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AKycTHYeCKHE NapaMeTpbl LIYMOMNIYIIMTENS paccMaTpuBaloTCs Ha 0Oase
MOJIETILHOM 3a/laydl PACIpPOCTPAaHEHHUS 3ByKa B OONACTH, 3alOJHEHHOW IBYMS
cpenamu. IlepBas cpena — ujaeanbHas CKUMaeMasi KHUAKOCTh € IUIOTHOCTBIO O H

CKOPOCTBIO 3ByKa ¢; BTOpas — 3ByKomorjomarmomuii wmatepuan (3[1M),
aKyCTHUYECKHE CBOMCTBa KOTOPOTO OIPENESIOTCS YICIbHBIM COMPOTUBICHUEM
nponyBaHuio ». COOTBETCTBEHHO, Oe3pa3MepHas 4YacTOTHAs XapaKTepUCTHKA
3¢ (HEeKTUBHOCTH NIYMOTJIYIIUTENs TMpH 33JaHHONM TE€OMETPUU  OKAa3bIBACTCS
3aBUCAIIEH JIMIIb OT OTHOUICHUS JIMHEMHOrO pa3mepa KOHCTPYKIMHM K
XapakTepHoMy Macmtady L = pc/r. B paMkax JaHHOTO MOIXOAa IMOCTPOCHBI

YHHUBEpCAJbHbIE pPACUETHBIE XaAPAKTEPUCTUKH SPPEKTUBHOCTH MPOTIKEHHBIX
JIMCCUTIATUBHBIX IUIACTUHYATHIX THymuTened ¢ BoJOKHUCTHIM 3IIM. Boinonnen
aHaJIM3 JIBYXIIapaMETPUUECKOW MOJENN, YYUTHIBAIOUIEH BIIMSHUE OTHOILIEHUS
LWIUPHUHBI KaHala K TOJIIMHE 3ByKomoriomatomei nanenu. [lokazano, 4ro B psje
CIy4yaeB  BO3MOXHO HCIIOJIb30BaHUE OJIHOIIapaMETPUYECKOM  MOJEINH,
yCTaHaBJIMBAIOUICH 3aBHCUMOCTh O€3pa3MEpHO YaCTOTHOH XapaKTEpPUCTHUKU OT
IIMPUHBl  KaHaja TMpH OONBIIMX TONIIMHAX maHened. [IpuMeHuTeNnbHO K
MOCJIEIHEMY CJIy4al0 BBIMOJHEHbl CHCTEMAaTUYECKHE pacueTbl Kak AJii COTOBOM,
TaK M JU1sl U30TponHOM ynakoBku 31IM B MaHensIX mryMOTTyIIUTEs.

BBEJEHUE

3BYKOM3OJUpYIOlIee JEHCTBUE TUCCUMATHUBHBIX TIIYIIUTENEH IIyMa OIpeaeseTcs
spdexraMu  BA3KOTO  TOTJIOMIEHWS  3BYKOBBIX  KOJieOaHWH B MHKpOKaHaIax
3ByKomorjomaromero marepuana (31IM), orpaHuamrBaroniero TpakThl MPOXOXKACHHS pabodeit
cpelbl. 3HAUMTENbHOE pPACIPOCTPAHEHHE TMOJYYMJIM TaK Ha3blBaeMble IUIaCTUHYATHIE
mymornymutenu [1], B koropeix 3IIM pasmemraercss B IUIOCKMX TaHENsIX (TUTAaCTHHAX),
pazzensiomux paboumii TpakT HAa OTHOCHTEIbHO Y3KHE LIelieBble KaHaibl. B kanamax
KpYTiaoi (JOpMbI HCTIONIB3YIOTCS TAK)KE 3BYKOIOTJIOUIAIOIINE KOJIbIIEBIE KACCETHI.

B umxeHepHO! mpakTHKE BHIOOP KOHCTPYKIMHM JIHWCCUIATHUBHOTO IIyMOTIYIIMTENS
OCHOBBIBACTCSI OOBIYHO Ha pe3ysbTaTax MpPsIMBbIX 3KCIEPUMEHTAIBHBIX WM PacueTHBIX
uccinenoBanuii. [Ipu sToM 3ayacTyio BHE MOJIs 3peHUS Pa3paOOTUMKOB OCTAIOTCS BaKHbBIE
olmiye 3aKOHOMEPHOCTH, CBSI3bIBAIOIIME OCHOBHBIE IapaMeTpbl  KOHCTPYKIHMH C
MOKa3aTesIMU €€ aKyCTH4eCKOUW 3(PPEKTUBHOCTH. DTO CYIIECTBEHHO CYXKAeT BO3MOXKHOCTH
omepaTuBHOrO TmpeaBapuTesbHOro otbopa 3[IM u paboumx cXeMm IIyMOIJIYIICHHUS, B
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OCOOCHHOCTH HY)XHOTO JJIsi OOJBIIMX JHEPreTUYECKUX IIYMOTIYIIUTENCH, KOTOphIC
peanu3yIoTCs B IBYX- M TPEXCTYTICHYATOM HCITOJTHCHHH.

HeoOxomumbie oOmuMe COOTHOMICHHUS MEXAY TokaszarelsMu JI(P(OEKTUBHOCTH U
OTIPENICTISIOMUMH TIapaMeTPaMU KOHCTPYKIIMH MOTYT OBITh IMOYEPITHYTHI U3 MPUOIMKEHHBIX
YHUBEPCAJIBHBIX  3aBUCHUMOCTEH,  Oa3upyIOmMUXCSd HA  YOPOHICHHBIX  MOJCIBHBIX
MPEACTABJIICHUSIX O TIPOIECCaX PAacIpOCTPAHEHHs] 3ByKa B DJEMEHTaxX ITyMOTIYIIUTEIIS.
3agaya TMOCTPOEHUS TAKOro poja MPEACTaBICHUM M 3aBUCUMOCTEH pacCcMaTpUBACTCS B
JAaHHOM padoTe.

1. BA3OBBIE ®U3NYECKHWE MOJAEJIN

1.1. AkycrHka KaHaja

B 3amavax, cB3aHHBIX C aKyCTHYECKMM pacyeToOM IUIACTUHYATBIX HIyMOINyIIUTENeH,
HauOOJbIIYI0  M3BECTHOCTh  MOJIydmsia  Monenb  Mopca  [2],  mpezacraBistomas
pacrpocTpaHeHHEe 3ByKa B OECKOHEYHOM IIOCKOM IPSIMOM KaHaje NOCTOSHHOW IIMPHUHBI
2H , orpaHNYEHHOM 3BYKOIOTJIOMIAIOIMMH CTEHKAMH.

Mogzens [2] ocHOBBIBaeTCsl Ha paCCMOTPEHUH peleHni ypaBHeHus [ 'enbmrombia

2
w

A(P+c—2(ﬂ=0 (1)

(rne @ =2nf — yrioBas 4acTtoTa; ¢ — CKOPOCTb 3ByKa B paboueii cpene; f — dacToTa)
C TIPE/ICTAaBJICHUEM MOTEHIINANIa CKOPOCTU @ B (hopme
—Ix

p=Acos(uy)-e", )
I1€ X,y — KOOpJIMHATHI, HAIpaBJIEHHBIE BJOJIb OCH KaHajla W MO HOPMalu K CTEHKaM
cootBeTcTBeHHO. [Tapamerprl 1 u [ ynoBneTBOpsoT, BeaeAacTBUE (1), paBeHCTBY

2 2 2 2
u —I"=(wlc)y =k". 3)

['panuuHOe ycioBHME Ha CTEHKAaX NMpu y =t/ NpUBOAWT B pamMKax TaHHOW MOJENIU K

AUCIICPCUOHHOMY YPaBHCHHIO

Ctg(luH) :_l- Zm E_ié’ (4)
My poH
rne u, =pu-H; z — uMneaanc 3Bykonoriomaei o0auIoBKY KaHata rymmrens. [Ipu

9TOM, BBHIY paBeHCTBA (2), 3((EeKTUBHOCTh JOCTATOYHO MPOTSHKEHHOTO IIyMOTITYIIHTEIS
OIpeNieNAeTCsl 3HAYEHUSIMU KOpHEH ypaBHEHUs (4) IO NEPEMEHHOW 4, C HaMMEHbIIEH
MOJIOKUTENbHON JEUCTBUTEIBLHOMN YacThIO.

YacTOTHO-BOJHOBBIE CBOWCTBA UMIIEJAHCA Zz, 3aBUCIAT OT I'€OMETPUM M (U3NYECKUX
CBOWCTB DJIEMEHTOB 3BYKOIIOTJIOMIAIONIEH OOMUIIOBKH, (HOpMUpYIOIIEH CTEHKH KaHana. B
TEXHUYECKHUX YCTPONCTBaX OOJMIIOBKA KaK IMPaBUJIO BKIIIOYAET B ce0s HENOCPEACTBEHHO
IPUMBIKAOIIME K CTEHKE JHUCTHI Mep(OpUpPOBAaHHOIO SKpaHa M 3aAIIUTHOM TKaHH, a TaK¥Ke
CJIOM 3BYKONOIJIONIAIOIIEro Matepuana. B psae ciyuyaeB, mpu MCHOIb30BAaHUHU JIOCTATOYHO

. P. A6noHuk
MogaennpoBaHue aKkyCTUYECKMX CBOWCTB AMCCUMMNATUBHbIX WYMOMNyLwmMTenen



DNEeKTPOHHbIN XypHan «TexHuyeckas akyctuka» 2009, 3 3 (13)

TOHKOM 3aIlIMTHON TKAHW U BBICOKOM CTETICHU Nepdopariu, 3alUTHRIN CII0W MOYKHO CUUTATh

3ByKONpO3padyHbIM. [Ipr 3TOM 4acTOTHO-BOJHOBBIE CBOICTBAa MMIIEIAaHCA Z, OINPENENIAIOTCS

JMIIB TeoMeTpuel u puzndeckuMu cBoricTBamu cinost 3[IM.

1.2. AKyCTHKA 3BYKONOIJIOIIAIOLIEH MAHe U

[IpumenuTenbHO K paccMarTpuBaeMoil 3amade OyzaeM paccmarpuBath 3[IM  kak
OJTHOPOJIHYIO H30TPOIHYIO Cpedy, aKyCTHYECKHE CBOHCTBA KOTOPOW XapaKTepU3YHOTCS
3aBUCSIIUMHA OT YacTOThl KOMIUIEKCHBIMU (YHKLIHUSIMH IIOCTOSIHHOW paclpOCTpaHSHHUs
y=i(w/c*) (c* — KOMIUIGKCHasT CKOpPOCTh 3ByKa B Marepuaje) H BOJHOBOTO
conpoTuBiieHus W .

BonnoBoe naBmkeHHE B 3HM, KaKk M B KIACCUYECKOM KHUAKOCTHU, OHNPCACIIACTCA
YpaBHCHHUEM I'enemromnsia

Ay —y'y =0 (1a)

AJId IIOTEHIOMala ¥ , CBA3aHHOTO C aMHHHTy,HOﬁ P 3BYKOBOT'O JABJICHUA PAaBCHCTBOM

p=—rWy. ®)

KoHkpeTHBIH BHJI YacTOTHBIX 3aBUCHUMOCTed ¥ u W omnpenensercs ¢uU3HUECKOM
ctpykrypoit 3IIM, koTopasi, B CBOIO oOuepeab, MOAETUPYETCS HAOOPOM XapaKTEepPHBIX
napameTpoB mnopuctoit cpeasl [3]. Ilpu 3ToM Ang ciaydas BOJOKHHUCTBIX MaTepHalloB
OCHOBHBIM, M 3auYacTyl0 €IWHCTBEHHBIM, Pa3MEPHBIM XapaKTEPHBIM MapaMeTpPOM Cpebl
CIIyXHT YyJIeTbHOE CONMPOTUBJICHHUE MPOAYBAaHUIO 7, OMpelesieMoe Kak mepernaj JaBJIeHUH,
TpeOyemblii 11 TPOIYBaHHs CJIOS MarepHala €IUHUYHON TONIIMHBI C eIWHUYHOU
CpeIHEepacXoIHOM CKOpOCThIO. B mocneanem ciyudae coodpaxkeHus mogo0us U pa3MepHOCTE
NPUBOJAT K BO3MOXKHOCTH TPEICTABIICHHUS MPUBEICHHBIX XapaKTepucTuk y/k m W/pc B
Buzie GyHKIMU Oe3pa3MepHOi 4acToTel pf /7 .

Beanunna nmapamMeTpa 7 MCHACTCA IJId Pa3IMYHBIX BOJIOKHUCTBIX 3I[IM B IHUPOKHUX
npexaenax [4] — ot 2- 10° 1o 2:10° kr/m’c.

B nmanpHeimux pacderax Js IpeCTaBICHUs MapamMeTpoB ¥ U W Oynem HCIoib30BaTh
0000111eHHbIE YMITUPUYECKUE COOTHOLICHHUS [5], KOTOpBIE, HECMOTPS HAa HEKOTOPBIE MTOMPABKU

[6], ocraioTcsi, B CHIIy CBOEH IpPOCTOTHI, Hauboyiee YMOTPEOUTENbHBIMU IPH OLEHKaX
3¢ (GEKTUBHOCTH  3JIEMEHTOB  3BYKONOIJIOUIAIOMMX  KOHCTpyKIui. CoriacHo  3THM

COOTHOLLICHUSAM
v/ k=0,189pf/r) > +i-[1+0,0978(pf /r)*""]; (6)
W/ pc=[1+00571(pf /r)*"*1-i-0,0870(pf /r)"7>. (7)

MmnienancHas MOJIeIb CTEHKU npeamnojaaracT, 4YTo 3Ha4CHUsI UMIICJaHCa z, HE 3aBUCAT OT

BOJIHOBOM CTPYKTYpPBI 3ByKOBOI'O IIOJIA B KaHaje, U, COOTBETCTBEHHO, OT IapaMeTpa A, B

neBoi yactu ypaBHeHus (4). Takoe mpejacTaBieHUe MPUOIMKEHHO COOTBETCTBYET COTOBOM
ynakoBke 3IIM. IlpuHumaercsi, 4yTO OpHEHTALUMsI COT TaKOBA, YTO 3BYKOBBIE BOJIHBI B
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MOTJIOTUTENIE MOTYT PacHpOCTPaHATHCS JMIIb [0 HOPMaIM K CTEeHKaMm KaHama. IIpu stom
XapakTepHbI  pa3Mep HOPMaJIbHO OPUEHTUPOBAHHOM  COTOBOM  SIMEHMKH  TAHEIH
IIYMOTJIYIIUTENS JODKEH OBbITh JOCTATOYHO MaJl 10 CPaBHEHHUIO C JUIMHOM BOJIHBIL.

B pamkax naHHON MozenM BeJIMYMHA MUMIIEaHCa z, B MPaBOW 4acTH (4) pacCUUTHIBACTCS
00brgHO [1] B mpenrnoiokeHuu, 4TO 3BYKOBBIE BOJIHBI B ciioe 3[IM HCHBITHIBAIOT MOJHOE
OTpaXeHHEe Ha TIIyOMHE, paBHOM  MOJYTOJIIMHE 3BYKOMOIVIONIAIOIIEH  MMaHeTu
mrymMorymurens. Takoi moaxonx ¢GopMaibHO OINpaBIaH B TeX CIydasX, KOTJIa B OCEBOU
IJIOCKOCTH MAHENIM PACcIoJIaraeTcsi TOHKas KeCTKasl TUIACTUHA WK B COCETHEM MapalieIbHOM
KaHaJle PACIPOCTPAHSIETCS WJCHTUYHAs BOJIHA, B3aUMOJIEUCTBHE C KOTOPOH MPUBOIUT K
OTPaXKEHHUIO OT OCEBOM MIOCKOCTH.

BI:Ipa)KeHI/IC JULL UMIICJaHcCa z,, B TaKOM ClIydac MMCECT BU/:
z,, =W cth(;B), (8)
rae B — moyyTONIIMHA MaHEIH [Ty MOTTY U TENS.

2. JIBYXITAPAMETPUYECKAA MOZAEJIb I'NTYIIUTEJLIA

2.1. IlpeaBapuTe/ibHbIA aHAIU3
C y4eTom MoclieqHUX PaBEHCTB COOTHOIICHUE (4) HETPYAHO MpeoOpa3oBaTh K BUAY:

ctgu, . @) cth[g-g(¢)- A] = —if(a,B.0).

M - ¢-a ©
3necn
p=pflr (10)

— Oe3pasmepHas yactota; GyHkiuu g(@) =y /k u w(@) =W/ pc npencraBiastoTcs npaBbIMU

yacTsMu paBeHCTB (6) u (7) cooTBeTcTBeHHO. [lapameTpsl

a=Q2rr/pc)H , (11)

P=Qrr/pc)B (12)
XapaKTepU3yIOT COOTBETCTBEHHO Oe3pa3MepHbIe 3HAYCHHsI IIUPUHBI KaHala W TOJIIMHBI
3BYKOIOTJIOIIAKOLIEH TAHENH.

Kak u3BectHo [3], B cinyuae ypaBHeHus (4, 9) ¢ He3aBUCALLEH OT IEPEMEHHON ¢, TIPAaBOI
YaCThI0, KOPEHb, COOTBETCTBYIOIIMNA MHHUMAJIHHOMY 3aTyXaHHUIO, BCEr/Jla HaXOIUTCS Ha
OJJHOM W3 TMEpBBIX [BYX JIMCTOB MHOTOJMCTHOM QyHKunu ctgu, /u, . Ilpu sTomM
MaKCHUMaJbHbIe 3HAUEHUsl NEHCTBUTENHHOM YacTH HMCKOMOTO aprymMeHTa B 3TOH 00IacTh
JOCTUTAIOTCS. B TOYKE BETBJIECHMS, B KOTOPOM CHIMTHI TEpPBBIA W BTOPOM JIUCT

paccmaTtpuBaemoit ¢yHkiuu. Beuny (3), naHHas TOYKa COOTBETCTBYET, NpH 3aJaHHOM

BeJIMUMHE Kk =®/Cc, MaKCHMaIbHOW BEIWYMHE JCHCTBUTENHHOM 4YacTH Iapamerpa

I, =1"-H wn, cinenoBaTeabHO, HaHOOJIBIIEH CKOPOCTH IMOITIOLIEHHUS PACIPOCTPAHAEMOIO

3BYKa Ha paCCTOAHHUAX, OTHCCCHHBIX K NIMPUHE KaHAJIA. 3HayeHHne é/ = CC paCCManHBaeMOﬁ

. P. A6noHuk
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GbyHKIIMM B TOYKE BETBJICHHsS (OyJeM Ha3bIBaTh €ro 3/16Ch KPUTHYECKUM HMIICJAHCOM)
cocTaBisieT npuMepHo &, =0,296-0,237i.

CrnenoBarenbHO, €CTECTBEHHO OXUAATh, YTO HauWOONbIIME MHUKOBBIE 3HAYCHUS
3¢ (HeKTUBHOCTH HIYMOTTYIIUTENEH Ul pa3IUYHbIX 3HAUeHUN Oe3pa3MepHbIX MapaMeTpoB &
u £ B (9) n0mKHBI HAOIIOAATECS HA TEX YaCTOTAaX, HA KOTOPBIX YaCTOTHAsI XapaKTePUCTHKA
npuBeIeHHOro mmrenanca ¢ («,,¢), mpeAcTaBIeHHOro MpaBod dacThio (9), Hamboiee
OU3KO MPUOIIKACTCA K KPUTUYECKOMY UMIIE/IaHCY .

Ha puc. | moxazaHbl 3HaueHUs TNPHUBEIECHHOIO HMIIEAHCA A JIByX THIIOBBIX CXEM
IUTACTUHYATBIX ~ IIYMOTJIYIIUTENeH:  Korja  IIMpWHA  KaHala  paBHA  TOJIIUHE
3ByKoOTMoromaroiiei manenu (@ = £, puc. la) u Korjga mypruHa KaHaia B JBa pa3a MEHBIIIE
TommuHel maHenu (« = /2, puc. 10). JluamazoH pacueTHBIX 3HAUCHHUI Oe3pa3mMepHOi
gactorsl — ot 2-10™ o 10 — BBIOpAaH MPUMEHHUTEIPHO K 3ByKOBOMY JAHMANa3oHy YacTOT C
peasbHBIMU  3HAUEHUSIMH CONPOTHUBIICHUS TPOJIYBaHUIO ». PacCMOTpeHHBbIM auamna3oH
3Ha4YeHUH mapamerpa [ COOTBETCTBYET TOJIIMHAM IIAaCTUH nmpuMepHO oT 100 MM g0 500 MM

IMPpHU YKa3aHHBIX BCJIMYHMHAX ITapaMeTpa 7.

I {

!

0 02 X, 04 0.6 0z ERef

Puc. 1. KapTa YaCTOTHBIX KPUBLIX IPUBCACHHOI'O UMIICAAHCA ITPU PA3JIMYHBIX OTHOCUTCIIBHBIX
TOJIIMHAX [ 3BYKOIOTJIOMIaroNIeH manenu. Bapuantel: a — a=£;0— a=f£/2.

3navyenus f:1—3,08,2—10,7;3—37,0;4— 128; 5 — 1540.
BeHI/IqI/IHBI X ¢ nu y ¢ Hpe,[[CTaBHSHOT COOTBCTCTBCHHO I[eﬁCTBHTCHLHYIO nu MHI/IMYIO 4HacThb

KPUTHUYECKOTO UMIIE/IaHca &,

B cootBerctBUM ¢ (opmyroit mpaBoil yactu (9), BO Bcex ciayyasx NpU yBEIHMYECHUU
0e3pa3MepHOii YacTOThl ¢ BEJIMYMHA NMPUBEACHHOTO HMIIEIaHCA CTPEMUTCS K HYJIIO, TPOXOJIS

P 3TOM B OTHOCHUTEIBHOW OJM30CTH OT KPUTHYECKOW TOukH. I[Ipm »TOM, Kak BHUIHO W3
puc. 1, npu HeOOMbIIMX 3HAYCHUAX L mnapaMmeTpudeckas 3aBucumocTh Im(S) ot Re(()

HUMECT HCTHCO6p33HBIﬁ XapaKkTep, TaK 4YTO B 3TOM CJIIyHac BO3MOXHO IABYX- U Ooiee KpaTHOC

. P. A6noHuk
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NpUOTIKCHUE K KpUTHYecKoMy mmnenancy. [Ipu 3Hauenwsx [, npeBbimaronmx £ =10,
kpuBass Im({) or Re({) He mmeer camomepeceueHMid W NpHONMKAETCs K TOYKE &

OJIHOKPATHO.

TakuMm 00pa3oM, U3 auarpamm puc. 1 ciexyer, 4To Ipu OTHOCUTEIBHO TOHKHX MAaHENSAX U
MajblX CONPOTHUBIICHHUSX MPOAYBAHUIO 3BYKOIIOTJIOIIAIOIIETO MaTepuanga 4YacTOTHAs
XapaKTePUCTHKA ITYMOTIIYIICHUSI MOKET UMETh J1Ba M 0ojiee MaKCUMyMOB. JlaHHBINA 2P PeKT
MOYKET TPAKTOBATHCS B JAHHOM Cllyyae KakK MpOSIBIICHHE PE30HAHCHBIX 3BYKOBBIX KOJICOaHUN
nonepek cios 3[IM. C yBenauueHueM TOJIIMH U CONPOTUBIEHUH 7 M COOTBETCTBYIOLIETO
pocTa 3aTyxaHMsl YKa3aHHBIX KoyieOaHUI NOBBIIIEHHAS 3(QQPEKTUBHOCTH IIyMOIIYIICHUS

JOJKHA OOHAPYIKUBATHCS B OKPECTHOCTH JIUIIIh OJTHON YaCTOTEHI.

2.2. Pe3yabTarhl pacueToB
UYucnenHsle pacueTsl KOpHeW ypaBHeHus (9) ¢ HauMeHbIIEH MOJOKUTEIbHON
JNEUCTBUTENLHON YacThiO, BBIMIOJHEHHBIE MO CIEHHUATBHO pa3pabOTaHHON HTEPaMOHHON
CXeMe, MOJITBEPKIAI0T IPECTABICHHBIE BBIIIE BHIBOABI IPEBAPUTEILHOTO PACCMOTPEHHUS.
Pe3ynbTaThl pacueToB 3HaU€HUN napaMeTpa 3Bykonoriaomenus [, =/ -H Ha OCHOBaHUH

cootHomeHust (9) ¢ ydyetrom paBeHcTBa (3) mpuBeneHbl Ha puc. 2. PacdyeTHble KpHBBIC
MOKA3bIBAIOT CHWKCHHWE TMKOBOW YacTOTBI W YPOBHS MAaKCHMAaJbHOTO ITOKa3aTells
3BYKOTIOTJIONICHUSI 1T0 MEPE YBEIMYCHHS TOJIIMHBI MAHEId U COOTBETCTBYIOUICH MIMPUHBI
KaHaJa.

REFH REFH

0.5 0.5

n.001 n.001 001 0.1 1

Puc. 2. YacTOTHBIE XapaKTEPUCTUKH 3aTyXaHUs 3ByKa IIPHU Pa3IMYHBIX OTHOCUTEIBHBIX
TOJIIKHAX [3 3ByKomnoriomatonei nasenu. CoTOBBINH KapKac.
Bapuantel: a — a=f;60— a=£/2.
3nauenus f:1— 1540;2 —444;3 — 128;4—37,0; 5— 10,7, 6 — 5,73.
Pacuyer o ypaBHenuro (9)

. P. A6noHuk
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[Tpu OTHOCHTENIFHO MaJbIX 3HAUYCHHSX MapaMeTpa S HaOII0IaeTCs] HECKOIbKO JIOKATBHBIX

MaKCHMyMOB Ha YaCTOTHOW XapaKTEPUCTHKE 3aTyXaHHs, HAUBBICIIMNA M3 KOTOPBIX CBSI3aH C
HauMEHbIEeH U3 MUKOBBIX 4acTOT. C yBeNWYEHHEM TOJIIMHBI MaHEeIu MpeobIaJaroiuM, a
3aTeM €IMHCTBEHHBIM, CTAHOBUTCS COCEIHUMN, CIEIYIONINI MO YaCTOTE MAaKCUMYM YaCTOTHOMN
XapaKTePUCTHKU 3aTyXaHUSI.

O6nacTs mapaMeTpoB, B KOTOPOIl COCEACTBYIOT JBa MPUMEPHO PABHOBEIUKHX MAaKCUMyMa,
MPEJICTaBISIET ONPEIEICHHBIN MPUKIAAHON UHTEpEC, MOCKOIbKY XapaKTepu3yeTcs Haubosee
HIMPOKUM YaCTOTHBIM JIMAlla30HOM 3HAUUTENBHOIO 3aTyXaHus 3ByKa.

Pe3ynbTaThl BBINONIHEHHBIX PAacueTOB MOKA3bIBAIOT, PUC. 3, UTO, HECMOTPS Ha 3aMETHOE
pasIuyMe 4aCTOTHBIX XapaKTEPUCTUK, COOTBETCTBYIOIIMX PAa3HbIM 3HaUEHUSIM Oe3pa3zMepHOit

TOJIOMWHBI ITaHCIN ,B , 3HAQUCHHUA TPUBCACHHBIX YaCTOT ¢m MAaKCUMAJIBHOT'O IIMKa

3BYKONOTJIOIIEHUS MPAKTHUECKH 3aBHUCSAT JIMIIb OT OTHOCHUTEJIbHOM HIMPUHBI KaHajla & BO
BCEM PAaCCMOTPEHHOM JIMaIa30HE MapaMeTPOB.

[Tpu 5TOM HEOOXOAUMO OTMETHUTH, YTO CYIIECTBOBAHUE JOMOTHUTEIBLHBIX MAaKCHMyMOB B
YaCTOTHBIX XapaKTEPUCTUKAX 3aTyXaHUs puc.2, OOYyCIOBIEHHOE, Kak ObUIO TMOKa3aHo,
neTyieo0pa3Hoil popMoii YACTOTHBIX KPHUBBIX MPUBEICHHOIO MMIIEAAHCA, B PELIAoNeil Mepe
CBS3aHO CO CBOMCTBaMH (DYHKUMHU TUNEPOOTMYECKOr0 KOTaHreHca B mpaBoit yactu (9), Tak
YTO OOIIMN BHJl YACTOTHOM XapaKTEPUCTUKU 3aTyXaHUsS JOJHKEH CYIIECTBEHHO 3aBHCETh OT
3HAYCHUS NMPUBEACHHON TOJIIUHBI TaHen [ . B To e BpeMs, P OTHOCHTEIHHO OOJIBIINX
TOJIIMHAX TAHEJIEH, U, COOTBETCTBEHHO, MPAKTUYECKM HEU3MEHHOW BEIMYMHE YKa3aHHOU
GYHKIIMM, BCS YacCTOTHAs XapaKTEPHUCTUKA 3BYKOIOTJIOMICHUS, MMEIOIAs €AMHCTBEHHBIN

MAaKCUMYM, JOJIKHA OIIPEACTIATHECS TOJIBKO 3HAYCHHUEM OTHOCHUTEIIBHOU IIUPUHEI KaHajla «& .

P
|
o =2

0.1

0.o01 *
1 10 100 1000 o

Puc. 3. PacueTHast 3aBUCUMOCTb NPUBEACHHON YaCTOTHl MAaKCUMAJIbHOT'O 3BYKOMOTJIOIIEHUS OT
OTHOCHTEJILHOW IMIMPHUHBI KaHana. | — a = f;2 — a = /2. I'paHulisl 30HbI BIUSHUS

TOJIIITUHBI 3ByKomorjomaroniei nanenu (popmyna (14)): 1 — a=4;11— a= /2

. P. A6noHuk
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3. OJHOITAPAMETPUYECKAS MOJAEJIb I'NTYIIUTEJLA

[IpuMeHUTETPHO K paccMaTpUBAEMbIM NPUIIOKEHUSM BEIHUUHY TUIEPOOINIECKOTO
KOTaHT€HCa MOKHO MPUOIIKEHHO MPUHSATH PAaBHOW €IUHHIIE, KOT/Ia EeHCTBUTENbHAS YacTh
€ro aprymeHTa mnpesbliaer 3uayenue 1,5. CnenoBarenbHo, BBUAY (9), OBEAEHUE YACTOTHBIX
KPUBBIX 3aTyXaHHs JOJKHO OMNPENEIAThCS MPAKTUYECKH TOJIBKO OTHOCUTEIBHOM MIMPUHOMN

KaHajia o IIpu yCJIOBHUH
¢-B-Reylk>15, (13)
BBIMOJIHAEMOM, B CWiIy (6), NMPH 3HAYCHHUSAX OTHOCHUTEIILHOW YaCTOThI ¢, MPEBBIIIAIOLINX

TPaHUYHYIO BEIUYHHY ¢,

1
4 = L 0,405 ' (14)
0,189-p

Hannbie puc. 3, rtne 3aBucumocTh (14) mnpowmmmoctpupoBaHa kpuBbiMu [ u I,
CBUJETENBCTBYIOT, YTO B MCCJIEJIOBAHHOM JHAala30He MapaMeTpOB YacTOThl MaKCUMAaJIbHOTO
3BYKOIIOTJIOUIEHHUs] MO OOJbllIed YacTU pacroiaralorcs B 00JacTH, YAOBIETBOPSIOLICH
ycioBuio (13), KoTopass COOTBETCTBYET B paMKaxX paccMaTPHBAEMOM CXEMBI IOTJIOMICHHUIO
3BYKOBBIX BOJIH MaHENbI0 0€3 2((HEKTOB B3aMMOJICHCTBHS C OCEBOMU MJIOCKOCTHIO.

B cBsi3u ¢ mocneqHUM pe3ynbTaToM 3HAYUTENbHBIN MPAKTUUECKU UHTEpeC MpeACTaBIseT
BOIPOC O 3aTyXaHWU 3ByKa B KaHaJle, O'PAaHMYEHHOM 3BYKOIOTJIOLIAIONIMMH TaHEeIsIMH,
TOJIIIMHY KOTOPBIX MOXXHO MPUHATH OecKOHE4HOH. J[aHHBII BOMPOC MBI PACCMOTPUM HHKE
KaKk B paMKax HUMIEJaHCHOM MOJeNH, TaK M C HCIOJIb30BAHWEM MOJEIN H30TPOIHOTO
3BYKOITOTJIOLIAIONIETO cJ10si 0€3 COTOBOM YIaKOBKH.

B mocnennem ciyuyae BomHOBOe nBmkeHue B 3IIM mpencrtaBisier coOOW yXOSIIyH0 OT

TPaHUIIBI KaHAJIa BOJIHY, MOTCHIIHAJ | KOTOPOU BBIPAYKACTCS B BUJIC

_ —-ivy —TIx
w=B-e"e", (15)
rae

v=AT"-p". (16)

[ToreHnuan 3BYKOBOTO IOJIi B KaHaje MO-NPEKHEMY YJOBIETBOPSET pPaBEHCTBY (2).
PaBeHCTBO HOpMaJIBHBIX CKOPOCTEH 10 00€ CTOPOHBI INTACTHUHBI SKBUBAJICHTHO YCIIOBHIO

0 0
LT -
ay y=H ay y=H
OTKyJa, BBUAY (2, 15), moy4yaem ycioBue
b=B/A=—i-(u/v)-sin(uH)-e"" . (18)

COOTBETCTBEHHO, PAaBEHCTBO JABJIECHWW Ha TpaHUIlE KaHaia ¢ ydetoM (2, 5, 15 u 18)
MPUBOJIUT K COOTHOLICHHUIO

. P. A6noHuk
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—iopcos(uH)=yW -i-(u/v)sin(uH), (19)

U3 KOTOPOT'O CJIEAYyeT JUCIIEPCHOHHOE ypaBHEHUE

cigiy _ g(@)w(p)
Hy Vi 0

(VH EV'H), OMpCaCIIomee 3aTyXaHue B KaHAJIC, OTPaHHUYCHHOM JOCTATOYHO TOJICTBIMU

nanensmu 31IM 6e3 cotoBoit ynakoBku. [Tockoneky, BBUAYy (16, 11 1 6),

Vi =T —(8(#)-¢-a)’ 1)
TO paBeHCTBO (20) OuUEeBMAHO YCTAaHABIMBAECT 3aBHCHUMOCThb IapameTpa 3aTyxaHus /), OT
3HAYEHHI NPUBEJICHHOW YaCTOThI ¢ W IIMPHUHBI KaHAlA ¢ .

CooTBeTcTBYIONIEE COOTHOIICHHE B pPAaMKaX MMIICJAaHCHOW MOJEIU IO-IPEKHEMY

npeacTaBisieTcs: paBeHCTBOM (9), B KOoTOpoM (GYHKIHS THIEPOOIUYECKOTO KOTaHTeHCa
JIOJDKHA OBITh 3aMEHEHA €IMHUIICH:

s

Cighy _ .
Hy ZW(¢)¢'(Z '

(9a)

HetpynHo yOenuThCst, 4TO IpU TOCTATOYHO MaJbIX 3HAUYEHUSX Mapamerpa 3atyxaHus /),

cootHormieHus (20) u (9a) oka3bIBAIOTCS UACHTHYHBIMU.

Pe3ynbTaThl YHCICHHBIX pacueTOB IIOKa3aTeliell HAMMEHBIIETO 3aTyXaHWus B KaHale,
OTPaHUYECHHOM TOJICTBIMHU 3BYKOIIOTJIONIAIONIUMH TIaHEISIMH, TPEICTAaBICHHbIC HAa pHC. 4,
MIOKa3bIBAIOT, YTO YACTOTHBIC KPHUBBIC TOTJIOMICHHS JUISI COTOBOM M M30TPOITHOM OOJUIIOBOK
AMEIOT MHOTO OOIIEro.

Rely

y ; n(\‘\ 0 3
I/ 17

1] 1]
0001 001 01 1 e 0o 0o 01 1 P

P

2 3

03 ;

Puc. 4. YacToTHBIE XapaKTEPUCTUKHU 3aTyXaHUs 3BYKa MMPHU PA3TUIHBIX 3HAUCHUSIX
OTHOCUTEIHLHOM IMUPUHBI O KaHaja. ToJICThIe 3ByKOMOTIOMAIOIINE TaHEIH.
BapuanTsl: a — coTOBBIN KapKkac; 0 — U30TpoIHas HaOUBKa.
3nauenus « :1-128;2-37,0;3-19,9;4-10,7;, 5—-5,73.

Pacuer no ypaBuenusm (9a, 20)
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[Tpr HEOONBIINX YPOBHSAX 3BYKOIOTJIONICHHS, KOTJa 3HAYCHUS JICHCTBUTEILHOW YacTH
nokasatens /,, He mpeBblmaioT BennuuHy 0,2, COOTBETCTBYIONINE BEeTBU KpUBBIX Re /), (4)
JUIS. BADUAHTOB COTOBOTO KapKaca ¥ U30TPOITHOW HAOMBKHU MPAKTHUYCCKH UICHTHYHBL B 30HE
MaKCHMaJIbHOTO 3BYKOIOIJIOIIEHHUsT 3HA4YeHUs Iokaszarens Re/,, s BapmaHTa COTOBOM
00mu1ioBkH BeImIe Ha 10...50%.

OcHOBHBIE NapaMeTpbl PAacCUMTAHHBIX YACTOTHBIX KPUBBIX 3aTyXaHHMs 3ByKa
IIPEICTABIICHBI HA PUC. 5.

(Relp)

0.1, | |

0.1
‘4\

001 ]

100 |

S

1 10 o0 o

Puc. 5. OcHOBHBIE XapaKTEPUCTUKU 3aTyXaHUs 3ByKa B 3aBUCUMOCTH OT OTHOCUTEIIbHOMN
HMIMPHHBI @ KaHana. TolcTele 3ByKOMOITIOUIAIOIINE [TaHEIH.
a — MaKCUMaJIbHbIC 3HAUEHUS ITOKa3aTellsl 3ByKOIOTJIONICHUS; O — MPUBEACHHBIC TMKOBbIE
4aCTOThI; B — OTHOCUTEJIbHAS IIMPUHA YACTOTHOM MOJIOCHI 3aTyXaHUsl.
Kpussie: 1 — coToBbIH Kapkac; 2 — U30TponHas HaOuBKa
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[ToMrMO MakCHUMalIbHBIX 3HAUEHUN IOKa3aTessl 3BYKOINOTIJIOMEeHUs (pHc. 5a), MOKa3aHbI

COOTBETCTBYIOIIME MM IPUBEACHHBIC MUKOBBIE YaCTOTHI @, (pHc. 50), a Taxke BETUUUHBI

OTHOCHUTEJIbHOW IIMPUHBI K, YacTOTHOM mosochl 3aryxaHus (puc. 5B). B kauectBe

S
NOCJICAHEW MPHUHATO OTHOIICHHWE YacTOT, OrPAaHUYMBAIOIIMX YAaCTOTHBIM JMAIa30H, BHYTPU
KOTOpPOrO0  3HAa4YeHUsA II0Kas3aTessd  3BYKOINOIVIOLIEHWS  IPEBBIIAIOT  IIOJOBUHY €TI0
MaKCUMaJIbHOTO 3HaYEHUS.

IIpencraBiacHHBIE pPE3yJIbTAaThl MOKA3BIBAIOT, B YAaCTHOCTH, YTO B THUIIOBOM CIy4ae
U30TPONHONW HAOMBKM MaKCHUMajbHOE 3HaueHHWs D, , CHUXKEHHUS IIyMa IO XOXIy LIEeIeBOro
KaHaJla I[IYMODJIYIIMTENS Ha PAcCTOSHMM KanumOpa (IIMpHUHBI KaHajla) MpPaKTUYEeCKH He

3aBUCHT OT XapakTepuctuk 31IM u cocraBiseT npuMepHO

D, =40lge(Rel,). ~5205. (22)

max

3aBHCHMOCTD HpHBCI{CHHOﬁ MMAKOBOM YacTOTHI OT OTHOCHTEIIHLHOM IIWPUHBI KaHajla B

paccMaTpuBaeMOM CIIydac XOpOIIO alllPOKCUMHUPYETCSI COOTHOILICHUEM
-2/3,
¢, =08a""; (23)

AHAaJIOTUYHOC HpI/I6J'II/DK€HHOG BBIPAXKCHUC IJIA OTHOCHUTCIHLHOM IO PHUHBI YaCTOTHOH IOJOCHI

3aTyXaHus UMCCT BUA:
k, =350, (24)

['paHryHBIC OTHOCUTEIbHBIC YACTOTHI @', @' TMONOCHI 3aTyXaHHS MOTYT OBITh OIICHEHBI

paBCHCTBAMMU:

¢'=¢y\/g; ¢"=¢m@. (25)

PackpbiBas mocneanue cooTHouleHuss ¢ ywyerom (10, 11), HeTpyaHO mnpencTaBUTh
HOJy4YeHHbIe 0000IEHHbIE 3aBUCUMOCTH B (pOpMe pa3MEpHBIX COOTHOIIEHUH, CBA3BIBAIOLINX
XapaKTepUCTUKH 3BYKONOIJIOLIEHUS B KaHaje C €ro IMIUPUHOW M COINPOTHBICHUEM
npoayBaHuio ucnosszyemoro 3IIM. IlpocTeie OleHKH, B 4aCTHOCTH, MOKAa3bIBAIOT, YTO HpPHU
3aJJaHHOI IIMpHMHE KaHaja M, CJel0BaTelIbHO, (PMKCUPOBAHHOM BEIMYMHE MAKCHMAaJbHOTO
CHIDKEHMsI IIyMa Ha €IUHMIly €ro JUIMHbl YMEHBIICHUE CONPOTHUBIEHHS 7 TPOIYBAHUIO

MMPpUBOAUT K CHHUIKXCHUIO MMHUKOBOM YaCTOTHI f n 1O 3aKOHY f;n Rr 1/3. FpaHI/I‘{HLIe HaCTOTHI

f', f" pacumpsromeiics TpU 3ITOM MOJOCHl 3aTyXaHHs M3MEHSIOTCS TI0 3aKOHY:

f'z r7/12; fuzrl/lz.

4. O BJIMSIHUM 3AIIMTHOM TKAHU

[IpencraBieHHble  pacyeTHbIE  pe3yibTaThl  MOJYYeHbl B MPEATNOJIOKEHUU
3BYKOITPO3PAaYHOCTH 3aLIUTHOTO cI0s. MexXay TeM, 3allIUTHbIE MOKPBITHS, OTAEISIOUINE CII0M
3[IM ot pabodyeil cpeapl Ha TPAHUYHBIX ITOBEPXHOCTSAX TpPaKTa CIIOCOOHBI OKa3bIBAThH
3HAYUTENIbHOE BIUSHUE HAa XapaKTEPUCTUKU 3aTyXaHUS 3ByKa B KaHajaX JAMCCHUNATUBHBIX

HmryMoritymureneil. B 0coOeHHOCTH 3TO OTHOCHUTCSI K TKAaHEBBIM IOKPBITUSAM, UMIIEAAHC Z,
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KOTOPBIX, 3aBUCSIIMNA OT IOBEPXHOCTHOM MACCOBOM IUIOTHOCTH 71, W CONPOTUBIICHUS

IPOIYBaHHUIO R, , MOXKET OBbITh NIPEJICTABIIECH BhIpaXKeHUEM [ 1]

Z, = L+ !
R

(26)

. lom,

CyMMapHbIil MMIIEJaHC CTEHKH KaHajla B JAaHHOM Cllyyae OIpejaessieTcsl Kak cyMma
uMIieanca MoKpeITHs (26) m ummenanca ciost 3[IM, KOTOpblii B paMKax WMITCTAHCHOMN
MOJICIIA OTIPEICTISAETCS BhIpaKeHUEM (§).

Bnusinue TKaHEBOro TMOKPBHITUS MPAKTUYECKH BCErja CBA3BIBACTCA CO CHIDKEHUEM
3¢ (HeKTUBHOCTH 3BYKOIOTJIOUIEHUSI B KaHaje. J[eHCTBUTENbHO, KaK IMOKa3bIBAIOT JaHHbIC
pacuetroB, puc.l, TMOYTH BCe KpUBBIE TMpUBEAECHHOro umnenaanca cios 3IIM,
HEIMOCPEACTBEHHO KOHTAKTUPYIOLIEro ¢ pabodeil cpenoil, 3a MCKIIOYEHHEM Cllydas O4YeHb
HIMPOKUX KaHAJIOB, MPOXOAST BBILIE TOYKM HAMOOJIbIIEro 3BykomorjomeHus. Jlobasnenue
MOKPBITHSI CMELIAET TOYKM STHUX KPHUBBIX elle Oojiee BBEpX U BIPABO, MOCKOJIbKY Kak

HCﬁCTBHTeHBHaﬂ, TaK 1 MHUMas 4aCTb UMII€IaHCa VA ; HOJIOKUTCIIbHBI.

[TponemMoHCTpHUpYyEeM 3TO CpaBHEHHEM Oe3pa3MEepPHBIX UMIIEJAHCOB TKAHEBOTO TOKPHITHS U
toncroro ciosi 3[IM. bespa3mepusiii umnenanc w=W/pc mocieqHero omnpenaenseTcs

paBenctBoM (7). be3pasmepHas ¢opMa BBIpOKEHHUS I MMIICAHCA TKAHEBOTO IMMOKPBITHS

z, =7,/ pc Bcunenctaue (26) nmeer BUJ

-1

z, =1, l—gt . (27)
3necn
=R /pc; (28)

Oe3pa3mepHas yacToTa ¢, paBHa

¢ =wm /R, . (29)
Ha puc. 6 mokazaHel KapThl YaCTOTHBIX KPHMBBIX O€3pa3MEpHBIX HMMIENAHCOB W U Z,.

KpuBble a1 TKaHM MpPEACTABISIOT COOOM AYyr'M OKpPY)XHOCTEH auamerpa 7,, JUamna3oH

3HaYeHUH KOTOPOTO COOTBETCTBYET OOBIYHO MCIIOJIB3YEMBIM TKAHBIM 3AIIUTHBIM TTOKPBITHIM
[1]. CymMapHOe 3HAUY€HHME HWMIIEJ]aHCA 3aBHCHT OT B3aUMHOTO PACIIOJIOKEHHS TOUYEK Ha
KpuBOil 1 1 oHOM U3 KpUBKIX 2...6.

C yueToM 3HAYEHUS KPUTHUYECKOTO HMIIEAAHCA CIIEAYeT OXKHIaTh, YTO BO3JEHCTBHE
TKaHOTO TIOKPHITHS Ha TIOKA3aTeNd CHWKEHHUS IIyMa B YacTOTHOW moiioce 3(h(HeKTHBHOTO

3BYKOIIOI'TIOICHUEC 6YIICT HCBCJIMKO, €CJIM Ha MMUKOBOM 9acTOTe fm 3HAYCHUC NPHUBCACHHOI'O
UMIICJaHCa TKAHU, PABHOC OTHOIICHUIO Z, K IIPOU3BCACHHIO k-H= ¢m0( , OKaXCTCA MaJIbIM

10 CpaBHEHUIO C eauHuIeh. [[aHHOe yciioBHE C UCTOIb30BaHUEM (27) MOKET ObITh 3aITMCaHO
B BUJIC:
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K.
i—”<<l. (30)
a . 1+¢.K;

BemmunHa koodduurenta K, paBHa OTHOLICHWIO XapakrepHbiX dactoT 3[IM u TkaHu,

TaK 49TO
K, =(r/p)/(R /m,) . 31)

N3 ycnosus (30) ¢ yueroMm (23) B 4aCTHOCTH CJIEYET, YTO BIMSHUE 3AIIIUTHOTO TOKPBITHS
Ha T0KAa3aTey 3BYKOIIOIVIONICHUS HECKOJIBKO CHMKAETCS IPU YBEJIIMYEHUN LIMPHUHBI KaHAJa.
Hannenii 3¢ ekt oO0BICHAETCS BO3pACTaHWEM WHEPIMOHHONW TPOBOJUMOCTH TTOKPBITHS
BCJICJICTBUE COOTBETCTBYIOLIETO YMEHBIIECHUS TMKOBOW YaCTOTHI 3BYKOIOTJIOLIEHUSI.

2

Imz,

Timw

-1

0 1 2 Eew; Rez,

Puc. 6. Kapta yacTOTHBIX KpUBBIX O0€3pa3MepHBIX UMITEIAHCOB 3aUTHON TKanu u 3[1M.
1 — cmoii 3IIM OecKOHEYHOM TONIIMHLL, 2...6 — 3aIlUTHBIE TKAHM CO 3HAYCHHUSIMU

r:2—0,6;3—12;4—18;5—24,6—3,0
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