[Mpn / = 1 npuBeAeHHbIE BblpaXXeHMNS COBMAAAOT C COOTBETCTBEHHbIMU BblpaXXeHUAMU pa-
6otbl [1]. Mo dopmynam (1), (2) n (3) gna pasnnyHbIX 3HadeHMn 0 < x0< 1 Obln
onpegeneHsl b(a), n2u r, korga n, n / 9aBnAanncb 3agaHHbIMu BenndnHamn: 2.3~ nx” 4,0
no8< /" 10. Mo dopmynam (8) n (9) paboTtbl [1] UNCNEHHBIM UHTErpnupoBaHMem Bbinn
NoslyyYeHbl cpefiHeKBaApaTUUHbIe (ha3oBble abeppaunmn elc 1 eol ChepnyecKon U LUUINHAPU-
4yeckoun NuH3bl. o pe3ynbTatam pacyeTta OblM HaWAEHbI BE/IMYMUHBLI N2 U T, COOTBETCTBYIO-

e MMHUManbHbIM 3HavyeHnam elc 1 eOu, Ha dur. 2, a nokasaHa 3aBMCUMOCTb YeOc oT mn
ONA pas3INYHbIX NONoXeHuU tokyca. Kpmass 1 coorBetcteyetr / = 10, 2—/ = 0,9, 2 —
/ = 0,8 Ha cur. 2,6 npeactaBneHbl 3aBucuMoct n2 (kpmeble 1,a, 2,a, 3,a) U r (Kpu-
Bble 1,0, 2,6, 3,6) oT J1 And Tex e 3HayeHU /. Mbl BUAUM, YTO NINH3bI C JOKYCOM BO
BHELLHEM C/l0e MpW ONTUManbHOM BblbOpe MapameTpoB TakXXe 06nafatoT manon (pasoBo
abeppaunent, Kak U NUH3bI, paccMOTpeHHble B pabote [1]. CneposaTenibHO, MaKCMMasibHO
LOCTUXKMMOE OTHOLLEeHMe gmnameTpa NMH3bl D K AnnHe BOMHbI B cpede A paBHOeE, COriacHo

pabote [1], (D/A)wax = 1/7¥eQ MOXeT ObITb AOCTATOYHO 6OMbLUMM, YTO MO3BOMAET COp-
MUpPOBaTb OCTPOHarpaB/ieHHble AnarpamMmmbl. Tak, Hanpumep, npu = 3,0, / = 0,8 (uTo
COOTBETCTBYET MapameTpam /IMH3bl, OnucaHHoOW B paboTe [2]), onTuManbHble 3HAYEHUS
paBHbl n2= 2,698, r= 0,377, a oTHOoweHne (DJA)wax = KO3, 4yTO MNO3BO/MAET CopMu-
poBaTb AnarpaMmy HarnpasfeHHOCTM LUMPUHOW nopsaaka 33 YrnoBbIX MUHYT.
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SAB/ICIMOCTb AMITTINTY AHO-HACTOTHbBIX XAPAKTEPNCTUK
NMHUA 3ALEPXKKN C AN DY3NOHHBIMWY MNMPEOEPA3OBATEIAMU
OT NAPAMETPOB CJ104 MEXAY TPEOBEPA3OBATE/TAMNK ,
1 3BYKOINPOBOAOM

KO. E. Hesckuin, JI. B. CennBaHoOB

BAnsHne npoMeXyTOUHbIX CMIOEB Ha XapaKTepUCTUMKWM YCTPOMCTB C [ABOWMHbLIM Tpe-
obpasoBaHVeM, HanpuMmep NMHUA 3afepXXKW, ONA cnydvad, Korga npeobpasoBaTtensiMmu fB-
NAKTCA Mbe303NeKTPUYECKMe nnacTUHbI, paccMaTtpusanca B page pabot [1—3]. N3 aTmx
paboT crnefyet, YTO Halnyume CKNEeMBalOWMX C/I0eB M3MeHsAeT (PopMy ammniuTyaHO-4acToT-
HOW XapaKTEPUCTUKN JINHUWN 3a[€ePXXKU MO CPaBHEHWUID CO C/yyaeM WAeanbrnoro akyctu-
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YECKOro KOHTaKTa npeobpa3oBaTenss CO 3BYKOMPOBOJAOM S Harpy3koi. B yacTHOCTW, BBe-
NEHNEe B aKYCTUYECKYID CXeMY NIMHWUW 3a1ePXXKW TOHKUX MEePexXOofiHbIX CNOEB C BOJIHOBbIM
COMPOTUB/MIEHMEM, MEHbLLUM, 4YeM Yy npeobpa3oBaTenis, 3BYKOMNPOBOAA W Harpysku, CMme-
LaeT Pe30HAHCHYK 4acTOTy B CTOPOHY 00/nee BbICOKMX 4acTOT, CY)XaeT Mosocy nponyc-
KaHUN 1 yBeNM4YMBaeT KOIMUUMEHT nepedayn.

B HacTosilleil paboTe paccmaTpuBaeTCAa Cny4vaid, Korga nepexofHblil CNoi pacnono-
XXEH TOMbKO MeXay npeobpa3oBaTenieM U 3BYKOMPOBOAOM. AKYCTUYECKUA KOHTaKT MOX[Y
npeobpas3oBaTteqieM W Harpy3kou cyuTaeT-
CA naeanbHbIM. JTOT C/yYan peannsyeTtcs
Npyu MCMO/b30BaHNN B NIMHUAX 33/1ePXKKM
AN @y3noHHbIX npeobpasoBartenen. [pu
PK pacyete MPUHUMANOCb, YTO BOJIHOBbIE CO-
NPOTUB/IEHMA 3BYKOMPOBOJa, npeobpaso-

BaTeNsd WU Harpy3Ku paBHbl.
[Mpeobpa3oBaTe/ib B PEXUME WN3Nyye-
HMUA MOXHO TMpeAcTaBUTb KaK CUCTEMY
MeXaHUYEeCKNX YeTbIPEXMONCHNKOB, W30-
ObpaXkeHHYI0 Ha ur. 1, a. YeTbipexnontoc-
our. 1 HUK 1 npefcTaBnsieT cOO0M Nbe303NeKTPy-
' YeCKyl0 MMacTUHy (MW BbICOKOOMHBbIN
cnon anmdysMoHHOro npeobpasoBarens)

_ _ N XapaKTepusyetca cnegyrowuMmn napa-
meTpamn: Wi = picks', Yi = | cl, rae WI —XapakTepucTnyeckoe cOnpoTUBIEHNE Ye-

TbIPEXMNONOCHMKA 1, S — nnowaab npeobpasoBaTend, y3 — MNOCTOAHHAA PacrnpoCTpaHeHus.
UeTbIpexnontoCcHNUK 2 npeacTaBnseT COO0M CKIEMBAKOLWIMKA CMOM N XapaKTepu3yeTcs na-
pametpamn: W2= P2CS, yi = 1o/2/ G. OTpaeHMeM BOMH B Harpys3ke u 3BYKOMPOBOZE
Mbl NpeHebperaem; MO3TOMY Ha CXeMe MX MOXXHO NpPeACTaBUTb B BWAe HArpy304HbIX CO-
nNpoTMBNeHM Cc mmnegaHuem Wu Ha rpaHuuax pasfgena mexay npeobpasosartesiem W
cpedon gencteyeT Bo3byxpatowaa cuna F = (eS/h) *K,X, rae e— Nbe30KOHCTaHTA,
Yux —BX0AHOe Hanps)xeHue. MexaHunyeckoe Hanps»xkeHue TO/ npuxopsuwieecd Ha Harpy-
304HOe conpoTmefeHne Wj, cTosiLiee B MpaBOM 4YaCTW CXeMbl, eCTb HaMNps>XeHue Ha BXoAe
3BYKOMpPOBOAA.
AKyCTM4YecKass cxema paboTbl Mpeobpas3oBaTeNil B pPexume rmnpuema rokasaHa Ha
ur. 1,6. Tak Xe Kak W Ha dwur. i,a undpoir 1 o603HaYeH npeobpasoBaTesb, LUPPOI]
f—CKneMBaloLu,MVl cnoin, T —aKycTuyeckas Harpyska. HanpsykeHue, AenCTBylOLlee Na
BXO[ ueTblpexnontocHuka 2 T' = tp-TOexp (—O)L/ ct), rae L —AanvHa 3BYKONPOBOAA,
tp = 2Q/ (WT+ Q) — KO3(P(UUMEHT NpoxoxaeHns, Q — BXOAHOe COMPOTUB/IEHMNE YETbI-
PEXMO/IOCHMKA 2, Harpy>KeHHOro Ha BXOAHOE COMPOTMB/IEHNE YETbIPeXnontcHUKa 1. Onek-
TPUYECKOE HanpsXXeHwWe, pa3BuBaeMoe fa npeobpasosartene, ANa cnyyas, Korga BHeLHSAA

aNeKTpuyeckaa Lenb pasoMkHyTa (/?,, = 00), MOXeT ObITb ONpPeaesneHO M3 BbiPaXXeHUs
I

C
Vuhix = — | T(x)dxt roae d —nbe303neKTpnyeckasa KOHCTaHTa, e — An3fieKTpruyeckas npo-
eJ.e

0
HNLAEeMOCTb, T(X) — MexaHWU4ecKoe Hanps>keHue BHYTpU npeobpasosatens. AMMAUTYAHO-

4aCTOTHAaA XapaKTepucTuKa NUHUKN 3a4ep>XXKn, onpepensemad Kak J1(co) = \Yabix / Kex|

MOXET ObITb BbIYMC/IEHA Ha OCHOBaHUK HPHBEAEHMbIX aKyCTUYeCcKuUX cxem. [lonyyeHHoe
BblIPpa>XEHNE NMEET BUL,

2e d 1 /Vji\
A(v) - D-sin2 | — ), (1)
en v \ 2/
roe
1
D= -
ki2+ k2 _
cos2(vv'n) + ) sin2(vv,n)
. ) Si
o P9 Fzgz ©® / @
P22 el 1)) ©

W0 —Y4acToTa, COOTBETCTBYIOLLAS C/ly4yaro, KOrja Mo TO/LMHe Npeobpa3oBaTens YKnafbl-
BAeTCA MOMIOBUHA [/IMHbI BOMHbI, CO'—4acToTa, COOTBETCTBYHOLLAA Cy4yat, Korga no Tos-
LMHE NPOMEXYTOYHOr0 CNOS YKNaAblBaeTCA MOM0BWUMAA AJiMHbI BOMHbI. Mo dopmyne (1)
ObINN pacCUMTaHbl aMMINTYAHO-YaCTOTHbIE XapaKTEPUCTUKM ANS NUHWIA 3a[ePXKK C AN-
Y3MOHHLIMI NpPeobpa3oBaTeNnsamMu, paboTatoLMMM Ha CABUIOBbIX KONEOAHWUSAX, MPUKNEEH-
HbIX K 3BYKOHPOBOAY C TMOMOLLUbIO C/I0EB 3MOKCUAHOW CcMOnMbl. Ha dwur. 2 npuBefeHbl
aMNINTYAHO-YaCTOTHbIE XapaKTEPUCTUKM ANS HEKOTOPbIX 3HavyeHuid V B MHTepBane 0O u-

Y- 1,2. Cnyyan v' = 0 COOTBETCTBYET W[easlbHOMY aKyCTUYECKOMY KOHTaKTy. [lpu 3ToMm
BbipaXkeHne (1) npeobpasyeTtcs K BuAy:

2ed 1 /[vn\

AV) = -oemesing (— ) )
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[lonoca nponyckaHua B 3TOM cnydae coctaBndet 105%, pe3oHaHCHasd 4acTtoTa VP paBHa
0,75. Kak BMAHO W3 KPUBbIX (Ur. 2, C yBenU4YeHMeM' TO/LWMHbI CK/enBaroLLero cfos pe-
30HaHCHadA 4acTtoTa NIMHUK 3a[epPXXKNU CMEeLLaeTCqd B CTOPOHY 60/iee HU3KMX 4acToT, KO3g-
(MUMEHT nepefayn yMeHbLUAeTCs, Mosoca MPOnyCcKaHWA YyBenuymBaeTcAa. 3aMeTUM, 4TO
corfiacHo pabotam [1—3] npu HanAMuuKM CKemBaroLKMX cnoes (C BOMHOBLIM COMPOTUBIE-
HMeM, MeHbLUMM BOJ/IHOBOrO COMPOTUB/IEHMA npeobpasoBartend, 3BYKOMPOBOAA WM Harpys-
KW), pPacrosIOXKeHHbIX C 000MX CTOPOH Mpeobpa3oBaTenier, MepeunCcsieHHble XapaKTepH-

om//N

CTHKW W3MEHAKTCA B MNPOTMBOMONOXHYIO CTOpoHY. [lpm v' ~ 0,5 Ha amnanTygHo-4ac-
TOTHOW XapaKTepUCTUKE BO3HWKAET BTOPON MaKCUMYM, PacrosfioXeHHbIn B 0bnacTn 6onee
BbICOKMX 4YaCTOT HO CpaBHEHWIO C nepsbiM. [py AanbHenWeM YBENMYEHUN V' MOABNAOTCS
HOBble MakKCMMYyMbl, OfHAKO, Monoca NponyckaHna B6AM3M AOMNOMHUTENbHBLIX MaKCUMYyMOB
3HaUMTe/NIbHO MeHblle, YeM BOMM3M NepBoro. 3aBUCUMOCTb PE30HAHCHOW 4acToThbl V,,, OT-
HOCUTENbHOW nonocbl nponyckaHna A/ /cp H KoahduuneHTa nepefaym Ha Pe3oHaHCHOM
yactoTto /lI(vp) OT v' npeacTaBfieHbl Ha gur. 3.

3 nonyyeHHbIX Pe3ynbTaTOB MOXXHO cAefnaTb BbIBOA, YTO NIMHUW 3adepXKu c and-
)y3MOHHbLIMW MpeobpaszoBaTensgmMmm AO/MKHbI 06nafaaTb 60/bLLUEN MOOCOA MNPOMYCKaHUSA HO
CPaBHEHWIO C JIMHUAMM, UCNOMb3YHLWMMN B KadecTBe MpeobpasoBaTesied MNbe303/IEKTPU-
yeckne nnactTuHbl. ONTUMasbHbIM BbIOOPOM TO/WMHbBI CKNEMBAKOLWErO CNOA MOXHO pac-

LWMPUTL nonocy nponyckaHus go 130  150% npu AONYCTUMOM YMeHbLUEHUN Ko3addu-
UMeHTa nepeaauun.
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O CKOPOCTW PACIPOCTPAHEHUA YJIBTPA3BYKA
B CMECAX MEKCAH - 3TAHON BBN3N KPUTUYECKOW TOYKMU

B. . Ho3ape™, ®. Tawmyxamenos

N3yueHnto pacnpocTpaHeEHUs YNbTPa3BYKOBbIX BOMH B YMUCTbIX XXWUAKOCTAX U CMECsX
Ha NMHWWM HacbILEHUA MOCBSLLUEH LeNblA psg UCCnefoBaHWin. Pe3ynbTaTbl MX MOKa3bliBa-
0T, YTO CKOPOCTb PAacrnpOCTPaHEeHNS YNbTPA3BYKOBbIX BOMH B XWAKOCTSAX W HACbILEHHbIX
napax C MOBbIWEHWEM TemnepaTypbl YMEHbLUAETCS, MPUYEM BCE ObICTPEE MO Mepe npu-
ONMKEHNS K KPUTUYECKOM TemnepaType, a CKOPOCTb Y/NbTpa3ByKa B MeperpeToM nape Ha

165



