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B cratbe mpencTaBieHBl pe3yNbTaThl HCCIEAOBAHUS (YHKIIMOHATHHBIX
BO3MOXXHOCTEH, ONTUMHU3ALNNA T€OMETPUUECKIX Pa3MEPOB U COBEPILICHCTBOBAHUS
KOHCTPYKIIMU CHEIHATU3UPOBAHHOTO PE30HAHCHOTO KOHIEHTPHPYIOIIETO 3BEHA C
YBEJIMYEHHOW TMOBEPXHOCTHIO M3iIydeHus. PazpaboTaHHasi TeopeTHueckas MOJEIb
MO3BOJIMJIA OMPEENATh 3HAYCHHSI TPOJOIBHBIX U TIOMIEPEYHBIX Pa3MEpPOB KaKIOTO
U3 YYacTKOB KOHIIGHTPUPYIOUIETO 3BEHA, OO0ECIEeYMBAIOUIMX JIOCTHXKEHUE
TpeOyeMBbIX TEXHUYECKUX XapaKTePUCTHK YIBTPa3BYKOBBIX KOJIeOATEIHHBIX
cucteM (kod(dduieHTa yCHJICHHUS 3BEHAa U €r0 PE30HAHCHOW YacToThl). Jlis
npoBepku 3(PPEeKTUBHOCTH pa3pabOTaHHONW MOJENIH TPOBEICHO ONpeAeTIeCHHUE
TreOMETPUUYECKUX Pa3MEPOB PE30HAHCHOTO KOHIIEHTPUPYIOLIETO 3B€Ha C MOMOIIBIO
KOHEYHO-3JIEMEHTHOTO0 KOMILIEKCA IMOKa3aBIIee, YTO PACXOXKIECHUE HE MPEBBIIIAET
10%. DddekTUBHOCTh MPEeAoKEHHOW MOJENU TMPHU OMNPENCIICHUH pa3MepoB U
PE30HAHCHBIX  XapaKTEPUCTHUK  KOHIIEHTPUPYIOUIETO 3BEHAa  IMOATBEPKICHA
pe3ynbTaTaMu  JKCIIEpUMEHTAIBbHBIX  HcciefoBaHud.  Teoperuueckue U
OKCIIEPUMEHTAJbHBIC HWCCIICIOBAHUS TIO3BOJWIM  ONTHMH3UPOBATH  Pa3MeEphl
KOHIIEHTPUPYIOILIETO 3BE€HA, a CO3/laHHAas Ha €ro OCHOBE KoJjiebaTenbHas cucrema
MpU  peanu3aldyd TEXHOJOTUH KaBUTAIIMOHHOW OOpaOOTKH KHUAKUX Cpel
obecrieuna yBETUYCHHE H3TyYarONIe MOBEPXHOCTH Oosiee yem B 6 pa3 0Oe3
CHIDKCHUS MHTEHCUBHOCTH U3TyUYCHUS.

KnroueBple cioBa: ynbTpa3ByK, YJIbTpa3ByKoBasi Kosie0aTellbHAs CHCTEMa,
KOHIICHTPUPYIOI[ee PE30HAHCHOE 3B€HO, KOHLIEHTPATOP, KO3 PULIMEHT yCUICHHUS.

BBEJIEHUE

Hcnonp3yemMoe B HacTosllee BpeMs  yibTpa3BykoBoe (Y3)  TEXHOJIOTMYECKOE
obopynoBanue 6a3upyeTcst Ha OOUTNX MPHUHIIUIAX MOCTPOCHHS U MTO3TOMY CXOJHO IO CBOEH
CcTpykType. B coctaB mo0Ooro VY3 TEXHOJIOIMYECKOrO ammapara BXOAUT 3JICKTPOHHBIN
reHepaTtop W ynbTpa3BykoBas koneOatenbHas cuctema (Y3KC). KonebarenbHast cuctema
NpelCcTaBiIsieT  co0oi  yCTpOHCTBO,  obOecreuuBaroliee  MpeoOpa3oBaHUE  HHEPTUU
JNEKTPUYECKUX KOJIeOaHHWH, MOCTYMAIIUX OT TeHepaTropa, B YIPYTHe MEXaHUYECKUE
KoneOaHusi, UX yCHIIEHHE U BBeJeHHE B oOpalaThiBaeMble cpeibl. Y CHUJICHHE aMIUIUTYIbI
MEXaHUYECKUX KoJIeOaHW M0 BETUYMH, HEOOXOMUMBIX JUIS pealu3aliil pPa3IdndHBIX
TEXHOJIOTHYECKHUX MPOIECCOB OCYIIECTBIISAIOT MPHU MOMOIIN KOHIICHTPATOPOB.

'Hccnenopanne BBITIONHEHO TIPH TOJEpX)Ke MUHHCTepCTBA 006pa3oBaHus M Haykn Poccuiickoii denepanun,
cornamenue 14.B37.21.1173.
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KoHieHTpaTopbl  yJIbTPa3BYKOBBIX  KOJEOAHWUN  TPENCTABIAIOT COOOH  CTEp)KHH
MEPEMEHHOT0 CEeUEHUs, IPUCOEIUHAEMbIE K IPe0Opa30BaTENIO BXOAHBIM YYACTKOM OOJIBIIETO
CEUCHHUS. Tonpko MOBBILICHHE aMIUTATY IbI Kosie0aHui, bopMupyeMbIx
MBE303JIEKTPUUYECKUMH  TpeoOpa3oBaTeNiIMU, 3a CUYeT NPUMEHEHHUS KOHIEHTPaTOPOB
MO3BOJIIET PEAN30BBIBATh KABUTALMOHHYIO OOpaOOTKY >KHUIKHUX Cpell, YJIbTPa3ByKOBYIO
CBapKy, pa3MepHyl0 o00paboTKy XpyNKHX MaTepuaioB U Jpyrue YJIbTPa3BYKOBbIE
TEXHOJIOTMYECKHUE MPOLIECCHI.

1. TIOCTAHOBKA 3ATAY

HpI/IHLII/IH JeHCTBUS KOHICHTPATOPOB OCHOBaH Ha YBCIIMUCHUHN AMIIJIUTY AbI
K0JIEOATEILHOTO CMCHICHUS YaCTUILl CTCPXKHA BCJICACTBUC YMCHBUIICHUA €TI0 IMOIICPCUHOTO
CCUCHUS B COOTBETCTBUH C 3aKOHOM COXPAaHCHUSA IABUKCHUS. B Pe3yJIbTaTC MHOTOYUCIICHHBIX
HCCIICIOBaHUM [1, 2] OBLIO IIOKa3aHo, 4TO Hauboee MNEPCHCKTUBHBIMU CPEAN HUCIIOJIb3YyCMBbIX
KOHIOCHTPATOPOB SABJIAIOTCA CTYICHYATBHIC KOHHOCHTPATOPBI C IIEPECXOAHBIM paJuaibHbIM
Y4aCTKOM. CxeMaTH4yHO CTyrIeHLIaTO—paI[I/IaJ'ILHHﬁ KOHIOCHTPATOP MPEACTABJICH HA pUC. 1.

—)/ l Puc. 1.

= OOwmii BU COCTaBHOTO CTYIIEHYATO-
pazuanbHOrO KOHIIEHTpaTopa

Pacuer yuactkoB /;, /5, [., ocymecTBIseTCs M0 U3BECTHBIM METOAMKAM pacdera, HoApoOHO
U3JI0KEHHBIM B [ 1, 2].

Hcnonb3yemMble B COCTaBE COBPEMEHHBIX Y3 ammapaToB KOHIIEHTPAaTOPBl OO0JIAfaroT
BBICOKUM KOX(P(PHUIMEHTOM YCHIICHHs, XOPOIIUMH HPOYHOCTHBIMH M COTJIACYIOLIMMHU
nbe301peodpa3oBareib C KUIAKOW cpenoil Xxapakrepuctukamu. OnHAKO, HCIOIb30BaHUE
KOHIIEHTPAaTOPOB € BBICOKUM Ko3(duumentom ycunenus (oxono 10) He Bcerna peannsyemo
Ha TpaKTHKE, IMOCKOJIbKY YMEHBIICHHE TUAMETPa BBIXOJHOM YacTH 3HAYMTEIHHO CHMKAET
IPOYHOCTHBIE XAPAKTEPUCTUKH MEPEXOJHOTO yyacTKa M YMEHbILIAET IUIOIIAb M3JIydaroen
noBepXHOCTH. [IOMBITKM yBeNTWYEHHUS BXOIHOTO CEUEHHs] KOHIICHTPATOpa HE IMO3BOJISIOT
pemuTh MpodiieMy, MOCKOJIBKY TpPeOYIOT YBEIMYUBATH pa3sMephbl IMbE303JEKTPUUECKUX
npeoOpa3oBaresieil, 4YTO HE BCErjJa BO3MOXKHO M3-3a OrPAaHMYCHHOCTH JIMaMETPOB
BBIITY CKAeMbIX ITb€303JIEMEHTOB.

BMmecTe ¢ TeM M3BECTHO OJTHO M3 pEIIEHUH paccMaTpuBaeMOl MpoOsieMbl, OCHOBaHHOE Ha
UCTIOJIb30BaHUM KOHIICHTPHUPYIOIIETO 3Be€Ha, 00BEIMHSIOMIET0 KIAaCCHYECKUN KOHIIEHTPATOP C
PE30HUPYIOIIEH Ha ero COOCTBEHHOW YacTOTE TOTIOTHUTEILHOW MacCOi.

B.H. Xmenes, C.C. XMenes, P.B. bapcykos, P.H. lNonbix, K.A. Kap3akoBa
CoBepLUEeHCTBOBAHME KOHCTPYKLUMN PE30HAHCHOIO KOHLEHTPUPYIOLWEro 3BeHa C YBEe/IMYEHHOW NOBEPXHOCTbIO
N3nyyeHuns
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BnepBrie Takas KOHCTpYKIMs ObUia TIpemasiokeHa B [3,4] WU sABIsUIach OCHOBOHM IS
MOCTPOEHUS yJIbTPa3BYKOBBIX KojebaTtenbHbIX cucteM (Y3KC), ucmonbp3yromuxcs B psje
BBICOKOITPOU3BOIUTENIbHBIX XUMUYECKUX KaBUTALMOHHBIX PeakTOpoB. Vcnoiap3oBanue Takoit
KOHCTPYKLUUHU TIO3BOJISJIO TMOJNYYUTh TpeOyeMblil KO3(PPHUIMEHT yCHJIEHUS NpU pPaBHBIX
BXOJIHBIX M BBIXOJHBIX JIHMaMeTpax 3BEHA.

CylIHOCTh KOHCTPYKIIMM TaKOro 3BE€HA MOSICHAETCS pHUC. 2. YUYacTOoK auameTpoMm D;
ABJIIETCS. BXOJIHBIM M BBIOMPAETCS PaBHBIM BBIXOJHOMY IHAMETPY MbE303JIEKTPUUECKOTO
npeoOpazoBarens. [Ipu mpakTHYecKOM IPUMEHEHUY JIMHEHHBIC pa3Mephl /;, 15, [; BeIOuparoTcst
COOTBETCTBYIOIIMMHU pa3MepaM CTyNMeHYaTO-paJHaIbHOTO0 KOHIeHTpaTopa. Juamerp D
SIBIISIETCS IPOMEKYTOYHBIM U ONIPEIeIsieT HeOOX0AMMbIH KoddduiimeHT ycmienus. Pasmep Iy
OOBIYHO COOTBETCTBYET pa3Mmepy [, W BIMSHUE YIJla o Ha MapaMeTpbl YCUJICHUS HE
paccmatpuBainock. Pazmep /s BeIOMpaeTcst U3 yciuoBwsl, uTo [,+/s=A/2, rae A — AJIMHA BOJHEI B
MaTepuaie KOHIIEHTPHUpYIOIero 3BeHa. BpiOop BbeixomaHoro auamerpa D; 0OBIYHO
COOTBETCTBYET auaMeTpy [; OAHAKO €ro 3HaueHue JOJDKHO OINpPEAeNsAThCS TpeOOBaHUSIMHU
TEXHOJIOTHYECKHUX TPOIECCOB U TPEOYeT N3yUCHUS.
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Puc. 2. KoHCTpyKTHBHas cXeéMa KOHLIEHTPHPYIOIEro pe30HUPYIOLIETO 3BeHa

K cosasienuto, KOHIIEHTPUPYIOIIEe 3BEHO, 00BETUHSIOIIEE KIIACCUUECKUN KOHIIEHTPATOP €
PE30OHUpYIOUICH MacCod HE MOJYYWIO IMUPOKOTO MPAKTUYECKOTO pPaCHpOCTPAHCHHUSI.
OOyCIIOBIIEHO 3TO OTCYTCTBUEM TEOPETUYECKHX M IKCIIEPHUMEHTAIBHBIX HCCIICIOBAHHM,
HaIlpaBJICHHBIX HA BBIPA0OTKY METOJANYCCKHX PEKOMEHIAIMI 110 ONITUMH3AIMYA KOHCTPYKIIHA
JUTSL TIONYYSHHST MaKCHUMAJIBHOTO KOX((UIMEHTa YCWICHUS B DPa3UYHBIX YCJIOBHSX, IMPH
pa3IMYHBIX JHAMETPax U pa3Mepax M3Iydaronield TOBEpXHOCTH.

Takum 00pa3oM, HaaMuWe B KOHIICHTPHUPYIONMIEM PE30HAHCHOM 3BEHE OOJIBIIOTO
KOJIMYECTBA TMEPEXOJHBIX YYAaCTKOB W TMPOJOJBHBIX YYaCTKOB Ppa3MYHBIX JIHAMETPOB,
TpeOyeT TOAPOOHBIX WCCICNOBAHWKA KOHCTPYKIIMM Ui BBISIBICHUS  ONTHMAJBHBIX
COOTHOIIICHUH JJTMH Y4YacTKOB M JHWAMETPOB TIPU 3aJaHHBIX OTHONICHUSAX IUIOIIAJCH
BXOHOTO M BBIXOJTHOT'O TOPIIOB KOHIIEHTPATOPA.

[TpoBeneHnIo WCCIIEIOBaHUI KOHIIGHTPUPYIOUIETO pPE30HAHCHOTO 3BEHA MOCBAIICHA
Mpe/ICTaBJICHHAs paboTa.

B.H. Xmenes, C.C. XMenes, P.B. bapcykos, P.H. lNonbix, K.A. Kap3akoBa
CoBepLUEeHCTBOBAHME KOHCTPYKLUMN PE30HAHCHOIO KOHLEHTPUPYIOLWEro 3BeHa C YBEe/IMYEHHOW NOBEPXHOCTbIO
N3nyyeHuns
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2. TEOPETUMYECKUI PACUET

JIns MOCTpOCHMsI TEOPETHYECKOM MOJCNH, CIOCOOHOW 00€CTeUYnTh TEOPETUUECKHE
pacyeTbl KOHILIEHTPHUPYIOIIETO PE30HAHCHOTO 3BEHAa MPHUHATHI CIEAYIOLIUE YIPOLIAIOIIHe
JOTIYIICHHUS:

a) B CTEp)KHE PacMpOCTpaHseTCsl II0CKasi BOJIHA, T.€. HAMPSDKEHUS U CKOPOCTH YaCTHIL IO
BCEH TUIONIAIU MPOU3BOIBHOIO CEUEHHUS TOCTOSHHBI

0) monepevyHoe CxKaTHUE KOHCTPYKIIUU OTCYTCTBYET;

B) KOJIcOaHMSI KOHCTPYKITUH TAPMOHUYECKHE.

B srom ciyuae, pacnpezeneHre aMIUIUTYQ KOJeOaTeNbHBIX CMEIIEHUH YJacTKOB MajIbIX
IMaMETPOB PAcCMAaTPUBAEMOTO 3BEHA, B 3aBUCHUMOCTH OT TIPOJOJIBHOH KOOPAWHATEHI,
OIMCHIBAETCS CIEAYIOLIUM YPaBHEHUEM MPOI0JIbHBIX KOJeOaHui TOHKOro cTepxHs (1):

2
St =2 s ()
ot Ox Ox

rae S(x) — miouiaab MONEPEYHOrO0 CEUYEHUE KOHLEHTPUPYIOLIEro PE30HAHCHOTO 3BEHA B
IPOJIOJIBHOW KOOpJIMHATE X, # — BEJIMYMHA KOJIeOATEeIbHOTO CMEIICHUS 3BE€HA B TOYKE C
IPOJIOJIBHOW KOOPAMHATOM X, ¢ — CKOPOCTh PACIpPOCTPAHEHMs MPOJOJIBHBIX KOJIECOaHUH B
Marepuaie.

[TockonbKy paccMaTpuBaeMO€ PE30HAHCHOE 3BEHO TIPEACTaBIsieT COOOH JHMHEHHYIO
CHCTEMY, CHPaBEIJIMBO YTBEPXKJIEHHUE, YTO BCE YYACTKU 3BEHA KOJICOJIOTCS C OAMHAKOBOU
4acTOTOU w:

_w2s(x)u=c2§x(s(x)%_gj, @)

rae U — amMmnTya KoaeOaTeNnbHbIX CMEILCHUMN.

Jns nanbHEHIIEro pacCMOTPEHHUS 3B€HO Pa30MBAETCS HA HECKOJIBLKO YYaCTKOB CIIEAYIOIIUX
THIIOB:

1) yuacTok moctosHHOro ceuenus, S(x)=const. Benmmunna koneGaTeNbHBIX CMeEMIEHHi
IpeICTaBMMa B CIEIYIOIIEM BUJIE:
U(x)= A4cos(kx)+ Bsin(kx),
rae k — BOJIHOBOE YUCJI0 KOHIIEHTPUPYIOILETO 3BEHA.

2) yyacTok ¢ JMHEWHbIM npodwmieM. [lmomans mnomnepedyHoro cedyeHus MpeAcTaBieHa
CJIEAYIOUIEH 3aBUCUMOCTBIO OT KOOPJUHATHI:

Sﬁﬂz J§;+ﬁéii;£§;x2

b

rae Sop — MI0IaIb BXOJAHOTO TOPIIA, S| — IUIOMAAh BEIXOJHOTO TOPIA, L — IJIMHA y4acTKa.
Bennunna konebaTenbHBIX CMEIICHHUH MpeICTaBUMa B CJIEIYIOIIEM BUIE:

U(x) = AGI,SO,Sl,k,L (x)+ BGZ,SO,Sl,k,L (x) .

B.H. Xmenes, C.C. XMenes, P.B. bapcykos, P.H. lNonbix, K.A. Kap3akoBa
CoBepLUEeHCTBOBAHME KOHCTPYKLUMN PE30HAHCHOIO KOHLEHTPUPYIOLWEro 3BeHa C YBEe/IMYEHHOW NOBEPXHOCTbIO
N3nyyeHuns
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3) yuacTok 3BeHa ¢ paAuanbHeiM npodwmieM. [lnomanas mNONEPEeYHOro CeYEeHUS
IpeJICTaBICHA CIeAYIONIeH 3aBUCMOCTBIO OT KOOPIMHATHI:

2

d,+R—~/R* —(L—xY
d, s

S(x)=s,

rae S) — IUIOIIAlb BBIXOJAHOIO TOpLa, di — JUaMeTp BBIXOJAHOIO Topua, L — JUIMHA ydacTka,
R — paanyc KpUBU3HBI IPOJIOJILHOTO MPOPHIIS.
Bennunna konebaTenbHBIX CMEIICHUH MpeICTaBUMa B CJIEIYIONIEM BUIE:

U(x) = AEl,SO,Sl,k,L (x)+ BEZ,SO,Sl,k,L (x) .

Oyukumu G u E onpenensioTcst UCXO0/s U3 pelieHus ypaBHeHU (2).

Hcnonb3ys ykazaHHbIE IPECTABICHHUS, COCTABIISCTCS CHCTEMa YPAaBHCHUH U3 CIICIYIOMICH
CHUCTEMBbI TPAaHUYHBIX YCJIIOBHI PaBEHCTBA CMEUICHUN W HAIPSDKEHHH HA TPAHUIAX YyYaCTKOB
(TIOCTOSTHHOTO CEYCHUSI — PaIUAIbHBIA — MOCTOSTHHOTO CEYCHUSI — C JIMHEWHBIM NPOQpHUIEM —
paauaIbHBIN):

A, =U,

Ay cos(kL, )+ Bysin(kL,)= A E, s ,,(0)+BE, 5 ,,(0)

— kA, sin(KL, )+ kB, cos(kL,)= AE, s ¢ ,,'(0)+BE,5 s .,'(0)
AE s s (L) +BE, ¢ . (L,)= 4,

AE s s . (L)+BE,s s ,,'(L,)=kB,

— kA, sin(kLy )+ kB, cos(kL;) = 4G, 5. ¢ ,.,"(0)+ B:G . 5 ..,'(0)
A, cos(kL; )+ B, sin(kL;)= 4G, 5, 5 ., (0)+ B,G 5 5 ,,(0)

A3G1,S0 1.k L (L4 ) + B3G1,S0 1.k L (L4) =4,
A3G1,S0 Sy L ' (L4 ) + BSGI,SO Sy L ' (Ls ) = kB,
A4Gl,s0,51 KL ' (Ls )+ B4G1,s0,sl KL ' (Ls ) =0

Pemienue nony4eHHOW CHUCTEMBI YPaBHEHU METOJIOM ['aycca OTHOCHTENBHO MOCTOSHHBIX
KOYPOUIUEHTOB A, ..., A4, By, ..., B4 TI03BONSICT HAWTH  pacHpeleliCcHHe  aMIUTUTY]]
KOJICOAHUH B/IOJIb KOHIIEHTPUPYIOMIETO PE30HAHCHOTO 3BEHA.

[TomydyeHHOE pacmpelieneHne aMIUIMTY[ MPOJOJIbHBIX KOJeOaTeIbHbIX CMELIEHUN BIOJIb
aKyCTHYECKOH OCH KOHIIEHTPUPYIOILIETO 3BEHA MPEJICTaBICHO HA PHUC. 3 MpPHU Pa3INYHBIX
JUTMHAX y4acTKa /4 M IMaMeTpax BXOIHOTO U BBIXOJHOTO cedeHuit (10, 15, 27 mm).

[TomyyeHHOE  pacmpeneleHne aMIUIMTYA  KojeOaHuM  BAOJIb  KOHILEHTPHUPYIOLIETO
PE30HAaHCHOTO 3BEHA IMO3BOJISIET YCTAHOBUTH, YTO BBHIOOPOM JUIMHBI ydacTka [y mpu
MOCTOSTHHOW CyMMAapHOM JUIMHE YCHJIMBAIOILErO 3B€Ha MOXKHO OOECHEYUTh JOIMOJIHUTENBHOE
yBenmueHue kodddumnmenrta ycunenus B 1,5 pasa 6e3 usmeHeHus nuaMetpoB D u Dj.

Ha puc. 4 npuBeneHa 3aBUCUMOCTh KO3 (ULIMEHTa YCUIIEHUS! OT COOTHOIIEHHUS TUIOIIaaei
BXOJIHOTO (Sgy) U BEIXOJTHOTO (Sgyx) TOPIIA TSI CTYTIEHYATO-PATUATBHOTO IBYXITOJIYBOJTHOBOTO
KOHIIEHTPATOpa, MOJIyYeHHAs! IPY TIOMOIIN pa3padOTaHHON MOIEIIH.

B.H. Xmenes, C.C. XMenes, P.B. bapcykos, P.H. lNonbix, K.A. Kap3akoBa
CoBepLUEeHCTBOBAHME KOHCTPYKLUMN PE30HAHCHOIO KOHLEHTPUPYIOLWEro 3BeHa C YBEe/IMYEHHOW NOBEPXHOCTbIO
N3nyyeHuns
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Puc. 3. Pacnpenenenue aMIuTy 1 MPOJOIBHBIX KOJICOAHUI KOHIICHTPUPYIOMIETO 3BEHA TTPH

PA3JIMYHBIX JJIMHAX YYaCTKa 14
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Puc. 4. Pacnipenenenue aMIuTUTy ] IPOJOIBHBIX KOJICOAHNH KOHIIEHTPUPYIOIIETO 3BE€HA MPH

Pa3JIMYHbIX AJIMHAX y4aCTKa 14

[Ipy ycCTaHOBIIEHMM COOTHOILIECHHW IUIOMIAJAECA BXOJHOTO W BBIXOJAHOTO CEYEHUU

KOHOCHTPUPYIOIICTO YYaCTKa, paBHBIMU OTHOUICHUIO HJ'IOIII&I[GfI Y4aCTKOB MaKCHUMAJIbHOT'O U

MUHHMaJIBHOTO cedeHus (/s u /3) pa3pabaThiBaéMOro yCHJIMBAIOIIETO 3BEHA, MOXKHO ITyTEM

ONTUMHU3AIIMU OJIMHBI Y4YaCTKa l4 AO0CTUYb COOTBCTCTBYIOLICTO KOB(b(l)I/IHI/IeHTa YCHUIICHUA, B

JTAaHHOM Clly4ae, paBHOro 35,7.

OpHako 3a c4€r yBenuueHus B 6,25 pa3 MJIOLIAIU BBIXOJHOIO TOPILA B paCCMAaTPUBAEMOM

3BEHE, MOXHO JIOCTMYb Oojiee 4YeM O6-KpaTHOrO YBEIUYEHHS BBOJMMOI aKyCTHYECKOIO

SHEpPIrHH, YTO CBHUIETEIBCTBYET O BBICOKOH Y(PPEKTHBHOCTH NAHHOTO KOHIIEHTPUPYIOIIETO

3BeHa. Ha puc. 5 m 6 mpuBeneHbl 3aBHCHUMOCTH KOd(pHIIMEHTa yCHICHHS OT Iuamerpa |

JUTMHBI y4acTKa /y.

B.H. Xmenes, C.C. XMenes, P.B. bapcykos, P.H. lNonbix, K.A. Kap3akoBa

CoBepLIEHCTBOBaHNE KOHCTPYKLUN PE3OHAHCHOIO KOHLIEHTPUPYHOLLEro 3BeHa C YBEJIMYEHHO NMOBEPXHOCTbIO

n3nyyeHunaqa
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Puc. 6. 3aBucumocts K03 (hUIIMEHTA YCHIICHHUS OT TMaMeTpa yJacTKa /3 Ipy pa3IHaHbIX
IMaMeTpax yJacTka /y

[IpencraBieHHblE 3aBUCUMOCTH IO3BOJISIIOT CHENaTh BBIBOJ O TOM, 4YTO Haubosee
CYIIIECTBEHHO Ha KOA(PGUIMESHT YCHUIICHUS BIUSET TUaMETP TOHKOTO yJacTKa /3.

Opnaxo, moneITKa yMeHbLIeHUs AuameTpa ¢ 10 10 8 MM ¢ 1ebI0 2-KpaTHOTO MOBBIICHUS
K0d(puIMeHTa YCUIICHUS SIBIISIETCSI HEAOMYCTUMOM, MOCKOIBKY MPUBOIUT K TAKOMY POCTY
MEXaHUYECKUX HANpsUKEHUM, KOTOpble MOTYT NpPHUBECTH K TIOJOMKE 3BeHa. I[loaTomy
ONTUMAJbHBIA JAMAMETP C TOYKM 3pEHUs OOECHeueHus MAOMYCTUMBIX MEXaHHYECKUX
HanpsbkeHu cocrasisgeT okoso 10 MM. Bmecre ¢ TeM, aHanu3 MOJAENM IOKAa3bIBAET
BO3MOXXHOCTh TOBBIIIIEHUS Kod(pduuueHTa ycwineHuss 10 6...7 pa3 MyTeM yMEHBUICHUS
JUTMHBI y4acTKa /4 (YBEIMYEHUEM yTIIa 0, CM. pHC. 2).

TakuMm o0Opa3zom, pa3paboTaHHasi MOJEIb IO3BOJIET COBEPUICHCTBOBATH KOHCTPYKIIMIO
YCHJIMBAIOILIETO 3BEHA ITyTEM ONPEEICHNS ONTUMAIBHBIX KOHCTPYKTHUBHBIX apaMeTpPOB.

B.H. Xmenes, C.C. XMenes, P.B. bapcykos, P.H. lNonbix, K.A. Kap3akoBa
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4. MOAEJINMPOBAHUE KOHLUEHTPUPYIOIIEI'O 3BEHA METO/IOM KOHEYHBIX
OJIEMEHTOB

B pesynbrare mocnenoBaTeabHOrO BBIOJHEHUSI BCEX 3TANOB pacueTa Mo MpeasioKeHHOM
MOJIETI OMNPEIENSIIOTCS OCHOBHBbIE KOHCTPYKTHBHBIE pa3Mepbl KOHIIEHTPUPYIOUIETO 3BEHA.
Jlns nmoaTBepKACHUS aJIeKBAaTHOCTH MPEVIOKEHHON MoJienu ObUIM MPOBEIEHBl CPAaBHEHUS C
pacueTramu, MOJYYEHHBIMU MPSIMBIM YUCICHHBIM METOJOM KOHEYHBIX 3yieMeHTOB [5]. Ilpu
9TOM pa3paboTKa TpPEeXMEPHBIX TBEPAOTEIbHBIX Mojeneil y3nmoB Y3KC ocymecTBisiack
MOCPEACTBOM CHUCTEMbI aBTOMATU3HUPOBAHHOTO TBEPAOTEIHHOTO POEKTUPOBAHUS.

B kauecTBe HaualbHBIX Pa3MEpPOB OBLIM B3SITHI: BXOJHOM auamerp D;=25 mm (paBHbII
BBIXOJIHOMY JMAaMETPY MbE303JEKTPUUECKOro mnpeoOpas3oBarens), D,=10 MM, BbIXOAHOMI
muametrp D3;=25mm. VYuwactku [, [, [3; paccUMTBIBAIOTCA 1O METOJUKE pacuera
npenacTaBieHHol B [1, 2] mpu atom [;+1,+15=A/2, ygacTok [, BBIOUpaeTcs paBHBIM y4acTKy /.
Yyactok /s paccuuTBIBaeTCS WCXOIS W3 yCIOBUs, 4To [,+[5=4/2. B wmrore oOmas mHa
KOHCTPYKIIUH TIOJTy9aeTCsi pe30HaHCHOM, paBHOM 24/2.

B kauecTBe HauyaJbHBIX Pa3MEpPOB KOHLEHTPHUPYIOUIETO 3BE€HA ObUIM B3STHI Pa3MEpPbI
YYacTKOB, TOJYYCHHBIE HA JTalle TEOPETHUECKOro pacyera. 3aTeM ObLTH MPOMOIEITHPOBAHBI
KOHIIGHTPUpPYIOIIHE 3BeHbst C ImaroM 1o 0,5 MM BOKpyr 53Tux 0a30BBIX pPa3MepOB.
[lonydyennble pe3ynbTaThl NpuBeAcHbl Ha puc. 7. Ha puc. 7a m3zobpaxeHa 3aBUCHUMOCThb
KOdpUITMEHTa YCHJICHUS OT jauamerpa D, Ha puc. 76, 3aBUCHMOCTh Kod(hduimeHTa

YCUJICHUA OT AJIMHBI y4aCTKa 14.
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Puc. 7. Pe3ynbTaThl MOAETUPOBAHUS METOJAOM KOHEUHBIX 3JIEMEHTOB

N3 3aBUCUMOCTH, MpENCTaBICHHON HAa PUC. 7a ClienyeT, 4To NMpu aAuamerpe D, paBHOM
8 MM, MOXET OBITh TMOJYYeH MaKCUMaIbHBIA KOIPOHUIIMCHT YCUJICHUS, TP HEU3MEHHOM
nuaMeTpe BeIXOAHOW vacTh. OmHaKo, Kak OBLIO CKa3aHO BBINIC TAaKOW JUAMETP CpeaHei
YacTH 3BEHA, TaK € KaK M €ro JaJbHEHIee YMEHbBIICHHE MPUBOIUT K 3HAYUTECIHHOMY
BO3pPACTaHUIO MEXAHWUYECKUX HANpPsHKEHUH B JTaHHOW 00JIaCTH, YTO MOJKET MPUBOIUTH K
nosioMke. [loaToMy B KadecTBE ONTHUMAIBHOTO JUMAMETPA, YJAOBIECTBOPSIONIETO YCIOBHIO
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JOCTHUKEHHSI MAKCUMAJIBHOTO KO3 UIIMEHTa yCHJICHUS NPU MEXaHMYECKUX HAMPSIKEHUSX,
HE MPEBBIIIAIONINX TOPOTrOBbIE JIJIsl MaTepualia 3BeHa, BbIOpaHo 3HaueHue, paBHoe 10 MM.

W3 3aBucuMOCTH, MpeICTaBIIEHHON Ha pUC. 76 CIeayeT, 4To NpH YK€ 3aUKCUPOBAHHOM
pasmepe D, HanOonbui KO3(PPUIMEHT yCUJIEHUS JTOCTHraeTcsl MpU MUHUMAJIbHOM JIMHE
y4acTKa /4 KOHIIEHTPUPYIOLIETO 3BEHA.

[Ipu ™MopenupoBaHMHU oOMpeAensiach JUIMHA KOHUEHTPUPYIOIIErO 3BEHAa C IIENbI0
YCTAHOBJICHUSI TOYHOTO 3HAYCHMsI COOCTBEHHOW DPE30HAHCHOW 4YacTOThI KOHCTpyKumu. Ilo
pacdeTraM C KCIOJb30BAaHUEM MPEUIOKEHHON MOJENU PE30HAHCHAs 4YacTOTa KOHCTPYKIMH
cocraBmwina 29,9 kI'm. Takum o0pa3oM, Ha 23Tare MOJCTUPOBAHUS OBUIM OINPEICICHBI U
BI)I6paHI)I ONTUMAJIBHBIC JJIMHBI BCCX YYACTKOB KOHHOCHTPHUPYIOMICTO 3BCHA Ha 3aJaHHYIO
PE€30HAHCHYIO YacTOTY, YTO ITO3BOJIUJIO IPUCTYIUTH K HU3TOTOBJICHUIO KOHIIEHTPUPYIOLIETO
3BCHA I YJIbTPAa3BYKOBBIX TCXHOJIOTHYCCKUX aIlllapaToOB.

B pesynbrare pacu€roB yCTaHOBJIEHO, 4YTO pa3jiMuue MeEXAy pe3yJibTaTaMu
MOACIINPOBAHUA METOAOM KOHCUYHBIX 3JICMCHTOB M C IMOMOINIBIO HpeI[J'IO)KCHHOI\/JI MOACIN
cocraBnsier He Oonee 10%. Hamuume Ttakol mnoOrpemHocTH OOYCIOBIEHO TEM, 4YTO
NpeaIoKCHHAasA MOICJIb HEC Y4YUTBIBACT IMOINCPCUYHBIC paaruajabHbIC KOJ'IC6aHI/I$I
KOHILIEHTPUPYIOIIETO 3BEHA, TOCKOJIBKY TIPOJI0JIbHBIE KOJICOaHUs MPEACTABISIOT HAMOOIBIITHI
IIPaKTUYECKUM MHTEpeC Uil peaau3alMM YJIbTPAa3BYKOBBIX TexHosorud. Tem He MeHee,
MOJCJIb ABJIACTCS BIIOJIHE }’I[OBJ'IGTBOPI/ITCHBHOI\/JI JJISA pvaéTa OCHOBHBIX I'€OMCTPHYCCKUX U
PE30HAHCHBIX NMapaMeTPOB KOHIIEHTPUPYIOIIETO 3BEHA.

5. OKCITEPUMEHTAJIBHBIE NUCCJIEAOBAHU A

DOKCMEPUMEHTAIBHBIE HWCCIACAOBAHUS 1O BBISBICHUIO TEXHUYECKUX XapaKTEPUCTHUK
pa3paboTaHHOTO 3BEHA 3aKIIOYAUCh B H3MEPEHUH COOCTBEHHOW PE30HAHCHON YacTOTHI
KOHCTPYKIUU U KOd((HUIIMEHTa YCHIICHUS yIbTPa3ByKOBOM KOJIEOATEILHOW CHCTEMBI, a TaK
KE aMIUTUTYJIbl MEXaHWYECKHX KOJICOAaHWH Ha BBIXOAHOM TOpPIIC 3BEHA M HM3MEPCHUU
anektpoakyctuyeckoro KIIJI ynprpa3sBykoBoro ammapara.

BremHuii BUJ KOHIIGHTPUPYIOIIETO 3BE€HA M YJBTPA3BYKOBOTO ammapara «AJeHay,
HCTIONIB3YIOUIETO KOJIeOaTeIbHYI0 CHCTEMY C TAKUM 3BEHOM IOKa3aHbI Ha pUC. 8.

Puc. 8. Buenmnuii Bug pazpaboTaHHOTO KOHIIEHTPUPYIOIIETO 3BEHA U YIBTPa3ByKOBOTO
anmnapara
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B kauectBe  HCTOYHMKA  yJIbTPa3BYKOBbIX  KoieOaHUMl ~ ObT  HMCHOJB30BaH
MBE303JIEKTPUUECKHI TMpeoOpa3oBaTesib, COCTOSIIUX M3 2-X IMHhE30KEPAMUUYECKUX KOJIeI]
tunopazmMepa 24x12,5x6,35 MM, ¢ YaCTOTHOMOHWXKAIOIICH H3Iydarolled HaKIaAKOW U3
AJTIOMUHHUEBOTO cruiaBa B9S m yacTOTHONMOHMKAIOIIEN OTpakarollel HaKIAKOW U3 cTainu 45.
CoenuHeHue mpeodpas3oBatessi ¢ KOHIEHTPUPYIOUIUM 3BE€HOM MPOU3BOAMIOCH MOCPEICTBOM
HIMUJICYHOTO COSTUHEHHUS.

N3mepenne COOCTBEHHOW  PE30HAHCHOM  YacTOTHI  KOJIEOATEIBHOW  CHCTEMBI U
KOd(pUIMEHTa YCUICHHUS NPOU3BOMIN MPU MOMOIIN MbE303JIEKTPUUECKOTO HIyNa C CYXUM
TOYEUHBIM KOHTAKTOM mpu nutanuu Y3KC oT HM3KOBOJIBTOBOTO reHepartopa. PezoHaHcHas
4acToTa OMNpeAeNislach [0 MaKCUMaJbHOMY  3HAYCHHUIO aMIUIATYAbl  KoJieOaHUH,
KOX(PQOUITMEHT YCWICHUS ONpEACIsICS KaK OTHOIICHHE MaKCUMAaIbHOW aMIUIATYIBI
kosiebanuii Ha m3mydaromeM topie Y3KC k ammuuryae koneOaHuil Ha 3alHEH OTpaskaromeit
HAKJIAJKe ThE30AJICKTPUUECKOTO TMpeolOpaszoBarens. Pe3ynbrarel HM3MEpeHU MPUBEICHBI

B Tadi. 1.

Tabnuma 1. PesynpraThl n3MepeHHil, OJy4EHHBIX TP TOMOIIH MbE303JEKTPUUECKOro IIymna

Amiunryaa,
AMIuryaa e PesonancHas
Ha 3aHel
3BeHO Ha TopIIE, . 4acTora, Koappuuunenr ycunenus
oTpakarouiei
B k'

Haknaake, B

IIbe303iek €CKUU
PE3OICKIPHHICCKIH 2.4 1,6 29,71 1,5

npeoOpa3oBaTesb
" KoHueHTpHpYIolee 58 08 29,76 7,25
3BEHO ' ' ' '

Takum 00pazoMm, pe3ynbTaTbl H3MEPEHHH IOKa3bIBAIOT, YTO W3MEPEHHOE 3HAuCHHE
K03 uLmeHTa yCuIeH!s] KOHLIEHTPUPYIOIIETO 3B€Ha COCTaBIsAeT 4,8, 4TO B CBOIO OYepeb
OTIMYAaeTCd OT 3HA4YEeHUS KOX(pUIMEHTa YCHUICHHUS, MOJYYEHHOTO NPU TEOPETHUYECKHX
pacuetax He Ooinee yem Ha 5%. PacxoxneHuss B ompeieNeHHHM PE30HAHCHOM YacTOTHI
coctaBmim 0,6%.

AMIUTUTYly MEXaHWYECKHUX KOJIeOaHUI Ha TOpIle KOHIEHTPHPYIOIIEro 3BEHA H3MEPSUIH
IPH TIOMOIIU CTPOOOCKONmUIecKoro crocoba [7]. st 3Toro ucnons3oBainu cTpoOOCKOI s
U3MEPEHUs] aMIUTUTYAbl MEXaHHMYECKUX KOJIeOaHWH W MHUKPOCKOI. V3MepeHus aMIUIUTYIbI
KoJIeOaHU# MpH paboTe ammapara IMoKaszajiH, YTO aMIUIMTY/1a MEXaHWYECKHX KoleOaHWW Ha
BBIXO/JIHOM TOpILIE KOHLEHTpuUpYomero 38eHa cocrapiseT 40—45 Mxm. [lonyueHHble qaHHbIE
TaKXKe MOJTBEPXKAAIOT TOJy4YeHHble 3HadyeHus Koddduuumenta ycunenus Y3KC ¢
KOHLICHTPUPYIOLUM 3BEHOM, IIPH 3TOM, MOJIyYEHHOE 3HAUYEHUE aMIUIUTY]Ibl JOCTAaTOYHO JUIS
peanu3any OOJIBIIMHCTBA YIBTPAa3BYKOBBIX TEXHOJIOTHH.

[TockonbKy TEOPETHYECKH HAJM4Me IUaMETPaJbHBIX KOJEOaHUN KOHLEHTPUPYIOLIETO
3BEHa HE PaccMaTpHUBaJIOCh, MPEICTABIsAET OCOOBI MHTEpeC MCCIeI0BaHUE pacHpeeCHHs
KOJIeOAaHUH LMIMHAPUYECKOro yuactka [s. [lomydyeHHOe BBIIIEONUCAHHBIM  METOJIOM
pacripeie/ieHle aMIUIUTY/Ibl KOJIEOaHUH MpeICTaBIeHO Ha puc. 9.

B.H. Xmenes, C.C. XMenes, P.B. bapcykos, P.H. lNonbix, K.A. Kap3akoBa
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Kak BumHO ®3 rpaduka, KOHIEHTPHPYIOIIEE 3BEHO O00JaJaeT JOCTATOYHO BBICOKHM
YpOBHEM IMONEpPEYHbIX KoyeOaHUI (MakCMMaJbHOE 3HAYEHWE AaMIUIUTYAbl Hpu padbore
anmapara HE NpPEBBIIIAET 5 MKM), YTO MOXET OO0yCIaBIMBAaTh JOMOJTHUTEIbHBIA BBIXOJ
SHEPruu ¢ OOKOBOH MOBEPXHOCTU. OITYy [OJIO JIETKO ONPEAEIUTh 3KCIEPUMEHTANbHO,
norpy»as IWINHAPUYECKUN YYaCTOK B BOJY YAaCTHYHO.

[TonHpli (MpU MOJHOM THOrpyXeHuH HuauHApudeckoro yuyactka) KIIJI ynprpa3BykoBoro
anmapara OIpeAessUIM MPHU MOMOIIM KaJOPUMETPUYECKOI0 METOoJa. DTOT crocol SBIsSETCS
OJIHUM U3 Hauboisiee AOCTYMHBIX W MPUTOJHBIX JJISl ONpPENETICHMsI MOJIE3HONM aKyCTHYECKOM
MOIITHOCTH YJITPa3BYKOBBIX YCTaHOBOK, MpEIHA3HAYEHHBIX Ui PAa0OTBI B IKHIKUX U
KUJIKOIUCTIEPCHBIX cpemax [6]. Mertonuka mpoBeAeHUsT M3MEpPEHHWH OCHOBaHa Ha
OPAKTUYECKOM  pealu3alid  KaJOPUMETPUYECKOTO  METOJa,  CTaHJAapTU30BAHHOIO
MexnyHapoaHOW 3JIEKTPOTEXHUYECKOW KOMHUCCHEH. M3MepeHue 3IeKTpoakyCTUYECKON
MOIIIHOCTH TPOBOJWJIM TpPU IOMOIIM aHaJU3aTOpa KauyecTBa AIIEKTPUUYECKOW SHEPTHUu.
N3mepenust npoBoauiuch Ha ABYX TUIAX >KUJIKOCTEM — BOJOMPOBOIHOI BOJAE U MOTOPHOM
macie mo SAE10-W40. KonnuecTBo cepuii U3MEPEHHM s KaXKI0T0 TUTIA KUIKOCTEH OBLIO
BbIOpaHO paBHbIM 10, 3aTeM 3HaueHUs ycpeaHsuIMch. Pe3ynbTaThl M3MEepeHUil pUBEIEHBI B
Tabm. 2.

Tabmura 2. M3mepenus KI1/] armapara, moydeHHbIE PH TTOMOIITH KaJIOPUMETPHUECKOTO METO/1a

[Torpebasiemas
Hanmenosanune Axkycruueckas o
MOILHOCTB anmapara oT KIII, %
JKHJIKOCTH N MOIIHOCTG, BT
9JIeKTpUUYECKOil cetu, Bt
Bopa 390 244 61,5
Macio MoTopHOE 410 235 57,3

W3 mnomyueHHBIX pe3ylbTaToOB CilEIyeT, 4TO H3JIydyaeMas amnmapaToM akKycTHYecKas
MOIIHOCTb, IIPU UCHOJIb30BAHUU MbE30IEKTPUUECKOTO Mpeodpa3oBarTens JuaMeTpoM 25 MM
C paccMaTpUBacMbIM KOHIEHTPUPYIOLIIUM 3BEHOM 3HAYMUTENIbHO (TMpUMepHO B 4 pasa)
IPEBOCXOJIUT H3Iy4yaeMyl0 MOIIHOCTb, IPU MCIIOJIB30BAaHUM KOJIEOATENbHBIX CHCTEM C
TPaJULMOHHBIMM KOHIIEHTpAaTopaM. DTO CBHUIETEIbCTBYET O TOM, YTO MCCIELYEeMbId BUJ
KOHILIEHTPUPYIOLIETO 3B€HAa TO3BOJIIET BBIBOJUTH OOJIbIlIee KOJIMYECTBO HHEPIUU B
oOpabatbiBaeMyto cpeay. 3HaueHue KIIJl ynbTpa3BykoBoro amnmapaTta ¢ KOHLEHTPUPYIOIIUM
3BEHOM JIOCTaTOYHO BEJHMKO, U COOTBEeTCTBYeT 3HaueHusM KII/I ynbTpa3ByKOBBIX anmapaToB
C TpaJMIIMOHHBIMU KOHLIEHTPATOPaMU M IPUOOBUAHBIMU PAOOUYUMH UHCTPYMEHTAMH.

B.H. Xmenes, C.C. XMenes, P.B. bapcykos, P.H. lNonbix, K.A. Kap3akoBa
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BbIBO/IbI 1 3AKJITOYEHUE

B pesynapraTe mnpoBemeHHON paOOThl HWCCIEAOBAaH HOBBIM THI KOHIICHTPHUPYIOMIETO
PE30HAHCHOTO 3BE€Ha /s YJIbTPa3BYKOBBIX KojeOaTeNbHBIX CHCTeM. B  pesyibTare
TEOPETUUECKHUX PACUETOB BBISBJICHBI OCHOBHBIE 3aBUCUMOCTH JUIUH YYaCTKOB, COCTaBIISIFOIINX
KOHIICHTPUPYIOIIEE 3BEHO, NPU 3aJaHHBIX HAYaJbHBIX YCIIOBUSX, OMpPENEICHBI YCIOBUS
o0ecrnieueHns MakCUMaJIbHOro KO3 uUIIMeHTa yCUIIEHUs 3B€Ha MU 3aJaHHbIX ycloBusax. Ha
OCHOBAaHMU  pE3yJbTaTOB  TEOPETHYECKMX  HCcleAoBaHUM  Obulo  pa3paboTaHo
YCOBEPIICHCTBOBAHHOE KOHIEHTPUPYIOIIEE PE30HAHCHOE 3BEHO MJI  YJIbTPa3BYKOBOM
KOJICOATEIPHOM CHUCTEMBI M W3TOTOBJICH TEXHOJIOTWYECKHH ammapar Uil TaKOW CHCTEMBI.
PesymbraThl OKCIIEPUMEHTAIBHBIX  HCCIEAOBAHUI CO3MaHHOTO Y3  TEXHOJOTHYECKOTO
amrmapara MO3BOJIIIN TOATBEPANTh BOZMOXKHOCTH CO3JIaHHS YJIBTPAa3BYKOBBIX KoOJeOaHUH ¢
3aIaHHON aMITuTynou (o 45 mxm) u oOecrieuuts npu KIIJ[ Gonee 60% yBenuueHue B
4 pa3a BBOOMMOH B 00pabaTeiBaeMbIe Cpebl aKyCTHUECKOW YHEPTUH.
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