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[Tpennaraercss HOBBIA METOJ U3MEPEHHUS pa3Mepa U YKcia YacTHUI[ B MPOTOYHBIX
cpemax, B 00OBEMAaX TEXHOJOTHYECKHX allllapaTtoB, IS OIEHKH KavyecTBa H
3((HEeKTUBHOCTH TEXHOIOTUYECKUX MpoiieccoB. OOBEM C NUCTIEPCHBIMHU YaCTUIIAMU
30HIUPYIOT MYYKOM MAaJIOMOIIHOTO Ja3epHOro wu3iaydeHus. OIHOBPEMEHHO C
30HIUPYIONIMM JIa3€PHBIM  H3IIYYCHHEM HCCIEAYEeMbId O00BEM TMOABEPTaroT
BO3JICHCTBUIO yIIbTPa3BYKOBBIX KosieOanuil. KonmeOmronuecs: AucnepcHble YacTHUIIBI
MOXHO CYHTAaTh pacCeHBATEIsIMH C JAWHAMHUYECKH W3MEHSIoMmeHcs (opmoit
HOBerHOCTI/I. I/IHTGHCI/IBHOCTB CBCTa, paCCCHHHOI‘O Ha TaKUX 4YacCTHLaX, TaKXC
WCTIBITBIBACT BpPEMEHHBbIC KojeOaHusa. [lo aguHAMUYECKON  COCTaBIISIONICH
paCCCHHHOI‘ oOHu OTpa)KeHHOFO oT ,Z[I/ICHepCHBIX qacTun I/I3JIy‘-I€HI/I$I OHpGIIGJISIIOT nux
COOCTBEHHBIC YaCTOThl MEXaHMUYECKHX KOJICOAHWH, W3 KOTOPBIX HAXOMAT pa3Mep
YaCTHII.

KitoueBpie cnoBa: ONTHKO-aKyCTHUECKHUH METOMA, 30HIUPYIONIEE HW3Iy4YCHUE,
IHMCIEepCHAs YacTHIA, YJIbTPAa3BYKOBBIE KOJIeOaHWs, COOCTBEHHas 4acToTa
TUIPOIMHAMUYECKHIX KOIeOaHUH.

BBEJEHUE

Peanuzamus 3¢ dexTrBHOrO ympaBiieHHs KauyeCTBOM Ha CTaauu ero (OpMHpPOBaHUS B
TEXHOJIOTHYECKOM TEIJIO-MacCOOOMEHHOM amniapare BO3MOXKHA TOJBKO TPU IOJTyYeHHE
W3MEPUTEITbHON HMHGOpPMAIMK O TIOBEPXHOCTH KOHTakTa ¢a3 B Tpebyemom obOwneme [1].
OpHaKo 3a4acTy0 OTCYTCTBHE CPEICTB ONEPATHBHOTO KOHTPOJIS,, HEBO3MOXKHOCTH PaOOTHI
CYIIECTBYIOIIMX TNPUOOPOB M  CHCTEM JUCHEPCHOHHOTO  aHaiM3a  MHOTO(Aa3HBIX
TIOJIMTUCTIEPCHBIX CUCTEM B MOTOKE CpPEbl MM HETOCPEACTBEHHO B 00BEMAax armaparoB HE
MO3BOJSIET  OCYHICCTBIATH A(PQPEKTHBHOE YIPABICHHE TEXHOJIOTUYECKUM MPOIECCOM.
Oco0eHHO OCTpO mpoldsieMa ONIYHIAETCS TPH ONpPeNeSIieHHH TOBEPXHOCTH KOHTakTa ¢as
arpecCUBHBIX CpeJl U B 00JacTH MOTEHIMAIbHO OMACHBIX TEXHOJOTHW. B maHHOM ciydae
pa3paboTka METOJOB M CPEJACTB aBTOMATHU3UPOBAHHOTO AMCTAHIIMOHHOTO KOHTPOJIS U
JMAarHOCTHKY TUCTIEPCHBIX CPell, 0OCOOCHHO aKTyallbHa.

VY nenpHast MOBEPXHOCTh YaCTHIL JUCIIEPCHBIX CHCTEM ONpEIeIsieT HHTCHCUBHOCTh (PU3UKO-
XUMHYECKHX TPOILECCOB Ha TpaHWIe pasaena ¢a3, T.e. CBOHCTBA CHUCTEMBI SIBIISIFOTCS
GYyHKIMSIME  pa3MEpoOB dYacTHIl. TakuMm o0pa3oM, pa3Mep dYacTHIl (WJIM JHUCIIEPCHOCTH)
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SIBJIICTCS BAXKHEUIITUM KOJIMYECTBEHHBIM MMOKA3aTeIeM JUCIICPCHBIX CHCTEM, OIPEISIISIOIINX
WX Ka4eCTBEHHBIE O0COOCHHOCTH [2]. 3HAHWE MOBEPXHOCTH KOHTAKTa (pa3 HEOOXOAMMO IS
Oosiee TIyOOKOTO TOHHUMAHHUS TPOIECCOB TEIUIO-MaccooOMeHa W 0osee O0OOCHOBAHHBIX
METOJIOB pacyera, a TakkKe MPH MOJCIUPOBAHUU TEXHOJOTHYCCKHX TEIIO-MAacCOOOMEHHBIX
anmnapaToB M OCYIIECCTBICHUH X MPSAMOT0 IHU(PPOBOTO yIIPaBICHUS.

3a4acTyr0 M3BECTHBIC CHUCTEMBI JHCIIEPCHOHHOTO aHAJM3a HEBO3MOXKHO HCIIOB30BAaTh B
ABTOMATH3MPOBAHHBIX CHCTEMaX YITPABJICHUS.

HaunGonee mMepCcreKTUBHBIMH CHUCTEMaMH  JTUCICPCHOTO aHAW3a, IO3BOJISIONTUMHU
oTpeneNaTh Kak qudQepeHnraibable, TaK U HHTETPAIbHBIE XapaKTEPUCTUKU PACTIPEICICHUS
YACTHII TI0 pa3Mepam, SIBJSIFOTCS ONTHYECKUE cUCTeMBbl. [103TOMY TIeNTbI0 MCClieJoBaHus ObLIa
pa3paboTka HOBOTO ONTHYECKOTO METO/Ia TUCTAHIIMOHHOTO KOHTPOJISI Pa3MEpOB TUCIIEPCHBIX
JacCTHull, KaK B na60paT0pHI>1x YCJ'IOBI/ISIX, TaK U HGHOCpCI[CTBeHHO B XO0O€ TCXHOJIOTHUYCCKOT O
mporecca, OCHOBAHHOTO Ha OMNpPEACNICHUH COOCTBEHHBIX YAaCTOT MEXaHMYECKHX KOJeOaHWi
HOBCpXHOCTI/I qacCTHUI. B CBA3H, C YEM BAXHBIM MOMCHTOM ABJIIJIaCh 3aJlada BSaHMOHeﬁCTBHﬂ

30HUPYIONIETO H3ITYICHHS C KOJICOTIOIMIMMHUCS TUCTICPCHBIMHA YaCTHIIAMH.

1. B3AMMOJJENCTBME 30HUPYIOIIETO U3JIYYEHUS C JUCITEPCHOM

YACTULIEM. PACCESIHUE CBETA KOJIEBJIIOLVMUCS YACTUIIAMU

[Tpu B3aMMOAEHCTBUYN M3IYUYCHHUS C BEIIECTBOM IPO3PAYHON YaCTHIIEI BO BCEM €€ 00bemMe
BO3HHKAET CIIOHTAHHOE HEYNpyroe paccesHue, NpudIeM B 00dacTaXx (HOKYCHPOBKU
BHYTPEHHET0 ONTHYECKOIrO MOJsi OHO HambOosjee uHTEHCHBHO [3]. IlpuunHON mosSBIEHUS
KOMOMHAIIMOHHBIX YaCTOT B CUTHAJIE PAaCCESHUS MOTYT SIBUTHCS IPOLECCHI B3aUMOJEHCTBUS
OCHOBHOI BOJIHBI C MOJIEKYJISIPHBIMM KojeOaHusIMU cpeabl. YacTh BOJH M3 CIEKTpa
CIIOHTAHHOTO KOMOWHAIIMOHHOTO M3JIy4YeHMs IMOKUIAET KAaIlIlo, a 4acTb 3a CYET IOJIHOTO
BHYTPEHHETO OTpaXeHHs (TOouHee, OJU3KOTO K TIOJIHOMY BHYTPEHHEMY OTPaKEHHUIO)
pacIpocTpaHseTcsl BAOJb €€ MOBEpXHOCTU. Ha cBOEM IyTH 3TH BOJIHBI OCIIA0JISIFOTCS 3a CUET
NOTJIOUIEHUSI W BBIXOJA M3JIy4YEHHMs] dYepe3 IOBEPXHOCTb YACTUIBl, a TakKXke MOIyT

YCHJIMBATHCS 33 CUCT HEJIMHEHHOCTH cpejibl. DJeKTpuueckoe mnoiie B yactuiie E(r,?) spusercs
CyMMOH IIoJi€ll Ha OCHOBHOM wYacToTe @, (4acToTe Hakaykd) M Ha YacToTax
KOMOHMHAIIMOHHOTO paccesHus. [lpu 3ToM BO3HUKAET OECKOHEUHOE MHOMXKECTBO PACCESTHHBIX

BOJIH C 4aCTOTaMH @ = @, tnw n=1.. o , TA€ @, — 4YaCTOTa JUIIOJBHOTO IEpexoaa

vib >
MoJieKyJ BemiecTBa. OJIHaKO mepBasi CTOKCOBAsi BOJHA € 4acTOTOM @y = @, —®,, Hauboiee
WHTEHCHBHAs.

[lyctb Ha KOJEOIIONIYIOCS YACTUIy C JUIIEKTPUYECKOM MPOHUIAEMOCTBIO &, B
MOJIO)KUTEIPHOM ~ HAmpaBJICHUM OCH Z TajJaeT IUIOCKas JIMHEHHO MOJIIpU30BaHHAas
anekrpomaruuTHas BoaHa: E (x,y,z;t) = Eo (x,y)exp(iot —ik,z) . Heobxomumo Haiitu
BEJIMUMHY TOJIsI B TOuke M BHE YacTULBI C PaJUyC-BEKTOPOM I, ONPEAEITUTh HACKOJIBKO
BeJMKa OyleT aMIUIMTyAa MyJbcalliii MHTEHCUBHOCTH ATOro mosist. dopma dacTuisl cierka
OTJIMYHA OT c(hephl, UBMEHSAETCS BO BPEMEHHU U paccessHUE MPOUCXOIUT HAa OCHOBHOM 4acTOTe.

A. N. Makcauyk, I'. B. JleoHoB
ONTUKO-aKyCTUYECKUA METOA ANCTAHLMOHHOIO KOHTPOMS pa3MepoB ANCNEPCHbIX YacTul,
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Jlannas 3amava MoKeT ObITh copMynmHpoBaHa Kak 3amada 00 H3Iy4YeHHH OObema
KOJIEOTIONIeHCS YacTUIBl C 3a/laHHBIM B HEM paclpeesieHueM 3JIEKTPOMAarHuTHOTO MoJisd B
OKpyaroliee npocTpaHcTBo. CxemMa, WLTIOCTPUPYIOIIasi TEOMETPUIO 33/auu, IpUBE/ICHA Ha
pucyske 1.

A

X

- . .
EO (x’ y)eza)t—zkoz

—_—

Puc. 1. 'eomeTpuueckas cxema, WIUTIOCTPUPYIOIIAS 3a1a9y 00 W3JIydYeHUH CBETOBOM BOJIHBI
yactuiel. YacTuia HaxoQuTCs B Hayaie JeKapTOBOM CHCTEMbI KOOpauHaT (X, y,z),

NOKa3aHbl TakXkKe chepruecKkue KOOpAMHATH TOYKU P BHYTpH yactuisl (7',0',¢'");
M — Touka HabmoIeHus ¢ KoopauHaTamu (7,0, @)

Paccesnnoe QJICKTPUYICCKOC II0JIC B HpOPI3BOJ'ILHOI>i TOouke M OpeACTaBJICHO CICAYIOIIHUM
HN3BCCTHBIM BBIPAKCHUCM!

)

2
E (r,1)~ ko po- expliat — ik,r) { an(r',t)e”‘a"°°Wldr'+ (1)

Vao

+ a3 [E,(4,,0,0',0e"" " Re [Y£,(0Y,(©',9)e™ do']},
n;l

IJle ¢ — CKOPOCTb CBETa B BAaKyyMe, &, — JIUAJIEKTPUUYECKas IPOHUIIAEMOCTb BEILECTBA
gactunel, E, — »IeKTpOMarHuTHOE MOJ€ B YACTUIE MPHU OTCYTCTBHH BO3MYIIECHHH
ceprueckoil MOBEPXHOCTH, @,— PaalyC HEBO3MYIUEHHOH Kkamuu, k, = m k, — BOJIHOBOE

YHCIO BHYTPM YacTHLbl (m, — TIOKa3aTelb NPEJIOMIIEHUS JAUCHEPCHBIX YacTHL),

f(t,@),(p):Re{z.fn,(t)Ym(@,(o)}, n=2,3,.., [=-n,.., n — BEKTOp CMEIICHUs
n;l

MTOBEPXHOCTH YaCTHIIbI (|§(®,¢))| =a(0,p)—a,), &, — chepudeckue (yHkuuM PukkaTu-

beccens, Y,(@',¢') — chepuueckue ¢ynkiuu, V,; — 00beM HEBO3MYILIEHHOU c(epsl,
do'=sin®' dO' d¢'.

A. N. Makcauyk, I'. B. JleoHoB
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[lepBoe cmaraemoe B TIpaBOMl uacTh BbIpakeHus (1) ommchIBaeT OOBIYHOE YIPYTroe
paccestHMe Ha 4acTOTE BOJHBI MMAIAIOIIET0 M3Iy4YeHUs @, . BTopoe cmaraemoe mpeacraBisier
co0oif KOMOMHAIIMOHHOE paccesHue C 4acToTaMu @, £() Ha IMOBEPXHOCTHBIX BOJHaX
HJaCTHUIIbI.

BI)Ipa)KeHI/Ie JJI1 UTHTCHCHBHOCTH paCCGHHHOﬁ BOJIHBI, 3aIIMCAHHOC C TOYHOCTBIO O

KBaApaTUYHBIX YJICHOB!:

I4(r,t) = cg/jEs(r,t) E (r,t) ~ k‘]z(:—;;l) AT(r,t) T (r,t) + )

+27(r,0)a; [, (a0,0',¢,0¢" " Re [3&,(1)Y,,(0'.¢)e ™ do'T},

n;l

CAE  rcos
rie T(r,t) — a J-Ea(rv’t)elkar €os 7y drv )
87
ag
Bripaxkenue (2) nmoka3pIBaeT, YTO UHTEHCUBHOCTb PACCESHHOIO AJIEKTPOMATHUTHOTO TOJIS
Ha KOMOWHAIMOHHBIX YacTOTaX 3aBHCHT OT KBajpaTa pajuyca YacTUIbI U aMIUIUTYIbI

nedopmanuii  ee  noBepxHocTu. Bpemennas  3aBucumocts  [(f)  ompenensiercs

Cyneprno3uIeii  KojaebaHuii Ha COOCTBEHHBIX YacTOTax 4YacTHIel. KBampaTwanas

3aBUCUMOCTD [ (f) OT a, NMOKa3bIBAET, YTO C YBEIIMYCHUEM Pa3Mepa YaCTULbl YBEIMUUBACTCSA

U €€ OTHOCUTEJIbHBIN BKJIaJl B MHTEHCUBHOCTb PACCESHHOI'O U3Ty4YEHUS.

CoOcCTBeHHbIE YaCTOThl MEXaHWYECKHX KOJIeOaHMH MOBEPXHOCTH KUAKOU chepuueckont
YacTUIbl OJHO3HAYHO CBSA3aHBI C €€ Pa3MepoM U (U3NYECKUMHU CBOWCTBAMH JKUAKOCTH.
Ortcroza cneayeT 4To, NpU U3MEPEHUH YaCTOThl COOCTBEHHBIX KOJICOAHUH KUAKUX YaCTHIL, IO
KOJICOAHUSAM YpPOBHSI PACCESTHHOIO HMH HU3IY4YEeHHs 3O0HIAMPYIOLIEr0 Iy4yKa, CTAaHOBUTCA
BO3MOXHBIM HaWTH pacmpefesieHHe YacTULl MO pa3MepaM B HCCIEAyeMOH AUCHEepCHOU
cucTeme.

2. JTE®OPMALIMH [TOBEPXHOCTHU JAMCIIEPCHBIX YACTHLL I[TOT

BO3IEVMCTBUEM YJIbTPA3BYKOBBIX KOJIEBAHWI

PaCCMOTpI/IM OCHOBHBIC MOMCHTHI TeOpeTI/ILIeCKOFO OIIMCAaHUsI ,I[e(l)OpMaLII/II;'I KUOKUX
,I[I/ICHepCHBIX qaCcTul 1104 I[eﬁ()TBPIeM BHCIIIHUX CHII. OCHOBHOP'I I/IHTepeC l'IpI/I 9TOM
Hpe,Z[CTaBJ'I}IeT aHaJIN3 3aBUCHUMOCTHU aMHJ‘II/ITy,Z[BI FI/I,Z[pOI[I/IHaMI/I‘IeCKI/IX KOJ'Ie6aHI/II71 KUOKUX
qacTun HpOI/IBBOJ‘IBHBIX pa3MepOB OT MOIIHOCTHBIX H BpeMeHHLIX HapaMeTPOB BHCHIHCI'O
BO3/€HCTBUS.

HpI/I BHCIIHEM BOSﬂGﬁCTBHH Ha )I(I/I,I[KyIO ,I[I/ICHepCHyI-O I‘IaCTI/II_Iy B €€ OGLGMC BO3HUKAKOT
MAaCCOBBIC CHIIBI, KOTOpre HpI/IBOI[}IT K ITOABJICHHIO O6”beMHOFO l“pa,[[I/IeHTa IINIOTHOCTHU
KHUAKOCTH, ABMKCHHIO KaIllld KaK HOCJI0ro, a TakKKC BbI3BIBAIOT €€ ,I[e(i)OpMaI_II/II/I 3a CUCT
HeﬁCTBHH HOBerHOCTHBIX CHUJI.

Huxe HpI/IBeI[eHa CUCTCMA ypaBHeHHﬁ, onpeﬂen;nomaﬂ CMCILICHHUC HOBerHOCTI/I

JMCIIEPCHOM YacTUIbl paguyca a,, A7 BBIHYKAEHHBIX KojeOaHuii [3]:

A. N. Makcauyk, I'. B. JleoHoB
ONTUKO-aKyCTUYECKUA METOA ANCTAHLMOHHOIO KOHTPOMS pa3MepoB ANCNEPCHbIX YacTul,
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82é:nl +£a§nl +QZ§ — n
o’ t: ot = poay

2 Vg
rae f, = J-dgaj f(t,x,)Y, (0,9)sin®dO, f(t,r,) — HOpPMAIbHAsI KOMIIOHEHTA BHEIIHUX
0 0

CHJI Ha MOBEPXHOCTHU YaCTHIIbI, f, — XapaKTepHOE BpeMs 3aTyXaHus KojeOaHuil 3a cyer

BA3KHUX CHUII, Qn — coOCTBeHHas (p[-)JICCBCKaSI) qaCToTa rTMAPOAUHAMHUYCCKUX KoJieOaHMit

oy 9eun(t=0)
KaIi, p, — IJIOTHOCTB )kuakocty, &, (¢t =0) = — (0 — HavanbpHBIE YCIOBUS.

di

CoOcTBeHHAsT 9acTOTa THAPOJIUHAMUYCCKUX KOJICOAHWH KHUIKOW YaCTHUIIBI ONPEICIACTCS
13 COOTHOIICHHS [4]:

Q, = n(n-D)(n+2)p/(p,a),

rie n = 2,3, ... — HOMep KoJiebareapHOW MOJABI, £ — KO3(PQUIUEHT MOBEPXHOCTHOTO
HATSDKCHUS KUJKOCTH.

Jlns KayecTBEHHOTO U3YYEeHHsS 3aBUCUMOCTH aMIUIMTYAbl KoJeOaHUW MOBEPXHOCTH
YaCTHUIIBI OT SHEPreTHYEeCKHX W BPEMEHHBIX MapaMeTPOB BO3JECHCTBUS YJIbTPa3BYKOBBIX
KoJeOaHuil pelleHrue MPOBOIAWIOCH IS HMMIyJbca (PUCYHOK 2), BPEMEHHOH mpoduib
KOTOPOTO 3a/1aBajcs Kak [5]:

£ = 1@\, tiexp{—ti} -cos() |. 3)

0
3neck [, — NMKOBas MHTEHCUBHOCTD, ¢, — XapaKTepHas AIUTEIbHOCTh UMITYIIbCa, f,'(a,)

— He 3aBHUCAIIMA OT BpeMeHM KO3(Q(UIMEHT, OIpelesseMblii  MapaMeTpaMu
BO3/ECHUCTBYIOIMX YJIbTPa3BYKOBBIX KOJEOAHUI Ha MOBEPXHOCTh YACTHUIIBI, ) — YacToTa

yJIBTPa3BYKOBBIX KOJEOaHUH.

omi. eo.

0 002 004 006 008 01 012 014 0l6 018 02
Lo

Puc. 2. BpemenHoii npo¢uib BO3ACHCTBUS YIbTPa3BYKOBBIX KOJICOaHUI
(MuKoBas HHTEHCUBHOCTH [, =1; XapakTepHas JUIMTEeIbHOCTh uMItyJibea £, = 0,03 ¢)

A. N. Makcauyk, I'. B. JleoHoB
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®opmyna (3) mpuHATa aBTOpaMH KaK OJWH W3 BApUAHTOB BO3MOXKHOTO BO3JACHCTBUS
yJIbTPa3BYKOBBIX BOJH Ha JUCHEPCHYIO YacTHIly, T.K. opMa U pa3Mepbl yJIbTPa3ByKOBBIX
u3IyyaTelield, a TakKe pPeXUMbl pPadOThl YIbTPa3BYKOBBIX TI'€HEPATOPOB MOTYT ObITh
paznuuHbIMH. {7151 TOro 4TOOBI clenaTh MaTeMaTH4YecKylo MoJenb Oosiee yHUBEpCaIbHOU, B

dopmysy (3) noGaBneH He 3aBUCAIIMEA OT BpeMeHH Kod(duiment f.(a,), onpeaenseMsblii
napamMeTpamMH BO3/ICHCTBYIOIINX YJIBTPa3BYKOBBIX KOJ€OAHUI HA MOBEPXHOCTh YACTHULIBL.
W3 Teopun KonebaHui M3BECTHO ypaBHEHME JJIS 3aTyXAIOLIUX KOJIeOaHuit:

X2+l x =0, 4)

rie A — KodQQUUMEHT 3aTyXaHus, (), — 4YacTOTa CBOOOJHBIX KOJICOAHMI CHCTEMBI B

OTCYTCTBUM TPEHHUSL.
JUis Toro 4YToOBI TMONYYHUTh YpaBHEHUE JIsl KOJEOAaHUH IMOBEPXHOCTH JHCTIEPCHOM

YaCTHILBI O]l BO3JCHCTBHEM BHEIIHHX CHJ HEOOXOIMMO JO00aBUTH HMX B IPaBYIO YacTb
ypaBHeHUs (4):

2
X"R2Ax+w, x = zt exp(at) - cos(i) ,
-~ 2 0
IJIe X — CMEIIIEHUE TIOBEPXHOCTH IUCIIEPCHOM YacTUIlpl, A = 1/ t,z= (nfn I, )/ (paaot » ),

2 o
a=- l/tp , a)f = (2 -Pi- Q”) ,n=2,3, ... — HOMEp KoJIeOATeTLHOU MOJIBI.

Toraa BeIpaskeHUE 711 CMEIICHUS] TOBEPXHOCTH YaCTHIL X(1, 1):

x = aexp(—At)cos(awt + @)+ bexp(at) [t cos(yt+0)+ccos(yt+0+ r)] , )
— bc cos(o +r) o= W g = b[accos(5 +r)+cos(9) — yesin(d + r)] _i’
cos(p) wbccos(o +r) @
b= z ,m:a2+a),f—72+2/1a,tg(5):w,
Jm* + 473 (a + A) m

(a+A)’ —my)
Jm+272) (@ +A) +Qy(a + A —my)

2y(a+ /1)2 —my

c=-2 .
(m+2y")-(a+A)

, 1g(r) =

Jnst u3yueHus: 3aBUCUMOCTH aMIUTUTY/Ibl KOJICOAHUN MOBEPXHOCTU JUCIEPCHOM YaCTHIIbI
OT DHEPreTHMYECKUX U BPEMEHHBIX MapaMeTpPOB BO3JCHCTBUS YIbTPAa3BYKOBBIX KosieOaHUIT
Obl1a pa3paboTaHa KOMIIBIOTEpPHAsl MPOrpaMMa, BBIMOJNHSAIOMIAS pPAacyeT MO 3aJaHHBIM
3HaueHusM (pucyHok 3). Ha pucyHke moka3aHa OTHOCUTENIbHAs BPEMEHHAas 3aBHCHUMOCThb

f,(t)/ max(f,) BO3HEHCTBMSI Ha MOBEPXHOCTb IHCIEPCHOM YAaCTUIBl YJIBTPa3BYKOBBIX
Kosiebanul, rae f,(¢) paccuuthiBatoTcs no gopmyie (3). Konebanus moBepXHOCTH YaCTHUIL

IPEJCTaBISIIOT COOOW CyNepro3uIMI0 KoueOaHUil Ha pa3HbIX COOCTBEHHBIX PE30HAHCHBIX
4acTOTaX, HA PUCYHKE TOKA3aHO OTHOCUTEIHHOE CMEIEHNE TTOBEPXHOCTH KAIUTH ISl CYMMBI

11 11
MEPBBIX JECATH TapPMOHHUK Zx(t,n) max Zx(t, n)|, rae x(f,n) pacCUNUTHIBAIOTCS TIO
n=2 n=2

dopmyine (5) W OTHOCUTENbHOE CMELICHHWE T[OBEPXHOCTH KaIuld sl OCHOBHOM

A. N. Makcauyk, I'. B. JleoHoB
ONTUKO-aKyCTUYECKUA METOA ANCTAHLMOHHOIO KOHTPOMS pa3MepoB ANCNEPCHbIX YacTul,
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KonebarenbHo Momubl x(2,2)/max(x(z,2)) . Taxke Ha rpaduke U300paXkeHa CHHYCOHAA C
4acTOTOH paBHOM cOOCTBEHHOMN YacToTe KojaeOaHui karmm Q, .

C yBelnM4eHueM pa3Mepa JAUCHEPCHON YacTUIbl U3MEHSETCS M Xapakrep Koyiebanuit. Mx
¢dopmMa CTaHOBUTCS AOCTATOYHO CJIOXKHOHM, M TAPMOHMYECKHE COCTABISIOMIME KOJeOaHUN Ha
PE30HAaHCHOM YacTOTE IPOCIEKUBAIOTCA HesABHO. [Ipum yBenuueHuu pasmepa 4YacTHLBI
YMEHBIIAETCS YaCTOTHBIM MHTEPBAJ MEXIY COCEIHUMH MOJAMHM H, CJIeI0BaTeIbHO, OObIIee
KOJINYECTBO COOCTBEHHBIX MOJI TPUHUMAET ydacTHe B (OPMHPOBAHUU BO3MYIICHHUS
MIOBEPXHOCTU YACTULIBL.

Pa3zpaGoranHast mporpamMma, Ha 0a3e CO3JaHHOH MaTeMaTHYECKOW MOJENH, MO3BOJISET
OLICHUTD BIUSHHE HA OOIIYI0 KapTUHY AeGOpMaluii AUCIEPCHON YaCTHUIIBI YJHEPTETHUECKUX U
BPEMEHHBIX IIapAMETPOB  BHEIIHETO BO3JEUCTBHUA, a TaKKe IPOU3BOAUTH pacyeT
ONTUMAJIbHOM IIMKOBOM MHTEHCUBHOCTM U  XapakTEPHOM JUIMTEIBHOCTH HMIIYJbCa
yIBTPa3BYKOBBIX KOJICOaHUI M BpeMs 3aTyXaHHs KoJeOaTeNbHBIX MOJ, IJs TOBBIIICHUS

TOYHOCTH KOHTPOJSI pa3MepoB yacTHll. Tak, Ui BOJHOW KAl paguycoM a,=1,5 MM mpu
t,=0,002 ¢ Bpems 3aTyxaHus OCHOBHOW KoseGarenbHOH Monwl £, =0,222 ¢, a coOcTBeHHAs

94acTOTa IMAPOIMHAMUYECKHX KoneOanuil karum 2,=415,775 T'n.

0.6

omil. eo.

0 0,005 0,01 0,015 0,02 0,025 0,03
epems t, ¢

Puc. 3. Bo3neiicTBue yiabTpa3ByKOBBIX KOJ€OaHUN Ha TUCIIEPCHYIO YaCTULLY
(panuyc HEBO3MYILEHHOW BOJHOM Kamuu a,=2,5 MMm; ¢ » =0,002 c;
COOCTBEHHAs 4acTOTa 'UAPOANHAMUYECKUX KoneOanuit kammu Q,=193,235 I'n);

(1) — oTHOCHTENBHAS BpEMEHHASI 3aBUCUMOCTh BO3JICHCTBHUS YIbTPa3ByKOBBIX KOJICOAHUH;
(2) — oTHOCUTENBHOE CMEIIEHNE TOBEPXHOCTH BOJIHOM Karlyly AJii CyMMBbI IIEPBBIX JECSITH
rapMOHUK; (3) — OTHOCHUTEIIEHOE CMEIIICHUE MOBEPXHOCTH BOIHOW KAIUIH JJIsi OCHOBHOM
KoJjiebaTebHON MO, (4) — CHHYCOHMAA C YaCTOTOW paBHON COOCTBEHHOW YacTOTE
Kose0aHui Karm

W3 pucynka 3 BHJIHO, YTO NIpPU MNPEKPAIlEHUU BO3JEHCTBUS HA TUCIEPCHYI YacTUILY
3aTyYXaHUC BBICOKOYACTOTHBIX TapMOHUK C TCUCHUEM BPCEMCHH IIPOUCXOAUT IAOCTATOYHO
OBICTPO M WX BIIMSHHE Ha OONIYI0 KapTHHY AeQOpManuil KHUIKOH YaCTHIIBI MPOSBISETCS
TOJILKO Ha Ha4YaJIbHOM »JTare kojieOanwit. M3 BeIpakeHust (5) ciemyer, 4To B cliydae

A. N. Makcauyk, I'. B. JleoHoB
ONTUKO-aKyCTUYECKUA METOA ANCTAHLMOHHOIO KOHTPOMS pa3MepoB ANCNEPCHbIX YacTul,
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«KOPOTKHMX» BO3/ICHCTBYIOIIMX MMITyJIbCOB (7, <f,) Aehopmamyy MOBEPXHOCTH Karuu

TIPOMCXOMAT 110 TAPMOHHUYECKOMY 3aKOHY C «UacTOTOH» @ =+ @, —A° , IKCIOHEHIHATbHO

n

3aTyxas BO BpeMCHH. B ciyyae «WIMHHBIX» HMIYJIbCOB (7, >1,) MEpBOE ciaraeMoe

HKCTIOHEHIIMATIBHO yOBIBAET CO BPEMEHEM, TaK YTO 4Yepe3 JOCTATOUYHO OOJBLION MPOMEXKYTOK
BPEMEHHU OCTAETCs TOJIBKO BTOPOW UIIeH, TaApMOHUYECKHE KOJeOaHUsl Kalll OTCYTCTBYIOT, a
BPEMEHHYIO 3aBUCHMOCTh CMELICHHUS €€ MOBEPXHOCTU ONpeAeseT popMa BO3IEHCTBYIOIETO
UMITyJIbca (PUCYHOK 4).

1 N

0.8 s .,

0.6 /J' e
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omit. eo.
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0 0,005 0,01 0,015 0,02 0,025 0.03 0,035 0.04
epems t, ¢

Puc. 4. Bo3neticTBrue ynbTpa3ByKOBBIX KOJICOAHUN HA JUCTIEPCHYIO YaCTHITY
(panuyc HEBO3MYILEHHOW BOIHOH Kamu a,=2,5 MM; ¢ p =0,01 c;
COOCTBEHHAs 4yacTOTa 'UAPOANHAMUYECKUX KoneOanuit kammu Q,=193,235 I'n);

(1) — oTHOCHUTENBHASI BpEeMEHHAs 3aBUCUMOCTh BO3JICHCTBUS YIBTPAa3BYKOBBIX KOJICOAHMIA;
(2) — oTHOCHTEIIEHOE CMEIIIEHHE TOBEPXHOCTH BOTHOW KATUTH JJISi CYMMBI TIEPBBIX JIECSATH
TapMOHHK; (3) — OTHOCUTEIHHOE CMEIICHNE TOBEPXHOCTH BOIHOM KAy AJIE OCHOBHOM
KoJiebaTelbHON MOIbI; (4) — CHHYCOHMA C YaCTOTOW paBHON COOCTBEHHOW YacTOTE
KoseOaHui Karum

Kak 0bU10 10Ka3aHO paHee, B Clly4ae «KOPOTKHX» BO3ACHCTBYIOIIMX UMITYJIbCOB (7, <7, )

JOKaJbHbIE eopMalii TTOBEPXHOCTH TUCIIEPCHON YaCTHIIbI, IEPBOHAYAIBHO BHI3bIBAEMBIC
BBICOKOYACTOTHBIMH ~ KOJIEOATENbHBIMM ~ MOJAMH, B  JalbHEHIIEM pa3BUBAIOTCS B

3JUINICONIANIbHBIE KOJIEOaHUs Ha 4acToTe OIM3KOM K OCHOBHOM Q2.
JlanHast ~maTemaTtWyeckas ~MOJCNb  IMO3BOJMJIA  MOATBEPAWTH  IIEJIECO00PA3HOCTh

IPOBEICHUS U3MEPEHUI MOCIE 3aTyXaHUsl BBICOKOYACTOTHBIX rapMoHUK (Q;, Q,, ..., Q ),

YTO MO3BOJIIET YMEHBIIUTH YUCIIO OMIMOOK ONpeAeTIeHUs Pa3MEepPOB TUCTIEPCHBIX YacTull. s
NPaKTUYEeCKOM peanu3anuu croco0a OmpeleNeHus pa3MepoB IHMCIEPCHBIX  YaCTHIL
HauOOJNBIINK MHTEpPEC MNPEICTABISET MPOMEKYTOK BPEMEHH I10CIIE OKOHYAHUS BHELIHETO
BO3/ICHUCTBHUS HA YacTUIy U JO MOMEHTA 3aTyXaHHs OCHOBHOM KoieOaTeIbHOM MOJbI, T.K.
¢dopma koneGaHHs MOBEPXHOCTU YACTHIIBI BO BpPEeMs BO3ACUCTBHUS CTAHOBUTCS JTOCTATOYHO
CIIO)KHOM, M TapMOHHYECKHE COCTAaBIIAIONIME KOJIeOaHWH Ha COOCTBEHHBIX YacCTOTax
IIPOCIIEKUBAIOTCS HESBHO.

A. N. Makcauyk, I'. B. JleoHoB
ONTUKO-aKyCTUYECKUA METOA ANCTAHLMOHHOIO KOHTPOMS pa3MepoB ANCNEPCHbIX YacTul,
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B cimydae kamim yactoTa OCHOBHOW KOJI€OATEIIbHONW MOJIBI:

Q, =\86/(p,a3) .

OcHOBHas 4acToTa Q2 KoJIEOaHHHI HHCHepCHOﬁ JaCTHULbI PACCUUTBIBACTCA I10 BpeMeHHOﬁ

3aBUCUMOCTU YPOBHSI MPUHUMAEMOI0 PACCESTHHOIO M3JIyYEHHUS 30HAMPYIOLIErO Iy4yKa, a
painyc HEBO3MYILEHHOW KaIlIA ONPENAEIAETCS U3 COOTHOLIEHUS

a, =2 3YBIQE p,)

CtpyKTypHas cxemMa »JKCHEPUMEHTAIIBHOM YCTAaHOBKHM [5] Mg aBTOMaTUYECKOTO
JTUCTAHIIMOHHOTO KOHTPOJISI U JAMAarHOCTUKM TE€OMETPUYECKUX MapaMeTpoB JTUCIEPCHBIX
YaCTHII JUISI CUCTEM Ta3-KUAKOCTb U )KHUJIKOCTh-KUKOCTb MPEACTaBIeHa Ha PUCYHKE 5.
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Puc. 5. CtpykrypHas cxema SKCIIEpUMEHTAIbHON YCTAaHOBKH JIJIS1 aBTOMAaTHYECKOTO
JUCTAHIIMOHHOTO KOHTPOJIS U IMATHOCTUKU Pa3MEpOB AMCIEPCHBIX YaCTHUIL
JUTSL CUCTEM Ta3-)KHJIKOCTh U KUJKOCTh-)KUIKOCTb:

1 — 5azep B KauecTBE UCTOYHUKA 30HIUPYIOIIETO U3ITy4YEHUs; 2 — CBETOJEIUTEINb
(momymipo3pavdHoe 3epKaio); 3 — CBETOBO; 4 — 00BEKTUB; 5 — (POTONPUEMHUK;

6 — ananoro-uudposoii npeodbpazosarens (ALII); 7 — ynpasnstomias 9BM B kauecTBe
anam3aTtopa curnanoB ¢ ALIIT u peructparopa; 8 — mudpoananorossiii mpeoOpa3oBaTelb
(ITAIT); 9 — ynpTpasBykoBoii reHepaTop; 10 — u3myyaTenb yiabTpa3ByKOBBIX KOJICOaHUI,

11 — crutomnas ¢aza; 12 — aucnepcHas ¢asa

OKcrnepuMeHTallbHas  yCTaHOBKa paboraeT ciemyromuMm oOpaszoMm. Hccnemyemast
JUCTIepCHAasi CUCTEMa KOHTAKTHPYET C MHOTOBOJOKOHHBIM PEryJSipHBIM CBETOBOJOM 3 U
U3JIydaTesieM yIbTPa3BYyKOBBIX KosieOanui 10. 3oHaupytomiee u3IydeHne ¢ JJTMHHOW BOJIHBI
A renepupyercs nazepoM 1. [Iydok pacmupsiercs mpu MOMOIIU TEIECKOMMYECKOH CHCTEMBI.
Uepes cBeronenuTenb 2 30HIUPYIOLIEE HW3JIyUYEHUE TOCPEICTBOM MHOT03JEMEHTHOIO

A. N. Makcauyk, I'. B. JleoHoB
ONTUKO-aKyCTUYECKUA METOA ANCTAHLMOHHOIO KOHTPOMS pa3MepoB ANCNEPCHbIX YacTul,
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CBETOBOJA 3 MOJABOAMUTCS K IUCIIEPCHOHHOM cpene (crutontHou daze) 11. [Tpu npoxoxaeHUN
STOW BOJIHBI Yepe3 UCCIIEeyeMYI0 JUCIEPCHYIO CUCTEMY MPOUCXOIUT paccessHue, OTPaKeHUE
U TIOTJIOIIEeHNe u3nydeHus. PaccessHHoe U oTpaskeHHOe (IO MaJIbIMH yTiaMU OTHOCHUTEIbHO
HaIpaBJIEHUS! PACIpPOCTPAHEHUS) OT AUCIEPCHBIX YacTUI[ 12 H3JIydeHHE MPOXOIUT yepe3
MHOT'03JIEMEHTHBIN CBETOBOJ 3 M MOMAJAET HAa CBETOACIMUTEND 2, KOTOPbI HAMPABJISET €ro Ha
00bekTHB 4. OOBEKTHB 4 TMpoEUpyeT M3ITydeHHUE HEMOCPEICTBEHHO Ha (PoTompuéMHUK 5.
Janee ananmoroBblii curHan ¢ (oronpuéMHUKAa TpeolOpaszyeTcs K IUGpPOBOMY BHUIY IpHU
MOMOIINA  MOJYJS  OBICTPOJCHCTBYIOMIErO aHajioro-mudpoBoro mpeodpaszoBarenss 6 u
NOCTYTIAeT JUIsl JaybHeimel o0paboTku u peructpanuu Ha OBM 7. DBM koopauHupyet
paboTy BcexX y3J0B CHUCTEMBI, a MMEHHO: YIPAaBJSIET IMPOLECCOM ONM(POBKH CHUTHAlA C
¢doTonpreMHrKa, MOCPEICTBOM U (PPO-aHATIOTOBOTO MTpeodpa3oBarens 8 ynpapiseT paboTon
yJIbTPa3ByKOBOT'0O reHeparopa 9, o0padaTbiBaeT U PETUCTPUPYET pe3yiabTaThl n3MepeHuil. Ha
OBM, wucnonp3ys MareMaTHUYecKyl0 MOJENb, COTJIACHO ONTHMAaJIbHOMY B3aWMOCHCTBHUIO
YJIBTPa3BYKOBBIX KOJIEOAHUH C JUCIEPCHBIMH YaCTUI[AMH, PACCUYHUTHIBAIOT TapaMeTphl
BO3/ICHCTBYIOIINX UMITYJIbCOB TAKUM 00pa3oM, 4TOOBI KOJICOAHUs TTOBEPXHOCTH TUCIIEPCHOMN

YaCTULbI IPOMCXOAMIN 10 TAPMOHHUYECKOMY 3aKOHY ¢ COOCTBEHHOM yacTtoToi f, . [Ipu aTom

YYUTHIBAIOT (PU3UYECKHE CBOICTBA JUCTIEPCHOM CHUCTEMBl M XapaKTEpHOE BpeMs 3aTyXaHUs
KOJIeOaHUM THUCTIEPCHBIX YACTHII 3 CYET BSI3KUX CHIL

Ha pucyHke 6 mpencTaBieHa CTPYKTypHas cxema KOMIUIEKCa MPOrpaMMHO-TEXHHUYECKUX
CPEIICTB M CXeMa JKCIIEPUMEHTAIbHOW YCTaHOBKU AJII CHUCTEM Ta3-KUIKOCTh MPH MOMOIIU
KOTOPBIX TMPOBOJIMINCH HM3MEPEHUsT YacTOThl OCHOBHOHM KoNeOaTeTbHOW MOMBI JKUIKUX
JTUCTIEPCHBIX YaCTHIL.

Jns onTUManbHOrO TpHEeMa JAMHAMUYECKOW COCTaBISIONIEH pacCesHHOTO CHrHaida Ha
4acTOTaX MEXaHWYEeCKMX KoNeOaHMid, IO CpaBHEHHIO C YPOBHEM HEBO3MYIIEHHOTO
(ympyroro) paccesHus, (HPOTONPUEMHHKHU JIy4Yllle YCTaHABIMBATh B HAMpaBICHUH TMOMEPEK
BO3JICHCTBUS 30HIUpYIomEero usnydeHus (0=90°), a Takke B HampaBJICHHH yria TEepBOH
panyru (a~137,5°). Jlns ycTpaHeHus BHEIIHUX 3aCBETOK mepes, (GOTONPHEMHHKAMU MOXKHO
YCTaHABIMBaTh UHTEPPEPEHIIMOHHBIE CBETOMUIBTPEL. BMeCTO M3nydarens ylbTpa3ByKOBBIX
KoleOaHui, MOXXHO  HCIIOJNIb30BAaTh  AJIGKTPOMATHUTHBIA — M3JIy4yaTelb C  yOpyroi
MeMOpaHoii [6].

[Tpu 06paboTKe IKCHEPUMEHTANBHBIX JaHHBIX pa3pabOoTaHHBIN KOMIUIEKC MPOrpPaMMHOTO
o0ecrevyeHns Mo3BOJISIET PeIllaTh CIEAYIOIINE 3aaun:

- MPOU3BOAUTh MATEMATHYCCKUM pacyeT YacTOThl OCHOBHOHM KOJIeOaTEeIbHON MOJIbI
JTUCTIEPCHOM YacTHUIIbl, HAOJI01aeMOM B X0J1€ IKCIICPUMEHTA;

- paccUMTHIBATh 110 YaCTOTE OCHOBHOM KOJI€OaTEIbHON MO/IbI 3HAUCHHUS @, — paJyca

HEBO3MYILICHHOW YaCTHIIbI,

- YMCHbBIIATh BJIUAHUA IMIOMECX HA PC3YJILTAT U3MCPCHUA.

A. N. Makcauyk, I'. B. JleoHoB
ONTUKO-aKyCTUYECKUA METOA ANCTAHLMOHHOIO KOHTPOMS pa3MepoB ANCNEPCHbIX YacTul,
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IToab30BaTEJbCKHE PUI0KCHUS
MOI[yJ'IB IIOATOTOBKH H MOI[yJ'IB IOCIIECEaHCHOM
IIPOBCICHUS SKCIICPUMCHTA 00pabOTKY JAHHBIX

¢dorompuemuanku G/1-7K
CBETOBO]

nazep HLDPM12-655-25
mucriepcHas ¢asza

9KCHCDI/IMGHT&HBH&${ YCTaHOBKa JJIsI CHCTEM I'a3-KUJIKOCTh
Puc. 6. CtpykTypHas cxeMa KOMILJIEKCa TPOrPaMMHO-TEXHUYECKUX CPEJICTB

Bo BpeMs paboThI 3KCIIEpUMEHTAIBLHOW YCTAaHOBKH MPOUCXOIUT TOCTOSIHHAs 00paboTka
naHHbIX noctynatomux ¢ AT ¢ uenpro MOATBEPKIACHUS HAJIUMYMS TUCIIEPCHON YaCTHIIbI B
u3MepuTesbHOM o0beme. Ecnmm dvactuma oOHapykeHa, TO TMPOUCXOIUT cOOp JJTaHHBIX,
peructpanus U mnepBudHas obpaborka. [lanee coOpaHHbIE NaHHBIE MEPEAAIOTCS B MOJYJIb
MOCJIECEAHCHON 00pa0OTKU aHHBIX. B qaHHOM MoOyIie mpu MOMOIIH OBICTPOTO TUCKPETHOTO
npeoOpazoBanuss Dypre (JAIID) mpoucxoautr ob6padboTka (HparMeHTOB MCXOTHBIX MAaCCHUBOB
naHHblx «CurHan ¢ ¢oronpueMHuka» U «CurHaia ¢ QOTONpUEMHUKAa B OTCYTCTBUU
yacTtuib». C 1EJbI0 MOBBIICHHUS CHEKTpaabHOro paspemieHust 1P maccuBbl HaHHBIX
UCXOJHOTO CHUTHaJla JOMOJIHAIOTCS CpedHUMMM 3HaueHusMu. Ha pucyHke 7 mokazaH
YBEITUYCHHBIA ()parMEeHT y4acTKa UCXOJHOTO CUTHaNa ¢ goronpuemMuuka u ¢pparment I1D.
Jlnst BU3yaibHOM TIPOBEPKH MPaBUILHOCTH PaOOTHI aJrOpUTMa pacyeTa pa3Mepa JUCTICPCHON

JacTHIBl Ha BepxHeM rpaduke nodasneH rpadux sin(2zQ,r), ¢ HabmromaeMoil B xoxe

9KCIIEPUMEHTA YaCTOTOH OCHOBHOM KoJIe0aTeIbHOM MOBI €2, .

A. N. Makcauyk, I'. B. JleoHoB
ONTUKO-aKyCTUYECKUA METOA ANCTAHLMOHHOIO KOHTPOMS pa3MepoB ANCNEPCHbIX YacTul,
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Puc. 7. I'paduku mocie BBIMOIHEHUS padOThl MOIYJIS TTOCIIECEaHCHON 00pabOTKH JaHHBIX
(pagmyc HEBO3MYIIIEHHOM BOAHOMN Karuiy ap=1,75 MM; HaOIr01aeMoe 3HAYCHUE YacTOTHI
OCHOBHOMH koje0aTenpHON Moabl €2,=406,456 I'1y (Ha HUKHEM TpadUKe BBIACICHO

OKPY’KHOCTBIO); PACCUNTAHHOE 3HAYCHUE pajuyca Kalud agp=1,751 Mm)
(1) — yBenuueHHBI pparMeHT curnana ¢ poTonpueMHUKa MOCTe MEPBUYHON 00pabOTKY;
(2) — rpaduk sin(27Q,¢), c HabmogaeMoO B X0/i€ SIKCIIEPUMEHTA YaCTOTOH OCHOBHOM

K0JIeOATETBHOM MOJIBI BOJHOM Karwiy; (3) — curHai ¢ OTONMPUEMHHUKA B MOMEHT OTCYTCTBHS
JMCTIEPCHOM YacTUIbl B U3MEPUTENHHOM 00beMe; (4) — yBEITMUEHHBIN (parMeHT
TMICKpeTHOTo peodpazoBanust Pypre 06paboTaHHOTO (C LENbI0 YMEHBIICHUS TIOMEX)
CUrHasa ¢ (poTonpUeMHHUKA

IIpp OIHOBPEMEHHOM INIONAJAHMM B TMOJE 30HAUPYIOIIETO H3JIYyYEHUS HECKOJIbKHUX

JAUCIICPCHBIX YaCTHL BO3MOKHBI OIOKU OMpCACIICHUA pasMEpa YaCTUll CBA3AHHBLIC C TCM,
YTO 3a 4YacCTOTy OCHOBHOW KoJIeOaTenpbHOH MOAbl (), OMMOOYHO NPUHHUMAETCS 4YacToTa
BBICOKOYACTOTHBIX KosiebaTenbHbIX Mog (2, €,, ..., Q) Oonee KpynHbIX YacTHll. JlaHHOK

OIIMOKKM MOXKHO H30eXaTb, yMEHbIAs JUaNa30H ONPENCIICHUS pPa3MEPOB AMCIEPCHBIX
yacTHil, JMOO oOmpenessss pa3Mep YacTHIBI C HaWMEHBIICH YacTOTOW OCHOBHOU

koneOaTenbHOM Moabl. Tak, 11l BOAHOW KaIlld pajuycoM da,=2,5 MM 4acToTa OCHOBHOH

koneOaTenbHOM Moabl €2,=193,235 I'ny, a 4acToTa BBICOKOYACTOTHOH rapMOHUKH ), =
374,198 T'1, 9TO COOTBETCTBYET YaCTOTE OCHOBHOM KOJIEOATEIHLHOW MOJIbI YAaCTHUIIBI pajinyca

a,=1,609 Mmm.

B paccmaTtpuBaeMoil SKCIeprUMEHTaIbHONW YCTaHOBKE (PUCYHOK 6) OMpeensercs pa3Mep
HanboJee KPyTHON YacTHUIIbI, C HANMEHBIIIEH YaCTOTONH OCHOBHOM KOJIeOaTeThbHON MOIBI.

A. N. Makcauyk, I'. B. JleoHoB
ONTUKO-aKyCTUYECKUA METOA ANCTAHLMOHHOIO KOHTPOMS pa3MepoB ANCNEPCHbIX YacTul,
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C momompio pa3paboTaHHOTO MPOrPAMMHO-AINIIAPATHOTO KOMILIEKCAa OBLTA TPOBEICHBI
CEepUH DOKCIIEPUMEHTOB, MO TMATHACCAT HW3MEPCHHUH, i1 BOJHBIX Kamelb pPa3IuIHBIX
JTUaMETPOB.

Pesynbratel 00paOOTKHM CEepHil ASKCIEPUMEHTAIBHBIX JaHHBIX JUIA TPEX PpPa3IMIHBIX
JTMaMETPOB BOJHOW KaIrid TpeacTaBiieHbl B Tabmume 1. s kaxkmoro auamerpa BOJIHOM
Kalld TPOBOAWIOCH IO IISITHACCIT W3MEPECHMM, TMOCIE YEero pacCUYUTHIBAIMCH: CpEIHEEe

3Ha4Y€HUE, JOBEPUTEIbHBIA UHTEPBAJ, Kputepuid Koxpena u kpurepuii Ouiiepa.

Tabmuua 1. Pe3ynbrarel cTaTucTHUECKOM 00pabOTKH IKCIIEPUMEHTANIBHBIX TaHHBIX (paaunyc
HEBO3MYIIIEHHOM Karuu: 1) ag = 1,75 mMm; 2) ap = 1,525 mm; 3) ap = 1,475 mm)

Cpennee | JloBeputenbHbiii | ucnepcus Hucnepcus
3HAa4YCHUC HHTCPBAJI +A AACKBATHOCTH | BOCIIPOMU3BOAUMOCTH
agp, MM (P =0,99; £=49) Sja Sy2
1) 1,74496 0,00258 0,000080 0,000047
2) 1,52526 0,00132 0,000014 0,000012
3) 1,47674 0,00094 0,000010 0,000006

Kpurepuii Koxpena

Kpurepuii @umepa

(a=0,01;m=5;f=9) (fi =44, £, =45)

G G F F
pacyeTHBIH TaOTMYHBIN pacueTHbII TaOJIUYHBIN
1) 0,26861 0,4854 1,72682 ~1,950
2) 0,25004 0,4854 1,14400 ~1,950
3) 0,24435 0,4854 1,62389 ~1,950

Jlis Bcex MONTyueHHBIX SKCIEPUMEHTAIbHBIX JaHHBIX pacdyeTHble Kputepun Koxpena u
Oumepa Menblie TadbmuuHoro. IlpoBeneHHass 00paboTKa SKCIIEPUMEHTAIBHBIX JaHHBIX
MO3BOJIMIIN YCTAHOBUTH BOCIIPOU3BOAMMOCTD JJAHHBIX.

Pa3zpaGoTanHblii MeTOA W NPOrpaMMHO-ANNAPATHBIM KOMIUIEKC HKCIEPUMEHTAIbHOM
YCTaHOBKM aBTOMATMYECKOT'O JUCTAHIMOHHOTO KOHTPOJII W JUArHOCTHUKH pPa3MEpOB
YacTUI]  TO3BOJIAIOT COOCTBEHHBIE  YaCTOTHI

KOPPEKTHO  OIPEAECIATH

JUCIIEPCHBIX
MEXaHUYECKUX KoJeOaHWH MUCIEPCHBIX YAaCTHUI[ M HAXOAWTh MO HUM JMAaMETpPhl YacCTHIl B

nuamnasoHe oT 1 10 5 Mm.
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3AKIIIOYEHUE

l. ABTOpamMu ObUT pa3paboOTaH HOBBIA ONTHKO-aKyCTHYECKHUN METOJ| JTUCTAHIIMOHHOTO
KOHTPOJII pa3MEpOB JHWCIEPCHBIX YaCTHIl, KaK B JIA0OpAaTOPHBIX YCIOBHUSAX, TaK |
HETMOCPEICTBEHHO B XOJI€ TEXHOJIOTHYECKOTO IMPOIecca, OCHOBAHHBIA HA OMPEICICHUH UX
COOCTBEHHBIX YAaCTOT MEXaHWYeCKUX KoyieOanuid. HoBuW3HA pemieHuss TOATBEPXKACHA
maTteaToM PD Ne 2346261.

2. Co3mana MareMaTuyeckass MOJEIbh B3aUMOJICHCTBHUS YJBTPA3BYKOBBIX KOJICOAHHMH C
JTUCTIEPCHOM 4YacTUIEW W TIPOBEICHO KOMITBIOTEPHOE MOJCIUPOBAHUE, TI03BOJISIONICE
OHpeI[eJ'II/ITI) 3aBUCUMOCTH aMHJ'II/ITy)IBI KOH€6aHI/Iﬁ HOBerHOCTI/I I[HCHGpCHOfI qaCcTUIbl OT
3HCpF€TI/I‘-IGCKI/IX 158 BpeMeHHI)IX Hﬁp&MCTpOB BHCIIIHETO BOSI{GI\/JICTBI/ISI nu HpOI/ISBOI[I/ITI) pacqu
OHTI/IM&J’IBHOﬁ HI/IKOBOI>'I MHTCHCHUBHOCTHU nu xapaKTepHofI JJINTCIIBHOCTHU I/IMHYJ'II)CEt
y.]'II)Tpa?.BYKOBBIX KOJ'Ie6aHI/II\/JI, JJIA TIOBBIIICHUSA TOYHOCTHU KOHTpOJ'I?I pa3MCp0B qacCTHII.

3. Ha 6a3e TeopeTnueckoro omvcaHusi B3aUMOJEWUCTBUS 30HIUPYIOLIETO U3IYUYEHUS U
B3aMMOJEMCTBUSI yIbTPA3BYKOBBIX KOJIE€OAHUN C JUCHEPCHBIMM YacTHIIAMU, pa3paboTaHa U
N3TrO0TOBJICHA BKCHepI/IMeHTaJ'II)HaSI YCTaHOBKa JIsI  aAaBTOMATHUYCCKOTO AdUCTAHIIUOHHOI'O
KOHTpOJ'I?I U OUAarHOCTHUKHU pa3M€p0B qacTul MJId CHUCTEM TIa3-KUAKOCTh U XKUIAKOCTb-
KNUIOKOCTH. PCSYJ'II)TaTI)I O6pa6OTKI/I 3KCHepI/IM€HTaJ'H)HI)IX JTAHHBIX HOI[TBCpI[I/IJ'II/I
BO3MOXHOCTH HpI/IMeHCHI/ISI MeToga IJIst OHpCIleJ'IeHI/IH I[I/IaMeTpOB [[I/ICHepCHI)IX qacTull, C
OTHOCHUTENLHOM MOTPEIIHOCThIO He MpeBbimatomei 0,5%, B nuamaszone ot 2,95 no 3,5 mm.
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