OCHOBHBIE IIOHATHUA U ONPEAEJEHUSA AKYCTUKH

[Iymom siBiisieTCsl BCAKUI HEXKeNaTeNbHbIN AJI1 YyeJoBeKa 3ByK. B kauecTBe 3ByKa Mbl
BOCIIPUHUMAEM YIpPYyrue KosieOaHus, paclpOCTPaHSIONIMECS BOJHOOOPa3HO B TBEPIOH,
KUAKOM WM ra3000pa3HOi cpee. 3BYKOBbIE BOJHBI BO3HUKAIOT NPHU HAPYIICHUH
CTal[MOHAPHOTO COCTOSIHMSI CpEIbl BCIEJCTBUE BO3JIEUCTBHS HAa HEE KaKOM-nubo
BO3MYyLIAtOUIeH cuiibl. YacTUllbl Cpelibl MPU 3TOM HAUYMHAIOT KOJIEOATHCS OTHOCUTEIBHO
MIOJIOKCHUST PAaBHOBECHS, MPUYEM CKOPOCTh TaKMX KojeOaHui (kKosiebaTesbHas CKOPOCTh
V) 3HAYUTEIFHO MEHBIIIE CKOPOCTH PACIIPOCTPAHEHUS BOJIHBI (CKOPOCTH 3BYKA C).

B razoo06pasHoii cpesie CKOpOCTh 3ByKa!
c=\XPIp, (1)
rje y — rnokasaTeinb aauabatsl (s Bo3ayxa y =1,41); Pu p — naBineHue u MIOTHOCTD
rasa.

[Tpu HOopMmanbHBIX atMochepHbIX yeaousax (T=293K u P=1034rIla) ckopocTh 3ByKa ¢
B BO31yxe paBHa 344 m/c.

3ByKOBOE TM0OJi€ — 3TO 00JacThb MNPOCTPAHCTBA, B KOTOPOW PaCHpOCTPAHSIOTCA
3BYKOBBIE BOJIHBI. B KaxJ10il TOUKE 3BYKOBOTO MOJS JABJIECHUE U CKOPOCTH JIBHXKCHMS
YaCTHI] BO3JyXa HM3MEHSIOTCS BO BpeMeHHU. Pa3HOCTh MEXIy MTHOBEHHBIM 3HAYCHHEM
MOJTHOTO JAaBJICHUS W CPEAWHBI JABICHHEM, KOTOpPOE HAOJIOMAaeTCsl B HEBO3MYIIEHHOM
cperne, Ha3bpIBaeTCs 3BYKOBBIM JaBieHUEM p. EquHuIia usMepeHus 3ByKOBOTO JaBICHUS —
ITa.

Ha cnyx neiicTByeT cpenHui KBaapar 3ByKOBOTO JaBIICHUS

. 1T0 )
p*=— j p(t)dt (2)

I7ie 4epTa 03HavyaeT OCPETHEHUE BO BPEMEHU, KOTOPOE B OpraHe cliyXa 4yejioBeKa
npoucxoaut 3a Tp=30+100mc.

B 1mtockol 3ByKOBOM BOJIHE, T. €. TAKOM, B KOTOPOU IMOBEPXHOCTh, MPOXOAsIasl Yepes3
TOYKH C OJUHAKOBOW (ha3oil KoJeOaHui, SBISETCS IUIOCKOCTBIO, MEPHEHAUKYISPHON
HAIpPaBJICHUIO PACIPOCTPAHEHUs KOJICOAHWs, OTHOIICHWE 3BYKOBOTO JIaBIICHUS K
KOJICOATEeTIbHON CKOPOCTH HE 3aBUCHT OT aMIUIMTYAbl kKoneOanwii. Ono paBHO ([Ta-c/m)
p/v=pec, TAE pc — YyAETbHOE aKyCTUYECKOE COMPOTUBICHUE CPEIbl, KOTOPOE s
BO3/yxa, Harpumep, paBao 4101I1a c/m, ais Boasl 1,5 10° . st cramm 4,810 a-c/wm.

JIroboli 3ByK, Kak (hU3WUYECKOE SBJICHUE, MPEJICTABISET COOOM pacIpoCTpaHsIoIeecs
MEXaHUYECKOE KoJieOaTelbHOE [BIIKCHHE YacTH YINPyrow cpeasl (rasa, >KHIKOCTH,
TBEPAOr0 Tejla) ¢ MaJbIMH aMIUIUTyAaMd. VICTOYHHKOM €ro sBisgeTcs Jio0oe
KOJIeOTroIeecss TelOo, BBIBEJIGHHOE M3 YCTOMYHMBOIO COCTOSIHHS KaKOW-THMOO BHEITHEH
cuioil. HemocpeacTBEHHO TPUMBIKAIONIME K HUCTOYHUKY KoieOaHUsT YaCTHIIBI
BOBJICKAIOTCS B KOJICOATENbHBIM TPOIECC M CMEIIAIOTCS OKOJO CBOETO TIOJIOKECHHS
paBHOBECHUS, TIEPEXOJII B COCTOSHUE MEPUOJUYECKOTO CTYIIEHUS U Pa3psHKEHUS. DTOT
MPOIIECC B CUJIY YNPYTOCTH CPEIbl PACIPOCTPAHSETCS TIOCIEAOBATEIIbHO HAa CMEKHBIE
YaCTHUIIBI B BUJI€ BOJHBEI C JJTMHOIA:

A=clf =T, (3)

e A — JUTHHA BOJIHEL,

C —CKOPOCTb 3BYKa B CpE/IE;

f — yacrora Konebanmii;



T — mepuon konebaHmii.

J171s1 3ByKOBOM BOJIHBI B BO3/1yX€ JUIMHA BOJIHBI OyET paBHa:
ITpu wactote 201" —17M™;
ITpu wactore 10000y — 0,3444;
ITpu gactoTe 20 00Q 11 -0,01 Ar.

[Ipu pacnpocTpaHEeHUH 3BYKOBOMU BOJIHBI TTPOUCXOJUT MEPEHOC DHEPTUU B
POCTPAHCTBE, HA3bIBAEMOM 3BYKOBBIM MojieM. O0Iee KOJIUYECTBO SHEPruu, KOTOPOe
HCTOYHUK 3ByKa H3JIy4aeT B OKPYXKAIIEEe MPOCTPAHCTBO, HA3BIBAECTCA  3BYKOBOU
MorHOCThI0 mcTrounuka (W). PeasibHbIe  3BYKOBBIE MOITHOCTH HMCTOYHHUKOB 3BYKA,
XapaKTePU3YyIOT CISAYIONUE MPUOIM3UTEIbHBIC TUGPHI (PeUb HIET O MOPSIKE BETUIHH):
menor — 10° Br;
0ObIuHbIit pasrosop — 10° Br;
kpuk — 10° Br;

IerHas nujia no jaepey — 1 BT;

oosnbiioi opkectp — 10BT;

TypOOpEaKTUBHBIN CaMOJICTHBIN JIBUTaTENb — 10 Br;
CTApTOBBIN JABUTATENIb MOUIHOW KOCMHUYECKON PAKEThI — 10 Br.



BO3JIEVICTBUE IIITYMA HA OPTAHW3M UEJIOBEKA

OO0nacTh CIBIIIMMBIX 3BYKOB OTrPAaHUYUBACTCS HE TOJBKO OIPEACICHHBIMU
gacroramu (20—20000 '), HO W OmNpeneneHHBIMU TPEACTbHBIMA 3HAYCHUSIMU
3BYKOBBIX JaBJIeHHI U WX ypoBHeW. Ha puc. 48 3Tu npezenbHble 3HAaU€HUS YpOBHEH
3BYKOBOTO JaBJICHUS M300paKCHBI ABYMsI KpUBBIMH. HIDKHSISI KprBasi COOTBETCTBYET
nopoey (Hauany) civiuumocmu, YMECTHO HATOMHUTB» YTO JIorapudMudeckas mKana
YpOBHEH 3BYKOBOTO JaBJICHHS IMOCTPOEHA TaKUM 00pa3oM, 4TO TOPOTOBOE 3HAYCHHE
3BYKOBOTO JaBiieHusi P, cooTBeTcTBYyeT nopory cisimumoctd (L=0 nb) Toipko Ha
gactote 1000 'y, mpuHATON B KadecTBE CTaHJAPTHOM 4YacTOThl CPaBHEHHUS B
akyctuke. [lopor CHBIIIMMOCTH pas3Iu4eH Jii 3BYKOB pa3HOW dYacToThl. Ecnmu B
nuamna3zone yactoT 800— 4000’y BenuyrHaA MOpora CIBIIIMMOCTY MUHUMAJIbHA, TO
10 Mepe yJAICHHS OT 3TOK 00JacTH BBEPX M BHU3 M0 YACTOTHOM IIIKaJie ero BeITNYnHA
pactet, 0COOCHHO 3aMETHO YBEJIMUYEHHE MOpOora CIBIIIUMOCTA Ha HU3KUX YacTOTax.
[To »TOif mpuuMHE BBHICOKOYACTOTHBHIE 3BYKH 0OJIee HETPHUSATHHI JJIS YeJIOBEKa, YeM
HU3KOYaCTOTHBIC (IIPU OJIMHAKOBBIX YPOBHSIX 3BYKOBOTO JIABJICHHSI).

Bepxwsis kpuBas Ha puc.48 cOOTBETCTBYET nopoey 6oneBoro owgywenus (L= 120-T-
130 1b). 3BykH, IpEBHIIAIONIHNE IT0 CBOEMY YPOBHIO 3TOT IIOPOT, MOTYT BBI3BaTh OOJIb
Y TIOBPEKJICHUS B CITyXOBOM ammapare.

OO6sacTh Ha YaCTOTHOM IIKaje, JeKallas MEXIy STHUMH KPUBBIMH, HA3bIBACTCS
001aCMbIO CYX08020 80CHPUNUSL.

B 3aBucumocTH OT ypoBHS M XapakTepa IIyMa, ero MpPOJI0JDKUTEIBHOCTH, & TaKKe
OT WHIWBHUIyaJIbHBIX OCOOCHHOCTEW YeJOBEKa IIyM MOJXKET OKa3blBaTh Ha HETO
pa3iInYHOe JICHCTBUE.

[Iym, nake koraa oH HeBesuk (pu ypoBae 50— 6016 A), co3maeT 3HaYUTEIbHYIO
Harpy3Ky Ha HEPBHYIO CHCTEMY 4YeJIOBEKa, OKa3biBasi Ha HEro ICHUXOJOTHYEeCKOe
BO3JEHCTBHE. OTO OCOOCHHO HAOMIONAETCS y JIIOACH, 3aHATBIX YMCTBEHHOMN
nesTenbHOCThI0. Caalblil IyM pa3nuyHO BiuseT Ha moael. [IpuunHoil 3Toro Moryr
OBITH. BO3pPACT, COCTOSTHUE 3/I0POBBS, BUJ TPY/a, (PU3MUECKOE U IYIIEBHOE COCTOSHUE
YeJIOBEKa B MOMEHT JACHCTBUS mIymMa U npyrue gaxktopsl. CTeneHb BpETHOCTH KaKOTo-
Tr00 IIymMa 3aBUCUT TAKXKE OT TOTO, HACKOJIBKO OH OTJIMYAETCS OT MPUBBIYHOTO ITyMa.
HemnpusitHoe Bo3melicTBHE IITyMa 3aBECUT M OT WHANBUYAIbHOTO OTHOIICHUS K HEMY.
Tak, 1mym, MpOW3BOIMMEBIN CaMUM YEJIOBEKOM, HE OECIOKOWT €ro, B TO BpeMs Kak
HEOOJIBIIION MOCTOPOHHUHN IITYM MOJKET BBI3BaTh CHIIBHBIN pa3apaxaronuii 3hdexT.

W3BeCcTHO, 4TO PsIi TAKMX CEPHE3HBIX KaK THIEPTOHWYECKAs W SI3BEHHAas OOJIC3HH,
HEBPO3bI, B CIIy9aeB KEITYJAOYHO-KUIIEYHBIE U KOKHBIE CBSI3aHBI C MEepPEHANPIKEHUEM
HEPBHOW CHCTEMEI B Ipoliecce Tpyaa M oTabixa. OTCyTCTBHE HEOOXOAMMOMN THUIITHHBI,
0COOCHHO B HOYHOE BpeMs, NMPUBOJIUT K MPEKIACBPEMEHHON yCTaJOCTH, a 4acTO U K
3aboseBaHusIM. B 3TOM CBsA3M HeoOxoauMo OoTMeTuTh, uTto myM B 30—401b A B
HOYHOE MOXKET SBUTHCS CEPhEe3HBIM OecmokosmuM ¢aktopoM. C yBelmnueHUEM
ypoBaHet a0 70 nb A w® BbIIIE IIyM MOXET OKa3blBaTh OMPEICICHHOE
(M3HOIOTUYECKOE BO3JEHCTBUE HA YEJIOBEKA, MPUBOAS K BUANMBIM HW3MCHCHHSIM B
€ro OpraHu3Mme.

[Tox BozmeiictBuem 1yma, mnpeBbimaromero 85-90 nba, B mepByro ouepenb
CHUKAETCS CIIyXOBasi YyBCTBUTEILHOCTh HA BHICOKUX YaCTOTaX.



CuUNbHBIN ITyM BPETHO OTPAXKAETCS HA 3I0POBhE W PabOTOCIIOCOOHOCTH JIFOJIEH.
Yenosek, paboTas mpH mIyme, MPUBBIKAET K HEMY, HO MPOJOJIKUTEIbHOE NEHCTBUE
IIIyMa BBI3bIBAET 00II€€ YTOMJIEHUE, MOXKET MPUBECTU K YXYIUICHUIO CiIyXa, a UHOI/1a
u K riyxore. Hapymaercst mpoliecc nuiieBapeHus, IpOUCXoaaT HU3MEHEeHHEe 00beMa
BHYTPEHHHUX OPTaHOB.

Bo3zaeiicTByst Ha KOpy TOJIOBHOTO MO3ra, IyM OKa3bIBaET pa3apakaroliee 1eiCTBHe,
YCKOPSIET TPOLECC YTOMIICHHUSI, OCHa0JiieT BHUMAHUE U 3aMeIsieT TCUXHYECKHE
peakuuu. [lo >TUM HpUYMHAM CHIIBHBIM IIYM B YCIOBUSAX MPOU3BOJICTBA MOXKET
CIIOCOOCTBOBAaTh BO3HMKHOBEHUIO TpaBMAaTHM3Ma, TaK Kak Ha (OHE 3TOro IIyma He
CJIBIIIIHO CUTHAJIOB TPAHCIIOPTA, aBTOMOTPY3YHKOB U JPYTHX MAIIIKH.

OTH BpeIHBIE MTOCIEACTBUS IIIyMa BBIPAXKEHBI TEM OOJIbIIIE, YEM CUIIbHEE IIIYM U YeM
MPOAOKUTETbHEE €T0 JEHCTBHE.

Takum 00pa3oM, HIyM BBI3BIBAET HEXKENATEIbHYIO DPEAKIMI0 BCETr0 OpraHu3Ma
yenoBeka. llaTojormueckre W3MEHEHHs, BO3HUKIIKE TOJ BIMSHHEM LIyMa,
paccMaTpuBalOT KaK IIyMOBYIO OOJIE3Hb.

3ByKOBbIE KOJIEOAHUST MOTYT BOCHPUHHMMAThCS HE TOJBKO YXOM, HO U
HETOCPEJCTBEHHO Yepe3 KOCTU 4epena (Tak Ha3biBaeMas KOCTHAs MPOBOIMMOCTB).
YpoBeHnp 1miyma, mnepegaBaemoro 3TuM nyteMm, Ha 20—30 nb wmensbie ypoBHH,
BOCIIPUHUMAEMOTO yXoM. Eciu mpu HEBBICOKHUX YPOBHSIX Mepejaya 3a cueT KOCTHOU
IPOBOJUMOCTH MaJla, TO NPHU BBICOKMX YPOBHSX OHA 3HAYMTENILHO BO3pacTaeT u
ycyryOsieT BpeJHOe JeHCTBUE Ha YEIOBEKa.

[lpu neiicTBuM TIrymMa O4YeHb BBHICOKHX ypoBHeH (Oosiee 145 nb) Bo3MOXeH pa3pbhiB
0apabaHHOM TEPETOHKHU.

Ayouomempueri Ha3bIBa€TCsl HCHBITAHUE CIIyXa, KOTOPOE TMO3BOJSET YCTAaHOBUTH
OTKJIOHEHHE CJyXa 4dejoBeka OT HopMmbl. Mx mpoBoasat B coorBerctBuM ¢ ['OCT
12.4.062—78 CCBT «MeToapl ompeAeneHnusl MOTeph Ciyxa» [Js OMpeeieHUs
MPUTOTHOCTH YEJIOBEKAa K KOHKPETHOM Mpodeccur U OLIEHKH Pe3yJbTaTOB IIYMOBOIO
BozaeiicTBus. CocTosiHME CciayXa OINpeAensieTcss ¢ MOMOLIBI0  ayAHOMETpa.
WcnbiTyemblid, HaxolsiChb B THUXOM I[IOMENICHUHM, Yepe3 HAYUIHUKU CIyIIaeT
M0/IaBa€Mbl€ UYMCThIE TOHA pPa3HOW MHTEHCHUBHOCTH, a MO IMOKa3aHUAM MOpUOOpPOB
OTMEYaeTCs HaWMEHbIas WHTEHCUBHOCTh, IMPU KOTOPOW TMOJBOJUMBIA TOH €/1Ba
paznuyaeTcss yxoM. Pe3ynbTarhl Takux UW3MepeHud wu3o0paxaroT Ha Tpaduke,

Ha3bIBACMOM ayzmorpaMMoﬁ, KOJIMYCCTBCHHO OIIpCACIIAIOIIEM IMOTEPIO
YYBCTBUTCIIbBHOCTH CJIyXa JaHHOI'O YCJIOBCKAa I10 OTHOHICHHIO K HOpM&J’IBHOﬁ
9YBCTBUTCIIbHOCTH.

IIpy HOpMHMpOBaHMM IIyMa MWCHOJIB3YIOT JBAa METOJA. HOPMHPOBAHUE IIO
IIPEAEIbHOMY CIEKTPY IIyMa; HOPMUPOBAHUE YPOBHS 3ByKa B 1DA.



OCHOBHBIE TAPAMETPBI HTYMA

Bompoce! 60pb0bI ¢ IITyMOM B HACTOSIIIEE BPEMSI HIMEIOT OOJIBIIIOE 3HAUCHHE BO BCEX
00JIaCTSX TEXHUKH, 0COOEHHO B MAIIIMHOCTPOCHHUH, Ha TPAHCIIOPTE, B SHEPTETUKE.

[IIym Ha TPOM3BOACTBE HAHOCUT OOJIBIION yIepO, BPEIHO JACHCTBYS HAa OPraHU3M
4eJI0BEKa U CHIKAs IPOM3BOAMTEIBHOCT TPYy/ia. Y TOMJICHHE PabOUYKX U OIMEepPaTopoB
M3-3a CHJIBHOTO IIIyMa YBEJIHYHBACT YKCJIO OMIMOOK MpHU paboTe, CHOCOOCTBYET
BO3HUKHOBEHHIO TpaBM. Hepenko W B OBITY 4YeJOBEK IOABEPracTCs BO3ACHCTBHIO
IIyMa HEeJOIMyCTUMO BBICOKHX ypoBHEH. [ToaToMy 60pbda ¢ IyMOM SIBJISIETCSI BaKHOM
HAPOJHOXO3SIMCTBEHHOM 3a/1a4€i.

YacTo BO3HHKACT HEOOXOAUMOCTD 3aIIUTHI HE TOJBKO OT IfyMa, HO U OT uH(pa- u
yIbTPa3BYKa.

[IprMeHHUTEIBHO K OLIEHKE IIyMa B KaKOH-THOO TOYKE 3BYKOBOT'O MMOJIs (Hampumep,
Ha paboyeM MecTe B [IeXe) MHTEepeC MPEACTaBISACT He 00Masi aKyCTUYeCKask MOIHOCTb
UCTOYHHMKA IIyMa, a JIMIIb Ta €ro 4acTh, KOTOpas IOCTUTAeT 3TOH ToukHu(pabouero
Mmecrta). YacTh OOIIEH MOIIHOCTH HCTOYHHKA IIyMa, MPUXOASAIIAsICS Ha CIMHUILY
TUTOIIA M, MTPOXOIAIICH Yepe3 3aaHHyI0 TOYKY 3BYKOBOTO IOJISI M PACIOIOKECHHBIN
MEePIEHIUKYJIAPHO  PACIPOCTPAHCHHUIO 3BYKOBOH  BOJIHBI,  Ha3bIBaeTCS
MHTCHCHBHOCTBIO 3ByKa B JaHHOM Touke | (Bt/MY):

| =p®/ple (4)

BenuunHbl 3ByKOBOTO JaBJICHHUSI 1 MHTEHCUBHOCTH 3BYKa, C KOTOPBIMH MPUXOUTCS
UMETH JIeJI0 B MPaKTUKe OOpHOBI C IIyMOM, MOTYT MEHSTHCS B IIMPOKUX Mpeaenax: mo
nasnenmio 10 10 pas, mo unrencusroctr 10 10 pas. EcTecTBeHHO, 4TO OMEPUPOBATH
TaKUMHU [U(PpaMu T0BOJIbHO HeynoO0Ho. Hambonee sxe BaxkHO TO 00CTOSITENHCTBO, UTO
yXO 4YeJI0BeKa CIIOCOOHO pearupoBaTh HA OTHOCUTEIILHOE U3MEHEHNUE HHTEHCUBHOCTH,
a He Ha abcomroTHOoe. OLIyIIeHHUs YeNOoBeKa, BOZHHMKAIOIIME IPU Pa3IUYHOTO poja
pa3fApakeHusIX, B YaCTHOCTU MPHU LIyME, MPOMOPLUUOHATBHBI JIorapu(My KOIUYECTBa
sHepruu pazapaxutens. [loaTomy OblTM BBeneHBI JorapupMUUECKue BEIUYHHBI —
YPOBHHU 3BYKOBOTO JaBJICHUS] U UHTEHCUBHOCTH.

YpoBeHb HHTEHCUBHOCTH 3ByKa (nb) ompenenstot mo hopmyore:

L=10lg1 /1o, (5)

r/e o — HHTEHCHBHOCTB 3ByKa, COOTBETCTBYFOMIAs TOpory cibimmmocth (Ig=10"
Bt/m°) Ha wactore 100011, Benunna ypoBHs 3ByKOBOro gapieHust (1b):
L =10Ilg p*/ p?0=20 Igp/p (6)

r1e Po — IMOPOrOBOE 3BYKOBOE JaBJICHUE, BHIOPAHHOE TaKMM 00pa3oM, 4TOOBI IpH
HOPMAaJIbHBIX aTMOC()EPHBIX YCIOBHAX YPOBHH 3BYKOBOTO JIABJICHHS OBIIIM PABHBI
YPOBHSIM HHTEHCUBHOCTH, T. €, Pg=2-10" Ila na uactote 1000I'; p —
CpEeIHEKBaIpaTHyHas BeIMUMHA 3BYKOBOTO JaBiieHHs. [loporoBas MHTEHCHBHOCTh
3yKa (Bt/M°)
lo= pZe/ PoCo, (7)

raAc pPoCo— IJIOTHOCTb U CKOPOCTH 3BYKa IIPHU HOPMAJIbHBIX aTMOC(I)CpHBIX
YCIIOBHAX.



Benmnunny ypoBHST WHTEHCHBHOCTH TPUMEHSIOT TIPU TOJMYYEHUU (PopMyl
aKyCTHYECKUX PAcUeTOB, a YPOBHS 3BYKOBOTO JABICHUS — I U3MEPEHUS ITymMa U
OIICHKHM €Tr0 BO3JICHCTBHUS Ha YEJIOBEKAa, MOCKOJBKY OpPTaH cliyXa YyBCTBHTEICH HE K
WHTCHCUBHOCTH, a K CpEIHEKBaApaTHUYHOMY JaBieHHI0. CBSI3b MEXIy YPOBHEM
WHTCHCUBHOCTH U YPOBHEM 3BYKOBOTO JABJICHHSI TIOJYYHM, pa3aeiuB BoipakeHue (9)
Ha Beipakenue (10)u nponorapudmMupoBas

L =L +Ig 0./ pC (8)

[lpu HOpManbHBIX aTMocdepHbIx ycioBusx Li = L. Ymenbpmenne nryma 4L
OTIPEIETISIOT TAaKXKE B Jlennoenax:

AL = Li1-L,= 2019 pi/po-201g po/pe=201g pi/po=10 Ig 14/l 9)

Hampumep, ecnu nurym arperata cHu3uTh 1o uHTeHcuBHOCTH B 1000pas3, To ypoBeHb
uHTeHCHBHOCTHU Oyaet ymenbieH Ha 30 ab, T. e. 4L=10 g 1000=301b.

B ToM ciywae, korga B pacyeTHYX0 TOUYKY NONAAAET IIyM OT HECKOJIbKHUX
MCTOYHUKOB, CKJIAJIBIBAIOT UX MHTEHCUBHOCTH, HO HE ypoBHH. IIpu 3TOM cumTaercs,
YTO MCTOYHHUKM HEKOTEPEHTHBI, T. €. CO3JAaBAEMbl€ WMHU JAaBICHUS HUMEIOT
POU3BOJIbHBIE (Da3bl

=1 1+|2+|3 ---+|n

Vckomblii ypOBEHb HHTCHCUBHOCTH (1b) Tpy 0JTHOBPEMEHHOM paboTe 3THX
MCTOYHUKOB MOJIYYUM, pa3/IeUB JIEBYIO U IIPaBYIO YACTU JJAHHOTO BBIPAKEHUS Ha lg 1
nposorapuMupoBas:

10|g |/|0:10|g (|1/|0+ |2/|0+ |n/|0) (10)
niim

L =101g(10->* 4102+ 100 | (11)
rne L; Ly ..., Ly — ypoBHU 3BYKOBOrO NaBJICHUS WM YPOBHU HHTEHCUBHOCTH,

Co3JaBa€MbIC KaKAbIM MCTOYHHMKOM (I/IJII/I rapMOHHUYCCKUMHU COCTABJIAIOIIMMH OJAHOI'O
H TOTO K€ I/ICTO‘IHI/IKa) B pvaCTHOﬁ TOYKCE.

PaccMoTpeHHBIE  OCOOEHHOCTM CYMMHPOBAHMsI YpPOBHEH HUMEIOT  OO0JbIIOE
NPaKTHYECKOEe 3HaYCHHE TSl MIyMoriayiieHus. Tak, mpu 60JIbIIOM YHCIe OJUHAKOBBIX
UCTOYHUKOB TJYIIEHUE JIMIIb HECKOJbKMX U3 HUX TMPAKTUYECKH HE Ociaadut
cymmMmapHblii myMm. Eciam ke Ha pabodee MecTO MOMAnaeT IIyM OT pa3HbIX IO
UHTCHCUBHOCTU HCTOYHMKOB, TO CHHXaThb HEOOXOAMMO CHayajga IIyM oOT Ooiee
MOIIHBIX HCTOYHUKOB.

Ecnu nMeeTcs n OQMHAKOBBIX MCTOYHHMKOB IIyMa C YPOBHEM 3BYKOBOT'O JABJICHMS

Li, co3maBaeMbIM KaxJIbIM HCTOYHHKOM, TO CyMMapHbIi myM (1b):
L=L;+101Ign (12)

N3 sToit hopMynbl BUIHO, YTO JBA OJMHAKOBBIX MCTOYHHMKA COBMECTHO CO3/1aayT
ypoBeHb ~ Ha 3 1b OOJbIINiA, YeM KaXKblil UCTOYHUK. B ToM ciydae, eciii HCTOUHUKHU
IIymMa HEOJMHAKOBBI, TO MOKHO BOCIIOJIb30BaThCs Ta0. 1.

Onpenesienne cpeHero 3HaYeHHs1 YPOBHell 3ByKa
(oKTaBHBIX YPOBHeEH 3BYKOBOTO 1aBJI€HHS)



CpenHee 3HaueHUE ypOBHEH 3ByKa (OKTaBHBIX YpOBHEH 3BYKOBOTO JaBJICHHSA), L,
BBIYUCIIACTCS 10 (hopmyie

L. =10lg $10°% —10ign, (13)
i=1

rae Li - 1-if u3 ycpenHeHHBIX ypoBHeil 3Byka, 1BA (OKTaBHEIX ypOBHEH 3BYKOBOTO
nasjienus, n1b); 1=1,2 N ;
0 0L . o
10'9.2110 b CyMMapHBIi YpOBEeHb 3ByKa, NBA (OKTaBHBI YPOBEHb 3BYKOBOTO
1=
naByeHus, 1b), onpenesieMbpIi py oMoIu Tadur. 1.
Tabmuma 1

CymMmapHbIii ypoBeHb 3ByKa, 1bA (1b)

Pa3nocTh
MBYX

ckmageiBae (0 |1 (2 (3145 |6 |7 |8 |9 |10 |15 |20
MBIX

YPOBHEMN
JloOaBKa Kk
0osee

BBEICOKOMY
YPOBHIO 312,12, |1, |2, (1,2(2,0/0,8|060,5/0,4 [0,2 | O
0([5/0[8]|5

CrnoxeHne ypoBHEH 3ByKa (OKTaBHBIX YPOBHEH 3BYKOBOTO JABJICHHS) IPH TTOMOIIN
Tabsu. 1 mpou3BOIAT MOCIENOBATENbHO, HAUYWHAS C MAKCMMAJIbHOTO, B CIEIYIOIIEM
MTOPSAIKE:

1. BeruucIIrOT pa3HOCTh JBYX CKJIA/IBIBAEMBIX YPOBHEM.

2. OnpenensioT 100aBKy K 0osiee BBICOKOMY U3 JIBYX CKJIaJbIBAEMBIX YPOBHEH IO
TabJ1. 1 B 3aBUCUMOCTH OT MOJTYYEHHOU Pa3HOCTU ITHX YPOBHEH.

3. TlpousBomAT clOXKEHHE TOJYy4YeHHOW 1M00aBKM M 0Oo0jee BBICOKOTO M3 JIBYX
CKJIaJIbIBAEMBIX YPOBHEM.

4. AnanoruyHble NEUCTBUS MPOU3BOAAT C IMOJYYEHHOW CYMMOM JIBYX YpPOBHEH U
TPETbUM YPOBHEM U T.J.

Ecnu pazHoCTh MeXly HauOOJBIIMM UM HaUMEHBIIMM YPOBHSMH HE MpPEBbIIAET /
n1b (nbA), To cpenHee 3HaueHHWE YPOBHEW L., ONpEACIAIOT Kak CpeaHee

apudmeTryeckoe 3HaUCHUE BCEX YPOBHEH, BBIUUCIIAEMOE 110 (hopMyIie

L=1s1L, (14)
Ni=1

C momorpio Tabi.1 MOXKHO paccuMTaTh CyMMapHbIN IIIyM B 3aBUCMMOCTH OT YHCIIa
VCTOYHHUKOB M YPOBHS 3BYKOBOI'O JIABJICHHUS.

B TowMm, ciyuae, ecinu ypoBEHb 3BYKOBOI'O JIaBJIEHUS OAHOIO MCTO4YHMKa paBeH 80
b, TO U3BMEHEHNE CYMMapHOro uyMa OyJeT paBHO:
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n=2 1L,=83
n=3 L,=84,8
n=4 |L,=86
n=5 |L,=87
n=6 L,=87,8
n=7 L,=88,4
n=9 L,=89
n=10 L,= 89,5
n=11 L, =90

W3 moirydeHHBIX pacueTOB CTAHOBHUTCS OUYEBUAHO, MOYEMY NIpPU OOJBIIOM YHCIIE
OJIMHAKOBBIX UCTOYHHUKOB TIIYIIEHUE JIUIIb HECKOJIBKUX U3 HUX MPAKTUIECKU HE OCIIa-
OUT CyMMAapHBIH LIyM.

JIro0yr0 3aBHCUMOCTh KaKOW-THOO BEJIWYHHBI (HAIPHMEp, 3BYKOBOTO JIABJICHHUS) OT
BPEMEHU MOXXHO MPEJICTABUTh B BUJE CyMMbI KOHEUHOTO MM OSCKOHEYHOTO YKciia
CUHYCOMIAJBLHBIX KOJIeOaHUH 3TOH BenmmuuHb (cM. Ti1. 4). Kaxmoe Takoe kosiebaHue
XapaKTepU3yeTCs CBOMM CPEAHEKBAAPATUIHBIM 3HAYCHUEM (U3MUECKON BETUYHHBI U
yacrotoi f, T. €. ynciiom konebanmii B cekyuay (I'm).

YX0 dYemoBeKa MOMKET BOCTPUHUMATh KakK CIBIIIUMBIE TOJIBKO T€ KOJeOaHus,
4acTOThl KOTOphIX HaxojsaTcs B mpeaenax 20 'm —20 kI['u. Hmwke 20 ' u Beime 20
k[T HaXOASATCS COOTBETCTBEHHO OO0JACTH HECIBIIIMMBIX YEIOBEKOM HH(ppa- H
yIIbTpa3ByKa.

3aBHCUMOCTh CpPEIHEKBAIPATUYHBIX 3HAYCHUH CHHYCOUAAIBHBIX COCTABJISIOIINX
nrymMa (WM COOTBETCTBYIOIIUX UM YPOBHEH B JemnmOenax) OT Y4acTOThI HA3bIBACTCS
YAaCTOTHBIM CHEKTPOM ITyMa (MJIH MIPOCTO CIIEKTPOM).

CHekTpbl MOJIyYaloT, HMCIOJB3YS aHAJIM3aTOPhl IIyMa — HA0Op 3JICKTPUYECKHX
(GWIBTPOB, KOTOPHIE MPOITYCKAIOT CHTHAII B ONPEACICHHON MOJI0Ce YacTOT — TOJI0CE
IPOIYCKaHUSI.

B npaktuke O00opbOBI ¢ IIyMOM, TaKkke Kak U OOpbObI ¢ BUOpalusiMu HauOOJbIlee
pacnpocTpaHeHUE TOMYyYWIH QWIBTPHl C TOCTOSHHOW OTHOCHTEIBHOW IOJIOCOU
NIPOIyCKaHMs, B YACTHOCTH, OKTaBHbIE (DMIIBTPHI, HALIEANINE TUPOKOE MPUMEHEHUE B
NpakTHUKe OOphObI C 1mIymMoM. ['paHWYHBIE W CPETHETEOMETPUUYECKHUE YaCTOTHI
okTaBHbIX noJioc (I'11) mpuBeICHBI HUXKE.

CpenHereoMeTpruecKue 63 125 250 500
9YacTOTHl OKTaBHBIX  IOJIOC

(T'w)

['pannunbIe YaCTOTHI 45-90 90-180| 180-355 355-710
OKTaBHBIX TIOJIOC

CpennereoMeTpruyecKue 1000 2000 250 500
Y4aCTOTHl OKTAaBHBIX  IOJIOC

(T')

['pannunble yactotsl | 710-1400 1400- | 2800-5600  5600-
OKTaBHBIX MOJIOC 2800 11200

N3MepeHus CIEKTPOB LIyMa B 3TUX OKTABHBIX IMOJOCAX MPOBOMSAT I CPABHEHUS
IITyMa MallliH, HOPMUPOBAHUSI ¥ IPYTUX Tienei. J{ms Gosee JeTabHOTO HCCIIeIOBAHUS
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HMCTOYHUKOB ITyMa YacTO MPUMEHSIOT TPEThOKTaBHBIC (UIBTPHI U Y3KOTOJOCHBIC
aHanu3aTopbl. CIIeKTp MpeacTaBIsieTcs TIN00 B BUE TaOIUIlhI, TUOO B BHIE TpaduKa.



KIIACCU®OUKALIUSA ITYMA

Iymer npunsTo kiaaccuduiuposats (OCT 12.1.003—76)10 uX CHeKTpalbHbIM
Y BPEMEHHBIM XapaKTepUCTUKAM U 110 MOIIHOCTH.

B 3aBucuMOCTH OT XapakTepa CIEKTpa IIyMbl OBbIBAIOT TOHAIbHBIMH, B CIIEKTpE
KOTOPBIX HMEIOTCSl CIBIIIUMbIE JIUCKPETHbIE TOHA, M LIMPOKOINOJIOCHBIMU—C
HEMPEPHIBHBIM CIIEKTPOM IIMPUHON OoJiee oAHOM okTaBbl. Hampumep, 1yM ITUCKOBOM
NUJIbL SIBJIIETCS] TOHAIBHBIM, & PEAKTUBHOIO JIBUTATEISI—IIUPOKOIOIOCHBIM.

[To BpeMEeHHBIM XapaKTEPUCTUKAM IIyMbI MOJAPA3IEISIOT Ha MOCTOSIHHBIE, YPOBEHb
3BYKa KOTOPBIX 32 8-4acoBOil pabouuii 1eHb U3MEHETCS BO BpeMeHHU He Oosiee ueM Ha
5 n1BbA, ¥ HEMOCTOSIHHBIE, JIUISI KOTOPBIX 3TO M3MeHeHne 0ojiee 5 1bA (00 ypoBHE 3ByKa
cM. 8§ 41). B cBolwo ouepenb, HENMOCTOSIHHBIC IIYMBI ACNSAT Ha KOJICONIOUINECS BO
BPEMEHH, TPEPHIBUCTHIC U UMITYJIbCHBIE.

1. TTocTOSIHHBIN 1IyM - IIyM, YPOBEHb 3ByKa KOTOPOTO U3MEHSAETCS BO BPEMEHHU HE
6osnee yem Ha S5 1BA mpu HU3MEpPEHHUAX HAa BPEMEHHOH XapaKTEPUCTHKE "'MEAJIEHHO"
mymomepa o 'OCT 17187-81.

2. HemocTostHHBIN 1IyM - IIYM, YPOBEHb 3ByKa KOTOPOTO M3MEHSETCS BO BPEMEHH

oosnee yuemM 5 nBA mnpu U3MEpEHUSAX HAa BPEMEHHOM XapaKTEPUCTUKE ''MEIJICHHO'
mrymomepa o 'OCT 17187-81.

3. KoneOmroumiicss 1mym - HENOCTOSHHBIA IIyM, YPOBEHb 3ByKa KOTOPOTO
HEIPEPBIBHO U3MEHSIETCSI BO BDEMEHH.
4. llpepbIBUCTBIM IIIyM - HEMNOCTOSIHHBIA IIyM, YpPOBEHb 3BYKa KOTOpPOTO

MEPUOIMYECKH PE3KO TaJaeT 10 ypOBHA (POHOBOTO IIymMa, MPHYEM JTUTEIHHOCTH
WHTEPBAJIOB, B TEUEHHWE KOTOPHIX YPOBEHb 3BYyKa OCTAC€TCA TIOCTOSHHBIM W
MPEBBIIIAIONINM YPOBeHb (POHOBOTO IIyMa, cocTaBisieT 1 ¢ u 6oree.

5. HMMnynbCHBI IIyM - HENOCTOSIHHBIM IIIyM, COCTOSAIIMA W3 OJHOTO WJIHU
HECKOJIBKMX 3BYKOBBIX HMITYJIbCOB, KaXKJIbIH IMTEIBHOCTHIO MeHee 1 ¢, mpu sToMm
ypoBHH 3ByKa, NBA, W3MEpeHHBbIC MPHU BKIIOYCHHH BPEMEHHBIX XapaKTEPUCTUK
"memienHo” u "umnynbc” mymomepa o 'OCT 17187-81priauyarorcst He MeHee YeM
Ha 7 nbA.

JI1000i1 UICTOYHUK IITyMa XapaKTepU3yeTcs, MPEk]Ie BCEro, 3ByKOBO MOIIHOCTBIO.

3ByKOBasi MOIIIHOCTh MCTOYHHMKA P — 3T0 00lee KOJMYECTBO 3BYKOBOUM AHEPTUH,
U3ITy4aeMON UCTOYHUKOM IIIyMa B OKpPYXalollee MPOCTPAHCTBO 3a €AUHUILY BPEMEHH.

Ecnu OKkpyXHUTh HCTOYHMK IIIyMa 3aMKHYTOM MOBEPXHOCTBIO IUIOHMIAABI0 § TO
3BYKOBasi MOIIIHOCTh HCTOYHHMKA (BT):

P:j IrdS,

riae |, —HopMasbHas K TOBEPXHOCTH COCTABJISIONIAS MHTEHCUBHOCTH.

Oxpy»kasi UICTOYHHK IIIyMa YCJIOBHOH CQepoil ¢ J0CTaTOYHO OOJIBIIUM pPagrnyCcoM
r(S=4xr?), 4ToObl MOXHO OBLIO CYMTATh MCTOYHHUK TOUCYHBIM, MOJIYUHUM BEIHUYUHY
Cpe/IHell HHTEHCHBHOCTH 3BYKa Ha IIOBEPXHOCTH 9TOH chepsl (BT/M?):

| ;=P/4 nr?

OTO BBIpOKEHUE TMPEANONaracT HW3IyuyeHHWE IIymMa IO BCEM HampaBlICHUSIM
OJIMHAKOBBIM, YTO CIIPABEJIMBO JJIsI TOUEYHOTO MCTOYHHKA, Pa3MEPhl KOTOPOTO MAJIbI
M0 CPaBHEHHWIO C MW3TydyaeMbIMH WM BoiHamMu. OJHAKO HMCTOYHUKHA IIyMa YacTo
W3IIy49al0T 3BYKOBYIO DJHEPrUI0 HEPAaBHOMEPHO 110 BCEM HAMpaBICHUSM, T. €.
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00JasaloT OMpEETICHHON HampaBIE€HHOCTHIO M3JIY4Y€HHUsS. JTa HEPaBHOMEPHOCTH
U3NyYeHus: Xapakrepusyercs KodpounueHToM O—(haKkTopoM HamnpaBICHHOCTH,
[OKa3bIBAIOUIMM OTHOLIEHHE WHTEHCHUBHOCTH 3BYyKa, CO3aBa€MOW HaIpaBJICHHBIM
UCTOYHUKOM B JIaHHOM TOYKe |, K MHHTEHCUBHOCTH | ¢p, KOTOPYIO pa3BUil Obl B 3TOM ke
TOYKE HEHANpABJICHHbIA HCTOYHUK, HMEIOLIUN Ty K€ 3BYKOBYIO MOIIHOCTh MU
M3ITydaromuii 3ByK B cdepy (Bo Bce CTOPOHBI OIMHAKOBO), T. €.

&=l .=pIp°ep

XapakTEepUCTUKHU HAMpPABICHHOCTH OOBIYHO IMPENCTABISAIOT B BUAE 3aBUCHMOCTH
nokasarens HampaBieHHOCTH G, m3MepsieMoro B jaenudenax HIyMOMEpPOM, OT yria
MEKTy BBIOpaHHBIM HAIpaBJICHHEM Ha HaOJI0aTels U OChbI0 HCTOYHUKA (puc. 46,a):

G=201g p/pp =L-Lcp,
rae p u L —3BykoBOe JaBlIeHHE U €r0 YPOBEHb, H3MEPEHHBIN Ha OMPEEICHHOM
paccTossHUU OT HMCTOYHMKA, AbB; P U Lcy— 3BYyKOBOE NaBlieHHE U €r0 YPOBEHb,
YCPEIHEHHBIN M0 BCEM HANpPaBIECHUSIM MPU TOM KE PACCTOSHUMU.

Tak, rym 0ceBOro BEHTHJIATOPA U3TY4YaeTCsl B OCHOBHOM, HO HAIIPABJICHUIO OCH.

JUin Toro 4roObl CpaBHMBATh WIYM pAa3jIMYHBIX MAIIUH Jpyr C JApPYyrom,
IPOU3BOAUTH PACUETHI YPOBHHU 3BYKOBOTO JIaBJICHUS B IIPOEKTUPYEMBIX ITOMEIICHHUSX,
HEOOXOAMMO 3HaTh OOBEKTHUBHBIE XapPAKTEPUCTUKHU LIyMa, IPOU3BOIMMOr0 MAIIMHOM.
Jlrobas MammHa, OyJay4yd YCTaHOBJIEHHOM B OTKpPBITOM IIPOCTPAaHCTBE, CO3JAET B
pa3HbIX TOYKaX JIMYHbIE YPOBHH 3BYKOBOTO JABJIEHMsI, XOTS €€ 3ByKOBasi MOIIHOCTh B
OCTaeTCsl HEU3MEHHOM.

B coorBerctBum co crangapramu (B wactHoctu, [OCT 12.1.024-81u I'OCT
12.1.025-81) TakumMu [IYMOBBIMH XapaKTEPUCTUKAMHU, KOTOPHIC YKA3bIBAIOTCS B
npujaraeMoi K MallMHe TEXHUYECKOM TOKyMEHTAlUH, SIBJSIOTCS:

1) ypoBHH 3BYKOBOW MOIIHOCTH IiiymMa L, B YCTaBHBIX TOJOCax YacTOT CO
cpenHereomMeTpuueckuMu yactoramu 63, 126, 250, 500, 1000, 2000, 4000, 8080a
TaKXe KOPPEKTUPOBAHHBIM YPOBEHb 3BYKOBOW MOIIHOCTH;

2) XapaKTepPUCTUKU HAMPABICHHOCTH M3IyYCHUS IIIyMa MAIIHOM.

VpoBHU 3BYKOBOW MOIIHOCTH L, (1B) ycTaHOBIEHBI TO aHAJIOTMU C YPOBHEM
MHTEHCUBHOCTH 3BYKa.

L, =209 p/p,

rne P — 3BykoBas MomHocTh, BT; Py — noporosast 3BykoBasi MOIIIHOCTb, paBHas
10**Br.

VYcTaHOBNEHBI CHENYIOIIME METOJbl ONpPENEICHHUS LIYMOBBIX XapaKTEPUCTHUK
MaIlIHH:

cBOOOJHOTO 3BYKOBOTO MOJIS; MPUMEHSETCS B 3alIyIIEHHBIX KaMepax € )KECTKHM
MOJIOM M B TMOMEIICHUAX C OOJBIIMM 3BYKONOTJIONICHMEM WIW B OTKPHITOM
MPOCTPAHCTBE;

OTPaXEHHOTO 3BYKOBOT'O TIOJISI; HCIIOJIB3YETCS B peBEp-OEpallMOHHBIX KaMepax
WIN B TYJIKUX MIOMEIICHUSX;

00pa310BOro UCTOYHHUKA IIyMa; MPUMEHSIETCS B OOBIYHBIX MOMEIIEHUSX, 1IeXax U
peBepOepalMOHHBIX KaMepax;

U3MEPEHUS IIYMOBBIX XapaKTEPUCTHK Ha pPacCTOSHMUIM OT HapyKHOTO KOHTypa
MalllMH; MCHOJb3yeTCs B 3arjiylI€HHBIX KaMmepaxX, I[OMEHICHUSIX ¢ OolblIIuM
3BYKOIIOTJIOILIEHUEM, B OTKPBITOM IIPOCTPAHCTBE.
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Hanbomnee TouHBIMH MeTOJaMU SIBISIOTCS TIEPBBIE [IBa, NPUYEM OCHOBHBIM
METOJIOM OMPENETICHUS IIYMOBBIX XapaKTEPUCTHUK MAIUH SIBIISETCS HWCIBITAHUE B
CBOOOHOM 3BYKOBOM IIOJI€.

PaccMoTpuM npuMeHeHne TepedYrCIEHHBIX METOOB ONPEIEIICHUS YPOBHS
3BYKOBOM MOIITHOCTH.

Metox 1. CBoOomgHOE 3BYKOBOE IIOJI€ XapaKTepHO TEM, YTO Ha JOCTaTOYHO
OOJIBIIIOM PACCTOSIHMM I OT WCTOYHWKA, OOJBIIEM JUIMHBI 3BYKOBOW BOJHBI A U
pa3MepoB MCTOYHHKA, 3BYKOBBIE BOJHBI PACIPOCTPAHSIIOTCS TaK, YTO MHTEHCHUBHOCTD
3ByKa yObIBaeT 0OOpaTHO MPOMOPIMOHATIBHO KBaJpaTy pPACCTOSHUS OT HCTOYHHUKA.
VYpoBeHb 3BYKOBOTO JaBJCHHs CHUXkaeTcs Ha 6 nb mpu ynBoeHum paccTosHUS OT
HMCTOYHHKA!

|1:P/ S_|_
|2:P/ Sz
S_|_:47Z'r12
$:47Z'r22:47l'(2r1)2
|2=P/47l'(2r1)2
AL=10 Ig 14/1,=10 Ig4= 61b

Jlis co3maHus ycioBHM CBOOOJHOTO 3BYKOBOTO TIOJISI, €CITM HET BO3MOXHOCTH
IPOBOIUTH U3MEPEHHUS B OTKPHITOM MPOCTPAHCTBE, CTPOSAT CIIEIUATBHO 3ariaylICHHBIS
KaMephbl, KOTOPHIE MO3BOJISIIOT OCYIIECTBIIATh U3MEPEHHUS] HE3aBUCUMO OT HAPYXKHBIX
yCIOBUH. 3ariylieHHOW KaMepod Ha3bIBaeTCsi 3BYKO- M BHOPOM30JIMPOBAHHOE
MOMEILIEHUE, B KOTOPOM UMEIOTCA YCIOBHS, OJIM3KUE K YCIOBUSIM PaCHpOCTPAHEHUS
3ByKa B cBOOOJHOM mpocTpaHcTtBe. Ha puc. 47, a moka3aHa oJHa U3 JEWCTBYIOIIMX
3ariaymeHHbIX ~ KaMep. BHYTpeHHssT TIOBEPXHOCTh KaMmep  OOJIMIIOBBIBACTCS
CHEIUATBHBIMA  3BYKOIIOTJIOMIAIONUMU  KIMHBSIMHU, OOCCIECYMBAIONIMMU TUIABHBIN
Nepexo]l OT Majoro aKyCTUYECKOTo COMPOTUBIICHUS BO3JyXa B KaMmepe K OONbIIOMY
aKyCTHYECKOMY COIMPOTUBIICHHUIO CTEH. B pe3ynbpTaTe mMOYTH MOJHOCTHIO MOTJIOIIAETCS
Ma/IAlOINIA HA CTEHBI 3BYK (OTpaKEHHE OTCYTCTBYET).

HckoMmblii ypOBEeHb 3BYKOBOW MOIIHOCTH Lp ompenmenstoTr mo pesyibraTtam
U3MEPEHUI CpEeIHero YypOBHS 3BYKOBOrO JaBieHHs Lo, Ha wu3MepuUTeIbHON
nosepxrocTH S (M%) (cM., puc. 473), 3a KOTOPYHO OOBIMHO MPHHHMAETCS IUIOMIAb
nonycdepsl, T.e. S=2rr?:

Lp =L, +10 19 /S
S = v?
AHaJOTHYHO OMpeesieTcsl KOPPEKTUPOBAHHBINA YPOBEHB 3ByKOBOM MOIIHOCTH L,
L,.= Lip +10 lg 9/S,

rne Ly, —cpenHuii ypoBeHb 3ByKa Ha U3MEPUTEIHHON TOBEPXHOCTH.

Meton 2. B T1ex cnydasx, korga He TpeOyeTcsi 3HAHUS XapaKTEPUCTUK
HAIPaBJICHHOCTH W3JYYCHHS [IyMa, IIYMOBBIE XapaKTEPUCTUKH OMPEICTSIIOT B
OTpaXEHHOM 3BYKOBOM T0Jie. Takoe mosie XapakTepu3yeTcs MOCTOSHCTBOM YPOBHEM
3BYKOBOTO JaBJICHUS B PA3JIMYHBIX TOYKAX IMOMENIEHUH, B KA4eCTBE KOTOPBIX
OOBIYHO HCIIOJNB3YIOT peBepOepaliMoOHHBIE KaMephl WM OOBIYHBIC TYJIKHE
TIOMETIEHHUS,

PeBepOepartnonHas kamepa mpeactariser cobor momemienue ooremom 60—1000
M3 ¢ HemapajlIeIbHBIMH BHYTPEHHUMHU orpaxaeHusmu (puc, 47,6), HOBEpXHOCTh
KOTOPBIX SIBJISICTCS XOPOIIMM OTpaXkaTesieM 3ByKa (K03(h(HUIIUEHT 3BYKOIIOTJIOIICHUS
He npessimaer 0,05).
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YpoBeHb 3ByKOBOM MomHOCTH (1B) ;
Lp =L +10 1gA/A4,- 6,
rne Lp - cpenHuii ypoBeHb 3BYKOBOTO JaBIIEHHS B Kamepe. A - SKBUBAJCHTHas
IUIOIIA/[b 3BYKOMOITIOMEHHS KaMephl, M>, KOTOPAsi OIPEIeAeTCsl IKCIePUMEHTATBHO
10 U3MEPCHHSM BpeMeHH peBepOepaiuu Tp nomerneHus (BpeMs, B TCYCHUH KOTOPOTO
YpOBEHb 3BYKOBOTO [aBJCHHS B TOMEIIEHWH yMeHbImaercs Ha 60 nb mocme
IpeKpaleHusl JeHCTBUSA MCTOYHMKA 3BykKa) W paBuHsiercs 4=0,16V Tp, V- o0bem
[IOMEIIEHU, M y A= 1 M°
Meton 3. Ilpu sToM NPUOTMKEHHOM METOAE YpPOBEHb 3BYKOBON MOITHOCTH
MaIluHbl OMPENEISIOT MyTeM CPaBHEHHs ITyMa MAIIWHBI ¢ TIyMOM OOpasioBOTO
UCTOYHUKA, YpPOBEHb 3BYKOBOW MOIIHOCTH Lp,; KoToporo wusBecteH. H3mepus
CpeIHUE YPOBHHU 3BYKOBOTO JaBJICHMS MAalIWHBI Ll 00pa3oBoro ucrounuka L,z B
OJTHUX W TEX K€ TOYKaxX, ypOBEHb 3BYKOBOW MONIHOCTH (1b) 3aTeM pacCUMTHIBAIOT 11O
bopmye:
I—P = I—Po6p + LCp - I—o6p

Meton 4. [lannbiit MeTO SBIsIETCS NMPUOIMKEHHBIM. OH HCTIOB3yeTCsl B OCHOBHOM
IUTSL OTIPEJICIICHHUS] YPOBHS 3BYKOBOUW MOIIHOCTH OOJIBIITUX MAIITHH.
YpoBeHb 3BYKOBOM MOIIHOCTH (1B) BEIYUCISIIOT 1O (hopmyiie:
Lp=L, +10 g S/§,
rae L., - cpeanuii ypoBeHb 3ByKOBOT'O JaBJICHUS HA U3MEPUTEIILHON MOBEPXHOCTH S,
onpenensiemoit Ho [OCT 12.1.028-80.
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OCHOBHBIE TIOHSITHUSA U ONPEJAEJEHWSI BUBPAIIMOHHBIX
KOJIEBAHUI

OcHOBHbIE MIOHAITHS U OTIPe/IeIeHHs] BUOPAIINH.

Bubpanusi — ABWKEHHE TOYKM WJIM MEXaHHYECKOW CHCTeMBbI, TpPU KOTOPOM
MPOUCXOIAUT IMOOYEPETHOE BO3pacTaHWe WM yObIBaHHE, MO KpailHEH mepe, OZHOU
KOOpIUHATHI. BuOparmoHHble mporiecchl HAOMIOMA0TCs MpU padoTe OOJIBIIMHCTBA
BUJIOB MPOU3BOICTBEHHOTO 000PY1I0BaHUSI.

[TprurHbI BUOpAIUK TEXHUYECKUX CUCTEM.

[Mpuunno#t  BUOpammm m1pu  paboTe MamIMH W arperatoB  SIBJISIFOTCS
HEYPaBHOBEIICHHBIC CHIIOBBIC (MM KUHEMaTHYECKUE) BO3CHCTBUSI.

HcTrounnku BUOpanmu.

OCHOBHBIMHU UCTOYHHKAMHU BUOPAIIMU HA TPOU3BOJICTBE SBIISIOTCS:

- HCYPaBHOBEIICHHBIC BO3BPATHO-TIOCTYIATEIbHBIC MEXaHU3Mbl (KPHUBOILIUITHO-
IIATYHHBIC TIPECChI). DTOT BUJ KOJcOAHU, KaK MPAaBUJIO, BBI3BAH CAMHM MPHUHIIUIIOM
JCHCTBHS U TO3TOMY MHOTJIa Ha3bIBACTCS HOPMaJIbHO O0YCIIOBICHHON BUOpaIei.

- HEYpaBHOBEIICHHBIC BpAIIAIONIUEcs] Macchl (TOKapHbIE, (pe3epHbIC CTaHKH,
pPYYHBIE TalKOBEPTHI M Jpenu). Yamie Bcero 3TOT BHJ KOieOaHWW BBI3BaH HAIMYHEM
Ae(pEeKTOB HM3rOTOBJICHUS WM OJKCIUTyaTalliM BpALIAIONIMXCS JeTaliell BCJeICTBUE
HECOBMAJIEHUS IEHTPOB MacC C OChIO BpAILIEHUSI.

- ynapHeie cuibl (0TOOWHBIC, PYOWIIBHBIE, KJEMalbHBIE MOJOTKH, 3yO4arbie
3aIleTIICHHS).

OcHoOBHbBIE TapaMeTPbl BUOPAIIMH.

OcCHOBHBIE TTapaMeTpbl BUOpaIyu (Pa3MEpPHOCTH):

T - nepuon (c),

f - vacrora (I'm),

- X - aMIUIMTy1a BuOponepeMerieHus (M),
-V - cpeaHsisi BAOPOCKopocTh (M/C),

- a -cpexanee Bubpoyckopenue (M/C°),

- L, - ypoBens Bubpockopoctu (ub),

- L, - ypoBeHb BuOpoyckopenus (nb).

Kaaccudpukanusa kojiedGaHui.

Cy1miecTBYIOT CTaIlMOHAPHBIE M HECTAIIMOHAPHBIC BUOPAIIMOHHBIE KOJICOAHUS.
[TpocTeiimmM BUIOM CTAITMOHAPHOTO BHOPAIIMOHHOTO BO3ICUCTBUS SBISIOTCS
rapMOHHYECKOE, KOTOPOE OMUCHIBACTCS YPAaBHECHUEM

X(t)=Xo Sin (Wt + )

A X (M)

>t (c)

Puc.1 ®opma rapMOHHUECKHUX KOJIEOaHHIA.
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HaubGonee wacto rapmonumdeckue KojeOaHus HaAOMIOZAIOTCS TMPH BpalleHUU
HecOaJlaHCUPOBAHHBIX JETajel MallMH U MEXaHW3MOB. BO MHOTMX COBpPEMEHHBIX
TEXHUYECKHX CHUCTeMax KojeOaHHs HOCAT HEperyjsipHbli - HecTalMOHApPHBIN
XapakTep, OOYCIIOBIEHHBI HAaJMYUEM OOJBIIOTO YHCIa HE3aBUCHUMBIX HCTOYHHUKOB
BUOpaIM ¥ HaJMYUEM HECTAllMOHAPHBIX (PU3NYECKHUX MPOLIECCOB.

[lo pacnpenenenuio criekTpa KojiebaHni BUOpaus AETUThCA Ha ITUPOKOTIOIOCHYIO
(Puc. 2)— oOmamaronryro OECKOHEUHBIM KOJIUYECTBOM YacCTOT B  OINPEICICHHO
YaCTOTHOM JMala3oHe U Y3KOIMOJIOCHYI0 — OOJIaJaroIlyl0 JUCKPETHBIM CIIEKTPOM
BUOpannoHHBIX yacToT (Puc. 3).

v, A

m/c

| |,
f, Ty

Puc.2 AMIimTy 1HO-4acTOTHAs XapaKTepPUCTUKA Y3KOMOJIOCHON BUOpALIUH.

v, A

m/c

|
f, Ty

Puc.3 AMIIMTY THO-4aCTOTHAs XapaKTePUCTHKA IIUPOKONOJIOCHONW BUOpaIUy.

I'apmMoHuKH KoJIeOaHMIA.
B oOmiem cinyuae ¢usnueckas BeIMUrHA, XapaKTepU3yrolas BUOpaLnIo, SIBISETCS

dbyHkmeit BpeMenu. Marematuueckasi Teopust pu noctpoeHun psga Oypbe mokasbIBaerT,
YTO KOJIEOATENbHBII MPOIIECC MOKHO MPEACTABUTH B BUJI€ CYMMbI OECKOHEUHO JJIALINXCS
CUHYCOUJANBHBIX KOJICOaHH ¢ pa3IMYHBIMU EPUOAAMH U aMIUTUTYAaMH. DTH
COCTaBJIAIOLIME HA3BIBAIOTCS TAPMOHUKAMH. YacTOTBI TapMOHUK KPAaTHBI OCHOBHOM 4acTOTE
BO30YKAcHHS (prc.4) :

f,=2f —gacToTa BTOpPOI rapMOHHKH,
f3=3f —yacroTa TpeTheH rapMOHUKH,

f,=nf - yacroTa N rapMOHHUKH.
15



X
A X () 5 o f

>t (©)

Puc.4 ®opma rapMoHUK KoJIeOaHHIA.

Kak IMpaBHJIO, OCHOBHAA 9aCTOTa KOJICOAHHMI UMEeT AMILIUTYAY 3HAYUTCIBbHO 60J'II>IHYIO,

4eM aMIUINTYa TApMOHUK Kojiebanui. Eciu konebanus ciryqaitHbie niu
KPaTKOBPEMEHHBIE, TO KOJMYECTBO TAPMOHUK, JAXKE B OTPAHUYECHHOM MOJIOCE YaCTOT
MOKET CTaTh O€CKOHEYHO OOJIBIIIUM U WX YaCTOTHI PACIIPEICIISATCS HEITPEPHIBHBIM 00Pa30OM.
B stom cimydyae HabmomaeTcs MUPOKOMOIOCHBIN CIIEKTP KOJICOAHHIA.

Jlorapudmuueckre ypoBHH BUOPOCKOPOCTH U BUOPOYCKOPEHHSI.
VYuuTeIBasi, 4T0 aOCOMIOTHBIE 3HAUECHUS TAPaMETPOB XapaKTEPU3YIOIINX BUOPALIUIO

U3MEHSIOTCS B IIMPOKUX Mpeeiax Ha MPaKTUKE UCIIONb3YIOT MOHSATUE JOrapuPMUIECKOTO
ypoBHs kosiebanuit. [Ipu rucnonab3oBanuu J0rapuMUUECKOro YpOBHS ONpPEAEIIsSIeTCs
NECATUYHBIN JTorapu(dM OTHOILIEHUS UCCIEAYEMON U TOPOTOBOM BeTUUYMHBI. Tak ypOBEHb
BUOPOCKOPOCTH OIPEACIISIETCS

L,=20 Ig (v/Vo),

e Vo=5[10® M/c — cTannapTH30BaHHOE TOPOrOBOE 3HAYCHHE BUOGPOCKOPOCTH,
V, — IEUCTBYIOIIEE 3HAYEHNUE BUOPOCKOPOCTH.

N3mepsiroTest ypoBHE KoseOanuii B genmoderuiax (/10).

OxTaBHBIE IT0JIOCHI YACTOT.

B npakTuke BUOPOAKyCTHUECKHX MCCACAOBAHUI BECh AMANa30H YacTOT pa30MBaIOT
Ha OKTaBHBIC IMAaIa30HbI (110J0Ckl). B OKTaBHOM JHana3oHe BEPXHsSA IpaHUYHAS
94acTOTa BJIBOE OOJIbIIE HIDKHEH. CpeTHereOMETPHUYECKHIE YaCTOTHI ITOJIOC
CTaHJIAPTH30BAHbI U SBJISIOTCS (aKTUICCKH Ha3BaHUSIMHU YaCTOTHBIX IoJioc. B
BHOPOAKYCTHKE UCTIONIB3YIOTCS Tosiockl: 1, 2, 4, 8, 16, 31,5 63, 125, 250, 500, 1000,
2000, 4000, 80001s.

Pe3onanc

Pe3onancHple SBIEHHMS B TEXHHKE OKa3bIBAIOT 3HAYMTENIBHOE JEHCTBHE Ha
WHTECHCHBHOCTH BUOPAIIMOHHBIX IPOIIECCOB.

JIroboe Teno B mpupose MMeEeT COOCTBEHHBIE YaCTOTHI KoyieOaHuid. Hawmboiee
IIPOCTOM CIOCO0 ompenesieHrss COOCTBEHHBIX YacTOT TEJla — 3TO U3MEPECHHUE YaCTOThHI
3aTyXaronmx KOJCOaHWM ITOC/Ie TPIIOKCHUS EIMHHUYHOTO CHIIOBOTO BO3ICHCTBUS
(HampumMep, Toluka wid yaapa). [Ipu yBeldWueHHH MacChl 4acTOTa COOCTBEHHBIX
KoJIcOaHMI OyIeT CHIKATHCS, a TP YBEITMUYCHUH )KECTKOCTH — ITOBBIIIATHCS.

BeIHYXICHHBIMH KOJICOQHHMSAMU SBJISIOTCS KOJIeOaHMs, BBI3BAHHBIC ITOIBOAMMOMN
W3BHE SHEpPrucii. DTo MOTyT OBITh, HANpHUMEp, BUOpAIMK O0O0OPYJOBAaHHS, KOTOPOE
HCIIOJIL3YET JCKTPUUSCKYIO SHEPTHIO IS OCYIIECTBICHUS paOOTHI.
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Ecnu gactoTel u (a3pl BBIHYKIEHHBIX M COOCTBEHHBIX KOJIE€OaHUIl COBIAAIOT,
HACTYIAET PEe3KOe yBEIUUYEHUE aMIUIUTY bl KoeOaHuil. DTO sIBJI€HHE HOCUT Ha3BaHUE
pe3oHaHca. Pe3oHaHC MOKET MPUBECTU KaK K CUJIBLHON BUOpalMU CHCTEMBI, TaK U €€
pa3pyLIeHUIO.

CpencrBa KOHTPOJISI BUOpaIUU

Jlnst  KOHTpOJisi BUOpAalMM MOTYT HMCIOJIb30BaThCsl pa3ivuHble cucteMbl. Kak
paBuiIo, OHU MMEIOT B CBOEM COCTaBe BUOpompeoOpa3zoBaTesb, YCUIUTEIb CUTHAINA,
Cpe/CTBa MHAMKALIMU M CPEIICTBA perucTpamuu (puc.5).

BubponpeobpazoBaTenb OCYIIECTBISET MEPEBOJ] BUOPAIMOHHBIX TMEPEMEIICHUN B
MPOMOPLUMOHANIBHBIN TEPEMEHHBINA AMEKTpUUYecKuil curnai. Takue mpeoOpazoBaTenu
HAa3bIBAIOTCA aKkcenepomeTpamu. Yame BCEro MCHOJIB3YIOTCS IbE30AIEKTPUYECKUE
akcenepoMeTpbl. [IpuHOMO JEWCTBUS TakuX YCTPOMCTB OCHOBAaH Ha CBOWCTBE
MBE30AJIEKTPUUECKUX  MaTEpUajoB  BbIpaOaThiBaTh  dJJCKTPUUECKUNH TOK  MpHU
BO3HMKHOBEHHUHU JAeopmaiuii. B kauecTBe MbhE303JEKTPUKOB YaIlle BCEro
UCIIOJb3YETCS UPKOHAT TUTAHAT CBUMHILA. KOHCTPYKIMS OZHOTO M3 aKCEJIEPOMETPOB
npe/cTaBlieHa Ha pUCYHKE 6. B aToM ycTpoiicTBe MHEPIIMOHHAS Macca S IMpHKartas ¢
MOMOIIBIO BUHTA 3 K MbE303JIEMEHTaM 2 U KOPITyCY, COCTOSIIEMY M3 OCHOBaHUS 1 u
kpeiliku 4. Ilpy  BO3HUKHOBEHUM  YCKOPEHHUS, BBI3BAHHOIO,  HampHUMep,
BUOPAIIMOHHBIMU KOJEOAHUSIMU, HAUMHAET JAABUTh HAa MbE303JIEMEHT WJIM OCIalbJsATh
NEPBOHAYAJbHOE JAaBJICHUE HA HET0 NPONOPLUHUOHAIBHO BEJIUYUHE YCKOPEHHS.
[Ibe30nmemMenT nedopMupysach TMOJ JACHCTBHEM MPHIOKEHHBIX CHJI HaYyMHAET
BbIpa0aTHIBATh IIEKTPUYECKUN TOK, KOTOPBIM JBUTrasich MO KOHTaKTy 6 momaaaer B
MU3MEPUTEIIbHBIN TPAKT.

Yeunurenb COyKAT IS YBEJIMYEHHS YPOBHS JJIEKTPUYECKOrO CHUrHajga, 4YTO
HEO0OXO0UMO IS TIepeiayl €ro Ha 3HAYUTENIbHbIE PACCTOSHUS.

CpencrtBa MHIMKALIMK TO3BOJSIOT MPOBOJUTH HAONIOIEHUE 32 BUOPALMOHHBIMHU
XapaKTepUCTHUKaMH OOBEKTOB, a CpEACTBA PETUCTPALMU ISl COXpPAHEHHsS ATHX
XapaKTepUCTHK ISl AANbHEHIIEro aHaliu3a MU JKCIepTu3bl. B HEKOTOpBIX cliiydasx
CPEACTBA PETUCTPALMU UM KOHTPOJISI MOTYT OTCYTCTBOBATb.

Ha mnpousBoacTBe HauOosblliee pacnpoCTpaHEHUE TMOJYYMUIN YHHBEPCAIbHbIE
npuOOpsl - U3MEPUTENU IIyMa M BUOpAIMH, Yalle Ha3blBa€MblE IIyMOMEPAMH. DTU
npuOOpsl  MO3BOJISIIOT — MOJy4YaTh BHOpALlMOHHBIE XapaKTEPUCTUKUM OObEKTa B
NpUBEACHHOM BHJI€, TOTOBOM JIJIsl aHanu3a Ha cooTBeTcTBUE TpeOoBaHusM ['OCTos
CCBT.

HcTounuk Bubpo-
: BUOpauuu mheoOnaroraTen
Ycunurenb
CHTHAaJa
el A
Cpencrtpa CpenctBa
WHTTUKATIAN NETUCTNATIUN

Puc.5 TunoBas 6;10k-cxema BUOPOU3MEPUTEIIBHOTO 000PY10BaHUS.

17



Ay i

i
- el :-,.: 4 i
- & .:: e .I
l“'“. w e
N
‘x : =3
iy +)
o L& L
N AR
|
1-ocHoBaHueE, 4KphIIIKa,
2-IE30JIEMEHT, 5- Macca MHepIUOHHAs,
3-BUHT, 6-KOHTAKT.

Puc.6. [Ipeobpa3zoBaresns Mbe303IEKTPUUECKUNA BUOPOU3MEPUTENBHBIH
(akcenmepometp) JIH-4-M1.

OmnpenesieHue NpUYUHBI BUOpaIMU

OnpeneneHnne NpPUYUHBI BUOpPALMM MOXKET OCYIIECTBISATHCA IO XapakTepy
konebanmii. Ha puc. 7 mokazaHa 3amuch BUOpaMM HOPMAdbHO pPabOTarOIMIEro
obopynoBanus. [1o BepTUKAIIbHOI OCH OTKJIAIBIBATIOCH BUOPOIIEPEMEIIIEHUE CUCTEMBI,
10 TOPU3OHTAIBHON — BpeMsl (PacCTOSIHUE MEXKIY JABYMS BEPTHKAJILHBIMU OJMHOYHO
crosummMu tojiocamu — 0,2). Ha auarpamMme BUAHO XapakTepHas ISl CJIOKHBIX
TEXHUUYECKUX CHUCTeM ¢dopMa KoJiebaHWid, COCTOsAIas W3 CIOKEHUS KOJeOaHMiA
HECKOJIbKUX HE3aBHCHMBIX HMCTOYHWUKOB, HAMOOJBIIUN M3 KOTOPHIX HMMEET YacTOTY
=12l'u. Ilpu Bo3HUKIIEM aedeKTe Ha 3TOM K€ OOOpYJAOBaHUU TOSBISETCS SPKO
BBIp@)KEHHAs] BUOpPALMOHHAsI COCTaBJSIONIAs JA€(PEKTHOro dJIEMEeHTa, HMeEoas
gactoty =2I'11 (Puc.8).
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Puc. 7 3amuce BuUOpalM HOPMAJbHO paboTaromero o0OPYIOBaHUS

(BepTHKabHAsI BUOpAIUS — BBEPXY, TOPU3OHTAIBHAS - BHHU3Y).

|
| |

i

o | o L\". i -I.'_H_.-" '\ L "\\.'

=
g

I
'V\h’""'“-.

Puc. 8 3amuch BuOparuu 000pymOBaHUS  00JIaAIOIIETO

(BepTHKabHAsI BUOPAIUS — BBEPXY, TOPU3OHTAIILHAS - BHHU3Y).

nedexrom
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BO3JIEMCTBUE BUBPAIITMOHHBIX KOJIEBAHUI HA OPTAHU3M
YEJIOBEKA. HOPMUPOBAHUME BUBPALIUHN

Bocnpusitue koJ1e0aHMid OPraHU3MOM 4YeJI0BEKA.

Bubparus B MajbIX 03ax MOJI€3HA AJIs OpraHu3Ma uesnoBeka. B aTom ciydae ona
OKa3bIBaET TOHU3UPYIOIIEe ACHCTBUE, TPUBOAAIIEE K MOBBILICHNUIO TPOU3BOAUTEIIEHOCTH
TPyZa ¥ YIy4LICHUIO CAaMOYyBCTBHUS. DTO BIMSHNAE MOXHO YBUJETh Ha pUMeEpe
HKCIIEPUMEHTAIBHBIX JAHHBIX 3aBUCIMOCTH BEPOATHOCTH 0€30IMO0YHOMN paboTHI
oreparopa OT MPOJOKUTEIBHOCTH PadOThI IPU PAa3TUYHBIX BUIAX KOJIeOaHM
NPUCYTCTBYIOIIUX BO BpeMsi BhimoHeHHs padoThl (Puc. 9). Kpupas 1 otpaxkaer
3aBHCHUMOCTh B OTCYTCTBUU BUOpALIUU, KpUBas 2 MOKA3bIBAET BEPOSTHOCTD NPU
rapMOHHYECKON BUOpaluu, 3 —IpH HETAPMOHUYECKOW BUOPALIUH.

0,8

0,4

1 2 3 4 t(4)

Puc.9 3aBucumocTh BepOATHOCTH 6€301MO0YHON PaboThI onepaTopa ot
IPOJOKHTEILHOCTH PaOOTHI.

OTpuniatenbHOE AelicTBUE BUOPALIMU CKa3bIBaeTCs HA PYHKIIMOHAIBHOM H
(PU3UOJIOTMUECKOM COCTOSTHMM YeJIoBeKa (IU1aKar).
Brnusinue Bubpanum Ha QyHKIIMOHAIBHOE COCTOSIHUE BBIPAXKACTCSI B CHIDKEHUH
MIPOM3BOIUTEIILHOCTH U Ka4yeCTBE pabOThI B TEYCHHUE OJHOTO paboyero JHs.
Brnusinue BuOparuu Ha (PU3MOTOTHIECKOE COCTOSTHUE BBIPAXKAETCS B TIOSIBJICHUN
3a00JIeBaHNI TIPU BO3JICHCTBUM B T€UEHHUE ITTUTEILHOTO BpeMeH!. Bubpartus Moxer
OKa3bIBaTh OTPHUIIATEIHHOE ACHCTBHE HA HEPBHYIO, CEPJCUHO-COCYAUCTYIO CUCTEMY,
OTIOPHO-/IBUTATEIHHBIN aIIapaT, MBIIICYHbIC TKAHU U CYCTaBHI.
I'uruenuyeckas ycjaoBusi Tpyaa
B kadectBe (hakTOpOB, BIMAIONMIMX HAa CTEMEHb M XapakTep HEOJIArompHUsITHOTO
BO3JICUCTBUS BUOPAIIHH, TOJDKHBI YIUTHIBATHCS:
- puckd (BEpOSTHOCTH) TMPOSIBICHUS PA3IMYHBIX TATOJOTHH  BIUIOTH [0
podeCCHOHATEHON BUOPAIIMOHHON OOJIE3HH;
- TOoKasareiu (pU3MUIecKor Harpy3Kd U HEPBHO-IMOIIMOHATLHOTO HAIIPSHKCHHUS;
- BIUSHUE COMYTCTBYIOMIMX (PaKTOPOB, YCYT'YOJISIOIIUX BO3JICHCTBHE BUOpaIUH
(oxJ1aXkaeHuE, BIAKHOCTD, IIIyM, XMMUYECKHE BEIICCTBA U T.I1.);
- JUIUTEIHHOCTH U MPEPHIBUCTOCTH BO3/ICHCTBUS BUOpAIINH;
- JUIUTEIHHOCTh paboueii CMEHBHI.
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HopmupoBanue BHOpanuu B IPOM3BOACTBEHHBIX MOMEIEHUSIX

HopmupoBanue BuOpanuu B NpPOM3BOACTBEHHBIX  MOMemeHUsIX B PO
ocymectBisiercs cornacio 'OCT 12.1.012-9QCCBT (1996.).

ITo cnocoOy nepenaun Ha yeaoOBEKa pa3inyaroT OOLIYI0 M JIOKAJbHYIO BUOpALUIO.
OOmas BUOpamus nepenaeTcsi yepes3 OMOPHbIE MOBEPXHOCTH HA TEJIO CUASILErO WU
cTosAlero uenoBeka. JlokanmpHas BuUOpanusi MnepeAaeTcs 4Yepe3 pPyKH 4esOBEKa.
BuOpauusi, Bo3meHCTBYyIOIIAasi Ha HOTM CHUJSINETO YElIOBEKa M Ha MpeIlieubs,
KOHTAKTUPYIOLIHE C BUOPUPYIOLIMMH MOBEPXHOCTSIMH pabOUYUX CTOJIOB, MOYKET OBITH
OTHECEHA K JIOKaJIbHOW BUOpALIMH.

OOmrast BuOpanusi HOPMUPYETCS B AMANA30HE OKTAaBHBIX MOJOC 4YacToT 2-6J 1.
JlokanpHas BuOpauusi Hopmupyetcs B nuanazone 8-100A 1.

HopmupyembiMu mapameTpaMu MpH TMTHEHUYECKOM OLleHKe BHOpalMii, COTJIacHO
['OCTy, sBnstoTCA CpeqHHe KBaApaTUYHbIe 3HAUYECHUS BHOPOCKOPOCTEH U MX YPOBHS
WM BUOPOYCKOpPEHHE B OKTaBHBIX II0JIOCaX 4YacToT. Bubpamus HopMupyercs
OTIENbHO B KaXIOM CTaHIApPTHOM OKTaBHOM MOJOCE pa3iuyHO A OOumed u
JokabHON BUOpauu. O01mas BuOpanus HOPMUPYETCS C yUETOM CBOMCTB UCTOYHUKA
U JICJINTCS Ha!

- TPAHCIIOPTHYIO — BO3HUKAIOIIYIO B PE3YJIbTaTe JBUKECHUS TPAHCIIOPTHBIX CPEACTB
10 MECTHOCTHU U AOPOTaM,

- TPaHCIOPTHO-TEXHOJIOTMYECKYI0 — oOpa3yollyocs @pu padoTe MallluH,
paboTaronMxX B CTAMOHAPHOM IIOJIOKEHUM M MEPEMEUIAOIIMXCSA MO CIELHUaIbHO
MOATOTOBJIEHHBIM NOBEPXHOCTSM IPOU3BOICTBEHHBIX TOMEIIEHHUI,

- TEXHOJIOTUYECKYI0 — BO3HHUKAIOIIYI0 NMpU paboTe CTAllMOHAPHBIX MAIllWH WU
nepearolryocst Ha paboure MecTa, He UMEIOIINe HCTOYHUKOB BUOPALIUU.

Koppekuus napameTpoB BHOpaIiu 1Mo 4acToTe

B Tex cnywasix, Korma Ha ueroBeKa BO BpeMsl pabOThl JEHCTBYET HECKOJBKO
MCTOYHUKOB BHUOpaumu Ha pasnuuHbix yactorax, ['OCT mnpemycmaTpuBaer
OTIpe/IeNICHUE €IWHOTO 3HAUYEHHUs BUOPALMY, 3KBUBAJECHTHOT'O UM IO BO3JIEHCTBHUIO HA
yeyoBeka. TakodM nmapamMeTp  HAas3bIBaeTC  KOPPEKTUPOBAHHBIM IO YacTOTE.
KoppektupoBaHHble 3HaueHHUsI BAOPOCKOPOCTH, BAUOPOYCKOPEHHUS U UX YPOBHU
OIpeAessTes o (popmyram:

JZW/ZH:(Ui EKi)z ,

L; =10Ig > 210%™
rae Uju L - kBagpaTuyeckoe 3HaU€HWE KOHTPOJIUPYEMOro MapameTpa BUOpauuu
(BUOPOCKOPOCTH M BUOPOYCKOPEHHUS) U €r0 JIOrapu(MHUECKUIl YPOBEHb B |-
YaCTOTHOM MOJIOCE,;
N - YUCJIO YaCTOTHBIX MOJIOC B HOPMUPYEMOM JHAINA30HE;
Ki u L; - BecoBble K03 (DUIUESHTHI 1JIs1 I-i YaCTOTHOW MOJIOCKHI JUIsI CPEIHETO
KBaJIpaTHUECKOTO 3HAYEHHUS] KOHTPOJIMPYEMOIO MapaMeTpa WIH €ro
norapudmugeckoro ypoBHs (3amarorcs [OCT 12.1.012-90 (1996)CBT).
Omnpenenenre MPOIODKATEILHOCTH pab0Uero THS
[Tpu mpeBbIlIeHNN JOMYCTUMBIX TapaMeTpoB BuOparuu B 1,12pa3a wnu va 1 1b Ha
paboyeM MecTe HOpPMAaTHUBHbIE JOKYMEHTHl  MpPEINUCHIBAIOT  OTPAaHUYMUBATH
IPOJIOKUTEILHOCTh pabodero BpeMeHu. [Ipu npeBbiieHrn BuOpamuu Oosee yeM 4
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paza wim Ha 12 nb 3ampemiaercs mNpoBOAWUTH PabOThI W MPUMEHSATH MAIWHBI,
TeHEPUPYIOLINE TaKyl0 BUOpAIIHIO.

HopMy BuOpanmoHHON Harpy3kd Ha omepaTtopa IO CIEKTPalIbHBIM U
KOPPEKTHPOBAHHBIM TI0 YaCTOTE 3HAYCHHsIM KOHTposmpyemoro napamerpa (U(t)) npu
JUIMTEIBHOCTH BO3/ekicTBHs BuOpamnmu MeHee 8 u (480muH) onpenensaior mo Gpopmysie

[480
Ut =U480 T

rae Uagp - HOpMa BUOPAIIMOHHON HArpy3Ku Ha orepaTopa JUisl IITUTEIbHOCTH

BO3nericTBus BuOparmu 480MuH;

T - AIUTENBHOCTH BO3/ICUCTBUS BUOpAITUH.
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KIIACCUOPUKALIUSA CITOCOBOB U OTAIIOB BUBPO3ALIUTHI
YEJIOBEKA

BuopoaemndupoBanue

BubponemnoupoBanne — rameHue KojeOaHHHM IyTeM NpEBpaAIleHUs SHEPTHH MEXaHHMYECKHX
KoJIeOaHUH B TEIJIOBYIO SHEPTHIO.

BubponemndupoBanue ocymecTBIsSeTCs:

1. Ucnonb3oBaHreM MaTepHUaIoB ¢ OOJIBIINM BHYTPEHHUM TPEHUEM,;

2. Mcnonb30BaHMEM MOKPBITHI ¢ OOJNBIINM BHYTPEHHUM TPEHHEM,;

3. IIlpumeHeHrneM OBEpXHOCTHOTO TPEHHUS,

VYBenuyeHue notepb 3HEPruu BHOpAlMU B CUCTEME MOXKET HMPOM3BOIUTHCA. MCIIOIB30BaHUEM, B
KauecTBE KOHCTPYKIIMOHHBIX, MAaTepUaloB C OOJIbIIMM TpPEHHEM, HAHECEHHEM Ha BUOpHUpYIOLIUE
MOBEPXHOCTHU CJI0Sl YIIPYTO-BA3KUX MaTEPUANOB, 00IaJaoIuX OOJBIINMHU MTOTEPSIMH Ha BHYTpEHHEe
TpeHue, MPUMEHEHHEM IMOBEPXHOCTHOTO TpeHUs. DP(PEeKTHBHOCTh BUOPOIEMIIPUPOBAHKS B STOM
ciryyae onpezensercs KodpUIMEHTOM 3aTyxXaHus MaTepuaia IN. 3HadeHue I Ui YyryHOB U CTajei,
INPUMEHSEMBIX B MaIIMHOCTpOeHUH, HeBenuko u cocraBiger 0,001 — 0,01Kax cnencrBue storo,
YpOBHU BHOpanuy OOJBIIMHCTBA KOHCTPYKIMI B MAIIMHOCTPOEHHM JOCTATOYHO BEJIUKH, TIOITOMY
OHU 00JaaI0T XOpOoIIel BUOPOMPOBOAHOCTHIO. L[BeTHBIE MeTaJIBI MUMEIOT OOoJblliee BHYTPEHHEE
tpenue. Koaddumuent 3aryxanus nexutr B npeaenax or 0,01 mo 0,1.n nns MeramioB B 1EIOM
3aBUCUT HE TOJIBKO OT COCTaBa, HO M OT 3aKaJKH, TOBEPXHOCTHOTO TPEHUs, TEMIIEPATYpPhl U JPYTUX
¢daktopoB. C TOYKM 3peHUs CHUXEHHs BUOpanuu Oojiee MPEINOYTUTENBHBIM  SBISETCS
MCIIOJIb30BaHUE B KaueCTBE KOHCTPYKIIMOHHBIX MarepuanoB miactmace (N=0,1-0,3),nepesa (N=0,1-
0,2), pe3unsl (N=0,2-0,6).B ciny4yae HEBO3MOKHOCTH MPUMEHEHHS dTHX MaTEPUAIIOB IS CHIKCHHUS
BUOpALlMM HCIIONB3YIOT JAeMI(UPYIOLUIUE MOKPBITHS, NEHCTBUE KOTOPBHIX OCHOBAaHO Ha IEPEBOJE
Kosie0aTeNbHON SHEPrHH B TEIUIOBYIO NMpHU JIedOopMalMy MOKPBHITUSA. MSATKHE MOKPHITUS PabOTaloT
Jydiie Ha OOJIBIIMX YacTOTaX, KECTKHE — Ha MaJIbIX. XOPOIIOo AeMI(UPYIOT BUOPAIIMIO CMA30YHBIC
matepuanbl. Cloi CMa3Ku MEXIYy ABYMS COWIEHEHHBIMH 3JEMEHTaMH YCTPaHSET BO3MOXHOCTb
HEMOCPEJACTBEHHOI'0 UX KOHTAKTa M, CJIEOBATEIbHO, MOSBICHUSI MUKPOCOYAApEHU, KOTOPhIE MOTYT
OBITH IPUUMHOHN BO30YXKACHUS BUOpALIUU.

[Tpunuun BuOpoAEeMIPHUPOBAHUS JIEKUT B OCHOBE KOHCTPYKLMHU CHELHAIBHBIX YCTPOMNCTB,
UCTIOJNB3YIOUINXCS JUIA CHIDKCHHMsS KOJNeOaHWM B pas3IMuYHBIX CcUCTeMax. Takue ycTpoucTBa
Ha3bIBatOTCA MeMiipepamu. Mcronb3ytoT oHM 0OBIYHO JTHMO0 MMOBEPXHOCTHOE TPEHHUE — PPUKITMOHHBIC
aemidepsl, TM00 THAPOIUHAMUYECKOE - TUAPOAEMII(EPHI.

OpuKIUOHHBIE JeMndepbl YacTO HCMONb3YIOT JJs TalleHus KPYTWIbHBIX KoJeOaHUH.
Konctpykius Takoro ycrpoiictBa nokasana Ha puc. 10. [TogBuKHBIN 371€MEHT TaKoro yCTpOMCTBa
COCAMHACTCS C KOJEOJIOMMMCS MEXaHW3MOM. Bo3HHKaioliee Ha TpaHULE TMOABHKHOTO H
HEMOJIBUYKHOTO AJIEMEHTOB TPEHUE NMPUBOAUT K MEPEBOJY YaCTH MEXaHMUECKON SHEPruu KojeOaHuit
B TeryioByro. Hemoctatkom Takoro nemmdepa sBIsSeTcs M3HOC TPYLIMXCS MOBepxHOCTel. bomee
M3HOCOCTOMKHMHU SIBJISIFOTCS THApaBiIndeckue Aemmdepbl. CxeMa MpocTeliero U3 HUX Moka3aHa Ha
pucynke 11.1Ipu nBMKEHUU MITOKA C TOPIIHEM, COeIMHEHHOTO C BUOPUPYIOIIEH CUCTEMOM, BHYTpHU
HWIMH]IPA 3aTI0JTHEHHOTO )KHUIKOCTBIO MPOUCXOIUT MEePETeKaHUE 3TOM KUIKOCTH U3 BEpXHEH 4yacTH B
HIDKHIOIO 4epe3 OTBEpPCTHUSA B MOPIIHE WJIM IO CHEeNHaIbHBIM OOBOJHBIM KaHajgaMm. Bcrienctue
HaJIMYUs THIPABIMYECKOT0 TPEHUS MPOUCXOAUT MOTEPS] MEXaHUYECKOM SHEPTUHU KOJICOaHHH.

23



Konebmromieecs
o0opynoBaHue

30Ha

\\:\ T " TpeHus

rd
S

IlonBUXHEBIN DIIEMEHT

HenonBMXHBIN DJIEMEHT

Puc.10 ®pukunonHsiil gemidep.

Bubpupyromiee

o0opynoBaHue

Pabouas
KUIKOCThH

i

Puc.11.Cxema rugpaBiaudeckoro aemrmdepa.

Buopouzonsinus.

JleiicTBrie BUOPOU3OISIIIMA CBOJAUTCS K OCIIA0JICHUIO CBS3EH MEXKIy MCTOYHHKOM BHOparu u
00BEKTOM BHOPO3alTUThI, TP 3TOM YMEHBIIIAIOTCS TEPENAOIINECs TUHAMHYECKUE BO3JEHCTBUSA.
Opnako, ocia0yieHre CBA3EH MOMKET COMMPOBOXKAATHCS BOSHUKHOBEHHEM HEKOTOPHIX HEKENATEeIThHBIX
SIBJICHUH. YBEJIMUEHUEM aMIUIUTYbI KOJIGOAHUN U CTATUYECKUX CMEIIEHUH, YBEIIMUCHUEM radapuTOB
CHCTEMHEI.
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D¢ dexTuBHOCT, BUOpOM30IAIMU onpenensiercss kodpduuuentom nepenadn KII, xoropeii nmeer
(bM3MYECKHA CMBICIT OTHOIICHUSI aMIUTUTYJIbI BHOPOIIEPEMEIICHNsI, BUOPOCKOPOCTH, BHOPOYCKOPSHHUS
3aIUIIAeMOro 00bEeKTa K aMIUTUTY e HICTOYHMKA BO30YKICHHUS IIPU FAPMOHNYECKOI BUOpaIHH.

BuGpou3zosmsius yarie BCero OCytiecTBISETCS CIEIYIOIMMHA METOIaMU.

1. Hcnonb3oBanue BUOpOTacsIuXx OCHOBAHHIA.

J1i1s1 5TOT0 0OBIYHO UCIONB3YIOTCS OTCeUueHHBIE PyHaaMeHThI (prc. 12)uin crenuanbHbIe
iatgopmsl (puc. 13). OHUM MPEpHIBAIOT PACIPOCTPAHEHUE MAIAIOIIUX KOJICOaHUH OT
BHOPOAKTHBHOTO 00OPYI0BAHHUSI.

BnbpoaktusHoe
obopyaoBaHune

"

S

Puc.12.Cxema uCronbp30BaHusl OTCEUEHHOTO (pyHAaMEHTa 000py10BaHHS.

BubpoaktumBHoOe
obopypnosaHune

Bubponsonupytowas

/ nnat cdopma

I T T

Puc.13.Cxema npuMeHeHHUsT BUOPOU30JIMPYIONICH T1aTOpMBI.
2.  Meron BUOpO3aIepKUBAIOIINUX MACC.

30T cnocol mpeAronaraeT pa3MeeHne 3HaYUTEIbHON MacChl COCPEJOTOUEHHON MacChl Ha yTH
pacripoctpaneHust KoseOanuii (puc.14). Macca mnpepsiBaeT pacnpoCTpaHEHHE MAJAlONMX H B
HEKOTOPBIX CIIydasiX MpOJOJbHBIX KojeOaHuil. Kak mpaBuio, yBennuuth 3¢(hekTuBHOCTH criocoba
MOXHO YCTaHABIIMBAas Maccy Ha JeMIHpyoliee OCHOBAaHHE, HAIPUMEP — PE3HHY.

Bun6 poak TMBHOE CocpenoToyYeHHas
o6 opyaoBaHue / mMacca
HanpasneHuve
pacnpocTpaHeHus
konebaHuin

Puc
. 14.Cxema MeToa BUOpO3aiep>KUBAIOIINX MACC.

3. Mertox BuOpo3agepKkUBaAIONINX pedep KeCTKOCTH.

Tak kak He BO BCeX CHy4asX NpH HEOOXOAWMOCTH OpPraHM3alUU BHUOPOM3OJAIMHU €CTh
BO3MOKHOCTh MCIIOJIb30BaHMs 3HAYUTEIBHON COCPEOTOUEHHONW Macchl, OCOOEHHO 3TO OTHOCUTCS K
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TPAHCHOPTHBIM CpPEACTBaM. B Takux ciIydasx MOXET OBbITh I1eIeCOOOPa3HBIM HCMOIb30BATh
BUOpoO3aepkuBarome pedpa xkectkocTi. CyTh 3TOr0 METO/Ia COCTOUT B CHIYKCHUH WHTCHCUBHOCTH
MOTIEPEYHBIX KOJEOAHUH pPaCTpPOCTPAHSIONINXCA IO KaKOH-THOO TOBEPXHOCTH OT HCTOYHHKA
BuOparuu. [amenue ocymiecTBiasercs npu  jaedopmanuu  AeMnUPYIONIETO  MaTepHaa,
PacCToI0KEHHOTO MEXAY AehopMUpyeMOll TOBEPXHOCTHIO U peOPOM JKECTKOCTH MPHUKATOTO K ITOU
noBepxHocTu (puc. 15). B peambHOCTH peOpo Takke MOBTOPSCT BOJHOOOpa3HBIC KOJeOaHHsS, HO C
MEHBIIIEH HWHTEHCUBHOCTEHIO. I[.HI/IHa pe6pa J0JI’KHa COCTaBJIAATb Ha MCEHEC OI[HOﬁ JJIMHBI BOJIHBI
MaIaloNINX  KOJICOaHMHA. Takoli MeTox TO3BOJNSIET JOOWUTHCS CHWKCHUS HHTEHCHBHOCTH
pacrpocTpaHseMOl BHOpallid TpPU OYCHb HE3HAYMTENBHBIX Maccax (HECKOJbKO KHJIOTPaMM)
BHOPOTIOHIIKAIOIINX CUCTEM.

BunbpoaktmnesHoe Pebpo Oemndupyrowmn

o6opyaos ay Yecwocm croi

¢
/WW

Puc. 15.Cxema meToa BUOpO3aAepKUBAIOIITNX peOep KECTKOCTH.

4. [IpuMeHeHne CTaHIapTHBIX BUOPOU3OISTOPOB.

CrangapTHble BUOPOU3OJIATOPHI MPUHSITO KIACCU(PUIIUPOBATH B OCHOBHOM TI0 BUIY WJIH CIIOCO0Y
BBEJCHUS  JAeMN(UpPOBAHUS WIA IO  MaTepuajgy  yOpyroro djeMeHTa.  Pasnuuaior
PE3MHOMETAIUTMYECKHE, PE3UHOBBIE U METANIMYECKUE BHOPOU3ZOISATOPHI C CYXUM HIIA BO3AYIITHBIM
TpeHHUEM. YTIPYTUM DJIEMEHTOM PE3WMHOBBIX U PE3MHOMETALIUYCCKUX BHOPOHU3OJISITOPOB SIBIISCTCS
PE3MHOBBIA MAacCHUB, COEAUHEHHBIA C JETaIIMU METAJUIMYECKOW apmaTypbl C MOMOIIBIO
ByJKaHU3alMHU. JIOCTOMHCTBA PE3MHOBBIX M PE3MHOMETAUIMYECKUX H3O0JISITOPOB  3aKIIOYAIOTCA B
MPOCTOTE€ HMX KOHCTPYKIMHU, B IIMPOKOM JUANA30HE HU3MEHEHUS MX YIPYTUX XapPaKTEPUCTUK,
OTIPEICIIAIONINXCS KaK MapKOW MPUMEHSIEMON PE3WHBI, TaK U KOHPUTYpaIluel ynpyroro 3jieMeHTa, B
BO3MOXXHOCTH TPOU3BOJIBHON OPHUEHTUPOBKH M30JISITOPOB OTHOCHTENIHHO OcCHOBaHUSA. (OcoObie
CBOWCTBA PE3UHBI ONPEILISAIOT, OJTHAKO, U UX HEIOCTATKW: U3MEHEHUE JUHAMUYECKUX CBOWMCTB IMpH
JUIMTENIbHOW SKCIUTyaTallid, CBSI3aHHOE CO CTapeHHEM pPE3UHbI, HEAOCTAaTOYHas HaJeKHOCTb
COCIMHECHHSI PE3MHOBOTO MacCHBa C METATMYECKOW apMaTypou, YXYAIIeHHE BHOPO3alIUTHBIX
CBOWCTB B YCJIOBHUSIX, OTJIMYAIONIUXCA OT HOPMAJIbHBIX (HAampuMep, MPH TOBBIIMICHHOW WM
MOHIKCHHOM ~ TeMIlepaType M BIIAXKHOCTH), HEBO3MOJKHOCTH HCIIOJNIb30BAaHUS B aTMmocdepe,
coJieprKariei mapel OeH3MHa, Macia u T.M. KonmyecTBO HEOOXOAUMBIX CTaHIAAPTHBIX HU30JSITOPOB B
Clydae UX HMCTOJB30BaHUS MOJOMPAETCS MO BECOBOM HArpy3Ke Ha KaKIbld M3 HUX. MUHUMAaIbHAS U
MakcHMajbHas HAarpy3ka, Ha KOTOPYIO pacCuuTaH HM30JSATOp, KaK MpaBuiio, 0003HAYeHA HA CAMOM
H30JISITOPE.

KoHcTpykius ctanmapTHOTO BUOpOU30IsITOpa ¢ cyxuM Tpenuem cepuu AITH mpuBeneHa Ha puc.
16. B >TOM MexaHW3Me YNpPyTHi AJIEMEHT COCTOMT U3 JABYX HMJICHTHYHBIX MPYXUH — BEPXHEH
HIOKHEH. JleMIpupyronmM 3JIeMEHTOM SIBIISIETCSl MOPIIEHb, JBIDKYIIUHCS C CYXHUM TPEHHEM B
MOJIOM IUJIMH]IPE.

26



—

B

T T Y

Puc 16.Konctpykuust cranmaptaoro Budpousosnsaropa AITH.

JlnHaMu4yeckoe rameHue KojaeOaHmi.

JlnHamudeckuii BUOporacuTeNb — JOMOHUTENNbHAS KoJiebaTenpbHas CUCTeMa, Beeria paboTaromas
B MPOTUBO(a3e ¢ UCTOYHUKOM KOJICOAHMI.

[Ipn peanu3anmuu JAMHAMUYECKUX TacUTelled MPOTUBOJACHCTBHE KojieOaHUsSIM OOBEKTa
OCYILIECTBIISIETCSl 3a CUET peaklui, IepeaBaeMblX Ha HETo NMPUCOETUHEHHBIMU Tenamu. [To aroit
MPUYMHE 3HAYUTENbHBIC YCWIHS MOTYT OBITh JOCTUTHYTHI TOJBKO TPU OTHOCUTEIBHO BBICOKHX
3HAYCHMSIX TPUCOCAMHEHHBIX TEJ, COCTaBISIONMX OO0buHO 5-20% mnpuBeneHHON MacChl WIH
MOMEHTa UHEPIUU UCXOTHON CUCTEMBI.

JluHamuueckue TacUTeld MOTYT OBbITh KOHCTPYKTMBHO pEaJM30BaHbl Ha OCHOBE MACCHUBHBIX
3JIEMEHTOB (Macc, MPYKUH, AeMIi()epoB) U aKTHUBHBIX, UMEIOIIMX COOCTBEHHBIC UCTOYHUKH YHEPTUU
(prexTpuvecKue, THUAPABIUYECKHE U IHEBMATHUYSCKHE YOpaBiseMble 3j1eMeHThl). Haubomee
pacmpoCTpaHeHbl CIEAYIOIIHUE BHUABI JUHAMUYECKMX TacuUTeNed KoyiebaHWil: MpyKUHHBIC
MHEPLUOHHBIE, KATKOBbIE, yIapHbIe, MAsTHUKOBBIE U JIP.

[Ipocrenmmii  JUHAMUYECKU TacUTENb BBINOJHAETCA B BHJIE TBEPAOrO TeENa, YIOPYro
MPUCOCTMHEHHOTO K AeMI(UPYEeMOMY OOBEKTY.

HenocratkoM auHAMUYECKOTO BHOpOTAcUTENs SBISIETCS TO, YTO OH JEHUCTBYET TOJBKO Ha
OTpENICTICHHON YacTOTe, COOTBETCTBYIONIEH €ro pE30HAaHCHOMY peXHuMy KojeOanuit. Jlaxke
HE3HAYUTENIbHbIC U3MEHEHHS YaCTOTHI BUOPAIIUU PE3KO CHIDKAIOT A((HEKTUBHOCTH €0 ACUCTBHUS, T.K.
BBIBOJIAT W3 PE30HAHCHOTO pEeXHMMa padOThl. B COOTBETCTBMM C AITHM Takuhe BHOpOTacUTENH
1enecoo0pa3Ho MPUMEHSITh B CHCTEMax, UMEIOIINX XapaKTEPHbIN MOCTOSIHHBIN MO BPEMEHH CIIEKTP
BuOparuii. Heckonbko OONBIIYIO TOJIOCY 4YacTOT, B KOTOpoi HaOmonaercs 3(PQPeKTHBHOE
BUOpOraimieHue, UMET AWHAMUYecKue racutenu ¢ TpeHueMm. OJHAKO Ha PE30HAHCHOW YacToTe
CHIDKEHHE KOJIEOaHUH TaKOTO YCTPOMCTBA MOXKET OBITh MEHBIIIE.

Yaie Bcero IMHaMUYECKUE TaCUTENN UCIIONb3YIOTCS ISl TIOCTHXKEHUS JIOKANbHOTO 3 dekTa, T.€.
s neMnupoBaHus BHOpAaLMM HENOCPEACTBEHHO B MeCTe pPa0dOThl WM PaCIONIOKEHUS
3alMIIAEMOT0 YeloBeKa WM 00OpYIOBaHMS, OJHAKO HAa MPAaKTHKE OCYIIECTBUTH 3TO HE BCEraa
BO3MOKHO.

JononHuTtenbHas
macca ~

BubpoaktunsHoe
obopynoBaHue \

A

S

Puc. 17.Cxema npocTeiiiero npykKMHHOTO 0OJTHOMAaCcCOBOTO JUHAMUYECKOTO TaCUTEIS.
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JononHntenbHas ¢ JononHuTenbHas

macca macca
BubpoakTunBHoe u BubpoakTtnsHoe
o6opyaoBaHue \ ¢ ¢

o6opyaoB aHue \
S e
a 6

Puc.18.Cxema yaaproro (a) 1 KaTkoBOro (0) AMHaAMHYECKOTO racUTENs KoJeOaHuH.

AKTHBHasi BUOpPO3aIIMTA.

Bubparmonnas 3ammra ¢ MOMOIIBIO MACCHBHBIX CHUCTEM OKa3bIBaeTCs MalIod(PEeKTUBHON Hpu
BO30YKJCHUH B 00JaCTU HU3KUX YaCTOT, a TaKXKe MpHU JeHCTBUM BUOpAIMK C IIUPOKUM CIIEKTpoM. B
THX CiIydasx Bce OoJblliee NPUMEHEHHWE HaXOIAT YIpaBlIsEMble CHUCTEMbl BHOPO3AIIUTHI,
MOJIyYMBIIIME Ha3BaHWE AaKTUBHBIX. YTpaBlieHHE B TAaKUX CUCTEMaX CBOJUTCA K KOMIIEHCAIIUU
JIOTIOJTHUTEIHHBIM UCTOYHUKOM SHEPTHMH BHEIIHUX BBIHYKIAIOMIMX CHJI, BBI3BIBAIOIINX BHOpAIIHIO
3alMIAEMOr0 00BbeKTa. AKTHBHBIC CHCTEMbI BHOpo3ammthl (puc.19) comepkar 4yBCTBHTEIBHBIC
aJIeMeHThl 1, ympaBisiolMe JIOTMYECKHE S M HCIOJHUTENbHBbIE YCcTpoiictBa 2. B kauectBe
YYBCTBUTCIBHBIX ~ DJIEMEHTOB  KCIOJB3YIOT  JATYUKH  (OOBIYHO  MBE30IJICKTPUYECKUE),
PETUCTPUPYIOIINE CHIIBI BO30YXIEHUS M peaKkiui 00beKTa 3 WM €ro KWHEMAaTHYeCKHe MapaMeTphl —
nepeMenieHne, CKopocTh, yckopenue. CUrHaibl JaTYUKOB 4 XapaKTepU3yIOT KaUeCTBO BUOPO3aLIUTHI
U UCTHONB3YIOTCS sl ()OPMUPOBAHMSI CUTHAJIOB YIpaBiCHHs] 6, BhIpaOATHIBAEMBIX JIOTHYECKUMU
dNIEMEHTaMu o0OpatHoW cBsi3u  (00bIUHO — mporeccopamu). Dopma CUTHAIOB  yIpPaBICHUS
BbIpa0aTHIBAETCS C TIOMOIIBIO NMEPEIATOYHON (PYHKIMH, HCTIOIB3YIOMIEHCS B JOTHYECKOM JIEMEHTE.
[locne ycuneHusi curHajibl MOJAIOTCS B MCIOJHUTEIBHOE YCTPOMCTBO, CO3Jarollee YHpaBIsiolee
BO37elicTBUE. B 3aBUCMMOCTH OT BUAOB UCIIOJIHUTEIBHOTO YCTPOMCTBA PA3INYAIOT THAPABINYECKUE,
MTHEBMAaTUYECKHE, TbE30TEKTPUUECKUE, STIEKTPOMArHUTHBIE CUCTEMBI.

AKTUBHBIE CHCTEMBbl CHIDKEHHMS BHOpallMM B TOCJEIHUE TOAbl MOJYYMIH IIUPOKOE
pacrnpocTpaHeHHue 3a pyOekoM. ITO CBA3aHO ¢ OYpHBIM Pa3BUTHEM MUKPOMNPOIIECCOPHON TEXHUKHU U
C TeM, YTO TaKH€ CHCTEMBbl TO3BOJSIOT JOOHTHCS CAMbIX BBICOKHMX XapaKTEPUCTUK CHIDKCHHS
BHOpaIuu.

3
//_
4
5
7/
1 /
2
I — ]

J S S S /S

1- akcenepomerp,

2- WCIONHHUTEIILHOE YCTPOICTBO (aKTHBATOP),
3- BHOpPOAKTUBHOE 00OPY/IOBAHHE,

4- wW3MEpeHHBIN cUrHal,
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5- 010k 00paboTKH cUTHAIIA,
6- UCIOJHUTEIBHBIN CUTHAI.
Puc.19.Cxema akTUBHOW CUCTEMBI CHIDKEHUSI BUOPAIIUU.

CpeacTrBa HHAUBHUIYAJIbHOI 3a1IUTHI.

B Tex ciywasix, Korja ONnMCaHHBIMH BBIIIE METOJaMU HE YAAeTcs CHU3UTh YPOBEHb BUOpaIUU
HIDKE JIOMYCTHMOTO Tpefesia WIM 3TO SKOHOMHYECKH HelenecooOpa3Ho, MOKHO HCIIOJIb30BaTh
CpeIcTBa MHIMBUIyalbHOM 3amnThl. Hanbomnee pacnpocTpaHeHHBIMU SBIISIOTCS HECKOIBKO CPE/ICTB.

* BuOpousonupyionme CHAEHbS — 4Yalle BCEro MCIONB3YIOTCA I 3alllUThl BOAUTENICH
TPaHCIIOPTHBIX CPEICTB (aBTOOYCOB, IPY30BBIX aBTOMOOWJICH, TPAKTOPOB, CEIbCKOXO3SHCTBEHHBIX
MmamuH). [IpeacTaBisitor co0OM CHICHBS YCTAHOBJICHHBIC Ha OCHOBaHHs, HWMEIOIIME YIPYrue M
naeMiupyromue 3j1eMeHThl. JlocTaTouHO 3(QEKTUBHBI CHACHUS, HCIONb3YIONIME THUAPOTa30OBbIE
aMOpTH3aTOphl KOJEOaHUM, XOTS B HEKOTOPBIX CIy4yasX MPUMEHSIOTCS H 0oyiee NpPOCThle —
MPYXKUHHBIC OTIOPBHI.

* BubOpozammTHble KOBPUKM — HCIOJB3YIOT XOpOLIHe JeMI(UPYIOUIE CBONCTBA PE3UHBHI.
[IpumeHnstoTcs, Kak MpaBUiio, Ha CTAllMOHAPHBIX pabOYMX MECTax AJsi CHH)KEHUs oOIiel BUOpauuu.
HenocraTtkom siBisieTcss OrpaHMuYeHHass yCTOMYMBOCTR K Macly M JAPYTUM  HPOIyKTam
HedTenepepabOTKH, KOTOPbIE MOTYT MOMaAaTh Ha MOJ MPOU3BOICTBEHHBIX TOMEILIEHUH.

* BulOpozamuTHbie MepUaTKu — MPUMEHSIOTCS AJIs 3allUThl pyK OoT BuOpamuu. Kak mpasuio,
TaK)X€ BBIMOJIHAIOTCS M3 PE3MHBI U BO MHOTHX CIIy4asX ONTUMAlbHBI JUIsl pabOThl C PY4YHBIM
MHCTPYMEHTOM, OOJIaalolIMM BBICOKMM YPOBHEM BHOpaiuu (ITHEBMOTaHKOBEPTHI, KJCMAbHBIC
MOJIOTKH H T.).

* BuOpo3ammrHble pyKOSATKH. B Tex ciyuasx, Korga dYenoBek paOoTaeT HE TOJBKO C
BUOPOAKTUBHBIM WHCTPYMEHTOM, U BHOPO3AIIUTHBIC MEPYATKH MEIIAIOT BBIMOJTHEHUIO KaKHX JTHOO
IpYTUX oOmepalui, peKOMEHIYeTCs MCIONb30BaTh BUOPO3alIUTHBIE PYKOATKU. Yalle Bcero OHU
M3TOTOBIICHBI U3 PE3UHBI, KOTOpas 00JiafgaeT O0JIbIINM BHYTPEHHUM TPEHHUEM.

* BubpozamuTtHas o0yBb — CIYXHUT JUIsl CHWIKEHUS YPOBHS KOJICOAHWM, TMEpPENAONIUXCs OT
MaJaroluX BOJIH, PACHPOCTPAHSIIOMIMXCSA IO MOy MPOM3BOACTBEHHOTO IOMEIIEHUS K HOTaM
yenoBeka. [lomomBa Takoil o0yBM HMMEET XOpOIIHME AeMII(HUPYIONIHNE CBOHCTBA M MOXET OBITH
MHOT'OCJIOMHOM.
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OCHOBHBIE METO/Ibl BOPLEBI C BO3JIEHCTBUEM
BUBPAIIMOHHbBIX KOJTIEBAHUHU HA YEJIOBEKA

MeTtoabl CHUKeHUs] BUOPAIIMN TEXHUYECKUX CHCTEM

Jnst ocnabienusi BAUSIHUSA BUOpallMd Ha OpPraHu3M 4YellOBeKa CYIECTBYET LEJbIi
psan meronoB ([Tnakar ¢ Giok-cxemoit). X MOXHO pa3[euTh HAa TUTHEHUYECKUE W
TeXHU4Yeckue. [ UrueHnueckue  METOIbl  CBS3aHBI  C  BO3JEHCTBUEM  Ha
(U3MOJIOTUYECKOE  COCTOSIHME  YeJIOBEKA  MOJBEPrarolierocsi BHOpPAMOHHOMY
BO3JIEUCTBUIO. DTH METOAbl BKJIIOYAIOT B CEOsl OrpaHUYEHHE MPOIOJIKUTEIHHOCTU
pabodero NHsA B cily4yae NPEBBIIICHUS TOMYCTUMBIX 3HAY€HHI BUOpaIuu, BBEIACHHE
JIOTIOJTHUTENBHBIX TIEPEPHIBOB [JISI OTIbIXa W NPOGUIAKTUYECKUX MEPOTPUSITHHA,
M3MEHEHUE TEXHOJIOTMYECKUX PEXUMOB. TeXHUYECKUE, KaK IPABUIIO, HAPABIICHBI HA
YMEHBIIEHHE WMHTEHCUBHOCTH BHOpanmuud OOBEKTOB, C KOTOPHIMH  CBSI3aHA
JESITeIbHOCTh 4eJIOBeKa. YMEHbIIEHUE JACWCTBUS BHOpanuu OOOpyHOBaHUS Ha
YeJI0BEKa MOKET ObITh IOCTUTHYTO CJIEAYIOIIUMU TEXHUYECKUMHU CIIOCOOAMHU:

1. Cuuoicenuem 6ubpoaxmusHOCmMuU  UCMOYHUKA - yMEHBIICHHEM  YPOBHEU
MEXaHUYECKUX BO3ACHCTBUHN, BO30YKIAEMbIX HCTOYHUKOM,

2. Buympenueti subpozawumoii o6vekma - U3MEHEHUEM KOHCTPYKIIMU OO0BEKTa, IPH
KOTOPOM 3aJlaHHble MEXaHWYeCKHWe BUOpalMu OynyT BbI3bIBATH MEHEE WHTEHCHUBHbBIC
Kose0aHust 00BEKTA UK OTAEIbHBIX €TI0 AJIEMEHTOB;

3. Bubpooemnguposanuem — mpeBpalieHUEM 5SHEPrUd MEXaHUYECKUX KoJieOaHU
BUOPUPYIOIIEH CUCTEMBI B TETNIOBYIO SHEPTHUIO;

4. Bubpousonsyueu - YCTaHOBKOH MEXIy pacdeTHOM TOYKOM M HMCTOYHHUKOM
JIOTIOJIHUTEJILHONM CHUCTEMBI, 3alIUAMIAOIEl 00BEKT OT MEXAHWYECKUX BO3IECHCTBUIA,
BO30Y>KJa€MbIX MCTOUYHHUKOM. Y CTPOWMCTBA yCTaHABIMBAEMBIE MEXKAY MCTOYHUKOM U
00BEKTOM Ha3bIBAIOTCS BUOPOU30IISTOPAMH;

5. Junamuueckum cawienuem KoaeOaHui - TPUCOCTUHEHUEM JOMOJHUTEIBHON
MEXaHMYECKON CHUCTeMbl HW3MEHSIONIeH XxapakTep Konebanmii. Takas cucrema
Ha3bIBAETCS TUHAMUYECKUM racuTeseM KoeOaHuid;

6. Akmuenoil subpozawumoill — NPUII0KEHUEM yIPABJISIONINX CUIIOBBIX BO3ACHCTBHM,
UCIIOJIb3YSI JIJISl YIIPABIICHUS PE3YJIbTaThl U3MEPEHUSI KOJIEOAHUH.

Kpome TOro, B OTAENbHYIO TpYNIy MOXHO BBIACIUTH Cpedcmea
unousudyanvrou 3auwumel (CH3) HCIONB3YIOIIHE HEKOTOPBIC M3 BBIIICOMMCAHHBIX
MPUHIIUIIOB BUOPO3AILIUTHI.

PaccMOTpuM nepeunciaeHHbIE METOBI.

CHmxeHre BUOPOAKTUBHOCTH UCTOYHHKA.

Bo30Oyxnenue koneOaHuit MOXET ObITh OOYCIIOBJICHO pPa3IHYHBIMH (DAaKTOPAMHU.
[lenecooOpa3Ho pa3nenuTh UX Ha JABe rpynnbl. K mepBoil rpymme cienyer OTHECTH
pa3inyuHble PU3UKO-XUMUYECKUE MPOIIECCHI, MPOUCXOAAIINE B UCTOUYHUKE: MPOLIECCHI
TOPEHUs B ABUTATEIAX, MPOLECCHl B3aUMOJECHCTBUS KUIKOCTH WJIM ra3a ¢ JIONATKAMHU
TypOUH M KOMIIPECCOPOB, AJIEKTPOMATrHUTHBIE SIBICHUS B JIBUTATENIIX M reHepaTopax,
HEKOTOPBIC TEXHOJOTHMYECKHEe TMpouecchl (HampuMep, pe3aHue METalioB) M T.JI.
CHmwxeHre BHUOPOAKTUBHOCTH (PAKTOPOB OTOM TPYIIbI CBSA3aHO C HM3MEHEHHUEM
napamMeTpoB (PU3MKO-XMMHUYECKUX MPOLECCOB U MOXKET OBbITh JOCTUTHYTO CIIOCOOaMU
crenuGUUecKUMU IJIs1 KaKI0TO YaCTHOTO CITyvas.

Bropas rpynna Bo3Mymammux (akTopoB CBA3aHA C JBHXKYIIUMHCS TEJIAMHU.
JIBYDKEHME Ten BHYTPU HMCTOYHHKA (BpallleHHE pPOTOPOB, MEPEMEIICHHE 3BCHHECB)
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CONPOBOXK/IAETCS BOSHUKHOBEHWEM IMHAMUYECKUX PEAKLMA CBS3€H, COECIUHSIOIINX
MCTOYHUK C JPYTMMH TE€JaMH, B YaCTHOCTU ¢ 00beKTOM. CHIKEHIE BUOPOAKTUBHOCTHU
UCTOYHMKA B 3TOM CJIy4yae 3aKJIOYAeTCsl B YMEHBIIECHUU JMHAMUYECKUX pPEaKLUl ¢
IIOMOIIBIO TAK HA3bIBAEMOI'O YPABHOBEIIMBAHMS IBUKYILIUXCSI TE.

C TOUKM 3peHMs] CHMIKEHUS BHOpallMM B HCTOYHHMKE KOJEOAHUN NpEeNrOuYTEeHUE
UMEIOT TEXHOJIOTMYECKHUE IPOLECChl, MPU KOTOPBIX YIapbl U PE3KHUE YCKOPEHUs
UCKJIIOYEHbl WJIM MPEAENIbHO CHUXKEHbI. Tak, 3aMeHa KPUBOLIMIIHBIX MEXaHU3MOB
MEXaHU3MaMH C TUAPONPHUBOJAMHU B 3HAUUTEIBHON MEpE CIIOCOOCTBYET CHHIKEHUIO
BuOpanuu. K 3ToMy ke IpuBOJUT 3aMeHa IITaMIIOBKU pe3koil u T.1. Ha npousBoacTee
HEOOXOMMO M3BICKMBATh TEXHOJOTMYECKHE M KOHCTPYKTHUBHBIC PpEIICHUS s
0e3yJapHOTrO B3aUMOJEHCTBUS getaneidl. [l cHwkeHus BHOpamuii 3yOuaThIx
3aleruieHuil (B pelyKTopax) IesiecooOpa3Ho MPUMEHSTh MECTEPHH CO CIIEIUATLHON
dbopmoii 3yba — B3aMeH NpAMO3YyObIX. ITO MO3BOJSIET CHU3UTH YPOBEHb BUOpallUy Ha
3-4 nb.

BaxupiM  QakTOopoM, CHOCOOCTBYIOIIMM YMEHBIIEHUIO YpPOBHS BHOpaluu B
UCTOYHUKE, SBJIETCS YCTPAHEHHWE M3HOCA TOJBWKHBIX 3JIEMEHTOB. M3HOC
00Opy/IOBaHUsl BBI3BIBAET IOSBJICHUE HKCLEHTPUCHUTETA BpALIAIOIIUXCS JIETaleH,
yIapoB B IMOJAIUMIHUKAX  CKOJIBKEHUS M JPYIMX DIIEMEHTOB TPaHCMHCCHHU.
YcTpaHeHue HEeypaBHOBEIIEHHOCTH BPAIAIOUIMXCA MAcCC JIOCTUIaeTCsl CTAaTUYECKON 1
IMHAMMUYECKON OaslaHCUpOBKOW. 3amMeHa MNOJUIMIIHMKOB KayeHHs Ha MOAIIMIHUKU
CKOJIbJKEHUS TaKKe MPUBOJUT K CYIIECTBEHHOMY CHM)KEHHUIO YPOBHS BUOpaLUy.

M3MeHeHne KOHCTPYKIIUU OOBEKTA.

MOXHO BBIOEIATH JBa CIIOCO0A CHIKEHHS KoJieOaHwi, OOmmMX i1 BCEX
MEXaHUYECKUX CUCTEM.

[lepBbIif CIIOCOO COCTOMT B yCTPAaHEHWH PE30HAHCHBIX SIBICHHU (OTCTpOMKa OT
peKMMa pe30HaHca) — KaK MPaBWIIO, B Pa3/ielicHUH COOCTBEHHBIX YacTOT OOBEKTa U
YacTOT  BBIHYXKJEHHBIX  KoneOaHuil. Pe3oHaHCHBIe peXuMbl 1pu  padbore
TEXHOJOTMYECKOT0 O0OpYAOBaHUSA YCTPAHSIOT ABYMS MyTSIMH. JUOO H3MEHEHHEM
XapaKTePUCTHUK CUCTEMBbI (Macchl WIJIM JKECTKOCTH), JIMOO YCTAaHOBJICHHUEM HOBOTO
TEXHOJOTMYECKOTO peKUMa (OTCTpOHKa OT PE30HAHCHOTO 3HAYEHHSI YacTOTHI
BBIHY/IAIOMICH CHITbI). JKECTKOCTh CHCTEMbI M3MEHSIOT BBEJCHHEM B KOHCTPYKIIUIO
pedep JKECTKOCTM WJIM KakuM JHOO JApYyrUM CrnocoOOM H3MEHEHHs YIPYTux
XapaKTepUCTHK 0000pyaoBaHMs. Maccy 000py10BaHUSI MOKHO U3MEHUTh YCTaHOBKOM
JIOTIOJIHUTENbHBIX OAJTaHCUPOBOUYHBIX Ipy30B. [Ipu yBennueHUM Macchl COOCTBEHHbIE
YaCTOThI CUCTEMBI OyTyT CHUXKATHCS, a MPU YBEINYCHUH JKECTKOCTH — MOBBIIIATHCS. B
TeX Cllydasx, KOTJa 4acTOTa BBIHYJICHHBIX KOJI€OAHU BbIIIIE COOCTBEHHBIX YacTOT,
Opyu  BKIIOYEHMH W BBIKIIOYEHMH  O0OpynoBaHUs  OyneT  HaOMI0IaThCs
KPaTKOBPEMEHHOE IMOSBJIEHUE PE30HAHCA. DTO BBIPAXKAETCS B BUJIE PACKAYKH CUCTEMBI
CO 3HAUMUTEIBHOW aMIUIMTYyHOW. bosbpinas packauka HaOmomaeTcs B TeX CIIydasx,
Korjga JemMrngupyroinume MoTepu B CHUCTEME MHHHMAJIbHBIL. B 3TOM ciyyae MOXeT
IIPOU30UTH JJaXKe pa3pyLIEHUE CUCTEMBI.

Bropoii crnoco® 3aknrodaercs B YBEIMUYEHUM PACCEMBAHUS MEXAHMYECKOM
SHEpPruM B 00beKTe. B psine ciryyaes rameHue KojiedaHuil OCyIECTBISIETCS BBEIEHUEM
B KOHCTPYKIUIO CHIEIUAIBHBIX YCTPOUCTB-IeMIIPEPOB.
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