C wurOCTPUPYET NMPUMEPHOE BBIXOAHOE HAIIPsDKEHUE Peodpa3oBaTess 1o
BPEMEHU B COOTBETCTBUU C BAPUAHTAMH OCYLIECTBJICHUs] HACTOSIILETO PACKPBITHSL.

[0020] ®ur. 5 nnmoctpupyeT QYHKIHUOHAIBHYIO AMArPaMMy MHOTOYPOBHEBOIO MHOT'O—
KBQJIPAHTHOTO THCTEPE3UCHOTO0 KOHTpOJUlepa TOkKa ¢ OamaHcupoBKOH HampspkeHuss DC u
BpalleHueM (IIOBOPOTOM) HYJIEBOTO COCTOSIHMS B COOTBETCTBUU C BaPUAHTAMU OCYILECTBIICHHS
HACTOSLIETO PaCKPBITHUSI.

[0021] @ur. 6 wUIFOCTPUPYET NPUMEPHBIH OJIOK MOBOPOTA/OANAHCUPOBKH SYEEK B
COOTBETCTBUH C BapHAHTAMU OCYLIECTBIIEHUS] HACTOSLIETrO PACKPBITHS.

[0022] @ur. 7 unmocTpupyeT npuMepHbiii orleHIuK di/dt B COOTBETCTBUU C BapUaHTaMuU
OCYIECTBJIEHHS HACTOSIIIETO PACKPBITHS.

[0023] @ur. 8A wumocTpupyer (YHKIHOHAIBHYIO AMArpaMMmy HpUMEpHOro OJioka -
0VDC noBopoTa B COOTBETCTBUH C BApHAHTAMH OCYLIECTBIIEHUS] HACTOALIETO PACKPBITHS.

[0024] ®ur. 8B wumocTpupyeT (YHKIMOHAJIBHYIO AMArpaMMy MpHMEpHOro OJoka
+0VDC noBopoTa B COOTBETCTBUHU C BApUAHTAMU OCYLIECTBJIEHUs] HACTOSLLIETO PACKPBITHS.

[0025] @ur. 9A wumrocTpupyeT (HYHKUMOHAJNBHYK) AWAarpaMMy TPHMEpPHOro Ojioka
+1VDC noBopoTa B COOTBETCTBUY C BAPUAHTAMU OCYLIECTBJIEHUS] HACTOSLIETO PACKPBITHS.

[0026] @ur. 9B wumoctpupyer (PyHKIMOHAJIBHYIO AWArpaMmy NPUMEPHOro Ojoka -
1VDC noBopoTa B COOTBETCTBUM C BApHAHTAMU OCYILIECTBJIEHUS] HACTOSLIETO PACKPBITHUSI.

[0027] ®ur. 10A wummroctpupyer npumepHblii reHeparop OVDC mnosopora B
COOTBETCTBUH C BAPUAHTAMU OCYLIECTBJIEHUS] HACTOSLIETO PACKPBITHUS.

[0028] @ur. 10B wmmoctpupyer mnpumepHelii reseparop 1VDC mnosopora B
COOTBETCTBUH C BAPUAHTAMU OCYLIECTBJIEHUS] HACTOSLIETO PACKPBITHUS.

[0029] @ur. 10C wmmoctpupyer mnpumepHsiii renepatop 2VDC mnosopora B
COOTBETCTBUH C BapHAHTAMU OCYIIECTBIIEHUSI HACTOSLIETO PACKPBITHSI.

[0030] ®ur. 10D wumroctpupyer npumepHblii reneparop 3VDC mnosopora B
COOTBETCTBUH C BapHAHTAMU OCYIIECTBIIEHUS] HACTOSLIETO PACKPBITHS.

[0031] Pur. 10E wmmoctpupyer npumepHbiii redepatop OVDC mnosopora B
COOTBETCTBUH C BapHAHTAMU OCYLIECTBIIEHUS] HACTOSLIETrO PACKPBITHS.

[0032] @ur. 11A ummocTpupyeT MpUMEPHOE MOAETHUPOBAHHOE YINpaBieHHE TOKOM IO
BPEMEHU B COOTBETCTBUU C BAPUAHTAMH OCYLIECTBJIEHMs HACTOSIILErO PACKPBITHSL.

[0033] @ur. 11B wutrocTpupyer MpUMEpHble MOJEIMPOBaHHbIE ONOPHBIA U
JeNCTBUTENbHBIN TOKU [0 BPEMEHU B COOTBETCTBHUM C BapUAHTAMH OCYILE€CTBJIEHUS HACTOSLIETO
PaCKpPBITHSL.

[0034] @ur. 11C ummocTpupyeT NpUMEPHOE MOAENHNPOBAHHOE BBIXOJHOE HANpsKEHHUE
npeoOpa3oBaTesisi MO BPEMEHH B COOTBETCTBHHM C BapUAHTAMM OCYINECTBJIEHUS HACTOSILIETO
PaCKPBITHSL.

[0035] ®ur. 12 umnrocTpupyeT NpUMepHbIE HANPSDKEHMs] HA HAKOMHUTENbHBIX 3JIEMEHTax

SAYCCK B COOTBETCTBUU C BApHUAHTAMU OCYIICCTBIICHUSA HACTOSAIICTO PACKPBITUA.



[0036] @ur. 13A unnrocTpUpyeT BBIXOAHOE HANpPSKEHHE YEThIpeX MPUMEPHBIX sUEeK B
COOTBETCTBUU C BAPUAHTAMH OCYLIECTBICHUS] HACTOSIILETO PACKPBITHSI.

[0037] ®ur. 13B wuunocTpupyer pe3yJbTUPYIOLEe BBIXOJHOE  HANpsKEHUe
IEBITUYPOBHEBOrO IpeoOpa3oBaTeist B COOTBETCTBUM C BapUAaHTOM  OCYLIECTBJICHUS,
n300paskeHHbIM Ha ¢ur. 13A.

[0038] Pur. 14A wunOCTpUpPYET YHPABIAIOLNE CHTHAIBI HAa MEePEKIIOYArOIINX
3JIEMEHTaX MPHUMEPHBIX S4YEeK B COOTBETCTBUM C BAPUAHTAMHU OCYILECTBJICHHUs HACTOSILErO
PaCKpPBITHSL.

[0039] ®ur. 14B umtrocTpupyeT yBEIUUEHHOE BPEMEHHOE OKHO CUTHAJIOB, MOKa3aHHBIX
Ha ur. 14A.

[0040] @ur. 15A, 15B, 15C u 15D wmumocTpupyroT MpPUMEPHBbIE MOAEIUPOBAHHBIC
pe3yibTaThl AJsl 3JIEKTPOMAarHuTa, MPUBOJUMOrO B AEHCTBHUE MOCPEACTBOM MHOIOYPOBHEBOIO
KaCKaJHOTO IpeoOpaszoBaTelisi, Coaepikamero oqHo(pas3HbIi IeBIATHYPOBHEBBINH 2—KBaJpaHTHBIN
npeoOpas3oBaTeNib B COOTBETCTBUN C BAPUAHTAMH OCYIIECTBJICHHUSI HACTOSIIETO PACKPBITHS; (UT.
I5A wuroCcTpUpyeT MpUMepHble MONEIMPOBAHHBIE TOKA MarHuTa Mo BpemeHu, ¢ur. 15B
WIIFOCTPUPYET MPUMEPHbIE MOJIEIUPOBAHHBIE BBIXOAHBIE HanpspkeHus PSU no Bpemenwu; ¢ur.
15C ummocTpupyer mpuMepHbIe MOJSITHPOBAHHBIE CHTHAJBI OLIHMOKH YIPABJICHUS 110 BPEMEHH,
¢ur. 15D nnmrocTpupyer npuMepHoe MozienupoBanHoe HanpspkeHue DCL siaeex o BpeMeHu.

[0041] @ur. 15E, 15F, 15G u 15H unmtocTpupyloT NpUMEpPHbIE 3KCIEPUMEHTaIbHbIE
pe3yibTaThl AJsl SJIEKTPOMAarHuTa, MPUBOAUMOrO B AEHCTBUE MOCPEICTBOM MHOIOYPOBHEBOIO
KaCKaJHOTO IpeoOpaszoBaTelisi, coaepikaliero ogqHopasHbli NeBATHYPOBHEBBIN 2—KBaJpaHTHBIN
npeoOpa3oBaTeNib B COOTBETCTBUU C BAPHAHTAMU OCYLIECTBJIEHHS HACTOSLIETO PaCKpPbITUS; (ur.
ISE wunmocTpupyeT NpUMEpHble 3KCIEPUMEHTAJbHbIE Pe3yabTaTbl IJisi TOKA MarHuTa IO
BpeMeny, ¢ur. 15F wmurocTpupyer npuMepHble OSKCIIEPUMEHTANbHbIE Pe3yJbTaThl IS
BbIXOAHBIX HampspkeHuin PSU  mo Bpemenu; ¢ur. 15G  wunocTpupyer npuMepHbIe
SKCIIEPUMEHTAJIbHBIE PE3YJIbTAThl ISl CUTHAJIOB OLIMOKU ympaBjieHus no Bpemenu; ¢ur. 15H
WUTIOCTPUPYET MPUMEPHbIE SKCIIEPUMEHTANIbHbIE pe3ynbTaThl 1 HanpsbkeHus: DCL sueek mo
BPEMEHHU.

[0042] Dur. 16A, 16B u 16C ummocTpupyroT IpUMepHbIe MOJEINPOBAHHbBIE PE3YJIbTaThl
IJIs1 3JIEKTPOMAarHuTa, NPUBOJMMOIO B JEHCTBHE MOCPEACTBOM MHOIOYPOBHEBOI'O KAaCKaJHOTO
npeobpaszoBaTes, COZIEepKAILEro onHO(a3HbIH CEMUYPOBHEBBIN 4—xBagpaHTHBIN
npeoOpa3oBaTesib B COOTBETCTBUN C BAPHAHTAMH OCYLIECTBJICHHUSI HACTOSIIETO PACKPBITHS; (UT.
16A wuFOCTPUpPYET MPUMEPHBICE MOACIUPOBAHHBIE NEHCTBUTEIBHBIM U OIMOPHBIA TOKH TIO
BpeMmeHH, ¢ur. 16B wumrOCTpUpyeT mNpUMEpHbIE MOJAEIMPOBAHHBIE CUTHAJBI OIMIMOKH
ynpasieHusi o BpeMmeHu;, ¢ur. 16C mumocTpupyer npuMepHble MOIEIHPOBAHHBIE BBIXOIHBIC
HanpsixkeHus: PSU no Bpemenu.

[0043] ®ur. 16D ummocTpupyeT MpUMEpPHblE 3KCIEPUMEHTAIbHbIE PE3YJbTaThbl ISl
IEeMCTBUTENIPHOTO U OMOPHOTO TOKOB MAarHUTa, CUTHAJIOB OIIHMOKH YIIPABIEHHS M BBIXOIHBIX
HanpsbkeHuin PSU  nmo BpemMeHM i BJA€KTPOMAarHuTa, IMPUBOAMMOIO B JEHCTBHE

MHOT'OYPOBHEBBIM KaCKaJHBIM IpeoOpa3zoBaTesieM, COAepKalluM OqHO(A3HbII CEMIYPOBHEBBIN



4—kBagpaHTHBIN Npeobpa3oBaTeb B COOTBETCTBUH C BAPUAHTAMHU OCYIIECTBJICHUS HACTOSIIETO
PaCKPBITHSL.

[0044] @ur. 17 wWUROCTPUPYET CXEMATUYHOE H300paKeHHEe KOMMYTHPYEMOTO
PEaKTUBHOIO 3JIEKTPOABUIAaTENs], PUBOAUMOIO B AEHCTBUE MOCPEACTBOM TPEX HE3ABUCHUMBIX
JEeBSITUYPOBHEBBIX 2—KBaJPAaHTHBIX MHOTOYPOBHEBBIX IIpeoOpa3zoBaTesiell B COOTBETCTBHM C
BAPHAHTAMHU OCYIIECTBIEHUS HACTOSIIIETO PACKPBITHS.

[0045] Pur. 18A, 18B, 18C u 18D wmnmocTpUpyOT NPUMEPHbIE MOJENHUPOBAHHbIE
pe3yJIbTaThl ISl KOMMYyTHPYEMOTO PEaKTUBHOIO 3JIEKTPOABHUraTeNs, IPUBOJUMOIO B IEHCTBHE
MOCPEACTBOM TpPeX HE3aBUCHUMBIX JEBSTHYPOBHEBBIX 2—KBaJPAaHTHBIX MHOTOYPOBHEBBIX
npeoOpa3oBaTesieil B COOTBETCTBUM C BapUAHTAMU OCYIIECTBJIEHHS HACTOSILIETO PACKPBITHUS,
¢ur. 18A wunmOCTPUPYET NPUMEpPHBIE MOIEIUPOBAHHBbIE (ha3HbIE MOTOKOCLETUIEHHS 10
BpemeHwy, ¢ur. 18B mumrocTpupyer npuMepHble MOJEIUPOBaHHbIE (ha3HBIE TOKH MO BPEMEHH,
¢ur. 18C mumroCcTpUpyeT NPUMEPHBIH MOAEIHPOBAHHBIA KPYTSIIIUH MOMEHT IO BpEMEHH, (HT.
18D ninmrocTpupyeT NPUMEPHYIO MOAENHPOBAHHYIO CKOPOCTh ABUTaTeNs [0 BPEMEHU.

[0046] Dur. 19A, 19B, 19C u 19D wumoCTpUpyOT MPUMEPHBIE MOACIHPOBAHHBIC
pe3yNbTaThl sl KOMMYyTHPYEMOTO PEaKTUBHOIO 3JIEKTPOABUraTesNs, NPUBOJUMOrO B JEHCTBHE
MOCPEACTBOM TpEX HE3aBUCUMBIX JEBITUYPOBHEBBIX 2—KBaJPAHTHBIX MHOIOYPOBHEBBIX
npeoOpa3oBaTenieii B COOTBETCTBUU C BapUAHTAMU OCYINECTBIEHHs HACTOSINErO PACKPBITHSL
¢ur. 19A wunOCTpUpPYeT NPUMEpPHBIE MOIENUPOBAHHBbIE (pa3HbIE NOTOKOCLETUIEHHS 10
BpeMeHH, ¢ur. 19B mumrocTpupyer npuMepHble MOAENINPOBaHHbIE (ha3HbIE TOKU IO BPEMEHU,
¢ur. 19C mumocTpupyeT NpUMepHbIH MOIETHMPOBAHHBINA KPYTSIIUI MOMEHT IO BpeMeHH; (ur.
19D nnnmrocTpupyeT NpUMEPHYIO MOAEIHNPOBAHHYO CKOPOCTh ABUraTess 0 BPEMEHU.

[0047] ®ur. 20A, 20B, 20C, 20D u 20E uuocTpupyrOT IpUMEPHbIE MOJIEIUPOBAHHBIE
pe3yJbTaThl IJIs1 KOMMYTHPYEMOTO PEAKTUBHOIO 3JIEKTPOABUIaTENsl, MPUBOAUMOIO B IEHCTBHUE
NOCPEACTBOM TPEX HE3aBUCUMBIX JAEBATHYPOBHEBBIX 2—KBAJPAHTHBIX MHOTOYPOBHEBBIX
npeoOpa3oBaTesieii B COOTBETCTBUM C BapUAHTAMU OCYIIECTBIICHHSI HACTOSIIETO PACKPBITHS
¢ur. 20A, 20B, 20C u 20D WUIOCTPUPYIOT NPUMEPHbIE MOJEIHPOBAHHBIE BBIXOIHBIE
HANPSDKEHUS] JJIsl OTAENbHBIX siYeek 1o BpeMmeHu; ¢ur. 20E wmumocTpupyer npuMepHoe
MOJIEIUPOBAHHOE BBIXOHOE HAPSDKEHHUE NPeoOpa3oBaTesis 10 BPEMEHH.

[0048] Cnenyer OTMETHTb, YTO 3JIEMEHTHI C MOJOOHBIMU CTPYKTYPaMHU WIH (PYHKIHSIMHU,
KaK MpPaBUJIO, MPEACTABIEHbl OJUHAKOBBIMHM CCbUIOYHBIMHU IMO3ULUSAMHU ISl WILIIOCTPALIUU Ha
Bcex deprexkax. Crenyer Takke OTMETUTh, YTO 4YepTEXH IpelHa3HadeHbl TOJbKO JUIs
o0JIerueHMs OMMCAHUS MPENNOYTHTEIBHBIX BAPUAHTOB OCYLIECTBICHHS H300pETEHUSI.

ITOJAPOBHOE OITMCAHUE

[0049] Cnenyromue BapuUaHThI OCYIIECTBICHHUS OMUCAHBI MOAPOOHO, YTOOBI TIO3BOJIUTH
CTHEeLMAINCTaM B JAHHOH O0JIACTH TEXHUKH PEaN30BaTh U HUCIOJIB30BATh PA3IUYHbIE BAPUAHTHI
OCYIIECTBJIEHUs] HACTOsIIEro packpbiTus. Crenyer MNOHMMATb, YTO JAPYyTH€ BapUaHTHI
OCYIIECTBIIEHHsI OYAYT OYEBUIHBI HA OCHOBE HACTOSINETrO PACKPBITHS, M YTO CUCTEMA, MPOLECC
WJIM U3MEHEHHUSI MOTYT OBbITh BBIMOJIHEHBI 0€3 OTKJIOHEHMs OT CYLUTHOCTH M 00BeMa HACTOSIINX

BAPHAHTOB OCYILECTBICHUS.



[0050] B mocnenyromeM ONUCAHUHM, MHOTOYUCICHHBIE KOHKPETHBIC MOAPOOHOCTH
NPUBEAEHBI, YTOOBI O0ECTIEYUTh IOJIHOE NMOHUMAHHE HACTOSIIUX BAPUAHTOB OCYINECTBIJICHHSL.
Onnako Oyzner OueBHUAHO, YTO HACTOSIINE BAPUAHTBI OCYIIECTBJIEHHSI MOTYT OBITh MPAKTUYECKH
peanu3oBaHbl 0e3 3TUX KOHKPETHBIX aAeTanedl. B Lensx moBbllIeHHs SICHOCTH, HEKOTOpBIE
XOpOLIO U3BECTHBIE CXEMBbl, KOH(PUTYypallUd CUCTEMBI U 3TAIlbl IPOLIECCa MOTYT HE ONMUCHIBATHCS
J€TaJIbHO.

[0051] Yeprexu, MOKa3blBaIOLINE BAPUAHTbI OCYIIECTBJIEHUS HACTOSLIETO PACKPBITHS
SIBJISTFOTCS TIOJTy-CXEMATHYHBIMU U TPEICTABJIEHBI He B MaciuTade, 1, B 4aCTHOCTH, HEKOTOPbIE U3
pa3MepoB MpPeIHA3HAYEHBI ISl SICHOCTH U3JI0KE€HUS U NTOKa3aHbl YBEJIUYEHHBIMU HA YEPTEKAX.

[0052] @ur. 1A WUIOCTPUPYET  CXEMaTUYHOe  H300paskeHHWe  MPUMEPHOMH
MHOTI'OYPOBHEBOW MHOIO—KBaJpaHTHON cuctembl 100 CUIOBOI 3J€KTPOHUKU B COOTBETCTBHHU C
BapUaHTAMU OCYLIECTBJIEHHS HACTOSILEro packpbiTus. lIpuMepHbIll yeThlpex—KBaJpaHTHbIN
OEeBSITHYPOBHEBBII ONHO(A3HBIH KacKamHbl mnpeoOpasoBarens 107 WMeeT €MKOCTHbIE
HAKOIUTENbHbIE 3JIEMEHTH! U cucteMy 101 ympaBnenus u coenuHeH ¢ Harpyskou 106, takon
KaK, HanpuMep, onHo(asHas pe3uCTHBHO—MHAYKTHUBHAS HAarpy3ka, kak nokasano. Harpyska 106
MOJKET BKJIOYAaTh B Ce0sl 3JIEKTPOMATHMTBI, 3JIEKTPONPUBOIABI U TOMY MonoOHoe. DyHKINH
cucrembl 101 ympaBineHHss MOTYT OBITh PeajM30BaHbl C HUCHOJIb30BAHHUEM INPOTPAMMHBIX HIIH
anmnapaTHbIX NPOLECCOPOB, BKIKYask MPOrPaMMHbBIE MPOLEAYPBL, alnapaTHble KOMIOHEHThI WIH
UX KOMOWHALIHH.

[0053] B BapmanTax ocyuiecTBieHHs, mnpeodpasoBarens 107 ¢ €MKOCTHBIMH
HAKOITUTENbHBIMU 3JIEMEHTAMHU COMEPXKUT 4eThipe (4) MocaenoBaTeIbHO COSAMHEHHBIE SYEHKH
102, 103, 104 u 105. B BapuaHTax OCYLIECTBJICHUS, KaXaasi U3 MOCIEI0BATENbHO COEUHEHHBIX
sueek 102, 103, 104 u 105 mpencrasnsier H—mocToBoli mpeoOpa3oBarenb, UMEHOLIHH, Kak
noka3aHo Ha ¢ur. 1B B oTHOmeHun npumepHoi sueiiku 102, yersipe (4) AByHanpaBIEHHBIX
nepeximouatens 110, 111, 112 u 113 (takue kak, Hanpumep, IGBT wiu MOSFET ¢ auonom
cBOoOOIHOTO X012 (Oe3bIHEPIIMOHHBIM AUOA0M)) U KoHAeHcaTop 114. Bee yeThipe KOHIEHCATOpa
114 npeobpazosarenss 107 u30nMupoBaHbl IPYr OT APyra U MOTYT OBITH COCOUHEHBI C JEOOBIM
WHIMBUAYAIBHO H30MpoBaHHBIM mpeobpazosareneM AC/DC wnmm DC/DC (He mokasaHo Ha
yeprexe). B BapuaHTax OCyIIeCTBICHHUS, KaKIash U3 MOCIEA0BATEIbHO COENMHEHHBIX siueek 102,
103, 104 u 105 BrirouaeT B cebs martyuk/mepenatdyuik 115 HampspkeHUWs, KOTOPBIA mepemaeT
CHUTHaJ OOpaTHOW CBs3M HampsbkeHust Ha cuctemy 101 ynpaBienust coorBeTrcTBeHHO DC—
HANPSDKEHUIO KOHACHCATOPA MM HakomuTesbHOro saeMenTa 114. Jlatunk toka/nepeparank CT
116 pasmewmen mexny npeodpasosareneM 107 u Harpyskoi 106 u mepemaer curHayn oOpaTHON
CBSI3U TOKa, COOTBETCTBYIOLIHHA TOKY (IRea) B Harpyske 106.

[0054] ITockonbky mpeobpazoBarens 107 mpexncraBisier cobOil YeThbIpeX—KBaapaHTHBIN
npeoOpas3oBaTellb, UTO 03HAYAET, YTO KaK BBIXOJHOH TOK, TAK M BBIXOIHOE HANPSKEHHE MOTYT
OBITH IMOJIOKUTEIBHBIMU WJIM OTPHLATENbHBIMU B JII000H KoMOWHanmu, npeodpasosarens 107
MOJKeT padoTaTh HE TOJBKO B AByHanpasieHHOM pexxume DC/DC, HO 1 B peskuMe BBIPSIMIICHUS
WM uHBepcuu (OOpaTHOM pexuMe). byneT MOHATHO, 4TO B HACTOSINEM DPACKPBITHH, TOJBKO

oOpaTHbIli pabounii peXUM MOSICHSETCS B KadecTBe npumepa. B memsx storo oOcyxneHus,



TaK)Ke TMpPeNroyiaraerTcs, 4ro mnpeoOpasoBaresb padoTaeTr B TEYEHHE KOPOTKOTO HHTEpBaa
BPEMEHH, TAaKOTO Kak, HalnpuMep, HECKOJbKO MMIJUJIUCEKYHZ, TaK YTO OTCYTCTBYET
NOTIOJTHUTEIbHBIA ~ UCTOYHUK OHEPruu, TpeOyeMblii JJisi HAKONMHUTENbHBIX  3JIEMEHTOB
(xornencaropos) 114, u HanpspkeHne Ha KOHAeHcaTopax 114 He yMeHbIIAeTCst 3HAUUTEBHO B
Te4YeHHe paboyero BpeMeHH AJisl MOAAEP KaHuUs MOJIE3HOro ToKa B Harpy3ke 106. Tem He meHee,
HeT pa3iuyusi B paboTe COMIaCHO HACTOSIIEMY CrocoOy MpU HAJHUYUU JTOTOJHUTENIbHBIX
UCTOYHUKOB JHEPrMM, TAKUX KakK, HANpPUMEp, KOHAEHCATOPBI, CYNEepKOHIEHCATOpbI, OaTrapewu,
TOIUTMBHBIE SIUEHKHU U TOMY MTOAO0HOE.

[0055] Bce BO3MOKHBIE COCTOSTHUS MEPEKITIOUYSHUI MPUMEPHOTO YeThIPEX—KBAAPAHTHOTO
NEBATUYPOBHEBOrO KackaaHOro mpeodpasoBatenss 107 ¢ COOTBETCTBYIOIIMMH BbIXOIHBIMH
YPOBHSIMU HampsibKeHHs: mpeactaByieHbl B Tadauie 1. TOMbKO COCTOSHUSI MEPEKTIOYEeHUs IS
HEYETHBIX MEePEKJIFOYAIOIIUX JIEMEHTOB (T.€., S1, S3, S5, S7, S, S11, S13 U S15) mpeodpaszoBaTes
107 mpencrasiens! B Tabnune 1. B neiictButenbHOCTH, BO M30€KaHHE KOPOTKOTO 3aMbIKAHHS
HAaKOMUTEJIBbHOIO 3JIEMEHTA WM KOHAeHcaTopa 114, TOapko OAMH MEPEKIIoUaTeb B MOJyMOCTE
H—mocroBoro npeobpaszosarens MoxkeT ObITh BKJIFOUeH (ON) (B MpoBOASIIIEM peskUMe) B JTFOOOMH
MOMEHT BpeMeHH. Takum o0pa3oM, YIpaBISIOIMAE CUTHAIBI JJIT YETHBIX IMEePEKITFOYAROIINX
aneMeHTOB (T.€., Sa, Sa, S, Ss, Si0, Si2, S14 u Si6) npeodpazosarens 107 MOryT ObITH JIETKO
MOJIYYEHBI MTOCPEICTBOM PEBEPCUPOBAHUS COCTOSHHUI HEUETHBIX TMEPEKJIFOYUAIINX 3JEMEHTOB
TOTO e camoro nojaymocra H-moctoBoro npeobpaszosarens. Hanpumep, ecnu S1=1 u S3=0, To
S2=0 u S4=1.

[0056] HyneBoe BbxomHoe HampsbkeHne OVDC mosker obecreunBaThbCs, €CIU BCE
sueriku 102, 103, 104 u 105 paGoTaroT B HyJIEBOM COCTOSIHMM B OJTHO U TO K€ BpPeMsi. DTO MOXKET
OBITH TOJIYUEHO MyTEeM INyHTHPOBAHUS HAKOIUTENBHOIO 3JIEMEHTa WM KOoHAeHcartopa 114
NyTeM BKJIFOYEHHsT OOOUMX BEPXHHUX MepeKiouaresedl miu oOOMX HWKHUX MepeKIouaTeNei.
Hanpuwmep, nns staetiku 1 102: S1=1, S3=1, S2=0, S4=0 nnu S1=0, S3=0, S2=1, S4=1.

[0057] O6a ypoBus HampspkeHuss —3VDC u +3VDC wmoryT ObITh MHOJYYEHBbI C
UCTIOJIB30BAHUEM YEeThIpeX pas3nudHbix komOuHarmii £3VDC1, £3VDC2, £3VDC3, +3VD(C4,
r7e MOCJAeNHUN WHIEKC COOTBETCTBYET HOMEPY siueiiku, paboTaromedl B HYJEBOM COCTOSTHHH,
obecre4rBasi HyJIEBOe BBIXOAHOE HampsikeHHe. B CBOIO odepenb, KakIoe HyJEBOE COCTOSHHE
MOJKET KOJIUPOBATBCS C KCIONB30BAHUEM ABYX KOMOWHALMN MEePEKITFOYSHHH, YIOMSHYTBIX
Bbime. TakuM 00pa3oMm, CyLIECTBYET BOCEMb BO3MOXKHBIX KOMOWHAIIMN YCTAHOBKH BBIXOJIHOTO
yposHs Hanpspkerust £3VDC.

[0058] Amnanormuno, ob6a ypoBHs HampspkeHus —2VDC u +2VDC wmoryt ObITh
YCTaHOBJICHBI TMOCPEICTBOM TSITH pa3HbIX komOwHaumii +2VDC12, £2VDCI13, +2VDCI14,
+2VDC23, £2VDC24, B 3aBUCHMOCTH OT TOTO, KaKH€ JABE SYEHKH padOTArOT MPHU HAMPSLKEHUH
HYJIEBOTO COCTOSIHUS, TJ€ TMOCJIeOHUN HHIEKC COOTBETCTBYET HOMEpaM KOMOWHAIUU JBYX
siueek, paboTaloIIUX B HYJIEBOM COCTOSIHHH, OO€CneuuBasi HYJIEBOE BBIXOJHOE HAIPSIKEHHUE.
YuuteiBasi JABOWHYI) BO3MOXKHOCTH OOECIEUYEeHHsI HYJIEBOIO COCTOSIHUS, TIOJHOE YHCTIO
BO3MOJKHBIX KoMOuHarmii 1t £2VDC paBHO AeCsTH.

[0059] OO6a ypousa —-1VDC u +1VDC HampspkeHuss MOTyT OBITH IOJYYEHBI C



UCTIOJIB30BAHUEM HeThIpeX pasnuuHbix komOuHanmii =1 VDC1, £1VDC2, £1VDC3, +1VDC4.
ITocnenHuii MHIEKC COOTBETCTBYET HOMEpY sueiiku, pabotaromei Ha yposHe =1 VDC. CHoBa,
KQKI0€ HYJIEBOE COCTOSTHUE TMOJTy4aeTcsl ABOMHBIM oOpa3zom. Takum obpa3zom, mogoOHO YPOBHIO
+3VDC, cymecTByeT BOCEMb BO3MOXHBIX KOMOMHAIMII OO€CredeHUs BBIXOAHOTO YpPOBHS
Hanpsikenus: £1VDC.

[0060] Hakonen, makcumaibHble ypoBHu Hanpspkeus —4VDC u +4VDC moryT ObITh
obecrieueHbl Ha BBIXOZE MPpeoOpa3oBaTesi, KOrna Bce siueiiku padoTaloT B OMHO M TO XK€ BPEMs.
Taxkum 00pazom, CymecTByeT TOJIBKO OfHA BO3MOXKHASI KOMOMHALMSI COCTOSIHUS MEPEKITIOUeHUS
IUTSL KaXKITOTO U3 3THX CIIy4aeB.

Tabmuua 1. CocTosHUST — TepeKIioueHuil  9—ypOBHEBOro  4—KBaJIpaHTHOTO

MHOT'OYPOBHEBOT'O KaCKaJHOTO MpeoOpa3oBaTesst

Brixonnoe CocTosiHusi nepexkJar0YeHuil
HaIpsiKeHUE S1 S3 S5 S7 S9 S11 S13 S15
—4VDC 0 1 0 1 0 1 0 1

-3VDC
-3VDC1

-3VDC2

-3VDC3

-3VDC4

o] olo| olo| ole

—2VDC
—-2VDC12

—2VDC13

-2VDC14

—2VDC23

-2VDC24

-1VDC
-1VDC1




-1VDC2

—-1VDC3

-1VDC4

+1VDC

+1VDC1

+1VDC2

+1VDC3

+1VDC4

+2VDC

+2VDC12

+2VDC13

+2VDC14

+2VDC23

+2VDC24

+3VDC

+3VDC1

+3VDC2

+3VDC3
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+3VDC4

+4VDC . ) ” -
[0061] @ur. 2A  WUIOCTPUPYET CXEMAaTUYHOE  HM300pa’KeHWe MPUMEPHOM

MHOTOYPOBHEBON MHOTO—KBaApaHTHOU cuctempl 200 CHUIOBOH 3J€KTPOHUKH B COOTBETCTBHUH C
BApHMAHTAMU OCYIIECTBIEHHUs] HacTosAwero packpeitusa. Ilpumepnas cucrema 200 cunosoi
BJIEKTPOHUKHU BKJIFOUAET B ceOsl IBYX—KBaJAPAHTHbBIN JEBATHYPOBHEBBINM ONHO(DA3HBIN KACKaTHBIN
npeoOpaszoBatenib 207, MMEKOIIHMI €MKOCTHbIE HAKOMHUTEJIbHbIE 3JIeMeHThl U cucremy 201
yIpaBJICHUs, U COENUHEHa C Harpy3kou 206, Takoil Kak, Harpumep, onHodasHast pe3uCTUBHO—
UHIYKTHBHAsI Harpy3ka. @yHkuuu cucrtembl 201 ynpaBieHuss MOTYT OBITh peaIu30BaHbI C
WCIIOJIb30BAHUEM NIPOrPaMMHBIX WM aNMapaTHbIX MPOLECCOPOB, BKJKOUAs IPOTrPAMMHBIE
NPOLENYPHI, ANMapaTHbIE KOMIIOHEHTHI WJIM UX KOMOMHALIUU.

[0062] B BapuaHTax OCYILECTBJEHMs, [ABYX—KBaJApPaHTHBIH JE€BSITHYPOBHEBbII
onHoda3HbI KacKaaHbIA peodpaszoBatenb 207 ¢ eMKOCTHBIMU HAKOMUTEIbHBIMU 3JIEMEHTAMHU
JOTIOJTHUTEIPHO COAEPIKUT HeThIpe (4) mocienoBareibHO coequHeHHbIe staeiiku 202, 203, 204 u
205, rae Kaxpas siueiika MpeAcTaBisieT IBYX—KBaaApaHTHbI H-MocToBOI npeoOpasoBarens, Kak
nokaszaHo Ha ¢ur. 2B, ¢ nByMs1 ABYHanpaBIeHHBIME nepexttodarensimMu 210 u 213 (Takumu Kak,
Hanpumep, IGBT nmn MOSFET ¢ mpuonom cBobomHoro xozma), apymst auomamu 211, 212 u
KoHneHcatopoM 214. Bee uetripe koHneHcaTopa 214 npeobpasosarens 207 U30IMPOBAHBI APYT
OT JIpyra U MOTYT OBbITb COEIMHEHBI C JIIOOBIM OTAENBHO H30JMPOBAHHBIM IpeoOpa3oBaTeseM
AC/DC wm DC/DC (ue mokaszano Ha uepTeke). Kakmas U3 mocienoBaTesbHO COSTUHEHHBIX
sgeek 202, 203, 204 u 205 Brumowaer B ceOs HaTYMK HanpspkeHus/mepenartduk 215, koTopslit
nepenaeT CUrHaJ OOpaTHOM CBs3M HampshkeHUst Ha cucteMy 201 ympaBieHUsl COOTBETCTBEHHO
HanpspkeHuro DC KOHAeHcaTOpa WM HAKOMUTENbHOTO djieMeHTa 214, JlaTuuk ToKa/mepenaTynk
CT 116 pasmemeHn mexny mnpeoOpasosateneM 207 u Harpy3koil 206 W mepemaer CHrHail
00paTHOM CBSI3U TOKA, COOTBETCTBYIOIIUMN TOKY (IRes) B Harpyske 206.

[0063] Ilockonbky mpeobOpa3oBarenbp 207 npencraBisier coOO JABYX—KBaIpaHTHBIN
npeoOpa3oBaTelib, YTO O3HAYAET, YTO TOJBKO MPH MOJIOKUTEIBHOM BBIXOJHOM TOKE BBIXOIHOE
HANPSKEHHUE MOJKET OBITh TMOJIOKHUTENbHBIM HIIH OTPHLATENbHBIM, ITpeodpa3oBarenb 207 MOKET
paboTaTh TOJBKO B OJHOHAIMPABICHHOM akTUBHOM peskume DC/DC mim TONBKO B MACCHBHOM
pexxume BempsimiieHnst (AC/DC). Byner nonsTHO, uto padounii pesxkum DC/DC obcyxnaercst B
HACTOSIIEM PACKPBITHH. B 1mensx HacTosmero oOCYXKIOEHHs, TakXXe MPEANoNaraercsi, 4To
npeoOpa3oBaTenb pabOTaeT B T€YEHHE KOPOTKOrO HHTEPBAJa BPEMEHH, TaK YTO OTCYTCTBYET
IOTIONIHUTENBHBI ~ UCTOYHMK SHEPruH, TpeOyemblii sl HAKONMHUTENbHBIX  3JIEMEHTOB
(xorneHcatopoB) 214, u HanpspKeHHE HA KOHAeHcaTopax 214 He yMeHbIIAeTCsl 3HAYUTEJIbHO B
TedeHre pabodyero BpeMEHHU Ui MOANEPKaHUs KeJaTeIbHOro Toka B Harpy3ke 200. Tem He
MeHee, He Oy/ieT pa3iu4us B ONEpaldy HACTOSINEro Crocoda MpU HAJIWYMH JOTIOJHUTEIbHBIX
HCTOYHUKOB SHEPTUU.

[0064] Bce BO3MOKHBIE COCTOSIHUSL TMEPEKJIIOUEHUs] NMPUMEPHOTO JBYX—KBAJPaHTHOTO
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NEeBSITUYPOBHEBOTO KackaaHOro mpeodpasosatenss 207 ¢ COOTBETCTBYIOIIMMH BBIXOJHBIMU
YPOBHSIMU HamNpsDKEHUs NpencTasiieHsl B TaOnuue 2. COCTOSHMS MEepeKToueHust At 000ux
MEePeKIIIoYUaoIuX 3JeMeHToB (T.e., Si, Sa, S3, S4 Ss, Se, S7 m Sg) kaxkmoit sueiiku
npeobpasosarest 207 nmpencTasyieHbl B TabiuLe 2.

[0065] Hyneoe BbixomHoe HampsbkeHne OVDC mosker obOecreunBaThbCs, €CNIU BCeE
staetiku 202, 203, 204 u 205 pa®oTaroT B HYJIEBOM COCTOSIHUM B OZJHO U TO JK€ BPeMsi. DTO MOKET
OBITb MOJYYEHO MOCPENCTBOM INYHTHPOBAHMS HAKOIUTEIBHOTO 3JIEMEHTA WM KOHIEHCATopa
214 nmyTtem BKJIIOUEHMs] BEPXHHMX WM HWXKHHUX Mepekimouarenell oraenbHo. Hanmpumep, nis
stueriku 1 202: S1=1, S2=0 nmu S1=0, S2=1.

[0066] O6a ypoeus HampspkeHust —3VDC u +3VDC wmoryt ObITh MHOJYYEHBI C
UCTIOJIb30BAHUEM HEeThIpeX pas3fiudHbiXx komOuHarmii £3VDC1, £3VDC2, £3VDC3, +3VDC(C4,
I TOCIEOHHA HMHAEKC COOTBETCTBYET UHUCIY sUeeK, PadOoTarolMX B HYJIEBOM COCTOSIHUHU,
o0ecrieunBasi HyJIEBOE BBIXOJHOE HAIpsUKeHHe. B CBOKO odepenb, Kakaoe HYJEBOE COCTOSHHE
MOJKET KOAWPOBATBHCSI C HCIOJb30BAaHUEM JIBYX KOMOWHAIMHA NEPEKITIOUEHHs], YIOMSHYTBIX
Bbie. Takum 00pa3oM, CYLIECTBYIOT BOCEMb BO3MOXKHBIX KOMOWHAIMH YCTAHOBKH YPOBHS
BbIXOIHOTO HanpsikeHus £3VDC.

[0067] Amnanormuno, ob6a ypoBHs HanpspkeHus —2VDC u +2VDC wmoryt ObITh
YCTAHOBIIEHBI TIOCPENCTBOM IIATH pasHbIXx KomOuHaumii +2VDCI12, £2VDCI13, £2VDCl14,
+2VDC23, £2VDC24, B 3aBUCUMOCTH OT TOT'O, KAaKH€ ABE SYEHKH padOTarOT MPH HANPSKEHUN
HYJIEBOT'O COCTOSIHUSI. YUHUTBHIBAasi JBOMHYIO BO3MOXKHOCTh OOECIEUEHUs] HYJIEBOI'O COCTOSIHUS,
TIOJTHOE YMCIIO BO3MOKHBIX koMOuHaruiil 11 £2VDC paBHO necsTH.

[0068] OO6a ypoBusa HampspkeHust —1VDC u +1VDC wmoryr ObITh NOJyYEHBI C
UCIIOJIB30BAHUEM HeThIpeX pasianyHbx koMOuHaumii +1VDC1, £1VDC2, £1VDC3, +1VDC4.
ITocnenHuii MHOEKC COOTBETCTBYET HOMepY sueiiku, padoraromeii Ha yposHe +£1VDC. BHOBb,
Ka)XX70€ HYJIEBOE COCTOSIHHE IOJIy4aeTcsi JBOWHBIM oOpa3oM. Takum oOpas3om, Kak 1l ypOBHs
+3VDC, cymecTByeT BOCEMb BO3MOXKHBIX KOMOMHAIUII OOECre4YeHUs] BBIXOJAHOTO YPOBHS
HanpspkeHust £1VDC.

[0069] Hakonen, maxcumanbHble ypoBHU HanpspkeHus —4VDC u +4VDC wmoryr
obecre4nBaThCsl HA BBIXONE MpeoOpa3oBaTeisi, KOrna BCe SYEWKU paboTarOT B OJHO U TO Ke
Bpemsi. Takum 00pa3oM, CyImECTBYeT TOJBKO OJHAa MAOCTYIHAs KOMOHWHALMS COCTOSHHS

NEPCKIIOYUCHUA OJI KaAXO0r0o U 5TUX CJIIydacB.

Tabmuma 2. CoCTOSHUST ~ TEpeKIioueHHil  9—ypOBHEBOro  2—KBaJIpPaHTHOTO
MHOTOYPOBHEBOT'O KaCKaJHOTO mpeodpasoBaTes
BuixoaHoe CocTosiHNS TepeKJIIYeHH
Hanpsikenne | S1 S2 S3 S4 S5 S6 S7 S8
—4VDC 0 0 0 0 0 0 0 0
=-3VDC

<
<
<
<o
<o

-3VDC1

<
<
<
<o
<o




-3VDC2

-3VDC3

-3VDC4

OO QIO OO
OO OO OO0

—-2VDC

—2VDC12

—2VDC13

-2VDC14

—2VDC23

-2VDC24

-1VDC

-1VDC1

—-1VDC2

-1VDC3

-1VDC4

+1VDC

+1VDC1

+1VDC2

+1VDC3




+1VDC4

+2VDC

+2VDC12

+2VDC13

+2VDC14

+2VDC23

+2VDC24

+3VDC
+3VDC1

+3VDC2

+3VDC3

+3VDC4

+4VDC v b . .
[0070] Pur. 3 unmocTpupyeT npuMepHsiii Moayb 300 cenekTopa ypOBHS HaNpsKEHUsI

(Takke Ha3bIBAEMBIH CEJEKTOPOM COCTOSHHS TEPEKIIOUEHHs) THCTEPE3UCHOTO KOHTPOJUIEpa
(em. ¢ur. 5; 500) cucrembr 101 wm 201 ympaBneHHss B COOTBETCTBHHM C BapUaHTAMHU
OCYIIECTBIIEHHUsSI HACTOSIIEro packpeiTusi. Kak OOBSCHAETCS BbINIE, KaKIOblH YpPOBEHb
HANpPSDKEHUS] YeThIPEX—KBAIPAHTHOIO NEBATHYPOBHEBOIO KacKagHOro mnpeodpasosarenst 107
WIA JBYX—KBAJPAHTHOTO NEBSITHYPOBHEBOI'O KacKagHOTO mpeoOpasoBarenst 207 MOXeT ObITh
MOJTyYeH TMOCPECTBOM PA3HBIX KOMOWHAIMN MEPEeKIIOUEHUs] YeThIpeX CUJIOBbIX stueek 102—105
u 202-205, coorBercTBeHHO. OAHAKO, 3HAYUTENbHAsT TpoOJeMa, KOTOpash BO3HUKAET B
MHOTOYDOBHEBOM  HYETBIPEX—KBaJPaHTHOM  WJIM  JABYX—KBaJpPaHTHOM  THCTEPE3UCHOM
KOHTpOJIJIEPE U HAa KOTOPYIO HAIpaBJIeHbl BApPUAHThl OCYILIECTBJIEHUs HACTOSIIErO0 PacKpPbITHS,
COCTOUT B MACHTU(PHKALNHU MMOAXOSIIEr0 BBIXOAHOTO YPOBHSI HAIPSDKEHUS B JIFOOOH MOMEHT
orepanuu npeodpa3oBaresisi Ha OCHOBE CUTHAJIa OOpPaTHOM CBsI3U TOKA IRpar -

[0071] Cenextop 300 ypoBHsI HampsKEHHs COIEPKUT 1Ba OJIoka cyMMHUpoBaHUs Suml
301 u Sum2 307, nare Gmokos 302, 303, 304, 305, 306 rucrepe3uca U OAHY IMOHCKOBYIO
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tabmuny 308 nns onpeneneHust ypoBHs HaNpspkeHUs. B BapmaHTax OCYIECTBIIEHUS], B MEPBOM
onoke cymmupoBanusi Suml 301, curHanm AeHCTBUTENBHOTO TOKa OOpaTHOW CBsI3U Igpar
BBIUMTAETCS] U3 OMOPHOTO TOKA Igpp, M MX PA3HOCTh, CUTHAJ OLIHOKH TOKA Igrror, BBOIMUTCS HA
Bx0J Bcex matu 0iokoB 302, 303, 304, 305, 306 rucrepesuca. Kaxapiii u3z stux 0mokos (302,
303, 304, 305, 306) umeer pa3Hble HACTPOIKHU I IOpOroB BepxHel rpanuiel (HB) u HiokHel
rpanuubl (LB), kak npencrasieno B Tabiuue 3, rae Al npeacrasisier co0oil mpenBapUTeIbHO
YCTAHOBJIEHHOE 3HAYEHUE MAaKCUMAJIbHOU pa3pelieHHoi ommoku Toka. Korna Iggror AOCTHraET
cooTBeTCTByIOIIEH BepxHeid rpanuilbl (HB) Onoka rucrepesuca, BbIXOJHOE 3HaueHHe OJioka
rucTepe3rca yCTaHaBjauBaeTcs B “1” M ocTaercs Ha 3TOM yYPOBHE O TE€X MOp, MOKa Igrror HE
nepeceder HwkHIOW rpanuny (LB) Onoka rucrepesuca. Korma Igrror AOCTHTaET
coorBercTByromeid LB 0Onoka rucrepesnca, BBIXOAHOE 3HAa4YeHHE OJiOKa THUCTEpe3uca
ycTaHaBiuBaercs B “0”, W BBIXOJ MOAAEPKUBAETCS HA ’TOM YPOBHE, MOKA Igrror HE NOCTUTHET
HB cHoBa. TakuMm 00pa3oMm, €CiM HWXKHSS U BEPXHssl TPAHULBI ISTH OJIOKOB THCTEpE3Hca
pacmpenesieHbl B peaenax auama3ona mexny —Al u +Al (kak moka3aHo B Tabmuie 3), TO BBIXOJ
Sum?2 307 6ynmer BapbupoBaThCcs OT 1 10 6, B 3aBUCUMOCTH OT 3Ha4eHUs1 Igrror. [lOMICKOBasI
tabmuma 308 ucrnonb3yeTcst 1l onpeneneHust TpeOyeMOoro BbIXOJHOTO YPOBHSI HANPSDKEHUS Ha
OCHOBE TIOJIHOTO 3Ha4eHusi coctosiHus (Bbrxozma Sum?2 307) 6mokoB 302-306 rucrepesuca u ¢
ydeTroM 3Haka mpousBonHoi di/dt neiicrBurenbHOro (M onmopHoro) Toka. Kak obcyxknmaercs
Hke, 3HaKk di/dt MOXeT OmpenensTbhCsl Kak MOJOXKHUTENbHbI B MOMEHT BPEMEHH, Koraa Sum?2
307 nmocrturaer 3HaueHWs 6, U OygeT W3MEHSTbCS HA OTPULATENbHBbIN, korma Sum?2 307
CTAaHOBUTCS paBeH 1.

Tabnuua 3. YpoBHU nopora Toka ajisi OJOKOB TUCTepe3Hca.

I'pannua rucrepesuca ITopor Toka
HB1 Al/S
LB1 —Al/S
HB2 2AT/5
LB2 —2AI/5
HB3 3AV/5
LB3 —3Al/5
HB4 4AT/5
LB4 —4Al/5
HBS Al
LB5 —Al

[0072] Cnenyromee oOCykOeHHE W CBS3aHHBIE HYEPTEKU MPEACTABISIOT MOAPOOHOE
ONMUCAHUE MPUHLUIIA TNEPEKIIIOYUCHUA MECKAY YPOBHAMH HAIIPSXKCHHS B HACTOALIEM PACKPBITOM
METOJI€ MHOTOYPOBHEBOIO MHOI'O—KBaJPAHTHOIO THMCTEPE3UCHOrO YIPAaBIEHHUs HAa OCHOBE

PEe3yJIBTaTOB  MOAEJMPOBAHUs NPUMEPHOW  ONepaluu  JAEBATUYPOBHEBOIO  KAaCKaJHOIO
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onHO(a3HOTO MpPeodpa3oBaTedIs.

[0073] Pur. 4A wumIOCTpUPYET MPUMEPHOE YIpaBleHHE TOKOM [0 BpPEMEHU B
COOTBETCTBUU C OINEpaluell BapUaHTOB OCYLIECTBJICHHMs HACTOSALEro packpeitus. Pur. 4B
WUTIOCTPUPYET NPUMEPHBIE ONOPHBINA U AEHCTBUTENBHBIN TOKU [0 BPEMEHU B COOTBETCTBHUH C
orepalyeil BapUAaHTOB OCYLIECTBJIEHUs HacTosAlero packpeituss. @ur. 4C wuocTpupyer
IPUMEPHOE BBIXOHOE HANpsDKEHHE peodpa3oBaTesis 0 BpeMEHH B COOTBETCTBUH C ONepaluen
BAPHAHTOB OCYILECTBICHUS HACTOSIIIETO PACKPBITHS.

[0074] Ha ¢ur. 4B onopHbIii TOK Irgr ¥ AeiicTBUTENbHBIN TOK Irpar, B RL—Harpyske (cM.
¢dur. 1; 106) mpencraBieHbl BMecTe ¢ MsATbiO mnonokureapHbiMd (HB1 — HBS) u msreo
orpunarenbHbiMid (LB1 — LBS) rpanumnamu ructepesuca (cm. Taxke Tabmuny 3 u ¢ur. 4A),
paBHO pacrpeneneHHbIMA MeXay Irpr—Al U IggptAl u otnenennbiMu Ha Al/S apyr ot nmpyra.
Ommbka Igrror YTpaBiIeHHs] TOKOM, B Ka4eCTBe PA3HOCTH MekAy Irgar ¥ Irgr, ¥ BBIXOIHOE
HanpsokeHue Vour npeodpasosarens npeacrasieHsl Ha Gur. 4A u 4C, COOTBETCTBEHHO.

[0075] UcxonHoe cocTosiHue Vour B pacCMaTpUBAEMOM BPEMEHHOM OKHe (OT 23,06 Mmc)
OBUIO YCTAaHOBJIGHO paHee mocpencTBoM cucteMbl ynpasienus B +4VDC (rme VDC=80 B B
Moneu MoaenupoBanusi). Ha 3ToM ypoBHe HampsikeHUs] TOK Irpar, Hapacraet, U korma Igrror
nocturaer nepsoi rpanuubl LB1 rucrepesunca B Touke (ypoBeHb —Al/S Ha ¢ur. 4A), BBIXOTHOE
cocTosiHue nepsoro Omoka 302 rucrepesuca uzmensiercs ¢ “1” ma “0”, Takum o0pa3oM, cymma
Ha BbIxoze O6moka 307 Sum2 ymeHblIaercst Ha ofuH ¢ “6” 1o “5” (¢wur. 3), U, B COOTBETCTBUH C
norickoBoi Tadumeit 308 Ha dur. 3 msa di/dt>0, nanpsokenue Voyr cranosutcst +3VDC.

[0076] C nHavanma paccMaTpuBaeMOro BpeMeHHOro oksHa 1o Bpemenu tl (¢ur. 4C), Tox
Irer uMeeT mosoxutTenbHoe 3HadeHue di/dt u rucrepesucHbli kKoHTposuiep (cMm. ¢ur. 5; 500)
JOJDKEH paboTaTh ¢ YPOBHSIMH HATPSIKEHUsI, IPEACTABICHHBIMU BO BTOPOM CTOJIOIE MOUCKOBOM
tabmuipl 308 Ha ¢ur. 3 (di/dt>0). Haunnas c t1, 3Hak di/dt Toka Irgp SBIASIETCS OTPULIATEIIBHBIM,
HO THCTEPE3MCHBbI KOHTPOJUIEP OCTaeTcs padoTaroUMM Kak IJisi mosiokutenpHoro di/dt mo
BpeMeHH 2, korna Iggror mOCTHUTAET MsiTOM rpanuiibl LBS rucrepesuca, rae Bece us 0510koB 302,
303, 304, 305 u 306 rucrepesuca nepexonsr ¢ “1” Ha “0”, U, TakuM 00pa3oM, CyMMa Ha BBIXOZE
6moka Sum2 307 ymenbuiaercst 10 “17. 3T0 COOBITHE TEPEKITIOUAET ONMEPALUIO THCTEPE3UCHOTO
KOHTpoJUiepa Ha nepBbiii ctonder Tadbmuier 308 mist di/dt<0. [Ipyrumu cioBamMu, U Kak OBLIO
YIOMSTHYTO BbIIe, 3HaK di/dt MOXKET OnpeneNnsaThCs Kak OTPHLATENbHBIA B MOMEHT BpeMeHHU (t2),
korga BeIxox Omoka Sum2 307 pocruraer 3Hadenus 17 (um Oyger H3MEHSATbCS Ha
NOJIOXKUTENBHBIN, KOrga BbIXox Onoka Sum2 307 craHOBUTCA paBHBIM “67). DTa JOruKa
peanmsyercst B Ostoke oneHmuka di/dt (cMm. ¢ur. 5; 700), KOTOPBII OIMUCHIBAETCS] HIXKE.

[0077] B TO Bpemst kak Voyr HaXOOWUTCA HAa CBOEM MAaKCHMAaJbHOM OTPHULATEIBHOM
ypoBHe —4VDC ot Bpemenu t2, Tok Irgar, cHmzkaercs (pur. 4B), u xorma oH mocturaeT Touku F,
KOTOpasi COOTBETCTBYeT mnepsoii rpanuue HB1 rucrepesuca Ha ¢ur. 4A, BBIXOAHOE COCTOSTHHE
nepBoro Omoka 302 rucrepesuca uzmensiercs ¢ “0” Ha “17, Takum 00pa3oM, cymMMa Ha BBIXOZE
6moka Sum2 307 yBennuuBaercs Ha oguH ¢ “17 1o “2” (¢wur. 3). 1 B COOTBETCTBUHU C IIOUCKOBOM
tabmuueii 308 Ha ¢ur. 3 s di/dt<0, Hanpspkenue Vour craHosurcs —3VDC. B touke G, korna

Ikear 1 Igrror Hocturaror BrOpoil rpanunsl HB2 rucrepesuca, Beixox Omoka Sum?2 307
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YBEIUYUBAETCS CHOBA, U V oyt ctaHoButcs —2VDC.

[0078] B cooTBeTCTBUU € OJHUM BaPHAHTOM OCYIIECTBJICHUs], MaKCUMabHas omroka Al
TOKa UMEET MECTO TOJbKO B TOUKax, rae 3HaueHue di/dt omopHOro Toka Irgr MEHsIET 3HaK.
IToMHMO 3THX KPUTHUYECKUX TOYEK, CrIocod paboraer Takum 00pa3oM, 4TOObl MUHUMH3HUPOBATH
omnOKy Igrror TOKa B Al/5 HacTONBKO OBICTPO, HACKOJBKO 3TO BO3MOXKHO IPH JAHHBIX
napaMeTpax Harpy3kKu.

[0079] @ur. 5 wuoCTpUpyeT YHKIIMOHAIBHYIO AUAIPAMMY MHOTOYPOBHEBOI'O MHOT'O—
KBaJPAaHTHOTO THCTEPE3UCHOro KOoHTposuiepa S00 Toka ¢ OamaHcupoBkoi Hampstkenus DC u
MIOBOPOTOM HYJIEBOT'O COCTOSIHUSI B COOTBETCTBUM C BapUaHTAMHU OCYLIECTBJICHUS HACTOSIIErO
packpsbitusi. Kontpomnep 500 comeps:xkut cenektop 300 COCTOSHUS TEPEKITFOYSHUS], (DYHKIUH
KOTOpOro ObUIHM OnmucaHbl NOAPOOHO B oTHOIIEHUH (ur. 3. BeixogHoit curnan 6imoka Sum?2 307
Ha ¢ur. 3 umenyercst “ypoBHeM~ Ha Gur. 5. ITOT CUTHAJ MPEICTABIISET YUCIOBOE 3HAUECHUE TSI
obmero ypoBHs (0T 1 10 6) neBATUYPOBHEBOTO THCTEPE3UCHOrO KOHTposuiepa 500, KOTOpbIH
UCTIONB3YETCS AOMOMHUTEIBHO B Cr1oco0e, 4TOOB! BHIOUPATh MOAXOMSAIINN YPOBEHb BBIXOIHOTO
HanpspkeHus: mpeodpasosarens 107 u 207 (em. ¢ur. 1A u 2A).

[0080] B cootBercTBum c mouckoBoi Tabmuneit 308 wa ¢ur. 3, 3HaHme 3Haka di/dt
TpeOyercsi, 4TOOBl BHIOpPAaTh MOAXOASIIWI YPOBEHb BBIXOJHOrO HampspkeHus. Kak Opuio
VIOOMSIHYTO 3J€Ch B TMpeablAylIuX pa3genax, 3Hak di/dt MOkeT ompenensiTbes Kak
OTpULATENBbHBIM B MOMEHT, KOrJa “‘ypOBEeHb JOCTUraer 3HaueHus “1”, u HU3MEHMTCS Ha
MIOJIOXKUTENBHBIN, KOTAa “ypOBEHb CTAHOBHUTCS PABHBIM “6”. JTa JIOTHKA peajn3yercs B OJOke
700 ouenmuka di/dt, mokazanuom Ha ¢ur. 7.

[0081] Kak obcy»xpmaercst BbIllle U MPEACTaBICHO B Tabiuie 1, CylIecTByeT MHOXKECTBO
COCTOSIHUI NMEPEKJIFOUEHUH, AOCTYMHBIX [JIs1 KaKAOTO YPOBHs HANpsKEHHs NeBATUYPOBHEBOIO
npeoOpas3oBatens, 3a uckimodeHneM +4VDC, xorma Bce sSUeHKH ydacTBYIOT B OOeCIEeYeHUH
MaKCHUMAJIbHOTO TOJOXKHUTEJIBbHOTO WM OTPULIATENIBHOTO BBIXOAHOIO HANpsDKeHHs. Takum
00pa3oM, pelieHbl CIenyroIue 3aJaud Ui YIPABJICHUS TOKOM B Harpy3ke, B TO K€ BpeMms
YUUTBIBAS, YTO “YpOBEeHb TUCTepe3uca W 3HaK di/dt mpeacTaBisitoT cOOOH yXKe H3BECTHBIC
napaMeTpsbl.

[0082] 3amaua 1: Dta 3amada, KOTOpass OCHOBaHA HAa HANPSDKEHUSX HA KOHIEHCATOpax
114 u 214 DCL (DC—3BeHa) KaXAOH sSYeHKH, MPUBOAUT K UACHTH(PHUKALNH, COOTBETCTBEHHO,
SYEHKH, KOTOPYIO HEOOXOAMMO TMEPeKJIIOYNTh Ha HEKOTOPBhIH NEepPHOA BPEMEHH, YTOOBI
obecrieunTh TpeOyeMblil BBIXOJHOW YPOBEHb HANPSDKEHUS U PETYJIHMPOBAHHUE BBIXOIHOTO TOKA.
3ot cnocod maeHTupukanun obecreunBaer OaJaHCUPOBKY HANpPSDKEHHWH HAa KOHAEHCATOPax
(nnmm Gatapesix) 114 u 214 DCL Bo Bpemst onepanuu npeodpaszosatens 107 u 207. Korna sto
o0ecrieueHo, SHEPTHsi, KOTOpask HAKOIJIEHa B KOHAeHcaTopax miu Oarapesx 114 u 214 DCL wmn
NEPEHOCUTCsST U3 WIM B HUCTOYHUK MocpencTtBoM KoHneHcatopoB 114 u 214 DCL, paBHbIM
o0pa3oM pacrpenesnsieTcsi Cpenyd BCeX siUeeK. JTO MPENNOYTHTEIbHOE YCIOBHE BBITOIHBIM
obpazom  ofecrieunBaer  Haumbojee  S(PGPEKTUBHYIO  ONEPAllMI0  MHOTOYPOBHEBOIO
npeoOpaszoBatenss 107 u 207, rme kaxknas sdelika JODKHA OBITh CIIPOGKTUPOBAHA IS

KOHKPETHOT'O TEMIIEPAaTypHOro NMpoduiis MOJYIMPOBOJHUKOBBIX MEpEKItoyaTenell Ha OCHOBE UX
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pabounx peXuMOB. JTa 3amada BBIMOJHSAETCS IOCPEACTBOM IPHMEPHOH OalaHCHPOBKU
HanpspkeHust DC wm 6moka 600 moBoporta/OanaHcupoBku stdeek (cMm. ¢ur. 5) B HacTosieMm
cniocobe, 1 ero pyHKIHMOHAIBHAS JUarpaMma npeacrapiieHa Ha gur. 6.

[0083] 3amawa 2: Jna sueliku, uaeHTHPUIMPOBAHHOW mocpenacTBoM Onoka 600a
OanmancupoBku  HampspkeHuss DC,  nmpeamoutuTeneH  NOBOPOT — HYJIEBOTO  COCTOSIHUS
HEepPeKNIF0YEeHUsl. JTOT MOBOPOT olecreunBaeT mpu padoTe pacrpeneseHHe >HEPrud MEeXIy
NEepPeKNII0YATeNIIMU B KOHKPETHOH sdeiike. CyIlIecTBYIOT 1Be BO3MOXKHBIE KOMOHMHAIMU
NePEKITIOUEHUs Uil 00eCreueHus] HyJeBOrO HAMPSUKEHHUs] HA BBIXOJE STYSHKH, KaK MOKAa3aHO B
tabmune 1 (u ¢ur. 8A u 8B). Crocod moBopoTa uepeAyeT MepeKIoYaTeld, UCIOIb3yeMble,
yroObl OOecreynBaTh HYJIEBOE HAMpPSDKEHHE, C KaXIbIM BTOPBIM TOJIOKHUTEIBHBIM A
OTpHLATENIbHBIM pabounuM ypOBHEM SUEHKH. DTOT MOBOPOT B [[BA Pa3a YMEHBINAET YaCTOTY
MEePEKJIFOYEHUS] EPEKITI0YaTeNeN O CPABHEHUIO C YACTOTOM BBIXOAHOIO HAIPSKEHUS SIYEHKU U
Bcero mpeobOpasosarensi. Mimeercs ueTsipe OJioKa reHepaTopa IMOBOPOTA B HACTOSIIEM CIIOCO0e
111 pa3HBIX ypoBHeH BbixogHoro HampsbkeHus oT 0VDC no 3VDC, koTopele npencTaBiieHbl Ha
¢ur. 10 (cm. 1001-1004).

[0084] dur. 6 wurocTpupyer npuMepHbiid 0ok 600 moBOpOTa/0aNaHCHPOBKH STYEEK B
COOTBETCTBHH C BAPUAHTAMHU OCYIIECTBJIEHUS] HACTOSIIErO pacKpbIThsl. Bxozas! sToro 6moka 600
NPEACTaBISIIOT coOol  m3MmepeHHble Hanpspkernss VDC1, VDC2, VDC3 u VDC4 Ha
koHaeHcaTtopax (Oarapesix) 114 u 214 DCL Bcex ueThipex siueek. BBIXOXHBIE CHUTHAJIBI
NpPeACTaBIIIOT co00if HOoMepa siueek (0T 1 mo 4) ¢ MakcUManbHBIM HampsbkeHueM VDCmax
DCL, munumanbHbiM HanpsbkeHueM VDCmin u 3atem VDCrot3 u VDCrot4, pacnpenensemMbiMu
cnenytomum odpazom: VDCmin<VDCrotd<VDCrot3<VDCmax. B nauane, VDC1 u VDC2
CPaBHMBAIOTCSI IPYT C IPYTOM, U €CJIM UX Pa3HOCTb AV, BbIIIE UM HUXKE, YEM TOJOKUTENbHBIN
WM OTPULIATENbHBIN opor 0j10ka ructepesuca Hyst 1, To Bbxon 3Toro 6Ji0ka ycTaHaBIUBAETCS
B “1” wmmmu “0” COOTBETCTBEHHO, B MPOTUBHOM Clly4ae OH IOANEPKUBAET CBOE paHee
YCTAaHOBJIEHHOE 3HA4Y€HHE Ha BBIXOJE. JTOT TOPOr TIIOMOraeT WrHOPUPOBATH IIYM
OTNpPENEeIEHHOrO0 YPOBHS B CHTHaje OOpPAaTHOW CBSI3U M PEryJHPYeT, KaK YacTO IOJUKEH
MPOUCXOANTh MOBOPOT stueek. Ha ocHoBe BbhixoaHoro curHana Hyst 1, Switch (nepexirodarens)
1 BbiOupaer HOomep stueiiku (1 wnm 2) ¢ Oonee BbicokuM Hampspkennem VDC, u Switch 5
IIPOIYCKaeT CBOE COOTBETCTBYIOLIEE 3HAUCHNE HANPSKEHUsSI Ha Sum 3, KOTOPBI CpaBHUBAET €r0
¢ HanOonee HU3KUM HanpspkeHueMm u3 VDC3 u VDC4, koTopbie MPOXOAST Yepe3 TOT JKe CaMbli
MeTOA cpaBHEHUs. Takum o0pa3oM, Ha BBIXOZIE KOHTPOJUIEpa MOBOPOTA STUEEK HOMEpa SUYeeK
pacupeaensiroTCs B COOTBETCTBUH c HX HANPSKEHUAMUA VDC KaK
VDCmin<VDCrot4<VDCrot3<VDCmax. Ilepen mnomaueli Ha OJOKHM TIOBOPOTa CHUTHAJBI
VDCmax u VDCmin nepenasnaudarorcs Ha VDCrotl u VDCrot2 B Onoke OanaHCHpOBKH
HanpspkeHust DC (cm. ¢ur. 5) ¢ yyerom 3Haka onopHoro Toka Iggr. Ecim Tok Iggp siBIsieTcs
MOJIO’KUTENBbHBIM, COOTBETCTBYIOLINM 3Hepruu, nepesocumoil or DCL konneHcatopos 114 u
214 B narpy3ky 106 u 206, To sAueiika ¢ MakcuMaibHbIM HampsbkeHneM DCL ygactByeT B
IIOBOPOTE BCEX IOJIOKUTENbHBIX BBIXOAHBIX YPOBHEH HampsokeHHs (HO HE B OOHO U TO XKe

BpeMs1). DTO BBI3OBET Ooiyiee OBICTPBIN paspsii 3TOH siUefKH C MaKCHUMAJIbHBIM HampsHKEHHUEM
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DCL, nockonbKy MNpU MOJOXUTEIbHOM BBIXOJAHOM HANpPSDKEHUH U TOJNOXKHUTENBHOM TOKE
HArpy3KHU CYIIEeCTBYET TOJbKO OJHH CIoco0 nepeHocuTsb sHepruto. o DCL xonnencaropos 114
u 214 B Harpy3ky 106 u 206. B To 3xe camoe BpeMms1, IIPH MOJIOKUTENIBHOM BBIXOTHOM TOKE (UJIH
Irgr) stueiika ¢ MUHMMabHBIM HarpspkeHHeM DC noJpkHa ydacTBOBaTh B 00OECIIEYEHUH TOJIBKO
OTPHULIATENIbHBIX BBIXOAHBIX YPOBHEH HaIpspkeHHs, 4ToObl 3apsibkarTh HampsbkeHue DCL
HACTOJIBKO OBICTPO, HACKOJIBKO 3TO BO3MOXHO. Takum 00pa3oM, M3—3a MOJOKUTEIBHOTO TOKA
Harpy3kH, HO OTPHLATEIBHOTO BBIXOAHOTO HAIPSDKEHUs MpeoOpa3oBaTess, CYyLIeCTBYET TOJIbKO
OJTHO HAMpaBJICHUE JIsl IepEeHOCa YHEPTUU. OT HArpy3kH (peakTuBHOI Harpy3ku) 106 u 206 B
DCL xonnencatops! (uau Oatapeu) 114 u 214.

[0085] B cooTBercTBMHM C MNPUMEPHBIM JABYX—KBaJPaHTHBIM MHOTOYPOBHEBHIM
BAPHAHTOM OCYIIECTBJICHUs, s4eilka ¢ MakcuMalbHbIM HampsbkeHueM DCL  yuacTByer B
MIOBOPOTE BCEX IOJIOKUTENbHBIX BBIXOAHBIX YPOBHEH HampspkeHHs (HO HE B OJHO U TO XKe
BpeMs1). DTO BBI3OBET OoJyiee OBICTPBIN paspsii 3TOH siMEHKH C MaKCHMAJIbHBIM HaIPSDHKEHUEM
DCL, nockonbKy MNpU TMOJOXHUTEIbHOM BbIXOAHOM HAIPsDKEHUH U IOJOKUTEIbHOM TOKE
HArpy3KHU CYIIEeCTBYET TOJbKO ONHH crocod juist nepeHoca sueprun: ot DCL xonnencaropa 214
B Harpy3ky 206. B To ke camoe Bpems, siuelika ¢ MUHMMaJbHbIM HanpsbkeHuemM DC nomkHa
y4acCTBOBATh B OOECIEYEHNUH TOJNBKO OTPULATENbHBIX BBIXOAHBIX YPOBHEH HANPSDKEHHSI, YTOOBI
3apsauTh cBoe HanpspkeHne DCL HacTonbko OBICTPO, HACKOJIBKO 3TO BO3MOXKHO. TO €CTh, H3—32
MOJIOKUTENBHOTO ~ TOKa  HArpy3kd, HO  OTPULATENBHOIO  BBIXOJHOTO  HAINpPsKEHMs
npeoOpa3oBaTesisi, CYLIECTBYET TOJIBKO OHO HANpaBJIEHUE IS IEPEHOCA SHEPTUHU: OT HArpy3Ku
(peaxTuBHOI Harpy3ku) 206 B DCL xonneHcarops! (nnu Oatapen) 214.

[0086] ®wur. 7 mumocTpupyeT npuMepHsiii 010k 700 ouenmuka di/dt B cOOTBETCTBHH €
BapHAaHTAMHU OCYILIECTBJIEHUs] HacTosero packpbitus. biaok 700 onenmuka di/dt copepxut asa
udposbix kommnaparopa (Comp 1 701 u Comp 2 702) u RS tpurrepnyro cxemy 703. Oba
kommaparopa 701 u 702 obecreynMBarOT MMITYJbChI MEpexoaa OT “JOKHO K “UCTUHHO B
MOMEHTBI, KOrja curHan “yposeHb  paseH “6” (Comp 1 701) u “1” (Comp 2 702). Ot
HapacTaroiiue GpoHTH OOHAPYKUBAOTCS TOcpeacTBoM RS TpurrepHoit cxembl 703, kotopas
U3MEHSIET CBOE BBIXOJIHOE COCTOSIHME COOTBETCTBYIOIIUM 00pa3oM: oOecredynBas CUTHA
“HCTUHHO” HAa CBOEM He—MHBEPTHpYHoLIeM Bbixoae Q, korna di/dt>0, u curHan “JokHO”, KOraa
di/dt<0.

[0087] ®@ur. 8A mwutroCTpUpPYET QYHKIIMOHANBHYIO IUarpaMmy npumepHoro oyoka 800 —
OVDC noBopoTa B COOTBETCTBUH C BapUAaHTaAMH OCYIIECTBJIEHUS] HACTOSIIEro packpbitus. Pur.
8B mumrocTpupyeT PyHKIMOHATIBHYIO quarpammy npumepHoro 6joka 810 +O0VDC mosopoTa B
COOTBETCTBUH C BapHAHTAMU OCYLIECTBJIEHUS HACTOALIETO PACKPBITHSI.

[0088] Bsiok 800 -OVDC moBopoTa MpUHUMAET OJUH YNPABJISIONINI CUTHAT OT OJioKa
VDCrot2 Ganancuposku HanpsbkeHuss DC, a taxxe omuH curHan Rot -OVDC ot reneparopa
OVDC moBopotra u obecriednBaeT yHpaBisioline CUTHAIBI S1-S16 misi mepexrovarommnx
BJIEMEHTOB JIeBITHYpOBHEBOro mpeodpasosarens 107 u 207 myisi BBIXOAHOTO HATPSDKEHUS —
0VDC, rne —0 o3navaet, urto ypoBenb OVDC cnenyer nmocne w/unm nepen yposHem —VDC.

Mynprumnekcop Switch 1 BeiOupaer oHy U3 UeThbIpeX pa3HbIX KOMOMHAIMH MEPEKIFOYA0LINX
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curHayioB ot Switches 2—5, Ha ocHOBe BXxomHoro curiana VDCrot2, ykas3biBasi, Kakas siuehika
paboTaeT B TO ke caMoe BpeMmsl Ipu odecneueHNH BbIXOHOro ypoBHs —VDC. D10 03HavaeT, 4to
MOBOPOT HYJIEBOTO COCTOSIHMSI MEPEKJIIOUEHHUsS] JOJKEH BBIMOJHATBHCS [JIs1 3TOH KOHKPETHOM
s4eliku (¢ Homepom VDCrot2).

[0089] Biok 810 +OVDC moBopoTa MpUHUMAET ONWH YIPABJSIOLINI CUTHAT OT OJIoKa
VDCrotl Ganancuposku HampspkeHust DC, a taxoke omun curHain Rot +0VDC or reneparopa
OVDC mnoBopora u obecneunBaeT ynpasisiromye curHanbl S1-S16 mis mepexrovarommx
3JIEMEHTOB JEBSITUYPOBHEBOro mpeodpasoBatens 107 u 207 nmias BBIXOAHOTO HAIPSKEHUS
+0VDC, raoe +0 o3navaet, uro yposenb OVDC crienyer nmocne w/wnu nepen yposHem +VDC.
Mynprumnekcop Switch 1 BeiOupaeT oHY U3 YeThIpeX pa3HbIX KOMOMHALMHA MEPEKITFOYA0LIHX
CUTHAJIOB OT Tepekyrouareneit 2—5, Ha ocHoBe BxoaHoro curHajga VDCrotl, yka3biBasi, kakas
syeiika paboTaeT B OOHO M TO K€ BpeMs INpu obecneueHnH BbIXonHOro yposHsi +VDC. Dto
O3HAy4aeT, YTO MOBOPOT HYJIEBOI'O COCTOSIHMSI MEPEKIIOYEHMs] JOJIKEH BBIMNOJHATHCS ISl STOU
KOHKpeTHOH stueliku (¢ HomepoMm VDCrotl).

[0090] [nsi mOpUMEPHOTO YEThIPEX—KBAJAPAHTHOIO MHOTOYPOBHEBOTO BapUaHTa
ocyliecTBieHusi, BxogHoW cur"Han Rot +0VDC  ympasnser mocienoBaTeNbHOCTBIO
MEPEKTFOUEHNST MEXYy ABYMSI BO3MOXKHBIMU HYJIEBbIMU cocTosiHUsIMU [1 1] 1 [0 O] myst omHOM 1
TOH K€ STYEHKU.

[0091] Jna  mpuMepHOTO  ABYX—KBAJAPAHTHOTO  MHOTOYPOBHEBOTO  BapUaHTa
ocyliecTBieHusi, BxogHoW cur”Han Rot +0VDC  ympasnser  mocienoBaTeNbHOCTBIO
MEPEKTFOYEHUsT MEXY ABYMsI BO3MOKHBIMU HYJIEBbIMU cocTOsiHUSAMU [1 O] 1 [0 1] nyst onHOM 1
TOM K€ STUCUKU.

[0092] @ur. 9A mmmocTpupyeT QYHKUHOHAIBHYIO AUarpaMmy npumepHoro 6joka 900
+1VDC mnoBopora B COOTBETCTBMM C BapUAHTAMH OCYIIECTBJIEHUS HACTOSIIErO PaCKPbITHS.
@ur. 9B wmumocTpupyeT (YHKLUHOHAJIBHYIO AWarpamMMmy npuMmepHoro Omoka 910 —1VDC
MOBOPOTAa B COOTBETCTBUH C BAPHAHTAMU OCYIIECTBIIEHUS] HACTOSLIETO PACKPBITHUSI.

[0093] Baok 900 +1VDC mnoBopota mMeeT 0ojiee CIOXKHYK CTPYKTYpY, 4eM OJIOKH,
mzobpakennsle Ha ¢Gur. 8A u 8B. Ilomumo ynpaBmsromero curiaga Rot +1VDC,
nocrynaromero ot Onoka renepatopa 1VDC mnosopora, Onok 900 mnpuHUMaer naBa
ynpasiromux curdana VDCrotl m VDCrot3 or Omoka OamaHcupoBku HampspkeHust DC.
Iepssrit curnan, VDClrot, ucrnone3yercss MyJbTHILIEKCOpOM Switch 1, 4ToObl ycTaHaBIMBATDH
MOJIOKUTENIbHOE HANpsDKEHHE Ha BBIXOJE SUYEeMKH, HOMEp KOTOPON 3aJaeTcsl 3TUM CUTHAJIOM.
DTO MOXKET JeNaThCsi myTeM odecrnieyeHust kKomOuHanmu [1 0] mepekiroueHus it 3TON sTuehKH.
Jlpyrue Tpu sSYEWKH JOJDKHBI OOeCreuMBaTh HYJIEBOE COCTOSIHHE MepeKirodeHus. Ecium Ha
BbIxOne mpeodpaszosatens 107 u 207 HanpspkeHue usaMmensiercs mexxany tOVDC u +1VDC, to
curaan Rot+1VDC Bcerna npeacrapisier codoil “MCTHHHO W OTCYTCTBYET MOBOPOT HYJIEBOTO
COCTOSIHUSI TEPEKJIIOUeHUs] AN APYrux Tpex sdeek. Eciau BbIXOAHOE HaINpsDKEHHE MEHSeTCs
mexay +1VDC u +2VDC, To noBOpOT HYJI€BOTO COCTOSIHUS AOJDKEH BBINOIHSATHCS TOJIBKO JJIs
OJTHOW KOHKPETHOH siueiiKu, KOTopast yuacTyeT B popMmupoBanuu yposHs +2VDC.

[0094] [Jlns [pUMEPHOTO YETHIPEX—KBAJAPAHTHOIO MHOTOYPOBHEBOIO  BapUaHTa
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ocyliecTBieHusi, BxogHoW curHan Rot +1VDC  ympasnser mocienoBaTeNbHOCTBIO
MEPEKTFOYEHNsT MEXAY ABYMsI BO3MOXKHBIMU HyJeBbIMH cocTosiHusiMU [1 1] u [0 O] ansa stoit
SITYEHKHU.

[0095] [lna  mpuMepHOrO  ABYX—KBAJAPAaHTHOIO  MHOTOYPOBHEBOI'O  BapUaHTa
ocyumecTBieHusi, BxogHoW curHan Rot  +1VDC  ympasnser  mocienoBaTebHOCTBIO
MEPEKIIIOUEHUsT MEKAY ABYMsI BO3MOXKHBIMH HyJeBbIMU cocTostHusiMH [1 O] u [0 1] nmist sToit
SAYEHKU.

[0096] Bbnok 910 —1VDC mnoBopota mpuHuMaeT ymnpasysitomuii curHan Rot —1VDC,
noctynaromui ot 0noka reHeparopa 1VDC nosopora, u aBa ynpasisiromux curHana VDCrot2
u VDCrot3 ot 6moka 6anancuposku HanpspkeHust DC. Iepssiit curaan, VDC2rot, ucronbs3yercst
MyJIbTHILIEKCOpOM Switch 1, 4ToOBI yCTaHABIMBATHL OTPULATEIBHOE HAIPSDKEHHE HA BBIXOJE
STYEHKH, HOMEpP KOTOPOW 3aJaeTCs STUM CUTHAJIOM. DTO MOXKET AENIaThCsl MyTeM OOecredeHust
koMOuHatmu [0 1] mepexmroueHwst s 3TOH  stueliku.  Jlpyrue Tpu SUYEHKH  JOJDKHBI
o0ecrieunBaTh HyJIEBOE COCTOsIHHE mnepekiroueHus. Ecnu Ha BbIxome mpeoOpasosarenst 107 u
207 mnampspkeHue usMmensiercst Mexay —OVDC u —1VDC, 1o curnan Rot-1VDC Bcerna

NpeACTaBysieT COOOH “MCTUHHO, M OTCYTCTBYET MOBOPOT HYJIEBOT'O COCTOSIHUS MEPEKIFOUCHUS

I Apyrux Tpex sideek. Ecnu BbixogHOe HampsbkeHue mensiercs mexay —1VDC u —-2VDC, To
MOBOPOT HYJIEBOT'O COCTOSIHUSL JOJKEH BBIMOJHATHCS TOJBKO AJIs1 OJHOM KOHKPETHOU STYEHKH,
KOTOpas y4acTByeT B popmupoBarnu yposus —2VDC.

[0097] He nokazansble 3aeck Onoku +2VDC mosopora u 6moku +3VDC mosopora
UMEIOT CJIOXKHYK CTPYKTYPY € YeTbIpbMsI BXOJAHBIMM CHrHajamu, rae Tpu us Hux VDCrotl,
VDCrot2 u VDCrot3 nmocrynarot ot OGnoka OajmancupoBku HamnpsbkeHuss DC, m omuH cursan
noctynaer jubo ot rereparopa 2VDC moBopora, qaubo ot reneparopa 3VDC mnoopora,
KOTOPBIA NPEJHA3HAYEH AJI YIIPABJICHUs MOCIEA0BATEIbHOCTBIO U3MEHEHUSI MEXKAY HYJIEBBIMU
COCTOSIHUSIMH MEPEKITFOYECHUs JIJIs1 KOHKPETHOM sTUeHKU.

[0098] Dur. 10A wumwmoctpupyer npumepssiii reHeparop 1001 OVDC mosopora B
COOTBETCTBUU C BAPUAHTAMU OCYLIECTBIEHUS HACTOsIEro packpeitus. dur. 10B nnmoctpupyer
npuMepHblii reHepatop 1002 1VDC noBopoTa B COOTBETCTBUU C BapUaHTAMM OCYILIECTBJICHHUS
Hacrosuiero packpbitus. Pur. 10C wwmocTpupyer mnpumepHslii reHeparop 1003 2VDC
MOBOPOTa B COOTBETCTBUM C BapUAHTAMH OCYILECTBJICHMs HacTosuiero packpeitus. dur. 10D
WLTIOCTpUpyeT npuMepHbiii reHeparop 1004 3VDC moBopoTta B COOTBETCTBUU C BapHaHTaMHU
OCYLLIECTBJICHUS] HACTOSILIIETO PACKPBITHUS.

[0099] @ur. 10E wmwmoctpupyer npumepHbiii redepatop OVDC mnosopora B
COOTBETCTBUU C BAPUAHTAMH OCYLIECTBICHUs] HACTOSIILETO PACKPBITHSI.

[00100] Kaxnplii u3 uyersipex reHeparopoB noopora Ha ¢ur. 10A-10E cocrout us:
gyerbipex HUQpoBbIX KommapaTtopoB 1005, 1006, 1008 u 1017, omnoro smementa 1007
VMHBEPTUPOBAaHMs, 4eThlpex Jjoruueckux saementos M 1009, 1010, 1015 u 1016, mByx SR
TpurrepHsix cxeM Latch (3amenka) 1 1011 u Latch 2 1012 u nByx nenureneii uacrorsl Ha 2 1013
u 1014. Ctpyxrypa 1 npuHOMI padOThI BCeX OJIOKOB reHepaTopa MOBOPOTA SIBISIETCS OOHUM U

TEM K€, Pa3HULIEH SIBJISIOTCS TOJBKO INPENBAPUTENIBHO YCTAHOBJIEHHBbIE 3HaYeHMs LHU(POBBIX
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xommaparopos. Ilocnenyromee npexncrasisier coOoi HMpUMEpHBIH 0030p paboThl reHepaTopa
1001 OVDC mnosopota. Korna curnan “di/dt” ¢ Beixoma onenmuka di/dt npencrasnsier coOoi
“nctunHO”, komnaparop Compl 1005 ycranosutr Beixon SR tpurrepsoii cxems! Latch 1 1011 B
“HCTUHHO”, KOTJ]a CUTHAM “ypoBeHb” paseH “3”, uTo cooTrBeTcTBYeT +1VDC BBIXOAHOTO YPOBHS
HanpspkeHus. Jlpyroit kommapatop Comp2 1006, B nonoxkutensHom di/dt cOpaceiBaer Latch 2,
KOTrZa CurHaj “ypoBeHb  paBeH 27, urto coorBercTByeT +O0VDC BBIXOZHOrO YpOBHS
HanpspkeHusl.  JIpyruMu cnoBaMu, BBICOKHI YPOBEHb IOCJIEAOBATEIbHOCTH HMMITYJIbCOB Ha
Bbixone Latch 1 Oyner coorBercTBOBaTh HampsikeHuto +1VDC Ha BbIXOnE AEBSITUYPOBHEBOTO
npeoOpa3oBaTelis, B TO BPEMsI KaK €ro HyJIeBOW YPOBEHb OYET YKa3bIBATh YPOBEHb HAMPSIKEHHSI
+0VDC (+0 ykaswiBaet, uto ypoBenb O0VDC crnenyer mocne w/mnu nepen yposaem +VDCO).
Haxonen, cxema, Bximrodaroinast B ceOst Oyioku 1013 u 1014 penurenei 4acTOTHI U JIOTHYECKUMA
snemeHT U 1015 u 1016, npenrasHayena, 4ToObl yCTaHABIMBATD BHIXONHOW curHai Rot+ OVDC
B “HCTMHHO~ C BBICOKMM YypoBHeM Bbixoaa Latch 1, 4To mpoucxoauT mpu BBIXOJHOM YpPOBHE

HanpspkeHus +1VDC, u noazaep:kuBaeT 3TOT CUTHaN “UCTUHHO , TOKAa HE MPOM30MIET BTOPOM

>
nepexox ot FO0VDC k +1VDC. Takoii BeixogHot curHan Rot+ OVDC wucnone3yercsi, 4ToObI
YepenoBaTh JIB€ BO3MOJKHbIE KOMOMHALIMU HYJEBOTO COCTOSTHHSI NEPEKIIFOUEHUs JUIsl STYEHKU B
onepanun obecrneueHus: ypoBHsi HampspkeHuss +1VDC. Ta ke camasi omeparioHHasi JIOTHKA
crout 3a curHajom Rot —0VDC, koTopblil TeHepupyercsi MOCPEACTBOM TOrO K€ CaMoro
reaeparopa 1001 OVDC moBopoTa, 4ToOBI YepenoBaTh ABE KOMOMHAIIMH HYJIEBOTO COCTOSIHHSI
NEePEKITIOUEHUs U1 TYEHKH B orepanuy odecrieueHus ypoBHs HanpspkeHust —1 VDC.

[00101]  PesymbraTel  MOAENMpPOBaHWS  IJii  MHOTOYPOBHEBBIX  KacKaJHbBIX
npeoOpa3oBaTeneii B COOTBETCTBUU C BapUAaHTAMU OCYINECTBJIEHUS] HACTOSIErO PACKPBITHS
npezacrasieHbl Ha pur. 11-14B.

[00102] @ur. 11A uurOCTpHPYET NPUMEPHYIO OMINOKY YIPaBJIECHHS MOAEIHPOBAHHBIM
TOKOM II0 BPEMEHHM B COOTBETCTBUM C BapUAHTAMH OCYLIECTBJIEHUS HACTOSILIErO PaCKPBITHUS.
@ur. 11B mmoctpupyer npuMepHble MOAECIUPOBAHHBIE OMOPHBIA U AEUCTBUTENbHBIN TOKU IO
BPEMEHU B COOTBETCTBUHM C BapHUaHTaMH OCYILIECTBIEHHs Hacrosiero packpeitus. Pur. 11C
WUTIOCTPUPYET TPUMEPHOE MOIEIHPOBAHHOE BBIXOIHOE HAMpsUKEHHE MpeoOpa3oBaTes o
BPEMEHU B COOTBETCTBUU C BAPUAHTAMU OCYLIECTBJIEHUSI HACTOSIIIETO PACKPBITHUS.

[00103] ®ur. 11B unmrocTpupyeT ONOPHBINA TPEYroJbHBIM TOK Irpr M A€MCTBUTENBHBIN
TOK Irgar, KOTOpBIH crienyeT Iggr ¢ OmmOKoON Igrror YIPaBIEHUS TOKOM, MPEICTABICHHON Ha
¢ur. 11A. Awmmmtyna omnopHoro Toka Iggenm =195 A. HanpsbkeHue Ha  BbIXOZE
MHOTOYPOBHEBOTO  IpeoOpa3oBarens, CO3JaBaeMOE MOCPEICTBOM  PACKPBITOrO  METOna
THCTEPE3NCHOrO yIpaBieHus, nokaszano Ha ¢ur. 11C, rme Kaxnblii BbIXOJHOH YpPOBEHb
coorBercTByeT HanpspkeHnto DCL Ha Oarapee xkonmeHcatopos omHoi stueiiku VDC=80 B (wu,
kak nokazano Ha ¢ur. 11C, HanpsukeHust DCL Bcex siueex OanaHCHPYIOTCS C MUHUMAJIBHBIM
NPEABAPUTENPHO YCTAHOBJIEHHBIM 3HaueHHeM omMOKH +5 B, Tak 4TO OHM MOTYT CUMTATHCA
paBabiMH). Kak MOxHO Buaerb w3 (oOpMbl BOJNHBI Igrror, €r0 MaKCHMalbHOE 3HAYEHUE
OTPAaHUYEHO INPEIBAPUTENIPHO YCTAHOBJIEHHBIM 3HaueHueM Al=1 A, u 3Ta MakcumanbHas

omunOka HaOMIOJAETCs TONBKO B TOUKAX, rae 3HaueHue di/dt onopHOro toka Irgr H3MeEHsIET 3HaK
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(muku TpeyrompHOW (opMmel BOnHBI). [IOMHMO 3THX KPUTHYECKHX TOUYEK, CHocol paboraer
TakiuM 00pa3oM, YTOObI MUHHUMH3HPOBATh OMMUOKY Iprror TOKa mpu Al/5=0,2 A HacTONBKO
OBICTPO, HACKOJIBKO 3TO BO3MOKHO IPH JAHHBIX MapaMeTpax Harpy3Ku.

[00104] ®ur. 12 ummoctpupyer npumepHble HamnpsbkeHuss DCL Ha HakONMTENbHBIX
3JIeMeHTax (KOHAEHCATOpax) KaKHoH s4YelKH B COOTBETCTBUU C BapHMAaHTAMHU OCYLIECTBIIEHUS
HACTOSLIETO pacKkpbiTusi. B MomenupoBaHHONW cXeMe OTCYTCTBYE€T HCTOYHHMK IOAAEPKKH
HaNpspKeHUs Ha KoHAeHcatopax. Takum oOpas3om, Aaxe eciy NMOTOK MOIMHOCTH HEepPEeXOIHT
Ha3aJ W BIepen OT MHAYKTUBHOW HArpy3KH Ha KOHIEHCATOPBI (Yepe3 OTHeNIbHBbIC SUEHKH),
co3zasast nynbcauuu HanpspkeHuss AC Ha Hux, DC—KOMIIOHEHTB! HaNpsKEHUH KOHIEHCATOPOB
YMEHBINAIOTCS CO BPEMEHEM H3—3a aKTHBHBIX MOTEPb B MEPEKIOYaTeNsIX U B COMPOTUBJICHUU
HArpy3kH. JTO Takke MOXKHO BuneTh u3 ¢ur. 12, rme ucxomHoe Hampspkenne DCL s Bcex
siueek cocraBisier VDC=80 B, HO B KOHLIe IMKJIa onepanuy mpeodpa3oBaTeliss 5TO 3HAYCHUE
yMmenblnaercss 10 65 B (cpennee 3Hauenue). Bomee Toro, ommbka crocodba OanmaHCUPOBKU
HanpspkeHus: DC, koropasi mpencTtaBiisieT cOOOH MaKCHMAaJbHYIO Pa3HOCTb MEXKAY JHOOBIMU
neymsi HanpspkeHHsiME DCL B 000l MOMEHT BpeMeHH, He MpEBBIIIAeT MPEeIBAPUTEIBHO
yCTaHOBJIEHHOE 3HaueHue 10 B.

[00105] @ur. 13A unIIOCTPUPYET BHIXOAHOE HAMPSDKEHUE YEThIPEX MPUMEPHBIX siUeeK B
COOTBETCTBUU C BAPUAHTAMU OCYLIECTBJIEHHUS] HACTOSILIErO packpeitus. dur. 13B nnmroctpupyer
PE3yIBTHUPYIOLIEE BHIXOIHOE HANPSDKEHNUE AEBSITHYPOBHEBOTO NPe0oOpa3oBaTelisi B COOTBETCTBUU
C BApPUAHTOM OCYILIECTBIICHUS, N300pakeHHbIM Ha ¢ur. 13A.

[00106] Kak MOXHO OTMETHTh, B JIFOOOH MOMEHT BPEMEHH, TOJBKO OJHA siuehKa
paboTaeT B peXMMe BBICOKOYACTOTHOI'O MEPEKNIIOUEHMs], B TO BPeMsl Kak ApPYrue TpU siueiiku
HETPepbIBHO O0ECTIeYMBAIOT IMOJIOXKHUTENBbHOE, OTPHULATEIBHOE WM HYJIEBOE HAINpsDKEHHE Ha
BBIXO/aX.

[00107] ®ur. 14A wnmocTpupyeT YIpPABISIOIIME CHUTHAIBl Ha MEPEKIIOYAIOIINX
BJIEMEHTaX MPHUMEPHBIX S4YeeK B COOTBETCTBUM C BapUAHTAMHU OCYINECTBIEHUS HACTOSILEro
packpeitusi. @ur. 14B unmocTpupyeT yBeIMUEHHOE BPEMEHHOE OKHO CUTHAJIOB, TOKAa3aHHbBIX Ha
¢ur. 14A.

[00108] OTmeTuM, YTO TMOKa3aHbl TOJBKO CHUTHAJIbI Ha BEPXHUX MMEPEKJIFOYAROIINX
aneMeHTax sideek Ha ocHoBe H—wmocra (S1, S3, S5, S7 u T.1.). Ynpasisromue CUrHajibl Ha
HIDKHUX TepeKIFovaromx snemMentax (S2, S4, S6, S8 u 1.1.) MoryT ObITh NOJYyYEHBI MyTEM
MHBEPTUPOBAHUs CUTHAJIOB AJIsl BEPXHHUX 3JeMEHTOB. Kak MOXHO BUIETh U3 depTexel, u3—3a
Ha/lJIeKallero MoBopoTa COCTOSIHUS HYJIEBOTO MEPEKIIIOUEeHNs] BCe MepeKIIIoYaTeNld y4acTBYIOT B
orepaLyy BbICOKOYACTOTHOIO MEPEKII0YeHNs. JTO BeJeT K PaBHOMY pacIpeleNieHHI0 MOTepb
MEPEKIIOYEHNI  MEXKIy MepeKIovaTeNssMu. bosiee TOro, 4acrora NEPEKIIOYEHUN BCEX
NepeKIrouaTenell B 1Ba pa3a MEHbIIIE, YeM 4acTOTa Pe3yJbTUPYIOLIEro HaMpsKEHUs Ha BBIXOAE
IEBSITHYPOBHEBOTO MPe0Opa3oBaTes.

[00109] Pe3ynpTaThl MOAENUPOBAHUA U OSKCIEPUMEHTAJbHBIE PE3YJbTAThl IS
MHOTOYPOBHEBBIX  KacCKaJHbIX  IpeoOpas3oBaTeneii B  COOTBETCTBUM C  BapHAHTaMH

OCYIIECTBJIEHHs HACTOSIIErO PacKpbITUs MpenacTaBieHsl Ha ¢ur. 15A-16D. Ha ¢ur. 15A-15H,
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pe3yabraTel Mozpenuposanus (¢ur. 15A—15D) u skcnepumenTtanbable pe3ynbTarsl (Gur. 15E—-
15H) mnoka3zansl st OOHO(MA3HOTO IEBSITUYPOBHEBOrO 2—KBAJPAHTHOrO MpeoOpas3oBaTes,
COCTOSIIIETO M3 4 sA4YeeK, COEIUHEHHBIX IOCJIENOBATENbHO C €MKOCTHBIM HAaKOMHUTEIbHBIM
s1eMeHTOM Ha cropoHe DC—3BeHa, kak u3o0paxeno Ha ¢ur. 2A. IIpeobpazosarens padboTaeT BO
B3aUMOCBSI3H C 3JIEKTPOMAarHUTOM, YTO MpencrtaBieHo kak RL-Harpyska Ha ¢ur. 2A, u
YIPAaBIAETCS. MHOTOYPOBHEBBIM T'MCTEPE3UCHBIM KOHTPOJUIEPOM TOKa B COOTBETCTBUM C
BAPHMAHTAMU OCYILECTBJICHMs, NPEACTABICHHBIMM 371eCb. Monenb MOAEIUPOBAHUSA H
SKCIIEPUMEHTANIbHAS YCTAHOBKA HMEIOT T€ K€ CcaMble MapaMeTpbl Uil HAKOMUTENbHbBIX
KOH/IEHCATOPOB, MHAYKLMH U CONMPOTHUBIICHUsI MarHuTa, a Tak)ke HauaJbHOro HampsbkeHus DC—
3B€Ha U MPOQUIISI BBIXOIHOTO TOKA.

[00110] Kak mokazano Ha ¢ur. 15A, 15B, 15E u 15F, TOku MarHuTOB U BBIXOIHbBIE
HanpspkeHus: PSU SBISFOTCS MACHTUYHBIMH 32 MCKJIOYEHHEM BBICOKOYACTOTHBIX BBIOPOCOB B
¢opMe BOJNHBI SKCIMEPUMEHTAJIBHOIO HAIMPSDKEHHs, KOTOPbIE OBLIM BBI3BAHBl Mapa3sUTHBIMHU
napaMmerpaMu CUioBbiX kabeneli mesxkny PSU u anekTpomMarHuTOM M He MomenupoBaiuch. Kak
nokazano Ha ¢ur. 15C u 15G, curransl omuOKM yIpaBiIeHUs Uil CIy4aeB MOJEIHPOBAHUS U
JUTs1 9KCIIEPUMEHTAJIbHBIX CJIy4aeB SIBJSIFOTCS] MOUYTHU UIAEHTUYHBIMH, U UX MUKOBbIE 3HAYEHUsI HE
npesbimaroT 3 A (1,5% wmakcumanpHOro 3HaueHws). Kak mokasano Ha ¢ur. 15D wu 15H,
NOBEJIEHNE pa3psiia HAKOIMUTENBbHOIO KOHAEHCATOpAa TaKKe HAEHTUYHO [JIs1 pe3yJbTaToOB
MOJIEJIMPOBAHUs U SKCIIEPUMEHTAIIBHBIX Pe3yJbTaTOB.

[00111] ®ur. 16A, 16B, 16C u 16D noxasbiBaroT pe3ynbTaTbl MOAENUPOBAHUA U
SKCIIEPUMEHTAJIbHBIE  PEe3yJNbTaThl  OAHO(PA3HOTO  CEMHUYPOBHEBOIO  4—KBaJPaHTHOTO
npeoOpa3oBaTeNisi, COCTOSIEro U3 3 sA4YeeK, COENMHEHHBIX IOCJIEAOBATENIbHO C €MKOCTHBIM
HAaKOMUTEIbHbIM 3JIEMEHTOM Ha CTopoHe DC-3BeHa, aHaJIOrMYHO AEBSITHYPOBHEBOMY
npeoOpazoBatento, usobpakeHHomy Ha ur. 1A. IIpeobpasoBarenb paboTaeT BO B3aMMOCBSI3U C
3JIEKTPOMArHUTOM, KOTOpBIN mpencraBieH kak RL-wHarpyska Ha ¢ur. 1A, u ympasisercs
MOCPEACTBOM MHOTOYPOBHEBOI'O TMCTEPE3UCHOrO KOHTpPOJUJIEpa TOKA B COOTBETCTBHH C
BapHaHTAMU  OCYLIECTBJICHUs, TMPEACTaBIEHHbIMH 37eCb. Mozenb s  BbIIOJHEHUS
MOJIEJIMPOBAHUsI U OKCIIEPUMEHTaJbHAasl YCTAaHOBKA MMEIOT T€ JK€ CaMble MapaMeTphl IS
HAKOMUTENbHbIX KOHIEHCATOPOB, MHAYKIMIO M CONPOTHBIIEHHE MarHuTa, a TakKe HaydaJbHOe
HanpspkeHne DC—3BeHa 1 po¢uib BEIXOTHOTO TOKA.

[00112] Kak mnokazano Ha ¢ur. 16A, 16C u 16D, Toku MarHMTa W BBIXOIHBIE
HanpspkeHus: PSU SBISFOTCS MAGHTUYHBIMH 32 MCKIJIOYEHHEM BBICOKOYACTOTHBIX BBIOPOCOB B
¢opMe BOJNHBI SKCMEPUMEHTATIBHOIO HAIPSDKEHHs, KOTOpble OBLTH BBI3BAHBI MApa3UTHBIMU
napameTpaMHu CHIIOBBIX kadeneit mexay PSU u 351eKTpoMariuToM 1 He MOAETHPOBAIUC.

[00113] Kak mokaszano Ha ¢ur. 16B u 16D, curHaisl ommOKN yrpaBieHUs ISl CIIy4aeB
MOJIEJIMPOBAHUsT U ISl HKCIIEPUMEHTAJIbHBIX CIy4aeB SIBJISAIOTCA MOYTH WAEHTUYHBIMU, U UX
NUKOBbIE 3Ha4eHUs He npeBblmatoT 100 A (3,3% MakcMMaJIbHOTO 3HAYEHUS).

[00114]  PesynbraTel  MOAENMPOBaHWS  JJd  MHOTOYPOBHEBBIX  KAacKajHbBIX
npeoOpa3oBaTeNieli  COMJIACHO  BAapUAaHTAM  OCYINECTBJIEHUS  HACTOSIIIEIO  PacKPBITHS,

UCTIONB3YEMBIX BO B3aMMOCBSI3M C KOMMYTHPYEMBIM PEaKTHBHBIM 3JjekTpozasurareneM (SRM),
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npexncrasieHsl Ha Gur. 18A-20E.

[00115] Ha ¢wur. 17 npencraBneHa cxemaTtudHas nuarpamma 3—passoro 6/4 SRM,
IIPUBOJMMOrO B JIEHCTBUE NTOCPEACTBOM TPEX HE3aBHCUMBIX AEBSITHYPOBHEBbIX 2—KBaJpPaHTHBIX
MHOTOYpOBHEBbIX mpeoOpazoBareneii 207A, 207B u 207C. Ilpumenenuss npusonoB SRM
pacIIMPWINCh B TMOCJIEAHUE TOAbl BBUAY TAKUX NPEUMYILECTB KaK HAAEKHAs KOHCTPYKLUS,
BHYTPEHHE MPUCYINAs MEXaHWYeCKash MPOYHOCTh M HU3Kas CTOMMOCTb, a TakXe cBoOOma OT
POTOPHBIX OOMOTOK M TOCTOSIHHBIX MAarHutoB. IIOMHMO NpOCTONH KOHCTPYKLMM MAaIIHHBI,
npuBog, SRM Takke HMMeeT NPHUCYIIYI0 €My OTKa30yCTOHYHMBOCTb, BBICOKHI HadaJIbHBbIN
KPYTSIIUHA MOMEHT U BBICOKYIO 3(p(eKTHMBHOCTB IJIsi OUeHb IIHUPOKOH paboder CKOpOCTH. JTH
NPU3HAKHU JIEJAIOT €ro IMOTEHLHAIbHO TMPHUBIEKATEIbHBIM Ui OyAyLIIMX NPUMEHEHHH C
MEPEMEHHON CKOpPOCTBIO BBICOKOII MOIIHOCTH, TaKHUX Kak TATOBble CHUCTEMbI, HAaCOCHl U
KOMIIPECCOPBI, BETPSIHbIC TYPOUHBI U IPUMEHEHHUS B JOOBIBAIOIIEH MPOMBIIIIEHHOCTH. Y POBHH
MOIITHOCTH JUII 3TUX MPUMEHEHWH MPUBOAA PACLIMPSIIOTCS N0 HECKOJIBKHX MeraBaTT. UToOBI
IOCTHYDb TIOJIHOTO TOTEHIMajla MYyJbTH—MeraBaTTHOH cucremel npuBoma SRM, paboune
HaNpsKEHUS TOJDKHBI COCTABIISATh HECKOJIBKO KHIJIOBOJIBT.

[00116] MHoXecTBO ypOBHEH HaIpsDKeHUs, JOCTYIHBIX OT MHOTOYPOBHEBOIO
npeoOpa3oBaTenss B KOMOMHAIMM C  TNPENJIOKEHHBIM ~ METOJAOM  MHOTOYPOBHEBOTO
T'MCTEPE3UCHOTO YIPAaBJIEHUSl COTJIACHO HACTOALIMM BapUaHTaM OCYLIECTBJIEHHUS, MO3BOJISIOT
IOCTUYDb BBICOKOTO BBIXOIHOIO HANPSDKEHUS W MMOKOTO NMpo(HIMpOBaHMS TOKA JAJISI IPUBOOB
SRM ¢ nomonHUTENpHOH BBITOJOH OT 00JI€e HU3KUX YacTOT MEPEKIIOUEHHsI 1 MEHBLINX MOTEPh
npeobpaszoBaTest U ABUTATEISL.

[00117] Bosppamasice oOpatHo k ¢ur. 17, kaxablli U3 Tpex HE3aBUCHUMBIX
IEeBSITUYPOBHEBBIX 2—KBaJPAHTHBIX MHOTOYPOBHEBBIX NpeodOpasosareneiit 207A, 207B u 207C,
nopo6Ho npeobpaszosaremo 207, mpeACTaBIEHHOMY B 00CYKIaeMOMY B OTHOLIEHUH Gur. 2A u
2B, comepskut 4eTblpe 2—KBaAPAHTHBIX sT4eHKU ¢ Oarapeeil miam J0OBIM APYTUM HAKOIHUTENIEM
WIM W30JUPOBAHHBIMU 3JIEMEHTAMH HCTOYHHKA HamnpsbkeHuss Ha cropoHe DC—3BeHa u
COeMHEHHbIE TIOCTEeNOBaTeNIbHO Ha BbIxoge. Kaxaplii U3 Tpex JeBSITUYPOBHEBBIX
npeoOpa3oBaTesiell  Takke  YOPAaBJSIETCS  MOCPENCTBOM  OTHEJIbHOH W HE3aBUCUMOH
MHOTOYPOBHEBON CUCTEMBbI THCTEPE3UCHOTO YIPaBJIEHHS] TOKOM B COOTBETCTBUM C HACTOSLIUMHU
BapUAHTAMU OCYLIECTBICHHs. TakuM 00pa3oM, METOHOJIOTHs YIIPABJIECHHs, MPEICTaBICHHAS
371€Ch, MOJKET MCIIOJIBb30BaThCs I Jiroboro uncia pa3 SRM (nanpumep, 4—¢asnoro 8/6 SRM
wim S—¢assoro u 10/8 SRM) 06e3 kakux—nmuOO OrpaHUYEHUN WU JOMOJTHUTEIHHBIX
OTpaHUYCHUI.

[00118] ®@ur. 18 A—20E moka3biBaroT pe3ynbraThl Moaenuposanus 60 kBT 3—¢aszHoro
6/4 SRM, npuBoauMoro B AeWCTBHE MOCPEACTBOM TPEX HE3aBHUCUMBIX JI€BSTHUYPOBHEBBIX 2—
KBaJPAaHTHBIX ~MHOTOYPOBHEBBbIX  mpeoOpasoBareneii. @Pur. 18A-19D mnpencrasnstoT
norokocueruienust (¢pur. 18A u 19A), dasneie Toku craropa (pur. 18B u 19B), xpyrsmuit
momeHT asurarens (¢ur. 18C u 19C) u ckopocts asuratens (¢ur. 18D u 19D). Kak nokaszano
Ha ¢ur. 19A u 19B, kpyTsAImKUHA MOMEHT M CKOPOCTb IABUTATelNsl HArPY>KAIOTCS B UX OIOPHBIX

3HaueHusix 100 Hm u 1800 00./muH., cooTBeTcTBeHHO, Tocie 0,5 cekyHabl padoTel. dDa3Hbie
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TOKH, KaK U KPYTSAIIHHA MOMEHT, CBOOOIHBI OT BBICOKOYACTOTHBIX MYyJIbCALIMH, KAaK MOKAa3aHO Ha
¢ur. 19B u ¢ur. 19C, COOTBETCTBEHHO, BBHIY aJaNTUBHOW ONEpallMd METOAOJIOTHH
MHOTOYPOBHEBOTO  THMCTEPE3UCHOTO  YIPaBJIEHMs, MpPENCTaBICHHON  37€Cb,  KOTOpas
YCTaHABINBAeT U KOMMYTHPYET HHU3KHE YPOBHHM HANpsDKEHUs] S4EeK B COOTBETCTBUM C
OMOPHBIMU (pa30BBIMH TOKAMU M MIHOBEHHBIMH 3HAUEHHSIMM IOTOKOCLEIUIEHHs. BbhIXomHbIe
HAIpsDKEHUST BCEX sSTYeEeK OJJHOTO MpeoOpaszoBarests, KaKk M €ro MOJHOE BBIXOJHOE HAIpSIKEHHE,
npukianbBaemoe Kk paze SRM, uzobpakensr Ha ¢ur. 20A-20E. Kak nokazano Ha ¢ur. 20E,
KaX/IbIii YPOBEHb HAIPSDKEHHsI Ha BBIXOJ€ MHOTOYPOBHEBOTO Mpeodpa3oBaressi COOTBETCTBYET
HanpsokeHnro DC—3BeHa HakOMUTeNbHOTO 3yieMeHTa ogHol siueiiku VDC=50 B. Kak noxazaHo
Ha ¢ur. 20A-20D, B m000ii MOMEHT BpPEMEHH, TOJNBKO OJHA siueiika paboTaer B peKuMe
BBICOKOYACTOTHOIO IMEPEKJIIOUEHHUs, B TO BpeMsl Kak Jpyrue TpU SUYEHKH HENpepbIBHO
00eCTIeYnBaIOT MOJIOKUTEIBHOE, OTPULIATEIBHOE WIIH HYJIEBOE HAMPSKEHHE HA BBIXOAX.

[00119] Metomonorusi TUCTEPE3UCHOTO  YIPABIEHUS, TMPEIACTaBJIEHHAs  3/€Ch,
o0ecrieuynBaeT BO3MOXKHOCTb yrpaBiieHHs (asHbIMH ToKamMu SRM C BBICOKHM JOMYCKOM M
HU3KOH OIIMOKON yIpaBiIeHHs B TIOJHOM HAIAa30HE CKOPOCTH.

[00120] IIpoueccopsl cuUCTEM YIpaBi€HHMs U KOHTPOJJIEPOB HACTOSLIETO PaCKPBITHS
MOTYT OBITh BBITMIOJHEHBI C BO3MOJKHOCTBIO BBITIOJHATH BBIYHCICHHUS U aHAJH3, ONHCAHHBIE B
HACTOSIIIEM PACKPBITUH, U MOTYT BKJIIOUAaTh B CeOsl MM ObITh KOMMYHHUKATHBHO CBSI3aHHBIMU C
ONHOW WJIM HECKOJbKHMMHM NAaMSTSAMH, BKIIOYAIOIINMU B ce0s HEKPAaTKOBPEMEHHBIN
CUNTBIBAEMBIH KOMITBIOTEPOM HOCHUTENIb. JTO MOXET BKJIOUAThb B Ce0sl CUCTEMy Ha OCHOBE
mpoleccopa  WIM HAa OCHOBE MUKPOMNPOLIECCOPA, BKJIOYAasl CHUCTEMbI, HCIOJB3YIOLINE
MHUKPOKOHTPOJUIEPBL, ~ KOMIBIOTEPBl €  cokpaiieHHbIM  Habopom  komann (RISCO),
crieuani3upoBaHHble HHTerpanbHbele cxeMbl (ASIC), mormueckue cXeMbl W JIIOOYIO APYIYIO
CXeMy WM MPOLECCOp, CIIOCOOHBIE NCTIONHATh (PYHKIIMH, ONMCAHHBIE B HACTOSIIEM HOKYMEHTE.
IIpuBeneHHbIE BbIIIE NMPHMEPHI SBISIFOTCS TONBKO MJUIIOCTPATHBHBIMU M, TaKMM 00pa3oM, He
npeaHa3HAYeHbl, YTOObI OTPAHUYHMBATHL KAKUM—JIUOO 00pa3oM ompeneneHue W/WiM 3HAuYeHUe
TepMUHA “TipoLieccop’ WU “KOMIIbIOTEp .

[00121] ®yHkumu mpoLeccopa MOTyT OBITh pPEaJH30BaHbl C HUCIOJIb30BAHUEM
NPOTPAMMHBIX TPOLIEAYP, AIMapaTHBIX KOMIIOHEHTOB WJIM WX KOMOWHAIMU. ATnapaTHbIE
KOMITOHEHTBI MOTYT OBITh PEATM30BAHBI C MCIIOJIb30BAHUEM PA3JIMYHBIX TEXHOJIOTUH, BKJIFOYAs],
HanpuMep, UHTErpalibHble CXEMbI WM JUCKPETHBIE SJIEKTPOHHbIE KOMIIOHEHTHI. [IpolieccopHbIit
OJIOK, KaK MPaBHJIO, BKIIOYAET B ceOsl CUMTHIBAEMOE/3aIIMChIBAEMOE YCTPONUCTBO MAMATH H, KaK
NPABUIIO, TAK)KE BKIJIFOYAET B Ce0sl anmapaTHble CPENCTBA W/ POTrpaMMHOe obecrieueHue st
3aIHUCH W/WIH CYUTHIBAHUS YCTPOMCTBA TAMSITH.

[00122] TIpomeccopbl MOTyT BKJIHOYAaTh B Ce0s BBIUUCIUTENBHOE YCTPOHCTBO,
yCTPOHCTBO BBOAA, OJIOK oToOpaskeHus U uHTepdeiic, Hanpumep, A aoctyna B MHTEpHeT.
KommproTep mim mporeccop MOXKeT BKIOUAaTh B ce0si MHKpompoueccop. MukKporpoeccop
MOKET OBITh COEAMHEH C KOMMYHUKAIMOHHOW MHHOW. KoMmbloTep WM MPOLECCOpP MOXKET
TaKXKe BKIJIIOYATh B ce0st mamsTh. [lamMATh MOXET BKIIOUaTh B ceOs MaMATh C MPOH3BOJBHBIM

noctynoM (RAM) u nocrostuayo namste (ROM). Kommnbrorep mnu mpoueccop MOTYT Takke
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BKJIFOYAaTh B CeOsl YCTPONCTBO XPaHEHHs], KOTOPOE MOXKET MPEACTABIISATh COOON JKECTKHM JTHUCK
WM ChEMHBIM HAaKONHTENb, TAKOH Kak, HAIPUMeEpP, HAKOMHUTENIb HA ONTHYECKOM IUCKE U TOMY
nofo0Hoe. YCTpOMCTBO XpaHEHUs] MOXKET NMPEACTaBIATh COOON APyrue aHaJOrM4YHbIE CPECTBA
I 3arpy3KM KOMITBIOTEPHBIX IPOrpaMM WM JPYTUX HHCTPYKUUH B KOMIIBIOTED MU
IPOLIECCOP.

[00123] ITpoueccop UCMONHSET HAOOP MHCTPYKLHH, KOTOPBIE XPAHATCS B OJHOM HIIH
HECKOJIbKUX 3JIEMEHTaX XpaHeHus, 4roObl 00padaTeiBaTh BXOAHbBIE JAaHHBIE. JJIEMEHTBI
XPaHEHHsI MOTYT TAKXK€ XPaHUTh JaHHbIC WIH IPYTYI0 UHGOPMALIHIO, KaK 3TO JKEJATebHO HIIN
HEOOXOIUMO. DJIEeMEHT XpaHEeHUs: MOXeT ObITh B (pOopMe HMCTOYHHKA HH(POpPMALUHM W
(pU3NYIECKOro 3JIeMEHTa MaMsTH B MaIuHe 00paboTKH.

[00124] HabGop MHCTPYKLMH MOXKET BKJIIOUaTh B CeOsl pa3iiMyHbIE KOMAaHIbI, KOTOpbIE
UHCTPYKTUPYIOT MPOLIECCOPHI B KAYECTBE MALTHHBI 0OpabOTKH, YTOOBI BBITIOIHATD KOHKPETHBIE
OTepaLry, TAKHE KaK CIIOCOOBI U MPOLIECCHI PA3JINYHBIX BAPUAHTOB OCYIIECTBIICHHUS] OMTUCAHHOTO
3nece mnpeamera. Habop wHHCTpyKOmMiA MoxkeT ObITh B (pOpME MNPOrpaMM MPOrPAMMHOIO
obecnieuenusi. Ilporpammuoe olOecriedeHrne MOKET ObIThb B Pa3IUYHBIX (POpPMAx, TAKUX Kak
CHCTEMHOE TPOrpaMMHOE OOecreueHne WM MPUKIaTHOE MporpaMMHoe odecrieuenne. Kpome
TOTO, MPOrpaMMHOE OOecriedeHne MOXKeT ObITh B (JOpMe COBOKYITHOCTH OTAEIBHBIX MPOrPamMm
WIM MOAYJIEH, MPOrpaMMHOI0 MOZYJisl B Oojiee KpyImHOH MporpaMme WM YacTH MPOTrPAMMHOTO
monyist. IlporpamMmHOe obecrieueHue Takke MOXKET BKIOYaThb B ceOsd  MOAYJIBbHOE
nporpaMMHUpoOBaHie B (opMe OOBEKTHO—OPHUEHTHPOBAHHOTO mporpammupoBanus. OOpaboTka
BXOAHBIX JAHHBIX C IIOMOINBIO MAIIMHBI OOpPaOOTKH MOXKET OCYILIECTBISITBCS B OTBET Ha
KOMAaHJIbl MOJIb30BATENSI UM B OTBET HA PE3YJbTaThl Ipeablayleil o0pabOTKH MM B OTBET Ha
3anpoc, CAeNaHHbIN IPyroil MalIMHHOM 00pabOoTKHU.

[00125] Kak wuCnoib30oBaHO B JAHHOM OIHUCAHUH, TEPMUHBI “TIPOrPaMMHOE
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obecrieueHne” W “MHUKPOIpOrpaMMHOe obecrieueHue ~ MOryT ObITh B3aMMO3aMEHSIEMbIMU U
BKJIIOYAIOT B ceOsi JIIOOYI0 KOMIBIOTEPHYIO MPOrPaMMy, COXPAHEHHYIO B TMMaMSATH ISl
UCTIOJTHEHHSI KOMITBIOTEpOM, BKIiO4as mamMsath RAM, mamsate ROM, mamsate EEPROM wu
sHeproHe3aBucuMyr mnamitb RAM (NVRAM). BelmeykasaHHble THIBI MaMSTH SIBJSIFOTCS
TOJIBKO TPUMepPaMHu M, TaKUM OOpa3oM, He OTrPAHMYUBAIOT THUIIbI MAMSITH, HCIOJBb3YEMOU sl
XPaHEHUs] KOMIIBIOTEPHON NPOrpaMMBblL.

[00126] BapuaHTBl OCYIIECTBJICHHS HACTOSINErO PACKPBITHS HANPaBJICHbI HA MHOTO—
KBaJPAaHTHBIII MHOTOYPOBHEBBIN KacKaJHBIA MpeoOpa3oBaTesib, COSAUHIEMbI C Harpys3koi. B
BapHUaHTaxX OCYLLECTBJIEHUS, MHOTO—KBaJApPaHTHBII MHOT'OYPOBHEBBIN KAaCKaIHbII
npeoOpaszoBaTeNib COAEPKUT MHOMKECTBO SYEEK, COSIMHEHHBIX MOCIeNOBaTeIbHO. B BapuaHTax
OCYILECTBJIEHUsI, KaXaass s4elika W3 MHOXKECTBA s4eeKk mpencrasisier H-mMocToBoi
npeobpazoBaTelb W CONEPKUT MHOXKECTBO  IBYHAIPABJICHHBIX  MEPEKJIFOYaTeNel |
HAKOMUTENbHbIA  3JIEMEHT. B BapHUaHTax OCYLIECTBJICHUS, MHOTO—KBaJPaHTHBIN
MHOTOYPOBHEBBIN  KacKagHbId  TpeoOpa3oBaTesib  JOIMOJHUTENBHO  COHCPKUT  CHUCTEMY
TUCTEPE3UCHOIO VIPABIECHHUS TOKOM, CBSI3aHHYK) C MHOXKECTBOM siueeKk. B BapuaHTax

OCYHIECTBJICHUs, CUCTEMA YIIPABJCHUA BBINIOJHEHA C BO3MOKHOCTBIO YIPABJIATH OAHUM HIIU
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HECKOJIBbKUMH 13 (POPMBI U YPOBHS TOKA B HArPy3Ke.

[00127] B BapuaHTax OCYILECTBJIEHMs, MHOIO—KBaJpPaHTHbII MHOTOYPOBHEBbII
KaCKaJHbII mpeoOpa3oBarenb AOMOJHUTEIBHO COAEPKUT yerhipe (4) kBagpaHTa U 1eBATh (9)
BBIXOJHBIX YpPOBHEH. B BapuaHTax OCYyIIECTBJIEHHUS, MHOIO—KBaJPAaHTHbIM MHOIOYPOBHEBBIN
KacKagHbIl mpeoOpa3oBaTenb AOMOJHUTEIBHO COAEPIKUT ueTbipe (4) sSUeiKu, COeANHEHHbIe
MOCJIEOBATENbHO, M IPUYEM KaxkAas suelka NpPEACTaBiseT 4YeTbIpexX—KBagpaHTHbIi H-
MOCTOBOI TpeoOpa3zoBaTesib. B BapuaHTax OCYINECTBJICHUS, Kakaas suelika W3 MHOXKECTBA
STYEEK CONEPIKUT YeThIpe (4) IBYHAIMPABICHHBIX MEPEKITIOUATeNsl 1 HAKOTIUTEIbHBIH 3JIEMEHT.

[00128] B BapuaHTax OCYyILECTBJIEHMs, MHOTO—KBaJpPaHTHbII MHOTOYPOBHEBbIN
KaCKaJHbII MpeoOpa3oBaTeNib JOMOJHUTENBHO COAepkuT aBa (2) kBagpaHta U AeBsiTb (9)
BBIXOJIHBIX YpOBHEH. B BapuaHTax oOCyIIE€CTBJIEHHUS, MHOIO—KBaJPAHTHBIM MHOIOYPOBHEBBIN
KaCKaJHbII NpeoOpa3oBaTeb TOMOJIHUTENBHO CONEPXKHUT YeThipe (4) sueiiku, COelnnHEHHbBIE
MOCJIEIOBATEIbHO, U NMPUYEM Kaxkaas siYeiiKa MPeACTaBisieT IBYX—KBaApaHTHbI H—-mocToBOM
npeoOpa3oBatesib. B BapuaHTax OCYIIECTBIEHUS, Kaxnaas sueiika W3 MHOXKECTBA STYEEK
comepkuT aBa (2) IOByHamNpaBlIeHHBIX NepeKyrouarens, naBa (2) muoma W HAKOMUTENbHBIN
3JIEMEHT.

[00129] B BapuaHTax OCYLIECTBJIEHHUS, KaKAblll JABYHAIPaBJIEHHBIN MNepeKIovaTeNb
conepskut IGBT unmu MOSFET ¢ arogom ¢cBoOogHOTO X0a.

[00130] B BapuaHTax OCYLIECTBJICHUS, U30JUPOBAHHBIN MpeoOpa3oBaTellb MPEICTaBISET
coboii ommH W3 uU30oAMpoBaHHOro mpeoOpasoBarenss AC/DC  wumu  U30JUPOBAHHOTO
npeodpazosarenst DC/AC.

[00131] B BapuaHTax OCYLIECTBJIECHMs, 3JIEKTPUUYECKAasT MOLIHOCTb MOKET NEePEHOCUTHCS
OT KaXAOW SYEeWKHM M3 MHOXKECTBA s4eeK B HAarpy3Ky. B BapuaHTax oOCyILIECTBJIEHUS,
3JIEKTPUYECKAsT MOLIHOCTb MOXKET MEPEHOCUTBCS OT HATPY3KU B KAKAYIO SYEHKY U3 MHOXKECTBA
SYEEK B CIIy4ae PEaKTUBHOM WU PEreHepaTUBHON HArPYy3KU.

[00132] B BapuaHTax OCYIIECTBJIEHHUS, HArpy3ka TMpeacTaBliseT co0OW OmHO U3
onHo(ha3HOM uiar MHOTO(a3HOM PE3UCTUBHOM U WHAYKTHUBHON HATPY3KH, WM YHUCTO PEAKTUBHON
HArpy3KH, WK JIFOOOW THIT pereHePaTUBHON HATPY3KH.

[00133] B BapmaHTax OCYINECTBJIEHUs, CHUCTEMa YIOPABJICHHUS IJOTOJHUTEIHHO
BBIMIOJIHEHA C BO3MOXKHOCTBIO BbI3bIBaTh MEPEHOC 3JIEKTPUYECKON MOIIHOCTH OT 3JIEMEHTOB
HAKOTUIEHUs] HEPTHH CUJIOBBIX siU€EK B HATPY3KY.

[00134] B BapmaHTax OCYINECTBJICEHUS, CHUCTEMa VYIOPABJICHUS JOTOJHUTEIBHO
BBIITOJIHEHA C BO3MOKHOCTBIO BOCCTAHABJIMBATH SHEPTUIO OOPATHO B HAKOMHUTEIBHBIE 3JIEMEHTBHI,
KOTZIa Harpy3ka MpeacTaBiisieT cOO0i PEaKTHBHYIO HITH PETeHEPATUBHYIO Harpy3Ky.

[00135] B BapuwaHTax OCYINECTBJIEHUs, CHUCTEMa VIOPABJICHUS JOMOJHUTEIHHO
BBIITOJIHEHA C BO3MOKHOCTBIO OaJIaHCHPOBATDh HANPSDKEHUS HA HJIEMEHTAX HAKOTUIEHUSI SHEPTHH.

[00136] B BapmaHTax OCYIIECTBJICHUs, OaJlaHC HANPSDKEHUH BKIIIOYAeT B ceOsi BHIOOD
3JIEMEHTOB HAKOIUJIEHWsl SHEPTMH C MHMHHMMAJbHBIM M MAKCUMAaJIbHbIM HANpsLKEHUSIMU U
OTIpeIeNIeHUe, CIEAYET JIU BBIBOJUTD SHEPTHIO OT BIOPAHHOT'O 3JIEMEHTA HAKOTUIEHHS SHEPTHH.

[00137] B BapuaHTax OCYINECTBJICHUs, OaJaHC HANPSDKEHWH BKJIOYaeT B cels
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oTpeseNieHne, CIENYET JIU BBIBOIAUTb YHEPTHUIO OT BHIOPAHHOTO 3JIEMEHTA HAKOIICHUS] SHEPTHU B
HArpy3Ky WJIM BBOIAUTH SHEPTHI0 OT HArPY3KH B BBIOPAHHBINA 3JIEMEHT HAKOIUICHUS SHEPTHH,
KOTJIa Harpy3Ka MpeAcTaBiisieT COO0M PEaKTUBHYIO WIIM PEreHEePaTUBHYIO Harpy3Ky.

[00138] B BapuaHTtax OCYIIECTBJIEHUs, CHUCTE€Ma VIPABJICHUS JOMOJHUTEIbHO
BBIIIOJIHEHA C BO3MOKHOCTBI) MHUHHUMM3HMPOBATH KOMMYTALMIO MEPEKJIIOYAOIINUX 3JIEMEHTOB
yepes3 MOBOPOT HYJIEBOTO MEPEKIOUYCHUS.

[00139] B BapmaHTax OCYIIECTBJICHHsI, HAKOMUTEIbHBIA JIEMEHT MPENCTaBISET COOOM
KOHJIEHCATOP.

[00140] B BapuaHTax OCYIIECTBJIEHHUS, CACTEMA YIIPABJICHUST BKJIFOYAET B CeOsl OMMH WU
HECKOJIBKO MPOLECCOPOB, CBA3AHHBIX C HEKPATKOBPEMEHHON MaMSIThIO, COAEP KA MHOKECTBO
WHCTPYKIUH, KOTOpbIe, TMPU HUCIOJHEHHH, TOOYXKNAIOT ONUH WM HECKOJIbKO TMPOIECCOPOB
YOPABJISATh OJJHUM WJIH HECKOJILKUMH 13 (POPMBI U YPOBHSI TOKA B HArpy3Ke.

[00141] B BapmaHTax OCYLIECTBJIEHHUS, MHOXECTBO HHCTPYKLMH, MPU HUCIOJHECHUH,
noOY>KIAI0T OAWH WJIM HECKOJIBKO MPOIECCOPOB YIIPABJIATh BBIXOAHBIM YPOBHEM HAIPSIKCHHUSI
npeobpasoBatenst Kak (YyHKUIUIO YPOBHS TOKAa B HAarpys3ke, OMOPHOTO TOKAa M OLIMOKH TOKa,
PABHOM pa3HOCTU MEXKIy YPOBHEM TOKA B HATPY3KE U OMOPHBIM TOKOM.

[00142] B BapmaHTax OCYLIECTBJIEHHUS, MHOXECTBO WHCTPYKLHH, MPU HCIIOJHEHHH,
noOY>KIAI0T OOMH MJIM HECKOJBKO MPOLECCOPOB OMPENENATh HANPSIKEHWE Ha HAKOMHUTEbHOM
BJIEMEHTE JUIsl KAKIOW STYeWKH U3 MHOXKECTBA STU€EK, BLIOUPATh STYEHKY M3 MHOXKECTBA SIUE€EK Ha
OCHOB€ HANPsDKEHUW HAa HAKOINUTENBHBIX 3JIEMEHTAX MHOXKECTBA SYE€EK U MEePHUOANYECKHU
NEepeKIIouaTh BBIOPAHHYIO s4elKy, 4ToObl oOecrneunBaTh TpeOyeMblil BBIXOJHOW YpPOBEHb
HaIpPsHKEHUS U PEryJIMPOBKY BBIXOJHOIO TOKA.

[00143] B BapuaHTax OCYLIECTBJIEHHUS, MHOXECTBO WHCTPYKLMH, MPU HUCIOJHEHMUHU,
JOTIOJIHUTEPHO TMOOYKIAIOT OAMH HJIH HECKOJbKO TMPOLIECCOPOB BBIBOAWTH JSHEPTUI) OT
BBIOPAHHOW STYEHKU B PEAKTUBHYIO WJIM PEreHEPATUBHYIO HATPY3KY.

[00144] B BapuwaHTax OCYLIECTBJIEHUS, MHOXECTBO HHCTPYKLMH, MPU HUCIOJHEHUH,
JOTIOJHUTEIPHO TMOOYKIAIOT ONWH WJIM HECKOJBKO MPOLIECCOPOB BBIBOAUTH JHEPTUIO OT
PEaKTUBHON WJIM PEreHePaTUBHON HATPY3KH B BEIOPAHHYIO SYEHKY.

[00145] B BapuaHTax OCYyILECTBJEHHs], MHOXECTBO HHCTPYKLUH, NMPU MCIOJHEHUH,
noOy>KIar0T ONWH WJIM HECKOJBKO TMPOLECCOPOB oOecreYnBaTh HYJIEBOE HAIMPSIKEHHUE IS
MIEPBOrO  MOJIOKUTEBHOTO/OTPUIIATEILHOTO PAadOUYero ypoBHS SMEWKH C UCIHOJb30BAaHUEM
NIepBOro NMoaHab0pa MHOKECTBA JBYHAIIPABJICHHBIX MEPEKIIoUaTee U o0ecreunBaTh HYJIEBOE
HANPSDKEHUE JUISl BTOPOTO  TOJIOKUTEBHOTO/OTPULIATENIbHOTO padO4yero ypoOBHS STYEHKH C
UCTIOJIB30BAHUEM BTOPOrO MOJHAOOpa MHOXKECTBA BYHAINPABJICHHBIX MepeKirodaTenein. B
BapHaHTaX OCYIIECTBJICHUs, MEPBbIM MMOAHAOOP OTJIMYAeTCss OT BTOporo mnomgHabopa. B
BApPUAHTAaX OCYIIECTBJECHUS, BTOPOH MOJOXKUTEIbHBIN/OTpULIATENbHBIH pabounii  ypOBEHb
SUYEUKHU NIPEACTABIIAET coboi HEMOCPENCTBEHHO MOCJIEAYO U NIEePBbII
TIOJIOXKHUTEIBHBIN/ OTpULIATEIbHBIN pab0ounii ypOBEHbD sTUEHKH.

[00146] B BapuaHTax OCYLIECTBJIEHHUS, MHOXECTBO HWHCTPYKLUH, MPU HUCIOJHEHUHU,

HO6y>KI[aIOT OAWH WJIKM HECKOJIbKO MpOoLEcCCOPOB BbIYUTATH HeﬁCTBHTeHBHblﬁ CHUIHAaJI TOKa
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oOpaTHOH CBsi3U Irpal, U3 OMOPHOTO CUrHaja TOKa Iggp, YTOOBI chOpMUPOBATH CUTHAN OIIMOKU
TOKa IERROR-

[00147] B BapuaHTax OCYyILECTBJEHHUS, MHOXECTBO HHCTPYKLHI, NPU HCIOJHEHUHU,
o0y IAI0T OJJUH U HECKOJIBKO IMPOLIECCOPOB BBOANUTDH CUTHAJ OLIMOKU TOKA Iprror B KasKIbIN
OJI0K THCTepe3rca U3 MHOXKECTBAa OJIOKOB rucrepesnca. B BapraHTax OCYINECTBICHUS, KaXIbIH
OJOK rucTepe3nuca M3 MHOXKECTBAa OJIOKOB TMCTEpe3Nca MMEET HACTPOIKY Iopora BepXHei
rpanunsl (HB) u mopora HiwkHed rpanuns! (LB) unyro, uem npyrue OnoOku rucrepesmca u3
MHO’KECTBa OJIOKOB THCTEPE3NCA.

[00148] B BapuaHTax OCYyINECTBJEHHs, MHOXXECTBO HHCTPYKLHH, IMPH HCIOJHEHUH,
noOy AT OAMH HJIM HECKOJbKO MPOLECCOPOB, JUIA KaXIoro OJioka THCTepe3nca H3
MHO’KECTBa OJIOKOB THCTEpe3nca, YCTAaHABIMBATh BHIXOHOE 3HaUEHHE OJIoKa rucrepesnca B 17,
korma Igrror mOcTHraer mopora BepxHei rpanuiibl (HB) Onmoka rucrepesuca, moaaepKuBaTh
BBIXO/IHOE 3HadeHHe OJjioka ructepesuca Ha “17, moka Iggrror HE JOCTUTHET MOpPOTra HIDKHEH
rpannubl (LB) Onoka rucrepesnca, U yCTaHABIMBATh BBIXOAHOE 3HAYEHUE OJIOKA THCTEPE3nca B
“0”, korma Igrror HOcTHUTAaET IOpOTA HUKHEN rpaHullsl (LB) Oioka rucrepesuca.

[00149] B BapuaHTax OCYILECTBJEHHs, MHOXECTBO HHCTPYKLUH, NpPU HCIOJIHEHUH,
OOy »XAIOT OOWUH HIJIM HECKOJBKO MPOLECCOPOB CYMMHPOBATH BBIXOJHBIE 3HAYEHUS BCEX
OJIOKOB THCTepe3nca W3 MHOXKECTBA OJIOKOB THCTepe3nca, 4ToObl CHOPMHUPOBATH TIOJHOE
3HaUY€HUE COCTOSIHUSL.

[00150] B BapuaHTax OCYyINECTBJIEHHs, MHOXECTBO HHCTPYKLMUH, NMPU HCIOJHEHUH,
o0y XIAl0T OJUH HJIM HECKOJIBKO MPOLIECCOPOB BBIOMPATh TpeOyeMblil BBIXOIHOW YpPOBEHb
HAINpPsDKEHUS U3 TIOMCKOBOM TaOMUIIBI KaK (PYHKLUIO OJTHOTO 3HAYEHHsI COCTOSIHUS.

[00151] B BapmaHTax OCYyIIECTBJIEHHS, BBIOOP TPeOyeMOro BBIXOJHOTO HAIPSKEHUS
npeacTaBysieT coOOON QyHKLMIO MOJHOTO 3HAUEHHsI COCTOSIHUS U 3HAK pou3BoAaHON di/dt Toka.

[00152] B BapuaHTax OCyIIECTBIECHUS, IPOU3BOIHAS TOKA MPEACTABISIET COOOH OHO M3
JNEeUCTBUTEILHOTO WJIM OMOPHOTO.

[00153] B BapuaHTax ocylecTBIeHUs, 3HaK nMpou3BonHON di/dt Toka ompenenseTcs: Kak
MOJIOKUTENIbHBIN B MOMEHT BPEMEHH, KOT/la MOJIHOE 3HAYEHUE COCTOSHUS JOCTHraeT 3HAYCHMUS
urectsb (6).

[00154] B BapuaHTax OCyIIECTBICHHs, 3HAK Mpon3BogHOM di/dt Toka ompenensiercst Kak
OTpHULATENbHBIM B MOMEHT BPEMEHH, KOI/a MOJHOe 3HaYeHUE COCTOSHUS JOCTUIaeT 3HAYECHMsI
onuH (1).

[00155] BapuaHThI OCYILIECTBJICHUS] HACTOSIIETO PACKPBITHS HAMpPABJIEHbI HA CIOCOO
OamaHCUPOBKM HANpPSDKEHWH HAa MHOXKECTBE S[U€EK MHOTO—KBAJPAHTHOTO MHOTOYPOBHEBOT'O
KacKaJHOTo mnpeodOpa3oBarens. B BapmaHTax OCYINECTBIIEHHS], CIIOCOO COINEPIKUT, ISl KaXIOH
sUENKU U3 MHOXKECTBA Y€€k, ONpeeSieHHe HAMPsDKEHNs HAa HAKOMUTEJIbHOM 3JIEMEHTE SYeKu.
B BapmanTax ocCyliecTBIeHHs, CIOCOO JOMOJHHUTEIBHO CONEP’KUT BHIOOP, HA OCHOBE
HANpSDKEHUH Ha HAKOMMUTENbHBIX 3JIEMEHTAaX MHOXKECTBA sU€eK, BBIOPAHHON sYeHKku u3
MHOXKECTBA siueeK. B BapmaHTax OCyIIECTBJIECHNUS, CIIOCO0 TOMOIHUTENBHO CONEPKUT IIOBTOPHOE

NEepeKIIOueHNe BBIOPAHHONW suerku anst oOecriedeHuss TpeOyeMOro BBIXOJHOTO YPOBHS
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HAIPsKEHUs] U PETYJIUPOBKU BBIXOAHOIO TOKA.

[00156] B BapmaHTax OCYLIECTBJICHUS, CIIOCOO TOMOJHUTENBHO CONEPIKUT BBIBEACHHE
SHEPTHH OT BHIOPAHHOMN SYEHKU B PEAKTUBHYIO WJIM PET€HEPATUBHYIO HATPY3KY.

[00157] B BapuaHTaxX OCYLIECTBJICHUS, CIIOCOO MOMOJHHUTEIBHO CONEPIKUT BBIBEACHHE
SHEPrHM OT PEAKTUBHON WJIM PEreHEePaTUBHON HArpy3KU B BBIOPAHHYIO sSTUEHKY.

[00158] B BapuaHTax OCyLIECTBIICHHs, HAKOITUTEIbHbBIE HJIEMEHTBI IPEACTABIISIIOT COOOi
KOHJIEHCATOPBI.

[00159] BapuaHTbl OCYLIECTBJIEHUS HACTOSLIETO PACKPBITHUS HAIMPABJIEHbI HA CIOCOO
pacmpenesieHus: SHEPruu CpPeid MHOKECTBA IBYHAIPABJICHHBIX MMEPEKIIOYATeNed sYeNKU W3
MHOKECTBA SYE€K B MHOTO—KBaJPaHTHOM MHOTOYPOBHEBOM KacKagHOM mpeoOpasoBaresne. B
BapPHUAHTAX OCYIIECTBJICHUS, CIIOCOO CONEPIKUT UCTIOIb30BAHUE MEPBOrO MOJHAO0pAa MHOKECTBA
IBYHATPABJICHHBIX MEpeKrouaTesieil, 4ToObl 00ecneunBaTh HyJIEBOE HAIMPsUKEHHE IS IEPBOTO
MOJIOXKUTEIBHOTO/OTPULIATENIPHOTO  pabovYero ypoBHS SYEHKH, M HCIOJb30BAHHE BTOPOTO
nogHabopa MHOKECTBA ABYHAIPABJICHHBIX NepeKyrouaTeneil, uToOpl oOecreunBaTh HYJIEBOE
HANpsDKEHUE [JIsl BTOPOTO TMOJIOKUTENbHOTO/OTPHLIATENIbHOTO padouero ypoBHs siueiiku. B
BApUAHTAaX OCYLIECTBJICHHs, IEPBBIA MOAHAOOP OTJIMYaeTcsi OT BTOoporo mnogHabopa. B
BApPUAHTAX OCYIIECTBJIECHUS, BTOPOH IOJIOKUTEIbHBIN/OTpULIATENbHBI pabounii  ypOBEHb
STYEUKH MPENCTABIISAET coboit HENOCPEACTBEHHO MOCJIEAYIO LU MEePBbBII
MOJIOXKHUTEIBHBIN/OTPULIATEIbHBIN pab0ounil YpOBEHBD sIUEHKH.

[00160] BapuaHTbI OCYLIECTBJICHUS HACTOSIIETO PACKPBITUS HAIPABJICHbI HA CIIOCOO
BbIOOpa TpeOyeMOro BBIXOIHOTO YPOBHSI HANPSDKEHUST MHOTO—KBAJAPAHTHOTO MHOTOYPOBHEBOT'O
KacKaJHOro mnpeobOpazoBarens. B BapumaHTax OCyINECTBJIEHHUS, CIOCOO COAEPIKUT BBIYMTAHUE
IEeWCTBUTENILHOTO CUTHAJIA TOKa OOPATHOM CBsI3U Irpar, M3 OMOPHOrO CUrHANA TOKA Irpp, YTOOBI
chopMHpoBaTh CHUTHaN OIIMOKHM TOKa Iprror. B BapmaHTax OCYIIECTBJIEHHUS, CIOCOO
JOMOJHUTENBHO CONEPIKUT BBEEHHE CUTHAIA OIIMOKHU TOKA Iprror B KKIBIH OJIOK rucrepesnca
U3 MHOXeCTBa OJIOKOB THCTepe3nca. B BapraHTax OCYIIECTBJIEHHsI, KaKAbIi OJIOK rucTepesuca
U3 MHOXKeCTBa OJIOKOB THCTEpe3rca UMEET HACTPOUKY mopora BepxHel rpanuiibl (HB) u mopora
HIWwkHell rpanunsl (LB) wHyro, dem npyrue OJOKM THCTEpe3nca M3 MHOXKECTBa OJIOKOB
rucTepesuca.

[00161] B BapuaHTax OCYyIIECTBJCHHUS, CIIOCOO MOTOTHUTENBHO COAEPIKUT, IJIsi KasKIOTO
Ooka rucTepe3nca W3 MHOXKECTBa OJIOKOB THCTepe3nca, Korma Iggror AOCTHraeT mopora
BepxHeil rpanuubsl (HB) Onoka rucrepesmca, YCTaHOBKY BBIXOIHOIO 3HAuUeHHUsl OJyoka
rucrepesuca B “17.

[00162] B BapuaHTax OCyIIECTBJICHUS, CIIOCOO NOMOJHUTENBHO CONEPKUT MONIEPKaHUE

BBIXOJIHOTO 3HaueHusi Oyioka rucrtepesnca Ha “17, moka Igrror HE JOCTUTHET MOpOTa HUKHEH

5
rpannubl (LB) 6moka rucrepesnca.

[00163] B BapmaHTax OCYIIECTBJICHUS, CIIOCOO JOTOTHUTEIBHO CONEPIKUT, KOrna Igrror
nocturaer nopora HbkHed rpanuibl (LB) 61oka rucrepesunca, yCTaHOBKY BBIXOJAHOTO 3HAYEHUS
Osioka rucrepesuca B “07.

[00164] B BapmaHTax OCYUIECTBJIEHHS, CHOCOO  JOMOJHUTENBHO  COAEPIKHUT
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CYMMHUPOBAHHE BBIXOAHBIX 3HAYEHWH BCEX OJIOKOB THCTEpe3nca W3 MHOXKECTBa OJIOKOB
rucTepesuca, YTo0bl CHOPMHUPOBATH MMOTHOE 3HAYEHHUE COCTOSTHUS.

[00165] B BapmaHTax OCYIIECTBJICHHS, CIIOCOO MOMOJHHUTEIBHO COAEPXKUT BHIOOp, W3
MIOUCKOBOW TaOJIMIIBI HA OCHOBE ITOJIHOTO 3HAYEHHsI COCTOSIHUS, TPEOYyEeMOT0 BBIXOAHOTO YPOBHS
HaNPsDKEHUS.

[00166] B BapuaHTax OCYyINECTBJIEHUs, BBIOOp TpeOyeMOro BBIXOAHOIO HAIPSIKEHUSI
OCHOBAH Ha ITOJIHOM 3Ha4€HUHU COCTOSIHUS U 3HaKe NMpou3BoaHoM di/dt Toka.

[00167] B BapuaHTax OCyIIECTBJICHUS, IPOM3BOIHAS TOKA MPEACTABIIIET COOOM OIHO U3
JNEeUCTBUTELHOTO WJIM OMOPHOTO.

[00168] B BapuaHTax ocylecTBIeHMs, 3HaK Mpou3BonHON di/dt Toka ompenenseTcs: kak
MOJIO’KUTENbHBIN B MOMEHT BPEMEHH, KOI/a MOJIHOE 3HAYeHHE COCTOSHUS JOCTUTaeT 3HAYCHMUSI
rectsb (6).

[00169] B BapuaHTax ocylecTBIeHUs], 3HaK Mpou3BoaHON di/dt Toka onpenenseTcs: kak
OTpHULATENbHBIM B MOMEHT BPEMEHH, KOI/a MOJHOE 3HaUeHUEe COCTOSHUS JOCTUIaeT 3HaueHUs
onuH (1).

[00170] Bce npusHaKy, 3€MEHTBI, KOMIIOHEHTBI, (DYHKIIUU U 3TAIbl, ONMCAHHBIE B CBSI3U
¢ JOObIM BAapUAHTOM OCYILIECTBIIEHHS, TMPEUIOKEHHbBIM B HACTOSIIEM JOKYMEHTE,
NOAPa3yMEBAOTC CBOOOAHO KOMOWHUPYEMBIMH W 3aMEHSIEMBIMH TAaKOBBIMH H3 JIHOOOTO
APYroro BapuaHTa ocyliecTBieHus. Eciyu HEKOTOPBIH MPHU3HAK, 3JIEMEHT, KOMIIOHEHT, (PYHKIUS
WIM 3Tall ONHUCAH B OTHOUIEHMHM TOJbKO OAHOIO BapUaHTa OCYLIECTBJIEHHUS, TO CJEIyeT
MOHUMATb, YTO 3TOT MPHU3HAK, SJIEMEHT, KOMIIOHEHT, (DYHKIIUS WJIM 3TAIl MOKET MCIIOJIb30BaThCS
C JMOOBIM APYTUM BapUaHTOM OCYIIECTBJEHMs, OMHCAHHBIM B HACTOSINEM IOKYMEHTE, €CIIU
TOJNIBKO SIBHO He yKa3zaHO uHoe. Takum oOpa3oM, HacToAuuil ab3al CIy)XUT B KadecTBe
IPEeLIeCTBYIOIEro 0OOCHOBAHHS M MMCbMEHHON MOANEPKKH Il BBEACHUS TyHKTOB (POPMYJIBI
n300peTeHus;, B J000e BpeMs, KOTOpble KOMOMHUPYIOT NPHU3HAKH, 3JIEMEHTbI, KOMIIOHEHTHI,
(YHKUMM W S3Tambl W3 PA3MYHBIX BAPUAHTOB OCYLIECTBJICHHS WM KOTOPBIE 3aMEHSOT
NPU3HAKH, 3JIEMEHTBI, KOMIIOHEHThI, (PYHKIIUU MU 3TAmbl U3 OJHOTO BapUAHTa OCYLIECTBIICHHS
TAKOBBIMH M3 JPYTUX, JaKe €CJIM IMOCJIeAyIollee OMICaHNe SIBHO HE YKa3bIBA€T, B KOHKPETHOM
cilydae, 4TO Takue KOMOWHAIMM WM 3aMEHBbl BO3MOXKHBI. BbIpakaTh MepedyrcieHHe KasKaon
BO3MOXKHOH KOMOWHAIIMM U 3aMEHbI SIBJIIETCSI YPE3MEPHO OOPEMEHUTENbHBbIM, OCOOEHHO C
YU€TOM TOTO, YTO JAOMYCTUMOCTh KaKIOWH TakoW KOMOWHALMU M 3aMEHBbI OY/IET JIETKO MOHSTHA
IUTS CIIELIMAJICTOB B TAHHOM O0JIACTH TEXHUKH HA OCHOBE M3YYEHUST HACTOSIILIETO OMHCAHUSI.

[00171] Bo mHOrmx cny4asix OOBEKTbI OMUCAHBI 37€Chb KaK CBS3aHHBIE C JAPYTHMH
oOpexkramu. Crenyer MOHMMATh, YTO TEPMHUHBI “‘CBSI3aHHBIN M “‘COEAMHEHHBIA WM JIF00ast u3
uxX (popM HCIONB3YIOTCS 3/1€Ch B3aMMO3aMEHSEMbIM O0pa3oM M B OOOMX CIydasixX SIBISIFOTCS
POMOBBIMU IJIsI TIPSIMOHM CBSI3U JABYX OOBEKTOB O€3 KaKMX—JINOO CYIIECTBEHHBIX, HAIpPUMEP
Napa3UTHBIX MPOMEKYTOUHBIX OOBEKTOB, U JUISI OTIOCPEAOBAHHON CBSI3U IBYX OOBEKTOB C OJHUM
WM HECKOJIbKMMHU CYIIECTBEHHBIMH MPOMEKYTOUHBIMU OObekTaMu. Eciu OOBeKThI MOKa3aHBbI
KaK HEMOCPEACTBEHHO CBSI3aHHbIE IPYT C APYTOM MJIM ONUCAHBI KaK CBSI3aHHBIE APYT C APYroM

0e3 onucaHus KaKOro—imdo MPOMEKYyTOYHOrO OOBEKTa, CIeAYeT MOHUMATh, YTO 3TH OOBEKTHI
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TAKXX€ MOTYT OBITh OTIOCPEAOBAHHO CBSI3aHHBIMU MEXKY COOOM, €CIIU TOJNIbKO KOHTEKCT SIBHO HE
NPEATHCHIBAET HHOE.

[00172] B TO Bpemss Kak BapuaHTbl OCYLIECTBJEHUs JOMYyCKAIOT pPa3IUYHbIC
MOAM(UKALMY U aJbTePHATUBHBIE (POPMBI, KOHKPETHBIE X MPUMEPHI MOKA3aHbl HA YepTexax U
OIHUCaHBbI 371ech NoApPoOHO. OHAKO ClleAyeT MOHUMATh, YTO STH BAPHAHTbI OCYIIECTBIICHUS HE
IOJDKHBI ObITh OrpaHHYeHbl KOHKPETHOH packpbiToll (opmoli, a HaoOOpOT, 3TH BapHAHTBHI
OCYLIECTBJICHHUsI JOJUKHBI OXBATHIBATH BCE MOAM(UKALNY, SKBUBAIEHTbI M aJBTEPHATHBBI
NOMAJAK0IINe B TPEAesbl CYIHOCTH packpbitusa. Kpome Toro, moOble mpu3HAKH, (YHKLNH,
STambl WM 3JIEMEHThl BAaPHAHTOB OCYINECTBJICHUS MOTYT H3JIaraThCsl WM JOOABJIATHCS B
(dopmyiy u3o0peTeHusi, Kak 1 HETaTUBHbIE OTPAHUYECHHUS, KOTOPbIE ONPEAEISIFOT 00bEM MyHKTOB
dbopmynbl u300peTeHus] NpU3HAKAMH, (YHKLUUSMH, STalaMd WM SJIEMEHTaMH, KOTOpbIE He

HAXOJATCS B Mpeesax 3TOro oobemMa.
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®OPMYVYJIA H30BPETEHUA

1. MHOrO—KBaZpaHTHBII MHOTOYPOBHEBBIH KaCKaIHbINA MPeoOpa3oBaTelb, COENUHAEMBIN
C Harpy3KOM, COAepKaliuu:

MHOXECTBO S4€€K, COEAMHEHHBIX MTOCIEI0BATEIbHO,

npuyYeM  Kaxzaas suelika M3 MHOXKECTBa siueeKk IpeacrasiaseT H-mocTosoit
npeoOpa3oBaTeslb W COAEPXKUT  MHOXECTBO  JIBYHANPABJIEHHBIX  IepeKiovaresneil  u
HAKOIUTEJIbHBINA 3JIEMEHT, U

CUCTEMY T'MCTEPE3UCHOTO YIPABJICHUSI TOKOM, CBS3aHHYIK C MHOKECTBOM sIU€EK, IPUUEM
cHCTeMa YIPABJICHUS BBIMOJIHEHA ¢ BO3MOKHOCTBIO YIIPABJISATH OAHUM WK Oojiee u3 (GOpMbl U
YPOBHsI TOKa B Harpy3Ke.

2. IlpeobpasoBareny mo m. 1, comepkammii verbipe (4) kBampanta U AeBsTb (9)

>
BBIXOJHBIX YPOBHEM.

3. TlpeoOpasomarenr mo M. 2, copep:kaumuii dereipe (4) s4eiiKH, COEAMHEHHBIE
MOCJEOBATENbHO, M MPUYEM Kaxkaas sdeilka MNPeACTaBIsieT YeTbIpex—KBajpaHTHeI H-
MOCTOBO# MPeoOpa3oBaTeb.

4. TIpeoOpasoBatenp Mo M. 3, IpUYeM Kakaas sueiika M3 MHOJKECTBA SIM€EK CONEPIKUT
qeTbipe (4) ABYHANPABJICHHBIX MEPEKIIOYATENSI U HAKOITUTENbHBIN SJIEMEHT.

5. IlpeoOpazoBarens mo 1. 1, comepkammii aBa (2) kBagpaHTa U AeBsATh (9) BBIXOIHBIX
YPOBHEM.

6. IlpeoOpasomarenr mo 1. 5, comep:kaumuii dereipe (4) s4eliKH, COEAMHEHHBIE
MOCJIEIOBATEIbHO, U MPUYEM KaxkAas s'YelKa MPEeACTaBisieT IBYX—KBaApaHTHbI H—-mocToBOMU
npeoOpa3oBaTeb.

7. IIpeoOpa3oBarenp Mo m. 6, MpUYeM Kakaas s4yelika U3 MHOMKECTBA SUYEEK COIEPIKUT
nBa (2) ABYHANPaBJIEHHBIX MEPEKIIOYaTes, 18a (2) TMOAa U HAKOMIUTEIbHbINA 3JIEMEHT.

8. IlpeoOpasoBarenp mo m. 1, mpuyeM Kakablli JBYHAIPAaBIEHHbIH MEPEKI0YaTeNb
conep:kut IGBT umu MOSFET ¢ arogom ¢cBoOOIHOTO X0/a.

9. IIpeobpazoBaresb MO M. 1, MpuYeM HU30JUPOBAHHBIN MPeoOpPa30BATEb MPEACTABIISET
coboii omHO w3 wu3onMMpoBaHHOrO TmpeobpasoBarens AC/DC  wuimu  M30JUPOBAHHOTO
npeodpasosarenss DC/AC.

10. TIpeobpazoBarens mo 1. 1, mpuyeM 3JIEKTPUYECKasi MOIHOCTh MOYKET TEPEHOCUTHCS
OT KaXXAOW siuelKM U3 MHOXKECTBAa s4Y€eK B HArpy3Ky, U IpHUUYEM BJIEKTPUYeCKas MOIIHOCTb
MOXKET NEePEHOCUTbCS OT HAarpy3kd B KaXKAYIO siueliky M3 MHOXKECTBa S4eeKk B cCiydae
PEaKTUBHOW WJIM PEr€HEPATUBHON HArpy3KH.

11. TIpeoGpaszoBarens mo mm. 1-10, mpuueM Harpy3ka MpencTaBisieT COOOW ONHO U3
onHo(da3HOM 1 MHOro(a3HOM PE3UCTUBHON U MHAYKTHUBHON HArPY3KH, UM YHUCTO PEAKTUBHON
HArpy3KH, WIN JIIOOOr0 THIA PEreHePATUBHON HATPY3KH.

12. TIpeobpazoBarenp mo m. 11, mpudeM cucTeMa yIpaBJICHUS TOMOJHUTEIBHO
BBIMIOJITHEHA C BO3MOXKHOCTBIO BbI3bIBATh MEPEHOC 3JIEKTPUYECKOH MOIIHOCTH OT 3JIEMEHTOB
HAKOIUIEHUs] 3HEPTHH CUJIOBBIX SU€EK B HATPY3KY.

13. TIpeobpazoBarenp mo 1. 12, mpuueM CcuUCTeMa YIPABJICHUS IOMOJTHUTEIHHO
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BBINTOJIHEHA C BO3MOKHOCTBIO BOCCTAHABIIMBATH SHEPTUIO OOPATHO B HAKOIHUTEIBHBIE SJIEMEHTBHI,
KOTZIa Harpyska MpeacTaBisieT cCOO0H PEaKTHBHYIO HIIH PEreHEePaTUBHYIO Harpy3Ky.

14. TIlpeobpazoBarenp mo m. 12, mpudeM CHCTeMa YIIPABIEHHUsS OIMOJHHUTEIBHO
BBINOJIHEHA ¢ BO3MOKHOCTBIO OaJlaHCHPOBATh HAINPSDKEHUS HA HJIEMEHTAX HAKOIUIEHUs SHEPTUH.

15. IIpeobpazoBarens mo n. 14, npudyem OajgaHC HANPsKEHUI BKIIOYAET B ce0st BBIOOP
3JIEMEHTOB HAKOIUJICHWs SHEPTMM C MHMHHMMAJIbHBIM M MAKCUMAJIbHBIM HANpsDKEHUSIMU U
OIpeAeseHne, CIeyeT JIX BHIBOAUTD SHEPTHIO OT BHIOPAHHOTO 3JIEMEHTA HAKOIICHHUS SHEPTUH.

16. IlpeoOpazoBarens mo m. 15, mpuuem OanaHc HamNpsOKEHUH BKIKOYAeT B ceOst
OTpeneNeHue, CIeayeT JIU BBIBOAUTb YHEPTUIO OT BHIOPAHHOTO 3JIEMEHTAa HAKOIUICHUS] SHEPTHH B
HArpy3Ky HJIA BBOJIUTBH SHEPTHIO OT HATrPy3KH B BBIOPAHHBIM 3JEMEHT HAKOIUICHUS SHEPTHUH,
KOTZIa Harpy3Ka MpeacTaBiisieT COO0M PEaKTUBHYIO HITH PEreHEPAaTHBHYIO HArPy3Ky.

17. TlpeobpasoBarenp mo m. 12, mpudeM CHUCTEMa YIIPABIEHHs IOIMOJHHUTEIBHO
BBIMIOJIHEHA C BO3MO)KHOCTBIO MHUHHMM3HPOBATb KOMMYTALMIO MEPEKIIOYAIOIIUX 3JIEMEHTOB
4yepe3 MOBOPOT HYJIEBOIO NEPEKITIOUEHUsI.

18. TIpeoOpaszoBarenp mo m. 1, MpuueM HAKOMHUTEIbHBIA 3JIEMEHT MPEICTAaBJSIET COOOM
KOHJZIEHCATOP.

19. IIpeobpazoBarens no nm. 1-18, mpudyem cucreMa yrpaBlieHHs BKIIOUAET B ce0s1 OMUH
WIM HECKOJIBKO IIPOLIECCOPOB, CBS3aHHBIX C HEKPATKOBPEMEHHOI MaMATHIO, COAEpIKallei
MHOXKECTBO HMHCTPYKLUH, KOTOpPBIE MPHU HCHOJHEHWH MNOOYXIAT OOUH WM HECKOJBKO
IPOILIECCOPOB YIIPABJIATH OJHUM MM Oosiee U3 GOpMBbI 1 YPOBHS TOKA B HATPY3Ke.

20. TlpeoOpazoBarens mo m. 19, mpudyeM MHOXKECTBO HMHCTPYKLUI NPH HUCIOJHEHUU
o0y IAl0T OIMH WM HECKOJBKO IPOLIECCOPOB YIIPABIATh BBIXOJHBIM YPOBHEM HAINpsKEHUS
npeoOpa3oBaTessi B 3aBUCUMOCTH OT YPOBHSI TOKA B Harpy3ke, OMOPHOTrO TOKA M OLIMOKU TOKa,
PaBHON Pa3HOCTU MEXy YPOBHEM TOKA B HATPY3Ke U OMIOPHBIM TOKOM.

21. IlpeoOpasoBarens mo m. 19, mpu4eM MHOMKECTBO WHCTPYKLHHA NPU HCIIOJHEHUH
noOY>KAAI0T OAMH MM HECKOJIBKO MPOLIECCOPOB:

OTpeNeNisiTh HANpsDKEHHEe Ha HAKOIMUTENbHOM »JJIEMEHTE M KaXIoh s4eilku u3
MHOJKECTBA STUeeK;

BBIOMpATh SYEHKY M3 MHOMKECTBA SMEEK Ha OCHOBE HAINPSDKEHHH HA HAKOMUTEJbHBIX
3JIEMEHTaX MHOXECTBA siueeK; U

NOBTOPHO TMEPEKII0YaTh BBIOPAHHYIO sYelKy, uToOBl oOecrmeynBaTh TpeOyeMbIid
BBIXOIHOI YPOBEHb HANPSKEHUS U PEryJUMPOBKY BBIXOIHOIO TOKA.

22. TlpeobOpasoBarens mo m. 21, mpudyeM MHOXKECTBO HMHCTPYKLHUH NPH HUCMOJHEHUH
TOTIOJIHUTENBHO TOOYKIAIOT OAWH HJIM HECKOJIbKO TPOLIECCOPOB BBIBOAWTH 3HEPTUI0 OT
BBIOpPAHHOM STYEHKU B PEAKTUBHYIO WM PEr€HEPATUBHYIO HATPY3KY.

23. TlpeobOpasoBarens mo m. 21, mpudyeM MHOXKECTBO HMHCTPYKLUH NPH HUCIOJHEHUU
JOTIONHUTENBHO TOOYKIAIOT OAWH HJIM HECKOJIbKO TPOLIECCOPOB BBIBOIUTH SHEPTHIO OT
PEAKTUBHON WJIM PEreHEePaTUBHON HArpy3KH B BHIOPAHHYIO SUEHKY.

24. TlpeoOpazoBarenp mo m. 19, mpudyeM MHOXKECTBO MHCTPYKLUH NPH HUCIOJHEHUU

OOy IAI0T OJMH UJIM HECKOJIBKO MPOLIECCOPOB:
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o0ecrieunBaTh HYJIEBOE HAINpPsDKEHUE ISl MEPBOTO IOJIOXKHUTEIBHOTO/OTPULIATEIEHOTO
pabouero  ypoBHS s4YeMKH C  UCIOJNb30BAaHMEM IMEPBOro  mopHabopa  MHOXKECTBA
JByHAIIpaBJICHHbIX NEpEKIIouaTesei; u

o0ecrnieunBaTh HyJIEBOE HANpPSDKEHUE JIi BTOPOTO IOJIOXKHUTEIbHOIO/OTPULIATEIBHOTO
pabodyero ypoBHS  slMEMKM C  UCIOJNB30BAHUEM BTOPOro  moxHaOopa  MHOXKECTBA
JByHAIIPaBJIECHHbIX NEPEKIIOYaTENCH;

npyUYeM TepBbld MOAHAOOP OTIMYAETCs OT BTOPOro MOAHAOOpa, M MpUYEeM BTOPOH
TIOJIOXKUTEJIbHBIN/OTPULIATEIBHBIN PaOOYMil YpOBEHb SYEHKH HETMOCPEACTBEHHO ClIeNyeT 3a
TIEPBBIM MOJIOKUTEIBHBIM/OTPULIATENIbHBIM paOOYHM YPOBHEM SIUEHKH.

25. TlpeoOpasoBarenp mo m. 19, mpudyeM MHOXKECTBO HMHCTPYKLHUH NPH HMCIOJHEHUU
o0y K/1aeT OMH MJIH HECKOJIBKO MPOLIECCOPOB:

BBIUUTATh JEWCTBUTENBHBIN CUTHA TOKa OOpaTHOUN CBsi3W Irpar M3 OMOPHOrO CHTrHaja
TOKa Irgr, 4T0OBI PopMUpPOBATE CUTHA OIIMOKH TOKA IERRrOR;

BBOJIUTh CHTHAJ OIIMOKH TOKa Iprror B KaXAblil OJIOK THUCTEpe3nca M3 MHOXECTBA
OJIOKOB THUCTepe3nca, MPUYeM KaKAbli OJIOK rucrepesnca M3 MHOXKECTBa OJIOKOB THCTepe3nca
UMeeT HACTPOHKy mopora BepxHel rpanuusl (HB) u mopora HmkHeilt rpanuus! (LB) nnyro, uem
apyrue OJIOKU THCTepe3nca U3 MHOXKECTBA OJIOKOB THCTEPE3NCa,

IUISL KXKIIOTo OJIOKa ructepesnca u3 MHOXKeCTBa OJIOKOB THCTEpe3uca,

yCTaHABIIMBATh BBIXOAHOE 3Ha4YeHHe Ojioka rucrepesuca B “17, xorma Igrror AOCTHTAET
nopora BepxHeii rpanuns! (HB) Onoka rucrepesuca,

MOJIEPXKUBATh BBIXOIHOE 3HaueHue Osoka rucrepesuca Ha “17, moka Igrror HE
JIOCTUTHET nopora HwxkHel rpanuusl (LB) 6moka rucrepesuca; u

yCTaHABIIMBATh BBIXOAHOE 3HauYeHHe Ojioka rucrepesuca B “0”, xorma Igrror AOCTHTaET
nopora HxkHel rpanuie! (LB) Gioka rucrepesuca,

CYMMHpPOBATh BBIXOJHBIE 3HAYEHUS BCEX OJIOKOB THCTEpe3nca M3 MHOXKECTBa OJIOKOB
rucrepesuca, 4ro0bl ¢HOPMUPOBATH MMOJHOE 3HAYEHUE COCTOSIHHS,

BbIOUpaTh TpeOyeMblii BBIXOJHOW YPOBEHb HANPSDKEHUS M3 TOMCKOBOH TaONHIBI B
3aBUCHUMOCTH OT IOJIHOTO 3HAUYEHHUSI COCTOSTHUSI.

26. TlpeoOpasoBarenp mo m. 25, mpuyueM BbIOOP TPeOyeMOro BBIXOAHOTO HAIPSKEHHS
npeacTaBisieT CO00H (PYHKIHMIO MOJTHOTO 3HAYEHHsI COCTOSIHUS U 3HaKa nmpousBonHoM di/dt Toka.

27. IlpeobpazoBarenb Mo 1. 26, mpudeM MPOU3BOHAS TOKA MPEACTABIISIET COOOM OTHO U3
NEUCTBUTEIBHOTO WJIH OMOPHOTO.

28. IIpeobpasoBarenb Mo M. 26, mpuyueM 3HaK Mpou3BoaHOM di/dt Toka ompenenseTcs: Kak
MOJIOKUTENBbHBI B MOMEHT BPEMEHHU, KOI/la MOJIHOE 3HAYEHUE COCTOSIHUSI JOCTUraeT 3HAYEeHMUsI
rectsb (6).

29. IIpeobpasoBarenp Mo M. 26, mpuyueM 3HaK Mpou3BogHOU di/dt Toka ompenenseTcs: Kak
OTpHULATENbHBIM B MOMEHT BPEMEHH, KOIZa MOJHOE 3HaUY€HUEe COCTOSHUS JOCTUraeT 3HAYECHMUs
onuH (1).

30. Cnoco® OanaHCHUPOBKH HAIPSDKEHHMH HA MHOMKECTBE SY€€K MHOTO—KBAJIPaHTHOIO

MHOT'OYPOBHEBOTO KaCKaJHOTO MpeoOpa3oBaTeIst, COAEP KaLIHIA:
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I KOKAOH s4YeHKH M3 MHOXKECTBA SYeeK, OINpelesieHHe HalpsDKeHHs Ha
HAKOIIUTENIbHOM 3JIEMEHTE sTUeHKHY,

BbIOOp, HAa OCHOBE HAIPSDKEHHH HAa HAKONMHUTEIbHBIX 3JIEMEHTAX MHOXECTBA sUeeK,
BbIOpPaHHOM STYEHKU U3 MHOXKECTBA sTUeeK; U

HEePHOANYECKOe MEePeKIFoUeHHe BhIOPaHHON stueiky, 4yToObl oOecreunBarh TpeOyeMblid
BBIXOJTHON YPOBEHb HAIPSKEHUS U PETYJIUPOBKY BBIXOHOIO TOKA.

31. Cnoco6 mo n. 30, JOMOJHUTENBHO COAEP KAIINIl BBIBEACHUE SHEPIHU OT BBIOPAHHON
STYEHKH B PEAKTUBHYIO MJTH PET€HEPATUBHYIO HATPY3KY.

32. Cnocob mo n. 30, JOTIOHUTEIBHO COAEPIKALUI BbIBECHUE YHEPTHU OT PEAKTUBHON
WIN PEreHePATUBHON HArpy3KH B BBIOPAHHYIO SYEHKY.

33. Cmocob6 mo m. 30, mpuueM HAKOMUTEJbHBIE 3JIEMEHTBI TNPENCTABISIOT COOOH
KOH/IEHCATOPBI.

34. Cmoco® pacmpeneieHuss SHEPrUM  MEXKAY MHOXKECTBOM  JBYHAIPABICHHBIX
nepexirouaTeNiell sieiiki M3 MHOXKECTBA sSUEeK B MHOTO—KBAJPAHTHOM MHOTOYPOBHEBOM
KaCKaJHOM IpeoOpasoBarerie, COaep Kauii:

UCTIOJIb30BAaHUE TIEPBOrO MOAHA0OpPa MHOXKECTBA ABYHAIPABICHHBIX MEPEKIFOYATENeH,
9qToOBI OOECreunBaTh HYJIEBOE HAIPSDKEHHE U MEPBOrO IOJOKHUTEIBHOTO/OTPULIATEIEHOTO
pabouero ypoBHs TUEHKH, U

UCTIONIb30BAaHUE BTOPOTO IMOAHA0OpPa MHOXKECTBA ABYHAIPABICHHBIX IEPEKIIFOYATENeH,
4qToObI OOecreuynBaTh HyJIEBOE HANpPsDKEHUE ISl BTOPOTO IOJIOXKHUTEIbHOTO/OTPULIATEIBHOTO
padodero ypoBHS sSTYEHUKH,

npyUYeM TepBbIH MOAHAOOP OTIHMYAaeTcs OT BTOPOro mHoaHabopa, W IpUYeM BTOPOH
HOJIOKUTEJIbHBIH/OTPULIATENbHBIH padounii ypOBEHb SYEHKH HEMOCPEACTBEHHO CIIEAyeT 3a
HIePBBIM MOJIOXKHUTEIbHBIM/OTPULIATENBHBIM PA0OOYHM YPOBHEM SIUSHKH.

35. Cnocob BbIOOpa TpeOyeMOoro BBIXOAHOTO YPOBHS HANPSKEHHUsST MHOTO—KBaIPAHTHOTO
MHOTOYPOBHEBOTO KaCKaJHOTO MpeoOpa3oBaTeis, COAep KA HIA:

BbIYUTAHUE ICHCTBUTEIBHOIO CUTHAIA TOKa OOPATHO CBsI3U Irpar, M3 OMOPHOTO CUTHANA
TOKa Irgr, 4TOOBI CHOPMHUPOBATH CHTHAJ OIIMOKH TOKA IERROR;

BBEJICHUE CHUTHAJa OIMUOKH TOKa Iprror B KaKABIH OJIOK THCTEpe3uca M3 MHOXKECTBA
OJIOKOB THUCTepe3nca, MPUYeM KaKAblH OJIOK rucTepesnca M3 MHOXKECTBa OJIOKOB THCTepe3nca
UMeeT HaCTPOHKy mopora BepxHell rpanunsl (HB) u mopora HmkHeilt rpanuns! (LB) nnyro, uem
apyrue OJIOKU THCTepe3nca U3 MHOXKECTBA OJIOKOB THCTEPE3NCa,

IUISL KXKIIOTo OJIOKa ructepe3nca u3 MHOXKeCTBa OJIOKOB THCTEpe3unca,

korna Igrror OCTHraeT mopora BepxHei rpanuibl (HB) 6moka rucrepesuca, yCTaHOBKY
BBIXOIHOTO 3HA4YeHHs OJI0Ka rucrepesuca B “17;

NOJ/Iep’)KaHNE BBIXOJHOrO 3HAueHust Oyoka rucrepesnca Ha “17, moka Igrror HE
IOCTUTHET ropora HwkHel rparuusl (LB) 6moka rucrepesuca; u

koraa Igrror AocTHraer mopora HuxkHed rpanuusl (LB) Gnoka rucrepesuca, yCTaHOBKY
BBIXO/IHOTO 3Ha4YeHHUs Ojioka rucrepesuca B “07;

CYMMHPOBAHNE BBIXOIHBIX 3HaYEHHUH BceX OJIOKOB rucTepe3nca M3 MHOXECTBAa OJIOKOB
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rucrepesuca, 9To0bl cOPMUPOBATH MTOJIHOE 3HAYEHHE COCTOSTHHS,

BBIOOp, M3 MOMCKOBOH TaONMLIbI HA OCHOBE TOJHOI'O 3HAYEHUsS] COCTOSIHUS, TpeOyeMoro
BBIXOJTHOT'O YPOBHS HAIIPSIKEHUSI.

36. Criocob no 1. 35, npuueM BbIOOP TpeOyeMOro BBIXOAHOIO HAIPSDKEHHsSI OCHOBAH Ha
MIOJIHOM 3HAYEHUU COCTOSHMS U 3HaKe NMpou3BOAHOM di/dt Toka.

37. Cnocob6 mo m. 36, mpuyeM MPOU3BOAHAS TOKA MPENCTaBNsieT COOOM OAHO U3
NENCTBUTEIBHOTO WM OMOPHOTO.

38. Cnocob6 mo m. 36, mpudem 3Hak mnpousBogHoW di/dt Toka ompenensercs Kak
MIOJIOXKUTEJIBHBII B MOMEHT BPEMEHH, KOTJa MOJIHOE 3HAYEHUE COCTOSHUSI JOCTUTAET 3HAUEHHUSI
rectsb (0).

39. Cnoco6 mo m. 36, mpuuem 3Hak mnpousBopHoW di/dt Toka ompenenseTcst Kak
OTPHLIATENIbHBIA B MOMEHT BPEMEHHU, KOTJa MOJHOE 3HAYEHHE COCTOSHUS JOCTUTAET 3HAYCHUS

onuH (1).
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