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IlepexpecTHasi cCHIIIKA HA POACTBEHHBIE 3aIBKI

3asBKa Ha/JlaHHOE M300pETeHME 3asBISICT MPHOPUTET MO npenaBaputesbHoi 3asBke CHIA Ne 61/943127,
nomanHou 21 ¢espans 2014 r.; npeaBaputenbHoit 3asBke CIIIA Ne 61/943134, momannoit 21 despans 2014 r.;
npenBaputenbHoit 3asBke CIIIA Ne 61/947326, mogannoit 3 mapta 2014 r.; u npenBaputensHoi 3asBke CIIIA
Ne 62/022087, momanHoit 8 utons 2014 ., onmucaHus KOTOPBIX IMOJTHOCTBIO M JJIST BCEX IleJIel BKIIFOUCHBI B JaH-
HOE OIIMCAHKE TIOCPEICTBOM CCBHIJIKH.

O0J1acTh TEXHUKH

Hacrosiee n3o0peTeHne B 1EeJIOM OTHOCUTCS K (POTORIEKTPUIECKUM yCTPOWCTBaM, a 0oJjiee KOHKPETHO,
HO HE HMCKJIIOYHMTENIFHO, K CHCTEMaM MaKCHMaJIbHOTO YBEJIMYEHHs T'€HEPHPYEMOIl MOIIHOCTH WM SHEPTHH H
ob1ero ko3¢ ¢unueHTa Moje3Horo ASHCTBUS OJHOTO MM HECKOJBKHX COJHEYHBIX JJIEMEHTOB, HAINpPHUMED, C
MIOMOIIBIO TI0/1a41 ¥ PErYJIUPOBAHMSI BHEITHETO SJIEKTPUYECKOTO TOJISl HA COJTHEYHBIX JIEMEHTAX.

IIpeanoceliky co3nanus H3o0peTeHUus

CoOJTHEYHBIH 37EMEHT (TakXKe Ha3bIBACMBIH (DOTOIICKTPHUUCCKUAM IIEMEHTOM) MPEICTAaBIsICT COOOM 3JeK-
TPUYECKOE YCTPOHWCTBO, KOTOPOE MPeodpa3yeT SHEPTHIO CBETa B AJIEKTPUYECTBO C MOMOIIBIO MTPOIIECCa, N3BECT-
HOTO Kak "dorosnexkrpuuecknii 3pdext". [Ipn Bo3aeHCTBUN cBETa CONIHEYHBIN IJIEMEHT MOXET TeHEPUPOBATh U
MOJICP’KUBATH ANEKTPUUSCKUI TOK 03 TOAKIIOUeHHS K JTI000MY BHEITHEMY WCTOYHHMKY HampspkeHus. Hawmbo-
Jiee pactpOCTPaHEHHBIM CONTHEYHBIH 3JIEMEHT COCTOMT U3 p-n-miepexona 110, H3rOTOBIEHHOTO M3 MOIYIPOBO/-
HUKOBBIX MaTepHaJioB (HApuMep, KPEeMHHUs), TAKUX Kak B coiaHeuHoM 3nemeHTe 100, mokasanHoMm Ha ¢wur. 1.
Hanpumep, p-n-nepexox 110 copepXuT TOHKYIO IJIACTHHY, COCTOSIIYIO U3 CBEPXTOHKOTO CJI0S KPEMHHS N-THIIA
moBepx 0oJiee TOJICTOTO IO KPEMHUS p-THIIA. Tam, TIe 3TH JBa CJIOS HaXOIATCS B KOHTAaKTe, BOIHM3HM BepXHEH
MOBEPXHOCTH COJIHEUHOTO 3eMeHTa 100 co3maercs anekTpuyeckoe moJie (He MOKa3aHo) U MPOUCXOoAnuT Auddy-
3Ms DJICKTPOHOB M3 00JIACTH BBICOKOW KOHIIEHTPALMH JJIEKTPOHOB (CTOPOHBI N-THIa p-n-riepexona 110) B 00-
JaCTh HU3KOW KOHIIEHTPAIXH 3JIEKTPOHOB (CTOPOHY p-Tuna p-n-niepexona 110).

P-n-riepexon 110 3akmodeH Mexay ABYMs NMpoBo My snekrpogamu 101a, 101b. Bepxumii anexrpon
101a siBistercst MO0 MPO3PaYHBIM TSI MAAIOMIETO (COMTHEYHOT0) M3y4YeHHs, JIM0O HE MOJHOCTBHIO ITOKPHIBACT
BEPXHIOIO 4YacTh coiHeyHoro siementa 100. Dnextpoast 101a, 101b MOTyT CIy’)XKHTh B Ka4eCTBE OMHYECKHX
KOHTAaKTOB METAJUI-TIOIYIPOBOJHHUK, KOTOPBIE COSIUHSIOTCS C BHEIIHEW Harpy3koil 30, KkoTopas MOIKITIOYEeHA
MOCJIEIOBATENbHO. XOTS HAarpy3ka MOKa3aHa TOJBKO KaK aKTHBHas, Harpy3ka 30 MOXeT Tarxke COIepiKaTh Kak
AKTUBHYIO, TaK U PEaKTUBHYIO COCTABIISIOIIE.

Kak mpaBuio, HECKOIBLKO COTHEUHBIX 37eMeHTOB 100 MOTYT OBITh COEMHEHBI BMecTe (TI0CIIeI0BATEIEHO
W/WIH TTapaJuIeNbHO) Tl 00pa3oBaHus naHenn 10 CONHEYHBIX dJIEMEHTOB (Kak mokazaHo Ha ¢ur. 2). Co cchul-
KoM Ha ur. 2 moka3zaHa THIOBAsi KOH(UTypanusl YCTAHOBKH C MCIIOJIb30BAaHUEM TI0 MEHBILCH Mepe OJJHOH naHe-
m 10 conHeuHbIX 35eMeHTOB. [lanenu 10 cOMHEYHBIX JIEMEHTOB MOTYT OBITh COEAMHEHBI JINOO MapauleNbHO,
Kak MoKa3aHo Ha ¢ur. 2, 100 MoCe10BaTeNbHO, THO0 ¢ COYETAaHHEM COSIMHEHHH 1 MOJKIIIOYEHBI K Harpyske,
Takoi kak uHBeprTop 31. MHaBepTOp 31 MOXKET cofepxaTh Kak aKTUBHBIE, TAK M PEAKTUBHBIE COCTAaBIISIOLINE.

Bosspamasce k ¢ur. 1, korna ¢oron nonaxaer B coaHeuHsd aneMeHT 100, GoToH MO0 MPOXOAUT MPSIMO
Yyepe3 MaTepual COJHEYHOIO IEMEHTa, YTO OOBIYHO MPOUCXOIMT MpU Oojiee HU3KUX SHEPTUsX (POTOHOB; MO0
OTpa)kaeTcs OT MOBEPXHOCTH COJHEYHOTO AJIEMEHTA; JHOO0 MPEAMOYTHTEIHHO MOTJIOMAETCS MaTepHUalIOM COJI-
HEYHOTO 3JIEMEHTA, €CJIA dHeprHsl ()OTOHA BBIIIE, YeM IIMPUHA 3allPEUICHHOW 30HBI KPEMHHSA, TCHEPUPYSI dIIEK-
TPOHHO-IBIPOYHYIO TapPYy.

Ecmn doToH mormomraercsi, ero 3HEPrHs IMepefaeTcsl dJIEKTPOHY B MaTepHaje COJHEYHOTO 3JIEMEHTA.
OOBIYHO 3TOT IEKTPOH HAXOAWTCS B BAJICHTHOI 30HE, M TECHO CBS3aH KOBAJICHTHBIMHU CBS3SMH C COCETHUMU
aTOMaMH, W, CJICJIOBATEIILHO, HE MOXKET AAIEKO NepeMelaThCs. DHEprus, NepeJaHHasi dJIEKTPOHY (OTOHOM,
"B030y>K/1aeT" JIEKTPOH B 30HY NMPOBOAMMOCTH, TJIe OH MOYKET CBOOOIHO NEPEIBUraThCS B IIpeieiax COJIHEYHO-
ro anemeHnTa 100. KoBaneHTHas CBsI3b, YaCThIO KOTOPOH OB paHee 3JIEKTPOH, TEHEepPh UMEET Ha OJMH DIIEKTPOH
MEHBIIIE - 3TO Ha3bIBAeTCs JIBIPKOI. Hanmume oTcyTCTBYIONIEH KOBaJICHTHOM CBSI3M MO3BOJISICT CBS3aHHBIM JJICK-
TPOHaM COCEJHHX aTOMOB IEpEMEIIaThCsl B JBIPKY, OCTaBIISIS 033U €llle OAHY JBIPKY. TakuM o0pazoMm, JpIpKa
TaKke MOXET 3((PEKTHBHO NepeMenaThes depe3 conHedHslid anemeHT 100. Takum oOpa3oM, GOTOHBI, MOTIIO-
IIeHHBIE B colHeYHOM 3neMenTe 100, co3maroT MoABMKHEIE HIICKTPOHHO-IABIPOYHBIC Maphl. [ToaBMKHAS Iek-
TPOHHO-IBIPOYHAs Mapa AUGYHIUPYET WK aApeidyer B cTopoHy d1ekTponos 101a, 101b. Kak npasuio, siek-
TpoH mudPyHaUpyeT/Apelidyer B HANpaBICHHH OTPHUIATEIHLHOTO OJJIEKTpoAa, a JAblpka muddyHaupy-
eT/aperidyeT B HaAMpaBIEHWH TIOJOXKHUTEIHLHOTO 3JekTpona. duddy3us HocuTenei (Hampumep, SJIEKTPOHOB)
00ycJIoBJIeHA CITy9aliHBIM TETTOBBIM JBIKCHHEM JO0 TeX IOp, IOKAa HOCHUTENh HE 3aXBATHIBACTCS HIEKTPUICCKH-
MU mossiMe. J[peiid Hocuteneit 00yCIIOBICH DIIEKTPUIECKUMH TIOJISIMH, 00pa30BaHHBIMH B aKTHBHOW 00JIACTH
cosHeuHoro snemeHTa 100. B TOHKOIIEHOYHBIX CONHEUHBIX AJIEMEHTaX NpeoOiaJarolliM THUIIOM pa3ieieHHs
HOCHTEJICH 3apsiia sBisieTcst Apeld, 0O0yCIOBISHHBIH JIEKTPOCTaTHYECKUM TosieM p-n-miepexona 110, mpoxo-
JUIIIMM TI0 BCEH TOJIIIMHE TOHKOIJICHOYHOTO COJTHEYHOT'O 3JIeMeHTa. TeM He MeHee ISl COTHEYHBIX JIEMEHTOB C
OoJIBIIICH TOJIIMHOM, HE MMEIOIINX MPAKTHYECKH HUKAKOTO AJIEKTPHYECKOTO IMOJIsl B aKTHBHOHN 00J1acTH, mpeoo-
JaJarolIuM THIIOM pasJieJIeHus] HocuTesel 3apsaa ssisercs anddysus. Jnuna nuddy3nn HEOCHOBHBIX HOCHUTE-
nel (T.e. AJMHA, KOTOPYIO MOTYT NMPOXOIUTh (POTOT€HEPUPYEMBbIE HOCUTENH, IIPEK/AE YeM OHH PEKOMOHMHUPYIOT)
IOJDKHA OBITH OOJIBIIE B COJIHEYHBIX DJIEMEHTAX C OOJIBIIEN TOIIINHOIA.
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B xoHeuHOM cueTe, 3JIEKTPOHBI, KOTOPHIE CO3/1al0TCA HA CTOPOHE n-THma p-n-nepexona 110, "HakorueH-
Hble" y p-n-niepexona 110 u mposeTeBIIre Ha CTOPOHY II-THIIA, MOTYT 00ECIICUNTh MUTAHKUE JUIS BHEUTHEH Ha-
rpy3ku 30 (depes anexTpoxa 101a) u BepHYThCS Ha CTOpOHY p-THMa (depe3 anektposn 101b) conmnedHoro sinemMeH-
ta 100. ITocne Bo3BpaIleHnus Ha CTOPOHY P-THIIA JJIEKTPOH MOXKET PEKOMOMHHUPOBATH C JIBIPKOH, KOTOpast ObLIa
00 co3aHa Kak AIEKTPOHHO-IBIPOYHAS ITapa Ha CTOPOHE p-TUIa, 00 mpoiieTena depe3 p-n-nepexox 110 co
CTOPOHBI II-THIIA.

Kak moxazano Ha ¢ur. 1, 3IeKTPOHHO-IBIPOYHAS ITapa MPOXOAUT KPYTOBOH MapmIpyT OT TOYKH CO3TaHHS
3JIEKTPOHHO-ABIPOYHON Mapsl 10 TOYKH, I/Ie SJIEKTPOHHO-IBIPOYHAS ITapa HaKalulnBaeTcs Ha anekrpoxax 101a,
101b. Tak Kak mMyTh, MPOXOAUMBIH IEKTPOHHO-IBIPOYHON MAPOH SBISETCS JIMHHBIM, JUISl 3JIEKTPOHA WIIN JbIp-
K{ CYIIECTBYET JIOCTATOYHO BO3MOXXHOCTEH PEKOMOMHHUPOBATH C IPYTO# IBIPKOM WM 3JICKTPOHOM, TaKas pe-
KOMOWHAIIHS TIPUBOUT K TOTEPSIM TOKA B JIF0OOW BHemIHew Harpyske 30. Bripaxkasch mo-apyromy, Ipu co3zia-
HUU 3JIEKTPOHHO-ABIPOYHON Naphl OAMH U3 HOCUTENIEH MOXET JocTUrarh p-n-nepexona 110 (HakomieHHBIH HO-
CUTEIb) U BHECTH CBOI BKJIAJ] B TOK, BEIpa0aThIBaEMBIN COTHEUHBIM diteMeHToM 100. B kauecTBe anbTepHATHBEI
HOCHUTEIIb MOXKET pEeKOMOMHUPOBATH 0€3 YHUCTOrO BKJIAJa B TOK DJIEMEHTA. 3apsil MPH pEKOMOWHAIIMN TPUBOIHUT
K YMCHBIIICHUIO KBAaHTOBOH 3(()EKTHBHOCTH (T.€. MpOIeHTa (POTOHOB, KOTOPHIE MPeOoOpPa3yIOTCs B JIEKTpHUE-
CKHI TOK B CJIy4ae coiHedHoro aieMmenta 100, u, cieoBarenbHO, 00mero kodhGuirenTa mojie3Horo 1eHCTBUS
comHeyHoro s1ementa 100.

3aTpatsl Ha conmHeuHBIH eMeHT 100 nmm manesns 10 COMHEUHBIX AJIEMEHTOB, Kak MPaBUIIO, MPEAyCMaTpH-
BAIOTCS B Jojutapax 3a | BT MHUKOBO# AMEKTpHYECKONW MOIIHOCTH, KOTOpas MOXKXET OBITh CreHEepHpOBaHA MpHU
HOPMAaJTM30BAHHBIX YCIOBUSAX. BbICOK03((peKTHBHBIC COTHEUHBIC 3JIEMEHTH CHIDKAIOT 3aTPaThl HA CONHEYHYIO
SHepruto. MHorue 3aTparbl Ha COJTHEUHYIO DHEPTOCUCTEMY HITU DJIEKTPOCTAHLIUIO MPOTIOPLIMOHAIBHBI KOJIUYECT-
BY TpeOYEMBIX COTHCUHBIX 3JIEMEHTOB, a TAaKXKe TUIOMAaX (3eMin), TpeOyeMoit 1 MoHTaxa nanenei. ConHed-
HBIH 3JIECMEHT ¢ 00Jice BHICOKUM KOA((HUIIMEHTOM MOJIE3HOTO JCHCTBHS MO3BOJIHUT YMEHBIIUTh KOJHMYECCTBO ITa-
HENleH COJTHEYHBIX JIEMEHTOB, TPEOYEMBIX JJIS 3aJJaHHOM BBIXOJHOH MOIIHOCTH, M TPeOYeMOH IUIOMIATH IS
pPa3BepTHIBAHUS CHCTEMBI. JTO YMCHBIIICHUE KOJIMYECTBA MAHENCH W MPOCTPAHCTBA, 3aHUMACMOTO HWMH,
MOTJIO OBI CHU3HUTH OOIIYI0 CTOMMOCTD JIEKTPOCTAHITNH, TaXKe €CIIM CaMH JIEMEHTHI SABJISIOTCA Ooiee Toporo-
CTOSIIIAMU.

Koneunast e COCTOUT B TOM, YTOOBI CIENAaTh 3aTPaThl HA IPONU3BOICTBO COTHEYHON SHEPTUH CPABHUMON
C WM MEHbIIE, YeM Ha TPAAUIHNOHHBIX JJIEKTPOCTAHLIUAX, KOTOPHIE MCIIONB3YIOT MIPUPOIHBIHN Ta3, yroidb W/Win
Ma3yT Ui TEHEPUPOBAHUSA JICKTPOIHEPTHH. B oTinume 0T OONBIIMHCTBA TPAAUIIMOHHBIX CPEICTB TeHEPHPOBA-
HUS DJIEKTPOIHEPTUH, KOTOpHIe TPeOYIOT OOJBIINX IEHTPaIM30BAHHBIX JJIEKTPOCTAHIINH, CONHEYHBIE DHEPro-
CUCTEMBI MOTYT OBITH Pa3BEpPHYTHI Ha OOJBINUX LEHTPATU30BAHHBIX MECTaX JICKTPOIHEPTETHYCCKIUMHU KOMITa-
HUSIMH HAa KOMMEPYCCKUX 3JIaHHUIX, YTOOBI TOMOYb BO3MECTUTH 3aTPATHl Ha ICKTPOIHEPTHIO, U JaXKE Ha KHUIOM
JIOME IO MECTOHAXOXKJCHHI0. HeTaBHUE TOMBITKA CHU3UTH 3aTPAThl U TIOBBICUTH KO3((HIIMEHT MOJIC3HOTO JeH-
CTBHSI COJTHCUHBIX AJIEMCHTOB BKJTFOUAIOT MCIBITAHHS PA3JIMYHBIX MATCPUATIOB M PA3UYHBIX TEXHOJIOTUI H3rO-
TOBJICHUSI, HCTIOJIB3YEMBIX JUISI COJIHCUHBIX DJIEMCHTOB. B IpyroM MOAX0/e OCYIIECTBISIOTCS OMBITKA YCHIUTD
o0eIHEHHYI0 00J71acTh, 00pa30BaHHYIO0 BOKPYT p-n-niepexona 110 mns ycwiieHus ABWKCHHS HOCHTENICH 3apsijia
yepe3 conHewHbli amemeHT 100. Hampumep, cmotpute matent CIIA Ne 5215599, Hingorani u np.
("Hingorani"), nomansaeiii 3 Mas 1991 1., m marent CIIA Ne 8466582, Fornage ("Fornage"), momaHHBIH
2 nexabps 2011 r., 3agBisionue MPUOPUTET HA AATy Mojaadu 3asBku 3 aekadbps 2010 r., omucaHusi KOTOPBIX
TIOJTHOCTBIO W JAJIS BCEX IIeJIeH BKIIIOYEHBI B JAHHOE ONMCAHHUE TIOCPEICTBOM CCHUIKH.

Tewm HE MeHee, PTH TpaIUIOHHbBIE TIOAXOIB! K YCHJICHHIO IBIKCHHS HOCHUTENICH 3aps/ia depe3 COTHETHBIH
anemeHT 100 TpebyroT Moan(pUKanuy OCHOBHOW KOHCTPYKIUH coHedHoro 3ieMenTa 100. Hingorani u Fornage,
HANPUMEP, PACKPHIBAIOT MMOJa4Yy BHEIIHETO JCKTPUYCCKOTO OIS HA COJTHEYHBIN 3JEMEHT C HCIIOJIh30BaHUEM
BUJIOM3MCHCHHOW KOHCTPYKIIUH COJTHCUHBIX JIEMEHTOB. [loaya BHEIIHETO AIEKTPUUECKOTO MO TpeOyeT Ha-
MPSDKCHUS, TI0JaBaeMOr0 MEXIy JIEKTPOJaMHU, HABOMS AJICKTPHUYCECKOE MoJie (OmucaHo Ooyee moApoOHO HIUKE
CO CCBUIKOH Ha ypaBHeHHUe 2). be3 u3MeHeHHss OCHOBHOM KOHCTPYKIIMU COJTHEYHOTO eMeHTa 100 mojgaya Ha-
NpsDKEHHUS K cyniecTByromuM aektpogam 101a, 101b comneunoro anementa 100 3akopaunBaeT momaBaeMoe
HanpspKeHHE Yepe3 BHENTHIO Harpy3ky 30. Bripaxkascs mo-apyromy, mogada HalpsoKeHHS K 3JexTponam 101a,
101b comueunoro snementa 100 sBiseTcs HEdIPPEKTUBHBIM IS CO3AAHMS BHEIITHETO JJIEKTPUIECKOTO TOJSI U
YBEJIIMYEHHUS IBIKCHUS HOocHTened 3apsma. COOTBETCTBEHHO, TPAaJWIIMOHHBIE MOIXOMBI, TaKHe, KOTOpPBIE pac-
KpbIThl B Hingoriani u Fornage, 00s3aTelbHO MOTU(PHUITUPYIOT OCHOBHYIO KOHCTPYKIIHIO COJTHEYHOT'O DJIEMEHTA
100, HampuMep, MyTeM BCTaBKH BHEIIHETO (M AJIEKTPUICCKH M30JUPOBAHHOTO) KOMIUIEKTA JJIEKTPOJIOB B OCHO-
BaHHUe coiHeyHoro 31eMenTa 100. EcTe HeCKOIBKO HETOCTATKOB y ATOTO Mmoaxoaa. Hampumep, BHEITHHUE 3IIeK-
TPOBI TOJDKHBI OBITh Pa3MEIICHBI HA CONHEYHOM 3eMeHTe 100 Bo BpeMs mpoliecca M3rOTOBICHHUS, MPaKTHUC-
CKH HEBO3MOXKHO MOJM(DHUIMPOBATh BHEIIHUE AJICKTPOIBI HAa CYIICCTBYIONMIEM CONHCYHOM DIIEMEHTE HIIHM MaHe-
. OTa MOIUQHKANMS TPOIEcca W3TOTOBICHHS 3HAYUTEIHHO YBEIMYHMBACT 3aTpaThl Ha IPOU3BOJICTBO M
YMEHBIIIAET MPOHM3BOJCTBEHHBIA BBIX0J. KpoMe TOro, pa3MelieHHe BHEIIHUX AJICKTPOJOB, PACHOIOKCHHBIX Ha
JUIEBOM CTOPOHE WJIM CTOPOHE, Ha KOTOPYIO MAAaroT JIy4H, COJIHEUHOro 3eMenta 100 cHMKaeT ONTHYECKYIO
SHEPIHI0, KOTOpasi IOCTUTaeT CONHEYHOro 3iemeHTta 100, TeM caMbiM MpHUBOAS K OoJiee HHU3KOW BBIXOJHOM
MOIITHOCTH.
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B kadecTBe MOMONHUTEIBHOTO HEAOCTATKA, YTOOBI MPUBECTH K 3HAYUTEIHEHBIM YIYYIICHHSIM B BBIXOJIHOM
MOIITHOCTH COJTHEYHOTO 1eMeHTa 100, Ha BHENIHIE IEKTPOIBI COTHEYHOTO deMeHTa 100 ToKHBI OBITH IO~
HBI 3HAYNTENbHBIC HanpsokeHns. Hanpuvep, B Fornage packpsiBaeTcst, 9TO K BHEIIHAM 3JEKTPOJAM Ui TOAa-
BaeMOTO JISKTPUIECKOTO ITOJISI TOJDKHBI OBITH MTOAAHBI HanpspkeHus nopsaka "1000" B, uro0b1 ObITh 3P heKTHB-
HBIMH M YBEJIMYHUTH BBIXOJHYIO MOIIHOCTH COJHEYHOTO 31eMeHTa 100. Bemmunna 3Toro HampspkeHHS TpeOyeT
CHENHATEHOW MOATOTOBKHY ISl OOCITY)KMBaHUS, a TakXKe JOMOJHUTEIHHOTO BEICOKOBOIETHOTO O0OPYIOBaHUS U
TIPOBOJKH, KOTOPHIX B HACTOSIIIEE BPeMsI HE CYIIECTBYET B CYIIECTBYIOIINX WM HOBBIX CHCTEMAax MaHeJeH coul-
HEUYHBIX JJIEMEHTOB. B KauecTBe mpuMepa M30IALNOHHBINA CIIONH MEXITy BHEITHUMH JIEKTPOJIaMHU U COTHEYHBIM
aneMeHTOM 100 momkeH OBITH TOCTATOYHBIM, YTOOBI BBIICPKATh BHICOKOE MMOJIaBacMOe HampsbKkeHue. B cioydae
BBIXOJIAa U3 CTPOS M30JIAIIMOHHOTO CIIOS CYIIECTBYET 3HAYUTEIBHBIN PUCK TOBPEKACHUS HE TOJIBKO COTHEYHOTO
anemenTa 100, HO U Bcex maHeneil 10 COTHEYHBIX 3JIEMEHTOB, COCIMHCHHBIX TIOCIICIOBATEIEHO HITH Tapaljieiihb-
HO OTHOCHTENIbHO OTKa3aBIINX COJHEYHBIX AJIEMEHTOB, a TaKkKe BHEIIHeH Harpy3ku 30 (wiu naBepTopa 31).

B kadecTBe JOMONHUTENHFHOTO HEAOCTATKA PA3IMYHBIC YCIOBUSA OCBEUICHUS (HAIpUMEp, M3-3a 00JIAYHO-
CTH, 3aKPBIBAOIICH COJIHIIC, W/MIH HOPMAIGHBIX KOJICOAHUHA ITOTO/IBI) MOTYT BI3BIBATH HECTAOMIBHOCTD BBIXOJI-
HOW MOITHOCTH OOBIYHBIX COJTHEYHBIX 3JIEMEHTOB W MaHEJIeH COMHEUHBIX 3JeMeHToB. Hampumep, co cchutkoi Ha
¢ur. 2, maBepTop 31, Kak MpaBUiIo0, TPEOYET CTATHUECKOTO, HE U3MEHSIOIIETOCS BXOJHOT'O HAMPSHKEHUS U TOKA.
Kaxk mokazano Ha ¢wur. 2, manenu 10 COTHEUHBIX AJIEMEHTOB 00€CIIEYNBAIOT BXOJHBIC HAIPSDKEHNE U TOK UHBEP-
Topa 31. Tem He MeHee, H3MEHSIOIINECS BO BPEMECHH yCIOBHS OCBEIICHUS MOTYT BBI3BAaTh KOJI€OaHUE BBHIXOTHOM
MOITHOCTH TaHesied 10 CONHEYHBIX 3JIeMEHTOB (HammpuMep, HOopsIKka HECKOJIBKUX CeKyHA min Menbiie). Koie-
OaHve HaNpsHKEHUS W TOKa, TOJaBaeMbIX Ha MHBEPTOp 31, CHI)KaeT MHBEPTOPOM 31 KadecTBO BBIXOJHOW MOIII-
HOCTH, HaIlpUMEpP, B OTHOIICHUH YaCTOTHI, HATIPSHKCHUS M COJCPKaHUS TapMOHUK. TpauIiMOHHBIC MEPOIIPHS-
TUS 10 OOphOE ¢ MCHSIOIUMICS YCIOBUSMH OCBCUICHHS BKJIIOYAIOT pa3MEICHHE aKKyMYJSITOPHBIX Oarapei
WM KOHJICHCATOPOB Ha BXOJIc HHBEPTOpa 31 M, K COXKATICHHUIO, TOJIBKO CBOSIT K MUHHUMYMY 3T U3MCHCHUS.

C y4eToM BBINICHU3TIOKCHHOTO, CYIIECCTBYET MOTPEOHOCTh B YCOBEPIIICHCTBOBAHHON CHUCTEME COTHEYHBIX
JJIEMEHTOB M CHOCO0E MOBBIMICHUS KOA(PPHUIIMEHTA MOJIE3HOTO NCHCTBHS M BBIXOJHOW MOIIHOCTHU, HATIPUMED, C
MOMOIIIBIO YBEIWYCHHUS TOABIKHOCTH 3JIEKTPOHHO-IBIPOYHBIX Map C IEBI0 MPEOJOJICHHS BBIIICYTOMSIHYTHIX
3aTpyOHEHUH W HETOCTATKOB TPAIUIIMOHHBIX CHCTEM COTHEYHBIX 3JIEMEHTOB.

CyurHocTh u300peTeHust

Hacrosmee m300peTeHne OTHOCUTCA K CHCTEMaM ONTHMHU3AIMH BBIXOJHONH MOIMHOCTH (DOTOIJIEKTpHUE-
CKOTO YCTpOWCTBa. B COOTBETCTBHY C IEPBBIM aCHEKTOM, PACKPBITHIM B TaHHOM H300pETEHHH, N3JI0XKEH CIoco0
yIpaBleHUsT POTOAIEKTPUISCKIUM YCTPOHCTBOM, TIPH OTOM CITIOCOO BKITIOYAET B ce0s

MoJIa4y TIEPBOM COCTABJISIONICH CHTHANIAa HANPSDKEHUS Ha (POTOANIEKTPHUYCCKOE YCTPOHCTBO, TIPH 3TOM TIep-
Basl COCTABIIIONIAS MPEACTABISICT BKIFOUEHHOE COCTOSHUE JUTS TCHEPUPOBAHISI BHEIIHETO SJICKTPUIECKOTO OIS
Ha (POTOAIEKTPUIECKOM YCTPOICTBE; U

I0JIa49y BTOPOM COCTABJISIONICH CHT'HANIa HAMPsHKEHUS Ha (POTOIICKTPHUUSCKOE YCTPOUCTBO, MPH 3TOM BTO-
pasi COCTABIISIONIAS TIPESACTABIISACT IIUKIT OTKITFOUCHHS.

B HEKOTOpBIX BapHaHTaX OCYIIECTBICHUS PACKPBITOTO CITOCO0A IMoIava MEPBOM COCTABIISIONICH BKIIIOYACT
B ce0s moJady BBICOKOTO HAIPSDKEHISI U3MEHSIOIMMCS BO BPEMEHH UMITYJIbCA HANPSDHKCHHUS OT CXEMBI YCTPOii-
CTBa ISl TEHEPUPOBAHMS MMITYJIECOB HANPSDKEHHS, a M0Jla4a BTOPOI COCTAaBIIAIONICH BKIIIOYAET OTKIIIOYCHHE
CXEMBI yCTPOICTBA JJIs TEHEPUPOBAHNS UMITYJIECOB HATIPSDKCHNS.

B HEKOTOPHIX BapHaHTaX OCYIIECTBICHUS PACKPBITOTO CIIOCO0a Mmo1ava IMepBOii COCTABIISIONICH BKIIIOYACT
B ce0s COeTMHEHNE MCTOYHMKA HAINPSDKEHUS B (DOTORIEKTPUIECKOTO YCTPOMCTBA B MEPBOM IIOJIOKEHHUH IIepe-
KITFOUATENIsI, PACIIOJIOKEHHOTO MEXIY MCTOYHHKOM HANPSDKCHHUS M (DOTOIICKTPUUICCKUM YCTPOWCTBOM, W TPHU
9TOM YKa3aHHas Iojaya BTOPOW COCTABIIAIONICH BKIFOYACT B CeOsS pa3beIMHEHUEC WCTOYHHWKA HANPSDKCHUS H
(hOTORNEKTPUIECKOTO YCTPOHUCTBA BO BTOPOM IMOJIOKCHHUH MEPEKITFOYATEIIS.

B HEKOTOPHIX BapHaHTaX OCYMICCTBICHUS PACKPHITOTO CIIOCO0a CIIOCO0 JAOTOTHHUTEIIFHO BKIFOUACT B CeOs
OTCJIC)KUBAHUEC BBIXOTHOTO HANPSDKECHUS (POTOAIEKTPHUYCCKOTO YCTPOHCTBA C TOMOIIBIO JATYMKA HATIPSKCHUS,
MOJKITFOUECHHOTO MapalIeIbHO K (POTOIICKTPUICCKOMY YCTPOHCTBY, M OTCIICKHBAHUE BHIXOJHOTO TOKa (POTO-
3JIEKTPUUYECKOTO YCTPOHCTBA C MMOMOINBIO AATYNKA TOKA, IIOAKIIOYCHHOTO MOCIECI0BATEIHHO MEXTy (hOTOIIICK-
TPUYECKUM YCTPOHUCTBOM W HATPYy3KOU, MATAEMON (HOTOIIEKTPUIECKUM yYCTPOUCTBOM.

B HEKOTOPHIX BapHaHTaX OCYIIECTBICHHS PACKPBITOTO CIIOCO0a CIIOCO0 AOTOIHHUTEIFHO BKIIOYACT B ceOs
PEeryIupOBaHNE C TIOMOIIBIO CXEMBI YIIPaBICHHS, TOAKIIOYCHHON K HCTOYHHUKY HANPSKEHUS, 10 MEHBIIEH Mepe
OJTHOTO W3 CIEAYIOIIETO: BEIMYMHBI, UIUTEIFHOCTH M YacTOTHI IIEPBOW COCTABIIIOMICH UII MaKCHMAalIbHOTO
YBEJIMYEHUS BHIXOJHOW MOIITHOCTH HAa OCHOBAaHHH YKA3aHHOTO OTCIIC)KUBAHUSL.

B cooTBEeTCTBHH C JPYTUM aCHEKTOM, PACKPBHITHIM B TAHHOM HU300PCTEHUM, M3JIOKEH CIIOCOO YIIPaBICHHS
(hOTORNEKTPUICCKUAM YCTPONCTBOM, BKITFOUAIOIIHIA B ceOs

oOecrieucHIe MOJKITFOUCHIS ICTOYHHAKA HAIPSDKEHUS K (POTOIIEKTPHUCCKOMY YCTPOUCTBY;

MoJIa4y CHTHAJIA HAMPSDKEHUSI, CTCHEPUPOBAHHOTO UCTOYHUKOM HAIPSKEHUS, Ha (DOTOICKTPUIECKOE YCT-
POWCTBO, TIPX ATOM CHTHAN HANpPSDKCHHS MMEET IEePBOC COCTOSHUE Ul TCHEPHUPOBAHUS BHEIIHETO 3JICKTPUYC-
CKOTO MOJIs1 Ha (POTOITECKTPUICCKOM YCTPONCTBE U BTOPOE COCTOSIHUE, MPEICTABIISIONICE KT OTKITFOYCHUS.

B HEKOTOpHIX BapmaHTaX OCYIIECTBICHHUS PACKPBITOTO CIOCO0a oOecTedeHrne WCTOYHHKA HATPSKCHUS
BKITIOYAeT B ceOst obecnieueHne o MEHbBIIEH Mepe OJHOTO U3 CIIEIYIOIIETO:
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CXEMBI yCTPOMCTBA Al TCHEPHPOBAHUS MMITYJIbCOB HAMPSDKCHUS JUIS IMOAKIIOYCHHS K (POTOIIEKTpHYC-
CKOMY YCTPOHCTBY JUISI 00ECIICUCHUS U3MEHSIOIIETOCS BO BPEMEHH UMITYJIbCA HATIPSIKCHUS HA (DOTORIICKTpUYC-
CKOM yCTpPOICTBE, IPH 3TOM HW3MEHSIOMHNICSI BO BPEMEHH MMITYJIC HANPSDKEHUS MPelyCMaTpUBAEeT MEpBOE CO-
CTOSIHHE U BTOPOE COCTOSTHHE; U

MEPEKITIoYaTeNs sl MOAKIIOUYEHISI MEXIY MCTOYHMKOM HAIMPSDKEHUS M (POTORICKTPUIECKUM YCTPOMCT-
BOM, IIPH 3TOM HEPEKITI0YaTeNb COSANHACT HCTOYHHUK HAMIPSDKEHHS U (DOTOIIEKTPUIECKOE YCTPOMCTBO B IIEPBOM
MIOJIOXKCHUH JUIS TCHEPUPOBAHMUS TIEPBOTO COCTOSIHUS M pa3beINHACT HCTOYHHUK HAMPSHKEHUS U (POTORIICKTpUIE-
CKO€ YCTPOHCTBO BO BTOPOM TOJI0KEHUH U TEHEPUPOBAHUS BTOPOTO COCTOSHHUS.

B HEKOTOPBIX BapHaHTaX OCYIIECTBICHUS PACKPBITOIO CITOcO0a Mojjaua CUTHAIA HATIPSHKCHUS BKITFOYACT B
ce0sl PUKIIAIbIBAHNEC BBIXOTHOTO HAIPSDKCHUSI HCTOYHHKA BBICOKOTO HAIPSDKCHHS CXEMBI YCTPOUCTBA JUIS Te-
HEPUPOBAHHS MMITYJILCOB HAMPSHKCHUS K (POTOIICKTPUUCCKOMY YCTPOHCTBY, KOT/Ia MEPEKIIOYAIONINA TPaH3 -
CTOP CXEMBI YCTPOMCTBA JUISI TCHEPUPOBAHUS UMITYJIBCOB HANPSHKCHUS HAXOJIUTCSA BO BKIFOUCHHOM COCTOSHHU,
JUTSL TCHEPHPOBAHUS TIEPBOTO COCTOSHUS M MPOJIOKEHUE YKa3aHHOTO MPUKIIAJABIBAHHS BBIXOJHOTO HATIPSHKCHHS
HCTOYHHKA BBICOKOTO HATPSIKCHHUS IO TEX IMOP, IMOKA TEHEPATOp UMITYIbCOB CXEMBI YCTPOWCTBA ISl TCHEPHPO-
BaHUs MMITYJIECOB HAIIPSDKEHHS HE MEpeBeAeT MEPeKIIFOYAONINi TPAH3UCTOP B BHIKIIFOYCHHOE COCTOSTHHE, IS
TEeHEPHPOBAHUS BTOPOTO COCTOSHHSL.

B HEKOTOPBIX BapHaHTaX OCYIIECTBICHUS PACKPBITOTO CIIOCO0a CIIOCO0 AOTOIHHUTEFHO BKIIOYACT B ceOs
obecrieueHre TOAKITIOUYEHHS CXEMBI YIIPaBJICHHUS TI0 MEHBIICH Mepe K OJHOMY M3 CIEAYIOIIEro: IepeKIIouaTelTio
M CXeM€ yCTPOMCTBa ISl TEHEPUPOBAHUS UMITYJIbCOB HATIPSIKCHHUS.

B HEKOTOPHIX BapHaHTaX OCYIIECTBICHUS PACKPBITOTO CIIOCO0a CIIOCO0 AOTOIHHUTENFHO BKIIOYACT B ceOs
o0ecrieycHHE MOAKITIOYCHUS TaTYNKa HAMPSDKEHIS MapatieIbHO (POTOIICKTPUUCCKOMY YCTPOUCTBY ISl OTCIIC-
JKUBAHHS BBIXOJTHOT'O HATPSHKCHUS (POTOIICKTPUUCCKOTO YCTPOWCTBA W MOJKIFOUYCHHUS JAaTYMKA TOKA MOCIEIO-
BaTCIFHO MEXIY (POTOIICKTPUUCCKUM YCTPOWCTBOM W HATPY3KOH (DOTORNIEKTPUIECKOTO YCTPOWCTBA IUISL OT-
CJIC)KMBAHUS BBIXOJHOTO TOKa (POTOANECKTPHICCKOTO YCTPOMCTBA.

B HEKOTOPHIX BapHaHTaX OCYIICCTBICHUS PACKPHITOTO CIIOCO0a CIIOCO0 JAOTOTHHUTEIIFHO BKIFOUACT B ceOs
OTCJICKUBAHKE BBIXOJHOTO HAMPSHKCHUS W BBIXOJHOTO TOKA M PETYIHMPOBAHHE C IOMOIIBIO CXEMBI YIPaBICHUS
BEJIMYHMHBI [IEPBOTO COCTOSHHS IS MAKCUMAIBHOTO YBEMYEHHS BBHIXOJHOW MOIIHOCTH Ha OCHOBE YKa3aHHOTO
OTCJICKUBAHHUS.

B HEKOTOPHIX BapHaHTaX OCYIIECTBICHUS PACKPBITOIO CIlocoba moada CUTHANA HAIPSDHKEHUS BKIIIOYAET B
ce0s TeHepUpPOBAHNE BHEIIHETO JIEKTPHYECKOTO IOJIS 10 MEHBIICH Mepe ¢ OJHUM U3 IEPBOTO HATPABICHUS
WIIM BTOPOTO HATpaBICHUS, IPHA 3TOM IIEpBOE HANPaBJICHHUE M MOJSIPHOCTh BHYTPEHHUX AIIEKTPOAOB (PoTOAIIEK-
TPUYECKOTO YCTPOWCTBA HAXOMATCS B OJMHAKOBOM HAIMPABICHHUH JJIsl YBEIUUCHUS BBIXOJHONH MOITHOCTH (HOTO-
JNEKTPUYECKOTO YCTPOWCTBA, @ BTOPOE HAIIPABICHUE HAXOJMUTCS B HANIPABICHUH, IPOTHBOIIOIOXKHOM MOJISPHO-
CTH BHYTPCHHHUX JJICKTPOOB, ISl YMCHBIIICHUS BBIXOIHO MOIIHOCTH.

B HEKOTOpBIX BapuaHTaX OCYIICCTBICHHS PACKPHITOTO CIOCO0a OOCCIICYCHUE WMCTOYHWKA HATPSIKCHHUS
BKITIOYAeT B ce0s 0OCCICUCHHE MOMKIIOYCHUSI UCTOYHUKA HAMPSHKCHHS 110 MEHBIICH Mepe K OTHOMY M3 Clie-
JIYIOIIETO: COTHEYHOMY 3JIEMEHTY, MaTPHUIIC COJTHECYHBIX 3JICMEHTOB, MAHEIU COTHCYHBIX 3JICMCHTOB U MATPUIIC
TIaHeJIeH COTHEUHBIX AIIEMEHTOB.

B cooTBeTCTBHE C APYyTrUM acIEeKTOM, PACKPHITHIM B JTAaHHOM H300pPETEHUH, M3JIOKEH CIIOCO0 YIIPaBICHUS
(HOTOIIEKTPUIECKUM YCTPOUCTBOM, BKITIOYAIOIINN B CE0SI

obecrieueHrne MOAKITIOYCHNS YCTPOICTBA ISl TEHEPUPOBAHUS UMITYIHCOB HANIPSKEHUS K (POTOIIEKTpHUe-
CKOMY YCTPOMWCTBY;

MoJIa4y CHUTHAJIa HATIPSKCHUS, CTCHEPUPOBAHHOTO YCTPOHCTBOM Il TCHEPUPOBAHUS UMITYJIECOB Harpsi-
JKCHHS, Ha (POTOITEKTPUUECKOE YCTPOHUCTBO, IIPH 3TOM CHUT'HAJ HAMPSKEHUSI HMEET TIEPBOE COCTOSIHUE IS TEeHE-
PUpPOBaHHS BHEIIHETO AJICKTPHUYCCKOTO IMOJS HAa (POTOIICKTPUUCCKOM YCTPOWCTBE M BTOPOE COCTOSIHHUE, MPEI-
CTaBIISAIONIEE UK OTKITFOYCHUS.

B HEKOTOPBIX BapHaHTaX OCYIIECTBICHUS PACKPBITOIO CITOCO0a Mojaua CUTHAIA HANIPSHKCHUS BKITFOYACT B
ce0s IoJ]avy PeryaupyeMoro HalpsKeHUS Ha (POTOIIICKTPUICCKOE YCTPOUCTBO.

B HEKOTOPHIX BapHaHTaX OCYIIECTBICHUS PACKPHITOTO CIIOCO0a CIIOCO0 AOTOIHHUTEIFHO BKIIOYACT B ceOs
obecrieyeHre MOAKIIOYCHNS OJHOM WIM HECKOIBKHX ITOCIIETOBATEIRHO MOIKIIOYEHHBIX KAaTyIIeK HHIYKTHBHO-
CTH MEXAY YCTPOHCTBOM ISl TCHEPHPOBAHUS UMITYJIbCOB HAIPSHKCHUS W HATPY3KOU (POTORIEKTPHIECKOTO YCT-
po¥cTBa [T OGIOKMPOBKH YacTOT CUTHANIA HAMIPSDKEHHS UT HArpy3KH, KOTOpBIE OObIINe, YeM 3afaHHas YacToTa.

B HEKOTOPHIX BapHaHTaX OCYIIECTBICHUS PACKPBITOTO CIIOCO0a CIIOCO0 AOTOIHHUTEIFHO BKIIOYAET B ceOs
yIpaBiIeHHE TI0 MEHBIIEH Mepe OAHNM U3 CIIEAYIOIIETO: YaCTOTOM M [UTHTEIBHOCTHIO MIEPBOTO COCTOSHUS M BTO-
POTO COCTOSIHUS C TMOMOIIBI0 CXEMBI YIIPABJICHUS, MOIKIIOYCHHON K YCTPONCTBY IS TCHEPUPOBAHUS MMITYJIh-
COB HATIPSKCHUSL.

B cooTBEeTCTBHH C JPYTUM aCHEKTOM, PACKPHITHIM B TAHHOM HU300pPCTEHUM, M3JIOKEH CIIOCOO YIIPaBICHHS
(hOTORNEKTPUICCKUAM YCTPOHCTBOM, BKITFOUAIOIIHIA B ceOs

oOecrieucHIe NOIKITFOYEHHS TIEPBOTO MOPTA MEPEKITIYATENS K (POTOIICKTPUICCKOMY YCTPOWCTRY;

oOecrieucHre MOIKIIOUCHIS BTOPOTO IOPTa MEPEKIIIoYATes K Harpy3Ke, MATAeMON (POTOIIEKTPHUCCKUM
YCTPOUCTBOM;

obecrieueHre TOAKIIOYCHNUS TPETHETO TOPTa MEPEeKIoYaTess K MCTOUHUKY HaNpsDKEHUS, pUYeM Iepe-
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KIFOYATENIb MOXKET paboTaTh B MEPBOM IOJOXKCHUU C YCTAHOBJICHHUEM ITYTH TOKa MEKIY (HOTOIICKTPUUICCKUM
YCTPOWCTBOM WM MCTOYHHKOM HATIPSKCHUS W BO BTOPOM TIOJIOKCHUH C YCTAHOBJICHUEM IYyTH TOKAa MEXAy (HoTo-
3JIEKTPUYECKUM YCTPOICTBOM U Harpy3Koii; u

[oJlady CUTHaJIa HAaNPsDKEHHS, CTCHEPHPOBAHHOTO HCTOYHUKOM HAIpsDKEHUS, Ha (DOTOIIEKTPUIECKOE YCT-
POWCTBO, KOT/Ia TIEPEKITI0YaTeNIh HAXOAUTCS B IIEPBOM IIOJI0KECHUH, IIPH ATOM CHT'HAJI HATIPSDKEHHUS UMEET TIEpBOe
COCTOSIHWE UII TeHEPHPOBAHUS BHEIIHETrO 3JICKTPHUUECKOrO MOJS Ha (OTOIIEKTPHUECKOM YCTPOICTBE, KOT/a
MepeKITI0YaTeNlb HaXOAUTCS B MEPBOM TIOJIOKEHUH, U BTOPOE COCTOSHHE IUIS MPEIOCTABICHUS AJIEKTPHUSCKON
W3OJIAIINH MEXy UCTOYHUKOM HANpPSDKEHUS M HArpy3KOH, KOTZa MepeKItogaTelb HaXOAUTCS BO BTOPOM IIOJIO-
JKEHUH.

B HEKOTOpPBIX BapHaHTax OCYILECTBIEHUS PacKPHITOTO crocoda obecreueHne MOAKIIOUSHMS TIEPBOTO 1Op-
Ta MepeKIroYaTes BKIoYaeT B ce0s obecreyeHne moIKII0YeHHUS TIEPBOTO MTOPTA JABYXIIO3HIIHOHHOTO MIEPEKITIO-
yaTessl K (POTOAIEKTPHICCKOMY YCTPOHCTBY.

B HEKOTOPHIX BapHaHTaX OCYMICCTBICHUS PACKPHITOTO CIIOCO0a CIIOCO0 JAOTOIHHUTEIIFHO BKIFOUACT B CeOs
yIOpaBlieHUE MO MEHbIIEH MEpe OJHUM U3 CIEIYIOIIET0: YAaCTOTOM M JJIUTENbHOCTHIO TEPEKITIOUEHUS MEXKIY
TIEPBBIM TIOJIO)KEHHEM M BTOPBIM IOJIOKCHHEM C ITOMOIIBI0 KOHTPOJUIEpA MEPEeKITIoYaTelsi, MOAKIIOYSHHOTO K
JBYXIIO3UITHOHHOMY TIEPEKITIOYATENIO.

B HEKOTOPHIX BapHaHTaX OCYIIECTBICHUS PACKPBITOTO CIIOCO0a CIIOCO0 AOTOIHHUTENFHO BKIIOYACT B ceOs
obecreueHne MOAKIIOUEHUST yCTPOMCTBAa YMEHBIIICHHUS JTFOOBIX OCIA0ICHUH HANIPSDKSHUS TIEPBOM COCTABIISIONIEH
MEXTy Harpy3Ko# U (POTOIIEKTPUIECKUM YCTPOUCTBOM.

B HEKOTOPHIX BapHaHTaX OCYIIECTBICHUS PACKPBITOIO CIloco0a Mmogada CUTHANA HAIPSDHKEHUS BKITIOYAET B
ce0s1 moavy peryJiMpyeMoro HanpspKeHHsI Ha (POTORIIEKTPHUYECKOE YCTPOHUCTBO.

B HEKOTOPHIX BapHaHTaX OCYMIECTBICHUS PACKPHITOTO CIIOCO0a CIIOCO0 JAOTOIHHUTEIIFHO BKIFOUACT B CeOs
yIOpaBlIeHUE 0 MEHBIIEH Mepe OJHUM M3 CIACAYIOLIEro: YacTOTON, BEIMYMHON U JJIMTEIBHOCTHIO MEPBOTO CO-
CTOSIHUSI U BTOPOT'O COCTOSIHUSI, C MIOMOIIBIO CXEMbl YNPaBJiICHUS, MOJKIIOUEHHON K UCTOYHHUKY HANPSDKEHUS U
MEPEKITFOYATEI0, HA OCHOBE BBIXOJTHOTO TOKa (DOTOIICKTPUIECKOTO YCTPOICTBA, H3MEPEHHOTO TATYNKOM TOKA,
MOIKITFOUYEHHBIM TIOCIE0BATEIFHO MEXIY (OTOITEKTPHUECKAM YCTPOMCTBOM M HArpy3KOW, M BBIXOJHOTO Ha-
OpsOKEHAS (POTOAIEKTPUIECKOTO YCTPOHCTBA, W3MEPEHHOTO NATYUKOM HAIPSDKEHHS, MMOAKIIOYEHHBIM Mapai-
JIETBEHO K (POTOIIEKTPUIECKOMY YCTPOHUCTRY.

Kpartkoe onucanue rpagpuyeckux MaTepuajioB

Ha ¢ur. 1 nmpuBeneH npuMepHBIN BUI B TIOMIEPEIHOM pa3pe3e BEPXHETO YPOBHS, WILTIOCTPUPYIOIIHA BapH-
AHT OCYILECTBIICHHUS COTHEUHOTO 3JIEMEHTA H3BECTHOTO YPOBHS TEXHUKH.

Ha ¢ur. 2 npuBeneHa mpuMepHas CTPYKTYpHAsi CXeMa BEPXHET0 YPOBHS, MIDTFOCTPUPYIOMIAs OJUH BapHAHT
OCYUIECTBJICHUSI MaTPULIbI MaHeJ el COMHEYHBIX 3JIEMEHTOB U3BECTHOTO YPOBHS TEXHUKU, UCTIOJB3YIOLIUMI COJI-
HCYHBIC 3JICMCHTBI, TIOKa3aHHbIC Ha dur. 1.

Ha ¢wur. 3 npuBeneHa mpuMepHas CTPYKTypHas cXeMa BEPXHErO YPOBHS, HIUTFOCTPHPYIOIIAas BapUaHT
OCYUIECTBJICHUS] CUCTEMBI YIIPABICHUS COJTHEYHBIMU DJIEMEHTAMHU.

Ha ¢ur. 4 mpuBeneHa mpuMepHash CTPYKTypHas CXeMa, WUTIOCTPUPYIOINAs albTCPHATHBHBIA BapUaHT
OCYILIECTBIICHHS CUCTEMBI YIIPABICHUS COJHEUYHBIMU 3JICMEHTaMH, TIOKa3aHHON Ha ¢ur. 3, B KOTOPOM MaTpuia
TaHeJIeH COTHEYHBIX JIEMEHTOB ITOAKIIIOYCHA K ICTOYHUKY HAIPSIKEHUS Yepe3 MepeKIrovaTelb.

Ha ¢wur. SA-5D npuBeacHsl npuMepHble (GOPMBI CUTHAJIOB HAa BXOJAX W BBIXOJAX IMEPEKII0OYATENs, HC-
MOJIF3yEMOT0 C MaTpHIEH MaHeJeH CONHEYHBIX AJIEMEHTOB, MOKa3aHHOW Ha (ur. 4, WIIIIOCTPUPYIOIINE TOAa-
BaeMOe HaIpsDKECHUE B 3aBUCIMOCTH OT BPEMEHH.

Ha ¢wur. 6 npuBeneHa npuMepHas CTpYKTYpHAs CXeMa, HILTFOCTPHUPYIOIIasl elie OJMH albTePHATUBHBIN Ba-
PHAHT OCYIICCTBICHUS CHUCTEMBI VIIPABJICHUS COJNIHEYHBIMU 3JICMCHTaMH, MOKa3aHHOW Ha (ur. 3, B KOTOPOM
MaTpHlla NaHeleld COJHEYHBIX 3JIEMEHTOB MOJKIIOUEHA K CXeME YCTPOMCTBa IJIsi T€HEPUPOBAHMS MMITYJIbCOB
HapPSHKEHUS.

Ha ¢wur. 7 npuBenena npumepHast popMa CHrHaja, UCIOIB3YEMOTO ¢ MaTPHUIICH MaHeIeH COMHEYHBIX dIic-
MEHTOB, IIPUBEJICHHOI Ha (QUT. 6, HIUTIOCTPUPYIOIIAs TIOAaBaEMOC HATIPSIKCHUE B 3aBHCUMOCTH OT BPEMCHHU.

Ha ¢wur. 8 npuBenena npumepHast CTpYKTypHasi cxeMa, WLTIOCTPHPYIOIasi OJUH BapUaHT OCYIICCTBICHUS
CXEMBI yCTPOICTBA IS TEHEPUPOBAHNS UMITYJIbCOB HANPSDKECHNS, IIOKAa3aHHOH Ha ¢ur. 6.

Ha ¢wur. 9A mpuBeneHa mpuMepHasi CTPYKTYpHas CXeMa, WDIIOCTPHPYIOMIas ajJbTePHATUBHBINA BapHaHT
OCYILIECTBIICHHUS CUCTEMBI YIPABJICHUS COJHEYHBIMH JJIEMEHTAaMH, ITOKa3aHHOH Ha ¢ur. 4, B KOTOPOM CHCTEMaA
YIPaBJICHUS COTHETHBIMHU 3JIEMEHTAMH COJICPKUT CXEMY YIIPaBICHUS.

Ha ¢ur. 9B npuenena npumepHas OJOK-CXeMa, WIDTIOCTPHPYIONIAs JHarpaMMy COCTOSHHUHA JJISI CXEMBI
yIIpaBJICHUs, TOKAa3aHHOW Ha ¢ur. 9A.

Ha ¢wur. 10A npuBencHa mpuMepHasi CTPYKTYpHAs CXeMa, WLTIOCTPUPYIONIAS aTbTCPHATUBHEIN BapUaHT
OCYILICCTBIICHUS CUCTEMBI YIPABJICHUS COJHCYHBIMH JJIEMEHTAaMU, IMOKa3aHHON Ha (Qur. 6, B KOTOPOM CHUCTEMa
YIOpPaBIIEHUS! COTHEUHBIMU 3JIEMEHTAMU COAEPIKUT CXEMY YIPABICHHUS.

Ha ¢ur. 10B npuBenena npumepHasi 0JIOK-CXeMa, WLTIOCTPUPYIONIAS THATPAMMY COCTOSHHMA IS CXEMBI
yIpaBJIeHUs, IOKa3aHHOW Ha ¢ur. 10A.

Ha ¢wur. 11A-11C npuBeneHs! npuMepHbie (OPMBI CUTHATIOB, HJUTFOCTPUPYIONIHE BAPHAHT OCYIIECTBICHUS
3aBHCHMOCTH YIIYUYIIIEHHOTO BBIXOJHOTO TOKa (POTOIJIEKTPHUUECKOTO YCTPOHCTBA, MOKa3aHHOTO Ha ¢ur. 3, ot
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MOJJTABAEMOTO HATIPSIKCHHUSI, YACTOTHI CIICAOBAHIS UMITYJIBCOB M JUTUTCIFHOCTH UMITYJIbCA.

CrenyeT OTMETUTb, YTO (UI'YPHl N300paKeHBI HE B MacIiTabe M YTO 3JIEMEHTHI OJZO0OHBIX KOHCTPYKILUH
wr GYHKIWH, KaK IPpaBmiio, 0003HAYCHBI OAMHAKOBBIMU CCHUIOYHBIMH TTO3UIMSIMA C IETHI0 MIUTIOCTPAIlMH Ha
Bcex (urypax. Cremyer Taxke OTMETHTh, YTO (UTYpHI NpenHa3HAUYEHBI TOJIBKO ISl OONErdeHHs OMUCAHUS
MPEIIIOYTUTEIFHBIX BapUAHTOB OCYIIECTBICHUS. JlaHHBIE (QHUTYpPHl HE OTPaXaloT KaKIABIH aCHEeKT OMHMCaHHBIX
BapHaHTOB OCYIIECTBICHII M HE OTPAaHUYNBAIOT 00BEM HACTOAIICTO N300pETECHHS.

IoapoGHoe onucaHue MPeANOYTUTEILHBIX BAPHAHTOB OCYIIeCTBIEHUS

[TockonbKy MMeronIiecs B HACTOSIIEE BPeMsI CHCTEMBI COJHEYHBIX AJIEMEHTOB HE MOTYT MaKCHMAlIbHO
YBEJIMYHUTH BBIXOJHYIO MOLIHOCTH (DOTOIJIEKTPUUECKOTO IJIEMEHTa, CHCTEMa COJHEYHBIX JJIEMEHTOB, KOTOpas
YBEJIMYHUBACT MOJBUYKHOCTD 3JICKTPOHHO-IBIPOYHBIX MAp U YMEHBIIACT TOK MPU PEKOMOWHAIIMU B TIOIYIPOBO/I-
HHKOBOM MaTepHaJie, MOXKET 0Ka3aThCs BOCTPEOOBAaHHOW M 00ECIIEUNTh OCHOBY JUISl IIMPOKOTO JTHaIia3oHa CHC-
TEM COJIHEYHBIX JJIEMEHTOB C TEM, YTOOBI IOBBICHTH KOA(MQPHUIUCHT MOIE3HOTO NEUCTBHS U BHIXOAHYIO MOII-
HOCTb COJIHEUHBIX 3JIEMEHTOB, BBHIITOJHEHHBIX B BUJE MAaHEIN COJHEYHBIX JJIEMEHTOB. DTOT Pe3yJbTaT MOXKET
OBITH IOCTHTHYT B COOTBETCTBHH C OJHHM BapHaHTOM OCYIECTBIICHHS, PACKPHITHIM B JAaHHOM H300pETEHUH, C
romoIisio cucteMbl 300 ynpaBieHUs] COTHEUYHBIME dJIEMEHTAMH, KaK IMOKa3aHo Ha Qwur. 3.

O6pamasce k ¢ur. 3, cucreMa 300 ynpaBJIeHUsT COTHEUYHBIMH 3JIEMEHTAMH MOIXOTUT JUIS UCTIONH30BAHUS
C IIMPOKUM JHAMA30HOM (DOTOIIEKTPUUECKUX YCTPOHUCTB. B ogHOM BapmaHTe ocymecTBiaeHus cuctema 300
YIpaBJICHUS COTHEYHBIMH JIEMEHTAMH MOXKET OBITh IMPUTOAHA Ui WCHOJB30BAHUS C COMHEYHBIM IIIEMEHTOM
100, mokazanasiM Ha (ur. 1. Hampumep, comHeunsiid daemMedT 100 MOXET MpeACTaBIATh JI000€ MOAXOISIIee
MTOKOJICHHE COJTHEYHBIX IEMEHTOB, TAKMX KaK JIEMEHTHI Ha TOJIOKKE U3 KPUCTAJUIMIECKOTO KPpeMHUS (TIepBoe
MIOKOJICHNE), TOHKOIUICHOYHBIC COJHEYHBIE DJIEMEHTHI, BKIIOYas 3JIEMEHTHI HA OCHOBE aMOP(HOro KpeMHHA
(BTOpOE TOKOJIEHHUE), W/WIIN JIEMEHTHI TpeTbero nokosneHus. Cucrema 300 ynpaBieHHs COJTHEYHBIMH JJIEMEH-
TaMM TPEHMYIIECTBEHHO MOXKET OBITH HCIIOJb30BaHa C JIOOBIM ITOKOJIEHHEM COJHEeYHoro syemeHta 100 Oe3
KOHCTPYKIIMOHHBIX U3MECHEHHUH U CBSI3aHHBIX C HUMH HEIOCTaTKOB. B apyrom BapmaHTe OCyIIECTBICHHS CHUCTE-
Ma 300 yrpaBieHUs COTHEYHBIMHU 3JIEMEHTAMH MOXKET OBITh MPUTO/IHA JUIS UCTIOJIL30BAHMS C HECKOJIBKUMH COJI-
HeYHBIMU 2yieMeHTamu 100, Hampumep, ¢ madensMu 10 CONHEYHBIX 3JIEMEHTOB, MMOKa3aHHBIMHU Ha ¢ur. 2. Kak
OBIJIO PaCCMOTPEHO paHee, HECKOIBKO COTHEUHBIX 31eMeHTOB 100 MOTYT OBITh MOAKIIOYEHBI (TIOCTIEI0BATEIIHHO
W/WIH TTapajijiesbHO) BMecTe Il oOpazoBanus manenu 10 cosHedHbIX dmeMeHnToB. [Tanenu 10 comHEUHBIX diie-
MEHTOB MOTYT OBITh YCTAHOBJICHBI Ha OTIOPHOM KOHCTPYKIMH (HE TOKa3aHa) IyTeM Ha3eMHOW YCTaHOBKH, yCTa-
HOBKH Ha KPBIIIE, C TIOMOIIHIO CHCTEM CIICKEHISI 3a COJIHIIEM, HETIOJBIKHBIX PEeK W TaK Jajiee, ¥ MOTYT OBITh
MCIIOJIB30BaHBI KaK JUIsI HA3EMHBIX, TaK U UIT KOCMHYECKUX OOPTOBBIX YCTPOMCTB. AHAJIOTHYHBIM 00pa3oM CHC-
Tema 300 ynpaBiieHHs COJHEYHBIMU SJIEMEHTaMHU MIPEUMYILIECTBEHHO MOXKET OBITh MCIOJIB30BaHa ¢ JIOOBIM I0-
KoJIeHneM maHenu 10 COTHEYHBIX 3JeMEeHTOB 0e3 KOHCTPYKIMOHHBIX M3MeHeHHH nmaHenu 10 CONHEeuHBIX diie-
MEHTOB ¥ CBSI3aHHBIX C HUMH HEIOCTaTKOB.

Kaxk nokazano Ha ¢uwur. 3, poroanekrpuaeckoe ycTpoicTBo 200 B3auMOAEHCTBYET € JIEKTPUUECKUM T10JIEM
250. B HEKOTOPBIX BapUAHTAX OCYIICCTBICHHUS MOJSAPHOCTD IEKTPUUECKOTO Mo 250 MOXKeT OBITh TIOJaHa JTH-
00 B OTMHAKOBOM HaIpaBJIeHUH, JTNO0 B 00paTHOM HAIpaBJIEHUH C MOJSIPHOCTHIO 3ekTponoB 101a, 101b (moka-
3aHbl Ha ¢ur. 1) B porosnekrpuueckom ycrpoiictBe 200. Hampumep, ecnu momaya ayiekTpudeckoro mois 250
OCYIIIECTBIIIETCSI B OJMHAKOBOM HAIIPABJICHUU C TOJSIPHOCTHIO AJ1ekTpoaoB 101a, 101b B doTornexkTpuaeckom
yctpoiictBe 200, amekTpuaeckoe mosie 250 BO3AEHCTBYET Ha AJICKTPOHHO-ABIPOYHBIE Maphl B (HOTOIIEKTpHIC-
ckoM ycTpoiictee 200, npuknansBas cuny -¢ E wian h'E a5ekTpoHy WM JIBIpKe COOTBETCTBEHHO, YCKOPSIA, TeM
CaMBIM, TTOIBIKHOCTB 3JICKTPOHA U ABIPKH B HAIIPABICHUN COOTBETCTBYIOIINX AJIEKTPOIOB. B KauecTBe anprep-
HAaTUBBI, €CIIM MOJSPHOCTh 3JEKTpHueckoro moins 250 sBisercss oOpaTHOH, MHOABHIKHOCTH JIIEKTPOHHO-
JBIPOYHBIX Map B (POTOAIEKTpHUECKOM ycTpoiicTBe 200 yMEHBIIaeTCsl, yBEINYMBAst TEM CAMBIM TOK IPH PEKOM-
Oounannu B Gotosnexrpudeckom yctpoiictse 200. COOTBETCTBEHHO, KOAPQUIIMEHT MOIE3HOI0 NeHCTBHS (OTO-
3NEKTpUUEcKOro yctpoiictBa 200 MOKeT OBITh YMEHBIIEH I10 JKEJIaHWI0, HAIIPUMED, JUIS YIIPABIICHUS BBIXOIHOMN
MOIIHOCTBIO (poToanekTprueckoro ycrpoiicta 200. Kpome Toro, snexrpuyeckoe mose 250, mogaBaemoe Ha ¢o-
TO3JIEKTpUUEcKoe yCTpoicTBO 200, MOKET OBITH, IO JKEJIAHMIO, CTATHYECKUM HJIM M3MEHSIOLIMMCS BO BPEMEHH.
B ciydae, xorna snekTpudeckoe mojie 250 u3MeHseTcs BO BPeMEHH, deKTprdeckoe mose 250 obmamaeT ycpen-
HEHHOM 10 BPEMEHU BEJIMYUHOW, KOTOpas OTIWYHA OT HyJsl. Bripaxasch mo-apyromy, 4ucTasi cujia, J1eMCTBYIO-
IIas Ha ANEKTPOHBI M IBIPKH, OTIMYHA OT HYJIS Ui O00CCIIeYeHHUS MOBBIIICHHOW MOIBIKHOCTH 3JIEKTPOHHO-
JIBIPOYHBIX TIap (HOTOINEKTPUUIECKOTO ycTporicTBa 200.

[IpuMeHHUTETPHO K TPAOUIIMOHHOMY coiHeuHOMY 1eMeHTy 100, nmpuBenenHoMy Ha ¢ur. 1, mpu oTcyreT-
BUM BHemHed Harpy3ku 30 (moka3zaHa Ha ¢ur. 1) ams cozmaHus dnekTpudeckoro modst 250 Ha anmektpoasr 101a,
101b conneunoro amemenTta 100 MOXkeT OBITH TOAHO BHEIIHEE HalpsHKeHHE. B ofHOM BapuaHTe OCyIlecTBIe-
HES BIIeKTprdeckoe moste 250 (Hanpumep, Mexy anekrponamu 101a, 101b) onpenensercs ypaBHeHueM 1:

E = w (Vpasuenue 1)

rae E - anextprdeckoe mose 250;
V app - HAIIPSKEHHE, TI0JJaBAEMOE U3BHE K (DOTOIIIEKTpHIECKOMY ycTpoiicTBy 200;
V,, - BBIXOJIHOE HanpshkeHue (poTodneKTprueckoro ycrpoiicrtsa 200 (Hanpumep, ~30 B) n
t - TOJIIMHA TTOJYIPOBOAHUKOBOTO MaTepHana B ¢oroaekTpuueckom ycrpoiicte 200 ot anekrpoaa 101a
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1o 101b.

Hanpumep, npeanonoxum, uto Va,,-V,=200 B (HOMHHATBEHO) 1 TOJIIMHA t COCTABIAET NPHOIU3UTETHLHO
0,02 cmM, anektpudeckoe momne 250 cocrarisger npuoimsutensHo 10 kB/cM. Kak BugHO M3 ypaBHeHus 1, mpu
YMEHBIIICHUN TOJIUHBEI t (hoTORIeKTpudIeckoro ycrpoiictea 200 (Hampumep, mernee 0,01 cM) MOTyT OBITH TIOJTY-
4eHBI 00JIee CHITbHBIC AJIEKTpUUecKue Mot 250 ¢ UCTIOIh30BaHUEM TEX JK€ WIIH 0oJiee HU3KHUX HATIPSKCHUH.

Kak yxxe roBopuiocs BbIlie, GoTodnekTpudeckoe yctpoitctBo 200, Kak MpaBUIIO, MUTAET BHEITHIOK Ha-
TPY3Ky, Takylo kak Harpy3ka 30 comaeunoro amemenTa 100. Ccpinasch Ha ypaBHEHHE |, eclii TIo/jaya BHEIITHETO
HANPKEHUS V app OCYLIECTBIAETCS HEIIOCPEACTBEHHO HAa (POTOdINIEKTPHYECKOE YCTpoiicTBo 200, KOTOpOE NUTaeT
BHEIITHIOK Harpy3ky 30, BHeUIHsS Harpy3ka 30 MOXKET CoJiepKaTh aKTUBHBIC COCTABIISIOIINE, KOTOPBIC MOTPEO-
JAI0T TOK OT HCTOYHMKA MOJABAEMOI0 HANPSKEHUs V ap,. BhIpakasck mo-apyromy, nojadya BHEMIHETO HAmps-
KeHUs Vu,, Ha (GoTodnekTpudeckoe ycTpoiicTBo 200 MoxkeT 3(D(QEKTUBHO IOCTABIATH MOIIHOCTH Ha OOLIyO
CXEMY, UTO MPEJCTABICHO YpaBHCHUEM 2:

_ Wapp)”

MoOWHOCTb gy ppa = 2L (Vpasnenue 2)

rae Ry - moHOe conpoTuBieHune BHENTHEH Harpy3ku 30.

B HEKOTOPHIX CciTydasx BXOTHAS MOITHOCTh MOXET OBITh 3HAYUTEIHHO OOJBIIE, YeM BBIXOJHAS MOLTHOCTD
(dhoToanekTpudeckoro ycrpoiictBa 200. CooTBeTcTBeHHO, cucteMa 300 ympaBieHUS (OTOITEKTPHICSCKIMHE dJIe-
MEHTaMH BBITIOJIHEHA C BO3MOKHOCTBIO TTOJIA4H JIEKTPHUIECKOTo 1ot 250 Ha (HOTOdIEKTpUIECKOe yCTPOHCTBO
200 6e3 BBenmeHUs OOJbBIEH dHEPTHH, YeM (GOTOdEeKTprIeckoe ycTpoiicTBo 200 CrioCOOHO TPOU3BOIUTH, U
OOoJBIICH YHEPTUU, YeM OBLTO OBI MOYYSHO IMyTeM MOJadd JICKTPUUCCKOTO MO Ha (POTOIIEKTPHICCKOE YCT-
poticteo 200.

Cuctema 300 ynpaBieHHUs CONHEUHBIMH 3JIEMEHTAMH MOKET I10/]aBaTh BHEIIHEE HANpPsKEHHE Vap, Ha do-
TO3JIEKTPUYECKOE YCTpoiicTBO 200 ¢ UCIONBE30BaHUEM JIFOOBIX MOIXOSAIINX CPEJCTB, OMUCAHHBIX B JJaHHOU 3a-
SIBKE, B TOM YHCIIC C HCIOJIh30BAHUEM TIEPEKIIFOUaTeNs 55, Kak mokazaHo Ha ¢wur. 4. O6pamasics x ¢wur. 4, hoto-
aNeKTpuUecKoe ycTpoicTBo 200 MOXKET NMpeCTaBIIATh JII000E KOJHMYECTBO (POTOIICKTPHIECKUX YCTPOUCTB, Ta-
KHX KakK cojHeuHbIH daeMeHT 100 u/unu nanenn 10 cCoIHEYHBIX 2JIEMEHTOB, Kak moka3ano. I[lanenu 10 comHed-
HBIX JIEMEHTOB COSAMHEHBI C MTEPEKITIoYaTeNleM 55, TaKUM KaK OTHOTIOIOCHBIH, IBYXITO3UIIMOHHEIH (MIIH Ha TPH
HaIpaBJICHUS) TEePEeKIIoYaTesb, KaKk MOKa3aHo. B OMHOM BapHaHTE OCYIIECTBICHHS IEpEeKIodYaTesb 55 Tarke
MOJKITIOUEH K UCTOYHUKY 50 HampspkeHWs W BHENTHEW Harpys3ke Ry (Hampumep, Moka3zaHHOW B BHIIE HHBEPTOPA
31). MuBeptop 31 MoxkeT mpeoOpa3oBBIBATh MIOCTOSTHHBIC HANPSDKEHUE W TOK B TIEpEMEHHBIC HAITPSHKEHHUE U TOK,
KOTOPEIC, KaK MPaBIJIO, COBMECTUMBI ¢ HAMPSDKCHHUEM M YaCTOTOW C TPAIUIMOHHBIMU 3JICKTPHUUCCKUMHE CETIMU
MEPEMEHHOTO HampsKeHUs. BrIXomHas yacToTa MHBEepTOpa 31 M aMIUTUTyAa MEPEMEHHOTO TOKA/HATIPSIKCHUS
MOTYT 3aBUCETh OT CTPAHbI, MECTOMOJIOKCHHUS M MECTHBIX TPEOOBAHMIA CCTH.

Hctounnk 50 HanpspKeHUST MOXKET COACPIKATh JIFOOBIC MOIXOAAIINE CPEICTBA IS O AP KaHUS TTOCTOSH-
HOTO HAIPSDKCHHS, B TOM YHCJE HICATFHBIC HCTOYHUKH HATIPSDKEHUS, YIPaBIsIeMbIe HICTOYHUKU HATPSKCHUS U
Tak janee. TeM HE MEHee, B HEKOTOPBIX BapHAHTAX OCYIIECTBICHUS, TAKHX KaK BAPHAHT OCYIICCTBICHMUS, ITOKA-
3aHHBIA HMXKE CO CChUIKOW Ha ¢ur. 9A, wctounuk 50 HaNMPsHKEHHS MOXKET WUMETh IMOJAJAIoneecs] N3MEHEHHIO,
perynupyeMoe BBIXOAHOE HamlpspDKeHHWe (HampuMep, HampsDKeHWe, W3MeHsmomeecs Bo BpeMeHH). Opran 45
yIOpaBIeHUs TepeKIoyaTels (I KOHTPOJUIEP) MOAKIIOYaeTCA K MEPEKITIoYaTeNio 55, 9To0sl yIpaBiIATh JITH-
TENBHOCTHIO COCNMHCHUS W/WMJIM YaCTOTOW IMEPEeKITIOUEHHs, HApUMep, MEXIY MCTOYHUKOM S50 HampsoKeHHS H
nHBepTOpOoM 31 ¢ manensio 10 comHeuHBIX deMeHTOB. KoHTpoimep 45 nmepekimoyaTesiss MOXKeT ObITh TpeBapH-
TEJNBHO YCTAHOBJCH IS paboTHl ¢ (PMKCHPOBAHHOM UIMTENBFHOCTRIO D mepexiroueHus u 9acToTor f mepexitro-
yeHus (mokazansl Ha ¢ur. SA-C). HanpsbkeHue, mojaBaeMoe B IIEPBOM ITOJIOKEHUH TIEpEKIIoyarTens 55, MoxXeT
OBITh (DUKCUPOBAHHBIM M 3aBUCETh OT UCTOYHMKA S50 HampspkeHUs. B HEKOTOpPBIX BapHaHTaX OCYIIECTBICHUS
BEJIMYIHA [TOJJABACMOTO HANPSIKCHUST UCTOYHUKOM 50 HaNpsDKEHUS, UTHTENEHOCT D COeTMHEHUS W/UITH 9acTo-
Ta f mepexIFoueHUsI MOTYT OBITh 3apaHee YCTAHOBJICHBI W/WIIA U3MCHSATHCS B 3aBHCUMOCTH OT YCIIOBHI HArpy3KH.

Hampumep, nepexntouarens 55 coequnser naneau 10 COTHEUHBIX 3JIEMEHTOB ¢ HICTOUHUKOM 50 Hampsbke-
HUS B TICPBOM TOJOXKCHUU (KaK TIOKa3aHO CTPENKOH B mepekirodatene 55 Ha ¢wur. 4). [Ipu coenuHeHNA B mIep-
BOM II0JIOKEHHH HCTOYHMK 50 HANpPsHKEHUs MOJAET HANPKEHUE V ap, Ha dnekTpoasl 101a, 101b (mokasansl Ha
¢ur. 1) maneneit 10 COMHEUHBIX JIEMEHTOB M HABOJIUT dJIeKTpuueckoe moiie 250 (mokazano Ha ¢ur. 3) Ha Kax-
nyto maHesb 10 comHedHbIX dnemMeHToB. [locie Toro, kak anekrpudeckoe mose 250 6pu1o chopMUPOBAaHO Ha Ta-
Henu 10 CONTHEYHBIX AJIEMEHTOB, TEPEKIIIoUaTeNlb 55 MepeKIrodaeTcs sl coequHeHus nanened 10 comHeuHbIX
3JIeMEeHTOB ¢ WHBepTOpoM 31 (T.e. Harpy3koil R;) Bo BTopoM mosokennn. COOTBETCTBEHHO, HCTOYHHUK S0 Ha-
TPSHKCHUS MOXKET 00CCIIeUnTh AMeKTprdeckoe mojie 250 6e3 0THOBPEMEHHOIO COSTUHEHUS ¢ manemsmu 10 cou-
HCYHBIX JJIEMCHTOB U mHBepTOpoM 31. Takum 00pa3om, CHOBa CO CCBUIKOI Ha ypaBHEHHE 2, TI0Jja4a BHEIIHETO
HanpsKeHUs V ap, HE MO3BOJISIET Harpyske Ry (Hampumep, uuBepTopy 31) MoTpebasaTh TOK HEMOCPEICTBEHHO OT
uctounuka 50 HanpspkeHus. [lomaya anekrpuueckoro nojist 250 Ha naHenu 10 CONHEUHBIX 3JIEMEHTOB MOXKET
VBEJIMYHUTh TOK M BBIXOJHYIO MOIIHOCTH maHeseil 10 CONHEYHBIX 3JIEMEHTOB Ha 3aJIaHHYI0 BEIUYUHY IPH CO-
CJIMHCHHH BIIOCIICACTBUM maHeneil 10 COMHEYHBIX 3IEMEHTOB ¢ HHBEPTOPOM 31 BO BTOPOM MOJOXKCHUU. 3aaH-
Hasl BEJIMYMHA 3aBUCHUT OT MHTCHCHBHOCTH CBETA, MAaJAIOMIETo Ha MaHe n 10 COMHEYHBIX AJIEMEHTOB, HATPSIKe-
HHUSA V opp, TI0JABAEMOTO HA NMaHeaH 10 CONHEYHBIX JIEMEHTOB HCTOYHUKOM 50 HANpsKEeHHs, TOJNIIHMHBI aHenel
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10 CONHEYHBIX AJIEMEHTOB, YacTOTHI f, ¢ KOTOPO# HCTOYHHUK 50 HANPSHKCHHS COSAMHACTCS ¢ maHensMu 10 co-
HCYHBIX JJIEMCHTOB, U KO3((HUIIMECHTA 3aTOJTHECHHUS MPOIecca MEePEKITIOYCHHUS MEXAY MEPBBIM MOJOXKCHUEM U
BTOPBIM MOJIOKEHUEM, IIPH 3TOM KO3(PPHUINCHT 3aII0THEHNS ONPEACISIeTCs] KaK HHTEpBaJI BPEMEHH, KOT/1a TIaHe-
w10 CoNHEYHBIX 3JEMEHTOB COSAMHEHBI C UCTOYHUKOM 50 HaIlpsDKEHUS, ICJICHHBIA Ha BPEeMs IMEePEKITIOUCHHS
1/f (T.e. yMHOXKECHHBIN Ha 9acTOTy f WM JIJIEHHBIN Ha BECh MepHo] curHana). Ciemyer OTMETHTh, 9TO Bpems D
JUTATENIFHOCTH TIepEeKIIoueHs, JacToTa f mepeximoueHns U Ko3((UIIHMEHT 3alO0THEHHS BCE SIBIISIOTCS TaKUMH
B3aMMOCBS3aHHBIMU BEIMIMHAMH, YTO OTIPEIEIICHIE 3HAYCHUH JTIOOBIX IBYX M3 BEIMYHH MTO3BOJISICT OTPEICIUTh
TpeThI0 BennInHy. Hanpumep, yCTaHOBIIEHHE YaCTOTHI IEPEKITIOYCHUS U KO (HUITHECHTA 3aII0THEHHS TO3BOJISIET
ompenenats BpeMs D amuTensHOCTH mepekimoucHus. Hampumep, B YCIOBUSIX BBICOKOM MHTEHCHMBHOCTH CBETa
MOBBIIIEHNE BBIXOHON MOIITHOCTH MOET OBITh Topsiaka 20%; B yCIOBHSX HU3KOH ocBelieHHoCcTH - 50+%.

BapwuaHT ocytiecTBICHHS, MOKa3aHHBIA Ha (QuUTr. 4, IPEUMYIIECTBCHHO 00CCIICYHBACT JIICKTPUICCKOE TIOJIC
250 Ha dotoanekTpuueckoM ycrpoiictee 200 6e3 He0OX0AUMOCTH U3MEHEeHHUs maHened 10 CONHEYHBIX AJIeMEH-
TOB W/WIU COTHEYHBIX 37eMeHTOB 100, mpeaycMaTpuBaromero JONOIHUTEIFHBIC BHEIITHHE ICKTPOIEL. B Heko-
TOPBIX BapHaHTaX OCYIICCTBICHHS YCTPONCTBO XpaHCHHs JHEPTUH, TaKoe Kak KoHiueHcartop 41, kaTymka 42
WHIYKTHBHOCTH W/WJIM aKKyMYJISITOpHAs Oarapest 43, MOXKET OBITh pa3MelieHo Tepes; MHBepTopoM 31, 9ToOBI
TIOJIaBHTH JIIOOBIE OCIIA0JICHUsT HAMPSDKEHMS, Ha0Ito1aeMble MTHBEPTOPOM 31 B TO BpeMsl, KOT[a MEPEKII0IATEITh
55 maxoamtcs B iepBoM ToJokeHHH. COOTBETCTBEHHO, B TO BpeMs Kak mHBepTOp 31 (T.e. Harpy3ka) OTCOeIH-
HeH oT naHeneil 10 colHedHBIX 3JIeMEeHTOB, KOTJa MEepPeKIIIoYaTelb 55 HaX0AUTCS B IIEPBOM HOJOKESHUH, U HJIEK-
Tpudeckoe mose 250 hopmupyercs Ha maHesu 10 COHEUHBIX AJIEMEHTOB (T.e. Ha BpeMs D mepekioueHust, mo-
KazaHHoe Ha ¢ur. SA-D), ycTpOHWCTBO XpaHEHUsSI SHEPTUU CHA0XaeT dHepTuel HHBepTOp 31, UTOOBI MMOAIEPIKU-
BaTh TOK, NMPOTCKAIOMIMKA B TCUCHHE 3TOTO MHTEpPBANa MEPEKIOYCHUs. BrIpaxasch MO-APyroMy, yCTPOHCTBO
XpaHCHHS SHCPTHH MOXET pa3psDKaThCsl B TO BpeMs, Korna maHenu 10 CONHEYHBIX JIEMEHTOB OTCOSAUHCHBI OT
uHBepTopa 31.

Takum 00pa3oM, He TpeOyeTcs HEPEepBIBHO MOAaBaTh MOCTOSHHOE HANPsDKEHUE OT HCTOYHKMKA S50 Hamps-
JKCHHS, KOTOPOE, B CBOIO OYepe/ib, CO3MIAeT MCKTpuUeckoe moie 250, 4ToOBl YBUICTh YIYYIICHHE BBIXOJIHOM
MOIITHOCTH TaHened 10 coHedHbIX 35meMeHToB. Hanpumep, pu AJTMTENBHOCTH BpeMeHn D mepekiodeHusl, co-
crapysomed HomuHanbHO 10-2000 He, Vapp, cocTaBnsomeMy HoMuHanbHO 100-500+ B, u yacrote f nepexiro-
4eHUs, cocTaBistonieil 20 MKC, MOXKET OBITh HCITOJIb30BaH KOI(PUITUSHT 3aMOJHEHUS, COCTABISIONNN HOMMU-
HaneHO 0,1-10%. Kartymka 42 wHAYKTHBHOCTH, KOHAeHcaTtop 41 w/mmm akkymynsaTopHast Oatapest 43 BeIOupa-
IOTCSl TAKUM 00pa3oM, YTOOBI UMETh JOCTATOYHBINA pa3Mep s 00eCIeueHHs TOCTaTOYHOTO pa3psiia B TO BpeMs,
Korja maHenu 10 COMHEYHBIX 3JIEMEHTOB OTCOEIMHEHBI, a deKTpudeckoe mone 250 mogaercs ¢ pa3MeneHneM
Ha maHensx 10 CONHEYHBIX 3JEMEHTOB, HE BBI3BIBAs OCITAOJICHUS HANpsDKCHUS Ha BbIXojae mHBepTopa 31. Ha-
npuMep, pa3Mep KoHAeHcaTopa 41, KOTOPBIA pa3MeIacTes MmapajuleIbHO ¢ HArpy3Kod (HampuMmep, HHBEPTOPOM
31) ompenensercs MPUEMIIEMbIM CHIXKCHUAEM HATPSHKCHHS, KOTOPOE HHBEPTOP 31 MOKET AOMYCKaTh B TCUCHHE
BpemeHu D mepekioueHus. Hanmpumep, eciii CHIDKEHUE HANpPsDKCHUS B TEYCHUE BPeMEHH D MepeKItoYeHus He
JIOJDKHO OBITH MEHbIIE, 4eM 90% MaKCHMallbHOTO HANPSDKCHHUS, TCHEPHPYEMOTo (DOTORNIEKTPUICCKHM YCTPOIi-
ctBoM 200, KOHICHCATOP JOKEH HMETh pa3Mep B COOTBETCTBHH C YPaBHCHUEM 3:

-D

W (Vpasnenue 3)

C4 =

rae D - 1IuTenbHOCTh COeAMHEHHsI EPEKITI0YaTeNIs C HICTOYHUKOM 50 HanpsKeHus 1

MaxV - HeoOXOJUMBII IPOLICHT OT MAKCUMAJIBHOTO HalpshKeHus!, (Hanpumep, 90% B NpHBEICHHOM BEIIIE
nmpumMepe).

AHaI0THYHBIM 00pa30M MOTYT OBITH PACCUMTaHbl HHAYKTUBHOCTD W/MJIM aKKyMYJISITOpHas OaTapes.

Ha ¢wur. 5A mokazaHo ympapisioliee HampsDKeHHE KOHTpoiuiepa 45 Mmepekirovaress B 3aBUCUMOCTH OT
BpEMEHHM JJIs1 aKTUBAIMK M yIIPaBICHHS TIepeKIodaTesieM 55 ¢ ucnosib3oBanneM cucteMbl 300 ympasienus ¢o-
TORJIEKTPUYECKUMH dJIEMEHTaMHU, TMOKa3aHHOW Ha ¢wur. 4. B aToM mpumepe manenu 10 COTHEUHBIX 3JIEMEHTOB
OTCOEIMHEHBI OT HHBEpTOpa 31 M coeMHEHBI ¢ UCTOUHUKOM 50 HampsDKEHHS B TIEPBOM MOJIOXKEHUH MEPEKITI0Ya-
Tenst 55 B TedeHue anurensHocTH D, KoTopas moBTopsercs uepe3 kaxasie 1/f c. Ha ¢ur. 5B moxasano namps-
JKeHUe UcTOYHMKa 50 HampspkeHHs, oOecrieunBacMoe IepeKirouaTeseM 55 B IEpBOM IOJIOKEHHH, B 3aBHCHMO-
ctr oT BpeMeHH. Ha ¢ur. 5C mokazaHo BBIXOJIHOE HaNpsDKEHUE TepekirouaTens 55 u3 naneneil 10 coaHeuHbIX
9JIEMEHTOB (TIpH MapauIeIbHOM COSIMHEHNH) B 3aBUCUMOCTH OT BPEMEHH Ha BBIXOJIE MepeKIItodaTerst 55, KoTo-
PBIH TOAKIIOUaeTcsl K HHBEPTOpY 31 BO BTOPOM IOJIOKEHHH. AHAIOTHYHBIM 00pas3omM, Ha ¢ur. 5D nokazaHo
HaIpsKEHUE B 3aBUCHMOCTH OT BPEMEHH Ha BBIXOJE NEPeKIodaTesis 55, KOTOpBIN MOAKIIOUCH K HHBEPTOpY 31,
MMEIOIIEMY TOAKIFOUCHHBIA MEXy HUIMHU KOHIEHCATOp 41.

[Manenne HampspKeHMS, MPUHUMAEMOTO HHBEpTOpoM 31, moka3aHHoe Ha ¢ur. 5D, B KOHLIE JIIUTEIbHOCTH
D nepeximiodeHns npeAnoaaracT CHUKEHUE HAPSDKCHMS, pAaCCMOTPEHHOE BbInIe. CHIDKEHHE HANIPSHKCHUS 3aBH-
CHUT OT pa3Mepa KoHaeHcartopa 41, kaTymku 42 HHIYKTUBHOCTH W/WIIM aKKyMYyJIATOpHO# OaTtapen 43. B ogHOM
npumepe cuctembl 300, KoTopas HE CONEPKUT KoHAeHcaTtop 41, KaTymky 42 WHAYKTHBHOCTH WM aKKyMYJIsi-
TOpHYIO OaTapero 43, HalpspKeHHE, TT01aBaeéMOoe Ha BXOJ MHBepTOpa 31, BEICTYMAeT B Ka4eCTBE BBIXOHOTO Ha-
NpsDKEHUs, ToKa3aHHoro Ha ¢ur. 5C.

Ha ¢wur. 6 npencrasieH anpTepHaTHBHBIA BapHaHT ocyliecTBiIeHus cucteMbl 300 yrnpasieHust GoToasiek-
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TPUYCCKUMH DJIEMCHTaMHU, MToKa3aHHOH Ha ¢ur. 3. OOpamasice k ¢ur. 6, hoTosnekTpuieckoe ycrporicteo 200
MOXET IMPEACTABIATD JII000E KOJMYECTBO (POTOAIEKTPUIECKUX YCTPOHCTB, TAKMX KaK COJHEYHbIH 31eMeHT 100
/vy nanean 10 coIHEUHBIX JIEMEHTOB, Kak MmokaszaHo. Kak mokasano, madend 10 COTHEYHBIX 3JIEMEHTOB CO-
€AWHEHBI apajIebHO, HO TAaKXKE MOTYT OBITH COCIMHEHBI ITOCIIEI0BATEIRHO 1 B II000H KOMOWHAIIH COCTUHE-
HUH.

YerpotictBo 60 I TeHEPHPOBAHUS HMITYJIECOB HAIMPSDKEHHSI, TaKOW KaK T€HEpaTOp BBICOKOBOJIBTHBIX
UMITYJIECOB, MOXKET IT0JIaBaTh U3MEHSIOIIMICS BO BPEMEHH UMITYJIhC 71 HampsokeHus (Kak Mmoka3aHo Ha ¢ur. 7)
Ha OJHY WJIM HECKOJIBKO MaHelnei 10 colHeuHBIX 3JIeMEeHTOB. B 01HOM BapmaHTe OCYIIECTBICHHS [IUTEIEHOCTD
Dp mmMnynbca 71 HampspKeHHS MOXET OBITh KOPOTKOH, HOMHMHainbHO 10-2000 HC, M BeMMYMHA MOXXET OBITH
6ousbiod, HomuHanbHO 100-500+ B. B BapuaHTe OCyIiecTBiIeHHUS, TOKa3aHHOM Ha (UT. 6, NPUIOKEHHBIC Ha-
NPSDKEHUS, JIUTEIFHOCTh UMITYJIbCA, M YacTOTa CJICJOBAHUS MMITYJIbCOB (PUKCHUPYIOTCS Ha 3aJaHHOM YDPOBHE,
YTOOBI 00ECTICYNTh ONTHMANIBHYIO PONU3BOIUTEILHOCTD TPH BHIOPAHHBIX YCIOBUSIX dKCIUTyatanuu. Hampuwmep,
CO CCBUIKOH Ha HUT. 6 U 7, UMITyJIbC 71 HaNpsDKEHUS IMEET JUTUTENIBHOCTE Dp, COCTaBIISIONIYIO0 NPUOIM3UTEIHHO
1000 He, aTOT MMITyTIbC 71 HampsbkeHust HoBTOpsieTcs ¢ nepuonoM 1/f. inurensnocts Dp ummynbea 71 Hanpsi-
JkeHus 1 gactoTa f ummynbca 71 HanpspKeHUS BHIOUPAIOTCS TAKUM 00pa3oM, 4TOOBI pEaKTUBHOE COMTPOTUBIICHHE
KaTyIIKd WHAYKTUBHOCTH B MHBEPTOpe 31 HampspKEHUS MPEICTABISIO BBICOKOE MOJTHOE COMPOTHUBICHHE IS
ycrpoticTBa 60 11 TeHePHPOBAHUS UMITYJIECOB HAIIPSDKEHHS, TO BEICOKOE ITOJTHOE COIIPOTHBIICHHEM MO3BOJISIET
Pa3BUBATHCSI BRICOKOMY HaNpsDKEHHIO Ha dyektpoaax 101a, 101b (mokazansl Ha ¢ur. 1) maneneit 10 comHeIHBIX
3JIEMEHTOB U HE OBITH 3aKOPOYECHHBIM HHBEPTOPOM 3 1.

Kpowme Toro, Ha BXxozme maBepTOopa 31 MOTYT OBITH pa3MEUICHBI ITOCIEIOBATEIHHO BKIIOUYEHHBIC KATYIIKH
MHYKTUBHOCTH (HE IOKa3aHBbl), 3TH MOCIIEA0BATEIILHO BKIIOUCHHBIE KaTyIIKH MHIYKTHBHOCTH CIIOCOOHBI IO~
JIep>)KUBaTh BXOJHOI TOK HHBepTOpa 31 1 neiicTBOBATh KaKk BEICOKOYACTOTHBIH JIpOCCEb TAKUM 00pa3oM, YTOOBI
UMITYJIbCHl 71 HampspKeHUsl He ocnadisumich (WM (aKTHYECKH He 3aKOpauyMBalIiCh) aKTUBHOM COCTaBIISIOIICH
uaBepropa 31. Koapuumenrt 3amomHenus (Bpemsi UMITyJIbCa/BpeMsl May3bl) MOXKET COCTABISTH HOMUHAJIBHO
0,1-10%.

HampspkeHHOCTD deKTprdeckoro moist 250, mpuiokeHHOTo Ha (oTodnekTpudeckoe ycTpoiictBo 200, 3a-
BHCHUT OT KOHCTPYKIMH (HOTORIEKTpUIECKOTo ycTpoiicTBa 200, HampuMep TONIIUHBI (POTOIIEKTPHUIECKOTO yCT-
poiictBa 200, MaTtepuana U ITUIICKTPUICCKOW MPOHUIIAEMOCTH (OTOAIEKTpUIecKkoro ycrpoiicta 200, MakcH-
MaJbHOTO HAMpPSHKEHMSI IPo0os GoTodsiekTpudeckoro ycrporictsa 200 u 1.4, s mMimynbea 71 HampspKeHUs,
noka3aHHOTro Ha ¢ur. 7, ananu3 Oypbe 3Tol (HOPMBI BOJIHBI IPUBOAUT K CEPUHU UMITYJIECOB C YACTOTAMHU (=N,
rae ®,=2nf, a MOIITHOCTh UMITYJIHCOB 3a/1a€TCsl ypaBHEHUEM 4:

© e (Vpaenenue 4)
V(w) = 21t Vapp Z e

n=-—oo

nmr

TJIC N - PSIJT IEITBIX YUCEI OT -00 JI0 +00.

CoOOTBETCTBEHHO, MMITYJIbC HyJEBOTO nopsaka (T.e. n=0) MMeeT MOCTOSHHYIO COCTaBJISIOLIYIO, KOTOpast
3aMBIKaeTCs Yepe3 akTUBHYI0 Harpy3ky Rp. IlepBrlii mopsook ummysbca 71 HampspKCHUs, TTOaBacMOro Ha Ta-
Henu 10 CONMHEYHBIX DIEMEHTOB, NMPEACTABIAET CO00M Vay, (1-Dp/f), rne Dp/f -koadduiuenT 3anoaHenus um-
myJbea, Dp - IUIMTETFHOCTh UMITYJIBCa | f - 4acToTa CeJOBaHUS UMITyNIbca. Tak Kak HHAYKTUBHOCTh HHBEPTOPA
31 nmeicTByeT Kak BBICOKOE TOJTHOE COMPOTHBIICHHWE 7Z Ha UMIYJbC 71 HampspKEHUS, TEHEPUPYEMBIH COTIIACHO
BapUaHTY OCYIIECTBICHHUS Ha (pur. 6 UMIyasc 71 BHICOKOTO HANPSKCHHS Pa3BHBACTCS Ha KaXIOW M3 TaHeJeh
10 COHEYHBIX DJIIEMEHTOB, YTO, B CBOIO OUYEPE/b, CO3MIAET BHICOKOE dJIeKTpuueckoe moiyie 250 Ha manensx 10
COJTHEYHBIX HJIEMEHTOB.

Kak noxazano Ha ¢ur. 6, maBepTOp 31 HANMpPsDKEHUS MPEICTABISET cCOO0H BHENTHIO HArpy3ky R;. OmHako
BHEIITHSS Harpy3ka Ry MokeT copepikaTh YUCTO aKTHBHBIC COCTABIISIFOIIUC, TO3TOMY KOMIUIEKT KaTyIICK HHYK-
TUBHOCTH MOKET OBITh pa3MEIleH MOCICIOBATEILHO C HArPy3Koi Ry, 4TOOBI NEeHCTBOBATH B KAYECTBE BBHICOKO-
YaCTOTHOTO JPOCCEIIs, YTOOBI UMIYJIbC 71 HampshkeHus (M 3JekTpuueckoe noie 250) mogasaincs Ha maHenu 10
COJIHEUHBIX 3JIEMEHTOB.

B ycrpoiicte 60 aisi TeHepHUpOBaHHS MMITYJIBCOB HANPSDKEHMS, YTOOBI MOJATh JKEeJIaeMbId UMITyJIbC 71
HaNpsDKEHUS, MOXKET OBITh UCIIOJIB30BaHO JIF000e KoMMuecTBO cxeM. OfHa Takas mpUMepHas cXeMa, HCIIOb3ye-
Masi B ycTpoicTBe 60 IS reHepupoBaHUs UMITYJILCOB HANpsDKEHHS, Moka3aHa Ha ¢wur. 8. Kak mokazaHo, ycT-
poiictBo 60 a1 TeHEPUPOBAHUSI WMITYJILCOB HAINPSHKCHHS COJEPIKUT reHeparop 61 MMITYyJIbCOB (HE IMOKa3aH),
HUCTOYHUK 69 BBICOKOTO HaNpsDKEHUs (HE MOKa3aH) M MEePEKIIOYArONINA TPAH3UCTOP 68 IUIsl MPUKIIAIBIBAHUS
UMITynbca 71 BBICOKOTO HANpspKEHUS K maHensaM 10 COTHEYHBIX 3JIEMEHTOB (HaIpuUMep, IepeKirodasi BEIXOIHOE
HanpsoKeHHE MCTOYHWKA 69 BBICOKOTO HampspKeHWs Ha maHend 10 CONHEYHBIX JJIEMEHTOB), NMOKa3aHHBIE Ha
¢wur. 6. YcrpoiictBo 60 s TeHEpUPOBaHUS UMITYJIECOB HANpsDKCHUS, TOKa3aHHBIM Ha (ur. 8, conepkuT ycr-
POWCTBO, KOTOPOE MEPeNacT ECKTPUICCKIE CUTHAIIBI MEXKAY ABYMS SJICKTPUUCCKU M30JMPOBAHHBIMU CXEMaMHU
C HCIIOJIb30BaHHEM CBETa, TAaKOE KaK ONTPOH 62, 4yTOOBI M30JMPOBATH I'eHepaTop 61 MMITYJIBCOB OT BBICOKO-
BOJIbTHOTO TEPEKITIOYaroniero Tpansucropa 68. [IpenmyiecTBeHHO, oNTPOH 62 NPENSTCTBYET BIUSHUIO BBICO-
KOT'O HalpsDKeHUs (HalmpuMep, OT UCTOYHHKA 69 BBICOKOTO HAINPsHKEHUS) Ha MMITYJIbCHBIH curHan 71. Cxema 62
onTpoHa U300paXKeHa ¢ BBIBOJAAMHU 1-8 M MoKa3aHa KaK YacTh BXOJHOW CXEMBI yCTpoicTBa 60 Ui reHeprpoBa-
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HUS IMITYJTECOB HANPSKCHUSL.

Hcrounuk 63 HanpspkeHHs cMeleHus (He MmokaszaH) oOecliednBaeT rnojady HanpspkeHus (Harmpumep, 15 B
MIOCTOSTHHOTO TOKa) Ha ONTPOH 62 I Tojgavyd HeoOXoauMoro cMerieHus ais ontpoHa 62. Konpencarop 64
M30JIUPYET UCTOYHUK 63 HaIpsDKEHUSI CMEIICHHU, CO3/1aBasi My Th IIEPEMEHHOT0 TOKa JJIS JII000T0 CHTHAJIa IT0CIIe
WCKa)KECHUSI HCTOYHUKA HAIMPSHKCHHUS CMEIEHUS K ONTpoHy 62. BIBoabI 6 1 7 onTpoHa 62 SBISIOTCS BBIXOJIAMHU
CUTHAJIA TIEPEKITFOUEHUS ONTPOHA 62, UCTIONB3YEMOTO JIJIsl IIPUBEICHUS B IEHCTBHE BEICOKOBOJIBTHOTO TEPEKITIO-
garoniero Tpansucropa 68. Jlnoa 66 - TakolW KaKk KPEeMHHEBBIH CTAOWIUTPOH - HUCITOJIB3YETCS ISl yIep KaHUs
TOpOoTa MEePEKITIOYCHHS TIEPEKITIOYAIONIET0 TpaH3uCcTopa 68 BhIe pabodel TOUKH AuoAa 66, ycTpaHss 000
IIyM OT CIy4alHOTo BKJIIOUEHHMS MEPEeKIIoUaroiero Tpanzuctopa 68. Pesuctop 67 ycTaHaBIMBAeT TOUKY CMe-
menust 11t 3aTBopa G u smutrepa E mepexmouaromero tpansucropa 68. Koraa HampsbkeHue, nojaBaeMoe Ha
BBIBOABI 6 1 7 ONTpoHA 62, MPEBBIIAET NOPOT, YCTAHOBJIECHHBIN PE3UCTOPOM 67, MEPEKIIOUAIOIINNA TPaH3UCTOP
68 oTKpbIBaeTCs, U MeXIy KoJuleKTopoM C U SMUTTEpOM E BBHICOKOBOJIBTHOTO MEPEKIIIOUYAIOIIETO TPAH3UCTOpa
68 mpotekaeT TOK. COOTBETCTBEHHO, BHICOKOBOJIBTHBIN IEPEKIIIOYAIONINIA TPAaH3UCTOp 68 MpeacTaBisieT coOoM
WCTOYHUK MPUIIOKEHHOTO BBICOKOTO HAamNpsbKeHus Ais maHened 10 colHEYHBIX 3JEMEHTOB J0 TeX Mop, MoKa
BXOZHOI MMIyJIbC yIpaBJIeHUs reHeparopa 61 WMIyIbCOB HE MajaeT HWKE YCTAaHOBJICHHOTO MOPOTOBOTO 3HA-
yeHns Ha G BBICOKOBOJBTHOTO MEPEKITIOYAIONIEro TPaH3McTopa 68, 4TO OCTaHABIMBACT NMPOXOXKICHUE TOKA Ue-
pe3 C-G, 3akphIBast MEPEKITIOYAIONIHA TPAH3UCTOP 68.

Kak u B mpeasiaymux BapHaHTaX OCYIIECTBIICHHMS, ONICAHHBIX BBIIIE, IOJada JIEKTpHIecKoro moist 250
Ha maHenu 10 COJIHEYHBIX 3JIEMEHTOB MOJKET YBEJIIMYHUTH TOK M BBIXOAHYIO MOIIHOCThH HaHened 10 comHedHbIx
3JIEMEHTOB Ha 3aJaHHYIO BEIMYUHY IPU COCIMHEHHWH BIOCIEACTBUU K MHBEpTOpYy 31 (HampuMmep, B 3aBHCHMO-
CTH OT MHTEHCHBHOCTH CBETA, MAJAIONIEr0 Ha NaHeny 10 COMHEYHBIX 3JIEMEHTOB, HANPKEHHUS V 4y, HOJaBae-
Moro Ha maHenu 10 COTHEYHBIX AJIEMEHTOB OT UCTOYHMKA 50 HampsDKEHUs, TOJMIIKHBI nmaHened 10 coaHeuHbIX
JJIEMEHTOB, JUTUTEIBHOCTH Dp HMITyThCa M 9aCTOTHI f, ¢ KOTOPBIMU UMITYITBC 71 HANPSHKCHUS TIOJJACTCS HA MaHe-
mu 10 CONHEYHBIX DIIEMEHTOB, W TaK Jajiee). AHAIIOTUYHBIM 00pPa30M B YCIIOBHSIX BBICOKOW MHTCHCUBHOCTH CBE-
Ta yJIy4YllleHHEe BBIXOJHOW MOIIHOCTHU maHesneil 10 COMHEeYHBIX 3JIEMEHTOB MOXKET COCTaBIAThH mopsnka 20%; a B
YCIIOBUSAX HA3KOH OCBEIICHHOCTH MOXET COCTaBIATH 50+%.

VYiaydireHne XapakTepucTHK (HOTOIIEKTpUIecKkoro ycrpoictea 200, B3aUMOICHCTBYIOMIETO C JIEKTpHUe-
ckuM 1osieM 250, MOXKeT OBITh H3MEPEHO KaK YBEJIMYCHHE TOKA KOPOTKOTO 3aMBIKAHHUS COJIHEYHOTO IIEMEHTA,
I, KaKk OKa3aHO B YpaBHEHUH 5:

Ise = Ipase [1 + c¢(V(x, D),t, €) *(Pmax — P)] (Vpasnenue 5)

r7ie Ipse - TOK KOPOTKOTO 3aMBIKAHUS TIPH OTCYTCTBHH BHEITHETO AJIEKTPHUYECKOT0 Moyt 250 u

Pmax - MAKCHMAJTbHAS! MOIITHOCTh ONTHYECKOTO U3JIYYCHUS, IOCPEACTBOM KOTOPOH JI00asi JOTOTHUTEIbHAS
MOIITHOCTh HE CO3/Ia€T JIFOOBIX JTOMOTHUTEIBHBIX JICKTPOHHO-IBIPOYHBIX Tap.

Tak Kkax yJTydIIeHHe BBIXOZHOTO TOKa COJTHEYHOTO 3JIeMEHTa 00yCIIOBIMBAETCS BO3AEHCTBUEM dJIEKTpUYe-
ckoro noist 250, To popma c(V(x, f), t, €) MOKeT OBITH ONIMCaHa ypaBHEHUEM 6:

c(V(x, D), t, €) = m(t, €)Vapp™*(1-exp(t/1o ) *eXp(~ficcay/f) (VYpasnenue 6)

B ypaBuennu 6 m(t, €) 3aBucHT OT (hoToaneKkTpruecKoro ycrpoiicrea 200.

VYiydrieHue TOKa KOPOTKOTO 3aMBIKaHUS Iy, M3-3a 3JeKTpudeckoro nois 250 MOKeT ObITh JTUHEWHBIM B
OTHOIIEHUH TI0JIaBAEMOT0 HANPSIKEHUS V opp. YIIydllleHUE, HAOII0aeMOE N0 OTHOIIEHHIO K 9acTOTE CJIe0Ba-
HHS UMITyJbCOB, MMEET XapaKTEPHYIO0 CKOPOCTh cnafaHus (1/fyecay) M XapaKTepU3yeTcs SKCIOHEHINATEHOCTRIO
M0 OTHOIICHHIO K YacTOTe f ClIeJ0BaHMUS MMITYyIECOB. Y ITydIIeHHE, HAOMI0AaeMOe B OTHOIICHUH UTUTEIEHOCTH T
HUMITYJIbCa, MOKET TaKXKe XapaKTepPH30BaTHCS SKCIIOHEHIMAFHOCTHIO W OMHCHIBATh, KaKk OBICTPO ITO/1aBaeMoe
HanpsKEHUE Vap, JOCTUTAET IOJHOM BENHWYMHBL YIydlEHHE, HAONIOJAeMOe B OTHOLIEHMHU JUIMTENBHOCTH T
HMITYJIbCa, 3aBUCHT OT OCOOCHHOCTEH ycTpoiicTBa 60 IS TCHEPHUPOBAHUS UMITYJIBCOB HATIPSDKEHHS. YBEIUYe-
HHE TOKA KOPOTKOTO 3aMbIKaHUs I B 3aBUCUMOCTH OT 1OJaBAEMOTO HANPSHKEHUS V 4y, YacTOTH f criejoBanms
UMITYJIBCOB H JUTUTEIHLHOCTH T UMITYJIbca OKa3aHbl Ha ur. 11A-C cOOTBETCTBEHHO.

Ha ¢wur. 11A noxazano oxxunaemMoe yaydlIeHHe TOKa KOPOTKOTO 3aMbIKaHMs g, ji1st manenn 10 coiHeuHbIX
2JIeMEHTOB (MOKa3aHa Ha (pur. 2) B 3aBUCHUMOCTH OT BEJIMYHHBI TIOaBAEMOTO MMITYJIbCa HAPsDKEHUS Vapp. Kak
MOKAa3aHO, [UTUTEILHOCTh UMITYJIbCA U YaCTOTA CIICIOBAHUS UMITYJIbCOB (DMKCUPOBAHEI, 2 BETHYNHA HATIPSIKCHUS
umnynsca u3Menserca ot 50 go 250 B. Ynyumenue Toka KOpoTKoro 3aMbikanus Algc Bo3pacTaeT HOMHUHAIBHO
ot 0,1 1o 2 A. I3MeHeHHne ToKa KOPOTKOTO 3aMbIkaHusl Algc B 3aBUCHMOCTH OT TOJaBa€MOT0 MMITYJIbca Hampsi-
JKEHUST V ppp JUISA TIEPBOTO TIOPSAKA SBISETCS MPUONM3HTENbHO MUHEHHBIM. Ha ¢wur. 11B nokazaHo n3MeHeHne
YITy4IIeHUS] TOKa KOPOTKOTO 3aMBIKaHHUS Algc B 3aBHCHMOCTH OT YaCTOTHI CIICAOBAHHS UMITYJIBCOB IIPH (UKCH-
POBaHHOHW ITUTENLHOCTH MUMITYJbca U (PUKCHPOBAHHOM HAMNpsDKCHUHM UMIyJibca. Kak mokazano Ha ¢wur. 11B,
yIIydIIeHHe TOKa KOPOTKOTO 3aMBIKaHUS Algc yMeHbIaeTcss MpHOIM3UTENbHO OT 1,7 10 MPHOIHU3UTENBHO
0,45 A mpu yBeIMUYEHUH YaCTOTHI CIeMoBaHUSA UMITYJIbCOB OT 10 10 100 B MPOM3BOJIEHBIX €IUHUIIAX BPEMCHH.
Takoe moBeneHHUE SBISACTCS MPUOIU3UTEIHLHO IKCITOHESHITMATBHBIM. Ha dur. 11C nmokazano W3MEHEHHE YITydIle-
HUS TOKa KOPOTKOTO 3aMbIKaHus Algc B 3aBHCHMOCTH OT JUTUTEIBHOCTH UMITYJIECA TIPU (PUKCHPOBAHHOW 4aCcTOTE
CJICJIOBAaHUS MMITYyJIhCOB M (DUKCHPOBAHHOM HMITYJIECE HAMPSDKCHHS. J[JIs1 3TOrO mpuMepa YIIydlIeHue TOKa KO-
poTkoro 3ambikanus Algc Bozpactaer ot 0 10 1,2 A npu Bo3pacTaHUU IJIUTEILHOCTH UMITYJIbCA IO BpeMeHH oT 0
J0 2000.
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B Kkaxx70M U3 ONMMCAHHBIX BAPUAHTOB OCYILCCTBIICHIS, YBEINYHABAS HATIPSHKEHHOCTD YJICKTPUIECKOTO TTOJIS
250 gepes anekTponsl 101a, 101b comuednoro amementa 100 win manenu 10 CONHEYHBIX JIEMEHTOB YBEITHYH-
BaeTcsl KOAd((UIUEHT TOJIE3HOTO NeHCTBUS comHedyHoro ateMmenta 100 wimm manenu 10, Hanpumep, BIUIOTH IO
MaKCHUMAaJIbHOM 3JIEKTPUYECKON HamnpspbkeHHOCTH nois E,,. MHade roBops, Kak TOJBKO HAMPSKEHHOCTH 3JIEK-
TpudecKoro noist 250 mocTUraeT MakCHMaJIBHON HANPSHKEHHOCTH, CKOPOCTh 3JIEKTPOHHO-IBIPOYHON peKOMOU-
HaIlMM CBOIUTCS K MHHUMYMY. COOTBETCTBEHHO, MOXKET OBITh NMPEAMOYTHTEIEHBIM BBITIOHATH CXEMY YIpaBiIe-
HUs (hoTodnekTpuueckoro ycrpoiictea 200 ¢ BO3MOKHOCTHI0O MAKCUMAIILHOTO YBEJIMYSHUS BHIXOJHOTO TOKAa U
HaNpSDKEHUS TIPU Pa3IMIHBIX YCIOBUAX SKCILTyaTaIli.

Hanpumep, obpamasics k ¢ur. 9A, natunk 33 Toka ¥ JaTYMK 32 HANpPsDKEHUS TOKa3aHbl MOIKITIOYCHHBIMH
k cucteme 300 ynpaBieHus: OTORIECKTPUICCKUMU 3JIEMEHTaMH, MTOKa3aHHOH Ha ¢ur. 4. Kak moka3zaHo, JaT4uK
33 Toka MOJKJIIOYEH IMOCIEA0BaTeIbHO MeXAy NaHenblo 10 colHeyHbIX 3JeMeHTOB U uHBepTopoM 31. JlaTdymk
33 TOKa MOXKET OTCJIC)KHBATh BBIXOJHOM TOK maHeNnu 10 CONHEYHBIX AJIEMEHTOB. AHAJIOTUYHBIM 00pa3oM, Jat-
yuK 32 HANPSDKCHUS COCIUHCH MapaluiebHO K MaHe ssM 10 COTHEYHBIX 3JICMEHTOB M MHBEPTOpY 31 [uis oTciie-
JKUBAHUS BBIXOJTHOTO HAMPSDKEHS MaHeTu 10 COTHEYHBIX AIEMEHTOB.

Cxema 35 ympaBieHus! MOAKIIOUEHA KaK K ATYUKY 33 TOKa yepe3 yIpaBisiolife BBIBOIBLI 33a, Tak M K
JATYUKy 32 HaAMpsDKEHUs Yepe3 YIpaBisiomue BoIBOABI 32a. Jlarumk 33 Toka MOXKeT OBITh BCTPOCHHBIM HIIH
WHIYKIIMOHHBIM U3MEPUTEFHBIM OJIOKOM WM M3MEpSIEeT BRIXOJHOW TOK maHese 10 comHedHbIX 3meMeHToB. AHa-
JIOTUYHBIM 00pa30M JIaTIYHK 32 HANPSHKSHHS UCTIONB3YETCS ISl U3MEPEHHsI BBIXOJHOTO HAIPsDKeHUS maHenei 10
COJTHEYHBIX 3JIeMeHTOB. [Ipon3BeneHne Toka, M3MEPEHHOTO JATYMKOM 33 TOKa, M HANPSHKCHUS, U3MEPEHHOTO
JATIUKOM 32 HampsDKEHUS, TPEICTABIIeT cO00H BBIXOAHYIO MOITHOCTD, TiepeaBaeMyto OT maneneit 10 comned-
HBIX 2JICMCHTOB K MHBepTOpY 31. B HEKOTOpPBIX BapHaHTaX OCYIIECTBICHUS NATYUK 32 HAMPSHKCHUS MOXKET
TaKXKe CIY)KUTh B KaYCCTBE MCTOYHHUKA MMUTAHUS JJISI CXEMBI 35 yIpaBicHUS U (PYHKIIHOHUPYET TOJNBKO JIO TeX
mop, Toka manenu 10 COMHEUHBIX DIIEMEHTOB OCBEIIAIOTCS U MPEIOCTABISIOT JOCTATOYHYIO MOIIHOCTh JUIS aK-
TUBUPOBAHHS CXeMBI 35 ynpanieHus. Cxema 35 ynpaBieHHUs JOMOTHUTEIBEHO MOAKIIOYACTCS K NEPEKITFOUATEITIO
55, 9T0OBI ONPEACTUTH BPEMCHA MIEPEKITIOYCHUS U YaCTOTY, OMUCAHHBIC HIUXKE CO CCBUIKOHM Ha ¢wur. 4. J[nurtens-
HOCTb BPEMEHH NEPEKIIIOYEHHs] U YACTOTbI MOKET OBITh PEryJIMPYEMOM, 4TOOBI NOJABaTh HANPSKEHHE V oy, HA
naden 10 CONMHEYHBIX 3JIEMEHTOB TaKMM 00pa3oM, YTOOBI KaK TOK, CTEHEPHPOBAHHBIM B COJTHEYHOM AIIEMEHTE
100 1 u3MepeHHBII naTIuKoM 33 TOKa, TaK W HaNpspDKeHHE, M3MEPEHHOE NaTYNKOM 32 HaNpsDKEHUS, ObUTH MaK-
CHUMAaJIbHO YBEJIMYCHBI NPH PAa3NUYHBIX YCIOBUSAX IKCIUTyaTaIllH, HAIIPHMEp, IPU OTINYAIONINXCS FIIU H3Me-
HSIOIINUXCS YCIIOBHUSAX OCBEIICHHOCTH.

B onmHOM BapmaHTe OCYIIECTBICHHS IS MMOAAYW dJIeKTpudeckoro moiist 250 manens 10 coMHEYHBIX diie-
MEHTOB M3HAYalIbHO HE TCHEPUPYET MOIIHOCTDH, HAPUMEpP, B HOYHOE BPEMsl HIIH MPH T'ycTod oOnavynoctd. [1o
Mepe Toro kak maHenu 10 COJHEYHBIX 3JEMEHTOB OCBCIIAIOTCS (HApUMEp, B YTPEHHHE Yachl), maHensMu 10
COJTHCYHBIX 3JICMCHTOB TCHEPHUPYETCS HANPSHKCHUE U TOK, U BBIBOIBI 322 HAUMHAIOT MOJABATh TOK M HATPsKE-
HHUE B cxeMy 35 ymparienus. Cxema 35 ynpaBlieHHs COACPKUT HU3KOBOJIBTHBIA UCTOYHUK MUTAHUS JIOTHKH (HE
MOKa3aH), YTOOBI IPUBOANTH B JICHCTBUE YNPABISIONIYIO JOTUKY B cxeme 35 ynpasienus. Cxema 35 ynpasie-
HUS TaKXKE COICPKUT UCTOYHHK S50 MUTaHUS I 00eCIeUeHHs BRICOKOBOJIETHOTO HCTOYHHKA MUTaHUs. McTou-
HUK 50 HanpspKEeHUS IMEeT TIePEeMEHHBIN BRIXOTHON CHTHAI, KOTOPBIA MOKET OBITH OTPETYIHPOBAH C TIOMOIIBIO
CXeMbI 35 ynpaBlieHHs U OTBEYAET 3a M0Jaqy Vap, Ha BBIBOA 38. BBICOKOE BBIXOJHOE HANPSKEHHE V Ap, CXEMBI
35 ympaBiieHUsl YOpaBisSeT BHIBOAOM 38 W coemuHseTCs ¢ mepekmodareneM S5. Beisoa 38 ucnonw3yercs mis
HOJa4YX HANPKEHUS V ap, Y€pe3 nepekimoyarens 55 Ha nanenau 10 CONHEYHBIX 3JIEMEHTOB. B aToM npumepe
cxema 35 ynpaBlleHHs BBIIOJHEHA C BO3MOKHOCTBIO HE MOJABaTh JI000€ HANpPsKEHUE V A,y Ha manenu 10 com-
HCYHBIX 3JICMCHTOB JIO T€X MOP, MOKa MaHeIsIMu 10 CONHEYHBIX 2JIEMEHTOB HEe OY/IET CreHEpHUPOBAHO JOCTATOY-
HO MOITHOCTH, YTOOBI aKTHBHPOBATh KaK HU3KOBOJBTHBIN MCTOYHHUK MUTAHUS JIOTUKHU, TAK W BHICOKOBOJIGTHBIN
UCTOYHUK MHUTaHUS. B albTepHATHBHOM BapHaHTE OCYIIECTBIICHUS CXeMa 35 yIpaBJICHUS MOXXET OBITh BBITION-
HCHA C BO3MOXKHOCTBIO TTOJAYH 3JICKTPUICCKOro moiisi 250 U MaKCHMAbHOTO YBEITUYCHUS BBIXOJIHOW MOIIIHO-
CTH, TaK KaK OCBCIICHHOCTh B TCUCHHC JHS yBEIMUYUBACTCA M yMcHbmaercsa. Cxema 35 ympaBieHHS MOXKET
o0ecreunThb MeKTprdeckoe moie 250 U cTaObWIN3UPOBaTh BBIXOAHYIO MOIIHOCTE TaHedeH 10 CONIHEYHBIX 3Je-
MEHTOB B COOTBETCTBHH C JIOOBIM OIMCAHHBIM BBIIIE CITOCOOOM, BKIIOYarommM mporiecc 9000, moka3aHHBIH Ha
¢ur. 9B.

O6pamasce k ¢ur. 9B, mporecc 9000 BrIrOYaeT HHUIMATH3ANKIO0 MonTHOCTH Ha 3Tare 900. Jfocrarounas
MOIITHOCTH JOJDKHA IIPUCYTCTBOBATh Ha BBIXOZE MaHenel 10 CONMHEYHBIX 3IEMEHTOB I aKTHBAIIMN KaK HHU3KO-
BOJIFTHOTO WCTOYHWKA MHUTAHUS JOTWKH, KOTOPHIA NMPHBOIWT B NEHCTBHE YIPABIAIONIYIO JIOTHKY B cxeme 35
yIOpaBJIeHHUs, TaK U BEICOKOBOJIBTHOTO MCTOYHHMKA MUTAHUS, HEOOXOIUMOTO IS TTOIaYH BBHICOKOTO HATPSIKCHUS
Ha BBIBOJ 38 M uepes mepekirouaresb 55. B kadecTBe aibTepHATUBBI cxeMa 35 YIpaBJIeHUsS MOXKET MUTAThCS OT
BHEIITHETO MCTOYHHKA (HE TI0Ka3aH) - HAIpUMEpP, aKKyMYJISATOPHOH Oatapen, KOHICHCATOpa OONBIION eMKOCTH,
BHEIITHETO MCTOYHUKA MUTAHUS IEPEMCHHOTO TOKA - KOTOPBIX MO3BOJSICT HU3KOBOJIBTHOMY HCTOYHHKY MTUTAHUS
JIOTHKH (PYHKIIHOHUPOBATH U CXeMe 35 ympaBlcHHs OTCICKUBATh BBIXOAHYIO MOIIHOCTH maHened 10 conHed-
HBIX 3JICMEHTOB JIO TE€X TOP, MOKa maHeau 10 COMHEYHBIX IEMEHTOB TCHEPUPYIOT JOCTATOYHO BBIXOAHOM MOIII-
HOCTH, YTOOBI TAPaHTUPOBATH MMOJIAUY NEKTpUIecKoro moist 250 Ha maHenu 10 COTHEYHBIX AIEMEHTOB C YBEJIH-
YeHHWEeM UX BBIXoJIHOU MomrHOCTH. [Tocie Toro xak cxema 35 ympaBieHHS 3aITyCKaeTCs, MHALHAIN3UPYIOTCS BCE
napaMeTpel (HanpuMep, MoAaBaeMOe BEICOKOE HAIPSKEHUE V app, BpEMs D JUIMTENTEHOCTH IEPEKTIOUYEHHUS U 9ac-
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toTa f mepekmouenus). B oHOM BapuaHTe OCYIIECTBIEHUS T0JaBAEMOE BHICOKOE HAMNPSKEHHE V 5p, YCTaHAB-
JUBACTCS PaBHBIM HYJIO, a JIUTEIHHOCTh D MEpeKIroueHUs U 4acToTa f MepeKtoYeHrs YCTaHABIMBAIOTCS B
HOMHHAJIbHBIC 3HaYeHUs: D=1, n f=f,. Bce KOHTpOJILHBIC UHACKCHI N, 1 ¥ ] HHUIHATU3UPYIOTCS HYJEBBIMH 3HA-
YCHHUSAMU.

3atem Ha otane 901 cxema 35 ympaBieHUs ONPEENSIECT, SBISACTCS U HANPsOKEHUE, N3MEPEHHOE JaTIUKOM
32 HanpspKEHUSI, BBIIIE FIIH HIDKE 3aJaHHOTO MHUHUMAIBHOTO Vi, U SBIIAETCS JIU TOK, H3MEPEHHBIA JaTIHKOM 33
TOKa, OOJIBIIIE 3aJAHHOTO MUHUMYMA 1pi,. COUETAHHUE Vi M 1, OBLTH BEIOPAHBI TAKUM 00pa3oM, YTOOBI MTaHEH
10 comHEYHBIX 3JIEMEHTOB, OIpEIeIsieMble KaK OCBEIICHHBIC, TCHEPHPOBATIN HEKOTOPHI HOMWHAIBHBIN IIPO-
LEHT, HanpumMep, 5%, OT cBoeil cpeaHeil HOMUHAIBHON MOIIHOCTH, YTO SIBJSIETCSI JOCTaTOUYHOW CreHepupOBaH-
HOW MOIIIHOCTBIO ISl MIUTaHHUS UCTOYHUKA 50 MUTaHUA B cXeMe 35 yIpaBieHUs, YTOOBI YBEIUYHUTH BBHIXOIHYIO
MOIITHOCTH TaHene# 10 comHeuHbIx dmmeMeHTOB. Eciu cxema 35 ympaBlieHHsI ONpeneseT, YTO Kak W3MEPEHHBIC
TOK, TaK W HATIPSOHKCHHUC SBJISFOTCS BEINIE COOTBETCTBYIOIINX 3aaHHBIX MHUHIMYMOB, TO cXeMa 35 yIpaBJcHUS B
JaHHBII MOMeHT QyHkunonupyet u npouecc 9000 nepexoaut k aramy 903; B nmpoTuBHOM citydae npouecc 9000
MEPEXOJIUT B COCTOSIHUE OXkuiaHus Ha otamne 902 u Bo3Bparaercs k atamy 900.

Ha srane 903 cxema 35 ympaBieHus u3MepsieT TOK, MPOXOIAITNN B HHBEPTOp 31, ¢ moMomIspio maTanka 33
TOKa, HAaNpsDKEHUE Ha WHBEpTOpe 31 ¢ OMOIMIBIO AaTunKa 32 HANPSKSHUS M BRIYUCISIET MOIITHOCTh (HOMUHAb-
HO, TOK X HalpsDKeHHE), epenaBaeMyro depe3 nuaBeptop 31. KoHTponpHEI nHAEKC n yBennauBaeTcs 1o ntl.
Ha stane 904 cxema 35 ynpapieHus CpaBHUBAET Vapy € Vinax. Vinax MOXKET OBITh 3apaHee YCTAHOBIECHHBIM 3Ha-
YEHHWEM W IPEACTaBIIeT cO00H MaKCHMabHOE HAIIPsDKEHHE, KOTOPOE MOXET ObITh mofaHo Ha maHenu 10 con-
HEYHBIX JJIEMEHTOB, HE MOBpEXaas HU maHenu 10 coNHEYHBIX IEeMEHTOB, HU nHBepTop 31. B 3aBucumocTH ot
THNa naHenu 10 COMHEYHBIX BJIEMEHTOB V. 00bIYHO cocTasiseT oT 600 u 1000 B. Ecnu 3HaueHne Vup, MEHb-
e Vi, T0 nporecc 9000 nepexonut k atamy 906; B mpoTuBHOM citydae, pouecc 9000 oxuaaer Ha stamne 905.

Ha srane 906 cxema 35 ynpapieHus yBelIUYMBAET IPUIOKEHHOE BEICOKOE HAIPSIKEHUE V ap, HA BEIUUMHY
nAV U aKTUBUpYET HepeKirouaTens 55. AKTHBanus nepekirodarens 55 orcoenunseT maHenu 10 comHEUHBIX
SIIEMEHTOB OT MHBEpPTOpa 31 M coeauusaeT nanenu 10 COTHEUHBIX DIEMEHTOB C V Ay, U3 CXEMBI 35 yIIpaBiIeHHUs
Ha BeIBojax 38. Jlist atoro mpumepa AV MoxkeT ObITh (PMKCHPOBAHHBIM TIEPENaJOM HANPSDKEHUS, COCTABIISIO-
mwuM 25 B, XOTS MOTYT OBITh HCIIOJIE30BaHbl OOJIBLINE UM MEHBIIME Nepenaibl Hanpsykenus. Hanpskenue V zp,
MIPHUKJIAIBIBACT dIeKTprdeckoe mose 250 Ha madeny 10 COTHEUHBIX 3JIEMEHTOB TaKUM 00pa3oM, YTO HaIPSIKEH-
HOCTB 3JIEKTPHYECKOro nojd 250 MponopuyMoHaibHa IPUIIOKEHHOMY HANPSIKEHUIO V oy, JIHUTENBHOCT coeu-
HeHus naHenel 10 CONMHEYHBIX 3JIEMEHTOB C Vzp, B CXeMe 35 ynpaBiieHus BBIOUPAETCA TAKMM 00pa3oM, 4TOOBI
He TpepeIBaTh padboTy nHBepTopa 31. s aToro mpuMepa ko3¢ UIMEHT 3al0JHEHUS BEIOpaH paBHBIM 5% (Ta-
Henu 10 CONHEYHBIX JNIEMEHTOB € 5% BPEMEHH COCAMHEHBI C Va,, B CXeMe 35 ynpaBieHHs) U AJTUTENbHOCTh
BPEMEHU TEPEKITIOUCHISI TI0 YMOJTYaHUIO BEIOUpaercss HomuHanbHO 1000 He. I1o xenaHnto MOTYT OBITh UCIIOJNb-
30BaHBl abTCPHATUBHBIC BpeMeHa mepekinroucHus. Cxema 35 ympaBlieHHsl CHOBa IOJIYYaeT M3MEPECHUE TOKa,
MPOXOJIAIIECTO B HHBEPTOp 31, ¢ MOMOIIBIO MaTuuka 33 TOKa, MOJIydaeT U3MEPEHUE HANPSIKCHUS Ha HHBEPTOPE
31 c momombko AaT4rKa 32 HaNpsHKEHUs U IEPECUUTHIBAET MOIHOCTD, IEpeaBaeMyto uepe3 uHBepTop 31.

Ha srane 908 cxema 35 ynpaBieHHsI CpaBHUBAET BBIXOJHYIO MOIIHOCTh maHesneil 10 CoHeUHbIX AlIeMeH-
TOB C CaMbIM IOCJIEIHUM M3MEPEHHEM JI0 TOTO, KaK Vap, OyJeT moJaHo Ha naHenb 10 CONHEYHBIX 3J1€MEHTOB.
Ecmu momHOCTh yBenmaminach, To npomecce 9000 Bo3Bpamaetcs k atamy 901 u moBTopsieTcs. Hanpsbkenue, mo-
JaBaeMoe Ha BbIBOJ 38, yBenuuupaeTca Ha AV jubo IOKa I0JaBa€MOE BBICOKOE HAINPSIKEHHUE V zp, ABIAETCA
007BIIE V oy, MO0 MMOKA yBEIMYEHUE TI0JaBAEMOTO BBHICOKOTO HANPIKEHUS V zp, HE NPHUBENET K YBEIUYEHHIO
BBIXOTHOH MOTIIHOCTH TaHeNel 10 COTHEYHBIX IIEMEHTOB. V , OTIPEIEIIIETCS 31€Ch KaK MAKCUMAIILHOE HaTpsI-
JKCHHE, KOTOPOE MOXET OBITh MOJAaHO Ha TIAHETh CONHCYHBIX JJIEMCHTOB, HE MPUUYUHSIS UM HHKAKOrO Bpeaa. B
3aBHCHUMOCTH OT THIA MaHeTu 10 CONHEYHBIX 3JMEMEHTOB V., KaK IMPABUIIO, COCTABISCT MPUOTU3UTCIHHO OT
600 mo 1000 B. B o06oux cayuasx mporecc 9000 oxxumaer Ha 3tane 905. JIIUTEIBHOCT COCTOSHUS OKUIAHUS
MOJKET OBITh OT HECKOJIBKUX CEKYH]I IO HECKOJIBKAX MUHYT.

ITocne stama 905 oxunganus npouecc 9000 nepexonut k atamy 907. Eciau MOIIHOCTB, U3MEpPEHHAs uyepe3
BBIBOJIBI 32a M 33a, He M3MEHMNIACh, MHAEKC N yMeHbIIaeTcs (n=n-1), Mo/1aBaeMoe HalpsKeHNe V 5p, Ha BBIBOJIBI
38 k manenu(sim) 10 COTHEUHBIX 2JIEMEHTOB YMEHBIIIACTCS HAa BeMHIUHY AV, 1 cxema 35 ynpaBieHUsI akTHBUPY-
et nepexmodarens 55. [Ipornece 9000 mpomomkaeTcs Ha dtane 909, rae BhIXOAHAS MOITHOCTh H3MEPSETCS 1aT-
9uKOM 33 TOKa M JaT4ukoM 32 HampspkeHHUs. Eciau BRIXOIHAS MOIIHOCTH MOKa3bIBaeT majaeHue, nporecce 9000
nepexoauT K dtamy 910. Eciau BeIXogHAss MOIIHOCTD yBeNUdmiIach, mpouecc 9000 Bo3Bpammaercs k atamy 907 u
10J]aBAEMOE HAIPSIKEHUE V app TPOJOIIKAET YMEHBINATECS JI0 TEX IIOp, TOKA BBIXOAHAS MOIIHOCTbL HaHenei 10
COJTHEYHBIX 3JIEMEHTOB He TepectaeT yMeHbmathes. [Ipomece 9000 mepexoaut k atamy 910. Ha stane 910 cxe-
Ma 35 ympaBiieHUs YBETHYUBACT JUTHTEIBHOCTD, KOTJa TIEPEKIII0YaTeNh 55 COSIMHEH ¢ MaHelbio 10 CONHEYHBIX
JJIEMEHTOB Ha BBIBOJIC 38 B MEPBOM IMOJIOKCHHUH, PACCMOTPEHHOM BEIIIe. VIHTepBal BpeMEHH, KOT/Ia TIEPEKITIO-
yaresb 55 coeMHEeH ¢ UCTOYHUKOM 50 HampshKEHMs, YBETMUMBAETCS Ha BeMMUHMHY 1AT,. [lepexmouarens 55
AKTUBHPYETCS, U BBIXOTHASI MOITHOCTh MaHeneld 10 CONHEYHBIX JIEMEHTOB CHOBA OTCIIC)KHBACTCS JATYHKOM 33
ToKa M JatyukoM 34 HanpspkeHus. [Iporecc 9000 nepexoaut B ycnosue 912, 4ToOBI ONpeAETNTh, BO3pAcTaeT JIn
BBIXO/IHAsI MOITHOCTD manesneit 10 conneyHsix aneMenToB. Ecnu na, To nponece 9000 nepexoaut k aTtamy 910 u
JUTATENIEHOCTD, KOT/1a TaHe Tl 10 CONHEYHBIX 3JIEMEHTOB COSIMHEHBI C HCTOYHUKOM 50 HampspKeHHsI, CHOBA yBe-
JTMYUBaeTCA. JTUTENbHOCTh MepekiTIoueHIsT OyJeT YBEININBAaTRCS 0 TeX MOp, MOKa BBIXOAHAS MOIIHOCTH Ia-
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Henelt 10 CONTHEYHBIX DJIEMEHTOB HE TOCTUTHET MaKCHMyMa (WM MTOKa HE TOCTUTHET (PUKCHPOBAHHOTO IMpe/eia
JUTATEIILHOCTH, HalpuMep 3-5 MKC), B pe3yibTaTe Yero M3MEHCHHUS UTHTEIEHOCTH TIEPEKITFOUCHIS, 00YCIOBIICH-
HBIE CXeMOU 35 ympaBieHwus, mpekpamamTcs. TeM He MeHee, eciu Ha dtarne 912 cxema 35 ynpaBieHus ornpee-
JSIET, YTO YBEIWYCHHE UTUTCITHFHOCTH D MepexmiodeHns] NPUBOAUT K CHIDKEHHIO BBIXOJAHOM MOIIHOCTH, H3ME-
peHHOU AaTdyukoM 33 Toka u JaTdrkoM 32 HampspkeHus, nporece 9000 mepexoaut k dtamy 911, a muTeTbHOCTH
D nepexirodueHns CHUXKAETCs TIOCPENCTBOM TOBTOpeHus dTanoB 911 u 913 mo Tex mop, moka BBEIXOAHASI MOIII-
HOCTh maHelnedl 10 CONMHEYHBIX DJIIEMEHTOB CHOBa MaKCHMalbHO He yBenmuutcs. Ilocie Toro kak cxema 35
YIOpaBJIEHUS ONpEIEIeT, 9TO UINTEIFHOCTh MEPEeKITIoYeHNs Obllla ONTHMU3UPOBAaHA Ui MaKCHMAaJIbHOM BEI-
XOJIHOM MOIIHOCTH naHesneil 10 COTHEYHBIX 3JIEMEHTOB IyTeM NOBTOpeHus TanoB oT 910 1o 913, mpouecc 9000
nepexoauT K otamy 914. Ha srane 914 cxema 35 ynpaBiieHus HaUWHAET yBEJIWYHUBATh YacToTy f coeMHEeHNs, C
KOTOPOH NepeKioyaTens 55 coeAnHseTcs co cxeMoi 35 ynpaBieHus.

Yacrora f, ¢ KOTOpOH MEPEKITIOYATENb 55 COSTUHICTCS ¢ UCTOYHUKOM 50 HaNpsDKECHUS, YBEIMIHBACTCS HA
JAf ot nepBoHayanbHOM yacToTh! f, mepexmodenus, tak yro =f,+jAf. Ha srane 914 nepexmrouarens 55 coenu-
HSCTCS MEXKITy BEIBOJIOM 38 1 maHemsiMu 10 COTHEYHBIX 3JICMEHTOB C HOBOI 4acTOTOH f, M BEIXOTHASI MOIITHOCTh
naHeseld 10 COJHEYHBIX 3JIEMEHTOB CHOBA OTCIESKHMBACTCS MATYMKOM 33 TOKa W JAaTYUKOM 34 HamNpsOKEHUS.
IIpomecc 9000 mepexoaut k 3tamy 916. Eciu BbIxoaHass MOIIHOCTD TaHesel 10 COJTHEYHBIX DJIIEMEHTOB YBEIIH-
guack, npormecc 9000 mepexoaut o6patHO k 3tamy 914, 1 yacTora, ¢ KOTOpor manenu 10 COTHEUHBIX dJIEMEH-
TOB COCIUHSIIOTCA ¢ UCTOUYHMKOM 50 HampspKeHHs, CHOBa yBenMunBaeTcs. YacToTa coenmHeHns OyaeT Bo3pac-
TaTh JI0 TEX MOp, OKA BBIXOTHASI MOIIHOCTE NaHesel 10 COTHEYHBIX 3IeMEHTOB HE TOCTHTHET MaKCUMyMa, HIH
JI0 MAKCUMAITLHOHM 9acTOTHI fi,y, B pe3yabTare dero nporecc 9000 nepexomut k stamy 915. Ha stame 914 gacro-
Ta, C KOTOPOM MepeKovaTenb 55 coeAMHAETCS ¢ UCTOUHUKOM 50 BBICOKOTO HampsKeHHs Ha BeIBoJE 38, Tenephb
YMEHBIIIAeTCS Ha BeMUUnHy jAf, U mepekitoyarens 55 CHOBa aKTHBHPYETCS, U BBIXOHASI MOIIHOCTE Tanenei 10
COJTHCYHBIX 3JICMCHTOB CHOBA OTCIIC)KUBACTCS JATYMKOM 33 TOKA M JATYMKOM 32 HampsDKEHHs. B 3TOT MOMeEHT
cxeMa 35 ympaBIICHUS pEIacT, YBEIUYUBACT U CHIDKCHUE YaCTOTHI COCIUHCHUS BBIXOJIHYIO MOIIHOCTH MaHe-
neit 10 conHeuHbIX aeMeHToB Ha 3tarne 917. Eciu na, To npouecc 9000 Bo3Bpamaetcs k atamy 915. B kauectse
aJbTEPHATHUBEI, €CITH YaCTOTa MEPEKIIOYCHHS JOCTUTAeT HEKOTOPO MHHUMAIBHOW 9acTOTHI f,, mpomecc 9000
MIEPEXOIUT K ATaIry 918 mist oxxumanus.

Ha osrane 918, mocie Toro kak BBIXOJHAsT MOIIHOCTE IaHeneil 10 CONMHEYHBIX DJIEMEHTOB MaKCHMAaIbHO
yBEJIM4EHa, cXeMa 35 ympaBIeHHUs ePexXouT B COCTOSHUE OXKUIAHNSA HAa HEKOTOPBINA nepuos BpeMeHu. [lepuon
BPEMEHH OXXHUIAHUS MOXKET COCTABIIATH CEKYHABI WM MUHYTHI. [locne oxumanus Ha sTane 918 mporecc 9000
nepexonut k 3tamy 901, rne nporecc 9000 cHOBa HAYMHACT U3MEHSTHh HAIPsDKEHUE, BPEMs COSMHEHUS TIepe-
KITFOUATENSI U YaCTOTY MEPEKIFOUCHUSI OT MPEIBIIYIINX ONTHMHU3HPOBAHHBIX 3HAYCHUMN, YTOOBI IPOBEPUTH, Pa-
0oTaroT i 10 cuX Mop maHenu 10 CONHEYHBIX 3JIEMEHTOB Ha CBOMX MaKCHMAIbHBIX YPOBHSX BBIXOJHOW MOIII-
HoctH. [logaBaemoe HampspkeHHe S0 0T cxembl 35 ynpaBieHHUs, JUIMTSIFHOCTh MEPEKIIOUYCHUS U 4acTOTa mepe-
KIIFOUCHUS BCE M3MEHSIOTCS B MpoIiecce paboThl B TCUCHHE JIHS, YTOOBI yOeAUTHCs, 9TO maHemu 10 CONHEYHBIX
JJIEMEHTOB PabOTAIT C MAaKCUMAIbHOW BBIXOJHOM MOITHOCTBIO MPH YCIOBUAX IKCIUTyaTAIllMd B KOHKPETHBIN
JICHB.

Ecnm Ha stame 901 HanpspkeHUe, U3MEPEHHOE MAaTIUKOM 32 HampsDKEHUS, MMajgaeT HIbKe 3aJJaHHOTO MUHH-
MaJIbHOTO Vo, U TOK, U3MEPEHHBIH JaTYNKOM 33 TOKa MajgaeT HIDKE 3aJJaHHOTO MUHUMYMA i, TO cXxema 35
yIpaBlieHUs] yoepeT Jio0oe HampspDkeHWe Ha JUHUIX 38, U cxema 35 ympaBiieHus mepeiger k aramy 902 s
OKHJaHUS, TIPEXae YeM BepHYThCs K dTamy 900 (Ha KOTOpOM cHCTeMa MOBTOPHO WHHUIMAIM3HPYET BCE Tapa-
MeTpbl 1 uHIeKCh). [Iporiecc 9000 Oymet uepemoBath dTambl 900-901-902-900 mo Tex mop, MoKa Kak HampsoKe-
HHUE, U3MEPEHHOE JaTYNKOM 32 HANPSOHKCHUS, TaK U TOK, M3MEPCHHBIN TaTYUKOM 33 TOKa, HE MPEBBICAT Vi, U
imin COOTBETCTBEHHO, B pe3ynbTaTe yero mporecc 9000 mepeiiner ot atana 901 k stamy 903.

Pasnmuunble KOHEYHBIC MAIIMHBI MOTYT OBITH PEAIM30BaHBI B CXeME 35 YIIpaBIICHUS IS TOJTYYCHHSI aHAJIO-
THYHBIX PE3YJIbTATOB, M OXBATHIBAIOTCS NAHHBIM packpbITHeM. Tem He MeHee mpouece 9000, onvcaHHbI BBIIIE,
NPEANOYTUTEILHO MUHUMH3UPYET BETMUMHY T10J1aBa€MOTO HANPSKEHUs V 5y, 10 CAMOTO HU3KOTO BO3MOKHOTO
3HAYCHHS TaKUM 00pa3oM, YTOOBI MPOU3BEJICHUE TOKA, U3MEPEHHOTO MAaTYUKOM 33 TOKA, M HANPSKCHUS, H3ME-
PEHHOTO JaTYHKOM 32 HaNpsyKeHHMs, ObIIO MaKCHUMAaJIbHO yBenndeHo. ITofaBaemMoe HanpskeHUe V ap, KoseOer-
csl, T.e. U3MEHICTCS Ha HEOOIbINE BETMYMNHBI KaK BBEPX, TAK M BHU3, BO BpeMs (DYHKIIMOHUPOBAHUS B TCUCHHE
JTHSI, 9TOOBI y4eCTh U3MEHEHHUST MOIITHOCTH ONTHYECKOTO H3JIYICHHUS P, TIAIaoIero Ha COTHEUHbIH ameMeHT 100,
nadenb 10 COMHEYHBIX HIIEMEHTOB WIJIM HECKOJIBKO mMaHesied 10 COMHEYHBIX 3JIEMEHTOB B TCUEHHUE JHS TaKUM
00pa3oM, 9TOOBI BCeT1a MOTJIA TIOAACPKUBATHCS MAKCHMAIbHAS BBIXOAHAS MOIIHOCTb.

BonbmMHCTBO 3TAMoOB, OMMCAHHBIX BhIIE B mporecce 9000, mpeaHa3HadeHbI AT PEIISHUS BOIIPOCOB, CBS-
3aHHBIX C aMa0aTHICCKIMH M3MCHCHUSIMH OCBEIIICHHOCTH, KOTOPBIC MPOUCXOIAT MEAJICHHO B TCUCHUE TPOME-
JKYTKOB BPEMEHH, COCTABIIONIMX HECKOJIBKMX MUHYT WJIHM 4acoB. B anbTepHATUBHOM BapHaHTE OCYIIECTBIC-
HUS, SCITU KOJICOAHUS OCBEIICHHOCTH TPOMCXOIMIN C 00Jee BBICOKOH CKOPOCTBIO M3MeHeHus, mporecc 9000
MOJKET OBITH BBITIOJHEH C BO3MOXXHOCTHIO MUHHMH3AIMU BHICOKOYACTOTHBIX KOJEOAHHU BBIXOJHON MOIIHOCTH
MOCTOSTHHOTO TOKA, TOJIBOTUMON K HHBEPTOPY, MBITASICh yACPIKUBATH BHIXOAHYIO MOIIHOCTh IMOCTOSIHHOTO TOKa
OT U3MEHCHHUH CO CIUIIKOM BBICOKOI CKOPOCTBIO M3MEHCHUS, CIICIOBATEIBHO, MTOBHINIAS KAYeCTBO HHBEPTOPA.
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B apyrom mpumepe, obpamasics k ¢ur. 10A, naryuk 33 Toka M AaT4uK 32 HaNpsDKEHHs MOKa3aHbI 1MOJI-
KITIOYeHHBIME K cucteme 300 ynpaBieHus: GoTO3IeKTpUIECKUMH JIeMEHTaMH, IoKa3aHHoH Ha ¢ur. 6. Kak no-
Ka3aHo, TaT4MK 33 TOKa MOIKIIOYCH MOCIEIOBATEIFHO MEXKIY MaHenbio 10 COTHEYHBIX 3JIEMEHTOB M WHBEPTO-
pom 31. Jlatunk 33 TOKa MOKET OTCJICKUBATH BRIXOJHON TOK MaHe H 10 COTHEUHBIX DJIEMEHTOB. AHAIOTHIHBIM
obpa3om, maTturk 32 HaNpsHKEHUS COCTUHEH TMapajuiebHO K maHeasM 10 COHEYHBIX JJIEMEHTOB U WHBEPTOPY
31 anst oTCIEeKUBAHMS BEIXOTHOTO HANPSsDKEHUS maHen 10 COTHEYHBIX AIIEMEHTOB.

Cxema 36 ympaBieHHUs MOAKIIOUEHA KaK K ATYUKy 33 TOKa yepe3 yIpaBisionife BBIBOIBI 33a, Tak M K
ATYUKy 32 HAMpPsDKEHUS Yepe3 YIpaBisiomue BoIBOABI 32a. JlarTumk 33 Toka MOXKET OBITh BCTPOCHHBIM HIIH
WHIYKITHOHHBIM U3MEPUTEIHHBIM OJIOKOM M M3MEpPSCT BBIXOJHOW TOK maHene# 10 CONHEYHBIX 3IeMeHTOB. AHa-
JIOTHYHBIM 00pa30M JaTYuK 32 HANPSHKCHUS UCTIONB3YETCS A1l H3MEPCHHS BHIXOTHOTO HANpPsDKEHMS maHeneit 10
COJTHEYHBIX 3JeMeHTOB. [Ipou3BefcHHE TOKAa, U3MEPEHHOTO JaTYMKOM 33 TOKAa, U HANPSHKCHUS, U3MEPEHHOTO
JATYUKOM 32 HANPSOKCHUS, MMO3BOJISICT PACCUUTHIBATH BBHIXOJHYIO MOIIHOCTb, TIOJaBaeMyro oT manenei 10 con-
HCYHBIX JJIEMEHTOB K WHBEpTOPY 31. B HEKOTOPHIX BapHaHTaX OCYIIECTBICHUS JAATYHK 32 HATPSIKCHUS MOXKET
TaKXKe CIY)KUTh B KAY4CCTBE MCTOYHHUKA MMUTAHUS JJISI CXEMBI 36 yIpaBicHUS U (QPYHKIIMOHUPYET TONBKO JIO TeX
mop, 1oka manexy 10 COMTHEYHBIX AIEMEHTOB OCBEIAIOTCS U MPEIOCTaBISIOT JOCTaTOYHYIO0 MOIIHOCTD IS aK-
THBHPOBaHMsI cXeMbI 36 ympaBneHus. Cxema 36 yrmpaBieHHs TOTIOTHUTEIHLHO MOAKIIOUYEeHA K YCTPOHCTBY 60 miist
FeHEPUPOBAHMS UMITYJbCOB HANpPSKEHMS, YTOOBI YIPABIATh AMIUIMTYJOH MMITYJIbCA HANPSKEHHS V ppp, M-
TEIHHOCTHI0 Dp UMITyNIbCA M YAaCcTOTOH f ClIeoOBaHUs UMITYJICOB, PACCMOTPEHHBIX CO CCBIIKOW Ha ¢ur. 6. J{mu-
TeapHOCTh Dp uMnynbca, yactoTa f clieoBaHUA MMITYJILCOB M HANPSKEHHE V ap, HMITYJIbCA, MOJABAEMOIO Ha
naHes 10 CONMHEYHBIX 3JIEMEHTOB, MOTYT OBITh YIPaBISEMBIMH U PETYJIIMPOBATHCS TAKUM 00pa3oM, 4TOOBI Kak
TOK, TCHEPUPYEMBIii B maHeu 10 COTHEYHBIX DJIEMEHTOB M H3MEPCHHBIH TATYUKOM 33 TOKa, TaK U HAMPSDKCHUE,
HU3MEPEHHOE JaTYMKOM 32 HAMPSHKCHHS, OBUTH MaKCUMAJIbHO YBEIMYCHBI IIPU PA3IUYHBIX YCIOBUAX IKCIDTyaTa-
[[UH, HATIPUMEP, [IPH OTIMYAIOIINXCS VI U3MCHSIOIUXCS YCIOBUSIX OCBEIICHUS.

B onHoMm BapuaHTe OCYIIECTBJICHMS AJIS MOAAYU dIeKTpuueckoro noist 250 manens 10 conHEYHBIX diie-
MEHTOB M3HAYaJIbHO HE TCHEPUPYET MOIIHOCTH, HAPHMEpP, B HOYHOE BPEMsl HIIH MPH T'ycTod oOnavynoctd. [1o
Mepe TOT0 KaK COJTHEYHBIC ITAHEIH OCBEUIAI0TCS (HalpuMep, B yTPEHHUE Yachl), HAPSHKEHNE M TOK TeHepUpPYeT-
cs1 maHenssMu 10 CONHEYHBIX AJIEMEHTOB W BBIBOJABI 322 HAYMHAIOT T0JIaBaTh TOK W HAIPsHKEHHE B cxemy 36
ynpanieHusi. Cxema 36 ynpaBJIeHUsT COJASPKUT HU3KOBOJBTHBIM UCTOYHUK IMUTAHUS JIOTHKH (HE IMOKa3aH), 9To-
OBI MPUBOANTH B JACHCTBHE YITPABIIIONIYIO JIOTUKY B cXeMe 36 ympasienus. Cxema 60 ycTpoicTBa JJisi TeHEpH-
POBaHUS UMITYJIbCOB COICPIKUT KaK HI3KOBOJBTHBIN, TaK W BEICOKOBOJBTHRIA MCTOYHHUK IMHUTAHUS (HE TTOKa3aH).
BEBICOKOBOMBTHBIN MCTOYHHUK MUTAHUS B yCTpoucTBe 60 Ui TeHepUpPOBaHHS WMITYJIHCOB HAIPSDKEHHS HMEET
WU3MCHSFOIIUICS BBIXOIHOW CHUTHAJ, KOTOPBIH MOXKHO PETYJIHPOBATH C MOMOIIBI0 CXEMBI 36 YIpaBJICHHUS, OTBE-
Yaroluii 3a mogady Vap, Ha nanenu 10 comHeuHbIX 271eMeHTOB. B 5ToM npumepe cxema 36 ynpaBlIeHUs BBIIOIN-
HCHA TaKUM 00pa3oM, 4TOOBI HEe MOJaBaTh HUKAKOT'O HAIPsDKEHUS Ha TMaHenu 10 COTHEYHBIX 3JIEMEHTOB JIO TEX
mop, TOKa He OY/eT CreHEPUPOBAHO JOCTATOYHO MOIIHOCTH MaHeNssMU 10 CONHEYHBIX 3JIEMEHTOB, [T aKTHBA-
IIUM KaK HU3KOBOJIBTHOTO MCTOYHUKA MUTAHUS JIOTHKH, TaK M BRICOKOBOJIBTHOTO UCTOYHUKA IMUTAHUS B YCTPOW-
ctBe 60 11 TeHEPUPOBAHUS UMITYIIBCOB.

B anpTepHaTHBHOM BapHaHTE OCYIIECTBICHHUS cXeMa 36 yIpaBIeHUs BBIIIOJHEHA C BO3MOXKHOCTBIO YIIpaB-
JICHUs DIEKTPUIeCKUM TojeM 250 M MaKCHMabHOTO yBEIHMYCHHS BBIXOJHOW MOIIHOCTH NPH YBEIWICHUH H
YMEHBIIICHUN OCBEIIEHHOCTH B TeueHHe AHA. CxeMa 36 ympaBieHHS MOXKET YHPABISATH IEKTPHUSCKIM MOJEM
250, mogaBaeMbIM ycTpoiicTBOM 60 I TeHEPUPOBAHUS WMITYJIHCOB HANPSDKEHUS, M CTAOMITM3UPOBATEH BBIXOJI-
HYI0 MOIIHOCTP TaHeneil 10 COMHEYHBIX 3JIEMEHTOB B COOTBETCTBHH C JIIOOBIM OMMCAHHBIM BEIIIE CIOCOOOM,
BKyTovaron M nporecc 10000, mokasanusiit Ha ¢ur. 10B.

Oo6pamasces k ¢ur. 10B, npomecc 10000 BkIrOYaeT WHUIMATH3ANUIO MOIMHOCTH Ha 3tame 1000. Jocra-
TOYHAsI MOITHOCTh JTOJDKHA MPHCYTCTBOBATH Ha BBIXOJE MaHeneil 10 COTHEYHBIX 3JICMEHTOB JIJIsl aKTHBAIIUU KaK
HU3KOBOJBTHOTO UCTOYHUKA IMUATAHHS JIOTUKU, KOTOPHIN MPUBOAUT B JCHCTBHE YIPABISIONIYIO JOTHKY B CXEME
36 ympaBlieHUs, TaK ¥ HU3KOBOJIETHOTO W BEICOKOBOJBTHOTO UCTOYHHUKA MUTAHUS B yCTporcTBe 60 11 TCHEpH-
pOBaHUs UMIYJIBCOB HANPsDKEHUsS. B KadecTBe abTepHATHBEI cXeMa 36 YIpaBJICHUS MOXKET IUTAThCS OT BHEIII-
HETO MCTOYHMKA (HE TOKa3aH), HApUMep aKKyMYJISTOPHOW OaTtapeu, KOHJeHcaTopa OOJBIION €MKOCTH, BHEIII-
HET0 MCTOYHHMKA IMUTAaHU IEPEMEHHOTO TOKa, KOTOPHIN MO3BOJISCT HU3KOBOJIBFTHOMY HCTOYHHUKY MTUTAHUS JOTH-
Ki (QYHKIIMOHHPOBATh, a CXeMe 36 yIpaBIeHHS OTCIEKHBATH BBHIXOTHYIO MOIIHOCTH MaHened 10 comHeuHBIX
3JIEMEHTOB JI0 TeX IOp, II0Ka OHU He OYIyT MMETh JOCTATOYHO MOIIHOCTH, YTOOBI FTApaHTHPOBATh MOAAYY dJIEK-
Tpudeckoro moJig 250 Ha maHenn 10 CONIHEYHBIX 3JIEMEHTOB C YBEIMUEHHUEM UX BBIXOJHOW MOIIHOCTH. [locie
TOTO, Kak cxeMa 36 ympaBieHHS 3aIycKaeTcs, MHHUIHAIN3UPYIOTCS Bce MapaMeTpsl (HalpuMep, MoJaBaeMoe
BBICOKOE HampsKeHHE V app, ATUTENBHOCTh Dp UMIynbca 1 9acToTa f ciesoBaHus UMIyIbcoB). B oqHOM Bapu-
aHTe OCYILIECTBJIEHHS 110IaBAEMOE BEICOKOE HAMPSIKEHHE V 5y, YCTAHABIMBACTCS PABHBIM HYIIIO, & AJHUTENBHOCTh
Dp ummyneca 1 yacToTa f ciaemoBaHHs HMITYJIECOB YCTAaHABIUBAIOTCS B HOMHHAJBHBIC 3HaYeHUA: Dp=t, u =f,.
Bce KOHTpOJIBHBIC HHACKCHL: N, 1 U j, THUNUAIU3UPYIOTCS HYJICBBIMU 3HAUCHHSIMH.

3arem Ha sTane 1001 cxema 36 ynpaBneHus onpenesnseT, ABISIEeTCs JIM HalpsbKeHHe, U3MEPEeHHOe JaTuu-
KOM 32 HampsDKCHUS, BBIIIE WIK HAXKE 33JaHHOTO MHHUMAIIEHOTO Vo, U SBISCTCS JIU TOK, U3MEPEHHBIN JaTYH-
KoM 33 Toka, OOJIbIIe 32JaHHOTO MUHUMYMA, 11, COUYETAHUE Vi U 1, OBLTH BRIOPAHBI TAKUM 00pa3oM, 9TOOBI
na"enu 10 COTHEYHBIX 3JIEMEHTOB, OMpeesieMble KaK OCBEIICHHBIE, TCHEPHPOBAIN HEKOTOPBI HOMUHAIBHBIN
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IPOLEHT, HanpuMep 5%, 0T CBOEH cpeqHeld HOMUHANbHAs MOIIHOCTH, YTO SIBISETCS NOCTATOYHON CreHepHpo-
BAaHHOW MOIITHOCTBIO JUISl TUTaHHs BHICOKOBOJIFTHOTO MCTOYHHKA MUTAHMS, YTOOB! YBEIHMYUTH BEIXOAHYIO MOII-
HOCcTh maHeneil 10 comHeuHsIX aremMeHToB. Ecnu cxema 36 ympaBieHHs ONpeenseT, 9TO KaKk H3MEPEHHBIE TOK,
TaKk ¥ HampsDKEHUE SBILIIOTCS BBIIIE COOTBETCTBYIOMINX 3aJaHHBIX MHHHMYMOB, TO JEHCTBYIOIIMHA B JaHHBIHA
momeHT miporiecc 10000 mepexoaut k dtamy 1003; ecnu Her, To mporecc 10000 mepexoaut B cocrosiaue 1002
oxxunaHus 1 Bo3Bpamaetcs k atammy 1000. Ha stame 1003 cxema 36 ynpaBieH:us U3MEPSET TOK, POXOASIIAN B
nHBepTOp 31, C MOMOIIBIO MaT4yrka 33 TOKa, HAMpsDKeHWE Ha WHBepTope 31 ¢ moMompio gaTduka 32 Hampsbke-
HUS ¥ BBIYHCIISIET MOITHOCT, TiepenaBaeMyto depe3 naBepTop 31 (HomuHanmbsHO, I X V). KoHTposIbHEIH HHIEKC n
yBenuuupaercs a0 ntl. Ha srane 1004 nponecc 10000 cpaBHUBAET V ppp € Vinax. Vinax ABIAETCS 3apaHEe ycTa-
HOBJICHHBIM 3HaUCHHEM U TIPENCTaBISIET cOO0H MaKCHMalbHOE HANpsDKEHHE, KOTOPOE MOXET OBITh MOJAaHO Ha
naHeny, He noBpexaas Hu nanenu 10, au uaeeptop 31. Ecimm V5, MenbIie Vi, T0o npouecc 10000 nepexoaut
k aTarry 1006; B mpotuBHOM cityuae npouecc 10000 oxxunaet Ha 3tane 1005.

Ha stane 1006 cxema 36 ynpaBneHus nogaeT cUrHaja ycTpoHUcTBy 60 AJsl FeHEpUPOBAaHUS UMITY/IbCOB Ha-
NpsHKEHUs HA YBETHYEHHE M01aBaEMOT0 BEICOKOTO HAMPSIKEHUS V 5p, HA BEIMUMHY NAV M MOAAET CUTHAN yCT-
poricTBy 60 s TeHEpHUPOBAHMS UMITYJIFCOB HAIPSDKCHMS Ha TOJaYy UMITyJIbca HANpsDKeHUS Ha manen 10 cor-
HEYHBIX 3JeMeHTOB. {1 aToro mpumepa AV MoxeT OBITh (UKCHPOBAHHBIM IIEPETagoM HaNpsDKEHHUS, COCTaB-
nsromuM 25 B, XOTS MOTYT OBITH HCIIONIB30BaHBI OOJNBIITIE WM MEHBIINE Mepernaabl HanpspkeHus. Hampsokenne
V app TIPUKIIAJBIBAET dJIEKTpUdecKoe none 250 Ha nanend 10 CONHEYHBIX 3JEMEHTOB, U HANPSKEHHOCTh 3JIEK-
TpHYECcKoro nojs 250 nNponopuroHanbHa MOAaBAEMOMY HAIPIKEHUIO V oy, I 3TOro mpuMepa JJIMTENbHOCTE
nmmynbca Dp BoiOMpaercs paBHoit 1000 HC, a dYacToTa CleIOBaHUS HWMITYJLCOB BBIOMpaeTCs pPaBHON
20 mkc. Taroke MOTYT OBITH BBIOpPaHBI JPYTH€ UTUTEIFHOCTH MMIIYJIbCAa U YacTOTHI CIEJOBAHMS HMMILYJIBCOB.
Cxema 36 ympaBieHHs CHOBa MOJIy4aeT U3MEpEeHHe TOKa, MPOXOsiiero B uuBepTop 31, ¢ moMoribio gatyuka 33
TOKa, MOJIyJaeT U3MEpEHNE HaNpsDKeHUsT Ha HHBepTope 31 ¢ moMomIbo JaTyuka 32 HaNpsDKEHHS U MePeCUHTHI-
BaeT MOIIHOCTh, IiepeaBaeMyto uepe3 uHBeptop 31.

Ha »tane 1008 cxema 36 ynpaBneHHs: CpaBHUBAET BBIXOAHYIO MOLIHOCTH MaHenel 10 comTHEeuHbIX d1IeMEeH-
TOB C CaMbIM IMOCIEAHMM HU3MEPEHHEM JI0 TOTO, KaK V xp, OyJeT nojaHo Ha naHenb 10 COMHEUHBIX 3JIEMEHTOB.
Ecmu momHOCTh yBenmumiach, nporecce 10000 Bo3Bpamaetcs k atamy 1001 u moBTopsiercs. [logaBaemoe Ha-
npskeHue V ap, yBENUuMBaeTcs Ha AV 10 TeX Hop, Moka 00 I0JaBaeMO€e BBICOKOE HANPSIKEHHE V zp, HE CTa-
HET OONBIIE Vg, JTHOO MOKA yBETMYEHHE NT0JABAEMOTO BBICOKOIO HANPSKEHUS V ap, HE NIPUBEJET K yBEIHYE-
HHUIO BBIXOJHOW MOIIHOCTH TaHenei 10 COTHEYHBIX JIEMEHTOB. Vi, CHOBAa OIpPENeIsIeTcs 3/1eCh KaK MaKCH-
MaJbHOE HAIPsDKEHHE, KOTOPOe MOJKET OBITh IOJaHO Ha mMaHenb 10 CONMHEYHBIX 3JIEMEHTOB, HE NPUYMHSASA e
HHMKAKOTO Bpe/ia, U B 3aBUCUMOCTH OT THIIA MTAHETIH COJTHEYHBIX JIEMEHTOB, OHO, KaK IPaBHJIO0, COCTABISET MPHU-
o6mmurensHo ot 600 1o 1000 B. B 060oux cimyuasix nporecc 10000 oxxunaer Ha atare 1005. JnutensHOCTh CO-
CTOSIHHSI O’KUJIAHHUSI MOXKET OBITH OT HECKOJIBKUX CEKYH] O HEeCKOJbKMX MHUHYT. [locie srama 1005 oxunpaHus
npouecc 10000 nepexoaut k stamy 1007.

Ecnm MomHocTh, M3MepeHHast yepe3 BeIBOABI 32a u 33a, He M3MEHMIach, HHIEKC N yMeHbIaeTcs (n=n-1),
H0/IaBaEMbIH UMITYJIEC HANPSIKEHUS V 5p, YMEHBIIAETCSA HA BeNMUUHY AV, 1 cxema 36 ynpaBieHus aKTHBUPYET
ycTpoiictBo 60 miist reHepupoBaHus UMITYIbcoB. IIporiecc 10000 nponomkaercs Ha stane 1009, rae BeIxomHAS
MOIITHOCTH M3MEPSIETCS JaTINKOM 33 ToKa U JaTdrkoM 32 HanpspkeHus. Eciin BBIXOHAS MOITHOCTH TTOKa3bIBAET
nagenne, mpouecc 10000 nepexoaut k 3Tammy 1010. Ecim BeIXOgHAS MOITHOCTH yBeIHUMiIach, mpormecc 10000
Bo3Bpamaercs K srany 1007 u mogaBaeMoe HanpsKEHUE V pp, IIPOJOIIKAET YMEHBIIATECS 10 TEX MOP, ITOKA BhI-
XOJIHAsI MOIITHOCTH TlaHesel 10 CoJIHeYHBIX 2JIEMEHTOB He mepectaeT ymMeHbmathes. [Ipomece 10000 mepexoaut
k stamy 1010. Ha stane 1010 cxema 36 ympaBneHHs HauMHAaeT yBEJIWYMBATh AIUTENBHOCTh Dp mmmynbsca Ha-
npsbkeHus. JnurensHocTs Dp MMIynbca HanpspKEHHs YBEIHYMBAETCS Ha BENMUYUHY 1AT,. YcrpoiictBo 60 mis
TCHEPUPOBAHUS MMITYJILCOB HAIPsDKCHUS! aKTUBHPYETCS, M BBIXOJHAS MOIIHOCTD IaHenel 10 comHedyHBIX die-
MEHTOB CHOBa OTCIEXHBaeTCs AaT4MKoM 33 Toka u gatuukoM 34 HampspkeHus. IIpouecc 10000 nmepexonut B
cocrostaue 1012, 9TOOBI ONpeeNInTh, BO3PACTACT JIU BHIXOHASI MOIIHOCTE TaHeiel 10 COTHEYHBIX 3JIEMEHTOB.
Ecmu na, To mponecc 10000 nepexonut x stamy 1010, a qmutensHoCTs Dp MMIynbca 71 HampsbkeHHsS CHOBa
yBenmuuBaetcs. JmurensHocTh Dp mMImynisca OyneT Bo3pacTaTh 4O TeX IOp, MOKa BBIXOTHAS MOITHOCTH ITaHe-
neit 10 coMHEeUHBIX 3JIEMEHTOB HE JOCTHUTHET MaKCHMyMa, WM TI0Ka HE JOCTHTHET (PUKCHPOBAHHOTO TIpejaesa
JUTATENIFHOCTH, HalIpUMep, IToKa He OyIeT TOCTUTHYTa ITUTEIFHOCTh UMITYJIbCa 5 MKC, B pe3yJIbTaTe 4ero u3Mme-
HEHHSA JUTUTEIBHOCTH MEPEKIIIOUeHNs, 00YCIIOBIEHHBIE cXeMOo# 36 ympaBieHus, mpekpamaiorcs. TeM He MeHee,
ecim Ha stane 1012, ycTaHOBIEHO, YTO YBENWYCHHE JTUTSIFHOCTH MMITYJIbCA TMPUBOIUT K YMEHBIICHHIO BBI-
XOJIHOW MOIITHOCTH, M3MEPEHHOM AaTdukoM 33 ToKa W JaT4ukoM 32 HampspkeHus, nporece 10000 mepexomuT kK
stamy 1011. JInurensHOCT UMIyJIbca YMEHbBIIAETCA MOCpPeACTBOM NoBTopeHus dTanoB 1011 u 1013 go Tex mop,
MIOKa BBIXOHAs! MOIIHOCTP mMaHesiei 10 COJHEYHBIX 3JIEMEHTOB CHOBa MaKCHUMAJILHO He yBenuuutes. [locne To-
ro, KaK cxema 36 yImpaBJeHHs OIpelelsieT, YTO JUINTEeIbHOCTh MMITYJIbca Oblila ONTHMH3MPOBaHA IUISi MaKCH-
MaJbHON BBIXOAHON MOIIHOCTH naHesei 10 coaHeuHbIX 1eMeHToB, mpoxoas oT dTana 1010 k stamy 1013, mpo-
1ecc nepexoauT k aramy 1014.

Ha srane 1014 cxema 36 ynpaBieHHs yBEIUYHMBAET YaCTOTY UMITyJIbCOB HamlpshkeHus. YacToTa HUMITYJIbCOB
HanpsOKEHUs yBenmuuBaeTcs Ha JAf oT mepBoHauaapHON 9acTOTHI f, mepekmouenus, Tak 9ro f=f,+jAf. Ha stamne
1014 uMITyIBECHI HATIPSDKEHUS TTONAIOTCS yCTPOMCTBOM 60 NIl TeHEPUPOBAHUS MMITYJIHCOB HANPSDKEHUS Ha Tma-
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Henu 10 CONHEYHBIX 3JIEMEHTOB C HOBOI 4acTOTOH f, a BRIXOIHAS MOIIHOCTD MaHelel 10 COTHEYHBIX JIIEMEHTOB
CHOBa OTCJEKUBAETCA AAaTYMKOM 33 Toka U gaTyukoM 34 HampsbkeHus. 3ateM npouecc 10000 nepexonut k 3Ta-
my 1016.

Ecnm BBIXOHAS MOIIHOCTH MaHese 10 COMHEYHBIX AJIEMEHTOB yBEeIUUmiach, mpomecc 10000 mepexoaut
obpatHo Kk 3Tamy 1014, 1 9acToTa, ¢ KOTOPOH UMITYILCHI HANIPSHKCHUS TTOAAIOTCS Ha TaHes i 10 COTHeYHBIX dJie-
MEHTOB, CHOBA YBEJIIMYHMBACTCS. YBEINYCHHE YaCTOTHl MMITYJIFCOB HANpsDKEHHS OyAeT BO3pacTaTh A0 TEX IOp,
MOKa BBIXOJHAS MOIIHOCTH MaHened 10 COTHEYHBIX 3JIEMEHTOB HE JOCTHTHET MaKCHMyMa, MIIH 0 MaKCHMaJlb-
HOW 4acCTOTHI f, B pe3ynbTate dero nporecc 10000 mepexoaut k sramy 1015. Ha atane 1014 gactoTa uMITyIIh-
COB HaIPsOKEHUS TEIEPh YMEHBIIACTCS Ha BenuuuHy JAf, U mepexitrouaTens ycrpoiictBa 60 Ui reHepUPOBAHUS
UMITYJIbCOB HANPSsKCHUS CHOBA aKTHBHUPYETCS, M BBIXOIHAS MOITHOCTH TMaHeed 10 COMHEYHBIX 3JIEMEHTOB CHO-
Ba OTCJICKHUBAETCS NaTYMKOM 33 TOKa U AAaTYUKOM 32 HampspkeHus. B aToT MoMeHT cxema 36 ympaBiieHus omnpe-
JICISACT, YBEIUUMBACT JIM CHIDKCHUE YaCTOTHI MMITYJIbCOB HAIPSDKCHIHS BHIXOJHYIO MOITHOCTH maHeneit 10 cod-
HEUHBIX 371eMeHToB Ha 3tane 1017. Ecnu ga, To npouecc 10000 Bo3Bpamtaercs k 3tamy 1015. B xauecTBe anb-
TEPHATHBBI, CCIIM YaCTOTa MEPCKIIFOYCHUS OCTUTACT HEKOTOPOW MHHHUMAIBLHOW 4acTOTHI fy,, mpomecc 10000
nepexoauT K 3tamy 1018, KoTopsIii mpencTaBiseT cOO0 COCTOSHNE OKUIAHMSL.

Ha srame 1018, mocie Toro kax BBEIXOJHAs MOIIHOCTH HaHejed 10 cOIHEYHBIX 2JEMEHTOB OblIa MaKCH-
MaJbHO yBenmueHa, mporecc 10000 mepexoIuT B COCTOSIHAE 0KHIAaHUS HAa HEKOTOPBIH epruo1 BpeMenu. [lepu-
0J1 BpeMEHHU OKHJAHHUS MOXKET COCTaBIIATh CEKYHIBI MM MUHYTHI. [locne oxumanus Ha stane 1018, mpomecc
10000 mepexomut k dtamy 1001, rae cxema 36 ynpaBlieHHs] CHOBA HAYMHACT W3MEHATh HANPsHKEHUE UMITYIIbCA,
JUTATENIFHOCTh UMITYJIbCA W YacTOTY CJIEAOBAHUS MMITYJIIECOB OT MPEIBIAYIINX ONTHMH3HPOBAHHBIX 3HAUYCHU,
YTOOBI IPOBEPUTH, PAOOTAIOT JIM IO CUX MOp maHenu 10 CONHEUHBIX 3JIEMEHTOB HA CBOMX MAaKCHMAJbHBIX YPOB-
HAX BBIXOJHOM MOITHOCTH. AMIUIUTYNA V ap, UMITYJIbCA, JUTMTENBHOCTh UMITYJbCa U YacTOTA CIEOBAHUS UM-
MyJIbCOB, BCE, U3MCHSAIOTCS B Ipoliecce pabOThl B TeUCHUE JHS, YTOOBI yOeAUTHCs, 4yTO maHenu 10 COTHEYHBIX
JJIEMEHTOB PabOTAIT C MAaKCUMAIbHOW BBIXOJIHON MOITHOCTBIO MPH YCIOBUAX IKCIUTyaTAIl[MH B KOHKPETHBIN
JICHB.

Ecimm Ha stame 1001 HampspbkeHHe, U3MEPEHHOE JATYUKOM 32 HANpsDKEHUS, MMagacT HIDKE 3aJaHHOTO MH-
HUMYMA V in, U TOK, U3MEPEHHBIH MaTYMKOM 33 TOKa, MajacT HIbKe 3aJaHHOTO MHUHAMYMA iy, TO cxema 36
YIpaBIIEHUS] OCTAHOBHUT YCTPOUCTBO 60 1l TeHEpUPOBAHMS UMITYJILCOB HampsbkeHus, u mporecc 10000 mepeii-
neT k atanmy 1002, cocTosHUe OXUaaHus, a 3ateM Ha stane 1000, Tae cuctemMa MOBTOPHO WHUITHATH3UPYET BCE
napameTpsl U uHAeKCHI. [Iporiecc 10000 Gynet mepexoauts ot 3tana 1000 k 1001, x 1002, k 1000 mo Tex mop,
MOKa HaNpsDKEHHE, U3MEPEHHOE MaTYMKOM 32 HamNpsDKeHHs, W TOK, M3MEPEHHBIM NaT4ukoM 33 Toka, OymyT
OOJBIIE Vi U imi, COOTBETCTBEHHO, B pe3ynbraTe dero mpouecc 10000 mepeiiner ot stama 1001 x 3ramy 1003.
Pa3nmuuHble KOHEYHBIC MAIIMHBI MOTYT OBITH PEAIM30BaHBI B cCXeMe 36 yIpaBiIeHUs UIS TOJTYYCHUS aHATOTHY-
HBIX Pe3yJIbTaTOB, U OXBAaTHIBAIOTCS JAaHHBIM pacKpbeiTHeM. Tem He MeHee mpouecc 10000, onucaHHbBIN BhIIIE,
NPEANOYTUTEILHO MUHUMHU3HUPYET BEJIMYHHY MOAABAEMOTO UMITYIbCa V ap, HAMPSIKEHHS 10 CAMOTO HU3KOTO
BO3MOJKHOTO 3HAYCHUS TaKUM 00pa30M, 4TOOBI MPOU3BECHHUE TOKA, H3MEPCHHOTO JaTYMKOM 33 TOKa, W HaIps-
JKEHHUsI, N3MEPEHHOTO JaTYNKOM 32 HampsuKeHHs, ObUTO MaKCHMMalbHO yBeanueHo. ITogaBaeMblit HMIYIIbE V ap,
HaNpsDKEHUS KonebeTcs, T.e. M3MEHAETCsl Ha HeOONbIIe BeIMYNHBI KaK BBEPX, TaK M BHU3, BO BpeMs (QyHK-
[IUOHUPOBAHUS B TEUEHHUE THS, YTOOBI YI€CTh M3MEHEHHUS MOIITHOCTH ONITHYECKOTO M3ITyYeHHS P, MTAJaf0IIeTo Ha
conueynblid 100 sneMeHT, maHensb 10 CONTHEYHBIX DJIEMEHTOB MM HECKOJILKO MaHenei 10 COHEYHBIX 2JIEMEHTOB
B TCUCHHE JHA TAKUM 00pa30M, 4TOOBI BCETAa MOTJIA TIOAICPKIUBATHCS MAKCHMaIbHAsl BBIXOJHAS MOITHOCTD.

Orambl, oncanHbe B mporecce 10000, MOTyT pemrath BOMPOCH, CBSI3aHHBIE ¢ aJIHa0aTHIeCKUMH U3MEHe-
HUSIMH OCBCIICHHOCTH, KOTOPBIC MPOHMCXOAAT MCIJICHHO B TCUCHHE MPOMEKYTKOB BPEMECHH, COCTABIISIOLIUX
HECKOJBKUX MHHYT WU 9acOB. B albTepHATHBHOM BapHaHTE OCYICCTBICHHS, €CIH KOJICOAHUS OCBEIICHHOCTU
MPOUCXOIIIN ¢ OoJee BBHICOKOHW CKOPOCTHIO M3MeHeHus, mpouecc 10000 MoxxeT OBITh BBIMOIHEH C BO3MOXKHO-
CThI0 MUHHMH3AIUN BHICOKOYACTOTHBIX KOJEOAHWH BBIXOJHOW MOIIHOCTH IOCTOSHHOTO TOKA, IMOJBOJAUMON K
HHBEPTOPY, MBITASACH YACPKUBATh BBIXOTHYIO MOIIHOCTH IOCTOSHHOTO TOKa OT U3MEHEHHUH CO CIIMIIKOM BBICO-
KO# CKOpOCTh U3MCHEHUS, CIICIOBATEIBHO, MOBHIIIAS KAYeCTBO HHBEPTOPA.

OmnmcaHHbBIe BApUAHTHI OCYIISCTBICHUS JOMYCKAIOT Pa3IMIHbIe MOAU(PHUKAINN 1 aJbTepHATHBHBIE (POPMEI,
M UX KOHKPETHBIC NMPHMEPH! OBUIM MOKa3aHBl B KauecTBE MpUMepa Ha TpapuyecKnx MaTepHaliaX W MOAPOOHO
OTIMCaHbl B JAHHOW 3asBKe. TeM He MEHee ClieAyeT MOHHMAaTh, YTO ONMCAHHBIC BapHaHTHI OCYIIECTBICHUS HE
JIOJDKHBI OBITH OTPaHMYEHBI KOHKPETHBIMH (DOpMaMH MM PACKPBITHIMU CIIOCO0aMH, HO, HA0OOPOT, HACTOSIIIEE
n300peTeHne 0XBaTHIBACT BCE MOAM(DHUKALINH, SKBUBAJICHTHI U aJIbTEPHATUBHBIC BAPUAHTEI.
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OOPMVIIA U30BPETEHUA

1. Cuctema ynpaiieHus: (POTOIIEKTPUIECKUM YCTPOHCTBOM, COZIEpKaIlasi CPECTBO MOAAYH HAMPSDKEHHUS,
BBITIOJJTHEHHOE C BO3MOXKHOCTBIO T0/Ia4d TEPBOM COCTABIISIONICH CUrHala HAMpPSDKCHUS] Ha BhIOpaHHOE (OTO-
JNEKTPUUECKOE YCTPOHCTBO M3 MHOXKECTBA (DOTOIIEKTPHUUECKUX YCTPOMCTB, MPH 3TOM MepBasi COCTABIISIOIIAS
COJICPXKUT MMITYJIBC HANPSHKCHUS MOJOXKHUTEIBHON BEJIMYHMHBI ISl TCHEPUPOBAHUSI BHEITHETO 3JICKTPUICCKOTO
MOJISI HAa BBIOPAHHOM (POTORIEKTPHYCCKOM YCTPOMCTBE; M MPUYEM YKAa3aHHOE CPEICTBO IOJAYM HATPSIKCHUS
JIOTIOTHUTEIBHO BBITIOJHEHO C BO3MOXXHOCTBIO IMOJAYX BTOPOW COCTABISIONICH CHTHAla HANPSIKCHHS Ha BEI-
OpaHHOE (POTOIITEKTPHUCCKOE YCTPOHCTBO, TIPU 3TOM BTOPAST COCTABIISIONIAS COACPIKUT IMKIT OTKITFOUCHUS MEXK-
JTy CMEKHBIMU MIMITYJIECAMH HATIPSKCHUS.

2. Cuctema 1o 1.1, mpu4eM yKa3aHHOE CPEICTBO MOJAYX HAINPSIKEHUS BBIOJHEHO C BO3MOXKHOCTBIO ITO-
Jlau¥l CHTHAJIa HAMIPSDKCHUS B BUJIC CEPUU UMITYJILCOB HAMPSKEHHUSI OJI0KUTEIBHON BETHYUHBIL.

3. Cuctema 1o 1.2, IpHYeM yKa3aHHOE CPEJICTBO MOJAYH HANPSDKEHUS BBIMOJHEHO C BO3MOXKHOCTBIO T0-
JIaY¥ BTOPO#l COCTABIISIIOLICH MEXy CMEXKHBIMHU CEPUSIMH UMITYJIbCOB HATPSDKSHUSI.

4. Cucrema 110 1.2 Wi 3, mpuYeM yKa3aHHOE CPEICTBO TOJa4YH HAMIPSDKEHUS BBITIOTHEHO C BO3MOYKHOCTBIO
MOAAa4YH BTOPOH COCTABIISIONICH MEXKIY CMEKHBIMH UMITYJIbCAMHU HATPSDKEHHUS.

5. Cucrema mo Jobomy u3 mi.2-4, mpudeM yKazaHHOE CPEJICTBO IT0JaYd HAMPSKESHHS BBITIOJHEHO C BO3-
MO>KHOCTBIO ITOJIAYH BTOPOH COCTABIISIONICH MEXKIY BRIOPAHHBIMU CMEKHBIMH UMITYJIbCAMU HATIPSIKCHHUS.

6. Cuctema 1o JI'000MY M3 MPEABITYIIUX MyHKTOB, IIPUYEM YKa3aHHOE CPEIICTBO MMOIA4YH HATIPSIKCHHUS BEI-
MOJTHEHO C BO3MOXKHOCTBIO TOJAa4Yl CUTHAJIA HAMPSDKCHUS HA KaXI0¢ (DOTOIICKTPUIECKOE YCTPOUCTBO M3 MHO-
JKecTBa (POTOITCKTPUICCKUX YCTPOUCTB.

7. Cucrema 1o Jr000MY U3 MPEABIIYIUX MyHKTOB, IPUYEM YKa3aHHOE CPEICTBO MOJAYX HATIPSIKCHHUS CO-
JICPIKUT CXEMY YCTPOMCTBA AJISl TEHEPUPOBAHHS HMITYJIbCOB HAMPSDKCHUS, TIPH ATOM IOjava IEepBOi COCTaB-
JSTFOLIeN BKIIIOYAET B ce0sl M0Jaqy BBHICOKOBOJBTHOI'O M3MEHSIIOMIETOCS BO BPEMEHH MMITYJIbCa HAMPSDKEHUS OT
CXEMBI YCTPOWCTBA IJisi TEHEPHUPOBAHHSI UMITYJIbCOB HAINPSDKEHUS, W TPH dTOM yKa3aHHas Mojada BTOPOHM Co-
CTaBJISIONICH BKIIIOYACT B CE0s OTKIIOUSHHE CXEMBI YCTPONCTBA [Tl TEHEPUPOBAHUS HMITYJIbCOB HAIPSIKCHHUSL.

8. Cucrema 1o J1060My U3 HPEABIAYIINX MyHKTOB, MPUYEM YKa3aHHOE CPEJCTBO MOJAud HAIPSKEHUSI CO-
JICPIKUT TEePEeKITI0YaTelb, PACIIOIOXKEHHBI MEXAYy HCTOYHHKOM HANpPSDKEHUS W BBIOPaHHBIM (DOTOINIEKTpHYe-
CKUM YCTPOMCTBOM, IPH 3TOM I10JIa4a IEPBO COCTABISIONICH BKIIFOYAET B ce0s COCAUHCHUE UCTOYHHUKA HATIPSI-
JKCHHS C BBIOPAHHBIM (POTOIICKTPUUCCKUM YCTPOHCTBOM B MEPBOM MOJOXKCHHUU MEPEKIIOYATENS, U MIPH 3TOM
mojJiauya BTOPOH COCTABJISFONICH BKIIFOUACT B €O OTCOCAMHCHHE MCTOYHHMKA HAMPSDKEHUS OT (HOTORIICKTpUYE-
CKOT'0 YCTPOHCTBA BO BTOPOM ITOJIOKCHHH TEPEKITFOYATEIIS.

9. Cuctema mo 1.7 win 8, mpuueM yKa3aHHasi CXeMa YCTPOWCTBA JUIS TCHEPHPOBAHUS UMITYJIbCOB HAIPsI-
JKCHHS COJICPKUT MEPEKITFOYATENb U TEHEPATOP UMITYJIHCOB, TIPH 3TOM IT0JIa4a MEPBOI COCTABIISIONICH BKITFOYACT
B ce0s NPHUKIIAJbIBAHIE BBHIXOIHOTO HAMPSHKCHUS] MCTOYHHKA BBICOKOTO HAMPSIKEHHS CXEMbI YCTPOWCTBA IS
TCHEPUPOBAHUSI UMITYJIbCOB HAINPSDKEHHUST K BRIOPAaHHOMY (POTORIEKTPUIECKOMY YCTPOMCTBY, KOT/Ia MEpeKITIoYa-
TENlb CXEMbI YCTPOICTBA /ISl TEHEPUPOBAHHS HUMITYJIbCOB HAMPSHKSHUS] HAXOAMUTCSI BO BKIIFOYEHHOM COCTOSTHHH,
JUISl TEHEPUPOBAHUS TIEPBOIM COCTABIISIOIIEH M MPOJODKEHUS, ITPU HEOOXOAMMOCTH, YKa3aHHOTO HMPHUKIIAIbIBA-
HUSI BBIXO/IHOTO HAIPSIKEHHSI ICTOYHHKA BBICOKOTO HAIPSDKEHUS JI0 TeX IOp, MOKa MepeKIIouaTelNb He mepeinér
B BBIKJTIIOYCHHOE COCTOSIHHUE JIJIsl TeHEPUPOBAHHSI BTOPOil COCTABIISIFOLICH.

10. Cucrema 1o J000MY U3 TPEABIIYINUX MYHKTOB, IPUYEM IT0/1a4a IEPBOI COCTABIISIONICH BKIFOYACT B
ce0sl TCHEPUPOBAHUE BHEITHETO 3JICKTPHUUYECKOTO IMOJIS ¢ MEPBHIM HATIPABICHUEM IJIH BTOPBIM HAIMPaBIICHHUEM,
MPY 3TOM TMEPBOC HAIMIPABICHHUE U MOJISIPHOCTh BHYTPEHHUX 3JICKTPOJIOB BEIOPAHHOTO (POTOITCKTPHUCCKOTO YCT-
pO¥iCTBa TMPEACTABISAIOT COOOW OJTMHAKOBOE HAIPABICHUE JJIS YBEIMUYCHHS BBIXOJHOW MOIIHOCTH BEIOPAHHOTO
(hOTORNEKTPUIECKOTO YCTPOUCTBA, @ BTOPOE HANPABJICHUE MPEICTABISACT COOOW HANpPaBIICHHE, IMPOTUBOIIOIONK-
HOE MOJSIPHOCTY BHYTPEHHUX 3JIEKTPOJIOB, U yMEHBIICHHSI BBIXOHON MOIIHOCTH.

11. Cucrema 1o 11000My M3 MPEIBITYIINX ITYHKTOB, TOTIOJHUTEIHLHO COAEpKAIIas CPEICTBO OTCIICKHBA-
HHSI, BBITIOJIHEHHOE C BO3MOYKHOCTBIO OTCIIS)KUBAHMUS BHIXOTHOTO HANPSDKEHHS BBIOPAHHOTO (DOTOINEKTPUUECKO-
r'0 YCTPOMCTBA WIIM OTCICKUBAHUSI BRIXOJAHOTO TOKA BEIOPAHHOTO (hOTOAIEKTPHUECKOTO YCTPOHCTBA.

12. Cucrema mo 1.11, mpudeM ykazaHHOE CPEICTBO OTCICKUBAHHS COACPKHUT JATUNK HANPSHKCHHS, TIOJI-
KITFOYCHHBIH MapajuieibHO K BHIOPAHHOMY (DOTO3JIEKTPUUECKOMY YCTPOMCTBY, WIIM JAaTYHMK TOKA, MOJKITIOYCH-
HBIA TIOCJIEIOBATEIIEHO MEXIY BBIOPAHHBIM (POTOIIEKTPHUCCKUM YCTPOWCTBOM U HATPY3KOH, MHUTACMOM BBI-
OpaHHBIM (DOTORIIEKTPUICCKUM yCTPOHCTBOM.

13. Cucrema mo ar000MY W3 MPEABITYIINX ITYHKTOB, JOTOJIHUTEIBHO COJCpIKAIIas CXEMY YIIPaBJICHUS,
MOJKJTFOUCHHYIO K HCTOYHHKY HAIPSDKEHUS, TIPU 3TOM YKa3aHHAs CXEMa YIPABIICHHS BBITOJNHEHA C BO3MOXKHO-
CTBIO PETYJIMPOBaHUS BBIXOJHOTO HANPSDKCHUS, NMPUYEM YKa3aHHOC PEryIHpPOBaHUE, MPH HEOOXOJMMOCTH,
BKITIOYAET B ce0sl peryIMpOBaHUE IT0 MEHBIICH Mepe OJHOTO M3 CIICAYIOIIETO: BEIHYMHEI, JIUTEIBHOCTU U Yac-
TOTBI TIEPBOM COCTABIISIOIICH Ui MAKCUMAJIBHOTO YBEIWYEHHs BBIXOAHOW MOIIHOCTH BBIOpaHHOTO (hOTOAIIEK-
TPUYECKOTO YCTPOHCTBA HA OCHOBE YKa3aHHOTO OTCIIC)KUBAHHSI.

14. Cuctema 1o J000My M3 TPEIBITYIIAX ITYHKTOB, MPHUYEM T0J[a4a TIEPBOM COCTABISIONIEH BKIIOYAET B
ce0s1 TeHepUPOBAHUE BHEIIHEr0 3JIEKTPUUIECKOr0 TIOJIs 10 MEHbIIEeH Mepe Ha OJHOM M3 CIIEAYIOLIer0: COJHeY-
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HOM JJIEMCHTE, MAaTPHIIC COJHCUHBIX AJIEMCHTOB, TTAHEIH COJHCYHBIX JICMEHTOB M MATPUIIC MaHENeH CONHEY-
HBIX JJICMCHTOB.

15. Cucrema 1o m000My W3 TPEABIIYIINX ITYHKTOB, IIPHYEM I10/Ia4a BHEITHETO AIICKTPUUYECKOTO TI0JIS Ha
BBIOpaHHOE (HOTORIEKTPUIECKOE YCTPOWCTBO CONPSDKEHA C YBEIWYCHHEM BBIXOJHOM MOIIMHOCTH H/FIIH BBIXOJ-
HOTO TOKa BBEIOPaHHOTO (DOTOIIEKTPHUECKOTO YCTPOHCTRA.

16. Cucrema 1o 1.15, mpudeM Tmojava BHEIIHETO JJIEKTPUUYECKOTO TOJIsT HAa BEIOpAaHHOE (POTORIEKTpHUE-
CKO€ YCTPOWMCTBO COMPSIKECHA C ITOBBIIICHUEM BBIXOIHON MOITHOCTH H/HJIH BBIXOJZHOTO TOKa BEIOPAHHOTO (OTO-
3JIEKTPHUYECKOTO yCTPOoiicTBa Ha BemIuHY 10 50% B yCIOBUAX HU3KOI OCBEIICHHOCTH.

17. Cuctema 1o .15, mpruyeMm 1ozada BHEIIHETO SJIEKTPUYECKOrO MOl Ha BhIOpaHHOE (oTO3IeKTpHye-
CKO€ YCTPOWCTBO CONPSDKEHA C MOBBIMICHUEM BBIXOJHOM MOIHOCTH W/MJIH BBIXOJHOTO TOKa BEIOPaHHOTO (OTO-
ANEKTPUYECKOTO yCTpoiicTBa Ooee ueM Ha 50% B YCIIOBHUSX HU3KOW OCBEIICHHOCTH.

18. Cucrema no mobomy u3 nm.15-17, npudyeM nojada BHEIIHETO JJIEKTPUUECKOTO II0JIsT Ha BBIOpaHHOE
(hoTO3INIEKTPHUECKOE YCTPOHCTBO COTPSKEHA C TIOBBIIIEHHEM BBIXOHON MOIIHOCTH W/WIIM BBIXOJTHOTO TOKA BBI-
OpaHHOTO (POTORIEKTPUIECKOTO YCTPOHCTBA HA BeIMIHHY 10 20% B yCIOBUSIX BHICOKOH MHTEHCHBHOCTH CBETA.

19. Cucrema mo moboMy u3 T 15-18, nmpudeM mojada BHEIIHETO JJICKTPHUYECKOTO IMOJIST Ha BBIOPAHHOE
(hOTORNIEKTPUIECKOE YCTPOHCTBO CONPSIKEHA C IMOBBIIIIEHUEM BBIXOIHON MOITHOCTH W/WIH BBIXOJHOTO TOKA BBI-
OpaHHOTO (POTOINEKTPHIECKOTO yCTpoiicTBa Ha BeandauHy OT 20 10 50%.

20. Cuctema mo moboMy u3 1. 15-18, mpudeM mojada BHEIIHETO JJICKTPHUYECKOTO IMOJIST Ha BBIOPAHHOE
(hoTORNIEKTPUIECKOE YCTPOHCTBO COMPSIKEHA C IMOBBIIIICHUEM BBIXOIHON MOITHOCTH W/WIH BBIXOJHOTO TOKA BBI-
OpaHHOTO (POTOINEKTPHIECKOTO ycTpoiicTBa Ooree ueM Ha 50%.

21. Cucrema no mobomy u3 mm.15-20, mpudyeM ykazaHHOE yBEIMYEHHE BBIXOJAHOW MOIIHOCTH /WM BBI-
XOIHOTO TOKa OCHOBaHO Ha WHTEHCHBHOCTH MaJAlONIETo Ha BHIOPaHHOE (POTOAIEKTPHUECKOE YCTPOMCTBO CBETa,
M0ZIaBaeMOM Ha BBIOpaHHOE (POTOIIEKTPUIECKOE YCTPOWCTBO CHTHAJIE HANPSDKEHMS, TOJIINHE BEIOpaHHOTO (o-
TO3JICKTPUYCCKOTO YCTPOUCTBA, [UTUTEILHOCTH MUMITYJICOB HAMPSIKCHHS W/WIH YacTOTHI MMITYJIECOB HAIpsIKe-
HUSL.

22. Cucrema ympaBieHHus (OTOITEKTPUIECKUM YCTPOMCTBOM, COJepIKaIIast

YCTPOWCTBO ISl TEHEPUPOBAHM UMITYJIHCOB HAIIPSDKEHHS, MOIKIIOUEHHOE K BEIOpaHHOMY (DOTORIIEKTPHU-
YECKOMY YCTPOHCTBY M3 MHOKECTBA (DOTORIIEKTPUIECKUX YCTPOUCTB; U

CPEICTBO MOJAaYH HAIPSDKEHUS U TOJaYy CHTHAJIA HAIIPSDKEHHS, CTeHEPUPOBAHHOTO YKAa3aHHBIM yCTPOIi-
CTBOM ISl TEHEPHUPOBAHHSI HMITYJIFCOB HAIPSDKEHHUS, Ha BEIOPaHHOE (POTOAIEKTPUIECKOE YCTPOICTBO, IPH 3TOM
yKa3aHHBIN CUTHAJ HANPSDKCHUS UMEET IIEPBOE COCTOSHUE, COEpIKallee NMITYIThC HAIPSDHKCHUS TIOJI0KUTEIbHON
BEJIMYMHEIL, JJIs1 TCHEPUPOBAHUS BHEUTHETO 3JIEKTPUICCKOTO TMOJI Ha BBIOPAHHOM (POTOIIEKTPHUCCKOM YCTPOWA-
CTBE ¥ BTOPOE COCTOSTHHE, COJIEpIKalIee [IUKII OTKIIOYEHHUSI MEXKITY CMEKHBIMU UMITYJIbCaMH HATIPSKEHUSL.

23. Cucrema 1o 1.22, mpu4eM yKa3aHHOE CPEJICTBO NMOAA4YM HANPSDKCHHS BBHIOJIHEHO C BO3MOXKHOCTHIO
MOJJAYM CHTHAJIA HATIPSDKCHUS B BUJIC CCPUH UMITYJIbCOB HAMPSDKEHUS MOJIOKUTEIBHON BETHYUHEI.

24. Cucrema 1o 1.23, mpu4eM yKa3aHHOE CPEJICTBO NMOAA4YM HANPSDKCHHS BBHIOJIHEHO C BO3MOXKHOCTHIO
MOJJaYM BTOPOTO COCTOSHHS MKy CMEIKHBIMU CEPUSIMUA UMITYJIbCOB HATIPSIKCHHUS.

25. Cucrema 1o .23 wiu 24, iprdeM yKa3aHHOE CPEJCTBO MOAAYH HANPSHKEHUS BBITIOTHEHO ¢ BO3MOYKHO-
CTBIO ITOJTAYH BTOPOT'O COCTOSHUS MEXKITy CMEKHBIMU UMITYJICAMH HATIPSKCHUS.

26. Cucrema 1o Jro6oMy u3 mi.23-25, mpudeM yKazaHHOE CPEJCTBO MOAAYN HAIPSHKCHHS BBITOJIHEHO C
BO3MOKHOCTBIO ITOJIaYH BTOPOT'O COCTOHUS MEXIY BEIOPAHHBIMH CMEXHBIMH HMITYJTECAMH HAIIPSKEHUS.

27. CucreMa 1o Jro6oMy U3 mi.22-26, IpudeM yKa3aHHOE CPEJCTBO MOAAYN HAIPSHKCHHS BBITOJHEHO C
BO3MOJKHOCTBIO TI0Ia4{ CHT'HAJIa HAIPSDKEHUSI Ha KaxJ0e (OTOAIEKTPHUYECKOE YCTPOWCTBO M3 MHOXECTBa (o-
TOAJIEKTPUYECKHUX YCTPOHCTB.

28. Cucrema 1o JIr000My U3 mi.22-27, mpuYeM YCTPOUCTBO JIsl TCHEPUPOBAHUS UMITYJIbCOB HATIPSIKCHHUS
COJICPXKHT TIEPEKITI0YATEIh U TEHEPATOP UMIYIIBCOB, MIPH 3TOM I0Jla4a CHTHAJa HATPSKCHUS BKIIOYACT B ceOs
MoJIauy PEryJIUPYeMOTo HANPSIKCHUS Ha BBIOpAHHOE (DOTOIICKTPUICCKOE YCTPOWCTBO; U MPHYEM UCTOYHHUK BBI-
COKOTO HaIpsDKEHUsI YCTPOUCTBA U TEHEPHUPOBAHUS MMITYJIbCOB HAINPSKCHUS BBITIOJTHEH C BO3MOXKHOCTBIO,
pY He0OXOAMMOCTH, BO3ACUCTBHS Ha BEIOPaHHOE (POTOITEKTPHUCCKOE YCTPOWCTBO, KOT/Ia TIEPEKIIIOYaTeh Ha-
XOJHUTCS BO BKIIOYEHHOM COCTOSIHWH, IUIS TE€HEPHUPOBAHUS IEPBOTO COCTOSHIS, MPUYIEM MEePEKITI0UaTeNb Iepe-
XOJHT B BBIKJIIOYEHHOE COCTOSIHUE JUISI TCHEPHPOBAHUS BTOPOTO COCTOSHHUS.

29. Cucrema mo obomy u3 m.22-28, TOMOJHUTENBHO COJIEpIKaIias OAHY MM HECKOJIKO TOCIIeI0Ba-
TENBHO MOAKIIOYEHHBIX KaTYIIEK WHAYKTHBHOCTH, ITOAKIIFIOYCHHBIX MEXIY yCTPOHCTBOM [UIA T€HEPHUPOBAHUA
HUMITYJIbCOB HATPSDKCHUS W HArPy3KOHW BHIOPAHHOTO (POTORIEKTPUIECKOTO YCTPOHCTBA, ST OJIOKMPOBKH YaCTOT
CUTHAJIA HATIPSDKEHUS [T HATPY3KH, KOTOPBIC OOJIbIIE, YeM 3aJJaHHAs YacTOTa.

30. Cucrema no aro00oMy u3 1r1.22-29, TONOIHUTETBHO COZIEpIKAIlasi CXEMY YIPaBJICHUS, TIOAKIIOUYSHHYIO
K YCTPOWCTBY JUIS TCHEPUPOBAHUS UMITYJIHCOB HATIPSHKCHUS, IS YIIPABICHHS 110 MCHBIICH Mepe OJJHUM U3 CIic-
JYIOIIET0: YaCTOTOH U JUTNTEILHOCTBIO IIEPBOTO COCTOSIHUSI K BTOPOTO COCTOSIHUSL.

31. Cucrema no smobomy u3 m.22-30, mpuyeM 1ojava BHEIIHErO AJIEKTPHYECKOTO IMOJIsl Ha BBIOpaHHOE
(hOTOINIEKTPHUECKOE YCTPOHCTBO CONPSDKEHO C MOBBIIIEHUEM BBIXOAHOW MOIIHOCTH W/WIIM BBIXOJTHOTO TOKA BBI-
OpaHHOTO (OTOIIEKTPUIECKOTO YCTPONCTBA.

32. Cucrema 1o 1.31, mpudeM mojada BHEUTHETO AICKTPUIESCKOTO TOJSI Ha BeIOpaHHOE (DOTOIIEKTpHUe-
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CKO€ YCTPOWCTBO CONPSDKEHA C MOBBIMICHUEM BBIXOJHOM MOITHOCTH W/MJIH BBIXOJHOTO TOKa BEIOPaHHOTO (OTO-
9JIEKTPUYECKOTO YCTPOUCTBA Ha BeMYUHY A0 50% B yCIOBUSAX HU3KOI OCBEILICHHOCTH.

33. Cucrema mo 1.31, mpudeM mojada BHEUTHETO AICKTPUIESCKOTO TOJSI Ha BeIOpaHHOE (OTOIIEKTpHUUe-
CKO€ YCTPOMCTBO COMPSIKEHA C ITOBBIIICHUEM BBIXOIHON MOITHOCTH W/HJIHM BBIXOJZHOTO TOKa BEIOPAHHOTO (OTO-
3JIEKTPHUYECKOTO ycTpoiicTBa 6omee ueM Ha 50% B yCIOBHSIX HU3KON OCBEIIEHHOCTH.

34. Cucrema o jro6omMy u3 mi.31-33, mpudyeM Imojada BHEUTHETO AJIEKTPUIESCKOTO TOJS Ha BHIOpaHHOE
(hoTORNIEKTPUIECKOE YCTPOHCTBO COMPSIKEHA C MOBBIIIIEHUEM BBIXOIHON MOITHOCTH W/WIH BBIXOJHOTO TOKA BBI-
OpaHHOTO (POTOAIEKTPUIECKOTO YCTPOHCcTBA HAa BeHIHHY 110 20% B YCIOBHUAX BBICOKOW HHTEHCHBHOCTH CBETA.

35. Cucrema no smobomy u3 m.31-34, mpuyem mojava BHEIIHETO AJIEKTPHUYECKOTO IMOJISI Ha BHIOpaHHOE
(hoTOINIEKTPHUECKOE YCTPOHCTBO COTPSKEHA C TOBBIIIEHHEM BBIXOJHON MOIIHOCTH W/WIIM BBIXOJIHOTO TOKA BBI-
OpaHHOTO (POTORIIEKTPUIECKOTO YCTPOHCTBA Ha BemuuHy oT 20 10 50%.

36. Cucrema mo sobomy u3 m.31-34, mpuyem mojava BHEIIHETO AJIEKTPHUYECKOTO IMOJISI Ha BBIOpaHHOE
(hoTOINIEKTPHUECKOE YCTPOHCTBO COTPSKEHA C TOBBIIIEHHEM BBIXOJHON MOIIHOCTH W/WIIM BBIXOJIHOTO TOKA BBI-
OpaHHOTO (POTORIEKTPHIECKOTO YCTpoicTBa Oosiee ueM Ha 50%.

37. Cucrema mo jro6omMy mu3 1m.31-36, mpuyeM yKa3zaHHOE YBEJIMUYEHUE BBIXOJHOW MOITHOCTH W/WIIA BHI-
XOJHOTO TOKa OCHOBaHO Ha MHTEHCHBHOCTH IAJAIONIETO HAa BEIOPAHHOE (OTOINEKTPHIECKOE YCTPOHCTBO CBETA,
10JIaBaeéMOM Ha BBIOpaHHOE (HOTOAIEKTPUIECKOE YCTPOHCTBO CHUTHAJIE HANPSKEHUS, TOJIIHMHE BRIOPAHHOTO (o-
TO3JIEKTPUYECKOTO YCTPOIHCTBA, MIUTEIHHOCTH MMITYJIbCAa TIEPBOTO COCTOSIHUS H/HMIIM YacTOTHI MEPBOTO COCTOSI-
HUSL.

38. Cucrema yrpaBieHus POTOIIEKTPUUESCKAM YCTPOHUCTBOM, COAEpKAIIas: MEPEKITI0YaTE b HAPSKESHIS,
BKITIOYAFOLIHIA B ceOs

TIEPBBIA MOPT, BHIIIOJIHEHHBIH C BOBMOXXHOCTBIO MOAKIIIOUYEHHS K BEIOPAaHHOMY (hOTORJIEKTPHUECKOMY yCT-
POWCTBY N3 MHOeCTBa (DOTOIIEKTPUIECKUX YCTPOICTB;

BTOPOI1 MOPT, BBHIIOJIHEHHBIH C BO3MOXKHOCTBIO MOAKIIIOUEHHS K Harpyske, MUTaeMOH BHIOpAaHHBIM (OTO-
INEKTPUYECKIM YCTPOHCTBOM;

TPETHUH TOPT, BEIIOIHEHHBIN C BO3MOKHOCTBIO TMTOJKITIOYECHUS K ICTOYHUKY HANPSHKCHUS;

IIPH 3TOM MEPEKIIOUATENh HAIPSHKEHHUS BBITOTHEH C BO3MOXKHOCTBIO pabOTHI B IEPBOM IOJO0KEHUH C YC-
TAHOBJICHWEM IIEPBOTO ITyTH TOKAa MEXIY BBIOPAHHBIM (DOTORIEKTPHUESCKIM YCTPOMCTBOM M HCTOYHHKOM Ha-
TPSOKCHAS U BO BTOPOM TIOJOKEHUH C YCTAHOBIEHHUEM BTOPOTO IIYTH TOKa MEXIY BEIOpaHHBIM (hOTODIEKTpHIEC-
CKHM yCTPONCTBOM U Harpy3Kou; u

IpUYeM Mojada CUrHaja HAIPSHKCHUS, CTEHEPHPOBAHHOTO UCTOYHUKOM HATIPSDKEHHUS, HA BEIOpaHHOE (o-
TOAJIEKTPUUECKOE YCTPOUCTBO BBHIMOJIHAETCS TaK, YTO CHI'HAJ HANPsDHKEHUs MMEET IepBOe COCTOSIHUE, COlepKa-
I1ee UMIYJIEC HAIPSDKEHUS! MOJIOKUTENIbHON BEIMYMHBI, JUIl TeHEPUPOBAaHHS BHEIIHETO AJIEKTPHYECKOTO OIS
Ha BBIOPaHHOM (DOTORIICKTPHUECKOM YCTPOMCTBE, KOT/a IepPEKIIFoYaTeb HapsDKCHHUsT HaXOJUTCSl B IEPBOM HO-
JI0)KEHHUH, ¥ BTOPOE COCTOSIHUE VISl 00ECIICUSHHUST SIIEKTPUIECCKON N30JLSIINU MEX/Ty UICTOYHUKOM HANpsDKEHUS U
Harpy3KoM, Korjaa epeKIrouaTesb HapsHyKeHUs] HAaXOJUTCSI BO BTOPOM I0JI0KEHHH.

39. Cucrema 1o 1m.38, mpuueM ykazaHHOE CPEJCTBO I10JIa4M HAIpsDKCHUS BBIIOJIHEHO C BO3MOXKHOCTBIO
M0JJaYM CUTHAJIA HANIPSDKCHUS B BUJIE CEPUH UMITYJIHCOB HAIMIPSDKEHHS MTOJIOKUTEIHHOM BETMIHHEI.

40. Cuctema o 1.39, mpryeM yKa3aHHOE CPEACTBO IMOJAaYd HAIPSHKCHHS BBIMIOJTHEHO ¢ BO3MOXKHOCTHIO
MIOJJa9X BTOPOTO COCTOSTHHS MEXy CMEKHBIMU CEPISIMA UMITYJIbCOB HATIPSIKCHHUS.

41. Cucrema mo .39 unu .40, mpudeM yKa3aHHOE CPEICTBO MOJA4YH HAPSDHKEHUS BBITIOTHEHO ¢ BO3MOXK-
HOCTBIO TTOIaYH BTOPOTO COCTOSIHUS MEKAY CMEKHBIMH UMITYJIbCaMH HAIIPSKCHHUS.

42. Cuctema 1o Jirobomy u3 mi.39-41, npuueM yka3zaHHOE CPEACTBO MOAAYM HAINPSDKEHMS BBITIOJIHEHO C
BO3MOJKHOCTBIO T10/1a41 BTOPOTO COCTOSIHUSI MEKAY BEIOPaHHBIMU CMEXHBIMH UMITYJIbCaMH HATIPSDKEHUS.

43. Cucrema no mobomy n3 mr.38-42, mpuyeM yKa3aHHBIH HEPBBIH MOPT BBIIOJHEH C BO3MOXHOCTHIO
MOAKIIIOUEHHST K KaXXI0MY (POTODJIEKTPUYECKOMY YCTPOHCTBY M3 MHOXKECTBA (POTODIEKTPUUECKUX YCTPOMCTB,
IIPU 3TOM Harpys3ka HPUBOAMTCS B JEHCTBHE KaXIbIM (POTOATIEKTPUYECKUM YCTPOHCTBOM M3 MHOXKECTBA (OTO-
JNEKTPUUECKUX YCTPOWCTB, MPHUYEM YKAa3aHHOE CPEJICTBO IOJAa4YM HAIPSHKEHUS BBIIOJIHEHO C BO3MOXXHOCTBHIO
MOJJaYM CHTHAJA HANPSDKEHUS Ha KaXJ0€ (OTOIEKTPHUECKOE YCTPONCTBO U3 MHOXKECTBA (POTOIIEKTPHUESCKIX
YCTPOMCTB.

44. Cuctema mo moboMy n3 1m.38-43, mpudeM mepekTodyaTellb HANPSHKEHHS COASPIKUT TBYXITO3UITHOH-
HBII TIEpPEeKITI0YaTeb.

45. Cuctema mo moboMy u3 1m.38-44, MOTOTHUTEIHHO COAEpIKaIias KOHTPOJIJIEp MepeKIrovaTens, MoI-
KIIFOUEHHBIH K YKa3aHHOMY IMEPEKII0YaTeNi0 HAPSKCHNS [UIS YIPaBICHUS 1O MEHBIICH Mepe OJHUM U3 Cie-
JYIOIIET0: YaCTOTOH U JUINTEILHOCTBIO MEPEKITIOYESHUS] MEXKIY TTEPBBIM ITOJIOKEHUEM U BTOPBIM ITOJI0)KEHHEM.

46. Cuctema no mo6omMy u3 mr.38-45, TOTOJHHUTENHFHO COAEpIKalias CPEeACTBO, MPEAHA3HAUYCHHOE IS
YMEHBIICHNUS JTIO0BIX 0CJIabJIeHUH HaNpsHKEHHS IIEPBOTO COCTOSIHUS M MOAKIIIOUEHHOE MEXTy Harpy3Koil U BbI-
OpaHHBIM (POTOIIEKTPUIECKUM YCTPOHCTBOM.

47. Cuctema 1o modomy u3 mm.38-46, mpuyeM nojada CUrHajia HalpsDKeHUS BKIIIOYAeT B ceds moaady pe-
TYJINPYEMOTO HalpsDKEHHsI Ha BEIOpaHHOE (hOTORIEKTPHUYECKOE YCTPONUCTBO.

48. Cuctema 1o robomy u3 mir.38-47, MOTMOTHATEIHHO COAEpIKaIIasi CXeMY YIpPaBIEHHUS, ITOIKIIOUYESHHYIO
K UCTOYHHUKY HATPSDKCHUS W/HIN NEPeKIII0YaTelIio, IS yIIpaBIeHU 110 MEHBIIEH Mepe OJHUM U3 CIIEIYIOIIETO:
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YaCTOTOM, BEIIMYMHOW M JIUTEIBHOCTBIO TIEPBOTO COCTOSHHS U BTOPOTO COCTOSHHS, H, MPH HEOOXOTUMOCTH,
JIOTIOTHUTEIBHO COJepKaIIas CPEIACTBO OTCIICKHUBAHUSA, BEIOPAHHOE W3 CICAYIOIICrO: MaTYMKa TOKA, ITOJKITIO-
YEHHOTO IIOCIICAOBATEIIFHO MEXIY BBIOPAaHHBIM (DOTODIEKTPUIECKUM YCTPOHCTBOM M HArpy3KOW, M JaTIHKa
HaNpPSDKEHUS, TOAKIIOYEHHOTO apajIeIbHO K BEIOpaHHOMY (DOTORIIEKTPUIECKOMY yCTPOMCTRY.

49. Cuctema mo moboMy u3 1m.38-48, mpudeM mojada BHEIIHETO JJICKTPHYECKOTO IMOJII Ha BBIOPAHHOE
(hoTORNIEKTPHIECKOE YCTPONCTBO CONPSIKEHA C IMOBBIIIIEHUEM BBIXOIHON MOIITHOCTH W/WMIH BBIXOJHOTO TOKA BBI-
OpaHHOTO (OTOIIEKTPUIECKOTO YCTPOUCTBA.

50. Cucrema 1o 1.49, mpudeM mojada BHEUTHETO MICKTPUIESCKOTO TOJS Ha BeIOpaHHOE (DOTOIIEKTpHUe-
CKO€ YCTPOWCTBO COMPSKCHA C IMOBBIIICHUEM BBIXOTHON MOITHOCTH W/WJIM BBIXOJHOTO TOKa BEIOPAHHOTO (hOTO-
9JIEKTPUYECKOTO YCTPOUCTBA Ha BeMYUHY A0 50% B yCIOBUSAX HU3KOI OCBEILICHHOCTH.

51. Cucrema mno m.49, mpuyeM Mmojavya BHEIIHETO AJICKTPUYCCKOTO TMOJs Ha BEIOpaHHOE (POTOINEKTpHYC-
CKO€ YCTPOWCTBO COMPSKCHA C IMOBBIIICHUEM BBIXOHON MOITHOCTH H/WJIM BBIXOJHOTO TOKa BEIOPAHHOTO (hOTO-
ANEKTPUYECKOTO yCTpoiicTBa Ooee ueM Ha 50% B YCIIOBHUSIX HU3KOW OCBEIICHHOCTH.

52. Cucrema mo srobomy u3 m.49-51, mpuyem 1mojava BHEIIHETO AJIEKTPHUYECKOTO IMOJISI Ha BBIOpAaHHOE
(hoTORNIEKTPUIECKOE YCTPONCTBO CONPSIKEHA C MOBBIIIIEHUEM BBIXOIHON MOITHOCTH W/WIH BEIXOJHOTO TOKA BBI-
OpaHHOTO (POTOAIEKTPUIECKOTO YCTPOcTBA Ha BeHIHHY 110 20% B YCIOBHUAX BBICOKON HHTEHCHBHOCTH CBETA.

53. Cucrema o Jgro6oMy u3 mi.49-52, mpudyeM Iojada BHEUTHETO AJIEKTPUIESCKOTO TOJS Ha BBIOpaHHOE
(hoTORNIEKTPUIECKOE YCTPONCTBO COMPSIKEHA C IMOBBIIIICHUEM BBIXOIHON MOITHOCTH W/WMIH BBIXOJHOTO TOKA BBI-
OpaHHOTO (POTOANEKTPHIECKOTO yCTpoiicTBa Ha BeandauHy OT 20 10 50%.

54. CucreMma 1o Jro6oMy u3 mi.49-52, mpudyeM Iojada BHEUTHETO AJIEKTPUIESCKOTO TOJS Ha BBIOpaHHOE
(hOTORNIEKTPUIECKOE YCTPONCTBO COMPSIKCHA C MOBBIIIICHUEM BBIXOJHON MOIIHOCTH W/WIH BBIXOJHOTO TOKA BBI-
OpaHHOTO (POTORIEKTPHIECKOTO YCTpocTBa Oosiee ueM Ha 50%.

55. Cucrema 1o mobomy u3 ni.49-54, mpuyeM yKa3aHHOE YBEJIMYEHHE BBIXOJHON MOITHOCTH W/WIIM BbI-
XOJTHOTO TOKa OCHOBaHO Ha MHTCHCHBHOCTH MAJAONIETO Ha BRIOPAHHOE (POTOIIEKTPHUECKOE YCTPOUCTBO CBETA,
MOJJaBaCMOM Ha BBIOpaHHOE (HDOTORICKTPUIECKOE YCTPONCTBO CUTHAINIC HATPSKCHUS, TOIIIHHE BEIOPAHHOTO (ho-
TO3JIEKTPUYECKOTO YCTPOICTBA, NIUTEIHHOCTH MMITYJIbCAa TIEPBOTO COCTOSIHUS /MM YacTOTHI MEPBOTO COCTOSI-
HUSL.
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