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IepexpecTHasi cCHLIIKA HA POJACTBEHHBIE 3asIBKH

JlaHHas 3asiBKa 3asBISIET MPUOPHTET 10 npensaputenbHoii 3asBke CILIA Ne61/943127, nomannoii 21 ¢es-
pans 2014 rona; npensapurensHoii 3asBke CIIIA Ne 61/943134, monanHoii 21 despanst 2014 rona; npensapu-
tenpHOU 3asBke CINA Ne 61/947326, momanHort 3 mapta 2014 roma; mpenBaputenbHoi 3asBke CIIIA Ne
62/022087, momanHoi 8 uronst 2014 roma, omucaHus KOTOPBIX TIOTHOCTHIO U JIJISI BCEX IIeJIe BKIIIOUEHBI B JIaH-
HYIO 3aBKY TIOCPEICTBOM CCBIJIKH.

00J1acTh TEXHUKH

Hacrosimee n3o0peTeHne B 1EJIOM OTHOCUTCS K (POTORIEKTPUIECKUM yCTPOWCTBaM, a 0oJjiee KOHKPETHO,
HO HE HCKJIFOYUTEIHHO, K CHCTEMaM MaKCHMAaJbHOTO YBCIUYCHUS TCHEPHPYEMON MOITHOCTH WA JHEPTUHU U
001ero Ko QUIEeHTa MOJIE3HOTO ICHCTBHS OJHOTO MIIM HECKOJIBKUX COJHEYHBIX JIEMEHTOB, HaIpUMep ¢ HOo-
MOIIBIO TTOIaYH U PETYIMPOBAHIS BHEIIHETO 3JICKTPUYECKOTO TOJIS Ha COTHEYHBIX DJICMCHTAX.

IIpeanoceliky co3nanus H3o0peTeHUus

COJTHEYHBIH 37EMEHT (TakXKe Ha3bIBACMBIH (DOTOIICKTPUUCCKUM IIEMEHTOM) MPEICTaBIsICT COOOM 3JIeK-
TPUYECKOE YCTPOHWCTBO, KOTOPOE MPeodpa3yeT SHEPTHIO CBETa B AJIEKTPUYECTBO C MOMOIIBIO MTPOIIEcca, N3BECT-
HOTO Kak "doroanekrpuuecknii 3pdext". [Ipn Bo3aeHCTBUN cBETa CONIHEYHBIN AJIEMEHT MOXET TeHEPUPOBATh U
MOJICP’KUBATh ANEKTPHUSCKUI TOK 03 TOAKIIOUeHHS K JTI000My BHEITHEMY HCTOYHHMKY HampspkeHus. Hawmbo-
Jiee pactpOCTPaHEHHBIM CONTHEYHBIH 3JIEMEHT COCTOMT U3 p-n-miepexoaa 110, H3rOTOBIEHHOTO M3 MOIYIPOBO/-
HUKOBBIX MaTepHaJioB (HampuMep, KPeMHHUs), TAKUX Kak B coiaHeuHoM 3neMeHTe 100, mokasanHoMm Ha ¢wur. 1.
Hanpuwmep, p-n-nepexox 110 copepXuT TOHKYIO IIACTHHY, COCTOSIIYIO U3 CBEPXTOHKOTO CJIO0Sl KPEMHHS N-THIIA
nmoBepx 0oJiee TOJICTOTO IO KPEMHUS p-THIIa. Tam, TIe 3TH JBa CJIOS HaXOIATCS B KOHTAaKTe, BONHM3HM BepXHEH
MIOBEPXHOCTH COJIHEYHOTO 3eMeHTa 100 co3maercs aneKTpuyecKoe moJie (He MOKa3aHo) U MPOUCXoaAnuT auddy-
3Ms DJICSKTPOHOB M3 00JIACTH BBICOKOW KOHIEHTPALMH 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 MU snekrpogamu 101a, 101b. Bepxuumii anexrpon
101a siBistercst MO0 MPO3PaYHBIM TSI MAAIOMIETO (COTHEYHOT0) M3y4eHHs, JIM0O HE MOJHOCTBHIO ITOKPHIBACT
BEPXHIOIO 4YacTh coiHeyHoro siementa 100. Dnextpoast 101a, 101b MOTyT CIy’)XKHTh B Ka4eCTBE OMHYECKHX
KOHTAaKTOB METAJUI-TIOIYIPOBOJHHUK, KOTOPBIE COSIUHSIOTCS C BHEIIHEH Harpy3koil 30, koTopas MOIKITIOYEeHA
MOCJIeI0BATENbHO. XOTS Harpy3ka MOKa3aHa TOJNBKO Kak aKTHBHasA, Harpy3ka 30 MOXeT Tarkke COIepiKaTh Kak
aKTHUBHYIO, TaK W PEaKTUBHYIO cocTaBisoniie. Kak mpaBmiio, HECKOJIBKO CONHEYHBIX 37eMeHToB 100 Moryt
OBITH COETMHEHBI BMECTE (ITOCICIOBATEIHLHO H/MITH TTapalIeNIbHO) 1l oOpa3oBaHus naHesu 10 COTHeYHBIX dJie-
MeHTOB (Kak moka3aHo Ha ¢ur. 2). Co ccbuikoii Ha (ur. 2 mokazaHa THIOBas KOH(GUTYpaIis YCTAaHOBKHU C HC-
MOJIb30BaHUEM I10 MEHbIIeH Mepe ogHoN nanenu 10 conHeyHbIX 2y1eMeHToB. [lanenu 10 cOIHEUHBIX 37EMEHTOB
MOT'YT OBITh COEIMHEHBI JIN0O MapaJuIeNbHO, KaK MOKa3aHo Ha ¢ur. 2, 1mdo Mmociie10BaTeNbHO, MO0 ¢ coyeTa-
HHEM COEIUHEHMH U MOAKIIIOUYEHBI K Harpyske, Takoi kak uHBepTop 31. MHBepTop 31 MOXeT comepkaTh Kak
AKTUBHBIC, TAK M PCAKTHBHBIC COCTABIIIOLIHC.

Bosspamasce k ¢ur. 1, korna ¢oron nonanaer B coaHeuHsd aneMeHT 100, GoToH MO0 MPOXOAUT MPSIMO
Yyepe3 Marepual COJHEYHOIO JIEMEHTa, YTO OOBIYHO MPOUCXOIMT MpU Oosiee HU3KUX SHEPTUsX (POTOHOB; MO0
OTpa’kaeTcs OT MOBEPXHOCTH COJHEYHOTO AJIEMEHTA; JHOO0 MPEAMOYTHTEIHHO MOTJIOMAETCS MaTepHUaIOM COJI-
HEYHOTO 3JIEMEHTA, €CJIA SHepTrHsl (POTOHA BBIIIE, YeM IIMPUHA 3aIllPEHICHHOW 30HBI KPEMHHSA, TCHEPUPYSI dIIEK-
TPOHHO-IBIPOYHYIO TapPYy.

Ecmn ¢oToH mormomiaercsi, ero 3HEPrHs IMepefaeTcsl JIEKTPOHY B MaTepHaje COJHEYHOTO 3JIEMEHTA.
OOBIYHO ATOT 3JEKTPOH HAXOIUTCS B BAJICHTHOH 30HE, TECHO CBS3aH KOBAJICHTHBIMH CBS3SIMH C COCECTHHMU
aTOMaMH H, CIICIOBATENIbHO, HE MOXKET JAJICKO IepeMeIlaThcs. DHEprus, NepeiaHHasi dJIeKTPOHY (OTOHOM,
"B030y>K/1aeT" 3JIEKTPOH B 30HY NMPOBOAUMOCTH, TJIe OH MOYKET CBOOOIHO NEPEIBUraThCS B IIpeieiax COJIHEYHO-
ro anemenTa 100. KoBaneHTHas CBsI3b, YaCThIO KOTOPOH OBII paHee 3JIEKTPOH, TEHEeph UMEET Ha OAMH IIEKTPOH
MEHBIIIE - 3TO Ha3bIBAeTCs IBIPKO. Hannume oTcyTCTBYIONIEH KOBAJICHTHOH CBSI3M MO3BOJISICT CBS3aHHBIM JJICK-
TPOHAM COCEIHUX aTOMOB TIEPEMEIIAThCS B IBIPKY, OCTABJISSA TI03aIM eule OAHY ABIpKY. TakuM oOpa3om, JpIpka
TaKke MOXeT 3((PEKTHBHO NepeMenaThes yepe3 conHedHblid anemeHT 100. Takum oOpa3zoM, GOTOHEI, MOTIIO-
IIEHHBIE B cotHeYHOM eMeHTe 100, co31at0T MoABMKHEIEC AIEKTPOHHO-IBIPOYHBIE ITapHI.

[ToxBrokHas IEKTPOHHO-IBIpOYHAs Napa AuGPyHIUpyeT wim apeidyer B CTOpOHY dMekTpoaoB 101a,
101b. Kak npaBuio, snextpon nuddyHaupyet/npeiidyer B HampaBICHUH OTPUIATEIHLHOTO JJICKTPOAa, a JbIpKa
mubbyaaupyet/npeidyer B HaMpaBJICHUH MOJOKHUTEIBHOTO 3nekTpona. Juddysus Hocuteneidt (Hampumep,
3JIEKTPOHOB) 00YCITIOBNICHA CIyYalHBIM TETUIOBBIM JBIKCHHEM JO TeX IOp, MMOKa HOCHUTEIh HE 3aXBaTHIBACTCS
3EeKTpHUYECKUMH TOsIMA. [lpeiid HocuTeneit 00ycIoBIeH 3JIEKTPUIECKUMH TOJISIMH, 0Opa30BAaHHBIMU B aKTHB-
HOHM oOxacTu cosHeyHoro anemeHTa 100. B TOHKOIIIEHOYHBIX COTHEYHBIX 3JIEMEHTaX Mpeo0IIafalomnuM THIIOM
paszeneHuss HOCHTENeH 3apsiia sBisieTcs: Ipeid, 0OyCIIOBICHHBIN 3JIEKTPOCTATUUECKUM IIOJIEM pP-N-TIEpexoa
110, npoxoAsmuM 1o BCeH TOJIIMHE TOHKOIUIEHOYHOTO COJTHEYHOTo dJIeMeHTa. TeM He MeHee, 11l COTHEUHBIX
9JIEMEHTOB C OOJIBILEH TOJIIUHOM, HE MMEIOIMX NPAaKTHYECKN HUKAKOTO 3JEKTPUYECKOT0 MO B aKTUBHOI 00-
JIaCcTH, MPEOOIAAONIUM THIIOM pa3felicHus HocuTelel 3apsna seisercs nud¢ysus. Jnmuaa nuddy3un Heoc-
HOBHBIX HOCHTENCH (T.e. JUIMHA, KOTOPYIO MOTYT IPOXOJHUTH (hPOTOT€HEPHPYEMbIE HOCUTENH, TMPEKAE YeM OHH
PEKOMOMHHPYIOT) JOIKHA OBITH OOJIBIIIE B COTHEYHBIX AJIEMEHTAX ¢ OOJBIIEH TOJTHHOM.

B xoHEYHOM cueTe 3JEKTPOHBI, KOTOPBIE CO3/AIOTCS Ha CTOPOHE n-Tuma p-n-mepexona 110, "HakorureH-
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Hble" y p-n-niepexona 110 u mponeTeBmMe Ha CTOPOHY N-THIA, MOTYT OOECIICUUTh MUTAHKE JUIA BHEUTHEH Ha-
rpy3ku 30 (uepe3 anexrpox 101a) u BepHYThCs Ha CTOPOHY p-THHa (depes rekTpoa 101b) conmHeynoro snemen-
ta 100. [Tocne Bo3BpaIleHus Ha CTOPOHY P-THIIA JJISKTPOH MOXKET PEKOMOMHHUPOBATH C JIBIPKOH, KOTOpast ObLIa
00 co3aHa Kak AIEKTPOHHO-IBIPOYHAS ITapa Ha CTOPOHE p-TUIa, 00 mposeTena yepe3 p-n-nepexox 110 co
CTOPOHBI N-THIIA.

Kak moxazano Ha ¢ur. 1, 3IeKTPOHHO-IBIPOYHAS ITapa MPOXOAUT KPYTOBO MapmIpyT OT TOYKH CO3TaHHS
3JIEKTPOHHO-ABIPOYHON Mapsl 10 TOYKH, I/Ie SJIEKTPOHHO-IBIPOYHAS ITapa HaKalulnBaeTcs Ha anrekrpoxax 101a,
101b. Tak Kak mMyTh, IPOXOANUMBIN IEKTPOHHO-IBIPOYHON TTAPOH, SBISICTCS IIMHHBIM, JIJIS 3JIEKTPOHA UJIH JIBIP-
K{ CYIIECTBYET JIOCTATOYHO BO3MOXXHOCTEH PEKOMOWHHUPOBATH C IPYTO# IBIPKOM WM 3JICKTPOHOM, TaKas pe-
KOMOWHAIIMS TIPUBOUT K TOTEPSIM TOKA B JIF0OOW BHemIHew Harpyske 30. Bripaxkasch mo-apyromy, Ipu co3zia-
HUU 3JIEKTPOHHO-ABIPOYHON Maphl OAMH U3 HOCUTENIEH MOXET JocTUrath p-n-nepexona 110 (HakomieHHBIH HO-
CUTEJb) U BHECTH CBOI BKJIAJ] B TOK, BEIpa0aThIBAEMBIN COTHEUHBIM diieMeHToM 100. B kauecTBe anbTepHATHBEI
HOCHUTEIIb MOXKET pEeKOMOMHUPOBATh 0€3 YHUCTOTO BKJIAJa B TOK DJIEMEHTA. 3apsil MPH peKOMOWHAIIMN TPUBOIHUT
K YMCHBIICHHIO KBAaHTOBOU A((EKTUBHOCTH (T.C. MPOICHTa (DOTOHOB, KOTOPEIC MPEOOpPa3YIOTCS B ICKTpUYC-
CKHI TOK B ciTydae costHeuHoro snemenTa 100) u, ciemoBaTenbHO, 001mero ko3 QuimenTa moje3Horo qeHCTBUS
comHeyHoro snementa 100.

3aTpatsl Ha conmHeuHBIH deMeHT 100 nmm manesns 10 COTHEUHBIX AJIEMEHTOB, Kak MPaBUIIO, MPEAyCMaTpH-
BAIOTCS B JOJUIapax 3a BATT IMHUKOBOW 3IEKTPUICCKOH MOIIHOCTH, KOTOPas MOXET OBITh CreHepHpoBaHa MpHU
HOPMAaJTM30BAHHBIX YCIOBUSAX. BbICOK03((peKTHBHBIC COTHEUHBIC 3JIEMEHTH CHIDKAIOT 3aTPaThl HA COJHEYHYIO
sHepruto. MHOTHE 3aTpaThl Ha COHEYHYIO SHEPTOCUCTEMY HITH 3JIEKTPOCTAHIIUIO TPOMOPIIMOHATIFHEI KOJITHYECT-
BY TpeOYEMBIX COTHCUHBIX 3JIEMCHTOB, a TAaKXKe IUIOMAan (3eMin), TpeOyeMoit 1 MoHTaxa nanenei. ConHed-
HBIH 3JIEMEHT ¢ 0oJiee BHICOKAM KOA(D(OHUIIMEHTOM MOJIC3HOTO ACHCTBHS MO3BOIUT YMCHBIIUTH KOJNUYECTBO Ma-
HEJICH COTHEYHBIX AJIEMEHTOB, TPEOYEMBIX JIIsl 3aJaHHOW BBIXOTHON MOIIIHOCTH, W TPeOYeMO IUIOMAH T pa3-
BEPTHIBAHUS CHUCTEMBI. JDTO YMCHBIIICHUE KOJMYCCTBA IMaHEJICH W MPOCTPAHCTBA, 3aHUMAEMOTO WMH, MOTJIO OBl
CHH3UTH OOIIYI0 CTOMMOCTb 3JIEKTPOCTAHIIUH, JTaXKe €CII CaMH DJIEMEHTHI SIBISIOTCS 00J1ee JOPOTOCTOSIIINMHU.

KoneuHast ieib COCTOUT B TOM, YTOOBI CIENAaTh 3aTPAThl HA IPON3BOJICTBO COTHEYHON SHEPTUH CPABHUMON
C WM MEHbIIE, YeM Ha TPAAWIHNOHHBIX JJIEKTPOCTAHIUAX, KOTOPHIE MCIIONB3YIOT MIPUPOIHBIHN Ta3, yroidb W/Win
Ma3yT Ui TEHEPUPOBAHUSA JICKTPOIHEPTHH. B oTinume 0T OONBIIMHCTBA TPAAUIIMOHHBIX CPEICTB TEHEPHPOBA-
HUS DJIEKTPOIHEPTUH, KOTOpPhIe TPeOYIOT OOJBIINX IEHTPAIM30BAHHBIX JJIEKTPOCTAHIINH, CONHEYHBIE DHEPro-
CHCTEMBI MOTYT OBITH Pa3BepHYTHI Ha OOJBIINX HEHTPATU3OBAHHBIX MECTaX JICKTPOIHEPTeTHISCKIMH KOMITa-
HHUSIMH Ha KOMMEPUYECKUX 3IaHHX, YTOOBI TIOMOYb BO3MECTUTH 3aTPATHl Ha 3IEKTPOIHEPTHIO, U AaXKE Ha KHUIIOM
JIOME 0 MECTOHAXOXKJCHHI0. HeTaBHUE TOMBITKA CHU3UTH 3aTPAThl U TIOBBICUTH KO3((HIMEHT MOJIC3HOTO JeH-
CTBHSI COJTHCUHBIX AJIEMCHTOB BKJIFOUAIOT MCIBITAHHS PA3JIMYHBIX MATCPUATIOB M PA3IUYHBIX TEXHOJIOTUI H3rO-
TOBJICHUSI, UCTIOIb3YEMBIX AJISI COJTHEUHBIX AJIEMEHTOB. B Apyrom moaxoje oCymecTBISIIOTCS MONBITKA YCUIUTD
00eTHEHHYIO 00J1acTh, 00pPa30BaHHYIO BOKPYT p-n-miepexona 110 s ycuieHUs ABYOKCHUS HOCHUTENEH 3apsia
yepe3 comHeuHblid a1eMeHT 100. Hampumep, cm. matent CIIHA Ne 5215599, Hingorani u dp.("Hingorani"),
nofganuelid 3 mast 1991 roga, u matent CHIA Ne 8466582, Fornage ("Fornage"), momanuslit 2 nexadpst 2011
ro/a, 3asBIAIONMEe TIPUOPUTET HA AaTy mojaadn 3asBku 3 nekadps 2010 roma, onmmcaHuss KOTOPBIX TOTHOCTHIO
W JUTSI BCeX IeNel BKITIOUEHBI B TaHHYIO 3asBKY IIOCPEACTBOM CCBIIKH.

Tewm HE MeHee, STH TpaIUIMOHHbBIE TIOAXOIB! K YCHJICHHIO IBIKCHHS HOCHUTEINICH 3aps/ia depe3 COTHEYHBIH
anemeHT 100 TpeOyroT MoauQUKAIIMH OCHOBHOM KOHCTpYKIMH coytHedHoro dnementa 100. Hingorani u Fornage,
HaIpUMep, PAaCKPHIBAIOT 10ady BHEIIHETO 3JCKTPHUIECKOTO ITOJS Ha COJHEYHBIH 3JEMEHT C MCIIOJIB30BAHUEM
BUJIOM3MCHCHHOW KOHCTPYKIUH COJTHEUHBIX JIEeMEHTOB. [loaya BHEIIHETO AIEKTPUUECKOTO MO TpeOyeT Ha-
NPSOHKCHUS, TI0JaBaeMOr0 MEXIy JIEKTPOJaMHU, HABOMS JJICKTPHUYCCKOE MoJie (OmHucaHo Oosee moApoOHO HIMKE
CO CCBUIKOH Ha ypaBHEHHUeE 2). be3 n3MeHeHHss OCHOBHOM KOHCTPYKIIMU COJTHEYHOTO ieMeHTa 100 mongavya Ha-
NpsDKEHHUS K cyniecTByromuM aiektpogam 101a, 101b comneunoro anmementa 100 3akopaunBaeT momaBaeMoe
HanpsKEHUE uepe3 BHELIHIO Harpysky 30. Bripaxkascs no-apyromy, nogada HampspkeHHs K aaekTponam 101a,
101b comneynoro anementa 100 sBistercss HeAPPEKTUBHOM I CO3AHUSI BHELTHETO JICKTPHYECKOTO OIS H
YBEJIMUEHUS IBIKCHUS HOCcUTeNeH 3apsna. COOTBETCTBEHHO TPaIWIMOHHBIC TOJXO/bI, TAKHE, KOTOPHIE PAaCKpPbI-
ThI B Hingoriani u Fornage, 06s3aTelbHO MOIU(UIIUPYIOT OCHOBHYIO KOHCTPYKITHIO COTHEUHOTO 35eMenTa 100,
HaIpUMep, MyTeM BCTABKH BHEIIHETO (M AJIEKTPUICCKH M30JMPOBAHHOTO) KOMIUIEKTA AJIEKTPOIOB B OCHOBAHUE
cosrHewHOoTO AteMeHTa 100. ECcTh HECKOIbKO HEIOCTATKOB y ATOTO MOAXO0/A.

Hampumep, BHENTHUE DIEKTPOIBI TOJDKHBI OBITH pa3MelieHbl Ha comHeuHOM deMenTte 100 Bo Bpems mpo-
1ecca M3TOTOBJICHHUS, NMPAKTHYECKH HEBO3MOXKHO MOIM(DHUIMPOBATH BHEIIHHE 3JIEKTPOIBI Ha CYMIECTBYIOIIEM
COJTHEYHOM 3JICMEHTE WJIH MaHETU. JTa MOAU(HUKALUS MPOLEcca N3TOTOBICHHS 3HAYUTEIHEHO YBEIUUUBACT 3a-
TpaTbl HAa MPOU3BOACTBO U YMEHBIIAET MPOU3BOJCTBEHHBIN BbIX0J. KpoMe Toro, pasmeleHne BHEIIHUX JJICK-
TPOJIOB, PACTIONIOKEHHBIX Ha JINLIEBON CTOPOHE WM CTOPOHE, HA KOTOPYIO MaJaroT JIy4YH, COJTHEUHOTO dJIEeMEHTa
100 cHMXaeT ONTHYECKYIO DHEPIHI0, KOTOpas AOCTUIaeT COJMHEUHOro siemeHTa 100, TeM camMbiM MPHUBOAS K
0oJiee HU3KOW BBIXOTHOH MOIIHOCTH.

B kadecTBe MOMONHUTEIBHOTO HEAOCTATKA, YTOOBI MPUBECTH K 3HAYUTEIHHBIM YIYYIICHUSIM B BBIXOJIHOM
MOIITHOCTH COJTHeUHOTo 3ieMeHTa 100, Ha BHEITHHE JEKTPOBI cOTHeUHOTO 3eMeHTa 100 m1omKHBI OBITH MMoIa-
HBI 3HAYNTENbHBIC HanpsokeHns. Hanpumep, B Fornage packpsiBaeTcst, 9T0 K BHEIIHAM 3JEKTPOAaM Ui TOAa-
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BaeMOr0 JICKTPUICCKOTO IOJIS TOJKHBEI OBITH MOAaHBI HanpspkeHus mopsiaka 1000 B, utoOsr ObITh 3 dekTus-
HBIMH ¥ YBEJIMYHUTH BBIXOJHYI MOIIHOCTH COJHEYHOTO 3nemeHTa 100. BenmnunHa 3TOT0 HampspkeHHs TpeOyeT
CHENHATEHON MOATOTOBKHU ISl OOCITY)KMBaHUS, a TakXKe JOMOJHUTEIHHOTO BEICOKOBOIBTHOTO OOOPYIOBAaHUS U
TIPOBOJKH, KOTOPHIX B HACTOSIIIEE BPeMsI HE CYIIECTBYET B CYIIECTBYIOIINX WJIM HOBBIX CHCTEMax MaHeJeH coul-
HEUYHBIX JJIEMEHTOB. B KauecTBe mpuMepa M30IIALINOHHBINA CJIOH MEXITy BHEITHUMH JICKTPOJIaMHU U COTHEYHBIM
anemerToM 100 momkeH OBITh TOCTATOYHBIM, YTOOBI BBIIEPkKATh BBHICOKOE T0JIlaBaeMOe HalpshkeHue. B cirydae
BBIXOJ]a U3 CTPOS M30JIAIMOHHOTO CIIOS CYIIECTBYET 3HAYUTEIHHBIN PUCK TOBPEKACHUS HE TOJIBKO COTHEYHOTO
anemenTta 100, HO 1 Bcex maHenel 10 COTHEYHBIX 2JIEMEHTOB, COSAMHEHHBIX ITOCIIEIOBATEIEHO WITH TIapajlieib-
HO OTHOCHTEJIbHO OTKa3aBIINX COJHEYHBIX AJIEMEHTOB, a Takke BHEIIHeH Harpy3ku 30 (wiu naBepTopa 31).

B kadecTBe NOMOJHUTEIBHOTO HENOCTATKA, PA3JIUYHBIC YCIOBUS OCBEUICHUS (HAIIpUMEp, U3-3a 00JIaYHO-
CTH, 3aKPBIBAIOIICH COJIHIIC, W/WIH HOPMATEHBIX KOJCOAHUIA IMTOTOIBI) MOTYT BI3BIBATH HECTAOMIBHOCTD BBIXOJI-
HOW MOITHOCTH OOBIYHBIX COJTHEYHBIX 3JICMCHTOB W MAHEJICH CONHEUHBIX 3JIeMEeHTOB. Hamnpumep, co cChUTKO# Ha
¢wur. 2, maBepTop 31, KaK MpaBUIIO, TPEOYET CTATHYCCKOTO, HE U3MEHSFOIIETOCS BXOHOTO HAMPSKEHUS M TOKA.
Kak moka3ano Ha ¢wur. 2, manenu 10 COTHEYHBIX IEMEHTOB 00CCIICUMBAIOT BXOTHBIC HANIPSIKCHUE W TOK HHBEP-
Topa 31. Tem He MeHee, H3MEHSIOIINECS BO BPEMEHH YCIOBHS OCBEIICHUS MOTYT BBI3BAaTh KOJIeOaHUE BBIXOTHOM
MOITHOCTH TaHeseH 10 COTHEeYHBIX JIEMEHTOB (HapuMep, MOpsAAKa HECKOIBKUX CEKYH] I MEHBIIIE).

Konebanne HanpspkeHHUS M TOKa, MOJaBaeMbIX HAa MHBEPTOp 31, CHIDKaeT MHBEPTOPOM 31 KadecTBO BBIXOII-
HOHM MOIIHOCTH, HAIIpUMEP, B OTHOIICHNH YaCTOTHI, HATIPSDKEHUS M COJIep)KaHMs TapMOHUK. TpaaiinoHHbIe Mepo-
TpUATHA 110 0OpPHOE C MEHSIOMNUMICS YCIOBHSAMH OCBEIICHHUS BKIIOYAIOT Pa3MEIIeHIe aKKyMYJIITOPHBIX OaTapei
W KOHZICHCATOPOB Ha BXO/e HHBEpTOpa 31 U, K COXKAIICHHIO, TOJIHFKO CBOAT K MUHIMYMY 3TH H3MEHEHHSL.

C y4eToM BHINICU3I0KEHHOTO CYIIECTBYET MOTPEOHOCTh B YCOBEPIICHCTBOBAHHOW CHCTEME COJTHECYHBIX
JJIEMEHTOB U CHOCO0E MOBBIMICHUS KOA(PPHUIIMEHTA MOJIE3HOTO NCHCTBHS M BBEIXOJHOW MOIIHOCTH, HATIPUMED, C
TIOMOIIBI0 YBEIMYCHHUS TTOJABIKHOCTH DIICKTPOHHO-IBIPOYHBIX Tap C IEIBI0 MPEOJOJICHUS BBIMICYTOMSIHYTHIX
3aTPYAHCHUH W HETOCTATKOB TPATUIIMOHHBIX CHCTEM COJIHEYHBIX 3JICMEHTOB.

CymHocTtb n300pereHns

Hacrosmee m300peTenne OTHOCHTCA K CHCTEMaM ONTHMHU3AIH BBIXOJHONH MOIMHOCTH (DOTOIIEKTpHUE-
CKOTO ycTpoiicTBa. B COOTBETCTBHH C TEPBBIM AaCHEKTOM, PACKPBITBIM B JaHHOW 3asBKE, M3JIOKEH CHOCo0
yHIpaBleHUsT POTOIIEKTPUISCKUM YCTPOHCTBOM, TIPH OTOM CITIOCOO BKITIOYAET B ce0s

IoJ1ady TIEpBOH COCTABIIIONICH CUTHaJIa HANIPsDKEHUS Ha (POTORIEKTPHUIECKOE YCTPOICTBO, TIPH 3TOM Tep-
Basi COCTABIISIONIAS MPEACTABISIET BKIIOUEHHOE COCTOSHIE IS TeHEPHUPOBAHIS BHEIITHETO SJICKTPHIECKOTO OIS
Ha (POTOAIEKTPUIECKOM YCTPOIICTBE; 1

I0JIa49y BTOPOM COCTAaBJISIONICH CHTHANIAa HANPsHKEHUS Ha (POTOIICKTPHUUCCKOE YCTPOUCTBO, MPH 3TOM BTO-
pasi COCTABIISIONIAS TIPESACTABIISACT IIUKIT OTKITFOUCHHS.

B HEKOTOPBIX BapHaHTaX OCYIIECTBICHUS PACKPBITOTO CITOCO0A IMoIava MEPBOM COCTABIISIONICH BKIIIOYACT
B ce0sl MMo1a4y BBICOKOTO HATPSIKCHUS M3MCHSIONUMCS BO BPEMCHU UMITYJIBCOM HAIMPSDKEHHUSI OT CXEMBI YCT-
po¥icTBa ISl TCHEPUPOBAHHUS UMITYJIECOB HATIPSKCHHUS, a IT0/Ia4a BTOPOU COCTABIIAIONICH BKIFOYACT OTKIFOUCHUC
CXEMBI YCTPOICTBA JJIsi TCHEPUPOBAHUS UMITYJIECOB HATIPSKCHUS.

B HEKOTOPHIX BapHaHTaX OCYIIECTBICHUS PACKPBITOTO CIIOCO0a Mmo1ava IMepBOi COCTABIISIONICH BKIIIOYACT
B ce0s COeTMHEHNE MCTOYHUKA HAINPSDKEHUS B (POTORIEKTPUIECKOTO YCTPOMCTBA B MEPBOM IIOJIOKEHHUH IIepe-
KITFOUATEJIs, PACIIOJIOKEHHOTO MEXIYy WCTOYHHKOM HANPSDKEHHS M (DOTODIEKTPUIECKUM YCTPOMCTBOM, W HpHU
STOM yKa3aHHas I0j1ada BTOPOW COCTABIIAIONICH BKIIFOYAET B ceOS pa3beIMHEHHE HWCTOYHHWKA HANPSDKEHUS H
(hOTORNIEKTPHUIECKOTO YCTPOMCTBA BO BTOPOM MOJOKEHHUH NepeKiIouaTesisi. B HEKOTOPHIX BapHaHTaX OCYIIECTB-
JICHHUSI PACKPBITOTO crocoba crmoco0 MOMONHUTEIBHO BKIIFOYACT B CeOsT OTCIIC)KUBAHUE BBIXOHOTO HATIPSIKCHHUS
(hOTORIEKTPUIECKOTO YCTPOICTBA C TIOMOIIBIO JaTYMKa HATPSIKCHUS, MOIKIFOUCHHOTO MapauieIbHO K (OTO-
JIEKTPUYECKOMY YCTPOWCTBY, W OTCICIKUBAHKE BEIXOTHOT'O TOKAa (POTOANEKTPHUCCKOTO YCTPOUCTBA C MTOMOIIBIO
JATYUKa TOKA, MOAKIIFOYCHHOTO TIOCICOBATEIIEHO MEKAY (POTORICKTPUICCKUM YCTPOWCTBOM M HArpy3KOH, TTH-
TaeMOH (POTOINEKTPUUECKUM YCTPOHUCTBOM.

B HEKOTOPHIX BapHaHTaX OCYMICCTBICHUS PACKPHITOTO CIIOCO0A CIIOCO0 JAOTOIHHUTEIIFHO BKIFOUACT B ceOs
PEeryIupOBaHNE C TIOMOIIBIO CXEMBI YIIPABICHHS, TOAKIIOYCHHON K HCTOYHHUKY HANPSOKEHUS, 10 MEHBIIEH Mepe
OJTHOTO W3 CIEAYIOMIETO: BEIMYMHBI, UINTEIFHOCTH M YacTOTHI IEPBOW COCTABIIIOMICH UII MaKCHMAalbHOTO
YBEJIMYCHUS BBIXOTHOW MOIITHOCTH HAa OCHOBAaHUH YKa3aHHOTO OTCIIC)KUBAHUSL.

B cooTBeTcTBHE C IpYyrUM acleKTOM, PAaCKpPHITHIM B JaHHOH 3asBKe, M3JI0KEH CIOCO0 ympaBieHus (hoTo-
JJICKTPHIECKUM YCTPOUCTBOM, BKITIOYAFOIIHN B CE0SI

obecrieueHre NOAKITIOUYEHISI HCTOYHUKA HATIPSDKEHUS K (POTOIIEKTPHIECKOMY YCTPOUCTBY;

MoJTa4y CHTHAJIa HAMIPSDKEHUSI, CTCHEPUPOBAHHOTO UCTOYHUKOM HAIPSKEHUS, Ha (DOTOIICKTPUIECKOE YCT-
POWCTBO, TIPX ATOM CHTHAJ HANpPSDKCHHS MMEET IEePBOC COCTOSHUC TSI TCHEPUPOBAHUS BHEIHETO 3JICKTpUYC-
CKOTO TOJIsl Ha (POTOITCKTPUICCKOM YCTPONCTBE U BTOPOE COCTOSIHUE, MPEICTABIISIONICE KT OTKITFOYCHUS.

B HEKOTOpHIX BapuaHTaX OCYIICCTBICHHUS PACKPHITOTO CIOCO0a OOCCIICYCHHUE WMCTOYHWKA HATPSIKCHHUS
BKITIOYAET B ce0sI 0OecneueHne o MEHbBIICH Mepe OJTHOTO U3 CICIYFOIICTO:

CXEMBI yCTPOMCTBA JJIsI TCHEPHPOBAHUS MMITYJIbCOB HAMPSDKCHUS JUIS IMOAKIIOYCHHS K (POTOIIEKTpHUC-
CKOMY YCTPOHCTBY [UI 00€CIICUeHHUs] N3MEHSIOIIEr0Csl BO BPEMEHH MMITYIIbCa HAPSDKEHUS Ha (DOTORIICKTpHUIE-
CKOM yCTpPOICTBE, IPH 3TOM H3MEHSIOMHNIACSI BO BPEMEHH MMITYJIEC HANPSDKEHUS MPelyCMaTpUBAeT MepBOE CO-
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CTOSIHUE U BTOPOE COCTOSHHUE;

MEPEKITIOYATEIIS ISl TIOJKITFOYCHHUST MEKIY MCTOYHHUKOM HAIMPSDKEHUSI M (HOTORICKTPUICCKUM YCTPOWCT-
BOM, IIPH 3TOM HEPEKITI0YaTeNh COSANHACT HCTOYHHUK HAMIPSDKEHHS U (DOTORIIEKTPUIECKOE YCTPOWCTBO B IIEPBOM
MIOJIOXKCHUH UISl TCHEPUPOBAHMUS TIEPBOTO COCTOSIHUS M pa3beINHACT HCTOYHHK HAMPSHKEHUS U (DOTOIICKTpUIE-
CKO€ YCTPOHCTBO BO BTOPOM TOJI0KEHUH [T TEHEPUPOBAHUS BTOPOTO COCTOSHHS.

B HEKOTOPHIX BapHaHTaX OCYIIECTBICHUS PACKPBITOIO CIloco0a Mmogada CUTHANA HANPSDHKEHUS BKITFOYAET B
ce0s pUKIIaAbIBAHNE BBIXOIHOTO HAINPSDKEHHSI HCTOYHHWKA BBICOKOTO HAIPSDKEHHS CXEMBI YCTPOWCTBA IS Te-
HEpUPOBaHMA MMITYJIFCOB HANPSHKCHUSA K (POTOIIEKTPHUUECKOMY yCTPOMCTBY, KOT/Ia MEPEKITIOYAIONTINA TPaH3 -
CTOp CXEMBbl YCTPOMCTBA AJIs1 TEHEPUPOBAHUS UMITYJIbCOB HANPSDKEHUSI HAXOAUTCS BO BKJIIOUEHHOM COCTOSIHUM,
JUTsI TEHEPUPOBAHUS MIEPBOIO COCTOSIHUS ¥ IPOAOKEHHE YKa3aHHOTO MPHUKIAIbIBAHUS BHIXOAHOTO HAIPSHKEHUS
WCTOYHUKA BBICOKOTO HAIpPSKEHUsI 0 TeX TOp, MOKa TreHepaTop UMIYJILCOB CXEMbl YCTPOMCTBA JUIsl TeHEpUpPO-
BaHUsl MMITYJIbCOB HAIPSHKEHHS HE MEpeBeleT MEepeKIoYaloUil TPaH3UCTOP B BBIKIIOUEHHOE COCTOSHUE, IS
TEeHEPUPOBAHUS BTOPOTO COCTOSHMUSL.

B HexoTOpBIX BapnaHTaxX OCYIIECTBIECHHS PacKphITOro crocoba crocol AOMOIHUTENEHO BKIIIOUAET B ce0s
obecrieueHre TOAKITIOUYEHHS CXEMBI YIIPaBJICHHUS TI0 MEHBIICH Mepe K OJHOMY M3 CISAYIOIIEro: NepeKIIouaTelTio
U CXeM€ yCTPOMCTBa ISl TEHEPUPOBAHUS UMITYJIbCOB HATIPSIKCHHUS.

B HEKOTOPBIX BapHaHTaX OCYIIECTBICHUS PACKPBITOTO CIIOCO0a CIIOCO0 AOTOIHHUTEFHO BKIIOYACT B ceOs
obecrieueHne TMOAKIIOYCHNS aTINKa HANPSDKEHIS apajuieIbHO (POTOIIEKTPHUECKOMY YCTPOUCTBY ISl OTCIIE-
JKUBAHMS BBIXOTHOTO HANPSHKEHUS (POTOIIEKTPHUUECKOTO YCTPOWCTBA W MOAKIIOUYEHHUS JaTYMKa TOKa IOCIIEI0-
BaTENIFHO MEXIY (POTOIIEKTPUICCKUM YCTPOWCTBOM W HArpy3KOH (DOTORIEKTPUIECKOTO YCTPOWCTBA LIS OT-
CJIC)KMBAHUS BBIXOJHOTO TOKA (POTODIIEKTPHIECKOTO YCTPOHCTBA.

B HexoTOpBIX BapnaHTaxX OCYIIECTBIECHHS PacKphITOro crocoba crocol JOMOIHUTENEHO BKIIIOUAET B ces
OTCJIC)KMBAHKUE BBIXOAHOTO HAMNPSIKEHUS U BBIXOAHOTO TOKA U PEryJIUPOBAHUE C TOMOUILIO CXEMBI YIPABICHUS
BEJIMYMHBI NIEPBOTO COCTOSIHUS JUISI MAKCUMAJIBHOTO YBEJIMUYEHHUS! BHIXOJHON MOIIHOCTH Ha OCHOBE YKa3aHHOTO
OTCIIC)KUBAHHUS.

B HEKOTOPHIX BapHaHTaX OCYIIECTBICHUS PACKPBITOIO CIloco0a Mmoada CUTHANA HAIPSDHKEHUS BKIIIOYAET B
ce0s TeHepUpPOBAHNE BHEIIHETO JIEKTPHUYECKOTO IOJIS 10 MEHBIICH Mepe ¢ OJHUM U3 IEPBOTO HAIPABICHUS
WIIM BTOPOTO HATpaBICHUS, IPHA 3TOM IIEpBOE HANPaBJICHHUE M MOJIPHOCTh BHYTPEHHUX AIEKTPOAOB (PoTORIIEK-
TPUYECKOTO YCTPOWCTBA HAXOMATCS B OJMHAKOBOM HAIIPABICHHUH ISl YBEITMUEHUS BBIXOJHOH MOITHOCTH (hOTO-
3JIEKTPHYECKOTO YCTPOWCTBA, a BTOPOE HAIIPABIICHUE HAXOAWTCS B HAIIPABICHUH, IPOTHBOIIOIOKHOM IOJISPHO-
CTH BHYTPEHHHUX JJIEKTPOAOB, ISl YMEHBIIICHUS BRIXOIHON MOIITHOCTH.

B HEKOTOpHIX BapuaHTaX OCYIICCTBICHHS PACKPHITOTO CIOCO0a OOCCIICYCHUE WMCTOYHWKA HATPSIKCHHUS
BKJIIOYaeT B cebs olecrieyeHre MOJKIIOYeHUs] HICTOYHNKA HAIpsHKSHUsI TI0 MEHBIIEH Mepe K OJHOMY U3 clie-
JIYIOIIETO: COTHEYHOMY DJIEMEHTY, MaTPUILE COJIHEUHBIX JIEMEHTOB, MAHEIHU COJTHEUHBIX 3JIEMEHTOB U MaTpPHIIE
MaHeJiel COTHEYHBIX HJIEMEHTOB.

B cooTBeTCcTBHU ¢ APYTUM acIEeKTOM, PACKPBITBIM B TAHHOM OITMCAHWH, M3JI0KEH CIOCO0 yrpaBieHus (o-
TO3JICKTPUUCCKUM YCTPOUCTBOM, BKITFOUAIOIIHI B ce0s

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

[oJlady CHUTHAJIa HATPSDKCHUS, CTEHEPUPOBAHHOTO yCTPOHCTBOM AJISl TEHEPUPOBAHUS MMITYJIGCOB Hampsi-
JKEHHS, Ha (POTODIIEKTPUIECKOE YCTPOUCTBO, TIPH 3TOM

CUTHAJ HAIPsDKCHHUS MMEET NEepBOE COCTOSHHE ISl TEHEPUPOBAHMS BHEIITHETO 3JICKTPHUYECKOTO MO Ha
(hOTOINIEKTPHUUECKOM YCTPOMCTBE U BTOPOE COCTOSIHHE, NTPECTABIISIONIEE LIHKII OTKIIIOYEHHS.

B HEKOTOPBIX BapHaHTaX OCYIIECTBICHUS PACKPBITOIO CITOCO0a Mojada CUTHAIA HANIPSDHKCHUS BKITFOYACT B
ce0s1 mojavy peryJiMpyeMoro HanpspKeHHsT Ha (POTORIIEKTPHUYECKOE YCTPONUCTBO.

B HexkoTopbIX BapHaHTax OCYIIECTBIICHHS PacKpBITOroO crocoda crocod NOTOJHHUTENEHO BKIIIOYAET B CeOs
o0ecricueHre MOKITIOYCHUS OJHOW WM HECKOJIBKUX ITOCIICIOBATEIBHO ITOAKITIOUCHHBIX KaTYIICK HHIYKTUBHOCTU
MEKIY YCTPOHCTBOM JJIsl TCHEPUPOBAHUS UMITYJIECOB HAMPSHKCHUS M HATPY3KOH (POTOIIEKTPHIECKOTO YCTPOWCTBA
JUTs OJIOKMPOBKH YacTOT CHTHAJIA HATIPSDKEHIS U1l HAarpy3KH, KOTOpBIE OOJbIIe, YeM 3alaHHas 9acToTa.

B HEKOTOPHIX BapHaHTaX OCYIIECTBICHUS PACKPBITOTO CIIOCO0a CIIOCO0 AOTOIHHUTEIFHO BKIIOYACT B ceOs
yIpaBJIeHUE TI0 MEHBIIEH Mepe OAHUM U3 CIEAYIOIIETO: YaCTOTOM M [UTHTEIEHOCTHIO MIEPBOTO COCTOSHUS H BTO-
POTO COCTOSIHHSI, C TOMOIIBIO CXEMBI YIPABJICHHUS, MTOIKIIOYEHHON K YCTPOUCTBY AJISl TCHEPHPOBAHUS HUMITYJIh-
COB HATPSKEHUS.

B cooTBeTcTBHE C IpYTHM acleKTOM, PAaCKpPHITHIM B TaHHOH 3asBKe, U3JI0KEH CIOCO0 ympaBieHus (GoTo-
JNEKTPUYECKUM YCTPOUCTBOM, BKIIFOUAIOIINHN B ce0s

obecrieueHne MOIKIIOYEHNUS IEPBOTO OPTa MEPEKIIIoYaTeNs K (POTOIEKTPUIECKOMY YCTPOHCTBY;

obecrieueHne MOAKIIOYEHUSI BTOPOTO MOpTa MEPEKIodarTelisi K Harpy3ke, MMTaeMoi (OTOIEKTPUIECKUM
YCTPOUCTBOM;

oOecrieucHre TOAKITIOYCHHS TPETHETO TOPTa MEePEeKIoYaTesss K UCTOUHUKY HANpsDKCHUs, PUYeM Tepe-
KIIFOYATENIhb MOXKET pab0OTaTh B MEPBOM IOJOXKCHUU C YCTAHOBJICHHUEM ITYTH TOKa MEKIY (HOTOIICKTPUUCCKAM
YCTPOHCTBOM M MCTOYHHKOM HANPSDKCHUS W BO BTOPOM TIOJIOKEHUH C YCTAHOBJICHUEM ITyTH TOKa MEXAY (oTo-
3JIEKTPUYECKUM YCTPONCTBOM U HArpy3Koii;

-4



038040

MoJIa4y CHTHAJIa HAMIPSDKEHUSI, CTCHEPUPOBAHHOTO UCTOYHUKOM HAIPSKEHUS, Ha (DOTOICKTPUIECKOE YCT-
POWCTBO, KOT/Ia IEPEKITFOYATEIh HAXOJUTCS B TICPBOM IMOJIOKCHHUH,

IIPU 3TOM CHTHAJ HANpPsDKEHUS MUMEET MEePBOE COCTOSIHUE JUISI TEHEPUPOBAHUS BHEIIHETO JICKTPHIECKOTO
MoJIst Ha (POTODIIEKTPUIECKOM YCTPOUCTBE, KOTa MEePEKIoYaTe]h HaXOAUTCS B TIEPBOM MOJO0XKEHHUH, H BTOPOE
COCTOSIHME JUIS TIPEIOCTABICHUS JIEKTPHUECKON M30JLIIUY MEXITYy NCTOYHUKOM HANpSHKCHUS U Harpy3KOH, KO-
T/1a IepeKITI0YaTeNh HAXOAUTCS BO BTOPOM TIOJO0KEHUH.

B HeKOTOpPHIX BapHaHTaX OCYIIECTBICHHUS PACKPHITOTO crtocoba obecriedeHne MoIKII0UeHHs IIEPBOTro Mop-
Ta IEepeKITIoYaTeNsl BKIOYaeT B ceds obecrieueHne MOAKIIOYCHUS IEPBOTO MOPTa ABYXIIO3UIIHOHHOTO MEepeKIIIo-
yaTessl K (POTOAICKTPHIECKOMY YCTPOHCTBY.

B HEKOTOPHIX BapHaHTaX OCYMIECTBICHUS PACKPHITOTO CIIOCO0a CIIOCO0 JAOTOTHHUTEIIFHO BKIFOUACT B CeOs
VIpaBJICHUE MO0 MEHBIICH Mepe OTHUM U3 CICAYIOIICTO: YaCTOTOH M JIUTEIBHOCTHIO MEPEKIFOUCHUS MEXKIY
TICPBBIM TIOJIO)KEHUEM M BTOPBIM IMOJIOKCHHUEM C MTOMOIIBI0 KOHTPOJUIEPA MEePEKIIoYaTeNs], TOAKIIOYCHHOTO K
JIBYXTIO3UITHOHHOMY TIEPEKITIOYATEITIO.

B HEKOTOPHIX BapHaHTaX OCYIIECTBICHUS PACKPHITOTO CIIOCO0A CIIOCO0 JAOTOIHHUTEIIFHO BKIFOUACT B ceOs
obecriedeHne MOAKIIOUEHUST yCTPOMCTBA YMEHBIIICHHUS JTFOOBIX OCIa0ICHUH HANIPSDKSHUS TIEPBOH COCTABIISIONIEH
MEXTy HArpy3KOH U (POTOIIEKTPUIECKUM YCTPOUCTBOM.

B HEKOTOPHIX BapHaHTaX OCYIIECTBICHUS PACKPBITOrO CIIocoba Mmogada CUTHANA HAIPSDHKEHUS BKITFOYAET B
cebs ozavy peryarnpyeMoro HanpsHKeHUS Ha (POTOIIEKTPUIECKOE YCTPOHCTRO.

B HEKOTOPHIX BapHaHTaX OCYIIECTBICHUS PACKPBITOTO CIIOCO0a CIIOCO0 AOTOIHHUTEIFHO BKIIOYACT B ceOs
yIOpaBJIeHHE 10 MEHBIEH Mepe OJHUM M3 CIETYIONIEr0: YacTOTOH, BEITMIMHON U AIUTEIHHOCTHIO IIEPBOTO CO-
CTOSIHUSL ¥ BTOPOTO COCTOSHHSI C ITOMOIIBIO CXEMBI YIIPABJICHUS, TOAKIIOYCHHON K MCTOYHUKY HANPSHKCHUS U
MEPEKITFOYATEI0, HA OCHOBE BBIXOJTHOTO TOKa (DOTOIICKTPUIECKOTO YCTPOHCTBA, H3MEPEHHOTO TATYMKOM TOKA,
MOJIKJTFOUCHHBIM TIOCIIEOBATEIIEHO MEXIY (POTOIIEKTPHUSCKUM YCTPOWCTBOM M HATPY3KOW, M BBIXOJHOTO Ha-
OPSHKCHUS (POTORIEKTPUICCKOTO YCTPOHCTBA, M3MEPEHHOTO NATYUKOM HAIMPSDKCHUS, MOJKIIOYCHHBIM Mapa-
JIETBHO K (POTOIICKTPUICCKOMY YCTPOHCTBY.

Kpartkoe onucanue rpagpuyeckux MaTepuajioB

Ha ¢ur. 1 nmpuBeneH npuMepHBIN BUI B TIONIEPEIYHOM pa3pe3e BEPXHETO YPOBHS, MILTIOCTPUPYIOIIHHA BapH-
AHT OCYILECTBIICHHS COTHEYHOTO 3JIEMEHTA H3BECTHOTO YPOBHS TEXHUKH.

Ha ¢ur. 2 npuBeneHa nmpuMepHas CTPYKTypHas cCXeMa BEPXHETO YPOBHS, MILTFOCTPHPYIONIAs OAWH BapHaHT
OCYILIECTBIICHHUS MaTPHUIIBI TIAHETIEH COTHEYHBIX 3JIEMEHTOB M3BECTHOT'O YPOBHS TEXHHKH, UCIIONB3YIOMIHNA COJ-
HEYHBIE 3JIEMCHTHI, TIOKa3aHHBIE Ha ¢ur. 1.

Ha ¢wur. 3 npuBeneHa mpuMepHas CTPYKTypHas cXeMa BEPXHErO YPOBHS, WIUTFOCTPHPYIOIIAs BapUaHT
OCYILICCTBIICHUS CUCTEMBI YIIPABJICHUS COTHCUHBIMHU 3JICMECHTAMH.

Ha ¢ur. 4 mpuBeneHa mpuMepHash CTPYKTYpHas CXeMa, WUTIOCTPUPYIOINAs albTCPHATUBHBIA BapUaHT
OCYILICCTBIICHUS CUCTEMBI YIIPABJICHUS COJIHCUHBIMU JICMECHTAMH, TIOKa3aHHOW Ha (uT. 3, B KOTOPOM MaTpHIia
MAHEeJICH COTHEYHBIX JIEMCHTOB MOAKIIIOYCHA K UICTOYHUKY HAIPSKCHUS Yepe3 MepeKITFovaTeb.

Ha ¢ur. SA-D npuBeneHsl npuMepHbie ((OPMBI CHTHAJIOB Ha BXOJAX W BBIXOJAX TEPCKITF0YATENS, HCIIOIb-
3yeMOro ¢ MaTpHUIlel NMaHeJe COTHEYHBIX 3JIEMEHTOB, TIOKa3aHHOW Ha (UT. 4, WLTIOCTPHUPYIOIINE TOAaBaeMOe
HaNpsDKEHUE B 3aBHCHMOCTH OT BPEMCHHU.

Ha ¢wur. 6 npuBenena npuMepHas CTpYKTypHAs CXeMa, HILTIOCTPHUPYIOIast ele OAWH albTepHATUBHEIN Ba-
PHAHT OCYIIECTBICHHS CHCTEMBI YIIPABICHHUS COMHEYHBIMH 3JIEMEHTAMH, ITOKa3aHHOW Ha ¢(ur. 3, B KOTOPOM
MaTpHIla TaHeJIeH CONHEYHBIX 3JIEMEHTOB MOIKIIOYEHAa K CXEMe YCTPOMCTBA AJIs T€HEPHPOBAHUS HMITYIHCOB
HATPSKCHUS.

Ha ¢wur. 7 mpuBenena npumepHast popMa CHrHaja, HCIOIB3YEMOTO ¢ MaTPUIICH MaHeIeH COMHEYHBIX JIic-
MEHTOB, IIPUBEJICHHOI Ha (UT. 6, HIUTIOCTPUPYIOIIAs TIOAaBaEMOC HATIPSKCHUE B 3aBHCUMOCTH OT BPEMCHHU.

Ha ¢wur. 8 npuBenena npumepHasi CTpYKTypHas cXeMa, WLTFOCTPUPYIOIasl OJUH BapUAHT OCYIICCTBICHHUS
CXEMBI YCTPOICTBA ISl TEHEPUPOBAHUS UMITYJIECOB HATIPSKCHUS, IIOKA3aHHOH Ha (ur. 6.

Ha ¢ur. 9A npuBencHa mpuMepHasi CTPYKTYpHas CXeMa, WDTIOCTPHPYIOIIas adbTePHATUBHBINA BapUaHT
OCYILIECTBIICHHUS CHCTEMBI YIPABJICHUS COHEYHBIMH JJIEMEHTAaMH, ITOKa3aHHOH Ha ¢ur. 4, B KOTOPOM CHCTEMaA
YIPaBICHUS COTHETHBIMHU 3JIEMEHTAMH COJICPKHUT CXEMY YIIPaBICHUS.

Ha ¢ur. 9B npuBenena npuMepHas OJOK-CXeMa, WIDTIOCTPHPYIONIAsl JHAarpaMMy COCTOSHHUHA JJISI CXEMBI
yIpaBlieHUs, TIOKa3aHHOW Ha ¢ur. 9A.

Ha ¢wur. 10A nmpuBeneHa mpuMepHas CTPYKTYpHas CXeMa, WITIOCTPUPYIOMAs albTepPHATHBHBIN BapHaHT
OCYILECTBIICHHUSI CHCTEMBI YIPABICHUS COJHEYHBIMH JJIEMEHTAaMH, ITOKa3aHHON Ha (Qur. 6, B KOTOPOM CHCTEMa
YIPaBJICHUS COJTHEYHBIMHU DJICMCHTAMH COJICPIKUT CXEMY YIIPABICHUS.

Ha ¢wur. 10B npuBenena npumepHasi 0JIOK-CXeMa, WLTFOCTPUPYIONIAS JUATPAMMY COCTOSHHMA JUIS CXEMBI
yIpaBJIeHUs, OKa3aHHOW Ha ¢ur. 10A.

Ha ¢wur. 11A-C npuseneHs! npuMepHbie (JOPMBI CUTHAIOB, WUTFOCTPUPYIOIINE BapHAHT OCYIIECTBICHHS
3aBHCHUMOCTH YJIYUYIICHHOTO BBIXOJHOTO TOKa (POTOIICKTPUUCCKOTO YCTPOMCTBA, MOKa3aHHOrO Ha ¢ur. 3, ot
MOJJABAEMOTO HATIPSIKCHHUS, YACTOTHI CIICAOBAHIS UMITYJIBCOB ¥ JUTUTSIFHOCTH UMITYJIbCA.

CrieyeT OTMETUTH, 9TO (UTYpPHI M300pakeHbl He B MaciTabe M 94TO JEMEHTHI MOJO00HBIX KOHCTPYKITAH
wr (GYHKOWH, KaK IpaBmiio, 0003HAYCHBI OAMHAKOBBIMU CCHUIOYHBIMH TO3UIMSIMA C IETHI0 MIUTIOCTPAIlMH Ha

-5-



038040

Bcex (urypax. CreayeT Takke OTMETHTh, YTO (UTYpHI MPEIHA3HAYCHBI TOJIBKO IS OOJIETYeHHS OMUCAHUS
MPEIIOYTUTECITFHBIX BapUAHTOB OCYIIECTBICHUS. JlaHHBIE (PUTYpBI HE OTPa)KarOT KaXKIBIA aCHEKT OMHMCAHHBIX
BapHaHTOB OCYIIECTBICHII U HE OTPAaHUYNBAIOT 00BEM HACTOAIICTO N300pETEHMS.

IoapoGHoe onucaHue MPeANOYTUTEIHLHBIX BAPMAHTOB OCYIIeCTBIEHUS

[TockonpKy MMeronIiecs B HACTOSIIEe BPEMsI CHCTEMBI COJHEYHBIX AJIEMEHTOB HE MOTYT MaKCHMAlIbHO
YBEJIMYHUTH BBIXOAHYIO MOIIHOCTH (POTOIIEKTPHUECKOTO HIIEMEHTA, CHCTEMa COJHEYHBIX IJIEMEHTOB, KOTOPAs
YBEJIMYUBACT MOBMYKHOCTD 3JIEKTPOHHO-IBIPOYHBIX AP M YMEHBIAET TOK MPH PeKOMOMHALINN B TIOJIYIPOBO-
HHUKOBOM MaTepHalie, MOXKET OKa3aThCs BOCTPeOOBAaHHON M 00ECTIEYNTh OCHOBY AJISI ITMPOKOTO THAra3oHa CHC-
TEM COJIHEYHBIX JJIEMEHTOB C TEM, YTOOBI IOBBICHTH KOA(MQHUIMCHT MOIE3HOTO NEUCTBHS U BHIXOAHYIO MOII-
HOCTh COJHEYHBIX 3JICMCHTOB, BEHITIOJIHCHHBIX B BHUJIC MAHEIU COJHEYHBIX 3JICMEHTOB. DTOT PE3YJIbTAT MOXKET
OBITh JJOCTUTHYT B COOTBETCTBUU C OJHUM BapUAHTOM OCYILCCTBIICHUS, PACKPHITHIM B JAHHOM OITUCAHHH, C TO-
Motpio cucteMbl 300 ynpaBiIeHHs COTHCYHBIMH DJIEMEHTaMU, KaK IMOKa3aHo Ha (ur. 3.

Oo6pamasce k ¢ur. 3, cuctema 300 yrpaBiIeHUS COTHCYHBIMH 3JICMEHTAMH ITOJXOINT IS HCIIOTH30BAHHUS
C IIMPOKUM JHara3oHOM (OTOIEKTPUUECKHX YCTpOHWCTB. B omHOM BapmanTe ocymectsieHust cuctema 300
YIOpaBJICHUS COTHEYHBIMH JIEMEHTAMH MOXKET OBITh IMPUTOAHA Ui WCHOJB30BAHUS C COJTHEYHBIM IIEMEHTOM
100, mokazanasiM Ha (ur. 1. Hampumep, comneuynsiii dnemMedT 100 MOXeT MpeACTaBIATh JI000€ MOAXOISIIee
MTOKOJICHHE COJTHEYHBIX IEMEHTOB, TAKMX KaK JIEMEHTHI Ha MOJIOKKE U3 KPUCTAJUIMIECKOTO KPeMHUS (TIepBoe
MOKOJICHHE), TOHKOIUIGHOYHBIE COJTHEYHBIC AJIEMEHTHI, BKJIIOYAs AIIEMEHTHI Ha OCHOBE aMOP(HOTO KPEeMHHS
(BTOpOE TOKOJICHHE), W/UIIA DJIEMEHTHI TpeThero mokosieHus. Cuctema 300 ympaBiieHUsT COJIHEYHBIMHU DJIEMEH-
TaM{ TIPEUMYIIECTBEHHO MOJKET OBITh HCIIOJBh30BaHA C JIIOOBIM IOKOJICHHEM COJHEYHOTo 3yemeHnrta 100 6e3
KOHCTPYKIIMOHHBIX U3MCHECHUHN U CBS3aHHBIX C HUIMH HEJOCTATKOB. B Ipyrom BapuaHTe OCYIICCTBICHUS CHUCTE-
Ma 300 yrpaBicHHs COTHCUHBIMU JIEMEHTAMH MOKET OBITh IIPUT'OJIHA JUTS UCTIOJIB30BaHUS C HECKOJIBKAMU COJI-
HeuHbIMHU dieMeHTamMu 100, Hanpumep ¢ maHexsiMu 10 COJNHEUHBIX 3JICMEHTOB, MOKa3aHHBIMHU Ha dur. 2. Kak
OBLIO PACCMOTPEHO paHee, HECKOJIBKO COJTHEYHBIX 31eMeHTOB 100 MOTYT OBITH IMOJIKITIOYEHBI (TI0CIIEI0BATENHHO
W/WIIK TapajuIeibHO) BMecTe Tt oOpa3oBaHus maHend 10 comHeuHbIx snmeMeHToB. [Tanemn 10 conHEYHBIX ie-
MEHTOB MOTYT OBITh YCTAHOBJICHBI Ha OTIOPHOM KOHCTPYKIMH (HE TOKa3aHa) IyTeM Ha3eMHOW YCTaHOBKH, yCTa-
HOBKH Ha KpBIIIE, C TIOMOIIBIO CUCTEM CIICKEHHUS 3a COJHIIEM, HEMOABIKHBIX PEEK M TaK Jajee M MOTYT OBITh
HCIIONIb30BaHBI KaK ISl HA3EMHBIX, TaK U UII KOCMHYECKUX OOPTOBBIX YCTPOMCTB. AHAJIOTHYHBIM 00pa3oM CHC-
TeMa 300 ympaBieHHs COTHETHBIMHU JIEMEHTAMH MIPEUMYIIIECTBEHHO MOXET OBITh MCIIOIBh30BaHa C JIFOOBIM ITO-
KosieHneM TaHenu 10 COTHEUHBIX 3JIEMEHTOB 0e3 KOHCTPYKIMOHHBIX M3MEHEHWH maHeian 10 CONHEYHBIX dIie-
MEHTOB M CBSI3aHHBIX C HIMH HEIOCTAaTKOB.

Kaxk nokazano Ha ¢uwur. 3, poroanekrpuueckoe ycTpoicTBo 200 B3auMOAEHCTBYET € JIEKTPUUECKHUM T10JIEM
250. B HEKOTOPBIX BapUAHTAX OCYIICCTBICHHUS MOJAPHOCTD 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 poTosnekrpuueckom ycrporictBe 200. Hanpumep, ecnu mogaya snexkrpudeckoro nosst 250
OCYIIECTBIISIETCS] B OJAMHAKOBOM HAIIPaBJICHUH C MOJSIPHOCTHIO AekTponoB 101a, 101b B doTosnexTpryeckom
ycrpoiictBe 200, amexTpuyeckoe mosie 250 BO3IEHCTBYET Ha 3IIEKTPOHHO-IBIPOYHBIE Maphbl B (POTORIIEKTpHUUE-
ckoM ycTpoiicte 200, mpuknansBas cuny -¢ E umu h'E 37MeKkTpoHy Win JBIPKE COOTBETCTBEHHO, YCKOPAS TEM
CaMBIM MOJIBI)KHOCTB 3JIEKTPOHA U JBIPKHM B HATIPABICHUH COOTBETCTBYIOUINX 3JEKTPOJOB. B kadecTBe anprep-
HATHBBI, €CIIM TOJSPHOCTH 3JEKTpuueckoro mois 250 sBiseTcss oOpaTHOW, MOIBIKHOCTH 3JIEKTPOHHO-
JIBIPOYHBIX Map B GoTodeKTprueckoM ycTpoiictBe 200 yMEHbIIaeTCsI, YBETUIHUBAsI TEM CaMBIM TOK IPU PEKOM-
OouHamu B QorodnekTpuaeckoM ycrpoiictBe 200. CoOTBETCTBEHHO KO3(PPHUITUESHT MMOJIE3HOTO NEHCTBUS (HOTO-
AMEeKTpUUECcKOro ycrporicTBa 200 MOXKET OBITh YMEHBIIICH IO JKEIAHUI0, HATIPUMEP, TS YIIPABICHHS BBIXOTHOM
MOIIHOCTBIO poToznekTprueckoro ycrpoiicta 200. Kpome Toro, anexrpuyeckoe mose 250, nogaBaemoe Ha ¢o-
TO3JIEKTpUUecKoe ycTpoiicTBO 200, MOKET OBITh 110 KEJAHUIO CTATUYECKUM WIIM U3MEHSIOLIIMMCSI BO BpeMeHH. B
cilydae Korja aJieKTprdeckoe rojie 250 n3MeHseTcs Bo BpeMeHH, deKTprdeckoe moje 250 obnangaeT ycperHeH-
HOW 10 BPEMEHHU BEIMYHHOM, KOTOpas OTIUYHA OT HyJs. BrIpakasich MO-Apyromy, yucTas CHia, IeHCTBYIOMIAs
Ha 9JIGKTPOHBI U JBIPKH, OTIWYHA OT HYJISL A OOCCICUYCHUS TOBBINICHHOW TMOJBMKHOCTH 3JICKTPOHHO-
JIBIPOYHBIX Tap (HOTOINEKTPUUIECKOTO ycTporcTBa 200.

[TpuMeHUTENHHO K TPaAUIIMOHHOMY COTHEYHOMY 3eMeHTy 100, mpuBeneHHOMY Ha Qur. 1, Ipu OTCYTCTBUU
BHenTHel Harpy3ku 30 (mokaszana Ha ¢ur. 1) mus co3manus snekrpudeckoro nons 250 Ha snekrpoas! 101a, 101b
coHeqHoro 3eMeHTa 100 MoxeT OBITh TOZAaHO BHEIIHEE HaNpsDKeHHe. B ogHOM BapuaHTe OCYIIECTBICHUS JICK-
Tprdeckoe nose 250 (manpumep, Mexay anektpoaamu 101a, 101b) onpenensiercst ypaBHeHueM 1:

E= (Vapp—Vp)
t

B ypasnennu 1 E - anexrpuueckoe none 250, V,,, - HaIpsyKeHUe, NOJaBaeMOe U3BHE K (POTOINIEKTpHYE-
ckoMy ycTpoictBy 200, V,, - BEIXOJIHOE HampsikeHne GoTosnekTprieckoro ycrpoiicrsa 200 (nanpumep, ~30 B)
1 t - TOJIIMHA MTOJYIIPOBOJHUKOBOTO MaTepuaia B (hoTodnekTpudeckom ycrpoiictBe 200 ot anektpoaa 101a no
101b. Hanpumep, Npeanonoxkum, 4To Vay,-Vp=200 B (HOMMHAIBHO) M TONIIMHA t COCTABIIAET NPUOIM3UTENEHO
0,02 cmM, anektpudeckoe momne 250 cocrarisger npuoimsutensHo 10 kB/cM. Kak BugHO M3 ypaBHeHus 1, mpu
YMEHBIIICHUN TOJIIUHBEI t hoTOANeKTpudIeckoro ycrpoiictea 200 (Hampumep, mernee 0,01 cM) MOTyT OBITH TIOJTY-
YeHBI 0oJiee CHIIbHBIE dJIEKTpHYecKue Mmoist 250 ¢ NCTIoIb30BaHUEM TeX )K€ HIIH 0oJiee HU3KUX HAIPSHKEHHH.

(YpasHeHue 1)
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Kaxk yxe roBopmiiocs Bblle, GoTodekrpuieckoe ycrpoiicto 200, Kak IpaBmilo, MTUTAeT BHEIIHIOO Ha-
Tpy3Ky, TaKkyro kak Harpy3ka 30 conneunoro snemeHTa 100. Ccbutasich Ha ypaBHEHHUE 1, eciii mojada BHEUTHETO
HAPSKEHUS V app OCYLIECTBIIAETCS HEIIOCPEACTBEHHO HAa (POTOdINIEKTpHYECKOE YCTpoiicTBo 200, KOTOpOE NUTaeT
BHENTHIOIO Harpy3ky 30, BHENTHsS Harpy3ka 30 MOXeT cojiepKaTh aKTUBHBIE COCTaBIISIONINE, KOTOPBIE TIOTPEO-
JAI0T TOK OT HCTOYHHKA MOJABAEMOI0 HANPIKEHUS V ap,. BhIpakkasch 1mo-apyromy, nojgada BHEHIHErO HAMps-
KeHUA Vap, Ha (OTOdNEKTpHYECKOe yCTpokicTBO 200 MokeT d(PPEKTUBHO NOCTABIATL MOIIHOCTH Ha OOLIYIO
CXeMy, UTO MPECTAaBICHO YpaBHEHUEM 2:

2
\4
MOIHOCTb pyoppan = % (YpasHeHue 2)

B ypaBHenun 2 Rp - momHoe compotuBieHWe BHemrHeW Harpy3ku 30. B HEKOTOPBIX ciydasx BXOTHAs
MOIITHOCTh MOXKET OBITh 3HAYMTEIHHO OOJBINE, YeM BBIXOJHAS MOIMHOCTH (DOTOIIEKTPUUECKOTO YCTPOMCTBA
200. CootBerctBenHo cuctema 300 ympaBieHust (OTOIIEKTPUIESCKUMHU DIIEMEHTaMH BBIIIOJHEHA C BO3MOXKHO-
CTBIO MOJIaYM JeKTpruueckoro nois 250 Ha poTosnexTpryeckoe ycrpoiictBo 200 Ge3 BBeneHHs Ooubleit sHep-
UM, 4eM (QoTodnekTpudeckoe ycTpoicTBo 200 criocoOHO MPOM3BOANTH, WIIM OOJBIICH SHEPTUH, YeM ObUIO OBI
MOJYYCHO ITyTEeM TOAAa4YH JICKTPUICCKOTO MOJIs Ha (POTOIICKTpUIecKoe yeTpoiicTo 200.

Cuctema 300 ynpaBieHHUs COJHEUHBIMH 3JIEMEHTAMH MOKET I10/]aBaTh BHEIIHEE HANpPsKEHHE Vap, Ha do-
TO3NIEKTpUUecKkoe ycTpoiictBo 200 ¢ HMCIOJIB30BaHUEM JIIOOBIX TMOAXOMASIINX CPEACTB, ONMCAHHBIX B JaHHOM
OTIFICAHWH, B TOM YHCJIE C MCITOJIb30BAHUEM TIepeKITIoyaTelis 55, kak mokasano Ha ¢ur. 4. Obpammasich k ¢ur. 4,
(dhoTodnekTprdeckoe ycTporicTBO 200 MOKET MPENCTABIATH JIF000E KOINIECTBO (DOTOIICKTPHIECKUX YCTPOUCTB,
TakMX Kak cosHedHbld saeMenT 100 u/uau ma"enn 10 CONHEYHBIX DJIEMEHTOB, Kak ImokasaHo. [lanenn 10 com-
HEYHBIX 3JIEMEHTOB COCIMHCHEI C MEPEKITI0YaTeNeM 55, TAKMM KaK OTHOTIONIOCHBIH, ABYXIIO3UIIHOHHEIHN (N Ha
TPH HAIPaBJICHUS) EPEKITI0YaTeNh, KaK MMOKa3aHo. B 0lHOM BapHaHTe OCYIIECTBIICHHS TEPEKIIodaTeh 55 Tak-
JKe MOJKIIOUCH K UCTOUYHUKY 50 HampsDKCHHS M BHEINHEH Harpyske R (Hampumep, MoKa3aHHOHN B BUJIC HHBEP-
Topa 31). uBepTop 31 MoxkeT mpeoOpa3oBBIBATH TIOCTOSHHBIC HAMMPSDKEHUE U TOK B TICPEMCHHBIC HATIPSKCHUC U
TOK, KOTOpBIC, KaK MPaBMWIO, COBMECTUMBI C HANPSIKCHUEM M YaCTOTOW C TPATUIIMOHHBIMHU SJICKTPHYCCKUMHU
CeTSMH IIEPEMEHHOTO HaIpsDKeHUs. BbIXxomgHas yacToTa WHBepTopa 31 W aMIUIMTyna MEpPEeMEHHOTO TO-
Ka/HaIPsHKCHUS MOXET 3aBUCETh OT CTPAHBI, MECTOIOJIOKCHUS U MECTHBIX TPESOOBAHUIA CETH.

Hctounnk 50 HanpspKeHUST MOXKET COACPIKATh JIFOOBIC MOIXOAAIINE CPEICTBA IS O ACPIKaHUS TTOCTOSH-
HOTO HAaIPSDKEHHS, B TOM YHCJIEC HI€IbHBIC HCTOYHUKY HATIPSDKEHHS, YIpaBIsieMble ICTOYHUKH HAPSIKSHUS U
Tak fanee. TeM He MeHee, B HEKOTOPHIX BapHAHTaX OCYIIECTBICHHUS, TAKUX KaK BAPHAHT OCYIIECTBIICHIS, ITOKa-
3aHHBIA HMXKE CO CChUIKOHW Ha ¢ur. 9A, mctounuk 50 HaNMPsHKEHHS MOXKET WUMETh IMOJJAIoneecs] N3MEHEHHIO,
perynupyeMoe BBIXOAHOE HalpspDKeHHe (HampuMep, HampsDKeHWe, W3MEHsmomeecs Bo BpeMeHH). Opran 45
yIOpaBIeHUS TepeKIoyaTess (I KOHTPOJUIEp) MOAKIIOYAeTCA K MEPEKITIoYaTeNio 55, 9To0sl yIpaBiIATh JIIH-
TENBHOCTHIO COCIWHECHUS W/WIM YaCTOTOW IMEPEKITIOUEHHs, HApUMep, MEXIY MCTOYHUKOM S50 HampsKeHHS |
uHBepTopoM 31 ¢ manensio 10 comHeyHbIX 31eMeHToB. KoHTpoutep 45 nepekirouarens MOXKeT ObITh pe/iBapu-
TEJNILHO YCTAHOBJICH I paOOTHI ¢ (PMKCUPOBAHHOM JUIUTENFHOCTRIO D mepekiTroueHus U yacToTor f mepexitro-
yeHus (mokaszansl Ha ¢ur. SA-C). HanpsbkeHue, mojaBaeMoe B IIEPBOM ITOJIOKEHUH TIEpEKIIoYarTens 55, MoxXeT
OBITh (DUKCUPOBAHHBIM M 3aBUCETHh OT UCTOYHMKA S50 HampspkeHUs. B HEKOTOpPBIX BapHaHTaX OCYIIECTBICHUS
BEJIMYIHA [TOJJABACMOTO HANPSKCHUS UCTOYHUKOM 50 HaNpsDKEHUS, UTHTENEHOCT D COeTMHEHUS W/UITH 9acTo-
Ta f mepexiTroueHNsI MOTYT OBITH 3apaHee YCTAHOBJICHBI W/MIIM H3MEHATHCS B 3aBHCHMOCTH OT YCJIOBHH HAarpy3KH.

Hampumep, mepexmrodarens 55 coeaunser maneau 10 COTHEUHBIX AJIEMEHTOB ¢ HICTOYHHKOM S50 Hampsbke-
HUS B TIEPBOM IIOJIOKECHHUH (Kak MOKa3aHO CTPENKOW B mepekitodarene 55 Ha ¢wur. 4). [Ipu coequHeHnn B Tiep-
BOM TIOJIOXKCHHH UCTOYHHUK 50 HampsOKEHUs MOAaeT HampspKeHue V app Ha dyiekTpoabl 101a, 101b (mokazansl Ha
¢ur. 1) maneneit 10 COMHEUHBIX JIEMEHTOB M HABOIUT dJeKTpuueckoe moiie 250 (rmokazano Ha ¢ur. 3) Ha Kax-
Iyto maHenb 10 comHeuHBIX deMeHToB. [lociie Toro kak anexTpudeckoe moise 250 6puto chopMHUpPOBAHO HA TIa-
Henu 10 CONHEYHBIX 2JEMEHTOB, MEepeKIItouaTeNb 55 nepexiodaeTcs A coenuHeHus nanenei 10 coaHeuHbIx
2JIeMEHTOB ¢ WHBepTOpoM 31 (T.e. Harpy3koit R;) Bo BTOpoM moioxeHuu. COOTBETCTBEHHO UCTOUYHUK 50 Ha-
HPsDKEHUS MOXKEeT 00ecTieunThb dneKkTprudeckoe mosie 250 6e3 0HOBPEMEHHOT0 coeiMHeHus ¢ naneasimMu 10 cou-
HCYHBIX JJIEMCHTOB U mHBepTOpoM 31. Takum 00pa3om, CHOBa CO CCBUIKOI Ha ypaBHECHHE 2, TI0Jja4a BHEIIHETO
HANPSDKEHUS V zpp HE TO3BOJIAET Harpy3ke Ry (Hampumep, nHBepTOpY 31) MOTPEOIATH TOK HEMMOCPEACTBEHHO OT
uctoyHuka 50 HanpsHKEHUS.

[Momaua snexrprdaeckoro moust 250 Ha manenu 10 COMHEYHBIX 3JIEMEHTOB MOXET YBEJIWYIHUTH TOK M BBIXO[-
HYI0 MOIIHOCTP maHeneil 10 COTHEYHBIX 3JIEMEHTOB HA 33JaHHYIO BEIWYHWHY NPH COCIMHEHHH BIOCICIACTBHU
naHeseld 10 COTHEUHBIX DJIEMEHTOB ¢ HHBEPTOPOM 31 BO BTOPOM IOJIOKEHUH. 3a/laHHAsT BEJTMYHWHA 3aBUCUT OT
MHTEHCUBHOCTH CBETa, MaJaloniero Ha maHenu 10 COTHEYHBIX AJIEMEHTOB, HANPSDKCHUS V opp, IOJABAEMOTO HA
na"eny 10 COMHEYHBIX AIIEMEHTOB UCTOYHUKOM 50 HaIpsDKEHHs, TOMMIHUHBI TaHeneil 10 COTHEYHBIX AIeMEHTOB,
4acTOTHI f, ¢ KOTOPO# HCTOYHWK 50 HANPSHKEHUS COSTUHAETCS ¢ MaHedssMu 10 CONIHETHBIX AJIEMEHTOB, U K03(-
(unueHTa 3amoMHeHHS TIpoIecca MEPEKIIOUYCHUST MEXIy TMEPBBIM TOJO0KCHHEM W BTOPHIM MOJOXCHUEM, TPU
9TOM K03 (DUIMECHT 3alOHEHUS OTMPEACIICTCS KaK HHTEPBal BPEMEHH, Korna maHenu 10 COMHEYHBIX DIIEMCH-
TOB COEJIMHEHHBI ¢ NCTOYHMKOM 50 HampspKeHHMs, AeJIeHHbIH Ha Bpemst nepekiatoucHus 1/f (T.e. yMHOKEHHBIN Ha
yacToTy f WK JeneHHbI Ha Bech meproA curHana). ClieIyeT OTMETUTh, 9To BpeMs D UIMTENIFHOCTH TePEKITIO-
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yeHwus1, yacToTa f mepekmovyeHus U K03QQUIUCHT 3aMoTHCHHS BCE ABISIOTCS TAKUMH B3aUMOCBSI3aHHBIMH BEITU-
YUHAMU, YTO OTNPEACICHUC 3HAYCHHUN JIFOOBIX ABYX M3 BEIMYHH ITO3BOJISCT ONPEACIUTh TPEThI0 BennunHy. Ha-
TpUMep, YCTAaHOBJICHHE YaCTOTHI MEPEKIIFOUeHIUS M KOA(HUIMESHTA 3aTI0THEHHUS TI03BOJISIET OIIPEAeaTh BpeMs D
JUTATENIFHOCTH TIepekioueHus. HanpuMep, B yCIIOBHSX BBICOKOH MHTEHCHBHOCTH CBETa ITOBBIIIICHAE BBHIXOJIHON
MOIITHOCTH MOKeT ObITh TIopsiaka 20%; B yCIOBUSX HU3KOM OCBEMIEHHOCTH - 50+%.

BapuaHT ocymiecTBieHH, MOKa3aHHBIA Ha (GUT. 4, IPEUMYIIECTBEHHO 00ECIIEYNBACT HIIEKTPUIECKOE TIOJIe
250 Ha ¢oroanekTpudeckoM yctpoicTBe 200 6e3 HeoOX0AMMOCTH H3MEeHEeHHs TlaHesel 10 COJTHEYHBIX DJIeMEH-
TOB W/WJIU COJIHEYHBIX dyieMeHToB 100, mpeaycMaTpuBaIoero JOTOHUTEIbHBIE BHEITHUE AJIEKTPOabl. B Heko-
TOPBIX BapHaHTaX OCYIICCTBICHHS YCTPONCTBO XpaHCHHs JHEPTUH, TaKoe Kak KoHueHcartop 41, kaTymka 42
WHIYKTUBHOCTH, W/WIIN aKKyMyJIATOpHas Oatapes 43, MOXKET OBITh pa3MEIICHO Irepe] UHBepTopoM 31, 4ToOBI
MOJIABUT JIFOOBIC OCIAOJICHHS HAMIPSOKCHUS, HaOII0JaeMbIe HHBEPTOpPOM 31 B TO BpeMs, KOTJa NepeKII0YaTeIh
55 Haxoautcs B epBoM moJioxkeHn:. COOTBETCTBEHHO B TO BpeMs Kak nHBepTop 31 (T.e. Harpy3ka) OTCOCAMHEH
ot maHeneit 10 COTHEYHBIX 3JIECMEHTOB, KOTIa MEPEKITF0YATENb 55 HAXOAUTCS B IIEPBOM IMOJIOKCHHUU, U DIICKTPU-
yeckoe moie 250 popmupyercs Ha nmaHenn 10 CONHEYHBIX JIEMEHTOB (T.€. Ha BpeMs D mepeKTtoueHus], moKa3aH-
Hoe Ha (ur. 6A-D), yCcTpoiicTBO XpaHEHUs SHEPTUHN CHA0XKaeT dHeprueit nHBepTop 3 1, YTOOBI MOAAEPKUBATH TOK,
MPOTEKAIOIINH B TEUCHHE 3TOTO HHTEPBaJIa IepeKIoYeHNs. Beipakasch mo-IpyroMy, yCTPOHCTBO XpaHEHHs YHEP-
THH MOXKET Pa3pspKaThes B TO BpeMst, KOraa maneny 10 CONMHeUHBIX 3JIeMEHTOB OTCOSANHEHBI OT HHBEpTOpa 31.

Takum o0Opaszom, He TpeOyeTcs HEeIpephIBHO MOAaBaTh MMOCTOSHHOE HANpsDKEHUE OT UCTOYHHMKa S50 Hamps-
JKeHHS, KOTOpPOe, B CBOIO OYepenb, CO3/aeT dJeKTpuIeckoe mone 250, 9ToOBl YBHACTh YIYYIICHHE BBHIXOIHON
MoOIITHOCTH TaHened 10 colHedHbIX 35eMeHToB. Hanpumep, pu AJTUTENBHOCTH BpeMeHn D mepekiodeHusl, co-
crapysronieit HomuHaneHo 10-2000 He, VA, cocTaBnstomeMy HomMuHanbHO 100-500+ B u wactore f nepexiro-
YeHHsI, CocTaBisromeil 20 MKC, MOXET OBITh HCIONIE30BaH KOI(D(UIIMCHT 3aMOTHEHHS, COCTABISIONNA HOMU-
HanbHO 0,1-10%. Karymka 42 uHAyKTHBHOCTH, KOHAeHcaTop 41 w/mim akkymyssiTopHast O6atapest 43 BbIOMpa-
FOTCSL TAKMM 00pa3oM, 4TOOBI IMETh JOCTATOYHBIH pa3Mep s 00CCIICYeHHUs JOCTATOYHOTO pa3psiaa B TO BpeMs,
korza naHenu 10 coNIHEYHBIX 3JEMEHTOB OTCOEAMHEHBI, a AJIeKTpuueckoe nojie 250 mogaercs ¢ pa3MelleHueM
Ha ma”ens1x 10 coOTHeYHBIX 3JIEMEHTOB, HE BBI3BIBAs OCJIA0JICHUS HAMPsDKCHUS Ha BBIX0Ie HHBEpTOpa 31.

Hampumep, pasmep koHzmeHcatopa 41, KOTOPBIM pa3MeniaeTcs napauieIbHO ¢ HArpy3Kou (HampuMmep, WH-
BepTopoM 31), onpenernsieTcss MpUEeMIIEMBIM CHIDKCHHEM HATPSDKEHHUS, KOTOpoe HHBepTOp 31 MOXKET HOMycKaTh
B TeueHHe BpeMeHH D mepexiroueHus. Hanpumep, ecii CHIKEHHE HAINpsDKEHHS B TeUeHHE BpeMeHH D mepe-
KIIFOUEHUS HE JOJDKHO OBITH MeHbIIe YeM 90% MaKcHMalbHOTO HANpsKCHHSA, TCHEPUPYEMOTO (hOTOIIEKTpHye-
ckuM ycTpoiictBoM 200, KOHIEHCATOP MOJIKEH HMETh Pa3Mep B COOTBETCTBUHU C YPaBHEHHEM 3:

-D
C4,1 = W (YpaeHeHue 3)

B ypaBuenuu 3: D - [ymMTepHOCTh COSTMHEHUS MEPEKITIOYATENs ¢ HCTOYHUKOM S50 HanpspkeHus 1 MaxV -
HEOOXOIUMBIN MPOIICHT OT MAaKCHUMAaJIbHOTO HampspkeHus, (Hampumep, 90% B NpHUBEACHHOM BHIIIE NPUMEPE).
AHaNOrn4HBIM 00pa30M MOTYT OBITh PACCUUTAHBI HHAYKTHBHOCTD W/MJIM aKKyMYJISITOpHast Oarapest.

Ha ¢wur. 5A nokaszaHo ynpasisioniee HanpspKeHHE KOHTpoiuiepa 45 mepekiroyaresis B 3aBHCUMOCTH OT
BPEMEHH ISl aKTUBALMHU M YIPABJICHHS NepeKitouaTesieM 55 ¢ ucrobp3oBanneM cuctemsl 300 yrpasienus ¢o-
TOAJIEKTPUUECKUMH 3JIEMEHTaMH, ToKa3zaHHoW Ha ¢ur. 4. B atom nmpumepe nanenu 10 COJHEYHBIX 3JIEMEHTOB
OTCOEIMHEHBI OT MHBepTOpa 31 M coeMHEHBI ¢ UCTOYHUKOM 50 HaNpsDKEHHS B TIEPBOM IOJIOXKEHUH HEPEKITIoYa-
Tenst 55 B TedeHue anurensHocTH D, KoTopas moBTopsercs uepe3 kaxasie 1/f c. Ha ¢ur. 5B moxasano namps-
JKeHHe McTouHNKa 50 HampspkeHus, oOecrednBaeMoe MepekirouaTesieM 55 B IepBOM HOJI0KEHUH, B 3aBICHMO-
ctu oT BpeMeHu. Ha ¢ur. SC mokazaHo BBIXOIHOE HANpsOKEHUE Mepekirodarens 55 u3 naneneid 10 coTHEUHBIX
3JIeMEHTOB (TIpH MapayjIeIbHOM COSIIHEHNH) B 3aBHCHMOCTH OT BPEMEHH Ha BBIXOJIE MEPEKIIIodaTes 55, KOTo-
PBIH MTOAKITIOYAETCS K HHBEPTOPY 31 BO BTOPOM TOJOKEHUHU. AHAIOTUIHBIM 00pa3oM Ha ¢ur. 5D mokazaHo Ha-
MIPsDKEHUE B 3aBUCHMOCTH OT BPEMEHM Ha BBIXOIC TEepeKIiodaTels 55, KOTOPBIA MOIKIIoueH K HHBepTOpy 31,
MMEIOIIEeMY TOIKITIOYSHHBIN MEX Ty HUMH KoHaeHcaTop 41.

[Manenve HampspKeHUs, MPUHUMAEMOTro HHBepTOopoM 31, mokasanHoe Ha ¢ur. 5D, B KOHIIE JUIUTEILHOCTH
D nepexiioueHus npeArnosaracT CHIKEHUE HAPsDKCHMS, pacCMOTpeHHOe Bbile. CHIDKEHHE HAIIPSHKEHUS 3aBH-
CHT OT pa3Mepa KoHjeHcaropa 41, kaTymku 42 WHIYKTUBHOCTH W/WJIM aKKyMYJISITOpHO# Gatapen 43. B oqHOoM
npumepe cucteMsl 300, koTopas He COIEPKUT KoHAeHcaTop 41, kaTymKy 42 MHAYKTUBHOCTH WM aKKyMYyJIsi-
TOpHYIO OaTapero 43, HalpspKeHHeE, TT01aBaeéMoe Ha BXOJ MHBepTOopa 31, BRICTYNAeT B Ka4eCTBE BBIXOHOTO Ha-
MpsbKeHus, oka3zanHoro Ha ¢ur. 5C. Ha ¢ur. 6 npencraBieH aqbTepHATHBHBIN BapUaHT OCYIIECTBICHUS CHC-
teMbl 300 ympaBieHus GOTOIIEKTPUISCKIMHE dJIeMEHTaMH, TIokazaHHo! Ha ¢ur. 3. Ob6pamasch k ¢ur. 6, ¢oro-
3JIEKTpHUIECKOe YCTPOUCTBO 200 MOXKET MPEACTABIATH 000 KOJTMIECTBO (POTOIIEKTPUICSCKUX YCTPOUCTB, Ta-
KHX Kak cojiHeuHbIH 3semenT 100 n/unu manenu 10 coTHEUHBIX DJIEMEHTOB, Kak Mmoka3aHo. Kak mokasano, mmaHe-
mu 10 COTHEYHBIX 3JIEMEHTOB COEAWHEHBI MapajlIeNIbHO, HO TAK)Ke MOTYT OBITH COCTUHEHBI TIOCIEI0BATEIFHO H
B 10001 KOMOMHAIINY COEANHEHHH.

YerpoiictBo 60 1 reHepUpOBaHUsI UMITYJILCOB HAIIPSDKCHUS, TAKOE KaK TeHepaTop BHICOKOBOJIBTHBIX HM-
MYJIbCOB, MOXET MOAAaBaTh U3MEHSIIONIMICS BO BpeMEHH UMIYNbC 71 HampshKeHUs (Kak ImokasaHo Ha ¢ur. 7) Ha
OJTHY MJIM HECKOJIbKO MaHenel 10 coTHeuHBIX 2JIeMEeHTOB. B 01HOM BapHaHTe OCyNIECTBICHHS AIUTEIBLHOCTE Dp
uMITyJbca 71 HampspKeHHs MOXKeT ObITh KOpoTKoH, HomMHHaNBHO 10-2000 HC, M BeJMUMHA MOXET OBITH OOJIB-
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moi, HomuHansHO 100-500+ B. B BapuanTe ocylecTBieHus, MOKa3aHHOM Ha QHT. 6, IPHIOKEHHbIE HApsKe-
HUS, JUIUTSIFHOCTh UMITYJIbCA U YaCTOTa CICAOBAHHS MMITYyJIhCOB (DUKCHUPYIOTCS Ha 33JJaHHOM YPOBHE, YTOOBI
00ecTeunTh ONTHUMAJBHYIO IPOW3BOIAWTEIBHOCTh TPH BBHIOPAHHBIX YCIOBHAX JKCIDTyaTanuu. Hampumep, co
CCBUTKOHM Ha Qur. 6 U 7, uMIynbc 71 HampsHKEHUS UMEET JUTUTEIHHOCTh Dp, COCTABISIONIYIO MIPUOIU3UTEIHHO
1000 HC, 3TOT MMIYIBC 71 HampsbkeHUs MoBTOpsieTcs ¢ nepuoaoM 1/f. JliurensHocTs Dp uMITyibea 71 Hampsi-
JkeHus 1 gactoTa f ummynbsca 71 HanpspKeHUS BHIOUPAIOTCS TAKUM 00pa3oM, 4TOOBI pEaKTUBHOE COMTPOTUBIICHHE
KaTyIIKd WHAYKTUBHOCTH B MHBEPTOpe 31 HampspKEHUS MPEICTABISIO BBICOKOE IOJTHOE COMPOTHUBICHHE IS
ycrpoticTBa 60 11 TeHEPHPOBAHUS UMITYJIECOB HAIIPSDKEHHS, TO BEICOKOE ITOJTHOE COIIPOTHBIICHHEM MO3BOJISIET
pa3BUBATHCS BEICOKOMY HalpspKeHUIo Ha anekTponax 101a, 101b (mokazanst Ha ¢wur. 1) manenerd 10 conmHeyHbIX
9JIEMEHTOB M HE OBITh 3aKOPOYEHHBIM HHBEPTOPOM 31.

Kpome Toro, Ha Bxozne mHBepTOpa 31 MOTYT OBITH pa3MEIlEHbI MOCIEAOBATENFHO BKIIOYCHHBIE KAaTYIIKH
WHIYKTHUBHOCTH (HE IMOKA3aHBI), 3TH MOCIICAOBATSIFHO BKIFOUCHHBIC KATYITKA HHIYKTUBHOCTH CIOCOOHBI ITOJ-
JICPKUBATh BXOJAHOM TOK MHBEPTOpa 31 M IEHCTBOBATh KaK BRICOKOYACTOTHBINA APOCCENb TAKUM 00pa3oM, YTOOBI
UMIYJbCHl 71 HaNpsOKCHUS HE OCNa0IBUIHCh (WU (PaKTHYSCKU HE 3aKOPOYHMBAJINCH) aKTHBHOHN COCTABISIONICH
naBepTopa 31. KoaddunumenTt 3anomuenHus (BpeMs HUMITyJIbca/BpeMsl Tay3bl) MOXKET COCTABJISTh HOMHUHAIBHO
0,1-10%.

HampspkeHHOCTD deKTprdecKoro moist 250, mpuiokeHHOTo Ha (oTodnekTpudeckoe ycTpoictBo 200, 3a-
BHCHUT OT KOHCTPYKIMH (HOTORIEKTpUIECKOTo ycTpoiicTBa 200, HampuMep TONIUHBI (POTOIIEKTPUIECKOTO yCT-
poiictBa 200, MaTtepuana U ITUAICKTPUICCKOW MPOHUIIAEMOCTH (OTOAIEKTprUIecKkoro ycrpoiictea 200, MakcH-
MaJbHOTO HANpPSHKEHMSI IPo0ost GoTodsiekTpudeckoro ycrporictsa 200 u 1.4, s mMimynbea 71 HampspKeHUs,
MOKa3aHHOTO Ha ¢ur. 7, aHanu3 Oypbe 3Toil GOpPMBI BOJTHBI IPUBOIUT K CEPUH UMITYIHCOB C YACTOTAMHU (=N,
rae ®,=27nf, a MOIITHOCTh UMITYJIHCOB 3aJIA€TCSl ypaBHEHUEM 4:

o (YpasHeHue 4)

sinnmt
V(w) = 2wt Vayp Z —

n=—

B ypaBHeHUH 4 n - ps LENBIX 9UCET OT -0 10 +00. COOTBETCTBEHHO MMITYJILC HYJICBOTO Mopsaka (T.e.
n=0) IMeeT MMOCTOSTHHYIO COCTaBJISIONIYI0, KOTOpasi 3aMBIKAeTCs depe3 aKTHBHYIO Harpy3ky R;. Ilepserii mops-
JIOK MMITyJIbca 71 Hamps keHUs, NOJaBaeMOro Ha naHenu 10 CONHEYHBIX 3IIEMEHTOB, PEACTABIAET COOOH V Ay
(1-Dp/f), Toe Dp/f - k03P PuIMeHT 3ammoTHeHNsT UMITYIIbca, Dp -IJIMTENBHOCTh UMITYJIbCA U f - yacToTa crenaoBa-
HUS UMITyJbca. Tak Kak MHIYKTHBHOCTh MHBEpTOpa 31 MEHCTBYeT Kak BHICOKOE TMOJHOE CONPOTHBICHHE Z Ha
UMIYNbC 71 HapsHKCHUS, TCHEPUPYEMBIH COTJIACHO BAPHAHTY OCYIIECTBICHUS Ha GUT. 6, UMITyabC 71 BBICOKO-
TO HAIPsOKEHUS Pa3BUBACTCS HA KaXIOH u3 maHeneil 10 CONHEYHBIX 3JIEMEHTOB, YTO, B CBOIO OYEPE.b, CO3/IACT
BBICOKOE anieKTpuueckoe nosie 250 Ha nanensax 10 COTHEUHBIX 2JIEMEHTOB.

Kaxk noka3zano Ha ¢ur. 6, uHBepTOp 31 HaNpsDKEHUS NpeICTaBIsIeT co00H BHENIHIOW Harpy3ky R;. OnqHako
BHEIITHSS Harpy3ka Ry MokeT copepikaTh YUCTO aKTHBHBIC COCTABIISIFOIIUC, TO3TOMY KOMIUIEKT KaTyIICK HHYK-
TUBHOCTH MOKET OBITh pa3MEIeH MOCICIOBATEILHO C HArpy3Koi Ry, 4TOOBI IEeHCTBOBATh B KAYE€CTBE BBHICOKO-
YaCTOTHOTO JPOCCEs, 9TOObI UMITYJIbe 71 HampsioxeHus (M dekTpudeckoe moiie 250) mogaBayics Ha maneawn 10
COJTHEYHBIX HJIEMEHTOB.

B ycrpoiictBe 60 mnsi reHEepHpOBaHUS UMITYJICOB HAMPSDKEHUS, YTOOBI TOJATh JKeIaeMblidi UMITYJIbC 71
HaNpsDKEHUS, MOXKET OBITh UCIIOJIB30BAaHO JIF000e KOoMMuecTBO cxeM. OfHa Takas mpUMepHas cXeMa, HCIIOb3ye-
Masi B ycTpoicTBe 60 I reHepupoBaHUS UMITYJILCOB HANpsDKEHHS, Toka3aHa Ha ¢wur. 8. Kak mokazaHo, ycT-
poiictBo 60 A TCHEPUPOBAHUS UMIYJIBCOB HATPSKCHUSA CONCPKUT TeHepaTop 61 mMmynbcoB (He MOKa3aH),
HUCTOYHUK 69 BBICOKOTO HAMpsDKCHHS (HE MOKa3aH) M MEPCKIIOYAIONIMKA TPAH3UCTOpP 68 IS MpPUKIAIBIBAHUS
UMITyJbca 71 BBICOKOTO HANpPSsDKEHUS K maHelssM 10 COTHEYHBIX 3JIEMEHTOB (HAIpUMEp, IEPEKITI0Uas BEIXOTHOES
HANPsHKCHUE UCTOYHUKA 69 BBICOKOTO HANpPsDKECHUS HA maHenu 10 CONHEYHBIX 3JIEMCHTOR), TOKA3aHHBIC HA (UT.
6. YcrpoiictBo 60 a1t reHEpUPOBAaHUSI IMITYJIECOB HANPSDKEHMS, TIOKa3aHHOE Ha (uUr. 8, COIEPIKUT yCTPOHCTBO,
KOTOPOEC TIepEeacT IICKTPUUCCKUEC CUTHAIBI MEXKY TBYMS JIEKTPHUYCCKU H30JIHUPOBAHHBIMU CXEMaMH C UCTIONb-
30BaHUEM CBETA, TAKOE KaK ONTPOH 62, 94TOOBI M30JMPOBATh TeHepaTop 61 UMIYIHCOB OT BBHICOKOBOJHTHOTO
MIEPEKITIOYAIONIETO TPAH3UCTOPA 68.

[IpenmymiecTBEeHHO ONTPOH 62 MPEMATCTBYET BIUSHHUIO BHICOKOTO HANpPSsDKEHUS (HAIpUMep, OT HCTOYHHUKA
69 BBICOKOTO HANPsDKEHUs) HA UMITYJIbCHBIN curHan 71. Cxema 62 onTpoHa n3o0pakeHa ¢ BeIBOJaMHu 1-8 u 1o-
Ka3aHa KaK 9acTh BXOJHOH CXeMbI ycTpoiicTBa 60 i TeHepUpOBaHHUS UMITYJIbCOB HATIPSKCHHUS.

Hcrounnk 63 HampspKeHUs cMelleHus (He IMoKa3aH) oOecTieunBaeT 1moaavy HanpspkeHus (Hanpumep, 15 B
MOCTOSIHHOTO TOKAa) Ha ONTPOH 62 IS MOJadd HEOOXOAMMOTO CMelIeHus s onTpoHa 62. Konnencatop 64
U30JIUPYET UCTOYHUK 63 HAMPSDKECHUSI CMEIICHUS, CO3/IaBasi MyTh IIEPEMEHHOT0 TOKA IS JIF0OOT0 CHTHAJIA TTOCIIe
WCKa)KEHUSI HICTOYHUKA HAIPsHKEHUS CMELEHUsS K ONTpoHy 62. BbiBoabl 6 1 7 onTpoHa 62 SBISIOTCS BBIXOJAMU
CUTHAJIA TICPEKITFOUCHUS ONTPOHA 62, UCTIONB3YEMOTO JIJIs IIPUBCICHUS B ICHCTBHE BEICOKOBOJIBTHOTO MEPEKITIO-
yarouiero tpaHsucropa 68. Jlnox 66, Takol Kak KPEMHHUEBBIH CTAOMINTPOH, UCTIONB3YETCS JUIsl YAEPKAaHUS HO-
pora MepeKIIoueHHUs TIEPEKITIOYAOIIEro TpaH3ucTopa 68 Beie pabodelt ToUukH muona 66, yeTpaHss JF000H yMm
OT CIly4aifHOTO BKJIIOYCHHS MEPEKIIOYAlOIero TpaHsuctopa 68. Pesnctop 67 ycTaHaBIMBAET TOUKY CMEIICHUS
s 3atBopa G u smutTepa E mepexirodatomiero Tpansucropa 68. Kormna HampspkeHue, mogaBaeMoe Ha BRIBOJIBI

nmt

-9.



038040

6 u 7 ontpoHa 62, MPEBBIIAET MOPOT, YCTAHOBJIECHHBIN PEe3UCTOPOM 67, MEPEKITIOUatOIUN TPaH3UCTOP 68 OT-
KpbIBaeTcs U Mexay kosiekropoM C u smurtepoM E BBICOKOBOJIIBTHOTO MEPEKIIOYAIOIIET0 TpaH3ucTopa 68
npoTrekaeT TOK. COOTBETCTBEHHO BHICOKOBOJIBTHBIN MEPEKITIOYAIONINA TpaH3UCTOp 68 mpencTasiseTr co0oi wc-
TOYHHK HPUII0KEHHOTO BEICOKOTO HAIIPsDKEHHS JUIs maHeneii 10 COTHEYHBIX 2IEMEHTOB J0 TeX MOop, IOKa BXOA-
HOW MIMITYJIBC YIIPaBJICHHUS reHeparopa 61 MMITyIbCOB HE MajaeT HIKE YCTAaHOBJICHHOTO MOPOTOBOTO 3HAYCHHUS
Ha G BBICOKOBOJIBTHOTO MEPEKITIOYAOIIETO TPAH3UCTOPa 68, 9TO OCTaHABIMBACT MPOXOXKIeHUE Toka uepe3 C-G,
3aKphIBas MEPeKITIoYaonui Tparsuctop 68. Kak n B mpenplaymux BapHaHTaX OCYIICCTBICHUS, OMHCAHHBIX
BBIIIIE, TTO/1a4a AIeKTprdeckoro moist 250 Ha manemn 10 CONHEYHBIX JIEMEHTOB MOXKET YBEIHYUTH TOK M BBI-
XOJIHYIO MOIIHOCTB MaHesei 10 COTHEYHBIX JICMCHTOB Ha 3aJaHHYI0 BEIMYUHY TIPU COCIUHCHHUU BIOCICICTBHH
K uHBepTopy 31 (HampuMmep, B 3aBUCUMOCTH OT MHTCHCHBHOCTHU CBETa, MAJNAIONIero Ha maHenu 10 CONHEYHBIX
JJIEMEHTOB, HATIPSKCHUS V 5pp, [TOJIABACMOTO Ha MaHeTu 10 CONHEYHBIX JIIEMEHTOB OT MCTOYHUKA 50 Hampsoke-
HUS, TOJNIIWHEI TaHened 10 CONHEYHBIX JIEMEHTOB, JIUTEIBHOCTH Dp MMITyIIbCa M 4aCTOTHI f, ¢ KOTOPBIMH HM-
mynbe 71 HampsoKeHUs moaaeTcs Ha maHesu 10 COTHEYHBIX 3JE€MEHTOB, U TaK jajee). AHaJOTHYHBIM 00pa3oM B
YCIIOBHSIX BBICOKOH MHTEHCHBHOCTH CBETa YNyYIICHUE BBHIXOJHOW MOIIHOCTH mMaHelneil 10 COMHEYHBIX 3IeMeH-
TOB MOXKET COCTaBIATH mopsiika 20%; a B YCIOBHUAX HU3KOH OCBEIIEHHOCTH MOKET COCTaBIATh 50+%.

VYiaydireHne XapakTepucTHK (HOTOIIEKTpUIecKoro ycrporictea 200, B3aUMOICHCTBYIOMIETO C JIEKTpHUe-
ckuM 1osreM 250, MOXKeT OBITh H3MEPEHO KaK YBEJIMYCHHE TOKA KOPOTKOTO 3aMBIKAHHUS COJIHEYHOTO HIIEMEHTA,
I, KaKk MOKa3aHoO B ypaBHEHUH 5:

lsc= Igase [1+ C(V(T, f).t, €) *(Pmax — P)](YpasHeHue 5)

rae I, - TOK KOPOTKOTO 3aMBIKAHUS MPU OTCYTCTBHU BHEIIHETO AJNIEKTPHUYCCKOTO MO 250 U Py - MaK-
CUMaJIbHasE MOITHOCTh ONTHYECKOTO M3IYYCHHUS, IIOCPEACTBOM KOTOPOI Mr00ast TOTONHUTEIbHASI MOITHOCTh HE
CO3/1acT JTIOOBIX JOTOIHUTEIBHBIX IEKTPOHHO-ABIPOYHBIX Map. Tak Kak yIydllleHHEe BHIXOJHOTO TOKa COJHEY-
HOTO dJIeMeHTa 00YCIaBIMBACTCS BO3ICHCTBHEM dleKTpiaeckoro moms 250, To popma C(V(T, f).4.€) mosxer Grirs
OTIHICaHa ypaBHEHHUEM O:

c(V(t, ), 1, &) = m(t, &)V app*(1-exp(1/7, ) *exp(-fiecay/ (YpasHeHue 6)

B ypaBHeHHH 6 m(t, €) 3aBHCHT OT (HOTOIIEKTpUIECKOTO ycTporicTra 200.

VYiydrieHue TOKa KOPOTKOTO 3aMBIKaHUS Iy, M3-3a 3JeKTpUUecKoro mois 250 MOKEeT ObITh JTUHEWHBIM B
OTHOIIEHUHU T10JIABAEMOT0 HAMPSIKEHUS V oy, YIydllleHHe, HAOII0aeMOE 10 OTHOILIEHHIO K 4acTOTe Cle/loBa-
HUS UMITYJIbCOB, MMEET XapaKTepHYy0 CKOPOCTh cnafanus (1/fyecay) ¥ XapaKTepHu3yeTcsl SKCIOHEHIINATEHOCTHIO
M0 OTHOIICHUIO K YacToTe f cIeI0oBaHMS MMITyTBCOB. YIydIlIeHHe, HaOII0JaeMOoe B OTHOIICHUN JUTHTEIBHOCTH
T uMIysIbCca, MOXKET TaKKe XapaKTePH30BaThCS IKCIIOHEHIIMAIBHOCTRIO W OMUCHIBATh, KaK OBICTPO IOJaBacMoe
HalpsKEHUE V opp, JOCTHIAET IOJHOH BENWYMHBL YIIydlIeHHE, HaOII0AaeMoe B OTHOLICHUH JJIMTENbHOCTH T
HMITYJIbCa, 3aBUCHT OT OCOOEHHOCTEH ycTpoiicTBa 60 IS TCHEPHUPOBAHUS UMITYJIBCOB HATIPSDKEHHS. YBEIUYe-
HHE TOKa KOPOTKOT'O 3aMbIKaHUs I B 3aBUCUMOCTH OT IOJaBAEMOr0 HANPSHKEHUS V app, 9aCTOTHI f criefoBanms
MMITYJIbCOB M JUTUTEITLHOCTH T UMITyJIbca Toka3aHbl Ha ¢ur. 11A-C cOOTBETCTBEHHO.

Ha ¢wur. 11A noxazano oxxunaemMoe yaydlieHHe TOKa KOPOTKOTO 3aMbIKaHMs g, 1i1st manenu 10 coiHeuHbIX
2JIeMEHTOB (TIOKa3aHa Ha (Ur. 2) B 3aBHCUMOCTH OT BEJIHMYUHBI MTOJJABACMOTO UMITYJIbCA HANPsKCHUS V ppp. Kak
MOKAa3aHO, [UTUTEILHOCTh UMITYJIbCA U YaCTOTA CIICIOBAHHS UMITYJIbCOB (DUKCUPOBAHEI, a BETHYMHA HATIPSIKCHUS
uMmIyasca m3mensercst ot 50 mo 250 B. Virydmenue Toka KOpOoTKOro 3aMbikaHus Alsc Bo3pacTaeT HOMUHAIBHO
ot 0,1 0 2 A. VI3mMeHeHne ToKa KOPOTKOTO 3aMblkaHUs Algc B 3aBUCHMOCTH OT ITOJaBacMOTO UMITYJIbCca HATpsI-
KEHUS V app JUISL TIEPBOTO TOPSIZIKA SIBJISIETCS] MPHOIM3UTENbHO nHelHbIM. Ha ¢ur. 11B nmokazaHo m3MeHeHue
VIIy4IIeHUS! TOKa KOPOTKOTO 3aMBIKaHUSA Algc B 3aBHCHMOCTH OT 4aCTOTHI CJIIEAOBAHHUS WUMIYJIbCOB IPH (UKCH-
POBAaHHOW JTUTEIBHOCTH MMITyJIbca M (DMKCUPOBAHHOM HANPSKCHUU MMIyibca. Kak mokasano Ha ¢ur. 11B,
yIIydIIeHHue TOKa KOPOTKOTO 3aMbIKaHus Alsc yMeHbIaeTcst puOIM3uTeNsHO OT 1,7 A 10 npubnusutenpao 0,45
A mpu yBENMUYEHHH YaCTOTHI Ciie0BaHUs UMITYyJbCOB OT 10 10 100 B MpOM3BOJILHBIX €IUHHIIAX BpeMEHHU. Takoe
TIOBEJICHUE SIBIISCTCS MPUOIM3UTENIBHO KCIIOHEHIIMATLHBIM. Ha ¢ur. 11C moka3ano M3MEHEHHE YIYYIICHUS TOKa
KOpPOTKOTO 3aMbIKaHus Algc B 3aBHCHMOCTH OT JUIMTEIBHOCTH UMITYJIbCAa TIPH (PUKCHPOBAHHOI YacTOTE CIIEIOoBa-
HUSI IMITyJIbCOB U (DUKCHPOBAHHOM MMITYJIbCE HANpPsDKEHMs. J[JIst 3TOro mpuMepa yaydilIeHHe TOKa KOPOTKOTO 3a-
MbikaHus Algc Bo3pactaer ot 0 10 1,2 A npu Bo3pacTaHMU JUIMTEIBHOCTH UMITyJIbca IO BpemeHH oT 0 1o 2000.

B kaxxJ0M W3 OMUCAHHBIX BAPHAHTOB OCYIICCTBICHUS C YBEIUYCHHUEM HAIPSDKCHHOCTH JICKTPUYCCKOTO
mosist 250 wepes anmektpoasl 101a, 101b comrednoro smemenTa 100 nw manemn 10 COHEYHBIX AIEMEHTOB YBe-
TUYUBaETCS KOIPPUITUSHT TIOJIE3HOTO NeHCTBHUS coHedHOTro dmeMenTa 100 wmu manenn 10, HarpuMep, BIUIOTH
JI0 MaKCUMAaJIbHOM 3JIEKTPUYECKOM HaIpsKEHHOCTH mojs E,... MHade roBops, Kak TOJBKO HANPSKEHHOCTb
aeKkTprdeckoro mois 250 mocTHraeT MakCHUMAaJbHON HAIPsDKEHHOCTH, CKOPOCTH 3JIEKTPOHHO-IBIPOYHON pe-
KOMOWHAIMK CBOTUTCA K MHUHUMYMY. COOTBETCTBEHHO MOXKET OBITH NMPENNOYTHTENHEHBIM BEIIOIHUTH CXEMY
ynpasieHus GoToaNneKTpudeckoro ycrpoiictea 200 ¢ BO3MOKHOCTHIO MAKCHMAIBHOTO YBEIUMYCHUS BBIXOJIHOTO
TOKA W HANPSDKEHUS TIPH PA3JIMYHBIX YCIOBUSIX KCILTyaTaIlHH.

Hanpumep, obpamasics k ¢ur. 9A, natunk 33 Toka M JaTYWK 32 HANpPsDKEHUS TTOKa3aHbl MOIKITIOYCHHBIMH
k cucteme 300 ynpaBieHus: (OTOIIECKTPUICCKUMU JIEMEHTaMH, MTOKa3aHHOH Ha ¢ur. 4. Kak moka3zaHo, JaT4uK
33 Toka MOJKJIIOYEH IMOCIEA0BaTeIbHO MeXAy naHenblo 10 colmHeyHbIX 3JeMeHTOB U uHBepTopoM 31. JlaTtunk
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33 TOKa MOXKET OTCJICKUBATH BEIXOTHOW TOK MaHesu 10 CONHEUHBIX 3JIEMEHTOB. AHAJOTHYHBIM 00pa30M JTaTIUK
32 HampspKEHUsS COSAMHEH MapauIebHO K maHelssM 10 COTHEYHBIX IEMEHTOB U UHBEPTOPY 31 s OTCIekKMBa-
HUSI BEIXOTHOTO HATPsDKEHUS MaHenn 10 CONHEYHBIX 3JIEMEHTOB.

Cxema 35 ympaBieHus MOAKIIOUEHA KaK K ATYUKY 33 TOKa yepe3 yIpaBisioNire BBIBOIBI 33a, Tak M K
JATYUKy 32 HAMpsDKEHUS depe3 YIpaBisomue BoIBOABI 32a. Jlarumk 33 Toka MOXKeT OBITh BCTPOCHHBIM HWIIH
MHIYKIIMOHHBIM H3MEPUTEIFHBIM OJIOKOM WM M3MEpSET BRIXOJHOW TOK maHesei 10 comHeuHbIX ameMeHToB. AHa-
JIOTUYIHBIM 00pa30oM JIaTIYHK 32 HANPSHKSHHS UCTIONIB3YETCS ISl U3MEPEHHMsI BBIXOTHOTO HAIPsDKeHUS maHenei 10
COJTHEYHBIX 3JeMeHTOB. [Ipon3BeneHne Toka, M3MEPEHHOTO JATYMKOM 33 TOKa, M HANPSHKCHUS, U3MEPEHHOTO
JATYUKOM 32 HANPSDKCHUS, IPEICTABISIET COOO0M BBEIXOIHYIO MOIIIHOCTE, TIepeiaBacMyto OT maHeneil 10 conneu-
HBIX 2JICMCHTOB K MHBepTOpY 31. B HEKOTOpPHIX BapHaHTaX OCYIIECTBICHUS NATYUK 32 HANPSHKCHUS MOXKET
TaKXkKe CIY)KUTh B KAYCCTBE MCTOYHHUKA MMUTAHUS JJISI CXEMBI 35 yIpaBlicHUS U (PYHKIIHOHUPYET TONBKO JIO TeX
mop, Toka manexu 10 COMHEUHBIX DIEMEHTOB OCBEIIAIOTCS U MPEIOCTABISIOT JOCTATOYHYIO MOIIHOCTh JIIS aK-
TUBUPOBAHHS CXeMBI 35 ynpanieHus. Cxema 35 ynpaBieHHUs JOMOTHUTEIBHO MOAKIIOYACTCS K IEPEKITFOUATEITIO
55, 4TOOBI OIPEACTNTL BpeMeHa MEPEKITIOYCHHUS 1 YacTOTY, OIMCAaHHBIC HUKE CO CCBUIKOH Ha (ur. 4.

JmTensHOCTH BPeMEHHU MEPEKIIFOUYEeHUSI W YacTOTHl MOTYT OBITh pEeryIHpyeMBIMH, YTOOBI IT0JaBaTh Ha-
npskeHHue Vap, Ha naHend 10 CONHEYHBIX 3JEMEHTOB TaKMM 00pa3oM, YTOOBI Kak TOK, CT€HEpMPOBaHHEIA B
coHewHOM dneMenTe 100 U M3MepeHHBI AaTYuKOM 33 TOKa, TaK W HANpsDKEHHE, N3MEPEHHOE NaTIUKOM 32
HaNpsDKeHUS, OBUTH MaKCUMAJbHO YBEIMUYCHBI NMPH PAa3IMYHBIX YCIOBUSAX HKCIUTyaTaIlMH, HAIIpUMEp MPH OTIH-
YaIOIIUXCS WIIA H3MEHSIONTNXCS YCIIOBHUSIX OCBEIIEHHOCTH.

B onmHOM BapmaHTe OCYIIECTBICHHS IS MMOAAUYW dJeKTpudeckoro moiist 250 manens 10 coMHEYHBIX dJie-
MEHTOB M3HAYaJIbHO HE TCHEPUPYET MOIIHOCTDH, HAPUMEP, B HOYHOE BPEMsl FUTH MPH T'ycTod obnavynoctd. [1o
Mepe Toro kak maHenu 10 COJHEYHBIX 3JEMEHTOB OCBCIIAIOTCS (HAIpUMEp, B YTPEHHHE Yachl), maHensMu 10
COJTHCYHBIX 3JICMCHTOB TCHEPHUPYETCS HANPSHKCHUE U TOK, U BBIBOIBI 322 HAUMHAIOT MOJABATh TOK M HATPsIKE-
HHUE B cxeMy 35 ymparienus. Cxema 35 ynpaBlieHHs COACPKUT HU3KOBOJIBTHBIA UCTOYHUK MUTAHUS JIOTHKH (HE
MOKa3aH), YTOOBI IPUBOANTH B JICHCTBHE YNPABIIONIYIO JOTUKY B cxeme 35 ynpasienus. Cxema 35 ynpasie-
HUS TaKXKe COICPKUT UCTOYHHUK 50 muTaHus 11 oOecriedyeHns BRICOKOBOJIBTHOTO MCTOYHHKA MUTaHus. McTou-
HUK 50 HanpspKEeHUS HMEeT TIePEeMEHHBIN BRIXOTHON CHTHAI, KOTOPBIA MOKET OBITH OTPETYIHPOBAH C IOMOIIBIO
CXeMbl 35 ynpaBlieHHs U OTBEYAET 3a M0Jaqy Vap, Ha BBIBOA 38. BBICOKOE BBIXOJHOE HANPSKEHHE V Ap, CXEMBI
35 ympaBiieHUs1 YOpaBisSeT BHIBOAOM 38 W coemuHseTCs ¢ mepekmouareneM S5. BeiBoa 38 ucnonm3yercs ais
HOJA4YX HANPKEHUS V ap, Y€pe3 nepekimoyarens 55 Ha nanen 10 CONHEYHBIX 3JIEMEHTOB. B aToM npumepe
cxema 35 ynpaBlleHHs BBIIOJIHEHA C BO3MOKHOCTBIO HE MOJABATh JI000€ HANPKEHUE V ap, HA maHenu 10 com-
HCYHBIX 3JICMCHTOB JIO T€X MOP, MOKa MaHeIsIMu 10 CONHEYHBIX JIEMEHTOB HEe OY/IET CrEHEPHUPOBAHO JOCTATOY-
HO MOIITHOCTH, YTOOBI aKTHBHPOBATh KaK HU3KOBOJBTHBIN MCTOYHHUK MUTAHUS JIOTUKHU, TAK M BHICOKOBOJIETHBIN
UCTOYHUK TTUTAHUS.

B anpTepHaTHBHOM BapHaHTE OCYIICCTBICHHS cXeMa 35 yIpaBIeHUS MOKET OBITh BBIMOJIHEHA C BO3MOXK-
HOCTBIO TIOAAYH 3JICKTPUUCCKOro moiist 250 ¥ MaKCHMAIBHOTO YBEIUYCHUS BBIXOJHOW MOIIHOCTH, TaK KakK OC-
BCIICHHOCTh B TCUCHHUC ITHS YBEIMYHBACTCS M yMEHbIIaeTcs. Cxema 35 ympaBicHHS MOXKET 00CCICUUTH AJICK-
Tpudeckoe mosie 250 U cTabMIM3upOBaTh BEIXOAHYIO MOITHOCTD MaHeled 10 COJHEYHBIX 2JIEMEHTOB B COOTBET-
CTBUH C JITOOBIM OMTMCAHHBIM BBIIIE CTIOCOO0M, BKIIOHaromuM mporecc 9000, moka3anubiii Ha ¢ur. 9B.

O6pamasce k ¢ur. 9B, mporecc 9000 BrIrOYaeT HHUIMATH3ANKIO0 MonTHOCTH Ha 3Tare 900. Jfocrarounas
MOIITHOCTb JIOJDKHA IIPUCYTCTBOBATh Ha BBIXOZE MaHenel 10 CONMHEYHBIX 3IEMEHTOB I aKTHBAIIMN KaK HHU3KO-
BOJIFTHOTO WCTOYHWKA MHUTAHUS JOTWKH, KOTOPHIA NMPHBOIWT B NEHCTBHE YIPABIAIONIYIO JIOTHKY B cxeme 35
VIpaBJICHUS, TAK U BEICOKOBOJIBTHOTO MCTOYHHKA MUTAHUS, HCOOXOIUMOTO JUIS ITOJaYH BBICOKOTO HATIPSIKCHHS
Ha BBIBOJ 38 M uepes mepekirouaresb 55. B kadecTBe aibTepHATUBBI cxeMa 35 yIpaBJIeHUs MOXKET MUTAThCS OT
BHEIITHETO MCTOYHHKA (HE TI0Ka3aH) - HAIpUMEpP, aKKyMYJISATOPHOH Oatapen, KOHICHCATOpa OONBIION €MKOCTH,
BHEIITHETO UCTOYHUKA MUTAHUS IEPEMCHHOTO TOKA - KOTOPBIY MO3BOJSCT HU3KOBOJIBTHOMY HCTOYHHKY MTUTAHUS
JIOTHKH (PYHKIIHOHUPOBATH U CXeMe 35 ympaBicHHs OTCICKUBATH BBIXOAHYIO MOIIHOCTH maHened 10 comHed-
HBIX 3JICMEHTOB JIO TE€X TOp, MOKa maHeau 10 COMHEYHBIX JIEMEHTOB TCHEPUPYIOT JOCTATOYHO BBIXOJAHOM MOIII-
HOCTH, YTOOBI TAPaHTHUPOBATH MOAAYY dJeKTprueckoro moss 250 Ha nanenu 10 COTHEUHBIX AJIEMEHTOB C YBEJIH-
YeHHEeM UX BBIXOIHOU MomrHOCTH. [Tocie Toro kak cxema 35 ympaBieHHS 3aITyCKaeTCs, MHALHAIN3UPYIOTCS BCE
napaMeTpsl (HanpuMep, MoAaBaeMOE BEICOKOE HAIPSKEHUE V app, BpEMs D JUIMTETEHOCTH TIEPEKTIOUYEHHUS U 9ac-
ToTa f mepexmouenus). B oqHOM BapuaHTe OCYIIECTBIECHHS MOJABAEMOE BBICOKOE HAINPSKEHUE V ap, YCTAHAB-
JIMBAETCS PaBHBIM HYJIO, a JIUTEIHHOCTh D mepexiroueHus W 4actora f MmepexiioYeHns] yCTaHABIMBAIOTCS B
HOMUHAIBHBIC 3HaYeHUs: D=1, u f=f,. Bce KOHTpONBHBIC HHICKCHL: N, i, U j, HHUIHATH3UPYIOTCS HYJICBBIMU
3HaueHusAMHU. 3ateM Ha dtane 901 cxema 35 ympaBlieHUS ONpeAeNseT, ABISETCS JIM HaNpsHKeHWEe, U3MEPEHHOE
JATYUKOM 32 HANPSOKCHHS, BBIIIC WK HIDKE 33JJAaHHOTO MHHUMAIBHOTO Vi, U ABISCTCS JIH TOK, H3MEPCHHBIN
JaTdukoM 33 TOKa, OOJIbINE 3aJaHHOTO MUHUMYMA, 1y, COYETaHUE Vi U iy, OBLTH BEIOPAHBI TAKHM 00pa3oM,
4yTOOBI MaHenu 10 CONHEYHBIX 3JICMEHTOB, OINpPEIe/IIeMbIe KaK OCBEUICHHBIC, TCHEPUPOBAINA HEKOTOPBIA HOMU-
HaJbHBIN TPOIEHT, Hanpumep 5%, OT cBOel cpeiHell HOMHHAIBLHOW MOIIHOCTH, YTO SIBJSIETCS TOCTATOUYHOM
CTCHCPUPOBAHHO!N MOIIHOCTHIO IS IUTAHUS UCTOYHHKA SO MHUTaHUS B cXeMe 35 yIpaBJeHUs, YTOOBI YBEIINIHUTh
BBIXOJTHYIO MOIIHOCTH TaHenei 10 conHedHBIX 3yeMeHTOB. Ecim cxema 35 ympaBieHHUs ONpeNeNseT, YTO Kak
M3MEPEHHBIC TOK, TAK W HAINPSDKEHHUE SBILIIOTCS BBIIIE COOTBETCTBYIOIINX 3aJaHHBIX MHHAMYMOB, TO cxema 35
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YIpaBJICHUs B JaHHBII MOMEHT (pyHKIMOHHpYeT, 1 mpouecc 9000 mepexomut k stany 903; B MpOTHBHOM ciIydae
nporecc 9000 nepexoaut B coCTOssHUE OxkuaaHus Ha dTane 902 u Bo3Bpamaercs k 3tamy 900.

Ha srane 903 cxema 35 ympaBieHus u3MepsieT TOK, MPOXOIAIINN B HHBEPTOp 31, ¢ moMomisio maTtanka 33
TOKa, HAaNpsDKEeHUE Ha MHBEpTOpe 31 ¢ OMONIBIO AaTunKa 32 HANPSKSHUS ¥ BBIYUCISIET MOIITHOCTh (HOMUHAb-
HO, TOK X HamlpsDKeHHE), epenaBaeMyro depe3 naBeptop 31. KoHTponpHbIM nHAEKC n yBennmauBaercs 1o ntl.
Ha stane 904 cxema 35 ynpapieHus CpaBHUBAET Vapy € Vinax. Vinax MOXKET OBITh 3apaHee YCTAHOBIECHHBIM 3Ha-
YEHHWEM M TPEACTaBIIeT cO00 MaKCHMabHOE HAIIPsDKEHHE, KOTOPOE MOXET ObITh mofaHo Ha maHenu 10 con-
HEYHBIX JJIEMEHTOB, HE MOBpEXaasi 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 Vu,, MEHb-
e Vi, T0 mporecc 9000 nepexonut k atamy 906; B mpotuBHOM citydae mpouecc 9000 oxxuaaer Ha stamne 905.

Ha srane 906 cxema 35 ynpaBieHus yBeIUYMBAET IPUIOKEHHOE BEICOKOE HAIPSIKEHUE V app, HA BEIUUMHY
nAV # aKkTUBHpPYET MepeKoyaTellb 55. AKTHBAIUS Mepekaodarens 55 orcoemunseT maHean 10 cCOMHEYHBIX
SIIEMEHTOB OT MHBEpPTOpa 31 M coeauusaeT nanenu 10 COTHEUHBIX DIEMEHTOB C V Ay, U3 CXEMBI 35 yIpaBlIeHHUs
Ha BeIBogax 38. Jlist aToro mpumepa AV MOXKeT ObITh (UKCHPOBAHHBIM TIEPENAJOM HAIPSOKEHUS, COCTABIISIO-
M 25 B, X0Ts MOTYT OBITh HCTIOJIB30BaHbl OONBLINE UM MEHBIIKE Mepenasisl HanpsikeHus. Hanpsokenue V p,
MPUKIIABIBACT AeKTprdeckoe moine 250 Ha manenu 10 COMTHEUHBIX 3JICMEHTOB TAKHM O0pPa30M, UYTO HATPSKCH-
HOCTB 3JIEKTPHYECKOT0 1o 250 MponopIHoHanbHa IPUIIOKEHHOMY HANPSKEHHIO V 4y, JIUTENBHOCT coeu-
HeHus naHenel 10 CONMHEYHBIX 3JIEMEHTOB C Vp, B CXeMe 35 ynpaBiieHHs BBIOUPAETCA TAKMM 00pa3oM, 4TOOBI
He TpepeIBaTh padboTy nHBepTopa 31. s aToro mpuMepa Kod¢hUIMEHT 3al0THEHUS BEIOpaH paBHBIM 5% (Tma-
Henu 10 CONHEYHBIX 3JIEMEHTOB € 5% BPEMEHH COECAMHEHBI C Vap, B CXeMe 35 ynpaBleHHs) U AJIHTEIbHOCTh
BpEMEHH TIEPEKITIOUSHUS TT0 YMOTUaHUIO BeIOMpaeTcss HomuHambHO 1000 He. o skemaHuio MOTYT OBITh HCTIOJb-
30BaHBl aJbTEPHATHBHBIC BpeMeHa nepekimoueHns. Cxema 35 ympaBiieHHsI CHOBa IIOJIy4aeT W3MEPEHHE TOKa,
MPOXOAIIEro B HHBEpTOp 31, ¢ moMompio faTduka 33 TOKa, IMoyrydaeT U3MEepeHUe HalpsDKeHHS Ha HHBEPTOpE
31 c momombIo AaT4yrKa 32 HaNpsHKEHHs U IEPeCUUTHIBAET MOIIHOCTD, IEpeaBaeMyto uepes uHBepTop 31.

Ha srane 908 cxema 35 ynpaBieHHsI CpaBHUBAET BBIXOJHYIO MOIIHOCTh maHesneil 10 CoMHeUHbIX dJIeMeH-
TOB C CaMbIM IOCJIEIHUM H3MEPEHHUEM JI0 TOTO, KaK V,,, OyJeT mojaHo Ha maHenab 10 CONHEYHBIX 271€MEHTOB.
Ecnu mMomHocTh yBenuuunack, To npouecc 9000 Bo3Bpamaetcs k stamy 901 u nosropsiercs. Hanpsbxenue, mo-
JaBaeMoe Ha BbIBOJ 38, yBenMumBaeTcsa Ha AV JOO MOKa I0JaBAEMOE BBICOKOE HAIPSIKEHHUE V zp, ABIAETCA
607bIIE V oy, THOO MOKA yBETHYEHUE T10JJABAEMOTO BHICOKOTO HAMPSXKEHUS V5, HE TPUBENET K YBEIUUEHHIO
BBIXO/IHOH MOIIHOCTH TaHesieil 10 CONHEeYHBIX 3JIEMEHTOB. V. ONpeneisieTcs 37eCh KaK MaKCUMaJbHOE Ha-
IpsHKCHHUE, KOTOPOE MOXKET OBITh IMOJIaHO Ha MAHENb COMHEYHBIX 3JICMEHTOB, HE MMPUYUHSISA UM HUKAKOTO Bpea.
B 3aBucumMocty ot Trmna nanenn 10 CONMHEYHBIX AJIEMEHTOB V¢, KaK MPABHUIIO, COCTABIIIET IPUOTU3UTEIHFHO OT
600 mo 1000 B. B o6oux ciygasx nporiecc 9000 oxxumaet Ha 3tare 905. JJIUTEIBHOCTh COCTOSHHSI OXKHIAHUS
MOJKET OBITh OT HECKOJIBKUX CEKYHII 10 HECKOJIBKAX MUHYT.

ITocne atama 905 oxumanus nporece 9000 nepexomut k dtamy 907. Ecam MOIIHOCTH, U3MEpEHHAs depe3
BBIBOJbI 322 ¥ 33a, HE M3MEHMWIIACh, HHAEKC N yMEHbIIAaeTcs (n=n-1), moJaBaeMoe HaPSKEHUE V xp, HA BBIBOJIBI
38 k manenu(siM) 10 COHEUHBIX DJIEMEHTOB YMEHBIIAETCS Ha BeMMUUHY AV U cXema 35 ynpaBJieHHsS aKTUBUPY-
et nepexmouarens 55. Iponece 9000 npomomkaetcs Ha stane 909, rae BhIX0AHAsS MOLIHOCTh U3MEPSETCs 1aT-
yuKoM 33 TOKa M JaTyukoM 32 HampsbKeHus. Eciu BBIXOJHAs MOIIHOCTBH MOKa3bIBaeT majaeHue, mporecc 9000
nepexoauT k 3tany 910. Ecnu BeIxogHast MOITHOCT yBenuumiachk, npouecc 9000 Bo3Bpamaercs k atamy 907 u
T0/IaBAEMOE HATPSIKEHHE V app MPOAOIKAET YMEHBIIATECA IO TEX MOP, MOKA BBIXOJHAS MOIIHOCTH MaHeseil 10
COJTHEUHBIX 2JIEMEHTOB He nepecraeT ymeHnomarscs. [Iponece 9000 nepexoaut k stamy 910. Ha stane 910 cxe-
Ma 35 ympaBiieHUs YBETHUYUBACT JUTHTEIBHOCTD, KOTJa TIEPEKITI0YaTeNh 55 COSIMHEH ¢ MaHeNnbio 10 COMHEYHBIX
3JIEMEHTOB Ha BBIBOZE 38 B MEPBOM IOJIOKCHUH, PACCMOTPEHHOM BhIIe. VIHTepBasl BpeMeHH, KOT/a TIepEeKITIO-
gaTelb 55 coeAMHEeH C MCTOYHWUKOM 50 HampsDKEeHWs, YBEITUYHUBACTCS HAa BEITUYHHY AT, ITepexmouarens 55
AKTUBHPYETCS, ¥ BBIXOTHASI MOITHOCTH MaHenel 10 CONMHEYHBIX IEMEHTOB CHOBA OTCIJIC)KHBAETCS AATYUKOM 33
TOKa U gaTdukoM 34 Hanpspxerus. [Ipornecc 9000 mepexoaut B ycioBue 912, 9ToOBI ONPESIIUTE, BO3PACTACT JIH
BBIXO/HAsI MOLTHOCTD manesneit 10 conneunsix aneMenToB. Ecnu na, To nponece 9000 nepexoaut k atamy 910 u
JUTATEIILHOCTD, KOT/1a TaHeTu 10 CONHEYHBIX 3JICMEHTOB COCIUHCHBI C ICTOYHUKOM 50 HampsbKEHsI, CHOBA YBE-
JMMYUBACTCA. J[MUTENEHOCTh MEPEKITIOUCHHS OYICT YBEIUYUBATHCS IO TEX MOP, MOKA BBIXOJHAS MOIIHOCTH Ta-
Henelt 10 CONTHEYHBIX DJIEMEHTOB HE TOCTUTHET MaKCHMyMa (WM ITOKa HE TOCTUTHET (PUKCHPOBAHHOTO IMpe/eia
JUIMTEIBHOCTH, HAallpuMep 3-5 MKC), B pe3ybTaTe Yero N3MEHEHHS! JIIMTEIILHOCTH NePEeKIIIOUYeHHs, 00YCIIOBIICH-
HBIE cXeMOM 35 ympaBneHus, npekpamiatorcs. Tem He MeHee, ecnu Ha 3Tane 912 cxema 35 ynpasieHus onpese-
JSIET, YTO YBEIWYCHHE UTUTCITHFHOCTH D MepexmiodeHns] IPUBOAUT K CHIDKEHHIO BBIXOAHOM MOIIHOCTH, H3Me-
peHHON gaTdyukoM 33 Toka u JqaTdukoM 32 HamnpspkeHus, mporece 9000 mepexoaut k dtamy 911, a mMTeIHHOCTD
D mepexirodueHns CHUXKAETCs TIOCPENCTBOM TOBTOpeHus dTanoB 911 u 913 mo Tex mop, moka BEIXOAHASI MOIII-
HOCTh maHelnedl 10 CONMHEYHBIX DJIIEMEHTOB CHOBA MaKCHMAajbHO He yBenumuutcs. Ilocie Toro kak cxema 35
YOpaBICHUS ONpEIEIIeT, 9TO UINTEIFHOCTh MEPEKITIoYeHNs Obllla ONTHMU3UPOBAaHA Ui MAaKCHMAaJIbHOM BEI-
XOJTHOM MOIIHOCTH TaHelNeil 10 COTHEUHBIX 3JIEMEHTOB ITyTeM TOBTOpeHus dTarnoB oT 910 10 913, mpomecc 9000
HEepexoauT k dtamy 914.

Ha srame 914 cxema 35 ynpaBiieHHs1 HAaUMHAET YBEJIMUMBATE YacTOTy f COeMHEHUs, C KOTOPOH MEepeKIIto-
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yarenb 55 coenuHseTcs co cxemoi 35 ympapneHus. Yactora f, ¢ KOTOpol mepekioyaTens 55 coeanuHsIeTCs ¢
UCTOYHUKOM 50 HampspKeHUs, yBenuduBaeTcs Ha JAf OT mepBoHaYaIbHOW 4acTOTHI f, MEepeKItoueHus, TaKk 9TO
=f,+jAf. Ha stane 914 nepekmouatenb 55 coemuHsAeTCS MEXIy BbIBOIOM 38 u maHensMu 10 COTHEYHBIX diie-
MEHTOB C HOBOH 4acTOTOH, f, M BBIXOJHAsE MOIIHOCTH MaHeleil 10 COMHEYHBIX JIEMEHTOB CHOBA OTCIICKUBACTCS
JatunkoM 33 Toka u gatuukoM 34 HampspxeHus. I[Iponece 9000 nepexonut k atamy 916. Ecnu BerxonHas Mou-
HOCTP maHeseil 10 COMTHEUHBIX 2JIEMEHTOB yBeIHYmiIach, npomecc 9000 nepexoaut oopatHo K dTamy 914, u gac-
TOTa, C KOTOpOi maHenn 10 COMTHEYHBIX 3JIEMEHTOB COEIUHSIOTCS ¢ HCTOYHIKOM 50 HampspKeHHS, CHOBA yYBEIH-
ynBaercs. YactoTa coeanHeHHs OyneT BO3pacTarh 10 TeX IOp, OKa BEIXOJHAS MOITHOCTH nmaHenei 10 comned-
HBIX 3JICMEHTOB HE JOCTHTHET MaKCHMyMa, WM 0 MaKCHMAJIbHON YacTOTHI f., B pe3yibTaTe Yero mporecc
9000 mepexoaut k dTamy 915. Ha stane 914 gactoTa, ¢ KOTOPOU MEPEKITIOIATENh 55 COSAUHICTCS ¢ UICTOUHUKOM
50 BBICOKOTO HampsDKEHUS Ha BBIBOJE 38, Temepb yMeHbIIaeTcs Ha Bean4yuHy jAf, n mepekiroyarens 55 cHOBa
AKTUBHPYETCS, ¥ BBIXOTHAS MOITHOCTH MaHenel 10 CONMHEYHBIX IEMEHTOB CHOBA OTCIIC)KHMBACTCS ATIUKOM 33
TOKa W JaTINKOM 32 HampspkeHHs. B 3TOT MOMEHT cxema 35 ynpaBieHHs pemiaeT, yBeIHIMUBACT I CHIDKCHHE
YaCTOThl COEJMHEHUSI BBIXOJHYIO MOIIHOCTH naHenei 10 conHedHbIX 3neMeHToB Ha stane 917. Eciu ga, To
nporecc 9000 Bo3BpamaeTcs k dtamy 915. B kauecTBe anbTepHATUBBI, €CITH YaCTOTA MEPEKIFOUCHHS JOCTHIACT
HEKOTOPOI MUHHMAIBHOM 9acTOTHI f,,, mporiece 9000 mepexoaut k atamy 918 i oxumaHus.

Ha stane 918, mociie Toro kak BBIXOJIHAs MOUIHOCTh naHesed 10 CONMHEYHBIX 3JEMEHTOB MaKCHUMAaJIbHO
YBEJIMYCHA, CXeMa 35 yIpaBJIeHUs TEPEXOIUT B COCTOSHUE OXKHUIAHUS HA HEKOTOPBIX miepuo BpeMeHu. [lepuon
BPEMEHH OXXHUIAHUS MOXKET COCTABIIATH CEKYHABI WM MUHYTHI. [locne oxumanus Ha dTane 918 mporecc 9000
nepexonut k 3tamy 901, rme nporecc 9000 cHOBa HAYMHACT M3MEHSTHh HAIPsDKEHHE, BPEMs COSMHEHUS Tiepe-
KITFOYATEJsI M YaCTOTYy MEePEKII0UEHUS OT MPEIbIIyIINX ONTUMI3HPOBAHHBIX 3HAUYEHHUH, YTOOBI MMPOBEPUTH, pa-
60TaroT a1 10 cuxX Hop maHenn 10 CONMHEYHBIX 3JIEMEHTOB Ha CBOMX MAKCHMAJIBHBIX YPOBHSX BBIXOTHOM MOIITHO-
ctu. [logaBaemoe Hampspkerne 50 OT cxemsl 35 ynpaBieHHs, JTUTEIFHOCTh HEPEKITIOUYEHIS M 9acTOTa IEePEKIIIo-
YeHHS BCE M3MEHSIFOTCS B TIporiecce paboThl B TEUSHHE AHA, YTOOBI yOSIUTRCS, 94TO TTaHe u 10 COMHEYHBIX dJIeMeH-
TOB pabOTAIOT C MAKCUMATBHOW BBIXOTHON MOIITHOCTBIO TIPH YCIIOBHSX KCILTYaTaIllX B KOHKPETHBIN JICHb.

Ecnu na stane 901 nHanpsixeHue, U3MEPEeHHOE JAaTYUKOM 32 HANpsDKEHUs, MajaeT HbKe 3aJJaHHOTO MUHHU-
MAJIBHOTO Vi, ¥ TOK, U3MEPEHHBIN TaTYMKOM 33 TOKa, MaJacT HUXKE 3aJJaHHOTO MHHUMYMA ipi,, TO cxema 35
ympaBJeHus: yoeper ro0oe HampsbkeHue Ha JuHUsIX 38, u cxema 35 ynpasiieHus nepeiiger k sramy 902 ms
OXKHUJIaHUs, MPESKIC YeM BepHYThCS K 3Tamy 900 (Ha KOTOPOM cHCTEeMa TOBTOPHO WHHIMAIU3HUPYET BCE Mapa-
MeTpsl ¥ uHAeKcH). [Iporecc 9000 Oyner wepenoBath stansl 900-901-902-900 no Tex mop, 1moka Kak Halpspke-
HUE, I3MEPEHHOE NaTYMKOM 32 HAINpPsHKCHHS, TaK U TOK, M3MEPEHHBIN NaTIMKOM 33 TOKA, HE MPEBBICAT Vi, U
Imin COOTBETCTBEHHO, B pe3ybTaTe dero npoiecc 9000 nepeiiaer ot atama 901 x atamy 903.

Pasniunble KOHEYHBIE MAIMHBI MOTYT OBITH pEaIn30BaHbI B CXeMe 35 yIpaBIIeHUs IS TOJTydeHISI aHAIIO-
TUYHBIX Pe3ybTaTOB U OXBATHIBAIOTCS JaHHBIM packpbiTHeM. Tem He MeHee, npoiecc 9000, onMcaHHBIN BHITIIE,
NPEANOYTHTEILHO MUHUMH3UPYET BEIMYMHY TI0JaBAEMOT0O HAIPIKEHUS V zp, IO CAMOTO HHU3KOTO BO3MOYKHOIO
3HAYEHUS TAKUM 00pa3oM, 4TOOBI IPOU3BEIEHUE TOKA, N3MEPEHHOTO JAaTYNKOM 33 TOKa, U HANpsHKEHUS, H3Me-
PEHHOTO IaTYMKOM 32 HAMpsHKEHHs, ObIIIO MAKCHMAaJbHO yBenudyeHo. I[lonaBaemoe HanpsiKeHHeE V ap, KoneOner-
Csl, TO €CTh U3MCHSICTCS Ha HEOONBIINE BEIIMIUHBI KaK BBEPX, TaK M BHHU3 - BO BpeMs (DYHKIIMOHUPOBAHUS B Te-
YCHHE JHS, YTOOBI YUECTh M3MEHEHHS MOIIHOCTH ONTHYCCKOTO U3IYUCHUS P, MAJAFOIICTO HAa CONHECYHBIN 3Jic-
MeHT 100, manens 10 CONIHEYHBIX 3JIEMEHTOB MIIM HECKOJIbKO MaHened 10 CoNIHeYHBIX 2JIEMEHTOB B TEUEHUE JTHS
TaKuM 00pa3oM, 9TOOBI BCETIa MOTJIA MO ICPIKABATHCSI MAKCUMAITbHAS BEIXOIHAS MOIIIHOCTb.

BonpmmMHCTBO 3TAMoOB, OMMCAHHBIX BhIIE B mporecce 9000, mpeaHa3HadeHbI AT PEIICHUS BOIIPOCOB, CBS-
3aHHBIX C aJHa0aTHIECKUMH U3MEHEHISIMHA OCBEIIEHHOCTH, KOTOPBIE TIPOUCXOIAT MEIJICHHO B TEUEHUE TIPOMeE-
JKyTKOB BPEMEHH, COCTABISIONIMX HECKOJIBKMX MHUHYT WM 4acoB. B ampTepHaTHBHOM BapHaHTE OCYIIECTBIIC-
HUS, €ClM KoJjeOaHWsl OCBEIEHHOCTH MPOWCXOMUIN ¢ 0ojiee BHICOKOH CKOPOCTBIO M3MeHeHus, mpoiecc 9000
MOJKET OBITH BBITIOJHEH C BO3MOYXHOCTBIO MUHHMH3AIMN BHICOKOYACTOTHBIX KOJEOAHHH BBIXOJHON MOIIHOCTH
MOCTOSIHHOTO TOKA, OJBOUMON K MHBEPTOPY, IBITASICh yAEPKUBATH BEIXOAHYIO MOIIHOCTE ITOCTOSTHHOTO TOKa
OT U3MEHCHHUH CO CIUIIKOM BBICOKOI CKOPOCTBIO U3MEHCHUS, CIICIOBATEIBHO, MTOBHINIAS KAYECTBO HHBEPTOPA.

B apyrom mpumepe, obpamasics k ¢ur. 10A, naruuk 33 Toka M AaT4uK 32 HaUpsDKEHHs MOKa3aHbI MMOJI-
KITIOYeHHBIME K cucteme 300 ynpasieHus: GoTodIeKTpUIeCKUMH JIeMEHTaMH, IoKa3aHHoH Ha ¢ur. 6. Kak no-
Ka3aHO, TAaTYMK 33 TOKa MOIKIIFOUYCH MOCIEOBATEIIEHO MEKIY MaHeNlblo 10 COTHEUHBIX 3JICMEHTOB M WHBEPTO-
pom 31. latyuk 33 Toka MOXKET OTCIEKUBATh BBIXOJHOM TOK MaHedu 10 COMHEUHBIX 3JIEMEHTOB. AHAIOTMYHBIM
00pa3oM JaTymk 32 HANPSKCHUS MPUCOCTUHCH MapauIeIbHO K MaHeNsiM 10 CONHEYHBIX 3JIEMEHTOB U MHBEPTO-
py 31 i oTCIeKMBaHUS BBIXOIHOTO HANPSKCHUS MaHe T 10 COTHEYHBIX 2JIEMEHTOB.

Cxema 36 ympaBieHHUs MTOAKIIOUEHA KaK K ATYUKy 33 TOKa yepe3 yIpaBisionire BBIBOILI 33a, Tak M K
JATIUKy 32 HaAMpsDKEHUS Yepe3 YIpaBisiomue BoIBOABI 32a. Jlarumk 33 Toka MOXKeT OBITh BCTPOCHHBIM HWIIH
WHIYKIIMOHHBIM N3MEPUTEIFHBIM OJIOKOM WM M3MEpSET BRIXOJHOW TOK maHesei 10 comHeuHbIX 3neMeHToB. AHa-
JIOTUIHBIM 00pa30oM JaTYHK 32 HANPSHKSHHS UCTIONB3YETCS ISl U3MEPEHHsI BBIXOTHOTO HAIPsDKeHUS maHenei 10
COJTHEYHBIX 3JeMeHTOB. [Ipou3BecHHE TOKa, U3MEPEHHOTO JaTYMKOM 33 TOKAa, U HANPSHKCHUS, U3MEPEHHOTO
JATYUKOM 32 HANPSOKCHUS, MO3BOJISICT PACCUUTHIBATH BBEIXOJHYIO MOIITHOCTb, TOJaBaeMyro oT maHenei 10 con-
HCYHBIX JJIEMEHTOB K WHBepTOpY 31. B HEKOTOPHIX BapHaHTaX OCYIIECTBICHUS HATYHMK 32 HATPSIKCHUS MOXKET
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TaKXKe CIIY)KUTh B KAY4eCTBE MCTOYHHUKA MMUTAHUS JJISI CXEMBI 36 yIpaBicHUS U (PYHKIIHOHUPYET TONBKO JIO TeX
mop, Toka manexu 10 COMHEYHBIX DIEMEHTOB OCBEIIAIOTCS U MPEIOCTABISIOT JOCTATOYHYIO MOIIHOCTh JUIS aK-
THBHUPOBaHMSI cXeMbI 36 ympaBneHus. Cxema 36 yrnpaBiaeHUs TOTOTHUTEIHHO MOAKIIOUYeHA K YCTPOHCTBY 60 miist
FeHEPUPOBAHMS UMITYJbCOB HANPSKEHHMS, YTOOBI YIPaBIATh AMIUIMTYJOH MMITYJIbCA HANPSKEHHS V ppp, M-
TeIHHOCTHI0 Dp UMITyNIbCA M 9acTOTOH f ClIeoBaHUs UMITYJICOB, PACCMOTPEHHBIX CO CCHIIKOW Ha ¢ur. 6. J{mu-
TeapHOCTh Dp uMnynbca, yactoTa f clieoBaHUA HMITYJILCOB M HANPSKEHHE V ap, HMITYJIbCA, MOJABAEMOIO Ha
naHes 10 CONMHEYHBIX 3JIEMEHTOB, MOTYT OBITh yIPaBISEMBIMH U PETYJIMPOBATHCS TAKUM 00pa3oM, YTOOBI Kak
TOK, TeHEPHPYEMBbIi B maHesu 10 COTHEYHBIX AJIEMEHTOB M M3MEPEHHBIM JaTYUKOM 33 TOKa, TaK M HaIpsDKEHHE,
WU3MEPEHHOE JaTYNKOM 32 HAMPSHKCHHS, OBUTH MaKCUMAIIbHO YBEIIMYCHBI IIPU PA3IUYHBIX YCIOBUAX IKCIDTyaTa-
[IUH, HATIPUMEP MPH OTIUYAIOIINXCS WA U3MEHSFOIIUXCS YCIOBUAX OCBEIICHUS.

B onHoMm BapmaHTe OCYIIECTBJICHMS AJIS MOAAYU dIeKTpuyeckoro moist 250 manens 10 conHEYHBIX diie-
MEHTOB M3HAYaJIbHO HE TCHEPUPYET MOIIHOCTH, HAPHMEpP, B HOYHOE BPEMsl HIIH MPH T'ycTod obnavynoctu. [1o
Mepe TOr0 KaK COJTHCYHBIC ITAHEIH OCBEUIAI0TCS (HAIpUMEp, B YTPCHHHUE Yachl), HATIPSKCHUE U TOK TCHEPUPYET-
cs manensiMu 10 COMHEYHBIX AJIIEMEHTOB W BBIBOABI 322 HAUMHAIOT MOJABaTh TOK W HaIpsDKEHHE B cxemy 36
ynpaBneHusi. Cxema 36 ympaBJIeHUsT COJASPKUT HU3KOBOJBTHBIM UCTOYHHUK IMUTAHUS JIOTHKHU (HE IMOKa3aH), 9To-
OBI MPUBOANTH B JACHCTBHE YITPABIIIONIYIO JIOTUKY B cXeMe 36 ympaBienus. Cxema 60 ycTpoicTBa Jiisi TeHEpH-
POBaHUS UMITYJIbCOB COICPIKHUT KaK HI3KOBOJBTHBIN, TaK W BEICOKOBOJBTHRIA HCTOYHHUK IMHUTAHUS (HE TTOKa3aH).
BEBICOKOBOBTHBIN MCTOYHHUK MUTAHUS B yCTpoucTBe 60 Ui TeHepHMpPOBAaHHS WMITYJIHCOB HAIPSDKCHHS HMEET
M3MEHSIOIINICS BBIXOIHOW CHTHAJ, KOTOPBIH MOXKHO PETYIHPOBATH C ITOMOINBIO CXeMBI 36 yIpaBiIeHHUs, OTBE-
qaromuii 3a nojauy Vap, Ha naHenu 10 coNHEYHBIX 3JIEMEHTOB. B 5ToM mpuMepe cxema 36 ynpasjieHHs BBIIION-
HCHA TaKUM 00pa3oM, YTOOBI HEe MOJaBaTh HUKAKOT'O HAIPsOKEHUS Ha TMaHenu 10 COTHEYHBIX 3JIEMEHTOB JIO TeX
mop, TOKa He OYIeT CreHEPUPOBAHO JOCTATOYHO MOIIHOCTH MaHeNssMU 10 COMHEYHBIX 3JIEMEHTOB, JUIS aKTHBA-
[IUH KaK HU3KOBOJBTHOTO MCTOYHUKA MUTAHUS JIOTHKH, TaK H BRICOKOBOJIBTHOTO UCTOYHUKA IMUTAHUS B YCTPOW-
ctBe 60 a1 TeHEPUPOBAHUS UMITYJIECOB. B albTepHATHBHOM BapHaHTE OCYIICCTBICHUS cxema 36 ympaBiCHUS
BBIMOJTHEHA C BO3MOXHOCTBIO YIPABJICHUS 3NEKTPUICCKUM TojieM 250 ¥ MaKCHMAllbHOTO YBEITHUYCHHS BBIXOJ-
HOW MOIIHOCTH NPH YBEIWYCHWH W YMEHBIICHUH OCBEUICHHOCTH B TeueHHe MHSA. Cxema 36 ympaBlIeHHUS MOXET
YIPAaBIATH AJIEKTPUIECKUM ToJieM 250, moaBaeMbIM YCTpOUCTBOM 60 IUIsi TEHEPUPOBAHHS UMITYJIBCOB HAIIpSI-
JKeHHS, U CTaOMIN3NPOBATh BBIXOAHYIO MOIIHOCTDH maHeneil 10 CONHEYHBIX 3JIEMEHTOB B COOTBETCTBHH C JIIO-
OBIM OTICAaHHBIM BBIIIE crIocoO0M, BKIFoUatomuM nporecc 10000, mokazanubiid Ha ¢ur. 10B.

O6pamasce k ¢ur. 10B, nmpomecc 10000 BrIrowaeT WHUIMATH3AIUIO MOITHOCTH Ha dTame 1000. JJocta-
TOYHAsI MOIITHOCTH JTOJKHA MPHCYTCTBOBATH HA BBIXOJE MaHesneil 10 COTHEYHBIX 3JIEMEHTOB ISl aKTHBALIUU KaK
HU3KOBOJBTHOTO UCTOYHHKA IMUATAHHS JIOTUKH, KOTOPHIN MPUBOAUT B JCHCTBHE YIIPABISIONIYIO JOTHKY B CXEMeE
36 ympaBlieHUs, TaK ¥ HU3KOBOJIETHOTO W BEICOKOBOJBTHOTO UCTOYHHUKA MUTAHUS B yCTporcTBe 60 11 TCHEpH-
pOBaHUs UMIYJIBCOB HANpsDKEHUS. B KadecTBe abTepHATHBEI cXeMa 36 YIpaBICHUS MOXKET IUTAThCS OT BHEIII-
HEro UCTOYHHUKA (HE IOKa3aH), HAPUMEP aKKyMYJSITOPHOW Oarapen, KOHAEHCATOpa OOJNBIIONH eMKOCTH, BHEIII-
HETO MCTOYHHUKA IMUTAHUS TIEPEMCHHOTO TOKA, KOTOPBIN MO3BOJSICT HU3KOBOJIBTHOMY HCTOYHHKY TMTUTAHUS JIOTH-
KA (QYHKIIMOHUPOBATh, a cXeMe 36 YIpaBJICHUS OTCICIKUBATH BHIXOJMHYIO MOIIHOCTH TaHened 10 CoTHEeYHBIX
3JIEMEHTOB JI0 TeX IOp, II0Ka OHU He OYIyT MMETh JOCTATOYHO MOIIHOCTH, YTOOBI TapaHTHPOBATh MOAAYY dJIEK-
Tpudeckoro moJig 250 Ha maHenu 10 CONIHEYHBIX JIEMEHTOB C YBEIMUEHHEM WX BBIXOJHOW MoOIIHOCTH. [locie
TOTO Kak cxeMa 36 ympaBieHHs 3aIyCKaeTcs, HHIUIHATH3UPYIOTCS BCE apaMeTps! (HampuMep, I01aBaeMoe BbI-
COKOE HalpsKEHHE V app, JIMTENLHOCTE Dp MMIIyNIbCa U 9acToTa f cilejoBaHKs UMITYJIbCOB). B 01HOM BapuanTe
OCYILIECTBIIEHHS M0JAaBAEMOE BBICOKOE HAINPIKEHHE V ap, YCTAHABIMBAETCA PABHBIM HYIIIO, a JUIMTEILHOCTE Dp
MMITyJIbCA M YaCTOTA f CIIC/I0BAHHS HMITYJIbCOB YCTAHABIMBAIOTCS B HOMHHAIBHBIC 3HaueHms: DP=To i f=f,. Bee
KOHTPOJBHBIC UHACKCHI - 1, 1, U j - HHAIUATU3UPYIOTCS HYJICBBIMU 3HAYCHHUSMH.

3arem Ha sTane 1001 cxema 36 ympaBneHus onpenesnseT, ABISIEeTCS JIM HalpsbKeHHe, U3MEPEeHHOe JaTuu-
KOM 32 HampspKEHUS, BBIIIC WM HIKE 33JaHHOTO MUHUMAIBHOTO Vi, U ABJISCTCA JIM TOK, U3MEPEHHBIN TaT4H-
KoM 33 Toka, OOJbIIIe 3aJAHHOTO MHHUMYMA, 1in. COYCTAHUS Vi, U 1, OBUIA BEIOPAHBI TAKUM 00pa30M, YTOOBI
naHenu 10 COMHEYHBIX 3JICMEHTOB, OMpECsAeMble KaK OCBEIICHHBIC, TCHEPUPOBAIN HEKOTOPBIH HOMUHAIBHBIN
MPOIICHT, HanpuMep 5%, OT CBOEH cpeaHeld HOMWHAIbHAsI MOIIHOCTH, YTO SIBJISAETCS TOCTATOYHOMN CreHEepHpo-
BaHHON MOIIHOCTBIO JUIS IIUTAHHS BRICOKOBOJIBTHOT'O MCTOYHHMKA MUTAHUS, YTOOBI YBEITHMYNUTH BBIXOJHYIO MOIII-
HOCTh maHeneil 10 comHeuHsIX areMeHToB. Ecnu cxema 36 ympaBieHHs ONpeenseT, 9TO KaKk H3MEPEHHBIE TOK,
TaKk ¥ HamnpsDKEHUE SBILIIOTCSA BBIIIE COOTBETCTBYIOMINX 3aJaHHBIX MHHHMYMOB, TO JEHCTBYIONIMHA B JaHHBIHA
momeHT miporiecc 10000 mepexoaut k dtamy 1003; ecnu Her, To mponecc 10000 mepexoaut B coctosiaue 1002
oxxuaHus 1 Bo3Bpamaetcs k dtammy 1000. Ha stame 1003 cxema 36 ynpaBieH:us U3MEPSIET TOK, POXOASIINN B
unBepTop 31, ¢ momompo gatyuka 33 Toka, HaNpsbkeHHEe Ha MHBepTope 31 ¢ moMoIblo AaTtyuka 32 HampsKe-
HUS ¥ BBIYHCIIIET MOIIHOCTD, TiepeaaBaecMyro depe3 uaBepTop 31 (HomuHanbHO [XV). KOHTpOMBHBIM HHACKC N
yBenuuuBaercs 10 ntl. Ha srane 1004 nponecc 10000 cpaBHUBAET V ppp € Vinax. Vinax ABISETCS 3apaHEE ycTa-
HOBJICHHBIM 3HAYCHHUEM W MPEICTABISCT cO00i MaKCUMAalbHOE HAINpPsDKEHHE, KOTOPOE MOXKET OBITh TOIaHO Ha
naHeny, He noBpexaas uu nanenu 10, au uaBeptop 31. Ecimm V5, Menbie 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 UMITYIbCOB Ha-
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NpsHKEHUS Ha yBEJIHYEHHE MOJaBAEMOI0 BEICOKOTO HANPSIKEHUS V ap, HA BEIMYMHY NAV M NOJAET CUTHAI yCT-
poiicTBy 60 1y reHepHPOBaHUS UMITYJIbCOB HANPSDKEHMS Ha Mojjady UMITyJIbca HarpspKeHUs Ha nanesu 10 con-
HEYHBIX 37eMeHTOB. {1 3T0T0 MpuMmepa AV MOXKeT ObITh (PMKCHPOBAHHBIM IIEPENaJOM HAMpSKEHHS, COCTaB-
JstronuM 25 B, XOTS MOTYT OBITH HCIOJIB30BAaHBI OOJBIINE MIIM MEHBIINE Iepenapl HanpsokeHus. Hanpsokenne
V app IIPUKIAJBIBAET dMEKTpHUEcKoe nmoje 250 Ha manenu 10 CONHEYHBIX 3JIEMEHTOB, U HANPSKEHHOCTH DIICK-
TPHUYECKOTO 10711 250 IpONOpUMOHAIbHA MT0AaBAEMOMY HAIPSKEHUIO V ap,. I 5TOro mpuMmepa JIMTENbHOCTH
nmmyibea Dp Betoupaercst pasHoii 1000 He, a acToTa clieIoOBaHHUS UMITYJIbCOB BeIOMpaeTcs paBHOM 20 MKc. Takxke
MOTYT OBITH BBIOpaHBI IPYTHE IIMTETLHOCTH UMITYJIbCA M YacTOTHI CIeAOBaHUs UMITYylIbcOB. Cxema 36 ympas-
JICHUsI CHOBA TIOJIyJaeT U3MEPEHUE TOKa, IIPOXOAAIIEro B MHBEPTOp 31, ¢ momMoIbio Aatduka 33 TOKa, MoaydaeT
M3MepeHNe HaIpsHKeHUS Ha WHBEpTOpe 31 ¢ MOMOIIBIO JaTYuKa 32 HANPSHKCHHUS W TIEPECUUTHIBAET MOITHOCTD,
nepenaBaeMyo depes HaBepTop 31.

Ha »tane 1008 cxema 36 ynpaBneHHs: CpaBHUBAET BBIXOAHYIO MOITHOCTH MaHenel 10 comMHeuHbIX d1IeMeH-
TOB C CaMbIM IMOCJIEHUM HU3MEPEHHEM JIO TOTO, KaK V 5, OyJeT mojaHo Ha naHenb 10 COMHEUHBIX 3JIEMEHTOB.
Ecnu momuocTs yBenuuunacs, npouecc 10000 Bo3Bpamaetcs k stamy 1001 u mosropsercs. [lonaBaemoe Ha-
npsHKEeHUE V oy, YBEIUYMBAETCA HA AV JI0 TeX NOp, NOKa JHOO0 MOAAaBAEMOE BBICOKOE HANPSKEHUE V Ay, HE CTa-
HET 00MbIIE V ny, JTHOO0 TMOKA yBEIHYEHHE TT0JJABAEMOT0 BBICOKOTO HAMPSHKEHHS V Ay, HE NMPHBEJIET K yBeIUUe-
HHUIO BBIXOJHOW MOIIHOCTU naHeneil 10 CONHEUHBIX JIEMEHTOB. V,x CHOBA ONpeneNseTcs 3/eChb KaK MaKCH-
MaJIbHOE HAIpsDKEHHE, KOTOPOE MOXET OBITh MOAAaHO Ha MaHesb 10 COJHEYHBIX 2JIEMEHTOB, HE NMPUYMHSS eH
HHUKAKOTO Bpe/la, U B 3aBUCUMOCTHU OT THIIA TAHETH COJTHEYHBIX 3JIEMEHTOB, OHO, KaK MPaBHJIO, COCTAaBISET MPHU-
ommmsutensHO oT 600 10 1000 B. B 060omx ciywasx mpornecc 10000 oxxunaet Ha stane 1005. J[murensHOCTD CO-
CTOSIHMSL O’KUJIAaHHUS MOXKET OBITH OT HECKOJIBKUX CEKYH[ JO HECKOJIbKHX MHUHYT. [locie stama 1005 oxnpaHus
mporecc 10000 mepexoaut k stamy 1007.

Ecnmm montHOCTS, M3MepeHHas Yepe3 BRIBOIBI 32a U 33a, He N3MEHIIIACh, MHAEGKC N yMeHbIaeTcs (n=n-1),
N0/IaBAEMbIH MMITYJIbC HANPSKEHUS Vap, YMEHBINAETCA HA BelMuuHy AV u cxema 36 ynpapieHHs aKTUBHPYET
ycTpoiicTBo 60 miist reHepupoBaHus UMITYIbcoB. Iporiecc 10000 nponomkaercs Ha stane 1009, rae BeIXomHAS
MOIIIHOCTb U3MEPSIETCS JATIYMKOM 33 TOKa M AaTYUKOM 32 HampspkeHus. Eciu BEIXOJHAS MOIIHOCTB IOKa3bIBACT
nazenue, nporecc 10000 nepexoaut k 3tamy 1010. Ecnu BeIXOAHAsS MOLIHOCTH yBenuuuiuack, mpouecc 10000
BO3Bpamaerca k srary 1007, u nogaBaeMoe HaNPsKEHUE V oy, MPOJOIDKACT YMEHBINATBCA A0 TEX MOP, IOKA BbI-
XOJHas MOIIHOCTG naHeneil 10 comHeuHbIX 271eMEHTOB He nepectaeT ymensiiatecs. [Iponecc 10000 nepexogut
k atamy 1010.

Ha stane 1010 cxema 36 ympaBieHHs HauMHAET yBEIUUUBATh [UIMTENBHOCTh Dp UMIyNbca HAaNpPSDKEHUS.

JmtensHocTh Dp MMIyIIbCa HaNpsDKEHUS YBEIUUHUBACTCS HA BEIUUYMHY iAr,, VYerpoiictBo 60 11 reHepupoBa-
HUS UMITYJIBCOB HAIPSKCHUS aKTUBUPYETCS, U BBIXOJHAS MOIIHOCTH MaHelei 10 COMHeYHBIX 3JICMEHTOB CHOBA
OTCIISKHUBACTCS HaTIMKOM 33 Toka W natdynkoM 34 Hampsbkenwus. [Iporecc 10000 nepexoaut B coctosiaue 1012,
YTOOBI OTIPENIENINTh, BO3PACTAET JIH BBIXOHAS MOIIHOCTE MaHesnei 10 comnednsix 3nemenToB. Ecnu ma, To mpo-
recc 10000 mepexoaut k 3tamy 1010, a mmTensHOCT, Dp MMIyNBCa 71 HaNpsDKEHUS CHOBA YBEJIMYHUBACTCS.
JlmarensHOCTH Dp MMIyIIECA OyZIET BO3pacTaTh JO TEX IMOP, IMOKa BHIXOIHAS MOIIHOCTH MaHesield 10 coHedHbIX
3JIEMEHTOB HE OCTUTHET MaKCUMyMa WM IOKa He IOCTHTHET (MKCHPOBAHHOTO TIpejeia JINTEIbHOCTH, Ha-
npuUMep, TTOKa He OyAeT JOCTUTHYTA JITUTEIBHOCTh UMIYJIbCa 5 MKC, B pe3yJIbTaTe 4Yero M3MCHEHUSI TUTEIIBHO-
CTH TIEPCKJIIOUCHHS, OOYCIIOBIICHHBIC CXeMOW 36 ympaBieHUs, mpekpamarTcs. TeM He MeHee, eClIM Ha dTare
1012 yCcTaHOBIICHO, YTO YBEIWYCHUE TUTEIHHOCTH UMITYJIbCA TIPUBOUT K YMCHBIIICHHUIO BEIXOTHOW MOIITHOCTH,
U3MEpEeHHON AaT4ukoM 33 Toka u gatuukoM 32 HampspkeHus, mporecc 10000 mepexoaut k stamy 1011. Jau-
TEJIBHOCTh UMITYJIbCA YMEHbIAETCsl ocpeAcTBOM moBTopeHus aTanoB 1011 u 1013 go Tex mop, moka BeIXOAHAs
MOIITHOCTh TaHene# 10 CONHEUHBIX 3JIEMEHTOB CHOBa MaKCUMAalbHO He yBenmdurcs. [locme Toro kak cxema 36
YIOpaBJICHUS OMpPENEIAeT, YTO JIUTEIBHOCTh UMITYJIbca ObLIa ONTUMH3HPOBAaHA JJIS MaKCHMAaJIbHOM BBIXOJHON
MOIIHOCTH TaHeneil 10 CoNHEeYHBIX 3JIeMeHTOB, mpoxonas oT dTama 1010 k sramy 1013, mporecc nmepexoauT K
aramy 1014.

Ha srane 1014 cxema 36 ynpaBieHHs yBETHUHUBACT YaCTOTY MMITYJIHCOB HANpsDKEHUS. YacToTa UMITYJIhCOB
HaIpsDKEHUS yBennauBaeTcsi Ha JAf oT nepBoHavasnbHOM YacToThl f, mepexmodenus, Tak uro f=f+jAf. Ha sramne
1014 uMITyJIECBI HANPSDKSHUS TTOJIAOTCST YCTPOUCTBOM 60 17151 TEHEpUPOBAHKS HIMITYJILCOB HATIPSKCHHS Ha TTAHEN
10 coHEYHBIX 3JIEMEHTOB ¢ HOBOI 4acTOTOM f, a BRIXOQHAS MOIIHOCTH maHejei 10 COJHEYHBIX 3JIEMEHTOB CHOBA
OTCJIEKUBAETCS JaTYUKOM 33 ToKa U 1aT4ukoM 34 HanpspkeHus. 3ateM npouecc 10000 nepexoaut k atamy 1016.

Ecnu BbIXOHAs MOIIHOCTG maHened 10 CoTHEYHBIX 3JIEMEHTOB yBenuuunack, npomecc 10000 nepexoaut
o0patHo k 3tany 1014, 1 yacToTa, ¢ KOTOPO UMITYIHCHI HATIPSDKEHUS TTOAAI0TCS Ha maHenu 10 COTHEYHBIX AJie-
MEHTOB, CHOBA YBCIMYHMBACTCS. YBEINYCHUE YACTOTHI MMITYJILCOB HANPSOKCHUS OYAET BO3pPAacTaTh JO TEX IOp,
MOKa BBIXOJHAS MOIIHOCTh MaHenel 10 COMHEYHBIX 3JICMEHTOB HE JOCTHUTHET MaKCHMyMa, WU JI0 MaKCHMalb-
HOW 4acTOTHI f,,,y, B pe3ynbTare yero mporecc 10000 nepexoaut k 3tamy 1015. Ha stame 1014 yacToTa uMIyb-
COB HAIPsDKEHUS TEMEph YMEHBIIACTCS Ha BENWYMHY jAf, M mepeximrouaTens ycrpoiictBa 60 Uit reHepupOBaHUS
HUMITYJIbCOB HANPSKCHUS CHOBA aKTHBHUPYETCS, M BBIXOIHAS MOITHOCTH TMaHeed 10 COMTHEYHBIX 3JIEMEHTOB CHO-
Ba OTCIICKHMBACTCS NaTYMKOM 33 TOKa U JATYMKOM 32 HampspKeHUs. B 3TOT MOMeHT cxema 36 ympaBiieHHs OTpe-
JIeNSeT, YBEIUYNBACT JIM CHIDKEHUE YaCTOTHI HMIYJIbCOB HAIIPSDKEHIS BEIXOJIHYIO MOITHOCTH maHeneit 10 cod-
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HEUHBIX 271eMeHToB Ha 3tane 1017. Ecnu ga, To npouecc 10000 Bo3Bpamaercs k 3tamy 1015. B xauecTBe anb-
TEPHATHBBI, CCIIM YaCcTOTa MEPCKIIFOYCHUS TOCTUTACT HEKOTOPOW MHHUMAIBLHOW 4acTOTHI fy,, mpomecc 10000
nepexoauT K 3tamy 1018, KoTopsIii mpencTaBiseT cOO0 COCTOSHUE OKUIAHMSL.

Ha srame 1018, mocie Toro kax BBIXOJHAs MOIIHOCTH HaHejed 10 cOIHEYHBIX DJEMEHTOB OblIa MaKCH-
MaJbHO yBenmueHa, mporecc 10000 mepexoIuT B COCTOSIHAE 0KHIaHUS HAa HEKOTOPBIH epruo BpeMenu. [lepu-
Ol BPEMEHH OKUAAHUS MOXKET COCTAaBIIATH CEKYHIB! Wi MHHYTHL [locnme oxxmmanus Ha stame 1018 mpormecc
10000 mepexomut k dtamy 1001, rae cxema 36 ynpaBlieHHs CHOBa HAYMHACT W3MEHATH HANPSHKEHUE UMITYIIbCA,
JUTATENIFHOCTh UMITYJIbCA W YacTOTY CJIEAOBAHUS MMITYJIECOB OT MPEIBIAYIINX ONTHMH3HPOBAHHBIX 3HAUYCHU,
YTOOBI MIPOBEPHUTH, PAOOTAFOT JIX IO CUX MOP maHenu 10 COTHEYHBIX 3JIEMEHTOB HA CBOMX MAaKCUMAJIBHBIX YPOBHSIX
BBIXOJJHOH MOIIHOCTH. AMIINTYAA V 5p, UMITYJIbCA, JUTUTENBHOCT UMITYJIbCA M YacTOTa CJI€JI0BAHUS MMITYJIbCOB
BCC M3MCHSIOTCS B Tpoliecce pabOThl B TEUCHUE JHS, YTOOBI YOCAHUTHCS, YTO MaHe n 10 CONHEYHBIX AJIEMEHTOB
padoTaroT ¢ MAKCHMATLHON BBIXOJJHOM MOIIIHOCTBIO MPHU YCIOBUSAX IKCILTyaTallMd B KOHKPESTHBIN JICHB.

Ecnu Ha stane 1001 HampspkeHue, U3MEPEHHOE AATYUKOM 32 HamlpshDKEHUs, MaJaeT HIKE 3aJaHHOTO MU-
HUMYMa Vi, ¥ TOK, I3MEPCHHBIA NAaTYMKOM 33 TOKa, MajgaeT HWKE 3aJaHHOTO0 MHHUMYMA i, TO cXema 36
YIpaBIIEHUSI OCTAHOBUT YCTPOHCTBO 60 /Jisi TeHEPUPOBAHUS MMITYJIHCOB HampspkeHus U nporecc 10000 mepeit-
neT k atamy 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 NaTdukoM 33 Toka, OymyT
OOJBIIE Viyin U imin COOTBETCTBEHHO, B pe3ynbTaTe yero mporecc 10000 mepeiiner ot srtanma 1001 k stamy 1003.
PasnudaHble KOHEYHBIE MAIIMHBI MOTYT OBITH pEayM30BaHbI B cxeMe 36 ympaBiieHUs Ul HOJXY4YCeHUS aHAIOTHY-
HBIX Pe3yJIbTaTOB M OXBAThIBAIOTCS JaHHBIM pacKpbiTHeM. TeM He MeHee, mpouecc 10000, onucaHHbBIN BhIIIE,
NPEANOYTUTEILHO MUHUMHU3HUPYET BEJIMYHHY MOAABAEMOTO UMITYIbCa V ap, HANPSIKEHHS 70 CAMOTO HU3KOTO
BO3MOJKHOTO 3HAYCHUS TaKUM 00pa30M, 4TOOBI MPOU3BECHHUE TOKA, H3MEPCHHOTO JaTYMKOM 33 TOKa, W HaIps-
JKEHHUsI, N3MEPEHHOTO JaTYMKOM 32 HampsuKeHHs, ObUI0 MaKCHMManbHO yBenanueHo. ITogaBaeMblit HMIYIIbE V ap,
HANPSDKCHUST KOJICOJICTCS - TO €CTh M3MEHSCTCS Ha HEOOJNBbIIME BEIHMYMHBI KaK BBEpPX, TaK U BHU3 - BO BpEMs
(hYHKIMOHMPOBAHUS B T€UEHHE IHS, YTOOBI Y4€CTh M3MEHEHHS MOIIHOCTH ONTHYECKOTO M3IYUEHHS P, MMagaro-
miero Ha cojHeynsld 100 sneMenT, naneinb 10 COJHEYHBIX DJIEMEHTOB MIIM HECKOJIBKO maHenei 10 comHedHbIX
3JIEMEHTOB B TEUEHHE JHSA TaKUM 00pa3oM, 4TOOBI BCET/Ia MOTJIa MOAAEPKUBATHCSI MaKCHUMaJbHAs BBIXOIHAS
MOIITHOCTb.

Orambl, onicanHble B mporecce 10000, MOTyT pemrath BOMPOCH, CBSI3aHHBIE ¢ aIHa0aTHIeCKUMH M3MEHe-
HUSIMH OCBEIICHHOCTH, KOTOPBIE IMPOHUCXOAAT MEIJICHHO B TEUEHHE NMPOMEXKYTKOB BPEMEHH, COCTABIIIOLINX
HECKOJBKUX MHHYT WU 9acOB. B albTepHATHBHOM BapHaHTE OCYIICCTBICHHS, €CIIH KOJICOAHUS OCBEIICHHOCTU
MPOUCXOIIIN ¢ OoJee BHICOKOHW CKOPOCTHIO M3MeHeHus, npouecc 10000 MoxxeT OBITh BBIMOJHEH C BO3MOXKHO-
CThI0 MUHHMH3AIUN BHICOKOYACTOTHBIX KOJEOAHWU BBIXOJHOW MOIIHOCTH IMOCTOSHHOTO TOKA, IMOJBOAUMON K
HHBEPTOPY, MBITASACH YACPKUBATh BBIXOTHYIO MOIIHOCTh IOCTOSHHOTO TOKa OT U3MEHEHHUH CO CIIMIIIKOM BBICO-
KO# CKOPOCTh U3MCHEHUS, CIICIOBATEIBHO, MOBHIIIAS KAYeCTBO HHBEPTOPA.

OmnucaHHbIC BAPUAHTHI OCYIICCTBICHUS JOMYCKAIOT Pa3IMYHbIC MOJU(HUKAIINN U aJTbTEPHATUBHBIC (POPMEI,
M UX KOHKPETHBIC NMPHUMEPH! OBUIM MOKa3aHBl B KauecTBE MpUMepa Ha TpapuyuecKux MaTepHaliaX W MOAPOOHO
OTIMCaHbI B TaHHOH 3asBKe. TeM He MeHee, CleyeT MMOHNMAaTh, YTO ONMCAHHBIC BapHaHTHI OCYIIECTBICHHUS HE
JTOJDKHBI OBITH OTPaHMYEHBI KOHKPETHBIMH (DOpMaMH MM PACKPBITHIMU CIIOCO0aMH, HO, HA0OOPOT, HACTOSIIIEE
n300peTeHne 0XBaTHIBACT BCE MOAM(HUKALINH, SKBUBAJICHTHI U aJIbTEPHATUBHBIC BAPUAHTEI.

DOOPMYVYIJIA N30BPETEHUA

1. Cucrtema ais MOBBIICHUS KO3 (UITUEHTA TTONE3HOTO NeHCTBUSA (POTOIIEKTPHUUSCKOTO YCTPOHCTBA, CO-
JepaKamas

CPEICTBO MOAAYM HANPSDKEHHS U TMIEPEKITIOYCHN MEeXXIy Mogaueii curHaja HampspKeHUs Ha (OTOdJIeK-
TPUYECKOE YCTPOMCTBO B TEUCHHE NEPBOTO 33JaHHOTO MHTEPBAJIa BPEMEHH U IPEKpalieHneM HOoIadl CHTHAJa
HaNpsDKEHUS Ha (POTODIIEKTPUIECKOE YCTPOHCTBO B TEUCHHE BTOPOTO 33JaHHOTO HHTEPBajla BPEMEHH,

MIpUYEeM CUT'HAJ HANpSDKEHUS BKITIOYACT B ce0s IO MEHBINEH Mepe OJWH UMITYJIbC HAIPSDHKEHUS C TTOJIOKHU-
TENBHOW aMITATYION JJIsl TeHEPUPOBAHUS AIEKTPUIECKOTO OIS Ha (POTOIIEKTPHUECKOM YCTPOWCTBE IJIS YBe-
JIMYEHUST BEIXOJHOTO TOKA, BEIPA0aTHIBAEMOTO (hOTOIIEKTPHUIESCKUM YCTPOHCTBOM, H/WIIH BBIXOIHOW MOIITHOCTH,
BBIPa0aThIBAEMOH (POTOIIEKTPUIECKIM YCTPOHCTBOM.

2. Cucrema 110 1.1, B KOTOpO# YKa3aHHOE CPEJCTBO MOAAYU HAMPSKEHUS CONCPIKUT HCTOYHHK TOCTOSHHO-
TO HANPsDKEHUS JUTS MOJIa4d CHTHANIA HAMIPSDKCHHS B KAYeCTBE CHTHAJNIA MOCTOSHHOTO HAMPSHKCHHS U CPEICTBO
MCPEKITFOUCHUS TS MOAKIIIOYCHUS YKa3aHHOTO CPEJICTBA MOJAYH ITOCTOSTHHOTO HATPSKCHUS K (DOTORIICKTpUIC-
CKOMY YCTPOHCTBY.

3. Cucrema 1o 1.2, B KOTOPOU YKa3aHHOE CPEACTBO MOJaYd MOCTOSHHOTO HATIPSHKCHHS BBITIOJTHEHO C BO3-
MO>KHOCTBIO TIOJJa4H CUTHAJIA TIOCTOSTHHOT'O HANpsbKeHUs ¢ moteHmanom ot 100 1o 500 B BrirrounTenbHO.

4. Cuctema 1o 1.2 win 3, B KOTOPOH yKa3aHHOE CPEACTBO MEPEKIIOUEHHUS BHITIOJHEHO ¢ BO3MOYKHOCTHIO
MOJJaYM CUTHAJA IIOCTOSHHOTO HANPSDKEHUS Ha (POTORNIEKTpHUYECKOE YCTPOHCTBO B TEUCHHE TIEPBOTO 331aHHOTO
WHTEpBaJia BpEMEHH W MPEKpalleH:us MM0Jadd CHTHaJIA TIOCTOSHHOTO HAINPsDKEHUS Ha (OTOIIEKTPUIECKOE YCT-
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POWCTBO B T€YEHHE BTOPOT'O 33]aHHOTO MHTEPBaja BpEMEHH.

5. Cucrema 1o nro0oMy m3 1m.2-4, B KOTOPOH yKa3aHHOE CPENICTBO MEPEKIFOYCHHUS BBIIOJIHEHO C BOZMOXK-
HOCTBIO TIEPEKITIOYCHUSI MEXIY 3aMBIKAHHEM ITyTH TOKa MEXIY YKa3aHHBIM CPEICTBOM II0a4H MOCTOSHHOTO
HaNpsDKEHUS M POTOANEKTPHUECKIM YCTPOUCTBOM B TEUEHHE IIEPBOTO 3aJaHHOTO MHTEPBajla BPEMECHU U Pa3MBbl-
KaHHEeM YKa3aHHOTO ITyTH TOKa B TeUEHHE BTOPOTO 33JaHHOTO HHTEpBaJia BPEMEHH.

6. Cucrema 1o 1.5, B KOTOPOH yKa3aHHOE CPEICTBO MEPEKIIIOYCHHUS BBITIOIHEHO C BO3MO)KHOCTBIO ITOIa4H
CHUTHAJIa MTOCTOSTHHOTO HAIPSDKEHUS Ha (POTOIIEKTPHUECKOE YCTPOWCTBO Uepe3 MyTh TOKa B TCUCHHE IIEPBOTO
3aJJaHHOTO MHTEPBaIa BPEMEHH.

7. Cucrema 1o JitoboMy u3 1m.2-6, B KOTOPOH yKa3aHHOE CPEICTBO MEPEKIIOUCHHS COACPIKHUT 0 MEHBILECH
Mepe OJIUH OJHOIIOJIOCHBIM, NBYXITO3WLMOHHBIA IEepEeKIIouaTelb, 10 MEHBIICH Mepe OIUH NepeKIIIOYarOIIUi
TPaH3MCTOP WIN UX KOMOMHALIHIO.

8. Cucrema no moboMy u3 mm.2-7, B KOTOPOH (HOTOINEKTPUIECKOE YCTPOWCTBO BBHINMOJHEHO C BO3MOXKHO-
CTBIO 00ECICYECHNS YBETMUSHHOT'O BBIXOTHOTO TOKA ¥/MJIM YBEJINYEHHOH BBIXOHON MOIITHOCTH JUISl HATPY3KH.

9. Cucrema 10 1.8, B KOTOPO#l yKa3aHHOE CPEICTBO NEPEKIIOYCHHUS BBIIIOJIHEHO C BO3MOXKHOCTBIO MOJ-
KIIFOYEHHUS K Harpyske, MpHUueM (OTOIIEKTPHUECKOE YCTPOWCTBO BBIOJHEHO C BO3SMOYKHOCTBIO OOECIICYECHUS
YBEJIIMYEHHOT'O BBIXOJHOTO TOKA W/WJIHM YBEIWYCHHOW BBIXOJHOW MOITHOCTH JJISl HATPY3KH B TE€UYCHUE IEPBOTO
3aJaHHOTO BPEMEHH ¥ BTOPOTO 3aJaHHOTO BPEMEHH.

10. Cuctema 1o 1.8 w9, B KOTOPO# yKa3aHHOE CPEACTBO MEPEKITIOUSHUS COACPKHUT JBYXITO3UITUOHHOE
CPEICTBO MEPEKIIOUEHHSI C TIEPBBIM BBIBOJOM JUTA ITOAKIIOYCHUS K YKa3aHHOMY CPEACTBY MOIAaYl HOCTOSHHOTO
HaINpsDKEHUS, BTOPBIM BBIBOJIOM IS TIOAKITIOYECHUS K HATPY3Ke W OOIIMM BBIBOZOM JUIS MOJKITIOUEHHS K (OTO-
JNEKTPUUECKOMY YCTPOHCTBY, BBIIIOJIHEHHOE C BO3MOXKHOCTBIO YCTAHOBIICHHUS NIEPBOTO IYTH TOKa MEXIY yKa-
3aHHBIM CPEACTBOM I10/1a4H1 IIOCTOSIHHOTO HANpPSDKEHHS U (POTORIEKTPUIECKUM YCTPOMCTBOM B T€UEHHE TIEPBOTO
3aJJaHHOTO BPEMEHH M YCTAHOBJICHHUSI BTOPOTO ITyTH TOKa MEXIY (POTOIIEKTPHUECKUM YCTPOMCTBOM U Harpys-
KOH B T€UYEHHE BTOPOTO 33/IaHHOTO BPEMEHHU.

11. Cucrema 1o 1.10, B KOTOpO# yKa3aHHOE CPEICTBO TEPEKIIOYESHNUS BBIIOJIHEHO C BO3MOXXHOCTBIO 00ec-
TICYCHHS YBEIMYCHHOTO BBIXOJHOTO TOKA W/WJIHM YBEIIMYEHHOW BBIXOTHOW MOITHOCTH JUIS HArpy3KH B TEUCHHE
MIEPBOTO 3aJaHHOTO BPEMEHH.

12. Cucrema mo mobomy u3 mm.l-11, B KOTOpoi yKa3aHHOE CPEJCTBO IMOJAYW HAMPSHKEHUS COIEPIKUT
CPEICTBO TOAAYHM YIPABIACMOTO HAIMPSDKEHHS U [MOJA4YM CHUTHAJIA HATPSDKCHHS B KAa4eCTBE YIIPABISIEMOTO
CUTHAJIa HANpPsDKEHUS, CPEICTBO MOJAYM MEPHOAMYESCKOTO HANPSDKEHUS IS MOJadYl CHUTHAJA HANpSOIKCHHS B
KadyecTBE MEePHOANICCKOTO CHTHAJA HATPSIKEHUS, CPEACTBO IOAaYH KOHTPOJIMPYEMOTO HANpPsDKEHUS [UIS Tofa-
YM CHTHAJIa HAIIPSDKEHUSI B KAUECTBE M3MEHSIOLIETOCS BO BpEMEHH CUTHAJIa HAIIPSHKEHUS MIIM UX KOMOUHAIHIO.

13. Cucrema 1o no6omy u3 ni.1-12, B KOTOpO# yKa3aHHOE CPEICTBO 1104l HANPSDKEHHUS BBITTOJIHEHO C
BO3MOJKHOCTBIO B T€UEHHE MEPBOTO 33JaHHOTO MHTEPBaja BPEMEHH 110/1a4l CUTHAJIa HAIPSDKCHHUS Ha MHOMKECT-
BO (DOTO3JIEKTPUUECKUX YCTPOHCTB, TEHEPHPYIOIIEr0 3JIEKTPUYECKOE IOJIe Ha yKa3aHHOM MHOXECTBE (OTO-
JNEKTPUUECKUX YCTPOUCTB JUIS YBEJIMUYECHHUS! BBIXOJAHOTO TOKA, BEIPA0AThIBAEMOT0 (hOTORIIEKTPHYECKAM yCTPOH-
CTBOM, W/WIM BBIXOJHOH MOIIHOCTH, BBIPa0ATHIBAEMOM yKa3aHHBIM MHOXKECTBOM (POTOICKTPHUECKHX YCT-
POMCTB.

14. Cucrema 1o 11.13, B KOTOPOH MHOKECTBO (POTOIIEKTPHUIESCKUX YCTPOMCTB PACIIONIOKEHO B TIOCTIEI0BA-
TeJIbHOU KOHPUTYpAIHH, TapAJUICTLHOW KOH(UTYPAITUH WU MX KOMOWHAIIHH.

15. Cucrema 1o mo6omy u3 i 1-14, B KOTOpOH yKazaHHOE CPEIICTBO IOJaYd HAMPSHKCHHSI BBITIOIHEHO C
BO3MOKHOCTBIO OOECTICUCHHSI CUT'HAJIa HATIPSDKEHUS B KAUEeCTBE MIEPHOINIESCKOTO CHUTHAIA HANPSKSHUS IS Te-
HEPHPOBAHMS 3JICKTPUIECKOTO NOJIS Ha (POTORIEKTPHUECKOM YCTPOHCTBE.

16. Cucrema 1o mo0oMy u3 mm.1-15, B KOTOPOH CUrHaj HaNpsDKCHHS UMEET aMIUIUTYNy B TUana3oHe OT
100 o 500 B, yacroty B nuanazone ot 20 no 200 xI['u, nepuos B aAuama3one oT 5 10 S0 MKC, HOMHUHAIBHBINA KO-
3¢ ¢unuenT 3anonaeHus B quanazone ot 0,1 mo 10% mmu ux KOMOWHAIHIO.

17. Cucrema 1o mo6omy u3 1. 1-16, TOMOTHUTENFHO COEpIKallasi CPeICTBO YIIPaBICHUS U pEeryIHpo-
BaHMs NEPBOH JUIMTEIHHOCTH NEPBOTO 33/IaHHOTO MHTEpBaJa BPEMEHH, BTOPOIl UIMTEIBHOCTH BTOPOTO 3aaH-
HOTO MHTEpBajla BpeMeHHU, K0d((HUIMIEHTa 3all0IHEHHS [IEPBOTO M BTOPOTO 33JaHHBIX WHTCPBAJIOB BPEMEHH,
MIePBOI YaCTOTHI CIIEIOBAHUS MMITYJIECOB MIEPBOTO 3aJaHHOTO HHTEPBajia BPEMEHHU, BTOPOIl YaCTOTHI CICIOBAHMUS
HUMITYJIECOB BTOPOTO 3aJaHHOTO HHTEPBajIa BPEMEHH WM UX KOMOWHAITHH.

18. Cucrema 1o 1.17, B KOTOPOH yKa3aHHOE CPEJICTBO YIPABICHUSI BHITIOTHEHO ¢ BO3MOYKHOCTBIO TIOJIEP-
JKaHUS TIEPBOM JITUTEIBHOCTH B TIEPBOM Juana3one JmuTenbHocTr oT 10 1o 2000 He, BTOpO# UTMTEIHHOCTH BO
BTOpOM JHarna3zoHe aiuTesbHocTH oT 10 mo 2000 He, koddduimeHTa 3amoIHeHUsT UMITyJIbca HANPSDHKEHUS B
nmuamazoHe ot 0,1 10 10% uu ux KOMOUHAIUH.

19. Cuctema no n.17 unu 18, B KOTOpoi yka3aHHOE CPEICTBO YIPABICHHUS, 10 MEHBIIEH Mepe, YaCTUYHO
MHTETPUPOBAHO B CPEJICTBO MTOJIAYH HATIPSKEHUSI.

20. Cucrema 1o Jro6omy u3 1. 1-19, TOMOTHUTENBFHO CoeprKallasi CpeICTBO YIPaBICHUS U peryIHpo-
BaHMs YacTOTHl CHTHaJla HANpsDKEHHS, MOJaBaeMOro Ha ()OTOAIEKTPUYECKOE YCTPOICTBO, BEIWYMHBI CHTHAJA
HaIpsHKEHUs, TI0aBaeMOro Ha (DOTOIJIEKTPHUUECKOE YCTPOICTBO, Meproa CUrHajla HalpsDKeHHUs], 0aBaeMoro
Ha (OTOIIEKTPUIECKOE YCTPOHCTBO, YAaCTOTHI CIEIOBAHNUSA WMITYIbCOB CHTHAJIa HAIPSDKEHIS, MTOJaBAEMOTO Ha
(hoTORIEKTpUIECKOE YCTPOUCTBO, KOA(h(dHUIIMEHTa 3aMOJHEHUSI CUTHAIA HAMPSOKCHHs, MOAaBaeMoro Ha (oTo-

-17 -



038040

JNEKTPUYECKOE YCTPOWCTBO, JIUTEIBHOCTA CHTHANIA HANPSIKCHHUS, MOJABACMOTO Ha (POTOAIEKTPHUYCCKOE YCT-
POWCTBO, WK MX KOMOWHALINY.

21. Cucrema mo .20, B KOTOPOH YKa3aHHOE CPEJICTBO YIPABICHUsI BHITIOTHEHO ¢ BO3MOXKHOCTBIO TIOJIIEP-
JKaHUs 9acToThl B auana3one oT 20 go 200 kI, BenwuuHsl B auanazoHe ot 100 go 500 B, mepuona B quanasone
oT 5 1o 50 mkc, koapdunmenTa 3amnoHeHus B auamna3one ot 0,1 mo 10%, mourensHOCTH B Auama3one ot 10 mo
2000 HC MM NX KOMOMHALIAH.

22. Cucrema mo m.20 wim 21, B KOTOpOH yKa3zaHHOE CPEICTBO YIPABIEHUS BBITOJHEHO C BO3MOYKHOCTHIO
PEeryIUpOBaHUS YaCTOTHI, BEIHMYUHEI, IEPUO/a, YaCTOTHI CIIEAOBAHIS, KO3 (UIMECHTa 3aII0THEHHS, IITUTEIbHO-
CTH WIH UX KOMOWHAIINY, ITI0 MEHBIICH Mepe, YACTUYHO Ha OCHOBAHUHU BBIXOJHOTO TOKA (POTOIIEKTPHUCCKOTO
YCTPOWCTBA U/WITA BBIXOJHOTO HAMPSDKEHUS (POTOAIICKTPUIESCKOTO YCTPOWMCTRA.

23. Cucrema 1o mo6omy u3 mir.20-22, JONOIHUTENBEHO COEpIKaIas CPEIACTBO U3MEPEHHUS ISl H3MEPCHHS
BBIXOJTHOTO TOKa (POTORJICKTPHYECKOTO YCTPOIMCTBA W/WIIM BHIXOJHOTO HAMPSIKEHUS (POTOIICKTPUUCCKOTO YCT-
pO¥icTBa, MPUYEM YKa3aHHOE CPCJICTBO YIPABJICHHUS BBIMOJHCHO C BO3MOXHOCTBIO PETYIMPOBAHUS YACTOTEHI,
BCJIMYMHEI, IEPHO/Ia, YACTOTHI CIeIOBaHUA, K0d(QUIMeHTa 3aMOMTHEHUS, JTUTSIFHOCTH WM MX KOMOWHAIIWY,
M0 MEHBIIEH Mepe, YaCTUYHO Ha OCHOBAHWH HW3MEPEHHOTO BBIXOAHOTO TOKA W/MIIM M3MEPEHHOTO BBIXOIJHOTO
HaNpSKCHUS.

24. Cuctema 1o 1.23, B KOTOPOH YKa3aHHOE CPEACTBO M3MEPECHHS BKIIOUAET B CeOs TaTUYMK TOKA, BBITIOJI-
HEHHBIH C BO3MO’KHOCTBIO M3MEPEHHS BBIXOJHOTO TOKA U IOCIECIOBATEIBHO COCIMHEHHBINH MEXIY (DOTORIIEK-
TPUYECKUM YCTPOWCTBOM M Harpy3Kou, MUTaeMOi (POTOINEKTPHUECKUM yCTPOWCTBOM, W/HITU JTATYMK HAIPSIKeE-
HUS, BBIIOJHEHHBIH ¢ BO3MOXKHOCTBHIO M3MEPEHHS BBIXOAHOTO HANpPSsDKEHUS M TOAKIIOYCHHBIM MMapajuleIbHO K
(hOTOINEKTPUUECKOMY YCTPOHCTBY.

25. Cucrema 1o yrobomy u3 mmn.20-24, B KOTOpOH yKa3aHHOE CPEICTBO YIPaBIICHHUS BBHIOJIHEHO C BO3-
MOJKHOCTBIO YIIPABIICHUS AJICKTPHUYCCKIM TIOJIEM, BEIXOJIHBIM TOKOM, BBIXOJHOW MOIIHOCTBHIO MU UX KOMOWHA-
[UCH MyTEM PETyIUPOBAHUS CUTHANIA HAMTPSKCHHUSL.

26. Cuctema 1o 1.25, B KOTOPOH yKa3aHHOE CPEICTBO YIPABJICHUS BHIIOJIHEHO C BO3MOXHOCTHIO MAKCH-
MaJIbHOTO YBEJIHMYEHHS BBIXOJHOTO TOKAa (POTOAIEKTPHUECKOTO YCTPOMCTBA W/MIN BBIXOAHON MOIIHOCTH (POTO-
3JIEKTPUYECKOT0 YCTPOMCTRA.

27. Cucrema 1o Jodomy u3 1m.20-26, B KOTOpOH yKazaHHOE CPEICTBO YIpPaBIeHUs, IO MEHBIIEH Mepe,
YaCTUYHO MHTETPUPOBAHO B YKa3aHHOE CPEJICTBO MOAAYHN HATPSHKCHHUS.

28. Cucrema 1o mobomy u3 mir.1-27, B KOTOPOH (OTOIIEKTPUIECKOE YCTPOMCTBO BBHIITOJHEHO C BO3MOXK-
HOCTBIO 00€CIICYEeHNS YBEIMICHHOTO BEIXOIHOT'O TOKA H/IITN YBEIIMICHHOW BBIXOHON MOIITHOCTH JIJISl HATPY3KH.

29. Cucrema 1o 1m.28, B KOTOPO HArpy3Ka BEITIOTHEHA ¢ BO3MOYKHOCTBIO MPEOOPA30BaHUS YBEINICHHOTO
BBIXOJTHOTO TOKA W/WJIHM YBEIMYCHHOW BBIXOJIHOW MOIIHOCTH, BEIPA0AaThIBAEMBIX (POTOIICKTPUUCCKUM YCTPOICT-
BOM, B MOITHOCTH MICPEMCHHOTO TOKA I MICPEMEHHBIA TOK.

30. Cucrema o m.29, B KOTOpOH Harpy3ka COJIEpKHUT UHBEPTED.

31. Cucrema no 1m.29 min 30, B KOTOpO# Harpys3ka 3JIEKTPUYECKH W30JMPOBaHA OT (OTOIIEKTPHIECKOTO
YCTPOWCTBA B PaIHOYaCTOTHOM 00TaCTH.

32. CucreMma mo mooomMy u3 1.28-31, B KOTOPOW Harpy3ka dJIEKTPUISCKH U30JMPOBaHa OT (POTONICKTPH-
YECKOT0 YCTPOMCTBA Yepe3 KOHACHCATOP, MHIYKTOP, aKKyMYJIATOPHYIO OaTapero Mir NX KOMOHHAIIHIO.

33. Cucrtema mo mobomy u3 m.28-32, MOTIOTHUTEIBHO COAepiKamas CPEeICTBO XPaHECHUS DHEPTHH IS
YMEHBIICHUS aIeHHUs HATPSDKCHUS Ha HAarpy3Ke B TeUEHHE MePBOTO 3aJaHHOTO WHTEpBajia BPEMEHH.

34. Cucrema 1o 1m.33, B KOTOpOH YKa3aHHOE CPEJICTBO XPAHCHUS SHEPTUU COMEPIKUT KOHIEHCATOP, HHIYK-
TOp, AKKYMYJISTOPHYIO OaTapero Wi HX KOMOWHAIUIO.

35. Cucrema no 1n.33 unu 34, B KOTOPOH yKa3aHHOE CPEACTBO XPAHEHUS SHEPIUM BBINOJIHEHO C BO3MOXK-
HOCTBIO COXPAHCHHS BBIXOIHOTO TOKA W/WJIM BBIXOIHON MOIIHOCTH, BBIPA0aTHIBAEMBIX (HOTOIICKTPUUICCKAM
YCTPOHCTBOM, BO BTOPOM PEKUME YKA3aHHOTO CPEICTBA MEPCKITFOUYCHHS.

36. Cucrema 1o 1.35, B KOTOPOH yKa3aHHOE CPEJICTBO XPAaHEHUS SHEPTUU BHINIOJHEHO C BO3MOXKHOCTBIO
YIpaBJICHUS HArpy3Koi depe3 COXPaHCHHYIO BBIXOJHYIO MOITHOCTH /WM COXPAHEHHBIN BBIXOJTHOMN TOK B TE€UC-
HHE [IEPBOTO 33JaHHOTO HHTEPBaja BPEMEHH.

37. Cucrema 1o 1.36, AOMOJHUTEIHLHO COJAEpIKAIIAs CPEACTBO M3OJISIUN IS DICKTPHUECKON W30S
HArpy3K# OT (POTOIJIEKTPUIECKOTO YCTPOICTBA B PaAMOYaCTOTHOH OONacTH HpHU YIpaBICHUH HATPY3KOH yka-
3aHHBIM CPEICTBOM XpaHCHHS YHEPTHH.

38. Cucrtema 1o 1.37, B KOTOpOH yKa3aHHOE CPEICTBO M3OJSAIUU COACPKHUT IPOCCeb, KOHACHCATOD, WH-
IYKTOP, aKKyMYJIITOPHYIO 6aTapero MIH HX KOMOMHAIIHIO.

39. Cuctema o robomMy u3 mir. 1-38, B KOTOpOH YBENMYEHUE BBIXOHOTO TOKA H/HMIIM BBIXOJHOW MOIIHO-
CTH, BBIPa0aThIBAEMBIX (DOTOIIECKTPUICCKUM YCTPOUCTBOM, OCHOBAHO HA MHTCHCHUBHOCTH CBETA, MAAIONICTO Ha
(hOTORIIEKTPUIECKOE YCTPOHCTBO, TONIIMHE (POTORIECKTPUICCKOTO YCTPOHCTBA, [UIMTEIHHOCTH CUTHANA HATIPSI-
JKCHHS B TCUCHHE TICPBOTO 33JaHHOTO WHTEPBaJIa BPEMCHH, YaCTOTE CHT'HAJIA HATIPSKCHUS.

40. Cucrema 1o nrodomy u3 1. 1-39, B KOTOpPO# yKa3aHHOE CPEICTBO MOJAYH HATIPSKCHHUS TOKITFOUCHO K
OJTHOMY WJIH HECKOJBKUM CYIIECTBYIOIIAM 3JICKTPOIaM (POTOIIEKTPHICCKOTO YCTPOHCTBA.

41. Cucrema 1o mob6omy u3 mir. 1-40, B KOTOPOH yKazaHHOE CPEICTBO ITOJaYd HANPSHKCHHS BBITIOTHEHO C
BO3MOYKHOCTBIO TIO/IaYM CHUTHAJA HANPSDKCHHUS Ha (OTOITEKTPHUECKOE YCTPOHCTBO 0€3 KOHCTPYKIIMOHHBIX W3-
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MEHEHHH (OTODIIEKTPUIECKOTO YCTPONUCTBA.

42. Cucrema no mobomy u3 ni.1-41, B KOTOpoil (hOTOINEKTPUUECKOE YCTPOHCTBO COAEPIKHUT COTHEYHBIH
3JIEMEHT, MATPHILy CONHEYHBIX AJIEMEHTOB, ITAHEIb COJIHEYHBIX 3JIEMEHTOB, MAaTPHUILy TaHEJICH COHEYHBIX dJIe-
MEHTOB WJIM UX KOMOHMHAITHIO.

43. Cucrema 1o mo6omy U3 mir. 1-42, B KOTOPOH TeHEPUPOBAHUE DJICKTPUUECKOTO IOJISI CITIOCOOHO YBEIH-
YUTh BBIXOJHOW TOK W/WJIM BBIXOJHYIO MOIIHOCTB, BBIpaOaThIBacMbIe (POTORIEKTPHUECKHM YCTPOHCTBOM, Ha
Benmn4rHY 110 50% B yCIOBUSIX HU3KOH OCBEIICHHOCTH.

44. Cucrema 1o mo0omy U3 mir.1-42, B KOTOPOH TEHEPUPOBAHUE DJICKTPUUECKOTO IOl CITOCOOHO YBEIH-
YUTh BBIXOJHOW TOK W/WJIHM BBIXOJHYH MOIIHOCTB, BBIPAOATHIBACMEIC (POTOAICKTPHUYCCKHM YCTPOUCTBOM, Ha
BesinanHy Oosee 50% B ycIOBHSIX HU3KOI OCBEIIEHHOCTH.

45. Cucrema 1o mobomy u3 miL. 1-44, B KOTOPO TeHEpUPOBAaHUE 3JIEKTPUIECKOTO IOJISI CHOCOOHO YBEINH-
YUTh BBIXOJHOW TOK W/WJIHM BBIXOJHYIO MOIIHOCTB, BBIPAOATHIBACMEIC (POTOAIECKTPHUYCCKUM YCTPOUCTBOM, Ha
BenuuuHy 110 20% B yCIOBHSIX BHICOKOW HHTEHCUBHOCTH OCBEILCHHUSI.

46. Cucrema 1o mo6omMy u3 miL. 1-45, B KOTOpO TeHepUpOBaHUE 3JIEKTPUIECKOTO IOJISI CHOCOOHO YBENH-
YUTh BBIXOJHOW TOK W/WJIM BBIXOJHYIO MOIIHOCTB, BBIpaOaThIBacMbIe (POTOAIEKTPHUECKHM YCTPOHCTBOM, Ha
BenmmauHy oT 20 10 50%.

47. Cuctema 1o mo0omy U3 mir. 1-45, B KOTOPOH TEeHEPUPOBAHUE DJICKTPUUECKOTO IOJISI CITIOCOOHO YBEIH-
YUTH BBIXOJHOW TOK W/WJIM BBIXOJHYIO MOIIHOCTB, BBIpaOaThIBacMbIe (POTORIEKTPHUECKHM YCTPOHCTBOM, Ha
BenmuuHy Oonee 50%.

48. Cnoco6 moBbIIeHNsT KOd()PUIMEHTa MTOJIE3HOTO NEHCTBUSA (DOTOIIEKTPHUECKOTO YCTPOMCTBA, COAEp-
JKaIUi mard, Ha KOTOPBIX

o0ecreunBaroT CpesICTBO MOJaul HANPSDKEHUS; U

MIOJIKJIIOYAIOT CPEJICTBO MOAAYM HANpPSDKEHHS K (POTOIIEKTPUIECKOMY YCTPOMCTBY, NMPUYEM yKa3aHHOE
CPE/CTBO MOAAYH HANPSHKEHUS BBIIOJIHEHO ¢ BO3MOKHOCTBIO MEPEKIIIOUEHHS MEXIY Hoaadel Ha (OTo3IeKTpH-
YecKoe yCTPOWCTBO CHTHaJjIa HANpPSDKCHUS B TEUCHHE NEPBOTO 33aHHOTO MHTEpBAJA BPEMEHH W NpEKpalicHUs
moJadn Ha (OTOIIEKTPHUUECKOE YCTPOMCTBO CHUTHANA HANPSDKEHHUS B TEUCHHE BTOPOTO 3aaHHOTO HWHTEpBaia
BpPEMEHH,

MIpUYEeM CHUT'HAJ HANpSDKEHUS BKITIOYAET B ce0sI 0 MEHBINEH Mepe OJWH UMITYJIEC HAIPSDHKSHUS C TTOJIOKH-
TENBHOW aMITIUTYION AJIsl TEHEPUPOBAHUS AIEKTPUIECKOTO IO Ha (POTOAIEKTPHUECKOM YCTPOWUCTBE IJIS yBe-
JIMYEHUST BEIXOHOTO TOKA, BEIPA0aTHIBAEMOTO (POTOIIEKTPHUIECCKUM YCTPOHCTBOM, H/WIIH BBHIXOIHOW MOIITHOCTH,
BBIpa0aThIBaeMOH (POTOIIEKTPUIECKIM YCTPOHCTBOM.

49. Crioco6 1o m.48, B KOTOPOM CPEJCTBO MOJAYX HAMPSHKCHHS BBHITIOTHEHO C BO3MOXHOCTBIO MOJIKITIOUE-
HUS K Harpyske Juisi oOecIieueHHs] YBEINYEHHOTO BBIXOAHOTO TOKA /WM YBEINYEHHOH BBIXOIHOW MOIIHOCTH
JUISL HAaTPY3KU B TEUEHHE BTOPOTO 33JaHHOTO HHTEPBajla BPEMEHH.

50. Croco0 1o 1m.48, B KOTOPOM CPEACTBO MOJaYU HATPSKCHUS BBITIOJIHEHO C BO3MOKHOCTBIO TOAKITIOYC-
HUS K Harpyske Juisi oOecIieueHHs] YBEINYEHHOTO BBIXOAHOTO TOKA /WM YBEINYEHHOH BBIXOIHOW MOIIHOCTH
JUISL HarPY3K{ B TEUEHHE TEPBOTO 33aHHOTO WHTEpBajla BPEMEHH U B T€UEHHE BTOPOTO 3aJlaHHOTO MHTEpBasa
BPEMEHH.

51. Cnioco6 moBbImeHus: ko3 GUIEEeHTa MOJIE3HOTO IEHCTBHUS (POTOIIEKTPUISCKOTO YCTPOWCTBA, COMEP-
JKallui 1mard, Ha KOTOPbIX

MTOJIKITFOYAIOT (DOTORNIEKTPUIECKOE YCTPOHCTBO K CPEACTBY MOAAYM HAIMPSDKEHHS, BHIIOJHEHHOMY C BO3-
MOJKHOCTBIO TIEPEKITIOUSHIS MEXIY Mojlaueii Ha (POTODIIEKTPUIECKOE YCTPOICTBO CUTHANIA HANIPSDKEHHUS B TEUe-
HHE TIEPBOTO 3aJJaHHOTO WHTEPBala BPEMEHH M NPEKpalIeHUs OAaYH Ha (POTOINEKTPUIECKOE YCTPOWCTBO CHr-
HAaJla HaIpsDKEHUS B TEUCHHE BTOPOTO 3aJJAHHOTO WHTEPBAla BPEMCHH,

MpUYEM CHTHAJ HANPSHKCHUS BKIIOYACT B ce0sl IO MEHBINEH Mepe OJIMH UMITYJIEC HATIPSDKCHHUS C TTOJIOKH-
TENIBHOM aMIUINTYAOH JUIA TeHEPUPOBAHUS AIIEKTPHYECKOTO OISl Ha (POTOIICKTPHIECKOM YCTPOUCTBE ISl yBe-
JIMYEHUS BBIXOJJHOTO TOKA, BBIPa0aThIBAEMOT0 (POTOIIEKTPUIECKUM YCTPOMCTBOM, H/WIIM BBIXOHOH MOIIHOCTH,
BBIPa0aThIBAEMOH (POTOIIEKTPUIECKIM YCTPOHCTBOM.

52. Crioco6 mo 1m.51, TOTOTHUTETHHO COJEpIKAIIMNA IIar, Ha KOTOPOM MOJKITIOYAIOT (HOTOIICKTPHIECKOE
YCTPOHCTBO K HATpy3Ke, mpudeM (HOTOIEKTPUIESCKOE YCTPOWCTBO BBIIIOIIHEHO C BO3MOXKHOCTBIO O0ECTICUCHHS
YBEJIMYEHHOT'O BBIXOAHOTO TOKA W/WMIIM YBEIMUYEHHON BBIXOJHOW MOIIHOCTH, ITOIaBAEMBIX Ha HAarpy3Ky, B Tede-
HHE BTOPOTO 3aJaHHOTO WHTEPBAJIa BPEMCHH.

53. Croco6 mo 1m.51, TOTOTHUTENHHO COJAEpIKAIIUNA IIar, Ha KOTOPOM MOJKITIOYAIOT (HOTOIICKTPHIECKOE
YCTPOHCTBO K Harpy3Ke, mprudeM (HOTOIEKTPUIESCKOE YCTPOWCTBO BBIIIOIIHEHO C BO3MOXKHOCTBIO 00ECTICUCHHS
YBEJIIMYCHHOT'O BBIXOIHOTO TOKA W/WIIU YBEIUYCHHON BBIXOJHOW MOIIHOCTH, ITOJIaBACMBIX Ha HArpy3Ky, B TeUe-
HHE TIEPBOTO 33JJaHHOTO MHTEPBaJa BPEMEHH U B TEUCHHE BTOPOTO 33/IaHHOTO MHTEpBasla BpEMEHH.
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