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PaccMmoTpeHBl ypaBHEHUSI, OMMCHIBAIONINE ABMKEHUE XUIKOCTH B MOPUCTOI Cpele IO BO3AEHCTBUEM
3JIEKTPUYECKOTO MOJISI B YCIOBUSIX C(POPMUPOBABIIETOCS TypOyJIEHTHOTO pexXnma aBmkeHus. [1puBeneHb!
ypaBHEHUSI, ONMCHIBAIOIIE BOZHUKAIOIINE B XKUIKOCTU aKyCTUIECKIE KOJIeOaHMsT, MICTOUHUKOM KOTOPBIX
MOXET OBbITh HE TOJIBKO MePEMEHHOE 3JIEKTPUUECKOE T0JIe, HO U MOCTOSTHHOE 3JIeKTpudyecKoe noJie. Bo3-
HUKAOIIME IO BO3IEHCTBUEM MOCTOSIHHOTO 3JIEKTPUUECKOTO IOJISI ITYIbCAlIMOHHBIC IMPOKOIIOJIOCHBIS
aKyCTMYECKME KOJIEOaHUSI MOTYT SIBJISIThCSI TTAapa3uTHBIMU TIPU padoTe 3JIEKTPOAKyCTUYECKUX MTPeodpas3o-
BaTesIeii, YTO HEOOXOAMMO YIUTHIBATE IIPU UX IIpoeKTrupoBaHuu. [1oaydeHHbIE pe3yabTaThl HATYPHBIX 3KCIIC-
PUMEHTOB Ha MOJIEJIM 3JIEKTPOAKyCTUYECKOIO IpeoOdpa3oBarteisi MOATBEPXKIAI0T TEOPETUIECKIME PE3YJIbTaThI,
npuBeAcHHbBIE B paboTe. M310KeHHbIE TeOPETUIECKIE U SKCIIEPUMEHTAIbLHBIE PE3Y/IbTaThl ITO3BOJISIOT pe-
LLIUTh MIPUOPUTETHYIO HAYYHO-TEXHUYECKYIO TPOOJIEMY IMTPOSKTUPOBAHUS U CO3JaHUST aKyCTUYECKUX U3TY-
yaTteJjieii HOBOIO TUIIA.

Kurouesbie cno6a: dIeKTPOAKYCTUIECKOE ITPeO0Opa3OBaHNE, DIEKTPOKUHETUYECKHE SIBJIEHUS, THAPOINHA -
MMKa 3JIEKTPOOCMOCa, aKyCTHKa 3JIEKTPOOCMOCca, TypOYJIEHTHOE TeYeHHE, MyIbCAllMOHHbIE KOJIeOaHMs
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BBEJAEHWE

Hacrosimas pabota siBasieTCSI IIpOAOIKEHUEM pa-
oor [1, 2] mo TeopeTdecKOMy OOOCHOBAHUIO, a TAKXKeE
10 MOZAEJIbHOMY 1 3KCIIEpUMEHTAJIbHOMY TECTHpOBa-
HUIO MPEUIOKEHHOT o B [3] HOBOro MeToda 3JIeKTPOaKy-
CTMYeCcKoro IpeobpaszoBaHust. B pabdore [1] mpobnema
paccMmaTpuBaiach B IMHEHHOM MTPUOIVKEHUY pEIeHUS
cuctembl HaBre—CTOKCA WIS TAaMUHAPHOTO IBVKEHUS
XKMOKOCTUA B TIOPUCTOI Cpede ITOI BO3IECHCTBAEM CyM-
MapHOTO ITOCTOSTHHOI'O Y IEPEMEHHOT0 3JIEKTPUIECKOTO
nois. B padote [2] aTa mpobieMa yxe paccMaTpyUBaiach
B HEJIMHEMHOM ITpUOIVDKEHNN pelneHus cucteMbl Ha-
Bbe-CTOKCa JIs1 JTaMUHAPHOTO OBWKEHUS KUAKOCTU. B
HaCTOsIIel paboTe 3amadya paccMaTpMBaeTCs B HEIM-
HEMHOI MOCTAaHOBKE IsT TypPOYJICHTHOIO PeXXrMa IBH-
JKEHUSI >KMIIKOCTH B ITIOPUCTOM Cpe/Ie.

OBOCHOBAHUWE ®U3UYECKOU
MOJIEJIU 3AJJAYU

H3BectHO (cM., Harpumep [4, c. 178—183]), uto B
OTJIMYME OT JJAMUHAPHOTO PeXXMMa IBUKEHUS SKUII-

KOCTH, B TYPOYJICHTHOM PEXMUME B TIOJISIX TABICHUS 1
CKOpPOCTH, a B cCllydyae PacCMOTPEHUS CXKHUMaeMOM
KUIKOCTH U B MOJIe TUIOTHOCTH, IaXe B pesKUMe CTa-
IIMOHAPHOM YCTAHOBUBITIEHCST TYypOYJICHTHOCTH, KpOME
CTallMOHAPHBIX (OCPEAHEHHBIX IMOJIei) BO3HUKAIOT U
T.H. MYJIbCAlIMOHHBIE COCTABJISTIONINE TTOJIeH, TTPUCYT-
CTBYIOLIIME UMMaHEHTHO B TypOYJIEHTHOM peXUMe, U
MPENCTABISIONIME COOO0I CIOXKHbBIE, HEYTIOPSTOUYEHHbIE
BO BPeMEHM 1 TIPOCTPAHCTBE TPOIIECCHI TaXKe MpPU CTa-
IIMOHAPHBIX BHEIITHUX UCTOYHMKAX ABVDKEHUSI. C TOUKHN
3peHMST PacCMaTPUBAEMOTO 3JIEKTPOAKYCTUUECKOTO
MMpeoOpa3oBaHUsT 3THU ITYJbCAIIMOHHBIE COCTABIISIIO-
M€ MOTYT SIBJISIThCSI TTAapa3UTHBIMU 110 OTHOIIICHUTO
K OPUTMHAJIBHOMY aKyCTUYECKOMY CUTHAIY.

Lleavio Hacmosiweii pabomur SIBIISICTCS CO3IaHUE
GU3UIECKON M MaTeMaTUIeCKON MOIEIIei, OIMCHI-
BaIOIIMX TTOBEIEHUE YKA3aHHOTO 3JIeKTPOaKyCTHUYE-
CKOro IIipeoOpa3oBaTelisi B pexXMMe TypOYJIEHTHOTO
JIBYKEHMS KUAKOCTHA. DTO IIO3BOJIUT PEIIUTh IIPUO-
PUTETHYIO HayYHO-TEXHUYECKYIO MpoOJieMy IpPOeK-
TUPOBAHUS 1 CO3IaHMS 3JEKTPOAKYCTUUECCKUX U3IIY-
yaTesieil HOBOTO THIIA.
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IMTockoJibKy OTHUM 13 paccMaTprUBaeMbIX B 3a7aue
MPOIIECCOB SBSIETCS aKyCTUUYECKWM mpoliecc, TO
BHOBb, Kak U B [1], cucrtemy ypaBHeHuit HaBbe—
CToKca MpyuHUMAaeM B yIIPOLIEHHOM BUJE AJISI CIyvas
OJHOPOOHOI CXMUMaeMOi BSI3KOH 0apOTPOITHOM
SKUIKOCTU:

3aKOH COXpaHEHUsI UMITYJIbCA B BUJE YpPaBHECHUS
HaBre—CrtoKca [5, c. 73]

Px (aaLtZ +(vyV) Vz) =

(D

=-Vps + NAvy + (C + 2)VVVZ + poEs,
ypaBHEHHE HEIMPEPBIBHOCTU IJIsI CXKMUMAEMOM KU~
KoctH [4, c. 15]

0
g§+vmﬂg=a )

YpPaBHCHHUEC COCTOAHUA GHDOTDOHHOﬁ KNOKOCTHU

p=cp. 3)

3pech, Takxke Kak B [1, 2], vy = vy + Vv, ps = p, + D,
ps =po+p U Es =E, + E — COOTBETCTBEHHO I10JIA
NaBJICHUM, TUIOTHOCTE W BEKTOPOB CKOPOCTEM, a
TaK>Ke BEKTOPOB HAIIPSKEHHOCTU BHEITHUX CTAIIAO-
HapHoro E, = const u nepemeHHoro E siexrpuue-
ckux noseit. Uaneke X, kak u B [1, 2], xapakTepusyeT
CyMMapHEIe ITapaMeTphl motoka. OmHaKo, B OTJIMYME
ot [1, 2], manekc 0 3mech O3HAYaeT ocpeaHEeHME T10
PeitHONBICY COOTBETCTBYIOIIMX CYMMAapHBIX ITapa-
METPOB TeueHUsI (3Ta IIpoleaypa SIBISIETCS OOBIYHOM
MIPY ONMCAHUM TYpOYJICHTHBIX T€YCHMIA, CM., HAIIpH-
Mep, [6]). IToss 6e3 nHOEeKca — BO3MYILEHHbIE (ITyJIb-
CallMOHHBIE) BEJIMYNHBI IOTOKA, BLI3BAHHbBIEC KaK I1e-
peMeHHbIM ntojieM E, Tak 1 caMoii mpuponoit TypOy-
JIeHTHOoro notoka. Kpome Toro, B (1)—(3) mpuHSTHI
0003HaYEeHMSI: ¢ — CKOPOCTb 3ByKa; M| ¥ { — AMHAMU-
yecKast 1 00beMHas BI3KOCTH.

OcpenHenue no PeliHOMbACY MOXHO MPOBOIUTH
O BpeMEHH, 10 TIPOCTPAHCTBY U Mo aHcaMOIto. He-
3aBUCUMO OT TUIIA OCPEIHEHMUSI ONepaTop OCpeaHe-
HUS o PeiiHONbACY CUMBOJIM3UPYET MpsiMasi yepTa
CBEPXY Hal OCPENHSIEMOI BEIWYUHOU f5, f5 = f;,
/5 = fo + f. KpoMe TOrO, 3TO OCpEnHEHUE yIOBIIE-
TBOpsIET yciaoBusM PeitHonbaca [6, §2.1; 7, §2.1]:

fitgs=fi+e&; afs=afy, a=const; a=a;

) Afs. = S _ 7.7
%zf;fzgz=fzgz§fz:fz;f:();f2g2=f2g2;

-8 =0; 58 = f+85 + fg. Takum 0O6pa3oM, BeJIUUU-
Ha f; mpencraBisieT coboil ocperHeHHOe 3HayeHUe
WMCXOIHOU BEIMYUHBI fy, a BEMWIMHA f Ha3bIBaeTCs
MyJIbCALIMOHHON COCTAaBJISIIOLLEH BEJIWYMHBL fy W,

KakK BUIHO U3 MPUBEACHHBIX ToxnecTB, f = 0. O1-
copaumeeM:V=0;p=0;p=0;E=0.

ITAPDAPEL u np.

Hanee 6yaeM paccMaTpyUBaTh OCpEAHEHME T10 Bpe-
MeHHU. B 3TOM cilyyae ocpeaHeHHbIe BEJTUUYUHBI TT0-
JIyJaloT CJIeayIolmM obpasom [6, c. 13]:

t+T

filot) = 0o =7 [ Alxtar

I7e X — IPOCTPAaHCTBEHHBIE KOOPAWHATHI; { — BPEMSI;
T — uHTepBaJl OCPEeOIHEHNSI, BEIOMpPaeMbIiA U3 YCIIO-
Buss 1, < T <T,, tne T, — XapakTepHblii MaclTad
KOJe06aHU MyJbCAMOHHON cocTaBisitoleit, 7, —
XapaKTepHBIA MacIITad MeIIeHHBIX U3MESHEHUI Be-
JUYUHBL fj (X,7) BO BpeMeHU (cM. puc. 2.1 paGots! [6,

c. 13D

ITocne ocpenHenus 1o PeiiHonbacy ypaBHeHUs
(1) monyuyaem ypaBHeHue PeitHonbaca [6, c. 16] misa
OCpEIHEHHOTO TeYEH Ul

0
Po (% +(vyV) Voj =

(4)
==Vpy + NAV, — pV(v ® v) + pE,.
ViV ViV, ViV,
Bpech (V®V)=|vyv, v,v, v,V |=VV, — TeH30p-

V.V ViV, V.V,
Hoe (BHEIIHee) IPOM3BEeICHNE BEKTOPOB, paBHOE

T
TIPOM3BEICHUIO IBYX MATPUIL (V,,V,, v, ) U (V,,V,,V.) ,
rae 7 B MHAEKCE O3HAYaeT TPAaHCIIOHUPOBAaHUE MaT-

PULBL; TeH30p —Po(V @ V) = —pyv;v;, i, j =1,2,3 Ha-
3bIBAETCA TEH30POM TYPOYJIEHTHBIX HaIpsKeHUI

Peiinonpaca unu mpocto TeH3opoM PeitHonbaca |6,
c. 16].

VpasHeHue (4) saBaseTcs He3aMKHYThIM. Bo-T1ep-
BBbIX, K HEMY HEOOXOIMMO 00aBUTH KpaeBble yCJIO-
BUSI U ypaBHEHUE HETNPEPHIBHOCTU TTPUMEHUTEIBHO
K CJy4yalo CTallMOHAPHOTO 3JIEKTPOOCMOTUYECKOTO
Te4EHUSI, KOTOPhIC ITOAPOOHO oImcaHkH B [8, § 2.2].
Bo-BTOpHBIiX, Kak BUAHO U3 (4), B ypaBHEHUM IIPUCYT-

CTByeT HeM3BecTHasl BenmuuHa (v @ v). s ycrpa-
HEHMS DSTOM HEOIPEAeTCHHOCTA BOCIIOJIb3YEeMCSI
MpOCTEHIIIeH, T.H. anredpandecKoii MOIENIbIO TypOy-
JIEHTHOCTH, IOTMIOJIHUB ypaBHeHUE (4) runore3oii byc-
cuHecka [7, ¢. 29; 9, c. 102], cMBICT KOTOpPOI1 COCTOUT B
MOITBITKE BBIpAXKEHUSI TEeH30pa HanpsokeHuit Peii-

Hosbzca T ; 4epe3 XapaKTEPUCTUKHU MOJisi OCPEIHEH-

HoM CKOPOCTH V(; U T.H. Typ6y.)IeHTHy}O BS;I3KOCTI:>2 n;:
av . aV i
0i + 0j

ox ox;

J 1

— 2
T ;= —Povivi; = _gpoksij +7; (5)

I'B craumonapHoMm ciyuae Jfo(x,7) = fo(x) oueBumHO, 4TO
Ty = oo.

2 BripaxxeHue 11t TeH30pa HanpsbkeHUid PeiitHonbaca mist cxxu-
MaeMOii XKMIKOCTU MOXHO HalTH, Harpumep, B [6, c. 18] u [10,
c. 17].

AKYCTUYECKUM KYPHATT Tom 66 Ne5 2020



O PABOTE BJIEKTPOAKYCTUYECKOTI' O ITPEOBPA3OBATEJIA 577

Taommma 1. 3aBUcCUMOCTH KpPITI/I‘-ICCKOVI HaNpA>KEHHOCTHU SJICKTPHUYECCKOTI'O ITOJIA OT IIJIOTHOCTHU 6yMaFI/I

IlosiBnenune TypOyIeHTHOIO
1ryma
ITnotHOCTBL OymMaru
Tun 6ymaru 3 HaMpPSDKeHHOCTD 2JIEKTPUIECKOTO
Poyw> T/CM Pa3HOCTb MOTEHUAIOB MEXAY
nonsi £y, B/cMm, cooTBeTCTBYIOLIAsS
anekrponaMu Uy, , B
3HaYeHuIo Uy,

1 0.412698 1300 8667

2 0.684596 1850 12333

3 0.721308 1950 13000

4 0.970461 1800 15000

Vv, 0
3nech k = % — KMHeTHYecKasl 3Heprus TypOyJIeHT- 5? + peVv = 0. )]

HBIX TyJdbcalluii Ha EAWHUILY MAacChl >KUIKOCTH.
C yueToM BbIpaxkeHus (5) mist TeH30pa HAIIPSKEHUI
Peitnonpaca 3anuiiem (4) B clienyolIeM BUIE

(6)
=-V (Po + %Pok) +(M+m,)Av, +pE,.

OTMeTHM, YTO TypOyJIeHTHasl BSA3KOCTb 1), HE SIB-
JISIETCS CBOMCTBOM CaMOM XXMIKOCTH, KaK 3TO UMEET
MECTO IUIST OOBITHOM BSI3KOCTH, a 3aBHCUT OT CAMOTO
TeUEeHMUSsI, U 151 3aIaHHOTO TeYEeHUST MOKET MEHSIThCS
OT TOYKHU K Touke [9, c. 102]. CaMblit MpOCTOI1 MOAXO
K PAaCCMOTPEHUIO TYPOYIECHTHBIX TEUYCHUI COCTOUT B
MPEAIoJ0KEeHUN O TOM, UYTO TYypOyJIeHTHasl BI3KOCTb

T, U KHHETUYECKasA SHEPTUsd Typ6y.l'[eHTHI)IX ITyJibCa-

LU k OJ1s1 JAHHOTO TEUYEHUSI SIBJISIIOTCSI TOCTOSTHHBI-
MU BeJIMYMHAMU BO BCeil 0061aCTH Typ6y.HCHTHOFO TC-

yeHusi. B atom ciyuae Vk = 0 u nobaBka % Pok K naB-

neHuro p, B (6) mponanmaer. Kpome toro, us (6)
BUJIHO, YTO OCPETHEHHAst CKOPOCTh V,, B 9TOM CJIydae
ABJIAETCS CTALMOHAPHON U HE 3aBUCUT OT BPEMEHU
Vo (X,7) = vy (x). YpaBHeHue (6) NpUHUMaeT IpU
3TOM ITPOCTOIA BUJI

Po (VoV) Vo = =Vpy + (M +m,) Av, + p E,. 7

BoruuTasi nouwieHHo ypaBHeHue (7) U3 ypaBHEHUS
(1) n nuHeapu3ysl pa3HOCTb, IIOJIy4YaeM YpaBHEHHE
JBVKEHUSI IS TTYJIbCAllMOHHBIX MTApaMeTPOB JBUXKE-
HUS B TEPMUHAX JUHEMHON aKyCTUKU

Po (% +(voV) v +(VV) Vo) =

(3)
=-Vp+nAv+ (C + %])VVV + (pE —MAv,).

YureMm Takxke JIMHEApMNU30BaAaHHOC YPAaBHCHUE HEIIPEC-
PBIBHOCTHN
AKYCTUYECKUH KYPHAJT Ne 5

TOM 66 2020

CpaBHeHMe ypaBHeHMs OBHzkeHus (8) ¢ aHajo-
TMYHBIM ypaBHeHMEeM paboThl [2, ypaBHeHue (20)]
IJIL cITydast JIJaMUHAPHOTO HEJIMHEWHOTO IBUKECHUS
KUIKOCTU MOKA3bIBAET, UTO B ClIy4yae TypOYyJIEeHTHO-
HOTO IBMXKEHUS TMOSIBIISIETCS TOTOJHUTENIbHBINA UC-
TOYHUK BO3MYILIEHUS M,AV,, CBA3aHHBII C TypOy-

JIECHTHOM BSI3KOCTBIO n;-

W3 cpaBHenus cucteM (1), (2) u (8), (9) Takke
BUIHO, YTO IIPU OTCYTCTBUM ITE€PEMEHHOIO IIOJISI
3JIEKTpUUYecKoii HarnpsikeHHOCTH E, cuctema (8), (9)
OITMCHIBAET OBYDKEHUE ITyJTbCAIIMOHHBIX TIOJIEH v 1 p
B MX aKyCTUYECKON MHTepIpeTallii, IPUCYTCTBYIO-
IIMX UIMMAHEHTHO B TEUEHUU TYPOYJIECHTHOM! KMIKO-
CTH BCJICICTBUE MPUJIOKEHUS OJHOIO TOJIBKO CTallM-

oHapHoro 1oJjist E .

Ecnn B unene (p,E —m,Av,) cripaBa B ypaBHe-
HUM IBWKeHUST (8) BBIMOJHSIETCS HEpaBEeHCTBO
P E| > [n,Av,| (crtyuaii cnaGoit TypGysneHTHOCTH), TO
WCTOYHUKOM KoJiebaHuit 1,Av, ¢ TypOyJIE€HTHO BA3-
KOCTBIO MOXHO TIpeHeOpeUb, 1 I CTAIIMOHAPHOTO
aKyCTUYECKOTro TIOJIsl Ha 4acTOTe B 3TOM clydae
CIIpaBeJIMBHI BCe pe3yabTaThl padoTHI [2] o151 1aMu-
HApHOTO JBIIKCHUS XUAKOCTU B HEJTMHEIHOM TIPU-
ommkeHun. Ecim ke HepaBEeHCTBO |pelE| > |n,Av0| He
BBIMOIHSIETCS (ClIy4yail pa3BUTON TypOYJI€HTHOCTH),
1O B (8) kpoMe E, u E nosBigeTcs TpeTrii NICTOYHUK
BO3MYIIEHUS M,AV,, CBSI3aHHBII C TypOyJIeHTHO-
cThlo. Torna coBepllieHHO aHAJIOTUYHO TOMY, KaK B
pa6ote [2] u3 ypaBHeHU:1 (20) ObLI0 MOJTYYEHO BbIpa-
XeHue (22), MOXXHO M3 ypaBHeHUs (8) HacTosieit
paboThl TOJYUYUTH Cleaylollee JUHEHHOe BbIpaxKe-
HUE OTHOCHUTENIEHO @ U p

82 ):
Po(at +2(v V)

4 (10)
=—-p+t (C + gn) AD — PeaV — ntA(I)O’
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3necs @ — moteHMan oyt v: v = V®; y — mo-
teHuman noist E: E = -Vy; @, — noteHuman nosus
Vy: Vo = V@,. Beipaxxenue (10) ¢ TOUHOCTBIO 10 10-
MOJHUTENBHOTO ciaraeMoro —1,A®,,, ONMMChIBAIOILErO
00BEMHYIO IUIOTHOCTh MCTOYHHMKA ITYJIbCAIlMOHHBIX
aKyCTMYECKMX BOJIH, COBMNANAeT C BhIpaxkeHUeM (22)
paboTHl [2], B KOTOPOM HPUCYTCTBYET TOJBKO OOUH
00BEMHBII UCTOYHUK P . OTcIona SICHO, YTO aKy-
cTuyeckoe 1oJie (v, p), ONMUChIBAEMOE JIMHEMHBIM
ypaBHeHUeM (10), OyaeT cocTosTh M3 IBYX cjarae-
MBbIX, OJTHO U3 KOTOPBIX BEI3BaHO 1TojieM K, a Bropoe —
00BEMHBIM MCTOYHMKOM MYJIbCALIMOHHEIX KOJeOa-

HUil M,A®,. IIpu paBeHCTBE ILUIOTHOCTEN MCTOYHU-

KOB P ¥ = 1,A®, u noouepenHoM Hajmuuu B (10)
TOJIKO OIHOTO M3 HMX KayeCTBO aKyCTHMYECKOTO
npoliecca JIJis KaXa0ro U3 HUX OyaeT Hepa3InyruMo.
I1pu 3TOM m1s1 060MX citaraeMbix ypaBHeHUs (10) Oy-
JIeT paboTaThb MEXaHW3M HaKauykKu, ONMMCAHHBIN B [2]
Y O3HAYaloIIUi TepeKauyKy dHEepruu 13 cTalluoHap-
Horo noiis (v, p), Bo30yxaeHHoro noieM K, B aky-
ctuyeckoe mnoiie (v, p), oopasoBaHHOE Kak 1ojieM E,
TaK ¥ O0BEMHBIM UCTOYHUKOM MYTbCAITMOHHBIX KO-

nebannit N,A®,. B cnmyyae rapmonunyeckoro noist E
4acToOTOM () aKycTuueckoe nose (v, p) Oyner conep-
>KaTh YCWIEHHBIEC MPOLECCOM HaKauKW TUCKPETHYIO
COCTaBJISIOIIYIO C YaCTOTOU (1, COBIMAMAIONIEH ¢ ya-
cToToii KojebaHuit mojsgs E, ¥ IIMPOKOIIOJOCHYIO
IIIYMOBYIO COCTaBJISIIOIIYIO, BBI3BAHHYIO ITyJIbCallv-
OHHBIMHU KOJIeOaHUSIMU B TYpOYI€HTHOM MOTOKE, 00-
pa3oBaHHOM cTallMOHapHBIM nosieM E,. TeM cambIM,
MMyJIbCAlIMOHHBIN MOTOK B 3TOM CJiydae OyAeT BbI3bI-
BaTh IMapa3uTHbIE KOJeOaHUSI aKyCTUYECKOTO OIS,
yCHJIEHHBIEC IIPOLIECCOM HAaKauKU.

TakuMm o6pa3oM, B TCOPETUUECKOM YaCTU pabOThI
pellieHa aHOHCUPOBaHHAa BHILIE 1IeJIb PAOOTHI: IIPE/-
JIOKEeHbI (u3nUeckKass MU MaTeMaTH4ecKash MOJENH,
oTpaxatolliue 3aKOHOMEPHOCTU TOBEACHUST 3JIeK-
TPOaKyCTUYECKOTrO MPeodpa3oBaTelist B PeXKUME Typ-
OYJICHTHOTO ABUKEHUST KUIKOCTH.

Ecnu xe paccmaTtpuBaTh pe3yiabTaThl padoT [1, 2]
U HACTOSIIIE paboThl B COBOKYITHOCTH, TO CJIEAYET
OTMETUTh, YTO IIPUBEACHHBIC B HUX BHIKJIAIK! ITOKa-
3BIBAIOT, YTO TI0 Mepe YBEeIMUCHUS HANPSDKEHUS Ha-
kauku E, npu (pUKCUpPOBAaHHOI BEIMUYUHE aKyCcTUYe-
CKOI COCTaBJISIIOIIEN DJIEKTPUUYECKOTO 110J11 E MOXHO
TOBOPUTH O TPEX peXXnMax paboThl paccCMaTprUBaeMO-
ro npeobpasoBaTes:

1. ITpu ManbIx BennurMHax E, HaKauyky He BO3HU-
KaeT, MoyJarolasicsi CucTeMa ypaBHEHMIA 15 71€K-
TPOOCMOTHMYECKOTO M aKyCTMYECKOro IIPOILECCOB
oCTaeTcsl JUHEMHOI, a 3aJauyu pacyeTa cTalMoHap-
HOTO TIOJISI ABUXKEHUS XXUAKOCTU U aKyCTUUYECKOIO
MOJIsI SIBSIIOTCSI HECBSI3aHHBIMU, 3TOT PEXUM ObLI
omnucaH B padote [1];

2. IIpu nocTaTouyHO 6OIBIINX 3HAYEHUSIX TTI0JIs1 K,
KOI/a 3aJada pacuera CTAallMOHAPHOTrO TIOJNS mepe-

cTaeT ObITh JMHEWHOI, HO OIMCHIBAET JJAMUHAPHBII
PEeXUM OBUKEHUS XUAKOCTU, 3aJayM pacyeTa cTa-
LMOHAPHOTO U aKyCTUYECKOro TIOJIEU JBUXKECHUS
XHUAKOCTU CTAHOBSITCS CBS3aHHBIMU W ITPOUCXOIUT
nepekayka 3HEepPruyv CTallMOHApPHOTO IIOJIS1 JIBUXKE-
HUS XMUIKOCTU B DHEPTUIO aKyCTUYECKOIro IIOJIs;
STOT PEKUM OIIMCaH B padore [2];

3. Cnyuaii, Korjga aMIUIUTyJa CTallMOHAPHOTI'O MO-
a5 E, HauMHaeT npeBbllIaTh aMIUIUTYLY €r0 KPUTHU-
4eckoro 3HaueHus Eg, .. ¥ 3apoxnaeTcs TypOyIeHT-
HBII pEeXXMM NBVDKEHUS XUIKOCTA B KaITMJUISIPHO-

MMOPUCTOI CTPYKTYpe Ipeodpa3oBaTelis, MOXXHO pa3-
JIeJINTh Ha JIBa TIOACITyJasl.

3a. Cutyauio ¢ HEpa3BUTOM TypOYJIEHTHOCTBHIO
MOXHO OTHECTU K CJIy4alo 2, Korja Iapa3suTHBIMU
MyJTbCAIIMOHHBIMU  KOJIEOAHUSIMM MOXHO TIpeHe-
Opeyb.

36. Cutyanuio ¢ pa3BUTOI TYpOYJI€HTHOCTBIO YKe
HeJIb3s1 OTHECTH K citydalo 2. [TapasuTHBIMHU ITyJIbCa-
LIMOHHBIMHU KOJIEOAHUSIMU yxKe MpeHeOpeYb HeIb3d,
IMOCKOJIBKY OHU YCUJIMBAIOTCS MPOLIECCOM HAKauKU
TaK Xe, KaK U TTOJIE3HBIN CUTHAJI, U CTAHOBSITCS COU3-
MEPUMBIMHM C YPOBHEM Mosie3HOro curHaia. Cnydaii 36
OIMCaH B HACTOSIIIEH paborTe.

HATYPHbBIM DKCITEPUMEHT

IMonydyeHHBIE BBIIIE TEOPETUYECKUE PE3yJIbTaThl
10 OCOOEHHOCTSIM (DYHKIIMOHUPOBAHUS IIPeodpa3o-
BaTesisl B TYPOYJIEHTHOM PEXUME IBVKEHUS KUIKO-
CTU TTOKA3aJIM UX UAEHTUYHOCTH C TIPOIIeCCAMU B Jia-
MUWHAPHOM PEXUME C TOUKU 3PSHUS BIMSTHUS PEXU-
Ma Hakauku. [ToaToMy 3KCIepMMeHTaJIbHAs 4YacTh
paboThl OBLIa ITOCBSIIEHA ITOATBEPXKIACHUIO 3TOTO
daxra, a TakKe U3yYESHUIO BIUSIHUS TIOPUCTOCTHU TE-
JIa IpeoGpa3oBaTeisi Ha MPOLIECC JIEKTPOaKyCTUde-
CKOTO TIpeo0pa3oBaHUsI.

B xauectBe mnpeoOpasoBaTesisi KCIIOJIb30Ballach
HaXOsIIasiCs B BO3AYIIHOM cpelie MaTpUIIa, COCTOSI-
asi u3 JOBYX IIOMUHMUEBBIX IepOOpPUpPOBAHHBIX
3JIEKTPOIOB, MEXIY KOTOPBIMU ITONEPEMEHHO TTOMe-
Maanch madykum Oymarm ¢dopmara A4 pa3auaHOMI
MJIOTHOCTH, cocTosmne u3 15 nucros Kaxknass. byma-
ra OblJla U3rOTOBJIEHA M3 OOJHOTUITHOTO MaTepuaa,

HO Pa3HOI MOPUCTOCTH>, U3 YeTo CIIeJOBaIa ee pa3-
Hast TuiotTHocThY. K a1ekTponaM momaaBasock TOJIbKO
IIOCTOSIHHOE HamnpstkeHue U,, KoTopoe BapbupoBa-
sock ot 3HayeHust Uy = 0 mo 3Hauenus: U, > U,

KPMT >
i=14,tneU.

KpUT

— HaIIpSAKCEHUEC, ITPU KOTOPOM C I10-

3 IMopucrocTh — oHAa U3 XapaKTepUCTHUK TopucToro teja. Io-
PUCTOCTb — 10151 0OBbeMa Nop B 0O1IeM obobeMe Tea [11, c. 69].

4 PazmMepHOCTL MIOTHOCTH GyMaru najee Pgyy B I/CM”, a He B
r/cM”, KaK 3TO MIPUHSTO JJIsT OyMaru, o TOW IMPUYKUHE, YTO B
MAHHOM Cllyyae OINMCBIBACTCSI TPeXMepHasl MOpHUCTasl cpena.
TIroTHOCTH GyMaru BBIYMCIISLIACH TIPSIMBIMHU BBIYMCICHUSIMHU,
KaK 4acTHOE OT JeJIeHHUsI Beca Mayku OyMarv K 06beMy IMmayku.
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Puc. 1. IluarpaMmma 3aBUCUMOCTH KPUTUYECKOMN HaMpsi-
KEHHOCTH 3JIEKTPUYECKOTO MOJIsI OT ILTOTHOCTU Oymaru.

MOIIIBIO YCTAHOBJIEHHOTO Y MaTpUIIbIl MUKpPOMOHA U
CITIEKTpOAaHaIN3aTopa PErUCTPUPOBAIIOCH CKAYK000-
pa3HoOe MOSIBJIEHUE ITyJbCAllMOHHBLIX IITYMOB, BbI-
3BaHHBIX BO3HUKHOBEHUEM TYpPOYJISHTHOIO JIBUXKE-
HUS BO3IyXa B IIOPOBOM IIPOCTPAHCTBE HAXOISIIIEIH -
cs B MaTpuile Oymaru ;-ro copra. XapaKTepUCTUKU
OyMaru M pe3yJibTaThl 3KCIEPUMEHTa OTPakKeHbI B
Tabaune. Jis1 HarJIsIMHOCTHY JaHHbBIC TaOJIMIIBI CBEAS-
HEI B CJIEAYIONIYIO AUarpaMMy, IIpelcTaBIeHHYIO Ha
puc. 1

M3 tabaunpl U puc. 1 ciaeayer, 4TO KpUTUIECKOE
3HAYCHME HaINpPSKEHHOCTH 3JIEKTPUIECKOTO IT0JIs
Ey, = |E0|Kp, Ipy KOTOPOM BO3HMKAET TYpOYJIeHT-
HBI XapakTep OBVDKECHUST XUIKOCTH, HAaXOIUTCS B
MNpsIMOIi MPONOPLIMOHAJILHOM 3aBUCUMOCTH OT ILJIOT-
HOCTH OyMaru gy, . DTO TMOJHOCTHIO COTJIACYETCH €
¢u3uKoi 3agaun. JIeicTBUTEIbHO, €CIU MPOLIECChI B
naykax OymMarv ¢ pasjM4YHOM MTOPUCTOCTBHIO CUMTATh
MOAOOHBIMU, TO TypOYJIEHTHBIN PeXM BO3HUKAET B
HUX IIPUMEPHO IIPU OJHOM M TOM XK€ KPUTUIYECKOM

gucne PeitHonbaca Re = Re,,, rie Re s anekrpo-
OCMOTHUYECKOIO Mpoliecca YMECTHO MPUHSTh B BUIE

d egyd
Po P _ EO 0%c
n nv
3IEKTPOOCMOTHYECKAST CKOPOCTh KMIKOCTH [8, ¢. 34];
€, € — COOTBETCTBEHHO OTHOCUTENIbHAS AUDJIEKTPH-
yeckasi IIPOHUIIAEMOCTh JKMIOKOCTU (BO3dyxa) u
aJIeKTpUYecKasi MOCTOSIHHAsI COOTBETCTBEHHO; ( —
I3eTa WM DJIEKTPOKMHETUYECKUI TIOTeHLMAT, d,, —
CpenHsIs BeJIMYMHA ITop B Oymare; £, = |E0 V=) / Po —
KMHeMaTu4yecKasi BSI3KOCTb BHYTPUIIOPOBOI Cpedbl.
W3 nmocrosiHCTBAa KpUTHUYECKOro yucia PeitHosbaca

€gyd,,

Re =V, 2L, te Vi = E, 08

€ = const ciemyeT, 4TO C yMEeHb-

IIEHUEM CPeIHEN BETUYMHBI TIOD d,,, (W1, YTO 9KBU-

BQJIEHTHO, C pOCMOM NAOMHOCMU Oymazu g, ) YBEIU-
YMBAETCs KPUTUUYECKAs] BEJIMUYMHA HANPSDKEHHOCTU
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anexTpudeckoro nons Ky, . IpuseneHHbie paccyxie-
HUST TTOJTHOCTBIO TIOATBEPKIAIOTCS SKCIIEPUMEHTOM.

B mpoliecce npoBeaeHUsT ONMMCHIBAEMOIO 3KCIIe-
pUMeEHTA TaKXKe MTOATBEPAUIICS MPeaCKa3aHHBIN TEO-
peTUYECKU TIpOolecC HaKauyKu, KOTJIa C POCTOM BEJIU-

yuHbI E, pocyia aMIUTATYa MMyJIbCAllMOHHBIX IITyMOB,
PETUCTPUPYEMBIX MUKPOGOHOM 1 OTOOpakaeMbIX Ha
aHaJM3aTope CIIEKTpa.

BbIBOJ1bI

B paGote paccMOTpeHBI ypaBHEHUSI, OMIUCHIBAIO-
e IBIDKeHWE XUAKOCTU B ITOPUCTOM cperde IIox
BO3ACHCTBUEM 3JIEKTPUYECKOTO TIOJNS B YCJIOBUSIX
chopMUpOBaBIIETOCS TypPOYJIEHTHOTO pexkuMa JIBU-
KeHus. IlpwBomsATCS ypaBHEHMS, OIMCHIBAOIINE
BO3HUKAOIINUE B XUIKOCTHA aKyCTMYEeCKUe Koyieba-
HUSI, ICTOYHUKOM KOTOPBIX MOXET ObITh HE TOJBKO
TepeMeHHOEe JIEKTPUIECKOE TT0JIe, HO U TTOCTOSTHHOE
aJIeKTpUUYecKoe Tosie. Bo3HuKalrome mom BO3Ieii-
CTBHUEM MTOCTOSIHHOTO 3JIEKTPUYECKOTO MOJIS IyJIbCa-
IIMOHHBIE IITUPOKOITOJIOCHBIE aKyCTUIeCKHe Koyeba-
HUSI MOTYT SIBJISTBCS TApasUTHBIMU TIpU paboTe
3JIEKTPOAKyCTUUECKUX Tpeodpa3oBaresieii, YTo He-
00XOIMMO YIUTHIBATH ITPU X TTPOeKTUpoBaHUN. [1o-
JIydeHHbIE pe3yJbTaThl HATYPHBIX SKCIIEPUMEHTOB Ha
MOJIeJIU  BJIEKTPOAKYCTUYECKOTO TIpeodpazoBaTeist
MMOATBEPKAAIOT TEOPETUIECKIE Pe3yIbTaThl, IIPUBe-
JIeHHbIe B paboTe. TeopeTuuyeckre M 3KCIIEPUMEH-
TaJlbHbIE PE3YJAbTaTbl MOTYT WCITOJb30BaThbCSl MpPU
MMPOSKTHUPOBAaHUH M 3KCIUTyaTalluM paccMaTpHrBae-
MBIX DJICKTPOAKyCTUIECKHUX ITpeodpa3oBaTesieii.

Astopsl 0narogapusl C.I1. ImurpueBy u C.I. Te-
JISTHUKY 3a COOEICTBME B MPOBEACHUU 3KCIIEPUMEH-
TOB.
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