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CMNocCoOb (BAPNAHTbI) U CUCTEMA AJ1A NOBbLILLEHNA KOO OULIMEHTA
MONE3HOMO AENCTBUA ®OTOINEKTPUYECKOIO YCTPOUCTBA

NMEPEKPECTHAA CCbIJIKA HA POOCTBEHHbIE 3AABKU

[0001] JaHHas 3asBka 3asBnseT npuoputeT no npeasaputencHon 3asske CLUA
Ne 61/943127, nogaHHom 21 despans 2014 ropa; npeaBaputenbHon 3asske CLUA Ne
61/943134, nopanHom 21 despans 2014 roaa; npeaBaputenbHon 3asBke CLUA Ne
61/947326, noganHon 3 mapta 2014 roga; n npeasaputensHon 3asske CLUA Ne 62/022087,
nogaHHon 8 mons 2014 roga, onMcaHnsa KOTOPbIX MOMHOCTBIO U ANS BCEX Lenen BKMIOYEHbI

B A@HHYIO 3as5BKY NOCPECTBOM CCbISKW.
OBJIACTb TEXHUKA

[0002] HacToswee n3obpeteHme B LENOM OTHOCUTCA K DOTOINEKTPUYECKMM YCTPOUCTBAM,
a bonee KOHKPETHO, HO HE WCKIIOYUTENbHO, K CUCTEMaM MakCUMarnbHOro YBENUYEeHUs
reHepupyeEMOnN MOLLHOCTM Unn 3Heprm n obuwero koadhduyneHTa nonesHoro AencTeus
OAHOMO0 WNWN HECKONbKUX COSHEYHbIX 3NEeMEHTOB, Hanpumep, C MNOMOLbID nojadun u

PerynMpoBaHns BHELLHEro 3NeKTPUYECKOro Nonsi Ha COMHEYHbIX dfeMeHTax.
NPEANOCBLIIKM CO3OAHNA N3OBPETEHUA

[0003] ConHeuHbI 3nemMeHT (Takke HasbiBaeMbli (OTOINEKTPUYECKUM 3IMEMEHTOM)
npeacraBnsieT cobon 3nekTpuyeckoe yCTPONCTBO, KOTOPOE npeobpasyeT 3HEPruio ceeTa B
3ANEKTPUYECTBO C MOMOLLbIO MpoLecca, U3BECTHOrO Kak «OoTO3NeKTpuyeckun 3hdekT.
Mpn BO3ZENCTBUM CBETA CONHEYHbLIA 3MIEMEHT MOXET reHepupoBaTb U MNoOAAepXKuBaTb
3NEKTPUYECKMN TOK B€3 NOAKMIOYEHNS K NIOOOMY BHELLUHEMY MCTOYHUKY HanpsiKEHWs.

[0004] Hamnbonee pacnpoCTpaHEHHbIN COMHEYHbIN 3NEMEHT COCTOUT 13 p-n-nepexoga 110,
N3roTOBNEHHOrO M3 MONyNPOBOAHMKOBbLIX Marepuanos (Hanpumep, KPEMHUS), Taknux Kak B
conHe4yHom anemeHTe 100, nokasaHHoOM Ha chur. 1. Hanpumep, p-n-nepexos 110 cogepxut
TOHKYIO MNACTUHY, COCTOSILLYIO U3 CBEPXTOHKOrO Crosi KpeMHUs n-tvna nosepx 6onee
TOMCTOro Crnosi KPeMHUsA p-tuna. Tam, rae 3TW ABa Cros HaxXoAATCA B KOHTakTe, BOnusm
BEPXHEN MOBEPXHOCTU CONHe4YHoro anemeHta 100 cosgaetcs anekTpudeckoe none (He
nokasaHo), N npoucxoauT ANdAY3MsT 3NEKTPOHOB M3 0OnacTtyM BbICOKOW KOHLEHTpauuu
3MEKTPOHOB (CTOPOHbI N-Tuna p-n-nepexoga 110) B o06nacTb HU3KOW KOHUEHTpaumu
3I1EKTPOHOB (CTOPOHY p-TMNa p-n-nepexoga 110).

[0005] P-n-nepexog 110 3akntoueH mexay AByma nposogdawmmm anektpogamm 101a, 101b.

BepxHun anektpog 101a sasndetrca nmbo npospadHbiM Ansg nagarowero (COrHEYHOro)
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nany4yeHusi, nMbo He NMOMHOCTBI MOKPLIBAET BEPXHIOW 4acTb ConHeyHoro anemeHTta 100.
Onektpoabl 101a, 101b Moryt CcCnyxuTb B KayeCTB€ OMMWYECKUX KOHTaKkTOB MeTann-
NONyNpPOBOAHUK, KOTOPbIE COEAMHSAIOTCA C BHELHeW Harpyskon 30, KoTopasa nojknoyeHa
nocnepoBarenibHO. XOTA Harpyska nokasaHa TONbKO Kak akTuBHas, Harpyska 30 MoXeT
TaKKe coaepXaTb Kak akTUBHYIO, TaK U PeakTMBHYIO COCTaBnsaoLwue.

[0006] Kak npaBmno, HECKONMbKO COMHEYHbIX 3nemeHToB 100 moryT ObiTb COEAUHEHDI
BMecTe (nocneaoBarenbHO Wunu napannensHo), ans obpasosaHusa naHenn 10 ConHEeYHbIX
anemeHToB (Kak nokasaHo Ha dwur. 2). Co cCbiMkoM Ha dur. 2, nokasaHa Tunosas
KOH(Urypaums ycTtaHOBKAM C WUCMOMb3OBaAHWEM MO MEHbLIen mepe ogHon naHenun 10
COMHEeYHbIX anemeHToB. MaHenn 10 COnHEeYHbIX 3NEMEHTOB MOryT ObiTb cCOeAnHEHbl Nnbo
napannenbHo, Kak nokasaHo Ha dwur. 2, nnbo nocnegosaTtenbHo, NGO C coyeTaHneEM
COEAUHEHUA N NOAKIMIOYEHbl K Harpyske, Takonm kak mHseptop 31. MHBepTOop 31 MOXET
coAepKaTb Kak akTUBHbIE, TaK N peakTUBHbIE COCTaBNAOLME.

[0007] Bosepawjasch k ¢ur. 1, korga OTOH nonagaeTt B CONHeuvHbin anemeHT 100, poToH
nmbo NpoxXoauT NPAMO Yepes mMaTtepuan COMHEYHOro 3fieMeHTa, YTO OObIYHO NPOUCXOAUT
npy Gonee HU3KNX 3HEpPrnsix (POTOHOB; NMMOO OTpaKaeTCAa OT MOBEPXHOCTUM CONHEYHOro
anemeHTa; nNMbo nNpeanoyYTUTENbHO MOMMNOWAETCA MarepuanoM COMHEYHOro 3NeMEHTa,
eCnn 3Heprua (POTOHa BbiWe, YeM LMPVHa 3anpeLieHHOW 30Hbl KPEeMHWUSA, reHepupys
3MNEKTPOHHO-AbIPOYHYIO Napy.

[0008] Ecnn OOTOH NOrnoLwaeTcs, ero 3Hepruss nepefaeTcs 3MeKTpoHy B marepuane
conHeyHoro anemeHTta. OObIYHO 3TOT 3AMEKTPOH HaxXoAUTCA B BaNeHTHOW 30HE U TECHO
CBA3aH KOBAneHTHbIMW CBA3SIMW C COCEAHUMM atoMamu, W, CrejoBaTenbHO, HE MOXET
Aaneko nepemeLwartbCcs. JHeprusi, nepegaHHas 3nekTpoHy OTOHOM, «BO3OYKAaeT»
3NEKTPOH B 30HY MPOBOAUMOCTW, rae OH MOXeT cBOOOAHO nepenBuratbCsa B npeaenax
conHeyHoro anemeHta 100. KoBaneHTHas CBSA3b, 4acTbl0 KOTOPOW Obin paHee 3MEeKTPOH,
Tenepb WMEET Ha OAMH OJNEKTPOH MEHbLle — 3TO HasbiBaeTCa Ablpkon. Hanuune
OTCYTCTBYIOLLEN KOBANEHTHOW CBA3WN NO3BONSET CBA3AHHLIM 3/1EKTPOHAM COCELHNX aTOMOB
nepemeLyaTbCs B AbIPKY, OCTaBMSA No3agun ewe ogHy AblpKy. Takum obpasom, Ablpka Takke
MOXeT 3DEKTUBHO MNepemMeLaTbCs Yepes ConHeuvHbln anemeHt 100. Takum obpasowm,
POTOHbI, NOrMOLEHHbIE B COMNHEYHOM anemeHTe 100, co3parT NOABWKHbIE 3NEKTPOHHO-
AbIPOYHbIE Napbl.

[0009] [MoaBwkHAA 3NEKTPOHHO-AbIPOYHAs napa gudpdyHanpyeT unm gpendyeT B CTOPOHY
anektpogos 101a, 101b. Kak npaeuno, anektpoH auddyHanpyet/gpendyetr B
HanpaBNeHUNn OTPULUATENBHOrO 3NeKkTpoda, a Jablpka auddyHanpyet/gpendyetr B
HanpaBNeHUNn MONOXUTENBHOrO  anekTpoga. [Ouddysms  Hocutenen  (Hanpumep,
3nekTpoHoB) obycrosneHa cnyvavHbiM TEMMOBbIM ABWXKEHMEM A0 TEX NOp, Noka HOCUTErb

He 3axBaTbiBAeTCs  3JneKkTpuyeckumn nonsmu. [pend Hocutenen  obycrnosneH
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3NEKTPUYECKMMM nonsamu, obpasoBaHHbIMU B aKTMBHOW 0BNactu COMHEYHOro 3nemMeHTa
100. B TOHKOMMEHOYHbIX COMHEYHbIX 3NEMEHTax npeobnagarowmm TUNOM pasgeneHus
HocuTenen 3apsiga siBnsetcs apend, obyCrnoBNEHHbIN 3NEKTPOCTaTUHYECKMM MOMEM p-n-
nepexoga 110, npoxoaaLmUM NO BCEN TOMLMHE TOHKOMSIEHOUYHOrO COMHEYHOro 3feMeHTa.
Tem He MeHee [ANns COMHEYHbIX 3MEMEHTOB C Oonbluen TOMWMHOW, HEe WUMEeHLMNX
NPaKTUYECKN HUKAKOrO 3MEKTPUYECKOro Nonsi B akTMBHOW obnactuy, npeobnagatrowmm TUnom
pasaeneHns Hocutenem 3apsaga ssnsertca auddysua. OnvHa anddysmm HEOCHOBHbIX
Hocutenem (m.e., ANVHAa, KOTOPYK MOryT MPOXOAWTb (POTOrEHEpPUMpPYEMbIE HOCUTENW,
npexae 4Y4em OHU PEeKOMOUHUPYIOT), A0MKkHA ObiTb OOMbLUe B COMHEYHbIX 3NEMEHTax C
fonbLuen TONWUHOMN.

[0010] B KOHEYHOM cC4eTe, 3MEeKTPOHbI, KOTOpble CO34al0TCs Ha CTOPOHEe n-Tvna p-n-
nepexoaa 110, «HakonneHHble» y p-n-nepexoga 110 n nponeTesBLUME Ha CTOPOHY N-TUNA,
MoryT obecneuntb nuTaHne ans BHewwHen Harpy3kn 30 (Yepes anekTpog 101a) n BepHyTbCS
Ha CTOpPOHY p-Tuna (4epes oanektpog 101b) conHeyHoro anemeHta 100. [locne
BO3BPALLEHUSA Ha CTOPOHY p-TUMNA 3MEKTPOH MOXET pekoMOuHMpoBaTb C AbIPKOW, KOTOpas
Obina nnbo cosgaHa Kak 3NeKTPOHHO-ALIPOYHASA napa Ha CTOpoHE p-Tuna, nnbo nponeTtena
yepes p-n-nepexos 110 co CTOPOHLI N-TUNa.

[0011] Kak nokasaHo Ha chur. 1, 3aNEeKTPOHHO-4bIPOYHAsA napa NPOXOAUT KPYroBOM MapLUpyT
OT TOYKWN CO34aHUS ANEKTPOHHO-AbIPOYHOWN Napbl A0 TOYKK, FAe 3MEKTPOHHO-AbIPOYHAA napa
HakannueaeTca Ha anektpogax 101a, 101b. Tak kak nyTb, MPOXOAUMbIN 3MEKTPOHHO-
AbIPOYHOW NApou ABMAETCA ANUHHBIM, ANS 3MEKTPOHa UMW AbIPKU CYLLECTBYET AOCTaTOYHO
BO3MOXXHOCTEN PEKOMOUHNPOBATL C APYroN AbIPKOW UMW 3NEKTPOHOM, Takasi pekomMbuHauus
NpMBOAUT K MOTEpPAM Toka B Nobon BHewHen Harpyske 30. Bbipaxasicb no-gpyromy, npwm
CO34aHUN 3NEKTPOHHO-AbIPOYHOM Napbl OAWH U3 HOCUTENEN MOXET AOCTUraTh p-n-nepexosa
110 (HakoONNEeHHbIN HOCUTENb) U BHECTU CBOW BKNaj B TOK, BbipabaTbiBaeMbli CONMHEYHbIM
anemeHtom 100. B kayectBe anbTepHaTMBbI HOCUTENb MOXET pekomOuHupoBaTb 06e3
4YNCTOro BKMaga B TOK 3nemeHTa. 3apsg npu pekoMmOvHauuMu NpUMBOAUT K YMEHbLUEHWMIO
kBaHTOBOW 3dppekTMBHOCTU (M. €., npoueHTa ¢OTOHOB, KOTOpble npeobpasyTcs B
3NEKTPUYECKNA TOK B Criydyae comnHeyHoro anemeHTta 100), n, cneposaTenbHo, obuiero
KO3 dhULMEHTA NONE3HOro AENCTBUS CONHeYHoro anemenTa 100.

[0012] 3atpaTbl Ha comnHe4yHbln anemeHT 100 unu naHene 10 CONMHEYHbIX 3NIEMEHTOB, Kak
npasumno, NpeaycMaTpuBaroTCsa B onnapax 3a BaTT NUKOBOW 3MNEKTPUYECKON MOLLHOCTW,
koTopad  MOXeT  ObITb  CreHepupoBaHa nNpPU  HOPManu3OBaHHbIX  YCIOBWUSIX.
BbiCOkO3hEKTMBHbLIE COMHEYHbIE 3NEMEHTbI CHWDKAIOT 3aTpaTbl HA COMHEYHYIO 3HEPruio.
MHorve 3arpaTtbl HA COMHEYHYIO 3HEProCUCTEMY UMM 3MEKTPOCTaHUMIO NPONOPLUOHAnbHbI
konunyecTsy TpebyembiX CONHEYHbIX 3MIEMEHTOB, a Takke nnowagn (3emnu), Tpedyemon

ana moHTaxa naHenen. ConHeYHbld 3nemeHT ¢ 6onee BbICOKUM KOIPPULMEHTOM
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MONEe3Horo AENCTBMSA MO3BOMUT YMEHbLLUWNTb KONMYECTBO MaHErNen COSTHEYHbIX 3NIEMEHTOB,
TpebyeMbix AnNs  3a4aHHOM  BbIXOAHOW MOLWHOCTW, W Tpebyemon nnowagn Ans
pasBepTbIBAHNA CUCTEMbl. JTO YMEHbLUEHWE KOnuyectsa NaHenem u MnpOCTPaHCTBa,
3aHUMaemMoro UMu, Mormno Obl CHU3UTL OOLLYKD CTOMMOCTb 3MEKTPOCTaHUWUW, AaKe ecrnu
camun 3neMEeHTbI SIBNATCA 6onee 4oporocTosALWUMN.

[0013] KoHeuyHas uenb cocTOMT B TOM, 4TOOblI caenatb 3arpatbl Ha MPOU3BOACTBO
CONHEYHOW 3HEPTMU CPaBHUMOW C UMW MEHbLUE, YEM Ha TPAAULMNOHHbIX 3NEKTPOCTaHLUMSX,
KOTOpble WCMONb3YIT NPUPOAHBLIM ras, yronb Wunu MmasyT AN reHepupoBaHus
3NekTposHeprmn. B otnnume oT BGOnbLUMHCTBa TPagULMOHHBIX CPEACTB FEeHEepMpOBaHUSA
3ANEKTPO3HEpruK, Kotopble TpebyoT OonblUMX LEHTPanM3O0BaHHbIX 3NEKTPOCTaHLMWN,
COMHEYHbIE 3HEeprocucTembl MOryt ObiTb pasBepHyTbl Ha OOMbLUMX LEHTPanu3oBaHHbIX
MECTax 3NEKTPOIHEPrETUYECKMMIN KOMMAHNAMWN Ha KOMMEPYECKMX 34aHMAX, YTOObI MOMOYb
BO3MECTUTb 3aTpaThbl HAa 3MEKTPOIHEPIUIO, U AaKE HA XKUNOM AOME MO MECTOHAXOXAEHMIO.
[0014] HepaBHME nMOMbITKM CHU3WTL 3arpatbl WU MOBbLICUTL KO3IMPMPUUMEHT NONE3HOro
AENCTBMS COMHEYHbIX 3MIEMEHTOB BKIOYAOT MWCMbITAHWUS PasnU4YHbIX MaTepuanos U
PasnnYHbIX TEXHOMOTMA W3rOTOBMNEHUS, WCMOMb3yeMblX ANSA COMHEYHbIX 3nemMeHToB. B
APYroM nNogxoAe OCYLLECTBRSIOTCA NOMbITKA yCunuTb obegHeHHyo obnactb, o6pa3oBaHHyo
BOKpYr p-n-nepexoga 110 ans ycMneHns ABUXKEHUSI HOCUTENEN 3apsifa Yepes CONMHEYHbIN
anemeHt 100. Hanpumep, cmotpute nateHt CLUA Ne 5215599, Hingorani u
0p.(«Hingorani»), nogaHHein 3 mas 1991 roga, u nateHt CLUA Ne 8466582, Fornage
(«Fornage»), nogaHHbin 2 gekabpa 2011 roga, 3assnaloWmne NPUOPUTET Ha AaTty nojayu
3aaBku 3 gekabps 2010 roga, onucaHms KOTOPbIX NOMHOCTBIO U ANS BCEX LeNen BKIHOYEHDI
B JaHHYIO 3a8BKY NOCPEACTBOM CCbISIKWN.

[0015] Tem He mMeHee 3TU TPaAULMOHHbIE MOAXOAbl K YCUMNEHUIO ABWKEHUS HOCUTENEWN
3apsiga yepes ConHeuHbin anemeHT 100 TpebyioT moanduKauum OCHOBHOW KOHCTPYKLMU
conHeyHoro anemeHta 100. Hingorani u Fornage, Hanpumep, packpbiBaldT nogadvy
BHELUHEro  3MNEeKTPUYECKOro Monsi Ha COMHEYHbIA  3NEMEHT C  UCMONb3OBaHWEM
BUA,ON3MEHEHHOWN KOHCTPYKLMM CONHEYHbIX 3NeMeHTOoB. [logava BHELUHEro 3neKTpu4ecKoro
nona TpebyeT HanpsKeHUs, NOAaBaEMOro MeXAy 3NEeKTPOAaMW, HABOAS 3rEKTpUYEecKoe
none (onucaHo 6onee nogpobHO HMKE CO CCbINMKOW Ha ypaBHeHMe 2). be3 M3MeHeHUs
OCHOBHOW KOHCTPYKUMM ConHeyHoro anemeHta 100 nogaya Hanps»keHus K CyLeCTBYOLMM
anektpogam 101a, 101b conHeuyHoro anemeHta 100 3akopaunmBaeT nojasaemoe
HanpspkeHne yepes BHeLWH Harpy3sky 30. Boipaxaach no-gpyromy, nogaya HanpspkeHus K
anektpogam 101a, 101b conHeuHoro anemeHta 100 aBndetTcsa HeaEKTUBHbIM 4NN
CO3[aHUA BHELUHEro 3reKTPUYECKOro Mons N yBENWYEHUs ABWKEHUS HOCUTENen 3apsja.
COOTBETCTBEHHO, TPagULUMOHHbIE MOAXOAbl, TakMe, KOTOpble packpbiTbl B Hingoriani u

Fornage, o6sizaTenbHO MOAMMULMPYIOT OCHOBHYIO KOHCTPYKLMIO CONTHEYHOrO 3remeHTa
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100, Hanpumep, nyTemMm BCTaBKW BHELUHErO (M aNEKTPUYECKN U3ONMPOBAHHOMO) KOMMEKTa
3I1EKTPOAOB B OCHOBaHWE ConHevHoro anemenTa 100. ECTb HECKONBbKO HEA0CTaTKOB Y 3TOro
nogxoja.

[0016] Hanpumep, BHeELIHME 3NEKTPOAbl AOMXKHbl ObiTb pasmelyeHbl Ha COMHEYHOM
anemeHte 100 BO Bpems npouecca WUSrOTOBMEHUS, MPaKTUYECKN HEBO3MOXHO
MOANMPULNPOBATE BHELLHWE 3MEKTPOAbl Ha CYLIECTBYIOLEM COMHEYHOM 3MEMEHTE WUNu
naHenun. 3ta moaudukaumsa npouecca U3roToBMNEHNS 3HAYMTENbHO YBENUYMBAET 3arparbl
Ha NPOM3BOACTBO W YMEHbLUAET MPOU3BOACTBEHHbIA Bbixohd. Kpome Toro, pasmelyeHue
BHELUHMX 3NEKTPOAOB, PACMONOXEHHbIX HA NULEBOW CTOPOHE, UNN CTOPOHE, Ha KOTOPYHO
nagawT nydn, conHeyHoro anemeHta 100 CHWXaeT OMNTUYECKYID 3HEPru, Kotopas
JOCTUraeT conHevHoro anemeHta 100, Tem cambiM NpMBOAsS kK 6onee HU3KOW BbIXOLHOW
MOLLHOCTW.

[0017] B kauyecTtBe AOMOMHUTENBHOrO HeaocTatka, 4YToObl MPUMBECTU K 3HAYUTENBbHbLIM
YNYYLLEHNSIM B BbIXOAHOW MOLLHOCTU COnHeyvHoro anemerta 100, Ha BHELUHWE 3MeKTPoAbl
conHeyHoro anemeHnTa 100 gomkHbl ObITb NOAAHbI 3HAYUTENbHBIE HanNpsKeHUs. Hanpumep,
B Fornage packpbiBaeTcd, YTO K BHELUHWM 3feKkTpojam ANd NojaBaemMoro 3reKTpuyYeckoro
nona AorkHbl OblTb noaaHbl HanpsxeHus nopsgka «1000» BonbT, u4TobObl ObITh
3PP EKTUBHBIMAN N YBESNTNYUTL BbIXOAHYK MOLLHOCTb COnHeuvHoro anemeHTa 100. BennunHa
3TOro HanpspkeHua TpebyeT cneymanbHOW MNOArOTOBKM AndA OOCnyXvBaHWS, a Takke
JAOMOMHUTENBHOIO BbICOKOBOSBTHOrO OOOPYAOBaHUA U MPOBOAKW, KOTOPbIX B HacTosLlee
BPEMS HE CyL|ecTBYeT B CYLLECTBYIOLUMX WM HOBbIX CUCTEMAxX MaHenen COnHEYHbIX
anemeHToB. B kayecTse npvmepa N30NALMOHHBIN CNON MEXAY BHELUHVMU 3MEeKTPoAaMn v
conHeyHbiM anemeHtToM 100 gomkeH ObITb AOCTATOYHbIM, YTODObI BblgepKaTb BbICOKOE
nojgasaemoe HanpseHune. B cnyyae BbIxoga M3 CTPOS U3ONALMOHHOIO Crosi CyLlecTByeT
3HaUYUTENbHLIA PUCK MOBPEXAEHUA HE TOMbKO CONHe4YyHoro anemeHta 100, HO U Bcex
naHenen 10 COMHEYHbIX 3MIEMEHTOB, COEAMHEHHbIX NOCMEeAOoBaTeNbHO UMK napannensHo
OTHOCUTENBbHO OTKa3aBLUMX COSNIHEYHbIX 3MEMEHTOB, a Takke BHEWHen Harpysku 30 (nnu
uHseptopa 31).

[0018] B kayectBe [AOMOMHUTENBHOrO HeAoCTaTKka, pasfMyHbie YCMOBUA OCBELLEHUS
(Hanpumep, ns-3a 06Na4YHOCTM, 3aKpbiBAKOLEW COMHUE, WWUNU HOpMAarnbHbIX kKonebaHuu
noroabl) MOryT Bbi3blBaTb HECTabUNMbHOCTb BbIXOAHOW MOLYHOCTU OObIYHbLIX COMHEYHbIX
3MIEMEHTOB W MaHenen COMHEYHbIX 3NeMeHToB. Hanpumep, €O ccbinkon Ha dwur. 2,
nHeepTop 31, kak npasuno, TpebyeT CTaruyeckoro, He W3MEHSIOWErocs BXOAHOrO
HanpspkeHna K Toka. Kak nokasaHo Ha dur. 2, naHenn 10 COSMHEYHbLIX 3f1EMEHTOB
obecneymBaloT BXO4HbIE HANPsXKEHNE U TOK nHBepTopa 31. TeM He MeHee, U3MEHSIIOLMECS
BO BPEMEHW YCrOBUS OCBELLEHNS MOTYT Bbl3BaTb konebaHne BbIXO4HOW MOLLHOCTU NaHeneun

10 COnHeuYHbIX 3nNemeHTOB (Hanpumep, nopsiaka HECKONbKUX CEKYHA WNU  MeHbLue).
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KonebaHne HanpskeHus 1 Toka, nojgasaemblx Ha UHBepTop 31, CHWMXKaeT MHBepTopom 31
KayecTBO BbIXOAHOW MOLUHOCTWU, Hanpumep, B OTHOLUEHWM YacTOTbl, HanpsKEHUa u
COAEpXaHUa rapMoHuK. TpaguumoHHble MeponpuaTus no 6Gopbbe C  MeHsWMMUCA
YCMOBUSIMA  OCBELLEHMUSI  BKIIOYAKOT  pasMeLleHne akkyMynaTtopHbix Oarapen  wnu
KOHAEHCATOPOB Ha BXoAe nHBepTopa 31 W, K COXaneHUto, TOMbKO CBOAAT K MUHUMYMY 3TU
N3MEHEHMS.

[0019] C y4yeTOM BbILLEN3NOXKEHHOTO, CYLLECTBYET NOTPEOHOCTL B YCOBEPLUEHCTBOBAHHOM
CUCTEME COIHEYHbIX 3MNEeMEHTOB W cnocobe noBbIWEHMS KO3PPUUMEHTA MOMNE3HOro
AENCTBMS U BbIXOAHOMW MOLLHOCTW, Hanpumep, C MOMOLLBbK YBEMUYEHUSI MOABUMKHOCTU
3NEKTPOHHO-AbIPOYHBIX Map C UEenbio MNPEeOAONEHUS BbILLEYNOMSHYTbIX 3aTPyAHEHUA W

HeJ0CTaTKOB TPaANLNOHHbLIX CUCTEM COMHEYHbIX 3TeMEHTOB.
CYWHOCTb N3OBPETEHUA

[0020] Hactosawee wusobpeTeHne OTHOCUTCA K CUCTEMaM ONTUMM3aLUMM BbIXOLHOW
MOLLHOCTN (POTO3MEKTPUYECKOro YyCTpoucTea. B COOTBETCTBUM C NEPBbIM aCMEKTOM,
pacKkpbiTbiIM B [JaHHOW 3asBKe, W3MNOXeH cnocob ynpaBneHus OTO3INEKTPUYECKNM
YCTPOWCTBOM, NpY 3TOM Ccnocob BknovaeT B cebs:

[0021] nogady NepBOX COCTaBMAIOWEN CUrHana HanpspKeHus Ha OOTO3NEKTPUHECKOE
YCTPOWCTBO, NPW 3TOM NepBasa COCTaBnAoWas NpeacTaBnAeT BKMNIOYEHHOE COCTOsSHME ANS
reHepMpPOBaHMA BHELLUHErO 3MEKTPUYECKOro nons Ha oToINEKTPUYECKOM YCTPOUCTBE; U
[0022] nogady BTOPOW COCTaBMAOLEN CUrHana HanpskeHus Ha OOTO3NEKTpUYeckoe
YyCTPOWCTBO, NPX 3TOM BTOpasi COCTaBNALas NPeACTaBNsET LMK OTKIIOYEHNS.

[0023] B HekoTopbIX BapmaHTax OCYLLECTBMEHUS pacKkpbiToro cnocoba nogava nepsou
coCTaBnsolen BknovaeT B cebsa nogadvy BbICOKOrO HanpsiKeHWst U3MEHSIIOLMMCS BO
BPEMEHM MMMYNbCa HAaNPSPKEHUS OT CXEMbl YCTPOWCTBA ANS F€HEPUPOBaHUS UMMNYNbCOB
HanpsyKeHUs, a nogada BTOPOW COCTaBNSAIOLWEN BKMOYAET OTKMIOYEHME CXeMbl YCTPOWCTBA
OIS reHepupoBaHNA NMMNYITbCOB HaNPSYKEHUS.

[0024] B HEKOTOpbIX BapuaHTax OCYLUECTBIEHNS packpbIToro cnocoba nogaya nepsomn
cocTtaBnsowen Bknwoyaer B cebs  COeAMHEHME  UCTOYHMKA  HanpskKeHus U
hOTOINEKTPUHECKOrO YCTPONCTBA B NEPBOM MNOSIOXKEHUN NEPEKoYaTens, pacnonoXXeHHOro
MEXAY WCTOYHMKOM HarnpsKeHNs U (POTOSNEKTPUYECKUM YCTPOWUCTBOM, M MNpU 3TOM
yKkasaHHasi nogada BTOPOM COCTaBnsioLen Bk4YaeT B cebsi pasbeauHEHMEe UCTOYHMKA
HanpsPKeHNA 1 POTOINEKTPUUECKOrO YCTPOUCTBA BO BTOPOM MOSOXKEHUM NepekoyaTens.
[0025] B HekoTOpbiXx BapumaHTax OCYLIECTBNEHMS packpbiToro crnocoba cnocob
AOMOMHUTENbHO  BKMYaeT B ceba  OTCNeXuBaHWe  BbIXOAHOTO  HanpsKeHWs
POTOINEKTPUYECKOrO YCTPOMUCTBA C MOMOLLbID AaTyMka HanpPsPKEHUs, MOAKMHOYEHHOro

napannenbHo K OTO3NEKTPUYECKOMY YCTPOWCTBY, M OTCMNEXMBaHWE BbIXOLHOIO TOKa
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POTOINEKTPUYECKOrO  YCTPOUCTBA C  MOMOLLbIO  JaryMka TOKa, MOAKIMOYEHHOro
nocrnefoBaTenbHO MexXay (OTOINEKTPUUECKMM YCTPOUCTBOM W Harpyskon, nmUTaemMowu
POTOINEKTPUYECKMM YCTPOUCTBOM.

[0026] B HekoTOpbIX BapumaHTax OCYLUECTBNEHMA packpbiToro crnocoba cnocob
AOMONHUTENBHO BKMNOYaeT B cebs perynMpoBaHnMe C MOMOLLbD CXEMbl YNpaBrieHus,
MOAKMIOYEHHOMN K WUCTOYHUKY HanpsiKeHWUsl, No MEHbLUEA Mepe OAHOro M3 CneayroLulero:
BEMNYUHBI, ANUTENBHOCTM W 4acTOTbl MEPBOW COCTaBMAOLWEA ANS  MaKCUManbHOro
yBENMMUYEHNS BbIXOA4HOWN MOLLHOCTU Ha OCHOBAHMM YKa3aHHOro OTCNEXUBaHUS.

[0027] B COOTBETCTBMM C APYrMM acnekToOM, PacKpbITbiM B AAHHOW 3asiBKE, U3MOXEH
cnocob ynpaeneHnst hoTOINEKTPUHECKUM YCTPOWUCTBOM, BKIOHAOLWMNN B cebs:

[0028] obecneyeHne MNOAKMIOHYEHUS WCTOYHMKA HanpshKeHUst K OTOINEKTPUYECKOMY
YCTPOWCTBY; "

[0029] nogadvy curHana HanpsKeHusi, CreHepupOBaHHOrO UCTOYHUKOM HarnpsaXeHUs, Ha
hOTOINEKTPUYECKOE YCTPOUCTBO, NMPU 3TOM CUTHAN HaMNPs>KEHUS UMEET NEPBOE COCTOSHUE
ANSA reHepPUPOBaHUA BHELLHErO 3M1EKTPUYECKOro NONs Ha POTOIANEKTPUYECKOM YCTPOUCTBE U
BTOPOE COCTOSHUE, NpeAcTaBngiowee LUK OTKMIOYEHUS.

[0030] B HekoTOpbIX BapmaHTax OCYLLUECTBIEHMS packpbiToro crnocoba obecneyeHue
NUCTOYHMKA HanpsXeHus BKMyaeT B cebs obecnevyeHne no MeHblUeh Mepe OAHOro u3
cneaytoLlero:

[0031] CXeMbl YCTPOWCTBA [ANS TEeHEepupoBaHUs WMNYNbCOB  HanpPsKeHus Ans
NOAKMIOYEHNS K (POTOINEKTPUYECKOMY YCTPOUCTBY ANs obecnevyeHns U3MEHSIoLWErocs Bo
BPEMEHN WUMMyNbCa HanpsKeHUss Ha OTO3NEKTPUYECKOM YCTPOWCTBE, MpU  3TOM
N3MEHSAIOLLMNCSA BO BPEMEHN UMMYIbC HaMNpsPKeHWUA NpeaycMaTpuBaeT nepeBoe COCTOSHUE U
BTOPOE COCTOSHUE; U

[0032] nepeknoyaTens Ang MNOAKMIOYEHUS MeX4y WCTOYHUKOM  HarpsXeHua U
POTOINEKTPUHECKMM YCTPOWUCTBOM, MpU 3TOM nNepeknoyaTens COeAMHAET WUCTOYHMK
HaNpPsPKEHNA U POTOINEKTPUHECKOE YCTPOUCTBO B MNEPBOM NOSOXEHUN AN TEHEPUPOBAHUS
NepBoro COCTOSHUA U pasbefUHAET WCTOMHUK HamnpsKeHMa U POTO3NEKTpUYecKoe
YCTPOWCTBO BO BTOPOM MOMOXEHUMN AN FTEHEPUPOBAHNSA BTOPOrO COCTOAHMS.

[0033] B HekOTOpLIX BapuaHTax OCYLLECTBNEHUS pacKkpbITOro cnocoba nogada curHana
HanpsbkeHna BkMoyaeT B ceba npuknagbiBaHWe BbIXOAHOMO HanpPsKEHUS WUCTOYHUKA
BbICOKOIO Harnps>KEHUsi CXeMbl YCTPOWCTBA ANA FEHEPUPOBaHNSA UMMNYMbCOB HAMPSKEHUS K
POTOINEKTPNUYECKOMY YCTPOMCTBY, KOrga nepekntiovarowmn TPaH3NCTOP CXEMbl YCTPOWCTBA
AnNS reHepupoBaHUS MMMYbCOB HaNPSXXEHWUA HaxoAUTCHA BO BKIMIOMEHHOM COCTOSIHUM, AN
reHepupoBaHMg MNEepBOro COCTOAHUA W MPOAOIMKEHWE YKasaHHOro npuKnaabiBaHUS
BbIXOAHOIO HAarMpPs>KEHUS UCTOYHMKA BbICOKOIO HanpsKeHUs O TeX fop, noka reHeparop

MMMYNbCOB CXEMbl YCTPOWCTBA AN FeHEPUPOBAHNS MMMYIbCOB HaNpPsKeHUS He nepeBeaeT
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NepeKioYaoLWMn TPaH3UCTOP B BbIKIIOYEHHOE COCTOSHME, ANS FEHEepUPOBaHMA BTOPOro
COCTOSAHUS.

[0034] B HekoTOpbiXx BapuaHTax OCYLUECTBNEHMA packpbiToro crnocoba cnocob
AOMOMHUTENBLHO BKMOYaeT B cebs obecneyeHne NOAKMIOYEHUA CXEMbl YnNpasBneHus no
MEHbLUEN Mepe K OAHOMY M3 CMeAyLLero: rnepeknoyarenio n cxeme ycTpoucTesa And
reHepupoBaHNA UMMYITbCOB HaMNPSXEHUS.

[0035] B HekoTopbix BapuaHTax OCYLLUECTBNEHMA packpbiToro crnocoba cnocod
AOMOMHUTENBHO BKMOYaeT B cebs obecneveHne MNOAKMIYEHNS AaTymKka HanpsKeHus
napannenbHo  (POTO3INEKTPUYECKOMY  YCTPOWCTBY ANS  OTCNEXMBAHWUS  BbIXOLHOMO
HanpsbkeHns  POTOSNEKTPUYECKOrO  YCTPOWCTBA, W MNOAKMOYMEHUS  AaTtydmka  Toka
nocnegoBaTensHO Mexay P OTO3NEKTPUYECKUM YyCTPOVCTBOM " Harpyskou
JPOTOINEKTPUYECKOTO yCTpOWCTBa ans OTCNEXMBaHUA BbIXO4HOIo ToKa
hOTOINEKTPUYECKOrO YCTPOUCTBA.

[0036] B HekoTOpbiXx BapuaHTax OCYLUECTBNEHMS packpbiToro crnocoba cnocod
AOMOMHUTENBHO BKNIOYaET B cebs OTCNEXUBAHME BbIXOLHOMO HAaMPSKEHUS U BbIXOAHOrO
TOKa W perynupoBaHue C MOMOLLbIO CXEeMbl YNPaBNeHUa BEMUYUHbI MEPBOro COCTOSHUSA ANS
MaKCUMarbHOro yBenu4yeHus BbIXOAHON MOLLHOCTM Ha OCHOBE YKa3aHHOro OTCIEXMBAHWS.
[0037] B HekOTOpbIX BapuaHTax OCYLLECTBNEHUS pacKpbITOro cnocoba nogada curHana
HanpsbkeHna BKMoYaeT B cebsd reHepupoBaHWe BHELUHEro 3MeKTPUYeckoro nons no
MEHbLUEN Mepe C OAHMM U3 NEPBOro HanpabBMEeHUA WM BTOPOro HanpaBfiEHUs, NpU 3TOM
nepBoe HanpasfieHWe W MONAPHOCTb BHYTPEHHUX 3MEeKTPOAOB (POTOIMNEKTPUYECKOrO
YCTPONCTBA HAXOASATCA B O4MHAKOBOM HanpasneHMn AN YBENUYEHUS BbIXOLHOWN MOLLHOCTU
POTO3NEKTPUYECKOrO YCTPOWUCTBA, @ BTOPOE HanpasrieHNE HAaxXOAMTCA B HanpasneHuw,
NMPOTMBOMOMOXHOM MOMSAPHOCTU BHYTPEHHUX 3MNEKTPOAOB, ANS YMEHbLUEHUSI BbIXOLHOW
MOLL{HOCTW.

[0038] B HekoTopbIXx BapmaHTax OCYLLUECTBNEHMS packpbiToro crnocoba obecneyeHue
NUCTOYHMKA HanpskeHust BknovaeTr B ceba obecnevyeHne NOAKIMIOYEHNS MCTOYHMKA
HanNpPsPKEHUA MO MEHbLUEN Mepe K OAHOMY W3 CreayioLwero: CONMHEYHOMY 3MEMEHTY,
MaTtpuLle COMHEYHbIX 3MEMEHTOB, MaHENW COSIHEYHbIX 3MIEMEHTOB M MaTtpuue naHenewn
COMNHEYHbIX 3NIEMEHTOB.

[0039] B COOTBETCTBMM C APYrMM acnekToM, PacKpbITbiM B AAHHOW 3asBKE, U3MOXEH
cnocob ynpaeneHnst hOTOINEKTPUHECKUM YCTPOWUCTBOM, BKOHaOWMNN B cebsi:

[0040] obecneyeHne nOAKIIOMEHNA YCTPOWCTBA ANS FEHEPUPOBaHUS UMMYNbCOB
HanpPsPKeHUA K POTOINEKTPUYECKOMY YCTPOUCTBY; U

[0041] nogady CcurHana HanpsbkeHusl, CreHEepUpPOBaHHOTNO  YCTPOUCTBOM  AnS
reHepMpPOBaHMA UMMYMbCOB HAaMPSPKEHUNA, HA (POTOINEKTPUYECKOE YCTPOWUCTBO, NPU 3TOM

curHan HanpsxXeHna umMeet nepsoe CoCTtoaHue And reHepupoBaHUA  BHELUHEro
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3MNEKTPUYECKOro nons Ha (OTO3NEKTPUYECKOM YCTPOUCTBE W BTOPOE COCTOSHME,
npeacrasngoLLee LMK OTKNIOYEHNS.

[0042] B HekoTOpbIX BapuaHTax OCYLLECTBNEHUSA pacKkpbITOro cnocoba nogada curHana
HanpspkeHna BknoYvaeT B cebs nogady perynmpyemoro HanpseHns Ha oTO3NEKTpUYecKoe
YCTPOWCTBO.

[0043] B HekoTopbix BapuaHTax OCYLLUECTBNEHUA packpbiToro crnocoba cnocod
AOMOMHUTENBHO BKNOYaeT B cebs obecrneyeHne NOAKMIOYEHUS OLHOW WU HECKONbKUX
nocneaoBaTenbHO MOAKMIOYEHHbIX KaTylweKk WHAYKTUBHOCTM MeEXAY YCTPOMUCTBOM AN
reHepMpPOBaHMSA MMMYMbCOB HanpsbKEHUS U Harpy3korM (POTO3INEKTPUYECKOrO YCTPOUCTBA
ANa GnOKMPOBKM 4acTOT CUrHana HarnpsbkeHus Ans Harpysky, KoTopble Oonblue, Yem
3ajaHHag yacroTa.

[0044] B HeKkoTOpbIXx BapuaHTax OCYLUECTBNEHMS packpbiToro crnocoba cnocod
AOMOMHUTENBLHO BKMOYAET B cebda ynpaBneHne no MeHbLUEN Mepe OAHUM U3 CReYoLLEro:
4acToTOM U ANUTENBHOCTBLIO NEPBOro COCTOSHUS U BTOPOrO COCTOSIHUSA, C MOMOLLbIO CXEMbI
ynpasneHns, NOAKMIOYEHHON K YCTPOMUCTBY ANS reHEPUPOBAHNS UMMNYIbCOB HaNPSXXEHWS.
[0045] B COOTBETCTBMM C APYrMM acnekToM, PacKpbITbIM B LAHHOW 3asiBKE, U3MOXEH
cnocob ynpaeneHnst hOTOINEKTPUHECKUM YCTPOUCTBOM, BKIOHaOWMN B cebsi:

[0046] obecnevyeHue NoAKNHOYEHUA nepsoro noprta nepeknovarens K
OTOINEKTPUYECKOMY YCTPOUCTBY;

[0047] obecneyeHne nOAKMOYEHMS BTOPOro MopTa MepeknoyaTenss K Harpyske,
NUTaeMon OOTOINEKTPUHECKUM YCTPONUCTBOM;

[0048] obecnevyeHne nNOAKMIOYEHMS TPETbEro nopTa nepeknovarens K WUCTOYHUKY
HanpsbKeHUs, npuyem nepekniovatens MoXeT paboTatb B NEPBOM  MOMOXEHUN C
YCTQHOBMNEHNEM MyTW TOKa MeXay (POTOINEKTPUYECKMM YCTPOUCTBOM W UCTOYHMKOM
HanpsXXeHNMa 1 BO BTOPOM MOMOXEHMM C YCTAHOBMEHWEM MyTU TOKa Mexay
HPOTOINEKTPUYECKMM YCTPOMUCTBOM N HArPy3Kom; 1

[0049] nogadvy curHana Hanps»KeHus, CreHepupoOBaHHOro UCTOYHUKOM HanpspKeHus, Ha
hOTO3INEKTPUYECKOE YCTPOMCTBO, KOrAa nepekniovarTernb HaxoaUTCsa B NEPBOM MONOXEHUN,
NpU 3TOM CUrHam HanpsXXeHUs UMeeT NepBoe COCTOSHUE ANS reHepUpPOBaHUA BHELLHEro
3MNEKTPUYECKOro nomns Ha OTO3INEKTPUYECKOM YCTPOWUCTBE, KOrAa nepekniodarens
HaxoguTCa B MEPBOM [MOMOXEHWUW, U BTOPOE COCTOAHME ANA NpefoCTaBneHus
3NEKTPUYECKON U30MNSAUMM  MEXAY WUCTOYHMKOM HanpsKEHUS W Harpyskow, Korga
nepekniovaTens HAXo04UTCA BO BTOPOM MOMNOXEHUM.

[0050] B HekoTOpbIX BapmaHTax OCYLUECTBIEHMSI packpbiToro crnocoba obecneyeHue
NOAKMIOYEHNS MEepBOro noprta nepeknwoyarens BkrwodYaer B ceba obecneveHue
NOAKIMIOYEHNA NMepBOro nopTa ABYXNO3ULUMOHHOIO nepeknoyvatens K OoTO3NEKTPUYECKOMY

YCTPOWCTBY.
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[0051] B HekoTOpbix BapumaHTax OCYLIECTBNEHMS packpbiToro crnocoba cnocob
AOMOMHUTENbHO BKMOYAET B cebda ynpaBneHne no MeHbLlen Mepe OAHUM U3 CneayroLlero:
4acToTOM W ANUTENbHOCTBIO MEPEKMIOYEHNa MeXay MepBbIM MOMOXEHNEM W BTOPbIM
NMoroXXeHWemM, C TMOMOLUbKD  KOHTpornepa nepeknwovartensd, MOAKMIOYEHHOro K
JBYXMO3ULIMOHHOMY nepeknioYaTento.

[0052] B HekoTopbix BapuaHTax OCYLLUECTBNEHUA packpbiToro crnocoba cnocod
AOMOMHUTENBHO BKNIOYaeT B cebsa obecneyeHne MNoAKMYEHNS YCTPOMCTBA YMEHbLUEHUS
nobbiX ocnabneHun HanpskeHUs NepBOM COCTABMAOLWEN MEeXay Harpyskom u
hOTOINEKTPUHECKMM YCTPONCTBOM.

[0053] B HekOTOpbIX BapuaHTax OCYLLECTBNEHUS pacKkpbIToro cnocoba nogada curHana
HanpspkeHUa BkNovaeT B cebsa nogady perynmpyemoro HanpsXXeHms Ha (ooTO3NEKTPUYECKOe
YCTPOWCTBO.

[0054] B HekoTOpbiXx BapuaHTax OCYLIECTBNEHMS packpbiToro crnocoba cnocob
AOMOMHUTENBHO BKMOYAET B cebda ynpaBneHne no MeHbLUEN MEpe OAHUM U3 CReAYOLEro:
4acToTOW, BEMUYUHOW U ANUTENbHOCTLIO MEPBOr0 COCTOSIHUA WM BTOPOrO COCTOSHMS, C
MOMOLLbIO  CXEMbl  YNPaBMEHUS, MOAKMIOYEHHON K  WUCTOYHWMKY  HanpsbkeHus  u
NMepeknioYarTento, Ha OCHOBE BbIXOAHOrO TOKa (POTO3INEKTPUYECKOrO YCTPOUCTBA,
N3MepeHHoro AaTynKkom TOKa, NOAKNIOYEHHbBIM nocriegoBarenbHO Mexay
POTOINEKTPUYECKMM  YCTPOUCTBOM U Harpyskon, W  BbIXOAHOIMO  HanpsiKeHus
POTOINEKTPUYECKOrO YCTPOUCTBA, U3MEPEHHOrO AaTUYMKOM HAaMpPsPKEHWUSA, MOAKMIOYEHHbBIM

napannenbHo K OTO3NEKTPUYECKOMY YCTPOWCTBY.
KPATKOE ONMNCAHUE TPPA®UYECKNX MATEPUAIOB

[0055] Ha cour. 1 npuBegeH npumMepHbIA BUA B NONEPEYHOM paspese BEPXHEro YPOBHS,
UNMIOCTPUPYIOLMA BApUaHT OCYLLECTBIEHUSA COMHEYHOro 3NeMeHTa M3BECTHOro YPOBHS
TEXHUKN.

[0056] Ha dwur. 2 npuBegeHa npumepHasi CTPYKTypHasi CXema BEPXHEro YpPOBHS,
WUNMIOCTPUPYIOLWAs OAWH BapuaHT OCYLLECTBNEHUS MaTpuubl NaHernen CONHEYHbIX
3MEMEHTOB W3BECTHOMO YPOBHA TEXHWMKW, WCMNOMb3YKOLWUN COMHEYHbIE  3MNEMEHTHI,
nokasaHHbIe Ha cur. 1.

[0057] Ha dwmr. 3 npuBegeHa npumepHasi CTPYKTypHasi CXema BEPXHEro YpOBHS,
WUNMIOCTPUPYIOLLAsA  BapuMaHT  OCYLLECTBMNEHWMS CUCTEMbl  YMNPaBfEHUS  CONHEYHbIMU
3anemMeHTamu.

[0058] Ha dcur. 4 npuBegeHa npumepHasa CTPYKTypHasa cxema, WnnicTpupyowas
anbTEPHaTUBHbLIN  BapuaHT  OCYLUECTBMEHUA  CUCTEMbl  YMNPaBiEHUA  COSNTHEYHbIMU
3nemMeHTaMmn, NokasaHHoW Ha dur. 3, B KOTOPOM MartpuvLa naHenen ConHeYHbIX 3IEMEHTOB

noagKkn4yeHa K UICTOYHUKY Hanpsa>XeHna Yepes nepeknovarernb.
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[0059] Ha cour. 5A-D npusepeHbl npumepHblie (POopMbl CUrHANOB Ha BXOA4axX M BbIXOA4ax
nepekniovarTens, NCNonb3yemMoro ¢ MaTpmuen naHenen CoNHeYHbIX 31EMEHTOB, NOKa3aHHOW
Ha cur. 4, NNNIOCTPUPYIOLLME NoSaBaAEMOE HaMNPsPKEHUE B 3aBUCUMOCTI OT BPEMEHN.

[0060] Ha dur. 6 npuBegeHa npumMmepHasa CTPYKTYpPHasa cxema, UnnicTpupyrowasa ewe
OAWH anbTepPHAaTMBHbLIN BapuaHT OCYLLUECTBMEHUS CUCTEMbl YNPaBMEHUS COMHEYHbIMU
3NemMeHTaMn, NokasaHHoOW Ha dur. 3, B KOTOPOM MaTtpuLa naHenen ConNHeYHbIX 3IEMEHTOB
NOAKMIOYEHA K CXEME YCTPOUCTBA ANSi reHEPMPOBAHMSA UMMNYITbCOB HanpPsiXKEHWS.

[0061] Ha cour. 7 npuBeaeHa npumepHas doopma curHana, Ucnonb3yemoro ¢ Mmatpulen
naHenen CONMHEYHbIX 3NIEMEHTOB, NPUBEAEHHON Ha dur. 6, MNMNCTpUpPYOLWaa nogasaemoe
HanpsPKeHWe B 3aBUCUMOCTU OT BPEMEHMW.

[0062] Ha dour. 8 npmueBeaeHa npumepHas CTPYKTYpHas cxema, UNncTpupyowas oanH
BapWaHT OCYLLECTBIIEHUSA CXEMbl YCTPONCTBA ANS FEHEPUPOBAHUSA UMMNYBLCOB HaMNpPsHKEHUS,
nokasaHHou Ha ¢wur. 6.

[0063] Ha cur. 9A npuseaeHa npumMepHas CTPYKTYpHasd cxema, WUNnoCcTpupyroLlas
anbTEPHaTUBHbLIN  BapuaHT  OCYLIECTBNEHUA  CUCTEMbl  YNPaBiEHUA  COSNTHEYHbIMYU
3NemMeHTaMn, MnokasaHHOW Ha ur. 4, B KOTOPOM CUCTEMA YMNPaBIIEHUS COSHEYHbIMU
3NEMEHTaMN COLEPXKUT CXEMY YNpaBreHus.

[0064] Ha cur. 9B npueeaeHa npumepHas Gnok-cxema, nniocTpmpyowas guarpammy
COCTOSIHUW ANSi CXEMbI YNPaBeHusl, nokasaHHou Ha dour. 9A.

[0065] Ha dwur. 10A npusegeHa npumepHas CTPYKTypHas Cxema, WUnocTpupyroas
anbTEPHaTUBHbIN  BapuaHT  OCYLLECTBMEHUA  CUCTEMbl  YNPaBfiEHUA  CONMHEYHbIMU
3MeMeHTaMu, MoKa3aHHOW Ha dur. 6, B KOTOPOM CUCTEMAa YMPaBMEHUS COMHEYHbIMU
3NeMeHTaMn CO4EPXKUT CXEMY YrNpaBreHus.

[0066] Ha cdur. 10B npuBegeHa npumepHasn 6rnok-cxema, MnniocTpupyowas guarpammy
COCTOSIHUI ANSi CXeMbl YNpaBneHust, nokasaHHon Ha cur. 10A.

[0067] Ha dur. 11A—C npuBegeHbl NpMMepHble POPMbl CUrHaNoB, UNNIOCTPUpYLLMe
BapuaHT OCyLLECTBIEHNS 3aBUCUMOCTU YNYYLLIEHHOrO BbIXOA4HOro TOKa
(POTOINEKTPNYECKOTO YCTPOMCTBA, NOKA3aHHOro Ha dur. 3, OT NogaBaeMoOro HanpsiKeHWs,
4acToTbl CNeA0BaHNS UMMNYNLCOB N ANUTENBHOCTU UMMNYyNbCa.

[0068] CnepyeT OTMETUTb, YTO purypbl nsobpaxkeHbl He B Macwuitabe n 4YTo 3NEMEHTbI
NoAOOHbIX KOHCTPYKUMA unn  (PyHKUUA, Kak npasmno, 0603Ha4Ye€Hbl OA4MHAKOBLIMU
CCbIMIOYHBIMM MNO3NUMAMM C LEnbio nnnocTpayum Ha Bcex durypax. Cnegyer Takke
OTMETUTb, 4TO Urypbl MNpefHasHadyeHbl TOMbKO Ans  obneryeHuss  onucaHus
NPeAnOYTUTENbHBIX BapMaHTOB OCYLLECTBMNEHMSA. [aHHble purypbl HE OTpaXKaloT KaxAblv
acrekT OMNMCaHHbIX BapUaHTOB OCYLLECTBMEHUS U He OrpaHn4mBaroT oO6beM HaCTOALLEro

n3obpeTeHus.
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NoaPOBHOE ONMMCAHUME NPEAMOYTUTENbHbLIX BAPUMAHTOB OCYLLUECTBIIEHUA

[0069] [Mockonbky MMEKLMECa B HACTOsLee BPEMSA CUCTEMbl COMHEYHbIX 3NTEMEHTOB
HE MOTryT MakCUMaribHO YBEMUYUTb BbIXOLHYIO MOLLUHOCTb (DOTOINEKTPUYECKOrO 3NEMEHTA,
CUCTEMA COSMHEYHbIX 3NIEMEHTOB, KOTOpas YBENUYMBAET MOABWXKHOCTb 3MNEKTPOHHO-
AbIPOYHbIX Map M yMeHbLUAeT TOK Npu pekombuHauum B NonynpoBOAHUKOBOM Marepuane,
MOXET OKasaTbCsl BOCTPEOOBaHHON 1 0becneynTb OCHOBY ANS LUMPOKOro AManasoHa CUCTEM
COMHEYHbIX 3MEMEHTOB C TeM, YTOObl MOBLICUTbL KOIPPUUMEHT MONE3HOro AEWUCTBUSA U
BbIXOAHYI MOLLHOCTb COJTHEYHbIX 3MIEMEHTOB, BbINOMHEHHbLIX B BUAE MaHENM COMHEYHbIX
3NEeMEHTOB. 3TOT pe3ynbTar MOXeT ObiTb JOCTUIHYT B COOTBETCTBUM C OAHMM BapuUaHTOM
OCYLLECTBIEHUS, PacKpbiTbiM B AaHHOW 3asiBKe, ¢ nomowpto cuctembl 300 ynpasneHus
CONHEYHbIMW 3NEMEHTaMuU, Kak nokasaHo Ha dur. 3.

[0070] Obpawasace k dur. 3, cuctema 300 ynpaBneHWs CONMHEYHbIMU 3NEMEHTaMM
NoAXOAUT ANSA UCMOMNb30BaHMA C LUMPOKUM ANanasoHOM POTOINEKTPUYECKMX YCTPOUCTB. B
oAHOM BapwuaHTe ocyujectenenus cucrtema 300 ynpasrneHWs COMHEYHbIMW 3rIEMEHTaMM
MOXET ObITb NPUrogHa ANa UCNONb30BAHUSA C CONHEYHbIM anemeHTom 100, nokasaHHbIM Ha
dur. 1. Hanpumep, conHeuHbin anemeHT 100 moxeT npeacraenstb noboe nogxopsuiee
MOKONIEHNE  COMHEYHbIX 3MEMEHTOB, TakMX Kak 3MeMEHTbl Ha MNOANOXKE U3
KPUCTanmnmyeckoro KpeMHus (nepsoe MOKONEHWE), TOHKOMMEHOYHbIE COMHEYHbIE 3NEMEHTHI,
BKIIOYaAs 3r1IEMEHTbI Ha OCHOBE aMOPMHOro KPeMHUA (BTOPOE NOKOSEHNE), W/UNN 3NEMEHTDI
Tpetbero nokoneHus. Cucrtema 300 ynpaBneHWs  COMHEYHbIMW  3rEMEHTamMu
NPEMMYLLECTBEHHO MOXET OblTb KCMOMb3oBaHa C NOObIM  MOKOMEHWEM COMHEYHOro
anemeHTa 100 6€3 KOHCTPYKLNOHHbIX UBMEHEHWIN N CBA3AHHbBIX C HUMW HEA0CTAaTKOB.

[0071] B apyrom BapumaHTe ocyulecterneHmsa cuctema 300 ynpasBneHUst CONMHEYHbIMN
anemMeHTamm MOXeT ObITb NpurogHa Ans UCNONb3OBAHMA C HECKONbKUMW COMHEYHbIMMW
anementamu 100, Hanpumep, ¢ naHenamm 10 CONMHEYHbIX 3MEMEHTOB, MOKasaHHbIMWU Ha
dur. 2. Kak 6bIno pacCMOTPEHO paHee, HECKOMNbKO COMHeYHbIX anemeHToB 100 moryT ObiTh
NoAKMIOYEHbl (NOCNe0oBaTENBHO U/ NapannensHo) BMecTe anst obpasosaHusa naHenn 10
COIMHEYHbIX 3nemeHTOoB. [laHenn 10 COMHEYHbIX 31EMEHTOB MOryT ObiTb YCTAaHOBMEHbI Ha
OMOPHOMN KOHCTPYKLMM (HE nokasaHa) nyTemM Ha3eMHOW YCTaHOBKW, YCTAHOBKWN Ha Kpbilwe, C
MOMOLLbIO CUCTEM CMNEXEHMSA 3a CONMHLUEM, HEMOABWXKHbBIX PEEK U Tak ganee, n MoryT ObiTb
MCNONb30OBaHbl Kak ANS Ha3EeMHbIX, TaKk W AN KOCMUYECKUX OOpTOBbIX YCTPOUCTB.
AHanormyHeim  obpasom cuctema 300 ynpaBneHMst  COMHEYHbIMM  3NIEMEHTaMU
NPEMMYLLECTBEHHO MOXET ObITb ucnonb3oBaHa ¢ nobbiM nokoneHnem nadenn 10
COMHEYHbIX 3rnemMeHToB 6e3 KOHCTPYKUMOHHbIX W3MeHeHuh naHenu 10 COnHeYHbIX

ANeMeHTOB N CBA3AaHHbIX C HUMW He40CTaTKOB.
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[0072] Kak nokasaHo Ha dur. 3, doToanekTpuieckoe yctponctso 200 B3aumogencTesyeT
Cc anektpudeckum nonem 250. B HEKOTOpbIX BapuaHTax OCYL|ECTBIEHUS MONAPHOCTb
anekTpuyeckoro nonsa 250 moxeT ObITb NogaHa Nnbo B 04NHaKOBOM HanpasneHun, nnbo B
obpaTtHOM HanpaBneHun ¢ nNonsapHocTbio anekTpogos 101a, 101b (nokasaHbl Ha dur. 1) B
doToanekTpuyeckom yctponctee 200. Hanpumep, ecnm nogada anektpuyeckoro nons 250
OCYLLECTBIISAETCH B OA4MHAKOBOM HanpasfiEHUM C NONApHOCTLO anektpogos 101a, 101b B
doToanekTpnyeckom yctporctee 200, anekTpudeckoe none 250 BO3gENCTBYET Ha
3NEKTPOHHO-AbIPOYHbIE Napbl B hoTO3INEKTpnYeckom yctponctee 200, npuknagbiBas cuny —
e'E vmm h*E anekTpoHy Unu Ablpke COOTBETCTBEHHO, YCKOPSIS TEM CaMbIM MOABMXHOCTb
3NEeKTPOHa W AbIPKM B HanpasfE€HUM COOTBETCTBYIOLUMX 3nekTpogoB. B  kadvectse
anbTEepHaTVBbI, €CNU MOMSAPHOCTb anekTpudeckoro nons 250 sasnsetcs obpartHon,
NOABWKHOCTbL 3MEKTPOHHO-ALIPOYHbIX nap B  ¢oTo3anekTpuyeckom yctpomuctse 200
YMEHbLUAETCS, YBENUYMBaa TEM CaMbiM TOK NpU pekoMOuHaumm B (POTO3NEKTPUYECKOM
yCTpoucTBe 200. CooTBeTCTBEHHO, KoadpdpULMEHT NOnes3Horo AencTeus
oToanekTpnyeckoro yctponctasa 200 MOXeT ObITb YMEHbBLUEH MO XXEMNaHUD, HanpuUMep, Ans
yrnpaBneHnNs BbIXO4HOW MOLLHOCTBIO poToanekTpudeckoro ycrponcraa 200.

[0073] Kpome ToOro, anekrtpudeckoe none 250, nogaBaemoe Ha (POTOINEKTpuyeckoe
yctponctso 200, MOXeT BbITb MO XKEeNaHUK CTaTUYECKUM UM U3MEHSIIOLLUMCS BO BPEMEHM.
B cniyvae, korga anektpudeckoe nosne 250 nsmeHaeTca BO BPEMEHMU, ANEKTPUYECKoe nose
250 obnapgaeTr ycpegHEHHOMW MO BPEMEHM BENUYMHOMW, KOTOopasi OTMMYHA OT Hyns.
Bbipaxkascb no-gpyromy, 4icras cuna, 4encTBYOLWaa Ha 3NEeKTPOHbl U AbIPKW, OTMYHA OT
Hynsa Aana obecnevyeHnss MNOBLILEHHON MOABMKHOCTM  3NEKTPOHHO-AbIPOYHBLIX  Nap
dhoToanekTpuyeckoro ycrponctea 200.

[0074] MPUMEHUTENBHO K TPaAMLUNOHHOMY ConHeuHomy anemenTty 100, npuBeaeHHOMY
Ha dwur. 1, Nnpu OTCYTCTBUN BHeLWHen Harpy3ku 30 (nokasaHa Ha dwur. 1) ans cosgaHus
anektpuyeckoro nonsa 250 Ha anektpoabl 101a, 101b conHe4yHoro anemeHTta 100 moxeT
ObITb NOAAHO BHELWHEE HanpsxeHne. B ogHOM BapuaHTe OCYLLECTBNEHUS 3MneKTpu4eckoe

none 250 (Hanpumep, mexay anektpogamu 101a, 101b) onpenenseTca ypasHeHnem 1:

E= M (YpaereHue 1)
[0075] B ypaBHeHun 1 E — anektpuyeckoe none 250, Vj,, — HanpskeHve, nojasaemoe
nsBHe K poToanekTpuyeckomy yctpouctsy 200, V, — BbIXOAHOE HanpspKeHue
oToanekTpnyeckoro ycrponctsa 200 (Hanpumep, ~ 30 BombT) M t — TOMWMHA

NonynpoBOAHMKOBOrO Martepuana B oToanektpudeckom yctponctse 200 OT anekTpoga
101a ao 101b. Hanpumep, npeanonoxum, 4to V,, —Vp = 200 BONbT (HOMWHANbHO) U
TonwmHa t cocrasnseTt npubnusmntensHo 0,02 cm, anektpuyeckoe none 250 cocrasnsiet

npubnmsntencHo 10 kB/cm. Kak BMAHO M3 ypaBHeHWA 1, Npu YMEHbLUEHUW TOMWMHbI t
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oToanekTpnueckoro yctpouctesa 200 (Hanpumep, meHee 0,01 cm) moryT ObITb MOMy4YEHbI
Bonee cunbHble anekTpuyeckne nons 250 ¢ NCNONb3OBaHUEM TeX Xe unun bonee HU3Kux
HanPsHKEHUN.

[0076] Kak y»ke rosopunoch Bblle, hoToanekTpmuyieckoe yctponctso 200, kak npasumno,
NMUTaeT BHELUHIOW Harpysky, Takyto kak Harpy3ska 30 conHeuvHoro anementa 100. Ccbinasce
Ha ypaBHeHVe 1, ecnu nojava BHELUHero HanpskeHns Vj,, OCyLecTBnaeTcs
HenocpeacTBEHHO Ha dhoToanekTpudeckoe yctponctso 200, KOTOpOE NUTAET BHELLUHIOH
Harpys3ky 30, BHeLWHss Harpy3ka 30 MOXET coaepXaTb akTUBHbIE COCTaBnSAOLME, KOTOPbIE
noTpebnsAlT TOK OT UCTOYHWMKA MOAABAEMOro HanpsKeHUa Vi, Bblpakasacb no-gpyromy,
nojaya BHELUHero HanpskeHus Vi, Ha doToanekTpuyeckoe yctpornctso 200 moxeT

3 PEKTUBHO AOCTaBNATb MOLLHOCTb Ha OOLLYIO CXeMy, YTO NPEeACTaBNEHO ypaBHEHNEM 2:

2
MOIHOCTbyyopag = (V‘:+p) (YpasHeHue 2)
L
[0077] B ypaBHeHuMm 2 R, — nOMNHOe COMpPOTUBNEHWE BHewWwHen Harpyskm 30. B

HEKOTOPbIX Cry4asx BXOAHAA MOLYHOCTb MOXET ObITb 3Ha4UUTENbHO BonblLue, YeM BbIXOAHASA
MOLUHOCTb  boToanekTpudeckoro ycrtpouctea 200. CootBetctBeHHO, cuctema 300
ynpaBneHns OTO3NEKTPUYECKUMUN 3NEMEHTAMWN BbIMONIHEHA C BO3MOXHOCTbIO Mofauu
anektTpu4yeckoro nons 250 Ha dhoToanekTpuyeckoe yctponctso 200 6e3 BBeaeHns GonbLuen
3Heprun, Yem coTtoanekTpuyeckoe yctponctso 200 cnocobHO NponsBoanTb, unu GonbLuen
aHeprun, 4Yyem Obino Obl  NONY4YEeHO MyTEM MNOJAYM  3IMEKTPUYECKOro nond Ha
oToanekTpnyeckoe yctponctso 200.

[0078] Cucrema 300 ynpaBneHusi CONHEYHbIMM 3NIeMEHTaMMN MOXET NojasaTtb BHELLHEe
HanpsbkeHue V., Ha oTtoanekTpuyeckoe yctponctso 200 ¢ ucnonb3oBaHneM mnobbix
NoAXOASALMX CPEACTB, OMUCaHHbIX B AAHHOW 3asiBKe, B TOM YUCrE C WUCMONb3OBaHWEM
nepekntodarens 55, kak nokasaHo Ha ¢ur. 4. Obpawjasnck k dur. 4, POTOINEKTPUYECKOE
ycTponcTBo 200 MoOXeT npeacTaBnaTh noboe KonmM4YecTBo OOTOINEKTPUIECKNX YCTPOUCTB,
TaKkux Kak ConHeyHbln anemeHT 100 n/mnu naHenu 10 ConHeYHbIX 3NEMEHTOB, KaK NoKa3aHo.
MaHenn 10 COMHeYHbIX 3MEMEHTOB COEAWHEHbl C nepeknwo4darenem 55, Takum kak
OAHOMOMKOCHBINA, ABYXMO3ULUOHHBIM (MW Ha TPW HanpasfeHus) nepeknoyartenb, Kak
nokasaHo. B ogHOM BapuaHTe OCYLUECTBNEHUA nepeknoyatenb 55 Takke NOAKMNIoYEH K
NUCTOMHUKY 50 HanpskeHust u BHEWHeW Harpyske R, (Hampumep, nokasaHHOW B BUAE
nHeeptopa 31). MHBepTop 31 MoxeT npeobpasoBbiBaTbh NOCTOSIHHbIE HAMPSXKEHNE N TOK B
NEepPEMEHHbIE HanpsKEHUEe U TOK, KOTOpble, Kak NpasBuno, COBMECTUMbI C HAMPSKEHUEM U
4acToTon C TPaAUUUOHHBIMK  3MEKTPUYECKUMM CEeTAMU MEPEMEHHOIO  HanpsKEHWs.
BbixogHas 4dactota mHBeptopa 31 U amMnnuTyga MNepemMeHHOro TOKa/HanpsiKEHUa MOXKET

3aBUCETb OT CTPaHbl, MECTOMONOXEHNA N MeCTHbIX Tpe6OBaHI/II7I CeTun.
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[0079] NcTouHmk 50 HanpsikeHUsa MOXET cogepkatb Nobble nogxoasawmne cpeacrea 4ns
nogaepXXaHus NOCTOSHHOMO HAMPSXKEHWUS, B TOM YUCIE UAEarnbHble UCTOYHUKN HAMPSXKEHNS,
yrnpaBnaemMble UCTOYHUKN HAMNPSXKEHNA U Tak ganee. TeM He MeHee B HEKOTOPbIX BapuaHTax
OCYLLIECTBIEHUNA, TaKMUX KaK BapuaHT OCYLLECTBMNEHUS, MOKa3aHHbIA HWXKE CO CCbINIKOW Ha
dur. 9A, UCTOMHUK 50 HanpsKeHUst MOXET UWMEeTb NojJailolleecs U3MEHEHMIO,
perynmpyemMoe BbIXOAHOE HanpskeHue (Hanpumep, HanpskeHue, U3MeHsioLleecss BO
BpemeHun). OpraH 45 ynpasneHus nepeknoyaTensa (MNn KOHTPOMNEep) NOAKMIYaeTcs K
nepekniovarento 55, ytobbl ynpaBnATb AMWTENBHOCTbID COEAMHEHUS W/WIN 4YacTOTOW
NepeKnioYeHns, Hanpumep, Mexay WCTOYHMKOM 50 HanpspkeHus m mHeeptopom 31 ¢
naHenbtd 10 COnMHeuYHbix a3nemeHToB. KoHTponnep 45 nepeknioyatena MOXeT ObiTb
npeaBapuTEnbHO  YCTaHOBMNEH Ans paboTbl C  (PUKCUPOBAHHOW AnuTEnbHOCTBIO D
NnepeknioYeHns n yactoton f nepekntoyeHns (nokasaHol Ha ur.5A-C). HanpspkeHwue,
nojasaemMoe B MEPBOM MOMOXEHUM nepeknoyarens 55, MOXeT ObiTb PUKCUPOBAHHBLIM U
3aBUCETb OT WUCTOYHMKA 50 HanpspkeHus. B HEKOTOPbIX BapuaHTax OCYLUECTBMEHNS
BEMMYMHA NOAABAEMOrO HanpsXKeHUs WCTOYHMKOM 50 HanpspkeHus, anutenbHocTb D
COeAVHEHUs w/vnn vactota f nepekntoyeHna moryT ObiTb 3apaHee YCTaHOBMEHbl W/unu
N3MEHSITLCA B 3aBMCUMOCTW OT YCNOBUW Harpy3Kku.

[0080] Hanpumep, nepeknovarens 55 coegmHaeTt naHenn 10 CONHEYHbIX 3IEMEHTOB C
NUCTOMHUMKOM 50 HanpspkeHUss B MNEpBOM  MOMNOMEHUM (Kak MnoKasaHO CTPENKOW B
nepeknoyvarene 55 Ha dur. 4). lNpn coegMHeHn B NEPBOM MONOXEHUN UCTOYHUK 50
HanpspKeHna nogaet HanpsxeHne Vape Ha anekTpogbl 101a, 101b (nokasaHbl Ha dwur. 1)
naHenen 10 CONHeYHbIX 3NIEMEHTOB M HaBOAUT anekTpuyeckoe none 250 (nokasaHo Ha dur.
3) Ha kaxayo naHenb 10 conHeYHbIX 3nemMeHToB. [locne Toro, kak anekTpudeckoe none 250
Obino copmupoBaHo Ha naHenu 10 COMHEYHbIX 3JNEeMEeHTOB, nepekno4vatens 55
nepekniovaeTca aAns coeamHeHms naHenen 10 COMHEeuYHbIX 3NEeMEeHTOB C MHBEpTOpoM 31
(m. e., Harpy3kon R|) BO BTOpom nonoxeHmn. COOTBETCTBEHHO, UCTOYHUK 50 HanpspkeHus
MoxeT obecneuntb anektpuyeckoe none 250 6e3 OAHOBPEMEHHOINO COELUHEHUS C
naHensamMmm 10 CONHEeYHbIX 3NEMEHTOB N MHBEPTOPOM 31. Takum 06pasom, CHOBA CO CChbINKON
Ha ypaBHEHME 2, nojada BHELUHEro HanpskeHuss Vipp He MO03BONSIET Harpyske R.
(Hanpumep, wvHBepTOopy 31) nOTPebnATb TOK HEMNOCPEACTBEHHO OT WUCTOoYHMKa 50
HaNpPsPKEHUS.

[0081] Moaava anektpudeckoro nonda 250 Ha naHenn 10 CONHEYHbIX 3NIEMEHTOB MOXET
YBENMUYNTb TOK M BbIXOAHYHO MOLLYHOCTb naHenen 10 COMHEYHbIX 3MEMEHTOB Ha 3ajaHHYo
BEMNYMHY NpPU  COEAMHEHUM BnocrneacTeBum naHenen 10 COMHEYHbIX 3NEMEHTOB C
nHeepTopoMm 31 BO BTOPOM MONOXEHUW. 3ajaHHas BENMYMHA 3aBUCUT OT UHTEHCUMBHOCTMU
cBeTa, nagarowero Ha naHenu 10 CONHEYHbIX 3NEMEHTOB, HaNPSXKEHNA Vapp, NO4ABAEMOro

Ha naHenn 10 COMHEYHbIX ANEMEHTOB UCTOYHUKOM 50 HanpsikeHWs, TONWWHbI naHenen 10
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COIMHEYHbIX 3NIEMEHTOB, YacToTbl f, C KOTOPOU MUCTOYHUK 50 HaNpPsKEHUA COeAUHAETCS C
naHenamm 10 COMHEYHbIX 3NEMEHTOB, W KO3ahUUMEHTa 3anofHeHus npouecca
NEepPeKrioYeHns Mexay nepBbiM MOMOXEHWEM W  BTOPbIM MOMOXEHWEM, MNpU  3TOM
KOa(ppULMEHT 3anonHeHna onpeaenaeTca Kak WHTepBan BpemeHu, korga naHenm 10
COMNMHEYHbIX 3MIEMEHTOB COEAMHEHbI C UCTOYHUKOM 50 HanpskeHWsi, AeNEeHHbIN Ha Bpems
nepekntodeHua 1/f (m. e., YMHOXEHHbIM Ha 4acToTy f WM AEneHHbIM Ha BeCb Nepuoa
curHana). Cnegyer OTMeTUTb, 4TO Bpemsa D AnWTEenbHOCTM nepekniodeHus, dactorta f
NEePEKIOYEHNa N KOIMPMDULNEHT 3anONHEHUS BCE SABMSIOTCS TakMMU B3aMMOCBSI3aHHLIMMN
BEMMYMHAMMU, YTO OnpegeneHne sHadeHn nobbix ABYX U3 BENWYUH NO3BONSAET ONpeaenuTb
TPETbIO BENWYUHY. Hanpumep, yCTaHOBMEHME 4acTOTbl MEPEKNIOYEHUs U KO3 PULmneHTa
3anonHeHnst NO3BONAET onpeaensTb Bpemsa D gnutenbHOCTN nepeknoyenns. Hanpumep, B
YCIOBUSIX BbICOKOW WMHTEHCMBHOCTWU CBETA MOBbILEHWE BbIXOAHOW MOLLHOCTM MOXET ObITb
nopsaka 20%; B yCnoBUsiX HU3KOWN OCBELLEHHOCTUN — 50+%.

[0082] BapuaHT ocywecTBneHns, mnokasaHHbin Ha dur. 4, NpPeMMyLeCTBEHHO
obecneumBaeT anekTpudeckoe none 250 Ha oToanekTpudeckom yctponctee 200 6es
HeobxoAUMOCTU u3MeHeHns naHenen 10 COMHEYHbIX 3MEMEHTOB W/WNU  COMHEYHbIX
anemenToB 100, NpeaycmarpusaroLiero 4ONONHUTENbHbIE BHELLHNE 3NTIEKTPOAbI.

[0083] B HekOoTOpbIX BapnaHTax OCYLLUECTBNEHUSI YCTPOWUCTBO XPaHEHUST SHEPTUN, Takoe
Kak koHaeHcaTop 41, katywka 42 WHAYKTMBHOCTM, WWUNu akkymynatopHasa OaTtapes 43,
MoXeT ObiTb pasmelleHo nepeg uHseptopom 31, yTtobbl NogasuTb NOObIEe ocnabneHus
HanpsykeHus, Habnwgaemble MHBEpPTOpoM 31 B TO Bpems, Korga nepekntoudarens 55
HaxoauTca B nepBoM nonoxeHun. COOTBETCTBEHHO, B TO BpeMmsi kak mHBeptop 31 (m. e,
Harpyska) otTcoeanHeH oT naHenen 10 COnMHEeuYHbIX 3M1EMEHTOB, KOraa nepekntodarens 55
HaxoAuTCsA B NEPBOM MONOXEHUN, N anekTpudeckoe none 250 doopmupyetcs Ha naHenn 10
COITHEYHbIX 3MeMEHTOB (m. €., Ha Bpemsa D nepeknioyeHusi, nokasaHHoe Ha cur.5A-D),
YCTPOWCTBO XPaHEHUSI 3HEpPrum cHabxaeT aHeprven mHesepTop 31, 4ToObl NOAAEpPXKMBaATb
TOK, NPOTEKALWNA B TEYEHNE 3TOr0 MHTEPBANa nepeknoyeHns. Boipaxascb no-apyromy,
YCTPOWCTBO XPAHEHUSI SHEPrnM MOXET paspsbkaTbCA B TO Bpems, korga nadenm 10
COJTHEYHbIX 3M1EMEHTOB OTCOEANHEHLI OT MHBEpTOpa 31.

[0084] Taknum obpasom, He TpebyeTcs HeNpPepbIBHO NogaBaTb NOCTOAHHOE HaMpsKeHne
OT UCTOYHUKA 50 HaNpsKEHUSA, KOTOPOE, B CBOK O4epenb, CO3fhaeT 3NeKTpuyeckoe none
250, yTobbl YBUAETD YNy4LLEHMNE BbIXOAHON MOLLHOCTU naHenen 10 CONMHEYHbIX 3NTEMEHTOB.
Hanpumep, npn anutenbHOCTM BpeMeHn D nepeknoyeHus, CocTaBnsawen HOMUHAaNbHO
10-2000 Hc, Vj,p, cocTaBnawowemy HomuHanbHo 100-500+ BonbT u 4actote f
nepeknioveHnst, coctaenstowen 20 MUKPOCEKYHI, MOXET ObITb NCNONb30BaH KOIMPULNEHT
3anornHeHns, coctasnsiowmn  HomuHanbHO 0,1-10%. Katywka 42 WHAYKTUBHOCTW,

koHaeHcaTtop 41 n/unun akkymynstopHas 6atapes 43 sbibuparotcs Takum obpasom, 4Tobbl
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UMEeTb JOCTaTOYHbIN pasmep Ans obecnevyeHma AOCTaTOYHOro paspsaa B TO BPEMS, Korga
naHenn 10 CONHEeYHbIX 3NEMEHTOB OTCOeAMHEHDI, a anekTpuyeckoe none 250 nogaetca ¢
pasmeljeHmem Ha naHenax 10 COMHEYHbIX 3NEeMEHTOB, He BbI3blBas ocrnabneHus
HanpPsPKeHWA Ha BbIXoge uHBepTopa 31.

[0085] Hanpumep, pasmep koHaeHcatopa 41, KOTOpbIN pasmeLaeTca napannensHo ¢
Harpyskon (Hanpumep, wHBepTOopoMm 31) onpeaenserca npUeMneMbIM  CHUXKEHMEM
HanpspKeHus, KoTopoe wuHBepTop 31 MOXeT JonyckaTb B TedeHue BpemeHn D
NnepeknioYeHns. Hanpumep, ecnn CHWKEHME HamnpsbkeHus B TeyeHne BpemeHn D
NepeknioYeHnst He AOMKHO ObiTb MeHble, 4em 90% MakCMManbHOrO HanpsikeHus,
reHepupyemoro oToanekTpuyeckum yctponctsom 200, KOHAEHCATOp AOMKEH WMETb

pasmep B COOTBETCTBUW C YpaBHEHUEM 3:

-D
Cyq = m (YpasHeHue 3)
[0086] B ypaBHeHun 3: D — gnuTenbHOCTb COEAUMHEHNA NepeknoYartens ¢ UCTOYHMKOM

50 HanpspkeHna n MaxV — HeobOxoaMMbIA NPOLEHT OT MaKCUMAanbHOrO HanpsiKeHUs,
(Hanpumep, 90% B NpPUBEAEHHOM BbiE NpuMepe). AHanorm4yHbiIM oBpasom MoryT ObiTb
paccuYnTaHbl UHAYKTUBHOCTb W/UNKN akkyMynaTtopHasa 6arapes.

[0087] Ha <dur. 5A nokasaHO ynpaBnawwee HanpskeHne KoHTponnepa 45
nepeknioyarens B  3aBUCUMOCTM OT BPEMEHM AN  akTMBauuum W ynpasreHus
nepeknovarenem 55 ¢ ncnonssopaHnem cuctemel 300 ynpasneHna OTOINEKTPUIECKUMN
3neMeHTaMu, nokasaHHou Ha cur. 4. B atom npumepe naHenu 10 COnMHEYHbIX 3NeMEHTOB
OTCOE€AUHEHbI OT MHBepTopa 31 N COeAUHEHbl C UCTOMHUKOM 50 HanpsiKeHWs B NepBOM
NonoXxeHun nepeknoyarens 55 B TeueHne gnutenbHocTu D, KOTOpas NOBTOPSETCS 4yepes
kaxgble 1/f cekyng. Ha dur. 5B nokasaHo HanpshkeHune wuctodHmka 50 HanpspkeHus,
obecneunBaemoe nepeknoyarenem 55 B NnepsoM NONOXEHUN, B 3aBUCUMOCTU OT BPEMEHM.
Ha cwur. 5C nokasaHO BbIXO4HOE HanpsbhkeHue nepeknodarens 55 w3 nadenen 10
COSHEYHbIX 3NEMEHTOB (MpW napannenbHOM COeAMHEHUN) B 3aBUCUMOCTU OT BPEMEHU Ha
BbIxOo4e nepeknoyaTtena 55, KOTOpbIM noaknoyaeTcs K uHBepTopy 31 BO BTOPOM
NONOXeHUW. AHanorMyHeiMm obpasom, Ha cur. 5D nokasaHo HanpsKeHNe B 3aBUCUMOCTM OT
BPEMEHU Ha BbIXoAe nepeknoyaTens 55, KoTopbl NOLKNIOYEH K MHBEPTOPY 31, umeroiemy
NOAKITFOHMEHHBIN MEXAY HUMKN KOHAEeHcaTop 41.

[0088] [MageHne HanpsKeHUda, NPUHMMaEMoOro MHBEpPTopoM 31, nokasaHHoe Ha cur. 5D,
B KOHUe AnutenbHOoCTM D nepeknioyeHns npeanonaraeT CHMKEHWE  HanpsiKeHWs,
paccMOTpeHHoOe Bbiwe. CHMKEHME HanpsKeHWs 3aBUCUT OT pasmepa KoHgeHcaTtopa 41,
KaTywkn 42 WHAYKTUBHOCTM WunuM akkymynatopHon Oatapen 43. B ogHOM npumepe

cuctembl 300, KOoTOpas He COAEPXKUT KoHAeHcaTop 41, kaTywky 42 WHAYKTUBHOCTU UMK
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akKyMynaTopHyto Oatapetd 43, HanpsikeHue, nojgaBaemMoe Ha Bxoh uHeBepTopa 31,
BbICTYMAaET B KAYECTBE BbIXOAHOIO HANPSXKEHUS, NokasaHHoro Ha dwur. 5C.

[0089] Ha dcur. 6 npeacraesneH anbTepPHATUBHbLIN BapuaHT OCYLUECTBIIEHUS CUCTEMbI
300 ynpaBneHus OTOINEKTPUYECKUMIN INEMEHTaMK, NokasaHHou Ha dur. 3. Obpawadacs K
dur. 6, doToanekTpuyeckoe yctponctso 200 MOXET npeacTaBnaTb MbOoe KONUYECTBO
(hOTOINEKTPUYECKMX YCTPOWUCTB, TaKUX Kak COnHedHbln anemeHT 100 w/wunu navenn 10
CONHEYHbIX 3NIEMEHTOB, Kak nokasaHo. Kak nokasaHo, naHenu 10 COMHEYHbIX 3NeMEHTOB
COeAMHEHbI NapannenebHo, HO Takke MOryT ObiTb COeAUHEHbI NOCNeaoBaTenbLHO 1 B Nobon
KOoMOMHaUMmM CoeauHEHUN.

[0090] YctponctBo 60 AnNA reHepupoBaHUS WMMNYNbCOB HArnpsKEeHWUsi, TakoW Kak
reHepaTop BbICOKOBOSbTHbLIX UMMYMbCOB, MOXET MOAaBaTb W3MEHSIOLUACA BO BPEMEHU
UMNynbC 71 HanpskeHus (Kak nokasaHo Ha chur. 7) Ha O4HY WUnM Heckonbko naHenen 10
COSHEYHbIX 31eEMEHTOB. B 0gHOM BapuaHTe OCyL|ecTBneHus anutenbHocTb Dp nmnynbca
71 HanpspKeHNsa MOXET ObITb KOPOTKOM, HOMMHaNbHO 10—2000 He, 1 BeEnNnYMHa MOXKET BbITb
6onbwon, HomMHaneHO 100-500+ BonbT. B BapuaHTe OCYLLUECTBNEHUSA, MOKa3aHHOM Ha
dur. 6, NPUNOXKEHHBIE HAMNPSKEHWUS, ANMWTENbHOCTb MMMYNbCa, U YactoTa CnejoBaHus
UMNYNbCOB  (PUKCUPYIOTCA Ha 33ajaHHOM YpOBHe, 4TOObl obecnedntb ONTUMArnbHYHO
NPOV3BOANTENBHOCTbL NPU BblIOPaHHbLIX YCNOBUAX 3KCchnyaTtauymi. Hanpumep, co CCbINKOW Ha
dur. 6 n 7, UMNynbC 71 HanpsXeHus WUMeeT ANUTEeNbHOCTb Dp, COCTaBnsOLLYIO
npubnmsmntencHo 1000 HC, 3TOT uMnynbC 71 HanpspkeHus nosTopsieTca ¢ nepuogom 1/f.
OnutenbHocTe Dp mvMmnynbca 71 HanpskeHna n yactota f uumnynbca 71 HanpskeHus
BblbupatoTca Takum obpasom, YToObl peakTMBHOE CONPOTUBMNEHUE KaTYLUKW UHAYKTUBHOCTU
B WHBEpTOpe 31 HanpsKeHUs nNPeACTaBnsano BbICOKOE MOMHOE COMpOTUBMNEHWE ANS
yctponctBa 60 Ana reHepupoBaHWS WMMMYNbCOB HAaMPSKEHWUS1, 3TO BbICOKOE MOMHOe
COMNPOTMBMEHNEM MO3BOMSIET Pa3BMBATLCS BbICOKOMY HanpskeHuto Ha anektpogax 101a,
101b (nokasaHbl Ha dur. 1) naHenen 10 CONMHEYHbIX 3NEMEHTOB U He ObITb 3aKOPOYEHHbLIM
uHsepTopom 31.

[0091] Kpome Toro, Ha Bxoge uHBeptopa 31 MoryT ObiTb pasmeLleHbl NoCneaoBaTenbHO
BKMIOYEHHbIE KaTYLLKN UHAYKTUBHOCTU (HE MOKasaHbl), 3TN NocnejoBaTenbHO BKIHOYEHHbIE
KaTyWwK/ WHAYKTUBHOCTM CMNOCOOHbI NOAAEPXKMBATb BXOAHOW TOK WHBeptopa 31 u
JEeNCTBOBaTb KaK BbICOKOYACTOTHBIA ApOCcent Takum obpasom, 4ToObl MMMynbCbl 771
HanpsbkeHnst He ocnabnsnmce  (unu  hakTUYEeCKM He  3aKOpO4YMBanuCb) aKTMBHOW
coctaBnawwen wuHseptopa 31. KoathduyumeHT 3anonHeHus (BpemMs WMMynbca/BpeMs
naysbl) MOXeT CoCTaBnATb HOMMHaNbHO 0,1-10%.

[0092] Hanps»eHHOCTb ANEKTPUHECKOro nons 250, NPUMOXKEHHOIO Ha
oToanekTpmnyeckoe yctponctso 200, 3aBUCUT OT KOHCTPYKUMM DOTOINEKTPUYECKOrO

yctpounctea 200, Hanpumep, TonwmHbl poToanekTpuyeckoro ycrponctesa 200, matepuana u
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AN3NEKTPUHECKON MpoHMUaeMocTM hoToanekTpuyeckoro yctponctea 200, MmakCumManbHOro
HanpshxkeHus npobosa doToanekTpuyeckoro yctponctsa 200 v Tak ganee.
[0093] Ons vnmnynbca 71 HanpshkeHus, nokasaHHoro Ha dur. 7, aHanns dypbe 3aTon
POpPMbl BOSIHbI NPUBOAUT K CEpPUM UMMYMbCOB C YacTtoTamym W = Nw,, rae w, = 2tmf, a
MOLLHOCTb UMMNYbCOB 3a4aETCH YypaBHEHUEM 4:

0 (YpasHeHue 4)

sin nmt
V(w) = 2nt Vg, z —

n= —oo

nmrt
[0094] B

80 +%. COOTBETCTBEHHO, UMNYNbC HynesBoro nopsgka (m. e., n=0) uMeeT NOCTOSHHYIO

ypaBHEHUN 4 N — psA LENbIX YNCEN OT -

COCTaBIISAOLLYIO, KOTOpas 3aMblkaeTCs 4yepe3 akTMBHYIO Harpy3ky R,. [lMepBbin nopsigok
umnyneca 71 HanpspkeHus, nogasaemoro Ha naHenn 10 COMHEYHbIX 3MNEMEHTOB,
npeacrasnset cobon Va,, (1 — Dp /f), rae De/f — k03 duULMEHT 3anonHeHnsa nmnynsca, Dp —
ANUTENBbHOCTb UMMNynbca M f — YacToTa CneaoBaHMS UMNyNbca. Tak Kak WUHAYKTMBHOCTb
mHBepTopa 31 OEencTByeT Kak BbLICOKOE MOMHOEe COoMnpoTMBREHME Z Ha uMmnynbc 71
HaNPSKEHUS, TEHEPUPYEMbIA COTMAacHO BapuaHTy OCyLWecTBneHMs Ha dur. 6 mmnynsc 71
BbICOKOIO HanpsKeHUs pasBMBaETCA Ha kaxxaon m3 naHenen 10 COMHEYHbIX 3MEMEHTOB,
4YTO, B CBOK O4epedb, CO3jaeT BbICOKOe anekTpudeckoe none 250 Ha naHenax 10
COMHEYHbIX 3MIEMEHTOB.

[0095] Kak nokasaHo Ha cur. 6, nHeepTop 31 HanpskeHNsa npeacTaBnsaeT coOoM BHELLHIOW
Harpysky R_.. OpHako BHewHAa Harpy3ka Rp MOXEeT cogepXarb UYUCTO aKTUBHbIE
COCTaBnsawoLYMe, MNOITOMY KOMMMEKT KaTyleK WHAYKTUBHOCTU MOXET ObiTb pasmMeLleH
nocneaoBaTenbHoO C Harpyskod Ri, 4TobObl AeMCTBOBATb B KayeCTBE BbICOKOYACTOTHOrO
apoccenst , 4Tobbl UMNYNbC 71 HanpspkeHusa (M anekTpuyeckoe none 250) nogasancsa Ha
naHenu 10 COMHEYHbIX 3NIEMEHTOB.

[0096] B yctponctBe 60 ans reHepupoBaHUS MMMYNbCOB HanpsKeHus, 4ToObl noaatb
Xenaembli UMNynbC 71 HanpsKeHUsl, MOXeT ObITb MCNOMNb30BaHO MoO0E KONMUYECTBO CXEM.
OpHa Takas npumepHasa cxema, ucnonb3yemas B ycTtpouctse 60 Ans reHepmpoBaHus
UMMYNbCOB HaMNPsKeHUs, nokasaHa Ha d¢ur. 8. Kak nokasaHo, yctpomctso 60 ans
reHepnpoOBaHUA MMMNYNbCOB HaNPSXKEHUS COAEPXKUT reHepartop 61 MMnNynbLcoB (He nokasaH),
WCTOYHUK 69 BbICOKOIO HanpsbkeHUst (HE MoKasaH) U Nepexknovarowui TpaH3nucTop 68 ans
npuknagbiBaHNa Mnynsca 71 BbICOKOro HanpseHna kK naHenam 10 COnHeYHbIX 3N1EMEHTOB
(Hanpumep, nepekniovas BbIXOAHOE HAaMNpPSPKEHUE UCTOYHMKA 69 BbICOKOO HAMPSKEHUSA Ha
naHenn 10 COMHEeYHbIX 3MEMEHTOB), MNOKasaHHble Ha dur. 6. Ycrtpouctso 60 ana
reHepMpoOBaHMUA UMMNYNbCOB HaNPSXXEHWS, NOkasaHHbIA Ha dur. 8, COAEPXKUT YCTPOMUCTBO,
KOTOpOe nepefaeT 3NeKTpUYecKne CUrHanbl MeXay ABYMS 3NIEKTPUYECKN U30NUPOBAHHLIMU
CXEMaMW C MUCMOMb3OBaHWEM CBETA, Takoe Kak ONTPOH 62, 4Tobbl N30nMpoBaTb reHeparop

61 UMNyIbCOB oT BbICOKOBOSbTHOIO nepekn4varowlero  TpaHaucropa  68.
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MpenmywecTBeHHO, ONTPOH 62 NPEnATCTBYET BIUSHUIO BbICOKOrO HanpsiKeHus (Hanpumep,
OT UCTOYHMKA 69 BbICOKOrO HanpsiKeHUsA) Ha MMNYNbCHbIW curHan 71. Cxema 62 onTpoHa
nsobpaxxeHa ¢ BbiBogaMmm 1-8 n nokasaHa kak 4acTb BXOAHOMW CXembl ycTponctesa 60 ans
reHepMpoOBaHMA UMMNYIbCOB HaMNPSXEHUS.

[0097] UcTOYHMK 63 HanpskeHuss cmewleHus (He nokasaH) obecneymBaeT nogady
HanpspkeHusa (Hanpumep, 15 B NOCTOAHHOroO ToKa) Ha onTpoH 62 Ansa nogayn HeoBXo4UMOro
cMelweHns ansa ontpoHa 62. KoHaeHcaTop 64 umsonupyeT WUCTOYHUK 63 HanpspkeHus
CMELLEeHUs, cosfjasas NyTb NEPEMEHHOro Toka Ansa noboro curHana nocne MCKaxKeHUs
WUCTOYHUKA HanpPsiKEHUSA CMELLEHMs K onTpoHy 62. BbiBoabl 6 n 7 onTpoHa 62 aABnstoTCA
BbIXO4aMW CUrHana nepeknioyYeHnss onTpoHa 62, UCNonb3yemoro Ans NpuBEAEHUS B
JENCTBME BbICOKOBOMbTHOrO nepekniovarowero TpaHsncropa 68. [mog 66 — Takonm kak
KPEMHMEBBIN CTabMMUTPOH — WCMOMb3YeTCA ANS YAEPKaHUA nopora nepekniovYeHus
nepeknioYvaroLero TpaHauctopa 68 ebilwe paboyen ToYku guoga 66, ycTpaHsasa nobon wym
OT CNy4YamHOro BKIIOMEHUSA  Mepeknoyarowero TpaHauctopa 68. Pesuctop 67
yCTaHaBnNuBaeT TOYKY cCMeweHna ana 3atsopa G wn amutTepa E nepeknovaroLero
TpaH3ucTopa 68. Korga HanpskeHue, nojaBaemMoe Ha BbiBOAbl 6 M 7 ONTpoHa 62,
NPeBbILAET MOPOr, YCTAHOBMEHHbIA PE3UCTOPOM 67, nepeknoyalwmn TpaHauctop 68
OoTKpblBaeTCH, W wMmexgy konnektopom C  u amuTTepom E  BbICOKOBOMbLTHOMO
nepeknovarowero TpaHauctopa 68 nportekaeT Tok. COOTBETCTBEHHO, BbICOKOBOSMbTHbIV
nepekniovarLLmin TpaH3ncTop 68 npeacraBnsaetr cobON UCTOYHUK NPUIOXKEHHOTO BbICOKOMO
HanpsbkeHna ansa nadHenen 10 CONHEYHbIX 3NEMEHTOB A0 TeX Mop, NoKa BXOAHOW UMMYMbC
ynpaBneHns reHepaTtopa 61 MMNynbCOB HE NajaeT HWXKEe YCTaHOBMEHHOro MNOPOroBOro
3HauyeHns Ha G BbICOKOBOMNbTHOrO NepekniovaloLero TpaHsmcTopa 68, 4to octaHaesnueaeT
npoxoxgeHne Toka yepes C—G, 3akpbiBas nepeknovaowmn TpaHancrop 68.

[0098] Kak n B npeabiaylnx BapuaHTax OCYLLUECTBMEHUS, OMUCaHHbIX Bbllle, nojada
anektpuyeckoro nonsa 250 Ha naHenu 10 COMHEYHbIX 3NEMEHTOB MOXET YBEMNMUYUTL TOK U
BbIXOAHYO MOLYHOCTb naHenen 10 COMHEYHbIX 3MEMEHTOB Ha 3a4aHHYl BEMUYMHY MNpu
COeAVHEHUN BNOCNEACTBUN K MHBepTopy 31 (Hanpumep, B 3aBUCUMOCTN OT UHTEHCUBHOCTU
cBeTa, nagawoulero Ha naHenu 10 CONHEYHbIX 3NEMEHTOB, HanpsKeHua Vpp, NO4aBaEMoro
Ha naHenn 10 CONMHEYHbIX 3MEMEHTOB OT UCTOYHMKA 50 HanpskeHUs1, TONWMHbLI naHenen 10
COJTHEYHbIX 3NIEMEHTOB, ANUTENbHOCTU Dp MMNynbCa U 4acToThl f, C KOTOPbIMU MMNYNLC 71
HanpspkeHns nogaetca Ha naHenu 10 CONHEYHbIX ANIEMEHTOB, U Tak Aanee). AHanornyHbIM
o6pa3om B YCrOBUSIX BbICOKOM MHTEHCUBHOCTM CBETa YIydlleHUEe BbIXOAHOW MOLLHOCTHU
naHenen 10 CONHEeYHbIX 3NEMEHTOB MOXKET COCTaBNATb nopsaka 20%; a B yCNoBUSX HU3KOW
OCBELLEHHOCTN MOXET cocTaBnatb 50+%.

[0099] YrnyyweHue XapakTepucTuK JPOTOINEKTPUYECKOTO yCTponcTtea 200,

B3aMMOAENCTBYIOLLEro C anektpuyeckum nonem 250, moxeT ObiTb W3MEPEHO Kak
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yBENMYEHNE TOKa KOPOTKOrO 3aMblKkaHUA COMHEYHOro 3femeHTa, ls, Kak nokasaHo B
ypaBHeHUn 5;

Iso= /Base [‘I + C(V(T, f),t, 8) *(pmax - p)](ypaeHeHue 5)

[0100] rae /gase — TOK KOPOTKOrO 3amblKaHWA MpU OTCYTCTBMW BHELUHEro
anekTpuyeckoro nona 250 U Ppax — MAKCUManbHas MOLLUHOCTb OMTMYECKOro WU3NyvYeHus,
nocpeacTsoM KoTopon nwbas AononHUTENbHasi MOLWHOCTb He co3gaeT  niobbix
AOMOMHUTENbHbLIX 3MEKTPOHHO-AbIPOYHBIX nap. Tak Kak ynydvlweHue BbIXOLHOro Toka
CONMHEeYHOro anemeHta obycnaBnMBaEeTCs BO3AEWCTBMEM anekTpuyeckoro nons 250, 1o
dopma c(V(T, f),t,€) moxeT ObITb OnMcaHa ypaBHEeHNEM 6:

c(V(t, 1), t, €) = m(t, €)Vap"(1-exp(1/7, ) *exp(-fuecay/f (YpasHeHue 6)

[0101] B ypaBHeHUM 6 m(t, €) 3aBucKT OT hoToanekTpuyeckoro yctponctaea 200.
YnydlweHne Toka KOPOTKOro 3amblkaHus ls. n3-3a anektpuyeckoro nona 250 MoxeT 6bITb
MUHEHbIM B OTHOLLEHWM MOAABAeMOro HanpsKeHua Vi, YnydleHue, Habniogaemoe no
OTHOLLEHWNIO K YacToTe CnejoBaHus UMMYNbCOB, UMEET XapakTepPHYK CKOPOCTb ChnajaHus
(1/fgecay) W XapaKkTepPU3yeTCH 3KCMOHEHLMAarbHOCTbIO NO OTHOLLEHUIO K YacToTe f cnefoBaHus
UMNYNbCOB. YNydlleHue, Habnogaemoe B OTHOLEHUN ANUTENbHOCTU T UMMYIbCa, MOXET
TaKKe XapakTepu3oBaTbCHA 3KCMOHEHLUNANbHOCTbLIO, N ONUCLIBaTL, kak ObICTPO nojasaemoe
HanpspKeHne Vapp, AOCTUraeT NOoMHOM BENUYUHbLL. YnydlleHne, Habnojaemoe B OTHOLLEHUA
ANUTENBHOCTU T UMMNYNbCa, 3aBUCUT OT ocobeHHocTen ycTpouctesa 60 Anga reHepupoBaHus
UMMYNbCOB HaNPSXKEeHUSA. YBEenuyeHme Toka KOPOTKOro 3amblkaHus ls, B 3aBUCUMOCTU OT
NOAaBaEMOro HanpskeHus Vi, 4actoTbl f cnefoBaHus UMMNynbCOB U ANUTEMNLHOCTU T
nMnynbca nokasaxbl Ha pur. 11A—C COOTBETCTBEHHO.

[0102] Ha dwur. 11A nokasaHO oxugaemoe YrnyylleHne TOoKa KOPOTKOro
3amblkaHus ls. Ana naHenu 10 ConHeYHbIX 3NEMEHTOB (nokasaHa Ha cur. 2) B 3aBUCUMOCTM
OT BENWYUHbI NOAABAEMOro MMMyrbca HanpsXeHus Vapp. Kak nokasaHo, ANMTENbHOCTb
UMNynbca W YacTtoTa CnejoBaHUs UMMNYNbCOB (PUKCMPOBAHbLI, @ BEMNUYMHA HaMNpPsPKEHUS
umnynesca nsmeHgetca ot 50 go 250 BonbT. YnydlleHne Toka KOPOTKOro 3amblkaHua Alsc
Bo3pactaeT HoMuHanbHO oT 0,1 a0 2 A. MIamMeHeHMe ToKa KOPOTKOro 3amblkaHua Algc B
3aBMCUMOCTU OT NOAABAEMOro UMMNYIbCa HaMNPSKEHUA Vapp 4NA NEPBOro NOpALKa ABNAETCS
npuUbNM3NTENBHO nNMHEMHbIM. Ha dur. 11B nokasaHO WM3MEHEHMEe yhyylleHust Toka
KOPOTKOro 3amblkaHus Alsc B 3aBUCUMOCTU OT 4acTOTbl CNejOBaHUA WMMYNbCOB MNpu
PUKCUPOBAHHOW ANUTENBHOCTU MMMYNbCa N PUKCMPOBAHHOM Hanps)KeHun nmnyneca. Kak
nokasaHo Ha ur. 11B, ynydweHne TOKa KOPOTKOro 3amblkaHus Alsc yYMeHbLUaeTCA
npubnmsntensHo ot 1,7 A po npubnusmtensHo 0,45 A npu yBenuUYEHUN 4acToTbl
cnegosaHua mmnynbcos oT 10 go 100 B npoOM3BOSbHbLIX €AuHMLax BpemMeHun. Takoe

noBeaeHne ABNSeTCs npUbnU3nTEnbHO 3KCNoHeHuuaneHbiM. Ha dur. 11C nokasaHo
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N3MEHEHME YNny4LLEeHNs TOKa KOPOTKOro 3amblkaHusa Alsc B 3aBUCUMOCTU OT ANUTENbHOCTU
UMnynbca npu UKCUPOBAHHOW YacToTe CrefoBaHUS WMMYNbCOB U PUKCUPOBAHHOM
UMNyrnbce HanpsXeHus. [nga aToro npumepa ynyudleHue Toka KOPOTKOro 3amblkaHusa Alsc
Bospactaet oT 0 Ao 1,2 amnep npu Bo3pacTaHun NUTENbHOCTM MMMynbca no spemeHu ot 0
40 2000.

[0103] B Kkaxaom U3 OMNMUCaHHbIX BapuMaHTOB OCYLUECTBMNEHUS, YyBennyusas
HanpPsPKEeHHOCTb  anekTpuyeckoro nona 250 uvepes anektpoabl 101a, 101b conHeuvHoro
anementa 100 wvnu naHenn 10 COMNHEYHbIX 3MEMEHTOB YBENUUMBaeTCs KO3IMULUNEHT
NONEe3HOro AENCTBUs comnHeyHoro anemeHta 100 unu naHenn 10, Hanpumep, BMAMAOTb 4O
MakCUMarbHOW 3MNEKTPUYECKON HanpsKeHHOCTM nonsa Eq... WHade rosopsi, Kak TOMbKo
HaNPsPKEHHOCTb  3anekTpuyeckoro nona 250 JOCTUraeT MakCUMAanbHOW HanpPsKEHHOCTW,
CKOPOCTb 3MEKTPOHHO-AbIPOYHON peKkoMOUHaUMnN cBoagUTCA K MUHUMYMY. COOTBETCTBEHHO,
MOXET ObITb NPeAnOYTUTENbHBLIM BbINOMHUTE CXEMY YNpPaBfieHNs (OTOINEKTPUYECKOro
yctporctea 200 € BO3MOXHOCTBHIO MaKCUManbHOrO YBEMUYEHUS] BbIXOAHOMO TOKa W
HaNPsPKEHUA NPUY PasnnYHbIX YCIIOBUSIX KCNyaTayun.

[0104] Hanpumep, obpawaace k cwur. 9A, patumk 33 Toka M gatumk 32
HanpPsPKeHUA nokasaHbl NOAKMYEHHBIMU K cucteme 300 ynpasneHna ooTO3NeKTPUYECKUMN
3nemMeHTamu, nokasaHHon Ha dur. 4. Kak nokasaHo, gatumk 33 Toka NOAKMOYEH
nocneaoBarenibHO Mexay naHenbto 10 CONHEYHbIX 3N1IeMeHTOB 1 nHBepTopom 31. datunk 33
TOKa MOXET OTCIEXUBATb BbIXOAHOW TOK naHenu 10 COMHEeYHbIX 3NeMEHTOB. AHaNOrM4YHbIM
obpasom, JaTtuvmk 32 HanpskeHus coeauHeH napannenbHo K naHensam 10 COnHeYHbIX
3NEMEHTOB U UHBepTOpPY 31 ANS OTCNEXMBaHUA BbIXOAHOrO HanpsikeHusa nadenu 10
COIMHEYHbIX 3NIEMEHTOB.

[0105] Cxema 35 ynpaBneHuss noakmnoveHa kKak kK gatumky 33 Toka udepes
ynpasnsowme BbiBoabl 33a, TaK U K AaTt4nky 32 HanpspKeHNsa Yepes ynpasnsolme BbiBOAbI
32a. Hatuuk 33 Toka MOXET OblTb BCTPOEHHbIM WM MHAYKLWUOHHBIM N3MEPUTENbHbLIM
6noKOM U n3MepsieT BbIXOAHOW TOK naHenen 10 CONMHEYHbIX 3NMEeMEHTOB. AHaNOrnyHbIM
obpasom gatumk 32 HanpsPKEHUSA MCMONb3yeTca ANA U3MEPEHUS BbIXOAHOMO HanpsiKeHUs
naHenen 10 CONHeYHbIX 3NemMeHTOoB. [1pon3BeaeHne TOKa, U3MEPEHHOTO aTYMKOM 33 TOKa,
N HanNpsKEHUS, U3MEPEHHOrO JaTuMKOM 32 HanpsKeHus, npeactaBnseT cobon BbIXOAHYIO
MOLLHOCTb, NepegasaemMyto oT naHenen 10 CONMHEYHbIX 3NEMEHTOB K nHBepTopy 31.

[0106] B HEKOTOpPLIX BapnaHTax OCYLLECTBMNEHUA AaTumK 32 HanpsKeHUs MOXET
TaKke CAyXUTb B KayecTBe WCTOYHUKA nMUTaHWS ANna cxembl 35 ynpaBneHus wu
PYHKUMOHMPYET TONbKO A0 TEX NOp, noka naHenn 10 CONHEYHbIX 3NEMEHTOB OCBELLAIOTCA U
NpeaoCTaBnaloT AOCTATOYHYIO MOLHOCTb ANA aKTUBUPOBAHUSA Cxembl 35 ynpasneHus.
Cxema 35 ynpasneHus AOMOMHUTENbHO MNOAKMYaeTca K nepekniodarenio 55, 4ytobbl

onpefenuTb BpeMeHa NepeKioYeHNs U 4YacToTy, ONUCAHHbIE HUXKE CO CCbINKOW Ha dur. 4.
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OnNUTenbHOCTb BPEMEHU MNEPEKIIOYEHNS U 4acToTbl MOryT ObiTb perynupyemon, 4tobbl
nojasaTtb HanpskeHne Vap, Ha naHenn 10 COnHeYHbIX 3NeMeHTOB Takum obpasom, YToObI
Kak TOK, CreHepupoBaHHbIA B CONTHEYHOM 3nemMeHTe 100 n n3mepeHHbIn gaTtunkom 33 Toka,
Tak W HanpsKeHne, WU3MepeHHoe AaTyMKkoM 32 HanpskeHus, Obinn  MakcumansHO
yBEnuYEHbl NMPU PasnuyYHbIX YCNOBUSAX JKCNIyaTauun, Hanpumep, npyu OTANYaoLWMUXCA Unu
N3MEHSIIOLLMXCA YCINOBUSX OCBELLEHHOCTN.

[0107] B oaHOM BapuaHTe OCyLIEeCTBMEeHUs AN nojadvn 3neKTPU4eckoro nons
250 naHenb 10 COMNHEYHbIX 3NIEMEHTOB N3Ha4YarbHO HE reHepUPYET MOLLHOCTb, Hanpumep, B
HOYHOE BpemMsi uUnu npu rycton obnadyHoctu. Mo mepe Toro kak naHenn 10 COnMHEYHbIX
3MIEMEHTOB OCBeLyaloTcs (Hanpumep, B yTpPeHHMe Jackl), naHensmm 10 COnHeYHbIX
3MNEMEHTOB FEHEPVPYETCA HaNPsSPKEHWE N TOK, N BbIBOAbI 32a Ha4YMHaKOT nojasaTtb TOK W
HanpsbkeHne B cxemy 35 ynpasneHus. Cxema 35 ynpaBneHuss COAEPXUT HU3KOBOMbTHbIV
WUCTOYHMK MWUTaHUA Nornku (He nokasaH), 4ytobbl NpMBOAUTL B AEUCTBME YNPaBNAOLLYIO
noruky B cxeme 35 ynpasneHus. Cxema 35 ynpasneHUsa TakKe COAEPXKMT UCTOYHUK 50
nuTaHma Ans  obecneyeHns BbICOKOBOMbTHOrO MWCTOYHWKA nuTaHus. McTouHuk 50
HaNPSYKEHNS UMEET NEPEMEHHBIN BbIXO4HOW CUrHar, KOTOPbIA MOXET ObITb OTPErynmpoBaH
C nomoLbio cxembl 35 yrnpaBneHus u oTBedvaeT 3a nogjadvy Vi, Ha BbiBOA 38. Bbicokoe
BbIXOAHOE HarnpsiXeHue Vy,, cxembl 35 ynpaBneHuns ynpasnseT BbiBO4OM 38 1 coeunHAeTCA
c nepekntoyaterniem 55. BbiBog 38 ucnonb3yetca Ans nojadun Hanpsbkenua Vap, yepes
nepeknoyvarens 55 Ha nadHenu 10 conHeyHbIX anemeHToB. B atom npumepe cxema 35
ynpasneHus BbIMNONHEHa C BO3MOXHOCTbIO HE nojasaTh Nnoboe HanpshkeHne Va,, Ha naHenm
10 CONHEYHbIX 3NIEMEHTOB A0 TeX Nnop, noka naHens My 10 CONHEeYHbIX aNeMEHTOB He ByaeT
CreHepupoBaHO AOCTaTOYMHO MOLLHOCTM, YTODObI aKTUBUPOBATL Kak HU3KOBOMbTHBIN MCTOYHMK
MUTaHWSA NOrMNKK, TaK U BbICOKOBOMbTHbBIA MCTOUHMK NMUTaHUS.

[0108] B anbTepHaTMBHOM BapuaHTe OCYLLECTBMeHust cxema 35 ynpasneHus
MOXET ObITb BbINOMHEHA C BO3MOXHOCTbIO Mojgayn anekTpuyeckoro nons 250 un
MaKCUMarbHOro yBENUYEHUS BbIXOA4HOW MOLLHOCTW, TaK KaKk OCBELLUEHHOCTb B TEYEHUE AHS
yBenuMumnBaeTcsa n ymeHoLuaetca. Cxema 35 ynpasneHnsa MoxeT obecneunTb 3nekTpudeckoe
none 250 n ctabunnanposaTb BbIXOAHYK MOLJHOCTb naHenen 10 CONHEeYHbIX 3EMEHTOB B
COOTBETCTBMM C NOObIM OMNUCaHHLIM Bbille cnocobom, BkMYawwmm npouecc 9000,
nokasaHHbI Ha cour. 9b.

[0109] Obpawasace k dcur. 9B, npouyecc 9000 BknwYaeT uMHULMANU3ayuo
MoLyHoCcTM Ha atane 900. JocraroyHas MOLWHOCTb AOSKHA MPUCYTCTBOBaTb Ha BbIXOAE
naHenen 10 COMHEYHbIX 3MNEMEHTOB ANS akTMBauuMu Kak HU3KOBOSIbTHOMO WMCTOYHMKA
MATaHWUA IOMMKW, KOTOPbIW NPUBOAUT B AEWUCTBUE YNPaBRSIOLYO normky B cxeme 35
yrnpaBneHns, Tak N BbICOKOBOMbTHOrO WUCTOYHUKA MNUTaHUS, HeobXoauMOoro Ans nojauu

BbICOKOrO HanpspkeHna Ha BbIBOL 38 KW yepes nepeknodvarens 55. B kadvecTtse



10

15

20

25

30

35

24

anbTepHaTuBbl cxema 35 ynpaBreHUs MOXET MUTaTbCHA OT BHELUHEro WCTOYHUKA (He
nokasaH) — Hanpumep, akkymynatopHon OGartapewn, koHgeHcaTopa OOonbLUOM EMKOCTH,
BHELUHEro UCTOYHUKA MUTAHUA MEPEMEHHOrO TOKa — KOTOPbIW NO3BOMSET HU3KOBOSIbTHOMY
WUCTOYHMKY MNUTAHUA IOTMKM PYHKLUUMOHWpOBATL M cxeme 35 ynpaBneHus OTCnexuBarb
BbIXOAHYI MOLUHOCTb naHenen 10 CONMHEeYHbIX 3NEeMEeHTOB A0 Tex nop, noka naHenn 10
COMHEYHbIX 3MEMEHTOB [EHEPUPYIOT AOCTaTOMHO  BbIXOAHOW  MOLYHOCTW, 4TOObI
rapaHtTupoBaTtb nogady anekrtpudeckoro nons 250 Ha naHenn 10 COMHEYHbIX 3NIEMEHTOB C
yBENMUYEHNEM WX BbIXOAHOW MoLWHOCTU. [locne Toro, kak cxema 35 ynpaBneHus
3anyckaeTcs, WHUUMaNuU3MPYKTCS BCE napameTpbl (Hanpumep, NojaBaemMoe BbICOKOE
HanpskeHne Vy,,, Bpema D AnuTenbHOCTU nepekntoyeHns n vacrtora f nepeknioveHus). B
OJHOM  BapuaHTe  OCYLIEeCTBMEeHWs MnojaBaeMoOe  BbICOKOE  HanpshkeHne Vi,
yCTaHaBNUBAETCH pPaBHbIM Hymnio, a anutenpHocTb D nepekniodeHns u vacrtora f
NnepekniovYeHna yCcTaHasnMBalTCA B HOMUHarnbHble 3Hadenus: D=1, n f = f,. Bce
KOHTPOIbHbIE NHAEKCHI: N, i, U j, UHULNANN3NPYIOTCS HYNEBbIMU 3HaYEHNSMMU.

[0110] 3atem Ha atane 901 cxema 35 ynpaBneHus onpeaensieT, SBNseTca nu
HanpsbkeHne, M3MEPEHHOEe AaTtynkoM 32 HanpsKEHUs, BbIWE WM HWXKE 33a4aHHOro
MWHUMArnbHOrO Vpi,, W SBNAETCA NN TOK, M3MEpPeHHbIn AaaTtdmkom 33 Toka, 6Gonblie
334aHHOr0 MUHUMYMA, imin. COYETAHNE Viin U imin ObINN BbIBpaHbl Takum obpasom, 4ToObI
naHenn 10 CONMHEYHbIX 3NEMEHTOB, OnpefensemMble Kak OCBELUEHHble, reHepupoBanu
HEKOTOPbIA HOMWHAanbHbIA NPOUEHT, Hanpumep, 5%, OT CBOEW CpeaHen HOMMHarbHOW
MOLLHOCTW, 4YTO SBMSAETCA J[OCTAaTOYHOW CreHEepUpPOBaHHOW MOLUHOCTBbIO ANA MNUTaHus
ncrtodHuka 50 nutaHma B cxeme 35 ynpasneHus, 4Tobbl yBENUYUTE BbIXOAHYHO MOLLHOCTb
naHenen 10 conHeuvHbiX 3nemeHToB. Ecnn cxema 35 ynpaBneHus onpegensieT, 4To Kak
M3MEPEHHbIE TOK, Tak M HanpsKeHue SBNSATCS Bblle COOTBETCTBYHOLUMX 3a4aHHbIX
MUHUMYMOB, TO cxema 35 ynpaBneHust B 4aHHbI MOMEHT OyHKLMOHUPYET 1 npouecc 9000
nepexoaut k atany 903; B npotMBHOM crniydae npouecc 9000 nepexoauT B COCTOSIHME
oxuaaHmna Ha stane 902 u Bosspawjaetca k atany 900.

[0111] Ha atane 903 cxema 35 ynpaBneHust nsmepsaeT TOK, MPOXOAALMA B
uHBepTop 31, ¢ NnomoLbo agatymka 33 TOKa, HanpsKeHne Ha mHBepTope 31 C NOMOLLBIO
Jartymka 32 HanpsKeHMa W BbIYUCNAET MOLUHOCTb (HOMUWHAaNbHO, TOK X HanpsiKeHue),
nepegasaemyto yepes nHepTop 31. KOHTPONbHBIA MHAEKC N yBENMYMBAETCS 40 N+1.

[0112] Ha atane 904 cxema 35 ynpasneHus cpaBHUBACT Vap, C Vinax. Vinax MOXET
OblTb 3apaHee YCTaHOBMEHHbIM 3HA4YEHMEM W npeacTaBnseT cobon MakcumanbHoe
HanpsbkeHne, KoTopoe MOXeT ObiTb nogaHo Ha naHenu 10 COMHEYHbIX 3MEMEHTOB, He
nospexaas H1 naHenu 10 CONHEeYHbIX 3NeMEHTOB, HU UHBepTOop 31. B 3aBUCMMOCTM OT TMNa

naHenn 10 conHeYHbIX 3nemMeHTOB Vmax 00blMHO cocTaBnseT oT 600 B n 1000 B. Ecnu
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3HaueHne Vjpp, MeHblle Vs, TO npouecc 9000 nepexoaut k atany 906; B MPOTUBHOM
cnydae, npouecc 9000 oxunpaet Ha atane 905.

[0113] Ha atane 906 cxema 35 ynpaBneHWs YBENMUWYMBAET MPUNOXEHHOE
BbICOKOE HanpsiKeHue Vy,, Ha BenuunHy nAV u aktuBmpyeTt nepekntovarens 55. AKTuBauus
nepekntovarensa 55 orcoeamHseT naHenn 10 COMHEYHbIX 3NEMEHTOB OT MHBepTopa 31 u
coeguHseT naHenu 10 CONHEeYHbIX ANEeMEHTOB C Vj,, U3 cxembl 35 ynpaBneHus Ha BbiBOAAX
38. Ona atoro npumepa AV MOXeT ObiTb (PUKCUPOBAHHLIM MNEepenasoM HanpsKeHus,
cocTtasnsaowmm 25 BonbT, XOTS MOryT ObiTb WCMONb30OBaHbl OOMbLUME UMW MEHbLUME
nepenagbl HanpsxeHWs. HanpskeHue Vy,, npuknagbiBaeT anektpuyeckoe none 250 Ha
naHenn 10 COMHEYHbIX 3NEMEHTOB TakMm o6pasoM, YTO HanpPsSKEHHOCTb 3MEKTPUYECKOro
nona 250 nponopLuroHarnbHa NPUNOXXeHHOMY HaMPSXKEeHWUIO V.. [INUTENnbHOCTL coenHeHns
naHenen 10 COMHEYHbIX 3MeMEHTOB C Vj,, B cxeme 35 ynpaBneHus BbiOMpaeTcs Takum
obpasom, 4Tobbl He npepbiBaTh paboTty nHeeptopa 31. Ana atoro npumepa ko3dnUneHT
3anonHeHns BbibpaH paBHbiM 5% (naHenu 10 COMHEYHbIX 3NEMEHTOB € 5% BpemeHu
coefinHeHbl C Vi, B cxeme 35 ynpasneHus) U ANUTeNbHOCTb BPEMEHU MEPEKoYeHns no
yMon4aHuio Bbibnpaetca HomuHanbHO 1000 He. o xenaHno MoryT ObiTb MCMONb3OBaHbI
anbTepHaTUBHblE BpemeHa nepeknioyeHns. Cxema 35 ynpaeneHua cHoBa nonyyaet
NU3MepeHne TOKa, Npoxoadawlero B UHBepTop 31, ¢ NOMOLWbLIO gatymka 33 Toka, nonydvaer
U3MEpEeHMe HanpsKeHust Ha uHeepTope 31 C MOMOLUbID patymka 32 HanpskeHna wu
nepecynTbIBaeT MOLHOCTb, NepejaBaemMyto Yyepes niseptop 31.

[0114] Ha atane 908 cxema 35 ynpasBneHus CpaBHMBAET BbIXOAHYH MOLYHOCTb
naHenen 10 COMHEYHbIX 3NEMEHTOB C CaMbiM NOCMEAHUM U3MEPEHUEM [0 TOro, Kak Vag,
6yaeTt nogaHo Ha naHenb 10 COMHEYHbIX 3nemMeHToB. Ecnu mowHoCTb yBenunuunace, TO
npouecc 9000 sosBpawyaetca k atany 901 n nostopsieTca. HanpspkeHue, nogaBaemoe Ha
BbiBOA 38, yBenuuuMBaetca Ha AV nubo noka nojasBaemoe BbICOKOE HanpsikeHue Vg,
anseTca 6onblue Vma, MO0 noka ysenuyeHne nojaBaemoro BbICOKOrO HanpsikeHus Vap,
He NpuBEAET K YBENNYEHNIO BbIXOAHOWN MOLLHOCTU naHenen 10 CONHEYHbIX 3NIEMEHTOB. V ax
onpefensaeTcs 34eCb Kak MakCUMarnbHOE HanpsiKeHue, KOTopoe MOXET ObiTb MOAaHO Ha
naHemnb COMHEYHbIX 3NIEMEHTOB, HE MPUYMHAS UM HUKaKoro speaa. B 3asncumocTtn ot Tuna
naHenu 10 CONMHEYHbIX 3NMEMEHTOB V .y, Kak NpaBuno, coctaBnseT npubnuantensHo ot 600
go 1000 B. B obGoux cnyyasx npouecc 9000 oxupaetr Ha stane 905. OnuTenbHOCTb
COCTOSIHUA OXMAAHMA MOXET ObITb OT HECKOMNBbKUX CEKYHA A0 HECKOMNbKUX MUHYT.

[0115] Mocne atana 905 oxupaHua npouecc 9000 nepexoaut k atany 907. Ecnn
MOLLHOCTb, M3MepeHHasa Yepes BbiBoAbl 32a 1 33a, He U3MeHUNachb, MHAEKC N YMEHbLUAETCA
(n=n-1), nopaBaemoe HarpskeHune Vg, Ha BbiBOAblI 38 k naHenu(am) 10 cCOnMHeuHbIX
3MIEMEHTOB YMEHbLUaeTCca Ha BenuuuHy AV, nm cxema 35 ynpasneHus akTtmeBupyeT

nepeknovarens 55. Mpoyecc 9000 npogomkaeTca Ha atane 909, rae BbIXOAHAaA MOLLYHOCTb
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namepsaeTca gatynmkom 33 ToKa M AaTtydnkom 32 HanpspkeHusa. Ecnv BbIXogHad MOLLHOCTb
nokasbiBaeT nageHue, npouecc 9000 nepexogut Kk atany 910. Ecnn BbIXO4Has MOLUHOCTb
yBenuuunace, npovecc 9000 BosBpalyaetca k atany 907 n nogasaemoe HanpspkeHue Vg,
NPOAOIMKAET YMEHbLUATLCH A0 TeX Mop, Noka BbIXO4HASA MOLHOCTb naHenen 10 COnHeYHbIX
3N1IEMEHTOB He nepecTaeT ymeHbLuaTbed. MNMpouece 9000 nepexogut k atany 910.

[0116] Ha atane 910 cxema 35 ynpaBneHusa yBenuumBaeT ANUTENbHOCTb, Korga
nepeknoyvarens 55 coeguHeH ¢ naHenbio 10 COMHEYHbIX 3MEeMEHTOB Ha BbiBoge 38 B
NepBOM MOMOXEHMN, PACCMOTPEHHOM BblILLe. IHTepBan BpeMeHu, Koraa nepekniodarens 55
CoeaMHeH C WUCTOYHUKOM 50 HanpskeHusa, yBenuMuMBaeTCs Ha  BENUUUHY AT,
Mepeknovatens 55 akTMBUPYETCHA, U BbIXOgHAs MOLHOCTL naHenen 10 COnMHEYHbIX
3IEMEHTOB CHOBa OTCNEXMBAETCS AaT4YMKOM 33 TOKa U AaTymkom 34 HanpsikeHus. [pouecc
9000 nepexogut B ycnosue 912, ytobbl ONpeaennTb, BO3pacTaeT N BbIXOAHAA MOLUHOCTb
naHenen 10 conHe4HbIx anemeHToB. Ecnun ga, To npoyecc 9000 nepexogut k atany 910 n
ANUTENbHOCTb, Koraa naHenm 10 CONMHEeYHbIX 3NTEMEHTOB COEAWMHEHbl C UCTOYMHUKOM 50
HanpsPKeHUs, CHOBa yBenuumsaeTtca. [nuTenbHOCTb nepeknioveHns 6yaeT ysenmumsaTbCa
4O Tex nop, noka BbIXOAHAs MOLHOCTb naHenen 10 COMHEeYHbIX 3NIEMEHTOB HE JOCTUTHET
Makcumyma (U noka He AOCTUTHET PMKCUPOBAHHOrO Npeaena ANUTENbHOCTU — Hanpumep,
3-5 MUKPOCEKYHA) — B pesynbTare 4Yero WU3MEHEHUs ANUTENbHOCTU MNepeKnioYeHns,
obycnoBneHHble cxemon 35 ynpaBneHus, NpekpawaroTca. Tem He MeHee, ecnu Ha 3tane
912 cxema 35 ynpaBrneHua onpegenseT, YTo yBenudeHne gnutenbHocTn D nepekntiodeHuns
NPUBOAUT K CHUDKEHWUIO BbIXOAHOW MOLLUHOCTW, U3MEPEHHOW JaTynmkom 33 Toka U JaTUMKOM
32 HanpshkeHus, npouecc 9000 nepexogut k atany 911, a gnurenbHocTb D nepekntoveHns
CHMXKaeTCa NnocpecTBOM MOBTOpeHua atanos 911 m 913 fo Tex nop, noka BbIXOAHas
MOLLHOCTb naHenen 10 CoONHeYHbIX 3IEMEHTOB CHOBa MakCUManbHO He yBenuuutcs. Nocne
TOro kak cxema 35 ynpaBneHus onpefensieT, 4YTo ANUTENbHOCTb NepekntoyeHns Obina
ONTUMU3MPOBAHA AN MakCUManbHOW BbIXOAHOW MOLWHOCTM naHenen 10 COnHeuYHbIX
3MIEMEHTOB NyTeM noBTOpeHusa atanos oT 910 go 913, npouecc 9000 nepexoauT K atany
914.

[0117] Ha stane 914 cxema 35 ynpasneHus HaunHaeT yBenuumsaTtb 4acTtoTy f
COeAUHEHUA, C KOTOpOW nepeknoyaTens 55 coeauHsieTca co cxemon 35 ynpasneHus.
YacTtoTta f, ¢ koTOpon nepeknodartens 55 coegmHsaeTcs ¢ UCTOYHMKOM 50 HanpsikeHus,
yBENUUMBAaETCS Ha JAf OT nepBOHa4YanbHOW 4acToThl f, NEPEKIIOMEHUS, Tak uTo f = f, + JAF.
Ha astane 914 nepekmodvarene 55 coepuHaeTca mexay sbiBogom 38 u naHenamm 10
CONMHEYHbIX 3MNEMEHTOB C HOBOW 4acTtoTonW, f, U BbIxOgHAd MOLWHOCTb naHenenm 10
COMHEYHbIX 3NTIEMEHTOB CHOBa OTChexmBaeTca pgatdmkom 33 Toka u gatumkom 34
HanpskeHus. MNMpouecc 9000 nepexogut k atany 916. Ecnu BbIXOAHas MOLYHOCTb NMaHeneu

10 cOnHEYHbIX 3NEeMEHTOB yBenuumnnacs, npoyecc 9000 nepexoaut obpartHo k atany 914, n
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yacTtoTa, ¢ kotopon naHenn 10 COMHEYHLIX 3NEMEHTOB COEAUHSIOTCA C UCTOYHMKOM 50
HanpsbkeHnsa, CHoBa yBenuumsaeTtca. Yacrtota coegmHeHusa ByaeT Bo3pactaTtb A0 TeX nop,
noka BbIXOAHAsA MOLHOCTb naHernen 10 COnHeuYHbIX 3NIEMEHTOB HE JOCTUrHEeT Makcumyma,
Unn 40 MakCUMarbHOW 4acToThl fnax, B pe3ynbrare vero npouecc 9000 nepexogut k atany
915. Ha atane 914 yacToTta, C KOTOPOW nepekntoyartens 55 coegmHaeTca ¢ NCTouHnkom 50
BbICOKOrO HanpsixeHusi Ha BbiBoge 38, Tenepb YyMEHbLUAeTCsl Ha BenuuuHy JAf, w
nepekniovarens 55 cHoOBa akTMBUPYETCH, U BbIXOAHAs MOLLUHOCTb naHenen 10 COnHeYHbIX
3MTEMEHTOB CHOBa OTCMNEXMBAETCSH AaT4YMKOM 33 TOKa U AaTyMkoM 32 HanpsikeHusa. B aToT
MOMEHT cxema 35 ynpaBneHus peLuaeT, YBENUUMBAET NN CHMKEHWE YaCTOTbl COEANHEHUS
BbIXOAHYIO MOLUHOCTb naHenen 10 COnHeYHblX 3nemMeHToB Ha atane 917. Ecnn ga, 10
npouecc 9000 BosBpawaetca k atany 915. B kayectse anbTepHaTUBbl, €CrnK 4acToTa
NepeknioYeHnst JOCTUTaeT HEKOTOPON MUHUMANbHOM YacToThl f,;,, npouecc 9000 nepexoaut
K atany 918 ans oxuaaHus.

[0118] Ha atane 918, nocne TOro Kak BbiIXOogHasd MOLWHOCTb naHenenm 10
COMHEYHbIX 3MEMEHTOB MaKCUManbHO yBENuWYeHa, cxema 35 ynpaBneHus nepexoauT B
COCTOSIHNE OXUAAHUS Ha HEKOTOPbLIN Nepuoj BpeMeHu. [epunos BpeMeH OXUAAHUS MOXET
COCTaBNATb CEKyHAbl WNU MUHYTbI. [locne oxupgaHua Ha atane 918 npouyecc 9000
nepexoaut K atany 901, rae npoyecc 9000 cHoBa HaYMHAET U3MEHSATb HanpsKeHne, Bpems
COEAVHEHUs  nepekniovarens W 4acToTy  NEpPeKriioveHns  OT  npenblaywmx
ONTUMM3NPOBAHHbIX 3HA4YeHUW, 4YTOObI NpoBepUTbL, paboTtalT M 40 cux nop nadenn 10
COMHEYHbIX 3MNEMEHTOB Ha CBOMX MAaKCUMarbHbIX YPOBHAX BbIXOAHOW MOLLHOCTW.
Mopasaemoe HanpspkeHue 50 oT cxembl 35 ynpasneHus, ANUTENbHOCTb MEPEKIOYEHNS 1
4yactoTa MEepeKnioYeHns BCE U3MEHSIIOTCA B npouecce paboTbl B TeyeHue AHS, 4ToObl
ybeautbes, 4to naHenn 10 COnHEeYHbIX 3NeMeHTOB paboTarT ¢ MakCUManbHOW BbIXOA4HOWN
MOLLIHOCTbLIO NPY YCNOBUSIX 3KCNyaTaumm B KOHKPETHbIN LEHb.

[0119] Ecnun Ha atane 901 HanpsKeHne, NsSMepeHHoe AaT4ymuKoM 32 HanpsKeHus,
nagaeT HWXKe 3a4aHHOr0 MUHUMANbHOTMO Vi, W TOK, UBMEPEHHbIN AaTyunkom 33 Toka najaet
HWKE 334aHHOr0 MUHUMYMA iy, TO cxema 35 ynpaBneHuns ybepet noboe HanpskeHue Ha
nnHmnsax 38, n cxema 35 ynpasneHus nepenget k atany 902 gns oXugaHud, Npexae yYem
BepHyTbCA K atany 900 (Ha KOTOPOM CUCTEMA MOBTOPHO UHULMANM3NPYET BCE NapamMeTpbl U
nHaekcel). MNMpouecc 9000 Byaet YepegosaTth atanbl 900 — 901 — 902 — 900 o Tex nop, noka
KaK HanpspKeHWe, NSMEPEHHOE JaTumMKomM 32 HanpsXKeHWs, Tak U TOK, USMEPEHHbIA JaTYNKOM
33 TOKa, He MPEBLICAT Vmin U imin COOTBETCTBEHHO, B pesynbtarte 4ero npouecc 9000
nepenget ot 3tana 901 k atany 903.

[0120] Pa3nunyHble KOHEYHble MalnHbl MOryT ObiTb peanusoBaHbl B cxeme 35
ynpaBneHns Ans MOnyYeHWa aHarnorMyHbIX pPe3ynbTartoB, W OXBaTbIBAKTCHA AaHHbIM

packpbiTuem. Tem He wmeHee npouecc 9000, onucaHHbLIM BblWe, MNPEANOYTUTENBHO
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MUHUMWU3UPYET BEMNUYMHY NOAEBAEMOro HanpskKeHna Vapp, AO CaMOro HMU3KOro BO3MOXHOIO
3Ha4yeHusa Takum obpasom, YToObl NponsBeaeHNe ToKa, NIMEPEHHOro AaTtumkom 33 Toka, u
HaNpPsPKeHUs, U3MEPEHHOro AartynkoM 32 HanpspkeHud, Obino MakCMMarnbHO YBEMUYEHO.
MNonaBaemoe HanpsbkeHue Vj,, konebnercs — TO eCTb M3MEeHAeTcAa Ha Hebonblune
BEMWYMHbI KaK BBEPX, Tak U BHU3 — BO BPeMS (PYHKLUNOHNPOBAHUS B TEYEHWUE LHS, YTOObI
YyYECTb WU3MEHEHMSI MOLLUHOCTU OMNTUYECKOrO W3MNyYEeHUs p, Najatrolwero Ha COMHEYHbIN
anemeHT 100, naHenb 10 COMHEYHbIX 3NEMEHTOB UNN Heckonbko naHenen 10 conHeYHbIX
3MEMEHTOB B TeYeHMe AHA Takum obpasom, 4yToObl BCerga Mmorna noaAepKuBaTbCs
MakcumarnbHasi BbIXO4Hast MOLLHOCTb.

[0121] BOMbLUMHCTBO  3TanoB, OMMWCaHHbIX Bbiwe B npouecce 9000,
npeaHasHayvyeHbl ANS PEeLIeHUs BOMPOCOB, CBA3aHHbIX C agnabaTnyeckumn NU3MEHEHUsSIMU
OCBELLEHHOCTUN, KOTOpble MPOUCXOAAT MEANEHHO B TEYEHUE MNPOMEXYTKOB BPEMEHMU,
COCTaBMAOWMNX HECKONbKMX MWHYT unu 4vacos. B  anbTepHatMBHOM  BapuaHTe
ocyLlecTBrneHus, ecnn konebaHus OCBELUEHHOCTU MpPOUCXoaUnu ¢ Oonee BbICOKOW
CKOPOCTbID M3MEHeHusi, npouecc 9000 moxeT ObiTb BbIMNOMHEH C  BO3MOMXHOCTLIO
MWHUMU3AUUN BbICOKOYACTOTHbLIX KonebaHunh BbIXOAHOW MOLLHOCTU MOCTOSIHHOIO TOKa,
NoABOAMMOW K UHBEPTOPY, MbITasACb YAEPXMBATb BbIXOAHYIO MOLLHOCTb NMOCTOAHHOrO TOKa
OT M3MEHEHWN CO CIIMLUKOM BbICOKOW CKOPOCTbIO W3MEHEHMWS, CnejoBaTeribHO, MoBblwas
KayecTBO MHBepTOpA.

[0122] B apyrom npumepe, obpawascs k dour. 10A, gatumk 33 TOKa 1 gatumk 32
HanNpPsPKeHWA nokasaHbl NoAKMOYEHHbIMU K cucteme 300 ynpasneHna oTO3NeKTPUYECKUMN
anemeHTamn, nokasaHHou Ha dur. 6. Kak nokasaHo, gatumk 33 TOKa MOAKMHOYEH
nocnegoBartenbHO Mexay naHenbto 10 CONHeYHbIX 3aNeMeHToB 1 nHBepTopom 31. [atumk 33
TOKa MOXET OTCINEXMBATb BbIXOAHOW TOK naHenn 10 COMNMHEYHbIX 31EMEHTOB. AHaNOrMYHbIM
obpasom, Jatumk 32 HanpskeHWs coeaMHeH napannenbHo K naHensm 10 COnHEeYHbIX
3MIEMEHTOB W MHBEPTOPY 31 AnNS OTCNEXMBAHUA BbIXOAHOrO HanpskeHust naHenn 10
COSHEYHbIX 3N1EMEHTOB.

[0123] Cxema 36 ynpaBneHus noakmnoyveHa Kak K gartumky 33 Toka uvepes
ynpasnsowme BbiBoabl 33a, TaK N K AaTt4nky 32 HanpsKeHNa Yepes ynpasnsowme BbiBOAbI
32a. Oatuuk 33 Toka MOXET OblTb BCTPOEHHBIM WNU MHAYKUUOHHBIM MN3MEPUTENbHbBIM
6noKkoM 1 n3mepsieT BbIXOAHOW TOK naHenen 10 COMHEYHbIX 3NEeMEHTOB. AHaNOrMyHbIM
obpasom Jatunk 32 HanpsKEHWA MCMOnb3yeTca ANA U3MEPEHUS BbIXOAHOMO HanpsiKeHUs
naHenen 10 CONHeYHbIX 3NemMeHTOoB. [1pon3BeaeHnEe TOKa, U3MEPEHHOTO JaTYMKOM 33 TOKa,
N HanpsbkeHWs, U3MEPEHHOro AartymkoMm 32 HanpsKeHus, MO3BONSAET pacCyuTbiBaTb
BbIXOAHYI MOLLHOCTb, NogaBacmyto oT naHenen 10 CoOnHeYHbIX 3NEMEHTOB K MHBEpPTOpY 31.
[0124] B HEKOTOpbIX BapnaHTax OCYLLECTBMNEHUA AaTumK 32 HanpPsKeHNs MOXET

TaKKe CnyXUMTb B KavyeCtBe WUCTOYHUKA nNUTaHUA AONA  CXeMbl 36 ynpaeneHna wu
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PYHKUMOHMPYET TONBLKO A0 TEX NOP, Noka naHenn 10 CONHEYHbIX 3IEMEHTOB OCBELLAIOTCA U
NPeaoCTaBnaloT AOCTATOYHYIO MOLYHOCTb ANA aKTUBUPOBAHUSA Cxembl 36 ynpasneHus.
Cxema 36 ynpasneHunss AONONHUTENBbHO MOAKIIOYEHa K yCTponUCcTBY 60 AnNs reHepmpoBaHus
NMNYNbCOB HanpPsXXeHWs, 4ToObl ynpaBnsaTb amMnauMTYAON WUMMynbCa HanpPsbKeHUa Vg,
anvtensHocTblo D p MMnynbca n YactoTon f cneaoBaHns UMMYrbCOB, PACCMOTPEHHbIX CO
ccbinkon Ha dur. 6. OnutenbHocTb Dp umnynbca, yactoTta f crneaoBaHWs UMMNYNbCOB U
HanpspkeHne Vy,, nmnynbca, nogasaemMoro Ha naHenu 10 COMHEeYHbIX 3NEeMEHTOB, MOryT
ObITb yNpaBnsgeMbIM/ U PETYNUPOBATLCA Takum o0pasom, YToObl Kak TOK, reHepupyemMbli B
naHenu 10 COMHEYHbIX 3MEMEHTOB U U3MEPEHHBLIN AaTynkom 33 TOKa, Tak U HanpspkeHue,
N3MepeHHoe JaTumkom 32 HanpsKeHus, ObinNn MakCMarnbHO YBEMNUYEHbI NPU Pa3fnyHbIX
YCMOBUSIX 3KCMnyatayuu, Hanpumep, npu OTNNYaOWMXCA WU U3MEHSIIOLUXCS YCNOBUAX
OCBEeLLEHUS.

[0125] B 0AHOM BapuaHTe OCYLUeCTBMEeHUs ANSa nojadvy 3neKTpU4eckoro nons
250 naHenb 10 COMNHEYHbIX 3NIEMEHTOB N3Ha4YarbHO HE reHepUpyeT MOLLHOCTbL, Hanpumep, B
HOYHOE BpeMs uUnuM npu rycton obnadHocTn. 1o mMepe TOro Kak COMHEYHble NaHenu
OCBeLLalnTCs (Hanpumep, B YTPEHHUE 4achbl), HaMNpsKEHWe U TOK FreHepupyeTca naHensamm
10 CONMHEYHbIX 3NIEMEHTOB, U BbIBOAbI 32a HAYMHAIOT No4aBaTb TOK U HanpsiKeHUe B CXemy
36 ynpaeneHua. Cxema 36 ynpaBneHUa COAEPXKUT HU3KOBOSbTHbIN WCTOYHUK MUTaHWS
nornkn (He nokasaH), 4tobbl NPMBOAUTL B AEWCTBUE YMNPaBMSAOLWYIO NOrMKY B cxeme 36
ynpasneHns. Cxema 60 ycTpoucTtBa [ANA reHepuMpoBaHWS WMMYNbCOB COAEPXUT  Kak
HU3KOBOSbTHbIW, TaK N BbICOKOBOMbTHbLIA UCTOYHUK NUTAHUA (HE nokasaH). BeICOKOBONbTHbLIN
WCTOYHUK MUTaHusa B ycTponctee 60 ANs reHepupoBaHMS MMMYNbCOB HAaNpPsXKEHUS MMEET
N3MEHSAIOLNACSA BbIXOLHOW CUrHan, KOTOPbIN MOXHO perynvpoBaTh C NOMOLLbIO CXeMbl 36
ynpasneHusi, oTBeYatoLmn 3a nogady V., Ha naHenn 10 conHeyHbIX 3anemMeHToB. B aTom
npumepe cxema 36 ynpasneHus BbINOfHEHa Takum obpasom, 4Tobbl HE nogaBaTb HUKAKOro
HanpsbkeHna Ha naHenu 10 COnMHEeuYHbIX 3NEeMEeHTOB A0 Tex nop, noka He Oyger
CreHepupoBaHO AOCTaToOMHO MOLWHOCTM naHensmMy 10 COMHEYHbIX 3NEMEHTOB, AnS
aKTMBaUUM KaK HW3KOBOMNbTHOIMO WCTOYHWUKA MUTAHWS JIOMMKW, TaKk U BbICOKOBOSbTHOMO
NCTOYHMKA NUTaHus B ycTpouctee 60 Ans reHepnpoBaHns MMNYNbCOB.

[0126] B anbTepHaTMBHOM BapuaHTe OCYLLECTBMEeHUs cxema 36 ynpasrieHus
BbINOMIHEHA C BO3MOXHOCTbIO YMNpPaBfieHnsa 3nekTpudeckum nonem 250 1 makcumanbHOro
YBENMWYEHNS BbIXOAHOW MOLUHOCTU MPU YBEMUYEHUN U YMEHbLUEHWU OCBELUEHHOCTM B
TeyeHne pHa. Cxema 36 ynpaBneHUa MOXET YNpaBnsaTb 3anekTpuyeckum nonem 250,
nojasaemMbiM ycTpouctBoM 60 ANA reHepupoBaHUA UMMYNbCOB  HAanpsiKEHUs, W
cTabunmanpoBaTb BbIXOAHYKO MOLWHOCTb naHenen 10 COMHEYHbIX 3MEMEHTOB B
COOTBETCTBMM C noObIM ONUCaHHbIM Bbille crnocobom, Bknovawwmm npouecc 10000,

nokasaHHbIn Ha cour. 10B.
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[0127] Obpawasace k dur. 10B, npouyecc 10000 BkMOYaeT MHULMAnNu3aymio
MoLyHocTM Ha atane 1000. [JoctatoyHaa MOLLHOCTb AOSMKHAa MPUCYTCTBOBATb Ha BbIXOAe
naHenen 10 COMHEYHbIX 3MNEMEHTOB ANS akTMBauuM Kak HU3KOBOMNbTHOIO WCTOYHUKA
MATaHWUA NOTMMKW, KOTOPbIW NPUBOAUT B AEUCTBUE YNPaBRAIOLYHO normky B cxeme 36
yNpaBreHnsi, Tak N HU3KOBOSbTHOMO M BbICOKOBOMbTHOTO UCTOYHWMKA MUTAHUSA B YCTPOWCTBE
60 ana reHepupoBaHuUs UMMYNbCOB HanpskeHus. B kavectBe anbTepHaTtuBbl cxema 36
yNpaBneHnss MOXEeT NuTatbCs OT BHELWHEro WCTOYHUKa (He nokasaH) — Hanpumep,
akKyMynaTopHOW Oartapeun, KoHaeHcatopa OOnbLIOA eMKOCTM, BHELUHEro UCTOYHUKA
MATaHWUA NEPEMEHHOrO TOKa — KOTOPbIN MO3BONSET HU3KOBONMbTHOMY WUCTOYHMKY MUTaAHUS
norvkn YHKUMOHMpPOBaTb, a cxeme 36 ynpasreHus OTCreXmBaTb BbIXOAHYK MOLLHOCTb
naHenen 10 COMHEYHbIX 3NEMEHTOB 4O TEX MOp, Noka OHWM He ByayT MMETb AO0CTaTOYHO
MOLLHOCTK, 4TODObl rapaHTupoBaTb nogadvy anekTpudeckoro nonsa 250 Ha naHenu 10
COSHEYHbIX 3NIEMEHTOB C YBENMNYEHNEM UX BbIXO4HOW MOLUHOCTW. [locne Toro, kak cxema 36
ynpaBneHns 3anyckaeTcs, MHULManu3upyroTCs BCE napameTpbl (Hanpumep, nojasaemoe
BbICOKOE HanpsbkeHne Vi, AnutenbHocTb Dp umnynbca wn vacrtota f cnegosaHus
numnynobcos). B ogHOM BapuaHTe OCYLLECTBMEeHUS MojaBaeMoe BbICOKOE HarpsiXeHne Vi,
yCTaHaBNUBAETCH PaBHbIM HYMO, a gnutenbHocTb Dp mmnyneca n yacrota f cnegosaHus
UMMYbCOB YCTaHaBNUBAKOTCA B HOMWHarmbHbIE 3Ha4YeHus. Dp=T, U f=f,. BCe KOHTPOSIbHbIE
WHAEKCBI: N, i, U J, UHILNANN3NPYIOTCH HYNEBbIMU 3HAYEHNAMM.

[0128] 3arem Ha atane 1001 cxema 36 ynpaBneHus onpegensaeT, ABNAETCS nu
HanpspkeHne, MU3MEpPeHHoe AarynkoM 32 HanpsXKeHUs, BbIWE WU HWKE 33a4aHHOro
MUHUMAnbHOIO Vpyin, W SBMASIETCA N TOK, U3MEpeHHbIin partymkom 33 Toka, 6onblue
3a4aHHOr0 MUHUMYMA, imin. COYETaHNEe Vimin U imin ObiNn BbIOpaHbl Takum obpasom, 4ToObl
naHenn 10 CONMHEYHbIX 3MEMEHTOB, ONpefenseMble Kak OCBELUEHHble, reHepupoBanu
HEeKOTOPbIA HOMWHAnbHbLIA NPOLUEHT, Hanpumep, 5%, OT CBOEW cpeaHen HOMUHanbHas
MOLLHOCTWN, 4YTO SBMNSETCA A0CTaTOYMHOW CreHEPMPOBAHHOW MOLLHOCTBIO ANSA NUTaHus
BbICOKOBOJIbTHOrO MCTOYHMKA NUTAHWUS, YTOObI YBENNYNTD BbIXOAHYIO MOLHOCTb naHenen 10
COIHEYHbIX 3nemMeHToB. Ecnn cxema 36 ynpasneHnsa onpeaenser, YTo Kak U3MEpPEHHbIE TOK,
Tak W HanpsKeHve S$BMSITCS Bble COOTBETCTBYIOLMX 338A4aHHbIX MWHUMYMOB, TO
AEWCTBYIOLMA B JaHHbIM MOMeHT npouecc 10000 nepexogut k atany 1003; ecnun HeT, TO
npouecc 10000 nepexoaunt B coctoaHue 1002 oxunpaHua 1 sosspawiaetcs K atany 1000.
[0129] Ha astane 1003 cxema 36 ynpaBneHWs M3MEPSET TOK, NMPOXOASILMA B
uHBepTop 31, ¢ NOMOLWbLID AaTtymka 33 TOKa, HanpsKeHne Ha mHeepTope 31 C NOMOLLLIO
Jartymka 32 HanpsKeHUss U BbIYUCNAET MOLUHOCTb, nepejasacmMyto depes mHeeptop 31
(HomMuHanbHO, | X V). KOHTPONbHbBIA MHAEKC N yBENUYMBAETCH A0 N+1.

[0130] Ha atane 1004 npouecc 10000 cpaBHuBaeT Vapp € Vimax. Vmax ABNSiETCS

3apaHee YCTaHOBINEHHbIM 3HAYEHUEM U NpeacTaBnsieT cobon MakCMMaribHOe HanpsikeHue,
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KOTOpOEe MOXeT ObITb MO4AHO Ha naHenu, He nospexgas HU naHenu 10, HK nHBepTop 31.
Ecnun Vy,, MeHbLLe Ve, TO npouecc 10000 nepexogut k atany 1006; B NpoTMBHOM criyyae
npouecc 10000 oxunaaet Ha atane 1005.

[0131] Ha atane 1006 cxema 36 ynpasneHus nogaet curHan yctpouctsy 60 gns
reHepMpoBaHUa WMMYNbCOB HanNpPsKeHWs Ha YyBENUYeHMe NOAaBAEMOro BbICOKOrO
HanpshkeHust Vo, Ha BenuumMHy nAV 1 nojaer curHan yctporcTsy 60 Ans reHepuposaHus
UMMNYNbCOB HaMpsiKeHWs Ha nogady umnynbca HanpskeHuss Ha naHenn 10 COMHEeuYHbIX
anemeHToB. [Ona aTtoro npumepa AV MOXeT OblTb OUKCUMPOBaHHLIM MNepenasom
HaNpsPKeHUs, COCTaBnSWMUM 25 BOMbT, XOTS MOryT ObiTb MCMNOMb30BaHbl Gonblune mnm
MEHbLLUME nepenagbl HanpsHkeHus. HanpskeHne Vi,, NpuknaabiBaeT aneKkTpuyeckoe none
250 Ha naHenu 10 CONHEYHbIX 3MIEMEHTOB, WU HaNPSPKEHHOCTb anekTpuyeckoro nonga 250
nponopuuoHansHa nojgaBaeMoMy HanpsHKeHUo Vi, [na storo npumepa AnvTEnNbHOCTb
umnynbca Dp BbibupaeTcs pasHon 1000 He, a yacToTa cnegoBaHns UMMYMbCOB BbibMpaeTcs
pasHon 20 MuKpocekyHa. Takxke MoryT ObiTb BbIOpaHbl Apyrne ANUTENbHOCTM MMMynbca U
4yacToTbl cnefoBaHna MMNynbcoB. Cxema 36 ynpaBneHusa CHOBa NonyyaeT u3MepeHne Toka,
npoxogswero B uHBeptop 31, C NOMOLWbI JaTyuka 33 TOKa, MonyyaeT u3MepeHue
HanpspKeHns Ha uHeepTope 31 C NOMOLBK AaTyunka 32 HanpsKeHUa U nepecyuTbiBaeT
MOLLHOCTb, NepeaaBaemyto Yepes nHeeptop 31.

[0132] Ha atane 1008 cxema 36 ynpaBneHWs CpaBHUBAET BbIXOAHYIO MOLLUHOCTb
naHenen 10 CONMHEYHbIX 3NEMEHTOB C CamblM NOCMNEAHUM U3MEPEHWEM [0 TOro, Kak Vi
B6ypet nogaHo Ha naHenb 10 COMHEYHbIX 3NeMeHToB. Ecnn MOLHOCTb yBenuuunacs,
npouecc 10000 sosspawjaetca k atany 1001 n nosTopsieTcs. NogaBaemoe HanpskeHue
Vapp yBENMUMBAETCA Ha AV A0 Tex nop, noka nmbo nogaBaemMoe BbICOKOE HanPsXXeHne Viaq,
He ctaHeT 6onblue V., MO0 noka yBenuyeHne nojaBaemMoro BbICOKOro HanpskeHus Vg,
He NpuBEeAET K YBENMNYEHNIO BbIXOAHOWN MOLLHOCTU naHenen 10 CONHEYHbIX 3NIEMEHTOB. V ax
CHOBA ONpeAenseTcs 34eCb Kak MakCumarnbHOe HanpsiKeHne, KOTopoe MOXET ObITb NOAaHO
Ha naHenb 10 COMHEYHbIX 3NEMEHTOB, HE MPUYUHAS €N HUKAKOro Bpeaa, U B 3aBUCUMOCTU
OT TUNa NaHENN COMNMHEYHbIX ATEMEHTOB, OHO, KaK NPaBmno, cocTasnaeT NpubnManTensHoO oT
600 go 1000 B. B oboux cny4asix npouecc 10000 oxmgaet Ha atane 1005. AnutenbHOCTb
COCTOSIHUA OXMAAHMSA MOXET ObITb OT HECKOMNBbKUX CEKYHA A0 HECKOMNbKUX MUHYT.

[0133] Mocne atana 1005 oxuaaHmna npouyecc 10000 nepexoaut k atany 1007.
Ecnu mowHOCTb, M3aMepeHHaa 4epes BbiBOAbI 32a M 33a, HE M3MEeHMNnacb, MHAEKC n
yMeHbLuaeTcs (N=n-1), nogaBaemMbli UMMYNbC HANPSIKEHNSA Va,, YMEHbLUAETCS Ha BENUYNHY
AV, n cxema 36 ynpasneHuns akTUBUPYET YCTPoUCTBO 60 ANs reHEPMPOBaHUS UMMYIbCOB.
Mpouecc 10000 npogomkaetca Ha atane 1009, rae BbIXOAHAs MOLUHOCTb U3MEPSIETCA
AaTumkom 33 TOKa M Aartyumkom 32 HanpsKeHus. Ecnn BbIXOAHAA MOLUHOCTb MOKasbiBaeT

nageHne, npouyecc 10000 nepexoaut k 3atany 1010. Ecnu BbIxogHaa MOLLUHOCTb
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yBenuuunacb, npouyecc 10000 sosepawjaetca Kk atany 1007 u nogaBaemoe HanpsiKeHue
Vapp MPOAOIMKAET yMEHbLUATbCA 4O TeX MOop, Moka BbIXOAHAs MOLWHOCTb naHenewn 10
COJTHEYHbIX 3MIEMEHTOB He nepecTtaeT ymeHbwlatbcd. lNpoyecc 10000 nepexogut K atany
1010.

[0134] Ha artane 1010 cxema 36 ynpaBneHWss HauuHaeT yBENUUUBATH
anvtenbHoctb Dp umnynbca HanpskeHuda. OnutenbHocTe Dp uMnynbca HanpskeHus
yBENMMUMBAETCA Ha BeNUUUHy iAr,. YcTtpouctBo 60 Ans reHepuMpoBaHMsi MMMYNbCOB
HanNpPsPKEHUSA aKTMBUPYETCH, U BbIXOAHAs MOLYHOCTb naHenen 10 COMHEYHbIX 3M1EMEHTOB
CHOBa OTCrexuBaeTca gaTtumkom 33 Toka un pgatumkom 34 HanpspkeHus. Mpouyecc 10000
nepexogut B coctosiHue 1012, ytobbl onpesennTb, BO3pacTaeT NN BbIXOAHAS MOLLHOCTb
naHenen 10 conHeuvHbix anemeHToB. Ecnn aa, 1o npouecc 10000 nepexoaut k stany 1010,
a anutenbHocTe Dp mmnynbca 71 HanpsikeHna CHoBa yBenuuueaeTca. nutenbHocTb Dp
umnynbca OygeT Bo3pacTatb 4O TexX MNOp, Moka BbIXOAHAA MOLWHOCTb naHenen 10
COSHEYHbIX 3NIEMEHTOB HE JOCTUrHET MakCUMyMa, UK Noka He AOCTUIHET (PUKCUPOBAHHOIO
npeaena AnUTEnNbHOCTU, HanpuMep, noka He ByaeT AOCTUrHyTa ANUTENbHOCTL UMNynbca 5
MUKPOCEKYHA, B  pe3ynbTare uYero U3MEHEHUS  ANUTENbHOCTU  MEPEeKNioYeHUs,
obycrnoBneHHble cxemon 36 ynpaBneHusi, NpekpawaroTca. Tem He MeHee, ecnu Ha 3Tane
1012, yCTaHOBMEHO, YTO yBENMYEHNE ASNUTESNbHOCTU UMMYNbCa MPUBOAUT K YMEHbLLUEHUIO
BbIXOAHOW MOLLHOCTW, W3MEPEHHOM AaTyumkom 33 TOKa W JaTyunkom 32 HanpsikeHus,
npouecc 10000 nepexoaut k 3atany 1011. [OnuTenbHOCTb uMMynbCa YMEHbLUAETCA
nocpeactsom noetopeHus atanos 1011 n 1013 go Tex nop, noka BbIXOAHas MOLYHOCTb
naHenen 10 CONHEYHbIX 3MEMEHTOB CHOBA MakCMMarnbHO He yBenuuutcs. [locne Toro, kak
cxema 36 ynpasneHus onpeaensieT, YTo ANUTENbHOCTb MMMynbca Gbina onTUMM3MpoBaHa
ANS MaKCUMarnbHOW BbIXOL4HOW MOLLUHOCTW naHenen 10 ConHeuvHbIX 3NEMEHTOB, NPOXoasa OT
atana 1010 k atany 1013, npouecc nepexoaut k atany 1014.

[0135] Ha atane 1014 cxema 36 ynpasBneHus yBenM4YMBaET YacToTy UMMYMbCOB
HanpsKeHUs. YactoTa nMnynbCoOB HaMnpsKeHUs YBENUUMBAETCS Ha JAf OT nepBOHaYanbHON
yactoTbl f, nepekntodeHuns, Tak yto f = f, + jAf. Ha atane 1014 MMnynbCbl HanpsXeHUs
nogarnTcs ycTtponctsom 60 Ans reHepupoBaHUSA MMMYNLCOB HanpsbkeHus Ha naHenn 10
COSHEYHbIX 3NIEMEHTOB C HOBOW 4acTOTOW f, a BbIXOAHAA MOLHOCTb naHenen 10 COnNHeYHbIX
3MTIEMEHTOB CHOBA OTCMEXMBAETCH AATYMKOM 33 TOKa M JaTYMKOM 34 HanpspkeHus. 3aTtem
npouecc 10000 nepexogut K atany 1016.

[0136] Ecnn BbIxogHast MOLWHOCTb naHenen 10 COMHEYHbIX 3MEMEHTOB
yBenuumnaco, npouecc 10000 nepexogut obpartHo k atany 1014, n yacTtota, ¢ KOTOpPOMU
UMMNYINbCbl  HanNpsKeHUs noaarTca Ha naHenn 10 COMHEeYHbIX 3MNEeMEHTOB, CHOBAa
yBENUUMBAETCA. YBENUUYEHNE 4acTOTbl MMNYNbCOB HanpsxeHus OyaeTt Bo3pacTtatbh 4O TeX

nop, noka BbIXOAHAsA MOLJHOCTb naHenern 10 COMHEYHbIX 3MEMEHTOB HE [AOCTUrHET
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MakCUMyMa, WM 40 MakCUMarnbHOW 4acToTbl fpa,, B pesynbTaTe 4ero npouecc 10000
nepexoaut k atany 1015. Ha astane 1014 vyactota MMMYNbCOB HanpsiKeHUs Tenepb
YMEHbLUAeTCa Ha BenuuuHy JAf, n nepekntovarens yctpouctesa 60 ansi reHepupoBaHus
UMMNYNbCOB HAaMpPsPKEHUA CHOBA akTUBUPYETCH, M BbIXOAHas MOLWHOCTb naHenen 10
COMHEYHbIX 3MEMEHTOB CHOBa OTCHexuBaeTca jJatymkom 33 Toka W gatymkom 32
HanpskeHna. B aTOoT MomeHT cxema 36 ynpaBneHus onpegensieT, yBenuvyuuBaeT nu
CHW>KEHUE YaCTOTbl UMMNYNbCOB HAMPSPKEHUSA BbIXOAHYIO MOLLYHOCTb naHenen 10 COnHeYHbIX
anemeHToB Ha atane 1017. Ecnu ga, To npouecc 10000 sosspawjaetca k atany 1015. B
KayecTBe anbTepHaTMBbl, €CNM  YacToTa MEepPeKNioYeHns  AOCTUraeT  HEKOTOPOW
MUHUMAnbHOW 4acTtotbl fy, npouecc 10000 nepexogut k aTtany 1018, KkOTOPLIN
npeacraBnsaeT cobon COCTOSHME OXMUIaHUS.

[0137] Ha stane 1018, nocne TOro kak BbIXOgHas MOLWHOCTb naHenen 10
CONHEYHbIX 3MEMEHTOB Obina MakCuManbHO yBenu4yeHa, npouecc 10000 nepexogut B
COCTOSIHNE OXUAAHUS Ha HEKOTOPbIA Nepnoj BpemMeHu. [epnos BpeMeHN OXUAAHUS MOXET
COCTaBNATb CEeKyHAbl MNU MUHYTLL. [locne oxuaaHmsa Ha atane 1018, npouecc 10000
nepexoaut Kk 3aTtany 1001, rae cxema 36 ynpaBfieHWs CHOBa HadMHaeT U3MEHATb
HanpsbkeHne UMNynbca, ANUTENbHOCTb UMMNYMbCa M 4acToTy CrneAoBaHWUS UMMYNbCOB OT
npeabIAYLLMX ONTUMU3UPOBAHHbIX 3HAYEHUW, YTOObLI NPOBEPUTL, PaboTaloT N 4O CUMX NOpP
naHenn 10 CONMHEeYHbIX 3NIEMEHTOB Ha CBOUX MakCMMarbHbIX YPOBHSAX BbIXOAHOW MOLLHOCTW.
Amvnnutyaa Vap, vumnynsca, AnNUTenbHOCTb UMMyMbCa M YacToTa CrnejoBaHUs UMMYMbCOB
BCE U3MEHAITCH B npouecce paboTbl B TeveHne aHA, utobbl ybeautbcsa, 4to naHenu 10
CONMHEYHbIX 3NIEMEHTOB paboTalT C MakCUManbHOW BbIXOA4HOW MOLLHOCTBIO MPU YCrOBUSIX
3KCnnyatayumn B KOHKPETHBIN AEHb.

[0138] Ecnn Ha oatane 1001 HanpskeHune, W3MEpPeHHOoe aartyukom 32
HaNpPsPKeHUS, NajaeT HWKE 3a4aHHOr0 MUHUMYMA Vpin, WU TOK, U3MEPEHHbIN gaTymkom 33
TOKa, NagaeT HWXe 334aHHOr0 MWHUMYMA inn,, TO Cxema 36 ynpaBneHus OCTaHOBUT
ycTponcTBo 60 ansa reHepnpoBaHUS UMMYNbCOB HanpsikeHus, n npouecc 10000 nepengeT k
atany 1002, coctosaHne oxumpaaHus, a 3atem Ha 3tane 1000, rge cuctema NOBTOPHO
MHULUManM3npyeT BCe napameTpbl U nHaekcol. MNMpouecc 10000 6yaeT nepexogntb OT 3Tana
1000 k 1001, k 1002, k 1000 go Tex nop, Noka HanpsKeHne, N3MEPEHHOe AaTtyMKom 32
HanNpPsPKEHUS, M TOK, W3MEPEHHbIM gatymkom 33 Toka, OyayT Oonbli€ Vi W imin
COOTBETCTBEHHO, B pesynbTare yero npouyecc 10000 nepenaet ot atana 1001 k atany 1003.
[0139] Pa3nunyHble KOHEYHble MaLWHblI MOryT ObITb peanusoBaHbl B cxeme 36
ynpaBneHns Ans MOMyYeHWs aHarnorMvHbIX pPe3ynbTartoB, W OXBaTbIiBATCHA AaHHbIM
packpbiTuem. Tem He wmMeHee npouecc 10000, onuCaHHbIA Bblle, NPEANOYTUTENBHO
MUHUMU3UPYET BEMUYMHY MOAABAEMOro UMNynbca Va,, HanpspkeHus A0 CamMoro HWU3KOro

BO3MOXHOIo 3Ha4YeHNA Taknum o6pa30M, yTObbI npounseegeHne Toka, "amepeHHoOro 4ar4mkom
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33 TOKa, M HanNpPsPKEHUS,, U3MEPEHHOrO AaTynKOM 32 HanpskeHus, ObIIo MakCMMarnbHO
yBenu4yeHo. [ogasaembii UMNYNbC Vi, HAaNPsXKeHns konebneTca — To eCTb M3MEHAETCA Ha
HebonbLUMe BEMUYUHBI Kak BBEPX, TaK U BHU3 — BO BPEMSA (PYHKLMOHUPOBAHUA B TEYEHUE
AHS, 4TOObl Yy4eCTb WM3MEHEHMSI MOLLHOCTM OMTUYECKOro M3NyyYeHus p, najawowero Ha
conHeyHbin 100 anemeHT, naHenb 10 COMHEYHbIX ANIEMEHTOB UNWN Heckonbko naHenen 10
COMHEYHbIX 3NEeMEHTOB B Te4YeHue AHA Takum obpasom, 4ToObl BCerga morna
noaAepXmnBaTbCa MakCMMarbHas BbIXO4HAs MOLLHOCTb.

[0140] Otanbl, onucaHHeble B npoyecce 10000, moryT pewatb BOMNPOCHI,
CBSi3aHHble C aauabaTNyecKUMU W3MEHEHUSMU OCBELLEHHOCTW, KOTOpble MNPOUCXOANAT
MEANEHHO B TEYEHME MPOMEXYTKOB BPEMEHMW, COCTaBMAIOWMX HECKONMbKUX MWHYT WNn
yacoB. B anbTepHatMBHOM BapuaHTe OCyLUECTBNEHUs, ecnn konebaHus OCBELYEHHOCTU
npoucxogunu ¢ 6onee BbICOKOW CKOPOCTbIO M3MeHeHus, npouecc 10000 moxeT ObITb
BbINONIHEH C BO3MOXHOCTbIO MMHUMM3ALUUN BbICOKOYACTOTHbIX KonebaHun BbIXOLHOW
MOLLJHOCTW MOCTOSIHHOrO TOKa, NOABOAMMOWN K MHBEPTOPY, NbITASACh YAESPKMBATb BbIXOAHYIO
MOLLHOCTb MOCTOSIHHOIO TOKa OT WU3MEHEHUA CO CIULLKOM BbICOKOW CKOPOCTb U3MEHEHUS,
cnejosaTenbHO, NOBbLILWASA Ka4eCTBO MHBEPTOPA.

[0141] OnucaHHble  BapuaHTbl  OCYLLECTBNEHWS  AOMNYCKaT  pasfuyHble
MOANMUKALMM N anbTEepPHATMBHbIE (POPMbI, U UX KOHKPETHbIE NpUMeEpbl ObinNn nokasaHbl B
KayecTBe npuvmepa Ha rpaduyeckux matepuanax v nogpobHO onmncaHbl B 4aHHOW 3asiBKE.
Tem He mMeHee crneayeT NOHMMATb, YTO OMUCAaHHbIE BapWaHTbl OCYLLECTBMNEHUS HE AOMKHbI
ObITb OrpaHUYeHbl KOHKPETHbIMU (hOPMaMU UM PackpbITbiMKM crocobamm, HO, HaobopoT,
HacTosiLee n3obpeTeHne oxsaTbiBaET BCE MOAUMDUKALUN, 3KBUBANEHTbI U anbTepHaTUBHbIE

BapUaHTbI.
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®OPMYIJIA NU3BOBPETEHUA

1. Cuctema ansa nosbIWEHMA KOIPPUUMEHTA NONE3HOro JENCTBMA POTOINEKTPUYECKOrO

YCTPOWCTBA, coaepaLlas:

WUCTOYHMK HanNps»KeHWs; u

CPEACTBO MNEPEKMIOMEHMS, COoAepKallee MnepBbld NOPT ANS NOAKMIOYEHUS K YKasaHHOMY
WUCTOYHMKY HanpsXKeHUs1 U BTOPOW NOPT ANS NOAKMIOYEHMS K (POTO3NEKTPUYECKOMY
YCTPOWCTBY, W BbIMNOMIHEHHOE C BO3MOXHOCTBbIO MEPEKIIOUYEHNS MeXay NepBbiM
PEXUMOM ANS MOAAYN MMMYyNbCa HanpPsiKEHUs C MOMOXUTENbHON BEMWYUHOW AN
FrEHEPMPOBAHMSA 3MNEKTPUYECKOrO MOMs ANSA YBENUYEHUS BbIXOAHOMO TOKa W/Unu
BbIXOAHOW MOLUHOCTK, BbipabaTbiBaeMbiX (OTOINEKTPUYECKAM YCTPOUCTBOM, WU
BTOPbIM PEeXMMOM Ana obecnedeHns YBEMUYEHHOro BbIXOAHOMO ToKa W/vnu

YBENMUYEHHOWN BbIXOAHOW MOLLHOCTW, NOAaBaeMbIX Ha Harpysky.

2. Cuctema no n. 1, B KOTOPOM YKa3aHHbIA WUCTOYHUK HaNpPsXKEHWS BbINOMHEH C
BO3MOXHOCTbIO MOAaYM CUrHana HanpsiKEHUSI YKa3aHHOMY CpPEACTBY NEPEKITHOYEHUs,
MPUYEM YKa3aHHOE CPEACTBO MNEPEKIIOYEHNSI BbIMONHEHO C BO3MOXHOCTBIO MPUMEHEHUS
MOAAHHOrO CUrHamna HanpsKEHUst B Ka4eCcTBe UMMyNbCa HanpsbkeHWst Ansi FeHepUPOBaHUS

ANEeKTPUYEeCKOoro nong.

3. Cnctema no n. 2, B KOTOPOW CUrHam HanpsiKeHWS COAEPMKUT CUrHam MOCTOSIHHOIO
HanpPsPKEHUs,, U3MEHSIIOLUMACA BO BPEMEHM CUrHarm HanpspkeHWsl, CUrHam perynvpyemoro

Hanps»XeHua nnm MMI'IyJ'IbCHbIVI CUrHan HanpsxeHus.

4. Cucrema no nobomy mn3 nn. 1-3, B KOTOPON UMNYNbC HANPSPKEHUS MMEET aMmnnuTyay B
avanasoHe ot 100 B o 500 B, gnanasoH 4acToT € LeHTparnbHbIM 3Ha4YeHnem okono 20 MKC,
AnuTenbHoCcTb B AamanasoHe oT 10HC [0 2000 HC, HOMMHaNbHbLIM  KO3IPPULNEHT

3anonHeHns B gnanasoHe ot 0,1% go 10% mnnn nx komémHauumio.

5. Cuctrema no nwobomy u3 nn. 1-4, B KOTOPOW YyKasaHHOE CPEACTBO MNEPEKIHOYEHMS
COAEPKUT MO MEHbLUEN MEPE OAWMH OAHOMOMKOCHBIN, ABYXNO3ULNOHHbIA NepekniovaTens, no

MEHbLUEN MEPE OAMH NMEPEKMNIOYAIOLLNA TPAH3UCTOP UMK UX KOMBUHALWIO.

6. Cncrema no nobomy u3 nn. 1-5, B KOTOPOW yKaszaHHOE CPEeACTBO MEPEKNIOYEHUS MO

MEHbLLEN Mepe YacCTUYHO MHTErPMPOBAHO B YKa3aHHbIN MCTOYHMK HaMPSHKEHWS.

7. Cuctrema no nwobomy u3 nn. 1-6, B KOTOPOW YyKasaHHOE CPEACTBO MNEPEKIOYEHUS
BbINMOMMHEHO C BO3MOXHOCTbIO MOAaYM MHOXECTBa WMIMYMbCOB HanpshkeHuss  Ans

reHepUpPOBaHUS 3NEKTPUYECKOro NOMS.
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8. Cucrema no n. 7, B KOTOPOW MMMYFbCbl HANPSPKEHUS UMEIOT OAMHAKOBYIO BEMUYMHY.

9. Cncrema no nobomy 13 nn. 1-8, AONONHUTENBHO CoAepXalwasa CPeacTBO ynpasBneHus
ANA perynupoBaHns 4acToTbl UMMYMbCa HAMNPSPKEHUA, BENUYUHBI UMMNYSbCa HAaMpPsKeHUs,

ANUTENBHOCTM UMMYNbCa HANPSKEHNS UMU UX KOMBUHaLMMN.

10. Cuctema no n. 9, B KOTOPOW yKasaHHOE CPEACTBO YMNPaBfEHWS1 BbINOMHEHO C
BO3MOXHOCTbIO MOAAEPXKaHUS 4acToTbl UMMyNbCa HaNpsikeHus B AuManasoHe ¢
LEeHTpanbHbIM 3Ha4YeHnem okorno 20 MKC, BENUYMHbI UMMNyNbCa HANPSPKEHUS B AManasoHe OT
100 B po 500 B, anutenbHOCTM nMmnynbca HanpskeHusa B gunanasoHe ot 10 He go 2000 He

NN X KOMBUHaLMN.

11. Cncrtema no n. 9 unm 10, B KOTOPOWN yKkasaHHOE CPEACTBO YNPaBMEHUSA BbIMNOMHEHO C
BO3MOXHOCTbIO PEryriMpoBaHns YacToTbl, BEMNYUHBI, ANUTENbHOCTU UM MX KOMBUHaLUW,
MO MEHbLUEW Mepe, YacCTUYHO Ha OCHOBAHWM BbIXOAHOMO TOKa (POTO3NEKTPUYECKOrO

YCTPOWCTBA U/MNN BbIXOAHOIO HaNpPsiXKeHWs (DOTOINEKTPUYECKOTO YCTPOMUCTBA.

12. Cuctema no nobomy mn3 nn. 9-11, JoNONHUTENBHO cogepallas CpeaCcTBO U3MEPEHUS
ANA N3MEPEHUSA BbIXOLHOrO ToKa (POTOINEKTPUYECKOrO YCTPOUCTBA W/WMNN  BbIXOLHOMO
HanpsPKeHNa POTOINEKTPUYECKOrO YCTPOMUCTBA, NPUYEM YyKa3aHHOE CPeACTBO ynpasrieHns
BbINOMIHEHO C BO3MOXHOCTbIO PEryriMpoBaHuUsa YacToTbl, BEMUYUHbI, ANUTENBHOCTU UNKU UX
kKoMOuHaummM, NoO MeHbLLUEW Mepe, YacTUYHO Ha OCHOBAHUN U3MEPEHHOro BbIXOAHOMO TOKa

n/vnu M3MEPEHHOIo BbIXOA4HOIO Hanps>XeHuns.

13. Cuctema no n. 12, B KOTOPOW yKasaHHOE CPeACTBO WM3MEPEHUs BkMNoyaeTr B cebs
CPeACTBO U3MEPEHUsI TOka, MOCNeAoBaTeNbHO COEAMHEHHOE MeXay (POTOINEKTPUYECKMM
YCTPOMCTBOM M HarpyskoM Ansi M3MEPEHUSI BbIXOAHOMO TOKa (POTOINEKTPUHECKOTO
YyCTPOWNCTBA, U/1Nn CPEeACTBO U3MEPEHUS HAMNPSIXKEHWNS, COEANHEHHOE C (DOTOINEKTPUYECKUM

YCTPOWCTBOM NS UBMEPEHUS BbIXOAHOIO HaNpsiKeHUst OTO3NEKTPUYECKOrO YCTPOUCTBA.

14. Cncrema no nmobomy m3 nn. 9-13, B KOTOPOW YKa3aHHOE CPEeACTBO YMpaBneHus
BbIMOMHEHO C BO3MOXHOCTbIO YMPaBMNEHUS 3MEKTPUHECKUM MOMEM, BbIXOAHbLIM TOKOM,
BbIXOAHOW MOLLUHOCTBIO UMM MX KOMOMHauuMen nyTemM perynupoBaHust MMnynbca

Hanps»XeHnA.

15. Cuctema no n. 14, B KOTOPOM YKa3aHHOE CPEACTBO YMPaBMNEHWUS BbIMOMHEHO C
BO3MOXHOCTbIO MaKCUMarnbHOrO YBENUYEHUA BbIXOAHOMO TOKa (POTOINEKTPUYECKOrO

YCTPOWCTBA WU/ BbIXO4HOW MOLLHOCTM DOTO3NEKTPMUHECKOTO YCTPONCTBA.



10

15

20

25

30

16. Cucrtema no nwobomy m3 nn. 9-15, B KOTOPOW ykasaHHOEe CPeACTBO YNpaBleHus, Mo

MEHbLUEN MEpe, YaCTUYHO MHTErPMPOBAHO B YKa3aHHbIN MCTOYHMK HaMPSHKEHWS.

17. Cucrema no nobomy 13 nn. 1-16, JONONHMTENBHO coaepallas CpeCcTBO ynpaBneHus
ANA  PEerynupoBaHnsa 4acToTbl MNEPEKNIOYEHUA MEeXAY MEePBbIM PEXMMOM W  BTOPbIM
PEXMMOM, MEPBOV ANMUTENLHOCTM MNEPBOr0 pPeXuma, BTOPOW ANUTENbHOCTU BTOPOrO
pexuma, KoapduumeHTa 3anonHeHWss NEPBOro pexuMma M BTOPOro pexuma, nepBow
4acToTbl CrnefoBaHUs WMMMYNbCOB MNEPBOr0  pexvMma, BTOPOW 4acToTbl CnejoBaHus

MMMYNbCOB BTOPOro pexumMa Unm ux kKomemHauymu.

18. Cuctema no n. 17, B KOTOPOW YKasaHHOE CPEeACTBO YNpPaBfEeHWs BbINOMHEHO C
BO3MOXHOCTbIO MOAAEPKAHUA YacTOTbl MEPEKMOYEHNS B AuanasoHe C LeHTparnbHbIM
3Ha4YeHuem okono 20 MKC, MepBOM ANUTEMNBHOCTU B NepBOM AamanasoHe oT 10 HC go
2000 HC, BTOPOM ANWTEMBHOCTM BO BTOpPOM AguanasoHe ot 10HC go 2000 He,
KoadbpuymeHTa 3anonHeHns nMmnynbca Hanps»keHna B guanasoHe ot 0,1% o 10% wnnu mx

KOMBMHaLMK.

19. Cuctema no n. 17 unn 18, B KOTOPOWN yKaszaHHOE CPEeACTBO YNPaBrEHWS BbINOMHEHO C
BO3MOXHOCTbIO PEryrnMpoOBaHNS 4acTOTbl MEPEKOYEeHUs, NepBon ANUTENBHOCTU, BTOPOW
ANUTENBbHOCTU, KO3PPULUMEHTaA 3anofnHEeHUs unm ux KombuHaumum, No MEeHbLUEen Mepe,

4aCTU4YHO Ha OCHOBaHWM YCIOBUIA Harpy3Kku.

20. Cncrema no nobomy m3 nn. 17-19, B KOTOPOM yKazaHHOE CPEeACTBO YNpasrieHUsa, no
MEHbLUEN Mepe, YaCTUYHO WHTErpupoBaHO B YKA3a@HHbIM WUCTOYHWUK HanpsiKeHWs w/vnm

yKasaHHOe CPeACTBO MEepeKroHeHus.

21. Cucrtema no nobomy m3 nn. 1-20, B KOTOPOW BTOPOW NOPT YKA3AHHOIO CPEACTBa
MEPEKNoYEHN COEAUHEH C MHOXECTBOM (POTOIMEKTPUYECKUX YCTPOUCTB, MNpUYEM
yKa3aHHOe CpeACTBO MEPEKIIOYEHUS BbINOMHEHO C BO3MOXHOCTbIO MEPEKMIOYEHNS MEXIY
NepBbIM PEXUMOM ANSA NOAAYM MMMYNbCA HaMNPSPKEHUS C MNONOXUTENBHOW BENUYMHOW A N1S
reHepaumm 3neKTPpUYECKOro MOons ANS YBENUYEHMSI BbIXOAHOrO TOKa W/UMKN BbIXOLHOW
MOLLHOCTW, BbipabaTbiBaEMbIX MHOXECTBOM (POTOINMEKTPUYECKNX YCTPOWCTB, U BTOPbLIM
PEXMMOM Ansi o6ecneyvyeHnst yBENUYEHHOIO BbIXOAHOMO TOKa W/MNW YBENUYEHHOW BbIXOAHOM
MOLLHOCTH, BblpabaTbIBAaEMbIX MHOXECTBOM (POTOINEKTPUHECKMX YCTPOWUCTB M NOAaBaeMbIX

Ha Harpysky.

22. Cuctema no n. 21, B KOTOPON MHOXECTBO POTOINEKTPUYECKUX YCTPOUCTB PACMONOXEHO

B NocrneaoBaTenbHOM KOHbUrypaumm, napannensHon KoHUrypaumm unm nx kKomomHaymu.
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23. Cncrema no nobomy u3 nn. 1-22, AONOMHUTENBHO COAEepXaLlaa CPeaCTBO XpPaHEeHUs
3HEPrUN AnA YMEHbLUEHUS MNajeHUa HanpsXKeHWss Ha Harpyske B MEPBOM pexume

yKa3aHHOro CpefcTBa NepeknioyeHms.

24. Cuctema no n. 23, B KOTOPOW YKa3aHHOE CPELCTBO XPAHEHWUS SHEPTUN COAEPKUT MO
MEHbLUEN Mepe OAUH KOHAEHCaTop, NO MEHbLUEN MEpPe OAUH MHAYKTOP, NO MEHbLUEN Mepe

OAHY aKKyMYNATOPHYO BaTapero unm nx KomomHayuio.

25. Cuctema no n. 23 unu 24, npuyem ykasaHHOe CPeaCTBO XPaHEHUs! SHEPTrMM BbINOMHEHO
C BO3MOXHOCTbKO COXPaHEHUS BbIXOAHOrO TOKA W/WNMM  BbIXOHOW  MOLLHOCTH,
BbipabaTbiBaeMbIX (POTOINEKTPUYECKMM YCTPOWCTBOM, BO BTOPOM PEXMME YKa3aHHOMO

CpefCcTBa NEPEKMOYEHMS.

26. Cncrema no n. 25, B KOTOPOW yKasaHHOE CPEeACTBO XPAHEHUSA 3HEPTMU BbIMOMHEHO C
BO3MOXHOCTbIO YMPaBMEHNs] Harpy3kon 4epes COXPaHEHHYI BbIXOAHYHO MOLLYHOCTb Wnn

COXPaHEHHbIN BbIXOAHOM TOK B MEPBOM PEXMME CPeACTBa NepeKrnoUYeHns.

27. Cuctema no n. 26, AOMNOMHUTENLHO CoaepXKaljass APOCCenb AN 3NEKTPUYECKON
N30MALUMM Harpy3km OT (POTOINMEKTPUYECKOrO YCTPONCTBA B pagnodacTtoTHON obnacty npu

ynpaBrneHnuyn Harpy3kon ykasaHHbIM CPeaCTBOM XpaHEeHUs 3HEePru.

28. Cucrtema no n. 27, B KOTOPOW yKa3aHHbIA APOCCEnb COAEPXKUT NO MEHbLLEN Mepe OAMH
KOHAEHCaTop, MO MEHbLUEN Mepe OAUNH UHAYKTOP, NO MEHbLUEN Mepe OAHY aKKyMYMsiTOPHYHO

BaTtapeto nnm nx KomoHaUuto.

29. Cuctema no nwbomy u3 nn. 1-28, B KOTOPOM YKa3aHHOE CPEACTBO MNEPEKYEHUs
BbINMOMHEHO C BO3MOXHOCTbIO paboTbl BO BTOPOM PEXUME MEXAY COCeAHUMWU NepBbIMU

peXUMamMm.

30. Cuctema no n. 29, B KOTOPON YyKa3aHHOE CPEACTBO MEPEKMOYEHNST BbINOMHEHO C
BO3MOXHOCTbIO paboTbl BO BTOPOM PEXMME B TEYEHME 3a4aHHOr0 WHTEpBana BPEeMEHMU

Mexay coceaHUMU NeEPBbIMU PEXKUMaMN.

31. Cncrema no n. 29 nnm 30, B KOTOPOW yKaszaHHOE CPeCTBO NEPEKNIOYEHUS BbINOMHEHO C
BO3MOXHOCTbIO paboTbl 6€3 nojaum curHamna HanpsbkeHUs OT YNOMSAHYTOrO WUCTOYHMKA

Hanps»XeHna B Te4eHne 3agaHHoro MHTepBana BpemMeHn.

32. Cucrema no nwobomy m3 nn. 1-31, B KOTOPOW yKaszaHHOE CPEACTBO MNEPEKIHOYEHMS
BbINMOMHEHO C BO3MOXHOCTbIO YCT@HOBMEHWE MNyTU TOKa MeXay (POTOINEKTPUYECKM

YCTPOWUCTBOM W Harpy3kom BO BTOPOM PEXMME.
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33. Cucrema no n. 32, B KOTOPOW (POTO3NEKTPUYECKOE YCTPOWUCTBO BbIMNOMIHEHO C
BO3MOXHOCTbIO ODecrneyeHust yBENUYEHHOro BbLIXOLHOMO TOKa WWUNWU  yBENWYEHHOW

BbIXOAHOW MOLLHOCTM ANSi HArpy3ky Yepes NyTb TOka BO BTOPOM peXxunme.

34. Cuctema no nobomy u3 nn. 1-33, B KOTOPOM YKa3aHHOE CPEACTBO MNEPEKMYeHUs
BbINMOMHEHO C BO3MOXHOCTbIO YCTaHOBIIEHUS MYTW TOKA MEXAY YKa3aHHbIM WUCTOYHUKOM

HanpPsKEHUS U POTOINEKTPUYECKMM YCTPONCTBOM B MEPBOM PEXUME.

35. Cncrema no n. 34, B KOTOPOW BTOPOW MNOPT YKA3AHHOrO CPEACTB MNEPEKITHOYEHMS
MOAKIMIOYEH K OAHOMY UINN HECKOMbKUM CYLLECTBYIOLLMM 3NEKTpogamM (POTOINEKTPUHECKOTO

YyCTPOWCTBA.

36. Cncrema no n. 34 nnn 35, B KOTOPOW yKasaHHOE CPeACTBO NEPEKNIOYEHNSA BbINOMHEHO C
BO3MOXHOCTbIO MNOAayn CurHana HanpskeHusi, NOAaBaeMOro YKasaHHbIM WUCTOYHUKOM

HanpsPKeHUs, Ha POTO3INEKTPUYECKOE YCTPOUCTBO Yepes NyTb TOKa B NEPBOM PEXUME.

37. Cuctema no n. 36, B KOTOPOW YKa3aHHOE CPEACTBO MEPEKMOYEHNS BbINOMHEHO C
BO3MOXHOCTbIO MOAayM curHana HanpskeHus Ha OoTOo3aneKkTpuyeckoe ycTtpouctso 6e3

KOHCTPYKLMOHHbIX M3MEHEHWUI (hOTOINEKTPUYECKOrO YCTPOMCTBA.

38. Cucrema no nobomy m3 nn. 34-37, B KOTOPOWN yKa3aHHOE CPELCTBO MEPEKIOYEHMUS
BbINMOMHEHO C BO3MOXHOCTbIO paspbiBa MyTU TOKA MeEXAY YKasaHHbIM WCTOYHUKOM

HanpsPKEHUs U POTOINEKTPUYECKMM YCTPONCTBOM BO BTOPOM PEXMME.

39. Cucrtema no nwobomy u3 nn. 1-38, B KOTOPOM YyKa3aHHOE CPEACTBO MNEPEKMoYeHUs
BbIMOMHEHO C BO3MOXHOCTBIO MNOAaYM CUrHana HanpskeHua Ans  reHepupoBaHus

3NEKTPUYECKOro Nons Ha POTOINEKTPUYECKOM YCTPONCTBE.

40. Cuctema no nobomy m3 nn. 1-39, B KOTOPOW Harpyska cnocobHa npeobpas3oBbiBaTb
BbIXOAHOW TOK W/UNN BbIXOAHYKO MOLLHOCTb, BblpabaTbiBaeMble (POTOINEKTPUYECKNM

YCTPONCTBOM, B NEPEMEHHbLIN TOK UM MOLLHOCTb NEPEMEHHOIO TOKa.
41. Cncrema no n. 40, B KOTOPOW Harpyska cogep>KutT NHBEPTOP.

42. Cuctema no n. 40 wnu 41, B KOTOPOW Harpyska 3NEeKTPUYECKN W30nMpoBaHa oOT

(HOTOINEKTPUNYECKOTO YCTPONCTBA B PagNo4acToTHom obnacTtu.

43. Cuctema no n. 42, B KOTOPOW Harpyska 3reKTpUYeckn usonupoBaHa oT
POTO3NEKTPUYECKOrO YCTPOMCTBA 4Yepe3 KOHAEHCATOp, WHAYKTOP, aKKyMYMNSTOPHYIO

Barapeto nnm nx KomémHaumio.
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44. Cucrema no nobomy m3 nn. 1-43, B KOTOPOW reHepupoOBaHWE INEKTPUYECKOrO MOns
CrMOCOBHO YBENUYUTbL BbLIXOAHOW TOK W/WNW BbIXOAHYIO MOLUHOCTb, BblpabarbiBaemble
POTOINEKTPUYECKMM  YCTPOWUCTBOM, Ha BenuuuHy a0 50% B yCrnoBMSIX  HU3KOW

OCBELLEHHOCTM.

45. Cncrema no nobomy m3 nn. 1-43, B KOTOPON FEHEPUPOBAHWE 3MNEKTPUYECKOro MOons
CNOCOOHO YBENUUUTbL BbLIXOAHOW TOK W/MNU BbIXOAHYO MOLLUHOCTb, BblpabaTbiBaeMble
(POTOINEKTPUYECKMM YCTPOWUCTBOM, Ha BenuduHy Oonee 50% B yCcnoBusIX HU3KOW

OCBELLEHHOCTM.

46. Cuctema no nobomy m3 nn. 1-45, B KOTOPOWN reHepupoOBaHNE 3INEKTPUYECKOro Mors
CMOCOBHO YBENMUYUTL BbLIXOAHOW TOK W/MWNU BbIXOAHYHO MOLLHOCTb, BblpabartbiBaemble
POTOINEKTPUYECKMM  YCTPOUCTBOM, Ha BenuuuHy 40 20% B YCNOBUSIX BbICOKOW

MHTEHCUBHOCTU OCBELLIEHUA.

47. Cucrtema no nobomy m3 nn. 1-46, B KOTOPOWN reHEepUpOBaHNE 3INEKTPUYECKOro Mons
CNOCOBHO YBENUYUTbL BBLIXOAHOW TOK W/WNMU BbIXOAHYO MOLLHOCTb, BblpabaTbiBaemMble

OTO3NEKTPUYECKUM YCTPOUCTBOM, HA BENUYUHY OT 20 Ao 50%.
p ycTp ) y a

48. Cucrema no nobomy m3 nn. 1-46, B KOTOPOW reHepupoBaHWE 3INEKTPUYECKOro Mons
CNOCOBHO YBENUYUTbL BBLIXOAHOW TOK W/WNU BbIXOAHYO MOLLHOCTb, BblpabaTbiBaemble

POTOINEKTPNYECKMM YCTPOMUCTBOM, Ha BeNnYMHy 6onee 50%.

49. Cucrema no nobomy u3 nn. 1-48, B KOTOPOW YBENUYEHUE BbIXOAHOIO TOKA W/uUnu
BbIXOAHOW MOLLHOCTU, BblpabaTbiBaeMbiX hOTOINEKTPUYECKUM YCTPOMCTBOM, OCHOBaHO Ha
WHTEHCUBHOCTM CBETa, najawwero Ha (OTOINEKTPUYECKoe YCTPOWUCTBO, TOMLMHE
hOTOINEKTPUYECKOrO YCTPOWUCTBA, LUMPUMHE WUMMYMbCa HanpsiKeHWsl, 4acTtoTe MMMynbca

Hanps»XeHn4.

50. Cucrema no nmobomy m3 nn. 1-49, B KOTOPOW yKasaHHOE CPEACTBO MNEPEKITHOYEHMS
COAEPXKUT TPETUA MOPT ANS MOAKMOYMEHUS K Harpyske n anst obecneyeHnst yBENMYEHHOTO
BbIXOAHOIO TOKa WWNN YBEMNUYEHHOW BbIXOAHOW MOLLYHOCTW, NOAABaEMbIX Ha Harpysky, BO

BTOPOM PEXUME.

51. Cucrema no mobomy m3 nn. 1-50, B KOTOpOM BTOPOW MNOPT YKa3aHHOro CPeAcTBa
MEPEKMIOMEHUS BbINOMHEH C BO3MOXHOCTBIO MOAKMIOYEHUSs K Harpyske n obecneyeHus
YBEJTMYEHHOTO BbIXOAHOrO TOKa W/WNW YBENMUYEHHOMW BbIXO4HOW MOLLHOCTW, NOAaBaEMbIX Ha

HarpysKky, kak B NepBOM PeXUMe, Tak 1 BO BTOPOM PeXUME.
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52. Cnoco6® noBbllWEHNA KO3(pdUUMEHTa MOMNE3HOro AEeUCTBUA (POTO3NEKTPUYECKOrO

YCTPOWCTBA, CoAEepKaLlnn Wwarn, Ha KOTOpPbIX:

obecneunBaroT UCTOYHMK HANPSKEHNST; U

obecneunBaloT MOAKMIOYEHNE NEPBOrO NOpTa CPEeACTBA MNEPEKMOYEHUST K UCTOYHMKY
HanpsKeHUs, MNpUYEM CPEeACTBO MEPEKIIOYEHNS COAEPXUT BTOPOW MNOPT Ans
MOAKIMIOYEHNS K POTOINEKTPUYECKOMY YCTPONCTBY M BbIMNOMHEHO C BO3MOXHOCTbIO
NEPEKNOYEHNS MEXAY NEPBbIM PEXUMOM ANSA NOAAYN MMMYNbCa HaNPSKEHUST C
NONOXUTENbHOM BEMUYMHOM ANS  FEHEePUPOBaAHUS  3NEKTPUYECKOro nons  Ans
YBENNYEHNST BbLIXOAHOrO TOKA W/WMM BbIXOAHOW MOLUHOCTM, BblpabaTbiBaeMbIX
hOTOINEKTPUYECKMM  YCTPOWUCTBOM, M BTOPbIM peXumMom ans obecneyeHus
YBENMMYEHHOTO  BbLIXOAHOMO TOKA W/WNN  YBENUYEHHOW BbIXOAHOW  MOLLHOCTM,

NnoAaBaeMbIX Ha Harpysky.

53. Cnocob no n. 52, B KOTOPOM CPEACTBO MEPEKIIOYEHNA COAEPXKUT TPETUA NOPT ANSA
MOAKIMIOYEHNST K Harpyske un gns obecneyvyeHus yBENUYEHHOTO BbIXOAHOMO Toka W/wnn

YBENMYEHHOWN BbIXOAHON MOLLHOCTY, NOAaBaeMbIX Ha Harpysky, BO BTOPOM PEXMME.

54. Cnoco6 no n. 52, B KOTOPOM BTOPOW MOPT CPEACTBA MNEPEKMNIOYEHUS BbINOMHEH C
BO3MOXHOCTbIO MOAKMIOYEHUST K Harpyske n obecneyeHmst yBENMYEHHOTO BbIXOAHOMO TOKa
/NN yBENNYEHHOW BbIXOAHOW MOLLHOCTM, NOAaBaeMbIX Ha Harpy3sky, B NEPBOM peEXUME U

BO BTOPOM PEXMME.

55. Cnoco6 noBbilWeHNss KoapdULUMEHTA NOME3HOro AENCTBUSA (POTOINEKTPUYECKOrO

YCTPOWCTBA, COAEPKALLMN Luar, Ha KOTOPOM:

obecneunBaloT MOAKMIOYEHME NEPBOrO MNOpTa CPEeACTBa MNEPEKMIOYEHMST K  UCTOYHMKY
HanpsbKeHUsl, MNPUYEM CPEACTBO MEPEKIIOYEHUS COAEPXUT BTOPOW MNOPT AnS
MOAKMIOYEHNST K  WUCTOMHUKY HanpPsbKEHWss W BbINOMHEHO C  BO3MOMXHOCTbIO
NEPEKMOYEHNS MEXAY NEPBbIM PEXUMOM ANSA NOAAYN MMMYNbCa HaMNPSKEHUST C
NMONOXUTENbHOM BEMWYMHOM AN FEHEPUPOBaHUS  3NEKTPUYECKOro nons  Ans
YBENNYEHNST BbLIXOAHOrO TOKA W/WMM BbIXOAHOW MOLUHOCTM, BblpabaTbiBaeMbIX
POTO3INEKTPUYECKMM  YCTPOWUCTBOM, M BTOPbIM peXumMom ans obecneyeHus
YBENMMYEHHOTO  BbLIXOAHOMO TOKA W/WNW  YBENUYEHHOW BbIXOAHOW  MOLLHOCTM,

noAaBaeMbIX Ha Harpysky.

56. Cnoco6 no n. 55, fONONHUTENBLHO coaepXawui war, Ha KoTopom obecneumsaroT
NMOAKMIOYEHNE TPETLErO MOpTa CPEACTBA MEPEKMNIOYEHUS K Harpyske, Nnpu4em CcpeacTBo

nepekn4vyeHna BbINONMHEHO C BO3MOXXHOCTbIO obecneveHnms yBeNnn4YeHHOro BbIXO4HOIo TOKa



N/Mnun yBeNMYEHHON BbIXOAHOW MOLLHOCTU, NoaBaeMbIX Ha HarpysKky, Yepes TPeTUii NopT BO

BTOPOM PEXUME.

57. Cnoco6 no n. 55, gononHUTENbHO cofepXawun Liar, Ha KOTOpom obecneymsaioT
MOAKIIOYEHNE MEPBOro Mopta CpeacTBa MNEPEKIOYEHUs K Harpyske, npuyem CpeacTBo
NepeKnoYEHUs BbINOMHEHO C BO3MOXHOCTbIO 06eCneyvYeHns yBENMYEHHOro BbIXO4HOrO ToKa
/N yBENNMYEHHOWN BbIXOAHOW MOLLHOCTU, NOAaBaeMbIX Ha Harpy3ky, Yepes nepsbiv NOpT B

NepBOM PEXUME U BO BTOPOM PEXMME.
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EAIB/OI1-2
EBPAZHHNCKOE NATEHTHOE BETOMCTBO

Homep eBpazuiickoli 3asaBku:

201991414

OTYET O ITATEHTHOM
IIOUCKE
(ctatea 15(3) EATIK u npasuno 42
IatenTHolt nACTpYKLMH K EATIK)

Jlata nomaun: 21 despans 2015 (21.02.2015) | Jlata ncnpamusaemoro npuoputera: 21 deBpans 2014 (21.02.2014)

Haspanue nzo6perenns: CIIOCOB (BAPUAHTBI) U CUCTEMA JJ15] NIOBBIIIEHW A KODPOUITUEHTA
TONE3HOIO AENCTBUS ®OTODJIEKTPUYECKOI'O YCTPOMCTBA

COJIAPJIMTUKC UHK.

3asBurens:

D HexoTroppie yHKTE! GopMyJibl He NoANekKAT NOHCKY (cM. pa3aen I JonoiHHTeILHOrO JIHCTA)
D Eanncerso nsobperenns He cobmroneHo (cm. pazaest Il gonoaHuTebHOro Aucra)

A. KTACCU®HUKALHMSA TTPEIMETA M30OBPETEHHA:

MIIK: HO2S 40/30 (2014.01) HO02S 40/30
GOSF 3/02 (2006.01) GOSF 3/02

CornacHo MexayHapoaHoit nateHTHO! kiaccupukanuy (MIK) wiv sanmonansuoi knaccudpuxaimu v MITK

CIIK: (2014-12)

(2013-01)

b. OBJIACTL [TOUCKA:

MunnMyM npocMoTpeHHOM NOKyMeHTalHy (cucTeMa knaccudukaumy v unaekcsl MITK)

Jlpyras npoBepeHHas JOKYMEHTAUUs B TOW Mepe, B Kakol OHa BK/IOYEHa B 00JIaCTh NOMCKA:

B. JOKYMEHTbLI, CYUTAIOIIMECS PEJIEBAHTHbLIMU

Kateropus* CcbuIkM Ha IOKYMEHTBI € YKa3aHHEM, [Ie 3TO BO3MOXKHO, PSIEBaHTHbIX YacTel OTHOCUTCS K MYHKTY Ne

X US 2009/0078304 A1 (JACK ARTHUR GILMORE) 26.03.2009, 1-3, 51-57

Y abzaup! [0028]-[0036], [0042]-[0043] dur. 2-4 4-50

Y US 2010/0275968 A1 (ALPHA TECHNOLQGIES INC.) 04.11.2010, 4-50
a6zauet [0007], [0028], [0032]-[0036], [0050], [0079] dur. 1-4

Y US 2012/006408 A1 (EL-GHOROURY HUSSEIN et al) 12.01.2012, a63alp! 9-50
[0057]-[0058], [0069]-[0071], [0091]-[0093], [0096]-[0097], dpur. 7D, 9A-9D
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Dnocneuyloume NOKYMEHTH! YKa3aHbl B NPOAOKeHnn rpadel B

D JAAHHBIC O NaTCHTaX-aHaJIorax yKasaHbl B NPpHI0XKCHHH

* OcoOble KaTeroOpHH CCHIIOUHBIX JOKYMEHTOB:

"A" NOKYMEHT, ONpenensiounii obumit ypoBeHb TOXHHKY

"E" Gonee paHHURA ROKYMEHT, HO ONyOMMKOBAHHBINA Ha ATy
noAa4n €BPa3HiHCKOi 3asBKH UNU NOCAE Hee

"O" NOKYMEHT, OTHOCAWMHACA K YCTHOMY PACKDLITHIO, SKCTIOHU-
POBAHHIO U T.A.

"P" ROKYMEHT, onyOnrKoBaHHbIH A0 AAThl NOAAYH €BPA3UICKONH
3a8BKH, HO NOCJIE 1aThl HCAPAIMMBAEMOrO NPUOPUTETA

"D" NOKYMEHT, NPHBEAEHHDIH B €BPa3HiiCKOii 3asBKke

"T" Honee no3nuui AOKYMEHT, OMy0IHKOBAHHBIH N0CNE RAThI
MPHOPHTETA M HPUBEACHHEIN JN12 MOHHMaHHA U300PETEHHA

"X" nOKyMeHT, UMeloLrii Haubonee O61M3KOe OTHOWEHHE K NIPEAMETY
TIOKCKA, NOPOYALLNI HOBH3HY HIIH H300DeTATENBCKUAN YPOBEHSD,
B3ATHIA B OTACABHOCTH

"Y" ROKYMEHT, uMelomnii Hanbonee 61M3K0e OTHOWEHHE K IPEAMETY
IOMCKA, NOPOoYainii 1300pEeTaTeNbCKNii YPOBEHDL B COYETAHHM ¢
APYTUMH ROKYMEHTAMM TO# 3Ke KaTeropuu

"&" HOKYMEHT, ABNAIOIUHACA NATEHTOM-3HANOrOM

"L" JOKVMEHT, MPUBEACHHLIN B IPYrUX LEnax

Jlata JeHCTBUTENBHOIO 3aBEPILECHUS NATEHTHOrO MOUCKA:

01 aBrycra 2019 (01.08.2019)

HaumenoBanue u agpec MexayHapoHoro noucKoBoOro opraxa:

depepanbublit HHCTUTYT
MPOMBIILIEHHO#i COBCTBEHHOCTH
P, 125993, Mocksa, I'-59, I'CI1-3, Bepexkobckas Hal.,
1. 30-1.dakc: (499) 243-3337, teneraiin: 114818 [TOJAYA

VYNoIHOMOUEHHOE IULIO :

T. M. HBaHoBa

Tenedon Mo (499) 240-25-91
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