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OBIIASA XAPAKTEPUCTHUKA PABOTHI

AKTYVAJBLHOCTL TEMLI H CTeNeHb €¢ NpopadoTaHHOCTH. [lOBLINIEHHWE KadecTBa

HHEPrOCHA0XKEHUS OTBETCTBEHHBIX 00BEKTOB HH(PACTPYKTYpPHI (0OBEKTHl BOGHHOTO HA3HAYCHHUS,
MEIUIUHCKUE YUPEKACHUS, 1aTa UEHTPHI U JIp.) ¢ IPUMEHEHHEM HaKOIUTENeH 3IeKTPHIECKOM
SHEPTUU SBISETCS BaXXHOU 3a1aueil 111 COBPEMEHHOT0 00111eCTBa, 0COOEHHO BO BpEMsI PacTyILEro
cIpoca Ha BO30OHOBIISIEMYIO PHEpPreTUKy. BBHIY TOro, uTto reHepanusi OT BO300HOBIISIEMBIX
UCTOYHHMKOB SHEPrHHM HEMpeacKasyeMa W HE MOXET KOHTPOJHPOBATHCSA, aKKyMYJIHMpPOBaHHE
SHEPTUU U BbIJaya €€ B IHMKOBBIC Yachl SBISETCS pAIlMOHAIBHBIM BbIXOAOM. C 3TOH IENbio
HeoOxoanMa pa3paboTka cucteM Oecrepe0oHOro MUTaHus, KOTOPhIE CITIOCOOHBI TTOAIEPKUBATh
9HEProcHa0KeHHe O0ObEKTa Ha MPOTSHKEHUH [JIMTEHOTO BPEMEHU U pabOTaTh B KauecTBe
Oydepa B meproasl N30BITOYHON TCHEPALIHH.

B nacrosiiee Bpemst cucTeMbl HakorieHus nektpudeckoit sneprun (CHO) (k koTopsiM
TaKXe OTHOCSATCS CHUCTEMBI OecriepeOOoiHOro MUTaHUsI Ha OCHOBE MPOTOUYHBIX aKKYMYJISITOPHBIX
OaTapeii) HaXOIAT IIMPOKOE MPUMEHEHHE B PA3JIMUHBIX OTPACIAX IKOHOMHUKH. 3a pyOekoM
AaKTUBHO BHEAPAIOTCA CUCTEMBbl OecriepeOOWHOr0 MHUTaHUS Ha OCHOBE IPOTOUYHBIX
AKKYMYJISITODHBIX Oarapeii W YK€ Ha TMpakTUKe [OKa3adl CHIDKCHHE KANHWTaIbHBIX U
OTIEPALIMOHHBIX 3aTpaT MPH UX BHEAPEHUH MO CPABHEHUIO ¢ Apyrumu aHanoramu. [1o cocrosHuio
Ha 2020 rox, mo ganueiM [enapramenta snepretuku CIIA (DOE), HacunThiBaeTcst yxxe Oojee
100 00BEKTOB, OCHAIIEHHBIX TAaKUMHU CHUCTEMaMH CyMMapHOW MomHocThio Oosnee 300 MBT.
[Ipy 3TOM OCHOBHBIMH TNPOU3BOIAMTEISIMU IMPOTOUYHBIX AKKYMYJSTOPHBIX Oarapel SBISIOTCS
CIOA wu Kwuraii. [lons ycTaHOBIEHHOW MOIIHOCTH MPOTOYHBIX aKKyMYJISATOPHBIX Oarapeil mo
OTHOUICHUIO K JAPYTUM 3JIEKTPOXUMHUECKUM HAKOMHUTEISAM 3JIEKTPUUECKON IHEPTUU COCTABIISET
10% w ¢ KaXabIM TOJOM YBEIUYUBACTCSI.

CornacHoO KOHIENIMY pa3BUTHS PbIHKA CUCTEM XPAaHEHUs IEKTPO3HEpTruu B Poccuiickoit
®enepaunun MunsHepro Poccun, nmpuMEHEHHE CUCTEM HAKOIUIEHMS JJIEKTPUYECKOW DHEPrUU
OTKpBIBAaeT Ji1 OSKOHOMHKM Poccum OombliMe MEepCHEKTUBBI: COBOKYIHBIM  3(dekT
(3a BBIYETOM MHBECTHUIIUN B YCTAHOBKY) MOXET cocTaBUTh K 2025-2035 romam mo 750 mupa pyo
B IOJ.

MaxkcumanbHbIH 00bEM POCCHICKOTO CETMEHTA PhIHKA CHCTEM Oecrepe0OHHOro MUTaHus
MomIHOCTHIO OT 10 kBT k 2025 romy MoxeT coctaButh 120 Miipa. pyO B TOJI, 4TO 1aCT SKOHOMHUKE
Poccun nonomauTenpHbI 3D dekT (3a BerueToM nHBecTUIM) B 700 Mipa. py0 B TOSI.

Takum oOpa3om, MO TMpeNBapUTEIbHBIM pacdeTaM, CErMEHT LENEBbIX MOTpeduTeneit

cucteM OecriepeOOHHOro MUTAaHHUSI HA OCHOBE MPOTOYHBIX aKKYMYJSTOPHBIX Oarapeil TOJIbKO B
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MockoBckoii o0macTi MoxkeT coctaBiaTh oT 60 1o 100 miuH. py6 B rox, a st Poccuu B rienom 1.0
— 1.5 mupa. py6 B ron.

B Hactosimee BpeMst B Poccun OTCYTCTBYET MPOMBIIIUIEHHOE IPOU3BOJCTBO IPOTOYHBIX
aKKyMYJISITOPHBIX OaTapeil, kak M cucTeM OecrepeOOWHOro MUTAHUS C UX HCIOJIb30BAHUEM.
ITosToMy akTyanbHa 3azada CO3JaHHUS TEXHOJIOTMYECKOM W IIPOU3BOACTBEHHOM OCHOBBI JUIS
pa3paboTKU M CEepUITHOTO M3TOTOBIICHHS CHCTEM HAKOIUICHHS 3JIEKTPOIHEPTUHU C MPOTOYHBIMHU
aKKyMYJIATOPHBIMH OaTapesmMu U cuctem Oecniepedorinoro nutanus (ChIT) Ha ux ocHoBe. JlanHas
JyiccepTalus MOCBSIIEHA MCCIEI0BAaHUIO MPOLECCOB HAKOIUIEHUS 3JIEKTPUYECKOM SHEpPIruu B
INPOTOYHBIX aKKyMYJISITOpax, pa3padOTKe U M3TOTOBJIECHUIO onbITHOrO obpasua CBIl Ha ocHOBe
IPOTOYHBIX AKKYMYJIATOPHBIX OaTtapeil HOMHUHAJIbHON MOIHOCTRIO 10 KBT 1 sHEproemkocThio 30
kBT'u u HampaBiieHa Ha pelleHue 3aJauu CO3JaHMs TMOPUIHBIX UCTOYHUKOB 3JIEKTPOIHEPTHH
U1 2JIEKTPOCHA0KEHHS TOTpeOUTENeH KpUTUYHON MHPPACTPYKTYpbl. MICXOJHBIMU JAHHBIMHU JUIS
pa3paboTku OBLIHN pe3ysIbTaThl COBMECTHBIX MHUIIMAaTUBHBIX HUP, mpoBoanmeix B 3A0 « MITOTK
«TEXHOKOMIJIEKT», B paMkax KOTOPBIX pa3padaThIBAINCh U UCCIECAOBAIHCH J1a00OpaTOpHBIE
00pas3ibl MPOTOUHBIX SUYEEK, & TAKIKE CHHTE3UPOBAINUCH PA3JINYHbIE BUABI JIEKTPOJIUTA I HUX.

BonpocaM ruGpuHbIX HCTOYHUKOB M HAKOIUTENEN 3JIEKTPUUYECKON S3HEPTUH MOCBSILEHbBI
TPYZbl HAYYHO-UCCIIE0BATEIbCKUX HHCTUTYTOB, IPOU3BOJICTBEHHBIX OpraHU3aluil 1 U3BECTHBIX,
KaK OTEUYECTBEHHBIX, TaKk U 3apyOexxHbIx uccienosateneil. Cpenu nux HO.H. Acraxos, M.I.
AcrameB, B.A. Benukos, A.I'. Tep-I'azapsn, B.B. Enuctparos, H.JI. HoBukos, B.E. ®opToB,
.. Ianpunos, O.C. Tlomens, Y.Y. Kypysura Apauumre, A. Oudalov, R.A. Dougal,
H.A. Xpunau, [I.A. ITletpuuenko, Yupkun B.I'. u ap.

Crnenyer OTMETHTb, YTO MPAKTUYECKOTO OMbITa Pa3pabOTKU M UCCIICAOBAaHUI B 00jIacTu
IIOTOYHBIX HAKONUTEJIEH IEKTPOIHEPTUU TPAKTHUECKH HET. Bo3MOXkHO, ipeacTaBieHHas paboTa
JaCcT BO3MOYKHOCTH JJIsi CO3/IaHUSl IPOMBIIIICHHOTO o00pa3la THOpPUIHOIO HCTOYHHMKA MU
HaKOIIUTEJISA, B KOTOPBIX HY>KIAIOTCS KPUTHUECKUE HHPPACTPYKTYPBI CUCTEM JIEKTPOCHAOKEHHUSL.
[IpakTuka OSKCIUTyaTallul O0CO0O OTBETCTBEHHBIX CHUCTEM IMOKa3bIBAaCT, UYTO YpPOBEHb
OecniepeOOMHOCTH TPEIBABISET BO3pacTarolIue TPeOOBaHUSA, a MOIIHOCTh KPUTHUECKHUX
noTpeOuTeNeH pacTer.

ITpoBenenHbIe pabOTHI MO3BOJIMIH cO3/1aTh NepByIo B Poccun CBIT Ha 0cHOBE POTOYHBIX
aKKyMYJISITOPHBIX Oarapell ¢ BO3MOXKHOCTBIO MAacIITaOMPOBAaHUS MOIIHOCTH U E€MKOCTH, C
UCIIOJIb30BAaHUEM CHUIIOBOTO IEKTPOOOOPYI0BAHUS OTEYECTBEHHOT O Mpou3BozcTBa. Kpome Toro,
IOJyYeHHE COOCTBEHHOIO 3JIEKTPOJIUTA MO3BOJIMIO OOECIEUYUTh YIEJIBbHYI0 YHEPrOEMKOCTh Ha
YPOBHE JIyYIIUX MUPOBBIX IPOU3BOAUTEIEH.

CreHn Ui HMCTBITAaHUN MPOTOYHOM AaKKyMyJISITOpHOW OaTaper MOIIHOCThIO 5 KBT

IMO3BOJIMJI TMOJYUYUTb YHUKAJIBHBIC JAHHBIC IJId TCXHOJOIMYCCKOTO IMMPOCKTUPOBAHUA CXEM



CHJIOBOH 3JIEKTPOHHKH, a TAK)KE CXEM YIPABICHUS U JITOPUTMOB JIJIsl THOPHIHBIX HCTOYHUKOB U
HAKOIUTEJICH 3JICKTPUYECKON SHEPruM Ha OCHOBE MPOTOYHBIX AKKyMYJIATOPHBIX OaTapeil, B
yactHocTu CBII-ITAKB-10/30.

O0beKT uccienoBanms — cuctembl oecniepedoiinoro nuranus (ChIT) HoBoro mokosieHust

Ha OCHOBE IMPOTOYHBIX aKKyMYJIATOPHBIX OaTapeil.

Heab paGoTbl — pa3paboTKa W SKCHEPUMEHTANbHAs anpoOanus HayYHO-TEXHUYECKHX

pelIeHuii o co3aaHuio 0y(GepHOro HaKOMUTENs AIEKTPUIECKON SHEPTUH Ha OCHOBE IIPOTOYHOTO
AKKyMyJISITOpa C CHCTEMOHM yMpaBlieHUS Ha 0a3e HOBBIX aJIrOPUTMOB JUIsl pacIpelereHHON
reHepauuu coBMecTHO ¢ BUD u apyrumu anbTepHATHBHBIMH HMCTOYHHKAMH, pabOTaIOUIMMU
NapauIeIbHO C HEHTPAIN30BAHHON IEKTPUYECKON CETHIO.

Hayunassi HoBH3HA palOTHI 3aKioyarcs B pa3padOTKe Mojelel W TeXHOJIOTHYECKUX

peleHui,  TO3BOJWBINMX  peanu3oBaTh  BaHamuh-kucioTHei  (VRFB)  makomurens
AJIEKTPO3HEPTUU TPOTOYHOTO THIIA.

B pesynbTare paboThl MpEMIOKEH YHUKAIbHBIN MPOrpaMMHO-aNIMapaTHbIi KOMILIEKC
JTUCTAaHIIMOHHOTO MOHUTOPHWHTA U yIpaBlieHUs O0y(pepHbIM HAKOTUTEIEM JIEKTPUUECKOM SHEPTUU
Ha ocHoBe VRFB akkymymsTopa, paboTampmiero mnapauieJbHO C I[ICHTPaTU30BaHHOU
AIIEKTPUUYECKON CEThIO, C HCIOJb30BAHUEM aJTOPUTMOB I aBTOMAaTHU3allUUd €ro padoThl, B
3aBHCUMOCTH OT T€HEpallMM SHEPTHM, HArpy3KH MOTPEOUTENs] M TEXHHUYECKOTO COCTOSHHS, B
uensax nossimeHus KIIJI cucreMbl HaKOIJIEHUS SHEPTUH.

B pesynbraTe ucciaeqoBaHMil BHEPBBIE CO3/IaH W HMCCIEIOBAH SKCIEPUMEHTATbHBIN
o0pazer Oy(epHOro HaKOMUTEINS IEKTPUYECKON SHEPTUH HAa OCHOBE MPOTOYHOTO aKKyMYJISTOPA
MOILTHOCTh 5 KBT ¢ cucremoli ympaBieHHusi, KOTOpas CIIOCOOHa KOMIUIEKCHO IIOJIydaTh H
aHAIM3UPOBaTh HMHGPOpPMAIMI0 O Harpy3ke U BbIpaOOTKE BJIEKTPUUYECKOH DHEPIuu,
CaMOCTOSITENIbHO PUHUMATh PEHICHUS 0 HEOOXOAUMOCTH HAKOIIJICHHS U BBIIAYH SJIEKTPUUECKON
SHEPIUH, BBICTYIIATh B KAUECTBE aBTOMATUYECKON OalaHCUPOBKH M CAMOJUArHOCTUKHU TEKYIIETO
Y IIPOTHO3UPYEMOT'0 TEXHUYECKOTO COCTOSIHUS HAKOIUTENS 3JIEKTPUUECKON IHEPTHH.

JUis NOCTHKEHHS TIOCTaBJICHHOM 1Leau B paboTe ObUIM TOCTAaBJICHBI CJEIyIOIIHe

OCHOBHBbBIC 3a1a4YH:

1. AHamn3 cucteMm OecriepeOOHHOTO MUTAaHUS HOBOTO TOKOJCHHS Ha OCHOBE
IPOTOYHBIX aKKyMYJISITOPHBIX OaTapeit

2. HccnenoBanue BIUSHUS ~KOHCTPYKIWH, XapaKTEPUCTHK W KOMIIOHEHTOB
HAKOIHUTEJIEH IEKTPUIECKON SHEpTUH Ha UX 3PPEKTUBHOCTH M pabOTy cucTteM OecrepeOoiHOTo
IIUTaHUA B LICJIOM.

3. MonenupoBanue u pazpadoTKa cxeM MpeoOpa3zoBaHus TapaMeTPOB IICKTPHISCKON

SHEPTHUU AJId CIICHUATIN3UPOBAHHBIX UCTOYHUKOB.



4. MaremaTtuueckoe OIMCaHNE u AT OPUTMBI yIpaBieHUs CUCTEM
AIIEKTPOCHAOKEHHUS CO CICIIMATTU3UPOBAHHBIMU UCTOYHUKAMU U TAHUS

5. DKCrepUMEHTAIbHBIE HCCIEAOBAHUS PEKUMOB  PabOThl CHEIHATIN3UPOBAHHBIX
MCTOYHUKOB B CUCTEMaX 3JIEKTPOCHAOXKEHHUS C Pa3BUTON HH(PACTPYKTYPOI.

TeopeTnyeckasi 3HAYMMOCTh PAa0OThI.

[TpoBeneno maremaTtuueckoe MmojenupoBanue B nporpamme COMSOL Multiphysics
Pa3IMYHBIX KOHCTPYKIUH SUCHKH IPOTOYHOTO aKKYMYJISITOpA.

Pa3paboTana MeToaMKa IMOSy4YEHHUS SJIEKTPOJIUTa Ha OCHOBE NEHTAOKCHIA BaHAIUS B
CepHOW KHCIIOTE, HKBUBAJIECHTHOI'O IO COCTAaBY 3apyOeKHOMY O3IEKTposuTy «Vanadium
Electrolyte Solution 1.6 M», mnpousBomumomy komnanueir GfE  Gesellschaft fiir
Elektrometallurgie mbH (I'epmanms).

[TomydeHHble  pacdeTHbIE W OKCHEPHUMEHTAIbHBIE  3aBUCHMOCTH  SIBIISIOTCS
3aKOHOMEPHOCTSIMM JJIsi TPOTOYHBIX HAKOMUTEJIIEH M MOTYT MCIOJB30BAThCS B CHUCTEMax
yIpaBJIECHUS, a TAK)KE B PACUETHBIX METOIUKAX CO3/1aHUSI THOPUIHBIX CHCTEM.

IIpakTH4yecKkass 3HAYUMOCTL PA0OTHI.

Pazpaboran Ilatear P® No 191123 «Sluelika MPOTOYHOTO AKKYMYJISTOPAY.
Hara 3asBku: 09.04.2018.

Pa3paboran anmapaTHO-IPOrpaMMHBIM KOMIUIEKC YIPABICHUS MPOTOYHBIM HAKOIIUTEIIEM,
KOTOPBIN MPEICTABIISICT COOON CUCTEMY YIPaBJICHUS MPOTOYHOM aKKyMYJIATOPHOM OaTapeeil Ha
ocHoBe nporpammHoro obecriedeHust L-CARD E-502 v LabVIEW.

Pa3paboran rpaduueckuii uatepdeiic B cpene CODESYS ¢ Bu3yanuzanueil COCTOSHUS
AJIEMEHTOB YIIPABIEHUS U MapaMETPOB TEKYIIUX PEKUMOB.

OcHoOBHbIE I10J10KEHHSI TUCCEPTAIMH, BLIHOCMMbIE HA 3aILUTY.

1. Cuctema OecriepeOONHOTO MUTAHKWS HOBOTO IOKOJCHHUS HAa OCHOBE MPOTOYHBIX
aKKyMYJISITOPHBIX OaTapei.

2. KoHCTpykMM M XapaKTepHUCTUKU KOMIIOHEHTOB HAKOMUTENEH 3JIeKTPHYECKON
SHEPTHH, KOTOPBIE onpeaesioT 3hPEeKTUBHOCT U pabOThI cucTeM OecrepeOOMHOro NMUTAHUS B
LEJIOM.

3. Mogenn U CXeMHBIE peLIeHHs NPeoOpa3oBaHMs IapaMETPOB AIIEKTPHUYECKON
HHEPTUU MPOTOYHBIX AKKYMYJIITOPHBIX OaTtapeii B cocTaBe cucteM OecriepeOoiHOro MuTaHusl.

4. ANTOpPUTMBI YIIPABIEHUS CUCTEM MPOTOUYHBIX aKKYMYJIATOPHBIX OaTapeil B cocTaBe
CBIL.

5. DKcrepUMEHTAbHbIE HCCIEOBAHUS PEKUMOB paboThl, MpOBEACHHBIE Ha
(U3MUECKOM CTEH/IE TIO3BOJISIONIEM CO3/aBaTh PeajbHBIC HArPY3KH CHCTEM 3JIEKTPOCHAOKEHUS

C pa3BUTON HHPPACTPYKTYPOH.
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Hyoaukanuu W anpoOanus padorbl. [lo Teme auccepranmuu OmyOIMKOBaHBI

6 meyatHbIX padot, Bxonsammx B cnucok BAK P®, B HaykoMeTpudeckne HHIECKCUpyeMble 0a3bl
PUHII, Scopus (WoS), B ToM uncie aBa maTeHTa.

OcHOBHbBIE TOJOXEHUS M Pe3ysbTaThl pabOThl JOKIAABIBAINCH U OOCYXIAIHCh: Ha
3aceMaHusAX Kadeapbl DSJICKTPOIHEPreTHMKH M CHJIOBOW 3IIEKTpOHUKM Hipkeroponackoro
rOCy/JapCTBEHHOIO0 TEXHHUYECKOro yHuBepcutera um. P.E. AnekceeBa, Ha 3acegaHMsIX
TEXHUYECKOTO coBeTa mpousBoacTBeHHOro ob6bveaunenus «TEXHOKOMIUIEKT» (3A0
«MITOTK»).

JIMYHBINI BKJIAJ ABTOPA B MOJYYEHHE Pe3VIbTATOB JHCCEPTAIIMOHHONH PA0OTHI.

JInuHbBIA BKIJIAJ aBTOpa 3aKJIIOYAJICS B IIOCTAHOBKE OCHOBHBIX 33/1a4 MCCIEIOBAHUM, B
pa3paboTKe ® CO3JaHWUU OKCIEPUMEHTAIBHBIX YCTAaHOBOK, B pa3paboTke U ampodamuu
aNIropuTMOB U TporpaMM. HekoTopsiii 06b€M pabOT BBIMOIHSIICS COBMECTHO C COTPYIHUKAMU
npousBojcTBeHHOro 00beauHeHusI « TEXHOKOMITIEKT» (3A0 «MITOTK»).

ABTOp BBIpaKaeT OIarogapHOCTh COTPYAHHUKY MPOU3BOJCTBEHHOTO OOBEIMHEHUS

TEXHOKOMIIJIEKT» (3A0 «MITOTK») k.1.H. OcetrpoBy E.C. 3a 11eHHbIC COBETHI U 3aMEUYaHUSI.

CTpykKTYpa ¥ 00beM auccepTanmu. /luccepraimontas padboTa COCTOUT U3 BBEACHUS, 4

IJIaB, 3aKJIIOUEHUS, CIIMCKA JINTEPATYpbl, BKIOYaromero 80 HauMEHOBAHWM, _4 NPUIOKEHUI.

Coneprkanre paboThl U3II0KEHO Ha 146 cTpaHuiax, BKiIovass 6 tabmuiu 43 WUTIOCTAallud.

OCHOBHOE COJAEPKAHUE PABOTHBI

Bo BBeneHnu 000CHOBaHA aKTyaJIbHOCTh, HAyYHAs HOBU3HA U MTPAKTHYECKAst 3HAUUMOCTh
paboThl, chOpMyYTUPOBAHBI LIETh U 33]1a4l UCCIICTOBAHUS.

B nepBoii rinaBe paccMatpuBaroTcs BOIPOCH MOCTPOCHUS U (PYHKLIMOHUPOBAHUS CHCTEM
Oecriepe0OHOT0 MUTAHUSI HOBOT'O MTOKOJICHHUS HA OCHOBE MPOTOYHBIX aKKYyMYJIITOPHBIX OaTapeii.

HOTpCGHTGHB SHCPruu CTAJIKUBAJICA C BHC3AIIHBIMH OTKJIIIOUCHUSAMU SJICKTPOIHCPTHH,
CKayKaMU HAINpsKEHHs B CETH, BBIBOISIIUMHU U3 CTPOS AOPOTOCTOSIINE 3JIEKTPOOOOPYIOBAHHUE.
Jaxe BHyTpH 00BEKTa MOTYT OBITh MOTPEOUTETN PA3TUYHBIX KaTErOpuid, TPEOYIOIHNE pa3HOTO
M0JIX0/1a K CUCTEME SHEproodecneueHus..

Hns  oOecrieyenus OecrnepeOOMHOCTH Ha O0BEKTax TPEOYIOMIMX  MOCTOSIHHOTO
ANEKTPONUTAHMS, KaK MPaBUJIO, TPUMEHSIOT JBa HE3aBUCHMBIX MCTOYHUKA 3JIEKTPOCHAOKEHHUS.
[Ipn Hamuuuu 0coOOW TPyNHIBl MOTpeOUTENCH, yCTaHABIMBAIOT €HIE U PE3EPBHBIN HCTOYHHUK
SJICKTPOSHCPIUHU. B 3aBucumocTtu oOT NEprUoaAOB OTKIIIOUYCHUS SJICKTPOIHCPIUHU BBICTPANBACTCA
OecriepeOoiiHas cucTeMa 3JIeKTPOCHAOKEHHMSI, TIPH ATOM KayeCTBO IMOJIaBAEMOM AJIEKTPOIHEPTHU

HC OOJDKHO HM3MCHATHCA. I[JISI 9TOro B CUCTCMY BHGKTpOCHaG)KCHI/IH YCTaHaBJIMBAIOT UCTOYHUK
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6ecniepeboiinoro nurtanus (UBIl) wnmm aBromarnyeckuii BBoJ pe3epBa (ABP), koropsie
MO3BOJISIIOT B HEPUOJI OTKJIIOUEHHS 3JIEKTPOIHEPTUH BBINOJHUTH KAadeCTBEHHBIH IEpexo] Ha

JIMHUIO PE3CPBHOI0 IHUTAHMA. IIJ'ISI 9TOro B COCTaB

@Jem?éfmfa:f:;;, - ' UBII  BBOAAT  HAKONMMTENAb  DJHEPIUM:  JHOO

noddepwanua nom eﬁumeﬂet‘i:l

aKKyMYJISITOPBI; JTMOO CYNEepKOHIEHCATOPBI; JINOO
MEXaHMYECKUE HAKOMUTENU OJHEpPruu; Jubo 1p.
OCHOBHBIM 3JIEMEHTOM MPOTOYHOTO aKKyMYJSATOpA,

B yacTHOCTM  BaHamgui-kucioTHoro (VRFB),

HCTOuMMK NUTaNHA
WK HATDYIND

SIBJISIETCSL TIPOTOYHAS siueiika (pucyHok 1), rie u3-3a

Mimbpana

5

| ')..’ Mportounan AYeika
B (MX KDAMHECTBO K XAPAKTEPUCTHKM H€O6XOI[I/IMOCTI/I IMpOKaUYMBaHUA BJICKTPOJIUTA YCPC3
& o 3343107 mouyHocme dns
WY nompebumeneii)

> MOPUCTBINA YIJIEPOAHBIA 3JIEKTPOJ TEPSETCS YacTh

Hacoc ANA NPOKAYKK INEKTPOAMTA HEPEe3 AYERKyY

PucyHok 1 — [poTouHas sueiika MOIIIHOCTH M3-3a THIAPOCONPOTHUBIICHHS] MATEPUAJIOB.

Onuum u3 IIOJIXO/I0B K YMEHBILIEHUIO
THJIPOAMHAMUYECKOTO COMPOTUBIICHUS CTAJII0 U3MEHEHHE KOHCTPYKIMHM OWIOJISIPHBIX IJIACTHH,
KOTOpBIE MO MpeJiaraeMoi KOHCTPYKIIMH JOJKHBI BKIIIOUATh B ce0sl 3MEEBHIHBIN KaHal, a 0OMeH
3JIEKTPOJIUTA C TIOPUCTHIM YIJIEPOJHBIM MaTEPUAIOM OCYILIECTBIISIETCA 3a cueT MudPy3un HOHOB,
OCMOTHYECKOTO JaBJICHHUs M TYpOYJEHTHBIX TOTOKOB HA IPaHUIIE, I7I€ MPOTEKAIOMINN 110 KaHaITy
AJIEKTPOJIUT CONPUKACAETCSI C TOPUCTBIM YTIEPOAHBIM 3JIEKTPOIOM.

Knaccuueckoil  KOHCTpyKIMEW  SYEHKHM NPOTOYHOTO  aKKyMyJsaTopa C  HOBOM
Monudukanue sBISETCS 3MEEBUAHBIM KaHall M paccMaTpPUBAECTCs BIMSHUE I[apaMETPOB
(rmyOuHa, mIMpUHA, KOJMYECTBO KAHAJIOB) HAa TUAPOAWHAMHYECKOE M DIIEKTPHUUYECKOE
COIIPOTUBIICHUE STYEHKHU.

B Ttabauue 1 mpuBeneHbl CpaBHUTEIbHBIE XapaKTEPUCTUKU H3BECTHBIX HAKOMUTEIEH
anekTpudeckor sHepruu. Jlocronncteom VRFB sBnsioTCA: 10ATOBEYHOCTH, HEOTPAHUYEHHOCTh
Oarapeif IO MOILITHOCTH, OITYCTUMOCTh 4-X KpaTHOH Mmeperpy3ku, HU3KUH YPOBEHb caMopaspsiaa,
10Xapo0e30MacHOCTh U HU3Kasi CTOUMOCTb.

K nemocratkam VRFB MO0XHO OTHECTH: CIIOXKHOCTb CHUCTEMbI YIpaBJICHHUS, MaJas
IUIOTHOCTh XpaHEHUs SHEPTUH, YTO IPUBOIUT K YBEIHMUEHUIO Beca U rabapuToB.

Tabmuua 1. CpaBHUTENIBHBIE XapAKTEPUCTUKH U3BECTHBIX HAKOTIUTEIEH

TexHonoruu MomHOCTS, Bpems Camopaspsin, YaensHas OObemuas YaenbHas O¢ddekTHBHOCTS, [IpogomKuTebHOCTD
MBT  wucnons3oBaHus % B CyTKH IUIOTHOCTH IUIOTHOCTh MOIIHOCTB, % KU3HU,
SHEPIHH, SHEPIUH, Br/kr LUKJIBI
Br-u/kr Br-u/n (He MeHee ueM)
DIEKTPOXUMHYCCKHI
CBUHIIOBO-KHACIOTHBIN 0.001-50 s—3h 0.1-0.8 30-50 50-80 75-300 70-90 500-1200
JInTnii-noHHBIH 0.1-100 min-h 0.1-0.3 75270 200-600 100-10000 85-98 1000-25000
Hukenb-kaamuit 0.1-50 0.2-1 50-75 60-150 150-230 60-90 1000-2500
Hukens-meTammoruapun 0.01-1 0.5-1 40-110 220428  250-2000 50-80 200-1500
Harpueso-cepnas 6atapest 0.05-100 s—h 0.05 150-300  150-300  150-230 70-90 2000- 5000

(NaS)
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BananueBast OKHCIIMTEIIBHO- 0.1-200 s—10h 0.06 10-75 20-70 80-150 60-90 12000-14000

BOCCTAHOBUTEIIbHAS OaTapes

ITunk-6poMHast IpOTOYHAS upto 1 s—10h 0.06 60-85 30-60 50-150 75-80 2000

GaTapest

DnekTpuuecKuit

Cynepxongencarop (CK) 0.01-1 ms—s 2-4 1.5-110  40-100 40000— 80-98 10000 — 100000
120000

CBepXIpoBOIsIINA 0.001-10 S 0 1-60 up to 10 (10000 80-95 100 000

MarHUTHBII HAKOIIUTEIb 100000)

sueprun (SMES) x10°

MexaHu4eCKHi

T'uapoakkymyupyromas 20-5000 1-24h 0-0.5 0.3 0.2-2 0.1-0.2 70-85 30-60 years

anexrpoctannus (CHC)

AKKyMyJISITOp SHEPTHH 10-1000 1-24h 0-10 10-30 0.5-0.8 0.2-0.6 40-75 20-40 years

cxaroro Bozayxa (CAES) (at 60 bar)

Maxosuk (FES) 0.002—400 s—min 1.3-100 5-200 1000-5000 70-95 20000-100000

XuMuueckue

Bonopon (H2) 0.01-1000  s—months 04 600 0.2-20 25-82 5-10 years

Cunrernueckuif npupoausii  50-1000 s—months 0-1 1800 0.2-2 25-56 30 years

ra3 (SNG)

B HacTosiee BpeMsi CCTeMbl HaKoOIIeHUs dnekTpuueckoit sueprun (CHD) (k KoTophiM
TaKXKe OTHOCATCS CHUCTeMbI OecnepeOoiiHoro muranus Ha ocHoBe VRFB) nHaxomsar mmpokoe
IPUMEHEHHE B PA3JIMYHBIX OTPACIIAX SKOHOMUKH.

[IpoTouHble aKKyMyJsTOpBI, CIOCOOHBIE Ha HAKOIUICHHE OOJBIIMX O00BEMOB
AIIEKTPOIHEPTUH, MOTYT TPUMEHATHCS B 3aKpPbITBIX MMOMEHICHUSAX. [IpM 3TOM MOIIHOCTH
(3aBuUCSIIAsE OT TUIOMIANN SJIEKTPOAOB), IHEPrOEMKOCTh (3aBUCAIIAS OT 00bEMa IJIEKTPOJIUTA)
MOTYT MOAOMPAThCS W HapallUBaTbCsd B IPOLECCE HKCIUTyaTallMd € y4eTOM TpeOOBaHMM
KOHKpETHBIX moTpedureneid. K HemocTarkaM NPOTOYHBIX AKKYMYJSATOPOB MOXHO OTHECTH
HU3KYIO TUIOTHOCTh 3HEPruu. Takxke CIO0XKHAasg KOHCTPYKIMS THIPOAMHAMHYECKOW CHUCTEMBI,
TpeOyrolas MepruoANYecKOro 00CIyKUBAaHH JIOKAJIbHOT'O UICTOYHUKA DJICKTPOIHEPTUH.

OpnHako, HECMOTPsl Ha MMEIOLIUECS HEOCTaTKH, MPOTOYHBIE aKKYMYJISTOPHI SBISIOTCS
NEPCIEKTUBHON TEXHOJIOTHEH HAKOIUIEHUS 3JIEKTPOIHEPIHH B COCTaBE JIOKAJIbHBIX UCTOYHUKOB
JUIE KPUTUYECKU BaKHBIX WHQPACTPYKTYpHBIX moTpedureneit. s obecrnieyeHus HaleXHOTO
AIIEKTPOCHAOKEHUSI KPUTUYECKH BAXKHBIX HMHQPACTPYKTYpPHBIX IMOTpeOUTENICH MHPUMEHSIOTCS
JIOKaJIbHBIC UCTOYHUKH JIEKTPOIHEPTHH, paOOTAIOIIHNE B YCIOBUAX OTKIIIOUEHHUS SJIEKTPOIHEPTHH
OT BHEIIHEH 3JIEKTPUUYECKON CeTH. B COBpEMEHHBIX yCIOBUAX JIOKAJIbHBIE HCTOYHHUKH JIOJKHBI
COOTBETCTBOBATh INMPOKOMY TIEPEUHIO TpeOOBaHMUI: BbICOKas 3(PPEKTUBHOCTb, MPOCTOTA
peanu3anum, OBICTPBIA 3aIyCK, BBICOKAs aJalTUBHOCTb K M3MEHEHHSIM Harpys3KH, OTCYTCTBHE
IIyMa, OTCYTCTBUE TEIUIOBBIX BEIOPOCOB, B3pbIBOOE30MIACHOCTD U T.1I.

N3BecTHble akKymynaTopbl (Tabnuua 1), B TOM 4MClE€ TOIUIMBHBIE 3JEMEHTHI MOTYT
paboTtath B cocTaBe THOPHIHON CUCTEMBI AIEKTPOCHAOKEHHS U yIOBJIETBOPSIOT TPEOOBAHUSM I10
aBTOHOMHOCTH. OJIHaKO TIPUMEHEHHE TOIUIMBHBIX JJIEMEHTOB OIPAHUYMBACTCS  PSAIOM
TEXHUYECKUX O0aphepoB, CBSA3aHHBIX C XPAaHEHHEM 3araca TOIUIMBa (BOIOPOJIa), 0COOEHHOCTHIO
BHEIIHUX XapPaKTEpUCTUK (MsSrKas BOJIbT-aMIIEpPHAs XapaKTepPUCTUKA), HEOOXOIUMOCTh

MOHHUTOPHUHTA U 00CITYKUBaHUSI.
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Ha ocHoBe ananu3za MEepCAOBBIX pa3pa60T0K BO3MOJKCH ITOAXO0A K BOBMOKHOMY COUCTAHHUIO
HECKOJIbKHMX TEXHOJIOTH JJId CO34aHus JIOKAJIbHBIX MCTOYHHKOB, OGGCHG‘-II/IBaIOH_II/IX HaaCKHOC

AJICKTPOCHAOKEHHE  OOBEKTOB

| Tommmo | | Brenmrza SIMEKTPHYECKAT CETh | KpI/ITquCKOI\;I I/IH(l)p aCprKTypBI
- ¥ (pucyHok 2).
| Koneeprop Tormmmsa |
=== ¥ Cucremy HAKOIUIEHUS
[TpeoGpasopatens TOIIIIEA B o
SIEKTPOSHEPITIO 6OHI7]-HHX SHEPrun

L |

| [peoSpazopaTemns HSTEKT POsHEPITIT

f—

1enecoo0pa3Ho peann3oBaTh Ha

' OCHOBE IIPOTOYHBIX
1
| HakoImHTeNE 37eKTPOIHEPIHH | ! AKKyMYJISTOPOB.
1
; 1 KpHTImeckH pakHELi
| [IpeobpazopaTens HIeKTPOSHEPIII 2 H HH(PACTPYKI VPHELT IT0TPedHTENE HeHeC006paSHO’ TaKXxe,
1

BBITIOJIHATh TaKyH0 CHCTEMY II0

Pucynoxk 2 —CtpykTypa JOKaJIbHBIX HCTOYHUKOB Ha

- IMPUHIHUITY MOAYJIBbHOCTH.
OCHOBE TIpeoOpa3zoBaTeieii TOINBA.

Kaxnp1if Mogynb TOMKEH UMETh
COOCTBEHHYIO CHUCTEMY
yropaBiieHus: (MepBOTO YPOBHS) AJIA yHpaBieHHUsS 3apsaoM / paspsiaoM Hakonutened. Taxoke
NOTPEOUTENH U MOTYJIH JIOKAJIHLHOTO HCTOUHHUKA, & TAK)KE BHEIIHSS 3JICKTPUUECKasi CETh JOJKHBI
OBITH CBSI3aHBI €AUHON CUCTEMOM YIIpaBIeHHS (BTOPOro ypoBHS). DYHKIIUN CHCTEMBI YIIPaBICHUS
BTOPOTO YPOBHS 3aKIIOYAIOTCS B ONpEAENIEHUH U 3aJaHUM ONTHMAJbHBIX PEKUMOB pPabOThI,
3arpy3KHu OTAENbHBIX MOJTyJIEH.
bnaronaps mnpoBeneHHOMY CpaBHUTEIBHOMY aHalU3y MOXHO CJENaTh BBIBOJ O
nenecoobpasHoctu ucnonszoBanus [TAKDB B couerannu ¢ BUD u npyrumu anbTepHaTUBHBIMU
MCTOYHUKAMU SHEPTUM JAJIsl HAKOIUIEHHS OONbUINX OOBEMOB 3JIEKTPOIHEPTUU JAIOT BBICOKYIO
sHepro3ddextuBHOCTh. KpoMe TOro, HakomjieHHbIe 00BEMBbI 3JIEKTPOIHEPTUU B HOUYHBIE YaChl
paboThI SHEProCcUCTEMBI, KOT/1a Tapu(pbl MUHUMAIBHBI, MOTYT OBITh MCIOJB30BAaHBI B MEPHUO/IBI
MaKCHUMAaJIbHBIX HArPy30K MpU 1e(UIINTE MOIIHOCTH U BEICOKUX Tapudax ¢ LeIbI0 BEIpaBHUBAHUS
CYTOYHBIX I'PaQUKOB JIEKTPOTIOTPEOIICHHS B CETSAX OOIIETr0 Ha3HAYCHUS.
Bropas rnaBa mocBsieHa pa3pa0OTKe HUCCIEOBAHHUIO BIUSHUS XapaKTEPUCTUK H

KOHCTPYKLIMU HAKOMUTENEH IEeKTPHUUECKOi SHeprun Ha 3(P(EKTUBHOCTH paboTHI
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OCHOBHBIM 3JIEMEHTOM MPOTOYHOT'O AKKYMYJISITOPA SIBJISIETCSI IPOTOHOOOMEHHas siueiika,
KOHCTPYKLHSI KOTOPOH ONpeAesieT BCE XapaKTEPUCTUKU aKKyMyJiaTopa. C 1esblo UCcCae10BaHus
MPOLECCOB B IMPOTOHOOOMEHHOM SYEWKEe MPOBOJUIOCH MaTeMaTUYECKOe MOJEIMPOBAaHNE
Pa3IUYHBIX KOHCTPYKIUHN U pexXUMOB. MaTemaTtnueckoe MoIeTMpOBaHUE MPOBOIUIIOCH B CPEJIE €

COMSOL Multiphysics. Llenpio gaHHOTO MCCIeNOBaHUS SBISAETCS CPaBHEHUE 2-X Pa3IMYHBIX

Y

KOHCTPYKUHH SYEUKHU IIPOTOYHOIO
akkymyisitopa. Ha pucynke 3
IIPEICTaBICHBI MOJIEIIH IOy sTUEEK,
B KOTOPOH MOJEINPYETCSl TEUEHHE

KUJIKOCTHU IO KaHally.

"m‘mmwp« T R S P A N TP

. L A S S e BT A D b A

LIS Sy I P LR At e e S U
*: e
PRPRROLE D2 Rt SV

r
E
!
:
B
%
|

=)
| . L PaccmorpenHnbie
Koncrpyxmms | Konerpyxkims 2 KOHCTPYKIHUH ONpEaACIIAT HC
PucyHOK 3 — Bu IPOTOYHBIX HOJIysSYEEK PA3IUIHOM TONBKO 3(P(EKTUBHOCT  caMuX

KOHCTPYKINH sIYeeK, HO W DHEpreTuyecKkue

18 e 7.7=*ﬁ" LUy

5 17 e S P08 3aTpaTbl Ha MNPOKAYKY OJJICKTPOJMUTA, YTO
Fo7
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g 13 ~l— MolHocTb AYelikiu Ne2 r 04 Et HaAKOIIUTEIISL HAKE'

2 KNZ aueiiku Nel Lo3 X

g A ReR e o2 Ha pucynke 4 npuBeieHbl KpUBBIE

= 11 T i o1 p y p p

) B

‘ ‘ 0 MomHocTed syeek u ux  KIIJ B
0 2 4 [ 8 10 12 14

CKOpPOCTb MpoKavku, niy

Pucynoxk 4 — KpuBble 3aBUCHIMOCTH MOIIHOCTEH SMEEK U X SABUCHMOCTH 0T CKOpOCTH  TCHCHHA
KIIZI oT CKOpOCTH TCUEHHSA DIEKTPOIINTA YEPE3 AIEHKY DIIEKTPOJINTA Yepe3 SYEHKYy C YYETOM
IIOTEPH Ha BJIEKTPUUYECKOE CONIPOTUBICHUU
(T.K. DJEKTPUYECKUI KOHTAKT B CIIy4ae CO 3MEEBUIHBIM KaHAJIOM XYK€, UeM B Cllydae CIUIONIHON
IUTACTUHBI). BUAHO, YTO MOUIHOCTH B 3aBUCHUMOCTH OT CKOpPOCTHU TEUEHUS SJEKTPOJIUTA IS
KOHCTpyKUMU Ne 1, u3MeHseTcsl MPaKTUYECKU TaK e, Kak U g KoHCTpyKuuu Ne 2. Ilpu sTom
KIT[ B stueitku konctpykuuu Ne 1 majiaer ¢ yBeIUYeHUEM CKOPOCTU MPOTEKAHUS SJIEKTPOJIUTA
OoJiee CyIIECTBEHHO, YeM ISl SYCHKH KOHCTpyKumH Ne 2, 4TO CBs3aHO C 0Oojiee CHIIBHBIM
YBEITMYEHUEM THIPOCOIIPOTUBIIEHUS 10 CPABHEHUIO € STYEHKON CO 3MEEBUIHBIM KaHAIOM. Takum
00pa3oM, KOHCTPYKIHS SYEHKH MPOTOYHOTO aKKyMYJISTOpa CO 3MEEBUIHBIM KaHAJIOM SIBIISETCS
0oJiee mpUEeMIIEMOM ¢ TOYKU 3pEHUS CHI)KEHUS TIOTeph Ha TUAPOJIMHAMUYECKOE COMTPOTHBIICHHE.
[IpennokeHHass KOHCTPYKIMS TPOTOYHOW siueiiku 3amateHToBaHa (Ilatenr P® No 191123

«Sluelika MPOTOYHOTO aKKyMYJIATOPAY ).
Jlpyroii Ba)XHOM 3ajadeil sABJIECTCS INPUTOTOBIEHUE 3JIeKTponuTa. Ha mepBoi craguun

NPUTOTOBIICHHUS 3JEKTPOJIUTA IPOBOAUTCS BOCCTAHOBJIEHME TNeHTaokcuiaa BaHagus (V20s) B

pacTBOpe CEpHOU KHCIOTHI C HCIIOJIb30BAHMEM BOCCTAHOBUTENEH (IaBeneBOi KUCIOTHI). [Ipu
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TOM ToJy4aeTcss pactBop cyibdarta BaHamuna (VOSOs4) B pacTBOpe CEpHOM KHCIOTHI
Boccranosnenue npotekaet cornacHo Gopmye (1).
V205 + H2SO4 + CoH204 — 2VOS0O4 + 2CO2T + H20 (1)

Ha BTopoif craguu MpOBOAUTCS 3JIEKTPOXMMHYECKOE BOCCTAHOBIIEHUE DSJIEKTPOJIUTA.
DJEeKTPONUT 3AJIMBACTCSI B CTEHJ JJS 3apsIKU O3JEKTpOIUTa B cooTHomeHnH 2:1 B 0Oak
OTPHIIATEILHOTO U TIOJIOKUTEIILHOTO AJIEKTPOJIUTA COOTBETCTBEHHO. 3aps/] MPOBOAUTCS, MOKa B
0ake OTPUIIATEIILHOTO AJIEKTPOJIUTA HE oOpa3yeTcsi cMech cyib(dara BaHaawma u cyabdata (I1II)
BaHaaus B porniopiuu 1:1. B Gake oTpULIaTEIBHOTO U MOJOKUTEIBHOTO 3JIEKTPOIUTA MPOTEKAIOT
IIPOLIECCHI BOCCTAHOBJIEHUS U OKUCIIEHHS COOTBETCTBEHHO. BoccTaHOBIEHNE TPOTEKAET COTTIACHO
dopmye (2), a okucienue — popmyae (3).

2VOSOs4 + 2¢ + HaSO4 — V2(SO4)3 + 2H' (2)
2VOSO4—2¢ + 2H" — (V02)2S04 + H2SO4 3)

[Tocse 3TOro 3MeKTPONIUT U3 6aka ¢ OTPULIATETFHBIM AIEKTPOIUTOM NEpEeKaunBaeTCs B 0aK
JUIL XpaHEHUsS] TOTOBOM MPOIYKIMH, a 3JCKTPOIUT U3 IMOJIOKUTEILHOr0 0aka MepeKaunBaeTCs
00paTHO B PEaKTOP ISl IOBTOPHOTO BOCCTAHOBJICHHUS.

[IpennoxxeHa MeTOAMKa MOJYUYEHUS JIEKTPOJIUTA U KOHCTPYKILHS peaKkTopa Ha OCHOBE
NICHTAOKCH/Ia BaHA/JWsS B CEPHOM KHUCIOTE, HKBUBAJICHTHOI'O II0 COCTaBy 3apyOexHOMY
anektponuty «Vanadium Electrolyte Solution 1.6 My», npousBogumomy komnanuend GfE
Gesellschaft fiir Elektrometallurgie mbH (I'epmanmst).

Pa3paboran anroput™m omnpeneiaeHus MOIIHOCTU SIYEHKH MPOTOYHOTO aKKyMYJsTOpa B
3aBHCUMOCTH OT CKOPOCTH TEUEHHUs DJIEKTPOJIMTAa MU HAa OCHOBAHUHU PE3yJIbTATOB MOIIHOCTH
SIUEHKM TPOBEACHO CpPAaBHEHME 2-X KOHCTPYKIMM SYEWKHM HPOTOYHOIO AKKyMYJISATOpA.
[To pesynbraraM cCpaBHUTENBHOH OLIEHKM HauOojiee MEPCHEKTUBHON SIBISETCS KOHCTPYKIUS
MIPOTOYHOM SYEHKHU CO 3MEEBUIHBIM KaHAJIOM JJIs MPOTEKAHUS AJIEKTPOJIUTA, T.K. B 3TOM Cllydae
BEJIMYMHA THUAPOJUHAMUYECKUX MOTEPh CPaBHHUTEIBHO HIKE. JlaHHBIE HCCIIEeOBaHUS OBUIH
HEOOXOIUMBI Il Pa3pabOTKU aJrOpUTMOB MOHHMTOPWHIA W YIpaBlIeHHs pabOTHl HACOCOB
nepekavyku 37ekTpoautoB B cteke [IAKD.

B Tperneii riiaBe npencraBieHO MOACIMPOBAHUE pa3pabOTKH CXeM MpeoOpa3oBaTenei

napaMeTPOB AEKTPHUUECKON YHEPTUU AJIsi THOPUAHBIX CIIEHUAIN3UPOBAHHBIX HCTOYHHUKOB.
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B [naHHOM rnaBe  pacCMOTPEH MOXYJBHBIM IPUHLHUI IIOCTPOEHUS  MPOTOYHBIX

HAaKOIIUTEJIEH YHEPTUH.

|| Vanadi Bapsumeiii  [ynb 1 | | Mony | Mony

I r:(;l(:x 1peodpa3oBa I I 5 2 I I 16 3 I
flow Paszpsaanbiii I I I I

l battery peodpason | I I

EEAMMARAON YTTTMNOTN TTATITNST T¥FTE TEYNF T NANATATTR S ¥X N TH I T TTNANATATER

IlIuna BbIX0AHOTO TpaHchopmarTopa

Pucynok 5 - MoaynpHast CTpyKTypa CUCTEMBI BKIIOUEHHS U YIIPABIECHUS IPOTOYHBIX
HaKomuTeseHn
J{nst MOy TbHOM CTPYKTYPBI BaKHBIM SIBJISIETCS COTJIACOBAHUE PA3PsAIHBIX XapaKTEPUCTHUK.
b monydeHsl paspsiAHbIE XapAaKTEPUCTUKU JBYX CTEKOB MPH HMX MOCIEA0BATEIHHOM

BKJIIOUEHUU, KOTOPBIE MIPUBE/IEHBI HA PUCYHKE ©.

50 HecmoTpss Ha OaMHAaKOBbIE HOMHHAJIbHBIC
40

5 XapaKTEPUCTHKU CTEKOB u o011y
£30

g THJIPOAMHAMUYECKYIO0 CHUCTEMY IOAAYM 3JIEKTPOJIUTA,
820
E OJIMHAKOBBIC YCIIOBHSI paspsiia, YpOBEHb HAaYaIbHOTO
10

0 Pl o=tz 3apsa (SOC) cKOpOCTh CHUYKEHUS HAIIPSKEHHSI CTEKOB

950 10:04 1049 1033 10:48 - 1102 cymiecTBEHHO pazanyaercs. Hab6monaercs

Pucynok 6 — Pa3psigHbie

CYILIECTBEHHOE pa3jMuue B UX HAIMpPSHKEHUH, KOTOPOE
XapaKTEPUCTUKU CTEKOB 1 1 2.

YBEJIIMYMBAETCS MO Mepe paszpsiaa, nocturas 22,27 B nim
41,7% ot HavanbHOTO 3apsja ssueek. [[pUYrHbBI TAKOTO pa3aIHyus MOTYT OBIThH CIEAYIOIINE:

1. Buytpennee compoTHuBieHHEe cTeka. CONPOTHBIEHUS MOTYT pa3inyaTbcs H3-3a
HEHUJICAIBHOCTH KOHCTPYKTUBHBIX M 3JIEKTPOXMMUYECKMX IapaMEeTPOB CTEKOB (TOJIIMHA H
pa3Mepsl, INIOTHOCTb U CTPYKTYpa IEKTPOJOB U T.1.). B mpomecce akcmiyaTanuy CTEKOB MOKET
HaOJII01aThCS U3MEHEHUE BHYTPEHHETO COMTPOTUBIICHUS U CHIDKEHHE Y(PPEKTUBHOCTH UX PAOOTHI
U3-32 BIMSIHUA JIETpaslalliil MPOTOHHOM MeMOpaHbl W/MiHM 37eKTpoaoB. CTemneHp aerpagaliu

3aBHCUT OT KOJIMYECTBA 4aCOB Hapa6OTKI/I CTCKOB U YCJIOBI/Iﬁ HX SKCILTyaTalluu.
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2. CkopocTb MNpOKauku 3jekTponurta. llpu Hanmuuum enuHOM TIUAPOAMHAMUYECKOU
CHCTEMBl Ui OOOMX CTEKOB BO3HUKAIOT TPYAHOCTH NOJJIEPKAHUS OJMHAKOBOM CKOPOCTH
MPOKAYKH 3JIEKTPOIUTOB, BBI3BAHHBIE HEBO3MOKHOCTBIO TOUHOM PYYHOM HACTPOMKH.

CnenoBatenbHO, BKIJIIOYATh CTEKM Ha MapajljiesibHYyI0 paboTy 0e3 JOMOJHUTENIbHBIX
npeoOpa3oBareneil Henb3s. Pabota Takoil cuctemsl siBisiercs Hed((eKTUBHOM, U MpUBEAET K
neperpy3ke creka Ne 2, a 3HAuuT, TpeOyeTcs NPUMEHATh CIHEHHAJIbHBIE CIOCOOBI IS
00BbETMHEHUSI HECKOJIBKUX SIY€EK B OOITYIO CUCTEMY.

JIns moanep:kaHus OJMHAKOBOW CKOPOCTH MPOKAYKH SJIEKTPOJIMTA 4Yepe3 MapajlieIbHO
MOJIKJIIOUEHHBIE CTEKM MOKHO HCIIOJIb30BAaTh HE3aBUCUMYIO T'MJIPOJMHAMHUYECKYIO CHUCTEMY C
COOCTBEHHBIMU OaKaMH C 3JIEKTPOJIUTOM JUIsl KaXKJI0TO TOIUIMBHOTO cTeka. Hactpolika ckopocTu
noJayl dJEKTPOJIUTa B TaKOM ciay4yae OyAeT MOAJNEpKUBAThCS C IOMOIIBI0O HAacOCOB U
KOHTPOJIMPOBAThCS AaTyMKaMu pacxoaa. OgHaKo AaHHBIA CIOcOO BEAET K JOMOJHUTEIbHBIM

3aTrpaTraM, KaK Ha MaTepuajibl U OGOPYI[OBaHI/IG, TaK U Ha OTBOAUMYIO IJIOMAAb IIOJ pa3sMCIICHUC

0aKoB.
Ha pucynke 7 mnpencraBieHa oOmas THMIPOAMHAMHYECKas CXeMa, MO3BOJIAIOIIAs
@ @ MOJKIIIOUUTE K 00I1eMy o0bemy
/i ﬂ 5
v PR aKoB C ANEKTPOIIUTOM
< 51 S
. HCOTrpaHUYCHHOC KOJIMYECTBO
” / / ” IPOTOYHBIX cTeKoB. OJHAKO, 3TO
P
A ld H A
< ¥ | / y Tpedyer oco0oit HaCTPOUKHU
[
X v / X THAPOCHCTEMBI.
< Av4 ! Av4 »
< A : A7 . .
B - Hacrpoiika OJMHAKOBOU
® ®
o @  CKOPOCTH TPOKAYKH SJIEKTPOIHTA

@ ® OCYHICCTBIACTCA B CICAYIOIIEM

9

©, e O nopske:

4

\J
Pucynok 7 — I'maponuHaMudeckas cxema Juisl TOIKJII0UCHUS
HECKOJIbKUX MPOTOYHBIX CTEKOB: | — CTEK MPOTOYHOM OaTapew (n
mTYyK); 2 1 3 — OaKH ¢ IEKTPOIUTOM; 4 — OCHOBHBIE HACOCHI

MIPOKAYKH AJIEKTPOJINTA; 5 — OaaHCHPYIOMHKN HacoC; 6 — TaTIUKH 9JIEKTPOJIMTA OTKIFOYAIOTCSA  BCE
pacxopa 3JeKTpoJInTa; 7 — BXOJHbIE BEHTHIIN;

R

1. C nomomipro 3amnopHbIX

BEHTWIEH 7 OT CUCTEMBI MHOJAYH

CTEKU KpOME HacCTpanuBaeMoro.

2. OcyuiecTBisieTcs HACTpOHKa CKOPOCTH IPOKAYKU MCIOJb3ysl BXOAHBIE BEHTUIN 7 U

KOHTPOJIUPYSI PacXoj] C IMOMOIIbI0 JaT4ukoB 6. [Ipu mocTikeHMM HEOOXOIMMOW CKOPOCTH,
MEPEKPHIBACTCS BBIXOIHBIE BEHTUIIH §.

3. BBINIOJHSETCS HACTPOIKA JUI CIIEAYIOIIETO CTeKa. JTall 2 MOBTOPSETCs HEOOX0IuMOoe

KOJIMYECTBO pa3 AJis HACTPONKHU BCEX NMapajlIeIbHbIX CTEKOB.
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Jlnsi 00beIMHEHUsI CTEKOB M BBIPABHMBAHUS MX BBIXOJHOT'O HANpSKEHUS HEOOXOIUMO
ucnonb30Bath AByHanpasieHHble DC/AC npeoOpa3oBaTesnin Ha OCHOBE MOCTOBOTO MHBEpPTOpA.
TpeOyemblil ypoBEeHb HaNpsIKEHHWs Ha BBIXOJE HWHBEPTOpa OOECIEYMBAETCS C IOMOIBIO
TpaHchopmaTopa, KOTOPHIH €CTh B CUCTEME OecriepeOOHHOTO MTUTAHHUS.

Ha pucynke 8 nmpuBesieHa npejaraemMas cxema, Mo3BOJISIONIAas 00bEIUHUTH POTOYHBIE

~ACU, ~ACUp CTCKM Ha NapajlICIIbHYIO
50-100 B, 50 I'y 380 B, 50 I'y
Vmp |- paboty Ha CTOpOHE
Barapes n
NEPEMCHHOTO  HAITPSXKCHU.
4‘ DC
— Brikimouarens
AC Hns npeoOpa3oBaHus

D

MOCTOAHHOI'O HAIIPAKCHUA B

---------- | )
batapes 2 @ Cets IEPEMCHHOC  HCIIOJIB3YCTCHA

4‘ — b AC JIByHAIIPaBIICHHBIH
.......... TpExa3HbIit MOCTOBOM
Daraper | s DC/AC npeobpazoBarensb.
4‘ - AC ITocne DC/AC
Pucynok 8 — @yHKIMOHANbHASA CXeMa OObEAMHEHUS CTEKOB U npeobpasoBarenei

WX TIpeoOpa3oBaTeseii Ha mapauiebHyI0 padoTy. yCTAHABIHBACTCS

Tpexdazubiii Tpancpopmarop T it nanpHeiimero npeoOpa3oBaHUs HANPSDKEHHS 10 YPOBHS,
HeoOxoaumoro morpebutento. Takke OH 0OOeCleuynBaeT TaTbBAHUYECKYIO Pa3BA3KY MEXKIY
siueKoi U ceThio. Ha BTOpuuHOl cTOpOHE TpaHchopMaTopa pacrojioKeHa IIMHA MEPEeMEHHOTO
HaINpsDKEHUs, K KOTOPOU TOJKITIOYAIOTCS TOTPEOUTENH.

Vnpasnenune cucremoir u DC/AC mnpeoOpa3oBarensiMi OCYIIECTBIISECTCS CHCTEMOU
yIOpaBleHUs, COCTOSALICH M3 ABYX MOJyJei: eauHas cucTeMa 3a/laHds CUTHaja yIpaBleHUs U
coOCTBeHHBIC OJIOKM yIpaBieHUs TpeoOpa3zoBareisiMud. EnuHas cucremMa yrpaBieHUs
HeoOXouMa JUIsl CHHXPOHU3AIUH BBIXOJHOTO HAINPsDKEHHs IpeoOpa3zoBartesieid U yrpaBieHHEM
IIOTOKOM MOIIHOCTH HAKOMUTENeH B ceTh (M3 ceTu B pekume 3apsana). CoOcTBeHHBbIE OJIOKH
ynpaBieHus: mpeoOpazoBarensimu  CS  cimyxkar jius  reHepanuu  curHanoB WM gns
dbopMUpOBaHUS BBIXOJHBIX HamNpsyKeHUI mpeoOpa3zoBaTesiel W BbIPAaBHUBAHMS aMILTUTY]T
HanpsOKeHUH OJ0KOB HAKOMTUTENEH.

Jns TecTUpoBaHMUA PAOOTOCIIOCOOHOCTH TPEMJIOKEHHON cXxeMbl Obuta pa3paboTaHa
UMUTaIMOHHass Mojenb B Matlab Simulink. Ha Pucynke 9 mpuBenen rpaduk u3MeHEHUS
HANpsDKEHUS TPH MapayieIbHOM COEIMHEHUH TpPeX CTEKOB MPOTOYHBIX aKKyMYJATOPOB C
MOMOIIBIO TIPEJIOKEHHON CXEMBI.

[Ipy OOBEOTUHEHHWH CTEKOB MPOTOYHBIX AKKyMYJISITOPOB Ha MapajuleibHYI0 paboTy

HaOmromaercs paznmuunn BAX, uto npuBoaut k HeapdexktuBHol padore [TAK.
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5 [ Kak BusiHO, HauaIbHBIN 3apsia
56
55
54
53
52
51
50
49
48
47

PR OTJIMYAJICS, npuaeM
MaKCHMajbHasi pa3HWIA JOCTHUTACT
8,5 B, mim ~18% 0T HOMHHAJILHOTO

3HaA4YCHUA HAITPsPKCHU A CTCKa.

Hampsokenue, B

Cucreme ynpasieHHs TOTpeOOBaIOCh

10 ¢ o151 BBIpaBHUBAHUS HAIIPSIAKEHUS

00511.522533544555566577.588599.51010.51111.51212.513

Bpewms, ¢ BceX cTekoB. TakuM oOpazom, s

Pucynok 9 — M3MeHeHHe HANPSHKCHUS STYeeK IpY MX ~ CO3JIaHMsl  CHCTEM  HaKOIUICHHUS

TTapaJlICIILHOM COCAMHCHIH. GONBIION MOIIHOCTH HA OCHOBE
MIPOTOYHBIX aKKyMYJIATOPOB TpeOYyeTCs 00beTMHEHUE CTEKOB B OOIIYIO CUCTEMY.

TexXHOIOTHYECKOW OCHOBOW ISl HCIIOJB30BAHUS MPOTOYHBIX aKKYMYJIITOPOB B COCTaBe

cucteMbl Oecniepeboitnoro nmutanus crana cuctema CBII «/IYBHA» (pucynok 10), kotopas

BBIIIYCKAETCsl CEPUIHO.

CBMM-15-400-50-110-YX14

Qss
{ o .
Beop pesepanoil cemh Gainac
IN-50 My 4008 i 0s3
%301 o 0 - - [ E‘
3 52 =
= <] ass
Beog ocHosHoR ceTH D’ —
JN-50 Ty 4008 i _’/]
Xl g—— 0/ i
100 8, 1004
MAKB-10/30 L :
: 302
_|_+ =
10kBr/30 kBTy | L; Beio g (Harpyz«a)
3H-50 Ty 400 B

; 300 Br

| CHCTeMa YNpazne HuA as7

|

= - MAKB —a
30/400 Br, 220 B
—|—+ (Ha Baze M/IK) i
|
- == - é ]

Pucynok 10 — Cucrema 6ecriepedoiinoro nutanust CBIT «[YBHA»

B d4erBepToii riaBe paccMaTpUBAaeTCS MaTEMAaTHYECKOE OINKCAHWE W aJTOPUTMBI
YOpPaBIEHUSI CUCTEM D3JIEKTPOCHAOKEHUS CO CHECIHATU3UPOBAHHBIMU HCTOYHUKAMHU MUTAHHUS.
Kpome Toro mpencraBieHbl OKCHEPUMEHTANBHBIE HCCICIOBAHUS  PEXKUMOB  PabOTHI
CTCIMATU3UPOBAHHBIX ~ MCTOYHHUKOB B CHUCTEMax »DJIEKTPOCHAOKEHUS  KPUTHUECKOU
UH(PPaCTPYKTYPHI.

OKClepUMEHTANILHBIE  OIICHKH BIMSHUS CKOPOCTH MPOKAYKH DIIEKTPOJIUTA Ha

XapPaKTCPUCTHUKU CTCKA IIPUBCACHBI HA PUCYHKC 11.
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MorHocTh, KBT

0 1 2 3 4

CKOpOCTH IPOKAYKH, M>/4

Pucynok 11 — 3aBUCHMOCTh MOIIIHOCTH CTE€KA OT CKOPOCTU T€UEHUS IEKTPOJIUTA.

[Ipy HU3KHX CKOPOCTSIX MPOKAYKM 3jeKTponuta (1o 1 M°/4), CKOpPOCTb OKa3bIBAaeT
CYUIECTBEHHOE BIIMSHUE Ha MOIIHOCTh crTeka. [locime JOCTHXKEHUs CKOPOCTH IPOKAdKH
anekTpoiauTta 1 M3/4 MOUIHOCTH CTEKa HM3MEHSETCS HE3HAYUTEIbHO OT CKOPOCTU TEUCHMS
3MeKTpoanuTa. TakuM 006pa3oM, CKOPOCTh MPOKAUKH JIEKTPOIUTA MOXKET CYILIECTBEHHO BIHATH Ha

€T'0 BBIXOJHBIC XapaKTCPUCTHUKHU U 3(1)(1)CKTI/IBHOCTB €ro pa6OTBI.

Pucynok 13 —CTena nmpoTOYHOTO aKKyMYJIATOPa, 3apsIHOE YCTPOMCTBO M CHCTEMA
yIpaBJeHUsl CTEHIOM

DKCriepUMEHTANIbHBIE HCCIIEIOBAHUSI HArpy30YHBIX XapaKTEpUCTUK MPOBOAMUIUCH Ha
CTEHJIE MPOTOYHOI'0 AKKYyMYJIATOPA, 3apsIHOTO YCTPOMCTBA, CUCTEMBI YIPABICHUS CTEHIOM U
CHUCTEMBbI YTIPaBIICHUS HArpy304HbIX 3JIeMeHTOB. Kak BUIHO U3 pucyHka 14, B TeueHue nepBbIx 6
MUHYT TPOUCXOJUJ 3apsij SIMEWKH C OrpaHHMYCHHEM Toka Ha ypoBHe 150 A (MakcHMMallbHO

J0IMyCTHUMasA BCIMYMHA TOKA CTCKa 110 JaHHBIM HpOI/I3B0,I[I/ITCJ'I$I). Ilanee IIpH CHMXXAIOIIEMCS TOKE
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3apsifa MoAJEpKUBAJIOCh HanpsbkeHue Ha ypoBHe 58 B. IlonHoe Bpems 3apsaa coctasuiio 30
muHyT, mocie dyero [TAKB Obiia oTKIIOYEHA OT 3apsSAHOTO YCTPOWCTBA M TEpEKIIoueHa Ha
Harpy3ky. U3 pucynka 14 06, B, ciiemyeTr, 4To B Hadaje paspsja MHKOBas MOIIMHOCTb CTEKa
nocturia 8 kBT, a MakcumanbHas BenrmanHa Toka — 150 A. TIpu aTom magenue HanpsoxeHus (¢ 58
B 110 44 B), BeI3BaHHOE AOCTATOYHO OOJBIINM BHYTpeHHUM conpoTtuBieHreM siueek [TAKB (0,07

Om).

80 200
M ——
N N "—h-—.-\
g 60 i j-L 100 \
5 <
% 40 — £ 0
R
£ = = 20_—— 40 60
z 2 100 __..//
0 -200
0 20 40 60
Bpewms, mun Bpewms, mun
a. 6.
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(9]

===
20_— 40 60

—

o
\

MormuHocTs, KBT
=

—
o

Bpewms, mun
B.
Pucynok 14 — Pesynbratel ucneiranuii IIAKDB npu pa3psae Ha Harpy3Ky ¢ HOCTOSIHHBIM
COINIPOTHUBIICHUEM

[lo paHHBIM WCOBITAaHWUW, TIONHAs OdHEprus 3apsaa cocraBuia 2,94  kBrey,
a pazpsaa — 2,05 kBr-u. Takum o6pazom, KIIJ] no sneprun pasen 69,9 %. Cpeansisi MOIIHOCTbD,
BhIJIeNIIeMast Ha Harpy3ke (4,99 kBT), npakTudecku coBnajia ¢ HOMUHAJIbHOM MOIITHOCTBIO TYCHKH.
VY enbHas eMKOCTh 3JIeKTpouTa cocTasiia 17,11 kBT-u/M>, uTo HaX0aUTCSA HA YPOBHE JYUNINX
MHUPOBBIX PE3YyJbTATOB.

[Ipu 3apsme w paspsge CTeka MPOTOYHOW aKKyMYJISITOPHOM OaTapen MPOUCXOIUT €€
pa3orpeB H3-3a BBIACICHUS MMOTEPh MOLIHOCTH HAa BHYTPEHHEM COINPOTHUBICHHH, KOTOPOE, KakK
YKa3bIBAJIOCH BBIILIE, 3HAUUTENIbHO. B TO 5ke Bpems HarpeB asekTposinTa cBbiie 45 °C HeomycTuM
U3-32 BO3MOXXHOCTH €ro pasioxeHusa. [losTomy BO Bpemsl HCHBITAaHWA MOCTOSHHO
KOHTPOJIMPOBAIUCH TEMIEpPaTyphl MOJIOKHUTEIBHOTO U  OTPULATENIBHOIO  3IIEKTPOJIUTOB,
temneparypa camoro cteka [IAKB, a B mporpaMMHOM oOecrieueHu cTeHa Oblla peain30oBaHa
3alUTa O MPEBBIIICHUIO TEMIEPaTyphbl, KOTOpas MpH cpadaThIBAHUU OTKIIOYana Obl CTEK.
OpHako B X0JIe UCIIBITAHUHN BBISICHUIIOCH, YTO TEMIIEpaTypa JIEKTPOJIUTA YBEIMYUIACh BCETO Ha

5,7 rpagyca 1o cpaBHEHHUIO ¢ ucxoaHOH (27 °C), 4TO BIIOTHE TOMYCTHMO.
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Taxoke 6bu1M TpoBenieHb! ucnbiTanusg padoTsl [IAKB npu 3apsine B Tom xe pexume [U u
MOCIIEAYIOIIEM Pa3psi/ie Ha Harpy3Ky ¢ MOCTOSTHHOM MOTPpebIIsieMoit MOIITHOCTHIO. J{71s peanu3aiuu
MOCJICTHETO YCJIOBUS 4YacTh PE3UCTUBHBIX AyeMeHToB Pb-315 Bxmouamace depes OJ0K
YIpaBJIEHUS HArpy3Koil Ha OCHOBE TPaH3UCTOPHOrO Kio4ya. B Xxoxe paspsaa CKBaXKHOCTb
YIOPaBIAIONUX HMIYJIbCOB KJIIOYa ABTOMATHUECKHM M3MEHsIaCh TaKUM 00pa3oM, 4YTOOBI
MOIITHOCTb, BbIJIENIsIeMasi Ha Harpy3Ke, Oblla MakCUMalbHO Osin3ka K 3agaHHol (5 kBT). I'paduxu
TOKQ, HAIPSKEHUS W MOIIHOCTH, MOJIyYEHHBIE B XOJI€ UCIBITAaHUM, MOKa3aHbl HAa PUCYHKe 15
(mockonbky 3apsnm ITAKB mpoumcxomun aHajgoruyHo, TpHWBEACHA TOJBKO YacTh TI'paduKoOB,

COOTBETCTBYIOIIAs PEKUMY pa3psia).
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g I 100
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& 2000
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= 0
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B.
Pucynoxk 15 — Pesynpratel ucnsitannii [IAKD npu pa3psiae Ha Harpy3Ky ¢ TOCTOSIHHOU
MOIIIHOCTBIO

Kak BugHO W3 pucyHka 15, B Hauaje mpolecca paspsiaa HaOMIOJAIOTCS HEKOTOpHIE
KoJie0aHUsl MOIIIHOCTH, BHI3BAHHBIC 3HAUMTEIHHON BEIMYMHOW MOCTOSHHOW BpeMEHU B OJIOKE
ynpaBieHus: Harpy3kod (10 c¢), omgHako mO HCTeYeHHMH | MUHYTBI OHH TIPAKTUYECKH
IpEeKpalaloTcs, W Janee 3aJaHHas MOIIHOCTh TMOJJCPKUBACTCS C MOTPEIIHOCThIO, He
npesblmaroniet 4 %. Ilpu 3ToM TOK MOHOTOHHO YBEJIMYMBAETCA, JOCTUrasi B KOHIIE Ipolecca
BeIMUMHbBI 145 A, a HampspkeHHE Ha Harpyske Tak K€ MOHOTOHHO yMmeHbluaercs. [Ipouecc
pa3psga TPUHYIUTEIBbHO 3aBEpUIacTCs Ha ypoBHE HampsbkeHus 35 B, mockonbky nanee
BbIJlaBaeMas MOIIHOCTh HAUMHAET Pe3KOo CHUkKarbcs. K TOMy ke, TOCTUTHYTas BETWYMHA TOKa
(145 A) Gbuta 6M3Ka K MAKCUMAIIBHOM TOITYCTUMOM BETUYMHE TOKA JIJIsi TaHHOTO cTeka (150 A).
[TonHoe BpeMms paspsiga oOKa3zanoch paBHBIM 18,5 MHUHYT W ONpEeNsioch CPaBHUTEIBHO
HEOOJIBIIUM 00BEMOM 3JIEKTPOTIUTA, KOTOPBIM yIalloch HapabOTaTh /Ui MPOBEIEHUS UCIIBITAHUI
(120 ). YBenmuuenue BpemeHu padoTbl [TAKB ¢ mOCTOSIHHOW MOIIHOCTBIO MOMXKET OBITh

AOCTUTHYTO YBCIIMYCHUCM o0Bema HCIIOJIB3YCMOTI'0 JJICKTPOJIUTA.
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Takum 00pazom, UCHBITAHUS CTEH/A MPOTOYHOW AKKYMYJIATOPHOU OaTape MO3BOJIMIN
CENaTh CIEAYIOINE BbIBOBL:

1) crexk mporounoit Oarapen GEC-VFB-5kW o6ecneunBaer IMTENBHYIO BbIIAYy
HOMMHAJIbHOW MourHocTu 5 KBT B pexxume paspsiia, mpu 3TOM KpaTKOBpEMEHHas BblJlaBaeMasi
MOIIIHOCTh MOXKET JOCTUrarh 8 kBT.

2) KIIJI ITAKD mno snepruu cocrasusier 69,9 %, a yaenbHasi eMKOCTh MCIOJIb30BAaHHOTO
sexTponuta pasHa 17,11 kBT-u/M>, 4To HaXoaMTCs HA yPOBHE JTYUIIMX MHPOBBIX PE3yJIbTATOB.

3) OyOK ympaBiIeHHWs Harpy3Kod TO3BOJSIET peanu3oBarth pexuMm paspsga [IAKD c
IIOCTOSTHHOM MOILIHOCTBIO.

4) yBenuueHHE TeMIEpaTyphbl IEKTPOJINTA B XOJE€ WUCHBITAHUW He mpesbimano 5,7 °C,
TakUM 00pa3oM, MOXKHO HE OIacaThCsl HEIOMMYCTUMOTO MeperpeBa 3eKTPOIUTA.

EnvHCTBEHHBIM HENOCTaTKOM, YCTAHOBJIEHHBIM B XOJ€ HCHBITaHUW, SBISETCS
3HAYUTEIbHOE W3MEHEHHWE HampsbKeHHs Ha Oarapee B xone paspama (ot 58 B ngo 35 B).
CrnenoBartenbHO, 17151 00ecriedeHns: CTaOUIbHOTO HAMpPSKEHUsST HAa Harpy3Ke CUCTeMa MUTaHHs Ha
ocHoBe [TAKDB gomxHa ObITh OcHameHa oo peryiupyembiM DC-DC npeobpazoBatenem (st
MUTaHUS HArpy3kd IOCTOSIHHOTO TOKa), JIMOO pEeryaupyeMbiM HHBEPTOpPOM (Al MUTaHUS
Harpy3Ky IEPEMEHHOTO TOKA).

B 3aKJII04€HUH 1aHbl OCHOBHBIC HAy4YHBIC U NIPAKTUYECKUE PE3YJIbTaThl UCCIEAOBAHUN B

COOTBETCTBUU C IOCTaBJICHHBIMH 3aJ[auaMy, pPEeUIeHHE KOTOPHIX 00ECIEeUYHIO TOCTHKEHUE 1IeNn
JUCCEPTAITMOHHON PaOOTHI:

1. OtcyrctBue B P® ombita paspabotku [TAKB mnis cuctem OGecmepeboiitHoro
IIUTaHUsI HOBOTO MOKOJIEHHSI HE MO3BOJISIIO ONPEIEIIUTh BO3MOKHOCTH, CIOXHOCTU CO3JAHUS U
SKCITyaTallid TaKWX HAKOMUTEeNeH »iekTposHepruu. llpoBeieH cpaBHUTENbHBIN aHAlU3 U
OTIPEICTICHBI IOCTHKUMBIE TIOKA3aTelNu: IIIOTHOCTh XpaHeHus sHeprun 30 — 70 x/r (mpumepHO
35 Br-u/kr), KIIJI 3apsn/paspsan 75 — 80%, cpok ciyx0br 10 — 20 JieT, KOJIUYECTBO IHKJIOB
3apsa/pazpsn 10000, HomuHansHOE HanpspkeHue siueriku 1,15 — 1,55 B.

2. [TpennoxeHbl U 3aMaTeHTOBAHBI 3JIEMEHTHl KOHCTPYKIIMU, UCCIIEJOBAHO BIUSHUE
XapaKTePUCTUK U KOMIIOHEHTOB HaKOMUTENEH AJIEeKTPUUYECKON 3HEepTUU Ha UX 3((HEeKTUBHOCTD U
paboty cucrem OecriepeGoiiHOro mUTaHus B LenoM. IlodydeHHbIe XapaKTepUCTUKU JIETJIU B
OCHOBY ruJjpocucTeMsl 1 ynpasistomei cuctems! ITAKB.

3. MopenvupoBaHue U pa3paboTKa cxeM MpeoOpa3oBaHUs MapaMETPOB ICKTPHIESCKOM
sHepruM mo3Bomwin uHTEerpupoBath IIAKB B cucremsl OecriepeOOMHOTO MHUTaHUS IS
THOPHUIHBIX CHICIHATU3UPOBAHHBIX HCTOUHUKOB.

4. Marematnueckoe onucanue u anroputmsl ynpasieHus I[IAKB B cucreme

3JI€KTpOCH3.6)K€HI/I$I CO CIICIHUAJIN3UPOBAHHBIMU HUCTOYHHUKaMU IIUTaHUuA II03BOJIHUIO
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CKOHCTPYUPOBATh HCIHBITATENbHBIM CTEHJ, Ha KOTOPOM TOJYYEHbI 3apsiAHO/pa3psaHble
XapaKTEePUCTHKH. OTH XapaKTEPUCTHKU TO3BOJIIOT IPOEKTUPOBATH pealibHble OOBEKTHI
HAKOIUTENEH SJEKTPUUYCCKON SHEPrHH C OOJBIIUM 3amacoM JHEPTUM B HECKoJbko MBT n
JUINTEJIbHBIM IIEPUOJIOM XpaHEeHHUs (MPaKTHUECKH 0e3 MOTepH SHEPreTUUECKOro 3apsaa)

S. OKcrepuMeHTalbHbIe HccliefoBaHus pexxumMoB paboTsl [TAKDB BeissBHIM Bce
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