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HccnenoBaHo peosiorndyeckoe moBeaeHue 1 Mac. % cycrieH3uii MUKPO- U HAHOIEIITIONO3bI B OJTUBKOBOM
MacJje Mpu pa3InyHON HATIPSIKEHHOCTH 3jieKTpruueckoro nosist 1o 7 kB/mMm. Mopdonorust yactuirl 6s11a
MOATBEPXKAEHA METOJAMU ONTUYECKOI U 3JIEKTPOHHOUM MUKpocKonuu. [lom neiicTBueM 3JIeKTpUIECKOTo
TT0J1s1 HaOJIIoaaeTCsI KOHTPACTHBIM TTEPEXOIT OT YUCTO BSI3KOTO IMOBEACHUS XKUIKOCTEH K TBEPIOIIOTOOHOMY,
P 5TOM Y CYCIIEH3UIi MOSIBISIETCS TTpeiesl TEKyYeCTH U MOYJIb HaKoIieHui. OGHapyXeH 0oJiee BbICO-
KU1 3JIEKTPOPEOJIOTMISCKUM OTKJIMK CYCTIEH3UM, HAITOJTHEHHBIX HAHOLIEJUTION0301 110 CPaBHEHMIO C MUK-
poliesiono3oii. Ha ocHoBaHMM 3aBUCUMOCTEll CTaTUYECKOro Mpejesa TeKydeCTU OT HaIpsKeHHOCTU
5JIEKTPUIECKOTO TI0JIS MPOBEACH aHaIU3 MeXaHU3Ma 3JIeKTpopeoiorndyeckoro addekra. MccnenoBanus
IUBJIEKTPUYECKOIM CIIEKTPOCKOIUHU TTO3BOJIVIIN BbISIBUTh CBS3b MEXIY 3JIEKTPOGUZNISCKUMU XapaKTepyr-
CTUKAMU CYCIICH3WI M X PEOJIOTMIECKUM TToBeneHreM. M crmonb3oBaHMe TTOJTHOCTHIO TTPUPOTHBIX KOMITO-
HEHTOB IOKAa3aJI0 MePCIEeKTUBHOCTh CO3IaHMSI HOBBIX, 9KOJIOTUYECKHU 0€30MaCHBIX “YMHBIX” MaTepuajoB.
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BBEAJEHUWE

beckonTponbHOE TIOTpebieHre MTPUPOTHBIX pe-
CypCOB U MeEXaHU3allusl 4YeJIOBEUEeCKO >KU3HU OT
IIPOM3BOJICTBA 10 OBITOBOTO ITOTPEOIEHUST (ABTOMO-
Owtm, OBITOBAsI TEXHUKA U Ap.) IIPUBEIM K HAPYILIEHUIO
OaJjlaHca MeXIy TeXHO- U 01ocdepoii, YTO, B KOHEUHOM
cyeTe, MIPUBEAET K COKPAIEHUIO CPOKA U CHYDKCHUIO
YPOBHSI >K13HM oaeii. [lonnMaHue cTpeMuTeIbHO BO3-
pacraroleil mpooJaeMbl MPUBEJIO K IOSIBJICHUIO T1apa-
JIUTM 3eJIeHoM XxuMuu [1, 2] ¥ TpupoaonogoOHbIX Tex-
Homoruii [3, 4], KoTopble TOIpa3yMeBarOT IO, COOOI
pa3paboTKy HOBBIX MOAXONOB K CHHTE3y XMMMYECKMX
COCIMHEHMIA Y CO3NAHUIO TEXHOJIOTMUECKUX YCTPOMCTB,
KOTOpBIE OyIyT (PYHKIIMOHMPOBAThH Ha GPyHIAMEHTATb-
HO JPYTUX MpUHLIUIAX. B CBSI3U ¢ 3TUM “yMHBIE” WU
CTUMYJI-4yBCTBUTEIbHbBIC MaTepHrajlbl IIPUBJIEKAIOT
oonpIIoin mHTEepec [5]. YHUMKambHOIT 0COOEHHOCTHIO
3TOTO KJIacCa MaTepHUaJsioB SIBJISIETCS 0OpaTUMOE U3Me-
HEHME CBOMCTB IIpM BHEIIIHEM BO3ICHCTBUU Pa3jInd-
HOIT IpUpOObI, HAIIpUMEP, TEMIIEPaTypPHOM, CBETOBOM,
BJIEKTPUYECKOM, MAarHUTHOM U Ap. [6, 7].

K “yMHBIM” KOJUIOUIHBIM MaTepUagaM OTHOCSIT-
Csl MarHUTO- U BJIEKTPOPEOJOTUUECKUE XKXKUIKOCTH,
00J1a1a01IMe CIOCOOHOCTbIO U3MEHSITh PEOJIOTHYE-

CKMI1 OTKJIMK C BSI3KOTO Ha YIPYTMii 1ofd JEeMCTBUEM
MarHutHoro [8, 9] wiu anekrpudeckoro moas [10,
11], coorBeTcTBeHHO. Takue MaTepuranbl OOBLIYHO IIPEI-
CTaBJISIIOT CO0OI CyCIIEH3UM TBEPABIX YaCTHUIL] HAIIOJI-
HUTEJISl B XUIKOM cpefie (4acTo Macia), a MeXaHU3M
a(pdekTa 3aKII09aeTCI B OPUEHTALIMM YAaCTHUI] Ha-
MOJHUTENSA ¢ (POPMUPOBAHUEM KOJOHYATBHIX CTPYK-
TYp Mo AeiCTBUEM COOTBETCTBYIOIIETO MOJIs 32 CUET
HaMarHu4YuBaHus win mnonsipusauuu [12]. Crnemyer
OTMETUTh, YTO CYIIECTBYIOT XKUIKOCTU YyBCTBUTEIIb-
HbI€ K ICICTBUIO 000UX MOJIeH (KaK 3JIEKTPUIECKOTIO,
TaKk 1 MarauTHoro) [13, 14]. K HemocTtaTkaM MarHuT-
HBIX KMIKOCTEM TUMWYHO OTHOCST OrpaHUYEHHOCTb
HaIoJIHUTENeH, TPOSIBISIONIMX MarHUTOPEOJornye-
CKYI0 aKTMBHOCTb, 1, KaK CJICACTBUE, MEHBIIIYIO Ba-
PUATUBHOCTb PEOJIOTMYECKUX XapaKTepUCTHK. TeM
He MeHee, 3TO He TOoMelllalo CO3JaHUI0 KOMMepUe-
CKMX MIPOMYyKTOB Ha OCHOBE MAarHUTOPEOJIOTMYECKIX
KUIKOCTEH, HaIpuMep, XKUIKOCTHOTo TopMo3a (Ake-
bono Brake Industry Co., Ltd., dnonus) [15]. B ciydae
BIIEKTPOPEOJIOTMIECKIX KUIKOCTE BapUaTUBHOCTh
KOMIIOHEHTOB CYIIIECTBEHHO OOJIbllle, YTO OTKPBLIBAET
MEepPCHeKTUBbI I CO3AaHUST OOJIBIIONO KOJUYECTBa
YCTPOMCTB B pa3JIMYHBIX 00JIACTSIX, KaK HAYIHO-TIPU-
KJIaIHBIX, TaK 1 OBITOBOIO I0Jb30Banus [16]. Kimo-
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YeBBIMU (paKTOpaMU, OTIPEICATIOINMI 3PPEeKTUB-
HOCTbD 3JIEKTPOPEOJIOTUYECKUX KUTKOCTEH, SIBISIIOT-
csl mpupona u opMa yacTull HarogHutens [17, 18],
pabounii Tuara3oH HAIIPSKEHHOCTH 3JIEKTPUIECKO-
ro noasd [19], BS3KOCTh AMCIIEPCUOHHON Cpeabl
[20, 21], a Takke Temniepatypa [22—24]. K HenocTaT-
KaM OTHOCSIT OTHOCHUTEJIbHO BBICOKYIO HAIIPSIKEH-
HOCTb DBJIEKTPMYECKOTO MOJsI IIPU BKCIUTyaTalluun
(emHUIIBI KB/MM) 1 HEZOCTaTOYHO BBICOKHME 3KC-
TUTyaTallMOHHBIC XapaKTEPUCTUKHU MO CPaBHEHMIO C
MarHUTHBIMM Xuakoctsmu. IlociemHsist mpobGnema
ObUIa YaCTUYHO peIIeHa C OTKPBITMEM XXUIKOCTEd,
MPOSIBJISTIOIINX TaK HA3BIBAEMBIA TMUTAHTCKUU 3JEK-
Tpopeosiornueckuii addexr [25], TeM He MeHee,
KOHIIEHTpALIMS TUCIIEPCHOI (pa3bl B TAKMX MaTepHra-
JJax OCTaeTCsl BBICOKOM, a YMCJIO TaKMX COCTaBOB
orpaHmyeHo [26—28]. OO6I1eit mpobIeMOoil BCeX BbI-
LIEOTIMCAHHBIX XKUIAKOCTEM SIBJISIETCSI CeIMMEHTALIMS
IucIiepcHOM (pas3bl.

HMHuTtepec HaydHBIX UCCIIEIOBAHMIT B 00JaCTH DJIeK-
TPOPEOJIOTUYECKNX KUIKOCTe B TIOCIICAHUE TOMIbI
CMECTUJICS B CTOPOHY HU3KOKOHIIEHTPUPOBAHHBIX
CYCIIEH3U, TIPOSIBJISIOINX 00Jiee KOHTPACTHOE U3-
MEHEHHUE PEOJIOTUUECKUX CBOMCTB IOA IeiCTBUEM
ayieKTpruueckoro noJjist [29—31]. Takke TOCTUTHYThI
CYILIECTBEHHbIE YCIIEXU B MOBBIIIEHUN CeAMMEHTa-
LIMOHHOM YCTOMYMBOCTH 34 CUET UCIIOJIb30BAHMSI Ha-
HO- MJIA BRICOKOTIOPUCTHIX HammoJiHuTesei [32—34].

IIpuponHbIe CTPYKTYpHBIE IIOJIMCAaXapUabl, TAKKUE
KaK 1IeJUTI0JI03a U XUTHUH, SIBJISIIOTCS ITEPCIIeKTUBHbBI-
MU HaIMOJHUTEJISIMU JIJI51 3JIEKTPOPEOJTOTMUCSCKUX KU~
KOCTEIi B BUITy WX JOCTYITHOCTH, OMOAETPagpyeMOCTH,,
HAHOPa3MEPHOCTM YaCTHUL] M XOPOLIEH MOISApU3ye-
MocTH [35, 36]. KpoMme Toro, 11eJI110/103a U XUTHH SIB-
JISTIOTCSI CAaMBIMU PacIipOCTpaHEHHBIMU OMOITOJIIME-
paMu Ha 3eMJie, 1 MOTYT OBITh MOJIYYEHBI U3 OTXOIOB
MPOM3BOACTBA, HaPUMeEP, MaHLUPEN paKooOpa3HbIX
WY pacTUTEILHOTO ChIphbs [37, 38]. Cnemyromiuii mar K
MOIYYEHUIO ITOJTHOCTBIO IPUPOIHBIX XXUIKOCTEN CO-
CTOUT B 3aM€HE 4aCTO HCIIOJIb3yeMOTO CHJIMKOHOBO-
ro MacJjia B Ka4eCcTBe IUCIIEPCUOHHO Cpelibl Ha TIpu-
ponHbie Maciia [39]. Tak, U3BECTHBI XKUIKOCTU Ha OC-
HOBE KYKYpPY3HOTO M COE€BOTO MaceJjl, HalTOJTHEHHBIX
yactuiiaMu xurosana [40, 41], a Takke KyKypy3HOTo
Kpaxmajia B KyKypy3HoMm macie [42]. PaHee Obu1 00-
HapyXeH CYIIeCTBEHHEIN 1 KOHTPACTHHIN 3JIEKTPO-
PEOJIOTUYECKUI OTKIJIMK BHICOKOIIOPHUCTHIX YaCTUII
XWTO3aHa B OJMBKOBOM MacJjie MpU KOHIIEHTpaluu
yacTtuil MeHee 1 Mac. %. I1penen TeKydecTu CycrieH-
3un pocturaer ~100 Ila mpu HaNpsDKEHHOCTU ITOJIS
Bcero 1 kB/Mm. I1pu 3TOM cenuMeHTalMOHHAs YCTOM -
YMBOCTb KMJIKOCTU OKa3ajlach KpaiiHe BbICOKOI1 [43].
Taxke ObLTA MOJy4eHBI CYCTIEH3UW HAHOYACTUII LIeJT-
JIF0JI03bI B KACTOPOBOM MAcJIe ¥ IIPOBEICHO CpaBHEHUE
HX 3JIEKTPOPEOJIOTUIECKIX CBOMCTB C KUIKOCTSIMU,
HAIOJJHEHHBIMM YacTUIIAMU aJTlOMOCUJIUKATOB, TIPU
KOHIIEHTpaLusx ot 2 1o 6 mac. % [44]. CycneH3uu ¢
LIEJUTIOJIO30M TTOKa3bIBAIOT 0OoJiee BHICOKME 3HAYEHMS

rpenesia TeKydecTu, KoTopblie nocturaiot ~300—400 I1a
MPY HANTPSDKEHHOCTU 3JIEKTPUYECKOTro noJjisd 4 KB/MM.

Kparkuii 0630p cOBpeMEHHOIO COCTOSIHUSI UCCIIe-
JOBAaHUI TIOKa3bIBAET BBICOKUIA HAy4HbId MHTEpPEC K
MIPUPOIHBIM MaTepuaiaM JJjIsl 3JIEKTPOPEOIOTNUECKIX
XKMOKOCTEH, UTO MO3BOJWIO pa3paboTaTh HECKOJBKO
3(PEeKTUBHBIX COCTaBOB. TeM He MeHee, MCCIIeIoBa-
HUSI BIUSIHYS (pOPMbI UM pa3Mepa YacTUll LEJUTION03bI
Ha CBOIMCTBA CYCIIEH31i1 B IPMPOIHOM Macje He Mpo-
Bomuii. TakmM 006pa3oM, OOBEKTOM TIPEACTABICHHO-
IO HCCJIEAOBAHUS CTaIU CyCIIEH3UM MUKPO- U HAHO-
YaCTULL LEJUTIONO3bI B OJINBKOBOM MaclIe€.

OKCITEPUMEHTAJIbHAA YACTb

B xauecTBe HamoJIHUTEIEH IIST IIEKTPOPEOJIOTH-
YEeCKUX XUJIKOCTEe ObUIM BbIOpaHBI YACTUIIBI HAHO-
netoao3el CNF (Nanografi Co. Ltd., I'epmanust)
(HII) n muxkpouemmono3bl (Sigma-Aldrich S3504,
Mpnanaus) (MKII). B kauecTBe TMCIIEpCUOHHOM cpe-
bl MCIIOJIB30BIM Hepa(pUHUPOBAHHOE OJIMBKOBOE
macio Beicirero KadectBa (Flli De Cecco di Filippo
Fara San Martino, Mtanus). CoctaB Mmacia ObLI pa-
Hee MPOoaHaJU3UPOBAH U TMOATBEPXAECH METOAOM
MK -cnekrpockormu [43]. JIoTToTHATETEHO MaCIo ObI-
JIO 0XapaKTepU30BaHO METOIOM MAacCC-CIIEKTPOMET-
puu (ITpunoxeHue, puc. 4).

Mopdonoruo MOpoIIKOB LEJUIIOJ03bl UCCIEA0-
BaJId METOJAMU ONITUUECKOM U paCTPOBOU BJIEKTPOH-
HOI MUKPOCKOITMH ¢ TToMomIbio Axio50 Imager.M2m
(Carl Zeiss AB, IIBeusa) u Versa 3D DualBeam
(FEI, CIIIA) ripu yckopsitolieM HanpsikeHun 1 kB u
ToKe 21 TTA COOTBETCTBEHHO. JIOIMOIHNUTENHEHO YacTH-
bl HII nccnenoBanm MeTOaOM MpOCBeYMBalolIei
3JEKTPOHHOM MMKpockonuu Ha [TOM Titan 80—300
(ThermoFisher Scientific, CILIA) mpu ycKopsiomiem
Hanpsokenun 300 xB. g uccnemnoBanust 1 mac. %
ruapo3oib HII HaHOCWIM Ha MENHYIO CETKY C yrjie-
POIHOI MOMIOXKOW M CYIIWJIM Ha BO3AYyXe IO MOJ-
HOTO ynajeHUsI BOOTHOM (ha3bl.

CycrneH3un BRIOPAaHHOTIO TUIIA YaCTHILI LEJLII0N0-
3Bl C KOHILIEHTpaLMei nucnepcHoi ¢dasel 1 Mac. % ro-
TOBWJIN IyTEM MEXaHUYECKOTO CMEIIECHUSI C OJIMBKO-
BBIM MacjioM Ha marHuTHoi Memnanke MR Hei-Tec
(Heidolph, I'epmanusi) 10 OMHOPOTHOTO COCTOSTHUSL.
Ilepen namepeHUIMU 00pa31bl HOABEPralu JOIOJI-
HUTEJILHOM YJIBTPa3ByKOBOM 00pabOTKe B BaHHE
V3B-4,0/1 TTL (PMI) (150 Br, 35 kI11) (OOO “Can-
¢up”, Poccus) B reueHmne 30 muH. CequMeHTaLIIOH-
HYIO YCTOMYMBOCTD CYCIICH3UII OLleHUBaIU, (PUKCH-
Pyl BBICOTY CTOJI0a KOJIJIOUAHOM (pa3kl K 00I1Ieit BbI-
cote oOpasla B CTaTMYECKOM pEeXUME IO BpeMEHU
JIOCTVKEHUST pABHOBECHOTO OTHOIIICHUSI.

Peonorunueckoe nmoBpeaeHue CycrieH3Uid B pa3iny-
HBIX pesknuMax 0e3 1 Mo IeMCTBUEM JIEKTPUIECKOTO
MOJISI UCCIIEOBAIM METOIOM POTAIIMOHHONM BUCKO-
suMmeTpun Ha peoMerpe Physica MCR501 (Anton Paar,
I'epMmaHUsT) B U3MEPUTEILHON sTUeiike KOaKCHallb-
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HBIX IuHAPOoB (CC-27). O0beM oOpa3iia cocTaB-
asiet 19 My, 3a30p 1 MM. DiaexkTpuuyecKoe I1ojie Ha-
MpsikeHHOCTBhIO 10 7 KB/MM co3ngaBanu B 3a30pe
MEXIY LAJIMHIPAMU C TOMOIIbIO UCTOYHUKA BBICO-
koro HanpsckeHust HCP 14-12500 MOD (FuG Elek-
tronik GmbH, I'epManHust) ¢ pa3auyHbIM 11aroM. TeM-
neparypa usmepenuii — 20°C. MIamepeHust IpoBOay-
JIU B peXumax TPOCTOTO CABMTIa MPU HAXOXIACHUU
KPUBBIX TEUEHUSI U ONpele/ieHUU Tpeaeia TeKyde-
CTH, a TAKKE TMHAMUIECKOM PEXMME IIPH OTIpeelie-
HUM Moxayeit HakoruteHus (G') u orepb (G "). Kpu-
BbIe TEUEHUS TIOJydayd B pekUMe KOHTPOJIMPYeMOi
ckopoctu casura (CSR) B muamazone ot 0.1 mo 1000 ¢!
CraTrdyecKuii mpeael TeKyJ4eCTH P pa3IndHoMi Ha-
MPSIKEHHOCTH 2JICKTPUYECKOTO TIOJISI OTIPEAeISIIA B
peXuMe KOHTPOJUPYEMOTO HaNpsKEHUsI CABUTa
(CSS) no xapakTepHOMY 3HAaUY€HUIO Havyajla TeUeHMSI.
JlnHaMn4yecKye TeCThl TPOBOAVIIN B 00J1aCTH JIMHEH -
HOIi BSI3KOYIIPYTOCTU MpU aMILIUTyAe AedopMaiiuu
0.1% (ITpunoxenwne, puc. 5). ToK yTeuyKn OeTEKTU-
POBaJIM ICTOYHMKOM BBICOKOTO HAIIPSIKEHUS B TIPO-
liecce peoJIOTUYeCKUX U3MEPEHU U HOPMUPOBAIU
Ha TUTOIIaabh M3MEPUTETLHOM TeOMETPU.

dusyiekTpruyecKkue CIeKTphl CYCIIeH3Uii B Tuana-
3oHe yactor ot 0.1 mo 10° I rmosy4anu ¢ moMoubIo
nMItenaHc aHanuzartopa Novocontrol Alpha-A ¢ cu-
cTeMoit KOHTpoIrd TeMIiteparypbl Quatro Cryosystem,
n3MeputeabHoil reoMeTpueii ZGS Alpha-A (Novo-
control Technologies GmbH & Co. KG, I'epmanust)
TP ycKopstomeM HanpsckeHUH 1 B. O6pasmsl cyc-
MEeH3UI ToMellaid B XXMIKOCTHYIO sSTYeiiKy Novo-
control BDS1308 1 ucciegoBanu B quana3oHe TeM-
neparyp ot 0 mo 50°C.

PE3VYJIBTATBI U ObCYXIAEHHUE

Llenntono03a cyliecTByeT B IPpUPOJE B BUIE BBICO-
KOYIIOPSIIOYEHHBIX BOJIOKHUCTBIX CTPYKTYp, 00JIa-
JAIOIINX BBICOKOM KPUCTAJNIMYHOCTBIO, 4YTO OOYy-
CJIaBJINBAaeT HEBEPOSTHYIO IIPOYHOCTh KIJIETOYHBIX
CTEHOK BBICIIMX pacTeHHni [45]. HamMonekynsgpHas
CTPYKTypa LEJII0JIO3bl COCTOUT U3 YePeayIOLINXCs
KpUCTAJUIMYeCKNX U amopdHEIx obiacreii. [Tocaen-
HHME MOTYT OBITh CEJIEKTMBHO Pa3pyllIeHbl, YTO MO3-
BOJISIET BBIACIUTH LIEJII0JIO3Y B BUJIE BHICOKOAHU30-
MeTpMYHBIX YacTul. Ha m300paxkeHMsIX ONTUYECKOM
MuKpockornuu rmopomkos Kak MKII, Tak n HILI B mo-
JIIPU30BaHHOM CBeTe HaOJII0AaeTCs ABYTyYEIpEIOM-
JIeHUe: 00a HAITOJTHUTEISE 00JIafaoT KpUCTAJUIMIECKOM
CTpyKTypoii (puc. la, 16). Cnemyer OTMETUTD, UTO IS
000X TUIIOB YAaCTUI] XapaKTE€pHbI MUKPOHHBIC pa3-
MEphl U BBHICOKas CTelNeHb moymaucnepcHoctu. Ha-
omomaeMasi B ONITUYECKUIT MUKPOCKON MOPQOIOTHS
HAnOJIHUTEJISI TakXke IIOATBEPXKAACTCS JTaHHBIMU
pacTpoBOi 3JIEKTPOHHOU MHUKpoOcKonuu (puc. 1B,
1r). OnmHako Mpu AUCHEePTUPOBAHUM ITOPOIIKOB, Ha-
npumep, B oy, Ay HLI Habmomaercs ¢popmupona-
HUE OUCIEpCUM, CoIepXKalleili HaHOopa3MepHEIe
cTepkHeoOpa3Hble YacTUllbl (puc. 11), B OTIMYME OT
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MKII, koTopast coxpaHsIeT CBOM MCXOOHBIE pa3Me-
pbl. PacnipeneiieHrst HAaHOYaCTHIL IO JJIMHAM U Iva-
MeTpaM, OIIpeAeIeHHbIE 10 JaHHBIM IIPOCBEUYMBAIO-
IIeil BIIEKTPOHHON MMKPOCKOIINY, IPUBENEHBI HAa
puc. le, 1x coorBeTcTBeHHO. Hanbonee BeposiTHOE Xa-
paKTepUCTUYECKOE OTHOILICHUE cocTaBisseT ~14. B
CBOIO ouepenb, THIINYHBIE pasmepbl yactnl, MKII
cocTaBasoT 34 £ 12 MKM B IJIMHY U 11 = 4 MKM B Tua-
METpe, T.€. BEPOSITHOE XapaKTEPUCTUYECKOE OTHO-
IIEHUEe COCTaBIsIET ~3 (COOTBETCTBYIOILIUE THCTO-
rpaMMBbI ipuBeAeHbl B [1prtoxennu, puc. 6).

OJIMBKOBOE MacCJIO TIPOSIBJISIET HBIOTOHOBCKOE M0~
BeJCHME: KacaTeJIbHble HAIIPSDKEHUS JIMHEITHO BO3-
pacTaioT C YBeJIMIYEHUEM CKOPOCTHU CABUTA, BI3KOCTh
MOCTOSTHHA BO BCEM MCCJIEIOBAHHOM JMAITa30He CKO-
pocrteit caura u coctapiseT 0.08 I1a c. BeemeHue
1 Mmac. % HanoMHUTEJIS He 0Ka3bIBAeT CYLIECTBEHHO-
IO BJIMSIHUSI Ha PEOJIOTMYECKOE MOBEJISHUE CYCIEH-
3Mii O CpaBHEHUIO C MACJIOM, KPUBBIC TCUYCHMSI COB-
nanarot (puc. 2a, 20). I1pu npuioxeHnn K oopasiam
CYCIICH3Ui1 3JIEKTPUYECKOTO MOJIsI HAOII01aeTCsT pe3-
KO€ M3MEHCHUE PEOJIOTMYECKOIOo IoBeAcHMs. Tak,
HamnpsKeHWE CABUTA IIPU MaJIbIX CKOPOCTSIX BO3pac-
TaeT U OCTAETCH MOCTOSTHHBLIM B IIMPOKOM JMana3o-
He: TTOSIBIISIETCS TIpeAea TEKy4eCTH, CYCIICH3UM BEOyT
ce0s1 KaK TBEpIOE TEIO U SIBISIOTCS 3JIEKTPOPEOJIO-
TMYECKUMU XKUIKOCTIMU. K3MeHeHue NOoBeIeHUs
00pa3LoB OT BSI3KOI0 K TBEPIOIIOJ00OHOMY CBSI3aHO C
YIIOPSIIOYeHWEM YaCTUI] HAIIOJHUTENST 1 o0pa3oBa-
HYEM KOJIOHYATHIX CTPYKTYp. IIpu yBeIMyeHUn CKo-
poctu casura >100 ¢! Ha KPUBBIX TeYeHNS HAOIIO-
JlaeTcsd TEpexXol K JUHEHHOMY POCTY 3HAUCHUN —
copMUpPOBAHHAS MOM ACHCTBUEM BJIEKTPUIECKOTO
MOJIsI CTPYKTYpa pa3pylIaeTcsl CABUTOBBIMU Jedop-
MaIlUsIMU 1 HE YCIIeBAaeT BOCCTAHOBUThLCS, TP AaJlb-
HEeMIlIeM YBEJIMYEHUU CKOPOCTU CABUIa CYyCHEH3UU
TEKyT KaK HbIOTOHOBCKHUE XKUIAKOCTH. 15T 000mX TH-
OB HAIIOJIHUTE/ISI HAOMIONAeTCs POCT 3HAYCHUl Ha-
NPSKEHUS CIBUTA C YBEJIIMYEHUEM HAIIPSKeHHOCTHU
2JIEKTPUIECKOTO IT10JIs1, OMHAKO MOXXHO OTMETUTH OOJIee
CYILLIECTBEHHOE BO3pacTaHUe HaIpPsDKEHWs CIBUTA IS
cycneH3nii, HanonHeHHbIX HI rmpu omymHakoBoM 3Ha-
yeHuM nojist (cMm. puc. 2a, 20). Ilpu aTtom cycrnieH3us
HII, B otmmune or MKII, nposiBiisieT HecTaOUIbHBINA
OTKJIMK IIpY HaIpsDKeHHOCTHU IToist 7 KB/MM — mpo-
WCXOONT DJIEKTPUISCKHUU TIPOOOIA.

HMccnenoBaHue XXUAKOCTEN B AMHAMUYECKOM pe-
KM€ MPU Pa3TMYHON HATPSKEHHOCTU BJIEKTpUYe-
CKOTO TT0JISI OTHOCUTCS K Hepa3pyllalolleMy METOMY
aHaJIu3a U TO3BOJISIET UCCIIENOBATh PEOJIOTUYECKUE Xa-
PaKTEePUCTUKU CyCIIEH3UI C OPUEHTUPOBAHHOM CTPYK-
TYpOIi YacTuIl HaroJHuTesl. YacToTHbIE 3aBUCUMO-
CTU MOJyJiell HaKOIUIEHUS U TOTEPhb TMOATBEPXKIAIOT
pe3yIbTaThl, MOJy4eHHbIE B CABUTOBBIX IKCIIEPUMEH-
TaXx, a UMEHHO (hOpMUPOBaHNE TEPKOJSILIMOHHOM
CTPYKTYpbI U MOSIBJIEHUE TIpefeia TeKyyecTu. B ka-
YyecTBe MpUMepa Ha pUc. 2B TIPUBEACHBI 3aBUCUMO-
ctu as cycrieH3un MKII. bes snekTpuyeckoro mo-
JISl CYCTIEH3UM TTPOSIBJISIIOT BSI3KOE MOBEJEHUE (HBIOTO-
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Puc. 1. U306paxkeHust onTudeckoii (a, 0) 1 pacTpOBOil 2JIEKTPOHHOI (B, T) Mukpockornuu nopoiikoB MKII (a, 8) u HLI (6, 1),
a Takke n300pakeHre IMPOCBeYMBaIOIIeii 3J1eKTpOHHOM MUKpockonuu HII, moiydyeHHOM U3 rTuapo30s (1), U COOTBETCTBYIO-
1IMe pacnpeneieHus o JJIMHAM Y IMaMeTpaMm [IJisl HAHOYACTHLL (€, XK).

HOBCKHE >XUIKOCTH): IJiI OOpa3loB JIETEKTUPYETCS
TOJILKO MOYJIb IIOTE€Pbh, 3HAYEHMSI KOTOPOTO BO3pacTa-
IOT ¢ 4JacTtoroil. Ilpy IpuwIokeHUM 3IeKTPUIECKOTO
M1OJISI Ha YaCTOTHOM 3aBHCUMOCTHU TTOSIBIISIETCS MOIYJIb
HaKOIUICeHW, 3HaYeHUsI KOTOPOro BO3pacTaloT C yBe-
JIMIEHUEM HAIPSDKEHHOCTU 3JIEKTPUYECKOTO MO U1
MPaKTAYECKU HE 3aBUCST OT YaCTOThl B MCCIEIyEMOM
Juana3oHe. Takum oOpa3oM, oOpaslbl IPOSIBIISIOT
YIIPYTYIO peakIInio 3a cueT (hOPMUPYEMOI TTePKOISIINA-
OHHOM CEeTKN U JAJIbHEMIIIEro €€ YIIpOYHEHUS B DJIEK-
TPUYECKOM TI0Jie. 3HAUeHUsI MOYJISl TIOTeph B TOJIC
TaKKe Bo3pacTaloT. OTMETHM, YTO IIPOYHOCTD CTPYKTY-
psl Bole B cycieHsuun HII (He mokazaHo Ha puc. 2).

bosiee HamIsIIHO pa3auyYuMs B BJIEKTPOPEOJIOTUYE-
ckoM noBeneHuu cycrnensuit MKII u HII B onuBKo-
BOM MacJie IT0Ka3bIBaeT 3aBUCUMOCTh CTAaTUYECKOIO
rnpeaesa TEKy4eCTU OT HaNpsiKeHHOCTU 2JIEKTpuUe-
ckoro most (puc. 2r). J11st 06enx XXUaKocTei HabIo-
JTIaeTCSI pOCT 3HAYEHUI Ipeiesia TeKy4eCTH C POCTOM
HaIPSDKEHHOCTH 3JIEKTPUUYECKOro MOJIs, IpU 3TOM
3HaYeHus sl oopasiia ¢ HII Belllle Mo cpaBHEHUIO C
MKII. OObIYHO HAKJIOH 3aBUCUMOCTH (k) B TBOMHBIX
Jlorapru(MUYECKUX KOOpAMHATaX CBUIETEILCTBYET O
MEXaHU3ME BJIEKTpOpeoJiorndeckoro agdekra U Mo-
JKET UBMEHSIThCS OT 2 (MOJIIpU3alMOHHBII) 10 1 (HachI-
IeHUE TOISIpU3alr). 3HaYeHUEe 1.5 THIMMYHO IS
Ne3d 2023
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Puc. 2. Kpussie Teuenus 1 mac. % cycnensuit MK (a) u HLI (6) B o1MBKOBOM MacJie TIpyu pa3TuIHOM HATTPSIKEHHOCTH 3JIeK-
TPUUECKOTO I10JIsI, JaHHBIE IMOIy4YeHbI B peKMMe KOHTposiupyeMoii ckopocTu caura (CSR). YacToTHbIe 3aBUCUMOCTH MOYJIeit Ha-
KoruieHust v riotepb st 1 mac. % cycnensur MK npu HECKOIBKMX 3HAUSHUSIX HAMPSKEHHOCTH 3JIEKTPUYECKOTO 110J1sT (B). 3aBU-
CUMOCTb CTATUYECKOTO TIpeiesia TeKyJecTH (T) Y ITIOTHOCTY TOKA YTEeUKH (1) OT HATIPSDKEHHOCTH JIEKTPUIECKOTO TIOJISI B ABOM-
HBIX JIorapu(MUYECKMX KOOPAMHATAX, JaHHBIC MTOJy4eHbl B peXXMMe KOHTpoJupyemMoro HanpsikeHust casura (CSS). Hakiion
3aBUCHUMOCTEN k CBUIETEILCTBYET O MEXaHU3Me 3JIeKTpopeosiorndeckoro addexra (r). M3MeHeHre ceTMMEeHTalMOHHOTO OTHO-
meHust R Bo BpeMenu wist 1 mMac. % cycniensnit MKI1L u HLL B onuBKoBOM Macie (e).

MPOBOISIIETO MEXaHU3Ma, a MPOMEXYTOUHbIE 3Ha-
YeHUs CBUACTENILCTBYIOT O 00Jjiee CJIOXKHBIX Ipolieccax
1 BOBJIEYEHUU JOTOJHUTENbHBIX (haKTOPOB B Mexa-
HU3M 3(peKTa, CBI3aHHBIX, HAIIPpUMED, ¢ popMUpoOBa-
HHEM BOIOPOMHBIX cBsi3ei [16]. OTMeTUM HelnHe-
HBIIA POCT 3HAYEHU JI51 JIEKTPOPEOJTOTNUECKOMN K-
KkocTtu, HamojHeHHoit MKII. [ns ucciaemyeMbIx
CYCIIeH3UI k TpUHUMAaeT 3HauyeHue 1.2 I cycIieH-
suu H1I u usmensiercst ot 2.2 1o 0.9 (6au3ko K 1) B
ciayyae MKII. AHaTOrM4HbIM epexo/ OT Mospu3a-
LIMOHHOTO MeXaHW3Ma K MPOBOMASIIEMY WJIM HAChI-
IIEHHOM MOoJsIpU3alU C POCTOM HAMPSKEHHOCTU
T10J151 HAOJTIoAaIu paHee B psifie SKCIIEpUMEHTaTbHBIX
pa6or [19, 46]. [Ipu 3TOM BKJIad MPOBOAMMOCTHU B
3JIEKTpOpeoJioTuYecKoe nopeaeHue cycrieHsuit HII
TaKXe SIBJSIETCS CYIIECTBEHHBIM, O YeM CBUJIETEJb-
CTBYIOT 3HaU€HMUS TUIOTHOCTU TOKA YTEUKU, TTPOTEeKa-
IOIIETO Yepe3 CYCIIEH3WIO IPpU BO3JAECHCTBUM 3JIEK-
TPUYECKOTO T10J1s (pHC. 21). 3HAYeHUS IUIOTHOCTH TOKA
BO3PACTAIOT C POCTOM HaIPSIXKEHHOCTU 3JIEKTPUUYECKO-
10 T1oJ1s1. OTMETHM OO0J1ee OBICTPBIN POCT 3HAYCHUWI JIJIST
cycnensnu HII o cpaBaenmio c MKII. OmHako abco-
JIIOTHBIE 3HAYEHUSI OCTAIOTCS KpaiftHe HUBKUMU U HE
npesbiaioT 4 MKA/cMm?. OGHapy:KeHHBIE pasIndns
B ME€XaHU3Me 3JIEKTpopeoiornuyeckoro acdexra cyc-
neH3uit MKII u HII yka3piBaoT Ha pa3HyIO CTPYK-
TYPHYIO OpraHu3alMIo YacTUIl B IUCIEPCUN.
KOJIJIOMOHBIN XYPHAI Ne 3
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[ OlleHKW KOHTPACTHOCTU M3MEHEHUsI PeoJio-
TMYECKOTO OTKITUKA IO NEUCTBUEM IJIEKTPUIECKOTO
TOJISI UCITOJIB3YIOT MOHSITUE OTHOCUTENIbHO adek-
TUBHOCTH [47]:

T~ T
Efory =—,
Ty

(1)

rae T, — Ipenesl TeKyJecTH KUIKOCTH, Ty — TIpemes
TEKYYECTH XUAKOCTU TIPU 3aJaHHON HANpPsSKEHHO-
CTU 3JIEKTPUYECKOTO TOJIS.

OueBUIHO, YTO UCTIONIB3YEMOE YPABHEHME SIBIISIETCS
KpaiiHe TIpUOJIVXKEHHBIM, HE YUMTHIBAET KOHIIEHTpa-
110 JrcTiepCcHOM (ha3bl U HAMPSIKEHHOCTh SJIEKTpUYE-
CKOTO TIOJISI, M TIO9TOMY HE€ ITO3BOJISIET KOPPEKTHO
CpaBHUTH 3(HEKTUBHOCTh XUAKOCTENW Pa3IMYHBIX
cocTaBoB. Tak, 6oJjiee KOPPEKTHBIM BUIUTCS OlLIEHKA
3(HEeKTUBHOCTU C YYeTOM BBbIIlIEyKa3aHHBIX Tapa-
METPOB COITIaCHO ypaBHeHUIo | 16]:

T — T
ToE, . ®,

OTH

Kaq)q; = (2)
rne E,,,, — HOpDMUPOBaHHasl HaIPSIXEHHOCTb 2JIEK-
TPUYIECKOIO MOJIAd, OTH. €I.; 0, — HOJII HaIlOJIHUTE-
JId, OTH. €.

OueHka 110 ypaBHEeHUIO (2) BCce paBHO OCTaeTCs OT-
HOCUTEJIbHOM BBUIY HEOTIPEEICHHOCTH TTapamMeTpa T:
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Ta6mmma 1. OtHocHuTenbHas 3 HeKTUBHOCTD 1 Mac. % 31eKTPOPEOIOrMIeCKUX XKUIKOCTE Ha OCHOBE OJIMBKOBOTO MacC-

na, HanoJHeHHoro MKII u HII

HanpsizkeHHOCTD MKILI HILI
2JIEKTPUYECKOTO OIS,
KB/MM Ef,.,, OTH. en. Kspg» OTH. €l Ef,., , OTH. en. K,4q, OTH. en.

1 60 6040 260 26010
2 300 14850 540 27190
3 650 21630 1100 36550
4 770 19350 1340 33490
5 1090 21860 2000 39980
6 800 13270 3000 49980
7 1230 17590 — —

IUTST JKUIIKOCTEH 0e3 Tipenena TeKydyeCTH OOBIMHO HC-
MOJIL3YIOT 3HaUeHue HanpstkeHust casura 0.1 Tla. Pac-
CYMTAHHBIE 3HAYEHUsI OTHOCHUTEJIBHOM 3(p(peKTUBHO-
ctu xuakocreit, HamomHeHHbIXx MK 1 HII, 1o ypaB-
HeHusM (1) u (2) mpuBeneHs! B Tad. 1. BuaHo, 4yto
3(pPeKTUBHOCT, O0OMX KMAKOCTEM BO3pacTaeT C
yBEJIUYEHHUEM HAIIPSKEHHOCTH 3JIEKTPUUYECKOIO I10-
JIs1, a 3HaYeHwus it cycnensuii HIL no 4 pa3 6osnblie
no cpaBHeHUIO ¢ obpasuom MKII. IMopsnok Beau-

YMHBI OTHOCUTEJIbHOM 3(HEKTUBHOCTH K., 4, JOCTH -

raet 10* (10°%). Takum 06pa3om, HaOIIOIAETCA KOH-
TpacTHO€ M3MEHEHHE OTKJIMKA 3JIEKTpOopeoJiornye-
CKVX XUIKOCTEMN.

CennMeHTAIMOHHASI YCTOMYMBOCTb CYCIICH3MWIA
HE3aBUCUMO OT TUIIA LIEJJIIOJIO3HBIX YaCTULl OKAa3bI-
BaeTCsl HEBBICOKOIT, YTO CBHUAECTEIBCTBYET O ILJIOXOM
CPOICTBE HAIOJHUTEISI U TUCIIEPCUOHHOM Cpedbl, 1
arperalMu 4JacTuu. Tak, paBHOBECHOE cequMEHTa-
LMOHHOE OTHOIIIEHNE JOCTUTAeTCs 3a 2.5 9 ¥ COCTaB-
nsiet ~20%. BeposiTHO, TOBEpXHOCTHAS. MOAU(UKALIS
YaCTULI MOXET IMOBBICUTh CTAOMIBLHOCTD XXUAKOCTEH, 1
SIBJISIETCSI TIPEAMETOM NaJIbHEMIINX HcclienoBaHmii. [la-
Jiee paCCMOTPUM Pa3INyus B JIEKTPOPEOIOTMIECKOM
noseneHuu cycrieH3uii MKII u HII B oimBKOBOM Mac-
JIe C TO3ULINIA 3JIEKTPO(PU3NIECKUX XapaKTEPUCTUK.

HusnexkTpudeckue crekTpbl cycnensuii MKII,
HII, a TakxXe 4yMCTOro OJIMBKOBOTO Macja Tpe-
cTaBjieHbl Ha puc. 3. CrekTpbl AURIEKTPUYECKON
MPOHUIIaeMOCTU (€') U TIoTepb (€') CBUAETEIbCTBY-
0T O HAJIMYMU peJlaKCallMOHHBIX MPOLIECCOB B MC-
ClIeyeMbIX  DJIEKTPOPEOJOTUYECKUX  KUIKOCTSIX.
IlepBblii U3 HUX — BBICOKOYACTOTHBIM, PacrooXeH
B MerareploBoil o0yiacTU CIieKTpa, MPUCYTCTBYET
TaK>K€ B YHCTOM OJIMBKOBOM Macje, W, BBUIY CBOETO
MaJIoro BpeMEHM pejlaKkcallui, He OKa3bIBaeT BIIMSI-
HUS Ha 2JIeKTpopeosiornyeckuii 3¢deEKT U He Tpel-
CTaBJIIET UHTEpeca JUisl aHajlu3a B IaHHOU paboTe.
Haomnronaemblit Ha 0ojiee HU3KUX YaCTOTaX UCCIIENO-
BaHHBIX 3aBUcuMocteil €'(f) u €"(f) nmuK auanek-
TPUYECKOM pesiakcaliu 00yCIOBIIeH ITPOLECCOM TT0-
JIIpU3aliuy HallOJIHUTENS Y CBSI3aH C NoJisipu3anuei

Makcsemia—Baraepa—Cuiapca Ha rpaHUIIE pas3fe-
Ja (a3 emMHUYHBIX YaCTUIl LEJJTI0JIO3bl, OKPYKEH-
HBIX XMOIKOM OU3JIEKTPUIECKOil pa3oii, Tak KaK OT-
HOCHUTEJIbHAsI NU2JEKTpUUYecKass TMPOHUIIAeMOCTh
OJIMBKOBOTO MacJjla MpaKTUUECKU HE 3aBUCUT OT YaCTO-
TBI, a KO3 GUIIMEHT ITOTePh Ha MOPSIIOK MEHBIIIE, YeM
B cycnieH3usx MKII n HLI. Poct nnanekTpuyecKux rmo-
Tepb B HU3KMX 4YaCTOTaX OOYCJOBJIEH MPOBOAUMO-
CTBIO Yepe3 OUAJIEKTPUYSCKYI0 Cpely M CBSI3aH C
KPYITHBIMM arjioMepaTaMy KOHTAaKTUPYIOIINX MEXIY
0001 YacTU1I LIEJTIOIO3bI.

Kak BuaHO M3 mpeacTaBJeHHBIX Ha PUC. 3 CIIeK-
TPOB, UIJECKTPUUECKAS IPOHULIAEMOCTh CYCIIEH3UIA
HII na 14—17% sBbiie, yem MKII. Habmronaembie
pa3Indyrs MOTYT OBITh CBSI3aHBI C POCTOM JIOJIM MEX-
¢a3HBIX TPaHUILL U TTOBEPXHOCTHBIX COCTOSIHUN MPU
YMEHBIIIEHUN pa3MePOB YyacTull. [ KOJIMYEeCTBEH-
HOT'O aHaJin3a AUBJIEKTPUYECKME CIIEKTPHI alllIpOK-
cuMupoBaiii ypaBHeHueM [aBpunsika—Heramu:
groe 28, 88 ;0 @

(1 + (i(m:l)“‘) l (1 + (i(MZ)“Z) g

rae © = 27f — LMKIMYecKas 4yacToTa, T, — BpeMsl pe-
JlaKcallMy TOJISIPU3alIMOHHOrO Tpoiiecca, oL U 3 —
IoKa3aTeJIM, CBSI3aHHBIE C pacIipeAcIeHueM BpeMeH
penakcanuu, €, IUAJIEKTpUYecKasl IIPOHUIIae-
MOCTb B BBICOKOYACTOTHOM Mpeaese, A€ =€, — €, —
MHTEHCUBHOCTbD PeJIaKCallMOHHOTIO ITPOoIecca, TaKKe
Ha3blBacMasi CUJION pelakcaluu, €, — IUAJIEKTpUYE-
cKasl IPOHMULIAeMOCTb IIpU HU3KOM yactoTe. MHaeK-
cbl 1 12 0603HAYaI0T COOTBETCTBYIOIIMIA pejlaKcali-
OHHBIN npouecc. [TocnenqHuii wieH B ypaBHeHuH (3)
OMNMChIBAET BKJIAJ MPOBOIUMOCTU B CHEKTP IMIJIEK-
TPUUECKUX IOTEPD, [IE €, — AEKTPUUYECKast TOCTOSTH-
Hasl, G, — MPOBOIMMOCTb Ha MTOCTOSTHHOM TOKe. Pe-
3y/IbTaThI allIIPOKCUMAIIK TIPUBEACHBI Ha puc. 30, 3B.

JJ1s1 TI0JTy Y€ HYSI BLICOKOTO 3JIEKTPOPEOJIOTMIECKOTO
OTKJIMKA peJlaKcallys JO/DKHA HAaXOOUThCS B TMAIIa30-
He 10>—10° T, a MHTEHCUBHOCTb PEJAKCALMOHHOIO
npouecca A€ JoIKHaA OBITh KaK MOXKHO 00Jiee BBICO-

KOJUIOUOHBIN XYPHAJT Ttom 85 Ne3 2023
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Puc. 3. CieKTpbl AU3JIEKTPUIECKOM MTPOHULIAEMOCTH (3aKpallleHHbIe TOUKH) U IOTePh (IYCThIe TOUKM) OJIMBKOBOIO Maciia (Tpe-
yronbHUKM) U cycnien3uit MKII (kBagpatel) 1 HII (kpyru) mpu KoMHaTHOM TeMIiepaType (a) U TeMIiepaTypHble 3aBUCUMOCTH
CTEKTPOB nuasieKTpruieckux rmorepb cycrieH3nit MKII (6) u HLI (B). JIuHum — anmpokcuManust JaHHBIX COTIACHO YPAaBHEHUIO
(3). Ha BcraBkax (6, B) IpencTaBIeHbl 3aBUCUMOCTY IPOBOAUMOCTY Ha IIOCTOSIHHOM TOKE (G()) 1 0OpaTHOIO BpEMEHU peslaK-
cauuu (1/1) B KoopauHaTax AppeHuyca, TMHUU — JIMHeHas annpoKcuMalius.

Kot [48]. ANpOKCUMHPOBAHHbBIC YaCTOTHBIC 3aBH-
CUMOCTHN IEWCTBUTEIBHONM W MHUMOI 4YacTer Iu-
DJIEKTPUYECKOM ITPOHMILIAEMOCTH NAIOT 3HAYCHUS
cunbl penakcaruu 0.03 = 0.01 1 0.22 = 0.02 g1 cyc-
nen3uit MKII 1 HII, coorBeTCTBEHHO, M1 YaCTOTY pe-
nakcauuu nopsaka 10 T, TakuM 06pa3om, HECMOT-
psI Ha OTHOCUTEILHO HEBBICOKUE 3HAUYeHUS A€, CyC-
MEeH3UU 00JIafaoT MOJISIPU3ALIMOHHBIM OTKJIMKOM Ha
3JIEKTPUYECKOE M0oJIe ¢ HEOOXOAUMOI CKOPOCTHIO.

Ha TemmniepaTypHbIX 3aBUCUMOCTSIX IUBJIEKTpUYE-
cKkux notepsb st oopasznos MKII n HII nabmonaercs
yBeJIMYEHUEe UHTEHCUBHOCTU U CIBUT THMKa B 00JIaCTh
BBICOKHX YaCTOT C pOCTOM TemIiepaTypsl (puc. 30, 3B).
CoOTBeTCTBYIOIIME 3HAYCHUSI IIPOBOIMMOCTH Ha IO~
CTOSIHHOM TOKE (G,) U 00paTHOIO BPEMEHU pejlakca-
uu (1/7) pu pas3IUYHbBIX TeMIlepaTypax, MoJiydeH-
HbIE alllIpOKCUMaIeil AU3IEKTPUUECKUX CIIEKTPOB
ypaBHeHHeM (3) IIpuBeIeHbl Ha BCTaBKax puc. 30, 3B
B AppeHUYCOBBIX KOOpAWHaTax. JInHeliHast anmpok-
cUMalUs JaeT 3HAYeHUSI DHEPIUMU aKTUBALUU ITPOBO-
JIMMOCTH M BpeMeHU pejlakcauuu B cycneH3nsx MK
51 £ 1u 14 + 1 k[x/Monb, a B cycrieHausix HLI —
41 £ 1 1 10 = 1 x/Ik/MOJIb COOTBETCTBEHHO. Pasznu-
Yus B DHEPIUSIX aKTUBALIMK IIPOBOINMOCTH M TIOJISI-
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pu3anuu 00yCIOBIEHBI TeM, YTO BpeMsl peaKcaiuu
nojsipu3anuu Mo MexaHusMmy MakcBesia—BarHepa
OIpeaessieTcs TOJIbKO MTPOBOAUMOCTBIO YACTHI] LIeJI-
JIIOJIO3bI, @ TIPOBOAMMOCTD BCEii CYCITIEH3UU B HU3KO-
YaCTOTHOM TIpefiesie OIpeaesisieTcsl He TOJIbKO MPOBO-
JIUMOCTbBIO YaCTULL, HO Y TIPOBOJVMMOCTbBIO TU3IEKTPH-
YECKOU Cpelbl, pa3ielisolleid UX — OJIMBKOBOIO MacJa.
JleACTBUTEIbHO, MPOBOAMMOCTh cycneH3uii HII mpu
KOMHATHOI TeMIiepaType Ha HU3KUX YacToTax B Ipe-
Jieyiax MOrPEelIHOCTU COOTBETCTBYET MPOBOAUMOCTU
MKII — ona cocrasasier 2.0 X 10~ Cm/cMm npoTus
1.8 x 10~ Cm/cm B MK, ipu 1.9 x 10~ Cm/cm y
YUCTOTO OJIMBKOBOTO Maca.

SAKJIIOYEHHME

IToka3zaHa nepCIIeKTUBHOCTh UCIOIb30BaHMS Ha -
TypaJbHBIX MaTepUaliOB JISI CO3JaHUsI BBICOKO3(-
(GeKTUBHBIX HU3KOKOHIICHTPUPOBAHHBIX 3JIEKTPO-
PEOJIOTMYECKUX XXKUIKOCTEM C KOHTPACTHBIM ITePeX0-
JIOM OT BSI3KOTO ITOBEACHUS K TBEPAOIIOT00HOMY ITOJ,
JIeiicTBUEM BJIeKTpUUecKoro nos. [1pu KoHlLeHTpa-
LIUY HATTOJTHUTENIST 1 Mac. % B CyCHIEH3MM OTKITVK KW~
KOCTEI OCTaeTCsl YMCTO BSI3KUM, HE3aBUCUMO OT THUIIA
LIEJUTFOJIO3HBIX YaCTULL: 00pa3sLibl MPOSIBIISIIOT HBIOTO-
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HOBCKO€ IOBeJAeHNE, B JMHAMUYECKOM PEXUME JIiE-
TEKTUPYETCSI TOJIBKO MOJIY/Ib IOTEPh. YMEHBILIEHUE
pa3Mepa JacTUIl M COOTBETCTBYIOLLIEE YBEIMUCHUE Xa-
pakTepucTUIecKoro oTHoueHus (qactuisl HIT) mpu-
BOISAT K YCUJICHUIO 3JIEKTPOPEOIOrnIecKoro appek-
Ta U IOBBIILIEHHBIM 3HAYEHUSIM IIpeleia TeKYy4eCTHu
CYCIIEH3UM B 3JIEKTPUYECKOM IT0JIE 10 CPABHEHMUIO C
KMIKOCTBIO, HAIToTHeHHOI yactuiramu MKII.

PasMep yacTu1 HAIIOJTHUTENSI OKA3bIBAET Cylle-
CTBEHHOE BJIUSIHUE Ha BJIEKTPOPU3NYECKUE CBOIi-
CTBa CYCIICH3UIi: yMEHbIIICHUE pa3Mepa IPUBOAUT K
YMEHBIIEHUIO BPEMEHMN peJaKCalluM ITOJIsSIpU3aliu-
OHHOTO IIpoliecca U ero 3HEPrum akTuBauuu. Mame-
HEHHUE CBSI3aHO C yBeJIMUYECHUEM JIOJIM MOBEPXHOCT-
HBIX COCTOSTHMIA B CyCIIeH3MsIX. PocT muaiieKkTpuye-
CKOM TIPOHUIIAEMOCTH U BKJIaaa IMTPOBOAUMOCTHU TIPU
Hu3Ko# yactoTe misg cycriensnit MKII n HII taxke
MPOSIBJISICTCS B pa3/IMYMSIX 3HAYCHUI TOKA YTEYKU BO
BpeMSI BIIEKTPOPEOJIOTMUECKUX SKCIIEPUMEHTOB. bo-
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Puc. 4. Macc-cIieKTp OJIMBKOBOIO Macjia B Juara3oHe
macc 100-1000, monoKuTeNbHAsE MOHU3ALIS.

(a)

—_ NN
Wb O W
T T T

—_
o
T

9]

KonnuectBo yactuig

N

10 20 30 40 50 60 70 80
JimHa, MKM

(=)

Jiee CyIIeCTBEHHBIN POCT 3HAYSCHUI TOKA yTEYKM Ha-
omropaeTtcs s cycrieH3uu ¢ HII, omHako He MpeBhI-
maer 4 MKA/CM?, 4TO TOATBEPXKIAET OE30MACHOCTh
JaJIbHEHIIEro IMPakKTUIYECKOTro IMPUMEHEHUST UCCIIeIye-
MBIX kKungkocTeii. TeM He MeHee, BOIPOCHI CTapeHUS 1
TEMIIEPATYPHOII YCTOMUYMBOCTHU >KMIOKOCTEU OCTAINCH
3a paMKaMU IIpeacTaBJIEHHBIX UCCICIOBAHUIA.

ITPUJIOKEHUE

OnmBKOBOE MAacjao OBIIO IPOaHAJM3UPOBAHO B
COOTBETCTBUU C paHee MPEMTOKECHHBIM MTOAX0A0M
[49]. Obpa3ell pacTBOPSLIM B METaHOJI€ B COOTHOIIIE-
Huu 1/1000 u aHaIM3MpPOBaIU METOJIOM MaCC-CIIeK-
TpoMeTpuH ¢ nmomolbio Agilent 6495. B pesynbrarte
aHaju3a ObUIM OOHapy>XeHbl MOHbI, XapaKTEepHbIE IS
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Puc. 5. 3aBucumocTs MomyJist moteps (G'') ot necdbopma-
iy i 1 mac. % cycniensun MKII B 0IMBKOBOM MacJe
MPU Ppa3INIHON HAMPSIKEHHOCTU 3JIeKTPUYECKOTO TOJIS,
yacrota usmepeHuit 10 I'u. Cepoit MyHKTUPHOI JIMHUEH
OTMeueHa BeJMYrHa nedopmaluu, aajaee ucrnosb3yemast
IS HAXOXKIEH WS YaCTOTHBIX 3aBUCMMOCTE MOIyJIei Ha-
KOTUIEHUSI U TOTEPb.
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Puc. 6. Tucrorpammel pacrnipeneneHus yactuii, MKILI mo pasmepam: muHe (a) u quametpy (6). J1st aHamm3a MCTIOb30BaHbI
N300paxkeHUsT KaK ONTUYECKOM, TaK M paCTPOBOI 3JIEKTPOHHON MUKPOCKOITUH.
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OJIMBKOBOTO Macjia: aMMOHUEBBIN aIIyKT TpHOJIeHUHA
Cs;H 0404 (m/z = 904.8) — OCHOBHOI1 TPUTTULIEPU
OJIMBKOBOTO MacJja, TMPOAYKT €ro AajbHeunIei nuc-
coruaunu (m/z = 603.1; 878.1), a TakKke aMMOHME-
BbII anayKT Tpuriuiepuaa POO (maabMUTUHOBBIN 1
JIBa OJICMHOBBIX ocTaTKa) (m/z = 875.1), KOTOpHIii SIB-
JISIeTCS BTOPBIM HanboJiee pacIpoCcTpaHeHHBIM TPUT-
JINIIEPUIIOM B OJTMBKOBOM Maclie.

OMHAHCHUPOBAHUE PABOThI

PaGoTa BbITTOTHEHA TIPU YaCTUYHOM (prHAHCOBOI MO~
nepxke loczamanmst HUL “KypuatoBckmii MHCTHUTYT”.
HccnenoBanue Mop¢hoJIOTUY YaCTHUIL LIEJUTIOJIO3bI BBIIOJ -
HeHo B pamkax rpaHta PH® 22-73-1008]1.

BJIIATOJAPHOCTHU

ABTOpBI BBIpaXKaloT 0J1arogapHOCTb PECYPCHBIM 1I€H-
TpaMm “Hano3oHn”, “Dnekrtpodusmka” m “Ilomumep”
HWII “KypuyatoBcKuii ”HCTUTYT” 3a BO3MOXKHOCTD IIPO-
BeIEeHUsI MCCIIeNOBaHUi. ABTOpBHI MHpU3HATEIbHBI K.(.-
M.H. P.A. KaMblmmHCcKOMY 3a TIpoBeAeHUE UCCIeA0BaHU
2JIEKTPOHHOUM MUKpockonuu u A.A. CTYyITHUKOBY 3a ITO-
MOIIb B MPOBEACHUU UCCIETOBAHUI ONITUYECKON MUKPO-
cKomnuHu, a Takke K.papm.H. C.B. AnemnHy 3a uccliieaoBa-
HUSI METOJIOM MacC-CIEKTPOMETPUH.

KOH®JIMKT MHTEPECOB

ABTODBI 3aSIBJISTIOT, YTO Y HUX HET KOH(JIMKTA MHTEPECOB.

CIITUCOK TUTEPATYPBHI

1. Warner J.C., Cannon A.S., Dye K.M. Green chemistry //
Environmental Impact Assessment Review. 2004.
V. 24. Ne 7—8. P. 775—799.
https://doi.org/10.1016/j.eiar.2004.06.006

2. Anastas P., Eghbali N. Green chemistry: Principles and
practice // Chemical Society Reviews. 2010. V. 39.
Ne 1. P. 301-312.
https://doi.org/10.1039/b918763b

3. Converging Technologies for Improving Human Per-
formance: Nanotechnology, Biotechnology, Informa-
tion Technology and the Cognitive Science / Eds. Roco
M.C., Bainbridge W.S. Arlington, Virginia, 2002.
482 p.

4. Kosanvuyk M.B., Hapaiikun O.C., Ayuwuna E.b. Tpu-
pPOIOTIONOOHBIE TEXHOJIOTUN: HOBbIE BOBMOXXHOCTH U
HOBBIE BBI3OBHI // BecTHuk Poccuiickoit akageMuun
Hayk. 2019. T. 89. Ne 5. P. 455—465.
https://doi.org/10.31857/S0869-5873895455-465

5. Meng H., Li G. A review of stimuli-responsive shape
memory polymer composites // Polymer. 2013. V. 54.
Ne 9. P. 2199—-2221.
https://doi.org/10.1016/j.polymer.2013.02.023

6. Musarurwa H., Tavengwa N.T. Stimuli-responsive poly-
mers and their applications in separation science // Re-
active and Functional Polymers. 2022. V. 175.
P. 105282.
https://doi.org/10.1016/j.reactfunctpolym.2022.105282

Ne 3 2023

KOJMJIOVOHBIN KYPHATT  ToMm 85

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

347

beszcyonoe U.B., Xmeavhuuyras A.I., Kaaununa A.A. u op.
Marepuaiibl U KOHCTPYKIUY IUDJIEKTPUIECKUX aKTIO-
atopoB // Yenexu xumun. 2023. T. 92. RCR5070.
https://doi.org/10.57634/RCR5070

. 3apunos A.K. Ynipyrue cBOMCTBa MAarHUTHBIX XKUIKO-

creit // Kommoumnerit xypuan. 2021. T. 83. Ne 6.
C. 634—643.
https://doi.org/10.31857/S0023291221060185

Pycakos B.B., Paiixep I0./I. HenuneiiHast BOCIIPUUM-
YUBOCTb BSI3KOYITPYToro (eppoKojuionna: BIUSHUE
nosst cmetneHus // KomtonnHelii xypHain. 2022. T. 84.
Ne 6. C. 780—792.
https://doi.org/10.31857/S002329122270001X

Murashkevich A.N., Alisienok O.A., Zharskii 1. M. et al.
Modified titania and titanium-containing composites
as fillers exhibiting an electrorheological effect // Inor-
ganic Materials. 2013. V. 49. Ne 2. P. 165—171.
https://doi.org/10.1134/S0020168513020209

Aeagonos A.B., Kpaee A.C., Iepacumosa T.B. u Op.
CBOICTBa 3JIEKTPOPEOJOTMUECKUX KUIKOCTEH Ha OC-
HOBE HAHOKPHMCTAJNTMYECKOro AWOKCHIA Lepus //
XKypHan Heopranuueckoit xumuu. 2017. T. 62. Ne 5.
C. 627—635.
https://doi.org/10.7868/S0044457X17050026

Metayer C., Sterligov V.A., Meunier A. et al. Field in-
duced structures and phase separation in electrorheologi-
cal and magnetorheological colloidal suspensions // Jour-
nal of Physics-Condensed Matter. 2004. V. 16. Ne 38.
P. S3975—S3986.
https://doi.org/10.1088,/0953-8984/16/38/015

Park D.E., Chae H.S., Choi H.J. et al. Magnetite-poly-
pyrrole core-shell structured microspheres and their
dual stimuli-response under electric and magnetic
fields // Journal of Materials Chemistry C. 2015. V. 3.
Ne 13. P. 3150—3158.
https://doi.org/10.1039/c5tc00007f

Kim H .M., Jeong J.Y., Kang S.H. et al. Dual electror-
heological and magnetorheological behaviors of po-
ly(N-methyl aniline) coated ZnFe,O, composite
particles // Materials. 2022. V. 15. P. 2677.
https://doi.org/10.3390/mal5072677

MR Fluid Brake [Electronic resource] // Akebono
Brake Industry Co., Ltd. URL: https://www.akebono-
brake.com/english/product_technology/technology/
next_generation.html (accessed on March 15, 2023).

Kuznetsov N.M., Kovaleva V.V., Belousov S.1. et al. Elec-
trorheological fluids: From historical retrospective to
recent trends // Materials Today Chemistry. 2022.
V. 26. P. 101066.

https://doi.org/10.1016 /j.mtchem.2022.101066

Kuznetsov N.M., Bakirov A.V., Banin E.P. et al. In situ X-
ray analysis of montmorillonite suspensions in
polydimethylsiloxane: Orientation in shear and electric
field // Colloids and Surfaces A: Physicochemical and
Engineering Aspects. 2021. V. 622. P. 126663.
https://doi.org/10.1016/j.colsurfa.2021.126663

Kuznetsov N.M., Vdovichenko A.Y., Bakirov A.V. et al.
The size effect of faceted detonation nanodiamond par-
ticles on electrorheological behavior of suspensions in
mineral oil // Diamond and Related Materials. 2022.
V. 125. P. 108967.
https://doi.org/10.1016/j.diamond.2022.108967



348

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

KY3HELOB u ap.

Kysneyos H.M., Kosanesa B.B., 3aeockun 10.J]. u dp.
Ocob6eHHOCTH MTPUMEHEHUSI KOMITO3ULIMOHHBIX ITOPH -
CTBIX TTOJIMMEPHBIX YaCTHIL B Ka4eCTBE HAIOJHUTEIeH
3JIEKTPOPEOJOrMIeCKUX Kuakocreir // Poccuiickue
HaHotexHonoruu. 2021. T. 16. Ne 1. C. 125—132.
https://doi.org/10.1134/S199272232101012X

Ma N., Dong X. Effect of carrier liquid on electrorheo-
logical performance and stability of oxalate group-
modified TiO, suspensions // Journal of Wuhan Uni-
versity of Technology-Mater. Sci. Ed. 2017. V. 32. Ne 4.
P. 854—861.

https://doi.org/10.1007 /s11595-017-1679-6

Sokolov M.A., Kuznetsov N.M., Belousov S.1. et al. Ef-
fect of the dispersion medium viscosity on the electro-
rheological behavior of halloysite suspensions in
polydimethylsiloxane // ChemChemTech. 2021. V. 64.
Ne 11. P. 79-85.
https://doi.org/10.6060/ivkkt.20216411.6402

Korobko E.V., Novikova Z.A. Features of the mechanisms
of conductivity of the electrorheological fluids with dou-
ble doped TiO, particles under external temperature ef-
fects // Frontiers in Materials. 2019. V. 6. P. 1-9.
https://doi.org/10.3389/fmats.2019.00132

Li X., Yan G., Wang J. et al. Effect of a temperature
threshold on the electrorheological performance of
ionic liquid crystal polyanilines // Journal of Molecular
Liquids. 2021. V. 326. P. 115299.
https://doi.org/10.1016/j.molliq.2021.115299

Koesanesa B.B., Kyzuneyoe H.M., Boosuuenxo A.FO. u op.
BaussHue TtemrmiepaTypbl Ha B3JEKTPOPEOJIOTHIECKOE
MOBEACHNE YaCTHUII TOPUCTOIO XUTO3aHA B ITOTUANME-
tuacunokcane // Joknanel Poccmiickoii akameMuu
HayK. XuMmusi, HayKu o marepmainax. 2022. T. 502.
C. 54-59.
https://doi.org/10.31857/S2686953522010071

Wen W., Huang X., Yang S. et al. The giant electrorheo-
logical effect in suspensions of nanoparticles // Nature
Materials. 2003. V. 2. Ne 11. P. 727—730.
https://doi.org/10.1038 /nmat993

Shen R., Wang X., Lu Y. et al. Polar-molecule-dominat-
ed electrorheological fluids featuring high yield
stresses // Advanced Materials. 2009. V. 21. Ne 45.
P. 4631—4635.
https://doi.org/10.1002/adma.200901062

Li J., Gong X., Chen S. et al. Giant electrorheological
fluid comprising nanoparticles: Carbon nanotube
composite // Journal of Applied Physics. 2010. V. 107.
Ne 9. P. 093507.

https://doi.org/10.1063/1.3407503

Lee S., Lee J., Hwang S.H. et al. Enhanced electrore-
sponsive performance of double-shell SiO,/TiO, hol-
low nanoparticles // ACS Nano. 2015. V. 9. Ne 5.
P. 4939—-4949.

https://doi.org/10.1021/nn5068495

Lee S., Yoon C.-M., Hong J.-Y. et al. Enhanced electro-
rheological performance of a graphene oxide-wrapped
silica rod with a high aspect ratio // Journal of Materials
Chemistry C. 2014. V. 2. Ne 30. P. 6010—6016.
https://doi.org/10.1039/C4TC00635F

Noh J., Yoon C.M., Jang J. Enhanced electrorheological
activity of polyaniline coated mesoporous silica with
high aspect ratio // Journal of Colloid and Interface

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Science. 2016. V. 470. P. 237—-244.
https://doi.org/10.1016/j.jcis.2016.02.061

Agafonov A.V., Kraev A.S., Teplonogova M.A. et al. First
MnO,-based electrorheological fluids: High response
at low filler concentration // Rheologica Acta. 2019.
V. 58. Ne 11-12. P. 719—728.
https://doi.org/10.1007/s00397-019-01175-7

OhS.Y., Oh M.K., Kang T.J. Characterization and electro-
rheological response of silica/titania-coated MWNTs syn-
thesized by sol—gel process // Colloids and Surfaces A:
Physicochemical and Engineering Aspects. 2013.
V. 436. P. 354—362.
https://doi.org/10.1016/j.colsurfa.2013.06.037

Kuznetsov N.M., Belousov S.1., Kamyshinsky R.A. et al.
Detonation nanodiamonds dispersed in polydimethylsi-
loxane as a novel electrorheological fluid: Effect of nano-
diamonds surface // Carbon. 2021. V. 174. P. 138—147.
https://doi.org/10.1016/j.carbon.2020.12.014

Kuznetsov N.M., Zagoskin Y.D., Vdovichenko A.Y. et al.
Enhanced electrorheological activity of porous chi-
tosan particles // Carbohydrate Polymers. 2021. V. 256.
P. 117530.
https://doi.org/10.1016/j.carbpol.2020.117530

Choi K., Gao C.Y., Nam J. Do et al. Cellulose-based
smart fluids under applied electric fields // Materials.
2017. V. 10. Ne 9. P. 1060—108]1.
https://doi.org/10.3390/ma10091060

Kovaleva V.V., Kuznetsov N.M., Istomina A.P. et al. Low-
filled suspensions of a-chitin nanorods for electrorheo-
logical applications // Carbohydrate Polymers. 2022.
V. 277. P. 118792.
https://doi.org/10.1016/j.carbpol.2021.118792

boeoanosa O.U., Yeasyn C.H. IlpuponHbie U CUHTE-
TUYECKHE HAHOKOMIIO3UTHI Ha OCHOBE IOJIMCaxapu-
noB // BeicokoMoieKynsipHble coenuHeHus. Cepust A.
2016. T. 58. Ne 5. C. 407—438.
https://doi.org/10.1134/S0965545X16050047

boedanosa O.U., Hcmomuna A.1l., Yearyn C.H. Kom-
MO3UTHl HA OCHOBE HAHOYACTUIL XUTUHA U Ouopasia-
TaeMBIX MOJIMMEPOB 1T METUITMHCKOTO MPUMEHEHMST:
MoJIiydeHUe U cBoiicTBa // Poccuiickue HaHOTEXHOJIO0-
run. 2021. T. 16. Ne 1. C. 50—79.
https://doi.org/10.1134/S1992722321010039

Davies J.L., Blagbrough 1.S., Staniforth J.N. Electrorhe-
ological behaviour at low applied electric fields of mi-
crocrystalline cellulose in BP oils // Chemical Com-
munications. 1998. V. 19. P. 2157-2158.
https://doi.org/10.1039/a806533k

Sung J.H., Choi H.J., Jhon M.S. Electrorheological re-
sponse of biocompatible chitosan particles in corn oil //
Materials Chemistry and Physics. 2003. V. 77. Ne 3.
P. 778—783.
https://doi.org/10.1016/S0254-0584(02)00167-0

Hong C.H., Sung J.H., Choi H.J. Effects of medium oil
on electroresponsive characteristics of chitosan suspen-
sions // Colloid and Polymer Science. 2009. V. 287.
Ne 5. P. 583—589.
https://doi.org/10.1007/s00396-009-2006-3

Yavuz M., Tilki T., Karabacak C. et al. Electrorheological
behavior of biodegradable modified corn starch/corn oil
suspensions // Carbohydrate Polymers. 2010. V. 79.

KOJUIOUOHBIN XYPHAJT Ttom 85 Ne3 2023



43.

44,

45.

46.

HATYPAJIbHBIE BJIEKTPOPEOJIOTMYECKHWE XKNJIKOCTU

Ne 2. P. 318—324.
https://doi.org/10.1016/j.carbpol.2009.08.008
Kuznetsov N.M., Zagoskin Y.D., Bakirov A.V. et al. s
chitosan the promising candidate for filler in nature-
friendly electrorheological fluids? // ACS Sustainable
Chemistry & Engineering. 2021. V. 9. P. 3802—3810.
https://doi.org/10.1021/acssuschemeng.0c08793
Garcia-Morales M., Ferndndez-Silva S.D., Roman C. et al.
Preliminary insights into electro-sensitive ecolubri-
cants: A comparative analysis based on nanocelluloses
and nanosilicates in castor oil // Processes. 2020. V. 8.
Ne 9. P. 1060.

https://doi.org/10.3390/pr8091060

Zarubina A.N., Ivankin A.N., Kuleznev A.S. et al. Cellu-
lose and nano cellulose. Review // Forestry Bulletin.
2019. Ne 135. P. 116—125.
https://doi.org/10.18698,/2542-1468-2019-5-116-125

Zhang W.L., Deng L., Liu J. et al. Unveiling the critical
role of surface oxidation of electroresponsive behaviors in

KOMJIOVAHBIN JKYPHATT  Tom 85 Ne3 2023

47.

48.

49.

349

two-dimensional Ti;C,T, MXenes // Journal of Physical
Chemistry C. 2019. V. 123. Ne 9. P. 5479—5487.
https://doi.org/10.1021/acs.jpcc.8b11525

Jang H.S., Kwon S.H., Lee J.H. et al. Facile fabrication
of core-shell typed silica/poly(diphenylamine) com-
posite microparticles and their electro-response //
Polymer. 2019. V. 182. P. 121851.
https://doi.org/10.1016/j.polymer.2019.121851

lkazaki F., Kawai A., Uchida K. et al. Mechanisms of
electrorheology: The effect of the dielectric property //
Journal of Physics D: Applied Physics. 1998. V. 31.
Ne 3. P. 336—347.
https://doi.org/10.1088,/0022-3727/31/3/014

Goodacre R., Vaidyanathan S., Bianchi G., Kell D.B.
Metabolic profiling using direct infusion electrospray
ionisation mass spectrometry for the characterisation of
olive oils //Analyst. 2002. V. 127. Ne 11. P. 1457—1462.
https://doi.org/10.1039/B206037]J



