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Croco0 ynpaBicHUsT COTHCUHBIMA JICMCHTAMH TSI IOBBIICHUS KOA(P(HUIMEHTA TONC3HOTO ICHCTBHS
H BBIXOJHOH MOMIIHOCTH COJTHCYHOTO 3eMEHTA. Cmoco0 ympaBICHHS BKIIFOYACT B CeOA 00CCIICUCHHUC
MOAKIFOYCHAS TICPBOTO IMOPTA MEPSKIFOYATEN K (DOTOINECKTPHUCSCKOMY YCTPOHCTBY;, 0OCCHEUCHHE
MOAKJIFOYCHHAS BTOPOTO MOPTa MSPEKIIONATEI K HATPY 3Ke, MATAEMOH (DOTOIICKTPHICSCKUM YCTPOHCTBOM,
00CCIICUCHHUE MOIKIIOUCHHS TPEThErO0 MOPTA MEPEKIFOYATCSISI K HMCTOYHHMKY HAMPSDKCHUS, MPUUEM
MEPEKJIOYATEIE MOXKET paboTarh B MEPBOM MOJOKCHHH C YCTAHOBICHHCM IICPBOTO MyTH TOKA
MCKITY (I)OTOC')J'ICKTPI/I‘IGCKI/IM YCTPOfICTBOM A HACTOYHHKOM HANPKCHUA W BO BTOPOM IOJIOKCHHUH
C YCTAHOBJICHHEM BTOPOrO MyTH TOKA MEXIY (POTOINCKTPUUCCKHM YCTPOMCTBOM M HArPY3KOM, U
noaaty CHUTHAJIA HANPSDKCHW, CTCHCPHPOBAHHOIO HCTOYTHHKOM HANMPsDKCHHUA, HA (I)OTOC-)J'IGKTpI/I‘{eCKOG
YCTPOUCTBO, KOLJAA MEPCKIFOYATEI> HAXOAUTCS B MCPBOM MOJOKCHHH, MPU TOM CHTHAJ HAMPSDKCHHS
HMCET MEPBOC COCTOSHUC IS TCHEPHPOBAHUSA BHCITHETO JICKTPHUCCKOTO MOMIA HA (JOTOIICKTPHUCCKOM
YCTPOICTBE, KOTZA MEPCKIFOYATEh HAXOOUTCA B IIEPBOM MOJOKCHHH, H BTOPOC COCTOSHHE A
MPEAOCTABICHHUS DICKTPUUYCCKON H30SIUH MEKTy HCTOYHHKOM HANPSDKCHHS W HArPy3KOH, Koraa
MEPEKIFOYATE b HAXOAUTCS BO BTOPOM IMOJIOKCHHH.
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IlepexpecTHas cCHLIKA HA POJACTBEHHBIE 3AIBKH

JlaHHas 3as1BKa 3a4BIUIET TPHOPHTET 10 mpeaBapurenbHoi 3asske CIITA No 61/943127, moganuoit 21 des-
pams 2014 roxa; npeasapurenbHOl 3aaBke CILIA Ne 61/943134, momannoi 21 ¢espams 2014 roaa; npeasapu-
texpHOU 3asBke CIHA Ne 61/947326, momanmno#t 3 mapra 2014 roma; w mpensapurensHod 3asske CIITA
Ne 62/022087, nomanso# 8 mrons 2014 roga, omucaHu KOTOPBIX MOJHOCTBEO M JJI BCEX LEJICH BKIIFOUYCHBI B
JAHHYIO 3a5BKY IOCPEACTBOM CCBHLIKH.

O0aacTh TeXHUKN

Hacrosmee m300peTeHne, B NEIOM, OTHOCHTCS K (POTORNCKTPHICCKAM YCTPOHCTBAM, a 60Jee KOHKPETHO,
HO HE MCKIFOYMTEIBHO, K CHCTEMaM H CHOCO0AM MAKCHMAIBHOTO YBEIHYCHHSI TCHEPUPYEMOH MOINHOCTH WA
SHCPTHH U 001mero ko3()(UIMCHTa MOIC3HOTO ACHCTBHA OJHOTO HMJIHM HCCKOIBKHX COJIHCUHBIX 3JICMCHTOB, Ha-
TPUMEP, C MOMOIIBEO MOJAYH W PETYIMPOBAHUS BHEIIHETO 3JCKTPHUCCKOTO MO HA COTHEYHBIX HIICMCHTAX.

IpeanocsuIKA co3AaHISI H300PETEHHST

COTHCUHBIH 3TCMCHT (TAKKE HA3BIBACMBIA (DOTOIICKTPHUCCKHM 3JICMCHTOM) MPCACTABIACT COOOH 3JICK-
TPHICCKOE YCTPOHCTBO, KOTOPOE MPEOOPA3YET IHEPTHIO CBETA B JNICKTPUUECTBO C MOMOIIBEO IPOLIECCA, H3BECT-
HOTO KAk "(oTornekrpuucckuii 3pdext”. [Ipu BO3NCHCTBHE CBETA COTHCYUHBIH 3JICMCHT MOKET TCHCPHPOBATH H
MOJZICPKUBATH HNCKTPUUCCKUHA TOK 0€3 MOJKIFOUYCHIUS K TI000MY BHEIITHEMY HCTOYHHKY HampspkeHmst. Hambo-
JIee pacHpOCTPAHCHHBIN COTHEUHBIA 3JIEMEHT COCTOMT W3 P-n-niepexoaa 110, H3roTOBIECHHOTO W3 MOJIYIPOBOA-
HUKOBBIX MAaTCpHAJIOB (HAPHMEP, KPEMHI), TAKMX KAK B COJHEUHOM 3ieMeHTe 100, mokazaHaoM Ha Qur. 1.
Hanpumep, p-n-nepexon 110 COASPKUT TOHKYIO IUIACTHHY, COCTOSIIYIO U3 CBEPXTOHKOIO CI0S KPEMHHUA N-THIA
MOBEPX 00JICE TOJICTOTO CIOSI KPEMHHS p-TUNA. TaM, Tae 3TH 1Ba CIOsl HAXOMATCA B KOHTAKTE, BOIIM3H BEPXHEH
MOBEPXHOCTH COJIHEUHOTO 31eMeHTa 100 co3maercs aneKTpuyecKoe moje (He MOKa3aHo), u mpoucxoaut auddy-
3HA JJICKTPOHOB W3 O0ACTH BBICOKOW KOHIICHTPALMH 3JCKTPOHOB (CTOPOHBI N-THIA p-n-mepexona 110) B 00-
JACTh HU3KOM KOHICHTPAIUH 3JIEKTPOHOB (CTOPOHY p-THMA p-n-nepexoga 110).

P-n-mepexon 110 3akmoueH Mexay ABYMs HposomsmmuMu 3iekrpoaamu 101a, 101b. Bepxuuii anekTpon
101a apmaeTca MO0 MPO3PAYHBIM I MAAAIOIICTO (COMHCYHOTO) H3IYUCHHA, THOO0 HE MOJHOCTBHEO TOKPHIBACT
BEPXHIOI0 4YacTh CoMHEYHOro 3neMenTra 100. Dnekrpoxer 101a, 101b MOTryT COyXuTh B KaUeCTBE OMHYECKHX
KOHTAKTOB METAJUI-MOIYIPOBOJHIK, KOTOPBIC COCAHHAIOTCA C BHEMIHEH HATPY3KOH 30, KOTOpasd HMOAKIIOYCHA
MOCTICA0BATENbHO. XOTS HATPY3Ka IMOKA3aHA TOJIBKO KAaK aKTHBHAS, HAarpy3ka 30 MOKET TaKKe COACPKATh KaK
AKTHBHYIO, TAK M PCAKTUBHYFO COCTABILIFOIIVC.

Kak mpaBmjI0, HCCKOJBKO COJTHCUHBIX NICMCHTOB 100 MOTYT OBITH COCAMHCHBI BMECTE (ITOCIICIOBATCIHHO
H/WTH MAPAUICABHO), 1 00pa30BaHus maHed 10 COTHCUHBIX 3MEMCHTOB (Kak moka3aHo Ha ¢wur. 2). Co cchul-
KOI Ha ¢ur. 2 MOKA3aHA TUIIOBAS KOH(PHUIYpaLMsI YCTAHOBKHY C MCHOJIb30BAHUEM [0 MCHBIICH MEPE OJHOM MaHe-
mu 10 conaeuHbIX 3meMeHTOB. [larenn 10 COTHCYHBIX 37ICMCHTOB MOTYT OBITh COCIHHCHBI THOO MAPAJIICIBHO,
KaK IOKa3aHo Ha (ur. 2, OO MOCIIET0BATENBHO, JIHOO C COUCTAHHEM COCTMHCHUH M MTOJKITFOUCHBI K HATPY3KE,
TakoH kak uHBEpTOp 31. MHBepTOp 31 MOKET COAEPIKATh KAK AKTHBHBIC, TAK U PEAKTHBHBIC COCTABIIAFOIIHNE.

Bospamascs k ¢wr. 1, koraa $oToH momasaeT B CoHEUHbIH eMeHT 100, poToH 1MO0 MPOXOAUT MPSIMO
Yepe3 MaTCPHAN COTHCUHOTO 3JICMCHTA, YTO OOBIMHO MPOUCXOTHUT MpH 00JICC HU3KHX SHCPrHax (DOTOHOB, OO
OTPA’KACTCS OT IMOBEPXHOCTH COJIHCUHOTO 3JIEMCHTA, JTHOO MPEAMOYTHTEILHO IOTJIOIACTCS MATEPHANIOM COJ-
HEYHOTO 3JIEMEHTA, €CJIH SHEpTHsl ()OTOHA BBIIE, YEM IMMPHHA 3aNPEIICHHON 30HBI KPEMHUS, TCHEPHPY ST JICK-
TPOHHO-ABIPOUHYIO TIAPY.

Ecnmm (oTOH morimomaercs, ero 3HEprusi NEPeiacTCs 3JCKTPOHY B MAaTcpHaje COJHEYHOTO JIICMEHTA.
OOBIMHO 3TOT NMEKTPOH HAXOAMTCS B BAJCHTHOHM 30HE W TECHO CBS3aH KOBAICHTHBIMH CBS3IMH C COCCIHHMH
aTOMaMHM ¥, CJCAOBATCIBHO, HE MOMKET JAJCKO NEPEMEMAThCS. JHEPTHs, NEPEAAHHAsS 3NCKTPOHY (POTOHOM,
"BO30YKIacT" 3NICKTPOH B 30HY MPOBOJIUMOCTH, TAC OH MOKCT CBOOOTHO TICPSABUTATHCA B MPEACIIAX COTHCUHO-
ro anmeMeHTa 100. KoBaneHTHAS CBsI3b, YaCTHEO KOTOPOH OBLI paHEE 3JICKTPOH, TEHEPs HMEET HA OHMH IJICKTPOH
MEHBIIIE - 3TO HA3BIBACTCA ABIPKOH. Hanmume 0TCYyTCTBYIOIIEH KOBAJICHTHOM CBA3H MO3BOJLICT CBA3AHHBIM JJICK-
TPOHAM COCETHHX aTOMOB IIEPEMEINATHLCS B JIBIPKY, OCTABILLI MO3aAM CINE OJHY ABIPKY. TakmMm 00pa3oM, IbIpKa
TaKxke MOKET 3P dekTuBHO mepeMemarscs depe3 conHeuHsmi 3nemeHT 100. Takum oOpaszom, (POTOHBI, MOTIO-
LICHHBIC B COTHECYHOM 3neMeHTe 100, CO3Jar0T MOABIKHBIC 3JICKTPOHHO-ABIPOYHBIC Haphl. IToaBmwkHAA 3ICK-
TPOHHO-ABIPOUHAS Mapa JuPyHaupyeT i apeiidyer B ctopony 3nekrponos 101a, 101b. Kak mpasumno, 3nek-
TpoH aupPyHAHPYCT/ApeiPyeT B HANPABICHHH OTPHLOATCIBHOTO OJIICKTPOAa, a Ablpka aud@yHmHpy-
eT/apelipyeT B HAMPABICHUHM MOJIOKHTSILHOTO MCKTpona. Juddys3ua HOCHTEICH (HAMPHMEP, 3ICKTPOHOB)
00yCTIOBIICHA CIyYaHHBIM TEIIJIOBBIM JBIPKCHHUEM /10 TEX MOP, MTOKA HOCUTENIb HE 3aXBATHIBACTCS INICKTPHUCCKU-
MHu mosMu. Jlpet() HOCHTEICH OOYCIOBICH 3NMCKTPHUICCKHMH MOJSIMH, 00PA30BAHHBIMH B AKTHBHOH 00IACTH
comHeqHOTo 3nmeMeHTa 100. B TOHKOIIIICHOYHBIX COJTHEYHBIX 3JIEMEHTAX MPEOOIANAIOMINAM THIIOM Pa3IcICHUS
HOCHTEJICH 3apsaa sBieTCs Aper(), OOYCIOBICHHBIN AICKTPOCTATHUYCCKHM MMOJeM p-n-niepexona 110, mpoxo-
JIIAM TI0 BCEH TOJIHUHE TOHKOIUICHOYHOTO COTHEYHOTO 3IIEMEHTA. TeM He MEHEE /IS COTHCUHBIX 3JICMEHTOB C
6opIICH TONMMIMHON, HE UMCIOMIMX MPAKTHYECKH HUKAKOTO 3JICKTPHUYCCKOTO IO B AKTHBHOH 001acTH, Ipeod-
JTAJAFOINM THIIOM Pa3ACICHUs HOCHTENeH 3apsaaa seiterca auddysua. JnuHa audy3un HEOCHOBHBIX HOCHTE-
JeH (T. e. JJMHA, KOTOPYI0 MOTYT IMPOXOANUTh (POTOTCHEPHPYEMbIC HOCHTENH, MPEKAC YEM OHH PEKOMOHMHHUPY-
FOT) JO/DKHA OBITH OOJIBINC B COTHCUHBIX ICMCHTAX C OOJBINCH TOMMIHHOW. B KOHCUHOM CHUCTE, BNICKTPOHEL,
KOTOPBIC CO3JAI0TCS HA CTOPOHE N-THma p-n-mepexoia 110, "Hakorurennse" y p-n-nepexona 110 u mposetes-
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¢ HA CTOPOHY N-THIIA, MOTYT OOCCIICUHTh MHTAHHUC I BHCITHCH Harpy3ku 30 (depe3 anekrpox 101a) u Bep-
HYTBCSI HA CTOPOHY p-THma (depe3 3mekrpos 101b) comreunoro snemenra 100. [Tocne Bo3BpameHus1 Ha CTOPOHY
P-THIIA 3EKTPOH MOXKET PEKOMOMHUPOBATH C JBIPKOH, KOTOPAst ObLIa THOO CO3JaHA KaK JICKTPOHHO-IBIPOTHAS
rmapa Ha CTOPOHE P-THIA, JTHOO0 MpoJIeTENa Yepes p-n-nepexo 110 co cTopoHsI n-Tuma.

Kak mokazano Ha ¢wur. 1, 31€KTPOHHO-IBIPOYHAS MApa MPOXOJHUT KPYTOBOH MAPIIPYT OT TOUKH CO3AAHUS
3JCKTPOHHO-ABIPOYHON MApPHI 10 TOUKH, [AC 3JACKTPOHHO-ABIPOYHAS Mapa HAKAIUIMBACTCA Ha 3ackTpodax 101a,
101b. Tak kak MyTh, MPOXOAUMBIH 3ICKTPOHHO-ABIPOYHON MAPOH ABILICTCS ATHHHBIM, 11 JJICKTPOHA HIIH JBIP-
KH CYIICCTBYET JOCTATOYHO BO3MOKHOCTCH PEKOMOMHHPOBATH C APYTOH JBIPKOH WIIM 3JICKTPOHOM, TaKas pe-
KOMOWHAITUA MPHBOJUT K MOTCPAM TOKA B MF000H BHemHCH HArpyske 30. Brpaxkasach mo-apyromMy, mpu Co3aa-
HHUH 3IEKTPOHHO-IBIPOYHON MAPBI OJHWH U3 HOCHTEICH MOYKET JOCTUraTh P-n-nepexona 110 (HakomneHHbIA HO-
CHTETIb) M BHECTH CBOM BKJIAJ B TOK, BEIPAOAThIBACMBIH COMHEYHBIM dneMeHTOM 100. B KadecTBe anbTepHATHBBI
HOCHTETb MOKET PEKOMOMHHMPOBATh O3 YHCTOTO BKJIAZKA B TOK 3JIEMCHTA. 3apsit MPH PEKOMOMHALIMA MPHUBOIHUT
K YMCHBIICHHIO KBAaHTOBOH 3(ekTHBHOCTH (T.€. MponeHTa (POTOHOB, KOTOPHIC MPEOOPA3YIOTCS B 3ICKTPHIC-
CKHH TOK B CIy4ae COJHEYHOTo 3neMeHTa 100) u, cnemoBarensHo, 00mero Kod(GuImeHTa nore3Horo JeHCTBUS
COJIHEHYHOTO dneMmenTa 100.

3arpars!l Ha comHEYHBIH 37eMeHT 100 nmm nase b 10 COMHEYHBIX 3IEMEHTOB, KaK MPABHJIO, PEIyCMaTpH-
BAIOTCA B J0JUIAPAX 32 BATT NMHUKOBOW 3JIEKTPHYCCKOW MOINHOCTH, KOTOPAs MOXKET OBITh CTCHEPHPOBAHA TPH
HOPMAJIM30BAHHBIX YCIOBHAX. BBICOKO3()()EKTUBHBIC COHEYHBIC HJICMCHTHI CHIKAFOT 3aTPAaThl HA COJTHCYHYO
3HEpTUr0. MHOTHE 3aTPaThl HA COJTHEUHYI0 3HEPTOCHCTEMY WIIH 3JICKTPOCTAHIHIO IPOTIOPIHOHAIBHBI KOJIIMICCT-
BY TPEOYCMBIX COJTHEUHBIX 3JICMCHTOB, 4 TAKKE IUIOMAMH (3eMIIH), TPEOyeMOoH 111 MOHTaka maHeae. ComHed-
HBII 37EMCHT ¢ 00Jee BEICOKHM KOI(PUIUCHTOM IIOJIC3HOTO ACHCTBHS MO3BOJHT YMCHBIIUTH KOJIHICCTBO I1a-
HEJICH COJTHEHYHBIX 3JIEMCHTOB, TPEOYEMBIX A 3aJaHHOM BBIXOJHON MOIIHOCTH, W TPEOyeMOH IIOIAIH I
Pa3BEpPTHIBAHAS CHCTEMBI. JTO YMCHBIICHHE KOJHYCCTBA MAHEICH M MPOCTPAHCTBA, 3AaHUMACMOTO MMH, MOTIIO
OBI CHH3UTH OOIIYIO CTOMMOCTD 3JICKTPOCTAHIIMH, JAKE €CIIM CAMH 3JICMEHTHI SIBILTFOTCS 00JIee JOPOTOCTOSIIH-
MH.

Koneunast netb COCTOHMT B TOM, YTOOBI CZICIIATh 3aTPATh HA IIPOU3BOACTBO COJMHEYHON 3HEPTHH CPABHIMOH
C WM MEHBINE, UM HA TPAJWIMOHHBIX 3JICKTPOCTAHIMX, KOTOPHIC HCIOIB3YIOT IPHPOIHBIN Ta3, YIOJIb W/HIA
MAa3yT A TCHEPHPOBAHMS 3NICKTPOSHEPTHH. B oTmrime oT OONBIIMHCTBA TPATHIIMOHHBIX CPEICTB TCHEPHUPOBA-
HUSL HNICKTPOIHEPTHH, KOTOPBIE TPEOYIOT OOJBIIMX ICHTPATM30BAHHBIX 3JICKTPOCTAHINH, COTHCYHBIC YHEPro-
CHCTEMBI MOTYT OBITh PA3BEPHYTHI HA OOJBIINX IICHTPAIM30BAHHBIX MECTAX JICKTPOIHEPICTHUCCKIMH KOMIIA-
HUSIMA Ha KOMMEPYECKHX 3JAHMAX, YTOOBI TOMOYL BO3MECTHUTD 3aTPATHI HA 3JEKTPOIHEPTHIO, M AAXKE HA SKIIOM
JIOME TI0 MECTOHAXOXICHIIO. HeJaBHUE MOMBITKY CHU3HTH 3aTPAThl M MOBBICHTH KOIP(QHIUCHT TOJIE3HOTO NCH-
CTBHSL COJIHCUHBIX 3JICMCHTOB BKIFOYAFOT MCIIBITAHUS PA3IHYHBIX MATCPHATIOB M PA3IUYHBIX TEXHOJOTHH H3T0-
TOBJICHHSI, HCIIOIb3YEMBIX A1 COJTHEUHBIX JIEMECHTOB. B Apyrom moaxone OCyIECTBIBIIOTCS MOMBITKA YCHIIUTh
00CTHCHHYIO 00/1acTh, 00PA30BAHHYIO BOKPYT p-n-mepexona 110 amt yCHICHHSA ABIKCHHS HOCHTCICH 3apsaa
yepes coHeyHbIH dneMeHT 100 (rampumep, cmoTtpute nateHt CIIIA No 5215599, Hingorani u ap. ("Hingorani"),
moganHbi 3 Mag 1991 roma, u mareHT CIITA Ne 8466582, Fornage ("Fornage"), moxanssii 2 aexadps 2011 ro-
J1a, 3ASABJITIOIUC MPHOPHUTCT HA ATy TMOJAYH 3a4BKH 3 mckadpsa 2010 roaa, OmHCAHHA KOTOPBIX MOTHOCTHEO H
JITI1 BCEX LEJICH BKIFOUCHBI B JAHHYIO 3a9BKY ITOCPEACTBOM CCBHLIKH).

TeMm HEe MEHEE 3TH TPAJULMOHHBIE TIOIX0AbI K YCHICHHIO JBICKCHUS HOCHTENCH 3apsaaa depe3 COTHETHBIN
armemeHT 100 TpebyroT Moau(UKALMH OCHOBHOW KOHCTPYKIMH COTHEYHOTO 31eMenTa 100. Hingorani u Fornage,
HAIPHMED, PACKPBIBAIOT MOJAYY BHEIIHETO 3JICKTPHUCSCKOTO MOJI HA CONHEYHBIH HJICMEHT C HCIIOIb30BAHHEM
BHAOM3MEHCHHOH KOHCTPYKIIMH COJIHCUHBIX 31eMEHTOB. [10aua BHEITHETO 3IEKTPHIECKOTO IOl TPeOyeT Ha-
MPSDKCHUS, TIOAABAEMOTO MEXKAY 3JEKTPOJAMH, HABOS 3JIEKTPHUECKOE IoJie (OMUCaHO OoJiee MOAPOOHO HIDKE
CO CCBUIKOM HA ypaBHcHEE 2). be3 H3MEHEHHA OCHOBHOM KOHCTPYKIUH COTHEUHOro 3iaeMeHTta 100 mogava Ha-
MPSDKCHUS K cylmecTByommM 3rtekrpogaM 101a, 101b comewnoro snemenrta 100 3akopaumBacT mogaBaeMoc
HaMpPsLKCHUE YEPE3 BHEIIHIOK HArpy3ky 30. Belpakadach mo-apyromy, mojaavya HampspKeHHs K 3aekTpoaam 101a,
101b commeunoro snemenra 100 sBisercs HEI(D(DEKTHBHON AT CO3AAHMS BHEIHETO JICKTPHUUECKOTO IO U
VBEJIMYCHIS ABMKCHIUS HOCUTENEH 3apsina. COOTBETCTBEHHO TPAIUIMOHHBIC ITOJIXO0/IBI, TAKAE, KOTOPBIC PACKPHI-
T B Hingoriani u Fornage, 00s13are1bHO MOAM(HIMPYIOT OCHOBHYIO KOHCTPYKITHIO COTHEYHOTO 3nmeMeHTa 100,
HAIPHMED, MyTEM BCTABKU BHEUIHETO (W 3JCKTPUYCCKH H30JIMPOBAHHOTO) KOMILUICKTA JICKTPOJOB B OCHOBAHHUC
coiHeyHOro 31eMenTa 100. ECTh HECKOJIbKO HEAOCTATKOB Y 3TOTO MOAXO0AA.

Hanpmuvep, BHEITHHE 3IEKTPOIBI JOKHBI OBITh PA3MEINCHBI HA COTHEUHOM 31eMeHTe 100 BO BpeMs1 mpo-
Iecca M3TOTOBJCHIS, NMPAKTHYECCKA HEBOZMOXKHO MOJU(HIMPOBATH BHEIIHHE 3NEKTPOJBI HA CYIIECCTBYIOLIEM
COITHCYHOM 3JICMEHTE WMIIH MAHETIH. JTa MOAM(HUKAIMS IPOIECCA W3TOTOBICHMS 3HAYHTEIILHO YBEIITUMBACT 3a-
TPAaTHl HA MPOW3BOJICTBO M YMCHBINACT IMPOMU3BOJCTBCHHBIM BBIX0A. KpoMe TOTO, pa3MEIIeHHE BHEIIHUX JIICK-
TPOJOB, PACTIONOKEHHBIX HA JIMIEBOH CTOPOHE WJIM CTOPOHE, HA KOTOPYIO MAJAFOT JIYYH, COJTHEYHOTO 3JICMEHTA
100 CHIKACT ONTHYECKYIO 3HEPTHIO, KOTOpAsd JOCTHUTAET CONHEYHOro 3meMeHTa 100, TeM caMmbIM NPHBOAA K
605ee HU3KOM BBIXOJTHOH MOIITHOCTH.

B kavecTBe TOTMOTHATEIBHOTO HEAOCTATKA, YTOOBI MPUBECTH K 3HAYHTCIBHBIM VIIyUMICHISIM B BHIXOJIHOH
MOIIHOCTH COJTHCYHOTO 37¢MeHTa 100, Ha BHCOIHAC 3MCKTPOABI COTHCYHOTO 37eMeHTa 100 10 mKHEI OBITH MOAa-
HBI 3HAYUTEIbHbIC HanmpspkeHms. Hampumep, B Fornage packpseisaeTcs, 4T0 K BHEIIHHM 3JICKTPOJAM I MOJA-
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BAacMOTO0 JJIEKTPUUECKOTO MO JOJDKHBI OBITh MOJAHBI HanmpspkeHus mopsiaka 1000 B, uToOsr ObiTh 3 (ekTrB-
HBIMH W YBCITHYUTH BBIXOJHYHK) MOIIHOCTH COTHCUHOTO 3nmeMeHTa 100, Bemmimaa 3T0T0 HAmpsuKCHHUS TpeOyeT
CHCUHATBHOM MOATOTOBKH A1 OOCIIY>KHBAHIL, A TAKKE JOTOIHHTEILHOTO BEICOKOBOJIBTHOTO OOOPYIOBAHUS U
MPOBOAKY, KOTOPBIX B HACTOSINEE BPEMsI HE CYIICCTBYET B CYIICCTBYIOMINX MM HOBBIX CHCTEMAX HMAHEJICH COJI-
HEYHBIX 3JIEMEHTOB. B KauecTse mpuMepa M30 LIMHOHHBIA CTOH MEX/Iy BHECIIHAMH JICKTPOJAMH W COTHECYHBIM
3meMeHTOM 100 1OmKEH ObITh JOCTATOUHBIM, YTOOBI BRIACP/KATH BEICOKOE IMOJABAEMOC HANpsLKEHME. B cimydae
BBIX0/IA M3 CTPOSI H30LIMHOHHOTO CIIOS CYHICCTBYET 3HAUMTEIBHBIN PHUCK MOBPEXKICHHS HE TOIBKO COJHEYHOTO
snemeHTa 100, HO W BCeX maHeseH 10 CONIHEUHBIX 3JIEMEHTOB, COCAUHCHHBIX MOCICA0BATENBHO WM MAPAJIICIIb-
HO OTHOCHTEIBHO OTKA3ABIINX COMTHEUHBIX JIEMEHTOB, 4 TAKKE BHEINHEH HATPY3KkH 30 (umu mHBEpTOpa 31).

B kauecTBe JOTOJHHUTEILHOTO HEAOCTATKA PA3IMYHBIC YCIOBHSI OCBEIICHHA (HAIPHUMEpP, W3-3a 00IA4HO-
CTH, 3aKPBIBAOIICH COTHIC, H/HITH HOPMAJIBHBIX KOJICOAHHH MOTOIbI) MOTYT BBI3BIBATH HCCTAOMIEHOCTD BBIXO-
HOM MOIITHOCTH OOBIMHBIX COTHCUHBIX JICMCHTOB H MAHCIICH COTHCUHBIX 3ICMCHTOB. Hanmpumep, co CChIIKOH HA
(wur. 2, maBepTOp 31, KAaK MPAaBHUIO, TPEOYET CTATHUCCKOTO HE M3MCHSIOMICIOCS BXOTHOTO HANIPSHKCHUS M TOKA.
Kaxk mokasano Ha (ur. 2, manem 10 COTHCUHBIX 3ICMCHTOB 0OCCTICUMBAIOT BXOIHBIC HANPSDKCHUC H TOK HHBCP-
Topa 31. Tem HE MEHEE, H3MEHSFOLITHECS BO BPEMCHH YCIIOBHS OCBEIICHHS MOTYT BBI3BAaTh KOJICOAHIE BBIXOTHOH
MOIMHOCTU maHenaed 10 COMHEYHBIX 3MEMEHTOB (HAPUMEP, MOPAIKA HECKOJIbKUX CEKYHI WU MeHbIle). Kome-
OaHue HANPSHKCHUS M TOKA, MTOJABACMBIX HA HHBEPTOP 31, CHIKAeT MHBEPTOPOM 31 KadecTBO BBHIXOJHOM MOII-
HOCTH, HAIIPUMEP, B OTHOINCHHUH YACTOTHI, HATIPSDKCHUS M COACPKAHMS TAPMOHUK. TpaanuIIMOHHBIC MEPOIPHS-
THSI IO OOpHOE C MEHSFOIMMHCS YCIOBISIMH OCBCIICHMS BKIIFOYAIOT Pa3MCIICHHE AaKKyMYyJBITOPHBIX OaTape
WA KOHICHCATOPOB HA BX0A€ MHBEPTOPA 31 M, K COMKANCHUIO, TOIBKO CBOIT K MEHHMYMY 3TH H3MCHCHHS.

C yueToM BBIIICH3IOKCHHOTO CYIIECTBYET HMOTPEOHOCTh B YCOBEPIICHCTBOBAHHON CHCTEME COJHCYHBIX
3JIEMEHTOB M CIIOCOOE MOBBIMICHHU KOI(D(DHIUEHTA MOJIEC3HOTO NCHCTBUA U BBIXOJHOH MOIMHOCTH, HATIPUMEDP, C
TOMOIIBI0 VBEIMYCHHS MTOJBIKHOCTH 3JEKTPOHHO-ABIPOUYHBIX MAP C LENbI0 NMPEOJOJICHHUS BBIICYNOMIHYTHIX
3aTPYIHCHAH U HETOCTATKOB TPAJUIUOHHBIX CHCTEM COJIHCUHBIX 3JICMCHTOB.

CymnocTts m3o0perenust

Hacrosmee m300peTeHIE OTHOCHUTCS K CIOCO0Y ONTHMHBAIMH BBIXOIHOH MOITHOCTH (DOTO3ICKTPHUUECKOTO
VCTpOHcTBa. B COOTBETCTBHH C TIEPBBIM ACTICKTOM, PACKPHITHIM B JAHHOW 3asIBKE, M3II0KEH CII0COO YIIPABICHUS
(hOTOICKTPHICCKHM YCTPOHCTBOM, IPH 3TOM CIIOCOO BKJIFOUACT B CCOA

TMOTA4y TICPBOi COCTABIAIOIICH CHTHAIA HAMPSLKCHUA HAa (POTOIJICKTPHUCCKOC YCTPOHCTBO, IPH 3TOM TICP-
Bas COCTABJLIIOIIAS MPEACTABILIET BKIFOUCHHOE COCTOSHHUE AT TCHEPUPOBAHHS BHEIIHETO 3JIEKTPHUHUECKOTO IO
Ha (POTO3NEKTPHIECKOM YCTPOHCTBE; U

o4y BTOPOH COCTaBIIIOINCH CHI'HANA HATPSKCHUS HAa (POTOITECKTPHICCKOE YCTPOUCTBO, IIPH 3TOM BTO-
past COCTABILIFOINAS MPEICTABIICT UK OTKIFOUCHHS.

B HEKOTOPBIX BAPHAHTAX OCYINECTBICHHU PACKPBITOTO CIIOC00a IM0/1a4a TIEPBOH COCTABILIONICH BKIIOYACT
B ce0s M01a4y BBICOKOTO HANPSDKEHHS M3MCHSFOIMMCS BO BPEMEHH HMITYIbCA HANPSKEHUS OT CXEMBI YCTPOH-
CTBAa AJI TEHEPHPOBAHMS HMMILYIbCOB HANPSDKEHHSA, a MOJAa4Ya BTOPOHW COCTABILIIOINCH BKJIFOYACT OTKIFOUCHHC
CXEMBI YCTPOHCTBA I TCHEPHPOBAHMS HMITY TbCOB HATIPSKCHILL.

B HEKOTOPBIX BAPHAHTAX OCYINECTBICHHU PACKPBITOTO CIIOC00a IM0/1a4a TIEPBOH COCTABILIONICH BKIIOYACT
B ccOsl COEIMHEHNE WCTOYHHUKA HANPSKCHUS M (DOTOINEKTPHUCCKOTO YCTPOMCTBA B NMEPBOM MOJIOKCHHHU IIEpe-
KJIFOUATEISI, PACTIONOKEHHOTO MEKIY MCTOUHMKOM HAMPSOKCHHA M (DOTOINCKTPHUCCKUM YCTPOHCTBOM, M TIPH
3TOM YKa3aHHAI NMOJA4a BTOPOH COCTABILIOIICH BKIFOYACT B CEOSl PA3bCAMHCHHE WCTOYHHKA HANPSHKCHUS W
(pOTO3NEKTPHUUECKOTO YCTPOICTBA BO BTOPOM IOJI0KCHHUH ITEPEKIFOYATE .

B HEKOTOPBIX BAPHAHTAX OCYHICCTBICHHUS PACKPHITOTO CIOCO0A CHOCOO JOMOTHHUTEIBHO BKIIOUYACT B CeOs
OTCJIC)KMBAHHE BBIXOJHOTO HANPSDKEHHS (DOTOINEKTPHUESCKOTO YCTPOMCTBA C MOMOMIBIO JATYHMKA HATIPSKCHI,
MOJKITIOUCHHOTO TAPAJUICIBHO K (DOTOINEKTPHICCKOMY YCTPOHCTBY, M OTCJIC)KHBAHKEC BBIXOJHOTO TOKAa ()OTO-
JIEKTPUYECKOTO YCTPOMCTBA C MOMOINBI0 AATUYMKA TOKA, MOAKIIOYEHHOTO MOCIEI0BATEIbHO MEXY (POTOIICK-
TPHUCCKAM YCTPOHCTBOM H HATPY3KOH, MHTACMOH (DOTOIICKTPHUCCKIM YCTPOHCTBOM.

B HEKOTOPBIX BAPHAHTAX OCYHICCTBICHHUS PACKPHITOTO CIOCO0A CHOCOO JOMOTHHUTEIBHO BKIIOUYACT B CeOs
PETYIMPOBAHKE C MOMOIIBIO CXEMBI YIIPABJICHUS, TIOAKIIOUCHHOW K HCTOYHHKY HANPSDKCHIS, TI0 MCHBIICH Mepe
OJHOTO W3 CJIEAYIOIIETO: BEIWYWHBL, JJIUTCIPHOCTH M YAaCTOTHI IEPBOIl COCTABILIOLICH AT MAKCHMAJIHbHOTO
VBEJIMYCHH BBIXOTHON MOITHOCTH HA OCHOBAHUH YKA3aHHOTO OTCIICKHBAHMS.

B cooTBeTCTBHH C APYTHUM aCIEKTOM, PACKPHITHIM B JAHHOH 3as1BKE, H3JIOXKCH CIIOCO0 ympaBieHUS (OTo-
3JCKTPUUCCKAM YCTPOHCTBOM, BKTFOUAOIIHH B CCOS

oOecrieyeHNE TOAKIFOUCHIS HCTOYHUKA HATPSDKEHASA K (DOTO3NEKTPHIECKOMY YCTPOHCTBY; H

MOJa4y CUTHAJA HANPSKEHMS, CTCHEPHPOBAHHOTO MCTOYHUKOM HATIPSDKCHUS, HA (POTORIICKTPHICCKOE YCT-
POHCTBO, MPH 3TOM CHTHAJT HANPSDKCHUS MMCECET IIEPBOEC COCTOSHHC A1 TCHEPHPOBAHUS BHEIIHETO JICKTPHUIC-
CKOTO TOJIT HA (JOTOINEKTPHUCCKOM YCTPOUCTBE M BTOPOE COCTOSIHHE, ITPEACTABILIIOMIECE UK OTKITFOYCHI.

B HEKOTOpBIX BapHAHTaX OCYIIECTBICHHUS PACKPBITOTO CIOco0a OOECICUCHUE HCTOUHHWKA HATPSLKCHUS
BKJTFOYACT B ¢¢0s1 00CCTICUCHUE IO MCHBIICH MEPE OHOTO M3 CICAYIOMICTO!

CXEMBbI YCTPOICTBA AN TECHEPUPOBAHMS MMILYJIbCOB HATIPSKCHHSA I HMOAKIIOUYCHHSI K (POTOIECKTpHIC-
CKOMY YCTPOHCTBY 711 OOECIECUCHHUS H3MCHSIOIMETOCSI BO BPEMCHHU MMITYJIbCA HATPSKCHUSA HA (POTOICKTPHMC-
CKOM YCTPOHCTBE, IIPH 3TOM H3MCHSFOIIUKCS BO BPEMCHH HMITYIIbC HANIPSHKCHUS MPEIyCMaTPHBACT MIEPBOE CO-
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CTOSIHHC H BTOPOC COCTOSHHC, H

MEPEKIFOYATENS IS MOAKIFOUCHHA MEKIY HCTOYHHKOM HAMPSUKCHUS H (DOTOICKTPHUICCKHM YCTPOICT-
BOM, ITPH 3TOM MEPEKIFOYATENIb COSTUHACT UCTOYHHK HAMPSDKCHAA H (POTOINCKTPHUECKOE YCTPOHCTBO B IIEPBOM
TOJTOKCHUH JJIA TCHCPHUPOBAHWA NICPBOTO COCTOAHMA U PA3BCAUHACT UCTOTHUK HANPSIKCHIA H (I)OTOE)J'IGI(TpI/I‘{e-
CKOE YCTPOHCTBO BO BTOPOM HOJIOXKECHHH JJI TCHEPHPOBAHHSA BTOPOTO COCTOSHHAL

B HEKOTOPBIX BAPHAHTAX OCYIICCTBICHHUA PACKPHITOTO CTIOCO0A ITOIa4Ya CHTHAJIA HATIPSDKCHHUS BKIFOUACT B
cehs TPHUKIAABIBAHUC BBIXOOAHOTO HANMPSOKCHUA UCTOTHHUKA BBICOKOTO HAMPSDKCHUA CXCMBI yCTpOfICTB& A TC-
HCPHPOBAHHS HMITYJIBCOB HANPSIKCHHA K (DOTOIICKTPHUCCKOMY YCTPOMCTBY, KOTAA MEPEKIIIOYAFOIIMI TPaH3H-
CTOp CXEMBI YCTPOMCTBA /11 TCHEPUPOBAHUS UMILYJIbCOB HAMPSLKCHHS HAXOJHUTCSA BO BKIFOUCHHOM COCTOSIHHH,
AT TCHEPUPOBAHI NMEPBOTO COCTOAHUA U MPOAOJDKCHUAC YKA3AHHOTO MPHUKIAABIBAHUA BBIXOAHOTO HAIPSIHKCHUA
HCTOYHHKA BBICOKOTO HANPSDKCHHSA A0 TEX IOP, MOKA TCHEPATOP HMITYIbCOB CXEMBI YCTPOHCTBA A TCHEPHPO-
BAHHS HMITYJIbCOB HAMPSDKCHHS HE MEPCBEACT MEPCKIFOYAFOMIAIN TPAH3HCTOP B BRIKIIOUCHHOE COCTOSHHE, IS
TCHEPHPOBAHUS BTOPOTO COCTOSHHUAL

B HEKOTOPBIX BAPHAHTAX OCYHIECCTBICHHUS PACKPHITOTO CIOCO0A CHOCOO JOMOTHHUTEIBHO BKIIOUYACT B CeOs
o0ecTicueHHE MOAKIFOUCHHUS CXEMBI YIPABICHHS M0 MEHBIICH MEepe K OAHOMY H3 CICAYIOIICTO: MEPSKIFOYATEIO
H CXEME YCTPOUCTBA A1 TCHSPHPOBAHKSA HMITYJIbCOB HANPSKCHUSL.

B HEKOTOPBIX BAPHAHTAX OCYHICCTBICHHUS PACKPHITOTO CIOCO0A CHOCOO JOMOTHHUTEIBHO BKIIOUYACT B CeOs
o0ecricueHUe MOAKIFOUCHHA JATYAKA HATIPSDKCHUS MAPAIUICTBHO (POTOINCKTPHICCKOMY YCTPOHCTBY A OTCTIC-
SKHBAHHS BBIXOTHOTO HAMPSDKCHUS (DOTORICKTPHUUCCKOTO YCTPOICTBA M MOJKIIOYCHHS JATUHKA TOKA IOCTIEI0-
BATCIIFHO MCOKAY (DOTOIICKTPHICCKAM YCTPOMCTBOM H HATPY3KOH (POTOINMCKTPHUCCKOTO YCTpoicTBA AL OT-
CJICKHBAHHS BBIXOTHOTO TOKA (DOTOIISKTPHUCSCKOTO YCTPOHCTBA.

B HEKOTOPBIX BAPHAHTAX OCYHICCTBICHHUS PACKPHITOTO CIOCO0A CHOCOO JOMOTHHUTEIBHO BKIIOUYACT B CeOs
OTCIIC)KUBAHUC BBIXOAHOTO HAMPSDKCHUA W BBIXOAHOT'O TOKA U PETYJIHUPOBAHUEC C MOMOIIBKO CXCMBI YIIPABJICHUA
BCJIMIHUHBI ICPBOTO COCTOAHHUA IJII MAKCUMAJIBHOTO YBCIHICHUA BI)IXOI[HOfI MOIITHOCTH HA OCHOBC YKA3aHHOTO
OTCIICKHBAHUSL

B HEKOTOPBIX BAPHAHTAX OCYIICCTBICHHUA PACKPHITOTO CTIOCO0A ITOIa4Ya CHTHAJIA HATIPSDKCHHUS BKIFOUACT B
ce0s TCHEPHUPOBAHUC BHEIIHETO HJICKTPHUSCKOTO MOJM MO MEHBINEH MEpe C OJHHUM H3 MEPBOTO HANPABJICHHUA
HJTM BTOPOTO HATPABJICHHS, IIPH 3TOM IICPBOC HAMPABJICHUE H MOJSIPHOCTD BHYTPSHHHX 3JCKTPOAOB (JOTOIICK-
TPHICCKOTO yc’[’pOfICTBa HAXOoATCA B OAUHAKOBOM HANPABICHUH AJIA YBCTHYICHIA BI)IXOI[HOfI MOIIIHOCTH (I)OTO-
JNEKTPHYCCKOTO YCTPOICTBA, a BTOPOS HANMPABICHUC HAXOAWUTCH B HANPABJICHUH, MPOTHBOMOIOKHOM MOJIIPHO-
CTH BHYTPCHHUX JJICKTPOAOB, A1 YMCHBIIC HUA BI)IXOI[HOfI MOIITHOCTH.

B HCKOTOPBIX BAPHAHTAX OCYMCCTBJICHHUA PACKPBITOTO cnocoda 00CCICUCHUC HCTOUYHHKA HAMPSKCHUA
BKIIFOYACT B ceOs 0OCCTICUECHHUE MOJKITIOUCHIS HCTOYHUKA HAMPSKCHUS 0 MCHBIICH MEpe K OJHOMY U3 Clie-
IOVEOIIETO: COTHCYHOMY DIIEMEHTY, MATPHLIE COMHCYHBIX HNICMCHTOB, NAHCIH COJTHCUHBIX JJICMCHTOB H MATPHLE
TAHETICH COTHEYHBIX 3JIEMEHTOB.

B CcooTBeTCTBHH C APYTHM ACHEKTOM, PACKPBITBIM B JAHHOM 3a4BKE, H3JIO0KCH cOCod ympasicHuA (OTo-
JNEKTPUUECCKHM YCTPOHCTBOM, BKIIFOUAIOIIHIT B CEOs

o0ecricucHIe MOAKIFOUCHHA YCTPOHCTBA A TCHCPUPOBAHHA UMITYIbCOB HANPSUKCHUA K (POTOIICKTpHYC-
CKOMY YCTPOUCTBY; H

MOJAYy CHTHAJIA HANPSDKCHHS, CTCHEPHPOBAHHOTO YCTPOHCTBOM U1 TCHEPHPOBAHHS HMITYJIBCOB HANPS-
JKCHHSA, HA (POTOINMEKTPHICCKOE YCTPOHCTBO, MMPH 3TOM CHUTHAJ HAMPSDKCHASA HMEET MEPBOC COCTOSHUES I TCHE-
PHPOBAHHA BHCLIHETO 3ICKTPUUCCKOTO MO HA (POTOIICKTPHUCCKOM YCTPOHCTBE M BTOPOC COCTOSHHE, Mpe.-
CTaBJLIFOLICE LUK OTKIFOUCHHSA.

B HEKOTOPBIX BAPHAHTAX OCYIICCTBICHHUA PACKPHITOTO CTIOCO0A ITOIa4Ya CHTHAJIA HATIPSDKCHHUS BKIFOUACT B
ce0s oJavy peryIupyeMOTo HAMPsDKCHUA HA (POTOIIECKTPHUCSCKOE YCTPOHCTRO.

B HEKOTOPBIX BAPHAHTAX OCYHICCTBICHHUS PACKPHITOTO CIOCO0A CHOCOO JOMOTHHUTEIBHO BKIIOUYACT B CeOs
00eCIICUCHHE IO AKITFOYUCHHA OZ[HOI\/’I U HCCKOJBKUX MOCJICA0OBATCIIBHO MOAKIFOUCHHBIX KATYyIICK HHAYKTHBHO-
CTH MEXKIY YCTPOHCTBOM I TCHCPHPOBAHHS HMITYJIbCOB HANPSHKCHHA W HATPY3KOH (JOTOIICKTPHUCCKOTO YCT-
policTBa A1 OIOKHPOBKH YACTOT CHTHANA HANPKECHUSA I HATPY3KH, KOTOPBIC OOJbIIS, YeM 3aJaHHAS YACTOTA.

B HEKOTOPBIX BAPHAHTAX OCYHICCTBICHHUS PACKPHITOTO CIOCO0A CHOCOO JOMOTHHUTEIBHO BKIIOUYACT B CeOs
VIPABJICHHE [0 MCHBIICH MEPE OJHUM U3 CICAYIOMETO: YACTOTON H ATHTCIBHOCTHIO IIEPBOTO COCTOSHHA H BTO-
POTO COCTOSIHHA C TIOMOIIBIO CXCMBI YIIPABJICHHAS, MOJKTIOYCHHON K YCTPOHCTBY Il TCHCPHPOBAHHS HMITY JIb-
COB HANPAKCHHA.

B CcooTBeTCTBHH C APYTHM ACHEKTOM, PACKPBITBIM B JAHHOH 3a4BKE, H3I0KCH crocod ympasicHus (oTo-
JNEKTPUUECCKHM YCTPOHCTBOM, BKIIFOUAIOIIHIT B CEOs

o0ecrieucHIe MOAKTFOYCHUS ISPBOTO MOPTA MEPSKIIFOYATEN K (POTOINCKTPHICCKOMY YCTPOHCTBY;

o0ecrieucHIE MOAKIFOUCHHUS BTOPOTO MOPTA MEPEKIFOYATEI K HATPY3KE, MHTAeMO (DOTOIICKTPHICSCKHM
YCTPOHCTBOM,

o0ecricucHIe MOAKIIOUCHHA TPEThET0 MOPTA MEPEKIFOUATENI K UCTOYHHKY HANPSUKCHHA, MPUUSM Iiepe-
KII0UATCTb MOKET PaboTarh B MEPBOM MOJOKCHHH C YCTAHOBICHHEM MYTH TOKA MEKAY (POTOINCKTPHUCCKHM
YCTPOHCTBOM M HCTOYHHKOM HANPSDKCHHUS M BO BTOPOM IIOJIOXKCHHH C YCTAHOBJICHHEM IMYyTH TOKAa MEXIy (oTo-
JMIECKTPHUCCKUM YCTPOUCTBOM M HAIPY3KOH; U
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o4y CUTHAJA HANPSKEHMS, CTCHEPHPOBAHHOTO NCTOYHUKOM HATNIPSDKCHUS, HA (POTORICKTPHICCKOE YCT-
POHCTBO, KOT/IA TIEPEKIFOYATEb HAXOAUTCA B TIEPBOM MOJIOKECHHH, TIPH 3TOM CHTHAJ HAIIPSHKECHHIS UMEET IEPBOC
COCTOSIHHE 71 TCHEPHPOBAHMS BHEIIHETO 3JCKTPHUYCCKOTO IO HA (DOTO3IEKTPHUYECKOM YCTPOMCTBE, KOTAA
MIEPEKIFOYATENh HAXOAUTCS B NEPBOM IIOJIOXKCHHUM, M BTOPOE COCTOSHHE M MPEAOCTABICHUS 3JICKTPHUICCKOH
H30JBIIMH MEKAY MCTOYHHKOM HANPSDKCHHS M HATPY3KOH, KOTAA MEPEKII0YATENh HAXOANUTCA BO BTOPOM IIOJIO-
JKCHHH.

B HEKOTOPBIX BapHAHTAX OCYIICCTBJICHHS PACKPHITOTO CTI0c00a 00ECIICUCHUE TTOAKIFOYCHHSI IEPBOTO MOP-
Ta MEPEKIIOYATEII BKIIFOUYACT B ce0st 00eCTICUCHIE MOAKIIOUCHIE MIEPBOTO MOPTA IBYXIMOZUIIHOHHOTO IIEPEKIIIO-
4yaTel K (JOTOINCKTPHUCCKOMY YCTPOMCTBY.

B HEKOTOPBIX BAPHAHTAX OCYHICCTBICHHUS PACKPHITOTO CIOCO0A CHOCOO JOMOTHHUTEIBHO BKIIOUYACT B CeOs
VIOpaBJICHHE [0 MCHBIICH MEpEe OJHHM H3 CICAYIOMETO. YaCTOTOH M IHTCIHHOCTHIO MEPEKIOUYCHHS MEKIY
TIEPBBIM TIOJIO’KCHHEM M BTOPBIM TOJ0XKEHHEM C MOMOIIBI0 KOHTPOJUIEPA MEPEKIFOUATEIS, MOJKIIOUCHHOTO K
JBYXIIO3HIIHOHHOMY TIEPEKIFOYATEIIO.

B HEKOTOPBIX BAPHAHTAX OCYHICCTBICHHUS PACKPHITOTO CIOCO0A CHOCOO JOMOTHHUTEIBHO BKIIOUYACT B CeOs
00eCTICUCHIC TIOAKTFOUCHHS YCTPOHCTBA YMCHBIICHHS JTFOOBIX 0CIAOICHUH HAMPSKCHUS TICPBOH COCTABILIIOMICH
MEXKIY HATPY3KOH M (DOTOINCKTPUIECKIM YCTPOHCTBOM.

B HEKOTOPBIX BAPHAHTAX OCYINECTBICHHS PACKPHITOTO CIIOCO0A IMOJA4a CHTHAJA HANPSKEHUS BKIIOYACT B
ceOs1 moJady PeryMpyeMoro HANpsHKCHUS Ha (DOTORIEKTPHUECKOE YCTPOUCTBO.

B HEKOTOPBIX BAPHAHTAX OCYHIECCTBICHHUS PACKPHITOTO CIOCO0A CHOCOO JOMOTHHUTEIBHO BKIIOUYACT B CeOs
VIPaBICHHUE [0 MCHBIICH MEpe OAHUM W3 CICAYIOMIETO: YaCTOTOM, BEJIMYMHOW M JTUTCIBHOCTHIO MEPBOTO CO-
CTOSIHMSL 1 BTOPOTO COCTOSIHHSI C TIOMOIIBI0 CXEMBbI YIPABJICHAS, TIOJKIFOUCHHON K MCTOYHUKY HANPSDKCHUS H
TICPEKITFOYATEII0, HA OCHOBE BBIXOJHOTO TOKA (POTOINCKTPHUCCKOTO YCTPOHCTBA, H3MEPESHHOTO JATYHKOM TOKA,
TIOAKJIFOYCHHBIM TIOCTICA0BATEIbHO MEKIY (POTOINCKTPHICCKAM YCTPOHCTBOM M HATPY3KOHM, W BBIXOJHOTO HA-
MPSDKEHUA (POTO3NEKTPHIECKOTO YCTPOHCTBA, M3MEPEHHOTO JATYHKOM HATPSKCHUS, MOJKIFOYCHHBIM Iapa-
JETHHO K (DOTOINEKTPHUCCKOMY YCTPOHCTBY.

Kparkoe onmncanne rpa@miuecknx MaTepuaion

Ha ¢wur. 1 npuseacH NpUMEPHBIH BUI B IONIEPEYHOM Pa3pe3e BEPXHETO YPOBHS, HILTFOCTPUPYIOIIIH BapH-
AHT OCYIICCTBIICHMS COJTHEIHOTO JIEMEHTA H3BECTHOTO YPOBHS TEXHHKH.

Ha ¢ur. 2 mpuBeacHa mpuMepHast CTPYKTYPHAS CXEMa BEPXHETO YPOBHS, HILTFOCTPHPYIOIAS OJMH BAPHAHT
OCYILECTBJICHHSI MATPHUIIBI MTAHETICH COMHEUHBIX 3JIEMCHTOB M3BECTHOTO YPOBHS TCXHWKH, HCIIOJIB3YIOMIHH COII-
HCYHBIC JIEMCHTHI, TOKA3aHHbIC HA (ur. 1.

Ha ¢wur. 3 npuseneHa mpuMmepHas CTPYKTYPHAS CXEMa BEPXHETO YPOBHS, HJUIFOCTPHPYIOINAS BAPHAHT
OCYIIECTBJICHHS CHCTEMBI YIIPABJICHHS COTHEUHBIMH JICMEHTAMH.

Ha ¢ur. 4 mpuseneHa mpuMepHas CTPYKTYpPHAs CXEMa, WILTFOCTPHUPYIOMIAS aIbTCPHATHBHBIN BAPHAHT
OCYIIECTBJICHHS CHCTEMBI YIIPABJICHHS COJTHCUHBIMH 3JICMEHTAMM, ITOKA3aHHON Ha (ur. 3, B KOTOPOM MaTpuua
TIAHEJICH COTHEYHBIX IEMCHTOB ITOIKIFOUCHA K HCTOYHUKY HANPSDKCHUS YEPEe3 MEPEKITFOYATEND.

Ha ¢wur. 5A-D npuseneHsr mpuMepHbIe (JOPMBI CHTHAJIOB HA BXOJAX M BBIX0OJAX MEPEKIFOUYATEIS, HCIOTb-
3YEMOTO C MAaTPHLCH IMAaHENIeH COMHEYHBIX 3JIEMEHTOB, MIOKA3aHHON HA ()UT. 4, WINTFOCTPHPYIOMIHE TOJABACMOC
HANIPSDKCHUCE B 3aBUCHMOCTH OT BPEMCHH.

Ha ¢ur. 6 nmpuBeacHA MPUMEPHAS CTPYKTYPHAS CXEMA, HIUTIOCTPHPYIOIIAS CINC OHH AIbTCPHATHBHBIN Ba-
PHAHT OCYIIECTBJICHHUI CHCTEMbI YIPABICHHA COJHCYHBIMH 3JICMECHTAMH, MOKA3aHHOW Ha (Hr. 3, B KOTOPOM
MaTPHIA MAaHENCH COJTHEYHBIX 3JCMEHTOB IOAKJIFOUCHA K CXEME YCTPOHCTBA U1 TCHEPHPOBAHUS HUMITYIHCOB
HANIPSDKCHAL.

Ha ¢wur. 7 nmpuseneHa npuMepHast popMa CUTHAJA, HCTIOJIB3YEMOT0 C MATPHULCH MAHETICH COTHEYHBIX 3JIC-
MEHTOB, IPUBEICHHOH HA (DUT. 6, WILTFOCTPUPYIOIAS II01aBAEMOC HATPSKCHUE B 3aBHCHMOCTH OT BPEMCHH.

Ha ¢ur. 8 nmpuseacHa mpuMepHAasi CTPYKTYPHAS CXeMa, MILTIOCTPUPYIOINAS OUH BAPHAHT OCYILECTBICHUS
CXEMBI YCTPOICTBA Uil TCHEPUPOBAHMUS HMILY TbCOB HATIPSKCHIL, IOKA3aHHOM HA Qur. 6.

Ha ¢ur. 9A mpuBeneHa mpuMepHas CTPYKTYPHAs CXEMa, WILTIOCTPHPYIOINAS aJbTCPHATUBHBIM BAPHAHT
OCYIIECTBJICHHS CHCTEMBI YIIPABICHH COJMHEYHBIMH 3JIEMCHTAMH, MOKA3aHHOH Ha (ur. 4, B KOTOPOM CHCTEMA
VIPABICHUS COTHEUHBIMHE 3JIEMEHTAMH COACPKHUT CXCMY YIIPABIICHIL.

Ha ¢wur. 9B mpueeacHa mpuMepHas OMOK-CXCMa, HIUTFOCTPHPYIOIIAS THATPAMMY COCTOSHHH I CXCMBI
YOpaBICHHSA, OKA3aHHOH Ha (hur. 9A.

Ha ¢wur. 10A npusenena npuMepHast CTPYKTYPHAS CXeMa, WILTFOCTPHPYIOINAS aTbTCPHATUBHBIA BAPHAHT
OCYIIECTBJICHHSI CHCTEMBI YIIPABICHH COJMHCYHBIMH 3JIEMCHTAMH, MOKA3aHHOW HA (ur. 6, B KOTOPOM CHCTEMA
VIPABICHUS COTHEUHBIMHE 3JIEMEHTAMH COACPKHUT CXCMY YIIPABICHIL

Ha ¢ur. 10B npuseacHa mpuMepHasa OJIOK-CXeMa, HIUFOCTPHPYIOIIAS JHATPAMMY COCTOSHHH TSI CXEMBI
YIpaBICHHUA, IOKAa3aHHOH Ha (ur. 10A.

Ha ¢ur. 11A-C npuBeaeHB NPHMEPHBIC (POPMBI CHTHAJIOB, WILTFOCTPUPYIOIAC BAPHAHT OCYIICCTBIICHHUSA
3aBHCHMOCTH YJIYYIICHHOTO BBIXOAHOTO TOKAa (DOTO3NEKTPHUECKOTO YCTPOHCTBA, MOKA3aHHOTO HA ¢mr. 3, OT
MOJABAEMOTO HANPSDKEHMS, YACTOTHI CIICI0OBAHIS HMITYJIbCOB U [THTCIHHOCTH HMITY JIBCA.

Crexyer OTMCTHTD, YTO (PUTYPHI H300PAKCHBI HE B MACINTA0C H YTO 3JICMCHTHI TOTOOHBIX KOHCTPYKIIHHA
win (PYHKIMH, KaK MPaBHiIoO, 0003HAYCHBI OAWHAKOBBIMH CCBIJIOYHBIME HOBHIMHAMH C IIEJIBI0 HIDTFOCTPALMHA HA
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Bcex ¢urypax. CienyeT Takke OTMETUTH, UTO (PUTYpHI MpeAHA3HAYEHBI TOJHKO /IS OOJETUEHHS ONHCAHUS
MPEANOYTUTEIBHBIX BAPUAHTOB OCYILECTBICHUA. JlaHHblE (PUTYpBlI HE OTPAKAIOT KAKABIA ACHEKT OMMCAHHBIX
BapUAHTOB OCYLIECTBACHUA U HE OIPAaHUYMBAIOT 00BEM HACTOSALLETO U300pETEHHUS.
IHoapoOHoe onHcanue NPeANnOYTHTEIbHBIX BADHAHTOB OCYIECTBJICHHS

[TockonbKy MMEIOIIMECS B HACTOALIEE BPEMs CHCTEMbI COJIHEUHBIX JIEMEHTOB HE MOIYT MaKCHMAJIbHO
YBEJIMYHUTh BBIXOJHYIO MOIIHOCTH (POTODJIEKTPUUECKOTO 3JIEMEHTA, CHCTEMa COJHEYHBIX JJEMEHTOB, KOTOopas
YBEJIMUMBALT TIOJBHKHOCTH ANEKTPOHHO-BIPOUHBIX TTap ¥ YMEHBIIAET TOK MPH PEeKOMOWHAINH B TTONYTPOBO/I-
HUKOBOM MaTepHajie, MOXET 0Ka3aTbCsAd BOCTPEOOBAHHONM M 00ECEeYUTh OCHOBY VISl LUIMPOKOro AMana3oHa CHc-
TEM COJIHEYHBIX JIEMEHTOB C TE€M, YTOOBI MOBBICUTh KO3()(UUMEHT MOJE3HOTO NCHCTBHUS M BBIXOJHYIO MOLI-
HOCTH COJTHEYHBIX 3JIEMEHTOB, BBIMOJHEHHBIX B BHJE MAHENW COJHEUHBIX 3JIEMEHTOB. DTOT PE3yJBTAT MOKET
OBITH TOCTUTHYT B COOTBETCTBHH C OJHIM BapHaHTOM OCYIIECTBJICHHS, PACKPHITHIM B JaHHOI 3asiBKe, C MOMO-
ibto cuctembl 300 ynpaBineHus COTHEUHBIMU IEMEHTaMH, Kak MoKazaHo Ha ¢ur. 3.

Obpammasice k ¢ur. 3, cucrema 300 ynpapieHHs] COTHEUHBIMH 3JIEMEHTAMU TIOIXOIUT [T HCTIONB30BAHUS
C IHPOKHAM AHMANa30HOM (POTOIIEKTPUUESCKIX YCTpoiicTB. B omHOM BapuaHTe ocyiecTBieHus cuctema 300
YTpPABICHUsS COJIHEUHBIMU 3JIEMEHTAMH MOXKET ObIThb MPUrOJHA AJsl UCHOJIB30BAHUS C COJHEUHBIM 3JIEMEHTOM
100, mokaszanHpiM Ha ¢ur. 1. Hampumep, coHeuHbIH 35eMeHT 100 MOXKET MpeacTaBisaTh JIO0OS MOIXOASIIEe
TIOKOJICHHE COTHEUHBIX 3JIEMEHTOB, TAKMX KaK JIEMEHTHI HA MOJIOKKE U3 KPUCTAIUIMIECKOTO KpeMHUsA (TIepBoe
MOKOJIEHHE), TOHKOILIEHOYHbIE COJHEYHBIC 3JIEMEHTBI, BKJIHOUAs 3JIEMEHTbl Ha OCHOBE aMOP(HOro KpeMHUs
(BTOpOE TIOKOJIEHWE), W/WITN DIIEMEHTHI TpeThero nokosneHus.. Cucrema 300 ynpaBneHWs COJTHEUYHBIMH JJIEMEH-
TaMU TIPEUMYIIECTBEHHO MOXKET OBITh HCIIOJIB30BaHa C JIFOOBIM TMOKOJICHHEM CoOJiHeuHoro ayementa 100 6e3
KOHCTPYKIMOHHBIX N3MEHEHHH U CBSI3aHHBIX ¢ HUIMH HEJAOCTATKOB. B Apyrom BapmaHTe OCYIIECTBICHHS CHUCTE-
Ma 300 ynpaBiaeHns COTHEUHBIMH 3JIEMEHTAMH MOXET ObITh TIPUTOHA JIUTS HCTIONB30BaHUSI C HECKOIBKUMHU COJI-
HeuHbIMU dnemMeHTaMu 100, Hanpumep ¢ marensmu 10 CONHEUHBIX 3NEMEHTOB, TTIOKa3aHHBIMHU Ha ¢ur. 2. Kax
OBUTIO PACCMOTPEHO paHee, HECKOJIBKO COTHEUHBIX eMeHTOB 100 MOTYT OBITH TOAKITIOUEHBI (TIOCICIOBATEIBHO
W/ TapajieslbHO) BMecTe /Ut oOpasosanus maHenw 10 conmHeuHbIX anemeHToB. [lanenw 10 comHeuHBIX 3te-
MEHTOB MOTYT OBITh YCTaHOBJIEHbBI HA OMOPHOM KOHCTPYKIMHU (HE MOKa3aHa) MyTeM Ha3eMHOH YCTaHOBKH, ycTa-
HOBKHM HA KpBIIIE, C TIOMOIIBI0 CUCTEM CJIEKEHHMS 3a COJNHLEM, HEMOABMKHBIX PEEK M TAK AAlEE U MOTYT OBITh
UCIMOJIb30BaHbI KaK [JIsl HA3EMHBIX, TaK U U1l KOCMUYECKUX OOPTOBBIX yCTPOMCTB. AHAIOIMYHBIM 00pa3oM cHc-
Tema 300 yrmpaBieHUs CONHEUHBIMH 2JIEMEHTAMH TTPEUMYIIIECTBEHHO MOXET OBITh MCIOJIh30BaHa C JIFOOBIM TM0-
KoseHreM TaHenau 10 COMHEUHBIX JeMEHTOB 0€3 KOHCTPYKIHOHHBIX W3MEHEHHWH maHenu 10 CONHEeYHBIX dJie-
MCHTOB U CBA3AaHHbLIX C HUMHW HEJOCTATKOB.

Kaxk nmokasaHo Ha ¢wur. 3, poroanekrpudeckoe ycTpoicTBo 200 B3aNMO/IEHCTBYET € ANEKTPHUECKUM TIONIEM
250. B HEKOTOPHIX BapHAHTAX OCYIIECTBICHHUS TOJISIPHOCTH 3IeKTpUIecKoro noms 250 MoKeT ObITh MojanHa JIn-
00 B OIMHAKOBOM HalpaBJICHUH, TUOO B 0OpATHOM HANPABICHUH C MOJSAPHOCTHIO 3ekTpoaoB 101a, 101b (moka-
3aHbl Ha (ur. 1) B QoToamekTpudeckom ycTpoiictee 200. Hanmpumep, ecii mogada 31eKTpudeckoro mons 250
OCYILECTBIIIETCS. B OAWHAKOBOM HAITPABJIEHUH C MOJSIPHOCTHIO 3nekTponoB 101a, 101b B doTosnexTprueckom
ycrpoiictee 200, anekrpuueckoe none 250 Bo3/eiCTBYET Ha ANIEKTPOHHO-IBIPOUHBIE Tapbl B (hPOTOIEKTpHUE-
ckoM ycrpoiictee 200, npuknaaeiBas cuiy €E nnu h'E DJIEKTPOHY WJIU JIBIPKE COOTBETCTBEHHO, YCKOPSAA TEM
CaMbIM TOJIBIKHOCTD JIEKTPOHA U ABIPKH B HANpPaBICHUM COOTBETCTBYIOIINX JJIEKTPOAOB. B kadecTBe anprep-
HAaTUBBI, €CJU MOJSPHOCTh 3jeKTpudeckoro mnousisi 250 sBuseTcs 0OpaTHOW, MOABMKHOCTb 3JIEKTPOHHO-
JIIPOYHBIX Map B (hOTOANEKTpUUECKOM ycTpoiicTe 200 yMeHbLIAETCS, YBENTNYNBAs TEM CaMbIM TOK MPH PEKOM-
Oomnaim B GoTtoanexTpuueckoM ycTpoiictee 200. CooTBeTCTBEHHO KO3(D(PUIMECHT MOJE3HOTO ACUCTBHA (POTO-
JNEKTpUYecKoro ycrpoiictBa 200 MOKeT OBITh YMEHBILECH 10 JKEJIAHHIO, HATPAMED, IS YIIPABJICHUS BBIXOIHON
MOIIIHOCTHIO (oTodNeKkTprdeckoro ycrpoiicTea 200. KpoMe Toro, anektpuueckoe mosie 250, mogapaemoe Ha (o-
TORJIEKTPHUIECKOE YCTPOUCTBO 200, MOXKET OBITH IO JKEJIAHUIO CTATHUSCKUM FITH M3MEHSIONMMCS BO BpeMeHu. B
ciydae, Korza sJiekTpudeckoe mose 250 m3MeHseTcsl BO BpeMeHH, 3JIekTpuueckoe nose 250 obmamaer ycpen-
HEHHOH TI0 BPEMEHM BENMYWHOMN, KOTOpas OTIIMYHA OT HyJIs. BeIpaxkasch mo-apyromMy, 4ucras cuna, 1eicTByo-
asi Ha 3JIEKTPOHBI M ABIPKH, OTIMYHA OT HYyNS Ui 0OeCTedeHUs MOBBIIIEHHOH MOABIXHOCTH EKTPOHHO-
JOBIPOYHBIX TTap GOTOINMEKTpIUecKoro ycTpoiicta 200.

[TpuMEeHUTELHO K TPAAULMOHHOMY COJHEUHOMY aeMeHTy 100, npuBeaeHHOMy Ha ¢ur. 1, npu OTCYTCT-
BUM BHellIHe# Harpysku 30 (mokaszana Ha ¢ur. 1) muist cozaanus anexrpudeckoro mons 250 Ha anextpoasl 101a,
101b conneunoro snemenTa 100 MoxkeT OBITH OJAHO BHEITHEE HANpsDkeHHE. B ogHOM BapHaHTEe OCYIIECTBIIC-
HHUS dJIeKTpHYeckoe noJie 250 (Hanpumep, Mexay tektponamu 101a, 101b) onpenensercs ypaBHeHneM 1
_ Vapp—1e)

t

B ypaenenun 1E - snextpudeckoe noue 250, Va,, - HAIPSKEHHE, IONABAEMOE H3BHE K (DOTODIEKTPHYE-
ckoMy ycTpoiicTy 200, V), - BBIXOJJHOE HanpskeHHe (POTO3MEKTpUUEcKoro ycTpoiictea 200 (manpumep, ~30 B)
1 t - TOJIIKMHA MOJyTPOBOAHMKOBOTO MaTeprana B (hoTodnekTpuueckom ycrpoiictse 200 ot anexrpoaa 101a go
101b. Hampumep, Npeanonoxkum, 4to V ap,,-Vp=200 B (HOMHHANBHO) ¥ TOJIIIMHA t COCTABJISIET PUOIM3UTENBHO
0,02 cm, anextpuueckoe none 250 cocrapnser npudiamsurensHo 10 kB/cm. Kak BumHO M3 ypaBHeHms 1, mpu
YMEHbBIICHUH TONLIKHBI t poTodNeKTpHUecKkoro ycrpoiictBa 200 (Hampumep, Menee 0,01 cMm) MOTYT ObITh TOJY-
YeHbI 00Jiee CHITbHBIE dNIEKTpUUeckre modist 250 ¢ CTIONb30BaHUEM TEX JKe HITH 00Jiee HU3KUX HANPSHKEHUH.

E (¥Ypasuenue 1)
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Kak y»xe roBopuiochk BbIIIE, (POTOIIEKTpUUECKOe YCTpoiicTBO 200, Kak IpaBuUiIo, MUTAeT BHEIIHIOK Ha-
TPY3KY, Takyto kak Harpy3ka 30 conmHeuHoro snementa 100. Cerinasch Ha ypaBHeHue |, ecny rmojada BHEIIHETO
HANPSKEHHS V o, OCYIIECTBIIAETCA HENOCPEACTBEHHO Ha (POTORNIEKTPUYECKOE yCTpolicTBo 200, KOTOpOe NUTaeT
BHEIHIOK Harpy3ky 30, BHemHsa Harpy3ka 30 MOXKET cojiepKaTh aKTHBHBIE COCTABJISIOMINE, KOTOPBIE TTOTPeD-
JSI0T TOK OT HCTOYHMKA IOJABAEMOI0 HAUPSKEHUA V pp,. BhIpaxkasdce mo-apyromy, mojada BHENIHErO HAmps-
JKEHHS V5, Ha (oTodsIeKTpruecKoe yeTpoicTBo 200 MoxkeT 3(p(eKTHBHO IOCTaBIATE MOMIHOCTE Ha OOIIYIO
CXEMY, YTO MPEJICTABICHO ypaBHEHHEM 2

2
v,
MOITHOCT by g = % (Vpasnenue 2)
L

B ypaBHenuu 2 Rj - monHoe compoTuBieHHe BHemiHed Harpy3ku 30. B HEKOTOPBIX ciydasix BXOJHAs
MOIITHOCTh MOKET OBITh 3HAYMTEIBHO OOJIBINE, YEeM BBIXOAHAS MOIMHOCTH (DOTOINEKTPUUECKOTO YCTpoiicTBa
200. CootBercrBerHo cuctema 300 ympaBiaeHUS (POTOIEKTPHISCKIMHI IEMEHTAMH BBHITIONHEHA ¢ BO3MOKHO-
CTBIO TTOAAYH dNEeKTprdeckoro 1ot 250 Ha poToanekTpuueckoe ycrpoiictBo 200 Ge3 BBeAeHM GONbIIEH dHEP-
ruu, 4yem (oToanexTpuieckoe ycrpolicto 200 crnocoOHO MPOU3BOANUTE, HIIH OOJBIIEH SHEPrUH, YeM ObLIO ObI
TIOTY9EHO IyTEM ITOJauH IEKTPHUIECKOTO MOt Ha (poToanekTpuaeckoe ycrpoiictso 200.

Cuctema 300 ynpasJieHHs COJHEUHBIMH 3JIEMEHTAMH MOKET 110/IaBaTh BHEIIHEE HANPSKEHUE V ap, Ha (o-
TOANEKTpUIECKOe yeTpolicTBO 200 ¢ MCMOAB30BAHUEM JTIOOBIX MOAXOASIINX CPEACTB, OMHUCAHHBIX B JAHHOMW 3a-
SIBKE, B TOM YHCJIC C UCTIOJIL30BAHUEM TIEPEKIIOUaTesist 55, kak mokazano Ha ¢ur. 4. Oopaniasce k ¢ur. 4, poTo-
aeKTprUecKoe yerpoiicTBo 200 MOXKET MPEACTABIATE JII000E KOJMYECTBO (POTOIIEKTPHUECKAX YCTPOUCTB, Ta-
KMX Kak cosHeuHbri dnement 100 w/umm nanenn 10 coHEUHBIX D7€MEHTOB, Kak rnokasano. Ilanean 10 conneu-
HBIX 3JIEMEHTOB COEJIMHEHBI C NEPEKAIOYATENEM 55, TAKUM KaK O/ JHOMNOJIOCHBIN, JBYXIIO3ULIMOHHBIHN (MK HA TPU
HAINpaBJICHUs) MEPEKITIOYATENb, KaK MOKa3aHo. B OHOM BapHaHTE OCYIIECTBJIEHUS MEPEKIMOUaTeNsb 55 Taioke
MIOJKIIIOYEH K UCTOYHMKY S0 HanpspkeHVs W BHEIIHEH Harpyske Ry (HampmMep, moka3aHHOM B BHAE MHBEPTOpPA
31). UuBeptop 31 moxeT mpeobpa3oBHBaTh MOCTOSHHBIE HAPSKEHHE W TOK B TIEPEMEHHBIE HANPSHKEHHE U TOK,
KOTOpBIE, KaK MPaBUJIO, COBMECTUMBI C HAMPSPKEHHEM M 9aCTOTOM ¢ TPAAWLIMOHHBIMU 3JIEKTPHUECKUMH CETIMHU
IIEPEMEHHOTO HANpsDKEHUA. BBIXOAHAsS YacToTa MHBEpTOpa 31 M aMIUIMTyAa MEpeMEHHOTO TOKa/HaNpsKeHUS
MOTYT 3aBHCETh OT CTPaHBI, MECTOIOJIOKEHHSI 1 MECTHBIX TpeOoBaHuii ceTu. Mctounnk 50 HAIpsHKEHUST MOKET
coJieprKarh JEOOBIE ITOIXO/AIINE CPEICTBA UL IO ACPKaHN TTOCTOSIHHOTO HAIPSDKEHMS, B TOM YHCIIE HICalhb-
HBIE€ UCTOYHUKU HAMPSKEHUA, YIPABIAEMble UCTOYHUKY HAMPSKEHUS U Tak Aajee. TeM He MEHee B HEKOTOPBIX
BapHaHTaxX OCYHICCTBIICHUS, TAaKUX KaK BapHaHT OCYIIECCTBIICHHS, TOKa3aHHBINH HIDKE CO CCHUIKOH Ha ¢ur. 9A,
ACTOYHUK 50 HampspKeHHS MOXKET MMETh II0/UIAIOMICECS M3MEHEHHMIO PETYJIMPYEMOE BBIXOJHOE HalpsDKCHHE
(HanpuMep, HanpspKeHUe, U3MeHstoleecs Bo BpeMeHn). Oprad 45 yrpasieHus nepekiouares (Mid KOHTPOI-
JIep) MOJKITIOYAETCS K IEPEKIIoUaTetto 55, 4To0bI YIPaBIATh JUTHTESIHHOCTHIO COSANHEHMS W/MIN 9acTOTOH 1e-
PEKIIOUEHUS], HAIPUMED, MEXKTY UCTOUYHUKOM S0 HanpsbKeHUd U UHBEpTOpoM 3 1¢ maHenpio 10 cOHEUHBIX dJie-
MeHTOB. KoHTpomnep 45 mepeximodarens MOKET OBITh IpeIBapUTEIHHO YCTAHOBICH IS PaboTH ¢ (PUKCHPO-
BaHHOU JJTUTENLHOCTHIO D mepexmodenus n gactotoi f nepexmodenust (mokazanel Ha ¢ur. SA-C). Hanpsoke-
HHE, M0JABAEMOE B MEPBOM IMOJNOKEHHU MEpPEKTouarens 55, MoxkeT ObITh (PMKCHPOBAHHBIM M 3aBUCETH OT HC-
TouHmKa 50 HampspkeHHWs. B HEKOTOPHIX BapHaHTaxX OCYIIECTBICHHS BEIMYMHA MOAABACMOTO HAIPSUKEHHS HC-
TOYHUKOM 50 HanpspKeHWs, AIUTENLHOCTE D coeanHenns w/mmn yactoTa f mepekimoueHnst MoryT OBITh 3apaHee
YCTAHOBJIEHBI /MM U3MEHATHCS B 3aBUCUMOCTH OT YCJIOBUIH HArpy3KH.

Hanpumep, nepexmodarens 55 coequusieT naHeaud 10 COMHEUHBIX DJIEMEHTOB ¢ UCTOUHUKOM S50 Hampsixke-
HUS B TICPBOM ITOJIOKEHHUHN (KaK MOKa3aHO CTPENKOH B mepekmodareie 55 Ha ¢ur. 4). [Ipu coequmeHnn B miep-
BOM IIOJIOKEHUU UCTOUHMK 50 HaNpsKeHUs MOAAET HANPSHKEHUE V op, HA 2sexTpoant 101a, 101b (noxasansl Ha
¢ur. 1) naneneii 10 CONHEUHBIX SIIEMEHTOB M HABOJUT AJICKTpHUecKoe mojie 250 (moka3aHo Ha ¢ur. 3) Ha Kak-
ayto manens 10 conneunsix aneMeHToB. [locne Toro kak anektputieckoe noje 250 Obi0 chopMupoBaHo Ha mna-
HenH 10 coHEYHBIX 3JIEMEHTOB, MEPEKIIOUATENb 55 MepekrovaeTes Uil coeuaeHus nadenei 10 coarHeuHsIx
3JeMeHTOB ¢ MHBepTOpoM 31 (T.e. Harpy3koit R;) Bo BTOpOoM monoxkeHHH. COOTBETCTBEHHO MCTOYHUK 50 Ha-
MPSDKEHUS MOXKET 00ECNeUnTh deKTpudeckoe noje 250 6e3 0THOBPEMEHHOTO CoeIMHEHUs ¢ maHesimu 10 con-
HEYHBIX 3JIeMEHTOB B mHBepTOpoM 31. TakmM o6pa3oM, CHOBa cO CCHIIKOI Ha ypaBHEHHE 2, IM0Jada BHEIIHETO
HaNPsKEHHs V o, HE TIO3BOJISIET HArpyske R, (Hanpuvep, naBepTopy 31) NOTpeOIATE TOK HEMOCPEACTBEHHO OT
ucrounvka 50 HanpspkeHus. [logada anextpuyeckoro ot 250 Ha nmaHenu 10 COMHEUHBIX AIEMEHTOB MOKET
YBEJIMYUTh TOK U BBIXOJHYIO MOLIHOCTh maHesneli 10 COMHEUHBIX 3IEMEHTOB Ha 33AaHHYIO BEJIMUUHY IIPU CO-
€MHEHUN BIOCIEACTBUM HaHesel 10 CONMHeUHBIX 31€MEHTOB ¢ MHBEPTOPOM 31 BO BTOPOM MOJIOKEHHUU. 3a/1aH-
Hasl BEJIMUMHA 3aBUCUT OT HHTEHCHBHOCTH CBETa, MMAJAIOIIET0 Ha HaHeau 10 cOMHEYHBIX 3JIEMEHTOB, HaIIpsIKe-
HUS V ppp, TIOJABAEMOrO Ha NaHeNu 10 CONMHEUHBIX 3IEMEHTOB HCTOUHUKOM SO HAIPSKEHUA, TOJILIMHBI NIaHENCH
10 COTHEUHBIX BJIEMEHTOB, 4acTOTHI f, ¢ KOTOpO¥ ncTouHuK 50 HANPSHKEHUsT COSAUHASTCS ¢ maHeasMu 10 cou-
HEYHBIX 3JIEMEHTOB, W KOd(h(puImeHTa 3aroHeHus Mporiecca MEePEeKIIOUCHIST MEKIY IIEPBBIM MOJIOKECHIEM U
BTOPBIM ITOJIOKEHHEM, TIPH 3TOM KO3(h(PUIMEHT 3amoTHeHNs OlIpeAeiIeTCs Kak MHTEPBAI BPEMEHH, KOTa MTaHe-
71 10 coNMHEYHBIX SJIEMEHTOB COEAMHEHBI C UCTOYHHUKOM 50 HAIpsOKEHUA, AEJICHHBIM Ha BpeMs MEePeKTIOUeHHS
1/f (T.e. yMHOXeHHBIH Ha yacTOTy f MM JeneHHbI HA BeCh nepuoA curHana). Ciaenyer OTMETHTb, uTO Bpems D
JUINTEIBHOCTH TIEPEKIIOUeHNS, JacToTa f mepekmoueHns 1 KO3 UIMEHT 3al0IHEHNS BCE SIBJSIFOTCS TaKAMHU
B3aMMOCBSI3aHHBIMH BEJIMIMHAMY, YTO OTPE/ICIICHNE 3HAYCHUH TFOOBIX BYX M3 BEJIMYHMH M03BOJIIET ONPEACITHTD
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TPETHIO BeMiIMHY. HanpumMep, yCTaHOBICHHE YAaCTOTHI NEPEKIFOUCHUS B KO3((DHIMECHTA 3aMOTHEHIS TIO3BOIISICT
ompeAeATh BpeMa D InuTenbHOCTH NepekmroucHus. HampuMep, B yCIOBHAX BBICOKOH MHTCHCHBHOCTH CBETA
TIOBBIMICHUE BBIXOTHOW MOIITHOCTH MOKET OBITH TOpsiaka 20%; B YCIOBHAX HU3KOH OCBEIICHHOCTH - 50%.

BapwuaHT ocymecTBICHHS, MOKA3aHHBIA HA (Qur. 4, MPEUMYIIECTBEHHO 0OCCIICUNBACT IJICKTPUICCKOE TI0JIC
250 na (oroznekrprueckoM ycrpoiictse 200 6e3 HeOOX0MMOCTH H3MEHEHUS MaHeei 10 COMHEUHBIX 3IEMCH-
TOB W/HITH COTHEYHBIX JIEMEHTOB 100, TipeIycMaTpUBarOETO AOMOIHHTEIFHbIC BHEITHHUE 3JICKTPOIBL.

B HEeKOTOPBIX BApHAHTAX OCYILECTBICHHA YCTPOMUCTBO XPAHCHHA SHEPTHH, TAKOE KaK KOHAeHcCATop 41, ka-
TymKa 42 WHIYKTHBHOCTH W/MIM aKKyMYJITOpHAS Oarapes 43, MOXKeT OBITh pa3MEIICHO Nepe HHBEPTOpoM 31,
YTOOBI MOJABUTH JFOOBIC OCTAOICHHS HAMPSKCHHS, HAOTFOTACMBIC HHBEPTOPOM 31 B TO BpeMA, KOTAA IICPCKITIO-
YaTeNb 55 HAXOAUTCH B MECPBOM TOTokeHHH. COOTBETCTBEHHO B TO BpeMs Kak HHBEPTOP 31 (T.€. Harpy3ka) oT-
COCIMHCH OT MaHeseH 10 CONHEUHBIX 3IEMEHTOB, KOTAA NEPEKI0YATED 55 HAXOAUTCS B IEPBOM MOJOKCHHH, H
3NCKTPHUCCKOC moJie 250 popMupyeTca Ha mane | 10 COTHEYHBIX 3JICMCHTOB (T.€. HA BPpeM D HMCPCKIFOUCHUS,
moKazaHHoe Ha (ur. 5A-D), yCTpoHCTBO XpaHCHHUS SHEPTHH CHAOXKACT SHEprucH uuseprop 31, 4ro0sI moamep-
JKABATh TOK, MPOTEKAIOIIMHA B TCUCHUE 3TOT0 MHTEPBAJA MEPEKIFOUCHIA. BRIPakasCch mo-ApyroMy, YCTPOHCTBO
XPaHCHHA JHEPTHH MOXKET Pa3psKAThCA B TO BpeMs, KOTAa MaHenH 10 COMHEYHBIX 3IEMEHTOB OTCOSAMHEHBI OT
uHBEpTOpa 31.

Takum 00pazom, He TpeOyeTCsl HEMPEPHIBHO MMOJABATH MOCTOSHHOE HANPSLKECHHUE OT HCTOYHHUKA 50 Hamps-
JKEHHSI, KOTOPOE, B CBOKO OYEPEAb, CO3JAET IIMCKTPHUICCKOE moje 250, 4yToOBl YBHACTh YIyUIICHUE BBIXOIHOH
MOIIHOCTH HaHeneil 10 comHeuHsIX 31eMeHTOB. Hanpumep, mpu AIUTEIbHOCTH BpeMeHH D mepekmoueHus, ¢o-
CTaBILMOMEH HOMUHATLHO 10-2000 HC, Vs, COCTaBIMOmMEMY HOMHHATEHO 100-500 B 1 wactoTe f mepexmoye-
HUSL, COCTABILIOMEH 20 MKC, MOKET OBITh HCTIONB30BaH KOI((HIUCHT 3aIOIHCHIS, COCTABILIFOIII HOMIUHAb-
HO 0,1-10%. Karymka 42 uHAyKTHBHOCTH, KOHACHCATOp 41 w/mim akkyMmyJsitopHas Garapes 43 BIOMparoTcs
TaKuM 00pazoM, YTOOBI HMMETH JOCTATOMHBIN pazMep MUl 00ECIEeUCHU AOCTATOYHOTO Pa3psaa B TO BPEMs, KO-
raa naHeau 10 COMHEYHBIX 3JIEMEHTOB OTCOCAMHEHBI, a 3JCKTpHUECKOe moJie 250 moJaeTcs ¢ pa3sMEIICHUEM HA
maneIxX 10 COMHEUHBIX NIEMECHTOB, HE BBI3BIBAS OCJAOJICHHS HANMPSKCHUS HA BbhIXOJe mHBEpTopa 31. Hampu-
Mep, pa3Mep KOHAeHcaTopa 41, KOTOPBIH pa3MEIAeTCA NapalIeIbHO C HATPY3KOH (HampuMmep, HHBepTOopoMm 31),
ONpEACIACTCA MPUEMICMbIM CHIDKCHHAEM HAMPSKCHHA, KOTOPOE HHBEPTOP 31 MOKET AOMYyCKATh B TCUCHUE BpE-
MeHH D mepexmoucHua. HampumMep, €Ciu CHIDKCHHE HANPSDOKCHHA B TCUCHHEC BPEMEHH D NEpeKIOYCHHA HE
JTOJDKHO OBITH MEHBITIE YeM 90% MAaKCHMATEHOTO HANPSDKCHHS, TCHEPHPYSMOTO (DOTOIICKTPHUCCKHM YCTPOHCT-
BOM 200, KOHAEHCATOP AOUKCH HMETh PA3MeEP B COOTBETCTBUH C YPABHCHHEM 3

-p
Ca1 = Reln (Maxi)

B ypasHeHnu 3D - AMUTETBHOCTh COSAMHECHUA MEPEKIFOYATENA C HCTOYHHKOM 50 HampspkeHut H MaxV -
HCOOXOUMBIH MPOUCHT OT MAKCHMAJBHOTO HANPsDKCHHA (HampuMep, 90% B MPHUBEICHHOM BEHIMIC MPHMEPE).
AnanorudHBIM 00pa30M MOTYT OBITH PACCUNTAHBI HHAYKTHBHOCTH W/HMITH aKKyMYyJBITOpHAs Oarapesa. Ha ¢wur. SA
MOKA3aHO YIPABJAIOLICE HAMPKCHHE KOHTPOJUIepa 45 MepeKIrovaTe sl B 3aBUCHMOCTH OT BPEMECHH AJI AKTH-
BAlUH M VIPABICHAA MCPCKIFOYATCIICM 55 ¢ HCTOIb30BaHUEM CHCTEMBI 300 ympaBiacHHA (POTORICKTPHUCCKIMH
3IEMCHTAMH, TIOKA3aHHOH Ha (ur. 4. B 3toM mpumepe manenn 10 COTHCUHBIX 3IEMCHTOB OTCOCIHHCHEBI OT HH-
Bepropa 31 M cOeAMHEHBI ¢ HCTOYHUKOM 50 HANPSOYKCHHA B MEPBOM IOJOKCHHH MEPEKIFOYATENA 55 B TCUCHHE
JIUTSILHOCTH D, xoTOpas moeropsercsa uepe3 kaxasie 1/f ¢. Ha ¢ur. 5B mokazaHo HANPSKCHHUC UCTOUHHKA 50
HANPSDKCHUS, 00ECTICUNBAEMOE TIEPEKIIOYATENeM 55 B MEPBOM IOJIOKCHHUH, B 3aBHCHMOCTH OT BpeMcHH. Ha
¢ur. 5C moka3aHO BBIXOJHOC HATPSDKEHHE Mepekimovaresrst 55 u3 maneneil 10 COMHEYHBIX 37EMEHTOB (TIPH TIa-
paNICIbHOM COCIUHCHHHU) B 3aBUCUMOCTH OT BPEMEHH HA BBIXOAC MEPEKIOUATENI 55, KOTOPHIM MOAKIFOYACTCI
K HHBEPTOPY 31 BO BTOPOM HOJOKCHHU. AHATOTHIHBIM 00pa3oM, Ha ¢ur. SD moka3aHO HANMPSKCHUE B 3aBHUCH-
MOCTH OT BPEMEHHU HA BbIX0JE MEPEKIFOUATEI 55, KOTOPBI NOJKIOYCH K HHBEPTOPY 31, HMEHOIEMY MOIKITIO-
YCHHBIN MEKIy HUMH KOHACHCATOp 41.

[Nanenwne HANPsHKEHHUS, MPUHAMAEMOTO HHBEPTOPOM 31, mokazaHHoe Ha ¢ur. 5D, B KOHIIE TIHTCIHHOCTH
D mepeximodeHus MPEAToNaracT CHIKCHUE HATIPSDKEHIS, PACCMOTPEHHOE BbIe. CHI)KCHHE HATIPSKCHUS 3aBH-
CHT OT pa3Mepa KoHAcHcaropa 41, kaTymky 42 WHIYKTHBHOCTH W/WIH aKKyMYJUITOpHOH Oatapeu 43. B ogHOM
npuMepe cucteMbl 300, KOTOopas He COACPIKUT KOHACHCATOP 41, karymky 42 MHAYKTHBHOCTH HITH AKKYMYyJIi-
TOPHYIO OaTtapero 43, HaNmpsDKEHHE, M0AaBACMOE HA BXOA MHBEPTOPA 31, BRICTYNACT B KAUECTBE BBHIXOJHOTO Ha-
TPSDKEHIS, TIOKa3aHHOTO Ha ¢ur. 5C.

Ha ¢wur. 6 npencrapneH anbTEpHATHBHBIN BAPHAHT OCYHICCTBICHMS cUcTeMbl 300 ympasueHus (HOTOIICK-
TPHUCCKAMH 3JICMCHTAMH, TTOKa3aHHOH HA (ur. 3. OOpamasce k ¢ur. 6, Gorosnekrpmucckoe ycrpoticteo 200
MOJKCT MPEACTABIATH TFO00C KOJIHICCTBO (DOTOIICKTPHICCKAX YCTPOHCTB, TAKMX KAK COMHCYHBIN 37¢MeHT 100
w/umd manean 10 CONHEYHBIX 3JICMEHTOB, KaK MokazaHo. Kak mokasaHo, maHe u 10 COTHEUHBIX 3IEMEHTOB CO-
€IMHEHBI MAPATICTBHO, HO TAKKE MOTYT OBITh COTMHCHBI IOCIIETOBATEIBHO U B JIFOO0H KOMOHHAIMH COCTHHE-
HUI.

( ¥Vpaswenue 3)

YerpoiictBo 60 11 r€HEPHPOBAHUS HMILYJbCOB HANPSDKEHUS, TAKOM KaK I€HEPATOP BBICOKOBOJIBTHBIX
HMITY JIbCOB, MOKET 1I01aBaTh M3MCEHSIOIIMICS BO BPEMEHH MMITYJIbC 71 HampspkeHms (Kak MokaszaHo Ha ¢wur. 7)
HA OJHY WM HECKOJIBKO MaHeeH 10 COMHEYHBIX 3MEMEHTOB. B 0JHOM BapHAHTE OCYIICCTBICHHUS JIUTCIBHOCTD
Dp mvmymsca 71 HampsoKCHHS MOMKCT OBITH KOPOTKOH, HOMHHANGHO 10-2000 HC, W BETMYHHA MOXKCT OBITH
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6onbimoi, HomuHabEHO 100-500 B. B BapuaHTe ocyniecTBIeHHs, MOKa3aHHOM Ha (ur. 6, MPUIIOMKESHHBIE HATPS-
JKEHUS, JUIUTEIbHOCTh UMITYJIbCA W YacTOTa CISAOBAHHA UMITYJIbCOB (PUKCHPYIOTCA Ha 33JaHHOM YPOBHE, YTOObI
o0ecreynTh ONTHMATIbHYIO MPOM3BOJMTENBHOCTh NMPH BHIOPAHHBIX YCIOBHAX OSKCIUTyaTaiuu. Hanpumep, co
ccbutkoi Ha ¢ur. 6 u 7, umnyabsc 71 HaOpspKEHHsT UMEET JUTHUTENIbHOCTh Dp, COCTaBIAIONLYIO NPUOIUZUTEIHHO
1000 Hc, sToT mMnyasc 71 Hampskenus nopropsercs ¢ nepuogom 1/f. murensrHocTs Dp mmmynbca 71 Hampsi-
skeHws 1 gactora f ummynbca 71 HanpsorkeHus BBIOUPAIOTCS TAKMM 00pa3oM, 9TOOBI PEAKTHBHOE COTIPOTHBIICHHE
KaTyIIKA HWHIYKTHBHOCTH B MHBepTOpe 31 HAUPAKECHMA NPEACTABIHATIO BBICOKOE ITOJTHOE CONPOTHBICHHE JUIA
ycTpoiicTea 60 11 reHepUpOBaHHA UMITYIBCOB HANPSKEHUS, STO BEICOKOE TTOJTHOE COTIPOTHBIICHUEM MTO3BOJISIET
Pa3BHBATHCS BHICOKOMY HamnpspkeHuro Ha snekrpoaax 101a, 101b (nokasansr Ha ¢ur. 1) naneneii 10 comHedHbIX
3JIEMEHTOB M He ObITh 3aKOPOYSHHBIM HHBEpTOpPOM 31.

Kpome Toro, Ha Bxone uusepropa 31 MOryT OBITH pa3MeLIEHbI MMOCIEAOBATEIbHO BKIIOUYSHHBIE KATYIIKH
WHIYKTABHOCTH (HE TIOKAa3aHbl), 9TH MOCIEA0BATENLHO BKIIOYEHHBIC KATYIIKHA WHIYKTHBHOCTH CIIOCOOHBI MOJ-
JIepIKUBATh BXOJIHOM TOK MHBepTopa 31 1 AeHCTBOBATH KAK BHICOKOYACTOTHBINA IPOCCENb TAKMM 00pa3oM, 4TOOkI
UMITYIbehl 71 HanpsokeHus He ocnabiasanuch (i (HakTHIeCKH He 3aKOPavUBaIMCh) aKTHBHOM COCTABISIFOIICH
nuseptopa 31. Kosddurment 3anonHenus (BpemMs MMITyIbca/BpeMs May3bl) MOXKET COCTABIATH HOMMHAIbHO
0,1-10%.

HanpsixeHHOCTH AniekTpudeckoro moms 250, npunoxxeHHoro Ha ¢oTosnexTpudeckoe yerpoiicteo 200, 3a-
BUCHT OT KOHCTPYKIMH (HOTOAIEKTpHUIecKoro yctporictea 200, Hanpumep TOMMIHHBI (POTOIISKTPHUIECKOTO YCT-
poiictea 200, maTepuana U IUAICKTPAIECKON npoHHmaeMocTa ¢GoTosrekrpudeckoro ycrporcrsa 200, makcu-
MAaJILHOT'O HaNpsKeHUs npobost (oroanexTpudeckoro yerporictsa 200 u tak najee.

Jlnsa mmnyneca 71 HampsbkeHWs, okazaHHoro Ha ¢ur. 7, aHanusz Oypbe 310 GopMBbI BOIHBI MPHUBOIUT K
CEpHH UMITYJIbCOB C 4ACTOTAMH (O=N®y, I Wy=27f, a MOIIHOCTh UMITYJILCOB 38/1a€TCs ypaBHeHHeM 4

sinnmt

v o VApanm B (Vpasnenue 4)

B ypaBuenun 4 n - psaa uenbix gucen oT - 10 +oo. COOTBETCTBEHHO MMITYNILC HYyJIEBOrO MOpsaKa (T.e.
n=0) uMeeT MOCTOSIHHYIO COCTABNISIONIYIO, KOTOPAs 3aMbBIKACTCS Yepe3 akTHBHYIO Harpysky Rp. Ilepesrit mops-
JIOK MMITyJTbCca 71 Hamps:KeHWs, oJaBaeMoro Ha maneny 10 COMHeYHBIX 3IEMEHTOB, TIPEACTABIIET COO0H V Ay,
(1-Dp/f), rae Dp/f - k03 duupment 3anonnenus uMimynbea, Dp - AmuTensHOCT uMILyibca | f - yacTora ciaenosa-
HUA UMIynbca. Tak Kak WHAYKTUBHOCTH MHBepTOpa 31 meiicTByeT Kak BBICOKOE MOTHOE COMPOTHBICHHE 7 Ha
uMITyJIbC 71 HAMpsHKEHWsI, TEHEPUPYEMBbIH COTTIACHO BAPMAHTY OCYIIECTBICHUs Ha Gur. 6, ummyiabe 71 BbICOKO-
IO HAIpsIKCHWs PAa3BUBACTCS HAa KaXKAOM u3 naneseil 10 CONHEUHBIX 3JIEMEHTOB, YTO, B CBOKO O4YEPE/lb, CO3AAeT
BEBICOKO® 3NIeKTpudeckoe noie 250 Ha maremax 10 coaHedHBIX 3JIeMEHTOB.

Kak nokazano Ha ¢wur. 6, naseprop 31 HampsKeHUs MpeACTaBIsgeT co00# BHENIHIOW HAarpy3Ky Rp. Oxgnako
BHEIIHSSA HArpy3ka Ry MOMKET coaepikaTh YUCTO aKTUBHBIE COCTABIAIONINE, MOITOMY KOMIUTEKT KAaTYIIEK HHIYK-
THBHOCTH MOKET OBbITh Pa3MEIlEH MOCIeIOBATEILHO C HAIPY3KOH Ry, 4T00BI IeliCTBOBATh B KA4E€CTBE BBICOKO-
4aCcTOTHOTO Apoccets, 4To0bl umiynbe 71 Hanpsbkenus (4 snekrpudeckoe none 250) noaasancs Ha nanenu 10
COJIHEYHBIX 3JIEMEHTOB.

B yctpoiictee 60 sl reHEpUPOBAHUS WUMITYJIbCOB HAMPSIKEHUs, YTOOBI MOAATH JKeNaeMblil UMITybe 7 1
HAMPSKEHUs, MOXKET OBITh UCTIONB30BAHO JTF000e KoaudecTBO cxeM. OHA Takas MPUMEPHAs CXeMa, UCTIOJb3ye-
Masi B ycrporcTee 60 Ui TeHEPUPOBAHMs MMIITYJIbCOB HAIPsKeHMs, nmokasana Ha ¢ur. 8. Kak mokasaHo, ycr-
porictBo 60 Ui reHepUpOBaHUS MMITYJIbCOB HAIPSDKEHMsA CONEPIKUT reHeparop 61 uMmyibcoB (He MOKasaH),
WCTOYHHUK 69 BBICOKOTO HANpsuKeHWS (HE MOKAa3aH) M HEePEeKIIOYarOIIuil TPaH3UCTOp 68 A MpUKIagbIBAHUSL
uMiybca 71 BICOKOTo HampsbkeHHs K maHessiM 10 COMHEYHBIX SIEMEHTOB (HAMpUMep, MEPEKToYas BhIXOAHOES
HATPSDKCHUE UCTOYHHKA 69 BBICOKOTO HANpsKeHMs Ha naHenn 10 COMHETHBIX 3JIEMEHTOB), OKA3aHHbIe HA (uT.
6. YerpoiictBo 60 11t reHepUPOBAHUSI MMITYJILCOB HANPSKEHHS, IOKa3aHHBIA Ha (Gur. §, COOEPIKUT YCTPOHUCTBO,
KOTOPOE MePeIaeT IEKTPHUISCKUE CUIHABI MEKIY ABYMS SIEKTPHYECKU H30JIMPOBAHHBIMH CXEMaMH C HCIIONb-
30BaHMEM CBETA, TAKOE KAaK ONTPOH 62, 4TOOBI M30JHPOBATH TeHepaTop 61 MUMITYJIBCOB OT BHICOKOBOJBTHOTO
nepekIoyatorero Tpanzucropa 68. IlpermyiiecTBEHHO ONMTPOH 62 MPEMSATCTBYET BIHSAHUIO BBHICOKOTO HArpsi-
JKeHus (HampuMep, OT UCTOYHMKA 69 BBICOKOTO HAMpPSKEHWs) HA UMITYJIbCHBIN curHan 71. Cxema 62 omrpona
n3obpakeHa ¢ BeIBOJAMHU 1-8 U rMokazaHa Kak 4acTh BXOIHOM cXeMbl ycTpoHcTBa 60 il reHepHpOBaHUS MM-
MYyJIbCOB HAMPSIKCHM.

Hctounuk 63 HanpsbkeHws cMmenienus (He TokasaH) obecriednBaeT noaady HarpspkeHus (Hampumep, 15B
TIOCTOSTHHOTO TOKA) HA ONTPOH 62 I Momadd He0OX0auMOTO cMerleHus st ontpona 62. Kongencarop 64
M30JMPYET UCTOYHMK 63 HANPMKEHMs CMEIIEHH, CO3/1aBas Iy Th IEPEMEHHOI0 TOKa I JIFoOOro CUrHaia mocie
HCKKCHHST UCTOYHHKA HAMPSIKEHUS CMEINeHHs K onTpoHy 62. BeiBoasl 6 1 7 onTpoHa 62 SBIAIOTCSA BBIXOAAMH
CUrHaJa MEePeKITIOYEHHUs ONTPOHA 62, HCTIOB3YyEMOro TS MPUBEICHHS B IEHCTBHE BHICOKOBOIBTHOTO MEPEKITIO-
garomero tpansucropa 68. luox 66 - TakoH KaK KPEMHHEBBIN CTAOMIWTPOH - WCIONB3YETCS IS YIS KAHUS
1OpOra MEepeKIIOYeHHs MePeKIIOYAI0Iero TpaH3ucTopa 68 Boimie pabodel TOUkM Auona 66, ycTpaHas 000
IIyM OT CIIy4aifHOTO BKJIIOUEHHA MEPEKIIOYaromero Tparsucropa 68. Pesuctop 67 ycTaHaBIMBAET TOUKY CMe-
menus st 3atBopa G u smutrepa E nepexmouaromero tpansuctopa 68. Korna nanpsiokeHue, mogasaemMoe Ha
BBIBOIBI 6 ¥ 7 onrTpoHa 62, MPEeBBIAST MOPOT, YCTAHOBICHHBIN PE3UCTOPOM 67, MEPEKITIOYAIOIIHEA TPAH3UCTOP
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68 oTkpwIBaercs, 1 Mexay kKomekropoM C 1 HSMUTTEPOM E BBHICOKOBOJIBTHOTO MEPEKITIOYAIOIIETO TPAH3UCTOPA
68 mpoTekaer Tok. COOTBETCTBEHHO BBICOKOBOJIBTHBIH TIEPEKITIOUAIOIIHIM TPAH3UCTOP 68 TpencTaBiseT coOoi
WCTOUHHWK TIPHIIOKEHHOTO BBICOKOTO HAmpsuKeHHs Aus maneneil 10 cONHEeYHBIX 3IEeMEHTOB 10 TeX Top, TOKa
BXO/IHOW MIMIyJIbC YIIPABJICHHA TeHEpaTopa 61 UMITyIbCOB HE MAfAcT HIDKE YCTAHOBICHHOTO ITOPOTOBOTO 3HA-
yeHnA Ha G BBICOKOBOJBTHOTO MEPEKIIOYAIOMIETO TPAH3UCTOPpa 68, UTO OCTAHABIMBACT MPOXOMKACHAE TOKA Ue-
pe3 C-G, 3akpbiBasi MEPEKIIOYAIOIINK TPAH3UCTOP 68.

Kak 1 B mpempIiyIix BapuaHTaX OCYIIECTBJIEHHS, ONMMCAHHBIX BHINIE, MOAAYa 3JEKTpHUIecKoro moms 250
Ha maHenn 10 COMHEYHBIX 3IEMEHTOB MOXKET YBEIMUNTh TOK W BBIXOJHYIO MOIMHOCT maHene#t 10 comHednsix
3JIEMEHTOB Ha 33[JaHHYIO BEIMUMHY IIPH COSTMHCHHWH BIIOCIEACTBMH K MHBEPTOPY 31 (HampmMmep, B 3aBUCHMO-
CTH OT MHTCHCUBHOCTH CBETA, NaJaloOlero Ha naHend 10 CONHEUYHbIX 3JIEMEHTOB, HANPSKEHUA V Ay, MOAABAC-
Moro Ha maHenu 10 CONHeYHBIX 3NMEMEHTOB OT UCTOYHMKA 50 HampsDKeHWs, TONMMHB NaHeneit 10 coMHeYHbIX
3JIEMEHTOB, JUTUTENhHOCTH Dp MMITyJTbca M 9acTOTH f, ¢ KOTOphIME UMITyIIbC 71 HanpsDKEHHS TIOAAeTCs Ha MaHe-
mm 10 CONHEUHBIX JIEMEHTOB, W TaK Jajiee). AHAJIOTHIHBIM 00pa3oM B YCIOBUAX BBICOKON MHTEHCHBHOCTH CBe-
Ta yIydILICHUE BEIXOAHOM MOIMHOCTH naneneit 10 colHeuHbIX 3JIEMEHTOB MOXKET COCTABILITh opsaka 20%; a B
YCHIOBHSIX HU3KOH OCBEIEHHOCTH MOXKET COCTaBIATH 50%.

YiaydiieHne XapakTepucTUK (HOTOIEKTPUIECKOro yctpoiictea 200, B3aUMOACHCTBYIOMIETO ¢ JIEKTPHUE-
cKkuM TioneM 250, MokeT OBITh M3MEPEHO KaK YBEIWYEeHHE TOKa KOPOTKOTO 3aMBIKaHWS COTHEWHOTO 3JIEMEHTa,
I, Kak IOKa3aHO B YPaBHEHUH 5

Tse = Ipase [1 + c(V(1, D)., €) *(Pinax — p)] (Vpasnenue 53)

T2€ Ipase - TOK KOPOTKOTO 3aMBIKAHHS MPH OTCYTCTBHH BHEITHETO 3JIEKTPHUYECKOTO MO 250 M Py - MaK-
CHMaJTbHasI MOIITHOCTh ONITHYECKOTO M3JIYYECHHUS, TIOCPENCTBOM KOTOPOH Jfo0ast JOTIONHUTENbHAS MOIIHOCTh HE
co3aeT MO0BIX JTOTIOHUTENBHBIX JIEKTPOHHO-IBIPOYHBIX Map. Tak Kak yIydIIeHHe BBIXOJHOTO TOKA COJNHEY-
HOTO 3JIeMeHTa 00y CIaBIMBacTCs BO3AEHCTBHEM AmekTprdeckoro mois 250, To gopma c(V(1, f),t,e) MoxeT OBITH
OMHCaHa ypaBHEHHEM 6

c(V(, 1), t, €) = m(t, &)V app™(1-exp(t/T5 ) )*exp(-faccayf) (Vpasuenue 6)

B ypaBaeHHm 6 m(t, €) 3aBUCHT OT (HOTOIIEKTpHIECKOTO ycrpotictea 200. Yaydmernne Toka KOPOTKOTO
3aMBIKaHuA [, U3-3a dMeKTprUecKoro noia 250 MoxkeT ObITh JIMHEHHBIM B OTHOMICHHH MOJABAEMOTO HAIPsKeE-
HUSA V ppp. YIlydlieHue, HabM0AaeMOe 10 OTHOLIEHHUIO K YaCTOTE CIIEAOBAHUS MMITYJIbCOB, UMEET XapaKTEPHYIO
ckopocTh cnafanus (1/fjec.y) B XapakTepU3yeTCa SKCIOHEHIMATBHOCTEIO TI0 OTHOIIEHHIO K yacToTe f crnemosa-
HHUS AMITYJIBCOB. YIIydInenne, HabMrogaeMoe B OTHOMICHAN AIUTEIBHOCTH T UMITYJIECA, MOXKET TAKKE XapaKTe-
PHU30BaThCA IKCIIOHEHIMANBHOCTBIO, M OMUCBIBATH, KaK OBICTPO MOJABAEMOE HAMPSIKEHUE V pp, AOCTHIAET MOJI-
HOW BEJIMUWHBL YIydmeHue, HaOMoqaeMoe B OTHOIICHUH JIUTEIBFHOCTH T MMITYJIbCa, 3aBUCHT OT OCOOEHHO-
creif ycrpoticta 60 A TeHEPUPOBAHUS UMITYIHCOB HAMIPSKECHHUS. Y BEIIMUCHUE TOKA KOPOTKOTO 3aMBIKaHAA I,
B 3aBHCHMOCTH OT MOJaBAEMOTr0 HAMPSUKEHUA V app, YACTOTHL f CIEAOBAHMA UMITYIBECOB H JATUTEILHOCTH T HM-
MyJibca TToka3aHo Ha ¢ur. 11A-C COOTBETCTBEHHO.

Ha ¢ur. 11 A mokxazano oxumaeMoe yIydnieHne TOka KOPOTKOTO 3aMbIKaHHSA |, 1mst marenn 10 CoMHeuHBIX
3JIEMEHTOB (TTOKa3aHa Ha Gur. 2) B 3aBUCAMOCTH OT BEJIMYMHEI MOJABAEMOT0 HMITYIbCA HANIPKEHUA V 5. Kak
TI0KA3aHO, ITEIFHOCTH MMITYJIbCA M YacTOTa CICAOBAHNA UMITYIbCOB (DHKCHPOBAHBI, a BEIMUMHA HATIPSDKCHUS
WMTyJIbca u3Mersiercst ot 50 g0 250 B. Ynyumenwe Toka KOPOTKOTO 3aMbIKaHHUs Algc BO3pacTaeT HOMUHAIBHO
ot 0,1 mo 2 A. M3MeHEeHHE TOKa KOPOTKOTO 3aMBIKaHUA Algc B 3aBHCHMOCTH OT IIOJaBA€MOTO MMITYJIbCA HATIPS-
KEHUA V pp, JUIA IEPBOTO MOPSAAKA ABIAETCA NPUOIM3UTENBHO JHuHEHHbIM. Ha ¢ur. 11B nokasaHo n3MeHeHHE
YIIydIeHUS TOKAa KOPOTKOTO 3aMBIKaHUA Algc B 3aBUCHMOCTH OT YacTOTHI CJISAOBAHUS MMITYJTLCOB MPH (YUKCH-
POBAaHHOW UIUTETFHOCTH UMIY/Ibca M (PUKCUPOBAHHOM HANpSDKSHUM UMITyibca. Kak mokasano Ha ¢ur. 11B,
yJIydIIeHHE TOKa KOPOTKOro 3aMbikaHust Alsc yMeHbInaeTcs npubimanutenbho ot 1,7 A no npudnusurensHo 0,45
A TIpY YBEJIMYEHUH YaCTOTHI CIeA0BaHM UMy I6CoB OT 10 10 100 B IpOM3BONBHBIX eIUHHUIAX BpeMeHu. Takoe
TIOBEICHNE SBIAETCS MPUOIM3UTENHHO SKCMOHEeHIMaNbHbIM. Ha ¢wur. 11C moka3zaHo W3MEHeHWe yIyqIneHus
TOKa KOPOTKOTO 3aMBIKaHHA Algc B 3aBUCHMOCTH OT AJMTEIBHOCTH MMITYJIbCA MPH (QUKCHPOBAHHON YacToTe
CJICIOBAHUSA UMITYJIHCOB M (PUKCHPOBAHHOM HMMITYJIECE HAMIPsDKCHUA. {1 9TOTO IpuMepa VIIyUIIeHHE TOKa KO-
poTtkoro 3ambikanus Algc Bo3pactaet ot 0 10 1,2 A npu Bo3pacTaHUM JJIUTETLHOCTH UMITYJIbCA TIO BpEMEHH OT O
1o 2000.

B ka)xa0M U3 ONMMCAHHBIX BAPUAHTOB OCYIIECTBIICHNS, VBEIIMINBAS HATIPSDKCHHOCTE JICKTPUICCKOTO OIS
250 gepes snextpoanl 101a, 101b commeunoro snementa 100 wimm nanemu 10 CONHEUHBIX 3JIEMEHTOB, YBEIINYH-
BaeTCs KOA(PQPHUIMEHT MOJIE3HOro AeHCTBHs coyiHeuHOro sjeMenta 100 wmu nanenun 10, HanmpuMep, BIUIOThH 10
MaKCHMAaJIbHOM AJIEKTPUUECKON HANpsHKEHHOCTH mouisl E,.. MHaue ToBOps, KaK TONBKO HAMPSHKEHHOCTD JIEK-
TPHAYECKOTO O 250 MOCTHTaeT MakCHMANIbHOM HANpPSKEHHOCTH, CKOPOCTh AJIEKTPOHHO-IBIPOYHON pEKOMOH-
HAITUHA CBOAUTCA K MUHIMYMY. COOTBETCTBEHHO MOJKET OBITH MPEAIIOUTUTEIIFHBIM BBITIONHATE CXEMY YIIpaBIie-
HuA (poTornexTpryueckoro ycrpoiictea 200 ¢ BO3MOXKHOCTHIO MAKCUMAJILHOTO YBEJIMYEHUS BBIXOJHOTO TOKA U
HATIPSHKSHUS TIPU Pa3IYHBIX YCIOBHIX YKCILTY aTallHH.

Hanpumep, oOparmasce k ¢ur. 9A, natumk 33 ToKa ¥ MaTIHK 32 HATIPSHKCHUS MOKA3aHBI TIOAKTIOUCHHBIMHA
k cucreme 300 ympaBneHUS (OTOIICKTPHUSCKIMHY 3IEMEHTAMHU, TTOKa3aHHOH Ha ¢ur. 4. Kak moka3aHo, naTauk
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33 TOKa MOAKIKOYCH MOCICAOBATCILHO MEKIY MAHENbI0 10 COMHEYHBIX 3JIEMEHTOB M HHBEpPTOpPOM 31. JlaTumk
33 TOKA MOXCT OTCJIC)KHBATH BBIXOAHOH TOK MaHST H 10 CONHCYHBIX 3ICMCHTOB. AHAJOTHYHBIM 00Pa30M, IaT-
4MK 32 HANPsDKCHHA COCAWHEH MAPAJLICIbHO K MaHesIM 10 COJIHEUHBIX 3JIEMEHTOB U HHBEPTOPY 31 a7 oTcie-
JKABAHUA BBIXOTHOTO HAMPSDKCHUSA NMAHETH 10 COMHEUHBIX 3JICMEHTOB.

Cxema 35 ynpasneHHs TOJKIFOUCHA KAK K JAaTYHKY 33 TOKA 4epe3 YMPABILIOLIME BBIBOABI 33 a, Tak U K
JaTYUKy 32 HaNpsCKCHWS Yepe3 YHpaBBiroImue BoBOABI 32a. Jlatumk 33 TOKa MOXET OBITh BCTPOCHHBIM HIIH
HHIYKIAOHHBIM H3MEPHTEIBHBIM OJIOKOM M M3MEPSCT BBIXOJHOM TOK maHeneil 10 COMHEUHBIX 3J1EMEHTOB. AHa-
JOTHYHBIM 00Pa30M JaT4HK 32 HANPSLKEHES HCIOb3YSTCS A1 H3MEPEHHS BBIXOTHOTO HATIPSDKEHUS TaHeaeH 10
COJIHCHYHBIX 3IEMEHTOB. [IpomsBeacHIE TOKA, H3MEPEHHOTO JATYHKOM 33 TOKA, M HANPSDKCHHA, H3MEPEHHOTO
JATIAKOM 32 HAMPSLKCHHSA, MPCACTABIACT OO0 BRIXOTHYHO MOIMIHOCTD, ICPSAABACMYEO OT maneacH 10 comHeu-
HBIX 3JIECMECHTOB K UHBEPTOPY 31.

B HEKOTOPBIX BAPHAHTAX OCYIIECTBICHHA JATYHK 32 HANMPOKCHHUA MOYKET TAKOKS CIYKHTh B KQUECTBE HC-
TOYHMKA THTAHUS A1 CXEMBI 35 ympasiacHusI U (yHKIHOHHPYET TOJNBKO A0 TEX MOp, Moka manenu 10 cosmed-
HBIX 3JICMEHTOB OCBEINAIOTCS U MPEAOCTABIAOT JOCTATOYHYH) MOIIHOCTD JAJI1 AKTHBHPOBAHMA CXEMBI 35 yIpas-
aermst. Cxema 35 ynpasieHHS JOTOJHATEILHO MOAKIFOYACTCA K IEPEKIFOUATEIO 55, YTOOBI ONPEACINTD Bpe-
MCHA MEPEKIFOUYCHIUS H YaCTOTY, OIMCAHHBIC HIDKE CO CCHUTKOH Ha (ur. 4. JIMHTEIbHOCTD BPEMEHH MEPEKITFOIC-
HHSA M 9ACTOTHI MOTYT OBITh PETYTHPYEMOH, YTOOBI MOJABATE HANPIKCHUE V ap, HA MAHCIH 10 COMHCYHBIX JIe-
MCHTOB TAaKHM 00pa3oM, 4TOOBI KaK TOK, CTCHCPHPOBAHHBIN B COMHEYHOM 3neMeHTe 100 M m3MEpeHHbIA JaT4am-
KOM 33 TOKa, TaK W HANPSDKCHHE, M3MEPEHHOS JATUMKOM 32 HAIPSKEHI, ObUIH MAKCHUMAIBHO YBEIMUYCHBI TIPH
PA3MIYHBIX YCIOBUAX 3KCIUTYATALMH, HATIPHMED MPH OTIHMYAOIIMXCA WK H3MEHAKOIUXCA YCIOBUAX OCBEHICH-
HOCTH.

B oaHOM BapHaHTe OCYINECTBIACHMA ATA MOJAYH JICKTPHUECKOro moit 250 manens 10 cOMHEYHBIX 37e-
MCHTOB W3HAYAIbHO HE TCHEPHUPYET MOIMHOCThH, HATIPUMEP, B HOYHOE BPEMS MM IPH rycToi odmadnocTH. [lo
Mepe TOro Kak maHed 10 CONHEYHBIX 3JIEMEHTOB OCBEINAIOTCS (HAIPHMEP, B YTPEHHHUE 4achl), maHexaMu 10
COJIHCHYHBIX 3JIEMCHTOB TCHEPUPYETCHA HANPAKCHHUE M TOK, H BBIBOABI 324 HAYMHAKOT MOJABATh TOK M HANPSKE-
HHUC B cxeMy 35 ynpapiacausa. CxeMa 35 ynpaBiaCHUSA COACPKUT HU3KOBOJBTHBIH HCTOUHHK MUTAHHUS JIOTHKH (HE
MOKA3aH), YTOOBI MPHBOIUTH B ACHCTBHC YIPABJLIOMYIO JOTHKY B cxXeMe 35 ympaencamsa. Cxema 35 ympasie-
HUSI TAKKE COACP/KUT MCTOUHUK S0 MUTAHWUSA A1 00ECIECUCHHUS BRICOKOBOJIBTHOTO UCTOUHMKA muTaHm. Mcrod-
HUK 50 HANPSDKEHUS UMEET TIEPEMEHHBIH BBIXOIHOM CHUTHAI, KOTOPHIH MOXET OBITh OTPETYIMPOBAH C TIOMOIIBIO
CXEMBI 35 YyIPABICHHA M OTBEYAET 33 NOIAYY Vap, HA BBIBOJ 38. BBICOKOE BBIXOIHOE HANPLKEHUE Vo, CXEMBI
35 ympaBneHHsA YOPAaBIEIET BBIBOAOM 38 H COSOMHACTCA ¢ MepermovareneM 55. Beeoa 38 mcmonbs3yercsa A
NOAAYH HANPSDKCHHA Vap, YEPE3 MEPEKIOUATENs 55 HA maHeau 10 COMHEYHBIX 3MEMEHTOB. B aTOM mpmMepe
cxema 35 ynpasJieHHs BHINONHEHA C BO3MOKHOCTBIO HE NMOJABATH M000E HANPAKEHHE Vap, HA maHema 10 con-
HEYHBIX 3JIEMECHTOB J0 TEX IOP, MOKA HMaHesIMH 10 COTHEYHBIX 3IEMEHTOB HE Oy/IeT CTEHEPHPOBAHO AOCTAaTO4-
HO MOIIHOCTH, YTOOBI AKTHBHPOBATh KAK HH3KOBOJBTHBIH HCTOUHMK ITMTAHMS JIOTHKH, TAK W BHICOKOBOJIBTHBIH
HMCTOYHHMK MUTAHHUA.

B ampTepHATHBHOM BapHAHTE OCYINECCTBJICHHA CXEMa 35 yIPABICHUS MOXKET OBITh BBIMOJHCHA C BO3MOXK-
HOCTBIO MOAAYH 3ACKTPHUUECKOTO MO 250 M MAKCHMANBHOTO YBEJIHYCHUS BBIXOJHON MOIIHOCTH, TAK KaK OC-
BCIICHHOCTh B TCUCHHC JHSI YBEIMYMBACTCS M YMEHbIMacTcs. Cxema 35 ympaBieHUS MOXKET OOCCIICHHTD JJICK-
Tprudeckoe moie 250 u cTabuan3upoBaTh BBIXOAHYIO MOIHOCTh MaHeNeH 10 COMHEUHBIX 3JIEMEHTOB B COOTBET-
CTBHH C JIFOOBIM OTIMCAHHBIM BBIIIE CIIOCOOOM, BKIFOUAOIKM mporecc 9000, nokazanHbIN Ha (ur. 95.

Obpamasce k ¢ur. 9B, mpouecc 9000 BKIFOUACT HHUIHATH3AWIIO MOIMHOCTH HA 3tane 900. [locrarounas
MOIIHOCTb JOJKHA MPHUCYTCTBOBATH HA BBIXOAC MaHened 10 COMHEUHBIX 3JE€MEHTOB A AKTHBALMH KAK HU3KO-
BOJIBTHOTO HCTOYHHUKA MUTAHHA JOTHKH, KOTOPBIM IMPHUBOJUT B ACHCTBHE YIPABILIOIIYHO JOTHKY B CXeMe 35
VIOPABJICHI, TaK ¥ BHICOKOBOJIGTHOTO MCTOYHUKA MHUTAHMS, HEOOXOIUMOTO JISL TIOJAYH BBICOKOTO HATIPSKCHUS
HA BBIBOJ 38 U uepes mepermouarens 55. B kauecTBe aIbTepHATHBBI CXeMa 35 YIPABICHUA MOKET MATATHCA OT
BHCITHETO WCTOYHHMKA (HE IOKA3aH), HAPUMEP aKKyMYJLITOPHOH OaTapew, KOHIACHCATOpPa OOIBINONH EMKOCTH,
BHCIIHETO MCTOYHHMKA MHTAHHA NIEPEMEHHOTO TOKA , KOTOPBIA MO3BOIAECT HU3KOBOJIBTHOMY HCTOYHHUKY MHTAHHA
JOTUKH (PyHKIMOHUPOBATh M CXEME 35 yIpaBJICHHA OTCIICKHBATh BBIXOJHYIO MOINHOCTH maHene# 10 cosrHed-
HBIX 3JICMEHTOB IO TeX MOP, MOKA MaHe d 10 COTHEYHBIX 3IEMEHTOB FEeHEPHPYIOT JOCTATOYHO BBIXOAHON MOII-
HOCTH, YTOOBI TApaHTHPOBATh MOJAYY JJICKTPUICCKOTO 1ot 250 Ha manenu 10 COMHEYHBIX 3IEMEHTOB C YBEIIH-
YEHUEM HX BBIXOJHOM MOIMHOCTH. [locae Toro kak cxema 35 ynpaBiacHUS 3aIy CKAETCS, HHHLMATH3HPYOTCA BCE
napaMeTPhI (HAMPUMED, II0JABACMOE BHICOKOE HANPSKEHHE V ap, BPEMA D IIMTEIBHOCTH NEPEKIIOYCHHS H 9aC-
ToTa { mepekmoucHu). B 01HOM BAPHAHTE OCYMICCTBICHHA MOJABACMOC BBHICOKOC HAMPSDKCHUE V4, YCTAHAB-
JIMBACTCS PABHBIM HYIHO, 4 JUIMTEIBHOCTh D mepekmoueHusI W 4acToTa f mepekmoucHrs YCTAaHABINBAOTCS B
HOMUHAJTBHBIC 3HAUCHUA D=1 u {=f,. Bce KOHTPOIBHBIC HHACKCH N, i, H ] HHULHAIH3HPYIOTCS HYJICBBIMH 3HA-
YCHUAMH.

3arem Ha 3tame 901 cxema 35 ynpaBICHHA OMPSACTACT, ABILACTCS JTH HANMPSDKCHAC, H3MECPCHHOS TATIHKOM
32 HANPSUKCHUA, BBIIC MM HIDKES 33JaHHOTO MHHHUMAIBHOTO Vi, U ABIACTCA JH TOK, H3MEPEHHBIN JATYHKOM
33 ToKa, OOIBIIC 3aTAHHOTO MHHHUMYMA i, COYCTAHHE Vi, H iy, OBLUTH BERIOPAHBI TAKHM 00pa30M, YTOOHI ma-
HenH 10 COMHEYHBIX 3MEMEHTOB, ONPEACHAEMbIe KAK OCBCHICHHBIC, TCHEPHPOBATH HEKOTOPBIH HOMHHAJTBHBIN
MpOIEHT, HanpuMep 5%, OT CBOEH CpeaHEel HOMHHAJNHHOH MOIIHOCTH, UTO SIBISIETCS AOCTATOYHOH CICHEPHPO-
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BAHHOHM MOIIHOCTBIO JJISI MUTAHKA MCTOYHUKA S0 MUTAHUS B cXeMe 35 ympaBicHUs, YTOOBI YBEINIUTh BBIXOJ-
HYK MOIIHOCTh maHeneh 10 comHeuHbIX 3aeMeHTOB. Ecam cxema 35 ympaBieHHs ONMPEETICT, YTO KAK H3MeE-
PEHHBIC TOK, TAK W HANPsDKCHUE SABJIAIOTCA BBIMIC COOTBETCTBYHOIIUX 3aJAHHBIX MHHHMYMOB, TO cxema 35
VIOpaBJICHUA B JAHHBIH MOMCEHT (pyHKIHOHHUPYET H mpoiecc 9000 mepexoauT K stammy 903; B IPOTHBHOM CIIydac
nponecc 9000 mepexoauT B COCTOAHUE OKHAAHMA HA dTane 902 m Bo3Bpamaerca k sramy 900.

Ha sranme 903 cxema 35 ynpaBiaeHHA H3MeEPAET TOK, MPOXOAAMUI B HHBEPTOP 31, ¢ moMOMBIO JaTyuka 33
TOKA, HANIPSDKCHHUE HA WHBEPTOPE 31 - ¢ MOMOIIBIO JATYMKA 32 HANPSKEHUSA U BBIMMCIET MOIUHOCTH (HOMH-
HAJIBHO, TOKXHANPSDKCHHS), MEpeaaBacMyr0 depe3 HHBepTOp 31. KOHTPONBHBIN HHACKC N YBEIUYHUBACTICA A0
ntl.

Ha srane 904 cxema 35 ympaBIcHUS CPABHMBACT Vap, € Vinax. Vinax MOKET OBITh 3aPAHCE YCTAHOBICHHBIM
3HAYCHHEM H IPEICTABIIET COO0H MAaKCHMANIbHOE HANPKCHHE, KOTOPOE MOXKET OBITh MOJAHO HA mawenn 10
COJIHCHYHBIX 3JICMEHTOB, HE MOBPEKAAA HH MAaHETH 10 COTHEYHBIX 3IEMEHTOB, HU HHBEPTOD 31. B 3aBHCHMOCTH
OT TUNA MaHenH 10 CONHEYHBIX 3MEMEHTOB Vp, 00BMHO cocTaBngeT oT 600 u 1000 B. Ecnu 3HaYeHHE Vg,
MEHBIIE V.., TO mpouecc 9000 mepexoaut k 3tamy 906; B IpOTHBHOM ciy4ae, mpouecc 9000 oxxmaaeT Ha dTane
905.

Ha srame 906 cxema 35 ynpaBicHHS yBEIHYHBACT IPHIOKEHHOE BHICOKOE HANMPSIKEHHE V Ay, HA BETTHYHHY
NAV W aKTHBHPYCT MCPCKIFOUMATCIH 55. AKTHBAINA MCPCKIFOUATSIA 55 0TcOoeauHACT MaHe H 10 COTHCUHBIX
JJIEMEHTOB OT MHBEPTOPA 31 ¥ coenuHAeT maHeId 10 COMHEYHBIX JIEMEHTOB C Vu,, M3 CXEMBI 35 yIPaBICHUA
Ha BeIBOAAX 38. [lmt 3toro mpuMepa AV MOKET OBITh (PHKCHPOBAHHBIM HCPCHAIOM HANMPSDKCHUS, COCTABIIAIO-
muM 25 B, XOTS MOTYT OBITE HCIIONTb30BAHBI OOJIBINME HIH MCHBIIHC NICPENAIbI HANPUKCHIA. Hanpsoxenue Vg,
TIPUKJIAABIBACT JNCKTpHIccKoe moe 250 Ha manenw 10 COTHEYHBIX 3IEMEHTOB TAKHUM 00Pa30M, YTO HAIIPSHKCH-
HOCTb JIEKTPHIECKOTO IO/ 250 IMPONOPLUMOHAILHA IPUIOKCHHOMY HANPDKCHHMIO V oy, JTMTEIBHOCTD COCIH-
HCHHEA MAHCTICH 10 COMHEYHBIX 3MEMEHTOB € Vs, B CXEME 35 yIPABICHHA BRIOHPACTCS TAKUM 00PA3oM, YTOOBI
HE mpepsIBaTh padoty maBepTopa 31. [t 3roro mpumMepa ko3 duimeHT 3anoaHeHns BpIOpaH paBHBIM 5% (mma-
Hed 10 COMHEYHBIX 3EMEHTOB ¢ 5% BPEMEHH COCTUHCHEI C Vap, B CXEME 35 YNPABICHHUA) U ATHTCIEHOCTD
BPCMCHH NICPSKITFOUYCHAS TI0 YMOTUAHHUEO BRIOHpacTCsa HOMHHAIBHO 1000 He. 10 sKeIaHUFO MOTYT OBITH HCIIOJIh-
30BaHBI AIBTCPHATHBHBIC BPCMCHA MEPCKIFOUCHUA. Cxema 35 ympaBiiCHHS CHOBA MOJYyYACT H3MCPCHHC TOKA,
MPOXOAAIIECTO B HHBEPTOP 31, ¢ MOMOMIBIO AATYHKA 33 TOKA, MOMYyYACT M3MEPECHHE HANPSKCHHUA HA HHBEPTOPE
31 ¢ moOMOMIIBIO AATYNKA 32 HANPSKECHUA M MEPECUHTHIBACT MOIHOCTD, MEPEAABACMYIO Yepe3 HHBEPTOp 31.

Ha srame 908 cxema 35 ympasicHHA CPABHHBACT BBIXOIHYIO MOIMHOCTD MAHENCH 10 COTHEUHBIX SICMEHTOB C
CaMBbIM HOCTICHIM H3MCPEHHEM [0 TOTO, KaK V., OyACT MOAAHO HA MAHETh 10 COTHECYHBIX 31eMEHTOB. Eciu
MOIIHOCTB YBEIHYHIACH, TO mpouecc 9000 Bo3Bpamaercs k atamy 901 u mosropsercs. HanpsoxeHue, mogasae-
MO€E Ha BBIBOJ 38, yBeTM4HBaeTCA Ha AV IHOO NOKA NMOJABAEMOE BBICOKOE HANPHKEHUE V opp ABIAETCA OOJIBILIE
Vimax, THOO MOKA YBEIMMCHAC MOJABACMOTO BEICOKOTO HAMPSKCHHS V oy, HC IPHBEACT K YBEIMICHUIO BBIXOTHOH
MOIIHOCTH NaHeneH 10 COTHEYHBIX 3NEMEHTOB. V. OPEACTACTCSA 3A6Ch KAK MAKCHMATbHOE HAPYKCHHE, KO-
TOpPOE MOKET OBITH IOIAHO HA IMAHEJb COTHEYHBIX 3IEMCHTOB, HE MMPHYMHSI MM HUKAKOTO Bpeaa. B zaBucumo-
CTH OT THNA MAHSTH 10 COMHCUHBIX 3ICMCHTOB V., KaK MPABHIIO, COCTABIACT MPHOIH3ATESIFHO OT 600 10 1000
B. B 000oux cryuasx npouecc 9000 oxxumaeT Ha 3tane 905, JTUTCIHHOCTD COCTOSTHAS OKHIAHUI MOKCT OBITh
OT HECKOJBKUX CEKYHJ 0 HECKOTbKHAX MUHYT.

TTocae srama 905 oxunanus mpouece 9000 mepexoaut k sramy 907. ECu MOITHOCTD, H3MEPEHHAS YEPE3
BBIBOJBI 323 1 334, HE U3MEHMJIACH, HHACKC N YMEHBIIACTCA (N=N-1), MOAABAEMOE HAMPSKECHHUE V oy, HA BBIBOBI
38 x manenu(:im) 10 CONMHEYHBIX 3MEMEHTOB YMEHBINACTCA HA BEIMYUHY AV, 1 cxema 35 ynpaBiIcHHA aKTHBHPY -
eT nepexmoyaress 55. [pouecc 9000 mpoaomkaercs Ha 3tane 909, rae BBIXOIHAS MOIIHOCTh U3MEPSETCS JaT-
YHKOM 33 TOKA M JATYMKOM 32 HampspKeHWs. ECiM BBIXOJHAS MOINHOCTH MOKAa3bIBACT maicHue, mpouecc 9000
nepexoaut k 3tamy 910. Ecau BeIxoAHAS MOIIHOCTB YBEIHUIIIACH, mpouecc 9000 Bo3Bpamacrcea k stamy 907,
NOJABAEMOE HANPSHKCHUE V oy, MPOJIOIDKAET YMEHBIIATECA 10 TEX MOP, IOKA BBIXOAHAS MOLIHOCTh MAHEICH 10
COJIHCHYHBIX 3JIEMEHTOB HE MepecTacT ymeHsmaThes. Iponecc 9000 mepexoaut k 3ramy 910.

Ha srame 910 cxema 35 ynpasicHus YBEIHIUBACT JIUTCIBHOCTB, KOTJA MEPEKIIOUATENDD 55 COSTUHEH C
MaHedp0 10 COMHEYHBIX 3IEMEHTOB HA BBIBOAC 38 B MEPBOM MOJIOXKCHHH, PACCMOTPEHHOM Bbimie. MHTEpBaAN
BPEMCHH, KOTJA MEPEKIIOYATENdh 55 COSAMHEH ¢ HMCTOMHHKOM 50 HATPSOIKCHHA, YBEIHYHMBACTCH HA BEITHYHHY
1AT,. TlepexmodaTens 55 aKTHBHPYETCS, M BHIXOJHAS MOIIHOCTh MAHEICH 10 CONHEUHBIX 3IIEMEHTOB CHOBA OT-
CICXMBACTCS AaTYUKOM 33 Toka m AarumkoM 34 HanpspieHus. [Iponecc 9000 mepexomut B ycnosue 912, yroOsl
ONPEACTUTh, BO3PACTACT M BBIXOAHAA MOIMHOCTh HMaHened 10 comHeuHBIX 3MeMEHTOB. Ecim ga, To mpouece
9000 mepexomut k 3tamy 910, 1 AMTEIBHOCTD, KOTAA NaHeTH 10 COMHEYHBIX 3JEMEHTOB COCAMHEHBI C HCTOY-
HAKOM 50 HAUPsOKCHUSA, CHOBA YBCIMYHBACTCA. [TMTCIHHOCTh MCPCKITIOUCHHSA OYICT YBCAMIHBATHCA 0 TEX
MOp, MOKA BBIXOJHAS MOIMHOCTH MaHEHeH 10 COMHEYHBIX 3JIEMEHTOB HE JOCTHTHET MAKCHMYyMa (MM TOKA HE
JOCTHTHET (PMKCHPOBAHHOTO TPECa JIUTCIbHOCTH, HAPUMED, 3-5 MKC) - B PE3yIbTaTE YETO H3MCHCHHS JITH-
TCIHHOCTH MCPCKITIOUMCHIS, O0YCIOBICHHBIC CXEMOH 35 yNpaBJICHHUA, MPCKPAmaroTcsa. TeM He MCHEE, CCIIM Ha
arane 912 cxema 35 ympaBieHHs ONPEACIIET, UYTO YBEIHUCHUE AIUTEILHOCTU D MEpPEKIFOUCHHUS MPUBOIUT K
CHIDKCHHUIO BBIXOJHOM MOINHOCTH, H3MEPECHHON JATYHUKOM 33 TOKA M JATYMKOM 32 HampsskeHHA, mpouecc 9000
epexoauT K dtany 911, a AUTEABHOCTE D NEPEKIFOUCHHS CHIDKACTCS TOCPEACTBOM MOBTOPEHUS 31anoB 911 u
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913 mo Tex mop, MOKA BBIXOAHASA MOIIHOCTB MaHeNeH 10 COMHEYHBIX 37EMEHTOB CHOBA MAKCHMAJIBHO HE YBCIH-
yurcd. [Toce Toro kak ¢xema 35 ynpasiIcHHS ONMPSACIHICT, YTO TIHTSIEHOCTE MCPCKIFOUCHAS ObLIa ONTHMH3H-
poBaHa A1 MAKCUMAJIbHOW BBIXOJHOM MOIMHOCTH maHenacH 10 COMHEYHBIX 3IEMEHTOB MYTEM MOBTOPECHHS 3Ta-
moB oT 910 mo 913, mpouecc 9000 nepexoaut k 3ramy 914.

Ha srane 914 cxema 35 ympapieHHsS HAYMHACT YBEIMIHBATH YacTOTY f COCAMHEHMS, C KOTOPOI MEPEKITO-
yarenb 55 coemunseTca co cxeMol 35 ympaenenmsa. Yactora f, ¢ KOTOpOH IEepeKIroUaTeNd 55 coenuHACTCS C
HCTOYHHKOM 50 HANpsDKCHUS, YBEIHMIHBACTCS HA jJAf OT mepBOHAYANBHOM 4acTOTHI f; MEPEKIFOUCHIS, TaK UTO
f=f,+jAf. Ha stanme 914 mepekmouarens 55 coenuHseTcs MEKAY BHIBOJOM 38 M maHesMu 10 COTHEYHBIX 3IIe-
MCHTOB C HOBOM YacTOTOH, f, M BRIXOHAS MOIIMHOCTH HMaHeeH 10 COTHEUHBIX IIEMECHTOB CHOBA OTCIICKHBACTCS
JaTdaukoM 33 ToKa M gaTuukoM 34 HampsokeHus. IIpouecc 9000 mepexoaut k 3tamy 916. Ecau BeIXOAHAS MOII-
HOCTP TaHeneH 10 CONHCYHBIX 3MICMCHTOB YBEIHIHIACH, iporiece 9000 mepexoauT 00paTHO k 3tamy 914, u yac-
TOTA, C KOTOPOH HMaHeau 10 CONHSUHBIX 3IEMEHTOB COSAUHAIOTCS C HCTOYHHKOM 50 HANIPSKEHUA, CHOBA YBEIIH-
ypBaeTcs. Yacrora coeauHEeHUS OyIET BO3PACTaTh A0 TEX MOP, MOKA BBIXOAHAS MOLIHOCTH MaHeseH 10 comHed-
HBIX 3JIEMCHTOB HE JOCTHTHET MAKCHMYyMa, WM 0 MAKCHMAJBHOHN 4acTOTHI f.,, B PE3YIBTATE HETO IPOIECC
9000 nepexoaut k dtamy 915. Ha stane 914 gacTtoTa, ¢ KOTOPOH NEPEKIIOYATEND 55 COCAUHACTCA C HCTOUHHKOM
50 BBICOKOTO HANPSCKEHMS HA BBIBOJAC 38, TEHEph YMEHBINACTCS Ha BeqM4HHY JAf, m mepekmouarens 55 cHOBa
AKTHBHPYETCA, H BBIXOJHASA MOIMHOCTh NaHeneH 10 COMHEYHBIX 3EMEHTOB CHOBA OTCJCKHBACTCS AATYHKOM 33
TOKA M JATYMKOM 32 HANPsDKCHHA. B 3TOT MOMEHT cxXema 35 ympaBIcHHA PEHIACT, YBEIHYHUBACT U CHIJKCHUE
YaCTOTBHI COCAMHCHHA BBIXOJHYIO MOIMHOCTh MaHened 10 CONMHEYHBIX 371eMEHTOB Ha dtame 917. Ecim ga, 10
npouecc 9000 Bo3BpamacTcs K sramy 915. B kauecTBe albTepHATUBBL, €CJIM YAaCTOTA NEPEKIFOUEHUS JOCTUTACT
HEKOTOPOH MHHUMAIBHOH 4acToTHI f,;,, mponecc 9000 nmepexoaut k 3ramy 918 1t oskunaHus.

Ha sranme 918, mociae TOro kKak BBIXOJHAS MOIMHOCTH MaHEAeH 10 CONMHEYHBIX 3JICMCHTOB MAKCHMAIBHO
YBEIHYCHA, CXeMa 35 yIpaBICHHUA NEPEXOJUT B COCTOSHHE OJKUIAHUA HA HEKOTOPBIN nepuoa BpeMeHH. [lepuon
BPEMCHH OKUIAHUA MOJKET COCTABILITh CEKYHABI MM MHHYTHL [locne oskmaanud Ha srame 918 mpomecc 9000
nepexoaut k tamy 901, rae mponecc 9000 cHOBa HAMMHACT M3MCHATH HATIPSIKCHUES, BPEMA COCAMHCHHA IEpe-
KJIFOUATEISI M YaCTOTY MEPEKIIOUCHHS OT MPEABIAY X ONTHMH3HPOBAHHBIX 3HAYCHUH, YTOOBI MPOBEPHUTD, Pa-
6oTaroT M A0 cuX mop manenaw 10 CONHEUHBIX 3IEMEHTOB HA CBOMX MAKCHMAJbHBIX YPOBHIX BBIXOJHOH MOII-
HoctH. ITogaBaemoe HanpsoxeHHE 50 OT CxeMBI 35 YNPaBICHUS, JIUTCIBHOCTD NEPEKIIOYCHHA B YACTOTA MEpe-
KJIFOUCHHS BCC M3MCHAFOTCA B MPOLCCCE PAOOTH B TCUCHUS THA, YTOOBI YOCIUTHCA, UTO MaHeTH 10 COHCUHBIX
3JIEMEHTOB PadOTAFOT C MAKCHMAILHOH BBIXOJHON MOIIHOCTBHEO IIPH YCIOBHSX JKCIUIYaTAIMH B KOHKPETHBIH
JICHb.

Ecnu Ha 3rane 901 HanpssKeHUE, U3MEPEHHOE JATYMKOM 32 HANMPSDKCHHS, MAJACT HIDKE 3aJAHHOTO MUHH-
MAJIBHOTO Vi, H TOK, H3MCPCHHBIH JATYMKOM 33 TOKA, MANACT HIDKC 3aJaHHOTO MHHHMYMA i, TO cxema 35
ympaBIcHHA yOepeT o00¢ HANpHKCHHE HA THHHAX 38, m cxema 35 ympaeneHua mepeiimer k sramy 902 mms
OKMIAHMSA, TPEKAC YeM BEPHYThCA K 3tamy 900 (Ha KOTOPOM CHCTEMAa MOBTOPHO MHHULMATH3HPYET BCE HMapa-
METpsI U HHACKCHI). [Iponecc 9000 Oyner uepenosath 3rambl 900-901-902-900 no TexX mop, moka Kak HaIpsDKe-
HHE, U3MEPEHHOE JATYUKOM 32 HANPSDKEHUS, TaK M TOK, H3MEPEHHBIA AATYUKOM 33 TOKA, HE MPEBBICAT Vi H
Imin COOTBETCTBEHHO, B pe3ybTaTe uero mpouecc 9000 mepeiiaer ot arama 901 k sramy 903.

PasmruHbic KOHESYHBIC MAIIMHBI MOTYT OBITh PEANM30BAHBI B CXEME 35 YIPaBICHHA 1Bl TIOIyUCHHUS aHAJO-
THYHBIX PE3YJIbTATOB H OXBATHIBAKOTCA JAHHBIM PACKphITHEM. TeM He MeHee mponecc 9000, ONMMCAaHHBIN BHIIIE,
OPEANOYTHTETEHO MEHUMHA3UPYET BEIUYHHY HOJABACMOTO HANPDKEHHA Vap, JO CAMOTO HM3KOTO BO3MOJKHOTO
3HAYCHUSA TAKUM 00pa3oM, UTOOBI MMPOM3BEACHUE TOKA, H3MEPEHHOTO JATUYMKOM 33 TOKA, M HANMPSKCHUS, H3ME-
PCHHOTO JaTYMKOM 32 HANPSKCHHU, OBLIO MAKCHMATHHO yBeIudcHO. IlomapacMoe HAMPSKCHHUE V ap, KONCOTIET-
CS - TO €CTh M3MEHICTCS HA HEOOIbIINE BEIMYUHBI KaK BBEPX, TAK U BHU3 - BO BPeMs ()YHKIIMOHUPOBAHUS B TC-
YCHHE THS, YTOOBI YUECTh W3MECHEHHS MOIMHOCTH ONTHUYCCKOTO M3NIYUCHHUS P, MAJAFOIIETO HA CONHCYHBIA 3IIc-
MeHT 100, manes 10 COTHEUHBIX 3IEMCHTOB HJIH HECKOJIBKO MaHeICH 10 COTHCUHBIX 3JICMCHTOB B TCUCHHC THA
TakuM 00pa30M, YTOOBI BCETAA MOTTIA TIOAACPKUBATHC MAKCHMATbHAS BBIXOIHAS MOIITHOCTb.

BoJIbIIMHCTBO 3TanoB, OMUCAHHBIX BhIE B mpouecce 9000, mpeaHa3HAYCHBI A1 PELICHUS BOMPOCOB, CBS-
3aHHBIX C aaHa0aTHICCKUMHU U3MCHCHUSIMH OCBEIICHHOCTH, KOTOPBIC MPOUCXOAAT MEIJICHHO B TCUCHUE MPOME-
JKyTKOB BPEMCHH, COCTABILIIOIUX HECKOJIBKUX MHHYT MM 4YACOB. B aJbTEpHATHBHOM BAPHAHTE OCYILECTBIC-
HHUS, CCIIH KOJCOAHNA OCBCHICHHOCTH MPOMCXOIMIH C OOJICC BBRICOKOM CKOPOCTBEO M3MCHCHMS, mporece 9000
MOKET OBITh BBITIOJTHEH C BO3MOKHOCTHE0 MHHMMHU3AINH BBHICOKOYACTOTHBIX KOJCOAHMH BBIXOJTHOH MOIHOCTH
MOCTOSHHOTO TOKA, MOJBOJAMMOI K HHBEPTOPY, MBITAACH YACPIKHBATh BBIXOJHYIO MOIMHOCTB TIOCTOSHHOTO TOKA
OT M3MEHCHHH CO CIIUIIKOM BBICOKOH CKOPOCTBEO H3MCHECHHSA, CICA0BATEIBHO, MOBBIMIAA KAYECTBO HHBEPTOPA.

B apyrom mpmmepe, odpamasch k pur. 10A, matunk 33 ToKa ¥ JaTymMK 32 HANPSDKECHHUS MOKA3aHBI MOJ-
KJIFOUCHHBIMH K cucteMe 300 ympaBiaeHUS (POTOINEKTPHUUSCKIMHE 3JICMEHTAMH, TTOKAa3aHHON Ha ¢ur. 6. Kak mo-
KA3aHO, JATYHK 33 TOKA MOAKIIOYECH MOCICAOBATEIBHO MEKIY MAHETBEO 10 CONTHEYHBIX 3IEMEHTOB H HHBEPTO-
pom 31. Jlarumk 33 TOKA MOKET OTCICKHBATh BHIXOIHOH TOK MaHETH 10 CONHEUHBIX 3IEMEHTOB. AHAIOTHHBIM
00pazoM AaT4nK 32 HANPSLKEHHS COSTUHEH MAPAJICIbHO K MAHEIM 10 COTHEUHBIX 3JIEMEHTOB H HHBEPTOpPY 31
J71 OTCICKUBAHMSA BBIXOJHOTO HAMMPSDKCHUA MAHETH 10 COTHEUHBIX JICMEHTOB.

Cxema 36 ympapieHHS NMOJKITIOYCHA KAK K JATUMKY 33 TOKA 4Uepe3 YIPABILIIOIME BHIBOABI 33a, TAaK M K
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JATIAKy 32 HATPSOKCHHSA UCPE3 YIPABIAOIIKC BHIBOABI 32a. Jlatumk 33 TOKA MOXKET OBITH BCTPOCHHBIM HITH
HHIYKIAOHHBIM H3MEPHTEIBHBIM OJIOKOM M M3MEPSCT BBIXOJHOM TOK maHeneil 10 COMHEUHBIX 371EMEHTOB. AHa-
JOTHYHBIM 00Pa30M JaT4HK 32 HANPSLKEHES HCIOIb3YETCS A1 H3MEPEHHS BBIXOTHOTO HATIPSDKEHIS maHeneH 10
COJIHCHYHBIX JIIEMEHTOB. [IpomM3BeACHIE TOKA, H3MEPEHHOTO JATYHKOM 33 TOKA, M HAMPKCHHA, H3MEPEHHOTO
JATYAKOM 32 HANIPAKCHUA, TO3BOJLIECT PACCUMTHIBATH BBIXOAHYIO0 MOIIHOCTD, MOJABACMYI0 OT maHenei 10 con-
HEYHBIX 3JIEMEHTOB K HHBEPTOpPY 31.

B HEKOTOPBIX BAPHAHTAX OCYIIECCTBICHMA JATYHK 32 HANPSKCHUA MOYKET TAKKE CIYXKHTh B KAYECTBE HC-
TOYHMKA THTAHUS A1 CXEMBI 36 yIpasiacHuI U (PYHKIHOHHPYET TOJNBKO A0 TEX MOp, Moka manenu 10 cosmed-
HBIX 3JICMEHTOB OCBCIIAOTCS U MPEAOCTABIAIOT JOCTATOYHYH) MOIIHOCTD JJI1 AKTHBHPOBAHMA CXEMBI 36 yIIpaB-
nermst. Cxema 36 ynpaBineHHS JOMOJTHUTEIBHO IMOJKIFOUCHA K YCTPOHCTBY 60 I TCHEPHPOBAHMUS UMITYIILCOB
HANPSUKCHHA, YTOOBI YNPABIATE AMIIIMTYAOH MMITyJIbCA HAMPSKEHHA Vapp, JTHTEIBHOCTBIO Dp MMIyIbCca H
qacTOTOH f CICI0BAHUA UMITY TBCOB, PACCMOTPCHHBIX CO CCHUTKOH HA (ur. 6. JmmremsHOCTs Dp HMITy TBCa, Hac-
ToTa { Cliej0BaHKA MMITY TECOB H HANPSIKEHHE V oy, HMITYTbCA, MOJABAEMOr0 HA MaHe d 10 COMHEYHBIX 3IeMEH-
TOB, MOTYT OBITh YIIPABIBIEMBIMH H PETYIMPOBATHCS TAKHM 00Pa30M, YTOOBI KAaK TOK, TCHEPUPYEMBIH B MAHEIH
10 conHEYHBIX 3MEMEHTOB W M3MEPCHHBIN JATYUKOM 33 TOKA, TAK M HANPSKCHHUE, H3MEPEHHOE JATYHKOM 32
HANPSDKEHMST, OBLIM MAKCHMAJIbHO YBEJIMHCHBI NIPH PA3IHYHBIX YCIOBHAX JKCIUIYaTallH, HANIPHMED NPH OTIH-
YAIOMMXCA WIH U3MCHAIOIUXCA YCIOBUAX OCBCIICHHUA.

B oaHoM BapuaHTE OCYIIECTBICHUS I MOJAYM JIEKTPHICCKOro moid 250 manens 10 COMHEUHBIX 3c-
MCHTOB W3HAYAJILHO HE TCHEPHUPYET MOIMHOCThH, HATIPUMEP, B HOYHOE BPEMS MM IPH rycToi odOmavnocTH. [lo
Mepe TOrO KAK COJTHCUHBIC MAHETH OCBEIIAIOTCS (HAPUMED, B YTPESHHHE YaChl), HAMMPSUKCHHE H TOK TEHEPHPYET-
¢4 maHesMHU 10 COMHEYHBIX 3JIEMEHTOB, M BBIBOABI 322 HAYMHAIOT MOJABATh TOK H HANPLKCHHUE B CXEMy 36
ympaencHna. Cxema 36 yIpaBICHHSA COACPKAT HA3KOBOJBTHBIM UCTOYHHUK MHTAHHUS JTIOTHKH (HC TMOKA3AaH), UTO-
OBI IPUBOANTH B ICHCTBHE YIPABILIIOIIYIO JIOTHKY B cXeMe 36 ympasiaeHm1. Cxema 60 yCTpoHcTBa A TCHEPH-
POBaHUS UMITYJIbCOB COACPYKUT KaK HU3KOBOJBTHBIM, TAK U BHICOKOBOJIbTHBIH HCTOYHHMK MUTAHUS (HE MOKA3aH).
BBICOKOBONBTHBIN MCTOYHHK NMUTAHHUA B YCTPOiicTBE 60 A TEHEPHPOBAHUA HMITYJILCOB HAMPSLKCHUSA HMEET
HM3MCHAIOMMNCA BBIXOJAHOM CHUTHAJ, KOTOPBIA MOYKHO PETYJIHPOBATH C MOMOINBIO CXEMBI 36 YIPABICHUA, OTBE-
YAKOIHMHA 32 OJAYY Vap, HA MaHEIU 10 CONMHEYHBIX 2IEMEHTOB. B 3TOM npuMepe cxeMa 36 YIPABICHHA BbINOJI-
HEHA TAKUM 00pa3oM, 4TOOBI HE MOJABATH HUKAKOTO HATIPSKCHUS HA MAHETH 10 CONHEYHBIX 3IIEMEHTOB J0 TEX
Top, TOKa He OyJeT CreHEPHPOBAHO JTOCTATOYHO MOIMTHOCTH HMAHEILIMH 10 COIHEYHBIX 3JIEMCHTOB, I AKTHBA-
IUH KAK HU3KOBOJBTHOTO MCTOYHHMKA MHUTAHMA JTOTHUKH, TAK U BBICOKOBOJIBTHOTO MCTOYHHKA MHUTAHHUA B YCTPOH-
cTBe 60 111 TEHEPUPOBAHUSA HMITY IbCOB.

B anpTepHATHBHOM BapHAHTE OCYIICCTBICHHA CXEMA 36 YIPABICHUA BBIMOTHCHA C BO3MOXKHOCTBIO YIIPAB-
JCHHA JICKTPHYCCKUM HoJdeM 250 M MAKCHMANBHOTO YBEIHYCHHSA BBIXOJHOH MOIMHOCTH IPH YBEIMYCHHH H
VMCHBIICHHH OCBCIICHHOCTH B TeueHHE AHI. Cxema 36 ympaBIeHHS MOKET YIPABILATh JJICKTPUUCCKUM IOJIEM
250, momaBaeMbIM yCTpOHCTBOM 60 11 TCHEPHPOBAHMS MMILYIbCOB HANPSDKCHUS, M CTAOMIM3HPOBATh BBIXO/I-
HYI0 MOITHOCTb HaHENeH 10 CONHEUHBIX 3JMIEMEHTOB B COOTBETCTBHH C JTFOOBIM OIMCAHHBIM BBIIIC CIIOCOOOM,
BrImrouaromuM npouecc 10000, nokazauusnid Ha ¢ur. 10B.

Obpamasce k ¢ur. 10B, mpomecc 10000 BKIFOUACT WHUIHATH3AMAIO MOIMHOCTH Ha 3tame 1000. Jocra-
TOYHASA MOIIHOCTH JOJDKHA MPUCYTCTBOBATH HA BBIXOJAC MAaHENCH 10 COHEYHBIX 3JIEMEHTOB A1 AKTUBALIMU KaK
HU3KOBOJIbTHOTO HCTOYHHMKA IMUTAHUA JOTHKH, KOTOPBIA MPHBOAMT B ACHCTBHE YIPABILIIOLIYIO JIOTHKY B CXEME
36 ynpaBicHHA, TAK X HU3KOBOJBTHOTO M BBICOKOBOJBTHOTO HCTOYHUKOB NMUTAHMA B YCTPOUCTBE 60 At reHe-
PHPOBAHMA HMITYJbCOB HANMPSDKCHHA. B KauecTBE ANbTEPHATHBBI CXeMa 36 YNPABICHUA MOYKET ITHTAThCA OT
BHCITHETO WCTOYHHMKA (HE IOKA3aH), HAPUMEP aKKyMYJLITOPHOH OaTapew, KOHIACHCATOpPa OOIBINONH EMKOCTH,
BHCIIHETO MCTOYHHKA MUTAHUA MEPEMEHHOTO TOKA, KOTOPBIN MO3BOIACT HU3KOBOJIBTHOMY MCTOYHHMKY IMHTAHUA
JOTHKU (PYHKIMOHHUPOBATH, 4 CXeME 36 YIPABICHHUS OTCIICKUBATh BBIXOJHYIO MOIIHOCTH manesiei 10 commed-
HBIX 3JICMCHTOB J0 TEX MOP, MOKA OHU HE OYIyT MMETh JOCTATOYHO MOIIHOCTH, UTOOBI TAPAHTHPOBATH MOJAMY
3AEKTPUUECKOTO oA 250 Ha manemm 10 COMHEYHBIX 31EMEHTOB C YBEIUYCHUEM UX BBIXOJHOH MOIMHOCTH. Ilo-
CIIe TOTO Kak cXeMa 36 YIPaBICHHA 3AIly CKACTCA, HHULMATH3HPYIOTCA BCE MApAMETPBI (HATIPUMED, MOAABAEMOE
BBICOKOC HAMPSKEHUE V ppp, JIHTCIBHOCTE Dp HMMITyIBCA M 9aCcTOTA I CICI0BAHMS MMITYIECOB). B 0aHOM Bapu-
AHTE OCYIUCCTBICHHU I0IABAEMOE BRICOKOE HANPSDKEHHE V 5y, YCTAHABIMBACTCA PABHBIM HYJIO, 4 JIIMTEILHOCTD
Dp mvmyseca u yactoTa f ClieI0OBaHHA HMITYIHCOB YCTAHABIHBAFOTCA B HOMHHAIBHBIC 3HAUCHUS Dp=1) 1 f=f;.
Bce KOHTPOIbHBIC HHACKCHI 11, 1 ¥ | HHHIUAIM3HPYEOTCS HyJICBHIMH 3HAYUCHUSIMHL

3arem Ha stame 1001 cxema 36 ympaBiaCHUS ONMPEACILICT, SABJIACTCS JIH HAMPSHKCHHUC, H3MCPCHHOC TATIH-
KOM 32 HATPSYKCHHUSA, BBILIE WU HIDKE 3aJAHHOTO MHHUMAIBHOTO V. H ABILICTCA JIH TOK, H3MEPECHHBIN JATYH-
KOM 33 TOKa, OOBINC 3aTAHHOTO MHHAMYMA 1,;,. COUCTAHHE V,,;, U 1, OBLTH BRIOPAHBI TAKHM 00PA30M, ITOOBI
nmaHed 10 COMHEYHBIX 3MEMEHTOB, ONPEACIAEMbIC KAK OCBEIICHHBIC, TCHEPHPOBATH HEKOTOPBI HOMUHAIBHBII
MPOUCHT, HapuMep 5%, 0T CBOCH CPCIHCH HOMHHAIBHON MOIMHOCTH, YTO SABILICTCA JOCTATOYHOW CTCHCPHPO-
BAHHOHM MOIIHOCTBIO JJIS IINTAHHS BHICOKOBOJBTHOTO MCTOUHHUKA MUTAHIS, YTOOBI YBEIMYUTh BBIXOAHYFO MOIII-
HOCTb maHesed 10 conHedHbIX 31eMeHTOB. Ecam cxema 36 ynpaBieHUA ONMPEISACT, YTO KaK H3MEPEHHBIE TOK,
TaK U HATPSDKCHHE ABILIIOTCS BBIIIC COOTBETCTBYIOINUX 3aJAHHBIX MHHMMYMOB, TO JCHCTBYIOIIMHA B JAHHBII
MoMeHT npouecc 10000 mepexoaut k 3tamy 1003; ecnu Her, To mpouecc 10000 nepexoaut B coctosinue 1002
O’KMIAHMSA U BO3Bpamaerca k sramy 1000.
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Ha srane 1003 cxema 36 ympasneHus H3MepseT TOK, IPOXOAAMHMN B HHBEPTOP 31, ¢ MOMOIIBIO JaTuuKa 33
TOKA, HAIIPSDKCHHE HA HHBEPTOPE 31 - ¢ MOMOIIBIO JATYHKA 32 HANPSLKCHUSA M BBIYHCIEACT MOIMHOCTD, MEPEaa-
BAacMYI0 uepe3 HHBepTop 31 (HoMuHAIBHO, IXV). KOHTPOIBHBIN HHACKC N YBEAMYHBACTCA 10 n+1.

Ha stane 1004 mpouecc 10000 cpaBHUBACT V ap, € Vinax. Vinax ABISIETCA 3aPAHEE YCTAHOBIICHHBIM 3HAYCHU-
€M | IPEICTABISIET COOOH MAKCHMATbHOE HAPSDKEHHE, KOTOPOE MOXKET OBITh MOJAHO HA TIAHENH, HE MOBPEKAAs
nu manemu 10, nu uuBeprop 31. Ecim Vyu,, MeHbIIe V. TO mpouecc 10000 nepexomut k stamy 1006; B mpo-
THBHOM ciy4ae mpouecc 10000 oxxmaaet Ha stame 1003.

Ha srane 1006 cxema 36 ynpaBiacHHA MOJACT CHTHAN YCTPOHUCTBY 60 A4 FeHEPHPOBAHUA HMITY TbCOB HA-
NPSDKCHAS HA YBEIHYCHHE TI0JABACMOTO BBICOKOTO HANPSIKEHHSA Vo, HA BEIHYMHY NAV M MOJAET CHTHAT YCT-
poiicTBy 60 1111 TeHEPHPOBAHUS UMITY IbCOB HAMPKCHHA HA MOAAYY HMITYJIbCA HANPyKCHHA HA maHemn 10 con-
HEYHBIX JIeMEHTOB. [l 3Toro mpumepa AV MOKET ObITh (DMKCHPOBAHHBIM IIEPENAIOM HATIPSKCHIS, COCTAB-
JroIuM 25 B, X0TS MOTYT OBITh HCTIOTB30BAHEI OOJIBINNC HTH MCHBIHC NMICPCHAABl HAPsOKCHUA. HanmpsokeHme
Vapp MPUKIANBIBAET JNEKTPHYECKOE TONE 250 Ha maHean 10 CONHEYHBIX 3IEMEHTOB, H HANPSKECHHOCTD JIIEK-
TPHYECKOTO Mo 250 MPpONOPUUOHATLHA MOAABACMOMY HAMPDKCHUEO V app. JUIA 3TOTO MpHMEPA AIMTEIBHOCTD
nMiysca Dp BoIOmpaercs pagaoit 1000 He, a yacToTa CIEIOBAHUS HUMITYJIbCOB BBIOMPACTCA paBHOHW 20 MKC.
Taroke MOTYT OBITH BBIOPAHBI APYTHE JTUTCIBHOCTH UMITYJIbCA M YACTOTHI CICAOBAHMA MMITyIbCOB. Cxema 36
YIIPaBJACHHS CHOBA TMOJIy4AacT U3MEPECHHE TOKA, MPOXOISIICTO B MHBEPTOP 31, ¢ MOMOMIBIO AaTyuKa 33 TOKa,
MOJYYAeT U3MEPEHUE HANPSOKCHHA HA HMHBEPTOpE 31C MOMOIIBIO JAaTYMKA 32 HANPSOKCHHA H MEPECUHTBIBACT
MOIIHOCTB, MEPEAABACMYIO Uepe3 HHBEPTOp 31.

Ha stanme 1008 cxema 36 ynpasicHHA CPABHHBACT BBIXOJHYIO MOIHOCTD MaHEAeH 10 COMHEUHBIX 3IEMEH-
TOB C CAMBIM MOCTCTHAM H3MECPECHHEM J0 TOTO, KAK Vay, OYACT NOJaHO HA MAHETb 10 COMHCYHBIX 3JICMCHTOB.
Ecmu mMomHOCTS yBemuumnack, mpouecc 10000 Bosepamaercs k stamy 1001 u mosTopserca. IlogaBaemoe Ha-
OPSDKCHAC V opp YBETHMUBACTCA HA AV 10 TEX MOP, HOKA JTHOO0 MOJABACMOE BBICOKOC HANPKCHHE Vap, HE CTa-
HET OONMBIIC Vi, THOO TMOKA YBEMYCHUE MOJABACMOTO BEICOKOTO HAMPSDKCHHUS V 5, HE HPHBEACT K YBCIIHYC-
HHIO BBIXOJAHOW MOIMHOCTU maHejeil 10 CONHEYHBIX 3JIEMEHTOB. V.. CHOBA ONPEACIACTCA 3[ECh KAK MAKCH-
MAJIbHOC HANMPSDKCHUE, KOTOPOS MOYKCT OBITh MOJAHO HA MAaHeHh 10 COMHCUHBIX 3JICMCHTOB, HC MPHIHHAA CH
HHKAKOTO BPEAA, H B 3aBHCHMOCTH OT THIIA MAHETIH COTHEYHBIX JICMEHTOB, OHO, KaK MPABIIO, COCTABIACT MPH-
6mmsurensHO 0T 600 10 1000 B. B 060mx cayuasx mpounecc 10000 oskumaer Ha stame 1005. ImurenbHOCTS CO-
CTOSTHHS OXKHIAHUS MOKET OBITh OT HECKOJIBKUX CEKYH/I IO HECKOIBKHX MHUHYT.

ITocne srama 1005 osxumanua npouecc 10000 mepexoaut k 3tamy 1007. Eciim MOIHOCTB, H3MEPEHHAS Ye-
pe3 BeBOABI 32a M 33a, HE U3MCHIIACH, HHACKC NI YMEHBIIACTCA (N=n-1), MOJABACMBII UMITYJIbC HATIPSKCHUA
V app YMEHBINACTCA HA BEIMYHHY AV, M cxeMa 36 ynpaBIcHUS aKTHBHPYET YCTPOMCTBO 60 1Isl TCHEPHPOBAHHS
mMnyascoB. [Ipouecc 10000 mpoaomkaercsa Ha stane 1009, rae BBIXOAHAS MOIMHOCTB H3MEPACTCA JATYUKOM 33
TOKA M JATYMKOM 32 HampspkeHHA. ECaM BBIXOJHAS MOIIHOCTh MOKA3bIBAacT naacHue, npouecc 10000 nepexoaur
k otamy 1010. Ecim BRIXOAHAS MOIIHOCTh YBETHUIMIACH, mporecc 10000 Bo3BpamaeTca k stamy 1007, u moxa-
BACMOE HANPSLKEHUE V4, NPOJOIDKACT YMEHBIIATHCA OO0 TEX MOP, IMOKA BBIXOAHAS MOIMHOCTD HMaHeneH 10 con-
HEYHBIX 3JICMEHTOB HE mepecTacT ymMeHbmarteca. ITponece 10000 nepexoaut k 3tamy 1010.

Ha srane 1010 cxema 36 ympaBicHUSA HAYMHACT YBSIMYHMBATH AIHTEIBHOCT Dp HMITYIbCA HATIPSDKCHHUA.
JmuremsHocTh Dp MMITyIbCA HANPSDKEHHS YBEIMYHUBACTCS HA BEMMUHHY 1AT,. YCTpOHCTBO 60 A7s1 TEHEPHPOBA-
HHUS UMITYIbCOB HANPSYKCHUA AKTHBHPYETCA, M BBIXOAHAA MOIIHOCTD MaHeNeH 10 COMHEYHBIX 3IEMEHTOB CHOBA
OTCIICIKABACTCA JATIYHKOM 33 Toka U AaT4ukoM 34 HampsoxeHus. IIpomece 10000 mepexoaut B coctognue 1012,
YTOOBI OIPEICIINTD, BO3PACTACT JIH BBHIXOJHAS MOIMTHOCTH HaHeneH 10 comHeunsix anemenToB. Ecnu aa, To mpo-
necc 10000 mepexomut k 3tamy 1010, a anurempbHOCTs Dp mMIynbca 71 HANPSOKEHHA CHOBA YBEJIMYHBACTCA.
JmuremsHocTh Dp MMITyThCa OyAET BO3pacTaTh A0 TEX MOP, MOKA BBIXOAHAS MOIIHOCTb MaHeIeH 10 COMHEHBIX
3JIEMECHTOB HE JOCTUTHET MAKCHMYyMa HJH NMOKA HE JOCTHUTHET (PMKCHPOBAHHOTO IIPEICNA JIHTEIBHOCTH, Ha-
IpuMep MOKa He OyAET JOCTHTHYTA AIHTEIFHOCTh HMITYJIBCA 5 MKC, B PE3yJIbTaTe YEeTO W3MCHEHHS JITUTCIBHO-
CTH NIEPEKIIOUCHHUS, OOYCIOBICHHBIC CXEMOH 36 YIpPaBICHUS, MPEKPAMAlOTCI. TeM HEe MEHEe, €ClIM Ha 3Tare
1012 ycTaHOBICHO, YTO YBEIMUYCHHUE JIUTCIBHOCTH HMITY1bCA MPUBOAUT K YMEHBIICHHIO BBIXOHOM MOIHOCTH,
H3MEPEHHON JATYUKOM 33 TOKA WM JaT4YHMKOM 32 HampsbkeHms, mpouece 10000 mepexogut k stamy 1011. JImm-
TEIBHOCTh HMITYJIbCA YMEHBINACTCA MOCPEACTBOM NOBTOpeHH:A 3TanoB 1011 u 1013 1o Tex mop, moka BEIXOTHAS
MOIIHOCTD MaHeneH 10 COMHEYHBIX 37IEMEHTOB CHOBA MAKCHMAJIBHO He yBemmuuTcd. ITocne Toro kak cxema 36
VIOPAaBJICHHA ONPEACTIET, YTO [IUTECIBHOCTh MMITYJIbca OBbUIA ONTHMH3HPOBAHA JJISI MAKCHMATBHON BBIXOTHOHM
MOIMHOCTU maHeneH 10 coMHEUYHBIX 3EMEHTOB, mpoxoas ot stama 1010 k sramy 1013, mpouecc nepexoauT K
aramy 1014.

Ha srane 1014 cxema 36 ympaBicHUs YBEIHIMBACT YaCTOTY UMITY IbCOB HANPsDKCHHA. UacTOTa UMITy TbCOB
HANPSDKEHMS yBeTHmIuBacTCs Ha JAf ot mepBoHauambHOHM yacToTsI f, nepexmodeHms, Tak uto f=f;+jAf. Ha srame
1014 pMITyIBCBI HATIPSKEHUSA MOJAROTCA YCTPOUCTBOM 60 171 TEHEPHPOBAHMA UMITYyIbCOB HANPSKCHHA HA M-
Hend 10 COTHEUHBIX IEMECHTOB C HOBOM 4aCcTOTOM f, 4 BEIXOTHAS MOIMHOCTD MaHeIeH 10 COTHCTHBIX 3ICMCHTOB
CHOBA OTCJIC;KUBACTCS JATYMKOM 33 TOKAa M JaTunkoM 34 HampspxeHUs. 3ateM mporecc 10000 mepexoauT k 3Ta-
my 1016.

Ecnu BRIXOAHAA MOIHOCTH HaHende 10 COMHEUHBIX 3IEMEHTOB yBEIHYMIACh, mpouecc 10000 mepexoaut
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oOparHo k 3ramy 1014, 1 yacToTa, C KOTOPOI MMITY IECHI HANPSLKEHHS TIOJAFOTCS HA TaHe W 10 COMHEYHBIX 371e-
MCHTOB, CHOBA YBEIMYHMBACTCS. YBEIMUCHHE YACTOTHI MMITY IbCOB HANPSDKCHUS OyZET BO3PacTarh 0 TeX IIOp,
MOKA BBIXOJHAA MOIMHOCTH MaHeae 10 COMHEYHBIX 3EMEHTOB HE JOCTUTHET MAKCHMYMA, HJIH 10 MAKCHMAJIb-
HOH 4acToTsl f, .., B pe3ymprare yero nponecc 10000 mepexoaur k stamy 1015. Ha sranme 1014 yacrora nMiryb-
COB HANPSDKCHUS TETICPh YMEHBINACTCS HA BENMUYUHY jAf, 1 mepekmodarens ycTporcTsa 60 1l TEHEPHPOBAHUS
HMIyJIbCOB HANPSDKCHUA CHOBA AKTHBHPYETCSA, H BBIXOAHAA MOIIMHOCTD MaHene 10 COMHEYHBIX 3IEMEHTOB CHO-
BA OTCJICIKUBAETCS AATYUKOM 33 TOKA M JATYMKOM 32 HampsDKCHHA. B 3TOT MOMEHT cxema 36 ympaBiIeHHs OIpe-
JeACT, YBEINYHBACT JIH CHIDKCHHE YACTOTHI UMITYJIbCOB HATPSDKCHUSA BBIXOJHYH) MOIIHOCTB maHesneH 10 cour-
HEYHBIX 37eMeHTOB Ha stane 1017. Ecim ga, 1o mpouecc 10000 Bo3epamaercs k sramy 1015, B kauectse anb-
TCPHATHBBI, CCAM YaCcTOTA MCPCKIFOUCHHUS JTOCTHTACT HCKOTOPOH MHHHMATBHOHW 4acToTHI f;,, mpomecc 10000
nepexoaut K 3ramy 1018, koTopslii npeacTaBsieT coO0H COCTOSHUE OKHIAHHS.

Ha stane 1018, mocje TOro Kak BLIXOJHAS MOIMHOCTh MAHCACH 10 COJHCUHBIX 3JICMCHTOB ObLIA MAKCH-
MaJbHO yBeTm4cHa, mpouecc 10000 mepexoauT B COCTOSAHHIE 0XKHIAHUA HA HEKOTOPBIM NepHoa BpeMeHH. [lepu-
01 BPEMCHH O’KMIAHMA MOYKET COCTABIATh CEKyHABI MM MHUHYTHL [locne oxxmpanmsa Ha stame 1018 mpomecc
10000 mepexoaut k 3Tamy 1001, rae cxema 36 ynpaBicHHA CHOBA HAYHHACT H3MCHATh HANPSKCHUE MMITYJIbCA,
JIUTEIBHOCTh MMIYJIbCA M YACTOTY CIACAOBAHHA HMITYJIbCOB OT NMPEABLAYINMX ONTUMH3UPOBAHHBIX 3HAYCHHH,
YTOOBI POBEPHUTH, PAOOTAIOT JIM IO CHX MOP mMaHeTH 10 COMHEYHBIX 3IEMCHTOB HA CBOMX MAKCHMAJBHBIX YPOB-
HAX BBIXOJHOH MOITHOCTH. AMIUTHTYJA V oy, HMIIYJIbCA, JIATCIPHOCTh HMIYJIBCA M YACTOTA CICAOBAHMA MM-
MyJIbCOB BCE M3MCHSIOTCA B IPOIIECCE PAOOTHI B TCUCHUE THS, UTOOBI YOSIUTHCS, UTO HMaHETH 10 CONHEUHBIX
3JIEMEHTOB PadOTAFOT C MAKCHMAILHOH BBIXOJHON MOIIHOCTBHEO IPH YCIOBHSX JKCIUIYaTAIMH B KOHKPETHBIH
JICHb.

Ecnm Ha srane 1001 HampsbkeHHE, H3MEPEHHOE JATYHKOM 32 HANPSDKCHHS, MAJACT HIDKS 3aJAHHOTO MH-
HAMYMA Vi, B TOK, H3MCPCHHBI AATYMKOM 33 TOKA, MAJACT HIDKC 3aTAHHOTO MHHHMYMA iy, TO cxema 36
YIPABICHHUA OCTAHOBUT YCTPOUCTBO 60 11 TeHEPUPOBAHMA HMITYJIbCOB HANMPsDKeHHA, H mpouecc 10000 mepeii-
zer K sramy 1002, cocrosiHue okupaHusd, a 3ateM Ha stam 1000, rae cucreMa MOBTOPHO MHULUATH3HPYET BCE
mapameTpsl 1 mHACKCHL. [Ipomecc 10000 Oyner mepexoxuts ot 3rama 1000 k 1001, x 1002, x 1000 mo Tex mop,
MOKA HANPSDKCHHE, W3MEPEHHOE JATYMKOM 32 HANPSDKEHHS, M TOK, W3MCPEHHBIM JATYMKOM 33 TOKa, OyayT
OOIBIIE Vi, H 1, COOTBETCTBCHHO, B pe3yJabTare uero mpouecc 10000 mepeiimeT ot srama 1001 k 3tamy 1003,

Pa3nuiHbIC KOHCYHBIC MAIIHHBI MOTYT OBITH PCATH30BAHBI B CXeME 36 YIPABICHUS I TOJIYICHHS aHATIO-
THYHBIX PE3YIbTATOB H OXBATBIBAIOTCA JAHHBIM PAacKpbITHEM. TeM He MeHee npouecc 10000, OMCAHHBIN BBIIIE,
HPEINOYTHIEILHO MHHHMU3HPYET BEIMYUHY IOJABAEMOTO HUMITYJbCA Vip, HANPLKCHMA OO CAMOIO HH3KOIO
BO3MOXKHOTO 3HAUCHHS TAKHM 00Pa30M, YTOOBI MMPOU3BEACHUE TOKA, M3MEPEHHOTO JATUMKOM 33 TOKA, W HAIPS-
JKCHHUSA, H3MCPEHHOTO JATYMKOM 32 HANMPSDKCHHUS, OBLIO MAKCHMATBHO yBEIHYCHO. [TogaBacMbrii HMIYIEC Vay,
HANPSDKCHUS KONCONIETCS - TO €CTh M3MEHICTCSI HA HEOONBINNE BEIMYMHBI KAK BBEPX, TAK M BHU3 - BO BPEMsI
(D)YHKITMOHHUPOBAHUS B TCUCHUE JHS, YTOOBI YUECTh M3MCHCHHS MOIMHOCTH ONTHYCCKOTO H3IyUCHHS P, ANAK0-
mero Ha coaHeHHBIN 100 3aeMeHT, maHeab 10 COMHCUHBIX ICMCHTOB HIIH HECKOJBKO MaHeacH 10 COMHCIHBIX
3NIEMEHTOB B TCUCHWE JHS TAaKHM OOpa3oM, YTOOBI BCETAA MOIJA NOJACPKHBATHCI MAKCHMAIBHAS BBIXOJHAS
MOIITHOCTBb.

Oramsl, omcanHbie B mponecce 10000, MOTYT pemars BOIPOCHI, CBI3aHHBIC C aTHA0ATHICCKHMHA H3MCHE-
HUSAMH OCBCIICHHOCTH, KOTOPBIC HMPOHCXOAAT MEIJICHHO B TCUCHUE MPOMEKYTKOB BPEMECHH, COCTABIIAFOIIUX
HECKOJIbKHX MHHYT WIH YacOB. B anbTepHATHBHOM BapHAHTE OCYIICCTBJICHMS, €CIIM KOJICOAHMS OCBEIICHHOCTH
TMPOUCXOIIIA ¢ 00JICe BBHICOKOH CROPOCTHIO W3MCHCHHA, mpouece 10000 MOKeT OBITH BBIMOTHCH C BO3MOYKHO-
CTBHI0O MPHHMH3ALMH BBICOKOYACTOTHBIX KOJCOAHUH BBHIXOJHOH MOIIHOCTH NOCTOSHHOTO TOKA, IMOJBOAMMOH K
HHBEPTOPY, MBITAACH YACP/KUBATh BBIXOJHYIO MOIIHOCTh MOCTOSHHOTO TOKA OT H3MEHEHHH CO CIMIIKOM BBICO-
KOH CKOPOCTh H3MEHEHHU!, CIICI0BATEIBHO, MOBBIIAA KAYECTBO HHBEPTOPA.

OnwmcaHHbIe BAPHAHTHI OCYIIECCTBICHHUS JOMYCKAOT PA3IIIHbIC MOAM(DIKAINI W AIbTEPHATHBHBIE (POPMBI,
W WX KOHKPETHBIC MPHMEPHI ObIIIM MOKA3aHbI B KAYECTBE IMPHMEPA HA TPaQHUUCCKHX MATEPHATAX H MOAPOOHO
OIHCAHBI B JAHHOM 3adBKe. TeM HE MEHEE CICAYST MOHHMATH, YTO ONMCAHHBIC BAPHAHTHI OCYIICCTBICHHA HE
JOIDKHBI OBITH OTPAHMUCHBI KOHKPETHHIME (DOPMaMH WIJIH PACKPBITHIME CTIOCO0AMH, HO, HA00OPOT, HACTOAIICE
M300pETCHUE OXBATHIBACT BCE MOAM(DHUKAIINH, SKBUBAJICHTHI M ATbTCPHATHBHBIC BAPDUAHTEL

OOPMVIJIA U30OBPETEHMA

1. Cmoco6 ynpasicHHS (POTOIMCKTPHICCKIM YCTPOHCTBOM, BRIIFOUYAFOIIHI B CCOA

oOecrieyeHNE MOAKIIOUCHIS TIEPBOTO MOPTA MEPEKIFOYATENS K (POTOIIEKTPHIECCKOMY YCTPOHCTBY;

oOecrieyeHNIE MMOAKIFOUCHAS BTOPOTO MOPTA NMEPEKITIOUATEN K HATPY3KE, MUTaeMOH (POTOINCKTPHICCKUM
YCTPOUCTBOM,

oOecrieyeHIE MOJKIIOUCHUS TPETHEr0 MOPTA NMEPEKITIOYATENS] K UCTOUHHUKY HATPSDKCHUS, IPHYEM Iiepe-
KJIFOUATEIh MOKET Pad0TATh B IIEPBOM IOJOKCHHH C YCTAHOBJICHHUEM IIEPBOTO IYTH TOKA MEXAY (POTO3IEKTpH-
YCCKHM yCTpOfICTBOM A UCTOYHUKOM HANPSHKCHHA W BO BTOPOM IOJIOXKCHHHU C YCTAHOBJICHHCM BTOPOIO IyTH
TOKA MEXKIY (POTOIIEKTPHICCKUM YCTPOHCTBOM W HATPY3KOIL, U

o4y CUTHAJA HANPSKEHMS, CTCHEPHPOBAHHOTO NCTOYHUKOM HATIPSDKCHUS, HA (POTOIICKTPHICCKOE YCT-
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pOfICTBO, KOTAd NEPCKIIOYATEIb HAXOAUTCA B IMIEPBOM IMOJIOKCHHAA, IIPH 3TOM CHTHAJT HANIPSDKCHHUA HMCCT TICPBOC
COCTOSIHHC 11 TCHCPHPOBAHHA BHCIIHETO 3JCKTPHUYCSCKOTO MOMA HA (DOTOINCKTPHUSCKOM YCTPOHCTBE, KOTAA
MCPEKITFOYATEIb HAXOANUTCA B IIEPBOM MOJIOXKCHHH, H BTOPOC COCTOSIHUS AJIA MPEJOCTABICHHS 3ICKTPHUCCKOH
H30JIIUH MCKAY HCTOYHUKOM HANPSDKCHUA H Harpy31<0171, KOTAa NMECPCKIOYATEIb HAXOAUTCS BO BTOPOM ITOJIO-
JKCHHH.

2. Cnoco0 mo 1.1, OTIHYAFOIMUIACA TEM, YTO YKA3aHHOC O0CCIICUCHUE TIOAKIFOUCHHS TICPBOTO MOPTa mepe-
KIFOYATENS BKIFOYACT B ce04 00CCIICUCHAC MOAKIFOUCHHA MSPBOTO MOPTA ABY XMOSHIHOHHOTO MEPEKITFOYATEIA K
(hOTO3MECKTPHUICCKOMY YCTPOHCTBY.

3. Croco6 1o 1.1 nnu 2, AOTIOTHUTEIPHO BRIFOUAIOIIMH B CEOs YIPABJICHHUE 1O MEHBINCH MEPE OJHUM H3
CIICOYIOIICTO: YaCTOTOH M ATHTCIBHOCTHIO ICPESKIIOUCHHS MEKIY MEPBBIM MOJI0KCHHEM H BTOPBIM TOJIOMKCHH-
€M C IOMOILBE) KOHTPOJLIEPA MEPEKIF0YATENS, TOIKIIOUYCHHOTO K IBY XIMOSHIHOHHOMY TIEPEKIIOYATEIO.

4. Criocob mo moboMy u3 it 1-3, TOTOIHAUTEIRHO BKIIFOUAIOIIUH B ce0s1 00ECIICUCHHE TTOAKIFOUCHHS YCT-
POWCTBA YMCHBIICHMS JIFOOBIX OCTA0ICHUI HANPSDKCHHS TCPBOTO COCTOSHHA MC)KAY HArpy3koil M (POTORICK-
TPHUECCKAM YCTPOUCTBOM.

5. Cmoco6 mo mobomy 3 1L 1-4, rae yka3aHHas MmoAava CHTHANA HANPSDKCHHSA BKIFOYACT B ceOs momady
PETYIMPYEMOTO HANPSHKCHHA HA (JOTOINEKTPHUCCKOE YCTPOHCTBO.

6. Cmoco6 mo modoMy w3 T 1-5, TOTONHATEIHHO BKIFOYAIONIHHA B CCOS YIPABICHHC TIO MCHBIICH MEpe
OJHAM H3 CICAYIOIICTO: YACTOTOM, BEMUMHON M JTHUTCIHHOCTHEO NMEPBOTO COCTOSHUSA M BTOPOTO COCTOSHUAL,
MPUYEM YKA3aHHOE VIPABICHHE OCYIICCTBIACTCA HMPH HEOOXOIHMMOCTH C MOMOIUBE) CXEMBI YIIPABJICHHS, MOA-
KIFOUCHHOH MO0 MEHBIICH Mepe K OAHOMY U3 CICAYIOIICTO. HCTOYHUKY HAMPSDKCHHSA U MESPEKIIOYATENI0, HA OC-
HOBE BBIXOJHOTO TOKA (DOTORMCKTPHYECKOTO YCTPOICTBA, H3MEPSHHOTO IMPH HCOOXOAWMOCTH JATYHKOM TOKA,
MOAKIFOYCHHBIM TOCICAOBATCIIBHO MEKIY (DOTOIICKTPHUCCKUM YCTPOHCTBOM H HATPY3KOM, H BBIXOJHOTO Ha-
TPSDKEHAS (POTOIICKTPHICCKOTO YCTPOHCTBA, H3MEPECHHOTO MPH HEOOXOAMMOCTH AATYHKOM HATPSKCHHSA, MOA-
KIFOUCHHBIM NAPAJUICIbHO K (JOTOINCKTPHICCKOMY YCTPOHCTBY.

7. Ciocod mo mroboMy u3 mi. 1-6, re yka3zaHHAsS M0Java CUIHAJNA HANPSDKEHHS BKIFOYACT B CeOs MOaady
MICPBOTO COCTOSIHUS HA MHOKECTBO (POTOINCKTPHUCCKHX YCTPOHCTB U MOJAYY BTOPOTO COCTOSHHUS HA MHOMKSCT-
BO (DOTO3TECKTPHUICCKUX YCTPOHCTB.

8. Cnoco6 mo moboMy u3 . 1-7, TAe yKa3aHHAS M0Ja4va CHIHAJA HAIPSDKEHIS COACPIKUT IT0JAMy BTOPOTO
COCTOAHHUA MCKAY CMCKHBIMH NCPBBIMUA COCTOAHUAMM.

9. Cmoco6 mo mobomy m3 1. 1-8, rae yka3aHHAs MmoAava CHTHANA HANPSDKCHHSA BKIFOYACT B ceOs momady
NICPBOTO COCTOAHHUA B BHAC CCPHH HUMITYJIbCOB HAMPAKCHUSA TOJIOXKATCIIFHON BCIIMYHMHBI U noaavdy BTOPOTO CO-
CTOSHHA MCKAY CMCIKHBIMH CCPUAMHA UMITY IbCOB HATIPAKCHUA.

10. Cocod mo 1.9, rae ykazaHHAs M0Ja49a BTOPOTO COCTOSIHHSI COAEP>KHT MOAAYy BTOPOTO COCTOSIHHS Me-
KAY CMCIKHBIMH UMITY TbCAMH HATTPAKCHHUA.

11. Cnoco0d mo m.9 wim 10, Tae yKa3aHHAS M0Aa4Ya BTOPOTO COCTOSHHS COACPKHT MOAAYY BTOPOTO COCTOS-
HUA MCKIY BI)I6paHHI>IMI/I CMCKHBIMH UMITY TbCAMH HATTPAKCHUA.

12. Cnoco6 mo mrodomy u3 mi.1-11, rae reHCPUPOBAHUE BHCIIHETO 3JICKTPHUCCKOTO MO HA (DOTOIICK-
TPHICCKOM YCTPOHCTBE CONPSDKEHO C IOBBIMICHHEM BBIXOTHOH MOIIHOCTH W/HIIM BBIXOJHOTO TOKA (POTOANEK-
TPHUECCKOTO YCTPOUCTBA.

13. Cmoco0 mo m.12, rae TCHCPHUPOBAHKUC BHCIIHCTO 3ICKTPHICCKOTO MOJIA HA (DOTOIICKTPHICCKOM YCT-
POWCTBE COMPSHKCHO C TMOBBIMICHACM BBIXOAHON MOIMHOCTH W/HIH BBIXOJHOTO TOKA (POTOIICKTPHUCCKOTO YCT-
poticTea Ha BemmuuHY 10 50% B YCIOBHIX HH3KOH OCBEIICHHOCTH.

14. Cmoco® no 1m.12, rae reHepHpOBaHKUE BHEIIHETO 3JICKTPHUYCCKOTO MO HA (POTOIICKTPHICCKOM YCT-
POWCTBE COMPSHKCHO C TMOBBIMICHACM BBIXOAHON MOIMHOCTH W/HIH BBIXOJHOTO TOKA (POTOIICKTPHUCCKOTO YCT-
poticTea 0osee ueM Ha 50% B YCIOBHAX HH3KOH OCBCIICHHOCTH.

15. Cmocob mo mmobomy u3 miL 12-14, rae reHePHPOBAHAC BHEITHETO 3JICKTPHUCCKOTO MO HA (DOTOIICK-
TPUIECKOM YCTPOMCTBE COIPSLKCHO C MOBBIMICHHEM BBIXOIHOM MOIIHOCTH /MM BBIXOJHOTO TOKa (DOTO3JCK-
TPHUYECKOTO YCTPOKCTBA HA BemmiIuHY 10 20% B YCIOBHIX BHICOKOW HHTCHCHBHOCTH CBETA.

16. Cmoco6 mo mmodomy u3 miL 12-15, rae reHepHpPOBAHAC BHEITHETO 3JICKTPHUCCKOTO MO HA (DOTOIICK-
TPUIECKOM YCTPOMCTBE COIPSLKCHO C MOBBIMICHHEM BBIXOIHOM MOIIHOCTH /MM BBIXOJHOTO TOKa (DOTO3JCK-
TPHUYECKOTO YCTPOHCTBA HA BemuuHY OT 20 10 50%.

17. Cmoco6 mo mmobomy u3 i 12-15, rae reHepHpPOBAHASC BHEITHETO 3JICKTPHUCCKOTO MO HA (POTOIICK-
TPHYECKOM YCTPOMCTBE COIPSIKCHO C MOBBIMICHHEM BBIXOJHOM MOIIHOCTH /MM BBIXOJHOTO TOKa (DOTO3JCK-
TPHIECKOTO YCTpOHcTBa OoJee yeM Ha 50%.

18. Cmocod mo mobomy u3 1. 12-17, TA¢ YKa3aHHOS YBSTHUCHUS BBIXOJHOM MOIHOCTH H/HITH BBIXOJHOTO
TOKA OCHOBAHO HA HHTCHCHBHOCTH MAJAIOIIETO HA (POTOINCKTPHUCCKOES YCTPOICTBO CBETA, MOJABacMOM Ha (o-
TOAICKTPHIECKOE YCTPOHCTBO CHIHAJC HANPSKCHHA, TOMIHHE (DOTORICKTPHUCSCKOTO YCTPOMCTBA, JIUTEIBHO-
CTH UMITYJIbCA TIEPBOTO COCTOSHI H/HMIM YAaCTOTHI IEPBOTO COCTOSTHILSL.
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