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Puc. 8-1: Bo3pgencTBue Beca 3arotoBKM Ha reomMeTpu4eckyro TOYHOCTb CTaHKa

BrnivsiHMe Beca 3aroToBKM Ha pe3ynbTaTbl U3MEpPEeHU reoMeTpu4ecKom TOYHOCTM CTaHKOB,
Kak npaBuIo, He y4duTbiBaeTcsa. OTO CrpaBeanuBO B Criyyasdx, Korga BeCc 3arOoTOBKM
3HAUYNTENbHO MEHbLUE YCUMWUA, BO3HMKaOWMX npu obpaboTke (Hanpumep, npu obpaboTtke
hasneHuem). Kpome TOro, ecnu pasmMepbl 3arOTOBKWM 3HauYUTENbHO MeHblle pa3MepoB
NOABWXKHOrO ctona Hebonblworo ¢pes3epHOro CrtaHka WnuM AvameTpa OMOPHOW CUCTEMBI
WINMHAEens Marnoro TOKapHOro crtaHka. HanpoTtmB, npu o6paboTke Ha cpegHe- U
KpynHorabapuTHbIX CTaHKax BeC 3aroTOBKM MOXET OKa3blBaTb 3HaYUTENbHOE BO3AeNCTBME
Ha TOYHOCTb CTaHka. K npumepy, Tsbkenas 3aroTtoBka, YCTaHOBMNEHHas Ha pabouwnn cton
dpesepHOro ctaHka, 4aBUT Ha CTON CTaHKa, Ha Hanpaenswwue, Ha CTaHVHY U PYHOAMEHT.
Bce KOMMNOHEHTbI CTaHKa, Haxoaswuecs B MOTOKe Curl, nogsepralwTcs B Oonblien unuv
MeHbLUen cTeneHn ynpyron gedopmaumm. Ha Puc. 8-1 nokasaHa cxema mnsmeputenbHom
Hanagkn Ons BbISBMEHUS BNUSHWUS Beca 3aroTOBKM Ha NPSAMOSIMHENHOCTb MepeMeLleHus
cTona, a Takke B3anmonepneHanKynsapHOCTb NepemMeLLeHnin ctona u nonsyHa. Kak BugHo Ha
rpacduke, noa AenCTBMEM Beca 3aroTOBKW CTON OCefaeT Ha onpefeneHHyo Benuuuny. Mpu
nepemMeLleHun ctona B paboyem NpPOCTPaHCTBE CTaHKa, BEKTOP CWUSbl TSXKECTM 3arOTOBKM
Takke cmellaeTcsd. BcneactBMe 9TOro M3MEHSOTCS pPeakTUBHbIE CUMbl U MOMEHTbI Ha
HanpaBNSALWMX KOHCOMKW, 3aKpPensieHHbIX Ha CTaHuWHe, YTO BbI3blBAET W3MEHSLWMecs
JedopmMaLmm B CTaHKe.
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Puc. 8-2: OnpegeneHue cTaTM4ECKOM XKECTKOCTU B LIEHTPEe MHCTPYMEHTa KOHCOMbHOro BepTUKanbHO-
dpesepHOro ctaHka

Ona wnsMmepeHus CcTaTUYECKOM XECTKOCTM CTaHKa Mexay WHCTPYMEHTOM W CTOMoM
yCTaHaBMMBAETCH MCTOYHUK CUIMbl, OCYLLECTBASALWMIA CTaTUYECKoe CUSTOBOE HarpyxeHue
cTaHka. BenuunHa pgechopmauumn CTPYKTYpbl CTaHKa onpeensieTcs ¢ MOMOLLbK AaTyuka
nepemMeLleHunsi, ycTaHaBNMBaeMoro Mexay UHCTpyMeHToM n ctonom. Ha Puc. 8-2 nokasaHa
cXema M3MepuTenbHOW Hamnagku AN onpefeneHust XeCTKOCTUM KOHCOSbHOro (pesepHoro
CTaHka no ocu z. PesynbTaTbl U3MepeHUs NpPeacTaBnalTCa B BUAE KPUBOW XeCTKoCcTu. B
pesynbTaTe nNPUMOXEHWs CcTaTUdeckon cunbl ygandetca NIET B NOALUUMHUKAX,
HanpaBnsAwLWMX U B pe3bboBbIX COeAMHEHUsIX, a nnowafb KOHTaKTHOW MOBEPXHOCTU
yBEeNuYMBaeTCs, YTO BeAeT K HENMMHENHOMY MOBLILLEHWNIO XECTKOCTU CTPYKTYpPbl cTaHka. [pu
CHATUN Harpy3kM M3MEHEHHOE COCTOSIHME 30H KOHTaKTa 4acTo BedeT kK obpasoBaHuio
rmcrepesmca KpuBOW XKecTKoCcTW. [Ona onpefeneHns BenuUYUHbl  NPOCTPaHCTBEHHOM
CTaTU4eCKoOW noJaTNMBOCTU  CTPYKTYpbl Heobxoaumo  nocrnefoBaTenibHO  NPOBECTU
U3MepeHus nodaTnUBOCTU MeXAy LWnuHAenemM U CTONOM MO Tpem KoopauvHaTam.
lMepemelleHnss B 30He «LWNUMHAENb — CTOM» CKNnagblBawTcsa w3 pgecopmMauum Bcex
Haxo4sALMXCHA B CUIIOBOM NOTOKE AeTanen n nx ConpspKeHumn.



MeTannopexylwme ctaHku Jlekyus No8 5

JInnHenHas )KeCTKOCTb|

Fy F _F i
K=" i I(\/\/:7\/ ke = z
k k k l\ﬂ y X X y X y
XX XY XZ ¢
50 50 50

_ﬁ’ — 7'y 1
Kx - Ky Ky Fsté . | 200 Fsta/ty | 200 Moz | 200
Ko Koy ke — =" T |
/ Cron | Cton Cron

OaTtuuknepemeweHns Cuna

YKecTkoCcTbHa prqume| F, 7
xby = ¢Ty
kx¢>< kxwy kX¢Z j_‘ Yy ¢
kWX kY¢y kyd)z ) \ |
Z Z,
k2¢>< k2¢y I(2‘132 L \\ ]
CTO” Fstatx
[Mpy CMMMETPUYHOMN CTPYKTYpE CTaHKa kj = JInHeliHas XeCTKOCTb / XeCTKOCTb Ha Kpy4eHue
= BblAENEHHbIE NApaMeTpbl HE UMELIOT roe i= HanpaeneHuwe gencreuns cunbl
onpeaendoLlero 3Ha4eHuns ] = HanpaBneHune ocn/noBOpOT BOKPYr OCU j

Puc. 8-3: KOHTpOﬂb JINHEMHOM XX€CTKOCTHU U XXeCTKOCTU Ha Kpy4eHue nog AeACTBMEM CTaTU4YeCKoro ycunusa

Ha Pwuc. 8-3 nokasaHbl cxeMbl M3MepUTEnbHbIX Hanagok And onpedeneHust XeCcTKOCTU
CTPYKTYpbl CTaHKka B COOTBETCTBUM C TexHudeckumn Hopmamm DIN 'V 8602. C npason
CTOPOHbl PUCYHKa MOKa3aHO B3aMMHOE pacriofiokeHue WCTOYHWKa Cuibl WM JaTyuka
nepemMeLleHns OnNg MNpoBedeHUSs W3MEPEeHUNn CTaTUYEeCKOW >KEeCTKOCTU B  pasnU4YHbIX
HanpaBneHusix ocen koopauHat. CneBa nokasaHbl MaTpuubl XECTKOCTU CTPYKTYpbl,
NO3BONAIOLLME OLEHUTb BENUYUHY Aedopmauun npyv OEeNCTBUM MPOCTPAHCTBEHHOW CWIb.
Ha rmaBHOW amnaroHanu matpuubl pacnonaratoTcs OyHKUMM HeNnocpeacTBEHHOM XeCTKOCTU
(HanpaBneHve [ENCTBUS CUNbl U U3MEPEHMS COBMagaroT). 3a npegenamu rrnaBHOM
AnaroHanu HaxoAsTCA NepekpecTHble XEeCTKOCTM (OencTBue Cunbl B HanpasrneHuu OL4HOW
KOOpAMHATHOM OCU, U3MEepeHNe nepeMeLleHns OCYLLeCTBNSETCS B HanpasfieHUn O4HOW U3
OBYX OPYrux KOOpANHATHbLIX ocen). B 3aBUCUMOCTU OT KOHCTPYKTUBHOIO UCMNOSTHEHUS CTaHKa,
He BCE XECTKOCTHble XapaKTepUCTUKN SABMSAKTCA OAMHAKOBO BaXXHbIMW ANSA OMNUCaHUS
nosefeHnsa CTPYKTypbl. [1py CUMMETPUYHON KOHCTPYKUMM CTaHKa, XXEeCTKOCTU, He nMetoLLme
CYLLLeCTBEHHOr0 3Ha4YeHus!, BblaerneHbl TeMHbIM (OOHOM.
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Puc. 8-4: AHanu3 aecopmaumm ropu3oHTaNbHO-PaCTOYHOro CTaHKa

OnucaHHble Ha npegplaywmx CTpaHuuax MeToabl onpenernieHust CTaTUYeCKOW XXEeCTKOCTU
CTa@HKOB OrpaHMYMBalOTCA €e U3MEpPEHMEM MeXOy WHCTPYMEHTOM U CTOroM 3aroToBku. C
MOMOLLbIO 3TUX METOOOB HEBO3MOXHO BbISIBUTb AeTanu M y3nbl CTaHKa, OKasblBawoLive
Hanbonbllee BNUAHME Ha MOAATNMBOCTb CTPYKTypbl. [nNs aHanusa craTtudeckomn
aecdopmaumm  OTAENbHbIX KOMMOHEHTOB HEOOXOAMMO UW3MEpEeHWe OTHOCUTESNbHbBIX W
abCconTHbLIX MNepeMeleHnin B 06racTM CTbIKOB KOMMOHEHTOB. TOMbKO TakK MOXHO
YCTaHOBUTb yOenbHbIN BeC Adedopmauum  OTAENbHOr0  KOMMOHEeHTa B CyMMapHOW
nedopmaumm cTpykTypbl. NpoBeaeHne Takoro pofa U3MepeHun CBA3aHO C Ype3BblbariHO
f6onbwmMK 3aTpaTamn. BOKpyr cTaHka BbICTpauBalOT MENKOSYEUCTYI0 KNeTb U3 XKEeCTKMX
TpybyaTbix 3nemMeHToB. W3mepeHwe BenuuuHbl AedopmMauum KOMMOHEHTOB CTaHka
NPoOu3BOAUTCA  OTHOCUTENbLHO  MeXawmx HafnpoTMB TOYEK Ha  pelleTke  Knetwu.
TemnepatypHasa gedopmaums, Bubpaunm doyHaameHTa n cob6CTBEHHast No4aTNIMBOCTb KNeTu
OKa3blBalOT HeraTMBHOE BO34ENCTBME HA TOYHOCTb M3MepeHuin. VI3 pesynbTaToB U3aMepeHni,
npuBedeHHbIX Ha Puc. 8-4, MOXXHO yCTaHOBUTb JOS0 AedopMaLMy Kaxaoro KOMNOHeHTa B
CyMMapHon Jdedopmauumm CTPyKTypbl. PacdeT npousBogutca nytem onpeaeneHus
aedopmMaumm Kaxgoro KOMMOHEHTa U cpaBHeHMs ¢ gedopmauunen, HabngaeMmonm B ToUKe
AencTBMa cun pesaHus (OoTHocuTenbHas AedopmMauns Mexay WUHCTPYMEHTOM M CTOMOM
3aroToBKW).
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Puc. 8-5: AHanu3 )XecTKOCTU CTaHKOB NnoA AeNCTBMEM KBa3uCTaTU4eCKUX Harpysok

BenuuvHa gedopmauunmn oTaenbHbIX KOMMOHEHTOB CTaHKa MpU HanoXeHUU CcTaTU4ecKom
CUIbl  MexXay WHCTPYMEHTOM W 3aroTOBKOW, MOXeT OblTb YyCTaHOBMEHa C MOMOLLbIO
MoAanbHOro aHanusa, ObblYHO MPUMEHSeMOro AN Bu3yanu3auuv AMHaAMUYecKux ¢opm
konebaHun CTpykTypbl cTaHka (Pwuc. 8-5). lNytem matematunyeckon obpaboTkm («Curve-
Fitting») 3KCNepuUMEHTarnbHO YCTaHOBIEHHbIX aMnnnTygHO-ha30BO-4aCTOTHbLIX
xapakrepuctuk (A®YX) nogaTtnmMeBoCcTM CTaHka B 06nactu Hu3kux yactot (MeHee 10 Iu)
BO3MOXHO oOnpefenuTb cTeneHb AedopMaumm Kaxaoro KOMMOHEeHTa W ero Jonio B
cCymMmMapHon gedpopmauumm  CTPYKTypbl CTaHka. Wamepenne A®PYUYX npowusBogntcs
NPUIOXEHWEM B 30HE MeXAy MHCTPYMEHTOM W 3aroTOBKOW CUIIOBOrO CUrHama HU3KoW
4YacTOTbl CUHYCHOW (OOPMbI, U perucTpaumen abContoTHbIX NepemMeLLeHnii oTAeNbHbIX TOYeK
CTPYKTYpPbl CTaHKa No Tpem KOOpAMHaTHbIM OCAM AaTynKkaMu NyTU, CKOPOCTU NN YCKOPEHWS,
KOTOpble YCTaHaBfMBAKTCA C MOMOLLbID MarHUTOB WM HAKMEMBAKTCA Ha CTaHOK, 4TO
MO3BONSET OTKa3aTbCA OT COOPYXXEHUSA BOKPYr CTaHKa U3MEPUTENbHON KNeTu.
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Kone6arenbHas dopma
npu 6 Ny

AHanus pe3ynsTraToB U3MepeHUsi
(Curve-Fitting)

AnpoKcuMMauus CTPYKTYpbl CTaHKa
nocpeacteom 200 - 300 Touek,
PacnornoXeHHbIX HAa CTPYKType

L.

MoganbHble napameTpsbl: U+jV,
U+jV = komnnekcHble napameTpbl amn.

u = NOCTOAHHAsA 3aTyxaHuna
V =  cobcTBeHHas yacToTa (C 3aTyxaHuem)
N=  4ncno cobCTBEHHbIX YacToOT
k= VNHOEKC
M; = acdekTnaHas macca (W<Wpy)
Sj= ocTaTo4Has KecTKoCTb (W>Wnay)
WNHpekcebi:
i: HanpaBneHve geincTena cunbl G(jo) = - 1 L [ Uik +jVik Uik - [Vijk }r s AHanua npuymH
N . = - - _ i <
j: HanpaBneHve nepemeLleHns 1] ij‘*’z = ](co— Vk) “Hg * J(co + Vk) l AvHamuyekon gecopmauum

Puc. 8-6: Pe3nbTaThbl aHanu13a XecTKOCTU CTaHKOB NoA AeACTBMEM KBa3ucTaTuyeCKux HarpysokK

PesynbTaTtbl namepeHns nNpeacTaBnsaoTca B oopme, aHanornyHon obpaboTke pesynbTaTtoB
MOZanbHOro aHanui3a. Busyanusaums HM3KOYACTOTHbLIX konebaTenbHbix dopM JaeT
HarnsagHoe npeacTaBneHne o crteneHn gedopmaumm OTAenbHbIX KOMNOHeHToB (Puc. 8-6).
KonuyectBeHHOE onucaHwe nogaTnnBOCTU CTPYKTYPbl B KaXO0W TOYKE MOAENU COOEPXKUTCA
B nepefaToudHbIX (PYHKUUAX, pacCYMTbIBAEMbIX HA OCHOBE U3MepeHWd nodaTnvMBOCTU AN
Kaxxgon TOYKW. [na KONMMYECTBEHHOM OLEeHKM MnoaaTnMBOCTM AofmkHa ObiTb M3BecTHa
BENUYMHA CUIbl, 4EACTBYIOLLAA MO KaXa0M KOOPANHATHOM OCU CTaHKa.
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» OXnaxA. CTPYKTYpE! HecTauuoHapHoe pacnpegeneHne TemnepaTtypbil

TemnepaTtypHbIV rpagueHT

BosgencTBue okpyxaarowen cpeabl

BHyTpeHHMe UCTOYHUKMU Tenna
OnemMeHTbl CTaHKOB « MoAWMNHUKKA, Hanpasn.
- WBN =
* Buratenun 8 5
* PegykTopsl n g
* M'mppaBnuka 21 ]
o d ——
Mpouecc * BbipaboTka Tenna npu 43
pesaHun E = MapameTpbl MmaTepuana KoHcTpyKums
« CTpyxka, COX o2
T g TennoemkocTb PacnpegeneHue macc
OxnaxnpeHwue * Oxnaxp,. Asuratens 5
(Y TennonpoBogHOCTL [Monox. nctodHmkoB TENNA
*« Oxnaxa. wnuHaens 9'
e
<
E
_|
<
e
<

KnumaTB Uexe «PacnpegeneHve Temnepa-
Typbl (BepTUKanbH./ropus.)
* Kone6aHusa temnepartypbl
(AeHb / HOYb)
*MNoTokn Bo3pyxa
McTouHmk Tenna « ConHeuHbin cBeT
» OTonneHue
«CocegHMe yCTaHOBKMU
MoTpebutenn  « dynpameHT

Tenna * OTKpbIThIE BOPOTa HeTo4yHOCTbL 06pPabOTKU 3aroTOBKMU

BuanamepuTenbHbIX CUCTEM U TUM YCTaHOBKY,
KoadhpmumeHT nMHenHoro paclumpeHuns,
B3aUMHOE PacnooXeHNe KOMMNOHEHTOB,

BeNMYnHa TeMnepaTypHOro paclumpeHms

CmMelleHue N HaKIMoH
MeXAY UHCTPYMEHTOM
1N 3aroToBKOM

Puc. 8-7: MpuunHbI TepMo3anacTM4yHon gecopmauum

PacnpegeneHue TemnepaTypHbIX MOMen B CTPYKType CTaHKa W CBA3aHHble C HUM
TemnepaTtypHble AedopMaumm oTAeNbHbIX KOMMOHEHTOB 3aBMCUT OT Oonblioro 4ucna
KOHCTPYKTUBHBIX W  TexHonorndecknx daktopos (Puc. 8-7). WcTtoyHukamn Tenna,
BO3JENCTBYIOLLMMWN Ha CTPYKTYPY CTaHKa, ABMNAOTCA BHYTPEHHME UCTOYHUKW B CTaHKe, a
TaKKke UCTOUHUKM OKpyXatoLen cpeabl. KOMNOHEHTbI CTaHKa, UX B3aMMHOE pacnonoXeHne u
TepMO3nacTUYHble CBOWCTBA, PachofioXeHMe WCTOYHWKOB Tenna — Bce 3To dopmupyet
HecTabunbHoe W HeogHopogHoe TemnepaTypHoe none. Onpegensowen AN TOYHOCTU
006paboTkn ABNAETCS BeNUYMHa OTHOCUTENbHOW AedopMauuMm MeXay WHCTPYMEHTOM U
3aroToBKOW B Touke pe3aHus. OHa onpegensaeTcss ASIMHOW KOMMOHEHTOB, MOABEPXKEHHbIX
TemnepatypHon  gedopmaumn,  KoaddUUMEeHTaMU  UX  JIMHEMHOro  paclunpeHus,
KOHCTPYKTUBHbLIM UCMNOSIHEHMEM (Hanunune pebep XKEeCTKOCTU, TOMLWMHA CTEHOK), B3aMMHbIM
pacrnonoXeHnem KOMMOHEHTOB, a Takke BWOOM W pacrofoXeHneM KoopAuHaTHOWM
n3mepuTenbHON cuctembl. Kpome BennumHbl TeMmnepaTypHon gedopmaumm MHCTpYMeHTa U
3aroToBKM B TOYKE pe3aHusi, CYyLWeCTBEeHHbIM Ans TOYHOCTM 06paboTkM saBnseTca
HanpaBneHne BEKTOPOB TemnepaTypHou aecdopmayuu.

Moa BHYTPEHHUMU UCTOYHWKaMKM Ternmna B CTaHKe MOHUMAaKTCA UCTOYHWUKM, MPUCYTCTBYIOLLME
B Mnpouecce aKcnfyaTtauuMyM CTaHka Kak nof Harpyskow, Tak M Ha xornocTom xody. K Hum
OTHOCATCA KOMMOHEHTbl CTaHKa, B KOTOPbIX MPOUCXOAAT MNOTEPU MOLLHOCTM, Hanpumep,
NOALMNHUKK, ABUraTenun, kopobku ckopocter u T.4. Kpome Toro, cam npouecc pesaHus
npeactaenseT cobon MHTEHCUBHBLIM MCTOYHWK Tenna. Yactb Tenna, Bblaenswowerocs B
npouecce pesaHus, pacxo4yeTcsl Ha HarpeB WHCTPyMeHTa u 3arotoBku. OgHako Gonbluas
YyacTb Tenna oTBOAUTCS CO CTPYXKKOW, KOTOpasi Bbi3blBAET HarpeB KOMMOHEHTOB CTaHKa npu
KOHTakTe ¢ Humu. Ewe ogHUM BHYTPEHHWUM WCTOMHMKOM Tenna sBNSeTCd CMa304HO-
oxnaxgarowasa XuakocTb, nonagawmowasi B npouecce 006pabOTKM NpakTU4EecKM Ha Bce
KOMMOHEHTbl CTaHKa, cocTaBnswowmne ero paboyee npocTpaHcTBO. Ecnu notokm COX
HanpasneHbl B paboyem NpocTpaHCTBE MPOM3BOMBHO, 3TO MOXET NPUBECTU K CrydanHOMy
pacnpeaenenuto Temnepatyp. C gpyron ctopoHbl, COXK MOXeT NpUMeEHATLCS ANs Co3gaHus
3a[jaHHOro TemnepaTtypHoro nona B paboyeM MNpocTpaHCTBE CTaHka. LleneHanpaBneHHoe
BO3JeNCTBME Ha Temnepatypy OTAENbHbIX KOMMOHEHTOB OCYLeCTBASeTCAa nyTeM Ux
oxnaxgeHus (Hanpumep, LWNUHAENb, XOAOBOW BWHT, ABUraTenb), YTO OMOCPeAOBaHHO
OKasblBaeT BO3JAENCTBME U HA TeMnepaTypHOe nosie BCero craHka.

K BHELHMM MCTOYHMKaM Tenrna OTHOCATCH, Nnpexae BCero, Temnepatypa Bo3dyxa B uexe,
konebaHve TemnepaTypbl B 3aBUCMMOCTM OT BPEMEHW CyTOK, BepTuKanbHble U
ropusoHTanbHble TemnepaTypHble rpagneHTbl B Lexe. KonebaHns TemnepaTtypbl BO3gyxa B
uexe, 4vacTble 3anyckM W OCTaHOBbl LUNWMHAENS W T.N. MPEnaTCTBYOT YCTaHOBMEHUIO
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cTabunbHOro TemMnepaTypHOro COCTosiHUSI B paboyeM NpocTpaHcTBa cTaHka. BepTukanbHble
TEeMnepaTypHble rpagneHTbl 0ka3biBaldT 0COBEHHO 3aMeTHOe BO3OENCTBUE HA CTPYKTYpPHbIE
KOMMOHEHTbI  KpynHorabapuTHbiX  cTaHKkoB. Kpome  Toro, BaXHbIM  (hakTOpOM,
BO34ENCTBYIOLLMM Ha TemnepaTypHOe TMone CTaHka, SIBNsieTcs npsiMoe BO34eicTeue
COJIHEYHbIX fyYel, Hanuune B HemnocpencTBEHHOW OGnM30CTV paavMaTopoB OTOMMEHWs, a
TaKkKe APYrmx CTaHKOB U NPOU3BOACTBEHHbLIX YCTAHOBOK.
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Puc. 8-8:. PacnpeneneneHue TemnepaTtypbl B Liexe

PacnpegeneHve Temnepatypbl B MPOM3BOACTBEHHOM Lexe, Kak npaBumno, KpavHe
HeogHopoaHo. Ha Puc. 8-8 npeactaeneHo pacnpefeneHne Temnepatypbl B pasfiUYHbIX
YacTAX NPOM3BOACTBEHHOIO Liexa — B 30HE MexaHu4yeckon obpaboTku, cBapku, COOpKM n
OTrpy3Ku, nNpuyemM pasHuua B TemnepaType coctaBnseT Av= 2°C. Kak BUOHO M3 pUCYHKa,
BbIOOp MecCTa YCTaHOBKW CTaHKa SIBNSieTCA BaXKHblM (DaKTOPOM, BIMSIOWMM Ha BENUYMHY
CyMMapHom TemnepaTtypHon gedopmaumm cTpyktypbl. Kpome Toro, TemnepaTypa Bo3ayxa B
Luexe 3Ha4YMTENbHO MEHSAETCH MO BbICOTE Liexa, B 0COOeHHOCTM BONN3N BOPOT, TaK Kak B 3TOM
obnactn yctaHoBfneH TennoBeHTUnsaTop. K TOMy e, OTKpbiBaHWe BOPOT Takke BedeT K
3Ha4uTENbHBbIM U3BMEHEHUSAM TeMnepaTypbl.
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Puc. 8-9: ®akTopbl, OKa3biBaloLue BoO3feNCcTBUE Ha pacnpeaeneHve TeMnepaTtypbl B Lexe

Ha Puc. 8-9 npeacraBneHo M3MeHeHWe TemnepaTypbl B Lexe nof AeACTBUEM MPSMOro
CONMHEeYHoro ceeta u konebaHun TemnepaTypbl B AHEBHOE N HOYHOE BpeMs B TedeHue roga.
OTW BHELWHNEe (hakTopbl BbI3bIBAIOT AOMOMHUTENBHOE KonebaHne LexoBoW TemnepaTtypbl B
TeyeHue OHSA, U3Ha4YanbHO OCTUrHYTON paboTon CUCTEM OTOMMEHMUS, KOHAULMOHUPOBAHUA U
BEHTUNAUMKW, a TaKkKe KONMUYeCTBOM Tenna, BblAENAeMoro  npov3BOACTBEHHbLIM
obopynosaHneMm. Ha npenctaBneHHbIX rpadukax OToOpakeH LUMKN BKAYEHUS CUCTEMBbI
KOHOWLMOHMPOBaHUA B 6 YacoB yTpa M ee BblkMyeHMe B 16 4vacoB. B 3aBucmmocTtu ot
TemnepaTtypbl OKpyxatoLlen cpeabl, Habntogatotesa konebanunsa Av ot 1°C go 4,5°C.
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U3mepeHue cmelleHunsA
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13 vHBapa

a | \ . %
OEeCKOHTAKTHblE
naT4mKku

U3mepeHue TemnepaTypbl B AUCKPETHbIX
ToYKax
McToynnkntenna «[Osuratens

-LlBM

* HanpaBnswowmue

* LnMHA. noaWwunHUKM
Bcnomor. arperatel * Fmapaenuy. cucrtema

® Touku M3MepeHUs TeMnepaTypbl

«Cuctema oxnaxa. Harpyska
-COX *BpalieHue WwnuHaens *CmMellaHHas Harpyska
MN3mepurT. cucr. *[lepemeLy. no ocam e[porpamma Yry
CTpyKTypacTaHka «PasnuuHble BbICOTbI *BpalyeHve peonbBepa e[locTosH./ nepemeH.
Okpyx.cpepa *Temnepatypa B «[1pMBOAUM. MIHCTPYMEHTbI  Harpyska
pabGouei kamepe *COX +1SO230-3;DIN V 8602

Puc. 8-10: UamepuTenbHasa Hanagka onsi ccregoBaHUA TemnepaTypHoi gedopmaumm cTaHka

ans NPUHATUSA ONTUMAnbHbIX  KOHCTPYKTUBHbLIX  peLleHun no  ynyydlWeHuo
TepMOCTabuIbHOCTN CTaHKOB HEOOXOAMMO 3HATb Benu4YMHbI TeMnepaTypHou gedopmauum
OTAENbHbIX KOMMOHEHTOB M WX AOMK0 B CyMMapHOM CMELLEHUW LeHTpa WMHCTPYMeHTa
OTHOCUTENBLHO 3aroToBkM B Touke pesdanHus(Puc. 8-10). JlnHenHble dx, dy, dz n yrnosble dgx
n d@y OTKMOHEHUA WHCTPYMEHTa PerucTpupyeTcs C MOMOLbID HECKOSbKUX AaTyMKOB
nepemeLLeHnss No KOOpAWHaTHbIM OCAM X, Y, z. B kayecTBe MHCTpyMeHTa npuMeHseTcs
unnuHapuYeckass onpaska. V3mepeHus MpouM3BOASATCS, Kak MpaBuro, C MOMOLLbIO
OECKOHTaKTHbIX  AaTymkoB. [ns  npegoTBpalleHnss  BO3HWKHOBEHUS  MOrpeLuHocTen
n3MepeHns Bcneactene CcobOCTBEHHOW TemnepaTtypHon gedopmauun  onpaBku WU
npucnocobneHma Ans yCTaHOBKM OaTYMKOB M3roTaBNMBAalOTCHA M3 MaTepuanoB C MarbiM
KOIhDULMEHTOM  FIMHENHOTO  paclumnpeHus  (Hanpumep, wuHBap). OQHOBPEMEHHO
Npou3BOAATCA WM3MEpPEHUs HarpeBa BO MHOMMX TOYKaxX CTPYKTYpbl CTaHKa C MOMOLLbIO
KOHTaKTHbIX ~ TemnepaTtypHbix gaTtyumkoB. Kpome TOro, wu3MepeHue Temnepartypbl
NPoOu3BOOUTCHA Ha BHYTPEHHUX WUCTOYHWMKaX Tenna (kak To gsuratenu, LBI, TaHkeTku
HanpaBNSALWMX, MOALNMHUKA), B MeCTax KpernmneHus KOOpAMHATHbIX W3MepUTENbHbIX
cMcTeM, BO BCIOMOraTerbHbIX arperatax, a Takke B MPOCTPaHCTBE BOKPYr CTaHKa Ha pa3Hon
BbicOTe. B kayecTBe p[aTtumkoB TemnepaTtypbl MOMyT MPUMEHSTCA TepMonapbl U
TEPMOMETPbI CONPOTUBIEHMS.

B cny4ae, korga ctaHok gonroe Bpems Haxoautca B paboTe u BbINOMHAET 04HOOOpasHble
UMKnM4eckue onepauun (Hanpumep, B KPYNHOCEPUMWHOM NPOU3BOACTBE), TeMnepaTtypbl U
TemnepaTypHble AedopMaunm CTaHOBATCA NoYvTn ctabunbHeiMy. Bpems, Heobxoanmoe ans
AOCTWXEHUSI CTabUbHOrO COCTOSAHUS, 3aBUCUT OT KOMMOHOBKU M rabapmuToB CTaHKa U MOXeT
pocturate 8 yacoB, OT0 obycrnoBnmBaeT Lenecoobpa3HOCTb NPUMEHEHUS aBTOMaTUYECKUX
cucTemM usaMepeHus Temnepatypbl. [lpu paboTe yHMBepcarnbHbIX CTAHKOB. B TeX Chy4asx,
Korga cTaHok paboTaeT ¢ YacTon CMEHOW ynpasBnsoWmUX NporpaMM Unmn co 3HavymTernbHbIMU
KonebaHMaMM HarpyskM, HacTynneHne CcTabunbHOro COCTOSIHMA He Habnogaetcs.
TemnepatypHble pacnpegeneHus w gedopmaumm  GBRAKOTCA B AaHHOM  criyyae
ANHAMNYECKUMUN BENNYMHAMM.
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Puc. 8-11: Temnepartypa u gechopmauusa OLl npu BpaweHUu wnuHagens

Ha Pwuc. 8-11 npegcrasneHbl rpaukm  M3MeHeHna  Temnepatypbl UM BENUYMHbBI
TemnepaTypHor gedopmaunm, namepeHHbix 3a 10 yacoB paboTbl WNMHAENS B Anana3oHe
cKopocTen, ykasaHHbIM B cTaHgapTe DIN V 8602, n cneayowmx 3-x 4acoB BpallleHUs Ha
MakcumarnbHon Yactote. OCHOBHbIM UCTOYHUKOM Tenna B UCCNegyeMOM CTaHKe SBNAeTcs
nepegHMM NOAWMWMHUK LWNuMHAend. WManyyaemoe UMM Tenrno HarpeBaeT BeCb KOpnyc
wnuHaensa. M3 rpadukoB BUMOHO, YTO M3MEHEHWe TemnepaTtypbl B UccnegyembiX TOuKax,
pacnonoXeHHbIX Ha BornbLIeM yaaneHnn ot nepegHero NOALWUMHKKA, 3HaYUTENbHO MEHbLLE,
a TeMnepaTypHas UHEPTHOCTb Bbllle. MI3MeHeHe CxeMbl HarpyxeHusi okasblBaeT 3ameTHoe
BO3JeNCTBME TOMbKO Ha TemnepaTypy B Toudkax T1, T2, T3. BennuumHa TemnepaTtypHomn
nedopmaumn nokasaHa B HWXKHEW YacTu rpadmka. bnarogapa cMMMETPUYHOM KOMMOHOBKE
CTaHKa gedopmauma no ocu X OTHOCUTESNbHO Mana. [edopmauma no ocu y Bbi3BaHa
MOCTEMEHHbIM HarpeBoOM Koprnyca LUNUHAENs, YTO 0OYyCrnoBnMBaET CUMbHYIO CrIIaXXEeHHOCTb
konebaHu TemnepaTtypbl, APKO Bblpa)KeHHyt0 BOMM3M nepeaHero noAwunHuka. BenuunHa
TemnepatypHou gedopmauum no ocu Z HenoCcpenCcTBEHHO CBs3aHa C HarpeBOM nepeaHen
CTEHKM kopnyca wnuHaens. BenuvyuHa TemnepaTtypHoin gedopmauuun Takke noasepxeHa
3HauMTenbHbIM KONnebaHnsaM npu M3MEHEHUSIX Harpy3kM, Ha 4YTO YKasbiBalOT KpWBbIE
Temnepatyp T1 n T2 (Puc. 8-11).
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MpuHUMn paboTbl Tepmorpadmnyeckon N3MepuUTENbLHON CUCTEMBI

Puc. 8-12: Tepmorpacuyeckasa nusmeputenbHasa cuctema

HecmoTpsi Ha pasHoobpasuve KOHCTPYKTUBHbBIX WCMNOSMHEHUA KOHTAKTHbIX TemnepaTypHbIX
AatyvkoB obractb WX MNPUMEHEeHWs orpaHuyveHa. [JoBONbHO YacTto Ans  pelleHus
TEXHUYECKMX 3agjavy HeobxoOumo npuMeHeHune OGEeCKOHTaKTHbIX CPeACTB ANS U3MepeHus
TemnepaTtypbl. K HMM  OTHOCATCA, Hanpumep, WHMPAKpPaCHbIN  TepMOMETp U
Tepmorpadumyeckas kamepa. K [OOCTOMHCTBAM [AaHHbIX MNPUMOOPOB  OTHOCATCHA WX
NPUMEHUMOCTb OJ11 U3MEPEHMS OYeHb BbLICOKMX Temnepatyp, Temnepartyp Ten C HWU3KOW
TEnnonpoBOAHOCTBIO U TEMNMOEMKOCTbIO, ABWXKYLUMXCA Ten (WnuHaenen), a Takke Ans
nNpoBeAeHNss W3MepeHWn B  TPYOAHOAOCTYMHbIX YacTaAX KOHCTpykuun. OnpepeneHuve
TemMnepaTtypbl OCYLLECTBIISAETCA Ha OCHOBE peructpauumn TernsroBoro U3ryyYyeHus. TOYHOCTb
M3MEpeHUss B 3HAYUTENbHOW CTEMNeHW 3aBUCUT OT 3MUCCUOHHBIX XapaKTepUCTUK
MOBEepPXHOCTU uccrnenyemMoro Tena. HenpasunbHoe NpYMeHeHne Takux CPeacTB U3MepeHus
npuBoANT K OWMOOYHbIM pesynbTatam. Kak npaBuio, TOYHOCTb OECKOHTaKTHbIX CnocoboB
N3MepPEHUS HUXKEe TOYHOCTWN KOHTAKTHbIX U cocTaBnseT npumepHo +/- 1°C (Puc. 8-12).
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NPUMEHEHNN KIaCCUYECKNX AAaTYNKOB
Puc. 8-13: Hanaaka ans namepeHuin TennoBon CTPYKTypHOWU aecopmauumn

doTorpammeTpmsi — namepeHne obbvekta ¢ nomowbio 06paboTkn ero hoTom3obpaKeHUN.
doTorpammeTpusi NO3BONSET PerucTpupoBaTb AUHaAMUYeckue gedopmaumm obbekta u ux
nocneaytowyto obpabotky (Puc. 8-13). [na npoBegeHust U3MEPEHUs Ha wuccnenyembli
00bEeKT B 3apaHee BbIOpaHHbIX TOYKAaX HaKNeEMBaKTCA MapKepbl. 3aTemMm MNpoM3BOANTCA
KannbpoBka cUCTEMbl C MNOMOLbBI  (POTOCHUMKOB  uccrnegyemoro obbekta C
YCTAHOBJIEHHBbIMWN Ha HEM KannbpupyloLwmMMn NMMHenkaMm U3BeCTHOro pasmepa. dotocbemka
NpoM3BOANTCA C Pas3nNU4HbIX YyrnoB. [10 MpuMHUUNY NPOrpecCUBHOrO MPOCTPaHCTBEHHOIO
ceyeHunss (3eneHaa nuHuMA Ha Puc. 8-13) onpegenseTca  COOTHOLIEHME  Mexay
nccrnegyemMbiMnm  TOYKaMnm B OMKCUPOBAHHOM cuUcTeMe koopauHat. [Ans  peructpaumm
N3MEHEHMA MONOXeHMA uccnegyemoro obbekTa CywecTByloT ABa MeToda. [Mpegnonoxum,
4YTO uccnegyembii 06bEKT NpeactaBnaeT cobon TBepaoe Heaedopmupyemoe Teno. Toraa
npu @GOTOCbEMKE C MOMOLLUBD OOHOW ()OTOKaMepbl BO3MOXHO pacrnosHaTb Kak
noctynarternbHble nepemelleHns obvekra (X, Yy, z), Tak U OpMeHTaumo (kadaHue, pbiCKaHue
unu BpaweHne) obbekTa B NPUHATOM CUCTEMe KoopauHaTt (NpuvHuMn  obpaTHOro
NPOCTPaHCTBEHHOro ceveHust). BTopon meton npegycmatpuBaeT NPUMEHEHUE HECKOMbKUX
doToKamMep WNU yrnoB CbEMKW, OTHOCUTESIbHOE pPacrosyiOKEeHUA KOTOPbIX W3BECTHO
(Hanpumep, Kamepbl pacnosioXeHbl Ha cneumanbHOW kKanubpoBaHHOM noacTtaBke). [Mpu
OLHOBPEMEHHOM POTOCBHEMKE UccneayemMoro obbekTa ¢ NoOMOLLbI0 hoToKamep NO NPUHLMNY
NPOrpeccnBHOIO MPOCTPaHCTBEHHOIO CeYEeHUs1 BO3MOXHO OnpeaennTb KOOpAMHAaTbl Kaxaoun
nccnegyemon Toukm obwvekrta. MNMpu aToM nccnegyembii 0O6bEKT BNOMHE MOXET ObITb TMOKUM
Tenom, T.e. Npy1 AaHHOM MeToAe perncTpaumm gonyctuma gedopmanmsa camoro obbekTa.
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Puc. 8-14: flechopmMaums Kopnyca WNUHAENS NpU peBepCUBHOI paGoTe rMaBHOro Npueoaa

Ona ueneHanpaBneHHOro MPUHATUA KOHCTPYKTUBHbLIX Mep MO  YNYYLEHWIO TenroBon
cTabunbHOCT MeTannoobpabaTbiBalOWMX CTaHKOB, HeEOOXOAMMO onpegeneHve aOonu
nedopmaumn  oTaenbHbIX  KOMMOHEHTOB B BefWYMHE CYMMapHOM TemnepaTypHOW
agedopmaumm  ctaHka. [lpoBegeHue U3MEpeHun Tonbko BOMM3M  30HbI  pe3aHus
HedoCTaTo4YHO. [lpyMEHeHMEe KOHTaKTHbIX [AaTYMKOB Ha pelleTdyaTon knetm Tpebyer
3HauMTenbHbIX 3aTpaTt. [Ons ynpolieHus npoBedeHuss noaobHbiX uccnegoBaHun 6bin
pa3spaboTaH crneuunanbHbIi ONTUYECKNA METOL C NPUMEHeHMeM cBeTOBbIX auogos (LED).
CTpyKTypa cTaHka annpoKCUMUPYETCHA C MOMOLLbIO HaKMeKn CBETOBbIX ANOO0B B 3a4aHHbIX
Touykax. [NonoxeHne AMOO0B perncTpupyeTcs B NpoLecce namepeHnsa cuctemon hotokamep.
[daHHaa cxema BKMYaeT ABa MMOCKMX OMTUYECKUX AaTyumka, PerncTpympyowmx nornoxeHue
LeHTpa CBETOBOro MNyyka CBETOBbIX OMOAOB Ha cBoeln paboyen noeepxHocTw. Mcxoas wms
NONOXeHUs CBETOBOrO0 MATHA Ha MNOBEPXHOCTM ANOAOB, a TakkKe WX B3auUMHOro
pacrnonoXeHud, B WU3MepUTENbHOW CcUCTeMe MPOBOAUTCA pacyeT MNpPOCTPaAHCTBEHHOMO
nonoxeHus ceetognoga. AKTMBauns OTAENbHbIX ANOA0B NPON3BOAMUTCSA NocrefoBaTenbHO C
nomowibto npubopa Crtpobepa. Ons npegoTBpalleHUss CMELLEHUs] ONTUYECKMX OaTYMKOB
BCNeacTBue OENCTBUA TemnepaTtypbl, OHWM KPenATca Ha TepMocTabunbHOW nognoxke. Ons
MOBbLILEHUA TOYHOCTM M3MEPEHUS NPUMEHSIOTCS PasfnnyHble KOMMEHCALMOHHbIE MOOEenu,
TapupoBaHWe KOTOPbIX OCYLLECTBNSETCA HEeMNOCPeACTBEHHO nepen  MpoBedeHuneM
namepeHusa. Kpome Toro, npu npoBegeHun nsmepeHnsa npumeHsieTca auddepeHumnarnbHbIin
MeTof, MNO3BOMAWNA  YCTPaHUTb  BHeWHMe nomMexu. [Ona aTtoro  ¢oTocheMka
OCYLLEeCTBISIETCA CHa4varna C BbIKMIOYEHHbIMW CBETOAMOAAMW, a 3aTeM C BKIHOYEHHbIMU.
[anee npou3BoauTCA BblMUTAHWE WHTEHCMBHOCTW CBeYeHMsi 00oux U300pakeHun.
CneumanbHoe nporpammHoe obecneyeHne MpPou3BOAUT pacyeT MepemMeLleHnss Bcex
Y3MOBbIX TOYEK C yCTaHOBMEHHbIMM cBeToanodamn. CTpykTypa CTaHka npeactaBnseTcs B
JaHHOM crnyyae Kak cetyatad mogenb. Busyanusaums pesynbtatoB nsMepeHus nossondet
pacrnosHaTb reoMmeTpudeckyto popmy TemnepaTtypHon Aedopmaumm CTPYKTYpbl U BbISIBUTb
KOMMOHEHTbl C BbLICOKMM COOTHOLUEHMEM COOCTBEHHOW W cymmapHou gedopmauuun. Ha
Puc. 8-14 nokasaH npumep uW3MepeHust TemnepaTtypHou Adedopmaumm BepTUKasibHOro
nonayHa, Hecyllero wnuHaenbHbln y3en. Kpome cymmapHon gedopmMaumm AaHHbIA MeToA
nossonser rpadpuyeckn npeactaBuTb AedopMauunio OTAENbHbIX KOMMOHEHTOB M WX
BO3QENCTBME HA MaKpOCKOMMYeckoe noBedeHne CTPYKTYpbl CTaHka. Ha pucyHke cnpasa
BBEPXY MOKa3aHO TepMorpaduyeckoe n3obpaxxeHne CTPYKTYpbl, @ HUKE - BUA BO3HMKAIOLLEN
BCNeacTBne Aencteua Temnepatypbl gedopmauun. dopma nonsyHa Obina ynpoLieHHO
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npeacTaBneHa MoAenbto, cogepXxallen 12 csetognogos, pacrnonoXeHue KoTopblX NoKa3aHo
Ha Puc. 8-14 cneBa. [MaBHbIM UCTOYHUK Tenna 34ecb — ABuraTernb, Temneparypa KoToporo
nogHumaetca go 70°C. BTopbiM MCTOYHMKOM Tenna €BnsieTca nepeHuri NOALUUMHUK
LUNWMHAENS, KOTOPbIA OTYETNMBO BUOEH Ha mn3obpaxeHun nocne 255 muHyT pabotbl. O6a
MCTOYHMKA Ternna Bbi3blBAlOT CUSIbHBLIM, HO HEPaBHOMEPHbLIA HarpeB HecyLllero nonayHa,
KOTopbli BedeT K INUHEWHOMY paclUMpeHU0 Mo OCAM Yy U Z. FApKO BbIpaXKeHHbIN
TemnepaTypHbIA rpagueHT OONOMHUTENBHO BbI3bIBAET HAKMOH Kopnyca wnuHaens. Kpome
OWNBKM YrroBOro MOMOXEHUs LWNUHAENS TemnepaTypHbI rpagueHT BedeT K CMEeLLeHUto
LEeHTpa MHCTPYMEHTA B NOSIOXUTENBHOM HarnpasneHun OCU Y KOMMNEHCUPYS, Takum obpasom,
Joro TemnepaTtypHon gedopmMaumm No 0cu y BCreacTBue HarpeBa HecyLlero nonayHa.

HeNOCPEACTS, NaNEp, CHCTENE INuHenHas KomneHcaums
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Puc. 8-15: KomneHcaumsa TemnepaTypHoi aedopmauumn

Mpymep npoBeaeHNa onocpeaoBaHHOM KOMMeHcauun temnepaTypHon gedopMannmn cTaHka
c nomowbto cuctembl UlNY npeactaBneH Ha Puc. 8-15. [Ina BocnpousseneHunss paboumx
YCNOBWI Ha CTaHKe OCYLLEeCTBMASANUCh X04bl MOAAYu 1 BpalleHue WNnHAeNns B COOTBETCTBUN
C MOKa3aHHbIM Ha PUCYHKe paboyMM UMKMOM Ha XOfoCTOM Xxody, T.e. Mpu OTCYyTCTBUMK
HarpyxxeHus. Ha npegcTaBneHHbIX rpadukax nokasaHa TemnepartypHas pedopmauus
LeHTpa WHCTpymMeHTa ©6e3 KoMneHcauuu, C onocpegoBaHHOW U C KOMOBWHMPOBAHHOM
koMmneHcaumen. OcTaToYHble CMELLEeHNS KOHTPOSbHOW OMpaBk/ B LUMNMHAENE onpeaensanucb
C MNOMOLLbIO YCTAHOBIIEHHOW Ha CTOMe CcTaHKka CcuctemMon patyukoB. [lpumeHeHue
onocpeaoBaHHON M KOMOMHMPOBAHHOW KOMMEHcaUUM NO3BONMIO A0OUTLCA 3HAYUTENBbHOrO
CHWKEHUA BenuuMHbl Aedopmauum no ocam y u z. B onocpegoBaHHOM MeTode
KOMNeHcauun TemnepaTtypHon JedopMauum B KayecTBe UCXOAHbIX [[aHHbIX  Ans
MOZENUPOBAHNA UCMOMb3YOTCA MNpeAcTaBneHHble Ha pPUCYHKe [aTyuMku Temnepartypsbl,
YCTaHOBJIEHHbIE Ha CTPYKTYPHbIX KOMMOHEHTax cTaHka. KoMOGMHMpOBaHHLIN MeTo BKIoYaeT
paboynMn NpUHUMN OMocpefoBaHHOrO MeToda KOMMEeHcauuw, pacluMpeHHbIn 3a cuyeT
NPUMEHEHUS HEenoCPeACTBEHHOrO0 U3MepeHus BenuumHbl Aedopmauun Ha KOHTPOSbHOWM
onpaeke. JTO MO3BOMSET MOSIHOCTLIO  YCTPaHUTb  BO3AEWCTBME  TemrnepaTypHOu
aedopmaumun. [ns npoBedeHus TemnepaTypHOro TapupoBaHWs HeOoOXOAMMO npepbiBaTb
npouecc pesaHusl, 4YTo SABMSETCA HeaocTaTkoM npsiMoro uamepeHus. OgHako nonHas
KOMneHcaunsa temnepaTtypHbix gedopmauun (C HyneBbiM CMeLLeHMEM) BO3MOXHA TONbKO C
NpYMEeHeHMeM NPSAMOro U3MepeHus.
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CtaTnyeckas XXeCTKOCTb MeTannopexywmx CtaHKoB
KOHTpO.Hb TemMnepaTypHbIX neq)opmauuﬁ MeTannopexywux CtTaHKkoB

AKYCTUYECKUIN KOHTPOSIb CTaHKOB

3akntoueHue
MpuynHbl npocdheccnoHanbHbIx 3a6onesaHuin »pasBuTne rnyxorbl*
B 2011 roay YacCTHble U rOCyAAapPCTBEHHbIE OpraHn3aLum:
KOMM4YeCTBO anob no orpacnsm npoussoacTea B 2008 .
15% 5% H Lym (38%) 7% 5o

8% [ Cunukos (8%)

O AcbecTos (15%)

[ 3abones. koxu (5%)
[E Mesotenunom, acbecTt (4%)
H Npouee (30%)

B Metannoo6p. (36%)

6% M@ Ctpoutensbctso (17%)

[0 Pa3pab. mectopoxa. (7%)
79 OepeBoobp. (5%)

[] OnekTpoTexHuka (6%)

[ Toproens (6%)

Il MNocopraHusauum (7%)
16% M Mpoyee (16%)

4%

30%

0
38% 36%

[donycTuMbI ypoBeHb 3MUCCUM 3a NpeaenaMu 34aHUIA:

a) MinpyctpuanbHas obnacts 70 dB ¢) Xunble panoHsbl d) KypopTbl, 60nbHMLBI, caHaTopun

b) MNpoMbINeHHbIV parioH OeHb 50 dB(A) OeHb 45 dB(A)
OeHb 65 dB(A) HOYb 35 dB(A) HOYb 35 dB(A)
HOYb 50 dB(A)

Wctounuk: Hauptverband der gewerblichen Berufsgenossenschaften, Richtlinie TA-Larm 1998

Puc. 8-16: NMpodeccnoHanbHble 3a6oneBaHMA — pUCK 3a6onieBaHUA U3-3a NOBbLILWEHHOrO WyMa

Bbicokuin ypoBeHb LWlymMa Ha paboyem MecTe BefeT K pasBUTMIO NpoddeccuoHarnbHbIX
3aboneBaHuin y paboumx. CTpaxoBble KOMMaHWK, CTPaxXyloLMe PUCKM HECYACTHbIX Cryvyaes
Ha NPOW3BOACTBE, OMNpedenslT MoTepl Ccllyxa Kak camMoe pacrnpoCcTpaHeHHoe
npodeccuoHansHoe 3abornesaHue. MamepeHne 1 oLeHKa YpOBHS LUyMa MpPOM3BOAUTCS MO
ABYM HarnpaBieHUsIM — MU3yYeHne BO3LENCTBUS Lyma Ha YeroBeka M U3yyeHue LLyMOBOW
3MUCCUM  OT PasNMYHbIX MWCTOYHWMKOB, Hampumep MeTannoobpabaTbiBaloWmX CTaHKOB

(Pwuc. 8-16).



MeTannopexylwme ctaHku Jlekyus No8

20

s . £
: : <
—_ 120 ......... , ............ I W : R Ly | S 20 —_
5 ' 120 doH n3odgoHa 1
o : : : : : o
- : L 72 T AT T T
= P : : 2 o
28 :
5 5 2101 o
g 2
: S
2 2:102 >
(@) (%)
s 2
= 2.10°% &
0
& g
S =
& [ 2.104 3
g :
o™ 2.10-5 (%
8
53
o™

31,5 63 125 250 500 100020004000 16000
Uactotaf[lu]

Puc. 8-17: CnyxoBoe none

3BYK BOCMPUMHMMAETCA YeroBeYeCKMM YXOM B LUMPOKOM AuanasoHe aKyCTMYeCKOro
Aasnexus. lMpu yactote 1000 MMy rpaHuua CRbIWLXMMOCTU NEXUT B npedenax BeruyuHbl
nasnennst 2:10° H/M?. BoneBoit nopor coctaensieT 20 H/m?. O6a MoporoBbiX 3HAYEHWS
nokasaHbl Ha Pwuc. 8-17 kak ¢yHKUMS 4acToTbl 3BYKOBbIX KonebaHuin. Ha pucyHke
NpuBEeAEHbl 3HAYEHUS 3BYKOBOrO OABMEHUSI U YaCTOTbl, XapaKTepHble AN YCTHOW peyn u
My3blkn. B TexHuyeckom akycTuke [ONs  XapakTepuUCTMKM  3ByKa MpUMEHseTcs
norapugmMmyeckas Likana, onucbiBarLlLlas ypoBeHb akycTtuyeckoro curHana. ObosHavyeHue
aTon 6espasmepHon  BenuumHbl — pgeumben  (oB). BaxHbiMM  akycTMyecKMMM
XapaKTepuCTMKaMM UCTOYHMKA 3BYKa, KPOME TOro, SBMSIOTCH YPOBEHb IPOMKOCTU 3BYKa Lp U
MOLLIHOCTW Ly.
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Xapaktepucrtuka: MepemMeHHas: ®domyna:
OhbekTnBHOE = ~_ |11
3BYKOBOE A@BeHMe P p= T E{)p (t)dt T o
A heKTUBHAsA CKOPOCTb - ~_ 1T,
3Byka v V= ?E!)V (t)dt T o
52
MHTeHCMBHOCTb 3BYKa | =P ="
HTEHCUBHOCTb 3BYK P oG
52
MoLHocTb 3BYKa P p=|s=+f_g
c
L, =10 Ig+ =20 g2
V) N lo _ Po
POBEHb 3BYKOBOIO _ 5 _ Py _ gm
AaBneHus Lp mit : p, = 2000 W,VO N 500 <
lo =Po ¥, = 10'12ﬂ2
_ P _ _ P S
YpOoBEHb MOLLIHOCTM Ly =10 lg— =L, tLgs =20 Ilg—+10 lg—
3ByKa Lw Po Po So

mit : S, =]Jn2;PO =1, 05, =10"2w
Puc. 8-18 XapakTepucTukmn 3ByKOBbIX KOre6aHum

ypOBeHb FPOMKOCTU onpeaendeTca ¢ NoOMOLLbHO CHGD,yIOLU,GVI (*)OpMyJ'IbIZ

2 (8-1)
L, =10Ig2 =201g->-
2
Po Po
Ba3oBOI BEMUYMHON 3BYKOBOrO JaBMEHUS MPUHUMAETCA BEnUYnHa po ~ = 2:10° N/m?. [Ons
YPOBHS MOLLHOCTU 3BYKa Lw cnpaBeanueo:
8-2
Ly =10ig- (8-2)
Po

oe P - MOLWWHOCTL 3BYKOBOro curHana n Po = 1-10'2 BT - BenuumMHa 6a30BO MOLLHOCTM.
MowHoCTb 3ByKa P eCTb MOLLHOCTb MU3fy4aeMOn UCTOYHNKOM 3BYKOBOW BOJTHbI, N3MepAeMon
B BaTTaXx, UK e NMHTerpan MHTEHCMBHOCTU 3BYyKa B npeferniax ormbatoLLer NOBEPXHOCTH S:

p= gfidg (8-3)

MHTEHCMBHOCTb 3ByKa €CTb 3Heprus 3Byka, usfnydaemas 3a efuHuly BpeMeHu 4epes
eavHuly nnowagun. JaHHbIi napameTp paccyuTbiBaeTCd Kak npovsBefeHue [aBrieHus U
CKOpPOCTM 3BYKOBOW BOJTHbI:
~ H
|:p@[_dﬂ
c

(8-4)

MZ

M3mepeHne CKoOpoCTu 3BYKa SBISIETCA CIOXHOW TeXHUYeCcKon 3agaden. [pu namepeHun Ha
[0CTaTOYHOM yaarneHuu AaBneHne n CKOpoCTb 3ByKa NPONopLUMOHanbHbl Apyr ApYry, Tak 4YTo
cnpaBednuBo crieaytoLlee BblpaXeHue:

P (8-5)
pLt

VvV =

Foe pec — 3BykoBOW MMneaaHc Zo (B Boaayxe 408 Hc/M®), p ecTb NNOTHOCTbL cpedpbl, a ¢ —
ckopocTb 3Byka (B Bosayxe 330 wm/c?). lMpumeHsis BbllecKa3aHHOE, CKOPOCTb 3ByKa
BO3MOXHO Bblpa3uTb B 3aBUCMMOCTM OT 3BYKOBOTO AaBIEHUS.
NHTEHCMBHOCTb MOXHO paccynTaTb C MOMOLLbIO BblpaXXeHUS:
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= P°[Br (8-6)
ple| m?
MOLU,HOCTI: 3BYKa paccHunTbiBaeTCA ncxoaqd n3 MHTEHCUBHOCTU In (*)aKTVl‘-leCKOl;l nJowagun S.
=2 (8-7)
P=IB=pWE="T[5
ple

YpaBHeHue (8-7) cnpaBegnvMBO TOMbKO B TOM Criyvyae, ecnv 3BykoBoe pgasrieHune p(t) u
CKOpOCTb 3Byka V(t) uMeloT oauHakoByk asy. [aHHOe YycroBMe BbINOMHAETCA Ha
A0CTaTo4YHO 60MbLIOM yAaneHUn OT UCTOYHUKA 3BYKa.
YpoBeHb MOLLHOCTM 3BYKa onpenenseTcs ¢ NOMOLLbIO ypaBHeHUS 8-8:

52 8-8)

S (

Ly =101g2 +101g—> rae S¢ = 1m2

Po

YpOBEHb MOLLHOCTM 3ByKa 3aBUCUT, TakMm o6pas3om, OT 3BYKOBOrO OaBMEHMS U nnowagum
ornbatoLLen NOBEPXHOCTN.

O630p napameTpoB, HeobGXOOMMbIX ANA ONUCAHMA 3BYKOBbIX BOJSIH, MNpeAcTaBneH Ha
Pwuc. 8-18.
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Puc. 8-19: B3zaumocBs3b Mexay curHanaMmm Bo BpeMeHHOM U YaCTOTHOM AOMeHax

Ha Puc. 8-19 npenctaBneH Npou3BOMbHbIA CUrHamM Kak yHKUMs BpemeHn. C noMoLLbH
pasnoxeHua QyHkumMm B pag dypbe vnn nyteM npuUMEHeHUs crneumanbHbiX (OUnbTpoB
BO3MOXHO BblAENUTb OTAESbHble rapMOHUYECKMe 4YacTOTHble COCTaBnfAwLWMe curHana u
YCTaHOBUTb WX aMmnnutygy wn casur as. B nokasaHHOM npumepe CyMMapHbI curHan
COCTaBnsieTCA U3 Tpex OTAENbHbIX FTAPMOHUYECKNX CUHYCHBIX konebaHuin yactoTon 1000 IMu,
2000 Ty wn 3000 Tu. lNMokasaHHbLIM B HWKHEW YacTM PUCYHKa cnekTpanbHbIn rpadunk
Nno3BonsieT OAHO3HAYHOE PasnoXeHne BPEMEHHOW (PYHKLMM Ha YaCTOTHble COCTaBnsoLwwme.
Mpaduk pa3oBO-4aCTOTHON 3aBMCUMOCTU 30€Cb HE NOoKa3aH. PasnuyHbiM MCTOYHMKaM 3BYyKa
COOTBETCTBYIOT  OMpederieHHble  cnekTpanbHble rpaduki. Tak, npocToMy  3BYKY
COOTBETCTBYET 3ByKkoBOe konebaHue opgHoM 4acToTbl. CMelaHHbI 3BYK COCTOUT M3
HECKOMbKNX TOHOB NMPOU3BOSIbHOM YacToTbl. 3By4aHneM o603HayaeTcsl 3ByK, COCTOALWMMN M3
rapMOHMYECKNX NONYTOHOB. LLlym — 3BYK C HENpepbIBHbIM CNEKTPOM UMM CMELLaHHbIA 3BYK,
YacToThbl KonebaHui B KOTOPOM 00pasyoT HeLenovncreHHsle opobu apyr ¢ Apyrom.
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Puc. 8-20: KpuBble oguHakoBOW rpOMKOCTU, BOCIIPMHUMAEMON YeNOBEeKOM

3aBUCMMOCTb YPOBHS FPOMKOCTU OT YPOBHSI 3BYKOBOrO AaBfEeHMs M YacTOTbl OMUCbIBAETCH
KpMBbIMW OMHAKOBOW rPOMKOCTU (M30(poHamu). Takme KpmBble NOKa3biBalT, KAaKoW YpOBEHb
OOIMKEH MMeeT 3BYKOBOW CUrHanm 3afaHHOW 4acToTbl ANsi TOro, 4Tobbl UMETb Takyl Xe
rPOMKOCTb, Kak curHan Ha 4vactote 1000 [y ¢ 3agaHHbIM YpOBHEM 3BYKOBOrO OaBIIEHUA.
3ByKoBOM TOH C YacTtoTtom 50 'y n ypoBHeM 3BykoBOro gaeneHusi B8 80 ob BocnpmnHumaeTcs
TakuM Xe rpoOMKUM, Kak CTaHOapTHbIW 3BYK ¢ YacTtoton 1 kl'y u 60 ab. YpoBeHb rpoMKoCTH
Takoro 3Byka coctaBnser 60 ®oH. [Ons Toro, 4toObl y4yecTb 3aBUCHALLYHO OT 4acTOThl
BOCNPUUMYMBOCTb YENOBEYECKOro yxa, N3MepeHue Lyma OCYLIEeCTBIISEeTCH B 3aBUCUMOCTHU
OT 4yactoTbl curHana. OueHoyHble kpuBble A, B, n C (Puc. 8-20, HenpepbiBHbIE NMHWK)
MO3BOSIAIOT NMPOBECTU HOPMUPOBAHHYH OLIEHKY YPOBHSA wwyma. Mo kpuBon A, npnbnmkeHHo
OMuCbiBalOLWEN KpMBble pPaBHOM TPOMKOCTM, MPOU3BOAUTCA OUEHKa LWymMa C YPOBHEM
3BYKOBOro fasrneHus meHee 55 ab. o kpueon B — ansa 3sykoBoro gaeneHna ot 55 ao 85 ab,
a no kpmBo C — OGonee 85 pgb. B HacToAwWMA MOMEHT MPUHATO MeXAyHapoaHoe
corfaweHma no 3aBucsAWEen OT YacToTbl OueHKke no KpuBoM A, 4YTO nos3sonder
yHUUUMpoBaTb pesynsTatbl USMEPEHUN, NPOBEAEHHbIX B Pa3fuyHbIX cTpaHax. [lockornbky
Tako MeTon OLEHKM WUCNONb3yeT naeanuanpoBaHHble U30(OHbI, 0603HAYEeHNe efuHULbI
namepeHus B ®oHax He paspeluaetcs. [10aTOMy ypOBeHb 3BYKOBOIO AaBfeHUs NpuBOANTCA
B Ab, npuvyeMm oueHKka OCYyLWeCTBNgeTCcd MyTeM WHOEKCUPOBAHUA BESIMYUHBLI YPOBHSA
JasneHus, Hanpumep, LpA = 85 ab.
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Puc. 8-21: lonyCcTUMBbI ypOBeHb 3BYKOBOro AaBfieHUs KaK (hyHKUNA ONUTEeNbHOCTU BO3OEeNCTBUS

OcHoBHOW 3agadven NpPoBeAeHMs MCCNeaoBaHMN NapameTpoB LUyMa COCTOUT B CHUXKEHWUU
HeraTMBHOro BO3AENCTBMSA LUYMOBOW 3MUCCUM HA 4YeroBeka, C TeM, YTOObl NpeaoTBpaTUTb
HaHeceHne Bpeda 300poBbto. M0 pesynbTatam OGLIMPHBLIX MEOULMHCKUX MUCCneaoBaHum
OblNN yCTaHOBMNEHbI AOMYCTUMbIE 3HAYEHMS PasnNUyHbIX NapameTpoB 3Byka. Ha Puc. 8-21
nokasaH rpaduk 3aBMCUMOCTM [[OMYCTUMOrO 3BYKOBOMO YPOBHA B 3aBMCMMOCTU OT
ONUTENbHOCTM BO3AENCTBUS Ha yenoBeka. Mpn BocbMmuyacosom paboyem gHe (480 MUHYT)
MakCUMarnbHO [OMNYCTUMbIN MOCTOSIHHO [EWCTBYHOLWMA YPOBEHb 3BYKOBOrO [OaABMEHUS
coctaBnset 85 ab. MNpu NpeBbilEHUN 3TOrO YPOBHS, B COOTBETCTBUM C NPEANUCAHUAMM
TexHukn 6esonacHoctn, paboTogaTtenb 00s13aH MNpeaocTaBUTb MeEpcoHany cpencrea
LUYMOBOM 3awnTbl. N3 NnpeacTaBneHHoro rpaduka BUGHO, YTO M3MEHEHUSI YPOBHSA TPOMKOCTU
3ByKa Ha 3 Ab cHwkaeT AonyCTUMYHO ANUTENbHOCTL BO3AENCTBMSA B ABA pasa.
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Puc. 8-22: OnTumanbHoe pacnpegeneHue ypoBHei rpOMKOCTM 3BYKa No BpemMeHu HabnogeHus

YpoBeHb rPOMKOCTHM 3BYKa, Kak NpaBuio, He NOCTOSIHEH, @ MEHSIETCS B TedeHne BpeMeHn. B
cooTBeTCcTBMM cO cTaHgaptom DIN 45641, Ona oOueHKM BO3OENCTBUS Ha 4enoBeka
paccuvTblBaeTCs CpedHUn YpOBEeHb [POMKOCTM Lm no HasHayeHHbIM BPEMEHHbIM
WHTepBanaMm, 3ByKOBasi 9HEPrus KOTOPOro paBHa dHEpPrun 3amellarollero NoCTOSIHHOrO BO
BpemeHn wyma (Puc. 8-22). Takue LWyMbl WMET TaK HasblBaeMblll 3SKBUBANEHTHbIN
3HepreTU4ecknin ypoBeHb. [1pOMEXYTOYHbIE OTPe3kn BpeMeHu 1 onpenensaTca Takum
obpasom, 4Tobbl 06bEeANHNTL CXOOHblE MO BMAY 3BYKOBble BO3OENCTBUS. B 0cobeHHOCTH,
CTauMOHapHble WM nepuognyeckne BuObl 3BYKOBbIX BO3OENCTBUMUA. Bpemsi nsmepeHuss B
npegenax nNPOMEXYTOYHbIX BPEMEHHbIX OTPEe3KOB ornpefensercsd paBHOMEPHOCTLIO
N3MEHEHMUS YPOBHSA rPOMKOCTU. Kak BUOHO 13 pUCYHKa, HA NepBOM NPOMEXYTOHYHOM OTpeske
[OCTaTOYHO OTHOCUTEMBHO KOPOTKOIO BPEMEHU U3MEPEHUs, TaK KakK YpPOBEHb MPOMKOCTM
npakTU4eckn He MeHsieTcsa. Ha BTOpoMm oTpeske BpeMsi U3MepPEHUs OOMKHO oxBaTblBaTb, MO
MeHbLUEeNn Mepe, OANH LMK U3MEHEHUST YPOBHS FPOMKOCTU. BpemMs nsmepeHnsa Ha TpeTbem
oTpeske OOMMKHO ObiTb paBHO CaMOW MPOTSKEHHOCTU OTpe3Ka, Tak Kak 34eCb NpUcyTCcTByeT
HepaBHOMEPHOE N3MEHEHUE YPOBHSA rPOMKOCTU. CpefHee 3HadYeHus1 YPOBHS FPOMKOCTM Lm,
KOTOpPOE MOXHO BMOCMEACTBUMU CPaBHUTb C AOMNYCTUMbIMU 3HAYEHUSIMU, MOXET ObITb
paccuMTaHO C NoMoLb OpMyn, MNpeacTaBfieHHbIX Ha pucyHke. Pacuyet Begetcs no
3HaYeHUAM YPOBHSI TPOMKOCTU U ANnTenbHOCTM Bo3dgenctaus (Puc. 8-22).



MeTannopexylwme ctaHku Jlekyus No8 27

HELIEITEAbBHAA KALIER 009 3O uAThl X KOs FBM
IR vy OH

Yenumnr ens

IByOB0e E E — > y |l B ﬁ*m_.g ) E”

N -
MnaEHER  OUSHOYHEG  OSpafoTia pesy neTaTos Qucrned 3B

YoWNWTEND  GOWAETR

BAENEHME
p

Puc. 8-23: UamepeHune rpomkocTu 3Byka no DIN IEC 651

Ona u3amepeHuss ypoBHS TPOMKOCTW, 3BYKOBOE [aBfieHWe, CO30aBaeMO€ WCTOYHUKOM,
BOCMPUHUMAETC MUKPOOHOM UM TpaHCOPMUPYETCS B anekTpuyeckun curHan. [locne
NPOXOXAEHNs1 Yepe3 ycunutenb, curHan noctynaetr B OBM, rge npousBogutcs ero
obpaboTtka. Cxema wu3aMepeHust npeacraesrnieHa Ha Puc. 8-23. /3mepeHHoe 3Ha4yeHue
3BYKOBOMO [aBfieHNs1 KOPPEKTUPYETCA B COOTBETCTBUN C KPUBLIMU 3aBUCUMOCTU FPOMKOCTU
OT 4acToTbl M MOCTOSAHHLIMU BpemeHu. [lokaszaHHas Ha PUCYHKE Cxema W3MepUTENbHOWM
Hanagkn BKNOYaeT ycunutenb, CHabxeHHbI unbTpamm A, B n C (B cooTBeTcTBUM C
OLlEHOYHbIMUN KPMBbBIMK), N BCTPOEHHLIN nHTerpatop. OnpeaenexHne cnekrTpanbHOro coctaBa
N3MEPEHHOro CcuUrHana Npou3BOAUTCH C NOMOLbLI0 TpaHcdopmMaumn dypbe Ha 6asze IBM.
CoBpeMeHHble KOMMbIOTEPLI NO3BOMAIOT OTKA3aTbCA OT NPUMEHEHUS BHELIHUX YCUNUTENEN,
MOCKOMbKY 3a4yacTyld MMEKT BCTPOEHHblE yCcunuTenu curHana. B 3aBucumocTn oT Buaa
M3MEHEHUs cuUrHana no BpeMeHW, onpeaeneHve cpefHero 3HayeHus TPOMKOCTU, a Takke
OoLeHKa [OnycTMMOM LUYMOBOW Harpyskm, MOryT ObiTb COMpsiKeHbl CO 3Ha4uUTerlbHbIMU
TpyaHocTamu. BcneactBue atoro 6binyv  paspaboTaHbl cneuuanbHble U3MepUTenbHble
npnbopsbl, HanpuMep, WyMOBblE AO3UMETPbI, NO3BONSAIOLWME NPOU3BECTU OUTNTaNN3aumIo 1,
C nomoLubto BcTpoeHHoro OBM, nocnegytowyto 06paboTKy YpoBHS rpoMKocTU. C NOMOLLbHO
AaHHbIX YCTPOWCTB OLlEHKa CTEeneHW MNepeMEeHHOW BO BPEMEHM LUYMOBOW Harpysku Ha
OKpYXKaloLLyto cpefy 3HaumTensHo ynpouaetcs (Puc. 8-23).
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Ha kaxayro KOHTPONbHYH

Ansa Bcex Touek
TOUKY

1. YpoBeHb rPOMKOCTU

npu paboTe cTaHka

Wsmepenne 2. YpoBeHb BHELLHEro Lyma
Mpy BbIKIIIOYEHHOM CTaHKe
OuuLLEHHBIN YPOBEHb LyMa CpegHui ypoBeHb B
cTaHka NPOCTPaHCTBE BOKPYr CTaHKa
Yyer obpaTHOro Bo3gencTBus
NMOMeELLEHNS] Ha UCMbIT. OGBbEKT
3ByKOBOE AaBneHVe
AHanus Ha NOBEPXHOCTb

YyeT BENNYNHbI NOBEPXHOCTU

YpoBeHb MOLHOCTH 3BYKa

B npouecce npuBegeHns CyLecTBYIOLLMX €BPONENCKNX N MexagyHapoaHbIX HOPM K eANHOMY
Buay, geucteyowmnn B OGP ctaHgapt DIN 45635 nocTeneHHo 3amellaeTtcs
MexayHapoaHbiMn  TpeboBaHuaMKU. MexayHapoaHble CTaH4apTbl OnpefeneHnst YpPOBHS
LyMa Ha Npou3BOACTBE Pa3fensaTCca Ha TPU KaTeropuu:

1. CnocoGkl onpeneneHnst ypoBHS rPOMKOCTM LWWyma Ha paboumnx mectax no 1ISO 11200 ff

2. Cnocobbl onpeaeneHmsa molwHocTy wyma no I1SO 3740 ff n 1ISO 9614

3. CneumanbHble cTaHgapTbl ANA onpegeneHus WyMHOCTU MeTannoobpabatbiBatowmx

CTaHKOB

MocnepHsia KaTeropusi cTaHgapToB Gasupyetcd, no Gonbwen yactu, Ha ctaHgapte DIN
45635. lMocnegHue ykasaHua B 06nacTv HOPMUMPOBAHMSA YPOBHA LIymMa Ha NPOU3BOACTBE
JaHbl B BOCbMOM OTYeTe KOMWCCUW MO OXpaHe Tpyda W craHgapTtudauuun. [pumeHeHue
ctaHgapta DIN 45635 no-npexHeMy LUIMPOKO pacnpocTpaHeHo, MOCKOMNbKY eBponenckue u
MeXAyHapoAHble HOPMbl HE MOKpbIBalOT BCce obnactu npaea no 3awmte Tpyaa. Pasnuuator
ABa Hanbonee pacnpocTpaHeHHbIX cnocoba Ans onpeaeneHnst ypoBHSA rPOMKOCTU LLyMa Ha
npounssoactee: DIN 45635-01 (4actb 1 — cnocob ormbatowen nosepxHocTtn) n DIN 45635-16
(meTannoobpabaTbiBatoLime CTaHKK).
MeToauka onpeaeneHusi ypoBHSA MOLLHOCTU LWyMa
Mpn wu3MepeHMn MOLLHOCTM LWymMa Ha OrnpederieHHOM paccTosHUM OT  ObbekTa
(n3amepuTenbHoe  pacctosiHMe) 3agaetcA  ormbawowas noBepxHocTb. B Toukax,
pacrnonoXeHHbIX Ha OJaHHOW MOBEPXHOCTU, NPOU3BOAUTCSH onpeaeneHne YpoBHSA FPOMKOCTHU
lWymMa MO OLEHOYHOW KpmBOM A, CO3O0aBaeMoro MCTOYHMKaMM OObeKTa U BHELLUHMMU
UCTOYHUKamu. [anee npounsBOAUTCA OTAENbHOE U3MEpPEeHUME YPOBHS LUymMa OT BHELLHUX
NCTOYHMKOB. Ha nepBomM aTane obpaboTkm pe3ynbTaToB OnpenenseTcs KOppeKTUPYOLLMN
dakTop K1, paccuntbiBaeMbiii MO PasHOCTM BbllleHA3BaHHbLIX YpoBHEN Wyma. C NOMOLLbLHO
KOppPEKTMpYIoLEro cakrtopa B Kaxgon Todyke ormbarollen MNOoBEPXHOCTU MNpPOn3BOANUTCSA
pac4eT YPOBHSA rPOMKOCTU C NOMPaBKOM Ha BHELWWHMI WyM. Ha cnegytouiem atane o6paboTkm
paccuuTbiBaeTCa UX cpefHee 3HaveHue, OonucbiBawollee CpefHUN YypoBEHb MPOMKOCTM MO
Bcen ormbatowien nosepxHoctn. OTpakarolee BO3LENCTBUE MOMELLEHUS, TAe NPOBOANTCS
uccnegoBaHue, yuuTbiBaeTCa Npu NOMOLLKM KoppekTupytowero gaktopa K2. lMNMocne BbliyeTa
aToro daktopa onpefenseTtca YpOBEeHb FPOMKOCTU MO U3MEPUTENBHOW MNOBEPXHOCTU.
Pasmep nosepxHocTM onpegendetca ¢aktopoM LS, KoTopbii nNpubaBnseTcss K YpPOBHIO
rPOMKOCTM MO W3MEPUTESIbHOM MOBEPXHOCTU. B pesynbTaTe onpegenseTcsd MCKOMbIN
YPOBEHb MOLLHOCTU LWyMa Mo oueHo4vHon kpueon A — LWA (Puc. 8-24).

Puc. 8-24: OnpeaeneHnsa ypoBHA MOLLHOCTU 3BYyKa
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Puc. 8-25: NMpuMep ynpoLieHHON cXeMbl U3MEePEeHUst MOLLHOCTM 3ByKa MeToAOM ornbaroLein NOBepXHOCTH

Ha Pwuc. 8-25 nokaszaH npumep YNpOLLEHHOIO pacrnofIOKEHUS TOYeK u3MepeHna ans
meTannoobpabaTtbiBalolero craHka cpegHero pasmepa. [1aTb M3MepUTEeNbHbIX TOYEK
pacnonaralTcs B LLEHTPe THKECTU KaxXaoun rpaHun ornbatoLer noBepxHocTn. Pacnonoxexve
nocriegHen BblOMpaeTca TakuMm o6pasom, 4TOObl MWHMMANbHOE PacCTOsiHUE K OOBLEKTY
n3amMepeHus, NpeacTaBneHHoro B Buae NpsMOYrofnbHOro napannenenunena, coctaBnsano He
mMeHee d=1 m. 3a cyeT paBHOMEPHOro pacnpefernieHns To4YeK U3MepeHns obLnin ypoBeHb
3BYKOBOW 3MWUCCUMM onpedensetcd C JOCTaTOYHOM TOYHOCTbK, HECMOTPS Ha foKanbHble
pasnuunsa B rpOMKOCTU reHepupyemMoro wyma. [ns npoBeaeHus 6onee TOYHbIX M3MepPEHUN
pacnonoXeHne U3MepUTENbHbIX TOYEK [OOIDKHO BblOMpaTtbCss B COOTBETCTBUMM  C
npeanncaHnammn ctaHgapta DIN 45635. Bosgencteue okpyxarowen cpefbl yY4UTbiBaeTca C
NomMoLLbio KoppekTupyowmnx koadpduunenToB K; u K,. [1ns onpeaenenuns koadgpuumeHTta K2
CYLLLECTBYIOT pasnunyHble MeToAbl, Hanpumep, NocpeacTBOM U3MEpPeHUs BPEMEHU OT3BYyKa
UNKN C NPUMEHEHNEM HOPMasIM30BaHHbIX NCTOYHMKOB 3BYyKa. [1pn npoBegeHMn namepeHuii no
3-My Kraccy TOYHOCTU, KoadhduumneHT K2 onpegensieTca ucxogsa ns pasMmepa noMeLLeHus u
Hannuma npeagmeToB obctaHoBkW. CTeneHb BO3AEWCTBMSA  MOMELLEHUS  HarnsgHo
OEeMOHCTpUpyeT nafeHne ypoBHSA FPOMKOCTU NpU yBENUYEeHWUU PacCTOSHUS OO0 UCTOYHUKA
3ByKa. B nomeLLeHnax ¢ ngeanbHOM OTpaXXaeMocCTblo BennynHa nageHus coctasngaet 0 ab,
a B MNOMELLUEHNsX C Maron OTpaXaeMoCTbik, Korga 3BYKOBble BOSHbI MOryT cBO60AHO
pacrnpocTpaHatbcsd — 6 Ab (Hanpumep, Ha OTPbITOM MPOCTPAHCTBE, B U3MEepPUTENbHbLIX
Kamepax C Marnom oTpaxaemocCTbi0).
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Cnoco6 n3mMmepeHus 3ByKoBoro gaBrieHumsa Cnocob6 namepeHunsA MHTEHCUBHOCTU

B [IpemmyLiecTBa 3ByKa

— MpocToe uameputensHoe ob6opynosaHme ® [NpevmyLiecTBa
— MaMepeHns Ha Manom oTaaneHum He

B HepocTtaTku N
A npeacTaBsnalOT TPyAHOCTEN

- V|3MepeHVIﬂ Ha Manom oTaaneHun cogepxart
norpeLwHoCcTHn

— HeobGxoguma koppekTupoBKa BO3OENCTBUS
BHELLHUX LLUYMOB

— HeobGxoguma koppekTupoBKa BO3OENCTBUS
nomeLleHns B HepocTartok

— CnoxHoe n3mepuTernbHoe O60pyﬂ,OBaHVIe

— ABTOMaTU4ecKasi KOpPEKTUPOBKA
BO3EMNCTBMS BHELUHNX LLYMOB

— ABTOMaTU4YeCKUI yYeT BO3AENCTBMUSA
nomeLLeHns

di0ds

Orv6atoLLas NOBEpXHOCTb

McTouHuk 3ByKa
Puc. 8-26: Cnoco6bl onpeaeneHns MOLWHOCTU 3BYKa

Ewe oamH cnocob onpegeneHnss MOLWHOCTU WMCTOYHMKOB LIymMa COCTOMT B W3MEpPEeHUU
WHTEHCUBHOCTU 3ByKa. Ha Puc. 8-26 npueBefeHbl OCHOBHbLIE XapaKTEPUCTUKN MU3BECTHbIX
cnocoboB onpegeneHns MOLLHOCTM 3ByKa - KOHBEHLMOHAarbHOro criocoba onpegerneHus
3BYKOBOrO AaBrieHns u cnocoba KOHTPONs MHTEHCMBHOCTU 3Byka. OCHOBHOE pasnunyune AByX
MeTOOOB 3akntovaeTcs B cnocobe onpeaeneHns CKOpocTu 3Byka. B nepsom crnyyae pacyet
Npon3BOANTCA MNOCPEACTBOM 3BYKOBOro uMmnegaHca Z, = pLxcL. Bo BTOpoM — kKak
BEKTOpHasi BenuyMHa, Ha OCHOBE pPa3HOCTM 3BYKOBOrO [aBrieHUs, PErncTpupyemoro ¢
MOMOLLbIO ABYX MUKPOOHOB, YCTAHOBIIEHHbIX Ha paccTtosHun Ar. OTcioga cnegyet, YTo U
Ha Manom yganeHunm OT UCTOMHUKA BO3MOXHO KOPPEKTHOe onpeferneHve napameTpos
3BYKOBbIX konebaHun. Ha npakTuke gna onpefeneHns cpeaHunx 3Ha4YeHUM MHTEHCUMBHOCTMU
WwymMa no BpeMeHU U B MNPOCTPAHCTBE MUKPOMOHbI MepemMellarnTcs BOOMb orubatoLuen
NOBEPXHOCTU Takmm oBpas3om, 4Tobbl MICTOYHUK 3BYKa HAXOAWUNCA C HUMKW Ha OAHOW NPSIMOMN.
pagveHTbl OaBneHuMs OT WUCTOYHMKOB 3BYKa, Haxodsdwmxca B npegenax orubatowen
MOBEPXHOCTU UM TMPOHUKaKLWMe 3a npedenbl ormbawowen, 6epytca C  OAWHAKOBbLIM
anrebpanyeckum 3HaKOM OTHOCUTENbHO HanpaeneHuss u3mepeHus. C  NOMOLLbIO
pacrnonoXeHHbIX Apyr 3a OpYyroM MUKPOOHOB [OMM BHELUHMX LUYMOB, MPOHUKAKOLWNX B
npeaensl ormbatoLiern NOBEPXHOCTM, NPOXOAALMX Yepe3 Hee U CHOBa nepexogslimx BO
BHELWHIOW  Ccpedy, B3aMMHO  YHMYTOXAKTCA nNyTeM Bblbopa COOTBETCTBYHOLLENO
anrebpanyeckoro 3Haka rpagveHTa. YCTaHOBMNEHHbIN TakuM o6pa3oM ypoBEHb FPOMKOCTU B
3HaUYUTENbHON CTEMEeHN He3aBUCUM OT BHELUHUX LWYMOB W BO3OEWUCTBUMIA OKpYyXaroLlen
cpenbl, faxe B cnyyae, Korga ypoBeHb rPOMKOCTU 3TUX BO3L4ENCTBUA MpeBblllaeT ypOBEHb
rPOMKOCTM CaMoro uccrnegyemMoro obbekra.
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Mamepel-me AaBlieHusa MoaroTroBka curHanos PacuyeT MHTEHCMBHOCTHU 3BYyKa
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Puc. 8-27: Cxema cuctembl gns n3MepeHnsa MHTEHCUBHOCTU 3BYKa

N3mepuTtenbHasa ycTtaHoBKa, Heobxoammas ons obpaboTku curHanos OT ABYX MUKPO(OHOB,
Kak ObIN0 onncaHo Ha npegbiayLlen cTpaHuue, npegctaBneHa Ha Puc. 8-27. Onektpuyeckme
CUrHanbel, reHepupyemble MUKPOOHaAMK, NPOXOOAT 4epes3 ycunutenb, LUPPOBON
npeobpasosartenb, GunbTpbl U ganee obpabaTtbiBatoTca ¢ nomowibio IBM. C nomoulbto
npeacTtaBneHHbIX Ha PUCYHKE YpaBHEHWUA MPOM3BOAMTCA pacyeT cpedHero 3HavyeHus
WHTEHCMBHOCTU 3BYyKa, MaTeMaTuyeckoe WHTerpyupoBaHne KOTOPOW [JdaeT 3HadeHue
MOLLIHOCTW 3BYyKa MNpW 3adaHHOM Nnowagn M3MepuTenbHon noBepxHocTu. [pumeHeHne
PUnNbTPOB NO3BONAET YCTAHOBUTb CMNEKTpanbHbI COCTaB UHTEHCUMBHOCTU 3ByKa. 1o Hemy
BO3MOXHO YCTAHOBUTb UCTOYMHUK 3BYKa W CTENEHb ero BO34EeNCTBMS Ha OOLMIA LWYyMOBOM
OH. YcTaHOBKa MWKPOMOHOB, MCMNOMb3YEMbIX AN M3MEPEHUd, OCYLLEecTBNAeTcs C
NOMOLLLIO CreunansHOro U3MepuTenbHOro 3oHAa, NpeacTaBrneHHOro B HUXKHEW 4acTu
pucyHka. OTHOCUTENbHOE MOMIoXKEHNE Mexay MuKpodoHamy 3afaetcs  pa3MepoMm
npoctaBku Ar.
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AsponmMnynbCcHbie BHewwHMe UCTOYHUKM | BHYTPEHHME UCTOUHUKM AKTUBHbBIE Mepbi

M aspoauHamMmuyec- )
P Mpouecc pesanms | BPE3aHNME HCTPYMeHTa MepeuuHble:

Kne npouecch! MOAWMNHUKN Oka3saHue BO3[el CTBUS Ha
CUbl pe3aHunst

n BTopuuHble:
epg.qalmu M OTpaxeHue 3BYKOBbIX BoagelicTaune Ha nepeaaio
Kone6aHuUi OT KOMMNOHEHTOB CTaHKa Lye v oTpaxatoLme

3NEeMeHTbI

MaccuBHble Mepbl
MepBuyHbIE:

3ByKOM30MALMS,
3BYKOOTpaxeHue

BTopuuHblie:

AKyCTMYeckme cBONCTBa
nomeLleHns

CpepcTBa nuyHom
3alyMThl OT Wyma

Puc. 8-28: LlymoBas amuccusa 1 mepbl MO CHUXKEHUIO lyMa

Ans  akyCTU4YecKoro KOHTPOMs OTAENbHOro MeTanfopexyllero craHka, Heobxoaumo
NPOV3BECTN N3MEPEHME Ero LYMOB N CPaBHUTL pe3yrbTaTbl C NOKasaTensaMmn COBPEMEHHbIX,
CXOOHbIX MO TWUMY, KOHCTPYKUMUM W pasmMepam, CTaHKoB. [1pu npoBepke TOKapHbIX WK
dpe3epHbIX CTAHKOB M3MEPEHUSA OCYLLECTBIISIOTCA BO BpeMs TUMOBbIX JKCNIyaTauMOHHbIX
UMKINOB — B TeyeHne obpaboTku, XOMOCTOro XoAa, YCKOPEHHOro nepemMelleHus nogayu,
nycka LWnuHaensa v, ecrnv BO3MOXHO, aBTOMaTUYECKON CMeHbl MHCTPYMeHTa. YpoBeHb Lyma
B Mnpouecce pes3aHus Ha xonoctom xofy onpegenserca rno DIN 45635 ¢ nomoLubio
ornbaroLlert nosepxHocTu. NapameTpbl pesaHus ycTaHaBnuBarTca M3 pacdeta 50%-Hou
MOLLHOCTW LUNMHAENS B HOMUHANbHOM pexume paboTbl. iccnegoBaHve ypoBHS Lyma Ha
XOJTOCTOM X0y OCYLLEeCTBNAeTCA Npu MakCcuMarnbHOW YyacToTe BpalleHus wnuHaend. Kpome
TOro, 3HaYUTENbHbLIA YPOBEHb LyMa MOXET BO3HMKaTb, Hanpumep, Npu nepemMeLeHnn
MON3yHOB MNM nycka wnuHaens. Mepbl NO CHWKEHWUIO YPOBHSA LWyMa MpeAcTaBrieHbl Ha
Puc. 8-28.
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M3MepeHue LWymMa BHyTPU aBToMOGunsA

M3y‘-leHVle BOCNpuUATUA 3ByKa C NnOMOLbIO
MaHeKeHa

® PacnonoxeHne MUKPOGOHOB B NIEBOM
NPaBOM UCKYCCTBEHHOM yXxe

B Y4eT UnbsTPYyoLWNX CBONCTB ronoBbl U
YLLUHBIX PaKOBWH

m KoppekTHoe oTobpaxkeHne HanpaereHust

7 : Head ti
cToyHuk: Head accustics pPacnpocTpaHeHs 3syka

Puc. 8-29: VlsmepuTeanaﬂ cuctema c npuymeHeHnMemM MaHeKkeHa

[ns peructpaumm Wwyma Takum, KakMM ero BOCMPUHMMAET YenoBeveckoe yxo, Heobxoanmbl
crneumnanbHble U3MepUTeNnbHblIE MHCTPYMEHTbI. CTpoeHne BHELLHEro yxa (ywHas pakoBWHA,
ylwHon npoxon Ao 6apabaHHon nepenoHku) obycnoBnMBaeT HanpaBfiEHHOCTb BOCMPUATUSA
3Byka. C yyeToM aTux ocobeHHocTen B 80-x rogax NpoLunioro cronetus 6binm paspaboTaHbl
crneymnanbHble N3MepuUTESibHbIE UHCTPYMEHTbI, UHTErpMpPOBaHHbIE B MOAENb YenoBeYeCcKom
ronosbl. [laHHble MeToabl ABNAOTCA CTaHAAPTHBIMU B COBPEMEHHOM aBTOMOOUNECTPOEHUN
N NPUMEHSITCA ANA ONTUMM3AUUM  aKyCTUYECKUX XapaKTepucTUK aBToMobunen. Ha
Puc. 8-29 nokasaH wuamMepuTenbHbIM Mpubop, COCTOALWMM M3 UCTOYHMKA 3ByKa, Onoka
perncTpaumMm M nnacTMacCcoBOro MaHeKkeHa, CryXallero Ansi peasMcTUYHOro U3MepeHUs
napameTpoB 3ByKa.

B Llenbto NpYMEeHeHMs1 NCUX0aKyCTUYECKMX XapakTepUCTUK SBMSIETCS pacyeT LUYyMOBOWA
Harpysku 1 ee cyobekTMBHasi OLieHKa.

m Onpegenexue:
“llymoBas Harpyska - 3TO HeKOM(OPTHOE OLLyLLEHNE, CBA3bIBAEMOE C ONpeaeneHHbIMM
06CcTOsATENBCTBAMM, OT KOTOPbIX MHAMBWUA UKW rpynna UHANBUOOB OXUAAeT HeraTuBHOIO

Bo3gencTemsa”.
B [TcnxoakycTnyeckne napameTpbl Yluwas pakosuia yxo
. " YWHON xpsLy
— IPOMKOCTb -
MonykpyXHbI kaHan
— OCTpOTa 1 BeCTMOYNSpHbIA annapat
— Pe3KoCTb YnuTka

— cuna mogynsiumm
— MOCTOSIHCTBO 3BYyKa

— cy6GbeKTUBHAs ANUTENBHOCTb
n pUTM

YwHow npoxoq

EBcTaxvesas Tpy6a

BapabaHHas nepenoHka

®usmnka [llcuxoakycTuka lMcuxonorus

Puc. 8-30: lNcnxoakycTuyeckne xapakre pucTuku
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Cwuna 3ByKa U rPOMKOCTb [COH] BenuunHa Moaynsiumm

| rpOMKOCTb M cuna 3ByKa y4nUTbiBaloT
YaCTOTHYH 3aBUCUMOCTb
BOCNPUMMYMBOCTU HenoBe4YeCKOoro yxa

(D/g 76.7dB(A) 14.0CcOoH  Huskasi rpoMKOCTb
(D/; 76.6 dB(A) 38,8 coH Bbicokasi rpoMKOCTb

® [Tpu yacToTe mogynsaumm Hmwke 20 My
4YenoBeYeCcKoe yxo BOCNPUHMMAET KaXK4oe
M3MEHEHNE B OTAENbHOCTHU

HepoBHOCTb

B AKyCTUYECKOE Brne4vaTrieHne OT HEPOBHOIMO
Pe3kocTb [akyM] 3ByKa xapakTepusyeTcsl konebaHusmm
ormbaroLLen 3ByKOBOro curHana ¢

B Pe3KoCTb XapakTepusyeT COOTHOLLEeHUe yacroTol 20-300 My

MeXxay BbICOKUMU U HUSKUMU HaCTAMU

LLIYMOBOIO CreKTpa. MNocTosiHCTBO 3BYKa
B YeMm BbllIe BbICOKOYACTOTHAsA H MepoW BbIpaXEHNS YETKO pasnmnynmbix
cocTaBnsloLLLasA 3ByKOBOIro curHana, Tem 3BYKOB B LLymM€

BbllLe PEe3KOCTb.

(Bé 86,4 dB(A) 6,3 akym Hw3kas peskocTb
f(@:: 90,5 dB(A) 7,9 akym Bhicokas peskocTb

Wcrounumk: Head accustics

Puc. 8-31: NcuxoakycTuyeckue xapakTepmcTukm

MpuHUKMN paboThbl: Lnchposas
Bunaeokamepa

® Bugeokamepa sanucbiBaeT |

onTnyeckue n3obpaxeHus

06beKTa, IMUTUPYIOLLIETO

3BYKOBbI€ BOJTHbI

® OHOBpPEMEHHO
MUKPOOHBbI
npon3soguTcsA 3anmc3b PACNONOXEHbI
3BYKOBbIX KOrebaHum ¢ MO OKPYKHOCTM
NOMOLLbIHO MUKPO(OHa

B Pac4yeT 3BYKOBOro nong Ha
OCHOBE BpPEMEHHOW

pasHULbl Mexay
3BYKOBbIMW BONTHAMU

B Buaeosanucb ¢ YacTtoTomn
0o 92.000 kagpos/c

Puc. 8-32: AKycTuyeckas kKamepa - BU3yanusauuq 3Byka
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CTtaTnyeckas XXeCTKOCTb MeTannopexywmx CtaHKkoB

KOHTpO.Hb TemMnepaTypHbIX neq)opmauuﬁ MeTannopexyuwux CtTaHKkoB

AKYCTUYECKUI KOHTPOSIb CTaHKOB

n 3aknrouyeHue

KoHTpornb cTaTU4ecKoi XecTKOCTU CTaHKOB

Bec 3arotoBku 1 cTaTnyeckas XeCTKOCTb CTPYKTYpbl BIUSIIOT HA F€OMETPUYECKYIO TOYHOCTb
CTaHKOB 1 TOMHOCTbL 06paboTku.

[edopmaumnst CTpyKTypbl CTaHKa, Bbi3blBaloLLAA CMELLEHMS UHCTPYMEHTa U AeTanun B TOYKe
pes3aHusi, 3aBMCUT OT CTaTUYECKON COCTaBISAOLEN YCUNNS pe3aHns 1 OT CTaTU4eCcKon
noaaTnMBOCTK CTaHKa.

|/|3y‘-|€HM€ KBa3NCTaTUYECKUX XapaKTEepPUCTUK CTaHKa NO3BONIAET YCTAaHOBUTb BENTUYUNHY cTaTnyeckom
XEeCTKOCTU OoTAeNbHbIX KOMMOHEHTOB U UX OO0 B cymmapHoﬁ ,u.e(bopmau,ww.

TemnepatypHas gecdopmauus cTaHKOB

TepmoanacTUYHble XapakTEPUCTUKN CTaHKa OKasblBaloT 3HAYMTENbHOE BIUSIHUME HA TOYHOCTb
06paboTku.

TemnepaTypHas Aecopmauus onpeaensieTcs napameTpaMn BHYTPEHHNUX UM BHELLHUX UCTOYHUKOB
Tenna. [laHHble napameTpbl ONpeaensoTcs C NOMOLLbI0 MHbIX METOAOB N3MEPEHUS.

KOHCTPYKTMBHbIE 1 KOMMEHCALMOHHbIE Mepbl ANs YMeHbLUeHWs! TemMnepaTypHoi AedopMaLmu.

AKYCTUYECKNIA KOHTPOJIb CTAHKOB

[MOBbILIEHHBIN YPOBEHDb LUyMa SBISIETCS OCHOBHOM NPUYUHON NPOdeCCMOHanbHbIX 3aborneBaHui.
LLInpokmi cnekTp CnbllnMbIX YacToT TpebyeT pasgeneHus 3ByKOBOro AaBneHus No YPOBHAM.
OueHka 3BYKOBOro AaBrieHnst No Yactotam HeobxoavMma Anst BOCNPON3BeAEHUS CrbILLNUMbIX 3BYKOB .
MowHoCTb 3ByKa - 06BbEKTUBHBIN hakTop CpaBHEHUS CTAHKOB.

MpepcTaBneHne o0 HOBENLLIMX METOAAX N3MEPEHUIA U CMOCODBI CHUXKEHMS YPOBHS LLyMa.



