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AHHOTAILIHA. Paccmompensl onmumansHoie Napamempsl KOMNAKMHO20 KUHEMUYeCKO20 HAKONUMEIs JNeKMpUiecKoli IHepaull, no36o-
JAOUUe 0Xeamums Haubonee WupoKuLl Kpy2 nompebumeneil agmoHOMHbIX CONHeuHblx dnekmpocmanyutl. Oyenensl 00beMbl pbiHKA NOo-
mpebumeneti. [Ipogedena cpasnumensHas Xapakmepucmuka pasiuiHblx Munoe HaKkonumeinell 2NeKmpudecKkoli snepeull. Yxazanvi 00Cmo-
UHCMEA U HeOOCMAMKU Kalco020 U3 CYWecmeylouwux eudos Hakonumenel. Jlana cmouMoCmHas Xapakmepucmuka O0OHO20 3apsido-
Pa3pAOHO20 YUKNA NEKMPOXUMUYeckux nakonumeneti. ITlokasano coemecmuoe npumerenue HaKonumenel KUHEmMu4eckol u siekmpuye-
CKOUl dHepeuu 6 cmpyKmype 2uOpUOHO20 HAKONUMENS C Yelblo ONMUMUSAYUL CIOUMOCHIHBIX 3ampanm Ha NPoU3800CHBO NEeKMPULECKOl
SHEpeUU OM AlbMEPHAMUGHBIX UCTOYHUKOG 2NEKMPU4ecKoli sHepauu. B amom ciyuae, Komnencayus 6bICOKOYACMOMHbIX NYIbCAYULL
HANPAXCEHUS. OCYWeCMBNIACMCA 34 CHem SHepULl, NpeosapumenbHo 3anaceHHoll 8 Kunemuyeckom Hakonumene. Paccmompenst mexnuue-
CcKue npobiemvl, 803HUKAIOUWUE NPU UCHOTB308AHUY HAKONUMenell KUHemu4eckol duepauu (maxogukos). K num ommuocam nanuyue eupo-
cKonuuecko2o r@pghexma, He no360nAIOUE20 MOOUTLHOE UCNONHEHIE HAKONUMEIS, 4 MaKdice CheyuanbHble mpebo8aHus K Mamepuany, u3
KOMOPO20 U320MaGIUEaemcs Maxo8uk. Paccvmompenst 603mooicHble 0COOEHHOCHU KOHCIMPYKMUBHO20 UCNONHEHUSA HAKONUmMenell Ha 0CHOGe
Maxosukog. Hcnonv3osanue MazHUMHOU KOMNEHCayuU YeHmMpOOEeHCHbIX CUI MAXOBUKA NO3B0IAeN OMKA3AMbCA 0Nl UCHONIb3068AHUS 8bICO-
KONPOUHBIX U O0POLOCMOAUUX MAMEPUATIOB.

Knioueenvie cnosa: naxonumens 3nepeuu, Koibye6ol MAx06UK, CynepmMaxosux, COIHEUHAs 1eKMpPOCMaHYuUs, a6MOHOMHAs CUCeMa
INEKMPOCHADICEHUS.
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ABSTRACT. The optimal parameters of a compact kinetic energy storage device are considered, which allow to cover the widest
range of consumers of autonomous solar power plants. Estimated consumer market volumes. A comparative characteristic of various
types of electrical energy storage devices is carried out. The advantages and disadvantages of each of the existing types of drives are
indicated. The cost characteristic of one charge-discharge cycle of electrochemical storage devices is given. The combined use of
kinetic and electric energy storage devices in the structure of a hybrid storage device is shown with the aim of optimizing the cost of
generating electric energy from alternative sources of electric energy. In this case, the compensation of high-frequency voltage rip-
ples is carried out due to the energy previously stored in the kinetic storage device. Technical problems arising when using kinetic
energy storage devices (flywheels) are considered. These include the presence of a gyroscopic effect that does not allow mobile per-
formance of the drive, as well as special requirements for the material from which the flywheel is made. Possible features of the de-
sign of flywheel-based drives are considered. The use of magnetic compensation of the centrifugal forces of the flywheel eliminates
the use of high-strength and expensive materials.

Keywords: energy storage; ring flywheel; super flywheel; solar power station; autonomous power supply system.

BBenenue pacxoasl aTOMHBIX 3nekTpocTaHiuil (ADC) coCTaBISAIOT
$5530 Ha kBT MOLIHOCTH — TOrAa KaK aHAJIOIMYHBIN I10-
Ilo OILICHKaM KOHCAJTHHIOBOH KOMITAaHUM  Ka3aTesb I HA3€MHBIX BETPOCTaHIuii coctaiseT $2200

McKinsey Energy Insights, Bo3oOHOBIIsSIEMbIe HCTOYHUKI
sueprun (BUD) OynyT BeipabareiBaTh Gosee 50% amek-
TpodHep-TuH yxe kK 2035 roxay [1]. Ilpu 3ToM, 0 JaHHEIM
VYnpas-nenust #HGOpPMAIMH O dHEpreTuke nmpu MuHH-
crepctBe dHepretuku CIIA nma 2015 roxa, xamuTaibHBIE

Ha kBT MomHoOcTH, a Uil (OTORIEKTPHUYECKOH COHEY-
HO#t — okosio $4000 Ha kBt. C Tex mop CTOMMOCTB COJI-
HEUYHBIX MaHeJed CHU3WIACh B HECKOJIBKO pa3 M ceildac
MIPOM3BO-UTEINH MpeyiaratoT nanenu no uexe 0,19 $ 3a 1
Bt (FOB).
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B 2019 romy cToMMOCTb peanu3alldU IPOEKTa
CTPOMTENBCTBA CETEBOIl CONHEYHOH 3IEKTPOCTaHIUU
«noj kiou» B Ykpaute cocrasiser ot 0,8 10 1$ 3a 1 Bt
YCTaHOBIICHHOI MOIIHOCTH [2].

OTMeTuM, 4YTO pa3HHUIA B IIEHE IPOU3BOJAUMOMN
SHEPTHUH OTIMYACTCS Ha MOPAIOK, IIPH ITOM, C Pa3BUTHEM
TEXHOJIOTUH, MaHEIu NPOAOJDKAIT JemeBers. s Jo-
CTaBKH Npomn3BeZieHHOW Ha ADC 3IIeKTPOIHEPTUH MOTpe-
OUTENI0 IpU IIEHTPAJIM30BAHHOM 3JIEKTPOCHAOKECHUH
HeoOxoaumbl JIDII ¢ MOBBIMIAIOIIMMH U MOHMKAIOIUMHU
TpaHcopmaropamy, YTO YBEJIMYUBAET CTOMMOCTH Cre-
HepUpOBaHHOU »Hepruu B 2-3 paza. CereBas COCTaBIIf-
IolIas B IIEHE Ha DJIEKTPOIHEPTHIO Ul NOTpeOuTesei
cocrasisieT oT 30 1o 60%, B 3aBHCUMOCTH OT MHOKECTBA
(akxTOpOB.

I'eHepamus 3JIEKTPOIHEPTHH C MPUMEHEHUEM COJI-
HEYHBIX TIaHENleH MOXKET TIPOU3BOIUTHCS HETOCpe-
CTBCHHO Y MOTpEOWTENs, HO MPH 3TOM B aBTOHOMHBIX
cucreMax anekrpocHadxkeHus (ACOC) HeoOXomuMO HcC-
MOJIb30BaTh aKKYMYJISIMIO, YTO yYBEIHMYUBAET CTOMMOCTH
anexkTposHepruu B 4-5 pa3 [75% ot croumoctu ACOC
3aHUMAIOT akKymyJssitopsl]. Ha naHHbelii MoMeHT o0e
CXEMBI 3JIEKTPOCHAOXKEHUS] — IIEHTPAJIM30BAaHHO MPOM3-
BEJICHHOW 3JIEKTPOHEPIUed WM aBTOHOMHOM COJIHEY-
HOMW, KOHKYPHPYIOT APYT ¢ APYTOM, U I10 LIeHe, U 0 Kade-
CTBY, U 110 HaJIG)KHOCTH. BO3HMKAET BOIIPOC — HACKOIBKO
SKOHOMHYECKH M TEXHUYECKH OOOCHOBAHHO IPHCOCITH-
HEHHe MoTpeOuTeNs K OONBINON CHCTeMe W HAAO JIH IS
ANEKTPOCHA0KEHNST MAaJIOMOIIHOTO YAAJICHHOTO IOTpe-
OUTENsT «TOHATH AIIEKTPOHBD» OT OONBIINX TEHEPHPYIO-
LIMX YCTaHOBOK [3].

OnHo# U3 TTaBHBIX MPUYUH, CACP)KUBAIOIIEH pas-
BUTHE IPOU3BOJCTBA IKOJIOTMUYECKH YHCTOH COJHEY-HOU
SHEPTHH — SIBIAETCS MpobiieMa COXpaHEHUs (HaKOI-
JICHUS) IPOU3BEICHHOMN AJIEKTPOIHEPTUH IPH OTCYTCTBHU
cnpoca. Ha ocHOBaHMHM OIBITA AKCIUTyaTallMd aBTOHOM-
HBIX COJHEYHBIX SJIEKTPOCTAHIHN MOXHO YTBEP)KIATh,
YTO CHU3UTH CTOMMOCTHh HAKOIUICHUS SHEPTHH B MHKPO-
CUCTEME 3CKTPOCHAOKEHHS MOKHO JABYMS ITYTSIMHA — HJTH
00BEIMHCHHEM aBTOHOMHBIX 3JICKTPOCTAHIHUNA B OTHY
CeTh, WIN pa3pabOTKOW HEIOpOroro MamorabapuTHOTO
HAKOIIUTEIIST SHEPTUH.

Oo0beaunenne Heckoibkux ACOC B OfHY MHK-
poceTh TO3BOJISIET CHU3UTh CTOMMOCTH HAaKOIUTENeH
sHeprun Ha 40 %. Ilpu 3TOM BO3HHKAIOT TEXHHYECKHE
CIIO)KHOCTH C YYETOM SHEPIMM KaXXIbIM W3 YYaCTHHKOB
CeTH, TaK KaK CTOMMOCTH JIEKTPOIHEPTUH, MOTyIEeHHON
OT COJIHI[A, 3aBHCHUT OT CTEIICHH OCBEIIEHHOCTH, BpEMEHU
CyTOK, 00beMa HaKOIUIGHHOW SHEPTHH, TO €CTh OT CIpoca
U TPEeIIOKEHUS, ¥ MOXKET 3HAYHTEIEHO H3MEHATHCS
MHOTO pa3 B TEYEHHUE JAHA, BIUIOTh JO OTPULATEIbHBIX
3Haue-HUi. HamOonee mnpennodTHTENFHBIM ISl ydera
JJIEKTPO’HEPTUU B CETU NPHU HAJIUYUU MHOXECTBA IeHe-
PHUPYIOIINX W MOTPEOISFOMUX YCTPOHCTB MOXHO CUHUTATh
TEXHOJIOTHUH paclpeie]IeHHOTO peecTpa, Ho, KaK MpaBuiIo,
OHHM PabOTaIOT TOJIBKO NMPH HAIMYHHU ceTH VIHTepHeT.

Bropoii crmoco0 cHUXeHUs A0 CTOMMOCTH HaKO-
muteneit B ACOC, mMO3BONIAIONINA B pa3bl YMEHBIIUTH
JIOJIF0 CTOMMOCTH HAKOIUIEHUS B KOHEYHOW IIeHE JJIS T10-

TpeOuTeNst — CO3JaHUE HENOPOTHX, KOMIAKTHBIX, C
OOJIBIIUM PECYPCOM, HAKOTIUTEJIEH SHEPTUH.

Hemnpro 3T0#1 paboTHl sABIAETCS pa3padoTKa KOH-
CTPYKLMH HAaKOIUTEIs YHEPTUH, KOTOPBIA OBl MOT cyIlie-
CTBEHHO CHH3UTH DPACXOABI MOTPeOHTENs aBTOHOM-HOM
3JIEKTPOCTAHIIUH.

CocTtosiHUE MPODIeMbI

B Hacrosimee Bpemsi HauOoubliee pacupocTpaHe-
HUE NOJIY4YMIN HECKOJIBKO TUIIOB XMMHYECKUX aKKyMyJIs-
TOpoB. OOIIMMH HENOCTATKAMH XUMHYECKUX aKKyMYJIs-
TOPOB SIBIISICTCA OTPaHUYEHHBIA pecypc, y3KHH Temmepa-
TypHBIH [Wana3oH, BBICOKAas CTOMMOCTH IMKIA 3apsii-
paspsa. HekoTopble THNBI aKKyMYJATOPOB TpeOyIOT
CIIOKHBIX 3apSIHBIX YCTPOUCTB [4].

Hambomsimee pacnpoctpanenne B ACOC Ha ce-
TOZHS MOJYYWIIN TSATOBBIE CBUHIIOBO-KHCIIOTHBIE aKKyMYy-
JIATOpBI, BbINOJHEHHBIE MO TexHoiorun AGM. Cpok
CITy>KOBI TIPH TIOJTHOIM aBTOHOMMHU COCTaBIISIET 10 3-X JIeT,
pu pe3epBHOM nutanuu — 10 10 ner. KonmdectBo muk-
noB mipu 30% pazpsae — ot 900 mo 1400. Iena 3a 1 nukn
30% paspsia, At npuseaceHHOM eMkocTH 400A*y * 24B
Bapweupyetcs ot 0,6 10 1 eBpo.

KucnoTtHble repMeTU3UpOBaHHBIE 110 T'EJIEBOM TeX-
HOJIOTWH IIPHU TTOJTHOM aBTOHOMHH CITyXat 10 4-X JIeT, IpH
pe3epBHOM nmuTaHuu — 10 12. KonnuecTBo LMKIOB IpH
30% paspsge — ot 1000 no 5700. Llena 3a 1 uukn 30%
paspsina, musa npuBeneHHoi eMkoctu 400A*g * 24B Ba-
peupyercs ot 0,58 no 1,1 eBpo.

TsroBele KHCIIOTHBIE TIAHIMPHBIE OOCITy>KHBae-
MBbI€ aKKyMYJISITOpHbIE Oataped Ciy)KaT MpH IOJHOM aB-
TOHOMHMH He MeHee 10 JeT, mpu pe3epBHOM NHUTaHUM —
15-17 ner, nmpu yCIOBUH UCTOJB30BAHUSI 0CO0O YHCTOTO
QNEKTPONINTAa M TIPU HATUYMH TPOOOK peKoMOWHAIHU
Bojoposia. be3 mpobok pexoMOMHALMU BOXOPOAA BBI-
nepxkuBator ot 2000 no 3800 30% UUKIOB, CTOMMOCTh
uukna — ot 0,19 no 0,53 eBpo. [Ipu ucnonaszoBaHUM MpoO-
00k pexomOmHaImu KonmdectBo 30% mmkinoB — 3800,
croumocTs uukia — ot 0,21 o 0,29 espo.

CaMpIMH HETIOIXOIIUMH U1l XPaHEHHS SHEPTHH
B ACOC sBisI0TCS CTapTEpHbIE aKKyMYJISATOphL. Kommue-
ctBO 30% nukiaoB — ot 350 go 3000, cTOMMOCTh LMKJIA —
ot 0,68 no 1,01 eBpo.

[Ipu yBenuyeHHM TIyOMHBI pa3psa KOJIUYECTBO
IIKJIOB CYIIECTBEHHO CHM)KAETCS, IPHU ITOM 3HAYUTEIHHO
BO3pacTaeT CTOMMOCTh Iukia. Hanpumep, Hanbosee pac-
NPOCTpPaHEHHAasT MOJENb CBHUHIIOBO-KUCIOTHOTO AGM
akkymynsropa mnpu 30% paspsage ciyxut 1200 nukios,
npu 50% pazpsie yuciio HUKIOB cokpautaercs 10 500, a
npu 80% paspane yctpoiictBo cayxut 250 nuknos. Co-
OTBETCTBEHHO, BO3PACTaeT CTOMMOCTb LIUKIIA.

K nocrouHcTBaM CBHHILIOBO-KUCIIOTHBIX aKKyMy-
JIATOPOB MOXXHO OTHECTH UX MOPO30CTOHKOCTBH, HO TOJb-
KO B 3apsHKCHHOM COCTOSHHH, TIPOCTOTY 3apsaHbIX
ycTpoicTB. s HerepMeTH3upoBaHHBIX Oatapeit TpeOy-
€TCsl MpOoBETpuBaHUE moMenieHui. IlnoTHocTh 3amacae-
MO¥ 2HepTHUr (IHEPTOEMKOCTH) cocTaBisieT 10-40 Br*u/kr
Macchl. Hanbomnbimnee pacripoctpanenue cerogus B ACOC
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HUMEIOT aKKyMyJsTopsl emkocTh 100 A*4 ¢ HOMUHANB-
HBIM HampspkeHueM 12 B.

AKKyMYJISTOPbl HOBOTO  TOKOJEHHMS, JIUTUH-
xene3zodocdarHeie, 00NATAIOT IOBBIIICEHHONH IUIOTHO-
cthio Heprun — 240 Br*u/kr. Cioyxar 7000 ko mpu
30% paspsime, CTOUMOCTH Takoro Iwkia — ot 0,41 mo 0,7
eBpo. Cpok ciykOBI TIpH TONHOW aBTOHOMHH -20 JIEeT, B
pesepBHOM pexknme — 25-30 mer. Tpebyercs cioxkHOe
3apsagHoe ycTpoicTBo. KimroueBoil HelocTaTok — 3apsaka
IIPU OTPUIIATENBHBIX TEMIIEpaTypax BBIBOJUT Oarapero u3
cTposi. IMEHHO 3TO HeIOCTaTOK MPEMATCTBYET HIUPOKOMY
pacnpoCTpaHEHUIO TeXHOJIOoruH [4].

Bce mapameTpbl akKyMyJIsITOPOB MPUBOISITCS TIPU
TeMIepaType OKpYXKaromeH cpensl (WIM AIIEKTPOIIHTA)
+20°C. VYBenwueHWEe WIH YMEHBIICHHE TEMIIEPaTypHI
MPUBOINT K 3HAYNTEILHOMY N3MEHEHHIO TapaMeTPOB.

Hakonurenss Ha KOHIEHCATOpax H3-3a OTHOCH-
TEJIFHO OOJIBIIOrO TOKA camMopaspsiia He MOTYT XpaHHUTh
sHepruto B TpebyeMbix misi ACOC BpeMeHHBIX IMpoMe-
xKyTkax. CynepKkoHIeHCATOphl (MOHHCTOPBI) HMEIOT
CJIMIIKOM HHU3KO€ 3HaueHHe pabouero HampsKeHUs.

KnHernueckne HAKOMUTEIH 3J1€KTpI/I‘leCKOﬁ JHEPIrumn

KuneTnueckne HaKONUTEIM 3HEPTHUM H3BECTHEI
oueHb naBHO. [IlocmemHme necsTuneTns ObUIO CO3AaHO
MHOXECTBO KOHCTPYKIHMH KHMHETUYECKH — MaXOBUKOB U
CynepMaxoBHKOB [5]. Jlonroe BpeMsi MaxOBUKHU NBITATUCh
YCTQHOBHUTH Ha JBWKYLIUHCS TPAHCIIOPT, paboTaIomui B
pEeXHUME PA3TOH-TOPMOXKEHHUE, HO H3-32 THPOCKOMHIECKO-
ro 3¢gdexra oHM Tak ¥ HE MPWKWINCH. B HacTosmee Bpe-
Ms HOSABUJICA U PAacTeT PHIHOK CTAllMOHAPHBIX HaKOINHUTe-
JIe JHEepruu, KOTOPBIM He TpeOyeTcsl MepeMelicHUE B
MpocTpaHcTBe. BO3MOXKHO, YTO MaxOBHKH MOTYT HalTH
3HAYUTEIbHOE MECTO Ha 3TOM pbIHKe. CymIeCTBYIOT pa3-
HbIE KOHCTPYKIIMH MaxOBUKOB. COBpEeMEHHbIE KOHCTPYK-
IIMH, BHITIOJTHEHHbBIE M3 KOMITO3UTHBIX MaTepHaioB, 00Ja-
nmaroT 3HeproeMkocteio 300 Br*u/kr, cimyxar Gomee 20
jet, o0yafaroT OONBIINM PabOYUM TEMIEpPaTypHBIM Ha-
nazoHoMm [6]. Teoperunyeckass mnpeznesibHas HHEProeM-
KOCTh cymnepMmaxoBuka coctaBisier 4000 Br*u/kr. Baxk-
HBIM MPEUMYILECTBOM MAaXOBHKa SIBJIAETCS TO, YTO B HEM
HE BBIP@XEHBI IIPOIECCHl CTApPEHHUS, KaK B XUMHUYECKUX
AKKyMyYJISITOpax.

Y maxoBuKa ecTh psJ HemocTaTkoB. CaMblil TiaB-
HBII — TUPOCKONNYECKUH 3P PEKT, He MO3BOJISIFOLUIUN T1e-
peMenaTs pacKpy4eHHbI MaxoBUK B npocTpaHcTe. He-
JIOCTATKOM TaK JK€ SIBJIETCS MPOSBJICHHE PE30HAHCa MPHU
ONpENENeHHON CKOPOCTH BpamieHus. IlosTomy npu KoH-
CTPYMPOBAHNH MaxOBHKa HEOOXOIMMO M30eraTh sBICHUS
pe3oHaHca. OJMH M3 IPIMEPOB MaxOBUKa — HEHTPUPYTH
oOnaaromue MOJAKPUTHIECKOW CKOPOCTBIO BPALIEHUs 10
90 000 o6/muH. IIpu pasroHe MaxOBUK MPOXOIHT Yepes3
MIOCTIEIOBATENBHYIO CEPHI0 KPUTHYECKHUX 00OpOTOB, IO-
JTI0OHO TapMOHUKAM IIpU IEPEMEHHOM TOKE, UTO SIBIISETCS
poOJIeMoil MPH YacTOM pa3roHe W TOpPMOKeHuH. s
JUINTEJIFHOTO BpAIICHUsI MaXxOBHKAa HEOOXOIMMO HMETh
CIIOKHYIO CHCTEMY IIOJIBECa M JIOCTATOYHO TIyOOKHil Ba-
KYyM, 9TO YIOpOKaeT KOHCTPYKIHIO. B cymiecTByromux

KOHCTPYKIUSX 4epe3 2 yaca paboThl MaxOBHKa OCTAETCS
He 6onee 70% sHepruu.

Bropoif HemocTaToK MaxOBHKOB — HEOOXOAH-
MOCTb HCIIOJb30BaTh BBICOKOIIPOYHBIE MATEPHATBI IS
Tena MaxoBHKa. JlJig pa3HbIX KOHCTPYKLUMH HCIIOJIB30BA-
JINCh JIETHPOBAaHHAS CTaJlb, AIFOMUHHUEBBIC, THTAHOBBIC 1
BOJIb()PAMOBBIE CIUIABBI, KOMIO3HTHI — OOPOATIOMHUHUIA,
YTJICAIOMUHAN, VYTIICIDIACTUKH, OPTaHOIUIACTHKH [7].
EcrecTBeHHO, UTO YeM NpoYHEe MaTepual, TeM OH J0po-
xe. CrenoBarellbHO, MPOYHOCTH MaTepuaja MaXOBHKa
SIBJISIETCSI OTPaHUYUBAIOIINM TAPAMETPOM €ro SHEProeM-
koctu. CyIIecTBYIOT crtocoObl IIPEOI0JICHUS] 3TOTO Orpa-
Hu4eHus1. M3 uctopum 6eToHa M3BECTHO, YTO JUIs OOPHOBI
€ro0 HEJO0CTaTOYHON NPOYHOCTHIO HA PA3PBIB €TO CTAIH
apMHpOBaTh, a IIOTOM M NPEIBAPUTEILHO HANPATATh ap-
Matypy. Eciu nmpenBapuTesnsHO ¢XaTh MaxOBHK, TO MOXK-
HO OXKHJATh YTO BBIJCP)KUT OOJNBIIYI0 HAarpysky, 4eM
HECXKAThIH, ¥ TaKylo MPOLYKINI0 — MaXxOBHK W3 IpeIBa-
PHUTENIFHO CXKATOTO XKeae300eToHa mpeuiaraeT (Gpasirys-
ckas kommnanusi ENERGIESTRO [8].

CylecTByeT U APYroi crocod YBEIUUUTh YHEPTO-
€MKOCTh MaXxOBHKa 0e3 UCIOJIb30BaHHs BBHICOKOIPOYHBIX
JIOPOrOCTOAIIMX MaTepuasioB. Jlji1 3TOro Ha BHEIIHUI
Kpail MaXxOBHKa M Ha BHYTPEHHIOIO IOBEPXHOCTh KOpITyca
0cOoOBIM 00pa3oM YCTaHOBIJIEHbI MAarHUTBI, KOTOPHIE HE
TOJIBKO TPEIBAPUTEIHHO CXKHMMAIOT CaM MaxOBHK, HO U
KOMITCHCHPYIOT LEHTPOOEKHBIE CHIIBI, MOSBIA-IOIINECS
TIPY BPAICHUH.

JlaHHasT KOHCTPYKLUSI HCIOJIB3YET CHIBHOICH-
CTBYIOIIME IMOCTOSHHBIE MAarHUTHl M HAallOMHHAET O3]
Ha MarHUTHOM IIOJIBECE, KOTOPBIH ABMXKETCA MO IIyTH,
CBCPHYTOM B KOJIbLO. Ha JAHHOM J3Tall€ B IIOHCKax OII-
TUMaJIBHBIX I1apaMETPOB  KOHCTPYKLHUHM CO31aH KOM-
MaKTHBIM MaxoBHK BeicoTOU 50 MM u auamerpom 140. B
JJAHHOH KOHCTPYKLMH TPEeIyCMOTpeHa CTaOuiIu3anus
Bpalll€HUA MaXOBHWKa MAarHUTHBIM ITOJIEM IIPpU €T0 Bpalie-
HUM TIpH Oonbmnx obopoTax. [Ipu ocraHOBKE M NpH Ma-
JIBIX 000pOTax MaxOBHK YAEP)KHBAETCS C MOMOIMIBIO
OOBIYHBIX TMOAIIMITHUKOB, PEKHM «IapKOBKH». Bparmie-
HHeE 3a7aeTcs OECKOJUIEKTOPHBIM JABUTATENIEM MOCTOSHHO-
ro Toka mouHocteio 200 BT, KOTOpBI packpydyuBaeT
MaxoBHK, a 3aTe€M, C IIOMOIIBbIO CHCTEMBI YNpaBIICHHS,
HEPEXOAUT B PEXKUM reHepatopa. MaxoBUK HUMEET DAl
KITIOYEBBIX MapaMeTpoOB M XapaKTepPHCTHK, OT COIJIaco-
BaHHON pabOTHl KOTOPBIX OyIeT 3aBHCETh HAJCIKHOCTH
paboTHI ¥ CPOK CIYkObI yCTpOiicTBa. DTO Macca, (pusude-
CKHE€ pa3sMephl, CKOPOCThb BPAILCHUs, HATUUYUE UIU OTCYT-
CTBHE BaKyyMa, DJIESKTPHUYECKUE XapaKTepucTuku. MHoraa
OHHM TIpOTHBOpedYaT Apyr Apyry. Ilpm Oonpmioit macce
MaxoBHKa TpeOyeTcsi OONBIION IyCKOBOW MOMEHT, UYTO
MOXET IPOTHBOPEYUTh MAaKCHMaJbHOMY KOJIMYECTBY
o0opoToB. M3numiHnee BakyyMHpOBaHHE, KPOME yBeInde-
HUSI LIEHBl U CHYDKEHHMS TI0TE€Pb, MOXKET BBI3BATH MPOOIIe-
MBI ¢ oxJaxkJeHueM. Llenb mpoekta — co3/1aTh ONTUMAIb-
HYIO KOHCTPYKIIMIO 10 KPUTEPUIO MUHUMYMa LEHBI 1IUKJIa

(puc. 1).
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Puc. 1 — Komnaxkmmuulii Kunemuueckuii HaKonumeno
onepeuu. Bepcus 5.1

KuneTnmueckne HaKOMUTETH 00IaJal0T OYCHb HU3-
KOH I[eHOW WWKIa, W MaKCHMalbHBIH 3(P(eKT MOoKHO
OXKHIATh OT WX COBMECTHOTO HCIOJB30BAaHHUSA C Paclpo-
CTpaHCHHBIMH XUMUYECKUMH HAKOTUTEIISIMH.

OCHOBHOE Ha3HaUYCHHEC MAaxXOBHKa — IHTAaHUE KO-
POTKHX (CEKyHIbI U MHHYTBI) IIMKOB NOTpPEOICHHS, KO-
HOMSI JOPOTOCTOSIINE ITUKIBI XUMHUYECKOTO aKKyMYJISITO-
pa, a JUTUTEIbHBIC, HO MAJIOMOIIHBIC PEKUMBI OTpedIIe-
HUs OyIyT CHA0KATHCS OT aKKYMYJISITOPOB.

3a cueT OrpoMHOTO pecypca MaxOBHKa MOXKHO
0KHMJATh CYIIECTBEHHOE CHMXEHHE CTOMMOCTH IIHMKJIA
3apsia-paspsm.

KuHernuecknidi HAaKONUTEIb
¢ MATHUTHOH KOMIIEHCAIH el

W3 paccMOTpEeHHOTO BBINIE CIEAYET, YTO HE0OXO-
JUMO ONTHMM3UPOBATH KOHCTPYKIIMIO KOMIIAKTHOTO KH-
HETHYECKOTO HAKOMHUTEJS MO KPUTEPUI0 MHHHUMYMa CTO-
MMOCTH XpaHEHHS SJEKTPOIHEpTruu maccoi 7o 20 xr u
emkocThio g0 0,2 kBt*4, mist coBMecTHOH paboThl CO
CBUHIIOBO-KHCJIOTHBIM ~ aKKyMyJIATOpoM eMkocTs 100
A*q,

B Hacrosmiee BpeMsl M3BECTHBI HECKOJIBKO CyIIe-
CTBYIOIIMX KOHCTPYKIMI M HECKOJIBKO NPOEKTOB IO CO-
3[JaHNI0 KUHETHYECKUX HAKOMUTEICH.

Hakonurenn HK3-3 u HK3-6 ot komnanuu «Pyc-
CKHi1 cBepXnpoBOJHUK» [9] umeroT maccy 2000 xr u 3000
KI' COOTBETCTBEHHO, COJIEPKAT MaXOBHK, Pa3TOHIEMBIH 10
4000 o6/muH. IlpenmyIuecTBOM JaHHBIX KOHCTPYKIMH
sIBIIsIeTCd OTpabOTaHHAsT TEXHOJOTHS NPOU3BOJACTBA, HO
MaccorabapuTHbIE TapaMeTpsl He MO3BOJISIOT 3TUM KOH-
CTPYKLMSM BBINTH Ha IIMPOKUH pBHIHOK. J[s mpombiii-
JICHHOCTH OHH MaJIOMOIIHBI, I Majabix ACOC — oueHb
MOIIHBI. DTH HAKOIUTENIHN MOTYT HAaliTH MPUMEHEHHE, KaK
BOJIbTO/I00ABKA HA JKEJIE3HOAOPOKHOM TpPAHCHOPTE ISt
OpraHu3alyy MPOIycKa CKOPOCTHBIX MOE3JI0B U MPHU Op-
raHU3alUl MUKPOCETEH B yNaleHHBIX U U30JIMPOBAHHBIX
oObekTax aneKkTpocHaOkeHus. l3BecTHa KOHCTPYKLHUS
nm3pamnbsekoro craprama «ChakraTec» pa3pabatbiBaemast

JUISL CTaHIMH 3apsgKd DJIEKTPOMOOWIEH, MMEeT Maccy
250 kr u emkocTs 3 kBr*u [10].

EcTh 1 MHOXECTBO APYrux KOHCTPYKLUI U paspa-
0OTOK, KOTOpBIE TBITAIOTCSI HAWTH CBOE MECTO B CHCTEMAX
XpaHeHus sHepruv. B mocnenHue roasl PBIHOK pPacTET
KoJIOCCAbHBEIMKM TeMnaMu, orMedaeT Wood Mackenzie.
B 2018 roxy 6sm10 moctpoeno 3,3 I'B1/6 I'Bt*4, o6bembI
BeIpocsu Ha 140% 1o cpaBHeruro ¢ 2017 roxom. Oxuga-
eTcsl, 4TO III00ANIbHBIA PBIHOK CUCTEM XpaHEHHs SHEPTUH
J0 2024 rona BelpacteT B 13 pa3. [11]. Kak npasuio, Bce
pa3paboTKN UMEIOT CBOM KOHCTPYKTHBHBIE OCOOCHHOCTH,
W, YYWTBIBAs NPaKTHYECKH B3pHIBOOpa3HOE pa3BUTHE
PBIHKA, KaX/J1asi KOHCTPYKIU HaliJIeT CBOIO HUIILY U CBOE-
ro mokymatens. EcTe OCHOBaHMS MoONarath, 4TO CBOIO
HUIIY 3aiMET KOMITAaKTHBI HAaKONWTENb, NMPEAHA3HAUCH-
HBI 171 Tex 13% 3eMiisiH, KOTOphle Ha CeroAHs He nMe-
0T JIOCTYHA K 3JICKTPHICCTBY.

Pa3zpaboTaHHbIi HAaKOMUTEIh MMEET CIEHYIOIINe
napameTpbl — HOMHHaJIbHOE HanpsbkeHue 12 B mocTosH-
HOTO TOKa, IOCTUTHYTas CKOPOCTh BpamieHuu — 7285
000pOTOB B MHHYTY, JOCTHTHYTa MIOTHOCTH 0,2 BT*u/kr
Macchl Hakonutens. CTeHJ A HCIBITAaHUM MO3BOJISIET
UCTIBITBIBaTh 00pasibl co ckopocts 10 21791 o6/muH.
JlocTurHyta CKOpOCTh Ha 0001¢ MaxoBuka 137 km/4, y
AQHAJIOTHYHBIX YCTPONCTB CKOPOCTHh Ha 0007€ COCTaBiIsAeT
800 xm/4, mupoBoii pexopa — 5028 km/4. laxe mpu Ta-
KOM IUIOTHOCTH SHEPIWH KOHCTPYKIHS IIO3BOJAET CO-
CTaBJIATh KOHKYPCHLMIO CBHHIIOBO-KHCIIOTHBIM aKKyMy-
nsitopaM. OCOOEHHOCTBIO KOHCTPYKIHMH SBISAETCS Mar-
HUTHBIN MOZIBEC HE OCH MaXOBHKA, a BCETO TEJIa MaXOBH-
Ka.

PaccmoTpuM 00BeM 3HEprum, KOTOPBIM MOMKET
OBbITh NPUHAT U OTAaH CBHHIIOBO-KUCIIOTHBIM aKKyMYJIsi-
TopoM ¢ Texnosorueiit AGM emkocteio 100 A*u Ha npo-
TSDKEHMH BCETO KM3HEHHOTro nukia. Cpok ciyObl Tako-
ro akkymyssropa coctapinseT 400 MKIOB MpH TeMIepa-
Type +25 °C. VI3MeHeHne Temneparypbl B OJHY WIH ApY-
T'YIO CTOPOHY HE YBEJIIMUMBAET CPOK KMU3HH ycTpoiicTa. C
Y4eTOM THOTPEUIHOCTEH MOXKHO CUHUTaTh, YTO 3a CBOH
KM3HEHHBIH IMKJII TAaKOW aKKyMYJISITOp CMOJET Iepepa-
6otath 1,2 kBr*u * 400 nuknoB = 480 kB1*4 npu crou-
MoctH ycrpoiictBa mopsinka 200$. Takum oOpasom, cro-
UMOCTb XpaHeHust 1 kBT*4 a5ieKTposHepriun MOXHO olie-
uuth B 0,42 $/xBr*4. Eciu mpuHATH, 9TO BPEMSI 3apsIIKH
cocTaBisieT 6 4acoB, a BpeMs pa3psIKd - 2 yaca, TO Ipu
HETPEPHIBHOM PEKUME IKCIUTyaTallud aKKyMyJIsSTOp Mpo-
ciyxut 3200 yacos.

IIpousBeneM momoOHBIE pacyeThl A YCIOBHOTO
MaxOBHYHOTO HAKOMUTENS. [IpearnosioxkuM, 4To Bpems
3apsana cocrasiser 0,5 yaca, paszpsag - 0,5 gaca. Hukn
coctaBisier 1 yac. YcnosHas nena — te xe 200$. Ouenum
3anacaemyto sHepruto B 0,1 kBr*u. Cpok ciryx0s1 20 ser,
4yTo cooTBeTcTBYeT 175200 1mkioB mimm 17520 kBT*u.
Croumocts xpanenust 0,011$/xBr*u. Jlaxe ¢ ydeTom
BCEX JOMYLICHUM IOJYy4YaeTCsl, YTO KUHETHUYECKON HaKo-
MUTENb TO3BOJISIET XPAHUTh YHEPTHIO B 36 pa3 BBITOIHEE,
YeM CBHHIIOBO-KHUCJIOTHBIN aKKyMYJISTOD.

Y KHWHETHYEeCKHX HAKOMHUTEJEeH ecTh II0JIe3HOEe
CBOWCTBO - BO3MO)XHOCTB BBIJIaBaTh 3HAYUTEIIFHYIO MOIII-
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HOCTh, XOTS U KpaTKOBpeMeHHO. HemocraTkoM KHHETH-
YECKHX HAKOIMUTENCH SBISACTCS, KPOME THPOCKOIMTUYCCKO-
ro »¢QexTa, HEIOCTATOYHO IOJITOe XpaHEHHE SHEPTHU
0e3 MpuMeHeHNsT BaKyyMHPOBAHHSI.

Ha pmamHOM sTame Hambollee MEpCHEKTHBHBIM BU-
IUTCS  OOBEAWHCHHWE  IOJIE3HBIX  ITOTPEOUTEIHCKUX
CBOMCTB CBMHIIOBO-KHCJIOTHBIX aKKyMYJSTOPOB M KHHE-
THYCCKHX HAKOITMTEIICH.

MupoBoii pbIHOK

13% mnacenenuss 3eMiM — 3TO IOpPsAKAa OIHOTO
MUJIJIMap/a 4elIOBeK — He MMEIOT AOCTyMa K JIeKTpuye-
cTBY. B ocHOBHOM, 3TO xutenu ctpaH AQpuKH, a TaKxKe
Hentpansuoit n FOxHO#M A3nu. Kak oTmeuaercs B Jokia-
ne BecemupHoro 6anka, moutu 8§7% HacelneHUS 3eMHOTO
mapa, He MMEIOIIETO J0CTYMa K IEKTPHUECTBY, KHUBYT B
CENIbCKOI MECTHOCTH.

B 10 xe Bpems B nokiazne ropopurcs, uro ¢ 2010
rojia TEMIIBl pOCTa YHCIIA JIFOCH, MOTyJaroIuX AOCTYH K
ANEKTPOIHEPTUH, 3aMETHO yBeIHymiIuch. Y, ecnu Takas
TEHJAEHIM coxpaHutcs, To B 2030 romy, mo oreHkam
CHENMAINCTOB, JOCTyNa K O3JEKTPHUYECTBY He OyIyT
UMeTh «Juiby 674 miH yenosek [12]. C ydyerom TOrO,
YTO CTOMMOCTbH JJIEKTPU(PHUKALUN MaJIOMOIIHBIX ylaleH-
HBIX TTOTPEOUTEINICH ¢ TOMOMIBIO TEXHOJIOTHH COJHEYHOTO
IEKTPOCHAOKEHNS YK€ cedac HIDKE, 4eM 3INEKTpU(H-
Kalus [EHTPAIU30BAaHHON 3JIEKTPOCETHIO, MOXKHO CUH-
TaTh, YTO MHUPY MOHATOOUTCS OOJIBIIOE KOIMIECTBO KOM-
MAKTHBIX KHHETHYECKUX HAKONMTENCH 3IEeKTPUIECKON
SHEPTHH C MarHUTHOH KOMITEHCAINEH.

B mporecce 3kcmiayaTaldyd aBTOHOMHBIX COJHEY-
HBIX 3JICKTPOCTAHIIMHA SMIMPUUECKU CIIOKUIOCH COOTHO-
IIEHHEe MEXJIy MOIIHOCTBIO MaHeJIeH M eMKOCTBIO aKKy-
MYJSTOPOB. B 3aBHCHMOCTH OT permoHa M OT PEXUMaA
skcmryaranun ACOC Ha xaxapie 100 A¥4 cBHHIOBO-
KHCJIOTHOTO aKKyMYJISITOpa J0JDKHO MpUXoAnThes ot 100
1o 200 Bt MomHOCTH coMHEeYHBIX maHenel. Takum oOpa-
30M, MOKHO CUMTAaTh, PIHOK aKKyMyJsaTopoB aisi ACOC
COCTaBISIET COTHH THICSY W MHJUIMOHBI CBHHIIOBO-
KHCJIOTHBIX aKKYMYJISITOPOB €MKOCTBIO 100 A*q,
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AHOTALIA. Posensnymo onmumanvhi napamempu KOMNAKMHO20 KIHEMUYHO20 HAKONUYY6aua eleKmpuyHoi eHepeii, o 0036015~
10Mb OXOnUmMU HAUbINbUW WUPOKE KOLO CHOICUBAHIE ABMOHOMHUX COHAUHUX enekmpocmanyiti. Oyineni o0csa2u pUHKY CROJICUBAYIS.
Iposedena nopieHANbHA XAPAKMEPUCMUKA PIHUX MUNIE HAKONUYY8ayle eleKkmpuunol enepeii. Bkazani nepesacu i HeOOMKU KOHCHO-
20 3 ICHYIOYUX 6UOI8 HaAKONUYY8auis. /lana eapmicHa Xapakmepucmuka 00H020 3apsidy-po3pSAOHOL YUKLY eleKMPOXIMIYHUX HAKONU-
yygauis. Iloxazano cniibHe 3aCMOCYBAHHS HAKONUYYB8AYIE KIHEMUYHOTL | eleKmpudHoi enepeii 6 cmpykmypi 2iOpuOH020 HAKONUYY8a-
ya 3 Memoiw onmumizayii 6apmiCHUX 8UMpam Ha 8UPOOHUYMBO eIeKMPUYHOL eHepeii 8i0 albmepHAMUSHUX ddcepe eleKmpuyHoi
eHepeii. B ybomy 6unaoxy, KOMHEHCcayis 8UCOKOYACMOMHUX NYAbCayill Hanpyau 30IUCHIOEMbCS 3 PAXYHOK eHepeii, nonepeoHvo 30 e-
PedCceHOl 8 KiHemUuuHoOMY HaKonuyyeayi. Po3enaHymo mexHiuni npoOnemu, wo 6UHUKAIOMb NPU BUKOPUCMAHHI HAKONUYY8AYI8 KiHe-
muuHoi enepeii (Maxouxis). /o HUX 6IOHOCAMb HASIGHICTb 2UPOCKONULECKO20 eeKmy, o He 0036015€ MOOLIbHe BUKOHAHHS HAK O-
nuYyeaud, a Maxkodic CneyianvHi UMozu 00 Mamepiany, 3 AK020 6UL0MOBIACMbCA MAX08UK. Posananymo moocnugi ocoonueocmi konu-
CMPYKMUBHO20 BUKOHAHHS HAKONUYY8AYI8 HA OCHOBI MAX08UKI8. Bukopucmannusa masnimnoi komnencayii 6i0yeHmpogux cui Maxosu-
Ka 00360715€ 8i0OMOBUMUCS 810 BUKOPUCIMAHHS BUCOKOMIYHUX [ OOPO2UX MAMEPIANIS.

Knruoei cnosa: naxonuyyeay enepeii, Kinbyeguil Maxo8uK, Cynepmaxosux, COHAYHA eleKMpoCmanyis, aémoHOMHA CUCTeMd elleK-
MPONOCMAYaHHs.

Haoiiuuna (received) 08.07.2019
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