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MPUCYTCTBYIOIIMI MEXIy YKa3aHHbIMM AHOJOM M KaTOAOM, BJEKTPOJUT, MO MEHbUIEH Mepe OAuH
METaJITIM3UPOBAHHBIA TOHKOIUIEHOYHBII TOKOCHEMHUK, HAXOMAMIMKCSA B KOHTAKTE MO MEHBIIEH Mepe C
OJHMM K3 YKa3aHHOTO aHOJa U YKa3aHHOTO KaToja, 10 MEHbBIIEH Mepe OIUH BBIBOJ, MPUKPEIIICHHBIN
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METaJVIM3UPOBAHHBIN CJIOM NOMEIECH HA yKa3aHHbIM BEPXHUU CJIOU IOJUMEPHOH MOAJIOKKH, a BTOPOU
METAJTIM3UPOBAHHBIN CION MPHUKPEIUIEH K YKa3aHHOMY HIKHEMY CJIOIO MOJIMMEPHOMN MOUIOKKH, U IIPH
9TOM yKa3aHHBIH TOKOCBEMHHK MMEET B ceOe CBAPHYIO TAaKyI0 BBHIEMKY, YTO MO MEHBIIEH Mepe 4acTH
yKa3aHHOTO IIEPBOTO U BTOPOTO METAJUIM3UPOBAHHOTO CIIOSI HAXOAATCSA B KOHTAKTE APYT C APYTOM.
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COEAMHEHWNS BATAPEW WU METAJT/IN3VMPOBAHHBIE M/IEHOYHbIE
KOMMOHEHTbI B YCTPOWUCTBAX HAKOM/EHUS SHEPIMU, UMEKOLLMX
BHYTPEHHWE TIJTABKWE MNMPEAOXPAHUTEJIN

OBJIACTb TEXHUKH

[001] HacToswee nsobpereHme OTHOCUTCA K YCOBEPLIEHCTBOBAHUIO
CTPYKTYPHbIX KOMMOHEHTOB U (PU3NUYECKNX XapaKTEPUCTUK U3LENUN 13
nutnesbiX 6aTapen. HacToawasa TeXHONO0rMA OTHOCUTCA K COEAUHEHNAM
6baTtapen n MeTanIn3npoBaHHbIM MNAEHOYHbIM KOMMOHEHTaM B YCTPONCTBAX
HaKOMNMEHUS SHEPrun, NMEKLWMX BHYTPEHHNE NAABKNE NpeaoXpaHuTenn, aAns
MCNONb30BAHNA B CBA3U C MPUMEHEHMEM TOHKUX KOMMNO3UTHbIX
TOKOCBEMHUKOB C METa/JIM3MPOBAHHOW NOBEPXHOCTbIO (Hanpumep,
aNIOMUHUEBON U/NNN MEAHOWN), MaTeEPUaNoB C BbICOKOW CKOPOCTbIO YCaaKu,
MaTepuanoB, KOTOPble CTAHOBATCA HENPOBOAALLMMU NMPU BO3LENCTBUN
BbICOKMX TeMnepaTyp, U ux KoMmb6mHauumn. Takne yCoBepLIEHCTBOBaAHUSA
obecneuynBaloT BO3MOXHOCTb NPOTUBOCTOSATb ONpPeAeneHHbIM HeaoCTaTKaM
(A€eHAPUTbI, HEOXUNAAHHbIE BbIOPOCHI TOKA U T. A4.) B LEeNeBOW NMTUEBON
b6aTapee 3a cyeT obecneyeHns AKO6bl BHYTPEHHEro naaBkoro
npeaoXpaHUTeNa B CaMuUX LeNneBbiX IMTUEBbIX 6aTapesax, KOTOPbIi
npeaoTBpaLLAET HeXenaTenbHble NOCNeACTBMSA BbICOKOW TeMnepaTypbl B
pe3ysbTaTe KOPOTKOro 3aMblkaHusa. B HacTosweM n306peTeHnn oxBaveHsbl
Takxe b6aTtapelHblie usgenmsa n cnocobbl X NCNONBb30BaHNUA, BKIKOUYAOLWMe

Takune yCOBEpLUEHCTBOBAHUA.

YPOBEHb TEXHUKW

[002] CtaHaapTHbie NUTUN-NOHHbIE BaTapeun, HanpuMep, NOABEPXEHbI
onpeaeneHHbIM ABNEHUSAM, CBA3aHHbIM C KOPOTKMM 3aMblKaHUEM, B
pe3y/ibTaTe Yero BO3HMKaAN BbICOKNE TeMNnepaTypbl N, B KOHEYHOM CyeTe,
BO3ropaHune. bblno yCTAHOBNAEHO, YTO BO3HUKHOBEHUIO TaKnx npobnem

CNOCOBCTBYIOT KOHCTPYKLMOHHbIE NPpo6/aeMbl C KOMMOHEHTaMKN baTapew.
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[003] Jintnesble 6aTapen NO-NpeXHEMY LUMPOKO pacnpoCTpaHeHbl BO
BCEM MUpPE B KayeCTBE UCTOYHWUKA 3/IEKTPOIHEPIrMU B OFPOMHOM KOJIMYECTBe
npoAayktoB. OT nepe3aps)KaeMblX 31€KTPOMHCTPYMEHTOB A0 aBToMobunen ¢
9N1eKTPOHHbIM yNpaB/ieHUEM U Be3[eCyLLMX COTOBbIX TenedoHOoB (a Takxke
NJAHWETOB, NOPTATUBHbLIX KOMMbLIOTEPOB U T. A.) MINTUA-NOHHbIE HaTapen
(pPa3AMYHbIX MOHHbLIX TUMOB) UCMONBL3YIOTCA B Ka4eCTBE OCHOBHOIMO MCTOYHMKA
nMTaHMA 6narogapsa HanEeXHOCTU, BbILWEYNOMAHYTON BO3MOXHOCTH
nepesapsankun n 40AroBe4YHOCTU Npu ncnoab3oBaHnn. OQHAKO C TaKUMMU
LWMPOKO UCMONBb3YEMbIMU UCTOYHUKAMWN MUTAHUA BO3HUKAKOT ONpeaesieEHHbIE
npo6aeMbl, HEKOTOPbIE U3 KOTOPbIX CTAHOBATCSA BCe 6onee cepbe3HbIMU. A
WMEHHO, CTasIn U3BECTHbI NpobneMbl 6€30NacHOCTU, NPU KOTOPbIX
onpeneneHHble HECOBEPLLUEHCTBA B TaKNX NnTUEBLIX baTapeax, 6yab To n3-3a
nepBoOHa4vasbHbIX NPON3BOACTBEHHbIX Npobnem unn npobnem c gerpagaymen
C TEYEHUEM BpPEMEHN, AeNatoT UX YA3BMMbIMU K BO3MOXXHOMY BO3ropaHuio
Npu KOPOTKMX 3aMblKaHuUAX. Mo CyTu, 66110 06HapyXXeHOo, YTO BHYTPEHHMue
AedeKkTbl NPOBOAALLMNX MAaTEPUANOB CO34AKT HeXenaTtenbHoe BbICOKOE TEMNNO
N, B KOHEYHOM UTOre, NPUBOAAT K BO3rOPaHUI0 BHYTPU TaKUX KOHCTPYKLUA
b6aTtapeun. B pe3synbTaTte onpeaeneHHblie NPpoAYKTbl, MCNOAb3YOLME NNTUEBLIE
6aTtapeun, OT NOPTATMBHbIX KOMMNbIOTEPU30BAHHbLIX YCTPONCTB (Samsung
Galaxy Note 7, B KauecTBe 04HON nevyanbHO U3BECTHON CUTyaLMKn) A0 uenbiX
camoneTtoB (Boeing 787), 6bia1 3anpeweHbl K npogaxe n/unu
MCNONBb30BaHMUIO A0 TEX NOP, NOKa He byayT HaNAEeHbl peweHns ang
CKOMMNPOMUTUPOBABLUMX CeBA NUTUEBLIX baTapen, NCNONb3yEMbIX B HUX U
BMeCTe C HMMK (BNAOTb A0 Toro, 4to Samsung Galaxy Note 7 6bin 3anpeLyeH
K NCNONb30BaHUID B CaMOJieTaX B HEKOTOPbIX pernoHax). [laxe B JIMHENKe
anekTpomobunen Tesla Habnwganncb 3HaUnTENbHbIE NPOb6aEMbI C
KOMMNOHEHTaMu1 NMTueBbIX 6aTapen, YTo NpUBENO K NOABAEHUIO
npuBAEKaKLWmMX BHUMAHUE CEHCALLMOHHbIMY 3arojl0BKaMn UCTOPUN O TOM, KakK
Takune foporocrosuime asBToMobmMAn B3pbiBaNCb KaK OFHEHHbIE Wapbl n3-3a
npobnem c 6atapesmun. Taknm 06pasom, macwTabHbie N3bATUSA C PbIHKA MU
npsaMblie 3anpeTbl B CBA3M C TaKMMKU npobnemamu nutuesbiX 6aTtapen cerogHs
No-npexHeMy akTyajibHbl, YTO NPUBOAUT K HACYLLHON NOTPEOHOCTH B

npeoaoneHnmn Takmnx r|po6neM.
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[004] Hannuyue 3Tux npobnemM B OCHOBHOM 06yCNOBNEHO
NPON3BOACTBEHHbIMU NpobneMaMn, MAET NN pedb 06 M3roToBIEHUN
OTAENbHbIX KOMMNOHEHTOB 6aTapein nan NOCTPOEHUN U3 TaKNX KOMMOHEHTOB
camunx oTaenbHbIX 6aTtapen. Npu 6onee BHUMATENBHOM PaCCMOTPEHUM
nutuesble baTapen B HacCTosLLEE BPEMA N3rOTaBAMBaKOT U3 LLIECTU OCHOBHbIX
KOMMOHEHTOB: KAaTOAHOI0 MaTtepuasna, TOKOCbeMHUKa KaToaa (Hanpumep,
aNlOMUHNEBON (POSIbIM), HA KOTOPbIA HAHECEeH KaTOAHbIN MaTtepuan,
AaHOAHOro MaTtepuana, TOKOCbeMHUKA aHoaa (HanpuMmep, megHon ponbru), Ha
KOTOPbI HAHECEH aHOAHbIN MaTepuan, pasaenuTens, pacnosioXXEHHOro
MEeXAY KaxAbIM COeM aHoAa U KaTtoga U 06blMHO M3rOTOBAEHHOIO U3
nnacTMacCcoBOro Matepuana, u 3/IeKTposimTa — npPoBOAALLEr0 OPraHNYeCcKoro
pacTBOpUTENSA, KOTOPbIM HACLIWAET APYyrMe MaTepuanibl, TEM CaMbIM
obecneunBas MexaHuU3M AN NPOBEAEHUS MOHOB MEXAY aHOAOM U KaToAOM.
DT MaTepuanbl 06bIMHO CBEPTHLIBAKOT BMECTE B BUAE UMIMHAPA, KaK
NOKa3aHO B U3BECTHOM YPOBHE TexHuke Ha OUI. 1, unun cknagbiBaroT
ctonkon. CywecTByeT MHOXECTBO APYrMX KOHUrypauui, Kotopbie
NCNONB3YKTCA UK MOTYT ObiTb MCNONb30BaHbI B LLENAX NPOM3BOACTBA TaKMUX
6aTapeli, B TOM YnNC/l€ NaKeTHbI€ 3/1IEMEHTbI, NPU3MAaTUUYECKNE SNIEMEHTHI,
AVNCKOBbIE 3JIEMEHTbI, LMANHAPUYECKNE SN1EMEHTbI, HAMOTAHHbIE
npu3MaTUYeCKMe 3J1IEMEHTbl, HAMOTAHHbIE NAaKETHbIE JIEMEHTbl — U 3TOT
CMMUCOK MOXHO NPOAO/XUTb. INMpn NpaBuibHOM U3rOTOBAEHUN U BEPEXHOM
obpaweHun 3Tn anemeHTbl HaTapen MoryT obecneuymBaTb SHEPIrUO B
pasfNyHbIX 0651aCTAX NPUMEHEHUSA B TEYEHME ThICAY LMKAOB 3apaaKu-
pa3paakn 6e3 Kakoro-nnmbo CyLeCcTBeHHOro NponcCLeCcTBns, CBA3aHHOMo C
6e3onacHOCTbD. OAHAKO, KaK yXe YNOMUHaNoCh Bbille, onpeaeneHHble
cobbITUA 1, B YAaCTHOCTU, onpeaeneHHble aedeKkTbl MOryT Bbi3BaTb
BHYTPEHHEE KOPOTKOE 3aMblKaHNe Mexay BHYTPEHHUMU NPOBOAALLNMU
MaTepuanaMmn, YTO MOXET NPUBECTU K BbIAENEHUIO TEMNA U BHYTPEHHEMY
TENIOBOMY pPa3roHy, KOTOPbIN, KaK U3BECTHO, ABASETCA OCHOBHOW NPUYNHON
NOXXAapoOoNacCHbIX CUTYaL M B TaKMX AUTUEBLIX BaTapeax. Takue cobbiTus
Tak)Xe MOryT 6bITb BbI3BaHbl, KAK OTMEYanocChb Bbille, BHYTPEHHUMMU

AedekrtamMu, B TOM YNCNE HAJIMYNEM METANJIMYECKUX YaCTUL, BHYTpu baTapeu,
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3ayCeHuaMn Ha MaTepunanax TOKOCbEMHUKA, TOHKUMU MeCTaMn AN AblpaMu B
pasgenutene (BHECEHHbIMU UM BbI3BAHHbIMU Nocnepyowen obpaboTkon),
cMmeweHunem cnoes 6atapen (0CTaBAAKOWNMMU «OTBEPCTUA» ANSA
BO3HWUKHOBEHUSA HeXenaTebHOW NPOBOANMOCTHN), MPOHUKHOBEHUNEM
BHewWwHero mycopa B 6atapet (HanpuMmep, AOPOXHOIo0 Mycopa, nonasLlero B
ABUXYLLMINCA aBTOMOOBWUAL), paspyweHneMm n/mnn gectabunmsaymnen camoro
anemeHTa (HanpuMmep, B pe3ynbrtaTe aBapun), 3apaaKon 3n1eMeHTa B
OrpaHUYEeHHOM MpoCTpaHcTBe 1 T. N. Boobwe rosops, aedekTbl 3TUX TUNOB
BbI3bIBAOT OPMUPOBAHME HEBONBLLIOIO 3/1EKTPOHHOIMO NPOBOAALWLENO NYTH
MeXAy aHOAOM U KaToaoM. MNMpun BO3ZHUKHOBEHUN TakKoro CobbiTnsa u
nocneaywLlen 3apaake aneMeHTa Takon NpoBoAAWMNIA NYTb MOXET BbI3BaTb
pa3psanKy 3/7IEMEHTa Yepes Hero C BblAe/IEHUEM, B KOHEYHOM cyeTe,
Yype3MepHoro TenJja, YTo NPMBOAUT K HAPYLUEHUIO KOHCTPYKUUK BaTapeun n
CTaBMT NOA Yrpo3y nuTarLieecs OT Hee YCTPOMUCTBO. B coueTaHum ¢
NPUCYTCTBMEM JIENKOBOCMIAMEHAIWNXCA OpraHM4yecknx pactsoputenen B
KayecTBe 3nekTponntoB baTtapent (KoTopble 06bIYHO HEO6X0ANMbI ANS
paboTocnocobHocTu HaTtapen) Takoe u3bbITOYHOE Tenno, Kak bbino
NOKa3aHO, MOXET NPUBECTU K UX BOCMNJIAMEHEHUID, YTO B KOHEYHOM UTOre
CO34a€eT OYEeHb ONAaCHY cuTyauuto. Takne npobaembl, KaK MUHUMYM, TPYLHO
KOHTPO/IMPOBATb NMOC/AE UX Havyana, U OHWN yXKe NPUBENN K 3HAYUTENbHbIM
TpaBMaM noTpebutenen. Takom NOTEHLUNANBHO KaTacTpoduyeCckon cutyauum,
6e3ycnoBHO, cnepyet ndberatb NOCPEACTBOM CO3AaHMA baTapeun, KoTopas
noAaeT 3JIeKTPUUYECKYIO SHEPIUID, He NoABepras IerkoBoCnJaaMeHSWMINCS

OpPraHNYeCcKNin 3NeKTPOANUT ONACHOCTM TakuM obpa3om.

[005] BoigeneHune n3bbITOUHOrO Tenna BHYTpu 6aTtapen MoxeT
NpUBECTM K yCaaKe NnacTtMaccoBOro pasgenntens, B pesysabraTe yero oH
MOXET OTOWUTU, OTCOEAUHUTLCA UAM UHbIM 06pPa30M yBEAUYNTL NAOLLAAb
KOpPOTKOro 3aMblkaHusa BHyTpu 6aTtapeun. B Takon cutyaumm 6onbluas
OroNIeHHas Naowanb KOPOTKOro 3aMbiKaHUA BHYTpKU baTapen MOXeT
NPUBECTU K HEMPEPLIBHOMY TOKY U NOBbILLEHHOMY HarpeBaHUIO BHYTPU Hee,

npuneoadawleEMy K BOSHUKHOBEHUIO BbICOKOW TEMNEPATYPbl, KOTOPAd Bbl3blBAET
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3HauYUTENbHOE NOBpPEXAEeHUe 31eMeHTa, B TOM Yyncne npobou, BbIbpoC ra3os

n aaxe 3agbiIMneHne n noxap.

[006] Takoe noBpexaeHue cosaaeT ocoby npobnemy ns-3a
NOTEHUMANbHO BbICTPOro BO3HUKHOBEHUS BO3ropaHus n 6onee cepbe3HbiX
NOCNeACTBUI U B pe3ynbTaTe MOXET NPUBECTU K B3pbIBY baTapen u
MCNONb3YIOLWEro ee yCTponcTea, noagBepras nojib30BaTesNd CEpbe3HOM

OnacCHOCTH.

[007] NIntnesble 6aTapen (CaMmbiX pasHbIX TUNOB) 0COOEHHO
noaBep>eHbl npobnemMamM, CBA3aHHbIM C KOPOTKUM 3aMbiKaHUEM. TUNUYHbIE
baTapen UMeT CKJIOHHOCTb K MOBbILWEHHON CKOPOCTU pa3psanku npu
BO34ENCTBUM BbICOKMX TEMNEpaTyp, YTO NPUBOAUT K HEKOHTPOJIMPYEMOMY
(6bICTPO pa3pacTarowemMycsl) BCNbIXMBAHUIO MU BO3rOpPaHuNto, Kak 0TMe4YanocCb
Bblwe. B CBA3M C 3TUMKU BO3MOXHOCTAMU OblNN BBEAEHbI B AEeNCTBUE
onpepeneHHble Nnpasuna, peryanpywowme Gaktmyeckoe NCnoab3oBaHune,
XpaHeHne n Aa)xe TPaHCNOPTUMPOBKY TakKMX usgenunii ¢ batapeamu.
CnocobHOCTb OCYLWECTBAATL HaANEXaLWMNn NPOTOKON ANA NpeaoTBpaLleHns
TaKNX HeynpaBasieMblX COObITUN, CBA3AHHbIX C KOPOTKMM 3aMblKaHUeM,
6e3yCcnoBHO, MMEET OrpoMHOE 3HauyeHne. BmecTte ¢ TeM CoxpaHAaeTcs
npobnema, cBA3aHHasa C TEM, Kak Ha CaMOM Jiene pelwwaTb Takue npobnemsl,
0cob6€eHHO B TeX Cny4yaaX, Korga NnpovM3BOACTBO KOMMNOHEHTOB

obecneuymBaeTcs MHOXECTBOM MNOCTaBLWMUKOB U U3 CaMbIX Pa3HbIX TOYEK MUPA.

[008] HekoTopbie cocpeaoTouNINCh Ha NONbITKax Co3A4aHns
Haanexawmx u/unm ynyJdleHHbIX pa3aenutenen B Kayectse CpencrTsa,
NOMOraloLEro YMEHbLNTb BEPOSATHOCTb TaKUX BO3ropaHu ANTUEBBIX
6aTtapen. MNo-eugnMmomy, 6onee BbICOKMA NOTEHUMAN ANA TaKUX Cy4yaes
BO3ropaHusa 6atapen co3gatoT naacrmaccoBbie MeMOpaHbl C HU3KOMN
TeMnepaTypoun nnaBneHnsa u/mnum CKOpoCTbio ycaaku. Nostomy obwas naes
3aKJitoyanacb B TOM, YTOObl HAHECTN ONpeAeNeHHbIe NMOKPbLITUSA Ha Takue
paspenutenbHble Matepuanbl 6e3 CHUXEeHUS X BO3MOXHOCTEN OTAENATb

3NIEKTPOSIUT BO BpeMS (haKTUUYECKOro UCNonb3oBaHUA. Tak, B KayecTBe
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NOKPbITUN ANA NOANNPONUAEHOBBLIX U/NAN NONANITUNEHOBbIX NAEHOK KakK
CpeacTBa 419 YBENNYEHUSA pa3MepHOn CTabuNbHOCTU TaKNX MAEHOK
(HanpuMep, NOBbIWEHNA TeMNepaTypbl NNaBAEHNSA) 6blIM NCNONb30BaHDI
KepaMmnyeckune yactuubl. TakxKe B Ka4eCTBe KOMMOHEHTa ANA YAy4YLUeHUs
cuenneHusa Mexay KepamMmyeCcKMMn yacTuuaMun n npuannaHusa K
naacTMaccoBon MembpaHe (nneHke) 6bln BKAKYEHbI CBA3YOLWNE NOIMMEPDI.
B nencTtBuTeNnbHOCTU, 0AHAKO, 6b110 0OOHaApyXeHo, UTO yBennyeHume
TeMnepaTypbl, coobwaemon obwen CTpyKType NAeHKN C NOKPbITUAMN U3
KepaMnyeCcKux 4yacTtul, OTHOCUTENIbHO HU3KO0e, YTO Aenaet npeobnagaromm
dakTopoM anga Takon npobnemobl C pasgenutenem cam pakTUyecKun

MaTepuan (MaTepuanbl) pasgenurens.

[009] B pe3ynbTtaTe 6biin pa3zpaboTaHbl U BHEAPEHbBI, MO MEHbLUEN
Mepe B onpeaeneHHON CTeneHn, pasaenuTtenbHble MaTepuanbl, KOTOpble
ropasno 6onee TepMmuyecku CtabunbHbl, YEM NOIMITUNEHOBbIE U
NONNNPONUAEHOBbIE NOPUCTbIE MAEHKU, CoCTaBnsAwWwme 6a3oBbln CNON TaKNX
TUNWUYHBIX pa3gennTenen C KepaMMyeCKMM NOKpPbITUEM. DTN ManoycaaoUHble,
CcTabunbHble NO pa3Mepam pasgenntenn nMerT ycagky MmeHee 5% npwu
BO3pencTenn temnepatyp He MmeHee 200 °C (ao temnepatyp 250, 300 n paxe
BblLLE), UTO HAMHOIO Jyylle BbICOKUX CKOPOCTEN YCaaKU, LEMOHCTPUPYEMBbIX
ronbiMU NONNMEPHbIMKU NaeHKamMu (ycaaka npumepHo 40% npu 150 °C) u
nAeHKaMun ¢ kepammyecknm nokpoitnem (bonee 20% npu 180 °C) (Takue
CpaBHEHUA U3MepPeHUn ycapku npuseneHol Ha OUl. 2, nancTpupyrowen
NM3BECTHbIN YPOBEHb TEXHUKN). Takasa HU3Kasa CKOPOCTb YCaaKN MOXeT
M3MEHUTb MEXaHU3M TEPMUYECKON Aerpajgaunun BHYTPU LLEeNeBoro afeMeHTa
Npu BO3HUKHOBEHWU KOPOTKOro 3aMbikaHuA. Boobuwe rosops, npu
BO3HUKHOBEHUWN KOPOTKOMO 3aMblKaHUA BHYTPU TAaKOro afnieMeHTa batapewu
Tenno byneT BblAenATbCa Bcerga. Ecnm paspenntenb HE CKUMAETCH B
pe3ynbTaTe BO3HUKHOBEHUSA TAaKOro KOPOTKOro 3aMblkaHus, Tensao éyaer
NPOAO/IXATb BbIAENATLCA U «HaKaNAMBaTbCaA» A0 TeX Nop, NOKa APYyroun
MaTepuan BHyTpu baTtapeun He pa3pyLlunTca. 3To AsseHue 6b1n10o
CMOLE/IMPOBAHO C MOMOLLbIO CTAHAAPTHOIO OTPACAEBOro UCAbITAHUSA Ha

NMPOHMKHOBEHUE reo3as. Hanpumep, aaxe B cnyyae pasaenutens,
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copepalero napaapammaHoe BOJIOKHO U AE€MOHCTPUPYIOLLLENO YCTOMYMBOCTb
K ycaake npu temnepatypax ao 550 °C, ucneityemasa 6atapesa nokasana
CKJIOHHOCTb K KOPOTKOMY 3aMblKaHWUIO C YHUKaAbHbIMWU BHYTPEHHUMMU
pesyabTaTamMn. Takon aneMeHT bbin uccneposaH 6onee TwaTtenbHO nocne
noao6Hon 06paboTKN: aNeMeHT BCKPbIIN, U3OLITOK 3N1EKTPOsinTa BbiNapuin,
3/1€MEHT 3anosHMAN 3NOKCUAHON CMOJION U 3aTeM paspesanu
neprneHanKynsapHoO reo3at, KOTOPbIN OCTaBasCca B 3/1eMeHTe. 3aTeM Ha
pacTpOBOM 3/IEKTPOHHOM MUKpPOCKoMNe 6bianM NoayyeHbl n306paxeHus ¢
NCNONb30BaHNEM BU3yanusaunm o6paTHO paCCeAHHbIX 31IEKTPOHOB
(backscattered electron imaging, BEI), no3sonnBwune KapTupoBaTb
pasfinyHble 351eMeHTbl 6aTapen, YTo6bl NOKa3aTb BAUSHNE TaKoro AeNCTBUA
NPOHUKHOBEHNSA reo3ad. OHM nokasaHbl HAa OUTI. 3 n 3A, MANKCTPUPYIOLLUX

N3BECTHbIN YPOBEHb TEXHUKM.

[010] CnegyeT OTMETUTb, UTO Ha OUI. 3, ANKOCTPUPYIOLLEN U3BECTHbIN
YPOBEHb TEXHUKMU, CNON MeAUN HEM3MEHHO HAaxXoAAaTcsa 6anxe K rBO34Al0, YEM
C/IoN antoMuHnA. Takxe cnegyeTr OTMETUTb, YTO BbICOKOYCTOMUNBLIN
pasgenuTtenb Mexnay 3/1eKTpoAaMN Nno-npexHeMy oCTaeTcs
HenoBpexaeHHbIM. Ha OUT. 3A, MANKCTPpUpPYOLLENA N3BECTHbIA YPOBEHb
TEXHUKU, NOKa3aHo 6onee CuabHOE yBENNYEHNE KOHLA O4HOro
ANOMUHNEBOr0 CNOSA, HA KOTOPOM BUMAHO, YTO OH 3aKaH4YMBAETCA B C/oe
pacTpeckaBLerocs ceporo sBewecresa. 3T0 nccneposanu ¢ nomowbio BEI,
KOTOpas nokasasna, YTo nosaydarwLlieecs B pesyJsibTaTte BewecTso B
AEeNCTBUTENbHOCTU NpeacTaBnseTr cobon oKCua antoMMHUA — U30JNPYIOLLYIO
KepaMmuky. [laHHble ¢aKTbl NPUBENAN K NpeasiaraeMoMy BbIBOAY O TOM, YTO,
Korga cam paspenuntefb ABASETCA TEPMUYECKU CTabuibHbIM, antOMUHUEBbLIN
TOKOCbEMHUK BypeT oKncnatTbcsa, hakTuyecku paspbisas uenb (U B
pe3ynbTaTe npekpawasa nwboe KopoTkoe 3aMbikaHue nocne obpasoBaHus
N30/IMPYIOLWEro oKCMaa ajtoMnHung). lNocne Toro, Kak wuenb pa3opeaHa, TOK
nepecrtaeT npoTekaTtb, U Tenno 6onble He BblaenaeTca, obpalasa npouecc,
KOTOpPbIN Npn MeHee cTabuibHOM pasgenuTene npueBoAUT K TENNOBOMY

pasroHy.
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[011] OgHaKO 3TO BO3MOXHOE peleHne OrpaHnYeHo NpoCToOn 3aMeHomn
TONIbKO NULWb pa3aenutens ¢ 6onee HU3KMMU XapaKTepuCcTUKaMm CKOpPOCTH
ycaakun. XoTa Takoe NpocToe pelleHne, Kasanocb 6bl, uMeeT 60bLYI0
LLEHHOCTb, BCE paBHO OCTATCA ApYyrMe Npou3BOACTBEHHbIE NMPoUEaYypbl U
onpepeneHHble KOMNOHEHTbI (Hanpumep, pasgenntenn ¢ KepamMnyeckum
NOKPbITUEM), KOTOPbIE WUMPOKO MCNONb3YKTCHA, U MOIYT BO3HUKHYTb
TPYAHOCTU C BbITECHEHNEM MX U3 PACNpPOCTPaHEHHbIX 6aTapenHbIX
NPOAYKTOB. TakuM o6pa3oM, HECMOTPSA Ha OYEBUAHbIE BbIrOAbl
NCMONBb30BAHUA U BKIKYEHNA TEPMUYECKN CTabUNbHbLIX pasgenutenen,
HeXenaTefibHble BO3ropaHusa 6atapen MoryT no-npexHemy BO3HUKaTb, B
YACTHOCTW, KOrA4a NpoAayThl, UMEKLLNE pa3fennTtesb C KepaMuyecknm
NOKPbITUEM, CYUNTAIOTCA 6e30NacHbIMKU ANA Taknx uenen. TaknMm obpasom,
6b110 onpeaeneHo, YTo NOMMMO UCMONb30BAHUA TaKUX MaTepUanos
pasaenuTtens C BbICOKON TEPMUYECKON CTabuNbHOCTbIO CyLLEeCcTBYET No
MEeHbLUEeNn Mmepe ele 0ANH UCKIKUYNTENbHO BHYTPEHHUIA CTPYKTYPHbIN
MeXaHn3M 3sieMeHTa 6aTtapeun, KOTOPbIN MOXET YCTPAHUTb UK MO MEHbLUEMN
MEpe YMEHbLUNTb BEPOATHOCTb BblAE/IEHUSA TeNnaa n3-3a BHyYTPEHHEro
KOPOTKOro 3aMblikaHud. B Takon cuTyaummn BO3HMKHOBEHUE KOPOTKOIO
3aMblkaHUAa B No406HOM 3nemeHTe 6aTapen He NpuBeneT K
paspywunTesnibHOMY NOBPEXAEHUNID U3-3a BbICOKOW TeMNepaTypbl BBUAY
npepbiBaHNA 3aMKHYTOW BHYTPEHHEN Lenun nocpeacTtsoM (pakTUUYecKoro
CO34aHMA BHYTPEHHEro naaBKoro npepoxpaHutensa. OgHako 40 CUX Nop B
obnactn nutuesbix 6aTapen He 66110 NpeaCTaBNEeHO HMYEro, YTo No3BOJNO
6bl Nerko pewnTtb 3T npobnembl. B HacToAweM n3obpeTeHnn Npeanoxex
TaKoON BeCbMa XenaTenbHbin CNocob, KOTOPLIN AenaeT INTUEBbIE d1EMEHTHI

6aTtapen ype3Bbl4aiiHO 6€30MaCHbIMU U HAAEXHbLIMWU HAa MHOXECTBE PbIHKOB.

[012] AoNONHUTENBHbLIA U 0COBbIN MHTEpPEC NpeacTaBnsieT
paccMoTpeHne Hapnexawero obecneyeHnsa BO3MOXHOCTM Nepepayun
3N1EeKTPUYECKOoro 3apsaaa oT paccCMaTpuBaeMon NUTUN-NOHHON BaTapeun K
BHELWHEMY UCTOYHUKY. O6bIYHOIrO 3TO AOCTUIAETCA NYTEM UCNOJIb30BaHMUA
BblBOAA, KOTOPbIA HAXOAUTCA B KOHTAKTE C TOKOCbEMHUKOM U NMPUKPENJIEH K

HEMY, Uan, BO3MOXHO, KakuM-nnbo o6pa30M, M K aHOAHOMY, N K KaTOAHOMY
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TOKOCbEMHUKaAM ana obecnevyeHnsa TpebyemMoro CBOMCTBa NPOBOANMOCTU C
BHELWHUM UCTOYHUKOM. BbiBOA AKO6bI PYHKUNOHUPYET KaK KOHTAKT C TAaKUMMU
BHYTPEHHMMN KOMMNOHEHTaMn 6aTtapen n NpoxXoanT HApPYXy Kopnyca
anemeHTa 6aTapen KOHTAKTHbIMU TOUYKaMu ANS TaKUX uenen npoBoaMMOCT!.
Mo3TOMY BbIBOA [OO/KEH OCTABATLCA HAa MECTe M He OTCOeaUHATLCA OT
TOKOCbEeMHMKa (TOKOCLEMHUKOB) U obecneynBaTb HEMPEPbIBHbIN JOCTYN K
BHYTPEHHEMY UCTOYHUKY 6€e3, ONATb Xe, CMELWEHUS BHYTPU UK
0TCOeANHEHUS OT HEro CHapy>Xu. He 6b1J10 HU paCKpbITO HUKAKUX CBEAEHUIN O
TaKNX TOHKONAEHOYHbIX TOKOCbEMHUKAX B 061aCTU IMTUN-NOHHBLIX BaTapen,
HW NPEeANPUHATO HUKAKUX MOMbITOK YAYyYLWEHUA UM ONTUMU3ALUKN B TaKUX
BOMpOCax coegnHeHus BbiBoga. KOHEYHO, XOPOLO U3BECTHbI CTaHO4APTHbIE
TUNbl BbIBOAOB, KOTOPbIE COEANHAT C KPYNMHbIMU TOKOCbEMHUKAMU
CTaHAAPTHbIX 3n1eMeHToB 6aTapeun; 0AHaKO OHU He o6ecneynBalT HUKaKNX
ACNeKTOB B OTHOLWEHWUN 3aWMUTbl OT BO3AENCTBUSA TOHKOMNIEHOYHbIX
TOKOCbEMHUKOB (HanpuMep, BHYTPEHHWUI NAaBKUW NpeaoxpaHuTesnb) C
obecneyeHneM npun 3ToM CTabuUabHOCTM pa3MepoB B LLEIOM ANS 3aWUTbl OT

BbIX0Aa 6aTapeun 13 CTpPOs M3-3a KOHCTPYKLUOHHBIX HApYLLUEHUIA.

[013] OcobeHHO BaxkHa BO3MOXHOCTb NPMBAPUBAHUSA K BbIBOAY,
KOTOPbIN COCTOUT U3 TOHKUX CNOEB MeTanna, NpuKpenaeHHbIX K bonee
TOJICTOMY CNOK 3/IEKTPUUECKN UB0NNPYIOLLEro Mmatepuana, Takoro Kak
nnactmacca. lNpueapuBaHue LeNbHOMETANIMYECKUX BbIBOAOB K
MeTannnyeckum gonbram TpebyeT Nnb NOBEPXHOCTHOIO CoeanHeHus,
KOTOpoe 3aTteM obecneumnmBaeT aleKTpu4yeckne coeanHeHuns co Bceun
npoTtueonexaiwien donbrom nnm eoeieogoMm. OaHako, Koraa ABe NUUeEBble
NOBEPXHOCTU TOKOCbEMHUKA INEKTPUUECKN N30ANPOBAHbI
NoAAEPXMBAKOLWNMN U30AMPYIOLLMMU CNOAMU, CO34AaHNE NOBEPXHOCTHOIO
COeAUHEHNSA C OAHON CTOPOHOU He3I(dEKTUBHO N OCTABAAET APYryH CTOPOHY
3NEeKTPUUYECKN U30/IMPOBAHHON. DAaKTUYECKN B paMKaxX COBPEMEHHOI0 YPOBHA
TEXHUKWU UKW OTPACcau IMTUN-UOHHbIX BaTapen Hu4ero nogobHoro He
ob6cyxaanocb n He 6bI10 packpbiTo. OgHaKo HacToswee n3obperteHne
npeoaosieBaeT Takne napagurMol 1 obecneunsaeT pesynbTaT, 40 CUX MOpP HEe

nccnepoBaHHbIN U/MAKN MOHATLIN B COOTBETCTBYIOLLEN OTpaCn.
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[014] Takum o6pa3oM, cywecTByeT NOTPEOHOCTb B HOBbIX U
YCOBEPLEHCTBOBAHHbLIX COeAUHEHUAX BaTapen n MeTanan3npoBaHHbIX
NJIE€HOYHbIX KOMNOHEHTAaxX B YCTPONCTBAX HAKOMJEHUS IHEPTUN, UMEIOLLUX
BHYTPEHHME NNaBKWUe NpefoXpaHUTenun, KOTOpble MOryT UCNOJIb30BaTb
TOHKME KOMMNO3UTHbIE TOKOCBEMHUKU C METANIM3NPOBAHHOW NOBEPXHOCTbLIO
(HanpuMep, antOMUHNEBON N/ UNN MEAHOWN), MaTepuanbl C BbICOKOWN
CKOPOCTbIO YCaAKN, MaTepuasnbl, KOTOPblE CTAHOBATCA HENPOBOAALLMMU NPHU
BO34ENCTBMM BbICOKUX TeMnepaTtyp, U1 X KOMOUHauuin. B 3TOM OTHOLIEHNN
HacToOALWaa TEXHONOMNA B 3HAYUTENIbHON CTENEHU YAOBNETBOPSAET AAHHYIO
noTpebHOCTb. B 3TOM CMbICNe coeaMHeHns baTapen u MeTannn3npoBaHHbIE
NAE€HOYHbIE KOMMNOHEHTbI B YCTPOUCTBAX HAKOMJEHNSA SHEPTUU, NUMEIOLLNX
BHYTPEHHME NJIaBKME NpeaoXpaHuTenum B COOTBETCTBUM C HACToALLEN
TEXHOJNIOTNEN, CYLECTBEHHO OT/IMYAKTCA OT TPAAULMNOHHbBIX KOHUENUUA U
KOHCTPYKUMI N3BECTHOIO YPOBHA TEXHWUKU, U NPU 3TOM obecneuyumBatoT
YCTPOWCTBO, B NepBY0 ovepeab pa3paboTaHHOE C Luenblo UCMNosb30BaHUSA
TOHKNX KOMMO3UTHbIX TOKOCLEMHUKOB C METANNIN3NPOBAHHON MOBEPXHOCTbLIO
(HanpuMep, antOMUMHNUEBOWN U/NNN MEAHOW), MaTepuanoB C BbICOKOMU
CKOPOCTbIO YCaAKN, MaTepnanoB, KOTOpble CTAHOBATCA HENPOBOAALWMMN NMPU

BO3AENCTBUM BbICOKMX TEMNEPATYP, U UX KOMOUHaLUWN.

CYWHOCTb N3OBPETEHNA

[015] NMpuHMMas BO BHMMaHUE BbilleyKa3aHHblIe HEAOCTATKH,
npucywmne n3BeCTHbIM TUNaM coegnHeHnim nnTnesbix batapen, HacToswas
TexHonorus obecneynBaeT yCoOBEPLIEHCTBOBAHHbIE COeAUHEHUA baTapen u
MEeTaNIN3NPOBAHHbIE MJIEHOYHbIE KOMMOHEHTbI B YCTPOMWCTBAX HAaKOMIEHNS
SHEeprun, UMeKLWNX BHYTPEHHNE NAABKNE NpeaoxpaHuTenn, n npeooneBaeT
BbILUEYNOMSAHYTbI€ U3bAHbI U HEAOCTATKN U3BECTHOIO YPOBHSA TEXHUKU. TAaKNM
obpa3om, obwan 3agava HaCcToALWeEN TEXHON0MMK, KoTopasa byaeT onucaHa
panee 6onee nogpobHO, 3aKNKOYAETCS B CO34AHUN HOBbIX U
YCOBEpPLIEHCTBOBAHHbIX COeAMHEHUN HaTapen n MeETaNNN3NpPOBaHHbIX

Nna1eHOYHbIX KOMNOHEHTOB B YCTDOI‘/'ICTBaX HaKonaeHud sHeprumn, MMerLnx
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BHYTPEHHME NaaBKuUe NnpefoxpaHuTenun, n cnocoba, KoTopbin obnagaer
BCEMU NPENMYLLECTBAMN U3BECTHOIO YPOBHSA TEXHMUKU, YMTOMAHYTbIMU paHee,
M MHOTMMW HOBbIMW NMPU3HAKaMKU, KOTOPble NPUBOAAT K COEANHEHUSAM
6aTtapen n MeTanIN3npoBaHHbIM MNAEHOYHbIM KOMMOHEHTaM B YCTPONCTBAX
HAaKOMNJMIEHUS SHEPrun, NMEKLWNX BHYTPEHHNE NAABKNE NpeaoXpaHuTenu,
KOTOpbl€ HE NpeAnoNaralTCsa, He NpeaCTaBAATCA O4YEBUAHbIM, HE
npeanararTCca UaKn faxe He NoAPa3yMeBaOTCA U3BECTHbIM YPOBHEM

TEXHUKWN, KAaK NO OTAENbHOCTU, TaK U B IIOOON UX KOMOUHaAUNMN.

[016] OpunH acnekT HacTosAWwen TEXHOIOMMU MOXET BKAYaTb B cebs
3/1IeMeHT nuTueson 6atapen, KOTOpbIn BKAOUYAET B ceba Heobxoaumble
npoBoAa BbiBOAA ANng obecrneyeHns NpoBOAMMOCTU OT €ro BHYTPEHHEN 4acTu
HapyXy O/19 NUTAHUSA COOTBETCTBYHOLLEro yYCTPOUCTBA, YTO MOXET 6bITb
HeTpUBMANbLHOW 3a4ayeln n3-3a TOHKON NPUpPOAbl 3N1EKTPOAOB U
NOTEHUMWANbHOIO OTCYTCTBUSA NMPOBOAUMOCTU MEXAY ABYMS CTOPOHaMMU
9NeKTpoAHOro matepunana. CornacHO HaCToALLEN TEXHONOMNU NPELJIOXKEHDI
BbIBOAbl, KOTOPblE€ UMEIOT AOCTATOYHbIE YPOBHN 6€30NacHOCTN B COYETAHUN C
XapaKTEPUCTUKAMU BHYTPEHHEro nNaaBkKoro NnpeaoxpaHutens, OTMEYEeHHbIMU
BblLle, U OQHOBPEMEHHO AEMOHCTPUPYIOT NPOYHOCTb Ha OTPLIB, YTOObI
OCTaBaTbCA Ha MeCTe BO BPeMs MCNOJIb30BaHUA, @ TaKXe MNoJIHOe NOKpbITUE
TOHKOM/IEHOYHbIMU METANNN3UPOBAHHBIMU TOKOCBEMHUKAMWN ANSA NOJYYEHUS
B pe3ynbTaTe TakoW 3N1eKTPOonpoOBOAMMOCTU. Takmne BbiBOAbl TAKXe
npeaycMaTpuBalrT 3(pPeKTUBHbIE CBApPHble COeANUHEHNA C HEOHX0AUMbIMU
KOHTAKTaMN N Ha YPOBHAX, KOTOPbI€ AEMOHCTPUPYIOT YAUBUTENbHbIE YPOBHU
CUJIbl TOKA U TEPMOCTONKOCTWN 19 [OCTUXEHUSA OCHOBHOIO pe3ysibTaTta B BUAeE
BHYTPEHHEro NJaBKOro npefoxpaHnTens C BbilWEYNOMAHYTON A40CTATOUYHOMN
NPOBOAMMOCTbIO K BHELLUHEMY YCTPONCTBY. bnarogapa TakoMy KOMMNOHEHTY B
BUAE NpPoBOAA BbIBOAA U CBAPHOM KOHCTPYKLUMM OTpAcib NOAYyYaEeT ewe 04HO

yCOBEpLUEeHCTBOBaHNe B 06n1actn nutueBbix baTapen.

[017] Kpome TOro, BHyTpEHHMUE NaaBKuUe NpefoxXpaHuTenu,
pa3paboTaHHble B paMKaxX HacTosAWen TEXHONOMMN U UMEKOLLLME YPE3BbIYAaNHO

TOHKUE CTPYKTYPbl TOKOCbEMHUKA, TAKXeE AO0NYCKAOT BO3MOXHOCTb UX



10

15

20

25

30

12

MHOIFOKpaTHOro crmbaHnsa BHyTpM OAHOIO 3/1e€MeHTa. Takas BO3MOXHOCTb
crubaHug obecneunBaeT BO3MOXHOCTb COAMHEHNSA ABYX CTOPOH
TOKOCbEMHWKA, KOTOPble B MPOTUBHOM cCiiyyae 6binn 6bl aneKTpuyecku
N30/IMPOBaHbl MOJIMMEPHBLIM C/IOEM, PACNOJIOXEHHbIM MeXAy ABYMS
NpoOBOAAWLMMU CNOSIMU, 6€3 HEO6XOAMMOCTN NpeabABIEHUA YpE3MEPHbIX
TpeboBaHUN B BHYTpeHHEMY Becy n/unun obvemy 6atapeun. o Bcen
BUAWUMOCTU, COTHYTbIA TOKOCBEMHUK COXPAHAET XapaKTEPUCTUKHU
BHYTPEHHEro NAaBKoOro npeaoxpaHutens, O4HOBPEMEHHO Aenas BO3MOXHbIM
Takoe yBeJIM4YeHne MOLWHOCTU, NOTEHUMANBHO A0NyCcKas noboe KonnyecTtso
yBeJIMYEHUN MOLWHOCTM B NIOO6OM KonlmyecTese H6aTapen Hy>XHOro pasmepa 6es
HEO06X0AUMOCTU B BbILEYNOMAHYTbIX Ype3MepHbIX TpeboBaHMAX K BECY U
ob6beMy, co3gasas HOBble baTapenHble n3gennsa pasiM4yHoro Ha3HauyeHusa C
LeneBbIMU BbICOKUMU YPOBHAMM MOLWHOCTU U MAaKCUManbHO BO3MOXHbIMU

npenmyuiectsamm 6e30nacHOCTH.

[018] B cooTBEeTCTBMMU C OAHMM ACNEKTOM HAcToALWaa TEXHONOIMUs
MOXET BKJIOUATb B Ceb YCTPONCTBO HAKOMAEHNA IHEPIrnuK, Ccoaepxallee
aHoOZA, KaToA, N0 MEeHbLUEN Mepe OAUH pa3fennutenb, NPUCYTCTBYOWNIA MeEXAY
aHOAOM WM KaTOAOM, 3/1€KTPOANUT, NO MEHbLUEN MEepe OAUH
MEeTaNIM3NPOBaAHHbIA TOHKOMNJIEHOYHbIN TOKOCbEMHUK, HAXOAAWMINCA B
KOHTaKTe No MeHbLlen Mepe C OAHMM U3 aHOA4A U KaToAa, U N0 MeHbLUeln
Mepe OA4UH BbiBOA, NMPUKPENNEHHbIN N0 MEHbLUEN Mepe K O4HOMY
METaNIM3NPOBaHHOMY TOHKOMJIEHOYHOMY TOKOCbLEMHUKY. [10 MeHbluen Mepe
OAWH MEeTaNNN3MpoOBaAHHbLIN TOHKOMAEHOYHbIN TOKOCbEMHUK UMEET C/I0N
NOSIMMEPHON NOAJIOXKKMN, UMEIOLWLNIA BEPXHIOK U HUXHIOK NOBEPXHOCTbL. Ha
BEPXHEM CJ10€ NOJIMMEPHON NOAJIOXKMN MOMELLEH NepBbIi
METaN/IM3NPOBaHHbIA C/ION, @ K HUXXHEMY CNOK NOJAUMEPHON NOAJTOXKKM
NnpuKpenseH BTOPON METaNAM3NPOBaHHbIA CIOW. TOKOCbEMHUK NMeeT B cebe
TaKyl CBApPHYI BbIEMKY, YTO MO MEHbLUEN Mepe YaCTb NepBoOro u BTOPOro

MEeTaNIN3NPoOBaAHHOIO CN0A HAXOASATCS B KOHTAKTe ApPYyr C APYroM.

[019] B cOOTBETCTBUM eLlle C OAHMUM AaCMEKTOM HACTOAWAa TEXHONOMNa

MOXET BKJIKOUATb B CebA YCTPONCTBO HAKOMAEHUA SHEPIrUU, CoaepxKallee
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aHop4, KaToa, No MeHbWen Mepe OAUH pa3aenutenb, NPUCYTCTBYIOWNN Mexay
aHOAO0M N KaToAOM, 3/1IEKTPOJINT, MO MeHbLen Mepe OAMuH
METaNNN3NPOBAHHbIA TOHKOMIEHOYHbIN TOKOCbEMHUK, HAXOAAWMNNCA B
KOHTAKTe N0 MeHblen Mepe C 0A4HUM U3 aHo4a U KaToAad, U MO MeHbLUeN
Mepe OAWH BbIBOA, NPUKPENJJIEHHbIN NO MEHbLUEN Mepe K O4HOMY
METaNIN3UMPOBAHHOMY TOHKOMIEHOYHOMY TOKOCbEMHUKY. 10 MeHblueN Mepe
OAWH METANNN3UPOBAHHbIN TOHKOMMNEHOYHbIA TOKOCBEMHUK NMEET C/I0N
NONNMEPHON NOANOXKU, UMEKLWNA BEPXHIO N HUXHIOK MOBEPXHOCTb,
NpUYEM K BEPXHEMY CJ/I0K0 NOJIMMEPHON NOANM0XKN NPUKPENJIEH NepBbIN
MEeTaNIN3UPOBAHHBLIN C/IOW, @ HA HUXHEM CA0e NOJIMMEPHON NOANTOXKN
NnOMeELLEH BbIBOA, NPU 3TOM Ha TOKOCbEMHUKE UMEETCA CBapHas BbleMKa,
Takas 4To NO MEHbLUEN Mepe 4YaCTb NepBOro MeTaaJIM3MPoOBaAHHOIO CNos

HaxXoAnTCA B KOHTaKTe C BbIBOAOM.

[020] B cooTBeTCTBMM €eLle C OAHUM ACNEKTOM HACTOALWAasa TEXHONOIns
MOXET BK/IIOYATb B Ce65 CUMCTEMY BbIBOAA TOKOCbEMHUKA AJ19 UCNONb30BaHUSA
C YCTPOMWCTBOM HAKOMJIEHUSA SHEpPrnu, BKAKYaKLWmMM B ceba aHOA U KaToA.
Cucrtema BblBOAA TOKOCBEMHMKA MOXET COAEPXATb MO MEHbLUel Mepe o0auH
TOKOCbEMHUK, HAXOAALWMNCA B KOHTAKTE N0 MEHbLUen Mepe C O4HUM U3
aHoZa M KaTtoaa, No MeHbLen mepe OAHUM BbIBOAOM W O4HOW unun 6onee
CBApHbIMW BbleMKAMWU. TOKOCbEMHUK MOXET ObITb B KOHTAKTE MO MEHbLUEN
Mepe C O4HUM U3 aHoAa M KaToAa. TOKOCbEMHUK MOXET BKJUaTb B cebsa
CNIOW NONNMEPHOWN MOANTIOXKU, UMEIOLLMIN BEPXHIOK N HUXXHIOK NOBEPXHOCTD.
Ha BepxHeM cnoe nosIMMeEpPHON NOANOXKN MOXET ObITb NPUKPENAEH NepBblIi
METaJ/IN3MPOBAHHLIN CNON, @ K HUXKHEMY C/I0K0 NOJIMMEPHON NOANOXKHN
MOXeT ObITb NPUKPENEH BTOPON METANIM3UPOBAHHbLINA CNOW. BbiBOA4 MOXET
6bITb NPpUKpPENsIEH K BEPXHEN NOBEPXHOCTU MOJANMEPHON NOAJIOXKU UK
HUXHEWN NOBEPXHOCTU NOSIMMEPHON NOANOXKN. CBapHble BbIEMKU MOTYT ObITb
pacnonoXeHbl HA TOKOCbEMHUKE TakuM 06pa3oM, 4TO BbIBOA, HAXOAUTCA B
KOHTAKTE MO MeHbLIEN Mepe C YacTbK NEPBOr0 METAN/IM3UMPOBAHHOIO C/104
AW YaCTbK BTOPOro METaNN3NpPOBaHHONO C0s, COOTBETCTBEHHO. CBapHble

BbIEMKU MOTYT 6bITb BbIMOMHEHBLI C BO3MOXHOCTbIO nepeMecTnuTb cnomn
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NOSIMMEPHON NOANTOXKKM TaK, YTOObI NEPBbIN METANIM3UPOBAHHbIA C/ION U

BTOPOW METAaNNU3UPOBAHHbLINA CIOA HAXOAUINCL B KOHTAKTE.

[021] B cooTBeTCTBMMU €eLle C OAHUM ACNEeKTOM HACToALWaa TEXHONOMns
MOXET BKJOUaTb B ceba cnocob n3roToBneHnsa nMTun-noHHon 6atapen,
BKAOYAOWMNA: @) NONYyUYEHNEe 31eKTpoaa, MMEILLEro No MeHbLen mepe oaHy
METaJIN3MPOBAHHYIO NOANOXKY C MOKPbITUEM U3 MaTepuana AN XpaHeHus
WOHOB; b) NnonyyeHne NpOTUBOINEKTPOAA; C) NOCAONHAA YKNaAKa 3neKTpoaa
N NPOTUBO3NEKTPOAA HAaNpOTUB APYr ApYyra C pa3aenntenbHbIM
KOMMOHEHTOM, PacrnosiOXXEHHbIM MeXAYy 3N1eKTPOAOM U NPOTUBOINEKTPOAOM;
d) nonyyeHne ynakoBO4YHOIro Matepuana, BKAKYAOLWEro KOMMNOHEHT
9NEeKTPUYECKOro KOHTaKTa, NpMyeM KOHTAKT BKKYaEeT B ceba yacTb,
Haxo4ALWYCa BHYTPU YNakKOBOYHOIrO MaTepuana, n 4acTb, HaXOAALLYOCA
CHapy>Xu ynakoBOYHOr0 MaTtepuana; €) anekTpuyeckoe coeguHeHune
3NEeKTPMUYECKOro KOHTaKTa C MeTannan3npoBaHHON nognoxkomn; f) BBegeHne
N0 MEHbLUIEN MEepe O4HOr0 XUAKOro 3N1eKTpoaunTa C MOHAMU BHYTPb B
YNaKOBOYHbIN MaTepuan; n g) repMeTnsaumsa ynakoBouHoro matepunana.
DneKkTpuyeckoe CoefMHEeHNe Ha 3Tane e) BKAKYaeT npouecc, Npu KOTOPOM
NO MEHbLIEN Mepe OAUH MeTanNYeCKUin CNon MeTanin3mMpoBaHHOM
NOAJIOXKKW NPOAABANBAIOT Yepe3 NOJIMMEPHYO NOANOXKY
METaNIM3NPOBAHHOW NOAJIOXKMN ANA CO3[4aHNA dNEeKTPUYECKOro coegnHeHuns

C CONpPOTUBNEHNEM MeHbLe 1 OM c SNEKTPUYECKNM KOHTAKTOM.

[022] B cOOTBETCTBUMU elle C OAHMUM ACMEKTOM HACTOAWAA TEXHONOMNSA
MOXET BKJIKOUaTb B ceba cnocob npon3BoACTBA BbIBOAA TOKOCHEMHUKA
nUTun-noHHon 6atapen. Cnocob MoXeT BKIKYATb B cebq 3Tansbl
NPUKpEenaeHUa NepBoro MeTaaIM3npoOBaHHOIO C/1I0S K BEPXHEMY CJI0K0
NOSIMMEPHON NOAJNTIOXKKM TOKOCbEMHUKA U NPUKpeEnaeHne BTOpOoro
METaN/IM3NPOBAHHOIO CNOA K HUXHEMY C/I0K0 NMOJNMEPHOWN MOAJIOXKKMU.
NMpuBeaeHne B KOHTAKT TOKOCbEMHWKA NO MEeHbLUeW Mepe C O4HUM U3 aHoAa
n Katoga. lNpuBapuBaHue 4acTu BbIBOAA K OAHOMY U3 NepBOro
METaN/IM3NPOBAHHOIO CNOA U BTOPOro METaNIN3NPOBAHHOIO Cnos C

06pa3oBaHMEM CBApPHOI BblEMKUW, NPUBOASLLEN B KOHTAKT BbiBOJ, C NEPBbLIM
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METANNTIN3NPOBAHHbLIM C/N10EM N BTOPbIM METAJIJZITU3BUPOBAHHBIM CNOEM,

COOTBETCTBEHHO.

[023] HekoTopble M BCe BapuaHTbl peann3aumm HacTosLeNn
TEXHONIOMMN MOIyT BKAKOUYATb B cebs N0 MeHblUENn Mepe OAUH BbIBOJ,
3NEKTPUYECKOro coeanHeHns, NpuKpenaeHHbin NOCpeaACTBOM CBapHOM

BbIEMKU K METANNTN3NPOBAHHOMY CJ/1010 TOKOCbEMHUKA.

[024] B HeKOTOpbIX MK BCEX BapuaHTax peanusaunu CBapHas BbleMKa

MOXeT 6bITb CBA3aHa C OAHUM M3 aHO4a U KaToAa.

[025] B HEeKOTOpbIX UK BCEX BapuaHTax peannsaunn BbiBOL MOXET
6bITb 31EKTPUYECKN COeaNHEH NOCPEeACTBOM CBAPHOW BbIEMKWU C @aHOAO0M UK

KaToAoM.

[026] HekoTOopbie uan BCe BapuaHTbl peann3aunm HacTosLen
TEXHONOINN MOTYT BKAOYATb B Cebs yCUnmMBawLme 3/IEMEHTHI,

NnpeAyCMOTPEHHbIE MOBEPX CBAPHbIX LLBOB.

[027] B HEKOTOpbIX MK BCEX BapuaHTax peanusaunu

MeTaNNIM3UpPoOBaHHAA NJeHKa CoAepXuT Ao 25 ee cnoes.

[028] B HEKOTOpPbIX UM BCEX BapuaHTax peanu3auunn BbiBOL MOXET
npeacTaBnsaTb CO60OM MHOXECTBO BbIBOAOB, YUMC/IO KOTOPbIX MOXET A4OCTUraTb
25.

[029] B HEKOTOpbLIX UK BCEX BapuaHTax peannsauunun rno MeHbllen
Mepe HEeKOTOpble U3 MeTaJIMYEeCKUX CoeB NpoAasB/ieHbl Yepes
NPUMbIKAKOLLNE TOKOCLEMHUKN N1 NPUBEAEHUSA B KOHTAKT C
METaJ/IN3UMPOBAHHbIMU CNOAMU APYTNX TOKOCLEMHUKOB, KOTOPbIE B
NPOTUBHOM C/lydae He UMEKT KOHTAaKTa «MOBEPXHOCTb K MOBEPXHOCTU» C

npoaaBne€HHbIMN METANTNYECKNMAU CITIOAMMN.
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[030] B HeKOoTOpbIX UK BCEX BapuaHTax peannsauunn cBapHas BbleMKa
MOXET NpeAcTaBAATb CO60M MHOXECTBO BbIEMOK, KOTOPbI€ BbIMOJHEHbI B
BUAE y30pa, NOJIHOCTbIO 3anOJIHALWEro, pa3pexXeHHOo 3arnonHALWero,
YACTUYHO 3aNOJIHAKOLWLEro B LWAaXMaTHOM MOpSAAKE CETKY WM YaCTUYHO

BbIPOBHEHHOIO MO CETKE.

[031] B HeKOTOpbIX MK BCEX BapuaHTax peanusaunu CBapHas BbleMKa
MOXET UMETb IMHENHYID, YCEYEHHYIO NMMPaMUAANbHYIO, 3aKPYT/IEHHYIO

nMpamupanbHyo nim chepuyeckyro opmy.

[032] B HEeKOTOpbIX MM BCEX BapuaHTax peanunsaunmn cinou
NOJIMMEPHON MOANOXKN MOXET BKJIKOUYATb B Ce€69 MHOMOC/IONHYIO
METaN/IM3NPOBAHHYIO NJIEHOYHYI CTPYKTYpPY C MNOJIMMEPHON MNOANOXKON
MEeXAY KaXaon OTAENbHON MeTannn3npoBaHHON NMJEHKON, @ KpalHASA CHU3Y
MEeTaNIM3npoBaHHasa NieHKa MHOrOC/A0MHOMW MEeTaNNIN3MpoOBaHHON NAEHOYHOMN
KOHCTpYKLUWUN npeacraBnseTr cobon BTOPON METAN/IM3UPOBAHHbIA CNON.
MHOrocnonHasa MeTanan3mpoBaHHas NaeHo4YHas CTPYKTypa MOXET ObITb
BbIMOJIHEHA YNpaBASAEMON C NepeMeLeHneM ee NoCpeacTBOM CBApPHOM
BblIEMKWN AN COEANHEHMUS MHOTOC/IOMHOWN MAEHOYHON CTPYKTYPbl BMECTE Ha

NOBEPXHOCTU KOHTAKTa MexXay CBapuBaeMbiMN AE€TanAMN.

[033] B HEeKOTOpbIX UK BCEX BapuaHTax peannsauunn cBapHas BbleMKa
MOXET 6bITb BbIMOJIHEHA C BO3MOXHOCTb (POPMUPOBAHUA CTYNEHYATOro
KOHTYpa, OKPY>XaloLero CBapHy BblEMKY, AN obneryeHmsa nojHoro
NPUNOXEHUA AaBNEHUSA NMPU CBapKe Yepe3 MHOMOCNONHYIO
METaN/IM3NPOBAHHYIO NJIEHOYHYI CTPYKTYpY.. CTyneH4YaTbli KOHTYpP CBapHOWM
BbIEMKM MOXET BKJOUYaTb B Ceba NpuMnogHATbIM NnepudepuiiHbiin Kpan Ha

BEPXHEN KPOMKE CBAPHOW BbIEMKMU.

[034] Takum ob6pa3omM, 6b1nm 06pnMCoBaHbl, 4OBOJIbLHO LLUNPOKO,
NPU3HAKN TEXHONMOMNN, YTOObI MOXHO 6bINO Nyylwe NOHATb Nocneayuee ee
onncaHmne, n 4YtTobbl MOXHO 6bI10 NyYle OUEHUTb AENCTBUTENbHbIA BKIAA B

AAHHYI0 061acTb TEXHUKMU.
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[035] MHOrouncneHHole uenu, Npu3Haku n NpenmyLLecTsa HacTosaLen
TeXHoNornm 6yayT COBEPLUEHHO OYEBUAHBI CneunanncTtam B faHHON obnactu
NO NPOYTEHUN CAeAYLWEro NogpobHOro onMcaHnsa NpeanoyYTUTENbHbIX B
HacToswee BpeMS, HO, TEM HE MEeHee, UINTIKICTPaTUBHbIX BAPUAHTOB
peanu3aunn HacTosAWwen TEXHONOMMU NPU PacCMOTPEHNN B COYETAHUU C
npunaraemMmbiMn yeptexamu. B cBa3u € 3TUM, npexae 4yeMm nogpobHo
06BACHATb TEKYLLMN BapuMaHT peann3auunun HacToALWEN TEXHONOMNK, cnepyeTt
NOHNMATb, YTO HACTOALLAA TEXHOJIOMMA HE OrpaHNUYeHa B CBOEM MPUMEHEHUMN
AeTansaMn KOHCTPYKLUUU N PACNONIOXKEHUEM KOMMOHEHTOB, U3/I0XKEHHbIMU B
cneaywuweM onucaHun Uan NponnnlCTPUPOBAHHBIMU Ha YepTexax.
HacTosawasa TexHonorna MoxeT 6bITb peasn3oBaHa B APYrMX BapuaHTax, a
TakXe MOXeT ObITb NPMMEHEHa Ha NPaKTUKE U OCYLLEeCTBAEHa pas3indHbIMU
cnocobamu. Kpome Toro, cneagyet NnoHUMaTb, YTO Ppas3eonorusa u
TEPMUHONOIMNA, UCNOJIb3YEMbIE B HACTOALWEM AOKYMEHTE, NpeaHa3HayeHbl

ANa uenen onncaHnsa N He AO0NXHbI paCcCMaTpuBaTbCA KakK OrpaHnyuBaroLune.

[036] CooTBETCTBEHHO, cneynannucrtam B AaHHOM 061aCTn NOHATHO, YTO
KOHLEenuns, Ha KOTOpoM OCHOBAHO HacTosuwee nsobpereHne, MOXeT ObITb
NIErko NCnonb3oBaHa B Ka4yeCcTBe OCHOBLI ANS pa3paboTku apyrux
KOHCTPYKLUN, CNOCOB0OB N CUCTEM AN OCYLLECTBIEHUS HECKONIbKUX Lenen
HacTosAwen TexHonormun. NMoaToMy BaxHO paccMmaTtpusaTb GopmMyny
n306peTeHns KakK BKAKUYAKLLY BCE TaKME 3KBMBAJIEHTHbIE KOHCTPYKLMKN B
TOW Mepe, B KAKON OHW HEe OTKJIOHAKTCSA OT CYWHOCTU U o6beMa HacToAwen

TEXHOJZIOTNN.

[037] Ewe oaHOM 3apa4ein HAaCTOALWEN TEXHONOMMN ABASETCA CO34aHne
HOBbIX U YCOBEPLIEHCTBOBAHHbIX COeAUHEHNI H6aTapen u
METaN/IM3NPOBAHHbIX MJEHOYHbIX KOMIMOHEHTOB B YCTPOMCTBAX HAKOMJEHUS
SHEPrnn, UMEKLWMX BHYTPEHHNE NNABKUE NPEAOXPAHUTENUN, KOTOPbIE MOTYT

6bITb Nerko u 3MEHEeKTUBHO U3rOTOBJ/IEHbLI U peann30BaHbl HA PbIHKE.
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[038] Ewe oaHOW 3apa4ein HaCTOALWEN TEXHONOMMN ABASETCA CO34aHne
HOBbIX U YCOBEPLUEHCTBOBAHHbLIX coeanHeHnn 6atapen un
METaNNN3NPOBAHHbLIX MAEHOYHbIX KOMNOHEHTOB B YCTPOUCTBAX HAKOM/IEHUSA
3HEepruu, NMeKLWnX BHYyTPEHHNE NaBK1e npegoxpaHnuTenn, KOtopblie UMerT
HU3KYI CTOMMOCTb U3rOoTOBMEHUA, KaK C TOYKUN 3pEeHUs Matepuanos, Tak U C
TOUYKN 3peHnsa paboyen Cunbl, N KOTOPblE, COOTBETCTBEHHO, NO3TOMY MOIyT
npoAaBaTbCA NO HU3KUM LeHaM anda notpebutenen, bnarogapa yemy Takme
coeanMHeHusa baTtapen U MeTanan3npoBaHHbIE NJAEHOYHbIE KOMMNOHEHTbI B
YCTPONCTBAX HAKOMNJIEHUSA SHEPIrnn, UMEKLWNX BHYTPEHHUE niaBkue

npeaoxpaHntenn, SKOHOMUYECKN AOCTYNMHbI Ans noxynaTenel‘/i.

[039] Ewe oaHOM 3apa4en HaCTOALWEN TEXHONOMMN ABAAETCA Co34aHne
HOBbIX COEAMHEHUN U METaN/IN3NPOBAHHbIX NIEHOYHbIX KOMMOHEHTOB B
YCTPOMCTBAX HAKOMJIEHUA SHEPTUN, NUMEOLWUX BHYTPEHHNE NSTaBKUE
npenoxpaHuTenun, KotTopble ob6ecneynBaloT B YCTPOUCTBAX U cnocobax
M3BECTHOIN0 YPOBHA TEXHUKN HEKOTOPbIE U3 UX NpenMyuiecTts, o4HOBPEMEHHO

npeoaoneBas HEKOTOPbIE U3 HEAOCTATKOB, 0ObIYHO CBA3@HHbIX C HUMMW.

[040] Ewe oaHOM 3apa4eit HaCTOALWEN TEXHONOMMN ABASETCA CO34aHne
coeauHeHnin 6aTtapen M METaNIM3MPOBAHHbLIX MJEHOYHbIX KOMMNOHEHTOB B
YCTPOWNCTBaAX HaKOMAEHUS 3HEPrun, UMEKLLMX BHYTPEHHNE NaaBKue
NnpeaoxXpaHuTenn, oNs UCNOJIb30BaHMA TOHKUX KOMMO3UTHbIX TOKOCbLEMHUKOB
C MEeTanNn3npoBaHHON NOBEPXHOCTbIO (Hanpumep, antoMUHUEBON U/ UK
MEeAHON), MaTepnanoB C BbICOKOW CKOPOCTbIO yYCaaKu, MAaTepuanoB, KOTOpble
CTAHOBATCA HENPOBOAALWMMU NPU BO3AENCTBMU BbICOKUX TEMNepaTyp, U nx

KOMOUHauUUun.

[041] 2Tu u gpyrune 3agavyun HacToAWen TEXHONOMMKN Hapaay C
pPasfNNYHbIMM NPU3HAKAMMU HOBU3HbI, OTIMYAKLWMMN HACTOALLY TEXHOAOTUIO,
noapobHO ykasaHbl B popMyne nsobpereHns, npuaaraeMon K HaCTosALLeEMY
OMUCAHUI0 U COCTaBAAKOLWEN ero 4yacTb. g nyywero NnOHMMaHUA HacTosALWwen
TEXHONOMNN, ee IKCNAyaTauMOHHbIX NMPEUMYLLECTB U KOHKPETHbLIX Lieneun,

AOCTUraeMblX NyTeEM e€e UCnoJsib30BaHuA, cneayeTt O6paTVITbCF| K npunnara€eMmbiM
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yepTexam U onucaTesibHOMW YacTu, UAAKCTPUPYHOLWLUM BapUaHThl

ocyulwiecrBneHna Hactos e TEXHONOrnu.

KPATKOE OMWUCAHMUE YEPTEXEW

[042] TexHonorua éypeT nyywe noHATa, a Apyrne uenun, oTamdHble OT
N3N0XEHHbIX BbilWe, CTAHYT OYEBUAHBLIMU MPU PACCMOTPEHUN NOCNEAYIOLErO
noapobHOro ee onncaHusa. 3To oNUcaHne CCbINAaeTCa Ha npuiaraemble

YepTeEXN, Ha KOTOPbIX:

[043] Ha ®Ul'. 1 nokasaHa apXMTeKTypa HaMOTAHHOIO 3/IeMeHTa

M3BECTHOM0 YPOBHSA TEXHUKU, TAaKOro Kak anemeHT 18650.

[044] Ha ®UT. 2, nanioCTpupyowen M3BeCTHbIN YPOBEHb TEXHUKM,
n3obpaxeHa ycaaka Kak (pyHKUMA OT TeMNepaTypbl, U3MEPEHHAs C NOMOLLbIO
ANHAMNYECKOro MexaHM4yeCKoro aHann3a HeCKONbKUX pasgenvtenen AnTun-
NOHHbIX HaTapein B COOTBETCTBUU C TEXHUYECKUM MeMopaHayMoM NASA/TM-
2010-216099 «Battery Separator Characterization and Evaluation
Procedures for NASA's Advanced Lithium Ion Batteries», pa3saen 3.5,
KOTOPbI BKJIIOYEH B HACTOSALWMMN AOKYMEHT NMyTEM CCbINIKU. BKAOYEHDI
pasaenutenun nepsoro nokoneHusa (Celgard PP, Celgard tri-layer),
pasgenutenu 2-ro nokoneHunsa (kepamunyeckun PE) n pasgenutenn 3-ro

nokoneHusa (cepebpo, 301010, cepebpo AR).

[045] Ha ®UT. 3, uaniocTpupyowen n3BeCTHblii YPOBEHb TEXHUKMU,
nokKasaHa pacTpoBas 31eKTpoHHasa MukpodoTorpadusa (scanning electron
micrograph, SEM) nonepeyHOoro ce4eHms NakeTHOro 3J1eMeHTa,
NOABEPrHYTOro UCNbITAHUIO HAa NPOHUKHOBEHME reo3ada. Cnoun npeacraBaaioT
coboi aNtOMNUHUIN U Meab, KapTUpoBaHHbIe C nomoLlbio BEI (Bu3yanusauuu
06paTHO pacCesHHbIX 31eKTPOHOB). BO34b PAacnOfIOXEH BEPTUKANIbHO Ha
NeBON CTOPOHE. B KaxaoM cnyyae alloMUHUEBLIN CNOK OoTOWeEN OT rBo34s,
oCTaBnaa nocne ceba «WKypKy» U3 OKCuaa aaloMUHUA, NpeacTaBnAoWwero

cobon nzonartop.
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[046] Ha ®UTI. 3A, MAnKCTpUPYOLEN N3BECTHLIA YPOBEHb TEXHUKMU,
NoOKas3aHo yBeanvyeHune ogHOro n3 cnoes ¢ nsobpaxeHna Ha ®Ul. 3. MNokasaH
KPYMNHbIA NAAH CNOS OKCUAA ajllOMUHUSA, @ TakKXe BUAHO, YTO pas3fenntenb
COBCEM He Aan yCcagkKu 1 No-npexHeMmy pasgenser 31eKTpoabl 40 CaMoro

Kpas.

[047] Ha ®UTI. 4 noka3aHa MeTanNn3npoBaHHaa NJaeHKa,
NCcnonb3yeMas B HacToswWweM n3obpeTeHnun, B KOTOPOU TOHKUIN CNONn
NPOBOAALLEr0O MaTepuana HaxXoAUTCA CHApPYXWu, a LeHTpasnbHasa NogsoxKa
npeacraBngaeT cobon Cnon, KOTOpbIM TEPMUYECKN HeCcTabuneH npu
TeMnepaTtypax, TpebyeMbixX oaa Tens0BOro pasroHa. 3Ta NoAJI0XKKa MOXET
6bITb NAABAWMMCA CNOEM, YCAXNBAKLWMMCA CN0EM, PacTBOPAIOWUMCA CNOEM,
OKUCAAOWMM CNOEM UN APYTUM CNOEM, KOTOPbIN NoAgBEeprHeTcs

TEpMMYECKON HeCcTabunbHoCTM Npu Temnepatype ot 100 go 500 °C.

[048] Ha ®UI'. 5, nunnocTpupytowen M3BeCTHbI YPOBEHb TEXHUKMU,
NoKa3aH TONCTbIN aNNIOMUHUEBBLIN TOKOCBEMHUK, OObIYHO MMEKLWNUI TOALWNHY

12-20 MUKPOH.

[049] Ha ®UI'. 5 noka3zaHa MeTanan3mpoBaHHasa NJaeHKa,
NCNonb3yeMas B HACTOALWEM N306peTeHnn, nMerLwas NoAM0XKY TOJLLLMHON
14 MUKPOH 1 CNOW aNntOMUHNUA TOJWMHON 1 MUKPOH Ha KaXAoW CTOpPOHe.
TOKOCbEMHUK B COOTBETCTBUN C HACTOALWUM n3obpeteHnem He cnocobeH
NepeHOCUTb BbICOKME TOKU, CBA3AHHbIE C KOPOTKUM 3aMblKaHMEM, B TO BpEMS

KaK TOJICTbIN TOKOCbEMHUK U3BECTHOIO YPOBHA TEXHUKU MOXET U AENa€ET 3TO.

[050] Ha ®UTI". 6 n 6A nokasaHbl N306paxxeHnsa CpaBHUTENbHbIX
npumepoB 1-2, KaxAblh U3 KOTOPbIX NOCNE KaCaHUS HAKOHEUHMUKOM ropsyero
nasfbHUKa. B cpaBHUTENbHbBIX NpUMEpax NOCie KaCaHUs ropsaynm

Nasi/IbLHUKOM U3MEHEHUN HET.
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[051] Ha ®oUTl'. 7, 7A n 7B npusBeneHbl n3obpaxeHnsa npumepos 1-3,
KaXXAblM U3 KOTOPbIX MNOCNE KaCaHNAa KOHYMKOM ropsayvyero nasjbHuUKa.
MpuMepbl 1-3 AE€MOHCTPUPYIOT YCaAKY, KaK ONMCAaHO B HACTOSLWEM

AOKYMEHTE ANA NoANoXKeK, nognexawunx Mmetanindauyunn.

[052] Ha oI, 8, 8A n 8B npuseneHbl n3obpaxeHnsa npumepos 4-6,
KaXXAbl U3 KOTOPbIX MNOCAE KaCaHNa KOHYMKOM ropayero nasnabHuka. lNpumep
4 neMOHCTPUpPYET YCaAKy, Kak ONUCAaHO B HAacTOALWEM AOKYMEHTE ANA
NoAJNI0XeK, nognexalwmx metanamsaumum. B npumepe 5 numeerca BoaOKHO,
KOTOpOEe pacTBOPUTCA NOA AENCTBUEM Tenjaa B INTUN-UOHHBIX 3/IEKTPOAUTAX.
Mpumep 6 aBnaeTca NpMMEpoM TEPMUYECKU CTabuabHOMW NOANOXKK, ANS
YyHKUMOHUPOBAHNSA KOTOPOWN B COOTBETCTBUM C HACTOALWMM N30bpeTeHnem

noTpebyeTca TOHKNUA NPOBOAALLNNA CNOMN.

[053] Ha ®Ul'. 9, 9A n 9B npuBeneHbl CHUMKKU SEM C pa3HbiM
yBE&JIMYEHMEM B NONEPEYHOM CEYEHUUN U OAUH CHUMOK, NOKa3blBamOLW U
MeTanIN3npoBaHHY NOBEPXHOCTb OAHOIO BO3MOXHOIO BapuaHTa
peann3auun 04HOro TOKOCbEMHUKA B COOTBETCTBUM C HACTOALWUM
n3obpeTeHnemM, Kak onmcaHo B npumepe 9. Metann ABHO ropasfo TOHbLUE

nepBOHa4YanbHOW NOAJIOXKMK, KOTOpas umena wupuHy 20 MUKpPOH.

[054] Ha ®NTI". 10 u 10A npuBeneHbl onTuyeckme mmkpodotorpadpumn
CpaBHUTENbHbLIX NpUMepPoB 3 1 4 NocCie KOPOTKOrO 3aMblKaHus,
noka3sbiBawLme abnauno ob6nactu BOKpyr KOpOTKOro 3aMblkaHusl, HO 6e3

0TBEpPCTUA.

[055] Ha ®NTI". 11 u 11A npuBeneHbl onTtuyeckme mmkpodotorpadpumn
ABYyX obnacrten u3 npumepa 14 nocne KOpOTKOro 3aMblKaHWs, NoKasbiBaowme
SAIBHbl€ OTBEPCTUSA B MaTepuane, BbiI3BaHHbIE BbICOKON MAOTHOCTLIO TOKA

KOPOTKOIo 3aMblKaHUA.
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[056] Ha ®UTI". 12 noka3aHbl pa3Mep U popMa TECTOBOW NOAOCKU ANA
NCMbITaHMA Ha AONYCTUMYIO HArpy3Ky no TOKY TOKOCbEMHUKA,

MCnoJib3yeMoro B BbllLU€yKa3aHHbIX NMpuUMepax.

[057] Ha ®UI'. 13 nokasaH Bua cb6oKy B nepcnekTtuse 04HOCIONHOIO
TOKOCbEMHUKA C NMPUBApPEHHbIM BbIBOAOM B KauyeCTBE OAHOIM0 NOTEHLNANbHOIO

npeanoyYyTUTENbHOIrO BapuaHTa peaan3ayunn.

[058] Ha ®UI'. 14 nokas3aH Bug c6OKy B nepCcrnekTuee 0A4HOC/IONHOIO
TOKOCbEMHUKA C NPUKPENJIEHHbIM JIEHTOM BbIBOAOM B KauyecTBe eLie 04HOro

NOTEHUMNAJZIbBHOIO NPEANOYTUTESIbBHOIO BapuaHTa peaJin3aumnu.

[059] Ha ®UI'. 15 noka3aH Bua c6oky B nepcnekTtueBe 04HOCAONHOI0
TOKOCbEMHUKA C NPUKpPENJIEHHbIM CKO6aMu BbIBOAOM B Ka4yecCTBe elle 04HOro

NOTEHUWMANBbHOIO NPEANOYTUTENBHOIO BapmnaHTa peann3aumnn.

[060] Ha ®UI'. 16 noka3aH Bua c6OKy B nepCcrnekTuBe 0AHOCIOUHOIo
TOKOCbEMHUKA C OAMHAPHOW 3aKPYr/IEHHOW CKIAAKOW Ha HEM U
NPUKPENIEHHbIM JIEHTOW BbIBOAOM B KayeCTBe eLle O4HOro NOTEHLMANbHOro

npeanoyYTUTENbHOIO BapuaHTa peann3ayunun.

[061] Ha ®UI'. 17 noka3aH Bua cb6oKy B nepcnekTuse 04HOCIONHOIO
TOKOCbEMHWKA C ABOMHON 3aKPYrIeHHON CKNaAKON HA HEM U
NPUKPENJIEHHbIM JIEHTOW BbIBOAOM B KayecCTBe eLle O4HOro NOTEHLMANbHOIO

npeanoyTUTENbHOIrO BapuaHTa peanmn3ayunn.

[062] Ha ®UTI'. 18 nokaszaH Bua cb6oKy B nepcnekTtuse 04HOCIONHOIO
TOKOCbEMHUKA C ABYMSA NapanjenbHbIMU NMPUBAPEHHLIMU BbIBOAAMU B
KauyecTBe ele 04HOro NOTEHUMANbHOIO NpeanovYTUTENbHOro BapMaHTa

peanusauuu.

[063] Ha ®UTI'. 19 nokaszaH Bua cb6oKy B nepcnekTtuse O04HOCAONHOIO

TOKOCbEMHUKA C OAHOKPATHO CNOXEHHbLIM NpUBApE€HHbLIM BbIBOAOM B
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KayecrtBe ewe OAHOro notTeHunanbHOro npeanoyTuTENIbHOrO BapmuaHTa

peanu3auuu.

[064] Ha ®UTI". 20 nokas3aH Bua cb6oKy B nepcnekTuse 04HOCIONHOIO
TOKOCbEMHWKA C ABOMHOMN 3aKPYr1IEHHON CKNaAKOW HA HEM U NPUBAPEHHbIM
BbIBOAOM B KayecCTBe eLle 0O4HOro noTeHUManbHOro NpeanoyYTuTEeNbHOro

BapuaHTa peanusauuu.

[065] Ha ®UTI. 21 noka3aH Bua cb60Ky B NepCneKkTMBe MHOXECTBa
OAHOCNONHBbIX TOKOCLEMHUKOB, KaXXAbl C ABOWMHOW 3aKPYr/IEHHOW CKIaAKoN
Ha HEM N NPMBApPEHHbIM BbIBOAOM B KayeCTBe eLle OAHOro NOoTeHLManbHOro

npeagnoyTUTENbHOIrO BapuaHTa pe€aan3ayunn.

[066] Ha ®UT. 22 noka3aH Bua cCO6OKY B NepCNeKTUBE MHOXECTBA
OAHOCNONHbIX TOKOCBEMHUKOB, KaXAbl C ABOMHOW 3aKPYrNEeHHOW CKNaaKou
Ha HEM U ABYMS NPOTUBOJIEXAWMMN NPUBAPEHHBIMU BbIBOAAMU B KayeCcTBe

ewe oAHOro NoTeHUunasabHOro NpeanoyYTuTeENbHONO BapuaHTa peaan3auunu.

[067] Ha ®UTI'. 23 nokasaH Bua c6oKy B NepCneKTMBE MHOXECTBA
OAHOCNONHbLIX TOKOCLEMHUKOB, HAXOA4AWMNXCA B KOHTAaKTe C MHOFOKPATHO
CJIOXXE€HHbIM rapMOLLUKOW 3aXaTbIM BbIBOAOM B KauyeCTBe eLle O4HOro

NOTEHUMNANIBHOIO NPEeaAnoOYTUTENIBHOIO BapuaHTa peajin3aumni.

[068] Ha ®UI'. 24 nokas3aH BUA B NepcrneKkTuee cnepeagn KOMNO3NTHOMO
TOKOCbEMHUKA, UMEKOLLLEr0 NOJIMMEPHYIO NOANOXKY C ABYMSA OTAENbHbIMU

c1odaMH MeTaﬂﬂM3MpOBaHHOVI nn1eHkn 1 o4HNMM CBApPHbLIM LUBOM.

[069] Ha ®UTI'. 25 nokas3aH Bug c6OKy KOMMNO3UTHONO TOKOCHEMHUKA,
NMEKLLLEro NOJIMMEPHYIO NOANOXKY N ABA OTAENbHbIX C/0S
METaN/IM3NPOBAHHOW NJIEHKM C XOPOLLUO NMPUCOEANHEHHbBIM BbIBOAOM,

npuKkpenneHHbIM K HUM.
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[070] Ha ®ur. 26 npuBegeH NoayYeHHbIA C MOMOLLbIO 3/1€KTPOHHOIO
MUKpPOCKOMa € 60NblWKNM yYBEIMYEHUEM BUA, B NEPCNEKTUBE B NONEPEYHOM
ceyeHnn 100-MUKPOHHOIO yyacTKa CBApHOro KOMmno3uTa

TOKOCbEMHUKA/NONNMEPHON NOANOXKMK (Kak Ha OUT 25).

[071] Ha ®UTl'. 26A npuBeaeH Bug B nepcnektnse 50-MMKPOHHOIO

y4yacTKa KoMno3uTa, n3obpaxeHHoro Ha OUl'. 26.

[072] Ha ®UTl". 27 npuBeneH Bua cb60Ky B NepCnekTuBe KOMNO3UTHOMO
TOKOCbEMHUKA, NMEKOLLLEro NOJIMMEPHYIO NOANOXKY U ABa OTAENbHbLIX CNOSA
MEeTaN/IM3NPOBAHHOW NJIEHKM C NPUBAPEHHbLIM BbIBOAOM, MPUKPENIEHHbIM K

HUM.

[073] Ha ®UTl. 27A npuBeneH noayyYeHHbIi C MOMOLLbI 3N1EKTPOHHOIO
MUKpPOCKoMna ¢ 60nbWKUM yBEeIMYEHMEM BUA, B nonepeyHoM ceyeHun 500-
MUKPOHHOIO yyacTKa NOBEPXHOCTU pasaena Mexay MeTanim3mMpoBaHHOWU
NAEHKOWN, NONNMEPHON NOAJNIOXKOW U BbIBOAOM, KaK NOKA3aHO B MecTe

cBapku Ha OUI. 27.

[074] Ha ®UTI'. 27B npuBeaeH 100-MUKPOHHbBIA Y4aCTOK MNOBEPXHOCTU

pa3aena, noka3zaHHon Ha OUI. 27A.

[075] Ha ®UTl'. 28 npuBepeH Bua cb6oKy B NnepCnekTuBe KOMNO3UTHOMO
TOKOCbEMHUKA, UMEKOLLLEr0 NOJIMMEPHYIO NOANOXKY U MHOXECTBO C/10€B
METaN/IM3NPOBAHHOW NJIEHKMU C NPUBAPEHHbLIM BbIBOAOM, MPUKPENAEHHbIM K

HUM.

[076] Ha ®UTI'. 28A npuBeaeH NOAYYEHHbIA C MOMOLLLK 3/IEKTPOHHOIO
MUKpOCKoOMNa ¢ 60NblWINM yYBEIMYEHUEM BUA, B NEPCNEKTUBE B NONEPEYHOM
ceyeHun 500-MNKpOHHOro yyacTka CBApHOro KOMNO3mMTa MHOMOCAONHOM
METaANNN3NPOBAHHON NAEHKN/NOMNMEPHON NOANOXKM, KaK NOKa3aHo Ha OUT.
28.
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[077] Ha ®UNTI'. 28B npuseneH sua B nepcnektnese 200-MUKPOHHOIO

ydyacTka KoMno3suTta, nsobpaxeHHoro Ha OUIl. 28A.

[078] Ha ®UI'. 29 noka3aH pa3BepHyTbIN BUA, B NEPCNeKTuBe
MHOTFOC/IOMHOIrO0 METaNAM3MPOBAHHOIO MAEHOYHOIr0 TOKOCbEMHUKA,

NPMBapPEHHOIro K BbIBOAY.

[079] Ha ®UTI". 30 nokasaH npo3payHbii Bua c6OKy B NepcnekTmee
b6aTtapeun C XeCTKON naacTtMaccoBon 060104KON, coaepxallen KOMNO3nuT 13

METANNN3NPOBAHHOIO0 NAEHOYHOI0 TOKOCbEMHUKA N NPUBAPEHHOIO BbiBOAA.

[080] Ha ®UNI'. 31 nokasaH Npo3payHbii BUA COOKY LUANHAPUYECKON
6aTtapen ¢ KOMNO3UTHbIM TOKOCbEMHUKOM TUNA «XENeNHbIn pyneT» C

npnBapeHHbIM BbIBOAOM.

[081] Ha ®UI'. 32 noka3aH Npo3payHblii BUA B nepcnekTuee batapeun ¢
nakeTHon 060104KON, coaepxawen KOMNO3UT U3 METANIM3UPOBAHHOIO

NNeHOYHOIro TOKOCbEMHNKA U NpuUBapeHHOro BbiBoaa.

[082] Ha ®UI'. 33 noka3aH BUA B NepcneKkTuee cnepeau
MHOFOCNOMHOIr0 KOMNo3uTa 6aTtapen C MHOXECTBOM C/10€EB

METANNTN3NPOBAHHbLIX NNEHOYHbIX TOKOCLEMHUKOB U NPUBApPEHHbLIX BbIBOAOB.

[083] Ha ®UNI'. 33A npuseneH apyron eua cboky B nepcnekTmsee

KoMno3uTa 6atapen, nokazaHHON Ha OUI. 33.

[084] Ha ®UI'. 34 noka3aHbl pa3/inyHbie NOTEHUMANbHbIE BapUaHTbl
peann3aunun anbTeEPHATUBHbIX CBAPOUYHbIX KOHCTPYKUWUINA B COYETAHUN C
MeTaNNN3NPOBAHHBIMWN MAEHOYHbIMWU TOKOCBLEMHUKAMN U BbIBOLAMMU,

ONMMCAHHbIMU B HACTOALWEM AOKYMEHTE.
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[085] Ha ®UI'. 35 noka3aHa BO3MOXHasa KOHMUrypaunsa BapuaHTa
peanu3aunn KOHCTPYKLMU NONHOCTbK 3anoJIHEHHOW CBApPHOWU CeTyaToun

KOHCTPYKLUMK.

[086] Ha ®UI'. 35 A noka3aHa BO3MOXHasa KOHUrypauusa sapuaHTa
peanu3aunn KOHCTPYKLMUKN pa3pexxeHHO 3anosIHEHHON CBAapHOW ceTyaTomn

KOHCTPYKLUMK.

[087] Ha ®UI'. 36 noka3aHa BO3MOXHAasa KOHMUrypaunsa BapuaHTa
peann3aunm KOHCTPYKLUM YAaCTUYHO 3anoJIHEHHOW B WIAaXMaTHOM nopsaake

CBApPHOMN CEeTYaTON KOHCTPYKLMUMU.

[088] Ha ®UI. 37 noka3aHa BO3MOXHasa KOHMUrypaumsa BapmaHTa

peann3auum 4YaCTUYHO BbIDOBHEHHOW CBApPHOM CETYATOMW KOHCTPYKLMUM.

[089] Ha ®UI'. 38 noka3aH Bua cbOKy B nepcrnekTuBe batapenHoro
KOMMNO3MUTa N3 TOKOCBEMHUKA U BbIBOAA, MMEKOLWEr0o CBApHON LLOB C BEPXHEN

CTOPOHBbI.

[090] Ha ®UI'. 39 noka3aH Bua cboKy B nepcrnekTuBe batapenHoro
KOMMNO3MUTa N3 TOKOCbEMHUKA U BbIBOAA, MMEKOLWEro CBApHON LLOB CO CTOPOHbI

NnaeHKN.

[091] Ha ®UT. 40 noka3aH Bug cb6oKy B nepcnekTuBe KOMNo3nTa u3

OAHOKPATHO CNOXXEHHOIo NpuUuBapeHHOro BbiBOAA U TOKOCbEMHUKA.

[092] Ha ®UTI'. 41 nokasaH 4aCTUYHO pa3BepPHYTbIM BUA COOKy B
nepcnekTMBe KOMMNoO3uTa U3 MHOMOCAOMHONO0 TOKOCbEMHUKA U MHOXECTBA

BbIBO/OB.

[093] Ha ®UI'. 42 noka3aH Bug cb6oKy B nepcnekTuBe KOMNo3nTa u3
3N1eKTPoAa U NPMBAPHOIro BbiBOAA, COAEPXALWLEro pa3Aensaowyo NAaBKyo

NpeAOXPaHUTENbHYK KOHCTPYKLUMUIO.
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[094] Ha ®UT'. 43 nokas3aH Bua cb60Ky B NepcneKkTMBe 4acTu KOMNo3uTta

B BMAE TOKOCbEMHUK/3NEKTPOA/BbIBOA, C NEHTON AN NPUKPENSIEHUS.

[095] Ha ®UT. 44 noka3aH Bua cb6oKy B nepcnekTuse 6atapenHoro
KOMMNO3MTa, MMEKLWEro MHOFOC/IOMHbIE TOKOCBEMHUKN N COEAUHEHMNE

obMaTbIBaHNEM NEHTON ANA NPUBapPEHHOro BbIBOAA.

[096] Ha ®UT. 45 noka3aH Bua cb60Ky B nepcnekTuee 6atapenHoro
KOMMNO3uUTa, UMEKLWEro MHOMOC/IOMHbIE TOKOCBEMHUKMN U 3aXUMHOE

NEeHTo4YHOE CcoeanHeHne and npuBapeHHoOro BobiBoaa.

[097] Ha Bcex pa3nuyHbIX (purypax ogMHaKoBble HOMEpa No3nMunin

OTHOCATCA K OAHUM N TEM XKe HacCTAaM.

OCYWECTBNEHUE N3OBPETEHNA

[098] OTAnYMTENbHBLIM NMPEUMYLLLECTBOM HACTOALWLEro n3obpereHuns
ABNSAETCA BO3MOXHOCTb ob6ecneyeHns nocpeacTBOM KOHCTPYKLMOHHbIX
KOMMOHEHTOB MexXaHu3Ma ANns pa3pbiBa NPOBOASALLErO NyTU Npwu
BO3HUKHOBEHWUM BHYTPEHHEr0 KOPOTKOIr0 3aMblKaHUSA, OCTAHAB/IMBAIOLLLETO
WNN 3HAYUTENbHO YMEHbLUAKLWEro NPOTEKAHME TOKA, KOTOPbIA MOXET

BblpabaTbiBaTb TEMJO BHYTPU LENEBOro 3eMeHTa 6aTapeu.

[099] Ewe oaHUM NpenMyLLeCTBOM SBASETCA BO3MOXHOCTb CO34aHUSA
TAKOro 3alMTHOro CTpYKTyYpHOro opmarta B 3nieMeHTe nuTueBon bartapen,
KOTOpbIN Takxe obecneymBaeT BbIroAHbIE C TOYKN 3pEeHUS Beca U CTOUMMOCTH
yCOBEpLIEHCTBOBAHUA AN BCEro npouM3BoACTBa, TPAHCNOPTUPOBKU U
NCNoNb30BaHMA 3neMeHTa. TakuMm obpa3om, ele 0AHUM NPENMYLLLECTBOM
aBnaeTca popMnpoBaHne U COXpaHeHne BHYTPEHHEN CTPYKTYpPbl NJ1aBKOro
npeaoxpaHuTensa B LEeneBOM 31eMeHTe baTapeu A0 TexX Nop, NoKa He
BO3HUKHET HE0H6X0AMMOCTb B €ro aktupauuu. Ewe oaHMM NpeMmyL,ecTsoM

ABNAETCA CO34aHune 6aTapeV| C MEHbLUMM BECOM 3a CHET NCMNOJIb30BaHUA
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TOHKOI0 TOKOCbEMHUKA Ha OCHOBE MJIEHKU, KOTOPbIN NpeaoTBpallaeT
TENIOBOW pa3roH BO BPEMS KOPOTKOro 3aMblKaHUsa unm nogobHoro cobbitus.
Ewe oagHMM NpenMyLecTBOM ABASETCA BO3MOXHOCTb NCNONb30BaHUSA
JIErKOBOCMNAaMEHSAIOWNXCA OPraHMYEeCKNX 3NEKTPONNTUYECKNX MaTEPMAnoB B
b6aTapee 6e3 Kakon-nnb6o 3aMeTHON CKAOHHOCTU K UX BOCMJIAMEHEHUIO BO
BPEMS KOPOTKOI0O 3aMbiKaHuUsa uam noaobHoro cobbitnsa. Ewe ogHnM
OT/INYNTENbHbIM NMPENMYLLLECTBOM ABASAETCA BO3MOXHOCTb obecneyeHus
AOCTATOUYHOro KONIMYECTBa NPOBOAALLMX BbIBOAHbIX KOMMOHEHTOB,
NPUBAPEHHbIX NN UHbIM 06Pa30M KOHTAKTUPYOLNX C BHYTPEHHUM NMAABKUM
TOKOCbEMHUKOM, B YaCTHOCTU, KOHTAKTUPYOLWMNX O4HOBPEMEHHO C €ro
BEPXHEN U HUXHEN NOBEPXHOCTbIO. Elle 0gHMM nNpenmMyLecTBOM SABASETCS
BO3MOXHOCTb CO34aHUS CKNAA0K HAa TOHKNUX TOKOCbEMHbIX KOMMOHEHTAX,
PacKpbITbIX B HACTOSALWWEM AO0KYMEHTE, AN obecneyeHns BO3MOXXHOCTH
COBOKYMHOM BbIpabOTKM 3HEpPrun B NocnefoBaTesbHOCTM U3 MHOXECTBA
TOKOMNPOBOAALWMNX BHYTPEHHUX CTPYKTYP ANa obecneyeHns HagexXHbIX
pe3ynbTaToB paboThl 3anpawmBaeMon batapen 6e3 Heo6xoaNMOCTHU

ype3MepHbIX pa3MeEPOB N0 BECY UK 06bEMY.

[0100] CoOTBETCTBEHHO, pacKpbITME HaCToALWEro n3obpereHus
OXBaTbIBAET YCTPONCTBO HAKOMNEHNA 3HEpPrun, CoAepXalliee aHo4, KaToa, no
MEHbLIEN Mepe OAUH MOJIMMEPHBLIN NAN BONOKOHHbLIN pa3aenuTtens,
NPUCYTCTBYIOLWMN MEXY YKa3aHHbIM aHOAOM M YKA3aHHbIM KaTOAOM,
3NEKTPOSIUT N MO MEHbLIEN Mepe OAMH TOKOCbEMHUK, HAaXOA4AWMNNCH B
KOHTaKTe No MeHbLIEen Mepe C OAHMM M3 YKa3aHHOro aHoAa M YKa3aHHOro
KaToaa; npu 3ToM b0 ykKasaHHbIM aHoA, b0 yKasaHHbIA KaTog,
pacnonoXeH Mexay No MeHbLEW Mepe YacTblo YKa3aHHOM0 TOKOCbEMHUKA U
YKA3aHHOro pasgenutens, npuyeM ykasaHHbIi TOKOCbEMHUK COAEPXUT
NPOBOAALWMN MaTepuasn, HAHECEHHbIN HA NOAJIOXKKY U3 NMOJAUMEPHOTO
MaTepuana, u Npu 3TOM YKa3aHHbIN TOKOCBEMHUK NepecTaeT NpoBOAUTb TOK
B TOUKE KOHTAKTa OTKPbITOrO0 KOPOTKOIro 3aMblKkaHna npu pabouem
HaNpsAXXEeHUN YKa3aHHOro yYCTPOMCTBA HAKOMJIEHUS SHEPIUN, NPUYEM
yKa3aHHOe HanpsxXeHue coCctaBnsgeTr no MeHbwwen mepe 2,0 sonbta. OgHNM

N3 NpnMepoB MOXET 6bITb NIOTHOCTb TOKA B TOUKE KOHTaKTa, CoOCTaBasdaoLas



10

15

20

25

30

29

0,1 amnep/MM2 npun pasMepe HaKoHeYHnKa 1 MM2 unu MeHble. KoHevyHo, B
cnydae 6onee KpynHbIX 3n1eMeHToB TpebyeMasa noporosas naoOTHOCTb TOKaA
MOXeT ObITb BblLe, U 3/IEMEHT MOXET nepecraBaTb NPOBOAUTL TOK Npw
MNJIOTHOCTM TOKa No MeHblen mepe 0,3 aMmnep/MM2, HanpuMep, No MeHbLUEN
mepe 0,6 amnep/MM2Z, nau aaxe no meHblel mepe 1,0 amnep/mMM2. Takas
NOKpbITaa NOAN0XKA U3 NOJIMMEPHOIro MaTtepuana AO0JIXKHA TaKXe UMETb
obwyto TonwmnHy He 6onee 25 MMKpPOH, Kak onncaHo 6onee NogpobHO HUXe.
Cnocobbl MCNosb30BaHUA TAKOMo BbIFOAHOMO TOKOCLEMHOIO KOMMOHEHTA B
YCTPOMUCTBE HakonaeHusa sHepruun (byab To 6aTapes, Takaa Kak AUTUR-
NOHHasa 6aTapes, KOHAEHCATOP M T. M.) TOXE 0XBaTbIBAlOTCA B HACTOALLEM
packpblTun. Kpome T0ro, Takoe 6atapenHoe nigenme ¢ TOHKOMJAEHOYHbIM
TOKOCBbEMHUKOM MOXET ObITb TakXe CHabXXeHO No MEeHbLUen Mepe O4HUM
BbIBOAOM, HaXOAAWMNMCA B KOHTAKTE C OCHOBHbIM TOHKOMJJIEHOYHbIM
TOKOCbEMHUKOM NOCpeacTBoM oT 2 ao 50 ceBapHbIX WBOB (KOTOPbIE MOryT
6bITb PaBHOMEPHO pa3HeCeHbl U1 UMETb OANHAKOBLIN pa3mep),
pacnonoXeHHbIMU BAOJIb YKA3AaHHOI0 TOKOCbEMHUKA, NPUYEM YKA3aHHbIN MO
MEHbLUEN Mepe OAUH BbiBOA, HANOXEH HA YKAa3aHHYI TOHKYIO MAEHKY TakK, uTo
YKa3aHHbIN MO MEHbLUEe Mepe OAWH BbiBOA MMEET Or0JIEHHYIO BEPXHIOH
NOBEPXHOCTb WJIN HUXHIOK MOBEPXHOCTb, HAXOAALLYOCA B KOHTaKTe C
NOKPbLITOM NOBEPXHOCTbK YKA3aHHOMO0 TOHKOMJEHOYHOr0o TOKOCbEeMHUKA, NpU
5TOM B YKA3aHHbIX CBApPHbIX LWBAX NPOBOAALLNA MaTeEpuan NpoxoanT yepes
YKa3aHHbIN BbIBOA, OT €ro OroJIeHHON BEepXHEW NOBEPXHOCTU K YKa3aHHOM
NOKPbLITOM NOBEPXHOCTM YKA3AaHHOI0 TOHKOMJEHOYHOro TOKOCbEMHMKA. B
HaCTOALWEM AOKYMEHTE TaKXe 0XBAuYeHO UCNOb30BaHNE MHOXECTBa
TOKOCbEMHWUKOB, KaK ONMUCAHO Bbile, KOTOpble MOryT 6bITb CNOXEHbI ANA
obecneyeHunsa oTaenbHbIX obnacrten BbIpaboTKM IHEPTUN, KOTOPLIE

COeAVHEHbI NOCNeA0BaTE/IbHO BHYTPU OAHOr0 6aTapeiHoro usgenus.

[0101] Kpome Toro, ropa3sao 6onee BbICOKME MIOTHOCTM TOKA MOryT
NoAAEPXMBATbLCA B TEYEHNE OYEHb KOPOTKUX NEPUOA0B BPEMEHU UAN B LLyNe
C OYeHb MaJleHbKMM HAaKOHEYHUKOM. B Takoln cutyaumnm 6onee BbICOKUA TOK,
Takon kKak 5 amnep, unn 10 amnep, unn gaxe 15 amnep, MmoxeT 6bITb

NOACOEANHEH HA OYEHb KOPOTKUI Nepuos BpeMeHu (HanpuMep, MeHblue
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CeKyHAbl, WK, B Ka4YeCTBe ajbTepHaTuBbl, MeHble 0,1 ceKkyHAabl, Uan gaxe
MeHbwe 1 muanucekyHabl (0,001 cekyHAabl)). B paMmkax HacTosaLWwero
n3o0bpeTteHnsa, HeCMOTpPSa Ha BO3MOXHOCTb U3MepeHnsa 6osee BbICOKOro TOKa,
BpeMs nojayn Takoro ToKa A0CTaTOYHO KOpOTKoe, Tak 4To obwas
AOCTaBnsgeMas 3Heprusa OYeHb Masa u HefoCTaTovYHa A9 BblAeNeHUs
AOCTAaTOYHOro KosaMyecTea Tenna, Ytobbl Bbi3BaTb TEMNJIOBON Pa3roH B
uenesoM aneMeHTe batapen. Hanpumep, N3BECTHO, YTO NMPU KOPOTKOM
3aMbIKaHUN B 31eMeHTEe C 0O6bIYHOW apXuTeKkTypon BblpabaTbiBaeTca 10
amnep B TedyeHue 30 CeKyHA Npu HanpsxeHun 4,2 BosbTa, B pe3ysibTate
yero B He6oNbLWY NOKaNbHYO 06n1acTb BHYTPU Takon baTapeun nojaercs
sHeprna 1200 gxxoynen. OTo Nosy4yarwuieecs B pesysibTate U3MEepeHne MOXeT
NOBbLICUTb TEMNEpATypy 1-rpaMMOBOW CEKLUU UCMbITyeMOn 6baTapeun
npuMepHo Ha 300 °C, yTo aBnsgeTca A0CTaTOYHO BbICOKOM TeMnepaTypon,
4yTO6bl HE TONBKO pacnnaBuTb 0ObIYHLIN MaTepuan pasgenutTens,
NPUCYTCTBYIOLLUIA B HEW, HO U NMPUBECTN BECb 3JIEMEHT B CUTYyaUUIO
TEenJ0BOro pasroHa (4TO, Kak OTMEYEHO Bbille, MOXET BbI3BaTb
BbILLEYNOMAHYTOE pa3pyLleHne matepmanoB 31€KTPOAnNTa, NpUCyTCTBYOLWMNX
B HEM, Y NOTEHLMANBbHO NarybHO CKa3aTbCs HE TONIbKO Ha UCNbITYEeMOM
b6aTapee, HO U Ha YCTPOUCTBE/UHCTPYMEHTE, B KOTOPOM OHA HaAaxXoAMuTCH, a
TakKXXe Ha oKpyxatwuwen cpege. Takum 06pasoM, HECOMHEHHO, CyLLeCcTByeT
BO3MOXHOCTb TOr0, YTO CMNOCOBHOCTb YMEHbLLWUTL BPEMSA KOPOTKOrO
3aMblKaHUSA, @ TakXe NoJy4YalLWwninca B pesynbTaTe YPpOBEHb SHEPTUn,
CBA3AHHbIN C TAKUM KOPOTKMUM 3aMblKaHUEM, A0 HU3KUX 3HAYEHUI B
AXXOYNAax, NO3BONAUT n3bexaTtb, eCiM He NMNONHOCTbIO NPeaoTBpaTUTDb,
TenaoBoW pa3roH (M CBA3AHHYKO C HUM MOTEHUMNANbHYO aBapUNHYIO
cutyauuto). NMoaToMy, HaNpUMep, YMeHbLUeHUE NPOLAOSIKUTENBbHOCTH
KOPOTKOro 3aMblKaHUS B TOKOCbEMHUKE A0 1 MUANNCEKYHAbI MU MEHEE
MOXET TOrAa YMEHbLUNTb KOJINYECTBO nepepasaeMmoun sHeprun go 0,04
axoynsa (B otanume ot 1200 gxoynen, Kak 0TMeYanocCb Bbille, NPUBOASALLNM
K upe3smepHon Temnepatype 300° Llenbcna nnn 6onee, HanpumMep, B 1-
rpaMMOBOM NoKanbHOW obnactn ucnoityemon 6atapen). Takom HU3KNIA

YPOBEHb NpuUBEAET K yBennueHunto temnepatypsol Ha 0,01 °C B npepenax
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Takon 1-rpammoBon obnactu 6atapeun, TeM caMbliM NpeaoTBpaLas TeNI0BOM

pa3roH B aneMeHTe 6aTtapen n, cneaoBaTtenbHO, BO BCcen baTapee.

[0102] CnepoBaTtenbHO, euwe OAHUM 3HAYNTENbHbIM NPENMYLLLECTBOM
pacKpbITUA HacToALWeEro n3obpereHnsa apnaetca obecneyeHune bartapen
TOKOCBbEMHWUKOM, KOTOPbIN pe3Ko OrpaHMYnMBaET BpeMs AO0CTAaBKN YPOBHS
TOKa, MPUIOXKEHHOIO K NOBEPXHOCTU LLeNeBOro TOKOCbEMHUKA NOCPEACTBOM
HaKOHeYHuKa wyna (4Nng ynpasnsemMoro UMMTUpoBaHusa adgekTa
BHYTPEHHEro NpouM3BOACTBEHHOroO AedeKkTa, AeHAPUTA UKW BHELLIHEro
CO6bITUSA, KOTOPbIE Bbi3bIBAOT BHYTPEHHEE KOPOTKOE 3aMblKaHue B
paccMaTpuBaeMon batapen) meHee yeM 1 CEKyHAON, NpeanoyYTUTENbHO
MeHee yeM 0,01 cekyHabl, 6onee npeanoyYTUTENbLHO MEHee yeM 1
MUINIUCEKYHAOM N Hanbonee npeanovYTUTENbHO, BO3MOXHO, AaXe MEHee YeMm
100 MukpocekyHaamu, ocobeHHo anga 6onee BbICOKUX TOKOB. KOHEYHO, Takomn
TOK 6yaeT orpaHuyeH BHYTPEHHUM Hanps>XXeHUeM 31eMeHTa, KOTOpoe MOXET
cocrasnatb 5,0 B, unn 4,5 B, unu 4,2 B unn gaxe meHbwe, Hanpumep, 4,0 B

nnn 3,8 B, HO He MeHee 2,0 B.

[0103] Takoi HOBbIN TOKOCBEMHbIN KOMMNOHEHT AENCTBUTENBHO
NpOTMBOPEYUT 34PaBOMY CMbICAY C TOYKN 3PEHNSA KOMMOHEHTOB, HblHE
NCNONb3yEeMbIX U BCTPEYaLWNXCa B NTMTUEBLIX (M Apyroro tuna) 6atapesax u
YCTPOWUCTBaAX HakonneHus sHeprun. CtaHgapTHble TOKOCbEMHUKN
npeacTasnstoT cobon nposogsawmne METANNNYECKNE KOHCTPYKLUMK, HAnpumep,
aJIlOMUHNEBbIE U/NNN MeAHble NaHeNn Takon TOJWMNHbI, KOTopas, Kak
cyunTaetrca, obecneynBaeTr HEOOXOANUMYIO NPOYHOCTb A BbiAEPXUBAHUS
npouecca npon3soacTea. [MMpoOYHOCTb 3TUX MeTannoB TpebyeT TOAWMNHDbI,
3HAYUTENbLHO NpPEBbIWAKLWEN NEeKTpUuYecKmne noTpebHOCTU n1eMeHTa.
Hanpumep, anektpuyeckne notpebHoCTn anemMeHTa TpebyoT TONLWMNHbI
meTanna nopsagka 500 HM B aftOMMHUEBOM 3KBUBANIEHTE, B TO BPEMSA KakK
caMas TOHKas CnaowHas aniMmHueBas ¢ponbra, KoTopas BblaepXuBaeT
npouecc npon3soacTea, coctaBnaeT okono 10 MkMm. OgHaKO, NOX0Xe, 4YTo
Takoe nepBoHa4dYanbHOE npeanonoXxeHune 6b110 B AENCTBUTENBHOCTH

HeENpaBWJIbHO NOHATO, B 4YaCTHOCTU, NOTOMY, UTO TOJNCTblIE€ NAaHENN,
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npeobnaparoLlime B COBPEMEHHbIX YCTPONCTBAX HAKOMJIEHUSA SHEPIrUK, HA
camoM gene 6yayT noaaepxxnBaTb N0O60M TOK, KOTOPbIN 0O6bIYHO MOXET
BblAATb 3/1EMEHT C HU3KUM UMMNEAAHCOM NPU BO3HUKHOBEHUN KOPOTKOIO
3aMblKaHUA, N, TakKuM 06pa3om, 6yayT B 3HAUUTENbLHOW CTENEHU
cnoco6CTBOBATb MOBLIWEHUIO TEMNEpATyp, €C/IM N KOrAa Takasa cuTyauus
BO3HMKaeT. Takoe 3aMblkaHue MOXeT ObiTb BbI3BAHO, Hanpumep, AeHAPUTHbIM
obpasoBaHueM Mexay aHOAOM M KaToAoM. Takon aedekT (Bbi3BaH M OH Npwu
WAKN BO BPEMSA M3roTOBJIEHUA UAM B pe3ynbTaTe ANNTENbHON0 NCNOJIb30BaHUS
n, cnepoBaTesibHO, NOTEHUMANbLHOW Aerpagaunn) MOXET No3BOAUTb
HaNPSAXEHU HEOXNAAHHO NEPENTN OT aHOAA K KaTody, TEM CaMblM CO3aBas
yBeNn4yeHune Toka un, cneposaTenbHO, TeMnepaTypbl B TOM MeCTe, rae aTo
nponcxoauTt. AencTrBuTeNnbHO, O4HUM U3 AedeKTOB, ABAAIOWMXCA
NOTEHUMANbHbIM NCTOYHUKOM KOPOTKOIO 3aMbIKaHUA, ABASAKTCA 3ayCEHULbI,
KOTOpble 06pa3yrTCa Ha Kpasax 3TUX TOJACTbIX TUMUYHbIX TOKOCBEMHUKOB,
Korga ux paspes3arT WK Bblpe3alT U3HOLWEHHbIMU IE3BUAMN BO BPEMSA
MHOTMOKPATHbIX NPOLECCOB U3roTOBJIEHUSA MHOXECTBA NPOAYKTOB (KakK 3TO
yacTto 6biBaeT B Hawu aHK). OgHaKo 6bIN10 HEOAHOKPATHO NPOaHANN3NPOBAHO
N NOHATO, YTO CTaHAAPTHbIE MaTepuasbl TOKOCLEMHUKOB NPOCTO UMEKT
CKJIOHHOCTb K CO34aHUI0 ANNTENBbHOIN0 KOPOTKOrO 3aMblKaHUA U A0NYCKaoT
NOBbILLEHNE TeMnepaTypbl, N TAKXe NO3BOJNIAT TOKY, UMEKLEMY MECTO BO
BpeMS TAaKOro CobbITMs, NpoAOAXaTb NPOXOAUTb Yepes3 YCTPONCTBO, UTO
nossoJsiseT 6ecnpenaTCTBEHHO BblpabaTbiBaTbCA U NEpEMELLATLCA TOKY, He
OCTaBNAA CpeaCTB AN YMEHbLUEHNA TOKA U, CnefoBaTeNibHO, OT NOBbIWEHUSA
TemnepaTypbl. 3T0 npobnema NpnBOAUT HENOCPEACTBEHHO K Pa3roHy
BbICOKOW TeMnepaTypbl 63 Kaknx-nnbo BHYTPEHHUX CPEeACTB NpeKkpalLleHuns
TaKoOW CUTyauuun, n NnoTeHUnasbHOE BO3ropaHMe U, B KOHEYHOM cueTe,
CaMOCOXXXEHWNe 1 paspylleHune yCTPpONCTea, Kak npasuno, HensbexHo. Kpome
TOro, NyTb Toka (HanpasneHue 3apsafa) CTaHAAPTHOIO TOKOCbEMHMUKA
0CTaeTCsa AOBOJIbHO CTAaTUYHbIM, KaK [0, TAK U BO BpEMS KOPOTKOro
3aMblKaHUSA, B OCHOBHOM AEMOHCTPUPYS Takoe Xe noTeHuunanbHoe
nepeMelleHne 31eKTpUYecKoro 3apsana, KoTopoe oXuaaeTcsa npu
nepeMeLleHnmn oT KaTtoha K aHoay, a 3aTeM ropu3oHTanbHO BAOJb

TOKOCbEMHUKA B onpeaeneHHoOM HanpaBi€eHNN. OpHako, NpnU KOPOTKOM
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3aMbIKaHUWN 3TOT NYTb TOKA HE MOXET NPeAoTBPaTUTb UAM NO MEHbLUEN Mepe
OFpaHUYnUTb WM 3a[4epXaTb Takoe nepeMelleHne 3apsaaa, no3BosAsa, MHave
rosops, 6bICTPO pa3psaxaTbCa HeynpaBnsgeMbiM 06pa3oM no BCcen camoun
b6aTapee. B coueTaHuun C BbICOKON TeMNepaTypoi, CBA3AaHHON C TaKUM
ObICTPbLIM pa3psaaoM, 3TO NPUBOAUT K KaTacTpoduuecknm npobnemam

(noxapam, B3pbiBaM U T. A.), YKa3aHHbIM BblLLE.

[0104] HanpoTuB, 1, ONATb Xe, BeCbMa HEOXNAAHHO U HENOTUYHO, NO
MEHbLIEN Mepe C TOYKU 3PEHUSA TUMNYHBIX CTPYKTYP U KOHMUrypauun
nuTuesbiX 6aTapen, MCNob30BaHME TOKOCbEMHUKA B COOTBETCTBUM C
HacToAWMM n306peTeHneM NpuBOANT K N3MEPEHUNIO YPE3BbIYANHO BbICOKOW
NAOTHOCTKN TOoKa (bnaropaps yMEHbLEHHOW TOAWMHE NPOBOAALLENO
9NeMeHTa) 1 NpeaoTBPALLEHUIO NepeMeLleHuns 3apaaa (Hanpumep,
OTCYTCTBMIO HanpasseHnsa 3apsapa) B ciydae KOPOTKOro 3aMbikaHusa. pyruMu
CN0BaMn, Npu OnpefeseHHbIX CTPYKTYPHbIX OrpaHUYEeHUsaxX, HanaraemblX Ha
PacKpbITbi B HACTOALWEM AOKYMEHTE TOKOCHLEMHbLIN KOMMOHEHT, NIOTHOCTb
TOKa BO3pacTaeT [0 TaKOW CTeNeHU, YTO MaTepuan He MOXET OCTaBaTbCsA

HEBPEAUMBIM N pa3pyLUAeTCs 3a CYET UCMAPEHUS.

[0105] Obwee Konn4ecTBo s3Heprumn, Heobxoammoe Ans Toro, YTobbI
BbI3BaTb 3TOT O0TKa3 NPOBOAHUKA, HEBENNKO, KaK 006CYy»XAanocb Bbille, U
NPUBOAUT K OYE€Hb HU3KMM TEMMNepaTypaM, BO3HUKAKLWIMM B pe3ysbTaTe 3TOro
cobbITHA. B coyeTtaHnm ¢ ApyrMmMn KOHCTPYKTUBHbIMU OCOBEHHOCTAMU TAKOIO
TOKOCbEMHOIO KOMMOHEHTA, @ UMEHHO, PAaKTUYECKNM OTCYTCTBUEM
CTabunbHOro No pasMepam NOMMEPHOro MaTepuana B KOHTAKTE C TaKuUM
CN0eM npoBoASALWLEro MaTepunana, NpoBOASAWNNA MaTepUana MIHOBEHHO
OKUCNSETCA B TOYKE 3apsAa Ha HEM, OCTaBAAS, HaNnpuMmep, OKCUa, atoMUHUS
nnu mepn, Kotopble oba ABAATCA HENPOBOASALWMMN MaTeEPUANaMM.
Bnarogaps TakoMy MrHOBEHHOMY 06pa30BaHUI0 HEMPOBOASALWEro MaTepuana
3apsan KOPOTKOro 3aMblKaHus, No-BUMANMOMY, pacCENBAETCH, NOCKONbKY HET
HanpaBNEeHUS, AOCTYNHOro ANS ero nepeMeweHusa. Takum o6pa3om npwu
NCMONb30BaHUN ONUCbIBAEMOI0 TOKOCbEMHNKA BO3HUKHOBEHNE BHYTPEHHENO

KOPOTKOIro 3aMbilKaHnd NpunBoaAnT K HEMEANEHHOMY NpPEKPALWEHNIO TOKA
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hakTnyeckmn 3a cyeT MCNoAb30BaHNSA BbICOKOW TeMnepaTypbl, MTHOBEHHO
BO3HUKAKLLEN B pe3ysbTaTe TaKOro KOPOTKOro 3aMblKaHUA, A9 CO3L0aHUS
bapbepa ana fanbHenwero nepemeweHunsa 3apana. CooTBETCTBEHHO,
OTCYTCTBME AaNibHENLWEro Toka no BCEMY KOPMNyCy YCTPONCTBA HaKOMAEHUs
aHeprnn (MMeKLLEero OTHOLWEHNE K KOPOTKOMY 3aMblKaHUIKD, KOHEYHO)
noAaBnsaeT Takoe HexenatesibHoe cobbITue A0 TaKOW CTeneHn, YTo KOpOoTKoe
3aMblKaHME NOJIHOCTbIO NIOKANIM3YETCS, NOCNe Yero He BO3HUKAET 6bICTPO
BO3pacTaloLLero Toka Wan BbICOKOM TeMnepaTypbl U, BO3MOXHO, caMoe
rnaBHOE, TOKOCbEMHWUK OCTAeTCsa NPUroAHbIM 4S9 CBOMX NepBOHAYaNbHbIX U
3aWNTHBIX Lenen, NOCKONbKY NPUCYTCTBYOWMUIM NOCNE 3TOro
NOKaNnN30BaHHbIA HENPOBOAAWMNNA MaTEPMAn He NPUBOLAUT K CKONb-Nnbo
3aMETHOMY COKpALLEHUIO MPOTEKAHNA TOKA NPU UCNOSb30BAaHUN YCTPONCTBA
HakonneHus sHeprun (batapea n T. 4.) N0 Ha3Ha4dyeHut. Kpome T0ro,
OTHOCUTENbHO Hebonblwaga naowanb GOPMUPOBAHMA HEMPOBOAALLEIO
MaTepuana COXpaHAT 3HAYUTENIbHYIO NaoWaab NOBEPXHOCTU U T.4. Ha
TOKOCbEMHUKE ANS AaNbHelwWero nCnonb3oBaHna 6e3 Kakon-nnbo
HEeobXoaMMOCTM B PEMOHTE, 3aMEHE UAKM APYTNX MepaX No UCNPAaBAEHUID.
HeobxoanMo 3acTpaxoBaTbCs OT TAKOW CUTyauuu, KOTOpas, KOHEYHO,
NPOUCXOAUT He BCeraa, Ho 6e3 onpeaeneHHbIX Mep NpeaoCTOPOXHOCTU U
KOPPEKTMB, 0 KOTOPbIX UAET peub, BEPOATHOCTb BO3BHUKHOBEHNSA TaKOM
Yrpo3bl U pa3pyLleHnsa U3-3a BbICOKOW TeMnepaTypbl AENCTBUTENBHO
OCTaeTCA HaMHOIO BbiWe, YeM B LenoM npuemnemo. Takum obpasomM, BeCb
TOKOCbEMHUK, Bnarogaps cBoen HeCTabunbHOCTN B YCIOBUSAX KOPOTKOIO
3aMblKaHUA, CTAHOBUTCA ABYMEPHbLIM 3/1EKTPUYECKUM NJIABKUM
npepoxpaHuTenem, NpeaoTBpalLalWmnM NOTEHLNANbHO KaTacTpoduyeckue
BbICOKNE TOKMW, CBA3AHHbIE C KOPOTKUM 3aMblKaHMEM, 3a CYET UCNONb30BaHUS
MFHOBEHHOIO BO34EACTBUSA 3TOMO BbICOKOIO TOKA A1 CBEAEHUA HA HET

CNOCOBHOCTN TOKOCbEMHUKA NpoBOANTb TOK B TOUKE KOPOTKOIo 3aMblKaHUA.

[0106] Takne npenmywecTtsa CTAHOBATCA BO3MOXHbIMU B CBA3U C
TaKUM HOBbIM MOJY4YaWNMCS B pe3ynbTaTe TOKOCBEMHUKOM, KOTOPbIN MOXET
6bITb 06ecneyeH, C aHaloOrMYHbIMN KOHEYHbIMU pe3ynbTaTaMu, NOCPEACTBOM

psiga pa3fMyHbIX anbTeEpPHATUB. B Nt0601 U3 3TUX anbTEPHATUBHbIX
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KOH(MUrypauni Takom TOKOCbEMHUK, ONMUCAHHbIA B HAaCTOAWEM AOKYMEHTE,
dbyHKUMOHUPYET, N0 BCEN BUAMMOCTU, KaK BHYTPEHHUIN NNaBKUK
npenoxpaHuTesnb B LLeNEBOM YCTPOMUCTBE HaKoMAeHnsa saHeprum (HanpuMep,
nntneson batapee, KoHAeHcaTope u T. 4.). O4HAKO, B KaXA0M cny4ae
(anbTepHAaTUBHOM BapuaHTE) MMEEeTCA TOKOCbEMHUK, COAEpXaLLnUM
NOJIMMEPHbIN C/ION, KOTOPbIA METanAM3npoBaH C 0OAHOMN unu obenx ero
CTOPOH, NPUYEM MO MEHbLUEN Mepe oAHA MeTanM3npoBaHHasa CTOpOHa
HaXo4WUTCA B KOHTAKTE C aHOAOM UMW KAaTOAOM LEeNeBoro yCTpoucTaa
HaKonneHna sHeprum. B o4HOM N3 BapuvaHTOB 06LLAa TONLLMHA BCEN
MEeTanNIn3mMpoBaHHOM (MOKPbLITON) NOIMMEPHON NOANOXKN TOKOCbEMHUKA
coctasnsieT MeHblwe 20 MUKPOH, NOTEHUNANBLHO NPEeANnOYTUTENIbHO MEHbLUE
15 MUKPOH, U NoTeHunanbHO 6onee NpeanoyYTUTENIbHO MeHbWe 10 MUKPOH,
npuyemM BCE 3TO NMPU NOKaA3aHUU U3MEPEHUSA COMPOTUBJIEHUA MEHbLUE

1 OM/KBagpaT, NOTEeHUManbHO NpeanouTnTeNnbHo Menbwe 0,1 OM/KBaapart, u
noTteHunanobHo 6onee npeanouTuTenbHO MeHbwe 50 MOM/kBagpaT. TUNUYHbIE
TOKOCbEMHUKKN MOryT obnaaatb TaKMMM NpU3HAKaMu, HO NMpu 3TOM UMEIT
ropasgo 60nblINi BEC, YEM TE, KOTOPbl€ U3FOTOB/IEHbI C NCNONBb30BAHNEM
APMUPYIOLLMX NOJIMMEPHbIX NOANOXEK, U He 06nafaloT NpeMMyL,.ecTBaMmm
6e30nacHOCTN, NPUCYLLMMN AAHHOMY PAaCKpPbITOMY B HacTosLee BpeMS
BapuaHTy. Hanpumep, MmegHasa ¢onbra ToAWMHON 10 MUKPOH MOXET BECUTb
90 rpamM/M2. OgHaKo oMeAHeHHasa Posbra MOXET BECUTb BCEro JINLLb

50 rpamM/M2, unu paxe scero Anwb 30 rpaMM/M2, Nan Aaxe MeHbLUe

20 rpaMM/M2, obecrneunBas npu 3TOM aAEKBATHbIE NEKTPUUYECKME
XapaKTepuUcTukun, Tpebyemolie ana pyHKUNOHNPOBAHUA aneMeHTa. O4HaKo B
3TON anbTEePHATUBHOW KOHCTPYKLUN OYEHb TOHKWUIN KOMMOHEHT TaKxe penaetr
BO3MOXHbIM pearMpoBaHue KOPOTKOro 3aMblKaHUa C METaNIMYECKNM
NOKPbLITUEM U, B 3aBUCUMOCTM OT 0OLLMX YPOBHEN CONPOTUBNIEHUS,
¢dbopMMpoBaHMA, 3a CHUET Ype3BbIYANHO BbICOKON TeMnepaTypbl U3-3a
BCNleCKa TOKa BO BPEMSA KOPOTKOIO 3aMblKaHWUSA, IOKaaAM30BaHHOW ob6nacTu
oKCuAa MeTanna, Kotopasa cpa3sy Xe npeaoTBpaliaeT awboe ganvHenwee

nepeMeweHne Toka N3 Hee.
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[0107] Ewe oaHOM BO3MOXHOW anbTEPHATUBOW TAKOMY HOBOMY
TOKOCbEMHUKY aBnAeTca obecneyeHne 3aBuCcALLEro OT TeMNepaTypbl
MeTannnyeckoro (MNn MeTannn3npoBaHHOr0) Matepuana, KotTopbi nubo
AaeT ycagky noj nencTBUeM UCTOYHUKA Tenaa BO BPEMS KOPOTKOro
3aMblKaHUA, N1M60 Nerko pasnaraeTcs B KOHKPETHOM MecTe MaTepuana B
HEeNpoBoOAALLMIKN MaTepuan (Hanpumep, OKCUA aaloMUHNA U3 aTIOMUHNEBOIO
TOKOCbEMHWKA, B KayeCTBe OAHOro NnpuMepa, n Kak ynoMMHanoChb BblLE
WHbIM 06pa3om). TaknMm o6pa3oM, TOKOCbLEMHUK CTAHOBUTCHA TEPMUYECKMU
cnabbiM, YTO pe3KOo OTANYAETCA OT UCNOJIb3YEMbIX CErOAHA aJlOMUHUEBLIX U
MeAHbIX TOKOCbEMHUKOB, KOTOPbIE AOCTAaTOYHO TEPMUYECKN YCTOUUYUBBLI K
BbICOKMM TeMnepaTtypaMm. B pesynbTtaTe cnnae MeTanna c 6osee HU3Koun
CO6CTBEHHOW TeMnepaTypour NiaBlEHUSA MOXET pa3pywaTbcsa npu 6onee
HU3KNX MAOTHOCTAX TOKa KOPOTKOIO 3aMblKaHWA, NOBbIWAsA NpenMyL,ecrsa
6€30MacHOCTM PaCKpbITOr0 B HACTOALWEM AO0KYMEHTE SHEepreTu4yeckoro
yCTPONCTBA Ha OCHOBE nuTuA. Ewe oaHOW anbTepHaTMBOW ABNAETCA
N3roTOBJIEHNE TOKOCbEMHMUKA NYTEM HAaHECEHUSA CNoS NPOBOASALLENO
MaTepuana, HanpuMmep Meaun Uan antMUHUA, HA BOJIOKHA UAN NJAEHKN,
KOTOpbl€ UMEKT OTHOCUTENbHO BbICOKME CKOPOCTU YCanaKN Npu OTHOCUTENBHO
HU3KUX TeMmnepaTypax. B uncno nx npnmeposB BXoAAT TepMonaacTuyeckue
NAEeHKKN ¢ TemMnepaTtypamn nnasneHunsa Huxe 250 °C unn paxe 200 °C, u B
KauyecCTBE HEe UMEKLWMX - OFPAHMYNTENILHOIO XapaKkTepa NpMMepoB MOryT
BXOAMTb NOAMITUNEHTepedTanaT, HENAOH, NOJNITUAEH UAM NONIMNPONUAEH.
Ewe oanH BO3MOXHOM CNOCO6 AOCTMXEHNSA TaKOro pe3ynbTaTta 3aKaiyaeTcs
B U3roTOBJIEHUN TOKOCbEMHUKA NYTEM HAHECEHUSA CNOSA NPOBOAALLErO
MaTepuana, HanpuMmep, Meaun AN antoMUHNUSA, KaK U BbllLe, Ha BOJIOKHA UK
NJAEHKW, KOTOpble MOryT pa3byxaTb UAn pacTBOPATLCA B /IEKTPOUTE NpU
Harpese MaTepunanoB A0 OTHOCUTENbLHO BbICOKMX TeMMNepaTyp NO CPABHEHUIO
C pabounmn TemnepaTtypamMu 371I€EMEHTOB, HO HU3KMUX NO CPABHEHMUIO C
TeMnepaTypamMu, KOTOpble MOTyT Bbi3BaTb TEMNJOBON pa3roH. B uncno
NPUMEPOB TakKUX NOJIMMEPOB, KOTOPble MOIyT HabyxaTb B IMTUN-NOHHbIX
3NEKTPONnTax, BXOAAT NOANBUHUANAEHDTOPMA U NOJIMAKPUAOHUTPUA, HO
cneymanucrtam B JaHHON obnactn M3BeCTHbI U gpyrue. Ewe oanH cnocob

NONIyYEHUS TaKOro afibTEPHATUBHOIO npouecca GOpMUPOBaHUS BHYTPEHHErO
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3NEeKTPMUUYECKOro NJAaBKOro npeaoxXxpaHnTens MOXeT npeactasnaTb cobon
HaHeCceHne Ha NOoAJIOXKY MeTansa, Hanpumep, ajJloOMUHUA, KOTOPbIN MOXET
OKUCNATLCA NojA AeNncTBUeM Tenaa, npuyem obuwasa TonwmHa MeTanna
ropasgo Huxe 06blYHO MCNOoJIb3yeEMON ANna nuTuesbiX batapen. Hanpumep,
OYeHb TOHKUIN aJllOMUHUEBBLIN TOKOCBEMHUK, UCNONb3YEMbIN CEMOAHA, MOXET
nMeTb ToAWMHY 20 MUKPOH. TOMLLMHA NOKPbLITUA B 06LLEN CNOXHOCTHU
MeHbLWe 5 MUKPOH pa3opBeT uenb bbICTpee, a TONWMHA MEHbLIE 2 MUKPOH,
WNKN paxe MeHbwe 1 MUKPOHa pa3opBeT uenb gaxe ewe boicTpee. Ewe oanH
cnocob AOoCTMXEeHNa pa3pbiBa NPOBOAALLErO NYTU 3aKAKOYAETCA B
obecneyeHMn TOKOCbEMHMKA C OrPaHUYEHHOMN NPOBOAUMOCTbLIO, KOTOPbIN
6yaeTt pa3naraTbCsA NPu BbICOKUX MAOTHOCTAX TOKA BOKPYT KOPOTKOIO
3aMblKaHUA @aHANOMMYHO pa3fioXeHUo, HabnwagaeMoMy cerogHsa B
NMELWNXCA B NPOoAaXe NNaBKuUX NpefoxpaHuTensax. 1o MoxeT bbiTb
AOCTUTHYTO nyTeMm obecneyeHns TOKOCbeMHUKaA C YAENbHbIM CONPOTUBAEHUEM
6onbwe 5 MOM/kBagpat, unu 10 MOM/KBagpaT, AN NOTEHLMUANBHO
npegnoytTnTencHo 6onbwe 20 MOM/KBagpaT, AN NoTeHuManbHO 6onee
npegnoytTnuTenoHo 6onbwe 50 MOM/KBagpaTt. OTM n3MepeHusa MoryT 6biTb Ha
OAHON CTOpPOHE MM Ha obenx CTopoHax MaTepuana, HaHEeCEHHOro Ha obe
CTOpPOHbI. MIcnonb30BaHMe TOKOCbEMHUKOB C Pa3HbIMU yAENbHbIMU
COMPOTUMBAEHUAMMN TaKXKe MOXeT 6biTb BbIOpaHO No-pa3HoMy ansa 6atapen,
PacCYMTAHHbIX HA BbICOKY MOLWHOCTb, KOTOPbIE MOIYT UCMNO/b30BaATb
OTHOCUTENbHO HU3KOE CONPOTUBJIEHME NO CPABHEHUIO C INIEMEHTaMMU,
pacCYMTAHHbLIMW HA MEHbLLIYIO MOLHOCTbL U 6oNee BbICOKYIO SHEPruo, n/mnu
KOTOpbl€ MOIYT UCMONBb30BaTb OTHOCUTENLHO BbICOKOE ConpoTuBaeHune. Ewe
OAMH CNOCO6 AOCTUXEHUA pa3pbiBa NPOBOAALLErO NYTU 3aK/OYaAETCA B
obecneyeHnn TOKOCbEMHMKA, KOTOPbIA ByAeT OKUCNATLCA B HENPOBOAALLLUNN
MaTepuan npu TemnepaTypax, KOTopble ropasfo HuUXe TemnepaTypbl
aNItOMUHUA, TEM CaMbIiM NO3BOJIAS TOKOCLEMHUKY CTAHOBUTBLCA MHEPTHBLIM B
o6nacTn KOpOTKOrO 3aMblKaHMA paHblUe pa3foXeHna pasaenutens.
HekoTopble cnnasbl antOMUHUA BYAYyT OKMCNATLCA ObICTpee caMoro
aNOMUHKUA, U 3TN cnnasbl 6yayT NPUBOAUTL K YXYALWIEHUIO NPOBOASALLErO
nyTn 6onee 6bICTpbIMM TEeMNaMn uau npu 6onee HU3KON TemMnepartype. B

KayeCcTBe€ BO3MOXHbIX aJiIbTEPHATUB B TAaKOW €MKOCTU TOHKOrO C/Nos MOXeT
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6bITb UCNONb30BAH MeTann Nboro TMna, KOTopbin obnagaeT 3NeKTpUYECKomn
NpoOBOAMMOCTbLIO, B TOM uncne, 6e3 orpaHnyeHunii, 3000T1o, cepebpo, BaHaagun,
pyobnavn, vpnann, HAWN, NAATUHY 1 Apyrne (B NnpMHUMNE, Npu OYeHb
TOHKOM CJi0€ 3aTpaTbl, CBA3aHHbIE C UCNOSIb30BAHNEM TAKOro MeTanna, MoryTt
6bITb 3HAUUTENBHO CHUXEHbI 6e3 yuwepba Anga yaenbHOW NPpOBOAUMOCTHN, HO C
obecneyeHMeM npu 3TOM 3aWMTbl OT NOTEHLNANBHOIO TENAOBONO pa3roHa
NpU KOPOTKOM 3aMblKaHUWU naun nogobHOM cobbiTun). Takxe MOryT 6bITb
NCNONIb30BaHbl C/I0OM Pa3/INYHbLIX METAJIJIOB UAN AaXe AUCKpPeTHble obnactu
MeTanna, OCaXAEeHHbIE BHYTPU C/10S UM B Ka4yeCTBE ero OTAesIbHbIX
KOMMOHEHTOB. Pa3yMeeTcs, TakxXe, 0AHa CTOPOHA TaKOW NOKPbITON NOAJTOXKKM
TOKOCbEMHWUKA MOXET CcoAep KaTb pa3/inyHbie BUAbl METANJIOB, OTAIMYHbIE OT
NPOTUBOMONOXHOW CTOPOHbI, U TaKXe MOXET UMETb APYry TOJAWMUHY C/0Sa Nno

CPaBHEHUIO C HEN.

[0108] OgHUM 13 cNOCO60B yNy4dLLIEeHNA INEKTPUYECKNX CBONCTB
aneMeHTa Morno 6bl cTaTb ob6ecneyeHne Toro, YToobbl TOKOCBEMHUK C
NOKPbITUEM UMEN ABE CTOPOHbI C MPOBOASLLMM NOKPbITUEM, AKOObI
obecneyunBatoLme NpoBOANMOCTb OT MOKPbLITUS Ha OAHOW CTOPOHE K
NMOKPbITUIO HA APYroN CTOpOHe. Takon pe3ynbTaT HEBO3MOXEH, HanpuMep,
ANS MONNMEPHON naeHKn 6e3 nokpbiTua. OgHaAKO NPULNO 0CO3HAHME TOro,
YTO TakKasa ABYCTOPOHHAS NPOBOANMOCTb MOXET 6blTb AOCTUTHYTA
NoCpeACTBOM, B Ka4eCTBE O4HOI0 HE OrpaHMYMBAKOLLErO NpUMepa, HETKAHOTO
MaTepuana, CoaepKallero onpeaeneHHbln NPOLEHT NPOBOASALNX BONOKOH,
WNN HETKAHOTO MaTepuasa, HaNoJIHEHHOro NPOBOAAWMMN MaTEPUaNamMn, Unn
HETKAHOro maTtepuasna, U3roToBJeHHOro U3 NPoBOASILLEr0O MaTepuana
(Takoro, Kak yrnepoaHble BOJIOKHA WU MEeTaJlZINYeCcKMe BONIOKHA), WK, Kak
OTMEYEHO BblWE, HETKAHOIr0 MaTepuana, Coaep allero BOJIOKHA, NOKpPbITbIE
NpOBOASLLIMM MaTepuanom (TakMM, Kak BOJIOKHA C MeTa/lJIM4ECKNM
NMOKPbITUEM HA MOBEPXHOCTH). [ApyrMM TUNOM HOBOIO TOHKOI0 TOKOCHLEMHOTO
MaTepuana, UMeKLWero NpoBoANMOCTb CBEPXY BHU3, MOXET 6biTb NJEHKa,
KoTopas 6bisia BbIMNOJIHEHA NPOBOASLLEN, HANPUMeEpP, NYTEM UCNOJIb30BaHUSA
NPOBOASLLENO MO CBOEN npupoae MaTepuana (Takoro Kak, Hanpumep,

nposoasdliune noanMMeEpPbl, TAaKNE KakK noanaueTuieH, noJIMaHnanH Mnn
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NOJMIMBUHUANUPPOANAOH) UAN NYTEM HANOJHEHNA NPOBOASALWLMM MaTEPUANOM
(TakuM Kak rpapuTt unu rpadeH, nnn Mmetannmyeckme 4actuubl UAM BOJIOKHA)
BO BpeMs WAKW NOCNe U3roToBAEHUSA NAeHKN. Kpome Toro, ApyruMm BO3MOXHbIM
ABYCTOPOHHWUM TOHKWUM TOKOCbEMHbIM MaTepuanoM SBAAETCA NOANMeEpHas
noasoxka, uMerwwasa Hebonbwmne nepdopaumoHHbIE OTBEPCTUSA, NOKPbLITbIE
BHYTpPU MeTannoMm (ajloMMHUEM UNIN MEeAbI0) BO BPEMSA npouecca
MeTannusaunu. Nonyyarwwasnca B pesyabraTte NpoBOAMMOCTb OT OAHOM
CTOPOHbI K APYron CTOPOHE He 065a3aTeNbHO A0/XKHbI ObITb TAKOW Xe, KaK y

npoBoaALLLNX MOKPbITHU n.

[0109] Taknum o6pa3om, noaobHbIe anbTepHATUBHbIE KOH(MUIypauuu,
obecneuuBawowne, NPeanosioXNTENbHO, OA4UHAKOBbIE pe3ybTaTbl U
busunyeckne CBONCTBA TOKOCbEMHMKA, BKOYAKT: @) TOKOCbEMHUK, B
KOTOPOM 06Laa TOJNILWMHA NOKPLITOW NOANMEPHON NOAJIOXKN COCTaBNAET
MeHbLle 20 MUKPOH npu conpoTusneHnn menbwe 1 Om/kBagpart, b)
TOKOCbEMHUK, COAEpXallnMin NpoBOASALWLMA MaTepuan, HAaHECEHHbIN Ha
NOAJNTIOXKY, COAEpPXALLY NONNMEPHbIN MaTepuan, npuyeM Tepmoycagka
NONMMEPHOro MaTepuana npu temnepatype 225 °C coctaBnser no MeHbLlen
Mepe 5%, C) TOKOCbEMHUK, METANIM3UPOBAHHbIA NOJIMMEPHbIA MaTepuan
KOTOpOro Habyxaet B anektponute 6atapeun, npuyeM HabyxaHue
YBEINYMBAETCA NO Mepe HarpeBaHnsa NoJIMMEPHOro Matepuana, d)
TOKOCbEMHUK, 06Was TosWMHA NPOBOAALEr0O MaTepumana KoToporo,
HaHECEHHOro Ha NOJIMMEPHYIO NOANOXKY, COCTAaBAAET MEHbLIE 5 MUKPOH, €)
TOKOCbEMHUK, NPOBOAMMOCTb KOTOpOro coctasnset ot 10 MmOM/KBagpaT A0
1 Om/kBagpart, u f) TOKOCbEMHUK, METANIN3UPOBAHHAA NONNMEpHas
noanoXkKa KOToporo nmeet nopuctoctb 60%. Ucnonb3oBaHue nwbon n3 aTux
KOH(MUrypaunim B yCTpOMCTBE HAKOMJEHNA SHEPIUK C pas3gennutenem,
NMELWnM TepMoycagky MeHbwe 5% nocne npebbiBaHna B TeyeHue 1 yaca
npu Temnepatype 225 °C, Takxe BXoAUT B 06beM HacToAwero nsobpereHuns.
Obuwee ncnonb3osaHune (cnNocob MCNoNbL30BaAHUA) YCTPONCTBA HAaKOMJEHns
3Hepruu Takoro Tuna (bartapen, KOHAEHCATOp U T. A4.) TaKXe OXBaTbiBaeTCA

HacToALWMNM N306peTeHnem.
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[0110] X0TS OCHOBHbIM NMPEUMYLLECTBOM HaCcToALWEro n3obpereHums
ABNAETCA NoBbllWeHHaa 6€30NacHOCTb /IEMEHTA, CYLLECTBYIOT U Apyrue
NnpeMMyLLecTBa, YNOMSAHYTbIE BbllLe, B TOM YNC/1€ YMEHbLUEHHbIN BEC BCEro
YCTPOWNCTBa@ HAKOMAEHUA SHEPIrUM 3@ CYET YMEHbLUEHUS KOMYECTBa MeTanna
B CBAI3M K TAKUMUN TOKOCBbEMHbLIMW KOMMOHEHTaMN. ONATb Xe, NCNOJSIb30BaHne
TOHKUX METANIM3UPOBAHHbIX MOJIMMEPHbLIX C/I0EB C NOKPbLITUEM, OCOBEHHO C
HU3KUMWN XapaKTEPUCTUKaMMU pa3MepHON CTabunbHOCTN, B KayecTBe
TOKOCBbEMHUKOB B TaKNX 6aTapenHbIX U34eNnax npeacraBnsaeTcsa COBEpLUIEHHO
npoTUBOpevYawmnM 34paBoMy CMbICNY. B HacToswee BpeMsa B 3TOM OTpacau
COXPAHAETCA MHEeHUE, YTO ANA AOCTUXEHUSA XeNaeMblX pe3ynbTaToB 3aLlunThbl
(0Ccob6eHHO OT BO3MOXHOIM0 KOPOTKOr0 3aMblKaHnsa) Heobxoammo 6onbluee
KONMYeCcTBO (paKTUUYECKOro MeTanna u/unm m3onaunoHHbIX KOMMNOHEHTOB.
Tenepb HEOXMUAAHHO NPULLIO NOHMMAHWE, YTO TakKas napagurMa He TOJIbKO
HeBepHa, HO N 3 HEKTUBHBLIM CpeaCTBOM peweHnsa npobnemM KopoTKoro
3aMblKaHUA B INTUEBBLIX BaTapeax u T. 4. ABNAE€TCA YMEHbLIEHWe KONnYecTBa
MeTanna, a He yBe/IMYeHMe, N UCNOJIb30BaHME ero BMecTe C TepMUYECKHn
HecTabunbHbiMK 6a30BbIMKM CNOAMU. TakMM 06pa3oM, Tenepb CTano NMNOHATHO,
ONATb X€&, COBEPLIEHHO HEOXNAAHHO, YTO TOHKME METaNNnyYeckne Cnom C
TakKuMu HecTtabunbHbIMN 6a30BbIMN CNOSAMU 0becneuynBatdT BO3MOXHOCTb
60poTbCA U 3PPEKTUBHO NpeKpal,aTb COObITUSA pa3psaaKn BO BPEMSA KOPOTKUX
3aMblKaHUi, n 06WKnn 3 deKT 3aKNyaeTCa He TONIbKO B NOAy4YaeMon B
pe3ynbTaTe ropasno 6onbwen 6e30nNacHOCTU U HAAEXHOCTU, HO N B
3HAUYUTENbHO CHUXEHUKU obwero Beca n o6beMa TaKNX KOMMAEKTYOWNX
aetanen. No3TOMY, HEOXUAAHHbIE NMPEUMYLLLECTBA YNYUYLIEHHbIX CBOUCTB Npu
CHUXEHHbIX TpeboBaHUAaX K Becy n o6bemMy B NpoayKTax AN HAKOMAeHus
3Hepruu (batapesax u T. 4.), AAKOT ropa3ao 6onblie Noab3bl OTPACAN, YEM

6bl10 NOHATHO U3HAYaNbHO.

[0111] Ana HAarnagHOCTU, aJlOMUHUIA MIOTHOCTLIO 2,7 r/cM3 npu
TonwmnHe 20 MUKPOH ByaeT BecuTb 54 r/mM2. OAHAKO TOT Xe MeTann,
HaHECEHHbIN CNOEeM TONWNHON 1 MUKPOH Ha TONCTYO NOJIMMEPHYIO NJIEHKY
ToAwWwmnHoMn 10 MukpoH (n nnotHocTbio 0,9 r/cm3) 6yaet Becutb 11,7 r/m2,

CHUXeHue BeCa TOKOCbEMHUKA MOXET YMEHbLLWNTb BEC BCEINO LLENEBOIO
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YCTPOWCTBa HakonaeHusa aHepruum (Hanpumep, 6atapeun), nosbiwas
MOBUMABHOCTb, YyBENnMYMBaa npober aneKTpoMobuna Ha OAHY 3apaaKy, U B

LesioM NOBbIWAA LEHHOCTb MOBUAbHbIX ANEKTPUYECKUX I'IpVIJ'IO)KGHVIVI.

[0112] Kpome Toro, 6bnarogaps BbICOKOW MPOYHOCTU NAEHOK,
OMMUCaAHHbIN BbllIEe NMPUMEP MOXHO CAenaTb TOHbLE, Hanpumep, obLien
TOJILLMHOM 11 MUKPOH MO CpaBHEHUO C 20 MUKPOHAMU, ONATb XEe YMeHbLlas
obbeM aneMeHTa, TeM CaMbiM 3(PHEKTUBHO yBEAMUYNBAA NJOTHOCTb SHEPIUMU.
Taknm o6pa3om, MOXET ObITb M3roTOBJIEH N UCNO/IL30BAH 419 TaKOW uenum u
dyHKLUN TOKOCBEMHUK O6LLEN TONWMHON MEeHbLle 15 MUKPOH,
npeanoyYTUTENbHO MeHblue 12, 6onee npeanoyTuTenbHO MeHbwe 10, a
Hanbonee NpeanoyYTUTENIbHO MeHbLWE 8 MUKPOH. MNMpn 06BLEMHOM yAENbHOM
conpoTuBaeHnun anioMmunsa 2,7 x 108 OMm-m n megn 1,68 x 108 OM-M MOXeET
6bITb M3roTOBAEHO TOHKOE NOKPbITUE C CONPOTUBIEHUEM MEHbLUE
1 Om/kBagpat, nnn MmeHbwe 0,5 OM/KBaapaTt, nn gaxe MeHblue
0,1 Om/kBagpat, nnn meHbwe 0,05 OM/kBaapaT. TONWMHA 3TUX NPOBOAALLUX
NOKPbITUN MOXET 6bITb MEHbLUE 5 MUKPOH, NPEeANnOYTUTENBHO MEeHbLue 3
MUKPOH, 6onee npeanoyYTUTENbHO MEHbLUEe 2 MUKPOH, NOTEHLNANbHO
Hanbonee NpeanoYTUTENBHO MeHbWeEe 1 MUKpOHa. KpaliHe HEeNOrNYHO, YTO
CTaHpapTHbie MaTepuanbl, 06bIYHO BCTpeyarLmecsa Ha pbiHKe, cogepxaTt 10
MUKPOH UAn 6onee MeTanna, Korga nogxoaswme xapaktepucTukm MoryT
6bITb NOAYYEHBI MPU UCMONL30BAHMUN FOPa340 MEHbLLUErO KONNYeCcTBa
MeTanna. [leicreutenbHo, 6onbluas 4yacTb MeTanna, NpUCyTCTBYIOLLErO B
TUNUYHBLIX YCTPONCTBAX HaKOMAEHUs, BKJKUYEHa anga obecneyeHus
NoAXOAAWNX MEXAHNYECKUX CBONCTB ANS BbICOKOCKOPOCTHON U
aBTOMaTU3NpoBaHHON 06paboTkn. O4HUM N3 NPEeUMyLLECTB HacToALLero
n3o0bpeTeHns 9BAAETCA UMEHHO TO, YTO AN1A obecnevyeHnss MexaHn4eckunx
CBOMCTB MCNOJIb3YEeTCA NOANMEPHbIA MaTepuan ropasfo MeHbLUen NAOTHOCTH,
YTO NO3BOASAET YMEHbLWNTbL TOJILLMHY MeTaana A0 YPOBHSA, NPU KOTOPOM
6e30nNacHOCTb 3/1eMeHTa MOBLIWAETCA N3-3a HECNOCOOHOCTM TOKOCHEMHUKA
NnoAAEPXMBaTb ONACHO BbICOKME NAOTHOCTU TOKA, ABASAKOWMECA Pe3ybTaToOM
BHYTPEHHUX 31€KTPUYECKMX KOPOTKNX 3aMbiKaHUN U NnpuBoasawme K

TENNOBOMY PaA3roHy, 3aabIMJI€HUIO U BO3IropaHUIo.
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[0113] Kpome TOro, aTn nposogsawme Cion MOryT COCTOATb U3
MHOXeCTBa CnoeB. Hanpumep, Cnon antoMUHUA MOXKET 6biTb 6a30BbIM C/IOEM,
NOKPbITbIM TOHKUM Cnoem mMegn. Taknm obpasom, o6beMHOE yaenbHOoe
conpoTuBneHne Mmoxet 6bITb 06ecnevyeHo ajlOMUHUEM, KOTOPbIN Mano BECUT,
Hego0pPOron N MOXET ObITb IErKO OCaXAeH MeToAaMM OCaXOEeHUs U3 napoBou
das3bl. Megb MoXeT obecneunBaTb AOMNOJHUTENBHYO NPOBOAUMOCTb U
naccMeupoBaHue aHopa 6e3 3HAUUTENIbHOIO YAOPOXAHUA AN YBETUYEHUSA
BecCa. JTOT NpuMep NpUBEAEH UCKIKUYUTENBbHO ANA UANKCTPaLnu, un
cneuuanunucTtbl B gaHHON o6nactn MoryT npegnoXunTb MHOMO Apyrux
MHOTOCNONHbIX NPOBOAAWMNX CTPYKTYP, Kaxable N3 KOTOPbIX CAy»XaT

OTNNYHbLIMU NMPpUMEPAM HACTOALLETO M306peTeHV|$I.

[0114] OTK TOHKME MeTannnyeckme NOKpbITUA NPUBEAYT, KakK Npasuio,
K 6onee BbICOKOMY CONPOTUBAEHUIO, YEM B aNlOMUHUEBOM UIN MEAHOM
TOKOCbEMHUKE, 06bIYHO MCNONIb3YEMOM Ha NpPaKTUKE, YTO ABNSAETCS
OT/INYNTENIbHbIM MPU3HAKOM HACTOALWEro n306peTeHns No CpaBHEHUID C HUM.
Takue HOBble NOAXOAALNE TOKOCHEMHUKM MOTYT 6bITb U3FOTOBMIEHbI C
conpotuBneHnem 6onbwe 10 MOM/KBagpaT, NpeanouTUTENbHO 6onblue
20 mOmM/kBagpat, 6onee npegnoyTuTenbHo 6onbwe 50 MOM/kKBagpaT n

noTeHunanbHO Hanbonee npegnouTuUTENnbLHO Aaxe 6onbwe 100 MOM/KBagpar.

[0115] Kpome TOro, aneMeHTbl, NU3roToBJIEHHbIE C TEPMUYECKU CNnabbiMu
TOKOCbEMHUKAMN, ONMUCAHHbIMU Bbile, MOryT 6bITb BbINOJIHEHLI faxe 6bonee
6e30nacHbIMKU, eCnn pasgenntenb UMEET BbICOKYH TEPMUYECKYIO
CTabunbHOCTb, HANpUMeEpP, NOTEHUNANIbHO UMEET HU3KYI YCaAKy npu
BbICOKMX TeMmnepaTtypax, B TOM yucne ycagky meHowe 5% nocne
Bo3aencrTena temnepatypon 200 °C B TeyeHue 1 yaca, NnpeanoyTUTENbHO
nocne Bo3pencrena temnepartypon 250 °C B TeueHne 04HOro 4yaca u
noTeHunanbHo 60nee npeanoYTUTENbHO NOCNe BO3AENCTBUS TEMNepaTypon
300 °C B TeueHue ogHOro yaca. CywecreyLlime pa3genntenn BbiMOJHEHBbI U3
noNnaTUAEHa ¢ TemnepaTypon nnasneHna 138 °C u nonunponuaeHa c

TemnepaTypon nnasneHuna 164 °C. 5Tu matepuanbl MMerT ycaaky > 50%
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npu Temnepatype 150 °C, kak noka3aHo Ha ®UI. 2; Takon pesynbraT
CJIMWIKOM BbICOK ANS MCNONBb30BaHUA C TOHKUM TOKOCBEMHUKOM, KakK ONMCAHOo
B HacTosWweM AOoKyMeHTe. Mpuwno NnoOHMMaHne, YTo A9 peLlleHns 3TON
npobneMbl He06X0AMMO UCNONB30BaTb ONpeAeseEHHbIE pa3gennuTtenu
ycankon meHbwe 50% npu Temnepatype 150 °C, nunu gaxe meHbwe 30%,
nnun menbwe 10%, npn n3MepeHnun CornacHo TEXHMYECKOMY MEMOpaHAyMy
NASA TM-2010-216099, pa3zpen 3.5. [laxe pasgenntenu ¢ KepammyeCkKnm
NOKPbITUEM AEMOHCTPUPYIOT 3HAYUTENBHYIO YCaaKy NPpU OTHOCUTENBHO
YMEpEHHbIX TeMnepaTypax, 1Mb60 pa3pyLwarTCa NOAHOCTbIO, 160 AatoT
ycanky 6onee 20% npu Ttemnepatype 180 °C. Mo3TOMY XenaTenbHO
NCNONb30BaTb pa3fenuTenb, KOTOPbIA HE BbIXOAUT U3 CTPOA NPU UCMbITAHWUN,
He paeT ycaaky 6onbwe 20% noa sBo3aencrenem temnepatypbl 180 °C (kak
MUHUMYM), 6onee npeanouTuTenbHo 6onbwe 10% npu namepeHun B
COOTBETCTBUM C TEM Xe CTaHAApPTOM ucnoiTaHmnsa. Hanbonee
npeanoyYTUTeNnbHbIM 6yaeT NCnonb3oBaHWe pasaenutens, KOTopbli faeT
ycaaky MeHnble 10% npwu Bo3gencrteun temnepatypoi 200 °C, unu 250 °C,

nnun paxe 300 °C.

[0116] Ansa noboh N3 3TUX METaNIN3NPOBAHHBIX NOANOXEK
XenaTtenbHO UMETb HU3KYH TOAWMHY, 4To6bl CNOCO6CTBOBATL MOBLILWEHUIO
NAOTHOCTN 3HEPrumn 3neMeHTa. Ana nonyyeHusa Takom TOALWMNHbI MOTYT ObITb
NCNoNb30BaHbl N06bIE CPeACTBaA, BKKYAA KanaHApoBaHuUe, ropayee
npeccoBaHue unu gaxe abnauma matepuana C NOBEPXHOCTU TakMM 0b6pasom,
YTO6bl YMEHBLLLNTL 0OLLYIO TOAWMHY. DTN NPOLECCHI ANA YMEHbLUEHUS
TOJILWMHbI MOTYT ObITb BbINOJIHEHBI 40 MW NOCAE MeTanamsaumu. Takum
o6pa3oMm, xenatenbHO MMETb 06LLYI0 TOAWMNHY METANNN3NPOBAHHON
NOAJTOXKKN MeHblue 25 MUKpoH, npeanovyTuTenbHo MeHblwe 20 MUKpoOH, 6onee
NpeanoYTUTENbHO MeHblue 16 MMKPOH 1 NOTEeHUManbHO Hanbonee
npeanoyYTUTEeNbHO MeHble 14 MUKPOH. MMelwureca B npogaxe
NONN3(UPHbIE MNJEHKN BbINYCKATCA TONLWMNHON He 6onee 3 MUKPOH U Aaxe
HUXe, 1,2 MnKpoHa. MNMAeHKN 3TUX TUNOB MOIYT CANYXWUTb B KayecTBe
NoAXOAALLMX NoAN0XeEK U obecneunsatb OOLLYIO TOJLLMHY TOKOCbEMHUKA

MeHblwe 10 MMKPOH, NPeaAnoYTUTENIbHO MeHbLle 6 MUKPOH U 6onee
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NpeanoyYTUTENbHO MeHbLUe 4 MUKPOH. Takne CBEPXTOHKNE TOKOCHLEMHUKU (C
Haanexawen npoBoANMOCTbIO, KaK ONMUCAHO Bbille U NOBCIOAY B HAacCTOSALWEM
AOKYMEHTE) MOryT caenaTb BO3MOXHOMW ropasno 6onee BbICOKYH MAOTHOCTb
SHEPrnu Npu yayylWeHHbIX XapakTepnucrtukax 6e30nacHoCTn — pe3ynbTar,

KOTOpPbIM A0 CUX NMOP OCTAETCS HEU3YUEHHbIM.

[0117] Takxe xenaTtenbHo, YTOObl 3TU METANNN3UPOBAHHbIE MOANTOXKU
Masio BECUAN. DTO MOXET ObITb AOCTUTHYTO NYyTEM UCMONb30BaAHUS
NOJINMEPHbIX MaTEpPUanoB HU3KOW NAOTHOCTU, TaKUX Kak noanoneduHbl niu
Apyrve noanmepbl HU3KOW NAOTHOCTU, B TOM YnCie, TOJIbKO B KayecTBe
npuMepa, NOJU3TUAEH, NOANNPONUIEH N NOJIMMETUNNEHTEH. DTO TaKXe
MOXET 6bITb AOCTUIHYTO 3@ CYET HAIMUYUA OTKPbLITOM MOPUCTON CTPYKTYPbI B
NOANOXKE UMM faxe NyTeM UCNOJIb30BaHUA NOAJI0OXEK C HU3KMM 6a30BbIM
BeCoM. Takum o6pa3oM, NJAOTHOCTb NOAIMMEpPa, UCNONb3yeEMOro B Mmatepuane
MOANOXKMN, MOXET BbiTb MEHbLIE 1,4 r/CM3, NPEANOYTUTENIbHO MEHbLLE
1,2 r/cM3 1 noTeHuManbHO Hanbonee NpeanoyYTUTENbHO MeHble 1,0 r/cM3.
Kpome Toro, noBepxHoCTHaa NAOTHOCTb MaTepuana nogioXKn MOXeET ObITb
MeHblue 20 /M2, NnpeanoYTUTENbHO MeHble 16 r/M2 1 NOTEeHLNANbHO
Hanbonee NpeanouYTUTENbHO MeHblle 14 r/M2. KpoMe TOoro, NnoOBEpXHOCTHAs
NAOTHOCTb NOKPbITON METANIJIOM MOJIMMEPHON NOANIOXKN MOXET ObITb MEHbLUE
40 r/M2, npeano4yTuTenbHo MeHblue 30 r/M2, 6osee npeanoYTUTENIbHO
MeHblle 25 /M2 1 noTeHuManbHO Hanbonee NPeanoYTUTENbHO MEHbLUE
20 r/m2.

[0118] HM3kui BeC Takxe MOXeET 6bITb LOCTUTHYT 3@ CYET NOPUCTON
noAnoXKKN. OaQHaKO NMOPUCTOCTb A0J/KHA ObITb HE CZIMLLKOM BbICOKOW ANS 3TUX
MaTepuanos, NOCKOJIbKY 3TO MOXET NPUBECTU K HU3KOW MPOYHOCTU U
60NbLLION TONLWMHE, B pe3ybTaTe Yero A0CTUXEHNE NOCTaBAEHHbIX Lenen
dakTnyeckun cBoaMTCA Ha HeT. [M0aTOMYy Takue 6a3oBbie MaTepuansl 6yayT
UMETb NOPUCTOCTb HMXe npuMepHo 60%, npeanodyTnTenbHO HUXe 50% u
noTeHumnanobHo Hanbonee npeanodyTuTENnbHO HUXe 40%. MOCKONbLKY ANSd

3TOro Tuna TOKOCbEMHUKOB C METANNTUYECKUM NOKPbLITUEM MOTYT ObITb
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MCMNoJZIb30BaHbI TBEPAbIE MATEPUAnbl, HUXHEIO npeaesna nNnopuctocTn He

CYLLLECTBYET.

[0119] Ansa obecneyeHnsa BO3MOXHOCTU BbICOKOCKOPOCTHOMW 06paboTku
MaTepuanoB AN U3roToBsieHMsa baTapen TpebyeTca BbICOKAs NPOYHOCTb. JTO
MOXET 6bITb AOCTUTHYTO NYTEM UCMNOJIb30BAHUSA YAJIMHEHHbIX NOJIMMEPOB,

nm6o us TAHYTbIX BOJIOKOH, nmb0o U3 0 AHOOCHO- Unun ABYOCHOTAHYTbIX NMNAEHOK.

[0120] Kak npencraBneHO HUXe Ha npunaraeMblX YyepTexax u nx
OMNMCaHNAX, B COOTBETCTBUN C HACTOALWMM M306pEeTEHMEM U3FOTOBAEHO U,
TakuMm obpasomMm, npennoXxeHo YCTPOUCTBO HAKOMAEHUsa aHeprun, 6yab TO
baTtapes, KOHOEeHCaTop, CynepKoHAEeHCcaTop U T. N., B KOTOPOM
npeaAyCMOTPEHbl MO MEHbLUEN Mepe OAUH TOKOCbEMHUK, KOTOPbIA nMeeT
CBOWNCTBA, CBA3A@HHbIE C OTCYTCTBMEM 3aMETHOIro NpPoTeKaHnsa Toka nocne
KOPOTKOro 3aMblKaHUs, U HaXOAUTCSA B KOHTAKTe C KaToAOM, aHOAOM, WK ABa
OTAENIbHbIX TOKOCbEMHUKA, HaXoA4ALWMNECa B KOHTaKTe C 060MMK, a Takxke
pasgenutenb U 3NeKTPONTbI, MPUYEM BCE OHU HAXOAATCA U FrEPMETUYHO
3aKpbITbl B CTaHAAPTHOM (NOAXOAAWEM) KOHTEWHEpe ANS YCTPOUCTBA
HakKonneHna saHepruun. Katosn, aHoA, KOHTENHEP, d9NEKTPOAUTLI U, B
HEKOTOPbIX CUTYaunax, pa3genutenb — BCE 3TN KOMMOHEHTbI no 6onblien
4acTn ABNAKTCA CTaHAAPTHbIMU. OA4HAKO UCNOJIb3YEMbIN NPU 3TOM U B
HaCTOALWEM AOKYMEHTE TOKOCbEMHUK ABAAETCHA, KakK 6bl10 ONNCAHO, He
TONbKO HOBbIM U HEU3YYEHHbIM B A@HHON 061aCTn TEXHUKNU, HO U
npoTUBOpEeYaLWnM 34paBoMy CMbICNY B KaueCTBE peanbHOro KOMMNOHEHTa
YCTPOMCTBA HAKOMJIEHUSA 3HEpPruun. 310, ONATb Xe, 6onee nogpobHO onucaHo

HUXe.

[0121] Kak oTMeYeHO Bbiwe, YTOObl YMEHbLUNTbL BEPOATHOCTb
TENJIOBOr0 pa3roHa, ec/iMm He NOJIHOCTbIO NPeAoTBPaTUTb €ro, B 3/1IEMEHTE
6aTtapeun (0co6eHHO B NUTUN-NOHHOW Nepe3apsaXaeMoro Tuna, Ho,
6e3ycnoBHO, BO3MOXHbl U Apyrune), Heob6xoammo CpeacTso, cneunanbHo
obecneuunBatwuiee, 4To6bI 11060 KOPOTKOE 3aMbiKaHUE B HEM CYLLECTBOBANO,

no Cytn, B Teé4€Hne KOpoTkKoro nepmnoaga speMeHN, C yMeEHbLLUEHHBIM BPEMEHEM
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npebbiBaHWA BHYTPU pacCMaTpMBAEMOro TOKOCbEMHUKA UAN HA HEM, U, B
KOHEYHOM CYeTe, MMEeNio NoJslydaeMbliil B pe3ysibTaTe HE3HAUYUTENbHbIN
YPOBEHb 3HEPIrnn B AX0ynsax (T. €. MeHbwe 10, npeanoyTUTENbHO MeHbLue 1,
a Hanbonee npepnoutTnTenbHo MeHbwe 0,01). MNO3TOMY B TaKOW CUTyaLuu,
Korga, Kak ynoMUHanocCb paHblUe, 3/IeKTPUYECKMN NyTb NPOXOAUT OT aHOAA K
KaToAy v yepes pasaenutesnb, C TOHKUM NMpPoBOAAWNM TOKOCBEMHUMKAM Ha
CBOEM MecCTe M B MPUCYTCTBUM OPraHUYecKoro 1erkoBoCnJaMeHsaoWwerocs
anekTponuta, 6b1s10 3aMeYEHO, YTO TOHKUA TOKOCBbEMHUK Manoro Beca
No3BOJIAET AOCTUYb TAKOIr0 XesflaeMoro pesyJsibtata, 0CO6EeHHO B niaHe
paccenBaHusa 6bICTPO BO3pacCTalOLMX 3apaa0B HA MOBEPXHOCTU
TOKOCbEMHWUKA U OTCYTCTBUSA 3aMETHOIMo NOBbIWEHUA TeMnepaTypbl
HACTOJIbKO, YTO BOCMN/aME@HEeHNe KOMMNOHEHTa aneKkTponnta 6o1s10 6bl
HenszbexHbiM. K yausneHuto, n 6e3 npmBAa3ku K KAKOMy-1mMb60 KOHKPETHOMY
HAY4YHOMY OOBACHEHUIO UK TEOPUU, CYNTAETCH, YTO NPOBOAALLAA NPUPOAaA
TOHKOr0 MaTepuasia TOKOCbEMHUKA NO3BONSET 3/1EKTPUYECKUM 3apsajam
KOPOTKOro 3aMblKaHWa NPOCTO AO0CTUraTb TOHKOIrO NPOBOASALLENO
TOKOCbEMHWKA U MOMEHTANIbHO CO34aBaTb KPATKOBPEMEHHYIO BbICOKYIO
SHEepruto, KoTopas NpUBOAUT K peakunm Mexay MeTaaioM Ha NOBEPXHOCTH
TOKOCbEMHWKA U CaMUM 3J1IeKTPUYECKUM 3apanom ¢ obpasoBaHneM okcnaa
MeTasisla B 3TOM KOHKPETHOM TOYKE Ha NOBEPXHOCTU TOKOCbEMHUKA. OKcup,
MeTanna obecneymBaeT U3ONALNIO ANSA AaJbHEWLWEN 3NEKTPUUYECKON
AKTUBHOCTWN, U NPUJIOXXEHHbIN TOK MTHOBEHHO paccenBaeTCs, 0CTaBnsas
noTeHuunanbHyo aedopMaynio BHYTPU CaMOro TOKOCbEMHUKA, HO C HaJlMYneM
BbILLEYNOMAHYTOro OKCnAa MeTanna Anda 3awnTbl OT N060M ganbHenwen
AKTUBHOCTW 2/1€KTPUYECKOro 3apsaha B 3TOM KOHKPETHOM MecTe. Takum
06pa3oM, OCTaBLUNIACA TOKOCbEMHWUK OCTAaeTCA HENOBPEXAEHHbIM U MOXET
obecneumBaTb Te e BO3MOXHOCTU, YTO U paHblue, TEM CaMbIM
AONOJIHUTENbHO obecneunsas 3amnTy OT NKOObLIX APYTNX NOTEHUUANbHbIX
KOPOTKNX 3aMbIKaHUN nnn nogobHbIX aBneHnin. B cnyyae TennoBoro pa3roHa
B 6baTapenHbIX NpoAyKTaxX U3BECTHOro YPOBHA TEXHUKU aHOA, KaToa,
TOKOCHEMHWUKWN U pa3aenuTesib COAEpPXaT /IEKTPUYECKUINA NYTb, KOTOPbIN
BbipabaTbiBaeT Tens0 U AAeT UCKPY ANS BO3ropaHusa 3neMeHTa, Hanpumep, B

OTBET Ha KOPOTKOE 3aMblkaHne. TakuMm 06pa3oM, TakXe NpUCyTCTBYHOLWLNE
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3NEeKTPOJINTbl, TPAHCNOPTUPYIOLLNE NOHbI, (AaKTUYECKM CO34a0T aBapuiHbie
CUTyaummn C NosyyeHneM B pe3ysibTaTe BbICOKOW TeMnepaTypbl, CBA3AaHHON C
TAaKMMU HEOXULAHHbIMU 3NIEKTPUYECKNUMM 3apaaamu. 1o cyTtu, Tenno,
BblAeNAeMOe NpU TOKOCbEMHUKE U3BECTHOIO YPOBHSA TEXHWUKU, Bbi3blBAaeT
nepBoHavajibHble XMMUYECKME peaKLMn B MaTepuanax 3J1eKTponnTa,
npuBoASAWME, B KOHEYHOM CUETe, K BbICTPO pa3pacTaroLLeMycs
BOCMJaMEHEHUN0 caMMX MaTepuanoB anekTponuta. CnenoBaTenbHo,
PaCKPbITbIN B HACTOALLEM AOKYMEHTE TOKOCBEMHUK COMNACHO HACToALWEMY
n306peTeHnto 0COBEHHO LLEHEH Npu NCNONb30BaHNK B 3ieMeHTax baTtapewn,
COAEPXALWMNX TaKNe NErkoBOCNAaMeHALWMNECA INEKTPOANTbI. TaKnm
06pa3oM, Takne aNeKTPoAnTbl 06bIYHO CoaepKaT, HaNnpuMep, opraHnyeckue
pacTBOpUTENun, Takne Kak kapboHaTbl, B TOM yucne nponuneHkapboHar
aTuneHkapboHaT, aTunMeTunkapboHaTt, AmdTunkapboHart, gumetrunkapboHar
n gpyrue. 3T 31eKTPONAnUTbl 06bIYHO NPUCYTCTBYIOT B BUAE CMECeN
BbILUEYNOMAHYTbIX MAaTeEPUanoB U, BO3MOXHO, C APYrMMU PacTBOPSAOLWMMM
MaTepuanamn, cogepxawmnmmn nobaBkn pas3nnyHbiX TMNOB. KOMNOHEHTOM 3TUX
3NEeKTPOJIMTOB TAKXe ABAAETCA COMb NINTUSA, Hanpumep, rekcadptopdocdar
nntua, LiPFs. Takne anekTponuTbl NpeanoyYTuTeNbHbl B OTpacnu 6atapen, Ho,
KaK 0TMEeYanocCb, AENCTBUTENIbHO CNOCOOCTBYIOT BO3HUKHOBEHUIO OMACHbIX
cutyaumii. OnsATb Xe, TOKOCbEMHUK B COOTBETCTBMWN C HACTOSALWMM
n3obpeTteHneM B COBOKYMNMHOCTU C APYrMMU KOMNOHEHTaMn 6aTapen pewaert

5TU I'IpO6J'I€MbI B 3HAQYMUTENIbHOW CTEMNEHN " K YOUBIEHNIO.

[0122] OaHMM 13 cNoCOob0B AEMOHCTPALMKN NONE3HOCTU TaKoro
TOKOCbEMHUKA ABASETCA crnepywee ncnoitaime. ICTOUHMK ToKa C
npeaenbHbIMU 3HAYEHUAMN HAMNPSXEHNA U TOKA MOXET ObiTb YCTAHOBJIEH Ha
npeaenbHOEe 3Ha4YeHNe HanpsXXeHns, aHanormyHoe pabouyemy HanpsKeHuro
pacCMaTpPMBAEMOro HaKONMUTENs 3HEPrnu. 3aTeM TOK MOXHO OTPErynanpoBaThb,
N UCNbITaTb TOKOCLEMHUK MUHUMYM B ABYX KOH(dUrypaumsax. B nepsoii
KOPOTKYH MOJIOCKY TOKOCbEMHUKA M3BECTHOWN LUMPUHbI NPUBOASAT B KOHTAKT
NOCpeACTBOM ABYX METAa/UIMYECKUX COeanHUTENEN, KOTOPbI€ KOHTAKTUPYIOT C
o6pa3yoM No BCcen ero wupuHe. lNpeaen Toka UCTOYHUKA TOKA MOXET ObiTb

NOBbIWEH, YTOObl ONpeAennTb, CYLEeCTBYET M Npeaen CnoCobHOCTH
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MaTepuana npoBOAUTb TOK, KOTOPbIA MOXET ObiTb U3MEPEH KaK 0bWwnin ToK,
AENeHHbIA Ha LWMPUHY, C NONly4YeHneM pesynbtaTta B A/CM, onpeaenseMoro B
HacTosALWEM AOKYMEHTE KaK MOpMU30HTaNbHadA NJOTHOCTb TOKa. BTopas
KOH(MUrypaumnsa 3aknio4aeTcsa B NpuBeAEHNN B KOHTAKT 3a3EMJIEHUSA
NCTOYHUKA TOKA C O4HUM N3 METaNINYECKNX KOHTAKTOB MOJIHON LLUMPUHbBI U
nocneayrLmMm KaCaHMEM HAKOHEYHUKOM LWyna, naowaabio npuban3ntencHo
0,25 MM2, B KakoM-nnbo MecTe BA0Jb NMOJIOCKN TOKOCbEMHUKA. Ecnu Tok
C/IMWIKOM BbICOKWIW, OH pa3pyLUUT AOKaNbHY 061acCTb, M TOK HE NOTEYeET.
Ecnn TOK He CAMLWIKOM BbICOKWIN AN TOKOCbEMHUKA, TO MOJIHbLIN TOK, A0
npegena NCTOYHUKA TOKa, noTeyveT. PesynbtaT npeacrasnsaeTr cobon npenen
TOKa B A/MM2, B HAacTOALEM AOKYMEHTE ONPEAENSAEMbIA KaK BEPTUKabHas
NAOTHOCTb TOKA. TakuM 06pa3oM, TOKOCbEMHUK, KOTOPbIA MOXET A0CTUraTb
BbICOKOro TOKa B 06enx KoHdurypaumnax, byaet aHanormyeH TOKOCbEeMHUKY
N3BECTHOIO0 YPOBHA TEXHWUKU, @ TOKOCLEMHUK, KOTOPbIA MOXET NOAAEPXUBATb
FOPMU30HTAsNIbHbIA TOK NPU KOHTAKTE Ha BCIO LWUMPUHY, HO HE NoAAEepXUBAET
AHANOrMYHbIN BEPTUKAJIbHbIN TOK NMPU TOYEYHOM KOHTaKTe, 6yaeT npumepom
TOKOCbEMHWKA B COOTBETCTBMU C HACTOAWMNM M306peTeHneM, ONUCaHHbIM B

HacToALWEM AOKYMEHTE.

[0123] HanpuMmep, MOXET ObITb XenatesibHO, YTOObl TOKOCLEMHUK Obi
B COCTOSSHUWN noanepXuBaTb rOPU3OHTaNbHYIO NAOTHOCTb ToKa 0,1 A/cM, unu
0,5 A/cm, nnn 1 A/cm, nam 2 A/cM, nnun paxe 5 A/cM. N ana TOKOCbEMHUKA,
KOTOPbIN MOXET NoAAEPXNBATb FOPU3OHTANIbHYIO NJIOTHOCTb TOKA,
yKa3aHHYI0 Bbiwe, 66110 6bl XXenatenbHo, YTOObl OH HEe noaaepXuBan
BEPTUKANbHYIO NAOTHOCTb ToKa 0,1 A/MM2, nunn 0,5 A/MM2, unn 1 A/2, nnn

2 A/MM2, unu paxe 5 A/MMZ2,

[0124] Kak yKasaHO Bbille, B 3/1IeMeHTaxX IMTUN-NOHHON BaTapen Takxe
06bIYHO NMeeTCa BbIBOA, NPUBAPEHHbIN ANSA COeAUHEHUSA BMECTEe BHYTPEHHUX
KOMMNOHEHTOB, B YaCTHOCTU, TOKOCLEMHUKOB, YTOObI COEANHUTL C NPOBOAOM
BblBOAA ANA Nepefayn 3apsaia BHELWHEMY UCTOYHUKY. B 3TON cuTyauuum,
KOrpa TOKOCbEMHUKWN OYEeHb TOHKME, KpaHe BaXHo, 4Tobbl TakoW NpoBoj,

BbiBOAA 3P DEKTUBHO KOHTAKTUPOBAN C BHYTPEHHUMU METANIM3NPOBAHHbLIMU
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NJAE€HOYHbIMU TOKOCbEMHUKAMMU N B AOCTAaTOYHOMW CTENEeHU OCTaBaJiCA Ha
MecTe, UTOObl KOHTAKTUPOBATb TaKXe C BHELWHUM NCTOYHNKOM. Kpome Toro,
b6narogapsa apPeKTUBHOCTU BbILLEYNOMAHYTbIX U HEOXNAAHHO XOPOLIUX
MEeTaN/IM3NPOBAHHbIX TOHKOMAEHOYHbIX TOKOCBEMHUKOB, obecneunBarLLmnXx
HeobxoauMble onepaLmMmn camoro asieMeHTa 6aTtapeun, a Takxke CnoCobHOCTb
obecneumBaTb BHYTPEHHME XapaKTEPUCTUKKN NAABKOrO NpenoxpaHuTens ang
npenoTepaweHns 6bICTPO BO3pacTalLLEro TOKa BO BPEMSA BO3MOXHOM
npobnembl (0bpasoBaHue geHapuTa U T. 4.), TAKOW BbIBOA, HE AOJIXKEH CKOJb-
nnmbo cMewaTbcs nnm HeadpdeKTMBHO 60POTLCA C CAMUMU NOTEHUNaNbHbIMK
npobaeMamn HeyaePXUMOro pocTta 3apsaga. ApyruMu cnosamu,

3¢ PEeKTUBHOCTb BHYTPEHHEIO NJAaBKOr0 NpefoXpaHuTens He A0JKHa
ocnabeBaTb AN HapywaTbCa U3-3a Npobnem C BbIBOAOM. K yAUBAEHMUIO,
6b110 YCTAHOBNEHO, YTO Takne HeobXxoanMble XapaKTEPUCTUKN AONYCTUMDbI

npn TaKNX KOMNOHEHTax BbiBOAA.

[0125] Takum 06bpa3om, Ha 3TOM ypoOBHe 6bIJ1I0 0CO3HAHO, UYTO
MEeTaN/IM3NPOBaAHHbIE TOHKOMJIEHOYHbIE TOKOCBEMHUKN AEUCTBUTESNIbHO
no3BonaT 3PHEKTUBHO N NPOYHO NPUMBAPUBATL BbIBOL K HUM U C
BO3MOXHOCTbI (pakTMyecku obecneunBaTb NPOBOAUMOCTb C 06enx CTOpOH
nneHkn. Cam BbIBOA, B AEUCTBUTENIbHOCTU TOJILLE KAXAO0rM0 OTAENbHOIO
TOKOCbEMHUKA, U NPpU NPUBEAEHUN B KOHTAKT APYr C APYrOM CBApHOW LIOB
MOXET ObITb BbINOJIHEH HA rNMYOUHY, KOTOpPas 4YaCTUYHO NPOXOAUT yepes
MaTepuan BbiBOAA B 3aBUCUMOCTM OT (POPMbl U FNYBUHBI CAMOro CBApHOro
wea. OgHaKo, yaNBUTENbHbIN pe3ysibTaT 3aKa4yaeTCca B TOM, YTO CBApHOM
OB MOXET AENCTBUTENbHO NPOXOAUTbL Yepes3 BbiBOA, B BUAE TOHKOM
«NPOTOKM>» UAKN NofobHOro obpasosaHnsa, TeM caMmbiM obecneunsas
NpOBOAMMOCTb YEpPE3 MaTepuasn Takoro CBapHOro LWBa K BbIBOAY. Takum
o6pa3oM, Co3aaeTCa OrpaHNUYEHHbIN, XOTA N 3(PPEKTUBHLIN, NYTb
NpOBOAMMOCTMU, UTOObI HE TONbKO obecneuynTb HEOH6XO0AUMYO NPOBOANMOCTDL B
MeCTe CBapKu K BbiBOAY (M 3aTeM U3 KOpnyca 3/ieMeHTa 6aTapeun K BHELUHEMY
NCTOYHUKY), HO TakxXke obecneunsaeTca CpeacTBO 4S9 OFrpaHUYeHuns
dakTnyeckon cunbl ToKa U TeMnepaTypbl, CO34aBAEMON TaKUM NPOBOAALLUM

MOTOKOM B KaXA0M MecTe CBapku. Takol pe3ynbTaT No3BOASET obecneunTb
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BbILLEYNOMAHYTbIN KOHTPOJIb 6bICTPO BO3pacTalowen npoBoAMMOCTM OT
TOKOCbEMHUKOB M3 METAa/JIN3UPOBAHHOW MNAEHKWN B C/lydae BO3HUKHOBEHUSA
KOpPOTKOro 3aMblkaHua (obpasoBaHue AeHAPUTOB U T. A4.), NOCKOJNIbKY
3NEeKTPUUYECKUIN 3apsas OCTaHOBUTCA Ha PaKTMUYECKON NOBEPXHOCTU
TOKOCbEMHUKA N He byaeT obecneyeH gpyron nyTb ansa 6bICTpo
BO3pacTawouwero 3apsaga. Takum obpa3oM, cBapHble WBbl MOTYT ObITb
npeaycMOTpEHbI MO BCEN AJZIMHE KOMMNOHEHTA BblBOAA, NPOXOASALLEN BAOb
TOKOCbEMHWKaA, NpU4YeM B OHOM NPUMEpPEe UX YNCSIO MOXET A0X0AUTb A0 NATH
LUBOB, PABHOMEPHO pa3HeCeHHbIX APYr OT Apyra, 4to obecneunBaeT

3 PEKTUBHYIO NPOBOAMMOCTb OT TOKOCbEMHUKOB M3 (DOSIbIMM K BbIBOAY Yepes
Kopnyc 6aTapeun K BHEWHEeMY UCTOYHUKY. TakuM o6pa3om, orpaHM4YeHHoe
KOJIMYECTBO CBapHbIX WBOB TaKXe OrpaHMYMBaAET KOJIMYECTBO BO3MOXHbIX
Yy4acTKOB ObICTPOro Bo3pacrtaHusa 3apaga, XO0Ta KaXAabli U3 HUX MMeeT
OFPAHUYEHHYIO CUY TOKa, HO NPU KPaTHOM YBEJIMYEHUN TaKne ypoBHU B
HEKOTOpPbIX cuTyauunax, 6e3ycnoBHo, yeennunsawtca. OaHako ana 6atapei
BbICOKON MOLWHOCTU UNN C BbICOKMM TOKOM KOJIMYECTBO CBApPHbIX LWBOB Ha
BbIBOAE MOXET ObITb yBENNYEHO, YTOObI 06€ecneunTb BbICOKY BENNYNHY
TOoKa, Heobxoanmyio ana adpdekTnBHOCTN HaTapen Nnpu ee npuMeHeHun. B
3TOM Cny4yae MOXHO noTpeboBaTb 60AbLUEr0 KONMYECTBA CBAPHbLIX LIBOB,
noteHunanbHo uenbix 10, unun 20, nnn paxe 50 cBapHbIX WBOB Ha BbIBOA,. B
peaKUX cydyasax B 3/1eMeHTax C O4EHb BbICOKOW MOLLHOCTLIO WU OYEHb
BbICOKMM TOKOM MOXET noHapobutbca paxe 6onblwe 50 CBapHbIX LWBOB.
CeapHble wBbl obecneynBatloT 6a30BYy0 NPOYHOCTb B AOMNOJIHEHUE K
NnpeaoTBpPaLLEHNIO NEPEMELLEHNA BbIBOAA BO BPEMSA MCMNOJIb30BaHUA.
CTabunbHOCTb N XECTKOCTb HeobxoanMbl Anga obecneyeHnsa NnpaBuibHON
paboTbl 6aTapeun B LenoMm. OrpaHMYEHHbIE€ CBApHbIEe WBbl AENCTBUTENIBHO
obecneunBaloT onpefeneHHbIn YpoBeHb HALEXHOCTU B 3TOM OTHOLWIEHUU, B TO
BpeMsa Kak gobaBneHune noBepx HUX CTAXHOMW NEHTbl, HAJIOXXEHHOW Ha NJEHKU
TOKOCbEMHUKA, TaKXKe NOMOraeT 3alMTUTb OT TaKuX NOTEHUNANbHbIX

npobnem.

[0126] Ha camOoM aene, MeETaANIN3NPOBAHHbIE TOHKOM/IEHOYHbIE

TOKOCBbEMHUKN HEOXKNAAHHO XOpPOLWN ANnA npeaoTepalleHnd 6bICTp0
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BO3pacTalLLMX 3apafoB BO BpeMs KOPOTKOrO 3aMblkaHusa. OpHaKo
HeobXxoaUMMOCTb B NPOBOAAX BbIBOAA, UMEKOLWMX AOCTAaTOUYHbIN KOHTAKT C
TaKMMWN TOKOCbEMHUKaMN ansa obecneveHnsa 3HeKTMBHOM NPOBOANMOCTH
HapyXy afieMeHTa 6aTtapeun, TpebyeT Takon CTPYKTYpbl, KOTOpasa No3BongeT
NCNONb30BaTb TakKOW METaNAMU3NPOBAHHbIA TOHKNUA TOKOCLEMHUK BMECTE CO
CTaHAApPTHbIMW KOMMOHEHTAMK BbiBOAA. Kak OTMEUEHO Bbille, 0Ka3anochb
TPYAHO obecneunTb BO3MOXHOCTb ONpeaensaTb NpaBujibHble pa3Mepbl, KakK
nneHkn (NNeHOK) TOKOCbEMHUKA, TaK U BbIBOAOB C NOAXOAALMMU CBAPHbIMU
weamMn ana ap@PeKTUBHOrO NPUKpPENIEHNSA N KOHTaKTa Ana apPeKTnBHOro
NPOTEKAHUA 3NEKTPUUECKOro Toka, YTobbl 6baTapesa paboTana, ¢ COXpaHEeHUeM
Npu 3TOM Hajsexalen HU3KOM BO3MOXHOCTU ANng BbICTPOro Bo3pacrarowero
3apaaa, 0COH6EHHO C Y4EeTOM KOHKPETHbIX U MPUHATBIX TOACTbIX MOHOJIMTHbIX
KOMMNOHEHTOB TOKOCbEMHUKA COBPEMEHHOI0 YPOBHSA TEXHUKU. DTOT
HeOXNAAaHHO 3PPEKTUBHBIN pe3ybTaT, 0COBEHHO C YY4ETOM XapaKTEPUCTUK
KOHTaKTa U NPOYHOCTU HA OTPbIB BbIBOAA, ONpPeAeNeHHbIX, KaK YKa3aHo
BblLle, NO3BOJIAET CO34aTb NOJMHOLEHHY NUTUA-NOHHYIO BaTapeto, KoTopas
MOXET UMETb MEHbLUNI BEC NN BONbLUYIO BHYTPEHHIOK EMKOCTb ANS APYIUX
KOMMNOHEeHTOB 6e3 ywepba ana cnocobHocTn 6aTtapeun BbipabaTbiBaTb
3HEepru, o4HOBpeMeHHO obecneynBas NOMHYIO 3aWUTY OT ObICTPO

BO3pacTaloLnX 3apaa0B BO BPEMSA KOPOTKUX 3aMbIKaHUA.

[0127] Kpome TOro, BaxHa BO3MOXHOCTb MCNONb30BaHNSA paHee
HenccnefoBaHHbIX CBAPOYHbIX ONepaunn n MeTonoB ansa obecneyeHus
3 PEKTUBHOINO U HALEXKHOIO COEANHEHUS MEXAY TaKUMU MeTaNNINnYeCcKuMun
NpoBoAHMKaMM (ONATb Xe, BbIBOAAMU) U NIEKTPOAAMU BHYTPU TOHKUX
METaJIN3MPOBAHHBLIX NAEHOYHbIX TOKOCLEMHUKOB, COAEPXKALLNX 3JIEMEHTHI,
BbipabaTbiBaloLwme sHepruio. Takme apdeKkTUuBHbIE COeANHEHNAX
HeobxoAnMbl HE TONIbKO ANs obecneyeHns acnekToB 6€30NacHOCTU Takux
3N1eMeHTOB (C TOHKOMN/IEHOYHbIMWU TOKOCbEMHUKAMWN, ONNCAHHbLIMU B
HaCTOALWEM AOKYMEHTE), HO U Anga obecneyeHns Ba>KHOW NPOBOAUMOCTN OT
3NeKTpoaa K BHewHeMy Mupy (ApyrmMu cnosamu, ansa obecnevyeHus
Hagnexawero n a@dEeKTMBHOIO MCNO0JIb30BAaHUA TAKOr0 3/1€EMEHTA,

BbipabaTbiBaloOWero aHepruto, T. e. batapen, KoOHAEeHcaTopa U T. n.). Takne
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3/1eMEHTbl NUTaHUA, KOTOpPbl€ MOTYT 6bITb CKOH(UIYPUPOBAHbI U
CTPYKTYPUPOBaAHbI C NCNOJIb30BAHNEM KOHTENHEPOB, YNOMAHYTbIX Bbille, a
Takxe, 6e3 orpaHuyeHuns, MeTanan3mpoBaHHbIX NAACTMACCOBbLIX NAKETOB,
MeTanIn4yeckmnx 6aHOK U XeCTKUX/NOoNYXKEeCTKUX NAaCTMacCoOBbIX KOPNycCoB,
onAaTb Xe, OyAyT UMETb 3HAUYUTENIbHO YyUYLLIEHHbIE BO3MOXHOCTU B
OTHOLUEHUWN TENJIOBOr0 pa3roHa C y4eToOM MeTasJIn3nPOBaAHHbIX
TOHKOMJIEHOYHbIX TOKOCLEMHUKOB. [103TOMY Haanexallee coeuHeHne mexay
TaKUMWN 371€MEHTAMWN NMUTAHUSA N BHELWWHMMM KOHTAKTaMn KpanHe Heobxoanmo
ANA peanbHbIX QYHKLUMOHANbHbLIX Uenen, 0CO6EHHO C YY4ETOM CNOXHOCTU
obecneyeHnsa TakKnxX HagexXHbIX U 6e30nacHbIX COeAUHEHUN C

TOHKONMNEHOYHbIMU MaTEPUNANaMN.

[0128] C 3TOI Uenblo U, ONATb Xe, B AONOJIHEHNE K ONUCAHUAM U
pPacKpbITUAM METaNNM3MPOBAHHbIX TOHKOMJEHOUYHbIX TOKOCLEMHUKOB U
06LWMM BO3MOXHOCTAM BbIBOAOB, YKAa3aHHbIX BblWE, NPULLIO OCO3HAHUE, YTO
HEKOTOpble KOH(pUIrypaumum CBapHbIX WBOB U (PaKTUYeCKne cBapoUHblie
MHCTPYMEHTbI 06ecneuynBaoT TakKue BbIroOAHbIE U YAUBUTENBbHO 3 (PEKTUBHbIE
coeANHEHNS BbIBOAOB U 3/IEKTPOAOB AJ1 TAKUX YHUKAJIbHbIX KOHCTPYKLMN
aneMeHToB nuTaHuna. K yncny ocob6o BaxHbix 6atapen (371€EMEHTOB NUTAHUS)
OTHOCATCHA, 6€3 OrpaHUYEeHUn, NAaKeTHbIE, LMIMHAPUYECKNE, NpU3MaTUYECcKue
KOHCTPYKLUWUU N KOHCTPYKLUN TUMA «XKENENHbIA pyNeT», NOCKOJIbKY 3/IEMEHTbI
3TMX TUNOB Hanbonee npeobnagaloT B ONpeaeneHHbIX 0Tpacnsax
NMPOMbILLJIEHHOCTU U Takxe obecneunBaloT 60/blWY YHUBEPCANBbHOCTb

COOTBETCTBYHOLLMUX YCTPONCTB.

[0129] AnHaMuKa TakKMX YHUKANbHbIX CNOCOB0B U onepaunii CBapku
YUYUTbIBAET METANNN3NPOBAHHBIN TOHKOMJEHOYHbIA TOKOCLEMHUK B
KOHKPETHOWN KOH(pUrypaumm, B HaCTHOCTU, UMEOLWNIN MO MEHbLUEN Mepe OA4MUH
CJZION MeTanAn3npoBaHHOW MJEHKN, NO MEHbLUEW Mepe C ABYMSA CNOSAMMU
MeTannusaunu, pasaesieHHbIMU NOANMEPHON NOANOXKON. pu 3TOM
CBApHOMY LUBY AOJIXXHA ObITb NpuAaHa Takasa CTPYKTypa, 4Tobbl BbleMKa
CBAPHOro wBa NpoHUKasnaa u3 Nepsoro METaaJIM3npoBaHHONo CNos yepes

NOSIMMEPHYIO NOAJIOXKY BO BTOPON MEeTanAn3npoBaHHbIN CAON. Takum



10

15

20

25

30

53

o6pa3oM, NCNonb3oBaHUe COOTBETCTBYIOLLEN CBAPOYHON ONOpbl Cco3haeT
onpeneneHHy TpeEXMEpHY BbleMKY B noafexauwen 061actm TOKOCbeMHUKA
TaK, UTO BEPXHUN (NepBbli) METANN3NPOBAHHBIN CION KOHTAaKTUPYET C
HUXXHUM (BTOPbIM) METAJ/IM3MPOBAHHbLIM CI0EM, NOJIMMEPHAsa NOAJN0XKaA
nepeMewaeTcsa B NPOTUBOMNOJIOXXHOM HanpaB/iEHMN K CBAPOYHON BblEMKE U B
npepenax AByX METanM3NPOBaHHbIX CNOEB, @ NONyYeHHas CBapHas
KOHCTPYKLUNA yAEPXNBAET BEPXHUN U HUXHUN METaNNN3NUPOBAHHbBIE CII0MU,
pasgeneHHble NoJAMMEPHON NOAJIOXKKOM 3a npeaenamn cBapeHHon obnacrtu.
Taknm o6pa3oM, B pe3ynbraTe Takon CcBapkun obecneymBaeTcsa BO3MOXHOCTb
CO34aHMA COeAUHEHUA Mexay TOKOCbEMHUKOM U KOHCTPYKLMEN BbiBOAA 6€e3
noTepu Heob6xoanMbIX NpenmMyLecTs 6€30NacHOCTM CaMOro TOHKOMAEHOYHOIro
TOKOCbEMHUKA B LEeNeBOM 3eMeHTe. KOHEeYHO, 3TO MOXET 6bITb NPUMEHUMO
TaKXe K NAeHKe, KOTopas MeTannn3mpoBaHa TONbKO C OAHON CTOPOHbI, U
9NEKTPUYECKUIN KOHTAKT XenaTteneH C KOMMNOHEHTOM Ha ApYron CTOpOHe
NONIMMEPHOM NOANOXKMN, TAKUM KaK BbIBOA WU METanNIn3npoBaHHasa CTOpoHa
nocneaylowero MeTajin3dmpoBaHHOro TOHKOMAEHOYHOro TOKOCbEMHMKA. B
35TOM Cny4yae CBAapHOW OB A0NXeH 6biTb TOrAa HaHeCeH TakuMm 06pa3om,
4YTOObI BbIEMKA CBAPHOro WBa NpOHUKana u3 MeTajasim3MpoBaHHOIo Cnos
yepes NOANMEPHYIO NOAJIOXKY K KOMNOHEHTY, C KOTOPbIM TpebyeTcsa

3NEeKTPUYECKNA KOHTAKT.

[0130] Takum obpa3omM, BKAKUYEHME MaTepuana BKnagkm B CBApHOU
LLOB NO3BOJIAET CBAPOYHOM ONoOpe NpoAassnBaTh BbIBOA U NepeMeLlaTb
TOKOCBbEMHUK (ONATb Xe, TOHKYIO MJEHKY N0 MEeHblUuen Mepe n3 AByX
METaN/IM3NPOBAHHbLIX CNI0EB, pa3feNeHHbIX NOJIMMEPHON NOANOXKON) TakKuUM
Xe 06pa3oM, TeEM CaMblM CO3aBas BbIEMKY B BbIBOAE U TOKOCbEMHUKE
OAHOBPEMEHHO AN BO3MOXHOCTU COeANHEHNA 06enX KOHCTPYKUUIN C
obpa3oBaHMeM KOMMNO3UTa ANA uenen npoBoAMMOCTM. Takoe npucoegnHeHue
BbIBOJA CBApPKON MOXET ObITb OCYLLECTB/IEHO KaK CBEpPXY, TaK U CHU3Y TaKoro
TOHKONAEHOYHOro TOKOCbEMHUKA, TEM CaMbIM, NO CywecTBy, obecneyunsas
BO3MOXHOCTb COeANHEHUS BbIBOAA C BEPXHUM N HUXHUM
MEeTaN/IM3NPOBAHHbLIMW CAOSAMU OAHOBPEMEHHO NO6LIM U3 ABYX CNOCO60B.

TakuM obpa3oM, npu gajbHenweM npucoeanHeHnn anekTpoaa (HaHeceHuem
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AN NHbIM 06pPa3oM) K TOKOCLEMHUKY A0CTUIAETCA BO3MOXHOCTb
Haanexawero n apPeKTUBHOINO COeANHEHUS BCEN KOHCTPYKLUN 31eMeHTa
nuTaHnsa (No0 MeHbLIEN Mepe, 3NeKTPOoAa/TOKOCHbEMHMKA) C LLeNIEBbIM BbIBOAOM
AN panbHenwero obecneyeHns NPOBOAMMOCTU HAPYXY TaKoro yayuyleHHOro
6e30nacHoro (C TOHKOMNJIEHOYHbIM TOKOCLEMHUKOM) 3/IEMEHTA NUTaHusA. JTa
BO3MOXHOCTb noaxoasauwero n apdekTmuBHoro obecneyeHmsa nposognuMOCTU OT
TOKOCbeMHUKa (060unx cnoes MeTanIM3NPOBaHHOWN NAEHKN) OAHOBPEMEHHO K
TaKOMY BbIBOAY AN nNepefayun 3HEPrnuun HapyxXy no3sondeTr obecneunTb
06wy PYHKUNOHANBHOCTb U, COBCTBEHHO rOBOPS, Hagnexawee
ncnonb3oBaHue Takoro 6esonacHoro 6atapemHoro yCTpomcTea, Kotopoe,
ONATb Xe, A0 CUX Nop He 6b110 u3yyeHo. bes apdekTnBHON onepauunm
cBapkun o60ux cnoes MeTanM3npoBaHHON NaeHKN 6a30BOro TOKOCbEMHUKA
Takaa nepepada sHeprun 6bina 6b1, N0 CyTH, 3aTpyaHeHa. KoHeuHo, Kak
yKa3aHo Bbllle, TOKOCbEMHUK MOXET npeacraBnaTb CO60M MHOMOC/ONHbIE
KOHCTPYKLWM N3 O4HON NOJIMMEPHOWN NOANOXKMU, pa3fensaowen aea
METaN/IM3NPOBAHHbIX CN10S B KAXXAO0W TaKOW KOHCTPYKUUM(ApYyrumMun CnoBamm,
nosTopaowmnecs 610KM X TOHKOMNAEHOYHOW NOJIMMEPHON NOAJIOXKUN C
BEPXHEN N HUXHEN MeTaNJIN3NPOBAHHLIMU MAEHKAMN NO XENaHu; no
MeHbLIENn Mepe, o4Ha Takasa 6a3o0Bas KOHCTPYKLUSA MOXET NpUCYyTCTBOBAThL B
Buae nwboro KonnyecTtsa CNoeB, HaJOXEHHbIX APYr Ha Apyra, A0
npubnnsuntenbHo 12-15 nnum 6onee, B 3aBUCMMOCTU OT €€ KOHEYHOro
NCNONb30BaHUA). Takne aeMeHTbl MMTAHUA C HECKONIbKMMU 6a30BbIMU
KOHCTPYKUMaMu notpeboBanun 66l OA4HOMO U TOro Xe Heo6XoAMMOro CBapHOro
coeanHeHnsa (CoeauHEHMI) No MeHbLen mepe C oaHON 6a30BON CTPYKTYpoOn B
BMAE NOAJIOXKN/BEPXHEN U HUXHEW METANZIM3UPOBAHHOW NJIEHKN AN
YHKLMOHANBbHOCTU LENEBOro sfieMeHTa nutaHunsa. Konmuecrso cnoes
MEeTaJIN3MPOBAHHOM NJIEHKU, KOTOpble CBapeHbl BMecTe, MoXeT 6biTb 15, a
MoXeT 6bITb U 6onblie, Ao 25 nnun paxe 50 B ogHOM cTonke. Ecnn yncno
CTAHOBUTCSA CAMWKOM 60AbLLIMM, PAacCTOSAHUE, HA KOTOpoOe npoaasanBatoT
METaJ/IN3MPOBAHHYIO NMAEHKY AJ19 YCTAHOBIEHUSA KOHTAKTOB C
HUXenexawmmMmn cnosamMm, MoOXeT CTaTb O4eHb 6onbwuM. Taknm obpasom,

MaKCMManbHOE KOJIMYECTBO CNOEB B CTONKE MOXET 6biTb MeHblue 250, nau
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npeanoytTnTensHo MeHbwe 100 nan paxe 6osiee NpeanoyYTUTESIbHO MEHbLLE
50.

[0131] B uenax Takoro coegMHeHus Mexany TOHKOMNIEHOYHbIM
TOKOCbEMHUKOM (ONATb Xe, N0 MeHblUen Mepe OAHON KOHCTpYKUMEN B BUAE
NOJIMMEPHOMN NOAJIOXKKUN C BEPXHEN U HUXXHEWN METaNIN3NPOBAHHbIMU
NnAeHKaMn) u BbIBOAOM MOTYT ObITb MCNOAb30BaHbl 60abLWIE OA4HON CBAPHOMU
BbleMKUW. TakuMe CBapHble WBbl MOryT 6bITb NPeAyCMOTPEHbI BHYTPU
Hebonbwon obnacTn TokocbeMHuka (U, cneposaTenbHO, BbIBOAA), WU MOTYT
6bITb NpenycMOTPEHbI B BUAE Y30POB U3 NOBTOPSAKOLLUXCA BbIEMOK
OAWHaAKOBOW TPEXMEPHON KOHCTPYKLMU, UIN, BO3MOXHO, B BUAE Yy30p4aTbIX
AN CNyYanHbIX KOHUIypauun n3 passiniyHbiX TPEXMEPHbLIX KOHCTPYKUUNA.
Kpome Toro, MoryT 6bITb MCNOJIb30BaHbl TaKXe ClydYallHble KOHGUrypauum mn3
OAMNHAKOBbLIX TPEXMEPHbIX CBAPHbIX KOHCTPYKUMI. BaXXHOCTb TaKUX CBAPHbIX
BbIEMOK 3aK4yaeTcs B TOM, UTobbl, onaTb e, obecneunTb Hagnexawme u
3 PpeKkTnBHbIE COEANHEHUS MEXAY BbIBOLOM U TOKOCLEMHUKOM, NO3BONASA
TOHKOW NJIEHKe COXpaHATb Heobxoanmblie acnekTbl 6€30NacHOCTU, CBSAI3aHHbIE
C HeN (YMEHbLWMNTb CKJIOHHOCTb K TENJIOBOMY pPa3roHy) C COXpaHEHMUEM Npu
3TOM Haanexauwen cnocobHOCTU nepeaasaTb 3apaj U, CNeaA0BaTENbHO,
NPOBOAMMOCTUN HAPYXYy CaMOro ajsieMeHTa NuTaHua. Takne cBapHbie
KOHCTPYKLUMM NO3BOAAIOT, ONATb Xe, CO34aBaTb TPEXMEPHbIE KOHCTPYKLUN,
KOTOpble AeNnatloT BO3MOXHbIM KOHTAKT OrpaHUYeHHbIX obnacrten BbiBoaa u
TOKOCbEMHWKA C onpeaeNeHHOW paBHOMEPHOCTbIO CMELLEHUSA NOJIMMEPHON
NOAJIOXKWN, MNO3BONAA BEPXHEMY N HUXHEMY CNOSAM METaNU3NPOBaAHHOM
NAeHKW KOHTAKTUpOBaTb APYr C APYIOM, a TaKXe nepeMew,arb Npu 3TOM
BbIBOJA AJ19 NPUBEAEHUSA B KOHTAKT C TAKUM KOHTAKTOM BEPXHEro U HUXHEro
CNoeB METaNIM3NPOBAHHON NJIEHKN. MHOXECTBEHHbIE BbIEMKN MpU
HeOo6X0ANMOCTU NO3BOJIAKOT MOBLIWATL NPOBOAMMOCTb, @ TAKXe YBENYnBaThb
naowanb NOBEPXHOCTU COeauHEHUN Ang 6onee HafeXHOro KpenaeHus
MeXAY BbIBOAOM U TOKOCLEMHUKOM. Takue TpexMepHble CBapHble BblEMKMU
MOTyT 6bITb BbINOJIHEHbI C UCNOJNIB30BaHNEM N060Oro KoamMyecTesa
KOHCTPYKLMUIA CBApPOYHOWN ONOpbl, BKAKOYas, 6e3 orpaHu4yeHnmn

NPAMOYrosibHble (JINHEWHbIE) TpeXMepHble onopbl, chepuyeckmne (Mnu
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nonycgepunyeckue), ycedeHHbole nupamMmmpanbHble (C KBaapaTHOW HUXHEN
YaCTbiO U KBAAPaTHOW BEPXHEN YACTbK MEHbLLIEr0 pa3Mepa), 3aKpyr/ieHHbIEe
nupamupanbHble (C NU30FHYTbIMU KPasiMMU B UX BEPXHEWN 4YacTuU) U T. N. Takue
KOHCTPYKUMK obecneymBaloT BbIEMKU, KOTOPbIE NMO3BONSAKOT BEPXHEMY
METaN/IM3NPOBAHHOMY CNOK (MU HUXKHEMY METANNN3NPOBAHHOMY C/OI0 B
3aBUCUMOCTU OT MECTOMNOJIOXKEHUA (PaKTUUECKOro CBApHOro wea, CBepxy uau
CHU3Y TOKOCbEMHMKA) AedOopMUPOBATLCA B HUXHEM HanpasneHun 6e3
pas3pbiBa MNAEHKN U KOHTaKTa onpeaeneHHon 06aactu C HUXHUM
METaN/IM3NPOBaHHbIM C/I0EM, B TO BPEMSA KaK MNOJMMEPHAsa NOAJ0XKKA
CMeLLaeTcsa, HO OCTaeTCs B KOHTAKTE C nepemMeLw,aeMbiMn CI0AMU
MEeTaN/IM3NPOBAHHOW NJIEHKU ANA NPUIOXKEHUSA YCUIUA K TaKOM
nepemewaeMmon nx obnactu, 4tobbl 4OCTUYL pa3MepHON CTabunbHOCTM nocne
TakoW CBapo4YHON onepaunun. Kak oTMeueHo Bbllwe, TakKue CBApOYHbIE LWBbI
MOryT 6bITb NPeayCMOTPEHbI B O4HOM 3K3eMnaspe B TaKOW KOMMNO3UTHOM
KOHCTPYKLWUX B BUAE BbIBOAA/TOKOCHEMHUKA, UAN MOTYT 6bITb HAHECEHbI
MHOTFOKPAaTHO AN YBE/IMYEHUSA NAOLLAAN NOBEPXHOCTN KOHTAKTa Mexay
ABYMSI KOMMOHEHTAMN KOMNo3uTa, NMb60 paBHOMEPHO, NMBO CnyyanHbIM
ob6pa3omM, nnb0o BCnaowHy (N0 BCen onpeaeneHHon obnactun), nnbo
pa3pexeHHo (B npeaenax obnactn). Onatb Xe, BO3MOXHOCTb obecneunBaTb
Takne acnekTtbl 6€30MacHOCTU TOKOCHLEMHON KOHCTPYKLUMUN B LLENEBOM
3/1eMeHTe NUTAaHUA C OAHOBPEMEHHON BO3MOXHOCTbIO Hagsexalero u

3¢ PEeKTUBHOIro coegnuHEHUS C BbIBOAOM B LENAX NPOBOAUMOCTM ABASETCA
nepBOCTENEHHON B TakKoW cuTyaunn. Taknm o6pa3oM, TOHKONEHOYHbIE
TOKOCBbEMHUKWN, HEOXWNAAHHO, MOTYT 6bITb MCNONb30BaHbl C TAKOWM
noayyarwwencsa B pesyabrate 3(pPeKTUBHOCTbIO B 3TON onepaunmm CBapKu ¢

BbIBOAOM C H60/IbLLUOW MOSb30W.

[0132] B Takoi onepaunun cBapku MOryT 6biTb MCNOAb30BaHbI
yJbTpa3BykK, noAsos Tenna (HanpuMmep, yepe3 HaKOHEYHUK) UK
npuaoxXeHue aasneHnsa (oNATb XKe, NyTEM UCNOJIb30BaHMUA onopbl). MNpu 3TOM
MOryT 6bITb MCNOJIb30BaAHbI OA4Ha ONOpPa UAN HECKOJIbKO ONOpP O4HOBPEMEHHO
B Npepenax CeTKuU, KOTOPYK HAHOCAT Ha U CBEpXY onpeneneHHon obnactu

BblBOAA, @ TaKXe 6J1I0KOB TOKOCbEMHUK/3NeKTpoa (KaK OTMEUYEHO Bbllie).
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TakuM ob6pa3oM, Takue BO3MOXHOCTU CBAPKMU MO3BOASAIOT UCNOAb30BaTb PAs
APYrMX NOAe3HbIX BO3MOXHOCTEN, KOTOpPbIE HEe 6blIn n3ydeHbl B npownom. K
HUM OTHOCUTCS BO3MOXHOCTb KOHMUIypauum m3 MHOXeCTBa TOKOCLEMHUKOB
N MHOXeCTBa BbIBOAOB, CBApPEHHbIX BMECTe, KaK LEelnKoM, Tak 1 no
oTAeNbHOCTU. OAMH BbIBOA TAaKXe MOXET 6bITb COeMHEH CBAPKOW C
MHOXXECTBOM CJ/10€B TOKOCbEMHUKOB, YTO NO3BONSET COEAUHATL Takne
BEPXHUNE U HUXXHUE METaNAN3NPOBAHHbIE C/I0M B TaKUX MHOMOC/IOMHbIX
KOHCTPYKUMax (No MeHblien Mepe, C ABYMA U NIIOO6bIM KOJIMYECTBOM CJ10€B,
Hanpumep Ao 25). Kpome Toro, npn Heo6xoanMoCcTn MoxeT 6bITb
NCNONIb30BaHa KOHCTPYKLUUSA TOKOCLEMHUKOB U BbIBOAOB, PACNOM0XEHHbIX B
lWaxMaTHOM nopsaake, Takxe 6e3 yuwepba gna 6e30nacHOCTU AN Nepepaydun
oHeprnun. Takon BbIBOA 371€KTPOAa MOXET UMETb pacClMpeHHyYo ob6nactb ang
obecneyeHunsa 6onbliero KoONNMYeCcTsa CBapHbLIX WBOB, ONATb Xe, ANS
yBEMYEHMA NAOWaan NOBEPXHOCTM B Lenax obecneyeHns npoBoAMMOCTH
n/mnun coegnHeHnsa. Kpome T1oro, coeanHeHue BbIBOA/3NEKTPOL MOXET
coyeTaTbCa C CyXXeHHOoN 06nacTbio BbiBOAA pNa ob6ecneyeHnss «BCTPOEHHOro»
NAaBKOro NpeaoXpaHuTens aneMeHTa. Takon naaBKUn npeaoxpaHuTenb
3/1eMeHTa TaKXe MOXeT CcnocobCTBOBaATh Aaxe elle 60nblueMy NOBbILWEHUIO
6e3onacHoCTU. Mexay CNoSAMU NAEHKN TOKOCbEMHMUKA MOTYT ObiTb TaKXe
BCTaBJIEHbl AONONHUTENbHbIE MEeTann4Yeckmne cnon, 4ytobol cnocobCcTBOBaTL
BO3MOXHOCTAM CBapKW MeXAy TakKuMu CTonKamu nnaeHku (0cobeHHO npu

HaNN4YMKM HECKONIbKUX CNOEB, ONATb Xe, A0 NpUMepHo 25).

[0133] Kpome Toro, 4to Kacaetcsa camoro BbiBoga (unu
9NEeKTPUUECKOro CoeanHUTENA, KaK ero elle Ha3biBalT), TAKON KOMMOHEHT,
KaK OTMe4anocChb Bbille, NpMBAPUBAIOT K 3N1EKTPOAY U BNOCNEACTBUMN
coepuHAT nMbo C ApYrMMU KOMMOHEHTaMN aneMeHTa (BHYTPU KOHTENHepa),
nnMbo npmucoeanHSAT K KOpnycy anemeHTa (M, BO3MOXHO, Yepe3 Hero), ons
(YHKLMOHNPOBAHNA TEM CaMblM B Ka4eCTBE BHELIHEro 31eKTpoaa aAnsg
COE€ANHEHMNSA C BHELIHUM YCTPOUCTBOM (419 nepepavn eMy sHepruu, 4pyrmMm

cnoBamu).
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[0134] Kak ynoMMHanNocCb Bbille, CBApPOYHbIe onepauun n npouecchl
MOMYyT NPOBOAUTBLCA KakK cBepXy (CO CTOPOHbI BbIBOAA), TaK U CHU3Y (CO
CTOPOHbI MJEHKN TOKOCbEMHUKA) LeneBon KOMMNO3UTHOW KOHCTPYKL UK
aneMeHTa. B TakuMx cuTyaumsax cBapHble WBbl MOMYT BbIMOAHATLCA CO CTOPOHDI
BbiBOAA (NOCPEeACTBOM MCMNOJ/Ib30BAHMA HA TAaKON MOBEPXHOCTU NOABUXHOIO
POXKOBOI0 YCTPOWUCTBA), NPU 3TOM 0onopy (HENOABUXHYI) NPUXUMAIOT CO
CTOPOHbI NAEHKU (KaK OTMeyeHOo Bbiwe). OaHaKo MOXHO UCNOJ/Ib30BaTb U
obpaTHbIN BapuaHT, KOr4a onopy BAABJIMBAKT B BbIBOA, C NOABUXHbIM
POXXKOM MOJA4 HUM CO CTOPOHbI NAeHkn (anga obecneyeHuns rnagkoun
KOHCTPYKUNU, K KOTOPON B KOHEYHOM UTOre NpuxXnuMaertca onopa). B nwobon
CUTyauun AonycKaeTcsa BO3MOXHOCTb obecneyeHnsa Tpebyemon cBapHOM
BbIEMKU C UENbl COEAUHEHUSA U CKNENUBAHUA NO OTHOLEHU K TOHKOMY
MEeTaNM3MpPOBAHHOMY TOKOCBLEMHUKY ANA Takoro 6e30nacHoro, Hag4exXHoro u

3¢ HEKTUBHOIr0 COEANHEHUS CHAPYXWU NOCPEACTBOM BbIBOAA.

[0135] Kpome Toro, 6bina 0Co3HaHa BO3MOXHOCTb o6ecnevyeHuns
AOMNOJIHUTENbHbLIX NONE3HbIX CBAPOYHbIX BO3MOXHOCTEN B OTHOLLUEHNN
KOHpUrypaunin nakeTHOM CBapKu, KOTOpble A0 CMX NOP HE U3y4YeHbl, ONATb
Xe, B NI0O6bIX CUTyaumax C TOHKOMJIEHOUYHbIMU TOKOCbEMHUKAMN. Hanpumep,
OAWH BbIBOA MOXET ObITb NCNONB30BAH NO MEHbLUEW Mepe C O4HUM U A0
npuMmepHo, 6e3 Kaknx-nnbo orpaHu4yeHunin, 25 cnoamm meTannn3mpoBaHHOMN
nneHkn. N HaobopoT, BO3MOXHO MCNOb30BaHME MHOXECTBA BbIBOLOB BMECTe
C OT OAHOro A0 NPUMEpPHO 25 cnosaMn METanNIn3nMpoBaHHOM NNEHKU, MPUYEM B
KauyecTBO OAHOMW HEOrpaHU4YnBalOLWEN BO3MOXHOCTU, BbIBOAbI pacnojaratT
CBEPXY U CHWU3Y CTOMKKW CA0EB MEeTaNIN3NPOBAHHON NAeHKKN. B kauecTee
aNbTepPHATMBbl, TAKUM 06pa3oM, TaKne MHOXECTBEHHbIE BbIBOAbI MOTYT ObITb
TakKXXe UATU BNepeMexkKy rno BCen CTonKe CN0eB MEeTaNIN3NPOBAHHON MAEHKHN
(N0 BCEMY TOKOCHLEMHWKY), PABHOMEPHO MK pa3pexXeHHOo Nno mepe
HeobXoANMMOCTU U/Mnun No XxenaHuw. 3170 obecneunsaeT psaa pasINYHbIX
pe3ynbTaToOB U BO3MOXHOCTEN ANa BbIpaboTKM U nepeaayvyum 3Heprum c
noMoLLbio 6e30nacHbIX (C HU3KOW CKIOHHOCTbLIO K TEMJOBOMY pa3roHy, onfaTb

XXe) 3/1eMEeHTOB.
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[0136] Kpome Toro, MoxeT 6bITb NCNONb30BaH O4UH BbIBOJ,
AOCTaTOYHOM ANWNHbI ANSA CKNaAbiBaHUS NOBEPX U BOKPYT TOHKOMJIEHOYHOIO
TOKOCbEMHUKA (MM MHOXECTBA ero C/s0eB) M, N0 CyWeCTBY, NPUBApPEH He
TOJIbKO K TOHKOMJIEHOYHbIM TOKOCbEMHMKAM, HO U K cebe (B CYLWHOCTH

AENCTBYS KaK 3aXXUM BOKPYI TOKOCLEMHUKOB).

[0137] Kak ynoMMHanocCb Bbile, NUCMOJIb30BaHUE MHOXECTBA CBApPHbIX
LWBOB NoMoraer obecneuynTb 4OCTAaTOUYHOE coeAnHeHune ans obLen NpoYHOCTH
NOJIYYEHHOro TakKuM 06pa3oM KOMMNO3UTA, a TaKXe YBEeNYNTb BO3MOXXHOCTU
NPOBOAMMOCTM U3 3J1IeMEHTa NUTaHNA HapyXy NoCpeacTBOM BbiBOAA.
KonnyectBo MCNOJIb3yeMbiX CBAPHbIX LUBOB MOXET ObITb paCCYMTAHO Ha
AOCTUXEHNE MAaKCUMaNbHOro ToOKa ANA 3/1IeMeHTa, N0 NPEBbILLEHUN KOTOPOro
CBapHble WBbI BbIMAYT U3 CTPOSA U pa3opBYT COeaMHEHUE C BbIBOAOM. Takas
cBapka B N060M KONNYECTBE, NO XEeNaHUK, MOXET ObiTb NPUMMEHEHA Ha
NnoboM n3 anekTpoaos (aHoAE NN KAaToAe) OTAENbHO AN HA 060muX
3NeKTpoaax OA4HOBPEMEHHO B OAMHAKOBOM WM Pa3HOM KOJINYECTBe, ONnsATb

e, NOo XenaHuto.

[0138] YT0 KacaeTcs Takux BO3MOXHOCTEN CBApKK, TO CyLLecTByeT
Takxe noteHuman (a MHorga n HeobxoAMMOCTb) ANnA obecnevyeHus Toro,
yTo6bl TAKNE COEANHEHNS MEXAY TOKOCbEMHUKOM/3NEKTPOAOM U BbIBOAOM
6bI1M YCMAEHbl NOMUMO CaMUX CBApPHbIX WBOB. [JpyrumMn cnoBamu,
BO3MOXHOCTb OTCO€AMHEHNSA TaKUX KOMMNOHEHTOB M3-3a 0C/abieHHbIX
CBapPHbIX LUBOB MOXET NOCTaBUTb NMoA Yrpo3y BO3MOXHOCTU 3/1EMEHTA
NMTaHUa B LEeNoM. [lna pganbHenwero NnogaepXaHus N yCuneHus
NpeMMyLLECTB BbIpaboTKN 1 Nnepeaayn sHeprum Takon 6esonacHom
KOHCTPYKLUUUN (C TOHKUM TOKOCLEMHUKOM) B AOMOJIHEHNE K CBAPHbIM LUBAM

MOTYT 6bITb MCNONBb30BaHbI NeHTa, 3aXXnM U nX BO3MOXHbIE KoMbuHauynn.

[0139] Takne TOHKUE NAEHKU TNTUN-UMOHHON BaTapen MoryT
notpeboBaTb OnpeAeneHHbIX YHUKabHbIX 3TanoB 06paboTku BBUAY UX
YHUKanbHbIX KayecTs. OaHaKo MOryT 6bITb MCMO/Ib30BaHbl TaKXe MHOrue

3Tanbl 06paboTKK, XOpPOLIO U3BECTHbIE B AAaHHOW 06n1acTn TEXHUKKU. B uenom,
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npouecc NnpoM3BoACTBA NUTUN-NOHHOW BaTapen C NeHKaMn B COOTBETCTBUN
C HacToawmMM n3obpeteHnem BKAKOYAET Caeaytouime sTanbl:

a. Nony4yeHune 3NneKTpoaa, UMEKLWero No MeHbLUEN Mepe OOHY
METaNNN3NPOBAHHYIO NOAJIOXKKY C NOKPbITUEM M3 MaTepuana Ans XpaHeHus
NOHOB;

b. nonyyeHue npoTneBoanekTpoaa;

C. NOCNONHYI0 YKNAAKYy YKa3aHHbIX 3/1eKTpoAa U NpOTUBO3IEKTpoAa
HanNnpoTWUB ApPYr Apyra C pa3faenntesibHbiIM KOMMNOHEHTOM, PacrnofI0OXEeHHbIM
MeXAY YKa3aHHbIM 3/1IeKTPOAOM N YKA3aHHbIM NPOTUBO3IEKTPOAOM; d.
noJsiyyeHue ynakoBouyHOro Matepmana, coaepxawiero KOMnoOHeHT
3/IEKTPUYECKOro KOHTaKTa, NpuYeM yKasaHHbIA KOHTAKT COAEPXUT 4YacTb,
HaxXoAAaLWYKCSA BHYTPU YKa3aHHOro ynakoBo4HOro marepuana, u 4acTb,

HaxogAawyrca CHapyXu yKa3daHHOIro ynakoBo4yHoOro MmaTtepuana,;

€. Q1IEKTpNu4eckoe coeagnHeHNe yKa3aHHOro aneKTpnyeCcKoro KOHTakrTa C

YKa3aHHON MeTaJNn3npoBaHHOM Noanoxkon; f. BBegeHne no MeHbluen mMepe
OZLHOTO XWAKOr0O 3JIEKTPOJIMTA C MOHAMU BHYTPb YKA3aHHOI0 ynakoBOYHOIO
MaTepuana u

g. repMeTn3aLmio yKkazaHHOro ynakoBo4yHoro Mmarepuana.

[0140] MeTtannu3npoBaHHasa NOANIOXKa MOXET 6bITb 110601

I'IO,,EI,J'IO)KKOVI, KOTOpPad OonnuCaHa B HaCcToAlEM AOKYMEHTE.

[0141] MaTepuan gna XpaHeHUsS MOHOB MOXET 6bITb, Hanpumep,
KaToAOM MAW aHOAOM AN NNTUA-NOHHBLIX BaTapen, Kak Xopowo U3BECTHO B
AaHHOW obnactn. B uncno KaTtoaHbIX MAaTeEpPUanoB MOryT BXOAUTb OKCUA,
kobanbTta-nutna LiCoO2, docdat xenesa-nutna LiFePO4, okcua mapraHua-
nntna LiMn204, okcup kobanbta-Hukena-mapraHya-nutusa LiNixMnyCo; 0z,
okcua antoMmnHuna-Hukena-kobanobta-nutua LiNixCoyAl;O2 nnn cmecu
BblLLEeNnepeyYnCAEeHHbIX UK APYrMX MaTepuanos, U3BECTHbLIX B fAHHOMN
obnactun. B yncno aHOAHbLIX MaTepuanoB MOryT BXOAUTb rpaduT, TUTAHAT
nntua LiaTisO12, TBEPAbLIN yrnepos, 010BO, KPEMHUA UAKM NX CMECH,
N3BECTHble B AaHHON obnactu. KpoMme T0ro, matepuan gnsa XpaHeHUs UOHOB

MOXET BKJIlOYATb MaTepuasbl, UCMOJb3yEMbIE B APYIMX YCTPOUCTBAX
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HaKOMJIEHUS 3HEPrun, TakKMX KakK CynepKkoHaeHcaTopbl. B Takux
CynepKoHAEeHcaTopax MaTtepuanbl ANa XpaHeHUA NOHOB OyAyT BKAKOUYATb
AKTUBUPOBAHHbIN YrONb, aKTUBUPOBAHHbIE YrNepoAHble BONOKHA,
NoNy4YeHHbIM N3 Kapbuaa yrnepoa, yrnepoaHbii asporenb, rpaduT, rpadeH u

yrnepogHble HaHOTPYOKM!.

[0142] NMpouecc HaHeCeHMA NOKPbITUA MOXET 6bITb J1OO6bLIM NPOLECCOM
HaHeCeHNsa NOKpbITUSA, KOTOPbIM oblien3BecTeH B faHHON obnactu. Ang
NIMTUN-NOHHBIX 6aTapen 06bIYHO MCNONL3YIOT NPOLECCHl HAHECEHUSA
NOKPbLITUN C UCNONB30BAHUEM paKesia Haj BaJIkKOM U WEeNeBOW IKCTPY3NOHHOWN
rON0OBKWN, HO MOTYT UCNOJSIL30BaTbCA U APYrne nNpouecchl, BKAKYasa
HaHeCeHne NoKpbITUA METOAOM XMMUYECKOro BOCCTaHOBNEHUA. B npouecce
HaHeCeHnsa NOKpbITUA MaTtepuan ANa XpaHEeHUS NOHOB 06bIYHO CMELNnBatoT C
APYrMMu MaTepuanamn, BKJIKYaa CBA3YHOLWMNE BEWECTBa, TakMe Kak
NONAMBUHUANAEHMTOPUA AN KapbOKCUMETUNLENON03a, NN Apyrue
nneHkoobpasywuwme nonnmepsl. B uncno apyrnx nob6aBok B CMeCb BXOAAT

yrnepoaHas caxa u gpyrue nposojsiine o6aBKu.

[0143] NMpoTnBO3NEKTPOALI COAEPXKAT APYrue 3N1eKTPOAHbIE
MaTepuanbl, KOTOPbIE UMEIKT 3NEKTPOXUMUYECKNE NOTEHLMANbI, OT/INYHbIE OT
NOTEHLMANOB MAaTepunanos A9 XpaHeHMsa MOHOB. Boobue, ecnn matepuan
ANSA XpaHeHUs NOHOB NpeacTaBnsgeT cobon MaTepuan MOHHO-NTNTUEBOIO
aHoA4a, TO NPOTMBOANEKTPOA AOXKEH ObITb BbINOAHEH U3 MAaTepuana NOHHO-
NMTMEeBOro Katoga. B cnyvae, korga matepuan gnsa XpaHeEHUSA MOHOB
npeacrasnsaeT cobon Matepman MOHHO-IMTUEBOrO aHo4a, TO
NPOTUBO31EKTPOA MOXET OblITb MaTEPUANOM MOHHO-IUTMEBONO Katoha. B
c/lyyae, Koraa matepuan pjisa XpaHeHuUs MOHOB ABASETCA MaTepuasnoMm
CynepKoHAEeHcaTopa, NPOTUBO3JIEKTPOA AONXKEH 6bITb BbINOJIHEH N1MO0 N3
MaTepuana cynepkoHaeHcaTopa, 1mbo, B HEKOTOPLIX CiyyasaXx, U3 Mmatepuana
JIMTUN-NOHHOIO aHOoAA MW NINTUIN-NOHHOIO KaToaa. B Kaxaom cnyvae
NpoTUBO3EKTpoa byaeT coaepXaTb MaTepuan ANa XpaHEeHUs NOHOB,

HaHECEHHbIN Ha TOKOCbLEMHbLIN MaTepuan, KOTOpPbIM MOXET NpeacTaBnaTb
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coboli MeTanamyeckyto honbry unu MeTaann3mpoBaHHYO NNEHKY, KaK B

HacTosAweM n3obpeTeHuu.

[0144] B npouecce HAHECEHUS CNoeB 31IeKTPOA COrlacHO HacTosAWeMy
n306peTeHnto HaHOCAT Ha NPOTUBOINEKTPOA, NPUYEM INEKTPOAHbIE
MaTepuanbl obpaweHbl 4pyr K Apyry, a MeXAy HUMU HaxXoauTCs NOPUCTbIN
pasgenutens. Kak obwenssectHo B AaHHON 061aCTN TEXHUKU, NTEKTPOAbI
MOryT 6bITb HAHECeHbl C 06enx CTOPOH, a CToNKa aneKTpoaos obpasyerca
yepenywwmnMnUCca 3NeKTpogaMmmn n NpoTUBO3INEKTPOAaMN B COOTBETCTBUN C
HacToAWMM N306peTeHnemM C NOPUCTbIM pasaennTenemM Mexay KaxzablM
cnoeM. Kak Takxe U3BeCTHO B AaHHON 06nacTn TeXHUKN, B KavecTBe
aNbTepHaTMBbI NONOCKU NEKTPOAHbIX MAaTepUanoB MOryT ObiTb CJI0XEHbI

CTOMNKOI, @ 3aTeM CBEPHYTbl B LMAMHAP.

[0145] B uncno ynakoBOYHbIX MaTepManoB MOryT BXOAUTb TBEPAbIE
YNaKOBKWN, TaKNe KaK CTakaHbl ANS LMANHOAPUYECKUX SIEMEHTOB,
NPUNAIOCHYTbIE TBEPAbIE KOPNYChbl UK NOAMMEPHbIE NakeTbl. B Kaxaom
cnyvae gonxHo 6biTb He bonee ABYX CpencTB CO34aHNA SNEKTPUYECKOro
KOHTAKTa yepe3 Kopnyc, KOTOpble MOryT NOAAEPXNBATLCA N0 pPa3HbIMU
HaNpPSAXEeHUAMNU U MOIyT NPOBOAUTL TOK. B HEKOTOPbLIX CAy4YyasaX 4aCTb CaMOro
Kopnyca obpa3syeT 04HO CpeacTBO, B TO BPEMSA KaK APYIrMM ABASAETCA ApYyras
4yacTb KOpNycCa, KOTOpasa 3/1eKTPUYEeCKn M30amMpoBaHa OT Nepeon yactu. B
APYrux cnyvyaax Kopnyc MoxXeT 6biTb HENPOBOAALLMM, HO U3 HErO0 MOryT

BbICTYNaTb ABa ME€TaNJIMYECKNUX NPOBOAHWNUKA, YAaCTO Ha3blBA€MbIX BbiIBOAAMU.

[0146] CoeanHeHune cpencTB AN NOAYYEHUSA SNIEKTPUYECKOTO0 KOHTAKTA
C METANN3UPOBAHHON NOAJNIOXKON MOXET BKAKUYATb 06bIYHO MCNONb3yeMble
Cnocobbl, TaKMe Kak CBapKa, CKpenaeHne NeHTon, 3axXmMmaHue, ClUMBaHue
ckobamu, cknenbiBaHne Unn apyrne MexaHunyeckune cpeacrtea. Nockonbky
MeTanl MeETanAM3npoBaAHHOWN NOANOXKN MOXET ObiTb O4EHb TOHKUM, ONS
obecneyeHnsa NOBEPXHOCTU pa3aena, KoTopas No3BoNAseT NpoTekaTb
CUNBbHOMY TOKY, 06bIYHO TpebyeTCcss KOHTAKT «MOBEPXHOCTb K NMOBEPXHOCTU>,

AaroWwmin 60nblUY0 NNOWaAb NOBEPXHOCTU MEXAY CPeACTBaMU CO34aHus
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3N1EeKTPMUUYECKOro KOHTaKTa nocpeacTBoOM Kopnyca u MeTanaim3npoBaHHOMU
noAN0OXKKW. [lng nepeHoca A0CTAaTOYHOMo TOKa 3Ta naowasab NOBEPXHOCTH
A0J/KHA 6bITb 6osblie 1 KBaapaTHoro Mmunnmmetpa (1012 kBagpaTHbIX
METPOB), HO MOXET NoHaaobuTbcs, 4Tobbl OHA 6blna 6onblle 3 KBagpPaTHbIX
MWJJIMMETPOB, AN Aaxe 5 KBaApaTHbIX MUAAUMETPOB unun 6onee

npeanoyYyTuTenbHO 10 KBaapaTHbIX MUNJTUMETPOB.

[0147] KOHEYHO, B [OMNOJIHEHNE K KOHTAKTY «MOBEPXHOCTb K
NOBEPXHOCTU», 3TOT CBAPHOWN LLUOB MOXET BKJIOYATb KOHTAKT 3a CYeT
NpoAaB/IMBAHUA TOHKOIO METaN/IMYECKOoro Cnos yepes naacrmacCoBblii CNown
ANA NpUBEAEHUSA B KOHTAKT C METaslJIOM, paHee Haxo4AaWmMMCa Ha APy ron
CTOPOHE YKa3aHHOro nsiacTMaccoBOro €08, KOTOpbIM MOXeET ObiTb B BUAE
BbIEMOK, CO34aHHbIX NOCPEACTBOM YJIbTPAa3BYKOBOW CBAPKU UK APYrOro

cnocoba cBapku.

[0148] XXuakunii anekTponut ob6bI4HO npeacrasnseT coboun
KOMbMHauN/CMeCb NOAAPHOro pacTBOpUTENSA U CONKN NUTUA. B uncno
06bIYHO NCNONBb3YEMbIX MOASAPHBLIX paCTBOPUTENEN BXOAAT, Kak OTMeYanocb
BbllLe, NponuneHkapboHaT, aTuneHkapboHaT, gumMmetTunkapboHar,
aAnatunkapboHaT, HO MOryT 6bITb MCNONB30BAHbI ApYyrue NoAspHbIE
pacTBOpPUTENN, BKAOYAA MOHHbIE XUAKOCTU AN faxe Boay. B uncno conen
nnTnsa, 06bIYHO NCNONb3YEMbIX B 3TOW OTpacan, BXOAAT, 6e3 orpaHuyeHun,
LiPFe, LiPF4, LiBF4, LiClO4 n gpyrue. SneKTponuT MOXET TakxXe coaepaTb
A06aBKKu, U3BECTHbIE B AaHHOW obnactn. Bo MHOMrMX cay4yasaXx 3/1eKTposinTbl
MOryT ObITb IErKOBOCMIAMEHAOWMNMUCA, N B 3TOM C/lyyae 3awuTHbIe
CBOMCTBA TOKOCBLEMHUKOB C METANIM3NPOBAHHOWN NOAJIOXKKON,
paccMaTpMBaEMbIX B HACTOALWEM M306peTeHnn, MOryT OKasaTbCs MOJIe3HbIMU
ANA NpefoTBpaLLEHMSa ONacHbIX COObITUN TENIOBOro pasroHa, KOTopble
NPUBOAAT K BO3rOPAHUIO U NOBPEXAEHUIO KaK 3JIEMEHTA, TaK U TOro, 4To

HaXoaAnTCA CHApy>Xu 371EMEHTA.

[0149] NpuBeaeHHbIE HUXE ONUCAaHNA N MPUMEPDbI ABAAKTCA NULb

MnNrCTpaunaMmm BO3MOXHbIX BAPUAHTOB OCYLLECTBJIEHUA HACTOoALLEro
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n3obpeteHnsa. ObbeM Takoro pacKpbiTUS U ero 0XBaT C TOYKMU 3pEHUS
dopmMynbl M306peTeHns, NnpuBeAEeHHON HUXE, BNOJIHE NOHATHbLI cneynanncTy

B AaHHOW obnacTu.

[0150] Kak oTMe4anochb Bbile, pacKpbiTue HacToalwero n3obpereHums
npeacTtaenset cobon cepbe3Hblii CABUI U KAXETCA HEeNOrMYHbIM, UCXOOA U3
BCEX Npeablaywmx npeactaBaeHn n CpeacTs 3anTbl, NPEANPUHATBLIX B
oTpacnu nutuesbix 6atapen (M ppyrnx yCTpOMUCTB HAaKOMIEHUSA dHepPrum). Tem
He MeHee, ONMMCaHHbIe B HACTOSALEM AOKYMEHTE HOBbIE YCTPOUCTBA
obecneunBaloT paL NONE3HbIX Pe3yNbTAaTOB U CBOWCTB, KOTOPbIE A0 CUX MOpP
He 6bl1n U3y4YeHbl B 3TON 06n1acTn, He roBops yxe 0 TOM, YTO OHU OKa3anuchb
HeoXnagaHHbiMM. OAHAKO CHayana, Ana CpaBHEHUS, BaXHO OTMETUTb
pa3uTenbHble Pa3NIMuna Mexay nNpeawecTBYOWNUMN YCTPOUCTBAMU U
YCTPONCTBaMU, pacKpbiTbiIMM B HACTOSALWEE BPEMA U LUMPOKO OXBAaY€HHbIMU B

HACTOALLEM OKYMEHTE.

MpuMepbl COObITUIN KOPOTKOIO 3aMblKaHUA

CpaBHuUTENbHbIM NpumMep 1

[0151] Ot koMnaHnm GB Systems B Kntae nonyuunu katog pna nutnin-
xeneso-dochaTtHon baTapeun. B kauecTBe npuMepa MMEKLWErocs B npogaxe
TOKOCbEMHUKA U3BAEKAN aIlOMUHNEBDLIA BbIBOA, U U3MEPUAUN TOJILLMHY,
NOBEPXHOCTHYIO NJIOTHOCTb U CONPOTUBAEHME, KOTOPbIEe NOKa3aHbl B Tabaunue
1 HMXe. 3aTeM K antoMUHMeBon onbre B Te4eHne 5 MMHYT npukacanuco
ropsAYMM nassibHUKOM, TeMnepaTypa KOTOPOro, naMmepeHHas MHdpakpacHbIM
TepMmoMmeTpoMm, coctasngana ot 500 go 525 °F. lNpukocHOBEHME NASANIBHUKOM K
TOKOCbEMHUKY He nmeno addekTa. M3Mepuam TONLWMHY, MOBEPXHOCTHYIO
NAOTHOCTb U conpoTueaeHue. Matepuan NOMeCcTUnAN B NeYb Npu TeMnepaTtype
175 °C Ha 30 MUHYT 1 n3Mepunu ycaaky. Caenanun potorpaduio n BKAKUNAN
B ®UI. 6. Ha ®UI'. 5 nokasaH TpaaAULMOHHbIA TOKOCLEMHUK B TAKOMU

npuBEAEHHOWN ANs CpaBHEHUs 6aTapee.
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CpaBHUTENbHbIA NpuMep 2

[0152] Ot komnaHnu GB Systems B Kntae nonyuunu aHop ana nutni-
xene3o-docpaTHon baTapeun. B kauecTBe npuMepa UMEKLWErocsa B npogaxe
TOKOCbEMHUKA U3BAEKAN MEAHbIA BbIBOA, U UBMEPUN TOJILMHY,
NOBEPXHOCTHYI MAOTHOCTb U CONMPOTUBJIEHUE, KOTOPbIE NOKa3aHbl B Tabnuuye
1 Hnxe. 3aTeM K MegHon osibre NPUKOCHYINCb FOPAYNUM Mas/IbHUKOM TOYHO
TakK Xe, Kak B npumepe 1. MpnKOCHOBEHUE NAANBHUKOM K TOKOCLEMHUKY HE
nmeno apdekra. Namepunu ToNWMHY, NOBEPXHOCTHYIO MAOTHOCTb U
conpoTtusBneHne. Matepmnan noMecTuiun B nedb npu temnepartype 175 °C Ha
30 MUHYT 1 n3mMepunu ycaaky. Caoenann dortorpadpuio n skaounam B OUN. 6.
Kak n B cnyyae cpaBHUTENbHOro npumepa 1, Ha ®Ul. 5 nokasaHa
BHYTPEHHASA KOHCTPYKUMA Takon 6aTapen. TonwmnHa TOKOCbeMHUKA
3HauYuTeNbHas, Tak Kak OH npeacraBasetr co60M MOHONUTHYIO

METANNTNYECKYIO KOHCTPYKLUNIKO, @ HE TOHKOIro Tmna, onnCaHHoro cenvac.

Mpumep 1

[0153] Ot komnaHum MTI Corporation noay4ymnn noANNPONUAEHOBLIN
MaTepuan paspgenutena nutneson 6atapeun. Matepuan 6bin1 U3roToBaeH
komnaHunen Celgard nog HoMmepom usgenna 2500. N3mepunn TONLWMHY,
NOBEPXHOCTHY MJIOTHOCTb @aHOAHOIO COMPOTUBAEHUS, KOTOPbI€ NOKa3aHbl B
Tabanue 1 Huxe. 3aTeM K pa3aenuTento NPUKOCHYINCL FOPAYNUM NMasAbHUKOM
TOYHO TaK Xe, Kak B npuMepe 1. B pe3ynbTate NPpMKOCHOBEHUSA TEPMOMETPOM
K TOKOCbEMHUKY 06pa3oBanocb HebOobLLOE OTBEPCTUE. M3Mepunun guameTp u
BHecAu B Tabnuyy 1. U3mepunn ToAWMHY, NOBEPXHOCTHYIO NJIOTHOCTb U
conpoTusneHune. Matepmnan noMecTusiuv B nedb npu temnepartype 175 °C Ha

30 MUHYT n n3Mepunu ycaaky. Caenanun dotorpadpuio n skaounnm s OUN. 7.

Mpumep 2

[0154] Ot komnaHum MTI Corporation noay4YmMnmn NOKpPbITbIN KEPAMUKOMN

NONINITUNEHOBbLIN MaTepuan pasgenutens nutueson batapeun. NamMepunu
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TOJILNHY, NMOBEPXHOCTHYI MJIOTHOCTb U COMPOTUBJIEHNE, KOTOPbIE NOKa3aHbl
B Tabnuue 1 HUXxe. 3aTeM K pas3genutento NPUKOCHYANCH FOpPavYnmM
Nasi/IbLHUKOM TOYHO TaKXe, KakK B npumepe 1. B pe3ynbTaTte NpUMKOCHOBEHUS
NasNbHNUKOM K TOKOCbEMHUKY 06pa3oBanocb He6GOAbLLOE OTBEPCTHUE.
N3mepunn pnameTp n BHeCcAn B Tabnnuy 1. MU3MeEPUNUN TONLLUUHY,
NOBEPXHOCTHYIO MAOTHOCTbL U CONpOoTUBJsIEHME. MaTepuan NOMeCTUiun B Neyb
npu temnepatype 175 °C Ha 30 MUHYT 1 usmepunu ycagky. Caenanmu

doTorpadpuio n skawunan B OUl. 7A.

Mpumep 3

[0155] Ot komnaHum MTI Corporation noay4YuMan NOKpPbITbIA KEPAMUKON
NONAMNPONUAEHOBbLIN MaTepuan pasgenutensa nutueson batapeu. N3amepunu
TOJIWMHY, NOBEPXHOCTHYIO MNAOTHOCTb U COMPOTUBAIEHNE, KOTOPbIE NOKa3aHbl
B Tabnunue 1 HMXxe. 3aTeM K pasfaenuTento NPUKOCHYINCb FOPAYNM
NasJibHUKOM TOUYHO TakKXe, Kak B npuMepe 1. B pe3ynbTaTte NnpMKOCHOBEHUSA
NasNnbHUKOM K TOKOCbEMHUKY 06pa3oBanocb HeboNbLLIOE OTBEPCTHE.
N3mepunn pnameTp n BHeCnn B Tabnnuy 1. MU3Mepunm TONLLUHY,
NOBEPXHOCTHYIO NJIOTHOCTb U conpoTuBneHme. Matepuan noMecTunun B nedb
npu Temnepatype 175 °C Ha 30 MUHYT 1 usmepunu ycagky. Caenanmu

doTorpacdpuio n sknwuunn 8 OUl. 7B.

Mpumep 4

[0156] Ot komnaHuu All Foils Inc. noay4ynam antoMMHU3UPOBAHHYIO
ABYOCHOOPUEHTUPOBAHHYIO NOMNMIPUPHYIO NAEHKY, KOTOpasa npeaHa3HavyeHa
ANA UCNONb30BAHMA B HANOJIHAEMbIX FeIMeEM Npas3aHUYHbIX BO3AYLUHbIX
wapax. ANIOMUHMEBOE MOKpbITUE A0NblLUE YAEPXUBAET reavn, obecnevnsas
bonee ANUTENBbHBLIN CPOK CAYXObl Npa3AHUYHbIX BO3AYLHbIX LLIAPOB.
N3mepunn TOAWMHY, NOBEPXHOCTHYH MAOTHOCTb U COMPOTUBAEHUE, KOTOpblE
nokasaHbl B Tabauue 1 Huxe. 3aTeM K njeHKe NPUKOCHYNCb rOpAYnmM
nassibHUKOM 49 TOYHO TaK Xe, KakK B npuMepe 1. B pesynbTaTe

NMPUKOCHOBEHUS Nas/IbHUKOM K TOKOCBEMHUKY 06pa30BasioCb HEHObLLIOE
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oTBepcTue. NamMepunu amameTp u BHecau B Tabnuyy 1. U3amepunn ToAWwmHY,
NOBEPXHOCTHYIO MAOTHOCTbL U CONpPOTUBJIEHME. MaTepuan NOMEeCTUNIun B Nevb
npu Temnepatype 175 °C Ha 30 MUHYT 1 usmepunu ycagky. Caenanmu
doTorpacdpuio n sknounnm B ®Ul. 8. Mo cpaBHEHUO C UMEKLWNMCA B
npoaxe ailoMUHUEBLIM TOKOCLEMHUKOM U3 CPaBHUTENbLHOrO npumepa 1,
3TOT MaTepuan Ha 65% ToHbWwe N Ha 85% nerue, a Takxe AaeT yCcaaky oT
Tenna, 4To B INTUA-UOHHOM 3JIEMEHTE C BHYTPEHHUM KOPOTKUM 3aMbiKaHUEM

NpuBeno 6bl K pa3pbiBY BHYTPEHHErO KOPOTKOI0 3aMblKaHUS.

Mpumep 5

[0157] Nonyunnun Dreamweaver Silver 25, umMewowminca B npogaxe
pasaenutenb NOHHO-NUTUeBon 6atapen. OH BbINOMIHEH U3 CMECH
HaHOBOJIOKOH U3 LeNato03bl U aKPUIOHUTPUAA U MUKPOBOJIOKOH U3
nonuacdupa B bymarogenartenbHOM npouecce u OTKanaHAPOBaAH A0 Manoun
TOJIWMHbI. 3aTEM K pa3gaennTtentd NPUKOCHYANCb FOPAYMM NasibHUKOM TOYHO
TaK e, Kak B npuMmepe 1. B pe3ynbTaTte NPUMKOCHOBEHUSA NAANbHUKOM K
TOKOCbEMHUKY O0TBEpCTMe He o6pa3oBanocb. MIamepunun TonwmHy,
NOBEPXHOCTHYIO NJIOTHOCTb U conpoTuBneHme. Matepuan noMecTunun B nedb
npu Temnepatype 175 °C Ha 30 MUHYT 1 namepunun ycagky. o cpaBHEHUIO C
M3BECTHbIM YPOBHEM TEXHUKU, CpaBHUTENbHbIE NpuMepbl N°N? 3-5, 3Tun
MaTepuaabl UMEKOT NPENMYLLECTBO, 3aKJoyaKLleecs B TOM, YTO OHU He
NAABATCA WKW HE [Al0T yCaaKy B NPUCYTCTBUM Tenna, U NO3TOMY B JIMTUN-
WOHHOWN baTapee C BHYTPEHHUM KOPOTKMM 3aMblKaHWeM He byayT aaBaTb
ycaaky, npuBogsawyto K obpaszoBaHuio gaxe ewe 6onee CUNbHOro

BHYTPEHHEro KOpOTKOro 3aMblKaHusA. 2To BUAHO n3 OUI. 8A.

Mpumep 6

[0158] NMonyuunu Dreamweaver Gold 20, nmewLWwWMnca B npoaaxe
NPOTOTUN pa3AenuTensa MOHHO-NUTMeBON 6aTapen. OH BbINOJIHEH U3 CMECH
HaHOBOJIOKOH U3 Lenaa03bl U NapaapaMnaa 1 MUMKPOBOJIOKOH U3

nonmadupa B 6ymMarogenatenbHOM MPOLECCE U OTKANAHAPOBAH A0 Mano
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TOJIWNHBI. 3aTeM K pa3faesiuTento NPUKOCHYJ/INCb MOPSAYNM Nas/ibBHUKOM TOYHO
TaK Xe, KaK B npuMepe 1. B pe3ynbraTte NpUKOCHOBEHUSA Nas/IbBHUKOM K
TOKOCbEMHUKY OTBEPCTUE He 06pa30oBanoCh, Kak nokalaHo Ha OUI. 8B.
N3Mepunn TONLWMHY, NOBEPXHOCTHYIO MJOTHOCTbL U CONPOTUB/IEHUE.
MaTepnan noMectunu B nedyb npu temnepatype 175 °C Ha 30 MUHYT U
n3mepunau ycagky. lNpenmyuwiecrtesa 3Toro pasgenutesnsa no CpaBHEHUIo C
pa3fenutensaMun 3BeCTHOro YPOBHSA TEXHUKWN TE Xe CaMble, YTO U B NpuMepe
2.

TABJINLUA 1
NMpumMmep MaTepuan Tonw | Apean | ConpotuB |Ycap | Pasme
MHa bHas neHue Ka p
NJOTH (175 | oTBepcC
OCTb °C) ™A OT
KOHYM
Ka
nasinib
HUKa
CpaBHuTe | ANIOMUHUN 30 Mk | 80 r/m?2 | <0,1 MOM/K | 0% bes
JIbHbIN M BaapaTt oTBEepCT
npuMmep 1 ns
CpaBHuTe | Meab 14 mk | 125 r/m | <0,1 MOM/K | 0% bes
JNIbHbIN M 2 BaApaT OTBEpCT
npumMmep 2 ns
Mpumep 1 | PP 24 MK | 14 r/mM2 | BeckoHeyHo | MnaB | 7,5 MKM
M e nTCH
NpumMmep 2 | PP kepamMnka |27 mk | 20 r/m2 | BeckoHeuHo | Mnae | 2 mkM/1
M e nTCS MKM
MpumMmep 3 | PP kepaMuka 20 r/m2 | BeckoHeuHo | MnaB | 5 MkM/2
e nTCH MKM
NMpumep 4 | AntoMuHu3np |13 Mk |12 r/mM2 | 3,2 OM/kBa | 33% | 2 MKM
OBaHHbIN PET | M apat
NMpumep 5 | CMech 27 MK | 16 /M2 | BeCcKoHe4YHo | 2% Bes
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BOJIOKOH M e 0TBEpCT
ns
Mpumep 6 | CMech 23 MK | 16 /M2 | BeckoHeuyHo | 0% bes
BOJIOKOH M e oTBEpCT
ns

[0159] B cpaBHUTENbHbIX NpuMepax 1-2 npeacraBieHbl
CyLliecTByw e MmaTepumasbl TOKOCbEMHUKA, UMEKOLWME OYEHb HU3KOE
CONpPOTUBNEHNE, BbICOKYD MOBEPXHOCTHYI MAOTHOCTb U OTCYTCTBME KaK
peakunn Ha BO34ENCTBNE ropAYNM HAKOHEYHUKOM NasfibHUKA, Tak U ycagku

npu temnepatype 175 °C.

[0160] B npumepax 1-3 npeacraBneHbl MaTepuanbl, KOTOPble UMEKT
6eckoHeuyHoe CONPOTUBAEHNE, HU3KY NOBEPXHOCTHYIO NAOTHOCTb U
nnaBATCAa noa Bo3gencrenem nubo temnepatypbl 175 °C, nnbo ropayero
HaKOHEeYHUKa nasnbHuka. OHU ABASAOTCA OTAUYHbLIMU NOANOXKAMU 4NN

MeTannn3aunm B COOoTBE€TCTBMN C HACTOALLUM M306peTeHMeM.

[0161] NMpumep 4 ABnAETCS NPUMEPOM ANIKOMUHU3UPOBAHHON
NOJIMMEPHOMN NJIEHKU, KOTOPAas UMEET YMepeHHble CONPOTUBAEHUE, HU3KYIO
NOBEPXHOCTHYI MNAOTHOCTb U YCaAKy Nopj BO3AEUCTBMEM TeMnepaTypbl
175 °C wnun ropsyero HakoHeuyHuKa nasnbHuka. OHa npepcraBngaeT cobon
npuMep NOoTeHUManbHOW KOMMNO3UTHOW NJIEHKNU KAaTOAHOIMO TOKOCbEMHUKA B
COOTBETCTBUU C HACTOALLMM n3obpeteHneM. Ha npakTnke, 1 Kak nokasaHo B
AaNbHEeNWnX NnpuMepax, MoXeT bbITb XenatenbHo obecneunTb 6onee

BbICOKWI YPOBEHb METAJIZIMYECKOTO NOKPbITUA Anga 6onee MowWHbIX 6aTapen.

[0162] B npuMmepax 5-6 npepncrasneHbl MaTepuanbl, KOTOpble NUMEIOT
6eCcKoOHeuHoe CoONpoTMBIEHUE, HU3KYIO MOBEPXHOCTHYI MAOTHOCTb, HO OYEHb
HU3KYIO YCaAaKy noa sBo3gencreneM temnepatypbl 175 °C uau ropayero
HaKOHeYHMKa nasjbHuka. OHKN ABAAKTCA NpUMepaMun NOAMMEPHON NOANOXKKHN
B COOTBETCTBMU C HACTOAWMM n3obpeteHneM, Koraa ToawmnHa

METANNN3NPOBAHHOIO NMNOKPbLITUA AOCTATOYHO TOHKA, yTOOHbI
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MeTannIn3npoBaHHOE NOKPbITUE Pa3pyLLUNIOCh B YC/IOBUAX BbICOKOIO TOKa,
CBSI3@aHHOIMO C KOPOTKMUM 3aMblkaHneM. Kpome Toro, Lennrio3Hbie
HAHOBOJIOKHA M NoanadupHbIe MUKPOBOJIOKHA OyAyT OKUCNSATLCA, AaBaTb
ycagky u noasepratbCs abnsiumm npu TemnepaTtypax, HaMHoro 6onee
HU3KUX, YeM TeMNepaTypbl NAaBNEHNS METaANJINYECKUX TOKOCLEMHUKOB,

MCMNoJib3yeMbiX Ha NMpakKTuke B HACTOodLlWEE BPEMA.

[0163] Npumep 5 AONONAHUTENBHO U3FOTOBJIEH U3 BOMIOKHA,
NOJIMAKPUNOHUTPUAA, KOTOPbIA HabyxaeT noa BO3AENCTBUEM TPaAULMOHHDbIX
KapbOHAaTHbIX 3/IEKTPOANTOB C MOHAMU JINTUSA, YTO TaKXe ABAAETCA NPUMEPOM
NONNMEPHON NOANOXKM COrNAaCHO HACTOALWEMY N306peTeHnto, Tak uTo
HabyxaHne byaeTt yBenanunBaTbCs NpU HaArpeBaHUn U co3aaBaTb TPELLUHBI B
METaN/IM3NPOBAHHOM MOKPbITUN, KOTOPbIe ByAyT HapywaTb NPOBOAALLMUN
NyTb, NOBbIWasa 6€30NacHOCTb 3/IEMEHTA 3a CYET YCTPAHEHUSA UMK
3HAYUTENIbHOIO YMEHbLEHNS PaBHOMEPHOIO NPOBOAALLErO NYyTU

TOKOCbEMHUKA NoJ BO3AEeNCTBMEM Tenna BHyTpu baTapeu.

Mpumep 7

[0164] MaTepuan, ncnonb30BaHHbLIK B NpuMepe 5, nomectunun B
NO3MLUNI0 0CAXAEHMUA BaKYYMHON CUCTEMbl ocaxaeHnsa MBraun ¢
NCNONb30BaHNEM MHTEPMETANNINYECKOro TUMNS N aNKOMUHUEBLIX rpaHyna. N3
KaMmepbl 0TKayanu Bo3ayx A0 AasneHus 3 x |0 mb6ap. Yeenuunsanu
MOLLHOCTb A0 TEX NOp, NOKa allOMUHWUI HE pacnsiaBuics, a 3aTeM MOLLHOCTb
YyCTaHOBUAN TaknM 06pa3oM, UTO CKOPOCTb ocaxaeHus 6bina 3 aHrcrpem/c.
OcaxgaeHue BbINOJHANN B TedeHue 1 yaca, npuyeM Ha naacTuHe Ans
oCa)XxaeHunsa Bpawanucb Yyetoipe obpasua. lNpouecc NnoBTOPUAN TPU pasa,
nosTomy obuwee Bpemsa ocaxaeHuns 6b110 4 yaca. Ml3mepunn Bec, TONLWMHY U
conpotusneHne (NOCTOAHHOMY TOKY M npu YactoTte 1 kly, 1-A0MMOBYIO
NOJSIOCKY U3MEPSANN MeXAY 3NEKTPOAAMUN, OTCTOAWMMN APYT OT ApYyra Ha 1
AONM), KOTOpble NOKa3aHbl B Tabnuuye 2 Huxe. Takxe U3Mepuan ToUeyHoe
conpoTuBneHune ¢ ncnonblosaHnem Hioki 3555 Battery HiTester npu yactoTe

1 kU Npn paccTosHUKN MexXAay HaKOHeYHuKamu wyna 1 oM. Belumcnnnm
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BEC AOMOJIHUTENLHOIO aNlOMUHUSA, pas3aenuB BeC, 406aBNEHHbIN B NpOLECCE,
Ha njowaab o6pa3ua. Ero pasgennnu Ha NJOTHOCTbL MaTtepuana, uYtobsl

NONYYUTb CPEAHIO TONWMNHY MOKPbITUS.

Mpumep 8

[0165] N3roTOBMAN HETKAHYIO MOJIMMEPHYIO MOAJIOXKY, B35B
nonnaTuneHTepedTanaTHoOe MUKPOBOJIOKHO C MJIOCKUM NOMNEpPEeYHbIM
CEYEHUEM U U3FOTOBUB BPYUHYHI JINCTbI C MIOTHOCTbIO 20 r/M2 C
ncnonb3oBaHuMeM npouecca Tappi T206. 3aTeM 3TN U3rOTOBJIEHHbLIE BPYYHYIO
JINCTbI OTKanaHApoBanun co ckopoctbto 10 M/MuUH noa gasneHnem 2000
¢dyHTOB/AONM C UCNOSIL30BAHMEM BaJIKOB U3 3aKaJIEeHHOW CTanu npu
Temnepatype 250 °F. 5T0T MaTepnan MeTanIn3npoBann B COOTBETCTBUU C
NPOLECCOM, NPUBEAEHHbIM B NpuMmepe 7, 1 BbINOJIHUIN TE Xe CaMble

U3MepeHus, KoTopble 3aHecnn B Tabnuuy 8.

Mpumep 9

[0166] MaTtepuan B COOTBETCTBUM C NPUMEPOM 5, NOKPbINK
NOCpencTBOM OCaXAeHna CornacHo npoueccy u3 npuMepa 7, 3a
NCKNIOYEHNEM TOMO, YTO MOKPbITUE HAHOCUAM NPU CKOPOCTU 5 aHrcTpem/c B
TeyeHne 60 MuHyT. Obpasubl NepeBepPHYIN U MOKPbIIN C O6PATHON CTOPOHDI
C UCNONb30BaHMEM TOM Xe caMon npoueaypsbl. Monyunnn nsobpaxeHnsa aTux
MaTepuanoB B pacCTPOBOM 3/1EKTPOHHOM MUKpockone (SEM), kak
NOBEPXHOCTU, TaK N MOMEPEYHOro ceyeHns, n n3obpaxeHnsa npencraBuan Ha
OUl'. 9, 9A u 9B.

Mpumep 10
[0167] MaTepuanbl NpUroToOBUAN B COOTBETCTBUU C npouenypon us

npuMepa 9, 3a UCKJIIOYEHMEM TOrO, UTO OCAXAEHUE HA KaXAO0W CTOPOHE

ANNNocCb ToNbKo 20 MUHYT.
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[0168] MNpurotoBnanM NOANMEPHYIO NMOANOXKY M3 npuMepa 8, 3a

MCKNK4YEHNEM TOIro, 4YTO JINCTbl HE KaJlaHApPOBaJiun. ANIOMUHUIA ocaxaanu npu

ckopocTu 5 aHrcrpeM/c B TeueHne 20 MUHYT Ha KaX[ou CToOpoHe. NMoCKOoNbKy

MaTepuasia He KanaHapoBaiaun, NOPUCTOCTb O4YE€Hb BbICOKad, 4YTO Aasi0 OYEHb

BbICOKWE 3HAYE€HNA CONPOTUBNEHNA NPU BECE TOHKOIO NOKPbLITUA. CpaBHeHme

npuMepa 11 ¢ npumMepom 8 nokasbiBaeT NPeEMMYyLLECTBA KanaHAPOBaHUS,

KOTOpPblI€ HEOXKNAAHHO BbICOKMW.

TABJIMLUA 2
O6paze | Ao6aBou | ConporuBn | ConporuBn | ToueHoe CpeaHs
1] HblX BE€C | eHue €HMue Ha conpotusBn |1
MNOCTOSIHHO | YacToTe €Hue Ha TONLLMN
My TOKY 1 klly yacroTe Ha
1 klNy MOKPbI
™A
EauHumy | r/m?2 Om/kBagpat | OM/kKBagpaT | OMbl MUKPOH
bl bl
nsmepe
HUA
MpumMmep | 3,5 0,7 0,5 0,1 1,3
7
MpumMmep | 2,0 7 7 0,4 0,7
8
Mpumep | 2,2 0,2 0,8
9
Mpumep | 0,8 1,7 0,3
10
Mpumep | 0,8 100 0,3
11

Mpumep 12
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[0169] NonnMepHyto NOANOXKY C aNtOMUHUEBBLIM MOKPbLITUEM N3
npumepa 9 NOKpbIJIM CMECBLID KAaTOAHOI0 MaTtepuana, cogepxawero 97% NCM
(NCM523, nonydyeHHOro ot komnaHuun BASF), 1% caxu n 2% CBA3YOLWEro
PVDF B pactBope N-meTun-2-nupponupoHa. Bec nokpbiTna cocrasnsan
12,7 Mr/cM2 npu TonwmnHe 71 MUKPOH. DTOT MaTepuan Hapesanu Tak, UYTobbl
OH BMeCTWICS B ANCKOBbIN 3nemeHT 2032, n 06begnHmunun B napy C
rpaMTOBbLIM AHOAOM, HAHECEHHbIM HA TOKOCLEMHUK U3 MeAHOWN (Ponbru
(6 Mr/cM2, 96,75% rpaduTta (BTR), 0,75% yrnepoaHoit caxu, 1,5% SBR u
1% CMC). U3rotoBnan 0aHOCNONHbIA AUCKOBbIA 3/1IEMEHT, NOMECTUB B
aneMeHT aHog, pasgenutens (Celgard 2320) u nokpbiTein NCM maTepuan,
3anus anektponuTtom (60 Mkn, 1,0 M LiPFe B EC:DEC:DMC= 4:4:2 06. +
2% macc. VC) n repMeTuyHo 3akpbiB ob6xatnem 060n04ku. Ytobbl nonyuntb
AOCTATOYHYO NPOBOAMMOCTb, YaCTb NOKPbLITON aNntOMUHUEM MOJIMMEPHON
NOANOXKKN U3 NnpuMepa 9 0CTaBUAN HENOKPbLITON KAaTOAHbIM MAaTepuanoMm, u
CNOXWUNN ANA KOHTaKTa € 060/104KOM AMCKOBOrO 3/1eMeHTa, 3aBepLias
NPOBOAALLMNA NYTb. DNEMEHT ChopMUPOBANKN NyTEM 3apALAKM NPU NOCTOSHHOM
Toke 0,18 MA o 4,2 B, a 3aTeM npu NOCTOAHHOM HanpsxeHun (4,2 B) po
nageHuna toka go 0,04 MA. DneMeHT TpUXAbl NOABEPrAM 3apsaaKe-pa3psanke B
npoMexyTtke oT 4,2 B po 3,0 B npu Toke 0,37 A, u OH AaBan CpeaHIow

pa3psanHy0 eMKOCTb 1,2 MA-\Y.

Mpumep 13

[0170] N3roTOoBMAN 3NEMEHT B COOTBETCTBMMU C NpOLEAYPON U C
NCrosib30BaHMEM MaTeEpUasnoB U3 npumepa 12, 3a UCKJIKOYEHUEM TOrO, B
KauecTtse pasaenutens uncnonb3doBann Dreamweaver Silver 20. DneMeHT
cchopMmmnpoBanun NyTem 3apaaku npu noctosHHom Toke 0,18 MA oo 4,2 B, a
3aTeM Npu NOCTOAHHOM HanpsxeHun (4,2 B) o nageHunsa Toka go 0,04 MA.
DNIeMEHT TPWXXAbl NOABEPI/IN 3apaaKe-pa3psaake B npomexyTtke oT 4,2 B ao
3,0 B npu Toke 0,37 A, n OH AaBasn CpeAHIOK pa3paaHyo eMKocTb 0,8 MA-y.
TakuM obpa3oMm, B 3TOM U nNpeabiaywemM npuMmepax 6bian N3roToBsEHDI
nepesaps>XaeMble NNTUN-NOHHbIE 3/IEMEHTbI C aIIOMUHUEM TOJNLLMHON MEeHee

1 MUKpOHa.
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CpaBHuUTenbHbIM NpuMep 3

[0171] AntOMMHUEBDBIN BbIBOA, U3 CPaBHUTENILHOIO npuMepa 1,
pa3MepoM NpubananTenbHO 2 CM X 4 CM, COEAUHNNN C 3eMIeN UCTOYHUKA
TOKa NnocpeacTBoOM METa/JIMYEeCKOro COeAUHNTENA, KOHTAaKTUPYIOLWWEro rno
BCen wupuHe obpasua. Npeaen HanpsaxeHusa yctaHosunu Ha 4,0 B, a npepen
Toka — Ha 1,0 A. LLlynoM, COeAMHEHHbIM C BbICOKUM HaMpsXeHUeMm
MCTOYHMKA TOKA, MPUKOCHYNNCb K METAJJIMYECKOMY COeAUHUTENIO,
KOHTaKTUpyoLwemy rno Bcen wnpuHe obpasua, 1 3aTeM HECKOJIbKO pa3s K
aslOMNHNEBOMY BbIBOAY, CO34aBas KOPOTKOe 3aMbikaHue npu 1,0 A.
HakoHeuyHuK wyna umMen niaowanb npunénusntensHo 0,25 MM2. MNpu KOHTaKTe
Nno BCE WMPUHE TOK NPOTEKas HOpManabHO. [1pn nepBoHayasibLHOM KacaHuu
BbIBOAA LWYMNOM BO3HUKANMU UCKPbI, YKa3biBaOLWME HA O4YEHb BbICOKYIO
HayanbHYIO MNAOTHOCTb TOKA. lNMonyyawwmecs B pesynbtaTte gedekTbl B
TOKOCbEMHUKE NNLLb UWHOTAA NPUBOAUN K AblpaM, @ B OCTaNIbHbIX ClyvyaaX
abnaumsa npucyTCcTBOBasna, HO TOKOCLEMHUK OCTaBanCca HETPOHYThIM. Bo BCcex
cnyyasx uenb oCTaBanacb 3aMKHYTON HAKOPOTKO C npoTekaHuem Toka 1,0 A.
Caoenann mukpodotorpadumu aecdekrta B pesynbrate abnauun, 6e3
oTBEpCTUA, U nokazann Ha GUI. 10. SKcnepnuMeHT 6bl1 NOBTOPEH C
npeaenbHbIM 3HAYEHNEM UCTOUYHUKA TOKA, YCTaHOBAEHHbIM Ha 5,0 A, 3,0 A,
0,6 A,0,3An0,1A, nBo Bcex cnyvyaax pes3ynbtaTtoM 6bia HENPEPbIBHbLIA TOK
Npu UCMbITaTENBHOM NpeaesibHOM TOKE, KaK NPpuU KOHTAKTE Mo BCE LWNPUHE
TOKOCbEMHWKA, TaK U NPU UCMOJIb30BAHUN TOYEYHOro Wyrna C pa3MepomM

HaKOHEeYHUKa npuénusntensHo 0,25 MM2,

CpaBHuUTENbHbIM NpumMep 4

[0172] MeaHbIM BbIBOA, U3 CPAaBHUTENBLHOIO NpUMepa 2 aHaNOrMMYHbIX
pa3MepoB UCNbITbIBAAN TaKnUM xe 06pa3oM, Kak U B CpaBHUTENbHOM NpuMepe
3. [1pn KOHTaAKTe NO BCE WMNPUHE TOK NpoTeKas HOpManbHO. pwu
nepeBoHavyasbHOM KacaHuWu BbIBOAA LYMNOM BO3HUKANN UCKPbLI, YKa3bliBaloLwme

Ha OYEeHb BbICOKYH Ha4dasbHY MJOTHOCTb TOKa. [lony4yawwmecsa B
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pe3ynbTaTe AedeKkTbl B TOKOCbEMHUKE NIMWb MHOTAA NPUBOAUAN K
OTBEPCTUAM, @ B OCTaNbHbIX CAy4yaax abnaumsa npucyTCcTresoBana, HO
TOKOCbEMHUK OCTaBaJICad HETPOHYTbIM. BO BCex cny4vyasax uenb octaBanach
3aMKHYTOMW HAaKOPOTKO C npoTekaHueM Toka 0,8 A. Caenanu
MukpodoTorpadummu gedekra B pesynbtate abnauumn, 6e3 oTBepcTus, u
nokasanun Ha ®UI. 10a. DkcnepuMeHT 6bl1 NOBTOPEH C NpeaesibHbIM
3HAa4YeHneM NCTOYHUKA TOKa, yCTaHoBNeHHbIM Ha 5,0 A, 3,0A, 0,6 A, 0,3 A
0,1 A, n BO BCex cny4vyasax pe3ynbtatoM 6bl1 HENPEPbIBHbIA TOK Npu
NCNbITaTENbHOM NpeaesbHOM TOKE, KakK NMPU KOHTAKTe No BCe WUpUHe
TOKOCbEMHWKA, TaK U Mpu UCNOsb30BaHUN TOUYEYHOrO LWyna C pa3MepomM

HaKoOHEeYHUKa npunénusntensHo 0,25 MM2,

Mpumep 14

[0173] CoOTBETCTBYHOLUA HACTOALWEMY M30OPETEHNIO NONNMEPHbIN
MaTepuan NOANOXKN, MOKPbITbIN aNlOMUHNEM, N3 NpuUMepa 7 aHaNOrMNYHbIX
pa3MepoB UCNbITbIBANN TaKUM Xe CNnocobOM, Kak U B CpaBHUTENbHbIX
npuMmepax 3-4. Npu KOHTaKTe NO BCE WMPUHE TOK NpOTEKas HOpManbHO. B
KaX4oM Cny4vyae KacaHus LyrnoMm HenocpeacTBEHHO TOKOCbEMHUKA B
COOTBETCTBUU C HACTOALWMM n3obpeteHnem obpasyemble NCKPbI Bblnn ropasno
MeHbLlE, U TOK NpeKkpalLan npoTekaTb Nocjae nepBoHavanbHbIX UCKP,
O0CTaBAAS Uenb pa3oOMKHYTOW. Bo BCex cnyyasax nony4varwwmnmca B pesynbrate
aedektom bbina abipa. MukpogoTorpadmm HECKONBKUX NMPUMEPOB AbIp
nokasaHbl Ha ®Ul. 11 n 11A. SKCNepuMeHT 6bl1 NOBTOPEH C NpeAesibHbIM
3HAa4YeHNeM NCTOYHUKA TOKa, yCTaHoBNeHHbIM HA 5,0 A, 3,0A,0,6 A, 0,3 A
0,1 A, n BO BCeX Cny4vyasax pe3ynbTaToM 6b1J10 HENpepbIBHOE NpOTEeKaHue Toka
NPU KOHTAKTE Ha MNOJIHYKO WNPUHY COeAUHUTENEN, N OTCYTCTBUE TOKA,
npoTeKawLwero Yyepes COOTBETCTBYHOLWMN HACTOAWEMY M306peTeHunto npumMep
Npu HENOCPEeACTBEHHOM KOHTAKTEe LWWyna C NpuMepoM TOKOCbEMHUKA,

COOTBETCTBYIOLLErr0 HAaCTOALEMY U306pETEHUIO.

[0174] TnaBHOM 0COBEHHOCTbIO MOKA3aHHOI0 M306peTeHnsa aBnseTcs

TO, 4YTO NpU BO34,ENCTBUMU KOPOTKNM 3aMblKaHNEM, KaK B CPAaBHUTENbHbIX



10

15

20

25

30

76

npuMepax 3-4 v B npumepe 14, N3BECTHbIM YPOBEHb TEXHUKMN NPUBOAUT K
NPOAO/IKAKLEMYCA KOPOTKOMY 3aMblKaHWUIO, B TO BpEMSA KaK MaTepuan
COrNnacHoO HacrosweMy m3obpeteHunio npuBoanT K 06pbIBY B Lenn 6e3
NPOAOJ/IKEHNA NpoTeKaHnsa Toka (T. €., B OTCYTCTBUE 3aMETHOI0 NpoTEeKaHus
Toka). Takum 06pa3oM, B U3BECTHOM YPOBHE TEXHUKUN KOPOTKOE 3aMblKaHUE
MOXET CcOo34aBaTb U CO34aeT TENN0, KOTOPOE MOXET pacniaaBuTb
paspenutenb, pacTBOPUTb CIOW rpaHuubl pa3gena Katoa-anektponut (solid
electrolyte interface, SEI) u npuBecTu K TENJIOBOMY pa3roHy 3jfieMeHTa, TeM
CaMbIlM BOCN/IaMeHasa anekTponut. O6pbIB Lenn TOKOCbEMHUKA COrlacHo
HacToAWwEeMy M306pEeTEHUIO HE NPUBEAET K BbIASNIEHUIO TENJa U TEM CaMbIM
obecneyunT 3/1IEMEHT, KOTOPbIN MOXET NOAAEPXKNBATb BHYTPEHHNE KOPOTKUE
3aMbIKaHUA, HE A0NyCKas TENAOBOM0 pa3roHa W BO3HUKAKLWMUX B pe3ysbTaTe

3aAbIMNEeHNA, HarpeesaHnUda U BO3ropaHuns.

Mpumepbl 15 1 16 n cpaBHUTENbHbIE NpUMEpPbI 5 1 6

[0175] C nOMOLWbIO PYNOHHON TEXHONOTMN U3rOTOBUAN LBE
MEeTaN/IM3NnpPoOBaHHbIE MNJEHKN Ha OCHOBE 10-MUKPOHHOM
nonnaTuneHTepedTanaTtHoON NAeHKU. B 3TOM npouecce pynoH naeHKu
noMeLLann B BaKyYyMHYI0 YCTAHOBKY ANna mMetannmsauun (NpuMepoM KOTOpPOM
asnsaetca TopMet 4450, nocrtaBnsiemasa komnaHumen Applied Materials), n us
Kamepbl OTKa4YnMBanaun BO3AYX A0 HU3KOIrO AaBseHuda. PynoH nponyckanu ¢
BbICOKON CKOpPOCTbIO, Hanpumep, 50 M/MUH, Hag nogorpeBaeMbiMu
noaovykamm, coaepxKawWwmnumMmn pacnnaBaeHHbIn antoMMHUA. Haa
nogorpesaeMbIiMn N0A0YKaAMKN, COAEPXKALWLMMN pACNIAaB/IEHHbIN aJIlOMUHURA,
nogHUMaeTcsa wnend antoMMHMEBOIO ra3a, KOTOpPbIN OCaXKAaeTcsa Ha NieHkKe,
NPUYEM CKOPOCTb OCaXAEHUA PEryNIMPYETCA CKOPOCTbIO ABUXEHUA U
TeMnepaTypon ajatoMUHUA. PynoH gnnHon npubnnsuntenbHo 500 M 1 wmpuHon
70 CM nojay4yanu 3a HECKONbKO NPOrOHOB A0 AOCTUXEHUSA afIlOMUHUEBOIO
NOKpbITUA TOAWMHON ~300 HM. lNMpouecc HaHeCeHsA NOKPbITUA NOBTOPUAN
AN HAHECEeHWUS NOKPbITUA Ha APYrYH0 CTOPOHY MAEHKKU, NONYyYUB B
pe3ynbTaTe NPOAYKT, MCNOJIb3yEeMbI B HAaCTOALWEM AOKYMEHTe B npumepe 15

(ncnonb3yembli B AAHHOM NpUMepe TOKOCHbEMHUK, COOTBETCTBYIOLLNIA
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HacTosAweMy n3obpeTteHunto, nokasaH Ha OUl. 4A). MNMpumep 16 6bIN NonyyeH

TaknUM Xe 06pa3oM, 3a UCKJIIOYEHUEM TOr0, YTO METaNN B NoA0YKE Obin

Meablo (@ TOKOCBEMHUK, NCNONb3YyEeMbIA B AAHHOW KOHCTPYKLUN ,

COOTBETCTBYOWMNN HacToAWweEMY n3obpeteHunio, nokasaH Ha OUl. 5B).

N3Mepunm oCHOBHOI BEC, TONWMUHY U NMPOBOAUMOCTb KaX 0N NAEHKU U

BHEC/IN B Ta6m/|u,y 3, NPUBEAEHHYIO HUXE. BbIUNCANAN BEC NOKPbLITUA NYTEM

BbluMTaHuA 13,8r/M2, OCHOBHOI0O BECa NOJINITUNEHTEPEdTANATHON MIEHKM

TONWMNHON 10 MUKPOH. BbIYNCANNN «PACUYETHYIO TONLWMUHY MOKPbITUS>»,

pa3feNnnB BECb MOKPbLITUS HA MAOTHOCTb MaTepuanos (2,7 r/cM3 ana

antomuHus, 8,96 r/cm3 ans meaun) B NpeanonoXeHun oAMHAKOBOrO NOKpPbITUSA

Ha ob6enx CTopoHax.

[0176] CpaBHuTenbHbIN NnpuMep 5 npeacrtaBnaet cob6on NONYUYEHHYIO

Ha KOMMEpPYEeCKON OCHOBE anNtOMUHUEBYIO (PONbIy TONLWNHONW 17 MUKPOH.

CpaBHuTenbHbIN NpuMep 6 npeacrasnsaetr cobor NONYUYEHHYIO Ha

KOMMEpYeCKONn OCHOBE MefHY (honbry TONWMHOW 50 MUKPOH.

CpaBHUTENbHbIN NpuMep 7 npeacraBnsieTr Cobon NONYYEHHYIO Ha

KOMMEpYeCKON OCHOBE MeaHY (hOonbry TONWMHON 9 MUKPOH.

TABJIMLUA 3
O6pasey OcHOBH | Bec Tonwm | ConporuBneH | PacuetH
oM BeC NOKPbIT | Ha ue as
ns NOCTOSAHHOMY | TOJILMHA
TOKY NOKPbITH
fa
EanMHuubI r/m2 r/m2 MUKPOH | OMblI MUKPOHBI
n3MepeHus bl
Mpumep 15 17 3 11 0,081 0,5
Mpumep 16 24 10 11 0,041 0,5
CpaBHuTenbH | 46 17
biM NnpuMep 5
CpaBHuTenbH | 448 50
biM npuMmep 6
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CpaBHuTenbH |81 9

bi npuMmep 7

[0177] NMpumep 15, npumMep 16, CpaBHUTEABHbLIA NpuMep 5 u
CpaBHUTENbHbIA NpuMep 6 NoaBEPrAM AaNIbHENLIEMY UCNBITAHUIO UX
CNOCO6HOCTM NPOBOAUTL OYEHb BbICOKME MAOTHOCTU TOKA. Bbl/10 M3roTOBAEHO
NcnbiTaTeNbHOE YCTPONCTBO, KOTOPOE YAEPXNBAN0O NOAUPOBAHHYIO MEAHYIO
npoBoaoky paaguycom 0,51 MM (24 AWG) B KOHTaKTe C TOKOCbEMHOWN MNJIEHKOMN
nnun donbron. UCnbiTyemyo naeHky naun ¢Gonbry 3a3semMasanm antoMMHUEBLIM
KOHTaKTOM, YAEPXWBaeMbIM B KOHTAKTE C UCMbITYEMON NAEHKOWU UK
donbron, npuyeM nNnowanb KOHTaKTa coctaBasana > 1 KBagpaTHOro
caHTumeTpa. Wyn 6611 coeguHeH nocnenoBaTesbHO C PE3UCTOPOM BbICOKOM
mMowHocTn 400 BT ¢ conpotusneHunem 0,335 OM 1 NOAKNKOYEH K UCTOYHUKY
nutaHua Volteq HY3050EX ¢ HanpsXXeHneM, yCTaHOB/IEHHbIM Ha yrnpaB/ieHue
TOKOM. TOKOCBEMHUK, NOANEXALLNA UBMEPEHNID, MOMECTUN B YCTAHOBKY,
npuBeas NOANPOBAHHYIO NMPOBOJIOKY B KOHTAKT C NOBEPXHOCTbIO
TOKOCbEMHUKA NPU HYNEBOM BXOAHOM TOKe. TOK noBblwanu ¢ warom 0,2
aMmnepa u BbigepxuBanu B TedeHne 30 CeKyHA ANS KaXAoro npupaweHus,
n3Mepsaa Npu 3TOM HanpsXXeHne Ha pe3nctope. Korga HanpsxxeHue nagano
A0 HYNS, yKa3bliBas Ha TO, UTO TOK H6onblue He TeueT, obpa3ey oka3biBasCs
BbleALWNM N3 CTpos. cnbiTann Kaxabin n3 npumepa 15, npumepa 16,
CpaBHUTENbHOro npuMepa 5 u cpasHuTenbHoro npumepa 6. lNMpumep 15
BbllWen nu3 cTtposa npu 7 A (cpeaHee 3Ha4yeHune aAByx usmepeHuin). Npumep 16
Bbiwen n3 ctpoqa npu 10,2 A (cpegHee 3HayeHue AByX U3MepeHui). Hu
CpaBHUTENIbHbLIA NpUMEp 5, HM CpaBHUTENbHbLIA NpuUMep 6 He Bblwen U3 CTpos
npu Toke Huxe 20 A. Kak B npumepe 15, Tak u B npumepe 16 B
TOKOCbEMHUKE NOABUANCL OTBEPCTUSA paguycom > 1 MM, B TO BpeMSA KaK HU B
OAHOM U3 CpaBHUTENIbHbLIX NPUMEPOB 5 NN 6 Kaknx-nnbo noBpexaeHumn
donbrn He 6b110. B 3TOM NpuMepe ucnbiTaHnsa LenecoobpasHo UMETL
TOKOCbEMHUK, KOTOPbIA HEe crnocobeH nponyckaTb ToK 6onbue 20 A,

npeanouTuTencHo 6onbwe 15 A unu 6onee npeanoytTutTenbHo 6onblie 12 A.
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[0178] Ewe B O4HOM UCMbITAHUKN, NpeAHAa3HAYEeHHOM AN UMUTaLNn
NCMONb30BAHUA 3TUX COOTBETCTBYHOLWMX HACTOALWEMY N306pETEHNID
TOKOCbEMHUKOB B KayeCTBe BbiBOAA, COEANHSAIOLWEr0 3AEKTPOAHY CTOMKY
3/1eMeHTa C UCMOJIb3YyEMbIMU SNEKTPUYECKMMU YCTpONnCcTBamMun (Mnb6o BHYTpH,
nnMb0o CHapyXu anemeHTa), npumepbl 15 1 16 U cpaBHUTENbHbIE NPpUMEpPLI 5 1
6 6bINKn NOABEPrHYTbl UCMbLITAHUIO HA NpeaenbHO A0NYCTUMbIA TOK BAOJb
noaocKkn. Ytobbl NOAroTOBUTL 06pa3ubl AN UCMbITAHUA, TOKOCBEMHUKMU
Bblpe3anu B popMe, NoKazaHHON Ha OUI. 12, koTopasa COCTOUT U3 MOJIOCKMU
MaTepuasna pa3MepoM YeTbipe CaHTUMETpPa Ha OAMH CaHTUMeETp (4 cM X 1 CM),
NPUYEM KOHLbI MOMIOCKM 3aKaHYMBAKTCA YCEYEHHbIMU NMPaBUbHbIMU
paBHOb6eApEeHHbIMN TPEeYrosibHUKaMn CO CTOPOHON 4 CcM. Kaxabiin 13
TPEYrosibHNKOB UCMbITYEMOro obpasua KOHTAaKTUPOBaa Yepes KycokK
ANOMUHUNA C NOWAAb0 KOHTAaKTHON NOBEPXHOCTM > 1 cM. OgHa CTOpOHa
6blna coeamHeHa yepe3s pesnctop 400 Bt, 0,335 OmM, 1 3Ta uenb 6bina
coegmHeHa ¢ UCTOYHUKOM nuTtaHusa Volteq HY3050EX. M3Mepanu HanpsxeHue
Ha pe3uncrtopax, 4Tobbl onpeaennTb TOK, 1 66110 NOKasaHo, 4To obpasel
BbIXOAUT M3 CTPOSA NpU NAAEHMUN HANPSAXEHUA [0 HyNa. [Jna Kaxporo
ncnolTaHma obpasel CoeAnHANAN C UICTOYHMKOM TOKa, YCTAHOBJIEHHbIM Ha
HY/J1I€BOM TOK, U 3aTeM TOK yBennuyunsanu c warom 0,2 A u gaBsanu yCctoaTbCa B
TeyeHne 30 CeKyHA Npu KaxKaoM HOBOM HaMps>XeHuu Ao Tex nop, noka
obpasel He BbIXOAUN U3 CTPOSA, U NPOTEKAWMNIA TOK HE nagan A0 Hyns.
NcnbiTaHne 66110 CKOHUIypupoBaHO TakuM 06pasomM, UTo
MEeTaN/IM3NnpPoOBaHHbIE TOKOCLEMHUKMN MOXHO 6bl10 U3MEPATb NPU KOHTAKTE
nnbo ¢ 0aHON CTOPOHbLI, NM60 € 06enx CTOpOH METANIN3NPOBAHHOIO
TOKOCbEMHUKA. TOKN Npu OTKase nokasaHbl HUXe B Tabnuue 4. Ans
MaTepuanoB, UCMbITbIBAEMbIX B BUAE NONOCKM 4 CM X 1 CM, 6b1510 6bli
BbIFOAHO NPEeAYCMOTPETb BHYTPEHHUIN NAAaBKUI NpenfoXpaHUTeENb,
OrpaHUYMBAKOWNINA BEANYNHY TOKA, KOTOPbLIN MOXET NpoTeKaTb, HAa YPOBHE
Huxe 20 A, nan npeanouTUTENbHO HMXe 15 A, nnn 6onee npeanoyYTUTENBHO
HuUxe 10 A, KaxAabli C O4HOCTOPOHHUM WUAN ABYCTOPOHHUM KOHTAKTOM.

TABJIMUA 4

O6pasey HanpsixeHue HanpsixeHue
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OAHOCTOPOHHEro ABYCTOPOHHEro
OoTKa3a oTKa3a
EavHuubl n3amMepeHusa | B B
MpumMmep 15 2,7 4,5
Mpumep 16 24 10

CpaBHMTENbHbIN

npuMmep 5

OTcyTcTBME OTKasa npu

TOoKe Huxe 20 A

OTcyTcTBME OTKa3a npwm

TOoKe HUuxe 20 A

CpaBHMTENbHbIN

npumep 6

OTcyTcTBME OTKasa npu

TOoKe Huxe 20 A

OTcyTcTBME OTKa3a npwm

TOoke Huxe 20 A

[0179] N3roToBMAN 3AEMEHTHI NYyTEM NOKPbLITUA CTaHAAPTHbIX
TOKOCHEMHUKOB U3 (POSbIM U TOKOCLEMHUKOB U3 METaNAn3npoBaHHON PET-
nneHkn n3 npumepos 15 n 16 sanekTpoaHbIMU MaTepuanamu. MNMpurotosmnun
kaToaHble matepuansl NMC 523 ¢ ncnonozosannem BASF NMC523 (97%),
yrnepoaHon caxwu (2%) n PVDF (1 %) B pactBoputene NMP 1 HaHecnu Ha
ANNIOMUHNEBbLIA TOKOCHEMHUK (aNIOMUHUEBLIN TOKOCHEMHUK TOALWMHON 15
MWUKPOH), U B npumMmepe 15 ocHOBHOI Bec coctasnsan 220 r/mM2, uto
COOTBETCTBYET MJIOTHOCTM HAarpy3sku katoga 3,3 MA-u/cM2. MpuUroToBmu
aHOAHble MaTtepuanbl C nCnonb3oBaHnem rpacpmuta BTR-918S (94%),
yrnepogHon caxu (5%) n PVDF (1%) B pactBoputene NMP un HaHecnn Ha
MeAHbIN TOKOCbEMHUK (MeAHbIN TOKOCbEMHUK TONLWMHONW 18 MUKPOH) npu
118 r/M2, 4TO COOTBETCTBYET MJIOTHOCTU Harpy3ku aHoaa 4,0 MA-u/cM2.
MpuroToBUAM YeTbipe ABYCTOPOHHUX KaToAa U TPpU ABYCTOPOHHUX aHOAa U
ABa OAHOCTOPOHHMX aHoga. NX cnoxunn ctonkon ¢ pasgenutenem Celgard
2500, uTo6bl NONYUNTbL HEBONbLINE NAKETHbLIE 3N1IEMEHTbI, KOTOPbIN 3aTEM
HAMOJIHWUIN SNIEKTPOSIMTOM U FrEPMETUYHO 3aKPbIZIN C paCYETHOW EMKOCTbIO
1 A-4. BblAN U3rOTOBAEHbI 3/1IEMEHTbI YeTblpeX TUMOB C NMOMOLWbIO PA3IMYHbIX
KoMbuHaunin Mmatepuanos Gonbrm n eMKocTu, nsmepeHHon npu C/10 n C/5
(t.e., 0,1 An 0,2 A). SnemeHT chopMmuposanun nytem 3apagku npmn 100 MA
00 4,2 B v Boigepxanu npu 4,2 B oo nageHusa toka Ao 10 MA. 3aTtem
NOJIHOCTbI COOPMUPOBAHHbIE 3/1EMEHTbI B3BECUAN U UCNbITANIM HA EMKOCTb
nytem paspsagaku npu C/10, 3atem 3apaaku npu C/10 n paspagku npu C/5.

OTu pe3ybTaTbl NOKasaHbl B Tabnuuye 5 Huxe.
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TABJIMLUA 5

O6pa3sey KaTtogHbin AHOAHDbIA Bec EmkocT | EMKOCT
TOKOCbEMH |TOKOCBEMH |3JIEMEHT |bTNpPU | b Npwm
UK UK a C/10 C/5

EanHunubl rpamMmmbl MA-Y MA-Y

n3MepeHus

CpaBHuTenbH | AnoMnHuesa | MegHas 27 924 615

bii npuMmep 8 | A donbra donbra

Mpumep 17 Mpumep 15 MepHas 26,8 1049 751

donbra

Mpumep 18 AntoMuHnesa | Npumep 16 24,7 1096 853
a ¢onbra

Mpumep 19 Mpumep 15 Mpumep 16 24,7 1057 848

[0180] Takum obpa3om, 66110 NOKA3aHO, YTO NPUBEAEHHbIE BblLLE

NnpuMepbl AEMOHCTPUPYIOT XeNaeMyto TONLWNHY, MeTaN/IMYECKOe NOKpPbITUE U
pe3ynbTaTbl N0 NPOBOAUMOCTM, HEOOX0AUMbIE ANS NPpeaoTBpPaLLEHNS
TENIOBOr0 pa3roHa BHyTpu 6aTtapen, coaepxawen 3NeKTpoaunT, TEM CaMbiM
obecneunBas He TONbKO ropasno 6onee 6e€30NacCHbIN U HAAEXHbIA TUM, HO K
TakKon, KOTOpbIN TpebyeT ropa3no MeHblue COCTaBASALWMNX BHYTPEHHUN BEC
KOMMNOHEHTOB, YeM Korga-nnmbo npexae, He XepTeysa 6e30nacHOCTbIo, a,

dakTnuecku, ynyJywasa ee.

[0181] Kak oTMeueHOo Bbllwe, HacTosqwee n3obpeteHne no3BonseT He
TONbKO o6ecneuynTb TaKON TOHKUMIN TOKOCbEMHUK (B BUAE BHYTPEHHErO
NAAaBKOro npefoxpaHuTens BHyTpuU nsaenusa nutneson b6atapen), HO u
HeobxoanMble NpenmMyLLecTsa KOHCTPYKUUK C BbiBOZAMKU Ana obecnevyeHuns
nepeaayn sbipabaTbiBAEMOro HANPSAXEHUA HapyXy pacCMaTpuBaeMoro
aneMeHTa 6atapen. Kpome Toro, BO3MOXHOCTb AaJibHENLWEro MCNoab30BaHnsA
NOJI€3HbIX TOHKNX KOHCTPYKLMN TOKOCbEMHUKA, KaK YKa3aHo Bbllle,
no3BoJifeT co3aaBaTtb Jboe KoAmuecTso 6eCUNCNeHHbIX KOHdUrypauun s

npeaenax camoro 6atrapenHoro n3genns, NOTEHUMaNbHO BblpabaTbiBalOWMX
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COBOKYIMHbIE YPOBHUW 3HEPTNN, N BCE 3TO NMPU HANNYNUN NONE3HbIX BHYTPEHHUX
NJaBKW NpenoxpaHUTeNbHbIX KOMMNOHEHTOB. bonee I'IO,,EI,p06HO OHM

paccMoOTpeHbl Ha OUIM. 12-22.

[0182] Ha ®UI. 13 noka3zaHa KOHCTpyKumna 600 oANH TOHKOMAEHOUYHbIN
TOKOCbEMHWK/BbLIBOA CO CNoeM 614 MeTanan3npoBaHHOW MAEHKN U HUXHUM
HEeMeTaJInyeckum cnoem 616. Takxke npeaycMOTpEH NPOBOASALMN BbIBOA
610 (ana noaBoAa K BHEWHEMY KOMMOHEHTY nepeaayu saHepruu 6atapen),
BbIPOBHEHHbIN NEPNEeHANKYAAPHO TOKOCLEMHUKY N COEAUHEHHBIN C HUM
CBapHbIMK WBaMn 612. Ha OUI. 14 nokazaH aHANOMMYHbIN TOKOCbEMHUK
620, HO C BbIBOAOM 622, CHAabXEeHHbIM NeHTon 624, coeanHALWEN BbIBOA,
622 C TOKOCbEMHUKOM 634 B uensax Takou nposognmoctu. Kak un Boiwe,
BbIBOA/TOKOCbEMHUK 620 nmeet cnon 626 MeTanIn3npoBaHHON NAEHKU U
HUXHWUWA HEMETANNINYeCcKui cnon 632. JIEHTOUYHbIA KOMNOHEHT 622
NnpenycMoTPEH Ha HapPY>XHON NOBEPXHOCTN 628 BbIBOAA N NMPOXOAUT K
HeMeTanIM4yeCcKomy cnot 626 TOKOCbEMHUKA, obecneunBas KauecTBeHHoe
npuknenBaHune, yCTonymeoe K caBury, 4ytobbl BbIBOA OCTaBancs

3aKpenaeHHbIM U NpUroaHbiM Ana nNnpoBeaeHna Toka.

[0183] Ha ®UI. 15 npuBepeHa aApyras KOHCTpyKuusa 640
BbIBOA/TOKOCHLEMHUK, UANKOCTPUpYOWasa aApyrom cnocob coeguHeHnsa BbIBOAA
642 C 0OAHMM TOHKMM TOKOCbEMHUKOM 648 (co cnoem 644
METaN/IM3NPOBAHHOW MNJIEHKMU N HUXHUM HEMETaNAn4Yyeckum cnoem 650),
COeANHAILWMA 3TN ABa KOMMOHEHTa NOCPeACTBOM UCMO/Ib30BAHUA

NpoBOAALLMX CKOD 646.

[0184] ®UI. 18 TOUYHO TaK Xe COAEPXUT KOHCTPpYKUMto 750 nnockui
BbIBOA/TOKOCBEMHUK C BEPXHUM CnoeM 758 n HUXHUM cnoeM 762 Tex xe
TUNOB, YUTO U Bblwe. B 3TOM cnyyae BbiBOL, 752, 754 BbINONHEH B BUAE ABYX
napannenbHblX KOHCTPYKLUI, HAXOAAWMNXCA B KOHTAKTE KaK C BEPXHEMN
NOBEPXHOCTbI 758, TaK N C HUXHEN NOBEPXHOCTLID 760 TOKOCbEMHUKA 762.
Takon BbIBOA 752, 754 copepXuUT cBapHble WBbl 756 ana coeguHeHusa ¢

obenmun nosepxHocTaMn 758, 760. Ha ®UI'. 17 nokaszaHa KOHCTpyKuua 780,
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aHanormyHasa npueeneHHon Ha ®Ul. 16, HO C OAHOKPATHO C/IOXXEHHbIM
BbIBOAOM 794, KOTOPbIN HAXOAMUTCA B KOHTaKTe C 06enMn noBepxXHOCTAMMU
788, 790 TokOCbeMHMKaA 792 nocpencTBOM CBapHbIX WBOB 786, npuyem aBa

BbICTYNnawwWwmnx KoHua 782, 784 CnoXeHHOoro BbiBoaa 794 BeayT OT HeEro.

[0185] Takne nnoCKne KOHCTPYKLMM TOKOCbEMHMKaA obecneunsatoT
TUMNYHYIO KOHCTPYKLUIO 6aTapen C KOMMNaKTHbIMU KOHCTPYKUMaMu batapeun
(kak, HanpuMmep, Ha ®Ul'. 1). Ha ®Ul'. 16 nokaszaHa oagHa cknagka 710
KOHCTpYKunn 700 BbIBOA/TOKOCBEMHUK C OAHUM MPUKAEEHHbIM IEHTOMN
BbIBOAOM 702, NpUKPENEHHbIM K NOBEPXHOCTU 712 MeTanan3npoBaHHOMN
naeHkn (KoTopas NOKpPbIBAET, KakK U Bbilwe, HeMeTanamdyeckun cnoun 708).
Takum o6pa3oM, B pesynbraTte TOKOCbeMHUK 704 ¢ ogHOM cknagkon 710
obecneunBaeT BO3MOXHOCTb MOBbIWATb BbIpAbOTKY SHEPIrUU B 31I€EMEHTE
b6aTtapeun, XoTa n TpebyeTca cnerka yBennuutb pasmep 6atapeun no
CPaBHEHWIO C NJIOCKON KOHCTpyKumen. Ha ®Ul. 17 nokasaH KOHCTPYKLUUSA
720 BbIBOA/TOKOCBEMHUK C ABYMSA CKNaaKaMu 732 C NCNONb30BaHUEM
TOKOCbEMHUKA 724 C TAaKOW Xe TOHKON KOHCTpyKuuen. Taknum obpasom,
Takasa ABOMHaA cknaaka 732 Takxe obecneunBaeT BO3MOXHOCTb COEAUHEHUSA
ABYX CTOPOH 726, 728 TOKOCbEMHUKA 724, KOTOPbIA B MPOTUBHOM Ciy4dae
6b171 661 N301MPOBAH NOJMMEPHON NJIEHKOW, HAaXOAALWENCa Mexay ABYyMS
3/1eKTPONpoOBOAALLMMKN CNOSAMU. BbiBoA 722 npukpenneH Ha nosepxHoctu 730
TOKOCbEMHUKA Ana obecneyeHns Takon NpoBOAUMOCTU ABOMHOWN CKNaaKu
732. Ha ©®UTI'. 20 noka3saH BbiBoa 802, npuBapeHHbin 804 K ABOMHON CKNapkKe
810 koHcTpyKunn 800 BbIBOA/TOKOCBEMHUK, B CUY 3TOI0 MMEKLWNNA Takne
K€ BO3MOXHOCTU COEANHEHNS 3/IEKTPUYECKN U30anpoBaHHbIX croes 808,
812, KaK u BbilWe, KaK 4YaCTb TOKOCbEMHUKA 806, HO ¢ 6e30nacHbIMK
cBapHbiMu wBamn 804 Ha CBOEM MeCTe, B uensax 6onee HagexHon u
noTeHuunanbHo 6bonee apdhekTMBHON nepenayumn aHeprum. Takum obpas3om, Ha
OUl. 21 nokaszaHa KOMMNO3UTHAA KOHCTpyKuna 820 BbIBOA/MHOXECTBO
TOKOCbEMHUKOB C MHOXECTBOM (B AAHHOM Ciy4yae NATb) TakKMX UMEKOLWMX
ABONHYIO 3aKpyrieHHy cknaaky 856 TokocbemHukos 826, 828, 830, 832,
834 co cnoamun 858, 860, 862, 864, 866 MeTannn3npoBaHHON MIEHKN U

HUXHUMKU HeMeTannudeckumn cnosmm 846, 848, 850, 852, 854,
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COeAUHEHHbIMU nocnepoBaTeNnbHO Ana obecneveHnsa paxe ewe 6onabLien
BO3MOXHOCTM 3/IEKTPUYECKOI0 COeaNHEHUSA U30JIMPOBAHHBIX C/OEB A4
NpoBOAMMOCTU Yepes3 OAMH BbiBOA 822 C NOMOLWbIO CBapHbIX WBOB 824,
COeANHALWMX ANa NPOBOANUMOCTU C BEPXHUM TOKOCLEMHUKOM 826 C ABONHOWN
3aKPYrNeHHON CKnaakoun. NpuBapeHHbin BbiBOA 822 NPOYHO AEPXUTCA Ha
MeCTe, YTO TaKXXe MNOBbIWAeT HAAEeXHOCTb. Ha ®UI. 22 npeaycMoTpeH
BTOPOW, NPOTUBONONIOXHbIA, NpuBapeHHbin 906 BbiBOA 904 Takxe npu
HaJIMYMKN TAaKOro Xe MacCuBa UMEKLWMX MHOXECTBEHHY MHOMOKPaTHO
3aKpYr/eHHY cknagky 938 TokocbeMHukos 908, 910, 912, 914, 916. Takaq
KOHCTpYKumsa 900 BbIBOA/TOKOCHEMHUKN NO3BONSET NOBLICUTL BbIPpaboTKy
3Heprun 6e3 0b6a3aTenbHOro yBenmueHns seca mnun obbema
paccMaTpuMBaeMoro sneMeHTa 6atapen 3a cuer AByX BbiBoAoB 902, 904,
CKOHMUIypupOBaHHbLIX U COEANHEHHbIX C ABYMA KPAWHUMU TOKOCbEMHUKAMU
908, 916, kak oTMeYeHOo paHee. Kak 1 B Apyrux Taknx npnMepax
TOKOCbEMHUKOB, NMeTCcsa cnon 940, 942, 944, 946, 948
METaNIM3NPOBAHHOW NJIEHKMU, KaK U BbilWwe, CHabXXeHHbie NPOTUBOMNONOXHbIMU
HeMeTananyeckumn cnosamm 928, 930, 932, 934, 936. HakoHel,, B KayecTBe
elie 04HOro HeorpaHuuMBalLero NnpuMepa KOHCTpykunmn 960
BbIBOA/TOKOCBHEMHUK BbIBOA 962 C MHOXECTBOM Z-06pa3HbiX CKNaaok 972
3aXXnMarT (KakK ONMCaHOo BblWe) Ha NOCAeA0BaTENbHOCTU NapannenbHbIX
NAOCKUX NAEHOYHbIX TOKOCLEMHUKOB 964, 966, 968, 970 (B paHHOM cny4yae
yeTbipe) co cnosmun 974, 978, 982, 986 MeTannn3nMpoBaHHON NIEHKN U
HUWXHUMUWU HEMETanan4yeckummn cnoammn 976, 980, 982, 984, onaTtb xe, ans
obecneueHunsa gpyrum obpasomM BbIpabOTKN COBOKYMHON 3HEPruu
nocnefoBaTesibHO, XOTS U C UCNOJIb30BAaHMEM MAOCKUX MJIEHOUYHbIX
TOKOCLEMHUKOB 964, 966, 968, 970 (AeNCTBYIOLMX KaK MHOXECTBO

BHYTPEHHUX NAaBKUX NpefoxpaHuTenen).

[0186] Taknm 0bpa3oM, TakMe KOHCTPYKUUKN, npuBeaeHHble Ha OUT.
13-23 NO3BONAKT OCYLLECTB/IATE Pa3/INYHbIE BHELIHNE COEAUHEHNS C
BHYTPEHHUMU NAABKUMU NpeaoXpPaHUTENbHbIMU KOMMNOHEHTAMN CTONKOMN

nuTtueson baTtapewn.
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[0187] Ha ®UI'. 24 noka3aH KOMMNO3UT C O4HUM CBApPHbIM LLUBOM,
COCTOSAIWMIA N3 TOHKOMAEHOYHOro TOKoCbeMHnka 1010, numerowero
nocepeauvHe nNoJMMEepHyo noanoxky 1015, BepxHO METaNIM3NPOBAHHYIO
nneHky 1012, HUXHIOK MeTanNn3npoBaHHYKO nieHky 1014, cBapHYIO BbIEMKY
1020 c ykazaHHbIM HanpassieHneM ceBapku 1018 n noBepxHocTb 1022
pasaena BepxXHen MeTanan3anpoBaHHON naeHkn 1012 n HuXxHen
MeTannn3mpoBaHHoOM nneHkun 1014. NMonnmepHaa noanoxka 1015 6eina
nepemMeweHa B HanpasneHnn Hapyxy 1016 n3 ceapHou BbleMkn 1020, 4TOoO6bI
nocpeacTtesom nosepxHoctn 1022 pasgena obecneynTb COeAUHEHUE MEXAY
BEPXHEN MEeTaNNN3NpoOBaHHON NAeHKOoW 1012 n HUXHEN MEeTaNIM3MPOBAHHOMN
nneHkon 1014. na nepemewieHns nonmmepa 6e3 paspyweHns npu 3ToMm
MeTajssla HeobXxoAUMO TWaTesIbHOE yrnpaBieHWe napameTpamMmu CBapku,

06bIYHO C UCNONIB30BAHUEM MEHbLUEN MOLLHOCTU U 60oNbLUEro AaBfeHUs.

[0188] X0Ta TOYHbIE MOWHOCTb U AABJIEHUE A0JIXHbI 6bITb ONpeaeneHbl
9KCNepuMeHTanbHO HA OCHOBE TOUHON KOH(Urypaunm CBapoOUYHbIX Y3108,
TOJIWMHbI METANIMYECKOIO CN0SA, TOJWMHbLI NOANMEpa, TMNOB MeTanna u
nonnmepa, B LENOM BEPHO, YTO MEHbLIASA MOWMHOCTb 1 bonbliee aaBneHue,
yeM ANa YNCTO MeTaNIMYEeCKOro CBapHOro Wwea, [anyT Xenaemyto
KOH(pUrypayuo, Kak nokasaHo Ha 3TOW 1 Apyrux purypax HacTosLero
onucaHua. Ha ®Ul. 24 nokasaH npodunb 04HOIr0 nAeanbHOro y3na. Ha
npakTuke 6yaeT NnpuCyTCTBOBATb MHOXECTBO Y3/10B, KOTOPbI€ MOryT ObITb
BbIMOJIHEHbI C PA3/IMYHbIMKN NOMEPEYHbIMU CEYEHUAMU U KOHUrypaumamm
Yy3N10B, Kak nokasaHo Ha ®UI'. 34, 35, 35A, 36 un 37. XenatenbHbln apdekT
3aKJII0YAETCA B MaKCMMaJibHOM yBesiM4eHnu noeepxHoctn 1022 paspena
NyTeEM U3MEHEHUS reoMeTpuun y3na u napameTpos 06paboTku, TakuxX Kak
MOLLHOCTb, YacToTa U AaBfeHne, B C/lydae ynbTPa3ByKOBOW CBaApKu, Uan

TeMnepaTtypa U faBieHNe, B Clyd4ae TEPMUYECKON CBapKMW.

[0189] Ha ®UI'. 25 noka3aH cBapeHHbIn koMno3ut 1030 u3 BbiBOAA
1032 1 TOHKONNEHOYHOro TokoCcbeMHMKa (1010 Ha OUI. 24) c BepxHen
MeTanNn3npoBaHHOM nneHkon 1012, nonuMepHon noanoxkon 1015 un

HUXXHEN MeTannn3npoBaHHOW naeHkon 1014. Kak u Ha ®Ul'. 24, HAHOCUMBbIN
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cBepxy cBapHou woB 1020 nepeMewaeTr NOANMEPHYIO noanoxky 1015 ans
NpUBEeAEHUA B KOHTAKT MeTa//IM3npoBaHHbIX naeHok 1012, 1014. BeiBop,
1032 Takxe HaxoaUTCA B KOHTaKTe C BepxXxHen naeHkon 1012 OTHOCUTENbHO
HanpasesneHua 1034 ceapku Anga coeauHeHUsa Mexay BbiBogom 1032 u
TOKOCbeMHUKOM (1010 Ha ®UI'. 24), obecneynBas NPOBOAMMOCTb OT HUXHEN

nneHkn 1014 yepes BepxHIO naeHky 1012 k BoiBOogy 1032.

[0190] YT06bl NOKasaTb akTMUYECKUIN NOTEHUNANbHbIA BapuaHT
peanu3auun B peasibHOM pa3peLlleHnn KOHCTPYKUuun, Ha OUl. 26 n 26A
npueeneHbl Mukpogotorpadum (otpeskn gnnHon 100 n 50 MUKPOH,
COOTBETCTBEHHO) NMOBEPXHOCTEN pa3fena CBAapHOro WBa Takoro KOMNo3uTa
U3 MeTaannu3npoBaHHoOM naeHkn 1012, nonnMepHon nognoxku 1015 un
HUXHen nnedkn 1014. B HanpasneHun 1018 cBapkun MeTanaM3mMpoBaHHas
nneHka 1012 npuxarta K HUWxXHen nneHke 1014 takum o6pasom, 4tobbl
nonyuuTb coegnHeHue 1013 mexay ABYMSA MaTepuanaMu CKBO3b
nonnmMmepHyto noanoxky 1015. 31o coeguHeHne 1013 obecneunBaer
NPOHMKHOBEHNE MexXay BepXxHen nneHkon 1012 n HMxHen nneHkon 1014 ana
obneryeHmsa u ONTUMKU3ALMKN NPOBOAMMOCTU OT METANNN3NPOBAHHON MIEHKHN
1012 k BbiBOAY (Hanpumep, 1042 Ha OUI. 27) pna ynydweHna paboTsl

b6aTtapewu.

[0191] Ha ®UTI'. 27 noka3aH koMno3uT 1040 BbIBOA/TOKOCBEMHUK C
TAaKNM e TOKOCbEMHWKOM, 4YTO U Ha ®UI. 24 (1010) u BbiBOAOM 1042,
COEANHEHHbIM C HUXHWUM cnoeMm 1014 nneHkun. bnarogaps cBapHOMY WBY
1020, HaHeCeHHOMY Ha BepXHIK naeHKky 1012 ToKoCbeMHUKA, NOIMMEpHas
nognoxka 1015 nepemeweHa ana obecneyeHns B3anMoaenCTBna BepxHen
nneHkn 1012 n HuxHen nneHkn 1014, yto no3eonser obecneynTb
NPOBOAMMOCTb MEeXAy MeTa/sIn3npoBaHHbIMU nsieHkamn 1012, 1014 u
BbiBOAOM 1042. Ha ®UI. 27A n 27B nokasaHbl MukpodoTorpadpum
NOBEPXHOCTU pa3jena CBapHOro WwBa MeXay HUXHeN NAEeHKOW N BbIBOAOM,
Ha KOTOPOW BUAHbI YeTKNe pasrpaHmyeHus. B yactHoctn, Ha OUIT. 27B

NoKa3aHa rpaHuua pa3aesia CBapHOro cjiod BbiBoaa U HUXHEWN NNEHKU C
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NPpUCyTCTBYROLWLWMUMU METANNTNYECKNMN OCKOJIKAMN U3 MeTaﬂﬂM3MDOBaHHOVI

naeHKn, noaBnMBLLMMNCA BO BpeEMA nNpouecCa CBapKN.

[0192] Ha ®UTI'. 28 noka3aH koMno3nT 2040 BbIBOA/TOKOCBEMHUK C
METaN/IM3NPOBAHHbLIM MAEHOYHbIM TOKOCLEMHUKOM 2042 C TOHKOW BEPXHEMN
NJEHKOW, aHaNOMMYHbIM TOKOCbEMHUKY Ha PUT. 24 (1010), n BbiBOAOM 2044,
CO€AUHEHHbIM C HUXXHUM CN10EM MJEHKU MHOMOCNOWHON METaNnAn3npoBaHHOMN
NJAEHOYHON KOHCTPYKUMKN 2046 (C NONNMEPHON MNOANOXKON MexXAy KaXblM
oTAeNbHbIM CNnoeM). Takue cnon MoryT 6bITb NpoAaBaeHbl C 06bpa3zoBaHNeEM
TAaKOW MHOIOC/ONHOMN KOHCTPYKUuKN 2046 nosepx camMoro sbieoga 2044. Cnowu
2046, Bkawyvasa BepxHuin cnon 2042, MEKT TaKy Xe TOHKOMNJEHOYHYI0
KOHCTPYKLMIO, 4TO N NMOKa3aHHble Ha OUIN. 24 (1010). MHOXeCTBO Cnoes
2042, 2046 B pe3ynbTaTe ynpaBieHUS UMUK NEepEMELLEHbl NOCPeACTBOM
cBapHoi BbleMkn 2048 anga coeanHeHus MHoxecTBa cnoes 2042, 2046
BMecCTe Ha rpaHuue 2049 pasgena cBapHOro wea. Kpome 1oro, npyM Hann4yumu
MHOXeCTBa TOHKOMJIEHOUYHbIX TOKOCbEMHbIX cnoeB 2042, 2043, ceapHas
BbleMka 2048 MoxeT 6bITb HaHeceHa TakuMm obpa3omM, 4Tobbl CHOPMUPOBATL
CTyneH4yaTbli KOHTYp 2047, OKpyXalowmuii BCO CBapHYO BbleMKy 2048, ans
cnoco6CTBOBAHUA NOSHOMY NMPUNOXEHUIO AABIEHUA NPU CBApKe yepes
MHOXEeCTBO TOKOCbEMHbIX croeB 2042, 2046. bnarogaps TakOMy KOHTYpy
2047 pononHuTenbHO obpa3syeTca NpunoagHATbIA nepudepuiiHbli kpan 2045
Ha BEpPXHEeNn KpoMKe cBapHOU BbleMkun 2048. Takum 06pa3oM, NONyYarLWNNCS
B pe3ynbtate komno3ut 2040 obecneunBaet NnpoBOAUMOCTb MEXAY BCEMMU
MeTaNNN3NPOBAHHBIMWU MAEHOYHbIMU TOKOCBEMHbLIMU cnosamn 2042, 2046 un
BbiBOAOM 2044 ang AanbHenwWwero ncnojib3oBaHunsa B batapee pna nepepavu
aHeprnu Hapyxy. Ha ®Ul. 28A n 28B nokasaHbl MukpodoTorpadpun Ton xe
CaMOM KOMMO3UTHON KOHCTPYKLUMU, 4TO U HA OUI. 28. 3aMeTHbI BEPXHUN
TOKOCbEMHbIN cnon 2042 1 HUXE MHOXeCTBO cnoeB 2046 Takunx
TOHKOMAEHOUYHbIX CTPYKTYp. lNMoBepxHOCTb 2049 pa3aena CBApHOro Lwea
coefnHAET TaKoe MHOXECTBO TOKOCbEMHbIX cnoeB 2042, 2046 ¢ BbIBOAOM
2044. Takxe NpuUCcyTCTBYET BUAUMbIA KOHTYp 2047, OKpY>KaloLWmMin CBAapHOMK
LWOB, C NPUNOAHATLIM NepudepniiHbiM KpaeM 2047. Ha ®UI. 28B Ha

nosepxHocTun 2049 pasaena CBapHOro BUAHbI YAaCTU MJIEHOYHOro
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TOKOCbEMHUKA BHYTPW MOJIMMEPHON NOANOXKHK, obecneyunsaroLwme
NPOBOANMOCTb HE TONIbKO MeXAY TOHKOMAEHOYHbIM TOKOCHLEMHbIM C/I0EM
2042 v BbIBOAOM 2044, HO U MeXAYy MHOXECTBOM TOKOCbEMHbIX crnoeB 2046 u
BbIBOAOM 2044. Kak u Bblwe, Takon komMno3uT 2040 no3sonset batapee

nepeaaBaTb U3 3/IEMEHTA HAPYXYy yYepes3 Takon BbiBog 2044,

[0193] Ha ®Ul'. 29 npuBeneHbl pa3finyHble BO3MOXHbI€ KOMMNO3UTbI
1050 u3 BbiBOga 1054, BepxHen MeTanIM3MpoBaHHOW niaeHkn 1052 u
MHO>EeCTBa MEeTa//IM3UPOBAHHbIX MIEHOYHbIX TOKOCbEMHMKOB 1058,
COEeANHEHHbIX ApYr C APYroM NoCpeacTBOM cBapHoOro wea 1056, uto
obecneuymBaeT NPOBOAMMOCTb TaKUX METANM3NPOBaAHHbIX NNeHoK 1058,

1052 yepe3s BbiBOA 1054.

[0194] Ha ®UI'. 30, 31 1 32 nokasaHbl pas3sinyHble TUNbl 6aTapenHbIxX
YCTPOMNCTB, UCNONb3YIOLWNX 3JIEMEHTbI MUTAaHNUA C BbIBOAOM, NPUBAPEHHbLIM K
TOHKOMY TOKOCbeMHUKY. Ha ®UI. 30 noka3aHa 6atapes 1060 ¢ xecTkum
NNacTMacCoBbIM KOHTeliHepoM 1062, anemeHTOM 1066 nuTaHusa u
NpUCcoeanHEHHbIM BHELWHMUM BbIBOAOM 1064 ansa ganbHenWwWwero coeanHeHns ¢
yCTpOUCTBOM (He noka3aHo). Ha ®UIl. 31 nokas3aHa unnanHapuyeckas
6aTtapesa 1070 ¢ koHTeHepoM 1072, 3N1€MEHTOM NUTAHUS
(anekTpoa/ToKOoCbEMHUK) 1074 n BbICTyNnawwmM BbisogoM 1076. Ha ®UTT. 32
noka3saHa naketHas 6atapes 1080 c nakeTHbIM KOHTenHepoM 1082,
snemeHToM 1084 nuTaHMa U NOoACOEAUHEHHbIM BHELWHNM BbIBOAOM 1086,
ONATb Xe [NA fafbHEeNnLWwero cCoeguHeHNs C BELWHUM YCTPOUCTBOM (He

NOKas3aHo).

[0195] Ha ®WTI'. 33 n 33A nokasaHbl kKoMno3uTbl 1090 aneMeHTa
NUTAaHUA, UMELLME MHOXECTBO BbiBOA0B 1098, MHOXECTBO
9NEeKTPOAHbIX/TOKOCbEMHbIX cnoeB 1096, sepxHuit BbiBoA 1094 n BepxXHUmn
3NEKTPOAHbIN TOKOCbEMHbIN cnon 1092, npnyeM BCe CBapeHbl BMECTe, Kak

ONMMCaHO B HACTodWEM AOKYMEHTE.
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[0196] ©UT. 34, 35, 35A, 36 1 37 OTHOCATCA K pPasanNYHbIM
NOTEHUMWANbHbIM BapnaHTaMm peanun3aumn KOHCTPYKLUMN CBApPOYHON ONOpbl U
y30paM/KoHPUrypaunam gna nCnonb3oBaHUSa BHYTPU CBAPHOW BbIEMKU U
npuaaHnsa em opM N KOHCTPYKUUNA (TpeXMepHbIX) B LeneBblX KOMMOo3uTax
BbIBOA/3NneMeHT nutaHua. Ha ®Ul. 34 nokasaH psag pa3aMyHbIX BO3MOXHbIX
BapuaHToB 1100 peanusauumn KOHCTpyKuun onopbl. OanH npepcrasnaeT
CO60M NUHENHY KOHCTPYKUM 1102, nmerLLyo NpaMoyrosibHy ¢Gopmy B
Tpex naMmepeHuax. Takxe rnokasaHbl yCeYeHHasa nupamupanbHasa TpexmepHas
KOHCTpYKuma 1108 (C cyxarwmmca HaKIOHOM OT KBaApaTHOro Kpas K
MEHbLWEWN KBaApaTHOW BEpPLIMHE), 3aKpyrieHHasa nMpamMuaaibHas
KOHCTpYKuna 1106 n chepnueckasa KOHCTpykuna 1104 (c pebpuctbiMu
nepudepnamn). Takum obpasom, Takue TpexmepHble onopbl 1100 mMoryT 6bITb
3anpeccoBaHbl YAbTPa3BYKOM, HarpeBoM UK NMPOCTO AaBJ€HUEM BHYTPU
KOMMO3UTHOIO ToKoCbeMHUKa (1010 Ha OUI. 24) n/unun TOKOCbEMHUKA U
BbiBoAa (1020 Ha ®UI. 25) ana co3paHna HeobXoaNMbIX MOBEPXHOCTEN
pasgena Mexay njieHKamum TOKOCbEMHUKA U BbiBOgaMu. Taknm o6pa3om, Ha
OUl. 35 nokaszaH O0AMH BO3MOXHbIN BapuMaHT peann3aunun noBTOPSAIOLMXCS
yCeUYEHHbIX NUpamnganbHbiX KOHCTPYKUn 1110 B NONHON ceTKe ansd
HaHeCeHnsa CBapHbIX WBOB B BuAe noaobHoro ysopa. Ha ®UI. 35A noka3aH
elie OA4UH BO3MOXHbIA BapuaHT peann3aunm CETKU, pa3pexeHHo
3aMo0JIHEHHOWN YCEeYEeHHbIMWU NupaMuaanbHbiMu onopamn 1120 ana Ton xe
camon uenun. ®Ulr. 36 n 37 OTHOCATCA K paBHOMEPHbLIM CETKAM YyCEeYEHHbIX
nupamug 1130, 1140 aong y30p4aToro HaHECEeHUS Ha LeneBble KOMMNO3UThI
(pacnonoXxeHHble B LWaxXMaTHOM NopsAAKe MO CPABHEHUIO C BbIDOBHEHHbIM B
NnHu). TaknMm obpasomMm, Takme TpexMepHbie ONopbl NO3BONAIOT
BO34AENCTBOBATb Ha NOJIMMEpPHbIE NoANoXKK (Hanpumep, 1015 Ha OUT. 24) u
nepeMewaTb UX B CBA3M C NpuxaTtuem sepxHen nneHku (1012 Ha OUT. 24)
BHU3 ANSA NPUBEAEHUSA B KOHTAKT C HMXXHEWN naeHkon (1014 Ha OUl'. 24) B
CBA3U C rOTOBbIM CBapHbIM WBOM (1020 Ha OUTI. 24) B uenax coeguHeHnsa u

npoBOANMMOCTU, KaK 06CY)K,,EI,aJ'IOCb N ONUCBbIBANOCb B HACTOALLEM NOKYMEHTE.

[0197] Ha ®UTI'. 38 n 39 nokasaHbl pasaMyHbie NoTeHUNanbHbliE

BapuaHTe peanun3auunn BepxHero ceapHoro wea (OPUl. 38) n HUXHero
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cBapHoro wea (OUl. 39). Ha ®UI". 38 nokasaH ceBapHon koMno3ut 1150 ¢
BbiBOAOM 1154, MeTannnM3npoBaHHbIMK NneHkaMu 1152, HanpasneHuem 1154
CBapKu CBEpXy U roTOBbIM CBapHbIM WBOM 1156, coegnHaoWwmMm
MeTannn3npoBaHHbie naeHkn 1152 ¢ seiBogomM 1154. Ha ®UI'. 39 nokasaH
cBapHon komno3nt 1160 ¢ BbiBOAOM 1164, METaNNIU3NPOBAHHbLIMU NJIEHKaMU
1162, HanpaBneHnem 1164 CcBapKu CHU3Y U roTOBbIM CBApPHbIM WIBOM 1166,

COEANHALWMM MEeTaNIM3NPOBAHHbIE MeHKU 1162 ¢ BbiBOAOM 1164.

[0198] Ha ®UIl'. 40 BO3MOXHbIN BapuMaHT peannsaunumn CBapHOro
koMno3uta 1170 ¢ O4HOKPATHO CNOXEHHbIM BbIBOAOM 1174, UMEOLWMUM OA4UH
n3rnb 1175, TokocbeMHUK/anekTpos 1172 n MHOXEeCTBO CBapHbIX WBOB 1176
MeXay BbiBOAOM 1174 N TOKOCbEMHUKOM/31EKTPOAOM 1172 n KOHUEBOW
cBapHoi woB 1178 ana npukpenneHusa BbiBoga K cebe. Ha ®UIN. 41 nokasaH
BO3MOXHbI BapuaHT peannsaumm cBapHoro komnosuta 1180 ctyneH4aTbIX
METaNNIN3MPOBAHHbLIX NAEHOYHbIX TOKOCLEMHUKOB 1182 n cTyneH4yaTbIX
BbIBOAOB 1184 C MHOXECTBOM CBapHbIX WBOB 1186 anga coeauHeHns Takux
TOKOCbeMHNKOB 1182 1 BbiBOAOB 1184 BMecTe. B 3TOM KOHUrypaumm
Ka)xaaa MeTanamyeckas NOBEpPXHOCTb KaXA0ro TOKoCbeMHUKa 1182 BxoauT B
KOHTAKT NOBEPXHOCTb K MOBEPXHOCTU MO MEHbLUE Mepe C O4HUM U3 BbIBOAOB
1184. Ha ®UI'. 42 noka3aH BO3MOXHbIN BapuaHT peanunsaunn CBapHoro
komMno3uta 1190 ¢ 3neKTpoAOM/TOKOCbEMHUKOM 1192, cOeAUHEHHbIM C
NAaBKoOM NpepoxpaHutenbHon obnactbio 1198, KoTOpas NpuBapeHa K BbIBOAY
1194 B orpaHnyeHHon obnactn 1196 cBapHOro wBa BO3/e NJAaBKOM
npenoxpaHutenbHon obnactn 1198. 3T BapuaHTbl peanamsaunmn
obecneuymBaldT HEKOTOPYH AEMOHCTPAUNID YHUBEPCANbHOCTU, AOCTYNHON B

OTHOLWEHUN Taknx cnocobos. CBapKun € TOHKONAE€HOYHbIMU TOKOCBbEMHUKAMMN.

[0199] Ha ®UI'. 43, 44 n 45 n3obpaxeHbl BO3MOXHbIE BapuaHTbl
peanun3aunn B OTHOLEHUU YCUIMBAKOLLMX 3/IEMEHTOB B AOMNOJIHEHUE K TaKUM
CBApPOYHbIM Onepaumnam B KOMMNO3UTAxX CUNOBLIX 371eMeHTOB. Ha ®UT. 43
nokasaH cBapHon komno3uT 1200, MMerLwmnin NpOTUBOMONOXHbIE /IEKTPOADI
1202, 1204 c npuBapeHHbIM BbIBOAOM 1208, apMupyrowyto neHty 1206 u

AONOJHUTENbHOE NepekpbiThe 1210 Ana Takux NOBbIWEHHbIX BO3MOXHOCTEN
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ycunenua. Ha ®UlN. 44 nokasaH MHOMOMJAEHOYHbIM CBApHOW KOMNO3UT 1220 ¢
MHOXECTBOM TOHKNX NNIEHOK 1224, TOHKOW NAEHKON 1222 BEepXHEro cnos u
NpMBapEeHHbIM BbIBOAOM 1226. ApMupyoLwas neHta 1228 HanoxeHa Ha
CBApHOM LIBE BbiBOAA (He NOKasaH), ONATb Xe, AN YBEeInYeHuns
NPUKNaAbIBAEMOro AaB/ieHUA ANSA BO3MOXHOCTEN YCUIEHUS NO BCEWN TAKOM
obnactn ceapHoro wea. Ha ®Ul. 45 nokazaH MHOrOMJEHOYHbIA CBApHOM
KOMNO3uUT 1230, MMELWNN MHOXECTBO TOHKUX MNNEHOK 1234, TOHKYIO NAEHKY
1232 BepxHero cnos u npuBapeHHbIn BbiBOA, 1236. MNoBepX NOBEPXHOCTU
pa3gesia CBapHOro LWBa HaJMIOXEH 3a)XuMm 1238 ana ycuneHusa Taknx CBapHbIX
WBOB (He rnokasaHbl). TakuM 06pa3oM, yCuaeHne Takux CBapHbIX LBOB
MOXET 6bITb AOCTUITHYTO NOCPEACTBOM psaAa pas3IMUyHbIX BO3MOXHbIX

aJIbTEPHATUBHbLIX BAPUAHTOB.

[0200] Bnarogaps TakMM YHUKaNbHbIM U paHee HEN3yUYeHHbIM CBApHbIM
lWBaM, UX y3opam, passInyHbIM TUMAM CaMUX CBAPHbIX WWBOB, AaXe
YCUNEHNAM ANa NOBbilWEeHNA 6€30NaCHOCTU, HAAEXHOCTU U 3(PPEKTUBHOCTH,
NpeasiodXXeH HOBbIN NOAX0A K UCNOJIb30BAHUID TOHKUX METANIM3NPOBAHHbIX
NJIEHOYHbIX TOKOCbEMHUKOB B JIMTUIN-NOHHbLIX (M NOA0OHLIX) HBaTapesx,
KOHAEHCaTopax, d/IeMeHTax nNuTaHua n 7. 4. ana 3GGEKTUBHON nepepayun

SHEPrnMn N CHNXXeHne BO3MOXXHOCTHN TENNIOBOI0 pa3roHa.

[0201] OueBUAHO, YTO NPU HANNYNKU NOAPOOHO ONUCAHHOTIO
n3obpeteHuna cneumanncTol B faHHON 061acTn CMOryT BHECTU B HEro
N3MeHeHunsa n Mmogudunkaumm 6e3 oTKIoOHEeHUSa 0T obbeMa HacCToALWEero
n3obpeteHuna. CooTBETCTBEHHO, 06bEM HACTOALLErO N306peTeHnsa f0NXeH

onpenenaTbCa TONIbKO NPUIOXEHHON hopMynon nsobpeteHus.
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®OPMYJIA N3OBPETEHUA

1. YCTpONCTBO HAKOMJEHUSA SHEPruKn, Coaepxawee aHoq, KaTtoq, no
MEHbLUEN Mepe OAMH pa3aenuTesnb, NPUCYTCTBYOWNA MeXay YKa3aHHbIMU
aHOAOM WM KaTOAOM, 3/1€KTPOANUT, NO MEHbLUEN Mepe OAUH
MEeTaN/IM3NPOBaAHHbIA TOHKOMNJIEHOYHbIN TOKOCBEMHUK, HAXOAAWMNCA B
KOHTaKTe No MeHbLlen Mepe C OAHMUM M3 YKa3aHHOro aHoAa U YKa3aHHOro
KaToha, No MeHblUen Mepe OAWH BbIBOA, NPUKPENAEHHbIA NO MEHbLUEN Mepe
K O4HOMY YKa3aHHOMY MEeTan/IM3MpoOBaHHOMY TOHKOMJIEHOYHOMY
TOKOCbEMHMUKY,

NPU 3TOM YKa3aHHbIA NO MEHbLUEN MEpPE OANH METaNIM3UPOBAHHbIN
TOHKONNEHOYHbIN TOKOCBEMHUK UMEET CNI0N MNOJIMMEPHON MOANOXKN,
NMELWNA BEPXHIOK U HUXXHIOK NMOBEPXHOCTb,

NpUYeM Ha yKa3aHHbIA BEPXHUIN CNOW NOSIMMEPHOW NOANIOXKUN NOMELLEH
nepBblIi METANJIM3UPOBAHHbIA CNON, @ K YKa3aHHOMY HUXXHEMY C/00
NOJIMMEPHOM NOAJNIOXKWN NMPUKPENAEH BTOPOI METAaNNN3NPOBAHHLIN CNON, U

Npu 3TOM YKa3aHHbIA TOKOCbEMHUK UMeET B cebe TaKyl CBapHYyHo
BbIEMKY, UTO MO MEHblUen Mepe 4aCTb YKa3aHHOro NnepBoro n BTOporo

MEeTaNNN3UPOBAHHOIO C/I0S HAXOASATCA B KOHTAKTE APYr C APYrOM.

2. YCTPOWUCTBO HAKOMJEHUA SHEPruun no n. 1, npuyem ykKasaHHoe
YCTPOMUCTBO TaKXe COAEPXMUT MO MEHbLUEN Mepe OAMH BbIBOA /IEKTPUUECKOrO
COeQNHEHMNA, NPUKPENJIEHHbIA NOCPEeACTBOM YKa3aHHOW CBAPHOW BbIEMKU K

METANNN3NPOBAHHOMY CNOKO YKA3dHHOI0 TOKOCbE€MHUKaA.

3. YCTPOMCTBO HAKOMJEHMA SHEPrMun no n. 1, B KOTOPOM yKa3aHHas
CBapHasa BbleMKa CBA3aHa C OAHUM U3 YKA3aHHOro aHoAa M yKa3aHHOro

KaToAa.

4. YCTPOWCTBO HAaKOMAEHUS SHEPIrUM MO M. 3, B KOTOPOM YKa3aHHbIW
BbIBOA 3NEKTPUYECKN COEAUHEH NOCPEACTBOM CBAPHOMN BbIEMKM C YKa3aHHbIM

dHOAOM WJIN YKAa3daHHbIM KaToA40M.
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5. YCTpOWCTBO HAKONIEHUSA SHEPrMKU Mo n. 1, B KOTOPOM

npeaycMoTpeEHbl yCunmneakowme aneMeHTbl NoBEPX YKA3dHHbIX CBAPHbLIX LLUBOB.

6. YCTPONCTBO HAKOMJEHUSA 3HeprnmM no n. 1, B KOTOPOM yKasaHHas

MEeTaNIM3npoBaHHaAsa NMieHKa BKAOYAET B ceba A0 25 CcBOuX Cnoes.

7. YCTPOWUCTBO HAKOMIEHUA SHEPruun no n. 6, B KOTOPOM MHOXECTBO

BbIBOAOB NpeacraBieHbl B Konnyecree o 25.

8. YCTpONCTBO HaAKOMAEHUA 3Heprum no n. 6, B KOTOPOM NO MEHbLUEN
MEpe HEeKOTOpble U3 MeTaJIMYECKUX C/I0EB NPOAaBJ/IEHbI Yepes
NPUMbIKAKOLLME TOKOCLEMHUKN A1 NPUBEAEHUSA B KOHTAKT C
METaNIN3UPOBAHHBIMU C/IOSAMU APYTNX TOKOCLEMHUKOB, KOTOPbIE B
NPOTUBHOM C/lydae He UMEKT KOHTaKTa «MOBEPXHOCTb K MOBEPXHOCTU» C

npoaaBne€HHbIMU METaMIMHECKUMU CNOAMMN.

9. YCTpOWNCTBO HAKOMJEHUSA 3HEpPrnum No n. 1, B KOTOPOM UMeeTcA
MHOXECTBO CBApPHbIX BbIEMOK, KOTOPbI€ BbINOJIHEHbI B BUAE Y30pa,
NOJSIHOCTbIO 3aMNOJIHAKLWEr0, pa3pexXeHHO 3anoJIHALWEro, YaCcTUYHO
3anoJIHALWEro B WaxMaTHOM nNopsaaKe CeTKY MAN YAaCTUYHO BbIPOBHEHHOTO

no CeTKe.

10. YCTpONCTBO HaKoOMAEHUA 3Heprum no N. 1, B KOTOPOM BbleMKa
NMEEeT IMHENHYID, YCEUYEHHYIO NUPaMULaNbHY0, 3aKPYI/IEHHYO

nMpammpanbHyo nin chepuyeckyro popmy.

11. YCTpONCTBO HAKOMNEHUS 3HEprumn, coaepxawee aHon, Katoa, no
MEHbLUEN Mepe OAUH pa3fenutesb, NPUCYTCTBYOLWNA MeXAy YKa3aHHbIMU
aHOAOM U KaToAOM, 3/1eKTPOJIUT, MO MeHbLlen Mepe OAMH
METaNNN3NPOBAHHbIA TOHKOM/IEHOYHbIA TOKOCbEMHUK, HAXOAAWMNNCA B
KOHTAKTe N0 MeHblen Mepe C O4HUM U3 YKa3aHHOro aHoAa M YKa3aHHOro

KaToAa, U N0 MeHbLIEN Mepe OAUH BbIBOA, NMPUKPENAEHHbIA MO MEHbLUEN



10

15

20

25

30

94

Mepe K O4HOMY YKa3aHHOMY METanN/IM3MpPpOBAHHOMY TOHKOMJIEHOYHOMY
TOKOCbEMHUKY,

NPU 3TOM YKa3aHHbIM NO MEHbLUEN Mepe OANH METaNIM3UPOBAHHbIN
TOHKONAEHOYHbIN TOKOCBEMHUK UMEET CAI0N NOJIMMEPHON MOANOXKN,
NMEIOLWNI BEPXHIOK U HUXHIOK MOBEPXHOCTb,

NPUYEM K YKA3aHHOMY BEPXHEMY CNOK NOAMMEPHON NOANOXKKHM
NpUKpenseH NnepBbii METaNNN3NPOBAHHBLIN CNION, @ HA YKA3aHHbIN HUXHUN
CNOM NOANMEPHON NOANOXKK NOMELLEH BbIBOA, U

NpU 3TOM YKa3aHHbIA TOKOCLEMHUK UMEET B cebe TaKyl CBapHYH
BbIEMKY, YTO NO MEHbLIEN Mepe 4aCTb YKa3aHHOro NepBoro

METANNN3NPOBAHHOIO CJZ104 HAaXoANTCA B KOHTAKTE C YKA3aHHbIM BbIBOAOM.

12. Cuctema BbIBOAA TOKOCbEMHUKA A1 UCMONb30BAHUA C YCTPONCTBOM
HaAKOMJIEHNA 3HEPrun, BKAKYAKLWKMM B ceba aHoa M KaToa, npuyem
yKa3aHHaa CUCTEMaA BbIBOAA TOKOCbEMHUKA COAEPKUT:

NO MeHbLUEN Mepe O4HN TOKOCbEMHUK B KOHTAKTE NO MEHbLUEN Mepe C
OAHWM N3 YKA3aHHOro aHo4a M YKa3aHHOro Katoaa, npu 3TOM yKa3aHHbIN
TOKOCBbEMHUK BKJItOYAET B ceba Cnon noAIMMEPHON NOANOXKN, UMEKOLLNNIA
BEPXHIO U HUXHIOK NMOBEPXHOCTb, MPUYEM K YKa3aHHOMY BEPXHEMY CJ/IOH0
NOJIMMEPHOM NOAJNIOXKWN MPUKPENAEH NepPBbIA METANIM3UPOBAHHbINA CNOK, A K
YKa3aHHOMY HUXXHEMY C/I0K0 MOJIMMEPHON NOANOXKN NPUKpPENnaeH BTOPOW
MEeTaJIN3MPOBAHHLIN CNON;

NO MeHblUen Mepe OAUH BbIBOA, MPUKPENIEHHbIN K BEPXHEMN
NOBEPXHOCTU MNOJIMMEPHOM NOANOXKN UAN HUXHEN MOBEPXHOCTU NOJANMEPHON
NOAJIOXKU; U

OAHY unu 6onee CBapHbIX BbIEMOK, PACMO/I0OXEHHbIX HA TOKOCbEMHUKE
TaknuMm o6pa3oM, UYTO BbIBOA HAaXOAUTCA B KOHTAKTE MO MEHbLUEN Mepe C
4YacTblo NepBOro MeTaNIN3NPOBAHHOIO C/I0S UAN YaCTbio BTOPOro
METaJ/In3MPOBAHHOIO C/NI0SA, COOTBETCTBEHHO;

MPU 3TOM CBapHble BbIEMKWN BbINOJHEHbI TAKUM 06pa3oM, 4yTobbI
nepeMecTuTb CI0M NOAIMMEPHOW NOANOXKKN Tak, 4Tobbl NepBbIi
MEeTaJ/In3MPOBAHHLIN CNON N BTOPON METaNAN3NPOBAHHbLIA CION HAaX0AUNUCH

B KOHTAKTe.
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13. CuctemMa no n. 12, B KOTOPON CNON NOIMMEPHON MOANOXKN
BK/IIOUAET B Ce€6A MHOMOC/NONHYIO METANNIN3UPOBAHHYIO MJEHOUYHYIO
KOHCTPYKLUMIO C MNOJIMMEPHON NOANOXKON MEeXAY KaXA0W OTAENbHOM
MEeTaN/IM3NPOBAHHOW NJIEHKOW, @ KPalHASA CHU3Y MeTanJn3npoBaHHas
nJeHKa MHOMOCAOMHOW METanNM3npoBaHHON NAEHOYHON CTPYKTYpbl
npeacrasnseT cobon BTOPOM METaNAU3NPOBAHHbLIA C/ION, U

NpU 3TOM MHOIrOC/IONHasa MeTanM3MpoBaHHasa NJaeHoOYHasa CTpyKTypa
BbIMOJIHEHA YNpaBAgeMON C NepeMELLEHNEM NOCPEACTBOM CBApHOW BbIEMKMU
ANA COeaUHEHUSA MHOrOC/IOMHOW MEeTaaIn3MpoOBaAHHON NAEHOYHOWN CTPYKTYpPbl

BMECTE Ha NOBEPXHOCTUN pa3Aeisia CBAPHOro wea.

14. Cuctema no n. 13, B KOTOPOI CBapHas BbleMKa BbIMOJHEHA C
BO3MOXHOCTbIO 06pa3oBaHNA CTYNEeHYaToro KOHTypa, OKPY>XatowWero CBapHyto
BbIEMKY, A/ CNOCOOCTBOBAHMNA NPUNIOXEHUIO AABNEHUA NPU CBapKe yepes
MHOTOC/IOMHYIO0 METANNN3NPOBAHHYIO MJIEHOUYHYIO CTPYKTYpY, U

Npu 3TOM CTyNeH4YaTblil KOHTYpP CBAapHOWN BbleMKWN BKJOYaeT B cebs

NPpUNOAHATbIA NepudepuinHbin Kpah Ha BEPXHEN KPOMKE CBAPHOWN BbIEMKMU.

15. Cnocob n3rotoBneHnsa nUTUN-noHHOM 6atapen, BKAYAOLWNN
cneayrowme sTanbl:

a) NoNy4YeHune 3NeKTpoaa, UMEKLWEro N0 MEHbLUEN Mepe OA4HY
METANNN3NPOBAHHYIO NOAJIOXKKY C NOKPbITUEM U3 MaTepuana Ans XpaHeHus
NOHOB;

b) nonyyeHune npoTnesoanekTpoaa;

C) NOCNOWNHYIO YKNaaKy CNOSIMU YKa3aHHbIX 371eKTpoaa U
NpOTMBO31EKTPOAA HANPOTUB APYr Apyra C pa3aennTenbHbiM KOMMNOHEHTOM,
pPacnoyIoXEeHHbIM MeXAY YKa3aHHbIM 3/1eKTPOAOM M YKa3aHHbIM
NPOTUBO3J1IEKTPOAOM;

d) nonyyeHne ynakoBOYHOro Marepuana, Bkawyawouwero B cebs
KOMMOHEHT 3/IEKTPUYECKOr0 KOHTaKTa, NpUYeM yYKa3aHHbIA KOHTAKT

BKNOYAET B Ce6a 4aCTb, HAXOASALWYIOCSA BHYTPU YKa3aHHOIro ynakoBO4YHOro



10

96

MaTepuana, U 4acTb, HAXOAALWYCA CHAPYXN YKA3aHHOIO YNnakoBOYHOIo
MaTepuana;

€) 2/IeKTpUYecKoe CoeaUHEeHNEe YKasaHHOro 3/IeKTPMYECKOro KoOHTakTa
C YKa@3aHHON MEeTannn3mpoBaHHON NOAJNOXKON;

f) BBeaeHne no MeHbluen Mepe O4HOI0 XUAKOro 3NeKTpoanTa C MOHaMu
BHYTPb YKAa3aHHOI0 yrnakoBOYHOro matepuana u

g) repMeTn3aumnio yKazaHHOro ynakoBoyHoro matepmana;

NPUYEM yKa3aHHOE 3JIEKTPUYECKOE COeANHEHME Ha 3Tane €) BKJKYaeT
npouecc, NnpuM KOTOPOM NO MEHbLIEN Mepe OAUH MEeTaINYECKNI CIoN
YKa3aHHON MeTanan3npoBaHHON NOANOXKN NPOAAB/ANBAIOT Yepes
NOSIMMEPHYI0 NOAJIOXKKY YKa3aHHOW MEeTaJ/IM3MPOBAHHON NOAJIOXKKN AN
CO34aHMA 3NEKTPUYECKOro CoeanHEeHNsa ¢ conpoTuesiieHnem MmeHbwe 1 OMm ¢

YKa3aHHbIM 3N1EKTPUYHECKNM KOHTAKTOM.
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