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Tema 1. Beenenue
Jlexknus 1

AnHoTanus: JlaeTcs NOHITHE MyIbCAIMOHHOTO TOPEHHUSI, KaK (PU3NYECKOTO
nporecca. [IpoBenen 0030p CyIIECTBYIONINX MOAX00B K TEOPETUYECKOMY
UCCJIeIOBAHUIO BO30YKIEHUS KOJIeOaHU ra3a npu ropeHu .

KuroueBble cjioBa: miams, eMKOCTh, TpyOa, FOpeHre, TOILUIMBO, pE30HATOP.

MeToauveckue peKOMEHIALMHU 110 U3YYECHUI0 TeMbI
- TeMa coiepuUT JIEKIIMOHHYIO YaCTh, TJI€ JAIOTCS 00IIHEe MPEACTABICHUS O
IIPEIMETE;
- B xauecTBe caMOCTOSATENbHON paOOThI HY>)KHO MOATOTOBUTHCS K YCTHOMY OMPOCY;
- JIs1st IpOBEpPKU YCBOECHUS TEMbI UMEIOTCSI BOIIPOCHI K KaKJI0U JICKLIUH.
- Bonipocsl 1 3a1aum A1 caMOCTOSITENIbHON PabOThI TOJKHBI OBITH O(POPMJIIEHBI B
nucbMEeHHOM Bujie. O1ieHKa TaHHOUM paOOoThl TPOU3BOJAUTHCS MOCIE YCTHOTO
cobece10BaHus CTYJEHTa C IIpernogaBaTeieM.
- [Ipu BHIMOJIHEHUH CAaMOCTOSITEILHON PabOTHI CTYAEHT UMEET MPaBO 0OpAIIAThCS K
MIPETIOIABATEIII0 3a KOHCYJIbTAMSIMU B YCTAaHOBIICHHOE BPEMSL.

Jlureparypa
ABTOKONIEOaHMs Ta3a B ycTaHOBKa ¢ ropenueM. B.M. Jlapuonos, P.I'. 3apunos / 13a-
BO Ka3aH. roc. TexH. yH-Ta, 2003. C. 34-41.

I'moccapuii

ABTOKOJI€0aHUSI —  He3aTyxawinue KoyieOaHus B  JIUCCUIMIATUBHOU
JTUHAMHYECKON CHUCTEME C HEJTWHEWHOW OOpaTHOM CBS3bIO, MOJJIEP)KUBAIOIIMECS 3a
CYET YHEPTUM IOCTOSHHOTO, TO €CTh HEMEPUOANYECKOTO BHELIHETO BO3ACHCTBUSI.

AKYCTHYECKHMH HMIEJAHC - AKYCTHYECKOE COIPOTHUBJIEHHUE  CPEHBbI,
MpeAcTaBIsioniee co00il OTHONIEHUE KOMILJIEKCHBIX aMIUIMTYZ 3BYKOBOTO JIABJICHHUS
K KoJie0aTeIbHOM 00bEMHOM CKOPOCTH.

I'pann4HbIe yCJa10BHSA — JIONOJHEHUE K OCHOBHOMY YCJIOBHIO, 33/IAI0IIEE €T0
NOBEJCHUE Ha TPaHUlIE paccMaTpUBaeMOi 00JIaCTH.

Topénne — CHOXHBIA (PHU3UKO-XMMUYECKHI TPOLECC MPEBpAIICHUS

HMCXOOHBIX BCHICCTB B IIPOAYKTBI CropaHusa B XOA€ JK30TCPMHUCCKHUX pCaKHHﬁ,
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https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D1%81%D0%B8%D0%BF%D0%B0%D1%82%D0%B8%D0%B2%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%80%D0%B0%D1%82%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C_%28%D1%82%D0%B5%D1%85%D0%BD%D0%B8%D0%BA%D0%B0%29
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D0%B0%D1%8F_%D0%B0%D0%BC%D0%BF%D0%BB%D0%B8%D1%82%D1%83%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%97%D0%B2%D1%83%D0%BA%D0%BE%D0%B2%D0%BE%D0%B5_%D0%B4%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%97%D0%B2%D1%83%D0%BA#.D0.A0.D0.B0.D1.81.D0.BF.D1.80.D0.BE.D1.81.D1.82.D1.80.D0.B0.D0.BD.D0.B5.D0.BD.D0.B8.D0.B5_.D1.83.D0.BB.D1.8C.D1.82.D1.80.D0.B0.D0.B7.D0.B2.D1.83.D0.BA.D0.B0
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%BD%D0%B8%D1%86%D0%B0_%28%D1%82%D0%BE%D0%BF%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F%29
https://ru.wikipedia.org/wiki/%D0%AD%D0%BA%D0%B7%D0%BE%D1%82%D0%B5%D1%80%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D1%80%D0%B5%D0%B0%D0%BA%D1%86%D0%B8%D0%B8

COITPOBOXJIAIOIINICS HWHTEHCHUBHBIM BBIJCICHUEM Temua. XUMHAYECKas SHEprus,
3anmacéHHas B KOMIIOHEHTAX HCXOJHOW CMECH, MOYKET BBIACIATHCS TAKXKE B BHJIEC
TEIJIOBOTO U3NydyeHUs] U cBeTa. CBeTsAlascs 30Ha HazbiBaeTCcd (POHTOM IJIaMEHU
WJIA MIPOCTO IIAMEHEM.

3ByKOBasi JHeEPrusi - SHEPrus KoJeOaHWl 4YacTUIl Cpelbl, MEpeHOCAIeH
3BYKOBBIE BOJIHBI; €IMHUIIA U3MepeHust B MexaynapoaHoi cucreme enunuil (CHU) —
KOyIb (J1K).

I[loTok aKycTH4YeCKOM MOIIHOCTH — BEJIWYMHA, DPaBHAs OTHOILICHUIO
3BYKOBOM DHEPrUU, NEPEHOCUMOMN YNIPYTrOM CPEAOM Yepe3 3aJaHHYIO0 MOBEPXHOCTh, K
MHTEPBAIIY BPEMEHH, 32 KOTOPBIN 3Ta SIHEPTUS IEPEHOCUTCS.

TeMneparypa ropeHust — 3T0 TEMIIEpATypa 10 KOTOPOU B MPOLIECCE TOPEHUS
HArpeBaroOTCs MPOAYKThI CTOPAHUS.

Bonpocs! 1151 u3yyeHus:

1. Tlonsatue u dusznyueckas CyTh mpoliecca MmyiabcallmoOHHOro TopeHus. Kpurepuit
Pones.
2. MeTtoJibl penieHus JIMHEWHBIX 3a/1a4.

3. DHepreTUYeCKuil MOAX0/1 K PEUICHUIO HEJIMHEWHBIX 3a7a4

Paneit MEPBBIM IIPEATIOI0XKHIL, 4TO aKyCTUYECKHUE KoJieOaHusI
MO/JICP)KUBAIOTCS, €CITM MAaKCUMyM TeIjla COOOIIaeTcsl KoJIeOIIoneMycsi Tra3y B
MOMEHT €ro MakcuMmaibHOTO cCxartus. IlatHom wu  JleHHHC MaTeMaTHYeCKU
000CHOBAJIM ATy THUIOTE3Yy, KOTOpas TOJIydusia Ha3BaHue «kputepus Panes» u
dbopmynupyercs Tak: eciau (a3oBbIA CHBUT MEXAY KOJICOAHHWSIMU [aBIICHUS U
KOJIEOAHUSIMU CKOPOCTH TEIJIONO/IBOJIa MO0 a0COJIOTHOMY 3HAYEHHUIO MEHbIe 1/ 2
KoJieOaHus BO30YKIArOTCs; eClid (pa30BbIid CIBUT JIGKUT B mpenenax ot n/ 2 jo m ,
KOJIeOaHMS TacsITCs.

Teopernueckne  HCCIEAOBAHUS  HEyCTOMYMBOCTH TopeHuss B KPP,

nposenenusle B.JI. Ommrelinom [99], nokaszanu, 4yto kputepuid Panes cnipaBe B u


https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D0%B2%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%BC%D1%8F
https://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%97%D0%B2%D1%83%D0%BA
https://ru.wikipedia.org/wiki/%D0%A1%D0%98
https://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%97%D0%B2%D1%83%D0%BA%D0%BE%D0%B2%D0%B0%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F

B 3TOM CIIy4ae, TOJbKO BMECTO CKOPOCTH TEIUIONOJABOAA YUYHUTHIBAETCA CKOPOCTH
BBIJICTICHUS Ta3000pa3HbIX MPOJIYKTOB CTOPaHUS.

[Ipu TeopeTHuecKOM aHalIM3€ AaBTOKOJIEOAHWH TpPU TOPEHUU OCHOBHBIE
TPYAHOCTH CBS3aHBI CO CJIOKHOCTBIO MATEMATUYECKOTO OINWCAHUS MEXAHU3MOB
oOpaTHOM CBSI3U C YYETOM HEJIMHEWHBIX CBOWCTB M HEOOXOJMMOCTBHIO peIlaTh
HEJIMHEWHBIC YPABHEHUS B YACTHBIX IIPOU3BOJHBIX.

B nuHENHONM TMOCTaHOBKE 3ajJada CYHIECTBEHHO YIPOIIAETCSA, OJHAKO
npobiieMa ONMHCaHUs MeXaHU3Ma OOpaTHOW CBSI3M COXPAHSETCS, TaK KaK pEIICHHE
YpaBHEHUH, XapaKTePU3YIOIIUX MPOIECC TOPEHUS, TaKE B JIMHEHHOM MPUOTUKEHUU,
SBJISIETCS YPE3BBIUAMHO CIOKHBIM. BBeeHue (heHOMEHOJIOrMYEeCKOro 3arna3/iblBaHus
Mpoliiecca TOPEHMs! ChITPaJIO BBIJAIOIILYIOCS POJIb B PA3BUTUU TEOPUH BUOPAIITMOHHOTO
ropenuda. M.C. HaTtaH30H mepBbIM HMCIOJIB30BAl MOHSATHE IMOCTOSIHHOIO BPEMEHHU
3ama3/IbIBaHUs, UCCIEAYs] HU3KOYACTOTHYIO HeycTOM4YMBOCTH ropenus. JI. Kpokko
BBEJI B PACCMOTpPEHUE TEPEMEHHOE BpeMs 3ama3jblBaHus (YyBCTBUTEIBHOE K
KoJIeOaHUSIM JaBJIEHUS) U HAa €r0 OCHOBE pa3paboTall MEXaHU3M BHYTPUKAMEPHOU U
BBICOKOYAaCTOTHOW HEYCTOMYMBOCTHU ropenus B JKP/I.

b1 nonyyeH psajg pe3yabTaToB AJIsl COCPENOTOUECHHBIX KOJIE0ATEIbHBIX CUCTEM
THIa pe3oHaTopa ['enbMrobiia U pacpeieIeHHbIX — THUIMA [MHJIAHIPUIECKON TPYOHbI.

[Ipr BO30YXJICHMHM HH3KOYACTOTHOM HEyCTOMUYMBOCTH TropeHuss B JKPJ[
KojebaTenbHass CUCTEMa COCTOMT U3 YINpPyroro ooObema (KaMepbl CropaHus),
MHEPUUOHHOTO 3B€Ha (CHCTEMBl TOJA4YM) M  COCPEJOTOUYEHHOTO  3BEHA,
ONMCHIBAIOIIETO MPOLECC UCTEUEHMS Ta3a U3 coria. sk Takol MOCTaHOBKHU 3aJa4u
HEOOXOJIUMBIM YCJIOBUEM SIBJSIETCS MAaJIOCTh XapaKTEPHBIX Pa3MEPOB YKa3aHHBIX
AJIEMEHTOB TI0 CPAaBHEHHUIO C JJIMHOW BOJIHBI BO30YKTaeMbIx KoseOaHuii. 3amada
pemaercs Mo CIEAYIIIE METONHUKE: U3 YCIOBUM COXPAaHEHHUS MAcChl U JIBHXKCHUS
KOMITOHEHTOB TI0 TPyOOIMpPOBOJIaM C YYE€TOM IOCTOSIHHOTO BPEMEHH 3aria3/IblBaHMUsI
ONPEAEISAIOT XapaKTEPUCTUUYECKOE YpaBHEHUE 3aJaud, pelias KOTOPOE OJHUM U3
METOJOB TEOPHUH ABTOMATHYECKOIO PETYJIMPOBAHHUS, ONPEAEISIOT  YCIOBUS,

COOTBETCTBYIOIIME TPAHUIIE HEYCTOMUYUBOCTH.



B cmywae BHyTpUMKaMEpPHOW HEYCTOMYMBOCTH 3ajaya OTIMYACTCSd OT
NpeapIAylIed TEM, YTO MCIOIb3YETCd MOJAEIb YYBCTBUTEIBHOTO BpPEMEHHU
3ama3/ibIBaHUSl M HE YUYWTHIBaeTcs cucreMa mnojgaud. OOmMM @pU  HU3YYEHHUH
BUOPALIMOHHOTO TOPEHHUS B COCPEJOTOUYCHHBIX CHUCTEMax SIBISETCS TO, YTO OHH
ONUCBHIBAIOTCS ~ OOBIKHOBEHHBIMH U (PepeHIuanbHBIMU  yYpAaBHEHUSMU W,
CIIEIOBATEJIbHO, TIPU aHaJU3€ YCIOBUM BO30OYKIEHHS KOJEOAHUH MOXKHO
WCIIOJIB30BaTh MATEMATUYECKHUM amnmapaT TEOPUU aBTOMAaTUYECKOTO PETYIUPOBAHUS.

B pacnpenencHHbBIX cHCTEMax BO3MYLICHHUS I1ApaMETPOB IIOTOKA HMEIOT
BOJHOBYIO mnpupony. H.A. AkkepmaH mokazaj, 4TO NPOJOJIBbHBIE AKyCTHUYECKHE
KoJeOaHusi BO30YXKAAIOTCA B Kamepax CropaHusi MpU YCJIOBUHM, KOTJa BpeMs
peoOpa3oBaHus TOIUIMBA OJM3KO KO BpEMEHU MpoOera 3ByKOBOM BOJIHBI OT TOJIOBKH
70 colla M 00paTHO. 3ajaya ONpPEIENICHHs I'PaHUIBl HEYCTOMYMBOCTU PELIACTCS
cienyromuM oopasoM. Eciy npoTsskeHHOCTh 30HBI TOPEHUST Majla MO CPABHEHUIO C
JUIMHOM BOJIHBI aKyCTHUECKHMX KOJIeOaHUI B KaMepe CropaHusi, TO MPOLECC TOPEHUs
COCPEIOTOYEHHBII M MOXHO CBECTH 30HY TOPEHMS K IUIOCKOCTH pa3pbiBa, Ha
KOTOPOM PACIOJIOKEH MCTOYHUK MacChl. VCronp3ys Monesb EpEMEHHOIO BPEMEHNU
3ama3/blBaHUs, TMPOBEIS JIMHEAPU3ALMI YPABHEHUM, OIMCBHIBAIOIIUX ITPOLECC
TOPEHMS KUAKOIO TOIUIMBA, MOYKHO IIOJIYYUThb COOTHOILECHUS, CBS3bIBAIOLINE
AKyCTHUYECKHE BO3MYILEHMS 10 U IIOCJIE IIOCKOCTH pa3pbiBa. XapaKTepUCTHUUECKOE
YPaBHEHHE 3aJla4uM, ONPEIEIISIOIIEE YCIOBUS BO30YKIEHUS M 4YacTOTy KoyeOaHui,
IIOJIy4aeTCsl TOCJIE IOACTAHOBKM PELICHUH BOJHOBOIO YpPaBHEHUsS B T'PAaHUYHBIC
YCJIOBHS Ha KOHIIaX KaMEPbl CTOPAaHMS U Ha MJIOCKOCTU UCTOYHUKA.

Mepk, npuaepKHBasiCb ONUCAHHOM METOJWKH, ITOJIYYMUJI COOTHOULIEHUS,
CBS3BIBAIOIIME AKYCTHMYECKHME BO3MYIIEHUS Ha INIOCKOCTH TEIUIONOABOAA. BBens
aKyCTHYECKHE MPOBOJMMOCTH YacTel TpyObl, pacnoJIO)KEHHBIX CJieBa M CIpaBa OT
HMCTOYHUKA, OH TOJy4uJd OOOOLIEHHOE XapaKTePUCTHUECKOE YpaBHEHUE W
MIPOAHAIM3UPOBAJ €r0 MPUMEHUTENBHO K JAOOPATOPHBIM CUCTEMAM.

b.B. Paymen0Oax, nuHeapu30BaB ypaBHEHUsI COXPAHEHHs] MAacChl, UMITyJIbCA U

9HCPIruu, MOJIy4dnJl COOTHOIICHUS Ha INIOCKOCTHU ITIOJABOJA SHCPIHUHU B O6II_IGM BHUAC U



MPOMJUTIOCTPUPOBAIl MPUMEHUMOCTh PE3YJbTATOB CBOCH TEOPUU HA MPUMEPE KaMep
cropanus BPJI, ’KPJI u psima naGopaTopHbIX yCTaHOBOK.

B.E. Hopomenko, C.®D. 3aiiueB, B.M. ®DypneTtoB mnpu TEOPETHUUECKOM
UCCJIEIOBAaHUHM BHOPAIMOHHOTO TOpPEHHsT B MOJIEJIBHOW Kamepe CropaHws,
paboTarolieil Ha ra3000pa3HbIX KOMIIOHEHTAX, MPUMEHUIHN APYTyi0 MeToauKky. [Ipu
OMHMCAHUM KOJEOAHUN OHHM UCIOJIb30BAIM HEOJAHOPOIHOE BOJHOBOE YpaBHEHHE IS
3BYKOBOTO JaBJCHUS, B TIPaBOM YacTH KOTOPOTO C TIOMOIIBI0 (DyHKIMH
pacnpeneneHuss ObUT 3aMKcaH WieH, XapaKTepU3YIOIHUi CKOPOCTh TEIUIOBbIICICHHUS
MIpYA TOPEHUU. ABTOPHI MOKA3alIH, YTO, UCMOJIb3Ysd METOJI pa3/IeICHUsI IEPEMEHHBIX,
MOXHO pPElIUTh CHA4aJla 3aJady B JIMHEMHOM IIOCTAHOBKE, 3aTEM, HCIOJb3YS
JIMHENHOE npuOIHKEHHE, MIOJIy4YUTh OOBIKHOBEHHOE HEJIMHENHOE
nuddepeHManbHoe ypaBHEHUE JIsI BPEMEHHOM 4YacTu (YHKIMK JaBJICHUS U
OTPEJIEIUTh AMIUIUTYAY aBTOKOJICOAHUIA.

HenvHelHblil aHany3 MPOAOJIBHOM aKyCTUYECKOM HEYCTOMYMBOCTU TOPECHUS
COZIEpKUTCS Takke B padorax. [Toka MeToanka pereHus Takux 3ajiad He oTpaboTaHa
0 KOHIIA, BBIPAXKEHHUSI, ONMCHIBAIOIIME HEIMHEWHBIE CBOMCTBA IIPOLIECCA TOPEHUS,
MMEIOT MPEANO0JIOKUTENbHBINA XapaKTep U HE OABEPTaIUCh CTPOroMy 0OOCHOBAHUIO.

IlepcniekTUBHBIM B  IUIAHE  PELICHUS  HEJIWHEHMHBIX  33Ja4  TEOPHUH
BUOPAITMOHHOTO TOPEHUS SIBIACTCS IHEPTreTUYECKUN METOJ], TO3BOJISIONIUN JTydIIe
MOHATh (PU3MYECKYI0 NPHUPOAY TMPOIECCOB, MPHUBOAAIIMX K CaMOBO30YXKJIEHUIO
KOJIeOaHWH, TIONYUUTh PSJl KPUTEPUEB HEYCTOWYMBOCTH. VIMEHHO SHEpreTHYecKHit
MOAX0/ OB UCIOJIB30BaH JII MaTEMaTUYECKOrOo 0OOCHOBaHMS Kputepus Panes, o
KOTOPOM TOBOPHJIOCH PAHEE.

CyTh MeTO/a 3aKJI0YaeTcs B cleayroneM. beCKOHEeUHO Malble aKyCTUYECKUe
BO3MYILCHUSI B Ta3€ YCUJIMBAIOTCA, €CIIM AKyCTHYECKash SHEpPrusi, reHepupyemas
TEIJIOBBIM HMCTOYHHUKOM, HAMpUMEp, MPOIECCOM TOpEHUs, OOJibllie €€ TOTEeph.
Ycnosue
A=Ay (1)
COOTBETCTBYET TIpaHHUIle HEycTONUMBOCTH. IlepBoHauambHO KOJEOaHUA CKOPOCTU

TCINIOBBIACICHNUA 3aBUCAT OT BOSMYH_IGHI/H\/’I CKOPOCTH IIOTOKa HJIM AABJICHHA IIPSAMO
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MIPOTIOPITMOHAIBEHO. DHEPrusl, paBHas pasHuIle A, — Ay yBEITMIUBACTCS, M KOJICOaHMsI
ra3a yCWJIMBAIOTCSA. 3aT€M H3-3a HEJIMHEWHBIX CBOWCTB Ipollecca TOPEHHsI POCT
aMIUTUTY/IbI KOJeOaHU CKOPOCTH TEIIOBBIIENEHUsI 3ameuisieTcs. B 1o ke Bpems
OBICTPO BO3pACTAlOT TMOTEPH aAKYCTUYECKON OHEPIWH, BBI3BAHHBIC, HAIMPUMED,
U3ITy4YeHUEM 3ByKa M3 KaMepbl CrOpaHMsl U BS3KOCTbIO raza. Bemumuunel A, u Ay
COJIMKAIOTCSI, a MOBTOPHOE PABEHCTBO MOJYyYaeMOM ra30M aKyCTHYECKON dHEPrUH U
TEpAEMOM O3HAYaeT, 4YTO AaMIUIMTYAA JOCTHUIJA 3HA4YEHUs, COOTBETCTBYIOLIETO
YCTAaHOBUBIIMMCSL KosieOaHusiM. YpaBHeHue (1) ObLIO YCHEIIHO HMCHIOJIb30BAHO IS
JMHEWHOTO0 aHajdu3a YCTOMYMBOCTU B TpyOe Puiike, yctaHoBke 3o0HaXaycca H
pe3onarope I'ensmromnena, kamepax cropanus JKP/I.

AHanmu3 pe3ysbTaTOB HJKCIHEPUMEHTANBHBIX U TEOPETUYECKUX padboT 1o
MCCJIEIOBAHHIO BBIHYK/ICHHBIX KOJIEOAHUH raza B TpyOax MOKa3bIBAET, YTO XapaKTep
pacpOCTPAHEHUs] 3BYKOBBIX BOJIH IPU YBEJIMYEHUM HUX AMIUIMTYIbl CTAHOBUTCSA
CYLIECTBEHHO HEIMHEUHBIM. [10SBIIAIOTCS Tak Ha3bIBa€MbI€ HEJTMHEWHBIE PE30HAHCHI,
BIIepBbIe OOHapyxeHHble M.A. WnbramoBbIM C COTpYIHHUKaMH, TapMOHUYECKHIA
mpo@ib BOJHBI MCKAXKAETCs, BOBHUKAIOT BTOPUYHBIC TEUCHUS BHYTPU TPYOBI U Ha
OTKPBITOM KOHIIE, TA€ IMyJbCAallMd JABJICHUS M CKOPOCTM TMOTOKA CBS3aHBI
HEJIMHEHHBIM ~ COOTHOIIICHHEM, YCHUIIMBAaeTCsS  TypOyJIEHTHOCTh TMOTOKa. B
aBTOKO0JIE0ATETLHOM PEKHUME BCE MepeyrcieHHbie dQPexTsl OyAyT BIUSATH HA TOTEPU
AKyCTHYECKOM DHEPrMH, a CIENOBATEIbHO, HA AaMIUIUTYyAy YCTAHOBUBILHUXCS
KoJieOaHuil. YUuTs HENMHEHHBIA XapakTep M3JIy4eHHs 3ByKa Ha KOHIax Tpyosl, P.I.
lanuyniauH Moaydusi BBIpKEHHS ISl aMIUTATYAbl YCTAaHOBUBIIUXCSA KOJeOaHUMU
CKOpPOCTH TOTOKa B TpyOe Puiike u ycraHoBke 3oHnxaycca. HennHelinble cBOMCTBa
00JIaCTH TETUIONOIBO/Ia HE PACCMATPUBAIIUCH.

DHEPreTUUeCKuii MeTo ] MPUMEHUM, KOT/1a U3BECTHA YacToTa Kojiebanuii. [1pu
PELICHUU 3TOM 3aa4M CUUTAETCS, YTO MOTOK COCTOUT U3 ABYX YaCTEM — XOJIOJHOU U
ropsiuel, pa3AeIeHHbIX 00JacThIO TEIJIONOBOAA. Pactipenenenue TeMmepaTyphl ra3a
MMEET CTYNEHYAThIN XapakTep. B J0CTATOYHO IJIMHHBIX KaMEpax CrOpaHus, a TAKKe
MIPA HAJIWYUU OXJAXKIAIOIMX YCTPOMCTB TEMIIEPATyphbl ra3a B 30HE FOPEHHS U Ha

BbIXOAC K3 YCTAHOBKHM CYIICCTBCHHO OTIMYAKOTCA APy OT Jpyra. [HosiBnsieTcs
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MPOJIOJIBHBINA TPAJMEHT TEMIEPATYPhI FOPSYErO ra3a, KOTOPbIA MPU pacyeTre 4acToT
KOJICOAHHI HE YUUTBIBAJICS.

B pabGorax wuccienoBadnch HEJIMHEWHbIE KoyeOaHUs Traza B TpyoOe,
CO3/1aBaeMble TIOPIIHEM TMpPH HAIWYUM TpajdeHTa TeMIepaTypbl B o00JacTu
TEIJIONO/IBOA, HO TIPU €r0 OTCYTCTBUU 3a €€ MpeAeliaMH.

B Hacrosiiee Bpemsi mpoAoJiKaloTcs pabOThl MO Pa3BUTHUIO OOIIEH Teopuu
TEPMOAKYCTHYECKHX KoJieOaHui. AHaiaM3 pe3ylbTaTOB MO H3y4eHHUI0 3(PQeKToB
3oHaxaycca U Puiike, aBTOKOJI€0aHUN, BO3HHKAIOMIUX MPU TOPEHUM B YCTaHOBKaX
Tumna Tpyosl Puiike comepxkutcs B 0030pHOHM cTratbe. OcoO0e BHUMAHUE YIEISIETCS
MEXaHu3MaM OOpaTHOM CBSA3M, HU3YYEHUE KOTOPHIX BbI3bIBAET HAUOOJbBIINE
3aTPyAHEHHSI H3-3a CII0KHOCTH HKCIIEPUMEHTAJIBbHOIO OIIPENEIICHUS 3aBUCUMOCTH
KOJICOaHUI CKOPOCTH TETIOBBIACIICHUS IPU TOPEHUH OT aKyCTHYECKUX BO3MYILEHUN.

JUig KUAKOro TOIUIMBA 3Ta 3ajadya Oblla pelieHa ¢ MOMOIIbI0 (a3oBOro
noriepoBckoro  aHanmuzatopa  PJIIPA. Ilepematounas  QyHKOUS — TUIaMEHH,
oOpa3zyrolerocsi Mpu HUCTEYEHUU OJHOPOAHON Ta3000pa3HOl cMeCH U3 OTBEPCTHUSA
Obla ompezenieHa (OTOMETPUUYECKUM CIIOCOOOM U TOMYIMIUPUUECKUM METOJIOM,
KOTOPBIM 3HAUYMTENIbHO MPOIIE, a Pe3yibTaThl OJIU3KU K TEM, KOTOPbIE MOIYYEHBI
MyTEM MPSAMBIX U3MEPEHUM.

Pa3paborana MaremMaTudeckass MOJENb TOPEHHUs Kalull B KOJIEOIOImEeMcs
noToke Bo3nyxa. llpennoskeHa kKuHEMaTHyeckas MOJENb KoJIeOaHWH JTaMUHApPHOIO
¢poHTa IIaMEHH, ONpeleleHa ero mnepefaToyHas (YHKUIUS U TMPOBEACH aHAIU3
YCJIIOBUM CaMOBO30YXXJIEHHUS KoJiebaHuM B TpyOe, 3amoJIHEHHOW OJHOPOIHOMU
ra3oo0pa3Hoil cMmechlo. BiusHue akycTHueckux KoJjiebaHuil Ha auddy3moHHOE
iamsi, oOpasyroieecs Mpu BCTPEUHOM JIBU)KEHUHU MOTOKOB TOIIMBA U OKUCIIUTENS,
uccienoBano B pabote. Ilpomomkaercss  u3ydyeHHUE  THAPOJAUHAMHYECKOU
HEYCTONYMBOCTH IJIOCKOTO (PPOHTA MJIAMEHH.

Wrak, u3yuyeHue BHOPAIMIOHHOTO TOPEHUS, KaK OJHOTO W3 WHTEPECHEUIINX
aBTOKO0JIE0ATENbHBIX SIBJICHUH, MO-MPEKHEMY aKTYaJbHO C HAYYHOW U MPaKTHYECKOU
Touek 3peHus. CymecTByer HEOOXOAMMOCTh NadbHEHIINX WCCICAOBAHUN B

CICAYIOIHX OCHOBHBIX HAIIPABJICHUAX:!
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1. TlpomomxeHue SKCIEPUMEHTAIBHBIX MCCIEAOBAHUNA Ha J1a0OpaTOPHBIX
MOJENAX KaMep CTOPAHUSA YHEPTETUUECKUX YCTAHOBOK.

2. Pa3paboTka MaTeMaTH4eCKMX MOJEIEH M METOIOB HSKCIEPUMEHTAIBLHOTO
MCCJIEI0BAHMSI MEXAaHU3MOB OOpPaTHOM CBSI3U.

3. Pa3BuTHe DHEPreTMYECKOro METOJa, YCOBEPIICHCTBOBAHME METOJMKHU
pacdera TpaHUL HEYCTOMYMBOCTH, 4YacCTOTBl W AaMIUIMTYABl YCTAHOBUBILINXCS
KOJICOaHWIl € Y4YeTOM MpOJOJBHOIO TIpaJWEHTa TEMIEPATYphl ra3a, HEJIUHEWHBIX
3¢ (eKTOB IpU TOPEHUH U PACTIPOCTPAHEHUH 3BYKOBBIX BOJIH.

4. O0o01IeHNE pe3yabTaTOB, MOTYYEHHBIX ISl OCHOBHBIX aKyCTUYECKHX THUITOB
YCTPOMCTB BUOPALIMOHHOTO TOPEHHS.

Bonpocsl 111 KOHTPOJIA:

1. Ilonarue u pu3znyueckas CyTh Ipolecca MyabCalMOHHOro ropenus. Kpurepuit
Pones.

2. Metoppl pelieHys JIMHEWHBIX 3a1a4.

3. DHepreTUYeCKuil MOAX0/1 K PEMICHUIO HEJIMHEWHBIX 3a7a4

12



Tema 2. /IuHeapu3anus ypaBHEeHHH.
Jlexkuus 2
AnHoTanusi: PaccMatpuBaroTcst Ipo0ibHBIE KOJIeOaHus ra3a B KaHaje ¢
MIPEAEIIOM TEMIIEPATYPBI U CKOPOCTH 3BYKa. J[aeTcs aHaIn3 NOTeph aKyCTUUECKON
SHEPTUH, BBI3BAaHHBIX TPEHHUEM ra3a O CTEHKU U U3JTy4YEHHEM 3BYKA.
KiroueBble ciioBa: 4acTOThl KOJIEOAHUM, MOTEPU, TPAAUECHT TEMIEPATYPHI,
pe3onarop I enbMronsua.

MeToanueckune PEKOMECHIAIUMA 110 H3YICHHUIO TEMbI
- Tema COACPIKUT JICKOIMOHHYIO 9aCTb, I'IC AAaOTCA 06HII/IG IIpcaACTaBJICHUA O

IIPEMETE;
- B xauecTBe caMOCTOSATENbHON paOOThI HY>KHO MTOATOTOBUTHCS K YCTHOMY OIPOCY;
- J1J1 IpOBEPKU YCBOEHUSI TEMbI UMEIOTCSL BOIPOCHI K KAXKIOW JEKIUH.
- Bonipocs! 1 3a1aum A1 caMOCTOSITENIbHON PabOThI TOJKHBI OBITH O(POPMIIEHBI B
nucbMeHHOM BuJie. OlieHKa TaHHOH paboThl IPOU3BOAUTHCS MOCIIE YCTHOTO
cobece10BaHus CTYJIEHTa C IIpernogaBaTesieM.
- [Ipu BBINOJIHEHUH CAMOCTOSITENIBHON PabOThI CTYAEHT UMEET MpaBo oOpaniaThCs K
MpEenoAaBaTeslio 32 KOHCYJIbTAalUsIMHU B YCTAHOBJIEHHOE BpEMSI.

Jlureparypa
ABTOKOJIEOaHMS Ta3a B ycTaHOBKA ¢ ropeHueM. B.M. Jlapuonos, P.I". 3apunos / U3x-
BO Ka3aH. roc. TexH. yH-ta, 2003. C. 42-49.

I'moccapuii

AnuadaTndyeckuii, WM aguadaTHbI mpouécc (0T Ap.-Tped. Addfortog—
«HEMPOXOAUMBIiN») — TEPMOJAUHAMUYECKUI IPOLIECC B MAKPOCKOITMYECKOM CUCTEME,
MIPU KOTOPOM CHCTEMa He OOMEHUBAETCS TEIUIOTON C OKPY>KAIOIIUM MPOCTPAHCTBOM.

BosiHOBOe ypaBHeHMe B MaTeMaTHKE — JIMHEHHOE THUIEpOOIUYEcKOoe
muddepeHranbHOe ypaBHEHHWE B YaCcTHBIX MPOU3BOAHBIX, 3aJalollee Mallble
norepeyHble KojeOaHus TOHKOM MeMOpaHbl WM CTPYHBI, a TakXke Jpyrue
KOJIeOaTeNIbHBIC MPOIECCHl B CIUIONIHBIX cpefax (aKyCTHKa, MPEHMYIICCTBEHHO
JUHENHas: 3BYK B raszax, XUAKOCTSIX W TBEPABIX TelaX) U 3JIEKTPOMAarHeTu3Me

(anmexkTpoauHaMuke). HaxomuT nmpuMeHeHHe W B JPYrHX O0JACTAX TEOPETUUECKOM
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https://ru.wikipedia.org/wiki/%D0%94%D1%80%D0%B5%D0%B2%D0%BD%D0%B5%D0%B3%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D0%B2%D0%BE%D0%B9_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%BF%D0%B5%D1%80%D0%B1%D0%BE%D0%BB%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D1%83%D1%80%D0%B0%D0%B2%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%84%D1%84%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D1%83%D1%80%D0%B0%D0%B2%D0%BD%D0%B5%D0%BD%D0%B8%D0%B5_%D0%B2_%D1%87%D0%B0%D1%81%D1%82%D0%BD%D1%8B%D1%85_%D0%BF%D1%80%D0%BE%D0%B8%D0%B7%D0%B2%D0%BE%D0%B4%D0%BD%D1%8B%D1%85
https://ru.wikipedia.org/w/index.php?title=%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BC%D0%B5%D0%BC%D0%B1%D1%80%D0%B0%D0%BD%D0%B0&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D1%83%D0%BD%D0%B0_%28%D0%BC%D1%83%D0%B7%D1%8B%D0%BA%D0%B0%29
https://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%BB%D0%BE%D1%88%D0%BD%D0%B0%D1%8F_%D1%81%D1%80%D0%B5%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%BA%D1%83%D1%81%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B5%D1%82%D0%B8%D0%B7%D0%BC
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D0%BA%D0%B0

bu3MKM, HampuMep MNpU OMHCAHUM TPABUTALMOHHBIX BOJIH. SIBISETCS OOHUM W3
OCHOBHBIX YPaBHCHHUI MaTeMaTHUYECCKOU (PU3UKH.

Bsi3kocTh (BHYTpeHHee TPE€HHME) — OIHO W3 SIBJICHHI IepeHOCca, CBOHCTBO
TeKy4nX Tea (KUAKOCTEU U ra30B) OKa3bIBaTh COMPOTUBIICHUE MEPEMEIICHUIO OTHON
UX YacTH OTHOCHUTENBHO Jpyroil. B pesynbrare pabora, 3aTpaurBaemasi Ha 3TO
NEpEMEILCHHE, PACCENBAETCA B BUJE TEILIA.

HpeaabHbli ra3 — MaTeMaTU4ecKas MOJENb Ta3a, B KOTOPOW B paMKax
MOJIEKYJISIPHO-KUHETUYECKON TEOpUH MpeArnojaraercs, 4ro: 1) MOTEHIMaIbHOU
SHEPruer B3aUMOJICUCTBUS YACTHUIL, COCTaBIIOMIMX Ta3, MOXHO MpeHeOpeyb IO
CPaBHEHUIO C UX KUHETHYECKON B3Heprueil; 2) cymmapHblii OOBEM 4YacTHI] rasa
NpeHeOpeKUMO MaJl; 3) MEXIy 4YacTHLIAMU HE JEHUCTBYIOT CHJIbI MPUTSHKEHUS WIN
OTTAJIKMUBAHUS, COYJapEHUS YACTHUI MEXAY COOOI M CO CTEHKaMH cOCyJla abCOIIOTHO
ynpyru; 4) BpeMs B3aUMOJEHCTBUS MEXAY YacTULIAMU MPEHEOPEeKHMO Maylo 10
CPABHEHUIO CO CPETHUM BPEMEHEM MEKIY CTOJIKHOBEHUSMH.

Pe3onatop Tenbmrosbma (aKyCTHYECKHH pPE30HATOP) — aKyCTHYECKUN
npubop, cocyn cdepudeckoir GOpMbI C OTKPHITOM TopioBuHON. WM300pereH
I'ensmrombeuem oxono 1850r. mid aHanM3a aKyCTUYECKMX CHUTHAIIOB, TEOPUS
paspadotana I'. I'enbMrombiiem u Jx. Paneem (cMm. Pezonanc I'enpMronbiia).

Ten10npoBOAHOCTH — ATO NPOIIECC NIEPEHOCAa BHYTPEHHEW SHEPTUU OT OoJiee
HarpeTbiXx 4acTte Tena (WM TeJd) K MEHEe HarpeTbiM 4YacTsaM (WM Tejam),
OCYIIECTBJISIEMbII  XaOTHYECKH JBWKYIIMMHCS YacTULlaMU Tela (aToMamH,
MOJIEKYJIaMH, AJIEKTPOHAMHM H T. 1.). Takol TEmiIo0OMEH MOKET MPOUCXOAHUTHh B
MOOBIX Tellax € HEOJHOPOAHBIM PACIPEACICHUEM TeMIlepaTyp, HO MEXaHU3M
NepeHoca TemaoThl OyIeT 3aBUCETh OT arperaTHOr0 COCTOSTHUS BEIIECTBA.

Tonounblii 00beM (anen. furnace volume) — TPOCTPAHCTBO, OTPAHUYCHHOE
IIOJIOM KaMepbl C)KWUTaHUS, OTHEYNOPHBIMU CT€HAMH, TEILIONOIJIOAIINMHA
CTEHKaMHM KaMepbl CrOpaHus € LUPKYJIUPYIOLIEH BOJOW, a TaKK€ MOBEPXHOCTHIO
CBOJA, MOJILIMU IUIACTUHAMHU WJIMA BOAOTpeHbIMH TpyOamu Kotia. [lpum Hamuuuu
nmomnepevHoil (mmOepHO) CTEHKH, YCTAaHOBICHHOW B TOIKE, TOIUIUBHBIN 00BEeM

YMCHBIIACTCA HA TY 4aCTb, KOTOpAasd HAXOOUTCA 3a 9TOM CTEHKOM.
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https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%96%D0%B8%D0%B4%D0%BA%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D0%BE-%D0%BA%D0%B8%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%82%D0%B5%D0%BE%D1%80%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%82%D0%B5%D0%BD%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%82%D0%B5%D0%BD%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%90%D0%B1%D1%81%D0%BE%D0%BB%D1%8E%D1%82%D0%BD%D0%BE_%D1%83%D0%BF%D1%80%D1%83%D0%B3%D0%B8%D0%B9_%D1%83%D0%B4%D0%B0%D1%80
https://ru.wikipedia.org/wiki/%D0%90%D0%B1%D1%81%D0%BE%D0%BB%D1%8E%D1%82%D0%BD%D0%BE_%D1%83%D0%BF%D1%80%D1%83%D0%B3%D0%B8%D0%B9_%D1%83%D0%B4%D0%B0%D1%80
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B7%D0%BE%D0%BD%D0%B0%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BB%D1%8C%D0%BC%D0%B3%D0%BE%D0%BB%D1%8C%D1%86,_%D0%93%D0%B5%D1%80%D0%BC%D0%B0%D0%BD_%D0%9B%D1%8E%D0%B4%D0%B2%D0%B8%D0%B3_%D0%A4%D0%B5%D1%80%D0%B4%D0%B8%D0%BD%D0%B0%D0%BD%D0%B4
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D0%B5%D1%82%D1%82,_%D0%94%D0%B6%D0%BE%D0%BD_%D0%A3%D0%B8%D0%BB%D1%8C%D1%8F%D0%BC_%28%D0%BB%D0%BE%D1%80%D0%B4_%D0%A0%D1%8D%D0%BB%D0%B5%D0%B9%29
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B7%D0%BE%D0%BD%D0%B0%D0%BD%D1%81_%D0%93%D0%B5%D0%BB%D1%8C%D0%BC%D0%B3%D0%BE%D0%BB%D1%8C%D1%86%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%BD%D1%83%D1%82%D1%80%D0%B5%D0%BD%D0%BD%D1%8F%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BB%D0%BE_%28%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0%29
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D1%83%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%B3%D1%80%D0%B5%D0%B3%D0%B0%D1%82%D0%BD%D0%BE%D0%B5_%D1%81%D0%BE%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%BE

Bomnpocs! ajis1 u3y4eHus:
1. OGo01IeHHOE YpaBHEHHE YaCTOT KoJieOaHMil ra3a B TpyOe B OTCYTCTBUE TpaueHTa
CKOPOCTH 3BYKa.
2. YpaBHEHHE 4acTOT KoJieOaHUM ra3a B KaHaJe NMPU HAJIMYUU CKayKa M JIMHEHMHOIO

pacinpcacicHus CKOpOCTH 3BYKaA.

2.1. Kosiedbanusi raza B Tpy0ax ¢ yueToM Npoa0JbLHOI0 rpajiieHTa
TeMIlepaTypbl
PacnpocTpaHeHre ManblX AaKyCTHYECKHMX BO3MYIIEHMM B  HACaIbHOM
M303HTPOIUYECKOM Ta3e OMUCHIBAETCS BOJHOBBIM YPaBHEHHUEM, B KOTOPOM CKOPOCTh
3ByKa IMOCTOSIHHA, a PELICHUS] MOTYT OBITh MPEICTABJICHBI B BUJIE:
u'(x,t)=Ceoslkyx + @ lexpiot, k; = /¢,
p'lx.t)=—ipgcoCsinlkyx + @ Jexpict.
(2.1)
B Teopum 3Byka MIMPOKO UCIOIB3YETCS TMOHATHE aKyCTHYECKOro HMIIeaHCa,
PABHOTO OTHOIIEHUIO aKyCTUYECKOTO JIaBJICHUS K aKyCTUYECKOW CKOPOCTH B JAHHOM
CEUEHUU TPYyObl WU TOYKE 3BYKOBOTro moJisd. MMremaHc SBISIETCS KOMILIEKCHOM
BEIIMYMHOM, €€ JCUCTBUTENbHAs YacTb OOYCJIOBJIIEHA TMOTEPSIMU aKyCTHYECKOM
SHEPruyd, MHUMas 4YacTh BIUseT Ha ¢azy 3BYyKoBOM BoJHBI. be3 ydera motepb
IPaHUYHBIC YCIOBUS Ha KOHIIaX TPYObl OOBIYHO 3alKUCHIBAIOT B BUJIE:

plot)=—i¥p'(0.t), p'(l.t)=i¥u'(l.1)

N3 nmepBoro ycinoBus ¢ yueTom pemieHuit (2.1) cienyer:

p=arctgly, =¥ /(pecy)

BTopoe ycioBue npruBOAUT K BBIPAKEHUIO:

h+h = :
t k!il :g F:PI O
glkol) AARE 1 =% /(poco)

OTO W3BECTHOE B aKyCTHKE YpaBHEHHE 4YacTOT KoiiebaHHWil ra3za B Tpybe c

POU3BOJIbHBIMUA TPaHUYHBIMHU ycioBUsMU. Hampumep, st TpyObl, OTKpPBITOM Ha
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KOHIIaX, MOXKHO TTOJIOKUTh L=1 =0 ccim BMecTo peanbHOIl JUIHHBL TPYOBI B3ATH
«hPexTUBHYION:
I"=1+2Al, Al=0613R
(2.2)

Pemenue mis yacToT KosleOaHU UMEET BU/:
i *
Ju =/ (2)' ) n=123__.

Ecin oauH 13 KOHIIOB TPYOBI 3aKphIT, Hampumep, u'(0,¢) = 0, torma To =%, =0 4

N3 YPABHCHUA 4aCTOT CIICAYCT:
fi=coln-y2)/r), r=i+al

[Iycts BHYTpHM TpyOBl HMMEETCA IJIOCKOCTh TEIIOMOJBOAA, KOTOpas AEJIHT
MOTOK Ha XOJIOJHYIO U TOpsUylo yacTu. ['a3 Bxonut B TpyOy, uMes teMriepatypy T -
B HexkoTOpoM ceueHMM Ha pacCTOSHHMU X* OT BXOJa TEMIIEpaTypa CKauKOM
yBEIMUHTCS 10 T, . IIoTOM 3a cuer TemIooTnayu K CTEHKaM TeMIeparypa raza u
CKOpPOCTHb 3ByKa, KOTOpas IMpsMO MNPONOPLHOHAIbHA KOPHIO KBaIpaTHOMY U3

TeMIIepaTyphl, yMeHbIaTcs (puc. 2.1).

Z, £
a Tio T10 (1)
0 (&) (x)
o
c«_: ]
|
0 |
453 |
- I
1 |
0 x I: x

Puc. 2.1. TlpunnunuansHas cxema TpyOsI (a) u
pacrpeiefieHue CKOpOCTH 3ByKa B Trasze (0)
Ecnu ckopocTh moToka Benuka, a Tpyoa — KOpOTKasi, MaJICcHUe TEMIIepaTyphl MOYKHO
He yuuThiBaTh. MccnenoBaHusi pacnpoCTpaHEHUsI 3BYKOBBIX BOJH B TpyOe mpu
CKauyKOOOpa3HOM M3MEHEHUHM TEeMIIePaTyphl ra3a MOKa3aldH, YTO MPU MEPEeMEIICHUH
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CKayKa OT BXOJa K KOHIy TpYObl 4acTOTHI KOJeOaHUI M3MEHSIOTCS HEPAaBHOMEPHO.
Hanpumep, B TpyOe, OTKpBITON Ha KOHIIAX, B MHTepBanax 3HaueHuid X* ot 0 g0 0,251
u ot 0,51 mo | mepBas u3 wacror konebGaHuit OBICTPO YMEHBIIACTCS, a B IUAITA30HE OT
0,251 no 0,51 mpakTrueckn ocTaeTcsi MOCTOSHHOW. YPaBHEHUE YacTOT KOJIeOaHWiA

MMEET BU]I
x*'Etg[:mx* ,r"'q )+ Tgl @ [f -x ,]_.“’:'52 J =0

B mnunHON TpyOe mpu HEOOJNIBIIONH CKOPOCTH MOTOKA, a TAKXKe MPU HATWYUHU
BO3JIYIIIHOTO WJIM BOJSHOTO OXJAXJICHHUSI CTEHOK IaJICHUe TeMIepaTrypbl Oyjaer
3HAYUTEIIbHBIM, MOSIBUTCS IPAJUEHT CKOPOCTH 3BYKa B OpsiYed 4acTH MOTOKa. [l
WJICAUTBHOTO Ta3a MPU OTCYTCTBUM BO3MYIIECHUM TEIUIOBBIX INOTOKOB, T'PAJUEHTA
CpPEHEro JaBJICHUs, IIPYU MaJbIX Yuciaax Maxa BOJHOBOE ypaBHEHHE JJIsl CKOPOCTHU

IMOTOKA UMECT BU/I.

-3 !
\ O 17

3 _EEE{IJ 3 =0

(2.4.)
B o0miem ciyudae 3T0 ypaBHEHUE peliaeTcsi MpUOIMKEHHBIMU METOJIaMU WJTH
IIyTEM YHCIIEHHOTO UHTErpupoBaHusd. [1010:KUM, 4TO CKOPOCTh 3ByKa U3MEHSETCS 110

JIMHENHOMY 3aKOHY:

er(x)=a—bx IIpH x =x=1
(2.5)
Pemiennie wumercs B Buae Uy’ = Fy (x)exp(iwt). Tlocne moOICTaHOBKU B

BbIpaxeHue (2.4) nonyyaercsi ypaBHEHUE:

a4

d’F, (o)

—2“ + ‘ E u = G

dx L Ca )
(2.6)
BBeneM HOBYIO IEPEMEHHYIO:

- odx
Yu = J—
€

[Tocne npeoOpazoBanus ypaBHeHue (2.6) mpuHUMAET BUI:
17



d°E, b dF,
—+— +
dJ"'r; @ d.]".u

F
FE,=F expla'y '
Pemienue wumercs B Buge ¢ p( }]. Onpenensisi 3Ha4YCHUS o
MOJTy4YUM:
by,
F(v,)=¢ 20 (5™ + Fe ™ );
ul\Yul=€ 1€ +ihe d
| ’ \ 2
g= -2 |
I
\ I‘- _L"_'i:' }
BosBpamasics K UCXOIHOU TIEPEMEHHOM, noJjiaras

2F = Cyexpi@,. 2F; = Crexp(-i9;) | yyeen:
: ' dx :
:12(1'.1‘}:&};13‘ — | — ‘C*q cos | m[}[ ‘+(pq expliot)
- \ €2,
(2.7)
Hns pacnpenenus (2.5):

ax _ j ax__ —llll(ﬂ' — bx )+ const

Cy a—bx b

Ecnu rpaiueHT CKOpPOCTH 3ByKa OTCYTCTBYET, I AKyCTHYECKOH CKOPOCTH
JOJIKHO OBITh BhIpaxkeHue tuna (2.1):

15 (tﬂ =) cos(c-}xf a+ oy }exp(z’mf}.

(2.8)

[Tpu b=0, B=1, uroObl U3 cootHomcHHs (2.7) moayuuTh (2.8), HEOOXOAUMO

monoxurs <0nst=(/b)na  [oparas € (x)=a= €2, mepexoms K mpeneny mpu

b — 0 packpeiBas HeompeaeneHHOCTS THIA 0/0, OTYIHM:

( ‘-di \ i |:_ lln{.] ) EI 1.Il:|
" Co | b—s0 b \ a )
(2.9)

4TO JOKA3bIBACT IIPABUIIBHOCTD BBI60pa IIOCTOSIHHOM.

.
==
ps0 €2

OxoHyateabpHOE BBIPAKCHUC J1JIsA BOSMYIHCHI/Iﬁ CKOPOCTH IIOTOKA NTPUHHUMACT BU/L:
18



. by VB2
wh(x.t)= e 1-— | cos[q}z — 111‘ X }
\ a a )

(2.10)
AKYCTI/ILICCKOG JaBJICHUC MOKHO OIIPCACIINTb H3 JIMHCAPH30BAHHOI'O YPABHCHUA
HCIIPCPBIBHOCTHU:

dus pzﬁ dF ot

(T. I]——pa gfﬁj o dt = ——=

i dr

BI)Ipa}KGHI/Ie JIIs1 BOBMYHIGHI/Iﬁ JaBJICHUA UMCCT BU:

B2
, bx [ b
phlx.t)=—ipy gfaCze’m” - = ‘ —cos [q}z -
\ a/ (2o
op, [ bx)| WP, (. bx ]
——Inf1—— ||+ Psin ——]11 1-— ||
b | a ﬂ P {qﬁ b [ a L

(2.11)

Ha Bxome B TpyOy CIPaBEIMBO COOTHOLIEHHME: Pl(ﬂ-r]z_"}rﬂ”l(&r), rae Yo
MHHMMas YacTh MMIEJAaHCa B CEYeHMU x=0, BBIPAKEHHS JUIS aKyCTHYECKHMX
BO3MYULIEHUH B XOJOJHOM Ta3€ OMNHUCHIBAIOTCA BbIpaxkeHusMH (2.1) ¢ ydeTom

COOTBCTCTBYHOLICTO MHACKCA. U3 storo I'paHU4YHOI'O YCJIOBHA CICAYCT:

P = ﬂl“:tghﬁ;‘:bl_[}f-‘l )J
(2.12)

Ha KoHIle TpyObl BBIIONHIETCS FPaHHYHOE yciaoue: P2 (1.t)=%uy(1.1)

dbopmyn (2.10), (2.11) numeem:

. bl 1
©y = GBJJ ‘ 1—— |—arctg —
a )

, I C y4ETOM

—+

b1 ‘
Bl 20 proq )

yCJIOBI/IH, CBA3BIBAIOINIUEC AKYCTHYUCCKHMC BO3MYLICHUA 0 MW II0CJIC CKaydka

TeMIIEpATypBI, HMEIOT BUX: © | (:‘-*‘f)z 3 (""*‘f)' ty (_-T* 1 )= 1 (31'*- T)
—i+[3tg B11 l—bi]‘ P9 +C—1TE!£+{P1 ‘
2 a 0 |l. &)

N3 Hux cnenyer:

(2.13)
19



OTO ypaBHEHHE IMO3BOJSET BBIUYMCIUTH YACTOTHI MPOJOJBbHBIX KOJeOaHWW ra3a B
TpyOe C JIOOBIMH TPAHUYHBIMU YCIOBUAMH. [ TpyOBI, OTKPHITOM Ha KOHIAX,

3aMeHsIsI peAJIbHYIO JUIUHY TPYOb! a3 dekTuBHOM, onaras Yo = 0 =Y, , momyuum:

¢, =0:
Py = %lﬂ‘ 1—% | —arctg!: ?iﬁ !
(2.14)
Eciu B paenctBax (2.13), (2.14) monoxute b = 0, B = 1 , packpsITh
= -l $..-":.t_"; ’

HEONPEENeHHOCTH, HOTydnM P2 a YpaBHEHHME 4YacTOT COBIAJET C
BbIpakeHHEM (2.3), B KOTOPOM C YYETOM KOHIIEBBIX HOMNPABOK HEOOXOIUMO
3aMEHUTH PEATIbHYIO JUTMHY TPYOBI Ha 3(PPEKTUBHYIO.

bbuin nmpoBeeHbl U3MEPEHHSI COOCTBEHHBIX YAaCTOT aKyCTHUYECKUX KOJieOaHUM
ra3a B TpyOe, OTKpbITOI Ha KOHUax, JUHON 0,91 M ¢ BHyTpenHum auameTtpom 0,036
M. Konebanus B030ykJanuch ¢ IOMOIIbIO TI'€HEpAaTOpa 3BYKOBBIX CHUTHAJIOB HU
ANEKTPOJUHAMUYECKOTO TPOMKOIOBOPUTENS, @ PErMCTPUPOBAIHNCH aKYCTUYECKUM
30HJOM U COOTBETCTBYMOIIEH amnmnaparypoil. CoOCTBEHHbIE YaCTOTHI OINpPENesINCh
pe3oHaHCHBIM MeTos1oM. Ha ocu TpyOs! pacnosiarasioch NpornaHo-BO3AYIIHOE IJIams,
oOpasyronieecs Ha KOHIIE Tra3omnojawiieil TpyOKH IMHOW 3 M C BHYTPEHHUM
nrametpoM 0,005 m.

Ha puc. 2.2 npuBeneHbl DKCIIEPUMEHTAIBHBIE U TEOPETUUYECKAE TaHHbBIC IS
JIBYX MEpPBBIX COOCTBEHHBIX YacCTOT MPH YCIOBHH C,*= 497m/c, b = 165 ¢™' . Drn

3Ha4YCHUS OBUTM OIpPEACNICHBI MO pe3yJbTaTaM H3MEPEHHM paclpesieieHus] BIOJb

TpYyOBI CpeIHEN IO CEYEHUI0 TEMIIePaTyphl rasa.
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Puc. 2.2. 3aBUCUMOCTH 4aCTOTHI KOJCOAHUH OT MOJIOKEHUS CKauKa TeMIepaTypbl B
TpyOe: a — repBasi, 6 — Bropasi coocTBeHHas yactrota H=wl/c; &=x/I; muuus —

TCOPUA, TOUKH — IKCIICPUMCHT

OnbITHBIE JAHHBIE U PE3YJIbTAThl pacueTa KOJIUYECTBEHHO coriacytorcs. [Ipu
M3MEHEHHUM TOJIOKEHUsI CKauyka OT BXOJia K BBIXOAY U3 TPyObl yacToTa KojeOaHui
W3MEHSIETCSI HE€ MOHOTOHHO: YYAaCTKH, TJI€ TPOUCXOAUT YMEHBIIEHUE YaCTOTHI,
YEepeaylTCs C HWHTEpBajlaMH, B KOTOPBIX OHA HW3MEHSETCS NPOTHUBOIOJIOXKHBIM
obpazom. Ha KpuUBBIX MOSBISIOTCS MHHUMYMBI ¥ MAaKCHMYMBbI, KOTOpPBIC

OTCYTCTBYIOT, €CJIM UMEETCSI CKAYOK TeMIEPaTyphl, HO IPaJUEHT CKOPOCTU 3BYKa B

ropsiueM ra3e OTCyTCTBYET.

Bonpocs! 111 KOHTPOJIA:

1. O60011eHHOE ypaBHEHHUE YaCcTOT KOJieOaHuii ra3a B TpyOe B OTCYTCTBHE I'paJIieHTa

CKOpPOCTH 3BYKa.
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2. YpaBHeHHE 4acTOT KoyieOaHM raza B KaHajle MPU HAIWYUM CKauyka U JMHEHHOTO

pacripeielieHus: CKOPOCTH 3BYKa.
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Tema 3. XapakTepucTuiyeckoe ypaBHeHHe 32Ja4H YCTOHYMBOCTH
npouecca ropeHus.
Jlexkuus 2
AHHOTanusi: PaccMaTpuBaroTCs poOA0JIbHbIE KOJIEOaHUs ra3a B KaHaJe C
[IPEIEIIOM TEMIIEPATYPbI U CKOPOCTH 3BYyKa. JlaeTcs aHamu3 oTepb aKkyCTUYECKOU
DHEPIUH, BBI3BAaHHBIX TPEHHUEM I'a3a O CTCHKU U U3JIyYCHHEM 3BYKA.
KiroueBbie cJjioBa: TEIUIONOABOJA, TOPEHHME, HWICAIBHBIA Ta3, IOTEPH,
aKyCTHUYeCKasl SHEPTHs.

MeTounqecmle PEKOMECHIANUMA 110 H3YICHUIO TEMbI
- Tema COACPIKUT JICKOINMOHHYIO 9aCTb, I'’IC HAIOTCA O6IHI/I€ MpCaACTaBJICHUSA O

MPEIMETE;
- B xauecTBe caMocTOSTENIbHON PaOOThI HY>KHO MOATOTOBUTHLCS K YCTHOMY OTIPOCY;
- JIs11 IpOBEpPKM YCBOCHUS TEMbI IMEIOTCS BOITPOCHI K KaXKI0W JIEKIWH.
- Boripocs! 1 3a1aum A1 caMOCTOSITENNbHON PabOThI IOJKHBI OBITH O(POPMIICHBI B
nucbMeHHOM Bujie. O1ieHKa TaHHON paOOoThl MPOU3BOJUTHCS MOCIIE YCTHOTO
co0eceI0BaHus CTY/ICHTA C MPENO0IaBaTeNIEM.
- [Ipu BBIIOJTHEHUH CaMOCTOSITEIBHON PabOThI CTYACHT UMEET MPaBO 00pamaThCs K
MPETOIABATEIII0 3a KOHCYJbTAMSIMU B YCTAaHOBIICHHOE BPEMSL.

Jlureparypa
ABTOKONIEOaHMs Ta3a B ycTaHOBKa ¢ ropenueM. B.M. Jlapuonos, P.I'. 3apunos / 13a-
BO Ka3aH. roc. TexH. yH-ta, 2003. C. 57-61.

I'noccapui

I'apmMonuyeckne KoJiebaHuss — KoJieOaHUsi, TPH KOTOPHIX Qu3nuecKas
BEJIMYMHA U3MEHSIETCI C TEYEHHWEM BPEMEHUM IO CHHYCOUIAIBbHOMY WJIHU
KOCHUHYCOUJIAJIBHOMY 3aKOHY.

Kpurepuii Pajes — ¢pazoBoe ycioBre caMOBO30YKISHUSI TEPMOAKYCTUUECKUX
KoJieOaHwmii rasa.

IIoTok 3BYKOBOM 3HEPruM, aKyCTUUYECKas MOUIHOCTh — BEJIMYMHA, PaBHAs
OTHOIIICHHUIO 3ByKOBOM 3Heprun dW, repeHocHMOi yrpyro# cpefoi yepes 3aaaHHyI0

MOBEPXHOCTh, K MHTEpBaITy BpeMeHH dt, 32 KOTOPBIi 3Ta SHEPTHUs IEPSHOCUTCA.

23


https://ru.wikipedia.org/wiki/%D0%97%D0%B2%D1%83%D0%BA%D0%BE%D0%B2%D0%B0%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F

Tpy0a Puiike sBnsieTCs NpPOCTEHIIEH AKCIEPUMEHTAIbHON YCTAaHOBKOM IS
M3yYCHHS]  TEPMOAKyCTHUYECKOM  HEYCTOMYMBOCTH, KOTOpas OCHOBaHa  Ha
BO3HUKHOBEHUE KOJIeOaHU ra3a B TpyOax Mpu MOJBOJIE TEIUIA.

Bonpocs! Ajist M3y4yeHus :

1. Ilorepn aKkycTHYECKOW 3HEpPruM, OOYCIOBJIEHHBIE TPEHHEM Ta3a O CTEHKHU

KaHaJa.

2. Tlotepu aKycTUYECKOM SHEPTUH, BI3BAaHHBIC N3TyYCHUEM 3ByKa U3 KaHaja.

OI[HOﬁ M3 IIPUYHH MMOIIOMICHHA 3BYKaA ABJIACTCA BA3KOCTb W TCINIOIIPOBOAHOCTD
raza B IPUCTCHOYHOM IIOI'PaHUYIHOM CJIOC. IToTok aKyCTquCKOﬁ OHCPIuu,

nepeaaBaeMoit siIPoOM MOTOKA MOTPAHUYHOMY CJIOH0!
I'III i v ¥ II'.
4, ={ | Re(p }Re(u ) Jis ) -
|5 It
(2.15)
rje CKOOKM O3HayalrT yCpeAHEHUE 3a mepuoj kosebanuit. (s muamHapudyeckon

TpyOBl dS = 2nRdx . Ha BHelIHel rpaHuLie IOIPAaHUYHOTO CIIos u'y = Uy exp(iwt),

p' = p exp(iwt), Torna Beipakenue (2.15) npuHumaeT Bu:
{

A, = 'I:R[ Re[p]Re(u}. Jix
0

(2.16)
Bocnone3yemcsa pemennem PoTra i monmepeyHOW KOMIOHEHTHI aKyCTHYECKOU
CKOpOCTH:
5 ; W12
v=11d v
‘1+ —| Uy | — +
na/Pr | dx iy
. p WJf2
1{ 2 1 y—1 v
+_

| d
—-1 e LY
n\ 1+PB Pr+Pr +Pr) " dxlio)
B snpe nmotoka raz MOXHO CUMTATh UACAIBHBIM, TOTAA U3 JIMHEAPHU30BAHHOTO

ypaBHEHUSs Diliepa clieyerT:
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- 2 '
. Ipgc” Cu, iof
—__+0 X szul_gm

-

® ox
Ecnu crenku TpyObl 007a7al0T BBICOKOHM TerionpoBoAgHocThio, N =1. C
YYETOM CJEJIaHHBIX 3aMEYaHUi, MOCIIE MOJCTAHOBKH BBIpAXKECHHS 1 Uy B (2.16) u

HHTCTPUPOBAHUA I10JIYYACTCAA:

1||'r2 i . \ ﬂ'
M I .
A =R T 1T o)V
=/ |\ APr o
. ) 21 1/2
4 :."'—]_ d d
4| — L PDZ j“a v iy
\ 3(_Pr+ «.J’Pir] v Pr ] © 9 dy  dx
(2.17)

[Iyctb B CEUeHHH TpPYObI X* IIPOMCXOOUT CKAYKOOOPA3HOE YBEIMUCHHE

213

TeMIepaTyphl Ia3a, MoCJIe Yero OHa U3MeHsAeTCs M0 3aKoHy Too (X). s razos v-T"",
-1
po~To".

Bripaxxenue (2.17) npuHuMaeT BUA:

F\Y2 ' )
a:
AT=7:R£— #]pluv |u1{r}dt+Tm |M +
\ 2 VP RLTICN
(
3/4
4 v—1|PLoG ‘u’i’h r (ITME dTﬁ'U
+ ——= Ty |uj{r} : dx
3:-(P1‘—|— v Pr) vPr " ax

(2.18)
Ecau TCMIICPpATypa TOpAYCro Tras3a IIOCTOSAHHA, BBIPAKCHUC MJII IIOTOKA

aKyCTUYECKOH SHEpruH, MOrI0OUAeMO B HOTPAHUYHOM CJI0€, YIPOIIAeTCs:

1 /<"

[@)2|(. v-1) 12
A, =7R — 1+~ PLoV] uy (x)dx +
2) U Ve ‘ | !
1
i j—i
+‘ |th xX)dx
{20 ) =
(2.19)
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B xauecTBe mpuMepa paccMOTpuUM TPyOy, 3aKPBITYIO Ha BXOJIE U OTKPHITYIO Ha
BbIXOz€. B aToM cimyuae U;'(0,t) = 0 , torma ¢, = —n/2 u Ui'(x,t) = Cy sin(wx cy)

exp(iowt) = ui(x) exp(iot) , rae C; — necTBUTENIbHAS BETUUNHA.

r &
Bropoe rpanuunoe ycnosue £2 (.= 0, cnegosarensHo,

Py = —ol /ey . us(x.t)=Chcos[m(x — I )/ c5 ]expliot) = u (x)expliot)

[Tocne moacranoBku Uy(X), Uy (X) B Beipakenue (2.18) m uMHTErpupoBaHHUs

[0JIy4aeTcs:
2 (e
[ ®) y—1) 12 Cl « 0 . | dox
A, =1R — 1+— P1LoVy X ———sin| +
|2 VPr | 2o | ¢ ||
T 1/4 . \
1.0 Cs5 = C 20(l —x
‘ ‘ 2/ ]—x +—2sin ( ) ]]
| Tj_[} ) 2 2 Cz )]
(2.20)

Jliist TpyObl, OTKPHITOM Ha 0OOUX KOHIAX, p1(0.0)=0.0; =

uj(x.t)= C cos(mx/ ¢y ) exp(icf)

B stom cnydyae monydaercss BbIpakeHue, modth coBmanatoiiee ¢ (2.20).
OTIMYKe COCTOMT B TOM, 4YTO WICH, coaepxamuid Sin(2m X'/ 1), Oyner uMeTh

MOJIOYKUTEJILHBIN 3HAK.

*
[Tyctp TpyOa 3amonmHeHa XonogHbIM razoM, X =| . Ecnu npeneOpeus dieHOM,

*
conepkamum | —/ , momygaercs:

12 o
(o) y 2 &7 a .
| =1 ‘ 14- — ’pmv | ———sin
e o\ v Pr 2m

2wl H
/]

2 2 Cl

Jlns TpyOBl, 3aKpBITOW Ha BXOJE M OTKPBITOW Ha BbIXOAE, wp, = mncyl |

YJICHOM, COoJCpKalluM CHHYC, MOXHO npeHe6peqL, U 1I0Jy4acTCA H3BCCTHAsA

dhopmyna i1 TpyObl, 3aMI0JITHEHHOW OJTHOPOIHBIM Ta30M:

nRpy o (cvy) 71 (
' | 1+

. 27 L WPr,

e

(2.21)
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Eciu Tpy6a OTKpHITA Ha KOHLAX, w, = 2zncy /I, U TOTydaeTcst Toxe camoe
BBIPa)KCHHUE.

[IycTh ckadok Temmeparypbl pacloyio)kKeH Ha BXoje, T.e. TpyDOa 3amoJiHeHa
ropsiuuM Tra3oM C Temneparypoi T,o . Ilomaras X=0 , c YYE€TOM YKa3aHHBIX
3aBUCUMOCTEH MJIOTHOCTHU U BSI3KOCTH T'a3a OT TEMIIepaTyphl, IpeHeOperas pa3HUIleH
BEIUYMH Y, Pr s XOJIOAHOTO W ropsyero ra3oB, HETPYIHO MOJYYUTHh (HOPMYIY,

coBmagarontyo ¢ (2.21) mocne 3amensl uHAeKca 1 Ha 2.

12
13 Berpakenns (2.21) cnepyer v ~ (OV)""Po. Jlns paceMoTpeHHBIX clydaes

/2 , 3/2 -1
o~c~Ty" v~T5"". pg ~ I

Tak xkak ,OKa3bIBACTCS, YTO NPU OJWHAKOBOU
aMIUTUTYJIe KOJIeOaHUW CKOPOCTH MOTOKA MOTJIOIICHHE 3BYyKa B TPyO€ MOCTOSHHBIX
pa3sMepOB HE 3aBUCHUT OT TEMIIEpATyphl 3aIlOJHSIOLIETO €€ ra3a. Eciu temneparypa
MU3MEHSETCS BAOJb TPYObI, HO JOCTaTOYHO MEJJIEHHO, B BbIpaxkeHUH (2.18) unew,
coAepKaIInn dT3/42,O /dx , OymeT Man MO CpPaBHEHHIO C OCTaJbHBIMH. Toraa
MPUOIMHKEHHO MOKHO CUMTaTh, YTO TOIJIONICHHE 3BYKa B TOpsYeM raze ¢ MallbIM
TPaJuEeHTOM TEMIIEPATYPhl TAKOE k€, KaK U MPH MOCTOSTHHOW Temreparype. [loTok
MOTJIONIAEMON aKyCTUYECKON HHEPTrUM MOXKET OBbITh BBIUMCICH IO YIPOIICHHOM
dopmyie (2.21).

Jpyroi npruurHON, TPUBOASAIIECH K TOTEPSIM aKyCTHUYECKON SHEPTUH, SABIISACTCA

U3JIly4eHHE 3ByKa Ha KOHUAX TpyObl. IloTOk sHepruu, BbIXOAAIIMNA W3 TPYOBI,
ONIPEAEIACTCS BBIPAKCHUEM:

4; = (Re(p))Re(u))), S

(2.22)

Bo3My1ieHus 1aBieHust 1 CKOPOCTHU Ha KOHIIE TPYObI CBSA3aHbl COOTHOIICHUEM
p’ = Xy u' . dng tpyObl, OTKpBITOM Ha KOHIIE, NEHCTBUTENIbHAS YacTh MMIIEIaHCa

paBHa:

A T |
L ode
X, = ‘ + —4
I Ds_ux 16, 2

(2.23)
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rae U— aMIUIMTyAa KoJieOaHWW CKOPOCTH TMOTOKAa Ha OTKPBITOM KOHIIE TPYOBI.
Bripaxkenue (2.22) ans notepb aKyCTUYECKOM SHEPTUU HAa OTKPBITOM KOHIIE TPYOBI

IMOCJIC UHTCTPHUPOBAHUA IIPUHUMACT BUJI:

" Y
wd-

+ H‘r ]

SC‘r |

2
_ pe-_[,SuE-
4

A

|

C YYETOM CJIeJIaHHBIX 3aMEYaHHUM U TOTO, uTo U’ = uj exp(iot) .

Bomnpocs! Aj1s1 KOHTPOJIA:
1. Tlorepn aKycCTHYECKOW 3HEpPruM, OOYCIOBJIEHHBIE TPEHHEM ra3a O CTEHKHU
KaHaJa.

2. HOTepI/I aKYCTI/I‘-IGCKOﬁ OHCPI'MH, BBI3BAHHBIC U3JTYUCHUCM 3BYKA U3 KaHaJIa.
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Tema 4. Ilepenatounbie pyHKIUM JIAMEHH IIPH TOPEHUH OTHOPOIHOM
CMeCH, UCTeKAKIIEel U3 OTBEPCTHUA U MPH 00TeKAHUM CTA0UIN3ATOPA, IPH
TOPEHUM CJIOCBOM TBEPAOIr0 TOILIMBA.
Jlexuus 3
AnHoTammus: W3maraercs CyTh SHEPreTHMUECKOro MOJX0/a M KOMOMHUPOBAHHOIO
METO/1a pacyeTa yCJIOBHM BO30YXKIEHUS KOJIeOaHH ra3a, UX 4acTOThl U aMILTUTYIbI.
KiroueBsble cioBa: r¢dexr Puiike, oTkpbiTast Tpyda, HarpeBaTeb, MOTOK Ta3a,
aBTOKOJIe0aHusl, 00J1acTh BO30YKIHHUS.

MeTounqecmle PEKOMECHIAIUMA 110 U3YICHUTIO TEMbI
- Tema COACPIKUT JICKOINMOHHYIO 9aCTb, I'’IC HAIOTCA O6IHI/I€ MpCaACTaBJICHUSA O

IIPEIMETE;
- B xauecTBe caMOCTOSTENbHOM pabOThI HYKHO MOJATOTOBUTHCS K YCTHOMY OIIPOCY;
- JIns1 mpoBepKH yCBOEHUS TEMBI MMEIOTCS BOIPOCHI K KaXAO0W JIEKIUU.
- Bompocs! 1 3agaun 1y1st caMOCTOATEIbHON PaOOThI TOKHBI OBITH 0(OPMIIEHBI B
nucbMeHHOM Bujie. OlLieHKa JaHHOW paboThl IPOU3BOAUTHCS MOCIIE YCTHOTO
co0eceI0BaHus CTY/ICHTA C MPENO0IaBaTeNIEM.
- [Ipu BBITIOJIHEHUHU CAMOCTOSTEIBLHON PaOOTHI CTYJEHT UMEET MPaBO 0OpAIATHCS K
MIPENOAABATEIO 32 KOHCYJIBTALMSIMU B YCTAHOBJIEHHOE BPEMSL.

Jlureparypa
ABTOKONIEOaHMs Ta3a B ycTaHOBKa ¢ ropenueM. B.M. Jlapuonos, P.I'. 3apumnos / U3x-
BO Ka3aH. roc. TexH. yH-ta, 2003. C. 81-91.

I'noccapui

HarpeBarejb — ycTpoWCTBO /1t HarpeBanus (o0orpeBa) 4ero-iuoo.

Tpy06a Puiike sBisieTCsS NpOCTEUIIEW AKCHEPUMEHTAJIbHOW YCTAHOBKOW IS
MU3YyYEHHs]  TEPMOAKYyCTHUYECKOM  HEYCTOMYMBOCTH, KOTOpas OCHOBaHa  Ha

BO3HMKHOBEHHUE KOJeOaHuii raza B TpyOax mpu MoJBo/IE TEIa.

Bonpocs! ajist M3y4eHus :
1. DnHepreTuueckuii MOAXOJX K HCCIEIOBAHUIO NYJIbCALMOHHOTO TOPEHHUS B

JUHEHHOM TPUOITHKEHUH.
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2. YpaBHEHHE TpaHUIlbl HEYCTOMYNBOCTH MPOIIECCa TOPSHHUSL.
3. ®usndeckasi CymHOCTh HETMHEHHBIX 3P HEKTOB.
4. BwiBon (opmyinbl A aMIUTUTYAbl YCTAHOBHUBIIMXCA KOJICOAHUUW AaBICHUS

ra3osB.

[ToyynB XapakTepucTUYECKOE YpaBHEHHUE /JI1 KOHKPETHOTO YCTPOMUCTBA, MOKHO
ONpEACNUTh 3HAuUeHUs JI000TO  MapamMeTpa, COOTBETCTBYIOLIETO TpaHMIIC
HeycToMuuBOCTH. OnHako, 4YTOObl HAWTH MHTEPBAIBl HU3MEHEHHUS JIAaHHOIO
napaMmeTpa, MpH KOTOPBIX BO3HHUKAIOT KoyieOaHHs, HEOOXOTUM TOTIOJTHUTEIbHBIHN
aHaJIM3 C MCIOJIb30BAaHUEM ammapara OOIIel TEeopur YCTOMYMBOCTH WJIM YCJIOBHIA
TUna  Kputepus  Paned, NOJy4eHHBIX U3 COOOpakeHUH  (pU3NUYECKOi
1[EIeCO00Pa3HOCTU. DHEPreTHUECKUd METOJA TO3BOJSET JeNaTh STO MPOCTO H
HarasaaHo. JlefcTBUTENbHO, MOTEPU aKyCTHUYECKOW SHEPrUu COKPALAIOT MHTEPBAJIbI
HEYCTONYMBOCTH, HO OHU MO-TIPEeXHEMY OyayT pacronaraTbCsi MEXAY NMpeesIbHbIMU
3HAYEHUSIMH, BXOJSIIUMHU B YCIIOBHSI.

A p =451

(3.1)

DTO yCJIOBHUE CONEPKHUT MHGOPMAIMIO O TPAHHUIE HEYCTOWYMBOCTH U B TO KE
BpeMsl TIOKa3bIBaeT, B KaKOM HamNpaBICHUH JIOJDKHBI H3MEHSTHCA MapameTphl
YCTPONCTBA, YTOOBI B HEM BO3HUKIIA aBTOKOJICOAHUSI.

AxycTHueckass MOIIHOCTh 0OJaCTH TEIUIONOoJBOAa B Tpyde ompeaensercs
BEIpKECHUEM

2
A.p=a.;p;.
a.; =05B,5 (| K, |I"1_1 SINOT, + | K, 1 [c0s0T,)
(3.2)

[lotepu axkyctuyeckoil 3HEpruu OOYCIIOBJIECHBI, BO-TIEPBBIX, TEM, YTO YacTh €€
BBIHOCHUTCS 3a TIPEJIeNIbl YCTPONCTBA M HE Bo3Bpalaercs ooparHo. [Ipoucxomut 3to,
HampuMep, MpH M3IYYEHHH 3ByKa Ha OTKPBITOM KOHIIE TPYObl WM BCIEACTBHE

3aTyXaHusl BOJIH, IMPOHHUKAIOMIUX N3 KaMCPbl CropaHusa B CHCTCMY IIOJa4H. Bo-
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BTOPBIX, MOTJIOIIEHUE 3ByKa MPOUCXOIUT BHYTPU TPYObI MO IEHCTBUEM BSI3KOCTU H
TEIJIONPOBOAHOCTH, OCOOEHHO B MPUCTEHOYHOW 00JIACTH, a TAK)XKE M3-3a HAPYLICHUS
IUIOCKOTO XapaKTepa PaclpOCTPaHEHUs! 3BYKOBBIX BOJIH, BbI3BAHHOTO HAJIMYUEM B
MIOTOKE TUIOXO00TEKAaeMbIX TeJl. BiusiHue NpensTCTBUA HOCHUT JIOKAJIbHBIA XapakTep
U UM MOXHO NpeHeOpedb BBUJLy MAJOCTU 10 CPABHEHMIO C MOTEPSIMH Ha CTEHKAaX,
KOTOPBIE IPOUCXOAST 10 BCEH ITIMHE TPYOBI.

Bocnone3zyemcst hopmyiioit (2.21) U3 mpoIUION riiaBbl, B KOTOPOH HHIEKC «l1»
3aMEHEH Ha «2». MakcuMaibHasi aMIIIUTyJa KoJieOaHU CKOpOCTH IOTOKa B TpyOe,
3aMOJHEHHOM ra3oM ¢ OJUHAKOBOM TEMIIEpaTypoil, C y4eTOM BbIpaxkeHul (2.1) paBHa
C, , T.e. HavanpHas (a3a kosebaHuii TakoBa, uTo C, — melcTBUTENbHAS BEIUYHHA.
Amiuntyaa KosneOaHuM JaBi€HHs B IUIOCKOCTH TEIUIONOJBOAA Ui PEabHOTO
ciyydasi (C ydeToM rpaJiieHTa TEMIIEPATyphl I'a3a) ONPEAENIIeTCS U3 BhIPAKEHUS .

s - 1 * .= T

Pe =|pa(x 1) |=preaCy | B(20) " cos@y +Psing; [(1-bx /a)’"

Torma

C,=Dyp.. D, = [p;r; | E;r(lm)'l ccscp; + Psin (p:_; | (1— bx" n‘)m F

{pz =@, —(0p/b)In(l1- bx" /a).
(3.3)

IToTepu Ha cTeHKaX ONMPEEIIOTCS 110 hopMyJIe:

2 TERP; l:(I]'l'f: }Hzf . 'r’;_, -1 | 7
Ayp=ayppPc. Ay = _}3{,.-2_ 14+ ——=— D

L 4Py

(3.4)
W3nydenue 3ByKa Ha KOHIIE TPYObI OMMCHIBACTCS BhIpakeHHeM (2.22)
4,1 = S(Re(Zy gup)Re(u))), = 5%, zuf /2

(3.5)

C yuerom dopmynsl (2.10) ammintyaa xojie0aHUN CKOPOCTH MOTOKA HA KOHIIE

TpyOBbI paBHa:

u, =|ub(1.t)| = Cy |cos @y, | (1=bl/ a)"?
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CrnenoBaTenbHO, aMIUIMTYyAa KoOJeOaHUM CKOPOCTHM MOTOKAa HAa KOHIE TpPYObI

CBiA3aHa C aMHHI/ITYI[OfI KOJIEOaHM I JaBJICHUA B IINIOCKOCTH TCIIJIOIMOABOAA

COOTHOUIEHUEM:
u; =Dyp.. D; =Ds|cos@, ;| (1-bl I;ﬂ)l;'j‘
Qa1 =P2— (op/b)In(l1-bl/a).

(3.6)
HOTepI/I, CBJsI3aHHEIC C HBJ'Iy‘-IeHI/IeM 3By1(a Ha BBIXOJAC M3 TPY6I)I, 3aIIUCBIBAKOTCA B
BUJIE:
2 2 /s
A p=a1pe. ajp =8X; 1Dy /2
(3.7)
B Hauane TpyOBl BBIHOC aKyCTHUECKOW HDHEPTUU OMHMCHIBACTCS BBIPAKCHUECM,

aHaJoruuHbM (3.5):

w2 I
Ay p =SXg pup/2. Xop=Re(Zy)=—Re(pyg/up)

C yuetom Beipaxkenuii (2.1):

cos q}1|

. * I-'- *
P1o€ | sinfox je; +9;) |

y =ty g |=Dyp.. Dy =

Ayp =agrp;. gz =5XqrDj /2.
(3.8)

[ToncranoBka Beipakenuit (3.2), (3.4), (3.5), (3.8) B HepaBenctBo (3.1) maer
clenyroee ycloBUe CaMOBO30YKIEeHHsS KojieOaHuW Traza B TpyOe ¢ JFOOBIMH
UMIIEaHCaMA HA KOHIIAX M  TMPOM3BOJBHBIM  PACIMOJIOKEHHUEM  TUIOCKOCTH
TEIUIONO/IBOA:

Qe =@y +doL+a;1

(3.9

PaBeHCTBO BeNMYMH COOTBETCTBYET I'PaHUIIE HEYCTOMYMBOCTH. B ycTporcrBax

THIIA €MKOCTh — Tpy6a Pe = Po = Pv = P2 o . Toraa u3 seipaxenuit (3.3), (3.6) mpu

yernoun X =0 crenyer:
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D, = (pr o2 |b{3c*:n}_l Cos @, +Psing, )_1
D; =D, |cos 0, | In(1—bl/a)¥?.
(3.10)

Ha Bxone B emkocts 20 =~Z0.0%0 | torna:
M

Aoz = So(Re(P/Zo0)Re(py)), = SoX0.0|Z0.0

-2 a9/ 2
Ly _ Fa
p{‘ l,l'l'- - ﬂﬂ'_{.pf ?

2
agr =59X00Zoo [2-

(3.11)

BripaxkeHne miis aKkyCTHYECKOW MOIIHOCTH, BBIJIEIIEMONM B €MKOCTH, TaKOE XK€,
KaK U JJIs1 TPYOBI, TOIBKO B hopmydie (3.2) S u Y; HeoOxoaumo 3aMeHUTh Ha So U Yo ,
COOTBETCTBEHHO. Tornma ¢ (GopmManbHOM TOYKU 3pEHHS YCIOBUE CaMOBO30YKICHHUS
KoJIcOaHUH MMEET TaKO# ke BUJ, Kak U HepaBeHCTBO (3.9).

Ecnu ycnoBue (3.1) BBITIOJIHEHO, aKycTUYECKasi MOITHOCTh TEIMJIOBOTO UCTOYHHKA
YBEJIMYMBACTCS TMPSMO MPOMOPIIMOHATIBHO KBAApaTy aMIUTUTYAbl KoJieOaHUH
nayienusi. [lotrepu sHEpruu Bo3pacTaroT TaKUM K€ 00pa3oM, HO MEHBIITUMU TeMIaMu
(puc. 3.2). TlosBnsercst u30bITOUHAs PHEpPrusi, paBHast A;—Ay , KOTOpasi YCUIIUBAET
KojebaHusi, a 3TO, B CBOK O4YEpelb, NMPUBOAUT K YBEIUUYECHHUIO aKyCTHUYECKOU
SHEPrUur, COOOIIAEMOM razy.

OnHako ¢ TEUYEHHEM BpPEMEHM HAYMHAET MPOSIBISATHCS HEIMHEWHBIM XapakTep
MPOIECCOB, TMPUBOMASIIMX K HEYCTOMUYUBOCTH. CHHXKAIOTCS TEMIIbl T'€HEepaluu
AKyCTHUYECKON IHEPTHH TEIUIOBBIM MCTOYHHUKOM. [IpOMCXOIUT TO, YTO B pealibHbIX
(bU3MUECKUX CUCTEMaX HA3bIBAETCS SABJICHUEM «HACBIIIEHUSN». ITO 00YCIOBIEHO TEM,
YTO MPOLIECCHl TEMII00OMEHA U TOPEHUS — HEJTMHENHBIE 0 CBOel cyTH. B ycTaHoBkax
C TOpEHHEeM TpH JOCTATOYHO OOJBIION aMIUIUTyAe KOJeOaHWd TPOUCXOIUT
3HAUUTEIBLHOE COKpAIIeHUE pa3MepoB IUIAMEHHU, YTO CIOCOOCTBYET YBEJIUYEHUIO
OCPEIHEHHOTO U MYJbCHUPYIOIIETO JOKAJbHBIX TEIUIOBBIX MOTOKOB. CpenHss
TeMIepaTypa ra3a B 30HE€ TOPEHUsI OHMKAETCS, a 4YaCTh MEPUOJUYECKH BBIJCISIEMON
TEIUIOThl TEPENAeTCsl CTEHKAM KaMepbl CrOpaHHMs M HE y4acTBYET B T€HEpaluu
akycTtudeckoi sHeprur. [Ipu ropeHnn 3a mioxoo0TeKaeMbIMHU TEJIaMU HAPYIIACTCS

CTa6I/IJII/IBaIII/IH IJIaMEHH, IMPOUCXOAUT €ro pa3zaCJICHUC Ha Y4aCTKH, KOTOPBIC MOI'YT
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IepeMeniaTbCsi BMECTE C KOJEONIOMMMCS MOTOKOM. PaccocpenoTo4eHHOCTb
TEIJIOBOTO UCTOYHUKA MPUBOJUT K YMEHBIIECHUIO €0 aKyCTUYECKON MOIIHOCTH.

[ToTepu sHepruu, HaoOOPOT, Bo3pacTaroT. HaumHaioT nelcTBOBATH MEXaHU3MbI
MOTJIOUICHHSI 3ByKa, KOTOPhIE HE UMEIOT CYIECTBEHHOTO 3HAUEHUs JJi1 OECKOHEUHO
MaJbIX BO3MylleHUW. Hampumep, u3iayuyeHue 3ByKa Ha OTKPBITOM KOHIIE TpPyObI
YCWJIMBAETCS 3a CYET «CTPYHHBIX» TMOTEpb. MOXHO OXHJIATh YBEIUYCHHUS
MOTJIOUICHHSI 32 CYET BUXPEBBIX BTOPUUHBIX TEUEHUH, TypOyIu3aliu MOTOKA B 30HE
TOpPEHUs U IPUCTEHOYHOM MOTPAHUYHOM CJIOE.

Henunelinpie 3¢ pexThl MPUBOAAT K TOMY, UTO 110 MEPE YCUIIEHUS KOJeOaHWil ra3
MOJIy4aeT BCE MEHbIIEE KOJUYEeCTBO 3Hepruu. llpu yciaoBum, Korjga akycTuyeckas
MOIIIHOCTh TEIUIOBOTO HCTOYHMKA CTAaHET pPABHOW €€ moTepsM, KpuBble | u 2
nepecekytcsi  (puc. 3.2). DTO COCTOSIHUE DHEPreTUUECKOTO  PaBHOBECHS
COOTBETCTBYET YCTAaHOBUBUIMMCS KOJEOAHUSIM C MOCTOSHHOW amIuintynoi. Jlroboe
OTKJIOHEHHE OT JTOrO IIOJIOKEHUS TPUBEAET K TOMY, YTO MOSBHUTCA H30BITOK
aKycTUueckoi sHepruu npu Ac>Ay , U kosieOaHust yCUIISTCS WK ¢ A, CTAaHET MEHbIIIE
Ay U aMmuTyga Kosie0aHMM YMEHBLIMTCS J10 3HA4Y€HMs, COOTBETCTBYIOIIETO

ycioButo A= Ay .

A

0
Puc. 3.2. T'eHepanng H NOIIOMEHHE

ARy CTHIeCKOH 3HepraH: () — rpaHnna
HEYCTOHTHBOCTH, @ — YCTAHOEHE-
MHecs KoTeDaHmT

IIpr HenuMHENHOM aHanu3e TEPMOAKYCTHYECKOM HEYCTOWYHMBOCTH NPUXOIUTCS
CTAJIKUBATLCA C LCJIbIM PSAI0OM HpO6HeM. OcHoBHas TPYAHOCTb — MATCMATHYCCKOC
ONMKCaHUEe MEXAHU3MOB 00paTHOM CBSA3M, CelM(UUHBIX ISl pa3JIMYHBIX YCTPOUCTB U
COCTOAINMUX M3 MNCIIOYKH B3dMMOCBA3AHHBIX IIPOLECCOB, KaH(HBIﬁ N3 KOTOPBIX
SABIIACTCA IPECAMETOM I CAMOCTOATCIIbHOT'O N3YyUCHUS.
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Cnenyer uMeTh B BUAY, YTO MO Mepe YCWJICHHS KOJIeOaHHI ONpeeNsiomnuMu
CTaHyT IPOLECCHI, OTINYAIOIMIMECS OT TOr0, KOTOPBIM IPUBENI K HEYCTOMYHMBOCTH.
Hampumep, mpu ropenun 3a cTaOWIM3aTOPOM HauOOJIee BEPOATHON MNPUUUHOM
caMOBO30YKJIEHUSI 3ByKa CUYHTAETCAd BOJIHOOOpa3oBaHMe Ha (poHTE MiaameHu. B
peKUME YCTAaHOBUBIIMXCS KOJIEOAHWH MPOUCXOAMUT MEPUOJIMUEcKoe o0pa3oBaHUE U
OTPHIB  TOPSIIUX BUXpPEW, CIOCOOHBIX 3aMKHYTh OOpaTHylO CBsI3b, HO
OTCYTCTBYIOIIUX MPHU MAJIbIX BO3MYIIEHUAX IMOTOKA. MOXET CIIydUThCs TaK, YTO IS
CcaMOBO30Y>KJIeHUsI 3ByKa HEOOXOJMMBI IyJbCAlldd CKOPOCTHM TOTOKa B 00JacTH
TEIJIONOJBOAA, 4 HA aMIUIUTYJly YCTAHOBHMBIIMXCS KOJIEOAHUW BIMSIOT KOJEOaHUs
JABJICHHUS.

Janee OyayT paccMaTpUBaThCs YCTPONCTBA, B KOTOPBIX MPUYNHOM, BbI3bIBAIOIIECH
KOJICOaHUs] CKOPOCTH TEIUIOBBIICIICHUS, SBIISIIOTCS BO3MYILEHHUS CKOPOCTH IMOTOKA.
OTO OrpaHMYEHHE BBI3BAHO TEM, UYTO HET JOCTOBEPHBIX JAHHBIX, IOJTBEPHKAAIOLINX
BO3MO>KHOCTh CaMOBO30Y>K/IeHUs KoJeOaHUM 10J1 HEOCPEACTBEHHBIM BO3/1CHCTBHEM
BO3MYIIICHUM JaBJEHUsS HA IMPOLECCHl TOPEHUs MW Termootnadn. MckmroueHnue
cocTaBisAlOT Kamepol cropanus JKPJ[, HO B 3TUX yCTaHOBKax HEYCTOWYHUBOCTH
BO3HUKAET HE MOCPEACTBOM TEIUIONOABOIA K T'a3y, a ¢ MOMOIIBK) UCTOYHUKA MACCHI,
0 KOTOpPOM FOBOPHJIOCH B riase 1.

VYyer HenuHEWHbIX 3(Q(EKTOB MPH aHaIU3€ IPOLECCOB, COMPOBOKIAIOLINXCSA
MOTEPSAIMA  aKyCTUYECKOW DSHEPrUM, TAKKE BBI3BIBAECT CEPBE3HBIE 3aTPyIHEHUS.
Hanpumep, BTOpUuYHBIE TEUEHMs, BO3HMKAIOLIME B 3BYKOBOM II0JIE, CO3/1aBa€MOM
BHEIIHUM HMCTOYHUKOM, H3Yy4Y€Hbl J0CTaTO4HO xopomio. [Ipu camoBo30yxaeHuu
KOoJieOaHWil TeHepalus BOJH W TMOSBJIEHHWE TEUEHUM B3auMocBsizaHbl. Hapsgy c
npsiMOM HEOOXOMMO pelaTh U 00paTHYIO 3aJauy O BIUSHUU BTOPUYHBIX TEUCHHI
Ha XapakTep paclpOCTPaHEHHUs 3BYKOBBIX BOJIH. DTOT BONPOC HE M3Yy4deH. TaKxke He
IIPEACTABIIAETCS BO3MOKHBIM OLICHUTH IOIVIOLIEHNE aKyCTUYECKOW DHEPTUM 34 CYET
IPYTUX «BTOPUYHBIX» SIBJICHWM, IIEPEUYHUCIICHHBIX BBIIIE, 34 MCKIIOYEHUEM
«CTPYMHBIX» MOTEPH, BOZHUKAIOIIUX IPU U3JIYYEHUU 3BYyKa U3 OTBEPCTUA. B 3TOM

ClIy4ac BO3SMYIICHHUA NJABJICHUA MU CKOPOCTH IIOTOKA CBA3AaHBI COOTHOICHUEM
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P =(Z; 1 +polu;| /2 u;
(3.12)

HenuneilHoCTh 3akiitoyaeTcss B TOM, UYTO aMIUIMTYyJa KojeOaHUM JaBICHUA
M3MEHAETCS HE MPSMO MPONOPIHMOHAIBHO aMIUIUTYJIe KOJIEOaHUI CKOPOCTH MOTOKA,
KaK B JJMHEHHOW aKyCTHKE, a M0 KBaJIpaTUYHOMY 3aKOHY, TOTJla Kak ()a3oBbIN CIABUT
ocraercs npexxHuM. [1o aHanorum ¢ TEpMUHOM «KBA3UCTALMOHAPHBIN) MOAXO] TAKOE
NpUOIKEHUE MOXKHO Ha3BaTh «KBa3WJIMHEHWHBIM». B Takol NOCTaHOBKE CBS3b
MEX]y KOJICOAaHMSIMU CKOPOCTH TEIUJIOBBIICICHUS U CKOPOCTH TIOTOKA MOYHO
MPEJICTABUTH B BUJIE:

q' =K, yuy==( K, 1 | =by |uy=|) uy» exp(—ioT,)

(3.13)

Nness Ttakoit 3anmucu mnpuHamiexutr b.B. PaymenOaxy, KoTopslii wu3ydain
CaMOBO30YyKJIEHUE aKyCTHYECKMX KojebaHuili B TpyOe. JKuakoe TOIIMBO
BIIPHICKMBAJIOCH B TIOTOK BO3JlyXa M Cropajgo 3a cTa0uiIu3aropamu IIJIaMEeHH.
HccnenoBanue mpoBOIUIIOCH MO YIIPOIIEHHON CXEME.

He yuuthiBasnvch crnenyroume (pakTopbl: 3aBUCHUMOCTb MOJIYJIA MEPeNaTOYHON
GyHKUMM U9 JIMHEWHOTO MPUOIMKEHHUS OT 4YacTOThl KOJeOaHWM, HETMHEHHBIN
XapakTep M3JIy4YEHHUs 3ByKa, MIPUCTEHOYHOE IOIVIOLIEHUE 3BYKa. B aHaimTHueckom
BHJIE PEILICHHE 3aJlayd MPEICTABIIOCh CUCTEMOM ABYX YPAaBHEHUW OTHOCUTEIBHO
YacTOThl M MAaKCUMaJIbHOM aMIUTUTYAbl KOJICOAHWU JaBJICHUS, TMOJYYEHHBIX U3
YCIIOBHM, CBA3BIBAIOUIUX AKYCTUYECKHE BO3MYIICHHUSI 1O 00€ CTOPOHBI IJIOCKOCTH
TemionoABoAa. Mcrnonb30BaHHAsE METOJIMKA — JOBOJIBHO TPYJOEMKasi, a MOTYyYEHHbIE
BBIPOKEHHSI HE JAIOT HAIJISIIHOTO MPEACTaBICHUS O (PU3HUECKUMX OCOOEHHOCTSIX
BIIMSIHUSL ~ MapaMeTpPOB  TEPMOAKYCTHUUECKOTO  YCTPOMCTBA HA  aMIUIUTYIy
YCTaHOBUBIIUXCS KOJICOAHUM.

JanpHenuii aHau3 OyJ1eT MPOBOIUTHCS B CIEAYIONICH TOCTaHOBKE:

1. Ucnionw3yeTcs KBa3UIMHENHBIN MMOAXO/.

2. Pemenue 3ala4 OCHOBBIBACTCA HA DOHCPIrCTHICCKOM MCTO/C.
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3. Ilotepu Ha CTEHKaX TEPMOAKYCTHYECKOI0 YCTPOMCTBA — JIMHENHBIE, N3TyYEHUE
3ByKa HWMEET HEJIUMHEHHBIM Xapakrep, JApyrHe MEXaHU3Mbl [OTJIOIIECHHUS
aKyCTHUYECKON YHEPTUH HE YUYUTHIBAIOTCS.

4. YacToThl KOJEOAHUN ONMPENENAIOTCS U3 MHUMOW YacTH XapaKTePUCTHUYECKOTO
ypaBHEHUS, IOJYYEHHOTO B TUHEHHOM MPUOIMHKEHUH.

5. C momeHTa caMOBO30YXIEHUS 3ByKa W JO pEXKHUMa YCTAaHOBUBILIUXCS
KOJIeOaHU IeWCTBYET OJIMH U TOT K€ MEXaHU3M OOPATHOM CBSI3U.

[IpeacTasisisi 3aBUCUMOCTD MYJIbCAIIMI CKOPOCTU TEIUIOBBIICICHUS OT KOJIeOaHUN
ckopoctu mortoka (3.13) B dopMmymny s aKyCTHYECKOW MOIIHOCTH TEIIOBOTO

MCTOYHMKA, YIUTHIBAS, 9TO |U'1+|= P |Y1 ™|, momysmm:
2 -1 .

A.=(a,p —a. 5P )Pe- Acp =ByS|Ky |1 sinoT, [2.

— -1 -1 . |"I'J.
acy =BoSh,p " |1 [sinoTy, /2.
(3.14)

[Ipenmnonoxum, 4To ¥ B 00IIEM CiIydae HETUHEHHOCTh U3Iy4YEeHUs 3ByKa U3 TPYObl
MOKHO YYeCTb J100aBJIEHUEM B KOHIIEBbIE MMIIEAAHCHI WIEHOB, MPONOPIHMOHATBHBIX
aMIUTUTYE KOJeOaHui CKOPOCTH MOTOKA, KaK 3TO OBLIO cAeiIaHo B hopmyJie:

Zy=Zip+byluy |, Zo=Zygp+byluygl.

(3.15)

[Totepu akycTHYecKOW PHEPTUM HAa KOHIE TPYOBl OMpPENEISIOTCS BBIPAKCHHUEM
TUTIA

PRy 2

p =Xup [2=(a L +a yP)P; -
—on3p. |
GE‘.;"'.-' = SDE' b‘r / 2,
(3.16)

a popmymna (3.7) mist kod3pduULMEeHTa a; OCTAHETCS MPEKHEH.

Ha Bxoie B TpyOy MOJIy4aroTCs aHAJIOTHYHBIC BHIPAXKCHHS:
2/ ?
Ay =Xoug/2=(ap s +ay yP)P: -
g v = SDS b{)f: .
(3.17)
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a kod(uImMeHT ay | Beraucisiercs no gpopmyse (3.8).
[Tocne moacranoBku BenmuuuH A , A, Ag, A, B yCIIOBHE dHEpPreTHIecKoro OamaHca

(1.5) momyuaercss dopMmyna A aMIUIATYIbl KOJCOaHWUM JaBICHHS B IUIOCKOCTH

TerjomnoaBoAa.
Qe p—GQpp—a p—ay
Pe= -
ﬁ‘,_.__.t,.r + ﬂﬂ_‘_\r.' + ael__-"-"
(3.18)

®u3nvecKuil CMbICI UMEIOT 3HaueHUs Pe > 0 , 4TO BO3MOXKHO, €CIIM YUCIUTEID
BeIpakeHust (3.18) ymOBIETBOPSCT YCIOBHMIO, COBIANAIONIEMy C HEPaBEHCTBOM
(3.41). OrmagaeT HEOOXOAMMOCTH  CaMOCTOSATEIBHOTO  aHajgW3a  YCIIOBUH
CaMOBO30YK/JICHHUS 3BYKa, TaK KakK B MPOICCCE BBIYMCICHUN aMILIUTYIbI KOJIeOaHUH
aBTOMAaTHYECKH  OyayT  ompeaeleHsl  3HadeHus P~=0 wm  mapamerpsl
TEPMOAKYyCTHYECKOTO YCTPOMCTBA, COOTBETCTBYIOIIUE T'PaHUIIC HECYCTOMYMBOCTH. B

Ka4CCTBC IICPBOTO HpI/I6J'II/I)KCHI/I5[ MOKXHO PCKOMCHIAOBATH YIIPOIICHHYIO Q)OpMYHy, HC

YUYUTLIBAIOIITYTO MOTCPU:
-1
P-= GE‘.L_."IHE'..?'-" :| K—H.__l,.r | | Fi | b{}' .

YactoTsl KoneOaHUN ONpEAeNstOTCS U3 BBIPAKEHMSI, YUUTHIBAIOLIETO BIUSHUE
MyJIbCAllMi  CKOPOCTM  TeIUIonoABoAa. /[l  ympoumieHuss pacdyeToB  MOXKHO
BOCITOJIb30BaThCS YpaBHEHUEM COOCTBEHHBIX 4acToT (2.19).

JIns TepMOaKyCTHYECKHX YCTPOMCTB THIA €MKOCTh — Tpyba dopmyna (3.18)
COXpaHsieT CBOM BHUJ, HO MPHU OMNpEAesIeHUH KOIP(PULIHUEHTOB HEOOXOJIUMO YYECTh
3aMeuaHusi, CJeJIaHHble MpPHU aHAJIMW3€ YCIOBUH CaMOBO30YXKIEHHUsS KojeOaHuM, a

takxe Beipaxkenus (3.10), (3.11) u

Zox=Zoo+boolup|. aox=5So|Zox [ boo/2.

B 3akirouenue chopMyIupyeM OOIIyI0 METOIUKY TEOPETHUECKOTO HCCIIETOBAHMUS
TEPMOAKyCTUYECKUX  KOJEeOaHMH,  YYMTHLIBAIONIYK)  JOCTOMHCTBA  METOJOB,
OCHOBaHHBIX Ha aHAM3€ XapaKTEPUCTUYECKOTO ypaBHEHHS M OalaHCOB ITOTOKOB

aKYCTquCKOﬁ SHCPIUu. HeO6XO,HI/IMBIM HavaJIbHBIM YCJIOBUCM SBJIICTCA 3HAHHC

MexaHu3Ma oOpaTHOM  CBsi3U, CHEUU(UUHOTO I  KaKIOro  YCTPOMCTBA.
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Teopernyeckn wWiM MmyTeM MaTEeMaTHYECKONM OOpaOOTKM SKCIEPUMEHTATBHBIX
JAHHBIX  JIOJDKHA OBITh  ONpEJAENICHa 3aBUCUMOCTh  KOJEOAHUW  CKOPOCTH
TEIUIONOABOA K Ta3y OT aKyCTHYECKMX BO3MYyIleHUH. Jlanee 3a1ada 3akiodacTcs B
HaXxOXJICHUW 3HAYEHUW MapamMeTpoB, OMNPEACISIONIUX pa3Mepbl YCTPOWCTBA U
IPOIIECC TEIUIONOABO/A, MPU KOTOPBIX IMPOMCXOJIUT CaMO- BO30YXKJICHHE 3ByKa, a
TaKKe 3aBUCHMOCTH 4YaCTOThl M aMIUIMTYJbl YCTAaHOBUBIIMXCS KOJI€OaHUN OT
YKa3aHHBIX ITapaMETPOB.

OcHoBHBIE OJTanmbl pacyeTa (MMes B BHUAY KOMIIBIOTEPHOE HCIIOJTHEHHUE)
CIeAYIOIIHE:

1. C yuerom tuma yerpoiictsa u3 ypasaeruss L+ Bol2¥p) Y« +(1+BpX, ) 1. =0.

i -2 -
g0 Y3020 +(1+BoX, ) X055 — Bo (X, Yo + X,)=0;

—1y-—1 -1 -1
— =] FE.C' + (1 + BGJYH)YQ.Q ¥+ .BQFF =0.

OINpEeNeNsieTcsl 4acTroTa
KoJIeOaHM, COOTBETCTBYIOIIASI HAYAIbHBIM 3HAUCHUSIM MapaMeTPOB.

2. Ilo dopmyne (3.18) nHaxomawTcs amIUIMTyda KoJieOaHWN JaBICHUS U
MIPOBEPSIETCS BHIMOJHEHUE YCIOBHS P > 0 .

3. Ilpouenypa BBIYMCIEHUN MOBTOPSETCS MPU M3MEHEHHUHM IMApaMETPOB 0 TEX
1op, MOKa He OYyT HaMIEeHbI BCE MOJIOKUTENIbHbIEC 3HAUECHUS [ -

4. JlaHHBIC 10 aMIUTUTYJE U YaCTOTE KOJIeOaHUM, COOTBETCTBYIOIIUE YCIOBUIO P
> (), BBIBOJSTCS Ha Te4aTh IS Mocheayroueid oopabotku u opopmiieHUus B BUAC
rpauKoB U TabJIULI.

Bomnpocsr:
1. DHepreTnueckuil TOAXOJ K HCCIEIOBAHUIO IMYJIbCALMOHHOTO TOPEHUS B
JTUHEHHOM TPUOTHKCHUH.
2. YpaBHEHHUE I'pPaHULIbI HEYCTOMYMBOCTH MPOIECCa TOPEHMUSI.
3. ®dusnueckasi CylIHOCTh HETMHEHUHBIX 3P(HEKTOB.

4. BwBonm (opmyinbl I8 aMIUTUTYAbl YCTAHOBHBIIMXCA KOJICOAHUUN HaBICHUS

ra3os.
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Tema 5. MaremaTnuecKkue MOJeJH ABTOKO0JIe0aHMI ra3a B Kamepax

CrOPaHUS JHEPreTUYECKUX YCTAHOBOK. Tpyda ¢ MHOTOKAHAJIBLHOM rOPeJIKOil.
Jleknus 4

AnHoTamusi: JlaeTtcs BBIBOI EPEXOAHON U MTepeAaTOYHON (HYHKIMHA TIIaMEHU
IPY TOPEHUHN OAHOPOAHOMN cMecH. Omnpenensiercs 3aBUCUMOCTb IyJIbCAlluii CKOPOCTH
TEIUIOBBIJIEIIEHUA OT MyJIbCAlUA CKOPOCTHA UCTEUYECHUSI CMECH.

KuarwueBbie ciaoBa: pe3oHatop ['enbMronblia, eMKOCTh+TpyOa, MOTOK Tasa,
aBTOKOJIe0aHusl, 00J1acTh BO30YKIHHUS.

MeTounqecmle PEKOMECHIANUMA 110 H3YICHUIO TEMbI
- Tema COACPIKUT JICKOINMOHHYIO 9aCTb, I'’IC HAIOTCA O6IHI/I€ MpCaACTaBJICHUSA O

peaMeTe;
- B xauecTBe caMocTOSTENIbHON PaOOThI HY>KHO MOATOTOBUTHLCS K YCTHOMY OTIPOCY;
- JInst mpoBepKH YCBOCHUS TEMbI UMEIOTCS BOIPOCHI K KaX0M JICKIUH.
- Boripocs! 1 3a1aum A1 caMOCTOSITENNbHON PabOThI IOJKHBI OBITH O(POPMIICHBI B
MUcbMEeHHOM BuJie. O1ieHKa TaHHOM pabOThl TPOU3BOJAUTHCS MOCIE YCTHOTO
co0eceI0BaHus CTY/ICHTA C MPENO0IaBaTeNIEM.
- [Ipu BBITIOJTHEHNUH CaMOCTOSITEIBHON PabOThI CTYAEHT UMEET MPaBoO 00pamiaThCs K
MpenoaaBaTesiio 3a KOHCYJIbTAlUSIMU B YCTAHOBJICHHOE BPEMSI.

Jlureparypa
ABTOKONIEOaHMs Ta3a B ycTaHOBKa ¢ ropenueM. B.M. Jlapuonos, P.I'. 3apumnos / U3x-
BO Ka3aH. roc. TexH. yH-ta, 2003. C. 93-102.

I'noccapui

Pe3onatop TenbMmroabna (aKyCTHYECKHH pPE30HATOP) — aKyCTHYECKUM
npubop, cocya chepudeckoid (GopMbl C OTKpBITOM ropsioBuHOU. WM300peTeH
I'enbmronbiem okono 1850 . s aHamm3a aKyCTHYECKUMX CHUTHAJIOB, TEOPHS
paspadorana I'. 'enbmrombiiem u Jx. Paneem

IMpodeccop Kazumup @Ppannesuu TEOJOPUYHUK /1891-1968 rr./
MJIOIOTBOPHO paboTtaqr B MOCKOBCKOM YHUBEPCUTETE OKOJIO TSATHACCITH JIET,
HaunHas ¢ 1919 r. mo 1968 r. Bcs ocHOBHas ero meparorudeckas M Hay4dHas

NesTeTBLHOCTh CBsi3aHa ¢ pu3mdeckuM (hakynprerom MI'Y.
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https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B7%D0%BE%D0%BD%D0%B0%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BB%D1%8C%D0%BC%D0%B3%D0%BE%D0%BB%D1%8C%D1%86,_%D0%93%D0%B5%D1%80%D0%BC%D0%B0%D0%BD_%D0%9B%D1%8E%D0%B4%D0%B2%D0%B8%D0%B3_%D0%A4%D0%B5%D1%80%D0%B4%D0%B8%D0%BD%D0%B0%D0%BD%D0%B4
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D0%B5%D1%82%D1%82,_%D0%94%D0%B6%D0%BE%D0%BD_%D0%A3%D0%B8%D0%BB%D1%8C%D1%8F%D0%BC_%28%D0%BB%D0%BE%D1%80%D0%B4_%D0%A0%D1%8D%D0%BB%D0%B5%D0%B9%29

K.®. Teomopunk oawH M3 cO3/areieil HAy4YHOW IIKOJBI, pa3padaThIBAIOIEH
npoOJeMbl KOJIEOAHWI B HEJIIMHEWHBIX M JIMHEWHBIX CHCTEMaX CaMOM pa3Iu4yHOU
¢usndeckoil mpupoabl. OH ObUT OJECTSAIIMM YYEHBIM, NEAAroroM M JIEKTOPOM.
MHOro cwi W DSHEPrMM  yAEIsJl OH  HOJATNOTOBKE M BOCIHUTAHUIO
BBICOKOKBAJIM(DUIIMPOBAHHBIX HAYYHBIX KaJpPOB B PaA3JIMYHBIX 001acTsIX (PU3MKH W,
0COOCHHO, B 001acTH (PU3UKHU KOJIeOaHu! U paguopr3uKH.

K.®. Teomopuuk padotanm B MI'Y ¢ 1919r., chauana Ha kadenpe Qusuku
(hu3rKo-mMaTeMaTHYeCcKoro ¢akyabTeTa, 3aTeM Ha Kadeape KonedbaHui GU3ndecKoro
¢akynpTeta MI'Y, ¢ momenTa €€ co3manust B 1931 r., 10 cBoeil cmeptu B 1968 .
Cemuamuarts net, ¢ 1939 no 1956 rr., on 3aBegoBai 3Toil kadeapoi.

Pe3onaTrop — konebaTenbHasi cUCTEMa, B KOTOPOI MPOMCXOIUT HAKOILUICHUE
SHEpPruM KojeObaHui 3a Ccu€T pe3oHaHca C BbIHYXJawme cuwiod. OObYHO
pe30HaTOpbl 00JIaAAI0T JUCKPETHBIM HAa0OPOM PE30HAHCHBIX YacToT. B TexHHKe
OOBIYHO BCTpPEYAIOTCSI PE30HATOpPhl € KOJeOaHWEM HIIEKTPOMATHUTHBIX HIIU
MexXaHW4eckux BelnyuH. KOHCTpykuus pe3oHatopa CUJIBHO 3aBUCUT OT €ro

PC30HAHCHBIX YaCTOT.

Bonpocs! 1151 u3yyeHus :
1. TlonsiTue MEepenaToOYHON U IEPEXOAHON (PYHKITHI TIIAMEHH.
2. OrmpeneneHne MepexoaHoN QyHKIINN TIIAMEHH C 3aKPETJICHHBIM OCHOBAHUCM.

3. TlepenaTounas pyHKIUS TUTAMEHH C YYETOM TMOJBUKHOCTH €TI0 OCHOBAHMSI.

Tak kak oOpaTHasi CBsI3b peaJU3yeTCs BCIEJICTBUE 3aBHUCHUMOCTH CKOPOCTH
TEIUIOBBIJIEIICHUS OT CKOPOCTH HCTEUYEHMS CMECH U3 OTBEpPCTHs, IepelaTodyHas
(GyHKUHS TUTAMEHU ONPEIETSETCS BEIPAKEHUEM:

Kp = q5(t)/upe).

[Ipu uccnenoBaHnM aKyCTUYECKOW HEYCTOMYMBOCTU TOPEHUS B KAMEPax CropaHus
JKPJl mmpokoe pacnpOoCTpaHEHHE IOIMYYMII METOJA ONPEACIICHUS IEePEeNaTOYHON

(I)YHKHI/II/I 30HBI TOPCHUA, OCHOBAaHHBIM Ha aHaJIW3€ TaK Ha3bIBAEMOU ((KpHBOﬁ
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https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BB%D0%B5%D0%B1%D0%B0%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B7%D0%BE%D0%BD%D0%B0%D0%BD%D1%81
https://ru.wikipedia.org/wiki/%D0%A7%D0%B0%D1%81%D1%82%D0%BE%D1%82%D0%B0

BbII'OpaHus» C IMPHUBJICUCHUCM MATCMATHUYCCKOI'O allrrapara TCOpruur aBTOMATUICCKOT'O

peryJIMpOBaHMUS.

CBs3b MCIKIY KOJICOaHUSIMHA CKOpPOCTH TCIUIOBBIACICHUA U CKOPOCTH HCTCUCHHA

MO3KHO OIPENEIUTh Mo GopmyJe:

q5(t)=iouy(t }J‘Me—mdr

! Ay,

(4.1)

[Mepexonnas ynkius Aqy(t) onmuceiBaeT U3MEHEHUE CKOPOCTH TETUTOBBIICICHHS

MIPU CKaYKOOOPa3HOM M3MEHEHUU CKOPOCTU MCTEUEHUS HA BEITUUHMHY Auy,.

33,[[3‘{21 10 OIpCACICHUIO HGpGXOI[HOﬁ (bYHKHI/II/I pemiajdachb IIpH CIICAYIOIIUX

JTOMYIICHUSX

1.

[Inamss umeer (QopmMy  MNpPaBWIBHOIO  TI'E€OMETPUYECKOIO  KOHYCa,
IPUIOJHATOIO HAJX TOPEIKOM, IUIOMAJb OCHOBAaHUS KOTOPOIO paBHa
IJIOIIA/IA OTBEPCTHS TOPEIKH.

JIroOast Touka (poHTA TJIAMEHHM HAXOJUTCS B COCTOSIHUM JIMHAMUYECKOTO
paBHOBECHS B COOTBETCTBUM C 3aKOHOM ['yu — MuxenbcoHa.

Eannnna moBepXHOCTHM (pOHTa IUJIaMEHU NpH 33JaHHOW HOPMaJIbHOM
CKOPOCTH PpAaCIpOCTPAHEHUsS] CHMOCOOHAa MpeoOpa3oBaTh B  MPOIYKTHI
cropanusi GUKCUPOBAHHOE KOJIMYECTBO CMECU B €IMHUILY BPEMEHHU.

@pOHT MJIaMEHU HE UMEET Pa3phIBOB.

CKOpOCTh  TEIUIOBBIAEJIEHUS  OJHO3HAYHO CBSI3aHA C  BEJIMYMHOM
MTOBEPXHOCTH IIJIAMEHH WJIH, KaK 3TO CIEAYET U3 I1. 3, C KOJIMYECTBOM CMECH,
nepecekaromuM (POHT IUIAMEHU B €MHUILY BPEMEHHU.

®poHT TIaMeHu OECKOHEYHO TOHKUH.

Hucmo Maxa i cpeiHer CKOPOCTH MCTEUYEHUSI CMECHU U3 OTBEPCTHUSI MaJIo.

3HaueHne HOpPMaIbHOM CKOPOCTH pacnpocTpaHeHHUs (pPOHTa IJIaMEHH
MOCTOSIHHO 1O (POHTY IJIaMEHH, 3a HCKIIOUYEHHEM KOPHEBBIX TOYEK, a
KOJIEOaHMS 3TOM CKOPOCTU HE YUUTHIBAIOTCS.

['a3 B o0OBbeme, 3aHUMAEMOM IUIAMEHEM, C YYE€TOM IPOCTPAHCTBA MEXIY

OTBCPCTHUEM I'OPEJIIKU U OCHOBAHNEM IINIAMCHHU, HCCKNMACM.
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10. IIpoduns pacmpeneneHuss CKOPOCTH HCTE€UEHHMsS] — IUIOCKUH. 3aKoH
COXpaHEHHUS MacChl B HMHTErpajbHOM ¢dopMe s oObeMa, 3aHUMAeMOro

IJIaMCHEM, UMEET BU.

[ pUds = J*pL-"d.Sz - i’; [ pdv .
S, S “r,
(4.2)

y 2 (7.t )dr
DneMeHT 00beMa MEXIy TOpeIKol U GPOHTOM IIAMEHHU PaBeH .

UdS ; = Uy cosBdS ; =U,dS
IIo YCJIIOBHIO CTa6I/IJII/IBaIII/II/I KOCOTI'O (prHTa IIJIaMCHHU .

Torna u3 ypaBHeHus (4.2) MOJIy4rM BhIpaKEHUE I IOBEPXHOCTU

IIaMCHU:
Se=|UpSy — U
I | 'Bb ot _.J,-'" n
(4.3)

CKOpOCTh TEIIOBBIICTICHUS TIPSIMO MTPOMOPIMOHATIEHA MAaCCOBOMY PAaCcX0ly TOprouei
cMmecHu, Tmiepecekarome ¢poHt miamenu. M3 ypaBHenus (4.2) cuemyer, dYTO

m_;" =pProlUxn

&)

Sy , TOTJIA:
Op =gty =g rP1oUnSy

(4.4)
CrnenoBaTelbHO, MTHOBEHHOE 3HAUECHHWE CKOPOCTH TEIUJIOBBIACICHUS B DPEKUME
KOJeOaHWil MpsSAMO TPOMOPIIMOHATLHO TOBEPXHOCTH IUIAMEHHM, Kak W B
CTaIlMOHapHOM ciy4ae. [loBepXHOCTh TUIAMEHH, KaK 3TO CIEAYyeT W3 BBIPAXKEHUS
(4.3), 3aBUCHUT OT KOJICOAHUN CKOPOCTU UCTEUEHUS U OT CKOPOCTU U3MEHEHUSI 00bemMa
MEXy OTBEPCTHEM TOPEJIKU U (PPOHTOM TUTAMEHH.
OnpenenuM peakIuio MIaMeHH Ha CKaYKOOOpa3HOE U3MEHEHUE CKOPOCTH HUCTCUCHHUS
roproYeil cMecH U3 OTBEPCTHUS TOPEIIKH OT HEKOTOPOTO CTalioHapHOTO 3HadeHus Uy
no 3Hauenust Up, =Up 1 + Auy .
B »TOoM cnydae ocHOBaHHE TUTAMEHHU TEPEMENIACTCS B MOTPAHUYHOM CIIO€ CTPYH K
HOBOMY CTaIlMOHAPHOMY TIOJIOKCHUIO 2, a (POHT IUIAMEHW B COOTBETCTBHH C
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3aKOHOM FYI/I — MuxenbcoHa YBCIIMYHUBACT CBOKO IIOBCPXHOCTH /0 BCJIWYMUHELI,
OTBEYAIOLIEH HOBOMY PEKHMMY UCTEUEHHS CMECH.

O0BbEM MeXITy OTBEPCTHEM TOPEIKH M (PPOHTOM TOPEHMSI COCTOUT M3 ABYX YaCTEii:
00beMa TaK Ha3bIBAEMOIO «TEMHOI0» HPOCTPAHCTBA MEKIY OTBEPCTHEM TOPEIKH H
OCHOBAHHUEM IIJIIaMCHU, U O6'I)€Ma, OTPaHUYCHHOT'O ITIOBCPXHOCTBHIO IINIAMCHU! V =V0,f
+V;.

PaccMOTpUM XapakTep MEpEeXOJHOTO Tpolecca NpH 3aKperIieHHOM OCHOBAHWH
IJITaM€HH, T.C. VO, f = const . Ol‘[peI[eJII/IM 3daKOH IICPCMCIICHUA HpOI/I?)BOJII)HOﬁ TOYKU
(GpoHTa mNIAMEHM M3 OJHOTO CTAMOHAPHOTO MOJOKEHHS B JPYroe HpH
CKauK00OPa3sHOM U3MEHEHUH CKOPOCTH UCTECUEHHS.

dSb :deCDSB . de = .deSb

C ydetom TOro, 4TO , U3 BblpaxeHus (4.2)

IIOJIY4aCTCs YPAaBHCHUC ABUIKCHUA TOYKH (prHTa IJIaMCHH:

C:ff =U, — Un
ct cosB

(4.5)

BBGI[CM CICAYOIINC BCIIMINHBI:

X,=%r+Ax(r.1). 6=10, + AB(1). . O
f ! f { } g (] rae xr % COOTBETCTBYIOT CTAI[MOHAPHOMY

COCTOAHHIO, a iuf AB. AB OIMMCBIBAOT M3MCHCHHUC COOTBCTCTBYIOIIUX BCJIWYHH B

IICPCXOTHOM PCIKUMC.

U 1= L‘rﬁ, I,-'fCOS 81

B HCXOHOM IMMOJIOKEHUU — 0 . IIpu ycnoBumn MasocT CKauka CKOpOCTH

UCTEYEHUSI OTHOCUTEILHO HAYaIbHOIO 3HAYEHHS:
cosB = cos B (l — ABtgh, ]

C y4yeTom 3TOro BbIpakeHUs ypaBHEHUE (4.5) TpuHUMAET BUJ:

SAX - [/ teB.
L Zn g_@l AB = Au,
ot cos B,

(4.6)
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PaCCMOTpI/IM JABHMOXXCHHC HpOHBBOHI)HOI;'I TOYKH B (1)pOHT€ IIJTaMC€HH BAOJIb JIMHHUH TOKaA

OT HUCXOJHOTO CTallMOHAPHOIO TMOJIOXKEHUs K HoBomy (puc. 4.1). B ucxomnom

ITIOJIOKEHU U
_ % -5
H—F

B HpOHBBOJ’IBHBIﬁ MOMCHT BPECMCHH BBIITOJIHACTCS COOTHOILICHUC

Afi
t
A (r)F 1
X+ AXAAr.r)—x
tgd = ! Sl 0 5 !
}E;. —r ! ! 4-&
_  Ax f'.r) A
= TgE}I + L Xy Bi
I —F 0 - /*:.
) %
C IpyroH CTOPOHEL.
&E}
'ECF'E} tg(ﬂl + ﬁ-E}] = tE'E}I = Puc. 4.1. Ilepexogsofi mpolece ITaMEHE
cos” 81 OpH [, = const

HOI[CTaBJ'ISIH 9TH BBIPAKCHUA, HAXOANM:

A8(t) = cos’ ?13.;1 A1),
7 —

[Toacrasmss 3Ty hopmyny B (4.6), OIyqHM:

Eﬂﬁ'f 1 A A

+—Axy = Auy.

a ot 7 ?
(4.7)
T= #(1 ~&) E=r/n,
U, sin 6 o

rae

(4.8)
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Boisicaum ¢usmnueckuii cMpIca BpeMeHH T. MecTomnonoXeHne KOHUYeCKoro (hpoHra
IUJJAMEHUM B HCXOAHOM CTallMOHAPHOM COCTOSIHUM OIKCBIBAETCS  CIIECAYIOIINAM

BLIpa)KeHHeM:
f hf (1 -._] + T[}

I
Bricora miamenn hy paBHa 7120

[Ipupamenue koopauHaT GPOHTA MIIAMEHH MPU MEPEX0JIEC U3 OJIHOTO CTALIMOHAPHOTO

IMOJIOKCHHA B APYToC OIIPCACIISICTCS COOTHOIICHUCM
A%/(2)=any(1-2)
(4.9

Ahy =r[tg(6) + AB) — 12(6))]

C ydetoM ToOrO, 4TO , Ipeodpasys 3TO BbIPAKEHUE MPU

YCIIOBUH ° AB/6, < nonyan
A5
Ah r =}E} 7=
cos” B
(4.10)
Pasmaras  “OS(81+48) 4 dbopmyse KOCHHyca CyMMBI JBYX VYIJIOB, 3Has, 4YTO

Un/Upa =cosy Oy YHM:

A
AB = ctgB, —2.
Up1

(4.11)

[Toncrasisis Bepaxkenus (4.10), (4.11) B paBenctso (4.9), nonyuum:

_ . I, .
Ax & —ﬂu —Z)=TtAu
O =ty 1-2)= w00

CnenoBaTenbHO, T — 3TO BpeMs NPOXOXIEHUsS (GPOHTAa IIAMEHH OT OJHOIO
CTallMOHAPHOTO TOJIOKEHHSI B JIPYTO€ CO CKOPOCTHIO, PABHON BEIMYMHE CKayKa
CKOPOCTH UCTEUCHUS.

Pemenue ypaBHenus (4.7) UMEET CIEAYIOIMIUI BU/I;
AX,(8.1)= AT, (2) [1—exp(—#/7)].
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[TommyuenHoe BbIpa)k€HUE TOBOPUT O TOM, UTO Mepexoi PpoHTa IJIaMEHU U3 OJHOTO
CTAallMOHAPHOI'O TIOJIOKEHHsS B JPyroe HOCUT HWHEPUMOHHBIM Xapakrep. Ecmm
OTPAHUYUTHCS JIMHEHHBIM pa3JIOKEHUEM OSKCIOHEHLMAIbHOW (YHKUUHU, TO JIs

MPUPAIICHNUS KOOPIUHATHI IOy4aeTcsl MpuoImKeHHas popmya:

L __J'ra.ub.ﬂgrir(g].
2r&0=1ax, (e)<r

(4.12)
N3MmeHeHne ™acchl FOpIO‘IGﬁ CMECH, cropafomeﬁ B CIWMHHUIY BpCMCHHU B
HpOHSBOHBHBIﬁ MOMCHT BPCMCHH IICPCXOAHOI0 IIpomecca, OIpcaAcsiCTCs M3 3aKOHa

COXpaHCHUA MACChI:

Aria (1) = J‘pLﬁﬂz = P10 [ Un_gs.
_ 2 cosB
S, S

Ucnonb3ys BeipaxkeHue (4.6), paznaras Beipaxkenue //cosd B psg no A6 , norydum:

¢ Ax 7l t)

0

—_—
i1
|

(4.13)

JIJist IpOU3BOJILHOTO MOMeHTa BpeMeHu () < ¢ < 1y, , Tae tm = Ahs [Auy, , 9acTh TOUECK
¢GpoHTa MIaMeHH, ISl KOTOPBIX 7($) < f JOCTUTHYT HOBBIX CTAal[MOHAPHBIX 3HAYCHUH,
OCTAJIbHBIE TOYKH, JJIs KOTOpBIX 7(¢) > t , eme OyAyT coBepuiaTh NEPEXOAHOU
nporecc.

Koopaunater Touek ¢(poHTa TUIaMEHH, 3aBEPIUIMBIIMX TMEPEXOJHBIA MpPOIECC,
HaxonATca B wuHTepBaie ¢* < ¢ </; KOOpPAMHATBHI TOYEK, MPOJOJIKAIOIINX
nepemMenienne, — B uaTepBaie 0 < ¢ < &* | roe é* = |— t 17, . Torma u3 BeIpaKeHUSA

(4.13) ¢ yuerom (4.12) nonyqaem:

-

E'[‘—r ds+ l[zd:jl..

Ani1 ¢ (t) = 2 Aty - —Zdi+ | <
! ‘ o Tm (1 - ;] e [

(4.14)
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Ay, = S AU
e b = P1o2ptlp

[TepexoaHas GyHKIMS MIAMEHH CBSI3aHA ¢ (DYHKIMCH BBITOPAHUS COOTHOIIICHUEM:
Agy(t)= g s At g (t) = g o Arity ', (t).
(4.15)

[Tocme moxacraHoBku nepexoguoi pyukumu (4.15) B dopmyny (4.1) momyuaercs

clIeyIoliee BhIpaxxeHue sl 0e3pa3MepHor epeJaTouHoN (PyHKIINY TUTAMEHU:

o

K; =io [‘Pm(r}e‘“"’dr ;
(4.16)
K; =KL,£"I(.§’;P1_4J-5'&) K1Up1/Os1

(4.17)

@DyHKIMS BRITOPAHUS onpeensieTcs u3 ypapHeHus (4.14):

v (t)= (¢/z, ) —2(t/z, )n(t/z, ). 0<t=<7,
\.1L Tm _T
(4.18)

Bun kpuBoii BbiropaHusi (puc. 4.2) roBOPUT O TOM, UYTO KOJIMYECTBO CMECH,
Croparolliee B €IUHHILY BPEMEHH, a 3HaYUT, U CKOPOCTh TEIIOBBIIEICHHS ObICTPO
BO3pACTalOT B HAYaJbHOM CTaJMM IEPEXOJHOTO IMpolecca, 3aTeM TEMIIbl pocTa
3aMEUIIIOTCS. UM OCYLIECTBISIETCS IIABHBIA NEPEXOJ K HOBOMY CTAllMOHAPHOMY
COCTOSIHUIO.

[Ipu noxacranoBke ¢yHkuuu Bbiropanus (4.18) B Bolpakenue (4.16) monydaercs
MHTETpa, KOTOPbI MOKHO BBIYUCIIUTH JUIIb NPUOIMKEHHO B BUJE OECKOHEYHOTO
psana. g ynpolieHusl 3aadyd HayaldbHBIM YYaCTOK KPHUBOW BBITOpaHHsS Opascs B
BUJIC KyCKa napa6oJisl (puc. 4.2). Toraa

(I] Tlm _1} 0= Sy =1
L 1M, Ty =1/Ty

[lepenaTounast GyHKIUS MJIAMEHU B 3TOM CITy4ae CJIEIyIOIas:
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] 3

K; =2[1-cosor,, —i(ot, —sinot, )|/ (o1, ) .

AHanmu3 3Toro BBIPAKCHUA IMOKA3bIBACT, YTO MHUMAA YaCTb HCpGI[ElTO‘-IHOﬁ CIJYHKHI/II/I
OoTpuOaTciibHa, a HeﬁCTBHTeHBHaﬂ YacCTb IIOJIOKUTCIIbHA IIPpH JTI000M (I)aBOBOM
3ara3JibIBaHUH IT'OPCHUSI.

¥

10 T

0.5

l NS

05 T, ﬁg L0 o
Pac. 4.2. KpHEEIe EBITOPAHET.
I - U, = const:  — napabomHIecKoe OpH-

OmHeHHe KPHBOH ) 3 — [/ = const
DOTO 3HAYUT, 4YTO KOJIeOaHUSI CKOPOCTU TEIUIOBBIJICNICHUSI OTCTaloT 1o (aze oT
KOJICOAHUM CKOPOCTH HMCTEUCHHS CMECH, IPUYEM 3TO 3ara3/blBaHUE HE IPEBBINIAST
n/2. Eciiu cMech Toj1aeTcsi U3 HEeOOJIBIIONH €MKOCTH, TO, KaKk OyJIeT MoKa3aHO HUXKE,
MyJIbCAIlMA CKOPOCTU B KaHAJIaX TOPEJIKM OTCTAIOT OT MYJIbCALMi JIaBJICHUS HAa BXOJIC
B Kamepy cropanus Ha 7/2 . Toraa (a30oBbIil CABUT MEXIy KOJIeOaHUSIMU AaBICHUS U
CKOpPOCTH TEIUIOBBIJICJICHUSI B 30HE TOPEHHsI MpEeBbImaeT /2 , kpurepuid Pames He
BBITIOJTHSCTCS, BHUOpAIlMOHHOE TOpPEHHE HE BO3HUKACT. OTO MPOTHBOPEUYHUT
AKCIIEPUMEHTAIBHBIM JAHHBIM.
JIJist yTOUHEHUs KapTUHBI MEPEXO0THOTO MPOoIecca YYTeM TOT (akKT, YTO HOpMaJIbHAS
CKOpPOCTh pacCIpOCTpaHEHHUs IUIaMEHH HE OJHMHAKOBa BIOJL (PpoHTAa TuiameHu. B
OCHOBAHWHU OHA MaJla U3—3a TEIJIOOTAA4YM K CTEHKAM TOPEJIKA U JOCTUTAeT 3HAYEHUSI,
COOTBETCTBYIOLIErO0 3aJJaHHOMY COCTaBy CMECH, B TOYKE, paauajbHas KOOpJIMHATA
koTopoii r/ry = 0,8. 3atem U, mo4ytn He U3MEHSAETCS M TOJBKO BOJIM3HM OCH IJIAMCHH
PE3KO YBEJIMYUBAETCS W JOCTUTaeT MAaKCUMaJIbHOrO 3HayeHus. Il miameHud c
paavabHON CHMMETPHUEH 3HaUYNTEIbHAS YaCTh CMECH TIepeceKaeT GPOHT MJIaMEHHU Ha

yY4acTke, T1A€ CKOpPOCTb TOpPCHHUA  MCHBIIC 3HAUCHHA, COOTBCTCTBYIOIICTO
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XUMUYECKOMY COCTaBy. JTO MNPUBOJUT K TOMY, YTO BpeMs NEPEXOAHOrO IMpolecca
YBEIMYMBAETCS, a XapakTep KpHBOW Bbiropanus usMmensercsa. Ilocime ckauka
CKOPOCTHM  HCTEYEHMs]  MPOUCXOJUT  TOPEHUE  HEOONBIIOTO  KOJUYECTBA
JIOTIOJIHUTEIBHOTO TOIUIMBA BOJIM3M OCH TUIAMEHHU. 3aT€M CropaeT OCHOBHAs 4acTh
n30bITOUHON cMmecu. OcTaBlieecs TOIUIMBO JOTOpaeT B 00JIACTH CTa0WIM3aLUU
IUIAMEHH, PACIIOJIOKEHHON BOJIM3M I'PAHULl CTPYH, 0Opa3yrolIeicss Npu UCTECYEHUU
cmecu. Mcxons w3 ONMMCaHHOW KayeCTBEHHOW KapTHHBI KpHUBash BBITOpaHUS ObLia
B3sTa B BHJIE KYCKOB ABYX Iapaboin (puc. 4.2), O0CHOBaHUSI KOTOPBIX PaCIOJIOKEHBI B
toukax (0, 0) u (1, 1). I3 ycnoBus kacanus BeTBel napados B Toukax (0,5; 0,5) Ob11n
omnpeneneHsl HeoOxoaumble Kodppuuuentel. KpuBas BbIrOpaHHs ONHUCHIBAECTCS

CICOYIOIIHUM BBIPAKCHUCM:

[loacraBuB (¢yHKUMIO BbIropaHusi B (opmyny (4.16), npoBeas HHTErpUpOBaHUE,
MOJIyYUM BbIpaKE€HHE [Tl IEPEAATOUHON (PYHKIMH IJITaMEHU:

—  2{l-cosmT —
K; = { - }exp{—r'c-)r]

(07

(4.19)

rie T=93T0 (7, — MaKcHMalbHOE BpeMs IEPEXOAHOTO MPOLECCa, KOTOPOE
OOJIbIIIE MaKCUMaJIbHOTO BPEMEHU NEPEXOJHOr0 Mpouecca T, npu ycnoBuun U, =
const).
Bonpocsl 111 KOHTPOJIA:
1. TloHsiTME IEpPEIaTOYHON U IEPEXOAHON (PYHKIIUI MIIaMEHH.
2. OmnpeneneHue Nepexo HoN PyHKIMU MIIAMEHH C 3aKPEIJICHHBIM OCHOBAaHUEM.

3. Hepez[aTqua;{ (bYHKHHH IJIaMCHH C YUYCTOM IMOJABUKHOCTHU €TO OCHOBAHMA.
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Tema 6. YcTaHoBKa THIIAa eMKOCTH-TPY0a ¢ MHOTOKAHAJIbHON rOPeJIKO.

OHEpreTM4eckuM  METOJOM  pellaeTcs  3ajada [0  HCCIIEIO0BaHUIO
yJbCAllMOHHOTO TOpeHusi B TpyOe C MHOTOKaHaJbHOW TOpenkoil. Pe3ynbTarsl
pacyeToB CPABHUBAIOTCS C DKCIEPUMEHTAIBHBIMA JaHHBIMU

KiroueBble cjioBa: KaHall, aBTOKOJI€0aHus, MyIbCALIUM CKOPOCTH, ITyJIbCALIUU
JaBJICHUs, TEMIIEpATypa, TEIJI000MEH.

MeToauueckue PEKOMEHIANUMA 110 H3YICHUTIO TEMbI
- Tema COACPIKUT JICKHMOHHYIO 4aCTb, I'IC AAOTCA O6H_II/Ie MpCACTABJICHUA O

MIPEIMETE;
- B xauecTBe caMocTOSTENbHON PaOOThI HY>)KHO MOATOTOBUTHLCS K YCTHOMY OTIPOCY;
- JInst mpoBepKH YCBOCHUS TEMbI UMEIOTCS BOMPOCHI K KaX0M JICKIUU.
- Boripocsl 1 3a1aum A1 caMOCTOSITENNbHON PabOThI IOJKHBI OBITH O(POPMIICHBI B
nuchbMeHHOM Bujie. O1ieHKa TaHHOU paOOThl MPOU3BOAUTHCS MOCIE YCTHOTO
co0OeceToBaHUs CTY/ICHTA C MPEMNO/1aBaTeIIeM.
- [Ipu BBINIOJTHEHNUH CaMOCTOSITEIbHON PabOThI CTYJEHT UMEET MPaBo oOpamniaThCs K
MPENO/IaBaATEIIO 32 KOHCYJIbTAUAMH B YCTAHOBJICHHOE BPEMSI.

Jlureparypa
ABTOKOJIEOaHMS Ta3a B ycTaHOBKA ¢ ropeHueM. B.M. Jlapuonos, P.I'. 3apumnos / 13-
BO Ka3aH. roc. TexH. yH-ta, 2003. C. 102-112.

I'noccapui

Jdddexra 3onaxaycca - BO30yKAeHHE 3ByKa B TpyOe, K KOTOPOW CHApYKU
WJIM U3HYTPU TTOABOIUTCS TETLJIO MPU OTCYTCTBUU MTOTOKA YEPE3 MOJIOCTh TPYOHI.

Bonpocs! ajist M3y4eHus :

1. Pe3ynbTaThl SKCHEPUMEHTAILHOTO UCCIIEI0BAHUS MTyIbCAI[AOHHOTO TOPEHHUS B

TpyOe ¢ MHOTOKaHaIbHON TOPENKOH, UX (pu3nYecKoe 0ObSICHEHHUE.
2. YpaBHEHHUE 4acTOT KOJeOaHuil rasa.

3. ®opmyna as aMIUIUTY bl YCTAaHOBUBILUXCS KOJIEOAHUN JJaBJIeHUS ra3a.

51



Panee ObulO TPOBENEHO SKCIEPUMEHTAIBHOE HCCIEIOBAaHUE BHOPALIMOHHOTO
ropeHusi B TpyOe€ ¢ MHOTOKAHAJIBHOW ropeikoil Ha Bxojae. OCHOBHBIE pPE3yNbTAThI
CIEAYIOIIHE:

1. BOmu3u pe3oHaHca KaMmepbl CropaHds W TpyOOmpoBoja MOJaud, NpU
KOPOTKOM TpyOOIIPOBOJIe — aBTOKOJEOaHUsI TapMOHUYECKUE. B oCTaJIbHBIX Ciydasix
BUOpAIIMOHHOE  TOPEHUE  COMPOBOXKIAETCA  HEPEryJsipHBIMH  OUEHUSIMH,
MPUBOJSIILIMMH K CPBIBY INIAMEHH C TOPEJIKU.

2. KonebGanuss BO30yknalTcsi MO0 B OJHOM HMHTEpBalie 3HAYEHUH
koddunreHTa u30bITKA BO3AyXa, BKIIOUYAIONIEM €AWHUIYY, JHOO B JIBYX,
pPacnoJIOKEHHBIX CJIEBa U crpaBa oT o =1 .

3. C yBenMueHWEM JAUaMETpa KAHAJIOB TOPEJIKA TApHbIE HWHTEPBAJIBI
cMenjaroTca K o =1, 3aTeM CIMBAIOTCS B OJMH OOMIMI HHTEpBaJl, KOTOPHIA B
JAJBHEMNIIIEM COKPAIAETCS U UCUE3aeT.

4. Eciu nnuHa TpyOOIpoBOJa TaKOBa, YTO KoyieOaHUsS JABJICHHUS B KaMepe
CropaHusi OTCTarT 1Mo ¢a3e OT KoJeOaHUN CKOPOCTH MCTEUEHUs, HAOII0JaeTCs OANH
MHTEpBaJl BUOPALIMOHHOTO TOPEHUs MO O , KOTJa ONEepekaroT — OJMH WM JIBa, B
3aBUCUMOCTH OT AUAMETpPa KaHAJIOB FOPEIIKH.

5. CymiecTByeT HIWKHUIA W BEPXHHUU Mpesenbl BO30YKIeHUS BUOPAIMOHHOTO
TOpPEHUS [0 CKOPOCTH UCTEUEHHMS.

BblIM  BBINIOJIHEHBI pacyeTbl TPAHMI] HEYCTOMYMBOCTH M YacTOT BO30YXKIaeMbIX

xonebanuii. Mcmonb30Banach pealbHas YacTh XapaKTEPUCTHYECKOTO ypaBHEHMS
1,1 ; -2 1, 4 _
g0 120X 20 +(1+BoX, ) Xgp¥oo —Bo (XYoo +Xp)=0;

11 -1 -1
gg g+ (1+By X, ) — 1 + B, =0.
0 120 +(+ BT o°p 3agaya  pemanach — OpH

YCJIOBHH, YTO TEMIIEpATypa ra3a U CKOPOCTh 3BYKa IOCTOSIHHBI IO JJIMHE KaMepbl
cropanusi. J{ns 3Toro noaOupanoch HEKOTOPOE CpeHEee 3HAUEHUE CKOPOCTH 3BYKa B
TpyO€e, 4TOOBI MOTYYUTDH yAOBJICTBOPUTEIHLHOE COBNAJICHNE BHIYUCICHHBIX 3HAUCHUN
4acTOT KOJIeOaHUI C DKCIIEPUMEHTAIBHBIMH. TaKou MOAX0 ] SBIsETCS (PopMaTbHBIM
M HE YYUTHIBAET PEAJTBHOTO pACIpEACNICHUs CKOPOCTH 3BYyKa, OOYCJIOBJIEHHOIO

OXJIAKJICHHEM Ta3a M3-3a TEIUIOOTHayu K cTeHKam TpyOwnl. Kpome Toro, anamus
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MPOBOJMJICS B JIMHEHHON MOCTAaHOBKE, YTO HE MO3BOJWIO OMNPEIEIUTh aMIUIUTYy
YCTaHOBUBIIUXCS KoJieOanmii. Bocmone3yemcss 00muM  ypaBHEHHEM YacTOT
KoJeOaHUi, KOTOPOE YYMTHIBAET MPOJOJIbHBIA TpagUeHT CKOPOCTH 3ByKa, U
KOHKPETHU3UPYEM €TO.

PaccMoTpuM yCcTaHOBKY, B KOTOPOI KaMepa CropaHusi — Tpy0a, OTKpbITasi Ha BBIXO/IE.

0 =0;

r ’ E}ft

fb"l
b a |

- ﬂrctg| —
\ 303'[3 J

Torna yrou ¢, onpenensieTcst BBIpa)KEHUEM
[Tycth Toprodast cMech MOCTYNAET B KaMepy CropaHusi U3 KOPOTKOro TpyOOnpoBoja,
00J1aatonIero CBOMCTBaMHU aKyCTUYECKOW €MKOCTH, a IITyOMHa OTBEPCTUN TOPENKH
HAaMHOI'O MEHBIIE JJIMHBI BOJHBL. B 3TOM ciydae aKyCTHMYECKHE BO3MYILECHHUS

JaBJICHUA u CKOpOCTH B KaHaJIC TOPCIIKU CBs3aHbI COOTHOIIICHHUECM

Y

£y . .
Po wl; ¢S,
Fﬂﬂ:_m‘l_r = Pofo T——1 r r ' .
“i[:ﬂ-hr] = ”E?SU .1‘5- N PE? = pil{ﬂ,f} FI:I = —]jj][pil{[}ﬂz}ll.lu”ﬂ1f}]

VuuteiBas, 4YTO , ,

v 1 =arctg(FpS /S, )

HaxoJu Ecin nnams pacnosiokeHo B Hadajle TpyObl, TO

y *

a=c(0)= €2-ckopocTh 3ByKa, 3aBHUCAIAs OT TemIeparypsl ropeHus. llocne
o *

MOJICTAHOBKHM 3HAYEHUH @1, @, B BbpaxkeHue (2.13) npu ycmoBuu X =0 momyuaeTcs

ypaBHEHUE JJI pacyeTa 4yacToT KoJieOaHu rasa:

Y i i

b | op, [, b b =S Sol
ftg arctg‘ ]— Bln‘ l-—||=—+B 1= =
2e0B) b | o )| 2 LoV, Sgoq
(5.1)
be3 yuera rpaanenta ckopoctu 3Byka b = 0, f =] U, Kak OTMEYAJIOCh BO BTOPOM
P> =—al [c; ,
rjaBe, ' - <. YpaBHEHHE YACTOT MPUHUMAET BU/I:
o) = s wl,
te — |=vB| - —-—°
=y oVy gy,
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_ = -
DTO BBIPAXKEHHE COBMAJAET C U3BECTHBIM YPABHEHUEM teH =~ Bletg(kily) 29 k] :

B KOTOpPOM He00X0auMo BBeCTH 3(()EKTUBHYIO NIUHY KaMEpbl CTOpPaHHs U y4YecCTb,

- _ =1
YTO JISI KOPOTKOT'O TPYyOOIIPOBOIa TOIaYl CMECH kilp <<1. etg(klo)=c1S(e 7)) "

Ecau cmechr mojaeTrcs B €MKOCTh TOpPCJIKKU YCPC3 OopIIOE rHaApOANHAMHUYICCKOC
COIMIPOTUBJICHUC, ITOTCPAMU aKYCTquCKOfI OHCPIrUK Ha BXOIC B KaMCpy CropaHus

8,1 —4gr A1 —A4y L

Pe=
Ay +ta, v +a; N
MOXHO TIpeHeOpeub. BrIpakeHue I aMIUTATYbI

YCTAaHOBHUBIIIUXCA KoJIcOaHuH JaBJICHUA B 30HC r'OPCHUA IIPUHUMACT BU.

G, —ayp—a,gp
Pc=

a. y+ayy

(5.2)
OnpenenuM kod(puitmenTsl, BXoasmue B 3Ty dopmyny. B uzydaemoil yctaHoBKe

HMCCTCS COBOKYIIHOCTb OAWMHAKOBBIX IIJIAMCH, o6pa3y}0m1/1xc;1 Haad OTBCPCTHUAMU

r r r
g =ngp = K:l:”b
TOPEJKH, T03TOMY O0Ias CKOPOCTh  TEIJIOBBIICICHHUS . B

KBa3WJINHEHHOM HpI/I6J'H/DKCHI/II/I 3aIIuIeMm BBIPAXKCHHUC, AHAJIOTN4YHOC

q' =Ky yuis = (| Ky 1 | =By |uy+|) up » exp(—iet,)

gy = Ky, = (|KI_| ~b, |u£,|i] u}, expl—iot, )

(5.3)
[lepenatounas  ¢ynkuus K.  nguHeHHOTOo  TPUOMMKEHUS  ONPEACNISeTCS
—  2(1-coseT) -
_ .- o [ =—————expl-iaT).
K;=Kp/ [.Effi’1.05b)= KiUp1/0Op1 (@T)

COOTHOIICHHUSIMU ,
Bpemsi 3amasgpiBaHHMs CKOPOCTH TEIUIOBBIACIICHUsA, monaras B (opmysie (4.8)
%=ﬂ s1n 1 =1

3

, IPEACTAaBUM B BHUJIC:

1, = T =constr, /U,
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[TocTostHHas ompexaensercss SMmupudeckd. g oXJakmaeMblx KamMep CTrOpaHUs
pekomenayroTcsa 3HadeHus 0,5-0,67 (B 3aBUCUMOCTH OT CTENEHU OXJIAKIICHHUS), IS
HeoxJIaxaaeMbix—3HaueHue 0,3.
AKycTHUdecKasi MOIIHOCTh 30HBI TOPEHUS, Y KOTOPOW OOIIWE TUIOMIAAN BXOJHBIX H
BBIXOJTHBIX OTBEPCTHI HE PaBHBI, onpeensieTcs BBIpa)KCHUEM
- 27

, _ B-DSiUop: K,|
L=

20 L n

o

S T, —|Kp|t:osmrp .

B KOTOPOM HEOOXOJUMO MOJOXHUTh

Kp=0 u cnenars nepeo6o3HauCHHS: S1=350=n5, Ug=Upo. P+=Pc- 1 =1

A, =(B-1)SyU, 4O Ty ]_IPS |K”|5;1'nl[mru ‘_:_;""2
(5.5)

C yueroM cootHomeHut (4.22), (4.24), dopmyn nust Yo , (4.17) nus 6e3pazMepHoit
nepeaTouHON (PYHKITUHN TUTAMEHH TTOTYIUM:
. SolB _1}I|E£| _E’-"NPJPS S OT, 5 by b — byUs

e - AT =

2poc1Fy ) P1.0'5‘1|FD|1 T 0

B T0 ke Bpems

-

“Ic = [ac:.[ —d. wPe LUE -
CpaBHHBas 3TH BBIPAKECHUS, HAXOIUM:
- 50(8-1)|c| @pr0aFo) s

d-1 —50 [B—l}|K[| lpl_gchD SM T, ,

— i )—1 -
a, y = SU{B—I]|K£|[IPI_061FD by sin @T , .

(5.6)
Kosddumumentsl, omnpenensiomme MOTOK H3Iy4aeMON aKyCTHYECKOW DJHEpPruw,

7 7
Ar=ap;. ap =5X;;Dp /2

HaxOATCs u3 bopmyn :
2 2 2/ 2
Ay = Xolig _.-“FE =(agr +ay NP Pz - A =Xuj (2= (arr +a PP -
3, ,
aD_f\" = S_Dﬂbo ;”2 . (;I':__M = SD.EBE)I "Ilz N c yquOM
2,2
od- oy
X, = +—-
! F’f.[:lk 16, 2,

HMIICJaHCa OTKPBITOTO KOHIIA



7/ Y
app =SX;D; [2, X =poled/4) /e

(5.7)

2
apy =SDjb 2, by=pio/2.

(5.8)
['OpeHue IPOMCXOIUT Ha BXOE B TPYOy, T.e. X =0 , u dyHKums D; BBIUUCIIETCS 11O

BTOpOI hopmyie (3.42), rae Pro=P2. C20=C2

Koadduiment, cBA3aHHBI C TOTJIONICHHMEM aKyCTHUYECKOH SHEpPrUM Ha CTEHKax

TpyOHI, OTIpeIeIIAETCS BBIp@KEHHEM
2 ey (@)1 g -1
AU.L =y 1Pe, Ay1 = 23};3 1+

L~ |p?

, B kotopom (Qyukmus D,

\Pry

*,

D =(pyo€20 | b(20) ™ cospy +Psingy )7

Dy =D, |cos@y; | In(1-b1/a)¥?. ¢ TeMu

BBIYHCIISIETCS IO TIEPBOM hopmyIie
&Ke TIepeo003HaYeHUSIMU, KOTOpbIe ObUTH caenanbl 11 GyHkuuu D.

VYpaBuenue (4.20) naet Bce BO3MOXKHBIE YacTOTHI. PeaqbHO BO3HUKAIOT KOJIEOAHUS
TOJBKO C TEMH YaCTOTaMH, [ KOTOPBIX P> 0 .

Bbuti  BBIMOJIHEHBI pacyeThl W U3MEPEHHUs] IS YCTAaHOBKH, C HEOXJIaXKJIaeMOu
Kamepo# cropanus ¢ BHyTpeHHUM nuamerpoMm 0,034 M, 00beM BXOJHOW E€MKOCTH
611 paBeH 1,5-107 M3, IPOHMIIAEMOCTB TOPENKH & = 0,086 , ITHHA KaHATOB | MM.
JluameTp KaHAJOB TOpPEIKH M JJIMHA KaMepbl CrOpaHus ObUIM TMEPEMEHHBIMHU.
3HavYeHHS TEPMOAMHAMUYECKUX TTApaMeTpoB: p1o= 1,23kr/mM3, v; =1,5 10°m/c?, Ti0=
293 K, c1=344 m/c, y,= 1,4, Pr, = 0,73 . BpeMms 3amna3bIlBaHus TOPEHUS BBIUUCIISIIOCH
mo ¢opmyne (4.23), B koropod moctosiHHas paBHa 0,3. DKcHepuMeHTaAIbHAS
3aBUCUMOCTh HOPMAaJIbHON CKOPOCTH PACIPOCTPAHEHUS TUIaMEeHHU OT KoddduimenTa
M30bITKAa BO3JyXa IS MPOMaHO-BO3AYIIHOM CMecH Oblla anmpoKCUMHUpPOBaHA
byHKIHMEH:

Un (o) =1,15-7,230+15,240°—11,716°+2,984".

Hcrnonb30BaHHOE TOIJIMBO HE SIBJSUIOCH XUMUYECKH YUCTBHIM MPOTAHOM, a SIBJISJIOCH

CMECBIO TMpoIaHa ¢ OyTaHOM U IPYTHMH YTJIEBOJOPOIaMHU — «TEXHUUECKUI» MPOTaH.
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Hcxoas u3 CcpenHEeCTaTUCTHUECKOTO COCTaBa, COOTBETCTBYIOLIETO MACIOPTHBIM
JaHHBIM 1711 OaJUIOHOB, COJEPXKAIMX CHKIDKEHHOE TOIUIMBO, Obla IOIy4YeHa
dhopmyina s BeIuMciaeHus KoddpuimenTa n30bITKa BO3ayXa:

a=004Gp /Gy,

af
(5.9)
OGBIYHO TOpeHHe B IAaOOPAaTOPHBIX YCTAHOBKAX MPOUCXOMUT B HEAIUMa0aTHYECKHMX
YCIIOBHIX. bruin IIPpOBCICH TepMOﬂHHaMquCKHﬁ aHaJIn3 COCTOJAHUA IIPOAYKTOB
cropaHus cMecell ra3000pasHBIX TOIUIMB C BO3AYXOM. TEIIOBBIE MOTEPH
OLCHMBAJIUCH UCXOJ U3 U3BCCTHLIX SKCIICPUMCHTAJIIBHBIX JAHHBIX JUJIA TEMIICPATYPbI
IIJ1aME€H JICTKHUX YIJICBOJOPOAHBIX TOIIJIUB. brumn ITOJIYYCHBI (bOpMy.TIBI,
ONpeIeNIONME TEMIIEPATYPy TOPEHUs MPONAHO-BO3IYIIHON CMECH B 3aBHCHMOCTH

oT K03 puImenTa n30bITKA BO3AyXa:

1000
T 008440452«
1000
T. =T+ Lol
T 0.084+0452a

I[Inamena 3amodHSIM TOJBKO YacTh CEUCHUS KaMCpbl CIropaHu:A, IIO3TOMY

I, =CT.., B= if}l.-"rﬂ_n =047

CpelHssl Temmeparypa rasa IMITUpUYECKas

u /9
Cy = Bl'll_f,'l

MOCTOSIHHAS, beuio o6HapyxeHo, uTo nis TpyOml nmuHOM 0,92 M

TeMIlepaTypa Ta3a Ha BBIXOJAE MaJl0 OTJIMWYAETCS OT OKPYXKaWIIeH, T.e.
b= (c; — c‘l]ll,.-“rl:}__gl M.
3ajgaBanuch TEPMOAVMHAMUYECKME W TE€OMETPUYECKHE IapaMeTpbl YCTAHOBKH, a
Takxke KodpuuueHT n3obpiTka Bo3ayxa. 3 ypaBHenus (5.1) HaXOAWIUCh YaCTOTHI
KoJieOaHMi, KOTOphIE MOJCTABISIINCE B dopmyny (5.2), U Ompeaessuiich 3HAYCHHUS
a,f,pc » COOTBETCTBYIOIIIHUE YCIOBUIO P¢ > 0.

WNuTepBanbl 3HaueHUM kodPuuMeHTa H30BITKAa BO3AYyXa, BHYTPH KOTOPBIX
HaOto1aeTCsl BUOpAIlMOHHOE TOPEHHME, YacTOThl U aMIUIUTYJIbl YCTaHOBHUBILUXCS
KoJieOaHui JaBieHus TpeacTaBieHbl Ha puc. 4.3 u 4.4. JIuHUM COOTBETCTBYIOT

pe3ynbTaTaM pacdera, YCIOBHBIE 0003HAYCHUS — HKCIIEPUMEHTAIBHBIM JaHHBIM. J[71s1
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KOPOTKOM KaMmepbl CropaHus C HEOOJBIIMM JHAMETPOM OTBEPCTUH TOPEIKH
HaOIIOAAIOTCS KOJIeOaHUs, COOTBETCTBYIOIIME BTOPOM M3 4acToT TpyoOs! (puc. 4.3,
kpuBas 1). Pacmmpenue oTBepcTuii fenaeT BO3MOKHBIM BO30YKIeHHUE KOJIEOAHU C
HauMeHblel yactoTol (kpuBas 2). KpuBasi 3 COOTBETCTBYET BTOPOMl M3 HACTOT U
MOJIy4aeTCsl MPU yAJTUHEHUU TPYOBI.

Ecnu npeneOpeub moTepsMH aKyCTHUECKOM SHEPIHM, YCIOBHUE CaMOBO30YKIICHUS

d.p=Qup+dadpgpt+apg

KoJIcOaHUM ras3a npuUHUMAaeT BU: ag >0 .

fTo

1500

1300 =

LT

Pac. 4.3, 3apHCHMOCTH 9ACTOTH ABTCEOIS0AHHH oT Ko3(dErnerTa A308ITRa BoSOyXa:
I-p=125ma [=02820 2 — =100 [=07250 33— =05m [=0282M

Jlnst onvicaHHoOW ycTaHOBKHM (QyHKius Fo , Bxomsmas B Beipaxkenue (5.5), nmeer
OTpHUILATENbHBIN 3HAaK. Torjaa BUOpallMOHHOE TOPEHNE BO3HUKAET IIPU YCIOBUU:
mT=oT, <21.

(5.10)

OTO K€ HEpPaBEHCTBO MOYKHO IOJIY4YUTb W3 Kputepus Panes, omnpenenus
(a30BbIl CHABUT MEXy KOJECOAHUSIMU JIaBJICHUS B 30HE TOPEHUS M BO3MYLICHUSMU
CKOPOCTH UCTEUYEHUSI CMECH U3 KaHAJIOB FOPEJIKU, KaK 3TO ObLIO CIeNIaHo B padoTe.

[Toy4eHHBIN KpPUTEPHl TO3BOJSET OOBICHUTH BIUSHUE COCTaBa CMECH,
rapaMeTpoOB rOPEIOYHOT0 YCTPONCTBA HA YCIOBUS CaMOBO30Y X ACHUS KOJIeOaHUM.

Jns tpy6sr piuHOM 0,282 M BO3MOXKHBI aBTOKOJICOAHMSI, COOTBETCTBYIOIIHE

IIEPBBIM JIBYM YacTOTaM KaMepbl cropanusd. OpHako, €ciu paguyc OTBEPCTHI

ropCJIKKu O0CTAaTOYHO 60JIBIHOﬁ, MHWHHUMAJIBHOC BPCEMs 3alla3AbIBAaHUS TOPCHUSA Tmin
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npu 0o=1 TaKoBO, YTO WyTyin>>27 , U BHOPAIMOHHOE TOPEHHE OTCYTCTBYeT. Jlyis
MEepPBOM YaCTOTHI, KOTOpasi MPUMEPHO B TPU pa3a MEHbBIIE, M1Tmin<7. Bo30yxaeHue
KOJeO0aHU CTAaHOBUTCS BO3MOXKHBIM TP YBEJIMYEHHHM BPEMEHHU 3ara3/IbIBaHus 3a
CYET YMEHBIICHUS HOPMAJIBHOM CKOPOCTH pACIpPOCTPAHEHUS IUIAMEHHU, T.€. MpHU
U3MEHeHUN Kod(¢uimeHTa U30bITKa BO3AyXa B 00€ CTOPOHBI OT eauHuIbl. Kak
TOJIBKO (17, CTaHET OOJIbllIE 7, MPOU30UJIET CaMOBO30YXKJeHUE KojieOaHull, U
BUOpallMOHHOE TopeHue Oyner HaOmIOgaThcs OO TeX Top, IMoKa (a3oBoe
3ama3pIBaHUE HE MPUMET 3HAYeHHUE, Oym3Kkoe K 27m. B aTom ciyyae BHOpalmoHHOE
ropeHre HaOJIIoAaeTCs B JBYX HMHTEpBajiax 3HaueHHM kod(d@uiueHta u30bITKA
BO3ayXa (KpuBas 1).

YMeHbllIeHHE pajiiyca OTBEPCTHIl TOpPEJIKH MNPUBOJUT K TOMY, YTO BpeMs
3ama3/bIBaHUs TOPEHUSI COKpAIAeTCs, WHTEPBaJIbl BO30YXKJECHHUS KOJEOAHUU C
4acTOTON ) CMEIIAIOTCS B HAIPABJICHUU 3HAYCHHM 0, COOTBETCTBYIONIUX I'PAHUIIAM
CYILIECTBOBAHMS TIJIAMEHHU, U UCYe3al0T. B TO ke BpeMsi CTaHOBUTCS BO3MOKHBIM
BO30YKJIeHHE KoJieOaHU ¢ 00Jiee BHICOKOW YaCTOTOM, TaK KaK WyTmin OYJET MEHbIIE
2n. BubpaunonHoe ropeHue HaOJI0AaeTcss B OAHOM HHTEpBaJie, TPAHUIIBI KOTOPOTO
COOTBETCTBYIOT 3HAUYEHUAM KOd(hPuimeHTa MU30bITKA BO31yXa, Al KOTOPBIX T
OynyT Ou3kuMu K 27 (KpuBas 3).

[pu yuMHEHUM KaMephl cropanus yactora o1 yMmeHbinaercs u s 1= 0,725 m
OHAa TaKOBa, YTO YCIOBUS CaMOBO30YKIeHUs KojeOaHuil (4.29) He BBITIOIHSIOTCS.
Bropass wacTtoTa TOXX€ 3HAYMTENBHO MOHU3UTCS, HO 3a CUYET YBEIWYEHUS pajuyca
OTBEPCTUN TOPEIKH U COOTBETCTBYIOIIEIO POCTa BPEMEHHU 3ama3/ibiBaHus (ha30BBIM
CABUT ®2tu OyAeT TaKUM, 4YTO BUOpAIMOHHOE TOpPEHHE HAOII0IaeTCs B OJHOM
WHTEpBaje 3HadeHU KoddduineHTa nu30bITKa Bo3myxa (kpuBas 2). Beramcienwus

o b =05c/
nmokazaiau, 4tro i koddduimenta HenuHeMHocTH ¢ paccuuTaHHbIC

3Ha4YCHUA AMILIIUTYAbI KoJeOaHui KOJINYCCTBCHHO COrJIaCyroTcsa C

AKCIEPUMEHTANIbHBIMHU (pucC. 4.4).
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Prc. 4 4. 33pRCHMOCTH aMILTHTYE] VCTAHOBHEIFECH KONe0AHMH TARTCHS
oT kosddmmenTa mbemya eo3ayxa (obosmagemms o prc. 4.3)

JlaHHBIE TOBOPAT O TOM, YTO YE€M BBIIIE YAacCTOTa, TEM MEHBIIE MaKCHMAaJIbHAs
aMIUIMTyJa KoJieOaHUM ra3a BHYTPM HMHTEpBajia BO30YXACHUS BHOPALMOHHOTO
ropenus. SIcHO, 4TO aMIUIMTyAa KojieOaHui OyleT MMETh MaKCHUMaJbHOE 3HAuU€HUE,
KOI/Ia YCIOBUSL BO30YXIEHUs KoJieOaHUM — HauOosiee ONaronpusiTHble, JAPYTUMH
CJIOBAMM, €CJIM aKyCTUYECKas SHEPIHsl, TeHepupyeMas 30HOW FOpEeHUs, MaKCUMaJbHa.
DTO ycl0BHE 3aBUCUT HE OT YacCTOThI KOJIeOaHH, a OT ee MPOU3BEACHUS Ha BpeMs

3aIa3/IbIBaHusl TOPCHHS, TaK Kak A.~[sinot,|. B To e Bpems coriacHo dopmysie

2

_ TRpy (v )21 |f 1471

Y] ,
27« L +/Pr,

MOBBIIIEHWE YaCTOTHl NMPHUBOJUT K YBEIUYEHUIO
MOTEPh aKyCTUYECKOW DHEPTUH, a 3HAYUT, K YMCHBIICHUIO aMIUTUTYIbI KOJCOAHMI
rasa. [Ipy M3MeHeHUU MapaMeTpPOB YCTAaHOBKH BO3MOJKHBI TPH THIIA 3aBUCUMOCTH
aMIUTUTYIbI KoJieOaHWW NaBlieHus OT KoddduimenTa m30biTka Bo3ayxa. Kpusas 1
MOJTy4aeTCsl MPU YCIOBUU WTyin<w . ECIM @7nin™>T W COOTBETCTBYET HAWUITYUIINM
YCIIOBHUSIM BO30YXICHUS KOJICOAHWM, aMIUIUTyAa KOJeOaHWii MaKcUMaibHa B
cpenneil yactu uHTepBana (kpuBas 2). Korma (a3oBblii CABUT 7Ty, OOJIBIIE T, HO
OJIM30K K 3HAYEHHUIO, COOTBETCTBYIOIIEMY TpPaHHIIC BHUOPAIMOHHOTO TOPCHMS,
3aBUCUMOCTh UMEET MHUHUMYM B CpeIHEH YacTH M JIBa MaKCUMyMa JJId 3HAYCHHM
kod(pdunmenTa u30bITKAa BO3ayXa, HauOojee ONAroNpUATHBIX [JIs1 BO30YXKICHHS

KOJICOAHHH. Pa3pa60TaHHa51 MaTeMaTudCeCKasds MOZACIb W IMOJYYCHHLIC PC3YyJIbTAThI
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CBUACTENBCTBYIOT 00  3(QQPEKTUBHOCTH  «IHEPreTUYECKOTO»  MeToja U
NEPCIIEKTUBHOCTH  €r0  HCIOJb30BAaHUS I aHalIM3a JIPYTHX  yCTPOMCTB

BI/I6paHI/IOHHOFO ropCHU:.

Bonpocsr:

1. PGSYJ'II)TaTBI SKCIICPUMCHTAJIBHOI'O UCCIICAOBAHUS ITYJIbCAIMOHHOT'O T'OPCHUA B

TpyO€ ¢ MHOTOKaHaJIbHOU TOPENKOH, NX (PU3NYECKOE OObICHEHHE.
2. YpaBHEHHUE 4acTOT KoJeOaHuii rasa.

3. @opmyna A aMIUIMTY bl YCTAaHOBUBIIUXCS KOJICOaHMI JaBICHUS ra3a.
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Tema /7. Tpy0a co cTadMIM3aTopoM IVIAMEHH IPH TOPEHNH OJHOPOXHOM CMeCH.
Jlexuus 6
AHHOTANUsA: DHEPTETUUECKUM METOJOM HCCIEIYETCs MPOLECC BO30YXKACHUA
KOoJieOaHWil raza B KaMepax CropaHHsl TUIa pe3oHaTopa ['eapbMroipua U €MKOCTh-
TpyOa. OmnucheiBatoTCs (U3MYECKUE MEXAHU3Mbl MYJIbCAIMOHHOTO TOPEHHUS B
yKa3aHHBIX YCTaHOBKaX.
KiioueBble c€JIOBa: HMCTOYHUK DSHEPTUHU, TEMIlepaTypa, aBTOKoJieOaTenbHas
cUCTeMa BUOPallMOHHOE FOPEHHE.

MeTounqecmle PEKOMECHIANUMA 110 H3YICHUIO TEMbI
- Tema COACPIKUT JICKOINMOHHYIO 9aCTb, I'’IC HAIOTCA O6IHI/I€ MpCaACTaBJICHUSA O

IIPEIMETE;
- B kauecTBe caMOCTOSTENbHOM pabOThI HY’KHO MOATOTOBUTHCS K YCTHOMY OIIPOCY;
- JIns1 mpoBepKH yCBOEHUS TEMBI MMEIOTCS BOIPOCHI K KaXAO0W JIEKIUU.
- Bompock! 1 3agaun u1st caMOCTOSATENBHON pabOThI TOJKHBI OBITH O)OPMIIEHHI B
nucbMeHHOM Bujie. OlLieHKa JaHHOW paboThl IPOU3BOAUTHCS MOCIIE YCTHOTO
co0eceoBaHus CTY/IEHTA C MPENO01aBaTENIEM.
- [Ipu BBITIOJIHEHUHU CAMOCTOSTEIBLHON PaOOTHI CTYJEHT UMEET MPaBO 0OpAIATHCS K
MIPENOAABATEIO 32 KOHCYJIBTALMSIMHU B YCTAHOBJIIEHHOE BPEMSI.

Jlureparypa
ABTOKONIEOaHMs Ta3a B ycTaHOBKa ¢ ropenueM. B.M. Jlapuonos, P.I'. 3apumnos / U3x-
BO Ka3aH. roc. TexH. yH-ta, 2003. C. 112-121.

I'noccapui

ABTOKOJIe0aHUSI —  He3aTyxarolHMe KojiebaHus B  JAMCCHUIIATUBHOM
JTUHAMHYECKON CHUCTEME C HEJTMHEWHOW OOpaTHOM CBS3BIO, MOJJIEP)KUBAIOIIUECS 3a
CYET YHEPTUM ITIOCTOSHHOTO, TO €CTh HENMEPUOANYECKOIO BHEIIHETO BO3ACHCTBUS.

BuOpanuonHoe ropesue — BUJ HEYCTOMYMBOIO FOPEHMsI, XapaKTEPU3yEMbIi
aBTOKOJICOAHUSIMU Ta3a B KaMepe CropaHusl.

I'paHuy4HBIC YCJIOBUS — JONOJHEHUE K OCHOBHOMY YCJIOBHIO, 3a1aI0LIEE €T0

IMOBCACHHEC HA I'PaHUILIC paCCManHBaCMOﬁ o0nacTu.
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https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D1%81%D0%B8%D0%BF%D0%B0%D1%82%D0%B8%D0%B2%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%80%D0%B0%D1%82%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C_%28%D1%82%D0%B5%D1%85%D0%BD%D0%B8%D0%BA%D0%B0%29
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%BD%D0%B8%D1%86%D0%B0_%28%D1%82%D0%BE%D0%BF%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F%29

IHoToK 3BYKOBO# 3HEpPruM, aKyCTHYECKass MOIIHOCTb — BEJIMYMHA, PAaBHAs
OTHOIIEHUIO 3BYKOBO# 3Heprum dW, mepeHocMMO# ympyrod cpemor uepes
3aJlaHHYI0 TIOBEPXHOCTh, K HHTEpBaly BpeMeHU dt, 3a KOTOpBIA 3Ta IHEPrus
IIEPEHOCUTCS.

Bonpocel 1151 u3y4eHus :

1. Pe3ynbTarhl 3KCIIEPUMEHTAIBHOTO UCCIICIOBAHUS MYJILCALIHOHHOTO TOPEHUS
B pe3oHarope ['enpMmrosbia, ux gusndeckoe o0bsICHEHHE.

2. Pe3ynbTarhl 3KCNIEPUMEHTAIBHOTO HCCIEN0BAHUS MYJIbCALIMIOHHOTO TOPEHUS

B YCTAaHOBKE THUIIA EMKOCTh-TpYy0a, NX (pUu3nueckoe 0ObsICHEHHUE.

[IycTh Ha BXOJIe B KAMEPY CrOPaHMs PACHOJIOKEHO TOPEIIOYHOE YCTPOMCTBO, a
Ha BBIXOJI€ — TpyOa JJisi BRIBOJIA CTOPEBIIMX Ta30B. Eciau miauHa oTBEepCTHIl TPYOBI
HAaMHOTO MEHBIIIE JIJTMHBI BOJIHBI, & €€ JMaMeTp Majl M0 CPABHEHUIO C MOMEPEYHBIM
pa3MepoM KaMephbl CropaHus, Moiay4yaeTcs KonedarenpHas cCUCTeMa THUIA Pe30HaTopa
I'enbmronbia. Konebanusi coBepmiaeT ra3 B TpyOe («ropse» pe3oHaTopa), a
M3MEHEHHUS JIaBJICHUSI B KaMepe CropaHus (€EMKOCTH) 00e€CIeYrBaIOT HEOOXOAUMYIO
BOCCTAHABJIMBAIOIIYIO CHITY.

VYcraHoBKa, Ha KOTOPOM  NPOBOAWICA  3KCHEPUMEHT, COCTOsIIa M3
HUJIMHAPUYECKON KaMepsl cropanus (puc. 4.5) ¢ BHyTpenHuM nuamerpom 0,034 M u
mmnaon 0,06 m. Ilpu BBMHYMBAHWM TOPIIHS AJWHA, a CJIEIOBATEIbHO, U 00BEM

KaMephbl YMEHBIIAIUCH J0 TPeOyEeMbIX pa3MepoB.

Prc.1 SxcnepAMeHTATRHAS EAMEpA CTOPAHHEA
THIIA pe3cHATopa | emEMTOmbIa:

1 — xaMepa cTopasERd (00BeM Pe30HATOPA);

2 —ropno pesoHATOPE; 3, 4 — OTEEpPCTHR H Io-
nocTe GopcyEER; J — radparsa; 6 — cBeda 3a-
BHETAHAT, [ — AEYCTHIECKHH 30H7 Ha Dase MAE-

podiona; 8 — ocrmmnorpad; 9 —wacToTonmep
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Hcnonb3oBanace ropenka ¢ 25 BBIXOJAHBIMUA OTBEPCTUSIMU JuaMeTpoM 2 MMm. ['opiio
pE30HATOpa MMEJO IOCTOSHHBIE pa3Mmepbl: BHyTpeHHMU auametrp 0,015 M, mumny
0,05 M, eMKOCTb TOpPEJIKH 107 M3.

Metonuka n3MepeHuil cienyromas. 3agaBajliuch Fr€OMETPUYECKHE apaMeTpPhl
yCcTaHOBKH. [Ipy mOCTOSIHHOM pacxojie cMecH, U3MEHSISI COOTHOILIEHNE KOMIIOHEHTOB
(Hampumep, B CTOPOHY VYBEJIMYEHUS JIOJM TOIUIMBA), ONPEIEISUIMCH PaCXOJbl
IpOMaHa W BO3JyXa, COOTBETCTBYIOLIME TOSBICHUIO M 3aTyXaHUIO KOJEOaHMIA.
[TapamiensHO BHYTPUM OTOrO MHTEpBala M3MEpsUlach dacToTa KoJeOaHM.
DOKCHEepUMEHT MPOBOJUIICS MPU U3MEHEHUH KOHLEHTPAMU TOIUIMBA B 00€ CTOPOHBI.
[lo HaliieHHBIM pacxojJaM KOMIIOHEHTOB pPACCUMTHIBAIUCH COOTBETCTBYIOIIME

SHA4YCHUA CKOPOCTH MHCTCUCHHA CMCCH M3 TOPCIKH H KOI)(i)(i)I/IIII/IeHTa M30BITKA

0 =0.04Gy, /Gy,

BO31yXa o (hopmyie . DKCHEpUMEHTAJIbHBIE JTAHHbIE MOKAa3aJIH

(puc. 2), 4TO C yMEHBIIEHUEM O0BbEMa PE30HATOpPa M MPHU YBEIMYCHHH CKOPOCTU

HCTCUYCHHUA CMCCHU U3 I'OPCIIKKU YaCTOTA aBTOKOJICOaHU I BO3pacCTacT.

Prc 2 3aBEECHMOCTH 9aCcTOTH ABTOROIEDAHEHR OT Eo- i
- " - | 3 -
sdbBEIEeETa B30T BO3TYXA OPH PAIHEHEL CEOPO- N e e
- - | )
CTAX HCTEUeHHd TOPHTe CMECH (d) H pavHTHER obBe- [ ,“\; |

MAX pesoEaTopa (B)

Hoz. a: I-17, ~=15Twe; 2-135m'c; 305 w'c opa [ il I ,;4 ] _._
5.0 e[St i:J “:::;‘2 |
7 =0.58-107 7, i i
_ ; o] ] N N )
Mos. 6 1-F =029-107*¢, 27 =04.1074, | T‘Rg
3-V =058-10""  npr U,  =1.4120kc K1 g U

Pa3zmepsl 3KCIIEpUMEHTAIbHONM YCTAaHOBKM TAKOBBI, YTO BXOJHAasi €MKOCTb B
HECKOJBKO pa3 MeHbIle o00beMa KaMephl CropaHusi, a KOJWUYECTBO Tasa,
COCPENOTOYEHHOE B OTBEPCTUSX TOPEJIKH, MHOIO MEHBIIE MAacChl rasa B IOpJIE
pe3oHaTopa. MOXHO OXHJaTh, YTO YACTOTa KoJeOaHWIl OyJeT 3aBUCETh TJIaBHBIM
o0pa3oM OT TmapaMeTpoB rasa M KaMepbl CrOpaHMs, T.€. TOW YacTU YCTPOWCTBA,
KOTOpasi sABJIs€TCs pe3oHaropoM ['enpMronena 1o onpexaeneHuro. llpu mambix
pacxoJax CMECH TeMIeparypa rasa 3aBUCHUT OT BPEMEHH €Tr0 NMpeObIBaHUS B KaMepe

CropaHus. YBenuuenue CKOPOCTH HCTCUCHHA CMECU U3 OTBCpCTI/Iﬁ TOpCJIKHU
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COKpamacT 3TO BpEMA, TCIUIOOTAada K CTCHKAM YMCHBIIACTCA M, KaK IIOKa3aJin
HU3MCPCHU:A, TCMIICPATypa Iada Ha BbIXOJC U3 IopJia IIOBLIIIACTCA. Cpez[Hee 3HAa4YCHUC

TEMIIepaTypbl ra3a M CKOPOCTH 3ByKa B KaMmepe CropaHus Bo3pacTaior. B

12

S
|

o
. V)
COOTBETCTBUH C (OpMyIIOif YBEIMYEHHE CKOPOCTH 3ByKa H

o= fz_{:ul;
COKpallleHHEe €MKOCTH pe3oHaTtopa ['enbMronbiia NIpUBOAUT K MOBBIIIEHUIO YaCTOTHI
K0JIe0aHMil, 0 KOTOPOM T'OBOPUJIOCH BHIIIIE.

OO6uuM Ha rpadukax SIBASETCS TO, YTO KoJieOaHUsI BO3ZHUKAIOT JIUOO B OJHOM
MHTEpBaJie 3HaUeHUil Kor(¢uuueHTa U30BITKA BO3AyXa, BKIIOYAIOUIEM EAMHUILY,
1100 B ABYX — CJIeBa U CIIpaBa OT eAUHULIBI. [lepexo oT IByX HHTEPBAJIOB K OJJHOMY
MPOUCXOJUT MPUMEPHO B OJHOM JAHANa30HE YacTOT. JTO YKa3bIBa€T Ha TO, YTO
CKOPOCTb UCTEUEHUSI CMECH U OOBEM PE30HATOPA BIUAIOT HA IPAaHULBI BO30YXKICHUS
KOJeOaHUl  MOCPENCTBOM  BO3ACHCTBUUA  3THUX  MapaMeTpoOB HAa  YacTOTYy
aBTOKOJIEOAHM.

CpaBHEHHE  TIOJIY4EHHBIX JI@HHBIX C  pe3yJbTaTaMHU  MCCIEIO0BAHMUS
BUOPAIMOHHOTO TOpEeHMs] B TpyOe IMOKa3ano, YTO B OOOMX ClydasiX HaOIIOar0TCs
OJIMHAKOBbIE 3aKOHOMEPHOCTH M MOXKHO CUMTaTh, YTO MEXaHHU3M BO30YXKIEHUS
KOJIEOaHUI OTUH U TOT JKE.

[Ipn ropeHun ra3oo00pa3HON CMECH, MCTEKAIOLIEd W3 OTBEPCTUS, BpeMs

3alia3bIBaHUA KoJIeOaHMI CKOpPOCTH TCINIOBBIACICHHUA OTHOCUTCIIBHO KoJIeOaHuI

CKOPOCTH HCTeUEeHHs PAacCUNTHIBAETCA 10 popMyne Tu =T = constry /Uy ., Kamepa
CrOpaHus MMeJIa BO3AYIIHOE OXJIaKIEHHE, II0ATOMY IMOCTOsTHHAs paBHa 0,5.

BbIIH B34TBI DKCIIEPUMEHTANILHBIE 3HAUEeHUS K0d()(dUIMeHTa H30bITKAa BO3IyXa
U YaCTOTHI, COOTBETCTBYIOIIHE T'PAHUI[AM HHTEPBAIIOB BO30YXKIECHUS KOJCOAHMIA.
Hcnonb3yst U3BeCTHYIO 3aBUCHMMOCTh U, (o) IUIs mporaHa, 3Has paguyc OTBEPCTUS
(GOpPCYHKHM, 1O yKa3aHHOH (OpPMyJIe MOKHO BBIYMCIMTHL T'PAHUYHBLIE 3HAUCHMS

BPCMCHH 3aIla3JibIBaHUsI U COOTBCTCTBYIOIIHC (1)330BBI€ CABHUTH WT,. OK&B&J’IOCB, qTo

< <. 2
T = '[)T” = 4T

KoJIeOaHMs Ha6HIOI[aIOTC$I, CCJIN BBIIIOJHACTCA YCIIOBUC , TAKOEC K€, KaK

U TIpU BUOPAIlMOHHOM TOPEHHH B TpYOe.
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Tenepsr MOXHO OOBSICHUTH BJIMSHUE YaCTOTHI HAa TPAHUIIBI aBTOKOJICOAHUHU.
[Ipn wm30BITKE W HEAOCTATKE TOIUIMBA HOPMAJIbHAs CKOPOCTh PAaCIpPOCTPAHCHHUS
iaMeHu Mana, a (a3oBbiii  caBur Oosbmie 2m . C  npuOMMDKEHHEM K
CTEXHOMETPUICCKOMY COOTHOIIICHHIO KOMIIOHCHTOB (Da30BbIi CIOBUT CTAHOBUTCS
MEHbIIIE 27 , BOSHUKAIOT KOJIeOaHUs U MPEKPATATCS MOCIe TOro, Kak (a30BbIid CABUT
CTaHET MEHbIIIE HEKOTOPOTO KPUTUYECKOTO 3HAYCHUSI, OJIM3KOT0 K 7 (KpuBbIE 2, 3 Ha
puc. 2, a; kpuBas 3 Ha puc. 2, 6). MuHUMaIBLHOE BpeMsl 3ama3IbIBAHUS TPUXOIUTCS
Ha 3HA4YeHHE 0 , ONM3KOE K EIUHUIEC, U TPU HEU3MEHHOM paJuyce OTBEPCTHUS
TOPENIKM OCTaeTCs TMOCTOSHHBIM. Torga ¢ yBEJIMYEHHMEM 4YacTOThl KoJjaeOaHui
MUHUMAJbHBIA (DA30BbIA CIABUT BO3pacTa€T M MOXKET CTaTh OOJIbIlIE HUXKHETO
IPaHUYHOTO 3HayYeHUs. B 3ToM ciyyae uWHTEpBaibl BO30YXKICHUS KOJIeOaHMI
CJIIMBAIOTCA B OJIMH 001U (KpuBasi 1 Ha puc. 2, a; KpuBble 1, 2 Ha puc. 2, 0).

VYHpoliieHHbIN aHaIN3 TPaHUI] CaMOBO30Y>K/IeHUs KoJieOaHUM ObLIT BBHIIOTHEH B

pa60Te. HCHOHBBOB&HOCB BI)Ipa)KCHI/Ie, KOTOpOG HOJIytlaCTCH n3 HepBOFO ypaBHeHI/IH
ly-ly 14+ B X, ) X oXi2 —B Y. Y k=0
g Yy gXp o+ (1+ByX,, ) X o¥yo —Bo¥, ¥y =0:

11 -1 -1
g0 Ho+(1+BoXy) oo -y =0. _
CHCTEMBI , B KOTOpoM Xg0=0 , T.c.

HE YUYUTBIBAIOTCS IOTEPH aKyCTHYECKOW 3HEPruM B MHOTOKAaHAJIBHOM ropeiske. C
yuetoM (opmyn mig umnenanca Z,o , yHkuuu H , g 1 nepenatoyHor (PpyHKIMU

— -2{1 —COs u:cﬁ:}

; =—————expl-inT),
(o)

IIJIaMCHHA ! YpaBHCHHC, OIMMCBhIBAIOIMICC TI'paHUIBI
CaMOBO30YK/IeHUs KOJIeOaHUI, MOYKHO MPEICTABUTH B BUJIC:

R 2w, H je, ? +(R/2¢, P H? +

+2(B-1)(Vy/¥) H (1—cos Ht') (HT' ) sin Ht' =0,

(6.1)
U =ne [(2U,1).
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B Ta6n. 4.1 mpuBeneHbl 3HAYEHHS YACTOTHl aBTOKOJICOAHUH, BRIYMCIICHHBIC TIO

12

{5
mzcld3* |
I V)
bopmyie npu C, = 470 M/c, ckopoctn uctedenus: cmecu Uy o= 1,4
Mm/cC.
Taomuna 1
JacToTel KoTedaHIT
v -lle o 1.82 2,73 3.82 5.46
| ZE'KCHETH}IE'I{'I |
025 827 751 618
I
f . TeopHa
1043 | 850 720 | 602

B tabn. 2 npuBeeHbl HIKHUE T;' M BEPXHUE T, TPAHUYHBIC 3HAYCHHSI BPEMEHU
3ama3fpIBaHUSl TOPCHHS, COOTBETCTBYIONIME YCPEIHEHHBIM TIO KOd(DPHUITUEHTY
M30BITKA BO3QyXa OKCICPHMCHTATBHBIM dYactoTaM mpu V=546 10° M wu
BBIYHCJICHHBIC U3 ypaBHeHUs (6.1). Pe3ybpTaTel pacyeTa KaueCTBEHHO COTJIACYIOTCS C

OKCIICPUMCHTAJIbHBIMHA JaAHHBIMH.

Tabmauma 2
I'paHENOeI BENOPANOOHHOTO TOPEHIIA
U, . wlc I r:3.'3:1:mep}[:-en:'Hrr .r TeopHa :
' T T, T T,
1.2 0,40 11.8 13,9 112 13.0
1.35 0,42 11.5 14.5 10,7 125
1.57 0,44 — 13.6 10.5 12.0

Pa3paboTanHblii B TpeThed rJaBe KOMOMHHMpPOBAaHHBIA METOHA  JaeT
BO3MOKHOCTh HE TOJIBKO MPOBECTH 00Jiee TOUHBIE PacyeThl T'PaHULl BUOPALIMOHHOTO
rOpeHHs, YacTOT KojJeOaHWW, HO U BBIYUCIUTH AaAMIUIUTYAbl YCTAaHOBHUBIIUXCS

KoJebaHuil raza. YacToTbl COOCTBEHHBIX KOJEOAHUI ONPEAENSIOTCS U3 YpaBHEHUS

-1
+Ptgep, + F =0,
20 . Ans KOpOTKOM Kamepbl CropaHHsi MOXHO TpeHeOpeub

rpajneHToM ckopoctu 3ByKa. [lomaras b=0, f=1 , ¢ yuetom Toro, 4to

902=—tg(wl*lcz):—a)l*/ C,, TIOJTy4aeM wl lc, =F
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oV g |c Sp = Yo.0
F= ——D‘ . = Tpg=——
[Ipumersist  (popMyITBI L €S Too JC20 S Poco
[ Po | (ol; ¢S
Yoo = —Imi p? ‘= Puf‘r;:‘ 00
\ g ) . €0 ®Fp ypaBHeHHME 4YaCTOT KONIEcOaHMII 3amMIIEM B
BUJIE:
i _LIIIE
VoV
M = Wy 1+%
1-(wf@q o f

(6.2)
B sTroM BBIpakeHUUM @y—COOCTBEHHass dYacToTa pe3oHaropa [ enbMmrosbla,

COCTOAIICTO M3 KaMCphbI CropaHuvd H I'OpJia, KOTOpasA OIIPCACIIACTCA II0 (bOpMy.]'IC

s x__|1,.-’ 2

0= Cz 0l =
YR,

, (o0 -COOCTBEHHAss 4acTOTa MHOTOKAaHAIbHOW TOPEIKU, KOTOpas

TaKKe SABJSACTCS PEe30HATOPOM I eIbMIoJIbIa:
i /7
0.0 = a1[So /(57 )]
ITpu c,/c1=2,5, Vo/V = 0,5, 1,/1=0,02, Sq = S, 4TO COOTBETCTBYET IKCIIEPUMEHTAILHOM

kamepe cropanusa, ® ®0,0 — BenmumHa mopsaka 0,25. IlpeneOperasi kBaapaTom

OTHOIIICHHS YacTOT B BhIpakeHuH (6.2), moaydum Gopmyiy:
o~ o[l 7 /7T

Hanuuue MHOrOKaHaIBbHON TOPENKH IPUBOJUT K YMEHBIICHHUIO YaCTOTHI
KoJieOaHui, KOTopas ObLTa OBl IPU OTCYTCTBUH BXOAHOTO ycTpoiicTBa. [pu Vo/V <<1
gacToTa KoJjieOaHuil Oyner OmM3ka K @o . DTO TOATBEPXKAACT CACIAHHOE BBIIIC
MPEANOJIOKEHNEe O JTOMHUHHUPYIOIIEM BIMSHUM Ha 4YacTOoTy KojebaHuii oObema
KaMepbl CTOpaHus U IMapaMeTpoB TOpJIa.

C yuerom BiHMSHUS KOJI€OAHWN CKOPOCTU TEIUIOBBIJCICHUS YacTOTa

KoJicOaHuit OTIpEIEIISETCSI u3 ypaBHEHHSI
1 o o w oD 1
g9 Yh X0 +(1+ByX, ) Xy ¥y —Bo¥,Tpp =0

—1.—1 -1 -1
gg Yo+ (1+BoXy) Yo -1y =0. . Oynkuuu Yoo U Yy HaxomsTes
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( oo | [ @l. cnSn
1?).0=—1111: p? ‘=|3|:+f-‘0‘ a_-0290

i3 dopwys T A T
p cas
11 -1 1 1.0€0=0
g0 Zoo+(1+ByK, ) Zoo=BoK, 1Yy . Yp=—""T—

®V . W3 BeIpakeHUS A

uMmIeaica ropiaa Zpp C YY4ETOM KOHIIEBOM IOINpPaBKH, Y2,o=p2,ocol* . B

paccMaTtprBaeMoM ciydae 5o = (B-1)Upo/Qp. K,=nKr, Qg=n0p.

B[]..fﬂ =(B—1]f£. roe f}_’,

Torna — ICMCTBUTEJIbHAS YaCTh MEPEIATOYHON

—  2{l-cosoT
K; = (1—coso) exp(— ioT)

GyHKIMH IITaMEHU (f'f"’-')z . C y4eToM caenaHHbIX 3aMEUYaHui

Y [OJIYYEHHOTO B IJIaBe 3 PaBEHCTBA P1,0C; = PC , BTOPOE U3 YPAaBHEHUIA
—1 —]. - - - _2 _1
gy Y oXo0+(1+ByX,) Xg ¥y —Bo¥, Yoo =0
g0 a0+ (1+ BoX,) Yop - ¥ =0.
- u : IIPUHUMAET BUJI:

-1/2

Ecnu B 5TOM BBIpa)keHUH TOJIOKUTH Xu =0 , mosrydaercs opmya (6.2) ans 4acToT
coOCTBeHHBIX KoJieOaHuil. Tak kak JeMCTBUTENbHAS YacTh MEpPeAaTOYHON (YyHKIUU
IJJAMEHU 3aBUCUT OT YacTOThI, ypaBHeHHE (6.3) MOXXET OBITh PEIICHO TOJBKO
YHCIEHHBIMUA METOJIaMHU.

AMHJII/ITyI[a KOJIeOaHUI NaBJIEHUS B KaMepe CropaHHsl BBIYHCISETCA IO TOM XKeE
. p—aypp—ayg
GC“:I,.." + ﬂlll'_‘:ll.."

P, =

bopmyie ,9TO ¥ B TPyOE€ ¢ MHOTOKAHAJILHOW ropenkoid. beuio
MOKa3aHO, YTO TP TOPEHHH B TpyOe WM KaMmepe CropaHus, o0aJaromiei
CBOMCTBaMU aKyCTUYECKOM €MKOCTH, BBIpaXKEHUE
_ 2y
(B-1)$1Uy op% [ |Ky|

C

sin ®™T,, +|K ,[cos®™T .

20 ) A u P p .

=% 1 /@S aKyCTHYECKOH MOIIHOCTH
TEIUIOBOTO MCTOYHHMKA OJHO M TO k€. Torma B paccMaTpuBacMOM CJIydac
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. -1 2 .
CPABE/UTHBBl  COOTHOMICHHS 4 = (B—1)SgUs o(0pTp )~ pZ|K, [sin(or, )/2.
a.; =5So(B —1]‘151'1‘ (2p 001 Fp ) Isinoor,, .

a, y = So(B - 1)|fg| (2 1 0C1Fp ) by sin @1,

=— mf*.,.-'#c*z . b=0.p=1

Tak kaxk P27~ IpUYEM JI YCTPOMCTB THIIA pe3oHaATOpa
9

TCenbMroasua ¢, <<l, u3 nepBoii GopMyJIbl CIEAYET:
D, =(ps gosfsing,|)” = (P20 T

['a3 B ropie koseOneTcss Kak TBEpAOE TENO, T.€. aMIUIUTyAa KoJIeOaHUU CKOPOCTH
MOTOKA OJIMHAKOBA BO BCEX CEUEHUSX ropJia.

beitMi  BBIIOJIHEHBI ~ pacyeThl  NMPUMEHUTEIRHO K ONKCHIBAGMOM
DKCIIEpUMEHTaNbHOM  ycraHoBke (puc. 1, 2). Kamepa cropanus Oblia
HEOXJIaKIAeMOU, CKOPOCTh UCTEUEHHS] CMECH U3 TOPETKU ObLiIa HEBEJIHKA, IOATOMY C

y4eToM BhIpakeHus (4.8) BpeMs 3ama3iplBaHusI TOPEHUS BBIUUCISIIOCH 10 (hopMyIie:

v o Y2
= D'j{"b .-"'(Dn }[1 - [L' n/ LEJ.'D)_ ] F
B  ypaBuenme (6.3) BXOOUT  CKOpOCTH 3ByKa B  TOpsdeM  rase

ey =T o /T )”2 - B"%¢
27 12,0/ 710 L Cpemuss TemmepaTypa Tog 3aBUCHT OT TEMIEPaTyphl

ropeausi C T u BpeMeHU MpeObIBaHUS raza B Kamepe cropanus. [[is yctpoiicTsa ¢
MHOTOKQHAJIbHOW TOPEJIKOM MPOIECC CropaHusi 3aBepIaeTcs Ha HEOOJIbIIOM
PACCTOSIHUM OT BXOJla B EMKOCTb. 3a CUET TEIJIOOTIayu K CTEHKAM Ta3 OXJIaXJaeTcs,
MO3TOMY CpEeIHsASs TeMIlepaTypa B Kamepe cropanHus l,o = (7T, . H3mepenus

TeMIIepaTypsl rasa Ha BXOAE B ropiao misi emxoct V=58-10" m°

, CKOpoCTeHr
ucteueHus cmecu 1,0 =b U — 1,6 m/c mokazanu, uro { = 0,27 + 0,1Upp.

Ha puc. 3, 4 mpencraBieHbl SKCIEPUMEHTAIBHBIE TOYKH W TEOPETHUECCKUE
3aBUCUMOCTH YacTOThl W aMIUIMTYIbl KoJieOaHUW naBieHuss oT KoddduimeHTta
136bITKa Bo3ayxa. [Ipu V=7,2-10° M® ko1eGaHMs MPOMCXOMIT B ABYX HHTEPBAIAX

(kpuBble 3). DTO CBSI3aHO C TEM, 4YTO [JIi 3HAYEHUU o, ONM3KUX K EIUHHUIIC,

HOpMaJIbHAaA CKOPOCTH PACIIPOCTPAHCHHS IIJIAMCHU UMCCT MAaKCUMAJIbHYIO BCIIMYNHY,
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a4 BpEMs 3alla3aAbIBaHNA TOPCHUA — MUHUMAJIbBHYTO. HpI/I JOCTATOYHO HHU3KOM 4acTOTE

W Tmin < T ¥ BUOPAITMOHHOE TOPECHHUE HE HAOIIOAaeTC .

fTo 1
P n_ N
250 a ~." g
.--"J-- \
e " m 2 ol

700

630

600

A | i 1 i 1 L L L | i | i

| |
0.6 0.7 0.3 0.9 1.0 1.1 12 1.3 14 o

)

350 1 1
33

Puc. 3 . 33aBHCHMOCTH 9acTOTH ABTOKOTe0AHHA 0T KodddHIHeHTa H30EITEA BO3 VXA
I-¥=4210722-¥=50-10"u:3-¥V=72-10"

BHyTpy KaXXIOro HMHTEpBajla aMIUIUTyAa KOJeOaHUl HMMEEeT MaKCUMyM B
cpeaHeil 4YacTtu. OTO OOBICHSAETCS TEM, YTO TIOTOK aKyCTHMYECKOH JHEpIHH,
reHEpUPYEMO TPOLIECCOM TOPEHHsI, MPSIMO TPOMOPLHUOHANEH SiN®, U TPUHUMAET
MaKCHMaJbHOE 3HAUYE€HUE B CPEJHEH 4YacTh MHTEpBajia BO30YXKIEHHSA. YMEHBIICHHE
€MKOCTH PE30HaTOpa MPUBOAUT K MOBBIIICHUIO YACTOTHI, U KaK TOJIBKO (MTMIN CTAHET
0oJIbIlIe 7T , UHTEPBAJILI BUOPAIIMOHHOTO TOPEHUS CIIUMBAIOTCA B OJIUH (KpuBbIe 1, 2).
OnHako 3aBUCUMOCTh aMILUTUTY/bl KOJICOAHUN CHayajla UMEEeT MUHUMYM B CpeAHEn
yacTH (puc. 4, kpuBas 2). [Ipu nanpHelemM yBeJInueHU: YaCTOThl (T, CTPEMUTCS K

7/2 , ¥ 3aBUCUMOCTH BhIpaBHHBaeTCs (pHc. 4, KpuBast 1).
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0.6 0.8 1.0 1.2 1.4

B 3akimoueHne HEOOXOJUMO OTMETHTb, YTO pE3ylbTaTbl pacyera U
DKCIIEPUMEHTA KOJIMYECTBEHHO COTJAcyroTcs. IIpu BBIYMCIEHMHM aMIUIMTYZbI

KOJICOaHUH JaBJICHUA OBLIO IIPUHATO, YTO KOB(b(bI/I]_II/IeHT HEJIMHEHHOCTHU Imponccca

ropenus by" =0,5¢/m.

Bomnpocsr:

1. PCBy.HBT&TBI OKCIICPUMCHTAJIbHOI'O UCCJICAOBAHUA ITYJILCAITMOHHOI'O TOPCHUA

B pe3oHatope ['enbmrosnbiia, ux Gpu3ndeckoe 0ObsICHEHUE.

2. PCBy.HBT&TBI OKCIICPUMCHTAJIbHOI'O UCCJICAOBAHMA ITYJILCAIMOHHOI'O T'OPCHUSA

B YCTaHOBKE THIIA EMKOCTh-TPYy0a, NX (pu3nveckoe 0ObsICHEHHUE.
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Tema 8. IlyabcanmoHHOe ropeHre TBEPAOIo TOMJIMBA B TPYOe H YCTAHOBKE THIIA
eMKOCTh-TpYy0a.
Jlexkuus 6
AHHOTAIUsE DHEPreTHYECKUM METOJIOM HCCIENYETCs MPOLECC BO30YXKACHUS
Kosie0aHuil Tra3a B KaMepax CropaHusl TUIa pe3oHaTopa ['enpmrosibiia U €MKOCTb-
TpyOa. OmnucheiBaroTCs (U3MYECKUE MEXAHW3Mbl MYJIbCAIMOHHOTO TOPEHHUS B
YKa3aHHBIX YCTAHOBKAX.
KiroueBble cJIOBAa: MCTOYHHMK DHEPIUHU, TEMIlepaTypa, aBTOKoJeOaTesbHas
cUcTeMa BUOPAIIMOHHOE TOPEHUE.

MeToauueckue PEKOMECHIANUMA 110 H3YICHUIO TEMbI
- Tema COACPIKUT JICKHMOHHYIO 9aCTb, I'IC AAKOTCA O6H_II/Ie MpCACTAaBJICHUA O

MIpEIMETE;
- B xauecTBe caMOCTOSATENbHON PadOThI HYKHO TTOJATOTOBUTHCS K YCTHOMY OIIPOCY;
- JIns1 mpoBepKH YCBOEHUS TEMBI UMEIOTCSA BOMPOCHI K KaXA0M JIEKIUU.
- Boripocsl 1 3a1aum 711 caMOCTOSITENNbHON PabOThI IOJKHBI OBITH O(POPMIICHBI B
nuchbMeHHOM BHjie. O1ieHKa TaHHOW pabOThl MPOU3BOAUTHCS MOCIE YCTHOTO
co0eceI0BaHus CTY/ICHTA C MPEIO0/1aBaTeIeM.
- [Ipu BBIMOJTHEHUH CaMOCTOSITEILHOM pabOTHI CTYICHT UMEET MPaBoO 00paIaThCs K
MPETNOIABATEIIIO 3a KOHCYJbTAMSIMU B YCTAaHOBIICHHOE BPEMSI.

Jlureparypa

ABTOKOJI€0aHUs ra3a B ycTaHOBKa ¢ ropeHueM. B.M. Jlapuonos, P.I". 3apumnos
/ N3n-Bo Kka3aH. roc. TexH. yH-ta, 2003. C. 121-129.

I'noccapui

ABTOKOJIe0aHU —  He3aTyxalolue KojiebaHus B  JUCCUNATUBHOU
JTUHAMHYECKON CHUCTEME C HEJIWHECWHOW OOpATHOM CBSA3BIO, MOJJICPKHBAIOIIHAECS 3a
CYET SHEPTUM MOCTOSIHHOTO, TO €CTh HEMEPUOIUUECKOT0 BHEIITHETO BO3/ICHCTBUSI.

BuOpanuonHoe ropeHue — BUJ] HEYCTOMYMBOIO FOPEHMsI, XapaKTePU3yEeMblil
aBTOKOJICOAHUSIMH Ta3a B KaMepe CropaHusl.

I'panuyHbIe yCJIOBHSI — JONOJHEHUE K OCHOBHOMY YCJIOBHIO, 33/IAIOLIEE €TO

MOBEJICHHE Ha TPAHUIIE PACCMATPUBAEMON 00IaCTH.
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https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%BD%D0%B8%D1%86%D0%B0_%28%D1%82%D0%BE%D0%BF%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F%29

IloToK 3BYKOBO# 3HEPruM, aKyCTHYECKass MOIIHOCTb — BEJIMYMHA, paBHAs
OTHOIIEHUIO 3BYKOBO# 3Heprum dW, mepeHocMMO# ympyrod cpemor uepes
3aJJaHHYI0 TIOBEPXHOCTh, K HHTEpBaly BpeMeHU dt, 3a KOTOpBId 3Ta 3Heprusi
MIEPEHOCHUTCS.

Bonpocel 1151 u3y4eHus :

1. Pe3ynbTarsl 3KCIEPUMEHTAIBHOTO UCCIIEA0BaHUS ITyJIbCALIMOHHOIO TOPEHHUS
B pe3oHarope ['enpMrosbiia, ux gundeckoe 00bsICHEHHE.

2. Pe3ynbTarsl 9KCIEPUMEHTAIIBHOIO HCCIIEAOBAHUS TyJIbCALMIOHHOIO TOPEHHUS
B YCTAaHOBKE THUIIA EMKOCTh-TpYy0a, NX (pUu3nueckoe 0ObsICHEHHUE.

3. YpaBHEHHE 4acTOT KOJeOaHMil ra3a B paCCMOTPEHHBIX CUCTEMAX.

4, CDOpMy.]'Ia ML aMINIATY bl YCTAHOBHUBIINXCA KOJICOaHM I JaBJICHU I'a3a.

B mpenpinymeM mnonpasnene  MCCIEAOBaJOCh BUOPALIMOHHOE TOPEHHE B
YCTPOMCTBE THIIA €MKOCTh — TpyOa MpU YCIOBUHU, KOTJAA JUIMHA TPyObl HAMHOIO
MEHbIIIE JAJUHBI BOJIHBL. B 3TOM ciyyae koneGaHus ra3za NpoUCXOST Tak e, Kak U B
pe3onarope ['enbMronsia. ['a3 B ropiie pe3oHaTopa MOKHO CUUTATh HECKUMAEMBbIM,
Y OH COBEpIIAET KoJieOaHus KaK TBEpJ0€ Telo. B JUIMHHBIX TpyOax pacrnpocTpaHeHHe
BO3MYILUCHUM I[apamMeTpoB Cpeabl HOCUT BOJIHOBOM Xxapakrtep. la3 wumeer
BO3MOKHOCTh C)KHMAaTbCsl HE TOJBKO B €MKOCTH, HO W B camoil TpyOe. Hamuume
aKyCTHMUYECKON €MKOCTH YK€ He SIBJISIeTCSl 00s3aTeJIbHBbIM YCIOBUEM, MPU KOTOPOM
BO3MOKEH KoJiebaTenbHbId mponecc. Hampumep, ecinm €MKOCTh JOCTaTOYHO
OoJblas, ra3 Kojeoyuercs Tak ke, Kak B TpyOe, OTKphITON Ha KoHIax. OgHaKo Takue
Kosie0aHusi He BO30YX1al0TCs, TaK KaK UCTOYHHUK SHEPTUHU PACIIOIOKEH B €eMKOCTH U
MpaKTUYECKH HE pearupyeT Ha BOJHBI, paclpocTpaHsdwolivecs B Tpyoe.
ABTOKOJIE0aHUSI MOTYT BO3HUKHYTh TOJBKO B TOM Ccllyyae, Korja ras B TpyoOe
Kose0JeTcs Kak eAMHOe Lieloe, T.€. TaK JKe, Kak U B pe3oHarope ['enbmronbua. Ecian
COKpalllaTh pa3Mepbl EMKOCTH, TO B KOHII€ KOHIIOB OHA CTaHET MPUJATKOM TPYObI U
MOJIy4YaeTcsl LWIMHIPUYECKas Kamepa CropaHvs C MHOTOKAaHAJIBHOW TOPENKOM Ha

Bx0jie (00a ciyuas y»e ObUIH pacCMOTPEHBI).
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[Tycte pa3Mepsl Kamephl CTOpaHUS TaKOBBI, YTO €€ CBOICTBA aHAJIOTHYHBI
aKyCTHUYECKON €MKOCTH, U OHA aKTMBHO BIIMAET Ha KoJieOaHUs raza B TpyOe uepes
rpaHUYHOE yClIOoBHE Ha ee Bxoje. IlockonbKy orpaHmdyeHuid Ha JJIMHY TpyObl HE
Jenaercs, MAanbHEHIIMWKA aHainu3 OyJaeT NPOBOAMTHCA C YYETOM TIPaaUCHTOB
TEMIIEPATYphl Ta3a U CKOPOCTH 3BYKa. 3ajadya O COOCTBEHHBIX KOJEOAaHMAX Ta3a B

YCTPOMCTBAX TUIA €MKOCTh — TpyOa ObLIa perieHa B TJlaBe 2, MOJy4YeHO ypaBHEHHE

b -
— +ptgep, + F b=0
4acToT Kojebanui 2o . ®ynkuus F , BXogsas B 3T0 ypaBHEHHUE,

JUIL KaMmMep CropaHus ¢ MHOTOKAHAJIBHOM TOPENIKOW Ha BXOJAE ONPEaesaeTcs

f Y Cor Ty
oV &g |c So = Yo.0 Po
F= ==, so="2, To=—r Too=- —.|=Pofn
g g )

coS Yoo lc c
BBIpaKCHUAMU 0 0.0 /%20 Po 0

i

a

"l Sy

LG 0F,

. Tak e, Kak B yCTpOWCTBax THUIIA pe30HATOpa ['enpMronbua, TepMOIUHAMUYECKUE
napaMeTpsl ra3a B eMKOCTH yCpeIHsoTCs. Pacnpenenenne cCKOpocTH 3BykKa B Tpyoe
uMeeT BUJ Cy(X)=Cpo—bx (Cpo — CpElHSS CKOPOCTh 3ByKa B €MKOCTH, Cpo=a) U C

¢ =0;

7

bi
1——
a A

E} i

2(:!]'3,1

alt
=P
2=

i
— arctg|
\

y4eToM Beipakenus (2.14)

B rmaBe 3  ObUIO  MOJMY4YEHO  XapaKTEPUCTHUYECKOE  ypaBHEHUE

¥
7 - o CoS|
EDIZE.ID +(1+ BQKHJZQ}} - EDKP S Yy = P10 >0

®V  3amaun onpejeNeHHs TPaHUIL
BHOPAIMOHHOTO TOPEHHS B YCTPOMCTBAX PAacCMaTpMBAEMOro THma. s yCTaHOBOK C
MHOTOKaHaJIbHOI ropenkoil Ha Bxoae Ky=0, 1 MHMMasi 4acTh XapaKTepHCTHICCKOTrO
80 150X 20 +(1+BoX,) X 0% —Bo(FYp0+X ) =0
ypaBHEHUSI 80 ¥20 + 1+ BoX,)E50 ~ ¥ + Bo¥,, =0. MPUHUMAET BHI:
8o Tag +(1+ BoX, oo — %7 =0
(6.4)

Oyukunu Yo, Yy onpeaensoTcs no popmynam
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ro
Po
Too = —]1”‘! — |: Poco
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ol ¢S,

L oF,

¥
wl EnCn
F= _ EBplp

; *
('IDS mj?ﬂf:_g
C y4eToM BBIP@KEHMH I aKyCTUYECKMX BO3MYIIEHUH U0, P20,

Su5 Solp IOV

HMCIIOJIb30BAHHEIX IIPH BBIBOJIE ypaBHeHus P 20 Po Poc , UMIieanc Y, o paBeH:

Y2|0= |m(p210'/U ,2,0:_pV ,0C2,0[b/(20))+Btg(|)2] .

[Tocie MOACTaHOBKHM IMEpeYUCIeHHBIX (YHKIUN B BhipakeHue (6.4) u psma
npeoOpa3oBaHUii, aHAJOTUYHBIX TEM, KOTOpbIe OBLIM CHEJIaHbl TMPU BHIBOJC
ypaBHeHusi (6.3), moJydaeMm ypaBHEHHE [UJIsi pacyeTa YacTOT KoJieOaHUM,
YUUTHIBAIOIIECE BIUSHUE BO3MYILIEHUN CKOPOCTH TEIUIOBBIICICHUS:

b(20) " +Btgo, + F1 =0,

F=F—(B-1)gc(crofo0) " X,

(6.5)

b _
— + ptgp, + F l-o
B ommmunme ot ypaBHEHUsA 2o ¢ynkuus F; Briarowaer

JNOTIOJIHUTENBHBIM  YJIEH, COJAEpKAIUK JIEWCTBUTEIBHYIO 4YacTh IEPENaTOYHON
(GyHKIMH TJTAMEHHU.

AMIUMTY1a KOJieOaHU JaBIEHUsI B KaMepe CropaHus (EMKOCTH) BBIUMCISETCS
o ¢popmyiie

Qe —app—ayr
Pe=

a. y+ay y

['openoyHoe yCTpPOWCTBO — TIpEKHEE, MOITOMY KOADPHUIMEHTHI 8c, acn
onpenenstorcs no popmynam
= 1
e r =50[.B_1}|KI| (2p1001Fp) Isinor,
- fa }—1 '
a, y = SU{B—I]|KL|[2p1_Gc1FD by sin @T
Koaddunuents! a,;, a;,, al,N Beraucisirores u3 Boipaxkenuii (3.4), (3.7), (3.16)
coorBeTcTBeHHO. DyHkiuu D,, D, omnpenenstorcs cootHomenusmu (3.10), a

koa(urmeHT b — mo Gopmyie
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2/

app =5X;;Df (2. X1 =pyoledf4) /¢

3z _
a; y=SDjby {2, by =p;o/2.

bbulo  mpoBeAEHO HAKCHEPUMEHTANIbHOE HCCIEAOBAHWE BUOPALIMOHHOIO
rOpEHUs1 B YCTAaHOBKE, ONMCAHHOM B MpenbLAylieM pasnerne. Pa3mepbl BXOAHOrO
yCTpPOMCTBA, BHYTPEHHUE JUAMETPhl EMKOCTH U TpyObl Obuin Te ke. O0BEM KaMmephl
cropanust OsU1 moctosiHHEBIM: V=2-10" M°. Tpy6a cocrosuia w3 cexuuii mmHoi 0,05
M, a I HENpepbhlBHOIO H3MEHEHHUs €€ JUIMHBI MCIOJb30Balach TOHKOCTEHHas
BctaBka januHOM 0,06 M, MIoTHO mpuieraromas K cTeHkaMm TpyObl. Mertonuka
U3MEPEHUd M OOpabdOTKU IMOJYYEHHBIX JAaHHBIX OblJa TOW e, 4TO U B JBYX
MPEABIAYIINX CIIydasX.

Ha puc. 5 npexacrtaBieHbl WHTEpBajibl 3HAYEHUU Kod(PduieHTa H30bITKA
BO3/lyXa, MPHU KOTOPBIX MNPOUCXOIUT CaMOBO30yxkaeHHe KojieOanuil. Eciu Ttpybda
KOPOTKasi, BUOpallMOHHOE TOpeHue HaOJI0JaeTcsi B OJHOM HHTepBasie (KpuBas 1).
[Tpu I= 0,15 M nmpoucxoauT pas3zeiacHre HHTEpBaia Bo30YKICHHS KoJeOaHuil Ha JIBE

qaCTHu "

I.I'n q

850

07 "il : I 2 r ' " ; ']') * ’ ;
0,8 1,0 1 2 I q

Prc. 5 3aBHCHMOCTH 9acTOTEI aBTOKOIeOAHHH 0T Ko3(@HIHeHTa H30HTKA BO3AyXa
1 — pmema TovORr IF0.075 M 2 - 015 3 - 10425 M

MOHMW)XEeHUE 4YacToThl (KpuBble 2). IlapameTpbl yCTaHOBKM M 4acTOThl KOJeOaHUM
TaKOBBI, YTO wl/C, 0<<1, KaK B yCTpo#cTBe THIa pe3oHaTopa ['enbmrosbia. Toraa u3
bopmyibl (6.3) MOHATHO, MOYEMYy HAOIIOMACTCS TMOHMKEHHUE YaCTOThI KOJCOaHUA.
AHaM3 yCJIOBUH C€aMOBO30YXXJIEHHS KoJieOaHWM, NPOBEACHHBIM B JIGKIIUU 3,
OOBSICHSET TMPUYMHY pa3[eiCHUs HWHTEPBAJIOB BO30YXKIEHUS BUOPALMOHHOTO

TOpPEHUs MPU YMEHBIIIEHUH YaCTOThI KOJICOAHUM.
7



Ecniu 6l mpu ymivHeHuu TpyObl XapakTep KoyiebaHHMil raza ocTaBajcs
NpEeKHUM, Kak B pe3oHaTope [enbpMronblia, YMEHBIICHHE YacTOT KoJeOaHMit
npuBeiIo Obl K CMEIIEHUIO M HCYE3HOBEHUIO MHTEPBAIOB BO30YyxIeHusa. [pyrux
4acTOT B pe30HATOpax Takoro tuma Her. OJHaKo, Korja JJiMHa TPyObl paBHsIACH
0,425 M, HaOMIOAAIOCH BUOPAILIMOHHOE TOPEHUE MPAKTUYECKU C TOW K€ YacTOTOM,
YTO M B TNEPBOM CJIy4ae, HO B HECKOJBKO CYXEHHOM HWHTEpBajie 3HAUCHUIl
koad¢umenTa n30bITKa Bo3ayxa (kpuBas 3). OOBSICHSIETCS 3TO TEM, YTO PE30HATOP,
COCTOAIIMN U3 €MKOCTU M TPyObl, UMEET OCCKOHEUHBIA PsiJ] YaCTOT COOCTBEHHBIX
koJiebanuii. Ecnu TpyOa KopoTKasi, MPOUCXOIUT BO30OYKJICHUE KOJIeOaHul ¢ mepBon
HAUMEHBIIIEH W3 YacTOT, a BTOpas HACTOJIBKO BBICOKA, YTO YCIOBUE BO30YXKICHHS
BUOpaIlMoHHOTOo TopeHus: (4.29) He BBIMOJTHSAETCSA, TaK KaK OyTmin>271 . [lpwu
MOCTOSTHHOM 00BbeMe €MKOCTH YUIMHEHHE TPyObl MPUBOAHWT K TMOHWKCHHUIO BCEX
yacToT Kosiebanuil. [loaToMy mr000e 3HAU€HHE 4YacTOThl MOXET MHOTOKpPATHO
noBTOpAThCA. B paccmMaTpuBaemMoM  ciayyae yacToTa  KojeOaHuM @1
cooTBeTcTByOmas aauHe Tpyosl 1=0,075M, moBTOpsieTcs B KadyecTBe BTOpPOM W3
gactoT mia TpyOel mmuHoM 0,425 M. CokpareHue HHTEpBajia BO30YKICHUS
KOJIeOaHWIl CBSA3aHO C TE€M, YTO B Oojiee JUIMHHBIX TpyOax MPUCTEHOYHbIE MOTEPH
aKyCTHYECKOM YHEPTUU BHIIIE B COOTBETCTBHUU C opmyroii (2.35), mpu yclioBUH, YTO
OCTaJIbHbIE BEJIMUMHBI TOCTOSHHHBI.

bbun momy4yeHbl 3aBUCHMMOCTH YaCTOTHI M aMIUTUTY/IbI KOJIeOaHWI aBJICHHS B
KaMmepe cropaHusi oT JAnuHbl TpyObl. lccnegoBaHue BHOPAIMOHHOTO TOPEHMS
MPOBOAMIIOCH TIPH MOCTOSIHHOM COCTaBE€ CMECH, COOTBETCTBYIOIIEM KOA((UIIUEHTY
n30bITKa Bo3ayxa 0=1. ABTOKOJIeOaHNUS BO3HUKAIOT, KOT/IA JUTMHA TPYOBI JOCTUTAET
0,05 m u nmpekpariatores npu | = 0,1m (puc. 4.10, kpusas 1). B unteppane 0,1 <I<
0,32 M BuOpanMoHHOE ropeHue He HaOmogaercs. Korma nmuHa TpyObl CTaHOBHUTCS
paBHoit 0,32 M, BHOBb MPOUCXOJIUT CaMOBO30YXKJICHHE KOJICOAHWUU, U PEKUM
BUOPALIMOHHOTO TOPEHUs! CYIIECTBYET 10 TEX IMOp, MOKa AJuHa TpyObl HE CTaHET
oonbmie 0,45 M (kpuBasg 2). O6e KpuBBIE COOTBETCTBYIOT OJHOMY U TOMY XK€
IAWana3oHy d4acToTel konebOanuwii. B wunHTepBase 0,05<I<0,1 ™M mnpuunHBI

caMOBO30Yy>KJieHUsl KojeOaHWil Takhe e, Kak B YCTPOMCTBE THUMa pPE30HATOpa
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I'ensmronbua. [Ipu ropeHum cMecH IMOCTOSHHOIO COCTaBa BpEMs 3amnas/blBaHUs
rOPEHUs HE U3MEHSETCA. 3a CUET YUIMHEHUS TPYOBI epBasi 4aCTOTa YMEHBIIAETCS, U
B COOTBETCTBUM C KPUTEPUEM BO30YKICHHS KOJIEOAHU

T < T, <27 (Ha30BBIA CABUT M1T, U3MEHSIETCS OT 27 JIO T.

flo

1 a

1100

1000

Prc. 6. JapHCHMOCTH 9aCTOTH ABTOKCIE0AHHH OT IiFEE TPVOH opa O =1:
1 — mepeasx wacToTa; 2 — BTOpAd YACTOTA; TOUEH — SECIEPHMEHT; THHHH — PACcTeT

JlanbHeiiliee yBenTudeHue JJIMHBI TPYOBbl MPUBOIUT K TOMY, YTO JIJISl IEPBOM U3
JaCTOT BBITIOJTHACTCS YCIOBHE M1T,<7 . J[711 BTOpOI 9acTOTHI MPU W3MEHECHUN JITTUHBI
Tpyosr ot 0,1 mo 0,32m ycnoBue umeer BuUn ,T,>2n . [loaTomMy KpuTepwmii
CaMOBO30YKJIeHHUsI KoJieOaHMil Tra3a g O0O0euX 4YacTOT HE BBIMOJHSIETCA, U
BHOPAITMOHHOE TOPEHUE OTCYTCTBYET.

Korna mmuna TpyOsl m3mensercs ot 0,32 mo 0,45 M BTOpas 4actoTra MMeeT
3HAYCHHUS, TSI KOTOPBIX YCIOBUE BO30YKIEHUS KOoJcOaHwi BoIOTHAETCS. Da3oBbIii
CABUT ®,T, YMEHBIIAETCSA OT 27 10 T, U JUIsl TPyOBbl, IiuHA KoTtopor Oosee 0,45 M,
aBTOKOJIeOaHMUsT Ta3a C TEPBOM M BTOPOM dYacTOTaMU OOJIbIIE HE BO3HHUKHYT.
CpaBHEHHE IKCIIEPUMCHTAJIBHBIX JaHHBIX MOKA3bIBACT, UTO KPUBasi 2 COOTBETCTBYET
OoJee y3KOMy Auana3oHy 4acTOThI, ueM Kpuas 1. J/[ero B Tom, 4TO ¢ yueToM MoTeph
aKyCTUYCCKON SHEPTUH YCJIOBUE BO3OYXKICHUS KOJIcOAaHWN MMEET BHJ HEPaBEHCTBA
(3.33). Tak kak aKycTh4YecKas »JHeprus, TIeHepupyemas B 30HE TOPEHHS,
IpONOpIHOHAbHA [SIN ®T, |, @ TpaHUIBl BUOPAIIMOHHOTO TOPEHHS 3a CUET MOTEPh
CY)KarTCs, TO

T<OT1<OT S 07,,< 21.

(6.6)
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Jlst iepBO#l 4aCTOTHl TPaHUYHBIC 3HAYEHUs (a30BOTO CABUTA PABHBI M1 1Ty 1,
®1,Ty2 . B Oonee MIMHHBIX TpyOax MPUCTECHOUYHBIE TMOTEPH BHIINIE W WHTEPBAT
BO30YXJIeHUs cokparraeTcs. Tak Kak IpaHUYHbIC 3HAUYCHHS BPEMEHHM 3ara3/IbIBaHUs
TOPEHUS JJISI CMECH IMOCTOSIHHOT'O COCTaBa HE MEHSIOTCS, TPAHUYHBIMU 3HAUYECHUSIMU
BTOPOU 4aCTOTHI 6yI[yT 21> M1,1, ®W22<W1 7.

p.. ob

1304 L]

) T T T 1] T T T T T — |
0,0 01 0,2 03 0.4 ] M

Prc. 7 . 3aBHCHMOCTH AMILTHTYIEI YCTAHOBHBIIHXCA KOTeOAHHH JABTEHHA OT JUTHHEI
TpyOH (0Go3HageHHs oM. pHe. 4.10)

3aBUCHUMOCTH aMIUIUTYIbl KOJIeOaHUN aBJICHMs B KaMepe CropaHusi OT JJIMHbBI
TpyObl (puC. /) HUMEIT MakCUMyMbl B cpeaHed uyacth. OOBACHAETCS 3TO
3aBUCUMOCTBIO aKyCTHYECKON 3HEpPIruM, F€HEPUPYEMOM B 30HE TOPEHUs, OT OTy
BHyTpu wuHTEpBana, COOTBETCTBYIOLIEIO BHOPAMOHHOMY TOPEHHIO, HMEETCs
3HAUYEHHUE JUIMHBI TPYObl M 4YACTOTa, JUIsl KOTOPBIX aKyCTHYECKas MOUIHOCTb
UCTOYHUKA SHEPruud  aBTOKOJIeOaHMM  MakcuMaibHa, T.€.  YCIOBHS  JUIA
caMOBO30YyKJieHUsl KoJeOaHuil HambOosee OnaronpustHbie. MakcuMyM KpuBOM 2
pacrnoJioKeH HUXKEe, YeM y MEepBOM KPUBOM, YTO TaK K€, KaKk COKpalleHUe MHTEepBaja
4acTOT BO30YKAaeMbIX KOJieOaHHH, MOXKHO OOBSICHUTh YBEIMUEHUEM MTPUCTEHOYHBIX
MOTEPb MPHU YIITUHEHUU TPYOBDI.

Ha puc. 4.10, 4.11 npeacTaBieHbl TakK*ke 3aBUCUMOCTH YaCTOThl U aMIUIUTY bl
KOJIeOaHUI JaBJIeHUsl OT JJIMHBI TPYObl OMMCAHHON SKCIEPUMEHTAIBHONW YCTaHOBKH,
MOJIyYeHHbIE B Pe3yJIbTaTe pacyeToB. MeTouKa BBIUMCICHUN OblIa Ta k€, 4TO U B
NpeAbIAYIUX ciaydasx. YacToTel KojeOaHWl ompeneisuyiuch U3 ypaBHeHHsS (6.5),

aMIUIUTyJa KosieOaHWil JaBieHUsT B KaMmepe CropaHusi BbIUMCISIAcCh Mo (opmyle
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G, r1—ap—ayg1
Pc=

Gc. N taLN C YYEeTOM CJeJIaHHBIX paHee 3aMeuaHuid. BeipakeHus ms
K03 (DUIIMEHTOB, BXOJAIIMX B pacHpelie]ieHue CKOPOCTH 3ByKa MO JUIMHE TPYOBI,
3Ha4YeHHe K03 UIMEeHTa HEIMHEHHOCTH Ipolecca TopeHus Dy, ObIM Takue Xke, Kak
U TpU HCCICAOBAHWM BUOPAIMOHHOTO TOpEHHs B TpyOe C MHOTOKaHAJIbHOM
ropenkoil. CpaBHeHHE pe3yJbTAaTOB pacdeTa M IKCIEPUMEHTA MOKa3bIBAECT, YTO OHU
KOJIMYECTBEHHO COTJIACYIOTCH.

W3mepenusi mokaszajid, 4TO NpH BUOPAIIMOHHOM TOPEHHUU CMECEH, COCTaB
KOTOPBIX OTJIMYAETCS OT CTEXHOMETPUUYECKOr0, XapaKkTep 3aBUCUMOCTEH 4acTOTHI U
aMIUTATYAbl KOJeOaHUW JaBJIeHUSI OT JJIMHBI TPYObl TOT ke. OJHaKO MPOUCXOIUT
CMEIIIEHUE TPaHUIl UHTEPBAJIOB BO30YK/ICHUs KOJIEOAaHUN U MAKCUMYMOB JIaBJICHUS B
CTOpOHY Oojiee MIMHHBIX TpyO. [{ns 3HaueHuit ko3dduimenta n30bITKa BO3AYyXa,
OTJIMYAIOLIUXCS OT €JIMHHULBI, HOPMaJIbHAasi CKOPOCTh PAacHpOCTPaHEHUs IIaMEHU
OyneT MeHbIlle, a BpeMsl 3ama3/blBaHus TOpeHust — Oosbine. B cooTBeTcTBUU C
ycioBrueM (6.6) rpaHWYHBIC 3HAYCHHS YaCTOTHI KOJICOAHWH JTOJDKHBI OBITh MEHBIIIS,
YeM B IPEAbLAYIIeM ciiydae. YBEIUUYCeHHUE JUIMHBI TPYObl Kak pa3 U JaeT Tpedyemoe
MOHM)XEHHUE YaCTOT KOJIEOaHUH.

['oBOpst 0 BUOPALIMOHHOM TOPEHUHU B YCTPOWCTBAX, COCTOAIIMX U3 €MKOCTH U
TpyObI, HEOOXOAMMO CielaTh OJHO 3aMedanue. YcnoBue I/A<<I, npu koTtopom
MoJIy4aeTcsi pe30oHaTop I 'eapMrofibla, BIsSETCA CIUIIKOM HeonpeaeaeHHbIM. MOXHO
MIPOBECTH CPABHEHHUE YACTOT, MOJy4aeMbIX U3 ypaBHeHUs (6.5) u dhopmyssl (6.3), u
OTIPENENUTh JUIMHY TPYOBI, JUISI KOTOPOW pa3HMIlA YacTOT OyJeT COOTBETCTBOBATH
HEKOTOPOM 33JJaHHOM CTeNeHU NpUOIMKEHUSI. AHATOTMYHAS CUTyallsl BO3HUKJIIA TTPU
OLICHKE TOJIIIUHBI IOIPAHUYHOIO CJO0Sl, B KOTOPOM TEOPETHYECKOE PACIPEICICHUE
CKOpPOCTH TOTOKAa KMMEET acUMIITOTMYECKUM Xapakrep. B 3aBucumoctu oT TOTO,
HACKOJBKO CKOPOCTh Ha IPAHMIIE CJIOS OTIMYAETCA OT 3HAYEHHS] B OCHOBHOM IOTOKE,
MOJIYJarOTCs pa3inyHble KOAPGUIIMEHTH B (opMyJsie, OMPENCISIONIEH TONIUHY
MOTPAHUYHOrO cJos. M TONbKO BBENEHHE «TOJIIMHBI BBITECHEHHUS» TMO3BOJIMIIO

YCTPAHUTh 3TH TPYAHOCTU. UTOOBI n30exkaTh MOOOHBIX OCIOXKHEHUH, Ipe/iaracTcs
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ucrnojib3oBath ypaBHeHus (6.4), (6.5), koTopele HalOT JIOCTATOYHO TOYHBIC
pe3yabTaThl, HE TPEOYSd HUKAKUX OTPAHUYCHUM JI IJTUHBI TPYOBI.
B 3akmioueHue oTMeTHM, YTO B JAHHOW I1aBe ObUIM pPAacCMOTPEHBI YCTAHOBKHU C
OJINHAKOBBIMH TOPEJIIOYHBIMH YCTPOMCTBAMU M MEXAHMU3MOM OOpAaTHOM CBSI3U
aBTOKOJIeOaHuii. Pe3yibTaThl MCCIENOBAHUM TMOKA3aiM, YTO BIMSHUE MMapaMeTpoB,
OMPENENSAIONUX MPOIECC TOPEHUs, W YacTOThl KoJieOaHMW Ta3a Ha TPaHUIbI
BUOPALIMOHHOTO TOPEHUS M AaMIUIUTYyAy YCTAaHOBHUBIIMXCS KOJI€OaHUN HMeeT
OJIMHAKOBBIA XapakTep. Tum ycTpoicTBa MMEET 3HAUY€HHE MPHU BHIOOPE ypaBHEHMS,
M3 KOTOPOTO BBIUMCISETCSA YacTOTa KojieOaHui. Pe3ynbTaThl pacyeToB COIIACYIOTCS
C DKCIEPUMEHTAIbHBIMH JAHHBIMH, YTO CBUIETENBCTBYET 00 3(P(EKTUBHOCTH
MIPUMEHEHUs KOMOMHHUPOBAHHOTO METOJIa ISl UCCIIEIOBAaHUsI aBTOKOJIeOaHM raza B
YCTaHOBKAX C TOPEHHUEM.
Bonpocsr:

1. Pe3ynbTarhl 3KCIIEPUMEHTAIBHOTO UCCIIEIOBAHUS MYJICAIIHOHHOTO TOPEHUS
B pe3oHaTope ['enbmromnbiia, ux (U3N4YecKoe 0ObSICHEHUE.

2. Pe3ynbTarhl 3KCIEPUMEHTATBHOTO HCCIEI0BAHUS MyJIbCAIIMOHHOTO TOPEHUS
B YCTAHOBKE THUIIA EMKOCTh-TpYy0a, NX (pu3nveckoe 0ObsICHEHHUE.

3. YpaBHeHHe 4acTOT KOJeOaHMi ra3a B paCCMOTPEHHBIX CUCTEMAX.

4. ®opmyna AJig aMIUTATYIbl YCTAHOBUBIIMXCS KOJICOAHUH TaBJICHUS Tra3a.
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Tema 9. O60061IeHHAs TeOpeTHYECKAas MO/Ie/Ib ABTOKOJIe0aHMii raza B
YCTAaHOBKAX € TOPEHUEM.
Jlexknus 7

AnHoramusi: Jlaercs 00o0CHOBaHWE BBIOOpAa TMPUHIUNHAAIBLHON CXEMBI
YCTPOMCTBA, MO3BOJISIONIETO pa3paboTarh OO0OOIIEHHYI0 MOJAENb IMyJIbCAI[AOHHOTO
ropeaus. JloKa3pIBaeTCsi, 4YTO COOTHOIICHUE, OMMUCHIBAIOIINE MYJbCAITUOHHOE
FOPEHHE B THUIOBBIX YCTAHOBKAX, SIBJSIOTCS YACTHBIMHU CIIy4asiMH CO3JaHHOI
MOJEIIH.

KioueBble cj10Ba: MCTOYHUK SHEPrUHU, TEMIIEpaTypa, aBTOKoJieOaTelbHas
cUcTeMa BUOPAIIMOHHOE TOPEHUE.

MeToauueckune PEKOMECHIAIUMA 110 H3YICHHUIO TEMbI
- Tema COACPIKUT JICKOIMOHHYIO 94aCThb, I'’IC NAIOTCA 061111/16 IMpCaACTaBJICHUA O

IIPEIMETE;
- B xauecTBe caMOCTOSATENbHOM pabOThI HYKHO MOJATOTOBUTHCS K YCTHOMY OIIPOCY;
- J11s1 IpoBEpKH YCBOEHUS TEMBI HIMEIOTCS BOITPOCHI K KaXK10M JIEKIIUU.
- Bonipocs! 1 3a1aum A1 caMOCTOSITENNbHON PabOThI TOJKHBI OBITH O(POPMIIEHBI B
nucbMeHHOM Buje. OlieHKa TaHHOW paboThl MPOU3BOAUTHCS MOCIE YCTHOTO
co0eceI0BaHus CTY/ICHTA C MPENO0IaBaTENIEM.
- [Ipu BBINOJIHEHUH CAMOCTOSITENIBHON PabOThI CTYAEHT UMEET MpaBO oOpaniaThCs K
IIPENOIABATEIO 3a KOHCYJIbTAUAMH B YCTAHOBJIEHHOE BPEMSI.

Jlureparypa

ABTOKOJIeOaHUs Ta3a B ycTaHOBKA ¢ TopeHreM. B.M. Jlapuonos, P.I'. 3apunos
/ U3n-Bo ka3aH. roc. TexH. yH-Ta, 2003. C. 152-164.

I'moccapwuii

ABTOKOJIe0aHUSI —  He3aTyxarolMe KojiebaHus B  JAMCCHUIIATUBHOM
JTUHAMHYECKON CHUCTEME C HEJIMHEWHOW OOpaTHOM CBS3BIO, MOJJICP)KUBAIOIIHECS 3a
CYET IHEPTUM ITIOCTOSHHOTO, TO €CTh HENMEPUOANYECKOIO BHEIIHETO BO3ACHCTBUS.

BuOpanuonHoe ropeHue — BUJ] HEYCTOMYMBOIO FOPEHMsI, XapaKTePU3yEeMblil

aBTOKOJICOAHHMSIMHU T'a3a B KaMEp€ CropaHus.
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https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D1%81%D0%B8%D0%BF%D0%B0%D1%82%D0%B8%D0%B2%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%80%D0%B0%D1%82%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C_%28%D1%82%D0%B5%D1%85%D0%BD%D0%B8%D0%BA%D0%B0%29

I'paHnnyHbIe YCJI0BUSL — JOMNOJHEHUE K OCHOBHOMY YCIJIOBHIO, 33/Ial0IIIEE €r0
MOBEJEHUE HAa TPAHULIE pPacCMaTPUBAEMOM OOJIACTH.

IToTok 3ByKOBOI1 JHEpPruM, aKycTHYeCKAasi MOLUTHOCTh — BEJIMYMHA, paBHAas
OTHOIIEHUIO 3BYKOBO# 3Heprum dW, mnepeHocMMO# ympyrod cpemor uepes
3aJlaHHYI0 TIOBEPXHOCTh, K HWHTEpBajdy BpemMeHU dt, 3a KOTOpBIA 3Ta IHEPrus
EPEHOCUTCA.

Bomnpoce! 1Jis1 u3y4eHus:

1. OO6oOmeHHas TPUHIMIHAIBHAS CXeMa YCTPOMCTBA MyJIbCAIMOHHOTO
TOpPEHUS.

2. BriBoJ1 000011IEHHOTO YpaBHEHUS YacTOT KOJIeOaHMil rasa.

3. BeBox 0000ueHHONH (OopMynbl JUIs aMIUIMTYAbl YCTAaHOBHUBIIMXCS

KOJIeOaHWl TaBJICHUS rasa.

C menpro mojydeHusi 6osiee oOmuX pe3yabTaTOB IMpeaiaracTcsl YCTPOWCTBO,
COCTOsIIEE U3 JBYX TOCIEI0BATENBHO COeIMHEHHBIX TpyO (puc. 7.1). Beibop caemnan
U3 TeX COOOpakeHui, 4To 000O0IEHHAas MOJENb JOJKHA YYUTHIBATH OCHOBHBIC
MPU3HAKK KaMep CropaHusi MPOMBIIUIEHHBIX JHEPreTUYECKUX YCTAaHOBOK, a C
aKyCTUYECKOM TOYKH 3peHuss — oOjajgaTh CBOWCTBAMHU OCHOBHBIX THIIOB

KOJIe0aTEJIbHBIX CUCTEM.
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Puc. 71 ObobmeHEas MoIelb YCTPOHCTEA EHODATHOHHOTO TOPEHEA: | — KaMepa CTOpaHE:,
2 — pezoHAHCHaA Tpy0a; 3 — ITIOCKOCTE TEIUTONOABOAA; 4 — BXOOHO YCTPOHCTED,
5 — BEIXOZHOE YCTPOHCTBO

HerpynHo ybOenutbes, 4TO mpenjaraemasl NMPUHIUIUAIBHAS CXE€Ma HMEET
A0CTAaTOYHO BBICOKYIO CTCIICHBb 06LHHOCTI/I. Hpexcae BCCro, 9TO MOJCIIb I'CHCpaTOpa
ropsiuero raza u Tpyos llIMuara, B KOTOpBIX pe30HAHCHas TpyOa HeoOxoauma st
YCKOpPEHHUs] TPOAYKTOB cropaHusi. Ecnm, Hampumep, Z—HUMIEAaHC YCKOPSIOIIETO
COIUIa, PAaCHOJIOKEHHOTO Ha KOHIIE TMEpBOM TPYyObI, MOJydaeTcss MOJIENb Kamep
cropanuss KPJI wm BPJ/I. Ilockombky wHMMIEgaHCc BXOJHOTO YCTPOMCTBA HE
KOHKPETHU3UPYETCsI, pa3Mepbl TpyO — MPOM3BOJIBHBIC, CXeMa OTPakaeT OCHOBHBIC
XapaKTepHble TPHU3HAKH JIPYTUX KaMep CropaHus, YCTPONCTB BHUOPAIMOHHOTO
IropC€HHusA IIO0JIC3HOI'O HA3HAYCHHUA H J'Ia60paTOpHBIX YCTAHOBOK JIsI TIIPOBCACHUS
(UBUYECKUX IKCTIEPUMEHTOB.

B 3aBucHMOCTH OT T€OMETPUUECKUX TTapaMeTPOB TPYO BO3ZMOXKHBI CIEAYIOIIUE
YaCTHBIC ClIydaun:

1. B orcyrcTBHEe pe30HAHCHOW TPYyOBbI, a Take MPH PABEHCTBE IMOMEPEUHBIX

CEUEHUU KaMmephbl CropaHWsi M PE30HAHCHOW TpyObl TMOJy4daeTcss OJHOTPYOHas

MOACIIb.
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2. Ecnu mepBas Tpyb6a HaMHOTO LIMpPE BTOPOM, AJIMHA KaMEpPhl CTOpaHUsl Masia
[0 CPaBHEHUIO C JIJIMHOW BOJIHBI, KOjeOaTelbHOE IBM)KCHHE B KaMepe MOXKHO He
yUUThIBaTh. B 3TOM cilyyae umeeM ycTpoicTBO EMKOCTh — TpyOa.

3. Ilpyn BBINOJHEHUM YCIOBUM, YKa3aHHBIX B II. 2, a TaKXKe, €CIW JUIMHA
PE30HAHCHON TpyObl HAMHOTO MEHBUIE JUIMHBI BOJHBI, MOJEIb IPUHUMAET BUJ
pe3oHnaropa ['enbmrosnbna.

[TomyurM COOTHOLIEHUS, ONPEAEIIAIONINE TPAHULBI BUOPAIMOHHOTO TOPEHUs,
4acTOTY U aMIUTUTYJy KoJieOaHUH raza. Y paBHEHHE COOCTBEHHBIX 4aCTOT KOJIEOaHUI

(2.13) ¢ yueTom nepeoOO3HAUEHHUI UIMEET BUI:

b @ [ bx e [ ox |
-2 4B, I32]11‘1— I |-, |+2tg —+(p1‘=[l
2m by i a, | aq | g )
(7.1)
C yueroMm ¢opmyisl (2.12), a Takke TpaHUYHBIX YCIOBUM Ha BXOJE B KaMepy
CrOpaHus:
pi(0.1) . poS _ . 1
p=1 =1 =1gg ¥y .- =arctgleg It
0 ui(0.1)  uySq 0 £0.0- P1 h(_ 0 0_43)
(7.2)

B rmaBe 2 Obuta momydeHa ¢opmyra, KOTopas TIOcCie BBEJACHUS HOBBIX

HHACKCOB UMCCT BU.

® [ bl 1{b r
5 = by 111‘1— 2¢ | _arctg) —| —=+ —=C
bE \ a, ) BE \ 20 RPicCle |
Pz.u(fc ] =Plc-
(7.3)
Jlnst TUHEWHOTO pachpelesieHUusT CKOPOCTH 3ByKa B KaMmepe CropaHus
d—ex " (-
el —cx Cy—0C *
=2 = o p="2""1 ¢ =L &)
Co(X)=a,—b,x , ¢ yuetom popmy [—x [—x L {10
$f & &
Col =€ X Cy =€ ¢
ﬂz = bz == Cf.lf' =C12(.!rf.}
I.—x I.—x
(7.4)
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Bropas Tpy0a 3amosiHeHa ropsiauM ra3oM, BBIXOISIINM M3 KaMepbl CTOpaHUsl.
[Ipeamnonoxxum, 4TO W B PE30HAHCHOW TpyOe CKOPOCTh 3BYKa H3MEHSETCS TIO
JMHEHHOMY 3aKOHY: C3(X;)=as—bhsX; g artoro pacmpeneseHus ¢ ydetoMm Gopmyi
(7.3):

a3=Cjc=a—bylc , b3=(az—balc—ci )1y,

cir=cs(ly).

(7.5)

AKycTUYECKHE BO3MYILEHUS CKOPOCTH U JaBJICHUS B PE3OHAHCHOWU TpyOe
onuckiBalOTCs BhIpakeHusiMu (2.10), (2.11), B KOTOpBIX HEOOXOAUMO CJeiaTh
COOTBETCTBYIOIIME 3aMEHbI KOOPAMHATHI U UHJIEKCOB. Ha cThike TpyO akycTudeckue
BO3MYIIICHUS T'a3a, BBIXOMSIIETO U3 KaMephl CTOPaHUsl U BXOJSIIETO B PE30HAHCHYIO
TpyOYy, CBSI3aHbI COOTHOIICHUSIMU

pi(l..t)= pil0.1). Sas(l..1)= S,u5(0.7)

Tor;[a MHHUMaAA 94aCTb UMIICJAHCA Ha KOHIC KaMCPbI CIOpaHus

M ——p30(0)3 (07| . = +Pates |

Y. =
e S,5(0.¢) 20

(7.6)
[Tocne moacTaHOBKH 3TOM QyHKIMU B BEIpaxkeHue (5.3), umest BBUAY, uTo () ()

p30(0) =pic, €3(0)=C , momyunm:

BT VS e [ - S I |
Py = b, ]11{1 2 J+a1ct “52 |:E ‘- + Batg £p3| J[

(7.7)

I'pannyHOE yCOBHE Ha KOHIIE PE30HAHCHOM TpyObl UMEET BUJ:
P3(ly.1) =% 5. 1)

N3 Hero cnenyer:
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! (. byl 1 — )
03 =%1HI - 2L ]—al‘ctg — i+ Y, ‘
by | az | Byl 20 .
E.?' =11, ,-"'r(pf_rfe'.;-'}~ Pir= 93_[}(‘??']'
(7.8)

Wrak, ypaBuenme (7.1) ¢ yuetrom dopmyn (7.2), (7.6), (7.7) mosBoiser
BBIYUCIIUTh YaCTOThI COOCTBEHHBIX KoJjeOaHMil ra3za Npu JIOOBIX pasMepax H
YCIOBHSX Ha BXOJIC U BBIXOJE M3 pacCMaTpUBAEMOro ycrpoiicTsa. [IpoBeneM aHamms3
3TOTO YPaBHEHUS JJI1 HEKOTOPBIX YACTHBIX CIIyYacs.

[Mycts 1,=0, S;=S;, a Y|,— MHHMas 4yacTh uMIieanca oreepctus. Torma &=1,
PLr=P1er Clr=Ci¢, a U3 hopmyisi (7.8):

—PBsteo; = by /(20)+ 7,

W13 Beipaxkenwust (7.6) cienyer Y =Y, a ypaBaenus (2.13) u (7.1) coBmaaaror.

910 3HAYUT, YTO BBIPpAKCHUA

r . 7 B i W
(b} op, (., bl | b - S Sol )
Ptg| arctg ‘— Inil—-—||=—+W — ‘ .
20B) b | e )| 20 LoV, Sy )
u
b B. (a—bx W | [ex )
® a—bx Il (X
— ptg In| — |+ arctg ‘ +—2ctgl — [=0
2o b la-bl 2o )| g a

SIBJISTFOTCS] YACTHBIMHM CITydassMu ypaBHeHus (7.1).

[Ipeamnonoxum, 94T0 pazMepsl TPYO COOTBETCTBYIOT YCIOBUSIM:

ol, fc‘; <<l 8. /8, <<1

(7.9)

B rnaBe 3 Obu10 MOKa3aHO, YTO MPH YCIOBUU MaJION MPOTSHXKEHHOCTH 00JacTH
TEIUIONOABOAA IO CPAaBHEHUIO C JIJIMHOM 3BYKOBOW BOJHBI MOJYYaeTCA IJIIOCKOCTh
TEIUIONOABOAA, TMOJIOKEHHUE KOTOPOM B peajlbHOM 00JIacTM HE HMEeT 3HAYCHUS.
[lepBoe u3 ycnoBuit (7.9) o3Hauaer, 4yTO JJIMHA BCEH KaMmepbl CrOpaHUsS HAMHOTO
MEHbBIIIE JJUHBI BOJIHBL. [l03TOMy mMOJIOXKEHHE 30HBI TOPEHUS B TEPBOM

HpI/I6JII/I)K€HI/II/I MOKHO BI)I6I/IpaTB IMPOU3BOJIBHO.
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[IycTh 30Ha rOopeHHs] pacHoJioKeHa B Hauaje Kamepbl cropanud. llomaras B

ypasrennu (5.19) X =0 , umeem:

*

b c
—=+ Bytegy ——tg =0
2m QO

(7.10)
U3 dopmymnst (7.4) mpu X =0 cremyet: a,=C, , by(C, ¢ic)/l.Toraa mis KOPOTKOit
KaMepbl CTOPaHMSL:

&=
€y —C ¢

bj'}f _ =1

Ca 7

Pasnarast norapudmuueckyro (QyHKIHMIO, BXOJAIIYI0 B IEPBOE CJIaracMoe
BbIpakeHHs! (7.7), B psl W OTPAaHUUYMBIIMCH MEPBBIM MPUOIMKEHHEM, MOJIYYHM:
—wl/c;,” , 9TO SABIACTCA BEIMYMHONH IEPBOrO MOPSAKA MATOCTH, MMES B BHIY
ycioBue (7.8). [anee ompemenum tge, u moacraBum B ypaHenue (7.10). B
TOTYYEeHHOM BBIPOKCHHH MOXKHO TNPEHeOpedb WICHOM, comepkamuM ol/C, |
COXPAHHMB BHIPAXKEHHE, B KOTOPOE BXOIHMT NPOHM3BEACHHE & (wl, C; )— C yderom

BTOporo yciosus (7.9). [locne npeoOpazoBaHmii MOTYyIUM:

1’53 E'thgq}l
Tn+53tg¢3: ——=
=t al. | b c
1 f'—c——ztg% +1
cy | 200
(7.11)

[lepBbIif ¥ BTOPOW 4WICHBI B KBAJIPAaTHBIX CKOOKax ¢ yderoMm (opmyisl (7.2)
MIPUHUMAIOT BH/I:
bi. ol. 4

—=- €000
2cy o

[pu ycnoBuu &y =Se/S.<<1, mepBbIM ClIaracMbIM B 3HAMCHATEJIC BHIPAKCHUS
(7.11) moxHO mpeneOpeub. BBoas o0bem kamepsl cropanus V=I.S; , momyuaem

OKOHYAaTCJIbHO:
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by

26

+Bstgo; + F =0;

e . _So g _ Too
S }7 &= = 0r — Si H 0.0 —
S 0.0 /€y Sy PLoc

oV £

F,

Hcnonb3yst BeIpakeHus I aKyCTHUEeCKUX Bo3mytieHui (2.1), (2.10), (2.11),
dopmynst Yis=—Imp'L~u'r+) , Yx=IM(poru'y+), BoXy =(B—1)X, , WHIEKCHI
NIPUHATHIC B TAHHOW TJIaBe, OTyUUM:

[1 +(B- 1]}?“] %bg /(20)+ Bgtg[ (op, /by }111(:1 - bzx*l,flnj )— (P;:] } +

+{C; .-’Cl)tg{mx* ley+@)=0

[Tpu X= 0 s10 BBIPOKCHUE COBIAAaeT ¢ ypaBHeHueM (7.1). Paccmotpum
3a/layy ~ OMpEJENeHHs] TPaHUIl BUOPALIMOHHOTO TOPEHUA U AMIUIUTY/BI
YCTaHOBUBIUMXCS KojieOaHuil. B u3ydaemMoM yCTpOWCTBE MCTOYHUK DHEPTrUU
aBTOKOJICOAHUW OJIMH M paclojlokeH B Kamepe cropanusa. OOmue mnorepu
aKyCTHMUECKON JHEPIHMH CKIIQJBIBAIOTCSI W3 HSHEPTUH, TIOTJIOMAEMO B CHCTEME
MoJIayy, M3ITydyaeMOW Ha KOHIIE PE30HAHCHOW TPyObl M MPUCTCHOYHBIX TOTEPHh B
obenx  TpyOax.  DHeprermueckoe  ycioBue A=Ay,  COOTBETCTBYIOIICE

YCTaAaHOBHBIINMCH KOH€6aHI/IHM, 3aIIuIicM B BUAC:

Ac‘ =Ay .+ Au.r + -"i(}_f +4; 5

(7.12)
Bocnone3yemcsi pesynbraraMu, MOJTYYCHHBIMU B JieKIuu 6. IIpucTreHOUYHBIC
noTepu B IepBoil TpydOe ompexaenstorcs Beipaxkenusmu (3.3), (3.4), B KOTOpPBIX

CJcCIaHa 3aMCHAa HCKOTOPBIX HHICKCOB!

L Ly 2
a5 =allp?.
(7.13)

Pe3onancuHas TpyOa 3amoyiHEHA TOpSIYMM Ta30M, CKadka TEMIEpaTyphbl HET,

MIO3TOMY MOKHO HCIOJIB30BaTh MepByio u3 Gpopmy (3.10), u3MEHNUB UHIEKCHI:

Al =aHpio. pyo=|p3(0.1)|.

W3 rpaHUYHOrO yCJIOBHS Ha CThIKE TPYO CIeayer:

pio =Py (.t)|=pic.
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C yuerom Beipaxenus (2.11) ammiutyapl KojaeOaHWI AaBICHHWS HA BXOJAC B
PE30HAHCHYIO TPYOYy M B 30HE TOPEHHS CBSA3aHBI COOTHOIICHUEM P) =D P¢:

P1.cC1c(1=bal, /ay)|by(20) cos @y, + By sing,

c.r 1/2

p;c‘;{l — bz.r$ fay) "~ by (3(-)}_1 cosq:rz + [, sin (p;

(7.14)
rae (GYHKIMH @ @) ONPEAEIAIOTCs M0  (OpMyIaM, MPHBEACHHBIM IOCIE
BhIpakeHuit (3.3), (3.6) COOTBETCTBEHHO.

Torna a1 MPUCTEHOYHBIX MMOTEPh B pe30HaHCHOU TpyOe (7.11) momydnm:

(L) (L)_.2 (L) L)~2
fii:.;-; =aypPe- ﬂi:.r = GL.Z’-DE_}'

[ToTepu, BhI3BaHHBIE MMPOXOKICHUEM 3BYKa B CUCTEMY TOJIa4uH, OMPEACIISTIOTCS
BeipakeHusamu (3.8), (3.17), B KOTOpBIX BMECTO BEIUYMH Ay, 8p., dgn, O HAJO

3anucath Ag , a(L)O,C, a®™

0.c » O¢c COOTBETCTBEHHO.

OnpenenuM MOTEPU AKyCTHUECKOW HHEPruu, OOYCIOBJIECHHBIE HU3Ty4YCHHUEM
3ByKa Ha KOHIIE PE30HAHCHOUW TpyObl. AMIUIUTYAA KOJEOAHUIl CKOPOCTH MOTOKA Ha
KOHIIC PE30HAHCHOM TPYyOBI CBs3aHA C aMIUIMTYJ0H KOJICOaHHMI JaBJICHHS B Hayaje

TPYOBbI COOTHOIIICHUEM:

Uy, =u3(,.0)| =Dy, pag-

TJIe C yYE€TOM HOBBIX UHJIEKCOB U3 BTOPOil popmyis (3.10):
1/2

COS @3 ‘(1 —byl, /az)

DI.}' =
p.!'.f‘rf.r."

by (-_"-*mjl_l cos @y + 3 sm(pE‘ ‘
(7.15)
931 =3 —(0p3/b3 )In(1-bsl, /as).
(7.16)
[ToTepu akycTHYECKON HSHEPTHMM HAa KOHIIE PE30HAHCHOW TPYyOBI C y4eTOM

HEJIMHEHHOTO XapaKkTepa U3Iy4YCHHUs 3ByKa ONPEIENISIOTCS BhIpaeHusMu tuna (3.7),

(3.16), B KOTOpBIX HAmO 3aMeHUTH Ay , Pe, &L S, X, Dy, A, X ,U;, an, by HA

(L) (L) (L) N)
A.!'.?' . pi{:' ﬂ':-'_?.'. Sr?.. )_._}_?, . ﬂl:' . b‘r_?.

D, A4 . X .. ., ar,
Ly Lr><2Lr: %lr: %l COOTBETCTBEHHO.
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[lepexons kK aMIUIMTYyAE KOJIeOAHHWH JaBlIeHUsI B 30HE TopeHus mo dopmyne (7.13),

noTyamm:
ar, =(afY + ) Jp2:
at =s,x\"p,,D,,) /2. a'=s,(D,,D., )b, /2.
(7.17)

Ilocne mnoxcranosku BemuuuH A, Ay, A, Aoe, Ay B yCIOBUE
sHepreTrueckoro 6amanca (7.11) momy4uum BbIpaskeHUE, OMPENETSIONIEe AMILTUTY/TY

KOJICOaHUH JaBJICHUS B 30HC TOPCHHUA!

L) ) L) (L) (L)
p :ﬂg _ﬂic_nbr_ﬂﬂf_ﬂfr
¢ ﬂ'!a:l 1’1'[%?"&1]+f.‘1fll1~|r:I
(7.18)

Ota dopmyna sBisieTcsi 00001meHrneM Boipakenus (7.11), momxydeHHoro st
YCTpOICTBA, UMEIOLLETO OJHY TPYOYy — KaMepy CropaHus. Y paBHEHHE, ONHUCHIBAIOLIEE
IpaHuUIbl BUOPAIIMOHHOTO TOPEHUS, MoTydaeTcs u3 Boipakenus (7.18) mpu ycnosun
p=0:

(L) _ g\ ) _ glL) _ 4L)

(Z)
a. "—day —ay;—0y . —a; =0

(7.19)

Bosbmem uacthbiit cinyuait: 1,=0, S;= S;= S , kamepa cropaHusi Ha BBIXOJIE
alk) =0 =alV)
OTKpBITA, 3BYKOBBIC BOJIHBI B CHUCTEMY TOJIa4d HE MPOHUKAIOT. 0. 0.c ; TO
bopmynam (7.7), (7.5), (7.6):
-1 - .
@3 = —arctg[(b;(20) " +1;,)/Bs]. @35 =03,
= -1 1 -1
Dy =Pictic | ir ) =Y, =¥,
N3 Beipakenus (7.6) cienyer:

©, = {C*:-BH"'EJE MNn(1-b,1./a,)—arctg[(b, (-_"-'mj_l +5.)/B.].

YTO COBMAJaeT ¢ (POpPMyIIOH, OTYYSHHOU B JICKITUH 2, JIJIsl TPYOBI JUTHHOM ...
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|YEC| =DPic .-"'II”.e'_f

C yuerom Bbelpaxkenus (7,13), umes B BHUIY, UYTO , TJe
o =[5 (. r] U OTIpEeJIeNIsieTCsl B COOTBETCTBHUM ¢ popmyiioi (2.10), momyuum:
u
D;,D., = ble . lec>
pf“}}}.f| plf‘

4TO COBHANAET ¢ BhIpakeHHeM (3.6) mist TpyObl mmHoii | Torma uz dopmyn (7.17)

CICOYCT:

(L) — 4(L)
aj;'=a

l.c*

(N) _ IN)
”E.r' _”f.-:‘

C yderoM cenaHHbIX 3aMeuanuit hopmyna (7.18) npuHUMAaET BU:

L |.L L
p. = ”E‘ 3_HL_L:J _”}.fj
c= N) . (V)
HE. =+ E'T:'_C' (7 20)

ITocne cormacoBaHus WHACKCOB IMOJIYYCHHOC BBIPAKCHUC COBIIAJacT C

dep—app—ay
ETC___'-,_.' + ﬂ‘r___'-,_.'

P =

bopmynoit JUIsl TpyObl C TPOU3BOJIBHBIM PACHOJIOKEHUEM
30HBI TOPEHMSI, B TOM YHUCJIE JIJIsl TPYObl C MHOTOKAHAJIBHOM TOPEJIKOM Ha BXOJIE.

VYpaBHeHue rpanuil BuOparmonHoro ropenus (7.19) umeer Bu:

(L L L
ay ) = n}“? + a}_f]

U OTJIMYAETCs] TOJIBKO (POPMOI 3amucu HMHJIEKCOB OT PABEHCTBA, MOJIYYEHHOTO W3
BbIpaxkeHus (5.14) npu rcciienoBaHUM yCIIOBUM caMOBO30YXIeHUS KoieOaHui raza B
TpyOe Mpu TOPEHHUH 3a CTAOMIIN3aTOPOM TJIAMEHH.

PaccmoTpuM BTOpoO# mpuMep, cOoTBeTCTByrommii ycnoBusm (7.18). Kak u
paHee, CUMTaeM, YTO MOTEPU AKYCTUUYECKOW HHEPTrMU Ha BXOJE€ B IMEPBYIO TPYyOy
OTCYTCTBYIOT. Y3K€ OTMEYajoCh, YTO B KOPOTKOH KaMmMepe CropaHus IOJIOKEHHE
MJIOCKOCTH TEIUIONO/ABOJIa HE UMEET 3HAYEHUsS! B MepBOM Mpubimkenuu. [lomnoxum

X =l., Torna ¢ ,= @, . C y4erom 3aBUCHMMOCTEH IIOTHOCTH ra3a U CKOPOCTH 3BYyKa

(p.!’_r’:E.r ),f":(li’;f; ]: C;_.-’::Cf.c* _

OT TCMIICPATYPbI BCIIMUMHA  IIOPsAJdKa CAMHUIIBI.

CnenoBatenbHO, B COOTBETCTBHH ¢ (hopmynamu (7.13), (7.17):
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D.. =1,

c.r

(L) ALY 2 (W) 3 f
ﬂ‘r '_Sr")’“.}.?' DE.}'_.-"IE' aj , :S?'Di.r'b /2

lr = lrf=
CpaBHI/IM IIPUCTCHOYHEBIC IIOTCPHU B TPY68,X. B cootBeTcTBUM C q)OpMYHOﬁ
(2.18):

Ay e . Rf"rf‘ ”j! [!"cﬂ
Ay, R Ju3(0.1)

B paccmarpuBaemom ciyvae |/A<<1, |~4 . Torma c y4erom TrpaHUYHOTO

YCJIOBHS Ha CTHIKE TPYO:
A‘U.C,-"IIIAU.?' ('IFE' /L. } (Rr /R, ]

T.e. TPUCTEHOYHBIMU TOTEPSIMH B KaMepe CropaHusi MOXHO NpeHeOpeyb.

(L) (L) _(N)
[IpupaBHUBas HyIIIO Qoc: Qoc: Qe y3 dbopmysl (7.18) momydnm
L L (L)
o _ad-alf)-dft
T o)

[Tocne cooTBETCTBYIOLIEN KOPPEIALIMU UHIEKCOB 3TO BBIPAKEHHE COBMANAET C
dbopmysioN ISl aMIUTUTYIbl KOJeOaHUW MaBJICHUS B YCTAHOBKAx THUMA €MKOCTh —
TpyOa, KOTOpBIE UCCIIEIOBATUCH B IIaBe 4. B 3akioueHne pacCMOTpUM YCTPONCTBO,
MPEACTABIIAIONIEE UHTEPEC ISl JATBHENIIINX SKCIEPUMEHTAIBHBIX U TEOPETUUECKUX
uccienoBanuil. ['opeHrne MpoUCcXOAUT Ha BXOJE B MEPBYIO TPyOy, Ille pacroioKeHa
MHOTOKaHabHasi Topenka. [IpoayKkTsl cropaHusi BBIBOISTCS uepe3 BTOpYlo, Oosee
y3KYI0 TPYOY, OTKpPBITYIO Ha KOHIle. [lojaras B ypaBHEHHH 4acTOT KoyieOanuid (7.1)
X =0, MOJIYYHM:

bﬂlm)"l + Botag, — {C; [eptee =0. @ =arctg(FyS. /S, ):

¢byukiuas F, Obuia  ompeneneHa  mpu BbIBoJe  ypaBHeHus  (4.20).

by op [ b} b S Sol)
ptg| arctg ——In|l-—||= ++ B — :
) \20B) b | e )| 20 LoV, Sy

Bropas TpybGa OTKpbiTa Ha KOHIIE M MOHO 3aMEHUTh pEAIbHYIO [JIMHY Ha

s dextuBnyto. C yaetom Gopmyisl (2.14)

94



93 = (0B3/bs) In(1-b3l, [az) - arcte[bs /(20B3)].

Bripaxxenue (7.16) nnst GyHKIMA @, COXpaHSET CBON BUJIL.

AMIUIUTYAa KoJieOaHUil AaBJIeHHUs MOXET ObITh HaiineHa mo dopmyne (7.20).
Yucmurens BoipaxkeHuss (7.13) ocrtaercs 0e3 wu3MeHeHmil. B 3HaMeHarene
HE00XOAMMO IMOJIOKUTh

X =0, 9=9,

M BOCITIOJIB30BAaThCS MONyUYEeHHBIMH (hopMynamMu Ui KOA(P(GUITMEHTOB, BXOIAIINX B
BeIpakenue (7.20).

C uenplo yIpoIleHus pacyeToB MOXKHO HCIIOIb30BaTh OAWH OOLIUH ISl BCei
YCTAaHOBKHM TPAIUEHT CKOPOCTH 3BYKa, KOTOPBINM Ompenesercsa Jisd 3HauyeHUu
TEeMITepaTypbl TOPEHUS W TEMIIEpaTyphl Ta3a Ha BBIXOJEC W3 PE30HAHCHOW TpyOnl. B
ATOM Cllydae:

. ,- -
by=by=(ey—¢c;,) [ +15). Pr=P3. ay=03.

a3 =Cpp = f; —Dbi. = ‘-"; ('T;",-"'If‘rc +Cr ,"'f;)f(l +1 / I"c‘} -

Wrak, ypaBuenus (7.1), (7.19) wu c¢opmyna (7.18) pmaror pe3ynabTaThl,
COOTBETCTBYIOIIUE BCEM PACCMOTPEHHBIM THUIOBBIM YycTpoiicTBam. [loaTomy Her
HEOOXOMMOCTH HAaYMHATh MCCIICIOBAaHNE BUOPAIIMOHHOTO TOPEHHUS B KaKOW-HUOYIb
YCTAaHOBKE C BBISICHEHHWs, Kakoro oHa Tuma. Tem Ooree, YTO 3TO CBSI3aHO C
HEOIpPEICICHHOCThIO KOJMYECTBEHHOM olleHKH yciioBus |/1<<1, o yem roBopuioch B
nekuuu 6 TpU CpaBHEHHWU YCTPOWMCTB THUIA E€MKOCTh — Tpybda W pe3oHaTopa
['enbmrombiia. Kpome Toro, B o01ieM cirydae Takas k€ HeONpeIeJICHHOCTh BO3HUKACT
npu orieHKe ycioBus Sr/Sc<<1. IToayuyeHnsle 0000meHHbIe Boipakenus (7.1), (7.16),
(7.17) mo3BONSAIOT N30€)KaTh YKa3aHHBIX 3aTPyIHCHHI.

Bomnpocsr:

1. OO6oOmeHHas TPUHIMIHAIBHAS CXeMa YCTPOHCTBA MyJIbCAIMOHHOTO
TOpPEHUHI.

2. BeiBo1 000011IEHHOTO YpaBHEHHS 4acTOT KoJieOaHui rasa.

3. BeBog o0000mieHHON (QOpMyNBl IS AMIUIMTYABl  YCTAHOBHBIIHXCS

KOJIcOAHUIT TaBJIEHUS ra3a.
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HNupopmanuoHHbIe HCTOYHUKHU
OcHoBHas JauTEpaTypa:
. ABTOKoOJIeOaHUs raza B ycTaHOBKa ¢ ropeHueM. B.M. Jlapuonos, P.I'. 3apunos
/ U3a-Bo Ka3aH. Toc. TexH. yH-Ta, 2003.
. Teopus Tepmuueckux aptokosieOanuii. P.I'. Tammymnun, W.II. PesBa, I'.I.
XanumoB / MI31atenbcTBO Ka3aHCKOTO YHUBEpcuTeTa, 1982.
. Bubpaunonnoe ropenue. b.B. Paymen6ax / W3marenbcTBO Ka3zaHCKOTO
yHuBepcureTa, 1982.
JlonoJiHMTE ILHASL UTEpPaTypa:
. ABTokonebatenpHbie cuctembl. Teomopuuk K.®. / M;JI.: TUTTII, 1952. 271
C.
. @usnueckue OCHOBBI pabouMx mpoleccoB B kKamepax cropanusi BPJ[. B.B.
Paymen6ax / M.: Mammnoctpoenue, 1964. 347¢c.
. Tepmoakyctuueckasi ycroitunBocth. K.M. ApmakoB / M.: MammHocTpoeHue,
1982, 261c.
. KypHan «ABHAIITMOHHAS TEXHUKA»
. KypHan «®u3nka ropeHus U B3pbIBa»
. AKyCTHYECKUH KypHaI

HNuTepHeT-pecypcshl:

10.OdunmanbHbIi CauT KypHaiia «ABHALIMOHHAS TEXHUKA» -

http://kai.ru/aviatech/

11.0¢unmanbubiii  cailt  kypHana «®dusuka TOpeHUS U B3pBIBA» -

http://www.sibran.ru/journals/[FGV

12.0OdunmanbHplil calT AKyCTHUECKOTO )KypHasia

http://www.akzh.ru/htm/1963 2.htm
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I'noccapuii

ABTOKOJIe€0aHUsI —  He3aTyxawlnue KoyiedaHus B  JIUCCUIIATUBHOMU
JTUHAMHYECKON CUCTEME C HEITMHEWHOW OOpAaTHOW CBS3bIO, MOJJIEPKUBAIOIIMECS 3a
CYET SHEPIUH MMOCTOSTHHOTO, TO €CTh HEMEPUOIUYECKOTO BHEIIIHETO BO3/ICUCTBUS.

AnuabdaTH4YecKMid, WM aguadaATHBI mpomécc (OT Ap.-Tped. adidfoarog —
«HETIPOXOIUMBIiD)) — TEPMOJIMHAMUYECKHI MPOIIECC B MAKPOCKOITMYECKON CUCTEME,
IpU KOTOPOM CHCTEMA HE OOMEHUBAETCA TEIJIOTON C OKPYKAIOIIUM MPOCTPAHCTBOM.

AKYCTHYECKHI MMIEJaHC - aKyCTHYEeCKOE COMNPOTHBICHHUE CPEJbI,
MpeICTaBIsIoNee cOO0H OTHOIIEHHE KOMILJICKCHBIX aMIUIUTY]T 3ByKOBOTO JIABJICHHS
K KoJie0aTeIbHOM 00bEMHOM CKOPOCTH.

BuOpanuonHoe ropesue — BUJ HEYCTOMYMBOIO FOPEHMSI, XapaKTEPHU3yEMbII
aBTOKOJICOAHUSIMU ra3a B KaMepe CropaHusl.

BosiHOBOe ypaBHeHMe B MaTeMaTHKE — JIMHEHHOE TUIEpOOIUYECKOe
auddepeHnraIbHoe  ypaBHEHHE B YaCTHBIX IPOW3BOAHBIX, 3aJalollee Mallble
nornepeyHble KojeOaHus TOHKOM MeMOpaHbl MM CTPYHBI, a TakXke Jpyrue
KoJieOaTeIbHBIC MPOIECCHl B CIUIOMIHBIX cpeaax (aKycTHKa, MpeuMYIIeCTBEHHO
JUHENHas: 3BYK B raszax, XHIAKOCTSIX W TBEPABIX TeNax) U JJICKTPOMArHEeTHU3ME
(anexTponuHaMuke). HaxomuT mpuMeHeHHe W B JPYruX OONACTSIX TEOPETHUSCKON
bu3MKM, HampuMep MPU OMHCAHWU TPABUTALMOHHBIX BOJIH. SIBIE€TCS OOHMM W3
OCHOBHBIX YPaBHEHUI MaTeMaTHUECKOU (PU3UKH.

BsizkocTh (BHYTpeHHee TPEHHE) — OIHO U3 SIBJICHHI NMEPEHOCA, CBOWCTBO
TEeKy4HX TeJ (3KHUIKOCTEeH M ra30B) OKa3bIBaTh CONMPOTUBICHUE TIEPEMEIICHUIO OTHOM
UX 4YacTU OTHOCUTENbHO Jpyroil. B pesynbraTe pabora, 3arpaunBaemas Ha 3TO
nepeMeIeHre, pacCCeMBACTCs B BHJIE TETLIA.

I'apmMonuyeckune KoJiebaHuss — KoJieOaHUs, TPH KOTOPHIX Quznueckas
BEJIMYMHA HW3MEHAETCS C TEYEHHEM BPEMEHH [0 CHHYCOMJAJbHOMY WU
KOCHHYCOUJIAJIbHOMY 3aKOHY.

I'paHuYHbIE YCI0BUSA — JOMOJIHEHUE K OCHOBHOMY YCIIOBHIO, 33/1al0ILIE€E €TO

IMOBCACHHEC HA I'PAaHUILIC paCCManI/IBaCMOﬁ obOnacTu.
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https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D1%81%D0%B8%D0%BF%D0%B0%D1%82%D0%B8%D0%B2%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%80%D0%B0%D1%82%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C_%28%D1%82%D0%B5%D1%85%D0%BD%D0%B8%D0%BA%D0%B0%29
https://ru.wikipedia.org/wiki/%D0%94%D1%80%D0%B5%D0%B2%D0%BD%D0%B5%D0%B3%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D0%B2%D0%BE%D0%B9_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D0%B0%D1%8F_%D0%B0%D0%BC%D0%BF%D0%BB%D0%B8%D1%82%D1%83%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%97%D0%B2%D1%83%D0%BA%D0%BE%D0%B2%D0%BE%D0%B5_%D0%B4%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%97%D0%B2%D1%83%D0%BA#.D0.A0.D0.B0.D1.81.D0.BF.D1.80.D0.BE.D1.81.D1.82.D1.80.D0.B0.D0.BD.D0.B5.D0.BD.D0.B8.D0.B5_.D1.83.D0.BB.D1.8C.D1.82.D1.80.D0.B0.D0.B7.D0.B2.D1.83.D0.BA.D0.B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%BF%D0%B5%D1%80%D0%B1%D0%BE%D0%BB%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D1%83%D1%80%D0%B0%D0%B2%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%84%D1%84%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D1%83%D1%80%D0%B0%D0%B2%D0%BD%D0%B5%D0%BD%D0%B8%D0%B5_%D0%B2_%D1%87%D0%B0%D1%81%D1%82%D0%BD%D1%8B%D1%85_%D0%BF%D1%80%D0%BE%D0%B8%D0%B7%D0%B2%D0%BE%D0%B4%D0%BD%D1%8B%D1%85
https://ru.wikipedia.org/w/index.php?title=%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BC%D0%B5%D0%BC%D0%B1%D1%80%D0%B0%D0%BD%D0%B0&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D1%83%D0%BD%D0%B0_%28%D0%BC%D1%83%D0%B7%D1%8B%D0%BA%D0%B0%29
https://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%BB%D0%BE%D1%88%D0%BD%D0%B0%D1%8F_%D1%81%D1%80%D0%B5%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%BA%D1%83%D1%81%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B5%D1%82%D0%B8%D0%B7%D0%BC
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%96%D0%B8%D0%B4%D0%BA%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%BD%D0%B8%D1%86%D0%B0_%28%D1%82%D0%BE%D0%BF%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F%29

Topénne — CHOXHBIA (PHU3UKO-XMMUYECKHI TPOLECC MPEBpAIICHUS
HMCXOJHBIX BEIIECTB B MPOIAYKTHl CrOPAaHMS B XOAE DK30TEPMUYECKUX PpEaKLUU,
CONPOBOKJIAIOIIUICA HMHTEHCUBHBIM BBIICICHUEM TeEIUIa. XHUMHUYECKAas HSHEPTHUs,
3anacéHHAasi B KOMIIOHEHTAaX MCXOJHOM CMECH, MOXKET BBIIEIATHCA TAKKE B BHUJE
TEIJIOBOTO M3NTyuyeHUs M cBeTa. CBeTsAlasics 30HA Ha3bIBAaeTCsA (PPOHTOM IUIAMEHH
WIM TpocTo IaMeHeMm. MaeajqbHbIM ra3 — MaremaThyeckass MOJENb ras3a, B
KOTOpPOM B paMKax MOJEKYJSPHO-KMHETUYECKOW TEOpUM Mpearnoiaraercs, 4ro: 1)
NOTEHUUAIIBHOW SHEPrUedl B3aMMOIECHCTBUS YACTHUIL, COCTABJISIOIIMX TIa3, MOMXHO
npeHeOpeyhb M0 CPABHEHUIO C WX KUHETUYECKOW IHEprueil; 2) cyMMapHbIi 00BEM
YacTHUI] raza NpeHeOpeKUMO Maji; 3) MEeXIy YacTHIAMH HE JEUCTBYIOT CHJIbI
NPUTSHKEHUS. WIM OTTAJIKUBAHUS, COYIapeHMs YaCTHUL] MEXTy COOOM M CO CTEHKaMHU
cocyna aOCoJIIOTHO ynpyru; 4) BpeMsi B3aUMOJCUCTBUS MEXIYy YacCTUIAMHU
IpPEeHEOpPEe)KUMO  MaJI0 IO  CPaBHEHHUIO CO  CPEIHUM  BPEMEHEM  MEXAY
CTOJIKHOBEHMSIMHU.

3ByKoBasi JHepPrusi - DHEPrus KoJeOaHWW YacCTHUIl Cpelbl, MepeHOoCsIIeH
3BYKOBBIE€ BOJIHBI; €IMHUIIA U3MepeHHs B MexaynapoaHon cucreme enunuil (CHU) —
KOYIb (JIXK).

Kputepuii Panes — dhazoBoe ycioBue caMoBO30YKICHUS TEPMOAKYCTUIECKUX
KoJieOaHuii rasa.

[Mpodeccop Kazumup @Ppannesna TEOJOPUUK /1891-1968 rr./
IUIOAOTBOPHO paboTal B MOCKOBCKOM YHHUBEPCHUTETE OKOJIO NSATHAECATH JIET,
HaunHasg ¢ 1919 r. mo 1968 r. Bca ocHOBHasg ero menaroruyeckas M HaydHas
NesATEIBHOCTh CBsi3aHa ¢ pusndyeckuM (paxkynprerom MI'Y.

K.®. Teomopunk oaviH W3 cO3/aTeleli HAy4YHOW IMKOJBI, pa3padaThIBAIOICH
npoOsemMbl KoJIeOaHUN B HEIMHEWHBIX M JIMHEWHBIX CHCTEMaX CaMOM pa3Iu4yHOU
¢uszndeckot mpupoapl. OH ObUT OJECTSAIIMM Y4YEHBIM, TEAAroroM M JIEKTOPOM.
MHOro cwi W DJHEPruM  yOeIsUI OH  IOATOTOBKE M BOCIMTAaHHIO
BBICOKOKBAJIM(UIIMPOBAHHBIX HAYYHBIX KaJpPOB B PaA3IMYHBIX 00JacTAX (DU3UKU W,

0COOEHHO, B 00J1acTH (PU3MKH KOJeOaHNUN U pagruoU3UKy.
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https://ru.wikipedia.org/wiki/%D0%AD%D0%BA%D0%B7%D0%BE%D1%82%D0%B5%D1%80%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D1%80%D0%B5%D0%B0%D0%BA%D1%86%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D0%B2%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%BC%D1%8F
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D0%BE-%D0%BA%D0%B8%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%82%D0%B5%D0%BE%D1%80%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%82%D0%B5%D0%BD%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%90%D0%B1%D1%81%D0%BE%D0%BB%D1%8E%D1%82%D0%BD%D0%BE_%D1%83%D0%BF%D1%80%D1%83%D0%B3%D0%B8%D0%B9_%D1%83%D0%B4%D0%B0%D1%80
https://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%97%D0%B2%D1%83%D0%BA
https://ru.wikipedia.org/wiki/%D0%A1%D0%98
https://ru.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C

K.®. Teomopuuk padotanm B MI'Y c¢ 1919r., chauana Ha kadenpe Qusuku
¢bu3NKO-MaTEMaTHUECKOTO (aKylIbTeTa, 3aTeM Ha Kadeape KonedaHuit Gpusnieckoro
¢dakynpTeta MI'Y, ¢ momenTa e€ co3manust B 1931 1., 10 cBoeid cmept B 1968 T.
Cemuannars neT, ¢ 1939 mo 1956 rr., oH 3aBemoBai 3Toi Kadeapoi.

HarpeBartejb — ycTpoHCTBO JiJ1s1 HarpeBaHus (000rpeBa) 4ero-iuoo.

IToTok 3ByKOBOI1 JHEpPruM, aKycTHYeCKAasi MOUTHOCTh — BEJIMYMHA, paBHAas
OTHOIICHUIO 3BYKOBO# 3Hepruum dW, mepeHocMMO# ympyrod cpemor uepes
3aJlaHHYI0 TIOBEPXHOCTh, K HHTEpBajdy BpemMeHU dt, 3a KOTOpBIA 3Ta IHEPrus
MIEPEHOCHUTCH.

IToTok 3BYKOBOM 3HepPruM, aKyCTUYECKash MOIIHOCTh — BEJIMYMHA, paBHas
OTHOIICHUIO 3BYKOBOU 3Hepruu dW, mepeHocuMoi ynpyroi cpeioit uepes 3a1aHHyI0
MOBEPXHOCTh, K MHTEpBaITy BpeMeHH dt, 32 KOTOPBIH 3Ta SHEPTHUS TIEPSHOCUTCA.

Pe3onaTrop — konebaTenbHasi cucTeMa, B KOTOPOI MPOMCXOJUT HAKOILUICHUE
SHEpruM KojeOaHuil 3a Ccu€T pe3oHaHca C BbIHYyXAaoomend cuiaoi. OOBIYHO
pEe30HATOpbl 00JIaJal0T AUCKPETHBIM HA0OPOM PE30HAHCHBIX YacToT. B TexHuke
OOBIYHO BCTPEUAIOTCS PE30HATOPHl C KOJIEOAHWEM DJIEKTPOMATHUTHBIX —HIIU
MexaHu4yeckux BeqnuyuH. KOHCTpykuus pe3oHaropa CHUJIBHO 3aBUCUT OT €ro
PE30HAaHCHBIX YacTOT.

Pe3onatop Tenbmrosbma (aKyCTHYECKHH pPE30HATOP) — aKyCTHYECKUMN
npubop, cocyn chepuyeckoil (GopMbl € OTKpPBHITOM ToOpioBHHOW. I300peren
I'ensmronbuem oxono 1850 r. ming aHanM3a aKyCTUYECKMX CHUTHAJIOB, TEOPUS
paspabotana I'. ['enbMrombiiem u J[x. Paneem (cM. Pezonanc I'enbMrobiia).

Temnepatypa ropesusi — 3To Temneparypa 10 KOTOPOil B MPOIECCE TOPEHHUS
HarpeBaroTCs MPOTYKThI CTOPAHMSL.

TemnonpoBOAHOCTH — 3TO MPOIECC TIEpEeHOCa BHYTPEHHEH dHEpTun oT Ooee
HarpeThlX Yacteil Tena (WM TeJl) K MEHEEe HarpeTbiM YacTsaM (WM TejlaMm),
OCYIIECTBIISIEMbI  XaOTHYECKH JBWKYIIMMHCS YacTUIlaMH Tela (aToMamH,
MOJIEKYJIaMH, 3JIEKTPOHAMU U T. M.). Takod TerooOMeH MOXET NPOUCXOJIUTh B
MOOBIX TeJlax € HEOJHOPOAHBIM PACIPEACICHUEM TEMIIEpaTyp, HO MEXaHU3M

INEPEHOCA TCIIOTEI 6y,Z[€T 3aBHUCCTh OT arp€raTHoro COCTOAHUSA BEIICCTBA.
99


https://ru.wikipedia.org/wiki/%D0%97%D0%B2%D1%83%D0%BA%D0%BE%D0%B2%D0%B0%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BB%D0%B5%D0%B1%D0%B0%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B7%D0%BE%D0%BD%D0%B0%D0%BD%D1%81
https://ru.wikipedia.org/wiki/%D0%A7%D0%B0%D1%81%D1%82%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B7%D0%BE%D0%BD%D0%B0%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BB%D1%8C%D0%BC%D0%B3%D0%BE%D0%BB%D1%8C%D1%86,_%D0%93%D0%B5%D1%80%D0%BC%D0%B0%D0%BD_%D0%9B%D1%8E%D0%B4%D0%B2%D0%B8%D0%B3_%D0%A4%D0%B5%D1%80%D0%B4%D0%B8%D0%BD%D0%B0%D0%BD%D0%B4
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D0%B5%D1%82%D1%82,_%D0%94%D0%B6%D0%BE%D0%BD_%D0%A3%D0%B8%D0%BB%D1%8C%D1%8F%D0%BC_%28%D0%BB%D0%BE%D1%80%D0%B4_%D0%A0%D1%8D%D0%BB%D0%B5%D0%B9%29
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B7%D0%BE%D0%BD%D0%B0%D0%BD%D1%81_%D0%93%D0%B5%D0%BB%D1%8C%D0%BC%D0%B3%D0%BE%D0%BB%D1%8C%D1%86%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%BD%D1%83%D1%82%D1%80%D0%B5%D0%BD%D0%BD%D1%8F%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BB%D0%BE_%28%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0%29
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D1%83%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%B3%D1%80%D0%B5%D0%B3%D0%B0%D1%82%D0%BD%D0%BE%D0%B5_%D1%81%D0%BE%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%BE

Tonounslii 00beM (anen. furnace volume) — MPOCTPAHCTBO, OTPAHUICHHOE
MOJIOM KaMepbl C)KUTaHUs, OTHEYNMOPHBIMH CTEHAMH, TEIUIONOTIOUIAIOIIMMHU
CTEHKaMH KaMepbl CrOpaHus C LUPKYJIHUPYIOUIEH BOJOW, a TakXKe MOBEPXHOCTHIO
CBOJIa, MOJBIMU TUIACTUHAMH WJIM BOJOTPEUHBIMH TpyOamu kotia. [lpu Hammuum
nomnepeyHou (MuOepHOi) CTEHKH, YCTAaHOBJIEHHOM B TOIKE, TOIUIMBHBIN 00beM
YMEHBIIIAeTCs Ha TY 4acTh, KOTOpask HAXOUTCS 32 3TON CTEHKOM.

Tpy06a Puiike sBisIeTCS NPOCTEUIIEH AKCIEPUMEHTAIBbHONW YCTAHOBKOW IS
U3YYCHHUS  TEPMOAKYCTUYECKOW  HEYyCTOMYMBOCTH, KOTOpas OCHOBaHa Ha
BO3HHMKHOBEHHUE KOJIeOaHMil raza B TpyOax mpH MOABOJE TeIIa.

Tpy06a Puiike sBIsIeTCS NPOCTEUIIEH DKCHEPUMEHTAIBHOW YCTAHOBKOW IS
U3YYEHHUS]  TEPMOAKyCTMUECKOM  HEYCTOWYMBOCTH, KOTOpas  OCHOBaHa  Ha
BO3HHMKHOBEHHUE KOJIeOaHMi raza B TpyOax mpH MOABOJE TEIIa.

¢ dexra 3onaxaycca - BO30yKACHHE 3ByKa B TpyOe, K KOTOPOU CHApYKU

WJIN U3HYTPHU IMMOABOJAUTCA TCILIO IIPpU OTCYTCTBHH IIOTOKA YCPEC3 IIOJIOCTDH TPY6BI.
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Bomnpocs! k 3k3amMeny

1. TlonsiTue u ¢pusnyueckas CyThb mpoiecca MmyJabCallMOHHOTO ropenus. Kpurepuii
Panes.

2. Metoapl pelieHust JIMHEWHBIX 3a/1a4.

3. DHepreTuyecKui NoaXo/ K peUIeHUIO HETMHEMHBIX 3a/1a4

4. OO0oOmIeHHOE ypaBHEHHE YacTOT KosiebaHWil ra3a B TpyOe B OTCYTCTBHUE
IpaJiueHTa CKOPOCTH 3BYKa.

5. YpaBHeHHE YacTOT KoOJeOaHWIl ra3a B KaHaje MpU HAIMYUU CKadyka |
JMHEHHOTO pACTIPENEIICHHS] CKOPOCTH 3BYKa.

6. Ilorepu axkycTuyeckol »HEpruu, OOYCIOBJICHHbIE TPEHHEM TIa3a O CTEHKH
KaHasa.

7. Ilotepu akycTUYECKOI dHEPrUH, BbI3BaHHBIC N3ITyUYEHUEM 3ByKa U3 KaHaja.

8. DHepreTnyeckuil MOAXOJ K HCCIEIOBAaHUIO IyJIbCAlMOHHOIO TOpPEHHUS B
JTUHEHHOM TIPUOTIKEHUH.

9. VYpaBHeHue rpaHUIlbl HEYCTOWYUBOCTH MPOIECCa TOPSHUSI.

10. ®usnueckas CynHOCTh HETMHEHHBIX d(DPEKTOB.

11. BeiBog ¢opMynbl Uisi aMIUTMTYJbl YCTAaHOBUBIIUXCS KOJEOAHHM TaBJICHUS
ra3os.

12. TlonsaTre nepeaaToYHON U MepexoqHON QYHKIUHN MIIaMEHH.

13. Onpenenenne nepexoqHoOM (PYHKIIMH TIIAMEHH C 3aKPETUICHHBIM OCHOBaHUEM.

14. Tlepenarouynas GpyHKUHUS JIAMEHU C YYE€TOM MOJIBH>KHOCTH €r0 OCHOBAHMUSI.

15. Pe3ynbTaThl 3KCIEPUMEHTAIBHOTO UCCIIEIOBAHUS MMYIbCAIMOHHOTO TOPEHUS B
TpyOe ¢ MHOTOKaHaJIbHON TOPENKOM, UX (PU3NYECKOe 0ObICHEHHE.

16. YpaBHeHue 4acToT KoseOaHui raza.

17. ®opmyna 1uist aMITUTY bl YCTAaHOBUBLINXCS KOJeOaHUH aBlIeHUs Ta3a.

18. Pe3ynbpTaThl SKCIIEPUMEHTAILHOTO UCCIIEOBAHUS ITYJIbCALIMOHHOTO TOPEHUS B
pe3onatope ['enbmrounbiia, ux pu3nueckoe 0ObsICHEHHE.

19. Pe3ynbpTaThl SKCIEPUMEHTAILHOTO UCCIIEOBAHUS ITYJIbCALIMOHHOTO TOPEHUS B

YCTAaHOBKE TUIIA EMKOCTb-TpYy0a, uX pusndyeckoe oObsICHEHUE.
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20. YpaBHeHHE 4acTOT KoJeOaHui ra3a B pACCMOTPEHHBIX CHCTEMaX.

21. ®opmyna sl aMILUTUTY/ 16l YCTAHOBUBIIUXCS KOJICOAHUM JaBJICHUA ra3a.

22. O60011eHHas MPUHIUMITHATIBHAS CXeMa YCTPOMCTBA ITyIbCAIlMOHHOTO TOPEHHUS.
23. BeiBo1 0000IIEHHOTO ypaBHEHUS YacTOT KoJieOaHui rasa.

24. BeiBoa 00600111eHHON (OPMYJIBI JJIST aMIUTUTY/IbI YCTAHOBUBIIIMXCS KOJICOAHMIA

JaBJICHU I'a3a.
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