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JJ1st KOHTpOJIST PU3NYECKUX CBOMUCTB MOJISIPHBIX M HEMOJISIPHBIX XXKUJIKUX CPell TPOBEIEHO U3MEPEHUE Ma-
paMeTpoOB MOJIEJIbHBIX CUCTEM Ha OCHOBE Ba3eJIMHOBOTO U CUJIMKOHOBOTO MaceJl, a TAaKXe TIUIepUHa C Mo-
MOILBIO JIEKTPODU3UUECKHUX U aKYyCTOINEKTPUUECKUX METOIOB. DNeKTpOPU3ZNIECKUE UCCTIEAOBAHUS BbI-
noJyiHsutn ¢ momoibio LCR-meTpa Agilent E4980A u namepuTtesibHOM sTYeiiKU, COCTOSIIIEH U3 TTIPOOUPKU
OnneHaopda v AByX KOaKCUaJIbHBIX HUKEJIEBbIX 2JIEKTPOIOB, 00pa3ylolMX HUJIMHIAPUIYECKU KOHIeH ca-
Top. JduanekTpuyeckasl MpOHULIAEMOCTb XUAKOCTH OIpeneisiachk no dhopmylie ajisi KoHaeHcaropa. s
aKyCTHMUYECKOM YacTH 3a/1auy B KAYECTBE MbE303JIEKTPUUECKO MIacTUHBI Ucnoib3oBajics ST,X-kBapl, Ha
KOTOPOM OblLj1a pa3MellieHa siueiika Iisl XKUAKOCTH u3 proporuiacta. M3aMepeHust npoBOAMIINCH B TPU 3Ta-
na: uaMepeHue ¢a3bl 1 aMIUIMTYIbl aKyCTUYECKOM BOJIHBI i) 0€3 KOHTAKTa C XXUIKOCTbIO, ii) B KOHTaKTe C
YUCTOM UCCIIeMyeMOI SKMAKOCTBIO U iii) B KOHTaKTe C UCCIeayeMOl JKMIKOCThIO ¢ HaoIHuTeIeM. B kaue-
CTBE HaIOJHUTEJEN UCIOIb30BATUCh MUKPOYACTULIBI (papMalieBTUYECKOTO aKTUBUPOBAHHOTO YIJIS U 11O~
BEPXHOCTHO-aKTUBHOE BEIIECTBO COPOUTAH MOHOOJeaT. BS3KOCTh CycrieH3uii onpeaesjiach 1o pa3HULIe
3aTyXaHUs aKyCTUUYECKOU BOJTHbBI B IPUCYTCTBUN YUCTOM XKMUIKOCTU U XKUAKOCTHU C HATTOJTHUTEIIEM.

Karoueswie croea: BA3KOCTb KUIKOCTEM, 3JIEKTPOIIPOBOIHOCTD XXUIKOCTEM, aKyCTUUECKasl JIUHUS 3a1epXK-

KU1, 1aTYUK CBOMCTB >KMIKOCTHU
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BBEAEHHWE

B nocnenHee BpeMst aKkTUBHO BeAyTCsl pabOThI MO
CO3MIaHUI0 PA3JIMYHBLIX HOBBIX MaTepuajoB, TaKUX
KaK KOJUIOUJHbIE PACTBOPHI, CYCIIEH3UU, IMYJIbCUH,
B3BECH U JIPyTMe€ CMECU Ha OCHOBE MOJSIPHBIX U HE-
HOJISIPHBIX XXUAKocTel [1]. B ¢BSI3M ¢ 3TUM akTyallb-
HBIM SBJISIETCS pa3paboTKa MEeToJa, MO3BOJISIIOIIETO
OIHOBPEMEHHO U3MEPSITh KWHETUYECKUE U DIIEKTPO-
¢dusznyecKkue CBOMCTBA cO3laBaeMbIX MaTepualioB.
OaHUM U3 TaKUX MOAXOI0B MOXKET SIBJISIThCSI UCTTIOJb-
30BaHUE aKyCTORJIEKTPOHHBIX TEXHOJOTUIA.

Kak m3BecTHO, XapakTEepMCTUKN aKyCTMYECKUX
BOJIH CUJIBHO 3aBHUCSIT OT TUIIA HATpy3KU Ha ITOBEPX-
HOCTH 3ByKoIlpoBoAa. OHU MOTYT aKTMBHO pearupo-
BaTh Ha UBMEHEHUE KaK dJIEKTpUYeCKUX [2—4], Tak 1
MeXaHUYEeCKUX [5—7] rpaHUYHBIX YCIIOBUIA. DTH BOJI-
HBI MOTYT MCIIOJIb30BaThCS JJIsl onpeneacHusT (pusm-
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YEeCKUX XapaKTepUCTUK HE TOJBKO Pa3JIWYHBIX ILIe-
HOK 1 TIOKPBITMA Ha MX IMOBEPXHOCTH, HO WU IS
OTIpeneJIEHUsI CBOMCTB XKUAKOCTEM.

B HacTosiiiee BpeMs U3BECTHBI aKyCTUYECKUE
JMaTYUKU JJIsI OTIpeNieSIeHUsT BI3KOCTH KUIKOCTH, OC-
HOBaHHBIE Ha ITONEPEYHO-TOPU3OHTAIBHBIX (SH)
MOBEPXHOCTHBIX U 00BbeMHBIX BosiHax [8—12]. Ilo-
JMOOHBIE TaTYMKHU TAKKe UCTTOJIb3YIOTCS IJIsl UCCAEH0-
BaHUS IUCTIEPCHBIX CUCTEM C OMOJIOTMYECKUMU 00~
exkTaMmH [ 13], HaHOCYCTIeH3M [ 14], pa3IMIHBIX Macen
[15], kommoHeHTOB HedTH [16].

OnHako, paboOT, IOCBSIIEHHBIX MCCJIeIOBaHUIO
B3aMMOJICHCTBUS aKyCTUYECKUX BOJH C HEIIOJISIPHBI-
MU XUJIKOCTSIMHU U CYCHEH3USIMU Ha UX OCHOBE, HE
Tak MHOTro. MI3BeCTHBI UCCea0BaHUSI aKyCTUYECKUX
BOJIH B HenoJisIpHbIX auanekTprukax He 1 u He 11 [17].
Kpome Ttoro, paspadareiBaInch WACHTU(MUKATOPHI
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Puc. 1. CxemaTuueckoe M300paxeHUEe U3MEPUTETbHOM
ssueiiku u ¢otorpacdust (I — BHyTpeHHUI1 251eKTpon; 2 —
BHEUTHMI 3JIEKTpON; 3 — 3aKpyYMBAIOILAsICSI KPBIIIKA C
OTBEpCTUEM; 4 — U30JIATOp; 5 — 3HIeHA0pd).

oen3nHa 1 Macya Ha SH ITAB, BoitHax B TitacTMHAX U
pe3oHaTopax ¢ IMONepPeYHO-TOPU3OHTATIBHOM MOJISI-
puszanueii [9, 15, 18—20]. CneayeT OTMETUTD, UTO IJIsI
TEOPETUUECKOTO aHAIN3a PACIPOCTPAHEHUSI AKyCTH-
YeCKUX BOJIH B 3ByKOTIPOBOAAX, HAXOISIINXCS B KOH-
TaKTe C >KMIKOCTSIMU, HEOOXOIMMO 3HATh CBOMCTBA
TaKUX >XXUIKOCTEH (OUaJeKTpUYecKass MHpOHUIAe-
MOCTb, BI3KOCTh, MOAYJIU YIIPYTOCTH, TUNIOTHOCTD).

Kak wu3BecTHO, HEMNOJSpHbIE XUIKOCTU, TaKue
Kak He(hTb, O6H3UH, OpraHNYeCKre HAHOXUIKOCTHU,
001a7al0T HU3KOM IUAJISKTPUYECKON MPOHUIIaeMO-
CThIO, 2 UX MOJIEKYJIbl HEe 00J1agaloT COOCTBEHHBIM
IUMOJIbHBIM MOMeHTOM [21]. B HacTosiiee BpeMsi Cy-
LIECTBYIOT DPabOThI, MOCBSIIEHHBIE HCCIEI0BAHUIO
2JIEKTPO(U3NYECKUX MTapaMeTPOB TaKUX XUIAKOCTEIA.
OnHako, B HUX B OCHOBHOM MCCJIEJOBaHbI OIpe/e-
JICHHbIE CYCMEH3UU, KOTOPbIE UCIIOJIb3YIOTCS B KOH-
KpPETHBIX TEXHUYECKMX 3amadax [22—24]. Yro kacaet-
Csl BSI3KOCTH M MOJYJIel yIIPYTOCTH TaKMX XKUIKOCTEMH,
TO JaHHas1 UHGOpMaLUs MPAKTUYECKU OTCYTCTBYET.

B mocnemHue rombl, ¢ pa3sBUTUEM TEXHOJIOTHIA,
MOSIBJISIIOTCSI HOBBIE KOMIIO3UTHBIE MaTepualibl, 3a-
MCHSIOIIE KOHCTPYKLIMOHHBLIC MaTepHalibl, MC-
MOJb3yeMble paHee B MAIIMHOCTPOECHUU, aBTOMO-
oumJIeCTpOoeHUM, aBUacTpoeH u T.1. Mcrombs3oBa-
HUe JeTajicil, CO3MaHHBIX M3 TaKUX MaTepHaJioB,
OpeanojgaraeT MX KOHTAKT C TEXHOJOTMYEeCKUMU
KUIOKOCTAIMU. MHOTHE U3 TaKUX KUIKOCTEH SIBJISI-
JOTCSI HETIOJISIPHBIMU U, OYEBUIHO, X CBOIMICTBA Oy-
IYT MEHSAThCI B pe3yJIbTaTe 3aTPSI3HEHUSI U3-3a U3-
HOCa COOTBETCTBYIOIIMX AeTaneii. TakuM oopa3omM,
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HeoOXOAUMO TIpOBeIeHUE KOMILIEKCHOTO HCCIe-
JIOBaHUSI aKYyCTUUYECKMX M 3JIEKTPOPU3NUECKUX
CBOMCTB TaKMX XUIKOCTEH, BKIIIOYAs IMTOMCK MeXa-
HU3MOB BO3MOXHOTO 3HAYUTEIILHOTO NU3MEHEHUST UX
mapameTpoB. IloiaydyeHHBIE pe3yJabTaThbl ITO3BOJISIT
pa3paboTaTh HOBbIE METOIbI KOHTPOJISI UX XapakTe-
PUCTHUK.

JlanHast paboTa sIBJIsIeTCsI [ISPBBIM 3TaIlOM B pelie-
HUM 33Ja41 O pa3pabOTKe METo/la UBMEHEHMUS DJIeK-
TpOoU3NYECKUX TMapaMeTPOB HEMOJSIPHBIX KUIKO-
CTel U UCCIIEAOBAHUS UX 3JEKTPODU3INISCKUX U aKy-
CTUUYECKMX CBOMCTB. llenb cocTouT B pa3paboTKe U
CO3IaHUM YHUBEPCAIbLHON STYEMKU M METOIUKU UC-
CJICIOBAHUS 3JIEKTPODU3NUECKUX CBOMCTB HETIOJSIP-
HBIX XXUIKOCTEil, MO3BOJSIONINX ONEPaTUBHO TIOTO-
BUTHh Y MPOBOIUTH M3MEPEHUS MTapaMeTPOB KOMIIO-
3UTHBIX XXUIKUX Cpel C IIAPOKMM Habopom
XapaKTEepPUCTUK, a TaKKe MU3MEpEeHMUE BI3KOCTU CO-
3MaBaeMbIX OOpa3loOB IIPU ITOMOIIM aKyCTUYECKOTO
MeTo/a.

N3MEPEHUE IlME)HEKTPl/I‘{ECKOUPI
ITPOHULOAEMOCTU CYCIIEH3UU
HA OCHOBE HEITIOJIAPHBIX U ITOJIAPHBIX
KUJAKOCTEN BDIEKPO®U3UYECKUM
METOIOM

OcHOBOI 1)1 TYeKW ObIIa BBIOpaHA CTaHOAPT-
Hast npobupka dnneHaopda (Screw Cup Tube) 00b-
emoM 1.5 M mpousBoacTBa Axygen Scientific. I1po-
OMpKa MMEET 3aKPYUMBAIOLLYIOCS KPBILIKY C YILUIOT-
HUTEJIeM U 100KY-0Iopy Ha KOHMYE€CKOM OCHOBaHUHU
(puc. 1). DiexTpruuecKoil 4acTblo STYCUKU SIBISIETCS
KOaKCcHaJlbHasl CUCTeMa U3 IBYX UMJINHIPUYECKUX
HUKEJIEBbIX BJICKTPOIOB C PabOYMMM OUaMeTpaMHU
3.5 u 2.5 MM COOTBETCTBEHHO (HApYy>KHbI U BHYT-
peHHUiT) 1 pabodeii WIMHOI 22 MM, COOCHOCTD 3JIeK-
TPpOAOB obecrneuyuBaeTcs Te(MIOHOBBIM U30JISITOPOM
JIUJIMHO# 5 MM, pacoJIOXKEHHBIM B MX BepXHeil yacTu.
B o6veM mpobupku DrmeHmopda 3IEKTPOIbl BBO-
JISITCS 4epe3 OTBEPCTUE C TUIOTHOM IMOCAaKOM, Mpo-
CBEpJICHHOE B KPBIIIKe, 1 (PUKCUPYIOTCSI B KOHYCO-
obOpazHoM nHe. EMKOCTH Takoro M3MepuTeIbHOIO
KOHJeHCcaTopa C BO3AYIIIHBIM 3all0JIJHEHUEM COCTaB-
ssiia Cy = 10.8 n® npu yacrorax 200 I...2 MIu. U3-
MepeHHEe €MKOCTHU U CONPOTUBICHUS SYCHKM C UC-
CJIeyeMOM KMIKOCTbIO TMPOBOIWIM TIPU ITOMOIIU
LCR-MeTpa Agilent E4980A.

dusmexkTpruueckass TPOHULIAEMOCTh XKUIKOCTH
BBIYMCIISIIIACH 110 (hopMyJie:
C(Ah)

" .
d

rne C(Ah) = C(h,) — C(h,) — pa3HU11Ia EMKOCTEM KOH-

JeHcaTopa NP Pa3HOM €ro HANOJHEHHOCTH; €, =

= 8.85 X 10~12 ®/M — nocTosIHHAS AUAIEKTPUUECKAS

npoHuniaeMocTh; D n d — nuaMeTpbl BHEIIHETo U
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BHYTPEHHETO 2JIEKTPOJAOB COOTBETCTBEHHO. YPOBHU
>KUIKOCTH /| 1 h, BBIOMpPanMCh TAKUM 00pa3oMm, 4To-
OBl YMEHBIIIUTD BIUSTHUE KpaeBbIX 3(h(EKTOB HA pe-
3yJbTaT.

Ha mepBomMm sTamne sKcriepuMeHTa BbIOMpPAIUCH
HEMNOJISIPHBIE XKUIKOCTU C HU3KOM TUIJIEKTPUUECKOM
MPOHUIIAeMOCTbIO: CJIMKOHOBOE Maciyio (CM) map-

ku [IMC-100 (€ = 2.1) u BazenuHoBoe Maciio (BM)

(€ = 2.25). B xauecTBe HAIIOJHUTEIIEN UCTIOIb30BA-
i dapMaleBTUUYECKUIA aKTUBUPOBAHHBINA YIrodb
(AY) u copbutan moHoozaeat (SPAN 80 Sigma Al-
drich). st cpaBHEeHUST B KA4€CTBE MOJISIPHOM XKWII-

KocTu 6pancd muuepuH (€ = 44.5).

151 co3maHus yriiepoacoaepXKalliX CyCIIeH31il B
KayecTBe AucnepcHoii ¢pa3bl HaMU ObLI BEIOpaH dap-
MaleBTUYECKNII aKTUBUPOBAHHBINA YyIojb KakK [IO-
CTYITHBIM WM JellIeBhIi aHaJior. BpU1o HeoOXoauMo
pPa3MoOJIOTh TabJIETKU MO MPEeCcCOM, 3aTeM YaCTULIbI
IUCIIEPTUPOBaId B BOOHOM (pa3e C MOMOIIBIO YiIb-
TpasBykoBoro aucriepratopa MIJIDPU3 map93.1
IUJIsI TIOJIydeHUsI MeJIKoM (pakumuy yactui. s us-
OaBJIeHMs OT BOOHOM Cpeabl YaCTUIIHI BEICYIINBAINI B
neyr MUMII-3I1 npu 110°C, mtocie yero MUKpoda-
CTULIBI ellle pa3 AUCIICPTUPOBAIUCH YJIBTPa3ByKOM B
HETIOJISIpHOII cpene. B nTore moiydyaan MUKpPOYaCTH -
bl pazmMepoM 2—10 MkM. KoHIIeHTpamst MUKpoda-
CTHUIL, aKTUBUPOBAHHOIO YIJIsI B HEMOJISIPHBIX SKUIKO-
CTsIX (Ba3eIMHOBOE MACJIO M CUJIMKOHOBOE MAcCj0) CO-
crapimsuia 60 mr/mi. IlpuBeneHHass KOHLIEHTpaLUs
MOAXOAWIA U1 CO3NaHUS YCTOMUYMBOU CYCIIEH3UU U
HE MPUBOOWIA K PE3KOMY ITOBBIIICHUIO BSI3KOCTU
XKUAKOCTU. 3aTeM UCCIEeNOBAIMCh XapaKTepPUCTUKU
nosy4yeHHo# cycneH3uu Ha LCR-metpe.

Kpome Toro, 6bIIM co30aHbBI CYCIICH3UM Ha OCHO-
B€ Ba3eJIMHOBOIO MacJja 1 INIMLEPUHA C TOBEPXHOCT-
HO aKTMBHBLIM BEIIECTBOM COPOMTAaHOM MOHOOJIEa-
TOM B KOHLIEHTpauuu 5 mac. %. KoHlieHTpalus BbI-
Ompaiachk UCXOIs M3 padoTHI [22], B KOTOPOI aBTOPHI
rcroib3oBain copoutad MmoHooseat (SPAN 80) nis
NOBHIIIECHUSI  3JEKTPOIIPOBOOHOCTH  HEMHOJSPHBIX
XuakocTeit. Pe3ymbTaTel mcciaemoBaHUM CycieH3WiA
2JIEKTPOPU3NUECKUM METOAOM IIpeNCTaBJIeHbl Ha
puc. 2 u B Tab. 1.
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Puc. 2. 3aBUCUMOCTb €eMKOCTH U3MEPUTETHLHOTO KOHIEH-
caropa ¢ o6pasiamMu oT 4acToThl (/ — IMLepuH; 2 — T~
uepuH + SPANSO; 3 — nmnepun (MUD); 4 — mepuH +
+ SPAN80 (MUD); 5—CM; 6—CM + AY; 7— BM; § —
BM + AY; 9— BM + SPANSO, /0 — mycToit KOHAEHCaTop).

Ha puc. 2 HaGmogaeTcst HEKOTOPOE pasandue mo-
BEIICHUSI 3aBUCUMOCTEI IJIsl CyCIIEH3MiI Ha OCHOBE
HEMOJISIPHBIX XuUakocTeit. OgHaKo, MOCKOJbKY Ha
KpasiX 4aCTOTHOTO IMamna3oHa OCHOBHAas ITOrpelll-
HOCTb MPUOOpa HECKOJIBKO BHILIE, YEM B €T0 CpeaHE
YaCTU, TO BO3MOXHBI OTKJIIOHEHUST U3MEPEHHOM eM-
KOCTHY OT UICTUHHOTO 3HAYEHUS B Ty WIHN IPYTYIO CTO-
pPOHY. DTO clieyeT U3 OMMCaHusI TapaMeTpOB IMPUOo-
pa LCR-Meter Agilent E4980A, mpencraBiIeHHOTO
MPOU3BOIUTENEM, U BBITIOJTHEHHBIX U3MEPEHUIA eM-
KOCTU He3alloIHeHHO# sueiiku. Takum oGpasoM,
py HaOJIOJAeMbIX HE3HAYUTEIbHBIX OTIMYMSIX
rpacguka 3aBUCUMOCTH TSI KMAKOCTH 5 (puc. 2) OoT
OCTaJIbHBIX HETIOJISIPHBIX CYCIIEH3WM IeJaTh Mpel-
MOJIOKEeHUE O HAJIMYUU pelaKCAllMOHHBIX MPOLIeC-
COB OBLIIO OBl HEKOPPEKTHLIM. OOHAKO JaHHBIA BO-

Ta6mma 1. ConpoTUBIeHUE U3MEPUTETBLHOM STYEHKM M NUBJIEKTpUIecKas MPOHUIIAEMOCTh HETIOMSIPHBIX XXUIKOCTE

U IJIMLEpUHA U CMECE Ha X OCHOBE

O6pas3selr (1 fl"u) (1 l\fl"u) R, Om O6pas3serr (1 K%FL[) (1 l\fl"u) R, Om
BM 2.25 226 |1.8x 10" |BM+AY 2.6 2.6 1.8 x 10°
BM + SPAN 80 2.3 2.3 3 x 108
CM 2.1 2.1 9.4 x 101 |CM + AY 34 3.4 1.5 x 10°
Imunepun 45 42 3.8 x 10° | [muuepun + SPAN 80 85 37 2.1 x 104
[unepun (MUD) | 45 30 2.1 x 10% | muuepun + SPAN 80 (MND) 51 17 3 x 106
AKYCTUYECKUM KYPHATT ToM 69 Ne 1 2023
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Puc. 3. KaymGpanuoHHbie Kpusble Moabl 49.74 MTI B tutactue ST,X-kBapua tommmaoi H/A = 1.0 (H = A = 300 MKM), OT-

ceuka = 15 MKc 114 (a) BI3KOCTH U (0) MMPOBOIMMOCTH.

IMpoOoC MOXKET CTaTb NPEAMETOM AOITOJHUTEIBHOIO
HN3YUYCHMUA.

Ipu mccnenoBaHUM MOJSIPHBIX KUAKOCTEH Ha-
o6monaerca Huskoe (rmopsaka 10°—10° Om) compo-
TUBJICHUE U3MEPUTEIbHON STUeiKM U CUJIbHAasI 3aBU-
CHUMOCTbD €€ EMKOCTH OT 4acTOThI (puc. 2). B mpenmo-
JIOXXEHUU, YTO TMPUYUHAMU ITOTO SBJISIOTCS
MaKpOCMEIIEHUE TUMOJIEH, MOHOB U CBSI3aHHBIN C
HUM CKBO3HOW BJIEKTPUUECKUI TOK, ObLJIM MPUHSI-
Thl MEPBI 11 U30JISILIUU U3MEPUTEIbHBIX 3JIEKTPO-
noB (MMUD) c moMmolpio 3JeKTPOU30ISIIIMOHHOTO
akpuioBoro naka Plastik-71. ConporuBieHue siueii-
KU, 3aII0JIHEHHOM MOJISPHOM XXUAKOCTbIO, ITPU 3TOM
YBEJIUYMJIOCh Ha 2—3 mopsiaka.

M3 Ttabn. 1 BMaHO, 9YTO BO BCEX Caydasgx qobdaBie-
HUE HaIOJIHUTEJIe MPUBOAUT K YBEJIWYECHUIO NU-
2JIEKTPUUYECKON TPOHUIIAEMOCTU T10 CPaBHEHUIO C
YHUCTBIM BellleCTBOM. Pe3yiabTaThl U3MEpEeHUI Mpe-
CTaBJIEHHBIM METOAOM MMOKa3aju, YTO IUBJIeKTpUUe-
cKasl IIPOHUIIAEMOCTh MOJISIPHBIX XXUIKOCTEN 3aBHU-
CUT OT YaCTOThI U 3HAUCHUS IJIST YUCTBIX XKUIKOCTEH
B IIpeieJiaX IMorpelHocT usMepeHus (5%) copnaga-
IOT CO CIIPaBOYHBIMU JaHHBIMU [21].

WU3MEPEHUE BA3KOCTU CYCIIEH3UN .
HA OCHOBE HEITOJIAPHbBIX KNIKOCTEN
AKYCTUYECKHUM METOIOM

AKYCTUYECKHE W3MEPEHHUST BSI3KOCTU OTHOKOM-
MOHEHTHBIX XUIKOCTE! U XUIKUX PaCTBOPOB IPO-
BOOWJIMCH C UCIHOJb30BAaHMEM JIMHUM 3aICpPXKUA Ha
OCHOBE CITeIUaJIbHO TOJOOpaHHOM IUIACTUHYATON
BOJIHBI JIam6a [25]. B mpoliecce moucka Jijisi MoJl pa3-
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HBIX TIOPSIIKOB U TJIACTUH PAa3HBIX TOMIIMH U3MepsI-
JIUCh BEJIMYMHBI BHOCUMBIX IOTEPD .S),(f) mpu Kanmuno-
POBaHHBIX Harpy3Kax OMHOI M3 MTOBEPXHOCTEN TuIa-
CTUHBI — Ha Bosayxe S, (Baskoctb N = 0,
npoBOAMMOCTb G = (), ¢ IUCTUJUIMPOBAHHOK BOAOK

SSZO (m = 1.003 cllya3), BomHbIMU pacTBOpaMu IJIM-
uepuHa S, TP (1,003 clTyas <m < 1500 cITyas,

6 ~ 0), YUCTBIM DTHLIEPUHOM S5 P (1 = 1491 cTyas3,
o = 0) u BonHbIMU pacTBopamMu NaCl (n = 1 cllyas,
6ot 0 10 10 Cm/m). C ucnonb30BaHUEM yKa3aHHBIX
KUIKOCTE DKCIEPUMEHTATbHO OIpEeNesUINCh Ka-
JIMOpAITMOHHBIE KPUBBIEC TOM WJIM MHOM MOIBI B 3aBH-
CHMOCTH OT BSI3KOCTH S},(1) U IPOBOIUMOCTH S},(0),
KOTOpBIE CpaBHUBAJIMCh MeXKIy coboii (puc. 3).

B pesynbTaTe onTUMU3aLMKU MaTepualia IacTu-
HBI (KBapll), TOJIIUHBI 1acTuHH (300 1 500 MKkM) 1
HoMmepa Moabl JIamba (o1 0 mo 10) Hanbosee YyBCTBU-
TEeJIbHOM K 3HAUYEHUIO BSI3KOCTU YW HauWMeHee 4yB-
CTBUTEHLHOM K IPOBOINMOCTH KUIKOCTH OKa3ajlach
Mopa yactoroit 49.74 MIu B miiactune ST,X-kBapiia
C HOpMUPOBaHHOM TommuHoi H/A = 1.0 (H — Ton-
IIMHA, A — IJIMHA BOIHEI) (puc. 4).

UyBCTBUTEIIBHOCTD 3TOi MOJIBI K BSI3KOCTU MEHSICTCSI
¢ N u cocrapisiet 0.3 nb/cllyas npu n = 1-20 cllyas,
0.12 nb/cllyas mpu m = 20—100 cllyas wu
0.015 ab/cIlya3 npu n = 100—1500 cITya3. [Tpu aTomM
DJICKTPUYECKME OTKJIMKMU TOIl K€ MOIbl MEHBIIE
BSI3KOCTHBIX Ha JBAa MOPSAKA BEJIMYMHBI U CPABHU-
BaloTcsl ¢ HUMM Jauib npu N < 2 cllyas. O6bem Te-
CTUPYEMOM KMIKOCTU, JOCTAaTOYHBII IJIsI U3Mepe-
Hus, coctaBiseT 100 Mxi. Cxema 3KCIIepUMEHTa b~
HOM YCTaHOBKU MpeICTaBlIeHa Ha puUc. 5.
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Puc. 4. CxemaTuueckoe uzobpaxeHue Kpucrauiorpabu-
YeCcKOil OpMEeHTAIIMY TUTACTUHBI U NOJISIpU3aLsl aKyCTH-
YeCKOU BOJTHBI Ha €€ TTIOBEPXHOCTH.

—80

—90 |-

—100

Sz, 1b

—110 j

/o mIx

Puc. 6. M3MmeHeHHME BHOCHUMBIX MOTEPb JISI MOIBI
49.74 MI11 Ha BO3ayXe U ITPY HAHECEHUM YMCTOTO IIIUIIEe-
puHa (/) u mnepuHa ¢ 5 mac. % SPANSO (2).

Mg nemoHcTtpauuu 3¢GGEKTUBHOCTH aKyCTHUYe-
CKUX M3MEPEHUIl ONTUMHM3MPOBaHHAs Mojaa ObLia
OpUMEHEHa JIJIs OIpeNesieHUs] BSI3KOCTH YKCTOIO
mIMLepyHa, muepuHa ¢ 5 mac. % SPAN 80, BM,
BM c 5 mac. % SPAN 80 unu ¢ AY, a takxe miss CM
u CM c AY (puc. 6, 7, Ta6n. 2). Kak u oxugaaoch,
M3-3a YBEJIMWYECHUS IIOTEpPh Ha paclpoOCTpaHeHUE
MEXIY BXOAHBIM U BBIXOJHBIM IpeoOpa3oBaTeIsIMU
IPpY HAHECEHUHU BSI3KUX KMIKOCTEN BHOCUMBbIE ITOTE-
pu S}, IO CpaBHEHMIO CO 3HAYEHMEM Ha BO3IyXe BO3-
pacTaloT, a BeJIMYMHA BO3pACTaHUs 3aBUCUT OT COpTa

Puc. 5. CxeMa OOKITIOYEHUS aKyCTOJIEKTPOHHOTO YCTPOii-
ctBa K aHaimm3aropy derbipexnomocHukoB KEYSIGHT
E5061B.
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Puc. 7. HM3MeHeHuMe BHOCHUMBIX IIOT€Pb UISI MOJIbI
49.74 MTIu Ha Bo3ayxe u nipu HaHeceHuu CM (/) u CM ¢
AY (60 mr/™mi) (2).

KUAKOCTH U ColepXKallluxcs B Hell mpumeceii. [pu-
yeM HaJIMJue IpUuMeceil MOXKET KaK YBEJIMUUTH (puc. 6),
TaK ¥ YMEHBIIUTH (pUC. 7) aKyCTUUECKOE 3aTyXxaHUe
U BSI3KOCTD 10 CPAaBHEHMUIO C YMCTHIM BEILIECTBOM.

3HayeHUsT BSI3KOCTU KMAKOCTEl, M3MEpPEHHEIC
aKyCTUYE€CKMM METOJIOM C MCIOJIb30BaHUEM KaJInO-
paLMOHHOI KpUBO# (prC. 3a) 1 JaHHBIX HA pucC. 6 1 7,
npeacTaBieHBI B TaOi. 2. PesynbraThl M3MepeHMIA
JUTST 6a30BBIX XXUAKocTel (rmuuepuH, BM u CM) Ha-
XOIATCS B COIIACUU C TAOJIMYHBIMU JaHHBIMU [26].
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Ta6mmma 2. Pe3ynbraThl aKyCTUIECKUX U3MEPEHUI TpU KOMHaTHOI Temrieparype (20°C)

O6pa3selr Imunepun | [muuepun + SPANSO CM CM + AY BM BM + SPANSO |BM + AY
n, cllyas 1500 1550 80 47 70 75 73
Pesynbratsl m1g 6a30BBIX SKMIKOCTEH C IPUMECSIMU CITMCOK JIMTEPATYPBI

MIPUBOSITCS BIICPBHIE.

3AKJIITOYEHHME

B pesynbraTe BhITONHEHUST pabOTHI ObLIA pa3pa-
0oTaHa 1 co3aHa yHUBepcalibHasl KoaKCcUalbHas 13-
MepuTeibHas siueiika U oTpadboTaHa METOAMKA U3Me-
pEHUSI TUBJIEKTPUUECKOI MPOHUIIAEMOCTU 1 COTIPO-
TUBJICHUSI MOJSIPHBIX W HETIOJSIPHBIX XUIKOCTEeH 1
CYCIIEH3UIl Ha UX OCHOBE 3JIEKTPOPU3UYECKUM Me-
TonoM. IIpoBeneHHbIe U3MepEeHUsI TTI0Ka3adu MOBbI-
LIeHUE TUIJIEKTPUYECKON TMPOHULIAEMOCTA U CHU-
KEHUE DJIEKTPUUYECKOTO COMPOTUBIIEHNS Ba3eJIUMHO-
BOTO Macjia U CWJIMKOHOBOTO MacJa Ipu 1o06aBieHU N
MUKPOYACTUIL aKTUBUPOBAHHOTO yrJis. JlobaBiieHue
copOuTaHa MOHOOJIeaTa MPaKTUYECKU HE U3MEHSET
IUBJIEKTPUYECKYIO TIPOHUIIAEMOCTb Ba3eJIMHOBOIO
MacJjia, OJHAKO MOHMXXaeT CONMPOTUBJIEHUE Ha 3 Mo-
psaka. JluanekTpuyeckas MPOHUILIAEMOCTb MOJSIP-
HOTro INIMILIEpUMHA MpPU O00aBICHUM COpOUTaAaHA MO-
HooJsieaTa noBbIlIaeTcs Ha yactore 1 Kl 1 moHuxa-
etrcs Ha yactore 1 MITt. M3omsgmums n3amMepuTeIbHBIX
BJIEKTPOIOB JJIs Cydasi C MOJSIPHBIMU XXUIKOCTSIMU
U CYCIIEH3USIMU Ha UX OCHOBE MO3BOJIsSIET N30eXaTb
CKBO3HOTO 2JIEKTPUYECKOTO TOKA B KOHAEHCATOPE.

st peanusaluy aKyCTMUYECKOro MeTona Oblia
nogodpaHa akKyCTHYecKasi MOoIa C BJUIMIITUYECKOMN
MoJsIpU3alueii, pacIpoCTpaHIIOIIasICsI B IUIACTUHE
ST,X-kBap1ia 1 YyBCTBUTEIbHAs K BI3KOCTU CYCIEH-
3UM, U pa3paboTaHa COOTBETCTBYIOIIAs METOAMKA
n3MepeHus. Pe3yabraThl IT0Ka3any IMOBBIIIICHUE BSI3-
KOCTH Ba3eJIMHOBOTO MacJja 1 DIMIEepUHa ITpu 100aB-
JICHMU HaMOJIHUTEJIEH, YTO MO BCE BUTUMOCTH CBSI-
3aHO C IIOSIBJIEHHMEM IOITIOJTHUTEILHOIO pPaCCEesHUS
9HEPrMUu BOJHBI Ha BKIOYeHUsIX. OgHaKo, TIpu J0-
0aBJICHUM MUKPOYACTUILl aKTUBUPOBAHHOIO YIJIS B
CUJIMKOHOBOE MacJIo BSI3KOCTb CHIKaeTcsl. Bo3aMoxk-
HO, 3TO CBSI3aHO C OTJIMYMEM CBOICTB YaCTUIL aKTH-
BUPOBAHHOIO YTJISI OT YACTUIL U3 APYTMX HAllOJTHUTE -
neit. JlaHABII BOIIpOC TpeOyeT IMIpOoBeacHNUS JaTbHEel -
mux wucciaenoBaHuii. Cremyer OTMETUThb, 4YTO
pe3yJIbTaThl U3MEPEHUN 111 YUCTBIX XKUAKOCTE, BBI-
IMOJTHEHHBIE pa3pabOTaHHBIMM METOAAaMU, COBIAIA-
10T CO CITPAaBOYHBIMU TAHHBIMU.

HMccnenoBaHue BBIMMOJTHEHO 3a CUET rpaHTa Poc-

cuiickoro HayyHoro ¢ouma Ne 21-49-00062,
https://rscf.ru/project/21-49-00062.
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