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PaccmoTpeHbl 0cOBeHHOCTH aKyCTHYECKOTo NMpo(HINPOBAHMS JIOHHBIX OTI0XEHHI B DonbInx HedTs -
HbIX pe3epsyapax. [TpuBeneHbl OCHOBHBIE AKYCTHYECKHUE NAPAMETPbI ChIPOil HE(DTH U IOHHBIX OTIOKEHHI.
[Toka3aHo, 4TO M3-3a HAJIMYMSL B CbIPOI HEeMTH NEPEXOAHBIX CJI0EB W CHJIbHBIX peBepOepallHOHHbIX (-
¢hekToB B HedTIHOM pesepByape 00bEM AOHHBIX OTJIOXKEHHWH, pACCUMTAHHBII MO aKYCTUHYECKOMY H300pa-
JKEHMIO MOBEPXHOCTH, B OOLLEM cllyyae siBAsieTCs 3aBbllIEHHBIM. [11sl yMEeHbUIEHUsI 9TOI NOrpeiHoOCTH
NpelaraeTcsi JA0MNoJIHUTE/IbHOE MCIO/b30BaHHe MoCcT-00padoTKH IaHHbIX aKYCTHYECKOo# npoduiomer-
PHH B COYETAHHH C JIOTIOJIHUTEIbHBIMU U3MEPEHHUSIMU BEPTUKAIBHOTO pacripeieieHUs! BA3KOCTH M MJI0T-

HOCTH pe3epByapa B HECKOJIbKHX TOUKAX pe3epByapa.
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BBEJAEHUE

Coipasi HedTb COMEPKUT DONBIIOE KOJIUYECTBO
pa3HbIX IPUMECE, KOTOPBIE B ITpOLIecce IKCIUTyaTa-
LMK HedTsaHOro peseppyapa ocenalot Ha aHe. Onpe-
neneHue odbema JOHHBIX OTJIOXKEHHMI MIn Hed-
TEIJIAMOB SIBJISIETCS OJTHOW M3 KJIIOYEBBIX 3a1a4 IKC-
rnayataumMu  HedTsiHbIX  pesepByapoB.  bonbiioi
00beM OT/IOKEHUH 3aTpyaHsieT 2(QPeKTUBHOE HC-
MOJIb30BaHUE PE3ePBYapa, YCKOPSIET €ro KOPPO3HIo U
MOXET BBI3BATh IOBPEX/IEHUE pe3epByapa, COIpO-
BoX/atoueecs paziuBom HedTH. B cBsi3n ¢ 9TUM OT-
JIOKEHUs W3 pe3depByapa AO0JIKHbI TEPHOAMYECKHU
yaansTbesi. [Tpouenypbl yaaieHust MM OUMCTKHU 10-
CTATOYHO TPYAOEMKH H JIOPOTH, U 1S OLEHKH HX
3(h(peKTUBHOCTH HEOOXOAMMO 3HATh KaK MPOCTPaAH-
CTBEHHOE pacnpejie/ieHUe OTJI0XKEHHH, TaK U UX 00b-
eM, rpuueM Haubosiee BakHa olleHKa HedTelamMon
B TBeP/10ii (hase, KOTOPbIE HEBO3MOXHO Pa3MbITh WJIH
otkauaTb. OJHUM M3 MEPCHEKTUBHBIX U COBPEMEH-
HbIX METOIOB OLICHKH OTJIOKCHHUM SIBJISICTCSI AKYCTH -
yeckass dDaTuMeTpusi, aHaJorMyHasi OKeaHW4EeCKOW
OaTUMETPUM JUIs TOJIYUEeHUsI U300pakeHU it MOPCKO-
ro aHa. OiHaKo 3aMKHYTasi KOHCTPYKIMSI pe3epBya-
pa, CYWECTBEHHOE OTJMYME MAPAMETPOB ChIPOW
HedTH OT napaMeTpoB BO/bI U CTPYKTYpPa CAMUX OT-
JIOKEHUH BBI3BIBAIOT LEJbIA psiil crneurduueckux
HIL’IEHH“. KOTOpPBLIC HAKJIAABIBAKOT OMNpPEaCJeHHbIC
orpaHuueHus Ha 3(HEKTUBHOCTb aKYCTHUECKHUX Me-
TonoB. B paGore mpencraBiaeHbl 3KCNEPUMEHTATb-
HbI€ Pe3yJIbTAaThl M0 aKyCTHUECKOMY Npoduinposa-
HUIO OTJIOXKEHU I B He(PTSIHBIX pe3epByapax U 0bcyx-
JIAI0TCSl  HEKOTOPbIC OCODEHHOCTH  AKYCTHUYECKOM

6aTUMETPHUU B TAKUX KOHCTPYKUHUsX. [Lisi oueHKH
3 HEeKTUBHOCTH aKyCTHUECKOro DaTMMeTpa BaKHO
3HATh OCHOBHBIE XapaKTePUCTHKH HedTH, KOTOpPbIE
BJIMSIIOT Ha ero paboTy, a MMEHHO BEJIMUUHY MOIJI0-
LLIEHUsI, CKOPOCTb 3BYKa, Ko3dbuumeHTs o6paTHOro
paccesiHus 3BYKa OT MOBEpPXHOCTH HedrTeuuiama u
napaMeTpbl caMoro HedTelljiama.

I[MTAPAMETPblI HEDPTH

B HedTsiHOH NPOMBILIEHHOCTH MPUHITO KJlac-
cu(UUMPOBaTh CbIPYI0 He(Th HA 4YeTbIpe TI'PYMIIbI,
cM. Tabn. 1 (FT'OCT P 51858-2002), B koTOpOi#i naH-
Hbl€ npuBeaeHbl s teMmneparypol 1= 20°C).

Ha ocHOBe MHOTMX 3KCNEPUMEHTAIbHBIX TAHHbIX
MPUHSITO CUMTATD, YTO MOMOIIEHUE B ChIPOt He(DTH
MMEET KBaIpATUUHbBII XapakTep ot yactotbl. Ha puc. |
MOKa3aHbl PACYETHLIC 3aBUCUMOCTH 4aCTOTHOIO 110~
rJIOLLIEH WS JUISE Pa3HbIX TUTTOB HE()TH U MOPCKOM BO-
J1bl JUISI CPABHEHUSI.

Crne/lyeT OTMETHTb, UTO JlaHHbIe Ha pUc. | npuse-
JIEHBI JUISE OUMIIIEHHOMH HedTH, a B Chipoii HedTH U
TOBApPHOI He(TH U3-3a HAJIMYUS PA3TUUHbBIX TPUMeE-
ceif, BOJIHBIX KareJb U B3BEIICHHBIX MY3bIPbKOB ra3a
MOTJIOIIEHUE MOXKET ObITh BBILIE, YTO MOATBEPX/IACT-
Cs1 DKCTIEPUMEHTAIBHLIMM JIAHHBIMU, MOJIYYEHHbIMM
Ha yactorte 150 k' (cm. Tadn. 2).

CKOpOCTb 3BYKA B CbIPpOM HedTH 3aBUCUT OT TEM-
MepaTypbl U €€ TJIOTHOCTH, TIPUYEM B OTJIMUME OT BO-
Nbl C YBEJUYEHUEM TEMIICPATypPbl CKOPOCTH 3BYKa B
CbIpOii He(pbTH YMEHBILAETCSI, MMOCKOJIbKY B HEHl, Kak
M BO BCEX OPraHUYECKHMX XKHUIKOCTAX, CKUMACMOCTh
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Tadosmna 1. TMapameTpsl cbipoii HedTH

Jlnana3soH
- s [lnoTHOCT, | AMHAMMUYECKOI
UI CHIPOM HedTH 3
KI/M- BA3KOCTH, T,

mllac
0 — ocobo nerkas 750.0—830.0 <5
1 — nerkas 830.1-850.0 5<n <10
2 — cpeHsis 850.1-870.0 10<m <30
3 — Tskenasi 870.1—-895.0 n > 30
4 — BUTYMMHO3HasI 895.1-1000.0 |>200

Tabmna 2. CpaBHeHHE PAacHYETHBIX M IKCIEPUMEHTAIBHBIX
JAHHbIX Koa(buLeHTa nornoieHust Ha yactore 150 kI

T Hedn PacueTtHoe H3mepeHHoe
nornouenue, 1b/m | nornowenune, 16/m
Jlerkas 0.1 0.09
Cpennsisi 0.15 0.175
Tsixenas 0.2 0.25

3HAYUTEILHO YBEJIMUMBACTCS MPH TMOBBIILIEHUHM TEMIIe-
PAaTypbl, YTO BbI3bIBAET YMEHbLLIEHHE CKOPOCTH 3ByKa. B
pabotax [1—3] rnpeuioXeHO HECKOIBKO IMITUPUYECKHUX
(opMyJ1 U151 pacueTa CKOPOCTH 3ByKa, HO Haubosiee ya-
CTO MCTIOJB3YEeTCs creayloliasi hopmyna [2]:

15450
s = it 5 70 (1)
T 771+ API°

B KoTOpoit rpanycsl API° (American Petroleum Institute)
CBA3aHBI C IVIOTHOCTBIO HEDTH P,y COOTHOILICHHEM

141.5

plll‘l)

Canenyer 3aMeTuTh, uto hopmyaa (1) cnpasein-
Ba /U1 HedTH, OUMILIEHHOW OT NpUMeceil, a TaKxKe
st orcrosiBiieiicst HedTu. Ipu nocrosiHHO 3Ke-
ruiyaTalliu pesepByapa € Cblpoit He()TbIO CKOPOCTh
3BYKa B HEH MOXET OTJMYATLCS OT PACUETHO#, M
BECbMA 3HAYMUTEIbHO, OCOOEHHO M3-3a HAJTMYUSI BO-
nbl. B nipoiiecce MHOrMX 9KCNEPUMEHTAIbHBIX M3ME-
PEHUIt HAMU Obl1a NOJIyYeHa IMITUPUYECKAs 3aBUCH-
MOCTb CKOPOCTH 3BYKA OT IMHAMHWYECKO# BSI3KOCTH:

C =29Inn+1321. 3)

API° = —131.5: (2)

I — nerkast HeTh

- 2 - cpenHsist HedThb
3 — Tskenas HedTh
MB — Mopckas Boaa
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Puc. 1. PacucrHbie 3aBUCHMOCTH YACTOTHOTO MOIJIOLIC-
HUS B HEhTH.

AKYCTHYECKHUM KYPHAJT  Tom 64  No | 2018

Xotsi nmapameTp 1) HENocpeACTBEHHO B (hOPMYJTy JUIsI
CKOPOCTH 3BYKa HE BXOIUT, 3aBUCUMOCTb (3) XOpol1io
Koppeaupyert ¢ (1), u ee y100HO UCIOJIB30BaTh JUIS
NMPaKTHYECKUX PACUETOB.

CTPYKTYPA JIOHHBIX OTJIOXXEHWUH
U UX IMTAPAMETPBI

[To pesyiabraraM MHOTMX HCClelOBaHUI Hed-
TELUIAMOB PE3epBYapHOro TUIMA COOTHOLLIEHUE Hed-
TEMPOIAYKTOB, BOAbl M MEXaHUYECKUX NpUMeceii (ua-
CTHLIBI MECKA, IJIMHBI, PXaBYUHBI U T.1.) KojebJieTcs B
OYEHb LIMPOKHUX MPEHeax: YraeBOJ0PO/ibl COCTARIIS-
10T 5-90%, Bona 1—52%, teepabie npumeck 0.8—65%.
Kak ciieacrsue crosib 3HAYMTEILHOTO U3MEHEHUSI CO-
crasa Hedpreu1aMoB, AMana3oH U3MeHEeHUst UX (hU3H-
KO-XMMHYECKHUX XapaKTePUCTHK TOXE OUEHb LLIUPOK.
[TnotHOCTL HedTeuuiamMoB Konedliercss B npejeax
830—1700 kr/m* Temneparypa 3actbiBanusi ot —3°C
no +80°C. B obuiem cinyuyae HedTelLIaM MOXET CO-
CTOSATB U3 YeThipex cioes. BepxHuii cioii npeacrasisi-
eT co0oil OOBOAHEHHBIM HedTENPOAYKT ¢ couepxa-
HUEM 10 5% TOHKOAUCIIEPCHbBIX MEXaHUYECKHUX MPH-
MECE M OTHOCHMTCSI K KJlaccy 3MYJIbCHMIT “Boga B
macisie”. B cocras atoro ciost Bxoast 70—80% macen,
6—25% acansvrenon, 7-20% cmon, 1—-4% napadpm-
HoB. CosiepKaHue BoJbl He npesbillaeT 5—8%. Dta
OpraHUYecKasi YacTh BEPXHEro ¢/108 HedTeluiaMa rno
COCTaBy M CBOMCTBaM GJIM3Ka K XpaHSILLIEMYCsl B pe-
3epByapax UCXOJAHOMY HedTEeNnpoayKTy U aKycTHye-
ckuM npoduiorpacdom He obHapyxubaercs. Bro-
poi, CpaBHMTEIBLHO HEOOJBLIIOH MO 00BEMY CJION,
npeacTasiasger coboil SMyJILCHIO THIA “Maciio B BO-
ne”. 9ror cnoit conepxur 70—80% Bonbi u 1.5—15%
MEXaHHUYEeCKHMX npumeceit. TpeTtuit cioi LeTHKOM
COCTOUT M3 OTCTOSABILEHCSI MUHEPAIM30BAHHOM BO-
Ibl ¢ M10THOCTBIO 1.01—1.19 r/em’. U Hakowelr, yer-
BEPTHLIA, NMPWIOHHBIH CN0i (NOHHBLIH W) ODBIYHO
npejacras/isietT coboil Teepayio asy, BKI0YAIOULYIO J10
45% opranuku, 52—88% TBEPABIX MEXAHMYECKMX
npuMeceii, BKJOuYast OKMCIbI kene3a. [TocKOIbKY
JIOHHBIW WJI TIPEACTaBJIsIeT OO0 rHApaTHPOBAHHYIO
Maccy, TO COIEpXaHUe BOIbl B HEM MOXET I0XOIUTh
1o 25%. 3ameTum, 4To Takas cTpykTypa Hedrela-
MOB XapaKTepHa JUIS OTCTOSIBIIMXCH HEPTAHBIX pe-
sepsyapoB. Ha puc. 2 nokazausl ¢otorpadmumn orio-
KEHUI1, U3 KOTOPBIX BUIHO, YTO UX HEPOBHAsI MOBEPX-
HOCTb MOXET MMETb Pa3iMYHbIE W TNPOU3BOJILHbLIE
MPOCTPAHCTBEHHbIE MACIITADKI.

JIOHHBIE OTIOXEHUsI XapaKTePHU3YIOTCH BbICOKOM
MJIOTHOCTHIO U TMOBLILIEHHON BA3KOCTBIO, KOTOPbIE
MOTYT JICKATh COOTBETCTBEHHO B JiMarna3zoHax ot 950
10 985 kr/m* 1 800 10 1800 mITa ¢ |3, 4]. HekoTtopbie
IIPUMEPBI U3MEPEHUI KMHEMATHMYECKOI BI3KOCTH
npeacTapjieHbl Ha puc. 3 [ 12].

OCOBEHHOCTHU AKYCTUYECKOIO
[MTPOPUIIMPOBAHUSA IOHHBIX OTJIOXKEHUU

AKycTuueckue npoduiomerpsl Uis obeienosa-
HUs Hedreunama |5—9|, Kak npaBuio, UCIOJbL3YIOT
TOT XK€ NMPUHLMIT (PYHKLIMOHUPOBAHUS, YTO U MHOTO-
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Puc. 2. Motorpadmu nosepxHocTH HedTeiaMa U3 pasiniHbIX pe3epBYapoB.

JlyueBble okeaHuveckue darumMerpol. B HUX nipume-
H10TCH JINDO MPpHUEMO-H3JIyYyalonme aHTCHHbBI B BUJIC
Kpecta Muuica | 13], anbo unrepdepomerpuueckue
AHTEHHbI C IMHEHHBIM U3JyuaresieM. [Tocnennme 60-
Jiee CJIOXKHBI C TOYKM 3peHHs CBOCH MEeXaHHUYeCKOM
KOHCTPYKUMH M 0obnanaloT Xyalleil BEepTHKAIbHOMN
HanpasJeHHOCThIO. B anTeHHax tuna kpecra Muui-
ca MHOTO2JIEMEHTHAsl BEPTUKAJIbHAsi aHTEHHA WHC-
MONb3yeTcsl Kak u3jyyalouas ¢ dasmpoBaHUeM H3-
JIVYEHMUSI B BEPTHMKAIbHON IUIOCKOCTH, 4 FOPU30H-
TaJIbHAs MHOTO2JIEMEHTHAs AaHTEHHA UCTTOJIbL3YETCS B
KauecTBe npuemMHoii. [TockosbKy B pe3epByape ropm-
30HTAILHOE nepemelenue npodguiorpada HeBo3-
MOXHO, TO JUIS ChEMKW HCIOJIb3YETCsl BpallleHHue
IIPUEMO-M3JIYYAIOIIEH AHTEHHBLI BOKPYI CBOEH OCH
[IPU MOTPYKEHUU €€ B HeTh U3 KaKOH-TMDO TOUKM
Bxosa. [1pu 3TOM cama aHTeHHasi CUCTEMA HAKJIOHE-
HAa HA HEKOTOPBII yroJi, 00bivHO 45°, OTHOCHTEJIBHO
BEPTUKAIU (CM. pUC. 4).

B oreuectBeHHONU HedTSHON NMPOMBILLIEHHOCTH
MCMOJIB3YIOTCSE B OCHOBHOM CTajlbHbIE BEPTHKAIb-
Hbie pesepByapbl Tuna PBC u PBCIIK [10]. Pesepsy-
apsl PBC umeior kectkyio GUKCMPOBAHHYIO KPbILLY,
M UX auaMmeTp cocrapisieT He Oosee 50 meTpos.
PBCIIK nMeloT riaBalouLyio Kpbilly 1 AMaMeTpbl OT
50 no 120 M. BeicoThl pe3epByapoB cocTap/isiioT oT 18
10 23 m. Pesepsyapsl PBCITK umelor crieunaibHblie
CTOMKM (OMnopsbl), KOTOpbIE MpH ciause HedTH Moi-
JIEPAKUBAIOT KPblllly Ha onpeaeieHHoi Boicote. Mx
YMCJIO 3aBUCHUT OT KOHCTPYKILIMM M Beca KpbIlK M,
Kak MpaBujo, OJHa CTOMKA paccuMTaHa Ha I1oainb
ot 24 j10 36 M?. CTOiiKN CbeMHBIE, MTOITOMY aKyCTH-
yeckuit npodunorpad oObIMHO KOHCTPYUPYETCS Ta-
KMUM 0Dpa3om, 4ToOblI €ro MOXHO ObUIO ONycKaTh B
HedTh Yepe3 BTYJIKM CTOEK, AMAMETP KOTOPLIX CO-
crasasiet ot 90 1o 100 mm. Ha nuuiue pesepsyapa Mo-
ryT ObITh PACIONOXEHbI HArpeBaTelin, CIUBHBIC M
HAJIMBHbIE TPYObI U APYTUE KOHCTPYKIIUH.

Hedrsivoii pesepsyap, 3anoJIHEHHBIIA CbIPOi
HedThIO, SABJISIETCS CJ0KHOM HEOTHOPOIHOI Cpe1oii.
[Mpu pabore npodunorpacda B HEM BCEraa MPUCYT-
CTBYIOT CWJIbHBIC MELIAIOUIME 3DXO-CUTHAJIbI, BbI-
3BaHHbIC OTPAXKEHUSIMH BOJIH OT CTEHOK pe3epByapa,
CTOEK M JOHHBIX KOHCTPYKUMit. Yacrto BeTpeyaercs

HAJIMYME BEPTUKAIbHBIX FPAIUEHTOB TEMIEPATYpPhl,
a MHOIA ¥ TOPU30HTAIbHASI AHM30TPOIIUS TEMIepa-
Typ. JIManaszoH MCHojib3yeMbIX YacTOT B aKyCTHUe-
ckux npodunorpadax cocrasisier ot 130 1o 150 kI'w.
U3nyyaioumm cMrHaaioM oObIYHO SIBISIETCS TOHAJIb-
Hasl MOCHUIKA C JUIMTENBHOCTSIMHU OT HECKOJIBKUX CO-
TeH MukpocekyHa 10 10— 15 muwmcekyna. Mcnonb-
3YETCH M U3JIYYEHME CJIOKHBIX CUTHAJIOB C MOCJe1y-
I01eH KOppensiliMoOHHOWH 00paboTKOM, O/IHAKO MX
3(hheKTHBHOCTH CWIBHO 3aBUCUT OT TUIA pacceuBa-
jouieid nopepxHoctu. B GosnblimMHCTBE CiyvyaeB mno-
BepXHOCTB Hedrreniama umeet 1 y3Hblii xapakTep
(cM. puc. 4), T.e. B HEll OTCYTCTBYIOT 00J1aCTH, KOTe-
PEHTHO OTpaXalollue YJIbTPa3BYK (3epKajibHbIe TOY-
KH), X MO3TOMY BBIUIPBILT OT IPUMEHEHHUS COXKHBIX
CUTHAJIOB JUISi TAKMX PacceMBalOLIMX MOBEPXHOCTE
KpaiiHe Masl. DKCINEepUMEHTAJIbHBIX HCCJIeJ0BaHUI
Koa(hduiLmeHTOB 0OpPaTHOrO paccesiHusl OT TOBEpPX-
HOCTH HeTeuuriaMoB M MX YIJIOBBIX 3aBUCUMOCTEI,
HACKOJIBKO HaM M3BECTHO, HE MPOBOAWIOCH, HO KOC-
BEHHbBIE MU3MEPEHMUsI YPOBHEH 3XO-CUTHAIOB 1OKa3bl-
BAIOT, YTO KO(MpUIIMEHTHI 0OOPATHOTO paccesiHusl Ha
YKa3aHHbIX YacTOTaX MOFYT COCTaBjisitb or —28 110
—36 nb B AnanaszoHax yrjioB ckojiibXeHusi ot 15° 1o
50°. CornacHno | 12], rakue ypoBHH 0OpaTHOIO pacce-
SAHHUS XapaKTepPHbI U1 MCJIKOro rnecka U Wimcroro
FPYHTA C HEPOBHOCTAMM, OOJIBILIMMU JUTMHBI BOJIHBL.
B cBsi3M ¢ BbilIECKA3aHHBIM, AKYCTHUYECKH I npodu-
Jiorpadp 1071KeH MMETh I0CTATOYHO BBICOKHIA YPOBEHb
uziyuenusi, (He menee 200—205 ab orHOcHTENBLHO
I mxITa/(B m) mim 10—18 kI1a) u BbICOKMIT BXOJHO#M
JAMHAMUYECKMIA 1ManasoH — He menee 75 n1b. O6bem
OTJIOKEHUI BLIYHUCIISICTCS 110 3HAYCHUSIM JIOKAIBHBIX
BBICOT TMOBEPXHOCTH, KOTOPbIE PACCUMUTLIBAIOTCS MO
M3MEPEHHbBIM 3HAYEHUSIM JIOKAJIbHBIX HAKJIOHHBIX
aanbHocTei R, (cM. puc. 2), O3TOMY OCHOBHBIE T10-
PELIHOCTH SIIa‘{EHHﬁ JIOKAJIbHBIX BbLICOT ONpeaciis-
IOTCSI TIOIPELIHOCTBIO M3MEpPeHUsl HAKJIOHHOMN Jasib-
HOCTH R, KOTOpasi B CBOIO OYEpe/lb 3aBUCUT OT TO-
rPEUIHOCTH U3MepeHust ckopocTH 3Byka C,, B CbIpOi
HedTH. B HEKOTOPBIX 3anaaHbiXx DaTuMeTpax uMeeT-
Csl BCTPOCHHbI U3MEPHUTEJIbL CKOPOCTH 3BYKa | 6], o1-
HAKO B OOJILLIMHCTBE CJIYY4AaeB CKOPOCTb 3ByKa U3Me-
psieTcsl HENOCPEACTBEHHO caMuM npoduiorpadom.
AKYCTUYECKHUHW XKYPHAJ 2018
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Puc. 3. Beprukanbhibie npodmiin B3KOCTH M IIOTHOCTH JUISH JIBYX PE3CPBYapoB JHaMeTpom 50 M.

AKYCTHYECKHIA
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Puc. 4. (a) FeomeTpust pacnioslo)Xenns akycTHuecKoro GaTuMeTpa 1pH ero onycKaHum Yepes BTYJIKY CTORKH Kpbiliin, (6) Kpeet

Muica.
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Puc. 5. CpasHeHmne pacueTHOH CKOPOCTH 3BYKA € IKCIE-
PHMEHTAILHBIMU TAHHBIMH.

Jlist 3TOro akycruueckast aHTeHHa M3JIydaeT KOpoT-
KM CMIHAJI 10 HOpMaJiM K Oamkaiieil cteHke pe-
3epByapa, IPUHUMAET OTPAXKEHHbII CUTHAJI U U3ME-
psieT ero Bpemsi 3aaepkkKu. OIHOBPEMEHHO C 9TUM
M3MEPSIETCSl PACCTOSIHUE R OT TOUKU pacroyioxe-
HUS LIEHTPA aHTEHHBI JI0 CTEHKH pe3epByapa. 3Hasi
3TO PACCTOSIHUE M HU3MEPEHHOE BPEMs 3alIEPXKKH,
onpezensercst dakTHueckass ckopocTb 3Byka Cq,
KOTopasi 1OTOM M 3akjaabiBaetcss B pacuerbl. [lo-
CKOJIBKY CKOPOCTH 3ByKa B He(DTH sIBJISIETCSI OTpe/ie-
JISIOLIMM [TapaMeTPoM JUIS [PaBUIbLHOIO BOCIPOU3-
Be/ieHUst (DOPMBI TIOBEPXHOCTH M OLIEHKHK ee oObema,
ObLIM TPOBEAEHbI IKCINEPUMEHTLI [0 CPaBHEHMIO
(hakTHUYECKH M3MEPEHHO CKOPOCTH 3BYKA C pacyeT-
HbIMU 3HaueHusiMH 110 dopmysie (1) (cm. puc. ).
OnibIThl TPOBOMKUIKCH B HeTIAHOM pesepByape ¢ Ha-
mnToit cbipoii HedThio ¢ API° = 45 npu Temneparype
20°C 13 HECKOJIBKUX TOYeK BXxoja. B Kaxiaom oribite
CKOPOCTb 3ByKa U3Mepsiiach Tpu pasa. CpeaHue 3Ha-
YEHHUsI CKOPOCTH TP KAXIIOM OIIbITE Ha PUC. 5 1OKa-
3aHbl TpeyrojibHUKaMu. M3 npeacraBieHHbIX AaHHbIX
ClIeyeT, YTO [UIs JIETKOM Hed)TH MaKCUMaIbHbII pas-
OpOC KCNEePUMEHTAIBbHBIX 3HAYEHUIT CKOPOCTH 3BYKA

(a)

0 CPABHEHHUIO C PacYeTHBIM cocTaniser +3 M/c win
+0.22%. 3naunTenbHO OosblIME OTMYMS HabIona-
I0TCS B ChIPOi HeTH cpe/iHero U Tsikesoro Tuna. Tak,
uisi cpenneit Hedpru ¢ API® = 35 u remneparypsi 20°C
Cpacy = 1400 M/c, a M3MepeHHbIE 3HAYEHUSI MMEIOT
MakKCHMaJibHbIH paszopoc a0 +1.15%.

Jlns Tsikenoi HedhTH passiMuns COCTaBIISIIOT YXKe
oonee uem +2.5%. Yseauuenue pasbpoca, ckopee
BCETro, CBSA3aHO ¢ D0JbIIEe HEOIHOPOAHOCTBIO TSIXKe-
JIOM HedTH M DOJIBILIMM COAEpXKAaHUEM Pa3TUYHbIX
NMpUMECEii, BOAHBIX Kare/b U 1y3bIpbKoB rasa. B cps-
31 ¢ 2TuM dopmyny (1) uesecoodpasHo MCIONB30-
BaTh [UISI MPEABAPUTEIbHBIX KAYeCTBEHHbIX OLEHOK,
a JUisi KOPPEKTHOro MCrnojib3oBaHust npoduaorpada
HEOOXOIMMO TPUMEHSATH MPSIMbIE METO/Ibl U3MEpe-
HMSI CKOPOCTH 3BYKa, NMPHYEM XKeJlaTeJIbHO UCIOJIb-
30BaTh YCPEAHEHHbIE 3HAYEHMUST UBMEPEHHOM CKOPO-
CTH, MOJIYYEHHbIE U3 HECKOJIbKMX TOUEK BXO/1a.

[1puBenaemM Tenepb HEKOTOPbIE PE3YJIbTaThbl aKy-
CTMYECKOTO NMpoMHInpoOBaHUst JOHHbBIX OTJIOXEHHI,
MOJIYYEHHBIE B pe3epByapax ¢ pasjiMuHbIMU THIIAMU
HedTr |6] (cM. puc. 6a, 66). U3 3TX M3006paxeHui
BUIHO, 4TO 00beMbl HedTeIIaMa /U151 JIerkKoit HedTh
MOI'YT ObITb 3HAYMTEJILHO MEHBILIUMHU, YEM JUIS Ts-
Kenoi HeTH, 4TO OOBIICHSIETCSI MEHBILTUM COJIEPXKa-
HUeM npumecei B ierkoil Hedru. Takxke BUAHO, 4TO
HedTeniamM pacnpeae/ieH rno rJiolanm aHa KpaiiHe
HepaBHoMmepHo. Tak, Hanpumep, Ha MOBEPXHOCTH
MMEIOTCSI BO3BBIIIIEHUSI C YPOBHsIMU DoJiee OIHOro
Merpa (cM. puc. 6a). O6byHO Takue oOpasoBaHMs
MOSIB/ISIIOTCSI B pe3yjbTaTe paboThl YCTPOUCTB CTPYii-
HOI0O pa3MbiBa HedTe1IaMa, Mpu KOTOPOM ero 4acTb
CMEILIAETCS] B HANIPABICHHUU CTPYH.

YMecteH BONpocC, KaKUe XKe JOHHBIC OTIOKEHUS
“Buamnt” akyctuueckuii npodunorpad? Kak yxe ro-
BOPWJIOCH BbILLIE, OTJIOKEHUS UMEIOT MHOTOCIIOHHYIO
CTPYKTYPY, IUIaBHbIi rPalMeHT U3MEHEHH TJIOTHO-
CTH MEPEXOAHOrO CJIOSl U HEM3BECTHBINW BUJL paccen-
palolleii U orpaxaioiiei nosepxHoctu. B ceasu ¢
TUM TMPAKTUYECKH HEBO3MOXKHO paccuuTaTh, OT Ka-
KO yacTH ciiosi HedTenuiaMa npuaeT OTpaXeHHbIi
CUTHAJI, YYUTBIBAs K TOMY XK€ IIUPOKMIA CTIEKTP NMpo-
CTPAHCTBEHHbBIX YACTOT MOBEPXHOCTH paccesinus. U3

(6)
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Puc. 6. AKyctHueckue n300pakeHus JOHHBIX oTioxkeHuit [6]. (a) Iuamerp pesepsyapa 65 m, cpennsist Hedb, obbem Hed-
tenutama 1051 m°. (6) Inametp peseppyapa 65 M, nerkas Hedrs, oobem Hedrenuama 234 M7,
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Puc. 7. DparMenT JIBYMEPHOIO AKYCTHUECKOTO M300pa-
KEHHA MOBEPXHOCTH HedTeniama 1npu yeTaHoBKE 11po-
¢unorpada B ueHTpe KpbIlLK pe3epByapa ¢ THXKEIOM
HedToio [6].

MPHUBCACHHBLIX Ha pHC. 3 JaHHBIX MNMEPEXOJHbLIE CIIOH
OTHET/IHBO BHIAHBLI, U UX TOJILLIHHBI abCoIOTHO He-
Mpeackas’yeMbl M CYUIECTBCHHO pasnuyalroTcsa Juis
pasHbIX pe3epByapoB. Pazymeercsi, UTo He BeCh 00b-
€M TEepPexXoaHOro cJosi OyaeT BHOCHUTL CBOIM BKJIAL B
o01mMii 00beM, oiHAKO, pacriosiarasi TOJIBKO “aKy-
CTUYECKMM M300paXeHHeM, KOJIMYECTBEHHO OLe-
HUTb 9TOT BKJIAJ HEBO3MOXHO M3-3a CJIOXHOIo Xxa-
pPaKTEpa paccesiHUsl 3BYKa OT IEpPexXoAHOro cjosi ¢
IUIABHBIMM M3MEHEHHUSAMM AKYCTHUYECKOTO UMIIEIaH-
ca. O630p BO3MOXHBIX TEOPETHUYECKHUX TMOJAXOA0B K
PELIEHUIO TTOXO0XEN 3aJaud aKyCTHYeCcKOoro obpar-
HOTO paccesiHusl HEPOBHBIM CJIOMCTBIM JIHOM M MX
COMnocraBJICHHUE C pe3yiabraTaMM  SKCIEPUMEHTOB
npuseeHbl B padote [ 13], u3 KoTtopoii cieayer, 4uTo
TEOPETHUYECKHUE OLIEHKW BECbMa CJIOKHBI M MOTYT

(a)

ObITh CAEJIaH bl TOJILKO JUIS KAKMX-TO YaCTHBIX CJIyua-
€B, M MOKa 4YTO €/JIMHCTBEHHbIH NnyTh — 3TO INOJIY4EC-
HHE SKCNCPUMCHTAJIbHBIX JIAHHbIX.

Hedrsinbie pesepByapbl sIBJSIIOTCS 3aMKHYTBIMU
METAJTMYECKUMU KOHCTPYKIIMSIMU M COINEPKAT MHO-
KECTBO 3JIEMEHTOB, XOPOIIIO OTpaXallinx 3ByK. B
pesyJbTaTe B MMOJYYEHHBIX HAHHBIX BCerna OyayT
MPUCYTCTBOBATH MOIIIHLIE 9XO-CUTHAJIbI, BEI3BAHHbBIC
DOKOBBIM TIOJIEM M3Jyyalonieit anteHHbl. [puuem,
VUUTBIBAS, YTO ITH IXO-CUTHAJIBI OTPAXalOTCs OT Me-
TAUTMYECKHUX 3JIEMEHTOB, pa3Mepbl KOTOPbIX MHOTO
0oJbllIe JUTMHBI BOJIHBI, UX YPOBEHb, MPUHATBIH J1aXke
1o OOKOBOMY I0JII0, MOXET [PEBbINIATL YPOBEHb
9XO-CUTHAJIOB 0DPAaTHOrO paccesiHUsl MpU U3Jyue-
HUU OCHOBHBIM JIETIECTKOM M3JIyqalonieif aHTECHHBI.
BeeneHue anoamsaliMm Kak B peXHUME M3IYYeHMUsI,
TaK M B PeXKUME MpUEMa, KOHEYHO, ociabiisier yKa-
3aHHble 2(hEKTH, OAHAKO MPH ITOM 3HAYUTEILHO
YXY/ILIAETCsl YIJIOBOE pa3pellieHUe aHTeHH, MpUYeM
TeM DoJibliIe, YEM BbIIIE YPOBEHb MOAaBIeHUsI DOKO-
BOIO I0JIs1 AaHTEHH. YXY/IleHHE YIJIOBOro paspeliie-
HHMSI @aHTEHH KpailHe HeXeJaTeJbHO, 0CODEHHO JUIs
aHTEHH HeDOJIBIIMX BOJHOBBIX pa3sMepoB, KOTOPbIE
MOXHO OIYCKaTh 4Yepe3 BTYJIKM CToeK Kpbiu. Ha
puc. 7 nokasaH hparMeHT aKyCTHUECKOTro n3obpaxe-
HMSI TOBEPXHOCTH HedTenuiaMa, MoJayYeHHbIH Ha
yactote 150 kI'u npu obcnenoBanuu pesepsyapa C
auaMeTpom 52 M ¢ Tspkesioi HedTblo [6].

np(.‘.‘}KI[C BCEro, BUIHO, YTO M3-3a BbBICOKOIO IO-
FITOIEHHS U YBEJIMYCHHUS YIJ1a CKOJILXKCHUS 9X0-CHUTI'-
Hajibl OT TIOBEPXHOCTH HNETCKTHPYHOTCHA TOJIBKO B
LieHTpaJIbHOM obJsiacTu pesepByapa (Ha puc. 7 3Ta 00-
JIaCTh IOKasaHa CTPEJIKOi), U aKyCTHYECKMd KOH-
TpacT 2Toi obsactu aocrarouHo mai. [Mosromy s

(6)

6™
OonacTu
JIOXHBIX CHTHAJIOB

3HaueHus BuicoT /10 B YCIIOBHBIX LIBETAX

Puc. 8. (a) M306paxenue obactu Hedreniama ¢ VUETOM JIOKHBIX CHIHANIOB, 00beM paseH V)

HedrrenuiaMa nociie Koppekinu, 0obem pasen Vs = 860 m~.
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TsEKeEJ0OW HedTn obciiesloBaHWe TMPOU3BOIAAT, KakK
NPaBUIO, U3 HECKOJIBKMX TOUEK BXO/a, U MOJYUECH-
Hble M300paxeHusi cuiupaloTcs. Ha u3obpaxeHum
puc. 7 NPUCYTCTBYIOT OTMETKU CHIIbHBIX 3X0O-CHIHA-
JIOB, OTPAXXEHHBIX OT CTOCK KPbILLIHK, HA YTO YKA3bIBa-
€T MX JIMCKPETHOCTb M TMEPUOAHYHOCTbL. YUMUThIBAsI
HAKJIOH [IpUEeMOoU3IyyatoLei anteHHbl 45° u 3arny6-
JieHue npudopa Ha 0.5 M HHXKE JUIMHbBI CTOIKH (2 M),
C BbICOKOM CTENEHbIO BEPOSTHOCTH MOXKHO MPEANo-
JIOKHTh, YTO ITH 3X0-CUTrHaNbl chopMUpoBaHbl DO-
KOBbIM M3JIyYEHHUEM AHTEHHbl. DX0-CUIHAJIbl OT CTEeH-
KM pe3epByapa Takxke Xopoluo BuaHbl. [Tpu nocrpoe-
HUM  TOBEPXHOCTH  MELIAIOLIME  3XO-CHUTHAIbI,
romnasiMe B 001aCTb paccesiHHbIX CUTHAJIOB, CO31a1yT
JIOKHBIE MUKH, WIK “JIOKHbIE” BbICOTbI MOBEPXHOCTH,
[IPUYEM J0BOJILHO 3HAYMTEIbHBIC. A 9TO O3HAYAET, YTO
BbIYMCJICHHbIH OOBEM MOCTPOCHHOI NOBEPXHOCTH OYy-
JIET 3aBbILLIEH, YTO WUTIIOCTPUPYETCS Ha PUC. 8.

W3 npuseaeHHOro paccMOTPEHUs CAEAYeT, YTO
akycTuueckuit npoguiiorpad noctpoutr HeKoTopoe
TPEXMEPHOE H300paKeHHUE TOBEPXHOCTH OTIOXKE-
HMI, M0 KOTOPOI MOXHO paccuuTarh UX 00beM. Ho
2TOT 00BEM OYyieT chOpMHUPOBAH HE TOJILKO M0JI€3-
HbIMH CUTHAJIAMH, HO M JIOXKHBIMHU 9XO-CUTHAJIAMM,
OTPaXXe€HHbIMH OT Pa3JIMUHBIX METALIOKOHCTPYK-
LIMii, HaXOISILLIMXCS B pe3epByape, M YaCTHUYHO
CTPYKTYPaMH MepPeXoaHOro U IOHHOTO cioes. UHaue
roOBOPsi, BBIMUCIIEHHBIH 0OBEM OTJIOXKEHHIA C yUETOM
MELIAIOLIMX 9X0-CUTHAJIOB M0 MOCTPOCHHOM MOBEpX-
HOCTH aKycTHUeCKUM npoduiiorpacdom Oyaet Beeraa
3aBbILLIEH.

3amMeTMM, 4TO Ha MpakTUKe HauboJsiee BaxHa
olieHKa obbeMa HedTelnuiaMa B TBEpAoii (ase, KoTo-
Pbiif HEBO3MOXHO pPa3MbITh U OTKA4aTh.

3AKJTIOYEHUE

AKycTuueckas 1npoduaoMeTpus 1o CpaBHEHHUIO C
JIPYTUMH METOLAMHM OLIEHKH TOBEPXHOCTH JIOHHbIX
OTJIOXKEHUI MO3BOJSIET ONEPATHUBHO TM0OJyYaTb [€-
TaJIbHbIE aKYCTUUECKUE U300paxKeHUus NOBEPXHOCTH
OTJIOXKEHUH B HedTsHBbIX pe3epByapax O0o0JibLIOrO
nauaMerpa. OnHAKO M3MEpPeHHbIH C ee MOMOLILLIO
00beM OTJIOXKEHUMIt B oOuiem ciyuyae OyleTr MMETh
3HAYUMYIO TOTPEIIHOCTb HM3-3a HAIMUMUS JIOKHbBIX
9XO-CUTHAJIOB M MEPEXOAHOrO C/ost, U B DOJbIIMH-
cTBE cjiyuaen oH Oyzer 3aBbiiieH. JUist yMeHbLeHust
MOrpelIHOCTH AKYCTHYECKOTo MpoduInpoBaHus He-
00X01MMBbI KakK JIOMOJIHUTENbHAas [ocT-obpaboTka
AKYCTHYECKUX H300paxeHuii, Koropasi MO3BOJIsIeT
YCTPAHHUTD JIOXKHBIE 9XO-CUTHAJIBI, TAK M JOMOJIHU-
TeJbHbIE UBMEPEHMS BA3KOCTH U MJIOTHOCTH COMIEP-
XKUMOT0 pe3epByapa 1o Bceit ero riybuHe xotst 6u1 B
HECKOJIbKMX TOUKAaX /Ui OLEHKH NMapaMeTpoB repe-
X0jHOro ciosi. U3MepeHue 3THUX napameTrpoB OaeT
BO3MOXHOCTb MCKJIIOYHUTH OOBEMBI YYaCTKOB I€pe-
XOJIHOTO CJIOSI C NnapaMerpaMy BSA3KOCTH U TJIOTHO-
CTH, OJIM3KUMH K HE(DTH, U NONYyUYUTb HHGOPMALIMIO
0 BEJIMUMHE BSI3KOCTH M IUIOTHOCTH JIPYTUX CJIOEB,

BKJIIOYAsi CAMblid HUXKHUIA IOHHbII c/10i. B aTOM City-
yae rnocJie cauBa HedTH, 3Hasl NapaMeTpbl HACOCOB,
MOXHO OLIEHHTb OOBEM OTJIOXKEHUIH, KOTOPbIE BO3-
MOXHO OTKa4aTb, U TOJIbKO IMOCJIE BCKPbITHSI pe3ep-
Byapa OLEHHTb 00beM OcCTaBLIErocs HedTeuama B
TBEpAO (ase, a clenOBATEIbHO, U TPYAOEMKOCTh
ero ynaneHusi. Mnaue rosopsi, 0o6beM TBepaoit dasnl
HedTeuIaMa MOXHO 3anuMcarb B BUIE

Vieo = Vak — Vs — Ve, 4)

rie Vigp — 00beM TBeproit dhassl HedTenama, Vyyg —
0OBEM, M3MEPEHHbIIH aKycTMuecKuM mnpoduiiorpa-
dbom, V5 — 06beM, 00yCIOBAEHHBIH MEIIAIOLLIUMHU
IX0-CUrHanamu, Ve — oTkayaHHblii 0ObeM nepe-
xomHoro ciosi. PazHuua mexay o0beMoM, U3MEPEH-
HbIM aKyCTHUEeCKUM OarumerpoM V,k, U 00beMOM
“repabix” oTnoXxeHHuit Vig MoxeT konebarbes ot 15
110 50% B 3aBUCUMOCTH OT THUIA HeMTH, YCI0BHIt IKC-
fUIyaTalMu pe3epByapa ¥ MCIojib3yemMoro obopyuo-
BAHMSI JUISE OUMCTKH.

ABTOpbl  OnarosapsAT Y4acTHMKOB CeEMMHapa
C.A. Puibaka “AKyCTHKA HEOJHOPOIHbIX cpea” 3a
NJI0A0TBOPHOE 00CYX/eHHUEe JaHHOI paboThl.
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