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TOJIKJTFOYEHUS BTOPOTO TIOPTa MEPEKITI0YaTeIst K Harpy3Ke, MUTaeMoi (POTOAICKTPUICCKIM YCTPOMCTBOM;
obecrieueHne TMOJKIIIOUEHUS] TPEThEro MOopTa IMEpeKrovaTesss K HCTOYHUKY HAMPSHKSHUs, HpUYeM
MEPEKITIoYaTe)ib MOXET pa0doTaTh B IEPBOM [MOJOXKEHHWH C YCTAHOBJICHHEM IE€PBOTO IMYTH TOKa
MEXTY (OTOIIEKTPUUCCKUM YCTPOWCTBOM M HUCTOYHHKOM HAMPSDKCHHWS W BO BTOPOM TIOJIOKCHHU
C YCTaHOBJICHHEM BTOPOTO MYTH TOKa MEXIY (DOTOAIEKTPHUYECKHM YCTPOMCTBOM M HArpy3Koil; u
[ojIauy CHUrHajia HANpsDKEHUS, CreHePUPOBAHHOTO HCTOYHHMKOM HANPSDKCHUS, HA (POTOIIEKTPUUECKOE
YCTPOWCTBO, KOTJIa MEPEKIF0YATE b HAXOMUTCS B MIEPBOM TIOJIOKCHHUHU, MIPH 3TOM CHUTHAJ HANPSDKCHUS
HUMEET IEPBOEC COCTOSHUE /ISl TCHEPUPOBAHMUS BHEIIHETO 3JICKTPHUYECKOTO MOJIS Ha (POTORICKTPUICCKOM
YCTpOMCTBE, KOIja MEepeKIroYaTeslb HAXOAUTCS B IIEPBOM IMOJOKCHHUH, U BTOPOE COCTOSHHE IS
MPEJOCTABIICHUS JJICKTPUYCCKON H3OJAIMH MEKIY HCTOYHMKOM HAINPSDKCHHS W HArpy3KOH, Koraa
MEPEKIIFOYATE] b HAXOAUTCS BO BTOPOM ITOJIOKCHHH.
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IlepexpecTHasi cCHIIIKA HA POACTBEHHBIE 3aIBKI

JlaHHas 3as1BKa 3asBIISET IPUOPHUTET 10 NpeaBapuTenbHoi 3asaBke CLIA Ne 61/943127, monannoii 21 ¢es-
pans 2014 rona; npensapurensHoii 3asBke CIIIA Ne 61/943134, monanHoii 21 despanst 2014 rona; npensapu-
tenpHOU 3asiBke CIHIA Ne 61/947326, nmonannoit 3 mapra 2014 roma; m mpensapurenbHoi 3asBke CIHIA
Ne 62/022087, moganno#t 8 wrons 2014 roga, onucaHUsT KOTOPBIX MOJHOCTBIO M JIJISL BCEX IIeJiel BKIIFOUCHBI B
JAHHYIO 3a5BKY IMOCPEICTBOM CCHUIKH.

00J1acTh TEXHUKH

Hacrosiee m3o0peTenne, B MeIOM, OTHOCUTCS K (DOTORIEKTPUIECKUM YCTPOHCTBAM, a 0ojee KOHKPETHO,
HO HE HCKJIIOYHMTENHHO, K CUCTEMaM U crioco0aM MaKCHMaJIFHOTO YBEIHMUYCHHSI T€HEPHPYEMOI MOITHOCTH HIIH
9HEPTUM M 00mero Ko QHUIMEHTa MOJIE3HOT0 ASHCTBUS OAHOTO WIIM HECKOJBKHUX COJHEYHBIX AJIEMEHTOB, Ha-
IpUMep, C TOMOIIBIO OAAYH M PETYJIMPOBAHUS BHEITHETO SIEKTPUIECKOTO MOJISl HA COTHEYHBIX JIEMEHTAX.

IIpeanoceliky co3nanus H3o0peTeHUus

COJTHEYHBIH 37EMEHT (TakXKe Ha3bIBACMBIH (DOTOIICKTPUUCCKUM IIEMEHTOM) MPEICTaBIsICT COOOM 3JIeK-
TPHUYECKOE YCTPOHWCTBO, KOTOPOE MPeodpa3yeT SHEPTHIO CBETa B AJIEKTPUYECTBO C MOMOIIBIO MTPOIIECcCa, N3BECT-
HOTO Kak "doroanekrpuuecknii 3pdext". [Ipn Bo3aeHCTBUN cBETa CONIHEYHBIN AJIEMEHT MOXET TeHEPUPOBATh U
MOJICP’KUBATh ANEKTPHUSCKUI TOK 03 TOAKIIOUeHHS K JTI000My BHEITHEMY HCTOYHHMKY HampspkeHus. Hawmbo-
Jiee pactpOCTPaHEHHBIM CONTHEYHBIN 3JIEMEHT COCTOMT U3 p-n-miepexoaa 110, H3rOTOBIEHHOTO M3 MOIYIIPOBO/-
HUKOBBIX MaTepHaJIOB (HapuMep, KPEeMHHUs), TAKUX Kak B coiaHeuHoM 3neMeHTe 100, mokasanHoMm Ha ¢wur. 1.
Hanpuwmep, p-n-nepexox 110 copepXuT TOHKYIO IIACTHHY, COCTOSIIYIO U3 CBEPXTOHKOTO CJIO0Sl KPEMHHS N-THIIA
moBepx 0oJiee TOJICTOTO IO KPEMHUS p-THIIA. Tam, TIe 3TH IBa CJIOS HaXOIATCS B KOHTAaKTe, BONHM3HM BepXHEH
MIOBEPXHOCTH coJtHeYHOTO 3teMenTa 100 co3maercs anekTpudeckoe nose (He MoKa3aHo), U IMPOUCXOIUT Auddy-
3Ms DJICKTPOHOB U3 00JIACTH BBICOKOW KOHIIEHTPALMH JJIEKTPOHOB (CTOPOHBI N-THIa p-n-riepexona 110) B 00-
JaCTh HU3KOW KOHIIEHTPAIXH 3JIEKTPOHOB (CTOPOHY p-Tuna p-n-niepexona 110).

P-n-riepexon 110 3akmodeH Mexay AByMs NMpoBo MU snekrpogamu 101a, 101b. Bepxuumii anexrpon
101a siBistercst MO0 MPO3PaYHBIM TSI MAAIOMIETO (COTHEYHOT0) M3y4eHHs, JIM0O HE MOJHOCTBHIO ITOKPHIBACT
BEPXHIOIO 4YacTh coiHeyHoro siementa 100. Dnextpoast 101a, 101b MOTyT CIy’)XKHTh B Ka4eCTBE OMHYECKHX
KOHTAaKTOB METAJUI-TIOIYIPOBOJHHUK, KOTOPBIE COSIUHSIOTCS C BHEIIHEH Harpy3koil 30, koTopas MOIKITIOYEeHA
MOCJIeI0BATENbHO. XOTS Harpy3ka MOKa3aHa TOJNBKO Kak aKTHBHasA, Harpy3ka 30 MOXeT Tarkke COIepiKaTh Kak
AKTUBHYIO, TaK U PEaKTUBHYIO COCTABIISIOIIE.

Kaxk mpaBuio, HECKOIBKO COTHEUHBIX 37eMeHTOB 100 MOTYT OBITh COEAMHEHBI BMecTe (TI0CIeI0BATEIBHO
W/WIH TIapajuIeNbHoO), uIs oOpa3oBanus maHenu 10 coHEYHBIX 3JIeMEHTOB (Kak moka3aHo Ha ¢wur. 2). Co cchul-
KoM Ha ur. 2 mokazaHa THIOBAsE KOH(UTypanusl YCTAHOBKH C HCIIOJIb30BaHUEM TI0 MEHBILICH Mepe OJJHOH naHe-
m 10 conHeuHbIX 35eMeHTOB. [lanenu 10 cOMHEYHBIX JIEMEHTOB MOTYT OBITh COEAMHEHBI JINOO MapauleNbHO,
Kak MOKa3aHo Ha ¢ur. 2, 100 Moce0BaTeNbHO, THO0 ¢ COYETAaHHEM COSIMHEHHH 1 MOJKIIIOYEHBI K Harpyske,
Takoi kak uHBeprTop 31. MHBepTOp 31 MOXKET cofepxaTh Kak aKTUBHBIE, TAK M PEAKTUBHBIE COCTaBIISAIOLINE.

Bosspamasce k ¢ur. 1, korna ¢oron nonanaer B coaHeuyHsd aneMeHT 100, GoToH MO0 MPOXOANT MPSIMO
yepe3 MaTepuall COTHEYHOIO JIEMEHTa, YTO OOBIYHO HMPOUCXOIUT NMpH OoJiee HU3KUX SHEprusix GpoToHOB, MO0
OTpa’kaeTcs OT MOBEPXHOCTH COJHEYHOTO AJIEMEHTA, OO0 MPEANOYTHTEIRHO HOTIIONIACTC MaTepHAIOM COJI-
HEYHOTO 3JIEMEHTA, €CJIA dHepTrHsl ()OTOHA BBIIIE, UM IIMPUHA 3aIllPEHICHHOW 30HBI KPEMHHSA, TCHEPUPYSI dIIEK-
TPOHHO-IBIPOYHYIO TapPYy.

Ecmn ¢oToH mormomiaercsi, ero 3HEPrHs IMepefaeTcsl JIEKTPOHY B MaTepHaje COJHEYHOTO 3JIEMEHTA.
OOBIYHO 3TOT ANEKTPOH HAXOIUTCS B BAJICHTHOH 30HE W TECHO CBS3aH KOBAJCHTHBIMU CBSA3SIMH C COCETHUMU
aTOMaMH H, CIJICIOBATEJIbHO, HE MOXKET JAJICKO IepeMeIlaThcs. DHEprus, MepeiaHHasi dJIeKTPOHY (OTOHOM,
"B030y>K/1aeT" JIEKTPOH B 30HY NMPOBOAMMOCTH, TJIe OH MOXKET CBOOOIHO NEPEIBUraThCS B IIpeeiax COJIHEYHO-
ro anemenTa 100. KoBaneHTHas CBsI3b, YaCThIO KOTOPOH OBII paHee 3JIEKTPOH, TEHEepPh UMEET Ha OJMH IIEKTPOH
MEHBIIIE - 3TO Ha3bIBAeTCs IBIPKO. Hannume oTcyTCTBYIONIEH KOBAJICHTHOH CBSI3M MO3BOJISICT CBS3aHHBIM JJICK-
TPOHaM COCEJHHX aTOMOB IEpEMEIIaThCs B JBIPKY, OCTaBIISS 033U €Ille OAHY JBIPKY. TakuM o0pazoMm, JpIpKa
TaKke MOXeT 3((PEKTHBHO NepeMenaThes yepe3 conHedHblid anemeHT 100. Takum oOpa3zoM, GOTOHBI, MOTIIO-
IIeHHBIE B conHeYHOM 3neMenTe 100, co3qaroT MoABMKHBIE HIICKTPOHHO-IABIPOYHBIEC Maphl. [loaBIKHAS Iek-
TPOHHO-IBIPOYHAs Mapa JUGYHIUPYET WK aApeidyer B cTopoHy d1ekTponos 101a, 101b. Kak npasuio, siek-
TpoH mudPyHaupyeT/Apefidyer B HANpaBICHHH OTPHUIATEIHLHOTO OJJIEKTpoAa, a JAblpka muddyHaupy-
eT/aperidyeT B HAMpaBIEHWH TIOJIOXKHUTEIBLHOTO 3JekTpona. duddy3us HocuTenei (Hampumep, SJIEKTPOHOB)
00ycJIoBJIeHA CITy9aliHBIM TETIOBBIM JBIKCHHEM JO0 TeX IOp, IOKAa HOCHUTENh HE 3aXBATHIBACTCS HIEKTPUICCKH-
MU mossiMe. J[peiid HocuTeneit 00yCIIOBICH DIIEKTPUIECKUMH TIOJISIMH, 00pa30BaHHBIMH B aKTHBHOW 00JIACTH
cosHeuHoro sneMeHTa 100. B TOHKOIJIEHOYHBIX CONHEUHBIX JJIEMEHTaX NpeoOiaJaroliM THUIIOM pa3ieieHHs
HOCHTEJICH 3apsiia sBisieTcs Apeld, 0O0yCIOBICHHBIH JIEKTPOCTaTHYECKUM TosieM p-n-miepexona 110, mpoxo-
JUIIIMM TI0 BCEH TOJIIIMHE TOHKOIJICHOYHOTO COJTHEYHOT'0 3JIeMeHTa. TeM He MeHee ISl COTHEYHBIX JIEMEHTOB C
OoJIBIIICH TOJIIMHOM, HE MMEIOMINX MPAKTHYECKH HUKAKOTO AJIEKTPHYECKOTO MOJIsl B aKTHBHOHN 00J1acTH, npeoo-
JaJalolIuM THIIOM pasJieJIeHus] HocuTesel 3apsaa ssisercs anddysus. nuna nuddy3nn HEOCHOBHBIX HOCHUTE-
neit (T. e. JUIMHA, KOTOPYIO MOTYT MPOXOAMTH (pOTOreHepHpyeMble HOCHTEIH, IPEKAE YeM OHU PEKOMOWHHPY-
FOT) OJDKHA OBITH OOJBIIE B COJIHEYHBIX DJIEMEHTaX C OOJBINEeH TOMMHUHON. B KOHEUHOM cUeTe, 3JEKTPOHBI,
KOTOpBIE CO3MIAIOTCS HA CTOPOHE N-ThIa p-n-miepexona 110, "HakoruieHHbe" y p-n-nepexona 110 u mposreTes-
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IIMe Ha CTOPOHY N-TUMA, MOTYT 00ECIEYNTh MUTaHKe JJIs BHEIIHeH Harpy3ku 30 (uepes anexrpoxn 101a) u Bep-
HYTbCS Ha CTOpPOHY p-Tuna (depes anexrpoxn 101b) coxnednoro snemenra 100. [Tocie Bo3BpamieHus: Ha CTOPOHY
P-THIA 3JEKTPOH MOXKET PEKOMOWHUPOBATD C JBIPKOH, KOTOpas OblIa MO0 co3/laHa KaK AJIEKTPOHHO-IBIPOYHAS
mapa Ha CTOpPOHE p-THIa, JTH00 mposieTena depes p-n-mepexox 110 co cTopoHsI n-THIa.

Kak moxazano Ha ¢ur. 1, 3IeKTPOHHO-IBIPOYHAS ITapa MPOXOAUT KPYTOBOI MapmIpyT OT TOYKH CO3TaHHS
3JIEKTPOHHO-ABIPOYHON Mapsl 10 TOYKH, I/Ie SJIEKTPOHHO-IBIPOYHAS ITapa HaKaluluBaeTcs Ha anekrpoxax 101a,
101b. Tak kak MmyTh, TPOXOAUMBIN AIEKTPOHHO-IABIPOTHON MAPO SBISETCS JUTMHHBIM, JIJIS DJIEKTPOHA WIIH JTBIP-
K{ CYIIECTBYET IOCTATOYHO BO3MOXXHOCTEH PEKOMOWHHPOBATH C IPYTOil IBIPKOW HMIIM JIEKTPOHOM, TakKas pe-
KOMOWHAIIHS TIPUBOUT K TOTEPSIM TOKA B JIF0OOW BHemIHew Harpyske 30. Bripaxkasch mo-apyromy, Ipu co3zia-
HUU 3JIEKTPOHHO-ABIPOYHON Naphl OAMH U3 HOCUTENIEH MOXET JocTUrath p-n-nepexona 110 (HakomieHHBIH HO-
CUTEJIb) U BHECTH CBOI BKJIAJ] B TOK, BEIpa0aThIBaEMBbIi cOoTHEUHBIM diieMeHToM 100. B kauecTBe anbTepHATHBEI
HOCHUTEIIb MOXKET pEeKOMOMHUPOBATh 0€3 YHUCTOTO BKJIAJa B TOK DJIEMECHTA. 3apsil MPH peKOMOWHAIIMN TTPUBOIHUT
K YMCHBIICHHIO KBAaHTOBOU A((EKTUBHOCTH (T.C. MPOICHTa (DOTOHOB, KOTOPHIC MPEOOPA3YIOTCS B ICKTpUYC-
CKHUH TOK B ciy4ae coyiHeuHoro 3ieMenTa 100) u, cienoBaTeNsHO, 00mero Ko3gQuimeHTa mojie3Horo qeicTBrs
comHeyHoro snementa 100.

3aTpatsl Ha conmHeuHBIH deMeHT 100 nmm manesns 10 COMHEUHBIX AJIEMEHTOB, Kak MPaBUIIO0, IPEAyCMaTpH-
BAIOTCS B JOJUIapax 3a BATT IMHUKOBOW JIEKTPUICCKOH MOIIHOCTH, KOTOPas MOXET OBITh CreHepHpoBaHa NpH
HOPMAaJTM30BAHHBIX YCIOBUSX. BBICOK03((peKTHBHBIC COTHEUHBIC 3JIEMEHTHI CHIDKAIOT 3aTPaThl HA COJHEYHYIO
sHepruto. MHOTHE 3aTpaThl Ha COHEYHYIO SHEPTOCUCTEMY FITH 3JIEKTPOCTAHIIUIO TPONOPIIMOHATIFHEI KOJHYECT-
BY TpeOyEeMBIX COTHEUHBIX dJIEMEHTOB, a TAKKe TUIOIMATH (3eMJIH), TpeOyeMoii 1 MoHTaka naHenei. ComHed-
HBIH 3JIECMEHT ¢ 00Jice BHICOKUM KOA((HUIIMEHTOM MOJIE3HOTO JCHCTBHS MO3BOJIHUT YMEHBIIUTH KOJIHMYECTBO ITa-
HENleH COJTHEYHBIX DIIEMEHTOB, TPEOYEMBIX IS 3aJJaHHOM BBIXOJHOH MOIIHOCTH, M TPeOYeMOH IUIOMIATH s
pa3BepThIBaHUsI CUCTEMBI. DTO YMEHBIICHHE KOJUYECTBA MaHeseil U MpOCTPaHCTBA, 3aHUMAEMOT0 UMM, MOTJIO
OBl CHU3UTH OOIIYI0 CTOMMOCTH 3JCKTPOCTAHIINH, JaXKe €CIIM CAMH SJIEMEHTHI SBISIOTCS 00Jiee TOPOTOCTOSIIIH-
MHU.

KoneuHast ieib COCTOUT B TOM, YTOOBI CIETAaTh 3aTPAThl Ha TPON3BOICTBO COTHEYHON SHEPTUH CPABHUMON
C WM MEHbIIE, YeM Ha TPAAUIHOHHBIX JMEKTPOCTAHIUAX, KOTOPHIE MCIIONB3YIOT MIPUPOIHBIHN Ta3, yroidb W/Win
Ma3yT Ui TEHEPUPOBAHUSA JICKTPOIHEPTHH. B oTimume 0T OONBIIMHCTBA TPAAUIIMOHHBIX CPEICTB TEHEPHPOBA-
HUS DJIEKTPOIHEPTUH, KOTOPHIe TPeOYIOT OOJBIINX IEHTPaIM30BAHHBIX JJIEKTPOCTAHIINH, CONHEYHBIE DHEPro-
CHCTEMBI MOTYT OBITH Pa3BEpHYTHI Ha OOJBIINX HEHTPATU3OBAHHBIX MECTaX JICKTPOIHEPTETHISCKIMH KOMIIa-
HUSIMH Ha KOMMEPUYECKUX 3IaHHX, YTOOBI TOMOYb BO3MECTUTH 3aTPATHl Ha 3IEKTPOIHEPTHIO, U AaXKE HA KHUIIOM
JIOME 0 MECTOHAXOXKJCHHI0. HeTaBHUE TOMBITKA CHU3UTH 3aTPAThl U IOBBICUTH KO3((HIMEHT MOJIC3HOTO JeHi-
CTBHSI COJTHCUHBIX AJIEMCHTOB BKJIFOUAIOT MCIBITAHUS PA3JIMYHBIX MATCPUATIOB M PA3UYHBIX TEXHOJIOTUI HM3rO-
TOBJICHUSI, UCTIOIBb3yEMBIX AJISI COJTHEUHBIX AJIEMEHTOB. B Apyrom moaxoje OCyIeCTBISIIOTCS MONBITKA YCUIUTD
o0eIHEHHYI0 00J1acTh, 00pa30BaHHYIO0 BOKPYT p-n-nepexona 110 mns ycuieHus ABMKCHHS HOCHTENICH 3apsijia
yepe3 conHeuHbIH eMenT 100 (Hampumep, cmotpure nateHT CLLA Ne 5215599, Hingorani u ap. ("Hingorani"),
nojanuelid 3 Mast 1991 roma, u matent CHIA Ne 8466582, Fornage ("Fornage"), momannsiit 2 nexkadps 2011 ro-
J1a, 3asBISIONTNE MPUOPUTET HA JATy Monadu 3asBku 3 nexabps 2010 roxa, omucaHusi KOTOPHIX MOJHOCTHIO U
JUTS BCeX IIeNieii BKITIOYCHBI B TAHHYIO 3asBKY ITOCPEICTBOM CCBUIKH).

Tem He MeHee 3T TPaaUITMOHHBIC MTOIXOAbI K YCIJICHHIO ABIKCHUS HOCHUTENEH 3apsia yepe3 COTHEYHBIH
anemeHT 100 TpeOyroT MoauQUKAIIMH OCHOBHOM KOHCTpYKIMH coytHedHoro dementa 100. Hingorani u Fornage,
HaIpUMep, PAaCKPHIBAIOT 104y BHEIIHETO 3JICKTPHUIECKOTO TONS Ha COJHEYHBIH 3JEMEHT C MCIIOJIB30BAHUEM
BUJIOM3MCHCHHOW KOHCTPYKIUHU COJTHCUHBIX JIEMEHTOB. [loaya BHEIIHETO AIEKTPUUECKOTO MO TpeOyeT Ha-
NPSOHKCHUS, TI0JaBaeMOr0 MEXIy JIEKTPOJaMHU, HABOMS AJICKTPHUYCECKOE MMoJie (OmHucaHo Ooiee moApoOHO HIUKE
CO CCBUIKOH Ha ypaBHeHHUeE 2). be3 n3MeHeHHss OCHOBHOM KOHCTPYKIIMU COJTHEYHOTO eMeHTa 100 mongaya Ha-
NpsDKEHHUS K cyniecTByromuM aiektpogam 101a, 101b comneunoro snementa 100 3akopaunBaeT momaBaeMoe
HanpspKEHUE uepe3 BHELIHIO Harpysky 30. Bripaxkascs no-apyromy, nojada HampsbkeHHs K aaexTponaam 101a,
101b comueynoro anementa 100 sBnsercss HeAPPEKTUBHOM I CO3AHUSI BHELTHETO 3JIEKTPHYECKOTO OIS U
YBEJIMYEHUS IBIKCHUS HOCUTeNeH 3apsna. COOTBETCTBEHHO TPAIUIMOHHBIC IOJXO/bI, TAKHE, KOTOPHIE PAaCKpPhI-
ThI B Hingoriani u Fornage, 06s3aTelsHO MOIU(UIIUPYIOT OCHOBHYIO KOHCTPYKITUIO COTHEUHOTO 3neMenTa 100,
HaIpUMep, IIyTeM BCTABKH BHEIIHETO (M AJIEKTPUICCKH M30JIMPOBAHHOTO) KOMIUIEKTA AJIEKTPOIOB B OCHOBAHUE
cosrHewHOoTO AeMenTa 100. EcTh HeCKOIbKO HEIOCTATKOB y ATOTO MOAXO0/A.

Hampumep, BHENTHUE DIEKTPOIBI TOJDKHBI OBITH pa3MelieHbl Ha comHedHOM deMente 100 Bo Bpems mpo-
Iecca M3TOTOBJICHHUS, NMPAKTHUYECKH HEBO3MOXKHO MOIM(DHUIMPOBATH BHEIIHHE 3JIEKTPOIBI Ha CYMIECTBYIOIIEM
COJTHEYHOM 3JICMEHTE WJIH MaHETU. JTa MOAU(HUKALUS MPOLEcca N3TOTOBICHHS 3HAYUTEIHEHO YBEIUUUBACT 3a-
TpaThl HAa MPOU3BOACTBO U YMEHBIIAET MPOU3BOJCTBEHHBIN BbIX0J. KpoMe Toro, pa3meleHne BHEIIHUX JJICK-
TPOJIOB, PACTIONIOKEHHBIX Ha JINLIEBON CTOPOHE WM CTOPOHE, HA KOTOPYIO MaJaroT Jy4YH, COJTHEUHOTO dJIEMEHTa
100 cHMXaeT ONTHYECKYIO DHEPIHI0, KOTOpas JOCTUIaeT COMHEUHOro snemeHTa 100, TeM camMbiM MPHUBOAS K
0oJiee HU3KOW BBIXOTHOH MOIIHOCTH.

B kadecTBe MOMONHUTEIBHOTO HEAOCTATKA, YTOOBI MPUBECTH K 3HAYUTEIHHBIM YIYYIICHUSIM B BBIXOJIHOM
MOIITHOCTH COJTHeUHOTO 3ieMeHTa 100, Ha BHENTHHE JEKTPOIBI cOTHEUHOTO 3eMeHTa 100 1omKHBI OBITH MMo1a-
HBI 3HAUNTENbHBIC HanmpsokeHns. Hanpumep, B Fornage packpsiBaeTcst, 9TO K BHEIIHAM 3JEKTPOAaM Ui TOAa-
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BaeMOr0 JCKTPUICCKOTO OIS TOJKHBI OBITH MOAaHBI HanpspkeHus mopsaka 1000 B, utoOsr ObITh 3¢ dekTus-
HBIMH ¥ YBEJIMYHUTH BBIXOJHYI MOIIHOCTH COJHEYHOTO 3nemeHTa 100. BenmnunHa 3TOT0 HampspkeHHs TpeOyeT
CHENHATEHON MOATOTOBKHU ISl OOCITY)KMBaHUS, a TakXKe JOMOJHUTEIHHOTO BEICOKOBOIBTHOTO OOOPYIOBAaHUS U
TIPOBOJKH, KOTOPHIX B HACTOSIIIEE BPeMsI HE CYIIECTBYET B CYIIECTBYIOIINX WJIM HOBBIX CHCTEMax MaHeJeH coul-
HEUYHBIX JJIEMEHTOB. B KauecTBe mpuMepa M30IIALNOHHBINA CJIONH MEXITy BHEITHUMH JICKTPOJAMHU U COTHEYHBIM
anemerToM 100 momkeH OBITh TOCTATOYHBIM, YTOOBI BBIIEPkKATh BBHICOKOE T0JIlaBaeMOe HalpshkeHue. B cirydae
BBIXOJ]a U3 CTPOS M30JIAIMOHHOTO CIIOS CYIIECTBYET 3HAYUTEIbHBIN PUCK TOBPEKACHUS HE TOJIBKO COTHEYHOTO
anemenTta 100, HO 1 Bcex maHenel 10 COTHEYHBIX 3JIEMEHTOB, COSAMHEHHBIX ITOCIIEIOBATEILHO WITH TIapajlieib-
HO OTHOCHTEJIbHO OTKa3aBIINX COJHEYHBIX AJIEMEHTOB, a TaKke BHEIIHeH Harpy3ku 30 (wiu naBepTopa 31).

B kadecTBe JOMONHUTENHFHOTO HEAOCTATKA PA3IMYHBIC YCIOBUSA OCBEUICHUsS (HAIpPUMEp, U3-3a 00JIAYHO-
CTH, 3aKPBIBAIOIICH COJIHIIC, W/WIH HOPMATEHBIX KOJCOAHUHA ITOTOIBI) MOTYT BI3BIBATh HECTAOMIBHOCTD BBIXOJI-
HOW MOITHOCTH OOBIYHBIX COJTHEYHBIX 3JICMCHTOB W MAHEJCH COMHEUHBIX 3JIeMeHTOB. Hanpumep, co cChUTKO# Ha
¢wur. 2, naBeptop 31, Kak MpaBUIIO, TPEOYET CTATUYECKOTO HE M3MEHSIOIIETOCS BXOJHOTO HANPSIKCHUS M TOKA.
Kak moka3ano Ha ¢wur. 2, manenu 10 COTHEYHBIX IEMEHTOB 00CCTICUMBAIOT BXOTHBIC HAMIPSKCHUE U TOK HHBEP-
Topa 31. Tem He MeHee, H3MEHSIOIINECS BO BPEMECHH YCIOBHS OCBEIICHUS MOTYT BBI3BAaTh KOJI€OaHUE BHIXOTHOM
MOITHOCTH TaHesie 10 CONHEeYHBIX 3JIeMEHTOB (HampuMep, HOopsIKka HECKOJIBKIX CeKyHA min Menbiie). Koie-
OaHve HaNpsHKEHUS W TOKa, TOJaBaeMbIX Ha MHBEPTOp 31, CHI)KaeT HHBEPTOPOM 31 KadecTBO BBIXOHOW MOIII-
HOCTH, HaIlpUMep, B OTHOIICHUH YacTOTHI, HAIIPSHKCHUS M COACPKaHM TapMOHUK. TpaanuIIMOHHBIC MEPOIIPHs-
THS TI0 OOpr0Oe ¢ MEHSIOMUMICS YCIOBHSMH OCBEIICHHS BKJIIOYAIOT pa3MeIleHHe aKKyMYJIITOPHBIX Oatapei
WM KOHJICHCATOPOB Ha BX0JIe MHBEpTOpa 31 M, K COXKAJICHUIO, TOIBKO CBOIAT K MUHUMYMY 3TH U3MECHEHUS.

C y4eToM BHINICU3I0KEHHOTO CYIIECTBYET MOTPEOHOCTh B YCOBEPIICHCTBOBAHHOW CHCTEME COJTHECYHBIX
JJIEMEHTOB ¥ CHOCO0E MOBBIMICHUS KOA(PPHUIIMEHTA MOJIE3HOTO NCHCTBHS M BBIXOJHOW MOIIHOCTHU, HATIPUMED, C
MOMOIIBI0 YBEIMYCHHUS TOJBIKHOCTH DIICKTPOHHO-IBIPOYHBIX Tap C IEIBI0 MPEOJOJICHUS BBINICYTOMSIHYTHIX
3aTPYAHCHUI U HETOCTATKOB TPATUIIMOHHBIX CHCTEM COJIHEYHBIX 3JICMCHTOB.

CymHocTh n300pereHns

Hacrosmee n300peTeHne 0OTHOCUTCS K CIOCO0yY OMTUMHU3AINH BEIXOJHONH MOIITHOCTH (POTOIICKTPUIECKOTO
yCTpOHCTBa. B COOTBETCTBHHM C MEPBBIM aCIIEKTOM, PACKPBHITHIM B JAHHOW 3asBKE, M3JI0KEH CIIOCO0 yIpaBICHUS
(HOTORIEKTPUIECKUM YCTPOMCTBOM, TIPH 3TOM CHOCOO BKIIIOYAET B CeOs

[oJ1ady TIEPBOH COCTABIISIONICH CUTHaJIa HANPSDKEHUS Ha (POTORIEKTPHIECKOE YCTPOICTBO, TIPH 3TOM Tep-
Basi COCTABIISIONMIAS MPEACTABISIET BKIIOUEHHOE COCTOSHIE IS TeHEPHUPOBAHIS BHEIITHETO SJIEKTPUIECKOTO OIS
Ha (POTOAIEKTPUIECKOM YCTPOIICTBE; 1

MoJIa4y BTOPOM COCTABJISIONICH CHTHANIAa HAMPSHKEHUS Ha (POTOIICKTPHUUSCKOE YCTPOUCTBO, MPH 3TOM BTO-
pasi COCTABIISIONIAS TIPESACTABIISACT IIUKIT OTKITFOUCHHS.

B HEKOTOPBIX BapHaHTaX OCYIIECTBICHUS PACKPBITOTO CITOCO0A IMoIava MEPBO COCTABIISIONICH BKIIIOYACT
B ce0s 1oJjauy BBICOKOTO HAIMPSDKCHUS U3MEHSFOIUMCS] BO BPEMEHH UMITYJIbCA HATIPSDHKCHUS OT CXEMBI YCTPOii-
CTBa Il TCHEPUPOBAHUS MMITYJILCOB HAINPSDKCHUS, a MOJIa4a BTOPOH COCTABJISIONICH BKIFOYACT OTKIIFOYCHHE
CXEMBI YCTPOICTBA JJIsi TCHEPUPOBAHUS UMITYJIECOB HATIPSKCHUS.

B HEKOTOPHIX BapHaHTaX OCYIIECTBICHUS PACKPBITOTO CIIOCO0a Mmo1ava IMepBOii COCTABIISIONICH BKIIIOYACT
B ce0s COeTMHEHNE MCTOYHMKA HANPSDKEHUS B (HOTORIEKTPUIECKOTO YCTPOMCTBA B MIEPBOM IIOJIOKEHHUH IIEpe-
KITFOUATEJIs, PACIIOJIOKEHHOTO MEXIYy WCTOYHHKOM HANPSDKCHHS M (DOTODIIEKTPUIECKUM YCTPOWCTBOM, W TpHU
STOM yKa3aHHas I0j1ada BTOPOW COCTABIAIONICH BKIIIOYAET B ceOs pa3beIMHEHHE WCTOYHHWKA HANPSDKEHUS H
(hOTORNIEKTPHUIECKOTO YCTPOHCTBA BO BTOPOM ITOJIOKCHUH HEPEKITI0YaTes.

B HEKOTOPHIX BapHaHTaX OCYIIECTBICHUS PACKPHITOTO CIIOCO0a CIIOCO0 JAOTOTHHUTEIIFHO BKIFOUACT B CeOs
OTCJIC)KUBAHUEC BBIXOHOTO HANPSDKEHUS (POTOAIEKTPHUYCCKOTO YCTPOHCTBA C TIOMOIIBIO JaTYMKA HATIPSIKCHUS,
MOJKJITFOUYECHHOTO MapalIeIbHO K (POTOIICKTPUICCKOMY YCTPOHCTBY, M OTCIICKHBAHUE BHIXOJHOTO TOKa (POTO-
JNEKTPUYECKOTO YCTPOHCTBA C MOMOIIBIO0 JATYMKA TOKA, MTOAKIIIOYCHHOTO MOCICIOBATEIIEHO MEXITY (OTOIICK-
TPUYCCKUM YCTPOHCTBOM M HArpPy3KOH, MUTaeMOH (HOTOIICKTPUICCKUM YCTPOHCTBOM.

B HEKOTOPHIX BapHaHTaX OCYMICCTBICHUS PACKPHITOTO CIIOCO0a CIIOCO0 JAOTOIHHUTEIIFHO BKIFOUACT B CeOs
PeryIupoBaHNE C TIOMOIIBIO CXEMBI YIIPaBICHHS, TOAKIIOYCHHON K HCTOYHHUKY HANPSOKEHHUS, 10 MEHBIIEH Mepe
OITHOTO W3 CIEAYIOIIETO: BEIMYMHBI, [UIUTEIFHOCTH M YacTOTHI IEPBOW COCTABIIIOMICH UII MaKCUMAalIbHOTO
YBEJIMYEHHUS BBIXOIHOW MOIITHOCTH HAa OCHOBAaHUH YKA3aHHOTO OTCIIC)KUBAHUSL.

B cooTBeTcTBHE C IpYyTrUM acleKTOM, PAaCKpPHITHIM B TaHHOH 3asBKe, M3JI0KEH CIOCO0 ympaBieHus (GoTo-
JJICKTPHYECKUM YCTPOMCTBOM, BKIIOYAFOIIHUN B CEOSI

obecrnieueHre TOAKITIOYEHIS NCTOYHNKA HATIPSDKEHHS K (POTORIEKTPHIECKOMY YCTPOHCTBRY; H

MoJIa4y CHTHAJIA HAMIPSDKEHUSI, CTCHEPUPOBAHHOTO UCTOYHUKOM HATPSKEHUS, Ha (DOTOIICKTPUIECKOE YCT-
POWCTBO, TIPX ATOM CHTHAN HANpPSDKECHHS MMEET IMEePBOC COCTOSHUE LTSl TCHEPHUPOBAHUS BHEIHETO JICKTPUYC-
CKOTO TOJIsl Ha (POTOITCKTPUICCKOM YCTPOHCTBE U BTOPOE COCTOSIHUE, MPEICTABISIONICE KT OTKIFOYCHUS.

B HEKOTOpBIX BapuaHTaX OCYIICCTBICHHUS PACKPHITOTO CHOCO0a OOCCIICYCHHUE WMCTOYHWKA HATPSIKCHHUS
BKITIOYACT B ce0sl 0OecneueHre o MEHbBIICH Mepe OJTHOTO M3 CICIYFOIICTO:

CXEMBI yCTPOMCTBA Al TCHEPHPOBAHUS MMITYJIHCOB HAIMPSDKCHUS JUIS MOAKIIOYCHHS K (POTOIIEKTpHUC-
CKOMY YCTPOHCTBY [UIS 00€CIICUeHHUS] N3MEHSIOIIEr0Csl BO BPEMEHH MMITYIIbca HAPSDKEHUS Ha (DOTORIICKTpHUIE-
CKOM yCTpOICTBE, IPH 3TOM W3MEHSIOMHNIACSI BO BPEMEHH MMITYJIC HANPSDKEHUS MPelyCMaTpUBAeT MepBOe CO-
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CTOSIHUE U BTOPOE COCTOSTHUE; U

MEPEKITIOYATEIIS ISl TIOJKITFOYCHHUST MEKIY MCTOYHHUKOM HAIMPSDKEHUSI M (HOTORICKTPUICCKUM YCTPOWCT-
BOM, IIPH 3TOM HEPEKITI0YaTeNb COSANHACT HCTOYHHUK HAIPSDKEHHUS U (DOTOIIEKTPUIECKOE YCTPOMCTBO B IIEPBOM
MIOJIOXKCHUH UISl TCHEPUPOBAHMUS TIEPBOTO COCTOSIHUS M pa3beINHACT HCTOYHHK HAMPSHKEHUS U (DOTOIICKTpUIE-
CKO€ YCTPOHCTBO BO BTOPOM TOJI0KEHUH [T TEHEPUPOBAHUS BTOPOTO COCTOSHHS.

B HEKOTOPHIX BapHaHTaX OCYIIECTBICHUS PACKPBITOIO CIToco0a Mmogada CUTHANA HAIPSDKEHNS BKITFOYAET B
ce0s pUKIIaAbIBAHNE BBIXOIHOTO HAINPSDKEHHSI HCTOYHHWKA BBICOKOTO HAIPSDKEHHS CXEMBI YCTPOWCTBA IS Te-
HEpUPOBaHMA MMITYJIFCOB HANPSHKCHUSA K (POTOIIEKTPHUUECKOMY yCTPOMCTBY, KOT/Ia MEPEKITIOYAIONTINA TPaH3 -
CTOp CXEMBbl YCTPOMCTBA AJIs1 TEHEPUPOBAHUS UMITYJIbCOB HANPSDKEHUSI HAXOAUTCS BO BKJIIOUEHHOM COCTOSIHUM,
JUTsI TEHEPUPOBAHUS MIEPBOIO COCTOSIHUS ¥ IPOAOKEHHE YKa3aHHOTO MPHUKIAIbIBAHUS BHIXOAHOTO HAIPSHKEHUS
WCTOYHUKA BBICOKOTO HAIpPSKEHUsI 0 TeX TOp, MOKa FreHepaTop UMIYJILCOB CXEMbl YCTPOMCTBA JUIsl TeHEpUpPO-
BaHUsl MMITYJIbCOB HAIPSHKEHHS HE MEpeBeleT NEepeKIoYaloUil TPaH3UCTOP B BBIKIIOUEHHOE COCTOSHUE, IS
TEeHEPUPOBAHUS BTOPOTO COCTOSHMUSL.

B HEKOTOPHIX BapHaHTaX OCYMICCTBICHUS PACKPHITOTO CIIOCO0a CIIOCO0 JAOTOIHHUTEIIFHO BKIFOUACT B ceOs
obecrieueHre NOAKITIOUYEHHS CXEMBI YIIPaBJICHHUS TI0 MEHBIICH Mepe K OJHOMY M3 CIEAYIOIIEro: NepeKIIouaTelTio
U CXeM€ yCTPOMCTBa ISl TEHEPUPOBAHUS UMITYJIbCOB HATIPSIKCHHUS.

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

B HEKOTOPHIX BapHaHTaX OCYIIECTBICHUS PACKPHITOTO CIIOCO0a CIIOCO0 JAOTOIHHUTEIFHO BKIFOUACT B ceOs
OTCJIC)KMBAHKUE BBIXOAHOTO HAMNPSIKEHUS U BBIXOAHOTO TOKA U PEryJIUPOBAHUE C TOMOUILIO CXEMBI YIPABICHUS
BEJIMUMHBI NIEPBOTO COCTOSHUS JUISI MAKCUMAJIBHOTO YBEJIMUYEHHUS! BHIXOJHON MOIIHOCTH Ha OCHOBE YKa3aHHOTO
OTCIIC)KUBAHHUS.

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

B HEKOTOpHIX BapuaHTaX OCYIICCTBICHHS PACKPHITOTO CIOCO0a OOCCIICYCHUE WMCTOYHWKA HATPSIKCHHUS
BKITIOYAeT B ce0s oOcCIeUCHHE MOMKITIOYCHUST UCTOYHUKA HAMPSOHKCHHS 110 MEHBIICH Mepe K OJHOMY M3 Clie-
JIYIOIIETO: COTHEYHOMY DJIEMEHTY, MaTPUILIE COJIHEUHBIX JIEMEHTOB, MAHEIU COJHEUHBIX 3JIEMEHTOB U MaTpPHILIE
MaHeJ el COTHEYHBIX HJIEMEHTOB.

B cooTBeTCTBUM C IPYTUM acIEKTOM, PACKPBITHIM B JIaHHOU 3asBKE, U3JI0KEH CIIOCO0 yrpaBieHUs (GoTo-
JNEKTPUYECKUM YCTPOUCTBOM, BKIIFOUAIOIINHN B ce0s

obecrieyeHne MOAKITIOYCHNST YCTPOICTBA ISl TEHEPUPOBAHUS UMITYJIHCOB HANIPSKEHUS K (POTOIIEKTpHUe-
CKOMY YCTPOWCTBY; U

[oJlady CUTHAJIa HATIPSDKCHUS, CTEHEPUPOBAHHOTO YCTPOMCTBOM AJISI TEHEPHPOBAHUS MMITYJIGCOB HArmps-
JKeHHS, Ha (POTOIIEKTPHIECKOE YCTPOHCTBO, IIPH 3TOM CHT'HAJ HANIPSDKEHHS IMEET IIEPBOE COCTOSIHUE IS TeHe-
PUPOBAHUS BHEIIHETO JIEKTPUICCKOTO MO Ha (POTOAIEKTPHIECKOM YCTPOHCTBE M BTOPOE COCTOSHHE, MpEen-
CTaBJISIIONIEE LUKIT OTKIIIOYCHUS.

B HEKOTOPBIX BapHaHTaX OCYIIECTBICHUS PACKPBITOIO CITOCO0a Mojaua CUTHAIA HATIPSHKCHUS BKITFOYACT B
ce0s1 moavy peryJiMpyeMoro HanpspKeHHsl Ha (POTORIIEKTPHYECKOE YCTPOHUCTBO.

B HEKOTOPHIX BapHaHTaX OCYMIECTBICHUS PACKPHITOTO CIIOCO0a CIIOCO0 JAOTOTHHUTEIIFHO BKIFOUACT B CeOs
o0ecrieueHHE MOAKITIOYCHUS OJJHOM MIM HECKOJIBKHX MOCIICIOBATEIBHO MOMKIIOYCHHBIX KATYIICK HHIYKTUBHO-
CTH MEXIY YCTPOHCTBOM I TCHEPHPOBAHUS UMITYJIBCOB HATIPSHKCHUS U HATPY3KOU (POTOANEKTPUICCKOTO YCT-
po¥cTBa [T OGIOKMPOBKH YaCcTOT CHUTHANIA HAMIPSDKEHS T HArpy3KH, KOTOPBIE OOIbIIe, YeM 3afaHHas YacToTa.

B HEKOTOPBIX BapHaHTaX OCYIIECTBICHUS PACKPBITOTO CIIOCO0a CIIOCO0 AOTOIHHUTEIFHO BKIIOYACT B ceOs
yIpaBJIeHHE TI0 MEHBIIEH Mepe OAHUM U3 CIIEAYIOIIETO: YaCTOTOH M JUTUTEIEHOCTHIO MIEPBOTO COCTOSHUS M BTO-
POTO COCTOSIHUS C TIOMOIIBIO CXEMBI YIIPABICHHS, TOJKITIOUEHHON K YCTPOWCTBY Uil TEHEPUPOBAHIS UMITYJIb-
COB HaTPSKEHUS.

B cooTBeTcTBHE C IpYyTrUM acleKTOM, PAaCKpPHITHIM B JaHHOH 3asBKe, M3JI0KEH CIOCO0 ympaBieHus (GoTo-
JNEKTPUYCCKUM YCTPOUCTBOM, BKIIFOUAIOIINHN B ce0s

obecrieueHne MOIKIIOYEHNUS IEPBOTO MOPTa MEPEKIIIoYaTeNs K (POTOIIEKTPUIECKOMY YCTPOHCTBY;

oOecrieueHne MOAKIIOYEHNSI BTOPOTO MOpTa MEPEKIodarTelisi K Harpy3ke, MMTaeMoi (OTOIEKTPUIECKUM
YCTPOUCTBOM;

oOecricucHHe TOAKIIIOYCHHS TPETHETO TOPTa MEPEKIoYaTesss K UCTOUHUKY HANPsDKCHUs, IPUYEeM Tepe-
KITFOYATENIhb MOXKET pad0TaTh B MEPBOM IOJOKCHUU C YCTAHOBJICHHUEM ITYTH TOKa MEKAY (HOTOIICKTPUUICCKUM
YCTPOHCTBOM M MCTOYHMKOM HANPSDKCHUS W BO BTOPOM TIOJIOXKEHUH C YCTAHOBJICHUEM ITyTH TOKa MEXAy (HoTo-
3JIEKTPUYECKUM YCTPOICTBOM U Harpy3Koi; u
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MoJIa4y CHTHAJIa HAMIPSDKEHUSI, CTCHEPUPOBAHHOTO UCTOYHUKOM HAIPSKEHUS, Ha (DOTOICKTPUIECKOE YCT-
POWCTBO, KOT/Ia IEPEKITF0YATEIh HAXOUTCS B IEPBOM ITOJIOKCHHH, TIPH STOM CHTHAJ HATIPSDKCHUS HMEET MEPBOC
COCTOSIHME [UI TEHEpHPOBAHUS BHEIIHETO 3JICKTPHUYECKOro MOJS Ha (OTOIIEKTPHUECKOM YCTPOICTBE, KOT/a
MepeKITIoYaTeNlb HaXOAUTCS B MEPBOM TIOJIOKEHUH, W BTOPOE COCTOSHHE JUIS MPEIOCTABICHUS AJIEKTPHUSCKON
M30JIAIINH MEXy UCTOYHUKOM HANpSDKEHUS M HArpy3KOH, KOTZa MepeKIiogaTelb HaXOAUTCS BO BTOPOM IIOJIO-
JKCHHU.

B HeKOTOpPHIX BapHaHTaX OCYIIECTBICHHUS PACKPBITOTO crtocoba obecreueHne MoIKII0UeHHs IIEPBOTo Mop-
Ta IEepEeKITIoYaTeNsl BKIOYAeT B ceds obecreueHne MOoAKIIOYCHUS IEPBOTO MOPTa ABYXIIO3UIIHOHHOTO EepeKIIIo-
yaTessl K (POTORICKTPHIECKOMY YCTPOHCTBY.

B HEKOTOPHIX BapHaHTaX OCYMIECTBICHUS PACKPHITOTO CIIOCO0a CIIOCO0 JAOTOTHHUTEIFHO BKIFOUACT B ceOs
VIpaBJICHUE MO0 MEHBIICH Mepe OTHUM U3 CICAYIOIICTO: YaCTOTOH M JIUTEIBHOCTBIO MEPEKITFOUCHUS MEXKIY
MEPBBIM TIOJIOKEHUEM M BTOPBIM IMOJIOKCHHUEM C MOMOIIBI0 KOHTPOJUIEPA MEePCKITIoYaTeNs], TOAKIIOYCHHOTO K
JIBYXTIO3UITHOHHOMY TIEPEKITIOYATEITIO.

B HEKOTOPBIX BapHaHTaX OCYMIECTBICHUS PACKPHITOTO CIIOCO0a CIIOCO0 JAOTOTHHUTEIIFHO BKIFOUACT B CeOs
obecrieueHne MOAKIIOUEHUST yCTPOMCTBA YMEHBIIICHHUS JTFOOBIX OCIA0ICHUH HANIPSDKSHUS TIEPBOM COCTABIISIONIEH
MEXTy HAarpy3Ko# U (POTOINEKTPUIECKUM YCTPOUCTBOM.

B HEKOTOPHIX BapHaHTaX OCYIIECTBICHUS PACKPBITOIO CIIoco0a Mmoada CUTHANA HAIPSDKEHUS BKITFOYAET B
cebs mogavy peryanpyeMoro HanpsHKeHUS Ha (POTOIIEKTPUIECKOE YCTPOHCTRO.

B HEKOTOPHIX BapHaHTaX OCYIIECTBICHUS PACKPBITOTO CIIOCO0a CIIOCO0 AOTOIHHUTEIFHO BKIIOYACT B ceOs
yIOpaBJIeHHE [0 MEHBINEH Mepe OJHUM M3 CIEIYIONIEro: YacTOTOH, BeITMIMHON U JAIUTEIHHOCTHIO IIEPBOTO CO-
CTOSIHUSL 1 BTOPOTO COCTOSHHSI C ITOMOIIBI0 CXEMBI YIIPABJICHUS, TOAKIIOYCHHON K MCTOYHUKY HANPSHKCHUS U
MEPEKITFOYATEI0, HA OCHOBE BBIXOJTHOTO TOKa (DOTOIICKTPUIECKOTO YCTPOHCTBA, H3MEPEHHOTO TATYMKOM TOKA,
MOJIKITFOUCHHBIM TIOCIIEOBATEIIEHO MEXIY (POTOIIEKTPHUSCKUM YCTPOWCTBOM M HATPY3KOW, M BBIXOJHOTO Ha-
OPSKCHUS (POTORIIEKTPUICCKOTO YCTPOHCTBA, M3MEPEHHOTO NATYUKOM HAIPSDKCHUS, MOAKIIOYCHHBIM Mapa-
JIETBHO K ()OTOIICKTPUICCKOMY YCTPOHCTBY.

Kpartkoe onucanue rpagpuyeckux MaTepuajioB

Ha ¢ur. 1 mpuBeneH npuMepHBIN BUI B TIONIEPEIYHOM pa3pe3e BEPXHETO YPOBHS, WILTIOCTPUPYIOIIHIA BapH-
AHT OCYILECTBIICHHUS COTHEYHOTO 3JIEMEHTA H3BECTHOTO YPOBHS TEXHUKH.

Ha ¢ur. 2 npuBeneHa nmpuMepHas CTPYKTypHas cXeMa BEPXHETO YPOBHS, MILTFOCTPHPYIONIAsi OAWH BapHaHT
OCYILIECTBIICHHUS MaTPHUIIBI TTAHETIEH COTHEYHBIX 3JIEMEHTOB M3BECTHOT'O YPOBHS TEXHHKH, UCIIONB3YIOMIHNA COJ-
HEYHBIE 3JIEMEHTHI, TIOKa3aHHBIE Ha dur. 1.

Ha ¢wur. 3 npuBeneHa mpuMepHas CTPYKTypHas cXeMa BEPXHErO YPOBHS, WIUTFOCTPHPYIOIIAs BapUaHT
OCYILICCTBIICHHS CUCTEMBI YIIPABICHUS COTHCUHBIMU 3JICMCHTAMH.

Ha ¢ur. 4 mpuBeneHa mpuMepHash CTPYKTypHas CXeMa, WUTIOCTPUPYIOINAs albTCPHATUBHBIA BapUaHT
OCYILICCTBIICHUSI CUCTEMBI YIIPABJICHUS COJTHCUHBIMU JICMECHTAMH, TIOKa3aHHOW Ha (uT. 3, B KOTOPOM MaTpHIia
MAHEJICH COTHEYHBIX JIEMCHTOB IOAKIIIOYCHA K UICTOYHUKY HAIPSKCHUS Yepe3 MepeKITFoaTeb.

Ha ¢wur. SA-D npuBeneHsl npuMepHbie (OPMBI CHTHAJIOB HAa BXOJAX W BBIXOJAX TEPCKITI0YATENS, HCIIOIb-
3yeMOro C MaTpHUIleH MaHeJe COTHEYHBIX 3JIEMEHTOB, IOKa3aHHOW Ha (UT. 4, WLTIOCTPHUPYIOIINE TOAaBaeMOe
HaNpsDKEHUE B 3aBHCHMOCTH OT BPEMCHHU.

Ha ¢wur. 6 npuBenena npuMepHas CTpyKTypHas CXeMa, HILTIOCTPHUPYIOIast ele OIWH albTepPHATUBHEIN Ba-
PHAHT OCYIICCTBICHHS CHCTEMBI YIIPABICHHUS COMHEYHBIMH 3JIEMEHTAMH, ITOKa3aHHOW Ha ¢(ur. 3, B KOTOpOM
MaTpHIla TaHeJIeH CONHEYHBIX 3JIEMEHTOB MOAKIIOYEHAa K CXEMe YCTPOMCTBA AJs T€HEPHPOBAHUS HMITYIHCOB
HATPSKCHUS.

Ha ¢wur. 7 npuBenena npumepHast opMa CHrHaja, HCIOIB3YEMOTO ¢ MaTPHUIICH MaHeIeH COMHEYHBIX JJic-
MEHTOB, IIPUBEJICHHOI Ha (QUT. 6, HIUTIOCTPUPYIOIIAs TIOAaBaEMOC HATIPSIKCHUE B 3aBHCUMOCTH OT BPEMCHHU.

Ha ¢wur. 8 npuBenena npumepHasi CTpYKTypHas cXeMa, WLTFOCTPUPYIOIask OJUH BapUAHT OCYIICCTBICHHUS
CXEMBI YCTPOICTBA ISl TEHEPUPOBAHUS UMITYJIECOB HATIPSKCHUS, IIOKAa3aHHOM Ha (ur. 6.

Ha ¢ur. 9A npuBencHa mpuMepHasi CTPYKTYpHas CXeMa, WDTIOCTPHPYIOIIAs aJbTePHATUBHBINA BapUaHT
OCYILECTBIICHHUS CUCTEMBI YIPABICHUS COJHEYHBIMH JJIEMEHTAaMH, [TOKa3aHHOH Ha ¢ur. 4, B KOTOPOM CHCTEMaA
YIPaBICHUS COJTHEIHBIMHU 3JIEMEHTAMH COJICPKHUT CXEMY YIIPaBICHUS.

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

Ha ¢wur. 10A nmpuBeneHa mpuMepHas CTPYKTYpHas CXeMa, WITIOCTPUPYIOMAs albTepHATHBHBIN BapHaHT
OCYILIECTBIICHHUS CUCTEMBI YIPABJICHUS COJHEYHBIMH JJIEMEHTaMH, [TOKa3aHHOH Ha (ur. 6, B KOTOPOM CHUCTEMaA
YIPaBJICHUS COJTHEYHBIMHU DJICMCHTAMH COJICPIKUT CXEMY YIIPABICHUS.

Ha ¢wur. 10B npuBenena npumepHasi 0JIOK-CXeMa, WLTFOCTPUPYIONIAS TUATPAMMY COCTOSHHMA IS CXEMBI
yIpaBJIeHUs, TOKa3aHHOW Ha ¢ur. 10A.

Ha ¢ur. 11A-C npuseneHs! nmpuMepHbie (JOPMBI CUTHAIOB, WUTFOCTPUPYIOIINE BaPHAHT OCYIIECTBICHHS
3aBHCHUMOCTH YJIYYIICHHOTO BBIXOJHOTO TOKa (POTOIICKTPUUCCKOTO YCTPOMCTBA, MOKa3aHHOrO Ha ¢ur. 3, ot
MOJJTABAEMOTO HATIPSKCHHUS, YACTOTHI CIICOBAHIS UMITYJIBCOB M JUTUTSIFHOCTH UMITYJIbCA.

CreyeT OTMETUTH, 9TO (PUTYpPHI M300pakeHbl He B MaciTabe M 9TO JEMEHTHI MOJO0OHBIX KOHCTPYKITAH
wr (GYHKIWH, KaK IPpaBmiio, 0003HAYCHBI OAMHAKOBBIMU CCHUIOYHBIMH TTO3UIMSIMA C IETHI0 MIUTIOCTPAIlMHN Ha
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Bcex (urypax. CreayeT Takke OTMETHTh, YTO (UTYpHI MPEIHA3HAYCHBI TOJIHKO IS OOJNIETdeHHS OMUCAHUS
MPEJIIOYTUTECIFHBIX BapUAHTOB OCYIIECTBICHUSA. JlaHHBIE (PUTYpBl HE OTPa)KatOT KaXKIBIA aCMEKT OMHMCAHHBIX
BapHaHTOB OCYIIECTBICHII U HE OTPAaHUYNBAIOT 00BEM HACTOAIICTO N300pETEHMS.
IoapoGHoe onucaHue MPeANOYTUTEIHLHBIX BAPMAHTOB OCYIIeCTBIEHUS

[TockonpKy MMeIonIiecs B HACTOSIIEE BPeMsI CHCTEMBI COJTHEYHBIX AJIEMEHTOB HE MOTYT MaKCHMAlIbHO
YBEJIMYHUTH BBIXOAHYIO MOIIHOCTH (POTOIIEKTPHUECKOTO HIIEMEHTA, CHCTEMa COJHEYHBIX IJIEMEHTOB, KOTOPAs
YBEJIMYUBACT MOBMYKHOCTD 3JIEKTPOHHO-IBIPOYHBIX AP M YMEHBIAET TOK MPH PeKOMOMHALINN B TIOJIYIPOBO-
HHUKOBOM MaTepHalie, MOXKET OKa3aThCs BOCTPeOOBAaHHOHN M 00ECTIEYNTh OCHOBY AJISI ITMPOKOTO THAra3oHa CHC-
TEM COJHCYHBIX DJICMCHTOB C TeM, YTOOBI MOBBICUTH KOI(D(HUIMCHT TONE3HOTO ICHCTBUS U BBIXOJHYIO MOII-
HOCTh COJHEYHBIX 3JICMCHTOB, BEHITIOJIHCHHBIX B BHUJIC MAHEIU COJHEYHBIX 3JICMEHTOB. DTOT PE3YJIbTAT MOXKET
OBITh JOCTUTHYT B COOTBETCTBHU C OJHHM BapHUAHTOM OCYIICCTBIICHUS, PACKPBITHIM B JTAHHOW 3asBKE, C TIOMO-
bt cucteMbl 300 yrpaBiieHUsS COIHCYHBIMU 3JICMEHTaMHU, Kak MOKa3aHo Ha (ur. 3.

Oo6pamasce k ¢ur. 3, cuctema 300 yrpaBiIeHUS COHCYHBIMH 3JICMEHTAMH ITOJXOINT TS HCIIOTB30BAHUS
C IIMPOKUM JHara3oHOM (OTOIEKTPUUECKHX YCTpOHWCTB. B omHOM BapmanTe ocymectsieHust cuctema 300
YIOpaBJICHUS COTHEYHBIMH JIEMEHTAMH MOXKET OBITh IMPUTOAHA Ui WCHOJB30BAHUS C COJTHEYHBIM IIEMEHTOM
100, mokazanabiM Ha Qur. 1. Hampumep, comneuynsiii dnemMedT 100 MOXET MpeACTaBIATh JI000€ MOAXOISIIee
MTOKOJICHHE COJTHEYHBIX IEMEHTOB, TAKMX KaK JIEMEHTHI Ha MOJIOKKE U3 KPUCTAJUIMIECKOTO KPeMHUS (TIepBoe
MOKOJICHHE), TOHKOIUIGHOYHBIE COJTHEYHBIC AJIEMEHTHI, BKJIIOYAs AIIEMEHTHI Ha OCHOBE aMOP(HOTO KPEeMHHS
(BTOpOE TOKOJICHHE), W/UIIA DJIEMEHTHI TpeThero mokosieHus. Cuctema 300 ympaBiieHUsT COJIHEYHBIMHU DJIEMEH-
TaM{ TIPEUMYIIECTBEHHO MOJKET OBITh HCIIOJBh30BaHA C JIIOOBIM IOKOJICHHEM COJHEYHOTo 3yemeHnrta 100 6e3
KOHCTPYKIIMOHHBIX U3MCHECHUHN U CBS3aHHBIX C HUIMH HEJOCTATKOB. B Ipyrom BapuaHTe OCYMICCTBICHUS CUCTE-
Ma 300 yrpaBicHHs COTHCUHBIMU JIEMEHTAMH MOXKET OBITh IIPUT'OJIHA JUTS UCTIOJIb30BAHUS C HECKOJIBKAMU COJI-
HeuHbIMHU dieMeHTamMu 100, Hanpumep ¢ maHedsiMu 10 COJNHEUHBIX 3JICMEHTOB, MOKa3aHHBIMHU Ha dur. 2. Kak
OBLIO PACCMOTPEHO paHee, HECKOJIBKO COJTHEYHBIX 371eMeHTOB 100 MOTYyT OBITH IMOJIKITIOYEHBI (TIOCIIEI0BATENHHO
W/WIIK TapajuIeibHO) BMecTe Tt oOpa3oBaHus maHend 10 comHeuHbIx snmeMeHToB. [Tanemn 10 conHEYHBIX ie-
MEHTOB MOTYT OBITh YCTAHOBJICHBI Ha OTIOPHOM KOHCTPYKIMH (HE TOKa3aHa) IyTeM Ha3eMHOW YCTaHOBKH, yCTa-
HOBKH Ha KpBIIIE, C TIOMOIIBIO CHCTEM CIIC)KEHUS 3a COJHIIEM, HEMOABI)KHBIX PEEK M TaK Jajee M MOTYT OBITh
HCIIONIb30BaHBI KaK ISl HA3EMHBIX, TaK U UII KOCMHYECKUX OOPTOBBIX YCTPOMCTB. AHAJIOTHYHBIM 00pa3oM CHC-
teMa 300 ympaBieHHs COJTHETHBIMHU JIEMEHTAMH MIPEUMYIIIECTBEHHO MOXET OBITh MCIIOIh30BaHa C JIIOOBIM ITO-
KosieHneM TaHenu 10 COTHEUHBIX 3JIEMEHTOB 0e3 KOHCTPYKIMOHHBIX M3MEHEHWH maHeian 10 CONHEYHBIX diie-
MEHTOB M CBSI3aHHBIX C HIMH HEIOCTAaTKOB.

Kaxk nokazano Ha ¢uwur. 3, poroanekrpuueckoe ycTpoicTBo 200 B3auMOAEHCTBYET € JIEKTPUUECKHUM T10JIEM
250. B HEKOTOPBIX BapUAHTAX OCYIICCTBICHHUS MOJSAPHOCTD IEKTPUUECKOTO Mo 250 MOXKeT OBITh TIOJaHA JTH-
00 B OTMHAKOBOM HaIpaBJIeHUH, JTNO0 B 00paTHOM HaIpaBJIEHUH C MOJSIPHOCTHIO 3ekTponoB 101a, 101b (moka-
3aHbl Ha ur. 1) B poTosnekrpuueckom ycrpoiictBe 200. Hanpumep, ecnu mogaya snexkrpudeckoro nosst 250
OCYIIECTBIISIETCS] B OJAMHAKOBOM HAIIPaBJICHUH C MOJISIPHOCTHIO AekTponoB 101a, 101b B doTosnexTpryeckom
yerpoiictBe 200, amexTpuyeckoe mosie 250 BO3IEHCTBYET Ha DIIEKTPOHHO-IBIPOYHBIE Maphbl B (POTORIIEKTpHUUE-
ckoM yeTpoitctse 200, mpukaagsBas cuny ¢ E mam h'E 31IeKTpoHy WM OBIPKE COOTBETCTBEHHO, YCKOPAS TEM
CaMBIM MOJIBI)KHOCTB 3JIEKTPOHA U JBIPKHM B HATIPABICHUH COOTBETCTBYIOUINX 3JEKTPOJOB. B kadecTBe anprep-
HATHBBI, €CIIM TOJSPHOCTH dJEKTpuueckoro mois 250 sBiseTcss 0oOpaTHOW, MOIBIKHOCTH 3JIEKTPOHHO-
JIBIPOYHBIX Map B GoTodeKTprueckoM ycTpoiictBe 200 yMEHbIIaeTCsI, YBETUYHUBAsI TEM CaMBIM TOK IPU PEKOM-
OouHamu B QorodnekTpuaeckoM ycrpoiictBe 200. CoOTBETCTBEHHO KOI(PPHUITUESHT MMOIE3HOTO NEHCTBUS (HOTO-
3MeKTpUUYecKoro ycrporicTBa 200 MOXKET OBITh YMEHBIIICH IO JKEJIAHUI0, HATIPUMEP, TS YIIPABICHHS BBIXOTHOM
MOIIHOCTBIO hoTo3nekTprueckoro ycrpoiicta 200. Kpome Toro, anexrpryeckoe mose 250, nogaBaemoe Ha ¢o-
TO3JIEKTpUUecKoe ycTpoitcTBO 200, MOKET OBITh 110 KEJAaHUIO CTATUYECKUM WIIM U3MEHSIOLIMMCSI BO BpeMeHH. B
cilydae, Korza sJekTpudeckoe moisie 250 m3MeHseTcst BO BpeMeHH, 3jeKkTpuueckoe noie 250 obmamaer ycpen-
HCHHO 10 BPEMCHHU BEIMYMHOMN, KOTOpask OTIMYHA OT HYJs. BEIpaxkascr mo-ApyromMy, yucTas CHia, ICHCTBYIO-
IIasi Ha AJIEKTPOHBI M JBIPKH, OTIMYHA OT HYJS U1 OOCCIICYCHHUS MOBBIIICHHOW MOJBMKHOCTH 3JICKTPOHHO-
JIBIPOYHBIX Tap (HOTOINEKTPpUUIECKOTO ycTporicTBa 200.

[IpuMeHHUTETPHO K TPAOUIMOHHOMY coiHedHOMY 1eMeHTy 100, mpuBenenHoMy Ha ¢ur. 1, mpu oTcyTeT-
BUM BHemHed Harpy3ku 30 (moka3zaHa Ha ¢ur. 1) ams cozmaHus dnekTpudeckoro modst 250 Ha anmektpoasr 101a,
101b comueunoro snementa 100 MoXxeT OBITH TIOJAHO BHEIIHEE HANpsDKEHUE. B 0THOM BapuaHTE OCYIIECTBIIC-
HUS dJIeKTpudeckoe notie 250 (manpumep, Mexay anekrponamu 101a, 101b) onpenensercst ypaBHeHHEM |

E = (VAPP Ve )
t

B ypasuenuu 1E - anexrpuueckoe none 250, V,, - HanpsbkeHHe, M0JaBaeMoe H3BHe K (HOTodneKTpuye-
ckoMy ycTpoictBy 200, V), - BEIXOJHOE HaNpsbKeHHE PoTodneKTprdeckoro ycrpoiictsa 200 (manpumep, ~30 B)
1 t - TOJIIHHA MTOJYIIPOBOAHUKOBOTO MaTepuania B (oTodnekTpudeckom ycrpoiictBe 200 ot snektpoaa 101a no
101b. Hanpumep, Opeanonokum, 4to V xp,-Vp=200 B (HOMHHAIBHO) M TOJNIIUHA t COCTABNIAET NPUOIU3UTENBHO
0,02 cmM, anektpudeckoe mone 250 cocrariser npudimsutensHo 10 kB/cM. Kak BugHO M3 ypaBHeHus 1, mpu
YMEHBIIICHUN TOJIIUHBEI t hoTOdNeKTpudIeckoro ycrpoiictea 200 (Hampumep, Mmernee 0,01 cM) MOTyT OBITH TIOJTY-
4eHBI 00JIee CHITbHBIC AJIeKTprudecKkue Mot 250 ¢ UCTIOIh30BaHUEM TEX JK€ WITH 0oJiee HU3KHUX HATIPSKCHUH.

(Ypasuenue 1)
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Kaxk yxe roBopmiiocs Bblle, GoTodekrpuieckoe ycrpoiicto 200, Kak IpaBmilo, MTUTAeT BHEIIHIOO Ha-
Tpy3Ky, TaKkyro kKak Harpy3ka 30 conneunoro snemenTa 100. Ccbutasich Ha ypaBHEHHUE 1, eciii mojada BHELUTHETO
HAPSKEHUS V app OCYLIECTBIIAETCS HEIIOCPEACTBEHHO HAa (POTOdNIEKTpHYECKOE YCTpoiicTBo 200, KOTOpOE NUTaeT
BHENTHIOIO Harpy3ky 30, BHENTHsS Harpy3ka 30 MOXeT cojiepKaTh aKTUBHBIE COCTaBIISIONINE, KOTOPBIE TIOTPEO-
JAI0T TOK OT HCTOYHHKA MOJABAEMOI0 HANPIKEHUS V ap,. BhIpakkasch 1mo-apyromy, nojgada BHEHIHErO HAMps-
KeHUA Vap, Ha (OTOdNEKTpHYECKOe yCTpokicTBO 200 MokeT d(PPEKTUBHO NOCTABIATL MOIIHOCTH Ha OOLIYIO
CXeMy, 4TO MPEICTABICHO YPAaBHEHUEM 2

2
v,
MOIIHOCTbeyopsan = % (Vpasnenue 2)
L

B ypaBuenuu 2 R; - momHoe compoTuBieHHe BHemHeil Harpy3ku 30. B HexkoTophIx ciyuasx BXoiHas
MOIITHOCTh MOXKET OBITh 3HAYMTEIHHO OOJBINE, YeM BBIXOJHAS MOIMHOCTH (POTOIIEKTPUIECKOTO YCTPOMCTBA
200. CootBercTBeHHO cucteMa 300 ympaBiaeHus (HOTOIICKTPUICCKUMH dJIEMEHTAMH BBITIOJTHEHA ¢ BO3MOYKHO-
CTBIO MMOAAYH dIeKTpudeckoro moist 250 Ha GoToanexTpuueckoe ycrpoiictBo 200 6e3 BBeneHUs OOJIbIIeH YHEp-
UM, 4eM (POTOdIIeKTpUIeckoe ycTpoicTBO 200 crmocOOHO MPOU3BOIUTH, WM OOJIBIIEH YHEPTUH, YeM OBIIO OBl
MOJIYYEHO ITyTEeM MOAAYH JICKTPUIESCKOTO OIS Ha (OTOAIEKTpruIecKoe ycTpoiicTBo 200.

Cuctema 300 ynpaBieHHUs COJHEUHBIMH 3JIEMEHTAMH MOKET I10/]aBaTh BHEILIHEE HANpPsKEHHE V up, Ha do-
TO3JIEKTPUYECKOE YCTpoiicTBO 200 ¢ UCIONBE30BaHUEM JIFOOBIX MOIXOISAIINX CPEJCTB, OMUCAHHBIX B JJaHHOU 3a-
SIBKE, B TOM YHCIIC C HCIOJIh30BAHUEM TIEPEKIIFoUaTeNs 55, Kak mokazano Ha ¢wur. 4. O6pamasics x ¢wur. 4, hoto-
aNeKTpUUecKoe yeTpoicTBo 200 MOXET MpeCTaBIIsATh JII000e KOJHMYECTBO (POTOIICKTPHUECKUX YCTPOUCTB, Ta-
KHX KaK cOJMHeYHBIH 3neMeHT 100 w/mnu nanenn 10 COTHEYHBIX JIEMEHTOB, Kak Mokas3aHo. [lanenu 10 conneu-
HBIX JICMCHTOB COCJIMHCHBI C MEPEKITI0YaTEeNIeM 55, TAKUM KaK OIHOIIOIOCHBIH, IBYXITO3UIIMOHHEIH (M HA TPU
HaIpaBJICHUS) TEePEeKIoYaTesb, KaKk MOKa3aHo. B OMHOM BapHaHTE OCYIIECTBICHHS IEpPEKIIoYaTelb 55 Tarke
MOJIKITIOUEH K UCTOYHUKY 50 HampspkeHWs W BHENTHEHW Harpys3ke Ry (Hampumep, Moka3zaHHOW B BHIIE HHBEPTOpA
31). MuBeptop 31 MoxkeT mpeoOpa3oBRIBATh MIOCTOSTHHBIC HANPSDIKEHHUE W TOK B TIEpEMEHHBIC HAITPSDKEHHUE U TOK,
KOTOpBIE, KaK MPaBIJIO, COBMECTUMBI C HANIPSDKEHHEM M 9aCTOTOW C TPAAWIMOHHBIMU 3JEKTPHUECKUMHE CETIMU
MEPEMEHHOTO HampsDKeHHsA. BrIxomHas wacToTa mHBEepTOpa 31 M aMIUINTyAa HMEPEeMEHHOTO TOKAa/HATPSKCHUS
MOTYT 3aBHCETh OT CTPaHBI, MECTOIIOJIOKCHHS M MECTHBIX TpeboBauuit ceTH. Mctounuk 50 HanpsHKeHUS MOXKET
COJIEPXKATh JIFOOBIC MOMXOMSIIINE CPEACTBA IS TIOUICPKAHUS TTOCTOSTHHOTO HAIPSDKCHUSI, B TOM YHCJIC UICaNb-
HBIC UCTOYHUKH HATIPSHKCHHUS, YIIPABIIEMbIe HCTOYHUKH HAMIPSDKCHUS M TaK jJanee. TeM He MEHee B HEKOTOPBIX
BapHaHTaX OCYIICCTBICHUS, TAKMX KaK BapHaHT OCYIICCTBICHUS, MMOKa3aHHBIN HIDKE CO CCHUIKOHM Ha ¢ur. 9A,
UCTOYHUK 50 HAMpPSHKCHHUS MOXKET UMETh MOIIAIONICecs M3MCHCHHUIO PEryIHPYeMOe BBIXOTHOC HANPSIKCHUE
(HammpuMep, HampsbKEHHE, H3MEHSIoNIeecs Bo BpeMeHn). Opran 45 ynpaBiieHUs TIEPEKIFOYATeNs (WA KOHTPOJI-
Jiep) TOJKITI0YACTCS K TEPEKITF0YATEII0 55, 4TO0Bl YIPaBIATh IIUTEIBHOCTHIO COCTUHCHUS W/WIH YaCTOTOH Tie-
PEKITIOUCHHS, HAPUMED, MEKTY UCTOTHUKOM 50 HampspkeHUs W WHBEpTOpoM 3 1¢ maHenpio 10 COMHEUHBIX dJIe-
MeHToB. KoHTpomiep 45 mepekimodaTesss MOXeT OBITh MPEIBAPUTEIILHO YCTAHOBJICH sl paboThl ¢ GUKCHPO-
BaHHOM IyUTEeNbHOCTRIO D mepexmodenns u gactotoi f mepexmrodenus (mokasansl Ha ¢ur. SA-C). Hanpsoke-
HHE, TI0JJaBaeMO€e B MIEPBOM ITOJIOKEHUH MEPEKIIIoUaTes 55, MoKeT ObITh (PMKCHPOBAHHBIM U 3aBUCETH OT HC-
TouHNKa 50 HampspkeHHs. B HEKOTOPBIX BapHaHTaX OCYIISCTBICHHS BEIMYMHA TTOJABAEMOTO HAIPSDKEHUS HUC-
TOYHUKOM 50 HampsDKeHHS, [UIUTEILHOCTh D coemuHeHns W/min 4yacToTa f mepekitoYeHus MOTYT OBITh 3apaHee
YCTaHOBJICHBI W/MJIM U3MEHATHCS B 3aBUCUMOCTH OT YCIIOBUIH HArPY3KH.

Hampumep, nepexntouarens 55 coequnser naneau 10 COTHEUHBIX JIEMEHTOB ¢ HICTOUHUKOM 50 Hampsbke-
HUS B TICPBOM TOJOKECHUU (KaK TIOKAa3aHO CTPENKOH B mepekirodatene 55 Ha ¢wur. 4). [Ipu coenuHeHNA B miep-
BOM TOJIOKEHNH UCTOYHMK 50 HANpPsHKEHUs MOJAeT HaNpsKeHUEe V a,, Ha dnekTpoasl 101a, 101b (mokasansl Ha
¢wur. 1) naneneit 10 coHEYHBIX IEMEHTOB U HABOAUT 3JeKTpHueckoe rnoje 250 (moka3aHo Ha ¢ur. 3) Ha Kax-
Iyto maHenb 10 corHeuHBIX deMeHToB. [lociie Toro kak anekTpudeckoe mose 250 6pu10 chopMHUPOBAHO HA TIa-
Henr 10 CONTHEYHBIX AJIEMEHTOB, TIEPEKITIoUaTeNlb 55 MepeKIrodaeTcs sl coenuHeHus nanened 10 comHeuHbIx
3JIeMeHTOB ¢ mHBepTOpoM 31 (T.e. Harpy3koi Rp) Bo BTopom mososkeHnr. COOTBETCTBEHHO MCTOYHHUK S50 Ha-
TIPSDKEHUST MOXKET 00ECTIeUnTh dJIeKTprdeckoe moje 250 6e3 0THOBPEeMEHHOTO COeMMHEHUs ¢ maHesiMu 10 coir-
HEYHBIX 3JIEMEHTOB 1 nHBepTOpoM 31. Takmm 0Opazom, CHOBa CO CCBUIKOI Ha ypaBHEHHE 2, T0Jada BHEIIHETO
HapsKEHUs V opp, HE NO3BOJAET Harpyske Ry (Hanpumep, uuBepTOpy 31) MOTPEOIATH TOK HEMOCPEACTBEHHO OT
uctounuka 50 HanpspkeHus. [lomaya anekrpuueckoro mojist 250 Ha naHenu 10 CONHEUHBIX 3JIEMEHTOB MOXKET
VBEJIMYHUTh TOK M BBIXOJHYIO MOIIHOCTH MaHeneil 10 CONHEYHBIX 3JIEMEHTOB Ha 3aJlaHHYI0 BEIUYUHY IPH CO-
CJMHCHHUH BIIOCIICACTBUM MaHeneil 10 COMHEYHBIX 3IEMEHTOB ¢ HHBEPTOPOM 31 BO BTOPOM MOJIOXKCHUU. 3aIaH-
Hasl BEJIMYMHA 3aBUCHUT OT MHTCHCUBHOCTHU CBETA, MAJNAIONICTO Ha MaHenu 10 CONHEYHBIX AJIEMCHTOB, HATIPSKE-
HUSA V ppp, TIOJABAEMOTO Ha NaHenH 10 COMHEYHBIX 3JIEMEHTOB MCTOYHUKOM 50 HAMpsKEHMs, TONIIMHEI TaHENEH
10 COMHEYHBIX 3JIEMEHTOB, YacTOTHI f, ¢ KOTOpO#t mcTouHNK 50 HAMPsHKEHUS COeAMHSETCS ¢ maHeasaMu 10 coi-
HEYHBIX JJIEMEHTOB, M KO3 (HUIHEHTa 3aIOTHEHUS IMpoIecca MEePEeKIIOYCHNS MEXAY MEPBBIM MOJO0XKECHUEM U
BTOPBIM MOJIOKEHUEM, IIPH 3TOM KO3(PPHUINECHT 3aII0THEHNUS ONPEACISIeTCs] KaK HHTEpBaJI BPEMEHH, KOT/Ia TTaHe-
v 10 CONHEYHBIX 3JEMEHTOB COSAMHEHBI C UCTOYHUKOM 50 HaIlpsDKEHHS, ICJICHHBIA Ha BPEeMs IEPEKITIOUCHHS
1/f (T.e. yMHOXKECHHBIN Ha 9acTOTy f WM JEJIEHHBIN Ha BECh MepHo] curHana). Ciemyer OTMETUTh, 9TO Bpems D
JUTATENIFHOCTH TIepEeKITIOueHs, JacToTa f mepexioueHns U Kod3((UIHEHT 3alOTHEHUS BCE SIBIISIOTCS TaKUMH
B3aWMOCBSI3aHHBIMU BEJIMYMHAMH, YTO OTIPEICIICHUE 3HAYCHHUN JIFOOBIX IBYX U3 BEJIMYHH MTO3BOJISCT ONPEICIUTh
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TPEThIO BeTMYMHY. Hanpumep, YCTAHOBIIEHUE YaCTOTHI MEPEKITIOYCHUS U KO GUITHCHTA 3aII0THEHUS TO3BOJISCT
ompenenats BpemMs D amuTensHOCTH mepekimoucHus. Hampumep, B YCIOBUSIX BBICOKOM MHTEHCHMBHOCTH CBETa
TTOBBINIIEHUE BBIXOTHOW MOIITHOCTH MOKET OBITh TIopsiaka 20%; B YCIIOBUSAX HU3KOUW OCBEIICHHOCTH - 50%.

BapuasT ocymiecTBieHH, MOKa3aHHBIA Ha (GUT. 4, TPEUMYIIECTBEHHO 00ECIIEYNBALCT HIIEKTPUIECKOE TIOJIe
250 Ha ¢oroanekTpudeckoM yctpoicTBe 200 6e3 HeoOX0AMMOCTH H3MEeHEeHHs TlaHesel 10 COJTHEYHBIX dIIeMEH-
TOB W/WIJIA COTHETHBIX d1eMeHTOB 100, mpeaycMaTpruBaIoOIero JOMOJHUTEILHBIC BHEITHUE JJIEKTPOIBI.

B HEKOTOPHIX BapHaHTaX OCYIIECTBICHUS YCTPOMCTBO XpaHEHMs SHEPTHH, TaKoe Kak KoHAaeHcaTop 41, ka-
Tymka 42 UHAYKTUBHOCTH W/WJIM aKKyMyJIsITOpHas O6atapes 43, MOKeT OBITh pa3MeIeHo nepe HHBepTopoM 31,
YTOOBI IOJABHUTH JIFOOBIC OCIA0ICHUS HAPSHKCHUS, HA0II0JacMbIe HHBEPTOPOM 31 B TO BpeMsi, KOT/Ia IEPEKITIO-
yaTeslb 55 HAXOOUTCS B MEPBOM M0JI0KeHUU. COOTBETCTBEHHO B TO BpeMsl kKak uHBepTop 31 (T.e. Harpy3ka) oT-
COCJIMHEH OT maHesel 10 COTHEYHBIX HIEMEHTOB, KOT/Ia IEPEKITF0YATeNh 55 HAXOUTCS B IEPBOM IOJIOKCHUH, U
anekTpuueckoe moine 250 Gpopmupyercs Ha maHenu 10 COTHEYHBIX 3JEMEHTOB (T.€. Ha BpeMs D nepexiroueHus,
nokaszaHHoe Ha ¢ur. SA-D), ycTpoiicTBO XpaHEHUs SJHEpTHU cHaOXkaeT sHeprueit uuseptop 31, 4ToObI mozaep-
JKUBATh TOK, MPOTEKAIOIINN B TCUCHHUE 3TOTO WHTEPBAJIa MEPEKIIOYCHUA. BhIpaxasch Mo-IpyromMy, YCTPOUCTBO
XpaHEHHSI SHEPTHH MOXET pa3pspKaThCs B TO BpeMs, Korna maHend 10 CONHEYHBIX 3IeMEHTOB OTCOSIUHEHBI OT
nHBepTopa 31.

Takum oOpaszom, He TpeOyeTcs HEeIpephIBHO MOAaBaTh MMOCTOSHHOE HANpPsDKEHUE OT HCTOYHHMKA 50 Hamps-
JKeHHS, KOTOpOe, B CBOIO OYepe/b, CO3/AeT dJeKTpuIeckoe mone 250, 9ToOBl YBHACTh YIYYIICHHE BBIXOJIHON
MOIITHOCTH TaHenel 10 colHedHbIX 35eMeHToB. Hanpumep, pu ATUTENBHOCTH BpeMeHn D mepekiodeHusl, co-
crapysomed HomuHanbHO 10-2000 He, V app, cocTaBasAoOmeMy HoMuHaNbHO 100-500 B 1 wacTote f mepekmoue-
HUS, COCTaBILIONIEH 20 MKC, MOXET OBITh HCIIOJIb30BaH KOY(D(UIIUCHT 3aMOTHCHHS, COCTABIISIONINA HOMIHAb-
HO 0,1-10%. Karymka 42 WHAYKTHBHOCTH, KOoHAEHcaTop 41 n/mmm akkymynsTopHas Oatapes 43 BBIOMparOTCS
TaKuM 00pa3oM, YTOOBI HMETh JTOCTATOYHBIN pa3Mep Ui 00CECIICYeHUs TOCTATOYHOTO pa3psia B TO BpeMs, KO-
raa maHeny 10 COTHEYHBIX 3JIEMEHTOB OTCOCIAMHEHBI, a 3JCKTpUIeckoe moje 250 momaeTcs ¢ pa3MelIcHHEM Ha
naHensX 10 COTHEYHBIX 3JIEMEHTOB, HE BBI3BIBAsl OCIA0JICHUS HANpPsDKEHUS Ha BhIXone wHBepTopa 31. Hampu-
Mep, pasMep KoHzeHcaTtopa 41, KOTOPEI pa3MelaeTcs mapauieIbHO ¢ Harpy3Kou (Harmpumep, HHBEPTOpoM 3 1),
OTIpeNieNsIeTCs] IPUEMIIEMBIM CHIDKCHIEM HaNpSKCHHUS, KOTOpoe HHBEpTOp 31 MOXKET IOIyCKaTh B TEUCHHE Bpe-
Mern D mepexmodenus. Hampumep, ecii CHIDKEHHE HANpsDKCHHS B TE€UYCHHE BPEeMEHHM D mMepexiroueHus He
JOJDKHO OBITH MeHbIIe YeM 90% MakCHMaJIbHOTO HAINPSDKEHHS, TCHEPHPYEMOTo (POTORIEKTPUIECKIM YCTPOUCT-
BoM 200, KOHAEHCATOp JOKEH UMETh pa3Mep B COOTBETCTBUH C YpaBHCHHEM 3

Cpg= — 2
7 Riln (Maxv)

B ypaBHennu 3D - qIMTENBHOCTh COSAMHEHUS TIEPEKITIoYaTesi ¢ HICTOYHUKOM 50 HampspkeHus U MaxV -
HEOOXOUMBIN MPOIEHT OT MaKCHMAJIBHOTO HampspkeHus (Hampumep, 90% B NPUBEICHHOM BEIIIC MPUMEPE).
AHAJIOTUYHBIM 00pa30M MOTYT OBITh PACCUNTAHBI HHAYKTUBHOCTh H/WITH aKKyMyJisiTopHas Oatapes. Ha ¢ur. SA
MOKa3aHO YIPABISOINICe HAPSHKCHUE KOHTpoJUIepa 45 MepeKIrouaTelis B 3aBUCHMOCTH OT BPEMCHH JJIS aKTH-
BaIlUM M YIPABJICHUS MEPEKITIoUaTesieM 55 ¢ ucnonb3oBanueM cuctembl 300 ynpaBieHUs (OTOIICKTPUICCKUMU
JJIeMEHTaMHU, MoKa3aHHOH Ha ¢wur. 4. B atom npumepe maHenu 10 CONHEYHBIX 3JEMEHTOB OTCOCAWHEHBI OT WH-
BepTopa 31 u coenMHEHBI ¢ HCTOYHUKOM 50 HampsDKEHUS B TIEPBOM ITOJIOKEHHH NEpeKIouaTens 55 B TeueHHe
JaTensHocTH D, KoTopast moBTOpsieTcs depe3 kaxasie 1/f ¢. Ha ¢ur. 5B nmokazano nanpspkeHune uctodnuka 50
HanpsDKeHUs, obecreynBaeMoe MepeKiiioyareneM 55 B MepBOM IOJIOKEHHH, B 3aBHCHMOCTH OT Bpemenu. Ha
¢ur. 5C mokazaHO BBIXOJHOE HAINpPsDKCHHE Tepermodatenst 55 u3 nanened 10 coHEYHBIX JIEeMEHTOB (TIpH TMa-
paJUIeIbHOM COCIMHEHHH) B 3aBUCHMOCTH OT BPEMEHH Ha BBIXOJIE MEPEKITIOUATeNs 55, KOTOPHIN MOIKIIOUACTCS
K WHBEpTOpY 31 BO BTOPOM IOJIOKESHHH. AHAJIOTUIHBIM 00pa3oM, Ha ¢ur. 5D mokazaHo HampspKeHUE B 3aBUCH-
MOCTH OT BPEMCHH Ha BBIXOJIC MEPEKIIOYATEINS 55, KOTOPHIH MOAKIIOYCH K HHBEPTOPY 3 1, MMEIOIIEeMY OAKITIO-
YEeHHBIA MKy HUMU KoHAeHcaTop 41.

[Nagenue HampsKCHUs, IPHHAMACMOTO HHBEpTOpoM 31, moka3anHoe Ha ¢ur. SD, B KOHIIE JITUTEIHHOCTH
D mepekiroueHus mpernoiaracT CHIDKEHIE HAMIPSHKCHHS, PACCMOTPEHHOE BbIlie. CHIKCHUE HATIPSDKCHUS 3aBU-
CHT OT pa3Mepa KoHjeHcaropa 41, kaTymku 42 WHIYKTUBHOCTH W/WJIM aKKyMYJISITOpHO# Oatapen 43. B ogHoM
npumepe cucteMsl 300, koTopast He COIEPKUT KoHAeHcaTop 41, kaTymKy 42 MHAYKTUBHOCTH WM aKKyMYJIsi-
TOpHYIO OaTapero 43, HanpspKeHue, ToJjaBaeMoe Ha BXOJ MHBepTOpa 31, BHICTYMAeT B Ka4eCTBE BHIXOJAHOTO Ha-
MIpsDKEHUs, TokazanHoro Ha ¢wur. 5C.

Ha ¢wur. 6 npencrasieH albTepHATHBHBIA BapHaHT ocymiecTBiIeHus cucteMbl 300 ympaBieHus GoTodeK-
TPUYECKUMH dJIEMEHTaMH, TlokazaHHoi Ha ¢ur. 3. ObOpammasics k ¢ur. 6, Gorosnexkrpuueckoe ycrporictso 200
MOJKET TIPEJICTABIIATD JTFOO0E KOJUIECTBO (POTOAIEKTPUICCKIX YCTPOUCTB, TAKMX KaK COJHEYHBIH dyemeHT 100
/vy naneian 10 coTHEYHBIX JIEMEHTOB, Kak Mmokaszano. Kak mokasano, madend 10 COTHEYHBIX 3JIEMEHTOB CO-
¢IMHEHBI APAJUICIFHO, HO TAKXKE MOTYT OBITh COCMHEHBI MTOCIICIOBATEIBHO U B JIF0OOOH KOMOWHAIIMH COCTUHE-
HU.

( ¥Vpaswenue 3)

YcrpoiictBo 60 Ui TEHEPUPOBAHUS WUMITYJILCOB HAIMPSOKCHUSI, TAaKOW KaK T'EHEPATOP BBICOKOBOJBTHBIX
HUMITYJIBCOB, MOXET I01aBaTh U3MECHSIOMIMICS BO BPEMEHU UMIYJbC 71 HampspkeHUs (Kak rmoka3aHo Ha ¢ur. 7)
Ha OJIHY WJIM HECKOJIBKO maHelnei 10 CONHeUHBIX 3JIEMEHTOB. B 0IHOM BapuaHTe OCYIICCTBICHHS [UIUTEILHOCTh
Dp ummynbca 71 HampsokeHHST MOXET OBITh KOpOTKOHM, HommHAaiIbHO 10-2000 HC, M BeMMYHWHA MOXKET OBITH
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6oubioit, HomuHabHO 100-500 B. B BapuanTte ocymiecTBieHus, Moka3aHHOM Ha (ur. 6, IpHIOKEHHbIE HAPS-
JKEHUSI, JUTUTEIFHOCTD UMITYJIbCA M YacTOTa CIEJOBAHMS MMITYJIbCOB (DUKCHPYIOTCS Ha 3aJaHHOM YPOBHE, YTOOBI
00eCTeYnTh ONTHUMANBHYIO IPOW3BOIAWTEIBHOCTh TPH BBHIOPAHHBIX YCIOBHSAX JKcIDTyaTanuu. Hampumep, co
CChUTKOHM Ha Qur. 6 U 7, uMIynbc 71 HaNpsHKEHUS UMEET JUTUTEIHHOCTh Dp, COCTABISIONIYIO MPUOIU3UTEIHHO
1000 HC, 3TOT MMIYIBC 71 HampspKkeHUs MOBTOpsieTcs ¢ nepuoaoM 1/f. JimrensHocTs Dp uMITyibea 71 Hampsi-
JkeHus 1 gactoTa f ummynbsca 71 HanpspKeHUS BHIOUPAIOTCS TAKUM 00pa3oM, 4TOOBI pEaKTUBHOE COMTPOTUBIICHHE
KaTyIIKd WHAYKTUBHOCTH B MHBEPTOpe 31 HampspKEHUS MPEICTABISIO BBICOKOE MOJTHOE COMPOTHUBICHHE IS
ycrpoticTBa 60 11 TeHEPHPOBAHUS UMITYJIECOB HAIIPSDKEHHS, 3TO BEICOKOE ITOJTHOE COIIPOTHBIICHHEM MO3BOJISIET
pa3BUBATHCS BEICOKOMY HalpspKeHUIo Ha anekTponax 101a, 101b (mokasanst Ha ¢wur. 1) manenerd 10 conmHeyHbIX
9JIEMEHTOB M HE OBITh 3aKOPOYEHHBIM HHBEPTOPOM 31.

Kpome Toro, Ha Bxozne mHBepTOpa 31 MOTYT OBITH pa3MEIlEHbI MOCIEAOBATENFHO BKIIOYCHHBIE KAaTYIIKH
MHYKTUBHOCTH (HE MOKa3aHBbl), 3TH MOCIIEA0BATEIILHO BKIIOUCHHBIE KaTyIIKH MHIYKTHBHOCTH CIIOCOOHBI MO~
JIep>)KUBaTh BXOJHOH TOK HHBepTOpa 31 1 neiicTBOBATh KaKk BEICOKOYACTOTHBIH JIpOCCelb TAKUM 00pa3oM, YTOOBI
UMITYJIbCHl 71 HampspKeHUsl He ocnadisuich (WM (paKTHYECKH He 3aKOpauyMBalINCh) aKTUBHOM COCTaBIISIOIICH
naBepTopa 31. Koaddunument 3anomunenHus (BpeMs UMITyJIbca/BpeMs Tay3bl) MOXKET COCTABJISTh HOMHUHAIBHO
0,1-10%.

HampspkeHHOCTD deKTprdecKoro moist 250, mpuiiokeHHOTo Ha (oTodnekTpudeckoe ycTpoictBo 200, 3a-
BHCHUT OT KOHCTPYKIMH (HOTORIEKTpUIECKOTo ycTpoiicTBa 200, HapuMep TONIIUHBI (POTOIIEKTPUIECKOTO yCT-
poiictBa 200, Marepuana U ITUIICKTPUICCKOW MPOHUIIAEMOCTH (OTOAIEKTprUIecKkoro ycrpoiictea 200, MakcH-
MaJbHOT'O HANPSDKEHUS TIPo0ost (hoTodneKTprudeckoro ycTporcTra 200 1 Tak manee.

Jis ummyneca 71 HampspKeHUs, TIoKa3aHHOTO Ha ¢ur. 7, anann3 Pypbe 310l GopMBI BOJIHBI MPUBOJUT K
CePHH UMITYJICOB C YACTOTAMHU (=N, TJI€ 0y=27f, a MOIITHOCTH UMITYJILCOB 3aJIa€TCSl ypaBHEHUEM 4

sinnmt

V({w) = 2ntV, Z
@ oL, (Vpasnenue 4)

B ypaBHeHUM 4 n - psAa LedbIX YUCEN OT -0 A0 +oo. COOTBETCTBEHHO UMILYJIbC HYIEBOTO Mopsaaka (T.e.
n=0) ¥MeeT MOCTOSIHHYIO COCTAaBJISIOIIYI0, KOTOPasi 3aMBIKAeTCs Yepe3 aKTHBHYIO Harpy3ky R;. [lepBerii mops-
JIOK MMITyJIbCca 71 HampskeHUs, NO0JaBaeMOro Ha naHenu 10 CONHEYHBIX 3IIEMEHTOB, IPEACTABIAET COOOH V Ay
(1-Dp/f), Toe Dp/f - k03pduiueHT 3anoaHeHuss MITysibea, Dp - IIUTETFHOCTh UMITYJIbca U f - gacToTa cienoBa-
HUS UMITyJbca. Tak Kak MHIYKTHBHOCTh MHBEpTOpa 31 MEHCTBYeT Kak BHICOKOE TMOJHOE CONPOTHBICHHE Z Ha
UMITYJIC 71 HampsOKeHMsI, TeHEPUPYEMBIH COTIIAaCHO BapHUaHTy OCYIIECTBICHHS Ha (ur. 6, UMITYJIbC 71 BBICOKO-
TO HAIlpsDKEHHS Pa3BUBAETCS HA KaKTOH m3 maHeneii 10 CONHEYHBIX IEMEHTOB, YTO, B CBOIO OYEPEb, CO3IACT
BBICOKOE anieKTpuueckoe nosie 250 Ha nanensx 10 COTHEUHBIX 2JIEMEHTOB.

Kaxk noka3zano Ha ¢ur. 6, uHBepTOp 31 HaNpsHKEHUS NpeICTaBIsIeT co00H BHENIHIOW Harpy3ky R;. OnqHako
BHEIITHSS Harpy3ka Ry MoxkeT copepikaTh YUCTO aKTHBHBIC COCTABIISIFOIIUE, TO3TOMY KOMIUIEKT KaTyIICK HHYK-
TUBHOCTH MOKET OBITh pa3MEIeH MOCICIOBATEILHO C HArpy3Koi Ry, 4TOOBI IEeHCTBOBATH B KAYECTBE BBICOKO-
YaCTOTHOTO JPOCCEIIs, YTOOBI UMIYJIbC 71 HampshkeHus (M 3JiekTpuueckoe noie 250) momasancs Ha maHenu 10
COJIHEUHBIX JIEMEHTOB.

B ycrpoiictBe 60 mnsi reHEepHpOBaHUS UMITYJICOB HAMPSDKEHUS, YTOOBI TOJATh JKeTaeMblidi UMITYJIbC 71
HaNpsDKEHUS, MOXKET OBITh UCIIOJIB30BAaHO JIF000e KoMmuecTBO cxeM. OfHa Takas mpUMepHas cXeMa, HCIIOIb3ye-
Masi B ycTpoicTBe 60 I reHepupoBaHUS UMITYJILCOB HANpsDKEHHS, Moka3aHa Ha ¢wur. 8. Kak mokazaHo, ycT-
poiictBo 60 a1 TeHEPUPOBAHUSA WMITYJILCOB HAINPSHKCHHS COJEPIKUT reHeparop 61 MMITyJIbCcoB (HE MOKa3aH),
HUCTOYHUK 69 BHICOKOTO HaNpsDKEHUs (HE MOKa3aH) M MEePEKIIOYArONINA TPAH3UCTOP 68 IUIsl MPUKIIAIBIBAHUS
UMITynbca 71 BBICOKOTO HaNpspKEHUS K maHensaM 10 COTHEYHBIX 3JIEMEHTOB (HaIpUMep, IepeKiouasi BEIXOIHOES
HAINPSHKCHUE UCTOYHUKA 69 BBICOKOTO HANpPsDKECHUS Ha maHenu 10 CONHEYHBIX 3JIEMCHTOR), TOKA3aHHBIC HA (DUT.
6. YerpoiictBo 60 1151 TeHEpUPOBAaHUS HMITYJILCOB HANPSDKEHUSI, TOKAa3aHHBINA Ha QUT. 8, COIEPIKUT yCTPOHCTBO,
KOTOPOEC TIePEeacT IICKTPUUCCKUEC CUTHAIBI MEXKY TBYMS JIEKTPHUYCCKU H30JIHUPOBAHHBIMU CXEMaMH C UCTIONb-
30BaHHEM CBETa, TAKOC KaK ONTPOH 62, 4TOOBI U30JUPOBATH TeHepaTop 61 MMIYIHCOB OT BHICOKOBOJBTHOTO
nepeKIroyaronero Tpansuctopa 68. [IpeuMyiiecTBEeHHO ONTPOH 62 MPEnsITCTBYET BIMSHUIO BHICOKOTO HAIps-
JKEeHUs (HampuMmep, OT UCTOYHHKA 69 BBHICOKOTO HANPSKEHUS) Ha UMITYJIbCHBIM curHan 71. Cxema 62 onTpoHa
n300pakeHa ¢ BBIBOJAMH 1-8 W Moka3aHa Kak 4acTh BXOJTHOW CXeMBbl yCTpoicTBa 60 aiisi TeHEpUPOBAHUS UM-
MyJICOB HATIPSDKEHIIS.

Hcrounnk 63 HampspKeHUs] CMeEIeHus (He ToKa3aH) 00ecIeunBaeT 1mojjady HanpspkeHus (Hanpumep, 15B
MTOCTOSTHHOTO TOKa) Ha ONTPOH 62 I Tojga4yr HeoOXoauMoro cMerieHus aist ontpoHa 62. Konaencarop 64
M30JIUPYET UCTOYHUK 63 HaIpsHKEHHUSI CMEIISHHUs, CO3/1aBasi My Th IIEPEMEHHOT0 TOKa JJIS JII000T0 CHTHAJIa TT0CIIe
WCKa)KEHUSI HCTOYHUKA HAIPsHDKEHUS CMELEHUsS K ONTpoHy 62. BoiBoabI 6 1 7 onTpoHa 62 SBISIOTCSA BBIXOJAMU
CUTHaJIa IEPEKIIIOYEHUST ONTPOHA 62, UCTIONB3YyEMOTO Ui IPUBEACHUS B ACHCTBHE BHICOKOBOJIBTHOTO MEPEKITIO-
yarouiero Tpanzucropa 68. Jlnox 66 - Takoi Kak KPEMHHEBBIH CTaOWJIMTPOH - MCHOJB3YETCS I YACpXKaHUs
MOpoTa TEepeKIIUCHNs ePEKITIoYaloNIero TpaH3ucTopa 68 Bellle padoueil Touku auoaa 66, ycTpaHss JIt000i
IyM OT CIy4yalHOTro BKJIIOUEHHS MEpEeKIIoUaroero Tpansuctopa 68. Pesuctop 67 ycTaHaBIMBAeT TOUKY CMe-
nieHus st 3atBopa G u smurtTepa E mepekimovaromero tpansuctopa 68. Korma HampshkeHue, moJaBacMoe Ha
BBIBOJIBI 6 M 7 onTpoHa 62, IPEBBIIIACT MOPOT, YCTAHOBIECHHBIA PE3UCTOPOM 67, TIEPEKITIOYAIONTUN TPAaH3UCTOP
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68 oTKpbIBaeTCs, U MeXIy KoJuleKTopoM C U SMUTTEpOM E BBHICOKOBOJIBTHOTO MEPEKIIIOUAIOIIETO TPAH3UCTOpa
68 nporekaer TOK. COOTBETCTBEHHO BHICOKOBOJIBTHBII MEPEKITIOYAIONINN TPaH3UCTOp 68 mpeacTaBisieT coOoi
WCTOYHUK TPHIOKEHHOTO BBICOKOTO HANpsDKCHMS I maHeneil 10 CONMHEYHBIX 3JIeMEHTOB J0 TeX MOp, TOoKa
BXOJHOI MMIyJIbC yIpaBJIeHUs reHeparopa 61 WMIyIbCOB HE MajaeT HWKE YCTAaHOBICHHOTO MOPOTOBOTO 3HA-
yeHns Ha G BBICOKOBOJBTHOTO MEPEKITIOYAIONIEro TPaH3ucTopa 68, 4TO OCTaHABIMBACT MPOXOXKICHUE TOKA Ue-
pe3 C-G, 3akphiBast MEPEKITIOYAIONIHA TPAH3UCTOP 68.

Kak u B mpeaslaymux BapHaHTaX OCYIICCTBIICHHMS, ONICAHHBIX BBIIIE, IOJada JIEKTpHIecKoro moist 250
Ha maHenu 10 COJHEYHBIX 3JIEMEHTOB MOJKET YBEJIIMYHUTH TOK M BBIXOJHYIO MOIIHOCTH HaHened 10 comHedHbIx
9JIEMEHTOB Ha 33/IaHHYIO BEJIMUYMHY MPU COSAMHEHUU BIIOCIEJACTBUH K MHBEpTOpYy 31 (Hampumep, B 3aBUCUMO-
CTH OT MHTEHCHBHOCTH CBETA, NMAJAIONIEr0 Ha NaHenu 10 COMHEYHBIX 3JIEMEHTOB, HANPKEHHUS V 4y, HOJaBaE-
Moro Ha maHenu 10 COTHEYHBIX AJIEMEHTOB OT UCTOYHUKA 50 HampsDKEHUs, TONMIIKHBI maHened 10 coaHeuHbIX
3JIEMEHTOB, JUTUTEIBHOCTH Dp HMITyITbCa M 9aCTOTHI f, ¢ KOTOPBIMU UMITYITBC 71 HANPSHKCHUS TIOJACTCS HA MaHe-
mu 10 CONHEYHBIX DJIEMEHTOB, M TaK Jaliee). AHAIOTUYHBIM 00pPa30M B YCIIOBHSIX BHICOKOW MHTCHCUBHOCTH CBE-
Ta yJIy4YllIeHHEe BBIXOJHOW MOIIHOCTHU maHesneil 10 COMHEeYHBIX 3JIEMEHTOB MOXKET COCTaBIAThH mopsanka 20%; a B
YCIIOBUSX HU3KOH OCBEIIEHHOCTH MOXKET COCTABIATH 50%.

VYiaydireHne XapakTepucTHK (HOTOINEKTpuIecKkoro ycrporctea 200, B3aUMOICHCTBYIOMIETO C JIEKTpHUe-
ckuM 1osieM 250, MOXKeT OBITh H3MEPEHO KaK YBEJIMYEHHE TOKA KOPOTKOTO 3aMBIKAHHUS COJIHEYHOTO IIEMEHTA,
I, Kak MOKa3aHoO B ypaBHEHUH 5

Tsc = Ipase [1 + c(V(1, D)8, €) *@imax — P)] (Vpasnenue 5)

rre I, - TOK KOPOTKOTO 3aMBIKaHUS TIPHU OTCYTCTBHH BHEIITHETO AJIEKTPHUYECKOTO TMOJISA 250 U Py - MAK-
CHUMaJIbHAsE MOIITHOCTh ONTHYECKOTO M3IYYCHHS, IIOCPEACTBOM KOTOPOIi r00ast TOTONHUTENBHASI MOITHOCTD HE
CO3/1aeT JTIOOBIX JOTOIHUTEIBHBIX AIEKTPOHHO-ABIPOYHBIX Map. Tak Kak yaydlleHHe BBIXOJHOTO TOKa COJIHEY-
HOTO 2JIeMeHTa 00yCIIaBINBaeTCsl BO3AeHCTBHEM AteKTpuueckoro noist 250, To gopma c(V(t, f),t,€) MoxeT OBITH
OTIFICaHa ypaBHEHUEM 6

e(V(t, 1), t, €) = m(t, &)V app*(1-exp(1/1, ))*exp(-faccay/f) (Vpasnenue 6)

B ypaBuenun 6 m(t, €) 3aBUCHT OT (oTOdNIEKTpHUecKoro ycrpoiictBa 200. YirydmeHne Toka KOPOTKOTO
3aMbIKaHuA Iy, 13-3a amekTpudeckoro momd 250 MoxeT OBITh JIMHEHHBIM B OTHOIICHHH IT0JIaBAEMOTO HATIPSKE-
HUSA V 5pp. YIyullleHHe, HAOII0aeMOe 10 OTHOLIEHHIO K YacTOTE CIEN0BaHUs HMITYJILCOB, MMEET XapaKTEPHYIO
ckopocTh crnagaHus (1/fiecay) M XapakTepu3yeTcsa SKCIOHEHLIMAIBHOCTBIO 0 OTHOIIEHHIO K yacToTe f cienosa-
HUS UMITYJIBCOB. YITydIlIeHUE, HAOII01acMOE B OTHONICHHUHU JUTHTEIEHOCTH T UMITYJIbCa, MOXKET TAKXKE XapaKTe-
PH30BAThCS DKCIIOHEHIMATIEHOCTBIO, M ONUCBIBATH, KaK OBICTPO MOJaBAEMOE HANPSIKEHHUE V pp, JOCTUTAET I10JI-
HOW BEJMYMWHEL. YIydllicHHEe, HAOIIIaeMOe B OTHOIICHUH JUTHTEIEHOCTH T UMITYNIbCA, 3aBUCUT OT OCOOCHHO-
cTeit yerpoiictBa 60 I TeHEPUPOBAHUS UMITYJIHCOB HAIPSDKCHUA. Y BETUUCHUE TOKA KOPOTKOTO 3aMbBIKaHUs I .
B 3aBHCHMOCTH OT I10JIaBAEMOTO HAMPSIKEHUS V app, YACTOTHI f ClIEIOBAHMSA MMITYJILCOB M JUTMTETIBRHOCTH T UM-
myJibca okazano Ha ¢ur. 11A-C cooTBETCTBEHHO.

Ha ¢wur. 11A mokazano oxxugaeMoe yaydiieHrne Toka KOPOTKOTO 3aMbIKaHus Iy, mutst manenu 10 comHeuHbIX
3JIEMEHTOB (TOKa3aHa Ha Gur. 2) B 3aBUCUMOCTH OT BETMYMHBI M01aBAEMOT0 UMITYJIbCA HAMPSHKEHHUA V 5. Kak
MOKAa3aHO, [UTUTEILHOCTh UMITYJIbCA U YaCTOTA CIICTOBAHUS UMITYJIbCOB (DUKCUPOBAHEI, 8 BETMYMHA HATIPSHKCHUS
uMmmyasca m3menseTcst ot 50 mgo 250 B. YnydmeHnne Toka KOpOTKOTO 3amMblkaHus Algc Bo3pacTaeT HOMHHAIBHO
ot 0,1 0 2 A. VI3mMeHeHne ToKa KOPOTKOTO 3aMbIkaHUs Algc B 3aBUCHMOCTH OT ITOJaBaEMOTO UMITYJIbCca HATpsI-
KEHHUsT V ppp JUISL IEPBOTO MOPS/IKA SABISAETCS NpUOAM3UTENbHO MuHeiHbIM. Ha ¢ur. 11B nokazaHo usMeHeHue
VIIy4IIeHUS] TOKa KOPOTKOTO 3aMBIKaHUS Algc B 3aBHCHMOCTH OT 4aCTOTHI CIIEAOBAHHUS UMIYJIHCOB IPH (UKCH-
POBAaHHOW JIUTEIBHOCTH MMITyJIbca M ()MKCUPOBAHHOM HANPSKCHUU MMIyJbca. Kak mokasano Ha ¢ur. 11B,
yIIydIIeHHue TOKa KOPOTKOTO 3aMbIkaHus Alsc yMeHbIaeTcst mpuOIm3uTensHo ot 1,7 A no npubnusurtenpao 0,45
A 1pu yBeNIMYEHHUH YaCTOThI ciieoBaHus UMITYI6COB OT 10 1o 100 B mpon3BONIBHBIX eqUHUIAX BpeMeHu. Takoe
MOBEJICHHUE SIBJLICTCSA MPUONU3UTEIBHO dKCHOHeHNHUANbHEIM. Ha ¢ur. 11C moka3aHo M3MEHEHHE YIYYIICHUS
TOKa KOPOTKOTO 3aMBIKaHUS Algc B 3aBUCHMOCTH OT AJHTEIHHOCTH MMITYJIbCa NMpH (PUKCHPOBAHHOI HacToTe
CJICJIOBAHUS MMITYyJIbCOB M (DUKCHPOBAHHOM HMITYJIECE HAMPSDKCHHS. J[JIs1 3TOTO IpuMepa YIIydllIeHuEe TOKa KO-
potkoro 3ambikanus Algc Bo3pactaet ot 0 10 1,2 A mipu Bo3pacTaHUH ITUTEILHOCTH UMITYJIbCa TI0 BpeMeHH OoT 0
10 2000.

B Kkaxx70M U3 ONMMCAHHBIX BAPUAHTOB OCYILICCTBIICHIS, YBEINYHBAS HATPSHKEHHOCTD JJICKTPUIECKOTO TTOJIS
250 gepe3 anekrpoanl 101a, 101b comreunoro snementa 100 wu manenw 10 COTHEUHBIX SJIEMEHTOB, YBEIHUN-
BaeTcsl KOd((UIUEHT TOJIE3HOTO NeHCTBUs comHedyHoro ateMmenTta 100 wim manenu 10, Hanpumep, BIUIOTH IO
MaKCHUMAaJIbHOM 3JIEKTPUUYECKOM HamnpsbkeHHOCTH nois E,,. MlHade roBops, Kak TOJBKO HANPSKEHHOCTH 3JIEK-
TpudecKoro noist 250 mocTuraeT MakCHMaJIbHON HANPSHKEHHOCTH, CKOPOCTh 3JIEKTPOHHO-IBIPOYHON peKOMOu-
HaIlUK CBOAWTCS K MUHUMYMY. COOTBETCTBEHHO MOKET OBITh INPEATIOUTUTEIHHBIM BHIIIOIHUTH CXEMY YIIpaBie-
HUs (hoTodnekTpuueckoro ycrpoiictea 200 ¢ BO3MOKHOCTHI0O MAKCUMAIILHOTO YBEJIMYCHUS BHIXOJHOTO TOKa U
HANPSDKCHUS TIPU Pa3IMYHBIX YCIOBUAX SKCILTyaTalluH.

Hanpumep, obpamasics k ¢ur. 9A, natunk 33 Toka M JaTYMK 32 HANpPsDKEHUS TTOKa3aHbl MOIKITIOYCHHBIMH
k cucteme 300 ynpaBieHus: (OTORICKTPUICCKUMU 3JIEMEHTaMH, MTOKa3aHHOH Ha ¢ur. 4. Kak moka3zaHo, JaT4uk

-10 -



034625

33 Toka MOJKJIIOYEH IMOCIEA0BaTeIbHO MeXAy naHesblo 10 colHeyHbIX 3JeMeHTOB U uHBepTopoM 31. JlaTtuuk
33 TOKa MOXKET OTCJIC)KHBATh BBIXOJHOM TOK maHenu 10 CONHEYHBIX AJIIEMEHTOB. AHAIOTHYHBIM 00pa3oM, Jat-
quK 32 HampsDKEHUS COSAMHEH MapauiebHO K maHensM 10 COTHEYHBIX 3JIEMEHTOB M MHBepTOpy 31 mist oTcie-
JKUBAHWS BBIXOJHOTO HAMPsDKEHHS MaHe u 10 COTHEYHBIX 2IEeMEHTOB.

Cxema 35 ympaBieHus MOAKIIOYEHA KaK K AaTYUKY 33 TOKa 4depe3 YIpaBIIIIONINE BBIBOIBI 33 a, Tak U K
JATIUKy 32 HAMpsDKEHUS Yepe3 YIpaBisiomue BoIBOABI 32a. Jlatumk 33 Toka MOXKeT OBITh BCTPOCHHBIM HWIIH
WHIYKIIMOHHBIM U3MEPUTEFHBIM OJIOKOM WM M3MEpSET BHIXOJHOW TOK maHesei 10 comHedHbIX aneMeHToB. AHa-
JIOTUIHBIM 00pa30oM JIaTIHK 32 HAIPSHKSHHS UCTIONB3YETCS ISl U3MEPEHHsI BBIXOTHOTO HAIpsDKeHUS maHenei 10
COJTHEYHBIX 3JeMeHTOB. [Ipon3BecHHE TOKa, U3MEPEHHOTO JaTYMKOM 33 TOKAa, U HANPSHKCHUS, U3MEPEHHOTO
JATYUKOM 32 HANPSOKCHUS, IPEJCTABIsIeT COOO0M BBEIXOIHYIO MOIIHOCTE, TIepeiaBacMyto OT maHenei 10 conney-
HBIX 2JIEMEHTOB K UHBEepTOpY 31.

B HEKOTOPHIX BapuaHTaX OCYMICCTBICHUS MAaTYUK 32 HANPSIKCHUS MOXKET TAKXKE CIY)KUTh B KAUECTBE HC-
TOYHHMKA MUTAHUSA TSI CXEMBI 35 yrpaBiieHUS U QYHKIIMOHUPYET TONBKO IO TEX MOp, Moka maHenu 10 conHed-
HBIX 3JICMEHTOB OCBEIIAIOTCS U MPEJOCTABIISAIOT JOCTATOYHYIO MOIIHOCTD JJIl aKTHBHPOBAHUS CXEMBI 35 yrpaB-
neans. Cxema 35 ympaBieHHS IOMOIHUTEIHHO MOIKIIOYACTCA K MEPeKIIF0YaTelto 55, 4ToObl ONMpeneIuTs Bpe-
MeHa TEePEKIIIOYCHNS U 9acTOTy, OMMCAaHHBIE HIDKE CO CCBUTKOM Ha ur. 4. J[MUTEIHHOCTE BpEMEHHU MTEPEKITIoue-
HHS M 9aCTOTHI MOTYT OBITh peryJaupyeMoi, YTOObI MOAaBaTh HANPSKEHHE V p, HA MaHesnu 10 coMHeuHbIX dile-
MEHTOB TaKUM 00pa3oM, YTOOBI KaKk TOK, CTEHEPHPOBAHHBIN B COTHEUHOM deMenTe 100 1 m3MepeHHbIN naTan-
KoM 33 TOKa, TaK W HANpPsDKEHHE, N3MEPEHHOE MAaTYNKOM 32 HampsDKEHUs, ObUTH MaKCHUMAIILHO YBEIMYSHBI TIPH
Pa3NIUYIHBIX YCIIOBHUSX SKCIUTyaTalldH, HAIPUMEpP MPH OTINYAIONINXCS WM U3MEHSIOIINXCS YCIOBHSIX OCBEIICH-
HOCTH.

B onHoMm BapmaHTe OCYIIECTBJICHMS AJIS NMOAAYU dIeKTpuueckoro noist 250 manens 10 conHEYHBIX diie-
MEHTOB M3HAYAJIbHO HE TCHEPUPYET MOIIHOCTDH, HAPHUMEP, B HOYHOE BPEMsl HIIH MPH T'ycTod obnavynoctd. [1o
Mepe Toro kak maHenu 10 COJHEYHBIX 3JEMEHTOB OCBCIIAIOTCS (HAIpUMEp, B YTPEHHHE Yachl), maHensmu 10
COJTHCYHBIX 3JICMCHTOB TCHEPHUPYETCS HANPSHKCHUE U TOK, U BBIBOIBI 322 HAUMHAIOT MOJABATh TOK M HATPSIKE-
HHUE B cxeMy 35 ympaBineHus. Cxema 35 ympaBieHHS COACPKUT HU3KOBOIBTHBIA NCTOYHUK MUTAHUS JIOTHKH (HE
MOKa3aH), 4TOObl IPUBOJIUTE B JICMCTBHE YIPABISAIONIYIO JIOTUKY B cxeMe 35 ympasienus. Cxema 35 ympasie-
HUS TaKXKe COICPKUT UCTOYHHUK 50 muTaHus 11 oOecriedyeHns BRICOKOBOJIBTHOTO MCTOYHHKA MUTaHus. VcTou-
HUK 50 HanpspKEeHUS HMEeT TIEPEeMEHHBIN BRIXOJHON CHTHAI, KOTOPBIA MOKET OBITH OTPETYIHPOBAH C TIOMOIIBIO
CXeMbl 35 ynpaBlieHHs U OTBEYAET 3a M0Jaqy Vap, Ha BBIBOA 38. BBICOKOE BBIXOJHOE HANPSKEHHE V Ap, CXEMBI
35 ynmpaBiieHUs1 YOpaBisSeT BBIBOAOM 38 W coemuHseTCs ¢ mepekmouareneM S5. Beisoa 38 ucnonw3yercs mis
HOJlau HANPSKEHUS V Ay, YEpe3 mepeknrodarens 55 Ha manenu 10 connedHslx snemeHTOB. B 3TOM npumepe
cxeMma 35 ymnpaBlieHHs BBITIOJIHEHA C BO3MOKHOCTBIO HE MO/1aBaTh JI000€ HampsKeHUe V 5,y Ha manenu 10 com-
HEYHBIX 3JICMCHTOB JIO T€X MOP, MOKa MaHeIsIMu 10 CONHEYHBIX JIEMEHTOB HEe OY/IET CrEHEpUPOBAHO JOCTATOY-
HO MOITHOCTH, YTOOBI aKTHBHPOBATh KaK HU3KOBOJBTHBIN MCTOYHHUK MUTAHUS JIOTUKHU, TAK M BHICOKOBOJIETHBIN
UCTOYHUK ITUTAHUS.

B anpTepHAaTHBHOM BapHaHTE OCYIICCTBICHHS cXeMa 35 yIpaBICHUS MOKET OBITh BBIMOJIHEHA C BO3MOXK-
HOCTBIO TIOAAYM 3JIEKTPHUEcKOro moist 250 M MaKCHMaNbHOTO YBETHYEHUS BBIXOJHOM MOIIHOCTH, TaK KakK OC-
BEIIEHHOCTh B TEUCHHE ITHS YBEIMUYMBACTCS M yMeHbIIaeTcs. Cxema 35 ympaBieHHS MOXKET 00ECIEUUTh IIeK-
Tpudeckoe mosie 250 U cTadMIM3upOBaTh BEIXOAHYIO MOITHOCTD MaHeled 10 COMHEYHBIX 2JIEMEHTOB B COOTBET-
CTBUH C JITOOBIM OTIMCAHHBIM BBIIIE CTIOC0O0M, BKIFOUaromuM mpotecc 9000, mokazanuerii Ha dur. 9b.

O6pamasce k ¢ur. 9B, mporecc 9000 BrIrOYaeT HHUIMATH3ANKIO0 MonTHOCTH Ha 3Tare 900. Jfocrarounas
MOIITHOCTb JIOJKHA MIPUCYTCTBOBATh Ha BBIXOZE MaHenel 10 CONHEYHBIX 3JIEMEHTOB JUI aKTHBAIIUU KaK HHU3KO-
BOJIFTHOTO MCTOYHHMKA MHUTAHUS JOTHKH, KOTOPBIA MPUBOIWT B JCHCTBUE YIPABISIONIYIO JIOTUKY B cxeme 35
VIpaBJICHUS, TAK U BEICOKOBOJBTHOTO MCTOYHHKA MUTAHUS, HCOOXOIUMOTO JUIS ITOaYH BBICOKOTO HATIPSIKCHHUS
Ha BBIBOJ 38 M uepes mepekirovaresb 55. B kadecTBe aibTepHATUBBI cxeMa 35 yIpaBJIeHUs MOXKET MUTAThCS OT
BHEIITHETO MCTOYHHWKA (HE MOKa3aH), HAPUMEP aKKyMYJISTOPHOH Oarapen, KOHIEHCAaTopa OONBIION €MKOCTH,
BHEIITHETO UCTOYHUKA MUTAHUS IEPEMEHHOTO TOKa , KOTOPHIH MO3BOJIIET HU3KOBOJIBTHOMY UCTOYHHKY MTUTAHUS
JIOTHKH (YHKIITMOHUPOBATH U cXeMe 35 ymnpaBieHHs OTCICKHBATh BBIXOAHYIO MOIIHOCTH maHeneid 10 comHed-
HBIX 3JIEMEHTOB JI0 TE€X IOp, MoKa maHenan 10 COTHEYHBIX IEMEHTOB TeHEPUPYIOT JOCTATOYHO BBIXOAHOM MOII-
HOCTH, YTOOBI TAPaHTHUPOBATH MOAAYY dJeKTprUeckoro moss 250 Ha naHenn 10 COTHEUHBIX AJIEMEHTOB C YBEIJIH-
YeHHWEeM UX BBIXoIHOU MomtHOCTH. [Tocie Toro xak cxema 35 ympaBieHHS 3aITyCcKaeTCs, MHALHAIN3UPYIOTCS BCE
napaMeTpsl (HanpuMep, MoAaBaeMOE BEICOKOE HAIPSKEHUE V app, BpEMs D JUIMTETEHOCTH TIEPEKTIOUYEHHUS U 9ac-
ToTa f nepexmouenus). B o1HOM BapuaHTe OCYIIECTBICHUS I10JaBAEMOE BBEICOKOE HANPSKEHHE V 5p, YCTAHAB-
JUBACTCS PaBHBIM HYJIO, a JIUTEIHHOCTh D MEepeKIroueHus U 4yacTora f MepeKtoYeHrs YCTaHABIMBAIOTCS B
HOMUHaNBHBIE 3HadeHNss D=t u f=f;. Bce KOHTpoONBHBIE HHACKCH N, i, ¥ ] HHALIHAIN3UPYIOTCS HYJICBBIMHU 3HA-
YCHUSMU.

3atem Ha otamne 901 cxema 35 ympaBieHUs ONpPENENsIeT, IBIACTCS U HaNpss>KEHUE, U3MEPEHHOE JaTYUKOM
32 HampspDKEHHS, BBIIIC WA HIDKE 3aJaHHOTO MHHUMAIBHOTO Viin, W SBISCTCS JIA TOK, H3MEPEHHBIA JaTIMKOM
33 Toka, OONBIIC 3aJJAHHOTO MUHUMYMA 1y, COUCTaHUE Vppiy H 1y, OBUTH BBIOpPAHBI TAKMM 00pa3oM, YTOOBI Ta-
Hemu 10 CONHEYHBIX 3JIEMEHTOB, OIPEICNACMbIe KaK OCBCIICHHBIC, TEHEPUPOBAIN HEKOTOPHI HOMHUHAIBHBIN
MPOIICHT, HanpuMmep 5%, OT CBOeH cpenHel HOMUHAIBHOW MOITHOCTH, YTO SIBISIETCS HOCTaTOYHOH CTeHEPHPO-
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BaHHON MOIIHOCTBIO JIJISl MUTaHUS UCTOYHUKA 50 MUTaHUS B cXeMe 35 ympaBiieHUs, YTOObI YBEIUYUTH BBIXOJ-
HyI0 MOIIHOCTh naHenedt 10 conHeyHbIx aneMeHToB. Ecnu cxema 35 ympaBieHUs! ompeiensieT, 4YTo Kak u3Me-
PEHHBIE TOK, TaK W HANpPsKCHHWE SBIIAIOTCS BBIIIE COOTBETCTBYIONIMX 3aJaHHBIX MHHHMYMOB, TO cxeMa 35
yIpaBlieHUS B TaHHBIH MOMEHT QyHKInoHupyeT u nporecc 9000 nepexomut k stamy 903; B MpOTUBHOM ClTydae
nporecc 9000 nepexoauT B cocTosTHUE OkuaaHus Ha dtane 902 u Bo3Bpamaercs k atamry 900.

Ha srane 903 cxema 35 ympaBieHus u3MepsieT TOK, MPOXOIAITNN B HHBEPTOp 31, ¢ moMomIpio matanka 33
TOKa, HaNpspKeHHe Ha WHBepTOpe 31 - ¢ MOMONIBI0 JaTdrka 32 HANpsHKEHUS W BBIYHUCISET MOIIHOCTH (HOMH-
HAITLHO, TOKXHAMPSIKCHUE), TiepeaaBacMyro depe3 UHBepTOp 31. KOHTPONBHBIA MHICKC N yBEITHYUBACTCS IO
n+1.

Ha stane 904 cxema 35 ynpasieHus cpaBHUBAET Vapp € Vinax. Vinax MOXKET OBITh 3apaHee YCTAHOBIICHHBIM
3HAYCHHEM U MPEICTaBIICT OO0 MaKCHMalIbHOC HANpPsDKEHHE, KOTOPOE MOXKET OBITh MOAaHO Ha manenu 10
COJTHCYHBIX 3JICMCHTOB, HE MOBpEXKIas HU maHenu 10 COTHEYHBIX 3JICMEHTOB, HU uHBepTop 31. B 3aBUCHMOCTH
OT Tuna nmaHean 10 COMHEYHBIX 3JEMEHTOB V., 00bIdHO cocTapigeT oT 600 u 1000 B. Ecnu 3HaueHUEe V 45p,
MeHbIIE V 4x, TO Tiponiecc 9000 nepexoaut k 3Tamy 906; B mpoTUBHOM ciyyae, npouecc 9000 oxunaer Ha Tamne
905.

Ha srane 906 cxema 35 ynpasieHus yBeJIHYUBAET IPUIIOKEHHOE BEICOKOE HANPSIKEHHUE V Ap, HA BEIUUMHY
nAV U aKkTUBHpYeT MepekiouaTens 55. AKTuUBaIUs nepekiarodarens 55 oTcoenunser maHenu 10 comHEUHBIX
SJIEMEHTOB OT MHBEPTOPa 31 U coenuHsAeT naHenu 10 CONHEYHBIX BJIEMEHTOB C V A,y M3 CXEMBI 35 yNpaBlleHHs
Ha BbIBoJax 38. Jlmst aroro mpumepa AV MOXKeT OBITh (PMKCHPOBAHHBIM IEPEIAOM HAMPSDKCHHS, COCTABIISIO-
M 25 B, XOTS MOTYT OBITh HCIIOJIE30BaHbl OOJIBLINE UM MEHBIIME Nepenaisl Hanpsyxkenus. Hanpskenue V zp,
MIPHUKJIAIBIBACT dIeKTpraeckoe mose 250 Ha maHeny 10 COTHEUHBIX 3JIEMEHTOB TaKUM 00pa3oM, YTO HaIPsIKEH-
HOCTB 3JIEKTPHYECKOro nojsd 250 mponopuyMoHaibHa IPUIIOKEHHOMY HANPSIKEHUIO V op,. JIUTENBHOCTD coeu-
HeHus naHenel 10 CONMHEYHBIX 3JIEMEHTOB C Vp, B CXeMe 35 ynpaBiieHus BBIOUPAETCA TAKMM 00pa3oM, 4TOOBI
He TpepeIBaTh padboTy nHBepTopa 31. s aToro mpuMepa ko3¢ UIMEHT 3al0JHEHUS BEIOpaH paBHBIM 5% (Tma-
Henu 10 CONHEYHBIX JNIEMEHTOB € 5% BPEMEHH COCAMHEHBI C Va,, B CXeMe 35 ynpaBieHHs) U AJTUTENbHOCTh
BPEMEHU TEPEKITIOUCHISI TI0 YMOTYaHUIO BEIOUpaercss HomuHanbHO 1000 He. [1o xenaHuto MOTYT OBITh UCIIOJNb-
30BaHBl abTCPHATUBHBIC BpeMeHa mepekinroucHus. Cxema 35 ympaBlieHHsI CHOBa ITOJIYYaeT W3MEPECHUE TOKa,
MPOXOJIAIICTO B HHBEPTOp 31, ¢ MOMOIIBIO MaTuuKa 33 TOKa, MOJIydaeT U3MEPEHUE HANPSIKCHUS Ha HHBEPTOPE
31 c momombko AaT4rKa 32 HaNpsHKEHUs U IEPECUUTHIBAET MOIHOCTD, IEpeaBaeMyto uepe3 uHBepTop 31.

Ha stane 908 cxema 35 ynpaBieHus CpaBHUBAECT BBIXOJIHYIO MOITHOCTh NaHesiel 10 COTHEUHbIX JIEMEHTOB C
CaMbIM MOCIIEHUM U3MEPEHHEM JIO TOTO, KaK V oy, OyIeT 0JaHo Ha naHesb 10 CoMHeYHbIX 21eMeHToB. Ecin
MOIIHOCTh YBeJIMUMIach, To nporecc 9000 Bo3Bparaercs k atamy 901 u moBTopsiercs. Hanpspkenue, momaBae-
Moe Ha BbIBOJ 38, yBeauuuBaeTcs Ha AV 1100 1MoKa Mo1aBaeMOE BBICOKOE HAMPSIKEHHE V ap, ABJISAETCS OONBIIIE
V nax,» TM00 MOKa yBENMYEHUE TT0JaBAEMOT0 BBICOKOTO HAMPSKEHHS V op, HE MIPUBEJIET K YBEITHMYECHUIO BHIXOTHOM
MOITHOCTH TaHeseH 10 COMHEYHBIX JIEMEHTOB. V ., ONIPEAeNseTCs 3/1eCh KaKk MaKCHMaJIbHOE HanpshKeHUe, KO-
TOPOE MOJKET OBITH ITOJJAHO Ha MaHENb COJTHEYHBIX 3JIEMEHTOB, HE MIPUUINHSL UM HUKAaKOTO Bpeaa. B 3aBucumMo-
CTH OT THIA NaHenu 10 COHEYHBIX AJIEMEHTOB V ., KaK MPaBUIIO0, COCTABISET MpUOIM3uTEIsHO 0T 600 10 1000
B. B 00oux ciyuasx mporece 9000 oxwumaet Ha dtarne 905. JIIUTENEHOCTh COCTOSHUS 0KUIAHUS MOXET OBITh
OT HECKOJBKHUX CEKYH O HECKOJIBKHX MHHYT.

ITocne atama 905 oxunganus npouecc 9000 nepexonut k stamy 907. Eciau MOIIHOCTB, U3MEpPEHHAs uyepe3
BBIBOJIBI 32a M 33a, He M3MEHMNIACh, MHAEKC N yMeHbIIaeTcs (n=n-1), Moj1aBaeMoe HalpsKeHNe V 5p, HA BBIBOJIBI
38 k manenu(siMm) 10 COTHEUHBIX 3JIEMEHTOB YMEHBIIAeTCsS Ha BeMMInHY AV, 1 cxema 35 yrnpaBieHUs akTUBUPY-
et nepexnouarens 55. Iponece 9000 npoxomkaetcs Ha stane 909, rae BhIX0AHAsS MOLIHOCTh U3MEPSETCs aT-
yuKOoM 33 TOKa M JaT4yrkoM 32 HampsbKeHus. B BBIXOJHAs MOIIHOCThH MOKa3bIBaeT majaeHue, mporecc 9000
nepexoauT k 3tamy 910. Eciu BEIXOAHAsE MOIITHOCTh YBenHumiIach, mporecc 9000 Bo3Bpariaercs k stamy 907, u
10J]aBAEMOE HAIPSIKEHUE V app MPOJOIIKAET YMEHBIIATECS IO TEX IIOP, TOKA BBIXOAHAS MOIIHOCTbL HaHesei 10
COJIHEYHBIX DJIEMEHTOB He TepecTaeT yMeHbInathes. [Iporiecc 9000 mepexoaut k stamy 910.

Ha stane 910 cxema 35 ympaBiieHHs YBEIMUUBAET JJIUTEIBHOCTh, KOTAA MEPEKI0oYaTeNlb 55 cCOeUHEH C
naHenbio 10 CONHEYHBIX AIIEMEHTOB Ha BBIBOAE 38 B IEPBOM MOJIOKEHHH, pAaCCMOTPEHHOM BhIme. VHTEpBa
BPEMEHH, KOTJa IMEePeKIoYaTeNb 55 COeIUHEeH C NCTOYHUKOM S50 HampspKeHUS, YBETHYHWBACTCS HAa BEIHMYUHY
iAt,. Tlepexmouatens 55 aKTUBUPYETCS, U BBIXOIHAS MOITHOCTH MaHenel 10 CONHEYHBIX 3JIEMEHTOB CHOBA OT-
CJIe)KUBaeTCs JaTIUKOM 33 Toka u matankoM 34 HanpspkeHus. [Iporecc 9000 mepexoaut B ycnoBue 912, 9To0bI
OTIPENICIINTh, BO3PACTACT JIM BBIXOJHAS MOINHOCTH maHened 10 coiHeYHBIX 31eMeHTOB. Ecnm nma, To mporecc
9000 mepexonut K atamy 910, U JIUTENBHOCTh, Koraa naHenu 10 CONHEYHBIX 3IEMEHTOB COEIUHEHBI C UCTOY-
HUKOM 50 HampsDKEHUs, CHOBAa yBEIMYUBACTCA. JJIMTENBHOCTh TEPEKIIOUCHUS OYIECT yBEITHYMBATBCS JIO TEX
TOp, TIOKa BBIXOJHAsI MOIIHOCTh MaHeNied 10 CONHEYHBIX AJIEMEHTOB HE JOCTHTHET MaKCUMyMa (HMJIH TIOKa He
JIOCTUTHET (PMKCHPOBAHHOTO MpeJelia JITUTSIBbHOCTH, HATIPUMED, 3-5 MKC) - B PE3yJIbTaTe Yero U3MCHEHUS JIITH-
TENBHOCTH TePEKIIOUeHIs, 00yCIIOBIEHHBIE CXeMOi 35 ympaBieHus, mpekpamaTcs. TeM He MEeHee, ecli Ha
stare 912 cxema 35 ympaBieHHS OmpenemnseT, YTO yBEIWUEHHE JIUTEIBHOCTH D MepekItoueHns MpUBOAUT K
CHW)KCHHIO BBIXOJAHON MOIIHOCTH, H3MEPEHHOW HaTIYMKOM 33 TOKa W JaT4uKoM 32 Harpshkenwus, mporecce 9000
nepexonuT Kk atamy 911, a gmurensHOoCTh D TIepekmtoueHust CHUKAETCs IIOCPEICTBOM MOBTOPEHMsI 3TaroB 911 u
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913 1o Tex mop, MOKa BEIXOHASI MOIIHOCTh MaHelnell 10 COMTHEYHBIX 3JIEMEHTOB CHOBa MaKCHMAJIBHO HE YBEIH-
yurcs. [Tocie Toro kak cxema 35 ympaBieHHS ONpPEACISCT, YTO [UIMTSIFHOCTh NEPEKIFOUCHHS ObLIa ONITUMH3U-
poBaHa JUII MaKCUMAaJIbHOH BBIXOJHOW MOITHOCTH MaHemne# 10 CONMHEYHBIX 3JIEMEHTOB IyTEM ITOBTOPEHHUS dTa-
moB oT 910 mo 913, mporecc 9000 mepexoaut k dTammy 914.

Ha srane 914 cxema 35 ynpapieHus HAUMHACT YBEIWIMBATH 9acTOTy f COSMHEHHS, ¢ KOTOPOM MEPEKITIO-
gaTenb 55 coeauHseTcst co cxemoir 35 ympamnenus. Yactora f, ¢ KOTOpor mepexiIovaresb 55 coenuHseTcs ¢
UCTOYHUKOM 50 HampspKeHWs, yBeIW4duBaeTcs Ha JAf OT mepBoHaYambHON YacTOTHI fy MEPEKIFOUYCHUs, TaK 9TO
f=fo+jAf. Ha srane 914 nepexmouarens 55 coequusiercss Mexay BbIBogoM 38 u maHemstMu 10 coHEYHBIX ite-
MEHTOB C HOBOM 4acTOTOH, f, M BEIXOAHAs MOIIHOCTE IaHeneil 10 cCoJHEYHBIX DJIEMEHTOB CHOBA OTCIIEKHUBAETCS
nmataukoM 33 Toka u mataukom 34 Hampspkenus. [Ipomece 9000 mepexoaut k dtamy 916. Ecnm BeIXomHAS MOTII-
HOCTP maHeseil 10 COMHEYHBIX 2JIEMEHTOB yBeIHUmiIach, npomecc 9000 nepexoaut oopatHo K dTamy 914, u gac-
TOTa, C KOTOPO# maHenu 10 COMHEUHBIX 3JICMEHTOB COCIUHSIOTCS ¢ HCTOYHHKOM S0 HampsHKCHUs, CHOBA YBEIH-
yuBaercs. YacToTa coeiMHeHHs OyIeT BO3pacTaTh 10 TEX IMOp, OKa BBEIXOJHAS MOIIHOCTh maHenei 10 conney-
HBIX 3JICMEHTOB HE JOCTHUTHET MAaKCHMyMa, WIH 0 MaKCUMAJIbHON YacTOTHI f..c, B Pe3ylbTaTe Yero mporecc
9000 nepexomut k stamy 915. Ha stane 914 uactoTa, ¢ KOTOpOoH NepeKIrouaTens 55 COEAUHAETCS C HICTOYHUKOM
50 BBICOKOTO HampspKEHUS Ha BBIBOJAE 38, Temeph YMEHBIIAETCS Ha BEIUUUHY jAf, U mepexmodarens 55 cHOBa
AKTUBUPYETCS, U BBIXOTHASI MOLTHOCTH MaHenel 10 CONHEYHBIX 3JIEMEHTOB CHOBA OTCIIC)KHBACTCS JATYHKOM 33
TOKa U JIATYUKOM 32 HampspkeHHUs. B 3TOT MOMEHT cxema 35 ymnpaBieHUs peliacT, yBETUYHUBACT JIH CHIDKCHHE
YacTOThl COEIMHEHHWsS BBIXOJHYIO MOIIHOCTH MaHened 10 comHedHbIX dmeMeHToB Ha dtane 917. Ecim ma, To
mporecc 9000 Bo3Bparmaercs k aramy 915. B kadecTBe anbTepHATHBBI, €CITU YaCTOTa MEPEKIIOYCHHS JOCTUTAET
HEKOTOPOH MUHUMAIBHON YacTOTHI f;,, Mporecc 9000 mepexomuT k atarmy 918 mis oxxugaHus.

Ha osrane 918, mocie Toro kak BBIXOJHAsT MOIIHOCTE IaHeneil 10 CONMHEYHBIX DJIEMEHTOB MaKCHMAaIbHO
yBeJIM4EHa, cXeMa 35 ympaBiIeHHs ePexXouT B COCTOSHUE OXKHUIAHNUSA HAa HEKOTOPBIK nepuos BpeMeHu. [lepron
BPEMEHH OXHUIAHUS MOXKET COCTABIIATH CEKYHABI WM MUHYTHI. [locne oxumanus Ha dTane 918 mporecc 9000
nepexonut k atamy 901, rae nponecc 9000 cHOBa HAYMHAET U3MEHSTh HAIpPsDKEHUE, BPEMsl COEAMHEHUs Tiepe-
KITFOYATEISI U YaCTOTY MEPEKIFOUCHUSI OT MPEIBIIYIINX ONTHMHU3HPOBAHHBIX 3HAYCHUMN, YTOOBI TIPOBEPUTH, Pa-
0oTaroT i 10 cuX Mop maHenu 10 CONHEYHBIX 3JIEMEHTOB Ha CBOMX MAaKCHUMAIBHBIX YPOBHSX BBIXOJIHOW MOIII-
HoctH. [logaBaemoe HampspkeHHe 50 0T cxembl 35 ynpaBJieHHUs, JUIMTSIFHOCTh MEPEKIIOUYCHUS U 4acTOTa mepe-
KIIFOUCHUS BCE M3MEHSIOTCS B MpoIlecce paboThl B TCUCHHE JHS, YTOOBI yOeAUTHCs, 4TO maHemu 10 CONHEYHBIX
JJIEMEHTOB PabOTAaIT C MAaKCUMAIbHOW BBIXOJHOM MOITHOCTBIO MPH YCIOBUAX IKCIUTyaTaIllMd B KOHKPETHBIN
JICHb.

Ecnm Ha stame 901 HanpspkeHUe, U3MEPEHHOE JAaTIUKOM 32 HampsDKEHUS, MMajgaeT HIDKE 3aJJaHHOTO MUHH-
MaJbHOTO Vi, W TOK, U3MEPEHHBIH MaTYMKOM 33 TOKa, MagaeT HIDKE 3aJJaHHOTO MHHUMYMA i, TO cxema 35
yIpaBlieHUs] yoepeT Jo0oe HampspDkeHre Ha JUHUIX 38, U cxema 35 ympaBiieHus mepeiaer k dramy 902 s
OKHJaHUS, TIPEXae YeM BepHYThcs K dTamy 900 (Ha KOTOpOM cHcTeMa MOBTOPHO WHHUITMAIM3HPYET BCE Tapa-
MeTpbl 1 uHIEKCH). [Iporiece 9000 Oymet uepemoBath dTambl 900-901-902-900 o Tex mop, MoKa Kak HampsoKe-
HHUE, U3MEPEHHOE JaTYNKOM 32 HANPSOHKCHHUS, TaK U TOK, M3MEPCHHBIN MaTYUKOM 33 TOKa, HE MPEBBICAT Vi, U
imin COOTBETCTBEHHO, B pe3ynbraTe yero mporecc 9000 mepeiiner ot stana 901 k stamy 903.

Pasznmuunble KOHEYHBIC MAIIMHBI MOTYT OBITH PEAIM30BAHBI B CXeME 35 YIIpaBIICHUS IS TOJTYYCHHSI aHAJIO-
THUYHBIX PE3YJIBTATOB M OXBATHIBAIOTCS JAaHHBIM packpbeiTieM. Tem He meHee mporiecc 9000, onuMcaHHEIN BhIIIE,
NPEANOYTUTEILHO MUHUMH3UPYET BETMUMHY 110J1aBA€MOTO HANPSKEHUS V 5y, 0 CAMOTO HU3KOTO BO3MOKHOTO
3HAYEHUS TAKUM 00pa3oM, 4TOOBI IPOU3BEIEHUE TOKA, N3MEPEHHOTO JAaTYNKOM 33 TOKa, U HANpsHKEHUS, H3Me-
PEHHOTO JaTYMKOM 32 HaNpsyKeHHMs, ObLIO MaKCHUMAaIbHO yBenndeHo. ITofaBaemMoe HanpskeHUe V ap, KoNeOer-
CSl - TO €CTh M3MEHSETCA Ha HEeOOIIbIINE BEJIMYMHBI KaKk BBEPX, TaK U BHU3 - BO BpeMs (yHKIMOHUPOBAHHA B TE-
YeHHE JHSA, 9TOOBI YUECTh M3MEHEHHS MOITHOCTH ONTHYCCKOTO M3IYyUEHHS P, MaJarollero Ha CONHEYHBIN diie-
menT 100, manens 10 coMHEYHBIX PJIEMEHTOB MIIM HECKOJIBKO naHee 10 CONHEYHBIX 2JIEMEHTOB B TEUCHHE JTHS
TaKUM 00pa3oM, 9TOOBI BCEria MOTJIa MOIAEPKUBATHCSI MAKCHMAIbHAS BEIXOIHAS! MOIITHOCTE.

BoNBIMHCTBO 3TaoB, ONMUCAHHBIX BhIIIe B Tporecce 9000, mpenHazHAuCHBI I PEHICHHUS BOIPOCOB, CBSI-
3aHHBIX C aMa0aTHICCKIMU M3MCHCHUSIMH OCBEIIICHHOCTH, KOTOPBIC MPOUCXOIAT MEAJICHHO B TCUCHUE TPOME-
JKYTKOB BPEMEHH, COCTABIIONIMX HECKOJIBKMX MUHYT WJIHM 4acoB. B anbTepHATHUBHOM BapHaHTE OCYIIECTBIIC-
HUS, SCITU KOJICOAHUS OCBEIICHHOCTH TPOUMCXOIMIN C 00Jee BBICOKOH CKOPOCTBIO M3MeHeHus, mporecc 9000
MOJKET OBITH BBITIOJHECH C BO3MOXXHOCTHIO MUHHMH3AIMU BHICOKOYACTOTHBIX KOJEOAHHH BBIXOJHON MOIIHOCTH
MOCTOSIHHOTO TOKA, MOJIBOTUMON K HHBEPTOPY, MBITASICh yACPKUBATH BHIXOAHYIO MOIIHOCTh IMOCTOSIHHOTO TOKa
OT U3MEHEHHUH CO CIMIIKOM BBICOKOI CKOPOCTBIO M3MEHEHHS, CIICIOBATEIHHO, ITOBBIIIAs KAYECTBO HHBEPTOPA.

B npyrom mpumepe, obpammasich k ¢pur. 10A, matunk 33 Toka M AaTIUK 32 HANPsHKCHHS MTOKa3aHbI MOJI-
KITToYeHHBIMU K cucteMe 300 ympaBieHus (GOTOIEKTPUISCKUMH dJIEMEHTaMH, IMOKa3aHHO! Ha ¢wur. 6. Kak mo-
Ka3aHo, TaTYMK 33 TOKa MOAKIIOYCH MOCIEIOBATEIFHO MEXKIY MaHenbio 10 COTHEYHBIX 3JIEMEHTOB M WHBEPTO-
pom 31. Jlaturk 33 TOKa MOKET OTCJICKUBATH BHIXOJHOW TOK MaHe H 10 COTHEUHBIX DJIEMEHTOB. AHAIOTHIHBIM
00pa3oM AaT4rK 32 HANPSHKCHUS COCIAMHEH MapallieahbHO K maHe M 10 CONHEUHBIX 3JIEMEHTOB U HHBEpTOpY 31
JUTSL OTCJICKMBAHUS BBIXOJHOTO HAMPsDKCHUS aHe T 10 COTHEYHBIX JICMCHTOB.

Cxema 36 ynpaBieHus MOAKIIOUEHA KaK K AaTYMKY 33 TOKa yepe3 ympaBIIOIIME BBIBOABI 33a, Tak U K
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JaT4nKy 32 HampspKEHHs depes3 yrpasistionine BbIBojbl 32a. Jatumk 33 Toka MOXeT OBITh BCTPOCHHBIM HIIU
WHIYKITHOHHBIM U3MEPUTEIHHBIM OJIOKOM M M3MEpPSCT BBIXOJHOW TOK maHenei 10 CONHEYHBIX IeMeHTOB. AHa-
JIOTUIHBIM 00pa30oM JIaTIYHK 32 HANPSHKSHHS UCTIONIB3YETCS ISl U3MEPEHHsI BBIXOTHOTO HAIPsDKeHUS naHenei 10
COJTHEYHBIX 3JIeMeHTOB. [Ipon3BeneHne Toka, M3MEPEHHOTO JATYMKOM 33 TOKa, M HANPSDKCHUS, U3MEPEHHOTO
JATYUKOM 32 HamIpsDKEHUS, TO3BOJISET PACCUNUTHIBATh BBEIXOAHYIO MOITHOCTB, TI0AaBaeMyro oT manenei 10 con-
HEYHBIX JIEMEHTOB K HHBEpTOpY 3 1.

B HEKOTOPHIX BapHaHTaxX OCYIIESCTBICHUS NATYNK 32 HANPSDKEHHUS MOXET TaKKe CIY)KUTh B Ka4eCTBE HC-
TOYHHKA MTUTAHUSA TSI CXeMBI 36 yrpaBieHUs U QyHKIIMOHUPYET TONBKO 10 TeX IOp, moka maHenu 10 comHed-
HBIX 3JICMEHTOB OCBEIAIOTCS U MPEJOCTABIIIOT JOCTATOYHYIO MOIIHOCTD JIJIsl aKTHBHPOBAHUS CXEMBI 36 yIpaB-
nenns. Cxema 36 ympaBIieHUs JOMOJHUTEIBHO MOAKIIOYCHA K YCTPOUCTBY 60 ISl TCHEPUPOBAHUS MMITYJIECOB
HanpsHKEHUsl, YTOObl YNPABIATh aMILUTUTYA0N UMITyJIbCa HANPSKEHUS V ppp, AIUTENBHOCTHIO Dp mMmynbsca u
4yacToToi f clieoBaHMs UMITYJILCOB, PACCMOTPECHHBIX CO CCHUIKOW Ha ur. 6. JlmutenbHOCTh Dp MMITyITBCA, Yac-
ToTa f clie10BaHUs UMITYJIbCOB M HANPSAKEHUE V 5, MMITYJICA, TI0J]aBAEMOTO Ha MaHear 10 COTHEUHBIX dJIeMeH-
TOB, MOTYT OBITh yIPABIIIEMBIMU U PETYIUPOBATHCS TAKHM 00pa30M, 4TOOBI KaK TOK, TCHEPUPYEMBIH B TTAHCITH
10 COTHEYHBIX JJIEMEHTOB M U3MEPEHHBIH MaT4nKoM 33 TOKa, TaK W HANpsDKEHUE, U3MEPEHHOE NAaTYMKOM 32
HaNpsDKeHUS, OBLTM MaKCUMAJbHO YBEIMUYCHBI NMPH PAa3IMYHBIX YCIOBUSAX HKCIUTyaTaIlMH, HAIIPUMEp MPH OTIH-
YAIOIIUXCS MIIA H3MEHSIONTNXCS YCIIOBHSIX OCBEIICHUS.

B onmHOM BapmaHTe OCYIIECTBICHHS IS MMOAAUYW dJIeKTpudeckoro moist 250 manens 10 coMHEYHBIX diie-
MEHTOB M3HAYAJIIFHO HE T€HEPHPYET MOIIHOCTH, HAIPHMEpP, B HOYHOE BpeMs HIIM TIPH T'ycTol obmavnoctu. [lo
Mepe TOT0 KaK COJTHEYHBIE ITAHEIH OCBEUIAI0TCs (HalpuMep, B yTPEHHUE Yachl), HAPSKEHNE M TOK TeHepUpPYeT-
cs maHemsiMu 10 CONHEYHBIX AJIEMEHTOB, W BBIBOJABI 322 HaYMHAIOT MOJIaBaTh TOK M HaNpspKEHUE B cxemy 36
ynpasieHus. Cxema 36 ympaBiieHUs COJCPKUT HU3KOBOJIBTHBIA HCTOYHHK MUTAHUS JIOTUKU (HE TOKa3aH), 4TO-
ObI IPUBONTD B JICHCTBHUE YIPABISIONIYIO JOTHKY B cxeMe 36 ynpasneHus. Cxema 60 yctpoiicTBa 1i1s reHepu-
POBaHHUS UMIYJIBCOB COJICPKHUT KaK HU3KOBOJBTHEIN, TaK H BHICOKOBOJIBTHBIM UCTOUYHUK MUTAHUA (HE TIOKa3aH).
BBICOKOBONBTHEIN MCTOYHHUK MUTAHUS B YCTpoWcTBe 60 I TeHEpUPOBAHHS UMITYJIBCOB HAIMPSDKCHHS UMECT
M3MEHSIOIINICS BBIXOHOW CHUTHAJ, KOTOPBIH MOXKHO PETYJIHPOBATH C ITOMOINBIO CXeMBI 36 yIpaBiIeHHUs, OTBE-
qaromuii 3a mojauy Vap, Ha naHenu 10 coNHEYHBIX 31EMEHTOB. B 5ToM mpuMepe cxema 36 ynpasjieHHs BBIIIOI-
HEHa TakKuM 00pa3oM, 4TOOBI HE MTOaBaTh HUKAKOTO HAIPsDKEHHS Ha MaHe n 10 COTHEYHBIX 3JEMEHTOB JI0 TeX
Top, TOKa He Oy/eT CreHepUPOBAaHO JOCTATOYHO MOIIHOCTH MaHeNssMU 10 COHEYHBIX 3JIEMEHTOB, IS aKTHBA-
IIUH KaK HU3KOBOJBTHOTO MCTOYHMKA MTUTAHUSA JIOTHKH, TaK M BRICOKOBOJIBTHOTO MCTOYHUKA IMUTAHUSA B YCTPOM-
ctBe 60 1151 TeHePUPOBAHUS UMITYJIHLCOB.

B anpTepHaTHBHOM BapHaHTE OCYIIECTBICHUS cXeMa 36 yIpaBICHUs BBHIIOJHEHA C BO3MOXXHOCTBIO YIIPaB-
JICHUSL DJCKTPUYCCKUM ToeM 250 M MaKCHMaIbHOTO YBEIHUYCHHS BBHIXOJHOW MOIIHOCTU TPU YBEIMYCHUU H
YMCHBIIICHUU OCBCIICHHOCTH B TeueHHe AHA. CxeMa 36 ympaBieHUS MOXKET YIPAaBISTH JICKTPHUCCKUM MOJIEM
250, moaBaeMbIM YCTPOUCTBOM 60 sl TCHEPUPOBAHUS UMITYJIECOB HAMIPSHKCHHS, U CTAOMIM3UPOBATH BBIXO/I-
HYI0 MOIIHOCTh maHeneil 10 CONHEYHBIX 3JICMEHTOB B COOTBETCTBHH C JIFOOBIM OIMHCAHHBIM BEIIIE CIOCOOOM,
BKJTrovaron M nporecc 10000, moka3anusit Ha ¢ur. 10B.

O6pamasices k ¢ur. 10B, nmpomecc 10000 BrIrOYaeT WHUIMAATH3AIUIO MOITHOCTH Ha dTame 1000. JJocta-
TOYHAsI MOIITHOCTH JTOJKHA MPHCYTCTBOBATh HA BBIXOJE maHeneil 10 COTHEYHBIX 3JIEMEHTOB ISl aKTHBALIUN KaK
HU3KOBOJIFTHOTO UCTOYHHKA NMUTAHMA JIOTUKH, KOTOPHIH MPUBOAUT B JACHCTBHE YIIPABIAIOMIYIO JIOTHKY B CXEMe
36 ynpaBieHHs, TaK ¥ HU3KOBOJBTHOTO M BBICOKOBOJIBTHOTO MCTOYHUKOB MTUTAHUA B ycTpoicTBe 60 mis reHe-
PUpPOBaHUS MMITYJIbCOB HANpsDKEHHWA. B KadecTBe ambTepHATHBBI cxema 36 yIpaBiIeHHS MOXKET NMHUTAThCA OT
BHEIITHETO MCTOYHHWKA (HE MOKa3aH), HAPUMEP aKKyMYJISTOPHOI Oarapen, KOHIEHCAaTopa OONBIIOW €MKOCTH,
BHEIITHETO MCTOYHUKA TUTAHUS MEPEMEHHOTO TOKA, KOTOPBIH MO3BOJISIET HU3KOBOJILTHOMY UCTOYHUKY MUTAHUS
JIOTHKH (DPYHKIIMOHUPOBATH, a cXeMe 36 yIpaBlICHHUS OTCICKUBATh BBIXOJHYIO MOIIHOCTH HaHenei 10 conHed-
HBIX DJIEMCHTOB JI0 T€X IMOp, MOKa OHU HE OYIyT MMETh JOCTATOYHO MOITHOCTH, YTOOBI rapaHTHPOBATH MMOJAUY
anekTpuyeckoro noiist 250 Ha nanenu 10 COTHEUHBIX JIEMEHTOB C YBEJIMUEHHEM MX BBIXOJIHOM MoirHocTH. [1o-
CJIe TOro KakK cxeMa 36 yIpaBJIeHHUs 3aIlyCKaeTCs, MHULUATN3UPYIOTCS BCEe MapaMeTphl (HarpuMep, moiaBacMoe
BBICOKOE HalpPsKEHHE V pp, AIUTENBHOCTh Dp UMIynbca ¥ 9acToTa f cienoBanus UMIynbcoB). B oqHoM Bapu-
aHTE OCYLIECTBIIEHHS IT0JaBAEMOE BEICOKOE HANPSIKEHHE V Ay, YCTAHABIMBAETCS PABHBIM HYJIIO, 4 IJHTEIBHOCTh
Dp ummynbca u yacrora f cienoBaHUsS UMITYJILCOB YCTAHABIMBAIOTCS B HOMHHAIBbHBIC 3HaYeHUs Dp=1) u f=f.
Bce KoHTpOIbHBIE HHACKCH N, 1 ¥ j HHUIHAIA3UPYIOTCS HYJIEBBIMHA 3HAYCHUSMH.

3atem Ha sTane 1001 cxema 36 ympaBiieHHs OTPEACIISET, ABISICTCS T HANpsDKEHUE, N3MEPEHHOE TaTdu-
KOM 32 HampspKeHHS, BBIIIE WM HIDKE 331JaHHOT0 MUHUMAIBHOTO Vi, U SBISCTCS JH TOK, U3MEPEHHBIN JaT4H-
KoM 33 Toka, O0JbIe 32JaHHOTO MUHUMYMA 1pin. COYETAHME Viyin U iy, OBLIIM BBIOpaHBI TAKUM 00pa3oM, 9TOOBI
na"eny 10 COMHEYHBIX 3JICMEHTOB, OMpECsAeMble KaK OCBEIICHHBIC, TCHEPUPOBAIN HEKOTOPBIH HOMUHAIBHBIN
MPOLIEHT, Harpumep 5%, OT cBOel cpelHeld HOMHUHAIbHONW MOIIHOCTH, YTO SIBJISIETCS JOCTATOUYHOM CreHepupo-
BaHHON MOIIHOCTBIO JUIS IIUTAHHS BEICOKOBOJIBTHOI'O MCTOYHHMKA MUTAHUS, YTOOBI YBEITHYUTh BBIXOJHYIO MOIII-
HOCTh maHelneil 10 comHeuHbIX AyieMeHTOB. Ecu cxeMa 36 ympaBieHHs OMpEEIsAeT, YTO KaK H3MEPCHHBIC TOK,
TaK ¥ HaNpsDKCHUC SBILSIFOTCS BBIIIC COOTBETCTBYIONIMX 3aJaHHBIX MHHUMYMOB, TO JCHCTBYIONIMHA B JaHHBIH
MomeHT mnpouecc 10000 nepexoaut k sranmy 1003; ecnu Het, To mpouecc 10000 nmepexoaut B cocrtosinue 1002
OKHIaHUs ¥ Bo3BparmiaeTcs k atamry 1000.
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Ha srane 1003 cxema 36 ynpasineHus u3MepsaeT TOK, IPoXoAsamuil B uaBepTop 31, ¢ momobo gatunka 33
TOKa, HAaNpsDKEHUE Ha MHBepTope 31 - ¢ MOMOIIBIO AaTyhKa 32 HaNpsKEHHUs U BBIYMCISIET MOIIHOCTD, Mepeaa-
BaeMyro yepe3 nuBeptop 31 (HomuHanbHO, IxV). KOHTpOIBbHBIN HHAEKC N yBeTUUUBaeTCs 10 n+l.

Ha srane 1004 mpouecc 10000 cpaBHMBAET V zp, € Vinax. Vimax ABISAETCS 3apaHEE yCTAHOBICHHBIM 3HAYCHU-
€M U MPEJCTaBIAET CO00I MaKCUMalIbHOE HANIPSKEHNE, KOTOPOE MOKET OBITh TT0IaHO HA TTaHEIH, He TOBpeXaas
Hu nanenu 10, au uuBepTop 31. Eciu Vap, MeHbIIE Vs, TO mponecc 10000 nepexoaut k sramy 1006; B mpo-
TUBHOM cirydae niporiecc 10000 oxxumaet Ha stame 1005.

Ha stame 1006 cxema 36 ynpaBieHHs TIOJAET CUTHAN YCTPOUCTBY 60 IJIs TeHEpUPOBAHHS UMITYJILCOB Ha-
NPSKEHUS HA yBEJIMYCHUE MI0JABAEMOTO BBICOKOTO HANPSKEHUS V zp, HA BEIMYMHY NAV M NOAAET CUTHAN YCT-
poiicTBy 60 171l TeHEpUPOBAHUS UMITYJIECOB HANPSKEHUS HAa OAATy MMITyJIbca HaNpspKeHHs Ha naHenw 10 con-
HEYHbIX 3JeMeHTOB. J{1st 3TOr0 MprMepa AV MoKeT ObITh (PMKCHPOBAHHBIM IIEPEIa oM HalpsKEHHs, COCTaB-
oM 25 B, X0Ts MOTYT OBITH HCIOJIB30BAaHBI OONBIINE MIIH MEHBIIHE Mepenapl HanpsoxeHust. Hanpsokenne
V app TIPUKIIAJBIBAET dJIEKTpUdecKoe none 250 Ha nanenu 10 CONHEYHBIX 3JEMEHTOB, U HANPSKEHHOCTh 3JIEK-
Tpudeckoro nost 250 nponopuUoHaIbHa NOAABAEMOMY HANPSKEHUIO V zp,. [l 3TOro npumMepa JUIMTENEHOCTh
umiyiabca Dp BeiOupaercst paBHoit 1000 He, a 9acToTa cleIOBaHHMS MMITYJIBLCOB BbIOMpaercsi paBHOWH 20 MKC.
Taxoke MOTYT OBITH BHIOpAHBI JPYyrHe AIUTEIFHOCTH MMITYJIbCA M YacTOTHI CIIEAOBaHUS MMIYNbCOB. Cxema 36
yIOpaBIEHUS CHOBA IOJIy4aeT U3MEPEHHUE TOKa, MPOXOASIIEro B MHBepTOp 31, ¢ momomibio gatyuka 33 Toka,
NOoIy4aeT U3MEpPEHHE HAIpsDKEeHHUs Ha MHBepTope 31c momomibio JaTuvka 32 HampsDKEHHs U EepPECUUTHIBAET
MOIITHOCTb, TIepeiaBaeMyto uepe3 naBepTop 31.

Ha srane 1008 cxema 36 ynpaBieHHs CpaBHUBAET BBIXOIHYIO MOIIHOCTh NaHenel 10 COMHEeYHBIX dJIEMEH-
TOB C CaMbIM MOCIEAHMM HU3MEPEHHEM JI0 TOTO, KaK V ap, OyZeT nojaHo Ha naHenb 10 COMHEYHBIX 3JIEMEHTOB.
Ecmm momtHOCTh yBenmumiach, nporecce 10000 Bo3Bpamaetcs k dtamy 1001 u moBTopsiercs. [logaBaemoe Ha-
npsiKeHue V ap, YBENUUHMBaETCA Ha AV /10 TeX Mop, NoKa JMO0 MoJaBaeMOe BHICOKOE HAaNpsKEHHE V a,, HE CTa-
HET OONBIIE V gy, JTHOO MOKA yBETMYEHHE NT0JABAEMOTO BBICOKOTO HANPSKEHUS V ap, HE NIPUBEJET K yBEIHYE-
HUIO BBIXOJHOW MOIIHOCTH TaHene 10 COTHEYHBIX dJEMEHTOB. V.« CHOBa ONpEAeNseTCs 31eCh KaK MaKCH-
MaJIbHOE HANpsDKEHHE, KOTOPOE MOXKET OBITh MOAAaHO Ha MaHesnb 10 COJHEYHBIX 3/IEMEHTOB, HE NMPUYMHSAS €H
HHUKAaKOTO BPe/a, U B 3aBUCHMOCTH OT TUIIA TaHEJIH COTHEUHBIX 3JIEMEHTOB, OHO, KaK IPaBUIIO, COCTABISET MPU-
o6mmurensHo ot 600 1o 1000 B. B 060oux cimyuasix nporecc 10000 oxuaer Ha atare 1005. JnutensHOCTH CO-
CTOSIHUS 0KUAAHHSI MOXKET OBITh OT HECKOJIBKUX CEKYHJ 0 HECKOJIBKUX MUHYT.

Iocne stanma 1005 oxunanus npouecc 10000 nepexoaut k atamy 1007. Ecnu MOImHOCTE, U3MEpEHHas ue-
pe3 BbIBOABI 32a u 33a, He M3MEHWIACh, HHJEKC N yMeHbIaercs (n=n-1), mogaBaeMblil UMITYJIbC HaIPSDKCHHS
V App YMEHBIIAETCS Ha BeNUUUHy AV, n cxema 36 ynpapieHHs akTHBUPYET YCTPOUCTBO 60 [Isi reHepUpOBaHHUs
umnynscoB. [Iponecc 10000 mpomomxaercs Ha 3tane 1009, rae BeIXoJHAs MOIIHOCTh U3MEPSETC JATIYMKOM 33
TOKa W AaT4YUKOM 32 HampsbkeHus. Eciii BBIXOAHAss MOITHOCTh MOKa3bIBaeT najaenue, nporecc 10000 mepexoaut
k atamy 1010. Ecnu BeIXOHAS MOIITHOCTE yBenuumiiach, nmpomecc 10000 Bo3Bpamaetcs k stamy 1007, u moma-
BAEMOE HANPSKEHHE V zp, IPOJOIDKAET YMEHBIIATLCA O TEX IOp, MOKa BBIXOAHAS MOLIHOCTh naHeneh 10 con-
HEYHBIX JIEMEHTOB He mepecTtaeT yMeHbimathes. [Iporece 10000 mepexomut k atamy 1010.

Ha stame 1010 cxema 36 ynpaBiieHHs HAUMHACT YBEIMIUBATh IIIUTEILHOCTE Dp UMITyJIbCa HAIPSDKEHUS.
JmurensHocTh Dp MMIyNIbCa HaNpsHKEHUS yBEIMYHMBACTCSl HA BEJIMUMHY 1AT). YcerpoiicTBo 60 u1si reHepupoBa-
HUS UMITYJIbCOB HANPSDKEHHUSA aKTUBHPYETCS, M BBIXOAHASI MOIIHOCTD naHenael 10 COMHEYHBIX 3JEMEHTOB CHOBA
OTCIEXHUBaeTCs AaT4uKoM 33 Toka u natuukoM 34 Hampspxenud. IIponecc 10000 nepexoaut B coctosiHue 1012,
YTOOBI ONPEEIUTh, BO3PACTACT JIM BEIXOIHAS MOIIHOCTH maHesel 10 coaHedHbIX aeMenToB. Ecinu na, To mpo-
necc 10000 mepexoaut k atamy 1010, a amurensHOocTs Dp mMmynbeca 71 HampshkeHHs CHOBAa yBEIMUUBAETCH.
JmurensHocTh Dp nMimynsca Oyner Bo3pacTaTh JI0 TEX MOp, ITOKa BBIXOJHAs MOLIHOCTH HaHene 10 comHeuHbIx
9JIEMEHTOB HE JOCTUTHET MAaKCHMyMa WM TOKa HE JOCTUTHET (PUKCHPOBAHHOTO TIpejelia JJIUTEIBHOCTH, Ha-
IpUMep IoKa He OYAeT JOCTUTHYTA JUINTEIHHOCTh UMITYJIbCa 5 MKC, B pe3yJIbTaTe 4Yero U3MEHEHHUS JIIUTEIBHO-
CTH MEPEKIIIOYEHHsI, 00yCIOBICHHBIE CXeMOH 36 ympaBiieHHs, IpEKpamaTcsa. TeM He MeHee, €CIM Ha JTale
1012 ycraHOBIIEHO, YTO YBEIMUYECHUE JITUTEIBHOCTH UMITYIbCA IPUBOANT K YMEHBIICHHUIO BBIXOJHON MOIIHOCTH,
M3MepeHHON naTdynkoM 33 Toka W mardyukoMm 32 HampspkeHus, nporecc 10000 mepexomut k stamy 1011. -
TEJIHHOCTh UMITYJIbCA YMEHBIIIACTCS TOCPEACTBOM MOBTOpeHus dTanoB 1011 u 1013 mo Tex mop, moKa BBIXOIHAS
MOIIHOCTh HaHeseil 10 CoMHeuHBIX 3JIEMEHTOB CHOBA MaKCHMalbHO He yBennuutcs. [locie Toro xak cxema 36
YIPaBICHUS OMPENEIAET, YTO AIUTEIBHOCTh UMITY/Ibca OblIa ONTHMHU3MPOBAHA JJISI MAaKCUMAaJIbHON BBIXOIHOM
MoIIHOCTH naHeneidl 10 conHeYHbIX AIeMEeHTOB, npoxods oT dTama 1010 x stamy 1013, npouecc nepexoauT
stamy 1014.

Ha srane 1014 cxema 36 ynpaBieHHs yBEIUYMBAeT YaCTOTY UMITyJIbCOB HampshkeHus. YacToTa HMITYJIbCOB
HanpsOKEHUs yBennmuuBaeTcs Ha JAf oT mepBoHauanbHON 9acTOTHI fy mepekmouenus, Tak uto f=fy+jAf. Ha srame
1014 yMITynbCHl HAPSDKEHUS MOJAr0TCA yCTpoiicTBoM 60 A reHepHpOBAaHUS MMITYJILCOB HANpsKEHUS Ha Ta-
Henu 10 COTHEYHBIX 3JIEMEHTOB ¢ HOBOW 4acToToH f, a BEIXOJHAsI MOIHOCTH NaHeseil 10 CONHeYHbIX 3JIEMEHTOB
CHOBa OTCJEKHUBAETCA AAaTYMKOM 33 Toka U gaTuukoM 34 HampsbkeHus. 3ateM npouecc 10000 nepexonut k 3Ta-
my 1016.

Ecnm BbIXOHAS MOIIHOCTH MaHese 10 COMHEYHBIX AJIEMEHTOB YBEIUUMiach, mpouecc 10000 mepexoaut
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o0patHo Kk 3tany 1014, 1 yacToTa, ¢ KOTOPO UMITYIHCHI HANIPSDKEHUS TTOAI0TCS Ha maHenu 10 COTHEYHBIX AJie-
MEHTOB, CHOBA YBCIIMYHMBACTCS. YBEIUYCHUE YACTOTHI MMITYJILCOB HANPSKCHUS OYAET BO3pPacTarh JO TEX IOp,
MOKa BBIXOJHAS MOIIHOCTH MaHened 10 COTHEUHBIX 3JIEMEHTOB HE JOCTHTHET MaKCHMyMa, MIIH 0 MaKCHMalb-
HOW 4acCTOTHI f, B pe3ynbTate dero npoiecc 10000 mepexoaut k sramy 1015. Ha atane 1014 gactoTa uMITyIIh-
COB HaIPsOKEHUS TEMEph YMEHBIIACTCS Ha BENMUYMHY jAf, U mepeximrouaTens ycrpoiictBa 60 Uit reHepupoOBaHUS
HUMITYJIbCOB HAINPsDKEHUS CHOBA aKTHBHPYETCS, M BRIXOIHAS MOITHOCTH TMaHeneil 10 COTHeYHBIX 371€MEHTOB CHO-
Ba OTCIICKHMBACTCS NaTIYMKOM 33 TOKa U JATYMKOM 32 HampspKeHUs. B 3TOT MOMeHT cxema 36 ympaBiieHHs OTpe-
JIeNSeT, YBEIUYNBACT JIM CHIDKEHUE YaCTOTHI HMITYJIbCOB HAINPSDKEHIS BBIXOIHYIO MOITHOCTH maHeneit 10 cod-
HEYHBIX dJIeMeHTOB Ha 3Tare 1017. Ecnu ma, To mpomecc 10000 Bo3Bpamaetcs k stamy 1015. B kagecTBe anb-
TEPHATHBBI, €CIM 9acTOTa MEPEKITIOYCHUS JOCTUTaeT HEKOTOPOH MUHUMAIBHOW 4acTOTHI f;,, mpomecc 10000
nepexoauT k 3tany 1018, KOTopEIil peacTaBiseT coOO0W COCTOSHUE OXKUIAHUS.

Ha stame 1018, mocne TOro kak BBIXOJHAs MOITHOCTH maHeled 10 COJTHEYHBIX AJIEMEHTOB ObLTa MaKCH-
MalbHO yBenudeHa, npouecc 10000 nepexoaut B cOCTOSIHME 0>KUAAHUS HAa HEKOTOPBIN nepuo BpemeHu. [lepu-
Ol BpEMCHHU OXKUJAaHUS MOXKET COCTABIIATh CCKYHIBI WM MHHYTHL [locnme oxxumanus Ha dtame 1018 mporecc
10000 nepexomut k stamy 1001, roe cxema 36 ympaBineHHs CHOBA HAUMHAET U3MEHATh HAMPSKEHUE UMIIYNbCA,
JUTATENIFHOCTh UMITYJIbCA W YacTOTY CJIIEAOBAHUS MMITYJIECOB OT MPEIBIAYIINX ONTHMH3HPOBAHHBIX 3HAUCHU,
9TOOBI TIPOBEPHUTH, PAOOTAIOT JIM 10 CUX MOp MaHenu 10 COTHEUHBIX JIEMEHTOB HAa CBOMX MaKCUMAJIbHBIX YPOB-
HAX BBIXOJHOH MOIIHOCTH. AMIUIUTYIA V ap, MMITYJIbCa, JUIMTENLHOCTE MMITYJbCA U YacTOTA CIEIOBAHUS HM-
MyJIbCOB BCE M3MEHSIOTCS B MpoIlecce pabOThl B TEUCHHE JHS, YTOOBI yOeaWThCs, yTo MaHenu 10 COMHEeUHBIX
3JIEMEHTOB paboTa0T C MAaKCHMAIbHOW BBIXOJAHOM MOITHOCTBIO MPH YCIOBUAX IKCIUTyaTaIli B KOHKPETHBIH
JICHb.

Eciu Ha stane 1001 HampspkeHHe, U3MEPEHHOE AATYUKOM 32 HamlpsDKEHUs, MaJaeT HIDKE 3aJaHHOTO MU-
HUMYMa Vi, U TOK, I3MEPCHHBIA JaTYMKOM 33 TOKa, MaJaeT HUKE 3aJaHHOTO MHHAMYMA iy, TO cxema 36
yIOpaBIE€HUs OCTAHOBUT YCTPOUCTBO 60 A TeHEepUPOBaHUS UMIIYNbCOB HampsbkeHus, u npouecc 10000 nepeit-
net k atramy 1002, cocrostnue oxuganusi, a 3ateM Ha stan 1000, rae cuctema NOBTOPHO MHHULMATU3UPYET BCE
napameTpsl 1 uHaekcsl. [Iporece 10000 Oyner mepexoauts ot srana 1000 x 1001, k 1002, x 1000 1o Tex mop,
MOKa HAMpPSHKCHHUE, U3MEPECHHOE MATYMKOM 32 HANpsDKEHUS, W TOK, M3MEPCHHBIA MaTdyukoM 33 Toka, OymayT
OOJIBIIIE Vi M 1y COOTBETCTBEHHO, B pe3ynbTare uero npomecc 10000 nepetiner ot atama 1001 x atamy 1003.

Pasniunble KOHEYHBIE MAIIMHBI MOTYT OBITH peaIn30BaHbI B CXeMe 36 yIpaBIIeHUs IS TOJTydeHISI aHAJIO-
TUYHBIX PE3YJIbTATOB M OXBATHIBAIOTCS TaHHBIM packpbeiTHeM. Tem He MeHee nporecc 10000, onmrcaHHbIN BHITIIE,
NPEANOYTHTEILHO MUHUMHU3HPYET BEJIHYMHY MOAABAEMOIO UMITYIbCA V ap, HANPSIKEHHSA 1O CAMOIO HU3KOTO
BO3MOXXHOTO 3HAYEHUSI TAKUM 00pa3oM, 4TOOBI MPOU3BEACHHUE TOKA, M3MEPEHHOTO JaTYNKOM 33 TOKa, M Hamps-
JKEHHUs, H3MEPEHHOTO JAaTYMKOM 32 HaNpsuKEeHHs, ObLIO MAKCUMAILHO yBelanueHo. ITogaBaeMblii HMIYIIbC V app
HANPSDKCHUST KOJICOJICTCS - TO €CTh M3MCHSCTCS Ha HEOOJNBbIINE BEIHMYMHBI KaK BBEpPX, TaK U BHU3 - BO BpeMs
(hYHKIIMOHUPOBAHUS B TEYCHHUC ITHS, YTOOBI YY€CTh M3MCHEHHUS MOIIHOCTH ONTHYCCKOTO W3IYUCHUS P, MMATar0-
miero Ha conHeyHbld 100 snemenT, naHenb 10 CONHEYHBIX 2JIEMEHTOB MJIM HECKOJBbKO maHened 10 comHeuHbIX
JJIEMEHTOB B TCUCHHE JHS TaKMM 00pa3oM, 4TOOBI BCET/Ia MOTJIA MOJACPKUBATHCS MAKCHUMAalbHAs BBIXOIHAS
MOIIIHOCTb.

Orarmbl, onicanHbe B mporecce 10000, MOTYT pemrath BOMPOCH, CBSI3aHHBIE ¢ aIHa0aTHIeCKUMH M3MEHe-
HUSIMH OCBEIICHHOCTH, KOTOPBIE MPOHUCXOAAT MEIJICHHO B TEUEHHE NMPOMEXKYTKOB BPEMEHH, COCTABIIIOLINX
HECKOJBKMX MHUHYT WU 9acoB. B anpTepHATHBHOM BapHaHTE OCYIECTBICHHSA, €CIH KOJIeOaHUs OCBEIICHHOCTH
MIPOUCXOIMIIN ¢ O0Jiee BBICOKOW CKOpocThio m3MeHeHus, mpomecc 10000 MoxeT OBITh BBITIONHEH ¢ BO3MOXHO-
CTHI0 MUHHMH3AIMN BBICOKOYACTOTHBIX KOJEOAHWH BBIXOJHOW MOIIHOCTH ITOCTOSIHHOTO TOKa, ITOJABOAWMON K
WHBEPTOPY, MBITASCh YACPKUBATh BBIXOJHYIO MOIIHOCTH TIOCTOSHHOTO TOKa OT U3MEHEHHH CO CIIHIIKOM BBICO-
KOH CKOPOCTb U3MEHEHHSI, CIIeI0BATENIbHO, MOBKIIIAs KaYeCTBO UHBEPTOPA.

OmnucaHHbIC BAPUAHTHI OCYIICCTBICHUS JOMYCKAIOT Pa3IMNYHbIC MOJU(DHUKAIINN U aJTbTEPHATUBHBIC (POPMEI,
U UX KOHKPETHBIC MPUMEPHI OBUIH MOKa3aHBl B KaUECTBE MpUMeEpa Ha Tpa@UyuecKHX MaTepualiaX W MOApPOOHO
OIKCaHHBI B JaHHOW 3asBKe. TeM He MEHee CIeAyeT MOHUMATh, YTO OTHCAHHBIC BapUAHTHI OCYIICCTBICHUS HE
JIOJDKHBI OBITh OTPaHHYCHBI KOHKPETHBIME ()OPMaMM WIIH PACKPBITBIMHU CIIOCO0aMU, HO, HA000OpPOT, HACTOSIICE
n300peTeHNE OXBATHIBACT BCE MOU(HUKAIINHN, SKBUBAJICHTHI U aJIbTCPHATUBHBIC BAPUAHTEI.

DOOPMYVYIJIA N30BPETEHUA

1. Cnoco6 ympaBneHus] POTOIEKTPUISCKIM YCTPONUCTBOM, BKITFOUAIONITUH B ceOs

obecrieueHne MOIKII0YEHNUS IEPBOTO MOPTa MEPEKITI0YaTeNs K (POTOIEKTPUUECKOMY YCTPOHCTBY;

oOecrieucHre MOIKIIOUCHIS BTOPOTO MOPTa MEPEKIoYATes K Harpy3Ke, MATACMON (POTOIIEKTPHUCCKUM
YCTPOUCTBOM;

oOecrieucHHe TOAKITIOYCHHS TPETHETO TOPTa MEPEKIoYaTesss K UCTOUHUKY HANpsDKEHUs, IPUYEeM Tepe-
KITFOYATENIb MOKET pa0d0oTaTh B IIEPBOM IMOJIOKCHHU C YCTAHOBICHUEM MEPBOTO IMMyTH TOKA MEXIY (HOTOIIEKTPH-
YECKHM YCTPOWCTBOM WM MCTOYHHMKOM HANpPSIKEHUS W BO BTOPOM ITOJIOKEHHWH C YCTAHOBIICHHEM BTOPOTO ITYTH
TOKa MEXIy (POTORIEKTPUIECKUM YyCTPOHCTBOM U HArpy3KOif; 1

[oJlady CUTHaJla HAaNpsDKEHHS, CTCHEPHPOBAHHOTO HCTOYHUKOM HAIpsDKEHUS, Ha (DOTOIIEKTPUIECKOE YCT-
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POWCTBO, KOT/Ia IEPEKITFOYATENh HAXOUTCS B ICPBOM ITOJIOKCHHH, TIPH STOM CHTHAJ HATIPSDKCHUS HMEET MEPBOC
COCTOSIHME ISl TEHEPHUPOBAHUS BHEIIHETO JJIEKTPUYECKOTO IMOJs Ha (POTOAIEKTPHUECKOM YCTPOWCTBE, KOTJa
MepeKITIoYaTeNlb HaXOAUTCS B MEPBOM TIOJIOKEHUH, U BTOPOE COCTOSHHE IUIS MPEIOCTABICHUS AIIEKTPHUECKON
W3O0JIAIINH MEXy UCTOYHUKOM HANpPSDKEHUS M HArpy3KOH, KOTZla MepeKIto9aTeTb HaXOAUTCS BO BTOPOM ITOJIO-
JKCHHU.

2. Crioco0 1o 1.1, OTIMYAIONIHIiCS TeM, UTO YKa3aHHOEe 00ecIedeHre TOKITIOUSHHS TIEPBOro opTa Tepe-
KITFOYATEJIsI BKITIOYAET B ce0s1 oOecredeHrne NOAKITIOYSHHS IEPBOTO TOPTa ABYXIIO3UIIOHHOTO IEPEKITIOYaTeNs K
(hOTORNIEKTPUIECKOMY YCTPOHCTBY.

3. Cnoco6 1o 1.1 mim 2, TONOJHUTENBEHO BKIIIOYAIOIINT B ce0s yIpaBiIeHHe 110 MEHbILIECH Mepe OJHUM M3
CJICIYIOIIETO: YaCTOTOW M JIUTEIBHOCTHIO MEPEKITFOUCHUSI MEXKY ITEPBBIM MMOJIOKEHHEM M BTOPBIM ITOJIOKEHH-
€M C IIOMOIIBI0 KOHTPOJUIEpa EePEKITI0YaTes, II0AKII0UYCHHOTO K IBYXIIO3UINOHHOMY TIEPEKIF0YaTeio.

4. Crioco0 o ar060My 13 mit.1-3, TOMoJHNTENFHO BKIIOYAIOMNH B ce0sl oOecneyeHne MOAKIIOUeHHs yCT-
pOiCTBa YMEHBIIICHUS JIFOOBIX OCITA0JICHUI HANPSHKCHUS MEPBOTO COCTOSHHS MEXKAY Harpy3kod u (HOTOIJCK-
TPUYECKUM YCTPOHCTBOM.

5. Croco6 mo mmobdomy u3 1. 1-4, Te ykazaHHas rmojada CUTHajla HalpsDKCHUs BKIIOYAET B ce0s moaady
PEryIupyeMOro HapsDHKEHHS Ha (POTORIEKTPUIECKOE YCTPOHUCTBO.

6. Crioco6 1o mo0oMy U3 il 1-5, TOTOTHUTENFHO BKIIOYAIONINA B ce0sl ypaBlIeHHE 110 MEHBIIEH Mepe
OITHIM M3 CJIEIYIOMIET0: YaCTOTOH, BETMUYMHON M JUITMTENBHOCTHIO IEPBOTO COCTOSHHUS M BTOPOTO COCTOSHHSA,
IpUYeM yKa3aHHOE YIpaBJICHHE OCYIIECTBISIETCS MPU HEOOXOIWMOCTH C TIOMOIIBIO CXEMBI YIIPABIICHUS, MO~
KIIFOUEHHOH 110 MEHBINEH Mepe K OJHOMY M3 CIEIYIOUIETO: UCTOUHUKY HANPSDKEHUS W MEePEKITIoYaTesIio, Ha OC-
HOBE BBIXOJHOTO TOKa (DOTOIIEKTPUUECKOTO YCTPOHCTBA, U3MEPEHHOTO IPH HEOOXOIUMOCTH JAaTYMKOM TOKa,
MOJIKITFOUCHHBIM TIOCIIEOBATEIIEHO MEXIY (POTOIIEKTPHUUSCKUM YCTPOWCTBOM M HATPY3KOW, M BBIXOJHOTO Ha-
TPSHKCHUS (POTOITCKTPUUSCKOTO YCTPOICTBA, H3MEPCHHOTO MPU HEOOXOJMMOCTH JaTYMKOM HATPSIKCHUS, TTOJI-
KITFOUCHHBIM TTapaUIeIbHO K (POTOIEKTPHICCKOMY YCTPOHCTBY.

7. Cnoco0 mo mrobomy u3 min. 1-6, e yka3aHHas [Mojiavya CUrHalla HApsDKCHHS BKIIFOUACT B ceOs momavy
MIEPBOTO COCTOSHUS HA MHOXECTBO (POTOIIEKTPHUUECKUX YCTPOWUCTB U MOJIa4y BTOPOT'O COCTOSIHHS HAa MHOKECT-
BO (DOTORIIEKTPUIECCKHUX YCTPOMCTB.

8. Cnoco6 mo mrobomy u3 1. 1-7, rae yka3aHHas ToJjadya CUTHAJIA HAMIPSDKEHUS COAEPKHUT TI0J]a9y BTOPOTO
COCTOSIHUSI MY CMEXHBIMH MIEPBBIMH COCTOSHUSIMH.

9. Crioco6 mo mobdomy u3 1. 1-8, rme ykazaHHas mojada CUTHajIa HaNpsDKCHUS BKIIOYAET B ce0s momady
MIEPBOTO COCTOSIHHS B BHUJIE CEPUH WMITYJIHCOB HAIPSDKEHHS MOJIOKHUTEIBHOM BEIMYUHBI M MOJady BTOPOTO CO-
CTOSIHUS MEXKITy CMEKHBIMU CEPUIMH UMITYIbCOB HATIPSIKCHHUSL.

10. Crioco6 1o 1.9, r1e yka3aHHas 11oj1a4a BTOPOTO COCTOSIHUSI CO/ICPXKHUT MOAAYy BTOPOTO COCTOSIHHS Me-
KTy CMEKHBIMH UMITYJIbCAMU HATIPSKCHHS.

11. Croco6 mo 1.9 wim 10, Tie yka3aHHas oJada BTOPOTO COCTOSIHUS COACPIKUT MOJjady BTOPOTO COCTOS-
HUS MEXITy BEIOPAHHBIMH CMEKHBIMU HMITYJTECAMH HATIPSKCHUSI.

12. Croco6 mo mobomy u3 mi.1-11, rae reHepupoBaHie BHEUIHETO 3JIEKTPUYECKOTro IOl Ha (OTOIIIeK-
TPUYECKOM YCTPOHCTBE CONPSIKEHO C MOBBIMICHHEM BBIXOJHOW MOIIHOCTH W/MIIM BBIXOJHOTO TOKa (POTOIJICK-
TPUYECKOTO YCTPOUCTBA.

13. Croco6 mo 1m.12, T/ie TeHepUPOBaHNWE BHEUTHETO AJICKTPUISCKOTO MO Ha (HOTOIIEKTPUIECKOM YCT-
POWCTBE COMPSHKEHO C MOBHIMICHNEM BBIXOIHOW MOITHOCTH W/WIIH BBIXOJHOTO TOKa (DOTORIIEKTPUIECKOTO YCT-
poiicTBa Ha BenuuuHY 10 50% B YCIOBHAX HU3KOH OCBEIIEHHOCTH.

14. Croco6 no 1.12, rae reHepupoBaHUE BHEUIHErO 3JIEKTPHYECKOrO MOJIS Ha (OTORIEKTPHUIECKOM YCT-
POHCTBE CONPSIKEHO C MOBBIIICHUEM BBIXOJHON MOIIHOCTH /WM BBIXOJHOTO TOKa (DOTOIIEKTPUYECKOTO YCT-
poiicta Oonee yem Ha 50% B yCIOBUAX HU3KOH OCBEIICHHOCTH.

15. Cnoco6 no mobomy u3 mr.12-14, rae reHepupoBaHUe BHELIHETO 3JIEKTPHUYECKOTO TT0JIs Ha (POTOAIIEK-
TPUYECKOM YCTPOHCTBE COMPSKCHO C MOBBIIICHUEM BBIXOJHOW MOIIHOCTH W/WIIM BBIXOJHOT'O TOKa (hPOTOIICK-
TPUYECKOTO YCTpOoiicTBa Ha BenduHy 10 20% B YCIOBUSX BEICOKOW MHTCHCUBHOCTH CBETA.

16. Crioco6 1o ro6omMy u3 1. 12-15, e reHepupoBaHUe BHEITHETO DJIEKTPUIECKOTO MO Ha (POTOIIEeK-
TPUYECKOM YCTPOHCTBE CONPSIKEHO C MOBBIIMICHNEM BBIXOJHOW MOIIHOCTH W/MIIM BBIXOJHOT'O TOKa (OTOIJICK-
TPUYECKOTO yCTpoiicTBa Ha BeanuuHy oT 20 10 50%.

17. Croco6 1o ro6omMy u3 1. 12-15, e reHepupoBaHUe BHEITHETO JJIEKTPUIECKOTO MO Ha (POTOIIIEeK-
TPUYECKOM YCTPOHCTBE CONPSIKEHO C MOBBIIMICHNEM BBIXOJHOW MOIIHOCTH W/MIIM BBIXOJHOTO TOKa (OTOIJICK-
TPHUUYECKOTO yCTpoiicTBa Oosree ueM Ha 50%.

18. Croco0 mo mrobomy u3 mm.12-17, Tae yka3aHHOE YBEITUUCHHUE BRIXOIHOW MOIIHOCTH ¥/VUTH BBIXOIHOTO
TOKa OCHOBAHO Ha MHTEHCUBHOCTH MaJafoNIero Ha (POTOAICKTPUUECKOE YCTPOHCTBO CBETA, I0JIaBaeMOM Ha (o-
TO3JICKTPUYCCKOE YCTPOUCTBO CHUTHAJIC HAIMPSDKCHHUSI, TONIIMHE (POTOIICKTPUUCCKOTO YCTPOWCTBA, IIUTEIBHO-
CTH UMIYJIbCa TIEPBOTO COCTOSIHUS ¥/FUTH YacTOTHI IIEPBOTO COCTOSHHUSL.
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