043346 Bl

(19) EBpa3unckoe 11 043346 13 B1
naTeHTHoOe
Be4OMCTBO
(12 OIMMUCAHUE U30OBPETEHUS K EBPASUMCKOMY IMATEHTY
(45) [ata ny6nukauum v BelAauN nateHTa (51) Int. Cl. HOIM 4/64 (2006.01)
2023.05.16 HOIM 4/66 (2006.01)
(21) Howmep 3asBKku
202192436
(22) [ata nogaum sasBKu
2020.03.20
(54) COEJIUMHEHUA AKKYMYJISITOPOB U KOMIIOHEHTBI U3 METAJIJIN3UPOBAHHOM
MJIEHKHA B YCTPOMCTBAX XPAHEHUS DPHEPTUU C BHYTPEHHUMHA
NMPEJOXPAHUTEJISIMHU
(31) 16/361,216 (56) CA-AI-3074487
gg %0519'03'22 US-A1-2013177787
(43) 2021.12.06
(86) PCT/US2020/023791
(87) WO 2020/197981 2020.10.01

(71)(73) 3assutens n nateHToBnagenew;

COTEPUA BITTEPM MHHOBEWIITH
T'PYII MHK. (US)

(72) Waobperartens:
Mopun Bpaiian I'., Xy Kapa C. (US)
(74) nNpencrasutens:
Hunosa M.H. (RU)
(57) B u300peTeHUM MPEIOKEH SJEMEHT JUTHEBOTO AKKyMYIATOPA ¢ BHYTPEHHUM MPEIOXPAHUTETHHBIM

KOMIIOHEHTOM M HEOOXOAMMBIMH S3bIYKAMH, KOTOpbIE OOECHEYMBAIOT MHPOBOJUMOCTH OT €ro
BHYTpEHHEH YacTH HapyXy A MUTaHUS PacCMaTpHBaEeMOro yCTpoWcTBa. B Hacrosimem n3o0peTeHuu
PacKphITHl SI3BIYKH, KOTOpPBIE JIEMOHCTPUPYIOT JIOCTAaTOYHBIE YPOBHHM O€30MacCHOCTH B COYETAHHU C
XapaKTEePUCTUKAMHU BHYTPEHHETO MPENOXPAHUTENS], YKa3aHHBIMHU BBIIIE, OTHOBPEMEHHO AEMOHCTPHPYS
IIPOYHOCTH Ha OTPBIB, YTOOBI OCTABAaThCS HA MECTE BO BpEeMs HCIOJIB30BAHHS, a TaKkXke oOecrednBas
MOJIHOE TIOKPBITHE TOHKOIUIEHOYHBIX METaJUIM3UPOBAHHBIX TOKOIPHEMHHKOB ISl 00ECHEYESHUs] TaKoro
pesynbTarta BIEKTPONPOBOAMMOCTH. Takue S3bIYKH [JONOIHUTEIBHO CHAOXeHbl 3(PdeKTHBHBIMU
CBApHBIMHU IIBaMH Ul 0OeCIiedeHns] HEOOXOMUMBIX KOHTAKTOB IPU YPOBHSIX, KOTOPHIE NPEACTAaBISIOT
co00#l yIMBHTENbHBIE YPOBHU CONPOTHBICHUS TOKY W TEMIEparype, Uil JOCTHIXKCHHUS OCHOBHOTO
pe3ynbTata BHYTPEHHETO IPEIOXPAaHWUTENS C BBIMICYHNOMSHYTOW JIOCTATOYHOW IPOBOJUMOCTBIO IO
OTHOIIIECHHIO K BHEITHEMY yCTpoiicTBy. biaronapsi TakoMy sS3bIYKOBOMY BBIBOAY M CBapHOI CTPYKType
B JaHHOM 0O0llacTH TEXHUKH O0O0ecreunBaeTcs JIOIOJIIHUTEIFHOE YCOBEpPIICHCTBOBAHHE JIMTHEBBIX
aKKyMYJISITOPOB.
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O0JacTh TEXHUKH

Hacrosiee n3o0pereHre OTHOCUTCS K YIIyUYIIEHHSM CTPYKTYPHBIX KOMIIOHCHTOB M (PU3MYECKUX XapaKTe-
PHUCTHK JINTHEBBIX aKKyMYJISATOPHBIX mM3aenuii. Hampumep, TpaauIMOHHbBIE TUTHI-HOHHBIE aKKyMYJIATOPHI TIOJ-
BEPKEHBI OIPEICIICHHBIM SBICHHSIM, CBSI3aHHBIM C KOPOTKHM 3aMBIKaHHEM, B pe3yJbTaTe 4ero OHU IOIBepra-
FOTCSl BO3ACHWCTBUIO BHICOKMX TEMIEpaTyp M MOTYT B HUTOT€ BOCIUIAMEHUTHCS. BBUIo 0OHapykeHO, 9TO CTpyK-
TypHBIE CBOICTBA aKKyMYJIITOPHBIX KOMITOHEHTOB SIBIIIOTCS OJHWM M3 MCTOYHMKOB TaKHX MpoOieM. Yirydrie-
HUS, TIPEICTABICHHBIC B HACTOAIIEM NOKYMEHTE, BKIIOYAIOT B Ce0s MCIIONB30BAaHNE TOHKUX METAUTU3UPOBAH-
HBIX TOKOTIPHEMHUKOB (HAaIIpUMep, U3 aTFOMUHUS W/IIIH MEIN), MaTepPHAIIOB C BBICOKOH CKOPOCTBIO YCAIKH, Ma-
TEpHaJIOB, KOTOPbIE CTAHOBSITCS HEMPOBOASAIIMMHE IIPU BO3JEHCTBHU BBICOKMX TEMIIEpPATyp, U MX KOMOMHAIHH.
Takue ymydmeHuns oGecrieunBarOT BO3MOXXHOCTBH ITPOTHBOCTOSITH OIPEACICHHBIM HEIOCTaTKaM (JICHIpHUTaM,
HEOXHJAHHBIM CKadKaM 3JIEeKTPHUUYECKOrO HANPSDKEHUS U T.[.) B KOHCTPYKIMH LIEIEBOTO JIUTHEBOTO aKKyMYyJIsi-
TOpa MocpeacTBOM obecrieueHust Kak OyqTo Obl BHYTPEHHETO MPEOXpPaHUTENs B KOHCTPYKIMN CaMHX paccMmar-
PpHUBaEMBIX JIUTHEBBIX aKKyMYJISITOPOB, KOTOPHII MPEIOTBPAILACT HEXKENATEIbHBIE PE3yIbTaThl BO3ICHCTBHS BbI-
COKHX TEMIIEpaTyp B CIy4asXx KOPOTKOTO 3aMbIKaHMS. AKKYMYJISITOPDHBIC M3JENUSI M CIIOCOOBI MX HCIIOJIb30Ba-
HUS, BKIIIOYAIOITHNE B ce0s TaKue yIydIIeHus, TakKe MOANafaloT 01 00heM HACTOSIIETO H300pETeHNSI.

Oco05Iii HHTEpEC U BaKHOCTH MPEACTABISIOT 00ecIeueHNe 3JIeMEHTa JINTHEBOTO aKKyMYJISITOPa, KOTOPBIHA
BKITIOYAeT B ceOs HEOOXOAWMBIE S3BIYKH U 00eCIeueHus] IPOBOAMMOCTH OT €r0 BHYTPEHHEH YacTH HapyXKy
JUId TIATaHWUS PacCMaTPUBAEMOI0 YCTPOHCTBA, YTO MOXKET OBITh HETPHUBUANBHBIM YCIIOBHEM H3-32 TOHKOCTH
3JIEKTPOIOB, U, BEPOSTHO, 0OECIICYeHHE TOTO, YTOOBI TBE€ CTOPOHBI MEKTPOIHOTO MaTepHaja He MOTIH OBITh
MPOBOIAIINMHE APYT C ApyroM. B HacTosmem n300peTeHUH MIPEIyCMOTPEHBI SI3BIYKH, KOTOPBIE JEMOHCTPHPYIOT
JIOCTaTOYHBIE YPOBHH 0E30ITaCHOCTH B COUETAHUH C OTMEUCHHBIMH BBIIIE XapaKTepUCTUKAMH BHYTPEHHETO IIpe-
JOXPaHUTENS, IPH 3TOM OJHOBPEMEHHO 00J1a1asi MPOYHOCTHIO Ha Pa3phIB, YTOOBI OCTABATHCSI HA MECTE MPH IKC-
TUTyaTally, a TAK)Ke MOJHOCTBHIO MOKPHIBask TOHKOIUICHOUHBIE METAITIM3UPOBaHHBIC TOKOIPHEMHHKH JUIS obec-
MIEYCHUS] TAKOTO PEe3yJbTaTa 3JIEKTPUYECKON MPOBOJUMOCTH. Takue S3bIYKH JONOIHUTEIBHO CHA0XKEHBI ONTH-
MaJIbHBIMU CBapHBIMH IIBAMH JJIsI 00eCTieYeHUs] HEOOXOMMBIX KOHTAaKTOB PH YPOBHSX, KOTOPHIE MPECTaBIIs-
0T OO0 BIIEUATIIAIONINE YPOBHU CHIIBI TOKA W TEPMOCTOHKOCTH JUIA JOCTHXCHHS 0Aa30BOTO pe3ylbTaTa BHYT-
PEHHETro MPeAOXPaHUTENs C BHIICYITOMSHYTON JOCTATOYHOM MPOBOAMMOCTBIO JIJIsl BHEIIHEro ycTpoiicTBa. bia-
rojapsi TaKOMy KOMITOHEHTY B BHJE S3BIYKOBOTO BBIBOAA M TAKOW CBapHOW CTPYKType 0OecrednBaeTCs JOMOJ-
HHUTEIHHOE YIIyUIIeHNE B 00JIACTH IMPOU3BOCTBA JIUTHEBBIX aKKYMYJIISTOPOB.

Kpome Toro, packphIThie B HACTOAIIEM AOKYMEHTE YCOBEPIICHCTBOBAHMS BHYTPEHHETO NPEIOXPaHUTEIL,
MIPEICTAaBICHHBIC B BHJE UPE3BBIYafHO TOHKHX CTPYKTYP TOKOIPHEMHHKOB, AOTOIHHUTEIHHO O0ECIICYHBAIOT
BO3MOKHOCTb BBITIOJTHEHHUS B HEM MOBTOPSIIOIIKXCA CKIAJ0K B IIpeeNax OQHOI0 3JIeMeHTa. Takas BO3MOXKHOCTb
BBITIOJTHEHHSI CKJIaJJ0K 00ecreunBaeT BO3SMOXKHOCTh COSMHEHNUS ABYX CTOPOH TOKOIPHEMHHKa, KOTOPBIH B IIPO-
THUBHOM CJIy4ae MOT ObI OBITh JJICKTPHYECKH M30JIMPOBAH MOJIUMEPHBIM CJIOEM, PACIIOI0KEHHBIM MEXIY IBYMS
MPOBOJISIIMMHY CIIOSIMH, HE TIPUBOJISI K HEOOXOIMMOCTH TOBBIIIEHHS BHYTPEHHETO Beca M/MIM 00beMa akKyMy-
nsaropa. Ilo BUAUMOCTH, TOKOIPUEMHHUK CO CKJIaJKaMH COXPAHACT XapaKTEPUCTUKH BHYTPEHHETO MpPeJOXpaHH-
TeJsl, OJHOBPEMEHHO OOecIieurBasi TaKoe yBEJIMYEHUE MOIIHOCTH, TEOPETHYECKU JIOMYCKas JTI000e KOJINYECTBO
yYBEIMUYEHUH MOIITHOCTH B TIpelenax JIo00ro KOJMdecTBa MoJOOpaHHbBIX TI0 pa3Mepy aKKyMyJIsTOPOB 0e3 HeoO-
XOJMMOCTH B BBIIICYTIOMSHYTOTO TTOBBIIICHUS Beca M 00beMa, a TaKkkKe MPHUBOASA K CO3IaHUIO HOBBIX aKKyMYyJIi-
TOPHBIX M3JENUH IS pa3HBIX LeNell ¢ 3aJJaHHBIMH BBICOKHUMH YPOBHSIMH MOITHOCTH M MaKCUMAaJbHO BO3MOXK-
HBIMH TIPEHMYILIECTBAMH OE30MTaCHOCTH.

YpoBeHb TeXHUKH

JIuTreBble aKKyMyIATOPHI HO-IPEKHEMY PACIPOCTPAHEHBI BO BCEM MHUPE B KaUeCTBE UCTOUHUKA AIIEKTPO-
SHEpPruu sl MHOXKECTBA H3lenuil. brnaronaps Mx HafeKHOCTH, OTMEUEHHOH BBIIIE BO3MOXKHOCTHU NEPe3apsiAKU
U I0JITOBEYHOCTH UCIIONBb30BaHUs IUTHEBBIE aKKYMYIATOPHI (C Pa3HBIMY TUIIAMU HOHOB) UCHONB3YIOTCS B Kade-
CTBE OCHOBHOI'O MCTOYHMKA MUTAHUS BCIOAY: OT MEPe3apsHKaeMbIX JIEKTPOMHCTPYMEHTOB JIO DJIEKTPOHHBIX aB-
TOMOOMJICH ¥ IIUPOKO PaclpOCTPaHEHHBIX COTOBBIX TelIe(hOHOB (M MOJOOHBIX MM ILIAHIIETHBIX KOMITBIOTEPOB,
MOPTATUBHBIX KOMIBIOTEPOB U T.A.). OAHAKO C TAKUMU IIHPOKO MCHOJIb3yEMBIMH UCTOYHMKAMU MUTAHUS BO3-
HHUKAIOT OTpe/eJeHHBIC MPOOIEMBl, HEKOTOPBIE U3 KOTOPHIX CTaHOBSTCS BCE Ooiee cephe3HBIMHU. B wacTHOCTH,
BBISIBIUTUCH TPOOJIEMBI 0€30MacHOCTH, KOT/Ia OIpeleSiCHHbIE HETOCTATKH B TaKUX JIMTHEBBIX aKKyMYJATOpax,
Oyzap TO BCIIEACTBHE MEPBOHAYANBHBIX MPOOIIEM, CBI3aHHBIX C WX IMPOW3BOJACTBOM, MM MPOOJIEM, CBA3aHHBIX C
UX JeTpajanyeil ¢ TeUeHNEM BPEMEHH, BBI3BIBAIOT YS3BUMOCTH TEpe]] HAIPsDKEHHEM BO3ZHHKHOBEHHS BO3rOpa-
HUS BO BpeMs KOPOTKOTO 3aMbIKaHHA. B OCHOBHOM OBIIIO OOHApY>KEHO, YTO BHYTPEHHHE NE(PEKTHl B MPOBOJIS-
IUX MaTepranax co3JaroT HeXeIaTenbHOe CHIIPHOE HarpeBaHME 1, B KOHEYHOM CUeTe, IPUBOASAT K BO3TOPAHUIO
BHYTPH TaKHX aKKyMYJSITOPHBIX CTPYKTYp. B pesynbTare HekoTOpBIE M3/eiusi, B KOTOPBIX HPUMEHSIOTCS JIH-
THEBBIE aKKYMYJISTOPHI - HAUMHAsi OT HOPTAaTUBHBIX KOMITBIOTEPH3UPOBAHHBIX YCTPOUCTB (cMapTdoH "Samsung
Galaxy Note 7", kak 0JiHa TICYAJILHO U3BECTHASI CUTYAITUs) JIO LEJIBIX CAMOJICTOB (TTaccaxupcKkuii camoneT "Boe-
ing 787") - ObUTH 3arpelieHbl K MpoJiake W/MIN UCTIONIb30BaHMIO 10 TEX I10p, TI0Ka He OyIyT HalAeHBI pelIeHus
JUI UCHOJB3YyEMBIX B HUX CKOMIIPOMETHPOBAHHBIX JUTHEBBIX aKKyMYJISTOPOB U CONYTCTBYIOIIUX TOBApoB (U
JlaXke J10 TakoH crereHH, 4yTo cMapThoH "Samsung Galaxy Note 7" ObLI 3anpelnieH K UCIOIb30BaHUIO B JIFOOBIX
caMoJleTax B OTIPEJICICHHBIX perrnonax). Jlaxke nuHelika amekrpoMoomieii komnanuu "Tesla" mpoaemoHcTpupo-
BaJia 3aMETHBIE MTPOOIEMBI ¢ KOMIOHEHTAMH JINTHEBBIX aKKyMYJISATOPOB, YTO MPHUBEJIO K MOSBICHUIO TPOMKHUX U
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MPUBJICKAIOIIUX K ce0¢ BHUMAaHUC UCTOPUH, COTJIACHO KOTOPBIM TaKUE JOPOTHE TPAHCIOPTHBIC CPEICTBA B3PhI-
BAIOTCSI KaK OTHCHHBIC IIAphlI W3-3a MPOOJIEM ¢ akKyMynsaTopamu. TakuM 00pa3oM, MO Ceil ICHb MOBCEMECTHO
MPOMCXOAT CHATHUS C MPOJAXK FIIM COXPAHSIOTCS MPsIMBIE 3aIPEeThl, MMEIOIIE OTHOIICHNE K TaKUM IpodiaemMam
C JINTHEBBIMH aKKyMYJISITOPaMH, YTO MPUBOINT K 3HAUUTEIEHOW HEOOXOIUMOCTH X MPEOTOJICHHS.

OT1H npobIeMBI B IEPBYIO OYepeh CYIIECTBYIOT BCIEACTBUE MPOU3BOJICTBEHHBIX Ne(EKTOB, OyIb TO CBS-
3aHHBIC C OTACIHHBIMH aKKyMYJIATOPHBIMH KOMIOHEHTaMH B TOM BHJE, B KAKOM OHH H3TOTOBJICHBI, FUIH, IO
CYIIECTBY, C TEM, YTO TaKWe KOMIIOHEHTHI BHITIOJIIHEHBI KaK OTHAENbHBIE aKKyMyIsaTopsl. [Ipn Gonee BHUMATENb-
HOM PAacCMOTPEHUH, TUTHEBBIC aKKYMYJISITOPEI B HACTOSAIIEE BPEMsI H3TOTABIMBAIOTCS U3 MIECTH OCHOBHBIX KOM-
MOHEHTOB: KaTOJTHOT'O MaTepualia, KaTOAHOTO TOKOIPUEMHHUKA (TaKOTO KaK alfoMUHHEBast (poyibra), Ha KOTOPBIA
HAHECCH KATOIHBIH MaTepuall, aHOTHOTO MaTepuaia, aHOJHOTO TOKONPUEMHHUKa (TaKOTo Kak mMenHas Qoibra),
Ha KOTOPBI HAHCCEH aHOJHBINA MaTepHal, cernapaTopa, PacloI0KEHHOTO MEKIY KaKIBIM aHOAHBIM M KaTOJ-
HBIM CJIOSIMH M OOBIYHO BBITIOJHEHHOTO U3 IJIACTMACCOBOTO MAaTepHaia, U JICKTPOIUTA B BHUJIC MPOBOJISIICTO
OpPTaHHUYECKOTO PACTBOPHUTENS, KOTOPHIH HACHIIIACT APYTHE MaTepHaibl, TEM CaMbiM OOeCIieYrBas MEXaHU3M
MPOBOTUMOCTH HOHOB MEXY aHOJIOM M KaTOJOM. DTH MAaTCPHUATBI OOBIYHO CMATBHIBAIOTCS BMECTE B METAJTHYC-
CKOM KOHTEIfHepe, KaK MoKa3aHo Ha ¢ur. | U3 ypoBHSI TeXHHWKH, WIH YKIaIbIBAlOTCSA ONWH Ha Apyrod. Cymect-
BYET MHOXKECTBO IPYTHX KOH(PHUTypamui, KOTOPbIE UCIIONB3YIOTCS U MOTYT OBITH MCIOJB30BAHBI JJISl TAKUX IIe-
JIel TIPOU3BOJICTBA aKKYMYJIATOPOB, BKIIIOUas MakeTHbIe 35eMeHTsI ("pouch cells"), mpu3MaTndeckue 3JIeMeHTHI,
JMICKOBEIE 3JIEMEHTHI, IMINHAPHIECKUE HIIECMEHTHI, CMOTaHHBIC TIPU3MAaTHUECKUE DIIEMEHTHI, CMOTaHHBIE MaKeT-
HBIE AJIEMEHTHI U T.1. [Ipn mpaBUIFHOM M3TOTOBICHUH U OEPEKHOM OOpPAIICHUH 3TH aKKyMYJISTOPHBIEC 3JIEMEH-
TBI MOTYT BBIJaBaTh DHEPTHUIO U Pa3IMYHBIX IMPUMECHEHUH B TE€UYCHHE THICSY IMKIIOB 3apsIKHU-pa3psaku 0e3
KaKHX-TH00 3aMETHBIX HapymieHuid O0e3onacHocTd. OqHAKO, KaK YIOMUHANIOCH BBIIIE, ONMPEICIICHHBIC COOBITHS
W, B YaCTHOCTH, ONPEACICHHBIC Ae()EeKThI MOT'YT BBI3BIBATH BHYTPEHHEE KOPOTKOE 3aMBIKAHHE MEXIY BHYTPCH-
HUMH TPOBOSIIAME MaTepHaaMH, KOTOPOE MOXET MPUBOIUTE K OOpa30BAaHMIO TEIIa U BHYTPECHHEMY TEILIO-
BOMY Pa3rOHY, YTO, KaK U3BECTHO, SIBJISICTCSI OCHOBHOM MPUYWHOW OMACHOCTH BO3TOPaHUS B TAKUX JIUTHEBBIX
aKKyMyJsITopax. Kak OTMEUeHO BBINIE, TaKHE COOBITHS MOTYT OBITH JOTOJTHHUTCIBHO BBI3BAHBI BHYTPCHHHMU
nedeKTaMu, BKIIOYAIONNMHA B ce0s HaTMINe METAUTMUECKHUX YaCTHIl BHYTPH aKKyMYJISTOpPa, 3ayCEHIIEB Ha Ma-
Tepranax TOKONPUEMHHKA, HEOOIBIINX TOYEYHBIX Ie(EKTOB MM OTBEPCTHH B cemaparope (He3aBUCHMO OT TO-
T0, IPUCYTCTBYIOT JIM OHM FJIM BO3HUKIIM BO BpeMs Mocexyromeii 00paboTkm), HECOBIAICHUH CI0EB aKKyMy-
nsiTopa (4To ocTaBiseT "oTBepCTHS" TSI BOSHHKHOBEHHS HEXKENATEeIHbHOW MPOBOAMMOCTH), BHEITHETO MyCOpa,
MPOHMUKAIOMIETO B aKKyMYJIATOP (HAIpUMeEp, YacCTHIBI JOPOXXKHOTO IIOJIOTHA, YAAPSIOMKECS O ABIKYIIEecs
TPaHCIIOPTHOE CPEACTBO), Pa3pyIICHHE /WM EeCTAOMIN3alMI0 CaMoro 3JieMeHTa (HampuMmep, U3-3a HecyacT-
HBIX CIIyYacB), 3apsKy JICMECHTA B 3aMKHYTOM IPOCTPAHCTBE U T.II. BooOIIe TOBOPs, U3BECTHO, YTO 3TU THIIBI
Je(PEKTOB BBI3BIBAIOT 00pa30BaHKE HEOOJBIIOT0 KaHANIA C AJICKTPOHHOM MPOBOIUMOCTBIO MEXKIy aHOIOM H Ka-
tomoM. Koria mpoucXoauT Takoe COOBITHE, W €CITH 3JIEMEHT MPH 3TOM 3apsDKaeTCs, TAKOW MPOBOASIINI KaHAT
MOJKET BBI3BIBATH pPa3psill AJIEMEHTa, YTO B UTOTEC MPUBOIUT K 00pa30BaHUIO UPE3MEPHOTO KOJIMYCCTBA TEIUIA,
TEM CaMbIM Hapylias CTPYKTYPY aKKyMYJISATOpa W MOJABEPras OMACHOCTH HIDKEICKAIIee YCTPOHCTBO, KOTOPOE
TaKUM 00pa3oM MOoJyJaeT NMUTAaHUE. BhIIO OKa3aHO, YTO MPH KUCIOIH30BAHUHM BOCILIAMCHSIONIUXCS OpraHnde-
CKHX pacTBOPHTEIICH, UCIIOB3YEMBIX B KAUeCTBE HIICKTPOIUTOB aKKyMYISTOpPa (KOTOPBIE OOBIYHO HEOOXOIUMBI
U pabOTOCTIOCOOHOCTH aKKyMYJIATOpA), TAKOEe Ipe3MEepHOE KOIMYECTBO TEIIa BBI3BIBAET MX BO3TOPAHUE, CO3-
JlaBasi B UTOT€ OYCHB OMACHYIO CHUTYyaIHio. Takne mpo0IeMbl TpyJHO KOHTPOJIMPOBATh, KAK MUHUMYM, ITOCIIE UX
MOABIICHUSA, ¥ OHW IPUBENH K 3HAYUTEIHHBIM TpaBMaM HoTpeduTenel. Takyro MOTEHIIHAIBFHO OMAcHYI0 CHTYya-
U0, OE3yCIOBHO, CIIeAyeT M30eraTh 3a CUeT 00ECIICUCHUSI aKKyMYJIITOpa, KOTOPBIM BBIIAET IEKTPOIHEPTHIO,
HE MPHUBOJS IIPH 3TOM K TaKO# MpodiieMe ¢ BOCIUTAMEHSFOIIUMCS OPTaHHYCCKIM JJICKTPOJIATOM.

OO0pa3oBaHuEe YPE3MEPHOTO KOJIMYECTBA BHYTPCHHETO TEIJIa MOXKET JOTOJIHUTEIHLHO BBI3BIBATH YCAIKY
TUIACTMACCOBOTO CEMapaTopa, 3acTaBIsisi €r0 OTOJBUTATHCS, OTCOCAMHATHCS WM WHBIM O0Opa3oM YBEIMYHBATH
00J1acTh KOPOTKOTO 3aMBIKAHHSI BHYTPH aKKyMyJIsiTopa. B Takoi cuTyanuu Gonbinas OTKphITas 00J1acTh KOPOT-
KOTO 3aMBIKaHHsI BHYTPH aKKyMYJIATOpPa MOXKET IMPUBECTH K HENPEPHIBHOMY TOKY W MOBEIIICHHOMY HArpeBy B
HEM, YTO MPHUBEJCT K MOSBICHUIO BEICOKOI TEMITEpaTyphl, KOTOPask BEI3BIBACT 3HAUUTEILHOE MMOBPEKICHHUE dJIC-
MEHTa, BKJIFOYast B3PBIB, COPOC U ake BOCIUIAMEHEHHE M BO3TOpaHue. Takoe MOBPEKICHNE 0COOCHHO MpoodIe-
MaTHYHO M3-32 BEPOATHOCTH BO3TOPAaHMUS, M, Xy>KE€ TOTO, OHO BO3HHKACT OBICTPO M MOXET MPUBECTH K B3PBIBY
AaKKyMYJIITOpa ¥, B MIPHUHIHUIIE, HIDKEIEKAIIETO YCTPOWCTBA, YTO TAKKe MOJBEPraeT MOJIh30BATENS 3HAUUTEb-
HOM 0IIaCHOCTH.

JInTreBsIe aKKYMYyIATOPH! (MHOTHX Pa3IMYHBIX THIIOB) OCOOCHHO MOJBEPIKEHBI IIPOOIeMaM, CBSI3aHHBIM C
KOPOTKHM 3aMbIKaHueM. OOBIYHBIE aKKyMYJISITOPHI CKJIOHHBI JEMOHCTPHPOBAThH IOBBIMICHHBIE CKOPOCTH pa3-
PSAAKY TPU BO3JCHCTBUU BBICOKHX TEMIIEPATyp, YTO MHOTA MIPUBOAUT K HEKOHTPOIUPYEMOMY (HEYIPaBIAECMO-
MY) BO3TOPAaHHUIO M BOCIUIAMCHCHHIO, KAK OTMEYCHO BhIIIE. [13-3a 3THX BO3MOXKHOCTEH OBLTH BBEICHEI B JICHCT-
BHUE OIPE/ICIICHHBIC TIPABUIIA, PETYIHPYIONTHE (PAKTUICCKYIO SKCIUTYaTallui0, XPAHEHUE U TaXKe TPAHCIIOPTHPOB-
KY TaKAX aKKYMYJISTOPHBIX U3ICIIHIA.

Bo03MOXHOCTE peanu3anuy HaUIekKAIero MPOTOKOoJa I PEJOTBPAIICHUS TAKUX HEYMPABIAEMBIX COOBI-
THUH, CBSI3aHHBIX ¢ KOPOTKUM 3aMBIKaHUEM, 0€3yCIOBHO, IMEET OrpOMHOE 3HaueHue. OJHAKO OCTACTCS CICIYIO-
mras 3aja4a: Kak Ha CaMOM JIeJie PeIIuTh TaKue MpoOJieMBl, 0COOCHHO KOTAa IMPOU3BOJACTBO KOMIIOHEHTOB OCY-
IIECTBIIIETCS] MHOJKECTBOM ITOCTABITUKOB U M3 MHOKECTBA PA3HBIX MECT MO BCEMY MHPY.
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HekoTopbie MONHOCTBIO COCPEAOTOUYMINCH HA MOMBITKE HMCIONB30BaTh MOIXOMSAIINE W/WIH YIyYIICHHEIC
CemapaTophl B KA4eCTBE CPEJCTBA, IOMOTAIONIETO CHU3UTh BEPOSITHOCTh TAKUX BO3TOPAHUI JUTHEBBIX aKKyMY-
nsTopoB. IlmacTtMaccoBble MeMOpaHBI C HH3KOW TeMIepaTypoil IUIaBICHUS W/IIH CKOPOCTBIO YCaIKH, IIO-
BHIUMOMY, 00€CTIeUnBaIOT 00Jiee BBHICOKHE BEPOSTHOCTH BO3HUKHOBEHHS BO3TOpaHUsS aKKyMyJsTopoB. OOmias
uzes TPY ATOM 3aKJII0Yallach B TOM, YTOOBI HAHECTH OTIpeIeICHHBIE TIOKPHITHS Ha TAKHE MaTepHAaIIBl CEmapaTopa
0e3 CHIKEHUS WX CIIOCOOHOCTH OTHEJCHHS DJIEKTPOIUTA BO BpeMs (aKTHIECKOW dKCIUTyaTaruu. TakuMm oOpa-
30M, KEpaMHUYIECKHE YaCTHUIIBI, HAIPIMEP, MCIIOIB30BAINCH B KAYECTBE MMOKPHITHH W3 MOJIMIPOIHIICHOBON H/HIH
MOJIMATIIICHOBOH TUICHKH, CIYKAIINX KaK CPEICTBO YBEIMUYCHHUS Pa3MEPHOH YCTOMYMBOCTH TAaKWX IUICHOK (Ha-
TpUMEp, MOBBIIICHUS TEMIIEPaTyphl IUiaBieHus). CBA3YOIIUE TOIMMEPHI TaKKe OBLTH BKIIOYEHBI B Ka4CCTBE
KOMIIOHCHTA YIYYIICHHUS KOTE€3HH MEXIY KepaMHYCCKIMU YaCTUIIAMU U aJITe3WH K IIaCTMAcCOBOW MeMOpaHe
(nnenke). B nelicTBUTENBHOCTH, OJTHAKO, OBUIO OOHAPY)KEHO, YTO TEIUIOBOE YBEIMYEHHE, IPHIaBaeMOE BCEH
TUICHOYHOH CTPYKTYpE C MOKPBITUSIMH U3 KEPAMUYECKUX YACTHUIl, OTHOCHTEIIEHO HEBEIHUKO, YTO JICIACT OCHOB-
HBIM (haKTOPOM TaKOH MPOOJIEMBI C cermapaTopoM caM (HaKTHUCCKUI MaTeprall (MaTepHaIIbl) CemapaTropa.

B pesynbpTare 0L pa3pabOTaHBI U PeaTM30BaHBbL, IO MEHBIICH Mepe, 0 HEKOTOPOH CTEIICHH MaTePUAIIBI
cemaparopa, KOTOpbIe SIBIISTIOTCS TOpa3o 0ojiee TEPMOCTOHKUMI, YeM TOPHUCTHIE TUIEHKU W3 MOJIUATWICHA U T10-
JIUTIPOIIMIICHA, COCTABIIIONTHE 0a30BBIN CIION TaKUX OOBIYHBIX CETAapaTOPOB C KEPAMHUYECKHM HMOKPBITHEM. DTH
pa3MepHO-yCTOWYHBEIE CETapaTophl ¢ HU3KOH yCaaKOW NEeMOHCTPHPYIOT ycaaKy MeHee 5% IpH BO3ACHCTBHH
temmieparyp mo menbieir Mmepe 200°C (BmioTk 0 Temmneparyp 250, 300 u make BBIIIE), YTO HAMHOTO JIydIIle,
YeM BBICOKHE CKOPOCTH YCaJKH, IEMOHCTPUPYEMBbIE HENOKPBITBIMU TTOJMMEPHBIMHU IJICHKAMH (C yCaAKOH MpH-
MmeprO 40% mpu 150°C) u muteHkamu ¢ kepammdeckuM nokpeitueM (6onee 20% mpu 180°C) (Takue cpaBHEHUSA
U3MEPEHUI yCaIKy MPEICTaBICHB Ha (Ur. 2 U3 YpOBHSA TEXHHKH). Takhe MaTephaibl ¢ HU3KOW CKOPOCTHIO
yCaIKd MOTYT U3MEHITh MEXaHHU3M TEPMHUYECKOTO Pa30KCHUS BHYTPH ILIEICBOTO 3JICMEHTA IMPU BO3HHKHOBE-
HUHM KOPOTKOTO 3aMBIKaHWA. BooOIie roBops, TPy BOZHUKHOBEHUU KOPOTKOTO 3aMBIKAHHS B TAKOM aKKyMYJIs-
TOPHOM 3JIEMEHTE Bcerza OyzaeT o0pa3oBeIBaThCs TEIIo. Ecim cemaparop He ycakMBAeTCsl B CBS3U C TAKHM CO-
OBITHEM KOPOTKOTO 3aMBIKaHHs, TEIUIO OyIeT MPOJ0JKATh 00pa30BBIBATHCS M "HAKAIUIMBAThCA" IO TEX IIOD,
MOKa IPYTO# MaTepuan BHYTpH OaTapen He pa3okKUTCs. DTO SBICHHE ObUIO CMOJIEINPOBAHO C MTOMOIIBIO CTaH-
JApTHOTO OTPAceBOTO TecTa Ha MPOHMKHOBEHHE TBO3ei. Hampumep, maxe ¢ cemapaTopoM, BKIIOYAIOIIAM B
ce0s mapaapaMHUIHOE BOJIOKHO M JIEMOHCTPUPYIONINM YCTOWYHMBOCTHh K ycaake a0 550°C, paccMarpuBaeMblid
WCTIBITYEMBIH aKKyMYJISTOP MOKa3al CKIOHHOCTh K KOPOTKOMY 3aMBIKAHMIO C YHUKAJIbHBIMH BHYTPEHHUMH pe-
3yabTaTaMu. TakoW 3JeMEHT ObUT MCCIIeZIOBaH OoJjiee TIIATENBHO IMOCHe TaKoW 0O0pabOTKH, TPHU KOTOPOH diie-
MEHT OBIIT BCKPHIT, U3JIHIIEK 3JIEKTPOINTA WCHAPHIICS, DJIEMEHT ObUI 3alloJIHEH ATOKCHAHON CMOJOH M 3aTeM
paspesaH NepHeHANKYIISPHO TBO3/I0, OCTABIIEMYCS! B JIEMEHTE. 3aTeM ObUIH IMOJIy4eHBl M300paKCHUsI CKaHH-
PYIOIIETro 3JIEKTPOHHOTO MHMKPOCKOIIA C WCIIOJIb30BAaHHEM BU3YAIM3AIMU CIEKTpa 0OpaTHO-PACCESIHHBIX JJIEK-
TpoHOB (BEI), 94TO MO3BONMIO COCTABUTH KapTy Pa3HBIX aKKYMYJISTOPHBIX JJIEMEHTOB C LIENBIO TOKa3aTh (-
(beKT OT TaKoro BO3JACHCTBHS MyTEM MPOHUKHOBEHHMS I'BO3/s. JTO MoKa3aHo Ha ¢ur. 3A u 3B u3 ypoBHS TexHH-
KU.

Crnemyetr OTMETHTH, 4yTO Ha (ur. 3A U3 ypOBHS TEXHHKH, CIIOM MEAH BCETJa MOIXOMSIT OJMKE K TBO3IIO,
YeM CJIOM aTIOMHHUS. TakXkKe CIeIyeT OTMETHTh, 9TO BEICOKOCTAOWMIBHEIN cemapaTop MEXIy HJIEKTPOJaMH Bce
eme He noBpexaeH. Ha ¢ur. 3B U3 ypoBHS TeXHUKH MOKa3aH KOHEIl OJTHOTO aTFOMHHHEBOTO CJIOS TP OOJBIIEM
YBEJIMYCHUH, IPH KOTOPOM BHIHO, YTO OH 3aKaHYHMBAETCS CIIOEM ITOTPECKABIIETrocs ceporo BemecTsa. OHO ObI-
710 uccnenoBano ¢ momoinsio BEI, koTopast mokasana, 4To MmorydeHHOE BEIIECTBO HA CAMOM Jiesie ObIII0 OKCHIIOM
AIIOMUHUS - W30JUPYIONeH KepaMukoid. Takue MOTydeHHBIE JaHHBIC MPUBEIH K MPEII0IaraeMoMy BBIBOAY O
TOM, YTO, KOTJIa CaM Celaparop SBISCTCS TEPMOCTOWKUM, ATFOMUHUCBBINH TOKOIPHEMHHUK OYIET OKHCISATHCS,
3¢ (heKTUBHO pa3phiBas LENb (M B pe3yNbTaTe OCTAHABIIMBAS JIFOOOE KOPOTKOE 3aMBIKaHUE IOCIIC 00pa3oBaHHS
M30JIMPYIOIIETO OKCHIa aloMHuHUs). Kak TOJIBKO Ienb pa3phIBacTCs, TOK MepecTacT Teub U OoJble He 00pasy-
eTcsl TeIJIo, YTO IOBOPAYMBAET BCISTH NPOLECC, NPUBOAAIINI K TEINIOBOMY pa3roHy B ciydae C MEHEe CTa-
OWJIBHBIMU CcenapaTopaMu.

OTO BO3MOXKHOE pEIIeHHE, OJJHAKO, OTPaHMYMBACTCS [IPOCTON 3aMEHOH cemaparopa Ha TOT, YTO UMeeT 0o-
Jiee BBICOKHE XapaKTEPUCTHKH CKOPOCTH YCAaIKH. XOTS TaKO€ MPOCTOE PEIICHHE MOXKET IT0KA3aThCsl OUYEHb BEI-
TOJHBIM, BCE €IIle OCTAIOTCS IPpyTue MPOU3BOICTBEHHBIC POIEAYPHI U ONPEACICHHbIE KOMIIOHEHTHI (Takue Kak
TUIBI CENapaToOpOB ¢ KEPAMUYECKUM MOKPBITHEM ), KOTOPBIE IIHPOKO HCIOIB3YIOTCS, U UX MOXKET OBITh TPYIHO
3aMEHUTh B NPUHATHIX aKKyMYJISTOPHBIX M3IeNusix. TakuMm oOpa3oM, HECMOTpPS Ha OYEBHIHBIC NIPEUMYIIECTBA
WCIIOJIb30BAaHUS W BKIIIOYCHHS TEPMOCTOWKHX CEIapaTopoB, HEXKEIATEIbHBIE BO3TOPAHHUS aKKyMYJISITOPOB BCe
eIIe MOTYT BO3HUKATh, OCOOCHHO KOT/Ia M3/ICNIUS U3 CENapaTOpOB ¢ KEPAMHUYECKUM ITOKPBITHEM CUHTAIOTCS 0e3-
ONAaCHBIMH JJIsl TakWX Iened. Takum oOpazom, OBUIO OMNpEAENEHO, YTO MMEETCs, 10 MEHBIIEH Mepe, IpYyrou,
UCKJTFOYUTETHHO BHYTPECHHHUHA CTPYKTYPHBIA MEXaHH3M aKKYMYJSTOPHOTO DJIEMEHTa, KOTOPBIA MOXKET HCIIpa-
BUTH WJIH, TI0 MEHBIIICH Mepe, YMEHBIIUTh BEPOITHOCTh OOpA30BAHUs TEIUIA U3-3a BHYTPECHHETO KOPOTKOTO 3a-
MBIKaHUs, BIOOABOK K MCIIOJIB30BAHUIO TAKUX BHICOKOTEPMOCTOHKUX MaTepHajoB cemaparopa. B Takoii curya-
[IUM BOSHUKHOBCHHE KOPOTKOTO 3aMBIKAHUS B TAKOM aKKyMYJISITOPHOM 3JIEMEHTE HE TPUBEACT K Pa3pyIIUTEIb-
HOMY BBICOKOTEMIICPATyPHOMY MOBPEKICHHUIO BCICACTBUC MPEPHIBAHUS 3aMKHYTOW BHYTPEHHEH ICTH 3a CYET
(hakTHIECKOTO CO3/IaHuUs BHYTPEHHETro mpepoxpannuTesss. OMHAKO A0 CHX MOp B 00JaCTH MPOU3BOICTBA JINTHE-
BBIX aKKyMYJIITOPOB HE OBLIO MPEACTAaBICHO HUYETO, YTO pemIano OBl C JISTKOCTBIO ATH mpobieMsl. HacTosmmee
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n300peTeHre 00eceYrBacT CTONb JKEeJIaTeIbHOE CPEJCTBO YCTPAHEHHs TUX NMPOOJIeM, KOTOpOe AeaeT JIUTHe-
BbIE aKKYMYJIITOPHBIE 3JIEMEHTHI YPE3BBIUAHO O€30TIaCHBIMM M Ha/IS)KHBIMH Ha MHOTUX PBIHKaX.

JloTroTHUTEIBHBIN U 0COOBII MHTEpeC MPEeACTaBISIET PaCCMOTPEHHE HaJIeXkaIero o0ecredeHns mpoBo-
JUMOCTH 3JIEKTPHIECKOTO 3apsiia OT pacCMaTPUBAEMOTO JTUTHH-MOHHOTO aKKyMYJISTOpa K BHEITHEMY HCTOYHH-
Ky. OOBIYHO 3TO AOCTHTAETCS 32 CUET MCIOIB30BAHUS S3BIUKA, KOTOPHIA KOHTAKTHPYET M MPUKPEIIIIETCS K TO-
KOTIPUEMHHUKY WJIH, BO3MOJKHO, KAaKIM-TO 00pa3oM K aHOJHOMY M KaTOJHOMY TOKOIIPHEMHHKAM C IEeNbI0 obec-
TIeYCHUST HEOOXOIUMOTO CBOMCTBA MPOBOJUMOCTH C BHEIIHUM HCTOYHHKOM. SI3BIYOK Kak Oynro ObI (yHKITHO-
HUPYET KaK KOHTaKT C TAKUMH BHYTPCHHUMH aKKyMYJSTOPHBIMH KOMIIOHEHTAMH M BBIXOJAHWT 3a MPEIeNBl KOp-
Imyca aKKyMYJISITOPHOTO 3JIEMEHTa ¢ HaJIMYMEM TOYECYHBIX KOHTAKTOB JJIS TaKUX LieJed NMpoBOAMMOCTH. Takum
00pa3oM, SI3BIYOK JO0JDKEH OCTaBaThCS HAa MECTE U HE OTCOCAMHATHCS OT TOKONPHEMHHKA (TOKOIPHEMHHKOB) H
obecrieuynBaTh HEMPEPHIBHBIN JOCTYI K BHEIIHEMY HCTOYHUKY O€3, OISTH XK€, CMEIIECHHS N3HYTPH MK OTCOE/IH-
HEHUs OT Hero n3BHe. [IocKobKy B 00J1aCTH MPOM3BOJICTBA JIMTHH-NOHHBIX aKKYMYJISATOPOB HE OBUIO HHKAKHX
PacKpBITHH OTHOCHUTEIHHO TaKMX TOHKOIUIEHOYHBIX TOKOIPHEMHHMKOB, TaK)KE HEM3BECTHO HHYETO, YTO IPE-
CTaBJISIO OBl COOO MOMBITKY YIYYIIUTh WM ONTHMU3UPOBATH TaKHE MPOOJIEMBI ¢ COeANHEHNEM sI3bIYKOB. Ko-
HEYHO, CTAHJAPTHBIE TUIIBI S3BIYKOB XOPOIIIO U3BECTHHI M MOJCOSANHSIIOTCS K OOJBIINM TOKOIIPUEMHHUKAM CTaH-
JApTHBIX aKKyMYJIITOPHBIX 3JIEMEHTOB; TEM HE MEHee, He MPEICTaBICHO HUKAKUX COOOPaXCHUH OTHOCHTEIIBHO
3aIIUTHl OT BO3ACUCTBUS TOHKOIUICHOYHBIX TOKOIPHEMHHKOB (HAalpHUMeEp, MOCPEICTBOM BHYTPEHHETO IIPEo-
XpaHUTENSA), IPH STOM B LIEJIOM 00ecIiednBasi pa3sMepHO-yCTOMYMBEIN Pe3yabTaT Il MPEIOTBPALICHAS BEIXOIA
U3 CTPOSl aKKyMYJISITOpa M3-3a KOHCTPYKTHBHBIX HapymeHHui. [lo cymecTBy, B ypOBHE TEXHHUKH WIH OTPACIH
MIPOM3BOJICTBA JIUTHH-MOHHBIX aKKyMYJISITOPOB HHYEro MOJOOHOTO HE 00CY)XIOalloch M He pacKphiBaioch. Ha-
cTosiiee N300peTeHne TeM He MEHee MPEeoI0IeBaeT Takue MapaJurMbl M 00eCednBaeT pe3yibTaT, KOTOPBIH 10
CHIX TTOp HE OBLT OTKPHIT W/MIIM U3y4YEH B COOTBETCTBYIOLIEH OTPACIIH.

CymHocTs n300pereHns

SIBHBIM NIPEMMYIIECTBOM HACTOSIIEr0 N300PETEHUs! SBISIECTCS BO3MOXKHOCTH OOECIIEUEHUs HOCPEICTBOM
CTPYKTYPHBIX KOMIIOHEHTOB MEXaHHM3Ma IIPEPBIBaHMS IIPOBOJIMIETO KaHala IPH BO3HHUKHOBEHUH BHYTPEHHETO
KOPOTKOTO 3aMBIKaHUS, OCTAHABIIMBAS WM 3HAYUTEIHHO YMEHBIIAs IIOTOK TOKA, KOTOPHII MOXET 00pa30BBIBATH
TEIUIO BHYTPH LIEJEBOTO aKKyMYJISITOPHOTO 3J€MEHTa. J[pyriuM MpenMyIiecTBOM SIBISETCS BO3MOXHOCTH obec-
MIEYCHUS TAKOH 3alIUTHOW CTPYKTYpPHOH KOMIIOHOBKH BHYTPH JUTHEBOTO aKKyMYJISTOPHOTO AJIEMEHTa, KOTOpas
TaKKe 00eCIeUrnBaeT BBHITOJAHOE CHIDKCHHE BECa M CTOMMOCTH IPOM3BOJCTBA, TPAHCIIOPTHPOBKH M IKCIUTyaTa-
IIH 3JIEMEHTa B 1eioM. TakuM 00pazoM, IPyTHM MMPEHMYIIECTBOM SIBISIETCS CO3MaHUE M COXPAaHEHHE CTPYKTY-
PBI BHYTPEHHETO NPEAOXPAHNUTENS B IIEJICBOM aKKyMYJISTOPHOM 3JEMEHTE J0 TeX IOp, ITOKa He BO3HUKHET He-
00XOMMOCTh B €r0 akTHBAIMU. /IpyriMM NpEeHMYIIECTBOM SBIISETCS O00ECHEYEHHE AKKyMYJSITOPa MEHBIIETo
BECa 3a CYET MCIOJIb30BaHMs TOHKOIUIEHOYHOTO 6a30BOT0 TOKOIIPUEMHHUKA, KOTOPHIA NPEI0TBPAIIAeT TEINIOBOH
PasroH BO BpeMs KOPOTKOT'O 3aMbIKaHUs WK IMOJ00HOTO coObITHs. Ellle 0JHUM NPenMyIIecTBOM SIBIISIETCS] BO3-
MOXHOCTh HCIIOJIb30BaHUS B aKKyMYJISITOPE BOCIIAMEHSIOIIMXCSI OPTaHHUECKHUX JIEKTPOJIMTOB 0e3 KaKoH-Inbo
3aMETHOH CKJIOHHOCTH K WX BO3TOPAHHUIO BO BPEMs KOPOTKOTO 3aMBIKaHHs WM MOA00HOTO coObITHs. pyrum
SIBHBIM TIPEHMYIIIECTBOM SIBIISIETCSI BOBMOXHOCTh 00ECIIEYECHHS IOCTATOYHOTO MPOBOISAIIETO S3BIYKOBOTO KOM-
MOHEHTA, MPHUBAPEHHOTO WM WHBIM 00pa30M KOHTAKTHUPYIOIIETO ¢ TOKOIPHEMHHKOM, HMEIOIINM BHYTPEHHHI
MpeIOXpaHUTENb, B 9aCTHOCTH, KOHTAKTHPYIOIIETO KaK C €T0 BEpXHEH, TaK U C €ro HIDKHEH MOBEPXHOCTHIO OJ1-
HOBpeMeHHO. Eme ogHIM NpeuMyIIecTBOM SBISIETCS BO3MOXKHOCTHh CO3JAHHS CKIaJOK BHYTPH PAacKPBITHIX B
HACTOSIIEM TOKyMEHTE TOHKIX KOMIIOHEHTOB TOKOIIPHEMHHKA C [ENIbI0 00eCTieueHIsI BO3MOKHOCTH BBIPaOOTKH
COBOKYITHOM MOIIHOCTH IIOCJICOBATEIFHO W3 MHOXECTBA TOKONPOBOISIINX BHYTPCHHUX CTPYKTYpP, UTOOBI
obecrieunBaTh HaJEXKHbBIE PE3yJbTaThl aKKYMYJIATOpa MO 3alpocy, IPH 3TOM He Mpuberas K U3MEpPEHHUIO 4Ype3-
MEpHOTO Beca WM 00beMa.

Takum 00pa3om, HacTosiIIee N300pPETEHNE MOXKET OXBaTHIBATh YCTPOHCTBO XpaHEHHs DHEPIHH, COJEpIKa-
IIee aHoM, KaToJ, 10 MEHbIIeH Mepe OJMH IOJIMMEPHBIA MM TKAaHEBBIH CerapaTop, MPUCYTCTBYIOUIHH MEXIy
aHO/IOM M KaTOJOM, JJIEKTPOJMT W 10 MEHBIIECH Mepe OJUH TOKONPHUEMHHK, KOHTAKTHUPYIOUIMH MO0 MEHBIIEH
Mepe ¢ OJJHHM M3 aHOJa W KaroJa; IMPH ATOM JIMOO aHOJ, MO0 KaToJX PACIOJIOKEH MEXAY 10 MEHbLIEH Mepe
4acThI0 TOKOIPUEMHHKA U CEMapaTopoM, NMPHYEM TOKOIIPUEMHHK COACPKUT MPOBOIAMINN MaTepHal, HAHeCCH-
HBIH Ha TOAJIOKKY M3 TOJIMMEPHOTO MaTepHaia, U TOKOIIPHEMHHUK IIePecTaeT MPOBOJUTH B TOYKE KOHTaKTa OT-
KPBITOH 00JIACTH KOPOTKOTO 3aMBIKaHUS TPH pabodeM HANpPsHKCHUH YCTPOWCTBA XpaHCHHS YHEPTUH, IIPH ITOM
HanpsoKEHHE COCTaBisieT Mo MeHbied Mepe 2,0 B. OgHuUM mpuMepoM MOKeT OBITh MJIIOTHOCTh TOKAa B TOYKE
konTakta 0,1 amrep/MM” IIpH pa3MepoM KoH4rHKa | MM’ win MeHee. KoHedHo, uIst Gollee KPYIIHBIX 2JIEMEHTOB
TpeOyemasi oporoBasi MIOTHOCTh TOKA MOXKET OBITH BBIIIE, M DJIEMEHT MOXKET MepecTaTb OBITh MPOBOISAIIIM
TOIBKO MpPH IIOTHOCTH TOKA 110 MeHbIIeil Mepe 0,3 ammep/Mm’, Takol Kak 10 MeHbiuel Mepe 0,6 ammep/mMm’
WITH J1a%e 110 MeHbIeil Mepe 1,0 ammep/mm”. Takas TIOOXKKA U3 TIOTHMEPHOTO MaTepHala C TIOKPHITHEM TaKiKe
JOJDKHA MMETh OOIIYIO TOJIIMHY He Oosiee 25 MKM, Kak OoJiee moapoOHO omucaHo Hke. CHOCOObI UCTIONB30-
BaHMS TaKOTO ITOJIE3HOTO KOMIIOHEHTa TOKONIPHEMHHKA B YCTPOWCTBE XpaHeHMs1 sHeprun (Oyap TO aKKyMyJisi-
TOp, TAKOW KaK JUTHH-MOHHBIH aKKYMYJSTODP, WM KOHAEHCATOP U T.II.) TaKKe MOANANAIOT MOJ 00bEM HacTos-
mero u3ooperennsi. Kpome Toro, Takoe akkyMyJISITOPHOE M3/I€JINE C TOHKOIUIEHOYHBIM TOKOIIPUEMHUKOM TaKKe
MOJKET OBITH CHa0KEHO 10 MEHBIICH Mepe OJHUM S3bIYKOM, KOHTAKTHPYIOIIMM C 0a30BBIM TOHKOIUIEHOYHBIM
TOKOIIPHEMHHUKOM 4epe3 2-50 paBHOMEPHO pa3sHECEHHBIX M MOJOOpaHHBIX 110 pa3Mepy CBApHBIX IIBOB, UIYIINX
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MO JUTMHE TOKONPUEMHUKA, IIPH 3TOM 10 MCHBIIICH Mepe OJIUH SI3BIY0K HAHECEH Ha TOHKYIO IUICHKY TaKHM 00pa-
30M, YTOOBI YKa3aHHBIA 0 MCHBIICH Mepe OJMH S3bIYOK MMEN OTKPHITYIO BEPXHIOI0 MOBEPXHOCTh M HUYKHIOIO
MOBEPXHOCTh, KOHTAKTHUPYIOIIYIO C IOKPHITOM MOBEPXHOCTHIO TOHKOIUIEHOYHOTO TOKOIPHEMHHKA, MPUIEM
CBapHBIC IIBBI IEMOHCTPUPYIOT pa3MEIICHNE MIPOBOISIIECTO MaTepralia, IPOXOIAIIEro Yyepe3 sI3BIY0K OT €ro OT-
KpBITOM BEpXHEHN MOBEPXHOCTU K MOKPBHITON MOBEPXHOCTH TOHKOIUIEHOYHOTO TOKOMIpueMHuKa. Kpome Toro, mox
00BEM HACTOSIIETO M300pETeHHS TakkKe MOANaNaeT NCIOIH30BaHHE MHOXKECTBA BBIMICONMMCAHHBIX TOKOIIPHUEM-
HHUKOB, CIOKEHHBIX TaK, 9TOOBI 00eCIeUHBaTh OTIENbHBIE 00JIaCTH BHIPAOOTKH IHEPTUH, KOTOPHIE COCIMHEHBI
MOCJIEIOBATEIHEHO B OJTHOM aKKyMYJIATOPHOM H3/EIIHH.

JIpyroii acmeKkT HacTOSIIET0 H300pETEHHsS MOXET HPEACTAaBIATH CO0OI CHCTEMY XpaHEHHs JHEPTHH,
BKITIOYAOIIYIO0 B ce0s1 aHOJ, KaTOJM, [0 MCHBIICH Mepe OJHMH CemapaTop, MPUCYTCTBYIOIIUN MEKIY aHOIOM U
KaTOJIOM, U DNIEKTPoJIUT. [10 MeHbIIeH Mepe OJMH TOHKOIUIEHOYHBIN TOKOIPUEMHUK MOYKET KOHTAKTHPOBATh I10
MEHBIIICH Mepe ¢ OJJHIM W3 aHOJIa U KaToAa. TOKONPHEMHHUK MOXKET CONEPKATh MPOBOISIINI MaTepual, HaHe-
CCHHBIH Ha TOJIOKKY U3 HEMPOBOIAIIETO MaTepraia. TOKOPHEMHUK MOXKET MEPECTaBaTh OBITH MPOBOJIAIIAM B
TOYKE KOHTAaKTa KOPOTKOTO 3aMBIKAHH MPH paboueM HAIpPsLKCHUH YCTPOWCTBA XpaHeHHs dHepruu. Hampsoke-
HUE MOXET COCTaBIIATh 1Mo MeHbIned mepe 2,0 B. [lo MeHbIIel Mepe OauH S3BIYO0K MOXKET OBITh MPUKPEIUICH K
yKa3aHHOMY [0 MEHbBIIIEH Mepe 0OJHOMY TOHKOIDICHOYHOMY TOKOTIpHEMHUKY. COeTMHUTEIBHOE CPEICTBO MOXKET
OBITH BBITIOJIHEHO C BO3MOXHOCTBIO MTPHUKPEIUICHHS SA3bIUKa K TOKOTIPHEMHUKY. COeTUHUTENEHOE CPEACTBO MO-
JKET UMETh JCKTPUIECKUH KOHTAKT C OTKPBHITONH MOBEPXHOCTHIO S3bIYKA W TOHKOIUICHOYHBIM TOKOIIPHEMHHUKOM.
JInbo aHOm, MO0 KaTOA MOXKET OBITH PACIIONOXKEH MEXIY 0 MEHBIIEH Mepe 9acThI0 TOHKOIICHOYHOTO TOKO-
MIPUEMHHKA U CETIapaToOPOM.

B HEKoTOpBIX WM BO BCEX BapHaHTaX OCYLIECTBIICHHS HACTOSILIETO M300pETEHHS COETUHUTEIBHOE Cpell-
CTBO MOJKET OBITh BBIOPAHO W3 TPYIIIEI, COCTOSIICH U3 CBAPHBIX IIBOB, JICHTHI, CKOO, TPOMEKYTOUHBIX METAJLIH-
YECKHX TI0JIOC, Z-00pa3HO CII0KEHHBIX METAJUIMYECKUX ITOJIOC, TIPOBOISIINX KICEB U 3aKUMOB.

B HEKoTOpBIX WM BO BCEX BapHaHTaX OCYLIECTBIICHHS HACTOSILIETO M300pETEHHS COEITUHUTEIBHOE Cpell-
CTBO MOXKET COCTOSITh U3 2-50 coeMHEHMH, paclpeIelICHHBIX 110 TOKONPUEMHUKY ISl 00ecIieYeHnsT paBHOMEp-
HOTO IPOTEKAHHUS TOKA OT JICKTPOIHBIX MATEPHAIIOB K SA3BIIKAM.

B HEKOTOpHIX WM BO BCEX BapHAHTaX OCYIIECTBIICHHUS HACTOAIIETO M300pETEHHS TOKOIPHEMHHUK MOXKET
OBITH CIIOKEH TaK, 9TOOBI 00ECIIeYNBATh HETIOCPEACTBEHHBIN KOHTAKT MEXIY IMPOTHBOIOIOXHBIMH CTOPOHAMU
TOKOIIPHEMHHKA.

B HEKOTOPHIX MM BO BCEX BapMaHTaX OCYIIECTBICHHS HACTOAIICTO M300PETEHUS CEeMapaTop MOXKET OBITh
TIOJIMMEPHBIM, HETKaHBIM, TKAHEBBIM HJIH KEPAMHYECKIM.

B HEKOTOPBIX WM BO BCEX BapHaHTaX OCYIICCTBICHUS HACTOAIICTO M300PETCHHS MOMIOKKA U3 HETPOBO-
JIIIIIETO MaTeprata MOXKET OBITh MOJTUMEPHOM TLICHKOM.

B HEKOTOPBIX WK BO BCEX BapHAHTAaX OCYIICCTBICHHS HACTOSIIETO U300PETCHHS ICKTPOIUT MOXKET OBITh
BOCILIAMEHSIOIIMMCS. OPTaHHYCCKUM 3JICKTPOIUTOM.

B HEKOTOpBIX WM BO BCEX BapHAHTaX OCYIICCTBIICHUS HACTOSIIETO M300PETCHHUS SI3BIYOK MOXKET OBITH
MEPBBIM S3BIYKOM, KOHTAKTHPYIOUINM C BEPXHEH MOBEPXHOCTHIO TOKOTPHEMHHUKA, U BTOPBIM SI3BIYKOM, KOHTAK-
TUPYIOIINM C HIDKHEH MMOBEPXHOCTHIO TOKOMIpHEeMHHUKA. [1epBEIif 1 BTOPOIl S3BIYKH MOTYT OBITH MapajlIeIbHBL.

B HEKOTOpBIX WM BO BCEX BapHaHTaX OCYIIECTBIICHHUS HACTOSIIETO M300pPETCHHS SI3BIYOK MOXKET OBITH
CJIO’KEH TIOBEPX TOKOIPHUEMHHKA TaK, YTOOBI IIEPBBIN BBICTYII A3bIYKa KOHTAKTHPOBAJ C BEPXHEH MOBEPXHOCTHIO
TOKOIPHUEMHHKA, & BTOPOH BBICTYI A3bIUKAa KOHTAKTUPOBAJI C HHYKHEN MOBEPXHOCTHIO TOKONIpUEMHUKA. [lepBhIit
BBICTYTI M BTOPOil BEICTYII MOTYT OBITh MTapajlIeIbHBIL.

B HEKOTOpHIX WK BO BCEX BapHaHTaX OCYIIECTBIICHHUS HACTOAIIETO M300pPETECHUS TOKOIPHEMHHUK MOXKET
UMETh KOH(PHUTYPAIHIO C TBOWHBIMH CKJIaIKaMU JUIS CO3IAHUS IBYX SJCKTPUUCCKU U30JHUPOBAHHBIX CIOCB.

B HEKOTOpHIX WK BO BCEX BapHaHTaX OCYIIECTBIICHHUS HACTOAIICTO M300pETECHUS TOKOIPHEMHHUK MOXKET
OBITh MHOXKECTBOM TOKOIIPHEMHUKOB, COCAHMHCHHBIX MOCICIOBATEIEHO, IPUYEM S3bIYOK MPHUKPEIUICH K KOHEY-
HOMY TOKOITPHEMHUKY U3 MHOXECTBA TOKOTIPHEMHHUKOB.

HexoTtophkie win Bce BApUAHTHI OCYIISCTBICHUS HACTOSIIETO U300PETEHUS MOTYT BKIIIOYATh B ce0s BTOPOA
S3BIY0K, IPUKPEIUICHHBIH K IEPBOMY TOKONPUEMHHKY U3 MHOKECTBA TOKOTIPHEMHHUKOB. SI3bIYOK M BTOPOH S3bI-
YOK MOTYT OBITH MapajlIebHBL

Kpowme toro, ropa3no OoJbIie INIOTHOCTH TOKa MOTYT MOAIECP)KUBATHCS B TEUCHHE OUYEHb KOPOTKOTO ITe-
pHolia BpeMEHHU WM B 30HJIE C OYSHb MaJICHbPKUM KOHYMKOM. B Takol cuTyarnuu OONbIINN TOK, HAIIpUMeEp S5 A,
10 A wmu gaxke 15 A, MoxeT OBITH 00ecIIeYMBaTHCS B TEUCHHE OYEHb KOPOTKOTO MEPHOJa BpEMEHH [Harpumep,
MeHee CeKyHIbI, aibTepHaTuBHO MeHee 0,1 ¢ mmm gaxke menee 1 muc (0,001 c)]. B pamMkax HacTosmero u3oope-
TEHUS, XOTS K MOXHO U3MEPUTH OOJBIIUI TOK, BpEMs TOCTABKH JIJIS TAKOTO TOKA IOCTATOYHO KOPOTKOE, TaK UTO
o0IIas mepeanHas SHEPTUsl OYCHb MaJla M HEIOCTaTOYHA JIJIsl 0Opa30BaHUs JOCTATOYHOIO KOJIMYECTBA TEIUIA,
YTOOBI BBI3BAaTh COOBITHE TEIZIOBOTO Pa3roHa B IEJICBOM aKKYMYJISTOPHOM 3JeMeHTe. HampuMmep, U3BECTHO, UTO
KOPOTKOE 3aMBIKaHUE B JIEMEHTE C TPAIUIIMOHHON apXUTEKTypol reHepupoBaio 10 ammep B Teuenue 30 ¢ npu
HarpsbkeHud 4,2 B, B pesynbrate gero 6610 nocrasieHo 1200 /Ix sHeprun B HEOOIBUIYIO JIOKAJIBHYIO 001aCTh
BHYTPH TaKOTO aKKyMYJISATOpa. ITO Pe3yIbTHPYIOIICEe H3MEPEHHE MOKET OBBICUTh TEMIIEpaTypy 1-rpaMMoBOH
CEKIIMU HUCCIIEAYyEeMOTO akkymyssTopa npumepro Ha 300°C, T.e. 10 TeMmepaTyphl, JOCTATOYHO BBICOKOH ISt
TOTO, 9YTOOBI HE TOJBKO PACIUIAaBUTh MaTepHall OOBIYHOTO cemapaTopa, MPHCYTCTBYIOIINN B HEM, HO M TaKkKe
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MPUBECTH BECh JJIEMEHT B COCTOSIHHE TEIJIOBOTO Pa3roHa (YTO, KaK OTMEYEHO BBIIIE, MOXET BHI3BIBATH BHIIIIC-
YIOMSIHYTO€ HETaTHBHOE BIIMSHHE Ha MaTepHaibl JIEKTPOJIUTA, NPUCYTCTBYIOIIME B HEM, U MOTEHLUAIBHOE
paspyllIeHe He TOIbKO PacCMaTPHBAEMOTO aKKyMYJATOPa, HO M yCTPOWCTBA/TIPUCIIOCOOICHUS, B KOTOPOM OH
HAaXOAMTCS, a TAKXKE OKPY’KAIOLIEro MpocTpaHcTBa). TakuMm 00pa3oM, HECOMHEHHO, IMEHHO BO3MOXHOCTh CO-
KpaIIEHUs NMPOAODKUTEIBHOCTH KOPOTKOTO 3aMBIKAHUS, a TAaKKe Pe3yIbTUPYIONIMX YPOBHEH JOCTaBISICMOH
SHEPTHUH, CBA3aHHBIX C TAKUM KOPOTKHM 3aMbIKAHHUEM, JI0 HU3KOTO U3MEPSIEMOTO YPOBHS JUKOYINEH, MOXET Ho-
3BOJIUTH N30€XKAaTh, €CIIM HE MPEIOTBPATUTH IOJHOCTHIO, TEIUIOBOI Pa3roOH (M CBS3aHHYIO C HUM IOTEHIHANb-
Hyl0 KaracTtpody). Hampumep, yMeHbIIEeHHE BPEMEHH NPEObIBAHUS TOKONPHEMHHKA B COCTOSHHUHM KOPOTKOTO
3aMBIKaHUA J0 | MJIC MM MEHee MOXKET BIOCIEACTBUY YMEHBIINUTh KOJUUECTBO AOCTaBIseMolt sHeprun 1o 0,04
Jx (B omume ot orMedeHHbIX Boie 1200 Ik, koTopble NpuBOAAT K upesMepHbM 300°C uim Gonee, Harpu-
Mep, B Ipezieax 1-rpaMMOBO# JIOKaJIbHOW 00JIaCTH paccMaTpPUBAaEMOTo akKyMynsaTopa). Takum o0pazoM, Takoi
HU3KUN ypOBEHb BBI30BET NOBBIIIEHHE TeMmepaTypsl Toiabko Ha 0,01°C B mpepenax Takoi 1-rpaMMoBoOi J10-
KaJIbHOM 00JIaCTH aKKyMYJISITOpa, TEM CaMbIM IIPEJOTBpallasi TEIUIOBOM pa3roH B IIEJIEBOM dJIEMEHTE H, CIIE0-
BaTEJIbHO, B AKKYMYJIITOPE B LIEJIOM.

TakuMm 00pa3om, el1e OHO CYIIECTBEHHOE NMPEUMYIIECTBO HACTOSIIET0 M300pETEHHSI COCTOMUT B obecrie-
YEHUH AKKYMYJIATOpPAa TOKOIPHEMHHUKOM, KOTOPBIH PE3KO OTPaHMYMBAET BPEMsI IOCTaBKH YPOBHS TOKa, MOAa-
BAacMOT0 Ha IIEJIEBYIO IIOBEPXHOCTh TOKOIPHEMHHKA Yepe3 KOHYMK 30H/a (U1 KOHTPOJIHPYEeMOi IMUTauu 3¢-
(hexkTa BHYTPEHHETO NPOHM3BOACTBEHHOTO nAedeKTa, NCHIPUTA HIM BHEIIHETO COOBITHS, KOTOPOE BBI3BIBAET
BHYTPEHHEE KOPOTKOE 3aMBIKaHHE B PACCMATPUBAEMOM aKKyMYJISITOPE), 10 MeHee | ¢, IPEeanouTHTENEHO MEHEE
0,01 c, 6onee mpenmOYTUTENILHO MeHee | Mc U HanboJiee MPEANMOYTHTEIHHO, BO3MOXKHO, nake MeHee 100 Mkc,
0Cco0CHHO /It Topa3no OoibmIMX TOKOB. KoHeuHO, TakoW TOK OyZeT orpaHHyYeH BHYTPEHHUM HalpsDKCHHEM
3JIEeMEHTa, KOTOPOEe MOXKET COCTaBIATh 5,0, 4,5, 4,2 B wnu naxke menee, Hanpumep, 4,0 win 3,8 B, Ho MUHUMYM
2,0 B.

Takoi HOBBII KOMIIOHEHT TOKOIIPHEMHHKA (PaKTUYECKH MPOTUBOPEUYHUT TEM, KOTOPbIE OOBIYHO HCIIOJIB3Y-
I0TCS. M BCTPEYAIOTCSl CETOHS B JIMTUEBBIX (M JAPYTMX THIAX) aKKyMYJSITOPOB M YCTPOMCTBaX XpaHEHHUsS dHep-
run. CTaHIapTHBIE TOKOTIPHEMHHKH TIPEICTaBIISIOT CO00M MPOBOIAIINE METAIUINYECKUE CTPYKTYPBI, TAKHE KaKk
QIIOMHHHUEBbIE W/MIM MEAHBIC MAHENHN C TOJIUHAMHE, KOTOpPbIE, KaK CIUTACTCs, 00ECIIEINBAIOT HEKOTOPBIN THII
3aLIUTHI BCEH CTPYKTYPBI aKKYMYJIATOPA U T.A. DTH TUIWYHBIE CTPYKTYpPBhl TOKOIIPHEMHHUKOB CIPOEKTHPOBAHbI
TaK, 4TOObI 0OecreunBaTh MaKCUMaJIbHO BO3MOKHYIO 3JIEKTPHUIECKYIO NMPOBOAUMOCTD C YUETOM OTPAHHUCHUI
0 BeCy M MpocTpaHCcTBY. OHAKO TIOXO0XKE, UTO TaKoe YOeKIeHHe Ha caMOM Jiesie ObUTo C(hOPMYIIMPOBAHO OIIIN-
604YHO, B YAaCTHOCTH, IIOTOMY YTO TOJICTBIC IAHEIH, MPEeoOIaaloe B COBPEMEHHbBIX yCTPOHCTBAX XPaHEHHS
9HEPTUH, Ha CaMOM Jielie HE TOJBbKO OyIyT 00pa3oBhIBaTh YTy IPH KOPOTKOM 3aMbIKaHUH, HO U OyIyT BHOCUTH
3HAYUTEIbHBIA BKJIQJ B HEYIPABJIIEMOE MOBHIIICHNE TEMIIEPATYphI, €CIIH KOTa-TM00 BO3HHKHET Takasl CHTya-
s, Takoe KOPOTKOE 3aMBIKaHHE MOXET OBITH BBI3BaHO, HAIIPHMEDP, JCHAPUTHBIM 00pa30oBaHHEM BHYTpPH Ceria-
paropa. Takoit nedext (0Opa3oBaHHBIM BO BpeMs NPOHM3BOACTBA WJIM BBI3BAaHHBIH B PE3yNIbTAaTe [UIUTEILHON
9KCIUTyaTalliK U, CJIEAOBATEIBHO, MMOTEHIMAIBHOM NeTrpajaliii) MOKET MPUBECTH K HEOXKHJAHHOMY HEPEXOIy
HaNpsKEHUs OT aHOJAa K KaTody, TEM CaMbIM CO37aBas YBEIMUYEHHE TOKa U, CI€AOBATENbHO, TEMIIEPATyphl B
MECTE, TA€ 3TO MPOUCXOIUT. JIeHCTBUTEIBHO, OJHUM NOTEHINAIBHBIM HCTOYHUKOM BBI3BIBAIOIIETO KOPOTKOE
3aMbIKaHHE Ae(eKTa SBIIOTCSA 3ayCEHIIBI, KOTOpbIe 00pa3yloTcs Ha KpasX 3THUX TOJICTBHIX THITMYHBIX TOKOIPHU-
€MHUKOB, KOTJ]a OHU Pa3pe3aroTCsl WM PEKYyTCS M3HOIICHHBIMH JIE3BUAMH BO BPEMsI IOBTOPSIOIINXCS MPOIIEC-
COB TIPOM3BOJICTBA MHOXECTBA M3CINN (YUTO SABJISAETCS OOBIYHBIM SIBJICHHEM B Hare Bpemsi). OJHaKO HEOIHO-
KpaTHO PaCCMOTPEHO U M3YY€HO, YTO CTAaHJApTHBIE MaTepUalbl TOKOIPUEMHUKOB MTONIPOCTY UMEIOT CKIIOHHOCTB
K MCKPOOOPa30BaHHIO U JOMYCKAIOT MOBBIIICHHE TEMIIEPATYpPhI, @ TAaKXKe TO3BOJISIOT TOKY, IPUCYTCTBYIOLIEMY
BO BPEMsI TaKOTO SIBJICHUS, IPOXOANTh Yepe3 yCTPOWCTBO, TEM CaMbIM OOECIeYHBasi HEOIPaHWYEHHYIO I'eHepa-
IUI0 U JBMXKEHUE U HCKIIIOYas BO3MOXHOCTh MPEIOTBPAIICHUS MOBBIIICHUS YPOBHS TOKa U, CIEJOBATENBHO,
TeMIlepaTyphl. JTa IpodiieMa MPUBOIUT HENOCPEACTBEHHO K HEYNPaBIIEMbIM BBICOKOTEMIIEPATYPHBIM PE3YIlb-
TaTaMm; B OTCYTCTBHE KaKHX-INOO BHYTPEHHHUX CPEJICTB MPEJOTBPAILCHUS TaKOI CHTyalllH, KaK MPaBUIIO0, HEMH-
HyeMa BEpPOATHOCTb BOZHUKHOBEHUS BO3TOpaHUsS M, B KOHEYHOM UTOTe, COMOKEHHS U pa3pylleHHs yCTpOICTBa.
Kpome toro, myTs ToKa (HampasiIeHHE 3apsiia) B CTAHAAPTHOM TOKOIPHEMHHKE OCTAETCs JOBOJIBHO CTATUYHBIM
Kak 710, TaK X BO BpeMsI COOBITHSI KOPOTKOTO 3aMbIKaHUs, B OCHOBHOM JIEMOHCTPUPYS TAaKOE e MOTEHINAIbHOE
JBIDKCHUE 3IEKTPUUECKOTO 3apsAza, KaK M 0’KUAAI0Ch NP JBI)KEHUN OT KaToJa K aHOy, a 3aTeM T'OpPH30HTab-
HO BJIOJIb TOKOIIPUEMHHUKA B OIPEAEICHHOM HarpaBieHHH. OZHAKO IMPH KOPOTKOM 3aMBIKAaHUM 3TOT IyTh TOKA
HE MOXXET IPEOTBPATHTh WM, TI0 MEHBIIEH Mepe, OTPaHUYUTh WM 3aJlepKaTh TAKOE ABMKEHHE 3apsina, obec-
neunBasi, JPYTAMHU CIOBaMH, 0€3yIEpKHYI0 OBICTPYIO pa3psaKy BO BCEM aKKyMylsTope. B coueranun c BbICO-
KOM TeMIepaTypo, CBsI3aHHOW C TaKOH OBICTPOH pa3psAKOif, BOSHUKAIOT OTMEUYECHHBIE BhINIE KaTacTpoduieckue
npo0GJieMbl (BO3TOpaHUsl, B3PbIBBI U T.1.).

B oTnuume oT 3TOro, YTO OMSATH K€ B BBICHIEH CTENEHH HEOXKUJAHHO U HEJIOTWYHO Ul TUIUYHBIX CTPYK-
TYp W KOH(UTYpauuil JIMTHEBBIX aKKyMYJISITOPOB, MO MEHBIIEH Mepe, MCIIOJIb30BaHUEe TOKOIIPUEMHHUKA 10 Ha-
CTOSIIIEMY N300PETEHHUIO MPUBOIUT K U3MEPEHUIO YPE3BBIYAfHO BHICOKON INIOTHOCTH TOKa (M3-32 YMEHBIICHHOH
TOJIIIMHBI TIPOBOJIAIIETO 3JIEMEHTa) M IPEIOTBPAILCHHIO IBIKEHHMS 3apsiia (HarpuMmep, OTCYTCTBHIO HaIlpaBJie-
HUA 3apsfa) B CIydae KOPOTKOTO 3aMBIKaHHA. JpyrHMH CIIOBaMH, C KOHKPETHBIMU KOHCTPYKTUBHBIMH OTDaHU-
YEHUSIMH, TPUCYIIUMH PACKPBITOMY B HACTOAIIEM JOKyMEHTE KOMIIOHEHTY TOKONPHEMHHKA, IMJIOTHOCTh TOKa

-6 -



043346

YBEJIMYMBAETCS 10 TAaKOil CTENEHM, YTO YPOBEHb COINPOTHUBIIEHHUS BBI3BIBAET UPE3BBIYAMHO BBICOKYIO, HO CHAEp-
JKMBAaEMYIO BBICOKYIO TEMIIEpaTypy, CBSI3aHHYIO C KOPOTKHM 3aMbIKaHHEM. Takum o0pa3oM, 3TOT ypOBEHb CO-
MPOTHUBJIICHUS MOOYXIAET MPOBOAAMINI Marepuan (TakoW Kak allOMHHUHM W/WIN MeNb, NPUBEICHHBIC JIUIIb B
Ka4ecTBe MpUMepa) IPUHUMATD 3apsi] KOPOTKOTO 3aMBIKaHMUs, HO BCIEICTBUE CTPYKTYPHOTO 00pa3oBaHMs, pac-
KPBITOTO B HACTOSIIIIEM JOKYMEHTE, IIPOBOIIINHA MaTepHall HEMEIJICHHO pearupyeT Ha TaKylo BBICOKYIO TEMIIe-
partypy, JIOKaJIU30BaHHBIN 3apsal. B coueTanun ¢ IpyruMu CTpyKTypHBIMH OCOOCHHOCTSIMM TaKOTO KOMITIOHEHTA
TOKOTIPHEMHHKA, @ IMEHHO (DAKTHYECKHM OTCYTCTBUEM Pa3MEPHO-yCTOHYMBOTO MOJIMMEPHOTO MaTepHaa, KOH-
TaKTHPYIOIIETO ¢ TaKUM CJIOEM IIPOBOJSIIETO MaTepHaia, MPOBOIIINA MaTepual MIHOBEHHO OKHCISIETCS B
TOYKE 3apsiaa Ha HEM, OCTaBIIsIs, HAIPUMEP, OKCH aAIFOMUHUS MM MEIH, 00a U3 KOTOPBIX SIBJISIOTCSI HETIPOBO-
JSIIUMA Matepuanami. [Ipn TakoM MrHOBEHHOM 00pa3oBaHMM HEMPOBOJIIETO0 MaTepHaja 3apsij KOPOTKOTO
3aMBIKaHHS, TO-BHIMMOMY, PacCeMBACTCsl, IIOCKOJIBKY HET HallpaBJeHHs Ul €ro JABIKeHHs. Takum oOpasom,
Onaromapst TOJIBKO YTO ONMMCAHHOMY TOKOIIPUEMHUKY BO3HHKHOBEHHE BHYTPEHHETO KOPOTKOTO 3aMBIKaHHSI MIPHU-
BOJHT K HEMEJICHHOMY IPEKPAIIECHHIO TOKa, Y()(PEKTHBHO HCHONB3Ys HEMOCPEACTBEHHBIH Pe3yIbTaT BBICOKOH
TEeMITEpaTyphl OT TAKOTO KOPOTKOTO 3aMBIKaHMUs JUI CO3JaHus Oaphepa Juisl JalbHEHIIero IBKeHus 3apsaa. 1o
CYIIECTBY, OTCYTCTBUE JIOTIOJHUTEIBHOIO TOKA BO BCEM KOPITYCE YCTPOMCTBA XpaHEHUs SHEPTUH (pa3yMeeTcs, B
YCIOBHUSIX KOPOTKOTO 3aMBIKaHHS) 3aIiTyIIacT TaKoe HEeXKEIaTeIbHOE COOBITHE 10 TAKOW CTETIEHH, YTO KOPOTKOE
3aMBIKaHHE TIOJIHOCTBIO YCTpPAHSETCS, BCIEICTBUE UYETO HCKIIOYACTCS IOSIBICHHUE HEYIMPABIIEMOIO TOKAa WU
BBICOKOI TEMIIEpaTypHl, U, 9TO, BO3MOXHO, Ba)KHEE BCET'0, TOKONPHUEMHHK OCTACTCs IIPUTOJHBIM TSI CBOUX Mep-
BOHAUAJIBHBIX M 3ALIUTHBIX [EJNEH, TTOCKONbKY MPUCYTCTBYIOMINI B 3TOT MOMEHT JIOKAJIM30BaHHBIH HEIPOBOIS-
MUl MaTepuan He BBI3BIBAET KAKOTO-THO0 3aMETHOTO yMEHBIICHUSI IIPOTEKAaHHs TOKa, KOTJa yCTPOHUCTBO Xpa-
HEHUS SHEPruM (aKKyMYJISTOp W T.J.) paboTaeT 1o HaszHaueHuo. Kpome Toro, oTHOCHTENbHO HEOOJbIIAs IIIO-
maab 00pa3oBaHus HETPOBOSIIETO MaTepHaa OCTaBJIsIeT 3HAYUTENLHYIO TUIOIIa b TOBEPXHOCTH | T.J. Ha TO-
KOTIPUEMHHUKE JJIsI TAJIbHEHIIIEro UCHOIb30BaHus 0e3 KaKoW-IM00 He0OXOUMOCTH B PEMOHTE, 3aMEHE WU JIpY-
THX KOPPEKTUPYIOUIHX JeicTBUsIX. HeoOxoaumo obecrieunBarh Takyro CUTYalHIO, KOTOpasi, KOHEYHO, HE BCEra
BO3HHMKAET, HO B OTCYTCTBUE TOJIBKO YTO PACKPBITHIX ONPEAENEHHBIX MEp MPEAOCTOPOKHOCTH U UCIpPABICHUIN
BEPOSITHOCTh TAKOTO COOBITHS BBICOKOTEMIIEPATYPHOTO BO3ACHCTBUSI U pa3pymICHUs (AKTUYECKH OCTAeTCs Ha-
MHOTO BBIIIE, 9YeM O0BIYHO mpuemiieMo. Takum 00pa3oM, BeChb TOKONPHEMHHK U3-3a €70 HECTAOMIBHOCTH B yC-
JOBUSIX KOPOTKOTO 3aMBIKAHHS CTAaHOBUTCSA ABYMEPHBIM JJIEKTPHUECKUM IPEIOXPAHUTENEM, MPEAOTBPAIIA0-
MM MOTEHIUATIBHO ONACHBIC BBICOKHE TOKH, CBSI3aHHBIE C KOPOTKMMH 3aMBIKaHHUSAMH, 3@ CUET HUCIIOJIb30BAHHS
MTHOBEHHOTO 3((exTa 3TOro BHICOKOTO TOKa ISl HAPYIIEHUS CHOCOOHOCTH TOKONPHEMHHKA IPOBOJIHUTH TOK B
TOYKE KOPOTKOTO 3aMBIKaHUSI.

Takue npenMyniecTBa 00ECIIEUNBAIOTCS B OTHOIICHHH TAKOTO HOBOTO TOKONPHEMHHKA, KOTOPBIH MOXKET
OBITH MOJyYEH MOCPEICTBOM Psijia PA3HBIX aJbTEPHATUB C JOCTI)KCHHEM aHAIOTHYHBIX KOHEUHBIX PE3yJIbTaTOB.
B 110001 13 9THX aJbTepHATUBHBIX KOHGUTypanuii Takol TOKOIIPUEMHHK, KaK OIIMCAaHO B HACTOSAIIEM JIOKYMEH-
Te, Kak Oy1To OBl (PYHKIMOHHUPYET KaK BHYTPECHHUH MPEAOXPAHUTEIb B LIEJIEBOM YCTPONHCTBE XpaHEHHUS SHEPTUU
(HanpuMep, TUTHEBOM aKKyMYJISATOpE, KOHJIeHcaTope U T.1.). OJHaKko B KaXXJOM npuMepe (JIbTepHATHBE) MMe-
€TCsl TOKONPUEMHHUK, BKITIOYAIOMINN B ce0sl OJIMMEPHBIHA CIIOH, KOTOPBIH METAIIIM3UPOBAH C OJHOW MM 00eHuX
€ro CTOpPOH, IPU 3TOM IO MEHbBIIEH Mepe OfHA METAIM3UPOBAaHHAs CTOPOHA KOHTAKTHPYET C aHOIOM HIIH Ka-
TOJOM IIEJIEBOTO YCTPOMCTBA XpaHEHUsI SHEPTuH. Torna oJHa albTepHATHBA COCTOUT B TOM, YTO OOIIAs TOJIIHU-
Ha BCEH METAITM3UPOBAHHON (TIOKPHITON) MOJIMMEPHOH TOJIOKKH TOKOTIPUEMHUKA COCTaBIsIeT MeHee 20 MKM,
BO3MOJKHO, IIPEMIOYTUTENBHO MEHEE 15 MKM M, BO3MOKHO, 00JIee MPEANOYTHTENBHO MeHee 10 MKM, B KasKI0M
cllydae ¢ HM3MepsAeMbIM CoIpoTuBiIeHHEM MeHee 1 OM/KBaapaT, BO3MOXHO, NpeAmnouTuresibHo Menee 0,1
Owm/kBagpar 1, BO3MOXHO, Oojiee npeamnoututensHo Menee 50 Om/kBanpar. THNMYHBIE TOKONIPUEMHUKH MOTYT
00J1a/1aTh STUMHU XapaKTepUCTUKaMHU, HO UMEIOT Topa3ao OOJBIINHA Bec, 4eM Te, KOTOPbIE U3TOTOBJICHBI C apMU-
PYIOIIMMH TOJIMMEPHBIMH TIO/UIOKKAaMH, M HEe 00JIaaloT MPEeUMYIecTBaMH O€30MaCHOCTH, NPUCYIIMMHU pac-
KPBITOMY B HACTOSILEM JIOKyMeHTe BapuaHty. Hanpumep, mennas ¢onbra TommuHoit 10 MkM MoxeT Becuth 90
r/M’. OIHAKO TMOKPHITAs Mebio (OIbra MOXKET BecHTh Beero 50 r/m” umn aaxe 30 r/m’, wmm naxe menee 20
/M, IpH 3TOM B KaIOM Clydae 0becredmBasi aJeKBAaTHBIEC HICKTPHUECKHE XapaKTEPHCTHKH, HEOOXOMMMBbIC
JUTsT QYHKIIMOHUPOBAHUS DJIEMEHTa. B 3TOW anbTepHATHBHOM CTPYKTYpEe, OJHAKO, OY€Hb TOHKHHA KOMITOHEHT
TaKke 00ECICUYMBAET BO3JCHCTBIE KOPOTKOTO 3aMbIKAHUS HAa METAIIMYECKOE MOKPBITHE W B 3aBUCHMOCTH OT
00IIMX YpOBHEH COIPOTHBIICHHS T'€HEPHPOBAHME NPH UPE3MEPHO BBICOKOW TEMIIEpaType, BBI3BAHHON BCILIE-
CKOM TOKa BO BPEMsS TaKOTO KOPOTKOTO 3aMbIKaHUs, JOKAJIN30BaHHOM 00JacTH OKCHIA METajla, KOoTopas He-
MEJUIEHHO MPEAOTBpalIacT JaJbHENIIee IBHKECHUE TOKA U3 HEe.

Jlpyroii BO3MOYKHOW alTbTEPHATUBOH JUISI TAKOTO HOBOTO TOKONPHEMHHUKA SBIIETCS OOeCIeUeHne MeTall-
JIMYECKOro (MM METAIIM3MPOBAHHOT0) MaTepHalla, 3aBUCSIIECTO OT TEMIIEPaTypbl, KOTOPHII 100 aeT ycaiKy B
HaIpaBJIeHUH OT HCTOYHMKA TEIUIa BO BPeMs KOPOTKOTO 3aMBIKaHHS, JIMOO JIETKO MPEBPAIlacTcsl B ONpeaeIeH-
HOM MeCTe MaTepualla B HEpOBOSAIUI MaTepuan (Takoi, HalmpuMep, KaKk OKCHJI aTIOMUHUS U3 aJIFOMUHHEBOTO
TOKOTIPHEMHHMKA, KaK YKa3aHO BbIIIE APYruM criocobom). Taknum oO6pa3oM, TOKOIIPHEMHUK CTAHOBUTCS TEPMUYeE-
CKH cJ1a0bIM, B OTJIMYHUE OT ATFOMUHHUEBBIX U MEIHBIX TOKOIIPHEMHHKOB, KOTOPBIE UCIIONIB3YIOTCS CErO/IHS M KO-
TOpPBIE JOCTaTOYHO TEPMOCTOMKH K BBICOKMM TeMIepaTypaM. B pesynbrare criaB metainia ¢ 0ojiee HU3KOH co0-
CTBEHHOI TeMIlepaTypol IUIaBICHHS MOXKET pa3pylIaThCcs MpU 00jee HU3KHUX IUIOTHOCTSIX TOKa KOPOTKOTO 3a-
MBIKaHHS, YITy4Ilasi IPEeUMYIIecTBa 6€30IacHOCTH OMHCAHHOTO B HACTOAIIEM JOKYMEHTE HEPT€THIECKOIO yCT-

-7 -



043346

po¥icTBa Ha OCHOBE NMHUTHA. [Ipyroii albTepHATHBOM ABJSICTCS M3TOTOBICHUE TOKONMPHUEMHHKA ITyTEM HAHECCHUS
CJIOS TIPOBOJIAIICTO MaTepHaa, HapUMep, MM WX alFOMUHHS, Ha BOJOKHA WJIM TUICHKU, KOTOPBIC JEMOHCT-
PUPYIOT OTHOCHUTENBHO BBICOKHE CKOPOCTH YCAJKH IIPH OTHOCHTENBHO HH3KHX TeMIleparypax. VX mpumeps
BKITIOUAIOT B ce0sl TEPMOIUIACTHIECKHE TUIGHKH C TeMIlepaTypaMu miasierns Hwke 250 mwu qaxke 200°C u Mo-
TYT BKIIOYaTh B Ka4eCTBE HEOTPAaHMYMBAIOIINX MPUMEPOB MOIHMATHICHTEpEe(TANaT, HEHIOH, MOIMITHICH WIH
TIOJIUTIPOTTIIIEH. J[pyrM BO3MOKHBIM CIIOCOOOM JOCTIDKEHHS TAKOTO PE3yJIbTaTa ABISETCS N3TOTOBICHUE TOKO-
TpUEMHHKA ITyTeM HAaHECEHHsS CJOS MPOBOIAIICTO MaTepHalia, HallpuMep, MU WU aFOMUHUS, KaK yKa3aHOo
BBIIIIE, HA BOJIOKHA WJIH IJICHKH, KOTOPBIE MOTYT Ha0yXaTh WM PACTBOPATHCS B DJIEKTPOJIUTE, KOT/Ia MaTEPHAIIbI
HArpEeBAIOTCS IO OTHOCHUTEIIFHO BBICOKUX TEMIICPATyp IO CPABHCHUIO C pabOYMMHU TeMIEepaTypaMHu 3JIEMEHTOB,
HO HU3KHX IO CPaBHEHUIO C TEMIICPATypaMu, KOTOPBIC MOTYT BBI3BIBATh TEIUIOBOU pa3roH. [IpuMepsl Takux mo-
JMEPOB, KOTOPBIC MOTYT HA0YyXaTh B JTUTUEBO-HOHHBIX AJICKTPOJIUTAX, BKIIOYAIOT B ce0s MOJUBHHUIHICH(TO-
PYA ¥ TIOTUAKPWIIOHUTPIIIL, HO €CTh M APYTHE TOJTMMEPHI, U3BECTHBIC CICIAAINCTAM B TaHHOH 00JacTH TEXHU-
ku. Eme oauH cnoco0 peann3oBaTh TaKOH adbTePHATUBHBIA MPOIECC CO3MAHMS BHYTPCHHETO AIICKTPUICCKOTO
MPEJOXPAHHUTENS COCTOUT B HAHECCHHU HA TMOJUIOKKY METallia, HAIPUMEp, aTFOMHHHUS, KOTOPBIA MOXET OKHC-
JATHCS NIPY HATPEBaHUU, IIPHU STOM O0IIas TONIIIHA METasIa HAMHOTO MEHBIIIE, YeM OOBIYHO MUCTIONb3yeMast IS
JUTHEBBIX aKKyMyJsiTopoB. Hampumep, 04eHp TOHKHI aIOMHHHUEBBIH TOKOIIPHUEMHHK, KOTOPBIA HCIIONIB3YeTCS
ceronHs, MoxeT uMeTh TommuHy 20 MkM. [Ipu ToNmuHEe TOKPHITHS MEHee 5 MKM Iielb pa3opBeTcs ObIcTpee, a
TIPY TOJIIIIMHE TTOKPHITHA MEHEe 2 MKM WM Jlake MeHee | MKM IIerb pa3opBeTcs eme OsicTpee. Tem He MeHee,
eIIe OJIMH CII0Cco0 pearn30BaTh Pa3phiB B MPOBOISIIIEM KaHAJIe COCTOUT B 00ECTIEYeHUH TOKOIIPUEMHHKA C OTpa-
HUYEHHOH MPOBOINMOCTBIO, KOTOpas OyIeT yXyIIIaThCs MPH BBICOKHX IJIOTHOCTSIX TOKA, OKPY)KAIOIINX MECTO
KOPOTKOTO 3aMBIKaHUS, aHAJOTHYHO YXYALUICHHUIO, HAOII0IaeMOMY CETOIHS B CEPUHHO MPOM3BOJUMEIX MPEI0-
XpaHUTEISIX. ITO MOKET OBITh JTIOCTUTHYTO MyTEeM 00CCIICUCHUST TOKOMIPUEMHHKA C YICIBbHBIM COTPOTHBICHUEM
oonee 5 mwmm 10 MOM/KBagpaT, Wi, BO3MOXHO, IPEANOYTUTENLHO O0oee 20 MOM/KBaapar, Win, BO3MOXHO, C
Ooyee MPeaMOYTHTENEHBIM ypoBHEM Oosiee 50 MOM/KBagpat. ITH U3MEPEHHUS MOTYT HAOJIOAATHCS HA OTHOU
CTOpOHE WM Ha 00EHMX CTOPOHAX MaTepHaya, MOKPBITOTO ¢ 00enX cTopoH. Mcmonb3yemMble TOKOIPUEMHUKH C
Pa3HBIMHU yIENbHBIMU COIPOTUBICHUSAMHI MOTYT OBITH TOTIOJIHUTEIHHO BBHIOPAHBI MO-Pa3HOMY ISl aKKYMYJISTO-
POB, KOTOpbIE MIPEeIHAa3HAYCHBI UISI BEICOKOH MOIIHOCTH, KOTOPBIE MOTYT HCIOJH30BaTh OTHOCHUTEIHHO HHU3KOE
COIIPOTHBIICHHUE TI0 CPABHEHUIO C 3JIEMEHTaMH, NpeIHa3HAUYECHHBIMH IS 00jee HU3KOW MOIIHOCTH U 0ojiee BBI-
COKOH SHEpIuH, W/WIA KOTOPBIE MOTYT MCIIOJIF30BaTh OTHOCHUTENFHO BBICOKOE CONPOTHBIEHHUE. Eie onuH cro-
co0 peann3oBaTh Pa3phlB B MPOBOMAIIEM KaHAJIE COCTOMT B 0OECHEeUeHHH TOKOIPHEMHHUKA, KOTOPHIA Oymer
OKHCIIATHCA IO HEMPOBOAINETO MaTepraja IMpH TeMIepaTypax, KOTOpsle HAMHOTO HIKE, YeM Y aIFOMUHIS, ITO
MO3BOJISIET TOKOTIPUCMHHUKY CTaTh WHEPTHBIM B 00JIACTH KOPOTKOTO 3aMBIKaHHS TMEpPe] TeM, KaK cerapaTop Ae-
rpagupyeT. HekoTopsle CIUIaBbI alFOMUHHS OKUCIISIOTCS OBICTpEe, YeM caM aFOMUHUMA, W 3TH CILIABBI MOTYT
BBI3BAaTh YXYALICHUC MPOBOJIAIICIO KaHANIA OBICTpee WU Npu 0ojiee HU3KOM TeMIiepaType. B xauecTBe BO3MOXK-
HBIX aJIbTCPHATUB B TAKOM TOHKOM CJIO€ MOXET UCIOJIb30BATHCS JIFOOOW THUI METaJlia, KOTOPBIHA 00JagaeT dJieK-
TPUYECKON MPOBOIUMOCTHIO, BKITIOYAs, HO HE OIPaHHYUBASICH ITUM, 30JI0TO, CEpeOpo, BaHAAUMN, PYOUIUHA, HPH-
JIH, MHIUH, TUIATHHY W IPYTHE METaJUIhl (B OCHOBHOM, OJIarofapsl OYeHb TOHKOMY CIIOF0 MOKHO 3HAYUTEIBLHO
CHH3UTD 3aTPaThl, CBA3AaHHBIC C MCIOJIB30BAHMEM TAaKOTO MeTajuia, 0e3 ymiepOa IS MPOBOIUMOCTH, MIPH STOM
BCe elmle obecneunBasi 3alIiTy OT BEPOSTHOTO TETUIOBOTO Pa3sTOHA BO BpeMs KOPOTKOTO 3aMBIKaHUS WM TOJ00-
HOTO cOOBITHS). Takke MOTYT MCIIONB30BAaThCS CJIOW Pa3HBIX METAJUIOB MIIM JakKe OTACNbHBIC OONACTH U3 Me-
Tayja, OCaXIEHHbIE BHYTPH WJIHM KaK OTICNbHBIC CIIOMCTBIE KOMITOHEHTHI. Pa3ymeercs, Takke OJHAa CTOpOHA
TaKOW MOKPBITON IOIOKKH TOKOIIPHEMHHIKA MOXKET BKJIIOUATh B ce0S BHUABI METajUIa, OTIMYAIOMINECS OT TeX,
YTO HCIIONB3YIOTCS Ha MPOTHBOIOJIOXKHON CTOPOHE, a TaK)KE MOXKET MMETh CPAaBHHUTEIBHO pa3HbIC TOJIIIMHBI
CJIOS1.

OmHUM U3 CIOCOOOB YIIYUIICHHUS JJICKTPUYCCKUX CBONCTB 2JIEMEHTa MOIJIO ObI OBITH OOCCIIEYCHUE TOTO,
YTOOBI TOKOIIPUEMHHUK C TIOKPBHITHEM HMEJ JABE CTOPOHBI C TPOBOISIINM MOKPBITHEM, KaK OynTo ObI oOecreyn-
BaIOMIKME MPOBOJUMOCTD OT TIOKPBITHS Ha OJHOW CTOPOHE K MOKPBHITHIO HAa APYroi CTOpoHe. Takoil pe3ynapTar
HEBO3MOXKCH, HAIPUMeEP, IS TIOJIMMEPHO IIICHKH Oe3 MOKphITHA. OTHAKO OBUIO HaWJICHO, YTO TaKas MPOIYCK-
Hasi CIIOCOOHOCTH JABYCTOPOHHEH MPOBOIUMOCTH MOXKET OBITH JOCTHTHYTa B OZHOM HEOTPAHWYMBAIOIIEM IPH-
Mepe C TIOMOIIBI0 HETKAHOTO MaTeprala, BKIIOYAIOMIEro B ce0s OnpeeIeHHbII MPOIEHT MPOBOISIIINX BOJIOKOH,
WIIM HETKAaHOTO MaTepHaja, HAIlOJHEHHOT'O MPOBOISIIUME MaTepHalaMy, WIIM HETKaHOTO MaTepHhajia, W3TOTOB-
JICHHOTO W3 MTPOBOIAIIET0 MaTepHraia (TaKoro Kak yriepoIHble BOJOKHA WIIH METAUTHUYECKHE BOJIOKHA) HIIH, KaK
OTMEYEHO BBIIIE, HETKAHOTO MaTephalia, COACPIKAIlero BOJIOKHA, MOKPBITHIC MPOBOIIIIMM MaTepHajoM (Ha-
TpUMEDP, BOJIOKHA C METAJUTMIECKAM MOKPHITHEM Ha TIOBEPXHOCTH). JIpyrUM THIIOM HOBOTO TOHKOTO MaTepHaa
TOKOIPHEMHUKA, JEMOHCTPHUPYIOIIETO MPOBOJAMMOCTh CBEPXY BHU3, MOXKET OBITH IUICHKA, KOTOpas cIciiaHa
MPOBO/IAINCH, HAIPUMED, 3a CUCT UCTIOIB30BAHUS H3HAYAIBHO MPOBOIAINETO MaTepraia (Takoro, HampuMep, Kak
MPOBOJISIIUE IMOJUMEPHI, TAKHE KaK MOJHALCTIIICH, TIOJHAHWINH WU MOJTUBUHIIITHPPOIUANH) HIH MOCPEICT-
BOM €€ HAIIOJIHCHUS MPOBOJIINM MaTepHAIIOM (TaKuM Kak rpaduT win rpadeH, WIH METALUTHYCCKUEC YaCTHUIIBI
WIX BOJIOKHA) BO BPEMs WM IOCIE M3TOTOBJICHUS IUICHKU. Kpome TOro, IpyruM BO3MOXHEIM JIBYCTOPOHHHUM
MaTepHaJiOM TOHKOTO TOKONMPHUEMHUKA SBIISACTCS TOJIMMEPHAS MOMJIOXKKA ¢ HEOOMBIIUMH Tep(hOpPUPOBAHHBIMU
OTBEPCTUSMH, CTOPOHBI KOTOPBIX MOKPHITHI METAIJIOM (TIOMUHHEM I MEABI0) BO BpeMs IpoIiecca METaJlIH-
3armu. Takas mpoBOJAMMOCTh, oOecTieunBaeMas OT OJHOH CTOPOHBI K APYTOH, HE JOJDKHA OBITh TaKOM ke, KaK U
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Y MPOBOJISAIINX TOKPBITHIA.

Takum oOpa3oM, Takue aabTepHATUBHBIC KOHQUTYpaluy, 00CCIeUNBAIONIUEC KaK OyATO OBl OJHU H TE XKE
pe3yIbTaTH U (PU3HMUCECKUE CBOIICTBA TOKOIPHEMHHNKA, BKIIIOYAIOT B CE0S CIEAYIOMIHE:

a) o0Im1as TOJNIIIMHA ITOJIMMEPHOM IMOJIOKKH C TIOKPBITHEM COCTaBIseT MeHee 20 MKM MPH COTIPOTHBIICHUN
meHee 1 OM/kBazpar,

b) ToKOTIpHEMHHUK COAEPKUT MPOBOIAIINI MaTeprall, HAHECCHHBIH Ha TIOMIOKKY, COJEPIKAITYIO ITOJINMEP-
HBIH MaTepua, Py 3TOM ITOTUMEPHBIN MaTepuas AEMOHCTPHUPYET TepMoycaaky npu 225°C ne menee 5%,

C) METAUTIM3UPOBAHHBIA MOJMMEPHBIN MaTepHal TOKOIIPHEMHUKA Ha0yXaeT B AIEKTPOIUTE aKKyMYJIATOpa,
IpUYeM Takoe HaOyXaHHE YBEIHMYUBACTCS IO MEpPE TOTO, KaK MOJUMEPHBII MaTepral HarpeBaercs,

d) oOmias TonmmuHA MPOBOMASAIICTO MaTepHalia TOKOTIPUEMHHKA COCTABIISICT MCHEE 5 MKM MPU HAHECCHHUH
Ha MOJIMMEPHYIO MOJUIOKKY,

€) MPOBOAUMOCTh TOKOTIPHEMHUKA cocTaBisieT ot 10 mo 1 Om/kBampar u

f) MeTammu3npoBaHHAS OJIMMEPHAS TIOJJIOKKA TOKOIIPUEMHHKA UMEET IOPUCTOCTh He Oosee 60%.

Hcnonp3oBanue mr000# U3 ITHX aJbTCPHATUBHBIX KOHPUTypaIMid B YCTPOWCTBE XpaHEHUs YHEPTUU C Ce-
apaTopoM, IEMOHCTPUPYIOIINM TepMOycaaKy MeHee 5% 1o uctedennn | 4 mpu 225°C, Taxoke OyzaeT moarma-
JIaTh O 00BheM HacTosmIero m3oopereHus. O01ee UCoab30BaHue (CImoco0 MUCTOIB30BaHUS) 3TOTO THIIA YCT-
POWCTBa XpaHEHHs PHEPTUM (aKKyMyJIATOpa, KOHAEHCATOpa W T.J.) TaKKe MOAMAgaeT IMojJ 0ObeM HACTOSIIEro
N300peTeHUS.

XOTS OCHOBHBIM TMPEHMYIICCTBOM HACTOSILIET0 M300pPETCHHS SBISACTCS IMOBBIMICHHAS O€301MacHOCTh IS
3JIEMEHTa, CYIIECTBYIOT U JAPYTHe MPEUMYIIEeCTBA, YIOMSHYTHIC BBIIIE, B TOM YHCJIEC YMECHBIICHHBIH BEC BCETO
YCTPOMCTBA XpaHCHHS SHEPTUU 3a CUCT YMEHBIICHHOTO BECa METAIa B TAKMX KOMIIOHCHTaX TOKOTPUCMHHUKA.
OnsTh Ke, COBEPIICHHO HEJIOTUYHO HCIIONB30BaTh TOHKHE MOJMMEPHEIC CIIOU C METATU3UPOBAHHBIM ITOKPHITH-
€M, OCOOCHHO C HHM3KHUMH Pa3MEpPHO-YCTOHYMBBIMH XapaKTCPUCTUKAMU, JUII TOKOIPHUCMHHUKOB BHYTPH TaKHX
AKKYMYJIITOPHBIX m3nenuii. COBpEMEHHOE TOJIOKEHUE TNl B 3TOW OTPACIH CBOIUTCS K MBICIH O TOM, UTO JUIS
JIOCTIDKCHUSI KEIACMBIX PE3YJIbTATOB 3aIUTH (0COOCHHO OT BO3MOXKHBIX COOBITHI KOPOTKOT'O 3aMBIKAHUS) HE-
00X0aMMBI OOJIBIIAE KONWYECTBA PEaTbHBIX METAIMYSCKUX W/WIH M30JIMPYIONINX KOMIOHEHTOB. Temeps He-
OKH/IaHHO CTaJO MOHATHO HE TOJNBKO TO, YTO TaKas MapagurMa HeBepHa, HO M TO, YTO Y(PQPEKTHBHOE CPEICTBO
OT POoOIIEM KOPOTKOTO 3aMBIKaHUS B IMTHEBBIX aKKyMYJISATOpPax M T.J. COCTOMT B YMCHBIICHNH, a HE YBEJINYE-
HHUH KOJIMYECTBA METAJUIA, a TAKXKE COSAMHEHUH €0 C TePMUIECKHA HECTAOMIBHBIMU 0a30BBIMH CIOSIMH. TakuM
00pa3oM, COBEpIICHHO HEOXHUIAHHO CTAJO IOHSITHO, YTO TOHKHE METAJUIMYECKHE CIIOW B COYCTAHHH C TAKUMU
HECTAaOUITLHBIMH 0a30BBIMH CIIOSIMH O0ECIIEYMBAIOT BO3MOXHOCTh OOPOTHCS C COOBITHSAMU Pa3pPSIKA BO BPEMS
KOPOTKHX 3aMbIKaHUH U 3Q(QEKTHBHO OCTAHABIMBATH UX, MPHU 3TOM 00Ul 3¢ dekT 3akmouaercs He TOIBKO B
ropaszo Oonee 6€30MACHOM M HAJICKHOM PE3yJIbTaTe, HO M B 3HAYUTEIILHO YMECHBIICHHOM 00IIeM Bece U 00beMe
TaKWX KOMIUICKTYIOIIUX 4dacTed. Takum oOpa3oM, HEOKHUIAHHBIC MPECUMYIIECTBA YIYUIICHHBIX CBOIMCTB C IO-
HIDKCHHBIMH TPEOOBAHUSAMU K BECY M 00BEMY U3ICTU [T XpPaHCHUS YJHEPTUU (aKKYMYJISATOPAX H T..II.) COOTBET-
CTBYIOT OTPACIIH TOPA30 OOJIbIIE, YEM MPEII0Iaraioch U3HAYAIBHO.

B xauecTBe MONOJHUTEIHLHOTO MOSCHEHHS, AJIFOMUHUHN C TIJIOTHOCTHIO 2,7 r/cM’ U TomMHO# 20 MKM oyner
BecuTh 54 r/M°. OIHAKO TOT K€ METaII, HAHECCHHBIH C TOJIMIMHON | MKM Ha MONMIIPONHICHOBYIO ILUICHKY TOI-
mpHoM 10 MKM (¢ mioTHOCTBIO 0,9 /M), Gymer Becuts 11,7 T/M%. DTO yMEHBIICHHE Beca TOKOPHEMHHKA MO-
JKeT CHHU3UTH BEC BCETO YCTPOWCTBA XpPaHEHWUS dHEPTUH (HAIPUMEp, aKKyMYJISITOpPa), IIOBBICUTh MOOHMIBLHOCTD,
VIIy4IIATE PACXO/I TOIIMBA WM 3aIlac X0Ja Ha IEKTPHUYECKON TSTe M B IIEJIOM ITOBBICUTH IIEHHOCTh MOOHMIIBHBIX
SIEKTPUYECKUX TPUITI0KESHHUH.

Kpome TOro, n3-3a BRICOKOH MPOYHOCTH IUICHOK BBIMICTIPUBEICHHEBIN IPUMEP TAKXKE MOXET OBITh CHETIaH
TOHBIIE, C 00meH TommuHOM 11 MKM B cpaBHeHMH ¢ 20 MKM, HallpUMep, CHOBa yMEHbIIasi 00bEM dJIEMEHTa H,
TEeM caMbIM, 3((GEKTHBHO YBEIMYUBAS IIOTHOCTh SHCPTHH. TakuMm oOpa3oM, TOKOIPHUEMHHUK C OOIIEH TOJIIH-
HOU MeHee 15 MKM, mpenmoyTHTeIbHO MeHee 12, Oornee mpeamouTuTenbHo MeHee 10 u Hamboee MpeanoyTH-
TEJNEHO MEHEE 8 MKM, MOXET OBITh U3TOTOBIICH U UCIIOJIL30BAH C TAKOU IEbI0 U ()yHKITHEH.

IIpit 06BEMHOM YICIBHOM COPOTHBICHHH amfoMurns 2,7x10™ Om-m u mexu 1,68x10™ Om-M MoxHO 1O-
JYYUTh TOHKOE TOKPBITHE C compoTuBicHueM MeHee 1 Om/kBanpat win Meree 0,5 OM/KBaipar, Wi Jaxe Me-
Hee 0,1 Om/kBanpar, umu meree 0,05 Om/kBanpat. TosmuHa 3TUX MPOBOISIIMX MOKPBITHH MOXET COCTaBIISTH
MeHee 5 MKM, MPEaNOUTUTEIbHO MeHee 3 MKM, 0ojiee TPEaNoYTUTEILHO MeHee 2 MKM, BO3MOXKHO, Hanbolee
MPEIIOYTUTENFHO gaxe MeHee 1 MxM. KpaitHe HemormdHo, 9TO, KOTJa CTaHAAPTHBIE MaTepHAIBI, OOBIYHO HIC-
MOJIb3yEeMBIE€ Ha pBIHKE, conxepkar 10 MKM mim Oojblee KOJMYECTBO METaUIa, TOAXOIAIMINE XapaKTEPHUCTUKU
MOTYT OBITh JOCTHTHYTHI C HCIIOJIb30BAaHHEM TOpa3fo MEHBIIEro KOJIWYecTBAa MeTaula. B AeHCTBUTEIBHOCTH,
OoJpIIast 4acTh METaJlIa, MIPUCYTCTBYIONIETO B THIIMYHBIX YCTPOHCTBAX XpaHEHH, HCIIOIB3YETCs A IPUAaHUS
MEXaHUYCCKUX CBOWCTB, MOAXOISIIUX JJI1 BBICOKOCKOPOCTHOW U aBTOMAaTU3UPOBAHHON 00paboTku. OgHUM 13
MPEUMYIIECTB HACTOSINETO U300pPETCHIUS SIBJIICTCS MCIIONB30BaHUE MOJUMEPHOTO MaTepHaia ¢ ropa3iao MCHb-
IIed MIOTHOCTBIO [UIsE 00CCIICYCHUST MEXaHUIECKUX CBOWCTB, YTO MO3BOJISIET YMEHBIIUTh TOMIIUHY METalia J0
YPOBHSI, TIPH KOTOPOM 0E30MaCHOCTh 3JIEMEHTA MOBBIIIACTCS H3-32 HECITOCOOHOCTH TOKOMPHUEMHUKA TOICPKU-
BaTh OMACHO BBICOKHE IUIOTHOCTH TOK4, KOTOPHIC BO3HUKAIOT M3-3a BHYTPECHHHX 3JICKTPUYCCKAX KOPOTKUX 3a-
MBIKaHUH U MPUBOJIAT K TEIUIOBOMY Pa3roHY, 3aJBIMICHHIO W BO3TOPAHUIO.

Kpome Toro, 3T ipoBOAIIHE CIOW MOTYT OBITH 00Opa3oBaHbBl MHOXKECTBOM clloeB. Hampumep, ciioii aimo-
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MHHHUSI MOXKET OBITh 0a30BBIM CJIOEM, MOKPBITHIM TOHKHM ClloeM Menau. Takum oOpazoM, oObeMHas IPOBOAH-
MOCTh MOKET OBITh OOecreyeHa aTIOMIUHNEM, KOTOPBIN SBIISETCS JIETKUM, HEIOPOTHM U MOXET OBITh JIETKO Ha-
HECEH METOJaMH OCaXKJICHHS U3 MapoBoi (a3el. Menp MOXKeT 00ecriednBaTh JOMOTHUTEIBHYIO IPOBOJNMOCTD U
MIACCHBAITUIO aHONA, HE BBI3BIBAS IPH 3TOM 3HAYUTEIHHBIX JOMOTHHUTENBHBIX 3aTpaT M YBEIWYCHHS Beca. JTOT
IpyUMep TIPUBEIEH MPOCTO IS WDTIOCTPALMHU, M CTIEHHAINCTH B JaHHON OONACTH TEXHHWKH CMOTYT IPHUBECTH
MHOYECTBO IAPYTUX MHOTOCIOWHBIX MPOBOISAIMINX CTPYKTYP, JIFOObIE U3 KOTOPBIX SBISIIOTCS MPEKPACHBIMHU IIPH-
MepaMH HaCTOSIIET0 U300PETEHHS.

OTH TOHKHE METAJUTHYECKHE TTOKPHITHS B IIEJIOM IPUBOIAT K 00J€e BBICOKOMY COIPOTHBICHHUIO IO CPaB-
HEHUIO C HAaOJIIOaeMbIM B OOBIYHO HCIOJIB3YEMBIX TOKONPHEMHHUKAX W3 AIIOMUHMS WM MEIH, YTO SIBISETCS
OTIINYUTENILHOW 0COOCHHOCTBIO HACTOSIIEro H300peTeHus. Takue HOBBIE IOIXOMSIINE TOKOIPHEMHHUKH MOTYT
OBITH N3rOTOBIICHHI C conpoTuBieHneM Ooiee 10 MOwm/kBazapar, npeanodyruTensHo Oonee 20 MOM/kBaapar, 60-
jee mpexanodtuTenbHo Oonee 50 MOM/KBanmpaT M, BO3MOXHO, HawOosee MpeanodTHTeNsHO aaxe Oosee 100
MOM/KBajapar.

Kpome Tor0, 311€MeHTBI, H3rOTOBJICHHBIE C UCIIOJIb30BAHUEM BBILICONMCAHHBIX TEPMHYECKH CIA0BIX TOKO-
MIPUEMHHKOB, MOTYT OBITH emie Ooiee 0€30IacHBIMH, €CITH CeTapaTop UMEET BRICOKYIO TEPMOCTONKOCTE, HAIIPH-
Mep, BO3MOXKHO, AEMOHCTPHUPYS HU3KYIO YCaAKy IMPH BBICOKHX TEMIIEpaTypax, BKIIIOYas ycagky MeHee 5% Imo-
cie BosaeiicTBus Temreparypsl 200°C B Tedenue 1 4, mpeAnodYTHTENHHO Tocie Bo3aekicTBusa 250°C B TedeHune
OJTHOTO Yaca M, BO3MOXHO, 00Jiee MPEAOYTHTEIHHO TTociie Bo3aeicTBus TeMieparypsl 300°C B TeUeHHe 0THOTO
gaca. CyIIecTBYIONIHE CEnapaTopbl H3TOTOBICHBI M3 MOJMATHIICHA C TeMIiepaTrypoi miasienus 138°C u u3 mo-
JUMNpPONICHa ¢ TeMIepaTypoil miasineHus 164°C. OTu MaTepualibsl AEMOHCTPUPYIOT ycanky > 50% mpu 150°C,
KaK ITOKa3aHO Ha (WT. 2; TaKOW Pe3yNbTaT CIHIIKOM BBICOK JUIS MCIOJIB30BAHUSA C TOHKHM TOKOIIPHEMHHKOM,
Kak Tenepb OIUCAaHO B HACTOSIIEM JOKyMeHTe. J{Jist pemeHus Takoi mpooaeMbl ObIJIO YCTaHOBJIEHO, YTO HE0O-
XOJMMO HCTIONB30BaTh OINpPEENICHHBIE CEMapaTophl, KOTopble AaoT ycaaky menee 50% mpu 150°C umm maxe
Mmenee 30%, wiu menee 10%, cormacHO U3MEPEHUSIM B COOTBETCTBUH ¢ HoKymMeHTOM NASA TM-2010-216099,
paszen 3.5. laxe cemapaTopbl ¢ KEpaMHYECKUM HOKPHITHEM JEMOHCTPUPYIOT 3HAYUTENIBHYIO YCa/IKy TIPH OTHO-
CHTEJIFHO YMEPEHHBIX TEMIIeparypax, JHOO MOJHOCTBIO pa3pylIaloTcs, Ju00 maloT ycaaky Oonee 20% mpu
180°C. Takum 06pa3om, KeTaTeIbHO HCIO0IB30BaTh CENapaTop, KOTOPHIH HEe pa3pyIIaeTcsi BO BPEMsI HCIIBITAHHS
u He maeTr ycanky Oomee 20% mpu Boszeiicteun 180°C (mo MeHbmiel mepe), 6ojee MpearnoYTHTENbHO Ooree
10%, npu U3MEpeHNH B COOTBETCTBUH C TEM K€ CTAaHIApTOM HCIBITaHIH. Hamnbosee mpeanoYTHTeIEHBIM BapH-
AQHTOM OCYIIECTBIICHHUS OyJIeT MCIIONB30BaHNE CeTapaTopa, KOTOPEI naet ycanky meHee 10% mpu Bo3aeicTBUn
temmeparypsl 200, 250 wu naxe 300°C.

JIr060i1 U3 3THX METaIUTM3UPOBAHHBIX ITOAJIOKEK JKETATEIbHO MMETh HEOOJBIIYIO TOJNIINHY, YTOOBI CIO-
COOCTBOBATh YBEIWYCHHUIO IUIOTHOCTU DHEPTUH dJeMeHTa. [ TMOoIXyd4eHus] TaKOH TONIIIHHBI MOXKHO HCIOJIB30-
BaTh JIOOBIC CPENICTBA, BKIIOYAs KaJaHAPHPOBAHUE, CIAaBIMBaHKE, Topsiuee NMPECCOBAaHUE MM JIaXe yOaJeHUE
Marepuasa ¢ IOBEpPXHOCTH TaKUM 00pa3oM, YTOOB!I yMEHBIIUTh OOIIYIO TOJIIUHY. DTH MPOIECCH yMEHBIICHUS
TOJIIIMHBI MOTYT OBITH BBIMOJIHEHHI IO WIH MOCJIe MeTa/uIn3aluu. Takum o0pa3oMm, jKenaTelbHO UMETh OOIIyI0
TOJIIMHY METaJUIM3UPOBAHHO IOJUIOKKH MeHee 25 MKM, NpeArnodYTuTeasHo MeHee 20 MKM, OoJiee MpearnoyTh-
TENIBHO MeHee 16 MKM U, BO3MOXHO, HanOoJiee pennouTuTensHo Menee 14 mxm. Kak Gbuto ycranoBneHo, ce-
PUIHO MPOU3BOIMMBIEC MOJIMAI(PUPHBIC IUICHKA UMEIOT TOJIIUHY He OoJjiee 3 MKM W gaxke MeHee 1,2 MKM. OTH
TUIBI MOTYT CITY’KUTh MOAXOIIIIMMH TIOMJIOKKAMHU M 00€CIieunBaTh OOIIYI0 TONIIHHY TOKOIPHEMHHKA MEHEe
10 MKM, MPEATIOYTUTENHHO MEHEee 6 MKM U 0oJiee MPEAOYTHTEIHHO MeHee 4 MKM. Takue yIbTpaTOHKHE TOKO-
MPUEMHHKH (C HaIe)KaIled MpOBOJMMOCTHIO, KaK OINMCAHO BBHIIIE W Ha MPOTSDKEHUH HACTOSINETO JTOKYMEHTA)
MOTYT o0ecrieunBaTh ropa3fo 0oiyiee BRICOKYIO INIOTHOCTh SHEPTHH C YIYYIICHHBIMH XapaKTePHCTUKaMH 0e30-
MACHOCTH - PE3YIbTaT, KOTOPHIH 10 CHX HIOP OCTABAJICS HEM3yUCHHBIM.

Taroke 'kenaTeIbHO UMETh MaJbli BeC THX METaJUIN3UPOBAHHBIX MOJJIONKEK. DTO MOXKET OBITh JTOCTUTHY-
TO 32 CYET WCIIOJIb30BaHHS IOJMMEPHBIX MAaTEPHANOB C HU3KOW IIOTHOCTBIO, TAKMX KaK IOJIMOJNE(UHBI WU
JPYTUX TIOJIMMEPOB C HU3KOH IIOTHOCTBIO, BKIIIOYAS TIOJIMATHIICH, MOJIHUIIPOITIICH U MTOJUMETHIIIIEHTEH, IpHUBe-
JICHHBIX HCKJIIOYHUTEILHO B KAa4eCTBE NPUMEPOB. DTOTO TAKKE MOXKHO JJOCTHYb 33 CUET HAJHYHS B IOJUIOKKE
CTPYKTYpPBI C OTKPBITBIMH TTIOPAaMH WM JIaXKe 32 CUET MCIIOJIb30BAHUS TTOJIOKEK ¢ HU3KOH 06a3oBoit Maccoi. Ta-
KHM 006pa3oM, IIIOTHOCTh TOJMMEpa, HCIOJIb3YeMOro B MaTepHaie MOUIOKKH, MOXKET ObiTh MeHee 1,4 r/cm’,
MPENMOYTUTEIEHO MeHee 1,2 r/em’ 1, BO3MOXKHO, OoJyiee mpeAmnodTuTreabHo Menee 1,0 r/en’. Kpome Toro, mo-
BEPXHOCTHAs IUIOTHOCTh MATEPHAla MOUIOKKH MOXKET COCTABIATh MeHee 20 T/M’, IPEANoYTHTENEHO MeHee 16
r/M* 1, BO3MOKHO, HAMGOJIeE MPEAMOYTHTENEHO MeHee 14 1/M°. KpoMe Toro, OBEpXHOCTHAs IUIOTHOCTD TOJIH-
MEpHOTO MaTepHasa MOIOKKH ¢ METAUTHYECKHM TTOKPHITHEM MOKET COCTaBIATh Menee 40 T/M°, MpearmodTH-
TenpHO Menee 30 F/Mz, 0oJiee MPEANOYTUTENHHO MeHee 25 /M’ 1, BO3MOXKHO, HanboJiee mpeIrmouTUTEILHO Me-
nee 20 r/m’.

Masblif Bec Tak)ke MOXKET OBITh JOCTHTHYT C ITOMOIIBIO ITOPHCTOHN MOJMMEPHOHN MOUTOKKH. OMHAKO IS
9THX MaTepuaoB IIOPUCTOCTh HE JOJDKHA OBITH CIMIIKOM BBICOKOMH, MMOCKOJIBKY 3TO NPHBEIET K HU3KOH Mpod-
HOCTH ¥ OOJIBIION TOJIIIMHE, YTO (paKTUUECKH NPOTUBOPEUHT LIEJIM MTOCTABICHHBIX 3a1ad. Takum oOpaszom, Ta-
kue 0a30BbIe MaTepHaANIbl OYAYT UMETh MOPUCTOCTD HIKe puMepHo 60%, npeamouturensHo HIxke 50% U, Bo3-
MOXHO, Oosee npennodruteabHo HUxKe 40%. TTocKobKy UIS 3TOTO THIIA TOKOIPHEMHHKA C METAJUINYECKUM
MOKPBITHEM MOTYT UCIIOJIB30BaThCS TBEPBIC MaTEPHAIb, HIDKHETO TIpeieia HOPHCTOCTH HET.
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Bricokas mpo4yHOCTh TpeOyeTcst sk TOro, YTOObl MaTepuaibl MOKHO ObUIO 00pabaThiBaTh Ha BBICOKHX
CKOPOCTSAX B aKKyMYJISITOpe. DTO MOXKET OBbITh JOCTUTHYTO 3a CUET MCIHOJIB30BaHUS YUIMHEHHBIX MOJIMMEPOB
700 13 BEITAHYTHIX BOJIOKOH, MO0 M3 INICHOK, BRITSHYTHIX IIPH OAHOOCHOM FUJTH IBYXOCHOM PaCTSHKCHUH.

Kak mpencraBneHo HIKE B OMHCAHWU CONPOBOIMTENBHBIX YEPTEXKEH, M3TOTOBJICHO W, TAKHUM 00pa3oM,
00ecTieyeHo B COOTBETCTBUH C HACTOAIINM M300PETEHHEM YCTPOMCTBO XpaHEHUS dHEPTUH, OyAb TO aKKyMYyJIsi-
TOp, KOHACHCATOP, CYIEPKOHACHCATOP U T.II., B KOTOPOM BCE: TI0 MEHBIIIEH Mepe OWH TOKOIPHEMHHUK, KOTOPBIHA
JIEMOHCTPHPYET CBOMCTBA, CBA3aHHBIC C OTCYTCTBHEM 3aMETHOTO IBIDKCHHS TOKA ITOCIE KOHTAKTa KOPOTKOTO
3aMBIKaHHUS C KaTOJ0M, aHOJOM, FUIM JIBA OTHENBHBIX TOKOIPHEMHHKA, KOHTAKTHPYIONIHE ¢ HUIMHA OOOUMH, Ce-
naparop | 3JIEKTPOJIHT, HAXOJATCS M TePMETHU3MPOBAHbI B CTAaHAAPTHOM (TIOIXOJIAIIEM) KOHTEHHEpe yCTpoicTBa
XpaHeHHs dHepruu. Bce: xaron, aHoJ, KOHTEHHEp, SJICKTPOIUTHI M B HEKOTOPBIX CIIydasx CernapaTop, KOMIIO-
HEHTBI, 110 OOJIBIIEH YacTH SBIAIOTCS CTaHAApPTHBIMHU. OJIHAKO, KaK OTMEUYEHO BHINIE, TOKOIIPUEMHHUK, UCIIOJb-
3yeMBIi B HACTOSIIEM H300pETEHNH, HE TOJIBKO SIBISETCS HOBBIM M HEM3YYCHHBIM B JIaHHOM 00JIaCTH TEXHHKH,
HO M €r0 HUCIIOJb30BaHHE B Ka4eCTBE (PAKTUUECKOTO KOMIIOHEHTa YCTPOHCTBA XpAaHEHUsI SHEPTHH SIBIISICTCS He-
JIOTUYHBIM. DTO OIATH ke O0Jiee HOAPOOHO ONMCAHO HHXKE.

Kak oTmeueHo BBITIIe, A1 YMEHBIICHHUS BEPOSTHOCTH, €CJIM HE IMOTHOTO MPEIOTBPAIICHHUS, TEIUIOBOTO pas3-
TOHA BHYTPH aKKyMYJIITOPHOTO 3JIeMEHTa (OCOOCHHO JIMTHI-HOHHOTO TIepe3apsHKaeMoro THIIa, HO, pa3yMeeTcs,
BO3MOXKHBI M JPYTUE THUIIBI), HEOOXOANMO CPEICTBO, KOTOPOE, B YaCTHOCTH, BBI3BIBAET KaKOE-THOO KOPOTKOE
3aMBIKaHHE B HEM B OCHOBHOM B TE€YEHHE KOPOTKOTO IEPHOJa BPEMEHH, C YMEHBIICHHBIM BpeMEHeM IpeObIBa-
HUS BHYTPH WM Ha paCCMaTPUBAEMOM TOKOIIPHEMHHKE, M B UTOTE BBIIACT PE3yIbTUPYIOMINI YPOBEHb YHEPTUH
C MHUHAMAaJIbHBIMU 3Ha4YEHUAMH JDKOYJeH (T.e. meHee 10, mpeamodtuTensHO MeHee |, a Hambosee mpeanodTu-
tensHO MeHee 0,01). Torna, kak ymoMHHalIOCh paHee, B TAKOW CHTYalMH, KOTAA dJIEKTPHUYECKUH MyTh HIET OT
aHo/Ia K KaToMy M Yepe3 cenaparop B MPHUCYTCTBUH yCTAHOBJICHHOTO TOHKOTO IMPOBOISIIETO TOKOIPHEMHHKA H
BOCIUIAMEHSIOIIETOCS] OPraHWYEeCKOT0 AIIEKTPOIINTA, ObII0 00HAPY)KEHO, YTO TOHKHH TOKOTIPHEMHHK HEOOJIbIIO-
ro Beca 00ecreYnBacT TaKOM >KellaeMbIi pe3ysbTaT, B YaCTHOCTH, C TOUYKH 3pPEHHs PaCCEHBAHMS IOCTOPOHHHUX
3apsJI0B Ha MOBEPXHOCTH TOKONPHEMHHKA M OTCYTCTBHS 3aMETHOTO MOBBILICHUS] TEMIIEPATYpPhl, IPU KOTOPOM
BOCIIZIAMEHEHHE 3JIEKTPOIUTHOTO KOMITOHEHTa OBIITIO0 OBl HEN30EKHBIM. Y IUBUTEIHHO, HO 0€3 MPHUBSI3KH K KaKo-
MY-TH00 KOHKPETHOMY HAaydHOMY OOBSICHEHHIO WM TEOPUH, CUUTACTCS, YTO CBOICTBO MPOBOIUMOCTH Marte-
pHajia TOHKOTO TOKOIIPHEMHHKA TTO3BOJIAET SIIEKTPUICCKUM 3apsiaM KOPOTKOTO 3aMBIKaHHUS BCETO JIUIIb JOCTH-
raTh TOHKOTO IPOBOSIIETO TOKOIPHEMHNKA W HEMEUIEHHO CO3/1aBaTh COOBITHE KOPOTKOTO 3aMBIKaHHS C BBICO-
KO# SHEepruer, KOTOpoe BCTYNMaeT B PEaKIHI0 MEXIY METaUIOM Ha MOBEPXHOCTH TOKONPHEMHHUKA M CaMUM
SIEKTPHUYECKUM 3apsIoM, TEM CaMbIM CO37aBas OKCH]I MeTajlla, KOTOPBIH 00pa3zyeTcs B 3TOH KOHKPETHOM TOUKe
Ha MOBEPXHOCTH TOKonpueMHHuKa. OKcH MeTaiuia 00ecreynBaeT M30JIIUI0 JUTS JajbHEHIeH IeKTPHYECKOM
AKTHBHOCTH, ¥ NPWJIOKCHHBIH TOK MTHOBEHHO PacCeMBaeTCsl, OCTABILS MOTCHINAIBHYIO JIe)OpMalUIo BHYTPH
CaMoro TOKOIIPHEMHHKA, HO C IMIPUCYTCTBUEM BBIIICYIIOMSHYTOTO OKCH/Ia METaJUIa JJIsl 3alUThl OT JII000H Jalib-
HeWmIel aKTHBHOCTH DJICKTPHUYECKOTO 3apsiia B 3TOM KOHKpPETHOM MecTe. Takum oOpa3om, ocTaBIiasics 4acTb
TOKOTIPHEMHHKA OCTAaeTCS HETOBPEXKACHHON N MOXKET 00ecreunBarh T€ K€ BO3MOXXHOCTH, YTO W paHbIIE, TEM
CaMbIM JIONOJIHUTEJILHO 00ecTieunBast TaKylo 3aIlIUTy OT JIFOOBIX JPYIHMX BO3MOXKHBIX KOPOTKHMX 3aMbIKaHUH HIIH
MOJOOHBIX SIBICHUHA. B cirydae TEmIoBOro pasroHa B akKKyMYJISTOPHBIX W3JENUSAX M3 YPOBHSI TEXHHUKH aHOJ, Ka-
TOJI, TOKOIIPHEMHHUKH M CETapaTop CO3MAI0T MEKTPHUECKUI MyTh, B KOTOPOM 00pa3yeTcs TeIuIo W, HallpuMep,
obecrieunBaeTcsl HCKpa Ui BOCIUIAMEHEHHS 3J€MEHTa B OTBET Ha KOPOTKOE 3aMbIKaHHe. JlanbHeimee mpucyt-
CTBHE IEPEHOCSIINX MOHBI BOCIUIAMCHSIOUINXCS AJIEKTPOIUTOB, TAKUM 00pa3oM, MOXKET MPUBECTH K CYIIECT-
BEHHBIM OIACHOCTSIM B Pe3yJIbTaTe BO3IEHCTBHUS BBHICOKHX TEMIEpAaTyp, CBA3AHHBIX C TAKUMH HEOKHUITaHHBIMU
aNeKTpuuecKkuMu 3apsinamu. [lo cyru, Temno, oOpazyemoe B TOKONPHEMHHKE M3 YPOBHSI TEXHUKH, BBI3BIBACT
HayallbHbIE AJICKTPOXUMHYECKHE PEaKklMU B MIEKTPOJIUTHBIX MaTepualax, 4YTo B UTOTE NMPHBOIUT K HEKOHTPO-
JMPYEeMOMY BOCIIZIAMEHEHHIO CAMHX JJIEKTPOJIUTHBIX MarepraiioB. Takum oOpa3oM, ONMMCAaHHbIH 3/1eCh TOKOIIPH-
€MHHUK 110 HACTOSIIEMY M300pETEHHIO OCOOEHHO LICHEH NPH HCIOJIb30BaHMU B aKKyMYJISITOPHBIX JJEMEHTaXx,
COJIEpIKaIlX TaKHe BOCIUIAMEHSIOUIMECS JJIEKTPOJIUTHL. B KkadecTBe NMpUMEPOB TaKue 3JIEKTPOJIUTH OOBIYHO
BKJIIOYAIOT B ce0s1 OpraHHYECKHE PAaCTBOPHUTEIHN, TAKHE KaK KapOOHATHI, B TOM YHCIIE NMPONHICHKAapOOHAT, ITH-
JeHKapOoHAT, dTHIMETIIIKApOOHAT, TUATHIKAPOOHAT M TUMETHIKAPOOHAT, W APYTHE. DTH IIEKTPOJIHUTHI 0OBI-
HO TIPHCYTCTBYIOT B BHJE CMECEH BBINICYKAa3aHHBIX MAaTEPHAajOB, BO3MOXHO, C APYITHMMH MaTepHalaMH-
PacTBOPHUTEISAMH, BKIIOUAIOIINMH B ce0s1 JOOABKH Pa3INUHBIX THIIOB. DTH JIEKTPOIUTHI TAK)XKE COAEPIKAT KOM-
TIOHEHT COJIM JINTHUS, IPUMEPOM KOTOpOi siBnsieTcs rekcadTopdocdat mutus, LiPF4. Takue snexTponuTsl mpen-
MOYTHTENBHBI B IPOU3BOJCTBE AKKYMYISATOPOB, HO, KaK YK€ OTMEYalIOCh, IIOTCHIIHAIBHO CIIOCOOCTBYIOT BO3-
HUKHOBEHHIO OIACHBIX cUTyarmid. OmsTh ke, TOKOIPHUEMHHK IT0 HACTOSAIIEMY H300PETEHUIO B COYCTAHUH C APY-
TMMH aKKyMYJIITOPHBIMH KOMITOHEHTAMH CYIIIECTBEHHO W HEOXKHJIAHHO yCTPAHSET 9TH HPOOJIEMEI.

OpHuM cnoco6oM, MOCPEACTBOM KOTOPOTO MOKHO MPOAEMOHCTPUPOBATH IOJIE3HOCTH 3TOTO TOKOIIPHEM-
HHKa, SBIISETCS CIeyloniee uenbTanue. McTouyHNK Toka ¢ OrpaHMYeHUsIME KaK M0 HaIIPSDKEHHUIO, TaK M M0 TOKY
MOXeT OBITh HACTPOEH Ha IIpeies HAIPSDKEHHS, aHAJIOTUYHBIN paboyeMy HaNpsHKEHHIO paccMaTprUBacMoOro ycT-
pOMCTBa XpaHEHHs YPHEPTHH. 3aTEM MOXKHO OTPETYIMPOBATh TOK U IMIPOTECTUPOBATH TOKONPUEMHHUK B JIBYX KOH-
¢urypanusax. B nmepBoil kKoHPHUTryparu KOPOTKYIO IMOJOCKY TOKOTNPHEMHHKA U3BECTHOM INUPHUHBI MPUBOIAT B
KOHTAaKT C JIBYMS METAJUIMYECKUMHU COCTUHUTEISIMHU, KOTOPbIe 00eCTIeYnBalOT KOHTAKT 0 BCEH IIMPUHE 00pa3-
ra. [Ipemen Toka HCTOYHHMKA TOKAa MOKET OBITh YBEIHYEH, YTOOBI YBUAETH, CYIIECTBYET JIM IPEAeI CIIOCOOHOCTH
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MaTepHualia MPOBOJUTH TOK, KOTOPBIA MOKHO U3MEPUTh KaK OOMIMI TOK, JCICHHBIA Ha MIMUPHUHY, C MOTYYCHUEM
pe3ynpTata B A/CM, 94TO B HACTOSIIEM JOKYMEHTE 0003HAUEHO KaK IUIOTHOCTh TOPU30HTAJIBHOTO TOKa. Bropas
KOH(HUTypanus 3aKIodanach 06l B KOHTAKTE 3a3eMJICHHUS HCTOYHHKA TOKA C OJHIM M3 METAJUIMYECKUX KOHTAK-
TOB 110 BCEil IIMPHHE, a 3aTeM B KACAHHH KOHYMKOM 30HIa, IpiuMepHo 0,25 MM, B MECTe BIOJIb IOJIOCH TOKO-
npreMHHKa. Eciay cuia ToKa CIMIIKOM BEJHKA, 3TO IMPUBEAET K BRITOPAHUIO JIOKAJIIFHOW 00J1acTH, U TOK HE 0y-
JIeT Tedb. ECcIM TOK HE CIMIIKOM BENWK U TOKOINPHEMHHKA, TO OYAET TeUb MOJHBIH TOK BILIOTH /O ITIpejena
FICTOYHMKA TOKA. Pe3yIbTaToOM SIBISETCS Mpees TOKa B A/MM’, KOTODBIH B HACTOSIIEM TOKYMEHTE 0GO3HAUCH
KaK TUIOTHOCTh BEPTHKAJHHOTO TOKA. TakuM 00pa3oM, TOKOIPHUEMHHK, KOTOPHIH MOXKET IOCTHraTh BBICOKOTO
TOKa B 00eWX KOH(QUTYpAIUIX, OyAeT aHAJIOTHYCH UMCIOIIEMYCsI B YPOBHE TEXHHUKH, 2 TOKOTIPUEMHUK, KOTOPBIH
MOJKET TOJICPKUBATH TOPUIOHTANBHBIA TOK MPU KOHTAKTE 110 BCEH MIMPHHE, HO HE MOXKET MOJICPKUBATh aHa-
JIOTHYHBIN BEPTUKATBHBIA TOK MPHU TOYCYHOM KOHTAKTE, OBLI OBl MPUMEPOM OTHCAHHOTO B HACTOSIIEM JOKY-
MEHTE U300pETCHHUS.

Hanpumep, MOXeT OBITH JKEJNATENBEHO, YTOOBI TOKOIPUEMHHK OBUT CIOCOOCH MOACPIKUBAThH IIOTHOCTH
ropu3oHTambHOrO Toka 0,1 A/cm mm 0,5 A/em, unu 1 A/em, wmu 2 A/em, wim gaxe 5 A/cm. U anst Tokompuem-
HHUKa, KOTOPBIH MOXXET MOANEPKUBATH BBIMICYKAa3aHHYIO IDIOTHOCTh TOPH3OHTAIFHOTO TOKA, OBUIO OBI jkKema-
TEJIHHO HE TOIACPKHUBATh TUIOTHOCTh BepTUKaIbHOTO Toka 0,1 A/’ wm 0,5 A/MMZ, i 1 A/MMZ, wim 2
A/MM2, Wi nake 5 A/mm’.

Kak ymomuHa10Ch BbIIIE, BHYTPH JIUTHH-HOHHBIX aKKyMYJISTOPHBIX 3JIEMEHTOB Takke OOBIYHO MPHUBAPCH
SI3BIYOK JUTS COCIWHEHHS BHYTPEHHUX KOMIIOHCHTOB, B YaCTHOCTH TOKOIIPHEMHHKOB, BMECTE [UISI COSTMHCHHUS C
SI3BIYKOBBIM BBIBOZOM C IIENBIO TIEpEavy 3apsga BHEIIHEMY MCTOYHUKY. B 3To#l cuTyarum A TOKOTIpHEMHH-
KOB OYCHb TOHKUX THIIOB KpalHE Ba)KHO, YTOOBI SA3BIYKOBBIA BEIBOJ A(P(PEKTUBHO KOHTAKTUPOBAI C BHYTPCHHH-
MU (OJTBrOBEIMH TOKOTIPHEMHUKAMH M OCTABaJICS B IOCTATOYHOM CTEMCHH HA MECTE, YTOOBI TAKKE KOHTAKTHPO-
BaTh C BHEIIHMM HCTOYHHUKOM. Kpome Toro, u3-3a 3(p(peKTHBHOCTH BBIMICYHOMSHYTHIX HEOXXUJAHHO XOPOIIHX
TOHKOIUICHOYHBIX TOKOTIPHEMHHUKOB Il 00ECTICUYCHHs HEOOXOIMMBIX OTIepaIii CaMOT'0 aKKYMYJISITOPHOTO 3Jie-
MEHTa, a TaKXKE BO3MOXHOCTH OOECIICUCHHSI XapaKTePUCTUK BHYTPCHHETO MPEIOXPAHUTENS C IENBI0 MPEIOT-
BpallleHUs HEYMPaBIsEMOTO TOKAa BO BpeMs BO3MOXKHOU Tpobiembl (0Opa3oBaHUS JCHIPHUTOB W T.I.), TaKOH
SI3BIYOK HE JOJDKEH JIEMOHCTPUPOBATH KAKYIO-TMOO CTENEHb CMEMICHUs WU HEd(PGEKTUBHOCTH Il OOPHOBI ¢
TEMH K€ CaMbIM{ NOTCHIMAIBHBIMU MPoOIeMaMu, CBA3aHHBIMU C HEYNPABISIEMBIM 3apsinoM. Jpyrumu croBa-
MU, 3(p(PEeKTHBHOCT PE3yIHTaTOB BHYTPEHHETO MPEIOXPAHUTENS HE JOIDKHA CHIKATHCS WM YXYALIAThCS H3-32
npobieM ¢ s3prakaMu. HeoxxnganHo OBITIO yCTAaHOBJICHO, YTO TAKHE HEOOXOANMBIE XapaKTEePUCTHKH JOITYCTUMBI
JUTS TAKUX SI3BIYKOBBIX KOMIIOHEHTOB.

Takum 00pa3oM, K JaHHOMY MOMEHTY CTaJI0 MOHSATHO, YTO TOHKOIUICHOYHBIC TOKOIIPHUEMHHUKH (PaKTUICCKH
o0ecreunBarOT YPPEKTHBHOEC W TPOYHOE NMPUBAPUBAHKEC A3BIUKA K HUM C BO3MOXKHOCTBIO (paKTHUYCCKH OoOecte-
YUBATh MPOBOJMMOCTE C 00X CTOPOH IUICHKH. CaM S3BIY0K Ha CaMOM JIeNie TOJIIE, YeM KaXKIbIi OTACITbHBIN
TOKOIIPHEMHHUK, U MPH KOHTAKTE JAPYT C IPYrOM CBAPHOI IIOB MOXKET BBITIOIHATHCS Ha TIYOHHY, KOTOpas 4Jac-
TUYHO MPOXOJNT Yepe3 MaTePUaIT A3bIUKa, B 3aBUCHMOCTH OT (POPMBI U TITyOUHBI CAMOTO CBapHOTO mBa. OTHAKO
HCOXHJIAHHBIM PE3YIIBTATOM SBIISCTCS TO, YTO CBAPHOM MIOB MOXKET (PaKTUUCCKU MPOXOIUTH Yepe3 SI3bIY0K TOH-
Ko# "cTpyiikoit" wim mogo0HEIM 00pa3oBaHUEM, TEM CaMbIM OOecIieurBasi MPOBOAMMOCTD Yepe3 TaKOW CBapOU-
HBIA MaTepHall K A3bI9Ky. TakuM 00pa3oM co3aaeTcs OrpaHUIeHHBIN, XOTS ¥ 3()QEKTUBHBIN, KaHAT TPOBOIMNMO-
CTH, 9TOOBI HE TOJIEKO 00ecTieunBaTh HEOOXOIUMYIO POBOUMOCTE B MECTE CBAPHOTO IIBA JIO SA3bIYKA (a 3aTeM
13 KOpITyca aKKyMYJSITOPHOTO 3JIEMEHTa K BHEITHEMY MCTOYHHKY), HO TaKXKe W 00eCIedrBaTh CPEACTBO OTpa-
HUYCHUS ISHCTBUTEIHHOM CHIIBI TOKA U TEMIIEPATYPhl, CO3JaBAEMBIX TAKUM KaHAJIOM IPOBOAMMOCTH B KaXKJOM
MECTe CBapHOTO IIBa. TakoW pe3ysbTaT MO3BOJSLCT OCYIIECTRISATE BRIIICYIOMSHYTHIA KOHTPOIb HEYIPABIIEMON
MPOBOUMOCTH OT METaJUIM3UPOBAHHBIX TUICHOYHBIX TOKOIPHUEMHHUKOB B CIydae KOPOTKOTO 3aMbIKaHUs (00pa-
30BaHUsI JCHIPHUTOB W T.I.), TIOCKOJBKY IJIEKTPHUUYCCKUI 3apsa OyAeT OCTAaHABIUBATHCS Ha (DAKTHYECKOH IMo-
BEPXHOCTH TOKOTIPUEMHUKA, U HUKAKOW MPYTrO# IyTh JJS HEYHMPaBISIEMOTO 3apsiia He MpeaycMoTpeH. Takum
00pa3oM, CBapHBIC IIBEI MOTYT OBITh BBIMOJIHEHBI MO JUTHHE SI3BIYKOBOTO KOMIIOHEHTA, IPOXOIAIIETO BIIOIb TO-
KOTIPUCMHHUKA, HATIPUMEP, B KOIUYCSCTBE JIO MATH IITYK C pABHOMEPHBIM Pa3HECEHUEM JIPYT OT APYra, 9To odec-
neunBaeT dPPEKTUBHYIO TMPOBOJAUMOCTH OT (DOITBTOBOTO TOKOMPHUEMHHUKA (TOKONMPHEMHHUKOB) K SI3BIUKY UYepe3
KOpITyC aKKyMyJIATOpa K BHEITHEMY HMCTOYHHKY. TakuM o0pa3oM, OrpaHHYCHHOE KOJIMYECTBO CBAPHBIX IIIBOB
TaKXKE CHIDKACT KOJIMYECTBO BO3MOXKHBIX YYaCTKOB HEYTNPABISIEMOTO 3apsia; IyCTh daKe KaKIBIH M3 TaKhX
YYacTKOB M IMEET OTPAHUYCHHYIO CHITy TOKA, B HEKOTOPHIX CUTYAIlUsIX YPOBHH CHIIBI TOKA, O€3YCIIOBHO, MOBEI-
IAIOTCS B MPUCYTCTBUH MHOXKECTBA TaKUX YJacTKOB. OTHAKO I MOITHBIX MJIA CHIIBHOTOYHBIX aKKyMYJISITOPOB
KOJIMYECTBO CBAPHBIX IIBOB HA A3B[YOK MOXKET OBITH YBEIHMYEHO, YTOOBI MPHUCIOCOOUTHCS K OONBIIOMY TOKY,
HEOOXOTUMOMY JJISI TOTO, YTOOBI aKKYMYJISATOP ObUT 3 ()EeKTUBCH MpU MPUMEHEHUH. B 3TOM ciiydae MOXKET mmo-
TpeOoBaThCs 0OJbIIEe KOJIMIECTBO CBAPHBIX IIBOB, BO3MOXKHO, 10 10, 20 mwin maxe 50 cBapHBIX IIBOB Ha S3bI-
4yok. B penkux cimydasx B 37IeMEHTaX C OY€Hb BHICOKOW MOIIHOCTBHIO HJIM OYCHb CHJIBHBIM TOKOM MOXKET IOTpe-
OoBaThcs gaxe Oosee 50 cBapHBIX MBOB. CBapHEIC BB 00CCIICYHBAOT 0a30BYIO MPOYHOCTH, & TAKXKE MPEIOT-
BpAIaIOT MEPEMEIICHUE SI3bIYKa BO BpEMs HCITONb30BaHus. CTaOMIBHOCTD U )KECTKOCTh HEOOXOMUMBI ISt 00ec-
TICYCHUSI MTPABHIBHON pabOTHI akKKyMylsaTopa B mesioM. OrpaHWYCHHBIC CBapHBIC MBI JICHCTBUTENLHO 0o0ecte-
YHBAIOT OMpPECICHHBI YPOBEHb HAJACKHOCTH B 3TOM OTHOIICHHUH, B TO BPEeMs Kak JOOaBIICHHE HATSIKHOI JIeH-
THI TOBEPX IUICHOK TOKOIIPHEMHHKA TaKXKe CIOCOOCTBYET 3aIUTE OT TAKMX MOTSHIHAIBHBIX MIPOOIIEM.
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Ha mpakTrke TOHKOIICHOYHBIC TOKOTIPHEMHHUKH HEOKUAAHHO XOPOIIO TOAXOIAT IS MPEIOTBPAICHHS
HEYIPABISAEMBIX 3apsIOB BO BpeMsl KOPOTKOTO 3aMbIkaHusi. OIHAKO HEOOXOIMMOCTh HAXOXKICHHS S3BIYKOBBIX
BBIBOJIOB B JJOCTATOYHOM KOHTAKTE C TAKHUMH TOKOIIpUEMHHKaMH Ut obecniedeHus: 3pPEeKTUBHON MPOBOANMO-
CTH BHE aKKyMYJISITOPHOTO 3JIEMEHTa TpeOyeT CTPYKTYPHBIX YCIOBHUIA, TIPU KOTOPBIX 00ECIICUNBACTCS BO3MOXK-
HOCTb MCIOJIb30BaHUS TAKOH TOHKOM IUICHKH TOKOMPUEMHHUKA CO CTAHAAPTHBIMH SI3bIYKOBBIMH KOMIIOHEHTAMHU.
Kak oTMeueHo BblIllIe, 0Ka3aJ0Ch CI0KHO 00ECIEYNTh BO3MOKHOCTh OA00Pa MOAXOASIIMX Pa3MepOB Kak IJIeH-
KU (IUICHOK) TOKOTIPHEMHHKE, TaK U SI3BIYKOB C COOTBETCTBYIOIIMMH CBAPHBIMHU IIBaMH Uil UX 3(PPEKTHBHOTO
MPUCOETUHEHHS M KOHTAKTa C HeJbi0 3()()EKTUBHOIO MTPOXOKASHHUS INEKTPUUECKOTO TOKA MPU PaboTe akKyMy-
JsITOpa, MPH 3TOM oOecreynBas IMOIXO0IIITYI0 HU3KYIO BEPOSITHOCTh HEYNPABISIEMOTO 3apsiaa, 0cOOCHHO ¢ y4e-
TOM CHEMU(PUYCCKUX ¥ TPUHATHIX CETOIHS B JAHHOH OOJIACTH TEXHHUKH TOJCTHIX MOHOJIUTHBIX KOMITOHCHTOB
TOKOIIPUEMHHUKOB. DTOT HEOXKUIAAHHO 3(P(PEKTUBHBINA PEe3yIbTAT, 0OCOOCHHO C YUETOM XapaKTEPUCTUK SI3BIYKOBO-
ro KOHTaKTa M €ro MPOYHOCTH Ha Pa3phbIB, OMPEICICHHBIX, KaK YKa3aHO BBIIIC, COOTBETCTBYET MOTHOCTHIO JTU-
TUH-HOHHOMY aKKyMYVIISITOPY, KOTOPBIH MOXKET UMETh MEHBIIUI BEC MM OOJBIIYI0O BHYTPCHHIO €MKOCTh JUIS
JPYTUX KOMITOHEHTOB, 0¢3 yiepOa Ayl BEIPaOOTKH YHEPTUU aKKyMYJILITOpa MPH OJHOBPEMEHHOM 00eCICUCHIH
MOJTHOM 3alUTHI OT HEYIPABJISIEMBIX 3aPS0B BO BpeMsi COOBITHI KOPOTKOTO 3aMbIKaHHSI.

JIyist TaKUX TOHKHMX IUICHOK JIUTHI-MOHHBIX aKKyMYJIATOPOB MOTYT MOTPEOOBATHCS ONpPEeNICHHBIE YHH-
KaJbHbIE 3TAnbl 00pabOTKH M3-32 X YHUKAIbHBIX KauecTB. OHAKO TaK)Ke MOTYT OBITh UCIIOJIb30BaHbI MHOTHE
3Tansl 00pabO0TKH, KOTOPHIE XOPOIIO W3BECTHHI B JaHHOW OOJIACTH TeXHUKU. B 00meM, crmocod mpou3BoOACTBa
JUTUA-HOHHOTO aKKyMYJISITOpa € TJICHKAMH 0 HACTOSIIEMY H300PETEHHUIO COJEPIKUT ITAITbI, HA KOTOPBIX:

a) O0ecneynBalOT JEKTPO, UMEIOLIMI 0 MEHbIIEH Mepe OIHY METaUIM3UPOBAHHYIO MOJJIOKKY C TO-
KPBITHEM U3 MaTepuaia il HAaKOIUICHUS HOHOB;

b) ObecrieunBaroT NPOTHUBOAIIEKTPO;

¢) Hanocsat crou 3nekTpoga ¥ MPOTUBOAIEKTPOAA IPYT HAIPOTUB JPYyTra, MPUUEM MEKAY IICKTPOJOM H
MPOTHBORJICKTPOIOM PACIIONIATAIOT CEAapPaTOPHBIN KOMITOHCHT;

d) ObGecnieunBarOT MaTepHan KOpITyca, BKIFOYAIONINA B ccO KOMIIOHCHT JJICKTPHICCKOTO KOHTAKTa, MPH
9TOM KOHTAKT BKJIIOYAeT B ce0sl 4acTh, MPUCYTCTBYIOIIYIO BHYTPU MaTepHalia KOpIyca, U 4aCTh, HAXOSIIYIOCS
CHapy>Xu MaTepuaia Kopiyca;

¢) OCYIIECTBISIIOT AIIEKTPHYECKOE COCTUHEHHE 3JICKTPUYECKOTO KOHTAKTa C METAJUIM3UPOBAHHOM MOJ-
JIOJKKOM;

f) BBoasT 110 MeHbIIeH Mepe OJIMH JKHIKHIT JJIEKTPOJIUT C MOHAMHU BHYTPb MaTepualia Kopiyca u

g) OCyIecTBIAIOT TePMETH3AIUIO MaTepraia Kopiyca.

MeTanmm3upoBaHHas MTOATI0XKKA MOKET OBITH JIFO0OH ITOIOKKOM, OMMMCAHHOM B paMKax HACTOSIIETO H30-
OpeTeHus.

Marepuan i HAKOIUICHHS HOHOB MOXKET OBITh, HANPHMEp, KaTOAHBIM WM aHOIHBIM MaTEePHAJIOM JUIS
JUTAH-UOHHBIX aKKYMYJISTOPOB, KaK XOPOIIO M3BECTHO B TaHHOM o0nacT TexHUKH. KaTomHbie MaTepuabsl Mo-
TYT BKJIIOYaTh B ceOs okcun autus-kobansta LiCoO,, docdat mutus-xenesa LiFePO,, okcun mutus-mapranua
LiMn,O4, okcuJ JHUTHA-HHKeNs-Maprasia-ko6aneta LiNiyMnyCo,0,, OKCHJ JNHUTHsA-HUKENIS-KOOabTa-
amomunus LiNi,COyAl,O, unu npyrue cMecu BBIIIEYKa3aHHBIX M JPYIHX MaTE€pHalOB, M3BECTHBIX B JAHHON
00nacTh TeXHUKH. AHOJHBIE MaTepHAIbl MOTYT BKJIIOYATh B ceOs rpadwur, Tutanat autus LiyTisOi,, TBepabIit
YIIIEpoi, 0JI0BO, KPEMHHI MJIM CMECH YKA3aHHBIX HJIHM JPYTUX MATEPHANOB, M3BECTHBIX B JAHHOW 00ONACTH TeX-
Huku. Kpome Toro, Matepuai Jjisi HAKOTIJIGHHSI HOHOB MOJKET BKJIIOYATh B Ce0sl MaTepHalbl, UCIIOJIb3yeMbIC B
JPYTUX YCTPOWCTBaX XpaHEHUs SJHEPTHH, TAKUX KaK CYNEepPKOHIECHCATOPhL. B Takux cynepKkoHIeHcaTopax mare-
pHaNel 11 HAKOIUICHUS MOHOB OyIyT BKIIOYATh B ce0sl aKTUBHPOBAHHBIA YTOJIb, BOJIOKHA aKTUBHPOBAHHOTO
YTJIs1, YIIIepo Ha OCHOBE KapOuIa, yriepoIHbIi adporenb, rpaduT, TpadeH U yriepoaHble HAHOTPYOKH.

Crioco6 HaHEeCEHUsI MOKPHITHS MOXET OBITh JIFOOBIM CIIOCOOOM HAHECCHHSI TOKPBITHS, KOTOPHIH, KakK mpa-
BWJIO, U3BECTCH B JAHHOW 001acTu TexHuku. TexHonoruu "Hox moBepx Bamuka" ("knife over roll") u "ummmesas
ronoBka" ("slot die") - mmMpoxo ucnonb3yeMble crocoObl HAHECEHHST TIOKPBITUS [UISl INTHI-NOHHBIX aKKyMYJIsi-
TOPOB, HO TaKXKE MOTYT OBITh UCIIOJIb30BaHBI APYTUE CIIOCOOBI, B TOM YHCIIC XUMUYECKas MeTayuin3anus. B cro-
co0e HaHEeCeHHs MOKPBITUSI MaTepuall JUisl HAaKOIUICHHS HOHOB, KaK MPaBUIIO, CMEIIUBAIOT C IPYTUMU MaTepHa-
JaMH, B TOM YHCJIE CBSI3YIOLIMMH, TAKHMH KaK MOJMBUHUIMICHOTOPUA WIH KapOOKCHMETHILEIUIION03a, WU
JPYTCUMH TICHKOOOpa3yromuMu noiumepamu. JIpyrue 100aBKH K CMECH BKJIIOYAIOT B ce0s YTIEPOAHYIO CaKy U
JpyrHUe TPOBOIsIIUE T00ABKH.

[TpOTHBOAIEKTPO/IbI BKIIIOYAIOT B ce0sl APYrue 3JICKTPOAHBIE MaTePHabl, KOTOPbIE UMEIOT OTIINYAIOIINECS
OT MaTepHaIOB Ul HAKOIUICHHS MOHOB 3JEKTPOXMMHYECKHE MOTEHIHAIbl. B ollieM ciiydae, eciau mMaTepuat
JUTS. HAKOTUTCHUSI HOHOB TIPEICTaBIIIeT cCOOOW aHOMHBIA MaTEpHaN ¢ HOHAMH JIUTHS, TO POTHBOIJICKTPOI OyaeT
BBIMOJTHEH M3 KAaTOJHOTO MaTepualia ¢ MOHAMHY JUTUS. B TOM citydae, Korja MaTtepuan JUisl HAKOIUICHUS NOHOB
MpEeJICTAaBIsIET cO00I KaTOMHBIN MaTepHal ¢ HOHAMH JIUTHS, TO TPOTUBOIICKTPO]] MOKET OBITh aHOIHBIM Mate-
pHUaoM ¢ HOHaMU JIUTUsL. B TOM citydyae, Korjja MaTepuai JIisl HAKOIUICHHsI HOHOB MPECTABICT cO00M MaTepu-
aJ CYNepKOHICHCATOpa, TPOTHBOMJICKTPOI MOKET OBITh BBITIOJHEH U3 JIFOOOTO MaTepHalia CylepKOHACHCATOPA,
WIN B HEKOTOPBIX CIyYasx U3 aHOJHOTO WM KaTOJHOTO MaTephalia ¢ MOHAMHY JIUTHS. B KaXIoM ciydae MpoTH-
BOQJIEKTPO]] Oy/IET BKJIIOYATh B ce0s MaTepHa Il HAKOIJICHUsS] HOHOB, HAHECEHHBI Ha MaTepHall TOKOTIPHEM-
HHKa, KOTOPBIM MOXKET OBITh MeTajuinueckas (osibra Ui METaJUTM3UPOBAHHAS TUICHKA 110 HACTOSIIEeMY H300pe-
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TEHHIO.

B mpouecce HacnauBaHUs Ha SJIEKTPOJ] IO M300PETEHHIO HAHOCUTCS CIIOH NPOTHBONIEKTPOJA, MPUYEM
3JIEKTPOIHBIE MaTepHaNbl 0OpaIIeHB! APYT K APYTY B MEXITy HIMH PacIoIOKeH MOPHUCTHIHA cenapaTop. Kak mm-
POKO M3BECTHO B JaHHOW 00JIACTH TEXHHKH, HIEKTPOABI MOTYT MIMETh IIOKPBITHE C 00EUX CTOPOH, IPHUYEM CTOIA
3JIEKTPOIOB 00pa30BaHa JICKTPOIOM IO HACTOSIIEMY N300PETEHUIO M MPOTUBOIIEKTPOJAMH, MEKAY KOTOPHIMH
MOOYEPETHO pacIojaraeTcsl cemaparop. B kadecTBe anbTepHATHBHI, KaK Taloke M3BECTHO B TaHHOHM obiacTh
TEXHHUKH, ITOJIOCHI AJIEKTPOJHBIX MAaTEPUAIOB MOTYT OBITh YJIIOXKEHBI B CTOITY, KaK yKa3aHO BBIIIE, a 3aT€M CMO-
TaHBI B IAJTHHIP.

Marepuansl ynakoBKH MOTYT BKJIIOYaTh B ce0sl TBEp/blC YIIAaKOBKH, TAKHE KaK METAJUIMYECKHE KOHTEiHe-
PBI U1 IMIIMHAPUYECKHUX JJIEMEHTOB, YIUIOIICHHBIE TBEepAble (QyTISIphl MM MOJUMEPHBIE MakeThl. B KaxioM
cily4ae JTOJDKHO OBITh J[Ba CPEJICTBA CO3JaHUS DIEKTPHUYECKOTO KOHTAKTa Yepe3 KOPITyC, KOTOPHIl MOXKHO yIep-
JKMBATh MPH PA3HBIX HANPSDKECHUSIX U KOTOPBII MOKET MPOBOANUTH TOK. B HEKOTOPHIX cilydasx oJlHa 4acTh caMo-
TO KopIryca 00pa3yeT OJTHO CPEJICTBO, a IPYTUM SIBJISAETCS APYrasl 4acTh KOpITyca, KOTOpas DJIEKTPHUYECKU H30JIH1-
poBaHa OT MepBOH YacTu. B spyrux mpuMepax KOpIryc MOXKET ObITh HENIPOBOASAIIMM, HO M3 HETO MOTYT BBIXO-
AT JBa METAJUTMYECKIX IMPOBOAHNKA, YACTO HA3BIBAEMBIX S3BIYKAMHU.

CoennHeHHE CPEICTBa CO3MAaHUS DIEKTPUIECKOTO KOHTAKTa C METAITM3MPOBAHHOW ITOIIOKKOH MOXKET
BBINTOJTHATHCS IMIHPOKO HUCTIOIB3YEMBIMU CITIOCOOaMH, TAKUMH KaK CBapKa, 3aKpETUICHHE JICHTOH, 3a)KHMOM, CKO-
Oamu, KJIeTKa WM JpyThe MeXaHIMIeCKue cpencTBa. [I0CKOIpKY MeTall METAIIH3UPOBAHHON TTOITIOKKH MOKET
OBITH OYEHb TOHKWM, JUIS TOJIYICHUS OOJACTH CONPSDKEHUs, 00ecTieunBaroell poTeKkaHue OOJBIIOTO TOKA,
0OBITHO TpeOyeTcsl HEMOCPEJACTBEHHBIH KOHTAKT, KOTOPHIH 00eCTeunBaeT OOJBIIYIO IJIOMAJb MOBEPXHOCTH
MEK/Iy CPEIICTBOM CO3IaHUsI DJICKTPHIECKOTO KOHTAKTa Yepe3 KOPITyC U MEeTaLIM3UPOBAaHHON IOUIOXKKON. J{iis
HepeHoca JOCTaTOYHOTO TOKa 3Ta IUIONIA] b IIOBEPXHOCTH JOJDKHA OBITH OoJjblIe, 4eM | KBaJapaTHBIH MUILIA-
metp (107 KBazpaTHBIX METPOB), HO, BO3MOXKHO, JOJKHA OBITH BBIIIEC, YeM 3 KBAJPATHBIX MHILUTHMETPA HIH
Jlake 5 KBaJpaTHBIX MHJUIMMETPOB WK OoJiee penodTuTensbHo 10 KBaapaTHBIX MUJUTUMETPOB.

JKunkuit 37eKTponuT 00BIYHO MPEACTABISIET CO00I KOMOMHANNIO/CMECH TIOJIIPHOTO PACTBOPUTEISI M COJTH
mutus. [1Iupoko ucmonk3yeMble MONISIPHBIE PACTBOPUTEH BKIIIOYAIOT B ce0s, KaK OTMEUEHO BHIIIE, ITPOIIIICH-
KapOOHAaT, STHICHKapOOHAT, TUMETHIIKAPOOHAT, TUITHIKAPOOHAT, HO MOTYT OBITh MCTIOIB30BAHBI M JPYTHE TO-
JSIPHBIE PACTBOPUTEIH, B TOM YHCIIE MOHHBIC )KUIKOCTH WX Aaxe Boma. Conu JIUTHS, ITUPOKO UCHOIb3yeMBIC B
JTAHHOM OTpaciii MPOMBINIUIEHHOCTH, BKITIOYAIOT B cebs, HO He orpanuuuBatorcs: LiPFg, UPF,, UBF,, LiClO4
IpyTre. DIEeKTPOIUT MOXKET TAaKKe COIEpXKaTh M00aBKM, KOTOPhIE M3BECTHH B JTaHHON 00JacTH TeXHHUKH. Bo
MHOTHX CIIy9asiX 3JIEKTPOIUTHI MOTYT OBITh BOCIUIAMEHSIOMIMMHUCS, TIPH 3TOM 3aI[UTHBIE CBOHCTBA TOKOIIPHEM-
HHKOB Ha OCHOBE METAJUIM3UPOBAHHOM ITOUIOKKH 10 HACTOSIIEMY M300PETEHHIO MOTYT MOJIXOIUThH AJISL TOTO,
YTOOBI MPENOTBPAIIATH OMACHBIC CIyYal TEIUIOBOTO Pa3roHa, KOTOPBIE MPHBOMASAT K BO3TOPAaHHIO U ITOBPEKIE-
HHIO KaK 3JIEMEHTa, TaK U BCET0, YTO BOKPYT HETO.

Kpartkoe onucanne yepre:xei

Ha ¢wur. 1 nokasana apxuTeKkTypa CMOTaHHOTO JJIEMEHTa, TAKOTO Kak ajaeMeHT 18650, B COOTBETCTBHH C
YPOBHEM TEXHHKH.

Ha ¢wur. 2 mokazana 3aBHCHMOCTB YCaaK{ OT TEMIIEPAaTyPHl B COOTBETCTBHUHU C YPOBHEM TEXHHUKH, KOTOPAs
ObLTa OTyYeHa C TOMOIIBI0 JMHAMHUYECKOTO MEXaHHIECKOT0 aHAIN3a HECKOIBKHIX CEeMapaTopOB JIUTHH-HOHHBIX
aKKyMYJISITOPOB, H3MEPEHHBIX B COOTBETCTBHH C AokyMeHTOM NASA/TM-2010-216099 "TIporemypsl onpene-
JICHHUSI XapaKTePUCTUK M OIEHKU CEIapaTOpOB aKKyMYJISITOPOB [UIS YCOBEPIICHCTBOBAHHBIX JIUTHI-MOHHBIX aK-
kymynsitopoB HACA" ("Battery Separator Characterization and Evaluation Procedures for NASA's Advanced
Lithium Ion Batteries"), cogepskaHie KOTOPOTO BKJIIOUCHO B HACTOSIIUI TOKYMEHT MOCPEICTBOM CCBUIKH (CM.
paszen 3.5). B wactHOCTH, BKIIIOUEHHI cenapaTopsl nepBoro nokosienus (Celgard PP, Celgard Tpexcioiinsie),
cenapaTopsl 2-ro rnoxosieHus (kepamuueckuil PE) u cenaparopsr 3-ro nokonenus (Silver, Gold, Silver AR).

Ha ¢ur. 3A nokazana MukpodoTorpadus MornepeyHoro CeyeHus MakeTHOTO JIEMEHTa YPOBHS TEXHHKH,
KOTOPBIH MPOIIIEN UCTIBITAHHE Ha IIPOHUKHOBEHUE T'BO3/I, ITOJyYeHHAsl Ha CKAHUPYIOLIEM 3JICKTPOHHOM MHKpO-
ckorie (SEM). Cron cocTosiT M3 allOMUHHS U MeIH, Kak rmokazaHo ¢ nomouipio BEI (Busyanmzanum cnekrpa
00paTHO pacCesHHBIX 3JIEKTPOHOB). ['BO3Ib pacloyio’keH BEPTHKAIHHO C JIEBOH CTOPOHEL. B Kkaxkmom cirydae
CJIOM JTFOMHUHHMS OTXOAWJI OT TBO3/IS, OCTABIISIS Tociie ceOs "KOpKyY" M3 OKCHIA AIFOMHUHHS, T.€. H30JISATOP.

Ha ¢ur. 3B nmoka3zaHo yBeTUYEHHE OJTHOTO U3 CJIOEB C M300pakeHus mo ¢ur. 3A ypoBHs TexHUKH. Ha 3o
(urype mokazaHo yBeTHUEHHOE M300pakeHHE CJI0S OKCHAA AMIOMUHIUS, a TaKXKe TO, 9TO CEIapaTop COBCEM HE
JTaJl yCaaKH U BCE €IIe Pa3eNsieT dJIEKTPOIBI O CAMOTO Kpasi.

Ha ¢wur. 4 mokazaHo nzo0peTeHue, B KOTOPOM TOHKHH CJION MPOBOJISAIIETO MaTepHasia HAXOAUTCS CHapy-
KM, a LEHTpaJbHas MOJUIOKKA MPEJCTaBIIsieT co00i CII0i, KOTOPHI TepMHYECKH HECTaOMICH IPU TEMIIepaTy-
pax, HEOOXOAMMBIX AJISI TEIUIOBOTO PasroHa. DTa IOJI0KKA MOXKET OBITh IUIABKUM CJIOEM, YCaIOYHBIM CIIOEM,
PacTBOPSIIONIMMCS CJIOEM, OKHCIISIOIIAMCS CIIOEM WIIH JIPYTHUM CJIOEM, KOTOPBI OyZeT AeMOHCTpUPOBATh Tep-
MHUYECKYIO HeCTaOMILHOCTE TpH TemmepaType ot 100 go 500°C.

Ha ¢ur. 5A noka3zaH TOJCTHIH aFTOMUHHEBBIA TOKOTIPHEMHHUK C TOJIIMHOM, Kak npaBmio, 12-20 MKM B co-
OTBETCTBHH C YPOBHEM TCXHHKH.

Ha ¢wur. 5B nokazano HacTosiee n300peTeHue, coaepikaiiee MmoI0KKy ¢ TONMIUHON 14 MKM U ¢ 1 MKM
AIIOMUHUS Ha KaXK10il cropone. TOKOIPHEMHHUK MO0 HACTOAIIEMY H300pETCHHIO HE CIIOCOOCH MEPEHOCHUTH BBICO-
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KW TOKH, CBSI3aHHBIC C KOPOTKUAM 3aMBIKAHHEM, B TO BPEMs KaK TOJICTHIC TOKOIMPUECMHHUKH U3 YPOBHS TEXHUKU
CIIOCOOHBI Ha 3TO U JIENAIOT 3TO.

Ha ¢ur. 6 m 6A nokazaHbl H300paKEHUSI CPABHUTEIBHBIX MPUMEPOB 1-2, KaXKJI0€ U3 KOTOPHIX IMOJTYICHO
MOCJIe TTPUKOCHOBEHHSI KOHYMKOM TOpsiuero nasuibHuKa. CpaBHHUTENBHBIC NPHMEPHI HE MEHSIOTCS TOCHE MPH-
KOCHOBCHHS TOPSTYUM TAsSUTBHUKOM.

Ha ¢wur. 7, 7A u 7B moka3zansl n300paxxeHuss MPUMEpPoB 1-3, KaxkIoe U3 KOTOPHIX MOITYIEHO TOCIe TPH-
KOCHOBCHHS KOHYMKOM TOPSYETro MasIbHUKa. Bee mpumeps! 1-3 1eMOHCTpHPYIOT ycaaKy, OMMCAHHYIO B paMKax
HACTOSIIETO H300PETEHNUS IS TIOIJISKAIINX METAJUTN3AIINH TTOITOKEK.

Ha ¢wur. 8, 8A u 8B nokazansl n300pakeHusI MpUMepoB 4-6, Kak10e U3 KOTOPBIX MOJYYEHO TOCIe MpH-
KOCHOBCHHSI KOHYHMKOM TOpsSYero masuibHUKA. [IpuMep 4 HeMOHCTpUpPYET ycalKy, ONMHCAHHYIO B paMKax Ha-
CTOSIIIETO M300pETeHNUS ISl TIO/TIeXKAINX METaJUIN3alliy NOJI0KEK. B mpumepe 5 ecTb BOIOKHO, KOTOpOE MpH
HarpeBaHWU PacTBOPSIETCS B MOHHO-IMTHEBBIX JJeKTponuTax. [IpuMep 6 mpexacTasiser coboi mpuMep TepMo-
CTOMKOI MOJIOKKH, JUII KOTOPOH MOTpeOyeTCs] TOHKUIA MPOBOASIINI CIION 1Sl QYHKIMOHUPOBAHUS B COOTBET-
CTBHH C HACTOSIIUM H300pETEHHEM.

Ha ¢wur. 9, 9A u 9B nokazansl SEM-¢doTorpadguu nmpu pasHOM yBEIHYEHUHU B TIOTIEPEIHOM CEYCHHH, Ha
OITHOW M3 KOTOPBIX MOKa3aHa METAJUITM3UPOBAaHHAS TIOBEPXHOCTH OJHOTO BO3MOXKHOTO BapHAHTa OCYIIECTBICHHUS
OJTHOTO TOKOTIPHEMHHUKA, OTIMCAHHOTO B TIpuMepe 9. MeTani SBHO HAMHOTO TOHBIIE, YeM MCXOTHAs TOJJIOXKKA,
KOoTopast ObUTa TOJIITHHON 20 MKM.

Ha ¢ur. 10 u 10A nokazansl ontuaeckue MUKpopoTorpadu CpaBHUTEIBHBIX PUMEPOB 3 U 4 Tocie KO-
POTKOTO 3aMBIKaHHS, TIOKA3BIBAIOIINE A0S0 00JIaCTH BOKPYT KOPOTKOTO 3aMBIKAHHSI, HO 0€3 OTBEpPCTHSI.

Ha ¢ur. 11 n 11A nokasansl onTnieckue MUKpodoTorpadun asyx obnacteil u3 nmpumepa 14 mocne xo-
POTKOTO 3aMBIKaHMs, TOKA3bIBAIOLINE YETKHE OTBEPCTHS B MarepHuaje, 00YyCIOBICHHBIC BHICOKOH INIOTHOCTBIO
TOKa KOPOTKOTO 3aMBIKaHHSI.

Ha ¢wur. 12 noka3zansr pazmep 1 popmMa TOKOIIPUEMHHKA, UCTIOIb3YEeMOTO B IPUMEPAX, YKa3aHHBIX HIKE.

Ha ¢uwr. 13 noka3zan Bux cO0Ky B HEPCIIEKTHBE OJHOCIOWHOTO TOKOTIPHEMHHKA C IIPHUBAPHBIM S3bIYKOM B
Ka4ecTBE OJHOTO MOTECHIINATBHO IPEATIOYTHTEIHFHOTO BApHAHTA OCYIICCTBICHHUS.

Ha ¢wur. 14 nokazan Bux cOOKY B IEPCHEKTHBE OJHOCIOWHOTO TOKOMPHUEMHHKA C 3aKJICCHHBIM JICHTON
S3BIYKOM B KQUECTBE €I1I¢ OJHOTO MOTEHIUAIBHO MPEAIOYTHTEIFHOIO BAPUAHTA OCYIIECTBICHHS.

Ha ¢ur. 15 mokazan Buj cOOKY B IMIEPCTIEKTUBE OTHOCIONHOTO TOKOTIPUEMHHKA CO CKPETUICHHBIM CKOOaMHU
S3BIYKOM B KQUECTBE €I1Ie OJHOT0 MOTEHIUAIBHO MPEAIOYTHTEIFHOIO BAPUAHTA OCYIIECTBICHHS.

Ha ¢wur. 16 moka3an Buj cOOKY B IMEPCIICKTUBE OJHOCIOWHOTO TOKOIIPHEMHHKA C €IUHCTBEHHOU 3aKpyT-
JICHHOH CKJIaJIKOW 1 3aKJIEEHHBIM JICHTOH SI3BIYKOM B KauecTBE €Ile OJHOT0 MOTCHIIHMAIBHO MPEAIIOUTHTEILHOTO
BapUaHTa OCYIECTBICHHS.

Ha ¢wur. 17 nokasan Bux cOOKy B HEpPCIIEKTHBE OIHOCIONHOTO TOKONPHEMHHUKA C ABOMHBIMHU 3aKpYTJICH-
HBIMH CKJIaJJKaM{ U 3aKJI€CHHBIM JICHTOH S3bIYKOM B Ka4eCTBE €€ OJHOTO MOTEHIMAIBEHO MPEANOYTHTEIHLHOTO
BapUaHTa OCYIECTBICHHS.

Ha ¢uwr. 18 noka3zan Bux cOOKy B HEPCIIEKTHBE OJHOCIOWHOTO TOKOIIPHEMHHKA C JBYMSI MapaJuIeIbHBIMU
MIPUBAaPHBIMH S3bIYKaMU B Ka4ECTBE €IIIe OJHOTO ITOTCHIIHAIBHO MPEAIOYTUTEIFHOTO BApUAHTa OCYIIECCTBIICHHS.

Ha ¢wur. 19 nokazan Bug cOOKy B IEpCIIEKTHBE OJHOCIOWHOTO TOKOITPHEMHHKA C OJJTHUM CJIOKECHHBIM TIPH-
BapHBIM SI3BIYKOM B Ka4ECTBE €IIe¢ OJHOTO MOTCHIHAIBEHO MPEANOYTUTEIFHOTO BApUAHTa OCYIIIECTBIICHHS.

Ha ¢wur. 20 mokaszan Bug cOOKY B TIEPCIEKTUBE OJHOCIONHOTO TOKOTPUEMHHUKA C JBOWHBIMH 3aKPYTJICH-
HBIMH CKJIaJIKaMH ¥ IPUBAPHBIM S3BIYKOM B KQUECTBE €IIl¢ OJHOTO MOTCHIIMAIBHO MPEINOYTHTEIEHOTO BapHaH-
Ta OCYILECTBIICHHS.

Ha ¢wur. 21 nokasan BuI cOOKy B MEPCHEKTHBE MHOXECTBA OJHOCIOWHBIX TOKONPHUEMHHUKOB, KaXIbIH M3
KOTOPBIX UMEET JBOMHYIO 3aKPYTJICHHYIO CKIIa/IKy U MPUBAPHOMN S3BIYOK, B KAYECTBE €IIIe OJTHOTO MTOTEHIINATIBHO
HPEANOYTUTEIHHOT0 BApHAHTa OCYIIECTBIICHHUS.

Ha ¢wur. 22 nokaszan BuI cOOKy B MEPCIEKTHBE MHOXECTBA OJHOCIOWHBIX TOKONPHUEMHHUKOB, KaXIbIH M3
KOTOPBIX UMEET JBOMHYIO 3aKPYIJICHHYIO CKJIAIKY U JIBa MPOTHBOJICKAITUX PUBAPHBIX SI3bIYKA, B KAYCCTBE CIIE
OJTHOTO TIOTEHIHAIBHO MPEIIOYTHTEIFHOTO BAPUAHTA OCYIIECTBICHHS.

Ha ¢ur. 23 mokazan Bua cOOKy B MEPCHEKTUBE MHOXKECTBA OJHOCIOWHBIX TOKOTPUEMHUKOB, KOHTAKTH-
PYIOLINX C MHOXECTBOM Z-00pa3HO CIO0KEHHBIX 3Q)KHMHBIX SI3BIYKOB, B KaYECTBE €IIe OJHOTO ITOTECHIIHAIBEHO
MPEIIOYTHTEIFHOTO BApHAHTa OCYIICCTBIICHHUS.

OcyuiecTB/IeHHE H300peTeHus

Hmxkecnenyromiye onrcanue ¥ MpUMEPHI IPOCTO NPEACTaBIIIOT cO00H MOTEHIIHAIBFHBIE BapHAHTHI OCYIIle-
CTBJICHHUS HacTOsIIero u3ooperenus. Vcxonst u3 ¢popMyisl H300peTeHus, IPUBEACHHON HIKE, CIIEHUAIIICTaM B
JTAaHHOHM 00J1aCTH TEXHUKHU OyIyT XOPOILIO HOHITHBI 00BEM TaKOTO N300PETEHUS U €ro IINPOTa.

Kak oTMeueHo BhIIIe, HacTosiee N300peTeHUE TIPENICTABIIET COO0H CYIIECTBEHHBIN CABUT ¥ IPOTHBOpE-
YUT BCEM MPEABIIYIINAM MPEACTABICHUSIM H CPEJCTBAM UCIPABICHUS, PSAIPUHAMACMEIM B 00JIaCTH TIPOHU3BO/I-
CTBa JINTUEBBIX OaTapeil (M Ipyrux yCTpOHCTB XpaHEHUs 3Hepruu). HanpoTus, onucaHHbIe B HACTOSIIEM JTOKY-
MEHTE HOBBIE YCTPOWCTBa 00ECHEUMBAIOT Psi/i MOJNE3HBIX PE3YJIBTATOB M CBOWCTB, KOTOPBIE IO CHX IIOP HE HC-
CIICZIOBAINCH W JIaXKe HE OKUJAINCH B JAHHOW 00JIaCTH TEXHHWKH. TeM He MeHee, BHa4Yalle, B IIEJISIX CPaBHEHNS,
BaYXHO OTMETUTh PE3KHE PA3INUUsI MEXKAY YCTPOMCTBAMH M3 YPOBHS TEXHUKH M YCTPOWCTBAMH, KOTOPHIE pac-
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KPBITHI ¥ ITMPOKO OCBEIIAIOTCS B HACTOSIIIIEM JOKYMEHTE.
IIpuMepsl COOBITHS KOPOTKOI0 3aMbIKAHUS

CpaBHHUTENBHBIN TipuMep 1.

Karon mis mutuit-kene3o-docharHoro akkymymstopa ObuT mosrydaeH ot komnanuu "GB Systems" B Kurae.
AIOMUHHEBBIN A3BIM0K OBLT yHajJeH B KauecTBE MPUMEpa CEPHIHHO BBITYCKAEMOTO TOKOIPHEMHHKA, U ObLIH
U3MEPEHBI TONIINHA, TOBEPXHOCTHAS TNIOTHOCTh M CONPOTUBIICHHUE, KOTOPbIE IIOKa3aHbI B Ta0J. 1 Huxke. 3aTeM K
IIOMHHHUEBOH (ONbre MPUKOCHYINCH TOPSYNM HasIbHUKOM B T€UEHHE 5 ¢, IPU 3TOM C MIOMOIIbIO HH(ppaKpac-
HOTO TepMOMETpa ObLITO U3MEPEHO, UTO TeMIeparypa coctaisia oT 500 mo 525°F. Hukakoro addekra ot npu-
KOCHOBEHHMS IasUIbHUKA K TOKOIIPHEMHHKY He HaOJIo1anock. el n3MepeHs! ToNMIMHA, TTOBEPXHOCTHAS TUIOT-
HOCTb W comnpoTusiieHne. Marepuan Obu1 nomenteH B neus npu 175°C na 30 muH, 1 OblIa M3MepeHa ycajka.
Cnenannas ¢otorpadus npeacrasiaeHa Ha ¢ur. 6. Ha ¢ur. 5 mokasaH TpaJuIMOHHEIH TOKONPUEMHHUK B TAKOM
CPaBHHUTEILHOM aKKyMYJISITOPE.

CpaBHUTENBHBINH IpuMep 2.

AHoOZ Ut TUTHI-Kene30-pochaTHOro akKyMyJsitopa ObuT mmoxydeH oT komrnanun "GB Systems" B Kutae.
MeHbIi S3bIM0K OBLT yAalIeH B KauecTBE IPUMEPA CEPUITHO BHIITyCKaeMOT0 TOKOTIPHEMHHKA, 1 ObUTH U3MEPEHBI
TOJIIMHA, TOBEPXHOCTHAS TNIOTHOCTh U CONPOTHUBIICHUE, KOTOPBIE MOKa3aHbI B Tabn. | Hmxke. 3aTeM K MeTHOMN
(horpre MPUKOCHYJIUCH TOPSIYUM TAsIIBHUKOM TakK Xke, Kak u B mpumepe 1. Huxaxoro s¢dekra ot mpukocHoBe-
HUS NasibHUKA K TOKONPHEMHHUKY HE HaONIIOAaIoch. belmM M3MEpeHs! TONIINHA, TOBEPXHOCTHAS ITIOTHOCTh H
compoTuBiieHne. Matepuan ObuT momerieH B nieub npu 175°C Ha 30 muH, u Obuta n3MepeHa ycaaka. CaenanHas
(dotorpadust mpencrasieHa Ha ¢ur. 6. Kak 1 B cpaBHUTEN,HOM IIpuMepe 1, Ha ¢ur. 5 mpeacraBieHa BHYTPEH-
HSISL CTPYKTYpa TaKoro akKyMmyssTopa. ToJIIMHAa TOKONPUEMHHKAa UMEET OOJIbIIOe 3HaYeHHUE, ITOCKOJIBKY 3TO
MOHOJIMTHAsI METaJUINIECKasi CTPYKTYpa, a HE PaCKpbITasi B HACTOSIIEM JOKYMEHTE TOHKast CTPYKTYpa.

ITpumep 1.

[MonumnponuieHOBBIH MaTepHal AJsl cernapaTopa JIMTHEBOTO aKKyMYJIITOpa ObLI MOJyYeH OT KOMIAHUH
"MTI Corporation". Marepuain 6su1 npousBezieH koMmmnanueit "Celgard" mox cepuiiasiM HomepoM uzaenus 2500.
Bbim m3MepeHs! TOMIMHA, TOBEPXHOCTHAS TUIOTHOCTh M CONIPOTUBIICHHUE, KOTOPBIE MTOKa3aHbl B Ta0m. 1 Hike.
3areM K cenaparopy NpUKOCHYJINCH FOPSIYMM NMasuIbHUKOM Tak Xe, kKak U B mpuMepe 1. [IpukocHOBeHHE TepMo-
MeTpa K TOKOTIpUEMHUKY 00pa3oBano HeOobIIoe oTBepeTre. JIuaMerp ObLT M3MepeH U yKazaH B Tabiu. 1. beutn
M3MEepEHBI TOJIINHA, TOBEPXHOCTHAS TUIOTHOCTh U COMPOTHUBIIEHUE. MaTtepual Obl oMeIieH B meys npu 175°C
Ha 30 muH, 1 ObUTa U3MepeHa ycaaka. Caenannas ¢ororpadus nmpencraBieHa Ha ¢ur. 7.

[Tpumep 2.

[MonanaTHNnEeHOBBINH MaTepual ¢ KepaMUUECKHM MOKPBITHEM JUIs CenapaTopa JIMTHEBOTO aKKyMYJIsiTopa ObLT
noiydeH ot kommanuu "MTI Corporation". Beuin M3MepeHsI TONIIMHA, TOBEPXHOCTHASI INIOTHOCTH M CONIPOTHB-
JIeHUEe, KOTOphIE MOKa3aHbl B TabJ. 1 Hibke. 3aTeM K cenaparopy NPHKOCHYJIHCH TOPSYUM IMasuIbHUKOM TaK ke,
Kak ¥ B npuMepe 1. [IpukocHOBeHME NasjIbHUKA K TOKONPHEMHUKY oOpaszoBaiio HeOojblioe orBepcrue. [lua-
MeTp ObUT M3MepeH U yKa3aH B Talx. 1. Bbuti M3MepeHs! TONIMHA, TOBEPXHOCTHAS INIOTHOCTD M CONPOTHUBIIE-
Hue. Marepuain Ob11 moMerieH B neys npu 175°C wa 30 muH, 1 Obuta n3Mepena ycanka. Crnenannas gororpadus
nmpencraBieHa Ha ¢ur. 7A.

IIpumep 3.

[MonmmponuieHoBBIH MaTepHand ¢ KePaMHUECKUM IOKPBITHEM ISl CemapaTropa JIMTHEBOTO aKKyMYyJATopa
6b11 omydeH ot kommanud "MTI Corporation". Beim m3MepeHsl TOMIIMHA, TOBEPXHOCTHAS INIOTHOCTH M CO-
MPOTHUBIICHHE, KOTOPBIE TIOKa3aHbl B Ta0N. 1 Huke. 3aTeM K cemaparopy MPHUKOCHYIHCH TOPSYUM MasuIbHUKOM
TaK ke, Kak ¥ B mpuMepe 1. [IppukocHOBeHME NasibHUKA K TOKOIPHEMHHUKY 00pa3oBaJIo HEOOJIBIIOE OTBEPCTHE.
Juametp ObUT N3MepeH 1 yKa3aH B Ta0i. 1. Beun M3MepeHs! TOJIIMHA, TOBEPXHOCTHAS INIOTHOCTh M CONIPOTHB-
nenue. Marepuan Obu1 moMereH B reus npu 175°C Ha 30 muH, 1 Obuta U3MepeHa ycanka. Crnenannas goTorpa-
¢wust npescrasneHa Ha ¢ur. 7B.

IIpumep 4.

AJIOMUHHM3MpPOBaHHAasl JIBYOCHO-OPMEHTHPOBAHHAS MOJMA(UpHas ITUICHKa ObUla MojydeHa OT KOMIAaHWUHU
"All Foils Inc.", mienka npeaHazHavYeHa JJIsl KCIIOIB30BAHMUS B HATIOJHAEMBIX TE€JIMEM BO3IYIIHBIX Iapax Jjist
BEUEPUHOK. AJIFOMHHHEBOE MOKPBITHE JOJIBINIE yIEPKUBACT Ielnif, oOecreunBasi 6osee AIUTENBHBIN CPOK Xpa-
HEHUs! BO3/IYIIHBIX IIAPOB JUIS BEYEPHHOK. BBITH M3MEpeHB! TONIINHA, TOBEPXHOCTHAS TNIOTHOCTh U CONMPOTHUB-
JICHUE, KOTOPBIC MOKa3aHbl B Ta0J. 1 Hibke. 3aTeM K IUICHKE MPUKOCHYINCH TOPSTYUM NasTIbHUKOM TaK e, Kak U
B pumepe 1. [IpukocHOBeHNE MasyIbHUKA K TOKOPHEMHUKY 00pa30oBasio HeOombIIoe oTBepeTre. Anamerp ObLn
U3MEpEH U yKa3aH B TaOu. 1. belam m3MepeHs! TOMIINHA, TOBEPXHOCTHASI INIOTHOCTh U CONpOTHBIEHHE. Mare-
puan 6bu1 omenieH B neus mpu 175°C Ha 30 muH, n Oblna n3mepena ycanka. Cnenannas ¢ororpadus npea-
craBieHa Ha ¢ur. 8. [Io cpaBHEHHIO C CEpHIHO BBHIITYCKaEMbIM AJFOMHHHEBHIM TOKOIIPHEMHHKOM M3 CpPaBHH-
TeJIbHOro npuMmepa 1 3ToT MaTepuan Ha 65% ToHblle U Ha 85% Jierde, a TakKe AaeT ycaaKy MMPHU HarpeBe, 4Tto B
MOHHO-JIUTHEBOM 3JIEMEHTE C BHYTPEHHUM KOPOTKHMM 3aMBIKAaHHEM MOTJIO ObI IIPHBECTH K MPEKPAICHHUIO BHYT-
PEHHEro KOPOTKOT'O 3aMbIKAHUS.

ITpumep 5.

Brin momryuen kommepueckuit cemaparop Dreamweaver Silver 25 mist nutuii-uoHHOTO akkymyssitopa. OH
M3TOTOBIICH M3 CMECH HAHOBOJIOKOH IIEJUIIOJIO3BI M MOJHAKPHIOHUTPHIA U MOJIMI(PHUPHBIX MHKPOBOJIOKOH B
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nporecce MPOU3BOJCTBA OyMard u KajlaHJIpUPOBaH JO HEOONBIION TONIIMHBL. 3aTeM K cernapaTopy NPUKOCHY-
JIMCh TOPSTYMM NAasJIbHUKOM Tak ke, Kak U B mnpumepe 1. IIpukocHOBeHHEe TepMOMeTpa K TOKONPHUEMHUKY HE
MPYBEJIO K 00pa30BaHHUIO OTBEPCTHUS. BB M3MEpEeHBI TONIIIHA, TOBEPXHOCTHAS IUIOTHOCTH M COIIPOTHBIICHHE.
Marepuan Obu1 IOMeteH B reusb npu 175°C Ha 30 MuH, n ObUTa 3MepeHa ycaaka. [1o cpaBHEHHUIO C YpOBHEM
TEXHHUKH, T.C. CDABHUTEILHBIMU TIpUMepaMH 3-5, 3TH MaTepHabl IMEIOT TO IPEHUMYIIECTBO, YTO OHH HE TUIaBST-
CSl M HE JAIOT yCaAKy NPH HAarpeBe, W MO3TOMY B HOHHO-JIMTHEBOM aKKyMYJITOPE C BHYTPEHHHM KOPOTKHM 3a-
MBIKAHHEM OHH HE OyAyT cO3/1aBaTh PaBHOMEPHYIO Ooiee KpyMHYI0 001acTh BHYTPEHHETO KOPOTKOTO 3aMbIKa-
HUs. DTO MoKa3zaHo Ha dur. 8A.

IIpumep 6.

Bbu1 mosydeH cepuifHO BBITycKaeMbIi mpoToTHIl cenaparopa Dreamweaver Gold 20 i muTnii-noHHOTO
akkymyisropa. OH M3TOTOBJICH W3 CMECH IEJUIIONIO3HBIX M TapaapaMHUIHBIX HAHOBOJIOKOH M TOJMI(OUPHBIX
MHKPOBOJIOKOH B IIpoliecce IPOU3BOJCTBA OyMard M KaJlaHIpHUpOBaH /10 HeOOJBIION TOJMIINHEL. 3aTeM K cerapa-
TOPY NPHUKOCHYJHCH TOPSYMM MasUIbHUKOM Tak e, Kak ¥ B npuMepe 1. [IpukocHOBeHHE TepMOMETpa K TOKO-
NPUEMHUKY HE NPUBENO K 00pa30BaHHUIO OTBEPCTHS, KaK NMOKazaHo Ha ¢ur. 8B. Beuti M3mMepeHs! ToMMMHA, 10-
BEPXHOCTHAsI TUIOTHOCTh W COMPOTHBIICHHE. Marepuan Obu1 momerneH B nieub npu 175°C Ha 30 muH, u Obuta
n3MepeHa ycazaka. [IpenmymecTBa 3Toro cemaparopa o CpaBHEHHUIO C CETIapaTOpaMy U3 YPOBHS TEXHHUKH TaKHe
Ke, Kak U B TIpuMepe 2.

Tabmuna 1
Ipumep Marepuan Tonmmuuna Iosepxnocrnas | Conporusienue Ycaaxa Paszmep
MJIOTHOCTH (175°C) O0TBEpPCTHS,
NOJIy4eHHOr0
KOHYHKOM
nasIbHHKA
Cp. AmoMuHIIH 30 MEM 80 r/v <0,1 0% Het otBeperTin
npumep 1 MOwm/kBagpar
Cp. Meas 14 Mxm 125 r/v? <0,1 0% Her orBeperust
npumep 2 mOwm/kBagpar
Ilpumep 1 | PP 24 MM 14 r/m? BeckoneuHoe Pacnnasuncs | 7,5 MM
Ilpumep 2 | PP kepamuka | 27 MM 20 r/m’ Beckoneunoe PacrumaBuacst | 2 MM/l MM
INpumep 3 | PE xepamuka | 27 MEM 20 r/v? becroncunoc Pacrumasuicst | 5 MrM/2 MM
Mpumep 4 | Amomunnsup | 13 Mxm 12 o/v? 6.3 33% 2 MKM
opanHbili PET Ow/xBaapar
TIpumep 5 | Cmecs 27 MM 16 r/m? Beckoneunoe 2% Her oreeperust
BOJIOKOH
IMpumep 6 | Cyech 23 MM 16 o/nm? becroncunoc 0% Her oteperist
BOJIOKOH

CpaBHUTEJIBHBIC TIPUMEPHI 1, 2 TPECTaBISIOT COOOH CYIIECTBYIONIME MaTepuaibl TOKOIPHEMHUKOB, Je-
MOHCTPHUPYIOIIE OYeHb HHU3KOE COIPOTHUBICHHE, BBHICOKYIO MOBEPXHOCTHYIO IUIOTHOCTH M OTCYTCTBHE JIHOO
peaKIy Ha BO3ICHCTBHE KOHUYHNKA TOPSYIETO MasIbHUKA, JTM00 ycaaku mpu 175°C.

[Ipumepsr 1-3 mpencTaBisioT cO0OW MaTepHasbl, KOTOphIe O0JamaloT OECKOHEYHBIM COTPOTHBIICHHUEM,
MMEIOT HH3KYIO ITOBEPXHOCTHYIO INIOTHOCTH M IDIABSTCS NPH BO3IACHCTBUU TemiiepaTypsl 175°C mnmm KoHYMKa
ropsiaero nasuibHuKa. OHM SBISIOTCS OTIIMYHBIMHE TTOJIOKKAMH JJIS METAJUTM3AIINH COTIIACHO HACTOSIIEMY H30-
OpeTeHwuIo.

[Mpumep 4 npencrasnseT co0OH NpUMEp ATIOMHHA3UPOBAHHOH MOJMMEPHOH TICHKH, KOTOPAast HOKA3bIBaeT
YMEpEeHHOE COIPOTHUBIICHNE, HU3KYIO ITOBEPXHOCTHYIO IUIOTHOCTb M AAeT yCaJlKy NPH BO3ICHCTBUM TEMIIEpaTy-
pst 175°C wim koHYMKa ropsiuero nasuibHUKa. OHa IpeicTaBiIseT co00il NpuMep KOMIO3UTHOH IJICHKH MOTEH-
[IMaJIBHOTO KaTOAHOTO TOKOTIPHEMHHKA 10 HACTOSIIEMY H300peTeHnto. Ha mpakTuke, ¥ Kak IIOKa3aHo B JIOMOJI-
HUTEJILHBIX PUMEpax, MOXKET OBITh JKeJaTeIbHO NpUAaTh 0ojiee BEICOKHH YPOBEHb METANIMYECKOTO MOKPBITHS
Jutst 0oJiee MOIIHBIX aKKYMYJISITOPOB.

[Ipumeps! 5, 6 peaCTaBIIOT COO0H MaTepHabl, KOTOPBIE HMEIOT OECKOHEYHOE COTMPOTUBICHUE, HU3KYIO
MMOBEPXHOCTHYIO TUIOTHOCTh, HO 00JIAJJAI0T OYeHbh HU3KOW yCaaKOW TpH BO3AeHcTBUM TeMiepatypbl 175°C wm
KOHYMKA Tropsdero mnasuibHuKa. OHM SBISIOTCS MPUMEPaMH ITOJUMEPHOHN ITOJIOKKH M0 HACTOSIIEMY H300peTe-
HUIO, KOT/1a TOJIIIMHA METAJUTM3UPOBAHHOTO MOKPHITHS TOCTaTOYHO Maa, TaK YTO METAJUIM3UPOBAHHOE MOKPHI-
THE pa3pyIIaeTcs B YCIOBHUIX BBICOKOTO TOKA, CBA3aHHOTO C KOPOTKUM 3aMbIKaHHeM. Kpome Toro, HaHOBOJIOKHA
EIUTIONIO3BI ¥ TTONUA(UPHBIE MUKPOBOJIOKHA OYAYT OKHCIATHCS, COKUMATHCS U IOABEPTaThCs alJIAIUK IPU TEM-
neparypax, HAMHOTO OoJiee HHU3KHX, YeM TEMIIEpaTyphl IJIaBJICHUS METAJUIMYECKUX TOKOIPUEMHHUKOB, IIPHMe-
HJEMBIX B HACTOSIIEE BPEMsI Ha TPAKTHKE.

[Tpumep 5 HOMOTHUTENHHO U3TOTOBJIEH M3 BOJIOKHA, IIOJIMAKPUIIOHUTPHIIA, KOTOPOE HaO0yXaeT MpH BO3JCH-
CTBHM TPaJULUOHHBIX 3JIEKTPOJINTOB M3 KapOOHATa JHTHS, YTO TAKOKe SIBISIETCS MPUMEPOM IMOJIMMEPHOH Moj-
JIOKKH TI0 HACTOSIIEMY HM300peTeHHIO, eciad HaOyxaHue OyJeT yBeIMYMBATHCS IPH HAPEBaHWUM M CO3]aBaTh
TPEUINHBl B METAJUTM3UPOBAHHOM MOKPBITHH, KOTOPBIE OyIyT MpephIBaTh MPOBOMAMINN KaHAJ, TEM CAMBIM II0-
BBIIIasi 0€30IaCHOCTh AJIEMEHTA 3a CUET YCTPAaHCHHS WIH 3HAYHTEIHHOTO YMEHBIICHHUS PaBHOMEPHOTO IMIPOBO-
JIIIero KaHajla TOKOIIPUEMHHKA IO/ BO3/ICHCTBHEM HarpeBa BHYTPH aKKyMYJISTOPA.

ITpumep 7.

Marepwuai, HCTIONIB30BaHHBINA B IpuMepe 5, OBLT MOMEIIIEH B MOJIOXKECHNE OCAXKICHHS CHCTEMBI BAKYYMHOTO
ocaxaeHuss MBraun ¢ ncnoiap30BaHHEM MHTEPMETAJUIMYESCKOTO THIIIA M aFOMUHHEBHIX TpaHyl. Kamepa Opuia
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oTkagaHa 10 3x10” MGap. MOIIHOCTS YBETHIMBATIACH 10 TEX IOP, MOKA ATIOMHHHMI HE PACIUIABHIICS, a 3aTeM
MOIIIHOCTh YCTaHABIMBAJIACh TaK, YTOOBI CKOPOCTh OCAXKAEHHS cocTaBiisuia 3 aHrcrpem/c. OcakaeHHe MpoBOIU-
JM B Te4eHue 1 4 ¢ 4eThIpbMs 00pa3liaMy, BpallalolMMHUCS Ha IUIACTHHE JUIsl ocaxaeHus. [Iponecc moBropsim
TPYKJBI, TOATOMY 00IIlee BpeMs OCXKIECHHUS cocTaBWiIo 4 4. Beutn n3MepeHsl Bec, TOJIUHA U CONPOTHBIICHUE
00pa3noB (mocTossHHbIH TOK 1 1 K['11, mooca JTMHOM 1 Ir0iiM, H3MepeHHas MEXITy dJEKTPOJaMHU Ha PAaCCTOSTHUN
1 mroiimMa mpyr OT Apyra), KOTOpBIE ITOKa3aHbl B Ta0l. 2 Hike. To4eyHOEe CONPOTHUBIICHUE TAKKE M3MEPSIIOCH C
nomonisio Tectepa Hioki 3555 Battery HiTester Ha gwactoTe 1 kI'1 ¢ KOHYMKaMH 30HI0B Ha PACCTOSTHHA | TIOM-
Ma ApyT OT Apyra. Bec m00aBIeHHOTO aMIOMHUHHNS PACCUUTHIBAIHN ITyTEM JIEIECHUS Beca, T00aBICHHOTO BO BpeMs
mporiecca, Ha Iuiomanb obpasna. Ero nenmsdT Ha IUIOTHOCTH MaTepuaia, YTOOBI MOJYYUTh CPEIHIOI0 TOJIIUHY
TIOKPBITHS.

ITpumep 8.

Hertkanast mosimmepHast 1oJu10Ka Oblila M3TOTOBJICHA ITyTEM B3SITHS MUKPOBOJIOKHA ITOJIMITHICHTEpedTa-
JIaTa ¢ IUIOCKMM TIOIEPEUHBIM CEYEHHEM H H3TOTOBICHHUS PYUHBIX JTHCTOB IIIOTHOCTHIO 20 I/M” C HCIIOIb30BAHH-
em npouecca Tappi T206. 3ateM 3TH py4HbIE JIMCTHI KaJlaHAPUPOBAIH CO CKOpPOCThI0 10 M/MuUH, NaBleHHEM
2000 ¢yHTOB/IIONM € UCTIONB30BAaHUEM 3aKaJEHHBIX CTANBHBIX BAIKOB ITpH Temneparype 250°F. Dror marepuan
OBUT METaJUTU3NPOBAH B COOTBETCTBHHM C IIPOIECCOM W3 IpuMepa 7, U OBIIN BBHIIIOJIHEHBI TaKHe jK€ M3MEPEeHHUS,
KOTOpBIE MPUBEICHBI B Ta0M. 8.

ITpumep 9.

Martepuan o npuMepy S5 ObIIT HAHECEH B COOTBETCTBHH C TPOIIECCOM M3 TIpUMepa 7, 3a UCKITIOYCHUEM TO-
TO0, 9TO TIOKPBITHE OBUIO BBITIOJHEHO TMPU HACTpOWKe 5 aHrcTpem/c B TedeHune 60 MuH. OOpa3Ipl mepeBopadnBa-
JIM ¥ HAHOCHJIM TIOKPBITHE Ha 0OPaTHYIO CTOPOHY TaKuM ke crtocodoM. C TOMOIIBI0 CKAHUPYIOWIETO HIICKTPOH-
Horo Mukpockomna (SEM) OblM mosrydeHsl M300paXKeHUsI KaKk IMOBEPXHOCTH, TaK MONEPEYHOTO CEYEHHUS ITHUX
MaTepuaoB, MPUYEeM 3TH n300pakeHus peacTaBiIeHs! Ha ¢ur. 9, 9A n 9B.

ITpumep 10.

Marepuans! ObIIIM MPUTOTOBJICHEI B COOTBETCTBUM C TPOLENYpoil U3 mpumepa 9, 3a HCKIIOYEHHUEM TOTO,
YTO OCaXJCHUE Ha KaXXJIOW CTOPOHE JUTHIIOCH Bcero 20 MUH.

ITpumep 11.

Bruta mpuroToBieHa MoIMMEpHas MOJUIOKKA M3 IpuMepa 8, 3a MCKIIIOYCHHEM TOTO, YTO JINCTHI HE OBLIH
KanmaHaApupoBaHbl. Oca)KIeHNe ATIOMUHHS MMPOUCXOIUT CO CKOPOCTBIO 5 aHTCTpeM/c B TeueHne 20 MUH ¢ Kax-
noit cropossl. ITockonbky MaTepuansl He OBUTH KaJlaHAPHPOBAHBL, TIOPUCTOCTH OYEHB BBICOKA, YTO JA€T OYCHB
BBICOKHE 3HAUYCHHUS COMPOTHBIICHHS NMPU TOHKOM MOKPBITHH. CpaBHeHHE mpuMmepa 11 ¢ mpumepoM 8 moka3siBaeT
HEOXXHMJIAaHHO BBICOKHE IIPEUMYIIIECTBA KalaHAPHPOBAHUS.

Tabmuma 2
Oopasen Jlo0aBieHn Conporusiae | Conporusiienn | Toueunoe Cpennss
bl HHE [ CONMPOTHUBJIEHH | TOJIHHA
Bec no npu 1 kI'n e MOKPLITH
MOCTOSAHHOMY npu 1 k' |
TOKY
Epununa /M Owm/kBazpar Owm/kBazpar Om Mukpon
H3MepeHHs
Ipumep 7 3,5 0,7 0,5 0,1 1,3
Ipumep 8 2,0 7 7 04 0,7
Ipumep 9 22 0,2 0,8
Ipumep 10 | 0,8 1,7 0,3
Mpumep 11 | 0,8 100 0,3
Ipumep 12.

[NommmepHast OTOKKA € aTIOMUHHMEBBIM MOKPHITHEM M3 IIpuMepa 9 ObLTa MOKpHITa cMechio u3 97% ka-
tonHOTro Marepuaga NCM (NCM523, momygennoro ot kommanuu "BASF"), 1% yrmeponnoii caxu u 2% cBs-
sytomero PVDF B pactBope N-MeTnii-2-muppoinnona. Bec mokperrust coctasmsut 12,7 mr/em” mpu Tosmuse 71
MHUKpPOH. DTOT MaTepual OblJ BhIpE3aH, YTOOBI COOTBETCTBOBATH TUCKOBOMY deMeHTy 2032, U cOeAMHEH ¢ Tpa-
(DUTOBBIM aHOZOM, HAHECEHHBIM HA TOKONPHEMHHK W3 MexHoil (omsru (6 mr/icm’, 96,75% rpadura (BTR),
0,75% yrneponnoii caxwu, 1,5% SBR u 1% CMC). OZHOCTOWHBIA AUCKOBBIN 3JE€MEHT OBIIT N3TOTOBIICH ITyTEM
nomenieHus anona, cenaparopa (Celgard 2320) u matepuana ¢ nokpbitueM NCM B 3JIeMEHT, 3aJIUBKHU 3JIEKTPO-
muta (60 Mk, 1,0M LiPF6 B EC:DEC:DMC=4:4:2 06.12 Bec.% VC) u repMeTH3anuy 3JIEMEHTa IIyTeM 00KaTus
000109ky. YTOOBI OTYYHUTH aJICKBATHYIO MPOBOAMMOCTb, YAaCTh MOJMMEPHOH MOJIOKKH C aTFOMHHHUCBBIM TO-
KPBITHEM W3 TpuMepa 9 He MOKPBUTH KAaTOTHBIM MAaTCPUAIOM M CIIOKWIM TaK, YTOOBI 00ECICYUTh KOHTAKT C
000JI0YKOI INCKOBOTO 3JIEMEHTA, TEM CaMbIM 3aBepIIasi KaHal IPOBOJUMOCTH. DJIEMEHT (pOpMHUPOBAIIN ITyTEM
3apsanku pu noctosstHHOM Toke 0,18 MA 10 4,2 B, 3atem npu mocTossHHOM HampspkeHuH (4,2 B) mo Tex mop,
moka Tok He ynai 10 0,04 MA. DnemeHT ObUT TPUXIBI TieperitoueH Mexay 4,2 B u 3,0 B mpu 0,37 MA u moka-
3aJT CPETHIOI0 Pa3pAAHYI0 eMKOCTh 1,2 MAY.

ITpumep 13.

OneMeHT OBLT M3TOTOBIICH B COOTBETCTBHH C MPOLEAYPOH W C MCHOIH30BAHHEM MAaTEPHANIOB U3 MIPUMEpa
12 3a HCKITIOYEHUEM TOTO, UTO B Ka4eCTBE cermapaTopa Hcmoib3oBaics Dreamweaver Silver 20. DnemeHT ObLT
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c(hOpMHUPOBaH MyTEM 3apsIKH TpU NOCTOssHHOM Toke 0,18 MA 1o 4,2 B, 3aTeM Ipu MOCTOSTHHOM HATPSKCHUU
(4,2 B) no tex nop, noka Tok He ynan g0 0,04 MA. DneMeHT ObUT TPMKIBI epekitoueH Mexay 4,2 u 3,0 B npu
0,37 MA u moKa3ay CpeaHIo pa3psaHyo eMKocTh 0,8 MA4. TakuM 00pa3oM, B 3TOM H MPEABIAYIIEM IpUMepax
paboune mepesapspKacMble JIUTHI-HOHHBIC 3JIEMEHTHl OBUIM M3TOTOBIICHBI C MCIIOJIB30BAHHWEM ATIOMHUHUS TOJ-
MUHOW MeHee | MKM.

CpaBHUTENBHBIN TpUMeED 3.

ANIOMWHHCBBIN S3BIY0K U3 CPABHUTEIHHOTO MpuMepa | pazMepoM MPHONH3UTENBEHO 2 ¢cMx4 ¢M OBLI CO-
eWHEH C 3a3eMJICHHEM HCTOYHHMKA TOKAa Yepe3 METAIUTMYECKHH COCTUHUTENb, KOHTAKTUPYIOIINI 110 BCEH IIH-
puHe ¢ obpasuom. [Ipenen HanpsokeHus ObLT ycTaHoBleH Ha 4,0 B, a mpexen Toka - Ha 1,0 A. 30HA, cCOeTUHEH-
HBIH C BBIXOJIOM BBICOKOT'O HANPSDKEHUS MCTOYHHUKA TOKA, CHaYajla KacaJiCsl METAIIMYECKOTO COCTUHHUTEIS, KOH-
TaKTHPYIOILETO 110 BCEH IIMPUHE ¢ 00pa3lioM, a 3aTeM MHOXKECTBO pa3 KacaJiCsl IIOMHUHHEBOTO SI3bIYKa, BBI3BI-
Bast KOPOTKOE 3aMbikanue mpu 1,0 A. Konunk 30812 MMe miomans npubmusutensHo 0,25 My, [Ipi KOHTaKTe
MO BCell MIMPHHE TOK MPOTEKad HOpMaibHO. [Ipu mepBoHaYaIFHOM MPUKOCHOBEHHH 30HA K A3BIYKY 00pa30BbI-
BaJIMCh UCKPBI, YKA3bIBAIOIINE HA OYCHb BBICOKYIO HAYalbHYIO IUIOTHOCTh TOKa. BO3HHKAroImue B pe3yiabTare
JIe(PEKTH B TOKOTPUCMHUKE TOJBKO MHOTAA MPUBOIWIN K 00pa30BaHUIO OTBEPCTHH, a B OCTANBHBIX CIyYasx
MPOMCXOMIa a0, HO TOKONPHEMHHUK OCTaBAJICS HEMOBPEXIEHHBIM. Bo Bcex ciydasx Iemb OcTaBalach
3amMKkHyTOH TipH Toke 1,0 A. Crnemannas MukpogoTtorpadus ymaneHHoro nedekra 6e3 oTBepCTHs MOKa3aHa Ha
¢ur. 10. DxcriepuMeHT OBUT MOBTOPEH C TPEEIOM UCTOYHHKA TOKa, YCTaHOBJICHHBIM Ha 5,0 A, 3,0 A, 0,6 A, 0,3
A u 0,1 A, 1 BO BCcex CIIydasix pe3yJIbTaTOM ObUT HETIPEPHIBHBIN TOK Ha MpEJIeNie UCIBITATEIbHOTO TOKA KaK TpH
KOHTaKTe I10 BCEH IMpPHUHE TOKOMPHUEMHHKA, TaK M IPU WCIOIH30BaHUH TOYCYHOTO 30H/Aa C pa3MepoM KOHYHKA
npuGmmHTeIsHO 0,25 MM,

CpaBHUTENBHBIN IpuMep 4.

MenHbIi S3BI90K U3 CPABHHUTEIBHOTO NMPUMEpa 2 ¢ aHAJIOTUYHBIMH pa3MepaMU OBLUT UCIBITAH TAKUM XK
00pa3oM, Kak ¥ B CpaBHUTEIBHOM mpuMmepe 3. [Ipu KOHTaKTe 1Mo BCEll MIMPHHE TOK MPOTEKal HOpMaibHO. [Ipu
MEPBOHAYAFHOM MPUKOCHOBEHUH 30HJIA K SI3BIYKY O0Pa30BBIBATKCH HCKPHI, YKA3bIBAIONIUE HA OYCHD BBHICOKYIO
HAYaIBHYIO IDIOTHOCTh TOKAa. BO3HWKaromue B pe3yiapTare Ae(eKThl B TOKOMPUEMHHKE TOJIBKO WHOTNA TPUBO-
JIAITH K 00pa30BaHUIO OTBEPCTHUH, a B OCTANBHBIX CIydasX MPOUCXOIUIIA AOJAIHS, HO TOKOPHEMHUK OCTaBaJICS
HETIOBPEXACHHBIM. Bo Bcex ciydasx Ienb ocTaBayiach 3aMKHYTOU mpu Toke 0,8 A. CnemanHas MUKpodOTOrpa-
¢us ynanennoro nedekra 6e3 orBepcTHsl mokazana Ha Gur. 10A. DkcriepuMeHT OBUT IOBTOPEH C MPENETIOM HC-
TOYHHKA TOKAa, YCTaHOBIEHHBIM Ha 5,0 A, 3,0 A, 0,6 A, 0,3 A u 0,1 A, u Bo Bcex ciydasx pe3yiabTaToM ObLIT He-
MPEPHIBHBIN TOK Ha Tpefelie UCTIBITaTEIbHOTO TOKA KaK IMPH KOHTAKTE 110 BCel IMMPHHE TOKONPHEMHHUKA, TaK U
TIPU HCIIOIB30BAHMH TOYCIHOTO 30HAA C Pa3MEPOM KOHUHKA IPUOIH3HTEIBHO 0,25 MM,

[Ipumep 14.

Marepuan moTUMEPHON MOIOKKH ¢ aTFOMHHUEBBIM MOKPHITHEM 110 M300PETCHHIO U3 MpUMepa 7 ¢ aHao-
THYHBIMHU pa3MepaMu ObUT HCIBITAH C MCIOJIB30BAHUEM TOTO XK€ CI0c0o0a, YTO U B CPABHHUTENBHBIX TIpUMepax 3-
4. Ilpu KOHTaKTe MO BCEH MIMPHHE TOK NPOTEKall HOPMAJIBbHO. B Ka)IoM ciiydae HEHNOCpPEeACTBEHHOTO MPUKOC-
HOBEHHMS 30Ha K TOKOIIPHEMHUKY 10 M300pETEeHNIO 00pa30BaBIIMXCS UCKP OBUIO HAMHOTO MEHbIIE, U TOK IIpe-
KpalaJl TeYb MOCIe MePBOHAYAIBHBIX HCKP, OCTABIISAA PA30MKHYTYIO Iielb. Bo BcexX ciiydasx BO3HHUKIIAM Jic-
(hexrom ObLTO OTBepcTHe. MuKpodoTorpadun HECKOIBKHX MPUMEPOB OTBEPCTHH MmoKazaHbl Ha ¢ur. 11 u 11A.
DKCTIepUMEHT OBLI TIOBTOPEH C MPEIeTIOM UCTOYHHKA TOKa, YCTaHOBIeHHBIM Ha 5,0 A, 3,0 A, 0,6 A, 0,3 A u 0,1
A, ¥ BO BCex CITydasx pe3yJbTaToM OBII HETPEPBIBHBIM MMOTOK TOKA MPH KOHTAKTE TI0 BCEH MIMPHUHE COCIMHNTE-
JIeH, a Tak)Ke OTCYTCTBHE TOKA, MPOTEKAIOIIET0 B IIPUMEpE M0 HACTOALIEMY N300PETEHHUIO NP HETTOCPEICTBEH-
HOM KOHTAaKTe OT 30HAa K IPUMEPHOMY TOKOTIPHEMHHUKY 10 HACTOSIIEMY N300peTEeHHIO.

KiroueBbIM B HECTOSAIIEM H300PETEHUH SBISAETCSA TO, YTO IPU BO3ICHCTBUM KOPOTKOTO 3aMBIKaHHA, KaK B
CPaBHUTEIBHBIX NMpUMepax 3-4 u B mpumepe 14, B COOTBETCTBHH C YPOBHEM TEXHHUKHU PE3YJIBTATOM SBISCTCS
MPOJI0JDKAIONIEeecs] KOPOTKOE 3aMbIKaHKE, TOT/la KaKk B COOTBETCTBHH C MAaTepHajoOM IO HACTOSIIEMY H300peTe-
HUIO PE3yJBTATOM SIBIIICTCSI Pa30MKHYTAsl [IEMb, IPU KOTOPOU HE TEYET HEMPEPHIBHBIN TOK (T.. HET 3aMETHOTO
JBIDKEHUS ToKa). TakuM 00pa3oM, KOPOTKOE 3aMbIKaHHE B COOTBETCTBHU C YPOBHEM TEXHHKH MOXKET 00pa30BbI-
BaTh M JICHCTBUTEIHFHO 00Pa30BBIBACT TEILIO, KOTOPOE MOXKET PACIUIABHUTH Cemaparop, pactBoputh cioir SEI u
MPUBECTH K TEIZIOBOMY Pa3TOHY 3JICMEHTA, TEM CaMBIM BOCIUIAMEHSS SJICKTPOIUT. PasoMKHyTast 1IeTb TOKOPH-
eMHHUKa I10 HACTOsIIeMYy H300peTeHnto He OymeT oO0pa3oBhIBATh TEIUIO M, TAKUM 00pa3oM, 00ecTieunBaeT dJie-
MEHT, KOTOPBIIl MOXKET BBIIEPKUBATh BO3JICHCTBAE BHYTPSHHNX KOPOTKUX 3aMBIKaHUH, HE JOITyCKasl TEIIOBOTO
pa3roHa W BO3HMKAIOUINX B pe3yNbTaTe AbIMa, TeIIa U BOCIUIAMCHEHUSI.

[Ipumeps! 15 u 16 1 cpaBHUTEIBHBIE IPUMEPHI 5 | 6.

JlBe MeTauM3MpOBaHHBIC TUIEHKH OBUIM W3TOTOBJICHB Ha 10-MUKPOHHON MOJMATHIICHTEpEe(TATIaTHON
TUICHKE TIOCPE/ICTBOM PYJIOHHOW TexHOoJoruH. COrJIacCHO 3TOH TEXHOJIOTHH PYJIOH IJIEHKH MMOMEINAIN B TEXHO-
JIOTUYECKYI0 MAIIUHY ISl BaKyyMHOH MeTau3anuu (mpuMepoM Kotopoi sisisiercst TopMet 4450, mocrasiste-
Mmast koMmnanuer "Applied Materials"), mpruem kaMmepy OTKauMBaJK J0 HU3KOTO JaBlieHHs. Baiok mpomyckanu
HAJl HATPETHIMU JIOJOYKAMH, COACPKAIIUME PACIUIABICHHBIA aIFOMUHUIA, ¢ BBICOKOW CKOPOCTHIO, Hampumep S50
M/MUH. Haj HarpeTbIMu JIOOYKaMU, CONEPKAMUME PACIUTABICHHBIA AFOMUHHA, HaXOIUTCS MUICH( ra3zoo0-
Pa3HOTO ATIOMHHHUS, KOTOPBIH OCa)IaeTcsl Ha TUICHKE, IPUYEM CKOPOCTb OCAXJICHHUS PETYINPYETCS] CKOPOCTHIO
W TeMIiepaTypol amoMuHus. PynoH mmHON mpubausutenpbHo 500 M u mmpuHor 70 ¢M OBLT M3TOTOBJICH 3a
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MHO>KECTBO IPOXOJIOB /IO T€X II0p, IOKa AJIIFOMHHUEBOE TIOKPBITHE HE NOCTHTIIO nmpuoiamsuresnsHo 300 uM. TIpo-
LIeCC HAHECEHMsI MOKPBITUS MOBTOPSUTH JUI MOKPBITUS JPYTrod CTOPOHBI IJIEHKH, IPUUYEM MOIyUYEeHHOE U3JIeNIne
YIOMHHAETCS B HACTOSIIEM TOKYMEHTe Kak mpuMep 15 (IIpu 3TOM TOKOIPHEMHHK IO HACTOSIIeMY H300peTe-
HUIO, IIOKa3aHHBIN Ha (ur. 4, IpeacTaBiseT cOOOH TOT, YTO UCIOJIB30BAJICS B 3TOM mpumepe). Takum oOpazom,
npuMep 16 ObUT U3rOTOBJICH TaKMM K€ 00pa3oM, 3a UCKIIOYCHHEM TOTO, YTO METAIIOM B JIOJ0YKE ObljIa MeIb
(mpu 3TOM Ha Qur. 5B mokazaH TOKONIPUEMHHK, HCIIOIB3yEMbBIH B 3TOM KOHCTPYKIIMH O HACTOSIIEMY U300pe-
TeHmn0). beun n3MepeHsl 0a30BBIA Bec, TOMIIMHA M MPOBOIMMOCTD KaKIOW IUIEHKH, KOTOPHIC MPEICTaBICHBI
HIKe B TaOI. 3. Bec MOKpHITHS paccunThIBaty BerYUTaHHeM 13,8 T/M%, 4T0 COOTBETCTBYET GazoBoMmy Becy 10-
MHUKPOHHOH TOJNMATHICHTEpEPTANTATHON TUIEHKH. "PacdeTHyI0 TOJNIIMHY HOKPHITHS" ONpPEeIsUN IIyTeM Jele-
HUS Beca MOKPHITHS Ha TUIOTHOCTH Matepuaios (2,7 r/em’ I almfoMuHUS, 8,96 r/em’ IUIsL MEJTM), TIpenoiaras
PaBHOMEPHOE MOKPBITUE C KAXKIOW CTOPOHBI.

CpaBHUTEJIBHBIN NPUMEp 5 TpencTaBiseT co00l KOMMEPYECKH JOCTYITHYIO alOMHHHEBYIO (OJIBIY TOJI-
muHol 17 MkM. CpaBHHUTENBHBIN NpHMep 6 MpelcTaBiIseT co00H KOMMEPUYECKH AOCTYIHYI0 MEIHYIO (DOJbry
TonuuHoN 50 MKkM. CpaBHUTEIBHBIN IPUMEP 7 PEICTABISIET COO0H KOMMEPYECKH JOCTYIIHYIO METHYIO (OJIBTy
TOJIIIMHON 9 MKM.

Tabnuma 3
O6pasen Basosriii | Bec Tommuna | Conporusienne | Pacuernas
BeC MOKPBITHS no TOJIIHHA
MOCTOSIHHOMY NOKPLITHS
TOKY
Eaunnna /m? /M Mukpon (0)% Muxkpon
H3MepeHust
Mpumep 15 17 3 11 0,081 0,5
Ipumep 16 24 10 11 0,041 0,5
CpaBHuTeIbHBIH | 46 17
npumep S
CpaBHHuTeJbHBIH | 448 50
npumep 6
CpaBHuTeJbHBIH | 81 9
npumep 7

[Mpumep 15, npumep 16, cpaBHUTENBHBIN NpUMEP 5 M CPaBHUTEIBHBIA NpuMep 6 ObUTM MOJABEPTHYTHI JO-
MIOJIHUTEIEHOMY HMCIBITAHUIO HAa MX CIIOCOOHOCTD NMEPEHOCHTh OYEHBb BHICOKHE IUIOTHOCTH TOKa. BBIIO M3roTOB-
JIEHO UCTBITaTeIbHOE YCTPOMCTBO, KOTOPOE YACPAKHUBAJIO MONUPOBAHHBIN MeaHBIN mpoBox paguycoM 0,51 mm
(xambpoM 24 B COOTBETCTBHM ¢ AMEpHKaHCKMM KanuOpom npoBonoB (AWG)) B KOHTaKTe C IUIEHKOW HIIH
(omnproit TokonpueMHuKa. McrbpITyeMyo IIIeHKY WK (OJBIY 3a3eMIISIIH C TIOMOIIBIO AJTFOMUHHEBOTO KOHTAKTa,
COTIPUKACAIOIIETOCS ¢ UCTIBITYEMON TUIEHKOH MU (DOBroi ¢ IJIOMaabio KOHTaKTa > 1 KBaJpaTHOTO CAaHTHMET-
pa. 30H1 OBLT COCTMHEH MOCIICIOBATEIBLHO ¢ pe3ucTopoM Beicokoi MomrHocTH 400 BT 1 HOMuHanoM 0,335 OM u
MoJIKIIFoYeH K nctouHuky nuranus Volteq HY3050EX, HacTtpoeHHOMY Ha KOHTPOJIb ToKa. [Tommexantuii name-
PEHHUIO TOKOIPHEMHHK MOMEIIAJCS B YCTAHOBKY, IIPU 3TOM IIOJIMPOBAHHBIM MPOBOJA KOHTAKTUPOBAJ C MOBEPX-
HOCTBIO TOKOTIPHEMHHKA IIPH HYJIEBOM BXOIHOM TOKe. TOK yBennuuBaiy ¢ marom 0,2 amrepa u yIep>KUBAIH B
Teuerne 30 ¢ st KaXI0To Iara, pyu 3TOM U3MeEpsis HanpspkeHne Ha pe3uctope. Korga HanpspkeHne magano ao
HYJIA, YTO O3HAYaJo, 9YTO TOK OOJBIIIE HE TEUET, 3TO TOBOPHUIIO O TOM, 4TO 0Opaser] BbIme u3 cTpost. McnbiThiBa-
JW KKIBIH U3 mpumepa 15, mpumepa 16, CpaBHUTENBHOTO IpUMEpa 5 U cpaBHUTENLHOTO TpuMepa 6. [Ipumep
15 BbIeN U3 cTpos IpH Toke 7 A (cpenHee 3HaUeHHE ABYX m3Mepenuit). [Ipumep 16 BbIIen u3 CTpost IpH TOKE
10,2 A (cpenHee 3HaueHHE OBYX M3MepeHUi). Hu cpaBHUTENBHBIN puMep S5, HU CPaBHHUTEILHBIN MpuMep 6 He
BBIXOWI U3 cTposi ipu Toke Hiwke 20 A. Kak B npumepe 15, Tak u B npumMepe 16 Obutn 0OHAPYKEHBI OTBEPCTHSA
B TOKOIIPHEMHHUKE C PaguycoM > | MM, B TO BpeMs KaK HH B OJHOM M3 CPaBHHUTEJIBHBIX NMPUMEPOB 5 wiu 6 HE
06110 0OHApYKEHO HUKAKOTO MOBpEXIeHUs (QoJbri. B 3TOM NpUMEpHOM HCHIBITAaHUH OBUTO OBl BBITOJHO MMETh
TOKOTIPHEMHHMK, KOTOPBIH HE MOXKET NMpOIycKaTh TOK Oonee 20 A, mpexanourutenbHo Oonee 15 A mnm Gosee
MPEJIIOYTUTENHLHO Ooee 12 A.

B npyrom ucmbITaHuY, MPEAHA3HAYCHHOM JJIsI MOJIEJIMPOBAHUS HCIONB30BAHNUS 3TUX TOKOIPHEMHUKOB I10
M300pETEHHIO B KAUECTBE A3bIUKA, COCOMHSIONIIETO JIEKTPOIHYIO 0aTapero 3JIEMEHTa C HCIOIb3YEMbBIMH JJICK-
TPUYECKUMH YCTPOUCTBAMU (BHYTPHU HMJTU CHAPYXH dJIEMEHTA), TpuMepbl 15 1 16 1 cpaBHUTENbHBIE TPUMEPHI 5
U 6 OBbUIM MMOJBEPTHYTH! MCHBITAHUIO HA TOKOBYIO Harpy3Ky BIOJb IOJIOCHL. UTOOBI MOATOTOBUTH OOPA3Lbl I
WCTIBITaHMs, TOKOTPUEMHHUKH OBUTH BBIPE3aHbI 10 (hopMe, TToKa3aHHOH Ha (Gur. 12, ¥ COCTOSIIN U3 MOJIOCHl MaTe-
pHaia pa3smMepoM YeThIpe CaHTHMeTpa Ha caHTUMeTp (4 cMx1 cM), MpUYeM KOHIIBI MOJOCH 3aKaHYMBAIOTCS yCe-
YEHHBIMH TIPSIMOYTOJILHBIMU PaBHOOEIPEHHBIMU TPEYTOIbHUKAMHU CO CTOPOHOH 4 cM. Kaxnpril u3 TpeyronsHu-
KOB HCTIBITATEIIBHOTO 00pa3la KOHTAaKTHPOBAJl Yepe3 alOMHHHUEBBIH 3JIEMEHT C IUIOMAAbI0 KOHTAKTHOW IO-
BepxHOCTH > 1 cM. OmHa cTopoHa Oblna moaxioueHa gepe3 pesuctop 400 B, 0,335 Om, u 3Ta nens Obu1a co-
eanHeHa ¢ uctToyHukoM mutanus Volteq HY3050EX. HampsbkeHre U3Mepsuioch Ha PE3UCTOpaXxX C IEIbI0 H3Me-
peHust ToKa, 1 OBIIO TIOKa3aHO, YTO AJIEMEHT BBIIIEI U3 CTPOs, KOT/Ia 3TO HANpsHKEHUE yraio 10 Hyis. [ kax-
JIOTO HCTIBITAaHMS 3JIEMEHT OBLI COSMHEH C UCTOYHHKOM ITUTAHHS, YCTAHOBJICHHBIM Ha HYJIEBOH TOK, KOTOPBII
3aTreM yBenuuuBancd ¢ marom 0,2 A u BeiaepkuBancs B TedueHue 30 ¢ mpH KakJOM HOBOM HANPSHKEHUU J0 TeX
1op, NMoKa 00pa3zel] He BBIXOAWI U3 CTPOSI M IMTPOTEKAIOIINHA TOK He majan 10 Hyis. Mcneitanue 06110 opraHuzo-
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BaHO TaKUM 00pa30oM, YTOOBI MOXKHO OBLIO M3MEPSTh METAIUITM3HPOBAHHBIC TOKOIPUEMHUKH C TIOMOIIBIO KOH-
TakTa JIM0O HA OJTHOM CTOPOHE, OO Ha 00X CTOPOHAX METALTH3UPOBAHHOTO TOKOTIPHEMHUKA. TOKH TpU BhI-
XOJIC U3 CTPOs MOKa3aHbl HIKE B Tabm. 4. [ MaTepuanoB, HCIBITAHHBIX B Tonoce 4 cMx1 ¢M, OBLIO BEITOJHO
MPeIyCMOTPETh BHYTPCHHUHN MPEIOXPaHUTEIh, OTPAHIYUB BEITHYHNHY TOKA, KOTOPBIA MOXET MPOTEKAaTh, 10 M-
Hee 20 A WM TpeAnoYTUTENLHO MeHee 15 A, uiu 6omnee mpeanouTuTebHo MeHee 10 A, s Kaxxaoro ciaydas ¢
OJTHOCTOPOHHKM HJIH JIBYCTOPOHHUM KOHTAKTOM.

Tabmuma 4

Oo6pazen

Hanpsixenne npu BbIxoje
U3 CTPOS A4S
OHOCTOPOHHEr0 KOHTAKTA

Hanpsikenne npu BbIxoae
U3 CTPOS AJIS
JABYCTOPOHHEr0 KOHTAKTA

Enunuua HU3MEpPEeHUsA

B

B

IMpumep 15

2,7

4,5

Ipumep 16

24

10

CpaBHHTeJIbHBII puMep 5

Her Brixona u3 cTpost HuxKe
20 A

Her Brixona us crpos Huke
20 A

CpaBHuTebHEIH TpHUMep 6

Her BbIxoma u3 ctpost Huxe
20 A

Her BrIxXOma u3 crpos Hibke
20 A

ITpumeps! 17-19 u cpaBHUTENBHBIN NpUMeEp 8.

OreMeHTHI OBUIM M3TOTOBJICHBI IIyTEM HAHECCHHUS JIEKTPOIHBIX MAaTCpHAJIOB HAa CTAHIAPTHBIE TOKOIIPHUEM-
HUKA U3 (QOJBIH U METaJUIM3MPOBaHHBIE TOKONMpHeMHUKH u3 I1D9T-tmenkn m3 npumepoB 15 u 16. KatongHsie
Mmatepuainsl NMC 523 Oputi mpuroToBiieHs! ¢ ucnoiabs3oBanneM NMC523 (97%) ot xomnannu "BASF", yrie-
poxHoit caxu (2%) u PVDF (1%) B pactBoputene NMP u HaneceHBI Ha aTlOMHHHMEBBIH TOKompueMHUK (15-
MHKPOHHBIH aIOMHHHEBbI TOKONPHEMHHUK) K mpuMep 15 mpu GasoBom Bece 220 T/M’, 9TO COOTBETCTBYET
ILIOTHOCTH 3arpy3KH KaToaa 3,3 MAu/cM’. AHOJHBIC MaTepHaiIbl GbLIN IPHTOTOBICHBI IIOCPEICTBOM HCIIOIB30-
Banwus rpadura BTR-918S (94%), yrneponHoii caxu (5%) u PVDF (1%) B pactBopurene NMP u Hanecenus Ha
MeJTHBIi TOKONPHEMHHK (1 8-MUKPOHHBINH MeIHBIH TOKOIPHEMHHK) C IIOTHOCTHIO 118 T/M°, 4TO COOTBETCTBYET
IIIOTHOCTH 3arpy3ku aHozxa 4,0 MAu/cM’. BBUIH H3TOTOBICHBI YeThIPE JBYCTOPOHHHUX KAaTONA, TPH JBYCTOPOH-
HHUX aHOJA U J[Ba OJHOCTOPOHHMX aHoAa. VX yiokwim Apyr Ha npyra, ucnoib3ys cemapatop Celgard 2500,
YTOOBI COPMHUPOBATH HEOOJBIINE MAKETHBIC JJIEMEHTHI, KOTOPbIE 3aTeM OBLIM 3alOJIHEHBI JJIEKTPOIUTOM M
TepMETH3HPOBAHbI C PaCUeTHOW eMKOCThI0 1 Ad. UeTkipe THIa 3JIEMEHTOB OBIIIM M3TOTOBJIECHBI U3 Pa3HBIX KOM-
OuHanmii GoIBTUPOBAHHBIX MaTEPHATIOB, M eMKOCTh Oblia m3mepeHna mpu C/10 u C/5 (t.e. 0,1 A u 0,2 A). Die-
MEHTHI ObUTH COPMHUPOBAHEI yTeM 3apsaku npyu 100 MA 1o 4,2 B u ynepxxanuu nipu 4,2 B 1o tex mop, moka
ToK He magan 1o 10 MA. 3areM MoJHOCTHIO C(HhOPMHUPOBAHHBIC 3JIEMEHTHI ObLIM B3BEIICHBI U HCITBITAHBI HA €M-
KocTh mmyTeM paspsaku npu C/10, 3atem 3apsaku npu C/10 u paspsaku npu C/5. DTH pe3yabTaThl MOKa3aHbl B
Tabm. 5 HUXKE.

Tabmuma 5
O6pasen KaTtoaubrii AHOAHBII Bec Emxkocts | EMKocTB
TOKONMPHEMHHK | TOKONpHeMHHK | duementa | C/10 C/5
Eaununa r MA4 MAY
H3MepeHust
CpasHureabHslii | AmromunneBas | Mennas ¢omera | 27 924 615
npumep 8 dosnbra
Ilpumep 17 IIpumep 15 Mennas ¢onsra | 26,8 1049 751
Mpumep 18 Amowmunanesas | Ilpumep 16 24,7 1096 853
¢ombra
Mpumep 19 IIpumep 15 IIpumep 16 24,7 1057 848

Takum 0Opazom, OBUTO TIOKa3aHO, YTO MPUBEICHHBIC BBIIIE MIPUMEPHI JEMOHCTPUPYIOT KEJTaeMble TOJIIIN-
HY, METaJUIMYECKOE TIOKPHITHE M PE3yJIbTaThl IPOBOJUMOCTH, HEOOXOIUMBIE IS MPEJOTBPAILCHUS TEIIOBOTO
pasroHa BHYTPH DJIEKTPOJIMTCO/EPKAIIETO aKKyMYJISTOpa, TEM CaMbIM oOeclieuuBasl He TOJIBKO ropaszio Ooiee
0e301acHbIi 1 HAaJEXKHBIH THI aKKYMYJISITOPa, HO U TPeOys ropas3/io MEeHee TSHKENBIX BHYTPEHHHX KOMIIOHEHTOB,
geM KOTJa-Tn00 mpeke, 6e3 ymepoa At 6e301macHOCTH, a, TI0 CyTH, 00eCTIeUnBast €€ yIIydIleHHe.

Kak oTMedeHO BbIIIE, BO3MOKHOCTb HE TOJIBKO OOECIICUNBATh TAKOW TOHKHMI TOKONPHEMHHUK (B Ka4eCTBE
BHYTPEHHETO NMPEJOXPAHUTENSI BHYTPH JTUTHEBOTO aKKyMYJIITOPHOTO H3/IENNs), HO U TaK)Ke HEOOXOIMMBIE IIpe-
UMYILECTBA CTPYKTYPHI C S3bIYKAMH JUIA 0OecTieueHNs Mepeiaun TeHEPHPYEMOro HaIPSKEHUS 3a TIPeIeIbl pac-
CMaTpUBAEMOTr0 aKKyMYJISITOPHOTO JIEMEHTA, JIS)KUT B OCHOBE HACTOSIIIEro m3o0pereHus. Kpome toro, Bo3-
MOXHOCTb JOIOJHUTEIBHO HCIIOIb30BaTh BBIIICYKa3aHHBIC MOJIE3HbIE TOHKHE CTPYKTYPHl TOKOIPHEMHHKA MO-
3BOJISIET MCIIOJIB30BATH JII000E KOJTMYECTBO OECUHCIICHHBIX KOHQUTYpaluii B Ipeiesiax caMoro akKyMyJISITOPHO-
TO W3/EJHs, TIOTEHIMAIBEHO BbIpabaThiBasi COBOKYIIHbIE YPOBHU MOIIHOCTH B ITPUCYTCTBUH ITOJIE3HOTO BHYTPEH-
HETO MPEIOXPAHUTEIHPHOTO KOMIIOHEHTA (KOMIIOHEHTOB). DT0 OoJiee mopoOHO moka3aHo Ha ¢ur. 12-22.

Ha ¢ur. 13 moxa3aH ofZWHOYHBIA TOHKOIUICHOYHBIH S3BIYOK/TOKONPHEMHHUK 600 ¢ MeTaJuIM3upOBaHHBIM
IUICHOYHBIM cl0eM 614 ¥ HIDKHUM HeMeTaJuIndecKuM cioeM 616. Taxxke mpeaycMOTpeH MpOBOISIIUN A3bIY0K
610 (U1 MOJKITIOYEHUS] K BHENTHEMY KOMIIOHEHTY II€pelaydl PHEPrHU aKKyMYJIATOpa), BRIPOBHEHHBIH MepIeH-
JUKYJISIPHO TOKOTIPUEMHHKY U COCIMHEHHBIM C HUM CBapHBIMHM IIBaMHu 612.

Ha ¢wur. 14 moka3aH aHaJOTHYHBIN TOKOTPHUEMHUK 620, HO ¢ S3bIYKOM 622 ¢ JIeHTOH 624, coeauHsIomEeH
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S3BIY0K 622 ¢ ToKompueMHUKOM 634 ¢ 1enpio oOecriedyeHus mpoBoauMocTH. Kak yka3aHO BBIIIE, SI3EI-
YOK/TOKOTIPHEMHHK 620 MMeeT MeTaNIM3UPOBaHHBIN IICHOYHBIN cI0i 626 M HIKHUI HEMETaJUTMUECKUH CIIoi
632. JICHTOYHBIN KOMITOHEHT 622 TIpeyCMOTPEH Ha BHEIIHEH MOBEPXHOCTH 628 s3bIYKa M BEAET K HEMETaJUIN-
YeCKOMY CJIOI0 626 TOKONIPHEMHHKA, TIPH YCIOBUH, YTO CIIOCOOHOCTH aAre3MOHHON MPOYHOCTH HA CIIBUT TIO3BO-
JISIET S3BIYKY OCTAaBATHCS 3aKPEIUIEHHBIM TOAXOISAIIAM 00pa3oM ¢ IEeNbI0 00ecTIedeHUs IPOBOANMOCTH.

Ha ¢wur. 15 npeacraBnen apyroit sA36190K/ToKONprueMHUK 640, OKAa3BIBAIOIIMNA JPYToi CIIOCO0 coeanHe-
HUS s3bI9Ka 642 C OMHUM TOHKHM TOKOTPUEMHHUKOM 648 (C METa/NTM3MPOBAHHBIM TUICHOYHBIM cloeM 644 u
HIDKHUM HEMEeTAJUTMYECKHM cioeM 650) mocpeacTBOM COEAMHEHHS IBYX KOMIIOHEHTOB C IOMOIIBIO TPOBOIS-
KX CK0O 646.

Takue TUIOCKHE CTPYKTYpPHI TOKONPHEMHHUKOB JOMYCKAIOT TUIMUYHYIO KOH(DUTYPALHUIO aKKyMyIsATOpa C
KOMITAKTHBIMU aKKyMYJISTOPHBIMU CTPYKTypamu (TaKMMH KaK Te, 4TO IMOKa3aHbI, Harpumep, Ha ¢ur. 1). Ha ¢wur.
16 nokasaH s3prdok/TokonpueMHuKk 700 ¢ omHoOU crimangkoi 710 u ¢ ogHUM s3b19koM 702 ¢ JICHTOM, PUKpETI-
JICHHBIM K METaJUTM3UPOBAHHOMN MOBEPXHOCTH 712 MIeHKH (KOTOpas MOKPHIBACT, KaK YKa3aHO BEIIIC, HEMETA-
nmyeckuit cioit 708). Takum oOpazom, TokonpueMHuK 704 ¢ oqHOM ckiankoit 710 oOecriednBaeT B pe3yibTaTe
BO3MOKHOCTD yBEJHUYEHH BBIPAOOTKH DHEPTHH BHYTPH aKKyMYIATOPHOTO 3JEMEHTa, XOTS M C HEOOXOIUMO-
CTBIO HEOOJIBIIOTO YBETMUCHHS pa3Mepa aKKyMyJIsATopa Mo CPAaBHEHHIO C TUIOCKON CTPYKTYPO.

Ha ¢ur. 17 mokazan sS36190K/TOKONpUEMHUK 720 ¢ TBOWHBIMH CKJIaAKaMH 732, HCTIONB3YIOIMUN OAHY U TY
K€ TOHKYIO CTPYKTYpY 724 TokompuemHHKa. Takum oOpa3om, Takas OBOWHas ckiaaka 732 MOMOJHHUTEIHHO
obecreunBaeT BO3MOKHOCTb COEAMHEHHUS JIBYX CTOPOH 726, 728 ToxompueMHHKa 724, KOTOpBIE B MIPOTUBHOM
cilydae MOTIH OBl OBITH AJIEKTPHYECKH W30JIMPOBAHBI ITOJIMMEPHOH IUICHKOH, PacIONIOKEHHON MEXITy IBYMS
SJIEKTPONPOBOASIIMMU CIHOAMHU. SI3bI40oK 722 MpUKperuisieTcs K MoBepXHOCTU 730 TOKOMpPUEMHHUKA C LEIbIO
o0ecrieueHHs POBOJUMOCTH TIPU TaKOH TBOIHOM ckimaake 732.

Ha ¢ur. 18 Taxxe nokasaH IUIOCKHH S3BIY0K/TOKONIPUEMHHUK 750 ¢ BepXHEl IIOBEpXHOCTHIO 758 M HIOKHEH
MOBEPXHOCTBIO 762 TOTO K€ TUIMA, YTO U BbIIE. B 3TOM mpumepe s13p190k 752, 754 BBINOIHEH B BUAE ABYX IMa-
PAIETBHBIX CTPYKTYP, HAXOAAIIMXCS B KOHTAKTE KaK C BEPXHEH MOBEPXHOCTBIO 758, Tak M ¢ HIDKHEH TOBEpX-
HOCTBIO 760 TokompuemMHuka 762. Takoi s3bp190K 752, 754 BKIItoUaeT B ceOs CBapHBIC MBI 756 I COCTUHEHUS
¢ obenmu oBepXHOCTSIMU 758, 760.

Ha ¢wur. 19 mokazana ctpykrypa 780, aHanorudHas mokasaHHod Ha ¢ur. 16, HO ¢ HATMIWEM OJHOTO CJIO-
JKEHHOTO sI3bIYKa 794, KOTOPBIH KOHTaKTUPYET ¢ oO0enMu moBepXxHOCTsIMH 788, 790 TokompuemMHuka 792 mo-
CPEIICTBOM CBApHBIX MIBOB 786, MIpHUYEM OT CJIOXEHHOTO s3bIYKa 794 OTXONAT NBa yIIWHEHHBIX BhICTymHa 782,
784.

Ha ¢wur. 20 mnoxasan s3er4ok 802, mnpuBapeHHBI MOCPEACTBOM CBapHBIX IIBOB 804 K s3bI4-
Ky/TokonpueMHHKy 800 ¢ JABOMHBIMH CKJIaJKaMH, TAKMM 00pa3oM JIEMOHCTPHUPYS Ty e CIIOCOOHOCTh COENH-
HATB DJIEKTPHUYECKH M30JMpoBaHHbIe ciion 808, 812, koTopas OblIa yKa3aHa BBIIE B OTHOIIEHHH TOKOIIPHEMHH-
ka 806, HO ¢ HamMuueM Oostee Ge30macHbIX cBapHBIX MIBOB 804, KOTOpBIE OoJice HAAEKHBI M MMOTEHIUAILHO 00-
nee 3¢ heKTUBHBI IS LeNel nepeiadyd SHEPTUH.

Ha ¢uwur. 21, Takum o0pazom, rnokazaHa cTpykTypa 820 KOMIIO3UTHOTO SI3bIYKa/MHOXECTBA TOKOIPHEMHH-
KOB, cojiepKaras MHOXECTBO (B JAHHOM Clydae - ISATh) TaKUX TOKOTpHeMHUKOB 826, 828, 830, 832, 834 c 3a-
KpPYTJICHHBIMU JTBOMHBIMU CKJIaTKaMH 856, a TakKe ¢ METAJUIM3UPOBAHHBIMH TUICHOYHBIMH ciosMu 858, 860,
862, 864, 866 ¥ HIKHUMH HEMETAUTMYECKUMHU caosiMu 846, 848, 850, 852, 854, coemnHEHHLIMU ITOCIEA0BA-
TENBHO IUTS emle OoJbIIell BO3SMOKHOCTH COCTUHECHHUS HIIEKTPHUYECKH H30JIMPOBAHHBIX CIIOEB C IENbI0 obecnede-
HUS TIPOBOJAUMOCTH Yepe3 OJUHOYHBIN S36I90K 822 cO CBapHBIMU IMIBaMH 824, COSTUHSIIONIMMHUCS ISl 0Oectie-
YCHHS MPOBOJAUMOCTH C BEPXHUM TOKOIPUEMHHKOM 826 C 3aKpyTJICHHBIMHU IBOWHBIMHU CKJIaakaMu. [IpuBapHOi
A3bIYOK 822 TaK)Ke MPOYHO OCTACTCS HAa MECTE JUISl TIOBBIICHHS HAJEKHOCTH.

Bropoii npotrBonexaniuii 36140k 904, mpuBapeHHBIH TOCPEACTBOM CBapHBIX MIBOB 906, OKa3aH Ha (UT.
22 c HalIM4HMeM TAaKOro MacchBa M3 MHOXeCTBa TOKompueMHUKOB 908, 910, 912, 914, 916 ¢ MHOroKpaTHBIMU
3aKkpyriaeHHbIME ckiankamu 938. Takas crpykrypa 900 s3BIMKOB/TOKONIPHEMHHMKOB IO3BOJISIET YBEIMYHBATDH
BBIPA0OTKY SHEpruu 0e3 HEOOXOANMOCTH YBEJIMUCHHS Beca WIM 00beMa paccMaTpHBacMOTO aKKyMYJISITOPHOTO
3JIEMEHTa MOCPEICTBOM ABYX s3BIYKOB 902, 904, CKOHQUTYpUPOBAHHBIX M COCTUHEHHBIX C ABYMsI BHEITHHUMH
tokonprueMHuukamMu 908, 916, kak oTMedeHO paHee. MeTaluTM3UpOBaHHBIC TUICHOUHBIE ciion 940, 942, 944, 946,
948, kak yka3aHO BBIIIE, CHAOXKEHBI MPOTUBOJICKAITIMI HEMeTaLTHIecKuMu ciosimu 928, 930, 932, 934, 936,
KaK U B IpYTHX MMOJOOHBIX MPUMEPax TOKOTIPUEMHUKOB.

Kaxk mokazano Ha ¢ur. 23, B Ka4ecTBe €Ile OJTHOTO HeOTPaHUYMUBAIOIIETO pUMepa CTPYKTYphl 960 s3b14-
Ka/TOKOTIPUEMHHUKA SI3BIY0K 962 ¢ MHOXECTBOM Z-00pa3HBIX CKIAIOK 972 MpUKpEIUIeH K Habopy mapauiebHbIX
TUIOCKUX TOHKUX TOKOIIPHEMHHKOB 964, 966, 968, 970 (B maHHOM citydae - 4eThIpeX) (KaK ONMCAHO BHIIIE), IPH
9TOM METAJUIM3UPOBaHHBIE IUICHOYHBIE ciion 974, 978, 982, 986 n HuxHHE HeMmeTauyeckue ciou 976, 980,
982, 984, onsATh *Ke, MPeyCMOTPEHBI Il 00eCHeYeHns Ipyroro crnocoda BHIPaOOTKH COBOKYITHOH MOIIHOCTH
TMIOCJI/IOBATENILHO, XOTS ¥ C TNIOCKAMH TOHKUMH TOKOIpHEMHHUKaMu 964, 966, 968, 970 (hyHKIHOHUPYIOIIUMH
KaK MHOKECTBO BHYTPEHHHUX IPEIOXPAHUTEIICH).

CrenoBaresbHO, Takue CTPYKTYpHl 1o ¢ur. 13-23 momyckaloT pasHble BHELITHHE COCIMHEHHS C BHYTPEH-
HUMH [IPEIOXPAaHUTEITBHBIMA KOMIIOHEHTAMH CTOSYETO JIUTHEBOTO aKKyMYJLITOPA.

[Tocne moapoOHOTO ONMMCaHMs M300PETEHHSI CTAHOBHUTCS OYEBHUIHBIM, YTO CHEIHANNCT B JaHHOW 00JacTH
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TEXHUKH CMOXET BHECTH B HETO M3MCHEHUS U MOJM(DHUKAINH, HE BEIXOJS 3a TPEACibl 00heMa HACTOSIIETO U30-
opeteHus. COOTBETCTBEHHO, 00BEM HACTOSIICTO M300PETCHHS JODKCH ONPEACISATHCSA TOJNBKO IMpHIIAaracMon
(hopmyoit n300peTeHMSL.

DOOPMYVYIJIA N30BPETEHUA

1. YcTpoWicTBO XpaHCHHS SHEPTHHU, COACPIKaIlee aHOJ, KaTod, 0 MEHBIICH Mepe OAWH Cemaparop, IpH-
CYTCTBYIOIIHIA MEXIY aHOJOM U KaTOJIOM, JIEKTPOJIUT, IO MEHBIIEH Mepe OJUH TOHKOTUICHOYHBIH TOKOTIPHUEM-
HUK, KOHTAKTHPYIOIIHI M0 MEHBIIIEH Mepe C OJHUM M3 aHOJIa ¥ KaTo/ia, ¥ 10 MEHBIIICH Mepe OJIMH S3bIUOK, MPH-
KPCIUICHHBIN K yKa3aHHOMY TI0 MCHBIIICH Mepe 0JTHOMY TOHKOIUICHOYHOMY TOKOTIPUCMHUKY, IIPH 3TOM:

a) SI3BIYOK MPHUKPEIUICH K TOKOIPUEMHHUKY C IMTOMOIIBI0 COCTUHHUTEILHOTO CPENCTBA, MPHU 3TOM COCIHHU-
TEJNBHOE CPEJCTBO BHIOPAHO M3 TPYIIIBI, COCTOSIICH U3 aiAre3uBHOW JICHTHI, CKOO, MPOBOAIINX KIICCB M 32)KU-
MOB;

b) coemuHUTENIEHOE CPEACTBO UMEET AIEKTPUICCKUHA KOHTAKT C OTKPHITOM MOBEPXHOCTHIO SI3BIYKA M TOH-
KOTICHOYHOTO TOKOIIPHEMHUKA;

¢) mbo aHomI, MO0 KaTOI MOMEIICH MEXKIY 10 MEHBIIEH Mepe 9acThI0 TOHKOIUIEHOYHOTO TOKOIPHEMHHKA
1 CemapaTopoM;

d) TOKOTpHEMHHUK COIEPKUT MPOBOISIINI MaTepHall, HAHECEHHBIN Ha TOMJIOKKY U3 HEIPOBOSIIIETO Ma-
TepHana;

€) TOKOIIPHEMHUK MEPECTACT IMPOBOJNTH B TOUKE KOHTAKTa KOPOTKOTO 3aMBIKaHHUS TIPU paboUYeM HaIpsKe-
HUH YCTPONCTBA XpaHCHHUS SHEPTUH U

f) HanpspkeHue cocraBiseT Mo MeHber mepe 2,0 B.

2. YCcTpolCTBO XpaHEHUS SHEPTHU IO 1.1, B KOTOPOM YKa3aHHBIC 32)KHMBI 32)KHMAIOT MPOMEKYTOUHEIC
METAJUTMIECKHE TI0JIOCH FITH Z-00pa3HO CI0KEHHBIE METAJUNIMIECKHE TTOJIOCH.

3. YCTpo#CTBO XpaHEHUs YHEPTHH TI0 1.1, B KOTOPOM COEMHUTEILHOE CPEICTBO COCTOUT n3 2-50 coemnu-
HEHHH, PaclpeleNeHHBIX M0 TOKONPHEMHHUKY TaK, 4TOOBI oOecreunBaTh paBHOMEPHOE NMPOTEKaHHE TOKa OT
3JIEKTPOIHBIX MAaTEPHAJIOB K S3BIYKY COOTBETCTBEHHO.

4. YcTpoiCTBO XpaHEHHUS SHEPTHH T10 1.1, B KOTOPOM CemapaTop BEIIOIHEH U3 IMOJIMMepa, HETKaHOTO Ma-
Teprana, TKaH!A WIIN KePaMHUKH.

5. YCTpOWCTBO XpaHEHHUS YHEPTHUH TI0 1.1, B KOTOPOM IMOAJI0KKA M3 HEMPOBOIAIICIO MaTepHalia MpeICTaB-
JseT coOO0 TOMMMEPHYIO ILICHKY.

6. YCTpo#CTBO XpaHEHUsS SHEPTHH 1O I.1, B KOTOPOM 3JIEKTPOJIUT MPEICTABISACT COOOW BOCILIAMCHSIO-
LIUICSI OPraHUueCKHUl 2JIEKTPOIIUT.

7. YcTpoicTBO XpaHEHUs SHEPTHU IO 1.1, B KOTOPOM S3BIYOK HPEACTABISICT COOOM MEPBBIN SI3BIYO0K, KOH-
TaKTUPYIOIIUH ¢ BEepXHEH MOBEPXHOCTHIO TOKOMPUEMHHIKA, ¥ BTOPOH S3BIY0K, KOHTAKTUPYIOIIUN ¢ HUKHEH I10-
BEPXHOCTHIO TOKOTIPHEMHUKA, IPHYEM IIEPBEIH S36I90K M BTOPOH SA3BIYOK MapalIeIbHEIL.

8. YcTpoiicTBO XpaHEHHs YHEPTHH 10 I1. 1, B KOTOPOM S3BIYOK CIIO’KEH MOBEPX TOKOMPHEMHHKA TaKUM 00-
pa3oM, 9TOOBI MEPBEIM BBICTYII S3b[YKa KOHTAKTHPOBAJI C BEPXHEH IMOBEPXHOCTHIO TOKOIPHEMHHKA, & BTOPOIl
BBICTYTI SI3bIYKa KOHTAKTHPOBAJ C HIDKHEH MOBEPXHOCTHIO TOKOIPHEMHUKA, IPUYEM HEPBBIA BBICTYIT H BTOPOH
BBICTYTI TApaJJICITBHEI.

9. Cuctema XpaHEHHS SHEPTHH, COIEpIKaIIast 10 MEHBIICH Mepe OAHO YCTPOMCTBO XpaHEHHS SHEPTHH, CO-
JiepKariee

aHOI;

KaToJI;

IO MEHBIIICH Mepe OJIUH cenapaTop, MPUCYTCTBYIOMIMHA MEXKIY aHOJAOM H KaTOJIOM;

AJIEKTPOJIUT;

110 MEHbIIIEH Mepe OJUH TOHKOTUICHOYHBIN TOKOTIPUEMHUK, KOHTAKTUPYIOUTUN 110 MEHbBIIIEH Mepe ¢ OAHUM
W3 aHOJa W KaToja, MPHYeM TOKOIIPHEMHHUK COJCPIKUT MPOBOIAIINI MaTepral, HAaHeCEHHBIN Ha MOUIOXKY U3
HETIPOBOJAIIECTO MaTephala, MPH 3TOM TOKONPHEMHHUK IepeCcTaeT MPOBOANUTH B TOUYKE KOHTAKTa KOPOTKOTO 3a-
MBIKaHHUS TIPU pabodueM HalpsDKEHHH CHCTEMBI XpaHEHHS SHEPTUH, PUYEM HaNpsHKEHHE COCTABISIET MO MEHb-
meit mepe 2,0 B;

[0 MEHBIIEH Mepe OIWH S3BIYOK, MPUKPEIUICHHBIH K YKa3aHHOMY 0 MEHBINEH Mepe OIHOMY TOHKOILIE-
HOYHOMY TOKOTIPUCMHHUKY; H

COCTUHUTEIIEHOE CPEJICTBO, BBIMIOJHEHHOE C BO3MOXKHOCTBIO TPUKPEIUICHUS S3bIYKA K TOKOIPHUCMHUKY,
MPY 3TOM COCAUHUTETHHOE CPEACTBO UMEET IJICKTPUUCCKUN KOHTAKT C OTKPHITON MOBEPXHOCTHIO SI3BIYKA M TOH-
KOTUICHOYHOTO TOKOIPHEMHUKA M TPU 3TOM COCTUHHUTEILHOE CPEJCTBO BBHIOPAHO W3 TPYIIIBI, COCTOSIICH U3
aJIre3UBHOM JICHTHI, CKOO, TPOBOJISIIUX KICEB U 3aKUMOB;

IIPH ATOM JHOO aHOJI, JINOO KaTOJ PACIOIOKECHBI MEXKIY M0 MEHBIIICH Mepe YaCThI0 TOHKOIUICHOYHOTO TO-
KOTIPHEMHHKA U CETapaTOPOM.

10. Cuctema XpaHEHUS SHEPTHUH TIO 1.9, B KOTOPOH 3a)KUMBI 32KHUMAIOT ITPOMEKYTOUHBIE METaNTMICCKUE
TIOJIOCHI MITH Z-00pa3HO CIOKEHHBIE METAJUINIECKHUE TIOJOCHL.

11. Cuctema XpaHeHHUS SHEPTHH TI0 1.9, B KOTOPOH COSAMHUTEIHHOE CPEACTBO COCTOMT M3 2-50 coenmHe-
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HUH, pacmpeeNICHHBIX 1T0 TOKOIIPHUEMHHKY TaK, 4TOOBI 00CCIIeYNBATh PABHOMEPHOE MPOTEKAHUE TOKA OT JJICK-
TPOIHBIX MaTEPHAJIOB K SI3bIYKY COOTBETCTBEHHO.

12. Cuctema XpaHeHUS SHEPTHU TI0 1.9, B KOTOPOM cemapaTop BBIOJIHEH M3 MOJMMEpa, HETKAHOTO MaTe-
pHana, TKaHU WA KEPAMHKH.

13. CucreMa XpaHeHUs! YHEPTUH TI0 1.9, B KOTOPOH MOAJIOKKA M3 HETPOBOIAIIETO MaTepraa MpeaCTaBIIs-
eT co00if MOTMMEPHYIO IUICHKY.

14. CucteMa XpaHEHHUsS SHEPTHH TI0 11.9, B KOTOPOH SJEKTPOIHUT MPEACTABISIECT COO0H BOCTUIAMEHSIONITUICS
OpTraHUYeCKHil JIEKTPOITHT.

15. CucteMa XpaHEHUS SHEPTUU 10 1.9, B KOTOPOH SI3BIYOK MPEJICTABISACT COOOM MEePBBIN A3bIYOK, KOHTAK-
TUPYIOIIUH ¢ BEPXHEH MOBEPXHOCTHIO TOKONPUEMHHUKA, W BTOPOW S3BIYOK, KOHTAKTUPYIOIIUN C HIDKHEH IMo-
BEPXHOCTBIO TOKOTIPUEMHHUKA, TIPUYEM TIEPBBIH A3BIYOK U BTOPOH SI3BIYOK MapaUICIbHBIL.

16. Cuctema XpaHCHHS YHEPTUH 110 1.9, B KOTOPOW SI3BIYOK CIIOKEH TOBEPX TOKOMPHUEMHIKA TaKHUM 00pa-
30M, YTOOBI MIEPBEI BBICTYII S3bIYKAa KOHTAKTHPOBAJI C BEPXHEH MOBEPXHOCTHIO TOKOPUEMHHUKA, & BTOPOH BEI-
CTYI sI3bIYKa KOHTAKTHPOBAJ C HIDKHEH MOBEPXHOCTHIO TOKONPUEMHHUKA, MPUYEM IEPBBIA BBICTYI H BTOPOU
BBICTYTI ITApaJUICIbHBL

17. Cuctema XpaHEHHS SHEPTHHU MO0 1.9, B KOTOPOH TOKOMPHEMHHUK MMEET KOH(PUTypaIuio C IBOMHBIMH
CKJIaKaMH JUTS CO3IAaHUS IBYX DJICKTPUIECKH H30JIMPOBAHHBIX CIIOEB.

18. Cuctema XpaHeHHUS SHEPTUU 110 11.17, B KOTOPO# TOKOMPUEMHUK TPEACTABISIET COO0M MHOMKECTBO TO-
KONPHEMHHKOB, COCIUHEHHBIX ITOCIIEI0BATEIRHO, IPUYEM SI3BIYOK MPUKPEIUICH K MOCIEeIHEMY TOKOIIPUEMHHUKY
W3 MHOXKECTBa TOKOTIPUEMHHKOB

19. Cuctema xpaHeHUs! SHEPTUU MO 11.18, JOMOIHUTENBHO coAepkKallas BTOPOH S3bIY0K, TPUKPEITICHHBIN

K IEPpBOMY TOKOIIPUEMHUKY N3 MHOXKCCTBA TOKOIPUCMHUKOB, IPUYCM A3bIYO0K U BTOpOﬁ A3bIYOK IMapaJlJIC/IbHBI.
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CpaBHUTENbHLIA NpUMep 1 NOcne NPUKOCHOBEHUS rOPsAYero
nasmnbHWKa

CpaBHWTerBbHbIN MpUMEp 2 Nnocne MPUKOCHOBEHWS FOpsYero
nasinbHKa

®ur. 6A

Mpumep 1 nocne NPUKOCHOBEHMSA ropsaYero NasneHUKa
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Mpumep 4 nocne NPUKOCHOBEHNSA rOpaYero nassbHWKa

N

®mur. 8
anIMep 5 nocne NPWUKOCHOBEHUA ropaYero nasanbHUKa

dur. 8A

Mpumep 6 nocne NPUKOCHOBEHWS FOPSYEro nasnsHUKa

Our. 8B
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9B

Dur

0B

3 nocne KopOTKOro 3aMblkaHUs npu 4

" npymep

CpaBHuTENbHbI

10

dur

4 nocrne KopoTKOro 3amblkaHusa npu 4,0 B

" npumep

CpaBHUTENBHBI

. I/IF. 10
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Mpumep 14 nocne KopoTKoro 3ambikaHuns npu 4,0 B
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1400mMm — 00 o

dur. 12
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