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(57) Ecmu sHeprocucreMa MOCTOSHHO paboTacT B
€¢ TOYKE MAaKCHMAaJIbHOTO WCIONB30BAHUS SHEPTUH
(maximum energy utilization point - MEUP), To Mmox-
HO TIOMyYaTh MAKCHMAJIbHYIO BBITOAY OT CHCTEMBI.
[IpakTnueckue texHonoruu cnexenus 3a MEUP uc-
MONB3YOT TEHEPATOP Ha HANPSKCHUH 11 MAKCHMAaJTb-
HOTO W3BJICUCHUS MOIIHOCTH, a TaKXKe I IPOU3-
BOJICTBA TOYTH MaKCHMaJIbHOI MOIIHOCTH; BKIIOYa-
10T U300pETEHHBIE YCTPOWCTBA M3BICUCHHUS H30bITOY-
HOM 3HEPTHHU AJISI TOYTH UICATbHOTO N3BJICUEHHS BCEH
TeHEPHPYEMOH MOITHOCTH; BPEMEHHO XPaHSIT H30bI-
TOYHYIO 3HEPTHIO B NMPEAYCMOTPEHHBIX XPaHUIHIIAX
SHEPruu; T00ABISIOT W300pETEHHBIE YCTPOHCTBA BHI-
Jladx U191 OOBEIMHEHHS SHEPTUHU U3 CPEICTBA M3BIIE-
YEHUs] W W3 XPaHWIWIL; ITOATrOTaBIMBAIOT U BbBIAA-
0T JOCTaTOYHOE KOJMYECTBO MOIHOCTH AJISI TOYHOTO
YIOBIICTBOPEHNSI MTHOBEHHOTO TpeOOBaHMUS BCE Bpe-
Ms1. Takum 06pazom, OCyIIEeCTBIIETCS OOHAPYKEHUE H
cnexenue 3a MEUP sHeprocuctemsl.
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OIMMCAHME WM3OBPETEHUA
2420-549153EA/022
TEXHOJIOTMM CJEXEHMSI 3BA TOUKOM MAKCUMAJIBHOT'O MCIIOJIB30OBAHMS
SHEPT'UNA

YPOBEHE TeXHMKU

MHOTHME «BKOJOI'MUECKM UUCTHE» SJIEKTPOT'eHePaTOPE MCIIOJIE3YIOT
IIPMPOOHEIE BO3OOHOBJISEMEIE MCTOUHMKU SHepI'un, KOTOPEHE OTJIMUYalTCHA
TeM, uTo nx VMHTEeHCVMBHOCTbB MSMEHAEeTCHA BO BpPEMEHN, Taxrme Kak

COJIHEeUHaAd DSHepI'u4g, BeTEep, IIPMJIMMBEL ¥ OTJIMBEL M  IOBMXEHIME BOJIH.

BoOJIBMIMHCTBO TaKMUX CUJIIOBEIX TeHepaTopoB BKJIOY AT B ceb4d
YCTPOMCTBO, Has3bBaeMoe «YCTPOMCTBOM CJIeXeHUA 3a TOUKOM
MaKCHMaJIbHOM MOMHOCTM» (maximum power point tracker - MPPT) @mnd

CJIeXeHNd 3a MI'HOBEHHEIM HalpaKeHUeM, COOTBETCTBYKIEM TOUKeE
MaKCHMaJILHOTO IIPOM3BOACTBA MOMHOCTM (maximum power production
point - MPPP). MPPT yCTpOMCTBO OOHUYHO IpencTaBjigeT coboM
IporpaMMHO-aNlapaTHHEM MOOYJIL; OH CJeOIMT 3a U3MeHAONYMCHS BO
BpeMeHM HallpaXeHMeM, UYTO I[IPMBOOMUT B pe3yjlbTaTe K IIPOU3BOLCTBY
MaKCUMaJIbHOV MomHoCTM (MPPP) M3 M[IEePBMUHOTO MCTOUHMKA SHEPITUM C
MBMeHAKIeNcsa BO BpeMeHM MHTEHCUMBHOCTBLIO.

VHTerpaTop KOMMEPUEeCKOM BSKOJOTUMUECKM UUCTOM DHepTOCUCTEMEH
OBHUHO MCIHOJIL3YeT HanpskxeHue MPPP 1njd peryJauMpoOBaHMA BcCceM paboTH
CUCTEMEl, BKJIOUasa TeHEepUMPOBaHME HHEPIUM, U3BJIEUEHNE DHEPIUM U
INOOTOTOBKY M  BHIOAUYY HSHEepIMM B  Harpy3Ky. IpyruMm  CJOoBaMu,
KoOMMepUecKasd BSKOJOI'MUeCKM UMCTad SHEeproCUCTEeMa BHHYXIAeT BCD
CUCTeMY BceI'na paboTaThb npu Hallp sSKeHUU MPPP TeHepaTopa,
roJjiydyaeMoM M3 YIOMAHYTOT'O IIpoTl'paMMHO-alllapaTHOTo wMonyiyd MPPT.
Takasa IOpakKTMKa B JaJIbHEeWIeM Ha3HBaeTCHd «CJEeNBEM [HOOUMHEeHVEM
MPPT».

OBBeKT TaTeHTOBaHMs, 3BafgBJIeHHHM B »OaHHOM HOOKyMeHTe, He
OT'PaHMUeH BapMaHTaMM OCYIEeCTBJIEHUA, KOTOPHE YCTPAaHAT HEKOTOPHE
HEeOoCTaTKM WM KOTOPHe padboTanT TOJBKO B YCJOBMAX, TaKMUX Kak
BHIIEONMCaHHEEe. TO €CTb JaHHHM pas3lell YPOBHSA TexXHUKM OpUBeleH
TOJIBKO IOJ4 TOTO, UYTOOHE I[IOKazaThb ONHY IIPUMMEPHYHD OO0JIaCcTh TeXHUKH,
B KOTOPOV MOTYT OHTE OPakKTUMUeCKM peajIM30BaHH HEeKOTOPHE BapMaHTH
OCYIEeCTBJIeHMA, OIMCAHHEE B IOTaHHOM INOKYMeHTe.

CYIIHOCTE M300peTeHMd




ABTOPH n300peTeHnd OBHaAPYXUIINA, YTo [IpakTuka CJIEIOTO
noguuHeHyusa MPPT 1o psaly T[IPUUMH  [ABJISEeTCS HeONTHMMaJlbHOM. Bo-
IIEPBHX, IpakTH1Ka CJIEIIOTO noguMHeHmda  MPPT He COOTBETCTBYET
XapakKTepucTUuKaM YCTPOMCTBa WM3BJEUEHMS SHepI'MM IJS 200eKTUMBHOTO U
PauMoOHAaJIbLHOT'O U3BJIeUeHUd BHpabaTHBaeMoOM SHEpIUN. Bo-BTOpPHX,
[IpakTUkKa CJernoro nonumHeHmda MPPT He COOTBETCTBYET YIIOMAHYTOMY

yCTpOﬁCTBy OJIA TIOOT'OTOBKUM T/I/T/IJIM BHIIAUM M3BJIEKaeMOM SHepI'MMrM OJiA

S2QOEKTUBHOTO MCIOJBL30BaHMA  HDHEPIUHU. B-TpeTnUX, 20PeKTMBHOCTD
MCIIOJIE30BaHUA SHepIUn Hen30eXHO 3aBUCUT He TOJIBKO oT
OpoM3BOIOCTBA MOMHOCTM, HO ¥ OT IIOTPeOHOCTM B MOIHOCTM. B-

UeTBEPTHX, B JIOOM DZHeprocucTeMe OOBHUHOEe MI'HOBEeHHOe TIoTpebJjeHue
MOIHOCTM Harpy3KOM He paBHO MI'HOBEHHOM MOIHOCTM, BHpabaTHBaeMOM
TeHepaTOopOoM, HOaxe I[IpM COOJIIeHUM 3BaKOHOB COXPaHeHMd DHepIUuM U
3apdana.

[MpaxkTHKa CJIEIIOTO [IOOUMHEHM A MPPT MOXeT BEIHYXIOATEb
PazpaboTUuuKOB KOMMEPUECKUX «KDKOJIOTMUECKM UMCTHEHX DHEPTOCUCTEM»
UTHOPUPOBATH HeoOXOoOUMMOCThb BSKCIEePMMEeHTAJIEHOT'O oIpeneJyieHuAa
20PEeKTMBHOCTHA u PauMoOHaJILHOCTHA YCTPOWCTB, TaKMUxX Kak
S20DPEeKTUMBHOCTE M PallMOHAJILHOCTE WM3BJIEUEHUS SHEPIUM U3 T'eHepaTopa
M TakKMxX KaK BS0PeKTMBHOCTL UM pPalMOHAJILHOCTE DHEPIUM, KOTOPYI
NOOTOTaBJMBAKT M 3aTeM BHIOAKT B HaArpy3Ky. B COOTBETCTBUU C
MIPUHLIUIIOM, OINIMCaHHBEM B OaHHOM IOOKYMEHTeE, 30PeKTUMBHOCTD
KOHTpOJIJIepa CUCTEME COOTBETCTBYET «2OPEeKTUMBHOCTM MCIIOJIbE30BaHUA
SHepIMM». B ITaHHOM OIMCaHMM M B OQopMyJie M300peTeHMsdI, MIHOBEeHHAad
«30PEeKTUMBHOCTD MCIIOJIE30BaHUA DHEPTUM» omnpeneyssaeTcsd Kak
MI'HOBEHHAa4 SHepITud, noTpebidgeMasa Harpy3Kou, TLJIIC SHepIu4d,
3aracaeMas B XpaHUIMIE, pasmejieHHasd Ha MITHOBEHHYK DHePITHO,
TeHEPUPYEMY TeHepaTopOM. B NPEenrIouTUTEeJIEHOM BapMaHTe
OCYIIECTRBJIEHNA, ITaHHasd MIHOBeHHad BeJIMUMHa W3MepdaeTCsa B pexuMme,
KOTOPHEM IOOOepXMBaeT I[IOOBOO IIepBMUHOM  MOMHOCTM M  HATpPy3KYy
HEM3MEHHEIMM B TeUeHMe OOCTAaTOUHOTO UJIMTEJIBHOTO Iepruolla BPpeMeHU,
Tak UYTO BEJMUMHE TeHepupyeMoM MOMHOCTHM, HNOTpebJieHrMS MOMHOCTH,
3amaca MOITHOCTH u YIIOMSAHY TOT'O COOTHOIIEHN ST BCe OOCTUIT AT
YCTaHOBUBIIETOCA COCTOAHUSL.

Bes ykKa3aHusa, UTO COOTBeTCTByKmasa 5SOOeKTUBHOCTL WM3MepeHa

SKCIIEPVMMEHTAaJIEHO, KOMMEpPpUEeCKNMe LKOKOJIOTMHUECKM UVICTEIE



DHEPTOCUCTEMED» OBOBIUHO OEeKIIapUpyoT 50PeKTUMBHOCTD CBOETO
KKOHTPOJLIIEPa» CUCTEME BoJiee 90%. OnmHako DKCIIEPVMMEHTaJIbHHE
M3MepeHMsa  MHOTHMX  KOMMEPUECKHUX  CUCTEM, NpoOBeOeHHHE aBToOpaMu
HaCTOoAmEeI0 M300peTeHusa, I[IOKa3HBaKwT, UTO 20PeKTUMBHOCTL WM3BJIEUEHUA
SHepI'MM U3 TeHepaTopa ¥ 5300eKTHMBHOCTEL IIOoCJenylmel IIOOTOTOBKU U
BEIODAUM DHepIMM B  HaTpPy3Ky MOTYT  OHTH OUeHb HUSKUMKM  [IPpU
pPeryaupoBaHMM paboTH CUCTEMEL B COOTBETCTBUM C IMIPAKTUKOM CJENOTO
NOOUMHEHW A HaIp SXXeHMIO MPPP. OOBUHEI KOHTpPOJIIEP, KOTOPEM
peagmusyerT NPakKTUKy CJIeInoro IIOOUMHEHU A MPPT, MOXeT MMETb
50PekTUBHOCTEL MeHee 30%, Oaxe KoT'Ia ee pPeKJIaMMPYIT BECOKOM.

BMecTO CJIeXeHU A 3a TOUKOM  MaKCUMaJIbHOTO NpPOM3BOIOCTBA
MOITHOCTH (MPPP) , IIPMHLIWUIIEL, OIIMCAaHHEE B OaHHOM OOKYMEHTe,
npenjarampT CJeIUTh 3a TOUKOM MaKCUMAJILHOTO MCIIOJIL30BAHUSA DHEePTUU
(maximum energy utilization point - MEUP). Ilpy [OCTOSHHOM
MCIIOJIE 30BaHUNU SHepPpI'OCUCTEMEL B ee MEUP MOXHO [IoJIy4aThb
MaKCHMAaJIbHYI BHIOIY OT SDHEepPI'OCUCTEME. 39TO eIMHCTBEHHHM CIOoCOo0
MaKCUMU3UPOBATE DHEePIM, KoTopasd MOXeT OHThL MCIOJb30BaHa U3
JII0BOM CHUCTEeMBE I'eHepPUPOBAHMSA MOWHOCTH.

ABTODPH HaCTOAmero n300peTeHnd poBeJIn TIaTEeJIbHEE
MCCJIeOOBaAHMA DHEPTOCUCTEM, U3Mepsad 500eKTMBHOCTBE KaXIoTo 5STarla,
oT TeHEPUPOBaAHUSA DHepIUNn, MU3BJIEUEHU A SHepPITUH, MNOOTOTOBKU
DHEePIUM, BHIOAUM DHEPIUM OO [NOTPelJIeHUS DHepIUM, UM TakuMM o00pasoM
BHABUIIM MPOOJIEME, KOTOPHE OOJDKHE OBTHL pPEIeHE. ABTOPH M300peTeHUd
paspaboTajM CIHOCOOH T[IOBHIIEHUA DOOeKTUMBHOCTM Ha KaxIoM 5STalle,
OTHEeJIMIM IHPOM3BOIACTBO/MU3BJICUEHME SHEpIMM OT IIoJauM SHepPIuu U
ONTUMU3UPOBAJIM  OaHHEE  IIPOLIEeCCH  OTIOEJIBHO. B pesyabTaTe  OBII
IOJIyUeH pallMOHAJILHEM CIoCco0 HaxXOXIeHMS U CJeXeHMS 3a TOUKOM’
MaKCHMaJIbHOTO MCIIOJIE30BaHUA DHEPTUM.

TeXHOJIOTUM  CJIeXeHUH 3a MEUP wMCHOOJIB3YRT TeHepaTop  IIpH
IPOMBBOACTBE IIOUTM MAaKCUMAJILHOM MOIMHOCTM; BBOIOAT M300peTeHHEbe
YCTpOMCTBA M3BJIEUEeHUSA U3OHTOUHOM DHepPITUU oI 50PeKTUBHOTO
M3BJIeUEHMA BCeV MaKCUMAJILHOM TeHepupyeMOoM MOIMHOCTM; BPEeMeHHO
XPaHAT M30BTOUHYI DHEPIMI B CHellMaJIbHEX XPaHWIIMIIAX DHEePpTUuN;
BBOIOAT MB00peTeHHHEe YCTPOMCTBa IJiA OObedMHeHUMS  SHepIuu U3
CpeICcTea M3BJeUEeHUS U U3 YIOMAHYTOT'O XPaHUJIUIA; Y BHIOAKT

JOCTAaTOUHOE KOJIMYEeCTBO MOIMHOCTM IJIA TOUWHOT'O YIOOBJIETBOPEHNMA



TpeBoBaHMA HaTpPy3KH.

IIpm 2TOM TPUHITUTIH, OonMCaHHBEe B IDaHHOM IOOKYyMeHTe,
ofecrneunBaRT IMIPakKTUUECKY OITUMMM3AlIMI0 peleHrs OJIS MaKCUMaJIbLHOTO
WCIIOJIL30BAHUA DHEPTUM SDHEepTOoCUCTEeM, B YaCTHOCTU IJIS DKOJOTUUECKU
YMCTOV  BHEPTOCUCTEMH, KOoTopasd TeHepupyeT BJeKTPOSHepTun U3
BO30OHOBJIAEMHX MCTOUHMKOB DHEPIHUM, KOTOPHE OTJMYATCSA TeM, UTO
X VHTEHCUBHOCTL WU3MeHSeTCs BO BpPeMeHM, Takux KaK CoJIHeuHas
sHepTud, BeTep, MOPUIMBH ¥ OTJMBHE WM IOBWXEHMEe BOJH; TaKuM
obpazoM OCYyMeCTBIIS cJiexeHue 3a TOUKOM MaKCUMaJILHOTO

MCIOJIb30BaHMsA 2HepruM (maximum energy utilization point tracking

- MEUPT) .
HaHHOe KpaTKoe N3JIOXEeHNE CYIHOCTHA n3o0peTeHnd He
npenHa3HadyeHo 0 onpeneJieHNS KJIIOUEBBIX IIPM3HaKOB VI

CYIeCTBeHHEX IIPM3HAKOB 3aABJIEHHOI'O oBBeKTa [IaTeHTOBaHMA, a TaKxe
OJIA VCIIOJIBE3OBaHMA B KadeCTBe CpelCTkBa IJIA OllpeleJIeHNA oBBeMa
3a4BJIEHHOTO OOBeKTa I[aTeHTOBaHUAg.

KpaTkoe onmMcaHMe UepTexen

Omna Toro dWroOH ONOMCATh CIOCOD, KOTOPBIM MOXHO IIOJIYUMUTE
BHIIEYIIOMAHYTEE UM OpyIMe IpeuMylleCTBa UM IIPpU3HaAKM, OyIOeT IIpUBEIEHO
BoJsiee TMoOpoOHOe ONMCaHMe pPas3JIMUHEX BapMaHTOB OCYIEeCTBJIEHMA CO
CCBUIKOM Ha IOIpuJjlaraeMele uUepTexu. I[loHMMas, UYTO MHOaHHHE UYepTexu
[IOKAa3EBAalT TOJBKO I[IPMMEPHBE BapMAaHTHE OCYIECTBJIEHMI M I[IODTOMYy He
OOJDKHEL paccMaTpMBaTHLCA KakK oTpaHMuMBawime o0O0BeM UM300peTeHud,
OaHHEE BapMAHTE OCYHNEeCTBJIEHMI OyOyT OIMCAHH U OOBACHEHH C
OOTIOJIHUT&JILHOM KOHKpeTU3almen u IIOOPOOHO [IOCPEenCTBOM
VCIOJIL30BaHUA HIpuJiaTaeMEX udepTexel, U3 KOTOPHX :

dur.lA CHMBOJIMUYECKHU [IOKas3bBaeT OJIOK—CXeMY OOBUHOM
DHEPTOCUCTEMEL;

dur.lB CHMBOJIMUYECKM IIOKa3HBaeT OJIOK-CXeMy SHEePIOCUCTEMEL B
COOTBETCTBMM C NPMUHLMUIIAMM, OIMCAHHEIMM B OAaHHOM IOOKYMEHTE;

dur.1C CHMBOJIMUYECKHU [IOKas3bBaeT OJIOK—CXeMY OCHOBHEIX
3JIEMEHTOB SHEPTOCUCTEME;

dur.2A-2C CHMBOJIMUYECKHU IIOKa3EBanT COOTBETCTBEHHO TOK,
HalpaxeHre n MOIIHOCTE TeHepaTopa IIOCTOSAHHOTO TOKA (DC
TeHepaTopa), I[OJIydaeMele IIOCPelCTBOM MHBepTopa DC/AC mOpM pas3HBX

TPGGOBaHMHX Hal'Py3KM, B 3aBUCMIMOCTHM OT BPEMEHM,



dur.3A-3C CUMEBOJINUECKU IIOKAa3HEBAKT COOTBETCTBEHHO TOK,
HallpAXeHMe ¥ MOWMHOCTE DC TeHepaTopa, IoJIyYaeMele IIOCPeLCTBOM
CpelCTBa M3BJIEUEHUSA DHDHEPIUM TUlla IMPOTHO-MMIYJIECHOTO MOIOYJIATopa
(Pulse Width Modulator - PWM) nOpmM pas3HHX TpeOOBaHMAX HaTpPy3KM, B
3aBUCHMOCTM OT BPEMeHU;

dur.4 CUMEBOJINUECKU [IOKa3HBaeT MeXaHM3M M3BJIeUEHUA
U3OHTOUHOM MOIIHOCTH, ocTaBmencs oT M3BJIEUEHUA DHepITUU
IIOCPEenCTBOM MHBeEpPTOPa DC/AC, B COOTBETCTBUU C IIPMHLNUIIaMA,
ONMCAHHEIMM B OAaHHOM NOOKYMEHTe; U

dur.5 CUMEBOJIMUECKU [IOKa3HBaeT npenjaraeMe MeXaHM3M
MU3BJIEUEHUA U3OHTOUHOM MOIIHOCTH, ocTaBmencsd oT M3BJIEUEHU A
[IOCPEenCTBOM CpeICTBa M3BJIeUeHMA DSHepIuM Tura PWM, B COOTBETCTBUU
C NPpMHUMIIAMM, OIMCAHHEMM B OAaHHOM IOOKYMEHTe.

NonpoBHOe onmucaHue

Pasges nepsBoli: 0030p SHEPIOCUCTEME

Kaxk niokazaHo Ha ¢ur.l, sHeprocuctema 1000 cocTouT U3
TeHepaTopa (re”Hepatopor) 1100, peryiasaropa (peryiasaTtopor) 1200,
HAaTrpy3KM (Harpy3ok) 1300; u Bcex MX MOIYJIeM, OIMCAHHHX HMWXe. Ha
dur.lA T1nokas3aHa OJIOK-CcxeMa OOLBUHOM SHEPIroCUCTeMBl; a Ha ¢our.lB
IokasaHa OJIOK—-CXeMa DHepToCHUCTEeMEl B COOTBETCTBMM C IIPUMHLUIIAMM,

ONMCAHHEMM B ITAaHHOM HOOKYMeHTe. Ilpu 3ToM 50QeKTUBHOCTL JIoOOM

IIOOCHCTEMEL oIlpeneJideTcda Kak MOIIHOCTBb Ha BEIXOIOE OaHHOM
IIOOCHMCTEMEI, DeJleHHaAd Ha MOIIHOCTBb Ha BEIXOIOE Hpeﬂbmymeﬁ
IIOOCHMCTEMEL. B KaueCTBe OBBUHOTO InpruMepa, S(IQ(IQGKTMBHOCTB

peryydaTopa olIpenejysgeTcs Kak »BHeprusa FE., BeOaHHasd B HaIpPy3Ky,
IeJjleHHasd Ha SHepruio Ej, BHpaOOTaHHYK I'eéHepaTOpOM; KaK IIOKas3aHO Ha
dur.1C. Hmxe MepeurcCIJIeHH Has3BaHMUA MONyJIeM, TIOoKas3aHHHX Ha our.l:
1000 - SHeprocucreMa, 1100 - T'e”HepaTop, 1200 - KoHTpoOJJIEp WM
peryndarop, 1210 - OOBUHOEe YCTPOMCTBO WM3BJIeUEeHUS 5BHepIumu, 1223 -
Peryjndarop MHNOOTOTOBKM MOMHOCTHM, 1225 - PeryJaTop BHIAUM MOIHOCTH,
1230 - PerymngaTop M30HTKA, 1233 - YCTpOnCTBO
U3BJIeUEHVA/NCIIOJIL30BAaHNA  M30HTKA, 1233A - AKTMBHOE CPemCTBO
M3BJIeUeHUA  U3O0HTKA, 1233B - I[TaccuBHOEe CpelCcTBO M3BJIEUEHU A
M30HTKA, 1233C - PeryjxaTop nomaudu, 1233D - PernyjasaTop OJ4
peryJupoBaHuUsa BHepruM, 1235 - XpaHwaume sHeprum, 1240 - MPPT,

1300 - Harpyz3ka, 1310 - Jamnwe, 1320 - Hacocwe, 1330 - OgucHoe



obopynoBaHue, 1340 - SgekTponpmbop u 1350 - KoHOMUMOHEep BO3OyXa.

Kak mnokaszaHo Ha o¢our.lA m 1B, »sHeprocucTema 1000 comepXxuT

(1) igfe) MeHLBLIIen Mepe OIVH BIIEKTPOTEeHEepaTOop 1100 OJis
npeobpaszoBaHmA IIepPBUYHOM SHEepIUn B DIIEKTPOBHEPTHUD; (2)
noncucrteMy 1200 KoHTpoJJIepa (HazeEBaeMyl TaKXe  «IIOIOCUCTeMOM

YIOPaBJeHUS DHepTUen» WIM «PpelyJIaTopoM») OJIS pPeryJiMpOoBaHMA BcCex
TpeOyeMEX OYHKLUMM YIpPaBJIeHMS BCEM DHEPTOCUCTEMH UYepes MOOYJU
(1210-1240) xoHTpoJuiepa 1200. IOaHHEE OQYHKUMM YIpaBJIeHMS BKJIIOUYAT
peryaupoBaHMe TeHepupoBaHuda 1100 wmomHOCTHM, OOBUHOE YCTPOMCTREO
1210 wm3BJeUeHMA BHepIMM, MOOyJb 1220 @Ojsg HOOOTOTOBKMU  (MOOYJIb
1223) M  BHEOAYUU (MomyJis 1225) SHEepIMM B HATUPy3Ky U IOpyTue
KPUTHUUECKM  BaXHbe  (QYyHKUUY, OIIMCaHHEIE  HUXE. MoomcucTtema 1200
KOHTpOJIJIepa MOXeT TakKXe BKJOUYaThE B cefd I»Opyrod OGyHKUMOHAJIEHBM
MOOyJib, Tako¥ kak MPPT 1240. Harpyska 1300 cocTouT M3 OIHOTO WU
KOMOMHaLUM PasJInYHOTO (pPe3UCTUBHOTO n/uiam VHOYKTHBHOTO)
oBOpPYyINOBaHMA IJIS MCIOJL30BaHMUA I[IPOMUBBEINEeHHOM BJIeKTPORHEPIUHU;
Takoro kKak (a) Jgamna (jgamnu) 1310; (b) BomsHOM Hacoc (HaCOCH)
1320; (c) oducHoe obBopymoBaHMe 1330, Takoe KakK KACCOBHI alllapar
(anmapaTH) , neyvarTammee YCTPOMCTBO (ycTpomcTea) M  KOMIILIOTEP
(koMIIbIOTEPH) ; (d) »JiaexkTponpudop (sierTponpubopr) 1340, TakoM Kak
XOJIOOMJIE HUK (XOJIOOMJILHUKM) , BEHTUJIATOP (BEHTUJIATOPRH) , TOCTEP
(TocTepH) U (e) KOHIMIMOHep (KOHIMLIMOHepH) 1350 Bo3myxa. Takum
obpaszoM, pHeprocucTteMa 1000 cocToMT U3 TI'eHepaTopa (I'eHepaTOpPOB)
1100, peryngaropa (peryyaaropor) 1200, Harpy3ku (Harpyzok) 1300 wu
BCex UX MOOyJel.

SJIeKTpoTeHepaTop IHNpelcTaBJsgeT CcoboM yCTPONCTBO, KOTOpoOe

npeofpasyeT SHEPIMID M3 IIEePBMUHOIO MCTOUHMKA DSHEPIMM (TaKoTo Kak

yTOJb, HebTh, NPUPONHEIM  Tas, AanepHad SHeprud ¥ Op.) B
BJIEKTPOBHEPTHD. SKOJIOTUYECKH YUVCTHM TeHepaTop MOITHO CTU
UCIIOJIL3YyeT Jis [IPOU3BONCTERA 3JIEKTPODHEPTUN BO30OHOBIAEMYIO

IIPMPOIOHYIO SHepPI'V B KauecCTBe IIEPBMYHEX MCTOUYHMKOB, BKJIKUAa A
COJIHEUHEE JIydlM, BeTep, IIPMJIMBEL M OTJIMBEH WMJIM OBVXeHVEe BOJIH. Takue
IIEePBMYHEIE WVCTOYHMKNM OBOBUHO CBA3aHH CO 3HAUUTEJIEHO M3MeHIKIMeNca
BO BpeMeHM MHTEHCHMBHOCTEBI DJSHEepINVKM, UYTO IIPMBOIVMT K HM3IMeEHAKIEMYCA
BO BpeMeHNI HallpAXeHNIO, COOTBETCTBYyKRIIEMY TOUKe MaKCHMaJIBHOT'O

IPOM3BOACTBAa MOMHOCTM (maximum power production point - MPPP).



KoMmepueckre 5BKOJOTUUECKM UNCTHE SHEPTOCUCTEMH OOHUHO BKJIOUAKT B
ceba MPPT 1240 (B KauecTBe MOIOVJS B 1noracmucrtemMe 1200) OJid
CJIeXeHMda 3a HalpaxeHueMm MPPT.

CraHmapTHasd »0OeKTMBHOCTE T'eHepaTopa DHEPIUMM OlIpeleliseTCcsd
KakK BeJIMUMHa eT0 MaKCHUMaJILHOTO IIPOM3BOICTBA DJIEKTPOSHEepIHM (Ipu
CTaHODapTHOM BBOJIe TIIE€PBMUHOM MOWMHOCTM), IHIeJileHHas Ha BBOIUMY
IIePBUYHY MOMHOCTE . OnmHako opu VCIIOJIb30BaHUA [IePBUYHEIX
MCTOUYHMKOB MOMHOCTM, M3MeHAKmeXcsa BO BpeMeHHM, 20OeKTHUBHOCTE
TeHepaTopa TakXe M3MeHAeTCd BO BPEeMeHM U OIpelejgeTcsa Kak
MI'HOBEHHAas BeJIMuMHa 50QeKTMBHOCTM, KOTOpas paBHa MI'HOBEHHOMY
IIPOM3BOACTBY MaKCHMMaJIBHOM MOMHOCTHM  (IIpM MI'HOBEHHOM BBOIOMMOMN
IIepBUYHOM MOWHOCTM), HOeJIeHHasd Ha COOTBETCTBYKHIYK MIHOBEHHYIO
IIOOBOOVMYK [IEePBUUHYK MOMHOCTE.

Kaxk rmnokazaHo Ha our.lAa, KOHTPOJLJIED (HaszLBaeMHll  TakKxe
IIOOCUCTEeMOY YyHOpaBJIeHUS DHepIueV wWin peryiadaTropoM) 1200 comepXuT
YCTPOMCTRO 1210 0Ji4 M3BJIeUeHU D SHEPI'UN, IpOM3BEeOeHHON B

TeHepaTope 1100. KoHTposuiep 1200 comepXxuT Takxe ycCcTpoMcTBO 1220

oJjia IIOOTOTOBKU (MOIOYJIb 1223) M IOJS BHIOAUYU (MOIOYJIb 1225)
DIIEKTPOBSHEPTUU B HaT'py3Ku 1300. TakuMm  oBpasoM, B OaHHOM
OOKYMEHTE MOIYJIb 1223 HasHBaeTCHa KPEeTryJIATOPOM MOOTOTOBKU
MOITHO CTU», " MOIYJIb 1225 Ha3HBaeTCHd KPeryJIATOpPOM BEIOAUN
MOIMHOC T .

Kak [IOKa3aHo Ha our.1C, 50PeKTUBHOCTD KOHTpOJIJIepa
omnpenenseTcs KakK SHEepIu4, norpebiigeMas HaTrpy3Kou, TLJIIOC
HaKoOIlJIeHHas SHEepPIUH4, neJjieHHas Ha SHEepPIH, TeHepUpyeMy
reHepaTopoM. OHa Takxe pabBHa ((200eKTMBHOCTL WM3BJIeUEeHMS MOMHOCTU

ycrporcTea 1210) x  (200eKTMBHOCTE BHIOAUM MOMHOCTM YCTPOMCTBAa
1220)), €CJIM CHUCTeMa  BHIIOJIHEHa 0e3 XpaHWIMla SHEPpIUM  OJI4
XpaHeHMsa M30HTOUHOM 5SHepI'uM OJg O0oJiee TO3IOHEeT'0 MCIOJbL30BaHUA.
«50OeKTMBHOCTE MCIIOJIB30BAHMA BHEPTUM» OIpelesiIseTCcsa TaKuM  Xe
obpasoM U pabBHa 50PeKTUBHOCTM KOHTPOJLJIEpAa.

S0PeKTUBHOCTL MBBJIEUEHMSI MOMHOCTHU (SHepTuM) ycTpoycTBa 1210
oTIpenesseTcs KakK MI'HOBEeHHasd BeJINUYVHAa MOIMHOCTU Ha BEIXOIE
ycrporcTBa 1210, @»mesileHHad Ha MaKCHMMaJbLHYI MOMHOCTL, I'eHepUpyeMyk
B TeHepaTope (I'eHepaTopax), B COOTBETCTBMM C IMOpakKTukon MPPT.

Jliobad TeHepUpyeMad MOIIHOCTE, He 3abpaHHaga (M3BJIeUEeHHAaLd)



ycrporicTeoM 1210, yBedumuuBaeT HesdOeKTHMBHOCTL yCTpoMmcTBa 1210.
530beKTUMBHOCTD BEIOAUM MOIIHOCTH (pHEePTUH) YCTPOMCTBA 1220
OTIpenNeNIsseTCH KakK MI'HOBEeHHasd BeJIMYMHAa MOIMHOCTU Ha BEIXOIlE
ycrporicTBa 1220, BHOaHHas B U HoTpebigeMas HarpysKamu, IOeJiIeHHasd
Ha MOUWHOCTL Ha BHXOIe ycTpoucTea 1210.

OTMedaeTCcsa, 4YTO 5SOOeKTUMBHOCTL BHIOAUM DHEPIMM pPaBHa HYJD,
KOoT'oa TpeboBaHUe Harpys3Ku OTCYTCTBYET; u 20PEKTMBHOCTD
M3BJIEUEHMA DHEPI'MM TakXe paBHa HYJK IIPU OTCYTCTBUM TpeboBaHUA
Harpys3KM OJI4 BapuaHTOB 0e3 XpaHWIula SHepruu. TakuM ofpasoM,
TpeboBaHMe Hal'Py3KM UM EMKOCTL XPaHWJIMIa DHEPIUM MOIT'YT OKa3HBAaTh
BJIMSAHME Ha 50beKTUBHOCTDL BEIIAYU DHEePI'Un u BJIMAOT Ha
50PeKTUBHOCTE M3BJIEUEHUHA DHepI'uM. OTOoT (QaKT IIoKa3eBaeT, UTo
M3BJIeUeHMe, I[IOOTOTOBKA M BHIOaUa MOWMHOCTM Hepas3pblBHO CBASBaAHHE C
INOTPe®HOCTB B MOWMHOCTHU. CleloBaTeJIbHO, IIpakTuka MPPT cama 110
cefe He I0O3BOJIAeT I[IoJIydaThb MaKCHMMAJIbHYK BHITOLOY OT SHEPIT'OCUCTEMEH.

078 yTOUHEeHMs, HEeKOTOpHEe BUIE HATPYy30K (TakMe KaK BOIAHOM
Hacoc (HacCoOCH)) ¥MelT OuUeHb Y3KUM »OManasz3oH padouel MOMHOCTU,; U
MOTYT IHIPMBOIMUTL K HapylleHUID B paboTe DHepTI'OCUCTEMH, KOoT'Da
BOBHUKAET SABHHM OucbajlaHC B IIPOM3BOINCTBE U INOTPeBJIeHUM MOIHOCTMU.
Ecim BEIDaBaeMas MOMHOCTHE HIXKe HIKHETO IIpeneja HoTpeOHOCTH B
MOIIHOCTH, TO Harpy3Ka MOXeT IIpekKpamaThb OYHKUIMOHMPOBATH u
BHeB3arllHO OTKJIIOUATELCH oT SHepronoTpebJieHN . HampumMmep, ecn
nmomaBaeMas MOIHOCTB HWXe HIWKHeTO IOpenejla paboTH BOOAHOTO Hacoca,
TO HacoC Ccpa3y I[IpekKpamaeT kKadaTbk M OTKJIOUaeTcd OT TpeboBaHUSA
Harpy3KM, ¥ TakuM oO0Opal30M TeHepupyeMas »Heprusa Tepsgercsa. C
opyTon CTOPOHH, ecun BHIIaBaeMasd MOIMHOCTHb foJbime, ueM
MaKCUMAaJILHEY OManasoH DOTpe®HOCTM B MOIMHOCTM, TO JMOO UYacThb
MOMHOCTHM He 0OyneT 3abupaTbcad yCcTpoMcTBOM 1210 M3BJIeUEHUS BHEePITUU
VM YacThb DHepPIUM IoTepdeTcd, JMOO MNPOMCXOOMUT OTKIINUEHME HaTpPy3KU.
YIOOMSAHYTEE CHUTyallMM MOTYT BO3HUKATE He3aBMCHMMO OT ToTro, paboTaer
JIM TeHepaTop Ipu HampsaxeHur MPPT wmiam HeT. VYIIOMAHYTHE CUTYyallU
omucbajlaHCa MOIMHOCTM SBJAKRTCHA pPeaJIbHEMM, BO3HMKAKT OOBHUHO M YacTo
B DKOJIOTUYUECKHU UM CTHX SHEPTOCUCTEMAX, BKJIOUA g COJIHEUHHE
BOIOHAIIOPHEIE CUCTEMH .

V3 BHIIENPUMBEOEHHOTO aHajJM3a 5SHeproCUCTEeMEl, IIOKa3aHHOM Ha

our.1A, MOXHO  cIeJjlaThb cJenyolre  BEBOJIEB: (1) NOTPeBHOCTL B



MOIIHOCTM  HaTlpy3KM MOXeT OKa3BEBaThk 3HAUMTEJIBHOE  BJIMSAHME  Ha
50PeKTMBHOCTEL BHIOAUM DHEPITUM U Takke 30PeKTMBHOCTBL WM3BJIEUEeHUSA
DHEPTUMN ; (2) TakmM oOpasoM, I[TOTPeBHOCTH B MOMHOCTHM HaTpPy3KU
MOXeT TaKXe OKa3HEBaThk BJMAHME Ha 200eKTMBHOCTBL KOHTPOJLIEPA,
[IPOUBBEeIeHNE DTUX OBYX 20deKTUBHOCTEN; (3) pabouas TOUKa
MaKCcuUMaJIbHOM »20PeKTMBHOCTM KOHTpOJIJIepa MOXeT He CoBIamaTb C
patorom  MPPT; (4) cJieroe nomumHeHve MPPT  He rapaHTupyeT
IoJIydeHre MaKCUMMaJIbHOM CTelleHM BHITOOE OT SHEePTOCUCTEME; M CcaMoe
BaxHoe, (5) oJis ONITUMM 3aLIUN BEIT'OOHI (MCIIOJIE30OBAHMA) oT
DHEPTOCUCTEME, HeOOXOIVMMO OTIOEJIUTE W3BJIEUEHME SBHEPIUM OT BHIOAUU
SHEPIUU ¥ OINTUMU3UPOBATH [IPOU3BONCTBO/M3BJIeUEeHUE  DHEPIUM U
IIOOTOTOBKY/MIOTpedJIeHrMe 5SHepTUMM OTIEeJIbHO; HO YUMTHBag IeMCTBUE
3aKOHOB COXPaHEeHMSd DHepI'uM UM 3apdna.

Pasgess BTOpOM: Mz3obBpeTeHMe M BO3IEMCTBUA

Kaxk nokazaHoO Ha our.lB, BapMaHT OCYMECTBJIEHMS SHEPTOCUCTEME
B COOTBETCTBMM C I[IPMHLUMUIIaAMM, ONMCaHHEMM B HOaHHOM IOOKYMeHTe,
nobarJjgeT YCTPOMCTRBO 1230, comepxalee YCTPOMCTRBO 1233,
paboTaKmee COBMECTHO C XpaHuumeM 1235 5SHepIunu. B ImaHHOM
IOOKYMEHTe YCTpoMCcTBO 1230 HaBBBAETCHS «PeryJIaTopoM M30HTKa», a
yCeTporcTBO 1233 Ha3HBaeTCd «YCTPOMCTBOM M3BJIEUEHMS/UCIOJNL30BAHNA
M3OHTKAaY . YCTpoMcTBO 1233 COOepXMUT UeTHpe MoOOyJs: 1233A, 1233B,
1233C " 1233D; X OYHKLIUM U BOBIEVCTBUA OyaoyT OIMCAaHH.
BHIIIOJIHEHHOE HaJexallM oBbpa3oM YCTPOMCTBO 1230 CIIOCOBHO
CeJIeKTMBHO XPaHUTb M3OBITOUHYK BHEPITMI BO BpeMa WU3BJIEUEHUS
DHEPTUM M YBeJIMUMBATHL WMJIM YMeHbIaThb IIoJady MOMHOCTM B HaIpy3Ky
BO BpeMs BHOAYUM DHEePTUM; OHO TakXe CIHOoCOoBOHO OecHnepe®oVHO U
S0OEeKTUMBHO YyCTPaHATE OucballaHC MOMHOCTH.

Oiis YTOUHEHUSA, YCTPOMCTBO 1233 CIIOCOBHO B TeueHMe
OJIMTEeJIbHOT O BpEeMeHU CeJIEKTHUBHO HakKallJIMBaTh MaKCHUMaJIbEHOe
KOJIMUECTBO NOCTYIHOW WM3OHTOUHOM SHepTMM B XpaHuiume 1235 sHepruu
B TIIPOllecCe W3BJIEUEHUS DZHepI'uM. V30BTOUHASA DHepPIUS OIpelelIseTCcsd
KakK DHepIusd, I[IpOoU3BOIMMaad TI'€HepaTopOoM (I'eHepaTopaMM), HO He
oTobpaHHas OOHUHEIM YCTpoOMCTBOM 1210 wU3BJIeUYeHUS DSHepTuM. TaKuM
obpasoM, yCcTpoucTBo 1233 mnomoraeT noxmcucTtemMe 1200 yHOopabJieHUA
SHepITHuen M3BJIEKATH MaKCHMaJlbHOe KOJIMYECTBO SHEePIUM n3

TeHepaTopa; Iaxe KoI'ga IIPOUCXOIUT OTKJIOUeHMEe HaTPy3KM. IJaHHBEM
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BapMaHT OCYIEeCTBJIEHNUH, IoKas3aHHBEM Ha our.1RB, [IO3BOJIAET
VICIIOJIL30BaTh V30EITOUHYIO SHEPTU " 3HAUUTEJIEHO [IOBHIIAET
20PEeKTUBHOCTE WUBBJIEUEHUS DHEPTUN.

VcroJb3yd D2HepITH, HAKOILJIeHHYI B XpaHuaume 1235, yCcTpoMCTBO
1233 cnocoBHO TakXe CeJIeKTMBHO BHIOABATE HeOOXOIMMYyH HeIOCTalmylo
DHEPTM B MOOYJIE 1223 TMNOATOTOBKM,; TakK UYTO MOIOYJb 1225 BHIOAUU
KOHTpOJIJIepa 1220 criocobeH BEIIaBaTh MOIIHOCTE, [P EeBRHIIAKILY O
M3BJIEUEHHYK  MOIHOCTB Wi maxe TEeHepUPYEMYK  MOIHOCTE, oJis
YIOOBJIETBOPEHUA TpeboBaHUA HaIpy3KM. OTO IIPUBOIUT K YBEJIUUYEHUIO
nomaum sHepruu OJag 0OecrnepeboMHOTO M »0QPEeKTUBHOTO IIPEOIOJIEHUA
3aTpPpyOHEHUM B IIepMOIE BHCOKOTO Tpeb®oBaHMA HaTPy3KHU. Taxkum
oBpas3oM, [IPMHLNAIIEL, ONMCaHHEHE B OaHHOM IOKYMEHTe, CIIOCOOHH
YMeHbBIIaThk UYacCTOTy OTKJIOUEeHUS Hal'Py3KM WM 3HAUMTEJIBHO IIOBHIIATH
50beKTUMBHOCTEL BHIOAUM DHDHepIUM. [IPUMHLMUIIEL, OIIMCaHHEE B IOaHHOM
OOKYMEHTe, CIIOCOOHH TakXe  YIOJIVHATH BpeMsd  [Iomauu  MOIHOCTHU
IIOCPEenNCTBOM HAaKOIJIEHHOM U30HTOUHOM DSHEepTUM, KoI'ga IIPOU3BOICTBO
He OCYIeCTBJIAeTCH; U  YBeJIUUYMBATH KOBQOULMEHT  MCIOJIb30BaHMUA
SHEPITUM; B UaCTHOCTM [OJIS COJIHEUHOM DHEepPTOCUCTEMH, KoTOopad
BHHYXIEHa eXeIHeBHO paboTaThk B YCJIOBUAX I[NacCMypPHOWM IIOTOIE WM
TeMHOT'O BpPeMeHM CYTOK.

TakuMm  ofOpasoM, OBBUHOE pemeHMre He BKJIOUaET B cebs
YCTPOMCTBO 1230 u ero MOIYJIN, yTOOH  CeJIEKTUBHO oTbUpaThk
M30EITOUHYIO SHEPTUL, pPeryJmMpoBaTh OOCTaTOUHOe KOJINYECTBO
BHIIABaeMOM SHepIMM U/UJIM BHOaBaATh HeIOCTalyln SHEepIMi, TaK UTOOH
BHIABAaTh OOCTaTOUHOEe KOJIMYEeCTBO SHEepI'Un oJs TOUHOTO
YIOBJIETBOPEHMA MI'HOBEHHOTO TpebOoOBaHMA Harpy3ku. CllegoBaTeJIbHO,
OBBUHAa A cucTeMa He oBJjamaeT MpeuMyIeCcTBOM MaKCHUMaJIEHOTO
VCIIOJIbL30BAaHUSA DHEepPI'MM, OIMCAaHHEM B OaHHOM JOKyMeHTe. OuUueBUIHHE
OTJIMUMA MexOy OOHUHOM CUCTeMOM U CHUCTEeMOM B COOTBETCTBUM C
NIPUMHLNIIAMY, OIMCAaHHBEIMM B IOaHHOM JIOKYMEHTEe, MOXHO IIOHATE IIYyTEM
CpaBHeHMsa OJIOK—-CXeM, I[IOKa3aHHHX Ha o¢our.lA m 1B.

[lpy peanlu3zallMM [OPMHIMIIOB, OMNMCAHHHEX B JaHHOM JIOKYMeHTE,
MOIIHOCTL, M3BJIeKaeMas M3 TeHepaTopa MOMHOCTM, IIPeOCTaBJisgeT cobon
COBOKYIIHOCTEL MOMHOCTM, M3BJIeKaeMOo¥ OOHUHHEM yCcTpo¥cTtBoM 1210, wm
M3OHTOUHOM  MOMHOCTMU, M3BJIeKaeMOM  OOINOJIHUTEJILHHM  YCTPOMCTBOM

1230. Kak OymeT [DOOPOOHO OIMCAHO HWXe, IIPUMHLMUIIE, OIMCAHHHE B
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IOIaHHOM IOKYMEHTe, TaKXe IpeljarlalkT MexXaHW3MH, KOTOPHE CIOCOOHEH
cmeJyiaTh  YIOMAHYTYID CyMMy IOBYX  M3BJIeKaeMbX MOMHOCTEeM  OuUeHb
BJIM3KOM K TeHepupyeMoM MomHOCTM. Takum obpa3oM, OpeHebperasa
SHepTuel, noTpebiasgseMon ycTpomncTBamu 1210 m 1230, 2dOeXTHMBHOCTEH
V3BJIEUEHVA DHEPIUM YIOMSAHYTHX BapMaHTOB OCYIECTBJIEHMS MOXET OBTH
OpubIM3UTeNbHO paBHOM 100%.

KpomMe TOTO, IIpM pealu3aluM IIPMHLUIIOB, OIMCAHHEX B HTaHHOM
OOKYyMeHTe, YyCcTpoucTBO 1230 cCHnoco®HO peryJauMpoBaTh M3BJEKaeMyl
MOIHOCTL TIOCPEOCTBOM OQYVHKIMM YIpPaBJeHMSI, BHIIOJHIEMEHX MOIYJIAMA
ycrpomcTBa 1233 (ycTpomcTBamm 1233A, 1233B, 1233C wm 1233D),
UTOOH CYMMMPOBATBH NOCTYIIHYID BSHEPIMI U3 T'eHepaTopa UM XpaHWuia U
IoMoTaThk YCTpoMcTBaM 1223 m 1225 (MomyJaMm ycTpoycTeBa 1220) mnopu
BHIOAYUE OOCTATOYHOI'O KOJMUeCTBa MOWMHOCTM  IJIA IIOUTKM  TOUYHOTIO
YIOOBJIETBOPEHMA MI'HOBEHHOTO TpeBoBaHUA Harpysku. TakuM o6OpasoM,
ycTrpocTBo 1230 crnocof®HO Takxke OO0eclIeuMTh BO3BMOXHOCTL OTOeJIeHUA
IIPOMBBOACTRBA BHEPIMM OT NOTpebJieHUA (MCIIOJIB30BaAHMA) DHEPIUM.

Kak 0OyIeT IOONOJIHUTEJILHO ONMCAaHO HWXe, IIPUHINMIIE, OIMCaHHEE B
OaHHOM IOKyMeHTe, IIpenjalalT MeXaHWU3MH, KOTOPHE CIOCOOHH CcOejlaTh
MOIHOCTL OUeHb OJM3KOM K OOCTATOUHOM BeJIMUMHE MOMHOCTM Ha BXoIe
ycrpomcTBa 1220; Tak UYTO MOIMHOCTE Ha BHXOOe YycTpoucTBa 1220
MOXeT [IoOUTH TOUHO  VYIOOBJIETBOPATE MI'HOBEHHYK IOTPeOHOCTH B
MOIMHOCTH . CiemoBaTeJIbHO, npeHebperada SHepI'uM, noTpediiseMomn
ycrporcTraMm 1220 u 1230, »0QeKTMBHOCTL BHOAUM DSHEPIUM ITaHHOTO
BapMaHTa OCYUEeCTBJIEHMS MOXeT Takxe npubiamxareca K 100%. Takxkum
oBpa3oM, [IPMHIMIIH, ONMCaHHHE B HaHHOM HOOKYMEHTe, pasdeisoT
TeHepUMPORBaHME UM MOTpebJIeHMe MOIMHOCTU uYepe3 (QYHKIMOHAJIBHHE MOIYJIU
1233A, 1233C n 1233D ynpaBJieHUSA, paboTanmme COBMECTHO C
XpaHuaumeM 1235 »sHepIMM ¥ yCTpoMcTBOM 1233B; UTO B pe3yJjbTaTe
obecreurBaeT BOBMOXHOCTL HE3AaBUCUMOM OITUMM3ALUNM IIPOM3BOICTRBA,
V3BJIEUEHVA M BHIOIAYM DSHEPTUM.

TakuMm o6pa30M, B COOTBETCTBUM C IIPUHIMIIAMM, OIMCAHHBEIMU B
OaHHOM OOKYMEHTE, nJis CeJIEKTMBHOTO HaKOIIJIEHUN A V3OHTOUHOM
MOIIHOCTU B COOTBETCTBYIMX BPEMEHHHBIX XPaHWUJINIax no6aBJIeHO
YCTPOMCTBO 1230, KOoTOopoe TeOpeTUUeCKHU CIIOCOBOHO YBEeJIMUNUTEL
M3BJIeUueHMe osHepruu pno 100%. THobaBjeHHOe YycTpowcTBOo 1230, a

MMEeHHO eTro wMomyJm 1233C m  1233D cCcHocoOHEL TakKxe CceJIeKTUMBHO
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CYMMMPOBATE BHEPIML, WU3BJIeKaeMyk U3 TeHepaTopa 1100, m sHepruo B
XxpaHuaumax (1235 m ycrpomcTBe 1233B), OJ4 NOJYyYeHMS OOCTATOUHOTO
KOJIMUeCTBa BHEPIMM,; M 3BaTeM BHIOaBaTh STO IJOCTATOUHOE KOJIMUYECTBO
MOIHOCTM B KauecTBe BBOIa B YyCTpoMcTBO 1223, Tak UTO MOMHOCTL Ha
BEIXOIEe YCTPOMCTBA 1225 MOXeT IouTHU TOUHO YIOOBJIETBOPATE
TpeboBaHMe Harpys3Ku. Clide) MOXeT TEeoOpeTUUYEeCKHN [IOBEICUTE
50PeKTUBHOCTE DHepTrocHabxeHus po 100%. TakuM oOpasoM, IIPMHLMIIEL,
OIIMCaHHEE B HOaHHOM IOKYMEHTe, CIOCOOHH pas3deliiTh W He3aBUCHMO
OIITUMM3UPOBATE 5HOOEeKTUBHOCTHU [IPOUBBOILCTBA, W3BJIEUEHUSI UM BHIOAUU
MOIIHOCTH .

TakuM o00pasoM, YUUTHBAsS OEMCTBME 3aKoHa COXpaHeHud DHepIuWu,
B JI0OOM SHEeproCUCTeMe MI'HOBEeHHOe TIMoTpebJieHMe MOMHOCTHM HaTpy3Kou
OBHUHO HEe PaBHO IIPOM3BOACTBY MOMHOCTU. IIpM OTCYTCTBUU YCTPOMCTBA
1230, ecau HDOTPeOHOCTEL B MOMHOCTM IIPEBHIAET IIPOM3BOOAMTEJILHOCTE
(onpernesigeMyo Kak o6BeM IPOU3BOIUMOM, U3BJIeKaeMou,
IIOATOTAaBJIMBAEMOM ¥ BHIOAaBaeMOM MOMHOCTM), TO DTO MOXeT BHS3HBATH
OTKJIOUEHME HaTrpy3Ku n 3HaAUUTEJIEHO CHUXAaThb 20beKTMBHOCTD
MCIIOJIE30BAHUSA SHepTur. C IOPYyTOM CTOPOHH, eCHIV IIPOM3BOIUTEJILHOCTDL
IpeBHIMaeT IIOTPed®HOCThL B MOIMHOCTM, TO MOXET BO3HMKATHL M3OBITOUHASA
MOIIHOCTL, KOTOopasa He WM3BJIeUeHa WM BEIOaHa; TEeM CaMbBM CHWXas
20PeKTUMBHOCTEL BHIOAUM (MCIOJB30BaHMA) DSHEPIUM.

Ipu moBaBJjeHuM ycTpoucTea 1230, comepxamero YCTPOMUCTBO
1233, OaHHOEe n3obpeTeHUe CIIOCOBHO CeJIEKTUBHO BPEMEHHO
HakalIMBaThk HOCTATOUHOE KOJMUECTBO M3OHTOUHOM SHEepIMUM U/WiIn
BHIABAaTh OOCTaTOUHOEe KOJIMYEeCTBO SHEepI'Un oJs TOUHOTO
YIOBJIETBOPEHMA NOTPeBHOCTHL B MOMHOCTM B KOJMUeCTBax JMbOo OoJiklle,
Jm60o MeHbIIe ueMm MI'HOBEeHHasd MPOU3BOINUTEJIBHOCTE VI oaxe
TeHepMUpyeMasd MOMHOCTE. 3970 20QeKTMBHO YMeHBbIIAeT BHIIEOINIMCAaHHEE
npobJeMel, a Takxe of0ecleurBaeT MaKCUMaJLHYID BHIOOY OT Jioboln
SHEPTOCHUCTEMEH.

Paszmes TpeTudi: 00630p OOLUHEIX CPEICTB M3BJEUEHUI DHEepIUU

OBOHUHEIE YCTPOWMCTRBa WM3BJIEUEHMS DSHEepTUM BKJOUADT WHBEPTOPH
DC/AC ¥ yCTPOWCTBO W3BJIEUEHMUS DSHEPTUM C MUPOTHO-UMITYJILECHOM
MonmyJaaumen (pulse width modulation - PWM). B 1DaHHOM pa3snedie
paccMaTpMBalTCA STU OBa OOBUHEX CPEeNCTBa M3BJIEUEHUA DHEPIUM IJI4

BEIACHEHNMA OCHOBHOM IIPMUYNMHEL nx He@@@eKTMBHOCTM n
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HepalMoOHAaJIbHOCTH .

Ees mnoTepm OOMHOCTM, MOPEONOJIOXKMM, UTO IIE€PBUUYHBI MCTOUHUK
DHEePITUM crocoBeH B TeUeHMe HECKOJBKUMX CeKYHI YIEpPXMBATBHCH IIPU
IIOCTOSAHHOM MHTEHCUBHOCTU (M IIPM IOCTOSHHOM IIPOM3BONCTBE MOIHOCTHU
TeHepaTopa). B KauecTBe TIIepBOTI'O IIpuMepa o0030pa, [IpOoU3BeleHHas
MOIMHOCTL HaxOOUTCA IIpM IIOCTOSHHOM BeJIMUMHe, CKaxeMm, IIpu DC Toke
I,, DC nHanpsxeHur V,; UM COOTBeTCTBeHHO DC mMomHOCTH P.-Vi*I*pf (rme
pf papBHO 1 B cayuae DC); nprM STOM M3BJIEKaeMas BHepIUA
nzobpaxaeTcd OOHUHHM «UMCTO CHMHYCOMIOAJILHEIM MHBepTOpoM DC/AC cC
yacToTor 50-60 T'u», kKak B OOJBMMHCTBe OOJBIMX (QOTORJIEKTPUUECKUX
COJIHEUHHIX BJIeKTPpOCTaHUMM. [aHHBM IIepBEM IOpUMep oO030pa OyIeT
OoJiee HOOPOOHO PacCCMOTPEH HIXe.

Kaxk mokaszsaHO Ha OMI.2A, TOK Ha BHXOIe TI'eHepaTopa M300paxeH
kpuBoM 2101, nocrosHHHY DC Tok I, a 3 OOBUHHX M3BJIeKaeMHxX TOKa
UeTBepPThUUKIIMUHOTO OOHOGa3HOTO KOCHHYCOMIOAJIbLHOT'O VHBepTOpPAa
[IepeMeHHOTO TokKa (IpeHebperas TOTepsaMM, BXOIO=BHXOI), KOTOpPHE
XapakTepusynT TpU M3BJeUeHMA TOoKa OJA TpexX Pa3HBEX CJydaeb
TpeBoBaHMSA HaATPy3KM, u300paxeHe KpuBo 2102, COOTBeTCTBYIIEN
I.*cos(ot), xpumpom 2103, cooTBeTCTByWmeM Is*cos(®t), WIM KPUBOMU
2104, COOTBETCTBYIIEN I,*cos (ot) . 3aKO0OH COXpPaHeHMnd DHepIUn

OomnyckaeT TOJIbBKO: I:>T,, I:>I3 m I:>I1,. UYUeTHpe YCPEeOHEHHEX TOoKa
paBHH 11, (2/m)*I,, (2/mw)*Is u (2/m)*I4; COOTBETCTBEHHO, I'Ime W=3,1416.

Kak mokaszaHO Ha O¢mur.2B, HaOpsSXeHMe Ha BHXOIe TI'eHepaTopa
n3obpaxeHo kpuBoM 2201; nocrosHHoe DC HanpsxeHue Vi, a 3 OOBUHEIX
V3BJIEKAEMBIX Hanp SXeHU YeTBepPThUUKINUHOTO omoHOGa3HOTO
KOCHMHYCOUOAJBEHOTO VMHBepTOpa IEPEMEHHOTO TOKa (mpeHebperasa
[IOTEPAMA, BXOO=BEIXON) , KOTOPHE XapaKTepusynT TPpU MW3BJIEUYEHUS
Hanp SXeHU nJjs Tpex PasHBX CIIyJyaesn TpeboBaHUSA HaTpy3KH,
n3obpaxeHu KpuBoM 2202, cooTBeTCcTByImel V,*cos (®t), KpuBou 2203,
cooTBeTCTBymMe Vis*cos (0t), wim kpuBom 2204, COOTBEeTCTBYIIEN
Vy*cos (0t) . BakoH COXpPaHeHMSd DBHEepI'MM IOOIyCcKaeT TOJbKO: Vi>V,,
Vi>Vy u Vi>V,. UeTHpe CpemHMX HaOpSKeHUd paBHH Vi, (2/T)*V,, (2/7) %V

n (2/mM)*V, COOTBETCTBEHHO.

Kak nokazaHo Ha Oour.2C, MOMHOCTB Ha BHXOIOe TI'eHepaTopa
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nzobpaxeHa Kpueon 2301; nocrosgHHas DC MomHOCTL P;, a 3 OOBUHEIX
V3BJIeKaEeMHX MOIIHO CTU YeTBePThEUUKIIMUHOTO OOHOGa3HOTO YMCTO
KOCHMHYCOUIOAJBEHOTO VHBEepTOpa [IEPEMEHHOTO TOKa (mpeHebperasa
IoTepsaMH, BXOIO=BEIXOH) , KOTOPHE XapaKTepusynT TPpU MW3BJIIEUEHUS
MOIIHOCTM IJIS TpPexX Pa3HHEX CcliydaeB TpebOoBaHMA HaATPy3KM, U300paXeHH
Kpueo¥ 2302, cooTBeTCTByKmen Py*cos (owt)*cos(ot)*pf, xpuBom 2303,
COOTRBeTCTBYIIEeN Ps*cos (ot) *cos (ot) *pf, WJIN KPUBOM 2304,
cooTBeTCTBRylmen Py*cos(owt)*cos (ot)*pf, rme pf npemcrTaBiseT cobon
KOBQOUUMEHT MOIIHOCTA Harpys3sKu. 3aKoH COXpPaHeHUd SHEePI'UNU
oolnyckaeT ToJikko: P>P,, P>P; m P;>P,. IlpumHuMmasa pf=0,75 (paHble
peryjaupoBaHue Tpebopasio pf>0,75), VYIOMAHYTHE UeTHpe YCPpelHEeHHEX

MOIHOCTM pPaBHH P;,0,375%P,,0,375%P; 1 0,375%P, COOTBETCTBEHHO.

HOossa  2HepITuUH, M3BJIEKaeMasg U3 T'eHepaTopa TakKMM  UMCTO
CUHYCOMIAJIbLHEIM MHBEPTOPOM, IpencTaBJIsgeT cobon YCPeIHEHHYIO
BHIXOOHYK MOIIHOCTE CpelCcTBa M3BJIEUeHMS MOIMHOCTM, IeJIeHHYID Ha
YCPEeIHEeHHYK TeHeprMpyeMyl MOMHOCTL. [JOJIM SHEePIMM HOaHHEIX Tpex
OpenCcTaBJIeHHHX OOHUHHX OTOOPOB, KOTOPHE XapaKTepus3yklT pPas3HBEe

ciydau TpeBoBaHMA HaTpy3kM, cocTaBjgior: 0,375%P,/P; 1OJjd KpPUBOM

2302, 0,375%P3/P; miaa xpuBom 2303 m 0,375%P4/P; mias xpuBon 2304
COOTBETCTEBeHHO. TakuM obpa3oM, DO0OeKTUBHOCTL M3IBJIEUEHUS DSHEPIUU
OJIS IaHHOTO CpPpelCTBa WM3BJIEUEHMS MOMHOCTM He MOXeT OBTE OoJiblle
0,375, @pmaxe IOpPpUHMMAS CcaMbll OJaTONPUATHHN CJydal, kor'ma P:=P,; B

IPYIHMX CllydaAdXx 9(1)(]_)6KTI/IBHOCTI:> M3BJICUEHNA SHEePI'VHA OyomeT MeHbIEe.

C Vy4YeTOM BHEHBOIOEB M3 BHIIEIPUMBENEHHOT'O aHalln3a: (1) nusa
OBHUHOTO cpencTBa M3BJIeUeHU S MOIWHOCTH, VCIIOJIE3YEeMOTO B
BOJIEIIMHCTEE «OONBINX boToBIEeKTPUUECKUX COJIHEUHHX

3JIeKTPOCTaHLMI», uHBepTop DC/AC crnocofeH M3BJIEKATh TOJLKO MeHee
37,5% (mna ymobcThRa B HallbHeMmeM ykashHBaeMbe Kak <40%) coJIHeuHOM
BJIEKTPUYECKOM MOIIHOCTH, TeHepUpyeMou COJIHEUHEIMMA aHeJIAMA,
COJIHEUHEIM TeHepaTopoM (reHepaTOpamMmM) MOITHOCTH ; (2) npu
VCHOJBb30BaHVM HaoJjeXalrM o0pas0oM BHIIOJIHEHHOTO YyCTpoucTBa 1230
W3BJIeUeHUA M3OHTOUHOM BSHEePIMM, COIepXamlero YCTPOMCTBO 1233 wu
XpaHuJIume 1235 »HepIMM, TI[IPMHLWUIIE, OIMCAaHHHE B JaHHOM IOOKYMEHTE,

CIIOCOOHE VJYUIMUTL M3BJIeUeHME DHepruym OoJiee uYeM B 2 pas3a Io
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CPaABHEHUVI C OOBUHEIM MHBEPTOPOM.

B cienyoeM —Iompasnejyie paccMaTpMBaeTcd  Opyroe TUIIOBOE
OBHUHOE CPenCTBO M3BJIEUEHUSA  DHepIUuu, YCTPOMCTBO  M3BJIEUEHUSHA
SHepTuM ¢ PWM. Bes noTepu OOMHOCTM, TaKXe MNIPEOIoJIORKMM, UYTO
IIePBUUHEM MCTOUHMK SHepI'MM CcloocobeH VIepXMBATLCA B 2 TeueHue
HEeCKOJIbKMX CeKyHO IIpM I[IOCTOSHHOM MHTEHCUBHOCTHM (IIPpM IIOCTOSHHOM
NIPOU3BOLOCTEE MOIIHOCTH T'eHepaTopa) . [MponsroOMMa A MOIMHOCTE
HaxXOOMUTCHA IIPpM IIOCTOAHHOM BeJMuMHe (To ecTb nopu DC Toke 1I;, DC
HamopsaxeHmnu Vi M CcoOTBeTCTBeHHO DC MomHOCTM P=V; * I,), IIpPM DTOM
DHepITUA WU3BJIEKaeTCAa I[IOCPeICTBOM OOBHUHOTO CpemncTBa WU3BJIIEUEHUI
MOIHOCTM C PWM. 32TOoT ciyday MOXeT OHBTb PacCCMOTPEH HIMXE.

Kak nokasaHo Ha OUI.3A, TeHepPUPYEMHl TOK IIOKasaH KPUBOM
3101; mnocrtogHHuM DC Tok I;, HOpM 5TOM IIpeHebperasd IOTepsaMA
(BXOO=BHXOH), TPpM IIPUMEPHHX TOKa OOHUHOTO CpeICTBa MW3BJIEUEHUHA
SHepruu ¢ PWM, XxXapaKTepu3yole TpU pPasHEX CcJydasd TpeboBaHMUA
HaTpy3KK, usodpaxeHs kpuBo¥ 3102 ¢ aMiymTynor I, M KosbOMLUMeHTOM
s3arpysku 0y, kKpubBoi 3103 ¢ aMIIMTYymor Iz ¥ KOSOOUIMEHTOM 3arpy3Ku
0: m xpumBom 3104 ¢ aMIUIMTYOOM I, ¥ KOSQPULMEHTOM 3arpPy3KU Og.

3aKOH COXpPaHeHMA DHepI'MM OOoIIyCcKaeT TOJIbBKO: I:>1,, I:>Is m I:>14.
YeTHpe YyCPEeOHEHHEX TOKa PaBHEH T1,0,%T,,05%I5 1 04%I4 COOTBETCTBEHHO.

Kak mnokaszaHo Ha Our.3B, IeHepupyeMoe HalpsSKeHVe M300paxeHO
Kpueo# 3201; nocTosaHHoe DC HampsxeHMe Vi, IIpM 5STOM IIpeHebperasd
[IOTEP AMU (BXOO=BHXOX) , TPU MIPVIMEPHEBIX HanpSXeHUA cpencTrBa
M3BJIeUEHMSA MOWMHOCTM C PWM, xapaKTepusyKolye TPM Pa3HEX Cly4dasd
TpeBoBaHMA HaTpy3kHu, u300paxeHs KpuBoW 3202 c aMILIMTyIOW V, U
KOBOOMIMEeHTOM 3arpysKir Oy, kKpuBo 3203 ¢ aMmamuTymou Vi U
KOB3OOMIIMEeHTOM 3arpys3kKu Os; ¥ KpuBoM 3204 ¢ aMImmMTymon V, u
KOBOOMIMEHTOM 3arpy3KM 0,. BaKOH COXPaHeHMS SHepIuM OOIyCKaeT
TOJIBKO: V>V,, V>V m V>V,. UYeTeHpe COOTBETCTBYHINUX CPeOHMUX
HaOpSXeHUS PaBHE Vi, 0,%V,, 03*%V; 1 §,%#V, COOTBETCTBEHHO.

Kak mnokazaHO Ha ¢ur.3C, TI'eHepupyeMasd MOMHOCTE M300paxeHa
KpUBOM 3301; [IOCTOSAHHAa4 DC MOIIHOCTE Pi =Vi*I4, npu 3TOM
npeHebperad TIIOTepaMHA, (BXOO=BHXON) , TPU  [PMMEPHEX  MOIHOCTHA

OBOBEUHOTO CpelCTBa MIBJIEUYEHMA MOIHOCTM C PWM, XapaKTeprusyrianrne TpU
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Pas3HEIX CcJaydasd TpeboBaHUA HaTrpy3KM, U300paxeHH KpuBou 3302 cC
AMILIUTYOOM Po=VoxI,*pf U kKOo20IULMEeHTOM 3BaTpy3KU Oz, rne pf -
KOBQOULIMEHT MOIIHOCTHU HaTpys3KH, KpUBOM 3303 C aAMILJIMTY OOM
P;=V3y*I*pf u  KO2OOULUMEHTOM 3aTrpys3Ku  Os, u kKpuBom 3304, C
aMILJIMTYOOM Py=Vy*xI4*pf u KOBOOUIIMEeHTOM 3aTPY3KU dy. 3aK0oH
COXpaHeHMda DSHepI'MM »OollyckKaeT ToJibko: P>P,, P >P3; m P;>P,. UeThpe
cpenHMe BeJMUMHEL MOImMHOCTM PaBHHE Py, 0,%Py*pf,0:%Ps*pf wm  O,%Py*pf
COOTBETCTBEHHO.

HoJssa SHepIuu, M3BJIeKaeMas nu3 TeHepaTopa YCTPOMCTBOM
M3BJIedeHMd  MOIHOCTM  C PWM, npelncraBidgeT coboyM  yCpeOHEHHYI
MOIHOCTEL Ha BHEXOHOEe CpelcCTBa WM3BJIeUEeHUS DHEepPI'UM, »OeJIEHHYK Ha
YCPEeIHEHHYI TeHepUpyeMyo MOIIHOCTE . Hosm DHEPIUN OaHHBIX
NpencTaBJIEHHHX Tpex OOBUHLHX M3BJIEUEHUN COCTAaBJIAT: Oy*pf*P,/Pi mid
kpupoi 3302, O&:*pf*P3/P; mna xpuBoi 3303 u O,*pf*P,/P; IS KPUBOU
3304 COOTBETCTBEHHO. CilemoBaTeJILHO, S0OEeKTMBHOCTE M3BJIEUEHUA
DHEPIUU OJIA CpencTBa M3BJIeUeHUHA HHepruu ¢ PWM He MOXeT OHTH

Bosbme 0, 6; TO eCTh paccCMaTpMBas NpedelJIbHHEM cjiydal, korma Pi=P, u

0,=0,8 (KOTOPHIT IpencTaBjgeT coBOM OOHBUHLIN BepXHUM KO3OOUIMEHT
3arpy3kmu B npeneygax 0,3-0,8) m Takxkxe npuHumas pf=0,75. B 1opyrux
cayyaax Py > P, 1nejaeT 200eKTMBHOCTL M3BJIEUEHMSA DBHEPIUM elle
MeHBIIe; M K TOMY Xe& uYeM MeHblle KO3(QPMUMEeHT 3arpy3KM (B clydasax
HM3KOTO IIPOM3BOINCTBA MOIMHOCTM MM HM3KOTO Tpeb®oBaHMA HaATpy3KHU),
TeM MeHblle 20PeKTMBHOCTL M3BJIeUEHUS BHEPTUH.

Kak OBUIO TI[IpOaHalM3UPOBAHO  BHIIE: (1) IpM  MCIOJIb30BaHUU
OBBUHOTO CpeIncTiBa V3BJIeUEeHU I MOMHOCTH!, VICIIOJIb3YEMOTO B
DOJILIIMHCTBE «COJIHEUHEIX VJIMUHEIX OQoHapel», YIOMIHYTOe YCTPOMCTBO C
PWM cnoco®HO M3BJIeKATh TOJIBKO MeHee 60% COJIHEUHOM BDJIeKTPUUeCKOM
MOIIHOCTH, TeHepupyeMon COJIHEUHEIMMA raHeJIsIMA ; (2) npu
WCHNOJBb30BaHUM HaJeXallMM o0pas0oM BHIIOJIHEHHOTO YyCTpoucTBa 1230
M3BJIEUEHN A N30ETOUHOM SHepIruu, comepxamero CPEenCTEBO 1233
M3BJIeUEeHVA U XpaHugume 1235, TIPWHINUIIEL, ONMCAaHHEIE B OaHHOM
IOOKYMEeHTe, CIOCOOHH YJYUNMUTL M3BJIeUeHMEe DSHepTMM II0 MeHbllel Mepe
B 1,5 pazsa Mo CpaBHEHMK C OOBUHEIM CPEICTBOM M3BJIEUEHUS DHEPTUU C

PWM. OaHHBM rasoeJ OUEeBUIHO BHIABJIAET OCHOBHYIO IPUUNHY
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He@@@eKTMBHOCTM n HepPpallMOHAaJIEHOCTIM B MCIIOJIBE 30OBAHUM OOBIUHHIX
CpelCTB M3BJICUCHNMA.

Paznen YeTBEPTHN [penjaraeMee MeXaHV3MEI JJIA9 NMoeaJlbHOT'O

VM3BJICUEHNMA SHePI'VM

CymecTByeT Tpu crnocoba MCIOJHEeHMS YCTpoMcTBa 1233 104
M3RBJIeUeHUS M3 TeHepaTopa MaKCUMaJIbHEIX  KOJMUECTB  M3OHTOUYHOM
SHepIuMM, KOoTopasd IMIpeAdCTaBJigeT CcoO00M DHEepPIMo, OCTaBIylCad OT
OOBUHOTO yCcTpoMcTBa 1210 u3BJIeUeHMS 5SHepIMM. B OaHHOM JOKYMEHTe
YVIIOMAHYTHE TpM crIocoBa Has3HBalTCA AaKTHMBHEM CIOCOOOM, [IaCCUBHEM
criocoBoM ¥ KOMOMHAUMEW  YIOMSAHYTHX »IOBYX CIOCOOOB. B IaHHOM
OOKYMeHTe yCTpoMcTBO 1230 HaB3HBAaeTCHa «PeryJIaTopoM M3OHTKa», a
YCTPOMCTBO 1233 HaseHBaeTCd  «OCHOBHEM pPEeIyJIATOPOM  M3OBETKa».
Hanpumep, B cJlydYae, KoTrga ycTpowncTBo 1210 npemcraBjseT codon
«UMCTO CUHYCOMIAJLHENM WHBepTOp DC/AC», [PWHLMUIE, OIMCAHHHE B
OaHHOM IOOKyMeHTe, OpeljlaraiT HoBaBJATL IOPpyToOM, CAOBMHYTHEM IO basze
Ha 90° muBepTOop 1233A, Cc ero Gas0lM, CUHXPOHMBMPOBAHHOM C IIEPBHM
uHBepTOopoM 1210. B @»maHHOM JIOKyMeHTe MOOYJIb 1233A Ha3HBaeTCHd
«aKTUBHHM CPeICTBOM M3BJIEUEHUS MUIOBITKA».

s YTOUHEHUS, dmur.4 IOoKa3kBaeT OaHHY KOHI eI
cxeMaTnuHo; kpuBasg 4101 muzobOpaxaeT I'eHepupOBaHHYK DC MOMHOCTHL Pi.
MomHOCTE  M3BJIEKAeTCs  OOHUHHM CPEeICTBOM M3BJIeUeHUSI  DHepIUWU,
uHBepTOop 1210 mokxaszaH B Bume KpuBom 4102, xapakTepusywilen
M3BJIEKAaeMyln MOMHOCTBL Pr*cos(ot)*cos(ot). Kpmpag 4120 wum3obpaxaer
MOMHOCTE, WM3BJeKaeMyln IPyTUM MHBepPpTOpOM 1233A, KOTOPHM CIOBUHYT
nmo dase Ha 90° TO ecTp Py*sin(ot)*sin(ot). OrTMedaeTcs, UTO
cos(ot)*cos(ot)+ sin(ot)*sin(ot) TOXIECTBEHHO pPaBHH eOUHUILE.
TakuMm oO6pasoM, KaK IIoKa3aHo Ha o¢ur.4, cyMMapHas MOIMHOCTE,
M3BJIeKaeMas YIOMAHYTHMM »OBYMS YycTpodcTBamm 1210 m 1233A, paBHa
P,.

Ecom P,-P;, To cymmMapHas 500eKTMBHOCTE UM3BJIEUEHUSA DHEPIUU
STUX OBYX OOBEIMHEHHHX YCTPOMCTB paBHa nojHemM 100%. Eciam P, < Pq,
TO CYWEeCTBYyeT elle HeKOTOopoe IIOCTOSHHOe KoJmdecTeo (P - Pq)
MOWHOCTH, OCTaBIEeNCA oT OOBEOIMHEHHOT'O V3BJIEUEHNSA . OaHHaga
[IOCTOSAHHASA OCTaTOo4YHasa MOIHOCTE MOXeT OHThE 5OOeKTMBHO M IIPOCTO

nsBJIedeHa IIOCpeIICTBOM COOTBETCTBYKIIEI'O eMKOCTHOPO/®apaHeeBCKOPO
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YCTPOMCTRAa 1233B o4 OOCTMXEHU A TEeOPETUUECKHU UOeaJIbHOT'O
M3BJIEUEHNA . B @maHHOM QOOKYMeHTe YyCTpoMcTBO 1233B Ha3HBaeTcd
«T1aCCHBHBM CPelCTBOM V3BJIEUEHUN A M30EITKA . YIIOMAHYTOE

eMKOCTHOe/bapameeBCckoe yCTpoMcTBO 1233B MOXeT IpedCTaBJIATL CoOOM
YacTh XpaHuJmma 1235 sHepI'MM; HO Ha Oour.lB OHO Nokas3aHO B BUIE
OTHOeJILHOTO MOIyJisg, UYTOOH TOOUEepPKHYThL €TI0 OTIeJIbHYID O(QYyHKIMO.
IlocpencTBOM OOBEeOMHEHMS WM3BJIeUeHMA B ycTpoMcTBax 1233 m 1210
MOXHO TeEOpeTHUeCKM M3BJIeKaTh BCI T'eHepupyeMyl SHepTHUo.

B ciaydae, korma ycTpomcTBO 1210 mpencraBygeT coOoM CpPeICTRBO
M3BJIeUeHMA 5SHeprum ¢ PWM, naHHOe M300peTeHMe IIpenjlaraeT DoOaBUTH
opyroe, CIOBMHYyTOe IO ¢a3e cpencTBO 1233A U3BJIEUEHUS DHDHEPIUU C
PWM c ero basou, CUHXPOHUBUPOBAHHOM C IepBHM CpPeICTBOM
u3BJeuenusa 1210. JaHHas KOHIENUMS CXeMaTHMUYHO IIoKaszsaHa Ha our.5.
KpuBasa 5101 wuszobpaxaeT TIeHepupyemyio DC MOmMHOCTL, P;. MOWHOCTE,
n3BJeKaeMada [IOCpPenCcTBOM PWM 1210, roKasz3aHa KPUBOM 5102,

XapaKTepusyomel  M3BJIeKaeMyl  MOIHOCTDb c aAMILJINTY 0O P, u

KOBbdMIIMeHTOM 3arpys3ku 8,. KpuBasg 5102, xapakTepusyomas MOMHOCTL,
M3BJIeKaeMyln IOpyruMm PWM 1233A, CIBMHYTa IIo (paze C IIEepPBHEM

CpencTBOM M3BJIeUEeHU A 1210, n npu M3BJIeKaeMomn MOIIHOCTM c

aMIIUTYOOM Py, KO®0OMULUMEHTOM 3arpys3kmu (1-8,) M CcOBMHYTOM IO (dase
OTHOCHUTEJILHO kKpuBoM 5102. B 2TOM cCJlydyae cyMMapHasa oOObLeOMHeHHAas
M3BJIeUeHHasa MOIMHOCTEL TOUHO pPaBHa P,, kak [IokKasz3aHO Ha (ur.b5.

Ecim P,_P;, cyMmMapHas 320PeKTMBHOCTL M3BJIeUEeHUS DSHEPIUU DBTUX
IBYX OOBEeOIMHEHHHX YCTPOMCTB paBHa HoJHmM 100%. Eciam P, < P;, TO
CYIeCcTBYET IIOCTOSHHAS MOMHOCTBL P;-P;, ocTawmascsa oT OO0BbeIVMHEeHHEBX
OBYX YCTPOMCTB 1210 u 1233A wM3BJIeUeHMS  MOIHOCTH. IDaHHa4d
[IOCTOSAHHAaA WM30HTOAHAS MOIMHOCTE MOXeT OHTb 50QPeKTMBHO M IIPOCTO
U3BJIeUeHa IIOCPEeICTBOM COOTBETCTBYHIEIO eMKOCTHOTO/dapameeBCKOTO
YCTpPOMCTRa 1233B o4 OOCTMXEHU A UOeaJIbHOT'O V3BJIEUEHNK A .
VYIIOMSHYTOE eMKOCTHOe/papameeBCKOoe YCTPOMCTBO MOXeT IMIpedcTaBJIATH
coboM UYacThb XpaHuJuma 1235 sHepI'MM; HO Ha ¢our.lB OHO IOoKa3aHO B
BMIE OTHOEJILHOTO MOIOYyJisd, YTOOH MNONUEPKHYTH €TI0 OTIEJIBHYKD QYHKIMO.
[Tpu OOBeIMHEeHNM  YCTPOMCTB 1233 nu 1210 M3BJIEUEHNI  MOXHO
TEOPETUUECKM TaKXe M3BJIEeKAThb BCK TI'€HEPHPYEMYK BHEPITMD.

OTMeuaeTCd, UYTO PasHEEe IIpOM3BOIOCTBa MOIMHOCTUM U TPGGOBaHMH
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Harpy3ku OyIOoyT cCcoO3JaBaTh pPa3HYKR MW30HTOUHYK MOMHOCTE (T.e. (Pi-—
P,)), KoTOopad IOOJKHa B WMIealjle OTOMpaTbCd IIaCCHMBHBM CPeICTBOM
1233B wm3BJeueHMa WM30BEITKa. K CUacTbo, Ha I[OPakKTUKe BHEPTOCUCTEMA
He TpebyeT TOUYHOTO COOTBETCTBYHIETIO eMKOCTHOTO/dapaleeBCKOTO
ycTponcTRa 1233B @OJd HaCCHMBHOTO WM3BJIEUEeHMSA HaMOOJBMUX KOJMUIECTB
ocTammencsa U3OHTOUHOM MOIMHOCTH . McrnoJsb3y s byHIOaMeHTaJIbHHE
npodeccroHaliIbHEE 3HaAHMA [0 DJEKTPOTEXHMKe, MOXHO pa3paboTaThb
OIITVMAaJIbHEE BapMaHTH HeoBOXOOMUMOT'O eMKOCTHOTO/bapameeBCKOTO
YCTPOMCTBA IJIS I[IaCCHMBHOTO M3BJEUEHMSA MaKCHMMAJIbLHOTO KOJMUeCTBa
ocTaBmercsa M3OBETOUHOM MOMHOCTM. OIDHaAKO B D2TOM cJydae pabouee
HalpsaXeHMe TI'eHepaTopa OyOoeT [NacCHMBHO CIOBMHYTO OT HalpsaxeHus MPPP
0O HOBOT'O HAallpSAXEHMSI, KOTOpOoe OlpeleliseT MaKCHUMallbHOe M3BJIeUeHMe
MOIMHOCTHM (CyMMMPYS BCK MOIMHOCTE, M3BJIeKaeMyl cpencTtBamm 1210,
1233A m 1233B wm3BJIeUeHMA MOMHOCTHM) . Ha »OpakTMKe, 5STO HOBOE
HalpsaxeHMe OOBUHO OJM3KO K HalpaxeHuio MPPP. JpyrIMMM cCJoBaMy,
MIoICHCTEMa IIPOM3BONCTBA/M3BJEUEHUS MOMHOCTM CUCTEMH, peajiM3yiouen
IIPMHLIMIIEL, OIMCaHHBEEe B JaHHOM OOKYMeHTe, CIOCOOHa eme paboTaThb
npr HaopsgaxeHuyr, OJamM3koM K MPPP, 4YToOBH MaKCUMU3MPOBATE CYMMY
M3BJIEKAaeMOM  MOWHOCTHA; M B TO Xe BpeMsa IIPOM3BOOMUT IIOUTU

MaKCHMaJIEHYK MOIIHOCTE .

Pasmejyl OSTLH: OB630p OBLUHLIX CPEeICTB VyIpaBJeHUSd BLlDauvewl
DHepIUU
B IaHHOM pasmeie paccMaTpUBaKRTCA OOBIUHHEE cpelncTea

yopaBJjieHUa BHOaueM (OTIYCKOM) »DHepIMM. Ilociie WU3BJIEUEHUS BHEPIUU
ns TeHepaTopa, SHeprocucTeMa OOJDKHA npenBapuTeJIbHO
00pabaTHBATL/IIOATOTABIMBATE SHEPTMIO M 3aTeM BHIABATH DSHEPTU B
HaTrpy3ky 1300 mnasg moTpebijieHMsa. B IDaHHOM OOKYMeHTe IaHHEM IIpOollecc
Ha3HBaeTCd «OTIIYCKOM DHEPIUM» WM IIPelllOoUuTHUTEeJIbHO Ha3HEBaeTCH
«BHIIAUEW DSHEepITUMU».

[lepBOM BaxHOM MOpobJeMOM B YyIpaBJeHUM BHIOauel (OTIIYCKOM)
SHepITHUU ABJISAETCH 3ammTa SHePT'OCUCTEME oT IeperpyXawniei
IOTPe®HOCTM B MOMHOCTM. BTOpoM NpoOJieMOM HABJSAETCA IpeloxXpaHeHUe
SHEPTOCUCTEMEL OT I[IOBPEXIOEeHMA BCJEeNCTBME OTKIIOUEHMA Hal'pPy3KU.
IpyruMm cJjioBaMy, MI'HOBeHHasa I[IOTPeOHOCTH B MOIMHOCTM He HOOJDKHAa
IIpEeBHIATEH ee pacuyeTHOMU MaKCHMaJIbHOM [IPOU3BOOUTEJIEHOCTH

(ompemesigeMoM B CcJenyomeMm —Iaparpade) ; B IIPOTMBHOM CJIydae
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Hal'py3Ka MOXeT OBITE OTKJIOUEHA. Kpome TOI'O, YIIpaBJIEHNUE BHIAUEM
SHepI'n OOJIXXHO MI'HOBEHHO CIIPaBJIATECA C JIOBIM BHe3allHEIM
OTRJIIOUEeHIEM HarpyskKu, UTOOEL InpenoTBpalaThb IIOBpeXIcHNEe

oBopyHnOBaHMsa, B YACTHOCTM IIOBPEXIeHMe B BJIEKTPOHHOM pPenyKTope.

MruoBeHHada MaKcuMaJibHasa IPOU3BOOUTEJIEHOCTE OOBUHOM
BIIEKTPOCTaHLIMN MOXET OBITE onpeneJjyieHa DKCIIEePUMEHTAJIEHO
[IOCpPenCcTBOM cJle oynommx VBMEPEHUN ; (a) MU3MEPUTH MI'HOBEHHOE

TeHepypoBaHMe MaKCHMMaJILHOM MOMHOCTM Pi*; (b) mM3MepuTb MIHOBEHHOE
M3BJIeUeHMEe  MaKCHMMaJILHOM  MOWHOCTM  Po*; DaHHasd  MOMHOCTE P
IpOXOoOUT depes ycTpoucTBo 1210 Tak, UYTOOH MNPOU3BOIUTL M3MEPEHHYIO
P,*<P.*; 1 (C) M3MEPUTH MI'HOBEHHYK MaKCUMAaJIbHYI BHIAHHYI MOMHOCTE
P3%; IaHHasd MOMHOCTL P,* MOpoxXoOUT Uepe3s ycTpo¥cTBo 1220 Taxk,
UTOOH IIPOM3BOOUTEL M3MEPEHHYI Pi*, Pi3* < Py* < Py*, P3* omnpemesigeTrcsd

KakK MI'HOBEHHas I[IPOM3BOAUTEJLHOCTL HaHHOM BJIEKTPOCTaHUMM. 9TO
MaKCHUMaJIbHas HOOCTYIIHAas MOIMHOCTL IJIS HaT'Ppy3KM B IaHHBM MOMEHT.
Korma Pi* oocTuraeT pacueTHOM MaKCHMaJbHOM BEJIMUNHEL,
COOTBEeTCTBYlIAA Ps* Has3eBaeTCHA «pacueTHOM MaKCHMaJIbHOM
IIPOUBBOIUTEJILHOCTRIO» SHepI'oCucTeMul. OTMeuaeTCsd, UYTO BeJIMUMHH Pq%*,
P,* ® Pz* B DBKOJOI'MUECKM UMCTOM DHepI'OCHUCTeMe (TakoM Kax
COJIHEUHAaAa 2JIEKTPOCTAaHLUMSA) M3MEeHSITCS BO BPEMEHM; a TakKxe Prkx<< Pq*
nopu VICIIOJIbL 30BaHUK OBBUHOTO cpencTBa (cpencTs) V3BJIEUEHU A
SHEPTUMA.

3Had M3MEPEHHYK  MOIHOCTBL Pa* Ha BEIXOIE 1220, MOXHO
OoNpeleJIMTh MI'HOBEHHYK IIPOM3BOIUTEJIBHOCTE B3JIeKTpoCcTaHIMM. OIHAaKO
BCJIEeOCTBME TEeCHOM CBA3M C TpedoBaHMEeM HaTpPys3KM, MIHOBeHHAasd
20PeKTMBHOCTEL BHIAUM SHEPITMM BCEe Xe HeM3BeCTHa. HalpuMmep, Korna
Harpy3ka 1300 TpebyeT MOmMHOCTU P, a P3; MeHbme, uYeM Ps¥%,
ycrporcTBOo 1220 Ccnoco®HO BHIOABATH OaHHOE KOJMUECTBO MOMHOCTU P; B
Harpy3Ky. B BToOM cJjlydae MI'HOBeHHasd 20QeKTMBHOCTBL BHIAUM BSHEPIUU
parHa TpeboBaHVK Pj3, HaATPY3KM, »OeJIeHHOMY Ha Py*., OmoHako KoTma
TpeboBaHMe P; Harpy3KM IIPEeBHIMAeT MIHOBEHHYK I[IPOM3BOAUTEJIEHOCTD
Ps*, YCTPOMCTBO 1220 MOXeT OTKa3HBAaTH OaHHOMY TpebOoBaHND
Harpy3Ku; n HarpysKa OTKJIOUAETCH, MPUBOIOA MI'HOBEHHYIO

9@@@KTMBHOCTB BEHIIAYUNY DSHEePI'VMM K HYJIO.
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OTMedaeTCH, uTo YIIOMAHYTOE KOJIMYECTBO HeCcoIJlaCOBaHHOM

MOmMHOCTM  (Ps* - P3) He MOXeT OHTbL BHIAHO B HaATPY3Ky IJ4
noTpelsleHra; U TaKue HeCOoIJlaCOBaHHHE KOJMUECTBa IIpeBpamanTcsa B
HarpeBaTeJIbHYID  MOIHOCTDL 0J1sg CUCTEMH, KOoTopasd  MOXeT OLITE
HexejlaTeJIbHOM. KoTma HaTrpy3ka OTKJYeHa, Ps-0. B sTOoM cCjyuae
3HauMTeJIbHad HarpeBaTeJlbHAS MOMHOCTE Ps* IIomamaeT IOPAMO B CXEMH
cucTeMel. [aHHag KoOJIOCCajJbHasd HaTrpeBaTeJlbHAS MOMHOCTE CIOCOOHA
pPacKaJIaTe SJIeMeHTH CHCTEeMH; TeHepaTop, CPeICTBO WM3BJIEUEHUS WUJIIMU
pPenyKTop yIpaBJjeHMa. I[IOCKOJIbKY IOOBON IIEePBUYUHOM DHEPIUM MOXEeT
UBMEHATLCS BO BpeMeHM C OOJIBIOM aMIJIMTYOOM, HalpuMep, OT HYJS OO
HEKOTOpOM 3HAUUTEJILHOM MaKCHMaJIbHOM BeJIMUMHE, MT'HOBeHHAas
IPOUBBOOUTEJILHOCTE Pi* SBKOJOTUMUECKM UMCTOM SHEPTOCUCTEME MOXET
TaKXe M3MEHATLCS OT HYJIS IO HEKOTOPOM BSHAUMTEJILHOM MaKCHUMAaJIbHOM’

BeJIMUYVHEI. Taxkum O@paBOM, IIOCTOAHHOE SHaduMTeJIbHOe TpGGOBaHMe

HaTrpy3KK P3 YacToO MOXeT IpeBHmaTh Pi¥%; Harpyska OTKJIOUaeTCsa OT
MCTOUHMKA  SHepI'uH, NPpUBOOSA  MI'HOBEHHYHD 520OOeKTMBHOCTL  BHIOAUU
sHepTuM (M TakuM obpa3zoM 50OeKTUMBHOCTL MCIOJL30BaHUA BHEPIUHM) K
HyJ0. JioBas DKOJOTMUECKM uUMCTasd SHepTrocucTeMa, IIPUCIOCOOJIeHHasd
IJIS YOOBJIETBOPEHMS 3HAUMTEJILHOTO IIOCTOSHHOTO Tpe®oBaHUA HaTPY3KU
(TakoM KakK COJIHeuHasd BOIOHAIlOPpHas cTaHuug) OymeT Heus30exXxHOo U
YacTo CTaJIKUBATLCSA C IOaHHOW OpoBJeMol.

HanpuMmep, COJIHEUHHII CBeT HABJISETCS IIepPBUUHON SHepIMel A
COJIHEUHHX  BOIOOHAIIOPHEX  CTAaHIUNA, KOTOPHE  MIPUCIOCOBJIeHH  OJIA
NpMBeleHMSI B OBMXEHME SHAUMTEJIbHOM HaTPYy3KM BO BpeMS HaKauMBaHUA
BOOH. B COJIHEUHEI SACHHBI @»OeHL BeJIMUMHA IIOTOKa COJIHEUHOTO CBeTa,
rnornagampmero Ha COJIHEeUHBEe IlaHeJlM, HauMHaeTCcs C HyJid Ha paccBeTe.
VIIOMAHYTEIM IIOTOK OIpeneJjigeTCcs KaK CYMMapHOe KOJMUeCTBO (QOTOHOER,
nonajgapmyx Ha 3alaHHyo IJIOmMAalb COJIHEUHHX IlaHeJieW 3a eIVHUILY
BpeMeHM. Ha paccBeTe COJIHEUHHIM CBEeT CBETHUT TOPMBOHTAJBHO WM He
IPOXOOUT Uepe3 TOPM3OHTAJLHO YCTaHOBJIEHHHE COJIHEeUHBEEe I[IaHeJn.
TakuMm of0pasoM, Ha PacCBeTe YIOMAHYTHM I[IOTOK pPaBeH HYJO. IIOTOK
COJIHEUHOTO CBeTa IIOCTEeleHHO YBeJruMBaeTCcHd IO I[OJyOHsa (korna
IIOTOK HaNpaBJIeH BHU3 Ha I[IOBEPXHOCTL IIaHeJieM), UYTOOH IOCTHUIHYTEH
ero 3HAUMTEJIbHOTO MaKCUMaJIbHOTO TIPOM3BOICTBa MOMHOCTM. 3aTeM

I1oCcJjie TIIOJIyOHA IIOTOK COJIHEYHOI'O CBeTa IIOCTEeIIeHHO YMeHbIlaeTCHd,
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BO3BpamaACk K HYJIIO BeUepPOM Ha 3akKaTe, KOoI'la COJIHEYUHEIE JIYydM CHOBa
CBeT4dT TOPM3OHTAaJIbHO. OIOHAKO B IO aHHBI HpMMepHBHZ IOeHb MOI'yT OHTBb
TyCcTHe of0Jiaka, OT@paCBIBaIOH.U/Ie TEMHYI Te€HB Ha COJIHEUHEIEe IIaHeJIM B
TeueHMe HeKOTOpOoI'o Illepuona BpeMeHM. ECIM TeHb CJIMIIKOM TeMHad,
IOJIA TOT'O UTOOBR crucTreMa BEIIaBaJla HeOBXOOMMYIO MOIIHOCTE IIJI4
IIogomepXaHnAa paGOTanmeI'o Hacoca, TO HacCoC OTKJIIn4YaeT Hal'Py3Ky.
HaHHad r'eHeplrpyeMad MOIIHOCTB MOXeT OHITH HeIOCTaTOUHOM IOJIA
IIprmBeleHrMAd B IOBVXEHVE OoJIblloM HaKauMBallen Hal'Py3KH1, HO MOXeT
CHMJIBHO IIOBpEeIINThb SHeKTpOHHBIﬁ pPeIyKTOp BHYTPU. [IPUHLIUIIHL,
OIIMCaHHEIE B OaHHOM IOKYMeHTe, pelalT TakKxXe 1M 9Ty HpO@J’IeMy.

C IOpyToM CTOPOHH, IIPOM3BOIMUTEJBHOCTL, Ps* MoOXeT OHTEH Oo0JbllEe,

ueM TpebOoBaHMe P; Harpy3KM; M MOMHOCTL (P3* - P3) He BHIOaeTCd B
HarpyskKy. [JHaHHasa wM30EHTOUYHASA DHepI'uda TepdgeTcda 0e3 XpaHuiuia
sHepTruM. IaHHasS UYacThb IIOTEPSAHHOM BSHepI'MM IOoJDkHa OHTHL YyuTeHa Kak
opyras HendPeKTUBHOCTE YCTPOMCTBAa 1200. g YMEHBIIEHU A
KaouTaJlbHOM  CTOMMOCTM  CTaHIUM, OBBIUHO  OOoJiblIMe  KOMMepUeCKUe
COJIHEUHHE BIIEKTPOCTaHLUUN He NIPUCIIOCOBJIEHH oA comepXxaHmsa
XpaHUJIUIIa SHEPIUM. Taxkum obpaszomM, BHIIENIPUBEOEHHEE BEIBOIIEI
YIIOMAHYTOT'O aHaJiM3a oTpaXalT pealJlbHEe M OOmMeM3BEeCTHHE IPOOJIEME.

s TOTO  UTOOH  OILIEHUTH 20PEeKTMBHOCTD BEHIIAUM  SHEPIUHU
ycTpo¥icTeRa 1220; B KauecTeBe IIpuUMepa, pPaccMOTpPMM  CJenyilye
ClleHapuM, OoTpaxawmue OOMeu3BeCTHHEe, OOHUHEE M peaJlbHEe CUTyalluu.
[lpenoJIOXMM, YTO CYINEeCcTBYeT COJIHeuHasd BOoJOoHAallopHas CTaHLuA,
KOTOpasd HaKauMBaeT BOIOYy C BOOAHEM cToJboM 120 ™M ™M KoTopasd
COCTOUT nus3 JeTHpex IIPOMEXY TOUHHIX CTYIeHYaTHX HaKauMBaKI1x
YY4acTKOBR, KaxOel ¢ BOOSHEM cToJidoMm 30 w™M. Bce 4 Hacoca C
OOMHaKOBOM  paboueld  HOMMHAaJILHOM  MOMHOCTBID P, U OOMHAaKOBOM
TpedyeMOV IIYyCKOBOM MOmMHOCTLI P,. OObUHO P,>3P,, HeKOTOpPHEe HaCOCH
TpebyT nmaxe P.>7P..

CHadvaJla PpacCMOTpUM OOHUHYI COJIHEUHYK BOJIOHAIIOPHYK CTAaHIMWO.
CoJiHeUHad BOIOHAIIOpHAasA CTaHUMA HaCUMTHBAET «12 BpPEMEHHEIX
[IEPMOIOE OIOHOTO KOHKPETHOTO IIOTOXETO COJIHEYHOTO JHA». 3T 12
[IEPUOIOOR ONMCAHE HUMXE :

(1) Io paccreBeTa (IIpMMepHO B © UYaCOB yTpa) COJIHEUHEE IIaHeJu

(HasHBaeMee B naJibHelmeM COJIHEUHOM 2JIeKTpOoCTaHuMen) He
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TeHepUPYIT HUKAKOW D2JIEKTPOSHEPTUM, IIOCKOJIBKY DSHEepIMsS COJIHEUHOTO
cBeTa He IIlocTyIaerT; P(t;)=0; MOIWHOCTE He TeHepupyeTcHd, He
M3BJIEKaeTCH, He BHIOAEeTCH u SHepIusa He VCIIOJIb3YeTC .
VcrnioJib30BaHMe D2HepIUMM PaBHO HYJIO.

(2) C paccBeTa (6 uyacor yTpa) OO 7 4YacoB YyTpa COJIHEUHad

DIIEKTPOCTAHLUMA TEHEPUPYET COJIHEUHYI MOIMHOCTE Pi*, M3BJIeKaeMasd
MOIIHOCTE P,*, u objlamaeT INPOM3BOOUTEJILHOCTBK P (t,)<P,, u ODO3TOMY
M3BJIeKaeMasa MOIHOCTBE He BIIOJIHE HOOCTaTOYHa Haxe IJiAd I[IoOOepXaHUSd
paboTawnmero Hacoca Py; P=V,*I,, rone V, m I, - HOMMHAaAJILHOEe
HalpsSXeHMe U TOK, TpebynuMecsa OJd OoolepXaHusa  padoTawnimero
Hacoca. [IOCKOJIBKY oJis V3BJIeUEHUSA TeHepUpyeMOM MOIIHOCTH
UCIHOJIL3yeTca uHBepTop DC/AC, P,y,*<0,4P %, INPOM3BOIOUTEJILHOCTL P (t,)=
Po* (mpeHebperasa [IoTepAMU MOITHOCTU B 1220), u Pox<P,.
SJIEKTPOCTAaHUIMSA IIPOM3BOOUT MOIWHOCTE Pi*¥<2,5P,, WM3BJIeKaeT MOIHOCTE

P,*<P,, wm of6JjlagjaeT I[OPOMBBOOUTEJILHOCTLI MeHbIle, uYeM TpebyemMasa
MOWHOCTE IJIE Hakauku. CllemgoBaTeJIbHO, M3BJlekaeMas MOWIHOCTL He
BKJIIOUAeT HAaCOC B KadeCTBe HaTpys3kM OJS HOTpeOJIeHUS ITeHepUpyeMon
COJIHEUHOM MOIMHOCTM,; ¥ MCIIOJbL30BaHMEe DHEepPIMM Takke PaBHO HYJIO.

(3) C 7 ywacoB yTpa OO 8 UYacCOB yTpa COJIHEUHasa BJIeKTPOCTaHIIMA
YBeJIMUKBAaEeT IIPOUBBOIOCTBO COJIHEeUHOM MOIHOCTH ; IPOM3BOIMMA I

MOImMHOCTL ~2, 5%1,3P,, M3BJIeKaeMas MOMHOCTL ~1,3P, wu ob6JjgamaeT
IPOM3BOAUTENBHOCTEID nHo P(ts)~1,3P,, IOCTAaTOUHOM IJ4 TMOoINepXaHWs
ooHOTO paboTanmero Hacoca,; HO He BIOJHEe OOCTAaTOUHOM mOJIg 3allycka
Hacoca (mpu P,, P,=V,*I,). OrTMeuaeTcsa, dYTO OOBYHO IJA 3allycka

Hacoca TpebyeTca Tok, B 3 pasza Oojgepme I, (I, >3I,) mnpm eTo
HOMMHAJILHOM HalOpsXkeHUM. MCIOJbL30BaHMe D2HepIMM TakXke PaBHO HYJD.
(4) C 38 JacoB yTpa oo 10 JyacoB yTpa coJIHeuHa4d

SJIEKTPOCTAaHLIMA YBeJMUMBaeT TeHepMpOoBaHME  COJIHEUHOM  MOMHOCTU;
IIPOM3BOOMMAasA MOMHOCTE ~2,5%2,9P,, wu3BJIekaeMasd MOMHOCTb ~2,9P, wu

obJjlajmaeT IPOU3BOOUTEJILHOCTEIO oo P(ty)~2,9P,. 3TOoTO BIIOJIHE
OOCTaTOUHO ©IJIA MHoOIepXaHMsa oOHOoTo paboTawnmero Hacoca,; HO elle
HeJoCTaTOUHO IJIS 3allycka Hacoca. OJeKTPpOCTaHLMA He CHocofHa
BKJIOUATL HACOC B KaueCTBe HAaTPy3KM IJIA HOTpeblieHMI TeHeprpyeMou

COJIHEUHOM MOIMHOCTM. MCIOJIb30BaHUe SHePI'VIM TaKXe PaBHO HYJIO.



24

(5) C 10 JacoB yTpa 0o 12 yacoB OHSA CcOJIHEeUHad
SJIEKTPOCTAaHIMA YBeJMUMBaeT TeHepMpOoBaHME  COJIHEUHOM  MOMHOCTU;
INIPOM3BOIMMASA MOMHOCTHL CTaHUuMu ~2,5%3,7P,, wW3BJIekKaeMasd MOIMHOCTE
~3, 7P, 1 ofBjamaeT NPOU3BOOUTEJIEHOCTBI HO P (ts)~3,7P,. OTOTO BIOJHE
OOCTaTOUHO IJIA 3allyCKa OIHOT'O Hacoca. CTaHuUMS crnocofHa 3allyckKaThb
TOJIBKO OIOMH HacoC ¥ BKJKUYATE Hal'py3Ky Hacoca IJIS [DoTpelJlieHus
TeHepupyeMOoy MOMHOCTHM. B HOaHHHEM [Iepuond BPEMEeHM MCIOJIb30BaHue
DHEPIUU COCTAaBJISAET BCeTO 2%P..

(6) B mnonmeHr B TeueHMe ~30 MMHYT BHe3samnHoO OoJibllasg Tyda
3akKpeBaeT dYacTk Heba Hal CcTaHuUMeyn © oTOpaceHBaeT TeHb Ha
COJIHEUHHE [aHeJu; 5TO HasHBaeTCHd «3aTeHeHNEMY .
[IpOMBBOOUTENILHOCTE P (tg) CTaHOBUTCA HMXe P,.; cucTeMa OTKJIOUAET
HaTrpy3Ky ¥ B IaHHBEM IIepuon HoTpedlleHre MOMHOCTU OTCYTCTBYET.
VcriosIb30BaHMe DHEepPpIMM TakKXe pPaBHO HYJID.

(7) C 12:30 mo 2 4YacoB QOHS MHTEHCUBHOCTDL 3aTeHeHn s
[IOCTEIIeHHO YMeHbIlaeTCsd, UYTO I[IO3BOJIAET TeHepUMpPpOBaTh COJIHEUHYIO

MOIIHOCTB 2,5%2,9P,; U3BJIeKaeMas MOIIHOCTb 2,9P, c
[IPOU3BOIUTEJILHOCTEI hafe) P(ty)~2,9P,, BIIOJIHE OOCTaTOUYHON oJisa
nommepXaHMs OoIOHOTo paboTanmero Hacoca, HO HeIOoCTaTOUYHOM  IJId
3allycka Hacoca. CTaHUMA eme He CchHocoB®Ha BKJKYAThL HacoCc B
KauecTBe HaTpy3KKU oJis norpebJeHU S TeHepupyeMoM COJIHEUHOM
MOIHOCTM . JVICIIOJIB3OBAaHME BHEPIMM TakXe paBHO HYJID.

(8) C 2 wYacoB @mHE 10O 4 4YacoB IHA COJIHEUHHM Jyd BIIOJIHE
OOCTATOUHHM IJIS TeHepupOoBaHMA  COJIHeUHOM  MomHocTu 2, 5%3,3P,;
M3BJIeKaeMas MOMHOCTEL 3, 3P,, HOPOM3BOOMTEJILHOCTE mHO P(tg)~3,3P,;
BIIOJIHE IOCTaTOUHad IJIA 3allyCcKa OIHOTo Hacoca (P,>3P,.). OmmH Hacoc
3allyckaeTcd U BKJIOUaAeTCSa OJg DoTpedlleHMSa TeHepupyeMOoM COJIHEeUHOM
MOIIHOCTM . VICIIOJIb3OBaHME BHEPTUM COCTAaBJIAET BCeTo 2*P,.

(9) [Tocye 4 JacoB oHSg oo 5 JacoB OHSA COJIHEUHAHA
DIJIEKTPOCTAaHIMSA yMeHbIIaeT TeHepMpOBaHME COJIHEUHOM MOIHOCTH ;
M3BJIEKaeMasa MOIHOCTEL 2, 3P, NpM NOPOM3BOOMUTENBHOCTM n0 P(tg)~2,3P.;
eme JOCTaTOUHO IJIA TIonnepXaHMsa paboTawnmero Hacoca. CTaHIMA ele
BRJIOUAET HaTpy3KYy Hacoca IJa IoTpedliIeHMsa TeHepupyeMOoM COJIHEeUHOM

MOWHOCTHU . VICIIOJIE30OBaHMEe SHepI'MM COCTaBJIdeT BCeTO 1*P,.
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(10) [locsie 5 dYacoB Beuepa 1o 5:30 Beuepa COJIHEUHAaSd

BIIEKTPOCTaHUIM A YMeHbIlaeT TeHepUpPOBaHKE COJIHEUHOM MOWHOCTH ;
M3BJIeKaeMasa MOMHOCTHL 1, 1P, Ipu NOpOU3BOIUTEJIBHOCTUM H0 P (tig)~1,1P.;
elle OOCTATOYUHO IJIA [oOomepXaHMA paboTawmero Hacoca. CraHUMAg elle
BKJIDUAET HaTPy3Ky Hacoca IJig HOTpeOlIeHMS TeHepupPyeMOM COJIHEeUHOU
MOWHOCTHM . JICIIOJIE30BaHME BHePpI'MM cocTaBjigeT Bcero 0, 5%P,.

(11) Tlocse b5:30 Beuepa OO 6 UYaCOB Beuepa COJHEUHHM Jy4d
cJabuii, TeHepUpOBaHKE MOIIHOCTHU DIIEKTPOCTaHLUN KoJiebJeTcd

ITIOBHIIAACEH n IIOHMXaAChk, I1pm IIPOVMSBOOIMTEJIBHOCTU P (tll) 7 TakKxe

KoJiebmencsas Ha ypoBHe ~1,1P, wmiam Hmwke P,. Kak TOJIBKO OHa
OIycKaeTcsa Huxe P,, CcTaHUMA OTKJIOUYaeT Hacoc M He obJjanmaerT
OOCTAaTOUHOM MOMHOCTBRI OJIA 3allycka HacoCa CHOBa B TeueHMe IaHHOTO
nepuona BpeMeHM. CTaHUMA He BKJKUYaeT HaCoOC OJg [oTpeblieHusd
TeHepupyeMoM COJIHEUHOM MOMHOCTM. JVICIOJIL30BaHMEe DHEepPI'UMM OIIATh
PaBHO HYJIO.

(12) C 6 4YacoB Beuepa OO / YacCOB Beuepa (CyMepKM Ha
3akKaTe); XOTA COJIHEUHAad DJIEKTPOCTAaHLMSA €lle I'eHepUpyeT HEeKOTOPY
MOIIHOCTb C [IPOU3BOOMTEJILHOCTRLIO P (ti1,) <Py, OIOHAaKO 2TOTO
HeOoCTaTOUHO nOJA NomIepxXaHMsa padoTawmero Hacoca. Hacoc ocTaeTcs
BHIKJIIOUEHHEM; TIIPM 5STOM HOTpebJieHrMe MOMHOCTM OTCYTCTByeT. Ilocie
3aKaTa COJIHEUHOTO CBeTa He 0OyIeT OO CJeOyKlIero paccBeTa; I[I032TOMY
TeHepUpPOBaHMEe COJIHEUHOM MOmMHOCTM IpeKpamaeTcs M HacoC Takxe
[IOJIHOCTBI OCTaHaBJIMBAaeTCHa. VICIIOJb30BaHME DHEPIMM ONATh PaBHO
HYJIO.

CyMMapHOoe MUCIOJIL30BaHMe DHepPI'MM OaHHOM OOHUHOM COJIHeUHOMN
BOIOOHAIIOPHOM CTaHLUMM PaBHO CYMME MCIIOJIL30BAaHUSA DHEepITMM B TeueHUe
VIOMSAHYTHX 12 Tnepuonmoe; Bcero 5,5%P,(BaTrT-uyac) 3a LeJHM IeHb.
CyMMapHasd HOOCTyIIHad BHEepPIMA IJIA BHOAUM »OJI9 T[ODOTpeOJIeHUS pPaBHa
CyMMe IIPOM3BOIMUTEJILHOCTM, YMHOXEHHOM Ha BPeMeHHOMW IIepuod B
TeueHMe 12 IIepMOOOB; IIpUMepHO 28,3*P,(BarT-uac). TakuMm oO0pasoM,
20PeKTUMBHOCTD BHI QYU SHEPTUU OaHHOM OOBUHOM COJIHEUHOM
BOIOOHAIIOPHOM CTaHLUUM  paBHa 5,5, [IOOeJIEHHEM  Ha 28,3, Le)
cocraBuger 00,1943, To ecTb npumMepHo 19,4%. IIOCKOJNBKY CPEeICTEBO
U3BJIEUEHVA DSHEepIuUM I[IpenacTaryisgeT cobor wmHBepTop DC/AC, noJjig

V3BJIeUeHMS SHepTuu MeHbme 0,4 (nIpeHebperad sHepTHWelV, pacxomayeMou
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ycrporcTeoM 1210 m  ycTpoMcTBOM 1220), T[oJiydeHHHe B UeTBepTOM

paszmoesie. TaxkuMm o06pasoM, 500eKTUBHOCTE MCIOJIL30BAHUA DHDHEpPIUU U
20PeKTUMBHOCTE KOHTpOJJIepa MeHbme, uyeMm 0,4%0,1943=0,0777, TO ecCcTb
<10%.

PasmeJ mecToM: YHOpaBJIeHME BLIAYEM SHEPIUU

[lpexne dYeM IIPOBOIOUTE OILEHKY 530OeKTUMBHOCTM BHIOAUM DHEPIUU
ycTrpomcTBa 1220 B COJIHEUHOM BOIOHAIIOPHOM CTaHUWM, pealM3yimen
IIPUMHLMIIEL, OIMCAaHHEIE B IaHHOM HOOKYMEHTe, IOIOJIHUTEJIEHO YTOUYHMM
GyHKUMM VYIIpaBJIEHUSA, paCCUMTaHHEE Ha HOBHe MonoyJim 1233C m 1233D.
g noBemeHMA 200eKTMBHOCTM BHIOAUM SHEPTUM [IPUHLMIIE, OIMCaHHBE B
IOaHHOM JIOKYMeHTe, IpeljlaraldT BKJIOUATE B yCTpoMcTBO 1230 MoOIOyJu
1233C wm 1233D. Monyns 1233C nOpucnoco®jieH »OJs CeJIEKTMBHOIO
PeryJIMPOBaHKSA BEeJIUMUMHEL MOMHOCTHM, M3BJeKaeMoM ycTpoucTBoM 1210;
OJIS pPelyJUMpOBaHUA U IIPOM3BOLCTBA TOUHOI'O KOJIMUeCTBa »2HepIruu P, B
KauecTBe BBOOa B YycTpoMcTBO 1220; Tak uYTOo yCcTpoMcTBO 1220
CIIOCOOHO BHIOaABaTh OOCTATOUYHOE KOJMUECTBO MOIMHOCTM IJIS TOUYHOTO
YIOOBJIETBOPEHMA TpeboBaHUA HaTpPy3KM, KoI'a VYIIOMAHYTOe TpeboBaHUE
MeHbIIe, yeM  I[IPOMBBOIOUTEJIBHOCTD. Korma TpeboBaHMe HaTpy3KHu
foJible, uYeM IIPOM3BOIOMUTEJILHOCTL, MOOYJE 1233C Takke OPUCIOCOOJIEH

oJjidg CeJIEKTHMBHOTO PeIVyJMPOBaHMA  YCTPOMCTBA 1210 Tak, YTOOR
M3BJIeKATE MakKCHMaJIbHOEe KOJMUECTBO MOMHOCTM Py* M3 MI'HOBEHHOM

MaKCHUMaJIbLHOM HpOMBBO,HMTeJ'IbHOIZ MOIHOCTU Pq* I'eHepaTopa, a TaKxe

OJI  pPeryJupoBaHMAg  MOOYJIA 1233D 1mjg TOOTOTOBKM M OTIIYCKa
HeoBXOOMMOM HOTIOJIHMTEJILHOM MOMHOCTU Po** 13 xXpaHuauma 1235 wu

1233B, Tak UuTO KOoI'HIa OOBeIMHEeHHAas MOIHOCTEL P,*+P,*% oTmnyckaeTcsa B
ycrporcTeo 1220, ycTpoMcTBO 1220 cnoco®HO BHOABATL OOCTATOUHOE
KOJIMYECTBO MOIIHOCTU nJjis TOUHOTO YIOBJIETBOPEHUSA TpeboBaHUSA
Harpy3ku. 3970 obecrneumBaeT YyBeJIMUEHME DHEPIUM BJEKTPONUTaHUS,
yTOBE IIOMOTATbh YCTPOMCTBY 1220 cCcHOpaBJaATbCAS B 2 DOoJjilee  BHCOKOMU
noTpe®HOCTB® B MOIHOCTH, yeM MI'HOBEeHHasd IIPOM3BOIMTEJIBEHOCTD
CUCTEMEHI, oBecnieurBaemasd MI'HOBEHHOM’ MaKCUMaJIbHOM MOIIHOCTHBIO,
TeHepupyeMoy TeHepaTopoM 1100. Biaromaps CcBOUMM (QYHKUMOHAJLHEM
XapakTepucTukaM, ycTpocTBOo 1220 B @»OaHHOM OOKyMeHTe HalbBBaeTCH
KPeryJaToOpOM MOMHOCTHY DJIEKTPONIMTaHMAY», MOOyJk 1233C Ha3EBaeTCcHd

KPeryJsaTopoOM DIIEKTPOIIUTAHU A, a MOIYJIb 1233D HasHBaeTCHd
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KPeryJaTOPOM PeTyJIMPOBAaHMA BHEPTUNU».

B crenyomen JacTu OaHHOTO OTIMCaHMA olleHVMBaeTCcsAd
30DeKTUMBHOCTD BEIOAUM (oTnycka) DHepITUU YCTPOMCTBA 1220 B
COJIHEUHOM BOIOOHAIIOPHOM CTaHIMM, MCIOJbL3YyWIel IaHHoOe Hu3o00peTeHMUe.
Kaxk OBJIO OIMCAHO BHINIe, MH OIIATH MCIOJL3YyeM IIpUMep, B KOTOPOM
CYIeCTBYET COJIHEUHas BOIOHAIllIOpHAad CTaHUMA C BOIOSHEM cToJooM 120
M, KOTOopad COCTOUT ns yeTHpexX IIPOMEXY TOUHBIX CTYyIIeHYaTHX
HaKauMBawIMX VYYAaCTKOB, KaxXIOhlM HaKauMBallMM YYaCTOK C BOISHEM
croJyitoMm 30 MeTpoB. 4 Hacoca C OIOMHAKOBOM pabouel MOMHOCTBI P, M C
OOVMHaKOBOM TpebyeMOoM IIyCKOBOM MOMHOCTBI Pg. JlaHHasd COJIHEeUHAad
BOIOHAIIOpHasa CcTaHuua paboTaeT B TexX Xe YCIOBUAX COJIHEUHOTO
OCBEINleHNMs, KOTOPHE OBUIM OINMCAHH BHIIE.

Ees mnoTepmu OOMHOCTM, HO MOJS YIPOMEHMS aHalM3a; OaHHBN
aHamMs TIpeHebperaeT BceMM IIOTPeOJIEeHMAMM MOMHOCTM B YCTPOMCTBAX
1210, 1230 m 1220; u npruHuMasgd 20OPeKTUBHOCTEL M3BJIEUEHUS DHEPIUU
paBHOM 100%, uTo B 2,5 pasza yBeJIMUMBAET IIPOU3BOAUTEJILHOCTEL IIO
CpaBHEeHMIO C BapMaHTOM C OOBUHBM MHBEPTOPOM. YIIOMAHYTHe 12
ClLleHapMeBR BPEMEHHHX I[1epMONOB OBUIM IIOBTOPEHEl M OIMCAHEl HIMXE:

(1) Io paccBeTa (To eCcThb 6 YacoB yTpa) COJIHEeUHAas
SJIEKTPOCTAHLIMSA He TeHepupyeT HUKAKOM DSJIEKTPOSHEePTUM, IIOCKOJIbLKY
COJIHEUHHM CBeT oTcyTcTByeT; P(t,)=0. TakuMm 00pasoM, MCIOJIL30BaHUe
DHEPTUM PAaBHO HYJIO.

(2) C paccBeTa (6 uYyacoB yTpa) OO 7 4YacoB YyTpa COJIHEUHad
DJIEKTPOCTAaHUMSA TeHepupyeT COJIHEUHYIO MOIMHOCTB c
IPOMBBOOUTEJILHOCTRID P (ty)<2,5%P, (BaTT), KOTOPOM BIIOJHE IOCTATOUHO
oJIa TnoniepxaHusa paboTammero Hacoca, HO HeJoCTaTOYHO IOJIA 3allycka
Hacoca P,; P =V,*I,, 1me V, m I, - HOMMHAJILHOE HAIpAXeHMEe U TOK,
TpebyrmMrecsa OJd TMoOnepXaHMsa paboTawnmero Hacoca. OTMedaeTcsa, YUTOo
IoJId 3allycka Hacoca OOrdYHO TpebyeTcd TOK, B 3 pasa OoJjbme I,
(I,>31I,) mOpM ero HOMMHAJLHOM HaNpSXeHMM. TakuM oBpa30oM, CTaHINUA
He BRJOUAaeT HAcCOC B KauecTBe CBOoeM HaTPy3KM OJI4 I[OoTpedlieHusd
TeHepupyeMOoy COJIHEeUHOM MOmMHOCTM. OIOHako MOOyJb 1233C peryaupyeT
ycrporcTera 1210, 1233A m 1233B 1JI14 HaKOIUJIEHMS U COXpPaHeHusd
OOCTYIIHOM SHepIUn ~2P, (BaTT-4yac) B XpaHUJINUIE SHEepITUu;

MCIIOJIE30BaHMe DHepI'uM cocTabjsaeT ~2P, (Barr-uac).
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(3) C 7 yacoB yTpa OO 8 UYacoOB yTpa COJIHEUHAad BJEeKTPOCTaHIIMA
YBEJIMUMEBAET TeHepupoBaHMe MOUMHOCTM MIpU T[POUBBOIOUTEJILHOCTU OO
P(ts)~2,5*%1,3P,=3,25P, (BaTT), IOIOCTaTOUHOM OJIs 3allycKa OIOHOTO
Hacoca, ¥ 3aTeM MCIOJb3YyeT HaKOIUJIEHHYID DHHepI'Mo JsA 3allycka
OPYI'MX 2 HacoCOB, UYTOOH I[IOJIYYMTb 3 OOHOBPEMEHHO paboTarnlnx
Hacoca. OTMedaeTcs, UYTO XOTA IIYyCKOBasd MOMHOCTL MOJIA Hacoca
foJipwad, oJsa  3alyckKa Hacoca UM OOCTMXeHMS eTl'0  HOpMaJlbHOM
HOMMHAJIBHOM MOMHOCTU TpebyeTcda BCeTI'O HeCKOJIBKO CcekyHn. Taxkum
obpasoM, OOMIOJIHUTeJIbHadA I[HoTpebiigeMad DHHepI'Md OJ4d 3allycka Hacoca
Majla IO CpaBHeHMIO C DHepIMeM IJiS IJUTEJIbHOM paboThH. TakuM

O@paBOM, OT 3allycka OBYX HaCOCOB HeT OOJBIOI'O OTBOIOA SHepI'n "3

XpaHuJIuma. JVICIIOJB30BaHMe DHEepIMM HacocaMM cocTabJjsgeT 3P, a
ocTammasacsa HaKoIlJIeHHasa 2Heprua cocrTaeJjgsger 0,25P,. CyMMapHoOe
MCIIOJIL 30BaHme SHEePIUN cocTaBJIgeT 3,25P, c 3al1acoM

AKKYMYJIMPOBAHHOW BHepTrum ~2,25P,.

(4) C 8 JacoB yTpa oo 10 JyacoB yTpa COJIHeuHasda
RJIEKTPOCTAHIMA YBeJMUMBaAeT TeHepUpOoBaHMe COJIHEUHOM MOMHOCTHY IIpU
IPOM3BOIUTEJILHOCTH HTO P (ty)~2,5%2,9P,=7,25P,(BaTrT). O39TOro BIOJHE
OOCTAaTOUHO NOJIA HojmepxXaHusa 3 paboTammyMx HACOCOB, a TakKxe IJiA
3alycka IocJemHeI'o Hacoca IOJS IIOJIYyUeHMS BOOSHOTO cTojida BHECOTOM
120 MeTpOB C UeTHPEexXCTYIIeHUaTOM CUCTeMOM HaKauku B ofmen
cJoxHoCcTM. CTaHUMa BRJoUaeT 4 Hacoca B KauecTBe CBOeM HaTpy3KU
IJIsT IHoTpedlleHMsS TeHepPUMPYeMOM COJIHEeUHOW MomHOCTM 4P, ¥ 3alacaer
OOCTYIIHVIO MOIHOCTB 3,25P, B TeueHue IOAaHHOTO rnepuoma.
McrioJIb30BaHMe BHEPIMM HacocaMM cocTaBjgeT 2*%4P,=8P,(BaTT-yac) u
HakKoOIlJIeHHasd ocTaKkmaacad B»HepI'uMa cocTaBjasgeT 2%3,25P,=6,5P,(BaTT-
yac). CyMMapHOE MCIIOJIbB30BaHME B»HepIum cocTaBiaser 14,5P, (BarT-
Jac) C 3alacoM akKKyMyJUMPOBAHHOM DHepIMM B XpaHuaume 1235 wu

1233B, cocraBagomuM 8, 75P, (BaTT-uac).

(5) C 10 JyacoB yTpa o 12 yacoB OHSA CcOJIHEeUHad
DIJIEKTPOCTAaHIMSA yBeJIMUMBaeT TeHeprpOBaHMue MOIIHOCTU c
NIPOU3BOIUTEJILHOCTE oo P(ts)~2,5*%3,7P.=9,25P, (BarT), KOTOpOM

BIIOJIHE OOCTATOUYHO HOJIA IIOOIOepPXaHMA paGOTH 4 HacOCOB ¥ HaKOILJIeHUHA

ocTapmeNcs MOMHOCTM b5,25P, B XpaHWUIMIE DSHEepTUM Ha OPOTIXKeHUM 2

JacoB. JVICIOJB30BaHMe DBHepPIMM HacoCaMM cCcocTapBJjdgeT 2*4P =8P, wu
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MCIIOJIL30BaHUeE 3ariaca SHepIUNn COCTaBJIAET 2%5,25P,=10, bP,.
CyMMapHOe VCIIOJIL 30BaHue SHepIUNn COCTaBJIAET 18, 5P, C
AKKYMyJIMPOBaHHOM sHepruu 19,25P, B xpaHuaumax 1235 m 1233B.

(6) B mnosmeHbL BHes3sanmHo OoJibmasg Tyda B TeueHMe ~30 MHMHYT
3akKpeBaeT dYacTk Heb®a Hadl CcTaHuUMen U oTOpaceHBaeT TeHb Ha
COJIHEUHHE [IaHeJn ; 3TO Has3HBaeTCHd «3aTeHeHNEMY .
[IpOMBBOOUTENILHOCTEL P (tg) omyckaeTcsa Hmxe 2,5 P,. IaHHHEM aHaJIM3 He
YUUTHBAET TeHepUpyeMy COJIHEUHYK  MOIMHOCTE ; TpebyeT, UyTOOH
cCucTeMa BHIOaBajla BCKO HemocTawmyrn »Hepruwo (0,5 ywaca C MOMHOCTHIO
4P,) M3 XpaHWJIMIa aKKyMyJIMPOBAHHOM SHepTMM OJIS [DOoOOepXaHUMA
HaTrpy3Ku HaCOCOB; T.E. IpeHebperasd COJIHEUHOM MOIHOCTBIO,
TeHepupyeMoy B TeueHMe 5Tux 30 MMHYT; ¥ BHHYXIAS XPaHWUJIMIIE
SHepruMu obecrneurBaThk HOTpebJieHMe MOMHOCTM Bcex 4 HaCOCOB B
O aHHBIM nepuon. Vcniosb30BaHue DHEepI'Un HacocaMmmu cCoCTaBJIgeT
0,5%4P,=2P, u »5Heprug, oTOMpaeMas U3 XPpaHUIMIA DHEPIMM, Takxe
cocraBJageT 2P, nma ©OajlaHca o2Hepruu. CyMMapHOe MCIOJIbE30BaHue
SHEPIMM CocTaBJdgeT 2P,; HaKOIUJIeHHasa akKKyMyJMPOBaHHAaS BSHEPIUA
Takxe yMeHbIlaeTcsa Ha 2P, mo 12,25P,.

(7) C 12:30 1mo 2 YacoB @OHS MHTEHCHUBHOCTL 3aTeHeHUd
[IOCTEeIIeHHO YMeHBIlaeTCsd, UYTO IIO3BOJISET T'eHepMpPpOoBaThb COJHEUHYI
MOWHOCTE C I[IPOU3BOOUTEJIBHOCTBI 1Ko P(ty)~2,5%2,9P,=7,25P,(BarT),
BIIOJIHE IOOCTATOUHOM IJIsS HoOomepxaHusa 4 padoTanmmMx HACOCOB; U
HaKOILJIeHMA ocTaBlmeMcda MomHocTu 3,25P, B TeuenHue 1,5 wuacos.

CraHuMsa BKJIODUYaeT 4 HacocCca B KaduecCTBe cBoeln Hal'Py3KM IOJI4d

norpebiieHUs TeHepupyeMon COJIHEUHOM MOITHOCTM ; MCIIOJIbL 30BaHMe
DHepIUU HacocaMu COCTaBJIAET 1,5%4P,=6P,. VICIIOJIE 30BaHUE
HaKOILJIEHHON SHepIUU cocTaBJisgeT 1,5%3,25P,=4,875P,. CyMMapHOe

VCIIOJIE30BaHMe »HepIuu cocTaejdgeT 10, 875P,; HakKoIlJIeHHad 3allaCeHHasd
DHEPIUA yBeJIuuMBaeTcd Ho 22,125 P..

(8) C 2 wvyacoB 1OHA no 4 YacoB Beuepa COJIHEUHOE OCBEMeHN e
BIIOJIHE HOCTAaTOUHOEe IJIS TeHepUpOoBaHMSA  COJIHEUHOM  MOMHOCTU  C
NIPOU3BOIUTEJIEHOCTRIO IO P(tg)~2,5%3,3P.=8,25P,, KOTOPOM  BIIOJIHE
OOCTaTOUHO IJIA TonlepXaHus 4 paboTanmMx HACOCOB WM HaKOIJIeHUA

MomHoCcTM 4,25P, B XpaHWIMIle B TedeHMe 2 UYacoB. JcHoJb30BaHue

SHEPIHUU HacocaMmn COCTaBJIIEeT 2%4P =8P,; " MCIIOJIL30BaHMe
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HaKOILJIeHHOM 5BHepruMu cocTaBJageT 8,5P,. CyMMapHOe MCIIOJbL30BaHue
DHEPTUM cCcocTaBJdgeT 16,5P,, IpM 5BTOM aKKyMyJMpyeMas HaKOILJIEHHAaSsA
sHeprua pnocTuraeTr 30, 6255P,.

(9) Tlocme 4 4Yacop Beuepa OO 5 YacoB Beuepa COJIHEUHad
SJIEKTPOCTaHUIMA YMeHbllaeT TeHepupoBaHMe COJIHEUHOM MOIHOCTU IIPpU
NIPOU3BOOUTEJIEHOCTHU P(tgy)~2,5%2,3P.=5,75P,, OIOCTAaTOUHOM oJjig
nonmepxaHusda 4 paboTamnmyx Hacocob. CTaHUMA €le BKJIKOUAeT HaIpy3Ky
HAaCOCOB M XpaHUJIMIEe OJd [DoTpeblleHMSa ¥ HaKOILJIeHUS TeHepupyeMomn
COJIHEUHOM MOIHOCTM. JVCHOJIb30BaHMe DSHEepI'MM HacocaMM COCTaBJISgeT
Bcero 4P,, WNCIOJIE30BaHME DHepI'MM XpaHWUIMIa cocTaBjgdgeT 1, 75P,.
CyMMapHoOe MCIIOJIE 30BaHUeE SHepIUNn coCcTaBJIgEeT 5,75P;; 3arac
AaKKYyMyJIMPOBAHHOM sHepIrMu mocturaet 32, 375P,.

(10) Tlocye 5 uyacoB Beuepa nOo 5:30 coJiHeUHad BJIeKTPOCTaHUMSI
yMeHblIlaeT TeHepUpOoBaHue COJIHEUHOM MOIIHOCTH npu
IPOU3BOAUTENBHOCT OO0 P(tig)~2,5%1,1P,=2,75P,, HeOoCTaTOUHOM IJA
noamepxaHusa 4 paboTamomyx HaCOCOB, HO ycTpoucTBa 1233C m 1233D
YOPaBJIAKLT XPaHWJIMIIEM TakK, UYTOOH BHIOaBaTh HEeIOCTAaKIYyK MOIHOCTDL
1,25P, B TeueHue 30 MMHYT IJA HOoOoepXaHMsa paboTel 4 HaCOCOB B
IAaHHBI nepuomn. VcrnioJIb30BaHue SHepI'un HacocaMmu cCoCTaBJIgEeT

0, 5%#4P,=2P, u XPaHWUJIMIe obecrieumBaeT BHIIIYCK DHepIUn

0,5%1,25P,=0, 625P, B COOTBETCTBMM C 3aKOHOM COXPaHeHUS DHepIUuM.
CyMMapHOe MCIIOJIbE30BaHMe BHEepI'MM HacocaMM cocTaBJageT 2, 75P,; wu
AKKyMyJIMPOBaHHAaA 3allaceHHas BHepIMsa yMeHbmaeTcs mo 31, 75P,.

(11) Tlocye 5:30 mo 6 YacoB Beuepa COJIHEUHBM CBeT CJladwii,
TeHepUpPOBaHME COJIHEUHOM MOMHOCTM CTaHLMel KkKoJiedjieTcsa, IIOBHIASACH
M IIOHWXASACH, IIPU IPOUBBOOUTEJILHOCTM P (ti1), Takxe koJiedjomelcsa Ha
ypoBHe ~2,5%1,1P, wmiauM MeHbme P,. JIaHHHEM aHaJlM3 He YUUTHBAET
IIPOMBBOACTBO COJIHEUHOM DSHepIMM B IOaHHHM [IepMol, XPaHWJIMIEe BHIOAET
BCHO HeOoDXOOMMYK BSHEPIMO IJA [IDonomepXaHusda paboTe 4 HacoOCOB B
TedyeHre 30 MHMHYT. JCOOJB30BaHMe DSHEePI'MM HacoCaMM COCTaBJISET
0,5%4P,=2P,. CyMMapHOe MCIIOJIb30BaHME BHEPIMM HaCOCaMM COCTaBJIAET
2P,; ¥ 3alac akKyMyJIMPOBaAHHOM SHepIUM Takxke yMeHbIlaeTCcsa Ha 2P, Io
29,75P,.

(12) C 6 yacoB Beuepa HOO / UYacoB Beuepa (3akaT), XOTH

COJIHEUHaAd OSJIEKRTPOCTaHIIMA elle TI'eHepHrpyeT HeKOTOPpYK MOIHOCTE IIPK



31

NIPOU3BOOUTEJIEHOCTHU P(t.,)<2,5P,. IaHHBM aHaJIn3 He YUUTHBAET
IIPOU3BOIACTBO OaHHOM MOIMHOCTH . 4 Hacoca MOOIEePXUBAKTC A
paboTanmyMM  SHepITMel UM3 XpaHuJIuma B 2 TedeHre ©OoJjiee 7 UYacoB;
HauMHasg C 6 YacoB OO Beuepa IIPM OTCYTCTBMM COJIHEUHOTO OCBENeHU,
3aTeM HaCOCH BHKJIOUAKTCH UM OXUIOAKRT CJIedyllelc BOCXOIa COJIHIa oJId
mojaumM IIEepBUYHOM SHepIMM Ha CTaHIMbo. JVCHOoJib30BaHMe HHeprum 4
HacocaMu coCTaBJIgeT 29,75P,, KOoTOpoe [IOJIHOCTBI  MCUEpPIIHBaeT
IOHEBHOM 3alac 2HepIUM B XPaHWJINMIE.

CyMMapHOe  MCIIOJIbL30BaHue DHEPTUM  COJIHEUHOM  BOIOHAIIOPHOM
CTaHILMEN, MCIOJb3yKMel IIPUHLMIIE, OINMCAHHEE B »OaHHOM MOOKYMeHTe,
opencraByggeT coBoM CyMMy MCIOJB30BaHMA SHEepTMM B 2 TeueHue 12
BPEMEeHHEX I[I1epMOoNoOB; IIpuMMepHO /2,75*%P, 3a BeCcb JHOeHb. CyMMapHas
OOCTyIHad DSHepIuA, KOoTopasa MHOOJDKHa OHTb BHIOAaHa, [IPedCTaBRJISET

cobor CyMMy IIPOM3BOAUTEJHLHOCTM 3a  YIOMAHYTHE 12 [IEepPUOLOE;

npuMepHo 75%P,. Takum ofOpas3oM, 5OOEeKTMBHOCTEL BHIOAUM SHEPIUU
OaHHOM  COJIHEUHOM  BOIOHAIIOPHOM  CTaHIWUM, VCIIOJIb3YKIe  maHHOe
n3obpeTeHue, paBHa 772,75P,, @nejneHHoe Ha 775P,, To ectp 0,97 wim
97%. [lp 1mouTM MUOeaJIbHOM WM3BJIEUESHUM DSHEepIUH, 20PeKTMBHOCTD

MCIIOJIb30BAHMS DSHEepIMM U Takke 550PeKTMBHOCTEL KOHTPOJIJIEpa pPaBHa

~97%, UYTO B3HAUMTEJILHO BHIMe 500eKTUMBHOCTM COJIHEUHOM BOIOHATIIOPHOM
CTaHUUM Bes WCIIOJIb30BaHUSA  [NPUHLIUIIOB, ONMCaHHBIX B OaHHOM
OOKYMEeHTe, KOTopas B COOTBETCTBMM C BHIIENIPUBEIOEHHOMV OlIeHKOM
cocTaBJgeT MeHee 10%. YUuMTHBasg CyMMapHOe KOJMUECTBO HaKauMBaeMoMn
BOOH B TeueHMe CYTOK, HACOC, MCHOJb3YINWM TMIPUHLMWIIE, OMNMCAHHEE B
DaHHOM IOKYyMeHTe, IO CBoel 5»0OeKTUMBHOCTM MNPeBOCXOOUT Hacoc
OOHUHOM COJIHEUHOM BOIOHAIOPHOM cTaHuummM B 72,75/5,5 > 13 pas.
Kakasa pasHuua!

PasgeJl cenbMOM: SakKJIoucHME

BMecCcTO MCIHOJL30BaHMA OOBUHOM «IIPAaKTUKM CJIENOoT0 IIOOUMHEHMUSI
MPPT», [PUHLMUIE, ONMCAHHEE B OaHHOM JOKYMEeHTe, CIOCOOHHE OTIOEeJIATH
NPOM3BOACTBO ¥ M3BJIeUEeHMe HDHEePpIMM OT BHIOAUM U [HDOTPpedJIeHUd
SHepruu. C OOHOM CTOPOHE, IMIPOM3BOINCTBO U M3BJIeUeHUE DHEPITUU
MOTYT OBITE ONITUMM3VPOBAHE IIOCPEeNCTBOM paboTe T'eHepaTopa U
MCIIOJIb 3y EMEIX AKTUBHEIX /18 CCUBHEIX CpellCTB 1210, 1233A, 1233B

VM3BJIeUYeHNA, n XPpaHWJIMima I1Ipm HOBOM Hallp AXeHNN MaKCVMaJIBHOTI'O
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M3BJIEUEHMSA MOMHOCTM. Ha OpakKTMKe ITaHHOEe HOBOe HalpsSKeHMe OUeHb
BIM3KO K HaopskxeHuio MPPP. KpomMe TOTO, HOaHHBE HOBHE YCTPOMCTRA
CIIOCOOHHE AaKTUBHO/IIACCHMBHO M3BJIeKATh M3OHTOUHYID SHEPIMID, KoTopasd
He BabupaeTcsa OOHUHHM yCcTpoMcTBOM 1210 wm3BJIeUeHMA; OIS TOTO
uToOH oOOecneumpBaTh noudtu 100% WM3BBJIEUYEHME BHEPIMM M3 IIOUTH
MaKCHMaJIEHOTO IIPOM3BOINCTRBa MOMHOCTM TI'eHepaTopa; KakK OIMcaHO B
UeTBepTOM pasnejie.

C oIpyTon CTOPOHH, BHIAYAa DHEePI'UN 1o TPpeOOBaHUIO
ONITUMM3UPOBaHa IOCPeICTBOM »OoBaBJIeHMS HOBHX YyCTpoucTB 1233C wm
1233D nJs8 aKTUMBHOTO/IMIACCUBHOTO OOBLeIMHEeHMS MIHOBEHHOM 5SHepIUH,
M3BJIEKAEMOM M3 TeHepaTopa, M DHEepPIHMM, BHIaBaeMOM M3 XpPaHUJIMIA
SHepIUM, TaK UTO YCTPOMCTBO IIOOTOTOBKM/BHIOAUM SHEPTUU CIOCOOHO
OTIIyCKaThb IOOCTaTOUHOEe KOJIMUeCTBO DHepIMM B COOTBETCTBUM C
TeXHUUYECKMMM TpeOOoBaHUAMM IOJIA TOUYHOTO YIOBJIETBOPEHMA IIOTPedHOCTU
B MONHOCTM B HOaHHHM MOMEHT; Kak oIucaHo B llecToM pa3nedie.

TakuM o0paszsoM, [OIPMHIMIE, OIMCaHHEE B OaHHOM HOOKYMEHTe,
MOTYT OHTH peajiM30BaHE TakK, UYTO HSHEPTOCUCTEME MOI'YT Bcerla
paboTaTk B TOUKEe MX MaKCUMaJILHOTO MCIIOJIL30BaHMSA SHepTUM (maximum
energy utilization point - MEUP), duToOH HOJYyYaTh MaKCUMaJbHY
BHIT'OIY oT SHEPTOCUCTEM; B YJaCTHOCTU 2SKOJIOTUUECKU UMCTHEX
SHeprocucTteM. Korpma yIHOMSAHYTHE TIIOOCUCTEMEl HaljexallM o0Opa30oM
COTJIaCOBAHE OJIA ONTMMM3alUuM 5OPeKTMBHOCTM Ha KaXIoM BTale,
u3MepeHHasa 5S0PeKTUMBHOCTBL MCIIOJB30BaHUA DHEPIMM CUCTeM OOBYHO
noBemaeTcsa mo 95%.

B wmTore: BoO-IIepBHX, SHEPTOCHUCTEMa, OIMCaHHas B IOaHHOM
OOKYMEHTE, BKJIOUAET YCTPOMCTBO 1230 peryjadaTopa M3OHTKA ;
KOHKPETHO, vMonmyyit  1233A wm 1233B nmia paboTH COBMECTHO C
XpaHwiumeM 1235 osHepruy, dYUTOOB AaKTMBHO U I[IaCCHMBHO OTOMpPaTh
M30EITOUHYH TI'€HEPUPOBAHHYK  MOIMHOCTE, KOTOpasd He  U3BJIeKaeTCsd
OBBUHEIM CpencTBoM 1210 WM3BJIEUEHMS  MOMHOCTH. TakuMm oBpasoM,
M3BJIEUEHVE UYacCTM DHHEPTMM MOXeT OHTh yBeJIMdeHo O0oJjiee UYyeM B 2
paszsa, UYTOOH IIOUTM MIOeaJIbHO M3BJIEKATH BCK IIPOM3BOOMMYK MOIHOCTDb
n3 TI'eHepaTopa 1100.

Bo-BTOpPEX, IPMHIINIIEL, ONIMCAaHHHE B IOaHHOM OOKYMEHTE,
nofaBiygaT MoOyJsn 1233C m 1233D pelyJIATOPOB IJA PeryJMpOBaHUA

SHepI'MM IJisa paboTe ¢ XpaHujmmamy 1233A m 1235 »HepIuM; TakK 4To
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npoLuecc MPOMBBONCTRBA/M3BJIEUEHUI DHEPI'UU u npoLuecc
BHIOAUM/TIOTPEeBJIEHNA SHEPTUM MOTYT OBTHL pas3mesleHBl. Takum o0pasoM,
YIIOMAHYTHE IOBa [IpollecCca MOI'YyT OBTH OITHUMUSUPOBAHEL OTHEJIBHO.

B-TpeTbux, npoGaBJjeH MOOyJb 1233C @mJjda pPeryJIrMpOoBaHMS MOIOYJIS
1233D @miga WU3BJEYEeHMA U pelyJiMpOoBaHMA OOCTATOUHOI'O KOJMUYeCTBa
«HeODXOOMMOM» HOOIOJIHUTEJILHOM DHepIMM K3 XpaHuimma 1235 m 1233B
SHePpI'MM aKTHMBHO M I[IaCCUBHO. [aHHad  IOONOJIHUTEJIbHad  HSHepIund
O0LenMHAEeTCHA C MT'HOBEHHOM BJIeKTPORHEPTUEN, V3BJIEUEHHON
ycrponcTeoM 1210 mpamo w3 1100, dYWTOOH MOJYyUMTH IJOCTaATOUYHOE
KOJIMUECTBO SBJIEKTPODHEPIUN.

B-ueTBepTHX, KOI'Za LOOCTATOUHOE KOJIMUECTBO DHEPIMM BHIOAETCH
B  YCTPOMCTBO 1220 (MOnmyJin 1223 wmu 1225), BIIEKTPORHEPTMA
nonroraBJiMBaeTCHd " BHOaeTCHd oJidg TOUHOT'O YIOBJIETBOPEHU A
MI'HOBEHHOT'O TpeOOoBaHMA Harpys3KM. B ITaHHOM IOOKYMeHTe MOOYJb 1223
Ha3HBaeTCA «PeryJIaTOpOM IIOAOIOTOBKM MOMHOCTHY», a MOoIOyJb 1225
Has3bBaeTCAd «PeryJIATOPOM BEOAUM MOIHOCTM .

[Ilpouecc onTUMM3aALUM 3akKjoUaeTCcda B cjelyomeM: (A) MCIOJNb3yA
byHOaMeHTaJIbHEE I[IpOodeCCHMOHAJILHEIE 3BHAHMA II0 BJIEKTPOTEeXHMKE, MOXHO
HavTu  ONTHMaJIbHOEe  pelleHue I0J1S  aKTUMBHOTO  YCTPOMCTBA 1233A
U3BJIeueHUd M3OHTKa UM I[IaCcCUBHOTO YCTpoMcTBa 1233B uU3BJIeUEHUS
n30HTKA, eMKOCTHOTO/dapameeBCKOTO YCTPOMCTRA, Tak UTOOH
Tre”HepaTop 1100 O6rur cronocoBeH paboTaTk BOJM3M HalpsxeHus MPPT,
uTOBE O0O0EeCIIeuMThb IIOUTM MaKCHMaJlbHOe IIpeoBpas0oBaHMe MOMHOCTH, a
TakXe MaKCUMUIMPOBATH CYyMMapHOe M3BJI€UeHMe MOIHOCTM, Kak OIMCaHO
B UerTBepToM pasnese. (B) IlpousBeneHHad DBJeKTpUUeCKas MOIHOCTE
[IOUTH MOeaJIbHO WM3BJIeKaeTCs I[IOCPelCTBOM OOBUHEX U U300pPEeTEeHHHX
cpencTte 1210, 1233A wm 1233B W3BJIEUEHUS DSHePI'MM aKTUBHO WU
nmaccuBHo. (C) MWM30BpeTeHHOe YyCTpoMcTBo 1233C peryaupyeT 1233D,
UTOOH M3BJIEKATH n pPeryJInpOBaTh OOCTaTOUHOE KOJIMYECTRBO
«HeODXOOMMOM» IOMIOJIHUTEJIEHOWM BHepTUM M3 XpaHuiuma 1235 sHepTuu u
1233B AKTUBHO n [IaCCUBHO. HaHHadg OONOJIHUTEeJIbHA A DHEPIUI
00BeIMHAETCAS U IIOATOTABRJIMBAETCS C MITHOBEHHOW SJIEKTPOSHEepITUeH,
M3BJIekaeMoW mnocperncTtBoM 1210 mnpsaMo u3 1100, dYToOH 00eCHeduTh
OOCTaTO4dHOE KOJIMYECTBO BIIEKTPODHEPTUNA . (D) OObenMHeHHOE
«OOCTaTOUHOEe KOJIMUECTBO BJIEKTPOZHEepTHUM» IepeldaceTcsa B YCTPOMCTBO

1220 B KayeCTBe DBHEPIMM B KadecTBe BBoIa. JlaHHas BBOIVMMASA
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DHEPTUA MNPOXOOUT uYepes MonyiIm 1220, wMonmyJk 1223 1OJ4 TIOOTOTOBKM;
TaKk UYTO TIPOXOIOA UYepes YyCTpoMcTBO 1225 nOpeBRpalmlaeTCcsd B BHXOO U3
1220. (E) BaTemM JaHHas BEXOIOHAS MOMHOCTE BHEIOAETCS NIJIS IIOUTH
TOUHOT'O YIOOBJIETBOPEHUSA MI'HOBEHHOT'O TpeboBaHMA Harpys3ku 1300,
TaxkuMm obpasouM, [IPUHLIAIIEL, OV CaHHEE B OaHHOM OOKYMEHTe,
TEeOpPEeTUUYEeCKN CIIOCOOHE MaKCHUMM3UPOBATEL MCIIOJB30BaHMEe DSHEPIUM IO
npubausuressHO 100%.

OIpyruMm cCJioBaMy, B COOTBETCTBMM C [NIPUMHLUMIIAMM, OIMCaHHBEMU B
ODaHHOM IOKyMeHTe, TI'eHepaTop paboTaeT BOMM3M HalpaxeHud MPPP njsa
IPOM3BOACTBA I[IOYUTM MaKCHMMaJIbHOM MOMHOCTM; BKJIOUEHH KW300peTeHHHe
YCTPOMCTBa M3BJIeUEHUA  BHEepIUH, UTOOE MaKCUMU3MPOBATH CYyMMY
M3BJIeUEHMS BCeM IIPOMU3BEINeHHOM  MOMHOCTH; M3OHTOUHAA  SHEePIud
BPEMEHHO XPaHUTCHA B IpelyCMOTPEeHHEX XPpaHWUINIax DHEPIUN;
noOaBJIeHE! n300peTeHHbe YCTpOMCTRa 0Jidg pPerynamMpoBaHmnAa "
OOBeOMHEeHMA DHEPIMM U3 CPpenCcTBa M3BJIEUEHMA UM M3 XpaHWIMIa, UYTOOH
ofecCrneunTs IOOCTAaTOYHOEe KOJUUECTBO MOMHOCTM B KadeCcTBe BBOIa, IJIA
NOOTOTOBKM/BHIAUY, MIOJ4 IIOUTY TOUHOTO YIOBJIIETBOPEHMS MIHOBEHHOTO
TpeOOBaHMA HATPY3KU.

TakuM oOpa30oM, IaHHOe WM300peTeHMe CIOCODOHO MaKCUMMU3UPOBATH
BHI'OOY OT DHEPTOCHUCTEM; B UYaCTHOCTM, SHEPIOCUCTEM, MCIIOJb3YKINX
[IEPBUYHEE SHEPTOpeCyYpPCH], CBs3aHHEE c VHTEHCHBHOCTBI,
M3MeHAKIeNcsa BO BpeMeHH, TakKMe KaK COJIHeUHHM CBeT, BeTep,
NPUJIVBE M OTJIMBH M IBWXeHMEe BOJH.

HacTodmee wm300peTeHMe MOXeT OBTH OCYWECTBJIEHO B OPYIUX
KOHKPETHHX BapMaHTax 06e3 oTxoma OT eT0o CYIHOCTM WIM BaXHeWmmMx
XapaKTepUCcTUK. OnucaHHEE BapUaHTH OCyWeCTBJIEHUSI cienyer
paccMaTpMBaTk BO BCexX OTHOWEHUMAX TOJIBKO KaK I[IOACHUTEJIbHEE U
HeoTpaHnuuBamomme. TakuM o0pasoM, oOOBeM M300peTeHud OIpenejigeTCcHd
npujlaraeMon  bopmyJion, a He  BHUEIPUBEIEHHEM OIMCaHMEM. Bce
M3MeHeHMsI, KOTOpHEe HaxXxoOATCsa B I[Ipemejlax CMHCJIa W Oualla3oHa

SKBMBaAJIEHTHOCTHM IITYHKTOB (]_)OpMyJ'H:I, HaXooAaATCA B IIpelrejlaX MuX obwemMa.
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$OPMYJIA MBOEPETEHNA

1. SHeprocucTeMa, colepXamas:

CPenNCTBO M3BJIeUEHMS MOIMHOCTM, KOTOpoe paboTaeT Ha pacCudeTHOU
KOHKPETHOM BJIEKTPUUECKOM dYacToTe U paboueM HaNpPSXKeHUUM CUCTEMEH,
OJIS  M3BJIeUeHUA U3 BIJIEKTPUUECKOTO TeHepaTopa  BJIEKTPUUECKOM
MOWmMHOCTHM, KOTOpas IIoJilydeHa I[OCPeICTBOM IIE€PBMUHOTO MCTOUYHMKA
SHEepIHUU;

XPaHUJIUIE 3JIeKTPORHEPTUN;

CHUJIOBOE YCTPOMCTEO, KOTOpoOe IOOTOTaBJIMBAET u BHIDAET
MOWMHOCTE M3 YIOMAHYTOTO XPaHWJIMIA SHEPTUM B HATPYy3Ky; U

CPenCcTBO M3BJIeUeHMsa U3OEITOYUHOM MOIHOCTM, KOTOpoe paboTaer
Ha TOM Xe YacToTe UM TOM Xe HalpsSXeHUM, UTO UM YIOMAHYyTOe CPpeICTBO
V3BJIeUEHMS MOWHOCTM, MOJIS U3BJIedeHUS MIOHTOUHOM DBJIIEeKTPpUUeCKOM
MOWHOCTH, IIOJIyYeHHOM us BJIeKTPORHEPTUHN, TeHepUpyeMon nus
I[IepBUYHOTO MCTOUHMKA BSHEepI'MM, HO KOoTopas He OpbJla MU3BJI€UEHa
YIIOMSHYTEIM CPeICTBOM MU3BJIEUEHMSA MOWHOCTM, IpuueM OObelMHEeHHAas
M3BJIeUeHHAd DHepI'Ma M3 YIOMAHYTOI'O CpPencTBa MW3BJIeUEeHMS MOMHOCTU
Y YIHOMSAHYTOT'O CPelCTBa M3BJIeUeHUS MIOHTOUHOM MOMHOCTH, BpPeMeHHO
XPaHUTCA B YIOMAHYTOM XPaHUJIMIE SHEPITUN.

2. DHeprocucTemMa IO .1, B KOTOPOM VYIOMSAHYTas pacueTHasd
KOHKpPEeTHasa DJIeKTpuUuecKas dacToTa M3MeHSeTCsd BO BpPEeMeHWU.

3. DSHeprocmucTeMa o .1, B KOTOPOM VYIOMSAHYTas pacueTHasd
KOHKpPEeTHasa DJIeKTpMUuecKas 4JacToTa He U3MeHSeTCs BO BpeMeHU.

4., DHeprocmucTeMa 0 .1, B KOTOPOM VYIOMSAHYTOE pacueTHOe
KOHKpeTHOoe pabouee HaNpsSXeHMe CUCTEMH M3MeHSeTCd BO BPEMEHMU.

5. DBHeprocmucrtemMa 0o n.l, B KOTOPOM VYIOMSAHYTOE pacueTHOe
KOHKpPeTHOe pabouee HaNpsSXeHMe CUCTEMH He U3MeHSeTCsS BO BPEeMeHU.

6. OHeprocucTeMa IO II.l, B KOTOPOM YIOMAHYTOe CPeIOCTRBRO
M3BJIeUyeHUd M3OHTOUHOM MOMHOCTM OTBOAOMT IIO MeHBIIeM Mepe dYacThb
MOMHOCTHM, TeHepUpyeMOo¥ T'eHepaTOpoM, KoTopasd He OvbJla M3BJIeUYeHa
YIIOMSAHYTEHM CPEINCTBOM M3BJIeUeHMS MONMHOCTM, ¥ BPEMEeHHO COXpaHSAeT B
YIIOMSAHYTOE XpPaHWUJIUIe BHepITUM.

7. DHeprocucTemMa o 0.1, B KOTOpoM TpeBoBaHME HaTpPy3KU
M3MeHSAeTCad BO BpPEeMeHWU.

8. OHeprocucrTemMa IO II.7, B KOTOPOM VIIOMAHYTOE CpPelCTBO

M3BJIeUeHM S MIOEITOUHOM MOWMHOCTM OTBOIMT IIO MeHbIen Mepe YacCTb
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M3OHTOUHOY MOWHOCTHM, WM3BJIEUEHHOM YIIOMAHYTEHIM CPEedCTBOM M3BJIeUEHUI
MOIHOCTHM, B XPaHWJIMIEe DSJIeKTPOsHepTUKr, I[IO0 MeHbIel Mepe KoTrmoa
MOIHOCTL, WM3BJIeKaeMas YIOMAHYTEHM CpPelCTBOM M3BJIeUeHMS MOMHOCTHU,
IpeBHMaeT MOIMHOCTL, BHIaBaeMyl YIOMSAHYTHM CUJIOBEIM YCTPOMCTBOM B
HaTrpy3Ky.

9. DSHeprocucrTemMa Io II.7, B KOTOPOM VYIOMAHYTOEe CHIIOBOe
YCTPOMCTBO BHIOAET MOITHOCTb ns3 XpaHUJIUIa SHEepPI'UN OJId
YIOBJIETBOPEHUSA TpeBoBaHUSA HaTrpy3KH, KoTrma CymecTByeT
HeJgoCcTaTouHasa MOITHOCTE, M3BJIeKaeMas YIIOMSAHY THIM CpeICTBOM
M3BJIEUEHMA MOMHOCTM NOJIS YIOBJEeTBOpPeHud Tpeb®oBaHMA HaTPy3KHU.

10. OSHeprocucTemMa IO II.7, B KOTOPOM YIOMSHYTOe YCTPOMCTBO
BHIOAUM MOIMHOCTM M3MeHAeT KOJMUEeCTBO DHEepIUM, MU3BJIeKaeMOoW U3
XPaHWJIUIEa DHEePTUM TakK, UTOo YIOMAHYTOe CUMJIOBOE YCTPOMCTBO BHIOAET
SHepIHui, KOoTopas I[I0 MeHbIeM Mepe OIPpUbIM3UTEJIbHO COOTBETCTBYET
MI'HOBEHHO M3MeHAKINeMYyCS TpeOOBaHMIO HATPY3KMU.

11. D3SHeprocucTeMa IO 1.1, B KOTOPOM YIIOMSAHYTHM [IePBUUHLIM
VMCTOUHMK DHEePpIUM MOpeIcTaBJisgeT co0o¥ MCTOUHUK IIepeMeHHOM DHepIuu,
Tak uTo BIIEKTPOTeHEPaTOP TeHepUpyeT [IepeMeHHOe KOJIMYECTBO
SJIEKTPUUECKOM MOIHOCTHA .

12. OHeprocucremMa o 1n.ll, B KOTOPOM VIIOMAHYTOE CPeICTBO
M3BJIeUEHMSA MOIMHOCTHM OOIOJIHUTEJIBHO COIEePXUT CPpeldCTBO CJeXeHMS 3a
TOUKOM MBBJIEUEHUSI, KOTOpoe CJeIUT 3a MU3IMEHAOIVMCS BO BPEMEeHU
HaOpsSKeHMEeM M3BJIEUEHMS MaKCUMaJlbHOM OOBeIVMHEeHHOV MOMHOCTHU U3
SHEPTOCUCTEME mocpelCcTBOM YIIOMSHYTOTO cpencTBa M3BJIeUEeHUSA
MOIIHOCTU u mocpelCcTBOM YIIOMSHYTOTO cpencTBa M3BJIeUEHUSA
M3OLHTOUHOY MOMHOCTHM,; WM VYIOMAHYTAasg CcUcTeMa paboTaeT OpM OaHHOM
HaOpSXKeHUM TOUKM MaKCHMMaJIbHOTO M3BJIEUEeHMS MOIHOCTHU.

13. DBHeprocmucreMa 0o 1I.l12, B KOTOPOM YPOBEHbL HAKOIJIEHHOM
SHEePI'UM YIOMAHYTOTO XpPaHWJIMIA M3MeHSeTCS BO BpeMeHU.

14. OBSHeprocucTemMa IO .12, B KOTOpoM TpeboBaHMe HaATPY3KU
U3MeHIeTCsa BO BpPEeMeHMU.

15. OSHeprocucTemMa 1o .14, B KOTOPOW VYIOMAHYTOE CHIIOBOE
YCTPOMCTBO M3MeHIeT KOJUUECTBO SHEepIUM, M3BJIeKaeMOW M3 XPaHWJIMIa
SHepI'MM Tak, UTO VYIIOMAHYTOE CMJIOBOE YCTPOMCTBO BHIOAET D2HepPIUo,
KOoTOopad II0 MeHbIeM Mepe OpUOIM3UTEILHO COOTBETCTBYET MI'HOBEHHO

VIBMeHAKIeMy CA TPGGOBaHMIO Hal'py3sKH.
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16. OSHeprocucTemMa Io II.l, B KOTOPOM VIIOMAHYTOE CPpelCTBO
V3BJIEUEHU A M3OHTOUHOM  MONHOCTM  M3BJIeKaeT JacThb V3OHTOUHOM
MOIIHOCTU nJjis YBeJIM4eHNa SHEepPIUn, BHIaBaeMon B
DHEPTOpPAacCIpPelelINTEJIbHYD CeTh.

17. OSHeprocucTeMa Io .1, B KOTOPOM VIIOMAHYTOE CpPpelCTBO
V3BJIeUeHMA WM3OHTOUHOM MOMHOCTM IOIOJHUTEJIBHO COIOEPXUT PperyJiaTop
M30HTKAa, KOTOPHM CBA3aH C pPeryJrMpyeMHM YCTPOMCTBOM W3BJIEUEHUS,
KoTOopoe paboTaeT Ha TOM Xe DJEKTPUUECKOM dYacToTe, uTo U
YIIOMSAHYTOE CpenCTRBO V3BJIEUEHN A MOIIHOCTH, oJis V3BJIEUEHU A
U3OHTOUHOM BJIEKTPUUYECKOM MOIIHOCTH, KoTOopad [IoJIy4yeHa nu3
[IEPBUMYUHOT'O MCTOUHUKA, HO He ObJla M3BJIeUeHa YIIOMAHYTHM CPedCTBOM
UBBJIEUEHNUS, W/WUIM ABJIAeTCS pPes3yJjbTaToOM U3BJIEUEHMS  MOMHOCTH,
npeBbIaKmel TpeboBaHMe HaATPY3KMU.

18. SHeprocucTeMa 1o mn.17, B KOTOPOM YIIOMAHYTOE
peryiaupyeMoe CpeICTBO MU3BJIeUeHMS IIpelcTaBygeT coboM aKTUBHOE
YCTPOMCTBO, KOTOpoe padoTaeT Ha TOM Xe BJIEeKTPHUUEeCcKOM uYacToTe,
UTO M YIOMAHYTOE CPeOCTBO M3BJIEUEHUSI, U CHUHXPOHU3UPYET CPpelCTBO
U3BJIEUEHNMS CO COBUTOM IO (ase OpudbamsuTesbHo Ha 90°, Tak uTo
peryjJupyeMoe CpelCTBO M3BJeUeHMS M3BJeKaeT OO OOIIOJIHAKIEI'O

KOJIMUEeCTBa MOIHOCTM KaK M30HTOUHYK MOIHOCTE.

19. SHepToCuUcCTeEMa 1o n.l7, B KOTOpOM YVIIOMAHYTOE
peryjaupyeMoe CpelCcTBO M3BJICUEHNU S npelcTaBJIgEeT cobon
KOMOMHUPOBaAHHOE aKTUBHOE YCTPOMCTBO, KOTOopoe COCTOUT u3

MHOXeCTBa akKTMBHHX YCTPOMCTB, pabdoTawlee Ha TOM Xe SDJIeKTPUUeCKOM
JacTroTe, UYUTO WM CPelICTBO M3BJEeUeHMS MOMHOCTM, HO YIOMSAHYTOE
MHOXECTBO AaKTMBHHX YCTPOMCTB COBMECTHO M3BJIEKAlT OO OOIOJIHAKIEIO
KOJIMUeCTBa MOMHOCTM Kak M30OBTOUHYI MOIHOCTE.

20. 3BHeprocucTeMa IO II.17 B KOTOPOW YIOMAHYTOe PpeIlvJnpyeMoe
CpeICTBO M3BJIeUeHUS IMOpelcTaBjgeT cobo¥ I[IacCuUBHOE YCTPOMCTBO CO
COBUTOM II0 dase nOpudamMs3uTesbHO 90° oT  yIOMSHYTOTO CpPeICTBa
M3BJIEUEHMSS MOMHOCTHM, UYTOOH M3BJEeKaTh OO IOONOJIHAKIEIO KOoJMUeCcTBa
MOIMHOCTM KaK M3OHTOUHYI MOMHOCTE .

21. DHeprocucTeMa 0 .20, B KOTOPOM VIIOMAHYTOe IIaCCHUBHOE
peryampyeMoe CpPelnCcTRBO V3BJIEUEHU I npelCTaBJIgET cobom

eMKOCTHoe/®apaneeBCKoe YCTpOﬁCTBO, KOTOpoe ofbjlamaeT OOCTAaTOUYHO
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OoJIbIIoM eMKOCTEIO, UTOOEL crmeJsiaThb YIIOMSAHYTOE rIacCUBHOE

peryimpyeMoe CpelCTBO M3BJICUECHNMA CcO COBVIT'OM I10 dase

OpUbIn3UTesEHO 90° oT YIOMAHYTOTO CPpeIOCTBa M3BJIeUEeHUS MOMHOCTH,
UTOOH M3BJIEKATH oo IOIIOJIHAKIETO KoJIMYeCcTRa MOIIHOCTH Kak
M3OLITOUHYI0 MOMHOCTE .

22. SHepToCcHuUCTeMa 1o n.19, B KOTOpOMn YIIOMSHYTOE
peryampyemoe CpeICcTBO V3BJIeUeHU S IpencTaBJISgeT cobom
KOMOMHUPOBAaHHOE aKTMBHOE ¥ IIaCCMBHOe  YCTPOWMCTBO, Tak  4UTo
YIIOMSAHYTOe  KOMOMHMPOBaHHOE aKTMBHOE ¥ IIaCCHMBHOE  YCTPOMCTEO
COBMECTHO U3BJIEKAET V3OHTOUHYIO MOIMHOCTBb oo OOIIOJIHAKMET O
KOJIMUeCTRBa MOMHOCTM KaK M3OLBTOUHYID MOIHOCTD.

23. OHeprocucTemMa IO II.l, B KOTOPOM YIOMAHYTOE CPEeICTBO
MBBJIEUEeHMSS MOWMHOCTM M YIIOMSAHYTOE CPeICTBO M3BJeUeHUS WU3IOHTOUHOM
MOIHOCTM OOBEOMHEHE B KOMOMHMPOBAHHOE CPEeNCTBO WM3BJIeUeHMI IOJ4
BHIIOJIHEHUA 00eux QyHKUUM M3IBJEUEHUS DHEepTUM.

24 . OSHeprocucTeMa IO II.23, B KOTOPOM YIOMAHYTOE XPaHWUJIMUIE
SHEPTUM OOIOJIHUTEJIBHO BHIIOJIHEHO C BO3BMOXHOCTBI OOBEIVMHEHUS C
YIOMSAHYTEM CPeICTBOM M3BJIEUEHMSA MOIMHOCTM IOJIS I[IPeBpalleHUS B
KOMOUMHUPOBAHHOE CpencTBO V3BJIeUEHU - XPaHUIIUIE MOIIHOCTM nJisa
BHIIIOJIHEHM A QYHKIUMWM M3BJICUEHUS DHEPIUU U XPaHEeHUS DHEePpIUM.

25. DHeprocucTeMa IO II.l, B KOTOPOM VYIOMSHYTOE CPeICTBO
M3BJIeUEeHMS  MOMHOCTM  OOIIOJIHMTEJIEHO  BHIIOJIHEHO C  BO3BMOXHOCTLIO
o0LeIMHeHMsS C  YIOMSHYTHM  CUMJIOBEIM YCTPOMCTBOM U YIIOMSAHYTHM
CpeICTBOM M3BJIeUeHUS  M3OLTOUHOM  MOMHOCTM B  KOMOMHMPOBaHHOE
YCTPOMCTBO M3BJIeUeHNM S~ BHIAUN MOIMHOCTH, BHIIIOJIHAIIME S bYHKLIMM
M3BJICUEHMSS U BHOAUM DHEepIUM.

I[Io DOBepeHHOCTH
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