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Annomauyus. IIpedcmagnenvi pe3yiomamol IKCNEPUMEHMOS, HANPAGIEHHbIX HA Onpede-
JleHue NPoOUBHO20 HANPSNCEHUS HCUOKOCMEU, COOepAHCAWUX YenepoOHble HAHOMPYOKU
u Opyaue MUKpOGKIIOUEHUs], KOMOopble ObliU OUCNEPSUPOBAHBL 8 MUHEPATLHOM U0TSYUOH-
HOM Macle, UCHOIb3YeMOM 6 INeKMPuyeckux mpancpopmamopax. JKuokocmo nonyuanu
PA3IUYHBIMU CHOCOOAMU C 00SA3AMENbHBIM UCHONb30BAHUEM YIbMPA3EYKOBO20 OUCNnep2d-
mopa. Drexmpudeckas nNPOYHOCHb HAHOMACAA HA OCHOBE Y2IePOOHbIX HAHOMPYOOK OKa-
3a1aChb 3HAYUMENbHO MeHbUle INEKMPUYECKOU NPOUHOCIU HAHOMACIA HA OCHOBE HAHOOK-
cu008 yunka u mumana. Ipu maneix KOHYEeHMpayusx 3HAYeHUs: IAEKMPULECcKol NPOYHO-
CMu NPUMEPHO COOMBEMCMBYION 3HAYEHUSM DJIEKMPUYECKOU NPOYHOCIU YUCTOU HCUO-
KOCmu, 00OHAKO C POCMOM KOHYEHMPAYUY INEKMPUYECKas NPOUHOCHb 8CeX HAHOMCUOKO-
cmetl ymenvuaemcs. Ilokazano, umo mexHono2us NPUSOMOGLEHUs HAHONCUOKOCIU OKA-
3bl8AEN CUNLHOE GIUSIHUE HA €€ HANPSIdICeHUe NPODOsL.

Knrwouesvie cnosa: mpancgopmamopnoe macio, mpancgopmamop, s1eKkmpudeckas npoy-
HOCMb, Oucnepeupoganue, yeiepooHble HAHOMPYOKU, HAHOOKCUO MUMAHA, HAHOOKCUO
YUHKA, MUKDOGKIIOYEHUSL.

Beenenue

st obecriedeHns: 6e3aBapuiiHON AKCIUTyaTalliy CHUIIOBBIX TPaHC(HOPMATOPOB Tpe-
OyeTcsi KayeCTBEHHAs M3OJANHSA CO CTAOWIBHBIMH DIEKTPHUYECKUMHU TapaMeTpamu.
B Poccun nanbomnbliee pacrpocTpaHeHHE B KayecTBE >KHIKOW H3OJSLHH MOIYYHIIH
MuHepanbHble Maciaa Mapok ['K u BI'. Pan uccnenoBanuii, HanpaB/IeHHBIX Ha yTydIle-
HUE WX DJJEKTPUYECKHX XapaKTEPUCTHK, MOKA3bIBAIOT, YTO IMPH BBEIEHUH J00aBOK
JJIEKTPUIECKasl MPOYHOCTh TpaHCHOPMATOPHOTO Macia Bo3pactaer [1-6], a wHOTIA
yobIBaeT [7]. Ananu3 nyOnukanuii [1—6] mokasai, 4To YCIOBHUS MPOBEICHUS UCCIICIO0-
BaHWH y PasTUYHBIX HAYYHBIX TPYHI OTAWYAIUCh. K OCHOBHBIM Pa3nuvusiM MOXKHO
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OTHECTH: MOIIHOCTh YJIBTPa3ByKOBOT'O JUCIIEPIraTopa, BpeMs BO3ICHCTBUSA, METOINKHU
WU3MEPCHHUI W TIOJITOTOBKU CaMHX O0Pa3IOB HAHOXKHUIKOCTH. DT (PaKTOpHI HE TO3BO-
JSIOT OJHO3HAYHO WHTEPIPETUPOBATH Pe3yibTaThl mcciieoBaHuil. Takum oOpaszom,
HEOOXOIMMO M3YyYUTh yCIOBHS MOATOTOBKH MPOO Macia W METOIUKY AMCIIEPTHPOBa-
HUS JUTsl yIYYIICHUS Ka4eCTBa SKCIICPUMEHTa U MUHUMU3AIMK BIMSHUAS TIPOIlecca ar-
noMeparnyu. J{ias OIEHKH AIeKTPUIECKON MPOYHOCTA HAHOKHUIKOCTEH UCTIONB30BAJICs
BBICOKOBOJILTHEIN HcTbITaTenbHBINA anmapar CKAT-M100B ¢ iaTyHHBIME 3JI€KTpOIa-
MH ¥ TI0Ja49ei CHHYCOMIAIBHOTO MTePEeMEHHOr0 HampsikeHus ¢ yactoroi 50 I'm, B co-
otBetcTBUU ¢ 'OCT 6581-75.

TpanchopmaTop nmpeacTaBisieT OO0 KIIOUEBOM JIIEMEHT COBPEMEHHOM JICKTPO-
CETeBOW CHCTEMBI JUIA Mepeladnl ¥ pacipeesIeHus AIeKTpoIHepTun. be3 Hero sHepro-
CHUCTEMa MPOCTO HE CMOTrJia Obl MacIITa0MPOBATHCS YISl YIOBIESTBOPEHUS PACTYIIETO
crpoca Ha 3JekTpo3Hepruto. OH OYeHb BaXKCH I 00CSCIIeUeHUs HAJCKHOCTH U 0€30-
MACHOCTH DJIEKTPOIHEPTeTHUECKOl cucTeMbl. BoIbIIMHCTBO TpaHCHOPMATOPOB, HAXO-
JUIIIAXCS. B DKCIUTyaTallid BO MHOTHX CTpaHaX, MPUOIMKAIOTCI K PAaCYCTHOMY CPOKY
CTyOBI WJTH TIPEBHIIIAIOT €ro. B CBS3M ¢ ATUM aKICHT CMEIIAeTCs B CTOPOHY YiIydIlle-
HUS DKCIUTYyaTallMOHHOW HAJIEKHOCTH ATHX CYIIECTBYIOIINX YCTPOHCTB.

JlanHple 1O OTKa3aM TPaHC(POPMATOPOB ITOKA3BIBAIOT, YTO CPEOHHHA CPOK HX
CiTyO0BI COCTaBIISICT MOPsaKa 18 JeT, YTO HAMHOTO MEHBIIIE 0XKHUIAEMOTO CPOKA CITYkK-
0n1 Tpanchopmaropa — 35-40 ner. [lomuepkHeM, 4TO coriaacHO JaHHBIM [8, 9] okoio
75 % 0TKa30B BHICOKOBOJIBTHBIX TPAaHC(OPMATOPOB BHI3BAHBI MPOOIEMaMU C U3OJISALIN-
el, a UMEHHO C COCTOSIHUEM OyMaXKHO-MaCJISTHOH m3ossiimu [10-11].

TpanchopmaTopHOE MACTIO NTUPOKO UCIIONB3YETCS B CHIIOBBIX YCTaHOBKaX OJiaro-
Japsi CBOMM TPEBOCXOIHBIM JJIEKTPHUECKAM M TEIIOBBIM Xapakrepuctukam. Lllupo-
KO€ MPUMEHEHUE MUHEPAITBHOTO Macia JUIsl BHICOKOBOJBTHON HM3OJISIIIMA M OXJIAXK]IC-
HUSl SHEPTeTHUYECKUX alllapaToB IMOCITYXUIO TOJYKOM IS MPOBEICHUS OOIIMPHBIX
WCCIIEIOBAaHNH, HANPABJICHHBIX HAa YJIYYIIEHHWE €Tr0 JJIEKTPHUYECKHUX XapaKTePHUCTHK
C IOMOIIBI0 HAHOTEXHOJOTHN. Ha naHHBI MOMEHT HCCIEIOBaHUS TEIIONPOBOIHOCTH
KUAKOCTEH JOCTATOYHO YTIIyOJCHBI U CTAHOBUTCS SICHBIM, YTO BBEJCHHUE HAHOMATE-
pHAJIOB MPUBOANT K YBEIMUEHUIO TEIDIONPOBOIHOCTH. Hampumep, B ctathe [12] yka-
3BIBAETCS, U4TO M0OaBICHHE OKCHAOB METalllla B HAHOXKHIKOCTH C OOBEMHOW KOHIICH-
Tpanuei yactul 6—8 % IPUBOIUT K MOBBIIMICHUIO TEIIONPOBOAHOCTH Ha 15-30 %.

ITockonbky Macio sIBIISIETCS CPEAOH, OTBEYAOIIEH U 3a W3O0JIAIHUIO, M 32 OXJIaXK-
JeHne TpaHc(opmaropa, ero IKCILTyaTaIllHOHHBIE XapaKTEePUCTHKH MOTYT OBITh YIIyd-
IICHBI 32 CUET MOBBIMIEHUS dICKTPUIECKON MPOYHOCTH, AUIICKTPUIECKON TpOHHIIae-
MOCTH Macjia M €ro CIIOCOOHOCTH Iepe/aBaTh TEIUIO OT 0OMOTKH TpaHC(opMaTropa K
ero o00JI0UKe 3a CUET MeXaHW3Ma KOHBEKIWHW. B mocnennee AecsTuieTne OUCTIEPTH-
pOBaHNE HAHOYACTHI] B 0a30BOM KUAKOCTH pacCMaTpPHBAETCS Kak crmocod Momuduka-
IIUY CBOMCTB JKHIKOCTH C IIENIBIO YIIYUIIEHH €€ TEMJIOBBIX XapakTepucTuk [12]. Takue
pacTBOpPBI HAHOYACTHII B 0a30BOM JKHUIKOCTH, NpPEUIOKECHHbIE B cTathe [13],
B JINTEPAType HA3BIBAIOTCS HAHOXHUAKOCTSIMH M XapakTepH3YIOTCS B OCHOBHOM Mare-
pUaNoM HaHOYACTHUIl, 0a30BOM KHUIKOCTHIO, OOBEMHON KOHIICHTpAaIMell HAHOYACTHUIT
Y HAJIMYHEM TOBEPXHOCTHO-aKTUBHOTO BEIIISCTRA.

B mocnennee BpeMs MpOBOASTCA HCCICIOBAHUS 110 YBETWYCHUIO DJIEKTPUUECKON
MIPOYHOCTH TyTeM AO00aBIICHUS HAHOYACTHI[ B MHHEpaJbHBIE Macia, HMCIOJIb3yeMbIe
B DJIEKTpUUecKkuXx Tpanchopmaropax. B pabore [14] mpoBeaeHa oueHKa MpoOWBHOTO
HANPSKEHUST HAHOXKHUIKOCTEH, cocTosAmmX n3 HaHodacTull 110, u MuUHEpaTsHOTO Mac-
na ¢ oosemHon koHeHTpanuen 0,075 %. CormacHo MoydeHHBIM pe3ylbTaTaM, MpH
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JI0OABJICHUH B MUHEpAJIbHOE Maciio HaHodacTull Ti0, mpoOuBHOE HANPSDKCHUE YBEITH-
ymiiock ¢ 67,9 1o 80,9 kB. Takoe moBeneHne 00BACHIECTCS B pabOTEe TEM, UTO MOJY-
MIPOBOJHUKOBBIE YAaCTHUIIBI IEHCTBYIOT KaK JIOBYIIKU JJISl SJIEKTPOHOB, BBI3bIBAS HX 3a-
XBaT B CpeJic M yIIy4Ilas TUAJICKTPUICCKIE XapaKTepUCTHKH Macia. B cratee [15] aB-
TOPBI OLEHWIN IEKTPUICCKYIO MPOYHOCTh HAHOXKHUIKOCTEH Ha OCHOBE PACTBOPOB MH-
HEPAJTBHOT'O Macjia U MarHUTHBIX YaCTHII XkeJjie3a quameTrpoM okoiio 10 M. J[ns cra-
OMITM3aly HAHOXKHUIKOCTH B PACTBOP J00ABISUIMCH TOBEPXHOCTHO-aKTHBHEIE BEIIECT-
Ba. ABTOpHI HAOJIOMAIH AIEKTPUIECKYIO IMPOYHOCTH, 0OJIee YeM B JBa pa3a IMPEBHI-
IIAIOIIYI0 3HA4YeHUEe, HaOmromaeMoe [yt Oa3oBoil xkuakocTd. [lpu mpunoxeHun
K TpaHc(hOpMaTopy TOMONHUTENBHOTO BHEITHETO MArHUTHOTO TOJS OBUIO TOIyYeHO
JIOTIOJTHUTENBHOE yBEIWYEeHHE MPOYHOCTH ArdiekTpuka Ha 30 %. OgHako B HEKOTO-
pBHIX paboTax MONy4eHBI oOpaTHbIE pe3ynbTarhl. Hampumep, B crathe [7] oTMeueHO,
YTO TMPH YBEIWMYCHUM KOHIIEHTpanuu HaHovactull Al,Os; anekTpudeckas MpOYHOCTh
YMEHbIIIAETCs, MPH yBENWYeHNN KoHIEHTpauuu Ti0, n3HadanbHO NEMOHCTPHPYETCS
POCT 3JIEKTPUUYECKOW TPOYHOCTU MpHU Ao0OaBieHuu 2 % HAHOYACTHUII, a MPH MOCIe-
JIYIOIIIEM YBEIMYCHUH KOHIICHTPAIMU JIEMOHCTPUPYETCS CIajl; MPU KOHICHTPAIMH B
5 % oanexTpuyeckas MPOYHOCTh OKas3allaCh HM)KE MCXOMHOM, Takke Npu I00aBIeHUH
Si0, Habr01a7I0Ch YMEHBITICHUE DIICKTPHICCKOMN MPOYHOCTH.

Llens pa®oThl — BBIABICHHE (DAKTOPOB, OMPEACISIONIMX SICKTPUYCCKYIO MPOY-
HOCTB KHUJIKOH M30JISIIUH C MUKPOBKIIOUEHISIMI.

1. MeTonnka 3KCepUMEHTAIbHOT0 UCCIE0BAHUS

[IpuroroBieHre HAHOKUAKOCTEH SBISICTCS MEPBBIM, KIFOYEBBIM IIATOM B 3KCIIC-
PUMEHTAJIBHBIX UCCIEAOBAHUIX C HAHOKHUAKOCTAMHU. HaHOXKUAKOCTH — 3TO HE TIPOCTO
CMECH KHUJIKOCTH U TBEpIoro Teia. K HUM NpeabsBISIOTCS HEKOTOPBIC TPEOOBAHUS,
HAIPUMEP PAaBHOMEPHOCTh U CTA0OMIILHOCTD CYCIICH3UU, HE3HAUYHUTEIbHAS arIoMepalius
YaCTHII, OTCYTCTBUE XUMHUYECKOTO M3MEHEHHS KUIKOCTH U T. 1. HaHOXUMAKOCTH mIpo-
W3BOJSATCS MyTEM IHUCIEPTHPOBAHUS TBEPABIX YaCTHI] HAHOMETPOBOIO pa3Mepa B Oa-
30BBIX KHUJKOCTAX, TAKUX KaK BOJa, STHICHTIIUKOIb, CIIUPT, Macyia u T. A. [Ipu cuaTe3e
HaHOXKHUIKOCTEH OCHOBHOU TIPOOIEMOM SIBIISICTCS arJIoMeparivsl.

Jiia mommydeHusl HaHOKHUIKOCTEH B OCHOBHOM HCHOJB3YIOTCS BA METOJA: OJTHO-
CTaJMHHBIA U ABYXCTaIUNHBINA. B mepBoM ciydyae HaHOYACTUIBI OMYYarOT U TUCIEP-
TUPYIOT B Maclie OAHOBPEMEHHO, TO €CTh MCKIIOUYAIOTCS MPOILECCHl CYIIKH, XpaHCHUs
Y TPAHCTIOPTHPOBKM HAHOYACTHUI], YTO TIO3BOJSIET MHUHUMHU3HUPOBAThH ariiOMepalfio
Y TIOBBICHTH CTAOMIILHOCTE nuctiepcuu B Macie [17]. Tak, B cepeOpsSHBIX HAHOKHUIKO-
CTSX Ha OCHOBE MHHEPAJIHLHOTO Macia, MPUTOTOBICHHBIX OJHOCTAJUAHBIM XUMHUC-
CKHAM METOJIOM ITyTeM Pa3yIo’KEHUS JIaKTaTa KpEMHHS B Maciie, KOHIICHTpaIys HaHOo4a-
ctur cepedpa cocrasmsuia 0,011 u 0,3 00%, npuyemM HaHOYACTHUIIBI OCTABATINCH XOPO-
110 AUCTIEPrUPOBAHHBIMU MPUMEPHO B TeueHue Mecaua [18]. OgHako ocTtaTku UCXOA-
HBIX M MIPOMEXKYTOUYHBIX BEIICCTB B HAHOKHUJIKOCTH, O0pa3yIOIIHecs B pe3yJIbTaTe He-
TIOJTHOW peakIuy WIN CTaOWIN3AIUH, MOTYT OTPaHUYHUTh PUMEHUMOCTH OTHOCTaNI-
HBIX MeTo0B [19].

B nByxcTaamifHBIX METO/IaX TBEP/AbIC HAHOYACTHUIIHI MTOTYYAIOT XUMHYSCKUMU WITH
(hM3uUECKUMU METO/IaMH, a 3aTeM AWCIEPTUPYIOT B MAacjie-XO3SHHE C MOMOIIBI0 Mar-
HUTHOTO NEPEeMENINBaHs, YIBTPa3ByKOBOH 00pabOTKH, MEPEMEIINBAHNUSA C BBICOKUM
CIBUTOM HJIM IIAPOBOTO pa3Mojia. DTH METOJbI 0OJiee MIMPOKO HCIOIB3YIOTCS, YeM
OTHOCTAIMITHBIE METO/bI, N3-32 UX HU3KOW CTOMMOCTH M IIUPOKOTO CIIEKTpa HaHOYA-
CTHII, C KOTOPBIMH OHU COBMECTHMEI.
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JIns u3ydeHus Toro, Kak HaHOMaTepualibl BO3IEUCTBYIOT Ha JIEKTPUUECKUE CBOM-
cTBa TpaHchopmaropHoro macia Mapku ['K, ObUTO MCTHONB30BaHO HECKOJIBKO IMPOO
HaHOXXUJIKOCTEH.

1. OYHT — omnocTtennsie yrieponnsie HaHOTPYOKH. @upma OCSIAL cunTe3M-
pyeT ogHOCTeHHbIC yriiepoaHbie HaHOTPYOKku (SWCNT) HECKONBKHUX BHJIIOB, KOTOPBIC
orimyarotes mo coctay: Tuball 01RWO02 (OYHT 80 %, yraepon rpagutuzupoBaH-
HBIH 5 % u xene3o 15 %), Tuball 01RWO03 (OYHT 93 %, yrnepon rpadurnznpoBaH-
HBIH 6 % u xene30 1 %). Ormune 01RWO03 ot 01RWO02 coctout B TOM, 4TO JTaHHBIE
HAHOTPYOKH JIOTIOJTHUTEIIEHO OYHINAIOTCS OT OCTATKOB METAJLTMYECKOTO KaTajau3aTo-
pa, KOTOPBIN UCTIOIB3YETCS TPU MPOU3BOACTBE. J{JIs1 HAIIMX OIBITOB MCTOIH30BAIUCH
OYHT Tuball 01RWO03. [dumamerp HaHOTpYOKH cocTaBismn ~ 1,6+0,4 HM, miuHA
=~ 5 MKM.

2. Hanooxkcun nuaka. YncroTa 98 %, ocTanbHOE — IIMHK U COPOMPOBAHHBIE Ta3bl
0O,, Ar, N,. Pazmep gactuir 20—40 am.

3. Hanookcua tutana. Yucrtora 99 %. Pa3zmep vactun 49 um. HacbimHas minot-
HocTh 0,5-2 r/cv’. Temnepatypa masnenns 1843 rpamyca.

[lepen moGaBneHMeM yTiIepONHBIX HAHOTPYOOK M MHBIX HAHOBKIIOUEHHH Macio
CYIIWJIOCH C UCTIONb30BAaHIEM TEXHUYECKOTO CHIIMKAreNs U (pMIbTPOBAIOCH.

[IepBbie BKCIEPUMEHTH MO MPUTOTOBICHUIO HAHOXUAKOCTEH MPOBOIMINUCH
¢ HaHoTpyOkamu. /st mpuroToBieHus mpod OsuT0 B3sTO 400 MIT TpaHCHOPMATOPHOTO
Mmacia Mapku ['K, k koTropomy 100aBisIIOCH 3apaHee ompeeNieHHOe KOJIMYEeCTBO Ha-
HOTPYOOK. B 3KcmepuMeHTax HCIIOJIL30BAICS YIBTPa3ByKOBOW AHMCIIEPraTop, MOII-
HOCTb KOTOporo coctaisuia 1 kBT mpu nuamerpe usnmydarens 33 mm. s onpenene-
HUSl ONTHMAJBHBIX ITAPAMETPOB JAUCIIEPTUPOBAHUS B MOATOTOBKE HCCIIETyEeMOM JKH/I-
KOCTH OBLJIO MPUMEHEHO HECKOJIEKO METO/IHK.

1. C wucnonezoBanuem gucnepraropa 0,002 T yriuepoaHeIXx HaHOTPYOOK
pacmpenensnuch HerocpencTseHHo B 200 mur TpanchopMaTOpHOTO Macia B TCUCHHUE
60 muH.

2. C ucnonp30oBaHHEM YIbTPa3BYKOBOW BaHHBI B CITUPTOBOM PAacTBOPE 00BEMOM
50 M pacmpenenstuck 0,002 T yriiepoaHbIX HAaHOTPYOOK B TedeHue 45 muH. [lanee
MOJIYICHHAS. CMECh NPHUIIMBAjIach K TpaHCHOpPMATOpPHOMY Maciay oOsemMom 200 mur
Y TIOJIBEpTraJiach YIbTPA3BYKOBOM 00pabOTKE C HCIOIB30BaHUEM JUCIIEPraTopa.

3. C wucnonszoBanueMm gucrepraropa 0,002 T yriepoaHeIXx HaHOTPYOOK
MOIBEPTANCH YIIBTPA3BYKOBOH 00paboOTKe B CIUPTOBOM pacTBope oObemoM 100 mix
B TeueHue 45 muH, mamee oOpaboTaHHas cMech mpwimBaizack k 200 M macia
U JUCTIEPTUPOBATIACh HA TeHEepaTope B TeUeHUe 45 MUH.

4. B or0il MeTOmWKE MPOW3BOAMIOCH TMPEABAPHUTENIHHOE  HM3MENbUCHHE
HAaHOTPYOOK C TOMOIIBIO IIAPOBO MEJIHHHIBI B TE€UEHHE BPEMEHH aKTHUBaluu 45 c.
Jlanee roToBuaM 0Opasel B COOTBETCTBUU ¢ METOIUKOM, OMIMCAHHOM B TI. 3.

UccnenoBanue saeKTpudeckol MpodyHOCTH mOpoBoawian Ha ycraHoBke CKAT-
M100B ¢ m3meputensHOl sueiikoit oobemoM 400 M1 1 momycheprudecCKUMH BBICOKO-
BOJIETHBIMU 3JiekTpofamu. B ycranoBke CKAT-M100B pacnonoxeH cToj, Ha KOTO-
POM HAXOAWTCS SYEHKa C HAHOXKUAKOCTHIO; aBTOMATHYECKH TOCJIE Mpo0O0s CTON He-
CKOJIBKO pa3 OMYCKaeTCs BHU3 WM TMOJHMMAETCS BBEpPX MJIS yNAJCHHS MPOTYKTOB pas-
JIOKEHUS U3 MEKAIEKTPOTHOTO TIPOCTPAHCTBA. 3HAUCHHE 3a30pa MEXAY DIEKTPOIaMu
COCTaBISUIO 2,5 MM. [l OYUCTKH 3IEKTPOAOB OT YIIIEPOAHBIX HAHOTPYOOK TOCIEe Ka-
KIOW Cepuu M3MEPEHHUH HCIIOIh30BaJICs TEXHUUISCKAN U30MPOITUIIOBBIA CITUPT. 3aTeM
B U3MEPUTENBHYIO SUEHKY 3aJIMBAjOCh 3apaHee MOATOTOBICHHOE MAcloO C OIpeNesIeH-
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HOHM KOHIICHTpaIluell HaHOTPYOOK, W Ha Hee MoAaBajioch HanpspkeHue gactoToi 50 I
CO CKOPOCTBIO HapacTaHus HampspkeHus 2 kKB/c, koTopas Oblia onpeneneHa SKCIepu-
MEHTaJbHO. BBImEpikka MEXIy CepusMH ONBITOB Oblia ycraHoBieHa 10 muHyT. 3a-
JIEp’KKa MeXay MpoOosSMU B KaKIOW CEpHH TakKe OblIa 3apaHee MCCIIeZIOBaHA U CO-
CTaBJIsIa 5 MUHYT.

2. Pe3yabTaThl
2.1. HN3mepeHue HampsiokeHUs] NMPo0OsT HAHOKHAKOCTH, NPHUTOTOBJEHHOI
10 MePBOIl MeTOANKE

Tabnuya 1
HanpsizkeHue Npo6os MpH TACTIEPTUPOBAHNHT HEMOCPEACTBEHHO B MacJie

Konuenrparust, MKr/in Hanpsoxenne npo6os, kB
1 2 3 4 5 6 7 8 9
100 20,2 | 28,9 | 42,5 | 37,8 | 21,6 | 19,5 | 52,3 | 17,8 | 28,6
200 45,6 | 32,8 | 182 | 68,9 | 32,5 | 164 | 27,6 | 36,4 | 78,2
300 345 | 45,6 | 19,7 | 11,3 | 14,5 | 28,7 | 52,9 | 34,6 | 38,7
Konuenrparust, MKr/in Hanpsoxenne npo6os, kB
10 11 12 13 14 15 16 17 18
100 35,9 | 28,7 | 18,8 | 28,9 | 60,8 | 34,5 | 38,9 | 70,5 | 28,2
200 19,2 | 28,6 | 29,5 | 61,3 | 50,8 | 18,7 | 23,6 | 52,1 | 154
300 23,6 | 679 | 149 | 17,2 | 9,0 | 23,4 | 25,6 | 38,9 | 42,1
Konuenrparust, MKr/in Hanpsoxenne npo6os, kB
19 20 Cpennee CpeaHee OTKIOHEHHE
100 15,8 | 453 33,75 14,76
200 19,8 | 22 34,57 18,5
300 40,1 | 18,7 30,09 15,23

Hcxons 3 tabn. 1 MOKHO ceNaTh BBIBOJ O TOM, YTO JUCIICPTUPOBAHUE B Maciie
He naeT pesynbrata. [lorpemHocTs sxcnepuMenTa coctapisieT nmopaaka 50 %, 4To He
JIaeT HUKAKOT'O TPEJCTABIICHUS O BJIMSHUS KOHIICHTPAIMKA HAHOTPYOOK HAa MHHEPAIb-
HOE MacIo.

2.2. H3mepeHue HampsioKeHUsl NMPo00si HAHOKHAKOCTH, NPHUTOTOBJEHHOI
10 BTOPOIl MeTOIMKeE

Hcxons 3 morydeHHBIX 3HAYCHUH HAIIPANTUBACTCS BHIBOJ O TOM, YTO IIPH J100aB-
JIEHNH HAaHOTPYOOK, BO-TIEPBBIX, CHIKAETCA JJIEKTPUYECKas MPOYHOCTb, BO-BTOPBIX,
npu pocte koHreHtpanmu YHT mpoucxomut Oosiee 3HAUMTENBHOE CHIDKECHUE 3JICK-
Tpuueckoil mpouHoctd. KpoMe Toro, cMech oka3ajiach HECTAOWIBHOH. YTIIEpOIHBIC
HaHOTPYOKHU O€3 Mmoamep Kanusi pa30UTOTO COCTOSTHHSI TOCTATOYHO OBICTPO CIIHMITAIOTCS,
a B TeUEHHE JHs BO3BPAIAIOTCS B UCXOAHOE cocTosiHue. [loguepkHem, 4To B 3TOH ce-
pYU Maciio HE MEHSUIOCH OT MPO0OS K MPOOOI0, MPOCTO B MAJIOKOHIICHTPHUPOBAHHYIO
KUIKOCTE Tociie 20 mpoboeB q00aBisuy 0ojiee KOHIICHTPUPOBAHHYIO B TAKOM KOJIH-
YeCTBe, YTOOBI MOTy4HsIach TpeOyemast KOHIIEHTPAIHSL.

Hcxons w3 3T0OM cepur ONBITOB OBUIO BBIIBUHYTO MPEIIOJIOKCHHE O «CTAPCHUU
Macjia» B CBS3U C OOJBIIMM KOJMYECTBOM ITOCIEAOBATEIBHBIX MPOOOEB 03 3aMEHBI
ucxomHoro Macia. Ilo manHO# mpuarHE OBUTIO MPUHATO PEIICHUE O MTOATOTOBKE HOBOM
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MpoOBI M Pa30BOTo J00ABJICHHS B HEE MaKCHMaIbHOW KOHIEHTparmu S00 MKT/I1, a He
MOCTENEHHOT0, KaK B MPOILION CEPUU OIBITOB.

Hanpsi:keHue nNpoGosi Npu IMCNEPrHPOBAHUM B YJIbTPa3BYKOBOi BaHHE

Tabruya 2

KoHnenTpanus, MKr/

Hamnpsokerne npo6ost, kB

1 2 3 4 5 6 7 8 9
100 33,6 | 37,2 | 32,3 | 27,6 | 26,2 | 32,1 | 36,6 | 34,8 | 32,7
200 334 | 29,2 | 31,5 27 31,7 | 28,9 | 29,8 | 32,8 | 30,5
300 28,7 | 253 | 248 | 184 | 30,1 | 253 | 19,6 | 22,6 | 30,8
400 26,3 | 254 | 22,6 | 28,7 | 24,6 | 28,8 10 | 28,6 | 26,2
500 23,1 | 252 | 21,2 | 182 | 27,7 | 25,8 | 26,3 | 21,7 | 20,6

KoHnenTpanus, MKr/ Hamnpsokerne npo6ost, kB

10 11 12 13 14 15 16 17 18
100 37,9 | 34,5 12 13 14 15 16 17 18
200 31,3 | 30,3 | 32,7 | 33,8 | 29,5 | 35,1 | 28,4 | 32,8 | 29,6
300 30,1 | 19,3 | 28,9 | 32,6 | 294 | 27,5 | 33,9 | 30,8 | 32,6
400 28 28 18,9 | 26,5 | 21,6 | 23,9 | 32,8 | 24,6 | 19,9
500 242 | 18,9 | 282 | 199 | 26,5 | 24,8 | 26,7 | 28,1 | 23,5

KoHnenTpanus, MKr/ Hamnpsokerne npo6ost, kB

19 20 Cpennee CpenHee OTKIOHEHUE
100 32,1 | 34,7 32,71 3,16
200 34,8 | 34,5 31,07 2,23
300 28,3 | 24,5 24,8 4,35
400 248 | 21,3 25,05 4,35
500 22,8 | 20,5 22,54 3,38

Tabauya 3
Hanpsizkenne npo6os Npu pa3oBoM 100aBJIeHHH MAKCUMAJIBLHONH KOHIEHTPALMHA

Konrenrpanus, MKr/i

Hanpsoxenne npo6os, kB

1 2 3 4 5 6 7 8 9
500 17,6 | 26,1 | 27,1 | 15,6 | 242 | 249 | 16,8 16 | 26,3
10 11 12 13 14 15 16 17 18
214 | 19,8 | 254 | 264 | 17,9 | 224 | 239 | 159 | 182
19 20 Cpennee CpeaHee OTKIOHEHHE
25,1 | 20,9 21,59 4,06

OTTanKuBasCh OT TMONYYCHHBIX 3HA4UeHWH (Tabi. 2, 3) MOXKHO CHENaTh BBIBOI
0 TOM, YTO BJIEKTPUYECKasi MPOYHOCTh OCTANACh MPEXKHEH; 3HAYUT, KOJIMIECTBO Ipe-
JIBLITYIIUX TTPOOOEB HE OKA3BIBAIIO BIHSHUS.

2.3. Hzmepenue HanNpsLKeHUs] NPOGOS HAHOKUIAKOCTH, MPUTOTOBJIEHHOI

10 TpeTheil MeToANKe

[Momyuennusie 3HaueHMs (Ta0I. 4) CXOXKH C TEMHU, KOTOPBIE OBUIN MOyYeHBI paHee,
MIPH JUCTIEPTHPOBAHUH B YILTPAa3BYKOBOM BaHHE (CcM. Tabi. 2). IIpeumyriecTBoM maH-
HOT'O METOJIa SIBIISICTCS TO, YTO JUISI MOJUICPKaHUS Pa30UTOTO COCTOSIHUSI HAHOMKHIIKO-
CTH JIOCTATOYHO OBLIO MCIOJIB30BaTh MArHUTHYIO MEIIAJNKY, T. K. YACTHIIBI IPU 00pa-
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0O0TKe Ha yJbTPa3BYKOBOM I'€HEPATOPE PACIIaatoTCsi Ha 0oJiee MEJIKUE 10 CPAaBHEHUIO
¢ 00pabOTKOH B yIbTpa3ByKOBOW BaHHE.

Tabauya 4
Hanpsi:keHue npo6osi npu 06paGoTKe HA YILTPa3BYKOBOM reHepaTope

Konrenrpanus, MKr/i

Hanpsoxenne npo6os, kB

1 2 3 4 5 6 7 8 9
100 334 | 364 | 27,8 | 29,1 | 34,9 | 38,8 | 37,5 | 36,6 | 31,3
200 33,8 | 32,5 | 33,9 | 33,1 | 31,6 | 34,2 | 27,8 | 30,7 | 35,9
300 26,1 | 33,5 | 34,1 | 33,1 | 36,8 | 34,7 | 30,5 | 29,5 | 31,3
400 32,4 | 30,8 | 21,8 | 25,5 | 30,9 | 31,8 | 25,9 | 26,4 | 28,9
500 22,1 | 28,0 | 29,1 | 34,7 | 16,4 | 25,6 | 26,3 | 22,3 | 28,7

Konuenrparust, MKr/in Hanpsoxenne npo6os, kB

10 11 12 13 14 15 16 17 18
100 36,2 | 37,2 | 383 | 29,8 | 358 | 31,8 | 28,8 | 35,6 | 36,8
200 33,6 | 30,6 | 352 | 33,5 | 34,7 | 31,3 | 342 | 33,2 | 33,1
300 34,7 | 32,9 | 33,9 | 30,7 | 349 | 32,1 | 30,9 | 343 | 274
400 20,9 | 31,8 | 26,8 | 29,1 | 25,7 | 30,7 | 29,3 | 31,1 | 28,6
500 21,9 | 19,8 |1 26,9 | 23,8 | 27,3 | 15,9 | 25,2 | 21,2 | 18,2

Konuenrparust, MKr/in Hanpsoxenne mpo6os, kB

19 20 Cpennee CpeaHee OTKIOHEHHE
100 29,2 | 29,8 33,75 3,66
200 33,5 | 31,6 32,9 1,86
300 28,9 | 32,8 32,15 2,72
400 27,8 | 23,8 28 3,39
500 27,7 | 25,8 24,34 4,67

2.4. N3mepenne HanpsokeHHusl NPo00si HAHOKHAKOCTH, NPHUTOTOBJEHHOM
10 YeTBEPTOi MeTOAUKe
Hcnonp3ys maHHYI0 METOIWKY, TOMYyYHIN 3HaueHHs (Tadi. 5), CXOXHE ¢ IOJy-
YEHHBIMHU paHee; CIeI0BaTeIbHO, MOKHO CHIENaTh BBIBOJA O TOM, YTO AOIOJIHUTEIbHAS
00paboTka B BUC H3MEILUCHAS HAHOTPYOOK HE TpeOyeTcs.

Tabauya 5
Hanpsizkenne npo6os nocjie aKTHBallMA U3MeIb4eHNs HAHOTPYOOK

Konuenrparst, MKr/mn

Hanpspxenune npo0Oos, kB

1 2 3 4 5 6 7 8 9
100 33 35,2 35 29 31,9 |1 29,5 | 36,3 | 29,8 | 343
200 299 | 31,9 | 33,2 | 31,3 | 25,1 | 36,5 | 30,1 | 30,8 | 24,8
300 258 | 152 | 27,5 | 27,9 | 33,6 | 33,3 | 353 | 26,5 | 34,0
400 22,8 | 22,8 | 28,5 | 31,3 | 242 | 27,4 | 26,9 | 25,8 27
500 16,8 | 22,5 | 17,0 | 283 | 254 | 27,1 | 17,6 | 24,7 | 29,2

Konuenrparst, MKr/mn Hanpsbxenune npo0Oos, kB

10 11 12 13 14 15 16 17 18
100 30 37,8 | 26,0 | 32,2 | 36,0 | 354 | 31,5 | 29,6 | 36,8
200 32,5 | 30,6 | 314 | 26,2 | 259 | 26,6 | 30,7 | 31,4 | 33,8
300 26,8 | 33,7 | 150 | 324 | 31,1 | 249 | 243 | 304 | 26,0
400 30,9 | 28,2 | 29,1 | 28,3 | 23,2 | 31,2 | 27,5 | 28,0 | 25,0
500 28,0 | 27,6 | 283 | 25,7 | 29,0 | 27,8 | 28,5 | 28,0 | 27,6
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IIpooondicenue mabn. 5

Konuenrparst, MKr/n Hanpsbxenune npo0Oos, kB
19 20 21 22 23 24 25 26 27
100 34,5 | 36,9 | 34,7 | 29,7 | 28,2 | 34,7 | 35,7 | 35,1 | 33,1
200 294 | 222 | 295 | 342 | 274 | 26,8 | 24,2 | 30,1 | 35,6
300 31,1 | 30,1 | 20,0 | 25,3 | 30,4 | 31,9 | 33,3 | 27,8 | 27,1
400 24,5 | 31,7 | 28,9 | 29,0 | 30,9 | 29,9 | 21,2 | 27,2 | 294
500 21,8 | 21,4 | 298 | 27,6 | 27,6 | 192 | 242 | 27,7 | 27,0
Konuenrparst, MKr/n Hanpsbxenune npo06os, kB
28 29 30 Cpennee CpeaHee OTKIOHEHHE
100 34,1 | 314 | 36,2 33,12 3,04
200 34,8 | 33,8 | 29,2 29,99 3,6
300 30,8 | 32,2 | 30,2 28,46 5,06
400 22,8 | 324 | 27,7 27,42 3,02
500 27,1 | 16,6 | 25,1 25,24 4,17

2.5. O6cyxneHne pe3yJabTaToB

[To pe3ynpTaTaM M3MepeHUH, MpEACTaBICHHBIM B II. 3.1, OBUTO YCTaHOBJICHO, YTO
JUCTIEPTHPOBAHNE HETIOCPEICTBEHHO B Macje HE TO3BOJSIET JOCTHYb OKHUAAEMBIX pe-
3yIbTaTOB. ATJIOMEPAThl YTJIEPOAHBIX HAHOTPYOOK NHCIEPTUPYIOTCS HE B ITOJHOMN
CTETICHHW, YTO HETAaTUBHO BIUSET HA PE3yNbTaThl M3MEPCHHIA; B PE3YJIbTATe 3TOTO
cpenHee oTKIoOHeHHe nMeeT 3HadeHus 43,7 % npu 100 mkr/m, 53,5 % npu 200 MxT/n
u 50,6 % npu 300 MKr/m.

[To pesynbTatamMm M3MEpeHUH, MPEICTABICHHBIM B II. 3.2, OBUIO BBISBICHO, YTO
JTUCTIEPTHPOBAHNE B CIIUPTE B YIIBTPA3BYKOBOHM BaHHE JAeT pe3ynbTaT, HO d(pPexT sB-
JIIETCS KPaTKOBPEMEHHBIM. YTJEpOAHBIC HAHOTPYOKH Oe3 IMmojiepaHus pa3OnuToro
COCTOSIHUSI IOCTATOYHO OBICTPO CIMMIAIOTCS, @ B TEUEHHUE JHS BO3BPAILAIOTCS B HCXO/-
HO€ COCTOsIHHE. B 1eoM MeToqnka, OCHOBaHHAs Ha IMMOJTAITHOM AWCIIEPTHPOBAHUH,
ce0st ompaBana, Tak Kak CpefjHee OTKIIOHEHHE cOCcTaBmIIo mopsaka 13,28 %.

[To pe3ynbraTam W3MepEeHUiA, MPEICTABICHHBIM B II. 3.3, OBUIO MONTYYeHO HamOO-
jee cTaOuiIbHOE 3HAYEHHE 3JIEKTPHUUECKON MPOYHOCTH, a TakKe HaHOTPYOKH Ooree
KauyeCTBEHHO PaCIICIUUTUCH M MPOIECC arfloMepaliu mpoucxoani noinsine. CpenHee
OTKJIOHeHHEe cocTaBuio 11,04 %.

B pesynbTare MCMONB30BaHUS METOAWKH, ONMMCAHHOW B M. 3.4, OBLIM MOJTYYCHBI
WACHTUYHBIE 3HAYEHUs, MOSTOMY JOIIOJIHUTENBHO HW3MEIbUaTh HAHOTPYOKH Tepen
MOJITOTOBKOM CMeCH He TpedyeTcsl.

Kak Buzmno, HampsbkeHue npoGos c pobasmennem YHT Bcerma okaseiBajioch
MEHbIIIE HCXOAHOTO0. BeposTHO, 3T0 cBsi3aHO ¢ (OPMOI YaCTHIl — UMEIOT HUTCBUIHYIO
dhopmy, muameTp HaHOTPYOKH ~1,6+0,4 M, mmuHA = 5 MKM. Takue pa3Mepbl HEU30exK-
HO TIPUBOJAT K arJIoMepalliy, a TaKkKe K JIOKATbHOMY YCHIICHUIO TOJISI Y KOHYUKOB,
MO3TOMY IPUHSTO PEIICHUE O MMPOBEACHUH JIOTOTHUTEIHHBIX IKCIIEPUMEHTOB C HAHO-
gacTuIaMu 0oJjiee mapooopa3sHon HOpPMEL.

3. DKcnepuMeHTHI ¢ 100aBJIeHUEM HAHOOKCHI0B

3.1. Hanooxcua tutana (TiO,)

Ycnosus mposeneHus uaMepeHus: k 200 mur TpanchopMaToOpHOTO Maciia TpHiIH-
BaJICsl CIUPTOBOM pacTBop, coaepskamuii 0,029 r Hanookcuaa Tutana B 100 M1 o6bema
CIHpPTa, MPEeIBApUTEIBHO TUCTIEPTUPOBAHHBIA Ha YJIBTPa3ByKOBOM TE€HEpaTope B Te-
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yenue 45 muHyT. Jlanee momudummpoBaHHas CMeCh IMOABEpPraiach YIbTPa3BYKOBOM
00paboTKe Ha AucHepraTope B TedeHue 45 MUHYT (Tadi. 6).

Tabnuya 6

Harlpsmceﬂue l'lpOﬁOﬂ npu J00aBJI€eHMH HAHOOKCH/IA THTAHA

KoHnnenTpanus, MKr/

Hamnpsokerne npo6ost, kB

1 2 3 4 5 6 7 8 9
75 623 | 59,1 | 539 | 52,7 | 51,3 | 61,3 | 65,5 | 50,8 | 65,7
150 60,1 | 63,1 | 59,2 | 52,6 | 51,9 | 58,2 | 643 | 71,9 | 51,2
225 54,5 | 61,3 | 54,2 | 57,5 | 56,1 | 60,1 58 57,3 | 52,3
300 58,3 | 59,1 | 55,5 | 50,1 | 52,3 | 49,1 | 57,6 | 62,3 | 57,5
450 56,5 | 543 | 60,2 | 553 | 59,1 | 56,7 | 59,9 | 56,5 | 56,3
600 51,4 | 52,5 | 56,1 | 58,9 | 56,8 | 53,8 | 45,8 | 60,1 | 52,5
750 50,5 | 56,2 | 52,3 | 54,6 | 55,7 | 59,1 44 | 56,9 | 62,9
1500 40,1 | 42,6 | 43,5 | 46,5 | 48,6 | 41,9 | 44,4 | 383 | 38,8
KoHnenTpanus, MKr/n Hamnpsokerne npo6ost, kB
10 11 12 13 14 15 16 17 18
75 67,7 | 56,2 | 62,9 | 59,8 | 52,1 | 60,3 | 54,8 | 59,6 | 64,8
150 60,5 | 55,7 | 57,9 | 58,9 | 57,6 | 60,1 | 62,3 | 58,7 | 60,1
225 48,9 | 50,1 | 51,3 | 54,6 | 52,1 | 51,3 | 54,3 | 55,6 | 54,9
300 51,1 | 57,3 | 43,3 | 52,1 | 53,4 | 48,7 | 52,3 | 56,4 | 50,2
450 60,7 | 60,6 | 61,3 | 57,6 | 49,1 | 60,2 55 54,6 | 52,7
600 55,3 | 53,5 | 49,6 | 45,8 | 52,1 | 54,6 | 58,1 | 46,8 | 49,7
750 42 | 46,7 | 55,9 | 51,2 | 52,6 | 48,7 | 49,6 | 59,6 | 514
1500 44,9 | 45,5 | 62,9 | 59,8 | 52,1 | 60,3 | 54,8 | 59,6 | 64,8
Konuenrparust, MKr/in Hanpsoxenne mpo6os, kB
19 20 Cpennee CpeaHee OTKIOHEHHE
75 60,1 | 62,3 59,16 5,16
150 57,3 | 52,1 58,68 4,83
225 60,1 | 58,7 55,16 3,5
300 47,9 | 45,8 53,01 4,9
450 51,9 | 57,9 56,82 3,29
600 52,1 | 53,6 52,95 4,06
750 54,6 | 48,9 52,67 5,25
1500 38,7 | 424 42,76 3,59

3.2. Hanookcua nunka (ZnQ)
Ycnosus mposeneHus uaMepeHus: k 200 mur TpanchopMaTopHOTO Maciia TpHiIH-
BaJICSI CITUPTOBOM pacTBop, comepxkamntuit 0,02 r HaHookcua 1uHKa B 100 M1 o0bemMa
CIIUPTA, MPEABAPUTEIHHO JUCIIEPTUPOBAHHBIN HA YJIHTPA3BYKOBOM T'€HEpATOpE B Te-
yenne 45 munyT. Jlanee MoauduMpoBaHHas CMECh IMOJBEPraiach YIETPa3BYKOBOMH

obpaboTke, kak B 1I. 3.1.

[To pe3ynbTaram M3MEpeHUH, MPECTABICHHBIM B II. 3.2, OBUIO 3aMEUYeHO, YTO Ha-
YaJIbHOE MAacCJ0 WUMEET 3HAUCHHS SJCKTPUYCCKOW MPOYHOCTH Ha 15 % BhImIE, yem
B TIPONIUTBIX U3MepeHusX. CBsI3aHO 3TO C TEM, UTO Mepe] JaHHBIMU 3aMepaMy Mbl TIPO-
W3BOJIWIIN JIOTIOTHUTENBHYIO TIOATOTOBKY Maciia, a UMEHHO (QUIILTPOBAIN Yepe3 JBOM-
HOW cJ10# 00€330JIeHHOTO (DUIBTpa KIIacca «CHHSIS JICHTa U CIIOW CHJIMKAress; PUIIbT-
partis IpOU3BOIMUIIACK 110 2 pa3a Ha KaKIbIi oOpaserr mpoos! (Tabi. 7).
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Tabnuya 7
Hanpsiskenue npo6ost npu 700aBJIeHMN HAHOOKCHAA IMHKA

Konuenrparyst, MKr/in Hanpsokenne npo6os, kB
1 2 3 4 5 6 7 8 9
Yucroe macio 66,7 | 65,1 | 78,4 | 68,6 | 60,9 | 69,9 | 653 | 74,7 | 69,3
100 76,1 | 74,2 | 66,5 | 68,9 | 62,2 | 68,9 | 73,3 | 65,8 | 76,5
200 71,1 | 68,8 | 69,5 | 583 | 71,4 | 77,9 | 71,7 | 72,3 | 71,9
300 53,7 | 66,1 | 69,9 74 62,5 | 61,9 | 68,6 | 70,9 | 72,5
500 64,7 | 70,7 | 63,3 | 60,5 | 71,3 | 73,3 | 65,1 | 62,3 | 70,7
700 62,1 | 56,9 | 55,1 | 56,3 | 65,1 | 56,3 | 65,1 | 56,7 | 65,1
900 489 | 539 | 71,9 | 62,7 | 67,7 | 65,5 | 60,1 | 57,8 | 64,1
1200 679 | 569 | 63,5 | 71,5 | 653 | 62,7 | 634 | 72,3 | 64,9
KoHnenTpanus, MKr/ Hamnpsokerne npo6ost, kB
10 11 12 13 14 15 16 17 18
Yucroe maciao 72,9 80 74,5 | 75,3 | 77,6 | 73,9 | 74,6 | 75,8 | 83,7
100 77 74,1 | 734 | 76,5 | 68,7 | 81,8 | 77,3 | 77,7 | 79,5
200 75,5 | 72,7 | 67,9 | 65,8 | 70,1 | 73,6 | 64,9 | 68,6 | 70,5
300 544 | 68,1 | 67,5 | 658 | 64,5 | 70,5 | 64,2 | 63,9 | 70,9
500 65,5 | 67,9 | 60,5 | 67,8 | 654 | 72,6 | 68,1 | 63,2 | 69,1
700 65,7 | 58,8 | 63,2 | 58,9 | 62,3 | 60,5 | 62,3 | 71,6 | 58,7
900 55,8 | 57,1 | 49,1 | 594 | 49,7 | 51,9 | 53,7 | 64,5 | 49,8
1200 52,1 | 659 | 65,1 | 64,2 | 58,7 | 59,6 | 543 | 52,8 | 594
KoHnenTpanus, MKr/ Hamnpsokerne nmpo6ost, kB
19 20 Cpennee CpenHee OTKIOHEHUE
Yucroe maciao 68,9 | 75,6 72,58 5,6
100 59,8 | 754 72,68 5,86
200 69,7 | 61,5 69,85 4,51
300 62,1 | 64,3 65,81 5,35
500 67,3 | 66,5 66,79 3,78
700 54,6 | 604 60,78 4,37
900 60,8 | 58,7 58,15 6,63
1200 68,1 | 49,1 59,51 6,4
BriBoabI

[oryueHHBIE Pe3yNbTATHI TO3BOJISIOT CACTATH CICIYIOIINAE BHIBOIBL:

1. Dnekrpudeckas MPOYHOCTh HAHOMACIA HA OCHOBE YTJIICPOJHBIX HAHOTPYOOK
3HAYUTEIILHO MEHBINE JIICKTPUYECKOW MPOYHOCTH HAHOMAcia Ha OCHOBE OKCHJIOB
[MHKA W TUTaHa. Ha Ham B3rJisi, 910 CBsi3aHo ¢ (OpMOi HAHOYACTHII.

2. C pocTOM KOHIICHTpAIlMU JJICKTPUYECKas MPOYHOCTh BCEX HAHOXKHIKOCTEH
YMEHBIIIAETCH.

3. [Ipu MaipIX KOHIEHTPAIUAX 3HAYCHUS DIIEKTPUIECKON MPOYHOCTH TMPHUMEPHO
COOTBETCTBYIOT 3HAYCHUSIM DIICKTPUICCKOMN MPOYHOCTH YUCTON YKHUIKOCTH.

4. TexHOMOTUS PUTOTOBJICHUS HAHOXHUJIKOCTH OKa3bIBa€T CHJIHHOE BIIMSHUC HA
€e HaIpsDKeHHE Mpo0osl.
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INFLUENCE OF NANO-OIL PREPARATION CONDITIONS
ON ITS ELECTRICAL STRENGTH

V.A. Loskutov, Y.G. Prokopenko, A.V. Rydel, L.P. Goreva"

Novosibirsk State Technical University
20, Karl Marx Ave., Novosibirsk, 630073, Russian Federation

E-mail: blackline05@yandex.ru, yakovprokopenko@mail.ru, ridel@corp.nstu.ru, goreva@corp.nstu.ru

Abstract. This study presents the results of experiments aimed at determining the
breakdown voltage of liquids containing carbon nanotubes and other microinclusions,
which were dispersed in mineral insulating oil used in electrical transformers. The liquid
was obtained by various methods with the mandatory use of ultrasonic dispersant. The
electrical strength of the carbon nanotube-based nano-oil was found to be significantly
less than the electrical strength of the zinc and titanium nano-oxide-based nano-oil. At low
concentrations the values of electrical strength approximately correspond to the values of
electrical strength of pure liquid, but with increasing concentration the electrical strength
of all nanofluids decreases. It is shown that the nanofluid preparation technology has a
strong influence on its breakdown voltage.

Keywords: Transformer oil, transformer, electrical strength, dispersion, carbon nano-
tubes, titanium nanooxide, zinc nanooxide, microinclusions.
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