KOHCIHEKT JEKIHUHA MO JUCHUILIAUHE «(ITPOMBIIIJIEHHAS AKYCTHKA»

1. OCHOBHBIE XAPAKTEPUCTUKU IIITYMA U BUBPAIIU

1.1. Quzuueckue xapaxmepucmuku wyma.

[lym — »9TO coueTaHWE 3BYKOB, HEXKEJATEIbHBIX B JAaHHBIH MOMEHT BpeMeHH.OCHOBHBIC

XapaKTePUCTUKH TIyMa:

YPOBEHb HHTCHCUBHOCTH (YPOBEHB 3BYKA)

L=10Ig1/1,;1,=10 " Bm /u?

YPOBEHb 3BYKOBOT'O JIaBIICHHUSI p

L,=201gp/po; po=2+10"1Ila

HcrouHnku nryma XapaKTepH3yIOTCS akyctuueckoit momHocteio W (BT) nim ee ypoBHEM
w=101gW/W,; W, = 10" Bm

B BbimenpuseneHHbIX Gopmynax p, W , — MOporoBbie 3HAUCHHsI COOTBETCTBYIOIIUX (PH3UUCCKUX

napamMeTpoB.

YacToTHBIN COCTaB IIIyMa MPUHSITO XapaKTePH30BaTh OKTABHBIM CIIEKTPOM B Toj10cax yactot 31.5, 63,

125, 250, 500, 1000, 2000, 4000, 8000 TI'm. [ns a’poauHaMUYECKHX BBICOKOYACTOTHBIX IIYMOB

1eJ1Iec000pa3HO UCIIOJIb30BaTh MOJIOCHI YacTOT B 1/3 — OKTaBBbI.

1.2. Quzuueckue xapakxmepucmuku subpayuu.

BuOparun xapakTepu3yroTcsl aMILTUTYI0H KojieOaHui ¢, BUOPOCKOPOCTBIO 0 U BUOPOYCKOPCHHEM «

100 X YPOBHSIMU:

YpOBEHBb BUOPOCKOPOCTH 0
L,=201g0v /v, 0,=5 1078w /e
YpOBEHBb BUOPOYCKOPEHHUS a
L,=10Ilga/a,, a0=3°]072M/c2
3nech TakKe, Kak JUis [IymMa 0, U, d, — TOPOTOBBIC 3HAUCHHS ATHX BEJIUYHH.

1.3. Knaccughuxayus u nopmuposanue uymos
B 3aBucMMOCTM OT BpPEMEHHBIX XapaKTEPUCTUK IIyMbl MOJPA3ACIAIOTCA HA MNOCMOAHHbIE U
HenocmosHHble.

Ecnu 3a BocbkMuyacoBoit pabounii eHb YPOBEHb 3BYKOBOTO JaBJICHUS Ha pabodyeM MecTe U3MEHSIeTCS
He Oosiee yeM Ha 5 1b, TO IIyM Ha3bIBalOT HOCMOAHHBIM, B TPOTUBHOM CIIy4ae - HenoCcmosHHbIM.
HenocTosiHHBIN IIyM B CBOIO OYepeb MOAPA3CIAIOT Ha KOIEOMOWULICS 60 8peMeHl, €CITH YPOBEHb
3BYKOBOTI'O JIaBJIEHUSI HENPEPBHIBHO U3MEHsETCS (IIyM B 1epeBO0OpabaThIBAIOLINX 1[E€XaX,

IIYM JOPOKHOTO IBWKCHHSI, IIYM MPOXOJSIIET0 IO pelbcaM MOABMKHOTO COCTaBa M T. I.);
npepulUCcmylll, €CIM YpPOBEHb 3BYKOBOI'O JIaBJIEHUS PE3KO MaJaeT A0 YPOBHA ()OHOBOTO IIyMa,
MPUYEM JUIMTEIIbHOCTh MHTEPBAJIOB, B TEYEHUE KOTOPBIX YPOBEHb JABJICHUSI OCTAETCS MOCTOSIHHBIM U
MpPEBBINIAECT YpOoBEHb (GoHA, cocTaBisgeT 1 ¢ U Oosee (MIymM BBIOpOCA CIKATOTO BO3IyXa M3 PECHUBEpPA
KOMIIpeccopa, IIyM OJWHOYHON NITU(OBAIBHON MAIIMHBI U T. 11.); UMNYAbCHbIU, COCTOSIIHA U3
OJIHOTO WJIM HECKOJBKUX 3BYKOBBIX CHUTHAJIOB, KaXKIBIA JJIUTEIBHOCTHIO MeHee | ¢ (wym mpu
3a0MBaHUHU TBO3/ICH MOJIOTKOM H T. II.).

B 3aBMCMMOCTH OT YaCTOTHOT'O COCTaBa LIYMbI MOAPA3AEISAIOTCSA HA UWUPOKONONOCHbIE U MOHANbHbIE.
LupoxononocHvle IMEIOT HETIPEPHIBHBIN CIIEKTP MIMPUHON O0siee 0HOM OKTaBbl. B

CIIEKTPE MOHANbHLIX UIYyMOB HWMEIOTCS BBIPAKEHHBIE JHCKPETHBIE TOHA, HAIMYUE KOTOPBIX
YCTaHABIIMBAETCSl U3MEPEHUEM B 1/3-OKTaBHBIX MOJOCAX YaCTOT MO MPEBBIIICHHIO YPOBHS 3BYKOBOTO
NABJIEHUS B OJHOM ITOJIOCE HaJ coceHMMU He MeHee ueM Ha 10 ab.

Hopmupoeanue wiyma ocylmecTBIsIETCS HA OCHOBAHUU!



CH 2.2.4/2.1.8.562-96. lllym Ha pabo4ynx MecTax, B MOMEIICHUSX KHIBIX, OOIIECTBEHHBIX 3/ITaHUN U
Ha TEPPUTOPHUU KUJION 3aCTPONKHU;

I'OCT 12.1.003-85* Illym. O6mue TpedoBaHus 0€30MMacCHOCTH.

HopMupyeMbIiMu mapamMeTpaMy MOCTOSHHOTO ITyMa SIBIISTFOTCS YPOBHU 3BYKOBOTO JIaBIICHUS

L, nb, B OKTaBHBIX IMOJ0Cax CO cpeaHereoMerpuyeckumu dacrotamu 31.5, 63, 125, 250, 500, 1000,
2000, 4000, 8000 I'y (oxTaBHBIE YPOBHHU 3BYKOBOT'O JABJICHUS).

HopmatuBHBIE 3HAuU€HUS OMNPENCISIIOTCS XapaKTepOM  BBHIMOJHSIEMOW palOThl, Ha3HAYCHHEM
nomenieHus. J[insi oOIIEeCTBEHHBIX W JKWIBIX 3JaHUH, JUISl TEPPUTOPUN TPUIIETAIONUX K 3JIaHUSM
HOPMATHBBI YCTAHABJIMBAIOTCS B 3aBUCUMOCTH OT BPEMEHHU CYTOK: JHEBHOE BpeMs — ¢ 7 1o 23 Jac. u
HOYHOE — ¢ 23 110 7 yac.

JI1s1 OpueHTHPOBOYHOM OLICHKH JOITYCKAeTCs UCIIOIb30BaTh YPOBHM 3BYKa La, NBA.

HopmupyeMbIME TlapaMeTpamMu HETOCTOSTHHOTO IIIymMa SBJSIOTCS SKBUBAICHTHBIC (110 JHEPTHUM)
yYpOBHU 3BYKA Layaic., IBA, La ks, ABA ¥ MaKCUMaIIbHBIE YPOBHU 3BYKA.

OrneHKka HEMOCTOSIHHOTO IIIyMa Ha COOTBETCTBHE JOIYCTHMBIM YPOBHSM JIOJDKHA TPOBOIAMTHCS
OJIHOBPEMEHHO 10 YKBUBAJICHTHOMY U MaKCUMaJIbHOMY YPOBHSIM 3BYKa.

Kak u3BecTHO, yX0 4enoBeKa CyObEKTUBHO 3aHMKACT HU3KOYACTOTHBIE 3BYKH U HECKOJIBKO 3aBBIMIACT
BBICOKOYACTOTHBIC. B CBSI3U ¢ 3THM, BBOJUTCS MOHSATUE KOPPEKMUPOBAHHO20 YposHs 36vka L, ,0BA.
OH onpenensieTcs MyTeM BBEICHHUS CIICIUATBHBIX KOPPEKTHPYIOIIUX MOMPABOK B YPOBHU 3BYKOBOTO
naBjieHus L Kaxa0i OKTaBHOM MOJIOCH ¢ TOCIEAYIOUIUM SHEPreTHYeCKUM CyMMHUPOBAaHHEM BO BCEM
YaCTOTHOM JIHara3oHe:

n
L,=101g Y 10™15%%) 454
i=1

3HauecHUS KOPPCKTHPYIOUIUX ITOIIPABOK ITPHUBCICHLI B Ta6n1/1ue 5.

Tabmuua 1.1. Koppektupyromye nonpasKH i

CpennHereomMeTpruecKas
4acTOTa OKTaBHEIX 31.5 63 125 250 00 1000 [2000 W4 000 8OO0
mosoc, 't
Koppexrupymas

32,0 26,0 (16,1 -8,6 3,2 0,0 +1,2 H1,0 H1,1
rorpaBska j 1b

OueBuHO, YTO 3HAYEHWE KOPPEKTHPOBAHHOTO MO ImKaie A ypoBHs 3Byka L, OyaeT HECKOJIbKO
BhIlIE L, ecru B criekTpe OyAyT NPUCYTCTBOBATh BHICOKOYACTOTHBIE COCTABIISIONINE U MeHblIe L -

JUISL HU3KOYaCTOTHOTO 3ByKa. B ciiydae, korja pasHuia Mexay ypoBHsaMH Ly u L 6yaer nocturarsb
—10 gb...— 201b, MO>XHO TOBOPUTH O PUCYTCTBUH HH(PPA3BYKOBBIX KOJIEOAHHIH.

Koppektupytomas nomnpaska npu NpoBEACHUH U3MEPEHUH YPOBHEH IIyMa BHOCUTCSI aBTOMAaTHYECKH
C MOMOIIBIO CIEIHMATBHBIX KOPPEKTUPYIOMUX (DUIBTPOB, BCTPOCHHBIX B mpubop. [Ipu mpoBeneHnn
aKyCTMUYECKHX PacyeToB ATa IONpPaBKa BHOCUTCS IO BHIIICTIPUBEACHHON GopmyIie

1.4. Knaccughuxayus u nopmuposeanue subpayuu.

Hopmuposanue  eubpayuii  ocymectsisiercss B cootBerctBun ¢ CH  2.2.4/2.1.8.566-96.
[IpousBoacTBeHHAsT BUOpalvs, BUOpANUs B MOMEIICHUSX KXWIbIX U 00mecTBeHHBIX 3Manusx. [OCT
12.1.012-90. CCBT. Bubpanuonnas 6e3omacHocts. O6mue TpedoBanus. [1o HampaBieHnO AeHCTBUSA
BUOpAIMIO TOJPA3/EsIIOT B COOTBETCTBHHM C HAalpaBlIeHUEM OCEH OPTOTOHAJIBHONW CHCTEMBI
KOOpJIMHAT.

st obmedt BuOpaimu HampapieHue oceit Xo, Y0, Z0 u UX CBsI3b C TEJIOM YeJIOBEKa MOKa3aHbl Ha
Puc.1. 1. Ocey Z0 - BepTUKanbHas, MEPHESHIUKYISIPHAs K OIMOPHOM IMOBEPXHOCTH, OCh XO -
TOPU3OHTANIbHAS OT CIIUHBI K TPYH; OCh YO - TOPU30HTAIbHAS OT MPABOTO IJIeYa K JIEBOMY.



a) TIOJIOKEHHE CTOSI  0) MOJIOKEHHUE CHUJIS

Pucynok 1.1. HanpaBieHue KOOpIMHATHBIX OCEll MpHU ASHCTBUU JOKAIBbHOM BHOpaIiu

s nokanbHON BUOpanuu HanpasieHue ocei X, Y1, Zi U UX CBsI3b C PYKOW UeloBeKa MOKa3aHbl
Ha yepT.l 6. Ocp Xn - coBmajaer wid napajulelbHa OCHM MecTa OXBaTa MCTOYHHMKA BUOpaiuu
(PYKOSITKH, JIO)KEMEHTa, PYJIEBOro Kojeca, pblyara yIpaBieHHs, 00pa0aThIBa€MOro W3ZIEIHS,
yIep>KuBaemMoro B pykax). Ock Zi J€XUT B INIOCKOCTH, 00pa30BaHHON OCh0 XII U HalpaBlIeHUEM
[0JIa4 WJIM IPWJIOKEHHUS CUJIbI, U HaIlpaBlIeHa BAOJb OcH mpenaiuieubs. Ocbh Y HampaBieHa OT
JaJIOHH.

f‘r. <4\ R [ﬂ -
L b '_/_

F l

a) mMpu o0XBaTe LWIMHAPUYECKUX, TOPLOBBIX U OJIM3KMX K HUM IMOBEpXHOCTeH 0) mpu obOXxBare
chepruyecKkux MOBEPXHOCTEN

Pucynox 1.2. HampaBieHue KOOpIMHATHBIX OCEH MIPH JACHUCTBUY JIOKAIBHOW BHOpaIun

ITo BpeMEHHOI XapaKTepUCTUKE Pa3INYaeTCs:

- nocmosnHas eubpayus, Ui KOTOPOM CHEKTPaJbHBIM WM KOPPEKTHPOBAHHBIM MO YacToTe
KOHTPOJIMPYEMBIN TapaMeTp 3a BpeMs HaOJII0IeHHsI U3MeHseTcst He Ooiiee yeM B 2 pa3a (Ha 6

nb); - HenocmosHmas eubpayus, NS KOTOPOM OSTU TapamMeTphl 3a BpeMsl HaOOJEeHUs

U3MEHSIOTCs Ooliee ueM B 2 pasa (Ha 6 ab).

HopmaruBHble 3HaueHHMs YCTAHABIMBAIOTCA B 3aBHCUMOCTHM OT KaTeropuum BUOpAIH.
KJIacCU(UKaLKs UX 110 KaTeropusM MpuBeaeHa B Tabmn.1.2.
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Tabmuua 1.2. Knaccudukarus Budpanuit

Kareropus Bubpanuii u

KPUTEPUHI OLICHKH

X apakTepuCTHKa YCIOBUM Tpyia

[IprmMep UCTOYHUKOB BHOpaIuii

TpancriopTHast BUOpaIys, BO3/IeH-
CTBYIOIIAs HA ONIEPATOPOB MO/~
BIKHBIX CAMOXOJHBIX  MAIIMH U

[TpakTopbl  CEMBCKOXO3UCTBEHHBIE
1 TIPOMBIIIUICHHBIC, MAIITMHBI JIJIS
0OpaOOTKH MOUBHI, yOOPKH | TOCE-
Ba C/X KyJIbTyp; aBTOMOOWIH,

paHud CHUKCHUSA

HOM MOABUKHOCTBIO, repe me-

AU XCS TOJIBKO I10 CIICIH aJIb-

1
TPAHCIIOPTHBIX CPEACTB MPU  UX [CTPOUTEIHHO-TOPOKHBIC MAIITHHBI,
0€301acHOCTh
TBHOKEHHUH 110 MECTHOCTH, arpodo- B T.4. OYJIbJIO3EPHI, CKPETIepPHI,
HaM M IOpOraM, B T.4. IPUUX rpeiiiepbl, KATKH, CHETOOYHCTHTE-
CTPOUTENLCTRE. ITH 1 T.I1.; CAMOXO/IHBII TOPHO-
[IAXTHBIH TPAHCIOPT
T paHCTIOPTHO-TEXHOJIOTHYECKAS [DKCKaBaTOPbl,  KPaHbI MPOMBIIII
BUOpaIys, BO3JACHCTBYOMIAS Ha [TCHHBIC ¥ CTPOUTEIbHBIC, MAITMHBI
OIIEPaTOPOB MAIIIVH C OTPaHU YCH- 17151 3arpy3Ku MapTEHOB CKHX Tie-
2

beil; ropHbIe KOMOA CKUX Mevei;

"OPHBIC KoMOait HbI, IIaXTHBIC I10-

FpaHula CHUKCHUA

[TMOHAPHBIX MAITMH U 000PY/10Ba-

[IPOU3BOAUTECIILHOCTH HO ITOAT'OTOBJICHHBIM IOBEPXHO- [PY30YHLIC MAIIWHBI; CaMOXO/JIHBIC
Tpyaa
CTAM IPOU3BOJICTBCHHBLIX ITOMECIIC- 6ypI/IJ'II)HI)Ie TOHOYKJIAAYMUKH, HA-
HU, TPOMBIIUICHHBIX TUIOMAJ0K U [MOJBHBIA  NPOU3BOICTBEHHBIH
FOPHBIX BBIPAOOTOK TpaHCIOPT
CraHku MeTalo- u jepeBoodpada-
THIBAIOIME, Ky3HEUHO-TIPECCOBOE
0OOpyI0OBaHUE, TUTCHHbBIC MaIITH-
TexHomornueckas BUOpanus, Bo3- HbI, HACOCHBIE arperaThl, BEHTHJIS-
3 Tumn "a" [IeiiCTBYIOIIAsl HA OTIEPAaTOPOB CTa-

TOpbl, OypOBBIE CTAaHKH, 000PY10-
BaHUE MPOMBIIIIEHHOCTH CTPO-

(bU3NIECKUM TPYIOM .

POM3BOANUTEHHOCTH HISI MJTH TIepeIatoniascs Ha pabo- MaTepraaoB (Kpome OETOHOYKIIa -
Tpyna HUe MecTa, He MMEIOIINe HCTOYHU- HUUKOB), YCTAHOBKH XUMHUYECKOU U
KOB BHOpaIny.
HEe(TAHOM POMBIIIIIEHHOCTH, CTa-
[[MOHApHOE O0OpYyIOBaHUE C/X
POM3BOJICTBA.
JlucrieTuepckue; 3aBOJIOYIIpaBIe-
BuOpanus Ha pabounx MecTax pa- HIS; KOHCTPYKTOPCKUE OI0pO J1a-
3 Tun "B" OOTHUKOB ~ YMCTBEHHOTO TpyAa U  [00paTOpuH; yueOHbIE IOMEIICHHS;
KOM(opT epcoHaNa, HE 3aHMMAIOIIEroCsl  [BBIYMCIIUTENIbHBIE IIEHTPHI; KOH-

TOpPCKHE MOMEIEHHUSI, 3PABITyHK-

Tbl 1 T.1.




1.5. Texnuueckoe HOpMupo8aHue wymMo8blx XapaKmepucmux Mauwiut u 060pyo008aHus

BBectu enuHble HOPMATUBHBIE XAPAKTEPUCTHKH JUIS PETIaMEHTAIMM LIyMa BCEX CYIIECTBYIOIIHUX
BUJIOB MAIIMH U 000PYI0BaHUS HEBO3MOKHO. DTO 00YCIIOBIICHO, BO-TIEPBBIX, HX PA3INUUSIMU,

KaKk 10 HA3HAUYEHWIO, TaK M IO TEXHUYECKHMM mapamerpaMm. Bo mepBbIX, HE BCerga HUMEIOTCS
TEXHHUYECKHE BO3MOXXHOCTH JUIsl CHIDKEHHS IryMa. [loaToMy TeXHHUECKOe HOPMHUPOBAaHHWE OCHOBAHO
Ha PalMOHAIBHOM NMPUMEHEHUH BCEX METOJIOB M CPEICTB OOPHOBI C IIyMOM, NMPHYEM HEOOXOIUMO
00ecIeunTh TaKOW KOMILIEKC MPUHUMAEMBIX MEPONPHATHH, YTOOBI 3aTpaThl HA WX peaTH3alUIo HEe
NPEBBICUIIN TIOTEPb OOYCIIOBIEHHBIX BPEIHBIM BO3JCHCTBUEM Ha 3[0POBbE U MPOU3BOJUTEIHHOCTD
Tpyza paboTaroIuX.

B coorBerctBun ¢ I'OCT 12.1.003-83 ycTaHaBIMBaIOTCSI OTpaciieBble CTaHAAPTHl HA IIYMOBbIE
XapaKTepUCTHKH MamuH U obOopynoBanus. [lo Mepe pa3BUTHS HAyKd M TEXHHKH,
COBEPILICHCTBOBAHUS TEXHOJIOTHYECKUX TIPOIECCOB BEIMYMHA JIOMMYCTHMBIX 3HAUEHWH JTHX
XapaKTEePUCTHK MEPECMaTPUBACTCS, KAK IPABUIIO, B CTOPOHY YMEHBIICHUS.

OCHOBHOM HOPMHPYEMOIl XapaKTEpUCTUKOW MAIIMH W OO0OpYJOBaHMs SBJSETCS YPOBHU €€
AKyCTHYECKOM MOIIIHOCTH B OKTAaBHBIX Mosiocax 4actoT (63-8000 I'm). 3naueHue 3TON BETUYMHBI 1aeT
BO3MOXXHOCTh 3apaHee pacCuuTaTh YPOBHM 3BYKa B paOOYMX 30HAX, OCHAIIEHHBIX JaHHBIM THUIIOM
000pyIOBaHUS M CPAaBHUTh UX C TUTHEHHUYECKUMHU HOpMamu Juisi paboumx mecT. Ecnu mpu sTom
YPOBHU PACUYETHOTO IITyMa OKaXYTCs BBIIIE JOMYCKa, TO HEOOXOIUMO MPOBECTH COOTBETCTBYIOIIUE
MEPONPHSTHSI TI0 UX CHI)KCHHIO. MHOT/Ia 3TOr0 TOOMTHCS HEBO3MOXKHO M TOT/Ia HA OrPaHUYCHHBIN
CPOK TPUHUMAIOTCA B  KayecTBe JONYCTUMBIX  MeXHU4ecku  OOCMudicumvlie  UWyMogble
xapaxmepucmuxu (TIIIX).

Jnist MamH 1 000pyI0BaHUS aKyCTHYECKasi MOIIHOCTh KOTOPBIX HE MOXKET OBITH OTpeieneHa
(Oonbine TabapuThl, CIOXKHBIE YCIOBUSA pPalbOThI, cOOpPKa MX TOJIBKO Ha MPEINPUATHH I
NOTPEOUTENS ) B KAUECTBE IIIYMOBOM XapaKTEPUCTUKHU JOMYCKASTCs HCIIOIBb30BaTh YPOBHU 3BYKOBOTO
JIaBJIEHUsS] B OKTABHBIX I0JIOCAX YaCTOT M3MEPEHHBIX B KOHTPOJBHBIX TOYKAX, PACIOJIOKEHHBIX Ha
paccrostHur | M OT HApYKHOTO KOHTYpa MalIMHbI, BKIII0Yas paboyee MECTO orepaTopa.

3HayeHHe HIYMOBBIX XapaKTEPUCTHK JJIi KOHKPETHOTO BHUJAa MAIIMH U 00OpYJOBaHUS ONPEAEISIIOT
10 pe3y/bTaTaM CTaTHYECKOW 00pabOTKH pe3ynbTaTOB MX M3MEPEHHs 10 CTAaHAapPTHBIM METOIUKaM
JUISL IPEICTaBUTENILHOTO PsiJia YUCIIAa MALIIH.

2. OCHOBHBIE HCTOYHUKHU IIITYMA U BUBPALIUM TPOU3BOJCTBEHHOI'O
OBOPYJJOBAHUSI

2.1 Hpuqqul 603HUKHOBEHUA aAKYCmMU4eCcKux Konebanuil

[TomaBrnstomniee YMCI0 MEXaHU3MOB U O0OPYIOBAHUS MPEICTABISIOT COOOM CIOKHBIE KOHCTPYKIIUH,
KOTOpI)Ie ynpomeHHo MOKXHO HpeHCTaBI/ITI) B BHUJIC Ha60pa CTep)KHeI;'I, IJIaCTUH, KOJICII, HI/IHI/IHJIpOB nu
JIPYTHUX TIPOCTBIX SJIEMEHTOB, COSTUHEHHBIX MEKIY COOOM KECTKUMU WITH IAPHUPHBIMU CBS3SIMH.
KonebGanusi BOZHUKAIOT B HEKOTOPBIX 3JIEMEHTAaX KOHCTPYKLIUN MEXaHU3MOB, a 3aT€M NepelaloTcs 1Mo
OTIOPHBIM CBSI3SIM Ha JPYTUE JEMEHTHI, BO30ykaas BuOpainuu u B HuX. [lepBonpuunHoi BuOpanuit
MOTYT OBITh Pa3IMYHBIE TPOLIECCHI:
1. MexaHu4eckHe:

COy/IapeHHUS;

TpPEHHE KaueHUS;

TPEHHE CKOJIBKCHHUS,

HEYpPaBHOBEIICHHOCTH BPAIIAOIIUXCS Macc;

HECHOCHOCTh BPAIAIOIIUXCS JICTAJICH;

JIBOSIKAs )KECTKOCTh POTOPOB;



2. AdporuHaAMHYECKHE:

TypOyJIEHTHOCTH ITOTOKA;
IYJIbCAIMU TABJICHHS U IUIOTHOCTH CPE.IBI;
CPBIB BUXPEH IPU OTHOCUTEILHOM JIBHXKEHUU CPE/Ibl U TEla;

3. I'mnpoaunamuueckue:
Kapuramus;
TypOYJEHTHOCTh MOTOKA;

IyJbCALIMM  JIaBJICHUs W IUIOTHOCTH CpEIbl; CpBIB BUXPEH IIpU

OTHOCHUTEIIbHOM JIB>KEHUU CpPEIbl U Tena.

DHeprusi BO3ZHUKIIMX KOJEOaHUN mepenaeTcs CJosSM BO3AyXa WJIM BOAbl (ISl THUAPO3BYKA)
COTIPUKACAIOIIUXCS C KOJEOMIOIUXCS TOBEPXHOCTEH 3JIEMEHTOB M PACHpPOCTPaHSETCsA Jajiee B
OKpYy’KawIyto cpenay. B psme ciydaeB nmpuumHOW BHOpanmuil M 3BYKOUBIYYCHHS KOHCTPYKIUH
SBIISIOTCS HECTAllMOHAPHBIE MPOIECCHl B MPOTEKAIOIIUX [0 HUM MOTOKAaX >KUJKOCTH WM BO3/yXa,
HalmpuMmep myM B CUCTEMAX BCHTHUIIAIHUU U BOI[OCHa6)KeHI/I$I, MMPOAYKTONPOBOJAX W BOAOIIPOBOAAX.
AHaJOTMYHbIE TPUYUHBI BOSHUKHOBEHUS BUOpALMil M 3BYKOU3IYYEHUS! KOHCTPYKIIMM MPHU BHEITHEM
OTHOCHUTEJIBHOM OOTEKAaHHU TEJI ITOTOKOM (JII/I6O TCJIO ABUXCTCSA B HGHOI[BH)I(HOﬁ Cpcac, BLI3bLIBAsIB
HEell HecTallMOHapHbIE MPOIIECChl, JIUOO0 cpela O0TeKaeT TBEpAOEe TeJIO0, HApUMEp BETPOBOIl MOTOK
00TeKaeT KOHCTPYKIMH)

Kak yxe oTMedanoch, B TBEpABIX CpeAax paclpoCTPaHSIIOTCS BOJHBI PA3IMYHBIX TUIIOB (TIPOAOIBHbBIE
N TOINCPCUYHBIC, IMOBCPXHOCTHLIC U I/IBFI/I6HI>IC), KOTOPBIC HMCIOT PpPa3jIMYHbBIC CKOPOCTHU
pacupocTpaHeHus1, IPUYEM B HEKOTOPBIX U3 HUX CKOPOCTh CYHIECTBEHHO 3aBUCHUT OT YacTOThI. B
IPOLIECCE PACHPOCTPAHEHUS MO KOHCTPYKLHUSM BOJHBI TPAHC(HOPMHUPYIOTCS, MEPEXO]s U3 OJHOIO
TANA B JAPYrOM, a TaKXKe OTpaxarTcs OT TpaHHl] pa3fena Ccpell C pa3HbIMH aKyCTHYECKUMHU
conpoTuBlieHUsIMU. B pe3ynbrare, xapakrep BUOpalnuii 3J1€MEHTOB MallliH U 00OpPYJOBaHUSI UMEET
JIOBOJIBHO CJIO’KHBIA BHJI, PE3KO BBIPAKEHHBIE YACTOTHBIE CBOWCTBA M HEMOCTOSHCTBO Kak BO
BPEMEHHU, TaK U B IPOCTPAHCTBE.

PaccmoTpuM OCHOBHBIE HCTOYHUKH IITyMa MAIlIUH U 000PYI0BaHUSI TIOIpOOHEE.

2.2. Illym u subpayuu yoapnozo npoucxoncoeHus

B nBurarensx BHYTPEHHETO CrOpaHHs, HacocaxX W JAPYTUX MEXaHU3Max C JUHEHHBIM BO3BpPaTHBIM
NepeMEeICHIEM BO3HUKAIOT MEPHOIUYCCKHE yIaphl Pa3IHYHBIX JJIEMEHTOB — HAIPUMED,ITOPIITHS O
BTYJIKY LUJIUHApPA, O TOJOBKY IIATyHa, yAaphl KIANaHHBIX MEXaHWU3MOB W T.J. MHTEHCHUBHOCTh
BO3HUKAIOIINX BUOpAIMA OMpeessieTcsl BEIMIMHON 3a30pa (pacTeT ¢ ero YBEIMYCHHEM), a TakKe
BEJIMYMHON YCKOpPEHUSI, MPUCYIIETO COYMAPSIONIMMCS JeTalnsM. YeM MeHbIle MPOJA0LKUTETHHOCTh
KPaTKOBPEMEHHOTO yjapa, TeM Oorade CIEKTP BBI3BIBAEMBIX MMM BHOpanmid. PacmpoctpaHssacek 1mo
KOHCTPYKIIUH, BUOpAIMs BBI3bIBAET HHTCHCHUBHBIE KOJIEOAHUS TEX SJIEMEHTOB, COOCTBEHHBIE YACTOTHI
KOJIeOaHMI KOTOPBIX COBIAJAIOT C COCTABIISIIONIMMU CIIEKTpa yAapHON BUOpAITUH.

[lenTpamu BO30YXKIEHUS SIBISAIOTCS 30HBI KOHTAKTa JETaJiel B MOMEHT HMX coyaapenws. M3-3a
YOPYroCcTH Marepuaia CTOJKHYBIIMECS JI€Talu MPOAOJIKAIOT ABUTAThCS HABCTPEUY JPYT APYTY CO
CHIDKAIOMIEHCs CKOPOCThIO. [I0BEpXHOCTH COMPUKOCHOBEHUS JA€POPMUPYIOTCS, YBEITUUUBACTCS 30HA
KOHTaKTa, a CIeJ0BaTeNIbHO, U CUJIa JAaBJICHUS AeTaiield apyr Ha apyra. [lox nedicTBueM 3TOM CUIIBI
CKOPOCTh COJIM)KEHHUS JIeTalieii racHET, a 3aTeM CHJIa YIIPYTrOCTH 3aCTaBIseT A€Tall Pa30iTHUCh.

Bpems Bo3pacTaHus W yOBIBaHHS CHIIBI MOXKHO IPEAIOIOXHUTh OJWHAKOBBIM. J[JI1 MeTauIMYecKux
N -4
JeTaneit 3To Bpemsi T umeeT nopsaok 107 cek.

B mepBblii MOMEHT CTOJNKHOBEHMS JeTajei nedopMaluy W HANPSOHKEHUs JOKAJIU3YIOTCS B MajoM
o0beMe MaTepuaiia, a OoblIas 4acTh MEXaHU3Ma OCTAeTCA B HEBO3MYILIEHHOM COCTOSIHMM. 3aTE€M CO
CKOPOCTBIO 3ByKa BO3MYILICHUE PACIIPOCTPAHSIETCS 110 MEXAHU3MY.



Cpenusisa cuna F, neficTBytoias Ha AeTajld ¢ IPUBEIECHHON Maccoil M, onpeneauTcs

Fe=2muv/t (2.1)

Jlyist Macchl AeTanei 5 KT i KonebaTenbHol ckopocTH 1 M/c BemuunHa 51oi crsl 6yer 10° H.
Takum oOpa3oM, 3a KpailHe MaJiblii IPOMEXYTOK BPEMEHHM B MaJIOM 001acTH CONPUKOCHOBEHMS
JeTajeil JaBiIeHHe HM3MEHseTCsl OT Ooybmmx (mopsiaka Thicsd atMmocdep) Ao Hynsa. [lpu stom
SHEprus, 3aTpadyeHHas Ha BO30yXJeHUE KoyleOaHMH , COCTaBJIA€T MAlyl JOJI0 OT SHEPruu
coynapenust ( mopsiaka 0,004%), HO aJig CIIyXOBOrO BOCIPHUSITHS OHA JOCTATOYHO BeJHMKa (
Hanpumep, px COyAAPECHUH OMIIbSPIHBIX LIAPOB).

Bennunna 3BYKOBOI'O JaBJICHUSA P HAXOJUTCA U3 BbIPpAKCHUA

p=F@)pck(Sr)?iz, (2.2)

rue F(t) - nepemMenHas rapMoHHMYECKas CUIa, IPUIIOKCHHAS K HEKOTOPOW TOYKE KOHCTPYKIMH; K
— koo duruent nepemaun (K =v, /vy );

S — Iomaab MOBEPXHOCTH U3ITYUCHUS;

r's — KOOQPUIIUCHT U3ITydCHHUs, ONPEAeSIEMbIll XapakTepoM Kosebanuit usnydarens (rs <1). Z,, -
Mexanundeckoe conporusienue (umnenanc (Z,= F(t) / vi);

V1 — CKOPOCTh KOJIEOaHUS B TOYKE MPHUIIOKCHUS MEPEMEHHOM cuitbl (V1= ©E); © -

yIJIOBasi 4acToTa TEPHOAMYECKOW CHJIBI; & —aMIUIMTyda KoJieOaHWH B TOUKe
NPUIIOKCHHUS TIGPEMECHHOM CHUIIBI.

AKycTHYecKasi MOIIHOCTh UCTOYHHUKA YIapHOTO IIyMa MOXET ObITh MPUOIMKEHHO OINpejeneHa Mo
bopmyie

W=pcv?Srs (2.3)
IJIe V2 — CKOPOCTh KOJICOAHHSI TOYKH, COMPUKACAIOIIEHCS CO CPEJIO;

Takum o00pa3oM, IIYMHOCTh MEXaHU3Ma OIpENeNIseTCs] BEIUUYMHOW JeWCTBYIOLIEH NepeMeHHON
CWJIbI, MEXaHMYECKUM COINpPOTHUBIIEHUEM KoJjeOromerocs Tena, KodpuiueHToM mnepeaadn
3BYKOBBIX BHOpaluii OT MecTa BOSHUKHOBEHHSI K MECTY 3BYKOM3ITyUEHUS, BEITMUNHONW MOBEPXHOCTH
U3ITy4eHUs U €€ U3JTydarolleil crnocoOHOCThIO.

[IpumepaMu NpUYMH BO3HUKHOBEHHUS YAAPHOTO IIyMa SBJSIOTCA: yAapbl LIEHKH B IIATYHHBIX
noamunankax J[BC; coymapeHus: B COWICHEHHUAX IaTyHa ¢ MOPITHEM (KOJIbIla ¢ TOJIOBKOH MIaTyHA);
OpU TEpeKIajke MOPLIHS, UIJIBI (OPCYHKH C KOPILYCOM pACHBUIMTENS B CHUCTEMax J0KUTaHUS
TOIUIMBA U JIp. B 31aHusAX — 3TO yaapHbIN IIyM, 0OyCIIOBJIEHHBIN IIaraMu MPOBEIEHUE PA3IUYHBIX
BUJIOB pabOT, B TOM YHCJI€, PEMOHTOM.

Takoil e xapakTep HMeeT IIyM, BO3HUKAIOIMIMM Mpu JucOallaHce BpaIlaloOIIUXCS JeTalel.
HcTounukamMu U puuMHaAMy AucOanaHca MOTYT SIBJISIThCS:

HEOJTHOPOJHOCTH  MaT€pUaloB  BpAIIAIOIIMUXCS  TEJI, HECUMMETPUYHOCTb  KOHCTPYKIIHH
(HempaBUJILHOE paclpe/ie]ieHne MacC U OTBEPCTHil, HEPABHOMEPHOCTH IMOJIBIX JAeTaneld, HETOYHOCTb
BbIOOpA JIOMYCKOB U MOCA0K COUJICHEHHBIX JIeTalel U T.I1.);

ne@eKkTsl MOHTaXa (HECUMMETPUYHOE pacrpeseieHne OONTOBBIX COEAMHEHUH COCTaB-HBIX
BpalllaloIUXcs Tell, OMeHue OT HaTAra MIMOHKaMM, M3rH0 JMHUUBANA MPHU KECTKOM COUIECHEHHH);
neopmanusi 00paboTaHHBIX JeTaneil (HepaBHOMEPHBI HArpeB M OXJAKIACHUE NPU TEPMHUYECKOM
00paboTke aeTaiei);

BHYTPCHHUE TEPMUYECKHE HANpsHKeHUs (pasnudHble KOA(PQHUIMEHTHl TEIJIOBOTO pac-IIMPEHHS
MaTepHaJIOB COWIECHAEMBIX JETAJICH);

HOTHYTOCTh BAJIOB; pagualibHOEe OUEHHE

IIEEK;

nepeMeleHne AeTanel o AeHCTBUEM AIEKTPUYECKUX CHIT (0OMOTOK B 3JICKTPUYECKUX MALIHHAX );.



HEPaBHOMEPHOCTb KOPPO3UI WM U3HOCA JIeTaJICH.
YacToTta BUOpaLuy, BbI3bIBaEMasi IMHAMHUYECKUM TUCOATaHCOM ONpeNeNsIeTcsl yIiI0OBOM CKOpO-
CTBIO BpalllEHUS POTOpA, T.€.

f=w/2x (2.4)
Bubpariu ¢ ynBoeHHO# yacToTon

f=w/n (2.5)

BO3HUKAIOT BCJIEICTBUE HEOJMHAKOBBIX MOMEHTOB MHEPLUH IUIOLIAIN MOIEPEYHOr0 CEYEHMs Baja.
Takue BaJIbl OTIMYAKOTCS HEPABHOM KECTKOCTBIO B PA3JIUYHBIX IUIOCKOCTAX, T.€. UMEIOT JIBOSKYIO
KECTKOCTh  (MAaKCHUMaJbHYI0 W  MUHUMAaJIbHYI0). OTO  OOYCIOBJIEHO  KOHCTPYKTHBHBIMU
OCOOEHHOCTSIMU - IIIIOHOYHBIMU KaHaBKaMH, Cpe3aMHM M Ia3aMd B LEJIbHOKOBAHHBIX POTOpPAX
JNEKTPUYECKUX T€HEPATOPOB.

C Taxoii e yIBOCHHOW 9acTOTOM BO3HUKAIOT BUOpanuu, 00yCIOBIEHHBIE OBAJHHOCTHIO IICHKH Baja,
IIOCKOJIBKY B 3TOM Clly4ac MPOUCXOAUT NEPUOAUUYECKOE IIEPEMELICHUE LICHTPa TSKECTH U 3a OAMH
000pOT OH JABaXK/bl IEPEMEIIACTCS U3 KPalHETO0 HUKHETO B KpaiiHee BEpXHee MOJI0KEHUE.

[Tpu paciieHTOpOBKE BajoOB, COEIUHEHHBIX MalblEBOM MM KyJaukoBOM My(dToii, yacToTa BUOparuii
OyJie 3aBUCETh U OT KOJIMYECTBA KYJIauKOB (IIAJIbLIEB) Z

f=wz/n (2.6)
2.3. Llym 3y6uamuix nepeoad.
OCHOBHO IPUYMHOM BOZHUKHOBEHHS IIyMa 3yOUaThIX Nepeaay sBISETCS uUacosblil UMNYIbC

Cunvl, BO3HUKAOIIMNA B pe3ylbTaTe HW3MEHEHMsI HANpaBICHUS CKOPOCTH OTHOCUTEIBHOTO
CKOJIBKEHUSI MEXJy IBYMS 3yObsIMM NPU KacaHUM JIBYX JEJIUTEIbHBIX OKPYKHOCTEH BEAYILIETro U
BEJOMOI0 KoJieca. BennunHa W UIMTENBHOCTH 3TOrO0 HMMIIYJIbCa 3aBUCUT OT II€PENABAEMOM
MOIIIHOCTH, KO3(QPUIMEHTa TPEHUS MEXIy 3YObsIMH U CKOPOCTH OTHOCHUTEIBHOTO CKOJIBbXECHUS
3yObeB. CHEKTp BO3HMKAIOIMX IMPH 3TOM KojeOaHuil Oyner oOpa3oBaH rapMOHUKamu BTopbim
OCHOBHBIM HCTOYHHKOM IllyMa U BHUOpauui 3y04aThIX mpefau SBISETCS UMNYIbC 3ayenyieHus
BO3HHMKAIOIIUK B pe3ynbraTe Aedopmannu. OH HampapieH MO KacaTelbHOW K JIMHUM 3alleTUICHUs U
BO3HUKAET B Pe3yJIbTaTe HEMPABUIHHOIO 3alleTIIICHUSI 3yObEB.

OCHOBHBIMU (paKTOpPaMH, BIUSIONIMMH Ha BETMUUHY 3TUX UMITYJIbCOB, SIBIISIOTCS:

e TuN 3y04aroil mepenaud yroiu
JABJICHUS KOdhUITUEHT
NEPEKPHITHS MUPHUHA 3yOheB

e 00paboTka MOBEPXHOCTEH MIar
TOYHOCTH Mpodus 3yda

e CKOpocTh 3yOuaTo  mepemadu
nepeaaBaeMasi Harpys3Ka.

Bnusinue Tuna nepenay

B npsamo3y6oii nepenade TMHEHHBIA KOHTAKT MPOMCXOAUT MO BCEH MIMPHHE 3y0a, YTO MPUBOIUT K
YBEJIIMUEHUIO HMITyJbca 3anemuieHus. (CienoBarenbHO, OTOT THI  IIepefad  JOCTATOYHO
IIYMEH,0CO0€HHO Ha BBICOKHX CKOPOCTSIX BpAICHHUS.

B koco3y6vix niepenayax KOHTAKT TaK)Ke JIMHEWHBIM, OJJHAKO BO3HUKAET OH Ha MOBEPXHOCTHU 3y0a U
pactpocTpaHsieTcs BHU3. ODTO MPUBOAMUT K YMEHBUICHUIO yJapHOW HArpy3kd Ha 3y0, MOITOMY
KOCO3yOble IWIMHIPUYECKHE NepeJaud MeHee LIYMHbIe IO CpaBHEHUIO C MnpsMo3yOosiMu. Ilpu



HKBUBAJIEHTHOW HArpy3Ke pasHuLa B YpPOBHSX Inyma cocraBisgeT oT 3 no 10 nb.Bummogvie u
KOHUYecKue TepeJaddl OoO0JaNaroT TEMH )K€ IIYMOBBIMH M BHOpPAIlMOHHBIMH CBOWCTBAMH, YTO H
KOCO3yOBIe.

T'unouonvie u uepgaunvle nepenadun Hanbonee OecurymMHbl. B runmongnsix padota 3y6a oObeauHsSET
IPOLIECCHl KAUEHUSI U CKOJIbXKEHUA. VX IMPOKO MPUMEHSIOT B aBTOMaTHUECKUX JU(PPepeHIINATbHBIX
nepeaayax, B KOTOPBIX COSAUHSIONINE BaJbl MOTYT ObITh YPaBHOBEIICHBI. (TUIIOUIHBIC IPUMEHSIOTCS
B T€X Clly4yasiX, KOTJa Bajbl HE IEPECEKAIOTCS U HE NapaliesbHbl, IPUHIMI UX JeHCTBUSA 00bEIUHSET
00KaTKy M CKOJBKECHHE BJOJIb JIMHUU KOHTaKTa).BmusHue koadduuuenta nepexpoitus Ecnm mpu
nepeaaye Harpy3ku OTKJIOHEHUH IapaMeTpoB 3yOuaToll Inepejaud HET, TO MMILYJbC 3alerlICHHs
He3HauuTeneH. Ho mockonbKy Beerzia MMEroTCs OTKIIOHEHHUS 3yObeB OT pa3MepoB, TO 3TO MPUBOAUT K
BO3HUKHOBEHHUIO yIApHBIX Harpy30K, HAIPaBJICHHBIX BIOJIb JIMHUU 3aLEIUICHUsA BEOYLIEro KoJjeca.
[Ipn yBenuueHuum cpenHero umcia 3yObeB IepefaBaeMasl Harpyska pacrpejaesnsercss Ha Oosibliee
YHCII0 3yObeB, YTO yIy4lllaeT 3alelIeHHe U pacleuieHue 3yObeB U TeM CaMblM CHH)KAeT YPOBEHb
mryma. [Tockonbky K0dpPUIMEHT epeKphITHS JODKEH ObITh HU3KUM, TO €r0 ONTHMAaIbHOE 3HAUCHHE
paBHO 2 (omHouwieHue ONUHbl KOHMAKMA NO JUHUU 3aYenieHus. K wazy, m.e.cpeoHee ducio 3youes,
pabomarowee 8 OAHHbIUL MOMEHM BPEMEHU)

Tounocmv u320moenenus OKa3bIBAaCT CYIECTBEHHOE BIUsSHUE. Tak IPHU NPOYMX PABHBIX YCIOBMSX
npodunas 3yda, MOTPENIHOCTh W3TOTOBJICHHS KOTOPOTO COCTaBJIIeT 5 MKM, paboraer Ha 10 nb
OecurymHee, 4eM Mpoduiib ¢ mOrpenrHocTso oT 15 10 20 MKM.

Bauanue naepysku 00yCIOBICHO T€M, YTO OT HEE 3aBHCUT BEIMYMHA BO3HUKAIOUMX Aedopmanuii,
KOTOpBIE B CBOIO OYEPE/b BIUAIOT HA TOUHOCTH 3aLlECIUICHUs U €ro uMiyibsc. Kpome toro, ¢ pocrom
HArpy30K pacTyT CWJIbl TPEHMs, a BMECT€ C HEH W BEJIMYMHA II1aroBoro ummyibca. [lpu HHM3KHX
Harpy3Kkax M HEBBICOKMX CKOPOCTSIX yIBOEHHWE HArpy3KH BBI3BIBAET yBEJIMYEHHE YPOBHS IIyma Ha 3
nb. Ha ckopoctsix Bbime 4000 06/MUH yABOGHHE Harpy3KH BbI3BIBAET YBEIMYEHHE LIyMa yKe Ha 6
ab. T.e. myMm, IpoHU3BOAMMBINA Iepenadyel, NMpsMO IPOMOPLUOHAIECH IEPEJaHHON MEXaHUYECKOU
MOIIIHOCTH, KOTOpasi MpPONOPLUOHAIbHA TPOU3BEACHUIO JMHEMHONM CKOpPOCTH MO IIaroBOMY
JMaMEeTPy U COCTaBJIAIONICH CHIIbI, HAIPABICHHOW MEPIEHIUKYISAPHO K JIMHUM LEHTPOB 3y04aToif
nepesavHm.

Jpyeue ucmounuku:

B BBICOKOCKOPOCTHBIX Tepeiauax BO3IyX, HIYIIHIA OT CONMPSDKCHHBIX 3YObeB (6030VuiHblll KApMAHr),
UMEEeT JOCTAaTOYHO BBICOKHE CKOPOCTH M 00pa3yeT aKyCTUYeCKHEe YyAapHble BOJHBL. BrusHue
BO3yITHOTO KapMaHa MOXET OBITh YMEHBIICHO IyTeM YBEIMYCHHUS OOKOBOTO 3a30pa MEXITY
3yOBsIMU JJIS CHUKCHHSI CKOPOCTU JIBMKEHHS COMPSIKEHHBIX 3yObheB. Takue mepeaaun o0s3aTenbHO
MOKPBIBAIOTCA KOXKYXaMH, cayxamuMu Kak 171 Th , Tak u B kauecTBe 3ByKOBOTo Oapbepa.

bpwizeu cmasku , BeiOpacsiBaeMoit 3yObsiMu. CMaska, He UMEIOIIAasi BBIXOJa U3 BMAJIWHBI, CO3AeT
yaapHoe BO30yK/IeHHEe 3y0UaThIX mepeaad.

[Iym, cozmaBaeMblii 3y04aThIMU TiepeauaMy UMEET IUPOKUN YaCTOTHBIN CIEKTP. ITO 00YCIOBICHO
TEM, 49TO KOJICOAHUS B JJIEMEHTaxX Iiepenad BO30YKIAIOTCS CHJIAMH, HMMCIOIIAMHU Pa3TAIHBIN
XapakTep: IMUKINYECKUMHU U YIaPHBIMH.

HwuskouacToTHEBIE KOJIEOAHUS B PEAYKTOPHBIX CUCTEMAX BO3HHUKAIOT B PE3YJIbTATC HEPABHOMEPHOCTHU
HArpy3Ku aucOaniaHca BpAIIAIONINXCS MacC JCHCTBHs HAKOIUICHHBIX OIIMOOK B OKPY)KHOM IIare
MECTEPEH U KOJIEC WU COUCTAHHA BBINICHA3BAHHBIX [0)1117(3]0)3 HeﬁCTBHﬂ HAKOIUUICHHBIX U €IUHUYHBIX
omrOoK B mpoduiie 3yda BCIeACTBHE MEPEKoca Oceil HepaBHOMEPHOCTH PaOOTHI IBUTATEIS.

f, = ni (2.7)

HepaBHOMepHOCTH 00pabOTKM TOBEPXHOCTH 3yOBEB 3aBUCHUT OT OT 4YHCIA 3yObEB NEITUTEIHLHOTO
KoJieca Z;

fo=nzyi (28)



B 00actu BBICOKHMX 4acTOT ONpEeNsIonIeil BsieTcs 3y0oBas 4acTora

f,=nzi (2.9)

TouHo npeacka3aTh HauboJiee BaXKHbBIE BEIHYK/IEHHBIC YaCTOTHI KOJIeOaHMH B 3y0UaThIX Mmepeaadyax u
UX BEJIMYMHBI O4YEHb CI0XKHO. OOYCIOBIEHO 3TO TE€M, YTO BBIHYXJEHHBbIE KOJIEOAHUS BBI3BIBAIOT
pE30HAHCHBIE SBJICHHSI HE TOJBKO B DJIEMEHTaX 3yO4aThIX Iepenad, HO M B CONPATAaeMbIX C HUMH
JieTajsIX MalliH U MEXaHU3MOB, B T.4. U B KOKyXaX. DKCIIEPUMEHTOM YCTAHOBJIEH CIEAYIOIIUM psi (
no Mepe yObIBaHWS BaKHOCTH)KPYTHJIBHBIA pPE30HAHC B CHUCTeMe Tmiepeaad (OCOOCHHO JUIs
KpYyIHOraOapuUTHBIX Nepeiad) pe30HAHC KOKYXOB PE30HAHC BTYJIOK M KOJIELl PE30HAHC 3yObeB.

2.4. [llym noowunnukos

HcToyHUKY 1IymMa MOAIIUITIHUKOB — BHYTPEHHUE CHIIBI, 00YCIIOBJICHHbBIE: YIPYTUMH JehopMallusiMu
JleTalield; MPOCKAIM3bIBAHUSAMM TEJl KAYE€HHS B MECTaX KOHTAaKTa C KOJbLAMU; 3aBUXPEHUSIMH
BO3/lyXd, YBJEKAEMOIO0 CHCTEMOW Kau€HHMs; MOTPEIIHOCTAMM M3TOTOBJIEHUS, MOHTaXa H
AKCIUTYaTalMH MOJIIUITHUKOB:

® JIONYCKOBBIMU OTKJIOHEHUSIMH 3JEMEHTOB IMOJUIMITHUKOB M MOHTa)KHBIX DPa3MEpOB;
Pa3HOCTEHHOCTBIO KOJICII MOIIIUITHUKOB;
OBaJIbHOCTBIO U PA3HOMEPHOCTHIO TEJI KAYEHUS;
BOJIHHCTOCTBIO Ha JIOPOKKAX KaueHUS,
paavalbHbIM U OCEBBIM 3a30pOM MEXIY TEIaMHU Kauy€HUs U KOJbLAMU;
3a30pOM B THE3/1aX cemnaparopa;
HEKauYeCTBEHHOM CMa3KOM.
HaubGonee mryMHbIMU SIBISIOTCS MOOUWUNHUKU KAYeHUs, TIPUYEM CIEKTp IIyMa, OO0YCIOBJIEHHOTO
BBILIEIIEPEYNCICHHBIMU TPUYMHAMHU JTOCTATOYHO HIUPOK OT AECATKOB JO JECITKOB ThICSY ['II.

Haubosee sHeproemMkue KojieOaHUsI COCPEIOTOUCHBI B JMana3oHe, HAuWHAs OT YacTOTHI BPAIlCHHS
Basa f,= n/60 mo = 30001 1.

[Ipyn HaIMUMK PA3HOCTEHHOCTH BHYTPEHHHUX KOJEI| MOJAIIUITHUKOB BO3HUKAIOT HEYpaBHOBELIECHHAs
HEeHTpoOeXKHass cuia U AuHamMudeckuid MomeHT. Konebanust Mexanusma OyayT aHAJIOTHYHBI
KOJIe0aHUSM, BO3HHUKAIONIMM TpPHU HAJIWYUHM CTAaTHUYECKONW M JUHAMHYECKON HEypaBHOBEIICHHOCTH
poTopa.

HauGonbiiee BiusHHE OKa3bIBae€T «BOJHHUCTOCTH» Ha JIOpOXKKaX KadeHus kounerl. Jlaxke
HE3HAYUTEJbHBIE BOJHBI BHICOTOW 0,5 MKM SBJISIIOTCS MPUYMHON WHTEHCHBHOI'O CTPYKTYPHOTO W
BO3QyIIHOTO ITyMa. OCHOBHAs YacTOTa BUOpAIUil 3aBUCUT OT COOTHOIIEHUS MEXIY YHCIOM BOJH U
quciioM mapoB. YacroTa 0ombIneid yacTeio JIeKUT B Auamnazone 500-5000 I'm, T.e. B 00IacTH 9acToOT
COOCTBEHHBIX KoJeOaHWU JneTanell MeXaHW3MOB W B 00JIACTH HauOOJbIICH YyBCTBHUTEIHLHOCTH
YEJI0BEYECKOr0 yXa.

PanuanbHbIi 3a30p B MOAIIUITHUKE BbI3bIBAET HEPABHOMEPHOE paclpeielieHne Harpy3ku Ha 1aphl U,
CJIeIOBAaTENIbHO, HEOJWHAKOBOE CMEIICHHE pOTOopa TpPH Pa3IUYHOM TIOJIOKEHUU IIapoB
OTHOCUTENIbHO Harpy3ku. [losBistoTcs KoneGaHUs LEHTpa TSHKECTH pOTOpa, TaKkKe MPHUBOJSAIINE K
BUOpanuu MamwuHbl. Pazmax koneOaHMil pOTOpa 3aBUCUT OT THIMA TMOAMIAITHUKA W COOTHOIICHUS
MEeXAy Harpy3koi u 3a3opoM B noammunHuke.Korga cemapaTop MOAIIMITHMKA UMEET MOBBIIICHHbBIE
3a30pbl B THE3JaX U1 IIAPOB, MOSIBISETCS CENapaTOPHBIM IIyM.

Hoowunnuxku cxonvorcenuss mMeHee MyMHbL. [lpuumHaMu HUX HIymMa SIBISIETCS MPOIECC BUXPEBO2O
cMa3vléanusl, BO3HUKAIOIIMM B CHCTEMax CMas3KM NOJUIIMIHUKOB JaXXe MpPH HE3HAYUTEIbHBIX
Harpy3kax. OOyCIIOBIEHO 3TO TeM, 4YTO IUIEHKAa CMa304HOrO0 Marepualia, HENOCPEICTBEHHO
CONPUKACAIOIIETOCS] C BaJIOM B TPaHUYHOM CJIO€, BPAIIAETCS CO CKOPOCThIO Baja, a IUICHKA,
HaxXOoJAIIasACs Ha HEMOJABWKHOM TOBEPXHOCTH TMOAMIUIHUKA, HEMOABUXKHA. OTO BBI3BIBAET
MPELECCUI0 Bajla B MOALIMIIHUKE MOJ BIUSHUEM cMa3ku. YacToTa BO3HHMKAIOUIMX BUOpaIii paBHa
MOJIOBUHE YacTOTHl Basia. COBMECTHOE JICWCTBUE 3TOM BUOpaluu ¢ BHOpAIMel 4acTOThl BpPAICHUS
pOTOpa CO3JAET pe30HAHCHbIEe DUEHUS.



B taGnune 2.1 npuBeacHBI CBEICHUS O COCTABIISIFONTUX IIIyMa M BUOPALIMH ITOIITUITHUKOB.

Ta6muma 2.1. YacToTHBIE XapaKTEPUCTUKH IITyMa MOAMIUITHUKOB

Yacrora, f, 'l

X apakTepucTHKa/ IPUYMHBI IIyMa U BUOpaLuid

N /60

Hactora BpamieHus Bana/ MexaHu4ecKas He-
YPaBHOBEIICHHOCTh ~ POTOPA, pacLeHTpOBKa

My (T

HOI[HII/IHHI/IKI/I CKOJIBKCHUA

n/120; n/180

Tpenue

(0,42-0,48) n/60

BuxpeBoe cMa3biBaHue

IToaAmUNHUKY KaueHUs

(3HaK “+” GepeTcs Ui BHYTPEHHETO KOJbIIa,
“—“ 17151 HApY>KHOTO)

n/60 Pa3HOCTEHHOCTh BHYTPEHHUX KOJIEI]

n/30 OBaNBHOCTH KOJIEII

[ / (g - O )] Zn/60 ACHMMETPHS PACIIOJIOKEHHUS T KaueHHsI
(n/120) [1- +d / D)] Zz,1q

BoIHUCTOCTD HOPOXKCK Ka4YCHUA UIN UX U3HOC

[(1- d*/ D* D/ d] Z n /60

['paHHOCTH (OBAJBLHOCTD) TEJ KAYEHUS

(n/120) [ (1-d/ D)] Z

PananbHeI 3a30p B MOANINITHUKE

(n /120 [ (1- d/ D)]

HeypaBHOBENIEHHOCTH cenaparopa

(n/120) [1- (d/D) cos ¢]

UactoTa BpalllCHUA CCIapaTopa IMIAPUKOIIOMd-

[IMITHUKA ITPU HETOJIBHXKHON BHEIIHEH o0oiiMe

(n/120) [1+ (d/D) cos o]

UacroTa BpaleHus cernapaTopa MapuKoIo-
[IUTTHAKA TPU HEMOJBUKHOU BHYTpEHHEN
oOoMe

(n/120) (d/D) [1- (d/D)* cos® o]

Yactota BpaliCHUs POJIUKOB

(Zn/120) [1 - (d/D) cos ¢]

UacToTa KOHTaKTa MeX1y pUKCHPOBAHHOH TOY-
KOl Ha HETIOBUKHOM BHEIITHEH 000iMe U po-
ITMKOM

(Zn/120) [1+ (d/D) cos ¢]

HacToTa KOHTaKTa MEX1y (PUKCHPOBAHHOM TOY-
KOI Ha HETOABM)KHOW BHYTpeHHEW o0oiiMe U
pOJINKOM

(n/60) (d/D) [1- (d/D)? cos® g]

UacToTa KOHTaKTa (PUKCUPOBAHHOM TOUKHU PO-
[TKa ¢ TOBEPXHOCTSIMH BHYTPCHHEH U BHEITHEH
0001MBI

(n/60) (d/D) [1 - 0.5 (d/D) cos ¢]

UacToTa OTHOCHTENBHOTO BPAIIEHUS MEXKIY
CermapaTopoM M BHYTPeHHEH 0001MOii Ipu He-
[TOIBVKHOM BHEIIHEN 0001Me

(n/60) (d/D) [1+0.5 (d/D) cos o]

HacToTa OTHOCUTEIBLHOTO BPALLEHUS MEXKITY
CermapaTopoM U BHENIHeH 0001Moil pu Heroz-
BIDKHOM BHYTpEHHEH 000iiMe
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YacroTa, f, I'ny X apakTepuCTHKa/ IPUYUHBI IIyMa 1 BUOpaLuii

HacToTa KOHTaKTa (PUKCUPOBAHHOM TOUYKHU PO-
(Zn/60) [1 - (d/D) cos 9] [TKa C BHYTPEHHEH 000MMOIi PU HETOABUK-

HOIi BHEIIHEHN 000iiMe

HacToTa KOHTaKTa (UKCUPOBAHHOM TOUKHU PO-
zn/120) [1 + (d/D) cos ¢] [T1Ka C BHEITHEH 000MMOM MPH HETOIBUKHON
BHYTpEHHEN 000iMe

O003Ha4YeHUs: N- 4acTOTa BpalieHus Bana, o0/MuH; d — quamerp ponuka; D- cpennuii auamerp
NOJIINITHUKA, MM; Z — YUCIIO TeJl KAUYeHUS; Zy- YUCIIO I'peOHEN BOJIH BJIOJIb KAHABKU KaueHUs; (-
HAUOOIBIINN IETUTENh MEXNY Z U Zy, (@ — YTOJ KOHTaKTa MEXKIY POJTMKOM U 000HMOM O IIIHII-
auka, ° (=0° 11 IPOCTOro pajUaibHOrO HOMNHUITHUKA).

CHuxeHue 1mymMa NoAILUITHUKOB 00eCeynBaeTCs:

TOYHOCTBIO U3TOTOBJICHUS;

IPUMEHEHHEM NPELU3UOHHBIX MOAMLUIHUKOB U HOAIIMITHUKOB MOBBIIIEHHOIO Kiacca ToyHOCTH ( 6l
70 5 16);

OpUMEHEHHE NOJIIMIHUKOB MAaJoro jaudamMerpa ¢ OOJBIIMM YUCIOM Tel KaueHHs,
IPUMEHEHNE UT0JIbYATHIX MOIINITHUKOB;

U3rOTOBJICHHE CEMapaTopoB U3 MaTEpUalIOB BBICOKOTO AEMI(UPOBUS (TEKCTOJIUT, MO-THAMUIHBIE
CMOJIbI) — JUISl CHUXKEHHSI CENTapaTOPHOIo IIyMa;

NOBBIIIIEHNE KauecTBa MOHTaxa (Tyras rmocajaka Ha mandbl Bajla ¥ B THE3/axX IIUTOB), THIATEIbHAS
00paboTKa MOCaJOYHBIX MECT C MHUHUMAJIbHBIM OTKJIOHEHHEM OT MMJIMHIPUYHOCTH YCTaHOBKA
NOJIINITHUKA 0€3 MePEeKOCOB U 3aleMJICHUS;

YKPBITUE MOALIUITHUKA TIIyXUMH KPBIIIKAMHU JJI1 CHUKEHUS CO3aBa€MOr0 MMH BO3YIIHOTO LIyMa;
OTCTpOWKa OT pe30HaHca JeTajeld 3a CYET IMOBBIIIEHUS HX JXECTKOCTU WM BBEACHHUS B HUX
nemrndupoBaHusi; BUOPOM3OIUPYIOIIKME YCTPOMCTBa (MPOMEXYTOUYHBIE BTYJIKH U3 YIOPYTHX
MaTepuajoB - PE3UHBI, IUIACTMACChl) MEXKIY MOJIIMIIHUKOM KayeHHsl W CemapaTopoM - JUIs
CHI)KEHHMS IIyMa Ha CPEJHUX M BhICOKUX yactoTax (ot | 1o 9-12 ab);

NPUMEHEHHE TOAIIMITHIUKOB CKobxkeHus (ot | 1o 15-20 ab), mo Mepe BO3MOXKHOCTH; THIATEIbHBIN
YXOJ1 B ITPOLIECCE IKCIUTyaTallUM U CBOEBPEMEHHAs 3aMEHA M3HOILIEHHBIX

MOJUINITHUKOB; IPaBUJIbHBII BBHIOOP W HCIIOJIB30BAHME CMA30YHOrO MarepHuaia (He NPUMEHSTh
CIIMIIKOM TyCTOHM; MacisHyl Kamepy 3anoiHsaTe Ha 50%; TmijaTenbHO HPOMBIBaTh CIEABI OT-
pabOTaHHOrO CMa30YHOI0 MaTepHaa.



3. METO/IbI M CPEJICTBA 3AIIIUTHI OT BUBPAITUI
3.1. Bubpouzonayus
3.1.1. Bubpousonayus kax gusudeckuti npoyecc

Bubpouszonayus — cnocoOHOCTh TPENATCTBHA HM30JUPOBATh KOHCTPYKIUH (CTPOUTENIBHBIC
KOHCTPYKLIMH, 3JIEMEHThI 000pyI0BaHUs, MAIIUH U MEXAHU3MOB) OT PacpOCTPAHSAIOLIMXCS 10 HUM
BOJIH K0J1e0aTeNbHON YHEPTUH.

BU-00bekT MOkeT ObITh JTMOO MCTOYHUKOM KOJIEOAHUH, OT KOTOPBIX JIOJKHBI OBITH 3aIUIICHBI
OKpY’Kalolue KOHCTPYKIMH H 00OpyAoBaHHE, THUO0 00bekTOM 3ammtbl BU kak ¢usndeckuii
nporecc OOyCNOBIIEHa OTPaXCHHEM YIPYIHX BOJH B TBEPAOM TeJlIe€ OT MECT HapyIIeHUs
HEOJJHOPOJHOCTH. DTO OOYCIIOBJIIEHO PAa3HOCTHIO WMIICIAHCOB BHUOPOU30JIATOPA U H3OJIHPYEMOM
KOHCTPYKIIUH.

Kak u3BecTHO, B TBEP/IOM TeJie HApsAy C MPOJOJIHBIMU PACIIPOCTPAHSIOTCS U ITOTICPEUHBIC BOJIHBI.
CKOpOCTh pacipoCTpaHCHUS TOMEPEUHBIX, 3 B KOHCTPYKIUSAX U OTPAHUYCHHBIX TellaX U3THOHBIX
BOJIH, CYIIECTBEHHO 3aBHCHUT HE TOJIbKO OT MaTephalia, HO U OT W3rHOHOW J>KECTKOCTH Tela,a,
CJIEIOBATEeIILHO, OT OCOOCHHOCTH €r0 KOHCTPYKUMHU (TOJIIHUHBI IUIACTHHBI, TUAMETPa CTEPXKHS H
T.IL.).

Ilpumeuanue. Konebanus KoucmpyKyuili 6 368YKOBOM OUANA30HE YACMOM CONPOBOHCOACMCS
38yKkousnyuenuem. Ho cHudicenue konebanuil ocpadicoarowux Koncmpykyuii npu BU mawun
npUBOOUM UL K CHUNCEHUIO WYMA 8 COCEOHUX NOMEWEHUX, 20e WYM ONpeoelsiemcs UMEeHHO
KOJIeOAHUSMU dMUX KOHCMPYKYuil. B nomewenuu sice, 20e pacnonazaromes ucmoyHuku subpayuil,
npumenenue BU ne oaem s¢ghghexma crhudicenus wyma.

3.1.2. Kpumepuu subpousonsayuu

O¢ddextuBHocts BU onenuBaercs ocinadbieHneM koneOaHU B TBEpAOM Teje nocie ycraHoBku BU
MPETSITCTBUA MEXAY KOHTPOJIBHON TOYKOW U PaliOHOM PaclojIOKEHUsI ICTOYHHUKA

BU = IOIgW]_ W 2= L]_ - L 2, (31)

rae WiuW, Ljul ;- nmoTHocTs KosiebaTenbHOM SHEPTHU U €€ YPOBHU 32 TPETSTCTBUEM
JIO | TIOCJIE €T0 YCTAHOBKH, COOTBETCTBEHHO.
s TapMOHUYECKHUX KOJIEOAaHUH TIOTHOCTH KOJIeOaTeThbHON SHEPTHH TMPOTOPIUOHATHHA

KBaJIpaTy BUOPOCKOPOCTH V, CIIEI0BATEIBHO, CIIPABETIMBO COOTHOIICHHE
BU = 101g V12 / \/) 2= Lvi - Lvo (32)

3nech MMeeTcss B BHUIY BUOpPOCKOpPOCTh (yHmameHTa. [IOCKONIBKY MpH «aOCOTIOTHO >KECTKOM)
dbyanamente BuOpockopocth = 0, TO BHOPOHM3BOJSIIHUIO  OMPENeNsIIOT 1o  dopmyse



BU = 10lg F1? / F, 2 (3.3),

rne F1 u F; — amMmumaTyasl TUHAMHUYECKMX CHWII, NEpeJaBacMbIX (YHAaMEHTY MpH KECTKOW H
BUOPOM30JIMPOBAHHON YCTAHOBKE MEXaHU3MA.

O6a npuBeICHHBIX BBIpaXXCHUS MPUMEHUMBI U 175 pacueta B MexaHu3Mma, ycTaHaBIMBaeMOIro Ha
oaTIMBOM (DYHIaMEHTE, HE U3MEHSIFOIIIEM CBOMX CBOMCTB MOCJIEC YCTAHOBKH MAIITUHBI.
Opnako, 3TO BbIpaKEHUE HETIPUTOAHO JIJISl OLEHKH BUOPOU3OIUPYIOUINX CBOMCTB IMOJIa HA YIIPYTrOM
OCHOBAHUU U B CITy4ae U3MEHEHUS CBOWCTB (DYH/IaMEHTA MAIIMHBI ITOCJIE €€ YCTAaHOBKH.

3.1.3. Knaccugpuxayus koncmpykmugnvix cxem BU u subpouszonamopos.

Jns BU mamumHbl HEOOXOOUMO YCTAaHOBUTH €€ Ha GUOPOU30AAMOpPbl W BUOPOU30JIUPOBATH
MOAXOJIAIINE K Hel KoMMyHUKalMU. [Ipy 5TOM MOKeT OBITh MPUMEHEHA 0OHO36EHHAS, 08YX36EHHASA
u mpex3sgennas cxema BU

IIpu oono3ssennot (puc.3.1) ucnons3yrorcs onopHseiii (1a) u noasecHoit (10,B) BapuaHThl ONMUPAHUS
MEXaHu3Ma 4Yepe3 BUOPOU3OJATOPHI HAa BUOPOU3OJUPYIOMYIO KOHCTPYKIIHIO, HA3bIBAEMYIO
¢dbyHnameHToM MamuHbl. B kadecTBe (yHIaMeHTa MOTYT CIY)XUTh IUIACTHHBI, IUTUTHI, OamKu U
0osee cioxHBICe KOHCTPYKIUU. [log MammHy HEpeaKo MOMEIIA0T IUTUTY, K KOTOPOWM KPEmsiTCs
BUOPOU3OJISATOPHIL.
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Pucynox 3.1. CxeMbl 0JTHO3BEHHOW BUOPOU3OIISAIINN

B 08yx36enHol (puc.3.2) cXeMe HCIOJIB3YIOTCS TPOMEKYTOYHBIE OJIOKH, B KaueCTBE KOTOPBIX
CTPOUTENHCTBE TPUMEHSIOT MACCUBHBIE IIIUTHl WJIM pambl, a B CYIOCTPOCHUHU JIETKUE
3aJieMI()UPOBAHHBIC TUTACTHHBI.

Pucynoxk 3.2. CxeMbl JBYX3BEHHOU BUOPOU3OIALIUU



Pasnmuarot n1Ba Buma BU-X KOHCTPYKIHIA — 0nophble 6uOpou30iamopsl U He onopHule cesi3u (THOKHe
narpyOku, My(Thl, BATKH JKECTKUX JIEKTPUUCCKUX KaOeseil)

Jiis BU nepBoro Tuma uCHoab3yroT CIEAYIONIUE TUIIbl BUOPOU30JIATOPOB:
1. B BUJE OTAEIBHBIX OIOD:

pesunosvie Uiy pe3uHomemariudeckue — pabounii AEMEHT — PEe3UHOBOE TEJN0, UMEIOIee HepeaKo
CIOXHYIO (hopMYy;

npysHcUHHblEe — OCHOBHBIM Pab0OUUM 3JIEMEHTOM SIBJISIFOTCS OJJHA WJIM HECKOJIBKO CTAIbHBIX BUHTOBBIX
NPYXUH, WIMHAPUYECKUX WM KOHMYECKHX; MapajlieIbHO C MPYKUHAMHA WHOTIA YCTaHABIMBAIOT
nemrepsl KojaeOaHmii;

nHeemamuieckue, OOBIYHO PEryJIUpyeMbIC;

BUOPOU3ONAMOPYL U3 MOHKOU NPECCOBAHHOU NPOBOTIOKU

2. B BHJE CJIOs yIIPYrOro MaTepuaia, yKiaJblBaeMOTro MEeX1y MATHHON 1 ()yHIaMEHTOM;
3. B BHJE NOJa Ha YOPYroM OCHOBAaHMM - OOBIYHO NMPUMEHSETCS NP JIBYX3BEHHOH cXeMe C
JAPYTUMH BUOPOHM30JISTOPAMH IPU YCTAHOBKE MAIIUH HA TIEPEKPHITHSX 3TaHUH.

[IpocTefmmmu SIBISIFOTCS ABYXIJIACTUHYATHIE CBApPHBIE BUOPOU30JIATOPHI, IpUBeAeHHbIE HAa Puc.3.3.
Yopyruil 371€MEeHT U3 pe3HHbl B IPOLECCE BYJIKAHU3ALMU MPUCOEOUHSETCS K JBYM IUIACTHMHAM C
HApe3HBIMH OTBEPCTHSIMU. BepxXHss IUIacTHHA KPENUTCS C MOMOIIBI0 OONTOB MM IIMHJIEK K pame
100 Jarne MallluHbl, HUKHSS K QyHIaMEHTY.

Pucynox 3.3. CBapHble pe3UHOMETAUTMYECKUE BUOPOU3O0IATOPHI

Henocratkom npocteiimero Budpounsosnstopa (puc. 3.3 a) sBisercs Ooblias pa3HHULA )KECTKOCTEN B
OCEBOM U TIONIEPEYHOM HAIPaBICHHUAX. B 3aBHCHMOCTH OT KOHCTPYKITUH U Pa3MEpOB, OT

HOIIICHHE >KECTKOCTeH MoxkeT cocTaBUTh OT 5 a0 20. Jlns yMeHbIIEHHs 3TOr0 HEAOCTaTKa B
KOHCTPYKIIMUA PE3MHOBOW MPOKJIAJKU MPEIyCMaTPUBAIOT YIacTKH, paboTaromue Ha casur (puc.3.3.
0),AT caMy MPOKJIaJIKy YCTaHABIMBAIOT TaK, YTOOBI OHA BCS B OCEBOM HAIpaBICHUU paboTasia Obl
Ha casur (puc.3.3. 6, 2). Bubpouzonsatop tumna «Brynka» (puc.3.3 0), HCHOAB3yeTCs IS TOJABECKH
MEXaHH3MOB.

Ha puc.3.4 npencraBieH ONoOpHBIA BHOPOU30JATOP, d3PHEKTUBHOCTH KOTOPOTO JaKe MPH Majioi
TOJIIIIMHE PE3WHOBOI0 3JIEMEHTA COCTABIISIET HA CPEIHUX U BBICOKHUX 4acToTax 25 nb u Gosnee.

DTO JOCTUTAaeTCs 3a CYET MaJol IUIONIaAX BEPXHEH YacTH ONMOPHOM IUIAHKH, 4YE€pe3 KOTOPYIO
nepeaaercs BUOpauus.



Pucynok 3.4. Onopnsiii Bu6pouzonsrop AKCC
1- HapyxHast ckoOa ¢ OTBEPCTHSIMHU JJISl KPEIUICHHUS K pame; 2 — HWKHSAS IUIaHKa; 3 — Pe3UHOBBIH
MaccuB; 4 — BHYTPEHHSS BTYJIKA C pe3b0OBBIM COSIMHEHHEM ISl KPETUICHUS K pame

Bubpouzonamop ¢ npomescymounou maccou AIIM (puc.3.5) — mpoMeKyTOUHAsE Macca CO3/aeT eIle
OJIMH CKAa4YOK KMIIEJ]aHCa Ha TPaHHIIe Cpell pe3uHa-MeTasul, YTO OOYyCIOBIIMBAET JOMOJHUTEIHHOE
OTpaKeHHE KoJieOaHUil, 0COOCHHO Ha 3BYKOBBIX dactorax. Ha HY macca kosieOmercss kak eauHoOe
enoe W Takke CcoAeiicTByeT Hekoropomy yBenmuueHuto BU. KnmnooOpasnas ¢opma macchl
IIO3BOJIACT OOCTHUYb HaI/IGOJIBIIIGFO MOMCHTAa HWHEpUHHU, T.C. HaI/I6OJILIHeFO COIIPOTUBJICHUA IIPpU
nepeaye MoBOPOTHBIX KOJICOAHU.

Pucynoxk 3.5. Bubpouzonarop ¢ mpoMexxyTo4HOM Maccoit

Bubpouzonupyrowuii nampybok — i TpyOOIpOBOAOB HU3KOr0 JaBiieHus. bonbias moiaTinBoCcTh
naTpyoka B OCEBOM U PaJMaIbHOM HANpaBICHUSIX 00YCIIOBIMBAET U30JISALMIO HE TOJIBKO KOJIeOaHuH.
PacnpocTpansonmuxcss Mo CTEHKaM TpyOomnmpoBoAa, HO M TUAPOJUHAMUYECKHX MYJIbCallUi,
MepeslaloluXcsl 4Yepe3 JKUAKOCTb M CHOCOOHBIN BbI3BaTh BHOpalMU Ha JajlbHEM KOHLE
TpybonpoBoaa. IlaTpyOok KOMIIEHCHpYeT BpeIHOE BIIMSHUE HANpPSHKEHUH B TPyOOINpOBOJE.
Bri3BaHHOoe JedexkTamMu MOHTaka. MaTepuaaoM MOXET CIYXXHTh KallpoOHOBas IMPOpPE3WHEHHas
TKaHb.

Bubpouzonupyrowas mygpma (puc.3.6) — s BUOPOU3ONIALNUN BATONPOBOAOB. DIaHIBI BEAYIIETO U
BEJIOMOTO OTPE3KOB BaJOMPOBO/Ia COSAUHSIIOTCS PE3MHOBBIM MACCHBOM B MTPOIIECCE BYJIKAHU3AINU B
npecc-hopme.
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Pucynoxk 3.6 Bubpousonupyromas mydra



ITneemamuueckue subpouszonamopst (puc.3.7) - IPUMEHSIOTCS U1 HU3KOYACTOTHBIX KoseOanuit ( 5
— 10 T'm) IlpumenstoTcss WWMPOKO, HAyuHas OT IIMH MOTOPOJJIEPOB M KOHYAs CIIELHAIbHO
pa3paboTaHHBIMU KOHCTPYKTHBHBIMU MeXaHu3MaMu. OHM MPENCTaBISIOT CO00M MHEBMATHUECKYIO
MOJYIIKY, 3allOJIHEHHYIO BO3JyXOM, KOTOpas JEHCTBYeT Kak MpYXMHA MEXIY IBYMs YacTSIMH
MalIMHbI U ycTpoiicTBa. IlyreM perynupoBanus 1aBIeHHUsS BO3/LyXa MOXHO CYIIECTBEHHO MEHSTh
ee yIpyrue XapakTepUCTHKH.

Pucynok 3.7 [THeBMaTH4eCKHii BUOPOHU3OIISATOP

Bubpouszonsmopsl  u3 cmeki06010kHa TPOKIATKA W3  CTEKIIOBOJOKHA, 3aKJIOYEHHOTO B
HEOIPEHOBYIO 000JI0uKy. Bo3ayx, ocTaBmmmiicsi B CTEKIOBOJOKHE, OOCCICUUBACT YIPYroe
nemiupoBanue. J[OCTOMHCTBOM TakKUX BHUOPOU3OJISATOPOB SIBISIETCS TO, YTO HMX CTaTUYECKOE
CMCIHICHUEC HE MCHIACTCA JIMHENHO B 3aBUCHUMOCTH OT HarpysKkmu M B PpE3yJbTaTe coOcTBeHHAs
pE30HAaHCHAsT YacTOTa OCTACTCS MOCTOSHHOW B IMUPOKOM JAMana3oHe Harpy3ok. BU storo twuma
MNpUIroAHbl JJid CTAHKOB MW IIPECCOB, T.K. OTJIMYAKOTCA OOJIHUM CPOKOM CJIy7K6I>I mox I[eflCTBHeM
yIApHBIX Harpy30k. OHU HCIIOJIL3YIOTCS BMECTE C TIAHEIISIMH TSI KPETUICHHUsI OETOHHBIX OCHOBAaHUH.

BU u3z cmanvuvix npyscun Haumbornee pacnpocTpaHEeHHBIM THUIIOM TMPYXKUH, NPUMEHSIEMBIX B
kaduectBe BU, sBustorcs crupanbHbie TPYKUHBL [lpy TpaBUIBHOM COYETAaHUU JHAMETPA
BUTKA,BHICOTHI W JUaMeTpa MpyTKa TaKhe TMPYKUHBI OTIUYAIOTCS O0CO000H CTaOMIBHOCTHIO
HEOOXOJUMBIX CBOMCTB U MOTYT 00O€CIIEUMBATh CO3JaHUE PE30HAHCHBIX YacTOT nopsaka 2 ['m. Onu
MOTYT paboTaTh HeompeneneHHo goiaro. OAHako OHM HE 00JagaloT BHOPOAEMI(UPYIOITIM
addexrom. dns nemrndupoBaHus HCMONB3YIOT B ATOM Cliydae JOINOJHHUTENbHBIE cpenacTBa. Mx
HEJIOCTAaTKOM SIBJIIETCSl XOpoIllas Neperaya 3BYKOBOM SHEPrUM Ha BBICOKMX YacTOTax, KOTOpas
MPOXOAMT IO MPYTKY CIHPATU U TEpenaeTcs Jajiee Mo KOHCTPYKUIUSIM. DTOT HEIOCTATOK MOXKET
OBITh yCTpaHEH C MOMOIMIbIO MPOKIAIKKA W3 HEONPEHOBOM PE3UHBI, KOTOpAs MCKIIOYAET KOHTAKT
METajla ¢ METAJIIOM.

3.1.4. Mamepuanvl 01151 6uGPOU3ONAMOPOS

JUis M30JIMpYIOIUX MPOKIAA0K MOTYT HNPUMEHSATHCS JIIOObIE YIPYTOBS3KHE MaTepualbl: pe3HHa,
HEOIpeH, Mpo0Ka, BOWIOK, ¢eTp u T.11. Yale ncnoiab3yeTcst pe3nHa, 4To 00yCIOBICHO €€ XOPOIIUMHU
JKCIUTyaTallMOHHBIMM CBOMCTBAMM: IIOCTOSIHCTBO YIPYTHUX XapaKTEPUCTUK, BIIArOCTOMKOCTb,
MaclIOCTOMKOCTh, MPOYHOCTh KPEIJICHNUs K METAIITy MIPU BYJIKAHU3ALIMH, JIETKOCTh MPUIaHUs 000
dopMbl. [Ins 3ammTHl OT BO3AEWCTBHUA Macesd, O€H3MHA, 030Ha (MPU HCKPEHUU KOJJIEKTOPOB
3JIEKTPOMAILINH) MPUMEHSIOT OKPAcKy MOBEPXHOCTH MPOKJIAI0K 3aIIUTHBIMU JIAKAMH.

CrnenyeT OTMETHUTB, UTO C BO3pacTaHWeM Harpy3ku BU BHauane yBenwmuuBaeTrcs, a 3aTeM,KOrJa B
MPOKJIaIKaX BO3HUKAIOT 3HAYUTEIbHBbIE BHYTPEHHHE HANPSOHKCHUS, BEOYyNIHEe K YBEIHMYCHUIO
spdexktuBHOrO MOAyns ympyroctu, u BU ymensmaercsa. Kpome Toro, mpu Takux OONBIIHX
Harpy3kax pe3uHa HauMHAeT «Te€4b», T.€. B HEH BO3HUKAIOT HEOOpaTHUMbIe Ae(opMaIiui,BCIeICTBUE
9ero MPOMCXOUT yCaJKa Pe3UHBI U KaK CIEICTBHE OCEIlaHUE MEXaHU3MOB Ha BUOPOU30JIATOPOB.

MoxHo noka3atb, 4yTo B 00paTHO mpomnopuuoHagbHa CKOPOCTH 3BYKa B MaTepualie. B mmpokux
PE3MHOBBIX MPOKJIANKAX CKOPOCTH 3BYKa B HECKOJIBKO pa3 IPEBBILACT TaKOBYK0 B Y3KHX
MPOKJIaJKaX, T.K. CKOPOCTh 3ByKa B IUIACTHHE OOJIbILIE UEM B CTEP)KHE M3 TOTO XK€ MaTepuana. Takum
obpazom BU >3 dexT Bblle 11 y3KUX NPoKIaAoK. IMEHHO B CBS3M € 3TUM B HIMPOKHUX MPOKJIAIKaX



JETA0T KaK MOYKHO OOJIbIIIe BBIPE30B, OTBEPCTUH, Pa3pe3oB.

Xopommmu BU-cBoiicTBaMu 00J1a0af0T MPOKIATKUA U3 Psa YEPEAYIOIIUXCS U CKICCHHBIX CIIOCB
MOHOJHMTHOH U neppoprUpoBaHHONW pe3uHbl. Bo3aymHble mnojgocth B MecTax mnepdopanuu
MO3BOJISIFOT Y4acTKaM PE3UHbI, YIAICHHBIM OT OTKPBITBIX MOBEPXHOCTEN MPOKIANOK, PACIIUPATHCS
B CTOPOHBI MPU KOJIEOAHUSX.

B kauecTBe yYHpyrux OHJIEMEHTOB MPUMEHSIOTCS IWIMHIPUYECKUE TMPYKUHBI, IMOJA KOTOpHIE
MOAKJIAJABIBAIOT TOHKHUE PE3UMHOBBIC HIJIM BOMIOYHBIC MPOKIAIKU. DTO MO3BOJISIET MOJYYUTH B
HIMPOKOM JIMaria30He YacTOT XOpOoLIuil 3pQexT.

3.1.5. Pacnpocmpanenue subpayutl no 02paxicoaroujum KOHCmMpYKyusm

Ha mnpoxoxzaenue BHOpaluy MO CTPOUTENIBHBIM KOHCTPYKIHMSM BIHSIOT pa3Mepbl H ¢opma
3JIEMEHTOB, CpeJia, C KOTOPOM OHU IPaHUYAT, HATMYHUE HAa HUX MOJKPEIUISIOMNX HaOOPOB.

Yacto HCIIOJIB3YIOTCA J3JIEMCHTBI B BHIC H3OTpOHHOfI IIacTUHBEL. M3 HHUX COCTaBIIAIOTCS
¢dbyHaamMeHThl (TUIACTHHYATBHIC), HACTWIIBI, IepeOOpku, OOmMBKH Kopiyca. [lmactuHbl dYacTto
MOAKPEIUISIIOTCS HA00pOM pedep KECTKOCTH.

BiusiHue KpPUBH3HBI KOHCTPYKIMH TIPOSBIISICTCS, €CIH PAaayC KPUBH3HBI  yIOBICTBOPSIET
HepaBeHcTBY R< ¢/2nf

Hamnume  xkecTkocTH, — mpuwieraromed K IUIACTUHE WM CTEPXKHIO,  IPOU3BOJIUT
nemMngupyromiee/eicTBUE Ha KojeOaHus, HO HE BCErJa CHU)KAET BEIMYMHY BUOPALIUU, TPOXOISLICH
4yepe3 dJIEMEHT,T.K. MOKET BO3ZHUKHYTh 3BYKOM3IYYEHHE B CPEIy, PACIPOCTPAHSIOLIEECS B TOM XKeE
HaIpaBJIeHWW U BIIOCJIEICTBHHM CHOBAa BbI3BaTh BHOparuto.Habop pebep xecTkocTtu cam 1o cede
o0ecrieynBaeT CHIDKEHUE BUOpallMM, OJHAKO MPH MCIOJIb30BAaHMM CIIELUalbHBIX cpencTtB BU ux
HaJM4ue CHIKAaeT BO3MOKHOCTb MOTY4E€HHUs HOMUHAJIBHOTO 3 dekra BU.

Kak yxe roBopmiioch, B peajlbHBIX KOHCTPYKIIUSX PACIPOCTPAHSIOTCS H3THOHBIC M TPOIOJIHHBIC
BOJIHBI, KOTOPBIE MPE0Opa3yroTCs APYT B APyra B MHOTOY3JIOBBIX KOHCTPYKIHsIX. [103TOMYy MOXHO
CYHTATh, YTO IMMOTOKH SHEPTUU ITHX BOJH paBHBI. OJTHAKO TUIOTHOCTH SHEPTUU dTHX BOJIH
Pa3IUYHBI B COOTHOCSITCS KaK
W, /W, =0, 9 12
wWIW, =0,9 (c,/wh) (3.5
OdeBuIHO, YeM OOJIbIIIE TOJIIWHA TUTACTUHBI, TeM OO0JbIIIe 3TO pa3nuyue. YacTora, Ha KOTOPOU
W,, =W,, ompenenuTcs U3 COOTHOIICHUS
f,=0.13c,/h (3.6)

Ipumep i TTacTUHBI TOJMHON 1 cM U3 matepuana ¢ ¢, = 5000 m/c f, = 65 000 I'w.

B 3BykoBOM nMama3zoHe IJIOTHOCTh SHEPIMM M HOPMalibHasl K IUIOCKOCTH IUJIACTUH aMILIUTYIa
MPOJOJBHBIX BOJIH OYAYT CYHIECTBEHHO HUXKE TAKHUX K€ IMapaMeTPOB U3THOHBIX BOJIH.

JIist CTPOMTEIBHBIX KOHCTPYKIIUI XapaKTEPHbI TOMIIMHBI mopsaka 5—10 e, u ¢; = 3 500 m/c, f, =9
100 FI_[, T.C. 3BHAYCHHUC NMPOAOJIbHBIX BOJIH 3HAYUTCIILHO BO3pPACTACT, U B BEPXHEM JUAINIA30HC YaCTOT

OHH MOTYT UT'PATh 3aMETHYIO POJIb B KOJICOAHUSX 3JIEMEHTOB.

3.1.6. Bubpouszonayus s1emenmos u 3108 KOHCMPYKYUIl.



B stom ciiydae BU MoxkeT oLleHUBaThCsI ¢ IOMOIIBI0 KOAPPULIMEHTA TPOX0XKICHHUS aMIUIUTY/IbI
T yepe3 npensTcTBUE HAa OECKOHEYHOI MIacTHHE

BU = 10lg (T my / my) (3.7),
rae M 1 My - MacChlI IJIACTHH A0 U IIOCJIE IpCIATCTBUA.
Bubposaoepoicusarowas macca (B3M) - metannudeckuii Opyc KBaJpaTHOTO WIH 0OJEe CIOXKHOTO

CCYCHHUS, YCTAHABIMBACMbIi B COCIMHEHUWH IUIACTUH KOHCTPYKIMH  CHEIMAIbHO  JUIS
NPEJOTBPAILCHHS paclipocTpaHeHus Bubparuu (puc. 3.8).

f | oo
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a — B BuJe Opyca u ee Mmoaubukaiuu (6, 6, 2)
Pucynox 3.8. Bubpo3sanepsxuBaroias Macca

Yacrora, Ha kotopoii BU Oymer monHOM, ompeaensercs TOJIIMHOW IIaCTHHBI N, W paauycom
VHEPLUU PENSATCTBUA I

F,.51 = (225h *10%) / r? (3.8).

Pebpa »xecTkocTH, eciii ux BbicoTa b < 1/6 anuHBI N3ruOHON BOJIHBL, TAKIKE MOKHO paccMaTpHBaTh
KaK BUOpPO3aJepKUBAIOLINE MACCHI.

3HaveHus a u b BBIOUparOT U3 ycIoBuUs

a=b>0.6h, f (3.9)

s yBenmuennss B B3M  menecooOpa3Ho yBenmW4MBaTh €€ BBICOTY b, coOXpaHss Maccy
HEU3MEHHOH. DTO JIOMYyCTUMO 10 Te€X MOp, noka BeicoTa B3M He cTaHeT cou3mepumon ¢ JUIMHOU
caMbIX KOPOTKMX M3TMOHBIX BOJH, B HeW pacrpocTpaHstomuxcs. VHaye BO3HHKAIOT
JIOTIOJTHUTENbHBIE PE30HAHCHBIE SIBJIEHUs, CHUXKatoiue BU.

YCJ'IOBI/IH, OrpaHNYMBArOIIEC BBICOTY

A6 = (cy,16)>b (3.10)
rne f, — BepxHsist yacth pabodero auanazoHa B3M.

Baxxnoe 3Hauenue umeer crnoco6 npucoenuuenuss B3M k mnactuHe. HaumydmmMm siBisieTcst Bapka.
[Ipuemnemo u mnpukienBaHue, HO O0e3 3a3opoB. HemomycTumbl OONTOBOE M 3aKJIETIOYHOE
COCIMHCHUS.

3.1.7. Bubpousonsayus Heonopuwix cessell

TpyOomnpoBoabl, kabenu, KpeluieHHs MeXaHW3Ma K CTeHaM — 3TO HEOomopHbie cBs3u. BU
KOHCTPYKIIMU JJisi  TpyOOmpoBOAOB BKIOUaloT THOkWe mnarpyoku (puc.3.10), BcraBkw,
apMUPOBAaHHbIE pyKaBa U IIIJIAHTH.



[TogBomsimue kabenu w3ruOarOTCs B BUAE NeTad. [laTpyOKu AOMKHBI OBITH TE€PMHTHYHBI, 3-5
auaMeTpoB TpyOsl. IlpucoeanHATh MATpyOKHM HEOOXOJMMO B MeCTaX HAUMEHBIINX BUOpAIHM.
[lenecooOpa3Ho B TpyOOMpOBOAaX MMETh HE MEHEE IBYX TMOKHMX BCTABOK (OKOJIO MEXaHHM3Ma H
HECYIIMX KOHCTPYKIIHUN).
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Pucynok 3.10. Bubpouzonupyromiuii matpy0ok s TpyOomnpoBoia

[ToBeimenne BU nocturaercst ycTaHOBKOM COCpeOTOUYEHHBIX Macc (IUIMT) B MECTAaX 3aKperieHUs
BUOPOM30JIMPOBAHHBIX TMOABECOK. IPUMEHEHHE JOMOTHUTEIBHBIX pedep KecTKoCTH mo3Bosster BU
Ha HY.

Ha BanmompoBomax ycTaHaBiIMBAaIOT ruOKue BUOpou3oiupyrouee MyQThl, BUOPOU3OISITOPHI MO
MOJIIMITHUKAMH  BaJonpoBoJioB. [Ipum mpoxope BajoONpoOBOAOB uepe3 CTEHbl U IMepeOOpKU

YCTaHABIIMBAIOT BUOPOU3OIUPYIOIIHNH CaTbHUK.

Ha pucynke 3.11 moka3ansl mecTa, TpeOyroIue BUOPOU3OJISAIINH.
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Pucynok 3.11. Mecra, TpeOyromme BUOpOU30ISAINN ISl TAIIOBOTO MEXaHHU3Ma

1 — kpereHre TpyoOOIPOBOa; 2 — MPOXOA TPYOOIIPOBOJA Yepe3 CTEHY; 3 — BBOJ TPyOOIpOBOAA B
MeXaHu3M; 4 — HEONOPHOE KpEeIUIeHHE MEXaHu3Ma; 5 — MoABoI Kabels; 6 — BBIBOJI BAJIOMPOBOAA; 7

— IPOXO/ BAJIONPOBO/JIA YEPE3 CTEHY; 8 — KPEIJICHUE MOIINUITHUKA; 9 — OnOpHast BUOPOU30IIALUS.

4 METOABIUCPENC TBA3ALIUTBIO T IYM A
4.1. Knaccuguxayus memooos 6opbowi ¢ uymom.

Cormacno I'OCT 12.1.029-80 cpeactBa W METOABI 3alIUTHl OT IIyMa KJIacCU(DUIUPYIOTCS B
3aBUCHMOCTH OT CJICAYIOIINX MPHU3HAKOB!

10 OTHOLICHHUIO K 3allUIIAEMOMY O6’L€KTy1

® CpcacTBa HHHHBHHyaHLHOﬁ 3alllUTHI.
¢ CpcACTBa U MCTObI KOJIIEKTUBHOM 3alllUThI,

B cBoto ouepenb cpeocmea uHOUSUOYanbHOU 3awumel Om wiymMa B 3aBUCUMOCTH OT
KOHCTPYKTHBHOTO MCTIOJTHEHUS TTO/IPa3ACIISIOTCS Ha!

¢ [POTMBOLIYMHBIC HAYIIIHUKH, 3aKPBIBAIOIINE YIIHYIO PAKOBUHY CHAPYXKHU;

e [POTMBOLIYMHBIC BKJIAJBIIHN, IEPEKPBIBAOIINAE HAPYKHBIM CIIyXOBOW NIPOXOJX WIIU
MIPUJIETAIOIINE K HEMY;

® T[IPOTUBOLIYMHBIE IIUIEMBI M  KACKHU;
MIPOTUBOLIYMHBIE KOCTIOMBI.

[IpoTuBOIIYMHBIE HAYITHUKH IO CTIOCO0Y KPEIUICHHSI Ha TOJIOBE MOAPA3IENIIOT Ha:
® HE3aBUCHMBIC, UMEIOIIHE )KECTKOE U MIATKOE OTOJIOBBE;
® BCTPOCHHBIE B I'OJIOBHOW yOOp WJIHM B IpYroe 3alIUTHOE YCTPOUCTBO.

HpOTI/IBOH_Iy'MHBIC BKJIQJbIIIIA B 3aBUCHUMOCTU OT XapaKTCpa HCIIOJb30BAHHUA NOAPA3ACIIAKOTCA Ha
BKJIQAbIIOA OAHOKPATHOTO H MHOTOKPATHOI'O IIOJIB30BaHWA, B 3aBUCHUMOCTU OT IIPHMEHACMOI'O
MaTepuraia ACIIATCA Ha TBEPABIC,; 3JIACTUYHBIC, BOJIOKHHUCTBIC.

Cpec)cm@a U Memoobl KOJIEKMUBHOLL sawyumosl 110 OTHOLIICHUIO K MCTOYHUKY B036y)KIlCHI/I${ mymMma
moaApasaACIAOTCA Ha :

® Cpe/CTBa, CHIDKAOIIKE IIIYM B UICTOYHHUKE €r0 BO3SHUKHOBEHHS;
® CpeicTBa, CHUKAIOIIME IIYM Ha IYTH €ro PaclpoCTpaHEHHUs! OT UCTOUYHUKA /10 3aLIUIIAEMOT0

00BEeKTa.

CpeI[CTBa, CHMXAKIue H_IYM B UCTOYHHUKEC €TI0 BO3HUKHOBCHUS, B 3aBUCUMOCTHU OT
XapakTepa BO3JICHCTBHUS MOIPa3CIIAIOTCS Ha:

® CpEJICTBa, CHIKAIOIINE BO3OYKICHHUE IIyMa;



® Cpe/CTBa, CHIDKAIOIIKE 3BYKOM3IYYAIOIIYI0 CIOCOOHOCTh UCTOYHHKA IIIyMa.

OT XapakTepa HryMooOpa30BaHMs IOAPA3IEIAIOTCS Ha:

CPEICTBA, CHIKAIOIIHNE IITyM BHOPAIIMOHHOTO (MEXaHHUYECKOTO) MMPOUCXOKIACHHUS,
CPEeJICTBA, CHIDKAIOIIKME LIIYM a3pOAMHAMUYECKOTO TPOUCX 0K ICHHUS;

CPEJICTBA, CHIKAIOIIKME IIYM 3JIEKTPOMAarHUTHOTO TPOUCXOXKICHHUS;

CPEeJlICTBA, CHIDKAIOIIKME IIYM TUIPOIMHAMHYECKOTO POUCXOKICHHUS.

CpeI[CTBa, CHMXXaIIKWE INyM Ha IOYTH €ro pacrnpoCTpaHC€HuA, B 3aBHCHMOCTH OT CpC€Iabl
nmoapasaACIAOTCA Ha:

® CpeICTBa, CHWXKAIOILUE Nepeady BO3IyIIHOIO IyMa;
® CpeICTBa, CHWXKAIOIIUE Mepelady CTPYKTYPHOIO LIyMa.

B 3aBucuMocTH OT HCIOJIB30BaHUSI AOIIOJIHUTCIBHOI'0O  MCTOYHHMKA OHCEPIrUM  CPCCTBaA
3AIUTBINIOAPA3ACIIAIOTCA HaA!

® [IACCHUBHBIC, B KOTOPBIX HE UCIIOJB3YCTCs JIOTIOJITHUTEIILHBIM NCTOYHUK OHCPI'UH;
® AKTUBHBIC, B KOTOPBIX HCIIOJIB3YCTCA JOTIOJTHUTEILHBIM NCTOUYHUK OHCPI'Uu.

CpenctBa U METO/bl KOJUIEKTMBHOW 3aIlMTHI OT IIyMa B 3aBHUCHUMOCTH OT criocofa pealn3alnuu
MOAPA3ACIIAOTCS Ha!

® aKYCTUYCCKUC,
® APXUTCKTYPHO-IUIAHUPOBOYHBIC,
OpraHnu3allMOHHO-TCXHUYICCKHUC.

Axycmuueckue cpedcmeéa 3allUThl OT IIymMa B 3aBUCHUMOCTH OT NpPHUHIUNA JI€HCTBUS
MOJIPA3eNISIOTCA Ha:

® CpencTBa 3BYKOU3OJISLNUHY;
® CcpencTBa 3BYKOIOTJIONIEHUS;
® TIYIIUTENH IIyMa.

Cpeocmea 36ykousonAyuu B 3aBUCUMOCTH OT KOHCTPYKIIMH MOAPA3IEIsIOTCS Ha:
e 3BYKOM3OJUPYIOUIUE OIPAXKIACHUS 31aHUI U IOMEIIECHU;
® 3BYKOH3OJHUPYIOLINE KOXKYXU;
3BYKOM30JHMPYIOIIUE KaOUHBI;
® aKYCTHYECKHE SKpPaHbl, BEITOPOIKH.

o (Cpeocmea 38yKOnO2N0WeHUs B 3aBUCIMOCTH OT KOHCTPYKLUU TOAPA3AEISIOTCS
Ha: 3BYKOIOTJIOIIAIOIINE O0IUIIOBKHY;
e 00beMHbIe (IITY4YHbIE) MOTJIOTUTEIH 3BYKa.

I iywumenu wiyma B 3aBUCUMOCTH OT MPUHITUIIA EHCTBUS TOPA3ACTSIOTCS Ha!
e abcopOIMOHHBIE;

® pCaKTUBHBIE (pednexcHsie);
KOMOWHUPOBaHHEIE.

ApxumepmypHo-naaHupo8oyHvle Memoobl 3auumsl OM wyma BKIIOYAIOT B ceOs:

e palMOHAJbHBIC aKYCTHYCCKHE PEIICHUS IUIAHHPOBOK 3JIaHUH W TIeHEepalbHBIX IUIAHOB
00BEKTOB;



® palruoOHAJIBHOC pa3MCHICHUC TEXHOJIOTHYECKOTO O60py,HOBaHI/I$I, MallluH 1 ME€XaHHU3MOB,

® palrOHAJIBHOC pasMCIICHUC pa6oqnx MECT,

® palnrMOHAJIBHOC AaKYCTHYECCKOC IINIAHUPOBAHUE 30H M PEKHMA IABMXCHHA TPaHCIIOPTHBIX
Cp€ACTB U TPAHCIIOPTHBIX ITOTOKOB;

¢ CO3AaHUC IMYMO3AIIHUIICHHBIX 30H B PA3JIMYHBIX MCCTAaX HAXOXACHUA YCIIOBCKA.

OpeaHu3auuouno-mexHuquKue Memoobl sawiunmsvl om uiyma BKIHOYArOT B cebs:

e [PHMEHCHHE MAJIOIIYMHBIX TEXHOJOTHYECKUX MPOLECCOB (HM3MCHEHHE TEXHOJIOTHU
IIPOM3BOJICTBA, CII0c00a 0OPaOOTKH M TPAHCIOPTHPOBAHUS MaTEpHaa u Jp.);

e OCHAIIICHHWE IIYMHBIX MAIIUH CPEJCTBAMHU AMCTAHI[HOHHOTO YIIPABJICHUS U aBTOMATUYECKOTO
KOHTPOJIS;

e [PUMEHCHHE MAJOUIYMHBIX MAIIHH, W3MCHEHHE KOHCTPYKTHUBHBIX 3JIEMCHTOB MAIIWH,UX
COOPOYHBIX CIUHUIIL;

® COBCPIICHCTBOBAHME TEXHOJOIUH PEMOHTA M OOCITYKMBAaHUSI MAIllUH;

® JCIIOJb30BAaHKHE PAIMOHAIBHBIX PEXKHMMOB Tpyda W OTIAbIXa PAOOTHUKOB Ha IYMHBIX
MPEIIPUATHIX.

4.2.38yxousonayus:
4.2.1. Qusuueckue npuHYUNbL U OCHOBHBIE 3AKOHOMEPHOCMU 36YKOUONAYUU U 36YKONO2NOUEHUS.
PaccmoTpuM mporecc NpoxoXAeHUs 3ByKa depe3 mpensarcTBue (puc.l5). DHeprus nagaromero

3ByKa E 14, pa3aensercs Ha SHEPTUIO OTPAKEHHYIO OT NPensATCTBUA E o, MOMIOMIEHHYIO B HEM
E 102, M DHEPTUIO NIPOIIEALIYIO YEPE3 MPENMATCTBHE £ 10y, COMIIACHO 3aKOHY COXPAHEHUS DHEPTUU

E nao = E omp. + E noen + E npouw. 4.2)
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Pucynok 4.1. Pacripenenenvie 3Hepruu npHy MMaJIeHNN 3ByKa Ha MPETSITCTBHUE.

OTOT MPOLECC MOXKHO OLIEHUTh OTHOLIEHUSIMHU SHEPruil MpOIIEAIIEH, OIJIONIEHHON U OTPaXEHHON
K DHEPruy, MaJarolei Ha IPETsTCTBUE:

T= Enpom. /E nao » n= E omp. /E nao y O = Enoeﬂ. /E naos (42)

Kak yxe OblIO cKa3aHO BBIIIE, IEPBbIE B OTHOILIEHHS Ha3bIBAlOT KOAPGHUIIMEHTAMH IPOXOXKACHUS
- T U oTpaxeHus 7. Tperuil kod3pduIMeHT XapakTepu3yeT JA0JII0 TOTJOUICHHON SHEPruM H



Ha3bIBaeTCs KO3 GUIMEHTOM ToriomeHus a. O4eBuaHoO, 9To u3 (4.1) cinenyer
at+n+tr=1 (4.3)

[Tornomenue 3ByKa 00yCIOBICHO MEPEXOIOM KOJICOATEIbHON YHEPTUU B TEILJIO BCIEACTBUE MOTEPh
Ha TpeHue B Marepuane. Ilorepm Ha TpeHUE BEIMKH B TMOPUCTBIX M PBIXJIBIX BOJIOKHUCTBIX
Marepuanax. KOHCTpYKIIMM W3 TaKUMX MAaTepUajioB YMEHBIIAIOT MHTEHCHUBHOCTH OTPAKEHHBIX OT
MOBEPXHOCTH 3BYKOBBIX BOJIH. 3BYKOMOIJIOTHUTENH, PACIOJIOKEHHBIE BHYTPU IOMEUICHHS, MOTYT
YMEHBIIATh TAaKXKE HWHTEHCUBHOCTh IMPSMOIrO 3BYKa, €CJIM OHM pacrlojliaralorcs Ha MyTH
pacnpocTpaHeHHs 3BYKOBBIX BOJIH.

3BYKOHM3OJISIUIO PUHSTO OI[CHUBATH OTHOLICHHEM OOpPATHBIM KO3 PUIIMEHTY IPOXO0KICHUS

- E nax, / E npow. = 1/ 1. Uncnennoe 3nauenue 3Bykomsousinust B 1b o6o3Hagaercs R u onpenensercs

R=10lg(l/t) =-10lgt, ob (4.4)

3BYKOU30JUPYIOLIME U 3BYKOIOIJIOIIAIOIIME CBOMCTBA MPEMATCTBUSA 3aBUCAT OT 4aCTOTHI NaJaroIlen
3BYKOBOM BOJIHBI, CBOWCTB MaTepuajia, U3 KOTOPOIO OHO H3TOTOBJIEHO, KOHCTPYKLHU CaMoOro
npenstcTBus. M3 Teopum 3Byka HM3BECTHO, YTO CYLIECTBEHHOE 3HAUYEHHWE IPU STOM HMEET
COOTHOILIEHHE aKyCTUYECKHX UMIIEaHCOB Z = pC COIPUKACAOLINXCS CPEl.
[Tornomenue 3Byka B 3BYKOM3OJHPYIOUICH KOHCTPYKIIMH MOXET OBITh HEOOJBIIMM, U OCHOBHOM
3¢ deKT B Hell 00YCIIOBIIEH OTPaXEHHUEM 3BYKa OT KOHCTPYKLIMU.3BYKOU30IUPYIOLIast KOHCTPYKIUS
IpelHa3HayeHa JUisl TOro, YTOObl HE MPOIMYCKaTh 3BYK U3 OJIHOTO MOMeEIIeHUs B apyroe. g ux
M3TOTOBJICHUSI CIIEAYyeT HCIOJb30BAaTh IUIOTHBIE TBEpAbIE MaTepHalibl, IOCKOJIBKY YeM OoJiblie
pa3HUIa aKyCTUYECKUX UMIIEJJaHCOB, TeM Bbille 3 dexT 3U.
C nomomrsio 31 KOHCTPYKLIUI MOXKHO MOJIYYUTh OCJIa0JIeHHE 3ByKa B COCEIHEM ITOMEIIEHUH Ha
30-40 nb.

OpnHako 3HauuTeNbHBIA 3¢ ekt 3V KOHCTPYKIIMM BO3MOXKEH JIMILb OTOMY, YTO B JIIOOBIX,
Ja)ke B HE MOABEPTHYTHIX CIELHMATbHOW aKyCTUYECKOW MOJArOTOBKE IMOMEIICHUSX BCEr/la MMeeTcs
Oosiee WM MEHee 3aMETHOE MorJoneHne 3Byka. He Oyap 3TOro moryomieHusi, 3B8yKOBOH ypOBEHb
IIPU TIOCTOSIHHOM paboTe MCTOYHUKA HEMPEPHIBHO BO3pacTall Obl, UTO B KOHEYHOM CYETE CBEJIO OBl K
Hyr0 nose3Hblit 3¢ ekt 3M koHcTpykiuu. Takum oOpas3oMm, 3pdeKkTrBHas 1IyMo3aluTa Tpedyer
coBMecTHOTO ucnonb3zoBanus 31 u 311 u coorBercTBeHHO NpuMeHeHns 31 u 311 koHCTpyKIMil.
3BYKOIOTJIOMAOIINE KOHCTPYKIIMM U MaTEPUaIbl CIIyXkaT JIJIs TIOTJIOIIEHUS 3ByKa KaK B NOMEIIEHNUN
C MICTOYHUKOM 3BYKa, TaK U B COCEIHUX NomenleHusx. [lornomenune 38yka 00yclIOBIEHO EPEXOJOM
KoJsie0aTeNbHOM SHEPTHH B TEIJIO BCIIEACTBHE OTEPh HA TPEHUE B 3BYKOIOTIIOTHTEIIE.
[Torepu Ha TpeHHE BEIHMKH B IOPUCTHIX U PHIXIBIX Marepuanax. Dddekr 311 He nmpeswimmaer 6-8 nb.
310 00ycnoBieHo, 4to 311 KOHCTPYKIMU MO3BOJIAIOT YMEHBIINUTH JUIIb IO OTPAXKEHHOTO 3BYKa,
SHEPTrHUsi KOTOPOTO HE MOXKET MPEBBIIIATH IO BETUYUHE YHEPTHIO MPSIMOT0 3ByKa.

4.2.2.36yKkou30nayus 0OUHAPHBIX 02PAAHCOCHUL

Tak kak > QexT n30mA1uu 3ByKa OCHOBAH Ha €ro OTPa)XeHHH, TO JJIS M30JSIHMU 3BYKa B BO3JYyXE,
T.e. B Cpele C MalblM AaKyCTUYECKHUM COIPOTUBIIECHUEM, CIIEJyeT NIPHUMEHATH Iperpaabl M3
MaTepHaioB ¢ OOJIBIINM aKyCTUYECKHM CONPOTUBIEHUEM (METaJIbI, IEPEBO, TBEPAbIE IJIACTMACCHI).
Ko duureHnT npoxoxxaeHus 3Byka T, NaJaloUIero HOPMajabHO HA I'PAHMILY ABYX CpPEJ MOXKHO
KO3 QHUIHUEHTY OTpaXeHHUs #, KOTOPBIH ONpeAesseTcs yepe3 aKyCTHUECKUEe UMIIEAAHCH Z TPaHu'

n = [(Z1- 2o (Z1 + Zo)) (4.5)

B TBepabIX 3ByKOU30IUPYIOUINX OTPaKIECHUSX MOTJIOIEHUE SJHEPTUN B MaTepUae CyIIecT-



BEHHO MEHbIIIe, YeM oTpaxkeHue (o << ). Toraa Beipaxkenue (3) npumer Bua 0 + 1= 1, u ko3pdu-

UCHT MPOXOXKIACHUA MOKHO OIIPEACIIUTD KaK

t=1-n=1-[(Z1-2) (Z1 + Z))* =421 2,1 (Z1 + Z,)° (4.6)
Eciu 3ByKOBasi BOJIHA, PACIPOCTPAHSIONIASACS B BO3AYIIHOM CpejIe, BCTPEUAET MPEISTCTBHE B BHIE

MaCCHUBHOMU MEPETropoaKH, TO Zl = pC, a UMIICOAHC Zz BKJIIOYA€T KaK MHEPLIUOHHOC COIIPOTUBJIICHUC
Ha CAMHUILY €€ IUIoaan, TaK U BOJIHOBOC COIIPOTUBJICHUEC CPCbI 34 CTGHKOP’I, T.C.

Z; =jom + pc 4.7)
Toraa c yuerom (4.6)
t=1-mod [ - jom | (2pc+ jom)]?

B3zss MOAYJIb BTOPOT'O YWICHA U, ITPOACIIaB HECIIOXKHBIC Hp606p330BaHI/I$I, MoJIydYnum

t=1/[1+(@m/2pc)’] (4.8)

[TpuHuMas BO BHUMaHUE, 4TO © = 27tf U3 (4.4) MoIyduMm JUIst 3ByKOU3OJIS UM

R =10Ig(l/7) = 10lg [1+(af m / pc)’] (4.9)

HpI/I JO0CTATOYHO OOJIBIIMX 3HAYCHHSIX MMPONU3BCACHUA fm

R=20lg (nfm/pc) (f#0) (4.10)
®opmyna (4.10) u3BecTHa MO/ Ha3BaHUEM "3aKOH Macchl'.

ITpu KocoM mageHnH 3BYKOBOM BOJIHBI HAa MEPErOpoIKY MO YIiioM O K HOpMaau UMIIEaHC
npernsaTcTBUs 0yaeT Z = jom COS 0 , a 3BYKOU30JISAIHS

2
R =10Ilg(1/t) = 10lg [1+(nf m cos 6/ pc)] (4.11)

Kak BHMIHO, 3BYKOHM3OJISLHSA IEPETOPOIAKH IPU KOCHIX yIrilaX IaleHHs YMEHBIIAETCs, XOTS Ha
MIEPBBII B3I MOYKHO OBLITO OBI MPEOIIOKUTE 00paTHOE. DTO SIBJICHUE HA3BIBACTCS KOMNOHEHM
a¢ppexmom W HAOIIOMACTCS HA YACTOTAX, Ha KOTOPBIX MMEPETOPOJKA SIBISETCS TBEPIOH, T.C. €€

M3TrUOHAs KECTKOCTh HE MPpOABJIACTCA.

B peanbHBIX YCIOBHSAX 3BYKOBOE TOJIE, BO3ACHCTBYIOIIEE HA TIEPETOPOJIKY, ABISETCS AU(PPY3HBIM,
T.€. B HEM BC€ yIJIbl 1a/ICHUS 3BYKOBBIX BOJH Ha MEPETOPOJIKY PABHOBEPOSTHBHI.

DTO yMEHBIIIAET 3BYKOU3OJIALINIO, I0 MHEHUIO psi/ia HCClieoBaTelel Ha Beauuuny = 5 nb.

Torna, moxcTaBiiss YMCAECHHBIE 3HAYEHUS TT M PC JUIS BO3AyXa, MoayduM u3 (4.10)

R=20Igfm—475 (0B) (4.12)



3J1eck M - Macca 1M OTPaXKJICHHUSI.

N3 (4.12) cnenyer, 4TO NpU YBEIMYEHUN YACTOTHI MM MACCHI BJIBOE 3BYKOM3OJISIUS YBEIUUUBACTCS
Ha 6 nb. Takum oOpazoM, 3BYKOM3OJSALMS YBEIMYMBACTCS Ha 6 nb B KaxIoH Mociemyromen
OKTaBHOI II0JIOCE.

3aKoH Macchl HApYyIIaeTCs Ha YacToTax OJMM3KMX K KPUTHYECKOM YacTOTe Iperpajbl, T.e. KOrnaa
MMEET MECTO pe30HaHC coBMajeHusa. Kak yxke roBOpwioch paHee MpU PacCMOTPEHHH BOMPOCA O
3BYKOM3JYyYEHUH, 3TO SBJICHUE BO3HUKACT MPH COBMAJACHHUH JJIMH M3THOHBIX BOJH B IUIACTHHE W B
BO3AyIIHOM cpene. Ha 3Tux yacroTax HauMHAEeTCs 3BYKOM3JIyY€HUE IUIACTUH B JajbHEE IOJIE.
AHaJIOTUYHO TPOUCXOAMUT M TPH MAJCHUU 3BYKOBOW BOJIHBI Ha MpENATCTBHE. ECiiM JUIMHBI BOJIH B
BO3JYIIHOM cpelie U B IUIACTUHE COBIAJAIOT, TO NPEMSATCTBUE CTAHOBUTCSA «IIPO3PAUHBIM» IS
TaKoOro 3BYKa M BOJIHA TIOYTH OECTIPENATCTBEHHO MPOXOAMT Yepe3 Hero. Panee ObLIO MOKa3aHO, YTO
KPUTHUYECKAsi 4aCTOTa, COOTBETCTBYIOIIAs PABEHCTBY BOJIH, ONPEICIISICTCS

fo. = [N 12p(1- 4%)/ E] / 27h, (4.13)
rae h —ronmmumnza miactunel, E —Monyne FOHra, L — ko3d¢unuent [lyaccona marepuana miacTHHBIL
B mud¢y3HoM 3BYKOBOM IOJIe BCerza HAWAYTCS TaKHE YIJIbI, Ui KOTOPBIX BBIOJHUTCS YCIIOBHE
coBmaaeHus A/Sin O = A ,; IlockonbKy Takux YIJIOB MHOTO, TO YMEHBILICHHE 3BYKOH3OJISLHU

Ha4yuHaeTcs yxe ¢ yacToTsl f > 0.5f

Ha uacrorax f > 2f , cymecTBeHHOe 3HaueHHME HAYMHAET WMIPATh XXECTKOCTb OTPAXKICHHUA U
BHYTPEHHUE NOTEPU 7). 3BYKOU3OJISLMS MIAPHUPHO ONEPTOM MIIACTUHBI

R=201Ig(zfm/pc)+5Igf/f,+101g 7y (4.14)

Ha »Tux wyacrorax 3BYKOU30JAIUA BHOBb HAYMHACT YBCIHWYHBATHCA IMPHUMCEPHO Ha 7,5 b Ipu
YABOCHUH YaCTOTHI.

OOmuit B 4YaCTOTHOM XapaKTEPUCTHKU 3BYKOM3OJISALIMK OJHOCIIOMHBIX OrpakJI€HUN IMOKa3aH Ha
puc.4.2.
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Pucynok 4.2. YactoTHas XapakTepUCTHKA H30JALMU BO3AYIIHOTO MIyMa OJHOCIOWHBIM
IJIOCKUM OTPaXACHUEM



MeHsisi UMIUHAPUYECKYIO KECTKOCTh OrPaXACHHS, MOXXHO H3MEHATh BEIWYMHY KPUTHYECKOU
4acTOThl, a CJEA0BaTeNbHO U 3(PPEKTUBHOCTH 3BYKOM3OJSALMU B TOM WM HHOM JHaria3oHE.
Tak,yMeHBIIICHHE KECTKOCTH CMENIaeT 00JacTh MOHUKCHHON 3BYKOHM3OJISAIIUN B BHICOKOYACTOTHYIO
yacTh crekTpa. [Ipu yBenuyeHuH >KeCTKOCTH IpaHUYHAs 4acTOTa CHUXKAETCS, YTO Lerecoo0pa3Ho
IPH JOCTaTOYHO TONCTBIX orpaxaeHuit ¢ f, < 300 I'm. A Ui TOHKHX NEPEropofoK yCHICHHE UX
pedpaMu KECTKOCTH MOKET MPHUBECTH K YXYIIICHHIO U3 3BYKOM3OJIUPYIOIIUX CIHOCOOHOCTEH Ha
HU3KUX U CPETHUX YaCTOTaX.

Ecnu crenoBeie (maHeNbHbBIE) MaTepHallbl UMEIOT CKBO3HBIE TTOpBL,— 3U pe3ko cHukaeTcs. 3akpbiTHe
Mop, MTYKATYPKOM WJIM OKpalllMBaHUEM, CHUMAET UX BiMsHUE. KpynHble MyCTOTHI MOT'YT IPUBECTH
K cHmkeHuio 31 u3-3a pe3oHaHCHBIX KOjeOaHU BO3AyXa B MOJOCTAX. DIIEMEHThI CTPOUTENIbHBIX
KOHCTPYKIMHA M3 TaKUX MAaTEpHUajoB, HAMpPUMEpP KPYIMHOMOPUCTOrO OETOHA, IOJDKHBI HMETh
HapyKHbIE CJIOU U3 TUIOTHOI'O OETOHA WJIM PACTBOPA TOJIIIMHON HE MEHEE 2 CM.

4.2.3.36yKkou3zonayus 080UHBIX 02PANHCOCHUIL.

OpuHapHas Heperopojka u30JIMpys BO3YIIHBIN 3BYK, B TO K€ BpEMS, SIBIISIETCA U3JIydaTeJIeM 3ByKa,
BBI3bIBAEMOI0 BUOpAIMEN Orpa)IatolIX KOHCTPYKIUI.

JlBoiiHas mepebopka, B OTJIMYME OT OAMHAPHOW, M30JIMPYET KakK MaJarollvil Ha Hee BO3AYIIHBII
3BYK, TaK U 3BYK, U3JIy4yaeMblil BCIeICTBUE BUOPALIUI IEPBON CTEHKH.

S

Pucynok 4.3. Axyctudeckuil 3¢ ¢exT onuHapHOW (@) u JBOIHON (6) MeperopoAoK MpU COBMECT-
HOM JICHICTBUHU BO3JIYIIIHOTO 3BYKa U 3ByKOBOM BHOpAIIUH.

1 — maparomuii Ha U30IUPYIOIIYIO0 KOHCTPYKLIMIO BO3AYIIHBIN 3BYK; 2 —3BYK, IPOLIEIIINN B U30-
JUpyeMoe MoMeIlleHne; 3 — 3BYKOBas BUOpalus; 4 — BO3AYIIHbBIN 3BYK, TOPOK/IaEMBbIi 3BYyKOBOM
BUOpAaIMeH.

[TosTomy ocoGeHHO 3P (dEeKTUBHO TPUMEHEHHE JBOWHOW TEPETOPOJIKM B MECTaX HWHTCHCHBHOM
3BYKOBOW BHOpaluu, HampuMmep B IOMELICHUSAX, HEMOCPEACTBEHHO NpPWIIETAoIUX K MecTaMm
PacrosoKeHUsI MOLTHBIX KICTOYHUKOB BHOpAINK, HAIpUMEpP K MAIIMHHOMY OTJIEJICHHUIO.

B ctpoutenscTBE ABOWHBIE OrpaKAAOIINE KOHCTPYKIIMHM PEATU3YIOTCS B BUAE COUETAHNUS OCHOBHOM
MEePEroOpoIKM U TOHKOW CTEHKH TONIIMHOW He Oosiee 1,5 cM. Hampumep, cyxas IITyKaTypKa,Ha
OTHOCE OT OCHOBHOH Ha pacCTOSHME HE MeHee 4 CM. 3Ty CTEHKY KpeIsiT IO Kapkacy, MecTa €e
COEIMHEHUS] TePMETH3UPYIOT. MHOTOCIIOIHbIE OTpakJIeHUs, B KOTOPHIX CJIOM COEAMHEHBI MEXIY
co0o#t ynpyrumu cBsi3siMu,06ecnednBatoT Oonblryio 31 npu MeHblIel macce.

PaccmoTpuM nmpoxoskaeHue 3ByKa 4depe3 JBOMHOE OTpa)kI€HUE, B KOTOPOM CYIIECTBYIOT TOJBKO
yIpyrue cBsi3u. PacripenerneHHble paBHOMEPHO IO IMOBEPXHOCTU Tperpajabl. ITO MOXKET ObITh
BO3JyX, WM JOMOJHUTEIbHBIE YNpPYyrue MpokIaakd. I eKT BO3AYIIHOTO 3a30pa MpOSBISETCS
TJIaBHBIM 00pa3oM Ha CpPeIHUX M BBICOKUX 4acToTax. OH 00yCIOBIEH MHOTOKPAaTHBIM OTpakeHHEM
U COIMYTCTBYIOUIMM 3TOMY IOTJIOIIEHHUIO 3BYKa B 3a3ope. Llenecoobpa3Ho BO3AYIIHBINH MPOMEKYTOK
3aMOJHATh , MOXKHO YacCTMYHO, 3BYKOIIOIVIOILAIOIIMM MaTEpHUaIOM. JTO IMO3BOJISIET CYIIECTBEHHO
yBenuduTh 3M B 007aCTH CpeTHUX M BHICOKMX YaCTOT.



kab
80 < LA
VAT o g /
7 D4<"5 - =
REmr o |
= o
5 |

40

500 630 800 1000 1250 7600 2000 2500 5130 4000 5000
A1y

Pucynok 4.4. 3ByKon30151111s1 ABYCTEHHONW KOHCTPYKIIMU CO 3BYKOIIOTJIOTUTEIIEM.

Ha nuskux yvacrorax 31 nBOWHOW MEPETOPOIKH MOXKET OBITh HECKOJIBKO HHUXKE, YeM OJIMHAPHOM,
€CIIM He TMPUHSATH CHeNHaIbHbie Mepbl. Ha 3THUX yacToTax HaOMIOMAeTCs Psifi PE30HAHCOB U TIPEKIC
BCET0 PE30HAHC MEPETOPOJIKH B 1eJIoM. J[BOITHOE OrpakJIeHHE PEICTaBIAEeT CO00M KOIeOaTeIbHYIO

CHUCTEMY W3 JIBYX MPOTSDKCHHBIX IUIUT C MAacCaMHM €IWHUYHOM IJIOMAJKKH M1 U My H yOPYrou
CBSI3KOM Mexay HUMH. YacToTa cOOCTBEHHBIX KOJeOaHui 3TOM crucTeMbl OyieT

fo =0.16 (kK/my + k/m )Y

rae K — npuBeneHHbI KO3()(GHUIUEHT JKECTKOCTH YIIPYrOro CJIos, T. €. JaBICHUE, HEOOXOAUMOE JUIs
CIKATHSA-PACTSKEHUS CJIOS HAa €IWHUILY JUIMHBI, 3aBUCSIIHA OT JHHAMHYECKOTO MOJY/IS YIPYTOCTH
marepuana cios E. (k= E/ h).

HJ’ISI IMPAKTUYCCKUX paCUCTOB HBOﬁHOﬁ NEeperopoaku ¢ BO3AYIIHBIM ITPOMEIKYTKOM

fo =0.16[C (M1 +m 2) / mimy ]2, (4.15)

rac C= pCZ/ h— YIIPYrocTtb BO3AYHIHOTO CJIOs. C Y4YC€TOM YHCIICHHBIX 3HAYEHUH IIJIOTHOCTH BO3JyXxa
M CKOPOCTH 3BYKA B HEM IMOJTYYHUM

fo =60[(my +m ) / mym; h ]2 (4.16)
21.]'[5[ OJWHAKOBBIX MEPETOPOAOK N3 OAHOTO MaTCpHraia U OI[HOﬁ TOJIIUHBI
fo =85/ (mh)1/2 (4.17)
Cpennss 3Bykousomnsuus R, B quanasone 100- 3000 I'n, onpenensiercs npubimkeHo o Gopmyie
R, =1351g (my +my) +13 + 4R (4.18)

3nauenue AR B 3TOM Juamna3oHe 3aBUCHT OT BETUYMHBI BO3AYIIHOTO IpoMexyTKa (puc.4.5).
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Pucynox 4.5. 3Bykoumzonupyromas CHOCOOHOCTh BO3AYIIHOW MPOCIONKH JIBOWHOU
MIEPETOPOJIKH.



YroObl UCKIIOUUTH MPOX0XKJIEHHE 3ByKa Ha YacTOTaX CIBIIIMMOIO JMana3oHa MpH COBMAJEHHUHU C
4aCTOTOM COOCTBEHHBIX KOJIEOAHUH, OrpaXk/IeHHE MPOEKTUPYIOT TaK, YTOObI 3Ta YacTOTa JiexKana Obl
Huxe 60 ['n. [Ipu 3ToM MakcUMalIbHO 1OIYCTUMAs! )KECTKOCTh CJIOS] HE TOJIKHA IIPEBBIILIATh

Kmax =4+10% mimy / (M1 +m »).

B ciydae oquMHaKOBBIX IIEPErOpOAOK
Kmax = 2+10* m.

MuHUMaNIBHBIN TPOMEKYTOK

Rmin =1.8/m

B O6HI€M ciryvdac i I[BOﬁHBIX OFpa)KIleHI/If/'I I'paHUYHBIC YaCTOTHI PA3JIMYHBI I Ka)KA0ro CJIos,
INpUYeM HWXHAA YaCTOTa OTHOCUTCA K CJIOH, HMCIOLIEMY 60.]'[]:].].[}/'}0 JkecTkocTb. CaMbIMH
BBII'OAHBIMHK  OKa3bIBaIOTCsA IIBOI\/JIHI)IG OrpaxacHus OﬂHHaKOBOﬁ MacCcCbl, HO C pa3JInYHbIMHU
KCCTKOCTAMHU IIPpU n3ruoe.

B nuanaszone uacror 3fg < f < f,, 3HaYeHue 3ByKou30ssIMHK OnpeensieTcs mo Gopmysie
R =Rg + 4R,

rae Ro - 3ByKOM30MS1Usl OJTHOCIOMHOTO OTPaKICHHS C MACCOM €MHUIIBI TUIOMIaM M =My +M o
ornpezenseMas

Ro=20Igmf-475

AR — JOMOJIHUTECIIbHAA 3BYKOU3OJIALIUA

AR =alg (f/fo)1b, (4.19)
raceau b — KO3(1)(1)I/II_[I/ICHTBI, OIpEACIIICMBIC BUIOM YIIPYTOoro CJaos.

Ha yvactorax BbIII€ IPaHUYHBIX 3BYKOM3OJSAIMIO MOXHO OINpPENeNiTh MO TeM ke (GopmyiaaM, HO
3HaueHus Ro , a u b uameHstorcs. B 3ToM auana3oHe 9acTOT 3BYKOM3OJISIMS YBEIUIUBACTCS, €CIIN
OrpaXkJACHUE COCTOUT M3 IUIUT OJHOTO MaTepuajga pa3jIMyHOM TOJIUHBI, IIPUYEM COTHOLICHUE
TOJIIIUH JOKHO ObITh 2 — 4. HanGomnpiryto 3ByKOM3OJISAILHUIO YAA€TCs MOJYUYUTh JUIsl TUIUT PaBHOU
TosuHbl. Ho pazHol HMIMHAPHUYECKOH )KECTKOCTH, OTJIMYArouIeiics B 6 — 7 pas.

3BYKOM3OJIALMSA JIBYCTEHHBIX IPErpajJ B 3HAYMTEIBHONW MEpEe 3aBUCHUT OT KOHCTPYKTHUBHOW CBSI3H
MEXy MJIacTUHAMHM, IiauTaMu. CBA3M 00pa3yroT 3ByKOBBIE MOCTHKH, KOTOpble cHnxaroT 31 HalO —
15 nb B mumpoKoM 1uamna3oHe 4acToT.

JlononHuTenbHas 3ByKoM3oisus AR mpu ycTaHOBKE BTOpPOM IUIMTBHI, HE CBA3aHHOW >KECTKO IO
KOHTYpY € NepBOM IUIMTOHM, cocTaBisgeT oObiuHO OT 10 nb Ha Hu3kux wactorax g0 30 nb Ha
BBICOKUX. Eciin ke Takas CBA3b CYyILECTBYET, TO II€peaya 3ByKa OCYIIECTBISETCS B OCHOBHOM 4Yepe3
KperieHnd. IIpu 3TOM TONIIMHA BO3AYIIHOIO NPOMEXKYTKAa M BHJ YIPYTOro CJIOS HE HIParoT
CYLECTBCHHOU poyid. IIpu KECTKUX CBA3SX MEXKIAY IUIMTaAMHM [0 KOHTYPY 3BYKOM3OJIALMUSA HE
npesbimiaer 6 n1b. B peanbHBIX KOHCTPYKUUSX [omnoiaHuTeNnbHas 31 Ha cpeqHMX M BBICOKHX
4acToTax coctaBisieT 8 — 15 ab, T.e. B cpeHEM 4eM MpU OTCYTCTBUU CBS3€Hl IO KOHTYDY.

Ecin B peanbHON KOHCTPYKLIMM IO KOHTYPY OTPaXKIEHHUS YCTAHOBHTH B BHUJAE IOJIOCHI MATKYIO
JHUCTOBYIO PEe3UHY, TO AonoiaHuTenbHas 3M Oyner Ha 5 — 6 n1b MeHbIle, YeM MpHu OTCYTCTBUU CBSI3EH
1 Ha 2-5 1b BbIlIEe, YEM NP KECTKOU 3aJIETIKE.

B cBs3u C BblIECKAa3aHHBIM, KOHCTPYKIMSI CBSI3€H, €CIIM OHU BCE K€ HEOOXOAMMBI, JOJDKHA
BBITIOJHATHCS ¢ YY4ETOM MX 3BYKONPOBOJISIIMX CBOMCTB. [l MACCHBHBIX M KECTKUX IIperpan, y



KOTOPBIX KPUTHUYECKHE YACTOTHI JiexkaT Huke 3-5 k[, MpUMEHSIOT yIpyrue MOCTUKU U3 PE3UHBI C
3aMKHYTBIMHM TIOpaMH, MATKOH MOHONUTHON pe3uHbl. JKecTkocTh 3TuUX cBsizeil D pomkHa
YZIOBJIETBOPSATH HEPABEHCTBY

D =ESwh<$%f, Y4, (4.20)
rae E, Sm, h— Monyns FOHra, miomaaps nomnepeyHoro ceYeHus 1 JUIMHa MOCTHKA Sy, p1, E; - TON-

IHA KOHCTPYKIUH, INIOTHOCTh 1 Moxynb FOHra ee ee Marepuana, f.,; — nepBas rpaHu4Hast 4acToTa,
paBHas

f,,; = 85[(my +m ) / h mym; ]*2. (4.21)
D

Z[J'IS[ nperpajn , y KOTOPbIX KPUTHYCCKAA 9aCTOTA JICXKUT BBIIIC 7-8 KFI_I, MMPUMCHAIOT HHCPIIHOHHBIC
MOCTHUKH M3 CTaAJIH, 6pOH3I)I, MacCa KOTOPhIX AJOJKHA YIOBJICTBOPATH HCPABCHCTBY

M > S1% \p1Eq /£, . (4.22)
4.2.4.Brusinue Ha 36yKOU30IAYUIO OMBEPCMULL U Welell.

[Ilen 1 OTBEpCTUSA CYLIECTBEHHO CHIDKAIOT 3BYKOU3OISLMIO OrPaXKJAOIMIMX KOHCTPYKLIHMMN.
BenuunHa 3TOro CHM)KEHHUS 3aBUCUT TJIaBHBIM O00pa3oM OT COOTHOILIEHHUS pa3MepoOB OTBEPCTHUH MO
OTHOLIEHUIO K JUIMHE MaJal0IIeH 3BYKOBON BOJIHBI; IUIOIIAAN OTBEPCTUM 110 OTHOLIECHHUIO K IIJIOLIAIU
OTpakJICHMS; PACIIOIOKEHHS 3TUX OTBEPCTHUH.

[Ipu OGonpIIOM TMONMEPEYHOM pa3Mepe OTBEPCTUS IO CPAaBHEHUIO C JUIMHOM BOJHBI (DPOHT
MPOXOAAIINX Yepe3 OTBEPCTHE BOJH OyneT IIockuM (puc. 4.6.) u, clie0BaTeIbHO, BECh a0
Ha OTBEPCTHE 3BYK MPOIIET Uepe3 Hero.

Pucynok 4.6. 3ByKOIIpOBOAHOCTb OTBEPCTHH Pa3IMYHOTO AUAMETpa

Ecmu guamerp oTBepcTHs HE MeHee UIMHBI BOJHBI (0 > A ), TO mpoleqmas 4yepe3 OTBEPCTHE
3BYKOBasl SHEPrUs IPONOPLUUOHAIIbHA IUIOIaau oTBepeTus (puc.4.6, a), u cHuxkenue 31

AR = 101g [ (1+10 ** So/Se) / (1+ SolSe) (4.23)

rae R ¢ - 3ByKOM3OIISIMS OrpakAeHUsl 0e3 OTBEpCTHiA; So/S; OTHOIIEHHE IUIOIAAEH OTBEPCTHS U



“rmyxoi” (11e101) 9acTh OrpaXKIcHUsI.

Ha MMPAKTUKC TaKUMHU OTBCPCTUAMH ABJIAAOTCA OKHA, JABCPH, JIFOKH, IMAHCIU C MaJIou
3BYKOI/I30J'ISIL[I/IGI\/’I, BCHTHJIAIIMOHHBIC IIPOXO/bI.

ITpu Se/Sc << 1 u gocTaTo4Ho OOJIBIIOM 3HAYeHHWH R  00Imas BennyMHA
3BYKOU3OJISIIIUH OTPAXKIACHUS C OTBEPCTUEM

R=101g (So/Sc ) (4.24)

Ecnu pa3mepsl oTBepcTHsI MEHbLIE AJIMHBI BOJIHBI (puc.4.6, 0), TO BCieaCTBHE AUGPAKLIMU NPH
1upPy3HOM NaJeHUM 3BYKOBBIX BOJH Yepe3 HHUX IMPOXOJUT OOJblE€ 3BYKOBOM SHEPrHM, UYeM
CIIEyeT W3 COOTHOIICHHS IUIOMAACH OTBepCTHd M orpaxaeHuil. @opmyna (23) MoxKeT OBITH

MpeaAcCTaBJICHA B 9TOM ClIy4ac

AR = 101g [ (1+910 *“* So/Se) / (1+ SolSe) , (4.25)

rae ¢ — ko3 umenT, 3aBUCAIUN OT TITyOHHBI U (JOPMBI OTBEPCTHS, YaCTOTHI 3BYKa (() U3MEHSCTCS
ot 3 1o 10)

[IppuMepoM TakMX OTBEPCTUH SIBISIOTCS HEIUIOTHOCTH COCAMHEHUM KOHCTPYKLHMH, INEIU B

IIPUTBOpaxX OKOH U JBEPEH, 3a30pbl B MECTAX NIPOXOJa KOMMYHHUKALIUN.
KyuHoe pacnonokeHue oTBepcTUi BBI3BIBAET Ooliee 3aMeTHOe cHUKeHue 3U, yem ux paBHOMepHOE

pacnipenenenue (puc.4.7).
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Pucynok 4.7. BiusiHue pacnoioxkeHusi OTBEPCTUI B MEPETOPOJIKE HA €€ 3BYKOU3OJIALIHIO.
1- meperopoka pasmMepom 2 X 2 M 0e3 OTBEpCTHIf; 2 — B meperopojke aeciatb oTBepcTun d=11
MM, PaCIOJIOKEHHBIX OECTIOPSAA0YHO 0 BCEH IUIONIAIA MEPETOPOAKH; 3 — TO ke, HO OTBEPCTHUS
PacCIIONI0KEHBI KYYHO B LIEHTPE MEPETOPOIKHU

Ecnmu B orpaxkaeHUM HMeEeTCs NPOeM IUIOMAIbI0 Sy, 3BYKOHM3OJALHUS KOToporo R, , MeHbIe
3BYKOM3OJISIIIUU CaMOTo orpaxkaeHus R, To camkerne 31 MOXHO onpeeuTh

AR = 10 Ig {1+ SolSc [10 1RO 17y | (4.27)

rjae S¢ - IUIOIIAlb CaMOT0 OTPAXACHUS, BKIIIOYAs IUIONIA/Ib TpoeMa.



CrnemyeT OTMETHTh, YTO 3BYKOM3OJISIIHS OTPAXKICHHS, UMEIOIIAs b CYINIECTBEHHO HUXKE YeM,
ecnu Obl B Hel ObUIO OTBepcTHE Takou ke Tuiomanu (puc.4.8). OOBICHIETCS 3TO TEM, YTO IIENTb
SBIISICTCS MCTOYHMKOM [WJIMHIPUYECKHX BOJIH U, CIeJ0BaTellbHO, Oosnee A((HEeKTUBHBIM
U3IyJareneM, YeM OTBepCTHe, M3iydaroniee cepudeckue BoaHb. Ha puc.4.9 mokazaHo BiusHUE
1Iesel pa3InuyHON IIMPHUHBI HAa 3BYKOU3OJISIIIUMIO ABEPEH.
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Pucynok 4.8. BiusHue oTBepcTHS W IIEAM OJMHAKOBOHW IUIOMIAJM HAa 3BYKOU3OJISIIHIO
MIePErOPOIKH.

1 — meperopoaka 6e3 OTBepCTHs M ILENM; 2 —B Ieperopojake oaHo orsepctue 0 25 MM; 3 — B
neperopoke menb 1x500 mm.
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Pucynok 4.9. BnusiHue Na0THOCTH IPUTBOPA ABEPU M Pa3Mepa IIEIH MEXy M0JIOM U JIBEPBIO Ha
CPEIHIO0 3BYKOU3OJISIUIO ABEpH (3HAUEHUS 3BYKOU3OJISINH B 05 yKa3aHbl B KPY>KKax):

1=
=

@- XOpOIIO TIPUTHAHHASI IBEPh CO MIENbI0 BHU3Y mupuHOoi 0,5 ¢y, 6- TO e, HO TIpU MIMPHHE TIEITH
1- 1,2 cm; 6- mI0X0 MpUTHAHHAS IO KOHTYPY JIBEPb, BHU3Y LIeNb mupuHon 1,5—1,8 cMm; o- Toxe,
IO I1I€JIb BHU3Y OTCYTCTBYET.

4.2.5. 38yxouszonsayus okoH u ogepeti

3BYKOM30JSIIMsI OKOH M JBEpeH, KaK IPaBHIIO, HIKE 3BYKOM3OJSLMUU TIYyXOW 4YacTH CTEHBI
BCJIEJICTBHE MX MEHBIIEH Macchl, HEIUIOTHOCTEH, mieneil. B Tabn. [IpuBeneHsl opueHTHPOBOYHbIC
3HaueHus 3V HeKOTOPBIX TUNOBBIX KOHCTpYKIui (KmtokuH-1971,c1p.133).

Ta6mmma 4.1. 3ByKon30Js11Ust OKOH U JBEpeit



Tum oxHa TommuHa cTexnaa, MM Cpennsis 31, nb

C oJIMHAPHBIM CTEKIIOM 34 22+-2
C IBOIHBIM CTEKIOM 2+ (3-4) 26+-2
C ABOWHBIM YTOJIIICHHBIM CTEKJIIOM U C

2-(5-17) 32+-2
YIZIOTHUTEIIEM
Tun nBepu Macc 1M , KT Cpennss 3U, nb
Ulerkas oguHapHas 0e3 yIjIoTHeHuUH, 3a-

6 PA+-3
MOK OOBIYHBIN(THI 1)
OnuHapHas nepeBsiHHas 0e3 yIIOTHe-

15 D7+-2
HUM, 3aMOK OOBIYHBIN (THII 2)
J[BoitHas1, U3 ABEpEil THIA 2, C 3a30POM

30-35 33+-3
40 cm (tun3)
JIBepb 110 TUITY 3 C BOMJIOYHBIM YIUIOT-

35 36+-3
HuTeneM (Tun 4)

I[J'[H noBbeimeHus 31 okoH HCIIOJIB3YIOT:

yBEJIMYEHHUE TOJIIMHBI CTeKod — yBennuuBaeT 31 Ha 3-8 n1b Ha HM3KUX M CpeTHUX YacToTax. JTa
Mepa HanOoJiee SKOHOMUYECKU BBITOJHA, T.K. HE TpeOyeT KaKuX JIMOO KOHCTPYKTUBHBIX NEPEIEIIOK
IIPOEKTOB;

yBeIuueHue yrcia cioes crekia — 3-8 nb,Ha CU uBY, HO ycln0XKHsIEeT KOHCTPYKLIMIO OKOHHBIX paM;
yBEIMYEHHUE BO3YIIHOTO MPOMEXKYTKA MEXAYy pamamu — 5-101b Bo BceM amMana3zoHe 4acTor;

BHeceHue 31 snemenToB mo koHTypy — 2-4 n1b ma CU u BY;
HCIIOJIL30BAaHHUE KAJIIO3U U cTaBeH — 7-13 nb.

4.2.6. 38yKouszonayus yoapHo2o uyma mMexcoy3maxcHblMu nepeKpolmusamu

K BONPOCY 00 M30JALMKM TEPEeropoJkaMu M  TMEPEKPBITUSAMU  BO3IYIIHOIO  IIyMa
HETMOCPEJCTBEHHO MPUMBIKAET BONPOC 00 OcinabiIeHWH MMHU IIymMa , BOHUKAIOLIETO MpPU YIAPHOM
BO30YXICHUH, HAIIPUMEDP TIPH XOAB0E 1O IEPEKPHITHIO.

[TnuTel mEpeKphITHS HE MOTYT, Kak IpaBuio, odecneuuTsh TpeOyemoe 3HaueHue 3. Ocmabnenue
myma oOycioBineno 3 um 3I1 nmeiictBueM Marepuana W KOHCTPYKIIMH TEPEKPHITHS. Y IBOCHHE
TOJIIIMHBI YMEHBIIAET YPOBEHb NPUMEPHO Ha 9 nb: M3MEHEeHUe IIOTHOCTH, YIIPYTOCTH, BHYTPEHHUX
noreps — 10 Snb.

s yBenuuenust 3U nepekpbITUs MPUMEHSIOT CHEIUaIbHble KOHCTPYKILIUU MOJOB-TIOTOJKOB: €
YIOPYTMM OCHOBAHHMEM, YIIPYTMMH MPOKIaAKaMH, pyJloHHbIe, ciiouctbie. CM KonecHukoB — ctp.133.



[Tonel ¢ ynpyrum OCHOBaHUEM - MEXIY IOJOM M HECYIIEW IUIMTOM KOHCTPYKIMU IOMEILEH
CIUIOIIHOM YIPYTH €O, KOTOPBI paboTaer, Tak ke, KaK U IMPH U30JISIUN BO3AYIIHOTO 11yMa,
pa3esIbHBIMU IEPETOPOKAMU C YIPYTHM CIOEM.

Baxneitmum crnocobom yayumenus 3M ymapHOro Imryma TEpPEKPBITHEM SBJISETCS YCTPOWCTBO
«IJTABAIOIIETO» IMONa (CTSHKKU), TPEICTABIISIONIEr0 co00i MIuTy M3 OeToHa, rumca, achanpra win
IPYTUX MOAOOHBIX MaTrepuanoB ToumuHon 30-50 MM, ykimaneiBaeMyto Ha cioi 10-30 MM ympyroro
M30JISIIIMOHHOTO MaTepuaia. [IIUThl CTSHKKU JOJHKHBI OBITh OT/EICHBI OT CTCH IMOMENICHUS TOHKUMHU
YOPYTUMU MPOKIaAKaMu. YeM Marde neMrnupyromui cion, TeM TeM Boiire 31 ynapHoro nryma..
XO0pOoI10 U30JIMPYIOT YAApHBINA ITyM KOBPOBBIE MMOKPBITHS 110JIOB. MsIrKKe,c BOPCoM 6-8 MM, —
obecrieunBaroT 31 He MeHbIIIe, YeM TutaBarontuii o (28-30 nb),

4.3. 3gykonoenowenue u 3gyKono2nowaoujue Mamepuansbl U KOHCmMpYyKyuu

[Tornomenue 3ByKa 00yCIOBICHO IEPEXOIOM KOJICOATEIBHON YHEPTUU B TEILJIO BCIIEACTBUE MOTEPh
Ha TPEHHE B 3BYKOmNorioturene. [loTepu Ha TpeHHE BEIMKH B MOPUCTBHIX M PHIXJIBIX BOJOKHUCTBIX
MaTepHuanax.KOHHCTPYKIIMA W3 TaKUX MaTePUAlIOB YMEHBIIAIOT WHTEHCHUBHOCTH OTPAKEHHBIX OT
MOBEPXHOCTH 3BYKOBBIX BOJIH. 3BYKOMOIJIOTUTENH, PACHOJIOKEHHBIE BHYTPU MOMEIICHUS,MOTYT
YMCHBINIATh TaK)KE€ WHTEHCUBHOCTH TPSMOTO 3BYKa, €CIM OHH paclojiaraloTcs Ha IYTH
pacrpoCTpaHEHHS 3BYKOBBIX BOJIH.

3BYKOIIOTJIOMIAIONIUE  CBOWCTBA MaTepUajioB M  KOHCTPYKIHMHA MOXXKHO  XapaKTepHU30BaTh
k03¢ duenToM otpaxeHus | = E o, / E 10y KOTOPBIHA onpenensieTcs yepe3 UMIEIAHChl Bo3ayxa Z
= pc ¥ MaTepuana KOHCTPYKIUH Zy = Pup/Vyp IO opmyite (4.5)

n=Z,-2)%1 2, +2)>

3BYKONOTJIOMIAIOIINE ~ MaTepHabl W KOHCTPYKIIMHM  XapaKTepu3yloTcs  KodhduimeHToM
3BYKOTOTJIOLIEHHUS 0. — OTHOUIEHUEM Pa3HOCTU MaJarouIed U OTPaKEHHOM OT MOBEPXHOCTH SHEPTUU
K majnawoiei. Mcrnonp3yeTcst Takke SKBUBAJICHTHAS TUIONIAAb 3BYKOIMOTIIOMICHUSI A — 9TO TUIOMIAIb
MOBEPXHOCTH C KOIPHUIIMEHTOM 3BYKOIOTIIOICHUS, PAaBHBIM €IUHHIE, KOTOpas Morja Obl
MOTJIOTUTh TaKO€ JK€ KOJIMYECTBO 3BYKOBOW OJHEPrUM , KaKk M JaHHAS 3BYKOMOTJIOMIAOIIAS
KOHCTPYKIHA.

ITon axkyctudeckoil oOpaboTKOW MOMeEIIeHUsT OOBIYHO MOHUMAETCs OOJIMIOBKA BCEX WJIM YacTH
BHYTpEHHUX NoBepxHocTel noMenienus 311 marepuanamu nnu cneuranbHeiMy 311 KOHCTpYKIMAMH,
pa3MEILEeHNE B IIOMEIEHNUH IITYYHBIX ITIOIVIOTUTENCH.

3BYKONOTJIOMIAIOIINE KOHCTPYKLIMHM MpeJHa3HaueHbl g mnorjomeHus Byka. K Takum
KOHCTPYKITUSIM ~ OTHOCATCS ~ 3BYKOITOTJIONIAIOIINE OOJUIIOBKH  OTPAKIAIOIINX IMOBEPXHOCTEH
MTOMEIIEHUS, IIITYYHbIE 3BYKOMOTJIOTUTENH, OOJHMIIOBKA MOBEPXHOCTH aKyCTHYECKHX JKpaHoB, 3I1
OOJUIIOBKY B KaMEPHBIX MIYIUTENSIX U B 3U KOXKyxax.

DddexTuBHOCTh prMeHEeHUs 31 00IHUIIOBOK U IITYYHBIX 3BYKOIOTJIIOTUTENEH 3aBUCHT OT :

AKyCTI/I‘-ICCKI/IX XApPaKTCPUCTHUK IMMOMCHICHUA, qDOpMBI IIOMCIICHU A, PacnonoxxeHuss B IOMEIICHUN
HCTOYHHUKOB 1IyMa U pa60q1/1x MECT.

Haubonee sdpdexktuBno npumeHenue 3I1 0OIMIIOBOK MOTONKOB B HEBBICOKMX TMOMEIICHUSX C
OO0JIBIIION MITOIIABI0, HMEIOIIUX MAJIOE 3BYKOIOTIIONIEHHUE.

O dekTHBHOCTH OOJUIIOBOK IOBBIIIACTCS, €CIM TOMEIICHHEe OYIeT BBITAHYTO B JaHe. ITO
ONpoOUCXOAUT OT TOr'0, YTO B HU3KHUX MNOMCHICHUAX 60.]11)].[10171 mIomaaun I1moJ MU IIOTOJOK ABJISAHOTCA
CHJIFHO OTPaXKAIOIIUMHU TMOBEpXHOCTAMHU. llyMm, OTpaXeHHBI TONMEPEMEHHO OT IMOJIa U IOTOJKA
pacripocTpaHsieTcs Ha OOJIbIIME PACCTOSHUS OT MCTOYHHMKA IO BCEM HANpaBJICHUSAM MOYTH Oe3
OePb.

B Oonpmmumx mo mionaay NOMENICHUAX C UCTOYHUKAMU IITyMa pa3HOi MHTEHCUBHOCTH HanOOJbIINI
abpdext mpumenenus 3I1 oOMUIIOBKM JOCTHUTAeTCS JIs pabOYMX MECT C MEHee IIyMHBIM



obopynoBanueM. B sTom ciyuae menecooOpa3HO COCPENOTOYNUTH MaKCHUMallbHOE KoyimuecTBO 3I1
BOJIN3H HIYMHOI'O 000PYAOBaHUsI, [10JIBECUB HAJl HUM IITYYHbIE 3BYKOIOIJIOTUTEIH.

B nomenienusix OOJBINON TUIOMIAAN CTEHBI MOYTH HE UTPAIOT HUKAKOM POJIM B OTPaKEHUU 3BYKa U
IIOTOMY MX MOYKHO He oOJMLOBBIBaTh. HO B BBICOKMX W BBITSHYTBIX B IUIaHE MOMELIEHUSX, TIe
[IMPUHA MEHBIIIE BHICOTHI, OOJIBIIIOE 3HAUEHUE UMEET OOIHMIIOBKA CTEH.

311 o0nMLOBKM OOBIYHO pa3MelaldT Ha MOTOJKe M cTeHax. llmomaznps o001IMIIOBBIBaEMOIA
MOBEPXHOCTH JUISI JIOCTHDKEHUST MaKCHMAalbHOTO 3(¢eKTa To/KHA CcOoCTaBisITh He meHee 60 %
o011l mIoL@aay OrpaHMYMBAIOIINX TOMELEHUE TOBEPXHOCTEH.

C nomorpio 311 06JUIIOBOK U KOHCTPYKITUH MOYKHO 00eCTeunTh CHIDKeHue mmyma 110 8 — 10ab.

Jas 311 o6nMIOBKY MPUMEHSIOT IUIMTBHI WIM MaThl U3 MOPHUCTHIX BOJOKHUCTBIX 3I1 Martepuanos,
3aKPBITHIX CO CTOPOHBI OMEIIEHUS TIep(HOPUPOBAHHBIMH SKpaHaMH, KOTopble 3ammmaoT 3[IM ot
MEXaHUYECKUX MOBPEXKICHUH U 00eCIIeunBaOT yI0BIETBOPUTEIbHbIN 1€KOPATUBHBII BU.
Tommmua 3[IM  npuanmaercs o0br9HO 50-100MM. UTOOBI TPEIOTBPATUTH BBICHIIIAHHE YeEpe3
oTBepcTusl nephopanuu, MeXIy JIUCTOM 3KpaHa M MaTepualoM IOMEIAeTcs CJIOH TOHKOM
aKyCTUYECKU IIPO3PAYHOM TKAHHU.

ITpu He0OXOAMMOCTH CHIKEHUS IIyMa IpeuMyiiecTBeHHo Ha HY, 001MLIOBKY cienyeT OTHOCUTh OT
noBepxHocTu cTeH Ha 100-150 MM, ocTaBisis MeXAy HOTOJKOM WM CTEHOM M OOJMIIOBKOMN
3aMKHYTBIN 110 IEPUMETPY BO3AYIIHBIN 3a30D.

[lITyuHble 3BYKONOIJIOTUTENH, HANPUMEP, KYJUCHOTO THIMA, MOTYT BBIIIOJHATHCS U3 JIOPATIEBBIX
npoduieil, HaOJHUTEIEM SABIISIETCS CYIIEPTOHKOE CTEKJIOBOJIOKHO B 000JI0YKE U3 CTEKJIOTKAHU.

B kauecTBe 3aIMTHOTO SKpaHa MPUMEHSIOTCS TOHKHE aTIOMHHUEBBIEC Iep()OpUpOBaHHBIE JIUCTHI WIIN
JUCTBl M3 aKyCTHUYECKU IPO3PavyHOIO CTEKJIOIUIACTUKA. MIHOra BO3MOXKHO MCIIONB30BAaHUE OJHOMN
cTeknoTkanu. [1ITyyHble 3ByKONOTIIOTUTENN MPEICTABISIIOT CO00H 00bEeMHBIE KOHCTPYKLIUU B BUJE
npu3M, KyOoB, IApoB U T.M., [OABELIMBAEMBIX B MOMELICHHAX. FX BBINOTHAIOT U3
neppopUpOBaHHBIX JIUCTOB TBEPOr0 KapTOHA, MJIACTMACCHI., METaJlJIa WIIK PYJIOHHOMN alfOMUHHUEBOMN
(GonbIy, OKJIEEHHBIX M3HYTPH BOMIOYHOW TKaHbio Win 3anoiHeHHbIX 3[IM. Ux nemnecoobpasHo
pacrojaraTh B HEIOCPEICTBEHHOM OJIM30CTH OT HCTOYHUKOB ITyMa.

IIpu oOnumoBke cTeH M NOTONKOB 3II KOHCTPYKIIMM MOXHO pa3MellaTh B BUJAE CIUIOIIHOMN
OOJIMILIOBKH, OOJIMIIOBKH B IIAXMAaTHOM IOPSJKE, B BUJAE I0JIOC, B BHJIE MOJBECHBIX aKyCTHUECKUX
0anok M naneneu (Kymnuc)

3IIM siBnsitoTcst ocHOBOM 311 KOHCTPYKIIHMI M TOJKHBI YIOBIETBOPSTH Py TpeOOBAHMIA:

OO6nanath BHICOKOW OMO- U BIarocTONKOCTbIO, MEXaHUYECKON TPOYHOCTHIO.

BbeITh HecropaeMblMH WM TPYJHOCTOPa€MBIMHO B COOTBETCTBUM C KaTeropueil 37aHus 10
M0KapOONacHOCTH.

He 1omKkHbI BBLAETATH YaCTUIBI 3BYKOTIOTIIOTUTENS], TOKCUYHBIX BEIIECTB U HETIPUATHOTO 3araxa.
Inywumenu wiyma: abcopOITMOHHBIC, PEaKTHBHBIC, KOMOMHUPOBAHHBIC; OOHIIOBAHHBIC KAHAIBI.

4.4, I'nywumenu wyma

C AKyCTUYECKOM TOYKM 3pEHHUS [IYHIUTENIb MOXET paccMaTpuBaThCsl — Kak
3BYKOU3OJHMPYIOIIEe WM 3BYKOIOTJIOLIAIONIEe YCTPOMCTBO U XapaKTePU30BaThCSl TEMH Ke
BBIPQXEHHUSIMH, KOTOpPbIE OB IPUBEICHBI paHee.

4.4.1. Abcopbyuonnvle enywiumenu

AOCOpOIIMOHHBIE TIIYIIUTENM OCHOBAaHBl Ha HWCHOJB30BAaHMM B KaHaiax (TpyOOnpoBojax)
3BYKOIOTJIOUIAIONIET0 MaTepuaia, IiIaBHbIM 00pa3oM MOpHUCThIX mornotureneil. [lpu stom morepu
BBI3BIBAIOTCS BSI3KUM TPEHHWEM B TOpax IMpH JBIKEHHUH B HUX BO3AYyXa, TEIUIOOOMEHOM MEXIy
BO3JIyXOM B IOpax M CKEJIETOM MaTepHuaja, a TakKe BHYTPEHHHMM TpeHHEeM mpu nedopmanuu
CKeJIeTa.

[Ipu mageHnn 3ByKOBOW BOJTHBI HAa MIOBEPXHOCTH MIOPUCTOTO MaTepuasia 000 TOIIIUHBI, TIepe-
MEHHBII MTOTOK BO3/1yXa pa3OMBaeTcs MO OTACILHBIM MOpaM, KojedaTeabHast CKOPOCTh YaCTHIL MPH
3TOM BO3PACTaET, IO CPABHEHHUIO CO CKOPOCTHIO B CBOOOJIHOM BOJIHE, BCIEICTBUE YETO MPOUCXOIUT



3¢ $EeKTUBHOE MOTJIOLUIEHUE SHEPTUH 3BYKOBOU BOJIHBL. AKTHUBHBIE MIIYIIUTEIN IPUMEHSIOT AJIs
CHIDKEHMsI 1IyMa, MMEIOIIEro XapakTep CIUIOUIHOIO CIEKTpa (a TakKe IUCKPETHOrO CHEKTpa C
OOJIBIINM YHCIIOM rapMOHHUYCCKUX COCTaBJISIIOH_[I/IX).OTMeTI/IM, 4YTO B 3HAYUTCIIbHOM YHCJIC CIIy4acB
(0cOOEHHO Ha BBIIYCKE SHEPreTUYECKMX YCTAaHOBOK) B KaHAlax TIJIYHIMTENEH MPOTEKalT Tasbl C
BBICOKOM TeMmmepaTypoil U OONBLION CKOpPOCTBIO TMOTOKa. Yacrto ra3zoBas cpena sBISETCA
arpeccuBHOM. OTO ompezaenser ocoOble TpeOOBaHUSA K 3BYKONOIVIOLIAIOIIMM MaTepuagam Juist
DJIYLIUTENIEH.

I'mymurens  aGcopOLMOHHOIO  TUMAa  OOBIYHO  MpPEACTaBIAET  KaHal,  OOJIMIIOBAHHBIM
3BYKOIIOIJIOLIAIOIIMM MaTepuagoM. OH BBIIOJHSAETCS B BUJE psAla NMPSIMOYTOJIbHBIX WM KPYIJIBIX
KaHaJIOB (COTOBBIM MIYIINTENb) WIM NapajljielbHbIX IUIOCKMX IIUTOB, YCTAHOBJIEHHBIX B KaHalle
(mnacTUHYATBIA TIymUTeNns). YacTo MO KOHCTPYKTHBHBIM COOOPaXCHHSIM M JUISl YBEIMUYCHHS
3aTyxaHus (IIyTeM yBEeJIMYEHUs JAJIMHbBI) KaHaIbl UMMEIOT U30THYTYIO (hopMy.

M3BecTHBI TUIIOBBIE KOHCTPYKIIMHN a6COp6HI/IOHHHX FHYLHHTeHeﬁ 3BYKa B BUAC IpsAMOIro, COTO-

BOIO, I1J1aCTUH4YAaTOI O, KpHBOHHHeﬁHOFO KaHAJIOB, 4 TAKXKXE KaMCPHOT'O MNIYHIHUTEJS € SKpaHOM (pI/IC
4.10).
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Puc. 4.10. TunoBble KOHCTPYKIIMU aKTUBHBIX [IYIIUTEIEH IyMa. COTOBBII; 2 —

IUIACTUHYATBIN; 3 — KPUBOJIMHENHBIN; 4 — OJJHOKaMEpHBIii; 5 — KaMepHbII
IJIACTUHYATBIN; 6 — KaMEpHBIN ¢ DIKpaHAMH.

[lepdopupoBaHHOE 3aIIUTHOE MOKPHITHE TO3BOJISET YIPABIATh YAaCTOTHOW XapaKTEpUCTUKOMN
MIOTJIONIEHHUST CJIOS MaTepualia B JOBOJBLHO INMMPOKOM jauamna3zoHe dacToT. [lpm kxosddummenrte
nepdopanun (OTHOIIEHHE IUIOLIa[M OTBEPCTUH K oOmieil miuomanun mnokpeitus) Oonbmie 20 %
nepoprupoBaHHOE MOKPHITHE MPAKTUYECKH 3BYKOINPO3pAauyHO M HE BIHUSET HAa aKyCTHUECKYIO
XapaKTepUCTUKY OOJIMIOBKU (TMOPUCTOTO CJIOs); MpH MeHbIIeM Koddduuumenre mnepdoparuu
MOTJIONIEHUE YITyYIlaeTCss Ha HU3KHX YacTOTaX, HO YyXyAIIaeTcs Ha BBICOKHX. Kpome ToTO,
UCMOJb3ysl pPE30HAHCHbIE CBOMCTBa MNEep(OPUPOBAHHOIO CIIOSl, MOXKHO TIOJIYYUTh BBICOKOE
3BYKOIOTJIONICHHUE B 33JaHHOM Y3KOM JHANa30He YacTOT.

4.4.2. ObruyosarHvie Kanauvl

['mymmTens 3TOro TUMa COCTOMT W3 BHYTPEHHEW MepPOopUpOBaHHOW TPYOBI WIIM METAJUTHYECKOM
CETKH U TEPMETHUYHOTO KOXKYyXa, MEKIY KOTOPHIMU HAXOIUTCS 3BYKOTIOTIIOMIAIOIINN MaTepral (puc.
4.11). UYtoOBbl 3BYK HE pacmpoCTpaHsJICS IO TMOPUCTOMY MaTepualy BIOJb KaHaja, BHYTPHU
OOJIMILIOBKH yCTaHABIMBAIOTCS TOINEPEYHbIC TEPErOpoIKU. 3a30p MEKIY BHYTPEHHEUW CETKOM H
KOXYXOM MOKET OBITh 3aIl0JIHEH MOTJIOTUTENIEM I[€TMKOM WJIH YaCTHYHO.



Pucynok 4.11. I'nymurens B Buae 00JUIIOBAaHHOTO KaHala.
1 - mornorurens; 2 - BO3AYIIHBINA 3a30p (€ro MOXET He ObITh); 3 - mephOpUPOBAHHBIN JIUCT WU
CeTKa.

Pa3mepsl BHyTpeHHEH TpyOsb! jiyulle BbIOMpaTh paBHBIMHM pa3MepaM KaHaja BHE raymutens.Torna
HPOU3BOUTENILHOCTD KaHana coxpansiercs, KI1J[ ero Toxxe MeHsiercst He3HauuTenbHO.Jlo gacToThr f
B KaHaJIe€ pacHpOCTpPaHsAETCs TOJbKO HyJeBass Moja (IUIOCKas BOJHA). JTa yacToTa ONpeiAesseTrcs
MOTIEPEYHBIMH Pa3MepaMu KaHalla i CKOPOCTHIO 3ByKa B Ta3e C:

f=cl2a, (4.28)
rac a —HanOOIBIINH pasMEp MONCPCYHOro CCYCHUA KaHalla.

3aryxaHue B KaHajle Ha €IUHMIlY JJIUHBI NIYIIUTeNns rnocie 3—5 KaiuOpoB (Kamubp — JUIMHA
KaHajla, paBHas €ro JauaMeTpy) SBISETCS IMOCTOSHHBIM. 3a €QUHMIY JJIMHBl [IIYIIATENsS
IIPUHUMAETCs BeJIMUMHA Kanuopa, onpeensemas rno Gpopmyie

d, =4S/I1 (4.29)
rae S — rIomazas MpoXoaHoTo cedeHust; [1 — mepumMeTp o0MMIIOBaHHOM YacTH.
YacroTHasg XapaKTCPUCTUKA 3aTyXaHUd B MPAMOM KaHaJIC UMECT MAaKCUMYM, BCINYHWHA U

JaCTOTa KOTOPOTO 3aBUCAT OT CBOICTB 3BYKOIIOTJIOMIAOIICTO MaTepuraja.

HpI/I PAacCloJIOKCHUH ITOTJTIOTUTEIIA HA KECTKOH CTCHKE MaKCUMyM 6y,[leT Ha 9aCTOTC

* = Cy/46, (4.30)
rAC Cp — CKOPOCTD 3BYKaA B IMOTJIOTHUTCIIC.

B sTom ciiyuae Ha MOBEPXHOCTHM 3BYKOIOIJIOIIAIOIIETO0 Marepuana HaOIrofaeTcss MakCUMyM
Kosie0aTeNbHON CKOPOCTH, BbI3bIBatolIei Hanbosee 3pPpeKTUBHOE MOTIIONIEHUE 3BYKOBOW BOJIHBI.

Ecmmu MMPUMECHUTH BOS}IymHI;IfI 3a30p MCXKAY CTCHKOM U MOTJIOTUTCIIEM, TO MAKCUMYM IMOIJIONICHUSA
6y,Z[CT Ha 9aCTOoTEC

f=c/28. (4.31)

B xaMepHBIX TITyIIUTENSIX MOXHO YCTaHaBJIMBATh 3BYKOMOIJIONIAIOMIKE MIacTUHBL. [Ipu paBHOM C
KaHAJIOBBIM TUIACTMHYATHIM TJYIIUTENEM KOJIMYECTBE IIJJACTUH KaMEpHBIM IUJIAaCTUHYATHINA
IIYIIATENNh OOecTeunBaeT OoJblliee 3ariylieHHe 3ByKa BceieacTBHE d(ddexTa pacmmpuTeTbHONU
Kamepbl. OHAKO adpPOJUHAMUYECKOE COMPOTHBIICHHWE €ro OOJbIIe, YeM COMPOTHUBICHHUE MEPBOTO
rnymuTtens. Axyctudeckuid 3¢ @deKT oONHIIOBaHHBIX 3BYKONOIJIOTUTENIEM IOBOPOTOB KaHAJIOB
3aMETEH Ha YaCTOTAX BBILIE KPUTUUYECKOM, T. €. BBILIE TOM, O KOTOPOU BOJIHA OCTAETCS MIJIOCKOM.

3aTyxaHue 3BYKOBOW JHEPrUM IO JUIMHE TIYIIUTENeH MPOMCXOAUT HepaBHOMepHO. HambGomee



¢ dexTrBHO pabOTaIOT MepBbIe TPU KanuOpa riaymutens. [Ipu maapHEHIIEM MOBBIMICHUH JIJTUHBI
DIyImUTeNst ero 3QpGeKTUBHOCTh yBelnunuBaetcs ciiadee. [Ipu pimune rrymuTens He Oonee

IATU KaTuOpOB €ro 3aTyXaHue ONpeAeNsieTcs Mo IMIUpUYECKoi popmyre

AP = APy [1+31g(l/d>)] (4.32)
rae AP;— 3aryxaHue nepBoro kamubpa; | — mimHa rymuTess; d> — SKBHUBAJICHTHBIH JUaMeTp
KaHaJja.

Ou3nyeckd HEPABHOMEPHOCTh 3arIyIICHUsS OOBSICHSIETCS M3MEHEHUEM XapaKTepa 3BYKOBOTO MOJIS
no JauHe ThymwurTens. Boavane mnpeoOnamaer cyMMmapHash SHEPrusi OBICTPO 3aTyXaloMIMX
HOPMaJbHBIX BOJH BBICOKMX HOMEpPOB; IIOCIE€ TPEThero KamulOpa IOMHUHHPYET SHEpPrus
crnabo3aTyxaromeil OCHOBHOM BOJIHBI, ()POHT KOTOPOH Kak OBl CKOJB3UT BJOJIb HMOBEPXHOCTH
3Bykonoromiatomieid ooiumosku. [Ipu | > fK addextuBHOCTh TinymmTeNel CHIBHO MOBBIIIAIOT
[IOBOPOTHI,00€CIIEUNBAIOIIME MHOTOKPATHBIE OTPAXEHUs, CONPOBOKIAIOUINECS IOIJIOIIEHUEM

3ByKa.
DKpaHHBIE TIIYHIATEH TaK WM HHAYE 3aKPBIBAIOT BBIXO U3 Tpyborposoaa (puc. 4.12).
a) d) 8)
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Puc. 4.12. TunoBble KOHCTPYKIIMH YKPAaHHBIX MIIYIIMTEIEH 3ByKa

IIpy wucmonb30BaHUM HTOrO THUIA [IyIIMTENEeH Ha BBIIYCKE JABUraTeneil HeoOXOAUMBI
TemneparypocToiikue noraorutenu. OObIMHO 3TO MUHEpalbHAsl BaTa, CTEKJIOBOJIOKHO, acOECTOBBIE
BOJIOKHA.

4.4.3. PeakxmusHbvle enyuument

PeakTuBHBIE TITYIINTENN TOAPA3ICIISIOTCS HA KAMEPHBIE, PE30HAHCHBIE 1 KOMOMHHUPOBAaHHEIE.
KamepHble rnymuTenn MpeacTaBiIsioT cOOOH paclIMpeHHYIO MOJIOCTh MO CEYEHHI0 TPyOOoIpoBo/a,
MPOITyCKAIOIyt0 0€3 3aMETHOTo ociabiaeHus KojiebaHusl B HEKOTOPOI 00JIacTh 4acToT, a B IPYrHX
00J1acTsIX OTpakarolue UX B 00paTHOM HarpaBJICHUH.

Jlo gacToThl mepBoro momepeuHoro pesonanca npu L/D>0,5 (L— mnuna xameps;; D — ce
JMaMeTp) Kamepa paboTaeT Kak 0JJHO-MOJIOBBIIl BOJTHOBO/I.

Ha puc. 4.13 npuBeneHsl XapaKTEPUCTUKU CHIKEHUS IIYMa COOCHOW IUIMHIPUYECKOU KaMepou C
OTHOIIICHHEM JITHHBI K tuamerpy L/D = 2. .

a) &)

AL,06
2) o}

| SRy P

e — e —

1 1
05 1 7L/A



Pucynok. 4.13. KoHCTpyKIIMK pEaKTUBHBIX KAMEPHBIX TIYIIUTENICH IIIyMa

1 — BmImyCcK; 2 — BOYCK; 3 — TOTJOTHTENb.a — OJHOKAMEPHBINA; O — JBYXKaMEpHBIH; B —
KOMOMHHPOBAHHBIA; T — YacTOTHAS XapaKTepU-CTHKA CHIDKCHHS IIyMa OJIHOKaMEPHBIM
[IIYIIATEIEM

O PexTUBHOCTh CHIKEHHUS IIyMa PacTeT 10 4YacTOThl, PAaBHOM IMOJIOBUHE IEPBOM PE30HAHCHOM
4acToThl Kamepsl (T. e. npu f<c/4L = = fn), 3aTem 10 4acTOTHI MEPBOrO MOIEPEUYHOTO PE30HAHCA
KamMepa HMEeT BHJ] YCpEHYyIOUIMXCsS I0JOC 3aTyxaHWs M Ha dYactoTax Bbimie fn B Kamepe
BO30YKJIAI0TCsI IPOJI0JIBbHBIE, TOTIEPEYHbIE 1 KOMOMHUPOBAHHBIE BOJIHBI.

4.5. Cpedcmesa unousuoyaivbHou 3auumsl Om wyma

NwmeroTcs Tpu Buaa cpeactB nuauBuayanbHon 3amutel (CU3) ot mmyma: BHyTpeHHero (3Haay-
pabHOTO) TIOJIB30BAHUS — BTYJIKHU, BKJIABIIIA U TAMITOH; HAPY>KHOTO MOJIB30BaHUA (dKCTpa-
ypalbHbIC)—HAYIIHUKH, IIIJIEMbI 1 KOCTIOMBI; CMEIIAHHOTO THITA — «ITOJYBTYJIKHY, PacIoia-
rafoIrecs y BX0JIa B HAPYKHBIHM CITyXOBOW MIPOXO/ U TPEOYIOIINE MPIKAMA OTOJIOBBEM.

OcnoBHoe HazHayenne CU3 — mepekppiTh HanboIee YyBCTBUTENBHBIM KaHAJ MPOHUKHOBEHHUS
3ByKa B OpraHu3M — yxo uenoBeka. DddextuBHocts CU3, kak nmpaBuio, MakCUMalibHa B 00JIacTH
BBICOKMX 4acTOT, HanOoJiee BPeIHBIX M HEMPHUATHBIX 1Jis1 yenoBeka. CieayeT, 0IHaKO, UMETh B BU-
Iy, 9TO 3BYKOBBIE KOJIeOaHUsI BOCIIPHHUMAIOTCS U Yepe3 yepen (ITyTeM KOCTHOW POBOJUMOCTH), &

HWHOI'Ja U APYTUMHU 4aCTAMU TCJia.

CU3 ynyumaroT pabOTOCHOCOOHOCTh, MPEIOTBPALIAIOT 3a00JeBaHUs (TYyroyxoCTh, LIYMOBYIO
00J1€3Hb, HEPBHBIE U CEPJICUHO-COCYAUCTHIE 3a00I€BaHU).

Cornacno I'OCT 12.1.029—S80 . CpeacrtBa 1 MeTOIbI 3alIMTHI OT Iryma. Knaccugukanus, co-
riiacHo kotopomy CH3 nensaTcss Ha NPOTUBOUIYMHBIE HAyIIHUKH, TPOTUBOIIYMHBIE BKJIABIIIHN,
IIPOTUBOILIYMHBIE IJIEMBl U KacKd, MPOTHBOLIYMHBIE KOCTIOMBI. HaylIHUKM 3aKpbIBAIOT YIIHYIO
PaKoOBUHY CHApy>KH, BKIJIQJBIIIN MEPEKPHIBAIOT HAPYKHBIM CIIyXOBOM MpPOXOJ WJIM NPUIIETAIOT K
HeMy. [1Inembl 1 KacKM 3aKpbIBAIOT 4aCTh TOJIOBHI M YIIHYIO PaKOBUHY. [IpoTHBOIIYyMHBIE KOCTIO-

MBI 3aKPbIBAIOT TEJIO YCJIOBCKA U YaCThb I'OJIOBLIL.

TpeboBanuss k CU3 ycranoBnensl 'OCT 12.4.051—78 CCBT. CpenctBa HHIUBUAYaTbHOU
3alUThI OpraHoB ciayxa. O6mue Texuuueckue yciaosus . [1o addexTuBHOCTH 3aUTHI OT HIyMa,

Macce M CuJjie MPUXKATHS K OKOJIOYITHOW 00JIaCTH HAayIIHUKH U BKJIQJIBILIN JIEJSITCS. Ha TPU TPYIIIbI
— A, b u B, npuBenenusie B Tabm. 4.2.

Tabnuma 4.2. TpeboBanus kK Macce, cuie npwkatus u d3dpdexruBaoctu CU3

Cuna D¢ dextuBHOCTD, 1B, Ha YacToTe, ['11

Tun CU3 ['pynma [Macca, [PYKATUS,
KT

H 125 50 00 1000 000 @000 000



|
A 0,35 E 12 15 PO D5 30 35 35
Haymnukun — |b 0,28 3 7 15 20 25 30 30
B 0,15 4 — — 5 15 20 D5 25
A 10 12 25 17 25 30 30
Bxnageimu b — b U 10 12 20 ) 75
B — — b 5 5 7 15 20 20
[111eMBI 17 20 ) 30 35 10 10

HpeI[eJ'IOM MyMO3arjiaymecHuA ABJIACTCA KOCTHAA IIPOBOAMMOCTB, KOTOpasa OrpaHUYMNBACT BO3-

MO’KHOCTH BTYJIOK M 3ariyiuiek 3HadeHueM 40—50 nb. Kpome Toro, mymoszarimyiieHue AOJKHO
COYETAThCs C BO3MOXKHOCTBIO ITPUEMA 3BYKOBBIX (PEUEBBIX) CUTHAJIOB.

[IpoHHMKHOBEHHE 3ByKa IO KaHajlaM KOCTHOM MPOBOAMMOCTU OOYCJIOBIEHO YNPYrou (37IacTUYHON)
nedopmanueil yepena 1moja EHCTBUEM BOJIHBI, BEAYIIEH K aeopManuy CpEeAHEro U BHYTPEHHETO
yXa; ynpyrue kojae0aHus dyeperna, Co3Aaonme KojaedaTenbHble CMEIEHHS HIDKHEH YeNIOCTH,
BBI3BIBAIOT KOJIEOAHMUs XPpsllla 3ByKOBOTO KaHalsla, KOTOpBIE MEPEaloTCs K BHYTPEHHEMY yXY uepe3
OapabaHHyIO TepernoHKy. Ecnu yxo 3aKkpbITh BTYJIKOW WM 3ariylIKOW, KOCTHas MPOBOJIUMOCTh
YBEITMYHBACTCA.

[Tpu 0COOEHHO BBICOKHMX YPOBHSX IIyMa PEKOMEHIYIOTCSI HAYIIHUKH C KUIKOCTHBIM HAIIOJIHUTEIIEM
YIJIOTHUTEIBHOT0 000/1Ka. D(PPEeKTUBHOCTh HEKOTOPBIX CPEICTB MpUBEAEHa B Tad. 4.3.

Tabmuma 4.3. DdpdextuBHOCTE CU3 pa3nuyHBIX TUIIOB

Tun CU3 [[Iymo3ariymenue, n1b, Ha yacrore, ['1y

125 250 00 1000 2000 @000  |B00O

TaMIoHBI U3 yIBTPaTOHKOTO BosiokHa 815 |10 15 22 25 32 31
@III1-15

Bxaapimm u3 OIIIT (Gepymm) 25 18 18 24 26 36 25
Virabie mpoOku (Benrpust) 31 30 25 25 35 40 41
HeonpenoBsie BTyIKH 20 31 31 34 37 41 30
["apautyp mrymosamuTHbii ['I-1 15 22 25 27 27 37 A2
BamutHeie  QyTisipsl (Benrpus) 17 20 30 30 40 35 32
[IpssMOnMHENHBIM 3BYKOBOM IIPO-

rextop (CILIA) 10 20 32 38 37 45 34
Haymauku BIIHUMOT-7U 12 16 18 22 36 40

[[Tymo3amutHoe orojoske [1130-1 18 30 31 34 38




S.KOHTPOIJIBIMIYMACUCTEMBEHTHUIALNUU

Cucremsbl BCHTHUJIEIIHUU B PAAC CIIydacB CO3JAalOT BBICOKHWEC YPOBHHU IIyMa B IMOMCHICHUAX, 9T0
OOYCJIOBJICHO HCIIOJIb30BAHHEM BEHTHJISITOPOB OOJBIION MOIIHOCTH M BBICOKOH CKOPOCTBIO
JBIKEHHS BO3yXa IO BO3AYXOBOJAM I'€HEPHPYIOT IIyM M BHOpamuio. DTy npodiemMy ciemyer
paccMaTpHBaTh YK€ Ha dTare MPOSKTHPOBAHUS CUCTEM pPacIpe/IeieHHs] BO3IyXa, IIOCKOJIBKY Ha
TrOTOBOM 00BEKTE IPOBOIUTH KOPPEKTHPYIOIINE JICHCTBUS BCET/ia ClIoKHee U jjopoxe. s Toro
9TOOBI MPOCKTUpYeMasi CHCTeMa BEHTWIALMM MMeEJIa XOPOIIHE aKyCTHYECKHE IT0Ka3aTellH,
HEOOXOJMMO Y4YeCTh CIEAYIOIIHEe OOCTOATENbCTBA: OINUCHIBAEMBIH (EHOMEH O00YCIIOBIICH
OJITHOBPEMEHHBIM HaJMYHEM MCTOYHUKA IyMa, CPEACTB Nepeaayn U MpUEeMHHUKA. VcTouHHKaMu
LIyMa SIBJIAIOTCS. MEXAHMYECKHE U DJIEKTPUYECKHE YCTPOMCTBA: BEHTUIIATOPHI, KOMIIPECCOPBHI,
HACOCHBIC arperatbl, a Takke Iu(Qy30psl, pelieTku, KianaHbl. Bce OHH TEHEPHPYIOT LIyM,
PacIIPOCTPAHSIONIMICS 1T0 BO3LYXOBOJAM Yepe3 CTPYKTYPY CaMOTO COOPYKEHHUS M pa3IHYHbIMU
HYTSMH MOCTYMAOIINA K MPUEMHHUKY, HHA4Y€ TOBOPS, K JFOSIM, HaXOJSIIMMCS B 3MaHUH (pHC.

1).

Pucynok 5.1. ITytu pactipocTpaneHus niyMa OT UCTOYHUKA K IPUEMHHUKY:

1-mym, nepenaBaemblii uepe3 MOJIbI; 2—-IIyM, IE€pelaBaeMblii BO3AYLIHBIM IIYyTEM 4epe3
cUCTeMy TMOAayd BO3AyXa; 3—IIyM, TeHEepUpyeMblii B TpyOONpPOBOAHON ceTH; 4—IyM,
nepegaBaeMblil BO3AYIIHBIM IyTEM Yepe3 CUCTEMY BO3BpaTa BO3/yXa; S—IIyM, Mepe1aBaeMblil
Yyepe3 CTEHOBbIE KOHCTPYKIMH; 6—MCTOYHUKHU IIyMa; /—TIPUEMHUK

Kak wm3BecTHO, UCTOYHUKM ITymMa MOMHMO MOIIHOCTH W HAMPaBIEHHOCTH XapaKTEPU3YIOTCS
TakKe CHEKTPOM HW3IyYeHHUs, KOTOPBI MOXET COJepKaTh HU3KOYACTOTHBIE JIMOO
BBICOKOYACTOTHBIE KOJIEOaHUsI, TOHOBBIE HJIA ITUPOKOIIOJIOCHBIE CYOCTABIISIONINE HEMTPEPHIBHOTO
TUNA WIA U3MEHSIOUIMECS BO BpeMeHH. BakHO mpoaHanu3upoBaTh ¢ TOYKHU 3PEHUsSI CIIEKTpa
W3JIY9CHHS BCE Y3JIBI UCTIIOJIb3yeMOT0 00OPYAOBaHUS, MIOCKOJIBKY, BO-TIEPBBIX, HU3KOUYACTOTHBIN
IIYM PEryJIUpOBATH CIOKHEE, YeM IIYMCPEIHUX U BBICOKHMX YaCTOT, & BO-BTOPBIX, YUCThIE TOHA
1 U3MEHSIEMOCTh BO BPEMEHH JIETIAI0T IITyM OCOOCHHO HEMPUATHBIM (pHC. 2).



Tndby3ops

ANLTEPHATHBHHE M UGHTPOBEXHLIE OXNAAHTENH

Cucremel ¢ nepemeHHeMm pacxoaom so3ayxa

BeHrunsn'opu M HOCOCH

Beutunarops! (c HeROCTATOUHOM Y CTOHYMBOCTEIO)
Typ6yneHTHocTs BO3AYXa
Bubpaumsa, nepeaasaemas Ha HecylwMe xoucrpyxuuu
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Pucynoxk 5.2. IllymoBO#i crieKTp pa3iMyHbIX TUIIOB MEXaHUUYECKUX YCTPOICTB

TakuM 00pa3oM, TESXHUYECCKOM 3aauei sSBIIIETCSA pa3padoTKa MPOEKTa CHCTEMbI PACIIpPEICIACHHUS
BO3J/lyXa TaKUM 00pa3oM, YTOOBI B MOMEIIEHUU COOIIOAAINCH KaK PacueTHhIE MTOKa3aTeNH, TaK U
OpeleibHO  JONYCTHUMbBIE  YPOBHM  mIyMa.PaccMOTpUM  BIUSHHE THIA  HCHOJIb3yEeMBIX
BGHTI/IJIHTOpOB Hn Ux XapaKTepI/ICTI/IK, TUIIA CUCTCMBbI 1 CKOpOCTI/I JOBUXXCHUA Bo311yxa B Heﬁ.

Benmunsamopui

OT TOro, HacKOJbKO TIIATENILHO OYAYT pacCUMTaHbl MapaMeTpbl CUCTEMbl BEHTUJISILUU U
NPaBUIBHO NMPOU3BEIEHA YCTAHOBKA 000PY/I0BaHMs, B 3HAUMTEIbHOM CTENIEHN 3aBUCUT KauyeCTBO
CHUCTEMBI BO3yXOIOATOTOBKA U BEPOSATHOCTH MOCIEAYIOIIMX KOPPEKTUPYIOLIMX IEHCTBHM IO
CHIDKEHHIO IIYMHOCTH pabOThI arperaTos.

ITockOnbKy MOIIHOCTh 3BYKOM3JYyYEHHs BEHTHIISATOPOB  ONPEHENSAETCS  MEXaHWYECKOU
MOIIHOCTBbIO, TPU MPOEKTUPOBAHMM CHUCTEMBbI pacHpeleNeHus Bo3ayXa HeoOXOIMMO
MUHUMU3HUPOBATh NPENATCTBUS Ha MyTU JBM)KEHUS MOTOKA. BEHTUNIATOPHI clieyeT BBIOUPATH C
HAaUMEHBIIMMHM  IIOKa3aTelIMM  AKyCTUYECKOM  MOIIHOCTH  IpU  IPOYMX  PaBHBIX
a9POJMHAMHUYECKUX XapPAKTEPUCTUKAX.

AKycTHuecKasi MOIIIHOCTh MOKET ObITh pacCunTaHa, HarpuMmep, 1mo hopmyre:
Lw = 10IgQ + 20IgAP dB

B 3aBUCUMOCTH OT 00BeMHOT0 pacxoja Q, M3/'-I, u nojHoro fasieHust AP |, Ila. Cnenyer, Tem He
MeHee, MOAUYEPKHYTh, YTO PE3YJAbTAT PEUICHHS JaHHOTO ypaBHEHUS OYIEeT UMETh TOCTOBEPHOCTh
C )IOHyCKaeMBIM OTKJIOHCHUEM B npenenax +4 )IB. yTOLIHI/ITI) JTAaHHBIC MOKHO HeHOCpe)ICTBeHHO
y Tpou3BOAUTENEH 000pyAOBaHUsA, OCOOCHHO, €CIM WCIHBITAHUS TPOBOASTCS COTJIACHO
TpeOoBaHUSAM JeicTByromux HopMmatuBoB. HauOonbinee 3HaueHHe UWMEIOT T€ JaHHbIE
MO3BYKOU3IYYEHHUIO arperaToB, KOTOpbBIE IMO3BOJIAIOT OMNPEAEIUTh AKYCTUYECKYI0 MOIIHOCTh
BEHTWJIATOPOB Ha CETH BO3AyXOBOAOB. Kak mpaBmio, MpenoCTaBisSIOTCS JaHHBIE 00 ypOBHE
3BYKOBOW MOIIIHOCTH YCTPOMCTBA, a TaKKe MOBBIIIAIONNE KOIDOUIUMEHTHI JUIS ONpEeeTICHHS
YaCTOTHOTO CIIEKTPA 3BYKOM3JIYYCHHS Ha BCACHIBAIOIIEM U MOJAIOIIEM MaTpyOKax BEHTUIISATOPA.
P A3HbIC THUIIbI BGHTI/IHHTOPOB AT pa3quHoe 3ByKOI/13JIy‘-IeHI/Ie, )41 IJ_IYMHOCTI: ar’ peFaTOB B



npezenax OJHOW KaTeropuu OmnperenseTcss pa3nudyHbIMH (pakropamu. Yamie Bcero, eciu
BEHTWIIATOP MOMOOpaH Juis paboOThl B YCIOBHSAX HAWBBICHIEH  a’3pOAMHAMHYECKOU
3 PEKTUBHOCTH CTPOTO B COOTBETCTBUM C PACUETHBIMH IOKa3aTEIsIMH HAmopa M pacxoja
BO3/lyXa M C TOYKH 3PEHHs aKyCTHUKHU,ero paboume rmapamerpsl OyayT Herutoxumu. CHIKEeHHue
3G PEKTUBHOCTH AK€ HA HECKOJBKO MPOILEHTOB M3-3a TOTO, YTO pa3paboTuuK «repedpan» win
«HemoOpaim» B YacTH PACUYETHBIX I1apaMETPOB, MOXKET BJIBOE YBEIUYUTh yPOBEHb
3BYKOU3JlyueHus cuctemsl (+3 ab).

['oBops o nByx Hambosiee pPACHPOCTPAHEHHBIX THIAX BEHTWIATOPOB — PAAUAIBHBIX U
OCEBBIX,CIIEYeT OTMETHTh, YTO 3BYKOBOW CIEKTp MOCIEAHHUX JIOCTATOYHO POBHBIM, a IEpBbIC
Jal0T CHIDKEHME mIyma mnopsaka 4-6 b Ha okraBy. Jlns paauManbHBIX BEHTHISSTOPOB
XapaKTEPHBIM SBIISICTCS TEHEPUPOBAHUE M PACIPOCTPAHEHHE HU3KOYACTOTHOTO Iryma. OceBble
BEHTWJIATOPBI, Oylydl HECKOJIBKO THIIE Ha HU3KUX YacTOTaX IO CPABHEHHIO C PAJAUAIBLHBIMU
BEHTUJISITOPAMH TOH K€ MOIITHOCTH, TOPa3Io Ooiee NIIyMHBIC Ha BRICOKHX YacTOTax (puc. 3).
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PI/ICYHOK 5.3. CHeKTpaJ'ILHaH AWHAMHUKaA MyMa, rCHEpUpPyCeMoro pajuaJlbHbIMU U OCCBbBIMU
BCHTUJIATOpaMHA

[TpaBuiibHBIN BBIOOp THUIIA BEHTUJISATOPA U €ro pabodell TOUKU JaeT BO3MOXKHOCTh PErylInpoBaTh
B ONPENCIECHHBIX  Ipelenax  CIEKTPAJIbHBIE  COCTABIIAIOIIME  M3JIy4aeMoro  IIyMa,
COOTBETCTBYIOIIIME TOM WM HMHOW YacTOTE M €M KpPaTHBIM, OIPENEISIEMBIM YMHOXEHUEM
CKOpOCTH BpallleHusi pabouero Kojeca Ha YUCIO JIONATOK. PajnuanbHble BEHTUIIATOPHI C
JIOTIATKaMH, 3arHYTbIMM BIIEPEJI,IPUMEHsIEMbIE BO MHOTMX KOHJIUIIMOHEPAX, HA HU3KUX YacTOTaxX
TeHEepPUPYIOT XapaKTEpHBIM T'ys,0CO0€HHO Korjga paboyas TOYKa JieBee TOYKH MaKCUMallbHOW
MIPOU3BOJIUTENILHOCTH. PanuanbHble BEHTWISATOPHI C JIONMATKaMU, 3arHyTbIMU Hazal, JH0o ¢
KPBUIbYATHIM MpoduiieM (IPUTOM, YTO UX dHepreTudeckas 3pPpeKTUBHOCTh HAMHOT'O BBIIIE), KaK
IIpaBUJIO, BCce-Taku Oosiee IIYMHBbIE, YeM TaKHWe K€ BEHTUJISITOPHI C JIOMaTKaMH, 3arHyThIMHU
BIIEpE]] B YAaCTHOCTH, B YKAa3aHHOM BBILIE II0JIOCE YaCTOT, HAXOMAAILIECWCS B HHU3KOYaCTOTHOM
JIUana3oHe, CMAMYUTh KOTOpBIM BechbMma mpoOiemMaTnyHO.B monocax HHMKE W BbIIIE Takue
BEHTUJIATOPBI TULIE BEHTUIATOPOB C JIONIATKaMU, 3arHYTHIMU BIIEpE].

OceBoit BCHTHUJISITOP IO CPABHCHHUIO C TH00BIM APYruM BCHTUIIATOPOM, IIPU aAHAJIOTHYHBIX
3aJaHHBIX MapaMETpax JaBJICHUA U ITPOU3BOAUTCIIBHOCTHU, TCHCPUPYET MCHBIIC IITyMa Ha HU3KUX
yactorax. C aKyCTI/I‘-IeCKOI\/'I TOYKHU 3pCHUA 3TO 00CTOSITEILCTBO UMEET OO0JIBIIOE 3HA4YCHHUC,
IMOCKOJIBKY C BBICOKMMHU YaCTOTaMU 60p0TLC$I JIeryec, 4€M C HU3KHUMU.

Ckropocmsb 8030yxa 6 8030yX0800ax



[Tepemerenue BO3/IYIIIHOTO MOTOKA SIBIISICTCS NPUYHTHON JOTIOJTHUTEIIBHOTO
AIPOIMHAMHUYECKOTO IIlyMa TJaBHBIM O00pa3oM Ha W30THYTHIX YYacTKaX, OTBETBIICHHUSX,
PETYJIUPYIOIINX 3aCIOHKaX U JAPYrHX KOMIIOHEHTaX CHCTEM pacrpejieicHus Bo3ayxa. [loatomy
pekoMeHayeTcss n30eraTh pe3Koil CMEHBI CeYeHHUs! BO31yXOBOAOB. Boobiie ropops, ux ciemyer
MOCTETICHHO M3MEHATh C YIJIOM pacumiipeHus He Oonee 15°. B mpoTuBHOM citydae Ha TakKux
y4acTKax BEPOATHO OTJEIICHHWE BO3IYINIHOTO TMOTOKAa OT MOBEPXHOCTH TPYyOOmpoBoja (CphIB
BUXpEi), YTO PE3KO MOBBIINIACT HIYMHOCTh. COCOMHEHUS B 30HAX OTBETBICHHA M HM3THOOB
cienyer ohopmIsATh O4eHb MATKO. M, HakOHEIN, HE0OXO0aUMO, YTOOBI CKOPOCTh BO3ayXa ObLIa
KaKk MOXXHO HIKE, IIOCKOJIbKY, HYeM OHa HIDKE,TEM HIDKE ad’pOJAMHAMHYECKUN IIyM B
BO3/YXOBOJIE: €r0 YPOBEHb CHH)KAETCS MPONOPIHMOHAIBHO CHIDKEHHIO CKOpocTH Bo3ayxa. C
Y4ETOM MapaMeTPOB BO3JAYXOBOJOB, OCOOCHHOCTEH YCTAaHOBKM M Ha3HA4YCHUS ITOMEIICHUS
PEKOMEHIyeTCS HE TIPEBBIIIATH MOKA3aTeId CKOPOCTH BO3yXa, PUBEIACHHBIC B TAOIHIIC.

Tabmuma 5.1 Ilokazarenn CKOpOCTHM BO3IyXa, PEKOMEHIYEMbIE C Y4EeTOM
apaMeTPOB BO3YXOBOJIOB, 0COOEHHOCTEH YCTAHOBKU M HA3HAYEHUS IOMEILICHHSI

CkopocTb Bo3yxa (M/c)

PSIMOYTOJBHBIE IprFJ'IBIe

BO3TyXOBO/IbI BO3TyXOBO/IbI
[Tomeenus

Ha T Hemocpe - Hal Hermocpe-

[T0IBECHBIM TBCHHO B [T0/IBECHBIM CTBEHHO B

[MOTOJKOM MOMEIICHUH MOTOJIKOM MOMEIIEHNN
Cxafckue MoMEIICHH,

12,7 10,2 02,9 19,8
CaHy3JIbl, KOPUAOPHI
Kondepenn-3ansl, 6aHKETHbIE

8,9 7,4 15,2 13,2
3aJIbl, y9eOHBIE KITACChI, aJIMHU-
HUCTPATHUBHBIC TOMEIIICHUS
KabuHeTs!, criennaibHbIe HOMe-
pa B TOCTHHHIIAX, ITAJIaThl B

6,1 4,8 10,2 3,6
0OILHUIAX, CIIEI[HABLHEIE TEAT-
paTbHBIC JIOKU, OMOIMOTEKH

B ToMmM ciywae ecnum peub WAET O TOMEHICHUSX C OCOOBIMH TpPeOOBaHUSMHU K aKyCTHKE,
perynupymolre 3acjiOHKH W aHAJIOTMYHBbIE YCTPOWCTBA HENb3sl yCTaHABIMBATh HAa Y4acTKe
HEIOCPEICTBEHHO MEepe/ BO3AyXOpacnpeaeauTeIbHbIM YCTPOUCTBOM. PaccTosiHne Mexay HUMU



JOJDKHO OBITH HE MeHee 5—10 nuamMeTpoB, PHU 3TOM JAAHHBIA YUacTOK 0053aTeIbHO 3aKPBIBACTCA
3BYKOIIOIVIOIAIOLIUMU [TaHEIIAMH.

BoznyxopacnpenenurenbHble YCTPONRCTBA BEHTUISIIUOHHBIX CHUCTEM (Kak MpaBuiio, 1uddy3opbl
U pEIIeTKH) HEOOXOJUMO MOAOWpaTh C TaKHUM PAacyeTOM, YTOOBI T€HEPUPYEMBIH IIyM OBLI
MPUEMJIEMBIM C YYETOM HEMOCPEACTBEHHOI'O HAa3HAYCHHs MOMEIICHUS, TJleé UX HaMepeBaroTCs
YCTAHOBUTH. 3a OCHOBY 37€Ch MOXXHO B3STh JaHHBIC, MPEIOCTABIIEMbIC IPOU3BOIUTEICM.
Opnako cienyer MOMHUTh, YTO MPOU3BOJMUTENb OCYIIECTBISIET 3aMepbl B PEXHMME ILJIAaBHOTO
U3MEHEHHS CKOpPOCTH BO3AyXa B THarpyOKe BO3AyXOpaclpeaeluTeIbHOTO —YCTPOWCTBa
(muddy3opa wmm  pemerku). Ecam  HemocpeACTBEHHO — Iepel  dTUM  YCTPOMCTBOM
npeaycMaTpuBaeTcss H3rud Jub0 yCTaHOBICHA PErYIHMPYIOIIas 3acjIOHKa, MOTOK BO3ayXa Oyner
XapaKTepU30BaThCSl 3aBUXPEHUSAMHU, HM3-32 4ero (PakTUUECKHil ypOBEHb IIyMa MOXKET OBITh
CYILIECTBEHHO BBIIIE (C MPEBBIICHUEM HOMUHAIBHBIX MOKa3aTeneit 1o 12 nb). U Toraa npunercs
CTaBUTh B BO3JyX0Boje mepen nuddy30poM CTaOUIUZUPYIONIYIO PEIIETKY AJsl BHIpPABHUBAHUS
MIOTOKA BO3TyXa.

Cucmemuvl ¢ nepemennvim pacxooom eozoyxa (VAV-cucmemuol)

Cuctembl ¢ TIEpEMEHHBIM pPAaCXOJOM BO3JyXa B CHJIy BO3MOXXHOCTH  M3MEHATh
TPaHCIIOPTUPYEMBIE €r0 00BEMBI, 0€3YCIIOBHO, IIO3BOJIAIOT YMEHBIIUThH dHEPronoTpedaeHue, Ho
IPY 3TOM IPUBOJAT K 3HAYUTEILHOMY YBEJIIMUEHUIO YPOBHS IIyMa BEeHTWiIATOpa. Bo n3bexxanue
npo0JeM TPOSKTHPOBIIUKY MPHUAETCS ¢ OOJbIICH THIATEIBHOCTBIO, HEXEIW TOTO TPeOYIOT
CHCTEMBI C ITOCTOSIHHBIM PAacX0J0M BO3/yXa, OTHECTUCH K pacyeTy CeTH BO3AYyXOBOJIOB, CUCTEM
perylIupoBaHMsl CTaTUYECKOTO JaBJICHUS, PAaBHO KaK M K BbIOOpY €CaMOIo BEHTWJIATOpA WU
KOHIMIIMOHEPA U COOTBETCTBYIOIMX CUCTEM PETYJIUPOBAHUS PACX01a BO3AyXaA.

Kak u ans 1pyrux cuctem, AJisi CUCTEM C NIEPEMEHHBIM pacXxoJ0M BO3AyXa CETH BO3JIyXOBOJIOB
JIOJDKHBI TIPOEKTHPOBATHCS TaKUM 00pa3oM, 4YTOOBI MOTEPH CTATUYECKOTO JIABJIEHUS OBLIH
MUHUMAaJbHBIMU, OCOOCHHO Ha y4yacTKax TpyOOmpoBojaa BOIM3M BEHTUIISATOPA JIMOO COOCTBEHHO
KOHIUILIMOHEDPA.

BooOmie B cucremMax ¢ NMEpeMEHHBIM pacxoJOM BO3JyXa MpOOJeMbl MOBBIILIEHHBIX YPOBHEH
IIymMa 4Yaiie BCEro OOYCIIOBJIEHbl HEKOPPEKTHBIM PEryJIMpPOBAHUEM CHUCTEMBI pacIpelesIeHUs
Bo3ayxa. Kiaccuueckuil mpumep — peryjivpoBaHUE TOJIbKO MOCPEICTBOM MO3UIIMOHUPOBAHUS
3acJI0HOK 0€3 M3MEeHEHUs (YMEHbLIEHHs) CKOPOCTH BpallleHus pabouero Kojeca BeHTWIsITopa. B
ATOM CJIy4ae B CETH BO3AYXOBOJIOB, I'/I€ HU OJIHA U3 3aCJIOHOK HE OTKPHITA J0 KOHIA, BEHTUJISITOP
Oyzner paboTaTh B YCIOBHUSAX OOJBIIET0 CTATUYECKOTO JAaBJICHUS MO CPAaBHEHMIO C T€M, KOTOpPOE
eMy (akTudecku HeoOxoaumo. [lomHOCTBIO OTKpBIB JIMOO BOOOIE YOpaB pErylIHpyrouue
3aCJIOHKH, MBI M30aBUMCS OT LIIyMa.

C TOuKHM 3peHHs YpPOBHEW IIymMa BbIOOp BEHTHJIATOpPA JJISl CUCTEMBI C IIEPEMEHHBIM PACX0JIOM
BO3/yXa MpeACTaBisieTcs: 6osee TPy IHBIM, YEM ISl CUCTEMBI C TIOCTOSHHBIM PacXo0/10M BO3yXa.
c CHUCTEME C IOCTOSHHBIM pacxoJOM BO3AyXa BEHTWISTOP BBIOMpAeTCsl ¢ pacyeToM Ha
palboTy HauMBBICIIEH MTPOU3BOAUTEILHOCTBIO MIPH 3apaHee OMpeesIeHHOM pacxoje Bo3ayxa. Jlms
CUCTEM C MEPEMEHHBIM PacXxoJOM BO3/lyXa, HAPOTUB, BEHTUJISTOPHI BHIOMPAIOTCS C pacuyeToM
Ha crabuinpHOe (YHKIMOHMPOBAHUE B IIpelenax Bcero padoyero auamnasoHa. OOBIYHO
BEHTHJISITOPBI BEIOMPAIOTCS ISt pabOThI ¢ MaKCHMAIBHOW Mpou3BoAuTENbHOCTEIO Ha 70—-80 %
MaKCUMaJIbHOI'O MPOMycKHOro o0bema (pacxona). B aTom ciyuae npu daxTruueckoM Hepodope
[0 OTHONICHHI0O K MaKCHUMajbHOM mpousBoautenabHocTu mpu 100%-M pacxone BEHTUIISTOP
Oyner 6oree mymMHbIM. Ho pocT ypoBHS 1IymMa ¢ npeBblIeHueM 10 5 b elie MOKeT CUUTaThCs
MpUeMJIeMbIM. A BOT BEHTUJISITOP C 3aBBIIIEHHBIMH PACYETHBIMU MapaMeTpaMu MOXKET JaTh
IIOTEPI0 CKOPOCTHU IIPU CpbIBE MOTOKA. M 31€ch pOCT ypOBHEW IIyMa IOWIET B OCHOBHOM B
MOJIOCEe HU3KUX YacTOT, a 3TO BechMa HempusTHO. PerymmupoBanue pacxona Bo3ayxa B VAV-
cHCTEMaX MOXHO OCYLIECTBISTh CIEIYIOIUM 00pa3oMm:



1. VYcranaBnuBaTh peEryJaTOpbl pacxoja BO3AyXa C IOBOPOTHBIMH JIONAaTKaMH Ha
BCAChIBAIOIIMK MATPyOOK JIMOO PEryIHMPYIONIME 3aciIOHKH Ha HarHeTaTeNIbHBI MaTpyOoK
BeHTHIsITOpa. [Ipu 3TOM MeHsoTCcs paboune mapaMeTpbl BEHTUIISTOPA M, COOTBETCTBEHHO,
C/IBHTACTCsl AMarpaMma 3aBUCHMOCTH JaBJICHUE-PAcXoJl. PeryasTopbl pacxoma ¢ TOBOPOTHBIMH
JIOTIATKAMH Ha BCACBHIBAIONIEM NATPyOKe MO3BOJISIIOT PETYIMPOBATh PACXOJl BO3AyXa IyTEM
U3MEHEHHS BO3IYIIHOTO MMOTOKa Ha BXOJE B BEHTWIATOpP. B 3TOM citydae pacxom Bo3ayxa u
JABJICHUE BEHTWISATOPA MEHSIOTCS Ja)XXe MPU HEU3MEHHON CKOPOCTH BpaIeHHS. DTO BENET, C
OJTHOW CTOPOHBI, K CHIDKEHHIO IIyMa B BO3JYXOBOJAAX BCJICJCTBHE CHUKCHHUS CKOPOCTH H
JIaBJICHUS MPOITYCKAEMOTO B HUX BO3/lyXa, C APYrOil CTOPOHBI — K POCTY YPOBHS LIyMa CaMoOro
BEHTHJISITOPA  BCIICACTBHE TYpPOYJIEHTHOCTH M jAeopManmuy  BO3AYIIHOTO TIOTOKA B
PEryIUPYIOIIKX YCTPOMCTBAX, IIPETIATCTBYIOLIMX BCACBIBAHUIO BEHTHIIATOPA.

B pagManbHBIX BEHTWIATOpAX C JIONATKAMHU KpPBUILYATOTO TPOQWIsS, TIE PEryiasTOpbl
YCTaHOBJICHBI BHYTPH BCACHIBAIOIIETO MAaTPyOKa, 3BYKOBOW YPOBEHBb XapaKTEPHOW YaCTOTHI MPHU
MPOXOXKJICHUU Yepe3 JIOMATKH YBEITUUUBaeTCs ¢ 2 10 8 b B 3aBUCHMOCTH OT CHUKCHHUS Pacxoja
BO3/IyXa.

Poct Moxer ObITh He3HAUHUTENBHBIM (B mpenenax 2—3 nb) Ha ycraHOBKax HapyxHoro tuma. U1,
HAKOHCI, Y BCHTUJIATOPOB C 3arHYTBIMU BIICPC/ JIOMMATKAMHU 3TH IMOKA3aTCIIN 0OBIYHO MEHBIIIE HA
1-21b.

Y BEHTHUJISTOPOB OCEBOTO TUIA PETYISTOPHI IAI0T POCT YPOBHEH ITyMa Ha HU3KHX YacTOTax OT 2
1o 8 nb npu nojoxeHnu, Koraa peryasTop nepekpouiBaeTcs B npeaenax ot 25 1o 50 %.

2. YcraHaBiauBaTh BCHTUJIATOPBI OCCBOro TUIla € IMEPEMCHHBIM IIaroM M M3MCHACMBIM YTJIOM
MIOBOPOTA JIONIATOK, YTO MO3BOJISICT MOBBICHTH MPOU3BOJUTEIBHOCTh B PEXKHME YCTAHOBJICHHOTO
pacxona Bo3ayxa. [Ipu cokpamenun pacxona ot 80 g0 40 % OT HOMHHAJIBHOTO YPOBHU IIyMa
BEHTHJISITOPA CHUXKAKOTCSA B Tpejieiax oT 2 10 5 nb mo BceMy 4acToTHOMY Auarna3oHy ot 125 no
4 000 I'm.

3. YcraHaBiauBaTh BEHTUJISTOPHI C DIEKTPUUYECKUM MPHUBOJOM, OOECIIEUUBAIOIIUM TMOCTOSIHHOE
perynupoBaHue CKOpocTH BpaiieHus. CHUKEHHME CKOPOCTH BpallleHUs BEHTHIATOpA JaeT
CHI)KEHHE M3JIy4aeMOil 3ByKOBOI MoIIHOCTH ALy, paccuuThiBaeMoil py MOMOIIU CIEAYIOLIETO
YpaBHEHUA:

ALw = 50Ig ny/n;, n1b rae N, — yMeHbIIEHHAs CKOPOCTh
BpAICHHUS] OTHOCHUTEJIBHO Nj.

PerynupoBanue CcKOpocTH BpalleHMs paOouyero Kojeca BEHTHJIATOPOB OCYIIECTBIISAETCS
BO3/ICWCTBHEM Ha JIBUTATEJb ITYTEM AJIEKTPOHHOTO PErYIMPOBAHUS YaCTOTHI AJIEKTPOITUTAHUS
IpU TOMOIIY YCTPOHCTB, KOTOPBIE, K COKAJECHUIO, MOBBIIIAIOT OOIMHA ypoBeHb Iryma. Yarne
Bcero 3to ycrpoiictBa tuma CS| (wHBEpTOp, paboTaromuii B Ka4eCcTBE MCTOYHHKA TOKa), VSI
(uHBepTOp, paboTaromMii B KadecTBE MCTOUHMKAa Hamnpsbkenus) u PWM  (unBeprop c
MOJYJISIIHEH aMIUTHTYIbI UMITYIIbcoB). Hanmenee trymuapivu cuntatotest CSI u PWM Tpethero
nokosieHus. B mo0oM cioydae ypoBHM IIyma JBUTaTeNs OOYCIIaBIMBAIOTCS —Mapo
JIBUTATEIb/PETYISATOP, PABHO KaK M KadyecTBOM oOMOTKH. Ha camom nene nBUTaTeNnb M3Iydaer
YHUCTBIA TOH, UHTEHCUBHOCTh KOTOPOTO 3aBHUCUT OT HEPOBHOCTHU (POPMBI BOJIHBI TOKA ITUTAHMUSL.

B 1mieom MOXXHO cKa3aTh, YTO YCTAHOBKA Ha BCACHIBAIOIIEM NATpyOKe PEryJsTOpOB pacxoia
MOBOPOTHBIMH JIONATKAMHU JINOO PETyIUPYIOIIUX 3aCIIOHOK HAa HAarHETAaHUU BEHTUJISITOPA MOXKET
MOBBICHTH NTYMHOCTH CHCTEMBI TIPH Pa0OTe B PEXHMME COKpPAIIEHHOTO pacxoja, TOTAa Kak Mpu
UCTOJIb30BAaHUN BEHTUISITOPOB C TEPEMEHHBIM IIaroM JIONMATOK JIMOO peryarupoBaHHEM
CKOpPOCTH BpAIIICHHUs B peXKUME COKPAIIEHHOTO pacxo/1a cucremMa OyaeT paboTars THIIE, YeM TIpU
MaKCHUMaJIbHON MPOU3BOJUTEIHHOCTH.

Yempoiicmea 6030yxono02omosku kpuluiHo2o muna
OOBIYHO TaKWE CHCTEMBI OYCHb ITYMHBIC W JAIOT OOJbIIyi0 BHOpanuio. [IpuamHbBl — OJIM30CTH
YCTAaHOBOK K OOCITy)XKMBaeMOMY OOBEKTY, OIIMOKH CTPOUTEIHHO-MOHTaKHOTO IPOEKTa,



HE0CTaTOYHAasi BAOPO3AIMIIIEHHOCTh KOHCTPYKIIHHA, HeA(P(PEKTUBHOCTh BEHTUIIATOPOB, OIINOKU
pacdera BO3yXOBOJIOB.

KoppekTHblii pacder [gaHHOrO THUMA OOOPYIOBaHHMSA MOXET CYIIECTBEHHO CHU3UTh
(GYHKIIMOHATIBHBIE IIYMBI BO3YXOBOAHOW ceTH. ClleyeT yUYUThIBATh, YTO KPBIIIHbIE YCTAHOBKU
3a4acTyl0 MOHTHPYIOTCS Ha JIETKUX HEPEKPHITHIX, B KOTOPHIX IPOAEIBIBAIOTCS IIUPOKHE
IPOEMBI JJIsl OpPTraHMU3allMK CETH NMOJAa4YM W OTBOJA BO3AyXa. [locpencTBOM 3THX BO3IyXOBOJOB
KPBIIIHAS CTAHLUS BO3AYXONOATOTOBKM HAMNPSAMYIO COCOUHSIETCS C KOHIUIIMOHHPYEMBIMHU
noMenieHussMu. Hepenko HUKakuX CHEHMATbHBIX MEPONPUATHH MO 3BYKOM3OSIHMU |
BUOpO3aIUTE HE POBOJUTCS BOOOIIIE.

Jla m mpocTpaHCTBa AJsl TaKUX MaTepuanoB He ocTasisercs. [Ipu pabore ¢ ycraHOBKaMH
KPBIIIHOTO TUIA TJIABHOE W OCHOBHOE IPABHJIO: CTAHIMIO PACHONAraloT Ha ydyacTKe, TJie
aKyCTHMYECKOE BO3CHCTBHE HA HIDKHHE IIOMEUICHUS HE SBIISCTCS KPUTHYHBIM: CKJIAJICKUE
MOMEIICHUS, KOPHIOPBL,CaHY3JIbl, JIIOOBIE 30HBI, TJI€ HET IOCTOSHHBIX TOCETUTENEH.

Hlymbl, wW3Ty4aeMble CTaHUUSMH BO3IyXONOATOTOBKH KpPBIIIHOTO THIA, Kak IPaBHIIO,
pacIpoCTpaHAIOTCS IO CIASAYIOIINM HalpaBJIeHUM (puc. 4):

Beiny ckHobt Mopatoussi

BeHTMRATOP BEHTUNATOP Kownpercarop
Oreopawpit Moaarouyii Hanpasnenue pacnpoctparenua
BO3AYX0BOA BO3AyX0BOA T LWy MQ, 3Ty YOEMOTO WKapom
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PI/ICYHOK 5.4. PaCHPOCTpaHCHI/Ie myma, MH3JIydaeMoro arperatamMm BO3AYXOIIOATOTOBKU
KPBIOIHOT'O THUIIA

I. Ilo BO3ayXy OT HWXKHEH 4YacTH YCTpPOWCTBA KOHJMIIMOHMPOBAaHHS B HAIPABICHUH
o0CITy’)KMBaeMbIX TOMeIlIeHnd. Takue IIyMbl, T€HEepUpyeMble pa3IMYHBIMH KOMIIOHEHTaMHU
BHYTpHU IIKada arperara BO3JyXOIOATOTOBKH, Ye€pe3 CTEHbI UJYT B TOMENIEHHE CHU3Y, Kak
[IPaBUJIO, HEIMOCPEACTBEHHO 4Yepe3 MOJAKIUKA UM OTBOMAIIMK BO3AYXOBOABL. IlosTOomy
PEKOMEHIyeTCsl IPOEMBI JIJIsl HUX yCTpauBaTh Ha JOCTATOYHOM PACCTOSHUU OT 0OCTYKUBAEMBIX
MIOMEIICHUHN U I0CIE MPOKIAAKUA KOHCTPYKTUBHBIX DJIEMEHTOB Ul TPAHCIIOPTUPOBKH BO31yXa
TIIATENBHO 33I€bIBaTh UX W30JUPYIOIIUM COCTaBOM. JlJI CHUKEHUS 1IyMa, ITepeaaBaeMoro 1o
BO3JlyXY, PEKOMEHYETCSl CaMy KpBIIIHYIO YCTaHOBKY IIOJrOTOBKH BO3/yXa TaK:K€ MOHTHUPOBATh
Ha HEKOTOPOW BBICOTE OT CEYEHHUU BO3yXOBOJOB B KPBIIIHOM ITepeKpbITHH. Kpome TOro, onsrh-
TaKd JJIsl CHWKEHHS YpPOBHEH IIlyMa B CETH HEOOXOIMMO JOJDKHBIM 00pa3oM H30JMpPOBATh
MIPSIMOJIMHEMHBIE YYaCTKU BO3/1yXOBOJOB, ITAPAJLIEIbHBIE IEPEKPBITHIO.

2. Yepes cTpyKTypy 3/1aHus. Bubpanuu renepupyrorcst OTAeIbHbIMA KOMIIOHEHTAaMU arperaTos
BO3/IYXOIMOATOTOBKH. Takue KOMIOHEHThl PEKOMEHIYETCs  TIIATEeIbHO  HM30JIMPOBAThH



BI/I6pOHOI‘JIOIJ_[aIOH_II/IMI/I MaTcpuraiaMu.

3. Uepes nonatomue Bo3ayxoBobsl. LIymel 31ech reHepupyroTcs TypOyJIeHTHOCTBIO, Yallle BCEro
Ha YYacTKe Yy MPUTOYHOIO IHarpyOka BEHTWIATOpa, a TaKXkKe Yy IepBOro I[OBOpOTa
BO3/yX0B0OJa.0TO, KakK IpPaBWJIO, HU3KOYACTOTHBIE TI'POXOYYLIUE IIYyMbl, U HPUIIYLIUTh HX
JIOBOJIBHO ~ 3aTPyAHU-TEIbHO. MOMKHO  PEKOMEHJ0BAaTh  IMPOKJIAAKY BO31yXOBOJa B
BEHTUWISILIMOHHOM KOpOO€E C MOAXOAAIMMYI aKyCTUYECKUMU MapaMeTPaMHu.

4. Yepes BBITSHKHBIE BO3/1yXOBOABI. [[7151 yMEHBIIIEHHSI LIyMa MOKHO pa3/IeIUTh TaKON BO3/Y-
XOBOJI Ha HECKOJIBKO KaHAJIOB, KX/IbIi U3 KOTOPBIX CJIEAYET TIIATEIbHO U30IMPOBATh 3BYKOIIO-
[JIOIIAIOIIMM MaTepuaaoM (MUHUMaIbHAs TOJILIMHA cJ0si 25 MM), a TaKKe YCTaHOBUTH
[IIYLIUTEIN JU00 UCIIOIB30BATh 3BYKOINOTJIOLIAI0NINE KOPOOa.



