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YIIEPOAHBIX MATEPHAJIOB, B YACTHOCTH, JUISl CO3/IAHUS HAKOIIUTENCH INMEKTPUUECKON SHEPIHHU C IBOUHBIM
JNIEKTPUYCCKUM CIIOCM. 3ajaucii W300peTeHHs SBISCTCS YIYUIICHUE JIICKTPUYCCKUX XapaKTCPUCTUK
HAKOMUTENSI OJIEKTPUUECKOW HSHEPruM C JBOMHBIM DJIEKTPHUYECKUM CIIOEM. 3ajada H300peTeHus
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COJICPIKUT TPOMUTAHHBIC SJICKTPOIUTOM JIEKTPOJIBI, PA3CIICHHBIC CEapaTOpPOM, MPU 3TOM JIICKTPOJIBI
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710 70°C 1 1aBIeHUH CKATHS HMeKTpoaoB a0 20-10° ITa.

IV 02v00810¢



Hakonurtedh 3JeKTPHYecKoif YHepIHH ¢ IBOHHBIM 3JIEKTPHIECKHM CJI0EM

O61acTh TEXHUKH, K KOTOPO! OTHOCHTCS H300peTeHue.

HN306peTeHHe OTHOCHTCA K 3IEKTPOTEXHHUKE, 8 HMCHHO, K HAKOIMUTCIIIM
SNEKTPUYECKON SHEPTHH ¥ MOXET OBITH HCIIONB30BAHO JUIS CO3MAHHA HaKONHUTEIEH
3JEKTPHYECKOM SHEPIUH € 3IEKTPOaMH U3 TIOPUCTHIX YTIIEPOIHBIX MaTepUaos, B
YaCTHOCTH, [UIS CO3JaHMs HAKOTIUTENEH IIeKTPIUECKOM SHEPTUH ¢ IBOHHEIM

3NCKTPUICCKUM CJIOCM.

YpoBeHb TEXHUKH.

M3BecTeH aHANIOT, HAKOIUTEb 3IEKTPUIECKON SHEPI UM ¢ IBOHHBIM
anextpudeckuM cioeM (Ilarent PO 2041516, onyOnnkoBaHHbIH 09.08.1995),
COJIEpIKAIMit KOPILYC, BEITIONHEHHbIH B BHIE 000JI0UKH, BﬁyTpH KOTOpPOTO PacloIoXKeH
NaKeT KOHJEHCATOPHBIX 3JIEMEHTOB, CKATHIH 10 BEICOKOTO NaBICHUS (zo 100'10°1a).
Kax sl 13 KOHIEHCATOPHBIX 3JIEMEHTOB COIEPKUT ITOPUCTBIE IIEKTPOBI, pPa3/ICTICHHBIC
MIOHOIPOBOMIAIIUM CENapaTopoM, SNEKTPOIMT ¥ TOKOChEMHUKH, OXBATHIBAIOIIHE
ANEKTPO/b] U Pa3jeNeHHbIe 110 TEPUMETPY d1eMEHTa TU3JIEKTPHHYECKOR TIPOKIIaAKOH.

I[Tpu3HAKH, COBIIANAOMIHE C IIPU3HAKaMK U300pETEHNUS: KHAKOMUTENb
3NEKTPUIECKON SHEPTHH C ABOMHBIM 3JEKTPUYECKUM CIIOEM. .. CONEPKUT IIEKTPOARL,
pasjieeHHBIe CenapaTopoM, JNEKTPONUT ¥ TOKOCEEMHUKHY.

BEICOKOE JaBleHUE CIIOCOOCTBYET CHUKEHHUIO 3JIEKTPHIECKOTO CONIPOTHBICHHUS
3IeKTPOJIOB ¥ HAKOIIUTE IS SHEPTHH B LIEIIOM, &, CIIEJI0BATENBHO, CIOCOOCTBYET
YBENHYEHHUIO OTaBaeMO# Ha Harpy3Ky MOIIHOCTH. [Ipy 3TOM yBEIHYUBACTCS
camopaspsiz

HenmocTaTKOM aHajlora sBJsAeTCs BBICOKas HHTEHCHBHOCTH caMopaspsia

HaKOIIUTECIIA 3JI€KTpH‘I€CKOﬁ SHEPTHUU.

Hp}’FHM aHaJIOrOM SBJISIETCS HAKOMUTENb 3HEPTHHU C IBOWHBIM SIEKTPUICCKUM

cnoem (ITatent P® 2041518, omy6nukosarHbiii 09.08.1995), copepixaiuui nsa
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NPONUTAHHBIX 3JIEKTPOIMTOM 3JIEKTPO/Ia, U3TOTOBIEHHBIX U3 CMECH YACTHIY
aKTHBHPOBAHHOT'O YIJIA ¥ MOJIMMEPHOIO CBS3YIOMIETO (4aCTUYKAMH 3JIaCTUYHOTO
AUSNIEKTPUKA) ¥ pa3IeICHHBIX HOHOMIPOBO/UIIINM CeIlapaTopoM, ¥ Ba HENPOHMIAEMBIX
AJI 2NEKTPONIUTA U HHEPTHBIX K HEMY TOKOCHEMHHKA, OXBATHIBAIOIIMX SJIEKTPOAbI 1
Pa3NENEeHHBIX 10 IEPUMETPY U3OISIIHOHHOMN MPOKIIAIKOI.

IMpusnaky, coBnafamune ¢ IpU3HAKAMU W300PETEHNs: KHAKOIMUTENb
3IIEKTPUYECKOU SHEPTHH C ABOMHBIM 3JIEKTPHIECKUM CIIOEM. .. COAEPIKUT IIEKTPOJIH],
NIPONMTaHHBIC 3JIEKTPOIUTOM, pa3ielIcHHBIE CENapaTOPOM, TOKOCEEMHUKHY.

HC,IIOCTaTKOM aHaJiora siBJIg€TcCsl BbICOKass MHTCHCUBHOCTD caMopaspsga
HAKOMUTENA INEKTPHICCKON SHEPTUM, a TaKKe OONBIIOE HNEKTPHIECKOE COIPOTHUBIICHHE
3JIEKTPOJIOB.

Taxoxe ananorom sBseTcs, HAKOIIHTENb SHEPIUH C TBOWHBIM 3JEKTPHYECKIM
cioeM (Ilarenr PO 2047235, omy6mkosannsrii 27.10.1995), conepxamuit 1sa
3JICKTpOJla U3 aKTUBUPOBAHHOI'O YI'JIsl, IIPOIIUTAHHEIE OPraHMYECKUM JJIEKTPOIUTOM U
pasJeeHHBIE HOHOIIPOBOAALINM CEnapaTopoM, M ABe 0OKIaJIKH TOKOCLEMHHUKH,
OXBAaTHIBAIOIIHE 3JIEKTPO/IBI, BEIIIOJIHEHHBIE U3 METAIUIMYECKOTO MaTepuala, HHEPTHOIO K
BIEKTPOIIUTY, U U30MPOBAHHKIE [0 IEPAMETPY AUIIEKTPUUECKOMN TIPOKIIAIKOMN.

[Ipusnaky, coBnafaroInye ¢ Npu3HaKaMyu H300PETEHNS: «HAKOITHTEN
3IIEKTPUYECKOM SHEPTUH C JBOHHBIM 3TEKTPHYECKUM CIOEM. .. COAEPKUT SIEKTPOIHI,
NPOMUTAHHBIE 3JIEKTPOIUTOM, pa3/ie/IeHHbIE CENapaTopoM, TOKOCHEMHUKH.

Henocratkom aHanora siBIseTcs BHICOKast HHTEHCUBHOCTH caMopaspsaa
HAKOIUTENS 3MEKTPUYECKON SHEPIHH, a TaKkkKe DONBUIOE TEKTPUIECKOE COMTPOTUBIICHHIE
3NIEKTPOJIOB.

AHAaJIOroM H300pETEHNS ABIAETCA HaKOMUTENb NEKTPUUECKON IHEPTUH
(koHZIEHCaTOp) ¢ ABOMHEIM ekTprdeckuM cioeM (ITarent PO 2170467,
omy0nukoBaHHel# 10.07.2001). HakonuTens SHEPIUM CONEPKUT JIBA JIEKTPO.IA,
pa3leNIeHHBIX CENapaTopoM, ¢ BHEMIHUX CTOPOH KOTOPHIX YCTAHOBIEHEI TOKOCHEMHUKH
(M3roTOBJIEHHBIE U3 TOHKOIMCTOBOIO HEMPOHHUIIAEMOTO IS 3JIEKTPOJIATA ¥ MHEPTHOTO K
3JIEKTPOIIUTY METAJIIa), H30JIMPOBAHHbIE MEXTY COO0M THINEKTPUUECKON

repMETU3UPYIOIICH NpokIankoii. CemapaTop U 3JI€KTPOABI IIPOIUTAHEI SJIEKTPOIUTOM.




1Ipu3naku, coBNaaloNIIe ¢ IPU3HAKAMI U306PETEHUS: «HAKOUTENb
3NEKTPUYECKOH SHEPIUHU C ABOMHBIM 3NEKTPHIECCKHAM CIIOEM. .. CONEPIKHUT INEKTPOIBL,
NPOMUTAHHBIC NCKTPOIUTOM, pa3ielIcHHbIE CENapaTopoM, TOKOCHEMHUKI.

Henocrarkom aHaiora sBisercs BbICOKas HHTEHCHBHOCTD CaMOpPa3psiia
HaKOMUTEIA 3JIEKTPUIECKON SHEPTHY, a TAKKE GONBIIOE INEKTPHIECKOE CONPOTUBIIEHHE
3NIEKTPOJIOB.

W3 ypoBHS TeXHHKH H3BECTHO 3IEKTPOXUMHUYECKOE ycTpolicTno ([TaTent PO
2608759, ony6mukoBannit 24.01.2017), comepxalee MakeT MOCIeI0BATENBHO
COCIUHEHHBIX eMHIYHBIX DIIEKTPOXUMHYECKHX JIEMEHTOB (KOHAEHCATOPHBIX
3JIEMEHTOB), KaX/Ibli U3 KOTOPEIX BEINOJTHEH B BU/E ABYX 3MEKTPOJOB H 110 MEHbLIEit
MEpe IBYX CENapaTopoB, COOPaHHBIX B CTONKY 3JIEKTPOJIOB JIMOO CBEPHYTHIX B IUIOCKHA
PYJIOH M ¢ KOHIIEBBIMH KaTOAHBIM W aHOJHBIM TOKOOTBOAaMHU. Mex Iy coceTHUMH
KOH/ICHCATOPHBIMH 3IEMEHTaMHU PACIIONOKEHE! PA3ICIIIONINE HX AUDJIEKTPUUECKHE
AUCTAHIMOHUPYIOIIUE BCTABKY, 00pa3yroIlKe 3aMKHYTHI IepMETHYHBIN KOHTYP BOKPYT
KaXJIOro KOHIEHCATOPHOTO 2JIEMEHTA.

ONEKTPOXUMHUYECKOE YCTPOHCTBO BHIIIOIHEHO B BUE HAKOIHTENS SIEKTPHYECKOl
SHEPrUHU C JBOHHBIM SNEKTPUIECKUM CIIOEM.

IocnenoBaresnbHOe coeMEEHME KOHACHCATOPHBIX 3JIEMEHTOB MOBHIIAET paboyee
HanpsDKEHHE Ha HAKOIIUTEIlE SHEPTHUH.

lIpu3Haxu, coBnajaromue ¢ NPU3HaKaMi U300PETEHHS: KHAKOIUTENb
BNCKTPUYECKOH SHEPIUHU C ABOMHBIM SNEKTPUYECKUM CIIOEM. .. COAEPXKHT INEKTPOIEL,
Cenaparopely.

HenocratkoM aHanora siBiseTcss OTHOCHTENBHO BHICOKAs MHTEHCHBHOCTD
CaMopaspsiia HaKOIUTEIIS INEKTPUIECKOH SHEPTHH, a TaKkKe GOJBIIOE STEKTPHYECKOe
COIIPOTHUBJICHHE IJIEKTPOJIOB.

HIpoToTHIIOM H300pETEHNs IBIAETCS HAKOUTEND SIEKTPHIECKOi SHEPriH ¢
JBOMHEBIM 3JIEKTPUYECKUM CTI0eM (cM. cTaThio «HcenenoBanue 3neKTpHIecKix
XapaKTEPUCTHK 3IEKTPOAOB U3 MOPUCTHIX YTIIEPOJHBIX MaTEPUAIIOB JUIS HAKOITHTENeH
SHEPTUH C JBOMHBIM 3JMEKTPHYECKHM CI0EM, ONYOINKOBAHHYIO B ceTH VIHTepHET
03.07.2017 roma
http://zaorotec.ru/articles/issledovanie_electricheskih_harakteristic_electrodov.html),

conepmamnﬁ IPOMHATAHHBIC SJIIEKTPOJIUTOM 3JIEKTPOLEI, Pa3AcICHHBIC CENMAapaTopoM, IIpH

3




3TOM 3JIEKTPO/bI BHIMOIHEHEI C UCIIOJIb30BAHUEM OPUCTOTO YIIIEPOAHOTO MaTepHaia 1
3NEKTPOJBI PACIOI0XKEHBl MEXAY TOKOCHEeMHUKAMH.

OTH IIPU3HAKY NIPOTOTHIIA COBHAAOT C MIPU3HAKAMH M300pETEHHS.

Henocrarkamu nporotumna sBIsOTCS:

- 0OJIBIIOE INEKTPUIECKOE COMPOTHBIICHUE SNEKTPOIOB (BLIIONTHEHHBIX C
UCITONIb30BAHUEM ITOPHCTOTO YrIIEPOJHOr0 MaTepHana) HaKOIUTENS JeKTPHIECKOi
SHEPTUH ¢ JBOMHBIM AIEKTPHUECKUM CJI0eM IpH TeMIeparype 31ekTpoaos ot 20°C 1o
70°C;

- 6ONBIIOE BIEKTPHIECKOE CONPOTHBIIEHHUE IIEKTPOJIOB (BBITOTHEHHBIX C
UCIIOb30BaHUEM ITOPUCTOrO YrJIEPOJHOTO MaTeprana) HaKOIUTEs NEKTPHIECKO#
9HEPTHHU C JBOMHBIM 3JIEKTPUUECKUM CIIOEM, [IPH OTCYTCTBHM JABJICHUS CKATHS OT
BHEIIHEN CKUMAIOIEN Harpys3Ku;

- DOJIBIIOE TEKTPUIECKOE CONPOTHBIEHUE BIIEKTPOIOB (BEIIOIHEHHEIX C
HCNOJIb30BAHUEM ITOPUCTOTO YIIIEPOJHOI0 MaTepyaa) HaKOIUTENS 3JCKTPHIECKOM
SHEPTUH C ABOMHBEIM 3JIEKTPUYECKUM CIIOEM, HAXOISAIIUXCSA B CKATOM COCTOSHHH, B
49acTHOCTH, IIPH JaBJICHUH CKATHs 31eKTpoaoB 10 20 105 I1a;

- GonbIIas HHTEHCUBHOCTE CaMOpa3psiia HAKOIMUTENA HIEKTPUIECKOM SHEPIUH C
JBOHHEBIM DJIEKTPHYECKUM CIIOEM, COAEPXKAIIETO 3JIEKTPO/IbI, BHITOTHEHHEIE C
UCTIONB30BaHUEM TMOPUCTOrO YIIIEpOAHOr0 MaTepHaia IpH TEMIIEPaType dIEKTPOJ0B OT

20°C mo 70°C u naBieHuH cxarus anekTponos 10 20- 10° [a.

PackpriTie cymHocTH H300peTeHHsl.

B HacTosmiee BpeMst HaKONUTENH SJIEKTPUIECKOM SHEPIHH € JBOMHBIM
SNIEKTPHYECKUM CIIOEM HAIIIH IPUMEHEHHE B KAYECTBE UMITYIILCHBIX HCTOYHHUKOB
3Hepruu 6oibioit MonrHOCTH. OCHOBHEIMU HEJOCTATKAMH TAKAX HAKOMUTENeH
ABJIAIOTCA MX 00JIbIIIOE BHYTPEHHEE COPOTUBIICHHE H BEICOKMI YPOBEHE caMopaspsja
(bonbIIMEe TOKH YTEUKH).

Jna cHMKeHNs BHYTPEHHETO CONPOTHUBIIEHNUS TPpeOyeTCs 3HAUNTENBHOE aBIEHHE
cxatus (Zo 100-10° ITa u 6oiiee), 4TO CYMECTBEHHO YTKEIAET KOHCTPYKITHIO
HaKOIUTEJISA SHEPIHH, YXYAIIAET €ro yAEIbHBIC JICKTPHUECCKUE XapaKTEPUCTHKH.

Bricokuii ypoBeHb caMopa3psiia HAKOMUTENEH SHEPTHU, COCTOSIINX U3

KOHACHCATOPHBIX 3JIEMECHTOB, COCAHHECHHBIX I1OCIE0BATEIRHO Tpe6yeT MNPpUMCHCHUS
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CIOXHBIX METOJ0B OAIAHCHPOBKH HANPSDKEHUH HA KOHIEHCATOPHEIX 3IEMEHTaX. JTo
YCIOXKHAET M yTSDKEISIET CUCTEMBI, 06€CIeUnBaIOIIeE 3aps-pasps] HaKONUTeNeH
SHEPIUH.

Ha YCTpaHC€HHE 3TUX HEQOCTAaTKOB HaIIpaBJICHO 3asABJIIEMO€E I/I306peTeHI/Ie.

3ajauedt H300peTeHus ABNACTCS yIIydIIeHHe SIEKTPHYECKHX XapaKTEPUCTHK
HaKOIHUTEIA 3IEKTPUIECKOM SHEPTHHU C JBOMHBIM 3JIEKTPUIECKUM CIIOEM.

3ajada H306pETEHHUS PEMAeTCs 3a CUET TOr0, YTO HAKOMHUTENb ITEKTPHIECKON
SHEPTHH C ABOMHEBIM SIIEKTPUYECKUM CIIOEM COJEPXKHT IPOIUTAHHBIE IEKTPOTHTOM
3JIEKTPOJIBL, Pa3ACNICHHBIE CENapaToOpPOM, TIPH 3TOM 3JIEKTPOAbI BEITOTHEHEI C
UCIO0JIb30BaHUEM TIOPUCTOI'O YTIIEPOJAHOTO MaTepraa U 3JIEKTPOILI PaclioOXeHbI
MEXY TOKOCEEMHHKAMH, X OT HPOTOTHUIIA OTIHUYAETCSA TEM, YTO OPUCTHIN YIIepOIHbIH
MaTrepHal BBIIOIHEH TakuM 06pasoM, YTo COAEPXKHUT H30TOIH yriepoaa >C, u
OTHOLICHHE KOJMIECTBA U30TOMOB yriepona >C k o6leMy KolMYecTBY yriIepoaa B

3NEKTpOJaxX cocTaBsgeT Benuuuny ot 0.003 go 0.75.

TexnuueckuMu pesynbraraMu U306peTEHNS IBISIOTCS:

1. YMeHbIIEHNE STEKTPHYECKOTO CONPOTUBIIEHUS HNEKTPONOB (BHIIOTHEHHBIX C
MCIOIB30BaHUEM TIOPHCTOTO YIIIEPOJHOTO MaTepHalla) HaKOMUTENs NEKTPUYECKOit
SHEPIUM C JBOMHBIM 3TIEKTPUYECKUM CIIOEM MPH TeMIepaType 31ekTpooB ot 20°C 1o
70°C.

OKCIIEPUMEHTANIBHO GBLIO I0Ka3aHO, YTO C YBENMYEHUEM COEPIKAHMUS B
3MEKTPOAAX, BXOMAMIMX B COCTaB KOHIEHCATOPHOTO 3JIeMEHTa U HAKOMUTEJI SHEPTHH,
M30TOMOB yTiepofia *C CyMECcTBEHHO CHIXAETCS 3NEKTPHIECKOE COIIPOTHRIECHHE
3MEKTpoIoB Tpu Temmeparype ot 20°C no 70°C. IIpudeM, oTHOIEHNE KONMYECTBA
u30TONOB yriepota *C k 06l1eMy KoTUdeCTBY Yrilepojia B 3IeKTpoiax obecednBanoch
ot 0.003 10 0.75. ITompo6HO NOCTHKEHNHE TEXHUUECKOTO Pe3ybTaTa GYAeT OMHCAHO B
pasnene «OcymmecTBiieHne H300pETEHUNY.

2. YMeHbIlICHHE 3IEKTPUYECKOTO COMPOTUBIIEHUS JNEKTPOAOB (BBHIONHEHHEIX C
HCII0JIb30BAHUEM IIOPHCTOTO YTIIEPOJHOr0 MaTeprala) HaKOIMUTENS 3JIEKTPUYECKO
SHEPTUM C ABOHHBIM 3NIEKTPUYECKUM CIIOEM, TIPH OTCYTCTBUH JIaBJIIEHUS CKATHS OT

BHEIIHEH CKUMArOLLeH Harpys3Ku.




OKCIepUMEHTANTBHO OBLIO I0Ka3aHO, 9TO C YBEIMYECHHUEM COJEPXKAHUS B
9IIEKTPOJaX, BXOAAIIUX B COCTaB KOHAEHCATOPHOIrO 3JIEMEHTA ¥ HAKONUTENS SHEPTUH,
u30TonoB yriepoaa *C cylecTBEHHO CHIKAETCS 3TEKTPUYECKOE COMPOTHUBIICHHE
3NEKTPOHOB Oe3 ucnonb3oBaHus oxatus. [IpudeM, oTHOLIEHHE KOIHYECTBA U30TOTIOB
yriepoza 3C x o6meMy Komu4ecTBy yriepoja B 31eKTpojax obecneunsanock ot 0.003
10 0.75. TToapo6HO MOCTIKEHUE TEXHUIECKOT0 pe3ynbTara OyAeT OUCaHo B pasjiese
«OcymecTBIeHNE U300PETEHUSY.

3. YMeHbIIeHHE 3MEKTPHUECKOTO COIPOTUBIICHUS IEKTPOAOB (BBITOIHEHHEIX €
HCIIOJIB30BAHMEM TTIOPUCTOTO YIIIEPOJHOTO MaTeprana) HaKOIIUTENS IEKTPHIECKOH
SHEPIUH C ABONHBIM JIEKTPUIECKUM CIIOEM, HaXOAAILIHUXCS B CKATOM COCTOSHHH, B
YaCTHOCTH, [IPH JABJIECHUH CKATUS 31eKTpoaoB 10 20 10° ITa.

DKCIEpUMEHTATHHO OBINO JOKa3aHO, 9TO C YBEIMYEHHUEM COJEP)KAHHS B
3NMEKTPOJAX, BXOAAIIUX B COCTaB KOHACHCATOPHOIO 3JIEMEHTA ¥ HAKOIMTEJIs SHEPTHH,
H30TOMOB yriepoaa *C cyIeCTBEHHO CHIXKAETCS 3IEKTPUUECKOE COIIPOTHBIICHHE
3NEKTPOIOB IpH AaBieHun cxatus 10 20° 10° ITa u Gosee. TlpuueM, oTHOEHHE
KONIMYECTBA U30TONOB yriepoza PC k o0ieMy KOMMYECTBY yriepoja B 2JIEKTPoaax
obecnieyunanocs ot 0.003 o 0.75. IloapoOHO HOCTHIKEHNE TEXHUYECKOTO pe3ynbTara
OymeT omucaHo B paszeie «OCyIecTBIeHHE U300PETCHUAN.

4. YMeHbIICHHE UHTEHCUBHOCTH caMOpa3psia HaKOIUTEIS JIEKTPUYECKON
SHEPruu ¢ ABOHHBIM 3JIEKTPUYECKHM CJIOEM, COAEPIKAIIEr0 3IEKTPOABI, BBIIOIHEHHEIE C
UCTIOIh30BAaHUEM ITIOPUCTOTO YIJIEPOTHOr0 MaTepuana IpH TeMIIEpaType 3NEKTPOJIOB OT
20°C no 70°C u naBnenuym cxarus snekrponos a0 20° 10° Ma.

JKCIIEPHMEHTAIBHO GBLTO JOKA3aHO, YTO C YBETMYEHHEM COEPIKAHMUS B
AIEKTPOJaX, BXOIAUINX B COCTaB KOHIEHCATOPHOr'0 3JIEMEHTA U HAKOIIUTENS SHEPTHH,
n30TonoB yriepoaa *C cylecTBEHHO yMEHBIIAETCA HHTEHCUBHOCTD CaMopaspsiaa
HAKOIUTENS SHEPTHH B IIMPOKOM Jxana3oHe pabodux TeMIlepaTyp U JaBJICHHUHA CxXaTus.
IIpuueM, OTHOIIEHHE KONMYECTBA U30TONOB yrieposa *C k o6IweMy KOIMYeCTBY
yriiepoja B anekrpogax obecnednsanock ot 0.003 mo 0.75. IToppo6HO noCTHXEHUE

TEXHHYECKOTO pe3y/bTaTa 6yIeT ONHUcaHo B pasfeie « OcylecTBIeHHE H300pETEHHD.

Kpartkoe onucanue ueprexeit.

Ha ¢ur.1 uzobpaxeHn KOHAEHCATOPHBINA 37TEMEHT.
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Ha ¢ur.2 n3o6paxen nakeT, COEJMHEHHBIX [10CTIeI0BAaTENEHO, ABYX
KOHJIEHCAaTOPHBIX DJIEMEHTOB.

Ha ¢wur.3 uzobpakeHo NaTh KOHACHCATOPHBIX 3JIEMEHTOB.

Ha ¢ur.4 usob6paxeH KOHAEHCATOPHEBIN 3JIEMEHT.

Ha ¢ur.5 u3o6paxeHs! 1Ba TOKOCKEMHHUKA C 3JIEKTPOJAaMHU U CENaparop.

Ha ¢ur.6 usobpaxxeH yAIMHEHHBIH KOHAEHCATOPHEIN 3JIEMEHT B BHIE
MHOTOCJIOHHOM JIEHTEL.

Ha ¢ur.7 uszo6paxeH makeT U3 JByX KOHAEHCATOPHEIX 3JIEMEHTA B BUJIE
MHOT'OCJIOHOMN JIEHTHI.

Ha ¢wur.8 n3obpaxkeH KOHAEHCATOPHEIH 3JIEMEHT C TOKOCHEMHHKAMK U
cerapaTopoM.

Ha ¢ur.9 usobpaxeH TOKOCEEMHHUK C IBYMS JIEKTPOJAMU B IBYMS cerapaTopaMu.

Ha ¢ur.10 nzo6paxeH TOKOCEEMHHK C ABYMSI SIEKTPOAAMHU U IBYMSI
cerapaTopaMu.

Ha ¢wur.11 n3o06paxxeH TOKOCHEMHHUK C IByMs 3JIEKTPOAaMH U OTHHUM CENapaTopoM.

Ha ¢ur.12 nuzo6paxxeH TOKOCEMHHUK C ABYMS JIEKTPOAaMU ¥ OJJHUM CeapaTopoM.

Ha ¢wur.13 npeacrasieH HaKOMUTENb BIEKTPHUECKOH SHEPTUH C ABOWHBIM
3NEKTPUYECKUM CIIOEM, BHITONHEHHBIH B BUJE [TaKeTa KOHICHCATOPHBIX 3JIEMEHTOB.

Ha ¢ur. 14 n3zobpakeHa cxema SKCIEPUMEHTALHOTO HAKOIUTEIS SHEPTHHM C 5
aKkeTaMy B CKUMaroleil CHiIoi.

Ha ¢ur.15 mpencraBnen naker u3 KCIEpUMEHTANBHBIX HAKOMUTECH SHEPTHH.

Ha ¢ur.16 npeacrasieH SKCIIepUMEHTAIBHBIA HAKOMUTETb SHEPTUH C PaJuaTopOM
Ha OTPHULIATEILHOM TOKOCHEMHHUKE.

Ha ¢wur.17 npeacrasieHa XxapakTepUCTHKaA caMOpa3psia HaKOMUTEIs
3NIEKTPUYECKOH SHEPIHH C ABOMHBIM 3JIEKTPHHYECKIM CII0EM, a8 UMEHHO, Tpauk
3aBHCUMOCTH HallpsDKEHUS Ha 3JIEKTPHYECKUX BBIBOJAX HAKOIUTENS SHEPTUH OT
BPEMEHM XpaHEHUs B 3apsDKEHHOM BHJIE IPH Pa3IMYHBIX TeMIlepaTypax dJeKTPOIOB.
DNEKTPONIUT BBIIIOJIHEH C UCIONB30BaHUEM ILEN0YH.

Ha ¢ur.18 npeacraBnena XapaKTepncha caMopaspslla HaKOIUTENA
3JIEKTPUYECKOH 3HEPIHH C ABOMHEBIM 3JEKTPUUYECKIM CIOEM, 8 IMEHHO, Tpaduk

3aBHCUMOCTH HAIPsDKEHUS Ha 3JIEKTPUYECKUX BBIBOAAX HAKOIIUTEIA SHEPIUH OT




BPEMCHH XPaHEHU B 3apsDKEHHOM BUJE IIPH Pa3IHMYHBIX CKMMAOLINX Harpy3Kax.
ONEKTPOHT BEHINOJHEH C UCHOJIL30BAHUEM IIEIOUH.

Ha ¢wur.19 npencraBneHa xapakTepucTrKa caMopaspsia HaKOIHUTeNs
3MIEKTPUYECKON SHEPTHHU C ABOMHBIM 3JIEKTPHYECKHM CII0€M, 8 HIMEHHO, IpadHk

3aBUCHMMOCTH HalIPsDKCHUA Ha 3JIEKTPHYECKUX BBEIBOAX HAKOIIUTENS OHEPIruu OT

BpPEMEHHU XpaHECHHUA B 3apsKEHHOM BHIE IPpH PA3NIMYIHBIX TEMIIEpATYpPaxX 3JICKTPOAOB.

OIEKTPOIIMT BHINOTHEH C UCIONB30BAHMEM HOHHOM KUIKOCTH.

Ha ¢wur.20 npencraBnena xapaktepicTiKa caMopaspsiia HAaKOIHTENIs
SNEKTPUYECKOM SHEPIUH C ABOHHEIM JIEKTPHIESCKAM CII0EM, 2 UMEHHO, Tpaduk
3aBUCHMOCTH HaINPsDKEHHUS Ha SNIEKTPUIECKHMX BRIBOAAX HAKOIHUTE)IS SHEPTHH OT
BPEMEHHU XpaHCHHUS B 3apsHKCHHOM BHJIE IIPU Pa3IMYHBIX CKMMAIOIIUX Harpy3Kax.
DIIEKTPONIUT BHIMOIHEH C UCTIONIBE30BAaHHEM HOHHOM KHIKOCTH.

Ha ¢ur.21 npexcrasnena xapaktepicTika caMmopaspsia HaKOIMHTEst
3JIEKTPHIECKOH SHEPIUH C IBOMHBIM 3JIEKTPHIECKUM CIOEM, 8 IMEHHO, rpaduK

3aBHCHMMOCTH HAMIPSOHKCHUS Ha JIEKTPHUYECKUX BBIBOJAAX HAKOIUTENS SHEPTUA OT

BpEMEHU XpaHCHHUS B 3apsDKEHHOM BUJIE IIPH Pa3IMIHBIX TEMIIEpATYpax 3JIEKTPOJIOB.

ONEKTPONNT BHIITOJIHEH C UCTIOILE30BAaHUEM KHCIIOTEL.

Ha ¢wur.22 npencraBneHa xapakTepucTiKa caMopaspsa HaKOMUTENs
3JIEKTPUIECKOM SHEPTHH C IBOMHEIM JIIEKTPUYECKUM CIIOEM, a UMEHHO, rpaduk
3aBUCUMOCTH HaNPsDKEHUS Ha 3IEKTPUYECKUX BBIBOAAX HAKOTHUTEIS SHEPTHH OT
BPEMCHH XpaHEHUS B 3apsDKCHHOM BUJE IIPH Pa3IMYHBIX CKUMAIOUIUX HArPy3KaX.
OJIEKTPOJIUT BBINONHEH C UCITONBL30BAHMEM KUCIOTEL.

Ha ¢ur.23 npencraBneHa xapakTrepucTika caMmopaspsaa HaKOMUTEst
3JIEKTPUYECKOH SHEPTHH C ABOMHEIM 3]IEKTPHIECKIM CIIOEM, 8 UMEHHO, TpaduK

3aBHCHMOCTH HallPpsDKEHUA Ha 3JICKTPHUYCCKUX BBEIBOJAX HAKOIUTES OHEPIrHHA OT

BPEMCHH XpaHEHUS B 3apAXKECHHOM BHIIE IIpH PAa3JIMIHBIX TEMIIECpATypaxX 3ACKTPOI0B.

ONEKTPONHUT BHIIONHEH C UCIIONb30BaHUEM OPTaHMYECKOTO PACTBOPHTEN.

Ha @wur.24 npencrasieHa XapaKTepiCTHKa CaMOPa3psiia HAKOTTUTENS
SIIEKTPUYCCKOH SHEPIHH C ABOMHBIM 3JIEKTPHYCCKUM CII0EM, 2 UMEHHO, TpaduK
3aBHCHMOCTH HaNPSDKEHUS Ha 3JIEKTPUYECKUX BBIBOJAX HAKOIUTEJIS SJHEPIUHU OT
BPEMEHH XpaHEHUS B 3apsSHDKEHHOM BUJIE IPH PA3THIHEIX CKUMAIOIIUX HArpy3Kax.

SJ'ICKTPOJ'II/IT BBINIOJIHEH C UCITOJIE30BAHUEM OPraHU4YEeCcKOro PacTBOPHUTEIIA.
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Ha ¢ur.25 npescraBnena cxeMa peakTOpHOM yCTaHOBKIL.
Ha ¢ur.26 npezcraBneno nponoibHOe cedeHne KaBUTAMOHHOTO PEaKTopa.

Ha ¢ur27 npezcrasnena kapTuHa TeUeHHs 110 KaHAly KaBUTAMOHHOTO PeakTopa.

OcymectBnenue n3o6peTeHus..

Tepmunr! u onpenenenus.

TepMuHbI U OnpesieNeHus, HCTIONB3YeMble B MaTepHaliax 3adBKH B3STHl M3 YPOBHS
TEXHUKH, B YACTHOCTH, U3 CTATEMH:

«HccnenoBanne 31EKTPHIECKUX XapaKTEPHCTHK JIIEKTPOLOB M3 MOPUCTHIX
YTTIEPOIHBIX MaTE€PHAIOB ISl HAKOIUTENEH SHEPTHH C ABOMHEIM 3JIEKTPUYECKUM
CIIOEM», oITyOIMKoBaHHYIO B ceTH MuTepHeT 03.07.2017 roxa

(http://zaorotec.ru/articles/issledovanie_electricheskih_harakteristic_electrodov.html);

«H30TomHOE OGOrameHue BEMECTBY, ONYOIMKOBaHHYIO B ceTH MHTepHET
03.07.2017 rona (http://zaorotec.ru/articles/izotopnoe_obogashenie_veshestv.html).

1JoprCTEIH yriepoHbI# MaTepHan - HOPHCTOE BEMIECTBO WM HECKOTBKO IOPHCTHIX
BEIIECTB, KOTOPBIC MOTYYarOT U3 OJHOTO MM Pa3IMYHBIX YTIEPOI0COAEPKAIIIX
MaTepHaaoB OPraHMIECKOT0 IPORCXOXK IEHHS.

B xa4ecTBe CBIPbs B IPOU3BOACTBE TOPUCTOTO YITIEPOJHOTO MaTepHala
HCIIOJIE3YIOT TBEPABIE, KUAKHE, Ta3000pasHbIe YTIepOA0COAEPKAIUE MATEPHATIBI
OpraHUYeCKOro MPOUCXOKIACHUS: JPEBECHEIA Yrolb, KAMEHHBIN YTOJb,
KaMEHHOYTONBHBIH KOKC, HEQTSHOM KOKC, KapOOHH3NPOBAHHYIO (GEHOMBHYIO CMOTTY,
TIPUPOAHBIN r'a3, CMECh MPUPOJHOTO ra3a U Macell, CKOPJIYIY OPEXOB, B YACTHOCTH,
KOKOCOBBIX OPEXOB H JIp.

Yxa3aHHOE BBIILE CHIPhE 0GYTIMBAIOT M aKTHBUPYIOT.

O6yrnusanne — npeobpasoBaHuie (IpeBpalleHNe) B yTIEpOAHEIA MaTepHal.
CymHOCTE aKTHBAIMK COCTOUT B 06pa30BaHHH OTKPHITHIX HOP B YIIEPOJHOM
Marepuane. B 4aCTHOCTH, aKTHBALIMIO OCYIIECTBIAIOT TEPMUUECKH (HaTpHMep, 2
MHPOTH30M) UM TEPMOXUMUYECKH, TG0 MyTEM 06paboTKH neperpeThiM NapoM, Wil

YTJIEKHCIIBIM Ia30M, HII UX CMECHIO IIPU BEICOKOM TEMIIEPATypE U JIp.

IlopucThiii MaTepHal - TeNo, coJepikallee B cBoeM 06bEMe cBOGOIHOE

IPOCTPaHCTBO B BUJC IOJIOCTEH, KaHAIOB MIIH II0p (B TEKCTe IS IIPOCTOTEI OyaeM

IIUCAThL NOPHI).




BricokomnopucThie YyIIepoaHbie MaTepHallbl — pasHOBUIHOCTE MOPUCTEHIX
YrIepOAHBIX MaTEPHANIOB.

VYrnepoaHslil MaTepyal - MaTepHall Ha OCHOBE YTJepoaa.

Ha ocHOBe MOPUCTHIX yIIepOJHBIX MaTEPUATIOB MOTYT U3rOTaBJIUBATELCS
HaKOIMHUTENHN JIEKTPUYECKON SHEPIrUU EMKOCTBIO OT eauHuU Papaj — 40 COTEH THICAY
®apajg u 601ee. 3aMETUM, YTO Ha OCHOBE HE TIOPUCTRIX YIIIEPOAHBIX MaTepHAaIOB
BO3MOXXHO U3rOTOBJICHUE HAKONUTENEH 3NIEKTPUIECKOM SJHEPTUU EMKOCTBIO OT ITHKO
®apan 1o Hano ®apan.

Marepuan — BemecTBO WK HECKOJIBKO BEUIECTB, U3 KOTOPHIX H3rOTABIMBACTCS
IIPOJIYKT, U3JEIHE.

BemecTBo — oHa u3 Gopm MaTtepuu.

Uznenue - narorapnmBaeMsblil MpeIMET WM HECKOJIBKO TpeaMeToB. U3aemnme
ABIAETCA PE3YNBETaTOM NPOU3BOACTBEHHOIO IIpolecca. B 4acTHOCTH, U3AeNHAMU
SBJIAIOTCS 3JIEKTPOABI [II HaKOIUTENIeH SHEPIruU, TOKOCKEMHUKH, CenapaTopkl, KopIryca
U Jp.

[Muponu3 — TepMUYECKOe pa3oKEHHE OPraHMIECKUX BEMIECTB. B y3KOM CMEICITE,
pasnoXeHue OpraHu4ecKuX MPUPOIHBIX COSAUHEHUH MPH HEIOCTaTKe KUCIOPOaa.

B 3asBKe paccMaTpuBaIOTCA 3MEKTPOIBL, BEITOJHECHHBIC C HCITONb30BaHHEM
TIOPUCTOrO YrIepoAHOro Mareprana. Takue 3l1eKTpo/Ibl elne Ha3kIBalOT MOPHUCTEIMU
YIAEpOJHBIMHU BNEKTPOAAMU U MOPUCTBIMU DNIEKTPOJAMH.

TepMHH «BBITIOTHEHBI ¢ UCNOJIB30BaHUEM MOPUCTOTO YIIIEPOAHOTO MaTepranay
O3HAYaeT, YTO 3JIEKTPOJ MOXKET OBITh BHINOIHEH U3 MOPUCTEIX YIIIEPOIHBIX MaTepHaloOB
WM BBITTOJIHEH U3 IIOPUCTHIX YIVIEPOAHBIX MAaTEPHANIOB C HAOJHUTENEM WIH
HaNOJIHUTEISIMU. B KadecTBe HATIOMTHUTENEH MOTYT UCIOJB30BATHCS YaCTHUKH
CBSI3yIOILETO (HanmpuMep, Proporiacra), 9aCTHIKA METAJLUIOB HIIH OKUCIIOB METAIIOB,
YaCTUYKHU (3JIEMEHTHI) CO CBOMCTBAMU XUMHUUECKOT'0 HCTOYHHKA TOKA H JIp.

HanomauTenu cinyxart, B 4aCTHOCTH, I ITOBBITICHUS TUIACTUYHOCTH 3JIEKTPOAA,
TIOBBIIIEHUS HJIEKTPOIIPOBOJHOCTH MITH JJIS 3aII0THEHNS CBOOOIHOr0 MPOCTPaHCTBA
MeX1y 4acTHYKaMH IIOPUCTOr0 YTIEPOJHOr0 MaTepHaa ¢ LEbi0 3KOHOMUHU

3JIEKTPOJINTA.
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Cenaparop — yCTpOACTBO [UIsl pa3zieneHus 31MeKTpooB. Cenaparop BHINONHSIOT, B
YacTHOCTH, C UCTIONB30BaHKEM acOecTa, U/UIH LEeIUTI0N03bl, U/UITH I0IUMEPOB,
HanpuMep, NOJUIIPONMIIEHA.

TokoCcheMHMK — yCTPOHCTBO, BHIOJIHEHHOE C NCIIONb30BaHHEM METallla Wi
IPYTUX 3IIEKTPONPOBOJHBIX MaTepUaNOB, HAIIPUMED, 3JIEKTPOIPOBOIHBIX PE3UH U
TUTACTHKOB.

Haxonutens 31neKTpHuYecKkoil 3Hepriuy ¢ JBOHHBIM JIEKTPHYECKUM CIIOEM —
YCTPOMCTBO, B YACTHOCTH, JUIs1 HAKOIUIEHHUS 3apsAa U SHEPTHH 3JIEKTPUIECKOTO IOJS.
Haxomurens, QyHKIMOHAIBEHO, IpEeHA3HA4YEH JJIS TOTO YTOOBI COXPAHSITh SHEPTHIO,
OTAAaBaTh €€ NOTPEOUTENIO, a TAKKE BHIMTOJHATH APYrHe TEXHUUECKUE 3a4adu, HapuMep,
BBIITOJIHATH poJib QUIBTpa.

HaxomuTens 351eKTpudeckoit SJHEPTHH ¢ JBOWHBIM 3JIEKTPUYECKUM CIOEM COIEPXKUT
3NEKTPOABL, pa3JieNIeHHEIE CeapaTopOM M JIEKTPOBI BEITIONHEHE! ¢ HCIIOTH30BaHUEM
TIOPUCTOTO YIIIEPOAHOr0 MaTepHaa.

Kak yka3wIBanoch, BeIe, KOHCTPYKTHBHO 3JIEKTPOJ MITH 3NEKTPOJBI MOTYT
COZIEpXKAaTh 3JIEMEHTHI (YaCTUYKH), IPUAAIOIIHE HAKOITUTEIO S3HEPTHH AONOIHHTENEHOE
CBOMCTBO XUMHYECKOTO UCTOYHHUKA TOKA. DTO AETAETCH C HENbI0 YIydIleHHs
SHEPreTHUECKIX XapaKTEpUCTUK HAKOUTENs SHeprun. YeM Oomnbine 371€MEHTOB
XMMHYECKOT0 HCTOYHHMKA TOKA BBEICHO B 3JIEKTPOJI, TeM OOJIbIIE B HAKOMMUTENE
NpOTeKaeT XUMUYECKHAX PeaKilnii.

Haxonurenb deKTpHUecKON SHEPTUH C IBOUHBIM 3/1EKTPUIECKHAM CIIOEM —
YCTPOMCTBO, B KOTOPOM HAKOIUJIEHHE SHEPTUH OCYUIECTBIISIETCS TOCPEICTBOM JIBOUHOTO
3NEKTPUIECKOTO clost. OYHKIIMOHANIBHO HAKOTUTENhE MOXKET MPEICTaBIATh CO00i
KOHJIEHCATOp WM rMOpUA KOHAEHCAaTOpa U XMMHUYECKOT0 UCTOYHUKA TOKa.

Hakxonurens 31eKTprIecKol 3HEPTUH ¢ ABOHHEIM 3IEKTPHIECKHM CIIOEM B
HCTOYHUKAX €Ille Ha3hIBAIOT CYNEpKOHAEHCATOPOM, YIBTPAKOHIEHCATOPOM,
JIBYXCIIOHHBIM 3JIEKTPOXUMHUYECKAM KOHIEHCATOPOM, HAKOIUTENIEM 3NEKTPHIECKOi
SHEPruy, HAaKOMUTEIEM YHEPTUH, HAKOIIUTEIEM SHEPTHH C JBOUHBIM JIEKTPHYECKHM
CJIOEM, HaKOIIMTENIEM C ABOMHBIM 3JICKTPHUECKUM CJI0EM, IBYXCIOHHBIM HAaKOIUTEIEM
SHEPIUH, IBYXCIOWHBIM HaKOMUTENIEM WU MPOCTO HAKOIMTEIEM, KOHIEHCATOPOM C
JBOMHEIM 3JIEKTPHUECKUM CIIOEM, SNEKTPOTUTHYECKUM KOHIEHCATOPOM C ABOMHEIM

SJICKTPHIECKUM CJIOEM, IIPOCTO KOHACHCATOPOM U ApP.
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B ¢popManu3zoBaHHOM BHI€ HAKOMUTEND JIEKTPHYECKOH SHEPTUH C IBOHHBIM
SNEKTPUYECKUM CI0eM (BCE aHalord H300peTeH!s U H300pETEHNE) MOXKET OBITh 3anKcaH
CIEAYIOUIMM 00pasoM:

HaKOIUTENb 3JIEKTPUUYECKOH SHEPIUH C JBOMHBIM IEKTPUYECKUM CIIOEM,
cozepXaluil, IPONUTAHHEIE 3JIEKTPOIUTOM 3JIEKTPO/IbI, pa3iEEHHEIE CENapaTOpPOM,
3JIEKTPOJIbI BHIMOIHEHB! C HCITOE30BaHHEM IIOPUCTOTO YIIIEpOAHOr0 MaTepHrasa U
pacmoIoKEHbl MEXIY TOKOCHEMHUKAMHU.

BaXHBEIM CBOMCTBOM HAKOMUTENSI SHEPTHH SBIISETCS €r0 CBOMCTBO pa3psKaThCs HE
Ha BHEITHIOIO HArPy3KY, a Ha ce0s BO BpeMst XpaHEHUS.

Camopa3zps HAKOIUTENS SHEPTUN — ABIIAETCS JIEKTPHIECKOH XapaKTEpUCTHKOM
HAKOIIUTEJIA 3JICKTPHUECKOH S3HEPTUH U, B 00IIEM Cllydae, XapaKTepU3yeTcs
3aBUCHMOCTEIO HANPSDKEHUS Ha DJIEKTPHMUECKUX BBIBOAAX HAKOMMUTENS SHEPTUH OT
BpPEMEHH TP XpaHEHUH B 3apsDKEHHOM BUJE.

KpoMe Toro, caMopa3spsii XxapakTepu3yeTcss HHTEHCUBHOCTBIO caMopaspsifia, TOKOM
¥ MOILTHOCTBIO caMopaspsia B ONpeNeIeHHEIH TPOMEXYTOK BpEMEHH caMopaspsija.

HHTEHCUBHOCTEL caMoOpa3psiaa XapaKTepH3yeTcst CKOPOCTHIO CHIKEHHUS
HANpPSDKEHHUS TIPU caMopaspsiie B ONIpeAeNEeHHbIM MPOMEXYTOK BpeMEHH caMopaspsaa.

[TpuumH caMopa3spsiia HaKOIHUTENsE SHEPTUH MHOTO, B YaCTHOCTH, pearupoBaHKe
npuMeceil ¢ KOMITOHEHTaMH 3JIEKTPOJINTA, TIOSBIICHUE, IIPU 3TOM, BHYTPEHHHUX
IIYHTHPYIOMIAX 3aMBIKaHUM, «OTPEIBAHMEY» 3apsDKEHHBIX YaCTHL 3JIEKTPOJIUTA C IPaHMIIBI
JBOMHOTO JICKTPUIECKOrO CIOS U JIp.

TpaauuuoHHBEIMA MY TAMHU GOPEOBI C caMOpa3psiIoM B HAKONUTENISX JIEKTPUYECKOM
SHEPrHM C ABOMHBEIM 3JIEKTPUUYECKHUM CIIOEM - aHAJIOrax SIBJISETCS UCIOJIb30BaHKe
YHCTEIX 3JIEKTPOJIUTOB, He COAEPIKAIIUX MOCTOPOHHUX IpAMeECeH.

OKCIepUMEHTATIBHO MOKa3aHO, YTO CaMOpa3psil MHTEHCUQUIUPYETCS [P POCTE
TEMIIEPATYpPHI JIEKTPOJIATE, a TAKKE IIPH POCTE CXUMAIONIel Harpy3Ky Ha 2JIEMEHTEI
HAKOIUTEJIS SHEPIMH, POCTE AABICHHS BHYTPH 3JIeKTponuTa. Taroke Huxe Oyner
TI0Ka3aHo, YTO yMEHbIIeHHe HHTCHCUBHOCTH CaMOpa3psiia MOXET OBITh JOCTUIHYTO

3aMelleHIeM B 3JIeKTpojiaX, H30TONOB yriepoaa '2C Ha u3oTomk yriepoaa *C.

Ha ¢ur.1-12 npencraBiieHbl cXeMBbl HAKOMUTEINEH 3JIEKTPUYECKON IHEPTUH C

JBOMHEBIM JIEKTPUIECKUM CIIOEM, B KOTOPBIX MOXET OBITH peau30BaHO N300peTeHHe.
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Ha ¢ur.1 uzo6paxen KOHIEHCATOPHEIH 31ieMeHT. KOHIEeHCAaTOpHEIH SIeEMEHT
COIEPXKHUT dyieMeHThl. Ha ¢urype 0603naueHE!:

1 — TOKOCHEMHUK (ITONOXKUTENBHBIMN). TOKOCHEMHHK MOXET OBITH BBIIOTHEH C
UCIIONIb30BAaHHEM METAIIA, 3IEKTPOIIPOBOAHOM PE3UHEL, HIEKTPOIIPOBOJHOTO MIACTUKA 1
OPYTUX 3IEKTPONPOBOAHBIX DJICMEHTOB;

2 — 3NeKTPOJI. DJIEKTPOS BHIIONHEH C HCIIONB30BAHHEM TIOPHCTOrO YIIIEPOAHOTO
MaTepuana;

3 — cenaparop;

4 — 371eKTPO. DNEKTPOJ BHIIONHEH € UCIONB30BAHHEM IOPHCTOTO YIrIIEPOJHOIO
MaTepHuana;

5 — TOKOChEeMHHUK (OTpUIATeNbHEIH). TOKOCHEMHUK MOXET OBITh BBIITOIHEH C
UCIIONIE30BAaHUEM METALNIA, 3JIEKTPOIIPOBOJHOMN PE3UHBI, IEKTPOIIPOBOIHOIO IIACTHKA U
Ip. 3JIEKTPOIIPOBOAHBIX SJIEMEHTOB.

KoHnzeHcaTopHEIi 3J1EMEHT SABJISETCS YaCTHBIM BAPHAHTOM HAKOIIHTEIs
ANEKTPUYECKOM SHEPTUH € JBOMHBIM JJIEKTPUIECKUM clloeM. KoHIeHCaTOpHEIH 2)IeMEHT
COAEPXKHUT IEKTPOJIBI, pas3/ieIeHHBIE CEapaTOPOM, SJIEKTPOAbI BEITIOJTHEHEI ¢
UCIOJIE30BAHUEM TIOPUCTOrO YrIEpOAHOr0 MaTeprana U pacioioKeHbl MEXILY
TOKOCHEMHHUKAMHU.

B TexHndeckoii nuTepaType KOHAEHCATOPHEIN 2JIEMEHT €Ille Ha3bIBAIOT
KOHJICHCATOpHas s4YekKa, 21eMeHTapHas KOHIEHCaTOpHas Sueiika.

N306paxxeHHbIH Ha GuUr. | KOHACHCATOPHBIN 3JIEMEHT B POPMAaTU30BAHHOM BHIE
MOXeET OBbITh OMUCaH CIELYIOUIMM 00pa3oM: HaKOIUTEINb 3JIEKTPHYECKON SHEPTUH C
JABOMHBIM JIEKTPUYECKHM CIIOEM, COJEPIKAIIHi TPONUTAHHEIE IIEKTPOTUTOM
3JIEKTPOJIBI, Pa3/ENICHHbIC CENapaToOpOM, TIPH 3TOM INIEKTPOABI BHITIOJTHEHE! ¢
UCIIONE30BaHUEM IIOPUCTOrO YTIEPOJHOIO MaTepraa u JIEKTPOIBI PACHOI0XKEHE
MEXY TOKOCHEMHUKAMMU, U IIOPUCTHIN YTIIEPOIHBIH MaTepHall BRIOJIHEH TaKHM
06pazoM, 4TO COAEPKHUT U3OTOIEI yriepoaa *C, u OTHOIIEHNE KOTMYECTBA H30TOMOB
yriepoga *C k o6meMy KoIH9IecTBY yTriepoaa B 3MeKTPOAaX COCTABIAET BEIHIMHY OT
0.003 10 0.75.

N3obpaxeHHbIH Ha GUT. | KOHAEHCATOPHEIIM 3JIEMEHT B (OPMATH30BAHHOM BHJIE
MOXET OBITh TAKOKE OIHMCaH CIEAYIOINM 00pa3oM: HAKOIIMTEND SJIEKTPUIECKON SHEPTUH

C IBOMHBIM 2JIEKTPHUYECKUM CIIOEM, COAEPXKAIINN KOHIEHCATOPHEIH 2IEMEHT U
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KOHJIEHCATOPHEIH 3JIEMEHT COAEPXKUT NIPOIUTAHHBIE SJIEKTPOIUTOM 3IEKTPOMIEI,
pasieieHHbIE CeNapaTopoM, NP 3TOM 3JIEKTPOJBI BHIIIOIHEHE] C UCIIONE30BaHHEM
HOPUCTOTO YIIIEPOIHOr0 MaTepHrana 1 3J1eKTPOIb! PACIIONOXEHBI MEXIY
TOKOCHEMHUKAMM, X IIOPUCTEIN YIIIepoAHBI MaTepral BEIOJTHEH TakuM 00pa3oM, 4To
COZIEPXKHT H30TONBI yriepoaa >C, u OTHOIIEHHME KONMYeCTBa U30TOMOB yriepoza *C k
00IIeMy KOJMMYECTBY yTiiepofa B dJIeKTpoax coctapiseT Benmuuuny ot 0.003 mo 0.75.
3TO YaCTHBII BapHaHT pealn3alluil U300peTeHus.

Ecnu 31exTpobl B HAKOMUTENE SJEKTPHUECKON SHEPTUH BHITIONHEHBI TOJIBKO U3
[TOPUCTOTO YTIIEPOJHOI0 MaTepyuaia U NPOMUTAHBI SJIEKTPOIUTOM, TO B
(bopManTH30BaHHOM BHJIE TAKOW HAKONUTEIH SHEPTHH OITUCHIBAIOT CIEIYIOMMUM 00pa3oM:

HaKOIMTENb 3JIEKTPUYECKON S3HEPTUHU C IBOHHBIM 3JIEKTPHUECKHUM CII0EM,
coJiepXaluii IPOIUTAHHBIC NEKTPOIMTOM NIEKTPOBI, pa3JiEIICHHbIE CEMapaTopoM, IIpH
3TOM 3JIEKTPOBI BEITIOJIHEHB! C HCIIOIb30BAHUEM IMIOPUCTOTO YIIIEPOJHOrO MaTepuana u
3JIEKTPOJBI PAcIOIOKEHBI MEXAY TOKOCHEMHUKAMU, U ITOPUCTBIN YTIIEpOAHbIA MaTepuall
BHINIOJHEH TAaKUM 06pa3oM, 9TO COAEPKHUT U30TONEI yraepoaa *C, u oTHOmEHHE
KOJIMYECTBA U30TOINOB yriepoza BC K o6IeMy KOJIHYeCTBY yriiepoja B HOPUCTOM
YIJIEPOAHOM MaTepHale 3JIEKTPOAOB cocTaBiseT Benuuuny ot 0.003 xo 0.75.

Hpyroe popmanu3oBaHHOE ONMMCAHUE HAKOUTENA SHEPIrK: HAKOIIUTED
9JIEKTPUUECKOHN SJHEPTHH ¢ ABOMHBIM 3JICKTPUYECKUM CII0EM, COAepKaIui
KOHJIEHCATOPHBIN 3JIEMEHT ¥ KOHJEHCATOPHBIM DJIEMEHT COACPKUT IIPONUTAHHbIC
3JEKTPOJIUTOM DJIEKTPOB], pa3lieIeHHbIE CenapaTopoM, IIPH 3TOM IIEKTPOIBI
BBIMOJIHEHBI C UCTIOJIb30BAHUEM TIOPUCTOTO YIIIEPOJHOI0 MaTeprana U 3JIEKTPOIBI
PacIToIOKEeHBI MEXY TOKOCHEMHUKAMU, ¥ TIOPUCTBIN YTJIepOAHBIA MaTepyal BLITOJIHEH
TaKuM 06pa3oM, UTO COAEPKUT U30TOIKI yriiepoaa *C, u OTHOIIEHHE KOITHYECTBA
u3oTonos yriaepoja 3C k o6IeMy KOJIHYeCTBY Yriiepoa B IOPUCTOM YTIIEpPOIHOM
MaTepHale 3JIEKTPOoIoB cocTaBiseT BeuuuHy oT 0.003 no 0.75.

ITpuBenem eme BapraHTHl HOPMATH3OBAHHOIO ONMKCAHUS HAKOMUTEIIS SHEPIHH.

Hakonutens 3IeKTpH4eCKOH S3HEPTUHN C IBOMHBIM 3NIEKTPHIECKUM CIIOEM,
COJIEpXAIIHi IPOIIUTAHHbIE IIEKTPOIMTOM 3JIEKTPOJIBI, pa3eieHHEIE cellapaTopoM, IIpy
3TOM 3JIEKTPO/IBI BHITIOJIHEHHI C UCIIOIb30BaHUEM IIOPUCTOrO YIJIEPOAHOI0 MaTepHalla H
3JIEKTPOBI PACTIONOKEHBI MEXAY TOKOCHEMHUKAMH, 1 IOPUCTHIN YTIIEpOAHEIN MaTepHan

BBITIOJTHCH TaKUM o6pa30M, YTO COOCPXKUT U30TOIIRI YTIICpOAa 13C, U OTHOIICHUC
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KONMYECTBA M30TONOB yriepoza *C k o0IemMy KONU4ecTBy yrieposia B 3IeKTpoax
cocrasyser BenuuuHy oT 0.003 mo 0.75, npu 5TOM NOPUCTEIH YrIIEPOAHEIA MaTepHall
BBHINOJHEH C UCITIOIb30BaHNEM aKTUBUPOBAHHOIO YIJId.

Hakomnurens 21eKTpruuecKoi SHEPTUU C ABOWHBIM 3JIEKTPUUYECKHUM CIIOEM,
coJiepalliii KOHAECHCATOPHBIN 3JIEMEHT U KOHIAEHCATOPHBIN JIEMEHT COIEPKHUT
TPONMUTAHHBIE ANEKTPOIUTOM JEKTPOIBL, Pa3ENEHHEIE CENAapaTOPOM, MPH 3TOM
3NEKTPOJBI BBIIOJHEHE! C UCIOIB30BAaHUEM IIOPUCTOrO YIIEpOTHOr0 MaTepHaa u
AJIEKTPOJIBI PACIIONIOKEHBI MEXY TOKOCEEMHUKAMU, U IIOPUCTEIA YIIIEPOAHKIN MaTepran
BHITIOJTHEH TaKUM 06pa3oM, U4TO COAEPKUT U30TOMHI yriepoaa *C, u oTHoOIIEeHHE
KOJIMYIECTBA U30TONOB yriepoza >C k o6uieMy KOJIMYeCTBY yriepoaa B 3MeKTpoax
coctasiseT BesmuuHy oT 0.003 1o 0.75, 1pd 3TOM NOPUCTHIA YTIIEpOAHBIN MaTepHal
BBINOJIHEH C UCTIONb30BAaHUEM aKTUBUPOBAHHOIO YIJISL.

Brrme NMPUBCACHEI IBA YaCTHBIX BapHaHTa pe€ajiu3anun H306peTeHI/IS[.

Ha ¢ur.2 n3o6paxen makeT, CoeqUHEHHBIX [10CTIEI0BATENBHO, ABYX
KOHJIEHCATOPHEBIX 3J1eMeHTOB. Ha durype o603HaueHHI:

6 — TOKOChEMHUK;

7 — 3NEKTPOL; ‘

8 — cenaparop;

9 — snexTpon; |

10 — TOKOCHEMHHUK;

11 —snexTpox;

12 — cenaparop;

13 — anexTpon;

14 — TOKOCHEMHHUK.

OnuH KOHJICHCATOPHBIA 3JIEMEHT 00pa30BaH 3JIeMEHTaMU, 0003HaYeHHBIMU
no3uuusaMu 6, 7, 8, 9 u 10, Ipyro# KOHAEHCATOPHEIN 37IEeMEHT 00pa30BaH 3IEMEHTaMH,
obo3HaueHHbIMHA mo3uimamu 10, 11, 12, 13 u 14. Takum obpazom, npu
MTOCIIEIOBATEILHOM COCTUHECHHH KOHJICHCATOPHBIX IEMEHTOB Y HUX MOXET OBITh
OOIIHif 3JIEMEHT, B JaHHOM ClIy4ae, TOKOCheMHHUK 10.

KOHCTpYKTHBHO TOKOCHEMHUK MOXeET OBITE BEITIONIHEH U3 OJHOM, ABYX U Oolee

METAINYCCKUX TUCTOB (IUIaCTI/IH, JCHT K Ilp)

15




R

N306paxxeHHbIi Ha (pUT. 2 KOHIEHCATOPHBIH 37IEMEHT B OpMali30BaHHOM BHJIE
MOXeET OBITH OMMCAH CIEAYIOMMM 00pa3oM: HAKOMTUTEND NEKTPUIECKON SHEPTUH C
JIBOMHBIM 3JEKTPUYECKUM CIIOEM, COAEpKAIIUM COeIMHEHHBIE NIOCIIEI0BATENBHO
KOHJICHCATOPHBIE 3JIEMEHTHI M KaXKIbIH KOBICHCATOPHBIN 3JIEMEHT COAEPIKUT
IPONUTAHHBIE TIEKTPOIUTOM 3JIEKTPOIBI, pa3/IEIECHHBIE CENapaToOpoM, IIPH 3TOM
3JIEKTPOABI BEITIOIHEHBI C UCIIOJIB30BAHUEM MOPUCTOTO YTJIEPOJAHOTO MaTepHaia v
3NEKTPOABI PACIIOJIOKEHBI MEXY TOKOCHEMHUKAMHU, U TIOPHUCTHIA YriIepOoAHBIN MaTepuall
BEIIIOJTHEH TaKMM 00pa3oM, U4TO COAEPKHUT U30TOIE! yriaepoaa *C, u oTHoweHne
KOJIMUECTBA H30TOIOB yriepoaa *C k o6uieMy KOIHYECTBY YIIepoaa B 3IEKTpoaax
coctaBiseT Benuuuny ot 0.003 mo 0.75.

Ecnu 3nexTpoasl BEIIIOJHEHH TOJIBKO M3 IOPUCTOrO YIJIEPOJHOI0 MaTepraa, To
GbopManM30BaHHOE OMHUCAHUE HAKOTIUTEIS SHEPTUHM MOXET OBITh CIEAYIOIINM:
HAKOIUTENb 3IEKTPUUECKOM SHEPTUH C NBOMHEBIM dIEKTPHYECKUM CIIOEM, COAEPKaIHMA
COCIMHEHHBIE IOC/IEAOBATENbHO KOHAEHCATOPHBIE 3JIEMEHTHI U KaXK Bl
KOHJIEHCATOPHBIH 3IEMEHT COJEPXKMUT IIPOIUTAHHBIE JIEKTPOIUTOM IIEKTPOJIEI,

PasacNCHHBIC CCIapaTOpPOM, IIPH 3TOM 3JTECKTPOAEI BBIITIOJIHEHBI C UCITOJIB30BAHUEM

IOPUCTOrO YrIepoIHOro Marepraia 1 3JI€KTPOAb! pacCoIOXKEHBI MEXITY
TOKOChEeMHHKaMH, ¥ TIOPUCTHIH YTIepoaHbIit MaTeprall BEIIOTHEH TaKuM 00pa3oM, YTo
COZIEPIKUT U30TOMBI yrieposa >C, ¥ oTHOIEHHE KOJMIECTBA U30TONOB yriepofa *C x
obmeMy KOIHU4eCTBY YTIEpOAa B IOPUCTOM YIIIEPOJHOM MaTEpUale 3JIEKTPOAOB
coctaBngeT BenmuuunHy ot 0.003 mo 0.75.

Beie IPUBEJCHE] IBa YaCTHBIX BaphaHTa p€avu3alni I/I306pCTCHI/IH.

Ha ¢wur.3 uzobpaxeH nakeT KOHIEHCATOPHEIX 31eMeHTOB. TokockeMHukH 15, 19,
23, 27, 31 1 35 BHINOJIHEHEI ¢ BO3MOXXHOCTHIO 00€CTIEYUTE NTapa/lIeIbHOE COETUHEHNE
KOH/IEHCAaTOPHBIX DJIEMEHTOB.

JIns mapaiensHOro COeTMHEHN s KOHICHCAaTOPHBIX 371EMEHTOB HEOOXO0TUMO
COETMHUTE MEXIY c060it TokocheMHUKH 15, 23 1 31, 00pazys NONOXKUTENBHEIA BEIBOI
HakonuTes sHeprud. s 06pa3oBaHUs OTPULATENLHOIO BEIBOAA HEOOXOAMMO
COEJIMHUTEL MEX Y co0oit TokocheMHuku 19, 27 u 35.

Ecnu xoHAeHCcaTOpHEIE SJIEMEHTHI COEIMHEHBI NapanleabHo, TO MaKeT

KOHJCHCATOPHBIX 3JICMECHTOB HA3BIBAIOT «IIAKET, COSAHHCHHBIX MapaJlJICIIbHO
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KOHJIEHCATOPHBIX DJIEMEHTOBY». Toraa B GOopMalu30BaHHOM BHJIE MOXHO OMUCATh 3TOT
HaKOIMTEIb DHEPTHH CIIEAYIOINM 00pa3oM: HAKOIUTEINb INEKTPUIECKON SHEPTHH C
JIBOMHEIM 3JEKTPUYICCKHUM CIIOEM, COAEpXKaLMH CoeAMHEHHBIE ITapallIeIbHO
KOHJIEHCATOPHBIE SJIEMEHTHI U KaX /bl KOHJEHCATOPHEIHA 3JIEMEHT CONEPXKUT
NPONUTAHHBIE 3JIEKTPOIUTOM JIEKTPOBI, Pa3ZIENCHHbIE CEAapaTOpOM, IPH 3TOM
3IIEKTPOBI BHITOJHEHE! ¢ HCIOJIB30BaHUEM TIOPUCTOIO YIIIEPOAHOr0 MaTepraa i
31EKTPOIEI PACTIONIOKEHBI MEXTY TOKOCHEMHUKAMH, ¥ IOPUCTBIA yTrIIepOAHbIA MaTepUall
BBITIONTHEH TaKAM 00pa3oM, 4TO COEPXKHUT H30TOMbI yriepoAa >C, 1 OTHOIIEHHE
KOJIMYECTBA U30TONOB yriepoaa 3C k ofuieMy KOITHIECTBY yriepoa B 3JIEeKTpoax
cocrasjsger BenuuuHy oT 0.003 mo 0.75.

Eciid TOKOCEEMHHMKH HaXOASTCSA B pa30MKHYTOM COCTOSIHUH, KaK ITOKa3aHo Ha
¢ur.3, To 3TO MaKeT KOHACHCATOPHBIX JMEMEHTOB, COEAMHEHHBIX MOCIEA0BATENIBHO.
Takoif maKeT Ha3bIBAIOT «MAKeT, COEeAMHEHHBIX OCIe0BaTeIbHO KOHACHCATOPHBIX
3neMeHToBY. Toraa B hopMaln30BaHHOM BUE MOXKHO OIIKUCATh 3TOT HAKOMUTEIb
SHEPTHH CIeIYIOUIMM 00pa3oM: HaKOIUTEb INEKTPUUECKON SHEPTHUU C IBOMHBIM
HIEKTPHIECKHUM CJIOEM, COJEpPXKAINi COeAUHEHHBIE IOCTEN0BATENLHO KOHACHCATOPHEIS
3NEMEHTHI U KAXIbIi KOHIECHCATOPHBIN 3JIEMEHT COAEPKUT MPONMUTAHHEIE 3JICKTPOIUTOM
3NEKTPOJIBI, pa3/ieICHHbIE CEIapaToOpoM, Py 3TOM 3JIEKTPOBI BHINOIHEHEI C
UCIIONIb30BAHMEM TOPHCTOrO YTIEpOIHOTO MaTeprana 1 3J1eKTPOB! PaCIOIOXKEHEI
MEX Y TOKOChEMHHUKAMH, ¥ IIOPUCTHIN YTIIEpOAHBIN MaTepHal BEIIIOIHEH TaKUM
06pa3oM, YTO COIEPXKHUT H30TOMBI yriepoaa *C, 1 OTHOIICHHE KOTHYCCTBA H30TOIOB
yriepoaa BC k o6liemMy KOIM4ecTBy yriaeposa B 3JIeKTPOaX COCTABIIAET BENMYMHY OT
0.003 mo 0.75.

Jpyro# BapuanT GopMaTM30BaHHOTO OTMCAHUs HAKOIUTEN SHEPTUH: HAKOUTETh
SIEKTPHIECKOM SHEPTUH ¢ ABOHHBIM 3NEKTPHYECKIM CIOEM, COAEPKAIINHA COCIUHEHHBIE
HapallelbHO KOHICHCATOPHBIE 3JIEMEHTHI U KXKIBIH KOHICHCATOPHEIM ]IEMEHT
COZIEP>KUT TIPOTIMTAHHEIE 3JIEKTPOTIUTOM DIEKTPOBI, Pa3jIeIeHHEIE CEapaTopoM, NIpH
3TOM 3JIEKTPOABI BEITOJTHEHE! C HCIIOIB30BAHUEM ITIOPUCTOrO YIIEPOAHOrO MaTeprania u
3IIEKTPOBI PAcOIOKEHBI MEXIY TOKOCHEMHUKAMH, Y IIOPUCTEIN YriIepoAHBIA MaTepual
BBHITIONIHEH TaKMM 06pa3oM, YTO COIEPXKHUT M30TOMH yriepofa *C, u oTHolueHue
KOJIMYECTBA M30TOMOB yriepoaa *C k ofimemMy KOIHYeCTBY yrieposia B TOPUCTOM

YrIIEPOAHOM MaTepHalle JIEKTPOROB cocTaBnsder BenuauHy oT 0.003 no 0.75.
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Hpyroii BapuaHT GOpMaNU30BaHHOTO ONUCAHUS HAKOMUTENS SHEPTHH: HAKOIUTENb
NEKTPUYECKON SHEPTUHU C ABOHHBIM DJIEKTPHUUECKHUM CIIOEM, COAEPKAIHUN COeAMHECHHBIC
napaiebHO KOHJCHCATOPHBIE 3JIEMEHTH! U KaXK/IbIH KOHJICHCATOPHBIN SJICMEHT
COJEPXUT MPOIMUTAHHBIE IJEKTPOJIIMTOM EKTPOILI, Pa3/IENIEHHBIE CENapaTOpPOM, MpU
3TOM 3JIEKTPOBI BHIIIOJIHEHB! C UCNOIB30BAHUEM IIOPUCTOTO YIIEPOJIHOrO Marepuasa u
SIIEKTPOABI PACHOIOKEHEI MEX Y TOKOCEEMHUKAMH, U IIOPUCTHIA YIIIEPOJHEIN MaTeprat
BHIIIOJIHEH TAaKUM 06pa3oM, 9TO COJAEPXKHUT U30TOME! yriepona 1*C, u oTHomIeHue
KOJIMYECTBA M30TOMOB yrieposa *C k o6IeMy KOJIMYECTRBY yriepoa B IOPUCTOM
YIJIEpOAHOM MaTepualie 3JIEKTPOAOB cocTapiseT BenuauHy oT 0.003 o0 0.75, nmpu sTOM B

Ka4€CTBE MOPUCTOTO YITICPOAHOI'0O MaTe€praia UCIIOJIb3YIOT aKTI/IBI/IPOBaHHBII\;I yrojb.

Ee BapuanT popMann30BaHHOTO ONMCAaHHS HAaKOIUTEISA SHEPTUHU: HAKOIUTENb
ANIEKTPUUECKOM SHEPruy ¢ ABOHHBIM 3JIEKTPHUECKHM CIIOEM, COAEPKALINM COEAUHEHHEBIE
1I0CNEe0BaTe/IbHO KOHICHCATOPHBIE JIEMEHTHI U KXKIBIH KOHACHCATOPHEIHN 3/IEMEHT
COAEPXKUT ITPONUTAHHEIE 3JEKTPOJIUTOM IIEKTPOABI, pa3/elIEHHBIE CENIapaTopOM, MPH
3TOM 3JIeKTPOJIBI BHIOIHEHEI C HCIOIB30BaHNUEM IOPUCTOrO YIIEpOJHOr0O MaTepyana u
9JIEKTPOIBI PACIIONOKEHBI MEXAY TOKOCHEMHUKAMH, ¥ MMOPHCTHINA YTIIEpOAHEINA MaTepuai
BHIIOJNHEH TaKUM 06pa3oM, 9To COJAEPKHUT H30TOMEI yriaepona 3C, u oTHomeHue
KOJIMYIECTBA U30TONOB yrieposa BC K o6lieMy KOIUYECTBY yriepoaa B IOPUCTOM
YTJIepOAHOM MaTrepuaie 3JIeKTPoAoB cocTapiser Benuuuny ot 0.003 xo 0.75.

Eme BapuanT Gpopmaiu30BaHHOrO OMUCAHUS HAKOMUTENSI SJHEPTUHU: HaKOIUTEND
ANEKTPHUECKON SHEPTHH C ABOMHBIM 3JIEKTPUUIECKUM CIIOEM, COAEPKAIUNA COeINHEHHEIE
MOCIIEAOBATENIEHO KOHACHCATOPHBIE IEMEHTHI Y K&XKbIi KOHACHCATOPHBIN 2JIEMEHT
COIEPKUT MIPOMUTAHHBIC DJIEKTPOIMTOM JIEKTPOJIBL, pa3/ielIieHHbIE CENapaTopoM, IIpu
3TOM 3JIEKTPOBI BEITIOJHEHEI C HCIIOIB30BAHUEM TIOPUCTOTO YIJIEPOJHOr0 MaTtepyuasa u
3JNIEKTPOJIBI PaclloIOKEHBI MEXAY TOKOCHEMHUKAMH, U IIOPHUCTHINA YTIEpOAHEIR MaTepuall
BHIIONHEH TAKMM 06pa3oM, 9To COAEPXKHUT H30TONEI yriepoaa >C, u oTHouIeHHE
KOJIMYECTBA U30TONOB yraeposa *C k o6meMy KONMMYECTBY yriepojia B IOPUCTOM
YTepoJIHOM MaTepHalle 3IeKTpoIoB cocTarseT Benuuuny oT 0.003 no 0.75, mpu 3ToM B
Ka4decTBe [IOPUCTOTO YIIIEPOJHOr0 MaTepraa UCIIONb3YIOT akTUBUPOBAHHEIHA yTokb.

Beite npuBeieHB! 1Ba YaCTHBIX BapHaHTa peanu3aliy H300peTeH s,

HpI/IBe,ZIeM CIIIC BapraHThI (bOpMaJII/I?:OBaHHOI‘O ONHCAHHUA HAKOIMUTEI DHECPTHH.

18




HaxonuTens 31eKTpUYECcKOil SHEPTHHU C ABOMHBIM 3JEKTPHIECKHM CIIOEM,
colepxaliui COeAMHEHHBIE apa/IeNbHO KOHAECHCATOPHEIE 37IEMEHTHI U KaXIbIit
KOH/ICHCATOPHBIN 3JIEMEHT COJEPKHT NMPONUTAHHBIE STEKTPOIHATOM 3IIEKTPOJIEL,
paszieIeHHbIE CeapaTOpPOM, IIPHU 3TOM 3JIEKTPOBI BHITOJHEHE] C HCIIOIb30BAHHEM
TIOPHCTOrO YrIEPOAHOrO MaTEPUANa | IIEKTPOAB! PAaCIOTIOKEHBI MEXITY
TOKOChEMHHUKAMH, ¥ OPUCTHIM YrIepoAHEIM MaTepHal BEITOTHEH TaKUM 00pa3oM, 4To
COIEP>KUT U30TONH! yriepoaa *C, ¥ oTHOIIEHNHE KOTHYIECTBA H30TOMOB yraepoza 3C k
06IEMy KOIMYECTBY YTJIEpOa B TIOPHCTOM YIIIEpOIHOM MaTeEpHAle SMEKTPOIOB
cocrapisieT BenuuuHy ot 0.003 10 0.75, npu 3TOM TOPUCTEI YIIIEpOAHBIN MaTepHall
BBITIOJIHEH € UCHOTb30BaHMEM aKTHBHPOBAHHOTO YT IS,

Hakonutens sliekTpHdeckoit SHEPIUH ¢ ABOHBIM JJIEKTPHIECKHM CIOEM,
coJiepxaluii COeIMHEHHBIE MMOCIEA0BATENbHO KOHIEHCATOPHEIE DIEMEHTHI ¥ KK IbIH
KOHJICHCATOPHBIA SJIEMEHT CONEPXKUT NPONUTAHHBIE STEKTPOIUTOM DIIEKTPOIHI,
Pa3ZiClICHHBIC CeMapaTopoM, IIPH 3TOM 3JIEKTPOIBI BHIIIOIHEHBI ¢ UCIIOJIL30BAHUEM
TIOPUCTOr'O YTIIEPOAHOTO MaTepUana 1 3JEKTPOIB! PACTIONOKEHBI MEX LY
TOKOCBEMHUKAMH, ¥ TOPUCTEIA YII€pOAHBIH MaTepHal BEIIOIHEH TaKUM 06pa3oM, uTo
COIEPKHUT U30TONEI yrieposa >C, n oTHOLIEHHE KONUYECTBA H30TOMOB yriaepoaa 3C k
06IIEMy KOMMYECTBY YTIIEpo/a B OPHCTOM YTIIEPOIHOM MaTepyane 3MeKTPOAoB
cocrapiseT BenuunHy ot 0.003 o 0.75, npu 3TOM NOPUCTHII YTIEPOAHEIN MaTepHal
BBITIOJIHEH € MCIIOJIb30BAHUEM aKTUBHPOBAHHOTO YIJIS.

B ciyuae mocneoBaTeNbHOrO COSANHEHHS KOHIEHCATOPHEIX 3IEMEHTOB
TOKOCBheMHHKHM 15, 19, 23, 27, 31 1 35 BHINOJIHEHB! HEIPOHULAEMBIMHU ISl SNIEKTPOIIHTA.

Ha ¢ur.3 nozumusamu 16, 18, 20, 22, 24, 26, 28, 30, 32, 34 0603HaYeHEI 3NEKTPOIBL.
[Mosumuamu 17, 21, 25, 29, 33 0603HaY€EHEI CEMApaToOpHL.

Ha ¢ur. 3 anemenTsl, 0603HaueHHbIe mo3unusmu 15, 16, 17, 18 u 19 obpasyror
KOHJIEHCATOPHBIN 3JI€EMEHT.

Ha ¢ur. 3 aneMenThI, 0603HaueHHbIe mo3unusmu 19, 20, 21, 22 u 23 o6pasyroT
JIpyroif KOHJIEHCATOPHBI 3]IEMEHT.

Bcero Ha ¢ur.3 u3o0paxeHo NSTh KOHIEHCATOPHEIX 2JIEMEHTOB.

Ha ¢ur.4 nzobpaxeH KOHAEHCATOPHEIN 3JIEMEHT.
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Iosuuusimu 36 u 40 0603HaYEHE] TOKOCLEMHUKH, TO3UIMAMHA 37 U 39 0603HAYEHBI
3NEKTPOAH, mosunmei 38 o6o3HaueH cenaparop.
B ¢opMann3oBaHHOM BHIE JaHHBIM KOHAECHCATOPHEIA 31eMEHT OIMCHIBAETCS TAKKE

KaK KOHJICHCATOPHEIA 3]IEMEHT, M300paKeHHbIH Ha ¢ur. 1.

Ha ¢ur.5 o6o3Hauen TokocbeMHUK 42 ¢ snekTponamu 41 u 43.

IMTosunueii 89 o6o3naueH cemapatop.

Ha ¢ur.5 o603HaueH TOKOCheMHHUK 45 ¢ d1eKTponaMu 44 u 46.

Coenunus (cxaB) Mexay co60it 1eMeHThI, H306paKeHHBIE Ha QHT. 5 TOMyJaroT
KOHJICHCATOPHBIN 3JIEMEHT C TOKOChEMHUKaMHU 42 U 45, snektponamu 43 u 44,

cernapatopoM 89.

Ha ¢ur.6 n3o6paxeH KoHAEHCATOPHEIH 31eMedT. TokockeMHNKH 74 U 78
BBINOJIHEHBI B BH/IE JIeHT. Cenapatop 76 Takoke BBIIOJIHEH B BHJE JIEHTEL. Mex 1y
TOKOCHEMHHKAMH M CETIapaTOPOM PacToNOXEHE] AJIeKTpoasl 75 u 77.

IpoTtskeHHOCTE 73 TOKOCHEMHMKA MOXET PEBHINIATH IMUPUHY TOKOChEMHHKA Ha
BENMYMHY A,

Benuunna A = 10...1000 u 6onee.

B ¢opman3oBaHHOM BH/E JAHHEIH KOHIEHCATOPHEIH AJIEMEHT OMMCHIBASTCS TAKKe

KaK KOHJIEHCATOPHBIH 371EMEHT, M300paXeHHbIH Ha ¢ur. 1.

Ha ¢ur.7 n306pakeH nakeT u3 ABYyX KOHAEHCATOPHAIX SJIEMEHTOB.

Toxocvemuuxu 80, 84 u 88 BrinonHeHE! B Bujie jeHT. Cenapatops! 82 u 86 Take
BBITIOJTHEHEI B BUJIE JICHT. MeXly TOKOCReMHHKaMH U cenapaTopaMy PacIioOKeHE]
snextpoas 81, 83, 85, 87.

IporssxeHHOCTH 79 TOKOCHEMHHKA MOXET MPEBHIIATH IMMPHHY TOKOCheMHHKA Ha
BEIIUYHHY A.

Bemuuna A = 10...1000 u 6onee.

B ¢opManu3oBaHHOM BHIE JaHHEINA KOHAECHCATOPHEIN 3IEMEHT OIMCHIBACTCS TAKKE

KaK KOHAECHCATOPHBIN 31EMEHT, H300paKeHHBIH Ha Qur.2.

Ha ¢ur.8 nzo6pakeHs! 3;1eMEHTHI HAKOITMTENS SHEPTHH.
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DeMeHThLI HAKOIIUTENS SHEPTUH, M300pakeHHbIe Ha (Hr.8 SBIIOTCS
KOMILIEKTYIOIIMMH ISl M3rOTOBJICHHS! HAKOMMTENs SEKTPUIECKOM SHEPrUH ¢ IBOHHBIM
ANEKTPUYECKUM CIIOEM.

Ha ¢ur.8 u3oGpaxkeH KOHACHCATOPHEIH 311€MEHT ¢ TOKOChbeMHHMKaMu 47 u 51,
snektpoaamu 49 u 50, cenaparopom 53. Kpome toro, mosunusamu 48, 52 Taxke

0003HaYEHBI BIEKTPOJIEL.

Ha ¢ur.9 nzo6paxeH TOKOCHEMHUK 57, 31eKTpoas! 56 u 58, a Takxke 1Ba
cemaparopa 54 u 59. ITH 371eMEeHTHI HAaKOIMTENSI SHEPTUH SIBIISIOTCS KOMIUIEKTYIOIUMU
JUISt U3TOTOBJICHUS HAKOIUTES JIEKTPHUIECKOH SHEPIrUH C JBOMHEIM 3JIEKTPHIECKUM

CJIOEM.

Ha ¢wur.10 uzo6paxeH TOKOCBEMHUK 62, amekTpos! 61 1 63, a Taxxke a8a
cenaparopa 60 u 64. DTH 371eMeHTH] HAaKOMUTENs SHEPTUH ABJISIOTCS KOMIUIEKTYIOIUMH
JUTS H3TOTOBJIEHMS HAKOMUTENS JNEKTPUIECKOH SHEPTUH ¢ JBOWHBIM 3IEKTPUYECKUM

CIIOEM.

Ha ¢ur.11 uzobpaxeH TokochbeMHUK 66, 37IeKTpoab! 65 U 67, a Taxke cemnaparop
68. OTH 311eMEHTEI HAaKOMUTEJIS SHEPTUH SBISIOTCS KOMIUIEKTYIOIIUMH IS

H3roToBJICHUSA HAKOITUTEIA SHCK’I‘pI/I‘IeCKOﬁ SHEPIruu C JBOHHEBIM JNEKTPHUCCKHUM CJIO0EM.

Ha ¢ur.12 uzobpaxen TokocreMHUK 70, 3nekTposl 69 u 71, a Tarxoke cenaparop
72. DTH 3IeMEHTBI HAaKOTIUTEsl SHEPTUU SIBJISIOTCS KOMIUIEKTYIOLUMHU IS

HU3TrOTOBIICHHUS HAKOIIUTECISL SHCKTpH‘-ICCKOﬁ SHEPTHUHU C JBOVHBIM JJICKTPUUCCKUM CIIOEM.

Hioxe mpeicTaBieHsl pe3yabTaThl HCCIeI0BaHUM IIEKTPAYECKOI0 COPOTUBIICHHS
Pa3TMYHBIX JIEKTPOAOB, BHINIOIHEHHBIX C HCTIONB30BAHHEM IOPUCTHIX YTIEPOAHBIX
MaTepuatoB (YIPOIEHHO, - TOPUCTHIX 3JEKTPOJOB).

B Tabmuuax 1 u 2 npejacTaBiieH 3eMEHTHBIN U (hpaKIMOHHBIH cOCTaB IIOPUCTHIX

3NIEKTPOJIOB.
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AKTHUBUPOBaHHBIE YTJIH ¢ pa3MepaMy yacTuIl 10 50 MKM, pa3MepaMH aKTUBHEIX II0D
10 50 HM U yZIenpHOM noBepXHOCTHIO A0 2500 M2 /r 1 Gonee 06IanatoT CyIECTBEHHBIM
IPEUMYIIECTBOM HaJ APYTUMU IOPHCTHIMU MarepyanaMu — 3TO €ro AEIICBU3HA.

[TopucThie 31eKTPOABI OTyYany IOMOJIOM aKTUBUPOBAHHBIX YIJIeH, OTBEYAOIUM
tpeboBanusiM I'OCT 6217-74 u coorBercTByromux MapkaMm BAY, bBAY-A u bBAY-M®O.
ITocsie moMona OCYIIECTBISIIM IPOCEUBAHKUE YEPE3 CUTA C OIMPENIEIEHHEIM Pa3MEPOM
IIPOXOAHON STYEHKH.

Hns npocenBanus ucnoiszoBaiy cuta SWECO Ne300 ¢ pasMepoM IIPOXOAHOR
siaeiku cuta 50 MxM 1 cuto SWECO Ne635 ¢ pasMepoM npoxoAHo# suekiku cura 20
MKM.

ITopucteie anekTpoas! 1 - 9 noxydeHs! ¢ UCII0JIb30BaHUEM MOJIOTOTO
aKTUBHpOBaHHOTO yrisa Mapku JIAK.

ITopuctsie snexTpoas! 10 - 11 momydeHs! ¢ UCITONBE30BAHUEM MOJIOTOTO
aKTUBHPOBAHHOTO YT Mapku BAY-A.

ITopucTeiii anexkTpo] 12 moydeH ¢ HCIOIb30BAHUEM MONIOTOIO aKTHBHPOBAHHOTO
yris Mmapku BAY-MO®.

ITopucteie snexTpoas! 13-18 nonydeHsl ¢ UCMONB30BAHUEM YITIEPOAHBIX
asporereid, Me30/MUKpPOIIOPUCTOTO YTIIEpoaa, CaXHU, IOPUCTOTO YIIIEPOAHOr0 MaTepHala,
TOJTY4EHHOI'0 TEPMUYECKUM Pa3NI0XKEHUEM (PEHONBHON CMOIBL.

Ilo m3oTonHOro oboramenus yriaepoaoM 3C mopUcThie YriiepoaHEIe MaTepHAbI
coziepKaly TONBKO U30ToNkl yraeposa C.

Jlo U30TOMHOro o6oramenus yriepoaom *C nopucTsie yriepoaHsie MaTepHasl
cofiepXanu u30Tonsl yriepoaa 2C u BC.

B Tabnunax 3, 4 u 5 mpeacTaBIeHB! 3aBUCHMOCTH YAEIBHOIO 3JIEKTPUYECKOTO
COTIPOTHUBIIEHHUS 3JIEKTPOIOB (C MOPSAKOBEIMEA HOMepaMH | - 18) Ha 6a3e mopHCThIX
YIIIEPOHBIX MaTEPUANIOB OT JaBJICHUS CXKATHSI O H30TOIHOr0 00oraleHus yriaepoaoM
3C nopHCTBIX YrilepoAHEIX MaTEPHAIIOB.

B Tabmumax 3-5 onucaHbl 3J1€KTPOAbL, KOTOPBIE BIIIOIHEHE] C KCITONBE30BAHUEM
TIOPUCTOrO YIJIEPOJHOI0 MaTepHaa.

B tabmunax 6-23 npeacTaBieHbl 3aBUCUMOCTH YIEILHOTO 3JIEKTPUIECKOI0

COTIPOTHUBJIEHUS 3IEKTPOIOB (C MOPSAIKOBEIME HOMepaMH | - 18), BEITOTHEHHEIX C
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UCIIONL30BaHMEM MOPUCTHIX YTIEPOAHBIX MaTEPHANIOB OT JIaBJICHUs CKaTHs MOCIIe
M30TONHOrO oboramesns yruepoaoM >C MOPUCTHIX YriepoJHBIX MaTepHaioB.

B tabmunax 6-23 onmuMcaHbl 3€KTPOAbl, KOTOPLIC BBIIIOJTHEHBI ¢ HCIIONB30BaHUEM
MIOPUCTOrO YIIIEPOAHOTO MaTeprana.

3HayeHHe HIEKTPHUUECKOTO CONPOTUBIIEHHS SJIEKTPOJIa ONPEACIIIN MOCPEACTBOM
usMeputens UT603 u mukpoommerpa ®4104-M1 B Bo3aymiHOl cpelie Npu TeMIepaType
20°C.

B mpouecce ucce0BaHUi TOPHUCTHIH 3IEKTPO pasMeNaii B CKMMAIOIIEM
YCTPOMCTBE, MO3BONSIOIEM Pa3BUBaTh U30LITOYHOE CXKUMAIOIIEE NaBIICHHE
10 100-10° Ia. JTng 3KCriepMMEHTOB MPHUMEHSIIN CKUMAIONIME YCTPOHCTBA OPITHEBOTO
THIA ¢ AuaMeTpoM mopiuHeit 25, 50, 75 MM. BricoTa HaBeCKM YTIIEpOAHOTO MaTepHalla B
ycTpoiicTBax cocTasifna 10 50 M.

OcO6BII HHTEpEC [T HCCTIENOBAHMS IPEACTABIAIN THAa3o bl AaBjieHui ot 1:10°
IMa o 20'10° ITa. DTy AMaNa30HB! JaBIEHUA IIMPOKO UCTIONB3YIOT IPH U3rOTOBICHUH
HAKOIMUTENEH DIIEKTPUIECKON SHEPTUN C ABOWHBIM 3IEKTPUIECKIM CIIOEM.

Ananmu3 Tabnur 3 — 5 moxasbIBaeT, YTo ¢ YBEIMYEHHEM JaBIICHUs CXKATHUS yAeIbHOe
3JIeKTPUYECKOE CONIPOTUBIIEHHE (@, CIIEAOBATENBHO, H JJIEKTPUIECKOE CONPOTUBIIEHHE)
3IIEKTPOJIOB U3 MOPUCTHIX YTIEPOAHEIX MaTepHaIoB CHUXAETCH.

JIst MOPHCTRIX 3JIEKTPoAoB 1 — 18 npu yBenn4eHUHM JaBlIEHUS CKATHS
10 20- 10° I1a ynenbHoe 31eKTpUYecKoe COPOTUBIIEHHE CHIDKaeTcs B 8 —42 pasa, B
3aBUCHUMOCTH OT COCTaBa 3JIEKTPoa.

N3 Tabnunbl 3 BUAHO, YTO [T TOPUCTOTO IEKTPOJAaA C MOPSIAKOBEIM HOMEPOM 1 ¢
yBEJIMUEHUEM JaBjieHus cxarus (0T BHEIIHel Harpysku) ot 0 10 3:10°T1a yaensHoe
CONIPOTHBIICHUE CHIDKaeTcs B 2.05 pasa.

Jli1st MOPUCTOrO 3J1EKTPOo/Ia ¢ TIOPSAKOBEIM HOMEPOM 1 C yBETMUEHUEM IaBIICHAS
cxartus (oT BHemH el Harpysky) oT 0 1o 20-10°T1a yaenpHOe CONPOTHBICHHE CHIDKAETCS
B 22.4 paza.

JIs MOpHCTOro 3MEKTPoJia ¢ IIOPAAKOBEIM HOMEPOM 1 C yBETMYEHHEM NaBICHUSA
cxarus (0T BHemHe# Harpysku) ot 0 1o 100-10°I1a yxensHOE CONPOTHBICHUE CHIXKACTCS

B 280 pas.
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JI)1si HOPHCTOrO 3IEKTPOA C IIOPSAKOBEIM HOMEPOM 2 C YBENUUCHUEM JIaBIICHUS
cxatyst (0T BHewHel Harpysku) oT 0 10 3:10°T1a yAensHOE CONPOTHBIIEHUE CHIKACTCS B
1.47 paza.

JI1s HOPHUCTOro 3JEKTPOJIA C IOPSAKOBEIM HOMEPOM 2 C YBEIUUCHHEM JaBIICHUS
oxarus (0T BHemHeit Harpysku) oT 0 1o 20-10°T]a yaensHOe COMPOTHBIEHUE CHIKACTCS
B 9.6 paza.

JI1s1 TIOPUCTOTO 3JIEKTPOJA C IOPANKOBBEIM HOMEPOM 2 C YBEIMYCHHEM JaBJICHUS
cxkarus (0T BHemHel Harpysku) ot 0 1o 100-10°TIa yensHOE COMPOTUBIECHUE CHIKACTCS
B 372 pas.

JIist TOPUCTOTO 3IEKTPOA C HOPAAKOBEIM HOMEPOM 3 C YBEINICHHEM [IaBIEHUA
cxatus (oT BHemHe# Harpysku) oT 0 1o 3-10°I1a ynenbHOE CONPOTHBIICHAE CHIXKACTCS B
1.6 pa3sa.

JInst TIOPUCTOTO BIEKTPOa C MOPSKOBEIM HOMEPOM 3 C YBENMUEHUEM JaBIICHAS
oxarus (0T BHelIHe# Harpysku) ot 0 10 20-10°TIa yaenpHoe CONPOTHBICHAE CHIKACTCS
B 11.2 paza.

J{11st TIOPUCTOTO BIEKTPO/Ia C NOPSIAKOBEIM HOMEPOM 4 C YBETMUECHHEM JIaBIICHHUS
cxarus (or BHemHeit Harpy3ku) ot 0 10 3:10°TIa ynensHOE CONPOTUBJIEHUE CHIKACTCS B
1.7 paza.

JI1s IOPUCTOTO BIEKTPOia C HOPSAKOBEIM HOMEPOM 4 ¢ YBETMYCHHEM JIaBIICHAS
cxatust (OT BHemIHel Harpysku) ot 0 10 20-10°TIa yaenpHOe CONPOTHBIIEHUE CHIDKACTCS
B 15.1 paza.

T35t MOPHCTOrO 3JIEKTPOAiA C HOPSAKOBBIM HOMEPOM 35 C YBEMUYCHUEM NaBICHUA
cxarus (0T BHelHe# Harpysku) ot 0 1o 3-10°T]a ynensHOE COMPOTUBIIEHHE CHIKAETCS B
1.9 paza.

JI1s1 TOPHCTOTO 3JIEKTPOJA C OPSAKOBEIM HOMEPOM 5 C YBEIMYCHHEM JaBIICHHS
cxarus (0T BHemHe# Harpysku) oT 0 10 20-10°T1a yaensHOe CONpOTHBIICHUE CHIKACTCS
B 20.6 pasza.

JI/1s TOPHCTOro 3IEKTPOAA C IOPSAKOBEIM HOMEPOM 6 C YBETUIEHUEM JaBIICHHS
cxatus (0T BHeIIHeH Harpyskm) oT 0 10 3-10°TIa yaensHOE COMPOTHBIICHHE CHIDKACTCA B

2 paza.
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JI1st MOPUCTOro 3NEKTPOo/ia C MOPSAKOBEIM HOMEPOM 6 C YBEIHYEHHEM [aBICHUS
cxartus (T BHemHel Harpysku) ot 0 go 20-10°Tla yaensHoe CONMPOTHBIEHHE CHIKAETCS
B 31.3 pasa.

U3 Tabnuip! 4 BUAHO, 9TO [ IOPUCTOTO JIEKTPOAa C MOPSAKOBBIM HOMEPOM 7 C
yBEIMYEHHEM JaBjieHUs CKaTusA (0T BHEIIHeH Harpysku) ot 0 1o 3-10°T1a YAEIbHOE
COTIpOTUBJICHNE CHIXKaeTcs B 1.7 pasa.

JI714 IopHCTOro 3JIEKTpoJia C HOPSAAKOBEIM HOMEPOM 7 € YBEIMYEHHEM JIaBIICHUS
cxarus (oT BHemHel Harpysku) oT 0 1o 20-10°T1a yaensHOe COMPOTHBICHHE CHIKAETCS
B 25 pas.

JI7ist MOPUCTOro 3MIEKTPOo/ia C HOPAIKOBEIM HOMEPOM 8 C yBETTHUCHHEM JIaBICHAS
cxarus (oT BHeIHeH Harpysku) ot 0 10 3:10°TIa yaenbHOe CONPOTUBICHAE CHIXKAETCS B
1.5 paza.

JIjist IIOPMCTOTO 3NEKTPO/Ia C MOPAAKOBEIM HOMEPOM 8 € YBEIMYEHUEM JIABICHUS
cxarus (oT BHemHeH HarpyskH) ot 0 10 20-10°TIa yaenbHOe cOnpOTUBICHAE CHUKAETCS
B 26.7 paza.

JInst MOPHCTOro 3NMEKTPoia ¢ MOPSAAKOBEIM HOMEPOM 9 ¢ yBETMYEHHEM JaBICHUS
cxarus (oT BHemHel Harpy3ku) ot 0 10 3-10°TIa yaenbHOe CONpOTUBICHHE CHUXKAETCS B
1.6 paza.

J11st IOPUCTOTO 3NIEKTPOA € MOPAAKOBEIM HOMEPOM 9 C yBENUYEHUEM JaBIICHUS
cxarus (0T BHemHel Harpysku) o 0 1o 20'10°TIa yaensHOe CONPOTHBIEHHE CHIKAETCS
B 29.4 pasza.

JI71st HOPHCTOTO 3JEKTPOa ¢ MOPAIKOBEIM HoMepoM 10 ¢ yBenvyYeHnueM JHaBIeHuU
cxkaTus (0T BHEIIHeH Harpy3ku) oT 0 10 3-10°T1a ylensHOe CONPOTHBICHNE CHIKACTCS B
1.4 paza.

Jlnist mopucTOro 3MeKTpoJa ¢ MOPAAKOBEIM HOMepoM 10 ¢ yBenHueHreM HaBIeHUs
cxaTud (0T BHeIHeH Harpysky) ot 0 10 20'10°TIa yaenpHoe COMPOTHBICHHE CHIKAETCS
B 8.6 paza.

JI1st moprcTOro 3MeKTpoia ¢ OPSAKOBEIM HOMEPOM 11 ¢ yBennueHHEM JaBIICHUS
cxarus (oT BHemHeH Harpysku) oT 0 1o 3:10°I1a yaenbHOE CONPOTHBICHHE CHIXAETCS B

1.7 paza.
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JIns TOPUCTOTO 3NEKTPO/A C MOPAAKOBEIM HOMEPOM 11 ¢ yBETHYEHUEM [1aBIICHHA
cxatus (0T BHewIHel Harpysku) ot 0 1o 20-10°TIa yaenbHOe CONPOTHBICHUE CHIKAETCH
B 16.3 paza.

JInst MOpUCTOTO 3J1EKTPO/Ia C MOPAAKOBEIM HOMEPOM 12 ¢ yBENUIEHNEM [aBICHU
cxkarus (0T BHeWHe# Harpysku) ot 0 10 3-10°T1a yaenpHOE CONPOTHBIICHAE CHIKAETCS B
1.4 paza.

JIIs IOPHCTOTO 3EKTPOLA C OPSAIKOBBIM HOMEPOM 12 ¢ yBEMUYECHHEM JIaBIICHU
cxatus (oT BHemHe# Harpysku) ot 0 1o 20-10°T1a yaensHOe CONPOTHBICHHE CHIDKAETCS
B 8.1 pa3a.

U3 TaGMUIb 5 BEAHO, YTO JUIS IIOPHCTOTO 3IEKTPOAa C MOPSAAKOBEIM HOMEPOM 13 ¢
yBeJIMUCHHEM JaBJIeHUs CXaTHs (0T BHEIIHEH Harpysk#) ot 0 1o 3:10°T1a ynensHOE
CONPOTUBJIEHHE CHIDKaeTcd B 1.3 pasa.

JI1st HOPYCTOTO 3JIEKTPOAA C MOPSIKOBEIM HOMEPOM 13 ¢ yBEIMIECHHEM NaBIICHUS
cxatus (0T BHEIIHeH Harpysku) ot 0 10 20-10°T1a yaenpHOE CONPOTHBICHAE CHIKACTCS
B 16.4 pasa.

J{ns MOPUCTOTO 31EKTPOAA C HOPSAKOBBIM HOMEPOM 14 ¢ yBeNMUEHNEM JaBIICHHS
cxarust (0T BHelIHel Harpysku) oT 0 1o 3:10°TIa ynensHOe CONpOTHBIIEHHE CHIDKAETCH B
1.4 paza.

J{11s TOPUCTOTO 3IEKTPOa ¢ IOPSAKOBBIM HOMEPOM 14 ¢ yBETNYECHNEM JaBICHHS
cxarus (0T BHemHelt Harpysku) ot 0 10 20-10°TIa ynenpHOE COMPOTUBIICHAE CHIKACTCA
B 19.3 paza.

JI/1s1 TIOPUCTOTO BIEKTPOIA C OPSIKOBEIM HOMEPOM 15 ¢ yBENMYCHUEM JaBIIEHUS
cxarust (0T BHemIHel Harpysku) ot 0 1o 3-10°TIa yenbHOe CONpOTHBIIEHHE CHIDKACTCs B

1.5 paza.

JI71st TTOPHCTOTO 3IEKTPOa C HOPSAKOBEIM HOMEPOM 15 ¢ yBenHUCHHEM JaBIICHAS
cxatus (0T BHelmHeH Harpysku) ot 0 go 20-10°I1a ynenbHoe CONpOTHBIEHHE CHIDKAETCA
B 13.7 paza.

JI1st MOPHCTOTO 3IEKTPOAA C HOPSAKOBEIM HOMEPOM 16 ¢ YBETHICHUEM JaBIICHHAS
cxarus (OT BHEIIHeH Harpysku) oT 0 1o 3-10°T]a yaenpHOE COMPOTUBIIEHHE CHIKACTCS B

2 pa3a.
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JI7isi MOPUCTOro 3NeKTpoa ¢ IMOPSIKOBEIM HOMEPOM 16 C yBenMYeHHEM JaBICHHU
cxarus (0T BHeIHelH Harpy3ku) ot 0 1o 20-10°T1a yAENbHOE COIIPOTHBIIEHUE CHIKAETCS
B 42 paza.

JIn1st HOpHCTOro 3IEKTPOia ¢ OPSAKOBBIM HOMEPOM 17 ¢ yBenHUeHHEM AaBIeHA
cxarus (0T BHemHel Harpysku) oT 0 g0 3-10°TIa yaensHOe CONPOTHBIEHAE CHUKAETCS B
1.8 pas.

Jlii HOpHCTOro BIIEKTPOAa ¢ MOPSAAKOBEIM HOMEPOM 17 ¢ yBeMUeHUEM NaBIECHU
cxatust (OT BHemHel Harpysku) ot 0 go 20-10°TIa yaensHoe COMPOTHBIEHHE CHIKAETCS
B 16 pas.

Jliist MOPUCTOTO HNEKTPoJia ¢ TIOPSAKOBEIM HOMEPOM 18 ¢ yBenuueHHeM JaBIeHU
cxatus (T BHemHeit Harpysku) oT 0 1o 3-10°[1a ynenbHOe CONPOTHBIEHAE CHIKACTCS B
1.6 pas.

Jliist MOPUCTOrO 3IEKTPO/IA ¢ IOPSIKOBEIM HOMEPOM 18 ¢ yBenuIeHHeM JaBICHUA
cxatus (0T BHemHe# Harpysku) ot 0 1o 20-10°TIa yaenpHOe CONPOTHBIEHAE CHIKACTCS

B 12.6 pas.

Kax ykaseIBanoch, BeIlIe, B TabMUIax 6-23 npeacTaBlIeHbl 3aBUCHMOCTH YAETBHOIO
3NEKTPHYECKOTO COMPOTHBIIEHHS 3IEKTPOIOB (C MOPSAAKOBBLIME HoMepaMH 1 - 18),
BBITOMTHEHHBIX C UCIIONL30BAHUEM TOPUCTHIX YTIIEPOAHBIX MATEPHUAIIOB OT AaBJICHUS
CKATHSA TI0CIIe H30TOIMHOr0 06oramenus yriepoaoM >C MOpUCTBIX YTIEPOAHBIX
MaTepuanoB. CTeneHs oboramenus yriepoaoM *C xapakTepusyerca MoKa3aTeNeM:
«OTHOLIEHHE KOIMIECTBA H30TOMOB yriepoaa >C k 06leMy KOIHYeCTBY yrieposa B
TIOPUCTOM DJIEKTpOe». YIIPOHIEHHO 3TOT IOKa3arellb MOXET Ha3bIBaThCs «COAEPXKAHUE

yriepona *C B anekrpoae, %o».

B Tabuile 6 mpejcTaBIcHa 3aBUCUMOCTD JJIEKTPHYECKOTO COMMPOTUBIICHUS
IIOPHUCTOTO JTEKTPoa (MOPSIKOBEI HOMeED 1) ¢ U30TOIaMH yriepoaa BC
OT JIaBJICHHS CKaTHS.

Ananus Tabauue! 6 ¥ TaOIUIE! 3 TOKA3kIBAET, YTO B YCIOBUAX, KOTAA JaBJICHUE
CKaTHs OT BHEIIHEM Harpy3ku OTCYTICTBYET, YBEIMUEHHUE COAEPKAHUS U30TOIOB BCs
snexTpoe 10 0.1% MpakTU4ecKy He NPHUBOJUT K CHIDKEHUIO 3JIEKTPUUECKOr0

COMIPOTHUBIICHHUA IMOPUCTOTO IJIEKTPOAA.
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VBenudenue coaepxxanus uzoronos PC B anexrpose 10 0.3% npuBOUT K
CHIDKEHMIO DNIEKTPHYECKOr0 COMPOTHBIIEHHS IIOPHUCTOTO 3JeKTpoAa B 1.4 pasa.

YBenudueHne coaepxanus u3otonos PC B anektpone 10 75% HPUBOIUT K
CHIDKEHHIO 3JIEKTPUYECKOTO COMIPOTHBIICHUS IIOPUCTOro leKTposa B 1.8 paza.

JlanbHeiinee ysemmdenne cogepikanus uzoronos *C B anexrpoae 10 90%
NpaKTHYECKU He IPUBOJUT K JANBHERIIEMY CHIKEHUIO 3JIEKTPUICCKOTO
COMNPOTUBJIEHUIO TIOPUCTOr'O INEKTPOJA.

Taxoxe, aHanu3 TaOIUIBI 6 TTOKa3bIBACT, YTO P AABICHUM CXaTHUs OT BHCITHEH
Harpy3ku pasaoM 20-10°TIa, yBenudenue cofepxanus usoronos *C B anexrpone a0
0.1% npaxTH4ecKH He IPUBOAUT K CHIDKEHHIO 3IIEKTPUIECKOTO COTIPOTUBIICHHS
IOPUCTOTO 3MEKTPOA.

TIpu faBIeHUH CKATUs OT BHENIHel HAarpy3ku pasHoM 20-10°T]a, yBemadeHue
coziepxanus uzoronos *C B anexrpoge 10 0.3% IPHBOAUT K CHHKEHHUIO
3JIEKTPUYECKOTO COIPOTHBIICHHUS IIOPUCTOr0 JIEKTpoaia B 1.4 pasa.

TIpu faBIEHHH CKATHs OT BHEIIHEH Harpy3ku paBHoM 20-10°T1a, ysenmuenue
cofiepanus u3otoros *C B anextpoae 10 75% NPUBOAUT K CHIKEHHIO 3IEKTPUIECKOTO
COIPOTUBJICHHUS TIOPUCTOTO 3MeKTpoza B 1.8 pasa.

JlaneHeiimee yBemuuenne cofepxanns uzoronos C B anexkrpose 1o 90% (mpu
JABJICHHAM CKATHA OT BHeINHel Harpysku pasHoM 2010°T]a) mpakTudecKky He IPUBOTUT K

naﬂbneﬁmeMy CHUKEHUIO DJIEKTPHYECKOr0o CONPOTHBICHUIO MOPUCTOI'O DICKTPOAa.

B tabnuue 7 npeAcraBiieHa 3aBUCHMOCTD 3JIEKTPHYECKOr0 CONTPOTUBIICHUS
IOPUCTOTO 3MEKTPoa (TIOPAAKOBEI HoMep 2) ¢ u3oTonamu yriepona *C
OT AaBJICHUS CXKaTHSI.

AHanus Tabmuisl 7 ¥ TaOIHIE 3 TOKA3EIBAET, UTO B YCIOBUAX, KOTAa AaBICHHE
CKATHS OT BHEIIHeH Harpy3KH OTCYTCTBYET, YBEIMUEHHE CofepaHus u30Tornos C B
anekTpone a0 0.1% npakTUIecKH HE IPUBOIUT K CHHXXEHHIO 3JIEKTPUIECKOTO
COMPOTHUBJIEHUS IIOPUCTOTO NEKTPOAA.

VBemuueHre cofepxkanns usoronos *C B anextpoae 10 0.3% NpHBOIUT K
CHIDKEHHIO 3JIEKTPUIECKOT0 COMPOTUBIICHHUS ITOPUCTOrO 3/1eKTpoaa B 1.3 pasa.

YBenudeHue coJepXaHus u30Toros C B 31exTpoae X0 75% IpHBOIUT K

CHIXEHHUIO 3NEKTPHICCKOTO CONIPOTUBNCHUSA ITOPUCTOTO JICKTPOZLa B 1.8 pasa.
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JanbHeliiee ysenuuende coiepxkanns usoronos 3C B anektpone 10 90%
NpaKTHYECKH HE MPUBOJAUT K JalbHeHIeMy CHHKEHHUIO dJIEKTPUIECKOTO
COIIPOTHUBJIEHHUIO ITIOPUCTOTrO EKTPOAA.

Taxoxe, ananu3 TabnMub! 6 MOKa3bIBAET, YTO NPH JABJIEHHH CXKATHS OT BHENIHEH
Harpy3ku pasHoM 20'10°T1a, yBenuuenue coaepxxanus uzoronos C B anexTpose 10
0.1% npaxTUdecky He IPUBOANUT K CHIKEHHUIO 3JIEKTPUIECKOT0 COPOTHUBIICHUS
IIOPUCTOrO NEKTPOLA.

IIpu faBieHUH CXATHsA OT BHENIHEH Harpy3ku paBHoM 20-10°T1a, yBenuueHue
conepskanus uzoronos *C B anextpone 10 0.3% MPUBOIUT K CHHKEHUIO
3JIEKTPUYIECKOTO CONPOTUBIIEHHS IOPHCTOrO 31eKkTpoja B 1.4 paza.

ITpu faBieHUU CXKaTHA OT BHENIHEH Harpy3ku pasHoM 2010°T1a, yBenuuenue
coziepxanust u30ToroB 3C B 31eKTposie 10 75% NPUBOAMT K CHMKEHHIO IIEKTPUYECKOTO
COIIPOTHBIIEHHS TOPUCTOTO 3JeKTpoaa B 1.8 paza.

JanbHeilee yBeIMUeHHE CoAepxKanus u3oTonos >C B anekrpoje 10 90% (1pu
JaBJIEHUH CXKATUs OT BHELIHEH Harpy3ku paBHoM 20 10°T1a) mpakTUYECKH HE TIPUBOJIMT K

,uam,HeﬁmeMy CHUXKEHUIO SJICKTPUYECCKOI'0 COITPOTUBIICHUIO ITIOPUCTOTO IJIEKTPOAa.

B Tabnuite 8 npencraBneHa 3aBUCHMOCTD 3JIEKTPUYECKOTr0 CONPOTUBIICHUS
IIOPUCTOTO 3NEKTPOAA (TIOPAAKOBEIA HOMep 3) ¢ u3oTonamu yriaepoaa *C
OT JIaBJICHUS CXKATHS.

Ananu3 Tabauusl 8 u Tabmunpl 3 MokasbIBaeT, YTO B YCIOBUSAX, KOTAA JaBICHUE
CXKaTHs OT BHEWIHEN Harpy3KH OTCYTCTBYET, yBEIHYEHHE COAEpKaHUs U30Tonos C B
anextpoje 10 0.1% npakTuyecku He MIPUBOJUT K CHHXKEHUIO 3JIEKTPHYECKOTO
COIPOTURJICHUSI TIOPUCTOTO IJIEKTPOIA.

VBenuyenue cogepxanus u3oronos SC B anekTpoAe 10 0.3% npuBoauT K
CHIXEHMIO 3JIEKTPUYECKOI0 CONPOTUBIIEHUSI IOPUCTOrO 3MiekTpoaa B 1.4 paza.

VBenuuenue coaepxanus u3oTornos >C B 31exTpoze 10 75% MpUBOIKT K
CHIDKEHMIO 3JIEKTPHYECKOT0 CONPOTUBIIEHHSI IIOPUCTOrO 3jekTpoaa B 1.8 pasa.

JlanbHelmee yBenM4eHne coepxanus uzotonos *C B anexrpose 10 90%
MIPaKTHYECKY HE MIPUBOAUT K JalbHEAIIEMY CHAXEHHUIO 3JIEKTPUUECKOTr0

COITPOTUBJIEHUIO ITOPUCTOI'O SJICKTPOJA.
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Taxoke, aHanu3 TaOMMIBI 6 MOKA3HIBAET, YTO NPH JAABJIICHHA CXKATHA OT BHEIIHEH
Harpy3ku pasaoM 20-10°T1a, yBenutienue cofepxaHus H30TONOB 13C B anexTpone 1o
0.1% NpaKTH9ECKH He TIPHBOMUT K CHIDKCHHIO 3JIEKTPUIECKOTO CONPOTUBIICHHA
MIOPUCTOrO 3JIEKTPOAA.

IIpy f1aBIE€HUN CKATHA OT BHEILIHEH HArpy3Kd paBHOM 20-10°T1a, yBenudenue
conepxanus u3oronos >C B anextpoze 10 0.3% NPHBOJHUT K CHIKCHHUIO
3NEKTPHYECKOT0 COTPOTHBIIEHHS IIOPUCTOTO 3JIEKTpoAa B 1.4 pasa.

I[Ipu maBIeHUH CXKATUA OT BHELIHEH HAarpy3KU paBHOM 20'10°T1a, yBenudeHne
cozepxanus u30TonoB C B sexTposie A0 75% NPHBOJUT K CHIKEHHIO SICKTPUIECKOT0
COTPOTHBJIEHHS IIOPHCTOrO 3NeKTpoaa B 1.9 pasa.

JaneHeliee yBeIUUYeHHE COIEpXKaHUI U30TOIIOB 3C B snextpone 1o 90% (npu
NaBJIEHUM CXKATUS OT BHEIIHEH HArpy3ku paBHOM 2010°T]a) mpakTU4eCKU HE IPUBOIUT K

z[anLHeﬁmeMy CHIDKEHUIO DJIEKTPUUECKOT O CONPOTUBIICHHIO MOPUCTOTO IIEKTPOaAA.

B tabnuue 9 npeacTaBieHa 3aBUCAMOCTE 3JIEKTPHYECKOTO COTIPOTUBIICHHSA
IIOPUCTOTO 3J1eKTpoa (OPSAAKOBRI HOMED 4) ¢ U30TOMAaMH YTTIEPOA BC
OT JIaBJIEHUS CXKATHS.

AnHanu3 Tabmuubl 9 ¥ TabIHIBl 3 TOKa3bIBAET, YTO B YCIOBUSX, KOI/la NaBJICHAC
CXaTHs OT BHEINHEN HArpy3KH OTCYTCTBYET, YBEIHUEHHE COACPKAHUSA H30TOIIOB BCs
anektpoe 10 0.1% mpakTUYECKH He IPHUBOAUT K CHIDKEHHIO 3JIEKTPUYCCKOro
CONPOTHBIICHHUS IIOPUCTOrO JJIEKTPOIA.

VeennueHne cogepxkanus uzoronos PC B anexrpose 10 0.3% NpHBOIUT K
CHIDKEHUIO 3JIeKTPHUECKOr0 CONMPOTHBIIEHHs IOPUCTOro 3/1eKTpoja B 1.3 pasa.

VBenuueHne cofepxanus u3otonos PC B anekTpoe 10 75% MpUBOJHUT K
CHUDKEHHIO 3JIEKTPHUECKOT0 COMPOTHBIIEHHS TTOPUCTOro 311eKTposa B 1.8 pasa.

JlaneHeliee yBeJIMUEHHE COIEPXKaHUs U30TOIIOB 13C B snexTpoae 10 90%
TIPaKTUYECKH He TIPUBOIHT K JalbHEHIIEMY CHIKEHHIO SIEKTPHICCKOTro
CONMPOTHUBIICHUIO IOPHCTOTO INEKTPOJA.

Taxe, aHaU3 TaGIHUIEI 6 TOKA3BIBAET, YTO [IPH JaBICHUM CXKATHS OT BHEIIHEH
Harpysku pasHoM 20-10°T]a, yBenMYeHHE COIEPXKaHMS H30TOIIOB 13C B anexTpone 10
0.1% IIpaKTHYECKH He MPUBOAUT K CHIDKEHHIO JIEKTPHIECKOTO COTIPOTHBICHUS

IOPUCTOTrO JICKTPOaAA.
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IIpu maBlieHUU CKaTHsS OT BHEIIHESH HArPY3KH paBHOM 20'10°T1a, yBenudenue
copepxanus uzoronos *C B snexrpoze a0 0.3% NpUBOAKUT K CHIDKEHUIO
3MEKTPHYECKOTO COMPOTUBIICHUS TOPUCTOTO 371eKTposia B 1.4 pasa.

IMpu naBneHUU CXKATHUs OT BHEIUHEH HArpy3KU paBHOM 20'10°T1a, yBenuueHue
conepxanus n3otonos *C B anexTposie A0 75% NPHBOAUT K CHIKEHHIO JJICKTPAIECKOr0
CONPOTHUBJIEHUS TIOPUCTOrO dEeKTpoa B 1.8 pasa.

JlanpHeliee yBeIUdeHUE COIEPKAHUS U30TOIIOB 3C B snextpoae 1o 90% (mpu
JABTEHUHN CXKATHS OT BHelHeit Harpy3ku pasHoM 20-10°T]a) npakTH4eCKH He IPUBOIUT K

nanLHeﬁmeMy CHUXXEHUIO JJIEKTPUIECKOTO COIIPOTUBIICHUIO IIOPUCTOTO IJICKTPOAA.

B ta6muite 10 npeacrapieHa 3aBUCAMOCTD 3JIEKTPUIECKOTO CONPOTHBICHHS
OPUCTOrO 3IEKTPOsa (TIOPAIKOBLIHA HOMEp 5) ¢ m3oTomamu yriepoga >C
OT JIaBJICHHS CXXaTHS.

Ananu3 Tabauus! 10 1 Tabnuiel 3 MoKa3bIBAET, UTO B YCIIOBUAX, KOT/1a AABJICHUC
CXKaTHsA OT BHEINHEH HArpy3KH OTCYTCTBYET, YBEIMUEHUE CONIEPXKAHMS H30TONOB BCs
snextpoje 10 0.1% MpakTHIecK: He IPUBOJUT K CHIKEHHUIO 3IEKTPUIECKOro
CONPOTHBJIEHUS TIOPUCTOrO IEKTPOIA.

VBelnuueHne cofepxanusa u3oTonos *C B snexrpoe 10 0.3% IpUBOAMT K
CHIDKEHMIO 31eKTPHYECKOr0 CONPOTUBIEHUS TIOPUCTOro 371€KTpoAa B 1.4 pasa.

VBejuueHue coaepxanus u3otonos C B snexrpose 10 75% NpUBOIUT K
CHIDKEHHIO 3TeKTPHYECKOr0 COMPOTHBIIECHHS IIOPHCTOro 3€eKTpoaa B 1.8 pasa.

JlanpHeiiniee yBeIMYEHUE COAEPKAHUS H30TOMOB 13C B anextpone mo 90%
NPaKTUYECKH He IPUBOIUT K JalbHERINEMY CHIDKEHHIO 3JIEKTPUYECKOrO
COMPOTHUBIIEHUIO TIOPUCTOTO JNIEKTPOIA.

Taxxe, aHamu3 TabIAIE! 6 TIOKA3BIBAET, YTO MPH JABJICHAH CXKaTHs OT BHELIHEH
Harpysku paBHoM 20-10°T1a, yBenudeH#e coJlepKaHusA H30TOIOB 13C B anexTpojie 10
0.1% NpaKkTHYECKHU He IPUBOIUT K CHIDKEHUIO DJIEKTPHYECKOTO COTPOTUBIICHUS
HOPHUCTOTO 3JIEKTPOA.

Ilpu naBlieHUH CXKaTUS OT BHEIIHEH HArpy3kd paBHOM 20-10°T1a, yBenuyeHUE
cozepxanus uzoToros *C B anexrposne 10 0.3% IPUBOAUT K CHIXKECHHIO

3NEKTPUIECKOTO COMPOTUBIIECHUS IIOPHCTOTO 3J1eKTpoaa B 1.4 pasa.
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Ipu paBIeHUM CXKATUs OT BHENIHEW Harpy3Ku paBHOM 20'10°T1a, yBenmudeHue
cojiepkanns u30ToroB *C B 95eKTposie 10 75% NPUBOAUT K CHIDKEHHIO JIEKTPHICCKOTO
COTIPOTHBIIEHHS TIOPUACTOTO dNEKTposa B 1.9 pasa.

JlanpHelimee yBeTMYEHUE COAEPIKaHNs H30TOIIOB BC B anextpoze xo 90% (mpu
JaBIEHUHM CXKaTUs OT BHEIIHEH HAarpy3ku paBHOM 20'10°TIa) npakTH4eCcKU He NPUBOIUT K

HaJIBHCfIHICMy CHHXEHUIO DJIEKTPHUUCCKOT0 COITPOTHBIICHHUIO IIOPUCTOr O DJIEKTPOJA.

B tabnure 11 nmpeacraBneHa 3aBUCHMOCTD JIEKTPUIECKOTO CONIPOTHBICHHA
TIOPUCTOrO 3J1EKTPOa (TIOPAIKOBEIH HOMED 6) C M30TOIIAMH YTIIEPOAA BC
OT JABJICHUS CXKaTHA.

Anayus Tabmuusl 11 ¥ Tabnuie! 3 okaseIBaeT, UTO B YCJIOBUAX, KOTa NaBJICHAC
CKaTHs OT BHENIHEH HArpy3KH OTCYTCTBYET, YBEIUUCHUE COACPXKAHMS H30TOIOB BCs
snextpoze 10 0.1% IpaKkTHYECKH He IPUBOIUT K CHIKEHHIO JJIEKTPUICCKOTO
COIPOTUBJICHUS IIOPUCTOTrO IJIEKTPOAA.

VBennuenue coaepxanus nzoronos C B anektpose 10 0.3% NpHUBOAUT K
CHUDKEHHIO JIEKTPHUECKOTO CONPOTHBIIEHHS TTOPICTOrO 3MEKTpoAa B 1.4 pasa.

Venuuenue cofepxanus u3oronos C B anekrpose a0 75% IPUBOAUT K
CHMIKEHUIO 3EKTPUYECKOTO COMPOTHBIIEHHS IIOPHCTOrO 3EKTposia B 1.8 pasa.

JlanbHeliniee yBeIMYEeHHE COACPKAHU H30TOMOB I3C B anextpoge 1o 90%
NPaKTHYECKH HE TIPUBOJUT K JaNbHEAIIEMY CHIDKEHHIO DJIEKTPAUIECKOro
COIPOTUBJICHUIO IIOPUCTOTO JJICKTPOa.

Taioke, aHaIN3 TaGITHIIB! 6 TIOKA3bIBAET, YTO MPH JABIEHUM CKATHS OT BHEIIHEH
Harpysku pasaoM 20-10°T]a, yBenuyeHue coiepKaHus H30TONOB 13C B anekTpoge 10
0.1% NpaKTHYECKH HE TIPUBOMUT K CHIKEHHIO JICKTPUYECKOrO COMPOTUBICHIS
HOPUCTOTO IIEKTPOJA.

TIpu aBiIeHUH CXKaTUS OT BHEUIHEW Harpy3Kd paBHOM 20-10°T1a, yBenudcHHUE
conepxanus uzoronos *C B anexrpone 10 0.3% MPUBOIUT K CHIDKEHHIO
3NEKTPUIECKOTO CONPOTHBIIEHUS IIOPHCTOTO JNEKTPoAa B 1.4 pasa.

IIpu faBIeHUH CXKaTUs OT BHEITHEH HAaIrpy3KH paBHOM 20-10°I1a, yBenuueHue
cofiepxanus u30TonoB *C B ayeKxTposic 10 75% NPUBOAHMT K CHIDKCHHIO SNIEKTPHICCKOTO

COTIPOTHBIIEHHMS IIOPUCTOTO 3NeKTposa B 1.9 pasa.
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JlanpHeliniee yBeIMUEHUE COMEPKAHUS U30TONIOB 13C B snexrpoae no 90% (npu
JaBJICHUY CXKAaTHsl OT BHElIHel Harpy3ku pasHOM 20-10°TIa) mpaKTH4EeCKH HE IPABOIKT K

nanLHeﬁmeMy CHMOKEHHIO 3JIEKTPUYCCKOr0 CONPOTUBIICHUIO IOPUCTOTr'O JJICKTpOJa.

B tabmmue 12 npeacraBieHa 3aBUCHMOCTD 3JIEKTPHYIECKOTO COMPOTHBIICHUS
TIOPUCTOrO 3MeKTPo/ia (MOPSAKOBBIN HOMEp 7) ¢ H30TONaMH YTIepoaa BC
OT JIaBJIEHUS CKaTHsL.

AHanmm3 Tabauisl 12 1 TaGnuIE! 4 TOKA3hIBAET, YTO B YCIIOBHSX, KOT/la AaBICHUE
CKATHA OT BHEIIHei HArPy3KU OTCYTCTBYET, YBETUUEHHE CONEpXKaHus H30Tonos C B
srektpoze 10 0.1% npakTHIECKH He IPUBOJUT K CHIDKEHHUIO 3JIEKTPHIECKOTO
COMPOTHUBJIEHUS IIOPUCTOr'O IEKTPOJIA.

VBenuueHne coaepxanus uzoronos C B anexrpone 110 0.3% MpUBOAUT K
CHYKEHHIO 3IeKTPUYIECKOr0 COIPOTHBIIEHHS IIOPHCTOro 3eKTpoAa B 1.4 pasa.

VBeInueHne cofepxanus u30Tonos C B anekTpose 10 75% MPUBOIUT K
CHIKEHHIO 3JIEKTPHYECKOTO CONPOTHUBIIEHUS TIOPUCTOro 3/ekTpoja B 1.9 pasa.

JlansHeliee yBenuueHHe cofepxanus uzorornos *C B anextpone 10 90%
NpPaKTHYECKH HE IPUBOAUT K JaNbHEHIIEMY CHHXKEHHUIO 3JICKTPHIESCKOro
CONPOTHUBIIEHUIO IIOPUCTOI'O JNEKTPOJIA.

TaIOKC, aHaau3 TaONUIkl 6 TOKA3bIBAET, YTO IIpH JaBJICHWUM CXKAaTHUA OT BHEITHEH

Harpysku pasroM 20'10°TIa, yBennueHne cofiepXaHus H30TOIOB 3C B anektpone 10
0.1% mpaKTUYECKH He IMPUBOIAUT K CHIDKECHHUIO DJIEKTPUUECKOr0 CONPOTHBIICHUSA
TIOPUCTOrO 3JIEKTPOA.
IIpu naBneHUN COKATHsl OT BHELIHEN HArPY3KH paBHOM 20'10°T1a, yBenuueHue
cofiepxanus uzotornos *C B anextpone 10 0.3% MpUBOIMT K CHIKEHHUIO
37IeKTPUYECKOTO COIPOTHBIICHNS IOPUCTOrO 3MEKTpoaa B 1.5 pasa.
ITpu naBneHUM CXaTHs OT BHEUIHEH HArpy3Kd paBHOM 20'10°T1a, yBenuueHHE
cozepxanus u30ToroB C B anexTpoe 10 75% NpUBOAUT K CHIKEHHIO SIEKTPUYECKOTO
COIIPOTHBIIEHHS TTOPHCTOTO MIEKTPOJIa B 2 pasa. ‘
JlanbHeiiee yBeIMYCHUE COlEpXKaHKs H30TOIIOB 3C B snextpoae 10 90% (upu
JIaBJIEHUH CXATHUs OT BHEIIHeH Harpysku paHoM 20-10°T1a) npakTHYecKy He IPUBOMIMT K

I[aJ'II:HeﬁIIIeMy CHHXEHHIO 3JIEKTPUYECCKOr0 COIIPOTUBIICHHIO ITIOPHUCTOrO 3JICKTpOJa.
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B tabnuue 13 mpeacraBneHa 3aBUCUMOCTD 3NIEKTPHYECKOTO COMPOTHBIICHUS
TIOPHUCTOTO 31EKTPOAa (TIOpsAKOBLI HOMep 8) ¢ uzoTonamy yraepoaa >C
OT AaBJICHUS CXKaTHsl.

Ananu3 Tabnuiel 13 1 Tabmuue! 4 NoKa3bIBaeT, YTO B YCIOBUSX, KOT/Ia 1aBJICHAE
CKaTVsl OT BHELIHEH Harpy3Ky OTCYTCTBYET, yBETUYEHHE CONEPKaHus u30TonoB °C B
snektpoe 10 0.1% mpakTuyecky He IPHBOJUT K CHIDKEHHIO 3JIEKTPUIECKOTO
COIPOTUBJICHUS IOPUCTOTO IIEKTPOA. '

VBemuuenue cofepxanus uzotonos *C B snexrpone 10 0.3% NpHBOIUT K
CHIDKEHUIO 3JIEKTPUYIECKOTO COTIPOTUBIICHUS IIOPUCTOrO 3JIeKTposa B 1.4 pasa.

VYBenuuenne cojepxanus uzotonos PC B anexrposne 10 75% IpUBOIUT K
CHUKEHHIO SJIEKTPUYECKOTO COMPOTUBIICHHUS IOPUCTOrO JIeKTpoaa B 1.9 paza.

TaneHeiimee yBenuuenne cogepxanus uzoronos 3C B snexkTpose 10 90%
TPaKTHYECKH HE MPUBOJHT K JalbHEHIIEMY CHIXKEHUIO 3JIEKTPHIECKOr0
COIIPOTUBJICHHUIO IIOPUCTOTO IIEKTPOJA.

Taroke, aHanu3 TaGMUIIBI 6 TTOKA3bIBAET, YTO IPH JABICHUU CXATHs OT BHEIIHEH
Harpysku paBHoM 20-10°TIa, yBenuuerue conepxanus u30Tornos *C B anexTpose 10
0.1% npaxkTH4ecKd He MPUBOAUT K CHIDKEHHIO 3JIEKTPUUECKOTO COMPOTHBIICHHS
MOPUCTOro MEKTPOJIA.

[Ipu gaBneHun cXXaTus OT BHEUIHEW HArpy3Kd paBHOM 20-10°TIa, yBenuuenue
cozepxanus uzoronos *C B anexrpoze 10 0.3% NPUBOIMUT K CHUKEHUIO
3IEKTPUIECKOTO CONPOTUBIICHUS TOPUCTOrO 3J1EKTpoaa B 1.5 pasa.

ITpu naBneHMHU cXaTHsl OT BHEIIHEN HArpy3K:d paBHOM 20'10°T1a, yBenuueHue
cofepxxanus uzorono *C B anexrpoae 10 75% NPUBOAUT K CHIDKEHMIO 3JIEKTPUYECKOrO
COTIPOTHBJIEHHUS TTOPUCTOTO JIEKTpoaa B 1.8 pasa.

JaneHelee yBenudenne coaepxanus u3otonos C B anexTpoae 10 90% (mpu
IaBJICHUU CXXaTHs OT BHelIHe# Harpy3ku paBHoM 20-10°I1a) mpakTHYecKy He IPUBOIHUT K

JanbHERIEMY CHUXEHHIO 3JIEKTPHIECKOTO COIPOTHUBIIEHUIO IOPUCTOTO JNIEKTPOAA.
B Tabmuie 14 npencraBiieHa 3aBUCUMOCTD JIEKTPHIECKOT0 COMPOTHBIICHUS

HOPHCTOrO 3JIEKTpoIa (TTOPSIKOBLIM HOMep 9) ¢ U30TONaMHu yriiepoja 3C

OT JAaBJICHUA CXXaTuA.
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Anam3 Tabmuust 14 u Tabnuis! 4 MOKa3LIBAET, YTO B YCIOBHSX, KOT/IA JaBlIeHHE
CXaTHs OT BHEIIHEHN HArpy3KH OTCYTCTBYET, YBEIMYEHHE coepxanus u3oronos PC B
anexrpone 1o 0.1% npakTuyecku He MPUBOAUT K CHIDKEHUIO 3JIEKTPHUECKOT0
COIPOTHUBIIEHHUS] TOPUCTOr0 IEKTPOAA.

VBenuueHue coAepxKaHus H30TOIOB BCs anextpoze a0 0.3% npuBoauT K
CHIDKEHMIO 3JIEKTPHIECKOrO COIIPOTUBNIEHUS IIOPUCTOrO 3JIeKTpoAa B 1.4 pasa.

VBenuuenue cojepxanus uzotonos *C B aexTposie 10 75% IpUBOIMT K
CHIDKEHHIO 3JIEKTPHYECKOr0 CONPOTUBIECHUS TOPUCTOTO 3ekTpoAa B 1.8 paza.

Janbuelimee yBenuuenye coaepxanus uzoronos *C B anexrpoge 10 90%
[IPaKTHYECKH HE IPUBOAMT K JAIBHEHIIEMY CHIDKEHUIO 3JIEKTPUIECKOTro
CONIPOTUBJIEHHIO IIOPUCTOI0 3JIEKTPOLA.

Taxoxe, aHanu3 TabaUIE! 6 TTOKA3BIBAET, YTO MPH AABJICHHU CKATHS OT BHEIIHEH
Harpysku pasHoM 20 10°T1a, yBenuuenue cogepxanus uzotonos *C B anexTpoze 10
0.1% npakTUYeCKH He NPUBOAUT K CHIXKEHUIO JIEKTPUYECKOTO COIIPOTUBIICHUS
IIOPUCTOI'O 3JIEKTPOIa.

IIpyu HaBlIeHHM CXKaTHs OT BHELIHeH Harpysku paBHoM 20'10°T1a, yeenuuenue
comepxanus u30tornos >C B snexrpoze 10 0.3% IPUBOJUT K CHHXEHHIO
3NEKTPUYECKOr0 CONPOTUBIIEHUS ITIOPUCTOrO 3JIeKTpoaa B 1.4 pasa.

TIpu JaBiieHUH CXKaTUs OT BHENIHeH Harpy3ku pasHoM 20-10°T]a, yBenuueHue
copepxanus uzoronos *C B snexrpoge 10 75% NPUBOAUT K CHIKEHUIO 3NEKTPUIECKOTO
COIIPOTHUBJIEHHUS ITOPUCTOrO 3jIeKTpoaa B 1.7 paza.

HNansHelilee ysenuuenre coaepxanns u3otonos 3C B anexrpose 10 90% (npu
JaBJIeHUM CXKATUs OT BHEIWHEN Harpy3ki paBHoM 20-10°TIa) mpakTHYeCKH HE NPUBOIMT K

I[aJIBHeﬁIIICMy CHHDKCHHIO JJICKTPHUYCCKOI'0 CONTPOTUBJICHUIO ITIOPUCTOTO IJICKTPOJA.

B Tabmuue 15 npeacrasneHa 3aBUCUMOCTD 3JIEKTPHIECKOT0 COIPOTHUBICHUS
HOPUCTOTO JEKTPo A (OPAAKOBEIA HoMep 10) ¢ u3oTonamu yriepoga 3C
OT JAABJICHUS CXKATHUS.

AHanu3 Tabmunb! 15 1 Tabnuik 4 MoKaskIBaeT, YTO B YCIOBHAX, KOT1a IaBICHHE
CXKATUs OT BHELIHEH HAPY3KH OTCYTCTBYET, yBEIMUIEHHE Colepxanus usoronos *C B
anexTpose a0 0.1% mpakTuyecku He IPUBOAUT K CHHXKEHHUIO JIIEKTPUIECKOTO

COIIPOTUBJICHUA ITOPUCTOrO JJIEKTPOJA.
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VBenuueHne cofepxkanns uzoronos C B anektpose A0 0.3% NpHBOIUT K
CHIDKEHHIO 3IEKTPHYECKOTO COMPOTHBIIEHMs IOPUCTOTO dIEKTpoza B 1.4 paza.

Venuuenue cofepxanus u3oronos *C B aekTposie 40 75% IPUBOIMT K
CHIDKEHHIO 3JIEKTPHYECKOTO COMPOTHBIECHMS TOPUCTOro 31eKTposa B 1.8 pasa.

JlanbHeinee yBeTMYEHUE COJEPIKaHUs H30TOIIOB BC B snextpoze 10 90%
TIPAaKTHYECKN He TIPHBOUT K JalbHeHIIeMy CHIDKEHHUIO 3JIEKTPAIECKOro
COIIPOTHBIICHUIO TIOPUCTOTO INEKTPOJIA.

Taxoke, aHamu3 TaGIMIE 6 OKA3BIBAET, YTO TIPH JABIEHAH CKATHs OT BHEIIHEH
Harpysku pasHoM 20-10°T]a, yBenuteH#e coAepIKaHUs H30TOMOB 13C B anekrpoxe 10
0.1% TpaxkTHYeCcKH He IPUBORHUT K CHIKEHUIO SIIEKTPUIECKOTO CONPOTHBIICHHA
IIOPUCTOTO IEKTPOJIA.

Ipu fraBIeHNH CXKaTUS OT BHEIHEH Harpy3Ku paBHOM 20'10°I1a, yBemaeHue
cofepxanns u30TonoB *C B snexrpose 10 0.3% MpUBOAUT K CHIKEHUIO
3JIeKTPHYECKOTO COMPOTHBIECHUS IIOPUCTOTO 3JIEKTPoAa B 1.4 pasa.

IMpu maBieHUM CKaTUs OT BHEIIHEH Harpy3Ku paBHOM 20'10°T1a, yBenudeHue
cofepaHus u30TonoB *C B 35eKTposie 10 75% NPHBOJUT K CHIKEHHIO SJICKTPAIECKOr0
COTIPOTHBJIEHHMS TTIOPUCTOro dNekTposa B 1.8 pasa.

JlanbHelilee yBeTuueHne cofepxanus u3oronos PC B snexrpose 1o 90% (mpu
JaBJICHHHA CXKATUs OT BHEIIHEH Harpy3ku pasHoM 20-10°T]a) mpakTiyecky He IPUBOIHUT K

nanLHeﬁmeMy CHUXKCHUIO BJICKTp'H'-IeCKOFO COIIPOTHUBJICHUIO NIOPUCTOT'O JJICKTpoAa.

B tabmuue 16 mpeacTaBieHa 3aBUCUMOCTD 3JIEKTPHYECKOro CONMPOTHBICHHA
TIOPHCTOTO 3NEKTPojia (ITOPsAAKOBEIH HoMep 11) ¢ H30TONaMH Yriepoaa BC
OT JIaBJICHUS CXKaTHA.

Ananms Tabauie! 16 1 Tabnuis 4 TOKas3bIBAET, YTO B YCIIOBUAX, KO/l AaBJICHUE
CKaTUs OT BHEIIHEN Harpy3Kd OTCYTCTBYET, YBEIMUCHUE CONCPKAHUS H30TOIIOB BCs
anexTpoge 10 0.1% MpaKTHYecKy He IPUBOAUT K CHIDKEHUIO SIIEKTPHIECKOTO
COMPOTHURBIIEHUS TOPUCTOTO DNEKTPOAA.

VBeNuyeHne cojiepKanus u30TonoB C B 3JI€KTpoie 10 0.3% npuBOJIUT K
CHIDKEHHIO 3JIEKTPUICCKOT0 COIIPOTUBIICHHUS ITOPUCTOrO 3JIEKTPO/Ia B 1.3 pa3za.

VBenuuenue cofepxanus n3oTornos *C B 31eKkTpoje 10 75% IPHBOIHT K

CHIDKCHHUIO NEKTPHICCKOro CONPOTHBIICHUA IIOPHUCTOTO BJIEKTPOJa B 1.8 pasa.
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JlanbHelimee yBenuuenue coaepxanns uzotornos *C B anextpoae 1o 90%
MPaKTHYECKH HE NPUBOAUT K JaIbHEHIIEMY CHHXEHHUIO YJIEKTPHIECKOTO
COIPOTUBJICHUIO IIOPUCTOTI'O IEKTPOA.

Taroke, ananu3 TabauIbl 6 MOKa3bIBAET, YTO NPY JaBIEHUM CXATUs OT BHELIHEH
Harpysku papHoM 20'105T]a, ysennuenue conepxanus nzoronos *C B anekrpone 10
0.1% mpakTH4ecKy He TPUBOAUT K CHIDKEHHUIO 3IEKTPHIECKOr0 COMPOTUBIICHUS
IIOPUCTOTO 3JIEKTPOA.

TIpy KaBleHUH CXaTHs OT BHeNIHeH Harpy3ku pasHoM 20-10°T1a, yBemmdenne
conepxanus uzoronos *C B anekrpoae 10 0.3% IPHUBOAUT K CHIDKEHHIO
3MIEKTPHUECKOTO COMPOTHBIIEHHUS IOPUCTOTO 3MEKTposa B 1.4 pasa.

TIpy 1aBeHMM CXaTHs OT BHENIHEH Harpysku pasHoM 20-10°TTa, yBenuyeHue
cozepanus u3oTornos *C B anextpoge 40 75% NPUBOAUT K CHIKEHHIO 3NIEKTPUIECKOTO
COTIPOTHUBJIEHUS ITOPUCTOro 3eKTpozaa B 1.7 pasa.

JlanbHeliIee yBenMUeHKe coepxanus uzotonos PC B anekrpone 10 90% (npu
HaBICHUH CKATHS OT BHEIIHei Harpysku pasHoM 20-10°T1a) mpakTH4YecKy He IPHBOIUT K

nanLHeﬁmeMy CHYDKCHHIO 3JICKTPUYECKOro COMPOTUBJICHUIO HOPUCTOTO MICKTPOAA.

B Tabaume 17 npencrasieHa 3aBUCUMOCTE 3JIEKTPHUECKOTO COMPOTHBIEHUS
TIOPHCTOTO 3NEKTPOia (IOpSAKOBEIH HoMmep 12) ¢ n3oTomamu yriepoxa *C
OT JAaBJICHUS CXKATHUS.

Ananus Tabauie! 17 1 TaOIuIE! 4 MOKa3bIBAET, YTO B YCIOBUSX, KOT/Ia NaBJICHUC
CKATHS OT BHELIHel Harpy3Ky OTCYTCTBYET, YBEIMUEHHE COMepKanus u30TonoB C B
anektpoje 10 0.1% npakTUYecKH He MPUBOIUT K CHHXKEHUIO 3JIEKTPUYECKOI0
COMPOTUBJICHUS TIOPUCTOrO INEKTPOA.

VBenuuenue coaepxanus usotonos *C B anexrpone 10 0.3% npHUBOIHUT K
CHIDKEHHUIO SIIEKTPUUECKOT0 COMPOTHUBIIEHUS IIOPUCTOr0 3IeKTpoja B 1.4 pasa.

VBenuuenne coaepxanus u3oronos *C B snexrpoje 10 75% IPHBOINT K
CHIDKEHHIO 3IIEKTPHYECKOTO COMPOTHBIIEHHS IIOPUCTOrO 31eKkTpoaa B 1.8 pasa.

JlanbHelmee yBeIMdeHRe cofepxanus u3oronos C B anexrpone 10 90%
MPaKTUIECKH HE IIPUBOINUT K JalIbHEHAIIEMY CHIDKEHHIO 3JIEKTPHYECKOTrO

COIMPOTHUBJICHUIO MMOPUCTOT'0 SJICKTPOaaA.
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Taroke, aganus Tabmuiel 6 NOKa3LIBAET, YTO IIPH JABICHUH CXKATUS OT BHENIHENH
Harpysku pasHoM 20-10°T1a, ysenuuenue conepxanus u3oronos *C B anexrpome 10
0.1% npaxkTr4ecKy He IPUBOAUT K CHIDKCHHIO JIEKTPUUECKOTO COIIPOTUBIICHHUS
IIOPHUCTOrO 3JIEKTPOAA.

IIpy HaBNeHUH CXaTUs OT BHEWIHEH Harpy3ku paBHoM 20-10°T1a, ysenuuenue
copepxanus uzoronos *C B snexrpoge 10 0.3% NPUBOAUT K CHIKEHHIO
3NEKTPUYECKOI0 COIIPOTUBIIEHUS IIOPUCTOrO 3JIeKTpoaa B 1.4 pasa.

IIpu naBiieHNH CxaTHs OT BHELIHEH Harpy3ku pasHoM 20'10°T1a, yenuuenue
conepxanus u30tonos *C B anekTpoze 10 75% MPUBOAUT K CHHKEHHIO SIEKTPHIECKOTO
COIPOTHBIIEHHUS IIOPHCTOTO 31eKTpoaa B 1.7 paza.

JanbHejiniee yBenuueHne cofepxanus uzoTornos 2C B anekTpoe 10 90% (mpu
NaBTICHAM CYKATHsI OT BHEIIHeH Harpy3ku paBHoM 20-10°T1a) mpakTHYECKH HE TIPUBOIUT K

H&HBHBFIHICM}’ CHMDKEHHIO DJIEKTPHICCKOI'O COIIPOTUBJICHUIO IIOPUCTOTO IJICKTPOAA.

B tabmune 18 npencrasieHa 3aBUCMMOCTE JJIEKTPHUECKOTO COMPOTHBIIEHUS
MIOPUCTOTO 3NEKTPoa (TOpSaKOBLI HoMep 13) ¢ u3oTonamu yraepoga 1*C
OT JaBJIEHUS CXKATHUS.

Anami3 Tabmunel 18 ¥ Tabnuie! 5 mokasbIBaeT, 4TO B YCIOBUSAX, KOTla AaBJICHHE
CXaTusl OT BHEUIHEN HArPY3KHU OTCYTCTBYET, yBEJIHUEHHE CONEPKaHUs U30TOmoB 3C B
anekTpoze a0 0.1% npakTUdecku He NIPUBOAUT K CHUKEHUIO DJIEKTPUIECKOTr0
COIIPOTHBJIEHUS IIOPUCTOr'0 3MEKTPOA.

VYBenndeHne coaepkanus u3otonos PC B snexrpoe 10 0.3% IpUBOIHMT K
CHIDKEHHIO 3JIEKTPUYECKOTO COMPOTUBJIEHHS TIOPUCTOTO 3JiekTpoaa B 1.4 pasa.

VBenuuenue conepxanus usorornos *C B anexTpose 10 75% IPUBOIUT K
CHIDKEHMIO 3JIEKTPHUYECKOr0 CONPOTHUBIIEHUS IIOPUCTOTO 3JiekTpoaa B 1.9 paza.

JanbHelmee ysen4eHne coiepxanus uzoronos °C B anexrpoje 10 90%
IIPaKTUYECKH HE NPHBOAMT K JAIBHEHIIEMY CHIDKEHUIO 3JIEKTPUYECKOT 0
COIIPOTHBJICHHUIO TIOPUCTOTO 3JIEKTPOA.

Taroke, aHanu3 TaOIUIIE! 6 TIOKA3BIBAET, YTO IIPU AABJIEHUH CXXATHUS OT BHEIIHEMH
Harpy3k# paBHoM 20-10°I1a, yBenuenre cojepxanus uzoronos *C B anekTpoe 10
0.1% npaxkTU4ecKH He IPHUBOJUT K CHIDKECHHIO 3JIEKTPHYECKOT'O COMPOTHBIICHHUS

IMOPUCTOTO JJIEKTPOAA.
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[Ipyu naBlIeHUH CXKaTHS OT BHEIIHEH HArpy3Ku paBHOM 20'10°TIa, yBennyeHue
conepxanus uzoronos *C B anextpoze 10 0.3% NPUBOAUT K CHIKEHUIO
37eKTPUYECKOTO CONPOTHUBICHUS TOPUCTOro 3JekTposa B 1.6 pasa.

ITpu naBneHUM CKATH OT BHELIHEH Harpy3Ky paBHOM 2010°T1a, yBenuueHue
cozepxanus uzoronos *C B snexrpoze 10 75% NPUBOAUT K CHMKEHHIO INEKTPHIECKOrO
COIMPOTHUBIIEHUS TTIOPUCTOrO 3IEKTPOJa B 2 pa3a.

JlanpHelee yBeIM4EHUE CONEpXKaHUS U30TOIIOB 13C B anexrpone 1o 90% (mpu
JABIIEHUH CKATHs OT BHEIIHEH Harpysku pasHoM 20-10°TIa) npakTHYeckn He NIPUBOIUT K

HaJIBHCﬁmeMy CHIDKEHUIO DJIEKTPUYIECKOr0 CONIPOTHURICHUIO ITOPUCTOTO 3JICKTPOAA.

B tabmune 19 npencrasiieHa 3aBUCHMOCTE 3JIEKTPHYECKOT0 CONTPOTUBICHUSA
IIOPUCTOrO ANIeKTpo/ia (MO AKOBHIK HOMep 14) ¢ H30TONaMH yriiepona BC
OT JaBIIECHUS CXKATUA.

Ax”anus Tadmmie! 19 ¥ TaOauIel S TOKa3kIBAET, YTO B YCIOBUAX, KOTr'/la 1aBJICHUC
CKaTus OT BHEITHEH Harpy3Kd OTCYTCTBYET, YBEIMYEHHE CONEPKAHIS H30TONOB BCs
snextpome 10 0.1% npakTUdecku He NPUBOJAUT K CHYKEHUIO 3JIEKTPUIECKOTO
COIPOTUBJIEHUS IOPUCTOrO SIEKTPOA.

VBenudeHHe cofepxxanns uzoronos PC B anexrpome 10 0.3% NpUBOINT K
CHIDKEHHIO 3JIEKTPHYECKOr0 COMPOTUBIIEHHS IIOPUCTOrO deKkTposa B 1.4 pasa.

VBenuueHne cofepkanus uzoronos *C B anexrpoge 10 75% MPUBOAUT K
CHIDKEHHUIO 3JIEKTPUUECKOTO COMIPOTHUBIICHHUS IIOPUCTOrO 3/eKTpoja B 1.9 pasa.

JlanpHeiinee yBenuueHne cofepxkanus uzoronos C B anexrpoze 10 90%
NpaKTHYECKH HEe TIPUBOJUT K JallbHEHIIEMY CHMKEHHIO 3JIEKTPUYECKOTO
COMPOTHUBJICHHIO TIOPUCTOr'O INEKTPOJA.

Takxe, aHaIH3 TabIMILI 6 TOKA3BIBAET, YTO NIPH AABJIEHUH CKAaTHs OT BHELIHEH
Harpysku papHoM 20-10°TIa, yBenuuenue coiepxanust ©30TomoB C B 35eKTpolIe 10
0.1% npakTH4ecKH He MPUBOAUT K CHIDKEHHIO DJIEKTPUYECKOTO COIIPOTHBIICHUS
TIOPUCTOTO IEKTPOAA.

IIpu naBIeHUHM CKATUS OT BHEUIHEH HArpy3Kd paBHOM 20'10°T1a, yBenudueHuE
cozepxanus u3otomnos C B anexrpoze 10 0.3% NpUBOIUT K CHIXKEHHIO

SNEKTPHUECKOT0 COMPOTHBIICHUA MIOPUCTOIO IJICKTPOJa B 1.4 paza.
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TIpu JaBeHUN CXaTus OT BHEIIHEN Harpys3ku pasHoM 20-10°[1a, yBenvuenne
comepxanust u30Tonos C B sexTpoe 10 75% NPUBOAUT K CHHKEHHIO SNEKTPHIECKOTO
COIPOTUBIIEHHUS IIOPUCTOTO NEKTPOA B 2 pasa.

JHansHeiilee ysenuueHue coaepxxanus uzotornos *C B anextpone 10 90% (npu
IaBJIECHAM CXKATUs OT BHEINHEH Harpy3ku pasHoM 20-10°T1a) mpakTHYECKH HE TIPUBOIUT K

naaneﬁmeMy CHHDKCHHUIO JJIEKTPUICCKOI'O COITPOTHURBIICHUIC MOPUCTOTO JIIEKTPOAA.

B Tabnuue 20 npeacrarieHa 3aBUCUMOCTE 3EKTPUUYECKOTO CONIPOTUBIICHUS
HOPHUCTOrO 3JIEKTPoAa (OPSAAKOBEIA HoMep 15) ¢ usoTonamu yrinepoaa 1*C
OT JAaBJIEHHUS CXKATHA.

AHanu3z Tabmuuel 20 1 TabauLBl 5 MOKa3BIBAET, YTO B YCIOBUIX, KOT/a IaBJICHHE
CKaTHs OT BHEUIHEN Harpy3KH OTCYTCTBYET, yBeIMYEHHE coflepaHus u30Tomos >C B
anekTpoe 10 0.1% mnpakTudyeckn He MPUBOAUT K CHHXKEHUIO 3TIEKTPHIECKOTO
COIIPOTHBIICHUS [TIOPUCTOr0 3JEKTPOa.

VBenndenne cogepxxanus u3otonos 3C B anextpose a0 0.3% IpHBOIUT K
CHIDKEHMIO 3JIEKTPHUYECKOT0 CONPOTUBIICHUS IIOPUCTOTrO 3JIEKTpoa B 1.4 pasa.

VBenuueHue coepxaHus H30TOIOB BCs 3IEKTpoJie A0 75% MpUBOIUT K
CHIDKEHMIO 3JIEKTPUYECKOTO COMPOTUBICHUS MOPUCTOro AjiekTpoaa B 1.8 paza.

JanbHeimee ysenuyenne cogepxanus uzortonos *C B anextpose a0 90%
IIPAKTUYECKU HE MPUBOAUT K JaNbHEHIIEMY CHUXEHHIO DJIEKTPHIECKOTO
COIIPOTHUBJICHUIO TIOPUCTOTO 3JIEKTPOJIa.

Taroke, ananu3 TabMUIE! 6 NOKA3EIBAET, YTO NP AABJICHUHU CXKATHs OT BHEIIHEH
Harpy3ku pasHoM 20'10°T]a, ypenudenne coaepkanus uzotonos 13C B 37eKTpoie AO
0.1% mpaxTH4eCcKH He IPUBOIUT K CHIDKEHUIO 3JIEKTPUYECKOTO COIIPOTHBIIEHUS
IIOPUCTOTO 3JIEKTPOIa.

IIpu faBlIeHUM CXaTHs OT BHEIHEH Harpysku pasHoM 20'10°T]a, yBenuuenue
conepxanus uzoronos >C B snexrpose 10 0.3% IPUBOMNUT K CHIKEHHUIO
3JIEKTPUYECKOTO COMMPOTUBIICHHUS MOPUCTOrO JIeKTpoaa B 1.4 pasa.

IIpu HaBfieHUM CKaTHs OT BHENIHEH Harpysku paBHoM 20°10°T1a, yBenuueHue
conepxanus uzortonos *C B anexTpose 10 75% IPHBOINT K CHUKEHHIO DIIEKTPUUECKOrO

COINIPOTHUBIIEHHS IIOPUCTOTO 3ekTpoaa B 1.8 paza.
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HansHelimee yBenuuenue cogepxanus uzoronos *C B anexktpone m0 90% (npu
J@BJICHWH CXKaTHsl OT BHEIIHEH Harpy3ku pasHoM 20-10°T1a) mpakTHUECKH HE TIPUBOMIHT K

Z[aJIBHeﬁIIICMY CHUXKXCHUIO JJICKTPUYCCKOTI'O COIIPOTUBJICHHAIO ITIOPUCTOrO JICKTPOAa.

B tabmune 21 npeacrapieHa 3aBUCAMOCTD 3JIEKTPUYECKOTO CONPOTHBIICHHSA
IIOPUCTOrO 3J1EKTPoia (MOpsAKOBEIA HoMep 16) ¢ uzoTonamu yriepoaa *C
OT JaBJIEHUS CXKaTHUI.

Anamu3 Tabnauis! 21 1 TabMULE S TOKa3BIBAET, UTO B YCIOBUSX, KOTIa JaBlIeHHE
CKATHS OT BHENIHEHW HAarpy3KM OTCYTCTBYET, yBEIMUEHUE colepKanus u3oTonos *C B
anekTpoze 10 0.1% mpakTH4ecKy He MPUBOJUT K CHIDKEHHUIO 3JIEKTPHYECKOTO
COIIPOTHUBJIEHHUS IIOPUCTOTrO JIEKTPOa.

Veenuuenue comepxanus usoronos C B anexrpoze 10 0.3% npUBOAMT K
CHIDKEHHIO 3JIEKTPUYECKOT0 COIIPOTHUBIIEHUS TIOPUCTOrO 3JeKTpoaa B 1.4 paza.

VBenuueHne colepxanus u30TonoB C B 31ekTposie 10 75% IpUBOIKT K
CHMKEHHIO 3JIEKTPHYECKOr0 CONPOTUBIEHUS ITOPUCTOro A1ekTpoaa B 1.9 pasa.

JanbHeliee yBenuueHue coaepxanus u3otonos PC B anexrpoze 1o 90%
IIPaKTUYECKH HE MPUBOAUT K JANbHEHRIIEMY CHHXEHUIO 3JIEKTPUIECKOTO
COIIPOTHUBJICHUIO IOPUCTOTO JIEKTPOJIa.

Tatoke, aHanu3 TabIUIE! 6 TOKA3EIBAET, UTO MPHU AABIEHUHN CXKATHS OT BHEIIHEH
Harpysku pasHoM 20-10°TIa, yBenuuenue conepxanusa u30TonoB >C B 31€KTPOJE 10
0.1% npakTU4ecku He IPUBOIUT K CHIDKCHHIO 3JIEKTPUIECKOTO COIIPOTUBIICHUS
MOPHUCTOrO ANIEKTPOA.

TIpu faBeHnM CKATHS OT BHELIHEH Harpy3ku paBHoM 20-10°TIa, ysenudenue
coaepxanus uzoronos >C B anextpoe 10 0.3% NPUBOIKT K CHUKEHHUIO
9JIEKTPHUECKOTO COMIPOTUBJIEHHUS IOPUCTOTO 3ekTpoaa B 1.3 pasa.

[Ipu NaBJIEHUM CXKATUs OT BHELIHEH Harpysku pasHoM 20-10°T]a, yBenuueHue
cojiepXaHus U30TomoB >C B d1eKTpoje 10 75% NPUBOAUT K CHHXKEHHUIO 3IEKTPHYECKOTO
COIIPOTHBJIEHHUS TOPUCTOTO 3eKTpoaa B 1.8 paza.

JaneHelilee yBenuueHre colepxanus u3oTonos C B anextpose 10 90% (mpu
JaBIIEHUM CXAaTUs OT BHeIIHel Harpysku pasHoM 20-10°TIa) pakTHYeCKy HE IPUBOIMT K

nanLHeﬁmemy CHUXXCHUTIO 3JICKTPHICCKOr'0 COIMMPOTUBJICHHUICO MTOPUCTOTrO JICKTPO/IA.
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B Tabnuue 22 mpeAcTaBieHa 3aBUCAMOCTh NIEKTPUIECKOT0 CONPOTHBIECHHS
IIOPUCTOTO JNEKTPOAa (TOpAAKOBLIA Homep 17) ¢ u3oTonaMu yriaepozaa BC
OT JIaBJICHUS CXKaTHAL.

AnHanu3z Tabnunel 22 ¥ TaOMUIBl S TOKAa3bIBAET, YTO B YCIIOBUSX, KOTAa JaBJICHAE
CKaTus OT BHENIHEH HArpy3KH OTCYTCTBYET, YBEIMYEHUE COJCPIKaHUs N30TOIOB BCs
snekTpoge 10 0.1% MpakTHYECK! HE IPUBOJUT K CHIDKEHHUIO 3JIEKTPHIECKOTO
COIIPOTHBJICHUS ITIOPUCTOTO IEKTPOA.

YBenuueHne cofepxanus u30tonos >C B anexrpoe 1o 0.3% IpUBOAUT K
CHIDKEHHIO 3JIEKTPHYECKOTO COMPOTHBIIEHHUS TIOPUCTOTO 31eKTposia B 1.4 pasa.

VBenuueHne coepxanus u30tonos *C B anextpoze 10 75% IpUBOAMT K
CHUKEHMIO 3JIEKTPHYECKOTO COIPOTUBIIEHHUS IIOPUCTOTrO IEKTposia B 1.8 pasa.

JlansHeliee yBeIMUeHue cofepxanus u3otonos *C B anexrpone 10 90%
MPaKTHYIECKU HE MPUBOANUT K JaTbHEHIIEMY CHHKEHHIO 3TIEKTPHIECKOr0
COIPOTHUBJICHHUIO IIOPUCTOTO INEKTPOJIA.

Taxoxe, aHanM3 TaOMULBI 6 TTOKA3bIBAET; YTO MPH AABICHUH CXKATHs OT BHELIHEH
Harpy3ku pasHoM 20'10°TIa, yBenuueHne coepXKaHUs H30TONOB 13C B anekrpoze 10
0.1% npaxkTUUeCcKH He TPUBOAUT K CHIDKEHHIO 3JIEKTPUYECKOTO COMPOTUBIICHHS
IOPUCTOrO NEKTPOA.

ITpu maBneHUM CXKAaTUS OT BHEUIHEH HArpy3Kd paBHOM 20-10°I1a, yBenuueHme
COJIep)KaHUsI U30TOIOB BCs snextpoze a0 0.3% npuBOAUT K CHHXEHUIO
3TIEKTPUYECKOTO CONPOTUBIICHHUS IIOPUCTOTO ANIEKTpoa B 1.4 pasa.

IIpy aBNeHUH CKaTHs OT BHeuIHel Harpy3ky pasHoM 20-10°T]a, yBemaueHue
coziepxanus u30TomnoB *C B anekTpoze 10 75% NPUBOIUT X CHIDKEHHIO DIIEKTPUYECKOTO
CONIPOTHRBIIEHUS IOPUCTOTO JIEKTPoAa B 2.3 pasa.

JanpHelilee yBeTHIeHNE cofiepkanus u3oTonos *C B anekTpoze a0 90% (npu
JlaBJIEHAN CKATHs OT BHENIHeH Harpysku paBHoM 20-10°T]a) mpakTHYecKH He IPUBOTUT K

JaIbHERIIEMY CHIDKEHHUIO 3JIEKTPUIECKOTO COIPOTUBIIEHHIO MMOPUCTOTO 3IEKTPOAA.
B Tabmmiie 23 npeacTaBiieHa 3aBUCUMOCTD 3JIEKTPHIECKOr0 CONPOTHUBICHHUS

HOPHUCTOro JJIEKTpoaa (MopsIKoBbIA HoMep 18) ¢ u3oTONaMM yriepola BC

OT JAaBJICHUA CXKaATHUA.
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Anamm3 Tabnuust 23 ¥ TaONUIE! 5 TOKA3EIBAET, UTO B YCIIOBUSIX, KOTJIa 1aBJICHHE
CXKaTHA OT BHEUIHEH HAarpy3KH OTCYTCTBYET, yBeIHYEHUE CoAepKanus u3oronos °C B
anektpoe 1o 0.1% npakTudecku He NPUBOIUT K CHIXKEHHIO JJIEKTPHYECKOTO
COIIPOTHBJIEHUS TTIOPUCTOTO JJIEKTPOAA.

Yeenuuenue copepxanus usorornos *C B anekrpoze 10 0.3% npuBOAUT K
CHIDKEHHUIO 3JIEKTPHUIECKOTO CONPOTUBIEHUS [TIOPUCTOTO 3J1eKTpoja B 1.4 pasa.

YBenuueHue cogepxanus u3oronos PC B anexTpose 10 75% IPABOIUT K
CHHXKEHUIO 3JIEKTPUICCKOI0 COIIPOTHUBIIEHHUS IIOPUCTOrO 3JiekTpoa B 1.8 paza.

HaneHelmee yBenaenne coaepxanus usoromnos C e anekrpoe 10 90%
NPaKTUYECKA He NPUBOJMT K JANBHENIIEMY CHIDKEHHUIO STIEKTPUIECKOro
COIIPOTHUBJIEHHUIO ITIOPUCTOTO SIEKTPOa.

Taxoxe, aHanu3 TaGMMIEL 6 TOKA3BIBAET, YTO TPH JAaBJICHUH C)KATUs OT BHENIHEH
Harpysku pasHoM 20-10°T1a, yBenuuenune conepxanus usorornos °C B anexrpoze 10
0.1% mpakTH4ecKH He IPUBOAUT K CHIDKEHHIO 3JIEKTPUYECKOTO COIIPOTHBIIECHHUS
MIOPUCTOT'O 3IIEKTPOJIa.

Ilpu naBneHun cXxaTs OT BHelIHel Harpysku pasHoM 20'10°Tla, yennuenue
cozepxxanus u30tonos C B anexrpose 10 0.3% NPUBOIUT K CHIXKEHHIO
3NEKTPHYCCKOI0 COMPOTUBIIEHUS IIOPUCTOTO 3IeKTpoa B 1.4 pa3a.

IIpu naBieHUH CXaTHS OT BHELIHe Harpys3ku pasHoM 20'10°TIa, ysenuuenue
cozepxaHus n30tonos *C B anexTposie 10 75% NPUBOIUT K CHIKEHHUIO DJIEKTPUYECKOTO
CONMPOTHBIICHHUSI IOPUCTOTO 3JIeKTpoAa B 1.8 paza.

Hanerelimee yenuueHue coepxxanus uzotonos PC B anekrpone 10 90% (npu
JaBJIEHHH CXKaTHs OT BHEIIHeH Harpy3ku pasHoM 20°10°T1a) mpakTuyecKy He IPUBOJUT K

,uanLHeﬁmeMy CHHOKEHHIO SJICKTPHIECCKOr0 COMPOTUBIICHUIO ITIOPHUCTOTO JJICKTpoOAa.

AHanu3 TabiuI 6-23 1oKa3bIBaET, YTO C YBEIUUCHUEM COJEPKAHUS B IIOPHCTOM
YTIEpOIHOM MaTepHalle (B IOPUCTOM 3NEKTPOjIe) U30TonoB yriuepona >C mpu
(QUKCHPOBAaHHOM 3HAYECHUM JABIICHHUS CXKATHUs YAEIBHOE JIEKTPUIECKOE COIPOTUBIICHHE
(a, cmenoBaTeNbHO, ¥ NIEKTPUUECKOE CONPOTHUBIIEHHUE) SIEKTPOIOB U3 IOPUCTHIX
YriIepOaHBIX MaTEpHaNOB CHUXKaeTes B 1.3 — 2.3 paza.

Crnenyer OTMETHTD, YTO BHIOpAHHEIH AHANAa30H 3HAYEHUH COJIepXKAHUS U30TOIOB

BC s anextpone ot 0.3% mo 75% siBnsieTcs pallMOHATBHEBIM.
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CopepxaHus U30TOIIOB 3C B anexrpone 10 0.3% npakTU4eCKH He IPHUBOIUT K
3aMETHOMY CHIDKEHMIO DJIEKTPUYECKOTO COMPOTUBIIEHHS IEKTPOJOB.

ConepxaHus U30TOIIOB I?C B 3JICKTpoie CBBIIIE 75% NPaKTHYECKH HE MIPHBOAUT K
JanpHeReMy CHIDKEHUIO 3JIEKTPUYECKOTO CONPOTUBICHHS IEKTPOJIOB, a
SHEPreTHYECKUE 3aTPaThl, [IPH 3TOM pacTyT.

TakuM 06pa3zoM, U3 BEIIIECKA3aHHOTO CIEAYET, YTO MIPH peann3alyyi H300peTeHus
JOCTHTAIOTCS CIEIyIolMe TEXHUYECKUE PE3yIbTaThl:

1. VMeHBIIEHHE EKTPUIECKOTO COMPOTUBICHUS 3JIEKTPOOB (BBEIIIOJIHEHHBIX C
UCIIONB30BaHUEM ITOPHCTOTO YTIEPOIHOTO MaTepyana) HaKOIMUTEs SIEKTPUIECKON
SHEPTUM C JBOMHBIM 3IEKTPUYECKUM CIIOEM IIPH TEMIIEpaType 3IEKTPOJO0B OT 20°C mo
70°C.

2. VMeHBIIEHUE 3JIEKTPHYECKOTO COMIPOTHBIICHHUS IIEKTPOIOB (BLIMOJHEHHBIX C
UCII0NBE30BaHUEM MTOPUCTOTO YIIIEPOTHOr0 MaTeprala) HaKOMUTENs 3JIEKTPUIECKOM
SHEPrHH C JBOHHBIM 3JIEKTPUYECKUM CIIOEM, [IPH OTCYTCTBHHU JABJICHUS CXKATHUS OT
BHEIIHEHN CXUMaroNed Harpy3Ku.

3. VMeHBIIEHHE 3TEKTPUUECKOTO COMPOTHBICHHS 3IEKTPOOB (BEINOTHEHHEIX C
HCTIONL30BaHUEM TOPUCTOrO YIIIEPOAHOr0 MaTepuana) HaKOIMUTENs JJIEKTPUYECKOH
SHEPrUM ¢ ABOHHBIM 3JIEKTPUUECKUM CIIOEM, HAXOIAIIMXCSA B CKATOM COCTOSHUM, B
YaCTHOCTH, TIPH JaBIEHUH CXXATHUS IEKTPOAOB 10 20 10° Ia.

VuuTEIBas TO, UTO 3JIEKTPHUECKOE CONMPOTUBIIEHUE IOPUCTOTO 3JIEKTPOAA 3aHUMAET
BaXHOE MECTO B OOIIEM 3JIEKTPUYECKOM CONPOTUBICHUM HaKOIHUTCIIA SHEPTHH C
JABOMHEIM 3JIEKTPUYECKUM CIIOEM, CHHXXEHUE BEJTMUHHBI 3JIEKTPUYECKOTO COMPOTUBIICHUS
3]EKTpOoJa SBJISETCS BAXKHOU 3a/1auelf, KoTopas TPaAUIIMOHHO PELIAETCs yBETHICHUEM
JABJICHUS CXKATHS 3JIEKTPOJA, a TAK)KE YMEHBIICHUEM TOJIIMHEI 3IEKTPO/IA.

B u300peTeHny 3a1aua CHIDKEHHUS 3JIEKTPUIECKOr0 CONPOTUBIIEHUSA 3JICKTPOAOB
pelaeTcd 3a CYeT 3aMEIIeHUs B IOPUCTOM YTJIEpOJXHOM MaTepHaje 4YacTH U30TOI
yriepoaa 2C Ha uzotonsl BC.

Kpome yrieit mapku JIAK, BAY-A, BAY-M® ucnsIThIBaId ¥ Ipyrue MapKy yriew,
B yactHOocTH, BAY, BAV-K, OV-BK, OZ1V-1, TAK-5, OV-A (b, B), AI-3, AP, CKT u
Ip. Y 3tux yriaeil Habmoganach aHaJlOTHYHAs 3aBUCHMOCTD 3JIEKTPUIECKOr0

COIIPOTHUBJICHMS OT JABJICHUA CXKaTUs U COAEPKaHUA H30TOIIOB 13C.
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KpoMe TOT0, IpOBE/ICHBI HCCIEN0BAHUS IEKTPHIECKOro COMPOTHBICHUS
HOPUCTHIX ANEKTPOAOB OT AABJICHHUS CXKATHs IIPX OTPULIATENBHBIX (-50°C) u
nonoxurenbHeIX (+70°C) Temmeparypax. Y CTaHOBIEHO, YTO 3aBUCHMOCTH MIPAKTHYECCKH

HE U3MEHUIINCH 110 CPABHEHUIO C 3aBUCUMOCTSMHY, ITOTYyICHHBIMHA TIpU +200C.

Hinke npe/icTaBIeHsl pe3yIbTaThl HCCIIEN0BaHUH caMOopasps/ia HaKomuTeIel
3HEPIHH OT JaBJIEHHS CXKATUA HNEKTPOJIOB, TEMIIEPATYPHI HJIEKTPOJIOB U COIAEPKaHUA
yriepoga 13C B anextpone (OT OTHOWIEHHS KoNMYecTBa H30TOHOB yrnepona °C k
001eEMy KOJMYECTBY YIIepoa B 3JIEKTPoAax).

B kayecTBe XapaKkTepUCTHKH caMopa3psjia UCII0Ib30BaHa 3aBUCHMOCTh
HalpsKEHHs Ha BBIBOJAX HAKOMUTEN SHEPIHH (Ha HAKOIHUTENE SHEPTHH) OT BpEMEHH
TpH 3aJlaHHBIX: BETMYMHE JaBJICHUS CKaTUs, BETMIUHE TEMIIEPATYPHI JIIEKTPOIOB,
cofepxanun yriepoza *C B anextpoge.

Ha ¢ur. 13 mpeacTaBiicH OCHOBHOR 3/IEMEHT 9KCIIEPUMEHTAIBHOTO HAaKOIUTEI
SIEKTPUYECKOM SHEPTHH C IBONHBIM 3JIeKTpHdYeckuM cinoeM. Hakornurens sHepruu
BBITIOJNHEH B BUJIE N1aKeTa KOHAECHCATOPHEIX 3JIeMEHTOB. KOHEHCATOPHEIE 3JIEMEHTHI
coefMHeHBI napamiensHo. Ha ¢purype no3unusmMu 0603Ha4eHb!:

95 — TOKOCHEMHHK;

90 — anexTpon;

91 — cenaparop;

92 — 3neKTpOL;

93 — TOKOCBEMHHK;

94 — s3nexTpon;

91 — cenaparop;

96 — 3nexTpox;

97 — TOKOCEEMHHUK.

CenapaTop BEINOJHEH M3 CTOUKOTO K JIEKTPOJIUTY MaTepHaia. B sxcriepiMeHTax B
KadecTBe CENapaTopOB MCIONL30BATN acOeCTOBYIO Oymary  MOJIHaMHUIHYIO TUIEHKY
(MeMOpaHY).

ToKOCHEMHHKY BHIIIOJIHEHE] U3 CTaNbHOH (onsry, TommuHoH 0.02 MM.

ITpu 5KCTIEpUMEHTaX C KUCIOTHEIMHU 3JIEKTPOIMTAMM B KaUeCTBE MaTepraia

TOKOCHECMHHUKA UCITOJIB30BAIH IJIACTUHEBI U3 BHCKTpOIIpOBOIIHOﬁ PE3UHEI U CTAIIBHYIO
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onery. IlnacTiaa U3 S1eKTPONPOBOAHOMN PE3UHEI OJHOM HOBEPXHOCTHIO
KOHTAaKTUPOBAJa C EKTPOAOM (IIPONMTAHHBIM 3JIEKTPONHTOM), APYTOH IOBEPXHOCTEIO
KOHTaKTHpoOBasa co CTalbHOH Gonproif. TokockeM ¢ aexTpona ocymecTBIsIcsS
IOCPEACTBOM 3NIEKTPOIIPOBOJIHOM PE3UHBI Yepe3 CTaNbHYIO (HOJEBry.

Tommuuza nuacTHHEL ©3 HIEKTPONPOBOAHON PE3UHEI COCTABIANA 2 MM.

ITnomanes noBEPXHOCTH KOHTAKTa TOKOCHEMHHKA 95 ¢ anmekTpoaoM 90 cocTapnser
4225 mm? (65MM X 65MM). TokochbeMHHKH 95 1 97 CoeMHEHBI JIIEKTPUYECKON CBA3BIO,
06pasyst MOJNIOKUTENBHEI 3TEKTPHIECKUN BEIBOJ (IS IPOCTOTEI U3JI0XEHHS - BEIBOX).
ToxoceeMHMK 93 — OTpHIIATENBHEIN BHIBOL.

Onextpoasl 90, 92, 94 u 96 o pasmepaM aHAIOTHYHEL.

Tonmmuua snextpona 0.04 MM, mIomIaah CONPUKOCHOBEHHUS ¢ TOKOCHEMHHKOM 4225
MMZ, 00beM di1eKTposa 169 MM>.

Ha ¢wur.17-24 npencrapieHbl pe3yIbTaThl UCCIEN0BAHUN caMOpa3pAa
9KCIEPUMEHTAIBHBIX HAKOIUTENEH SHEPTUU. B sKcriepUMEHTAIBHBIX HAKOIUTEIX B |
KaueCTBE 3JCKTPOLOB HCIMONB30BAIM aKTUBUPOBAHHBINA YTOJIb U3 CKOPIYINBI KOCTIHKY
(cm. TabmuIry 2, MOPUCTEIH 35eKTPo 13). AHAIOTHYHbIE IO BULY XapaKTEePHCTHKH
caMopasps/ia OJIY9IEHH U TIPH UCIIOJIL30BAHUY TTOPUCTHIX EKTpoaoB 1-12 u 14-18 (cm.

Tabnuie! 1 u 2).

OKCNEpUMEHTAIBHBINM HaKOIUTENb SHEPruH (ITaKeT KOHIEHCATOPHEIX 3J1€MEHTOB,
n300paxeHHbIl Ha ¢ur.13) B GopManmu30BaHHOM BUJIE MOXET OBITH ONHCAH CEAYIOIIHM
00pa3oM: HaKOIIMTEIb SNEKTPUIECKO SHEPIUH C JBOHHBIM HITEKTPHIECKUM CIIOEM,

COJIepXallyii NPOITMTAHHEIE SJIEKTPOIMTOM 3NEKTPOABI, pas/eleHHbIe CenapaTopoM, Ipu
3TOM 3JIEKTPOJBI BEIIOIHEHEI C UCTOJIL30BAaHUEM TIOPHCTOTO YTIIEPOAHOTO MaTepuana u
3JIEKTPOBI PACIIOIOKEHBI MEX Y TOKOCHeMHUKAMH, H TIOPUCTHIN YTIIepOAHEIH MaTepya
BBINIOJIHEH TaKMM 00pa30M, 4TO COAEPXKUT U30TOMEI yriepoaa *C, u oTHoIIeHHe
KOJIM4ECTBA U30TOMOB yriepoja *C k o6lieMy KonUdYecTBY YTIIepoa B SIEKTPoax
cocramnser BenuuuHy ot 0.003 g0 0.75.

IIpu oTcyTcTBHH B 3eKTpoAax yriepozaa >C, Gopmanu3oaHHOe ONMHCaHHE
HaKOIMUTE/IS SHEPTUH CJIEAYIONIEE: HAKOIUTENb SIEKTPHUYECKOM SHEPTHH C IBOMHEIM
3NEKTPUYCCKUM CIIOEM, COACPKAIIKI IPONUTaHHBIE YIEKTPOIUTOM 3NIEKTPOJIE,

PA3JCIICHHBIC CENapaTopoOM, IIPH 3TOM 3JICKTPOABI BRIMIOJIHEHEI C UCIIOJIBE30BAHUEM
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TIOPUCTOTO YTIIEPOAHOTO MaTepraa 1 3MEeKTPOILI PacONI0KEHB! MEXITY
TOKOCHEMHHKaMU.

VuuTHIBas, YTO Ha IIPAKTHKE B Ka4€CTBE IIOPUCTOr0O YIIIEPOJHOr0 MaTepuasa
HCIIONB3YIOT aKTHBMPOBAHHEIH YrOJb, Y44CTHBIM BaPUAHTOM PEaH3aluu H300peTeHus
OyaeT: HaKOMHUTEIb TEKTPUUYECKOM SHEPTHH C ABOMHBIM 3JIEKTPHYECKUM CIIOEM
COZEPYKUT TIPOIUTAHHEIE IEKTPOIUTOM 3JIEKTPOJIEL, pas/ieieHHBIC CENapaTopoM, pH
3TOM 3JICKTPOABI BHITOIHEHE] ¢ HCIIOIb30BaHUEM IIOPUCTOrO YIJIEPOAHOI0 MaTepHrania u
3NMEKTPOIBI PACTIONOKEHB! MEX Ly TOKOCEEMHHKAMU, U IIOPUCTHINA YrIIepOAHBIA MaTepran
BBHIIOJIHEH TaKUM 06pa30M, 4TO COIEPKHUT H30TOMb! yriepoaa *C, u oTHoIIeHHE
KOIMYeCTRa H30TomoB yriaepoaa *C k 061eMy KOIHYECTBY Yriepoaa B 3MeKTpoax
cocrasiser BemuuuHy 0T 0.003 1o 0.75, 1py 3TOM B Ka4eCTBE IMTOPUCTOTO YTIEPOAHOTO
MatepHana HCHONb3yIOT aKTUBHPOBAHHEIN YIrojlb.

Jpyroe GpopMani30BaHHOE OMMCaHUE TAKOTO HAKOIHUTENs SHEPTHH OyIeT
CIICAYIOIIUM: HAKOIIUTENb 3JIEKTPHIECKOMN S3HEPTUH C ABOMHBIM 3JICKTPHICCKUM CII0EM
COZEPUT NMPOIUTAHHBIE 3JTEKTPOIUTOM SNEKTPOBI, pa3ieIeHHEIE CENapaTopoM, Mpu
3TOM 3JIEKTPOBI BEITIOJTHEHBI C UCIIOb30BaHUEM aKTUBUPOBAHHOI'O YTJIS U SJIEKTPO/IBI
PaCIIONIOXKEHBI MEXIY TOKOCHEMHUKAaMH, U aKTUBIPOBAHHAIN yrojb BHITOJHEH TaKUM
06pa3zoM, 4TO COIEPKAT U30TONEI yriepoaa *C, i OTHOILICHHE KOJIHYECTBA H30TOIOB
yraepoaa *C x o61eMy KOIMYECTBY YriiepoJia B 3JIEKTPOaX COCTABIISET BENUYHHY OT
0.003 g0 0.75. DTo YacTHBIN BapUaHT peaTn3alii U300peTeHNn .

Ha ¢wr. 14 uzo6paxeHa cxeMa SKCIIEPIMEHTATBHOIO HAKOIUTENS SHEPTHH C 5
nakeramu. IIpu sKcriepuMeHTax, KOJIUYEeCTBO IIaKeTOB BapbupoBaiock oT 1 o 100 mryk.
KonuuecTsoM MakeToB (COEAUHEHHBIX MapalIeNIbHO U TOCIe0BaTENBHO)
obecneauBanack TpebyemMas eMKOCTH HAKOTIUTES SHEPTUM TIpH 3alaHHOM paboueM
HaNpsHKEHUH U TUIE 3JIEKTPOJIUTA.

Ha ¢ur.14 nosunueii 98 o603HadcHa cxxuMaroas cuia, nosunued 109 obosnayena
OTIOpHAas IUIUTA.

Ha ¢wur.14 mo3uunsmMu 0603Ha4eHbI:

99 — oTpHuNaTeNbHBIHM BEIBOJ [TaKETa KOHIEHCATOPHBIX 3ICMEHTOB, COCIMHEHHBIX
napauienasHo. [Tozumms 99 taioke 0603HaYaeT OTPUIATENLHEIN BEIBOJI KOHEHCATOPHOTO
31IEMEHTA, PACIIOIOKEHHOTO B TakeTe. KpoMe Toro, nosurms 99 obosnayaer

OTpI/II_IaTCJILHBIf/'I BBIBOJ HAKOITUTEJISI SHEPTUH B LCJIOM;
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100 — coenuHUTENRHAS IINHA;

101 — snexTpuueckas CBs3b MEXIY N1aKETaMH;

102 — u3onupyromias IJIMTa, BEIIOJHEHa U3 FeTUHaKca TOMIIMHOA 5 MM;

103 — uzonupyromas MinTa, BEINOJTHEHA U3 FeTUHAKCA TONIIMHON 5 MM;

104 — makeT KOHAEHCATOPHBIX JIEMEHTOB. fepMeru3upOBaH TEpMOYCaZI09HOR
TUIEHKOH U3 MOJIMBUHUIXIOPUA;

105 — anexTpudecKkas CBs3b MEXIY IIaKeTaMU;

106 — nmakeT KOHAEHCATOPHAIX 3J1EMEHTOB. [ epMeTU3MPOBaH TEPMOYCATOUHOM
TUIEHKOM U3 MOJUBUHUIIXIIOPHIA;

107 — makeT KOHAEHCATOPHEIX 3JIEMEHTOB. | epMETH3UPOBaH TEPMOYCaT0THON
IUIEHKOU U3 OIUBUHUIXIIOPUA;

108 — mONOXKUTENBHEIN BBIBOJ HAKOIIUTEIS SHEPT UM,

110 — snexTpuuecKas CBsI3b MEXY ITaKeTaMH;

111 — anexTprdecKas cBsI3b MEXIY I1aKeTaMH;

112 — makeT KOHIEHCATOPHEBIX 3JIEMEHTOB. | epMETU3HPOBAH TEPMOYCATOUHON
TUIEHKOW U3 MOJTMBUHUIXJIOPUA.

B popmau30BaHHOM BHIE HAKOIHUTENb SHEPIUH MOXET OBITH ONUCAH CIEAYIOLIMM
00pa3oM: HAaKOMUTENb NEKTPUIECKON SJHEPIUHU € IBOMHBIM 3IIEKTPHICCKUM CIIOEM,
coziepXaluii KOpITyc, IPONUTAHHBIE SIEKTPOIUTOM SIEKTPOALI, pa3JeICHHbIE
cernaparopoM, MPU 3TOM 3JIEKTPOBI BHIIIONHEHHI C UCIONBE30BAHUEM ITOPHCTOTO
YIIIEPOJHOro MaTepuaa 1 3JEKTPOABI PACIIONOKEHBl MEXAY TOKOCHEMHUKAMM,
¥ TIOPUCTHIN YTIIEPOAHBIN MaTepral BEIIOMHEH TaKUM 00pa3oM, YTO COAEPKUT H30TOIIb]
yriaepoza *C, u oTHOIIEHHE KOTMYeCTBa H30TONOB yriepoja >C K o6leMy KoIH4ecTBy
yriepoza B 31IeKTpoAax cocraBnsieT Benuauny oT 0.003 mo 0.75.

9T0 4acTHEIN BapHaHT peau3aliy H300peTeHHs.

Ilpyroe ¢popMan3oBaHHOE ONUCAHHE HAKONUTENSA SHEPIHH: HAKOUTENb
SNMEKTPUUYECKOM SHEPTUHU C ABOMHBIM JIEKTPUIECKAM CIIOEM, COAEPIKAIIUHN KOPITYC, B
KOTOPOM pacIojIOXKEH, 110 KpalfHe# Mepe, 0JJHa KOHJIEHCAaTOpHAas SIeiKa U
KOHJeHCcaTOpHas s4eiika COAEPXKUT IIPOIIUTAHHEIE 3JIEKTPOIUTOM JICKTPOIBL,

paszieneHHbIe CenapaTopoM, IIPH 3TOM 3JICKTPOBI BBITTIOTHEHB! ¢ HCIIOJIB30BAHUCM
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TIOPUCTOTO YIIIEPOAHOTO MaTepraa H 3JIEKTPOABI PAcIOIOKEHBI MEXAY
TOKOCHEMHHKAMU,

¥ TIOPUCTHIH YIIIEpOAHBIM MarepHall BhIIONHEH TaKUM 00pasoM, YTO COAEPXKHUT U30TOIIBI
yriepoaa 1>C, n oTHOlIEHHE KONUYECTBa H30TONOB yriepoaa °C k ofluemy KOIH4ecTBy
YIieposa B 3EKTpoAax cocrapisieT Bemauuny ot 0.003 xo 0.75.

DTO 4aCTHEIA BAPUAHT peaiu3allud H300peTeHNS.

B (opMaTi30BaHHOM BH/IE HAKOIATENb SHEPTHH MOKET OBITH TAKXe ONMMCaH
CIEYIOMUM 06pa3oM: HaKOIATENh dIEKTPHIECKOH SHEPTHH ¢ ABOHHBIM 3IEKTPHIECKUM
CcJI0eM, COJIEPKAIINIA KOPITYC, IPONUTAHHbIE 3JIEKTPOIIMTOM 3JIEKTPOABI, pas/ielIeHHEIE
CemnapaTropoM, [P 3TOM 3JIEKTPO/IBI BBIIOIHEHE! ¢ HCIIONE30BaHUEM TTOPHCTOTO
YIIIepOAHOTO MaTepralia ! 31eKTPObl PAaCcIIOIOXEHBI MEXY TOKOChEMHUKAMY,
¥ IOPHCTHIN YTIIEPOAHEIH MaTepHal BEIONHEH TaKUM 06pa3oM, YTO COACPKHUT H30TOII
yrnepona '3C, u OTHOLIEHHE KONHIECTBA H30TONOB YTJIEPOAa BC k oOuieMy KOIHYECTBY
yIIlepoia B 3JIEKTpoax cocTaBisieT Bemuuny oT 0.003 xo 0.75, mpu 3TOM B Ka4ecTBe
HOPHUCTOrO YIIIEPOAHOTO MaTepHala HCIONb3YIOT aKTHBUPOBAHHEIH YT OJlb.

DT0 YaCTHLIN BAPUAHT pean3aliy U300peTeHHs.

Hpyroe popMaiu30BaHHOE ONMMCAHKHE HAKOIMTENS SHEPTUH: HAKOIUTENb
HIEKTPHUYECKOM SHEPIHH C ABOMHBIM 3E€KTPHYECKHM CII0EM, COAEPXKAIUK KOPITYC, B
KOTOPOM PacIiONioXKeH, 1o KpaifHelt Mepe, OlHa KOHIeHCaTopHas sueiika 1
KOHZIEHCATOpHAs sTYeWKa COAEPXUT PONHTAHHBIE 3JIEKTPOJIMTOM 3JIEKTPOBI,
pasejieHHBbIE CEenapaTopoM, IIPH 3TOM 3JIEKTPOIBI BHIIOIHEHH! ¢ UCIIONIB30BaHUEM
HOPUCTOrO YIIIEPOJHOTO MaTepyuana U 3JeKTPObI PACoN0XeHbl MEXAY
TOKOCHEMHHUKaMH,

U TIOPUCTEIN YTIIEpOAHBIN MaTepral BHITONTHEH TaKUM 00pa3oM, YTO COAEPKHUT H30TOILI
yrnepoza 3C, v oTHOLIEHHE KONMIECTBa H30TOIIOB yIilepoja BC k 00mmeMy KOJIM4eCTBY
yriepo/a B 9JIeKTpojax cocTaBiseT Benuduny oT 0.003 xo 0.75, npu 3ToM B kKa4ecTBE
TIOPHCTOrO YIIIEPOAHOT0 MaTeprala HCTIONb3yIOT aKTHBUPOBAaHHEIH YTOJb.

DT0 YaCTHEIN BAPUAHT pealin3allii H300peTeHNs.

Kopiryc MoxeT OBITH BHIIOJIHEH ¢ KCIIOJIb30BAaHHEM METallla, IacTMacChl.

Ha ¢ur.15 npejcTaBieH makeT U3 SKCIEPUMEHTAILHEIX HAKOIIUTENEH SHEPIUH.
Hakonureld SHEPTUH BEITIONHEHB! ¢ BO3MOXHOCTBIO 3apsia KaXA0ro M1aKeTa B

OTACIHHOCTH.
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Ha ¢ur.15 nosuuusmu 0603HaYEHBI:

99 — oTpHLaTENbHBIM BEIBOJ I1aKE€Ta KOHJAEHCATOPHBIX JIEMEHTOB, COEAMHEHHBIX
NapaieabHo;

108 — moI0XUTENBHEIM BEIBOJ IT1aKeTa KOHAEHCATOPHBIX 3J1EMEHTOB, COEIMHEHHBIX
napaJuleNnbHo;

113 — monoXuTeNbHBIH BEIBOA MAKETa KOHAEHCATOPHBIX 3JIEMEHTOB, COEANHEHHBIX
napajuiebHO;

114 — nonoXuTeNbHBII BHIBOJ ITaKeTa KOHICHCATOPHEBIX 3JIEMEHTOB, COEAMHEHHBIX
napajiebHO;

115 — oTpunaTenbHEIA BEIBOJ TakeTa KOHACHCATOPHBIX 3JIEMEHTOB, COEAIMHEHHEIX
napamieNbHo;

116 — oTpuLIaTeIbHBIN BBIBOJ ITaKeTa KOHACHCATOPHBIX 3JIEMEHTOB, COCAMHEHHBIX
MapajuIeIbHO;

117 — IONOXUTEIBHBIN BBIBOJI IIaKeTa KOHACHCAaTOPHBIX 3JIEMEHTOB, COCAMHEHHBIX
napauIenbHO;

118 — oTpuaTeNbHBIM BEIBOJ NTaKeTa KOHACHCATOPHBIX SIEMEHTOB, COEIUHEHHBIX
[apajienbHo;

119 — oTpuLaTeNbHBIA BEIBOJ ITakeTa KOHACHCATOPHBIX 3JIEMEHTOB, COCTUHEHHBIX
napaniensHo;

120 — nonoxuTensHbI BEIBOA NakeTa KOHJEHCATOPHBIX 3JIEMEHTOB, COEIUHEHHBIX
napasieabHo.

[Tpu 3xcriepUMeHTax 3apsi HaKOMUTeENeH SHEPruy 10 pabodero HanpsHKEHU
OCYWIECTBIISUTA B TeueHUe 24 4acoB.

3aMephl HANPsHKEHHSI B SKCIEPUMEHTaX M0 caMopa3psily OCYIIECTBIISUIN KaXKIbIH
yac.

Ha ¢wur.16 npeacraBieH 3KCIEpUMEHTAIBLHBIA HAKOIUTENE 3HEPTUU C pauaTOPOM
Ha OTPHIIATEIEHOM TOKOCHEEMHHKE. PaiuaTop CIyXuT [Uls OXJIKAECHUSA U HarpeBaHUs
HAKOIIUTENS SHEPTUH (B YACTHOCTH, IS OXJIKIEHUS U HarpeBaHUs 3JIEKTPOLOB).
AHaJIOTHYHBIE pafuaTOphbl MOTYT BBIIIOJIHATEHCS Ha BCEX TOKOCHEMHHKAX.

Hwxe Ha ¢ur.17 — 24 npeacraBieH XapaKTEpUCTUKU caMOpaspsia HaKOIMUTEIEH
SNIEKTPUIECKOM SHEPTHH C ABOHHEIM 3JIEKTPUYECKUM CIOEM C pa3lIMYHBIMU

JJNCKTPOJIMTAaMH, a UMECHHO, rpadwnm 3aBHCUMOCTH HAIIPXKCHUSA HA 3JICKTPUICCKUX
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BBIBOJIaX HAKONUTENEH SHEPTUM OT BpEMEHH XPAHEHUs B 3apsHKEHHOM BHJIE IIPH
Pa3sIMYHBIX TEMIIEPATYpax JIEKTPOAOB, Pa3IHIHBIX CKUMAIOIMUX HAarpy3Kax (AaBICHUIX
CXaTHsA) Ha 37IEKTPOJIbI M Pa3IMYHEIM cofepxanueM yriepozaa PC B anektpoze. Ha
rpadpukax (¢ur.17-24) Ha ocu abcurce OTKIAABIBAETCS BPEMS B CyTKaX, Ha OCH OpJMHAT
— HanpsbkeHue B Bosbrax.
Ha ¢wur.17-24 npencraBneHs! pe3ynbTaThl HCCIEAOBAHUN HAKOIIUTENEH SHEPTHH,
Y KOTOPBIX 3JIEKTPOABI BHIIOTHEHH! C HCIIOJIb30BAHUEM aKTHUBUPOBAHHOIO YIIIA U3
CKOPIYTIBI KOCTSHKH (CM. TabNULy 2, TIOPSIIKOBBIX HOMEp MOPUCTOTO 31eKkTpoja 13).
OKCIepUMEHTHI IPOBOAMINCH Ha 3JIEKTPOAaX, KOTOPHIE COAEPKAIN TONBKO
yraepox ?C u Ha snexTpojax, KoTopsle cofepxand yriaepox 2C u yriepox BC.
AHaJIOTHYHBIE pe3yIbTAThl II0 caMopa3psily IOJIyYEHE] TP UCIIONb30BAHUH Y

HaKOITUTEJIeH SHEPTHH ITOPUCTHIX IEKTPOAOB ¢ MOPAAKOBEIMU HOMepamu 1-12 u 14-18.

Bonee noapo6HO onuineM rpapuku, NpeacTaBicHHbIC Ha Qur.17-24.

Ha ¢ur.17 mpencraBneHa xapakTepHCTHKA camopa3psijia HaKOIIUTEIs
SIIEKTPUIECKOM SHEPTHH C ABOHHBIM 3JIEKTPUYECKUM CIOEM, 8 IMEHHO, Ipaduk
3aBUCUMOCTH HaNpsHKEHUS Ha IEKTPUYECKUX BBIBOJAX HAKOIMUTEIS 3HEPTUHA OT
BpEMEHM XpaHEHUS B 3apsHKEHHOM BUJIE IIPH pa3IUIHbIX TEMIIEpaTypax 3JEKTpOI0B U
Pa3sIUYHOM cojiepkaHuu yrnepona 3C.

DJNEeKTPONUT BHITONHEH C UCIONB30BaHUEM IIeN04H. B 4acTHOCTH, HCIIONB30BaH
menouHoi 3nekTpoauT Ha ocHoBe KOH (30%-51ii pactBop KOH B AMCTWIIIMPOBaHHOR
BOJIE).

PaGouee HanpsHDKEHUS HAKOMUTENS YHEPrUM BeIOpaHo Ha ypoBHe 3.0 B (na
KoHJeHcaTopHOH siuelike 1.0 B), anextpuueckas eMkocTs 50 .

ITo3unmeit 121 ob6o3HayeHa KpuBas 3aBUCUMOCTHU HANPSDKEHHUS Ha BEIBOJAX
HaKOIUTEJI SHEPTHH OT BpEMEHH IpH TeMIlepaType 3jiekTpoos 20°C. DieMeHTHI
HaKOIHUTENIS SHEPTHN HAXOAATCS M0 AecTBAEM CxxuMaromiel Harpysku 3:10° Ia.

DJIEKTPOIBI COAEPKAIM TONBKO yriepox 2C.

ITo3unueit 140 o603HaueHA KpUBast 3aBUCUMOCTH HallpsDKEHUS Ha BBIBOAAX
HAKOIIUTEIS SHEPTHH OT BpEMEHHM HpH TeMIeparype 3iektpoos 20°C. DieMeHTH
HaKOIHUTEJI SHEPTHH HAXOAATCs 10 JeiicTBHEM cxxuMaromeii Harpysku 3-10° Ta.

Conepxanue yriepon 3C cocrasiusno 0.3%.
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Hosunueit 139 o603HayeHa KpyuBas 3aBUCMMOCTH HAIPSHKEHUsS Ha BBIBOAAX
HaKOIMTEN SHEPIMHU OT BPEMEHH MpH Temieparype 31ekTpoaoB 20°C. DneMeHTH
HaKOMMTEIS SHEPIUH HaXOAATCs O ASHCTBHEM CXUMarolelt Harpysku 3-10° ITa.
Coxepxanue yrnepoa *C cocrasnsno 3%.

[Mosunmeii 138 o603HayeHa KpHBas 3aBUCUMOCTH HAIIPsDKEHMS Ha BBIBOJAX
HaKOIIMTEJIS SHEPTHH OT BPEMEHH IIpH Temitepatype 31eKkTpoaos 20°C. DneMeHTH
HaKOIIMTEJIS SHEPIUU HaXOMATCS O AeUCTBUEM CXUMaroIlel Harpysku 3-10° ITa.

Conepxanue yriepox *C cocrasusio 75%.

ITosuuueit 122 0603HaueHa KpHBas 3aBECUMOCTH HAIPSXKEHHS Ha BEIBOJAX
HaKOIMTEJIs SHEPIMHU OT BpEeMEHH IpH TeMieparype 3J1ekTpoioB 70°C. DiieMeHTH
HaKOMHUTEJIs SHEPIMU HAXONATCA 0] ASHCTBHEM CXUMaroeit Harpysku 3-10° ITa.

DEKTPOABI COAEPXKATH TOIBKO yriepon 2C.

ITosumueii 141 o6o3HageHa KpHBast 3aBUCUMOCTH HaIIpsKEHMS Ha BEIBOAAX
HaKOIUTENI SHEPIUH OT BPEMEHH TIpU TeMrieparype 1ekTpoaos 70°C. DneMeHTH
HAKOIHMTEJIs SJHEPI UM HAXOAATCS MOJ] AEHCTBHEM CXUMarolnei Harpysku 310 Ia.
Conepxanue yrnepon *C cocrasimsiio 0.3%.

IMosunueii 142 0603HaYeHa KpHBas 3aBUCUMOCTH HalpsKEHUs Ha BBIBOJAX
HAKOIMTENIS 3HEPTMH OT BPEMEHH IIpH TeMrieparype 35ektpoaos 70°C. DneMeHTs
HaKONUTENs SHEPIUH HAXOAATCS oA JeficTBHEM cxumaroluei Harpysku 3:10° Ila.
Conepxanwue yrnepon *C cocrasnsio 3%.

IMosunueit 143 0603HaueHa KpUBasi 3aBUCUMOCTH HaNpsOHKEHMs Ha BHIBOJIAX
HaKOIUTENIs SHEPIUH OT BpeMeHH NPH TeMrieparype 371ektpoioB 70°C. DneMeHTh
HAKOIMTES SJHEPTMU HaXOIATCS II0J] AeHCTBHEM cxxuMatoutei Harpysku 3105 Ia.
Coxnepxanue yriepon *C cocrasnano 75%.

CpaBHHUTENBHBIN aHAIU3 BBIIEYKa3aHHBIX KPUBEIX [TOKA3LIBAET, UTO C
YBETMYEHHEM CONepXaHus yriepoja *C B 37IeKTpojie ero HHTEHCHBHOCT CaMopa3psa
YMEHBIIAETCS.

Tak, B 3asBJIEeHHOM JHaNa30He TEMIIEPATYpP IEKTPOJIOB C YBEIMIECHHEM
conepxanus yriuepona >C B anexrponax ot 0.3% 10 75% Ha 7-e CyTKH HHTEHCHBHOCTB

camopasps/ia HaKoIMTeNel SHepIuM yMeHbImaercs B 2.5-10 pas.
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AHaJIOIHYHbIE 110 BUAY XapaKTEpUCTUKN caMopa3ps/ia IMOJIyYCeHBI IPH APYTHX

koHnenTpausx KOH B Boze, a Takxe npu ucnons3osanuy NaOH, Ba(OH), u apyrux

LIENOYEH, NPUMCHACMBIX B 3JICKTPOJIMTAX.
KpOMC TOT'0, UCCIIEAOBAJINA JJIEKTPOJIMTEI, BEIIIOJHECHHBIE C HCIIOJIb30BAHUEM
HECKOJIbKUX HICTIOYEH. Bun XapaKTCpUCTUK caMOpaspsaaa ObLLT aHAJIOTHYEH KpPUBBLIM,

n300paxeHHBIM Ha ¢ur.17.

Ha ¢ur.18 npe/cTapieHa XapakTepUCTHKA CaMOpa3psia HaKOIUTest
SNEKTPUYECKOM SHEPTHH C JBOWHBIM 3IEKTPHYECKUM CIIOEM, 8 HMEHHO, Tpaduk
3aBHCHMOCTH HATIPHKEHUS Ha 3JIEKTPHUECKUX BEIBOJAX HAKOMMTENS SHEPIUH OT
BpEMEHH XpaHEHHUs B 3apsDKCHHOM BUJIE [IPY Pa3IMIHBIX COKUMAIOIIHMX Harpy3Kax |
pa3smIYHOM colepxaHuu yriepoga C.

3J‘ICKTp0JII/IT BBHITIOJIHEH C UCIIOIL30BAHHEM IIEI0UH. B 4aCTHOCTH, UCITONB30BaH

men09HoM 21exTponuT Ha ocHoBe KOH (30%-b1it pactBop KOH B MHCTUIIHPOBaHHON

BOJE).

PaGouee HanpsHKeHUs HAKOMIMTENsS SHEPTUHM BEIOpaHo Ha yposHe 3.0 B (Ha
KOHJIEHcaTopHOM sueiike 1.0 B), snexrpuueckas eMkocTs 50 @.

IMosunueit 121 obo3HaueHa KpUBas 3aBUCUMOCTH HANPSDKEHUS Ha BBIBOJAAX
HAKOIIUTEJIsl SHEPTHU OT BpEMEHH TpH TeMrepatype 31ekTpogoB 20°C. DieMeHThI
HAKOITUTEJIA SHEPTUHN HAXOAATCS MOA AEHCTBUEM CXKHUMAIOLIECH Harpy3Ku 3:10° Ia.

DNEKTPOABI COAEPXKATH TONBKO yriepon 2C.

IMo3unueit 123 o6o3HaYeHa KpUBasi 3aBUCMOCTH HalPsUKEHHS Ha BBIBOAAX
HAKOMUTEIs SHEPTHH OT BPeMeHH TIpH TeMIlepaType 3J1eKkrpoos 20°C. DnemMeHTsI
HAKONUTENIS SHEPTHH HAXOIATCS O] JefCTBUEM Coxumaromleit Harpysku 10-10° Ia.

IIEKTPOJIBI COAEPKANH TONMbKO yriepox *C.

ITosunueii 146 o6o3HavueHa KpUBas 3aBUCHMOCTH HAIIPSHKEHUS Ha BBIBOJAX
HaKOIMTEJIS S3HEPTUU OT BpEMEHH IIpH TEMIIEPATYpPE 3JIEKTPOIOB 209C. DnemeHTEI
HaKOIMTEJIs SHEPTUM HAXOATCS MO/ AeHCTBHEM CXKMMaroNIeH Harpysku 10 10° Ia.

Coanepxanue yriaepon 2C cocrassuio 0.3%.

Iosunueit 145 0603HaueHa KpUBask 3aBUCUMOCTH HallpsOHKEHUS Ha BEIBOJIAX
HaKOIMTEJIS SHEPTUK OT BPEMEHU IIpU TEMITEpaType 3JICKTPOJIOB 20°C. DneMeHTEI

HAKOIUTEIIS SHEPIUH HAXOIATCA TI0] AefcTBUEM CxuMmaromiedl Harpysku 10-10° Ia.
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Coxepxanue yriepon BC cocraBmsino 3%.

TTosunueit 144 o6o3HadeHa KpUBasi 3aBUCUMOCTH HANPsDKCHUS Ha BHIBOJAX
HAKOIIUTEJIS SHEPTMM OT BPEMEHH IIpH TEMIICPAType JJICKTPOIOB 20°C. DneMeHTHI
HAKOIIMTEIIs SHEPTHH HaXOJATCS 10/ AeiCTBHEM CXXMMatolel Harpy3sku 10-10° Tla.

Conepxanne yriepoa >C cocrasmsiio 75%.

TTosunueit 124 o6o3HadeHa KpUBasi 3aBUCUMOCTH HaNPsDKCHHUS Ha BBIBOJAX
HAKOIIUTEIA SHEPTUU 0T BpEMEHH IIpH TEMIIEPATYPE 3JICKTPOI0B 20°C. DneMeHTEI
HAKOIIMTEIIs SHEPTHH HAXOAATCA IO AekcTBIEM CxuMarolell Harpysku 20-10° Ta.

DIeKTPOIbI COAEPHKANH TOIBKO yriepox 2C.

YT00BI HE 3arPOMOXKAATH I'padiK Ha HEM N10KA3aHEI TOJIBKO KPUBEIE 3aBHCHMOCTH
HaIpsOKEeHUS OT COJEpIKaHUs yrnepona BC, nony4eHHsIe TpH CXXUMAIONIEH HarpysKe
10-10° ITa. CpaBHHTEIBHBIN aHATK3 BHIICYKa3aHHBIX KPUBBIX TOKA3bIBAET, YTO C
YBeTMUEHHEM COflepKanus yriiepoza '3C B 311eKTpo/ie ero HHTEHCHBHOCTE CaMopaspsiia
YMEHbBINAETCS.

KpuBHble, MOMyYeHHBIE TP JPYTHX CXKUMAOLIMX Harpy3KaX, BRITTISIIAT
aHaJOTUYHO.

U3 rpaduKoB BHAHO, 4TO C YBEIMUEHUEM coflepanus yriepoga *C B anekTpojax
ot 0.3% 110 75% Ha 7-¢ CYTKM MHTEHCUBHOCTE caMopa3ps/ia HaKOIMUTENCH SHepTriun
yMeHbInaercs B 25-38 pas.

AHaNTOTHYHBIE 110 BUIY XapaKTEpUCTUKA caMopaspsia IoIyYeHb! P APYTHX
xonnenrpanusx KOH B Bofe, a Takke npu ucnonssopanu NaOH, Ba(OH), u npyrux
nienoyeit, (PUMEHSIEMBIX B JIEKTPOIIUTAX.

KpoMe Toro, ucciaeoBaly JIeKTPOIUTEI, BEIIONIHEHHEIE C HCIIOIB30BaHHEM
HeCKOTBKMX Menodeil. BHj XapakTepicTHK caMopaspsiia ObUT AHATOTHY€EH KPHBBIM,
n300paxkeHHbIM Ha ¢ur.18.

AHanus rpaQUKoB, H300paxeHHEIX Ha ¢ur. 17 ¥ 18 mokaseIBacT, YTO caMopa3psl
YBEJMYUBAETCS MPHU TOBHIIIEHUH TEMIIEPATYPEI SIEKTPOJIOB C 20°C 10 70°C u
YBETMUEHNH CKUMAIOIUX Harpy3ok oT 3'10° ITa go 20-10° Ta.

Kpome Toro, u3 rpadhMxoB BUIHO, 9TO C YBEIMIEHUEM COICPXKaHUs yTiIeposa BCs
snekTpoaax oT 0.3% 1o 75% MHTEHCUBHOCTb caMopa3ps/ia HaKOIUTENEH SHEpTuU

CYIICCTBCHHO YMCHBIACTCA.
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B popmanisoBaHHOM BHJIE BHINIECONHCAHHBIN SKCIIEPUMEHTANLHELA HAKOTUTENb
BIIEKTPUYECKOM SHEPIHH (C XapaKTepHCTUKaMH caMopaspsa, H300paKeHHBIMH Ha (HT.
17 1 18) MoxeT OBITH OITHCAH CIEAYIOMUM 06pa3oM:

HAKOIUTEND 3JIEKTPUYECKON IHEPIHHU C IBOMHBIM JJICKTPUYECKUM CJIOEM,
COAEPIKAIIUH SJEKTPOBI, Pa3EICHHBIE CENAapaTOPOM U 3JIEKTPOABI BBHINIOJIHEHEI €
HCTOJIE30BaHUEM IIOPUCTOrO YIIIEPOJHOTO MaTepuaa, IPOIMTAaHEl BOAHBIM
3JICKTPOJIUTOM Ha OCHOBE ILIENIOYH M PACHONI0XKEHBl MEXIY TOKOCHEMHUKAMH U
TIOPUCTRIN YTTIEPOAHBIN MaTepHall BBIIOMHEH TaKUM 00pazoM, UTO COAEPIKUT M30TOIEI
yriaepoaa PC, ¥ OTHOIIECHHE KONMYECTBa H30TOMOB yriepoaa 2C k o6IeMy KOITuuecTBy
YrJI€poJia B 3JIEKTpoJax cocTasigeT Benuuuny ot 0.003 xo 0.75.

Wmu npyras gopManyzoBaHHAS 3allCh: HAKOIMUTENb JEKTPUIECKON SHEPIHH C
ABOMHBIM 3JIEKTPHYECKHM CIIOEM, COJCPIKALIHIA, TPONUTAHHEIE 3JIeKprnnTOM
3JIEKTPOJIBI, pa3/eIEHHBIE CENAPaTOPOM, STEKTPOIBI BEIIOTHEHBI C HCITONb30BAHUEM
IIOPUCTOTO YTIIEPOJHOro MaTepHraila U pacloyoXeHbl MEXIY TOKOCheMHUKAMH, a
3NICKTPOJIUT BLINOIHEH C WCIOIBE30BaHUEM ILENOYH U TIOPUCTHIH YIIIepOIHBIN MaTepyall
BLINOTHEH TaKUM 00pa3oM, 4TO COAEPXKUT U30TOILI yriepoaa 3 C, u oTHomenme
KOJIH4ECTBa H30TOMOB yriepozaa *C k o6ueMy KOMUIecTBY YIepo/a B 3IeKTPoaax
cocraBisieT Benuyuny ot 0.003 mo 0.75.

OTO YacTHBIE BApUAHTHI peau3allii H300peTeHus.

Hpyroe dpopMann3oBaHHOE ONUCAHNE HAKOIUTENSA SHEPTHMU:

HaKOIUTEINb 3JIEKTPUYECKON SHEPIHU C IBOMHBIM 3JICKTPUYECKUM CIIOEM,
cofiepXalluii MPONHUTAHHBIE HIEJIOYHBIM 3NEKTPOIUTOM 3IEKTPOJEI, pa3ieieHHbIE
CenapaTropoM, IPH STOM 3JIEKTPOAB! BBITIOJIHEHE! C UCIOJIb30BAHHEM ITOPUCTOrO
YIJIEPOAHOr0 MaTepUana 1 3JIeKTPOIB! PaCHIOJI0KEHBI MEXIY TOKOCHEMHHKAMM,
OTJIMYAIOIIUMCS TEM, YTO MOPUCTHIN YIIEpOAHBINH MaTepyal BEIOTHEH TaKUM 00pa3oMm,
YTO COAEPXKUT M30TOIH yriepoaa *C, u oTHoIIeHKE KOIMIeCTBA U30TOMOB yriepona 2C
K 06II[eMy KOJIMYECTBY YIIIEpoOAa B 3JIEKTPoAax cocTasiseT Benuuuny ot 0.003 mo 0.75.

DTO 4aCTHEI BApHAHT pealn3alii H300peTEHHL.

IllenoYyHOM 3/IEKTPOIHUT —~ 3TO PacTBOP MIENOYH WIH IeNove B pacTBopuTene. B
Ka4eCTBE paCTBOPUTEIIA HCIOIB3YIOT BOLY HIIH KUAAKYIO CMECh, OJHUM M3 KOMIIOHEHTOB

KoTopo# sABisgeTca Boga. Kak npasuito, B pactBoputene ot 50% no 100% BosI.
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B xauecTBe BOJBI MOXET HCITONB30BATLCS MMUTHEBAs BOJa, TEXHHYECKas BOJIa,
obeccolieHHas BOAa, JUCTHIMPOBaHHAs BOJA.
ITpuMepamu 1MENOYHOTO INEKTPOIHTA, B YACTHOCTH, MOTYT CITY>KHTbh: BOIXHBIH

pactBop KOH nnu Bogusiit pactBop NaOH.

Ha ¢ur.19 npencraBnena xapakTepiucTUKa caMopa3psijia HaKOIUTeNsA
3JIEKTPUYECKOM SHEprUM C ABOMHEBIM 3JIEKTPUYECKUM CIIOEM, @ UMEHHO, I'paduk
3aBUCHUMOCTH HAllpsDKEHUS Ha 3IEKTPUYECKUX BBEIBOJAX HAKOIUTENS SHEPIHH OT
BpPEMEHM XpaHEeHUs B 3apsDKEHHOM BHJIE IIPH Pa3InYHBIX TEMIepaTypax 3JIeKTpOJ0B U
pa3sIUYHOM coaepxanuu yriepona >C.

DJEKTPOJIUT BHIIOIHEH C UCIONB30BaHUEM HOHHOM JXKUAKOCTH
(MeBu-im)BF4 (1-metun-3-0yrun-umunasonuit TerpapTopdopar)

U pacTBOpHUTENA. B kauecTBe pacTBopuTENsS HCNONB30BaNIK arleToHuTpun. KoHnenTparus
HOHHOM XUIAKOCTH B 3JIEKTPOIUTE COCTABILLIO 75%.

Pabouee HanpspKeHUs HAKOIMUTENS SHEPTUH BHIOpaHo Ha ypoBHe 2.7 B
(HanpspkeHMe Ha KOHJeHCcaTOpHoO# siuelike 2.7 B), sanekrpruyeckas eMKocTs 50 ©.

ITosuunmeit 125 o603HaueHa KpUBast 3aBUCMOCTH HAITPsDKEHUS Ha BBIBOAAX
HaKOIMTEN 3HEPTUM OT BpeMEHHM IIpH TeMIleparype 31ekTpoaoB 20°C. DieMeHTs
HAKOIIUTEJ SHEPTHH HAXOAATCS 10 AeHCTBAEM CXxMMarotel Harpysku 3:10° Ia.

DIEKTPOBI COAEPHKAIH TOIBKO yriepon 2C.

ITo3unmeit 129 o603HaueHa 06,1aCTh KPUBBIX 3aBUCUMOCTH HaNpsHKEHUS Ha
BHIBOJAaX HAaKOIMTEJIS SHEPTHH OT BPEMEHH IIpH TeMIieparype snekrpozaos 20°C.
DJIEMEHTH] HAKOIUTEIS SJHEPTUH HaXOAATCS MO ACHCTBHEM CXKMMAIOLIEH Harpy3Ku 3-10°
ITa. Conepxanue yriepox C cocrapusno 0.3-75%. Kpusble IpoXoasT GIM3KO APYT OT

Ipyra, TI03ToMy Ha rpaduke o6o3HaveHa 0071acTh UX IPOXOXKIEHHUS.

IMosunueit 126 o6o3HaueHa KpUBast 3aBUCUMOCTH HaNPsDKEHHUS Ha BEIBOAAX
HAKONUTENIA SHEPTUH OT BPEMEHHU IIpH TeMIeparype 31ekrponoB 70°C. DneMeHTEI
HaKOIMTEII SHEPTUM HaXoIaTcs 0] AeiiCTBHEM CxXUMarollel Harpysku 3-10° I1a.

DIeKTPO/BI COAEpKaIM TolbKo yriepoa C.
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IMosunueit 150 o6o3HaueHa KpHBas 3aBUCUMOCTH HAINPSHKEHUS Ha BEIBOJAX
HaKOIIMTEINsl SHEPTHUU OT BPEMEHHU MPH TeMIieparype 31ekTponoB 70°C. DneMeHTEI
HAaKOIIUTENs SHEPrUH HaXOAATCs IO/ AEHCTBHEM CXXUMAroNIel Harpysku 3-10° [a.

Coaepxanue yriepon 3C cocrasnsno 0.3%.

ITo3uumeit 149 o6o3HaueHa KpuBas 3aBUCUMOCTH HAITPSDKEHHS Ha BHIBOJAX
HaKOIUTE/Is 3HEPTHH OT BPEMEHHM IIPH TeMIiepaType 31ekTponos 70°C. DneMeHTEI
HaKOITUTEIA SHEPTHH HaXOAATCA IO IeUCTBHEM CXUMaroulel Harpysku 3-10° ITa.

Conepxanue yriepox 3C cocrasnsio 3%.

ITosunueit 148 o603HadeHa KpUBasi 3aBHCHMOCTH HaNpsDKEHUs Ha BEIBOJAX
HaKOMHUTeNIsL 3HEPIUH OT BpEMEHH IIpU TeMmeparype 3iekrponoB 70°C. DneMeHTEl
HAKOIUTEJs SHEPIUU HAXOAATCA MO AUCTBHEM CKUMArOIel Harpysku 3-10° ITa.

Conepxanue yriepon *C coctapnsano 75%.

CpaBHUTENIFHBIN aHATN3 BINICYKA3aHHBIX KPUBBIX TTOKA3HIBAET, UTO C
YBEIIMYEeHHEM Colepxkanus yriepona >C B 3JIeKTpoJie ero HHTEHCHBHOCThL camopaspsjia
YMEHBINAETCS.

Tak, B 3aBJIEeHHOM AWaNa30He TEMIIEPaTyp JEKTPOIOB C YBEIMUCHHEM
comepxanus yraepoza *C B anexrponax ot 0.3% 10 75% Ha 7-€ CyTKH HHTE€HCHBHOCTD
caMmopaspsia HakoluTenel 3aepruu yMeHomaercs B 1.1-1.8 pasza.

AHaNOruyHsle 10 BUAY XapaKkTEPUCTUKU caMopas3psiia MOoTydeHbl IpU
UCII0JIb30BaHUHU M IPYTMX MOHHBIX KHKOCTEH, B YaCTHOCTH,

(MeEth-im)BF4 (1-metun-3-stun-umunasonuit rerpadgropbopar),

(MeEth-im)N(CN)2 (1-mMeTun-3-3THI-AMUIA30JIHI AMIHaHaMKL),

(MeEth-im)N(CF3S02)2 (1-MeTun-3-3Tuin-uMuaa3onui
ouc(tpudTopMeTUNCYTEGOHII)UMIT) U Jp., 8 TAKKE X KOMOWHALIMIA.

B xagecTBe aJIbTEpHATUBHBIX PACTBOPUTENEH AT HOHHBIX XUAKOCTEH
UCIONB30BaAIU STHIIEHKapOOHAT, IpoNuIeHKapOOHAT, MeTHdopMuaT, N,N-
IuMeTUIIhOpMaMuU, AUXIOPMETAH | JIp., a TAKKE UX KOMOWHAIIUH.

KoHnenTpanuy HOHHBIX XUAKOCTEH B 3IEKTpoIATax cocTaBisiii oT 10 xo 95%.

ITpoBencHBI 3KCIIEPUMEHTEHI C HCIONB30BAHUEM B KaUECTBE IEKTPOIUTA TOIBKO
HOHHOH XUIKOCTH (6€3 pacTBOPHUTEN), a TAKXKe HOHHBIX XKHUIKOCTeH (0e3

pacTBopHTENei).
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Ha ¢ur.20 npeacraBieHa XapakTepUCTHKa camopaspsijia HaKONUTeNs
3MEKTPHYECKOM YHEPIUHU C ABOMHBIM SIEKTPUYECKHM CIIOEM, @ IMEHHO, Ipaduk
3aBUCHMOCTH HallPsDKCHUS Ha 3NEKTPUYECKUAX BBIBOJAX HAKONUTENSA SHEPTUH OT
BpEMEHH XpaHEeHUs B 3apsHKEHHOM BUJIE IIPH Pa3IUYHbIX CKUMAIOIKX HArpy3Kax v
pa3IMYHOM cofepxanuy yriepona PC.

DNEKTPOJHUT BBITONHEH € UCTIOIB30BAHHEM HOHHOM XUIKOCTH
(MeBu-im)BF4 (1-MeTun-3-6yTrin-uMuasonuii TeTpadgTopOopar) U paCTBOPHTEILS.

KoOHI[eHTals HOHHOM KMIKOCTH B JIEKTPOIIMTE COCTABISIO0 75%.

PaGouee HanpsDKEHMs HAKOIIMTEINS SHEPTHUH BHIOpaHo Ha ypoBHe 2.7 B
(HaTpsKEeHME Ha KOHAEHCATOpHOH sueiike 2.7 B), anextpuyeckas eMxocts 50 .

Iozuueit 125 o603HadeHa KpHUBas 3aBUCUMOCTH HaIIpsOKCHUS Ha BBIBOJAX
HAKOMUTEIIS SHEPTHH OT BPEMEHH IpH TeMIieparype 31eKTpojoB 20°C. DeMeHThI
HAKOIMUTEJI SHEPTHH HAXOMATCS MOX JEHCTBHEM CXUMAIOIIeH Harpy3ku 3 10° Ta.

INEKTPOBI CONEPXKaTH TOJIbKO yriepox 2C.

IMosunueit 129 o6o3HaueHa 001aCTh KPUBBIX 3aBUCUMOCTH HATIPSDHKEHUS Ha
BEIBOJIaX HAKOIIMTEIS SHEPIHH OT BPEMEHH IIpH TeMieparype anexrpogos 20°C.
DneMeHTHl HAKOMUTEN SHEPIUM HaXOAATCS IO JEHCTBUEM CXUMAIOMIEN Harpy3KH 310°
Ta. Conepxanue yriepon *C cocrasisino 0.3-75%. Kpusbie mpoxoasT 61u3K0 ApYT OT
Apyra, I03TOMY Ha rpaduke 0003HaueHa 0071aCTh UX MPOXOXKACHHUS.

IMosuuueii 127 0603HaueHa KpruBas 3aBUCUMOCTY HANPSDKEHUs Ha BBIBOJAX
HAaKOIIUTEJIA SHEPTUU OT BPEMEHHU IIPU TEMIIEPATYpPE 3JCKTPOIOB 20°C. DeMeHTHI
HAKONUTENS SHEPrUU HAXOAATCS [0 AEHCTBUEM CXKUMAIOIIEH Harpy3KH 20°10° Ia.

JNeKTPOABI COAEPKANu ToNbKo yriepox 2C.

ITosunumeit 147 o603HaueHa KpUBasi 3aBUCUMOCTH HaNPSDKCHUS Ha BBIBOJIAX
HaKOITUTENS SHEPTUH OT BPEMEHHU TIPU TEMIIEPATYPE INIEKTPOIOB 20°9C. DneMeHTHI
HaKOIUTEIs SHEPTUM HAXOAATCS IO/ IeHCTBAEM CXMMAIOIICH Harpys3Ky 20'10° Ia.

Conepxanue yriepox *C cocrasiino 0.3%.

TMo3unueii 151 0603HaueHa KpUBas 3aBHCHMOCTH HAIIPsDKEHHs Ha BEIBOJAX
HaKOIHUTEJIS SJHEPTUH 0T BpEMEHH IIpH TEMIICPATYPE JICKTPOJLOB 20°C. DnemeHTHI
HAKOIMTEIS SHEPTHH HaXOAATCS O] JeHCTBHEM CXMMAIOIIEH Harpy3Ku 20'10° ITa.

Coxepxannue yriepon *C coctasisino 3%.
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ITo3unueit 152 o6o3nayena kpuBas 3aBI/ICI/IMQzCTH HaNpsHKEHUsS Ha BBIBOJAAX
HaKOIUTENS SHEPTUH OT BPEMEHH IpU TeMnepaTyg:e aexTposoB 20°C. DneMeHTHI
HaKOIIUTEIISl S3HEPTUU HAXOLATCS IO ACHCTBHEM ciimMa}omeiz’I Harpysku 20-10° ITa.

ConepxaHue yrnepoa BC cocrasmsno 75%.

IMozunueit 128 o6o3HaueHa KpuBas 3aBchqucm HanpsDKEHU Ha BHIBOAAX
HAaKOIIUTENS SHEPTUHU OT BpEMEHHU MU TeMnepaTyp;e anextponos 20°C. DneMeHTEI
HAaKOIUTEIIS SHEPTUU HAaXOIATCs MO IeHCTBUEM c;iKI/IMaromeI‘fI Harpysku 10-10° Ia.

DNEeKTPOABI COAEPKAIH TOJILKO YTIIepo] ‘ZC.é

Yro6r! He 3arpoMoxaaTh rpapuk Ha HEM HOI#aBaHLI TOJIGKO KPHUBBIE 3aBUCUMOCTH
HaNpsDKEHHs OT CofiepXanus yriepoza 1*C, HOJIY‘I;EHHBIC [IpY CKUMAIOIIEN Harpy3Ke
20-10° ITa. CpaBHUTENLHEIN aHAIN3 BEINICYKA3aHHBIX KPUBBIX II0KA3bIBAET, YTO C
YBeNIMUEHHEM cofiepxanus yriepona 3C B anexrpbﬂe €ro HHTEHCUBHOCTE caMopaspsja
YMEHBIIAETCA. |

Kpusrle, nonydeHHbIe IpU IpyTUX cxcha}ou;mx Harpy3skax, BHITTISIAT
aHATIOTUYHO. :

U3 rpadukoB BUIHO, YTO C YBETHICHHUEM cozq'epxcanux yraeposa 3C B anexrpomax
ot 0.3% 1o 75% Ha 7-¢ CyTKH HHTEHCUBHOCTD caMlbpa3p51)1a HaKoOMMTeNeH SHEPruu
yMmeHbmaercs B 1.4-1.6 pasa. |

AHaNOTrHYHbIE IO BUIY XapaKTePUCTHKI cambpaspana MIOJIy4€HBI TIpH
HCTIONB30BAHMH M APYTHX HOHHBIX JKHAKOCTEH, B YaCTHOCTH,

(MeEth-im)BF4 (1-MeTmI-3-3TI/UI-nMI/ma30m«i:[ﬁ teTpadTopbopar),

(MeEth-im)N(CN)2 (1-MGTI/III-3-3TI/IJI-I/IMI/I,II&Z§SOJII«IFI JIMLMaHaMuUI),

(MeEth-im)N(CF3S02)2 (1-meTun-3 -3Tnn-n1§41/111a30nm71
ouc(tpudropMeTHICYTEGOOHIIT)UMU) U JP., & TaK}jI(e X KOMOHUHAIHIH.

B xadecTBe albTepHATHBHBIX pacmopmeneﬁ% JUTSE HOHHBIX XKHUAKOCTEH
ACII0JIL30BalIU 3TUNEHKapOOHaT, IIpOHI/UIEHKap6OHiaT, MeTtungopmuar, N,N-
JUMeTUI(OpMaMHu/l, TUXJIOPMETaH U Jp.

B xadecTBe albTepHATHBHEIX pacmopmeneﬁi JUTS HOHHBIX XUAKOCTER

HCIIOJIB30BaNIH STHIEHKapOOHAT, IpolHIeHKapOoHAaT, MeTundopmuar, N,N-

I[HMCTHJI(bOpMaMI/II[, JUXTIOpMCTaH 1 JIp.
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Anam3 rpadukoB, n300paxkeHHbIX Ha ¢ur. 19 u 20 nokassiBaeT, YTO caMopaspsll
YBEJIMYMBAETCS IPH IIOBLINIEHHH TeMIneparypbl anextpoaos ¢ 20°C xo 70°C u
YBEIHYECHUH CKMMArOIIUX Harpy3ok oT 3-10° IMa xo 20-10° ITa.

U3 rpaduKoB TaKKe BUIHO, 4TO C YBENHYEHHEM cojiepkanus yriepoaa 1*C B
snexktpogax ot 0.3% 10 75% UHTEHCHMBHOCTH cCaMoOpa3psiia HaKONUTEEH SHEPrHH
CYIIECTBEHHO YMEHBIIAETCs.

B ¢opManu3oBaHHOM BHJIE BHIIEONUCAHHBIN 3KCIIEpUMEHTAIBHBIA HAKOIIUTENb
ANIEKTPUIECKOM SHEPrUH (C XapaKTEepUCTUKaMH caMopaspsiia, H300pakeHHBIMH Ha (ur.
19 1 20) MoxeT OBITH OIMCaH CIEeAYIONIMM 00pa3oM: HAaKOIUTENb dJIEKTPHIECKOM
SHEPIUU C ABOUHBIM 3IEKTPUYECKUAM CIIOEM, COJEPKAILUMN, IPOIIUTAHHEIE INEKTPOIUTOM
3JIEKTPOJIBI, pa3/IeJICHHBIE CENapaTOPOM, IIEKTPOALI BBIIOIHEHE! ¢ UCIOIL30BaHHEM
IIOPUCTOrO YIIIEPOJHOT0 MaTepHalia i pacloloXkeHbl MeX Iy TOKOChEMHUKaMH, a
3JIEKTPOJIUT BHITIONHEH C HCITOBE30BaHHEM MOHHOM XUAKOCTH MIIM MOHHBIX XHIKOCTEH,
IIpY 3TOM IIOPUCTHIN YTIepoJHBIN MaTepuall BEIIOJHEH TaKUM 00pa3oM, YTO COAEPKUT
M30TOIH! yriepona 3C, ¥ oTHOIIEHHE KOMHIecTBA H30TONOB yriaepoaa BC k obmemy
KOJIMYECTBY YTIIepoja B 3JEKTpoAax cocTaBiier BenuyuHy ot 0.003 mo 0.75.

OTO0 4acTHBIN BapUaHT peayiu3alii N300pEeTeHHUS.

TepMHUH «3T€KTPOIUT BBHIIOJHEH C UCNONb30BaHUEM HOHHOM XUAKOCTH UIH
HOHHBIX XHUJIKOCTEN» 03HAYaeT, YTO SIEKTPOIUT MOXET ObITH BEIOTHEH TOJIBKO U3
HMOHHOM XUAKOCTH WM MOHHBIX XKHIKOCTEH, a TAKXKE, 9TO INEKTPOJIUT MOXKET OBITH
BBINOJTHEH U3 HOHHOMN XUAKOCTH C paCTBOPUTENIEM UM HOHHBIX KUAKOCTEN C
pactBoputeneM. IIpu 3ToM, pacTBOPUTENL MOXKET OBITH BEIITOJIIHEH C UCIOJIb30BaHUEM
OJTHOTO BEIIECTBA U1K HECKONILKIX BEILECTB.

Hpyroe ¢popMannzoBaHHOE ONMCAHUE HAKOUTENS 3HEPTUU:

Hakonutens 3neKTpudecKol SHEPTUX C ABORHBIM 3JIEKTPHUYECKUM CIIOEM,
CoJepiKallluil IIPONUTAaHHBIE 3JICKTPOJIMTOM 3JIEKTPOIbI, pa3/ielicHHBIE cellapaTopoM, IpH
3TOM 3JIEKTPOB! BHIIIOJIHEHEI € UCTIONB30BaHUEM IIOPUCTOrO YIIIEPOAHOIO Mareprana u
BNIEKTPOJBI PACTIONIOKEHBI MEXy TOKOCHEMHUKAMH, a 3JIEKTPOJIUT BHIMTOJIHEH C
HCIOJIB30BaHUEM HOHHOM XKUAKOCTH, OTIHYAIOIIUNACS TEM, YTO IIOPUCTHIA YTIIIepOaHEIA
MarepHall BBIIOJIHEH TaKUM 00pa3oM, YTO CONEPIKUT U30TOME! yriiepoaa C, u
OTHOIIEHHE KOJIMIECTBA W30TONOB yriepoza BC k o0ieMy KoIMYIeCTBY Yriiepoja B

aneKkTpoJiax cocrasiser BeauuuHy ot 0.003 mo 0.75.
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ITO YaCTHEIA BapHaHT pealu3alud U300peTeHus.

Ilox TepMUHOM «3IEKTPONHT BHIIONHEH ¢ HCIIONL30BAHHEM UOHHOM JKHAKOCTHY
IIOHUMAETCA: 3JICKTPOIHUT BHIIIOTHEH U3 OXHOM MIIH HECKOIBKUX HOHHBIX XHIKOCTE,
WA SJIEKTPOJIUT BEIIOTHEH U3 XUJKOH CMECH, KOMIIOHEHTaMH KOTOPO#, 10 KpaitHeit

"MEPE, ABIAIOTCA HOHHAs XUAKOCTE U PaCcTBOPHUTEIIb.

Ha ¢wur.21 npezncraBneHa XapakTepicTHKa caMopaspsiia HaKOMHTEIs
NEKTPUIECKOH SHEPIUH C IBOMHBIM 3JIEKTPHUECKUM CIIOEM, 2 UMEHHO, 'paduK
3aBHCHMOCTH HAIPSDKCHHSI Ha 3JIEKTPUYECKUX BBIBOJAX HAKOIUTEJA SHEPTHH OT
BPCMEHH XPaHEHHS B 3apsOHKEHHOM BHUJIC TIPH Pa3IMYHEIX TEMIIEpATypax 3JMeKTPOAOB U
pa3sIMYHOM CoAepKaHUM yriepoja *C.

ONEKTPOJIUT BBIIONHEH C UCTIONB30BAHUEM KHCIIOTHL. B 9acTHOCTH, HCIIONB30BaH
KHCIIOTHBIN 371eKTpoiuT Ha ocHoBe H2SO4 (20%-k1it pactBop H2SO4 B
JUCTHIUIMPOBAHHOM BoJIE).

Pabouee HaNpsHKeHHs HAKONHUTENs SHEPTMH BHIOPaHO Ha ypoBHeE 3.0 B
(HanpsbkeHre Ha KOHIEHCATOPHOM sueiike 0.75 B), anextpudeckas eMkocts 50 @.

Hosuuueit 130 0603HaueHa KPUBas 3aBUCUMOCTH HAMPSDKEHUS HA BHIBOJAX
HAKOITUTEJIA SHCPTHM OT BPEMEHHU IIPU TeMIlepaType 31eKTpoaoB 20°C. DneMeHTh
HaKOIIUTENIs SHEPIUH HaXONATCs 10/ AcHCTBHEM Cxumarotel Harpysku 3-10° ITa.

DNEeKTPOALI COAEpKaIH TONBKO yriaepoxn 2C.

Hlosuuueit 154 o6o3HaueHa KpyUBas 3aBUCHMOCTH HANPSDKEHUS Ha BHIBOIAX
HAKOMHTENs! SHEPIUH OT BPEMEHH IIPH TeMIieparype 31ekTpoaos 20°C. DieMeHTE!
HAKOITUTEILA SHEPTHH HaXOAATCS 1O/ JSHCTBUEM CxxuMatolueit Harpysku 3:10° I1a.

Conepxanmne yraepon *C cocrarnsano 0.3%.

TMosuumedt 155 o603HaueHa KpUBas 3aBUCUMOCTH HANPSDKEHUS Ha BEIBOAAX
HAKOITUTEJIA SHEPTUH OT BPEMEHH IIpU TeMIlepatype 31ekTpooB 20°C. DneMeHTH
HaKOIMTEJs SHEPIUH HAXOAATCS MO AEHCTBHEM CXXUMaroneit Harpysku 3105 a.

Conepxanue yriepoa C cocrasmsno 3%.

Hosuuuedi 156 o603HaueHa KpUBas 3aBUCHMOCTH HallpsDKEHUS Ha BEIBOAAX
HaKOIUTENs SHEPI'HH OT BPEMEHH TIpH TeMIieparype 3j1ekTpooB 20°C. DneMeHTh
HaKOITUTEIIA SHEPTHH HaXOAATCA MO JERCTBHEM CxxuMaroineit Harpysku 3:10° Ila.

Conepxanne yriepox *C cocrassio 75%.
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Hosnuwue#t 131 0603HaueHa KPUBas 3aBUCHMOCTH HANPsDKEHHs Ha BEIBOJAX
HaKOMNMTEIs SHEPIUy OT BPEMEHH IPH TeMIieparype 35ekTpoos 70°C. DiemMeHTE!
HAKOMHUTEJIS SHEPIUM HaXOAATCSA MO/l ICUCTBHEM CKUMarommiel Harpysku 3'10° ITa.

DNEKTPOIBI CORepXKanu ToILKO yriaepos '2C.

IMo3unneit 153 o603HayeHa 061acTh KPUBBIX 3aBUCHMOCTH HarnpsDKEeHUs Ha
BEIBO/JIaX HAKOMHUTEIII SHEPIHH OT BPEMEHH IIPH TeMieparype snekrpoaos 70°C.
ONeMEHTHI HAKOMUTE)IS SHEPTHH HaXOIATCS 110 AeHCTBUEM CXUMATONIei Harpy3ku 3-10°
Ia. Conepxanue yrnepon *C cocrasmsino 0.3-75%. Kpusbre IIPOXOMAAT OIM3KO APYT OT
Apyra, No3TOMy Ha rpaduke 0603HaueHa 00TaCTE UX MIPOXOXKICHHA.

CpaBHHTENBHEIH aHAN3 BEIIEYKA3aHHEIX KPUBHIX IOKA3bIBAET, YTO C
YBEIIMUIEHHEM Coflepanus yrieposa >C B 9]IeKTpojie €ro MHTEHCUBHOCTE caMopaspsiia
YMEHBIIAETCS.

Tax, B 3aBNEHHOM JIHaNa30He TEMIIEPATYP 3EKTPOLOB C YBEIUYCHUEM
coziepxaHus yriepoaa *C B anekTponax ot 0.3% 10 75% Ha 6-¢ CYTKU UHTEHCUBHOCTh
camopaspsiia HaKoIUTeNel SHepruy yMeHnbIaercs B 3.6-6.3 paza.

AHAJIOTAYHbIE TI0 BUTY XapaKTEPUCTUKH caMopasps/ia MOTydeHs IpH
UCIONB30BAHUH 3JIEKTPOIMTOB HA OCHOBE CEPHOM KHCIOTHI ¢ KOHIIEHTPAIUAMH B BOJIE
10 40%, a TakKe MpH UCMOTB30BAHUH SIIEKTPOJIMTOB Ha OCHOBE JPYTHX KHUCIOT U

KOM6I/IHI/Ip0BaHHI>IX KHCIIOTHBIX pacTBOpPOB.

Ha ¢wur.22 npencrapieHa XapakTepucTHKa caMopa3psaa HaKOUTENs
SJIEKTPUYECKOH SHEPIHH C ABOMHBIM 3IEKTPUYECKUM CII0EM, & HMEHHO, TpaduK
3aBHCHMOCTH HaIIPSDKEHUS Ha 3NIEKTPUYECKUX BBIBOJAX HAKOIUTENS SHEPTHH OT
BPEMEHHM XPaHECHUS B 3apsDKEHHOM BUJIE IIPH PAa3IHYHEIX CKUMAIOIUX HATPY3KaX U
Pa3THYHOM COIEpXaHuM yriaepona C.

ODJEKTPOJIAT BHIOJIHEH C UCIOB30BaHHEM KUCIOTHL. B 9acTHOCTH, HCHOMB30BaH
KHCIOTHBIA 3JIeKTposMT Ha ocHOBe H2SO4 (20%-b1it pactsop H2SO4 B
JUCTHIIMPOBAHHOM BOJIE).

Pa6o4ee HanpskeHH HakOIHUTEIsl SHEPTHH BEIOGpaHo Ha ypoBHe 3.0 B

(HanpsbkeHWMe Ha KOHJIEHCAaTOPHOI sueiike 0.75 B), anekTpuueckas eMKocTs 50 @.
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IMozunueit 130 o603HaueHa xpuBast 3aBUCUMOCTH HANPSHKEHUS Ha BBIBOJAX
HaKOIUTENsl SHEPIUM OT BPEMEHH TIpU TeMmmepatype 3nekrponos 20°C. DineMenTs!
HaKOMHUTENS 3HEPTUH HaXONATCS O ACACTBHEM CRKUMaOIeH Harpysku 3-10° I1a.

Iosnumeit 132 obo3HadyeHa kpuBasi 3aBUCHMOCTH HalpsDKEHUs Ha BBEIBOJIAX
HaKOIMTEISl 3HEPTMU OT BPEMEHM [IPH TeMIepaType 31ekTpoaoB 20°C. DneMeHTEI
HaKOTUTENIst SHEPIUHM HAXOIATCS MO/ AeicTBIEM CXuUMaromel Harpysku 10-10° ITa.

DNeKTPOIBI COAEPX AU TONLKO yriepol 2C.

IMozuuueit 157 o6o3HaueHa 061acTh KPUBBIX 3aBUCHMOCTH HANPsHKEHUS HA
BBIBOJZIaX HAKONHUTENIsI JHEPI'HH OT BPEMEHH IIpH TeMItepaType snekrpoaos 20°C.
DIIeMEHTBI HaKOIUTENS SHEPTUM HAXOAATCSA MO AeHCTBHEM CXXUMAIOMIEH Harpy3Ki
10-10° ITa. Conepxanmue yraepox 3C cocrasiusno 0.3-75%. KpuBble IpoXoasT 6IM3K0
ApYT OT ApyTa, M0O3TOMY Ha rpaduke o603HadeHa 06JIaCTh WX MPOXOXKACHHS.

IMozunmeit 133 o6o3HaueHa KpHUBast 3aBUCUMOCTH HAMPSDKEHUsST Ha BRIBOJAX
HaKOIIUTENSI S3HEPI'HH OT BPEMEHH TpH TeMIteparype 371ekTpoaoB 20°C. DieMeHTH!
HaKONUTENIsE SHEPIUH HAXOIATCS O AeiCTBIEM CxuMaroinel Harpysku 20-10° Ila.

DNEeKTPOAEI COAEPKAIM TOILKO yriaepon 2C.

IMosuuueit 158 0603HaueHa 061acTh KPUBBIX 3aBUCUMOCTH HANIPSKEHUS Ha
BBIBOJaX HAKOMMTENISL SHEPIUH OT BpeEMEHH IIpH TeMIlepaType snekrpoaos 20°C.
ONEeMEHTBI HaKOTIUTENS SHEPTUH HAXOAATCS MO AeHCTBHEM CKUMAIOIIEH Harpy3Ku
2010° ITa. Conepxanue yrnepox C cocrasnsno 0.3-75%. Kpupsie mpoxomaT 61m3Ko
ApYT OT Apyra, I03ToMy Ha rpaduke o6o3HaueHa 00J1aCTh HX MPOXOXKACHUS

YtoOBI HE 3arpoMoXKaaTh rpaduK Ha HEM MMOKa3aHbI TOJIEKO KPUBLIE 3aBUCHMOCTH
HAIPSDKEHUs OT Coflepkanus yrinepoza *C, nojiydeHHsle Py CKUMAKOILE Harpy3ke
10-10° ITa 1 20'10° ITa. CpaBHATENHHEINA aHANK3 BHIIEYKA3aHHEIX KPUBEIX TIOKA3BIBAET,
4TO C YBEIMYEHHEM COepXanus yriepona >C B 31eKTpo/ie ero HHTEHCUBHOCTE
caMmopaspslla YMEHbIIAETCS.

KpuBkie, IToydeHHEIe IIPH IPYTHX CKUMAIOMUX Harpy3Kax, BEITJISAST
AHAJIOTUYHO.

W3 rpaduxoB BUIHO, 9TO C YBEIUYEHHEM coflepxkanns yriaepoaa *C B anexTpoaax
ot 0.3% 110 75% Ha 4-e CyTKM HHTEHCHBHOCTD CaMopa3spsi/ia HaKOIHUTEIEeH SHEPTHH

yMeHbIaeTcs B 3.1-3.9 paza.
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ABaJIOTHYHBIE 10 BUAY XapaKTEPUCTHKY caMopasps/ia ITONy4YeHb! IPH
UCIIOJIb30BAHHUH DIIEKTPOJIUTOB HA OCHOBE CEPHOM KMCIIOTHI C KOHLEHTPALUSIMHU B BOJIE
10 40%, a Taxoke IIpH UCIIONB30BaHUH 3JIEKTPOJIUTOB Ha OCHOBE APYTMX KUCIOT U
KOMOHMHHUPOBAaHHBIX KHCIOTHBIX PACTBOPOB.

Ananu3 rpagukoB, U300pakeHHBIX Ha (ur. 21 u 22 moKa3kIBaeT, YTO caMopa3psil
YBEIMYKMBAETCA NPU TOBEILIEHUH TEMIEPaTyphl aekTpoaos ¢ 20°C 1o 70°C u
YBETHYEHUH CKMMAIOIIMX Harpy3ok oT 3-10° ITa go 20-10° Ia.

U3 rpaduKoB TaKKe BUAHO, UTO C yBETMYEHHEM cOlepanus yriepoaa *C B
anexrpoaax ot 0.3% 10 75% MHTEHCUBHOCTH camopaspsiiia HAaKONUTENNeH SHEeprun
CYIIECTBEHHO YMEHBIIAETCA.

B ¢opMmann3oBaHHOM BHJI€ BBIICONUCAHHBIN YKCTIEpUMEHTAIBHEIA HaKOIIUTENb
ANEKTPUYECKOH SHEPrUH (C XapaKTEPUCTHKAaMU caMopaspsifia, H300paXKeHHBIMH Ha (ur.
21 u 22) MoxerT OBITH ONHKCaH CIEAYIOMHM 00pa3oM: HaKOHUTENb 3JIeKTPHYECKO
SHEPTUH C ABOMHBIM 3JIEKTPUYECKHM CIIOEM, COAEPKAlIUH, IPOITUTAHHBIE JIEKTPOIATOM
9NEKTPOJIBI, pa3fielIEHHBIE CENapaTOPOM, SIEKTPOBI BHITIOIHEHE! C HCIIOIB30BaHUEM
MOPUCTOTO YTIEPOAHOTO MaTepraa U pacnojokKeHb! MEXTy TOKOCheMHUKAMH, a
BIIEKTPOJIUT BHIMIOJIHEH C UCIIOIb30BAHUEM KUCJIOTHI, TIPH 3TOM MOPUCTHIR YTIepoIHbIH
MarepHall BHIIOIHEH TaKUM 06pa3oM, 9TO COAEPHKUT W30Tombl yraepoaa BC, u
OTHOIIEHHE KOJMYECTBA H30TOMOB yrilepofa '3C k 0011eMy KOJIMYECTBY YIIIEpOaa B
anekTpoaax cocrasisier BenuuuHy ot 0.003 1o 0.75.

JTO 4acTHBIA BapHaHT peaTu3aluy N300peTCHIU.

Hpyroe popManu3oBaHHOE ONMCAHUE HAKOIIUTENS SJHEPTUH:

HAKOMUTENb 3JIEKTPUUECKON S3HEPTUU C IBOMHBIM 3JIEKTPUUECKUM CIIOEM,
COAepIXaIuil MPOIMUTAHHEIE KUCIOTHBIM 3JIEKTPOIMTOM 31E€KTPOIHI, pa3JicICHHbIE
CenapaTopoM, MPH 3TOM BJIEKTPOIE! BHIIONIHEHBI ¢ HCHOIL30BAaHUEM ITOPUCTOTO
YTJIEpOAHOTO MaTepuaia U 3JEKTPOIbl pacloIOXKEHb] MEXIY TOKOChEMHUKAMH,
OTNIMYAIONIHIACSA TEM, UTO TIOPUCTEIM YIIIepOAHBIN MaTepHall BEIIONHEH TakuM 06pa3oM,
YTO COAEPXKUT U3OTOIHI yTiepoaa >C, ¥ oTHOIIEHNe KONMMYECTBA U30TONOB yriepona *C
K 00IIeMy KOJIHYECTBY YTiepojia B 3JIeKTpojax cocTtaBisgeT Bemruuny oT 0.003 mo 0.75.

3T0 YacTHHIN BapUaHT peain3aliy H300peTeHUS.

64



KHCIOTHBIH 3IEKTPOIHT — 3TO PaCTBOP KMUCIOTHI WM KHCIOT B pacTBoputene. B
Ka4eCTBE PACTBOPUTEIS UCIIONB3YIOT BOLY WM XKHUAKYIO CMECh, OJJHUM M3 KOMIIOHEHTOB
KoTopo# aBigercd Boaa. Kak npasuno, B pactsopurene ot 50% mo 100% BoswI.

B xauecTBe BOIBI MOXKET UCIIONIB30BATHCS MMUTHLEBASA BOJA, TEXHUYECKAs BOJA,

obecconeHHas BOJ4d, JUCTHJIJIMPOBAHHAA BOJA.

Ha ¢ur.23 npeacrapieHa XapakTepUCTHKA caMopa3psia HaKOIMUTe s
SNMEKTPHUYECKOM SHEPTUH C ABOMHEIM 3JIEKTPUUECKUM CIIOEM, 2 IMEHHO, rpaduk
3aBHCHMOCTH HallPsDKEHUS Ha 3JIEKTPHYECKHUX BBIBOJAX HAKOIUTENS SHEPTHUH OT
BPEMEHH XPaHCHUSA B 3apSHKEHHOM BUJIE NIPU PA3IMYHBIX TEMIIEPATYpax 3NEKTPOJOB U
pasnMYHOM cojepxaHuM yriepona *C.

ONEKTPOJIMT BBIITOIHEH C UCIIONB30BaHHEM OpTaHUYECKOTO pacTBOpHUTEN. B
9aCTHOCTH, UCIIONB30BAH 3JIEKTPOJIUT Ha ocHOBe aneToHuTpria CH3CN u
TeTpadTopbopar TerpastunaMmonus CsHroBFsN.

Pa6ouee HanpspKeHHS HAKOTUTENS SHEPTUY BEIOpAHO Ha ypoBHE 2.5 B
(HampspxeHHe Ha KOHIEHCaTOpHO# sueiike 2.5 B), anexktpuyeckas eMkocTs 50 .

IMosunmeit 134 o6o3HaueHa KpUBas 3aBUCMMOCTH HaNPSDKEHUs Ha BHIBOJAX
HaKOITUTENs. SJHEPIHH OT BpeMEHH IIPH TeMIleparype 31ekTpoaos 20°C. DneMeHTH
HaKOITUTENS SHEPIUM HaXOSTCs MO AeACTBHEM CXUMAarolel Harpysku 3:10° Ila.

DJIeKTPOABI COAEPHKANH TONbKO yriepos 12C.

ITosunueit 204 o603HaYeHa 00J1ACTH KPUBBIX 3aBUCHMOCTH HaNpsOHKCHUS Ha
BBIBOZIAX HAKOIMWTEJISl SHEPTMH OT BPEMEHH IIPH TeMIlepaType 31exkTpoaos 20°C.

DNeMeHTE! HAKONUTEJIsl SHEPTUM HAaXOJATCs MO AeHCTBUEM CKUMAIOIeH Harpy3ku 3-10°
ITa. Conepxanue yriepox 3C cocrasisno 0.3-75%. Kpuebie mpoxoasT 61IM3K0 JpYT OT
IpyTa, IO3TOMY Ha rpaduke o0o3HaueHa 00IaCTh UX MPOXOKICHHUS.

Ilosuuue#t 135 o603HaUeHa KpUBast 3aBUCMOCTH HalpPsDKEHHUSA Ha BBIBOAAX
HAKOIMTENIS SHEPTUM OT BPEMEHM TIPH TeEMITEpaType 31ekTpoaioB 70°C. DeMeHTEI
HAKOIUTEIS SHEPTUH HAXOIATCA 0/ IeHCTBUEM CXUMaromiel Harpysku 3'10° I1a.

DIEeKTPOBI COEPKaIM TOIbKO yriepox 2C.

ITosunuen 205 o603Ha4eHa KpUBas 3aBUCUMOCTHU HAIIpsDKEHUS Ha BRIBOAAX
HaKOIMHUTENS SHEPIUM OT BPEMEHHU IIpH TeMreparype 371ekTpoioB 70°C. DneMeHThI

HAKOIMUTEIS SJHEPTUH HAXOIATCA MO AEHCTBHEM CXXUMAIOLIER Harpy3Ku 3:10° Ia.
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Conepxanue yriepon BC cocrasmsino 0.3%.

IMozunueit 206 o6o3HaueHa Kp1Bas 3aBHCUMOCTH HAMPSHKEHUS Ha BHIBOAAX
HAKOIHUTENIS 3HEPIUM OT BpEMEHHM TIpU TeMrepaType 3ekTpoaos 70°C. DneMeHTEI
HaKONUTENs SHEPruy HaXOAATCS MO/ AeACTBIEM CKUMarolel Harpysku 3103 Ia.

Conepxanue yriepon >C cocrasnsno 3%.

IMozumueit 207 0603HaueHa KpUBast 3aBUCUMOCTH HANpPsHKEHUS Ha BEIBOJAX
HaKOITUTeNIs SHEPTUH OT BpeMeHH TIpU TeMiepaType asektpoos 70°C. DneMeHTsI
HaKOIMTEIIsL SHEPTUH HAXOATCS 110/ AeCTBUEM CXXKUMaromiel Harpysku 3:10° Ia.

Conepxanwue yrinepoa 3C cocrapnsano 75%.

CpasHuTENBHBIN aHAIN3 BBIIIEYKAa3aHHBIX KPUBBIX ITOKA3BIBAET, YTO C
yBEIHYIEHHEM cojiepxanus yriepoia >C B aJiekTpojie ero HHTEHCHBHOCTE caMopaspsaa
YMEHBIIAETCS.

Taxk, B 3asBJI€HHOM AMaNa3oHe TEMIEpaTyp 3MEKTPOIOB C YBEIHUCHUEM
coiepxanus yriaepoaa >C B anexktpoaax ot 0.3% 10 75% Ha 7-€ CyTKH MHTEHCHBHOCTE
caMopaspsiia HakonmuTene! 3Hepruy ymensmaercs B 1.2-2.3 paza.

AHaJIOTHYHBIE 10 BUTy XapaKTEPUCTUKU caMopa3psiia II0JIy4eHB! IIpU
UCTONBL30BaHUM U APYTUX 3JIEKTPOJIUTOB JAHHOI'O BUJA, B YaCTHOCTH, Ha OCHOBE
aueroHuTpuia u Terpadropbopar Harpus Na[BF4], Terpadropbopar kamus K[BF4] u
Ip. B skcnepuMeHTax B KauecTBe albTePHATUBHBIX PACTBOPUTENEN UCIIONb30BAIN
sTHJIEeHKapOoHat, nponuneHkapooHar, Mmetwidopmuar, N,N-guMmeruindopmaMu,

JUXJIOPMETaH A Jp.

Ha ¢ur.24 npencraBneHa xapakTepHCTHKA caMopa3psiia HaKOIMUTes
SJIEKTPUIECKON SHEPTHH C ABOHHBIM 3JICKTPHUYECKUM CJIOEM, a UMEHHO, rpaduk
3aBUCHMOCTH HaNpsDKEHUS Ha 3IEKTPUYECKUX BHIBOJIAX HAKOMUTENSA SHEPTHH OT
BPEMEHH XpaHCHHUA B 3apsSHKCHHOM BHJIC TIPH Pa3IMYHBIX CKUMAIOIIUX Harpy3Kkax U
pa3sIMUHOM cojiepKaHuM yriepoaa C.

DJEeKTPOJIMT BHIOJHEH C HCIOIB30BaHHEM OPraHHIECKOro pacTBOpuTens. B
YaCTHOCTH, UCITIOJIL30BaH 311eKTpoluT Ha ocHoBe CH3CN n CgH20BFsN.

Pabouee HanpspKeHUS HAKOMIUTE)ISL SHEPTMK BEIOpaHo Ha ypoBHE 2.5 B

(HanpshbkeHHe Ha KOHACHCATOPHOIM sueiike 2.5 B), snexrpuueckas eMkocTs 50 @.
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Hosuuue#t 134 0603HageHa KpuBas 3aBUCHMOCTH HANPSDKEHHS Ha BEIBOJAX
HaKONHUTEIA SHEPIUH OT BPEMEHHU IIpH TeMIepaType sekTponos 20°C. DieMeHTH
HaKONMUTEJIS SHCPTUU HaXOAATCs O ACHCTBHEM CxuMaromedt Harpysku 3-10° Ia.

OJIEKTPOJIBI COAEPIKATH TONBKO yriepon 2C.

Hosuumeit 204 0603Havena 061acTh KPUBBIX 3aBUCHMOCTH HalPsDKEHHS Ha
BBIBOJIaX HAKOITUTEILA SHEPTUH OT BPEMEHH IIpH TeMIteparype anekrpogos 20°C.
DJIeMEHTHI HAKOIIUTEIS SHEPTHU HAXOJATCA o] AeiiCTBUEM CKHUMATOIIeit Harpysku 3-10°
Ha. Conepxanue yrnepox *C cocrasnsno 0.3-75%. Kpussie IPOXOAAT OIM3KO APYT OT
Apyra, 03TOMY Ha rpaduke 0603Ha4eHa 00TACTE X TIPOXOXKICHHUS.

Hosnumeii 136 06o3HaueHa KpyBas 3aBUCMMOCTH HANPsDKEHHS HA BEIBOJAX
HaKOMHUTEJIA SHEPTHM OT BPEMEHH IIpH TeMIlepaType 31ekTpoaoB 20°C. DneMeHTE
HAKOITUTEIIA SHEPTHH HAXOAATCS MO AEHCTBUEM CxkuMatorneit Harpysku 10-10° ITa.

DIEKTPOIBI COAEPKATH TOIBKO yriaepox 2C.

Hosummeit 137 0603HaueHa KpHUBasi 3aBUCHMOCTH HATIPSHKEHHS HA BEIBOAAX
HaKOIHUTENA IHEPI'UU OT BPEMEHH IpH TeMIeparype 31eKkTpoaos 20°C. DneMeHTE!
HAKONMTENSA 3HEPIUU HAXOASATCA MO AEHCTBHEM CxXuMarotneit Harpysku 20105 ITa.

DJIEKTPOIBI COAEPKATH TONBKO yriepon 2C.

Hosuuumeit 208 o603HaueHa KPUBAs 3aBUCHMOCTH HANPSHKEHUS Ha BBHIBOIAX
HaKONHUTE SHEPrUd OT BPEMEHH NpH Temmeparype 31ekTponoB 20°C. DneMeHTEI
HaKOITATEIIA SHEPTUM HaXOAATCS O/ AEUCTBUEM cxxuMaromeii Harpysku 20-10° ITa.

Conepxanne yriepoa *C cocrasnsito 0.3%.

Hosuuue# 209 o6o3HaveHa KpKUBas 3aBUCUMOCTH HANPSHKEHHS HA BBIBOJAX
HAKOITUTEJIS SHEPTHH OT BPEMEHH IIPU TeMIieparype 31ekTpogoB 20°C. DineMeHThI
HaKOTUTENIA SHEPTUH HAXOAATCA O AeicTBHEM cxuMarolueii Harpysku 20-10° I1a.

Conepxanue yriepon *C coctasnsio 3%.

Hosuuueit 210 o603HaueHa KpHBas 3aBMCHMOCTH HaNPsDKEHHS Ha BHIBOJAX
HaKOMHUTENs S3HEPrUH OT BPEMEHH TIPH TeMIeparype 371ekTpoaos 20°C. DieMeHTE!
HaKOIUTEJIs SHEPTUM HaXOASATCS IIOJI IEWCTBHEM CxxuMaronteil Harpysku 20-10° ITa.

Coaepxanue yriepon *C cocrasnsio 75%.

HUroOsI He 3arpomMoXxaTh rpadik Ha HEM IOKA3aHBI TONBKO KPHBHIE 3aBHCHMOCTH

HANPSDKEHHs OT collepKaHus yriaepoaa *C, moTydeHHEIe IPH CRKUMAIONIEH Harpy3Ke
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20-10° ITa. CpaBHUTENLHEI aHANM3 BBIICYKA3aHHBIX KPHBEIX OKA3BIBAET, UTO C
YBETMYCHUEM COflepaHus yriepoza *C B a1eKTpose ero HHTEHCHBHOCTD caMmopaspsiia
YMEHBIIAETCS.

KpuBsie, onydenHble npyu Ipyrux COKMUMArOIINX HArpy3Kax, BEILISIST
AHaJIOTU4HO.

13 rpaukos BUIHO, UTO C YBEIMYECHHEM COfiepkanus yruepoaa 3C B 3NEKTpOIaX
oT 0.3% 1o 75% Ha 7-€ CYyTKM MHTEHCUBHOCTE camopaspsi/ia HaKOIUTENEH SHEPTHH
yMeHbIaeTcs B 1.6-1.7 paza.

AHaNOrHYHEIE 110 BHy XapaKTePUCTHKA CaMOpa3psilla MOTYIeHE! TIPH
UCIIOJIb30BaHUH M JPYTHX 3JIEKTPOJIIMTOB JAHHOTO BH/IA, B YACTHOCTH, HA OCHOBE
aueTonuTpuna u Na[BF4], K[BF4] u 1p. B kauecTBe anbTepHaTHBHBIX pacTBOpHUTEIEH
UCIIOJIB30BANM STHIICHKApOOHAT, IPONHIEHKapOOHAT H Ap.

AHan3 rpagukoB, H306paeHHbIX Ha Gur. 23 U 24 10Ka3BIBAET, YTO caMmopaspsz
YBEIMYHUBAETCS [TPY MOBBIICHAM TEMITEpaTypHI a5tekTpooB ¢ 20°C o 70°C u
YBETMYEHUH CXKMMAIOIIUX Harpy3ok ot 3-10° Ia xo 20-10° Ia.

13 rpadukoB Takke BUIHO, 9TO C YBEIMYEHHEM COEPXKaHHs yriepoga C B
anexTpoznax ot 0.3% 1o 75% MHTEHCHBHOCTL caMopa3psa HAKOMHATENEH SHEPruu
CYIIECTBEHHO YMEHBINIACTCA.

B ¢opMann3oBaHHOM BH/IE BBILICONMCAHHbIM SKCHIEPHMEHTANBHBIN HAKOUTEND
9NIEKTPHIECKON IHEPIUH (C XapaKTePUCTHKAMH CaMopa3psiia, H306paXeHHEIMH Ha (ur.
23 1 24) MoxeT GBITH ONHUCAH CIEMYIOIMUM 06Pa3oM: HaKOITUTENhb 3JIEKTPUIECKOM
SHEPIUH C IBOMHBIM 3NEKTPHIECKUM CII0EM, COAEPIKAILMIA IEKTPOILI, pa3eNeHHbIe
CENapaTopoM U 3NEKTPO/bI BBIMOJIHEHBI C UCIIOB30BAHHEM ITOPUCTOTO YIIIEPOJHOTO
MaTepHana, NPOIKUTAaHBI 3IEKTPOIMUTOM U PacIONOKEHBI MEXIY TOKOChEMHHKAMH,
TIpHIEM 3IEKTPONUT BEINOJHEH C HCIIONB30BAHUEM OPIaHHIECKOTO PACTBOPHUTENA, TIPH
S5TOM IOPUCTBIH YTJICPOAHbIA MaTepHal BBIIONHEH TAKUM 06pa3oM, 9TO COTEPKUT
U30TONE! yriaepoaa 3C, u OTHONIEHHE KOIUYEeCTBa H30TOMOB yrnepozaa BC k o6memy
KOIIMYECTBY YrIe€poJia B 9NEKTpoaax cocrasisaeT Benuauny ot 0.003 go 0.75.

OTO YacTHEIHM BapHaHT pealn3aluyy U300peTeH s.
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B popMani3oBaHHOM BH/E BHILIEONMCAHHEIE SKCTIEPUMEHTAIbHEIE HAKOUTENH
3NEKTPUYECKOH SHEPTHH (C XapaKTepUCTUKaMH caMopaspsiia, W300paXKeHHEIMU Ha (HT.
17- 24) MoTyT OBITH OIIMCAHEBI CICAYIOMIUM 00pa3OM:

HaKOITUTENb 3JEKTPUIECKOH 3HEPIUH C IBOMHBIM 2JIEKTPUYECKHM CIIOEM,
COAEpIKAILMHI NMEKTPO/IbI, Pa3ZIENIEHHBIE CENapaToOpOM U 3JIEKTPOIBI BHINOTHEHH C
UCTIOJIE30BaHUEM IIOPUCTOrO YTIIEPOJHOTO MaTepHala, MPOIUTAHEI 3IEKTPOIUTOM
PAacCIIONOXKEHEI MEXIY TOKOChEMHHUKAMH, [IPH 3TOM ITOPUCTHIH YIIIEpOIHEIM MaTepHall
BBHITIOJTHEH TaKUM 00pa3oM, 4TO COAEPXKUT M30TONK! yriueposa 3C, n oTHOmeHne
KOJTMYeCTBa U30TONOB yriepona *C k o6IeMy KOIHYecTBY YTIeposa B 3MeKTPOAaxX
cocraBpnger BeauuuHy ot 0.003 1o 0.75.

IlpuBesem e onHy GopManM30BaHHYIO XapaKTEPUCTHKY BHIIEOIHCAHHBIX
SKCTICPUMEHTAIEHEIX HAKOMMUTENEH SNIEKTPHYECKOH SHEPTHH (C XapaKTepHCTHKAMH
camopaspsa, N300paKeHHBIMY Ha Qur. 17- 24): HaKONUTEND 31EKTPHYECKON SHEPrHH C
JBOHHBIM 3JIEKTPHYECKUM CIIOEM, COACPXKAIIHIA IPOUTAHHEIE JIEKTPOIHTOM
3IIEKTPOJAEL, pa3/IeICHHEIE CEMApaTOpOM, TIPH STOM 3JIEKTPOIBI BEIIOTHEHE C
UCII0JIL30BAHUEM TIOPHUCTOTO YIIIEPOIHOrO MaTepHana 1 3JIEKTPOILI PACIION0XKEHbI
MEXNY TOKOCEEMHHKaMH, ITPX 3TOM NIOPUCTHIH YTIIepOAHEIA MaTepyal BLIIOMHEH TaKHM
00pa3oM, YTO CONEPXKUT U3OTOIBI yrilepoa *C, 1 OTHOLICHHE KONMYECTBA H30TOMOB
yraepona 3C x o6lueMy KOIMYeCTBY yrieposa B IOPHCTOM YTJIEpOJHOM MaTepuale
BJIEKTPOJIOB CocTaBiseT Benuuuny oT 0.003 go 0.75.

OTO YacTHbIE BapHaHTHI peaH3alyi H306peTCHHUS.

Apyroe Gopmanu3oBaHHOE ONMCAHKUE HAKOTIUTENS SHEPrUH:

Hakomurensb sneKTpuyeckoii SHEPTrHH ¢ ABOHHEIM 3EKTPHIECKUM CIIOEM,
COZIEpXK A PO TAHHEIE SJIEKTPOIIUTOM 37IEKTPOAbI, PasfielleHHBIE CenapaTopoM, IIPH
3TOM BJIEKTPOJIBI BHIIIOJIHEHEI C MCIIOJIB30BaHMEM ITOPHCTOrO YIIEPOAHOTO MaTeprana U
SNIEKTPOJBI PACIIONOXKEHBI MEX Y TOKOChEMHUKAMH, a SJIEKTPOIIMT BEIIOJIHEH C
MCTIO/b30BAHUEM OPIaHUYECKOTO PACTBOPUTENS, OTIIMYAIOIIHIACS TEM, 9TO MOPHCTHI
YTJIEpOIHBIH MaTepyan BEIMONHEH TaKUM 00pa3oM, YTO COJEpPXHUT U30TOIEI YTIepoaa
"°C, 1 oTHOIIEHME KONIMYECTBA H30TONOB Yriepona 3C k oblneMy KolMdecTBY Yrieposa
B 3JIEKTpoJax cocTasiigeT Benuuuny ot 0.003 mo 0.75.

DTO YaCTHEIM BapHAHT peann3auyy H306pEeTeHH .
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1oz TepPMUHOM «3NIEKTPONUT BLIIONHEH C HCIIONE30BAHHEM OpPraHuY€eCcKOro
PacTBOPHUTEJLD) IIOHUMACTCH: 3EKTPOIMT BBIIIOIHEH C UCIIONB30BaHUEM OLHOTO HJIH
HECKOJIbKAX OPraHU4E€CKUX paCTBOPHUTEIICH, UM 3JCKTPOJIUT BHIIIOIHEH U3 KUIKOM
CMECH, KOMIIOHEHTOM KOTOPOH, O KpaiHel Mepe, ABJIAIOTCS OpraHuyYecKuii

PacTBOPHTEIIB.

Taxum 06pa30M, M3 BBIIIECKAa3aHHOTO CIECAYET, UTO HIpH p€ain3aluu I/I306p€T€HI/I§I
obecrneunBaercs YMEHBUICHUEC HHTECHCUBHOCTH caMopa3psaa HaKOIMUTEA BHCKT'pH‘ICCKOﬁ
SHEPruHu ¢ ABOMHBIM SJIEKTPUIECCKHUM CII0E€M, COACPKAMIETO 3JIEKTPOABL, BEIIIOIHEHHBIC C
HUCITOJIB30BAHUEM ITOPUCTOrO YriiepogHoro Matepuaia Ipu TEMIICPATYpPE JICKTPOAOB OT

20°C 1o 70°C ¥ naBneHuMM cXaTHS 5IeKTpoRoB 10 20 105 ITa.

Hrxe npuBeseM Marepuan 1mo H30TOMHOMY 06OraIIEHHIO TIOPHCTOTO YTIEPOLHOTO
Marepuana.

B nacTosimee BpeMs B Mupe 0THOCHTENBHO PEIKHE U30TOME], B YaCTHOCTH,
u3oTonsl Bogopona *H u yrnepoza “C mupoko npuMeHSI0TCS B GHOXMMUH M Me THIIMHE
JUISL TUarHOCTUKH.

Mzotomst °C, N HCIons3yroTes [1s NOBBIIEHNS CTaBHIBHOCTH eKapCTBEHHBIX
TNpENapaTos, a TAKKe ISl yCUIIEHHs JTI€KapCTBEHHOTO AEHCTBHS TPENapaToB.

B narente Pd 2412188 u narente EA008591 IIPUBEAECHBI CBEJICHHS, O TOM, YTO
3aMeIICHAE JETKUX OoJiee THKETBIMU H30TOIIAMH, TAKMMHE Kak feitepuii 2H, MoxeT 1ath
TepaneBTUYCCKHE IPEUMYIIECTBA, 00YCIOBIEHHEIE 60JbIIEH MeTaboMnYecKoi
CTabMIBHOCTBIO 3TUX U30TOINOB.

B nocneanue roawr B Poccun paspaGotass! 3¢ eKTHBHEIE METOAE! H30TOMHOTO
oforauieHus GpapMaleBTHIECKUX IPEINAPaTOB H aHTUTONONEAHEIX PEareHTOB (CM.
HsoTonHoe oboraiieHHe BeNECTB,
http://zaorotec.ru/articles/izotopnoe_obogashenie_veshestv.html).

Ha nccnenosarensekux ycTaHOBKAX JOCTUTHYT BHICOKHH YPOBEHb 0GOraeH s
BEIIIECTB TaKUMHU M30ToNaMH, kak *C, 1N (cum. marentsr EATIB 020164 ot 2014.09.30;
020165 ot 2014.09.30; 020361 ot 2014.10.30; 020401 ot 2014.10.30). B marenTax
TIPEICTaBIICHB] PE3YJIBTATH! HCCIENOBAHMI [0 BIUSHUIO H30TOMNOB yraepoaa 3C na

9(GeKTHBHOCTE NeHCTBHA TBEPABIX U XHIKAX NeKapcTBeHHBIX hopM. Ha
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MCCIIE0BATENBECKON YCTaHOBKE B IEKApCTBEHHEIX (opMax J0oCTUTHYTA 3aMeHa ot 0.3%
10 75% u3oronos yrnepoza *C Ha uzortons! yriepoja 3C.

B natentax P® 2603784, 2604033, 2604219, 2604213, 2603156 u ap. onucaHsI
IIEPCNEKTUBHEIE CTIOCOOB! MONYYEeHUs! TBEPAOTO IPOTUBOT0JIONIEAHOT0 MaTepuana Ha
OCHOBE NMUIIECBOM MOBapEHHOM CONM U MHTMONTOpa KOPPO3UH.

B npouecce nony4eHns NpoTHBOroI0NEeJHOTO MaTEpUaia K&K IbIH 3JIEMEHT
MHTHONTOpa KOPpO3UH (comepxaliuii yriiepox ¥ a30T) HaCHIIAIN TSHKEIBIMA H30TOIIaMH
yrinepoga 3C u uzotonamu asora °N. B kauecTBe 371eMeHTOB HHTHOUTOPA KOPPO3HH
METaJUIOB UCIIONIb30BaNIX KapOaMul IpaHy IdpOBaHHEIH IEPBOrO copTa, 2-
docdorobyran-1,2,4-TprKapOoHOBOI KUCIOTHI TETPAHATPUEBYIO COJIb, YPOTPOIIHH,
onHo3aMmeleHHbIN docdar Hatpus NaH2PO4x2H20, npoctoit cynepdocdpar Ca(H2PO4)2,
Hutpar kansuus Ca(NOz),.

Kak yka3pIBanoch, BhIIIE, CIIOCOOBI IIPOU3BOACTBA CTAOMIBHOTO
BBICOKOOOOTAIEHHOI0 HEpanoaxTUBHOTo u3oTona *C (vriepoaa-13) mupoko
NPUMEHSIOTCS B POCCUHCKO# U MUPOBO# HayKe U MPOMBIIUIEHHOCTH. XOPOLIO
oTpaboTaHs! crioco0bI TONydeHus u3oTomna yriepoga 3C meTogoM razosoit qubdysuu
yepes MOPUCTHIE NePEropoiku, 1uddy3uu B MOTOKe napa, TepMoxuhPys3un, a Takxe
METOOM TUCTUIIIALUH, U30TOMHOro 0OMeHa, IEHTPH(PYTHPOBAHMS, SNEKTPOIIH3a,
reHHOH uHxeHepuu U Ip. Kpartkas xapakTepucTHKa 3TUX METOJIOB IIpUBeIeHa B
ucrouynuke /10/.

B MockoBcko#i rocyAapcTBEHHON akaJJeMUH TOHKOH XUMUYIECKOM TEXHOJOTHH UM.
M.B. JIomoHOCOBa OTpabaTEIBAIOT COBPEMEHHBIE HAHO-TEXHOJIOTHH MTOTy4EHUS U
BKJIIOYEHHSI aTOMOB CTaGMJILHBIX M30TONOB yriepoza *C B MOJIEKy Bl pa3IuyYHOM
CTPYKTYpHL. B akajfieMun oIy4aroT MONEKYIbl M30TOMTHOMEUYEHHBIX COCMHEHHH C
pasNMYHBIMU YPOBHAMU H30TONHOro oboramenus - ot 0.1% no 100% uzoTonos B
BelecTBe. PaboTh BenyTcs B MHTepecax MeJULIMHCKOM quarHocTUky. B ucrounuke /11/
IpUBeieHO 165 CCHIOK Ha MCTOYHHKYU UHGOPMALUH 110 H30TOMTHOMY 000TalieHHIO
pasnuuHBIX BemecTs. CMoTpH Taxxke ctateu O.B. Mocuna:
http://read.newlibrary.ru/read.php/pdf=19928 ,
http://samlib.ru/o/oleg_w_m/cdocumentsandsettingsolegmoidokumentymetodypoluchenij

aaminokislotibelkowmechenyhstabilxnymiizotopami2n13s15n18ortf.shtml
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B nctounrke onucaHbl COBpEMEHHEBIE METOIB! BKIIIOUEHHS aTOMOB CTaOUIBHEIX
M30TOIIOB B MOJIEKYJIBI Pa3IMYHBIX BELECTB, B YA4CTHOCTH, ONMCAHBI CIEAYIOLIHE
METOBI:

XUMHYECKHI CHHTE3;

Uzoronueii (‘H-2H)- u (1*0-30)-06MeH B MoeKynax aMHHOKHCIIOT U OENIKOB;

BrIpamuBaHie MUKpOOPraHU3MOB Ha cpellaX co CTaOMIIBHBIMUA H30TONAMH;

Hcnonp3oBanue aykcoTpoHBIX MyTaHTOB OaKkTepuit 11 BKIIIOYECHHA aTOMOB
CTaOUJIBHBEIX H30TOIMOB B MOJIEKYIJIEI aMUHOKHUCIIOT U O€JIKOB;

I'eHHO-MHXEHEPHBIE METORBI BKITFOYCHUS aTOMOB CTa0MIIBHEIX H30TOIOB B
MOJIEKY Tl aMUHOKHCIIOT U O€NKOB;

BriieneHre U30TOMHOMEYEHBIX MOJIEKY]I aMUHOKHUCIIOT U3 OEIKOBBIX THAPOIN3aTOB
MHKpPOOPraHU3MOB;

Mertoa razoazHoro ocaxJaeHus, 1 Apyrue.

Huxe onumieM 3KcIIepUMEHTAIBHBINA C10CO0 U30TOMHOTO 000TalleHHUs TOPUCTOTO
YTIIEPOIHOTO MaTepuaa u30Tonamu yriepoaa 3C.

IIporecc oboramenus omumeM Ha MPUMeEpPE MTOPUCTOrO YTrIepOAHOrO MaTepHuaia,
COJIEPXKAILIETO JIEMEHTHI:

- 50% 4dacTHL aKTUBHPOBAHHOTO YT pazMepoM 20 MKM U MEHEE;

- 50% 4vacTHL aKTUBUPOBAHHOTO YT pazMepoM Ooliee 20 MkM 1 MeHee 50 MKkM
(cM. Tabnmuiy 1, mopucTeiil 31eKTPoA 1). AHAJOTHYHEIM CIOCOOOM OCYIECTBIISIIHN
H30TONHOE 00OTralleHre U JPYTUX TOPUCTHIX YTIIEpOIHBIX MaTepHAallOB, YKa3aHHEIX B
Tabmuax 1 1 2 moa HoMepaMH IMTOPHCTHIX JIEKTPOAOB 2-18).

Ilepen npoBeaeHNEM KCIEPUMEHTOB, B ITPOLIECCE SKCIIEPUMEHTOB H 110
3aBEPIICHUH SKCIIEPHMEHTOB OCYIIECTBIISNIH U30TOMHEIH KOHTPOJL IIOPUCTOTO
YIIEPOAHOTO MaTeprana (3MIEMEHTOB MTOPUCTOTO YriepOAHOTO MaTepraa). g

M30TONHBIN KOHTPOJIb OCYIECTBIIAICA MacC-CIIEKTPOCKOITAEH BBICOKOTO |
paspelneHus.

ITepex npoBeeHHEM SKCIIEPUMEHTOB M30TOIH yrieposa *C B moprcTom
YIJIEPOJHOM MaTepHaie (B 3IEMEHTaX MOPUCTOro YIIepoAHOr0 Marepraa)

OTCYTCTBOBAJIH.
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B nponecce skcniepuMEHTOB KOMUYECTBO H30TONOB yriepoxa 12C B MTOPUCTOM
YTJIEpOAHOM MaTepHaie (B 31IeMEHTaX HOPUCTOTO YrIepOAHOro MaTeprana)
YMEHBIIAJIOCH, a KOJHYECTBO H30TONOB yriepoaa *C yBenmuuuBaiocs.

Kax bl BbIIEYKa3aHHBIH 2IEMEHT TOPHCTOrO yIJIepoJHOTO MaTeprala
CMELIMBAIA C TUCTHIUIMPOBAHHOW BOJIOM 0JTy4ast BEICOKOAMCIIEPCHBIN KOJUTOMAHBIH
PacTBOp ¢ BOJIOH, B 00beMe KOTOPOH pacmpesieneHa quciepcHas (hasa B BUIE MEKHX
TBEpABIX YaCTHYIEK aKTUBUPOBAHHOTO yrid. Jlajee 1o TEKCTY I IIPOCTOTHI 6yaeM
KOJJIOWAHEIA paCTBOP Ha3BIBaTh PaCTBOPOM.

B skcrepuMeHTax cofiepkaHue JIeMeHTa IOPHCTOro YIIIEPOAHOr0 MaTepHaia B
AUCTAJTMPOBAHHOH BOJIE BaAPEUPOBANOCH OT 1% 1o 10% (mpeanouturensuee 1%).

CMelreHne IpOU3BOMIH HpH ONOXHUTEILHON TeMIepaType B BakyyMe. aiee,
MOTYYEHHBIH PacTBOP MOJBEPralil KaBUTAIOHHON 06pabOTKE B peaKTOPHOMN YCTaHOBKE.

Peaxtopnas ycTaHoBKa, HCTIONB3yeMast TS SKCTIEPUMEHTOB, GBLTa H3TOTOBIIEHA ¢
HCII0JIb30BAaHUEM MATEPHANIOB, IPUBEACHHBIX B HCTOYHHUKAX /1 — 9/,

KoHCTpyKTHBHO peakTopHast yCTaHOBKaA COAEPIKUT eMKOCTb 160 st pacTBopa (cMm.
¢ur. 25), mecTepeHyaTsIit Hacoc 164 ¢ SMEKTPONPHBOAOM (Ha durype He nokasas),
KaBUTAMOHHEIH peakTop 167. B peakTopHOl ycTaHoBKe eMKocTh 160 TpyGonpoBogoM
COCIIMHEHA C BXOAOM B Hacoc 164, BeIXoa Hacoca 164 TpyGompoBoaoM COEIUHEH ¢
BXO/IOM KaBHTALHOHHOT'O peakTopa 167, BeIX0J KaBUTAllMOHHOTO peakTopa 167
TpyborpooaoM 179 coemuuen ¢ emxocThio 160. Ha BXoe B KaBUTAHMOHHEIIH peakTop
167 1 BEIXOZE M3 KABUTALMOHHOIO PEAKTOPA PACTIONOKEHL MaHOMETPH! 168 u 165 s
ONpE/ENIEHNUs NIepenaja AaBleHus Ha KaBUTAlMOHHOM PEaKTope.

JU1s TEXHONIOTHYECKHX HYX, B 00XO0/ KABUTALMOHHOTO PEaKTopa PacionokeHa
MarucTpaib 169 ¢ kpanom 166. Ita MarucTpansb CIy,HUT i Iepenycka, 10 MeHbLIeH
ME€pe, YaCTH pacTBOpa B 06X0[ KaBUTAIIMOHHOTO PEaKTOPA TIPH €r0 MyCKe H
PETIaMeHTaX, a TaKkXKe Npy IepeMEIIMBaHUM pacTBopa. B eMkoctu 160 pacmonoxer
TepMoMeTp 161, Memmranka (Ha ¢purype He oKkazana), IpeOXpaHUTENBHELH KIanaH 1Mo
JaBJieHUIO (Ha QUrype He MOKa3aH) U TEIUIOOOMEHHMK 163 /i1 HarpeBaHUs WX
OXJIaXJIeHUs pacTBopa 162. B mpoliecce paboThl yCTaHOBKH, IIpH HEOOXOIUMOCTH Yepe3 |
TENI00OMEHHUK 163 MPOIyCKAIOT OPSIYYI0 MM XOIOIHYIO BOAY, COOTBETCTBEHHO, IS
NOIOrpeBa UM OXJTaXACHUS pacTBopa. Kak mpaBuiio, Memaiiky B eMkocTH 160

MCTIONB3YIOT JUIs IEPEMELTMBAHUS PACTBOPA B TEUEHHH BCErO BPEMEHH pabOTHI
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YCTaHOBKHU.

KasuranuonHsslit peakrop 167 BEINOJIHEH, KaK MOKA3aHO HA ¢ur.26 (qs
HAarJsTHOCTH NPOIOPLIUH JIEMEHTOB Ha QUIype He COOMONEHEI), M CONEPXUT KaHan 182
AJI BHOKEHUS. BOJHOTO PacTBOpa. DTOT KaHal, 10 HalpaBlIEHUIO ABMKEHHS BOTHOTO
pacTBopa (Ha Qurype crnepa — HanpaBo), COAEPIKUT TpH Cyxenns 183, 184 u 185, nepen
K&KABIM CYXXCHHCM KaHalla pacloI0KEH PEryIupyeMElii 10 BEICOTE CTepKeHb 186, 187
1 188. CTepxHU Typ6yIM3HPYIOT OTOK, ABMXYIIHMitCS 10 KaHaTy 182. Typbynuzanus
HEOOXOAMMA ISl YCTAaHOBNEHUS KABHUTAIMOHHOTO PEeXXUMA IIPH MUHHMAIBHO
BO3MOXHBIX CKOPOCTSX ABIXKEHUS MOTOKA. Ecnu OKI cTepikHel He 6b110, TO CKOPOCTS,
IpH KOTOPO#M yCTaHaBINBAETCA KaBUTALMs YBENUUMaIach Okl Ha 15-17% u Gortee.

Kak ykaseiBasocs, Belle, epes KakIBIM Cy)XeHUEM KaHalla pacioioxKeH
PEryIMpyeMBIH 110 BEICOTE CTepkeHb. CTepxeHb 186 mepe/ mepBBIM, IO HANPABIEHUIO
ABIKCHUS pacTBOpa, cyxeHueM 183, pacmonoxen Ha paccTosHUM paBHOM 2.1 anamerpa
NIPOXOJHOro CEYEHUA B MecTe CyxeHus 183, ctepxkens 187 nepes BTophIM, 110
HallpaBJICHHIO IBYDKEHUS PacTBOPa, Cy)KeHHeM 184, pacrionoxeH Ha pacCTOSHHH PaBHOM
1.4 nnamMeTpa MPOXONHOTO CEeYeHHs B MeCTe Cyxenus 184, crepxens 188 nepen
TPETHUM, 110 HANPABIICHHIO JABHXEHUS PaCTBOPA, CyXeHueM 185, pacmonoxeH Ha
PaccTOSHUM paBHOM 1.4 nMaMeTpa IIPOXOJHOTO CeUeHHUs B MECTe CYxXeHHUs 185.

3a KaX/BIM CY)XEHHEM B KOPITyCe KaBUTAMOHHOTO PEaKTOpa PacoNoKeH KaHal
AJI ITO/Aa"H YTIIEKHUCIIOTO ra3a UM N1aporasoBoi cMecH B 00J1aCTh KaBUTAL[MU PEAKTOpPa.
Taxk, 3a cyxxenuem 183 pacmonoxen kanan 189, 3a cyxenuem 184 pacrnonoxen kanan
190, 3a cyxenuem 185 pacnonoxen xasan 191.

B xozne 0TpaboTKi KOHCTPYKIMIA PEaKTOPHOH YCTAaHOBKH H KABUTALMOHHOTO
peaKkTopa, ¥ MPOBEACHHS 3KCIEPUMEHTOB OBUTH pa3paboTaHbl PEKOMEHIALNH TI0
KOHCTPYKTHBHOMY BBITIOJIHEHHIO 3IEMEHTOB YCTAaHOBKH M KABUTALMOHHOIO PEAKTOPA.
Tax, miomas MPOXOAHOTO CeYeHUs! KaHaNa B MECTE CYXKEHHS COCTaBIsieT 8% OT
MaKCHMaNbHOM TIOIAAH IIPOXOAHOTO CeYeHHs KaHana. MakcHMalbHas TUTOMmAb
IIPOXOAHOTO CEYEHHS KaHalla paBHA IUIOIAH HPOXOJHOTO CEUEHHs TPYOOIpOBOa,
PacIoIOXCHHOT0 MEXAY BEIXOIOM LIECTEPEHYATOT0 HAacOCa M BXOJOM KaBUTAI[HOHHOTO
peakTopa. IlenecoobpasHo, 9T06H! II0MaaM IPOXOAHEIX CEUEHHH BCeX TPYGOIPOBOIOB
1 MarucTpan 169 6b1mm oguHaKoBel. ®OPMEI IPOXOJHEIX CEYEHH Tpy6OIpPOBOLOB U

KaBUTALMOHHOTO PEaKTOPa MOTYT OBITH MOOBIMH, YI0OHO UX BEIONHATEL KPYTJIOi
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(opMel. X0Ts TPOBOJMIIN HCIIBITAHHS KABUTALMOHHLIX PEAKTOPOB C IIPSAMOYTONLHEIMHA
¢opmamu MPOXOJHBIX CEUCHHH KaHaa U Ip.

Kaxmoe cyxeHue kaHana BEIIOMHEHO B hopMme comna (cM. Gur. 26) ¥ uMeer:

- CY>XarOUIYIOCs YacTh COIja (B HalIpaBIEHUH JBHXEHHUS MOTOKA) — 3TO YacThb
COIIa NMEepe] MUHUMaNbHBIM IPOXOAHBIM CCUYECHHUEM;

- MUHUMAJIBHOE MIPOXOJHOE CEYECHHUE - CEUEHUE ¢ MUHMMAIBHOM IIONIa[BI0
IIPOXOJHOTO CEUCHUS;

- PaCIIMPSIOMIYIOCS YaCTh COIJIA - 3TO YacTh COILIA, PACIIONIOKEHHA 33
MUHHMAJILHBIM IPOXOJHBIM CEUEHHUEM.

B ucnose3yeMoit 1i1s ccne0BaHNi PeaKTOPHON YCTaHOBKE (POPMEI TIPOXOTHEIX
CEUCHMUI 110 IIHHE KaHajla KABUTAIIMOHHOTO PEeaKTopa BBIITOIHEHB! KPYTIIBIMH, I03TOMY
BHYTPEHHHUE IIOBEPXHOCTH CYXAFOLIEHCSA ¥ paCIIUPAIONIEHCS YacTel BEIITOHEHE B
(opme 60KOBOIT TOBEPXHOCTH YCEYEHHOTO KOHYCA.

B ucxonHoM cocTosHUM Bee KpaHBI 166, 207, 173, 208, 174, 209, 175 (cM. dur. 25)
PEaKTOpHON YCTaHOBKH 3aKpPBITHI.

Hns kaBuTanMonHOH 06paboTKH, BOAHEIM pacTBOp 162 (KONIOHIHEIH pacTBOp
BOJIbI C aKTUBUPOBAHHEIM YTIIEM) 3aIHBAIOT B eMKOCTh 160 peakTopHOM YCTaHOBKH.
ITocne 4ero pactBop 162, pacronoxeHHbIH B eMKocTH 160, HocpecTBOM
Ternoo6MennnKa 163 Harpesatot 10 60°C. 3arem pactsop 162 mocpeacTsoM
ImecTepeH4aToro Hacoca 164 npoxauusatot oT 5000 1o 7800 pa3 uepes KaBUTALMOHHBIH
peakrop. Ilocie Hauana npokayku OTKPEIBaOT Kpausl 173, 174 u 175. B xaBUTalHOHHEIIA
peaxrop u3 6annonos 176, 177 n 178 nogarot yriuekucisiii ras. [logady raza
KOHTPOJIUPYIOT UCXO/S U3 II0Ka3aHuil MaHomeTpoB 168, 165, 170, 171,172 u
PETYIHMPYIOT ¢ IOMOIIBIO KpaHoB 173, 174 u 175.

KonuyecTso mpokayek pactBopa 162 yepes KaBUTAMOHHEIH peakTop 167 3aBHCHT
0T TpeOYEMOro CONEPKaHUS TSDKEIBIX H30TOHOB yriiepoaa 3C B a1eMeHTe TOPHCTOTO
yriepogHoro Marepuana. B tabmune 24 npeacraBnena 3aBUCHMOCTE COIEPIKAHUS
TSDKENBIX M30TOMOB yriepoAa >C B 3/IeMeHTe IOPUCTOTO YTIIEPOTHOTO MaTEpHaIa OT
KOJIIMYECTBA IPOKAYEK «N» KOJUIOUIHOrO BOJHOTO PacTBOpa 3JEMEHTA IIOPUCTOrO
YrIepOJHOTo MaTepuasa 4epe3s KaBUTA[HOHHBINA peakTop NOCPEICTBOM IIECTEPEHIATOTrO
Hacoca. Conep)xaHue 3JIeMEHTa IIOPUCTOTO YTIIEPOJHOTO MaTepUaa B

AUCTHIIMPOBaHHO#R Boxe 1%. W3 Tabnuue! BUAHO, 9TO YeM Gonbiue Tpebyercs
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u30Ton0B 1*C B 3)1EMEHTE IIOPHUCTOro YIIepoJHOro MaTeprala, TeM GoNbluee
KOJIYECTBO pa3 HeOOXOAMMO NPOKayaTh PacTBOP Yepe3 KABUTAUMOHHBIH PEakTop.

B nponecce xaButaumonno# 06paboTKK BBHICOTY KaXA0TO U3 PEryTHPYEMBIX
cTepxHeit 186, 187 u 188 BhICTaBNAIOT TakUM 06pa3soM, YTOOEI CTEPIKEHD MEPEKPHLT 4-
5% muomany nonepevHoro cedeH s KaHaila B MECTe yCTaHOBKH cTepskHs. IIpu paGore
YCTaHOBKM CTEPXKHH B3aUMOJCHCTBYIOT C IIOTOKOM, TYPOYJIM3HUPYIOT €r0, TEM CAMBIM
00eCIeYMBAIOT YCTAHOBJIEHHE PEXUMa KaBUTAIIUH I MAHUMATEHON CKOPOCTH [IOTOKA
B ceueHusax 183, 184 u 185.

B npouecce kaputanuonHo# 00paborku yepes kaHai 189, pacrmonoxkeHHEIi 3a
IEPBBIM, 10 IBMKEHUIO PaCTBOpA CY>XEHHEM, MMOAAIOT YTIEKUCIBIM ra3 u3 6auiona 176
IIpA OTKPBITOM KpaHe 173 ¢ MacCOBBEIM pacXo0oM paBHEIM 2% OT BEJIMYHHBI MacCOBOTO
pacxojia BOJHOTO pacTBOpa.

Hepes xanan 190, paciioNoXeHHBI! 3a BTOPBIM, 110 ABMKEHHUIO PACTBOPA CY)KEHHEM,
NIOJAr0T YTICKUCIBIA ra3 u3 Oannona 177 npu oTKpHITOM kpaHe 174 ¢ MaccOBBIM
Pacxo/IoM paBHBEIM 1% OT BEJMYHHBI MACCOBOI'0 PAcX0/ia BOJHOTO PacTBOPA.

Hepes kanan 191, pacnonoXeHHBIH 3a TPETHUM, 10 JBMKEHHIO PaCTBOPA
CYXEHHEM, NIOAAIOT YTJIEKUCbIN ra3 u3 OauoHa 178 npu oTKpeITOM Kpane 175 ¢
MaccoBBIM pacXxoaoM paBHBEIM 0.5% OT BETMYMHBI MACCOBOTO pacXofa BOAHOIo
pacTBopa.

ITocpencTBOM LIeCTEPEHYATOr0 Hacoca nepenay JaBjieHAs Ha KaBUTAMOHHOM
peakTope MOMIEPKUBAIOT B ManaszoHe oT 7.5-10°I1a xo 8:10°Ila, TeMnepaTypy pacTBopa
B EMKOCTH B IIpollecce KaBUTAMOHHOM 00paboTKi NOCpeCTBOM TemIo00MeHHIKa 163
noBeiwawT ¢ 60°C g0 75°C. Io TEMI00OMEHHUKY IOJAIOT FOPAYYIO BOLY, TEMIIEPATYPY
pactBopa 162 B eMKkocTH 160 KOHTPOIIMPYIOT 10 TEpMOMETpPY 161.

Ha ¢ur. 27 npeacraBneno npogoisHoe ceveHne KaBUTAMORHOTO peakTopa 167.
Hanpasnienue motoka (IBMXEHHUS pacTBopa) MOKa3aHo cTpenkoit 192. Crpenxamu 193
TII0K23aHO HaTpaBlIeHHEe IBIKEHUS 110TOKA B KaHane 182. Ctpenkamu 194, 195, 196
TI0Ka3aHO JBIDKEHUE ITOTOKA 110 KaHATy KaBUTAllMOHHOI'O peakTopa 3a CTepHsIMu 186,
187, 188. IloTok, ABHrasch 10 KaHally, IonalaeT B IepBoe cyxeHre. ILromans
IIPOXOJTHOI'O CEYEHUsI YMEHBIIAETCs, CKOPOCTh IIOTOKA pacTeT. B paiioHe MEHMMaILHOTO
IPOXOAHOI0 CeYeHHUA 183 CKOPOCTH IMOTOKA YBENHYHBAETCS TaK, YTO JaBIEHUE B TOTOKE

CTaHOBMTCs MCHBIIE NAaBICHUS HACBIIICHHOIO MMapa BOJEL. [ToTox B 3TOM MecTe
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«3aKuIaeT» - o6pa3yroTcs napoBsle My3bIpsku 197. Jlanee, moTok (Boja, YaCTHUKH
AaKTHBHPOBAHHOT'O YTJI ¥ IaPOBLIE Iy3bIPbKK) ABUTAsACH 110 KaHATy, IONaJacT B
PacHIUpsIIONLYIOCS 9acTh, I MPOXOAHOE CeUEHHE KaHalla yBETHIUBAETCS, 4 CKOPOCTh
yMeHbLiaercs. Jlasienue B IOTOKE CTAHOBUTCS OOJbIIE JaBIeHNs HACBHILIEHHOTO Mapa,
NapoOBBIE MY3BIPHKH CXJIONBIBAIOTCS. TOYKM CXJIONBIBAHUS [TAPOBHIX ITy3BIPEKOB
nokasansl nosunuer 198. Ilpu aTom, B 06nacTu cxioneiBauus (B 06/1aCTH TOYKH
CXJIOIBIBaHMS) KaBUTAIIMOHHOIO ITy3bIpbKa Ha0I01aeTCs MOBBIIEHHE JaBiIeHHs 10
HECKOJNIBKUX TBICAY aTMOC(Ep ¥ HOBHIIICHHE TEMITEPATYpEI 10 THICSIYM U GoJiee rpagycoB
Henbcus.

O06nacTe, B KOTOpOi 00pa3ylOTCA U CXJIONBIBAIOTCS ITY3bIPhKH, HA3LIBAETCA
obnacTeio kaBuTauuu. Kax roBoprioch Belllle, CTEpXeHb 186 TypOyIusupyeT IOTOK, U
TEM CaMbIM, 00JIeTYaeT yCTaHOBNEHHE KaBUTALIMOHHOTO PEXUMA TEYEHHS Ha
MHHMMAJIBEHO BO3MOXHOH CKOPOCTH TEYECHHUS.

AHaNorHYHbIM 00pa3oM BO3HUKAIOT ITy3bIpbku 199 u cxioneiBaroTcs 200 B
06n1acTH MPOXOIHOTO cedeHHs 184, a Takxe 06pasyroTcs my3sipbku 201 u
cxnoneiBatoTcs 202 B 0061aCTH MPOXOJHOTO cedeHus 185,

Vrnexkucnelit ra3 nogarotT no kasanaMm 189, 190 u 191 B o6nactu moToka 3a
MHUHUMAaNbHBIMHA IIPOXOJHBIMU ceueHUssMU 183, 184 u 185, HackImeHHBIE TApOBEIMH
nyseipeKaMu. IIpy cxonsIBaHNY TApOBEIX MY3bIPEKOB NPOUCXOAUT MOLIHOE
JAMHaMHYECKOE BO3JEMCTBIE HAa OKPYKAIOLLYIO My3BIPbKH cpeny. IMeHHO B MecTe
CXJIONBIBAHHS IIPOUCXOJUT oborameHue 31eMeHTa IOPUCTOrO YIIEPOAHOrO MaTepHaa
(YacTHYeK aKTUBHPOBAHHOTO YIJis) M30ToNaMu yriaepoza *C.

Ha ¢ur. 27 crpenxamu 203 noka3aHbl HallpaBleHUs ABIKEHHS ra3a [0 KaHataM
189, 190 u 191.

B nponecce xaBuTannoHHO# 06pabOTKY 371EMEHT TOPUCTOTO YIIIEPOJHOTO
MaTepHala, HaxoAsmuiics B pacTBOpe, HACHIAIOT M30TolIaMH yriaepoja 2C Takum
06pa3oM, 4TO OTHOIIEHHE KOTHIECTBA H30TOMOB yriepoAa 3C k 06ImeMy KoTH4ecTBY
YTJIEpOZia B 3]IEMEHTE TIOPUCTOrO YIIIEPOAHOTO MAaTepHaNa COCTABIISET BETHUMHY OT
0.005 mo 0.75.

B o61ieM cirydae, HOPUCTEIA YIIIepOAHBIR MaTepHal MOXET COCTOSTE B3 OJHOTO
3JIEMEHTA (CM. TabIMILy 2, HOPHCTHIE 3IEKTPOEI C MOPIAKOBLIMU HoMepamu 13-17).

Torna, B mponecce kaBUTALWH, HOPUCTHIN YIIIEPONHEINM MaTepHual, HaXOASIIHHCS B
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PacTBOpE, HACBIIAOT TSDKENBIMU U30TOaMu yriaepoaa *C Takum o6pasoM, uTo
OTHOWIEHHE KONMYECTBA U30TONOB yriepoda *C k o6uemy KoTmuecTBy yriepoza B
TIOpPUCTOM YTIIEPOAHOM MaTepuale cocTapiieT Betuauyy oT 0.003 10 0.75 (ot 0.3% 1m0
75%)

KonTpons komuuecTBa n3o0tonos yriepoaa *C ocymectsusior Mace-
CIEKTPOCKOIHMEN BRICOKOro paspemenus. IIpo6sr amst storo GepyT u3 eMxoctd 160.

I'a3 v BojtHOM Nap, HaKAIIMBAIOMHMIACS B eMKOCTH 160 Haj YPOBHEM pacTBOpa
162, noparot (ynansior) gepes ropnosuty 180 B TpyGonporoas: 204, 205 u 206.

Y nansemsiit raza u3 eMkoctd 160 mokasan crpenkoit 181. Takum o6pa3oM ra3s u nap
MHOT'OKpaTHO NPOXOAUT Yepe3 KaBUTALMOHHEIH PeakTop. ITO CAENaHO C LENbI0
CHIDKEHUS pacXo/ia YTJIEKMCIIOro rasa us 6annoHos 176, 177 u 178. Ipu noBbimeHny
AaBJIEHUA B €MKOCTH 160 BbIlIE JOMYCTHMOTO 3HAYEHHS, T'a3 U NTap CTPaBIHBAIOTCS U3
€MKOCTH Yepe3 NPEAOXPaHUTENBHEIN KIIalaH 110 JaBJICHUIO.

3aBepmwaioT paboTy cneayiomuM 06pasoM. 3akprIBatoT Kpass! 173, 174 u 175.
HacocHy10 yCTaHOBKY BBIKITIOYAIOT.

Hocne ero Boxy u3 pacTopa yaansior (semapusaiot). [Tonydaior IIOPUCTBIH
YTI€pOAHBIN MaTepual, oOoralmeH bl n30Tonamu yriepozaa 2C.

IIpumMep pacdeTa BpeMEHH KaBUTAllMOHHON 06pabOTKH IPUBEICH HIXKE.

Hpu xaBuTanmonHo# 06paboTKe, pacTBOP MOCPEACTBOM MIECTEPEHIATOro HACOCA
NPOKa4YHUBAOT N pa3 Yepe3 KaBUTAUHOHHEIM peakTop, IpH 3TOM BpeMs paboTHl t
PEaKTOPHOH YCTAHOBKH ONPEIETSIOT 10 HopMyIe:

t=n V/Q,
TJ€ N - KOJIUYIECTBO IIPOKaYEK BOAHOTO pacTBoOpa 4epes
KaBUTALMOHHBINA PEAKTOP MOCPEACTBOM IIECTEPEHIATOIO
Hacoca,
V - 06BeM, 3aHHMaeMBI# pacTBOPOM B EMKOCTH;
Q - 06BeMHEIH pacXo[ IIECTEPEHYaTOro Hacoca.

B 5KCIIePUMEHTANBLHON PEaKTOPHOM YCTAHOBKE HCIIONE30BANA IECTEPEHIATHII
Hacoc HMIII 5-25-4.0/10. ¥V macoca pu 9actoTe 060poToB mecTepHH 1450 06/MuH
pacxon Q = 4m>/4. Harop obecnieunBaercs paBHbiM 10-105T1a, IIPH 3TOM NoTpedseMas
MOINHOCTE 1.8 kBT.

lIpuBosioM HacoCy CITyXHT aCHHXPOHHEIA 1exTpoaBuraTens AUP100S4Y3.

78




O6nem emxoctu 0.01M3, 06beM, 3aHUMaeMBIil pactBopom — 0.008 M.
IIpuBenem npumep pacuera BpeMeHH paboTH PEaKTOPHOH yCTaHOBKH.
5000 npokadek pacTBOpa Yepe3 KaBUTAI[MOHHEII peaktop morpedyer 36000 cexymn

pa6OTBI YCTaHOBKH.

7800 npokayek pacTBOpa Yepe3 KaBUTAUMOHHEINA PEaKTop notpedyer 56160 cexynn
paboTHI YCTaHOBKH.

OrucanHast KOHCTPYKIHS PEaKTOPHOM YCTAHOBKH M KABUTAIMOHHOTO peakTopa
obecreynBaet 3¢hexTHBHOE 0GOraleHNe TOPUCTOTO YTIEPOIHOTO MatepHaia
u30TONaMH yriepoaa >C.

Taxnm 00pasom, U3 BEIIIIE H3MOXKEHHOTO CIEAYET, 9TO TIPH PeATH3ALKH
3asBJIEHHOTO H300peTeHUs Oy/IeT pelleHa 3aada H306peTeH s U JOCTUTHYThI

TEXHUYECKUE PE3YNBTATHI.
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Tabmuua 1

OJIEMEHTHBIH 1 (PaKIMOHHBIA COCTAB MMOPHCTHIX YIIEPOAHBIX 3MEKTPOAOB, %

ONeMEHTHI ITOPUCTOIO ITopsiakoBEIi HOMEp IOPHCTOrO ANMEKTPOA
3NEKTpoJa 1 2 3 4 5 6 7 8 9
YacTHs! 50 - 10 20 30 70 100 { 90 99

aKTHBHPOBAHHOTI'O YTIIs
pasMepoM 20 MKM 1

MeHee*)

Yactuis 50 | 100 | 90 80 70 30 - -
aKTUBUPOBAHHOTO YIJIs
pasmepoM Gornee 20
MKM U MeHee 50

MKM**)

Yactuisl 1uoKcuaa - - - - - - - - 1
turana TiO2 pasmepom

20 MxM 1 MeHee*)

YacTuue! quokcuaa - - - - - - - 10
tutana TiO2 pasmepom

20 MKM ¥ MeHee

*) wactunel, npomenmue 9epes cuto SWECO Ne635 ¢ pasMepoM IpOXOAHOM SUeiiK
cuTa 20 MKM.

**) wactunel, npomexmue gepes cuto SWECO Ne300 ¢ pasMepoM MpoXoHoi sueitku
cuta 50 MkM 1 He npomesmue yepe3 cuto SWECO Ne635 ¢ pasMepom MpoXogHOH

sS4eku curta 20 MKM.
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Tabnuua 2

DneMeHTHBIN U (QPaKIMOHHBIN COCTaB TOPHCTHIX AIIEKTPOJOB, %

DneMeHTEI
[IOPUCTOrO

JJIEKTPOaa

[TopsAKOBEIf HOMEP MOPUCTOTO 3NEKTPOAA

10

11

12

13

14

15

16

17

18

1

10

Yactuum!
aKTUBHPOBaHHOIO
yria pasmepom 20

MKM H MCHEC

10

30

10

50

YHacTris!
aKTUBUPOBAHHOTO
YIS pa3MepoM
6onee 20 MKM U

MeHee 50 MKM

90

70

90

AXTHBMPOBAaHHBIN
YTOJIb U3 CKOPITYTIbI

KOCTAHKH.

100

Yactuuku
YIJIEpOAHBIX
asporenen

pa3MmepoM 110 1MxM

100

50

Yactuuku
Me30/MHUKPOIIOPUCTO
ro yrjiepoja ¢
pasMepoM Iop OT
0,7 mo 50 uM.
Pa3mepr! wactun 1o

20 MxM

100

Yactuuku
CaXH pasMepoM J0

100 am

100
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1

10

Yactuuku
YTIEPOAHOTO
HOPUCTOTO
Marepuaia,
MIOJIy4EHHOTO
TEPMUUECKUM

pa3ioXeHUEM

¢ eHONBHO CMOJIBI.

Pasmep gactui 1o

50 MKkM

100
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Tabmuna 3

3aBUCHMOCTh YACIIBHOT'O SJICKTPHUYECKOr0 COTIPOTUBIICHUS ITOPHUCTOrO 3JICKTPOaa

OT JABJICHUA CXaTHs, Omcem

JaBneHue ITopsiixoBEIi HOMEp OPUCTOrO SNEKTPOAa
CXKaTHs, 1 2 3 4 5 6
10° Ta
-*) 560**) 743 703 661 619 470
3 272 505 444 384 324 241
5 225 351 330 301 281 202
10 136 252 241 214 184 111
15 44 166 151 123 94 36
20 25 77 63 44 30 15
100 2 2

*) **) naBleHHe CKATUs OT BHEIIHEH HArPy3KH OTCYTCTBYET (YIPOLIEHO, JaBIEHNE

CXKaTus OT BHEIIHeH Harpy3Kd paBHO HYJIO).

**) cpennee apudMeTHYECKOE 3HAYEHUS YIEBHOIO 3JIEKTPHYECKOTO COIPOTHRIICHHUS

TIOPUCTOrO JNEKTPOJIA [0 pe3ynbTaTaM 25 3aMepoB (IIUKJIOB CXKATHsl), C OKPYTIIEHHEM JI0

1 OM cM. MakcuManeHO€e OTKIIOHEHHE OT CpE€OHETO apIII(I)MCTH‘-ICCKOI‘O 3HAQ4YCHUA HC

npesbimano 3%.
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Tabmuna 4

3aBUCHMOCTE YACIBHOI'O 3JICKTPUIECKOIO COIIPOTUBJICHUS IIOPUCTOI'O 3JICKTpoaa

OT JAaBJieHUs cxatus, OM cM

JaBnenue lopsizikoBEIil HOMEp TOPUCTOrO 3JIEKTPOAA
cXKarud, 7 8 9 10 11 12
10° Ia

- 301 240 294 772 652 822
3 183 163 181 547 381 602
5 152 132 146 373 294 480
10 66 47 61 274 211 290
15 20 17 18 186 119 202
20 12 9 10 90 40 101

100 3 3

Tabnuua 5

3aBUCHMOCTE YACIBHOIO 3JICKTPUUYECKOT O COIIPOTHBJICHHU ITOPUCTOTO 3JICKTpoaa

OT JaBJICHHUA CXKaTHsl, OMmcm

JaBnenue ITopAKOBEI HOMEP IOPUCTOrO 3IEKTPOA
CXKaTui, 13 14 15 16 17 18
10° ITa

- 180 270 398 379 112 503
3 139 183 265 191 63 312
5 111 151 212 125 40 259
10 63 80 132 54 11 180

15 19 32 71 14 9 102

20 11 14 29 9 7 40

100 1 2
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Ta0mna 6

3aBHCHMOCTD HIEKTPHUIECKOTO CONPOTUBICHHUS
IIOPUCTOTO 3NEKTPoAa (MOPsAKOBEIA HoMep 1) ¢ u3oTonamu yruepona *C

OT AABJICHHUA CXKaTusl, OmcMm

/laBnerue | OTHOMIEHHE KOTMYECTBA H30TONOB yriepoda 2C K o6IeMy KOIHUECTBY
cKaTus, yrieposia B IOPHCTOM 3IIEKTPOJIE

10° ITa 0.001 0.003 0.3 0.75 0.8 0.9
- 560%) 414 373 310 310 315

3 272 202 181 150 150 151

5 225 167 150 125 124 125

10 136 100 90 75 75 75

15 44 33 28 24 27 26

20 25 18 16 13 13 14

*) TeMneparypa snextpona 20°C.
Tabauna 7
3aBHCHMOCTb JJIEKTPUYECKOTO COPOTHUBIICHHUS
TIOPHCTOTr0 3JIEKTPo/ia (IIopAAKOBEIH HoMep 2) ¢ H30ToNaMH yriepona 2C

OT JaBJIeHUS cxxaTHs, OMcM

JlaBnesne | OTHOMWIEHHE KOMMYECTBA H30TONOB yriepoaa “C K o6IieMy KoIH4ecTBy
CXKaTus, yTriIepoia B HIOPUCTOM 3JICKTPOIE
10° IMa 0.001 0.003 0.3 0.75 0.8 0.9
- 743 554 480 420 420 421
3 505 377 325 283 284 284
5 351 261 226 197 197 197
10 252 188 162 142 143 143
15 166 123 107 93 92 93
20 77 57 50 43 43 44
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3aBUCHMOCTD QJICKTPUICCKOT0 COIIPOTHUBIICHUSA

Tabmauna 8

IIOPHCTOrO 3JIEKTPoAa (MOPsAKOBEIH HoMep 3) ¢ u3oTonamu yriaepoaa °C

OT JaBJicHUs cxatusa, OMcM

Mlasnenue | OTHOIIEHHE KOIMYECTBA H30TONOB yriepoaa *C k o6IIeMy KOJIHIECTBY
cKarus, YTJIEPOJa B IOPUCTOM IIIEKTPOJIE
10° ITa 0.001 0.003 0.3 0.75 0.8 0.9
- 703 517 469 386 386 386
3 444 326 293 244 244 245
5 330 243 220 181 181 182
10 241 177 161 132 133 133
15 151 111 101 83 83 83
20 63 46 41 34 34 35
Tabnuma 9

3aBHCHMOCTE SIEKTPUIECKOr0 COIIPOTHUBICHUS

TIOPHCTOTO 3J1EKTpoa (OPSIKOBBIA HoMep 4) ¢ u30Tonamu yriepoxa C

OT JaBJjicHUSA cxaTusi, OM-cM

Japnenue | OTHOWEHHE KOMMYECTBA H30TOMOB yriepoaa *C K o6iIeMy KOIHYeCTBY
CKarus, YIJIepoia B IOPACTOM 3JIEKTPOJIE

10° Ia 0.001 0.003 0.3 0.75 0.8 0.9

- 661 493 446 365 365 366

3 384 286 260 212 212 212

5 301 224 203 166 166 166

10 214 160 145 118 118 118

15 123 92 83 68 68 69

20 44 32 29 24 24 27
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Tabmua 10
3aBUCUMOCTB 3JIEKTPHYECKOTO COMPOTUBICHUS
IIOPUCTOTO 3JeKTpoAa (TIPS AKOBEIA HoMep 5) ¢ u3oTomamu yriaepoaa *C

OT JiaBJIeHMs cxxatusi, OM-cM

Hasnenue | OTHOIIEHHE KONTHYECTBA H30TONOB yriepona PC k 00IeMy KOIMYECTBY
CXKaTus, yTJIepoZia B IIOPUCTOM JJIEKTPOJIE
10° ITa 0.001 0.003 0.3 0.75 0.8 0.9
- 619 455 404 338 338 339
3 324 238 211 177 177 178
5 281 206 184 154 154 154
10 184 135 120 101 101 101
15 94 70 61 51 51 51
20 30 22 20 16 16 16

Tabmuua 11
3aBHCHUMOCTE JIEKTPHYECKOTO COMPOTUBIICHUS
IIOPHCTOTO 3JIeKTpoa (TIOPSIKOBEIA HoMep 6) ¢ M3oTonamu yriepoaa C

OT JlaBJIeHHs cxxaTust, OMcM

Hasnenne | OTHOIIEHHE KONMMYECTBA U30TONOB yriepona PC k o6meMy KoTu4ecTBy
CXKaTus, yriiepoJa B IOPUCTOM DJIEKTPOJE

10° ITa 0.001 0.003 0.3 0.75 0.8 0.9
- 470 346 311 261 261 262
3 241 177 160 133 133 133
5 202 148 133 112 112 112

10 111 82 73 62 62 62

15 36 26 23 20 20 21

20 15 11 10 8 9 10
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3aBUCHUMOCTD JJICKTPHUYCCKOI'0 COIPOTUBIICHUSA

Tabmaumna 12

TMIOPUCTOrO 3N1eKTpoAa (IOPsAKOBEINA HOMep 7) ¢ m3oTonamu yriepona *C

OT AABJICHHI CXKaTHA, OmcMm

Hasnenue | OTHOMICHWE KOMMYIECTBA H30TONOB yriepona *C k o6IeMy KOIMYeCTBY
cKartus, YIJIEpoa B IOPUCTOM 3IIEKTPOJIE

10° Ta 0.001 0.003 0.3 0.75 0.8 0.9
- 301 219 192 163 164 163
3 183 134 117 99 99 100
5 152 111 97 82 82 82
10 66 48 42 35 35 35
15 20 14 12 11 11 11
20 12 8 7 6 6 7

Tabnuna 13

3aBUCHMOCTD AJICKTPHICCKOTO COIPOTHUBJICHUS

IIOPHCTOrO 3JIeKTpoaa (oS aAKOBEIA HoMep 8) ¢ u3oTonmamu yriepona BC

OT JIaBlieHUs cxaTthusd, OMcM

Jlapnenue | OTHOLIEHHE KOTHYECTBA H30TONOB yriepoaa >C k 06meMy KOTH4eCTBY
cKaTus, yriepozaa B IOPUCTOM 3JIEKTpoOJIe

10° ITa 0.001 0.003 0.3 0.75 0.8 0.9
- 240 173 150 126 126 125
3 163 117 101 86 86 86
5 132 95 82 70 70 71
10 47 34 30 24 24 24
15 17 12 10 9 9 8
20 9 6 5 5 5 5
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3aBUCHUMOCTH SNIEKTPHUCCKOr0 COIIPOTUBIICHHUS

Tabnuua 14

IIOPUCTOrO 3TEKTPoa (IOPsAKOBEIE HoMep 9) ¢ usoronamu yriepoaa *C

OT JIaBJICHUS CXKaTusl, OMcMm

Hasnenue | OTHOIIEHHE KOMUYECTBA H30TONOB yriepona *C k 06ImeMy KOIMYeCTBY
CXKaTH, yTJIEposia B IOPUCTOM DIIEKTPOJIE
10° ITa 0.001 0.003 0.3 0.75 0.8 0.9
- 294 216 196 162 162 162
3 181 133 121 100 100 100
5 146 107 97 81 81 81
10 61 45 41 34 34 34
15 18 13 12 10 10 10
20 10 7 7 6 6 6
Tabmina 15

3aBHCHMOCTEH SNIEKTPHICCKOr0 COIIPOTUBIICHHUSA

IIOPUCTOTO 31EKTPoAa (IopsAaKoBEIi HoMep 10) ¢ uzoromamu yraepoga BC

OT JAaBJIeHUS cxxatusd, OM cM

Hasnenune | OTHOmEHHE KOMMYECTBA U30TONOB yrinepoja PC k o6uieMy KOTH4ECTBY
cxKartus, yriiepoza B IIOPUCTOM 3JIEKTPOE

10° ITa 0.001 0.003 0.3 0.75 0.8 0.9

- 772 571 511 422 422 421

3 547 405 362 299 299 299

5 373 276 247 204 204 204

10 274 202 181 150 150 150

15 186 137 123 102 102 102

20 90 66 59 49 49 50
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3aBUCHMOCTD SJIEKTPHYICCKOI'0 COIIPOTUBIICHHUA

Tabmuna 16

MIOPHCTOrO 3MeKTpoaa (IopsiaKoBkIi HoMep 11) ¢ uzotonamu yriepoaa *C

OT AaBJieHus cxatus, OM cm

JaBnenne | OTHOIIEHUE KOMMYECTBA H30TOMOB yriiepona *C k obleMy KoIuYecTBY
CKaTus, yTIepoa B MOPUCTOM HIEKTPOIE

10° IMa 0.001 0.003 0.3 0.75 0.8 0.9

- 652 486 440 364 364 363

3 381 284 257 213 213 213

5 294 219 198 164 164 164

10 211 157 143 118 118 117

15 119 88 80 67 67 67

20 40 29 27 23 23 23

Tabmuua 17

3aBHCHMOCTD QIICKTPHUICCKOT O COIPOTUBIICHUS

TIOPUCTOTrO 3JIeKTpoia (MopsAAKOBLIA HoMep 12) ¢ u3oTonamu yriepoja BC

OT HaBjieHusd cxatus, OM-cM

Jasnenne | OTHOIIEHHE KONMYECTBA H30TONOB yriepona *C k o0imeMy Konu4ecTBy
cxKarus, yTiiepoJia B IOPHCTOM HJIEKTPOJIE

10° Tla 0.001 0.003 0.3 0.75 0.8 0.9
- 822 604 523 449 449 448

3 602 442 383 329 329 329

5 480 352 305 262 262 262

10 290 213 184 159 159 159

15 202 148 128 110 110 110

20 101 74 64 61 60 60
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Tabmuma 18

3aBHCHUMOCTBD JJIEKTPUIECKOTO CONPOTUBIEHUS
TIOPUCTOTO 3J1eKTpoa (opsaKoBEIH HoMep 13) ¢ u3oTonamu yrnepoga *C

OT JaBJICHHUA CXKaTHsl, OmcMm

Hasrenve | OTHOLIEHHE KOMMYECTBA H30TOMOB yrieposa *C k ob6meMy KOTHIECTBY
cKartus, yriiepojia B IOPUCTOM BIIEKTPOJIE
10° ITa 0.001 0.003 0.3 0.75 0.8 0.9
- 180 128 112 95 95 95
3 139 99 86 73 73 73
5 111 79 69 58 58 58
10 63 45 39 33 33 33
15 19 13 11 10 10 10
20 11 7 6 S 5 5

Tabmuua 19

3aBHCHMOCTH JNIEKTPHYCCKOTO COMPOTHBIICHUS
IIOPUCTOTO 3JIEKTpoa (opsaaKoBEIE HoMep 14) ¢ u3oTonmamu yriaepona *C

OT JaBJIcHUS cxxaTusi, OM:cM

Jasnenue | OTHOMEHHE KOMMYECTBA H30TONOB yrieposa *C K o61IeMy KOTHIECTBY
CXKarTus, yTriIepoia B IOPACTOM JIIEKTPOJIE
10° ITa 0.001 0.003 0.3 0.75 0.8 0.9
- 270 192 168 146 146 146
3 183 130 114 75 75 75
5 151 107 66 82 82 81
10 80 57 50 43 43 43
15 32 22 20 17 17 18
20 14 10 8 7 7 7
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Ta6muna 20
3aBUCHUMOCTB JIEKTPHYECKOTO COIIPOTUBIICHUS
TIOPHUCTOTO NEKTPoa (TIOpAAKOBLI HoMep 15) ¢ u3oTonamu yriepoxa °C

OT AaBJICHUA CXaTHs, Omecm

JlaBnenne | OTHOIIEHME KOJTMYECTBA H30TONOB yriepoaa C k o0meMy KONMHIECTBY
CKaTHS, yriiepoia B IOPUCTOM DIIEKTPOJE
10° Tla 0.001 0.003 0.3 0.75 0.8 0.9
- 398 290 260 217 217 217
3 265 193 173 145 145 145
5 212 154 138 116 116 116
10 132 96 86 72 72 72
15 71 51 46 39 39 39
20 29 21 19 16 16 16

Tabmmua 21
3aBUCHMOCTB JICKTPAYIECKOTO CONPOTHBICHUS
IOPHCTOr0 3NEKTpoja (IIOpsIKOBEIA HoMep 16) ¢ m3oTonamu yriepoxa C

OT AaBlieHUS cxartusi, OMcM

JlaBnenue | OTHOIIEHHE KOTMYECTBA H30TOMOB yriaepona PC k 061eMy KOTHIecTBY
cxKarus, yIrilepoza B HOPUCTOM HIIEKTPOIIE
10° Ia 0.001 0.003 0.3 0.75 0.8 0.9
- 379 268 236 202 202 202
3 191 135 119 101 101 101
5 125 88 78 66 66 66
10 54 38 33 28 28 27
15 14 10 8 7 7 7
20 9 7 6 5 5 5
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3aBHCHUMOCTD SNCKTPHUYCCKOTO CONIPOTUBIICHHASA

Tabmuna 22

TIOPHCTOTO 3NeKTposa (MopsAKoBkIi HoMep 17) ¢ usotonamu yriepoaa *C

OT JIaBJIeHHs CkaThHia, OM cM

JlaBnenve | OTHOIIEHHE KOJMYECTBA H30TOMOB yriepoaa *C k o6ueMy KOIHIeCTBY
CXKaTHA, YIJIEPO/Ia B IIOPUCTOM SNIEKTPOJIE
10° I1a 0.001 0.003 0.3 0.75 0.8 0.9
- 112 80 72 61 61 61
3 63 45 40 34 34 35
5 40 28 26 22 22 23
10 11 8 7 6 6 7
15 9 6 5 4 4 S
20 7 5 4 3 3 4
Tabnuma 23

3aBHCUMOCTD SNCKTPHUHIECCKOI'0 COMPOTUBJICHUS

IIOPHCTOrO MIEKTpoja (IOpAaKoBEIA HoMep 18) ¢ u3oTomamu yriepona C

OT JIaBJIEHHA cxkaThsd, OM cM

Jaenenue | OTHOIIEHHME KOMMYECTBA H30TOMNOB yriaepona *C k 0bmeMy KOTH4ecTBY
cXKaTus, yrilepoia B IOPUCTOM BIIEKTPOIE
10° ITa 0.001 0.003 0.3 0.75 0.8 0.9
- 503 372 335 280 280 280
3 312 231 208 173 173 173
5 259 191 172 143 143 143
10 180 133 120 100 100 100
15 102 75 68 56 56 55
20 40 29 26 22 22 21
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Tabnuua 24

3aBHCHMOCTB COACPpXKaHUs TSKEIBbIX U30TOIOB YIji€pola 13C B 2JICMEHTC NNOPUCTOTO

yYHICpOAHOr 0 MaT€pHana OT KOJIHIECTBA MPOKAUCK «N» BOAHOI'O pacTBOpa 3JIEMCHTA

IIOPUCTOTO YTIEPOAHOr0 MaTepyraia 3epe3 KaBUTAIMOHHEIN peakTop IOCpeICTBOM

MECTCPCHYATOI'0 Hacoca

XapaKTCpI/ICTI/IKI/I

OTHOLIEHHE KOJTMYECTBA M30TONOB yriepoaa C x obuemy

KOJIMYECTBY YTJIEPOAA B JIEMECHTC IIOPUCTOIO YTIICPOIHOI'O

MarepHaia / IpoLUeHTHOE coepxaHue yriepogaa >C ko BceMy

yriepoay B 3JIEMEHTE IOPHCTOrO YIJIEpOJHOr0 MaTepuaia

0.003/
0.3%

0.03/
3%

0.2/
20%

0.3/
30%

0.4/
40%

0.5/
50%

0.6/
60%

0.75/
75%

KomuuectBo

IIPOKAYEK «N»

5000

6900

7250

7300

7500

7600

7700

7800
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1. P.®.I"anues, B.M1.Kopmumunemn, JLW.Ykpaurckuii. BorHOBas TeXHOIOTHS

IIPUTOTOBJICHHUA aJIbTCPHAaTUBHLBIX BHI0B TOIIJINB U 3(1)(1)CKTI/IBHOCTB X CKHUI'aHUSL.-
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®opmyna uzobperenust
HakonuTenb 31eKTpUYECKOi SHEPIUH C TBONHBIM 3IEKTPHYECKHM CIIOEM,
COJIePXKAIIUH IPONUTaHHEIE SJIEKTPOJIUTOM 3JEKTPObI, pa3/ieJIeHHbIE CEnapaTopoM, IpH
3TOM 3JIEKTPOAB! BEIIOJIHEHBI C HCIOIBL30BAHHEM [IOPUCTOrO YIIIEPOJHOrO MaTepuana u
SJIEKTPOJIB! PACIONOKEHBI MEX]y TOKOCEEMHHKAMH, OTIMYAIOIIAICS T€M, 9TO TOPHUCTHIA
YIEPOIHBI MaTepHal BHITONHEH TAKUM 06pa3oM, 4TO COZIEPXKUT U30TOIIBI yIiepoja
13C, u oTHOIIECHHE KOMUYECTBA H30TOMOB yriaepona *C k 06IeMy KOIHYeCTBY yriepoaa

B 3JIEKTpOAaxX cocTanideT Benuuuny oT 0.003 xo 0.75.
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EBPA3HICKOE MATEHTHOE BEAOMCTBO

EAIIB/OI1-2

OTYET O ITATEHTHOM

INOMUCKE 201800420

(crates 15(3) EAIIK 1 npaBuiio 42
MarentHON MHCTPYKUHHU K EATIK)

Homep eBpazuiickoii 3asBKu:

[lata nogaun: 10/08/2018 ]Ila'ra HCTIPAIIMBAEMOTO MPUOPUTETA:

Hazssanue usobpetenns: HAKOITUTEJD QJIEKTPMYECKOU QHEPTUU C IBOMHBIM JIEKTPUYECKHM CJIOEM

Baneuresns: OBIECTBO C OTPAHUUEHHOU OTBETCTBEHHOCTLIO "T33MIT [TPOM3BOCTBO"

[ ] Hexoropsie nynkri (opmMy.IbI He NoLTeXKAT NOMCKY (cM. pa3aes 1 fonoIHUTENBLHOTO JIMCTA).

[ Exuncreo H300peTenus He cobarogeno (em. paznen I1 nonoaHHTEILHOTO JTHCTA)

A. KTACCUOUKALIMA ITPEIMETA U30LPETEHUA: HO01G 11/32 (2018.07)
HO0IG 9/15 (2018.07)
HOIM 4/04 (20i8.07)

CornacHo Mexnynapoasoit nateHTHO#H kiaccuduxauuu (MIIK)

b. OBJIACTD ITOUCKA: H0IG 11/00-HOG 11/86, H01G 9/00-HOG 9/28 HOIM 4/00- HOIM 4/98

MHHHMYM HPOCMOTPEHHOM JOKyMEHTaLMy (crucreMa kiaccuuxaumu 1 naaexcst MIIK)
HO1G 11/00-HOG 11/86, HO1G 9/00-HOG 9/28, HO1M 4/00- HO1M 4/98

pyras npoBepeHHas JOKYMEHTauusi B TON Mepe, B Kakoif OHa BKJIOYEHA B 00/1aCTh MOMCKa:

B. JOKYMEHTbI, CHHTAIOUIUECA PEJIEBAHTHBIMU

CripaBo4HHK», DHeproaroMusnaar, 1986, c.19, tabnuna 2.1, crpoku 11-12,
KOJIOHKH 1-3

Kateropus* CchUTKH Ha TOKYMEHTHI ¢ YKa3aHHEM, TJI€ 5TO BO3MOXHO, PEICBAHTHBIX YacTeit OtHocHTCS K IYHKTY Ne

X RU 2 084 036 C1 (Anbdap Uutepremnn Jita) 1997.07.10, cMoTpu Bech 1
TOKYMEHT

X RU 2 190 895 C2 (Bumnesckuit A.E.) 2002.10.10, cMOTpH BeCb JOKYMEHT 1

X US 9099241 B1 (MAINSTREAM ENGINEERING CORP ) 2015.08.04, 1 '
CMOTpPH BECh AOKYMEHT

A RU 2 660 819 C1 (®I'BYHayku MHCTUTYT HAHOTEXHOJIOT U 1
MHUKPO3TEKTPOHNKH Poccuiickoii akagemun Hayk ), 2018.07.10, cMoTpu Bech
NOKYMEHT

A Panuur A.A., CmupHoB b.M. «IlapameTpbl aTOMOB 1 aTOMHBIX HOHOB. 1

D MOCJIENYIOIHE NOKYMEHTDI YKa3aHbl B MPOXOJDKEHUH rpad)bl B D HAAHHBIC O NMAaTCHTAX-aHAJIOraX YKA3aHbI B MPUJIOKCHUH

* Oco0Bble KaTeropuu CCbUIOYHBIX IOKYMEHTOB:

"A" NOKyMEHT, Onpeaenstomuii oOLIMi yPOBEHb TEXHUKH

"E" Gonee paHHUil NOKYMEHT, HO OITyOIMKOBAHHbIN HA 11aTy N101a9H

eBpasniickoif 3asBKH WK MOCE Hee

"O" 10KyMEeHT, OTHOCAIMICS K YCTHOMY PACKDEBITHIO, SKCTIOHH-
POBAHHIO M T.A.

"P" IOKYMEHT, onyOJIMKOBAHHbIH 10 JATHI 0/Ia4H €BPA3UACKON 3a9BKH,
HO NOC/IE AATH HCTIPALIMBAEMOr0 MPHOPUTETA

'D" HOKYMEHT, NpyBeCHHBIIt B eBPa3sMIHCKOM 3as9BKe

HpHBeﬂeHHLIﬁ A7 NOHWUMaHKuA moﬁpe'remm

e KaTeropuu
"&" MOKYMEHT, ABJSIOWMACA NaTEHTOM-aHAIOrOM
"L" HOKYMEHT, IPUBEICHHbIH B APYFHX LENAX

"T" 6onee mO3NHUI TOKYMEHT, ONyBIUKOBAHHBIH NOCNE AAThl IPUOPHTETA H

"X" NOKyMEHT, UMeloluii Hauboee GIU3KOe OTHOLIECHNE K PEAMETY MOMCKA,
nopovallui HOBU3HY WM K300pETaTeNbCKHil YPOBEHS,

"Y" BOKyMeHT, HMelomuit Hanbonee 6IM3K0e OTHOIIEHHE K NPEMETY [OUCKA,
nopoyannii U306pETaTENBCKII YPOBEHb B COYETAHMH C APYTMMH JOKYMEHTAMM TOH

B3ATHIH B OTAEIBHOCTH

/laTa neiicTBuTEnBEHOTO 3aBepLIeHus naTeHTHOrO noucka: 01/04/2019

VY0AHOMOYEHHOE JIUI0:

I'naBubIii 3xciepT dj@ﬂ M.B. CMupHOB

Otnena MexaHHKH, PU3NKY U TEKTPOTEXHUKH
Tenedon: +7(495)411-61-61*318
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