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JIiTifi-10HHI aKyMYJISTOPH CTaldM HEBIJ €EMHOIO0 YAaCTHHOIO CYYaCHOTO KHUTTS,
KUBJISTYM BCE B1Jl CMapTQOHIB 1 HOYTOYKIB IO €JIEKTPOMOOLTIB 1 COHIYHUX cUCTEM. |
HaBiTh JIOMa, CJIyXalO4yd MY3UKy YW HOBUHHU 1 TOTOJy, MU BHUKOPHCTOBYEMO
rajpkeTu. A iXHe QYHKIIOHYBaHHS HEMOXKJIMBE 0€3 aBTOHOMHHUX JDKEpeT >KUBJICHHS.
[ls icTopis Hamiuye OUIbIIE ABOX CTOMITh, PO3KPUBAE EBOJIOLII0 JITIH-I0HHUX
aKyMYJIATOPIB, BiJl iX MOYATKY /10 KJIIOYOBOI POJI, SIKY BOHH BIIITPalOTh CHOTOAHI Y
HaIIOMY TTOBCAKIACHHOMY KHUTTI[7].

ICTOPIA BUHAXOAY
Brnepuie nitiif (B MiHepasi MeTaliTi) BIIKPUB LIBEICHKUN XIMIK 1 MIHEpaaor
IOxan Asryct Apdsencon me B 1817 pori, komu npamrosas y snadoparopii 1.41.
bepueniyca B CTOKTOJIbMChKOMY YHIBEPCUTETI, JI€ BUBYAB METOJIU  XIMIYHOTO
aHaj i3y MIHEpaJIiB 1 OMKMCaB HOro YMCIEeHH1 coil Ta Wi cnoiyku.. 3 1819 poky BiH
npairoBaB y KopomiBebkiii Ximiunii jgabopatopii y Ctokronsmi, a 3 1821- unen
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Kopomiscekoi akagemii Hayk. IIpoTe mMuHyno Oinbiie CTOMITTS, MEPII HIX BYEHI
MoYajay yCBIJOMITIOBATH TOTEHIIIAM JITiI0, SIK KJIIFOYOBOTO €JIeMeHTa Ui OaTapei.

Mix mnepmioro crnpo0or0 BUAOOYTH EIEKTPUKY XIMIYHHM CHOCOOOM Ta
CTBOPEHHSIM JTIH-I0HHUX aKyMYJISTOPIB MPOMIIIO, MOKJIHWBO, JIBa THUCSYOJITTS.
Icnye wemiaTBep/pKeHWM 370raf, 0O MEPUIMM  PYKOTBOPHUM TrajbBaHIYHUM
€JIEMEHTOM B icTOpii JrojcTBa Oyrna «Oarmajacbka Oartapeiikay, 3HalgeHa B 1936
nobsm3y barmana apxeonorom Bimerenmsmom Kenirom. 3Haxinka, mgatoBana II-1V
CTOJIITTSAM JIO0 H. €., SIBJIsi€ COOOI0 TJIMHAHUMA TMOCYJ, B SIKOMY 3HAXOJSATbCS MiJIHUN
MATIHAP 1 3alli3HAA CTPWIKEHb, MPOCTIP MDK SKUMH MIT 3allOBHIOBATHCS
«ENEKTPONITOM» - KHUCJIOTOI0 abo syroMm. CydacHa pEKOHCTPYKIIS 3HaXiJIKd
nokasaja, 110 IPU 3alOBHEHHI MOCYAY JUMOHHUM COKOM MOKHA JOCATTH HamNpyTu
10 0,4 BosbT [8].

Ynepiie npo MOXKJIMBICTh CTBOPEHHS MAJIMBHUX €JIEMEHTIB MOBiAOMUB y 1839
p. aHMIMChKUN amaTop y Taiy3i (i3uko-ximii, ToBapuil Maiikia @apanesa Binbsam
I'poys [3]. CrnocTepirarouu mporiec eaeKTPOIi3y BOJAM B PO3UMHAX CIpUaHOI KUCIIOTH,
BIH BHSIBUB, IO MICIS BIAKIIOYEHHS 30BHIIIHBOTO CTPYMY B €JIEKTPOIITHYHIN
KOMIpIIl TeHepyeThcsl mocTiHuii cTpyM. Opnak 11 BucHOoBKM B. I'poyBa Toxai He
3HAMIUIM OOIPYHTYBaHHS Yy TMOJANBIINX AOCTKeHHsIX. CBil eIeKTpoXIMIUHUN
npucTpiil BiH, 3a npono3uuiero M. ®dapanes, Ha3BaB «ra3oBoro OaTapeero». Ha3py
«MaJUBHUN €JIEeMEHT» ILed npuctpii oxepxaB aumie depe3 S50 poKiB, 3aBASKU
JIronsiry Monny.

He Bnmamocs peanizyBatu ¥ 1i1er0 3HaHOro (i3uko-xiMika Binbsrenpma
OctBanpaa (1894 p.) moa0 reHepailii e1eKTPUYHOI €HEPril y MaJTMBHOMY €JIEMEHTI 3
BYT'ULJIS, @ TAKOK BUHAAEHHUI pociiickkuM yueHuM [laBnom SA6mouxoBum (1887 p.)
BO/IHEBO-KHCHEBUH MATUBHUM €IEMEHT, Pe3yIbTaTH 1HIIUX JTOCIIKCHb 1 YUCICHHUX
BUHAXO/IIB.

B3umky 1973 p. KepiBHUKM KOMIIaHIi BHUKJIMKanu BirTiHrema, mo0 Toi
BUCTYIIHB y ronoBHoMy o¢ici B Hero-Hopky mepen uiaeHaMu pajam JUPEKTOPIB
Exxon. « nmpuiliioB Ty u 1 NOSICHUB yC€ XBUJIMHU 3a 5, MakcuMyM 10 — po3noBizias
Virriarem y ciudi 2020 p. — A depe3 TWXKIACHb BOHHU BIAMOBLIH, IO XOYYTh
1HBECTYBAaTH B 1IE».

barapes Birrinrema, mepiia OaTtapest Ha OCHOBI IHTEpKaysIii JiTito, Oymna
po3pobiena y komnanii Exxon B 1972 p. 3 BUKOpUCTaHHSIM TUCYIb(]iAy TUTAHY SIK
KaToma 1 mertaneBoro mgiTito sk anoma. Ille B 1970-x pokax Opuranenpr CreHi
Bitrinrem (Stanley Whittingham), saxuii mnpaioBaB y NaJUBHO-CHEPTETHUUHIN
kommanii Exxon, mpu cTBOpeHH1 JiTi€eBoi Oartapei, 10 Tepe3apsIKacThCs,
BUKOPUCTOBYBAB aHOJI 3 Cyib(ily TUTaHy 1 JIiTieBUM karoA. [lepia mitieBa GaTapes,
[0 TMepe3apsKAEThCA, JTEMOHCTpyBaja JAOMYCTHUMI TOKa3HUKH 3a CTPYMOM 1
HaIpyrow, ane mnepioguyHo BuOyxana. KpiM 1poro, THTaH 3aBkaAu OyB JyxXe
aoporuMm, a B 1970-Ti miHa aucyibdiny TUTaHy craHoBWiaa Onm3bko $1000 3a
kiorpam (exBiBasieHT $5000 B Hamn yac). He roBopsium Bxke Mpo Te, IO METAJICBHMA
JTiM HA OBITP1 roputh. TomyExxon 3ropHynu npoekT Birtinrema.

Y 1976 p. Ixon I'ynenad mpwmitmoB 10 OKCHOPACHKOTO YHIBEPCUTETY, 1€
OYOJIUB PO3POOKY MEPIIOTO JIITIEBOTO aKyMYJISITOPA 3 KATOJIOM 13 OKCUYy KOOANbTY.
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['ynenad Oy 3Haiiomuii 3 poboramu Birtinrema, Tomy o Bittinrem orpuman
AOKTOpchbkui cryminb B Oxcdopai. Ane mpountaBmm 1978 p. omyOiikoBaHy
BittuaremoMm crartio «XiMmis 1HTEpKaJIAMIAHUX 3'emHanby, ['ymeHad ocratodHo
NepeKOHaBcs, 1o MaiOyTHe 3a miTieBuMu akymyisatopamu. (['ynmenad momep 25
yepBHs 2023 p. y Bimi 100 pokiB). ¥ 1978 pomi Koiti Miazycima (Koichi
Mizushima), skuif 3aXUCTHB JOKTOPCHKY JAHcCepTaiiio 3 (I3UKH, 3aiiMaBcs
JOCIITHUIIbKOIO poboToto B Tokiiicbkomy yHiBepcuTeTi, koiu 3 Oxchopaa homy
OpuiIIIo 3ampoiueHHs npueanarucs npo rpynu  Jbxkona [I'yaenada (John
Goodenough), sika 3aliMaBcsi MOLIYKOM HOBHMX MaTepiamiB Jijisi OaTapelHUX aHOIB.
Ile OyB nyxe TNEpCNEKTUBHUN TMPOEKT, OCKUIbKM TOTEHINAI JITIEBUX JKEpe
’KUBJICHHA B)Ke OyB BIJJOMHUH, ajie MpUOOpPKATH MPUMXJIMBUNA METall A0 JIaay HisfK He
BJABaJOCsi — HEJaBHI EKCIepuMeHTH BiTTiHrema mokasyBaiu, IO 1O IOYATKY
CepiftHOr0 BUPOOHUIITBA OakKaHUX JITIH-I0HHUX OaTapeil 1me JaIeKo.

Tum He menm, ['yaenad OyB yneBHEHMI y MPaBHIBHOCTI (POPMYJIH CBOIO
akymynaropa 1 He 37aBaBcs. Bin 3BepHyBcs 10 Atomic Energy Research
Establishment (AERE), ypsgoBoi mnaboparopii B Xapyesi. Jlabopatopis
MoTroAWiIacs CIUIATUTH TATEHT, ajie JMIIe 3a YMOBH, M0 S59-piuHHIl yUeHHI
BIJIMOBUTHCS BiJ] cBOiX mpaB. ['ymenad minkopuscs. JlaGopaTopis 3amaTeHTyBasa
Oarapero 1981 p., a BueHUH 3aIUIIMBCS O€3 KOMUKN MPUOYTKY Bijl CBOET pO3POOKH.

B ekcniepuMeHTaIbHUX aKyMyJITOpaX BUKOPHUCTOBYBAIMCS JIITIEBUM KaTOJ Ta
cynbdiaauii aHos. IlepeBara cyap(difiB HaJ IHIIMMH MaTepiajJaMyd B aHOJAX 3a]1aJio
MinzyciMi Ta HOro Kojeram HampsiMOK JUIsl TOIIyKiB. BueHi 3aMOBUIIM y CBOIO
nabopaTopio M4 Juisi BUPOOHUITBA CyJIb(IiAIB NpsIMO HAa Micili, 00 IIBUIIIE
€KCIIEpMMEHTYBATU 3 PI3HUMU crojiykamu. Po0oTa 3 miy4io 3akiHUMIJIAcs HE JIyKe
nobpe: OIHOro JHS BOHA BUOYXHYJa 1 BUKJIMKAJa MOXKEXY. [HUIMIEHT 3MyCHUB
KOMaHAy JOCHIHUKIB MEPETJIIHYTU CBOI IJIAHU: MOXIJIMBO, CYJb(iau, He3BaKAIOUN
Ha IXHIO €(DEeKTUBHICTh, OYJIM HE Hallkpamum BHOOpPOM. BueHi 3MICTUIIM CBOIO yBary
y 01K OKCHJIIB, CHHTE3yBaTH 5Kl OyJ10 HabaraTo Oe3nevHile.

MinzyciMa BUSIBMB, IO OKCHJ JIITIH-KOOAJIbTy JAEMOHCTpYE HaWKpaul
pesyabTati. KobanbsT miaxoauB Kpaille 3a 1HIIMX IIe¢ ¥ TOMy, IO BIAIMOBIJIA€ BCIM
BUMOTaM 3 OE€3MEeKH 1 10 TOTO K IMiJIBUIILYE HATIPYTY eJIeMeHTa 10 4 BOJIBT.

3acTocyBaHHS KOOQJIbTY CTAI0 HAWBAKIIWBIIIUM, aJie HE OCTAHHIM KPOKOM Yy
CTBOPEHHI JITIH-IOHHUX aKyMyJsTOpiB. BriopaBmmch 3 O/lHI€I0 MPOOJIeMOI0, BUEHI
3ITKHYJHUCS 3 1HINOIO: INUIBHICTh CTPYMY BHUSIBWIACA 3aHAJTO Major, 1100
BUKOPUCTAHHS JITIN-IOHHUX €JIEMEHTIB OyJI0 €KOHOMIYHO BUTIpaBAaHuM. | komaH/a,
sKa 3p0o0uIIa OJIMH MPOPUB, 3pO0OKMIa 1 IPYTUI: IPU 3MEHIIICHH] TOBIIMHY €JIEKTPOIIB
no 100 MikpoH BHamocss MHIABUIIMTH CHIy CTPyMy JO PIBHA IHIIUX THUIIB
aKyMyJISITOPiB, IPU ILOMY 3 TIOJIBOEHOIO HAIIPYTOI0 Ta EMHICTIO.

[Ipore munyno mie 11 pokiB, mepi HIX y TPOJaX HaIIAIIOB MEepIUIUN JITIN-
10HHUI aKyMyJsTOp: AOCHIJHUKMA MIJBULIYBaNIM Oe3neKky OaTapeid, MiABUILYBaJIU
HaIpyry, eKCIEPUMEHTYBAJIM 3 PI3HUMHU MaTepiajlaMH KaTo/1a.
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3niea nanpaso: naypeamu Hobeniecokoi npemii 3 ximii 2019 poky Axipa Howumno,
IDicon I'voenagp ma Cmenni Yimminrem. Y ceoi 97 poxis I'yoenagh cmas
Hatcmapwum naypeamom 8 icmopii Hobenigcoxux npemiil.

VY 2019 naypearamum HoOeniBcbkoi mpemii 3 ximii cramu xon ['yaenad,
Crenni Yirrinrem Ta Axipa Mocino, siki BuHAiIIIM miTili-ionHi akymynaTopu. Bxmasy
BUEHHUX CIIpaBJl BaroMui, ajpke came uei tun AKb BBaxaroTh HAUNOMYJSPHIIINM Y
CBIT1 Ta BUKOPHUCTOBYIOTh IIPH CTBOPEHHI IaJ[KETIB, €JIEKTPOKapiB Ta 0araTboX 1HIIMX
IpUIaIiB.

KOMEPLIIMHE 3ACTOCYBAHHS JIITIEBUX AKYMVJISITOPIB

Komepriiinuii  3pazoxk OyB po3poOieHuil Sony Ta SMOHCHKUM XIMIYHHUM
rirantoM Asahi Kasei. Hum crana 6arapest 1t aMmaTopchKoi TUTIBKOBOT BiJieOKaMepH
Sony CCD-TR1. Bona ButrpumyBana 1000 mukiiB 3apsaku, a 3ajJUIIKOBA €MHICTh
MICJISE TAKOTO 3HOCY OyJia BUETBEPO BUINOIO, HIXK Y HIKEJIb-KaIMIEBOTO aKyMyJIAITOpa
aHAJOTIYHOTO THUITY.

VY 1980 pori mapokkancbkuid Buennit Pamma S3ami (Rachid Yazami) BusiBus,
mo rpadiT YyJOBO CHPABISETHCS 3 POJUIIO KaToAa, MPUYOMY BiH aOCOIIOTHO
noxkexxo0e3neyHuid. Och TUIBKM 1CHYIOUI Ha TOM Yac OpraHiyHi €JIeKTPOJITH IBHIKO
pO3KJIajanucsl TpU JAOTUKY 10 TpadiTy, ToMy S3aMu 3aMIHHUB iX TBEpPAUM
enekTpoiiTom. I'paditoBuii katon S3ami OyB HaTXHEHHUU BIAKPUTTSIM MPOBIAHOCTI
nomimMepiB npodecopom Xineki Cipakasait (Hideki Shirakawa), 3a 1mo Toit orpuman
Hob6emniBchky npemiro 3 Ximii. A rpaditoBuii katoj SI3aMu 10C1 BUKOPUCTOBYETHCS Y
O1IBIIOCTI JIITIM-10HHUX OaTapei.

TEHJEHIII PO3BUKY

VY 2017 porti 94-piunuii ['ynenad 3asBuB, 1m0 pa3oMm i3 BYCHUMHU TexachbKOTO
YHIBEPCUTETY pPO3pOOUB HOBHI THI TBEPAOTLIMX AaKyMYJISTOPIB, SIKI MOXYTb
30epiratu B 5-10 pas3iB Oinblne eHeprii, HIXX KOJUIIHI JiTiH-ioHHI. J[JIsT 11hOTO
€JIEKTpOAN Oy BUTOTOBJICHI 3 YUCTOTO JIITiIO Ta HaTpir0. OOiIsgHa HU3bKA 1iHA. AJie
KOHKPETHUKH Ta TMPOTHO3IB MPO IOYAaTOK MAacOBOTO BHPOOHHUIITBA HEMA€E JOCI.
BpaxoByroun [oBruili nuiIX MUK BIAKpUTTAM Tpynu ['yaeHada Ta mnoyaTKoOM
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CepiiHOTO BUPOOHUIITBA JITIH-10HHUX OaTapel, peajbHi 3pa3ku MOXKHA YeKaTH POKiB
yepe3 8-10.

Koiti Minsycima mpoaoBxkye aociiaHuibky poboTy y Toshiba Research
Consulting Corporation. «O3uparounch Ha3all, 1 AUBYIOCh TOMY, 1110 HIXTO O HAC HE
3/10rajlaBcsi BUKOPUCTATH HA aHOJA1 Takui MPOCTHM MaTepiall, SK OKCHJ JITii-
ko0aneTy. Jlo Toro MoMeHTy Oyio BHOpOOyBaHO O€3J1id IHIIMX OKCH/IIB, TOMY,
HMOBIpHO, SKOM HE MU, TO TMPOTATOM KIJIBKOX MICSIIB XTOCh I1HIIMH 3pOOHUB II€
BIJIKPUTTS», — BBaXKa€ BiH.

Opniero 3 TMPUYUH, 4YOMY BHUPOOHHMKH EJIEKTPOKApIiB MEpeHHsIUCS
3MEHIIEHHSIM 4YacTKM KoOalbTy B aKyMyJsaTopax aBTOMOOUINB € MOro piske
3moposkeHHs 10 $95500 3a Tony. Hanpukiman, Tesla 3menmmia mMacy nedildTHOTO
metany 3 11 10 4,5 Kr Ha OJIHy MalIMHy, a B MaliOyTHHOMY IIJIaHY€ 3HAWTH €(EKTHUBHI
ckaau 6e3 koOanpTy B3araiai. AHOMaJIBHO BHCOKO MiHsATA IliHA HA KoOansT 10 2019
poKy omycTuiacs 10 3HaueHb 2015 poky, ane po3poOHUKH OaTapell aKTHBI3yBajIu
po0OOTY 3 BiAMOBU 200 3HMKEHHS YACTKH KOOAIBTY.

HacTynHoro BaXIJIHMBOIO JIAHKOIO B ICTOPIi JITIEBUX aKyMYJSITOPIB CTaB AKIp
Mommuo, 34-piunnmii xiMik 3 smoHchkoi kommanii Asahi Chemical. Mommzo MaB
BJIACHY TEXHOJIOT1I0: BiH JIOCIIPKYBAaB MOKJIMBICTh BUKOPUCTAHHS B aKyMyJIATOpax
IUTACTUKOBOI'O aHOJA 3 €JIEKTPOIPOBIAHOIO MOMIALIETUIICHY 1 HIK HE MII 3HalTH
BIJIMOBIIHUN KaToJ. Y cBoiil aBToOI0rpadii «JIiTiH-10HHI aKyMyJISTOPU BITUUHSIOTh
nBepi B MaiiGytHe. ITpuxoBaHi icTopii BMHaXimHMKa» MommHO 3rajgyBaB: KOIM BiH
HAaBOJMB JaJ Ha CTOJI B OcTaHHIA neHb 1982 p., To HaTpamuB Ha 3a0yTy HUM
TexHIyHy ctarTio 1980 p. ¥V craTTi ommcyBaBcs Karoj 13 OKCUIY JITIIO-KOOAIbTY.
Mo>kMBO, BIH IMAIAAC 10 HOT0 INIACTUKOBOTO aHo1a?

HomuHo pa3oM i3 HEBENMKOIO IPYNOI0 KOJer MoeaHamy katon I'yneHada i3
IUTACTUKOBUM aHOAOM. BOHM Takox crpoOyBasid MOEIHAHHS 3 1HIIUMHU aHOJAMH, B
OCHOBHOMY 3 Pi3HUX THUIIIB BYTJICHIO. 3PEIITOI0 3yMMHUIIUCS Ha BYTJICLIEBOMY aHO/II,
3po0seHOMY 3 HA(PTOBOTO KOKCY.

Barapes Mommno, pospo6nena B komnanii Asahi Chemical Hanpuxinmi 1980-
X, MoeAHyBana karoj ['yaenada 3 aHoa0M 13 HAPTOBOTO KOKCY.

HadroBuii Kokc BUSBUBCSI Cepiio3HUM KpOKOM yriepes. YiTTinrem i ['ynenad
BUKOPUCTOBYBAJIM aHOAM 3 METAJeBOrO JIiTi0, SKU OyB JETIOYMM 1 HaBiTh
neGesneunuM. IlepeiimoBm Ha Byryenb, MOMMHO pa3oM i3 KoIeraMH CTBOPHIH
HabaraTo O€3MEeYHIMNN aKyMYJISITOP.

Komu ¢ipma Asahi Chemical BimMoBUIaCh BiJl TOJANBIITUX PO3POOOK, TOJII 3a
CIpaBy B3SBCSl KepiBHUK HociiaHulbkoro Biaaury Asahi Chemical Icao Kypibasci,
aKkui OpaB y4yacTh y CTBOpeHHI Oarapei. ¥ cBoiil kHu3i "A Nameless Battery with
Untold Stories" Kypibasici onucye, sk pa3oM 13 kojieroto BoHu mykanu B CIIA
KOHCYIBTAHTIB, $Ki MOIIM O JOHOMOTTH 3 BHUPOOHULTBOM Oarapei. Im
nopekoMeHayBainu kommnadito Battery Engineering — kpuxitHy ¢ipMy, ska
pO3TallOBYBaJIach Yy Mepeo0siafHaHOMY Tapaxi JUlsl BaHTaXIBOK y paiioHi [ aiij-
napky y bocroni. Kowmmaniero kepyBana HeBenuka rpyna ByeHux. Dipma
crieriaizyBajacsi Ha CTBOPEHHI HE3BUYAWHUX aKyMyJsaTopiB. Bonu BupoOsiim pizHi
Oarapei 17151 BUHUILYBAYiB, PAKETHUX 1IAXT 1 OYpOBHUX YCTaHOBOK.
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Hikona Mapinuny 13 kommnanii Battery Engineering y boctoHi, sikuii npaitoBaB
Haj nepetBopeHHs M mnpotoTuny Asahi Chemical Ha mnepeacepiiini Oartapet,
BurotoBuB 200 Gartapeit posmipy C.

Opnak HaBITH MalO4M Ha pykax poboui Oatapei, Kypibasci Bce 0HO 3ycTpiB
omip 3 60ky nupektopiB Asahi Chemical, ski, sik 1 paHiiie, ToOOIOBANIKCS 3aJa3UTU
710 HEBIJIOMOTO O13HECY.

Y Sony BiH cHOOJIBaBCS JIMINE «IIATBEPAUTH MPABUIBHICTH HOBOI
aKyMYJIATOPHOI TEXHOJIOT11», OHaK Sony 3po0uiia OLIbIIe, Hi’K MIPOCTO MiATBEPAUIIA.
Ha meit gac, 3riiHO 3 KOPIOPATHUBHOIO 1CTOPIEI0, KOMITaHIs PO3TJIsialia MOXKIUBICTh
pPO3pOOKK BIAcCHOTO JIiTiEBOro akymynsropa. [loGauumBmm Oatapero Asahi, y
KOMIIaHi1 BiJjpa3y yCBIAOMUIH ii BETUYE3HY I[IHHICTb.

Jxon I'ynenad Tta ¥oro cmiBaBrop Koiui Miszymunma nepexonanu Atomic
Energy Research Establishment npoginancyBatu BUTpaTu Ha maTeHTyBaHHS iXHBOTO
JTIH-KOOAIBTOBOTO aKyMYJsITOpa, aje s LbOTO iM JIOBEJIOCS BIAMOBUTHUCS BiJl
(b1HaHCOBHX IIPaB Ha HHOTO.

3anuiuanocs 3poOUTH OcTaHHIA Kpok. Y 1989 p. onuH 13 KepiBHUKIB Sony
3arenedonyBaB 10 Atomic Energy Research Establishment y Xapyenni (Anrnis). Bin
3aMuTaB MPO OJUH 3 MATEHTIB JabopaTopli, SKUW BICIM POKIB MPHUIAJAB MUIOM 0€3
nina, - mpo karon I'yaenada. Bin ckazas, mo Sony 3allikaBlieHa y JIIIICH3YBaHHI i€l
TEXHOJIOT1i.

Ha macts Sony Kypibasici 3 Asahi Chemical mpuiiioB came 10 HHUX, IO
MIPU3BEJIO JI0 YCIiXy. Sony npojaia AeCATKU MUIbHOHIB €JIEMEHTIB, a TIOTIM BUAJIa
cyominensiro Ha matreHT AERE Oiapin sk ABOM JiecsITKaM 1HIIUX a31aTChKHUX
BUPOOHMKIB aKyMYJISITOPIB, SIKI 3apoOMian Ha mboMy Mutbiapau. (Y 2016 poui Sony
Ipojiaja CBii aKkyMyJsiTOpHHM O13Hec koMmanii Murata Manufacturing 3a 17,5 mipa
1€H, 0 CHOTOJIHI CTAHOBHUTH MPUOIU3HO $126 MITH).

YKoneH 3 neppicHuX aBTOpiB — YitTinrem, I'ynenad ta Hommao — He oTpuMany
YaCTKH BIJ] IIUX MTPUOYTKIB.

JIiTifi-10HH]1 aKyMYJISTOPY NPONIIUIMA KUJIbKa €TariB JOPOOOK Ta yAOCKOHAJIEHbD,
1 Ha CbOTOAHI BOHU € OJHHUMH 3 HaWHAMIMHININX, HAHOE3NEUHIMMUX 1 HAaHMICTKIIINX
Oatapeii. 3BUuaiiHO, 5K 1 JUIsl OyNb-SIKWUX MPHUCTPOIB, IJIsi HUX TepeadadeHi MeBHI
mpaBuja eKCIUTyartarii, SKi JOMoMararTh 30€pertd Ta TMPOJAOBXKUTH >KUTTA
akymynaropa. [lpu gorpumaHHiI HUX mpaBuil Oarapesi MPOCIYXKHUTh Iy>Ke JIOBTO,
MPOTE JIOCI ICHYIOTh Mi()U Ta TOMHJIKH IOJIO TPAIE3aTHOCTI Ta OE3MeKH JTiH-
10HHUX aKyMYJISITOPIB.

Ha croromHimHiii neHb JiTiH-10HHI OaTapei pi3HUX THUINB — II€ HaWKparl
AKyMYJISITOPH ISl OLIBIIIOCTI CIOXKUBaYiB. €MHI, MOTYXHI1, KOMIIAKTHI Ta HEJAOPOTi,
BOHM BC€ K Takd MalTh CEPUO3HI HEIONIKH, M0 OOMEXYITh 00JIacTh
BUKOPUCTAHHS.

IMoxexkonede3nexka. [l HOpManbHOI POOOTH JITIH-IOHHOTO aKyMyJsTopa
00OB'SI3KOBO TOTPIOEH KOHTPOJEp IKUBJIEHHS, 10 3amnobirae mnepesapsay Ta
neperpiBy. B iHmomy Bumajky OaTapes MepeTBOPIOETHCS Ha MOKEKOHEOE3INeuHy
pid, 110 HOPOBUTH PO3AYTUCS 1 BUOYXHYTH Ha >kKapi abo mpu 3apsi/ii BiJ HESIKICHOTO
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agantepa. BuOyxoneOesmeka — MalyTh, TOJOBHUW HEMONIK JITIH-I0HHUX
aKyMyJISITOPIB.

Crapinns. Jlitiii-ionHi 6atapei CXWJbHI A0 CTapiHHS, HaBiTh SIKIIO iX HE
BUKOPHUCTOBYBATH. TOMY KYIUICHHH K KOJIEKIIHHUN Hepo3nakoBaHuii cMapTdhoH 10-
pIYHOi TAaBHOCTI, HANpHKiIaa, Hainepmuil iPhone, TpuMaTuMe 3apsl 3HAYHO MEHIIIE
yepe3 Te came crtapiHHs Oatapei. [lo pedi, pekoMeHmalii 30epiratu akymyJasTopy
3apAJKEHUMH JI0 TOJIOBUHM €MHOCTI MalOTh MIJCTaBU — IPU TOBHOMY 3apsijii Mij
yac TpuBaJIoro 30epiraHHs Oarapes Habarato HIBUIIIE BTPaya€e CBOIO MaKCUMAIbHY
€MHICTb.

Camopospsan. Axumo NiMH-komipku Brpavarots 0,08-0,33% 3a micsup, To Li-
Ion-xomipku - o 2-3% Ha Micsanb. TakuM YUHOM, 32 PiK JITIH-I0HHUN aKyMYJISATOP
BTPAaTUTh TPETHHY 3apsay, a dYepe3 TP POKH «Csae» 10 HyIsd. 3apanu
CHPaBEIMBOCTI CKa)XeMO, L0 Yy HiKelIb-KaaMieBuXx Oartaped me ripme - 10% Ha
MICSIIb.

YyrausicTs 10 Temnepatypu. OX0J0KEHHS Ta IEPErpiB CUIbHO BIUIMBAIOTh
Ha mnapameTpu Takoro akymyssrtopa: +20 © C rpaayciB BBaXarOTbC 11€aJIbHOIO
TeMIIEpPaTypoI0 HABKOJHUIITHBOIO CEpPEIOBUINA JJI JITIH-IOHHUX OaTapel, SKIo ii
smeHmmTH 10 +5 ° C, To 6arapes Bignacte Ha 10% eneprii menmie. OX0I0KEHHS
HUKYE 32 HYJIb 3a0Mpae Bii €MHOCTI JECSATKH BIJCOTKIB 1 IO TOTO K BIUIMBA€E Ha
3JI0pPOB'Sl aKyMYJISITOpa: SIKIIO HaMmaratucs WOro 3aps/dTv, HApHUKIIad, Bij mayep-
0aHKy - BUSBUTHCS «e(eKkT mam'siTi», a OaTapes O0€3MOBOPOTHO BTPATUTh €MHICTbH
Yyepe3 YTBOPEHHS Ha aHOJ1l METaJIeBOTO JITIIO.

3apa3 miTii-loHHI OaTapei BUKOPUCTOBYIOTHCS UM HE Y BCIX EJIEKTPOHHUX
npuwianax: cmaptoHax, IJIaHOIETaX, CMapT-TOJAMHHHUKAX, (iTHEC-TpeKepax,
HOYTOYyKax, 0€3/[pOTOBUX MMILAX 1 HAaBITh €NEKTpoKapax. | Bike Ayx e BaKKO YSIBUTH
Hallle TOBCAKIEHHE >KUTTA O€3 IMX JIeBaiiCiB Ta BHUHAXOJIB TPhOX YYEHHUX, IO
3a0€3Me4yI0Th JKUTTE3IaTHICTh LIUX MPUIIAIIB.

BUCHOBOK

JliTifi-ioHH1 GaTapei BiIIrpalid KIOYOBY poib y (hOpMyBaHHI Cy4acHOTO CBITY,
3a0€3MeUMBIIM TEXHOJIOTIYHUIA MPOTPEC, SIKUA MU BHUKOPHUCTOBYEMO IIOJHSA, BiJ
MOGIIBHIX HPUCTPOIB /10 €NEKTPOMOOLIIB i COHAUHUX CHCTEM. IXHs icTOpis CBiMUUTH
PO TOCTIMHI TOCTIKEHHS Ta 1HHOBAIIll, a MalOyTHE 00iIs€ 111e OLIBIINNA PO3BUTOK
y HaMpSMKY CTIMKUX Ta €()eKTUBHUX €HEPreTHYHUX pimieHb. JliTiii-ioHH1 OaTtapei —
1€ HE MPOCTO TEXHOJOTIYHUHN MPOAYKT, & CUMBOJI TIPOTPECyY 10 OUTBII €KOJIOTTUHOTO
Ta cTifiKOro cBiTy. IXHiii mofanblIMii PO3BUTOK 1 Hajami BifirpaBaTUMeE KIIFOYOBY
POJIb Y HAIIIOMY KHUTT1, 3a0€3MeUyI0Yr €HEPTi€r0 BCl aClIeKTH Cy4acHOT IUBLUII3AIlil Ta
HaJIMXal04M Ha HOBI PIIICHHS II100albHUX BUKJIMKIB

Cnucoxk BUKOPUCTAHMX JKepeJt
1. [emOenp, O. M. OCHOBHI XapaKTEPUCTUKN CYYaCHUX XIMIYHUX JIXKEpe

CTPYMY PI3HHUX €JIEKTPOXIMIYHUX cUCcTeM : [ykp.] / O. M. lllembens, B. A. binorypos
// CyuacHa crientianbaa Texaika. — 2009. — Ne 2(17). — C. 66—86.
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YAK 631.17+62-52-631.3

36ipauk Te3 momosiaein XII MikuapoaHOi HAyKOBO-TEXHIYHOI KOH(EPEHIIiT
«KpamapoBcbki yutaHHs» 3 Harogu 118-1 piuHuUI Bix THS HapOKEHHS JOKTOpPa
TEeXHIYHUX HayK, mpodecopa, Binenpesuaenta YACI'H Kpamaposa Bomomumupa
Caposuua (1906-1987) 20-21 mrot. 2025 p., m. Kuis / MOH VYkpainu, Harionansuuii
yHIBEpCUTET OlopecypciB 1 nmpupogokopuctyBands Ykpainu. K.: BugaBauunii ueHtp
HVYBill Ykpainu, 2025. 662 c.

Proceeding of the XII International Scientific and Technical Conference
dedicated to the 118th anniversary of the birth of Doctor of Technical Sciences,
Professor, Vice President of the UAAS Kramarov Volodymyr Savovych (1906—
1987), February 20-21, 2025, Kyiv / MES of Ukraine, National University of Life
And Environmental Sciences of Ukraine. Kyiv: Publishing center of NULES of
Ukraine, 2025. 662 p.

B  30ipHuKy TmpeacraBiieHI Te3M  JIONOBIJIEH  HAYKOBO-TIEAAroriyHUX
MpaIliBHUKIB, HAYKOBUX CIIBpOOITHUKIB, acmipaHTiB Ta ctyaeHTiB HYBill Ykpainu,
MPOBITHUX BITYM3HSIHUX 1 3aKOPJIOHHUX BUIIUX HABUAJIIBHUX 3aKjIa/iB Ta HAyKOBHUX
YCTaHOB, B SIKUX PO3MJISIAAIOTHCS 3aBEPIICHI €Tanu po3poOoK.

The Proceedings presents abstracts of reports of scientific and pedagogical
workers, research staff, graduate students and students of the NULES of Ukraine,
leading domestic and foreign higher educational institutions and scientific
institutions, in which completed stages of development are considered.
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