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AKTYaJIbHOCTh T€MbI:

PaGoThl  Bemymmux  HCCIEAOBATEIbCKUX  OpraHU3alMii  pasHbIX  CTpaH
o BOIIpOCaM UCIIOJIb30BaHUs HOBEUILINX pa3paboTOK, CBSI3aHHBIX
C DHEprooOecreYyeHneM COBPEMEHHOW aBHAIIMOHHON TEXHHWKH, HAIPaBJICHBI
Ha TIOBBIIIEHUE YJIEJIBbHBIX TIOKA3aTElel JHEPrOyCTAHOBOK CO 3HAYUTEIIbHBIM
yBEIMYEHHUEM UX pecypca. [Ipu skcrmyatanuy BO34yIIHO-KOCMHUYECKUX JIETATEIIbHBIX
anmapaTtoB cTaOuipHas W ycTOW4HMBash paboTa CHUCTEMBI SJIEKTPOCHAOXKEHUS BO
MHOTOM 3aBHCHUT OT XapaKTEPUCTUK IIEKTPOXUMUYECKUX aKKyMyssiTopoB (39X AK) B
coctaBe xumuueckoi 6atapen (bX).

Onenka cocrosiuuss DX AK HeoOXxoguMa Ha pa3HbIX 3Tanax MOATOTOBKH
Y DKCIUTyaTalli TEXHUKHU:

- IOATOTOBKA Ha3€MHOI0 00OpYAOBaHUS;

- IPOU3BOJICTBO M IPOBEPKA HA CTEHAAX HA 3aBOJIE-U3TOTOBUTEIIE;

- MpoBepKa (HYHKIIMOHUPOBAHUS CUCTEM Ha JIETHO-UCIBITATEILHON CTaHIINH,

- KOHTPOJIb PabOTOCIOCOOHOCTH BCEX CUCTEM U arperaroB B MOJIETE, B TOM YHCIIE MPU
BO3HUKHOBEHUH HEILITATHBIX CUTYalUU.

HazemHoe o0opynoBaHve Ha a’poapome — OJTO KOMIUIEKC CHCTEM,
HEOOXOAUMBIX JUISl MOATOTOBKM M OOCITYKMBAaHUS BO3IYIIHBIX CynoB. OCHOBHOH
3ajlayeil CUCTEMBbl JIEKTPOCHAOKEHUS SIBISAETCA ylAEp)KaHWE 3HAYCHUM MHUTaoLIEero
HamnpspKeHus: OoJIbIION Tpynmbl  OOOpyJAOBaHUS B 3aJaHHBIX Mpeaenax mpH
OTKJIOHEHUAX mnapameTpoB anekrpuueckoil cetn. Cocrosune OX AK UBII
MPOBEPSIIOT  MyTEM HU3MEpeHUs (PaKTUYECKOM EMKOCTH OaTapen  pa3psaoM
Ha peEaJbHyI0 HArpy3Ky B OINPEACIEHHBIA IEPUOJ] BPEMEHH C MCIOJB30BAHUEM
CHELHAIbHOTO UCTIBITATEIbHOTO 000pyAoBaHus. aeanbHo, eciu Takylo IPOBEPKY
BBITIOJIHAIOT B T€X XK€ PEXUMAaX, YTO U UCIBITAHUs, IPOBEJAEHHBIE MTPU BBOJIE OaTapeu
B OKclulyartauuto. llpuMeHeHme  KOMILJIEKCHOrO W OBICTpOro  mHoaxoia
npu U3MEpeHUH (akTHUeCKOM eMKocTh Oaraped TMO3BOJIIET CYIIECTBEHHO
COKpaTUTh BpEMs OIpEeIeTeHUs MapaMeTpoB M Xxapaktepuctuk OX AK, a Takke

CHU3UTD TPYyA03aTpPaThbl HA UX BBIITOJIHCHUC.
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[IpumeHeHre CIIOKHBIX AMAarHOCTUYECKUX CHUCTEM Ha OOpTy JeTaTeabHOro
anmapara o00ecleyrBaeT BO3MOXKHOCTb TEKYIIETO JUAarHOCTHPOBAHHS 3JIEMEHTOB
SHEPrOyCTAaHOBOK B HOPMAJIBHBIX W  ABAPUMHBIX PpPEKUMAX IKCIUTyaTalUH.
Hcnonp3oBaHne  mMeroda  ONPEACNEHUS  NapamMeTpoB M XAPAKTEPUCTUK
ANEKTPOXUMUYECKUX AaKKyMYJISITOPOB C IOMOIIBIO 3HAKONEPEMEHHBIX HMMITYJIbCOB
MOCTOSIHHOTO TOKa JJIsi OINpPE/ENICHUs COCTOSIHUS aKKyMYJISITOPHBIX Oarapedl B 3THX
JUArHOCTUYECKUX CHCTEMAaX IO3BOJUT 32 CUET OOJBUIErO 4YHCIa KOHTPOIUPYEMBIX
napamMeTpoB M COOTBETCTBEHHO Oojiee TOJHOM KapTUHBI OOIIEr0 COCTOSHUSA
AKKyMYJISITOPHOM OaTaped MNpeAoTBpaliaTh BO3HUKHOBEHUE HEIITATHBIX CHUTyalUd
IIPU DKCIUTYaTallMu BO3IYIIHBIX CYIOB.

Takum 00pa3oM, OLEHKY COCTOSIHUSI 3JIEKTPOXMMHUYECKHX aKKyMYJSITOPOB
MIPOBOAAT HA PA3HBIX ATAIlax IMOATOTOBKM M JKCIUIyaTallMM aBUALMOHHOM TEXHHUKH.
OTCYyTCTBYIOT METO/Ibl, KOTOPBIE MO3BOJMWIN OBbI MPHU IKCILTyaTalluy SHEPTrOyCTaHOBOK
OTIPEEIUTh TEKYIEE COCTOSIHUE IJIEKTPOXUMHUECKUX aKKyMYJIATOPOB 0€3 U3MEHEHUS
UX IITaTHOM paboTel. B Hacrosimiee Bpemss B OOJACTH 3HEPreTUKH POCCUHACKUMH
U 3apyOeKHBIMHU CHEIUATMCTAMHU TMPOBOISTCS HCCIECIOBAHUS AJIEKTPOXUMUUYECKUX
AKKyMYJISITOPOB M COBEPIIEHCTBOBAHUE UX XaPAKTEPUCTHK.

NudopmaTuBHBIM MeETOAOM  KOHTpoJiss coctosiHusa DX AK  sBusgercs
UCIIOJIb3YEMBbId B DHEPreTUKE HMMIYJIbCHbI MeroA. OIHAKO BO BCEX H3BECTHBIX
paboTax, MCHOJIB3YIOMIMX 3TOT METOJ, OTCYTCTBYET €IUHBIM moaxoa ais Oosee
ObICTPOrO M TOYHOrOo  ompeaeneHuss  Tekymero cocrosHus AK  mpu
UX DKCIUTyaTalluk, a TakXe HE YYUTHIBAIOTCA WHIMBHIyalbHbIE OCOOEHHOCTU
skcruryaTanu AK BO3ayIIHO-KOCMUYECKOTO Ha3HAYEHUS.

[TosTOMy METOZ, KOTOPBIM MPUMEHSUIH paHee Juisl oleHKkH coctosiHus OX AK
Ha OCHOBE MMITYJIbCHOTO Bo3aeicTBUs HA AK, HE0OX0IUMO yCOBEPILIEHCTBOBATh, YTO
MO3BOJIUT, HE MEHsS pexuma paboTel AK, ompenenuTh KOMIUIEKC NapameTpoB
n xapakrepuctuk AK © TOpeaoTBpaTUTh BO3HUKHOBEHHWE HEIITATHBIX CHUTYaIMil
DKCIUTyaTalluy aBUALIMOHHBIX JIETATEIbHBIX allapaToB IYTEM COKpAIIECHUS BPEMEHHU

OIPCACIICHUA U YBCIMYCHHA KOJIMYCCTBA IMapaMCTPOB, KOTOPLBIC OIPCACIAOTCA, YTO
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o0ecreunBaeT MOJIyYeHUE Oonee MOJIHOM uH(bOopMaIuu
00 00IIeM COCTOSIHUY aKKyMYJIITOPOB aBUAIIMOHHOTO Ha3HAUYEHUS.

Takum o00pa3oMm, yCOBEpPLICHCTBOBAHME METO/AA ONPEICICHUS I1apaMeTpPOB
ANEKTPOXUMUYECKUX  AKKYMYJSITOPOB  NPH  3KCIUTyaTalldd  3HEProyCTaHOBOK
aBUALMOHHOTO Ha3HaueHMsI 0e3 M3MEHEHUs pEeXHMMa HX pabdoThl B CYLIECTBEHHO
KOPOTKHE CPOKH SIBJIIETCS Ba)KHOM HAay4yHOH 3a/layeil aBUAallMOHHOM OTpAcid, UMEeT
00JbIIIOE IPAKTUYECKOE 3HAYCHHUE.

JIUTUI-UOHHBIE aKKyMYJSTOPbl — 3TO KIIOY K CHI)KEHUIO 3aBUCHUMOCTH
OT HCKOITAEMOr0 TOIUIMBA, IO3TOMY HMX MCIOJIb30BAHUE B JIEKTPHUECKUX CaMOJeTax
ABJISIETCS] IEPCIIEKTUBHBIM HalpaBlIeHUEM. B ciydae skcIuTyatanuu akKyMyJISTOPHOM
Oaraper B pexuMax, OTIMYAIOIIUXCSI OT PEKOMEHJOBAaHHBIX MPOU3BOAUTEIIEM,
CPOK CIIy’)Obl 3HAQUMTEJIbHO CHUXKAETCSA, I[O3TOMY KOHTPOJIb M  JIMarHOCTHKA
aKKyMYJIITOPOB SIBJISIETCS] BAXKHOM M aKTyalbHOMU 3aJjauei.

Heapb u 3a7a4u MCCIeOBAHUS:

[ToBbIlIEHHE HKCITYAaTALIMOHHBIX XApAaKTEPUCTUK aKKyMYJSITOPHOW Oarapeu 3a
CUeT NMPUMEHEHMs] UMIIYJIbCHOTO METOJa CHUHTe3a LU(POBBIX MOPTPETOB I 3a4ay
JIMArHOCTUPOBAHMS U TPOTHO3UPOBAHUSI.

JIis noCTHKEHUS LIeTTM HEOOXO0AUMO PEUIUTh CIeAYIOLINE 3a1a4u:

1. O630p U aHaU3 METOJI0B, MPUMEHSAEMBIX JIJIsl ONIPEIETICHUS TapaMeTPOB

U XapaKTePUCTHK  JJIEKTPOXMMHUUYECKUX  aAKKyMYIJIATOPOB  COBPEMEHHBIX

CUCTEMBI 3JIEKTPOCHA0KEHUSI BO3IYILIHBIX CYJIOB.

2. Y cOBEpIICHCTBOBAHHE MeToaa ONpEIEIICHUS IapaMeTpoB

U XapaKTEPUCTUK  DJIIEKTPOXUMHUYECKUX  AKKyMYJISATOPOB  aBUAIMOHHOMN

TE€XHUKH C MOMOIIbIO nakera 3HAaKOIEPEMEHHBIX UMIIYJIbCOB

MOCTOSIHHOT'O TOKa Ha aKKyMYJISITOP.

3. ®opmupoBaHre MaTEeMaTHUYECKUX MOJeNed, MPUTOAHBIX I HMITYJIbCHOTO

MeToJla CHHTe3a UU(POBBIX MOPTPETOB sl 3a7ady JAMAarHOCTUPOBAHUA U

IMPOTHO3UPOBAHUA JICTATCIbHBIX aIlllapaTOB.
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O0bexkT wMcciaenoBaHusi: LHU(POBBIE TMOPTPETH, BKIIOUYAIOIIUE B ce0s
AIIEKTPOIHEPIETUYECKUE MapaMEeTPbl U XapAaKTEPUCTUKH, KOTOPBIE XapaKTePU3YIOT
COCTOSIHUE DJIEKTPOXUMHUECKUX aKKyMYJISITOPOB CUCTEMBI 3JIEKTPOCHAOKEHUS.

Ipeamer UCCJIeJOBAHNS ! UMITYJTBCHBIN METO/IBI OTIpeICTICHUS
AJIEKTPOPHEPIeTUYECKUX  [APaMETPOB U XAPAKTEPUCTUK  DJIEKTPOXMUMHUYECKUX
aKKyMYJIITOPOB CUCTEMBI 3JIEKTPOCHA0KEHUS BO3TYIIHBIX CY/OB.

Metoabl ucciaea0BaHUsI: METOABl (U3HUECKOTO U MaTeMaTUYECKOTO
MOJIETUPOBAHUS ANEKTPUYECKUX, AIIEKTPOIHEPIETUYECKUX XapaKTEPUCTUK
Y TIapaMETPOB 3JEKTPOXUMHUUECKUX aKKYMYJIATOPOB, CTATUCTUYECKUE METOIbI OLEHKU
KauyecTBa MaTeMaTHYECKUX MOJIEJIeH, METOAbI SKCIIEPUMEHTAIBHBIX HCCIEA0OBAaHUN U
METO/Ibl OTIPEIEIIEHNUS] TOTPEILIHOCTH.

HayuyHasi HOBU3HA NOJIyYeHHBIX Pe3yJIbTATOB.

Hayuynass HOBHM3Ha MOJYYEHHBIX pE3yJbTAaTOB  3aKIIOYAETCsI B  TOM,
YTO aBTOPOM:

1. Tlpennoxena CTPyKTypa 3HAKOMEPEMEHHBIX HUMITYJIbCOB MOCTOSHHOTO TOKa
Ul BO3ICMCTBHSI Ha aKKyMYJSITOp, C LEJbIO OIpPENETCHHUs] €ro MapaMeTpoB IpHU
JKCIUTyaTallud C Lenablo  (popmMupoBaHuss HUPPOBBIX MNOPTPETOB JJs  3a1ad
JAMArHOCTUPOBAHMS U MPOTHO3UpoBaHus. CTPyKTypa OTJIMYAECTCSI COTJIaCOBAHHOCTbHIO
BEJIMUMH HMITYJIbCOB, UX JUIMTEIBHOCTH U May3 MEXIy HUMHU C MapaMeTpaMu H
XapaKTepUCTHKaMH aKKyMYJISITOpPa, YTO MO3BOJISIET YBETUYUTh TOYHOCTh OTPEACIICHUS
napaMeTpoB M XapaKTEPUCTUK aKKyMyJsiTopa 0e3 M3MEHEHHs pekuMa ero paboThl B
KOPOTKOE BpEMH.

2. PazpaboraHa maremaTHyecKass MOJENb JUTUH-UOHHOW aKKyMYJISTOPHOM
Oarape CUCTEMBI 3JIEKTPOCHAOXKEHNSI aBUALIMOHHOM TEXHUKH, KOTOPAsl UCIIOJIb3YETCsI
U ONIPENIEICHUS UX TIapaMeTPOB U XapaKTEPUCTHK, IMyTEeM JOTMOIHUTEIHLHOTO y4eTa
€MKOCTHBIX NapaMeTpPOB B YPaBHEHHMU Pa3pAIHON XapaKTEPUCTUKU, YTO MO3BOJISET
TOYHEE OINHUCHIBATH HEJIMHEHHbIE YUACTKHU 3TON XapaKTEPUCTUKU.

3. Pa3pabortan Meroj cuHTE3a LHUQPPOBBIX MOPTPETOB SIEKTPOXUMHYECKUX
aKKyMYJIITOPOB 3a CYET COBMECTHOTO NMPUMEHEHHS 3HAKONEPEMEHHBIX HMITYJIbCOB

ITOCTOAHHOT'O TOKa, YCOBepLHGHCTBOBaHHOﬁ MaTeMaTUYECKON MOJCIN WM IIOJIYUCHHSA



BO3MOXKHOCTH  MCIIOJIb30BAHUSA METOAA ISl  JIMTUW-UOHHBIX  aKKyMYJISITOPOB
ABUALIMOHHOTO HA3HAYCHUS JIJIA 33]1a4 JUAarHOCTUPOBAHUS U ITPOTHO3UPOBAHUS.

Anpodauust padoTHhI. Pe3ynbrarsl BBITIOJTHEHHBIX UCCIIEIOBAaHUIM
JOKJIAIBIBATIMCH U TIOJIYYWJIN MOJIOKUATENBHYIO OLICHKY:

e Ha Bcepoccuiickoii HayyHO-TeXHHUYECKOM KoHpepeHiuu «HayuHbie
yTeHus 1o aBuanuu, nocBaménueie nmamsata H.E. XKykoBckoro» moxmam «O0630p
METOJIOB JUArHOCTUPOBAHUS ABHUALMOHHBIX JJIEKTPOXUMHUYECKUX AKKYMYJSTOPOBY,
MI'TY I'A, r. Mocksa, 2021 r.

e Ha MexayHapoaHOM 2021 IEEE 22™ INTERNATIONAL
CONFERENCE OF YOUNG PROFESSIONALS IN ELECTRON DEVICES AND
MATERIALS(EDM) noxman « Review of diagnostic methods for aircraft
electrochemical batteries», Anraiickuit kpait, 2021 .

e Ha Bcepoccuiickoli Hay4dHO-TeXHHUYECKOM KoH(pepeHuunn «HayuHbie
yTeHUsl 1o aBuanuu, nocBsmEéHHble namatu H.E. JXykosckoro» pokman «Merton
ONPENECIICHHUSI IApaMeTpOB M  XAPAKTEPUCTUK  ABUALMOHHBIX  JIMTUHM-MOHHBIX
AKKyMYJIATOPOB C MCIIOJb30BAHUEM 3HAKONEPEMEHHBIX HWMIYJBCOB MOCTOSHHOTO

toka», MI'TY I'A, r. Mocksa, 2022 r.

COAEPKAHUE PABOTbI

Bo BBegeHMH  O0OOCHOBBIBAE€TCA  AKTYaJbHOCTh  TEMbl  JUArHOCTUKH
ABHAIIMOHHBIX AKKYMYJSTOPOB, B YAaCTHOCTH HCCIIEIOBAHUE IIPOLIECCOB B JINTHM-
MOHHBIX OaTapesX, BBITIOJIHEH 0030p COBPEMEHHBIX CaMOJIETOB Ha DJIEKTPUUYECKOMN
TAre, 0030p MCTOYHUKOB DJIEKTPUYECKOM OHHEPrud Ha OOpTy BO3IYIIHOIO
CyJHa.

B nmnepBoii riaBe 0030p METOJOB OLIEHKHM COCTOSIHHUSI aKKyMYJISITOPOB,
UCIIOJIb3yeMbIX B CHUCTEMax  JJIEKTPOCHAOXKEHUsS  JIETaTeNIbHBbIX  amlmnaparos,
pacCMOTpPEHbl  OCHOBHBIE  TapaMeTpbl U XAPAKTEPUCTUKU  AKKYMYJSITOPOB,
UCIOJIb3yeMble TMpU JMArHOCTUKE, a TaK >K€ BBIINOJHEH aHalu3 OCOOEHHOCTEHN

JKCIUTyaTalluM W HW3MEPEHUs OCHOBHBIX MapamerpoB. Ha ocCHOBe AeHCTBYROIIKX



HOPMAaTHUBHO-METOIUYECKUX JOKYMEHTOB BBIIIOJIHEH aHAJIN3 CYLIECTBYIOMNX METOI0B
ONPENEIICHNS COCTOSIHUSA aKKYMYJISITOPOB.

[TpuBeneHHBIH BbIlIE 0030p U aHATIU3 MTOKAa3aJl, YTO OTCYTCTBYET €AUHBINA METOJ,
ITO3BOJISIOIINN ONPENENATh KOMIUIEKC IapaMeTpoB U Xapaktepuctuk AK s
OBICTPOTO ¥ TOYHOT'O OINIPEAEIEHUS UX TEKYILErO COCTOSHUSI.

BcenenctBue 1MpoBENEHHOTO aHalIWM3a, HEOOXOIWMO YCOBEPILIEHCTBOBaHHE
METOJia OompeesieHusl mapaMeTpoB U xapakrtepuctuk DX AK ¢ ucnonab3oBaHHEM
3HAKOIIEPEMEHHBIX MMIIYJbCOB TOKa. METOX OCHOBBIBAaETCS Ha B3aMMOCBS3U
CYLIECTBYIOIIEW TEOPUU DJJIEKTpOXUMHUUYECKUX mnpoueccoB B AK u onpenenenunn
ANEKTPOIHEPTETUUECKUX  IMApaMETPOB M XapakTepucTtuk uccaeayemoro AK
U TO03BOJISIET ONPENENIUTh €ro TeKyllee cocTosHue mnpu skcrutyatauun COC 6e3
M3MEHEHUS PEKUMA UX pa0OTHI B CYIIECTBEHHO KOPOTKHE CPOKHU.

Bo BTOpO# ri1aBe pacCMOTPEH IIpeIaraéMblii METOJ ONIPEEICHUS I1apaMETPOB
U XapaKTEPUCTUK AKKYMYJATOPOB C MCIIOJIb30BAHUEM 3HAKOIIEPEMEHHBIX UMITYJIbCOB
IIOCTOSTHHOT'O TOKa W IMPOLECCHl IIPU BO3JEUCTBUH ITAHHBIM METOJOM, MCCIEIOBAaHBI
OTKJIMKH 110 HAIPSLKEHUIO Ha BO3JEUCTBUE UMITYJIbCHBIM TOKOM Ha aKKyMYJIATOP.

Jnga  pemeHuss 3amadd  ONpPEACIICHUS IApaMETpOB U XapaKTEPUCTHK
ABUALMOHHBIX JINTUM-UOHHBIX AKKYMYJATOPOB IPENJIAracTCs METOJ OIPEACIICHU
apaMeTpoB C MCIOJIb30BAHMEM 3HAKONEPEMEHHBIX MMIIYJIbCOB TOKa. Meron
OCHOBBIBAETCSI HA B3aUMOCBSI3M CYIIECTBYIOIIEW TEOPUH DIEKTPOXUMHUYECKUX
IIPOLIECCOB B AKKyMYJIATOPAaX U IO3BOJIAET ONPENEINUTh €r0 TEKYIEEe COCTOSHUE NPH
AKCIUTyaTallii YHEProyCTaHOBOK aBMAIIMOHHOTO Ha3HAuY€HUs 0€3 U3MEHEHHUs peKruMa
UX paboTHI.

Takum 00pa3zom, 1751 ONpeAesieHUs] COCTOSTHUS JTUTUM-UOHHBIX aKKyMYJISITOPOB
TpeOyeTCsl yCOBEPIIEHCTBOBAHHBIN METO/I ONIPEICTIEHUS TAPAMETPOB U XapPAKTEPUCTUK
INEKTPOXUMUYECKUX AKKyMYJSITOPOB IIPHM DJKCIUIyaTallud AaBUALMOHHBIX CHCTEM
AJIEKTPOCHAOKEHHSI C MCTIOIb30BAaHUEM 3HAKOMIEPEMEHHBIX UMITYJIbCOB TOKA C YUETOM
TOoro, uro cocrosinue DX AK akkymyJsiTOpOB OIEHUBATH KOMILUIEKCHO, OBICTPO U

Ka4CCTBCHHO.
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CrpykTypa npsIMOYTOJIbHBIX UMITYJIbCOB TOKA M OTKIIMK aKKYMYJIAITOpa Ha 3TOT
CUTHAJI 110 HANPSHKEHHUIO.

C yMEHBILIEHHEM E€MKOCTHU 3JIEKTPOXUMHUYECKUX aKKymynsaTopoB oT QI mo Q3
XapaKTEPUCTHKHU OTKJIMKA u3MeHstores oT (tl , Ul) no (3 ,U3)

_Q1>Q>>Q5
Q3

T1 B T3 T, MC

OTKIIMK 1O HANPSHKEHUIO HA MPSMOYTOJIbHBIA 3HAKOTIEPEMEHHbBI UMITYJIBC TOKA

IIpH pa3HbIX EMKOCTAX aKKYyMYJIATOpA
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onpcacncHue
OTKNUK Ha coctosiHua AK
TECTOBLIN CUrHan (BX)
B3aumocss3p AKCIIEPUMEHTAIbHOM u pacyeTHOU COCTaBJIIONICH
MIPEI0KEHHOI'0 METOA.
TecToBBI cHTHAT DICKTPOXHMHUYESCKHH
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1. ITapameTpsl TECTOBOTO CHIHATA (3aJak0T).
2. ITapameTps! OTKIHKA HAa TECTOBBIH CHIHAT
(m3MepaT).

3. ITapaMeTphl COCTOAHHA AKKYMYIATOPA
(paccuHTHIBAOT).

CTpyKTypa MeTo/1a OIpeesIeHHs TapaMeTpoB.

Hpez[ﬂonceHa HACA MCTOAA, 3aKIIIOYAIOIIAACA B aHAJIM3C OTKIIMKA dKKYMYJIATOPA

HAa TIOJAABAEMBbIA TECTOBBIM CHUTHAJl C JAIBHEHIINM PACUECTHBIM OIPEICICHUEM
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OCHOBHBIX MMAPAMETPOB U XAPAKTEPUCTUK AKKYMYJISATOP C MOMOIIBI0 MAaTEMATUYECKOM
MOJIENHU BJEKTPOXUMUUYECKUX aKKyMYJISITOPOB KaK COCTABHOW YAaCTH MPEJI0KEHHOTO
METOAa.

Pe3ynbTaThl  HCCIIEIOBAHUI  MO3BOJST  MCIOJIB30BAaTh  HOBBIE  CHUCTEMBI
YIOPaBJIEHUS HAKOMMUTEINSIMUA DSHEPTrUH, MO3BOJSIOINIME TMOBBICUTh HAJIEXKHOCTh H
0€30MacHOCTh JKCIUTyaTallud dSJEKTPOIHEPreTUYECKOTO KOMILIEKCa BO3IYIIHOTO
CyJlHa B I[EJIOM.

N3 anamuza mpoueccoB B DX AK mnpu BosnmedictBun Ha AK (makera
MPSIMOYTOJIbHBIX UMITYJILCOB IMMOCTOSIHHOTO TOKA) UMITYJIbCHBIM TOKOM OMPEICIICHO
cieayroniee:

— a”anm3 npoueccoB B AK mpu uMIylIbCHOM BO3IAEHCTBHUM Ha aKKyMYJISITOD,
MOATBEPKIAET BO3MOXKHOCTh TPUMEHEHUSI HUMITYJIbCOB IIOCTOSIHHOTO TOKa JIJIst
ONPENEIICHUSI COCTOSHUS JJIEKTPOXUMHUYECKUX AKKyMYJISITOPOB, & TaKKE IO3BOJISIET
000CHOBaTh HEOOXOJIUMOCTh KOMIICHCAIIUU 3aTPavyMBaeMOW E€MKOCTH Ha TECTOBOE
BO3/ICICTBHE C MTOMOIIBI0O UMITYJIbCA MPOTHUBOIOJIOKHOTO 3HAKA B LEAX TPUMEHEHUS
NPENJIOKEHHOTO METOJia B MPOIIeCCEe JKCIUTyaTalud Oe3 BMEIIATeIhCTBA B PEKUM
pabotsl DX AK;

— XapakTep OTKJIMKA [0 HANpSHKEHUIO OMNPENeNIeTCsl BHYTPEHHUM COCTOSIHUEM
AKKyMYJISITOPA;

— TMPEUMYIIECTBO MPUMEHEHUS MNPSIMOYTOJILHON (DOPMBI MMITYJILCHOTO TOKa MEpe.
CUHYCOUJIATTbHON (hOPMON UMITYJILCHOTO TOKA 3aKJIFOYAETCs] B TOM, YTO TIEpBasi MPOIIIEe
B MPpUOOPHOUN peain3alivi, 4TO IMO3BOJWIO OMNPEAEIUTh TpeOOBaHUS K TECTOBOMY
CUTHAJIy U peajM30BaTh MPEJI0KEHHBI METOJT B MpUOOpax.

B Tperbem pa3sgesie [pPENCTAaBICH aHAIW3  METOAOB  MOCTPOEHUS
MaTeMaTUYECKUX MOJIEJeH JJICKTPOXUMHYECKUX aKKyMYJISITOpOB U OaTapei,
OCHOBAaHHBIX Ha (YHIAMEHTAIBHUX YPABHEHUAX, IMIUPHUYECKUX COOTHOIICHUAX U
(U3UKO-XMMUYECKONW TPUPOJIC JETPANANMOHHBIX TPOIECCOB I  (popMUpOBaHUS
TpeOOBaHUNM  MAaTEeMaTUYECKOM  MOJEIU  DJIEKTPOIHEPreTUUECKUX  IMMapaMeTpoB
n xapaktepuctuk X AK. Marematuueckue MOJCIH JJIsi OMPEACICHUS] COCTOSIHUSA

AK AOJKHBI YYUTBIBATE B3aMMOCBA3b IMAPpaAMCTPOB U XAPAKTCPHUCTHUK aKKYMYJIATOPOB
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U PeXKUMOB HX dKCIUTyaTaluu. B kadecTBe ypaBHEHHI CBSI3U MOTYT OBITh IPUMEHECHBI
CTATUCTUYECKHUE, IMITUPUIECKHUE U IPYTHUE 3aBUCUMOCTH.

JIJIss MaTeMaTH9IecKOoro OMUCaHUsSl Pa3psAHBIX XapaKTEPUCTUK aKKyMYJISTOPOB
MIPUMEHSIOT CIEAYIOIINE SIMITHUPUIECKUE YPABHEHUS:
- o6o6menHoe ypaBHeHue Illedepna — Xackunoit — JlaHUIEHKO:

Lf:E—R-f—[D'“K"T'fJ+A* exp —Bi]—l

\ O-q , . O,

- ypaBHeHHEe PomaHoBa (MOIu(UIIMPOBAHHBIN BU/):

F, -

exl{—Bgﬁ}—l‘\]_

[,T:E—R-I—K'll—exp[—”'—w H+.4-
- (©-9) ),

1-\_) A

Jia  ucciaenoBaHUsT BO3MOKHOCTH INPUMEHEHHMS OOOOIIEHHOIO ypaBHEHUS
edepna — XackuHa — J[aHUIEHKO MPU ONMMCAHUU pa3psla JUTUH-UOHHBIX OaTapei
ObLIO MPOBEACHO CPAaBHEHUE JKCIEPUMEHTANbHON pa3psaaHoi xapakrtepucTuku AK

ICP103448SR ¢ pacueTHO# XapaKTepUCTUKOM.

UBy4s
425 —
0 3JKCNEepUMEHT
— Pacyer
4 \L\K&_
-D'_\\
375 R e

\(

35 -

3,25 \T\
3 T

0 0,2 0.4 0,6 0,8 1 QQH 47

Pucynok 3.1 — PacueTHasi u SKCIepUMEHTalbHAs pa3psiAHbIE XapaKTePUCTUKUA JTUTUMN-
noHHoro akkymyinsaropa ICP103448SR
MaremaTudeckas MOJIeNIb UCCIEAYEMOT0 00BbeKTa (CUCTEMBI) JOJKHA 00J1a1aTh

BBICOKOM TOYHOCTBIO, AACKBATHOCTBIO U MAKCUMAJIbHO TOYHO OIIMCBIBATH IIPOLCCCEHI,
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MIPOUCXOJISIINE B O0BEKTE WM cucTeMe. sl co3manust TakuX MOJENICH TpeiaraeTcs
HCMOJIb30BaTh  METOJ  MAaTEeMaTH4YE€CKOr0 IMPOTOTUIIMPOBAHUS  DHEPreTUYECKUX
nporieccop  (MMIIDII). JlaHHbIE METOA  BBITGKACT W3 HW3BECTHBIX  Hayal
TEPMOJMHAMUKNA W 3aKOHOB COXpaHEHUs] W 0000maeT HW3BECTHBIE (HOPMATU3MBI
MEXaHUKH, D3JIEKTPOMATHUTHOW AWHAMHUKH, a TAK)KE€ HEPAaBHOBECHON HEIMHEMHOM
TepMoauHaMuku. [lomumo »storo, MMIIDII yuuThIBaeT Kak BHYTPEHHE CHIIBI,
OoOyCJIOBIICHHbIE HAJIMYUEM CBOOOAHOW DSHEPruM, TaK W BHEIIHUE CHJIBI,
OOyCIJIOBJICHHBIE TOTOKAMU JHEPrUU MEXKIYy CHCTEMOW U CpEeloi, 4YTO SBISETCS
MPUYUHON JUHAMHUYECKUX MPOLIECCOB MPU COBEPIICHUU CUCTEMOU pabOTHI.

B pesynerate ONBITOB M pacdy€TOB HA MNPUMEPE B3ATOTO JUTHN-WOHHOTO

akkymyssitopa US18650VTC6 Obutn moydeHbl XapakTEpHbIE pa3psiiHbIE KPUBBIC

HaHpﬂ)KeHI/IH:
HBHPH}KEHHEHBKJ'IEMMBX
5
] S T
=
45 — 15C
e 25C
ﬁ%%%m — 0EC
e '
4 e : 3C
—— e
N : mﬁ%::::: ’
0 sl e = —
+ 35 Lo b L e =5 - 12
¥ ] HE“‘%—H : - o oy
3] T S Sl S >
i ““ﬂ-\.\_\_\_\_“"-\-\.\_\_\_\_ % i 3
4 H"""-\-\.hhh‘"x.. R :
) \ . \
2 i \'r I

0 5 W 15 20 25 30 35 40 45 50 55 &0 &5 YO 73 BO 85 50 55 100

LonA oToaHHOW 3apANOBoiA eMKoCTK, %

PaSPHI[HBIC IMOCTOAHHBIM TOKOM  KPHBLIC  HAIIPSIKCHUA JINTUHA-UOHHOTO

aKKyMYJISITOpa Mpu Temneparype okpy:xatomeit cpennst 25°C (1C.... 30)
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OTHOGHTENEHAA paspABHAA EMEDGTE

Pa3psiiHOe HampspkeHue, pacCUMTaHHOE IO MOJENIM JUHAMUKH Pa3psIHOIO
HaIpsKEHUS JINTUM-UOHHOTO akKymyJatopa cepun US18650VTC6 npu Temmieparype

okpyxarouen cpensl 25°C.

PaccMoTpeHO mnpuMeHEHHE MaTeMaTU4YecKO Moxaenu s (HOpMUPOBAHUS
U(POBBIX TOPTPETOB ABUAITMOHHBIX JIUTUH-UOHHBIX aKKyMYJISATOPOB.

B pamkax pmaHHoOi paOoThl ObLIT pa3zpaboTaH MPOTOKOJI HH(OPMAIMOHHOIO
oOMEHa TMTUN-UOHHOW aKKyMYJIITOPHOW OaTapen ¢ CUCTEMOM 3JIEKTPOCHAOKEHUSI.
NudopmarnmonHoe B3aMMONEHUCTBHE JUTHUH-MOHHOW AaKKyMYJISITOpHOM Oartapeu ¢
OOpPTOBOM CUCTEMOU 3JEKTPOCHAOKEHUS WM CUCTEMOM YIPaBJIEHUSI OCYIIECTBISIETCS
¢ momoristo cuctembl KoHTpoIIs (CK).

Cucrema KOHTpoOJIsI 0OecneunBaeT MOAAEPKKY MPOTOKOJa B3aUMOAECHCTBUS C
CUCTEMOW yNIpPaBJEHUs, OPTraHM3alMI0 B3aUMOAECHCTBHS YCTPOMCTB M arperaros
CUCTEMBI 3JIEKTPOCHAOKEHUS, UX HEMPEPBIBHBIA ONpPOC AJIs MOJYUYEHHS aKTyalbHbIX
3HAYCHHMM KJIIOUEBBIX IOKA3aTEJIE YCTPOMCTB, a TAKXKE€ OTIPABKy Ha YCTPOWMCTBA
U arperatbl CUCTEMBI JIEKTPOCHAOXKEHHS YNPABIAIOMIMX KOMaH/A MpPU MOJYyYEHUU OT
CONPSKEHHOTO  yCTPOWCTBA COOTBETCTBYHOIIMX 3ampocoB. COC  3ampamuBaeT
COCTOSIHUE aKKyMYJIATOPHOU OaTapeu U Moy4aeT OTBET OT CUCTEMbI KOHTPOJIS.

CornacHO MOCTaBJIEHHOW LEIM HAyYHO-KBATU(UKALUOHHONW PadOTHI TJIaBHBIM

HAayYYHbIM PC3YJIbTATOM  ABJIICTCSA pa3pa60TKa HMITYJIbCHOTO MCTOZda CHHTC3a
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nu(pPOBBIX MOPTPETOB ABUAIIMOHHBIX MCTOYHHUKOB OJJIGKTPOIHEPTUU JJs 3343y
JUArHOCTUPOBAHUS M MPOTHO3UPOBAHMS, MO3BOJIAIOIIMI MPOBOAUTH H3MEPEHUS B
KOPOTKO€ BpEMs, HE3aBHUCHUMO OT peXKHMa padOThl aKKyMyJATOpa, MHpU 3ITOM
onpeaesis NapaMeTpbl aKKyMyJISITOpa B KOMILJIEKCE.

YcoBepliiieHCTBOBaHA MaTteMaTu4yecKas MOZENb OTIPEICIICHUS
ANEKTPOIHEPTETUUECKUX XAPAKTEPUCTUK JIMTUM-HOHHBIX AKKYMYJSATOPOB, KOTOpast
ABJISIETCSI COCTAaBHOW YacCThIO MPEUIOKEHHOTO METOJIa, IOJIy4eHAa ITyTEM aHaau3a
METOJOB TIOCTOPEHHMS MAaTEMATHYECKUX MOJEIEN aKKyMyJsTOPOB M METOAA
MaTeMaTUYECKOro MPOTOTUIMPOBAHUSA M apOOMpPOBaHA MPHU PEUICHUH 3a/1ad OLUEHKH
COCTOSIHUS IMTUM-UOHHBIX aKKYMYJISITOPOB.

Mopnenu, TNOCTPOEHHBIE C  HCIOJIB30BAHHEM METOAA MAaTEMAaTHYECKOIro
MPOTOTUIIMPOBAHUS ~ DHEPreTUYECKHX IMPOILIECCOB, O0NAaNalOT  3HAYUTEIbHBIMU
IPEeUMYILECTBAMU, OCOOEHHO IMpPH OMHCAHUU CIIOXKHBIX CHUCTEM, TAaKMX Kak JIMTHUM-
MOHHBIEC aKKyMYJISITOPBI, B CPABHEHUU C UHBIMU ITOAXOAaMHU K MOJAEIMPOBAHUIO.

Mopnenu Ha OCHOBE METOJa MAaTEMaTHYECKOTO MPOTOTUIIMPOBAHUSA MOAXOIST
JUIsl TIPOTHO3UPOBAHMSI COCTOSIHUSL CHCTEMBl M JIMarHOCTHKH, & TaKKE IO3BOJIAET
co37aBaTh LHU(PPOBBIE TBOWHUKU CUCTEM, KOTOPBIE MPUMEHSIOTCA JJI1 MOHHUTOPHHIA,

YIPABJICHUS U ONITUMHU3AIMHN pabOThl OaTapei.



