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Mepe nBa OarapeitHbix Moy (1), AByHanpaBiICHHBINH BEHTHIBHBIN peoOpa3oBareb (7) U yCTPOUCTBO
(8) ympamnenus, mpudueMm OaTapeitple Momynu (1) MOAKITIOUEHBI ITOCIIEAOBATEIBHO W COEIWHEHBI C
BEHTWJIBHBIM TIpeoOpazoBaterneM (7), M mpuyeM Kaxablid OarapeiHbiii Moxynmb (1) BkmogaeT B ceOs
MaccuB (2) siueeK ¢ MHOYKECTBOM IPOTOYHBIX OKUCIUTEILHO-BOCCTAHOBUTENBHBIX SUEEK U Pe3epByapHOE
ycTpoiicTBo (3) st XpaHEeHUS AIIEKTPOIUTA M CHAOKEHHS MacCcuBa (2) s9eeK IEKTPOIUTOM, U MPHYeM
OarapeifHasi cucTeMa BKITIOUaeT B ceds ais Kaxmoro OarapeitHoro momyns (1) mpeoOpaszosarens (17)
MOCTOSIHHOTO HAIpPSDKEHHUS, NMPUYEM B KaXJAOM Cly4yae OJUH BBIBOJ Kaxaoro mpeobpaszoatens (17)
MIOCTOSTHHOTO HAaIpPsDKEHHUS COSAMHEH B KaXIOM ciiydae ¢ OarapeiHbIM MomyneMm (1), a BTOpol BBIBOZ
Kaxaoro npeoOpazosaresisi (17) MOCTOSHHOTO HANPSDKEHUS COCMHEH ¢ OOIIel MIMHOW MOCTOSHHOTO
TOKa, M TIpUYeM OarapeiHasi CHCTeMa BKITIOUaeT B ceOsl JabHEHIIHI BEHTUIIBHBIH TpeoOpa3oBareiis (16),
KOTOPBIA COCIMHEH C IIMHOW IOCTOSHHOTO TOKA, M HMPUYEM YCTPOWCTBO (8) ymNpaBIeHUS COECAMHEHO
C JanbHEHIINM BEHTHJIBHBIM IpeoOpaszoBareneM (16) m c mpeobOpasoBarensmu (17) TOCTOSHHOTO
HalnpsDKEHUsI TakuM 00pa3oM, YTO YCTPOMCTBO (8) ympaBieHHs MOXET YNpaBiATh AaJbHEHIINM
BEHTHJIBHBIM ITpeobpa3oBateneM (16) u mpeodpazoBarersiMu (17) MOCTOSIHHOTO HANPSKEHHS.
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ONMUCAHMUE U30OBPETEHMUS
2420-575455EA/55
MMPOTOYHASI OKHCJIUTEJIbHO-BOCCTAHOBUTEJIBHAS BATAPEMHASI
CUCTEMA U CIIOCOB OKCIUIYATAIIUHN

Hacrosimee n3o0peTeHne OTHOCHUTCSI K MPOTOYHOH OKHCIHMTENIbHO-BOCCTAHOBUTEIBHOM
(pemokc) OarapeliHOW cUCTeMe M K CHOCOOy SKCIUTyaTalMu Takoil cucrembl. H3o00pereHue
OTHOCHUTCSI, B YaCTHOCTH, K IIPOTOYHBIM OKHCIIHTEIbHO-BOCCTAHOBUTENIBHBIM OaTapeiiHbIM
CHCTEMaM C BBICOKMM BBIXOJIHBIM HampspkeHneM. COOTBETCTBYIOIIUI H300pETEHHIO Crocod
OTHOCUTCSI K CIOCOOy YMEHBLICHHUS, COOTBETCTBEHHO, YCTPAaHEHHs] BO3HUKAIOLIMX BO BpPEMs
3apSAKH M paspsiikd  OaTtapeWHOW  cUCTeMbl IUCOATaHCOB  MEXKAY COEAMHEHHBIMHU
NIOCJIEIOBATENbHO OaTapeHHbIMU MOIYJISIMH.

JUist TOro 4ToOBI Y MPOTOYHBIX OKHUCIUTENbHO-BOCCTAHOBUTENBHBIX OaTapeHHBbIX CUCTEM
NOJIy4aTh BBICOKOE BBIXOAHOE HANPSDKEHHE, OOBIYHO HECKOJBKO SYEEK TMOAKIIOYA0T
3JIEKTPUYECKH TMOCIIEOBATENBHO. JTO PACIOIOKEHHE Ha3bIBAETCsI CTeKOM (Moxysiem). OmHako
5TO HEJb3sl MPOJOJIKATh OECKOHEYHO, TaK KaK B MPOTHBHOM CIIy4ae BBI3BAHHBIN 3JIEKTPOIUTOM
OTBETBJICHHBIH TOK CTaj Obl HEAONMYCTHMO BBICOKMM. TeM He MeHee BBIXOAHOE HampsDKEHUe
MOJKET TIOBBIIIATHCS J1ajiee, €CIM HECKOJbKO CTEKOB COENMHSIOTCS IOCIEN0BATEIbHO, MPHYEM
KQXIbIi CTEK MMEET OTAENbHBIN pe3epByapHbIi Onok. Takoil y3en, COCTOAIMI U3 CTeKa |
COTJIACOBAHHOTO OTIENBHOTO pPe3epByapHOro OJioKa, Ha3bIBaeTCsl OaTapeiiHbBIM MOAYJIEM.
OnHako BBUY HEOAHOPOIHOCTU HCHOJIB3YEMBIX CHIPHEBBIX MATEPHAJIOB M MPOU3BOACTBEHHBIX
OTKJIOHEHHUI OTAeNbHBbIE POU3BeeHHbIe OaTapeliHble MOAYJIN HE UIEHTHYHBI, U TIOTOMY TaKue
OarapeliHble CHUCTEMBI CTPAJAlOT TeM, 4YTO MOXKET JAOXOAWUTh IO JucOanaHca MEXIy
OarapelHbIMU MOZYJISIMM, KOTOPBIH OTPULIATENIbHO BiUsET HAa 3((PEKTUBHYIO MOLIHOCTh TaKON
OarapelHON CHCTEMBI.

W3 ypoBHsSI TEXHHKH HW3BECTHBI OarapeliHble CHCTEMbl M COOTBETCTBYIOLIHE CIIOCOOBI
SKCIUTyaTallld, KOTOPble MOTYT yMEHbLIaTh TaKOW BpenHblid aucOamanc. [Ipu 3ToM, Kak
NPABUJIO, TOBOPAT 00 YPaBHOBEIIUBAHHH.

WO 2020/030762 A1 3anumaercsi nucOagaHCOM YPOBHs 3apsiiku OaTtapeldHbIX MOIYJIeH
(anrn.: state of charge - SoC). Ilpu 3TOM H3MEPSIOTCS W CPABHHUBAKOTCS YPOBHH 3apsIKH
OTHENIbHBIX PE3epBYapoB C 3JyiekTposuToM. Ecnm pasHMLA ypOBHEH 3apsiKu TPEeBBIIIAET
NOPOrOBOE 3HAYEHHE, TO KOJWYECTBO COCIMHEHHBIX IIOCJIEAOBATEIbPHO SUEEK B CTEKax
ananTUpyeTcss TakuM 00pa3oM, UYTO MEHee 3apsDKEHHbBIE JJIEKTPOJHUTHI  Pa3psUKAFOTCS
MOCPENCTBOM MEHBIIEr0 KOJIMYECTBA SUYEEK, YeM OoJiee 3apsDKEHHbIE SJICKTPOJUTBHI, HIIH YTO
MeHee 3apsKEHHBIE SJICKTPOIUTBI 3aPSKAIOTCS MOCPENCTBOM OOJIBIIETO KOJMYECTBA SYEEK, YeM
MeHee 3apsKEHHBIE HJIEKTPOJIUTBL

Taxke WO 2018/107097 Al 3anumaercs aucOanaHCOM YPOBHSI 3apsiiku OaTapelHbIX
MozayJie. YMeHblIeHne aucbananca JOCTHraeTcsl BCIEACTBUE TOTO, YTO mocie Toro, kak SoC-
3HaueHus ObLTN m3Mepenbl, SoC-3HaueHue 6aTapeitHOro MOayJIst ypaBHUBAETCS ¢ LeieBbiM SoC-
3HaYEHHEM BCJIECTBHE TOrO, YTO MO MEHbIIEH Mepe B OAHOM MOJYyJe YacTb COXPaHEHHOMH

SHEPTUHU NOJAETCs Ha 3JIEKTPUUYECKYIO Harpy3Ky.



Ucxomst w3 sToro, m3o0perarenp IOCTaBUI TIepen coOol 3amady IMpenoCTaBUThH
IPOTOYHYIO OKUCIIUTENbHO-BOCCTAHOBUTENBHYIO OaTapeiiHyI0 CHCTEMY U CIIOCO0 SKCIUTyaTaluy,
npudeM AucOaNaHChl MOTYT YMEHbIIATHCS AbTEPHATUBHBIM 00pa3oM.

CornacHo U300peTeHHIO 3a71a4a PelaeTcs C MOMOLIbI0 OaTapelHON CUCTEMBI U Crioco0a
SKCIUTyaTallMd COTJIACHO HE3aBUCHMBIM IYHKTaM (opmysbl uzoOpereHus. JlanpHelinue
IPEANOYTUTENIbHBIE BAPUAHTHI OCYIIECTBICHNUS MOKHO HAWTH B 3aBUCHUMBIX ITyHKTaX (OPMYJIbI
N300peTeHMsL.

Hacrosimias 3asiBka packpblBaeT MPU 3TOM JIBa PA3JUYHBIX MYTH PELICHUS, KOTOPBIE
MOTYT pPEaJM30BbIBATBCS HE3ABUCHMO JAPYr OT Apyra WM Hauboyiee NPEANOYTUTENHFHO B
KOMOWHAIMH APYT C APYTOM.

CooTBercTBYyIOINE U300PETEHHIO PELICHUST PA3bIICHAIOTCS Jajiee Ha OCHOBE YEPTEKEH,
Ha KOTOPBIX B AETAJAX MTOKA3AHBI:

¢ur.1 - OaTapeitHbIil MO,

¢ur.2 - OatapeitHas cucrema;

¢ur.3 - COOTBETCTBYIOIIMHA H300PETEHHIO BapHAHT OCYLIECTBJICHUs OaTapeiHoN
cucremsl (pparmeHT);

¢ur.4 - coorBercTByIOLIas H300PETEHUIO OaTapeiiHast crcTeMa B JajbHEHIIEM BapHaHTE
OCYIIIE€CTBJIEHUS,

¢ur.5 - coorBercTBYIOLIAas N300PETEHUIO OaTapeiiHas crcTeMa B JajbHEHIIEM BapHaHTe
OCYIIIECTBJIEHUS,

¢ur.6 - cooTBeTCTBYIOLIAas H300pETeHUI0 OaTapeiiHas cucTemMa B JajbHENIEM BapHaHTE
OCYILIECTBJIEHUS,

¢ur.7 - coorBeTcTByIOLIAs N300peTeHUIO OaTapeiiHas cucreMa B JaJbHEWIIEM BapUaHTe
OCYIECTBJICHUSI.

@ur.] mokasbIBaeT C JIEBOH CTOPOHBI Ha CXEMaTHMYHOM H300pakeHHH OaTapelHbId
mMonyJsib. barapeiinblii Momysib 0OO3HA4YeH CChLIOYHOW Tmo3uimel 1. bartapeiiHblii Momyb
BKJIIOYAET B ceOsl CUCTEMY siueeK, KOTOPhIi 0003HAYEH CChUIOYHON TMO3UIMEH 2, pe3epByapHOe
YCTPOHCTBO, KOTOpOe 0O03HAYEHO CChUIOYHOHN MO3MLMEH 3, U U3MEPUTENIbHOE YCTPOHCTBO ISt
PErucTpaluu PeryJupyeMoi BEeTUUUHbL. ['0BOpst 0 cucrteme 2 sueek, pedb UAET O CUCTEME W3
MHOXECTBA MPOTOYHBIX OKHCJIUTENIbHO-BOCCTAHOBUTENIBHBIX sY€eK (MPOTOYHBIE pPEIOKC-
STYEHKH), KOTOpblE MOTYT OBITh pacloIOKeHbl JE0ObIM oOpazom. Hampumep, peub mMormna Obl
UATH 00 ONHOM E€IMHCTBEHHOM CTEKE SUeeK, O IMOCIEeNOBATEIHbHOM COEAMHEHHH HECKOJIbKHX
CTEKOB, MapaJUICITbHOM COEIUHEHHN HECKOJBKHX CTEKOB MM KOMOWHAIMH MOCIENOBATENIBHOTO
U TapaJuIeIbHOTO COEAMHEHUS] HECKOJbKUX CTEKOB. B r000M ciydae Bce siueiiku cuCTeMbl 2
SYEEK CIOCOOCTBYIOT TOMY, YTOOBI aKKYMYJIUPOBATh HJIEKTPUUYECKYIO SHEPTHIO MPH 3apsaKe B
OarapeliHoM Monysie | WM BBIIABATH HJIEKTPHUECKYIO SHEPTHIO MPU paspsiike OaTapeiHOoro
monysisi 1. PesepByapHOe yCTpPOHCTBO 3 CIYKHUT IJIsl XPAaHEHUS JJIEKTPOJIUTA M CHAOKCHHS
CUCTEeMBI 2 siueeK 3JIEKTPOJIUTOM. J{Jisi 3TOro pe3epByapHOE YCTPOMCTBO 3 BKIIFOYAET B ceOs 3a
HEKOTOPBIM HCKJIIOUEHHEM IO MEHbIIEH Mepe JBa pe3epByapa, CUCTeMy TpyO Al COeAMHEHUs

pe3epByapoOB C CUCTEMOM 2 siYeeK M HACOCHI I Mojadu sjekrposurta. dur.]l nokaseiBaer npu



5TOM JBa OTHENbHBIX Hacoca. C TakuM e YyCIIEXOM D3JEKTPOJIUT MOr OBl TOAAaBaTHCS
IBYXTOJIOBUATBIM HACOCOM, TO €CTh JBYMsI HACOCAMH, KOTOPBIE MPUBOASATCS B AEHCTBHE OOIUM
nsuratenemM. PesepByapHOe yCTpOMCTBO 3 BBIIOJHEHO IPU 3TOM TAaKUM OOpa3oM, 4YTO OHO
MOJKeT CHaOXaTh 3JIEKTPOJIUTOM BCE sAUEHKHU cHUCTeMBbl 2 stueek. Takum oOpa3oM, eciiu HacoChl
MOJAOT 3JIEKTPOJIUT, TO OH NPOXOAUT uepe3 Bce sSYelku cucremsl 2 sueek. CienoBaTenbHO,
BCErJa BCE SYEHKU CHCTEMbI 2 s[UeeK CIIOCOOCTBYIOT 3apsike 3JIEKTPOJIUTAa Pe3epByapHOro
ycTpoiicTBa 3, MM BCEr/ia BCE STYEHKHU CHCTEMBI 2 siueeK CIOCOOCTBYIOT pa3psiiKe 3JIEKTPOJIHUTA
pe3epByapHOro yCTpoiicTBa 3, korna OarapeiiHbiii MOIYJb | 3apsiKaeTCs MITH Pa3psiKaeTCsl.

Uzobpakennblii Ha ¢ur.1 Oartapeitabiii Monysb | BkitoyaeT B ceOsl 1Ba H3MEPHUTEIbHBIX
YCTPOWCTBA Ui TPENOCTABICHUS peryjupyeMod BenuduHbl. Ilpu >TOM, roBOps 00
U3MEPUTENIbHOM YCTPOWCTBE, KOTOpoe O003HAUEHO CChUIOYHOH mo3uumeid 4, peyb uuer ob
U3MEPUTENIbHOM YCTPONCTBE I MPEAOCTaBIeHHs TaK HA3bIBAEMOTO HANpPSKEHUN Pa30MKHYTON
e (aHrin: open circuit voltage - OCV). OCV-3HaueHue sBISETCS MEPOil YPOBHS 3apsaKu
barapeitHoro monyiss (SoC). M3meputenbHOe yCTPOWCTBO, KOTOpOE OOO3HAYEHO CChUIOYHOM
No3uLMel S5, sABIAETCS U3MEPUTENIbHBbIM YCTPONHCTBOM JIsl MPENOCTABIECHUS HANpsDKEHUs Ha
KJIEMMaX CHCTEMBI 2 S9€eK M TeM CaMbIM Takxke OarapeitHoro moayuss 1. Ilpu 3apsiake wum
paspsinke OarapeliHOro Monynsi | HampsDKeHHE Ha KJIEMMAax OTJIMYAeTCss OT HAampsDKeHUs
Pa3sOMKHYTOH LeMM Ha BENIUYMHY NaJeHUs HaNpssKeHUsT HAa BHYTPEHHEM COINPOTUBJIEHUU
cucteMbl 2 sueek. AnbrepHaTuBod ompeneneHuro OCV-3HaueHHUs SBISETCS TaK HA3bIBA€MbIi
KYJIOHOBCKHH CHUET, KOTOPBIA TakKe SIBJISIETCSI MEPOH YpPOBHS 3apsiiku OaTtapeifHOro MOMIYJISL.
Jns sroro TpeOyercss H3MEPUTENbHOE YCTPOHCTBO MJis MPEAOCTABJIEHUS TOKA, KOTOPBIN
IIPOTEKAeT Yepe3 COENUHEHHble IOocienoBaTeNbHO Moaynu. (CrenoBaTeNbHO, TaKoe
U3MEPUTENIBHOE YCTPONUCTBO ISl KYJIOHOBCKOI'O CHETa MOTIJIO ObI OBITH pEalM30BaHO TaKXkKe 3a
npenenamu OatapeiiHbIXx mMoxysed 1, Tak uto OatapeliHblii MOmyJb 1 BKJIIOYAET B ce0sl TAaKUM
0o0pa3oM ONUMOHAJIBPHO H3MEPUTEIbHOE YCTPOMCTBO Ui IPEAOCTABJICHUS PeryJHpyeMon
BeNM4YMHbL. B o0oM ciydae OatapeitHas cuctema BKJIO4YaeT B ce0si (CM. HMXKeE) MO MEHbLICH
Mepe OJHO H3MEPHUTENbHOE YCTPOWCTBO IJIsI NMPENOCTABJIEHUS PEryJUpPyeMON BETUYMHBI IS
Kakaoro GarapeitHoro monysist 1 OaTapeiHON CUCTEMBI.

barapetinpiii Moaysb 1 BKJFOUaeT B ceOsi ajee BCIIOMOTATEIbHBIE CUCTEMBbI, KOTOPBIE
0003HAYAKOTCS TIPSIMOYTOIBHIUKOM CO CCHUIOYHOW Mo3uiueit 6. BcromoratenbHble CUCTEMBI O
CHAOKAFOTCS TOKOM Hepe3 JBe KJIIEMMbI CHapys:ku OarapeitHoro monyiss 1. BcrmomoraTtenbHble
cucTeMbl 6 cCiyXaT, B YaCTHOCTH, [Js1 NHUTAHMsS HACOCOB, MMEIOINErocs MpU Cciydae
BEHTHJLSILIIOHHOTO YCTPOMCTBA M TOMY ITOIOOHOTO.

Ha mpaBoii cropone ¢ur. 1 moka3zaHbl CHMBOJIMYECKHE H300pakeHHs OaTapeiiHOro
monyisi 1. Ilpu 3Tom BepxHee n300pakeHUE MOKA3bIBAET HAPSAAY € KIEMMaMH CHCTEMBI STYeeK
TAaK)Ke elle KJIeMMbl BCIOMOraTelbHbIX cucTeM. llocnenHue OTCYTCTBYIOT Ha HUKHEM
n3o0pakeHnu. ITonoOHbBIE CUMBOIMUECKHE M300paKeHUsT UCTIONB3YIOTCS B ManbHelmeM. Ecin
IPU 3TOM HCIIONB3YETCS HIDKHEE H300paKeHHe, 3TO O3Ha4aeT He TO, YTO H300pakeHHBbIE
OarapeliHble MOAYJIM HE MOIJIN Obl BKJIFOYATh B ce€0sl BCIOMOTaTeNIbHbIE CUCTEMBI, & TOJIBKO TO,

4TO B COOTBETCTBYHOLIEM KOHTCKCTE BCIIOMOTaTCJIbHBIC CUCTEMbBI HE UMCIOT 3HAYUCHU .



@dur.2 nmoka3plBaeT Ha CXEMATHYHOM H300pa’keHHHM OaTapeiHyr0 CHCTEMY B IMEPBOM
BapUaHTE OCYLIEeCTBIECHMs. barapeiiHas cuctema BKIOHUaeT B ce0s MO MeEHbIIEH Mepe IBa
OarapeitHbIX MOIYJIs, U3 KOTOPBIX OJWH 0003HAYEH CChIJIOYHOMN mo3uuuei 1, nByHanpaBlieHHbINH
BEHTWIbHBII mpeoOpa3osarenb (aHri.: bidirectional power conversion system - PCS), koTtopbiit
00O3HaUYeH CChUIOYHOH mo3unmMeil 7, W yCTpOICTBO YIIpaBIeHHUs, KOTOpoe OOO3HAueHO
ccpuIoYHOM no3unueit 8. barapelinbie Moayau 1 MOAKIIIOUEHBI TOCIEOBATEIBHO U COSTUHEHBI C
BEHTWJIbHBIM npeoOpasosareneM 7. Ha ¢ur. 2 msoOpakeHsl ueTsipe OaTapeiHbIX MOAYJI,
NpUYeM MyHKTHPHBbIE JMHUM B TOCJIEAOBATEbHOM COEIUHEHMU IOJUKHBI 0003Ha4aTh Jir0Ooe
KOJIMYECTBO JaJbHEWIMX MonyJsiel. BeHTunbHbIN mnpeoOpa3oBarens 7 Oeper Ha cebs
NPUCOCIMHEHNE OaTapeiHON CHUCTEMBbI K CETH WJIM K BBIIIECTOSINEH 3JIEKTPUYECKOH CHUCTEME.
barapeiinasi cucrtema BKJIOUaeT B ce0sl janee Uil KaXIOro OarapeiHOro moaysis | mepBbiid
MEepeKIoYuaTeNib, W3 KOTOPbIX OMWH OOO3HAYeH CChUIOYHOW TO3WIMer 9, W BTOpOM
MepeKIoyuaTeNib, M3 KOTOPbIX OAWH oOOO3HaueH ccbutouHol mosunuedi 10, Ilepsbie
NEepeKroYaTeI 9 pacrnoioKeHbl B KaXIOM Cly4ae MOCIEAOBATENIBHO OTHOCUTENIBHO
OarapeitHpIx Moxysei 1, mpudem, camo coOOil pasymeeTcs, HE HUMeEeT 3HAUeHHUs, Ha KaKOu
CTOPOHE COOTBETCTBYIOLIEr0 OaTapelHOro MOXYJSl — PACIONIOKEH  COOTBETCTBYIOLIHIA
nepekiouatenb 9. Bropeie nepekmovarenu 10 pacmonokeHbl B KaXIOM Cllydae Ha OOXOIHOM
muHnA (00BOZE) BOKPYT COOTBETCTBYIOLIErO OaTtapelHOro Moaysis 1 M COOTBETCTBYIOINETO
nepBoro nepekioudatens 9. Ha ¢ur.2 Bce nepexmovarenn 9 u 10 n3obpaskeHbl B pa3OMKHYTOM
COCTOSHMM. B AEHCTBUTENBPHOCTH MNEPEKIOYaTead TIOYTH BO BCEX COOTBETCTBYHOLIUX
n300peTeHNI0 Ccrocofax 3KCIUTyaTallly, KOTOPble MOAPOOHO OMUCBHIBAIOTCS B CJIEAYIOIINX
YacTsAX, YIPABIAIOTCA YCTPOWCTBOM 8§ YIpaBJIEHUs TakuM 00pa3oM, 4YTO W3 KaXKIOW Mapbl
NEePBOrO0 M BTOPOro MEPEKIHYaTeIed POBHO OAMH MEPEKJIoYaTeab 3aMKHYT, a OJIMH
NEepeKIIoYaTeNlb PAa3OMKHYT (IIONEPEMEHHO Ppa3OMKHYTbl M 3aMKHyThl). To ecTb mapa
NEePEeKJIIoUaTeNIed UMeeT NMPU 3TOM POBHO [BA NMOJIOKEHMs NMEPEKIIOUEHUs], IPUYEM B NEPBOM
TIOJIO’KEHUHU TIePEKITIoUueHus (MIEPBbIi MepeKirovareb 9 3aMKHYT, a BTOpOU nepekrodarensb 10
Pa30OMKHYT) COOTBETCTBYIOIIMI OaTapeiHblii MOmyib | HAaXOMUTCS B TMOCJIEIOBATEILHOM
COEMHEHUN OaTapeiHON CHUCTeMbl, a BO BTOPOM TMOJIOKEHUH TMEPEKJFOYEeHUs (TepBbId
nepeKsroUaTesib 9 pa3oOMKHYT, a BTOpPOH mepekirodaresib 10 3aMKHYT) COOTBETCTBYHOLIHHA
OarapeiiHplii MOnMyJib | OTCOeMUHEH OOXOIHOW JIMHHEH OT MOCJIEeNOBATEIbHOTO COSTUHEHHUSI
OarapeliHol cucTeMbl. Pa3MbIkaHue MEPBOTO MEPEKIIYaTeNs 9 Ipy 3aMKHYTOM NEPEKIIroYaTese
10 mpenoTBpaliaer Mpu 3TOM Pas3psaKy MOAyJs Onmaromaps OOXOMHOW JUHUH. YCTPOHCTBO 8
YIPABJICHUS] COCOUHEHO C KaXKABIM OaTapeHHBIM MOXIYJIEM TakuM 00pa3oM, YTO OHO MOXKET
pPEerucTprpOBaTh U3MEPEHHBbIE 3HAYEHHsSI M3MEPHUTENbHbIX yCTpoiicTB 4 u 5. Ecnm Oarapeiinas
cHCTeMa BKJOYaeT B ce0sl OOHO WIM HECKOJIbKO H3MEPUTENbHBIX YCTPOICTB, KOTOpBIE HE
SIBJISTFOTCSI YaCThEO OaTapeiHbIX MonyJied 1, TO yCTPOMCTBO YIPaBIeHUs COEMHEHO, CaMO COOOM
pasyMeercs, TaKke€ C HHUMH, M TOro 4roObl ObUla BO3MOXKHOCTb PETUCTPUPOBATH HX
U3MepeHHbIe 3HaYeHNs. I3MepHuTeIbHOe YCTPOHCTBO /Uil KYJIOHOBCKOTO CUETa MOTJIO ObI OBITH,
HaIlpuMep, TAKXKE YaCTbK yCTPOMCTBA 8 ympasieHus. KpoMe Toro, yCTpolucTBO 8 ynpaBlieHHUs

COEAMHEHO C KaXIbIM M3 nepekrovareneil 9 n 10 takum oOpa3zoM, 4TO OHO MOXKET OIpPENeNsiTh



COOTBETCTBYIOLIEE IMOJIOKEHUE TIEPEKITIOUEHHs], ISl TOTO 4TOOBI BKIIIOUATh OaTapeiiHble MOIYIIH
1 B mocnenoBaTenpbHOE COEAMHEHHE WM OTKIIOYaTh MX M3 IOCJIENOBATENbHOTO COCTUHEHUS.
OTH COENMHEHHSI MOTYT TaK)K€ OCYLIECTBISTHCS OECIIPOBOAHBIM ITyTEM.

B Oarapeiinoii cucreme corjacHO (Ur.2 ¢ TOJHOCTBIO HMIEHTUYHBIMH OaTapelHbIMU
moaynsmu 1 omacHblii aucOanmanc mor Obl He BO3HMKaTh. OIHAKO, peanbHble OaTapeiiHble
MOJYJH OTJIMYAIOTCS W3-3a NPOU3BOACTBEHHBIX OTKJIOHEHHH M mpoleccoB crapeHus. Kpome
TOTO, pPa3JIMYHbIE YCJIOBUS O3KCIUTyaTalluM, HAlpUMep Iepenazbl TeMIepaTyphl, OTAEIbHbBIX
MOJyJieii MOTYT BBbI3BIBATh HMX pa3UYHOE TMoOBeneHWe. [lo 3TMM mNpUYHMHAM peajbHbIC
OarapeliHple MOIYJM UMEIOT Pas3jiMuHble 3HaYeHUs d(P(YEKTUBHOCTH U Pa3JINYHbIE BHYTPEHHHE
conpotuByieHus. bonee Bbicokast 3QPEKTHBHOCTh MPUBOIUT MPU 3aJaHHOM TOKE 3apsiIKH MU
pa3psaku kK Oonee OBICTPOMY IOCTHIKEHHEO KOHEYHOTO COCTOSIHHSI COOTBETCTBYIOIIETO
Oarapetinoro Monyisi. Tak Kak B IMOCJIEAOBATEIbHOM COCIUHEHUH COTJIACHO (Ur.2 OAMH U TOT
K€ TOK TPOXOIUT 4Yepe3 Bce OarapeliHble MOAyJU 1, MOOYJIH C BBICOKOH 3(PEeKTHBHOCTHIO
JIOCTUTAIOT KOHEYHOTO COCTOSIHHSI OBICTpee, 4eM MOnyJu ¢ Hu3Koh 3¢ddexTuBHOCTBIO. st
NPEAOTBPALICHNS] TMOBPEKACHUN MPOLECC 3apsAOKd WIM Pa3psAOKH TOJDKEH NpPEphIBATHCS B
KQXJIOM Cilydae yKe TOrnaa, Korna OJMH MOAYJIb JOCTHUTaeT COOTBETCTBYIOIIETO KOHEYHOTO
coctosiHus. Takum oOpasom, 6e3 ypaBHOBeImMBaHUS 3TOro 3 dekra monesHas eMKOCTb TaKOH
OarapelHONW CHCTEMbl YMEHBINAETCS C KKABIM MPOIIEAIINM IHKJIOM (“TIOTepss €MKOCTH).
Heuro monoOHOe BBI3bIBAET pa3IMUHOE BHYTPEHHEE CONMPOTHBIIEHHE MoayJiei. [l HanpsikeHus
Ha KJIEMMax CYIIECTBYIOT BEpXHEE M HIDKHEE IOPOrOBbIe 3HAUEHHs], NPUYEM HaIpsDKEHHE Ha
KJIEMMaX He JOJDKHO HaXOIUTBCS BBIIIE MK HIDKE HUX. Jlake mpu uaeHTHIHON 3P PeKTHBHOCTH
MOJYJIb C O0Jiee BBICOKUM BHYTPEHHUM COIPOTHBIIEHHEM JOCTUTAET NPU 3apsiiKe WU paspsiike
ObICTpEEe COOTBETCTBYIOILIETO IMOPOTOBOrO 3HAUEHMs HANPSKEHUs Ha KJIeMMax, 4eM MOAYJb C
Ooynee HM3KMM BHYTPEHHUM CONpOTHBIeHHEM. EcCiu mepBblii MOIYyJb JOCTHUraeT MOPOrOBOTIO
3HAYEHUs], COOTBETCTBYIOLIMH MPOLECC AOJKEH NPEepbIBAThCS, YTO TAKUM O0pa3soM TakKe
NPUBOJIUT K YMEHBLICHHUIO MOJIE3HONW €eMKOCTH 0aTapeHOM CUCTEMbI. AJIBTEPHATHBHO MOTJIa Obl
TAK)KE YMEHBINATBCS MOLIHOCTh CUCTeMbl. B mroOom ciydae 3T 3QQeKkTsl MpUBOAAT K
HApPYLUICHUIO CHCTEMbl. bajJaHCHUpOBKAa JO/UKHA YMEHbLIATh WM TIOJHOCTBIO YCTPAHSThH
onucaHHble 3(QQeKThr, IS TOro 4YToObl TAaKUM OOpPa30OM COXPaHSTh TOJIE3HYH E€MKOCTh
OarapeliHOW CHCTEMBbI B TEUEHHE IJINTENIbHOTO BPEMEHU Ha BBICOKOM YPOBHE WIIM YCTPAHSIThH
onucaHHoe HapyueHue. C Apyroi CTOPOHBI, yCIeNIHast OalaHCHPOBKA MO3BOJISIET UCTIONIb30BATh
SYEHKH C OTHOCHTEIBHO BBICOKUM pa3dpocoM B OTHOImEHUH 3(P(HEKTHUBHOCTH W/ WK
BHYTPEHHETO COMPOTHUBIICHHUS, YTO, CaMO COOOH pasymeercsi, OTpakaeTcsi Ha YMEHBIICHUH
NPOM3BOJICTBEHHBIX 3aTpaT.

Jlanee  ykas3pIBa€TCsl  COOTBETCTBYIOINMH  HM300pPETEHHIO  CIOCOO  YMEHBIIEHUS
BO3HHUKAIOIIUX BO BpeMsl 3apsAKH H  paspsAakud OarapelHOW CHUCTEMBbI OUCOANaHCOB
nu300pakeHHON Ha (ur.2 OaTapelHOW CHUCTEMbI, MPUYEM BCE YKa3aHHbBIE IIATrd BBIMOTHSIIOTCS,
camMo co0ol pa3zymeercsi, BO BpeMs 3apsAOKUd WIN Pas3psiiKu OaTapeiHON CHUCTEMBI, TO €CTh
3apsiAKa WM paspsaka He MPephIBAETCS BCIEACTBHE 3TOTO.

CooTBeTcTBYOIUN H300pETEHHIO CIIOCOO YMEHBIIEHUS BO3HMUKAIOIIUX BO BpeMs



3apSAOKHA U Pa3psaku OaTapeiiHOW CUCTeMbl THCOATaHCOB BKIIIOYAET B Ce0sl B MEPBOM BapUaHTE
OCYIECTBJICHUS ITPU 3TOM CJIEAYIOIIUE IIaru:

- perucTtpauuss ~M3MEPEHHBbIX  3HAUYE€HUNH  WU3MEPUTEIbHOIO  yCTpOMiCTBa  AJd
MPEIOCTABIIEHUS PEryIHPyeMON BEJIMUMHBI JJIsI KaKI0ro OaTapeiHoro MoayJsi 1 ycrpoiicteoM 8
yIIpaBJIE€HUS,

- €CJM B NEPBbIi MOMEHT BPEMEHM IO MEHbLIEH Mepe OAHO H3MEPEHHOE 3HA4YeHUE
nepBoro OaTapedHOro Moayss 1 OTiIMYaeTcss OT U3MEPEeHHOTO 3HA4YEHHsI BTOPOro OaTapeiHOoro
mMoxyJis 1:

- YCTPOWCTBO 8 ympaBieHHs KOHTPOJUPYET KOJIMYECTBO OaTapeiHbIX MonyJei 1,
KOTOpPbIE HAXOIATCS B MOCJEIOBATEIBHOM COEAMHEHUH, IUJIsI TOTO YTOOBI YMEHBINATh PA3HULLY
MEXAY H3MEPEeHHBIMH 3HAYEHHsMU TIEPBOIO M BTOPOro OarapelHbx monyyieit 1 k Oomnee
MO3HEMY BTOPOMY MOMEHTY BpEMEHM, NpHYeM B TeUEHHE IPOMEXYTKa BPEMEHU MEXIY
NEPBBIM U BTOPHIM MOMEHTAMH BPEMEHH BO BPEMs 3apsIKU WM Pa3psiiKH OaTapeiHON CUCTeMBbI
onuH u3 oboux OarapelHbIXx Moaysied 1 HaxoauTcs B TedeHHE Oojiee KOPOTKOrO BPEMEHH B
MOCJIEIOBATEIHHOM COSIUHEHHH, YeM IPyroi OarapeiHbiii MOIy b 1.

Ecnu GarapeiiHasi cucrema ¢ MHOMKECTBOM OaTapeWHBIX MOAYJEH SKCIUyaTHPYETCS B
TE€YEHHE JOCTATOYHO JUIMTENBHOTO TPOMEXKYTKa BpeMEeHH Oe3 OalaHCHPOBKH, TO €CThb
3apsKAeTCsl UM paspspKaeTcsi, TO, KaK IPaBUJIO, YCTAHABJIMUBAETCS COCTOSIHME, B KOTOPOM
U3MEPEHHBbIE 3HAYEHHUS PEryJUpyeMOH BeJIMYUHBI U KaXKAOro OaTapeiiHOro MOIyJs
MPEICTaBISIIOT CO00# cratucTuyeckoe pacrpenenenne. Kak Obl To HM ObUIO B 3TOM Ciydae
BBIIIOJTHEHO TO YCJIOBHE, YTO IO MEHbLIEHl Mepe OJHO M3MEPEHHOE 3HA4YeHHE IEepPBOro
OarapeliHOro MonyJisi 1 OTIMYaeTcst OT U3MEPEHHOI0 3HaYeHUs1 BTOpOro GarapeiHoro moayuns 1.
Camo coboii pazymeercsi, 1ebl0 OaJTaHCHPOBKH Y TAKOH CUCTEMBI C MHOXKECTBOM OaTapeiHbIX
MOJyJIeH SIBJIAETCS MAKCUMAJIbHOE YMEHBIIECHNUE [IHUPHUHBI NTOJOCHl PACIPEeNeIeHNs] N3MEPEHHbBIX
3Ha4eHUi K Ooyiee MO3AHEMY MOMEHTY BPEMEHHU WM B HAealle IOJHOe YPaBHHUBAHHE BCEX
U3MEPEHHBIX 3HaUeHHH apyT ¢ Apyrom. Camo coOOl pasyMeeTcs, 3TO MPUBOAUT ABTOMATHUECKU
K TOMy, YTO TakXe H3MEpPEHHbIe 3HA4YeHHsl IMEePBOrO W BTOPOro OaTapeWHbIX MOIYJeH
CONMIKAKOTCST IPYT € APYyroM B Oojiee MOo3mHU MOMEHT BpeMeHu. CorjlacHO M300pETEHHI0 3TO
JIOCTUTAETCsl BCIESACTBUE TOTO, YTO IO MEHbIIEH Mepe 4acTh OaTrapelHBIX MOIYJIeH BPEMEHHO
OTKJIFOYAETCs M3 MOCIIENOBATEIbHOTO COSMHEHUS OaTapelHOW CUCTEMBI, TPUYEM OTKIIFOUEHHBIE
MOZyJIU HE Y4YacTBYIOT B 3TO BpeMsl B 3apsjKe MWIH pa3psike CHUCTEMbI, B TO BpeMsl Kak
OCTaIOLIHECs B MIOCJIEIOBATENILHOM COEAMHEHUH MOAYJIM YHACTBYIOT B 3apsi/IKe WU pa3psiliKe.

ITpu 5TOM crenyer CIenuTh 32 TeM, YTOObI HE CIMIIKOM MHOrO OaTapeiHbIX MOmyJsel
OTKJIIOYAJINCh B OJJUH U TOT XK€ MOMEHT BPEMEHH U3 IOCIEN0BAaTENbHOIO COEAMHEHUs, UTO
Moryio Obl IPUBOIUTH, HANIPUMEpP, K MOHMKEHUIO npuieraromero k PCS 7 HanpspkeHHs HUXKe
KPUTHYECKOrO MOPOTrOBOTO 3HAUEHHUs, TaK KaK O3TO HaMpsbKEHUE TIOJy4aeTcs U3 CYyMMBI
HANpsDKEHUH Ha KJIEMMAax BCEX HAXOMALIMXCS B TOCIIEIOBATENIbHOM COEAMHEHHH OaTapelHbIX
MonyJsield. YCTpOHCTBO 8 ympaBieHHs KOHTPOJIUPYET KOJUYECTBO OaTapeWHbIX MoxyJei 1,
KOTOpBI€ HAXOASTCS B MOCJIENOBATEIbHOM COEIMHEHUH, CJIEA0BATENbHO, U B 3TOM OTHOLIEHHH,

TO €CTb JUIs TOro 4To0bI oOecreunBath OecriepeOoliHy0 paboTy OaTapeiiHOW CHCTeMBI B JIFOOOI



MOMEHT BpeMeHu. Hapsay ¢ HIDKHUM  TpeAeNbHbIM  HANpPsOKEHHEM  BEHTUJIBHOTO
npeoOpaszoBaTenss 7 MOTYT IPH 3TOM, CaMO COOON pa3yMeeTcsi, YUUTBIBATBCS TAKXKE U JPyrue
napameTpel U KpaeBble YCIOBHUS, KaK HAIIPUMEP BEPXHee MPeAebHOE HANPsHKEHNE BEHTUIIBHOTO
npeoOpaszoaTens 7.

Jdns  3TOro  ycTpoiictBO 8  ympaBieHHs MOJXKET, Hanpumep, KOHTPOJIMPOBATH
npuieratomee k PCS 7 HampsbkeHme M o0ecnednBaTh  COOTBETCTBYIOLUN — PEIKHM
NEepPEeKJIFOYEeHUsl.  AJIBTEPHATUBHO MOIJIO OBl  TaK)Ke HEMOCPEACTBEHHO  ONpPENessIThCs
MaKCUMaJIbHOE KOJIMYEeCTBO MOJYJIEH, KOTOpbleé MOTYT OZHOBPEMEHHO OTKJIIOYAaThCsS U3
NOCJIEIOBATEIbHOTO COENUHEHHs. Take BO3MOXKHO, YTO TaKO€ MAKCHUMAJIbHOE KOJUYECTBO
MOJKET 3aBHCETh €LIe OT JAJTbHEHIINX MapaMeTPOB, HAIPUMEP, OT YPOBHSI 3aPSAKU CHCTEMbI HITH
NPOM3BOJILHOTO MOAyJsi. Tak, Hampumep, NMpPU TEPBOM YPOBHE 3apsiAKM MOIJIO Obl OBITH
JOIMYCTUMO OIHOBPEMEHHOE OTKJIFOYEHHE MaKCHMAJIbHO N MOAYyJEH, a NMPH BTOPOM YPOBHE
3apSAKA MOTJIO OBl OBITH TOMYCTHMO OJHOBPEMEHHOE OTKJIIOUEHHE MAaKCHMAJbHO M MOJIYJIEH,
npudeM n He paBHO m. JlampHEHITMMHU BO3MOYKHBIMU TTapaMeTPaAMU SIBJISTFOTCS] TOK 3aPSIIKH FUITH
pa3psiaku uid MomHocTs PCS 7.

CoOTBEeTCTBYIOIINI HM300PETEHUIO CMOCOO MOKHO JOMOJHUTENBHO YTOUYHSTH, €CJIU
YUUTBIBATh, YTO TPH 3apsIKe WIH paspsiake OaTapeiiHONH CHCTEMbl H3MEPEHHbIE 3HAUEHUS U TEM
CaMbIM 3HA4Y€HHs COOTBETCTBYIOLIEH pEryJHpyeMOil BeIHMUYMHBI OaTapeiHbIX MOIYJeH
MOHOTOHHO CTPEMSITCSI K KOHEYHOMY 3HaueHuto. OIHAKo “CKOpOCTb’ 3TOr0 CTPEMIIEHHUs
pasnuyHa 111 OaTapeWHbIX MOXYJIEH, Tak YTO HEKOTOPbIE MOXYJU “‘ONepexarT’, a Apyrue
“orcraror”. Takum oOpa3oM, Lenb OalaHCHPOBKH 3aKJIIOYAETCS B TOM, YTOOBI YAEP)KUBATH
BMeCTe “Oy>KIAr0IIyI0 TPYITy’~ MOAYJEH, HECMOTPS Ha TO, YTO KaX bl MOYJIb MPOJBUTAETCS
C ZPYrol CKOPOCTbIO. YCTPONCTBO YHPABJICHUS AOCTUTAaeT 3TOM LEIU BCIEACTBUE TOrO, UTO
Oonee ObICTpBIE MOAYJIM HODKHBI BpeMsl OT BpPEMEHU JeJaTh ‘‘TIPHUHYIUTENbHbIE Nay3bl’
(BpeMEHHOE OTKJIFOUEHHE M3 IOCJIEAOBATEIbHOIO COEJUHEHHUs), B TO BpeMsl Kak CaMbld
MEIJICHHBbI MOJIYJIb TIOCTOSIHHO MpPOABHraercs Brepen. IIpw 3TOM yCTpOHCTBO yIpaBlieHHs
CJNIEANT 3a TeM, 4TOOBbI CJIUIIKOM MHOTO MOJIYJeH HHKOI/Ia He BCTaBaju Ha may3y. Ilpu sTom
YCTPOWCTBO YNPABICHUS MMEET ABE YIPABISIOLINE BEJIMYHMHBL JUIUTEIBHOCTb May3 U YacTOTY
nays.

Ilenecoobpa3HbIM MOXKET OBITb TO, YTO JJII ONHUCAHHOTO COOTBETCTBYIOIIETO
n300pereHust crocoba HMCMONB3YIOTCS MPENeNbHbIe 3HAYEHHs JUI OTKJIOHEHHS W3MEPEHHBIX
3HaueHni. IlepBoe mpenenbHOE 3HAUYEHHE MOIJIO Obl  ONpPEAeNATbCS UL 3amycKa
COOTBETCTBYIOLIETO M300PETEHHIO Crocoda, TO €CTh MPEAeNbHOE 3HAYEeHHE, KOTOPOe AOJDKHA
NpPEBbIIATh PA3HULA MEXKAY H3MEPEHHBIM 3HaueHHEeM IepBOro OaTapefiHOro Monmyns u
U3MEPEHHBIM 3HAYEHHEM BTOPOro 0aTapeiHOro MOAYJS B NEPBbIi MOMEHT BPEMEHH, YTOOBI
MexaHN3M OaJlaHCHPOBKH 3amyckajcs. Bropoe npenenbHOe 3HaU€HHE MOTIIO Obl ONPEAeNsIThCS
IUI TIPEPBIBAHUA MeXaHu3Ma OaJJaHCUPOBKH, TO €CTh IpEeAeNbHOe 3HaueHHe, HIKEe KOTOPOro
IOJDKHA OMYCKAaThCs Pa3HHULIA MEXy U3MEPEHHBIM 3HAUE€HHEM IepBOro OaTapeiHOro MoayJs U
U3MEpPEHHBbIM 3HAUYe€HHUEM BTOPOro OaTapelHOro Moayist B Oojiee TO3MHUN BTOPOH MOMEHT

BpPEMEHH, 4YTOOBI MEXaHU3M OalaHCHPOBKH MPEPBIBAICA B 3TOT BTOPOIl MOMEHT BPEMEHH.



[ToHATHO, YTO BTOpOE MpEeAeNbHOE 3HAYEHHE AOJUKHO BBIOMPAThCS MEHBIINM, YeM IepPBOe
npeaenpHOe 3HaueHue. B 4acTHOCTH, BTOpOE MpenesbHOe 3HAU€HHE HYKHO U TOTO, YTOOBI
UCKJIIOYaTh HETaTUBHOE BO3JEHCTBHE MOrPEIIHOCTEH M3MepeHHs. AJBTEPHATHBHO U3MEPEHHbIE
3HaYeHHUsT MOTJH Obl, caMo cOOOH pasymeercs, TaKke OCBOOOXKIATHCS OT MOMEX MOAXOISAIINM
dunbTpoMm.

OnHako, COOTBETCTBYIOIIMI HM300PETEHHIO CIMOCOO MOJKET € TaKUM JK€ YCIeXOM
BBINIOJIHATECST O€3 MpeAeibHbIX 3HaueHud. Hampumep, HCHoib3yst TO, YTO SMIMPHYECKHE
3HAYEHHsI MOJKHO OIPENeNsiTh AJIsl MPOMEKYTKa BPEMEHHU IOCJIe TOT0, KaK 3aJaHHas OaTtapeiiHas
crcTeMa CTAHOBUTCSI HeCOATAHCUPOBAHHOMW TPHU 3aIaHHOM TMPOLIECCe 3aPS KU HITH Pa3psiiKH, TaK
YTO CTAHOBUTCSI HEOOXOAMMBIM YPaBHOBEIIMBAOIIEE BMEIIATENbCTBO. TO Jk€ CaMOe OTHOCHTCS
K TPOMEXKYTKY BPEMEHH, B TEUEHHE KOTOPOTO JOJDKEH BBIMOJHATBCS COOTBETCTBYIOLIHI
U300pEeTeHNI0 MEXaHH3M OalaHCUPOBKH, U TOTO HYTOOBI 3aJlaHHYI OaTapeiHyr CUCTeMy
CHOBa JenaTh COQJIAHCUPOBAHHON TIPUM 3aJaHHOM TMpoOLecCe 3apsiAKH I Pa3psAKU.
[IpenmoutnrenbHO ONOK yNpaBICHUS 3aJaHHON OaTapeHON CHCTEMBI MOXET IMPH IMTOMOIIH
NOJXOALIETO ATOPUTMA TOJy4aTh 3TH SMIUPUUYECKHE 3HAUEHUST CaMOOOyHaroIuMest 00pa3om
IPU BBIOJIHEHUHA HEKOTOPOTo HEOOJBIIOro KOJMYECTBA LIUKJIOB 3apsaku/paspsaaku. ToUHO Tak
KE€ SMITMPUYECKHE 3HAYEHUsS MOTYT aJanTHPOBATbCS, eciu OarapeliHas cHCTeMa [OJIKHA,
HAalpuMep, B 5TOM OTHOIIEHUH HM3MEHSAThCS U3-3a 3(PQeKToB cTapeHHs B TedeHue Ooee
JUTUTENIHOTO TIEPHOAA SKCIUTyaTaluyd. TOYHO Tak K€ MOIYT OINpPenessTbCs OCOOEHHOCTH
OTAENbHBIX OaTapelHbIXx Moayied 1, To ecTh Kakue OarapeiHble MOAYJIH PabOTAIOT C BBICOKOH
3¢ PexTUBHOCTBIO WM O0JIaIat0T BBICOKMM BHYTPEHHUM COINPOTHUBJICHHEM, JJISI TOTO UYTOOBI
TakuM 00pa3oM yCTaHaBJIMBaTh, Kakue OaTapeiiHble MOAYJM JOJDKHBI COTJIACHO H300pETEHUIO
yame W/wiu Ha Ooublliee BpeMsi CTABUTHCS HA May3y, JUIS TOTO 4YTOOBI YAEp:KUBATh BMECTE
“Onyxpatomyro rpymnmy” (cMm. Takke Huke). CremoBaTesbHO, NMPU HUCIOJNb30BAHUM TAKHX
SMIIMPUYECKUX 3HAUEHWH HET HEOOXOOMMOCTH B IOCTOSHHOM pPErHCTpaly WM OLEHKE
U3MEPEHHBIX 3HAUYEHUI PeryJupyemMbIX BeJUYHMH. TO k€ caMOe OTHOCHTCS K OCHOBAaHHOMY Ha
MOJIeNId TIOAXONY, NMPU KOTOPOM IMOBEAEeHUE OaTapeiHbIX MOIYJEH MOXKET MPOTHO3HPOBATHCS
npu nomomy monendu. [Ipm 3TOM Moaenb MOXKET THPU TOMOIIH H3MEPSIEeMbIX BEJIIUYMH |
MOJXOMSALIMX MMAPAMETPOB aJaNITHPOBATHCS K COOTBETCTBYIOLIEH OaTapeHOM cUCTEME.

Taxke BO3MOXKHO, HYTO COOTBETCTBYIOLIMH H300pPETEHUI0 MEXaHW3M OaJlaHCUPOBKH
BBINOJIHSIETCS 110 MEHBLIEH Mepe B TEYEHHE HEKOTOPOTO MPOMEXKYTKA BpEMEHH 0e3 maspHemeit
pEerucTpayy WA OLIEHKU U3MEPEHHBIX 3HAYSHHH Oyaromapst Tomy, 4to Oosiee ObICTpble MOy TN
MIOCTOSIHHO CTaBSAT COOTBETCTBYIOLIMM OOpa3OM Ha JJMHHBIE WM YacThle May3bl. TeM caMbIM B
HEKOTOPOH CTEMEeHH MOCTOSHHO BO3HHUKAIOIIHME AMCOANaHChl HEMEMJIEHHO HCTIPAaBISIOTCA, 0e3
TOTO YTOOBI PA3IUUHUS PETYIUPYEMON BEJIMYNUHBI IOCTOSIHHO PETUCTPUPOBAIUCH M OLICHUBAJIHC.
Camo co0oli pasymeercsi, HUYTO HE MEILIAET BBINOJHATH 3TY MOCTOSHHYK OajJaHCHPOBKY C
MOCTOSIHHOW PErHCTpalueld U OLEHKON U3MEPEHHBIX 3HAUCHUM.

HeoOxoanmasi COOTBETCTBEHHO AJIUTENBHOCTD May3bl U 4YaCcTOTA May3 YCTAHABIMBAETCS B
BapHaHTaX OCYIIECTBJICHHsI COOTBETCTBYIOIIETO H300PETEHHIO CIIOco0a, KOTOpble 00xomsiTcs 0e3

MMOCTOSTHHOM perucrpaii WJIN OLUCHKU U3MEPCHHBIX 3HAYEHUH pPEryIupyEemMbIX BCIUYHH, OAJISA



K100 0aTapeiHOro MOAYJIsl OJHOKPATHO MM B OOJee MO3JHIEe MOMEHTBI BPEMEHH ITOBTOPHO.
Taxoke U1 3TOr0 MOXET HCHOJIb30BATHCS CAMOOOYHArOIIUNCS aJrOPUTM HJIM OCHOBAHHBIN Ha
Mozenu crnocod. DTOT MpoLecc, a TaKXkKe OIpeleseHHe BbIIEONUCAHHBIX 3MITUPUYECKHX
3HaYEHUH U YKa3aHHBIX IMPOMEXKYTKOB BPEMEHH MOXHO ObUIO Obl Ha3BaTh KaJuOPOBKOMH
MexaHu3Ma OanmaHcHpoBkU. Takas kanuOpoBKa MOrjia Obl OCYINECTBISITHCS YK€ Ha 3aBOJE, TO
€CThb elle Nnepel MOCTABKOW 3aKa3dyMKaM, WM K€ NMpHU NepBoil nmHuuuanusauuu. 11o menbluein
Mepe BO BpeMs 3TOH KaIHMOPOBKH HEOOXOIMMO, YTOOBI COOTBETCTBYIOLIHH H300PETEHUIO CIIOCO0
BBIMOJIHSJICS B yKa3aHHOW Bbie (opme (TO €CTh C perucrpauueil U OLEHKOH H3MEPEeHHBIX
3HaueHuit). B Tex ciyuasix, Koraa MexaHu3M OaTaHCUPOBKH BBIMOJIHSAETCS O€3 perucTpaluy WiH
OLIEHKH M3MEpPEHHBbIX 3Ha4YeHHl, PEeKOMEHIyeTcs IO MeHblleld Mepe BpeMsi OT BpEMEHHU
NpOBEPSATh  ycmex OaJaHCHPOBKM HAa OCHOBE W3MEPEHHBIX 3HaueHWil. B ciyuae
HEYIOBJIETBOPUTENIbHON OaJTAHCUPOBKU KAJTHOPOBKA MOKET 3aTEM BBITIOIHATHCS CHOBA.

Takum oOpa3om, camblii OOIIHIA B COOTBETCTBYIOIIETO U300peTeHHIo criocoda (To ecThb
BBINTOJIHEHHE MeXaHU3Ma OanaHCHPOBKHY - BM) MOKeT onpenensaTecs CIeayromum o0pa3oMm:

Croco® yMeHbIIEHUs] BO3HUKAIOIIMX BO BpEeMsl 3apsiiKM W pa3psaku  OaTapeiiHON
CUCTeMBbI TUCOaNaHCOB BKITFOUYaeT B cedst mar (BM):

- YCTpOHCTBO 8 yIpaBiieHUs KOHTPOJHPYET KOJMYECTBO OaTtapeWHbIXx MonyJei 1,
KOTOpbIE HAXOIATCS B MOCJIENOBATEIBHOM COEAMHEHHUH, JUIsl TOTO YTOOBI YMEHBINATh PAa3HULLY
MEXAY MEPBBIM U BTOPHIM OaTapeiiHbIMU MOAYJISIMHA | B OTHOIIEHUH PETYJIUPYEMOIl BETHMINHBI,
npU4YeM B TE€UEHHE NPOMEXYTKAa BPEMEHM 3apsiiKH, COOTBETCTBEHHO, pa3psAaku OaTapeitHON
cUCTeMBbl OMH M3 o0omx OarapeliHbIX MoAyJed 1 HaxoguTcs B TedeHHe Ooyee KOPOTKOTO
BPEMEHH B ITOCIIEIOBATEILHOM COEIMHEHHH, YeM JIpyroii OaTapeiHbiii Monyb 1.

Tem He MeHee KOHTPOJb U3MEPEHHBIX 3HAUYEHUN PETYJUPYEMBIX BEJIMYUH IO MEHbIIEH
Mepe BpeMsl OT BPeMEeHHM HeOOXOIUM, AJISl TOrO 4YTOObI MOJydaTh KPUTEPUIl MpepbIBAHUS IS
npoLecca 3apsaaKy WM pa3psaaku OaraperiHoli cucrembl. OQHAKO, IPH YCIEIHON OaJaHCHPOBKE
JOCTATOYHO KOHTPOJUPOBATh U3MEPEHHbIE 3HAUEHUSI €AMHCTBEHHOTO MPOU3BOJIBHOTO MOIYJIS.

3necy cnenyer ormeruTh, uro WO 2020/030762 Al packpwiBaer Ha ¢ur.4d cucremy
AHAJIOTHYHYIO CUCTeMe ¢ (Ur.2 HacToseil 3asBKH, mpudeM mnepexmouarenu 1221 u 1222,
KOTOPbIE OTMEYAKOTCS KaK MePEeKJIF0YaTeN BHEIIHEH ey TOKa (aHrL.: ,,outer circuit switches®),
COOTBETCTBYIOT NIEPBOMY U BTOpOMY NepeknodarensaMm 9, 10 HacTosuel 3asBku. Tem He MeHee
WO 2020/030762 A1 yka3bIBaeT B KauecTBe LeJIM MPUMEHEHUs nepexiouareneit 1221 u 1222
BHEILIHEH LeNU TOKa TO, YTO OHU HCIHOJB3YIOTCS ANl PEeNKUX BO3MOXHBIX CIy4aeB, Kak
HaIpuMep NPHU NMPOTEUKE PE3EPBYAPOB C JIEKTPOIUTOM WM MPU 3aMEHE 3JIEKTPOJHTA (3TO 1O
anri.: “The latter switching is likely to be infrequent and for eventualities such as elecrolyt
leakage or replacement” - cMm. mocneaHee npemyokeHue omwucanus). Takum oOpasom, WO
2020/030762 Al He pacKpbIBa€T BBIMIEONUCAHHBIA CIOCOO HACTOSIIErO M300pETEHUs] W He
7ieN1aeT ero OYeBUIHBIM.

HzobpetaTens OOHAPYXKHMJ, YTO BBIMIEONHCAHHBI COOTBETCTBYIOIUI HM300PETEHUIO
crnoco0 MOXHO Haubonee MPEeNNoYTHTEIbHO BBINOJHATb, €CIM IEePBbIi W BTOPOM

NEepPEeKITIOYaTeN ONMHCAHHON BBIIE B CBsI3U € (ur.2 OGarapeliHOW CHCTEMbI BBINOJIHIIOTCA NPU
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MOMOIIM  NOJYIPOBOAHUKOBBIX  TPaH3UCTOPOB. Pur.3 mNOKas3blBa€T COOTBETCTBYIOLIEE
N300pETEHNIO MHCIIOJHEHNE MEpeKIrovareell ¢ IONYyNPOBOAHUKOBBIMU TPAH3UCTOPAMHU B
HanOoJiee MPEANOUTUTEIPHOM BapUaHTe OCYLIECTBICHHs, NpudeM (Pur.3 Mokas3bIBaeT TOJBKO
onuH OarapelHbli MOAyJb M COINYTCTBYIOLIME €My MepekjrodaTenu. Bce ocranbHble
OarapeliHple MOXYJH, BKJIOYAs COMYTCTBYIOIIME MM IEpPEKIIoYaTeNy, COOTBETCTBYIOLIEH
n300peTeHnIo OaTapeifHON CUCTEMBI BBITIOJIHEHB! COOTBETCTBYIOLIMM 00pPa3oM B 3TOM BapHaHTE
OCYLLECTBJICHUSI.

ITepBbiii mepexmouaTenib 9 BKJrOYaeT B cedsi nBa HOpMajbHO Onokupyromux MOII-
TpaH3ucTopa («Metami-okcuna-nonynpoBoguuk», MOSFET), kaHambl KOTOPBIX COEIUHEHBI
NIOCJIEIOBATENIHO TAKMM 00pa3oM, YTO B 0OOHMX HANPaBJIEHUSIX TOKA OJUH M3 OOPATHBIX THOJOB
Bcerna OJIOKMpYET, mpudeM OOpaTHble MUONIbI He O0O3HAYEHBI IS HASHOCTH Ha (ur.3.
Bropoit mepexmouarens 10 Brximoudaer B cebst oguH HOpManbHO Onokupyromuii MOIT-
TpaHsucTtop. barapeiiHas cuctema Brmoudaer B cedsd MO MeHbIIEH Mepe OnuH OJIoK
NEePEKIIFOUEHUs], KOTOphl 0003HaueH Ha ¢ur.3 ccputouHoil mosunueit 11. BeiBoaer 3aTBOpPOB
MOII-TpaH3uCcTOPOB COeqUHEHBI ¢ OIOKOM 11 mepexroueH s, MpU4eM BbIBOBI 3aTBOPOB 000X
MOII-TpaH3uCTOPOB MEPBOro INepekyoyaTeNs 9 CoelMHEHbl Takke APYr C IPYroM, Tak uTo
yIpaBJIeHUE 3THUMH 3aTBOPAMHU NPOUCXOAMT BCETJa OJHOBPEMEHHO. Y Ka3aHHOE COEIUHEHHE
3aTBOPOB MOXKET TaKXKe OTmajgath, ecau Onok 11 mepekmodeHuss obecrieunBaeT BHYTPHU
10

nepeKIrovaTeNiell MOXKeT OBITh B KaXKAOM Cllydae IpeaycMoTpeH Osok 11 mepeximroueHus], Uiu

OHOBPEMEHHOE YNPABJIECHUE COOTBETCTBYIOLIMMM 3aTBopaMu. s kaxaonl mapsl 9,
onuH Onok 11 mepexsrodeHus oOCIykKUBaeT HECKOJBbKO map 9, 10 mepekmouaTeneil mim aaxe
BCe Mapbl nepekimouareseil. B oboux nmocnegHux ciy4asx Oyok 11 mepeximrodeHHs TOJDKEH,
caMo co0ol pa3ymeeTcsi, IMETb COOTBETCTBYIOIIEE KOJMYECTBO HE3ABUCUMBIX BBIBOJIOB, TaK YTO
COEJJMHEHHBIE C HUM Naphl MEePEKI0YaTeNel MOTYT NEePEKIYaThCsd HE3aBUCUMO JPYT OT Apyra.
brnok 11 mepexmouenuss mnu G6moku 11 mepeximrodeHnss MOryT ObITh HEOTHEMIIEMOH HYacTbIO
YCTPOWUCTBA 8 yIpaBJICHUS.

IMpumenernrie MOII-TpaH3UCTOPOB TMO3BOJISIET OBICTPO M 0€3 M3HOCA BBIMOJIHSTH
HEOOXOIUMBIE I BBIIIEONMUCAHHOTO COOTBETCTBYIOIIErO H300pPETeHHI0 crocoda MpOLecCh
NEPEKIIIOYEHUs, YTO SBISIETCS, B YaCTHOCTH, NPEHUMYINECTBOM, €CIU JJisi OaJaHCUPOBKH
UCTIONIB3YEOTCSI YacThle, HO KOPOTKHE may3bl. [IpM 3TOM COOTBETCTBYIOLIAs H300PETEHHIO
komrioHoBKa MOIT-TpaH3UCTOPOB MPEAOTBpPAIIAET CAMOIPON3BOJIBHYIO Pa3psaKy OaTapeiHOro
MOJZyJii B TO BpeMsl, KOTZla OH HE HaXOAUTCS B IOCJIENOBATEIbHOM COEAMHEHUU U MOTOMY He
y4acTBYeT B 3apsiKe WM paspsake OarapeitHod cucreMbl. OMIIUOHATBHO KaXKABIA W3
nepexmouateneld 9 u 10 MOKeT TOMOJTHUTENBHO BKITFOYATh B ¢e0sl peie, KOTOPOe PacoIOKEHO
napaiesbHo MOII-Tpansucropam. BcenenctBue 3TOr0 COOTBETCTBYIOIIME TMEPEKITFOYATENH
MOTYT TIPUBOIAUTBCS B JAEHCTBHE TakXe Oe3 TOoTepb NpPH TOMOIIM peJie, YTO SIBJISETCS
IPEUMYIIECTBOM B TOM CIIy4ae, €CJIM COOTBETCTBYIOLIUN MepeKIovaTeNb JOKEH IPUBOAUTHCS
B JICWCTBUE JIMIIb U3PEAKA.

Cnenyer ormeruts, uto Ha ¢ur.3 MOII-TpaH3ucTopsl n300pa’keHbl B UCIOJHEHUU B

Buze n-ka"anbHbIX MOII-Tpan3ucTopoB. OnHAKO COOTBETCTBYIOLIASI N300PETEHNI0 KOMIIOHOBKA
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He orpanuueHa TakumMu MOII-Tpan3uctopamu. C TakuM ke yCIIeXOM MOTYT MUCIOJIb30BaThCS P-
kaHanbHble MOII-Tpan3ucTopslL

®dur.4 mnoKasplBa€T COOTBETCTBYIOIIYIO H300pEeTeHHIO OaTapeiHyl0 CHCTEMY B
JanpHeHeM BapuaHTe ocyliecTBieHus. barapeiiHas cucTema BKIOUYAeT B ceOst AN KaKAOTO
OarapelHOro MOAyJs JOMOJIHUTENBHO TPETUH W YEeTBEPTHI NEpEeKIIovaTeN, KOTOpbIE
00O3HAaueHbl CCBUIOYHBIMH MO3MLMAMH 12 u 13, W JUHUM, OpUYeM OMOJHHUTEIbHbBIE
NEePeKJIF0YATeI U JIMHUM COEOUHEHBl IPYr C APYroM U ¢ OaTapelHbIMH MOIYJSIMH TaKUM
o0pa3om, 4To Bce OaTapeiitHble MOAYJIH MOIKIIFOYEHbI ApaIeNIbHO, €CIH BCE AOMOJHUTEIbHbIE
MEePeKJIIoUaTeNd 3aMKHYThL. {7151 3TOro BCe mepBble M BTOPbIE MEPEKIIOYaTeNN AOJIKHBI, CaMO
coboli pasymeercsi, pa3MbIKaThesi. [lapasuenbHoe coequHeHne OaTapeiHbIX MOAYJIeH MPUBOIUT
K BBIPABHUBAHHIO HANPSDKEHUH HA KJIEMMax MOJYJIEH, mpudeM Mexay OaTtapelHbIMUA MOIYJISIMU
IIPOTEKAIOT ypaBHUTENbHble TOKU. [lokasaHHOe mnapanyenbHOE COEAUHEHHE MOXKET TaKUM
00pa3oM HCIOIB30BATHCS s OanaHCHPOBKH. [Ipy 3TOM BCe MOIYJIM WIIH XK€ JIULIb HEKOTOPBIE,
TO €CTb 110 MEHbBIIEH Mepe ABa MOAYJISA, HAIPUMED B KaXKIIOM Cllydae CaMblil OBICTPBIN U caMbIi
MEJIEHHBIH, MOTYT MOAKJIOYATbCA NapajulebHO B TEUEHHE OMNPEIEeeHHOIO IPOMEXYTKa
BpeMeHU. Takxe [ONOJHUTENbHbIE IMEpPEeKIovaTeI MPUBOAITCS B JEHCTBHE YCTPOHCTBOM
yIPaBJIEHHUS, KOTOPOE He N300pakeHO Ha (ur 4 1o npuunHaAM SKOHOMHH MeCTa.

B npunLMne OatapeiHble MOYJIM MOTJIH ObI 3apsKATHCS FITH Pa3pspKaThCs MOCPEICTBOM
PCS 7 takxke B mnapamnenbHoM coeguHeHHMH. OJHAKO, Yy COOTBETCTBYIOLIEH THITY
BBICOKOBOJIBTHOH OaTapeiinoit cucremsl PCS 7 He paccyuTaH, Kak MPaBHIIO, IJIsl TOTO, TaK YTO
OamaHCUPOBKA MOCPEACTBOM NAPANJIENBHOIO COENUHEHHMs HE MOXKET BBINIOJHATHCS BO BpEMs
3apsAAKHU, COOTBETCTBEHHO, PA3PSAIKH.

®ur.4 nokasplBaeT TAKXKe €lle JBa AONOJHUTEIbHBIX MEPEKIHYaTeNsl, NP MOMOIIU
koTopbix PCS 7 MOXET OTKIIIOYAThCS OT COENMHEHHBIX OaTapeiHbIX MOAYJIeH. DTO MOXET ObITh
npenMymecTsoM. Ilpn  HeEoOXOOUMOCTH MOXKET TakKe MHCIONb30BAThCS JIMIIb  OAHMH
Pa3beqUHHUTENbHBIN EPEKIF0OYATENb (pa3beIuHUTENb). Takol nmepeKoyaTesb, COOTBETCTBEHHO,
TaKMe TMEPEeKF0YaTEeM MOTYT HCIOJIb30BATHCS PABHBIM OOpa3oOM BO BCEX JPYIHX BapHUaHTax
OCYILECTBIICHHUSI.

@dur.5 mnoKa3pIBa€T COOTBETCTBYIOIIYIO U300pEeTeHHI0 OaTapeiHyl CHCTEMY B
JaNbHEeHIeM BapuaHTe OCYyLIeCTBIeHHs. barapeiiHas cucrema BKJIOYaeT B ceOsi ANl KaKAOTO
OarapeliHOro MonyJisi 1 JOMONHUTENPHO JATBHEUIINN MATHIA NEPEKITI0YaTeNb, H3 KOTOPbIX OJUH
o0o3HaueH ccbutoyHOW mno3uimer 14. Cnemyer OTMETHUTh, 4YTO OOO3HAYEHHWE “TISATHIA
NEePEeKIIIOYaTeNb CIYXKHUT JIMIIb JJI SICHOCTH M HE IOIPa3yMEBaeT, 4TO, eCciu OarapeiHas
crCTeéMa BKIIFOYAET B ceOsl MATHIA MEPeKIIFYaTelb, TO OHA TEM CaMbIM TaK)X€ aBTOMATUYECKU
noJjokHa Obuta OBl BKIIFOUWATh B ceOsl TpeTUI M 4eTBepThlid mepekmouarend. [anee OGarapeiinas
crCTeMa BKJIFOUAET B ceOst Il KaXkIoro OaTapeiiHOro Monyisi 1 CONpOTHBIIEHHE, U3 KOTOPBIX
onHO 0003Ha4YeHO ccbUTOUHOM mosuiueit 15. Ilareiil nepexmouarens 14 u conmporusienue 15
pacMoJIOXKEeHbl TPH 3TOM B KaXIOM Cllydae Ha JajbHEWIed OOXOOHOW JIMHUH BOKpPYT
COOTBETCTBYIOLIETO OatapeHOro MoayJssi 1 TakuM oOpa3om, 4TO KaKablil OaTapelHbIH MOIYJIb

1 3amblkaeTcss HaKkOpPOTKO 4Yepe3 CONpPOTUBJIEHHE 15, eCiaum COOTBETCTBYIOLUMN IATHIN
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nepekroyaTend 14 3ambikaercs. Taxoke OATbIM Nepekarovarenb 14 NPUBOAUTCS B IEHCTBHE
ycTpoiictBoMm 8 ympasienus. [Ipu momomn cxemsl ¢ GUr.S Kakapiid OaTapeHHbII MOAYJIb MOXKET
BBIOOPOYHO pa3pspKaThCs dYepes3 IMATOE CONpoTHBIeHHe. Ecnu oauH MM HECKONBKO M3 MATHIX
nepekmoyaTeneil 14 3aMbIKarOTCsl BO BpeMs 3apsAKd WINM paspsiiku OaTapeiHON CHUCTEMBI, TO
4acTb TOKa 3apsiikKh, COOTBETCTBEHHO, pa3psAdKH IPOTEKAET MHUMO COOTBETCTBYIOLIETO
OarapetiHoro moayss 1. DTO MOXKET HCIONb30BaThCs Jsi OamaHcupoBKH. OOHAKO STOT THUI
0aTaHCHPOBKH CBSI3aH C MOTEPEH HJIEKTPUUECKONH MOIIHOCTH M IIOTOMY HCIIONBb3YeTCs JIUIIb KaK
JOTIOJTHUTEIbHBINA CIOCO0 OallaHCUPOBKUA K APYrUM CIoco0aM, Tak 4TO OallaHCHPOBKA MOMKET
CTaHOBHTBCS 0OJiee THOKOM U yIIy4dlIaThCs Oiaronapsi 3TOH TOMOJHUTENIbHOW BO3MOXKHOCTH. Tak
KaK TakuM o0pa3oM B CONPOTUBJICHHSX BBICBOOOXKAAETCS TEIUIO, MEPEKITIOYSHHE TMSThIX
NEPEeKIYaTeNe MOXKET MPEANOYTUTEIbHO BBIMNONHATECA B MMIIYJIBCHOM PEXUME, IJIsl TOrO
9YTOOBI MPENOTBPAILATh YPE3MEPHBII HATPEB.

Ecnu nepBbie u BTOphle nepeximoyarenu 9, 10 BBIMOJIHEHBI COIACHO (Ur.3, BO3HUKAET
aJbTEPHATHBHAS BO3MOKHOCTh JIOCTHIKEHHSI TOJNBKO YTO OmHcaHHOro s¢dekra. Benencrsue
toro, yro MOII-TpaH3ucTopsl 00Mafal0T KOHEYHBIM COMPOTHBJIEHHEM KaHana, OaTapeiiHbIi
MOJYJIb MOXKET TaKe MPOCTO Onaromapsi OJHOBPEMEHHOMY 3aMBIKAHUIO MEPBOrO M BTOPOTO
nepekimouateneii 9, 10 HAKOPOTKO 3aMBIKATECSI BHIOOPOYHO Yepe3 COMPOTUBJICHHE KaHAJa 3THUX
nepexmouarteneil. CnenoBaTenbHO, B 3TOM BapUaHTE OCYIIECTBJIEHUS COOTBETCTBYIOILErO
n300peTeHnI0 crocof0a yKa3aHHbIE TEpEeKJIIoYaTesidi He B JII0OOM Cilydae IOMepeMEeHHO
3aMKHYTBI M Pa30MKHYTHI, Kak ObLIO ommcaHo Beime. [Ipu sTom oba mepeksrovarens 9 u 10
NPEACTABISIIOT cOOOH BMecTe (pakTHUeCKH MAThIA nepekmouarens 14. CocrosiHUE, B KOTOPOM
o0a nepekirouaresniss 9 u 10 OgHOBpEMEHHO 3aMKHYTBI, MOKHO OBLIO OBI TaKXKe OMUCATH TAKUM
o0pa3oM, dYTO COOTBETCTBYHOINMU OaTapeiiHbIii MOAyJb “4aCTMYHO  OTKJIIOYEH U3
MOCJIEIOBATEIbHOIO COCIMHEHMs], TaK KaK BCE €lle OJHAa 4YaCTb TOKA 3apsiAKU WM Pa3psiaKu
IPOTEKaeT Yepe3 MOMYJIb, a APyras 4acTh BOKpyr mMoayis. CienosarenbHo, Gpasy “YCTpoHcTBO
8 ympaBiieHUsT KOHTPOJHUPYET KOJIMYECTBO OarapeiiHbix Momyyied 1, KOTOpble HAXOASTCsS B
NOCJIEIOBATEIbHOM COSIUHEHUHU CIIENyeT TaKKe MOHUMATh TAKUM 00pa3oM, YTO MOJYJIb MOKET
YaCTUYHO HAXOAUTBCS B MOCIEAOBATEIBHOM COE€AUHEHUU. Takke B 3TOM Ciydae CIpaBeaINBO
TO, YTO OBLIO CKA3aHO BBIIIE B OTHOIIEHUH BBIACICHUS TEILIA.

Crnenyromye UCTIONHEHUsI OTHOCSTCSI KO BTOpOMY NyTH pemeHus. Kak Obuto ynoMsiHyTo
BbIle, 00a MyTH pEIIeHUs] U BCE COOTBETCTBYIOLIME BAPHUAHTHI OCYILIECTBICHHUS MOTYT
NPEATIOYTUTENIEHO KOMOUHUPOBATHCS IPYT € APYTOM.

@ur.6 MOKa3bIBAET COOTBETCTBYIOINYIO H300pPETEHHIO OaTapeiiHyl0 CHCTEMy B
JanbHEWIIEM BapuaHTe OCyIIecTBJIeHUs. barapeiiHas cucreMa BKJIFOYAaeT B ceOsi MO MEHBIIEH
Mepe naBa OarapelHBIX MOZYJs, [BYHAIIPAaBJIEHHBbI BEHTHJbHBIA mpeoOpa3oBaTenb 7,
YCTPOWCTBO 8 yIpaBIeHHS U IS KXKIOT0 OaTapeifHOro MoayJisi MpeoOpa3oBaTeslb NOCTOSHHOTO
HANpsDKEHUs, U3 KOTOPBIX OAMH 0003HaueH cchutoyHOW mosuimeidt 17. barapeiinbie momynu
MOJKJIFOUEHB! TIOCJIEOBATENIPHO M COEAMHEHbI C BEHTHJIbBHBIM mpeoOpasoBarenem 7. OmguH
BbIBOA IpeoOpasoBarenell 17 MOCTOSIHHOTO HANPSDKEHUs COEAMHEH B KaXIOM Clydae C

OarapeliHpIM MOXyJEM, a BTOPOH BbIBOA mpeoOpasoBarenell 17 MOCTOSHHOIO HAaIPSDKEHHS
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COEIMHEH B KaXJIOM cliydae ¢ 001ell IUHON MOCTOSTHHOTO TOKA.

IIpeobpazoBareny MOCTOSTHHOTO HANpPsDKEHUST MOTYT OBbITh BBINOJHEHBI TP 3TOM
JBYHAIIpaBJICHHbBIMU WJIM OJHOHAIIPaBJICHHbIMU. B 3aBUCMMOCTM OT TuUNA WCIONHEHUS U
OpHeHTaluu npeoOpas3oBaTenu 17 MOCTOSHHOIO HANpPSDKEHUS MOTYT JMOO KOHTPOJIMPYEMO
OTOMPATh JEKTPUUECKYIO SHEPTHIO C LIMHBI ITOCTOSHHOTO TOKA, JIMOO MOJAaBaTh 3JIEKTPUUECKYIO
SHEPTHUI0 Ha Hee, OO0 U TO U IPYyroe.

barapeiinasi cucrema BKJOUaeT B ceOs  fajgee  JNaJdbHEWIIMH  BEHTUJIbHBIH
npeoOpa3oBaTesib, KOTOPbIM  OOO3HA4YEeH  CChUIOYHOW  mo3uiueidl 16,  BeHTWIbHBIMI
npeoOpazoBatesib 16 CoeaMHEH C IIWHOHW MOCTOSIHHOTO TOKAa. YCTPOWCTBO 8 ympaBieHHs
COEMHEHO C BEHTWIbHBIM mpeoOpasoBareneM 16 u ¢ mpeoOpasoBareisiMu 17 MOCTOSTHHOTO
HANPSDKEHUS] TAKUM 00pa3oM, YTO YCTPOMCTBO 8 ympaBiIeHUS MOXKET YIPABIATb BEHTUIHHBIM
npeobpaszoBateniem 16 u mpeobOpasoBarenssMu 17 MOCTOSHHOTO HamNpspKEHUWs. BeHTHIIbHBIN
npeobpaszoBaTeNib 7 COEUHEH C CEThIO WM C JPYTOW BBIIIECTOSIIECH 3JIEKTPUIECKON CHCTEMOM.
JlanpHeWInii BEHTUJIBHBIA mpeoOpa3oBareib 16 MOXKeT ObITh TakkKe COCTUHEH C CEThIO WU C
IOPYTOH BBIMECTOSIIEH 3TeKTPUIECKON CUCTEMOMN, UJIM OH MOKET OBITh OMIIMOHAJIBHO BHITIOJTHEH
B Buae perymatopa mnoctosHHoro Hamnpsbkerus (DC/DC) u coenwHeH C  BEHTUJIBHBIM
npeoOpa3oBatesnieM 7. B mocrnemHeM ciydae BEHTWIBHBIM mIpeoOpasoBaTens 16 mpuHUMaeT
MOIIHOCTh OT BEHTHJIBHOTO IMpeoOpasoBaresst 7 WM OTHAET MOIIHOCTh Ha Hero. JlanbHenmmii
BEHTHUJIbHBII MpeoOpa3oBarenb 16 BHITONHEH ABYHAIPABICHHBIM UM OJHOHANPABJICHHBIM.

Kax Ob110 Tak»ke OnmucaHo BhIIIE, BEHTHIIbHBIN IpeoOpa3oBaTenb 7 00eCeYnBaeT TO, 4TO
TOK 3apsAdKUM WU PaspsaiKd MOXKET IPOTEKaTb 4Yepe3 IOCIEAOBATENbHO COCIMHEHHbIE
OarapeliHple MOJYJIH, TAK YTO IPHU 3TOM OHH MOTYT 3apsKaThbCsl, COOTBETCTBEHHO, Pa3psKaThCsL.
[TapannenbHO COEAMHEHHbIE C KaXIbIM OaTapelHbIM MopayJieM mnpeobpasosarenu 17
MOCTOSIHHOIO HANPsDKEHUs! JENAal0T TelNepb BO3MOXKHBIM TO, YTO MPHU 3apsAKe KaKAOro
OaTapeifHOro MOIyJsl IO MEHbLIEH Mepe 4acTh IOAAHHOTO BEHTWJIbHBIM IpeoOpasoBaTeneM 7
TOKA LIeJIEHATPABJIEHHO ¥ KOHTPOJHPYEMO HANpaBIseTCsl BOKPYT OaTapeiiHoro monysisi. B atom
cilydyae COOTBETCTBYIOLIWI mpeoOpaszoBarenb 17 TIOCTOSHHOTO —HAMPSDKEHHs Tepenaer
3JIEKTPUYECKYH0 HHEPTUI0 HA LIMHY MOCTOSIHHOIO TOKA. BeiencTeue 3TOro COOTBETCTBYHOLIUN
OarapeliHbli MOIYJIb 3apsKAETCS] MENJICHHEE MM U BOBCE HE 3apsUKaeTcs B MPOMEKYTKE
BPEMEHH, B TEYEHHE KOTOPOrO COOTBETCTBYIOLIMI mpeoOpasoBarenb 17 IMOCTOSHHOTO
HanpspkeHus: padoraer Takum odpazoM. Ilpu paspsinke OQuH MIIM HECKOJBKO MpeodpasoBaTeneit
17 TOCTOSHHOTO HANPSDKEHUS MOTYT VIOPABISATBCSA TakuM O0pa3oM, 4YTO OHHU IEPEeNaroT
SJICKTPUUYECKYI0 SHEPTUI0 OT IIWHBI TIOCTOSIHHOTO TOKAa Ha COOTBETCTBYIOIIWI OaTapeiHbiid
monysb. llpum 3TOM cooTBeTcTByrOIMI mpeodpasoBaTesib 17 TOCTOSHHOTO HAMPSKCHHUS
YOPaBIAETCS B KKIOM ClIy4ae TakuM o0pa3oM, YTO BCIIEACTBHE 3TOTO COOTBETCTBYIOIIMH
OarapeliHbpIi MOIYJb Pa3psUKAETCs MEIJIEHHEE WJIM U BOBCE HE Pa3psDKAETCsl B MPOMEKYTKE
BPEMEHH, B TEYEHHE KOTOPOrO COOTBETCTBYIOLIMH mpeobpa3oBarens 17 IMOCTOSHHOTO
HanpspKeHUs: paboTaeT TakuM 00pa3oM.

IIpy >TOM TMOHATHO, YTO OJAHOHAIIPABJIEHHBIE IPeoOpPa30OBATENN IOCTOSHHOTO

HaIpsi?>KEHHUST MOT'YT B 3aBUCUMOCTH OT OPHUCHTALHUN HeﬁCTBOBaTb 100 TOJIBKO IIpu 3apsaKe,
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00 TONBKO TpU pa3psAaKe, Kak OBUIO TOJBKO YTO ONHCAHO. JIByHampaBieHHbIE
npeoOpa3oBaTeNd MOCTOSHHOTO HANpPsDKEHUs] MOTYT, caMO co0O0il pa3ymeercs, AeHCTBOBATh U
IIPU 3apsiike, U IIPU paspsiake.

JlanbHeHInii BEHTHJIbHBIM MpeoOpa3oBarenb 16 obecrniednMBaeT Npu 3TOM IIMHY
HIOCTOSTHHOTO TOKA 3JIEKTPUYECKOH SHEPruei, COOTBETCTBEHHO, OTBOAMUT M30BITOUHYIO SHEPTHIO
or Hee. B cnyuae ecnm panpHEHIIWI BEHTHJIBHBIM mpeoOpasoBaTenb 10  BBINOJHEH
OIHOHAIIPABJIEHHBIM, BO3MOKHBI, CaMO COOOM pasymeeTcs, He BCE YKa3aHHbIE TOTOKH YHEPTHH.

KomrmoHoBka cornacHo ¢ur.6 nesaer BO3MOXKHBIM CIEAYIOMUN CIOCO0 YMEHBIIEHHS
BO3HHKAIOIIMX BO BpeMsl 3apsiAKM W paspsiiku  OartapelHO CcHucTeMbl JUCOATAHCOB,
BKJTIOYAIOLIHUI B ce0s1 IO MEHbBIIIEH Mepe OMH U3 CIAETYIOIIHNX IaroB:

- mpu 3apsake OarapedHOW CHCTEMbI YCTPOHCTBO 8 yIpaBlieHHs YIIPaBIseT
npeoOpazoBaTesiiMU 17 MOCTOSTHHOTO HANPSDKEHHS 111 YMEHBIIEHUS PA3HULBI MEKTY IEPBBIM U
BTOPBIM OaTapelHbIMU MONYJIIMH B OTHOIIEHHH PETYJIUPYEMOH BEJIMYHHBI TAKUM 00pa3oM, 4TO
onuH mnpeobpa3oBareib 17 TOCTOSHHOTO HANPSIKEHUS NEPENaeT CTONBKO SJIEKTPUYECKOM
SHEPrHH Ha IOUHY TMOCTOSHHOIO TOKA, YTO BCJIEACTBHE 3TOr0 OAMH M3 O0OMX OaTrapeiHbIX
MOJyJIeH 3apspKaeTcs MeAJICHHEE, YeM PpYTroil OaTapeiHbIil MOyJIb;

- Tpu paspsake OaTapeHON CHCTEMBbl YCTPOHCTBO 8 yIpaBJiEHUS YIIPaBISET
npeoOpaszoBaTessiMu 17 MOCTOSTHHOTO HAMPSKEHHS U1l YMEHBIIEHUST PA3HULBI MEXAY NEPBBIM U
BTOPBIM OaTapelHbIMH MOAYJISIMU | B OTHOLIEHMH PETyJUPYEMOH BEIMYHHBI TAKUM 00pa3oM,
9YTO OIUH MpeoOpa3oBarenb 17 MOCTOSHHOrO HAINPSDKEHUS] OTBOAUT CTOJBKO 3JIEKTPUYECKON
SHEPrHH OT INHHBI TMOCTOSHHOIO TOKA, YTO BCJIEACTBHUE 3TOr0 OAWMH M3 00OMX OaTtapeiHbIX
MonyJiel pa3pspKaeTcsi MeIJICHHEe, YeM APYroi OaTapeiHbIi MOAYJIb.

KomnonoBka cormacHo ¢ur. 6 pemaer MNOMHMO 3TOro B JIOOOM ciy4ae, eciu
BEHTWJIbHBIN IpeoOpa3oBaTesb 16 MMeeT OTAENbHOE CeTeBOe COSANHEHHE, BO3MOXKHBIM TO, YTO
OH TIOAJEePKUBAET BEHTWIbHBIH NMpeoOpasoBaTenb 7 NMPU 3apsaKe, COOTBETCTBEHHO, Pas3psiiKe
OarapelHbpIX MOnyJieil. DTO SBISETCS MPEANOYTHTENIbHBIM, B YaCTHOCTH, B TOM Cliy4ae, €Clid
BEHTHJIbHBIN mpeoOpa3oBaTesib 7 HOCTUTAET CBOMX MPEIENIOB MOLIHOCTH. Tak Kak 3Ta
nojAep:kka npeodpasoBaresiMi 17 MOCTOSTHHOTO HAINPSDKEHUST MOXET TaKKe HUMETbh MECTO
BBIOOPOYHO [UIA KaXIOro OaTapeiHOro MOAyJs, 3TO MOXKET, caMO CcoOO# pasymeercs,
UCTIONIB30BAThCSl TAK)KE Ui OAaHCUPOBKU. B OTIMYME OT OMUCAHHBIX 1O 3TOrO METOJOB
OamaHCUPOBKU 3TOT MEXAHHM3M IMPHBOIUT K YCKOPEHHOH 3apsiike, COOTBETCTBEHHO, Pa3psaKe
“MEIJICHHBIX  MOAYJIEH.

B npanpHelimeM BapuaHTE OCYIIECTBICHHS COOTBETCTBYIOLIMHA H300PETEHHIO CHOCOO
YMEHBLICHUS] BOSHUKAIOLINX BO BPEMsI 3apsIKU M pas3psiAku OaTapeiHON CUCTeMbl AUCOalaHCOB
BKJIFOYAET B C€0sI OTIONHUTEIBHO OJUH U3 CIEAYIOLIHNX IIaroB:

- mpu 3apsnake OarapeldHOW CHCTEMBbl YCTPOHCTBO 8 yIpaBiIeHHs YIIPaBISET
npeoOpa3oBaTessiMU 17 MOCTOSTHHOTO HANPSDKEHHS 111 YMEHBIIEHUS PA3HULBI MEXKY TIEPBBIM U
BTOPBIM OaTapelHbIMU MOZYJIIMH B OTHOIIEHHH PETYJIUPYEMON BEIMYUHBI TAKUM 00pa3oM, 4TO
onuH mnpeoOpas3oBaTenb 17 TOCTOSHHOIO HAIPSIKEHUS] OTBOAMT CTOJBKO 3JIEKTPUUYECKOH

OHEPrun OT MHHBI MNOCTOAHHOI'O0 TOKA, YTO BCJICACTBUEC 5TOTO OAWH U3 oboux 6aTapeI‘/'IHbIX
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Moy Jiel 3apsikaeTcs ObICTpee, ueM Apyroi daTapeiHbIi MOOYJIb,

- Tpu paspsake OaTapelHON CcHUCTeMBl YCTPOHCTBO 8 ympaBJieHUS YIIPaBIsET
npeoOpa3oBaTessiMu 17 MOCTOSITHHOTO HANPSKEHUS [ YMEHBIIEHUS Pa3HULBI MEXKY TTEPBBIM U
BTOPBIM OaTapelHbIMM MOAYJSMHU | B OTHOLIEHMH PEryJUPyeMOH BEIMYHHBI TAKUM 00pa3oM,
4YTO ONUH npeodOpaszoBaresib 17 MOCTOSHHOIO HANPSDKEHHS MEPelaeT CTOJNBKO 3JIEKTPUYECKOH
SHEPTUU HAa LIMHY NOCTOSHHOTO TOKA, YTO BCJIEACTBHE STOrO OAMH M3 0o0Oomx OarapeilHbIX
MonyJieil paspsikaercs ObicTpee, 4YeM Ipyroi OaTtapeiHbIi MOAYIIb.

Ecnu  HeCKONbKO ~ COOTBETCTBYIOLIMX  M300pPETeHHI0  OaTapeHbIX  CHUCTEM
SKCIUTYaTUPYIOTCS OJIM3KO APYT OT APYra, TO, caMo coOO0i pa3yMeeTcsi, HECKOJIbKO CUCTEM MOTYT
COBMECTHO HCIIOJIb30BaTh JaJbHEHIINH BEHTWJIBbHBIH TNpeoOpasoBaTesb 16 U COCOUHEHHYIO
IIMHY TOCTOSIHHOTO TOKa. Tak Kak B KaXIOM Cllyyae OIWUH NpeoOpa3oBaTeb MOCTOSTHHOTO
HANPSDKEHUS] JOJDKEH UMETBhCS Ul KAKAOro OatapelHOro MOXyJisi, OTCYTCTBYET BO3MOXKHOCTB
S5KOHOMHH B OTHOLICHHH Ipeobpa3oBareiell MOCTOSHHOTO HAIPSDKEHHsS] MPU HMCIOJB30BAHUU
HECKOJIbKUX PabOTAIUX MapalieIbHO OaTapeHbIX CUCTEM.

@ur.7 TmNOKa3bIBAET COOTBETCTBYIOINYID H300peTeHHIO OaTapeldHyr CHUCTEMY B
NaNbHEWIIEM BapUaHTEe OCYIIECTBJIICHHs. ENMHCTBEHHOE OTIMYHE OT OaTapeiHOH CHUCTEMBbI
cornacHO (ur.6 3aKkiIr0YaeTcss B TOM, YTO BCIIOMOTATEJbHBIE CHCTEMbl COEJUHEHbI C LIMHOM
MOCTOSIHHOTO TOKA M MNHUTAKOTCA OT Hee. TakuMm 00pa3oM, Ajisl IOHMHBI MOCTOSIHHOTO TOKa
BO3HUKAET JOINOJIHUTENbHAsI TM0JIb3a, KOTOpas 3KOHOMMT JApyrue pacxonbl. CoBMecTHOe
UCTIONIb30BAaHUE IIUHBI MMOCTOSIHHOTO TOKA U JaJbHENIIEr0 BEHTHUJIBHOTO Mpeodpa3oBaTesst s
NUTAHUS BCIOMOTATENbHBIX CHCTEM HECKOJbKUX paboOTaoIIuX MapajulebHO OaTapelHbIX
CHCTEM TAK>Ke SIBJISIETCS IPENNOYTHTEIbHBIM U BO3MOXKHO 03 mpobieM.

Takke nIsi BapHAHTOB OCYIIECTBJCHUS BTOPOrO IYTH peLIeHHs Mar KaJuOpOBKH
BBIMOJIHAETCS AHAJIOTHYHO, KaK 3TO OBbLIO MOAPOOHO OIMMCAHO BBIME JJIsI NEPBOTO IyTH
pemenust. OgHAKO, MPU BTOPOM IYTH PELIEHUs] BCE Mepbl JOJDKHBI, caMO COOOH pasymeercs,
COOTHOCUTBCS € OTJIMYAIOIIEWCS CKOPOCTBIO TPU 3apsifke, COOTBETCTBEHHO, pas3psake
OTHENbHBIX MOAYyJIeH M C MPOMEKYTKOM BpPEMEHM, B TEUYEHHE KOTOPOro HCIOIb3yeTCs
OTJIMYAOIIAsACA CKOpPOCThb. TO e camoe CrIpaBeUIMBO TaK)Ke€ B OTHOLIEHUM CHEJaHHBIX TaM
CYKII€HUI OTHOCUTEIbHO BBITIOJIHEHHSI CIIOoco0a ¢ 1 0e3 perucTpaluy U OLEHKH OTHOCSIIUXCS K
peryJupyeMbIM BeINYMHAM U3MEPEHHBIX 3HAUEHUH.

UroObl TPOTOYHAS OKHCIUTENbHO-BOCCTAHOBUTENIbHAS OarapeliHas cucrema Oblia
NPUCTIOCOONIeHA AJIsT aBTOMATH3MPOBAHHOTO BBITIOJHEHHUS BBIIEONMUCAHHBIX IIArOB Croco0a, OHa
BKJIFOYAET B C€0s1 KOMIBIOTEPHYIO cucteMy. IloHsATHE “KOMIBIOTEpHAs cucTeMa’ 00O3HaYaeT BCe
YCTPOWCTBA, KOTOPBIE MOAXOIAT AJISI TOTO, YTOOBI ABTOMATH3UPOBAHHBIM O0Pa30M BBIMOIHATH
OMHMCaHHBIE INAru crocoda, B YAaCTHOCTH, TAKXKE CIHENHaJbHO pa3pabOTaHHbIE IS 3TOTO
uHTerpanbHbie Mukpocxemsl (IC) mmu mukpokonTposepsl, a Takxke ASICs (ASIC: application
specific integrated circuit - cnenMaIM3MpPOBAaHHBIE WHTErpajbHble cxembl). IIpm 3TOM camo
YCTPOWCTBO 8 ympaBiIeHHs MOXET BKJIIOYATh B C€0Sl MOAXOIALIYI0 KOMITBIOTEPHYIO CHCTEMY.
ANBTEPHATUBHO KOMIIBIOTEPHAsI CHCTEMAa MOXKET TakKe IPEeACTaBIsATh COOOH OTAenpHOe

YCTPOWCTBO MJIM OBITh YaCTBIO OTAENBHOIO yCTpoicTBa. HacTosimas 3asBka HampaBJIeHA TaKke
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Ha KOMIIBIOTEPHYIO IPOrpamMMy, KOTOpas BKJIOYAaeT B ceOs KOMaHABI, KOTOPBIE SIBISIFOTCS
NPUYMHOM TOTrO, 4TO OarapeliHas CUCTeMa BBINOJIHSAET BBIIEONUCAHHbIE aru criocoba. Kpome
TOrO, HACTOSIIAs 3asiBKA HAIPABJICHA HA MAUIMHOYUTAEMbIN HOCUTENb, HA KOTOPOM COXpaHEHa
Takasli KOMIIbIOTEPHAsI IPOrpaMMa.

CITUCOK CCBIJIOUHBIX TTO3UIIUM

1 GartapeitHblif MOy b

2 mMaccuB siYeeK

3 pe3epByapHOE yCTPONUCTBO

4 usmepuTeIbHOE YCTPONUCTBO 11 onpenenenuss OCV

5 U3MepUTENbHOE YCTPONCTBO AJIsl ONIPENENEHUs] HANIPSI)KEHUs HA KJIIEMMax

6 BCIIOMOTaTeNbHbIE CUCTEMBI

7 nByHaNpaBJIeHHbIH BEHTHIbHBIN peoOpasosarens (PCS)

8 yCTPONCTBO YNPAaBIECHUS

9 nepBbIli NEPEKIOYATED

10 BTOpOI1 NepekoUaTens

11 6ok mepekroUeHus

12 TpeTuil nepexrovaTens

13 yeTBepTHIN NEPEKITHOYATEND

14 nATHIN NepeKIrYaTeNb

15 conporusnexnue

16 nanpHeNIINI 1BYHAIIpaBIEHHBIN BEHTUIIbHBIN IpeoOpa3oBaTeb

17 npeoOpazoBaresb MOCTOSHHOTO HAIPSKEHUS
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D®OPMYJIA U3OBPETEHUS

1. Cnoco® yMeHbIIEHHs BO3HUKAIOIIMX BO BpPEMs 3apsiiKM M Pa3psIKU MPOTOYHON
OKHCIIUTEIbHO-BOCCTAHOBUTEIBHON OaTapeiHoll cucreMbl aucOanaHcoB, mpudeM OartapeiiHas
cucTeMa BKJIIO4YaeT B ceOs 1o MeHblIel Mepe nBa Oarapeinbix moayns (1), IByHarpaBieHHBbIH
BEHTWJIbHBIN npeoOpa3oBatens (7) u ycTpoiicTso (8) ynpasneHus, npudem OaTapeiHble MOAYIN
(1) mopxJrOYEHBI MOCHENOBATENPHO M COEIUHEHBbI C BEHTUJIbHBIM mpeobOpaszoBareneM (7), u
npudeM Kaxnblii Oatapelinbiii Moayb (1) Bkimoudaer B cebs cucremy (2) siueek ¢ MPOTOYHBIMU
OKHCIIUTEbHO-BOCCTAHOBUTEIbHBIMU STYEHKAMU M pe3epByapHOE YCTPOHCTBO (3) s XpaHeHus
3JICKTPOJIUTA U CHAOKEHHsI MAacCHBa (2) sTUeeK 3JIEKTPOIIUTOM,

OTJIMYAIOIIUNACS TeM, uTO OartapeiiHas cCHCTeMa BKJIIOYAaeT B ce0sl Ui KaKAOro
OarapeitHoro monyuist (1) mpeobpaszoBatenb (17) MOCTOSIHHOTO HANPSIKEHUS, MPUYEM B KaJKIOM
cilydae OIWH BBIBOJ Kakporo mpeodOpasosaresns (17) MOCTOSHHOTO HANpsDKEHHsI COCTUHEH B
KQKIOM ClTydae ¢ OHUM OatapeiiHbiM MonyieM (1), a BTOpOU BBIBOJ KaXKIOTO MpeodpazoBaTeis
(17) TOCTOSIHHOTO HAMNpsDKEHUsT COEAMHEH ¢ OO0IIeld INMMHON MOCTOSHHOTO TOKA, W MPUYEM
OarapeliHast cucTemMa BKJIOYaeT B ceOs NanbHEHIIMH BEHTHIIBHBIN mpeoOpasoBarens (16),
KOTOPBI COEOUHEH C HIMHOW MOCTOSIHHOTO TOKa, M MpH4YeM YCTpoHCTBO (8) ympaBieHHs
COEAMHEHO C VYIOMSHYTBIM JajbHEHIINM BEHTHJIbHBIM mpeobpasosarenem (16) u ¢
npeoOpaszoBatensiMu (17) MOCTOSIHHOTO HAIpPsDKEHHsT TakuM 0o0pa3oM, 49To ycTpoicTBo (8)
YIPABJICHUS MOJXKET YIPABISATh YIMOMSHYTBHIM JabHEHIINM BEHTWIBHBIM IpeoOpasoBareeM
(16) u mpeobpaszosarensamu (17) MOCTOSHHOTO HANPSKEHUS, U IPUYEM CIIOCOO BKIIFOYAET B ceOsI
10 MEHbIIEH Mepe OJUH U3 CIEAYIOLINX Iaros:

- mpu 3apsake OaTapelHON cuUCTeMbl yCTpoWCTBO (8) ympaBieHHs YIIpaBiseT
npeoOpaszoBaTensiMu (17) NOCTOSHHOrO HANPSKEHUS AJI1 YMEHBIIEHUS] PA3HULBI MEXY MEPBbIM
U BTOpbIM OarapeliHbiMH MoxyJsiMu (1) B OTHOIIEHMH pPETyJIUPYeMOH BEIHMYUHBI TAKUM
obOpazoMm, 4to omuH mpeoOpazoBaTesib (17) MOCTOSHHOTO HANPSDKEHUS TEPeNaeT CTOJBKO
SJICKTPUYUECKONW PHEPTUU HA IIUHY MOCTOSHHOTO TOKA, YTO BCIEACTBHE HTOrO OAWH U3 00OMX
Oarapelinbix monyieit (1) 3apspkaercs MeJIeHHee, YeM Apyroi Oatapernbiii Mmoayb (1);

- Tnpu paspsake OatapelHONW CHUCTeMbl YCTPOWCTBO (8) ympaBJeHUS YIpaBiseT
npeoOpazoBatessiMu (17) IOCTOSHHOTO HANPSDKEHUS U1l YMEHBIIECHUS PA3HHULIBI MEXKTy ITEPBBIM
U BTOpPBIM OaTapeiiHbIMH MOAYJsiIMH (1) B OTHOIIEHHWH pPEryJIHPYEeMOH BEJIWYHHBI TaKHM
obOpa3om, uyto omuwH mnpeoOpasoBarenb (17) MOCTOSHHOrO HAMpPSKEHUS OTBOIUT CTOJBKO
3JIEKTPUYECKOW SHEPTUU OT IIMHBI MOCTOSHHOTO TOKA, YTO BCIIEACTBHE 3TOrO OAMH M3 000X
OarapeitHbix MoayJiei (1) pa3psokaeTcss MenJieHHee, YeM Ipyroi 6atapeiHblid MOy JIb.

2. Cmoco6 mo mn.l, mpuyem mnpeoOpaszoBarenu (17) NOCTOSHHOTO HANPSIKEHUS
BBIITOJIHEHBI IByHAITPABJIEHHBIMH HJIM OTHOHAIPABICHHBIML.

3. Croco0 no 1.1 w2, BKIIFOYArOIIUN B ce0s1 OAMH U3 CIEAYIOIINX LIaroB:

- mpu 3apsake OaTapelHON CcHUCTeMbl yCTpPOWCTBO (8) ympaBieHHs YIIpaBisieT
npeoOpaszoBaTensiMu (17) MOCTOSHHOIO HANPSDKEHUS AJI1 YMEHbIIEHUS] PA3HULBI MEXAY MEPBbIM
U BTOpPBIM OaTtapeiiHbIMH MOAYJsIMH (1) B OTHOIIEHHWH pPETYJIHPYEMOH BEJIUYMHBI TaKUM

oOpa3om, uyto onmH mnpeoOpasoBarenb (17) MOCTOSHHOTO HANPSDKEHUS OTBOAUT CTOJIBKO
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3JIEKTPUYECKON 3HEPTUH OT IIMHBI MOCTOSHHOTO TOKA, YTO BCIIEACTBHE 3TOrO OAMH M3 000X
Oarapetinbix Mmonyneii (1) 3apsbkaercs ObicTpee, yeM apyroii 6atapeiinsiii Mmoaysb (1),

- Tmpu paspsake OatapeiiHONH CHCTeMBbl YCTPOWCTBO (8) ymIpaBieHUs YIIpaBiseT
npeoOpaszoBaTensiMu (17) MOCTOSHHOrO HANPSDKEHUS AJI1 YMEHbIIEHUS] PA3HULIBI MEXAY MEPBbIM
U BTOpbIM OarapeliHbiMH MoxyJsiMu (1) B OTHOIIEHMH pPEryJIUPYeMOH BEIHMYUHBI TAKUM
obpazoMm, 4to omuH mpeoOpazoBaTesb (17) MOCTOSHHOTO HAMPSKEHUS MEPenaeT CTOJbKO
HJIEKTPUYECKONW SHEPrMH Ha LIMHY IOCTOSIHHOTO TOKA, YTO BCIEACTBHE TOrO ONUH U3 000MX
Oarapetinbix monyJieii (1) paspsikaercst OpicTpee, yeM apyroi Garapeinbiii MoayJb (1).

4. Cnioco6 mo modomy u3 1.1 1-3, npuyeM Kakabii OaTapeiHbii Moaysb (1) BkiroyaeT B
ceOsi BCIIOMOTaTeNbHbIE CHCTEMbI (6), KOTOpblE MOTYT CHAa0aTbCsl TOKOM 4Yepe3 KJIEMMBI
CHApPY>KH COOTBETCTBYIOINEro OaTapeitHoro monyins (1), mpudeM KJiIeMMbl BCIOMOTATENbHBIX
cucreM (6) COSAMHEHBI C ITUHON MOCTOSHHOTO TOKA U IMEIOT BO3MOXKHOCTbD ITUTATHCS OT HeEe.

5. Cnoco6 mo mobomy u3 mm.l-4, mpudeM Ha Imare KadHOPOBKH ONPEAEISIFOT
0COOEHHOCTH OTAEBHBIX OaTtapelHbIx MoayieH (1), s Toro yToObl YCTAHABINBATD PAa3JINYHbIE
CKOPOCTH 3apsiIKM, COOTBETCTBEHHO, Pa3pSAKU Ui OTACIbHBIX OaTapeiiHbix moxayned (1) u
NPOMEKYTKH BPEMEHH, B TEUEHUE KOTOPBIX 3TH PA3JIUIHBIE CKOPOCTH UCTIOIB3YIOTCS.

6. Criocob mo nmrobomy u3 m.m.1-5, mpuuem OaTtapeliHasi CHCTeMa BKJIFOYAaeT B ceOs Mo
MEHBLIEH Mepe OTHO M3MEPUTENbHOE YCTPOUCTBO (4, 5) i mpenoCTaBleHHs PeryIHpyeMOon
BEJIMYMHBI JUIsI Kakaoro OaraperiHoro moxyins (1), m mpuuem ycrpoiicTBo (8) ympasieHus
COEAMHEHO C U3MEPHUTENbHBIM YCTPOWCTBOM TaKMM 00pa3oM, YTO OHO MOXKET PEeruCTPUpPOBATH
U3MEPEHHbIE 3HAYEHUsI M3MEPHUTENIBHOTO yCTpoiicTBa (4, 5), u mpuueM crocod BKIOUAET B ceds
CJIeyIOLIHE IIaru:

- perucTpanus U3MEPEHHBIX 3HaYeHUN N3MEPUTEIbHOIO yCTpoiicTea (4, 5) ycTpolCTBOM
(8) ympaBienus;

- €ClIi B IEpBbII MOMEHT BPEMEHM IO MEHblIeH Mepe OAHO HU3MEPEHHOE 3HAa4YeHUe
nepBoro OartapeiiHoro MoayJs (1) oTiM4yaeTcs OT K3MEPEHHOTO 3HAYEHHUSI BTOPOro OaTapeiHoro
monyist (1):

- BBINOJHEHUE IO MEHBIIEN Mepe OAHOro ykKa3aHHOro B m.l mnm n.3 mara, 1jsi TOro
9YTOOBI YMEHBILIATh PA3HULY MEXKAY H3MEPEHHBIMH 3HAUYSHHSIMUA NIEPBOTO M BTOPOTO OaTapeiHbIX
monyieir (1) k Oonee mo3gHEMY BTOPOMY MOMEHTY BPEMEHH, NMPHYEM IIAar BBHINOJHSIIOT B
POMEKYTKE BPEMEHHU MEX/Ty MEPBBIM M BTOPBIM MOMEHTAMH BPEMEHH.

7. Cnocob mo nrobomy u3 m.m.1-6, mpudyem OatapeliHasi cHCTEMa BKJIIOYAET B celsi s
Kaxoro OGaraperinoro monyis (1) mepseiii nepexmouatens (9) U Bropoii nepexiodatens (10),
npudeM TepBbId mepeximoyarens (9) pacroNokeH B KaKIOM CIydae IOCIEAOBATENbHO
OTHOCHUTEJIbHO COTrJlacOBaHHOro OarapeiiHoro moayns (1), a Bropol mnepekmodarens (10)
pacriono’keH B KaKIOM cCiilydae B OOXOAHOH JIMHUU BOKPYI COIJIACOBAHHOTO OarapeiHOoro
monyist (1) m cormacoBaHHOro mepBoro mnepexmouarenss (9), m mpudeMm ycTpoicTBO (8)
YIPaBJICHUS] COEANHEHO C KOXIbIM U3 nepexmouareneit (9, 10) takum oO6pa3oM, 9YTO OHO MOXKET
OTpeNeNATh COOTBETCTBYIOLIEE IIOJIOKEHHE TMEePeKIIFOUEHUs, JIJII TOro 4YTOOBI BKJIIOYATh

Oarapeitnple moxynau (1) B mocienoBaTeNibHOE COENUHEHHWE WM OTKIIYAaTh UX U3
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NIOCJIEIOBATENILHOTO COEUHEHHS, PUYEM CITOCO0 BKIIFOYAET B ce0s mmar:

- ycTpoicTBO (8) ympaBieHHs KOHTPOJIHMPYET KOJIM4YecTBO OatapeiHbix monyneit (1),
KOTOpPbIE HAXOIATCS B MOCJIENOBATEIBHOM COEAMHEHHUH, JUIsl TOTO YTOOBI YMEHBINATh PAa3HULLY
MEXOYy TEepBbIM U BTOPBIM OaTapeiiHbIMH MoayisMu (1) B OTHOLIEHMH peryIHpyeMOil
BEJINYMHBI, TPUYEM B TEUYEHHE MNPOMEKYTKa BPEMEHH 3apsAKU, COOTBETCTBEHHO, DPa3psAOKU
OarapeliHON cHCTeMbl OAMH M3 00oux OarapeitHbix moaynel (1) HaxoguTcs B TeueHue Oosee
KOPOTKOT'O BPeMEHH B MOCJIEIOBATEILHOM COSTMHEHUH, YeM pyTroi OatapeiHblii MoayJb (1).

8. [IpoTOYHAst OKHCIUTEIbHO-BOCCTAHOBUTENbHAs OaTapeliHasi CUCTEMa, BKJIFOYAIOINAS B
cebss mo MeHblnel Mepe naBa OarapeiiHbIx wmoxayis (1), IByHampaBIeHHBIH BEHTHJIbHBIH
npeoOpazoBatenb (7) u ycrpoiictBo (8) ympamieHusi, mnpudeM Oarapeirinpie Mmonmysu (1)
MOJKJIFOUEHBI MTOCJIEIOBATEIIbHO U COSIMHEHBI C BEHTHIIbHBIM Ipeobpas3osareneM (7), U mpuuem
Kaxnplid Oarapeitnbiii Moaynb (1) Bkimouwaer B ceOst cucremy (2) siueek ¢ MPOTOYHBIMHU
OKHCIIUTEIbHO-BOCCTAHOBUTEIIbHBIMU STYCHKAMU M pe3epBYapHOE YCTPOICTBO (3) i XpaHEeHUs
3JEKTPONIUTA U CHAOKEHHsI MacCHBa (2) siueeK 3JIEKTPOIUTOM,

OTJIMYAIOINASCS TEM, 4YTO OarapeifHas cHCTEMa BKJIOYaeT B ceOs s KaKAOro
OarapeitHoro monyuist (1) mpeobpasoBatens (17) MOCTOSIHHOTO HANPSDKEHUS, MPUYEM B KaJKIOM
ciiyuae OOMH BBIBOX Kakmoro mpeoOpasosatens (17) MOCTOSHHOrO HampsDKEHUS COCOUHEH B
KKIOM CiTydae ¢ OMHUM OatapeiiHbiM MonyJieM (1), a BTOpOl BBIBOI KaXKAOTO MPeodpa3oBaTeist
(17) TOCTOSIHHOTO HAIpsDKeHUsT COSAMHEH ¢ OO0INeil INMMHON MOCTOSHHOTO TOKA, W MPUYEM
OarapeliHast cucTtemMa BKJIOYaeT B ceOs ManbHEHIINH BEHTWIIBHBIN mpeoOpazoBarens (16),
KOTOPBII COEOMHEH C LIMHOM MOCTOSIHHOTO TOKa, M IpH4deM ycTpoiictBo (8) ympasieHus
COEAMHEHO C JabHEHIINM BEHTHJIbHBIM IpeoOpas3oBateneM (16) u ¢ npeobpazosarensivu (17)
NOCTOSTHHOTO ~ HANpPsDKEHHMsT TakUM 00pa3oM, 4To ycrpoiictBo (8) ympaBneHHs HMeer
BO3MOXKHOCTh ~ yTpABJICHUS]  JaJbHEHINMM  BEHTWJIbHbIM  mpeoOpasoBatenem (16) wu
npeobpazosatensivu (17) MOCTOSTHHOTO HANPSIKEHUSL.

9. IIpoToYHasi OKUCIUTEIBHO-BOCCTAHOBUTEIbHASA OaTapeiiHas cucremMa 1o 1.8, mpuuem
npeoOpazoBateni (17) MOCTOSIHHOTO HAMpPSDKEHHSI BBINOJHEHbI JIBYHAIIPABJICHHBIMH  HITH
OJTHOHATIPABJICHHBIMU.

10. IIpoTo4Hasi OKUCIUTENLHO-BOCCTAHOBUTENbHAS OaTapeliHasi cucreMa 1o 1.8 wim 9,
npudeM Kaxblii OarapeiHblii Moayib (1) BkIrodaeT B cebst BCIIOMOraTesbHble CUCTEMBI (6),
KOTOpPBbIE UMEIOT BO3MOKHOCTh CHAOKEHHSI TOKOM Hepe3 KJIEMMbI CHAPY)KH COOTBETCTBYIOLIETO
OarapeitHoro Moyt (1), mpuyeM KJIIeMMBI BCIIOMOTATENbHBIX CUCTEM (0) COEIMHEHBI ¢ IIMHON
MIOCTOSIHHOTO TOKA U UIMEIOT BO3MOYKHOCTB ITUTATHCS OT Hee.

11. IIpoTo4Hasi OKHCIHMTEIbHO-BOCCTAHOBHUTENbHAs OartapeiiHas cucrema mo 1110,
npudeM OatapeiiHas cucTeMa BKJIIOUYaeT B ce0s sl Kakaoro OartapeiHoro monyuist (1) mepBblid
nepexmouatenb (9) m Bropod mnepeksovarens (10), mpudyem mnepBblii nepekmrodarens (9)
PACIIONIOKEH B KAXKIOM CIIy4ae MOCIIEeNOBATENbHO OTHOCUTEIBHO COTJIACOBAHHOTO OaTapeiHOoro
monyuist (1), a Bropoii nepexirouarenb (10) pacnoyioskeH B KaXAOM Ciiydae B OOXOMHOH JIMHUU
BOKPYT COMIacOBaHHOro OarapeiHoro mMonysist (1) U COrjiacoBaHHOTO MEPBOTO MEPEKITIOYATES

(9), u mpuuem ycTpoHcTBO (8) ymnpaBlieHHs] COEIMHEHO ¢ KaXIbIM U3 nepektodareneit (9, 10)
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TaKUM OOpa3OM, YTO OHO MOJKET ONPEAEISITh COOTBETCTBYIOLIEE IMOJIOKEHHE IMEPEKIFOUYSHNS,
ISt TOro 4TOOBI BKJIFOUATh Oartapetinpie mMonysiu (1) B mocienoBaTelIbHOE COENUHEHUE WU
OTKJIIOUYATh UX U3 MOCIEA0BATENbHOIO COSIUHEHUS.

12. IIpoTo4Hass OKHMCIMTENbHO-BOCCTAHOBHUTENbHAs OartapeiiHas cucrema 1o m.ll,
npudeM mepBble nepekyrodarenu (9) BKIOYAIOT B ce0sl B KAKAOM Clydae ABa HOPMAJbHO
Onokupyromux MOII-TpaH3ucTopa, KaHaJlbl KOTOPBIX COEIMHEHbI IMOCIEAOBATEIbHO TAaKHM
o0pa3oM, 4To B 0OOHMX HampaBJIEHUSAX TOKA ONWH U3 OOpaTHBIX IUOIOB Bceraa OJOKUpPYET, U
npudeM BTopble nepekimodarenan (10) BKIOYAOT B ce0s B KAKAOM Clydae OJUH HOPMAJIbHO
onokupyromruit MOIT-TpaH3ucTop.

13. TIpoTo4Hasi OKHCIUTEbHO-BOCCTAHOBHUTENIbHASI OaTapeiiHas CUCTeMa IO JII0OOOMY U3
n.m.8-11, mpucnocoOieHHast st TOro, 4roObl aBTOMATHYECKH BBIMOJHATH INArd crocoda o
arobomy u3 .. 1-7.

14. KommnproTepHasi mporpamma, BKJIFOYAOLIast B ce0si KOMaH/bL, KOTOPBIE MO3BOJISIOT
OarapeliHoii cucteMe 10 1. 1 3 BBIMOJHATH aru crnocobda no aodomy u3 m.a. 1-7.

15. MamuHouYnTaeMbIii HOCUTEJb, HA KOTOPOM COXPaHEHAa KOMITbIOTEPHAs IporpaMmMa mo
n.14.

ITo noBepenHocTn
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