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BeBegeHve

Byayliee TEXHOMOMMIA NCNONb30BaHUSA BO30GHOB/IAEMbIX UCTOYHUKOB 3HEPTUN CYLLLECTBEHHO 3aBUCUT OT
pa3BuTUSA 3hPEKTUBHBIX CUCTEM XpaHeHus aHeprun. CyllecTBYIOT TpagULMOHHbIE NOAXOAbl AN XpaHeHUs
3/1eKTPUYECKOI 3HEPrMK, NOSTyHaeMOoii OT CTaLMOHaPHbIX 3/1IEKTPOCTaHLMNA, B HACTOSLLEe BPEMS NOANUTbIBaE-
Mbl€ MHOTFOYMC/IEHHBIMU HOBLIMU UAESMU B COYETAHUU C (DOPMUPYHOLLEACA KOHLENLUMEN «MHTEIeKTyaslbHOM
ceTu». ina 6yayuieli aHepreTM4eckor MO6UNbHOCTY MHAMBUAYANIbHOTO TpaHcnopTa ecTb TO/IbKO OAHO Npwu-
B/leKaTe/IbHOe peLleHne: akKyMynsiTop, KOTOPbI MOXET XpaHUTb Takoe KOIMYECTBO 3HEPTMU, KOTOPOWA 6bi10
6bl 4OCTATOYHO, YTOOLI MO3BOINTL NEPEMELLATHLCA MOJTHOCTLIO HA 3M1EKTPOTAre Ha PacCTOSAHUS HECKOIbKMX
COTEH KW/IOMETPOB. HbIHELWHNE peLIeHNs, KOTOpble B HACTOSILLMIA MOMEHT NPUCYTCTBYIOT Ha PbIHKE, MOXHO
paccMaTpuBaTb TOJIbKO B KAYECTBE BPEMEHHbIX Mep. C CerogHsiLLHel TOUKM 3peHns, MMTUA-MOHHbIE 6aTapeun n
NPON3BOAHbIE OT HUX MHHOBALMOHHbIE KOHLEeNuuu, cregyeT paccmaTtpuBaTth Kak Hanbonee nepcnekTuBHbIe
BapuaHTbl. D/1eKTPOAbl, N3rOTOB/IEHHbIE U3 HAHOPa3MepPHbIX KOMMO3UTOB, OYAYT UrpaTb K/IOYEBYH POJb B
6yayuiem. MIHHOBaLMOHHbIE MaTeprasibl 6yayT paspabdbarbiBaTbCs Y cMCTeMaTUYeCK ONTUMU3NPOBATLCS, YTO
npegnonaraeT TeCTMpoBaHue 60/bLLIOro Y1NC/1a pa3IMYyHbIX MaTepuasnos.

Xapaktepuzauusi 3neKTPOXMMUYECKMX CBOWCTB KaTOAHbIX HaHOMaTepuanoB, WCMO/b3yeEMbIX B
NINTUA-NOHHBIX B6aTapesnx, UMeeT BaXHOe 3HaYeHne ANa Ux MHAMBUAYyanbHOI paspaboTkn. HacToswmii cTaH-
Aapt MOK npefgocTaBnsieT cTaHAapTHYH METOA0/10TMI0, KOTOPYH0 MOXHO MCMOMb30BaTh A/151 XapakTepusawmm
3M1eKTPOXMMUYECKUX CBOWCTB HOBbIX KaTOAHbIX HaHOMaTepuasioB, MaHWPYeMbIX K WCMO/b30BaHWO B
NUTUIA-UOHHBbIX 6aTapesix. Vicnonb3oBaHWe faHHOro MeToja Mo3BOMIMT MPOBOAWUTL CPaBHEHWE Pa3/iMyHbIX
TUMNOB KATOAHbIX HAHOMATEPMAaNoB 1 CpaBHNBATb pe3ybTaTbl Pa3/INYHbIX UCCIeA0BaTENbCKMX rpynn.
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HALULMWOHANBHBIN CTAHAAPT POCCUWNCKOWN GEAEPALUMN

nPOM3BOACTBO HAHOTEXHOMOIMMYECKOE
KOHTPO/NIb OCHOBHbIX XapakTepucTuk
YacTtb 41

HaHomaTepuanbl KaToAHble AN NUTUIA-UOHHBbIX 6aTapei.
OnpefeneHne aNeKTPOXMMUYECKUX XapakTepUCTUK C NPYMeHeHUeM ABYX3/IeKTPOAHOW sueiiku

Nanomanufacturing. Key control characteristics. Part 4-1.
Cathode nanomaterials for lithium *on batteries. Electrochemical characterisation. 2-electrode cell method

fataBBegeHns — 2017—01—01

1 O6nacTb NpUMeHeHNA

HacToswuii cTaHaapT pacnpocTpaHseTcs Ha KaTofHble HaHoMaTepuanbl AN MUTUA-UOHHBIX aKkKyMy-
NATOPOB W yCTaHaB/IMBAET METOA ONpefesieHns UX 3MEeKTPOXUMUYECKUX XapakTepuCTUK, MO3BONAIOLLNI
noTpeéuTento:

a) onpeaennTb BOSMOXHOCTb MCMOMb30BaHUS KATO4HOrO HAHOMaTepuana.

b) nopo6paTtb KATOAHbI HAHOMaTepuan, NoAXOASLNI A5t KOHKPETHOTO NPUMEHEHNS.

2 HopwmaTtuBHbIE CCbIIKU

B HacTosWwem cTaHgapTe UCMO/b30BaHa CCbl/IKa Ha CeAyoLwWwmnii AOKyMEHT.

Ana HepaTNpoBaHHON CCbINKW CrledyeT WCMO/b30BaTb NOC/eAHee U3faHne yKa3aHHOro AOKyMeHTa,
BK/1l0HAs BCe NONpasKu.

ISOrrS 80004-1, Nanotechnologies — Vocabulary — Part 1: Core terms (HaHoTexHonoruu. Crnosapsb.
YacTb 1. OCHOBHble TEpMUHbI)'1

3 TepMuHbI, onpeaeneHnsi, 0603HAYEHNA 1 COKpPaLLEHNS]

3.1 TepMuHbl U onpeaeneHnsa

B HacToslleM cTaHAapTe nNpuMMeHeHbl TepMuHbl no ISO/TS 80004-1, a Takke cnegytolime TepMuHbI C
COOTBETCTBYOLMMU ONpefesieHnAMM.

3.1.1 kaTogHblli HaHoMaTepuan (cathode nanomaterial): 3nekTpoabl, UCNOAb3yeMble B KayecTBe
KaToA,0B B IMTUA-UOHHBIX aKKyMynsiTOpax.

MpumeuyaHune — KatofHblli HaHOMaTepuan npeacTaBnseT co6oii osibry ¢ MHOTOC/MONHBIM MOKPbITUEM,
COCTOALWMIA N3 a/lOMUHNEBOTO KO/11IeKTOpa ToKa, AONOMIHUTENbHOrO €Cnos yrnepoda (onuuoHanbHO), CNOCO6CTBYIOLWEro
afre3nn (4Ns NoBbILEHUS NPU HEOGXOAMMOCTW aAre3un KaTofgHOro Cnos), U KaToAHOro cnos. fMocnegHuii cocTonT u3
aKTVBHOW hasbl (Hanpumep, NUTUIICOepXalLnX CMeLllaHHbIX OKCUA0B nnn hocatoB. Taknxkakkob6anbTaTbl(1.CO).HMKe-
natbl (NCA), maHraHaTsl (NCM) unxeneso-ocdatsl (LFP) nuTtns), npoBoasweit dasbl (caxa) M opraHnyeckoro CBa3yt-
wero (NoNMBMHUANAEHMTOPUA).

') B Poccuiickoii ®epepauun geiicteyet FOCT ISO/TS 80004-1—2014 «HaHoTexHonorun. Yacte 1. OCHOBHble
TepMUHBI 1 onpegeneHua». HOT.

N3paHne opuymnansHoe
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3.1.2 ckpyumBawuwascsa aveika {screw cell): Auyeiika, obecneunBaroLLas reomeTpmyeckoe pacnoso-
XeHune ABYX 3N1EKTPOL0B.

n punmedaHune — 3neKTp0xv|M|/|quK|/|e XapakTepucTukm KatogHoro HaHomatepuana onpeaendarT B CKpyynBa-
rouwnxea auelikax. KOHCprKLJ,VIFI sYeliku CoCToUT 13 NPYXWHbI, MeTanIn4eCcKNxX pacnopok 1 naketa 321€KTPoa0B C aHOA4OM,
cenapatopom, NponUTaHHbIM 3M1EKTPOSINTOM U KaTo4O0M. B0O3MOXHblI pas3sinyHble KOHCTPYKUUN A4YeeK. B npunoxeHmn A
npvBeAeHbl NPYMEPbI UCCIef0BaHNA B AYelikax, KOHCTPYKLMA KOTOPbIX OCHOBaHa Ha (hTOPON/IacToBbIX (PUTUHraxX pasme-
pom 1/2 groiima coupmbl «Swagelok»'.

3.1.3 HanpsxeHne aueikun. UM (cell voltage. Ucd): Pa3HOCTb 3/1€KTPOXMMMYECKUX MOTEHLUANoB
KaTofa naHoga.

3.1.4 conpoTuBneHue sayelikn, f20M(cell resistance. Rv): OMnyeckoe BHYTpeHHee COMNpPOTUB/IEHME
UCMbITATENbHON AYenkn.

MpumeyaHune — /20— CyMMa OMUYECKNX COMPOTUBNEHUI (Hanpumep, 3MEKTPONANUTA, CONPOTUBNEHNUS KOH-
TaKTOB) iUEiKU.

3.1.5 ywukn 3apsagHo-paspsagHbiin (charge-discharge cycle): Mpoueaypa, BkavaloLas 3apsa v paspag,
UCMbITATENbHON SYEnKN.

MpumeyaHune — lMocne c60pkn Aueiika HAXOAUTCA B pa3psHXKEHHOM cOcTOosiHMU. Bo Bpems 3apsga noteHuuan
NINTMEBOTrO aHoja cMeLLaeTcs oTpuLuarenbHee nNoTeHuana Hy1eBoro Toka (noTeHunana pasoMKHYTON! Lenu), KaTMoHbl Nn-
TUSI BOCCTAHABNMBAKOTCS U MeTa/l/IMYeCcKnUii NTMTHIA ocaxaaeTcsi Ha NOBEPXHOCTU NUTUEBOro aHoaa. Bo Bpemsi paspsga Ha
BHELIHKWOW Uenb (Harpy3Ky) MeTasI/IMYecknii NIMTUIA oOKUCNAETCS Ha aHoge, noTeHynan KOToporo octaetcs 6onee oTpuua-
TeNbHbIM. YeM NoTeHUMan katoga. Tenepb MeTanIMYeCcKuii NUTUIA OKUCNSIETCA A0 MOHOB NINTUS 1 PACTBOPSIETCS B 3/1EKTPO-
nute. NoHbl NUTMA BCTpanBaloTCA B KpUCTA/I/IMYECKYI0 pelleTky matepmana katoga. Npoueccol 3apsgadaspsga B onpege-
NeHHbIX npegenax o6paTnmsbl.

3.2 O603Ha4yeHnsa n cokpaleHus

LCO — kobanbTat MTus, NUTUIA okena kobansbTta LiCo02(Lithium cobalt oxide);

NCA — nuTuii okeug Hukens kobanbta antoMuHus Li(Ni, Co. Al)02(Lithium nickel cobalt aluminium oxide);

NCM — nuTuii okeung Hukens kobansta mapranua LiNi,aCo,*Mn, 30 2(Lithium nickel cobalt manganese
oxide);

LFP — nuTwnii dhocdpat xenesa LiFePO, (Lithium iron phosphate);

PVDF — nonusunHunugeHdTopug (Polyvinylidene fluoride);

EC — atuneHkap6oHart (Ethylene carbonate);

DEC— gnaTtunkap6oHart (Diethyl carbonate);

PE — nonuatunet (Polyethylene):

HPLL — HanpsxeHune pazoMkHyTol Lenu (OCV, Open circuit voltage).

4 MeTofbl NOArOTOBKN 06pa3LoB

4.1 O6uwure nonoxeHuns

[ns onpefeneHus 3nekTpoOXMMUYECKNX XapakTePUCTUK KaTOLHOI0 HaHoMaTepuana UCnosb3yrT CKpY-
yuBatLwyocs syeliky. OCHOBHbIE 3Tanbl MOATOTOBKM M3MEPUTENbHbIX SUeek;

a) npeaBapuTenbHas 06paboTka 31EKTPOAOB:

b) BbIGOP HaA/eXallero coctTaBa M 06bemMa 3/1eKTPonTa;

C) npunoXeHue 3af4aHHOrO 4ONYCTMMOrO AaB/EHNS HA NakeT 3NEeKTPOAOB.

4.2 PeareHTbl

4.2.1 donbrapgna karoga

KaTtogHblli MaTepran noMeLLatoT B MepyaToYHbli 60KC, 3an0/THEHHBIN aproHOM, cpasy nocsne npuroToB-
NeHna/nonyyeHns Ansa NCKNYeHNa KOHTakTa ¢ aTMocdepHoi Bnaroi.

4.2.2 AHOp

B kauyecTBe mMartepuana aHoja MCNONb3YT MeTa/sIM4yeckuini nutnii. Jintmesyto osbry TOMLLMHOW
d =0,25 MM pacnakoBblBalOT HENOCPEACTBEHHO B 3anM0/IHEHHOM aproHOM MepYyaTtoyHOM 60kce, a 3aTem
MCNosb3ytoT, Korga Heo6xoAnMo.

H ®ToponnacToBble huTUHIN hupmbl «Swagelok* SBNAOTCA NPUMEPOM NOAXOAALLEr0 KOMMEpPYeCcKn AOCTYNHOro
npoaykta. flaHHaa nHdopmalmus npusefeHa 415 yaobcTBa nonb3oBaTeneii HacTosALWero ctaHjapta 1 He sBnseTcs 0406-
peHnem M3K aToro npogykra.

2
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4.2.3 PacTtBoputenu n cenapartop

TecTupoBaHue marepuasna nNpoBOAAT B 3/IEKTPOSINTE CONOCTaBMMOro cocrasa. B HacTosiiee Bpems B
KOMMepueckmx batapesx, kak npasuno, NPUMEHAIOT 3/1eKTPOnThI, cogepxalyme LiPF6. 4na nccnegosaHuii
pekoMeHAyeTCs NCMo/Ib30BaTh KOMMEPYECKN 3NeKTPONT 3afaHHOo unctoTbl Tuna LP40 (1 M LiPF6B pacTBo-
pe ¢ cooTHoweHnem EC:DEC 1:1) u cogepxaHuem BoAbl MeHee 5 MAH-1nnn akBuBaneHT. cnonb3oBaHne
anbTepHaTWBHOIO 3NEKTPONNTA BO3MOXHO B C/lyyae NpoBefeHns OTAe/IbHbIX UCMbITaHUA, NOATBEPXKAAIOLLINX
obecneyeHne UM Heo6X04MMOI CMaYMBaEMOCTM cenapaTopa 1 3N1eKTPoAHOro Matepuana. B kauecTse maTe-
pvana cenapatopa pekoMeHAyeTcs ucrnonb3oBaTb PE-HeTkaHbli MaTepuasn, BbiMyCKaeMblli koMnaHuel
Freudenberg nog ToprosbiM HaumeHoBaHvueM Viledon®1» MoryT 6biTb UCNO/b30BaHbl Apyrve marepuansbl
cenaparopa, B 3TOM C/lyyae CMayMBaeMoCTb cenaparopa 3/1eKTPO/IMTOM AO0/xHa 6biTb NoATBEpXAeHa
OTAENbHLIMU UCTILITAHUAMM.

4.3 TMMpepBapuTencHasi 06paboTka KaToLHOTO HaHOMaTepuana

KaTogHyto chonbry cyliaT B BaKyyMHOV Neyn 4,0 AOCTVXXEHNA COAepXaHWsA BOAb! B aKTUBHOM MaTtepuane
MeHee 100 mnH1 MpumepHble ycnoBusa cywku: Temnepatypa T = 120 °C. gasnexve p ot 1 go 5 mbap, B
TeyeHue BpemeHunt = 12 y.

KoHTponb cogepxaHvs BOAbl B KaTtoAe OCYyLeCcTBASAT CYLKOW A0 NOCTOSHHON macchl. [Mpouenypy
CYLLUKM NOATBEPXAalT AOCTUXEHUEM cofepxaHua Boabl 100 MaH-1 TUTpoBaHMeM no duwiepy A58 NepsBbIxX
nAaTV 06pas3LoB kaToAoB. [ocne 3TOro MeTof CYLUKMN 40 NOCTOAHHO Macchl MOXET 6bITb MPUMEHEH B kayecTse
CcTaHfapTHOro.

DNeKTpoAbl, Ucnonb3yemble B sivelike «Swagelok». Bbipy6alT Win Bbipe3alT nazepom u3 onbru,
MOKPbITOW KaTOAHbIM Cnoem. Maccy Bbipy6MeHHbIX 3/1eKTPOAOB T aMB ONpefensioT BblYMTAHMEM MaccChbl
honbrn 6e3 NoKPbITUA U3 Macchl ONbLIY C NOKPbITUEM.

M3 maccbl 3n1eKTpo0B OLeHUBaOT TEOPETUYECKYI0 eMKOCTb Q creaylolmnm 06pasom.

ANaKTmB — * ' JHe<l!ilog ~ "nognomMmunn)*

ma t m akT» MMO/b,
Q =nlleF *2/3600 MA u.rgez - 1, F = 96485 Kn/monb;

% =0/T" , poimAYlr'

a3 0 LU ™ MA ulr;

qF= Q/A MA eu/cM3.

[na pacyeToB A0/KHbI 6bITb NPeAOCTaB/EHbI C/ieAyoLne faHHbIEe:

a) macca anektpoga ™ mClipag(mMacca honbrv ¢ NoKpbITUEM);

b) Macca nof 0oxKu (macca honbrn 6e3 NokpbITUA);

C) cTexnomMeTpua/MONApHas Macca akTMBHOro marepmana M (MoxeT 6bITb NOATBEPXKAEHA XUMUYECKAM
aHanusom, Hanpumep. ICP-MS)2;

d) maccoBas 40151 aKTUBHOTO Matepuasna B 3/1eKTPOAE X;

e) nnowagb anekTpogaA.

4.4 TopfroToBKa CKpy4uBalLeincs suenkn

YacTu aueiikv oynLialoT aTaHO/IOM M BOAON B yNbTPa3BYKOBOI BaHHe W 3aTeM Cywart B CYLIW/IbHOM
wKady. Yactu xpaHAT B CylunnbHoM wwkadyy npu temnepatype ot 70 °C fo 80 °C B TeyeHue He MeHee 30 MUH.
Bo Bpems Takoli TepMmoo6paboTku yacTeli Aueiiku agcopbrpoBaHHas BoJa C UX NOBEPXHOCTM OyAeT yaaneHa.

MporpeTbie KOMMOHEHTbI AYeliki yCTaHaBNMBAIOT, Kak MoKa3aHo Ha pucyHke A.1, npunoxexue A. 3atem
UX MOMELLAT B MepyaToyHbIii 60KC A1 COOPKM 3NEKTPOXMMUYECKOI rpynnbl B atMoctepe aproHa. Bece maTe-
puasbl 4O/MKHbI 6bITb 06paboTaHbl B aTMOchepe aproHa B nepyatoyHoM 6okce. B nepuyaTtoyHom Gokce mak-
cumanbHoe cofepxaHune Or f0MKHO cocTaBATb 50 M/IH-1, MmakcumanbHoe cogepxaHne H20 — 10MNH L

Katog nomeLlatoT BHYTPUY A4EkU 1 NPOnNUTbIBatOT 351ekTponuTom LP40 (5 kanenb AN A4eiiku naowabo
1.27 cm2n TOoNWMHOW Katoga 50 Mkm).

BbipybatoT cenapartop TonuwwmHol 190 MKM 1 pa3MellaloT ABa €108 Ha kaTtode. 3ajaHHoe KOM4ecTBo
anekTponuta LP40 HaHocAT Ha cenapaTtop (300 mr nnm 5 kanenb pacnpegenstoT U3 MUKPONUNETKN Ha CoM
cenapaTopa).

Viledon© sBnsieTcA TOProBbiM Ha3BaHWeM NpoaykTa, noctasnsemoro Freudenberg Nonwovens. 3ta nHopma-
uMs npuBefeHa ANs yao6cTea nosfb3oBaTesneil HaCTOsALWEro ctaHjapTa U He o3HavaeT ofo6peHns M3K aToro npoaykTa.
MoryT 6bITb UCMO/Ib30BaHbl IKBUBA/IEHTHbIE MPOAYKTbI, €C/IN MOXEeT ObiTb A0Ka3aHO, YTO OHW MPUBOAAT K TEeM Xe pe-
3ynbTatam.

2) CnpaBka paspaboTunka cTaHgapTa. Macc-cnekTpomMeTpus C WHAYKTUBHO-CBS3aHHOW nnasmoi (ICP-MS —
Inductively Coupled Plasma Mass Spectrometry).
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NuTueBblii aHOA BbIpy6alOT 1 MEXaHWYeCK/ NOAMNPECCOBLIBAOT HA MOAMIOXKY U3 HepxaBetoLell ctanu
WK TUTaHa, uyTo6bl MUHUMU3UPOBATL KOHTAKTHOE COMpPOTMB/EHWe. 3aTeM ero knagyT Ha cenapartop. Mpu
MCMNO/b30BaHWN NOAJMIOKEK N3 HepXaBetolell cTany noce pastopkn sueiiky Ao/MKHO 6biTb AOKA3aHO OTCYT-
CTBME Koppo3uu. Mpu Ha/MuMKU KOPPO3UU MOASIOKKA U3 HEpXKaBelLW el cTanu AoMKHbI 6biTb 3aMEHeHbl
Ha TUTaHOBbIE NOAJIOXKY.

B 3aBepLueHne B siueliky yCTaHaBNUBAKOT MPYXWHY U3 HepxaBetoLell cTann (koathuLmeHT ynpyroctu
K =2.87 H/MM) 1 Heo6X0AMMOE YMCI0 NPOKNAA0K U3 HepXaBetolweil CTann U CBUHUYMBAIOT siueliky ¢ Npuio-
XEHWEeM YyCUNusi B COOTBETCTBUM c Tabnuueit L

Ta6nuue 1—Ycunue npyxuHsl v gasnexune

n n MpyxuHa MpyxuHa MpyxnHa
apamerp pyxuHa C 1 npoknagkoii C 2 npoknagkamu c 3 npoknagkamu
Ycunve npyxuHbl. H 14.87 19.23 23.59 27.95
faBneHune. kKHm"" 117 151 186 220

BbINOMHAOT KpaTknii PyHKLMOHAbHBIA TECT U3MEPEHNEM MY/TbTUMETPOM HaNPSKEHUS AYEliKK.

Ecnm U=(310.5) B (KOHKpeTHOe 3HayeHue 3aBUCUT OT MaTepuanoB) — cbopka rogHas, ecnu
U < 1,6 B— c60pKy Np13Hat0T HETOAHOA.

Ecnu HPL, siueek ¢ TeM xe TMNoM katoda Haxogutca mexay 1.6 n 2.5 B. Takne suelikn MoryT 6bITb Npo-
unknuposaHbl oT 5 o 10 pa3. Ecnu pa3psgHas eMKocTb anekTpofa MeHee 35 % TeopeTWyeckoli eMKoCTu
Q (< 0.35 O, cM. 4.3) nnn HabnwgaeTcsa 3HauuTeNbHas gerpagaums emkoctun (6onee 50 % nocne 10 unkIoB
unu 6onee 10 %/UnKN nocne TPeTbLEro Uukna), pesysibTaTbl He YYUTbIBAKOT U NOArOTOBKY 06pa3sL,0B ONTUMU-
3MpyIoT.

4.5 Pasbopka ckpy4uBarlleics sueiikn

JeMoHTax sueiiku NpoBoAsAT B aTMOCepe aproHa Ass UCKIYEHNS /TIO6bIX KOHTAKTOB C TOKCUYHBIMM
npoAykTamu pacnaga, Hanpumep, ¢ (hTOpUCcTOBOAOPOAHON KUCOTOIA.

Mcnonb3oBaHHbIe YacTy SUeliku XpaHaT v YTUAU3UPYIOT B COOTBETCTBUU CO CTaHAapTamMm 6e30nacHocTu
1 OXpaHbl 340POBbS.

5 W3mepeHue 3/1eKTPOXUMMNYECKNX CBOICTB

5.1 O6wme NonoxXeHns

[Onsi n3MepeHns XxapakTepucTvk 3apsifa/paspsiga sueiiky nogkioyaioT ceyowmm o6pa3om: pabounii
3NeKTPO, NOoTeHuMocTaTarasibBaHoCcTaTa COEAUHSIOT C KaTO4OM, a aHof COeAMHSIIOT C W3MepUTENbHbIM
BbIXOAOM W BbIXOAOM 3/1eKTPOAA CpaBHEHUs. Bo BpeMmsi 3apsfa noTeHuuan kaToAa CMeLlalT B MOSI0Xu-
TE/IbHOM Hanpas/fieHnn, a NoTeHuMas aHo4a CMEeLLaT B 0TpULATE/TbHOM Hanpas/ieHum.

5.2 HanpseHne pa3oMKHYTOW Lenu

5.2.1 OnpepgeneHue metoga

HPL, 3neKkTpoOXMMNYEeCKOi ABYX3/1eKTPOAHON AYelikn — 3TO NOTEeHLMan KaToaa, U3MepeHHbI B OTCYT-
cTBUM Toka. OH MOXeT paccmaTpuBaTbCs Kak aKBUBa/IEHT NOTeHLUana pa3oMKHyTOR Lenu.

5.2.2 3kcnepumMeHTasbHble NpoLeAypbl M YCNOBUA USMEPEHNUSA

Ayeliky nogknoyaoT K noteHunocTaty. HPL, namepsiot B TedeHne 5 MUH; foMxHa ObiTb JOCTUTHYTA
cTabunusauna 3HauyeHus. [na obblYHbIX KATOAHLIX MaTepuanoB 3HavyeHne nexuTt B gnanasoHe (310.5) B
(cm. 4.4).

5.3 lMoTeHuMocTaTnyeckaa aNekKTpoxummyeckas nMnogaHcHas cnekTpockonunsa

5.3.1 OnpegeneHHo meToga

DnekTpoxnummnyeckas nmnegaHcHas cnekrpockonus (ANC) — meTos UsMepeHnsa KOMMIEKCHOTo umne-
JaHca a4eilkn C NMOMOLLbI0 NePUOMYEcKN KONebMoLWeroca HanpsXxeHua AN pasfeneHns nonspusaunm Ha
3/1eKTpoAax N OMUYECKUX MOTePb B 3N1EKTPOSINTE U KOHTaKTax.

5.3.2 3kcnepumeHTanbHble npoueaypbl UYyC/I0BUSA U3MEPEHNSA

Aueiiky NoAKNYAKT K NOTEHUMOCTATY C aHa/IM3aTopoM YacTOTHOrO OTK/AMKA LUTeKkepamu ¢ NpoAosb-
HbIMW MOANPYXUHUBAKOLWMMN KOHTaKTaMun Tuna «b6aHaH». MamepeHne 3UC BbINOMHAIT MpU CremyoLwmx
YC/I0BUAX:

- NOCTOSIHHOE HanpshXeHue fo/XHO 6bITb paBHo HPLL:
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- nepemeHHas cocTasnswoLWwas fo/mkHa 6biTb pasHa 10 MB;

- yactoTa /"gomkHa 6b1Tb 0T 100 KI'y, g0 0.01 Iy,

BHyTpeHHee akTWBHOE COMPOTMB/EHMEe Rou COOTBETCTBYET AeACTBUTE/IbHOW yacTu uMnepaHca Ha
camoli BbICOKOI YacToTe /?saiaB (npu YactoTe 100 k'u). Ecnu /?ogicB meHee 20 Om, svelika npurogHa ans
9KCNEPUMEHTOB C 3aps0M U Pa3pagoM. B vHbIX cnyyasx Ao/mkHa ObiTb U3rOTOBNEHA APYras syeka.

5.4 OKCNepUMEHTHI C 3apsiioM 1 paspsaoM (MOCTOAHHbINA TOK — MOCTOSIHHOE HanpsXeHne)

5.4.1 OnpepeneHve metoga

3apag npoBoAAT METOAOM MOCTOSIHHbIA TOK — MOCTOSAHHOEe HanpsbkeHue (MT—IH), npu koTopom
3apsag NpoBOAAT B ABe CTaAuu: Ha NepBOli MPUMMEHSIOT rasibBaHOCTATMUYECKUIA MOCTOAHHbLIA Tok (MT) Ao
[OCTWKEHUS YCTAHOB/IEHHOTO 3Ha4YeHNA NOCTOSHHOTO HaNPSXEHUs!, a 3aTeM NOTEHLMOCTATUYECKUI Pexnm
3apsaga akkymynsatopa npu aToil BesiMumHe NocTossHHOro Hanpskenus (MH). Pa3pag npoBOASAT NOCTOAHHbIM
TOKOM YCTaHOB/IEHHOIO 3HAYEHUS.

5.4.2 3KcnepumMmeHTanbHble npoueaypbl MYyCc/10BUA U3MepeHnsa

Aveliky nogkaoyaloT K noTeHyuoctaty no 5.1. MNpeAensl 3Ha4YeHW HaNPsXeHUs 1 Toka Npu nposefe-
HUW npoueaypbl 3aBUCAT OT NPUMEHAEMOro KaTtogHoro Matepuasna. lNprsefeHHble HUXe 3HaYyeHua npume-
HUMbI K KaTogam Ha ocHoBe LCO, NCA n NCM:

a) /,=0,1C(0.1 C=Q/10), rae C— pa3psifHas eMKOCTb 3/IeKTPOAa;

b) =4,2B;

c) frH= 3600 c (1 u);

d) /a =0.01 C(10%/,);

e) /Ip=-0.1 G

0 Y* =2>5B.

4) 10 uvknos;

h) ans katofos Ha ocHoBe LFP npepgenbHoe 3HauyeHue HanpshxkeHus npu 3apsge L,*=3.8 B Huxe
3HavyeHua nprvBefeHHOro B b), MOCKOMbKY NPU UCMONb30BaHUKN aToro matepuana HPL, umeeT 6onee Hu3koe
3HaueHwue.

6 AHanu3 gaHHbIX/VHTEpNpeTaumsa pesynbTaTtoB

6.1 MoTeHunan pa3oMKHYTO Lenu

a) PacueT He npoBOAAT.

b) pachuio HanpsXxeHne B 3aBUCUMOCTN OT BpeMeHU (PUCYHOKA.3, npunoxexue A).

C) 3HauyeHus, KOTopble He06XOAMMO NOMYUUTL: HaMpsHXKeHVWe A4velikv, KOTOpoe LO/MKHO ObiTb paBHO
CTabuIbHOMY 3HAYEHUNI0 MOTeHLMana PasoMKHYTON Lenu.

6.2 3}'IeKTp0XI/IMVIL|eCKaF| mMmnogaHcHasa CnekTpockonms

a) Pacuet: Zm" aalZndlu HopmanusoBaHHasa: 2 A = Z’"gMOm cm2.

b) pacmk: rpacuk B KoopauHaTax Haiikeucta — 2HWM B 3aBucumocTv oT 2[VCIB (pucyHok A.4,
npunoxeHue A).

c) 3HaueHus, KOTopble HEOBXOAMMO MOJTYUnTh: BHYTPEHHEE conpoTuBneHne Rov = ZfloAdB npu yactoTe
100 KI'y, (pCYHOKA.4. NnpunoxeHue A).

6.3 3apsg/paspsg B pexume NoCTOSAHHbIV TOK — NOCTOSAHHOE HanpshXeHne
a) PacuyeT: nopmanunsoBaHHbInToK/ = HAMA'cM2,emkocTb” :qF = Ji'dt; yaenbHas eMKocTb No macce gA:

OA = pp.AlTa>vBMA . u/T.

b) pacduk: ganarpamma MT—IMH — U B 3aBUCMMOCTU OT / U. COOTBETCTBEHHO. / B 3aBUCMMOCTN OT t
(pucyHOKA.5, npunoxenue A). UlameHeHne emkocTu gAIqFB 3aBUCMOCTM OT YNC/1a LUK/IOB.

C) 3HauyeHus, KOTopble HE06X0AMMO NOMYUNTL: EMKOCTU Npu paspsage qFu oA omuyeckoe nagexue Jin.

Omunueckoe nafgeHve onpegenser UsSMeHeHne HanpsXxeHus AU Npu nepekniovyeHnun oT pexnma 3apaga
npu 1* 0 MA K pexxumy paspsga (3Hadyenuto HPL npu / = 0 MA) B npouecce npouegypbl MT—IH.

*> CnpaBka pa3paboTuvka cTaHfapTa; /p— TOk 3apsija n paspsga Ha ctagum MT; Uu. Upi— npepgenbHble
3HaYeHNs1 HanpsHXeHus npu 3apsge u paspsajge, yCTaHOB/IEHHbIe A1 KOHKPETHOro Matepuana; Mmy— npejesibHoe Bpems
cTynenu MNH; 'm — 3HayeHne Toka, NPM KOTOPOM OCTaHaB/MBaKT cTaauio MH.
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MpunoxeHune A
(cnpaBo4HOE)

Mpumepbl nccnepoBaHnii B auelikax ¢ NpMMeHeHneM PUTUHIOB pupmbl «Swagelok»

A.l MopgroToBka o6pasua

OTAenbHble YacTu suelikv nokasaHbl Ha pUcyHKe A.t.

PucyHok A.1 — OTAenbHble YacTu AYelikn

HeOGXO,D,VIMbIe COCTaBHbIe YacTu:
1ayveiika (BHyTpeHHWIA guameTp = 1.27 cM, BHELWHWA gnameTp = 2.53 cm);
2 afIloMUHNEBbIX TOKOCbeMa.
- 2 HaKpyuMBaloLWMNXCA KoMnauka;
2 TOHKMe MpOoKIagKu;
2 TONCTble NPOKIaAKu;
- 2 NoAN0XKN U3 HepxaBeloLeii ctanu.
1katon;
- 2cenaparopa;
- laHop;
1 npyxuHa;
3/1EKTPOSINT.
MoporpeTble YacTW AYelikn NoMeLLaloT B NepYaToUHblii 6OKC, 4TOOLI CO6PaTh 3N1EKTPOXMMUYECKYIO FPynny B aTMocC-
thepe aproHa.
OTanbl CO0pPKM NokasaHbl Ha pUCyHke A.2.



War

PucyHok
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OnucaHue

Pe3b60BOli KONMMA4YoK HajeBalT Ha
KONNEKTOP TOKa, NOCNE YEro BHYTPb,
Ha TOKOCbHEM, yKnajblBaloT BHauyane
TOHKY!0, @ 3aTeM TO/ICTYi0 NPOKNazaKy
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War PucyHok OnucaHue
c Bbipy6atoT Katon naowaabo
1.27 cM2 1 knagyT ero Ha KOJ1eKTop
Toka. Katop TonwmHoi 50 MKM npo-
nUTbIBaKOT 3nekTponntom LP40 u3
MukponuneTkn 300 Mr unn 5 kanenb

d [lBa cenapaTtopa TonwuHoi 190 Mkm
pasMeLlalT Ha kaToje M MponuTbiBa-
10T anekTponuTom (10 kanenb)



PucyHOK
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OnucaHue

[nsa aHopa Bbipy6atoT honbry us me-
TaNANYecKoro IMTUSE N HaNpPeccoBbI-
BaloT Ha MOAMOXKY U3 HepxaBsetoLei
cTanu, 4To6bl CBECTU K MUHUMYMY
KOHTaKTHOe COMNpOTUBNEHNE

NIUTueBbIi aHo4 NomelLalT Ha cena-
patop BHyTpb fueiiku, 3aTem ycTa-
HaBNMBAKOT NPYXWUHY
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10

OnucaHue

BTopyto NMoANMoXKy 13 HepxasetoLelt
CTanu NomeLLarT Ha NPYXWUHY W BTO-
Pyl pe3b6OBYH KPbILLKY HAaBUHUYMBA-
10T Ha Aveiiky

PucyHok A.2 — lMocnepoBaTenbHOCTb COOPKM (Lwarn a—na)

A.2 PesynbTaThbl 418 3n1eKTpofa Ha ocHoBe LCO

PesynbTarthl Ang anekrpoga Ha ocHose LCO nokasaHbl Ha pucyHkax A.3—A.6.
Ha pucyHke A.3 npeacTaBfieHbl pe3ynbTaTbl U3MepPeHuii HanpsXeHs pa3oMKHYTOl Lenu/noteHunana.

1-

(37 QNS W WAk WSS RS WU TS W WS SO W

o}

50

100

150
Bpewms t, ¢

200

250

300

PucyHok A.3 — 3asucumoctb HPLI/noTeHunana ot BpeMeHu
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Ha pucyHke A.4 npepcTasneHbl pesynbTatsl SUC.

el »
600 750

PucyHok A.4 — Togorpad anekTpoxXuMmU4eckoro nMnegaHca

Ha pucyHke A.5 npegctasneHbl pesynbTarthl 3apsja u paspsaga B pexumax no 5.4.1.

PucyHok A.5 — LintnuposaHue B pexumax no 5.4.1

11
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PUCYHOK A.6 MNIOCTPUPYET U3MEHEHWNE EMKOCTY MPY LUKINPOBAHNN.
Ha pucyHke nokasaHo cpaBHEHVE pe3yibTaToB A/1s 3apsga/paspsiga B pexume MNT nou pasnnyHbIXCKOPOCTAX 3apsi-

palpaspsiga (nesas cTopoHa) v Ansa 3apsga/paspsga B pexume NT—TMH npu 0.2 C (npaBas cTOpoHa).

Bpems f. u
Bpems 14
[ |
o1icC 0.20'11(: '12C 0.2C
U T —
a, 1 O0O0do onow
m
1
CpaBHuBaemblii Mmatepvan UCo02
m 3apAag
la O O paspsg
1 e TeopeTnyeckast EMKOCTb
el S I S | 1 i
0 5 10 15 20

Livknbl

PucyHOKA.6 — EMKOCTb B 3aBMCUMOCTM OT Yuca LUKNoB

YK 621.355.9:006.354 OKC 29.220.99 OKI134 8000

KntoyeBble cnosa: Npou3BOACTBO HAHOTEXHO/IOTMYECKOE, HaHoMaTepuasbl KaTofHble, 3NeKTPOXuMuYeckmne
XapaKkTepucTuku, NUTWIA-NOHHbIE 6aTapem, aKKyMynATopbl, MeToAbl ucnbITaHuni
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