yOpaBIiHHS OOTIKaHHSAM, sKa BIJMOBIJA€ 3HAYCHHSIM C,= 0,01-0,0158 miama3soHi

yucen M,= 0,4-0,8piBeHb BIOpoHANpYKEHHs B IOPIBHAHHI 3 IOYaTKOBUM MOKeE OyTH

3meHmeHnit Ha 90-95%, T0OTO MPaKTUYHO YCYBaAIOThCA KONMBaHHS Jomatok.llpu
IHTEHCHUBHOCTI yMPABIIHHSI aCPOJAWMHAMIYHUMH CIIiJ]aM{, BUIIIHA 3a ONTHUMAaJbHI
3HAYEHHsI, CIIOCTEPIraeThCsl 3HOBY PICT BIOpOHAIPYXKEHB, 0OYMOBICHUN KOJIUBAHHIMHU
JIOTIAaTOK.

BucHoBxu

["azomuHamivyHe ympaBiiHHSA OOTIKaHHSM €JIEMEHTIB cTaTopa MOXe 3a0e3MeUnuTu
3HIDKEHHS PiBHS BIOpOHANpPY)XKeHb B JIOTIATKaX POTOpa KOMIIpecopa MpU PEe30HAHCHUX
KOJIMBAHHSIX Ha HEOE3MEeUHNX PeKUMax.
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MOJAEJTUPOBAHUE JIEKTPOXUMHNYECKOI'O AKKYMYJIAATOPA
B KOMIVIEKCHOU ABTOHOMHOMU SHEPT'OYCTAHOBKE

YcTaHOBEHO, WIO YCIIINIHE BHPIMIEHHS 337a4 MOEIIOBAHHS pO3PSIHOI  XapaKTEPUCTHUKH
€JICKTPOXIMIYHOTO HAKOMUYyBauya MOXJIMBE 3a paxyHOK BHUKOPUCTaHHS OaraToakTOpHHX
HelipoMepexkeBUX Mozesei. B pesynbraTi gocmifkeHHsT 0yJI0 3amporoHOBAaHO METOIUKY MOOYIOBU
BHCOKOSIKICHOT HelpoMepeKeBOi MaTeMaTHYHOI MOJIEINi Ta po3po0JIeHO HeHpoMepekeBa MOIENb, 110
MIO3BOJISIE 3 BUCOKOIO TOYHICTIO MOJICNIOBATH POOOTY €IEKTPOXIMIYHOTO HAKOMTUYYBaya.

VYcraHOBIEHO, YTO YCIEIIHOE pEeIIeHHWE 3a/lady MOJEIUPOBAHUSL pPa3psIHON XapaKTepUCTUKHU
AJICKTPOXUMHYECKOTO HAKOMUTEIS BO3MOXKHO 3a CUET NMPUMEHEHUsS HEWpOoceTeBhIX Mojeieii. B
pe3yJabTaTe UCCIEeIOBAHMS MPEANIOKEeHA METOIMKA TOCTPOCHUSI BHICOKOKAaYE€CTBEHHOW HEUPOCETEBOM
MaTEeMaTUYeCKOW MOJIENH, MO3BOJISIONIAs C BBICOKOH CTENEHBIO TOYHOCTH MOJICTUPOBATH PabOTy
ANEKTPOXUMUUYECKOTO HAKOTIUTEIS .

Its is defined, that the successful solution protdeof modeling discharge performance of
electrochemical storage is possible by using nmdtiral network models. As a result of the study the
method of constructing high-quality mathematicaldeloof electrochemical storage was offered. The
developed neural models that allow highly accunadeleling work electrochemical storage.
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BBenenue.

DNEKTPOXUMHUYECKUE aKKYMYJISITOPHI, B HACTOSIIEE BPEMS IMPOKO UCTIONB3YIOTCS
B aBTOHOMHBIX DHEPTreTHYECKUX YCTAaHOBKaX Ha OCHOBE aJIbTEPHATHUBHBIX MCTOYHHKOB
DHEPTHUH, T1Ie TpeOyeTcs: pe3epBHAs dIEKTPUIECKasi YHEPTUS B IEPUOJT BpEMEHH, KOT/Aa
OCHOBHOHM T'€HEpaTop HE MOXKET BBINOJHATH CBOM (D)YHKIMH TIO PSAY TMPUYHH, B TOM
YHCIIE U OTCYTCTBUE SHEPTONPHUXO/IA.

HoBble TexXHONOTMHM TMPOU3BOACTBA AKKYMYIISITOPHBIX OaTapeil MO3BOJSIOT
yIAY4YIIUTh YAEIbHYI0 €MKOCTb, KOJIMYECTBO LIMKJIOB 3apsjaa-paspsia W JApyrue
XapaKTePUCTHUKH, YTO JIeJIaeT XMMUYECKHe HAaKOIHUTENH elle 0oJiee MPUBIEKaTEeIbHBIMU
ISl UCTIOJIb30BAaHUSI B aBTOHOMHBIX CUCTEMAaX YHEPrOCHA0KEHUS.

AHaJau3 npoodJieMbl

becnepeboiiHoe obecnieueHne MOTpeOHUTENsT SHEPrUEH MpearnosiaraeT Haludue
PE3epBHOTO MCTOYHHMKA. BBIOOp THMAa pe3epBHOTO HMCTOYHHMKA OMPEACNSETCS PsIOM
(aKTOpPOB: CKOPOCTHIO BBEJCHUS B JCUCTBHE, MOTPEOIIEMON MOITHOCTHIO, HATUYUEM
WIA OTCYTCTBHEM CETH  JJEKTPOCHAOKEHHs, TeorpaguyecKuM  MOJOKEHHEM
NOTPEOUTENs, TOMYCTUMBIMHU 3aTPpaTaMH | Jp.

CoBpeMeHHasi aBTOHOMHAsl CHUCTeMa »JHEProcHaOXEeHHs Ha albTEPHATHBHBIX
WUCTOYHMKAX DHEPrHH MOXKET OBbITh pealn3oBaHa MO Pa3IUYHON  JIOTHKE
(GYHKIIMOHUPOBAHMUS

- cCTeMa cO cOPOCOM M30bITKA YHEPTHH;

- crcTeMa ¢ HaKOMUTEJIEM YHEPTUH,

- CHCTEéMa C PEeryJIUPOBaHUEM T10 IPUOPUTETY HATPy3KHU.

Y4uThIBas TO, 4TO ATHTEPHATUBHBIE UCTOYHUKH YHEPTUN HECTAOMIIBHBI IO

OTHOIIICHHUIO K ConHeuHas baTtapes

MOCTOSIHCTBY

SHEPronpuxoaa, TO s v

HUX Hanbolee Berpoarperar L, Brok aBTOMaTUYECKOro - AKKyMynaTop
ynpasneHus Heprun

2¢h(HEKTUBHON SBIISAETCS
CXeMa C HaKOIUJICHHEM
sHeprum (cM. puc.l).

Haxonurenn moryr
aKKyMyJIUPOBAaTh
SHEPTrHUI0
BO300OHOBJISIEMBIX HUCTOYHHKOB, KaK B €€ MCXOJIHOM, TaK M B MPeoOpa3oBaHHOM BHUJIE.
JIOCTOMHCTBOM CXEMBI SIBJISIETCS] BBICOKAsI YCTOMYMBOCTh dHEprocHadkeHus. OCHOBHbIE
HEJIOCTAaTKU TaKHUX CUCTEM: UX OTHOCUTEIBHO BBICOKAs CTOMMOCTb B CPaBHEHHH C
TPaJAULIMOHHBIMU, CIIOXKHOCTh CO3/IaHMsI OOJIBIIUX 3HEProyCTaHOBOK, MPUMEHEHUE
CJIOXHBIX CpEACTB JUCTAaHIMOHHOrO YyrpaBieHus. Kpome Toro mocne 3apsaa
HAKOIUTENSl SHEPTUU CXeMa MEePEXOIUT B PEKUM cOpoca N30bITKA SPHEPTUU.

BBugy Toro, 4to B  ONpEAENIEHHbI MOMEHT paboOTbl  aBTOHOMHOM
HHEPrOyCTAHOBKH €IMHCTBEHHBIM HCTOYHHUKOM OJHEPIHMHM HJsl MOTPEOUTENs MOXKET
OKa3aTbCsl aKKyMYJSITOP, €ro HaJEKHOCTh SBISETCA BechbMa BakHOM. [loatomy He
MaJOBaXHBIM AaCIIEKTOM B OpraHu3aldd aBTOHOMHBIX CHCTEM JHEPrOCHA0KEHHS
ABIIACTCS KOHTPOJb U ONEpaTUBHAs JUArHOCTHKA aKKyMyJATOpa, TO €CTh
aBTOMATHU3UPOBAHHBIA KOHTPOJb U YYET pecypca. DTO JacT BO3MOXKHOCTb BOBpEMS

A\

MoTpebutenu aHeprum

Puc.1 - Cxema BETpOCOJIHEUHON aBTOHOMHOM
HYHEProyCTaHOBKHU C HAKOTUICHHUEM SHEPIHH.
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OIICHUTh TEKYIYIO0 HAJEKHOCTh aKKyMYJISTOpa U, IPU HEOOXOAUMOCTH, 3aMEHUTH €T0
HOBbIM. HeoTbeMiieMblM MIaroM Ha MOYTH OPraHU3alMU CHUCTEMbl KOHTPOJIA U
JAATHOCTUKU AKKYMYJISITOpa SBJSETCS MOCTPOCHUE KAYECTBEHHOM M aJICKBAaTHOM
MaTEeMaTUYeCKOW MOJEIM HAKOMHTENsd, YTO B JaHHOW padoTe peamu3yeTcs yis
ANEKTPOXUMHUYECKOTO TUIA aKKYMYJIATOPA.

ITocTanoBka 3a1aun

VYuuteiBasi OCOOEHHOCTM KOHTPOJISI M JIUAarHOCTUKH  BJIEKTPOXHUMHYECKOTO
HakonuTens uian Oarapen xumuueckoi (BX), 3amadell ee MOACIMPOBAHHUS SIBIISICTCS
otoOpakeHue 3apsaa-paspsaaHbix (3PX) xapakTepucTHK B Mpenenax YCTaHOBJICHHOM
touHoctd. Mogenr bX pomxHa coaepkaTh B ce0e HE TOJbKO JAUHAMHUYECKUE
3aBUCUMOCTH, @ W HMMETh COCTaBIIOUIME TO3BOJSIONIME OLEHUTh 3aBUCUMOCTHU
€MKOCTH OaTapeu OT TeMIIepaTyphl, U APYrux (HaKTOPOB CYIIECTBEHHO BIIMSIOLUIUX HA
ee paboTy. Mojienb Takke JI0JKHA MO3BOJIATh OTOOPaKaTh MHOTOTOKOBYIO Pa3psAHYIO
U Pa3pAIHYIO XapaKTEpUCTHUKY, BBHJAY TOIrO, YTO TOK TE€Heparopa, Harpy3ku, a
COOTBETCTBEHHO U Pa3psAHBIA TOK HAKOIIUTEJNS, HE BCErJa MOCTOSIHHBI, TaKas MOJEIb
Oyner mnporHo3upoBath paboTy bX Ha KpUTHUUECKHMX pEXUMax, He MojBepras
OTIACHOCTH TIPU ATOM CaMOTO aKKyMYJIATOpa. Y YUThIBasi MHOTO()AKTOPHOCTh MOJIEH 1
ITOCTABJICHHBIE BBIIIE 33/1a4M PEeaanu30BaTh MoAeab bX MOXHO METONOM HEHWPOHHBIX
CeTeH.

[Toctpoenne moaeneit bX B cocTaBe aBTOHOMHOW CHUCTEMBl SHEPTOCHAOXKEHUS C
MOMOIIIbIO HeMpoceTel COCTOUT B TOM, YTO HEOOXOJUMO MOJ00paTh HAUITYUIIYIO, C
TOYKA 3pEHUS TOYHOCTH, CTPYKTYPY CETH. A HMEHHO KOJIMYECTBO CJIOEB CETH,
KOJIMYECTBO HEHPOHOB B KAXKIOM CJIO€, W BHUJ MEpeNaTOYHOM (YHKUIUU KaxKI0ro
HEUPOHA.

Penienue 3agaun

OneIT NoOKa3plBa€T, 4TO IS 3a4ad annpoKCMMaluv, B TOM uyucie u 3PX,
HauJIyylie celsi 3apeKOMEH0BalIa TPEXCIOWHAs CeTh, COCTOSIAs U3 BXOJHOTO CIIOS,
CKPBITOTO CJIOSI M BBIXOJHOTO cJiosl. Takasi CTpyKTypa yCTOHYMBAs K MEPEOOYyUECHUIO U
UMEET CPAaBHUTEIBHO HEOONBIIOE BpeMsi 00yUEHUS.

Y4uuthiBas TO, 4TO anmpoKcUMupyeMasi PyHKIus OyJeT UMETh JBa HE3aBUCHUMBIX
(Toxk w Bpems 3apsja WM paspsia) U OJWH 3aBHCHMBIN mapamerp (HampspKeHUe
paspsjia WM 3apsjia) MOXHO cpa3y ONPEISIUTHCS C KOJIMYECTBOM HEHWPOHOB BO
BXOJTHOM M BBIXOJIHOM CJIOSX. B HEHpPOHHOW CETH, HE UMEIOLIEN B CBOEU CTPYKTYpE
3a1€PIKEK, KOJIMYECTBO BXOJHBIX HEUPOHOB OINPENEIAETCS KOJINUYECTBOM HE3aBUCUMBIX
MIapaMEeTPOB, a BBIXOJHBIX — KOJIUYECTBOM 3aBUCHMBIX.

Takum 00pa3zom, chopMUpOBaHA CTPYKTypa CETH, U KOJIMYECTBO HEHPOHOB BO
BXOJIHOM W BBIXOJHOM ciosix. Ha crenyromem sTane HEOOXOIUMO ONPEAEIUTh
KOJINYECTBO HEUPOHOB B CKPHITOM CJIOE.

Bb10op ynciia HEHpPOHOB B CKPBITOM CIIO€ MPOMU3BOJAT PA3NTMUHBIMU CIIOCOOAMU
HO, HU OJMH W3 HUX HE sBIseTcAd JydmuM. [lo3ToMy OBLIO MNPUHSATO pEIICHHE
MPOBOJUTH CTPYKTYPHU3AIMIO CKPBITOTO CJOSI IMapauieIbHO C OOyYeHHEeM CETH TI0
QITOPUTMY TIPEICTABIICHHOMY Ha pHUC.2.
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Owwmbka Wcnonb3oBaHne
yAoBnetTsoputenbHasa ceTn

HavanbHas Pacyet owwmnbkun
= OByuyeHue ceT =P
CTPYKTypa ceTu cetu

Owwmbka He
YAOBNETBOPUTENbHASA

Koppekuus CTpyKkTypbl -« |

Puc.2- bnok-cxema anroputma nocTpoeHHs CETH.

Takum 00pa3om, anTOPUTM OMPEACIICHHS KOJIMYECTBA HEUPOHOB B CKPBHITOM CJIOE
CETU COCTOUT U3 ITAIOB!

1) HaYaJIbHOE KOJMYECTBO HEHPOHOB B clioe (B HAILIEM cilydae 2 HeHpOHa);

2) oOydYeHHue CeTH;

3) IPOBEPKa OIMHUOKKM MOJICTUPOBAHUS (CpEAHEKBAAPATHIECKOES OTKIOHEHHE);

4) B CjydYae HE YIOBJICTBOPUTEIILHON OIMHOKH KOPPEKTHPOBKA CTPYKTYPHI
ciost (mobGasiisieM 2 HelpOHA) ¥ TOBTOPSIEM JITOPUTM, HAUUHAs C MMyHKTa 2;

5) B ClIy4ae yJOBJIETBOPUTEIbHOM OMMOKH, CETh TOTOBA K IPUMEHECHHIO.

KonudectBo n00aBisieMbIX HEHPOHOB MOXET WM3MEHSATHCA, W B cliydae, KOTraa
omuOKa TOCJIe KOPPEKIHUH CTPYKTYPhl HAYMHAET PACTH, HO OCTAETCS TPH ITOM
HEYIOBJIETBOPUTEIILHON HEOOXOAMMO MPOU3BECTH 00JIE€ TOHKYIO HACTPOUKY IO TOMY
K€ aITOPUTMY, HO TOJHKO YMEHBIIUTHh KOJUYECTBO BBOJMMEBIX HEHPOHOB. TOHKYIO
HACTPOWKY MPOBOMST, HAYMHAS W3 MPEIBIYIIETO Iara rpyooro (GopMUpPOBAHUS CETH,
MIOCJIC Havyaia pocTa ONIMOKH.

B kadectBe, MeTroma OOydeHHS CETH OMHMCAHUS Pa3PSIHBIX XaPAKTEPUCTHK B
KHUCJIOTHOM aKKyMYJISITOpe BbIOEpeM, clelnaabHO CO3AAHHYIO JUISl amfpOKCHMAIH
MHOTOMEPHBIX HETMHEHHBIX (YHKIUH, KIACCHYECKYI0 MHOTOCIOWHYIO CeTh C
oOydeHHeM 110 MeTOIy 0OpaTHOro pacupocTpaHeHus omuoku [1, 2].

Taxum oOpa3om, pa3psIHYIO XapaKTePUCTUKY OyIeM NPECTABIATh B BHIE CyMMBbI
GbyHKIUI BpeMEHHU U TOKa:

n
U(l’t)=¢L Z(V\/l_l wt[lwil +twit+hl}+b2) (1)
i=L
I'ne WL, WI' 1 WI'- BekTOpa BECOB CHHAIICOB MEXKIY CKPBHITHIM U BBIXOIHBIM, H
MEXIY BXOAHBIM M CKpPBITBIM CJIOSMH HEUPOHOB COOTBETCTBEHHO, IOJIEXKAIIUE
ONPEIEIEHUIO;
b’ , b® — BekTOpa CMEIIEHHIT KaXOr0 HEHPOHA CKPHITOTO M BBIXOJHOTO CIIOS
COOTBETCTBEHHO (TTO/JICKAT OMPEICIICHHIO).
@L , Pt — PYHKIMH aKTUBALIMYU HEHPOHOB CKPBITOTO U BBIXOJHOTO CJIOS;
N — KOJINYECTBO HEMPOHOB B CJIOE.
B xadectBe (yHKIMIA aKTUBanUid HEHPOHOB CKPBITOTO CJIOSl, BBUJY SBHOMU
HEJIMHEWHOCTH pa3psiiHbIX XapaKTEpUCTHUK  OepeM (YHKLHMIO THUIEpOOJIUYECKOro
TaHIeHCa
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OyHKIUA PL umeer muneiinbiii By, T.e. PL (z) =2

B pesynbrare ¢opMmupoBaHus U O00y4deHUsT ceTH Oblla TOJydeHa CeTb,
MOJICITUPYIOIIas Pa3psAAHYI0 XapaKTEPUCTUKY CO CTPyKTypoi 2-14-1, mpu sTOM
CpeIHEeKBaAPATHIECKOE OTKIOHeHHE paBHO 3,156%10°.

Pe3yabTaTrhl MOgeIMPOBAHUSA

Pe3ynbTaTh MOJIETUPOBAHUS
3apSIIHBIX XapaKTEPUCTUK MPUBEICHBI HA
puc.3 TloBepXHOCTBIO YEpPHOTO IIBETA
MOKa3aHa JKCIEpUMEHTAbHAS pa3psiHast
xapakrepuctuka bX, a ceppim -
CMOJEIUPOBaHHAs.

B pe3yJbTare MIOCTPOCHUS
HelpoceTeBOM Mojenu ObLla MOJydeHa
aZeKkBaTHas  MaTeMaTU4yecKas  MOJIEJb
pa3psIAHBIX XapaKTEPUCTUK CBUHIIOBOTO
aKKyMyJIITOpa, C TOMOIIBI KOTOPOU
MOHO Ha CTaJUsAX MPOCKTUPOBAHUS
ABTOHOMHBIX CHCTEM DJHEProCHaOXEHHS Ha OCHOBE aJbTEPHATUBHBIX HCTOYHHKOB
DHEPTUU C AOMYCTUMOM MOTPEITHOCTHI0 MOJCIIUPOBATH €ro PadboTy.

BbIBOBI M peKOMEHIALNH.

PaccmaTtpuBasi mojiydeHHYIO MOJIE€Tb, MOKHO CHI€JIaTh PSAJl BHIBOJIOB.

K mpenmytiectBamM Mozenu Takoro THMa MOXXHO OTHECTH TO, YTO MOJEIb OoJiee
TOYHO, YEM AHAIMTHUYECKHE aIIpoKcuMupyer xapakrepuctuku bX. OpHako 31ech
MOYET BO3HUKHYTh PSAJI CIIOAKHOCTEN B TOM, UTO €CJIM HE MPOJAEIATh IPEABAPUTEIBHON
00pabOTKM JAHHBIX CETh MOXET MPOMOJECIUPOBATH HE TOJIBKO IMOJIE3HYIO
COCTABJISIIOLIYIO XapaKTEPUCTHKH, HO W TMOTpelIHOCTh Habmonenuit. Ilostomy Ha
HKCIIEPUMEHTAJIbHbIE JaHHBIE Cpa3y HaKJIAJbIBAIOTCS YCIOBHS, KOTOpPbIE TPEOYIOT
BBICOKOM TOYHOCTM M3MEPEHUM, U NPEeIBAPUTEITHLHOTO (PAKTOPHOrO aHaiu3a M
CTaTUCTUYECKO 00paboTku naHHbIX. K ciemyromuM npenMyecTBaM MOKHO OTHECTH
CIIOCOOHOCTH, ceTM K Oojiee TOYHOMY M JUIMTEIBHOMY IPOTHO3UPOBAHUIO
XapakTepUucTUK. YUTO MOXKET OrpaHUYUTh BPEMS MPOBEACHUS SKCIEPUMEHTOB U
UCKITFOUUTD SKCTIEPUMEHTHI, COJIEPIKAINE KPUTHUUECKHUE PEXUMBI padoThl bX.

K Hepocratkam HEHPOHHOTO MOJICTUPOBAHUS OTHOCAT CIIOKHOCTH (POPMUPOBAHUS
CTPYKTYPBI CETH, CYIICCTBYIOIIHE aJTOPUTMBI TPEOYIOT OOJBIIOT0 BPEMEHU I €€
CTPYKTYPUPOBAHUS.

Kpome Toro x HemocrarkaMm OTHOCAT 3aBUCUMOCTb TOYHOCTH alMpPOKCUMALUUA OT
BbIOpaHHOW (YHKIIMM aKTUBAIlMM HEMpoHa. B TO Bpems Kak HET YETKOU
Kiaccudukanuy QyHKIUN B 3aBUCUMOCTH OT 3a/1a4, MOCTaBJICHHBIX MEPE CEThIO, 3TOT
dakTop TpeOyeT MCMOIb30BaHUS TOW WM MHOW (YHKUMHU, PUHUMAS 33 TUIIOTE3Y U3
ombiTa  pa3pabOT4YHMKa, UYTO  CTAHOBUTCA  CJOKHOCTBIO  JJISI  HAYMHAIOLIUX
uccienoBarenei, KOTOpble TOJBKO HayMHAIOT paborath B cdepe HeWpoceTeBoro
MOJEIUPOBAHUS.

Takum 00pa3om, HECMOTpSI Ha CYIIECTBEHHBIC HEIOCTATKA HEHPOHHBIX CETEH, UX
NpPEUMYIIECTBA  JICJIAIOT HEWPOMOJCIMPOBAHUE MPUBJICKATEIBHBIM JUISI PEIICHUS
po0JIeM TPOSKTUPOBAHMS, aHAIHM3A U TMAaTHOCTHKH, KaK OTAEIbHBIX JIEMEHTOB, TaK U

Puc. 3-Pa3psnas xapakrepucTuka
CBHHIIOBOTO aKKyMYJISITOpA.
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BCEH CHUCTEMBI SJHEPIOCHAOKEHUS B LIEJIOM.

Pa3paboTynk aBTOHOMHBIX CHCTEM 3HEProcHaOXEeHHs, MPUMEHSAS HelpoceTeBoe
MOJEIUPOBAHUE, MOYKET AKTMBHO HCIIOJIB30BaTh COBPEMEHHBIE METOAbI MOCTPOCHUS
MOJENEN JIEKTPOXMMUYECKUX HAKOIUTENIEH, NPHU 3TOM paccMaTpuBarh €€ Kak
«YEpHBIM AIMKAK», HE IPUHUMAs BO BHHMMAHHE CIIOXKHBIE JJIEKTPOXMMHUYECKUE U
TEPMOAMHAMUYECKHE MTPOLECCH, TPOXOAAIINE B CAMOM HAKOIIUTEJIE.
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