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(46) Data nybnukauyun: 15.06.2002

(86) 3asBka PCT:

PCT/US97/00805, 19970113

(72) N3obpeTtaTenb:
OBuwwuHckn CteHdopa P., US,
Koppuran Oennuc A., US,
BeHnkatecaH CpuHuBacaH, US,
Oxap Cy6bxaw K., US,
XonnaHg Aptyp, US,
®unnmop [oHH, US,
Xurnu Jlvn, US,
May ®ununn, CA,
Xummnep Ponanbg, US,
Kapgutcac Huk, US,
NamwuHr Kennet, US,
Ocryn 9OHTtoHM, US

(73) NateHTOBNAgeney;
OBOHWK BETTEPU KOMMAHU, UHK., US

(54) AKKYMYTNATOPHAS BEATAPES]; BJIOK AKKYMYNATOPHbLIX BATAPEW; BEATAPEWMHBIA UCTOYHUK
AJIEKTPOIMUTAHUA C TASOBbLIM UITN XKWAKOCTHbLIM OXNAXXAEHUEM

(57) Pedbepar:

B cooTBeTCTBUM € HacToAWMM U306peTeHueMm,
npeqgnaraloTca akkymynsitopHas 6atapes, 6nok
aKKyMynAaTOpHbIX OaTapel u 6atapenHbld MCTOYHUK

ANEeKTPoOnnTaHna C ras3oBbiM WKW KUOKOCTHbBIM
oxnaxKgeHnem, nMerune ynyyleHHble
MEXaHU4YeCKne K1 TenroBble XapakTepUCTUKaMU.

AkkymynaTopHas GaTtapesi UMeeT Npu3MaTUYeckyio
KOH(UIypaumio ¢  ONTUMAarbHbIM  COOTHOLLEHUEM
Mexay LWPWMHOW, AMMHOM W BbICOTOW, Gnarogaps
Yemy obecneunBatoTca onTMMarbHble
XapaKTepuUCTUKN MpeararaeMol  akKyMyrnsTOpHOW
6aTapen No cpaBHEHWIO C APYMMMU aKKyMYNSTOPHbIMU
GaTapesiMi, B KOTOpbIX OTCYTCTBYeT ONTMMasibHoe
COOTHOLIEHNE MeXAy YKa3aHHbIMKA  pasMepamu.
OnTvMM3aumns pasmMepoB akKyMyrnsTopHow GaTtapen
nossosnser obecnednTb MaKCUMarbHyl0 eMKOCTb U
BbIXOAHYIO  MOLWHOCTb Gatapen U UCKMI4YMTb
HexxenaTernbHble  BO3OEWCTBMA B npouecce
skcrinyatauun Gatapen. Kopnyc akkymynsTopHouW
GaTtapen  pgonyckaeT  BO3MOXHOCTb  TEMNSIOBOro
pacliMpeHns B OOHOM HanpaBneHuW, KOTopoe rerko
KOMMEHCUpYETCA 3a CYET MNPUNIOXKEHNUA YyCcuUnus
oKaTusi B HanmpaBrieHuW, MNpOTUBOMOMIOXKHOM
HanpaBfeHWO yKa3aHHOro paclunpenusi. B 6noke 32
aKKyMynaTOpHbIX 6aTapei ons coeguHeHus Gatapen
NCMomb3YyTCA CoeaNHUTENbHbIE 3NEMEeHTbI, KOoTopble

HaxoasTcs Nop BO3AEWCTBMEM BHELLUHETO YCUIUA
oKaTus, BENWYMHA KOTOporo BbiGpaHa Takum
obpasomM, 4YTOObl  KOMMEHCMpoBaTb  ycunus,
BO3HMKaloWwme Mexgy OGartapeamm ©Grnoka B
pesynbTaTe TENyoBOro paclUMpeHns, U co3gaTb
[OMOSHUTENBHOE YCUINE CXKaTUsl ANA YMEHbLUEHUS
paccTosiHis  Mexay  MONOXUTENbHbIMU -+ U
oTpulaTenbHbIMU anekTpogamm Kaxkgow
akkymynaTopHo ©GaTapen B cocrtaBe 6noka, B

pesynbTate 4ero ofecne4uBaeTca yBenUYeHue
CYMMapHoOWh BbIXOOHOM MOLLHOCTH BbIXOOHOM
MOLYHOCTM  ©Orioka  aKkkyMynsaTOpHbIX — GaTapein.

BartapeliHbli  MCTOYHUK 39  aneKTponuTaHus ¢

XWAKOCTHBIM UMW Tra3oBbIM OXMaXOEHUEM COLAEePXMWT:
kopnyc 40 c¢ BxogHbiM 41 K BbIXogHbIM 42
naTtpybkamu; Onoku akKyMynsiTopHbix ©artapen,

yCTaHOBeHHble B kopnyce 6aTapeliHoro WCTo4YHMKa
3MeKTPONUTaHNA TakuMm oBpasoM, YTO OHU OTAENEHbI
NpoMexXyTKamy OT CTEHOK kopnyca 1 Apyr oT Apyra, B
pesynbTaTe Yero obpasyloTcs kaHanel 43 Ana notoka
oxnaxgatoLleln cpenpbl, pacnofioKeHHble, No MeHbLUen
Mepe, C OOHON CTOPOHbl 6roka aKkkyMynsiTOpHbIX
OaTapeil; No MeHblue Mepe, OAHO YyCTpolcTeo 44
Ana co3gaHus noToka oxnaxaarwllen cpegpl. LnpuHa
KaxKOoro kaHana ans oxnaxaarwllen cpenbl BolbpaHa
Taknm obpasom, 4YToObl obecnednTb MaKCUMarbHYHo
Tennonepenady. Kpome TOro, npegycMoOTpeHbl
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cpefcTBa TEMMOM3oMsALMU TeX aKKyMyNSaTOPHbIX
OaTtapeii 1 OnokoB akkymynaTopHbix ©GaTapei B
coctaBe 6aTapeiiHoro MCTOYHMKa 3MeKTPONUTaHus,
KoTopble B HaubonblUeld CTeneHn MOABEPKEHbI
TENSIOBbIM BO3AENCTBUAM OKpyKawllel cpegbl, B
pesynbTaTe Yero paboyasa Temnepatypa G6aTapeiiHoro
UCTOMHUKA SMEeKTPONUTaHUs MoAAepXKuBaeTcs B

[OMYCTUMbIX Npenenax npu U3MEHEHUW OKpy’KatoLLeln

TeMnepaTtypbl B LUMPOKOM AnanasoHe.

OduynancHein  GoneTeHb  “lMpoMmbilLneHHas
cobctBeHHoCTh". KHura 1 "M3obpeTeHns, nonesHble
Mogenu, Tonorpadun  MHTerpanbHbIX MUKpocxem",
2002, N 6, 15.06.2002. ["ocynapcTBEHHbIN
AenapTaMeHT  MHTENNeKTyansHon  COBGCTBEHHOCTM
MuHucTepcTBa 06pa3oBaHUs U HayKnu YKpauHebl.
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UA 46 888 C2

Gt CL” 1 o4 M 2/10 A, H 01M 10/50 B,
H 01M 10/52 B

MINISTRY OF EDUCATION AND SCIENCE OF

UKRAINE
STATE DEPARTMENT OF INTELLECTUAL
PROPERTY
(12) DESCRIPTION OF PATENT OF UKRAINE FOR INVENTION
(21), (22) Application: 99084633, 13.01.1997 (72) Inventor:

Ovshinsky Stenford R., US,
Corrigan Dennis A., US,
Venkatesan Srinivasan, US,
Dchar Subchash K., US,

(24) Effective date for property rights: 17.06.2002

(46) Publication date: 15.06.2002

(86) PCT application: H-olland Artur, US,
PCT/US97/00805, 19970113 Fillmor Donn, US,
Higley Lin, US,

Gay Philipp, CA,
Himmler Ronald, US,
Cardistas Nic, US,
Laming Kennet, US,
Osgud Antony, US

(73) Proprietor:
OVONIC BATTERY COMPANY, INC., US

(54) RECHARGEABLE BATTERY, BATTERY MODULE, AND FLUID-COOLED BATTERY SYSTEM

(57) Abstract: surface of the bundled batteries; and at least

Mechanically and thermally improved one coolant transport means (44). The width of
rechargeable batteries, modules and fluid—cooled the coolant flow channels allows for maximum heat
battery systems are disclosed herein. The battery transfer. Finally, the batteries, modules and
is prismatic in shape with an optimized thickness packs can also include means for providing
to width to height aspect ratio which provides variable thermal insulation to at least that
the battery with balanced optimal properties when portion of the rechargeable battery system which
compared to prismatic batteries lacking this is most directly exposed to ambient thermal
optimized aspect ratio. The optimized thickness, conditions, so as to maintain the temperature of
width and height allow for maximum capacity and the system within the desired operating range
power output, while eliminating deleterious side thereof under variable ambient conditions.
effects. The battery case allows for 37
unidirectional expanS|on. which is rea.dlly s N ®F/-“
compensated for by applying external mechanical L @ -86
compression counter to that direction. In the ® M0} 2
module (32), the batteries are bound within a D N\ @'/q
bundling/compression means under external @ 8@
mechanical compression which is optimized to “~ /S O “
balance outward pressure due to expansion and ’/JC‘B @/
provide additional inward compression to reduce “TD \8®
the distance between the positive and negative pray / ® /“
electrodes, thereby increasing overall battery @ @
power. The fluid—cooled battery pack (39) @ AN,
includes a battery—pack case (40) having coolant @ 78@
inlets (41) and outlets (42); battery modules u‘® ”j/‘@

40

within the case such that they are spaced from
the case walls and from each other to form o ) '
coolant flow channels (43) along at least one Official ~ bulletin ~ "Industrial ~ property”.  Book
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1 "Inventions,

utility models,

integrated  circuits”", 2002, N

topographies  of
6, 15.06.2002.
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MIHICTEPCTBO OCBITU | HAYKW YKPATHU

OEPXABHWA OENAPTAMEHT
IHTENEKTYANbHOI BNACHOCTI

(11)
UA 46 888
GOMK” 1 01M 2/10 A, H 01M 10/50 B,

(13)

C2

HO01M 10/52 B

(12 ONUC BUHAXOAY OO MNATEHTY YKPAIHU

(21), (22) [aHi CTOCOBHO 3asABKMU:
99084633, 13.01.1997

(24) OaTta HabyTTa YmHHocTi: 17.06.2002

(46) My6nikauis BinoMocTen Npo BUAaqy naTteHTy
(neknapauinHoro nateHTy): 15.06.2002

(86) Homep Ta gaTta nogaHHa MidkHapOAHOI 3aaBKN
BignoslgHo go gorosopy PCT:
PCT/US97/00805, 19970113

(72) BunaxigHuk(n):
OsuiHckin CteHdopa P. , US,
Koppiran [deHHnic A. , US,
BenkaTtecaH CpiHiBacaH , US,
Oxap Cy6xaw K. , US,
XonnaHg ApTtyp , US,
®innmop [oHH , US,
Xirni i, US,
My ®ininn , CA,
Ximmnep PoHanbp , US,
Kappitcac Hik , US,
NamiHr KenHet , US,
Ocrya EHTOHI , US

(73) BnacHuk(n):
OBOHIK BETTEPI KOMIMAHI, IHK., US

(54) OXONOPKYBAHA TEKYYUM CEPELOBULLEM MAKETHA CUCTEMA BATAPEI, MOLYJIb EATAPEIT
BEJIMKOI MOTY>KHOCTI, NMEPE3APSAAHA BATAPESl TA MEPE3APAOHA CUCTEMA BATAPEW

(57) Pedbepar:

Batapes € npuamaTuyHol 3a dopmol 3
ONTUMI30BAHUM BiQHOLIEHHSAM TOBLUUHW A0 LUMPUHK
Ta [o BuCOTM, LWo  3abesnedye  Gatapeto
36anaHCcoBaHNMM  ONTUMANbHUMKU  BMACTUBOCTAMMU
NOPIBHAHO 3 Npu3MaTUYHUMKU GaTapesMu, SKUM
Opakye LbpOro  OMTUMI3OBAHOrO  BiAHOLLUEHHS.
OnTMmi3oBaHi  TOBLYMHA, wupuHa i BUcoTa
3abes3nevyloTb  MakcumaribHy €MHICTb | BMXIgHY
NOTYXKHICTb, Y TOW CaMuii Yac BUKITHOYaYM LWIKIAIUBI
nobivHi  edbektn. Kopnyc ©OGatapei  pgonyckae
PO3WNPEHHs B OOHOMY HamnpsiMKy, $ke rerko
KOMMEHCYIOTb, MPUKITaAaoyn  30BHILLHE MeXaHivHe
CTUCKaHHS Y LUbOMY HanpsmMky. Y mogyni (32) 6artapei
3B'A3aHi BcepeauHi 3acoby 3B'S3yBaHHSA/CTUCKaHHSA
nig Qi€ 30BHILHBOIO MEXaHIYHOTO CTUCKaHHS, Lo

Moro onTumisoBaHo, Wo6 36anaHcyBaTM  TUCK,
CNpAMOBAHUM HA30BHI 4Yepe3 pPO3LUMPEHHS, i
3abe3neunTn poaaTkoBe CMNpsIMOBaHe ycepenuHy
CTUCKaHHA, Wo6 3MeHWUTW BiACTaHb  MiXk
NO3UTUBHUMW | HeraTMBHMMMW enekTpogamu, 3a
AOMOMOrol0 Lboro 36imbLuytodn 3aranbHy NOTYXHICTb
OaTapei. OxonogKyBaHUMN TEKYYUM CepPemoBULLEM
naket Oartapeii (39) Bknwodae kopnyc (40) naketa
OaTapei, wo mae Bxoan (41) i Buxogn (42) ans
XOnofgoareHTy; mogyni Gartapel, po3TalloBaHi
BCEpeaduHi Kopnyca Tak, WO BOHM BigaaneHi Big
CTIHOK Kopnyca i oauH Big ogHoro, wob cdopmysaTu
kaHanu (43) pana Tedil xonogoareHTy B3OOBX
NpWHaMMHi ofHiel NoBepxHi 3B'A3aHuX OaTtapen; i
NPVWHaWMMHI  oauH 3aci6  (44) TpaHcnopTyBaHHs
XOrnofoareHTy.
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Onuc BuHaxony

Lleli BuHaxig y uinomy ctocyeTbcs BOOCKOHaNeHb 6aTtapei Ha ocHOBI rigpuay MeTany (MeTan-rigpugHux 6artapein),
BUFOTOBIEHMX 3 HUX MogyniB 6aTapeln i nakeTiB 6aTapeil, BUrOTOBMIEHUX 3 MogyniB. Binbll KOHKPETHO, AaHUA BUHaXIg
CTOCYETbCH MEeXaHiYHWX i TensioBUX BAOCKOHANeHb Y KOHCTpYKUii 6aTtapei, koHCTpyKuUil mogynsa 6artapei i KoHCTpyKuil
naketa Gatapei.

Mepe3apsgHi NpuaMaTu4Hi 6aTapei BUKOPUCTOBYHOTHCA B psfi NPOMUCIIOBUX i KOMEPLIMHMX 3aCTOCYBaHb, TaKUX SK
BaHTaXonigAoMHMKaX, Bi3kax ans ronbda, axepenax 6e3nepebiiiHOro XXMBMeHHS | enekTpomobinax.

MepesapsaHi cBMHUeBi GaTapei - y AaHuMn Yac Hanbinbll LUMPOKO BUKOPUCTOBYBaHWI Tun OaTapei. Bartapei
CBMHLEBUX aKyMyNSATOPIB € KOPUCHMM IPKEPENOM KMUBIEHHS ANA CTapTepiB ABUTYHIB BHYTPILWHBOIO 3ropsiHHs. NpoTe, X
HU3bKa LWiNbHICTL eHeprii, npubnusHo 30B*rog/kl, i X HesgaTHICTb apgeKkBaTHO BIOBOAWMTM TENnoTy pobutb ix
HeNpakTUYHUM JXKEeperioM KUBMeHHs ANs enekTpomobina. EnekTtpomobinb, sikuii BUKOpUCTOBYe GaTapeil CBUHLEeBMX
aKyMynsiTopie, Mae Many AanbHiCTb NOI3OKU nepen nepesapsimiKeHHaM, notpebye npubnusvo 6 - 12 roguH gns
nepesapsakeHHs i MiCTUTb TOKCUYHI pedoBuHK. Kpim Toro, enektpomobini, siki BUKOPUCTOBYOTH GaTapei CBUHLEBUX
aKyMynsiTopie, MalTb MNOBINMbHWIA PO3riH, HEOOCTaTHIN HOMnyck npu rMUGOKoMy po3psigi, a TepMmiH cnyxou 6atapel
CTaHOBUTL nvLle NpuénnaHo 32200kMm.

Hikenb-meTan-rigpuaHi 6atapei ("Ni-MH ©6aTapei”) maloTb Habarato Kpally SKIiCTb MOPIBHAHO 3 CBUHUEBWMMU
Gatapesmu, i Ni-MH 6atapei - Halbinbw nepcnekTMBHWUIA TUN GaTtapei, JOCTYNHWUIA Oans enekTpomobinis. Hanpuknag,
Ni-MH 6atapei, Taki sk onucaHi B 3asBui Ha nateHT CLLUA Ne 07/934976, wWo ogHo4acHO po3rMspaaeTbCcs, aBTopiB
OsLwuHcbkoro | deueHka (Ovshinsky i Fetcenko), po3kpuTTa siKkoi BKMOYEHO B SKOCTI NMOCWUMaHHS, MaloTb Habarato
Kpally WiNbHIiCTb eHeprii, Hixk 6aTapel CBUHLEBUX aKyMynsTOpIiB, MOXYTb MOCTa4aTW eHeprieto enekTpomobinb noHag
npubnmaHo 400km nepen TMM, SIK NOTpebyBaTUMYTb Nepe3apsaXeHHs, MOXYTb nepesapsaxaTucb NpoTaroMm 15 xBunuH
i HEe MICTATb HISIKMX TOKCMYHUX pedoBUH. EnekTpomobini, wo BukopuctoBytoTb Ni-MH 6artapei, MoxyTe matu
BUHATKOBUW PO3riH, a TEpMiH crnyx6u 6atapei Ginbwmnin Big npnbnmaHo 161000 km.

Y MWHYNOMYy NpOBOAWSIOCA BeENMKe AOCMIMAXKEHHS WoAo NOMINWeHHs eneKkTPOoXiMiMHUX acnekTiB NOTYXKHOCTI i EMHOCTI
3apsgy Ni-MH 6atapei, sike onucaHe goknagHo B nateHTax CLLUA NeNe 5096667 i 5104617 Ta 3asiBkax Ha nateHT CLLUA
Ne 07/746015 i 07/934976. 3MicT BCiX LUMX nocunaHb crnewiansHo BKIKOYEHO B SIKOCTI NOCUMaHHS.

Cnovatky OBLUMHCBKMIA | OO rpyna 30Ccepemurniucs Ha chnnaBax Ha OCHOBI rigpuaie metany, aki opmyloTb
HeraTUBHWUIA enekTpod. B pesynbTati iX 3ycunb BOHM CMNPOMOIMNUCS 3HaYHO 36iNMbLUMTU OBOPOTHI XapaKTepUCTUKM
30epiraHHsi BOAHIO, HEOOXigHI AN ePeKTUBHMX | eKOHOMIYHUX 3acTocyBaHb Oatapel, i ogepxyeatn Gatapei, sgaTtHi
aKyMynioBaT/l eHeprito 3 BWCOKUM CTYMeHeM LWiNbHOCTI, 3, edeKTUBHOK OBOPOTHICTIO, BUCOKOK ereKTPUYHO
epeKTUBHICTIO, eheKTUBHMM 06'eMHUM 36epiraHHsIM BoAHO 6e3 CTPYKTYPHUX 3MiH abo OTpYEHHSs, TPUBaNnUM TEPMIHOM
cny6u i noBTOpOBaHUM MUOOKUM pPo3psAoM. BoockoHaneHi xapakTepucTukn Lumux oBoHikosux ("Ovonic") cnnaeie, sk
BOHMW Tenep Ha3nBaloTLCA, CTanu pesynbTatoM BUTPUMYBaHHS JTOKarbHOT XiMiYHOT yYNopsiAKOBAHOCTI i, OTXke, floKanbHOI
CTPYKTYPHOI YNOPSiAKOBAHOCTI 3a gonomMorol o6'efHaHHA BUOpaHUX enemeHTiB Moaudikatopa B NEPBUMHHY MaTpuLio.
HeynopsagkoBaHi mMeTan-rigpugHi cnnasBu MarwTb, MO CyTi, 30iMnblieHy LWiNbHICTE KaTaniTU4He aKTMBHWUX LiNsiHOK i
AinsHoK 36epiraHHs NoOpiBHAHO 3 ogHodasHMMKM abo GaraTtodasHuMK KpucTaniyHumMu pedoBuHamu. Lli popgaTkoBi
OiNsHKW € BionoBigansHUMKU 3a noninweHy egeKTUBHICTL enekTpoxiMiyHoro 3apsgy / pospsay i 36inbleHHs eMHOCTI
30epiraHHst enekTpu4HOI eHepril. XapakTep i KinbKicTb AiNSHOK 36epiraHHa MoxyTb OyTW HaBiTb CNpOeKTOBaHi
He3anexHo Bif KaTaniTU4He akTUBHUX AINSHOK. Birbl KOHKPETHO, Ui cnnaBn BUrOTOBMEHI TakK, Wwob no3sonntu ob'eMHe
30epiraHHsi gucouiioBaHMX aTOMiB BOAHIO NPW MILHOCTI 3B'A3KY B Mexax OOOpOTHOCTI, WO nigxoautb ans
BMKOPWUCTaHHS Y BTOPMHHMX 3acTocyBaHHsX 6aTapel.

[eski Hag3BMYarHO eEKTUBHI €nNeKTPOXiMIYHI PEYOBUHWM aKyMynioBaHHS BOAHK Oynu OTpMMaHi Ha OCHOBI
HeynopaOoKoBaHMX PeYOBMH, OonucaHnx Bulle. Humn € aktmBHi pedoBUHKU Tuny Ti-V-Zr-Ni, Taki gk Ti, WO pO3KpUTi B
nateHTi CLUA Ne 4551400 ("naTteHT ‘400"), po3KPUTTS SKOrO BKIHOYEHO B SIKOCTI nocunaHHs. Lli peqoBUHN 06OpoTHO
YTBOPIOOTL rigpuaun, wob akymynioBaT BogeHb. Bci pevoBUHN, Aki BUKOpUCTOBYOTLCSA B naTteHTi ‘400, 3acTocoByoTh
cninbHy komnosudito Ti-V-Ni, ge npucyTHi, npuHanmHi, Ti, V i Ni Ta MoxyTb MogudikyBaTuce 3a gonomoroto Cr, Zr i
Al. PevoBuHM nateHTy ‘400 - GaraTodhasHi pe4oBUHMU, SKi MOXYTb MICTUTW, ane He oBMeXyBaTUCA HUMWU, OFHY YM
BinbLUy KinbKicTb a3 3 kpucTaniyHMMmu cTpyktypamm Tuny Cqy i Cqs.

IHWi Ti-V-Zr-Ni cnnaeBu TakoX BMKOPUCTOBYHOTLCA ONA Nepe3apsaHMX HeraTUBHUX enekTpodiB 3 akyMyrtoBaHHAM
BogHw0. OOHUM TakuM CIMENCTBOM PeqoBMH € Te, Wo Koro onucaHo B nateHti CLUA Ne 4728586 ("nateHTt '586"),
PO3KPUTTS SKOrO BKIMIOHYEHO B AKOCTI nocunaHHsA. MaTteHT ‘586 onucye cneundpivHmui nigknac ymx Ti-V-Ni-Zr cnnasis,
wo mictnute Ti, V, Zr, Ni i n'aty cknagoBy, Gr. lNaTeHT ‘586 3a3Havae MOXIMBICTE OOMILOK i MogUdikaTopiB OKpiM
Ti, V, Zr, Ni i Cr cknapgoBux cnnagie, i B3arani onucye cneuyudidHi SOMIWKN | MogudpikaTopu, KiNbKOCTI i
B3aemMogii unux mogudikaTopiB, Ta NEBHI BUroau, O MOXYTb O4iKyBaTUCS Bif HUX.

Ha BigMiHy Big OBOHIKOBMX cnnaBiB, ONMMCaHUX BULLE, BiOMi paHille cnraBu 3a3BuYan posarnaganncs aK
"yrnopsiokoBaHi' pe4voBMHM, SKI ManM  BigMiHHI  XiMi3M, MIKPOCTPYKTYpY W €neKTPOXiMiYHI XapaKTepUCTUKK.
EdeKkTnBHICTb BigOMUX YNOpsOKoBaHWX pe4voBUH Oyrna HenocTaTHbow, ane Ha nodatky 1980-x pokiB, ocKinbku Mipa
mMoaudikauii 36inbwunacs (To6To konmn 36iNbLMIMCA KinbKICTb | 4033 eneMeHTapHUX MoaudgikaTopis), iX ehekTUBHICTb
noyana 3HavHo 36inblyBaTtuca. Lle BinOyBaeTbca Sk Yepes HeynopsaKoBaHICTb, BHECEHY MoaudikaTopoM, Tak i Yepes
X eneKkTpu4Hi ,Ta XiMi4Hi BnactmMeocTi. Llei po3BMTOK cnnasiB Big NEBHOro Krnacy YNopsaKoBaHWMX PEYOBMH A0
cy4acHux GaraToKOMMOHEHTHUX, GaratoasHnx "HeynopsigkoBaHWX" CrMfaBiB MogaHO B TakUX naTteHTax: [1] naTeHT
CLUA 3874928; [2] naTeHT CLUA 4214043; [3] nateHT CLUA 4107395; [4] nateHT CLUA 4107405; [5] nateHt CLUA
4112199; [6] nateHT CLUA 4125688 [7] nateHT CLLUA 4214043; [8] naTeHT CLUA 4216274; [9] nateHT CLUA 4487817,
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[10] nateHT CLLA 4605603; [12] - naTeHT CLUA 4696873 i [14] naTteHT CLLA 4699856. (Lii nocvnaHHa goknagHo onvcaHi
B naTeHTi CLLA 5096667, i ueli onuc cnewianbHO BKITHOYEHU B IKOCTI MOCKMNaHHS).

MpocTile roBopsiHKn, BCTAHOBMEHO, WO Y BCIX MeTan-rigpuaHux cnnasax npu 36inbleHHi cTyneHs moaudikauii porb
MEPBUHHO YMOPSAKOBAHOIO OCHOBHOMO CMNfiaBy Mae MeHLWY BaXIUBICTb TMOPIBHAHO 3 BIIAcCTMBOCTAMU i
HeynopagKoBaHIiCTio, NpUTaMaHHMM cneundivHnm mMogudikatopam. Kpim Toro, aHanis 6araToKOMNOHEHTHWMX CcnraBiB,
3apa3 [OOCTYMHUX Ha PWHKY I oTpumaHux Garatbma BUpoOHUKamu, BKasye, WO Ui cnnaBuM MoaudikytoTbes, 3
AoaepXaHHsIM BKasiBOK, YCTAHOBIEHMX AN CUCTEeM Ha OBOHIKOBUX CrinaBax. TakuM YWMHOM, SIK BU3HAYEHO BULLE, YCi
BMCOKO MopgudikoBaHi CnnaBuM € HeynopsakoBaHWMU peyOBUHaMU, AKAW BIOPISHANOTLCA HaaBHICTIO BaraTbox
KOMMOHEHTIB | MHOXMHOW ¢ha3, TO6TO OBOHIKOBMMM CnnaBamiu.

fcHo, WO BBegeHHs cnocobiB OBOHIKOBOrO CMMaBfeHHS 3poburio 3HaYHi BOOCKOHANEHHs B aKTUBHUX
enekTpoximidHux acnektax Ni-MH ©artapeit. MNpoTe, cnig 3asHaunT, WO AOHeOaBHa MEXaHIYHUMK | TennoBuMMuU
acnektamu egpektuBHocTi Ni-MH 6aTapen sHeBaxkanu.

Hanpuknag, y enektpomobinsx Bara 6aTtapen € 3Ha4YHMM YMHHWKOM, TOMY WO Bara Oatapei € Hanbinbloto
CKkrnagoBolo Bary 3acoby nepecyBaHHA. 3 L€l NPUYMHU 3MeHLLEeHHIo Barn okpemunx 6atapein NpuainaloTb 3Ha4Hy yBary
NPy NpoekTyBaHHi GaTapelt Ana 3acobiB nepecyBaHHs, AKi MyckawTbcA B Ail0 Big enekTpuku. Ha gogaTok Ao
3MeHLUEHHs Barn GaTtapel Bara moaynis 6atapei mae 6yTU 3MeHLUeHWI, Bee LWe 3abeanedyoydn HeobXiaHi MexaHivHi
BUMOrM Moayns (To6To NerkicTe TPaHCMOpTYBaHHS, MILHICTb Towo). Takoxk, konu Li Moayni 6atapen BKMHOYEHi B
nakeTHi cnctemun GaTtapei (Taki K ANs BUKOPUCTaHHSA B erekTpoMobinax) KOMMOHEHTM nakeTa 6atapeil NOBUHHI GyTu
norerweHi, HacKinbK1 Lie MOXITMBO.

BapTo ocobnuBo BiA3HaYMTU, WO 3aCTOCYBaHHS B €NeKTpoOMOBinsxX BUCYBalOTb KPUTUYHY BMMOTY ANS TENNOBOro
KepyBaHHs. Lle mae micue Tomy, WO OKpeMi KOMIpKU (enemMeHTMn) 3B'A3Y0TbCs pa3oM Yy GesnocepenHin 6nmabKocTi, i
0arato enemeHTIB eneKTPUYHO i TEPMIYHO 3'€OHYIOTLCS pa3oM. TOMY, OCKINbKW iCHYE NpUTamMaHHa TeHAEHUia BMainaTu
3Ha4YHy KinbKiCTb TennoTu nig 4ac 3apagy i pospagy, npauesgaTHy KOHCTpyKuito GaTapei aons enektpomobinis
OLHIOKTb TMM, UM AOCTATHLOK MIPOK 3AINCHIOETHCA YNPaBNiHHS BUAINEHOK TENNOTOK abo Hi.

[xepena Tennotu Hacamnepen Taki Tpu. [Nepwnii - TENNO HaBKOMMWLLHBOrO cepefoBulla Yepe3 poboTy 3acoby
nepecyBaHHs B >kapkomy KkrimaTi. [pyruil - peaucTuBHuMiA abo | 2R, HarpiBaHHs npu 3apsgi | pospsgi, ge | sense
coboto cTpym, Wo Tede B BaTtapeto abo 3 Hel, i R - onip 6aTapei. TpeTiin - BeNn4e3Ha KinbKiCTb TENNOTN YyTBOPUTLCSH
nig Yac nepesapamkeHHa Yepea pekombiHalito rasy.

Y ToW Yac Sk 3a3HadeHi BULLe NapaMeTpy € 3a3BrYain 3aranbHUMKU AN BCIX enekTpuyHUX cuctem batapei, BOHU
0CO6NNBO BaxMBI ANA Hikenb-MeTan-rigpuaHux cuctem Gatapei. Lle mae micue yvepes Te, wo Ni-MH mae Taky BUCOKY
NMUTOMY eHepritlo, i CTpyMn 3apagy i po3psgy Takox € Benukumu. Hanpuknag, wo6 3apsguty 6atapeto CBUHLEBMX
aKyMynsiTopiB NPOTArOM OfHIEl roauHN, MOXe BUKOPUCTOBYBAaTUCH CTpyM 35A, y Tol Yac ak nepesapsmkeHHs Ni-MH
Gatapei moxe BukopuctoByBaTu 100A ANA TaKoro camoro OfHOrOAWHHOrO nepesapsaxeHHsi. [Mo-apyre, OcKinbku
Ni-MH Mae BMHATKOBY LLiNbHICTL eHeprii (TOGTO eHepris akyMyntoeTbCs AyKe KOMNAKTHO), TENSOBE pPo3CitoBaHHA BGinbLu
yCKnagHeHe, HiX y 6aTapesax CBUHLUEBMX akymynsTopis. Lle Mae micue 4epes Te, WO BiAHOLWEHHS MIIOLWi NOBEPXHi Ao
o6'emy HabaraTto MeHLle, HiX y BaTapeax CBMHLEBUX akyMyrnaTopiB, a Le o3Hayae, Lo Yy TOW Yac sk Tennota, Lo
yTBOpIOEThCA, 2,5 pasun binbwa ana Ni-MH 6atapeld, Hik Ans CBUHLEBUX aKyMynsiTOpiB, MOBEPXHS PO3CitoBaHHA Tenna
MeHLLUa.

Takui intoCTpaTUBHUIA NPUKNaA KOPUCHUIA Yy PO3yMiHHI Npobrem ynpaBniHHA TennoM, 3 AKMMU MatloTb CnpaBy npu
npoektyBaHHi Ni-MH naketie 6artapein gns enektpomobinis. ¥ nateHTi CLUA Ne 5378555, supgaHomy "[>xeHepan
MoTopc" (KM BKIIOYEHO B SIKOCTi MOCUIAHHS), ONMCaHUA nakeT 6atapen enekTpoMobins, Wo BUKopucToBye bartapei
CBUHLEBUX akymynaTopiB. [NakeTHa cuctema batapei, ska 3acTocoBye 6atapei CBMHLEBUX akyMyrnaTopiB, Mae €EMHICTb
npubnuaHo 13 kBT*rod, BaxxuTb nNpubnnaHo 363kl i Mae ganbHicTb noisgku 3acoby nepecyBaHHs nNpubnnaHo 145km.
3amiHoloun naket OaTapeil CBUHLEBUX aKyMynsiTOpiB NakeTOM OBOHIKOBUX ©aTtapel TOro X po3Mmipy, €MHICTb
36inbwyeTbea go 35 kBT*rod, | AanbHiCTb noisgkn 3acoby nepecyBaHHst 36inbluyeTbes npubnnaHo go 400 km. OfHa
BNACTUBICTb LbOro NOPIBHAHHA Morsrae B ToOMy, Wo 3a 15 xBUnWH nepesapamkeHHsa eHepria, nogaHa B Ni-MH naket
Gatapei, y 2,7 pasis 6inblia, HiXk NnogaHa B nakeT 6aTapeil CBUHLEBUX aKyMynsTopiB 3 MOro, BignosigHO, AO4aTKOBOK
TennoTot. NMpoTe, cuTyauia gelwo BiagMiHHa nig Yac po3psagy. LLo6 xmeutn eHeprieto 3aci® nepecyBaHHsA Ha WBUAKICHIN
[0po3i NpY NOCTINHIN WBUAKOCTI, CTPYM, WO Te4e Yepes GaTapeto, € Takum camum, ak ans Ni-MH GaTtapei.abo 6atapei
CBUHLEBUX akymynaTopiB (abo Oyab-aKoro iHWOro axepena XUBMEHHA Ana uiei meTun). o cyTi, enekTpoaBuIyH, Lo
nyckae B gito 3aci® nepecyBaHHsi, "He 3Hae" abo "He niknyeTbca", 3BiOKWM BiH opepye eHeprito, abo sika Gatapes
nogae XUBMeHHs. BigMiHHICTb Mi HarpiBaHHAM Ni-MH 6atapei i 6atapei CBMHUEBUX akyMynaTopiB npu po3psagi
nonsirae B TpuBarocTi po3psagy. TobTo, ockinbkn Ni-MH Gatapes Oyge nyckaTu B fito 3acié nepecyBaHHsi B 2,7 pasy
[OBLLE, HiX CBUHLEBA, i1 NOTPiOHO HabaraTo Binblue Yacy nepLu, HiXk BOHA Mae MOXITMBICTb “OXONOHYTH".

Oani, y Toi 4ac sk TennoTa, nopog)KyeaHa nig vac 3apsgy i pospsay Ni-MH 6artapei, 3a3Buyain He € npobremoto B
Manux nobytoBux GaTapesax abo HaBiTb y Benukmx GaTapesax, KON BOHU BUKOPUCTOBYHOTLCS OKPEMO MpPOTAroM
obmexxeHoro nepiofdy Yacy, Benuki 6atapei, Wwo crnyxaTb Y aKocTi 6eanepepBHOro mxepena XUBNeHHs, 0coBnMUBO, Konu
iX OinblW ofgHieT BUKOPUCTOBYIOTb NOCNIgOBHO abo napanenbHo, Hanpukniag, y CynyTHUKY abo enektpomobini,
BUAINATL JOCTATHIO KiMbKICTb TENNOTW Npu 3apsgui i pospsai, wob BnanBatn Ha rpaHnyHy edpekTUBHICTE Mogynis
Gatapei abo nakeTHoi cuctemun Batapen.

Takum 4YMHoM, icHye noTpeba B Gartapei, Mmogyni 6aTapei i KOHCTPYKUii NnakeTHOT cuctemun Gatapei, aka 3MeHLLye
il 3aranbHy Bary i Mae HeobXxigHe KepyBaHHA TEMSIOTOW, HeobXigHe Ans ycniwHoi poboTn B enekTpomMobinsx 6es
3MEHLUEHHS Ti eMHOCTI 36epiraHHs eHeprii abo BUXigHOT NOTYKHOCTI, 36inbluye HagiiHiCTL GaTapel i 3aMeHLlye BapTiCTb.

Hanbinbl 6rnM3bkuM OO0 NPOMNOHOBAHOMO BMHAXOZY - OXOMOMKYBaHOI TeKydMM cepedoBULLEeM NakeTHO! cucTemu
GaTapell - 3a TEXHIYHOIO CyTTIO € OXONIOMKYBaHa TEKyuYMM CepedoBULLEM NakeTHa cucTema GaTapel, WO BKMoYae
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Kopnyc naketa Gatapei, SKUM MICTUTb, NPUHAKMHI, OOUH 3acib Ans BBeAeEeHHs i, NpuHaliMHI, oguH 3aci6é ans BuMBoaOY
XornopoareHTy; MHOXWHY MoayniB 6GaTtapeil, YTBOPEHUX y MaTpuudHy KOHdirypauiio BcepeauHi kopnyca, npu4Homy
3a3HadYeHun Mogynb OaTapei MICTUTb MHOXWHY OKpemux OaTapei, 3B'A3aHUX pasoM, i, NPUHaNMHI, oguH 3acib
TPaHCMOPTYBAHHA XONoAOareHTy, SKUA 3MYLUye XOfiogoareHT HagxodWTu B 3a3HayeHuin 3acié ana BBeOeHHs
XorogoareHTy B KOpMyci, NpoTikaTh Yepe3 kaHanu Ons Teuil xornogoareHTy i BUXOAUTM Yepes 3a3HaqeHun 3acid ans
BuBoAy xornogoareHTty B kopnyci (MateHT CLUA Ne 5,558,950 A Big 24.09.1996, MINK 6 HO1M10/50).

TennoBe ynpasniHHA cucTeMn GaTapeit enekTpomobing, Wo 3acTOCOBYE TEXHOMONiK BUCOKOEHepreTU4Hoi 6atapel,
HiKONW paHile He gemMoHcTpyBarnock. [eski npuctpol, Taki ak Na-S, aki pyHKUioHYOTE 3a NigBULLEHMX TeMnepaTtypax,
CUNbHO i305bOBaHiI, Wob niaTpuMyBaTn cnelundivHy pobody TemnepaTypy. Taka opraHisauis HebaxkaHa Yepes BeNMKui
nporpawl y 3aranbHii LWinbHOCTI eHeprii Yepe3 HagMipHy Bary (3acobiB) TennoBoro ynpasniHHS, BUCOKY CKNagHICTb
Ta HagMipHy BapTicTb. Y iHWMUX cucTemax, Takmx ak Ni-Cd, y cnpobax TennoBoro ynpaeMiHHIO BUKOPUCTOBYBaNu
CUCTEMY BOASIHOTO OXONOAXEHHS. 3HOBY Liel TUM CUCTEMi TeNroBOro ynpaeniHHA OAaE Baru, CKMagHOCTi Ta BapToCTi
nakety Gatapen.

MpocTilwe roBopsyn, nonepedHin piBeHb TEXHiKM He MpPOMoHye KOoHdirypauito / BHYTPILIHIO KOHCTPYKLiO
iHTerpoBaHoi GaTapei, moayns Gartapel i TepMidHO KepoBaHO! nakeTHol cuctemu Gartapel, aka Gyna © nerkoto,
npoctoto, Hegoporoto i ob'eaHyBana 6 CTpykTypHy OcHOBY GaTtapei, ModyniB Ta NakeTiB 3 OXONOMKYBAHOK MNOBITPAM
CUCTEMOIO YNPAaBiHHIO TENSOTOLO.

Halibinblw 6nm3bkumM OO NMPONOHOBaHOIO BMHaxo4y - Moayns 6aTtapeil BenmKkoi NOTYKHOCTI - 38 TEXHIYHOK CYTTHO €
mMoaynb 6atapei Benunkol NOTYXXHOCTI, WO MICTUTb MHOXWUHY OKpeMunx Gatapei, MHOXWUHY enekTPpUYHMX MiK3'€AHaHb, AKi
3abe3nevyloTb enekTpuYHe 3'eqHaHHA MiXK OKpeMMMKM GaTapesiMn 3a3HadveHoro Mogyns i siki 3abeanevyoTb enekTpuyHe
3'eQHaHHI0 MiXK OKpeMUMKU Mogynsimu GaTapeit, Ta 3acib 3B'A3yBaHHA / CTUCKaHHS Moaynb 6aTapel, 3a3HaveHi 6atapei
3B'A3aHi BCcepeduHi 3a3HadYeHoro 3acoly 3B'A3yBaHHS / CTUCKAHHA TaK, WO BOHW CKPINfeHi 3 MOXIMBOCTI
3abe3neyveHHs NPOTUCTOSHHA MepeMilleHHlo abo MoBOPOTY NpW MexaHidHMX Bibpauisix, TpaHcnopTyBaHHi abo
ekcnnyaTauii (MateHTt CLUA Ne 5,558,950 A Big 24.09.1996, MINK 6 HO1M10/50).

TennoBe ynpasniHHA cucteMn Gatapeit enekTpoMobing, Wo 3acTOCOBYE TEXHONMOriK BUCOKOEHepreTU4Hoi 6atapel,
HiKONW paHille He geMoHcTpyBarnock. [eski npuctpol, Taki Ak Na-S, aki pyHKUioHY0TE 3a NigBULLEHMX TeMnepaTtypax,
CUIbHO i305bOBaHI, Wob niaTpuMyBaTn cnelundiyHy pobody TemnepaTypy. Taka opraHisauis HebaxkaHa Yepes BenMKui
nporpaw y 3aranbHiin LWinbHOCTI eHeprii Yepes HagMipHy Bary (3acobiB) TensioBOro ynpasriHHS, BMCOKY CKIagHicTb
Ta HagMipHy BapTicTb. Y iHWMX cuctemax, Takux sk Ni-Cd, y cnpobax TennoBoro ynpasmfiHHS BUKOPUCTOBYBanu
CUCTEMY BOASIHOTO OXOSIOMKEHHS. 3HOBY Liel TUM CUCTeMM TENSIOBOro ynpaBniHHA AOA4A€E Baru, CKNagHOCTi Ta BapToCTi
nakety Gatapen.

3a3HavyeHa KOHCTPYKLiS He MpOMOHye KOHdpirypauito / BHYTPILWHIO KOHCTPYKUito Mopynst Gartapei, skun 6u Oys
nerkum, NPoCTUM, HEQOPOrMM | MaB 61 MOXIMBICTb NpauoBaTy y o6'egHaHI CTPYKTYpPHIN ocHoBi 6aTtapen, moaynie Ta
nakeTiB 3 OXONOAXKYBAHOIO MOBITPSAM CUCTEMOIO YNpPaBIiHHA TENMOTOH.

Halbinbl 6nmM3bkMM OO0 NPOMNOHOBAHOMO BMHAXOAY - MEXaHidHO BAOCKOHarneHoi nepesapagHoi GaTapeil - €
MexaHi4YHO BOOCKOHareHa nepesapsiiHa 6artapesi, WO BKIIOYaE KOPNyC, KM MICTUTb KIemy No3uTUBHOrO enektpoaa i
Knemy HeraTMBHOIO eneKkTpoda, MpWHaWMHI, OAMH MNO3WTUBHWUIA eneKkTpon, POo3TalloBaHUW BcepeduHi kopnyca i
eneKTpUYHO 3'eQHaHWii 3 KNeMolo MO3UTUBHOMO enekTpoaa, NPWHanMHI, OOUH HeraTUBHUIA enekTpopn, po3TalloBaHWUi
BCepeOuHi koprnyca i enekTpu4HO 3'€4HaHUii 3 3a3Ha4YeHOl KIeMOl HeraTUBHOrO ernekTpofda, NpWHanWMHi, oguH
cenapaTop ernekTpofiB, PO3TALUOBAHWA MK 3a3Ha4eHWMU MNO3UTUBHUMW | HEraTMBHMMMW erekTpogaMu BCepenuHi
kopnyca, Npy UboMy cenapaTop 3abeanevye enekTpuyHy isonsuilo MK NO3UTMBHUM i HeraTUBHWUM ernekTpodamu, ane
aonyckae XiMiYHy B3aeMOAil0 MK HUMW, | enekTponiT OaTapeil, po3TalloBaHUM B KOPMYCi, enekTponiT 3abeanedye
OTOYEHHS | 3MOYYBaHHS 3a3Ha4eHWX NO3UTMBHOIO erneKkTpoda, HeraTMBHOrO ernekTpoda i cenapaTopa, Npu LbOMY
kopnyc 6atapei mae npuamaTudHy cpopmy (MateHT CLUA Ne 5,558,950 A Big 24.09.1996, MIMK 6 HO1M10/50).

TennoBe ynpaBsriHHA cucTeMn GaTapein enekTpomobing, WO 3aCTOCOBYE TEXHOSONi BUCOKOEHepreTU4YHoi 6atapel,
HiKONnW paHiwe He gemMoHcTpyBarnock. [esaki npuctpol, Taki sk Na-S, aki dyHKUioOHY0Tb 3a NigBULLEHMX TeMnepaTtypax,
CUNbHO i305bOBaHI, Wo6 niaTpUMyBaTn cneyundivHy pobody TemnepaTypy. Taka opraHisauis HebaxxaHa Yepes BenuKkui
nporpaw y 3aranbHiin LWinbHOCTI eHeprii Yepes HagMipHy Bary (3acobiB) TEeNnyioBoro ynpaeniHHS, BMCOKY CKMagHicTb
Ta HagMipHy BapTicTb. Y iHWMX cuctemax, Takux sk Ni-Cd, y cnpobax TennoBoro ynpasriHHS BUKOPUCTOBYBanu
CUCTEMY BOASIHOTO OXOSIOMKEHHS. 3HOBY Liel TUM CUCTeMM TENSIOBOro ynpasniHHA AOA4AE Baru, CKNagHOCTi Ta BapToCTi
nakety Gatape.

MpocTilwe roBopsiyun, nonepenHin piBeHb TEXHIKM He MNPOMNoHye KOHirypauito / BHYTPILIHIO KOHCTPYKLiO
iHTerpoBaHoi GaTapei, moaoyns 6artapei i TepMidHO KepoBaHOi makeTHol cuctemn GaTtapel, saka byna © nerkoto,
npoctoto, Hegoporoto i ob'egHyBana 6 CTpykTypHy ocHOBY GaTtapei, ModyniB Ta NakeTiB 3 OXONIOMKYBAHOK MNOBITPAM
CUCTEMOI0 YNPaBniHHA TenmoTolo.

Han6inblw 6nm3bknM 00 NPONOHOBAHOTO BUHaXoAy - nepesapsaHol cuctemu GaTapeli - € nepesapsigHa cuctema
OaTapeii, yTBopeHa, NpuUHaliMHI, 3 ogHiel 3B'a3aHO| NnepesapsagHoil 6artapei, npu LboMy nepesapsiiHa cuctema tartapei
nigoaeTbca BMIMBY TEMNSOBUX YMOB HaBKOMULLIHLOTO CepedoBMLLa, AKi noripwytoTb i TennoBi yMoBM ekcnnyaTauii
(MateHT CLUA Ne 5,558,950 A Big 24.09.1996, MINK 6 HOLL 10/50).

TennoBe ynpaBsniHHA cuctemn GaTapeit enekTpomobing, Wo 3acTOCOBYE TEXHOSOri0 BUCOKOeHepreTu4Hoi 6atapel,
HiKONM paHile He geMoHcTpyBanock. [eski npuctpol, Taki sk Na-S, aki dhyHKUioOHYOTE 3a NigBULLEHMX TeMnepaTypax,
CUNbHO i305bOBaHI, Wob niaTpuMyBaTn cnelundivHy pobody TemnepaTypy. Taka opraHisauis HebaxkaHa Yepes BENMKUIA
nporpawl y 3aranbHiin LWinbHOCTI eHeprii Yepes HapgMipHy Bary (3acobiB) TEenyioBOro ynpaerniHHS, BMCOKY CKMagHicTb
Ta HagMipHy BapTicTb. Y iHWMX cuctemax, Takux sik Ni-Cd, y cnpobax TennoBoro ynpasfiHHS BUKOPUCTOBYBanu
CUCTEMY BOASIHOTO OXOSIOMKEHHS. 3HOBY LiE TUM CUCTEeMK TENSIOBOrO yNpaBniHHA AOA4Aa€E Baru, CKNagHoCTi Ta BapToCTi
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nakety Gatapei. Takum YMHOM, nonepenHii piBeHb TEXHIKM He MPOMNOHYE KOHirypauito / BHYTPILLIHIO KOHCTPYKLiO
iHTerpoBaHoi GaTapei, mogyns Gartapei i TepMmidHe KepoBaHOi nakeTHol cuctemn Gatapel, aka Gyna © nerkoto,
npoctoto, Hegoporoto i ob'egHyBana 6 CTpyKTypHy OcHOBY GaTtapei, ModyniB Ta NakeTiB 3 OXONOMKYBAHOK MNOBITPAM
CUCTEMOIO YNpaBIiHHSA TEMNMOTOH.

Y OCHOBY MpOMOHOBaHWX BWHAXOAIB MOCTABMEHO 3afadvy CTBOPEHHA Takux 3acobiB, fki 6 nponoHyBanu Taki
KOHdpirypauito/BHYTPILLHIO KOHCTPYKUiO iHTerpoBaHoi 6aTtapel, Mogyna 6aTapel i TepMiYHO KepoBaHoI NakeTHO! cucTeMm
Oatapeit, aki 6 6ynn © nerkumun, NPoCTUMKU, HedoporMmu i o6'egHyBanm © CTPYKTYpHY OCHOBY GaTapei, mogynis Ta
nakeTiB 3 OXONOAXKYBaHOK MOBITPAM CUCTEMOI yNpaBniHHA TennoTow. Lia 3agaya BMpilLyeTbCa 3a paxyHOK CTBOPEHHS
YMOB ONs hopMyBaHHA KaHamniB ans Teuil xonogoareHTy B3foOBX, NMpUHaWMHI, ogHiei noBepxHi 3B'a3aHnx Gartapen,
3abe3neveHHs MakcUManbHOI Tennonepefadi 3a AONOMOMoK KOHBEKTWBHOIO, MPOBIQHOrO Ta BMMNPOMIHIOBANbHOMO
MexaHi3aMiB Tennonepenadi Big 6atapell XxornodoareHTy; i Takoro TPaHCMOPTYBaHHSI XONogoareHTy, AkMim 6u 3mycuB
XonofoareHT BXOAWTW B 3aci® BBEOEHHS XONOQOAareHTy B KOPMyCi, NpoTikaTW Mo KaHanax Ana Tedil xonogoareHTy i
BMXOOWTM Yepes 3acib BUBeOEeHHA xornogoareHTy B KOpMyci.

3asHadeHa 3agava BUPILLYETLCA Y MNPOMOHOBAHIN OXOMOMXYBAHIN TeKy4YuMm CcepefdoBULLEM NakeTHIn cucTtemi
GaTtapei, sika, SK Binoma oxonopkyBaHa TeKy4uM cepemoBuMLLEM NakeTHa cuctema batapen, BKIoYMae Kopnyc naketa
OaTapei, SKUN MICTUTb, NPUHAKMHI, OgWH 3acib ons BBeAEeHHS i, NPUHaWMHI, oauH 3aci® Ana BUBOAY XONOAOAareHTy;
MHOXWHY Mopynie 6aTtapei, yTBOpeHUX Yy MaTpuyHy KOHdirypaulilo BcepeamHi koprnyca, NpM4oMy 3as3HayeHuid Mogynb
OaTapeil MICTUTb MHOXWHY OKpeMux Oartapel, 3B'A3aHUX pas3oM, i, NPWHaWMHI, OAWH 3aci® TpaHcnopTyBaHHs
xonopoareHTy, KM 3MyLLYE XOriofoareHT HagXoAuTW B 3a3HadeHui 3acib Ans BBeAeEeHHS XOrodoareHTy B KOpnyci,
npoTikaTn Yepes kaHanu Ans Tedil xonogoareHTy i BUXOAMTU Yepes 3asHadeHuit 3acid ana BuBody XonogoareHTy B
Kopnyci, a, BignoBigHO OO BUHaxogy, MaTpu4Ha KOHdirypauis BUKOHaHa 3 MOXIUBICTIO 3abe3neqeHHs NpoTiKaHHs
MOTOKY XOnodoareHTy CKpisb, NPWHaNMHI, OOHY MOBEPXHIO 3B'A3aHMX GaTapen KOXHOro 3 Moayrnie G6artapeil, 3a3HayeHi
MOZyni po3TalloBaHi B KOpNyCi Ha BiACTaHi Big HbOro Ta Bif iHWMX MogyniB Tak, Wwob cchopMyBaTh kaHanu ana Teudil
xonopoareHTy B3[OBX, NPUHaNMHI, ofHiel NoBepxHi 3a3HavyeHnX 3B'A3aHnX GaTtapeit, Npy LUboMy LUMpUHA 3a3HavyeHnX
KaHaniB Mae onTumaribHi po3mipyn ans 3abesneqveHHs MakcMManbHOI Tennonepenadi Yepes KOHBEKTUBHI, NpoBigHi Ta
BMMNPOMIHIOBarbHi MexaHiaMu Tennonepenadi Big 3a3HayeHUx 6atapeil 3a3Ha4eHOMY XOrOAoareHTy.

OcobnueicTio nponoHoBaHoi cuctemn GaTapel € i Te, WO BoOHa MICTUTL y cobi MHOXWHY Mogynie GaTapel,
OpPraHi3oBaHNX Yy MaTpu4Hy KoHdirypauito BcepeauHi kopnyca, nNpu4oMy MaTpudHa KoHdirypauis 3abeanedye
NPOTIKaHHS NOTOKY XONoAoareHTy Kpisb, NPUHaNMHI, OOHY NOBEPXHIO 3B'A3aHNX GaTapel KoXHoro 3 Mogynis t6arapei.

OcobnuBicTiO NPONOHOBaHOI cucTeMun 6atapel € i Te, Lo BOHA BUKOHaHa 3 MOXJIIUBICTIO BUKOPUCTaHHS enNeKTPUYHO
isontotoyoro rasonogibHoro abo pigkoro xonogoareHTy abo pigKoro XornonoareHTy.

OcobnumBicTio NponoHoBaHoi cuctemn 6atapen € i Te, Wo rasonodibHMM XorogoareHToM € NoBiTPS, | TUM, WO 3aci6
TPaHCMOPTYBAHHSA XONOA0areHTy BKIOMae HarHiTanbHUM NOBITPSHUA BEHTUNSATOP.

OcobnueicTio nponoHoBaHo! cuctemn 6aTapen € i Te, WO 3acib TpPaHCNOPTYBaHHS XONoQoareHTy BKYae Hacoc i
TUM, WO MaricTpanb MNOBEpPHEHHS XoropoareHTy, NpuedHaHy A0 3acoby BMXody XONOAOareHTy, Lo CNpUYMHIOE
peuupKynaLilo  HarpiToro xorojoareHTy OO pe3epByapa XorogoareHTy, 3 §KOro BiH TpaHCnopTyeTbcd OO
TennoobMiHHMKa XxonogoareHTy Ansg JobyBaHHA 3 HbOro TennoTW i, HapeLTi, NOBTOPHO HanpaBnAeTbCA A0 Hacoca
xonopoareHTy ans 6aratopasoBoro BUKOPUCTAHHS NpY OXONOMKEHHI nakeTa GaTapeil.

OcobnumeicTio nponoHoBaHO! cuctemu GaTtapen € i Te, WO BOHA BCTAHOBIEHaA 3 MOXIMBICTIO MiATPUMaHHSA
TemnepaTypy mogynie 6atapei Huxk4de 45°C, i 3 MOXMMBICTIO NIATPUMAHHSA PisHULI TeMnepaTyp Mixk Mogynsmu 6atapei
MeHLUoto Big 8°C.

3asHadeHa 3apjaqa BUPIWYETHCSA | Yy NPONOHOBAHOMY Mogyni, SKMW, SK BigoMui moaynb OGaTapei Benukol
NOTYXXHOCTI, MICTUTE MHOXMWHY OKpeMux 6aTapei, MHOXWHY eneKTPUYHUX MiK3'eqHaHb, siki 3abesnedyloTb enekTpudHe
3'egHaHHA Mk okpeMrMMu BaTapeamMu 3a3Ha4veHoro Moayns i Aki 3abeaneqyloTb enekTpuyHe 3'eAHaHHs MiXK OKpeMUMU
mMomoynsmu Gatapei, Ta 3acib 3B'A3yBaHHs/CTUCKAHHS Mopyna ©Oartapel, 3asHadveHi OaTtapei 3B'A3aHi BcepeguHi
3a3HayeHoro 3acoby 3B'A3yBaHHSA/ CTUCKaHHS Tak, WO BOHW CKpiNMeHi 3 MOXIMBICTIO 3abe3neyeHHs NpOTUCTOAHHS
nepemilleHHo abo NoBOPOTY NpU MexaHiMHWMX Bibpauisix, TpaHcnopTyBaHHi abo ekcnnyarauil, a, BignoeigHO Ao
BUHaxody, 3asHadeHi OaTapei 3B'A3aHi y 3aszHavyeHoMy 3acobi  3B'A3yBaHHS / CTUCKaHHA NpWU  30BHILLIHBOMY
MeXaHIYHOMY CTMCKaHHI, sike ONTMMI30OBaHO 3 MOXIUBICTIO 36anaHCcyBaHHS 30BHILLHBOTO TUCKY, CMPSIMOBAHOMO Ha30BHI
Yepes po3LUMPEHHS KOMMNOHeHTIB BaTapel, i 3abe3neveHHs O0OaTKOBOI CMPSIMOBAHOI ycepeanHy CUIM CTUCKaHHS,
npuknageHoi oo enektpogis GaTapel BcepeduHi KoxHOT OaTapei, Ans 3MeHLWeHHs BigcTaHi MK NO3UTUBHUMM i
HeraTUBHUMW enekTpodamMu 3 TUM, o6 36iNbWnTK 3aranbHy NOTYXHICTe GaTapel.

OcobnumBicTio NponoHoBaHOroO Moayns € i Te, wo mMoayni 6aTapei 3B'A3aHi pasom nig giewo Benukoi MexaHivHol
CUINN CTMCKaHHS, 3 BUKOPUCTAHHAM MeTarieBUX CTEPXKHIB, SIKi BCTAHOBMEHO B3AOBX YCIX YOTUPLOX CTOPIH MOAyns
OaTapei | 3BapeHO NO YOTMPLOX KyTax MoAyns, A€ CTEPXKHi 3ycTpidaroTbes, Y Takuin cnoci® dpopmytoym CTpiYKy HaBKOMO
nepudpepii mogyna Gatapel.

OcobnueicTio nponoHoBaHoro mopyns GaTapei € i Te, wWo Moagyni Gatapei 3B'A3aHi nig Aielo MexaHivHoro
CTUCKaHHS, sike NpubnunaHo gopisHe 3,5 - 12,65 Kl /cm?2.

OcobnumeicTio npornoHoBaHoro moaynsa Gatapei € i Te, wWo mogyni GaTapei 3B's3aHi pasoM nig giew curbHoro
MeXaHIYHOro CTUCKaHHS1, BUKOPWUCTOBYIOYM MeTarneBi CTEpXHi, WO po3TalloBaHi B3goBX ABOX CTOpiH Moayns Gatapel i
npuBapeHi B KyTax Mogyns Ao MeTaneBoi TpyOku, sika nuwae KiHUeBi NNacTUHW Hag KiHUSMW Mogynis, i TUM, Lo
KiHUeBa nnacTtuHa MicTUTb pebpa, Lo BMCTYNalTb NepneHaUKYNSpHO A0 NIOWMHA KiIHLEBUX NNAacTuH, Y TakMin cnocid
3abe3neyyoun [oOaTKoBY MILHICTb KiIHLEBMM NNacTUHaM i npopisam ans Metanesoi TpyokW, NpUYoMy KiHUEBI NNacTUHK
TepMidHe i30nboBaHi Big 6aTapei, 3B'A3aHMX BcepenmnHi Moayns.

OcobnueicTio nponoHoBaHoro Moayns Gartapel € i Te, Wo KoxeH 3 Moaynie 6atapei MICTUTb MOAYIMbHI NPOKNagKy,
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AKi yTpUMytoTb Mogyni Ha BiAgcTaHi Big Gyab-akMX iHWKUX MoayniB Ta Big kopnyca naketa Gatapeil i TUM, WO MoaySbHi
NPOKMagkn BUroTOBSEHI 3 eNeKTPUYHO HEMNpPOBIAHOI PEYOBUHM.

OcobnueicTio nponoHoBaHoro Moaynsa 6aTapei € i Te, WO enekTpudHi MiXK3'eHaHHS € 3'eQHaHHs MK 3 kabernto B
obnneTeHHi, ski 3abeaneuyyloTb BUCOKE TEMMOBE PO3CiOBAHHSA | THYYKICTb KOHCTPYKLii/KoHMirypauii Mmogynsa i Tum, Lo
eneKTpUYHi 3'egHaHHA 3 kabento B obnneTeHHi BUroToBMeHi 3 Mmigi, MigHoro cnnaey, MOKpUTOl Hikernem wmigi abo
NOKPUTOrO Hikenem MigHoro cnnaey.

3asHaveHa 3agada BUPIWYETHCA | Y NMPONOHOBAEHIN MexaHiYHO BOOCKOHareHin nepesapagHin 6atapel, ska, Ak
BiloMa MexaHi4HO BAOCKOHaneHa nepe3apsigHa GaTtapes, BKIOYAE KOPMNyc, SKUA MICTUTb KIemy MO3MTUBHOIO
eneKkTpoga i Kemy HeraTMBHOrO ernekTpogda, NpWHarMHi, OOWH MNO3UTUBHWWA eneKkTpond, Po3TalloBaHWi BcepenuHi
kopnyca i enekTpu4yHoO 3'€QHaHWA 3 KIemMol MO3UTUBHOIO enekTpoda, NPUHaNMHI, OOWH HeraTUBHWW eneKkTpop,
pO3TallOBaHWn BCEpedWHi Kopryca | enekTpUYHO 3'€AHaHMIn 3 3a3Ha4YeHol KIMEeMOoK HeraTMBHOro enekTpoaa,
NpUHaNMHi, OQUH cenapaTop ernekTpofiB, pO3TallOBaHUA MiXK 3a3HAYEHUMU NMO3UTUBHUMMU | HEFaTUBHUMMW enekTpodamMu
BCepeOuHi kopnyca, Mpu LbOMYy cenapatop 3abesneyye enekTpuyHy i3onauilo MK MO3UTUBHUM | HeraTUBHUM
enekTpogamu, are [[onyckae XiMidHy B3aeMogilo MK HUMW, i enekTponiT Gartapei, posTaloBaHWin B Kopnyci,
enekTponit 3abeanedvye OTOYEHHS i 3MOYYBAHHSI 3a3Ha4YeHWX MO3WTUBHOMO enekTpoda, HeraTMBHOMoO enekTpona i
cenapaTtopa, nNpu LUboMy Kopnyc 6atapei Mae npuamatuyHy copmy, a, BianoBigHO Ao BMHaxody, 6aTapes 3a hopmoto
Mae ONTUMI30BaHe CMiBBIOHOLIEHHS] TOBLUUHW, LWMPUHW | BUCOTK ONs 3abe3neqveHHs MakcuMarbHUX eMHOCTI | BUXigHOT
NOTYXKHOCTI GaTapei.

OcobnumBicTio NponoHoBaHoi nepesapsigHol Gatapel € i Te, Wo Kopnyc Mae BEPXHIO YacTuHY, aKka MICTUTb Yy cobi
KnemMy NO3UTUBHOro enekTpona Gartapel i knemy HeraTMBHOro enektpoga 6Gartapei, Ta oGonoHKy kopnyca 6arapel, y
AKIA enekTpoAW po3TalloBaHi Ta TUM, LUO BEpXHsi YacTuHa Koprnyca Takoxk BKMoYae B cebe KinbLUeBUIA KOXYX, LLO
BM3Ha4ae nepudepito, NpUHaNMHi, OOQHOrO OTBOPY KpPi3b BEPXHIO YaCTMHY, a KIeMy MatoTb YLUiNbHIOBaNbHUIA drnaHelb
No X OKPYXHOCTIi, NpU LbOMY 3aKynopeHi O6TUCKOM KIeMW repMeTM30BaHi y KinbLeBOMY KOXYCi B YLUiNIbHIOBaNbHOMY
dnaHui Ta TUM, WO enacToMepHe pgienekTpudHe YLiNbHEHHS po3TalloBaHe MK YLWiNbHIOBaNbHUM dnaHuem i
KiNbLEBMM KOXYXOM, MPpU LibOMY enacToMepHe AieneKkTpuyHe yulinbHEeHHS BWUIOTOBMEHE 3 HENPOHUKHOT ANA BOOHIO
PEYOBUHW NONICYrbdOHY.

OcobnumeicTio NponoHoBaHoI NepesapsaHoil 6atapei € i Te, Wo BoHa AOAATKOBO MICTUTL KrnanaH BUCOKOrO TUCKY Ans
CKMAAHHSA BHYTPILIHBLOrO TUCKY GaTapei Ao TUCKY HaBKOMMWLLHBOI aTMocdepu, npu LbOMY KranaH BUCOKOro TUCKY
BKItOMAE: KOPNYC KranaHa, Wo Mae NOPOXHUCTY BHYTPILLHIO 06MacTb y 3B'A3KY NO rasy 3 HAaBKOMULLHBLOK aTMOcdeporo i
BHYTPILIHBOIO YacTMHOK KOpryca 3a [AOMNOMOrol OTBOpPY; MOpLUeHb CKUAAHHSA TWUCKY, BCTAHOBIEHUN BCepenuHi
MOPOXKHUCTOI BHYTPILLIHBOT 06NacTi, NopLUEHb CKMOaHHA TUCKY Mae po3mipy, Wo 3abe3nevyoTb repMeTusaLito OCboBOro
OTBOpPY, i Mae YL|iNbHIOBaNbHy KaHaBKy Ha MOBEPXHi, MPOTUMNEXHIN OCbOBOMY OTBOpPY, eracToMepHe AienekTpudHe
YLWiNbHEHHS, BCTAHOBMNEHE BCepenuHi YLinbHIOBaNbHOI KaHaBKW, YLinbHIOBaNbHa KaHaBka Mae KoHdirypadito, Lwob
OXOMWUTK YCi, KPiM OOHIiel , NOBEPXHi YLWINbHEHHS, ¥ TakM Cnoci® 3anuayn HEOXOMNSIEHY NMOBEPXHIO 3a3HA4YeHOoro
YWiNbHEHHS He3axuLLEeHo; NpU LbOMY enacToMepHe AieneKkTpuyHe YLiNbHEHHS BUTOTOBMEHE 3 HENPOHWKHOT And
BOOHIO PEYOBMHU MONICYNbdOHY i MPYXUHY CTUCKaHHS, pPO3TallOBaHy Tak, WO 3MyCMTW NOpLUEHb CKUAAHHSA TUCKY
CTUCKATK YLiNbHEHHNA B YLUiNbHIOBANbHIM kaHaBLi Ta 6rioKyBaTl OCLOBUIA OTBIP Y KIeMi.

OcobnueicTio nponoHoBaHo! nepesapspHol Gatapel € i Te, WO BOHA AOAATKOBO BKMOYAE, NPUHANMHI, ogHYy
rpebiHKy, WO YTBOPIOE enekTpuyHe 3'eQHaHHs MK BHYTPILLHIMW BMBOAAMW €NEKTPOAa i KnemMamu, Npy LboMy 3a3HadeHa
rpebiHKka € enekTpU4YHO MPOBIOHUM CTEPXKHEM, L0 Mae MHOXWHY MnapanerbHUX MpopisiB, B AKi BHYTPILHI BUBOAM
eneKkTpofa BCTaBrIEHi, 3OiACHIOYM DPUKLiNHE 3'eOQHaHHs, Npu LboMy rpebiHka BMroToBneHa 3 Migi, MigHoro cnnaey,
NOKPUTOT Hikenem migi abo NOKpUTOro Hikernem MigHoro cnnasy.

OcobnumeicTio NponoHoBaHO! NepesapaaHoi 6atapei € i Te, Wo cenapaTopy BUrOTOBSEHI 3 NONINPoNineHy, Skuin mae
opieHTOBaHe 3epHO abo CTPYKTypy KaHaBKu, MpW LOMY cenapatopu BCTAHOBIEHI Tak, LUO OpieHToBaHa CTPyKTypa
3epHa opieHTOBaHa B3OOBX HaNpsiMKy BUCOTW, MPWHaWMHI, OOHOTO MO3UTMBHOIO ernekTpoda i, MPUHaNMHI, OfHOro
HeraTMBHOIMO ernekTpoaa.

OcobnueicTio nponoHoBaHo! nepesapanHoi GaTtapel € | Te, WO NO3UTUBHI i HeraTusBHi enekTpoau Gartapel
pO3TalloBaHi B kopnyci Tak, Wo X BiANOBIOHI eneKkTpu4Hi KONEeKTOpHI BUBOAM po3TalloBaHi HaBNpoTWM OOWH OA4HOro y
BEPXHI 4acTWHi Kopnyca, npyW LbOMY MO3WMTUBHI | HeraTuBHI enekTpoau ©OaTapei MawTb BUpi3aHi KyTU, Age
PO3TALUOBaHI €NeKTPUYHI KOMEKTOPHI BMBOAW €neKTPOoLiB MNPOTUNEXHOI MOMSAPHOCTI, Y TakMin Crnocib yHukawoun
KOPOTKOrO 3aMWKaHHA MiXK enekTpogamu i BUny4atouu pedoBuHy, WO He BUKOPUCTOBYETLCA, BacHe enekrpoaa.

OcobnueicTio nponoHoBaHo! nepesapsgHoi Gatapel € i Te, Wo BHYTPIWHIA MeTanesuit NpU3MaTtUYHUn Kopnyc
OaTapel enekTpruYHO i30NbOBaHWIA Bi eNeEKTpoaiB Ta enekTponiTy.

OcobnumBicTio NponoHoBaHoI nepesapsigHoi 6atapei € i Te, Wo HeraTuBHI enekTpoau BMIOTOBNEH! 3 TENMONPOBIQHOT
arfioMepoBaHoi MeTan-rigpuaHol pevyoBrHN enekTpoaa i nepebyBaoTb B TENNOBOMY KOHTaKTI 3 kopnycom baTapel.

3asHaqeHa 3agadva BUPILLYETLCS | Y NPONOHOBAHIN nepesapagHin cucteMi 6ataper, sika, SK i Bigoma, yTBOpeHa,
NpuHaMHi, 3 ofHiel 3B'A3aHol nepesapsaHoi BaTapel, npu UboMy nepesapagHa cuctema baTapei ninaaeTbcs BNAUBY
TENnnoBUX YMOB HABKOSMMWLLHBOTO cepefoBulya, siki noripwyloTe 1l TEnnoBi yMOBWM eKkcnnyaTtauii, a, BignoeigHo Ao
BMHaxody, BOHa MICTMTb 3aci® ans 3abeaneydeHHs 3MiHHOI Tepmoizonsauii, NpUHaNMHI, TiEl YacTUHM nepesapagHo!
cuctemmn Batapen, ska HaWbinbL NiJAAETbCA TENMOBOMY BMAMBY HABKOMWLLHBOTO cepenoBulya, ANs 3abesnedeHHs
NiATPUMaHHA TemnepaTypu nepesapsiaHoi cuctemu GaTtapelt y Mexax HeobxigHoro po6oyoro gianasoHy 3a 3MiHHUX
YMOB HaBKOSULLHBOrO cepeqoBuLLa.

OcobnumBicTio NpoNoHOBaHOI NepesapsigHol cucteMmn 6atapei € i Te, Wo 3acid ans sabeanedyeHHs 3MiHHOT isonsAuil
MICTUTb TemnepaTypHMn [aTyuk, 3acid cTucnueoi TepMmoisonsuii i 3acid gna cTuckaHHs 3acoby cTucnmeol
Tepmoisonayii y Bignoeigb Ha TemnepaTtypy, BUSHa4YeHy TENOBUM OATYUKOM.
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OcobnuBicTio NpPonoHoBaHo! NepesapsgHol cuctemu Gatapei € i Te, WO TemnepaTypHi AaTyvku BKItOYaloTb
eNEeKTPOHHI AaT4ymnkK, 3aci® ctucnmeoi Tepmoisonsayii MICTUTE cTucnuBy niHy abo BOMOKOHHY isonsuito, i 3acié aons
CTUCKaHHS 3acoly CTUCNMBOI TepMoisonsuil MiICTUTb NMOPLUHEBWIA NPUCTPIN, WO NonepemMiHHO 36inblye abo 3MeHLye
BEMWYNHY CTUCKaHHSA Ha CTMCRMBY NiHY abo BOMOKOHHY i30M5Lit0 Y BiONOBIAb Ha CUTHaNMW Bif €NEKTPOHHUX AaTYUKIB.

OcobnueicTio nponoHoBaHoO! nepesapsgHoi cuctemn Gatapei € i Te, WO TemnepaTypHi gatyuku i 3acio ans
CTUCKAHHS 3acoby CTUMCNMBOI Tepmoizonauii o6'egHaHi B eauHUIA Moaynb

OcobnumeicTio NponoHoBaHO! nepesapsgHoi cuctemn Gatapel € | Te, WO o6'egHaHWI, OOWHOYHMIA MOAyIb
TemnepaTypHuMin gaTymk / komnpecop isonauii mMicTuTe GiMeTaniyHy nnacTUHy, sika O03BOfsie 3acoby CTUCNUBOI
TepMoisonaAuil poswupoBaTUcs 4o Micus, Wob 3axncTuTu cuctemy 6atapei Big HU3bKMX TeMnepaTyp HaBKOMMULWHBOIO
cepefoBulla i cTuckatu isonauito, Wo6 YCyHyTM isonsuinHuiAe edpekT Big cuctemn OaTapel 3a Tennux YMoB
HaBKOMMWLLHBOrO cepefoBuLLa.

OpuH acnekT gaHoro BMHaxody nepenbavae MexaHiYHO BOOCKOHaneHy nepesapsigHy 6atapeto. bBatapes Bknoyae
1) kopnyc GaTtapei, Wo MicTUTb y cobi Knemy NO3UTMBHOIO enekTpoga Gatapei i knemy HeraTMBHOIMO enekTpoaa
OaTtapel; 2) npuHalriMHi, OAWH NO3UTUBHWUI enekTpog 6aTtapei, po3TaloBaHUin BcepeamnHi kopnyca bartapei i enekTpn4Ho
3'eQHaHUA 3 KNemolw MO3UMTUBHOrO enektpoga 6Gartapei; 3) npuHaiMHi, OgWH HeraTuBHWI enekTpon Gartapel,
po3TallOBaHUA BCepeauHi kopnyca GaTapei i enekTpu4HO 3'eQHaHUin 3 KNeMok HeraTuBHOro enektpoga 6atapel; 4)
NpUHaNMHi, oQuH cenapaTop enekTpoaiB Gartapei, po3TalloBaHUA MK MO3UTUBHUMU Ta HEraTMBHMMU eneKTpogamu
BCepenuHi kopnyca 6atapei, Wob enekTpuyHe izonioBaT NO3WTUBHUIA €MeKTPo Big HEraTMBHOTO enekTpoaa, ane skun
BCe XX Jonyckae iX XiMidHy B3aemogito; i 5) enekTponit Gartapei, SkMN OTOYye Ta 3MOYye MO3UTUBHWUI enekTpog,
HeraTUBHUIA enekTpon i cenapartop. Kopnyc 6aTapeil € npuamaTuydHUM 3a hOopMOlo | Mae ONTUMISOBaHe BigHOLUEHHS
TOBLUWMHU A0 LWUMPUHK OO BUCOTHU.

|HWKWA acnekT gaHoro BMHaxody BKMYae BOOCKOHaneHWi mogyrb Gatapei Bucokoi noTyxkHocTi. Mogyne 6aTapel,
BiONOBIgHO A0 AaHOro BMHaxody, BKMoYae: 1) MHOXMHY OKpeMux 6aTapen; 2) MHOXUHY eneKTPUYHUX MiK3'eaHaHb, ki
3'egHy0Tb okpemi GaTapei Mmoayns ogHy 3 ogHoto | 3abeaneyyoTb 3acid 4na enekTpUHHOro 3'eqHaHHs OKpeMUX MOZYnNiB
Oatapel oanH 3 ogHuM; i 3) 3acib 3B'A3yBaHHA / CTUCKaHHA Mogynsa Oatapei. batapei 3B'asyoTb BcepenuHi 3acoby
3B'A3yBaHHA/CTUCKAHHS MOAYNA Nif Aieto 30BHILWHBOrO MEXaHIiYHOrO CTUCKaHHS, sike ONTUMI30BaHo, Wob 36anaHcyeaTh
CNPSIMOBAHUM HA30BHi TUCK Yepe3 po3WMpEeHHs KOMMOHeHTiB Oatapei i 3abe3aneunt [OAATKOBY CNpsMOBaHy
BCepeaunHy Cuny CTUCKaHHA Ha ernekTpodu GaTapei BcepedWHi KOXHOrO enemeHTa, Wo6 3MEeHLWMUTW BigcTaHb Mik
NO3UTUBHUMMU | HEFATUBHMMU eNeKTpogamu, 3a AONOMOro LbOoro 36inbLUyYM 3ararnibHy NOTYXHICTE enemMeHTa.

3aci6 3B'A3yBaHHA / CTUCKaHHA MOAYNS CKOHCTpYyMOBaHO Tak, Wob: 1) AonyCcTUTU 3acCTOCYyBaHHSi HeobXigHoro
CTUCKaHHS OaTapei; 2) BMKOHATW HeoOXigHy MexaHidHy yHKUio CTikol go Bibpauin HM3kM mMogynis; i 3) Oytn
sAkomora GinbLu ferkum

lle oomMH acnekT fOaHoro BuHaxogy MoONsrae B MeEXaHiYHIE KOHCTPYKLiT Nnerkoi oxonompkyBaHO! TeKy4uMm
cepemoBuLLEeM nakeTHOI cuctemu 6Gartaper. Y cBOIM Hanbinbll 3aranbHii QOpMi LS OXONOMXYBaHa TeKy4um
cepenoBULLEM NakeTHa cucTema GaTapei Bkntodae: 1) kopnyc naketa Gartapen, WO Mae, NPUHaWMHI, OguUH BXiOHWIA
OTBip ANS XONOQOAreHTy i, NPUHaKMHI, OAWH BUXIOHWIA OTBIp ANA XorogoareHTy; 2) NpuHanMHi, oguH Mogynb baTtapel,
pO3TallOBaHWA | BCTAHOBIEHWIA BCepeauHi kopnyca Tak, Wo Moayrb Gatapei BigganeHwi Big CTiHOK kopnyca i Big
Oyob-akmX iHWKMX moaynie 6aTapel BcepeauHi kopnyca, Wwob chopmyBaTh KaHanu Ans Tedil XOrnogoareHTy B3OoBX,
NpUHaMHi, ofHiel NoBepxHi 3B'A3aHMX GaTaper, NPUYOMY LUIMPUHA KaHaniB ans Tedil xonogoareHTy Mae onTUmarbH
poamipy, Wo6 3abe3neunTn MakcumanbHy Tennonepegady 3a [dOMNOMOroK KOHBEKTMBHOTO, MpoBigHOro Ta
BUMPOMIHIOBaNbHOTO MexaHiaMiB  Tennonepepadvi Big 6artapen xonogoareHTy; i 3) npuHaWMHi, oguH 3acib
TPAHCMOPTYBAHHA XOnodoareHTy, WO 3MyLUye XOriofoareHT BXOoAWTM B 3aci6 BBeAEeHHs XorogoareHTy B KOpnyci,
npoTikaTuno KaHanax Ana Teuil XOonogoareHTy i BUxoauTn Yepes 3acib BUBEOEHHA XOrogoareHTy B Kopnyci. Y GinbLu
NPUAHATHOMY BapiaHTi BTINEHHs NakeTHy cuctemMy 6atapei NpoXonomKyoTb NOBITPSAM.

Y We opgHOMy acnekTi AaHoro BMHaxXo4y ONUcaHa BULLe MexaHivHa KOHCTpykKuis GaTapel, mogyns i nakeTHol
cuctemun Gartapei iHTerpoBaHa B eneKTPOHHWIA cnocib 3a JONOMOro anropuTMy 3apsgHOro MpUCTPOLo, po3pobreHoro
Tak, Wob LWBUOKO 3apaauTh nakeTHy cuctemy Gatapel, y ToW camuil Yac 30inbliytoun TepmiH criykbu GaTapel 3a
AOMOMOIOI0 MiHIMI30BaHOMO nepesapsaKeHHst | yNpaBniHHA BUAINEHHAM Tenna.

Ha 3akiHdyeHHsi, GaTapei, mMogyni i nakeTu MOXyTb TakoX MIiCTUTUM B cobi 3aci® 3abesneqeHHs nepemMiHHOl
Tepmoizonauii, NpuHanMHi, ona Tiel YacTuHW nepesapsigHoi cuctemu Gartapein,, Wo Hanbinblwe Ge3nocepenHLo
NinaaeTbCA BNMAMBY 3a3Ha4YeHMX OTOYYIOYMX TEenmoBMX YMOB Tak, Wo6 nigTpumyBaTu TemnepaTtypy nepesapspHoi
cuctemun Batapein B Mexax HeobxigHoro po6oyoro fianaszoHy 3a 3MiHHUX YMOB HaBKOMNULIHBOTO CepenoBuLLa.

ir.1 - CMNbHO CTUNI3OBaHE 300pakeHHA BUAOY MOMNEPEYHOro Nepepisy MexaHivMHO BOOCKOHareHol nepesapsigHol
OaTapel BignoBigHO OO0 BMHaxogy, WO AoknagHo 300paxye enektpogou 6Gatapel, cenapatop, kopnyc 6atapei I
eneKTpUYHI knemun GaTaper;

ir.2 - cTunisoBaHe 300paXkeHHs pPO3ipBaHOrO BMAY MNOMNEPEYHOro Mepepisy MexaHiYHO BAOCKOHaneHo!
nepesapsaHoi 6atapel, Wo AoKnagHo 3006paxye, CKiNbKU 3 KOMMNOHEHTIB GaTapei B3aeMofiloTb NpU CKNapgaHHi;

pir.3 - 3binblleHe 300paKeHHA KNEMU, BEPXHBbOI YacTUHM OBOMOHKK, YLLINbHEHHS Knemu i rpebiHkn enekTpoga
306paxeHoro Ha dir.2;

dird - ctunisoBaHe 300pakeHHs BMAY MNOMNEPEYHOro nepepidy YKYNopoBaHOrO OOTUCKAHHSAM 3'€QHaHHS,
3giicHeHoro, Wob repMeTUYHO 3aKpinuTK Knemy Gartapeil 4O BEPXHbOT YacTMHU 06OMNoHKK baTaper;

ir.5 - ctunisoBaHe 300parkeHHA BMAY MNOMNEPEYHOro MNepepisy ogHOro BapiaHTa BTINEHHA Knemu Gatapel, wo
[oKagHo 300paye, SK KrnanaH BUCOKOro TUCKY Moxe ByTW BMOHTOBAHWUI Y KIeMy;

&ir.6 - cTunisoBaHe 300paXkeHHs BUAOY MONEepPeYHOro nepepisy iHWOoro BapiaHTa BTINEHHs knemu Gatapei, skui
[oKranHo 306paxye, K enekTpU4HUIiA NPoBIOHUIA 3'eAHYBaY rHI3AOBOro TUMY MoXe 6yTU BMOHTOBAHUMA Y Knemy;
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air.7 - ctunizoBaHe 306paxeHHs rpebiHkn enekTpoaa;

ir.8 - ctunisosaHe 300pakeHHs BUAOY 3BepxXy Momyns Gatapei, BignoBigHO OO0 UbOro BUHaxony, WO AOKMagHo
306paxye crnocib, y skuin 3B'asytoTbca GaTapei, Lo BKMYae X opieHTauilo, CTepHi Ta KiHLUEBi MnacTuHK, siK
yTpuMytoTb 6atapei npy 30BHILLHBEOMY MEXaHIYHOMY CTUCKaHHI, Ta BiCb CTUCKaHHS;

&ir.9 - ctunizoBaHe 306paxeHHs Buay 30oky mopyns Gartapei, 306pakeHoro Ha ir.8, Wo KOHKpeTHO 3006paxkye
Cnocio, y AKUIA MeTanesi CTepkHi BCTAHOBMIOIOTL Y Npopisi B pebpax KiHLeBUX NNacTuH;

ir.10 - ctunisoBaHe 300paxkeHHs Buay 3. Topua Mogyna 6aTapel, sobpaxeHoro Ha ¢ir.8 i 9, WO KOHKpeTHO
306paxkye cnocib, y SkMin B3aeMOLI0Tb KiHLEBI NNacTUHN Ta CTPUXKHI CTUCKaHHS;

ir.11 - cTunisoBaHe 306paykeHHA BUAOY 3BepXy Moayns GaTtapei, BignoBigHO A0 AaHOro BMHaxony, WO KOHKPETHO
306paxye MoAyrnbHi Npoknagku, BigNoBiAHO A0 LbOro BUHaxody, i BABOAW NPOKNafoK, NPUeAHaHNX A0 HUX;

ir.12 - ctunizoBaHe 306paxeHHs Buay 360Ky mogyna Gatapei, 306paxkeHoro Ha ir.11, Wo KOHKpeTHO 306paye
cnocio, y AK1 MogyrbHi NPOKNaaKK po3MillieHi 3BepXy i 3HW3Yy Mogynsa Gataper;

ir.13a - cTunisoBaHe 300parkeHHs OQHOMO BapiaHTa BTINMEHHS KiHUEBMX MnacTuH Mogynis GaTtapei, BignosigHoO
A0 [aHOro BUHaxXoA4y, Lo KOHKpeTHO 306paxye pebpucTy KiHLEeBY NnacTuHy;

ir.13b - cTunisoBaHe 300paxeHHs BMAY MNOMNepe4vHoro nepepisy pebpuctol KiHUEBO! nnacTuHKU, 3o6paxeHo! Ha
ir.13a;

ir.14 - cTunisoBaHe 300pakeHHs OOHOrO BapiaHTa BTINEHHS 3'egHaHHA 3 kabenio B obnneTeHHi, npuaaTHoro B
mMogynsax i naketax 6artapei, sike BiOnoBigHO OO LUpOro BUHaxody 300paxye KOHKPETHO erneKTpuYHe 3'€qHaHHsa 3
nrockoro kabento B obnneTeHHi;

Gir.15 - cTunisoBaHe 300paykeHHA BUAY 3BEpPXy OAHOrO BapiaHTa BTINEHHA OXOSIOMKYBAHOMO TEKyYMM
cepefoBuLleM naketa GaTapel, BiONOBIOHO A0 AaHOro BUHaxody, WO AOKNagHO 300paxye MaTpuyHe po3MileHHs
mMonynie 6artapei B kopnyci naketa, cnocib, y kWi MogynbHi NPOKNagKkM YTBOPKOTL KaHanu Ans Tedil XonogoareHTy
BBigHe Ta BMBiQHE OTBOPU ANA TEKy4Oro cepedoByLla Ta 3acid TpaHCMOPTYBAHHSA TEKy4oro cepefoBuLLa,;

ir.16 - rpadik Temnepatypu ©GaTapei B 3anexHocTi Big Hepobo4oro Yacy, SKMA BKasye cnocid, y akun
anropuTMM KEpPOBaHOIO TEMNEPaTyporo BEHTUNATOPA AiloTe Ha TemnepaTypy 6aTapei nig 4ac camopospsay naketa;

ir.17 - rpacik onopy 6aTapei i ToBLWMHN BaTapeil B 3aneXHOCTI Bif 30BHILLIHBOMO TUCKY CTUCKaHHS, AICHO MopaaHi
onNTUMarkbHi i PyHKUiOHarnbHI AianasoHu;

ir.18 inocTtpye BNAMB TemnepaTypyu Ha NUTOMY eHeprito 6aTtapei, 3o06paxytodn rpadik Temnepatypu Gartapei B
3anexHoCTi Big nMToMoi eHepril y BT*roa/kl;

pir.19 intocTpye BNNMB TeMnepaTypyu Ha NUTOMY MOTYXHICTb GaTapei, s3obpaxytoun rpagik Temnepatypu 6atapei B
3aneXHOCTi Big NMTOMOI NOTYXXHOCTI y BT/kT;

&ir.20 - rpadik ob'eMHOI BUTpaTW XorodoareHTy i MPOLEHTHOI YacTUHM BiOd MakcMMarnbHOI Tennonepepadi Ta
LIBMAKOCTI XorofoareHTy B 3areHOCTI Bif iHTepBary no cepefHin oci noginy (CtocyeTbes cepenHbol WNPUHK KaHarmny
XorogoareHTy) Ana BepTMKarbHOro NoToKy XONogoareHTy Yepes kaHanu Ana Tedil XonogoareHTy;

¢ir.21 - rpacik ob'emHOI BUTpaTKU XoriogoareHTy iNpPOLEHTHOI YacTMHU Big MakcumarnbHOI Tenronepenadi Ta
LWBWAOKOCTI XONodoareHTy B 3aneXHOCTi Bif iHTepBany no cepefHii oci noginy (CTocyeTbCs cepenHboi LMPUHN KaHany
XoriofoareHTy) Ana ropusoHTanbHOrO NMOTOKY XONOAOAareHTy Yepes KaHanu Angd Tedii XxonogoareHTy;

ir.22 - rpadik 3poCTaHHs TemnepaTypu B 3anexHOCTi Bif TemnepaTypu HaBKOSMULLIHLOTO cepefoBulla i Hanpyrm
nakeTa B 3aneXHOCTi Big 4Yacy nig 4ac Uuukniis 3apagy | pospagy, BUKOPUCTOBYHYM cnoci® 3apagy 3
"TemnepaTypHO-KOMNEHCOBAHOI Mexeto Hanpyrn"

&ir.23 - rpadik 3poCTaHHA TemnepaTypu B 3anexHOCTi Bif TemnepaTypu HaBKOMULUHLOTO cepefoBuLla i Hanpyrm
nakeTa B 3aneXHoOCTi Big Yacy nig 4Yac uuknie 3apsgy i pospsgy, BMKOPUCTOBYkUM cnoci® 3apsagy 3 "dikcoBaHo
Mexeto Hanpyrun”;

ir.24 - rpacpik emHocTi 6aTapei, Wo BUMiptoeTbea B A*rog, Y 3anexHocTi Big Tuny 6atapei gna 6atapeint M cepi';

ir.25 - rpadpik noTyxHocTi 6aTapei, Wwo BMMiptoeTbesa ¥ BT, B 3anexHocTi Big Tuny 6atapei ana 6atapen M cepi;

&hir.26 - rpacbik HopmanisoBaHoi eMHocTi 6aTapei, Lo BUMIploeTbCst Y MA*roa/cM 2, y 3anexHocTi Big Tuny Gatapei
ans 6atapen M cepil

pir.27 - rpadik HopManisoBaHoi NOTYXHOCTI GaTapei, Wo BU MiptoeTbcs B MBT/CcM”, B 3anexHocTi Big Tuny
Gatapei ans 6atapein M cepii

¢ir.28 - rpadcik nMToMOI NoTykHOCTI GaTapel, Wo BuMiptoeTbes y BT/, y 3anexHocTi Big Tuny 6atapei ons
Oatapen M cepii;

ir.29 - rpadcpik nuTomoi eHeprii G6atapei, Wo BUMipeTbea y BT rog/kl, y sanexHocTi Big Tuny Gartapei ons
Gatapei M cepii.

OpuH acnekT AaHoro BuHaxogy nepenbavae MexaHiYHO BAOCKOHarneHy nepesapagHy Oatapeto, nokasaHy B
3aranbHOMy BUMAQI Ha dir.l. Ak npaBuno, B TexHiUi nepesapagHux ©Gatapei, Takux SK cucTema
Hikenb-MeTan-rinpuaHux Gatapei, Garato yBaru nNpuaINaTL enekTpoXiMidHMM acnektam GaTtapei, y TOW 4vac §iK
Habarato MeHLWe 4acy W eHeprili BUTpa4eHO Ha MOMIMWeEHHS MeXaHiYHUX acnekTiB Gatapei, Mooyns i KOHCTpyKUil
naketa.

3asBHUKM OOCNIgXKYBany BOOCKOHANEHHS B MEXaHiYHii KOHCTPYKLii cuctem nepesapagHux Gartapen, 3sepTaroyun
yBary Ha, Taki acnektu, sk LWinbHICTb eHeprii (i 06'€MHy, i rpaBiMeTpUYHY), MILHICTb, AOBrOBIYHICTb, MeXaHidHi
acnekTn epekTUBHOCTI 6aTapei Ta ynpasniHHS TENMoTo.

B pesynbTaTi uMx gocnigkeHb 3asiBHUKM po3pobunu MexaHiYHO BAOCKOHaneHy nepesapsgHy 6atapeto 1, wWo
Bkrtodae: 1) kopnyc 2 ©Gatapei, Ak MICTUTH Knemy 7 MNO3WTMBHOrO enektpoda OaTapei i knemy 8 HeraTMBHOroO
enekTpoga ©Oatapel; 2) npuHarWMHi, OgWH NO3WTMBHWI enekTpod 5 Gartapei, posTaloBaHWi BcepeauHi kopnyca 2
Oatapel i enekTpuMYHO 3'egHAHMIn 3 KremMokw 7 MO3UTUMBHOrO enektpopda GaTapei; 3) npuHariMHi, OOWH HeraTuBHWUI
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enekTpog 4 6atapei, posTawloBaHWii BcepenuHi kopnyca 2 6atapei i enekTpMyHo 3'eQHaHMin 3 Knemoto 8 HeraTUBHOroO
enekTpoga ©Gatapei; 4) npuHanMHi, oauH cenapaTtop 6 enekTpodie GaTapei, po3TaloBaHWIA MK NO3UTMBHUM i
HeraTMBHUM ernekTpofamu BcepeduHi kopnyca 2 6aTapei, Wob enekTpu4HO i3oMBaTu MO3UTMBHWMIA enekTpon BiA
HeraTMBHOMO ernekTpoda, ane SIKMA Bce e ponyckae ix XiMmidHy B3aemogito; Ta 5) enektponit GaTapei (He
nokasaHui), Wo OToYye i 3MOoYye NO3MTUBHWIA enekTpon 5, HeraTuBHWUI enekTpog 4 i cenapatop 6. Kopnyc 2 6atapei €
NpU3MaTU4HUM 3a POPMOIO | MaE ONTUMI3OBaHE BigHOLEHHS TOBLLMHW OO WWPWUHU 4O BUCOTU.

BukopuctoByBaHU TepMiH "GaTapen” KOHKPETHO CTOCYETLCSH ENEKTPOXIMIYHMX E€NEMEHTIB, Lo MICTATb MHOXUHY
MO3UTUBHWX | HEraTMBHWX €EreKTPOAiB, AKi BiOOKPEMIIOITLCH cenapaTtopamu, repMeTM30BaHUX Y Kopnyci, Wo mae
NMO3NTUBHY | HErATUBHY KNEMW Ha Moro 30BHilWHBOMY Goui, Ae BCi BignoBigHi enekTpoan 3'edHaHi 3 iX BignoBigHUMM
Knemamu.

Lle onTumizoBaHe BiOHOLLIEHHS, AK ONMCaHO HMXYe, 4o3Bonae Gatapei matu 36anaHcoBaHi onTUMarbHi BNacTUBOCTI
MOPIBHSAHO 3 NpM3MaTMYHUMKU GaTapesmMu, SiKi He MaloTb LbOro ONTMMI30BaHOro BigHoleHHs. OcobrnvBo, TOBLUMHA,
LWMPUHA | BMCOTa ONTMMI30BaHi, WOO6 3a6e3nevnTn MakcumarbHy €MHICTb | BUXIOHY MOTYXKHICTb, ¥ TOW caMuii 4ac
ycyBatoun WKignmei nobivHi edbektn. Jo Toro X, us cneumdpivHa KOHCTPYKLUis Koprnyca npunyckae ogHocnpsiMoBaHe
PO3LUMPEHHS, WO MOXHA ferko KOMNeHcyBaTh, NpUKIagayn 30BHILLHIO MEXaHIYHY CUIy CTUCKaHHA B LbOMY OOHOMY
HanpsMKy. 3asBHUKM BUABWMU, WO ONTMMAaribHe BiOHOLUEHHS TOBLUMHMW enekTpoda OO LUMPUHW MOBUHHE ByTU Mixk
npubnuasHo 0,1 - 0,75, a onTMManbHe BigHOWEHHSA BMCOTU o wupuHu 0,75 - 2,1. CneundivHi npuknagn Gartapen i
BiOHOLLEHHS X BUCOTW enekTpoaa A0 WWPUHWU nogaHi B Tabnuui 1.

Tabnuua 1

Twn 6arapei |Bucota (MMm)|LWLuprHa (Mm) [BigHoweHHs (B/LL)
L 140 75 1,87

M 187 91 2,06

M-20 167 91 1,84

M-40 147 91 1,62

M-60 127 91 1,40

Cnig 3a3Ha4ynTK, WO HaBiTb BCepeduHi ONTMMarnbsHOro AianasoHy BiAHOLWEHb, € ONTMMarbHi NigaianasoHn 3anexHo
BiO HeoOXxigHMX BrnacTuBocTen GaTtapeit. Hanpuknag, gir.24 - 29 306paxytoTb, AK Pi3Hi BiQHOLEHHS BUCOTU 4O LUMPUHK
Gatapet M cepii (nogaHi B Tabnuui 1) gae pisHi onTUManbHi 3HAYEHHS 3aneXxHo Big cneyngidHMX HeobXigHUX
Bnactueocten. dir.24 i 25, aki € rpadikamm emHocTi B A*rog i moTykHocTi y BT B 3anexHocTi Big Tuny OGartapel,
BiANOBIQHO, BKa3ytoTb, O AN MakcUMarnbHOl €MHOCTI | MoTyXHocTi M enemeHT € kpawumm. [NpoTe, Ak MoxHa 6a4nTn 3
cpir. 26 i 27, Wo € rpadpikamn HopManisoBaHoi eMHOCTI B MA*rop/cM2 Ta MoTyHocTi B MBT/cM? y 3anexHocTi Big Tvny
OaTtapel, BiOnoBigHO, AKWO EMHICTb i NOTYXHICTb HOpManisoBaHi 4o nnow,i enekTpogdie, eneMeHT M-40 e Halkpalum.
JooaTtkoBo, SKLWO NUTOMAa NOTYXHICTL ©aTapein Bu3HadveHa, enemeHT M-40 Takox € Halkpalum, sk nokasaHo ¢ir.28,
o 306paxye rpadcik nMTOoMoi noTyKHocTi 6aTapen y BT/kI y 3anexHocTi Big Tvny G6atapei. HapelwTi, SKwWo Baxnvea
nutoma eHepris 6atapeit, M-20 enemeHT € Kpalmm, K nokaszaHo Ha ¢ir.29, wo e rpadikom nuTomoi eHeprii 6atapel y
BT*rog/kl" B 3anexHocTi Big Tuny 6atapei.

[Mpn BU3HA4YEHHI ONTUManbHMX BiOHOLWEHb 3aABHMKN BiA3Ha4Mnu, Wo, AKWwo 6aTtapel HaaTo BMCOKI, € TEeHAEHUiA Ao
PO3KOMY EneKTpomiB NpW PO3LIMPEHHI i CTUCKaHHI, sika 30inblyeTbes. ICHyloTb TakoX npobremn 3 36inblieHuM
BHYTPILLUHIM eneKTPUYHUM OMOopOoM eneKTpoaiB, i rpaBiMETPUYHOID cerperaudielo enekTponiTy 00 HWXHBOI YacTUHU
GaTtapel, sanvwatoun BepxHi 6rokn enektpoaiB cyxumu. OBMABI Ui OCTaHHI NpobnemMn 3MeHLYTb EMHICTb | BUXiGHY
NOTY)KHiCTb GaTapei. AkwWo, 3 iHworo GoKy, eneKkTpoan HaATO KOPOTKi, EMHICTb i MOTYXKHiCTb GaTapel 3MeHLyTbCs
Yepes 3MEHLUEHI BKITIOYEHHST ENEKTPOXIMIYHE aKTUBHUX MaTepianis, i NMToMa WinbHICTE eHepril 6aTapei aMeHLyeTbCs
Yepes 3MiHy BigHOLLEHb KOMMOHEHTIB BracHol Bark 6atapel [o enekTpoxiMiYHe akTUBHMX CKIagoBuX.

Takox, sfikwo GaTtapei HagTo LWKMPOKI, icHye 36inblueHa TeHAEHUis 00 PO3KOSy enekTpomiB MNpu PO3LWMPEHHi i
CTUCKaHHI. € TakoX npobnema 3 36iNblUeHUM BHYTPILHIM €NeKTPUYHUM OMOPOM, LU0 3MEHLUYE E€MHICTb | BMXIOHY
NOTY)KHiCTb ©OaTtapein. Ane, SKWO enekTpoau 3aHaaTo BY3bKi, EMHICTb | NOTYXHICTb GaTapei 3MeHLWyeTbcs depes
3HUKEHE BKIOYEHHS eMeKTPOXiMIMHO aKTUBHUX MaTepianie, a nuToMa WinbHICTb eHeprii 6aTapei 3aMeHWyeTbea Yepes
3MiHY Y BigHOLUEHHSIX KOMMNOHEHTIB BriacHoi Barn 6atapei 4o enekTpoXiMiYHO aKTUBHUX CKIagoBUX.

HapewwTi, akwo Gatapes 3aHagTo TOBCTa, iCHYIOTb NpoGrneMu 3 HenpaBUMbHUM TENsoBUM pO3CiloBaHHSAM Bif
LeHTparbHUX eneKkTPoAiB, WO 3MeHLYe eMHICTb GaTapeil i NoTyKHiCTb. Takox, icCHye 36inblueHe 3aranbHe Po3LWNPEHHs
3acobiB 3B'AI3yBaHHS €MNEKTPOAIB Y HaMPSAMKY TOBLUMHU, IO BUKIMKAE >KONMODOMNEHHS 1 YLWKOAXKEHHI kopnyca 6artapei i
CTBOPIOE 3a30pU MiXK MO3UTMBHWUMM i HEraTUBHUMU eneKTpogamu, TakMM YMHOM 3MEHLLYHYM MOTYXHICTb i €MHIiCTb
OaTtapei. Lle HagMipHe po3lnpeHHsi 3acobiB 3B'A3yBaHHS €nMeKTPoAiB NOTPIOHO KOMNEHCYBaATU 30BHILLHIM MeXaHiYHUM
cTuckaHHsaM. [MpoTe, konu ©GaTapes 3aHapgTo TOBCTA, MOTPIOHA HagMipHa BenuyuHa 30BHIWHLOT cunu, Wo6
KOMMeHCcyBaTW po3LUNPeHHs, | BinOyBaeTbCa PO3KOSOBaHHA enekTponiB. 3 iHworo Goky, Akwo 6aTtapes HaaToO TOHKa,
MEHLLA KiNbKICTb €NeKTPOAIB 3anoBHIOE BaTapeto, i, OTXKe, EMHICTb | NOTYXHICTb 6aTapel 3MeHLYETbLCA Yepes 3HMKEHE
BKITFOUEHHSI €NEKTPOXIMIYHO aKTMBHUX MaTepianis, i NMToMa LWinNbHICTL eHeprii 6aTapei 3MeHLYeTLCH Yepe3 3MiHY Y
BiQHOLLUEHHAX KOMMOHEHTIB BriacHoi Bary 6artapei 4o enekTpoxXiMidHO aKTMBHUX CKNagoBMX.

Y AaHin 3asBui TepMiH "poslnpeHHa" BKOYaE | TENNOBe, N eNnekTpoXiMivYHe po3LNpPEHHs. TennoBe po3LWNPEHHS
BinOyBaeTbCA Yepes HarpiBaHHA KOMMNOHEHTIB GaTapei 3a JONOMOro MEXaHiaMiB, ONMCaHUX BULLE, a eneKTpoXiMivyHe
PO3LUNPEHHA Mae Micle Yepe3 3MiHY MK Pi3HOMaHITHUMK IpaT4acTUMKN CTPYKTYPaMu B 3apsiiXKeHOMY i po3psaaKeHOMY
CTaHax ereKkTpoxiMiYHe akTUBHUX PeYoBUH GaTapel.

Kopnyc 2 6aTtapei 6inblu npuiHATHE BUrOTOBNAOTL 3 Oyab-AKkoro MaTepiany, ki € TENNonpoBiaHMM, MeXaHi4HO
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MILHUM | XOPCTKMM Ta XiMiMHO [HepTHMM p[o Ximii GaTtapei, Takoro sk MeTan. Ak anbTepHaTuBa MOXYTb
BUKOPUCTOBYBATUCH NoniMep abo KOMNO3UTHI pe4YOoBUHM B AKOCTI MaTepiany ansa kopnyca 6atapel. [Npu Bubopi Takoro
MaTepiany yeara NoBUHHa NpuAiNATUCE Tennonepenadi. Ak goknagHo onvcaHo B 3asBLi Ha nateHT CLUA. Ne 08/238570
Big 5 TpaBHA 1995, 3MiCT KO BKIHOMEHO B AAIKOCTI NOCUNAHHSA, eKCNepUMEHTH 3 NIacTMacoBMMK KOpnycamn nokasyoTb,
O BHYTPIWHA TemnepaTypa NpUMILLeHOi B MracTMacoBWi Kopnyc MeTan-rigpuaHoi 6artapei 3apoctae Ao npubnuaHo
80°C Bin HaBKONWLWHLOT TemMnepaTypu nicns umknivHoi poboTn Big C/10 po 120% emMHocTi, y TOl Yac Sk TemnepaTypa
Kopnyca 3 HepxaBito4oi cTani nigeuwyetbcs nuwe ao 32°C. Takum YMHOM, KOpnycu 3 TENSIoNpoBigHoro nonimepy abo
KOMMO3WUTHOI PEYOBUHM € Kpalwumn., Hanbinblw NPUAHATHUM €, SIKWO KOPMYC BUFOTOBMSAIOTbH 3 HepXkaBito4ol cTani.
BurigHo eneKkTpM4yHO i30Mn0BaTKM 30BHILLUHIO MOBEPXHIO MeTaneBoro kopnyca Big cepefoBuwia, nNoKkpuBakoun i
HenpoBigHUM NoNIMEPHMM NOKPUTTAM (He nokasaHe). MNpuknagom OAHOMO TaKoro LWapy € i3onoYnii NoMiMepHUIA Wwap y
BUMMAAI CTPIYKW, BUTOTOBMEHU 3 NOMiMepy, TAaKkoro sk CknagHuii noniedip.

MexaHi4Ha MiLHICTb | XOPCTKICTE MOMIMEpPHOI CTPIYKN € BaXMBUMW, TaKOX AK i isontotodi BnactueocTi. [Jo Toro
X, BOHa € BinblU NPUAHATHE HEQOPOrol, OOHOPIOHOK Ta TOHKOH.

BHyTpiWwHs YacTnHa kopnyca 2 6aTapei noBMHHa ByTK TakoX eneKkTpUdKo ioriboBaHa Big enektpogis 6atapel. Lle
MOXX€ BUKOHYBATUCh, HAHOCAYN NOKPUTTA €NEKTPUYHO i30MHIHoro noniMepy (He NokasaHWuin) Ha BHYTPILLHIO NOBEPXHIO
kopnyca 6atapei, abo, Sk anbTepHaTUBa, NpUMILLyOUM enekTpoan GaTapel M eneKkTPoniT Y enekTPUYHO i30MHorYni
noniMepHuA pesepByap (He nokasaHui), WO € iHepTHUM [o xiMmii GaTapei. Llel pesepByap NOTIM 3aKynoprowTb i
BCTaBNsSAOTb y kopnyc 2 6aTapei.

Y 6inbl NPURHATHOMY BapiaHTi BTiNEHHS, MokasaHoMy Ha ir.2, kopnyc 6aTtapei MICTUTb BEpPXHIO 4acTUHy 3
Koprnyca, JO SIKOI NpUKpinmeHa knema 7 no3MTUBHOIO enekTpoga bartapel i knema 8 HeraTuBHOro enekTpoga Garape, i
obonoHka 9 kopnyca batapel, y Ak poaTawoBaHi enektpogun 4, 5. Ha ir.3 nokasaHo, Lo BEpXHs YacTUHa 3 Kopnyca
Mae oTBopu 13, Yepes ski NO3UTMBHI i HeraTMBHI knemn 7, 8 GaTapel nepebyBaloTb B ENEKTPUYHOMY 3B'A3KY 3
enektpogamu 4, 5 6arapei. [iameTp oTBopiB 13 TpoXK GiNbLUNRA, HiXX 30BHIWHIA giameTp knemu 7, 8, are MeHLWWA, Hix
30BHIWWLHIN giameTp yuwlinbHeHHs 10, WO BUKOPUCTOBYETLCH ANA TOro, Wob repmeTnsyBaTn knemy 7, 8 40 BepXHbO!
YacTuHM 3 kopnyca. Knemu 7, 8 BkntoYaoTh YLinbHIOBanNsHUin cdnadeup 11, Wo gonomarae repmeTvmayBaTt knemu 7, 8
00 BEPXHbOT YacTUHU 3 KOopnyca, BUKOPUCTOBYOUM YLinbHeHHA 10. YwinbHeHHAM 10 Ak npaBuno € yulinbHoBarnbHe
Kinbue. YwinsHeHHs 10 Bkrovae nas 12 yuinbHoBansHoro draHus, y SkMin BCTaBnsAOTb YLiNbHIOBaNsHUA draHeyb 11
knemun 7, 8. Lleli nas 12 gonomarae ogepXaTu rapHe YLiNIbHEHHS BUCOKOTO TUCKY MiXK Knemot 7, 8 i BepXHbO
YacTuHo 3 kopnyca Ta 36epertu yuwinbHeHHs 10 Ha Mmicli, konu knemy 7, 8 3aKynoproTb O6TUCKOM Y BEPXHIO YaCTUHY
3 kopnyca. YuwinbHeHHa 10 Ginbll NPUAHSATHE BUTOTOBMAOTL 3 €1aCTOMEPHOT AieNeKTPUYHOT HEMPOHMKHOT ANS BOOHIO
PEYOBUHW, TaKoi sIK, HanNpuknag, nonicynbgoH. BepxHa yacTuHa 3 koprnyca TakoX BKIIOYae KOXyX 14, Lo OTOYYE KOXKeH
3 oTBOpiB 13 i BMCTYNae Ha30BHi 3 BepXHbOI YacTMHU 3 Kopnyca. Koxyx 14 mae BHyTpIlWHiA giameTp Tpoxu Ginbluni,
Hi>K 30BHILWWHIN AiameTp ywinbHeHHs 10. Koxyx 14 o6TuckatoTe HaBkoso yuinbHeHHs 10 i ywinsHioBanbHoro dpnaHus 11
Busogy 1, 8 6atapei, Wob chopMyBaTh EMNEKTPUHHO HEMPOBIOHE YLINbHEHHS NIABULLEHOMO TUCKY MiX Knemoto 7, 8 i
BEPXHBOK YacTMHOW 3 Kopnyca. 3akynopeHe oBTUCKOM YLNbHEHHSA Knemu 3abeanedye onip BiGpauisM NoOpiBHSHO 3
PisbOOBMM YLUINIBHEHHSIM MONepenHLOro piBHA TEXHIKW. BepxHa 4YacTuHa 3 kopnyca, oboroHka 9 kopnyca i Kinbuesui
KOXYX 14 MOXYTb BUIOTOBNATUCH 3 Hepxasito4oi ctani 304L.

dir.4 30bpaxye YacTuHy Gatapel, BionoBigHO A0 UbOro BUHaxXody, LOKNagHo 306paxytodmn crnocib, y akui knemy 7,
8 Gartapei ynaptooTbe OBTUCKOM Y BEPXHIO YacTUHy 3 kopnyca. 3 LpOro KpecrneHHs Moxe OyTW SICHO BM3HadeHo, fiK
KOXyX 14 BepxHbOI YacTMHM 3 Koprnyca € 3aKynopeHUM OBTUCKOM HaBKOMO YulinbHeHHa 10, Wo, y CBOK 4epry,
repMeTn3oBaHe HaBKOSO YLinbHoBanbHoro dnaHus, 11 knemu 7, 8 6atapei. Y uel cnocib hopMytoTh YLWiNbHEHHS,
CTiike go BiOpauin.

Cnoci6 npuegHaHHs Knemun 7, 8 4O BEPXHBOI YacTUHM 3 Kopnyca BKIoYae 3aKynoptoBaHHA o6TUCKOM Knemu 7, 8 oo
BEPXHBOT YacTuHK 3 kopnyca. Llel cnocib 3akynoptoBaHHA 0B6TUCKOM Mae pag nepesar NopiBHAHO 3 NONEPEnHiM piBHEM
TEXHIKM 3aKynopioBaHHs '06TUCKOM MOXe BUKOHYBATUCh LUBUAKO HA BMCOKOLIBMAKICHOMY YCTaTKyBaHHi, npuBoasyu 4o
Oe3nocepenHLOro 3MeHLeHHs BapTocTi. KpiM Toro, Lel cnocid® BMKOPUCTOBYE MeHLUY KinbKicTb MaTtepiany,[] Hix
nonepenHii piBeHb TEXHIKW, LLO 3MEHLUYye Bary Krem, NPUMBOAAYM OO HENPSIMOro 3MeHLWeHHs BapTocTi. 36inbleHa
nrowa noBepxHi L€l KOHCTPYKUii pa3oM 3 3MEHLUEHOK Barol pPeqoBMH TakoX Bede A0 36inblUeHoro TensioBoro
posciloBaHHA Big knewm. LLle ogHa nepeBara UbOro BUMHaxogy Nongarae B TOMY, WO BiH JO3BONA€E BUFOTOBMATA KOPMNyC
Oatapel I iHWI YacTHM 3 OyOb-SIKOro KOBKOrO MaTtepiany i cneuiarbHO He noTpebye NasepHOro YLinbHEHHSs,
cneuianbHoro YyulinbHeHHa kepamika-meTan, abo skuxocb cneuianbHux (i oTxe, gopornx) crnocobie. [o Toro X,
3MEHLUYETbCS 3aranbHa KinbKicTb YacTuH i ycyBaeTbea noTpeba y BMCOKOTOYHIN MexaHiuHin oOpobLi BUrOTOBNEHHS
YaCTUH.

Knemn 7, 8 Gatapei 3asBuuyali BUrOTOBMSAKTL 3 Migi abo MigHoro cnnaBy, Oinbll NMPUIAHATHO MeETanisoBaHoro
Hikenem gnsa KoposinHoi cTilikocTi. MpoTe, MoXe BUKOPUCTOBYBATMCA Oyab-SKMIA eNeKTpUYHO NpoBIgHWIA MaTepiarn, akui
€ CyMicHUM 3 Xximieto GaTapei. Cnig 3asHaunTK, Wo y knem 7, 8 Gartapei, onucaHnx y KOHTEKCTi NoAaHoro BMHaxody,
MEHLUa TOBLYMHA Kinbua Ta Oinbluni giaMeTp, NOPIBHAHO 3 TaKMMK Yy MonepenHbOoMYy pPiBHI TEXHiKU. Y pesynbTarTi,
KnemMu, BiOMOBIQHO OO0 ULOrO BUHaxody, € AyKe edeKTUBHUMW po3cCitoBa4amyu TENNOTW, | B TaKWi Cnoci® 3Ha4Ho
CnpusitoTb TENIOBOMY ynpaBsriiHHIo GaTapei.

Krnemn 7, 8 MOXYTb TakoX MaTWh BUPIBHSHWMI NO OCi LUeHTpanbHui oTBip 15. LleHTparnbHui oTBip 15 cnyxutb ans
Oaratbox Uinen. OgHe BaXnMBe BMKOPUCTAHHA Nonsrae B TOMY, WO BiH CNYXUTb ONS 3MeHLIeHHs Barn Gatapel. BiH
MOXE TaKOX CMYXWUTWU B SIKOCTi OTBOPY, B SIKWA MOXe BCTaBMATUCH, 3OIMCHIOKOYM (DPUKLIAHE 3'€dHaHHS, 30BHILLHIR
eNeKTPUYHNIA 3'egHyBad. To6TO, LUMNiHAPUYHMIA abo KinbLeBui OpoToBMI 3'edHyBady BaTtapei Moxe OyTu BCTaBneHWUN,
3piicHIoOUN PpUKLiNHe 3'edHaHHs, Y LeHTpanbHMin oTBip 15, Wob 3a6e3neynTi 30BHILIHE eNeKTpUYHE NigKMIOYeHHA OO
Oatapel. Hapewri, BiH MOXe CnyXMTW 9K Micle posTallyBaHHS ANA KnanaHa CKugaHHA TUCKY ANA CKMAaHHA
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HagMLLKOBOrO TUCKY 3 BHYTPILWHLOT YacTuHu Batapei. OTBip 15 MoOXe NpoxoauTW YacTKOBO Yepes knemy (SKWo BiH
NpU3Ha4YeHnin Nuile B AAKOCTI rHisga 3'egHyBada) abo LiNKoM Hackpisb (AKLWO NPU3Ha4YeHW AOna CKUOAHHS TUCKY i
CNyXWUTb B.FIKOCTi THi3ga 3'egHyBada). Konu, npuHaliMHi, ogHa 3 kreM 7, 8 MICTUTb KnanaH BUCOKOrO TUCKY Ansi
CKMOAHHS BHYTPILWIHBOrO TUCKY GaTapei OO TUCKY HaBKOMWLWHLOI aTMocdepu, KrnanaH Moxe OyTu 3akpinneHui B
OCbOBOMY OTBOpPI BCepeauHi knemu, ane. ¢ir.5. Hanbinbw NpuRHATHO knanaH BMCOKOro TUcky 16 Bkntodae: 1) kopnyc
17 knanaHa, WO Mae MNOPOXHI BHYTPIWHIO obnacTe 21, WO 3HAXoOMTbCs B 3B'A3KY NO rasy 3 HaBKONMULLHBOW
aTMocdepoto i BHYTpIlLIHBOK obnacTio koprnyca Gatapei Yepes otBopu 15, 18 i 23; 2) nopweHb 19 CKMAAHHS TUCKY,
PO3TalLOBaHUA BCEPEaUHi NOPOXHBLOI BHYTPIWHLOI obnacti 21, npuvomy noplweHb 19 CKMOaHHS TUCKY Mae Taki
po3Mipu, Wob repmeTusyBat ocboBMi OTBip 18, i Mae kaHaBky 20 yLliNbHEHHS Ha CBOIA MOBEPXHi, NMPOTUNEXHIN
ocboBOMY oTBOpY 18; 3) enacTtomepHe AienekTpuyHe YLWiNbHEHHS (He nokKasaHe) 3HaxoAuTbCs BCepeauHi KaHaBKu
YLWiNbHEHHS, NpuYoMy KaHaBka 20 yLinbHEHHS Mae Taky chopmMy, LWo6 OXONUTW BCi MOBEPXHI YLWiNbHEHHS, KpiM OfHiEl,
TakuM YMHOM 3anuilaloym HeOXOMSIeHY MOBEPXHIO YLUINBHEHHS He3axuleHow; | 4) npyXuHy 22 CTUCKaHHA,
po3TallOBaHy Tak, Wob 3MycuTu noplleHb 19 CKMOaHHS TWUCKY CTUCKYBATW YLiNbHEHHS B kaHaBui 20 yLWinbHEHHS i
onokyeBaTtn ocboBui oTBip 18 y knemi 7, 8. MNogpobuui gue. nateHt CLUA Ne 5258242 Big 2 nuctonaga 1993
"ELECTROCHEMICAL CELL HAVING IMPROVED PRESSURE VENT", po3kpuUTTS SIKOrO BKIOMEHO TYT K MOCUMMaHHS.
3HoBy, 6inblU NPUAHATHE enacToMepHe AienekTpuYHe YLiNbHEHHS BUrOTOBINEHE 3 HEMPOHWUKHOT AN BOAHIO PEYOBUHM
nonicynbcoHy. [onatkoBo 6inbll NpURHATHUM € Te, Wob knanaH OyB CKOHCTPYWOBaHWMM Tak, LWo6 cnyckaTtu
HapMMILIKOBMIA BHYTPIWHIA TWCK, Oinbwunin Big npubnusHo 8,436 Kl cm?2, wob 3abeaneunTn UinicHicTb ©GaTapel,
ocKinbkn Ans oborioHok 6aTapel sk NpaBumno HOPMOLK € TUCK, AKHaNGiNbLLe, NpBNKUaHo 10,545 k/cm 2.

Ha popatok 4o NMOBTOPHO YLUiMNbHIOBANbHOMY KranaHy, onucaHoMy Bulle, y 6aTtapesx MOXyTb BUKOPUCTOBYBAaTHUCA
iHWi TMNKM knanadiB, BiONOBIOHO A0 UpOro BUMHaxody. 30Kpema, MOXYTb 3aCTOCOBYBATWMCb AWCKU, IO PYWHYHOTbCH,
3arnyLwKn Ans BMCOKOrO TUCKY i MeMOpaHHi knananu. OauH Takuii MeMOpaHHUIA knanaH onucaHuin y nateHTti CLLUA Ne
5171647, 3MiCT SKOro TMM CaMUM BKOMEHO TYT SIK NOCUMaHHs. TakoX, Y TOM Yac fK Ginbll NPUAHATHUM € Te, Wwob
KnanaH BMCOKOro TWUCKYy OyB poO3MilleHUn BcepeauHi NopoXHboi Knemu Gatapei, knanaH MoXe TakoX egeKTUBHO
pPO3TallOBYBATUCh B IHWOMY Micli Ha BepxHii 4acTuHi GaTtapei y BRacHoOMy 3axvMCHOMy kopnyci abo npocTto
npuenHyBaTUCh 4O OTBOPY Y BEPXHIN YacTuHi Kopnyca baTtapei.

|HWKUA anbTepHaTUBHMI BapiaHT BTINEHHNA knemu 6atapei nogaHuin Ha ¢ir.6, wo 3obpaxye kremy 7, 8, y Ak Moxe
OyTW WinNbHO NocamKeHNi, 3aincHIoYM DpUKLinHe 3'egHaHHsA, 30BHIWHIA 3'eqgHyBad 24 BmBoay batapei. 3'egHyBad 24
npuveaHaHnn 4o 30BHilWHbOro Busogy 25 6atapeil. Busig 25 moxe 6yTn Oyab-aKoro 3BUHanHOro BigoMoro TUMy, Takoro
AK, CYLINbHUIA CTepXKeHb; MeTanesa CTpivka; OAHOXUIBHUIA abo GaraToXUIbHUA NpoBig; Y kaberb B obnneTeHHi ans
BEMUKNX CTpyMiB GaTapei (KWl onucaHo HWx4e). Binbl NpuRHATHe 3'edHyBayv 24 BMBOAY € MOPOXHIM KiNbLEBUM
OapabaHHMM 3'egHyBa4veM, SKURN, 3AINCHIOYN PpUKLiNHE 3'€AHaHHS, BCTABNSAOTb Y BUPIBHSHUIA NO OCi LleHTpansHUin
oTBip 15 knemu 7, 8 Garapei. 3'egHyBad 24 BUBOAY YTPUMYETHCA B knemi 7, 8 G6atapei 3a gonomorow neperopogku 26
GapabaHHoro 3'egHyBava. CyuinbHuin 6apabaHHWin 3'eqHyBay onucannii y nateHtax CLUA 4657335 Big 14 kBiTHA 1987 i
4734063 Bin 29 GepesHs 1988 "RADIALLY RESILIENT ELECTRICAL SOCKET", aki BKMYeHO TyT y BUMMAgi
nocunaHb.

Akwo HeobxigHo, BapiaHTW BTiNeHHs, nogaHi Ha ¢ir.5 i 6, MmoxyTe OyTn ob'egHaHi B OAMH BapiaHT 34iMCHEHHS,
Lo BKMoYae i knanaH 16 NigBMLLEHOrO TUCKY, | 30BHIlWHIA 3'egHyBady 24 BuBogy 6Gatapei. Kpim TOro, auck, LWwo
PYVHYeTbCA (TOBTO YLiNbHIOBANBHUIA 3aci6 CKMOaHHs 3aBOro TUCKY, SKUM He € MOBTOPHO BUKOPUCTOBYBaHWM) MOXe
BKJIIOMATUCH 3aMicTb abo Ha 4oAaToK A0 KranaHa BUCOKOro THUCKY.

Y TOW Yac K 3aKynopeHi o6TUCKOM KremMun i BEpXHsi YacTUHa kopnyca € Ginbll NPpUAHATHUM BapiaHTOM BTiNEHHsI
LUbOro BMHaxXody, MOXYTb 3aCTOCOBYBATWUCH iHWI TUMM Krem i, TOMy, iHWi TUNKX BEpXHiX 4acTUH kopnyca. 3okpema,
MOXe BWKOPUCTOBYBAaTUCb IBUHT Ha Kriemi, Wwo ob'edgHye yuwinbHeHHa y Burnagi O-kinbus. Baarani, moxe
3aCTOCOBYBaTUCL Oyab-AKWIA TUMN BiQOMOI YLLiNbHEHOT KnemMun, AOKWM BOHa MOXe CTpUMyBaTu poboui Tuckm 6atapeli i 6ytn
CTiliKOlO [O eneKTpoxiMivHoro cepeposula 6aTapel.

Y Tol Yac sk Oyab-sika cuctema 6atapeli MoXe BUMAHO BUKOPUCTOBYBaTW NodaHi nominweHHs KOHCTpyKUii 6aTapel,
MOAYNs i naketa, Oinbll NPUAHATHUM € Te, Wo6 No3MTUBHI enekTpoan Oynu BUTOTOBNEHI 3 rigpokcuay Hikenwo, a
HeraTUBHI eneKkTpogu BUFOTOBMeHi 3 cnnasy, WO NOMMWHae BoAeHb. Binbll NPURHATHE, PEYOBMHO HeraTUBHOMO
enekTpofa € OBOHIKOBUWA MeTan-rigpuaHuin cnnae. (Tob6To HeynopsigkoBaHW GaraTOKOMMOHEHTHUIR MeTan-rigpuaHui
cnnas, KU onucaHo y 3asBLi Ha nateHT CLLUA Ne 08/259793 Big 14 yepBHs 1994, natenTi CLUA 5407781 Big 18 KkBiTHA
1995 (obupBa OOKYMEHTM creuianbHO BKIHOYMEHO TYT B SIKOCTi MOCWUMAHHS), | 3aCTOCYBaHHSAX Ta NOCWUMaHHAX, ki
3anexartb Big HUX i Ha SKi crneuianbHO MOCMNalTbCA B LUUX OOKYMEHTaxX. TakoX Oinbll NPUAHATHUM € Te, Wwob
eneKkTpoau BiodiNanuce HETKaHWMK heTPOBMMMW HENITOHOBUMK abo noninponineHoBMMU cenapatopamu, a enekTporniT
OyB NYXHUM erneKkTposniToM, Hanmpuknad, Takum, wo MictuTe 20 - 45 % Bar. rigpokcuay kanito. Taki cenapatopu
onucaHi B nateHTi CLUA Ne 5330861, Wwo noro nogaHo TYT Y SIKOCTi MOCUITaHHS.

Ni-MH 6atapeil ans nobyToBOro 3acTOCYBaHHA Ha PUHKY BMKOPUCTOBYBAaNU MeTan-rigpuaHi enekrpogn Ha OcCHOBI
nactu, Wob AJOCArTM OOCTaTHBOrO CTyneHs pekombiHauil rasy i 3aXxuCTUTU OCHOBHUIM CNNaB Bif OKUCMOBAHHA W
koposii. Taki enekTpoan Ha OCHOBI NacTu 3a3BU4ai 06'eqHYHOTb CYMIll MOPOLUKY aKTUBHOT PEYOBUHM 3 MAaCTUKOBUMMU
3B'A3yBanbHUMN A iHWWMW HENpoBIOHMMK TigpodobHUMK pevoBMHAMKU. HenoTpiGHMM HacnigkoMm Lporo cnocoby e
3Ha4yHe 3MeHLLEHHS TenonpoBIAHOCTI CTPYKTYPU enekTpoaa NopiBHAHO 3 CTPYKTYPOLO, BigNoBIiAHO A0 LbOro BUHaxo4y,
AKa ckragaeTbea no cyTi 3 100%-Ho NpoBigHOT aKTMBHOI PEHOBMHU, HANPecoBaHO! Ha NPOBIAHY MiAKIagKy.

Y 3aKkynopeHii npuamatudHin Ni-MH ©GaTtapei, BignosigHo A0 Uboro BuHaxody, 30iNnblUeHHA Tennotu, LWo
BUOINAETECA NiO Yac nepesapamXeHHs, YHUKaoTb, BUKOPUCTOBYIOUM HU3KY erleMeHTIB 3 TEensonpoBiAHOI enekTpoaHoi
PEeYOBWHW Ha OCHOBI rigpvuay metany. Lla TennonpoBigHa Ha OCHOBI rigpuay MeTany enekTpogHa peyoBUHa MICTUTb
YacTUHKWU Trigpuay MeTany B 6nM3bKoMy KOHTaKTi ogHa 3 ofHoto. [MasonopibHuii KnceHb, 3reHepoBaHWIA nig 4ac
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nepesapsaXXeHHsi, pekoMbiHye 3 yTBOPEHHSIM BOAW | TENSIOTU HA NOBEPXHIi LMX YACTUHOK. Y LibOMY BUHaxogi us TensnoTa
nepenaeTbcsi MO PEYOBUHI TEMMOMNPOBIOHOrO HEraTMBHOMO €NEKTPOAa Ha KONeKTop CTPYMYy i NOTIM A0 NOBepXHi kopnyca.
TennoBa egeKTUBHICTL HU3KM 3 TENMONpPOBIOHOI Ha OCHOBI rigpvay MeTany enekTpogHoi peYoBMHU LOOAaTKOBO
noninwyeTbCs, AKWO LA HW3Ka enekTponiB nepebyBae B TeMrOBOMY KOHTaKTi 3 kopnycom batapei, Akui € Takox Lo
TennonpoBigHUM.

Y UubOMy BMHaxofi pe4voBMHa Ha OCHOBI rigpuay MeTany HeraTuBHOro enektpoga 6GinblW NPURHATHE €
arfioMepoBaHoO PEeYOBMHOKD enekTpoaa, Takow, sk onucaHo B naTteHtax CLUA NeNe 4765598; 4820481; 4915898,
5507761 i 3aaBui Ha nateHT CLUA Ne 08/259793 (aki HaBegeHi TyT B SAKOCTI NOCWIaHHA), BUIOTOBSIEHOKO 3
BUKOPUCTaHHAM chikaHHSA TakK, Wwob YactuHkm Ni-MH nepebyBanu B TicCHOMY TENNOBOMY KOHTaKTi OfHa 3 OfHOL0.

Mo3NTUBHUIA enekTpos, WO BUKOPUCTOBYETHCSA Y LibOMY BWHAXOAi, BUTOTOBMEHUI 3 PEYOBUH Ha OCHOBI rigpokcuay
Hikento. Mo3nTUBHI enekTpoan MoXyTb ByTW arnoMepoBaHi Tak, ik onucaHo B nateHTi CLLUA Ne 5344728 (BkntoudeHoMy B
SAIKOCTi MOCWMaHHA), TAKOX SK BBELAEHi Y BUIMSALI NacTu y Hikenesy NiHy UM LUTEWH HiKENeBUX BOSOKOH, SIK ONMCaHO B
nateHTi CLLUA Ne 5348822 i 1oro npoAoBKeHHSAX (BKIIOYEHMX Y SIKOCTi MOCKNaHHS).

OpMH acnekT Upboro BUHaxo4y Bkasye, Wo B repmetmsoBaHmx Ni-MH 6atapesax reHepauia Tenna ocobnueo Bucoka
nig Yac nepesapsimkeHHsi, 0coBNUBO NPU KOMMEPLINHO HEOBXIAHMX 3aCTOCYBaHHSX 3 LWBUAKUM 3apsigoM. [NpuMiTHe, Wwo
TennoTa, 3reHepoBaHa Mg 4Yac nepe3apsimKeHHsl, BUOINSAETbCA 4Yepe3 pekoMOiHaLilo KUCHIO Ha MNOBEpPXHI
meTan-rigpugHoro ernektpona. OTxe, MOXHa BUKOPUCTOBYBATU TENSONPOBIOHWMIA MeTan-riaopuaHUA enekTpon pasoMm 3
NO3UTUBHMM €ENMEKTPOAOM Ha OCHOBi nactu. Llel Oinbly NPUAHSATHUIA BapiaHT BTINEHHS OCOGNMBO KOPUCHWUA Onsi
onTumisauii NUTOMOT eHeprii, 3aranbHOi edekTUBHOCTI | BapTocTi ©Gatapei. Onsa 6inbw AoknagHoro onucy
3aCTOCYBaHHS arrioMepoBaHuX enekTpoais AuB. 3asaBKy Ha nateHT CLLUA Ne 08/238570 "OPTIMIZED CELL PACK FOR
LARGE SEALED NICKEL-METAL HYDRIDE BATTERIES" Big 5 TpaBHA 1994, nogaHy TyT SIK MOCUMaHHS .

Ak 300pakeHo Ha ir.2, KoxkeH 3 enekTpodis 4, 5, AKi yTBOPKOWTL MNaKeT €eNeKkTpodiB, Mae enekTPUdHI
3'egHyBanbHi BMBoAM 27, npuegHaHi Ao HuX. Lli BuBogn 27 BUKOPWUCTOBYIOTE AN Nepedadi CTpymy, KU CTBOPEHO B
GaTtapel i Akuii Tede Ao knem 7, 8 Gatapei. BuBoan 27 enekTpu4Ho 3'edHaHi 3 knemamu 7, 8, WO MOXYTb MICTUTK 28
Ana caMme Takoro npuenHaHHsA. Ak anbTepHaTWBa, Lel BUCTYN 28 MOXe BUKOPUCTOBYBATUCS AN €NeKTPUYHOrO i
i3NYHOro NpUegHaHHA Krnemu 7, 8 Ao KONeKTopHoi rpebiHkM 29 BMBOAY enekTpoda. Ak nokasaHo Ha ir.7, rpebiHka
29 € fK NpaBUIIO ENEeKTPMYHO MPOBIOHUM CTPMXKHEM, WO MICTMTb MHOXWHY napanenbHux npopisie 30, aki npuimMalTb
BMBOAM ernekTpoaa, siki yTpMMYyloTb BUBOAU 27 eneKkTpoda TepTsiM, 3BaploBaHHAM YU NasHHAM TYronnaBKuM NPUNOEM.
dir.7 Takox 3obpaxye oTeip 31 3'egHyBada knemu Gatapei B rpebiHui 29, wo npuiimae susoan. dnaHeub 28, wWo
npuBaploeTbCcs/ NpUMNaeTbes, Knemu batapeil BCTaBnaTb 3@ SONOMOrow npecoBol nocagku B oTeip 31, i noTiM BiH
MOXe NpunarBaTUCb TBEPAUM NPUNoeM abo NpuBapBaTUCE Ha Micle, AKLWO Le HeobxigHo abo BGaxkaHo.

['pebiHka 29 3abeanevye cTinkuii 0o Bibpauin 3'egHyBad Ana nepedadi enekTpudHOI eHeprii Big enektpogis 4, 5
po krem 7, 8. MpebiHka 29 3abeanedye Benuky CTilikicTe Oo Bibpauili nopiBHSHO 3 nonepegHim 3acobom GonToBOro
3'egHaHHA 36MpaHnx BuBoAIB 27 A0 draHus 28 HUXKHBOT YacTuHK knemun 7, 8. Bigomuii cnoci6 npuenHaHHs BuBogis 27
o knemu 7, 8 Takox notpebye Ginbl 4oBrMX BUBoAiB i 6inblw fgoeroro kopnyca (kopnyc, Wwo Mae 6inblunid npocTip Hag
Teky4um cepepoBullem). Lle 36inblwye 3araneHy Bary i o6'em Gatapeit. BigcyTHicTe 6onTiB 3Ha4YHO 3MEHLUYE MpPOCTip
Hag TekyyYuMm cepenoBuLLeM, NpMBoasyn Ao 36inblieHHs 06'eMHOT WinbHOCTI eHeprii. MpebiHka 29 i knemun 7, 8 Gatapel
Oinbl NPUAHATHE BUroTOBMeEHi 3 Migi abo MmigHoro cnnaey, AKUWA, We Ginbll NPUAHATHE, NOKPUTWIA Hikenem ans
cTilikocTi Ao Koposii. MpoTe, BOHW MOXYTb BUFOTOBMATUCH 3 OyOb-sIKOI eneKTpUYHE NpPOBIAHOT PEYOBUHU, WO €
CyMicHol 3 XiMmieto BaTtapei. Y Toli Yac sk rpebiHka, Wo npuiiMae BUBOAW enekTpoaa, € Ginbll NPUAHATHUM 3aco6oM
npuenHaHHa BWBOAIB enekTpoda A0 krnem Oartapeli, iHWwi Bigomi 3acobu, Taki sk 6onTu, rBUHTK, 3BaptoBaHHs abo
NasHHA TYronnaBKMM NPUNOEM TaKOX MOXYTb BUKOPUCTOBYBATUCS, i, OTXKe, 3aABHUKN He oBMeskeHi Binbll NPURHATHUM
BapiaHTOM BTiNEHHS.

MoanTuBHI i HeraTuBHiI enekTpoan 4, 5 GaTapei MOXyTb pO3TallOBYBaTUCb B Kopnyci 2 Gatapei Tak, Wo ix
BiONOBIgHI €NeKTPUYHI KONEKTOPHI BUBOAWN 27 po3TallOBaHi HaBNPOTU OOUH OFHOMO Yy BEPXHIN YacTuHi kopnyca. TobTo,
BCi €nNeKTpWYHi KOMEeKTOpHI BUBOAW HEraTMBHOMO eneKTpoda po3TalloBaHi 3 ogHoro Goky Gartapei, a BCi enekTpudHi
KONEKTOPHI BUBOAWN NO3UTMBHOIO eNekTpoha po3TalloBaHi 3 npoTunexHoro 6oky 6atapel. Binbll NpURHATHO, NO3WUTUBHI
i HeraTuBHI enekTpoan GaTapei MaTb BUpPiI3aHi KyTW (HEe NokasaHe) Ae po3TalloBaHi eneKTPUYHi KONMEKTOpPHI BMBOaM
eneKTpoAiB NPOTUMNEXKHOT NONMAPHOCTI, Y TaKMN CNOCiO YHMKaUM KOPOTKOro 3aMUKaHHS MK enekTpoaamMu 1 BUMyYarum
BMacHy Bary PeYOBMHU €eNeKTpoAa, WO He BUKOPUCTOBYETbCA. KopoTke 3amukaHHA Moxe BigbyBartucs, konu
eneKTPUYHi KONeKTOpHi BMBOAM OQHOrO eneKkTpoAa CKpydyloTbCa abo MalTb FocTpi BMCTYMM, K NOTIM MOXYTb
NPOTKHYTU cenapaTtop eneKkTponiB i 34iINCHATU KOPOTKE 3aMUKaHHA 3 CYMDKHUM MPOTUNEXHOI NONSAPHOCTI enekTpoaoM.
BnacHa Bara peyoBUHM enekTpoda YTBOPKOETbCH Yepe3 MPOHUKHEHHS aKTUBHOI PEeYOBMHW B enekTpoau, Ak €
HeaKTUBHUMMW, TOMY LLO BOHW HE € CYMKHMMM 3 peHOBUHaMU X MPOTUNEXKHOIO eNnekTpoaa.

Xouva bartapei MoXyTb MaTh Oyab-sike YMCO eneKTPOAIB, 3aneXxHo Big iX TOBLUMHK, Binbl NpuUHATHe GaTapes
MiCTUTE 19 NO3UTUBHUX enekTponiB i 20 HeraTUBHMX €NEKTPOAIB, NO Yep3i po3TaLIOBaHUX BCEPEAWHi 3a3Ha4yeHoro
kopnyca. TobTo, enekTpoau € NoYeproBMMMU, MPUHOMY HeraTMBHI pO3TalloBaHi 3 30BHiWHBOro GOKy, i noyYeproBumMu
NO3UTUBHUMW | HEraTUBHUMK BCepedWHi BCbOro naketa enektponiB. Ll koHdirypauia yHUKae MOXIMBUX KOPOTKMX
3aMuKaHb, konn BaTtapei nepebyBaloTh Nif Ai€t0 30BHILWHBOI MEXaHIMHOI CUMM CTUCKAHHS. TOGTO, SKLLO € NMO3UTUBHWNA i
HeraTMBHWIA eneKkTpod 3 30BHiWHbOro GoKy nakeTa enekTpopiB, OyAe MOXIUBICTb HOPMYBaHHS enekTpoaamu
eneKTPUYHOrO KOPOTKOrO 3aMWKaHHsi Yepe3 MeTaneBuin kopnyc Gatapel, konu Gatapes NinaaeTbCcs 30BHILLHBOMY
MeXaHiYHOMY CTUCKaHHHO.

Y Toi 4ac sk HeobxigHO MaTy cenapaTtopu 6 nuwie Ans enekTponis, ki OTOYYTb OAUH Habip enekTpogis Gatapeil
(TobTO cenapaTopu HaBKOSIO NWlle HeraTMBHUX abo Nnulle NO3UTUBHUX €NEeKTPOAIB), Moxe OyTU BUFOAHUM BKITHOYMTH
cenapaTopu 6, ki oTouUyloTb KOoxeH Habip enekTpogis. [aHi BkasytoTb, WO BUKOPUCTAHHSA NOABIHUX cenapaTopiB Moxe
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3MEHLUMTU piBeHb caMmopo3psinly Gatapeii. 3okpema, yTpuMaHHs 3apsay 36inbwunocs Big npmbnuaHo 80% nicns oBox
OHiB ans 6aTapei 3 OOUMHOYHUMM cenapaTopoM o NpubnuaHo 93% nicna ABox AHiB Ansa 6atapei, Wo MawTb NogBinHi
cenapatopu. Cenapatopy 6 € pnobpe BigOMUMM 3BUYANHUMK MOMINPOMINIEHOBMMK cenapatopaMmui. BoHu matoTb
opieHTOBaHi 3epHa abo CTPYKTYpy 3 KkaHaBKamW, fka, siKk 3A8ETbCH, NMOBUHHA OOepPXKYBaTUCh MaLUUHHOK 0Bpobkoto, i

Oinbll NPUIAHATHUM € Te, Wob 3epHa abo KaHaBKM PeYvYoBUHW cenapaTopa noninponineHy 6ynu opieHToBaHi y3OoBX
OOBXMHU enekTpogis. Lis opieHTauia 3meHwye TepTs i 3anobirae 3axonfieHHo i NpUnunaHHi 3epeH abo KaHaBoK

ofHOro cenapaTopa 3 TakuMK CyMiXKHOro cenapartopa i Yac MeXaHi4HOro CTUCKaHHA i/abo poslnpeHHs enekTponis,
TOMY LLO MPUNUNAHHA Ta 3axonfeHHa MOoXe CMPUYMHATI PO3KOMIOBAHHA €NeKTPoaiB.

|HWKWA acnekT Lporo BMHaxody BKMYae BOOCKOHANeHWW mMonynb Gartapei BUCOKOT MOTYXHOCTI (TepMiH "Mogyrb
Gatapel” abo "moaynb", WO BXUBAETbCA TYT, BM3Ha4Yae ABa abo Oinblue eneKkTpuyHe B3aeMO3aneXHi ernemMeHTw),
cneuianbHoO nokasaHui Ha ir.8 - 12. o6 6yTtn npugaTHUM, GaTapei B Mogyni NOBUHHI OyTU LiNbHO ynakoBaHWMU,
NEPEHOCHUMM | MEXaHIYHO MILHUMK NPU BUKOPUCTaHHI. [JO TOro X, pe4OBWHU, LIO BMKOPUCTOBYIOTLCHA B KOHCTPYKLUIT
mMogynie 6artapei (okpim cammx Gartapei), He MOBWHHI HagMipHO 36inbllyBaTW BrRacHy Bary mMogyns, abo WinbHoCTi
eHepril mogynie ©OyoyTb 3HWXyBaTuUcA. TakoX, OCKiNbkn ©OaTapei reHepyloTb BENWKY KinbKiCTb TennoTu nig Yac
UMKMIYHOT poBOTH, PEYOBUHWU KOHCTPYKUIT NOBUHHI ©yTW TennonpoBigHUMKM | [OCTAaTHO Manumu, Wwob He
3lWTOBXYBaTUCS 3 NpobrnemMoto nepegadi Tenna ganeko Big 6artapei, abo AiATU Ak pagiaTop, 3axonmo4n TennoTy
BCcepenuHi 6atapen i mogynis. o6 3agoBOMBHUTU UMM Ta iHWKWM BMMOraM, 3asiBHUKU LbOro BUHaxogy po3pobunu
BAOCKOHaneHuin moayne 6atapei BUCOKOT NOTYKHOCTI.

Mogyne 32 6atapei, BiOnoBigHO A0 LBOro BMHaxody, MICTUTb: 1) MHOXMHY oKkpeMux Oatapein 1; 2) MHOXUHY
eneKTPUHYHUX MiX3'eqHaHb 25, ski 3'egHytoTb okpemi GaTapel 1 moayns 32 ogHy 3 OfHOK Ta HapatTb 3acid ana
ENEKTPUHHOro Mixk3'egHaHHS okpemMux moaynie 32 6artapei oavH 3 ogHUM; Ta 3) 3aci® 3B'A3yBaHHS/CTUCKaHHSA Mogyns
Oatapei (onmcaHo Hwx4e). batapei 3B'a3ytoTb pa3oM MpW 30BHILLHBOMY MEXaHIMHOMY CTUCKaHHI (nepeBaru SIKoro
onucaHi HWx4e) BcepeauHi 3acoby Mopyns 3B'A3yBaHHA/CTUCKAHHSI TaK, WO BOHW CTalTb 3akpinfieHuMu i He
noeepTtalTbca abo He 3MmiwalTbeA, KONM nigaalTeca Al MexaHivdHUX Bibpauil npu TpaHcnopTyBaHHi abo
BUKOPWCTaHHI.

Y Tol 4ac sk 6yab-ske yucno Gatapeli Moxe OyTu 3B'f3aHe B Moaynb, 2-15 GaTtapeli Ha "HWU3KY" € TUNOBUM.
Mogyni 32 6aTapei ak NpaBuno € HU3KaMu NpuamMaTuydHUX 6atapei, BignoBigHoO Ao Lboro BMHaxogy. binbw npunHaTHe,
BOHW € 3B'A3@HWMW TaK, LU0 BOHW BCi OPIEHTYIOTbCH OOHAKOBO, MPUYOMY KOXHa OaTapes Mae eneKTpuU4YHi Knemw,
po3MilleHi Ha BepxHin 4acTuHi (gue. ir.9 i 12). Batapel opieHTOBaHi B Mogyni Tak, WO 1X HauByxdi GokoBi
NOBEPXHi 3BEPHEHI 0 CTOpiH Moadyns, a ix wupLwi 6okn (Ti, Ski Nnpy poswmnpeHHi GaTtapei OygoyTb gedopmyBaTmcs)
PO3MilLieHi CyMiKHUMMK 3 iHWKMMK GaTapesmy B Moayni. Take po3TallyBaHHA OOMYCKae PO3LUMPEHHS fvlie B OOHOMY
HanpsMKy BcepenuHi Mogyns, Lo € 6axaHum.

Bartapei 1 3B'A3ytoTb BCcepenunHi 3acoby 3B'A3yBaHHSA / CTUCKaHHS MoAynsa Nig Ai€to 30BHILWHBOT MexaHiYHOI cumm
CTUCKaHHS, fIka onNTUMi3oBaHa Tak, Wwob 36anaHcyBaT TUCK, CMPSMOBaHWUIA HA30BHI Yepe3 po3LUMPEHHSI KOMMOHEHTIB
OaTtapel, | 3a6e3ne4nT 4OOaTKOBY BHYTPILLHIO CUNY CTUCKAHHS Ha enekTpoaun 6atapei BcepeauHi koxHoi 6atapei, wob
3MEHLIMTN BigCTaHb MK MO3UTMBHWMU i HEraTMBHUMK eneKkTpodamu, 3a LOMOMOrow Lporo 36imbluyoun 3aranbHy
NoTYXXHicTb BaTapel.

Ak onncaHo BULLe, PO3LUNPEHHS NpU3MaTUYHUX GaTapei, Wo GinblU NPUAHSATHE BUKOPUCTOBYETHCA B LIUX MOZYNSX,
CNpOeKTOBaHe OAHOCMPSMOBAHUM, OTXe, CTUCKaHHS AnA 3CyBY PO3LUMPEeHHs noTpibHe nvie B LbOMY OOHOMY
HanpaAMKy (OMB. CTpinKy 33 y HanpsiMKy CTMCKaHHS). AKWO 3CyBY HeMae, Le PO3LUMPEHHA BUKIUMKAE MPOrUH i
XorobrneHHs 30BHIlLHBOrO kopnyca 6aTtapei Ta 6inblui, HiXK ONTUManbHi, po3aintoBarbHi 3a30py MK enekTpodamu,
TakMM YMHOM 3MeHLUYIoYM NOTYXHiCTb BaTapen. Takox, 6yno BUSABMNEHO, WO NepekoMneHcauis Ang po3wWnpeHHs Ao
neakoi Mipyu kopucHa. Tob6To, OesKol MIpol 3alBe CTUCKAaHHSA (haKTUYHO 36inbluye BUXIOHY MOTYXHICTb (3MeHLye
BHYTPILLHIA onip) 3B'A3aHMx GaTapei. MpoTe, HagMipHE CTUCKaHHA Beme A0 PO3KOSBAHHSA i KOPOTKOrO 3aMUKaHHS
enekTpogis BcepeauHi b6atapen. MexaHiam Uiel 306inblIeHOT NOTYXHOCTI, NpW HaOMIPHOMY CTUCKaHHI, ik OymatoThb,
BUMNSIMBAE 3 CTUCKAHHA MO3UTUBHOrO €NeKTpoaa, WO 3HWXYE onip 3a AONOMOrol 3MEHLUEHHSI KOHTaKTHOro ornopy Mix
YacTMHKaMW akTUBHOT PEYOBMHUN B €neKTPOAi i KONeKTopoM CTpyMy enekTpoda. Takox, CTUCKaHHS cenapartopa Bede A0
3MEHLUEHHS BIACTaHi MiXX nnacTuHamMu NO3UTUBHMX | HEraTUBHUX ernekTpofie Gartapel, Wo pobutb Ginbll KOPOTKUMMU
LWMAXM NepeMillieHHs iOHIB MibK enekTpoAamm, TakuM YMHOM 3MEHLLYIOYN Onip eNeKTPOoiTy MiXK HUMM.

®ir.17 nokasye Kopensuito CTUCKaHHS Mogynsa W onopy Gatapei. Mogyni, Wo MatTb KiHUEBI nnactMHu (onvcaHi
HUXKYe) CTUCKANUCh i3 3aCTOCYBaHHSIM Pi3HUX BENWYMH CUNK | BHYTPILWHBOro onopy 6aTtapei (CTOCOBHI 4O 3ararnbHoi
BUXIOHOI NMOTYXKHOCTI 1 ePeKTUBHOCTI 3apsay), i BUMipioBanacsa ToBLUHa Gatapei. Ak MoxHa Gauntn 3 ir.17, e
ONTUMaribHUIA fAiana3oH CTUCKaHHA Ons uMx Mogynie Mixk npubnusHo 4,921 i 11,951 kl/cm 2 (cuna npubnusHo 500 -
1180kl Ha nroLy npuénmaHo 100cm?) i dyHKLioHaNbHUM fianasoHoM Mik npuénuaHo 3,5 Ao npubnusHo 12,65k /cm?
(npubnmnaHo 363kl - NnpnbnusHo 1270k Ha nnoLly npubnmnaHo 100cm?2). MoxHa SCHO 6a4nTy, WO ANA LMX cneumdidHnX
OaTapeil, BUKOPUCTOBYBAHUX Y LbOMY MOAYMI, CTUCKAHHS BULLE BEPXHBbOI MEXi i CTUCKAHHS HUX4YE HUXKHBOI Mexi
(PYHKLiOHaMNbHOTO AianasoHy BUKMMKae 30inblUEHHS BHYTPILWHLOrO onopy 6atapein i, oTKe, 3MeHLUye NOTYXKHicTb. Cnig
3383HaYNTK, WO, ¥ TOW Yac AK ONTUManbHi i yHKLiOHaNbHI fianasoHn CTUCKaHHA pisHi ona 6aTtapeit pisHMX poaMipis,
BCi rpadiikn 3anexHOCTi onopy Bif CTUCKaHHS Ons uuMx 6artapel pisHOMaHITHMX pO3MipiB aHanorivHi B TOMy, WO €
PYHKLiOHaMbHI 1 oNTUManbHi AianasoHn CTUCKaHHS Ans BiANoBiOHOT eheKTUBHOCTI enemMeHTa.

3HalTK KOHQIrypaLito KOHCTPYKLUiI/pe4YoBUHK, Aka: 1) gonyckae 3acToCyBaHHS HEOOXIOHOrO CTUCKaHHS, 2) BUKOHYE
HeobOXigHY MexaHivHy dyHKLUilo CTikocTi o Bibpauii 3acoby 3B'A3yBaHHA/CTUCKAHHS Mogyns; i 3) € nerkoto
HacKiNbKN MOXITMBO - Lie BENUYe3He 3aBOaHHSA. 3asiBHUKW BUSIBUNK, WO Moayni 6aTapel MoxyTb OyTn 3B'A3aHi pasom
nig pielo Benukoi MexaHiYHOI CWUMM CTUCKaHHS, BUKOPUCTOBYHOUM MeTarneBi cTepxHi 34 (6inbl NPUAHATHO, 3
HepKaBito4oi cTani), Aki BCTAHOBIEHI Y3O0BX YCiX YOTUPLOX CTOpiH Moayns 32 GaTapel i 3BapeHi B HOTUPLOX KyTax
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MoAyns, Ae 3yCcTpivaloTbCA CTEPXHi, Takum YMHOM chopmMytouM Nosic Haekoso nepudpepii moayns Gartapei. Binblw
NPUIAHATHE, CBapHi MeTanesi CTepkHi 34 po3TaloBaHi nocepeduHi MK BepxoM i HM3oM moayns Gartapei, ski
3HaxoOsaTbCA TaM, e po3lrpeHHa Hanbinbwe. CTuckaHHA 6aTapel B 06nacTax, Wo He MICTATb NakeTy enekTpoAdis, He
€ KOPUCHMM, TOMY LLO MpU UbOMY He cTucKaloTbcs enektpoau. PakTuyHo, ue Moxke OyTu LIKIONMBUM, OCKIMbKM Le
NpU3BOAWTL A0 3aMUKaHHS enekTpoaiB Ha MeTaneBMin KOXYX Yepes BHYTPILWHIN isonaTop.

Cnig 3a3HaunTK, WO, Xo4a i He ferko BUOHO 3 KpecreHb, PO3MipU TOBLUMHW i LWMPUHM NO NEPUMETPY BEPXHLOT i
HWXHBOT YacTUH Koprnyca Gatapei MeHwi Ha 0,5 - 1,0MM, HiX 3aranbHi Po3MipyM TOBLUMHM i WKUPWUHKW. Lli 3meHLeHi
rabaputi rapaHTyloTh, WO YCe CTUCKarbHe 3yCcurnsa nepenaeTbes TiNMbKU NakeTy NacTWH enekTpoda i cenapartopam.

e 6inbw npuiHATHUM € Te, WoO cBapHi MeTaneBi cTepxHi 34 micTunu gBa abo Tpu Habopu CTEpPXKHIB,
BCTaHOBIEHWUX NOCEpPEennHi MiXX BEPXHBOK i HUXHBOI Mexamu mopyns Gartapeil. AKWo BUKOPUCTOBYIOTb TpW Habopu
CTEpPXKHIB, nepwnii Habip CTEPXKHIB NOBMHEH PO3TALLOBYBATMCL HA NOMOBUHI BigCTaHi MiXk BEPXHBOK i HUXKHBOK MexXamu
mMomyns Gatapei, OpyrMid Habip CTepXHIiB MOTIM po3MillalnTs MK MeplimMM HabopoM CTEPXHIB | BEPXHLOK MEXKED
mMomyns, .6aTapel, i TpeTin Habip CTEPXKHIB pPo3MillaoTe MK NeplnM HabopoM CTEPXKHIB | HUXKHBOK MEXe Mogyns
Oatapeil. Lle ponyckae opgHOpIOHWI po3nofin CTUCKaHHS W ocrnabneHHs Hanpyrn Ha Oyab-akoMy opHomy Habopi
CTepXKHIB. Llel poanofin CTUCKaHHA TakoX OOMNYCKae BUKOPWUCTAHHA HaWMEHLUMX, HaWnerwmx mMeTaneBuX CTEpXKHIB,
TakMM YMHOM 3MEHLLYIOYM BMAcHy Bary Moayns.

|HWa Ginbll NPUIAHATHA KOHCTPYKLiS BMKOPUCTOBYE MeTareBi KiHUeBi nnactuHu 35 Ha KiHusx mogyns. CTepkHi 3
HepKaBito4voi cTani pos3TalloBaHi B3OOBX NOBEPXOHb Moayns Gartapei i npuBapeHi B KyTax Moayns A0 NPSIMOKYTHOT
mMeTaneBoi Tpybku (45 Ha oir.9), wWo 3amiHae KiHUeBi CTepHi W yTpumye KiHueBi nnactuHu 35 Ha wmicui. Ls
KOHCTPYKLiA Aonyckae HaBiTb KpalWui pos3nogin 3ycunb cTuckaHHs. KiHuesi nnactmHu 35 6Ginbw npuAHATHE
BUFOTOBMAIOTE 3 antOMiHilo | MOXYTb BKMo4aTh pebpa 36, aki BUCTynaTb NEpneHaNKYNSapHO A0 MAOWMHK KiHLEBMX
nnactuH 35, y Takuin cnoci6é 3abeanedyoun OoAaTKOBY MILHICTb mnacTtuHam 35 i gonyckaw4nm BUKOPWUCTaHHsS GinbLu
nerknx pedoBuH. (OOuH BapiaHT BTINEHHSA KiHLEBWX MMacTUH nokasaHnui Ha c¢ir.13a i 13b. IHWi BapiaHTn BTiNEHHs
onucaHi B 3aaBui Ha nateHT CLUA Ne 08/238570 Big 5 TpaBHA 1995, HaBeneHo! TyT B SKOCTi nocunaHHs.) Konu kiHuesi
nnactuHn 35 matTb Taky pebpucTicte 36, HeoOXigHO MaTWu npopisn (He nokasadi, ane aue. ¢ir.9) y pebpucrocTi,
Wob po3MiCTUTM NPAMOKYTHY MeTaneBy TpyOky 45. KiHuesi nnactuHu 35 Ginbll NPUIAHATHE MOXYTb OYyTU TepMidHe
isonboBaHi abo i3onboBaHi Big GaTapel, 3B'A3aHMX Yy Mogynb 32, TENSoi30NoBarbHOK PEYOBUHOW, Takol $iK
Tennoisosntotounii WwWap nonimepy abo nonimepHol niHW. Lia isonsuis sanobirae HepiBHOMIpHOMY po3noginy TemnepaTtypu
OaTapel BcepenunHi Moayns, WO MOXe CNPUYUHATUCE OXONOoMKyBarnbHoK aieto pebep 36 kiHuesmx nnactuH 35. MpoTte,
pebpa 36 MoxyTb 3abesnedvyBaTu AoLaTKOBE TEMMOBE po3ciloBaHHSA Anst GaTtapei 1 BcepeauHi mogynsa 32, Ko
HeobXigHO, 3AINCHIOYN TENNOBE CTiKaHHA 3 KiHLEeBUX nnactuH 35 o cymixkHux G6aTtapeli 1.

KoxxeH 3 mogynie 32 mMoxe [ogaTkoBO MICTUTWM MoaynbHi npoknagkn 37 (gus. ¢ir.11 i 12), aki yTpumyloTe Mogyni
32 Ha BigctaHi Big OyAab-skux iHWMX mopynie 32 i Big kopnyca naketa 6atapeii. Lli momynbHi npoknagku 37
po3MileHi 3Bepxy Ta 3HM3y mopyns 32, wob 3abeaneynTn 3axucT kytam Oatapen 1 BcepeouHi mogyns 32 i
ENEKTPUHYHUM MixX 3'egHaHHSaM 25 i knemam 7, 8 Batapen 1. Binbw BaxknmMBo, BuBoan 38 Ha NoBepxHsX npoknagok 37
yTpuMytoTb Moayni 32 Ha onTuManbHii BiacTaHi. Mpoknagkn 37 Ginbll NPUAHATHO BUFOTOBIEHI 3 NErkoi HenpoBigHoOI
PEYOBUHN, Takoi SIK MiLHMIA noniMep. TakoX, Le BaXMBO OIS 3aranbHOl LNbHOCTI eHeprii nakeTa, Wob npoknagku
MIiCTUIM B cOGi MOXITMBO MEHLUE 3aranbHOT KiNbKOCTI peHOBUHN, W06 BUKOHYBATU (byHKLiO, AKa BUMAraeTbCs Bif HUX,
Ta BCe e 3anuwaTucs TakMMy Nerkumm, HacKinbkn Lie MOXIUBO.

Bartapei i mogyni, BignoBigHO [0 UbOro BUHaxo4y, OirblU NPUAHATHO €NEKTPUYHO 3'€dHaHi NpoBigHMMK NPOBOAaMMU
25 (ame. ®ir.8 i 9), wo 3abesnevytoTb 3'€QHAHHA MiXK HAMW 3 HM3bKUM OMOPOM. 3aranbHUiA onip, LWo BKoYae B cebe
onip NpoBOAY i KOHTAKTHWI onip, He NOBUHEH nepeBullyBaTth Binbw npuiHATHO 0,1 MOM. [poTn NpuKpinneHi go knem
rBMHTOM 4K GonTom abo, Ginbl NPUAHATHO, FHI3goBUM GapabaHHMM 3'egHyBadvem 24, onucaHuM Bulle. EnekTpuyHi
Mik3'egHaHHa 25 moayns 32 GaTtapei, BignoBigHO A0 UbOro BUHaxomy, Oinbl NPUAHATHO € 3'eQHaHHsaMU 3 kabernto B
obnneTteHHi (aue. ir.14), wWo 3abeanedqyloTb BUCOKE TEMMOBE PO3CIOBaAHHA | FHYYKICTb KOHCTpYyKUii/koHirypauil
mMogynsi. TobTo, 3'eqHaHHs 25 3 kabento B oOnneTeHHi BUKOHYIOTb ABi Baxnuei yHKUii BcepeanHi moaynis 6artapel,
BiOnoBigHO Ao Uboro BuHaxomy (KpiM X HopManbHO! dyHKUiT nepegadi enekTpu4Hol eHeprii nosa 6aTapesimu).
Mo-neple, kabenb 25 B 0BNNeTEHHI € THYYKUM, AKAA NPUCTOCOBYETLCH A0 PO3LUMPEHHS | CTUCKaHHA okpeMux GaTtapei
1, WO Npu3BoauTb OO0 3MiHU BiACTaHI MixX Knemamu 7, 8 okpeMux GaTapei BcepeauHi mogynsa 32. MNo-gpyre, 3'eQHaHHA
25 3 kabento B 06NNeTeHHi Mae 3Ha4yHoO BinbLly MroLy NOBEPXHi, HiXK CyuinbHUiA kabenb abo wuHa. Lie Baxnveo ans
TensnoBoro ynpaeniHHA 6atapen, MogyniB i nakeTiB, BiANOBIOHO A0 LUbOro BUHaxody, TOMY WO eneKkTpudHe 3'€4HaHHA €
YaCTUHOK TENMOBOrO LMAXY, SKUA NOYUHAETLCS Y BHYTPIWHIA YacTuHi GaTapei, npoxoauTb Yepes enektpoaun 4, 5,
Yepes BUBIO enekTpomda 27, vepes knemy Gartapei 7, 8 i BUXOOUTb A0 E€NeKTPUYHOro Mixk3d'egHaHHs 25. Tomy, 4Yum
Oinblua nrowa NoBEPXHi eNeKTPUHHOIO Mixk3'eqHaHHs 25, TuUM GinblUMM € TENSIoBE PO3CitOBaHHS i KpalmMM € Tennose
KepyBaHHsi 6atapesimn 1. EnekTpruyHe Mixk3'eqHaHHs 25 3 kabento B 0OnneTeHHi GinbLll NpMHATHE BUTOTOBIISAOTL 3 MiAi
abo migHoro cnnaey, kWi Ginbl NPUAHATHE NOKPUBAIOTL Hikenem AN CTIRKOCTI NPpoTU Kopoaii.

Llle ogHMM acnekTom LbOro BuHaxofy (nokasaHuMM Ha ir.15) € MexaHivHa KOHCTPYKLiA OXONOMmXKYyBaHUX TeKyYnum
cepenoBuLLEM NaKeTHUX cuctem BaTapen (TepMiHn "naket Gatapen” abo "nakeT", WO BXMBATLCH TYT, CTOCYHOTHCA
OBox abo Oinblue eneKkTpu4HO 3'egHaHUX moaynie 6aTtapen). 3HoBY, cnig Big3HaYWMTW, WO Nig Yac UMKIiYHOI poboTu
OaTapei BOHW BUAINAKOTb BENWKY KinbKicTe HenoTpibHoro Tenna. Lie € ocobnueo BipHUM nig Yac 3apsgy 6atapei. Lle
3amBe Tenno Moxe OyTW WKIONMBMM i HaBiTb KaTacTpodivHUM ans cuctemu 6GaTtapen. [esiki 3 HeratuBHMX
XapaKTepUCTUK, 3 SKMMU 3LUTOBXYIOTbCS, KOMM NakeTHi cucteMun BaTapeli He MalTb Higkoro abo MaloTb Henigxoxe
TENnoBe YMNpaeniHHA, BKMoYaoTh: 1). iCTOTHO Oinbll HW3bKY €MHICTb | MOTYXHICTb, 2) ICTOTHO 36inbLueHui
camopo3spsag; 3) HesbanaHcoBaHi TemnepaTypu Mk OGaTapeamu i mogynsiMu, WO BegyTb OO HeNpaBUSbHOMO
noBoMKEHHs 3 GaTapeeto; i 4) 3MeHWeHUn TepMiH cnyx6u Gatapeil. ToMy, SICHO, WO ANS ONTUManbHO KOPWCHOI
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nakeTHol cuctemu 6aTapein HeobxioHUM € BignoBigHE TENMoBe ynpasniHHSA.

[esakumMn 3 YMHHWKIB, AKi cnig posrnsHyTWM Npu TENnrioBOMY KepyBaHHi nakeTHol cuctemu OGatapen, e: 1) yci
Oatapei i mogyni NoBUHHI 36epiraTuce xonogHiwnmn Big 65°C, W06 YHUKHYTWM MOCTIMHOMO HAHECEHHS YLIKOOKEHb
Gatapesm; 2) Bci H6aTtapei i mogyni NOBUHHI 36epiraTnuce xonogHiwumK Big 55°C, wob. ogepxaTtn, npuHanmHi, 80 %
HoMiHanbHO| edekTuBHOCTI GaTapel; 3) yci Gatapei i mMogyni noBuHHI 36epiraTuck XxonogHiwuvmu Big 45°C |, wob
OOCAITU MaKCUManbHOro TepMiHa cnyxkou; i 4) pisHuuUs TemnepaTyp MK okpemumu Gatapeamu i mogynsmu Gartapei
NoBUHHa 36epiratnca HuxYol Big 8°C ans onTuManbHoi edbekTUBHOCTI. Chig 3a3HaqnTy, WO BOOCKOHANEHHS Y LIbOMY
BUHAXO4i PErynooTh Pi3HULO TEMMepaTyp Mixk baTtapesmMmn y Mexxax MeHLe, Hixk npnubnunaHo 2°C.

TennoBe ynpaBriiHHA NakeTHOL cucTeMol Gartapeit [JNOBMHHO 3abe3neynTy ageKkBaTHE OXOSIOMXKEHHS, LWwob
3abesneynTn onTUmarnbHy edekTUBHICTb i gosroBidHicTe Ni-MH Gatapel y WMpokihi po3amaiTocTi poboumx pexumis.
TemnepaTypyn HaBKoNULWHLOro NoBiTps B CLUA 3HaxoasTbCs B LUMPOKOMY AianasoHi, npuHanmHi, Big -30°C no 43°C y 49
WTaTax HUXKHIX LWKpoT. HeobxigHo faocsartn po6o4oi NOBHOLHHOCTI NakeTiB Batapeil npy LboMy gianasoHi Temnepatyp
HaBKOSMMLLUHBOIO MNOBITPSA, Y TOW caMuii 4ac nigTpumytodn GaTtapei B X ONTUManbHOMY fianasoHi egeKTUBHOCTI
npnénusHo Big -1°C go 38°C.

Hikenb-meTan-rinpuaHi 6atapei BUABNATL MNOFPLUEHHS XapaKTePUCTUKW edeKTUBHOCTI 3apsay nNpu KPUTUYHO
BUCOKMX TemnepaTtypax Bulle 43°C 4yepes npobnemu, WO BUHUKAOTL 4Yepe3 BUAINEHHS KUCHIO Ha Hikenesomy
no3nTuBHOMYy enektpogi. LLo6 yHMKHYTM Lux HeedekTUBHOCTEW, TemnepaTypa GaTtapel nig 4Yac 3apagy MOBMHHA B
inearnbHOMY BUNagKy yTpMMyBaTUCh HukYoto Big 43°C. Hikenb-meTan-rinpuaHi 6atapei Takox BUABNSAOTb NOFipLIEHHS
XapaKTepuUCTUKN MOTYXHOCTI Npu TemnepaTypax Hux4de npubnusHo -1°C 4epea noriplieHy XapakTepucTuky
HeraTuBHoro enektpopa. o6 yHMKHYyTM Manoi noTyXHoOCTi, TemnepaTtypa 6aTapei noBWHHa YTpPUMYyBaTUCh BULLE
npnbnuaHo -1°C nig 4ac pospsay.

Ak 3a3HayveHo BMLLE, Ha AOAAaTOK A0 NOripleHoi ePeKTUBHOCTI NMpY BUCOKUX i HU3bKUX Temnepartypax, LWKignuei
epeKkTM MOXYTb MaTW Micue BHaAcNigoK pisHWUb TemnepaTtypu Mix GaTapesmu BcepeduHi mogyns nig vac sapagy.
BinbLwi pisHMLi TemnepaTypy BUKNMKaOTb He3banaHcoBaHOCTI B eheKTUBHOCTI 3apany Gatapel, siki, B CBOK 4epry,
MOXYTb BMKIMKaTU He3banaHCOBAHOCTI CTaHy 3apsigy, NPMBOOSHN OO 3HUXKEHOT EMHICHOI XapakTepUCTMKN | NOTEHUIRHO
BeOy4u OO HEMpaBUITEHOrO BMKOPUCTaHHSA 3Ha4HOro nepesapsay i nepeppapsagy. o6 yHukHyTH umx npobrem, pisHuua
TemnepaTyp Mix 6aTapesMn Mae ynpaBnaTUCs B Mexax MeHLe, Hixk 8°C i, 6inblu npunHATHe, MeHLwe, Hix 5°C.

dir.18 nokasye cniBBigHOWEHHSA MiXX NMUTOMOK eHeprieto GaTtapel, Wwo BUMiptoeTsca y BT rog/kl’, i TemnepaTypoto
Oatapel gna Hikenb-meTan-rigpuaHol 6atapel, BignoBigHO OO0 LbOro BUHaxody. Ak Moxe 6ad4uTu, NUTOMa eHepris
OaTapei no4nHae nagatun Bule npubnuaHo 20°C abo 6ing Toro i pisko 3HUXKYETLCS NpW TeMnepaTypi BULLE NpUGN3HO
40°C. ®ir.19 nokasye CniBBIQHOLWEHHA MiXX MMTOMOI NOTYXKHICTIO BaTtapei, Wo BUMiptoeTses y BT/KI, | TemnepaTtypoto
Oatapel gna Hikenb-meTan-rigpugHoln 6artapei, BignoBigHO [0 UbOro BMHaxody. fFAK MOXHa NOMITUTW, nMTOMa
NOTYXXHICTb 6aTapei 3pocTae 3 TemnepaTypoto, ane BUPIBHIOETLCA BULe NpnbnnaHo 40°C.

|HWIi YUHHUKM B KOHCTPYKUIT OxonomxyBaHO! TeKy4uM cepemoBulieM NakeTHO! cucTemu 6Gartapeir BKYaloTb
MexaHi4Hi NTaHHA. Hanpuknag, WinbHOCTI ynakoByBaHHsi 6aTapei i Moayns NoBMHHI 6yTU sikomora GinbLll BUCOKUMU,
wo6 36eperTu npocTip y KiHUeBOMY npogykTi. [lo Toro X, LWock, WO AogaeTbcd OO cUcTeMu naketa Gartapen Ans
3abe3neveHHs TENSOBOro KepyBaHHs, B KiHLIEBOMY paxyHKy 3MeHLUye 3ararnbHy LWinbHiCTb eHepril cuctemn GaTtapei,
OCKiNnbkn Le camo coboto He Aae BHecKy B 6eanocepenHbo enekTpoxiMivuHy eMHicTe G6aTtapeii. LLo6 3anoBonbHUTH UM
Ta iHWWUM BUMOTU, 3aSBHUKU PO3POBUNM OXONOmKyBaHy TEKy4YMM cepefoBULLEM MakeTHy cucTemy GaTapei, BionoBigHo
[0 LbOro BUHaxo4y.

Y cBOIli HambinbL 3aranbHii dopmi (BapiaHT 34iMCHEHHs!, NokasaHWi Ha ir.15) gaHa oxonogkyBaHa TeKy4um
cepegoBulleM nakeTHa cuctema 39 Oartapen Bknwoudae: 1) kopnyc 40 naketa Gatapew, WO Mae, NpUHANMHI, OAWH
BXigHWI oTBip 41 Ana xonogoareHTy i, NPUHaNMHI, OOWH BUXIGHUIA OTBIp 42 ONS XONOQAoAareHTy; 2) NpUHanMHI, oanH
mMomynb 32 6aTapel, po3TalloBaHUM i BCTAHOBMEHUA BcepenuHi kopnyca 40 Tak, wo moayne 32 Gartapei BignaneHui
BiO CTiHOK Kopnyca i Big 6yab-akux iHwWMx moaynie 32 Gatapei BcepeauHi kopnyca 40, wob chopmyBaTh kaHanm 43
Ons Tedii xormogoareHTy B3[AOBX, NPWHaNMHI, OOHIEI NOBepxHi 3B'a3aHMX OaTapeW, WWpWHa kaHaniB 43 ans Teuil
xonogoareHTy Mae onTumarbHi po3Mipy, Wo6 BpaxyBaTu MakcUMarbHy Tensionepenady 3a AoNoMOrolo KOHBEKTUBHMX,
NPoBIOHNX Ta BUMPOMIHIOBaNbHUX MEXaHi3MiB Tenronepenadi Big 6atapei xornogoareHTy; Ta 3), NpuHaiMHi, oguH 3acit
44 TpaHCNOPTYBaHHA XOfogoareHTy, WO 3Myllye XofogoareHT Hagxoautu B 3acié 41 BxigHoro oTBopy And
xonogoareHty B kopnyci 40, npoTikaTu 4Yepe3 kaHanu 43 pgna Tedil xonogoareHTy i BMXoguTu 4epes 3acib 42
BMXiQHOrO OTBOPY ANA XxonopoareHTy 3 kopnyca 40. Binblw npuiHATHe, | Binbl peanicTMyHo, naketHa cuctema 39
OaTapeil MIiCTUTb MHOXWHY Mogynis 32 Gartapei, 3BuyaniHo Big 2 go 100 mogynie, poamillyBaHux y 2-x abo 3-i
BUMIpPHIA MaTpU4HIA  KOHdirypauii BcepeomHi kopnyca. MaTpuyHa KoHdirypauis [omnyckae BUCOKY LWiNbHICTb
YyNakoBYBaHHS, y TOW CaMWiA Yac OO3BOMSAKYU XONOAoareHTy TeKTW Yepes, NPUHaniMHi, ogHY MOBEPXHIO KOXHOMO 3
mogynie 32 6atapel.

Kopnyc 40 naketa Gatapei 6inbll NPUAHATHE BUrOTOBMIEHUA 3 €NeKTPUYHO i3ontotodoi pedoBuHU. Lle Ginbl
NPUIRHATHE, kopnyc 40 BUrOTOBMAKTL 3 NErkoi eneKTpU4YHO i30MtooYdol NoniMepHOT pevYoBUHM 3 TPUBANUM CTPOKOM
cnyx6u. PeyoBrHa NOBKMHHA eNEKTPUYHO i3onioBaTh Tak, Wob He Byno KopoTKoro 3aMukaHHs 6artapei i Moaynis, AKLO
KOpMyC TOPKaeTbCAa iX. TakoX, pevyoBMHa NOBMHHA OyTW nerkoto, Wob 36inbWMTN 3aranbHy LWinNbHICTE eHeprii nakeTa.
Ha 3akiH4yeHHs, pe4oBMHA MNOBWHHA OyTW MILHOK Ta 3A4aTHOK MNPOTUCTOSTU KOPCTKUM FPaHWYHUM YMOBaM
BUKOPUCTaHHA nakeTa Gartapei. Kopnyc 40 naketa Gatapeit Mae oanH abo Ginblue BXigHUX oTBOpIB 41 XonogoareHTy i
BUXIOHWX OTBOPIB 42, AKi MOXYTb OyTU chewlianisoBaHMMU nopTaMmy Ana TEKYYOro cepefoBuLLa, SKWo HeobxigHo, ane
OinblU NPUAHATHE € NPOCTO oTBOopamu B kopnyci 40 naketa GaTapei, Yepes sKi OXONOMXKyBarnbHe MOBITPS BXOOWTD i
BUXOOMTb 3 nakeTa bGaTtapei.

OxonomkyBaHy Tekydum cepepoBuliem cuctemy 39 naketa Gatapert pospobrieHo, Wob BUKOPUCTOBYBATU
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eneKTPUYHO i3004UNIA XomofoareHT, aknin Moxke 6yt abo rasonogibHum abo piokum. Binblw NpURHATHO, XonogoareHT
€ rasonogioHnm i, wWe OinbWw NPUAHATHE, XONOZOAreHT € MNOBITPAM. Komnu noBiTps BMKOPUCTOBYIOTH B SIKOCTI
xornopoareHTy, 3aci6 44 TpaHCNOpPTYBaHHA XonogoareHTy € 6inbLll NPUAHATHO HarHiTansHUM BEHTUNATOPOM, i We 6inbLu
NPUIHSTHE BEHTUNATOPOM, Lo 3abeanevye BUTpaTy noBiTps 28317 - 84951cM3/XBMN NOBITPS HA ENEMEHT Y nakerTi.

BeHTunaTopn He nOBWHHI GesnepepBHO HarHiTaTv oxonomkyBanbHe MOBITPA B nakeT Gartapei, ane MOXyTb
ynpaBnaTucs Tak, Wob nigTpumyBaTh TemnepaTypu naketa Gatapeil y Mexax onTMMaribHUX piBHIB. HeobxigHo
nepen6aynTn KepyBaHHS BEHTUNATOPOM AN BMUKAHHS | BAMUKaHHSA BEHTUNATOPA i BinblU NPUAHATHO ANS KepyBaHHs
WBMAOKICTIO BeHTUNsTopa Ana 3abeaneyveHHsi epeKTUBHOMO OXONOMKEHHS Nig Yac 3apsaay, 3anycKy i HeaKTUBHUX CTaHIiB
6e3 HaBaHTaXeHHs. Sk NPaBuUo, OXONOMXEHHS € Hanbinbl KPUTUYHUM Nig Yac 3apsgy, ane Takox HeobxigHe nig yYac
arpecvBHoOro 3anycky. LLBuAkKicTb BeHTUNATOpa YNpaBnseTbCA Ha OCHOBI pi3HULi TemnepaTyp naketa Gatapen i
HaBKOIMMWLLHBOrO CepefoBuLLa, a TakoX Ha OCHOBI abComMTHOI TeMnepaTypu, OCTaHHe - Wob He oxonoanTu GaTapeto,
Konu Bxe XxorofHo, abo Tak, Wwob 3abe3neunTn goOoaTKkoBe OXONOOXKEHHS, konu GaTapena Mae TemnepaTtypy nobnusy
BEpXHbOi Mexi 1i igeanbHoro iHTepBany Temnepatyp. [na Hikenb-meTan-rigpuaHoi 6atapei BEHTUNSTOPU TaKoX
HeoOXigHi B HeakTMBHI nepiogn nicna 3apagy. [NepepuByacTe oxonomkeHHs HeobxigHe y uux ymoBax, LWo6
3a6e3nevnTn edeKTUBHE OXONOMKEeHHA | Beme A0 €eKOoHOoMIl enekTpoeHeprii Mmepexi, 3b6epiraloyun LWBUAKICTb
CaMopOo3psAY HUXKYE CNOXUBaHOI BEHTUNATOPOM MOTYXKHOCTI. TUNOBUIM pesynbTaTt (pir.16) nokasye BEHTUNSATOP Y
MOMEHT 4acy 2, 4 rogvHu nicnsg Mo4aTKOBOro OXONMOAXKEHHS Micns 3apsgy. Sk npaBuno, HopmanbHa npolenypa
KEpyBaHHs BEHTUNATOPOM (OnMcaHa Hukye) npautoe [obpe B LbOMY cueHapii. YNpaBniHHSA BEHTUNSTOPOM Mpu
HeobXigHOCTI Aonyckae BUMKOPWUCTaHHSA MOTY)XHUX BEHTUNATOPIB ANS edeKTUBHOrO OXONOMKeHHs 6e3 CrnoXmBaHHA
MOBHOI MOTY)KHOCTI BEHTMNATOpA NPOTAroM Yyciel poboTv, Takum YUHOM 36epiraoHn eHepreTUdHy edgeKkTUBHICTb
BMCOKOW. BuKOpWCTaHHS GiNnbll NOTYXHUX BEHTUNSTOPIB € KOPUCHUM AN NiATPMMKM ONTUMAarbHOI TemnepaTtypu
nakeTa, Lo AonoMarae onTuMisyBaTh eheKTUBHICTb | TEpMIH criy»kOu nakeTa.

OpuH npvknag npouenypy ynNpaeniHHA BEHTUNATOPOM 3abesnedye Le, SKWO MakcumanbHa Temnepartypa 6atapel
Buwa Big 30°C, a TemnepaTypa HaBKONMULLHBOrO NOBITPA HMxYe (Binbl NpURHATHE 5°C abo HUXYE), HiXX MakcuMansHa
TemnepaTtypa 6artapei, BEeHTUNATOPU BMUKAOTLCH | HarHiTaloTb XONOAHILLe NOBITPS B KaHany XOnogoareHTy.

|HLIMA KOPUCHWIA anropuTM KepyBaHHS BEHTWUIIAATOPOM BUKOPWUCTOBYE BEHTUNSATOPU 3 3MIHHUMU LUBUOKOCTAMMU
3anexHo Big Aeakoro kputepito. Llel kpuTepin Bkntovae 1) MakcumanbHy Temnepatypy Oatapei; 2) Temnepatypy
HaBKOMMWLLHBOrO cepenoBulla; 3) MNOTOYHEe BUKOPUCTaHHA OGatapei (To6To 3apan, YekaHHa 3apsagdy, Bucoka
TemnepaTtypa, Benuka rmubuHa pospsgy (BIMP) npu nyckaHHi B i, NpUNMHEHHS Towo); 4) Hanpyra Oyab-skol
AonomikHoT BaTtapel, Wo XUBUTb BEHTUNSATOPU XorogoareHTy. Liei anropntm nogaHo B Tabnuui 2.

Tabnuus 2

Axkwo (That max > 25°C),

TO

PWM = Minspeed + 5*Delta

PWM = MIN (PWM, Maxspeed)

iHakwe PWM = Minspeed

AKLWO PWM < 30, To PWM =0

AKWO (Vauxbat < 13) i (PWM > = 30)

To PWM =30

B anropuTmi, HaBegeHomy B Tabnuui 2:

"Thatmax" - makcumansHa TemnepaTypa Moayns;

"Tamb" - TemnepaTypa HaBKOSMLUHBLOIO MOBITPS;

"Delta" - Thatmax-Tamb (HeraTuBHi 3Ha4YEHHS NPUAMAIOTL PIBHUMUW HYHO);

"PWM" - po3mip y BigcoTkax curHany KepyBaHHs Mogynsuil WnpuHu imnynecy BeHtunatopa (PWM) (0 = sumk., 100
= NOBHI NOTYXHOCTI);

"Vauxbat" - Hanpyra gogatkoBoi 6aTapei BeHTUnATopa;

"Minspeed" - MiHiManbHa WBNAKICTE BEHTMNATOPA,

30% PWM npu 3apagui, odikyBaHHi 3apsgy, BUCOKIN TemnepaTypi, Benukin mubuni pospsaay (BI'P) npu sanycky; abo

0% PWM y npoTtusHomy BMnagky; i "Maxspeed" - MakcumMarbHa LWBUAKICTb BEHTUIATOPA,

100% PMW npu 3apsgui abo ovikyBaHHi 3apsgy, abo

65% PMW y npoTuBHOMY BUNaAKY.

Butpata i TMCK OXOnomKyBansHOro TeKy4oro cepefoBmila NoBUHHI ByTn goctaTHiMK, Wwob 3abeaneynt JOCTaTHIO
TENMoeMHICTb | Tennonepenady AnNa OXONOMKeHHs nakeTa. Butparta Tekyyoro cepefoBuLla NoBMHHA 6yTH AOCTaTHLOM,
wob 3abesaneynT CTanUini CTaH BWUIYYEHHS TEMSIOTU MpPU MaKCMMAarbHiA OuYiKyBaHIn MiATPMMYBaAHIA LUBWMOKOCTI
BUAINEHHs Tenna, Wwob npuBecTU A0 NMPURHATHOrO nigkomy Temnepatypu. Y tunoBumx Ni-MH naketax GaTapen 3
Tennotoo 5 - 10BT Ha enemMmeHT, BUOINEHOK NiA Yac nepesapsmXeHHs (MakcumarbHe TennoBuaineHHs), HeobxigHa
BUTpaTa 28317 - 84951cm3/XBIUN NOBITPS Ha eneMeHT, o6 3abeaneynTi agekBaTHe OXOMOMKEHHS! MPOCTO Ha OCHOBI
TENrOEMHOCTI MOBITPA | AOCATHEHHA MPUWHATHOrO NiglMoMy Temnepatypu. Moxe BMKOPUCTOBYBATUCH papianbHUiA TUM
BEHTUNATOPIB, W06 3abe3neuntn Hanbinbll edheKTMBHUI NOBITPAHWIA NOTIK 4N TENMOBOro ynpaeniHHs. Lle mae micue
Yepes Oinbll BUCOKMW aTMOCKEPHWN TUCK, WO OPMYETbCH LUMMW TUNaMuM BEHTUNATOPIB Ha NpoTuBary TUCKY,
CPHOPMOBAHOMY OCBHOBUMW BEHTUNATOPaMU. FAK nNpaBuno, noTpibHe nagiHHa TUCKY, NpUHaiMHI, 1,27CM BOLAHOro
cToBna B pobouiii Touui BEHTUNATOpPA, KU BCTAHOBIEHO Yy nakeT. LLo6 ogepxaTu Le nagiHHA TUCKY Npu BUCOKUX
3HAYEHHAX BUTPATU SK NpaBMiIo NOTpiOHa MOXIMBICTE CTBOPEHHSI BEHTMNATOPOM CTaTW4HOro Tucky 3,8 - 7,62cm
BOASHOrO CTOBNA.

Ha popaTok 4o BUKOPUCTaHHA BEHTUATOPIB A1 OXONOMKEHHS nakeTa 6aTapel, Konu BiH € rapsaynum, BEHTUNSTOPK
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MOXYTb HarpiBatu nakeT Gartapei, konv BiH HagTo xonogHuin. TobTo, SKWO TeMnepaTtypa naketa Gartapelt Hux4a Big
noro MiHiManbHOT ONTUManbHOT TeMMepaTypu, a TemnepaTypa HaBKOMMWLIHLOIO MOBITPSA .BULLE, HiK y nakeTa GaTapel,
BEHTUNSATOPU MOXYTb BMUKATUCh, WOG HarHiTaTh Ginbll Tenne HaBKONMULLHE NOBITPSA B nakeT GaTapei. Tenniwe nosiTps
noTiM Nepenae CBOK TEMSOBY eHeprito nakeTy Gatapew, i HarpiBae Moro, NpUHaRMHI, 4O HUXKHBOI MeXi onTUMarbHoro
AdianasoHy Temneparypu

3aci6 44 TpaHCNOPTYBaHHS OOHOIO UM KiNbKOX XONOAOAareHTiB MOXe po3TalloByBaTUCL Y BXigHOMY oTBopi 41 ans
xonogoareHty, Wo6 nogaeaTu HOBWI xonogoareHT y kopnyc 40 naketa GaTapei 4epes kaHanum 43 gns Teuil
XonogoareHty, i 3 BUXigHOrO OTBOpy 42 xonogoareHTy. K anbTepHaTMBa, OAWH 4YM  Kinbka 3acobis 44
TPAHCMOPTYBAHHA XOriogoareHTy Moxe OyTu BCTaHOBMEHO Yy BUXiOHOMY OTBOpi 42 ANsi XOrofoareHTy, Wwob BUNy4nTr
HarpiTUi xornogoareHT nosa kopnycoMm naketa 6atapen 40, BUKIMKaOUM 3any4YeHHs CBIXKOro xonopoareHTy B kopnyc 40
naketa GaTtapei Yepes BXigHWI OTBIp 41 ANA XonodoareHTy, i NpoTikaHHA Yepes kaHanu 43 gnsa Tedii xonogoareHTy.

XonogoareHT MOXe TEKTW naparienbHo caMoMy OOBroMy BUMIpY kaHanie 43 gna Tedii xonogoareHTy (To6To B
HanpsMKy OOBXWHU mopgyrnie 6atapei) abo, Ak anbTepHaTWBa, BiH MOXe TEeKTW MNeprneHAMKYNsapHO CamMoMy OOBroMy
BUMIipY 3a3HadeHuX kKaHanie 43 pna Tedil xornopoareHTy, (TO6TO B HanpsaMKy BMCOTU mogyns Gatapei). Cnig
3a3Ha4nTK, WO, OCKINbKA XxonogoareHT Biobupae Tenno, WO BigxoawWTb, Big 6GaTapeil, Konu BiH Tede depes
oxornomkyBanbHUN kaHan 43, xonogoareHT HarpiBaeTbcsl. TOMy, Ginbll NMPUAHATHUM € Te, Wob Tekyde cepemoBulLe
TEKIO MepneHauKYNspHO CaMoMy AOBFOMY BUMIPY OXONompKyBarbHoro kaHany 43. Lle BunnmBae 3 TOro, Lo, Komu
xoriogoareHT HarpiBaeTbCsl, PisHULUA TemnepaTyp Mk G6atapesiMu i XonogoareHTOM 3MEeHLLYETLCS, | OTXe, LUBUAKICTb
OXOMOOXKEHHS TaKoX 3MEHLLYETbCS. TakuM YMHOM, 3aranbHe TennoBe [ po3ciloBaHHA 3HWXKyeTbed. o6 miHimizyBaTu
uen edekT, WNsAX Tedil xornogoareHTy noBWHeH ByTu Ginbll KOPOTKUM 3 ABOX, TOGTO MpOXoguTW B3OOBX BWMCOTU
GaTtapeii.

Y TORM 4ac gk noBiTpA € HanbinbWw NPUAHATHUM XOrofoareHToMm (TOMY Lo BiH Jlerko AOCTYMHURA i npocTui ans
TpaHCNopTyBaHHA ycepeduHy i nosa Koprnycom), MOXYTb BMKOPUCTOBYBATWUCA iHLWI rasv i HaBiTb piguHW. 30Kpema,
MOXYTb BUKOPWUCTOBYBATUCA piOKi xormogoareHTu, Taki sk cpeoH abo eTUNeHrnikonb, TakoX SK iHWi komepuiliHe
OOCTYMHI pe4YoBUHM Ha OCHOBI (hTopBYrNeLto i HegpTopByrreyto. Konu Ui iHWwi rasm abo piguH1 BUKOPUCTOBYIOTE B SIKOCTI
xoropoareHTy, 3acobom 44 TpaHCNopTyBaHHA xonopoareHTy Moxe 6yTu, Binbll NpuiHATHE, Hacoc. Mpu BUKOPUCTaHH
XorofoareHTiB, BiOMIHHUX Big NOBITPSA, 3aci® TpaHCNOPTYBaHHA XOriogoareHTy MoXe, Oinbll NPURHATHO, MICTUTK
MaricTpanb MOBEPHEHHS XorogoareHTy, MpuegHaHy OO BWXIOHOTO OTBOPY 42 ANs XorogoareHTy, LWo 3AilcHioe
peunpKynaLilo HarpitToro xonogoareHTy 4o pe3epByapa XonofgoareHTy (He nokasaHuii), 3 SKoro Moro TpaHcnopTyoTe A0
TennoobMiHHUKa xonofdoareHTy (He nokasaHui), Wwob BigibpaTty Big HHOro TENMOTY, i, HAPeLTi, NOBTOPHO NodalTb A0
Hacoca 44 xonopgoareHTy Ansa 6araToKpaTHOro BUKOPUCTaHHS B OXONodKeHHi nakeTta 39 6aTtapei.

OnTuMmizoBaHa LIMPWUHA KaHany Ans Tedii xonogoareHTy BkMtodae Garato pisHOMaHITHMX YMHHMKIB., YacTuHa Lmx
dakTopiB BKIOYAE KinbKicTb GaTapen, iX LWiNbHOCTI eHepril i eMHOCTI, WBWAKOCTI iX 3apagy i po3psgy, Hanpsamok,
WBMAKICTb | 06'eMHY BMTpaTy XorofjoareHTy, TENMOEMHICTb xonogoareHTy Towo. Byno BusaBneHo, WO HesanexHo Bif
OiMblIOCTI  LMX YMHHWKIB BaMBO CKOHCTPYHOBATWM OXONOAXyBanbHi kaHanum 43, wob nepewkogpkatn abo
YNOBINbHIOBATK 00'eM OXONOOXKYBaANbHOMO NOTOKY TEKYYOro cepenoBuLLa, KON BiH NpoxoauTb Mixk Mogynsmu. B ineani,
3aTpUMKa B NOTOLi NepeBaXHO Mae MicLe Yepes TepTs 3 OXONOMKYBaNbHUMK NOBEPXHAMU enemMeHTa, Lo Npu3BoAnTb
[0 3MeHLUEeHHs noToky Ha 5 - 30% ob6'eMy noToky. Korn 3asopy MK MoOgynsiMW CTaHOBMSITb FONOBHE OBMEXEHHS
MOTOKY B CUCTEMIi KepyBaHHS OXONOMKYBaNbHUM TEKYYUM CepefoBULLEM, Lie BUKIMKAE OAHOPIAHY i NpMONN3HO piBHY
o6'eMHy BMTpaTy OXONOMXYBarbHOrO TeKy4Yoro cepegoBullia B 3a3opax Mik yciMa mogynsamu, npuBogsyyd OO
PIBHOMIPHOIO OXOSIOMKEHHS | 3BMEHLUEHHS BMAMBY iHWNX 0OMeXeHb NOTOKY (Taki K BXigHI oTBOpU abo BUXigHI oTBOpK),
O MOrMO B MPOTUBHOMY BUMNAagKy AaBaTW HEPiBHOMIPHUIA MOTik Mix mMogynamu. KpiMm Toro, ogHakoBa nroLa KOXHOro
ernemMeHTa nigaaeTbes Aii OXoNnoaXKyBanbHOro TEKYHOoro cepefqoBuLLla 3 aHanoriyHow WBUAKICTIO | TeMnepaTypoto.

Mogyni GaTapei opraHisoBaHi AN eheKTUBHOIO OXONOAXKEHHSI enemeHTiB GaTapei, 3a AonoMorol Makcumisail
LIBUOKOCTI OXONOMXKYBasbHOI PiouHK, LWob AOCATTN BUCOKOTO KoedilieHTa Tennonepenadi Mixk NoBEPXHE enemMeHTa i
oxorogxyBasnbHUM TeKydMM cepefoBullem. Liboro gocaraioTb 3BY)XEHHAM MiXMOAYyrbHOrO 3a3opy]Ao BeNUYuHI, npu
AKI oxornomKyBarnbHWN OB'EMHUIA MOTIK TEKYYOro cepemoBMLLa MOYMHAE 3MEHLLYBaTWCA, ane LWBWMAKICTb TeKy4oro
cepenoBuLa Bce e 30inblyeTbes. Binblu By3bKWIA 3a30p TakoXk AonomMarae nigHAaTW koedpilieHT Tennonepenadi,
OCKiMbKM MeHWa BiACTaHb ANA Tenronepenadi B OXOMOAXYBalbHOMY TeKydYoMy cepemoBuLli 36inbluye rpagieHT
TemnepaTypu Big enemeHTa 4O TeKy4oro cepefoBuLLa.

OnTuManbHa LWMpWHA KaHany AN Tedil XonodoareHTy 3aneXuTb Bif AOBXWHU LNSXY NOTOKY B HANPSIMKY MOTOKY,
TakoX AK Big Nnowi kaHany onsa Tedil XonogoareHTy B NIIOWMHI, NepneHanKynspHin NoToKoBi xonogoareHTy. € GinbLu
cnabka 3anexHiCTb ONTUMArbHOMO MPOMIPKKY Ha XapakTepUCTUKKM BeHTUnATopa. [ns nosiTpsa wupuHa kaHanis 43 ons
Teuil xonogoareHTy AopiBHIOE NpnbnnaHo Mixk 0,3 - 12MmM, Ginbll NPUAHATHE MK 1 - OMM | HARBINbLL NPUIAHATHO MK 3
- 8MmM. [Ins BepTMKanbHOMo MOBITPSHONO NOTOKY Yepe3 Mogyrb BUcoTow 17,78CM, ONTUMANbHUA OOCSXKHUI CepenHin
3a30p MK MoAaynsMu (WvpuHa kaHaniB 43 ans Tedil xonogoareHty) npubnuaHo gopisHioe 3 - 4MMm (BiacTaHb no
cepefHir ninHii 3asgoBxkn 105MM). [1na ropu3oHTanbLHOrO NOBITPSIHOMO NOTOKY, WO Te4ve nonepek 4 Moaynis OOBXWUHOW
40,64cm y pagy 3 3aranbHoK BigcTaHHw 162,56CM, onTUMAnNbHUA OOCSXKHWMIA cepenHin iHTepBan moayns (LWWpUHa
kaHaniB 43 ans Teuil xonogoareHTy) Npubnn3Ho AopiBHIOE 7 - 8 MM (BiAcTaHb NO cepenHin miHil goxmHow 109Mm).
TpoXyu MeHLWWi MiXKMOOYIbHUIA 3a30p Yy AarlbHBOMY KiHLUi Lboro psgy npuasee Ao Ginbll BUCOKOT BUTpaTK MOBITPS i,
oTKe, Binbll BUCOKOro KoedilieHTy Tennonepeaadi, y Takuii cnocié koMneHcyoun Ginbll BUCOKY TemnepaTtypy MnosiTps
Ha Buxofi. BTOpMHHWMIA BXigHWIA oTBip abo psa BXiQHMX OTBOPIB B3AOBX YaCTUHW FOPU3OHTANbHOMO LUMSAXY Teuil
XorofgoareHTy MOXYTb TaKoX BUKOPWUCTOBYBAaTWUCS B SIKOCTI 3acoby BBedeHHs AOOAaTKOBOrO XONOAOAareHTy, TaKuM
YMHOM CTBOpIOKOYM Tenronepedady Mk enemeHtamu 6atapei i xonogoareHToM 6Ginbll OQHOPIQHOK B3[OBX YCbOrO
LUNAXY NOTOKY.
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Cnig 3a3HaunTW, WO TepMiH "BiacTaHb No cepenHili NiHil" iHOQ4I BUKOPUCTOBYETLCSH SIK CMHOHIM LUMPUHU KaHany
ansa Tedii xonopoareHTy. [NpuynMHa UbBOro nonsrae B TOMY, WO 3ragaHi 3Ha4YeHHsl LWMPUHW KaHany gna Tedil
xoropoareHTy € cepegHiMu Yncnamu. MNMpuyunHa Ana Uboro ycepedHeHHsi B TOMY, Lo NOBepxHi MoayniB 6atapei, skui
dopmyloTb kaHanu 43 ans Tedil, He € O4HOPIAHO MIOCKMMU Ta PIBHUMW, 3B'A3Ka, AKa 3B'A3ye mMoayni pas3oM, i cami
noBepxHi b6atapen BUKIMKaOTb 3MiHY PakTUYHOI LUMPUHU KaHary B3OOBX iX OOBXMHW. Tomy, iHOAI npocTiwe onucaTtu
LWMPUHY B TEpMiHaX BiACTaHi MiX LeHTpaMu OKpeMnx MOAyniB, TOOTO LUMPUHU NO CepenHin niHii, aka aMiHETbCS ANA
GaTtapel pisHMX po3mipiB. ToMy, Ik NpaBumo, BiNnbLL 3py4HO ONMCcaTW CepenHIo LUMPUHY KaHary, ika 3aCTOCOBYETLCS A0
mMogynie 6atapei HesanexHo Bif BUKOPUCTOBYBAHOMO (hakTUYHOrO po3mipy GaTapei.

@ir.20 i 21 306paxyoTe rpadiky 3aneXkHOCTi MiXK LUMPWHOK KaHarny Ana Tedil xornogoareHTy (TobTo BigcTaHi no
cepenHin niHii) B 3anexHocTi Big 06'eMHOI BUTpaTK XONo4oareHTy, NPoLUeHTHOI YacTMHU Bif MaKCMMarbHOI LIBUOKOCTI
XOroA4oareHTy | NPOLEHTHOT YacTMHKM Bif MakCcMManbHOI Tennonepenadi Ana BEPTUKaNbHOMO i rOpU3oHTaNbHOro NoToKy
XorogoareHTy, BignosigHo. "padiky nogaHi Ans NoBiTPS B SKOCTI XONOAOAareHTy, i npunyckarTs TYpOYNeHTHMIA NOTiK
i obmexxeHHs1 BinbHoro noBiTpsa 30%. Sk MoxHa 6a4nTu, iCHYIOTb SIBHO ONTUMArbHI IHTEpBanu, KU BiOpPI3HAIOTLCS
3anexHo Big HanpaAMKy Teuii xonopgoareHTy. Hanbinbl edekTBHe dyHKLiOHYBaHHSA 3AiicHI0OETbCA B AianasoHi £ 10%
Big onTUManbHoI Tennonepenadi, npoTe, nNpu HeoOXiOHOCTI cMcTemMa MOXe eKCnnyaTyBaTUCs nosa LM AianasoHoM,
36inbLytodn o6'eMHy BATpaTy xonogoareHTy. Ha KpecrneHHsIX KpvBi, NO3HaYeHi kBagpaTamu, siBNsitoTe coboto 06'eMHy
BUTpaTy XonogoareHTy (MOBITPs) | BiOpaxoBylTbCS Big NiBOI opguHaTW, y TOW 4ac $K KpUBI, MNO3Ha4eHi
TPUKYTHUKaMK i pomGamu, SBNsoTe cobolo NPOLEHTHY YacTWHY Big MakcuMarnbHOI Tennonepenadi i NPoLeHTHY YacTky
Bif, MaKcuMarnbHOI LWBUAKOCTI NOTOKY XoriogoareHTy, BiANOBIAHO, Ta BipaxoBylOTbCH Bif NpaBoi opaAnHaTu.

o6 ponomortu B [OCArHeHHi i nigTpumaHHi HeoOxigHOT BiOcTaHi MogyniB BcepedouHi kopnyca nakeTa i
3a6e3ne4nT eneKkTPUYHY i3onsuilo MiXX MOAYNSAMU, KOXEH MOAYIbL MICTUTb Npoknagku 37 xononoareHT-noTik-kaHan, ski
yTpuMytoTb Mogyni 32 Ha onTMManbHil BigcTaHi Big Oyab-skux iHWKUX Mogynie 32 i Big kopnyca 40 naketa GaTapen,
wob coopmyBaTh KaHanu 43 gna Tedil xorogoareHTy. SK po3KkpuTo BULLe, Npoknagku 37 XorogoareHT-noTik-kaHarn
Oinbll NPUMHATHE BCTaHOBNEHI 3Bepxy i 3HM3Y Big moaynie Gatapei 32, zabesnedyloun 3axucT KyTam moaynie 32,
knemam 7, 8 GaTapei N enekTpU4HUM MiK3'egHaHHAM 25. Binbll BaxMBO, BUBOAW Ha MNOBEPXHSIX Mpokragok 38
yTPUMYOTb MOAYNI Ha ONTUManbHi BiacTaHi oguH Big ogHoro. Mpoknagku 37 Ginbll NPUAHATHE BUTOTOBMSOTL 3
NErkoi, eneKTpMYHO HEMpPOBIOHOI PEYOBUHW, Takoi SK MILHWA noniMep. TakoX BaknMBO AONs 3aranbHoi LWiNbHOCTI
eHepril nakeTta, Wo6 NpoknagkM MICTUM AKHaNMeHLle PeYOBUHW, WOo6 BUKOHATM NOTPIOHY dyHKUito i ByTn HacKinbku
MOXXIMBO NErKMMMU.

Ak Bin3HadeHo BuLle, Ni-MH GaTapei dyHKLUiOHY0Th HalKpalle Yy BU3Ha4YeHoMy iHTepBani TeMnepaTyp. Y Tol 4ac sk
CUCTEMa OXOJIO[KEHHsl, OMWcaHa BULle, HaAae MOXIIMBICTb cucTemaMm nakeTa Gartapel, BiAnoBigHO OO LUBOro
BMHaxody, NigTpymyBaTh pobodi TemMnepaTypu HukYe BULLOT MEXi ONTUMAarnbHOro TemnepaTypHoro gianasoHy (i iHogi
PYHKLOHYBaTN BULLE HWXKHBOT MeXi ONTUMAarbHOK TemnepaTypHOro AianasoHy, SKWOo TemnepaTypa HaBKOSULIHBOrO
noBiTPS BULWaE, HixX y BaTapel, i BULE HUXHBLOI MeXi ONTMMAanbHOrO TEMMEPATYPHOro AianasoHy), iCHYTb MOMEHTH,
konu TemnepaTypa cuctema batapei 6yae HUXYOK, HiXK HUXKHA Mexa ONTUMAarbHOro iHTepBarny Temnepartyp. Tomy, €
notpeba Tak 4yM iHakwe 3abe3neynTn 3MiHHY TepMoisonsuito ans geakux abo ycix Gatapei i MogyniB y nakeTHin
cuctemi Gatapei.

Ha popmaTtok OO CUCTEM OXOSMOMKEHHS, OMUCaHWX BULLE, IHWMWIA cnoci6 TepMidHOro YMnpaBmiHHA MakeTHUMU
cuctemamy 6artapeii, BignoBiOHO OO LBOro BUHAaxody, MONSirae y BUKOPUCTaHHI TeMnepaTypHO-3aneXHUX pexumis
3apsagy. TemnepaTypHO-3aneXxHi pexvmMun 3apsgy AonyckaloTb edheKTUBHY 3apaaKy npy po3maiTocTi yMOB TeMnepaTtypuy
HaBKOMMWLLUHBbOro NoBITPSA. OAuH 3acib Bktovae 3apsgky GaTapen Ao TemnepaTypHO-3anexHo! MeXxi Hanmpyru, Lo
6e3nepepBHO OGHOBMAETLCHA, fKa YTPUMYETbCH, OOKA CTPYM HE 3HWU3UTbCA [0 3a4aHOoro 3HaveHHs, micna 4oro
BU3Ha4YeHU BXiOHOI 3apsg nogarTb NpU MNOCTIMHOMY CTPYMI. |HWWIA cnoci6é Bknodae cepito eTaniB 3 NOCTIMHUM
CTPYMOM, LWO 3MeHLWYyeTbCs, abo MOCTIMHOK MOTYXHICTIO [0 MeXi TemnepaTypHO-KOMNEHCOBaHO! Hanpyru, 3
nodanbLUO NOoAaveto NeBHOro 3apafy, fka 3QINCHIETBCA NPWU MOCTIMHOMY CTPYMi WM MOTYXHOCTI. |HWMA cnocib
BKIOYaE cepilo eTaniB MNOCTIMHOrO CTPyMy, WO 3MeHLWYyeTbCsi, abo MOCTIHOI MOTYXKHOCTI, sika 3aBepLlUyeTbCA
MaKCUMarbHO BUMIpOBaHOW LUBMAKICTIO NigoMy TemnepaTypu 3 NoAanbluol nodaqero MeBHOro 3apsgy, ska
30INCHIOETLCS NPU NOCTIMHOMY CTpYMi @60 NOTYXKHOCTI. BUKopUCTaHHS TemnepaTypHO-3anexXHUX MeX Hanpyru rapaHTye
PIBHOMIpHY €MHICTb Y LUMPOKOMY [iana3oHi TemnepaTyp i rapaHTye, WO 3aBeplueHHs 3apsgy BigOyBaeTbca 3
MiHiManbHUM 36inblUeHHAM TemnepaTypu. Hanpuknag, BMKOPUCTaHHS ikCoBaHUX MeX 3apsgy Hanpyru Bege OO
30inblweHHA TemnepaTypyn Ha 8°C B OOHOMY KOPMYCi, Y TOW 4ac sk BUKOPWUCTAHHS TemnepaTypHO-KOMMeHCoBaHol
3apsgku Bege o nigiomy Temnepatypu Ha 3°C 3a nogibHux ymoB. Mexki abcontoTHol Temnepatypu 3apsgy (60°C)
NOTPIOHI Ana uiei GaTtapei, Wob YHUKHYTU CeprO3HOro Meperpiesy, Skuin Moxe BigbOyBaTucs y BMNagKy OLHOYAaCHOI
BiAMOBM 3apALHOrO MPUCTPOKD | CUCTEMUN OXONOMKEHHS. BU3HaYeHHs WBNAKOCTI 3MiHK Hanpyru Big Yacy (dV / dt) Ha
OCHOBI nNakeTa abo Mofyns OO3BONSE HeraTUBHOMY 3HadeHHo dV / dt cnyXutn B SIKOCTi O3HaKK 3akiH4eHHs1 3apsgy. Lle
MOXe BiABEpPHYTU HagMipHUA nepesapsd i nNoninwuTh edekTUBHICTL ekcnnyaTauil Gartapei, a TakoX CnyXuTu sk
JofaTkoBe obMmexeHHa Gesneku.

Mpuknag pexumy TeMnepaTypHO-3arnexHoro sapsay HasefeHo y Tabnuui 3.

Tabnuus 3

1) 3apsgka npu MakcUMarbHIl NOTYXHOCTI, okK He Byae AOCArHyTa Mexa Hanpyrn* 4,

2) 3MeHLLYTb CTPyM Ha 30% i 3apsimatoTh, AokU He Byae gocsryta* ! 2 3 mexa Hanpyrm*4.

3) MoBTOPeHHs KPOKY 2), AOKU cTpyM < 5A %123

4) MosHa 3apsaka npu NocTiHOMY CTpyMi 5A, 3apsa nNpoTaAroM ogHiel roAMHN, SKWO nepesapan B aMmnep-roguHax
GinbLMiA, Hixk 5A*rog. *1:2.3

5) Mepeaanyck 3apsaKku KOXHI 2 FoAnHK, aBo KoHI X roAuH (OMB. HWKYE ONS iNocTpaTMBHOIO PiBHSHHS Ans X)* °.
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Ak anbTepHaTMBa - nepesanyck 3apsgkun, SKWo Hanpyra mogyna 6atapei nagae Hwxde 15B, abo sik anbTepHaTuBa,
nepesanyck 3apsigoku, AKWO Hanpyra mogyns Gartapei nagae Huk4e Mexi Hanpyrm MiHyc 3cyB (Hanpuknag, 0,5B Ha
Mogynb) abo, sk anbTepHaTuBa, poboTa OaTapel BXOMOCTY Ha Mexi Hanpyrn MiHyC BUWLLEBKasaHWW 3cyB. B ycix
333HaYeHUX BULLE BMNadkax MakcumarnbHa Temnepatypa 6atapei noBuHHa 6yTn MeHwow Big 50°C go nepesanycky
3apagKku.

*1) CTpym nosuHeH 6yt obmexeHuii 10A, SKLWO MakcumanbHa Temnepatypa 6atapei 6inbwa 40°C.

*2) MNepepuBaHHA 3apaaky, SKWO MakcumarbHa TemnepaTtypa 6artapei Ginbwa 60°C - nuwe nepesanyck 3apsigku,
AKLWO MaKcuManbHa TemnepaTtypa 6aTtapei nagae Huxde 50°C.

*3) O6mexnTn 3aranbHUiA 3apag oo makcuMmyM 95A*roq Ans novaTtkoBoro 3apsigy abo 30A*rog ons nepesanyckis.

*4)

0024 B

M ExcaHaNET W= 16 65 — =M akc.Temnep b arapel (*CN * KineKicTeMO I

*5) Hanpuknagd, X = 20%(1 - MiH. NpUIAHATHWIA cTaH 3apsiay (%))2*(60 - Makc. Temn. 6atapei)

®ir.22 i 23 iNCTpYIOTh, K PEXMM 3apsiakM 3 “TemnepaTypHO-KOMNEHCOBAHOK MEXKED Hanpyrin' Moxe 3MeHLyBaTh
3pocCTaHHs TemnepaTypu nig vac 3apagy nakeTHux cuctem batapei. Lli kpecrneHHs 306paxytoTb rpadik 3pocTaHHsA
TemnepaTypy naketa, 6aTapei i Hanpyry nakeTa B 3anexHOCTi Big 4Yacy nig Yac 3apsay i po3psagy naketa. Ha dir.22
(TemnepaTypHO-KOMNEHCOBaHa MeXxa Hanpyri), BEpXHs KpuBa aBnse cobolo Hanpyry nakerta, a HUXHA KpuBa nogae
TemnepaTypy nakeTa Bulle HaBKONMWHLOI. Pir.22 BKasye, IO HanpUKiHUi LMKy 3apsgy, NO3HadYeHoro nikoMm KpuBoil
Hanpyru, naket GaTtapel 3a3HaB nuwe nigiom Temnepatypu Ha 3°C BUllEe HaBKOMULIHBLOT TemnepaTypu. Hasnaku,
ir.23 Bkasye 30irblUeHHA TemnepaTypu Ha 8°C Big TemMnepaTypu HaBKOMWLIHLOMO CepenoBuMLla MpU BUKOPUCTaHHI
cnocoby sapaaku 3 "dikcoBaHo Mexeto Hanpyrn'. TyT KpuBa, nokasaHa LUTPMXOBOM MiHieto, siBnsie cobo Hanpyry
nakeTa, a KpuBa, NnokasaHa CyLinbHOW NiHi€lo, NpeacTaBnsde Temnepatypy naketa. Tomy, MOXHa 6a4ntu, wo Binby
YacTUHY 3reHepoBaHOl TENOTW MpWU CTaHAapTHOMY 3apani 6yrno BUMyYeHO 3 BUKOPUCTAHHSAM PEXMMY 3apsigku 3
"TemnepaTypHO-KOMNEHCOBAHOIO Mexeto Hanpyrun®.

Ak onuncaHo BULLE, HA 4OAATOK 4O HasiBHOCTI BEPXHBLOI Mexi pobodoro iHTepBany TemnepaTyp 6atapei, BionoBigHo
[0 LbOro BUHaxXoAy, € TaKOX HWKHA Mexa. FK TakoX onucaHo BULLE, KoMK TeMnepaTypa HaBKOMWLLIHBOrO NOBITPA BULA
Big TemnepaTypu GaTapei, "cucrema OXonoaXeHHs" MoXe BUKOPUCTOBYBATUCA B SIKOCTI CUCTEMU HarpiBaHHs. [poTe,
HabaraTo 6inblu WMOBIPHUM € Te, Lo, AKWO TemnepaTypa nakeTa 6ataper HU3bka, TO TemnepaTypa HaBKOMMWLLIHBOMO
noBiTpsa Gyde TakoX HU3bKO, i, MabyTb, HUXYOI Bid TeMnepaTypu naketa 6atapei. ToMy, NOBUHHI ByTM MOMeEHTH nig
Yac poboYoro BMKOPUCTAHHA MakeTHoi cucTemu OaTapei, konm Oyge BMrigHO TepMiyHo i3omntoBaTM GaTtapei Big
HaBKOSMLLHBOrO cepenoBuwa. MpoTte, noTpeba B TepmMoisonsuii He Byae NocCTiHOW | MOXe CUMBHO 3MiHIoBaTUCA NnLle
Ha OyXe KOpOTKWUW iHTepBan Yacy. ToMy, HeobXigHiCTb y Tepmoizonauil Takox Gyae aMiHHOLO.

LLlo6 npuctocyBath Lo 3MiHHY NoTpeby ans Tepmoizonauil, 3a9BHUKA BUHANLWINK 3aci6 aona 3abeaneveHHs 3MiHHOT
Tepmoiszonayii. HoBuiA 3acib 3amMiHHOT TepMoi3onsLil MOXe BUKOPUCTOBYBATUCS Ha OKpeMmux GaTapesx, moaynsx bartapei
i TakOX MakeTHUX cucTemax GaTapei.

Y Hanbinblw 3arankbHin dopmi 3acid 3abesnedye 3MiHHY TepMoisonsuito, NPUHaANMHI, ANa YacTUHW nepesapsgHol
cuctemun BaTapeli, sika HanbinbWw 6e3anocepenHbO NINAAETHCA 3a3HAYEHUM HABKOMULLHIM TeMnepaTypHUM yMoBaM Tak,
Wob nigTpMmaTtn TemnepaTtypy nepesapsagHoi cuctemun Gatapeli y HeobxigHoMy pobo4omy AianasoHi 3a nepemMiHHUX
YMOB HaBKOJMLLUHBOrO CepenoBuLLa.

o6 3abeaneunTn Ul 3MiHHY Tepmoisonauilo, BUHaxigHWkn ob'egHanu 3aci® TemnepaTypHoro pdartyuka, 3acio
cTUcnMBoi TepMmoisonsayii i 3acié ons CTUCKaHHA CTMCRMBOro 3acoby Tepmoizonsauil y Bignosiob Ha Temnepartypy,
BM3HaYeHy TennoBum gatynkom. Konu TemnepaTypHUn gaTymk ykasye, Lo TemnepaTypa HaBKONMULIHLOTO cepefoBuLla
Mana, TEpPMOI3onsLilo PO3TaLLOBYIOTL ¥ HEOOXigHUX obnacTax ans isonauii obnacrten 6atapei, Mogyns abo nakeTHoI
cuctemn Oatapei, Wo nigoalTbea BNnMBY. Konu TemnepaTypa HaBKONMULWIHLOTO cepedoBula Oinbll BMCOKE,
TemnepaTypHMin OaTynKk 3MyLye TepMoisonsuilo 4YacTkoBo abo UiNkoM CTUCKaTUCh Tak, LWo dakTop isonauii,
3abeanevyBaHuii Ana cuctemu Gatapei 3a 4ONOMOrol CTUCNUBOT i3onsLii, YacTkoBo abo LiNKOM BUNYyYaeTbCs.

TennoBi AaTtynKkM MOXYTb OYTU €NEKTPOHHUMW JaTyMkamu, SKi nogatTb iHpopMaLlilo Ha MopLUHEBi NPUCTPOI, SAKi
nonepemMiHHe 30irblWyloTe abo 3MeHLWYTb CWMY CTUCKaHHS Ha CTUCIMBY MNiHY 4YM BOJSIOKOHHY i3onsauito. Ak
anbTepHaTnBa (i GinNbl NPUAHATHE, BMXOAAYM 3 BMKOPUCTaHHSA ENeKTPUYHOI eHeprii i 3. TOYKM 30py MeXxaHiYHol
HagiNHOCTI), AaTYMK i NPUCTPOI CTUCKaHHSA MOXYTb OyTn 06'eqHaHi B OQMHOYHI MexaHiuHi NpUCTpoi, SKi BUKNMUKaOTb
NepemiHHy CUny CTUCKaHHS Ha TepMOI3onaLilo B AKOCTI 6eanocepenHbol peakuil Ha HaBKOMULWHI TennoBi yMoBuW. Takui
o0'egHaHn NPUCTpPIl OaTYMK/NPUCTPIA CTUCKAHHS MOXE BUFOTOBMATUCH 3 BiMeTaniyHoi pe4yoBUHM, Takoi K CMyru, Lo
BMKOPWUCTOBYIOTECA B TepMocTaTax. 3a HU3bKMX TemnepaTyp HaBKONULIHLOTO MOBITpA OGiMeTaniyHWiA npuctpin
AO3BONATMME TepMoisonsuii poatsaryBatuca Ha Micyi, Wo® 3axuctutn cuctemy 6Gartapei Big XOnogHuWx ymoB
HaBKOMWLLHBOrO CepefoBuLLa, arne, Konmu TemnepaTtypa Gartapei abo HaBKOMMLIHBOrO cepefoBula MiaBULLEHA,
OiMeTaniuHMIn NPUCTPI CTMCKaE i3oNnsUito, WO YyCyHYTH i3omnoounii edhekT 3 cuctemn batapei.

Y ToW yac Sk 3MiHHa TepMOoi3onALis MoXe BMKOPWCTOBYBAaTUCH, LWOG LiNkom oTouuMTu BClo GaTapeto, Mmogynb abo
nakeTHy cuctemy GaTapei, pobuTn Tak He 3aBXAWM HeobxigHo. 3MiHHa TepMmoisonsauia Moxe ByTu came eeKkTUBHOM,
KOnu BOHAa TiNbKK i3ontoe npobnemHi Toukn cuctemun. Hanpuknag, y mogynax 6atapei i nakeTHMX cuctemax, BignoBigHo
0O UbOro BuHaxody, AKi BMKOPUCTOBYIOTb PEBPUCTI KiHUEBI NNacTUHU, MOXe TinbkM OyTU HeobXioHMM TepMmivHe
isonoBaTK KiHUi MopgyniB, Ha siki Hanbinbw 6e3nocepenHbLO BNNMBAOTb YMOBU HU3BKUX TeMMepaTyp HaBKONULIHLOTO
cepepoBuwa. Lli ymMoBM HaBKONWWHLOTO CepedoBMLLa MOXYTb BUKIUKATW BeNWKi TemnepaTypHi AucbanaHcu Mix
Oatapesmn mogyna(iB) i, K Hacnigok, noripwyBaTn eekTUBHICTb Moayns abo nakeTHoi cuctemun. 3abesnedytoun
3MiHHY i3onauio ans kiHua(is) mogyns(ie), Wo nignaeTbca(loThCA) BNNUBY, PIisHULKD TeMnepaTtyp Mixk Gatapesmu Moxe
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OyTn 3meHLWweHo abo ycyHyTo, i 3aranbHa TemnepaTtypa moayns(is) Mmoxe ByTu kepoBaHot. HapeluTi, Mae Takox 6yTu
Bid3HadeHo, Wo Tepmoizonsuia He o6GOB'A3KOBO MOBUHHA TopKkaTucs OGartaper abo wmopynie, ane Moxe
PO3TaLLOBYBATUCh HA BigCTaHi Big MogyniB i NMUWWTM MepPTBY NOBITPSIHY 30HY nobnuay 6aTapei abo moayns, Wo fie B
SIKOCTi 4oOaTKOBOT Tepmoisonauii.

Onuc, nogaHun TyT y BUrMAQi OOKNagHWX BapiaHTIB BTINEHHSs, LiNKOM po3KpuBae Len BMHaxig, i HaBedeHi B
HbOMY MofpobuLi He NOBUHHI iHTepnpeTyBaTUCA AK OOMEXEHHS CnpaBXHBOro obcsAry BMHaA xomy, SKUA BUKIaOeEHO i
BU3Ha4YeHo y chopMyni BUHaxony, BUKNagae Hil HuxdYe.

dopwmyna BMHaxony

1. OxonogxyBaHa TeKy4uM cepedoBULLEeM nakeTHa cucTema GaTtapeid, WO BKIOYae Kopnyc naketa baTtapel, Skui
MICTUTb NPUHaNMHI OAWH 3acib ans BBEOEHHS i NpUHaMHI oauH 3aci® AN BMBOAY XONOO0areHTY i MHOXWUHY MoayrniB
Gartapell, YyTBOpPEHNX y MaTpuU4Hy KoHdirypauilo BcepeguHi kopnyca, nNpu4oMy 3asHadeHui Moaynb GaTtapeil MiCTUTb
MHOXWHY OKpemMux Gatapeli, 3B'A3aHNX pa3oM, i NPUHaNMHI oAWH 3aci6G TPaHCMOPTYBAHHA XONOQOareHTy, KU amyLlye
xornopoareHT HagxoAWTW B 3a3HayYeHui 3acid Ana BBeOEHHs XOriogoareHTy B KOPMyci, NpoTikaTh Yepes kaHanu Ans
Teuil xonogoareHTy i BUXOAUTW Yepes 3a3HaqeHnin 3acid ans BMBoOOY XOrofqoareHTy B KOpMyci, ika BiApisHAETbLCA TUM,
O MaTpu4yHa KOHdirypauis BUKOHaHa 3 MOXIMBICTIO 3a0e3neYeHHsi MPOTiKaHHS NOTOKY XOnoAoareHTy Kpisb NpuHaiMHI
OfOHY NOBEPXHIO 3B'A3aHNX BaTapei KoxXHoro 3 Moayrnis 6aTtapen, 3asHadeHi Moayni po3TalloBaHi B KOpNyci Ha BiAcTaHi
Bi HbOro Ta Big iHWWX Moaynie Tak, Wob cdopmyBaTi KaHanu Ans Tedii XxonogoareHTy B3OOBX NPUHaNMHI ogHiel
NOoBepXHi 3a3HaveHuX 3B'A3aHUX GaTtapel, NpyW UbOMY LUMPWHA 3a3HadYeHWX kaHaniB Mae onTumarbHi po3amipy Ans
3abe3neyveHHs MakcMManbHOlI Tennonepedadi 4epe3 KOHBEKTUBHI, MNpOBiOHI Ta BUMNPOMIHIOBArbHI  MeXaHiamMu
Tennonepenadi Big 3a3HadyeHux BaTapel 3a3Ha4eHOMY XOSOAOareHTy.

2. Cncrema Gatapeir 3a n. 1, ska BiAPI3HAETbCA TWUM, WO BOHa MICTUTb Y cobBi MHOXMHY Moayrnis Gatapel,
OpraHisoBaHUX Yy MaTpu4Hy KOHirypauito BcepeauHi kopnyca, Npu4oMy MaTpudHa KoHgirypauis 3abeanedye
NPOTIKaHHS MOTOKY XONoAoareHTy Kpisb NPUHaNMHI OgHY NMOBEPXHIO 3B'A3aHNX GaTapel KoxxHoro 3 Moaynis 6atapel.

3. Cucrtema 6atapeli 3a n. 1, fAka Bigpi3HAETbCA TUM, O BOHA BUKOHaHa 3 MOXIMBICTIO BUKOPUCTAHHSI eNeKTPUYHO
isontotoYoro rasonogibHoro abo pigkoro xonogoareHTy abo pigKkoro XornonoareHTy.

4. Cuctema Gatapeit 3a n. 3, aka BiAPI3HAETbLCA TUM, WO rasonofibHUM xorogoareHToM € NoBITpsA, | TUM, Wo
3aci6 TpaHCNoOpTyBaHHA XONOAOAareHTy BKIOYae HarHiTanbHWI NOBITPSAHWIA BEHTUNATOP.

5. Cuctema GaTapei 3a n. 3, Aka Bigpi3HAETbCA TUM, WO 3aci® TpaHCNopTyBaHHS XOSIOQOAreHTy BKIOYae Hacoc,
MaricTpanb NOBEPHEHHs1 XOriofoareHTy, NpMefHaHy Ao 3acoby BUXOQY XOOAoareHTy, Lo CNpUYMHAE peLumpKynsauiio
HarpiToro xonopoareHTy [O pe3epByapa XonogoareHTy, 3 f£KOro BiH TpaHCMOpTYeTbCs A0 TenroobMiHHWKa
xonopoareHTy ana gobyBaHHst 3 HbOro TEMnoTK i, HapelwTi, NOBTOPHO HanpaBnAETbCA A0 HAacoca XorofoareHTy ans
6araTopa3’oBoOro BUKOPUCTaHHS NMpU OXONOAXEHHI nakeTa GaTapen.

6. Cnctema GaTapei 3a n. 1, Aka BigpIi3HAETbCA TUM, O BCTAHOBIIEHA 3 MOXIIMBICTIO NIATPUMAHHSA TeMnepaTypu
mogynie 6atapei Huxye 45°C, i 3 MOXNMBICTIO NIATPUMAaHHS PisHWLi TeMnepaTyp MK MoaynsaMu G6atapei MeHLo Big
8°C.

7. Mogynb 6Gatapei Benukol NOTYKHOCTI, WO MICTUTb MHOXWMHY OKpeMux 6Gatapel, MHOXWUHY eneKTpPUHHUX
MiK3'eQHaHb, AKi 3abe3nedyloTb eneKTpUYHe 3'egHaHHS MK OKpeMuMK GaTapesamMu 3a3HadeHoro mogynsa i ski
3abe3nevyloTb enekTpuyHe 3'€4HaHHA MiXX OKpeMrMM Modynsamu Gartapeit, Ta 3acib 3B'A3yBaHHA/CTUCKAHHA MOZYns
OaTapeii, 3a3HaqeHi OaTapei 3B'A3aHi BcepenmnHi 3a3HaveHoro 3acoby 3B'f3yBaHHSA/CTUCKaAHHA TakK, WO BOHW CKpinseHi
3 MOXNUBICTIO 3abe3neyeHHs NPOTUCTOSAHHS NepeMilleHHI0 abo NOBOPOTY NpU MexaHivHWX Bibpaulisax, TpaHCcnopTyBaHHi
abo ekcnnyatauii, Skuin  Bigpi3HAETbCS TMM, WO 3a3HadveHi Oartapei 3B'A3aHi y 3a3HadeHomy 3acobi
3B'A3YBAHHA/CTUCKAHHSA MPU 30BHILLHBEOMY MeXaHIiYHOMY CTHCKaHHI, ike ONTUMI3OBAHO 3 MOXIMBICTIO 36anaHcyBaHHs
30BHILLHBLOrO TUCKY, CNPSIMOBAHOMO HA30BHi Yepe3 po3LUMPEHHs KOMMNOHeHTIB OaTapei, i 3abe3nedveHHs OoAaTKoBOl
CNpsiIMOBAHOT ycepeauHy CUNM CTUCKaHHSA, NpuknageHol Ao enektpoais 6GaTapel BcepeauHi KoxHo! Gartapei, ans
3MeHLUeHHs BIiACTaHi MiXX MO3UTUBHUMU i HEraTUBHUMU eneKkTpodamy 3 TUM, LWo6 36inblnTK 3aranbHy MOTYXHICTb
GaTtapel.

8. Mogynb GaTtapei 3a n. 7, SkMin Bigpi3HAeTbca TuM, WO Moayni GaTapei 3B'a3aHi pasoMm nig Aieto Benukoi
MeXaHiYHOI CUMN CTUCKaHHSA, 3 BUKOPUCTAHHAM MeTaneBuX CTEePXHIB, AKi BCTAHOBMEHO B3OOBX YCiX YOTUPLOX CTOPIH
mMogyns Gatapei | 3BapeHo Mo YOTUPLOX KyTax MoAyNs, e CTep:kHi 3ycTpivaTbes, ANS (POPMYBaHHSA CTPIHMKM HaBKOMO
nepudepii mogynsa 6aTapei.

9. Mogynb GaTtapei 3a n. 7, skMA BigpisHAeTbCA TuM, Wo Moayni 6aTtapei 3B's3aHi nig Aieto MexaHiYHoro
CTUCKaHHS, sike NpubnuaHo gopisHioe 3,5-12,65 K /cm?2.

10. Mogynb GaTapel 3a n. 7, AKWIA BiApPI3HAETbCA TUM, WO Mogyni Gatapei 3B'A3aHi pasom nig Aielo CUbHOro
MEXaHIMHOIO CTUCKaHHS!, BUKOPWUCTOBYIOYM METAaneBi CTEPXKHI, WO po3TalloBaHi B3gOBXK ABOX CTOpiH Moayns 6aTapel i
npuBapeHi B KyTax Moayns OO0 MeTaneBoi TpyOku, sika nvwae KiHUeBi NNacTMHW Hag KiHUsSMW Mogynis, i TUM, Lo
KiHUeBa nnactuHa MicTUTb pebpa, WO BMUCTYNaloTb NepneHaNKYNSapHO A0 NIOWMHA KiHLEBWUX NNAacTuH, Y TakMin cnocid
3abesnevyoun [oAaTKoBY MILHICTb KiHLEBMM NnacTUHaM i npopisam ans MetaneBoi TpyokW, NpuyYomMy KiHUEBI NNacTuHW
TEepMIYHO i3onboBaHi Big 6aTapei, 3B'a3aHMX BcepenuHi Moayns.

11. Mogynb 6atapei 3a n. 7, Ak BiAPI3HAETbCA TUM, L0 KOXEH 3 Moaynie 6atapei MiCTUTb MogyrbHi NpoKnagku,
AKi YTPUMYIOTE MOAYNI Ha BigcTaHi Big Oyab-AKMX iHWKWX MogyriB Ta Big kopnyca naketa 6artapei i TUM, Wo MofyrbHi
NPOKMagkn BUroTOBIEHi 3 eNeKTPMYHO HenpoBiAHOI PEYOBUHU.

12. Moaynb Gatapei 3a n. 7, KW BigpPI3HAETHCA TUM, LIO enekTpUYHI MK3'egHaHHA € 3'egHaHHsaMK 3 Kabeno B
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obnneTeHHi, SKi 3abeanedyloTb BUCOKE TEMMOBE PO3CilOBAHHA i FHYYKICTb KOHCTPYKLUii/KoHMirypayii mogynsa i Tum, Lo
eneKTpUYHi 3'egHaHHA 3 Kabento B oONMeTeHHi BUrOTOBMEHi 3 Migi, MigHoro cnnaey, NoKpuTol Hikenem wmigi abo
MOKPUTOrO HiKernem MigHoro cnnasy.

13. lMepe3apsgHa GaTapes, WO BKIOYAE KOPMYC, AKUA Mae Kremy NO3UTWBHOTO eNnekTpoAa i Kremy HeraTMBHOro
eneKkTpopa, NpUHanMHi, oOWH NO3UTUBHWIA €NeKTPOAd, PO3TAallOBaHWW BcepeduHi Kopryca i enekTpu4Ho 3'€AHaHuin 3
KNeMolo MNO3UTUBHOIO ernekTpoga NpUHaNMHI OAMH HeraTUBHUIA enekTpod, po3TalloBaHWi BcepeauHi kopnyca i
eneKTPUYHO 3'€AHaHUN 3 KIEMOK HeraTMBHOrO eneKkTpoaa NpuHanMHi oQuH cenapaTtop eneKkTponiB po3TalloBaHUA Mix
3a3HaYeHUMN MO3UTUBHUMMK i HeraTUBHUMK erekTpodaMu BcepeauHi kopnyca, npu LpoMy cenapatop 3abeanevye
EreKTPUYHY i3on4uito MK NO3UTUBHWUM | HeraTUBHUM enekTpogamu, i Aonyckae XiMidHy B3aemogilo MK HuUMWK, i
enekTponit 6atapel, po3TaloBaHUin B KOpNyci, AKMIA (enekTponiT) 3abesneyye OTOMEHHS | 3MOYYBaHHA 3a3Ha4YeHMX
NO3UTUBHOIO, HEraTUBHOIO E€NeKTPOAIB i cenapartopa, Npu LboMy KOpNyc Mae npuaMaTu4Hy opMmy, sika BigpisHAETbCA
TUM, IO KOPMNYC Mae BiAHOLUEHHA TOBLUUHM, LUMPWUHWN | BUCOTH, siKe € ONTUManbHUM AN 3abe3neyeHHs MakcuMarbHUX
€MHOCTI | BUXigHOI NOTy»KHOCTI 6aTtapei.

14. MNepesapsigHa batapes 3a n. 13, ska BiOPI3HAETbCA TUM, O KOPNYC Mae BEPXHIO YacTUHY, sika MICTUTb Yy cobi
KnemMy NO3UTUBHOro enekTpona Gartapel i knemy HeraTMBHOro enektpoga 6Gartapei, Ta oGonoHKy kopnyca 6atapel, y
AKI enekTpodM po3TalloBaHi Ta TUM, LUO BEpXHsi YacTuHa Koprnyca Takoxk BKModae B cebe KinbLUeBUI KOXYX, LLO
BM3Ha4ae nepudpepilo NpMHaiMHi OAHOrO OTBOPY KPi3b BEPXHIO YaCTHHY, @ KNeMn MatoTb YLiNbHIOBansHUI driaHelb no
X OKPYXHOCTi, MpW LbOMY 3aKynopeHi oB6TUCKOM KriemMu repMeTU30BaHi Yy KiNbLEeBOMY KOXYCi B YLUirbHIOBaNbHOMY
dnaHui Ta TUM, WO enacToMepHe AienekTpudHe YL iNbHEHHS po3TalloBaHe MiXK YLWiNbHIOBaNbHUM draHuem i
KINbLEBMM KOXYXOM, MPpU LibOMY enactoMepHe AieneKkTpuyHe yLlinbHEeHHS BWUIOTOBMEHE 3 HENPOHUKHOT ANA BOOHIO
PEYOBUHWN NONICYrbdOHY.

15. MepeszapsigHa 6aTapes 3a N. 13, ska BiApi3HAETbCA TUM, WO BOHA OOAATKOBO MICTUTL KrnanaH BUCOKOTO TUCKY
ANa CKWAAHHS BHYTPILLHBOrO TUCKY G6aTapel A0 TUCKY HaBKONMULIHBOI aTMocdepu, Npu LbOMY KrianaH BUCOKOTO TUCKY
BKJtOMAE: KOPMYC KranaHa, Wo Mae NOPOXHUCTY BHYTPILWHIO 06nacTb y 3B'A3KYy NO rasy 3 HaBKOMULWHBOK aTMOCepoto i
BHYTPILIHBOIO YacTMHOK KOoprnyca 3a [AOMNOMOrol OTBOpPY; MOpLUeHb CKUAAHHSA TWUCKY, BCTAHOBIEHUN BCepenuHi
MOPOXKHUCTOI BHYTPILLIHBOT 06NacTi, NopLUEHb CKMOaHHA TUCKY Mae po3mipy, Wo 3abe3nedvyoTb repMeTusaLito OCboBOro
OTBOpPY, i Mae yLiNbHIOBaNbHy KaHaBKy Ha MOBEPXHi, MPOTUNEXHIN OCbOBOMY OTBOpPY, e€racToMepHe AienekTpuyHe
YLWiNbHEHHS, BCTAHOBMEHE BCepenuHi YLWinbHIOBaNbHOI KaHaBKW, YLinbHIOBalNbHa KaHaBka Mae KoHdirypadito, o6
OXOMWUTK YCi, KpiM OfHIEl, NOBEPXHi YLWNbHEHHS, ¥ Takui Crnocit 3anuwiaiyn HeoXOoMreHy NOBEPXHIO 3a3Ha4yeHoro
YWiNbHEHHS HEe3axuLLEeHo; NpU LbOMY enacToMepHe AienekTpuyHe YLiNbHEHHS BUTOTOBMEHE 3 HENPOHWKHOT And
BOOHIO PEYOBMHU MONICYNbdOHY i MPYXUHY CTUCKaHHS, pPO3TallOBaHy Tak, WOO 3MyCMTU NOpLUEHb CKUAAHHSA TUCKY
CTUCKATM YLLiINbHEHHS B YLUiNbHIOBAnNbHIA kaHaBLi Ta 6rioKyBaT OCLOBUIA OTBIP Y KIeMi.

16. MepesapsaHa Gatapea 3a n. 13, Aka BiAPI3HAETbLCA TUM, WO BOHa AOAATKOBO BKIOYAE NMPUHANMHI OpHY
rpebiHKy, WO YTBOPIOE enekTpuyHe 3'eQHaHHs MK BHYTPILLHIMW BMBOAAMW €NEKTPoAa i kKnemMamu, Npy LboMy 3asHadeHa
rpebiHKa € enekTpUYHO MPOBIOHUM CTEPXKHEM, LU0 Mae MHOXWHY napanerbHUX MpopisiB, B AKi BHYTPIWHI BUBOAM
eneKkTpofa BCTaBrIEHi, 3OiACHIOYM DPUKLINHE 3'eOQHaHHs, Npu LboMy rpebiHka BMroToBMNEHa 3 Migi, MigHoro crnnaey,
NOKPUTOT HikerneM Mifi abo NOKPUTOro Hikenem MigHoro cnnasy.

17. MepesapsigHa GaTapes 3a n. 13, ska BiAPI3HAETLCA TUM, WO cenapaTopy BUrOTOBMEHI 3 noninponineHy, akui
Mae opieHTOBaHe 3epHO abo CTPYKTYPY KaHaBKW, NpW LbOMY CenapaTopy BCTaHOBIEHI Tak, WO OpieHTOBaHa CTpyKTypa
3epHa OpiEHTOBaHa B3OOBX HamnpsAMKYy BUCOTM MNPWHAWMHI OQHOrO MNO3UTWBHOIO ernekTpoda inpuHaWMHi OfHOro
HeraTMBHOIMO ernekTpoaa.

18. MepesapsigHa Gatapesa 3a n. 13, aka BigpPI3HAETbCA TUM, WO MNO3UTUBHI | HeraTueHi enekTpogu OGaTapei
po3TalloBaHi B kopnyci Tak, Wo X BiANOBIOHI enekTpu4Hi KONEeKTOpHI BUBOAWM po3TalloBaHi HaBNpoOTWM OOWH OA4HOro y
BEPXHI YacTWHi Kopnyca, npyM LbOMY MO3MTUBHI | HeraTuBHi enekTpoau ©OaTapei MawTb BUpi3aHi KyTu, Age
PO3TALUOBaHI €NeKTPUYHI KONMEKTOPHI BMBOAW €neKTPOLdiB MNPOTUNEXHOI MOMSAPHOCTI, Y TakMn Cnocib yHuKawun
KOPOTKOrO 3aMWKaHHA MiX enekTpogamu i BUny4atoun peyHoBuHy, WO He BUKOPUCTOBYETLCH, BiacHe enekrpoaa.

19. NepesapagHa Gatapes 3a n. 13, ska BiAPI3HAETLCA TUM, WO BHYTPIWHIA MeTaneBuin npuaMaTu4HUin Kopnyc
OaTapel enekTprYHO i30NbOBaHWIA Bi eNeKTpoaiB Ta enekTponiTy.

20. MepesapagHa OaTapes 3a n. 13, ska BiApi3HAETbCA TWMM, WO HeraTUBHI eneKkTpogn BUrOTOBMEHI 3
TENSIONPOBIAHOT arfioMepoBaHoi MeTanrigpuaHOT peyvYoBMHU enekTpoda i nepebyBatoTe B TEMMOBOMY KOHTaKTI 3
kopnycom Gartapei.

21. MNepesapsigHa cuctema bartapein, Lo yTBopeHa NpuHanMHi 3 ogHiel 3B'a3aHol nepesapsagHoil 6atapei, npu Lbomy
nepesapsgHa cuctema batapen nigaaeTsca BNNUBY TENMOBUX YMOB HaBKONMULIHBOrO cepefdoBuLla, fki noripytoTe 1i
TENnsoBi YMOBW ekcnnyaTauii, aka Bigpi3HAeTbCA TWMM, WO BOHa MIiCTUTL 3aci® ana 3abeaneveHHs 3MiHHOT
Tepmoizonalii NpUHaNMHI TiET YacTMHM nepesapanHoi cuctemn 6atapel, sika HanbinbLW NigaaeTbcs TENNOBOMY BMfMBY
HaBKOMMLLHBOrO cepenoBulla, Ans 3abesnedeHHs NigTPMMaHHS TemnepaTypu nepesapsigHoi cuctemu Gatapei y
Mexax HeobxigHoro poboyoro AianasoHy 3a 3MIHHUX YMOB HaBKOMULLHBLOMO cepefoBuLLa.

22. MNepesapsigHa cuctema Gatapei 3a n. 21, Aka BiOpPI3HAETbCA TUM, WO 3aci6 ana 3abeaneqeHHs 3MiHHOI
isonayii MicTUTL TemMnepaTypHU AaT4yuk, 3aci® cTmcnmBoi Tepmoisonsuil i 3acié gna cTuckaHHs 3acoby cTucnmBeol
TepMmoisonauii y Bionosigb Ha TeMnepaTypy, BU3Ha4YeHy TENSIOBUM AaTYUKOM.

23. MepesapsigHa cuctema Gartapei 3a n. 22, Aka BiAPI3HAETLCA TUM, WO TeMnepaTypHi AaTyYMKU BKIOYaOTb
€NEKTPOHHI AaT4ymnkK, 3aci® ctucnmeoi Tepmoisonsayii MICTUTE cTMcnuBY MiHy abo BOMOKOHHY isonsuito, i 3acié ans
CTUCKaHHS 3acoly CTUCNMBOI TepMoisonsuil MICTUTb NMOPLUHEBWIA NPUCTPIN, WO NonepeMiHHO 36inbluye abo 3MeHLye
BEMWYNHY CTUCKaHHSA Ha CTMCRMBY NiHY abo BOMOKOHHY i30M5Lit0 Y BiONOBiAb Ha CUTHaNMW Bif €NeKTPOHHUX AaT4NKIB.

24. MNepesapagHa cuctema Gatapei 3a n. 23, Aka Bigpi3HAETbCA TUM, WO TemnepaTypHi AatyukM i 3acidé ans
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CTUCKaHHSA 3acoby CTMCNMBOI Tepmoisonayii o6'egHaHi B egUHNUIA Mogyrb.

25. MNepesapagHa cuctema Gatapei 3a n. 24, aka BigpisHAeTbca TUM, Wo o6'eQHaHUA, OAMHOYHUIA MoAyIb,
TemnepaTypHuin gaTyuk/koMmnpecop isonsauii MicTUTb OGiMeTaniyHy nnacTuHy, ska Oo3Bofnsie 3acoby cTUCnUBOl
TepMoisonsAuil poswupoBaTUcs A0 Micus, Wob 3axucTuTu cuctemy 6atapei Big HU3bKMX TeMnepaTyp HaBKOMMULWIHBOTO
cepemoBuWa i cTuckaTh isonsuito, Wo6 YCyHYTM i3onsauinHUMin edpekT Big cuctemm GaTtapeli 3a Tennnx YMoB
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