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O CPABHEHUU KOHIAEHCATOPHOI'O
N JIEKTPOKHUHETHYECKOI'O MUKPO®OHOB

OcCHOBBIBasiCh Ha aHaNu3e (PU3MYECKUX OCOOEHHOCTEW paboThl MHKpO(OHA Ha DIEKTPOKUHETHYECKHX SBICHUSX,
HKCHIEPUMEHTAIBHO MOATBEPIKACHO, YTO 3TOT MUKPO(QOH padoTaeT Ha NMPUHLMIIE, OTIMYHOM OT NPUHIMUIA PaOOTHI
KOH/IeHcaTopHOro Mukpodona. ITokazaHo, 4To MUKPO(OH Ha IEKTPOKMHETHIECKUX SABJICHUAX Onaronaps Hakayke
MOXET TIOBBIIATH CBOIO YYBCTBUTENBHOCTh Ha BennmunHy a0 npumepHo 40 nb. CpaBHenme nAByX
OKCIIEPUMEHTAJIBHBIX HCCICIOBAHUNA IOKa3bIBAET, YTO YYBCTBHTEIBHOCTH DJIEKTPOKHHETHYECKOrO MHKPOQOHa
MOXKET CHIIBHO 3aBHCETh OT pa3Mepa MOPUCTOCTH ANIJIEKTPUKA, TOMEIaeMOro MeXIy dJIEKTPOoJaMi MUKPO(OHa.

Kn. ca.: xoHneHcaTOpHBIH MUKPO(OH, MUKPO(DOH Ha SJIEKTPOKUHETHIECKHX SBIICHUSX, HAIPSHDKCHUE HAKAuKH,

YyYBCTBHUTEIBHOCTH MUKPO(OHA

BBEJIEHUE

Hacrosimast paora siBiisieTcss IpOAOJIKEHUEM Lie-
JOro nukKia paboT aBTOPOB IO H3YYEHHIO H3IYy-
yaTeled W TPHUEMHUKOB (MHUKPO(GOHOB) 3BYKOBBIX
KoneOaHui, OCHOBaHHBIX Ha MCIOIb30BAHUH JIEKTPO-
kuHeTndecknx sBieHnid (OKS) [1-8]. Koncrpykims
JIEKTPOAKYCTHYECKUX  IpeoOpaszoBaTenell, OCHO-
BaHHBIX Ha OKJSl, BO MHOrOM WJIEHTHYHAa KOH-
CTPYKLIUH KOH/IEHCATOPHBIX MUKPO(OHOB.

KonpencaTopHsiit MUKPO(hOH TaKkKe COAEPIKHT JBA
MJIOCKOMApaJIebHBIX 3JeKTpoa ¢ (0OBIYHO) BO3-
IOyIIHBIM HPOMEXKYTKOM MEXIy HHUMH, Ha KOTOpBIE
momaercs monspusytomee (T.H. (paHTOMHOE) Ha-
npspKeHre Juis oOecredeHus: 3apsiia KOHAEHcaTopa.
Jns  mocTosHCTBA 3TOr0  3apsga BO  BPEMEHHU
KOHJIEHCATOp HAarpy’kaercsi Ha JOCTaTOYHO OOJbIIOe
aKTHBHOE compoTtusieHue [9, c. 102].

Mukpodhorn Ha OKS mnpeacraBmser coboil 1Ba
IUIOCKUX Hepopuposannsix BIEKTpoJa, € IOMe-
LIEHHOW MEX JJEKTPOJOB IOPUCTOM CTPYKTypoi
(Hampumep, TMMadYKOM KaHIEISIPCKOH OyMarum ToI-
IIMHON HECKONFKO MHJUIMMETPOB) W Ha3bIBaEMOM
naiee matpuiei (2D-pa3Mepsl 371eKTpOAOB U Oymaru
coBnazaior) . Ha 37eKkTpoasl B 06OMX peXHMax —
W3Iy4eHUs] M TIpuemMa MOJAETCs IOCTOSIHHOE
JNEeKTpUYecKoe mone (HampspkeHue Hakaukw). llpwm
3TOM B PEKUME H3IYy4EHHs 3BYKa IONOIHUTEIBHO
Ha MAaTpUIy IOJACTCsl NEPEMEHHOE 3JIEKTPUUECKOe
nojue, TpaHcopmMupyemoe aajee B 3BYKOBOE IIOJIE,
a B ciIydyae MHUKpoOHa Ha MAaTpPUIy MOCTYHaer
BHEILIHEE aKyCTHYecKoe Ione, TpaHchopmupyemoe

! B npHIOKEHNH 1aeTCs Pa3bACHEHHE 10 MOBOLY CXOICTBA
n otirunid K51 B )KUAKNX SIEKTPONIUTAX U B BO3AYXE.
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B DOJIEKTPUYECKMH CHTHaJI. Bceneacrsue Hamudus
B MaTpULE HEIWHEWHBIX T'MIPOJMHAMUYECKHX IPO-
LIECCOB JHEPIUs MOCTOSHHOIO 3JEKTPUUYECKOrO IOJIs
MEPEeKauynBaeTCs B aKyCTUUECKYIO 3HEPruI0 B H3IIY-
qaTelie UM B SHEPIHIO BO3HUKAIOLIETO B MUKPO(dOHE
MOJ BO3AECCTBHEM BHEIIHETO aKyCTHYECKOIro II0JIs
IIEKTPUUECKOrO OTKIIMKA.

Kak BHIHO W3 BBIIECKA3aHHOIO, YCTPOWUCTBO
000MX BHAOB MHUKPO(GOHOB BO MHOTOM CXOXKE: U B TOM,
U B JPYIOM cilyda€ KOHCTPYKTHBHO IPHUCYTCTBYET
KOHJIEHCAaTOp, B 00OMX ciy4asx K oOKiIagkam
KOHJICHCATOPOB MPUJIIOKEHO IIOCTOSIHHOE 3JIEKTPH-
gyeckoe moje. Pasznuyue cocTouT B TOM, 4TO B Clydae
KOHJIEHCATOPHOTO MUKPO(OHA IIEKTPOIBI HE IOMIK-
HBI OBITH 003aTENFHO TIep(POPUPOBAHHBIMH, a B CITy-
gyae wMukpopoHa nHa OKI wMexmy obxiragkaMu
00s13aTeNbHO IOJDKHA HAXOOUTHCS IOPUCTAst CTPYyK-
Typa.

ConocraBnenue mukpodona Ha DK ¢ xoHmeH-
CaTOpPHBIM MHKpOQOHOM TeM Ooliee oOIpaBIaHO
BCJIEACTBUE TOrO, 4YTO IOCIEOHMH  obOJanmaer
HEIJIOXMMHU  3JIEKTPOaKyCTHUECKMMH IapamMeTpaMu
[10, c. 152], TakuMu KaK ypOBEHb YyBCTBHTEIHHOCTH,
LIMPHHA TI0JIOCH! BOCIIPOM3BOAMMBIX 4aCTOT U Ap.

ITOCTAHOBKA ITPOBJIEMbI

Hacrosmmas paGota mocBsieHa 6onee qeTanrsHOMY
U3y4EHUIO CXOJICTB M  OTIMYMH  (U3MIECKHX
NPUHINTIOB (YHKIIMOHUPOBAHHUS OOOMX YIMOMSHYTBIX
BBIIIE BHJOB MUKPO(OHOB, a TAaKXKE JOKA3aTEILHOMY
WCKITIOYEHNI0 HMHTeprperannu MukpodoHa Ha DK
KaK 4aCTHOTO CITy4ast KOHAEHCAaTOPHOI0 MUKpO(dOoHa.
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KOHJIEHCATOPHBII MUKPO®OH

OcTaHOBHMMCSI Ha KOHCTPYKLHMM KJIaCCHYECKOI'0
KOH/IEHCATOPHOTO MHUKpO(]oOHa, M300pETEeHHOro erne
1916 1. D. Benre. OHa mpezactaBisier coboil 3aps-
JKEHHBIM MJIOCKUI KOHJIEHCATOpP, OOUH U3 3JIEKTPOJIOB
KOTOPOT'0 MAacCHUBEH, a BTOPOI MPEACTaBIsIET TOHKYIO
MemOpaHy (moapoOHOe oOomHMcaHWe KOHIEHCATOPHBIX
MUKpo(oHOB cM., Hampumep, [9-12]). B atux xe
HCTOYHHUKAX MOAPOOHO ONMHMCHIBACTCSI TEOPHS pacuera
XapaKTePUCTUK KOHIIEHCATOPHBIX MHUKPO(OHOB, IO-
poil  1OCTaTOYHO HETpuBHANbHAs. B  HacTosmei
paboTe aBTOPOB TJIABHBIM 00pa3oM HWHTEpECyeT
YIPOLIEHHOE PacCMOTPEHHUE, HO Iepelaroliee 3aBU-
CHUMOCTb UYyBCTBUTEIBHOCTH KOHIEHCATOPHOI'O MHMK-
podoHa OT ero BaKHEHIINX TapaMeTpoB.

Hanee wu3maraercsi yOpoOUICHHBIA BBIBOJA YYBCT-
BUTENIBHOCTH MHUKPO(QOHA, OTPaKAIOIIUHA TeM He
MEHEE XapakTep €€ 3aBUCHMOCTH OT OCHOBHBIX
napaMeTpoB MUKPO(OHA: BETMYMHBI MOSPU3YIOLIET0
HamnpsDKEHUSI M PACCTOSIHUS MEXOY IUIACTHMHAMH
KOHJIEHCATOPa B COCTOSTHUM HOKOSL.

Ha xonpaencatop ucxomHoi eMkocThio C, = const

nojaercss Hojspusyrollee HampsbkeHue U, = const

yepe3 BBICOKOOMHOE  comporuBieHue R. Ilpu
Kole0aHusIX ~ MeMOpaHbl  TOA  BO3ACHCTBHEM
aKyCTHUYECKOI'0 IOJIsl MCXOOHOE PACCTOSIHHE MEXKIY

SNEKTpPOJaMH  dy TONydaer mpupameHue  x(t),
3aBUCSAINEE OT BPEMEHM M  IIPONOPIUOHAILHOE
aKycTHuecKoMy Jaapienmio p(t). Takum obpazom,
peabHOE  pacCTOSHME ~ MEKAy  IUIACTHHAMH
KOHJeHCaTopa paBHO d=d,+x(1), x(¢f) - do
Bo3MmyIleHHas €MKOCTh IUIOCKOTO KOHJEHCATopa
ompenensercs B CU Beipaxernnem [13, c. 360]

gg, S
C =" 1
)= M
rac 80 — SHCKTpI/I‘ICCKaSI IIOCTOSAHHAA, & —

OTHOCHUTENbHASI JUAJIEKTPUYECKas MPOHUIAEMOCTb
IVDIIEKTpUKAa BHYTPH KOHJIEHcaTopa; S — IIIOoaab
MJIacTHHBl KoHAeHcaTopa. [lomaraem, 4To TMIOMmIamb
IUIACTUHBI ~ OCTaercsd  HEU3MEHHOH S =const.
[lomaraem nanee, 9T0 pe3yNbTUPYIOIIEE HAMPSIKEHUE

Mex 1y miactusamu U (¢) paBHO
U(t)=U, +u(t), ()

rae u(f) — BeNMYMHA BO3MYIEHHS OMOPHOTO

HanpsbkeHnst U), BBI3BAaHHOTO CTOPOHHUM  aKy-

CTUYECKUM TIOJIEM, M3MEHSIOIIMM CTallMOHAPHOE
pacCTOSAHUS MEXIy MeMOpaHaMHM d, Ha BEIUYUHY

x(1).
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ITockonmeky mocrosHHas Bpemenn 7 =C,R. 1 Be-
JIMKa, TO CIIPaBEeUINBO YTBEP)KIAECHUE O MOCTOSHCTBE
3apsia KOHIEHcAaTopa ¢ = ¢, = const IPH BapHALUAX
HaIpsUKEHUsl ¥ eMKOCTU B KOHJEHCATope, IO ¢, —

M3HAYAJIBHBIN 3aps] KoHAeHcatopa. Torma u3 ompe-
nenenust emxoctu [13, c. 360] 3ammmem Qopmyry
oIpeleseHnsl eMKOCTH KoHieHcaTopa C:

49
C=—. 3
U 3)
OdeBraHO, YTO B HEBO3IMYIIEHHOM ciydae (3)
umeer Bua C, = Gy, (3) nmeem
0
9
U=—. 4
C 4
[Mocnenusis popmyna B HEBO3MYILIEHHOM ClTydae,
_ D

O4YEeBMIIHO, MpuHUMaeT Bug U, =
0
[epenumem (4) c yaeToM BO3MYIIEHHUH:

Uy +u(t)=—1 . 5)

C(x(1))

Hanee npencrasum B (5) npodb B BUJE

(T
C(x(1))
pA/a 10 CTENEHAM X ¢ TOYHOCTBIO O(xz) (aprymeHr ¢
OIyIIEH JUIs YIPOIIEHHS 3aIHCH)

q, €6,S x
GG d d

qy _ 4

U,+u= + O(x2 ) ,
4TO 110CJIE YHPOIIEHHs AT C TOYHOCTBIO 10 BETHYH-
HBI O(xz) CJIe/lyIolee BhIpaKeHHUE:

U“ﬂ=%+%§. (6)

U3 (6) nmeeM s BO3MYIIEHWS HAIpsDKEHUS Ha
KOH/IeHCaTope (3/1eCh YKe BEpHEM apTyMeEHT {)

u(t)=u, 1) ™

Takum o00pa3om, BO3MYyIIEHHE HAINPSHKEHHS Ha
KOHJIEHCATOpe u(t) IPSMO TIPOTTOPIIOHATIBHO OMOP-

HOMY HanpskeHuto Uy ¥ OTHOIIEHHIO BO3MYIICHHS
PACCTOAHMS MKy MEMOPAHAMH K €ro HeBO3MYIIEH-
HOMY 3HaueHnio x(t)/d .

Jns nomydenns u3 (7) BbIpaKeHUs IS 9yBCTBH-
TEIBHOCTH B CITydae TapMOHHYECKOTO CHTHAja MpH-
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—iot

meMm, ut0 u(t)=ue " u x(t)=xe'”, rae u, x —
COOTBETCTBYIOIME AMIUIATYAbL. OueBMAHO, YTO

B Cilyyae MaJeHUs Ha NPUEMHHK OCEBOH IUIOCKOM
aKyCTHUYECKOH BOJHBI MMEET MECTO COOTHOLICHUE

—iot

,v 4 Voo
x(t)=xe = IVe dt=——e". (8)
10
AMIIIUTYBI AKYCTUYECKOIO AAaBJICHHUS p U CKOPO-
CTH V' B IJIOCKOM TapMOHUYECKOW BOJHE CBSI3aHbI CO-
oTHoIIeHHeM [ 14, c. 74]

y=2L_
pc
rae p — IUIOTHOCTh CPelbl, ¢ — CKOPOCTh 3BYKa

B Hel. Torjga aMIiMTyJa TapMOHUYECKOI'O BO3MYIIE-
Hus MeMOpaHsl B (8) paBHa
4 p

X=—7T"=—7 .
10 10pc

)

[oncrasmsss (9) B (7), umeeM It aMIDTUTYABI
HATPSHKEHUS ¥ B TAPMOHHYECKOM PEXKUME

u=-U,—2—. (10)
iwpcd
[omemwus (10) Ha aMIIMTYMy AaBIIEHUS p, TMOTyda-
€M BBIPaYKEHUE JUISI OCEBOI UYBCTBUTEIBHOCTH S KOH-
JIeHCaTOPHOr0 MUKpo(doHa:
st Y (11)
p iwpcd
[lonydyenHoe B pabore YHpOILEHHOE BbIpakKEHHE
(11) mmst oceBOl UYYBCTBUTENBHOCTH WCXOAMT TI0
YMOJYaHHIO U3 psia IONYIIEHUH. A MMEHHO, BBILIE
MPEANONArajoch, 4TO KOHIEHCATOPHBIH MHMKpPO(OH
HpeAcTaBisgeT coboi CHCTEMY C COCPENOTOYEHHBIMU
napaMerpaMy; BeIMYMHA AaMIUIMTYAbl KojeOaHuil
MeMOpaHbl HE YUUTBIBACT €€ 3aIeMJICHHOCTH 110 Kpa-
sIM; PACCMOTPEHA TOJIBKO MOJIENb MJIOCKOW MaJarolei
aKyCTHMYECKOM BOJIHBI, NPH BBIPAKEHUH CMELICHUS
MeMOpaHbl Yyepe3 CKOPOCTh 3BYKOBOM BOJIHBI HE yuTe-
Ha peakLMs B3aUMOICHCTBUS 3ByKOBOW BOJIHBI C MEM-
OpaHoll (HE ydTeHa ee WHEepPIHWOHHOCTh, CBI3aHHAs
C MCXOJHBIM HATSDKEHHEM MeMOpaHbl) U T.A. Tem He
MEHEE NPOCMOTP CIELUAIbHOW JIMTEPaTyphl MOI-
TBEPXKIAET CIEAYIOIIee: BO BCEX CIEHUANIbHBIX pado-
Tax MO KOHAEHCATOPHOMY MHUKPOGOHY B BBIPAKEHUU
IUIl 9yBCTBUTEIIBHOCTH 0053aTENBbHO IPUCYTCTBYET
OTHOIIEHHE OMOPHOro HampsbkeHus Uy K TONIMHE
CIIOS MEXIY IUIAaCTHHAMM MHUKpO(QOHa B CTallMOHAp-
HoM coctostHuu U, /d [9, c. 78]; [10, c. 34, 35]; [11,

c. 478]. Ora BennumMHA, KaK HETPYTHO YBUJIETh, paBHA
BEIMYMHE AaMIUIMTYABl  BEKTOpA  DIEKTPUYECKOM

HaINpsDKEHHOCTH TTOCTOSTHHOTO (OIOPHOTO) TOMST Ha
KoHjencarope £, =U,/d .

OmauyumenvHulil QYHKYUOHATbHBIL HPUSHAK
KOHOCHCAMOPHO20 MUKpodoHa

W3 momyuennsix Beipakenuit (7) u (11) BumHO, 9TO
IpU HYJIEBOM OINOPHOM HampsbkeHun U, =0 (mpu
HYJIEBOM aMIUIUTY/Ie BEKTOpa HANPSIKEHHOCTH CTAIlU-
OHApHOrO  JJeKTpuueckoro moms  E, =U,/d
Ha KoHJeHcaTtope E, =0) omKiuKk KoHOeHcamopHo-
20 MuKpoghona omcymemeyem.

JUIst mydqImero u3y4eHusi OTIHMYUTENbHBIX CBOMCTB
OKS-mukpodoHa ObUT MPOBEIEH HATYPHBIN JKCIIe-
PHMEHT C ABYMsI MaKeTaMi MUKPO(OHOB.

HATYPHBI SKCIIEPUMEHT

Makerl DKSA-mukpodona

B oObraHOM wMukpodone Ha OKS mopucras
CTpyKTypa Oblla 3aMeHEHa Ha CTPYKTypy B BHIE
MJIACTUKOBOW TIUIACTHHBI ¢opMmata A4 TONIMHON

1 MM, o0OepHYTOW HECKOIBKHMH CIOSMH  TIOJH-
stuneHa. CyMMapHas TONIIMHA 3TOH HPOKIAAKH
MEKAy  1epOpHUPOBAHHBIMH  METaJUIMYECKHUMHU

JIeKTpoaMu coctaBuiaa 2 MM. OTiauume Takoro
MHUKpPOQOHa OT KJIACCHYECKOTO KOHAEHCATOPHOI'O
BO3IYIIHOTO MHKpOGOHAa cocTouT B mepdopu-
POBAaHHOCTH JEKTPOAOB M HAJIMYUM HEBO3IYLIHOW
JUDJIEKTPUYECKOM  mpokmaaku.  Takoro — pozga
MUKpPO(OH OOIBIIE aCCOIMUPYETCS C KOHIEHCATOp-
HBIM MHKPO(OHOM, T.K. IUIACTHUKOBAs IPOKIAAKA
OJIKe MO CTPYKTYpE K HEIIOPHCTOMY I'€T€pOreHHOMY
JUAJIEKTPUKY, YEM K IOPUCTOM CTPYKType, KaKOBOM
sBIIsIeTCS Oymara (B CpaBHUBaeMOM MHKPO(QOHE).
Cornacao pabore [15, c. 47], w3BecTHo, UTO
"MO DIIEKTPOKMHETHYECKOH JPPEKTUBHOCTH IOPH-
CTble MaTEpHaJIbl MOKHO PACHOIOXKHUTE B PSIII: MOJIH-
9TUJICH, [IAMOTHO-OCHTOHUTOBAsI KEPaMHUKa, KepaMu-
ka [l'ocymapcrBenHoro HWMU kepamuueckoil mpo-
MBILIJICHHOCTH, KBapL, (roporuiact-4, cTekio, Marte-
3uanpHas kepamwuka...". Ha To, dWro mommdTHIEH
SIBJISICTCSI TIOPUCTHIM, YK@)XyT M PE3yJbTaThl IpHBe-
JCHHBIX HHMXE SKCIEPUMEHTOB, U3 KOTOPBIX CIEHYeT,
9TO OTKIMK MHUKPO(OHA C  IOJMITHUICHOBBIM
IU3JIEKTPUKOM MEXAY 3JIEKTPOJaMH BO3MOXKEH U MPH

HYJIEBOM HalpspKeHUH Hakauku U, =0.

Maket2 DKSA-mukpodona

Mexny nepdhOopHpOBaHHBIME 3JIEKTPOJAMH TaKOM
e MaTpHULlbl, 9YTO U B IPUBEIEHHOM BBIIIE Cllydae,
BMECTO TUIACTUKOBOM IUIACTHHBI, OOEpHYTOHl He-
CKOJIBKMMH CJIOSIMU IIOJIMATHIIEHA, TIOMELIaIach M1avka
Oymaru opmata A4 TONIIHON 2 MM.

HAVYYHOE ITPUBOPOCTPOEHME, 2021, Tom 31, Ne 2
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3aBucuMOCTb noreHimana ¢ (1b) Ha Mukpodonax ot Hanpspkenust Hakauku Uy (B)

Uit MUKpooHOB Ha DKL

(———— Oymara)u (— + — -IUICHKA)

Pe3ybTaThl 3KCIIEPUMEHTOB

OTMernM, 4TO NPUBOAKMBIEC YHCIEHHBIE PE3yIIbTa-
THI HOCSIT He aOCONIOTHBIN, a OTHOCHUTENBHBIA Xapak-
Tep. Pe3ynbraTel u3MepeHnii mprBeIeHbl 0e3 MpUBS3-
KA K pEalbHbIM YPOBHSIM H3MEPSIEMBIX BEIHYHH,
a 3aperuCTPUPOBAHBl OTHOCHUTENIBHO YPOBHS LIYMOB
Ha CIeKTpoaHaln3aTope. DTO OBUIO CAENaHO B CBS3U
C TeM, YTO YyBCTBUTEIHHOCTb MUKPO(OHOB CHIIBHO
3aBHCHUT OT CXEMbI COTJIACOBAHMS MATPULIBI C U3MEPH-
TenpHBIM HpubopoM. B nmaHHOM ciiydae aBTOpOB
OosbIlle MHTEPECOBAIM JAaHHBIE WM3MEPEHUH C MHK-
PO(hOHOB 110 OTHOIIEHHUIO OJHUX K APYTUM.

B xozxe skcnepuMeHTOB ¢ JUHAMUKOB 3a/1aBajloch
3ByKOBoOe€ 1tosie yactoroit 1000 I'm.

1. Ha nepBoM »3Talie HamnpsyKEHUE HAKAUKU )i
obonx MHKpo(poHOB orcyrcTBoBano (U, =0). Hanee

BBISICHSUIOCH JaBJIEHHE HCTOYHHUKA CTOPOHHETO 3BYKO-
BOTO 11071 (TTOJIsI AMHAMUKA), TPA KOTOPOM BBIXOAHOE
HanpsDKeHHE ¥ C MaTpHUIbl Ha KaXXI0M MHKpO(doOHE
HaqMHAO NPEBBIIATL YPOBEHb UIYMOB Ha CIEKTPO-
aHanu3aTope . BBIACHUIOCH, YTO HaleXHOE OOHapy-
KEHUE OTKJIMKA MaTpUll HAa TUCKPETHOW COCTaBJISO-
meil yacroroit 1000 I'n cocTaBUiIO MPUMEPHO YCIIOB-
Hble 14 nb musa xaxmoir mMatpunbl. Takum obpazom,
n MuKpodoH-Maker] HOpMaTbHO (QYHKIIMOHHPOBAI
mpu U, =0.

? DKCIepPUMEHTbI, Pa3yMeeTcs, MPOBOIMIUCH MOC/IEN0Ba-
TEeNIbHO: CHayalla JUIsl OJHOTO MUKpO(dOHa, 3aTeM Ul Jpy-
TOro.
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2. 3arem ansi 00eWX MaTPHIl OCYIIECTBIISIICS TPO-
[[ecC HaKayKH, YTO 03HAYAJIO MOCTENEHHOE IT00Yepe-
HOE yBEIWYEHHE Ha KaXIOH MaTpHIle HaNpsDKEHUS
Hakauku U, npH (UKCUPOBAHHOW BEIMYHHE 3BYKO-

BOI'O IOJIsI, COOTBETCTBYIOLLErO II. 1.

Pe3ynbTaThl 5KCIEPUMEHTOB MIPEACTABIIEHB! HA PU-
CyHKe. BepxHss KpuBas COOTBETCTBYET MUKPOGOHY-
MakeTy2, HWKHII — MuKpodoHy-makeryl (c TBep-
IBIM JMJIEKTPUKOM MEXKIy 3ieKkTpopamu). M3 kpu-
BBIX BUJHO, 4YTO NpH pocte U, MHUKpO(OH-MaKer2

OBICTPO BXOAWT B PEKHUM, KOTJa IPEBBILIEHUE OTKIH-
Ka Ha aKyCTHYECKUH CHUT'HAJ Ha HeM u HadMHaeT Ipe-
BBIIATh OTKJIMK Ha MHKpodoHe-makerel mpHMepHO
Ha 20 nb npu 0AMHAKOBOM HAaNPSKEHUH HAKAUKH.
Taxum obpazom, mukpodoH-maker]l (yHKIIMOHH-
pyer mpu OTCYTCTBUM Hakauku npu U, =0, a mnpu

HEHyJIEBOH Hakauyke BeleT ceds aHaJOrMYHO MHUKPO-
(hony-MakeTy2. JTO O3HAYaeT, 4yTo (U3HUKa ero pado-
Thl HE COOTBETCTBYET NPHUHLMIY PaOOThl KOHJEHCa-
TOPHOTO MHKpPO(OHA, a COBIAAAET C MPUHLHUIIOM pa-
60161 MUKpodoHa Ha DK, a UMEHHO Ha SBIEHUH T10-
TEHLIMaja TeYeHUs, TeM 00JIee YTO IEKTPOIbI Y 3TOTO
MHKPODOHA GbLIH T1epHOPUPOBAHHBIMH .
[IpeBrpillIeHHE OTKIMKA B cllydae, KOrAa MOPUCTOU
cpenoil sBnsiercss Oymara, Haj OTKIMKOM B Ciydae
IUTACTUKOBOTO Marepuaja MOXKHO OOBSICHUTH O0Jb-

’ Ha mukpodousi Ha DKS orpaHmumBanach BeTHUYHHA
HaIpsDKEHUS] HaKauKu BO W30eXaHue MpoO0si MaTPHLIBI IIPH
OospIMX 3HaYeHUsAX U.
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oM pa3HULIEd B pa3Mepe MOp 3THX MATEPUAJIOB.
B crnenmytomieit pabore aBTOphl BepHYyTCS K Ooree
TIIATEIbHOMY U3yUYCHHUIO 3TOTO SBJICHUS.

BbIBO/IbI

OKCIIEPUMEHTAIBHO TMOATBEPXKIEHO, YTO MHUKpO-
¢bor nHa DK, KOHCTPYKTHBHO BECbMa CXOXHIl
C KOHJEHCAaTOPHBIM, [EHCTBUTENBHO padoTaer Ha
HNPUHLMIE, OTIMYHOM OT HpUHOMIA pPadOTHl KOH-
neHcatopHoro MukpodoHa (oH Takke (QYHKIINO-
HUpYeT TIpH HyleBod Hakauke). llokazano (cm.
pucyHok), uro wmukpopoH Ha OIKS Omaromaps
HAKa4yKe MOXET IOBBILIATh CBOI UYBCTBUTEIBHOCTh
Ha BemuunHy A0 npumepHO 40 nb. CpaBHeHHe ABYX
9KCIIEPUMEHTAIILHBIX MCCIEAOBAaHMN MOKA3bIBAET (CM.
PHUCYHOK), 9TO 4yBCTBHUTEIbHOCTh JKS-mmkpodona
MOXET CHJIBHO 3aBHCETh OT BEJIWYMHBI IOPUCTOCTU
IURJICKTPHUKA, IIOMELIAEMOr0 MEXAY JJIEKTPOoIaMHu
MUKpo(oHa.

Paboma evinonnena 6 MAIl PAH 6 pamkax Iocyoap-
cmgennozo 3aoanua 075-00780-20-00 no meme Ne 0074-
2021-0013 Munucmepcmea nayku u evicuie2o 06pazoea-
HUSL.

IMPUJIOKEHHUE.
CXOJCTBO M OTJIMYHA IKs1 B KNJAKUX
SJIEKTPOJIMTAX U B BO3AYXE

CormacHo [12, c. 534], "anexmpoxunemuueckue
56/1eHUss — COBOKYITHOCTH SIBICHWH, TPOHCXOJSAIINX
B CHCTEMax, COJIEPKAIINX KANUWLIApbl I MeMOpaubl,
pa3MeIIeHHBIE B 31eKmpojume, TPH HALONCEHUU
NEeKMpuueckoeo nois, U oopaTHbIXx UM 3 ¢hexToB".
CormacHo [12, c. 536], "anexmpoaumvr — KUJAKAC
W TBEpJbIE BEIIECTBa, OOJAJArOIIe MOHHOW IPOBO-
JTMMOCTBIO, T.€. TIPOBOAHHUKH, B KOTOPBIX AJIEKTpHYE-
CKHH TOK 00yCIIOBIIEH JBHKEHWEM MOHOB (ITPOBOIHU-
ku BTOporo poja)". CormacHo 3Toi ke padore [12,
c. 536]: "Hanbomee mmMpoKo MPUMEHSIOTCS M XOPOIIIO
M3y4eHBbI BOAHBIE PACTBOPHI ANEKTPOIUTOB. s mo-
Jy4eHHsI PacTBOPOB DIIEKTPOIHUTOB OOBIYHO HCIIONb-
3YIOT MOJIIPHBIE XKUAKOCTH C BBICOKOH & (BOJa, CITUPT
uT.ma)".

Hanee, cormacHo cratbe "Monm3amus" B Buku-
mequu: '"['a3pl 1Mo  Ooybmielt Mepe COCTOSAT W3
HeHTpaabHBIX MONIeKy. OTHAaKO, €CTIM YaCTh MOJEKYJT
ra30B MOHHU3UPYETCS, Ta3 MPOBOAUT DIIEKTPUUECKUH
ToK". ECTh TpM OCHOBHBIX CIIocO0a WOHHW3AIUH B Ta-
3ax.

1) TepMmudeckass HOHU3AIMS — HWOHHU3ANHUS, TIPH
KOTOPOH HEOOXOAWMYIO DHEPTHIO ISl OTpPhIBA DIIEK-
TpPOHA OT aTOMa JIal0T CTOJKHOBEHHSI MEXKIY aTOMaMHU
BCJIEJICTBHUE TTOBBIIIEHIS TEMIIEPATYPHI.

2) WMoHwuzarus dJIeKTPHIEeCKUM T0JIeM — HOHH3a-
WS BCJIEJCTBHE TTOBBIIIICHUS 3HAUEHHS HAIPSKEHHO-

CTH BHYTPEHHETO JJIEKTPUYECKOTrO IOJIA BBINIE TIpe-
NeNFHOTO 3Ha4YeHHusd. M3 3Toro ciemyer oTphIB JIek-
TPOHOB OT aTOMOB Tas3a.

3) Morun3anusi HOHU3UPYIOIIHM H3TyICHHEM.

OOBIYHO KOHIIGHTpAIlsi HMOHOB B BO3AyXe (erl.
B 1 cM’ ero 06beMa) JIEKHT B CICAYIOMINX PEIEax:
400-50000 maa momoxkurenbHbIX U 600-50 000 s
OTPHIIATEIhHBIX HMOHOB (CpETHHE IMOKa3aTeld COOT-
BerctBeHHO 1500-3000 s moJIOKUTETbHBIX HOHOB
1 30005000 mst oTpHUIIATENHHBIX HOHOB).

Kpome Toro, cornacHo 0HOMY M3 MHOI'OYHCIIEH-
HBIX CalWTOB, IOCBSIIEHHBIX MOHM3ALUM BO3IyXa
(https://zdorovushka-rf.ru/blogs/articles/ionizator-
vozduha-vred-ili-polza), "B Tropomckmx KBapTHpax,
KaK MPaBUJIO, IPOUCXOIUT «IIEPEBEC» B CTOPOHY HOH-
OB C HOJIOKUTEIBHBIM 3apsiIOM, KOTOPbIE B U300UIINH
M3JIYYAlOTCS  pasTuIHOM  OBITOBOH  TEXHHUKOM
Y TaJpKeTamu. .. "

CornacHo TaHHBIM Ha CaiTe
(https://weatherarchive.ru/Pogoda/Saint%20Petersbug),
BEJIMYMHA OTHOCUTEIBHOM  BIAXKHOCTH  BO3IyXa
B Cankrt-IlerepOypre (umenno B Cankt-IlerepOypre
OCYILECTBISUTUCH BCE 3KCIIEPUMEHTHI) pacipezesieHa
B TEUEHHE TOa COTJIacHO NMpUBeAcHHON Tabmume. Ta-
KM 00pa3oM, BO3AYX B OOBIYHBIX YCIOBHSX COZIEp-

Pacnpenenenne BIaxHOCTH BO3IyXa

[Io Mecanam

Cankr-letepbypr
Mecsay =G @, %
AxBapb -52°C | 86%
®eepansb -5.1°C | 83%
Mapt -1°C 76%
Anpens +5.5°C | 68%
Mait +11.5°C | 64%
MioHb +16.1°C | 67%
Mione +19.5°C | 72%
AgsrycT +17.4°C | 75%
CenTabps +126°C | 80%
OkTa6pb +6.4°C | 83%
Horbpb +1.5°C | 87%
[ekabpsb =2°C 86%
Mo mecayam 6.4°C 7%
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KUT BOJY.

W nocnenHee 3aMeyaHrue OTHOCUTENBHO pazinyuil
M CXOJICTBA KUAKHX DJIEKTPOINTOB U MOHU3HPOBAH-
HOT'O BO3/yXa, HACBIIIEHHOTO MTapaMy BOJABI. Y paBHE-
HUS COXpaHEHHsI WMITyJIbCa JIBUKEHUS Ccpenbl (ypaB-
Henne HaBre—CTOKCa) B 000MX ClIydasx IMpaKTHIe-
CKH TOXJIECTBEHHBI, C Y4E€TOM TOTO, YTO M B TOM,
W JIpyrOM CiTy4ae B KauecTBE CHIIbI JACHCTBYET dJIeK-
Tpudeckoe moje (JekTpodopes) MO0 aKyCTHIECKOe
rosie (TIOTEHITNA TedeHws). A coriacHo [2, c. 534],
"OCHOBHYIO POJIb B 2JIEKTPOKMHETUYECKUX SIBJICHUSIX
WUTPAIOT JBOWHOM DIEKTPUYECKHA CIoH, (HOpMUpPYIO-
ITUICS Ha TpaHUIle pa3aena ¢as, i ero mojaspusanus’.

Takwum 00pa3oM, ¢ TOYKH 3pEHUS TTOCTAHOBKH (PH-
3MYECKOW MPOOJIEMBbl O HAaMYMU DIIEKTPOKWHETHYE-
CKUX SIBIIEHUH B JKHJKUX DJIEKTPOIUTAX U MOHU3HUPO-
BaHHOM BO3/yX€, HACBIIIEHHOM BOJIOW, DTH JIBE CPE/IbI
SKBHUBAJIEHTHBI 110 TIPUIHHAM:

— 00e cperbl coztepKaT NOHBI,

— 00e cperpl cotepIKaT KUAKOCTh B TOM W MHOM
BHJIE;

— B 00enX cpeflax Ha TPAHHUIIE KUIKOCTH (BO3/yX) /
TBEP0€ TEIO 00pazyeTcst ABOWHOM CIIOH;

— 3amada 00 DIEKTPOKWHETHYECKHX IPoIleccax
B 00eWx cpenax ONWCHIBACTCS TOXJIECTBEHHBIMHU
YpaBHEHUSMHU.

Bce nepeunciieHHOE TTO3BOJISIET MPUUATH K 3aKITHO-
YEHWI0 O TIOJOOMH MPOUCXOAAIINX B ITHUX Cpemax
MPOIECCOB, & WMEHHO HM3YyYeHHUE DIIeKTPOKWHETHYe-
CKUX TIPOIIECCOB B OJTHOW CPEJIe IMO3BOJISIET DKCTPAIIo-
JINPOBATh MOJYYEHHBIE PE3YyJIbTAThl HA CITydail Ipyrou
Cpezpl U 00paTHO.
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ABOUT COMPARING CONDENSER AND ELECTROKINETIC
MICROPHONES

S. P. Dmitriev', V. E. Kurochkin’, B. P. Sharfarets’
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Basing on the analysis of the physical features of the operation of the microphone on electrokinetic
phenomena, it has been experimentally confirmed that this microphone works on a functional principle different
from the principle of operation of a condenser microphone. It is shown that a microphone based on
electrokinetic phenomena can increase its sensitivity by up to about 40 dB due to pumping. Comparison of two
experimental studies shows that the sensitivity of an electrokinetic microphone can strongly depend on the size
of the porosity of the dielectric placed between the electrodes of the microphone.

Keywords: condenser microphone, microphone on electrokinetic phenomena, pump voltage, microphone sensitivity

INTRODUCTION

This work is a continuation of a whole cycle of
works by the authors on the study of microphone
emitters and receivers of sound vibrations based on
the use of electrokinetic phenomena (ECP) [1-8]. The
design of electroacoustic transducers based on ECP is
in many respects identical to the design of condenser
microphones.

A condenser microphone contains two plane-
parallel electrodes with (usually) an air gap between
them, to which a polarizing (a.k.a. phantom) voltage is
applied to charge the capacitor. For the constancy of
this charge over time, the capacitor is loaded with
a sufficiently large active resistance [9, p. 102].

An ECP microphone consists of two flat perforated
electrodes, with a porous structure placed between the
electrodes (for example, a pack of paper a few milli-
meters thick) and called hereinafter a matrix (2D di-
mensions of the electrodes and paper are the same)'.
A constant electric field (pump voltage) is applied to
the electrodes in both modes — emission and recep-
tion. In this case, in the mode of sound emission, addi-
tionally an alternating electric field is supplied to the
matrix and is further transformed into a sound field,
and in the case of a microphone, an external acoustic
field is supplied to the matrix and is transformed into
an electric signal. Due to the presence of nonlinear
hydrodynamic processes in the matrix, the energy of
a constant electric field is pumped into acoustic ener-
gy in the emitter or into the energy of an electric re-
sponse arising in a microphone under the influence of
an external acoustic field.

' The appendix provides an explanation of the similarities
and differences between ECPs in liquid electrolytes and in
air.
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As can be seen from the above, the layout of both
types of microphones is similar in many respects: in
both cases a capacitor is structurally present, in both
cases a constant electric field is applied to the capaci-
tor plates. The difference is that in the case of a con-
denser microphone, the electrodes do not have to be
necessarily perforated, and in the case of an ECP mi-
crophone, there must be a porous structure between
the plates.

Comparison of an ECP microphone with a conden-
ser microphone is all the more justified due to the fact
that the latter has good electro-acoustic parameters
[10, p. 152], such as sensitivity level, bandwidth, etc.

FORMULATION OF THE PROBLEM

This work is devoted to a more detailed study of
the similarities and differences in the physical princi-
ples of the functioning of both types of microphones
mentioned above, as well as to the evidence-based
exclusion of the interpretation of an ECP microphone
as a particular case of a condenser microphone.

CONDENSER MICROPHONE

Let us get on the design of the classic condenser
microphone, invented in 1916 by E. Wente. It is
a charged flat capacitor, one of the electrodes of
which is massive, and the other is a thin membrane
(for a detailed description of condenser microphones,
see, for example, [9-12]). The same sources describe
in detail the theory of calculating the characteristics of
condenser microphones, which is sometimes quite
nontrivial. In this work, the authors are mainly inter-
ested in a simplified consideration, but conveying
the dependence of the sensitivity of a condenser mi-
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crophone on its most important parameters.

The following is a simplified conclusion of the mi-
crophone sensitivity, which nevertheless reflects the
nature of its dependence on the main parameters of
the microphone: the magnitude of the polarizing volt-
age and the distance between the capacitor plates at
rest.

A polarizing voltage is supplied to the capacitor
with the initial capacitance C, =const through a high
resistance R. When the membrane vibrates under the
influence of an acoustic field, the initial distance be-
tween the electrodes dy gains an increment x(¢) that
depends on time and is proportional to the acoustic

pressure p(l‘) . Thus, the real distance between
the plates of the capacitor is equal to d =d, +x(1),

x(t)..do. The perturbed capacitance of a flat capacitor
is determined in SI by the expression [13, p. 360]

eg,S
C(x(t))=—"—, 1
)= M
where ¢, is the electric constant; ¢ — the relative

permittivityof the dielectric inside the capacitor; S —
the area of the capacitor plate. We assume that
the area of the plate remains unchanged S =const.
We further assume that the resulting stress between

the plates U (r) is equal to
U(t)=U, +u(t), ()

where u(¢) — the magnitude of the disturbance of

the reference voltage U, caused by an external acous-
tic field, which changes the stationary distance be-
tween the membranes d,, by the value x(t).

Since the time constant 7=C,R. 1 is large,
the statement about the constancy of the capacitor
charge g =gq, =const, where ¢, is the initial charge
of the capacitor, is true due to variations in the volt-
age and capacitance in the capacitor. Then from
the definition of capacity [13, p. 360], we write down
the formula for determining the capacitance of
the capacitor C:

49
C=—. 3
U )
Obviously, in the unperturbed case (3) has
the form C, = % From (3) we have
0
9
Uu==. 4
C 4

The last formula in the unperturbed case obviously
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0
Let us rewrite (4) taking into account the perturba-
tions:

takes the form U, =

Uy +u(t)=—120 )

C(x(1))

Next, we represent the fraction %o in (5) as

C(x(1))
a series in powers of x with accuracy O(xz) (the ar-
gument ¢ is omitted to simplify the notation)

o _ o, G FES T g(12),

U - - L2900
T T, ¢ d d

which, after simplification, gives the following ex-
pression accurate to the value O(xz) :

U0+u=U0+UO§. (6)

From (6) we have for the perturbation of the volt-
age across the capacitor (here we will return the ar-
gument ¢)

u(t)=u, 2. ™

Thus, the voltage perturbation across the capacitor
u (t) is directly proportional to the reference voltage
Uy and the ratio of the perturbation of the distance
between the membranes to its undisturbed value
x(t) /d .

To obtain from (7) the expression for the sensitivi-
ty in the case of a harmonic signal, we assume that
u(t)=ue™ and x(¢)=xe ", where u, x are the cor-
responding amplitudes. It is obvious that in the case of

an axial plane acoustic wave incident on the receiver,
the following relation applies:

, , Vo
x(t)=xe " =|Ve "dt =——e " 8
(1 J - ®)
The amplitudes of acoustic pressure p and velocity

V' in a plane harmonic wave are related by the relation
[14, p. 74]

V=—,
pc
where p is the density of the medium, c is the veloci-

ty of sound. Then the amplitude of the harmonic dis-
turbance of the membrane in (8) is equal to



74 C. II. IMUTPHEB, B. E. KYPOUKHH, B. I1. IITAP®APEI]

vV
X:—.—Z—.p .
10 10pc

)

Substituting (9) into (7), we have the following
formula for the voltage amplitude u in the harmonic
mode

u=-U,—2—. (10)
iwpcd

Dividing (10) by the pressure amplitude p, we ob-
tain the expression for the axial sensitivity S of
the condenser microphone:

S=—=-——" (11)

p iwpcd

The simplified expression (11) for the axial sensi-
tivity obtained in the work is based on a number of
assumptions by default. Namely, it was assumed
above that the condenser microphone is a lumped sys-
tem; the magnitude of the vibration of the membrane
does not take into account its pinching at the edges;
only the model of a plane incident acoustic wave is
considered; the reaction of the interaction of the sound
wave with the membrane is not taken into account (its
inertia, associated with the initial tension of the mem-
brane) when expressing the displacement of the mem-
brane through the velocity of the sound wave, etc.
Nevertheless, a review of the special literature con-
firms the following: in all papers on a condenser mi-
crophone, the expression for the sensitivity necessari-
ly contains the ratio of the reference voltage U, to
the thickness of the layer between the microphone
plates in a stationary state U, /d [9, p. 78]; [10, p. 34,
35]; [11, p. 478]. This value, as it is easy to see, is
equal to the magnitude of the electric strength vector
of the constant (reference) field on the capacitor

E,=U,/d.

The functional feature of a condenser microphone
From the obtained expressions (7) and (11) it can

be seen that at zero reference voltage U, =0 (at zero

amplitude of the vector of the stationary electric field

strength E,=U,/d across the capacitor E,=0)

there is no response from the condenser microphone.

For a better study of the distinctive properties of
the ECP microphone, a full-scale experiment was car-
ried out with two microphone models.

FULL-SCALE EXPERIMENT

Modell of ECU microphone

In a conventional ECP microphone, the porous
structure was replaced by a structure in the form of
an A4 plastic plate 1 mm thick, wrapped in several
layers of polyethylene. The total thickness of this
spacer between the perforated metal electrodes was
2 mm. The difference between such a microphone and
a classic condenser air microphone is the perforation
of the electrodes and the presence of an airless dielec-
tric spacer. This kind of microphone is more associat-
ed with a condenser microphone because the plastic
spacer is closer in structure to a non-porous heteroge-
neous dielectric than to a porous structure, which is
paper (in the compared microphone).

According to [15, p. 47], it is known that "In terms
of electrokinetic efficiency, porous materials can be
arranged in a row: polyethylene, chamotte-bentonite
ceramics, ceramics of the State Research Institute of
the Ceramic Industry, quartz, fluoroplastic-4, glass,
magnesia ceramics ...". The fact that polyethylene is
porous will also be indicated by the results of the ex-
periments below, from which it follows that the re-
sponse of a microphone with a polyethylene dielectric
between the electrodes is possible even at zero pump
voltage U, =0 .

Model2 of ECP microphone

Between the perforated electrodes of the same ma-
trix as in the above case, instead of a plastic plate
wrapped in several layers of polyethylene, a pack of
A4 paper 2 mm thick was placed.

Experimental results

Note that the numerical results presented are not
absolute, but relative. The measurement results are
given without reference to the real magnitudes of the
measured values, but relative to the noise level detect-
ed by a spectrum analyzer. This was done due to the
fact that the sensitivity of the microphones is highly
dependent on the matrix matching circuit with the
measuring device. In this case, the authors were more
interested in the data of microphone measurements in
relation to each other.

During the experiments, a sound field with a fre-
quency of 1000 Hz was set from the speakers.

1. At the first stage, there was no pump voltage for
both microphones (U, =0). Further, the pressure of

the source of the external sound field (speaker field)
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Dependence of the microphone potential ¢ (dB) on the pump voltage U, (B)

for the ECP microphones.

(————paper)and (— - — -film)

was determined, at which the output voltage u from
the matrix of each microphone began to exceed the
noise level detected by the spectrum analyzer’. It
turned out that the reliable detection of the matrix re-
sponse on a discrete component with a frequency of
1000 Hz was approximately 14 dB for each matrix.
So, modell functioned normally if U, =0.

2. Then, for both matrices, the pumping process
was carried out, which meant a gradual sequential in-
crease in the pump voltage U, on each matrix at

a fixed value of the sound field corresponding to Sec-
tion 1.

The experimental results are shown in the figure.
The upper curve corresponds to the model2, the lower
curve corresponds to the model 1 (with a solid dielec-
tric between the electrodes). It can be seen on
the curve that as U, grows, model2 quickly enters

the mode when the excess of the response to
the acoustic signal u begins to exceed the response of
the modell by about 20 dB at the same pump voltage
value.

Thus, the modell functions in the absence of
pumping at U, =0, and behaves similarly to the mod-

el 2 at non-zero pumping. This means that the physics
of its operation does not correspond to the principle of
operation of a condenser microphone, but coincides
with the principle of operation of a ECP microphone,
namely, the phenomenon of flow potential, especially
s1nce the electrodes of this microphone were perforat-
ed’.

The excess of the response in the case when the
porous medium is paper over the response in the case
of the plastic material can be explained by the large
difference in the pore size of these materials. In
the next work, the authors will return in more detail
for a more thorough study of this phenomenon.

CONCLUSIONS

It has been experimentally confirmed that an ECP
microphone, structurally very similar to a condenser
microphone, actually works on a principle different
from the principle of operation of a condenser micro-
phone (it also functions at zero pumping). It has been

? The experiments, of course, were carried out sequentially:
ﬁrst for one microphone, then for another.

3 The pump voltage was limited to ECP microphones in
order to avoid breakdown of the matrix at large values Uj.
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shown (see figure) that an ECP microphone can in-
crease its sensitivity by up to about 40 dB due to
pumping. Comparison of the two experimental studies
shows (see figure) that the sensitivity of an ECP mi-
crophone can strongly depend on the value of the po-
rosity of the dielectric placed between the electrodes
of the microphone.

The work was carried out at the Institute for Analytical
Instrumentation of the Russian Academy of Sciences within
the framework of the State Assignment 075-00780-20-00 on
topic No. 0074-2021-0013 of the Ministry of Science and
Higher Education.

ATTACHMENT.
SIMILARITIES AND DIFFERENCES OF ECP
IN LIQUID ELECTROLYTES AND IN AIR

According to [12, p. 534], "electrokinetic phenom-
ena are a set of phenomena, occurring in systems con-
taining capillaries or membranes, located in an elec-
trolyte, when an electric field is applied, and effects
opposite to them." According to [12, p. 536], "electro-
lytes are liquid and solids substances with ionic con-
ductivity, i. e. conductors in which the electric current
is caused by the movement of ions (second-class con-
ductors). According to the same work [12, p. 536]:"
The most widely used and well studied are aqueous
solutions of electrolytes. To obtain electrolyte solu-
tions, polar liquids with high ¢ (water, alcohol, etc.)
are usually used. "

Further, according to the article "lonization" in
Wikipedia: "Gases are mostly composed of neutral
molecules. However, if some of the gas molecules are
ionized, the gas conducts an electric current. There are
three main ways of ionization in gases.

1) Thermal ionization - ionization in which the
necessary energy for the detachment of an electron
from an atom is given by collisions between atoms
due to an increase in temperature.

2) lonization by an electric field - ionization due to
an increase in the value of the strength of the internal
electric field above the limiting value. From this fol-
lows the separation of electrons from gas atoms.

3) Ionization by ionizing radiation.

Usually the concentration of ions in the air (parti-
cles in 1 cm’ of its volume) lies in the following lim-
its: 400-50 000 for positive and 600-50 000 for nega-
tive ions (average values are respectively 1500-3000
for positive ions and 3000-5000 for negative ions).
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In addition, according to one of the many sites ded-
icated to air ionization (https://zdorovushka-
rf.ru/blogs/articles/ionizator-vozduha-vred-ili-polza),
“In city apartments, as a rule, there is an overweight
towards ions with a positive charge, which are emitted
in abundance by various household appliances and
gadgets ... ".

According to the website https://weatherarchive.ru/
Pogoda/Saint%20Petersbug, the value of the relative
air humidity in St. Petersburg (all experiments were
carried out in this location) is distributed throughout
the year according to the table. Thus, air normally
contains water.

And a final note regarding the differences and sim-
ilarities between liquid electrolytes and ionized air
saturated with water vapor. The equation of conserva-
tion of momentum of motion of the medium
(the Navier — Stokes equation) is practically identical
in both cases, taking into account that in both cases
an electric field (electrophoresis) or an acoustic field
(flow potential) acts as a force. And according to [2,
p. 534], "the main role in electrokinetic phenomena is
played by the electric double layer, which is formed at
the phase boundary, and its polarization."

Thus, from the point of view of formulating
the physical problem of the presence of electrokinetic
phenomena in liquid electrolytes and ionized air satu-
rated with water, these two media are equivalent for
the following reasons:

— both media contain ions;

— both media contain liquid in one form or another;

— in both media, a double layer is formed at
the liquid (air) / solid interface;

— the problem of electrokinetic processes in both
environments is described by identical equations.

All of the above allows us to come to the conclu-
sion about the similarity of the processes occurring in
these environments, namely, the study of electrokine-
tic processes in one environment allows us to extrapo-
late the results obtained to the case of another envi-
ronment and vice versa.
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