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C TIOMOIIBIO  JHEPreTUYECKOrO0 METOJa ONPEICICHBl  SKBHUBAJICHTHBIC
napaMeTpbl  KOJBIIEBOM  OJXHOPOAHOW MeMmOpaHbl. [log  SKBHBaJCHTHBIMHU
nmapaMeTpaMu TOHUMAIOTCS TapaMeTphl 3aMemaronieii MeMOpaHy CHCTEMBI,
MPEACTABIAIONEH COO00W JWHEHWHBIH OCHWIIATOp (CHCTeMa Tpy3-TIPYy>KHHA),
MAacCCOBBIM 3JICMCHTOM KOTOPOT'O ABJIACTCA IJIOCKUH KOHLHCBOI‘/JI MOPIICHb TCX KC
pa3MepoB, YTO U paccMaTpuBacMas MeMOpaHa. 3aMeniarmnas MeMOpaHy cucTeMa
HUCIIOJIB3YCTCA IJII pacdC€Ta aKyCTHYCCKUX KOHG6&TCHBHBIX CHUCTEM, COCTaBHOU
94acThI0 KOTOPBIX SIBISIOTCS MeMOpaHbl. OIleHEHa TOYHOCTH OIPEACICHUS
PE30HAHCHOM YacTOThl KOJIBIIEBOW MeMOpaHbl (IpU pa3lIUYHBIX 3HAUYCHUSX
BHEIIHETO M BHYTPEHHETO PaJMyCOB) C IMOMOIIBIO SKBHBAJCHTHBIX MapaMeTpOB,
KOTOpasi, KaKk M JJIsi Kpyrjoi MeMOpaHbI, OKa3aaach OCTATOYHO BBICOKOW. ITO
MO3BOJISIET HWCIOJIh30BATh SKBHUBAJICHTHBIC IMApaMeTPbl KOJBIEBOW OJXHOPOIHOU
MCM6paHI:I AJId pacuCTa aKyCTUYCCKUX KOHCG&TGHBHLIX CHUCTCM, BKIIOYAIOIIUX B
CBOM cocTaB 9Ty MeMmOpaHy. Moryt paccMaTpuBaTbCsi Kak CBOOOHBIC
(cmabo3aryxamoiue), TaKk U BBIHYXKJIEHHBbICE KOJNEOAHHS CHCTEM C MallbiM
3aTyXaHHEM.

KitoueBble cioBa: KoiblieBasi MeMOpaHa, Kpyrias MeMOpaHa, SKBHBAJICHTHBIC
napaMeTphl, BBIHYXKICHHbIE KoOJIeOaHMs, KHHETHYeCKas »HHEeprusi MeMOpaHbl,
MOTEHIMAJIbHAsI SHEPTUs MEMOpaHbl, aKyCTHUYecKast KoebaTeabHas CUCTEMA.

1.  BBEJIEHUE

Teopus xonebanuii MmemOpaH pa3nuuHOi ¢Gopmbl Obla paspabortana eme B XIX Beke
(ITlyaccon (Simeon Denis Poisson), Paneit (John William Strutt - Lord Rayleigh), Xmamau
(Ernst Chladni) u ap.). Tem He MeHee, U 10 HACTOSIIIETO BPEMEHU UHTEPEC UCCIeIOBATENCH K
MemOpaHaM He yracaeT. [IOSBISIOTCS HOBBIE MOAXOJbl K PEIICHUIO 33734, CBA3aHHBIX C
KosiebanussMu MemOpaH [1, 2], IpOEKTHPYIOTCS U CO3MAIOTCS TEXHUYECKHUE YCTPOMCTBA, B
COCTaB KOTOPBIX BXOJAT MEMOpaHsI [3, 4].

B nauane XX Beka, KOT/ia MOSBUJIACh HEOOXOAMMOCTh B pacyeTe 3JIEKTPOAKYCTHUECKUX
YCTPOWCTB, COAEPIKAIIMX KPYTJIble MEMOpaHbl, UCCIIEOBATENN MOLUUIA MO MyTH YIPOILICHUS
3TUX PACYETOB C TOMOIIBIO 3aMEHbl MEMOpaHbl SKBHUBAJICHTHBIM MopIIHeM. [lapamerps

9KBUBAJICHTHOI'O TOPIIHA (BKBI/IBaJIeHTHI:IC HapaMeprI) OnpeacilyinCcb € IOMOUIBIO
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SHEpPreTUYecKoro meroaa [5, 6]. DTta 3aMeHa CYIIECTBEHHO YIpOIlaja pacdyeT yCTPOMCTB,
MO3BOJIsIs M30€raTh pelieHus HHTErpo-auddepeHInanbHBIX YpaBHEHH.

KonbueBsle  MeMOpaHbl — TakXke  HUCHOJB3YIOTCSA B TEXHHKE B  Pa3IUYHBIX
AJIEKTPOAKYCTHYECKUX yCTpoicTBax. [l pacdyera 3THX YCTPOWCTB TaKXKe MOXKET OBITh
WCIIOJIb30BAHO  3aMEIIEHHWE  KOJBIIEBOM  MEMOpaHbl  DKBUBAJICHTHOW  CHUCTEMOH C
COCpPEIOTOUYCHHBIMHU TapaMEeTPaMH C OJTHOM CTENeHbI0 cBOOOABI (ocumiuisaTop). JanpHenmit
pacder cojepraliieid KoJbLEBYI0O MEeMOpaHy aKyCTHUYECKOM CHCTEMBI IMPOBOAMUTCS YKE C
y4acTHUEeM 3aMEHSIONIEro MeMOpaHy KOJIbLIEBOTO AKBUBAJIEHTHOIO MOPIIHS, Ojarogaps demy
pacyeT CyIeCTBEHHO yIIPOIIAETCsI.

B nanHoil pabore ompenensroTcs mapaMeTpbl SKBUBAJIEHTHOW CHUCTEMBI JUIsl KOJIbLIEBOM
OJTHOPOJIHON MeMOpaHbI, 3aKPETUICHHOH 110 BHEITHEMY ¥ BHYTPCHHEMY KPYTOBOMY KOHTYDY.

2. OIPEJEJIEHUE SKBVBAJIEHTHBIX [TAPAMETPOB KOJIbI[EBOM

MEMBPAHBI

Jist HaXOXKJICHHUS SKBUBAJICHTHBIX TTAPAMETPOB KOJIBIIEBOM MEMOpPaHBI HCIIOIB3YEM TOT XKE
METOA (PHEPreTHUYECKHii), KOTOPBI WCIONB30BaICS Ui HAXOXKACHUS OSKBHUBAJICHTHBIX
apaMeTpoB Kpyrioil MeMOpaHsl [5].

PaccmoTpuM  cHawama wMemOpaHy TOJ  JCWCTBHEM  CTaTUYECKOTO  PaBHOMEPHO
pacIpeaeseHHoro 1o Ionaau MeMOopansl faBneHus P . OTKIOHEHHE TO4eK MeMOpaHbI OT
NOJIOXKCHHUSI PAaBHOBECHST B OTOM CIllydyae ONMCHIBaeTCS (i1 MajbIX OTKIIOHEHUH)

Qg QepeHIraIbHBIM YpaBHEHHEM:

d*u 1du

T ~+——|=-P, (1)
dr- rdr

rue u zu(r) — MOTNEPEeYHOe OTKJIIOHEHHE KOJBIICBOTO JJIEMEHTa MEMOpaHbl paamyca 7 B

HalpaBJIEHUU OCU U, T — HaTsHKeHUe MeMOpaHbl, P — BeJIMYMHA CTATUYECKOTO AABJICHMUS.
Cuna paBneHusl JEHCTBYeT B HAlpaBJICHUM, COBNAJAIOIIEM C HAIpaBICHUEM OCH U .
[Tapamerp 7' cuuTaemM KOHCTAaHTOW, HE 3aBUCSAILEH OT 7 .

I'paHn4HBIE YCIIOBHS ATl pACCMAaTPUBAEMOIl 3aJaUHl 3aIIUCHIBAIOTCS CIIETYIOIIMM 00pa3oM:

u(r)|,.g, =0, u(r)|,_,, =0, )
rae R, 1 R, — BHyTPEHHUI U BHEHIHUI paJuyChl KOJIbLIEBONH MEMOpaHBI.
VpaBuenue (1) pemaercst o0muMu Metofgamu. PerieHre MokeT ObITh 3aITUCAaHO B BUJIE:

Pr?

“="%r

+C,(C +Inr), (3)

rae C, u C, — NOCTOSIHHBIE HHTEIPUPOBAHMUS.

[Toctostnabie C; n C, HaXOAATCS U3 TPAHUYHBIX yCIOBUi (2):
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Haiinem o0bemM mon memOpaHoil (00beM V', 3aKIIOYEHHBI MEXIy IOBEPXHOCTHIO

MeMOpaHbl, 1e(OPMUPOBAHHON JEHCTBHEM CTATHYECKOTO JaBJeHHS P, W IJIOCKOCTBHIO
HEBO3MYILIEHHON MeMOpaHbI).

R
¢ PI
V= 272I u(r)rdr = k! ,
R

2T

R 2 2
_ 3 2 CR,
rne [, = || -r"+————rhhr+——r
2 C, +InR, C +InR,
[Tocne wHTErpupoBaHHsS M HECJOXKHBIX NPEOOpa30BaHUN BBIPAKEHUE I HHTETpaia

I, =1,(R,,R,) MOXHO 3amucaTh B BHJIe:

4 4 2 2 2 2
I, R R R—‘(ClJrlan)—R—‘+R—2
44 C+hR|2 4 4

B kadecTBe mokasarensi BETUYMHBI OTKJIIOHEHHs KOJIbIIEBOM MEMOpaHbI OT HEHTPaTbLHOTO

IMMOJIOKCHUS BO3BMEM CPCAHCEC OTKIIOHCHUC up , OIIPEACIIICMOC 10 (I)OpMy.]'IeZ

B 14 _ PI,
A RR) (R @

u

Buaum, 4T0 u#, NPONOPUMOHAIBLHO CTATHYECKOMY JaBieHuio P ¢ koddduumeHTom

MPOMOPIIMOHATLHOCTHA, KOTOPBIM MOXHO OMpPEIEINTh KaK MOKa3arelb (HOPMBI OTKIOHEHHS
KOJIBIIEBOW MEMOPAHBI.
[Tycte Teneph naBi€HWE MEHSETCS 0 TAapPMOHHYECKOMY 3aKOHY C YacTOTOH @ W

aMIUIMTYJ0H  p,. PaccMOTpHM yCTaHOBUBINMECS BBIHYKICHHBIE KOJcOaHHMS MeMOpPaHbI.
[IpeAnonoxkum, YT0 MPONOPUHOHATIBHOCTS U, ¥ p (MIHOBCHHOE 3HAYCHUE JABIICHHA)

COXpaHsieTcd MpH KoJeOaHUSAX Ha 4YacTOTax BIUIOTh JIO OCHOBHOTO TOHA KosieOaHMMH
MeMOpaHsbl (T.e. mokaszatenb (GopMbl MeMOpaHbl He MeHseTcs). Torga cpeaHee OTKIOHEHHE
MeMOpaHbl Takke OyJeT MEHAThCS MO FapMOHHYECKOMY 3aKOHY. AMIUIMTYJIHOE 3HAYCHHE

CPEIHEro OTKIOHEHHs u, 0003HAYNM KaK U, (T.e. u, (t)=u 10 COS @1 ).
Bynem cuutarh, 4T0 U, PaBHO CPEIHEMY OTKIOHEHHIO KOJBIEBOW MEMOpaHbI IpH

HEKOTOPOM CTaTUYECKOM JIaBIE€HUH F,, TOrJ1a BMECTO BhIpaskeHHs (4) MOXKEM 3aIHCaTh:
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R T 5
" 2T (R -RY) )

A BMecTO ypaBHEHMS (3) 3anuiuem:

P, C +Inr
0 2 1 2
ty(r) =] =7+ R, (6)
4T C, +InR,
Tenepsr Bbelpakenue (6) ompenensier (GopMy KOIbLEBOM MeMOpaHbl B IOJIOKEHUH e€e
MaKCHMaJbHOTO (aMIUIUTYJHOTO) OTKJIOHEHUS TIpPU  BBIHYKJIEHHBIX T'apMOHMUYECKUX

KoyneOanmsax. Bemnunna Z/lo(l") OIPECACIICT TAKXKE aMIUIUTYyOdy KOoJIEOAHNH KOJIBIECBOI'O

3JIeMeHTa MeMOPAaHBI C PalyCcoM 7 U LIUPUHON dr .
Ha wactore, Onu3koii K pE30HAHCHON dYacToTe MeMOpaHbl, OyJeT HMETh MEeCTO

cooTHowmenue £ > p,.

Bce st paccyxneHus chnpaBeUIMBBI Uid  KojiebaHuMii 0e3 yuyeTa COINpPOTUBICHUS
(me3atyxarommx konebanuii). OMHAKO WX MOXHO PAcHpOCTPaHUTh Ha CiIy4yal KoJieOaHUU C
MaJIbIM 3aTyXaHUEM.

B ciydyae Hamuuus CONpOTHUBIEHUS CBOOOJHBIE KOJIEOAHMS, CTPOTO TOBOPS, HENb3s
CUMTaTh TapMOHUYECKUMH, a TIPU PACCMOTPEHUH YCTAHOBUBIIMXCS BBIHYKICHHBIX
KoJieOaHuii MeMOpaHbl, KoOJIeOAHUS KOJBIEBBIX JJEMEHTOB MEMOpaHbl HE SBISIOTCS
cuHdazHpiMu. OJHAKO JUIsi CUCTEM C MallbIM 3aTyXaHHEeM CBOOOIHbBIE KOJeOaHHsI MOXKHO
OpUOIMKEHHO CYUTaTh TapMOHUYECKHMMH, a TIpU PACCMOTPEHUH YCTAaHOBMBILHXCS
BBIHYKJICHHBIX KOJICOaHH MeMOpaHbl, KOJIEOAHUS KOJIBIICBBIX 3JIEMEHTOB MEMOpPaHBI MOXKHO
MPUOJIMKEHHO CUUTATh CUH(a3HBIMHU.

DKBHUBAJICHTHBIN TOPIIEHb IMOMECTUM Ha MECTO CPEIHETO OTKJIOHEHHs MeMmOpaHnbl. [Ipu
3TOM 00ecreuynBaeTcss COXpaHEHUEe BO3ACHCTBHS HSKBUBAJIEHTHOTO MOPIIHS HA OKPY>KAIOIIYIO
cpeny, T.K. 00beM BO3/lyXa, BBHITECHSIEMbIN MpPHU KOJEOAHUSIX MOPUIHS, HE OyAeT OTIMYaThCs
0T 00beMa, BRITECHSIEMOTO IIPH KOJIeOaHUAX MEeMOpaHsI [6].

Takum 00pa3om, SKBUBAICHTHBIH [OPLICHb COBEPLIACT KOJICOAHHUS € aMILTUTY 101 U, .
Maccy 5KBHBAJICHTHOTO MOPLIHS 71, ONPEICIUM K3 YCJIOBHS PAaBCHCTBA MaKCHMAJIbHOTO

3HAUYECHMS KUHETUUYECKOM OHCEPIUU 5KBUBAJICHTHOI'O ITOPIIHA U KOJIC6JIIOHIGI>’ICH MCM6paHbI.
BLIHYDKI[CHHLIC KoJie0aHus MopmiHg  ABJIAOTCA TapMOHHUYCCKUMH, CJIICAOBATCIIBHO,

MaKCUMaJIbHOE 3HAY€HUE KUHETHUYECKOM »sHepruum FE

kin,p OonmpeaAcIACTCA KBaApaToM

aMIUIATY bl CKOPOCTH 1, KOTOpasi, B CBOIO 04EPE/ib, ONPE/ICISIETCS aMILTUTYJON KOoJIeOaH i

TOPIIHS U

U,y =ou,,

Ekin,p =Empb'tp0 =Empa) . (7)
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AHaNOruyHeIM 00pa3oM OINpEAeTUM MaKCHUMajJbHOE 3HAUCHHE KUHETHUECKOH HSHEpruu

MeMOpaHbl E

kin,m

. B 1anHOM paccMOTpeHHU CONPOTUBJICHUE TBUKEHUIO MEMOpPAHbI CYUTAEM

MaJIbIM H, CJICOAOBATCIBHO, CHUTACM, YTO BCC KOJBICBBLIC 3JICMCHTLI MCM6paHLI ABUKYTCA

CI/IH(1)8.3HO. MaxkcumManbHOE 3HAUYCHHE KUHETHUECKOM OHCPIrun dEk KOJBLCBOI'O 5JICMCHTA

in,m
paauyca r OIpeneNseTcs: KBaJpaToM aMIUIUTYIbl CKOPOCTH #,(#) 3TOrO 3JIeMEeHTa, KOTopas,
B CBOIO O4Yepelb, ONpEAEseTcsl aMIUIMTYJOH KojeOaHMi sieMeHTa MeMOpaHbl u,(r),
ompezenseMoil popmynoii (6):

dE,, = ! o’ [uo (r)]2 dm,

in,m E

rae dm=2mp,rdr — Macca KOJNBLEBOIO DJJI€MEHTa MeMOpaHbl paauyca 7, p, —

IMMOBCPXHOCTHAA INIOTHOCTH MaTCpuraia MeM6paHI>I.

MakcuManbHOE 3HAauYeHHEe KMHETHYECKOH OHCPIrun Ekinm BCeH MeM6paHLI OIPCACIIACTCA

BBIPAYKEHUEM:
Ry 2 p2
2 mp, o Pl
E. = o ||u,(r)| rdr="2—2"2,
kin,m pm 1.!.1 |: 0( ):I 16T2 (8)

% R cr: Y

rae £, = [| = + —2—Inr+——2— | rdr. 9)
4 C +InR, C, +InR,

ITocre HHTCIPUPOBAHUA W HCECIOKHBIX HpeO6p330BaHI/II7I BBIPpAXKCHUC [JIA HHTCIpaJia

I, =1, (Rl, Rz) MOJKHO 3aI1MCaTh B BUJIE:

RO-R B3R +RR[1-4(C,+InR)] . R} —R'R, [I—Z(Cl +InR)+2(C, +1an)2}
6 8(C,+InR,) 4(C,+InR,) '

I, =

HpI/IpaBHI/IBa}I paBbIC YaCTH ypaBHeHI/Iﬁ (7) )51 (8), HaI\;LHeM MacCy OSKBHBAJICHTHOI'O
IMMOPpIIHA KOHBHCBOﬁ MeM6paHI>I mp .

1 2 2 1

— 2

mp _Eﬂ-pm (R2 _Rl ) ]_2

1

JKecTKOCTh S9KBHBAIICHTHOTO MOPIIHS k, (JKECTKOCTD MPY>KUHBI OCHUJIISTOPA) ONPEACITHM

N3 YyCJIOBUA PaBE€HCTBA MAKCUMAJIbHOTIO 3HAYCHUSA HOTeHHHaHBHOﬁ OHCPIvU SKBHUBAJICHTHOI'O
HOPILHS ¥ KOJeOmomeiicss MeMOpaHbI.
BI)IHY)KI[CHHBIC KosaeOaHus MopmHg ABJAIOTCA TapMOHHUYCCKUMH, CJICAOBATCIIBHO,

MaKCUMaJIbHOE 3HAYCHHUE MOTEHUMAJIBbHON dHEPrun E

ot NOPIIHS ONPEACIISIETCS KBAAPATOM

aMIUTATY bl KOJICOAHNH HOPIIHS U, :

B. N. Ke3uk
DKBMBaJIEHTHbIE NMapaMeTpbl KOJbLLEBON OAHOPOAHOM MeMbpaHbl



DNEeKTPOHHbIN XypHan «TexHuyeckas akyctmka» 2015, 12 6 (10)

1 1 BRI}
E =—ku’,=—m g1 )
potp — 5 TP p0 T 5 p AT (Rzz _Rlz)z (10)
HOTeHHHaHBHaH SHEPIUs MeM6paHbI Epot,m MOXeT OBITh BBIYHCIIEHA IO pa6OTe,

MPOU3BEJICHHON TIpU €€ pacTAaruBaHuu [5]. MakcumanbHOE 3HAa4Y€HHE IOTEHIIMATBLHON
SHEPIHH, 3aNMaCEHHON KOJIBIICBBIM 3JIEMEHTOM MeMOpaHbI [6], MOXET OBITh BBIYUCIICHO IO

dbopmye:

— du, ’
dE,, ,(r)==T| —=| rdr.

dr

[TpousBoanas GpyHKIMU u,(7) O 7 paBHA:

dr 4T (C,+InR,)r

MaxkcuManapbHOE 3HAYCHHE MOTCHIUATBHOW DJHEPrHMH BCe MeMOpaHBI OINpeaenseTcs
MHTETPAJIOM (3€Ch MBI TAK)KE€ YUUTHIBAEM, UTO IPU MAJIOM COIPOTHUBIIEHUHU BCE KOJIBLIEBHIE
3JIEMEHTBI MEMOpaHBbI ABUXKYTCS CHH(A3HO):

R, 2 2
du 7Pl
E :7[T == }"dr: 0 3 s 11
potm i(wj 16T (11

R, 2

R2
rae [, = I —2r+ 2

S
! (C+mR)r| "

[locrne wWHTErpupoBaHHS U HECIOXKHBIX IMPEOOPa30BaHMI BBIpAXKEHUE [UIsI MHTErpaja

I, =1I,(R,,R,) MOXHO 3amucarb B BHJIC:

R

2R22 ( 2
(C,+InR,)’

I.=R'—R'+ —=2 (R?-R?).
oo C,+InR, ‘" 1)

nke
Rl

[TpupaBHuBas npasble yacTh ypaBHeHui (10) u (11), HaiiieM keCTKOCTh SKBUBAJIEHTHOTO

NOPIUHS KOJIBbLEBOH MeMOpaHs! £, :

k =%nTU§—&ﬂ%5

7
p 11

Tenepb MBI MOXEM HAaWTH YacCTOTy OCHOBHOTO TOHA KOJbBIIEBOH MeMOpaHbI, KOTOpas
ONpEAENSAETCA PE30HAHCHONW YaCTOTOM OCUMILIATOpA!

w::f&:/ng
0p ] :
mp pm 2

B. N. Ke3uk
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HNmMmeet cMbIch CpPaBHHUTH IMOJIYUYCHHOC C IIOMOIIBIO SKBUBAJICHTHBIX IMapaMETPOB 3HAYCHUC

pe?’OHaHCHOI\/JI HaCTOThI KOJ'II:HGBOﬁ MGM6paHBI a)op C TOYHBIM 3HAYCHHUCM YaCTOTHI,

OTpeNieNIIeMbIM TIOCIICAOBAaTEIbHON TeopHei MeMOpaH (B cilyyae KpyIJioil MeMOpaHbI
3HAUEHUE PE30HAHCHOM YacCTOTbI, BBIYMCIEHHOE 3HEPIETUYECKUM METOJOM, IPEBBIILIAIO
ToYHOE 3HaueHue Ha 1,86% [7]).

Pe3oHaHCHBIE YAcCTOTHl KOJBIIEBOM MeMOpaHbl C TpPaHUYHBIMH YCIOBHAMHU (2)

ONPENIETSAI0TCS U3 YaCTOTHOTO ypaBHEHUs [8]:

Jo(le)Yo(kRz)_Jo(kRz)Yo(le)ZOa (12)

rne J, m Y, — obynkuun beccens mepBoro M BTOPOro poja HyJIEBOro MOpsika,
) [o., .

k=—=ow T BOJIHOBO€ YHMCJIO, OIMCHIBAIOIIEE PACIIPOCTPAHEHUE ITONEPEYHON BOJIHEI
c

m

Ha MOBEPXHOCTU MeM6paHBI, @ — COOTBCTCTBYIOLIAaA 9TOU BOJIHE 4acToTa, ¢, — CKOPOCTb

pacnpocTpaHeHus ONEePEYHOM BOJIHBI HA IOBEPXHOCTH MEMOpPaHHbI.

MuHuMalbHOE 3HA4YEHHE @, YJIOBJIETBOpsOIeE ypaBHEHMIO (12), sABIsSETCS 4acTOTON

OCHOBHOT'O TOHA KOJIbIIEBOM MeMOpaHbl. O003HAUNM 3TO 3HaUECHUE KAK @), .

HOFpeH_IHOCTB OIIPECACIICHUA pCSOHaHCHOﬁ YacTOTHl KOJIbIIEBOM MeM6paHLI C IIOMOIIBIO
OKBHUBAJICHTHLBIX MMApaMETPOB B MIPOLCHTAX OMPCACIINM I10 (1)OpMy.]'ICZ

), . —Q,
D=—"2_""100%.
@,

m

B ornmune oT Kpyrioi MeMOpaHsl, KOIr/ja MOrPENIHOCTh ONMpPEENsIach OJHUM YHCIOM, B
Ccllyuae KOJIbIIEBOH MeMOpaHbl MOrPENIHOCTL OyJET 3aBUCETh OT COOTHOIIEHUS PaauycoB R
uR,.

Ha puc. 1 mpexcraBieH pe3ynbTaT pacueTa MOTPEHIHOCTH OINpPE/ENICHUs PE3OHAHCHOM
YacTOThI KOJIBIEBOM MEMOpPaHbl ¢ MOMOLIBIO SKBUBAJIEHTHBIX APAMETPOB B 3aBUCUMOCTH OT

otHoueHus R, K R, . Pacuer cnenan g R, = 0,1 m.

Kak BuauMm u3 rpaduka, 3HaueHHE PE30HAHCHON YacTOTHI, BBHIYMCIEHHOE C IOMOILBIO
9KBUBAJCHTHBIX MapaMeTPOB TaK *ke, KaK M JUIsl Kpyrjaod MeMOpaHbl, MPEBBIIAET TOYHOE
3HayeHue (D > 0). Bennuuna xe norpemsoctu D Bcrogy Mensblue 1,54%, a B Haubomee

Ba)kHOM cirydae, korma 0.01< R /R, <1, norpemHocts He npesbimaet 1,42%.

HpI/I MPAKTUYICCKOM HCIIOJIb30BAHMU MCTOAA OKBHUBAJICHTHOI'O IOPIOHA [JId pacdcTa
AKyCTHYCCKUX Ko1e0aTeIbHbIX CHUCTEM, COCTaBHOM YacCThIO KOTOPBIX SABJIAIOTCA M€M6paHI)I,
JKCIIATCIIBHO TAKKC YUYCCThb AUCCUIIATHUBHBIC IMMOTCPU IIPU Koe0aHusIX MCM6paH, XOTs OBl B
BUIC MaJIoi IIOITPaBKH. CI/ITyaHI/Iﬂ, Korga JUCCHUIIaTUBHBIC ITIOTCPH MaJIbl, ABJIACTCA K TOMY K€
JIOCTaTOYHO PacIpOCTPAHEHHOM, 110 KpailHel Mepe, Ipu pacCMOTPEHUH KoseOaHull B ra30BOM
cpene.

B. N. Ke3uk
DKBMBaJIEHTHbIE NMapaMeTpbl KOJbLLEBON OAHOPOAHOM MeMbpaHbl
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1.5 T

D, %

0.5

0
1x10° Ix107* 1x107° 0.01 0.1 1

R1/R2

Puc. 1. 3aBUCUMOCTb MOTPENTHOCTH ONPEACIICHUS PE3OHAHCHON YaCTOThI KOJIBIIEBOU
MeMOpaHbI ¢ HOMOUIBIO YKBUBAJICHTHBIX IApAMETPOB OT COOTHOLIEHUS pajuycoB R, u R, .

ITo ocu abcuuce — oTHOLIEHUE R, K R, , IO OCH OpAMHAT — HOTPEIIHOCTh [ B MPOLIEHTAX.

Cutel CONMPOTUBJICHUA JIBUKCHHUIO 3JICMCHTOB MCM6paHI>I 6YI[€M CUMTaTh, Kak O6bI‘-IHO,

MIPOMOPHUOHAJIBHBIMHA CKOPOCTH 3JTHUX 3JICMCHTOB (BHSKOC TpeHI/IC). OHpeI[eJ'II/IM I’p KakK

KOA(P(UIIMEHT COMPOTHUBICHUS JBIKEHUIO OSKBUBAJICHTHOrO mopuiHsA (koddduineHt
IPOMOPIIMOHATBHOCTH MEXKAY CHIOW CONPOTHBJICHUS, NEHCTBYIOIICH Ha SKBHUBAJICHTHBIN

MOPLICHb, W CKOPOCTBIO €ro JABWKeHWs). Bennunny koddduuneHta CONpPOTHUBICHHS 7,

OIpeIeNIUM U3 YCJIOBHSI paBEHCTBa pabOThl, MPOM3BOAMMON CHJIAMU TPEHUS 3a OJUH MEPHOL
KOJICOAHWH SKBHBAJICHTHOTO TMOPIIHS M KoseOmomieiics memOpanbl. PaboTy cuibl TpeHus 3a
OJIMH TIEPHOJ] KoJIeOaHWW SKBUBAJCHTHOTO MOPIIHS ompenenuMm mo ¢opmyne (cm. [9],
ctp. 80):

w =r,

p

[i,0)] dr = mend?,r,. (13)

S =8 ‘S’

Paboty, mpou3BOauMYIO CHJIaMH TPEHHS 3a OJUH MEpHoj KoJeOaHWW Hall KOJbLIEBHIM
AJIEMEHTOM MEMOPAaHBI, OMPEIEINM IO TOH ke hopmyie:

aw, = ﬂw[uo (r)]2 r, 2rrdr,

rae 7, — Ko3(h(GUIUEHT CONPOTUBICHUS JBUKEHUIO MEMOpaHbl, OTHECEHHBII K €IUHUIIE €€

IMOBCPXHOCTH.

Pabora, mpon3BoarMasi cuiaMu TPEHHS 3a OJUH MEepUoJI KoieOaHui Hall Bcelt MeMOpaHOIii:

B. N. Ke3uk
DKBMBaJIEHTHbIE NMapaMeTpbl KOJbLLEBON OAHOPOAHOM MeMbpaHbl
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2 2
_Z wr, BT,

Ry
W= [, =5

R

> (14)

rae I, —uHTerpai, onpeaeneHHsii no gopmye (9).

[loxcTaBuB B npaByro 4acTh ypaBHeHus (13) BMecTo u,, ero 3HauyeHue u3 Gopmyisi (5) u

NPUPABHSIB [OJTyYCHHOC BBIPAXKCHHUE TIPaBOii YacTu ypasHenus (14), onpexenum 7, :

1 1 m
r, :Eﬂ'(Rzz —Rlz)z—irm =—Lr .

Il pm
STO BLIpa>KeHI/Ie MOXXHO 3aIIiucaTb HO-prFOMy:

mP
rP:m_rmSm’ (15)

m

rae m, — macca MeMOpaHbl, paBHas p, S, , S, — IUIOmaAb MEMOpaHBbl, paBHas ILIOIIAAU
9KBHBAJICHTHOT'O MOPIIHS S, .

DTO O03HaAYaeT, 4YTO CHJa CONPOTUBIEHUS (M, COOTBETCTBEHHO, KOI(PPUIIUECHT
COIMPOTHUBIIEHUS ), NEHCTBYIONIAs HA SKBUBAJICHTHBIN MOPIIEHb, JOKHA OBITh BO CTOJBKO e
pa3 6oJbIe CyMMapHOM CHIIBI CONTPOTUBIICHHUS, IEUCTBYIOIICH Ha MeMOpaHy, BO CKOJIBLKO pa3
Macca SKBHBAJICHTHOTO TMOPIIHS OOJIbIlIe Macchl MeMOpaHbl. DTOT BBIBOJ MOXKHO OBLIO
C/IeTaTh U UCXO U3 OOUIMX COOOpaKEeHUI 0 MEXaHUKE KOJIeOaTeIbHOTO ABMKEHHS.

Ecnu cpenarte aHaloruMuHbIl pacueT [uis Kpyriaodl MemOpaHel paguyca R,, Mbl

4 2
nonyynm [7] r, =§7zrmRo. HanomHuM, 4To Macca 5KBHUBAJIEHTHOI'O MOPIIHS I KPYIJIOH

4 .
MeMOpaHbI paBHa m, = gﬂmeg . Takum obpazom, dhopmyna (15) okazpiBaeTCs CripaBeiTMBOM

M B 3TOM CJIydac, 4TO INOATBCPIKAACT HAIIl O6HII/IfI BBIBO.

3.  3AKJIFOUEHUE

OKBHBaJICHTHEIC napaMeTpbl KOJIbLICBOM MeM6paHI>I OIIPCACIICHDI. 3aMemeHHe MeM6paHBI
OKBHUBAJICHTHBIM  IOpPIIHEM TIO3BOJIACT C OHpGI[CJICHHOﬁ TOYHOCTBKO  PACCHUUTBIBATH
AKYCTHYCCKUC CHCTCMbI, BKJIHOYAIOMIUC KOJIBICBLIC MeM6paHI>I. Henocratkom Takoro
noaxoaa sBJISICTCA TO, UTO BCPXHAAA I'PpaHHULlA HaCTOTHOI'O AWAIla30HA, KOTOpBIfI MOJKET OBIThH
pPacCMOTpPCH, JIMIIb HCMHOT'O IIPEBBIIACT YACTOTY OCHOBHOT'O TOHAa MeM6paHI>I. I[pyrI/IM
HEAOCTAaTKOM ABJIACTCA YCIIOBUC MAJIOCTH JUCCHUIIATHBHBIX IIOTCPb. Tem He MCHEC, B
OOJIBIIOM YHCJIIE MMPAKTUYCCKU BaAXHBIX CIYy4YaCB 3TOT MCETOA MOXKET OBITL C yCrexom
IMPUMCHCH.

B. N. Ke3uk
DKBMBaJIEHTHbIE NMapaMeTpbl KOJbLLEBON OAHOPOAHOM MeMbpaHbl
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