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AHHOTauus. B crarbe OTMEUEHO, YTO MOAEPHU3ALUSA IJIEKTPUUECKUX CETEHM WU IOBbI-
IIEHUE JO0JIM abTEePHATUBHBIX UCTOYHHUKOB 3JIEKTPOIHEPTHH BEAYT K YBEIMUYCHHUIO IOTPEOHOCTH
B XUMHUYCCKMX HAKONUTENSAX OJCKTPUYECKOH »Hepruu. Hapsny ¢ JTUTHII-MOHHBIMH
aKKyMYJISITOpaMHu Il NOJOOHBIX HYKJI HMCIOJb3YIOT CBHUHIIOBBIE aKKyMYJIATOPHI, TpeOyrolue
CHEMATBHBIX Mep /ISl YBEIHMUCHHS CPOKA MX CITYKOBI. JlaHHAs TeXHUYecKas 3a7a4a MOXKET OBITh
pelieHa ¢ IOMOIIbIO  CIELUAIN3UPOBAHHBIX  3apAJHBIX YCTPOMCTB Ul  YIpaBJIsIeMOM
necynbgaranuu Oatapei. CaenaH BBIBOJ, YTO 3a CUET 3TOr0 MOXKHO MPOUIMTH pecypc Oarapeil,
YMEHBIINTh KOJIMYECTBO YTUIM3HPYEMBIX AaKKyMYJISTOPOB M IOBBICUTH 3HEPro3alllUIIeHHOCTh
00BEKTOB, HCIIOJIB3YIOIIMX TaKue OaTapen B KaueCTBE PE3ePBHOIO UCTOUYHUKA.
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3HauuTeNbHBIE TEMIIBI POCTAa M Pa3BUTHs PpaACHpele]eHHOM TreHepaluu, BKIOYas
UCTIOJIF30BaHUE AIbTEPHATHBHBIX MCTOYHHKOB DJIEKTPUYECKOH HHEPIHH, TAaKUX KaK BETPOBEIC
reHepaTopbl W COJHEYHblEe OaTape, NpUBEIM K HEOOXOAMMOCTH IIUPOKOTO BHEAPEHUS
HAKOIIUTENIEH AIIEKTPOIHEPTHUH, KOTOPHIE MOTYT KOMIIEHCHPOBATh BBIHY)KICHHYIO HEPaBHO-
MEpPHOCTh BBIPAOOTKH AJIEKTPUUYECKOW MOIIHOCTU. [Ipu 3TOM At OONBIIMX SHEPrONpPOEKTOB
(MomHOCcTRIO Bhiie 10 MBT) nmaHHas 3amada pemaeTcss 3a CYET NMPUMEHEHHsS] XHMHYECKUX,
TEPMUYECKUX U MEXaHHYECKUX CHCTEM HaKOIJICHHS MOIIHOCTH M 3apsna. B To xe Bpems amns
MIPOEKTOB MEHBIIIEH MOITHOCTH, OCOOCHHO I CUCTEM MPOMEKYTOYHOTO XPAHEHUS MOITHOCTH
(HampuMep, AJsl HAKOIUIEHHsI MOIIHOCTH B 4achl MHHUMAaJbHOTO Tapuda C BbIJayeil B CETh B
4achl MaKCHMAIIbHOTO), a TaKXe IS Pe3epPBHUPOBAHUS DIIEKTPHUECKOW CETH Yy HEOOIBIINX
notpeduteneit |l u Il xaTeropuii HaneXHOCTHU SIEKTPOCHAOKEHUS 0 CUX MOpP HCIOJIB3YIOTCS
ANEKTPOXMUMUIECCKUE HAKOMTUTEIH MOIIHOCTH — aKKYMYJISTOPBI pa3In4HbIX TUTOB [1-3].

Cpenu HaunOosiee M3BECTHBIX IMPHUMEPOB IMOTPEOUTENBCKOTO PHIHKA MOXHO BBIICIUTH
cucremy Powerwall pasnuunbix Bepcuit, mnpemraraemyro Kommanueil Tesla. Enunnunas
MOIIHOCTh OJioka coctaBisier oT 7 npo 11,5 kBrt, mpu sToM cuctema ymnpaBieHUs LUKIOM
«3apsil — pa3psa» ONTHMU3MPOBaHA B IIEPBYIO OUYEpeAb IS HMCHOJIB30BAaHHUS COBMECTHO C
COJIHEYHBIMHU OarapesMu, T.e. Ui CABHra MOTPEOJICHUS W MOKPHITHUS BEYEPHET0 MAaKCHUMyMa,
XapaKTepHOro Uil OBITOBOM Harpy3ku. B KkauecTBe HAKOMHUTENBHOTO AJIEMEHTA HCIIONB3YeTCs
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JMTUI-UOHHAs OaTapes C 3asBICHHBIM CpokoM ciyx0bl 10 ner (mmum 5 000 uukioB 3apsiaku (1o
JaHHBIM KOMIIaHMM Tpou3BoauTens)). I[lo ¢akrTy ans npoM3BOJACTBA ATOrO  DIEMEHTA
HNPUMCHSIOTCS. YaCTHYHO MCIIOJIb30BaHHBIC aKKYMYJISATOPHBIE OaTapen ¢ aekrpomoomien Tesla,
a Takke Oaraped, He MPOLICALIME CUCTEMY IPOBEpKHM KayecTBa Ul HCIHOJIb30BAHUS B
ANIEKTpOMOOWIIAX. B cBsA3n ¢ Oojee MmMAAANIMMM YCIOBHSMH SKCIUTyaTallkd MPUMEHEHHE
NOJOOHBIX AKKYMYJIATOPHBIX OaTapeil uMMeeT moja co0oil TeXHMYECKyl Mojaomieky. Tem He
MEHEe JHMTUH-HOHHBIE AaKKyMYJSATOPBI MPEICTAaBISAIOT HauOosiee IMOKAPOOMACHBIA 3JIEMEHT
XpaHWIULL 31eKTposHeprud. C HUMM CBA3aHbl MHIUIAEHTH! IPOLUIBIX JIET Ha MPEIIPUATUAX I10
BBIIIYCKY aKKyMYJIATOpPOB, a TaKXe B CHCTEMax XpaHeHus »dieKkTposHepruu. [lpusenem
HECKOJIbKO  3aroJIOBKOB ~ CTaTeH, IOCBSIIEHHBIX aBapusM Ha MOJOOHBIX XpaHWIMIIAX,
CILY4YMBILHMCS 32 [TOCJIEHUE YEThIPE rojia:

1. Ha caiite PBK B 2021 1. — «Cuctema xpaHeHus SHEpruu B ABCTpaivy BO30OHOBUIIA
paboty nociie oxapa» [4];

2. Ha caiite CNBS B 2022 r. — «Tesla Megapack battery caught fire at PG&E substation
in California» (B mep. ¢ aurn. «bartapes Tesla Megapack 3aropenace Ha mojactaniu PG&E B
Kanudopuun») [5];

3. Ha caiite Reuters B urone 2024 r. — «Blaze at South Korea lithium battery plant kills
22 workers» (B niep. ¢ aHrI. «B3pbIB Ha 10)KHOKOPEHCKOM 3aBOJIE MO BBIITYCKY JIUTHEBBIX Oatapeii
npuBel K cMepTH 22 pabounx») [6];

4. Ha caiite KUTaliCKOro IpPOU3BOAWUTENS JIUTUEBBIX OaTapeil o0 coObITUH
4 centsa6pa 2024 r. B Kaimdpopuun — «KpynHedmmii B MHpe MPOEKT aKKyMYJISTOPHOTO
XPaHEHUs PHEPTUH HaXOJUTCS MOJ CIEACTBUEM M3-3a MHIIUJEHTA C IEPErpeBOM» [7].

HecmoTpsi Ha BbllIecKa3aHHOE, B MHUpPE HaONIOAAeTCs MOCTOSHHBIM pOCT KOJIMYECTBA
YCTAaHOBJIEHHBIX HAKOIUTEINEH JIEKTPOIHEPTUU HUMEHHO Ha JIUTHI-MOHHBIX aKKyMYJISATOpax, 4To
CBS3aHO C YHHBEPCAIBHOCTHIO TEXHOJIOIMYECKOTO Ipoliecca MPOU3BOACTBA, BO3MOXKHOCTBIO
cbopa HakomuTeneil OONbIIOW E€MKOCTHM W3 MallblX 3JeMEHTOB (OaTapeek MOTPeOUTENbCKUX
TUIIOPA3MEPOB), JOJTUM CPOKOM CIYXObl U BBICOKOW 3HEProeMKocThi0. OIHAaKO K HeloCTaTKam
Takux Oarapeil MOXXHO OTHECTH HEBBICOKYIO MHPUIOJHOCTh JUIsI BTOPHUYHOM NepepadoTKH,
3HAQUMTENIBHBIA BpeJ, HAHOCHMBIA OKPYXKAIOIIEW CcpeAe NpH HENpPaBWIBHOW yTHIM3ALUHU,
BBICOKHE YHEPro3aTpaThl U HEAKOJIOTUYHOCTh IPOU3BOCTBA.

Takum 00pa3oM, A HPOMBILIUIEHHBIX CUCTEM HAKOIUIEHHMSI MOIIHOCTH, a TaKXkKe s
CO3JaHMs pe3epBa Ha Cilydall aBapuUUHBIX OTKIIOUEHHWM IPEANOYTEHUE OTHAETCS MEHee
9HEpProd(PEeKTUBHBIM, HO OTPAOOTAHHBIM TEXHOJIOTHSM Ha 0a3e CBUHIIOBO-KHUCIOTHBIX
aKKyMYJIITOpHBIX Oarapeil. OOnanas 3HAYUTEIHHO MEHBIIMM PECYpCOM LHUKIIOB <«3apsiia —
paspsja», a TakkKe MEHbIIeH yAeIbHOM €MKOCTBbIO XpaHEHHsS JJIEKTPOdHEPTUu, ITH
AKKyMYJIATOPBI OCTAIOTCSI B NPUOPUTETE M3-3a 3HAUUTEIBHO MEHBLIEH IOXKapHON OMAacHOCTH,
BBICOKOTO KO3 (ullMeHTa BTOPUYHOM TmiepepabOTKH, a TakKe 3HAUYUTENbHO MEHbIIEH
3aBHCHUMOCTH YPOBHS 3apsijia OT TEMIIEPATyphl, YTO MO3BOJIAET BECTH MX JKCIUTyaTaluio B Oojee
HIMPOKOM JlMana3zoHe pabouyunx temmneparyp [8].

JIutnii-kenezo-pocharupie akkymynsatopbl (LiFePO,), HaOuparomye momyiaspHOCTh B
YCIOBUSX OKCIUTyaTalldd Ha TeppuTopuu Poccuu, UMEIOT CYHIECTBEHHBIH HEJIOCTAaTOK,
CBS3aHHBIN C HEBO3MOKHOCTBIO 3apspKaTh MX IPU HAIWYUM OTPULIATENBHBIX TEMIEpaTyp. ITO
CYIIECTBEHHO OIPAaHUYMBACT IMPUMEHEHHE JaHHBIX aKKyMYJIATOPOB B KauecTBE YCTPOMCTBA
pe3epBUPOBAaHUSl  MOLIHOCTM Ha  HEOOCIY)XMBAaEMBIX W  HEOTAIUIMBAaEMBIX  OOBEKTax
3JIEKTPOIHEPTETUKH, PACTIONIOKEHHBIX B CEBEPHBIX palloHaX Halllel CTPaHBI.
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K OCHOBHBIM HampaBlIeHHSIM HCIOJIb30BAHUS AKKyMYJISITOPHBIX OaTapeil B KayecTBe
HaKOIUTEJIEH 3JIEKTPO3HEPTUH CTOUT OTHECTH:

IIOCTAaBKY 3JIEKTPOIHEPIHMH CO CABUIOM BO BPEMEHH. 3J€Ch MOJPa3yMEBAETCsl IMOKYIIKa
HEI0pOroi JIEKTPOIHEPIUH, TOCTYITHOM B EPUOJIbl, KOTJa LIEHb! MIIN U3AEPKKH SHEPrOCUCTEMBI
HU3KHE, JUIA 3aps/iku OaTapeil CUCTeMbl XpaHEHHs, YTOObl HAKOIUIGHHAs DHEPrusi MOrja ObITh
UCIIOJIb30BaHa WM IpOJiaHa Mo3/Hee, KOrja 1eHa WK U3JepKKU OyayT BBICOKMMHU. B kauectBe
aIbTEPHATUBBl MOYKHO PpPacCMOTPETh BO3MOXHOCTb COXPaHUTh B 4Yachl MHUHHMAaJIbHOIO
noTpeOyeHuss M30bITOYHOE IIPOM3BOACTBO SHEPrMM U3 BO30OHOBISEMBIX HCTOYHUKOB Ha
000pyI0BaHUH, KOTOPOE B MPOTUBHOM CIIy4ae JIOJDKHO OBITh BBIBEACHO M3 MPOLIECCa TeHEPaIuH
(BEeTpOBBIC ANEKTPOCTAHIIUH WITH (HOTOIIEKTPUIECKHE IIPeoOpa3oBaTen);

MOJICP)KKY CTaOMIIBHOCTH CHCTEMBI 3JIeKTpocHaOxkeHus. B 3aBucumoctn oT 00CTOSA-
TEJIBCTB B  KOHKPETHOM CHCTEME 3JIEKTPOCHAOKEHHUS HAKOIUIEHHWE SHEPruM  MOXKET
UCIIOJIb30BAThCS JUUISl OTCPOYKHM IOKYNKH HOBBIX T€HEPUPYIOIIMX MOIIHOCTEH MJii 3JIEKTPO-
CTAHLMHU UM MOIIHOCTH Ha ONITOBOM PBIHKE JIEKTPOIHEPIUH;

peryiupoBaHue. DTO OJIHA U3 BCIIOMOTAaTENbHBIX YCIIYT, JUIsl KOTOPOH XpaHEeHUe OObIINX
00BEMOB UIEKTPUUECKONW SHEPruM sBiseTcs onTUMaibHbIM. CloJla OTHOCHUTCS yIIpaBliEHUE
IePEeTOKaMU MOIIHOCTH MEXY pa3HbIMU 30HAMH KOHTPOJIL U YIIpaBJICHUs (HAIPUMEP, MEXKAY
001acTAMM UM 30HAMH OOCITY)KMBAaHUS PA3HBIX 3JIEKTPOCETEBBIX MPEANPHUATHN) JUIsl TOUHOTO
COOTBETCTBHUSl 3aIUIAHUPOBAHHBIM IIOTOKaM MOIIHOCTM W pPEarupoBaHUsT HAa MIHOBEHHbBIE
W3MEHEHUs1 copoca B Ipeaenax 30HbI KOHTpods [9]. OCHOBHOW MNPUYMHOM BKIHOUYEHUS
perylIupoBaHMs B 3HEPTOCUCTEMY SIBJISETCS OAJIEP)KAHNE YACTOTHI CETH.

B 2023 r. B MHpOBOW DHEPrOCHCTEME HAMETUIUCh HEKOTOPBIE IIOJIOKUTEIbHBIE
U3MEHEHUs. B psje pernoHoB yBenuuuiics 00beM MHBECTUIMI B pa3BEPTHIBAHNE AIEKTPUUECKUX
CETEH, XOTS PE3yIbTaThl BCE €IlI€ HE COOTBETCTBYIOT JKEJIAaEMbIM. DKOHOMUKH Pa3BUTHIX CTPaH U
Kuras nponmomxkaroT nuaupoBarb B 00JACTH MHBECTHIMM B 3JEKTPOCETH, Ha WX JOJIO
npuxoautcss okoino 80 % wmupoBelIx pacxonoB [10]. Tem He MeHee CTOMT OTMETHUTH
3HAUUTENBHBIN U3HOC AJIEKTPOCETEN B MUpE, YTO TpeOyeT MHBECTHUINI, KPaTHO MPEBBIIIAIOLINX
TEKYILUN YPOBEHb.

Kuraii coxpanun ypoenp wuHBecTuumii Ha ypoHe 80 000000000 pmommapos,
Coenunennbie Iltatel Amepuku mnortpatunu 100 000 000 000 npomnapoB (B OCHOBHOM Ha
TIOBBIIIICHUE HAJCKHOCTH CeTed W MOJCPHH3AIUIO CTapoil MHGpacTpykTyphl). Pacxombl B
EBpocoroze (EC) 3nauntensHO BbIpociu u gocturiu sksuBasieHta 60 000 000 000 mommapos,
yemy cmocoocTBoBan Ilman neiictBuii EBponeiickoli KOMHCCHM TIO CETSM, HalleJIeHHBIN
Ha YCTAaHOBJICHHE YpPOBHS pacxXoJOB Ha DJJEKTPUUYECKHE CEeTH Ha CyMMy Oojiee dYeM
600 000 000 000 mommapos CIIIA B TedeHHE CIETYIOMUX IECTH JIET.

NuBectuimn B EC upe3BpluailHO Ba)kKHBI, ITOCKOJIBKY B HACTOSIIEE BPEMS €BPOIECHCKHE
cUCTeMHBIe omepaTopsl o0cmyxkuBaroT okoso 10000000 kM nmHUI snekTporepenad, o
KOTOpbIM Tepenaercst okoio 2 800 TepaBaTT »nekTposHepruu B rof. Ilpu stom okomo 60 %
€BPOICHCKON YHEPTOCHCTEMBI COCTOUT M3 JTUHHUN HU3KOro Hanpsukenus (menee 1 000 B), 37 % —
nuHUM cpenHero HampspkeHus (ot 1 kB nmo 35 kB), gumpe 3 % mnpuxoautcs Ha JIMHUU
HarnpsbkeHueM Boimie 35 kB [11-13].

JanbHeiiee yBenndeHne 00beMOB WHBECTUINI B 00bequHeHHe cetel (puc. 1) kpaitHe
HeoOXoauMO (Harmpumep, st 00eCIIeUeHHs IMOTOKAa BO30OHOBIIAEMOI SHEPTUHU ¢ PHIHKOB FOXKHOI
EBponel Ha pbiHKH LlenTpaneHoil EBponsl). OgHaKo CTPOMTENBCTBO M MOJEPHM3ALUS JTMHUN
HU3KOTO U CpEIHEero HampsHKeHHWs A IepeAaud OoJbIIuX OOBEMOB 3JIEKTPOIHEPIHH
HeIleJIecOO0pa3Hbl MO MPUYMHE HAJMYUS CBEPXHOPMATUBHBIX MOTEPh 3JIEKTpodHepruu. I[lpu
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TOM CTPOUTENBCTBO JIMHUN BBICOKOTO HAMPSIKEHUS COMPSHKEHO C HEOOXOJMMOCTBIO 3eMmile-
OTBEJICHUsA, a TakXe C OOJIBIIMMHU KallUTaJbHBIMU 3aTpaTaMM, HU3KOH OKYHNAeMOCTbIO IIO
OPUYMHE BBICOKOW HMHQIAIUMM © ASPUIMTOM TOCTABOK HHEPreTUUYECKOro O0O0pYHAOBaHHUS

(ocobenHo TpaHchopMaTOpOB).
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Puc. 1. BusyansHoe npeacraBieHne
CYIECTBYIOIUX B EBpOIie BEICOKOBOJIBTHBIX JHHUI [23]

WNHuBecTuuu B COBEPIIEHCTBOBAHHME AJIEKTPOCETEBOIO KOMIUIEKCA B Pa3BUBAOLIUXCS
cTpaHax (3a uckiaroueHueM Kwras) Bblpociau Ha Broewarisionme 15 % M JOCTUIIM MOYTH
80 000 000 000 mommapor CIHA B 2023 1. OgHAKO 3TOT OOIIMIA TTOKA3aTeNIb CKPBUT TaTafOIINAN
TPEHJI MHBECTULMI B HEKOTOpPbIX cTpaHax. MHBectmumm B MHaum, Hampumep, OCTaluCh Ha
MPEKHEM YPOBHE, HECMOTPS HAa MPOBENEHUE TEHIEPOB HAa WHTEIUIEKTyaJlbHblEe CUETUYMKH, U3
KOTOPBIX OBIJIO yCTaHOBIIEHO TOJBKO 10 % OT mepBOHAaYaIbHOIO IENIEBOro yucia. MIHBecTUINH B
Adpuke u FOro-Bocrounoit A3um Takke B OCHOBHOM OCTaJIUCh HEU3MEHHbIMU. TeM He MeHee
3TOT HEJOCTATOK HOBBIX MHBECTUIMH OBUI YaCTUYHO KOMIIEHCHPOBAH YIBOEGHHEM pacXoJllOB B
Jlatuuckoi Amepuke (3HAYUTEIHHO YBEIMUYHIIN PACXObl Takue CTpaHbl, kKak Koaymous, Uwn,
[Nanama wu bpasunus). bpasunus noOunack ocoboro mporpecca, BBICTABHB Ha ayKIHUOH
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pexopaabie 10 500 kM sekTpuyuecKux cerelt (mpu 3ToMm kutaiickas kommanust China State Grid
BBIMTpaJia caMblil OOJBIION JIOT Ha OOCIYXMBAaHUE TAaHHBIX CeTeil). DHEprocucTeMbl MHOTHX
Pa3BUBAIOIIUXCS CTPAaH B 3HAUYMTENILHOM CTEMEHH 3aBUCAT OT JILIOTHOIO TOCYIapCTBEHHOI'O
¢dbuHaHCUpPOBaHUS, YTO B ciyyae neduiuTa OrKeTa MPUBOIUT K 3HAUUTEIILHOMY COKpPALICHUIO
VHBECTHULIMM.

Croutr OTMETUTh, YTO CTPaHbl C Pa3BUTON aAIbTEPHATUBHOW DSHEPIETHKOHN, a TaKke
rocyaapcTBa, obnajaromue OOJbIION TUIOMAAbI0, CTAIKUBAIOTCA C MPOOJIEMOW YIpaBICHHS
MOTOKaMU MOIIHOCTHU. Eciu 17151 mepBBIX OCOOEHHO Ba)KHBIM SIBIISIETCS] HAKOIUIEHHE MOIIHOCTH B
NepHOAbl MAaKCUMyMa BBIPAOOTKM COJHEYHBIX M BETPOBBIX JIJIEKTPOCTAHIIUH, TO JII TaKUX
OOJIBIIINX TIO MPOTSHKEHHOCTU CTpaH, Kak Poccus, Kurait, Kanaga u CIIA, pacronoXeHHBIX B
HECKOJIbKMX YacOBBIX I105CaX, BAXXHBIM SBISICTCS VYIPABICHUE IIUPOTHBIMU TIEPETOKAMH,
CBSA3aHHBIMU C HECOBMAJCHUSMU MaKCHUMyMOB Harpy3ku B TeorpadUyecKkd CMEXKHBIX, HO
OTJIMYAIOIIUXCS 10 BPEMEHM HACTYIUICHUS MakchuMyMa peruoHax. [IOCKOJbKY MeXaHMUYECKHeE,
MTHEBMAaTUYECKHE U TPAaBUTALMOHHBIE HAKOMHUTEIW MOIIHOCTU MOKA HE MOIYYHIH OOJIBIIOTrO
pactpocTpaHeHusl, MPUOPUTET OTHACTCS OTPAOOTAHHBIM TEXHOJIOTHSIM XHMHUYECKUX HaKO-
MUTEIEH MOIIHOCTH.

Hecmotpst Ha TO 4TO GaTapen Ha OCHOBE JIUTHS IOCTETICHHO BBITECHSIOT JPYTHE THUIIBI
Oarapeil (B mepBy0 ovepeab HE 3a CUET 3aMEHBI, a 32 CUET YBEJIMYCHUS JOJIH B 00IIeM 00beme
YCTAaHOBJICHHBIX HAKOMHUTENEH), KUCIOTHBIC aKKyMYJSTOPHBIC Oaraped IMPOJOJDKAIOT MacCOBO
UCIIOJIb30BaTh B KAUECTBE PE3E€PBHBIX HCTOUYHUKOB TOKA B HanOoliee OTBETCTBEHHBIX 00JACTIX
TEXHHUKH, TAKUX KaK COOCTBEHHBIC HYKIBI JICKTPHUSCKUX CTAHIIMHA W TOACTAHIINN, Pe3CpPBHBIC
AKKyMYJISITOPBl JJI TPaHCIOpTa U T.I. B CBA3M C 3TUM MNOJAEpKaHUE SKCILTYyaTallMOHHBIX
XapaKTEePUCTUK TaKUX OaTapel OCTaeTcs 3HAYUMBIM BOIMPOCOM C TOYKU 3PEHHUSI OOECTICUECHMsI
rapaHTUPOBAHHOW BEJIMYMHBI 3a1IaCEHHON M OTJAHHOM 3JIEKTPUUECKOU SHEPTUH.

Ceifuac uMeeTCs HECKOJIBKO CITIOCOO0B BOCCTAaHOBJICHHS] CBHHIIOBO-KHCJIOTHBIX OaTapei,
OTIMYAIOIIUXCS JpYyr OT JAypra B TMepByH ouepeab 3(G(HEKTHBHOCTEIO U BEPOSTHOCTHIO
MOJIYYCHUSI B PE3yJIbTaTe BO3JICUCTBUI MEPBOHAYAIBHBIX XapAaKTEPUCTUK aKKyMyisitopa. K HuMm
OTHOCSTCS:

3apsJiKa TMOBBIIIEHHBIM HaNPsHDKEHUEM;

3apsiKa yepe3 OanaacTHOE aKTUBHOE COTPOTHBIICHUE;

3apsJiKa TOHMKEHHBIM TOKOM C PEryJIMPOBAaHUEM COCTaBa DJICKTPOJIUTA;

3aps/iKa UMIYJIbCHBIMU TOKaMU;

necynbdaTarus peryJImpyeMbIiM TOKOM BBICOKOW 9acTOTHI [15];

COBMEIIEHHBIN MPOLECC 3apsIKK U JAecyiIbpaTalli ¢ UCIOIb30BAaHUEM aCHMMETPUYHBIX
UMITYJIBECOB TOKa IPOMBIIIJIEHHON 4acTOTHI [16].

Heo0OxommMo OTMETUTH, YTO MYyONUKAlMA O METOJaX BOCCTAHOBHTEIHHOW Jecyibda-
Tanuu 6osee mupoko npeacTasieHsl B Poccun, Kutae u Maanm, B TO BpeMs Kak B €BPOTIEHCKUX
ctpanax u CIIA, mocTeneHHO 3aMEIANIUX KUCIOTHBIE aKKyMYJISTOPHbBIE OaTtaper WX JUTHIA-
WOHHBIMH WM JIUTUH-TIOJIMMEPHBIMU aHAJIOTaMH, TaKux paboOT 3aMeTHO MeHbIe. TeM He MeHee
COXpaHseTCs pacTyIUi TPEH ] Ha MPOU3BOJICTBO U UCIOJIb30BAHNE CBUHIIOBBIX aKKyMYJISITOPOB B
mupe (puc. 2 [16]), HO OJHOBpPEMEHHO C STUM HAOJIONAETCS W 3HAYUTENIbHOE YCUJICHHE
HETaTUBHOTO BIIUSHHSI HEKAQUECTBEHHOM yTHIIM3alUU (& TaKk)Ke BbIOPACBIBAHUS aKKYMYJISITOPHBIX
Oatapeil 0e3 yTWIHM3allid) Ha 3JI0POBbE HACENEHHUS, YTO MOXHO YBHUJIIETh IO YBEIWYEHHUIO
KOHIIEHTpAllMu COJI€ CBMHLIA B OKpyxkatouied cpexe [17, 18]. Dro mpuBoauT K TOMY, UTO
KOHIIEHTpAIMsl CBUHIIA PACTET B KPOBU (BBISABIISIETCS MPU JTAOOPATOPHBIX aHAM3aX) U OKA3bIBAET
IICUXOTPONIHOE, HEWPOTOKCHYECKOE M TEMOJUTHYECKOE BO3JAECHCTBUS HA 4eloBeKa. JlaHHBIN
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aCTIeKT BBI3BIBAET OOECIIOKOCHHOCTh TaKWX BEIYIIUX oOpranu3amuii, kak [Iporpamma

Opraamzanuu O6benuuenHbix Haruii mo okpyskaromeit cpene (FOHEID) [19] u Jderckuit dhonpg
OOH (IOHUCE®)

[20], ¥ HaAXOIUT OTpaXEHHWE B MYOJUKAIMIX, IOCBSIICHHBIX TEMe
3arpsA3HEHHUs OKpYyXkaromieil cpensl cBuHIoM [21] (puc. 3).

Global Lead Acid Battery Market

XX XX
XX XX
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Puc. 2. TIporao3 pocta MUPOBOTO PhIHKA CBUHIIOBBIX OaTapeii [16]

Average blood lead
concentration (ug/dL)

L5 GRS LN

Puc. 3. BozaelicTBre CBUHLIA HA 3/10pPOBbE JIETEN, IPEACTABIEHHOE CPEAHEIN KOHIIEHTpalUell CBUHIIA
B kpoBH (MKr/mn) (ucrounuk: https://mwww.thelancet.com/cms/10.1016/S2542-5196(22)00090-
0/asset/5889b34b-5904-41d1-8118-5a0d89a98c38/main.assets/gr4.jpg)
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AHanu3 IoKa3bIBaeT, YTO B HACTOSIIEE BpeMs MAKCHUMAaJIbHbIE KOHLEHTpPAllMUd CBHHIIA
XapaKTEepHBI Ul CTPaH ¢ HU3KUM YPOBHEM J0X0J1a. ITO 0OBIACHAETCS pa3MEIICHUEM B JaHHBIX
CTpaHax NpPEeIIpUSITUH CBUHIIOBOM MPOMBILIUIEHHOCTH, a TAK)K€ HCIOJIb30BAHUEM TEPPUTOPHUU
TaKUX TOCYAApCTB B KauecTBE IUIOIIAJOK JUIs pa3MelleHHs OTpPabOTaHHBIX aKKyMYJISATOPOB
(3mech MoxxHO Ha3BaTh ['any u 3amOuto B Adpuke, a tarke Uuauro u Ilepy).

Takum 00pa3om, MOBBIIIEHHE pECypca CBUHIIOBO-KUCIOTHBIX aKKyMYJISITOPHBIX Oarapeii
3a c4er JecyibdaTaliy SBISCTCS aKTyadbHOW TEXHHYECKOHW 3aJayeil, pelieHue KOTOpOoW He
TOJIbKO TO3BOJIIET YCTPaHUTh MNpoOjeMy paHHEW yTuwiau3auuu Oarapeil, HO U OKa3bIBaeT
3HAYUTEIbHBIN TMOJOXKHUTEIbHBIN A(PPEKT HA HKOHOMHUKY IIEIBIX PETHOHOB U OKPY)KAIOUIYIO
cpeny. OcoOEHHO 3TO aKTyajabHO JUIsl XPAHWUJIUI SHEPruu OONbIION MOIIHOCTH, MOCKOJIBbKY
HOSIBJISIETCS  BO3MOXHOCTh YBEJIMYUTh CPOK CIYXKObI YCTAaHOBOK, OOECIIEUUTh COXpaHEHHE
UX TACHOPTHBIX XapaKTEPUCTHK M TMOBBICUTh HANEKHOCTh (YHKIIMOHUPOBAHUS DIIEKTPO-
SHEPreTUUECKuX cuctem [22].

OpHO U3 MpeuMyIIecTB MeToAa Jecylb(daralnuu C HCIOIb30BAHUEM ACHMMETPUYHBIX
UMIYJbCOB TOKa IPOMBIIIJIEHHON YacTOTHI 3aKJIH0YAaeTCs B TOM, YTO IPOLECC COBMEIIAETCS C
3apAJIKOM aKKyMYJIATOpa, U 3TO MO3BOJIAET YMEHBIIUTh HEMPOU3BOJACTBEHHBIN Pacxol 3JIEKTPO-
HEPTUM Ha BOCCTAHOBJICHHE pabOTOCIIOCOOHOCTH aKKyMYJISITOpa, a Takke OOECIeUHTh
BO3MOXXHOCTh HMHTETPALIMU AJIEKTPOHHOM CXEMbI Jecylb(daraluu U 3apsSAHOro YCTPOMCTBA ¢
L[EJIbI0 TOBBIIIEHUSI CPOKa PabOTOCTIOCOOHOCTH Oarape (a TakXKe YBEIMYECHHS YHCIA IHKJIOB
«3apan — pa3psa») 0e3 CHUKEHHS SKCIUTyaTallMOHHBIX XapaKTePUCTHUK.
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Abstract. The paper notes that modernization of electric grids and increase in the share of
alternative sources of electric power lead to an increased need for chemical storage of electric
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MUKPOITPOLECCOPHBIX CYHETYUKOB 3JIEKTPOOHEPI'MH

C.B. Mapunosa
Tsepckoii 2ocyoapcmeenHblil mexHudeckull ynusepcumem (2. Teéeps)

© Mapunosa C.B., 2025

AHHOTanusi. B crarbe pacCMOTpPEHBI aCHEKTHl OINPEACIEHUS MEXIIOBEPOYHOIO
WHTEpBaja MUKPOIPOLIECCOPHBIX CYETYHMKOB IIIEKTpodHepruu. lIpuBeneHo omnmcanue cymie-
CTBYIOLIMX METOJMK C HCIIOJIb30BaHUEM IOKa3aTeiei HaxexxHocTd. [lokazaHa HeoOXOAMMOCTb
KOPPEKTUPOBKU MEKIIOBEPOUHBIX HHTEPBAJIOB Ps11a MUKPOIIPOLIECCOPHBIX CYETYUKOB.

KiroueBble cioBa: METPOJIOTHYECKAs HAACKHOCTb, MEKIIOBEPOUHBIN HMHTEpBal,
MHUKPOITPOLIECCOPHBIN CUETYUK IEKTPOIHEPIUH.

DOI: 10.46573/2658-7459-2025-1-53-60

BBE/IEHUE
B Hacrosimiee BpeMsi MUKPOIPOLECCOPHBIA CUETUYHK 3JIEKTPOIHEPIHMH — 3TO HE TOJIBKO
OCHOBa TPaJUIMOHHBIX MH()OPMAIIMOHHO-U3MEPUTENIBHBIX CHCTEM, HO M HEOTheMJIeMasl 4acTb
uHTEIIeKTyanbHbIX cucteM yuyeta (MCVY) snextposneprun. CTaOMIBHOCTh U METPOJIOTUYECKAs
Ha/IeKHOCTh MHKPOIPOLIECCOPHOTO CYEeTYMKa, Kak U Jroboro cpenacrsa usmepenuit (CH),
ABIIAIOTCS HEOOXOAMMBIMHU YCIOBUSIMH JIOCTUXKEHHSI BBICOKOM TOYHOCTH U3MEPEHHH W
oOecrieyeHns uX €MHCTBA.

Ob OIIPEJIEJIEHUH MEKIIOBEPOYHOI'O HHTEPBAJIA

Hokyment PMI' 74-2004 [1] conmepXuT peKOMEHJAlMKW 10 METOJaM pacyera
NePBOHAYAJILHOTO 3HAYeHUs MeXIoBepouHoro uHTepBasia (MIIN) Ha sTane yTBepKACHUS THIA
CH. CymecTByromue MeTOIbl OCHOBAaHbI Ha MCIOJIB30BaHUM (HOPMATU30BAHHOTO OINMCAHUS
3aBUCUMOCTEN MOKa3aTeslel TOUHOCTH MeTpoJiornueckor HajesxxHoct CH ot cpeanero BpeMeHn
uX HapabOTKM C MOMEHTa MoclieAHel moBepku. MeTposornueckas HajexxHocth B PMIT 74
OCHOBaHa Ha BEPOATHOCTH TOT'0, YTO B T€UCHUE 3aJJaHHOIN HapaOOTKKU METPOJIOTHUECKUIT OTKa3 He
BO3HUKHET WJIU Cpe/lHAsS HapaOOTKa Ha METPOJIOTUYECKUI OTKa3 Oy/leT paBHA MaTeMaTHYECKOMY
O’KUJIaHUIO HApaOOTKH JI0 MEPBOT0 METPOJIOTUYECKOTO OTKA3a.

Cpenun nepeuncinenHbix B PMIT 74-2004 metoguk omnpeaeneHus nepsuuHoro MIIN
HanboJiee pacIpPOCTPAHCHHOW SBISETCSA METOJMKA OpHEHTHUpOBOYHOW oreHku MIIN mo
HOPMUPYEMBIM TOKA3aTENsAM HaleKHOCTH [2].
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