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IIpoBeneHO TEOpEeTHYECKOE HUCCIEAOBAHME CBOMCTB  CyXOro  IUIOCKOIO
aKyCTMYECKOro KOHTakTa. [loka3aHO, 4YTO 3aBHCHMOCTb MEXIy CHIOH H
CMEIEHHEeM B KOHTaKTe HenuHeiHas. [lo 3Toi mpUYMHE KOHTAaKT MOXKET OBITH
TE€HEPAaTOPOM BBICHIMX F'ApMOHHMK. [I0mydeHBI BEIpaKEHUS IS aMILUIATY I TAPMOHHK
u st 3GQPEeKTUBHOW TMOAATIMBOCTH AKyCTUYECKOTO KOHTaKTa Ha IEpBOU
rapMOHHUKE.

KnroueBble cioBa: aKyCTHUECKMH KOHTAKT, YJbTpPa3ByK, KoyeOarenbHas
CUCTEMA, BBICIIINE TAPMOHUKHU

BBEJEHUE

Mpicas Kupxroda o ToM, 4TO «3JIEKTPOTEXHHMKA — 3TO HayKa O KOHTAKTax» JaBHO YXKe
CTaJla TPUBHAJIbHOU. BiusiHueM ke mapamMeTpoB KOHTAKTa Ha CBOMCTBA aKyCTUYECKUX CUCTEM
JONTO TpeHeOperanu. JTO CBA3aHO, MO-BUAMMOMY, C T€M, YTO JOJTrO€ BpeMs MOIIHbIE
yJIbTPa3ByKOBBIE MMpPeoOpa3oBaTeIN HW3rOTABIMBAIUCH M3 OJHOIO NpyTKa MeTauia. Bcee
PEKOMEHJALNN 10 COECTUHEHHUIO AJIEMEHTOB CBOJMINCH K YKa3aHHMIO O KpPEMJICHUH BOIW3U
y371a MEXaHUYECKUX HAIPSHKEHUH.

HeobxomumocTh CHIDKEHHST Macchl U TabapuToB mpeoOpaszoBaresied, 0lHaKo, 00yCIoBUIA
HEOOXOAMMOCTh COEAMHEHUN B JIFOOBIX IPYTHX O0JACTAX KOJeOATENhbHBIX CHUCTEM, M Cpasy
CTaJI0 OYEBUAHBIM CHJIBHOE BIIMSIHHE IMapaMeTPOB aKyCTHMYECKOTO KOHTAaKTa Ha CBOMCTBa
npeoOpasoBareneil. BbIsICHIIIOCH, B YaCTHOCTH, YTO aKyCTHYECKHM KOHTAKT HEJMHEEH, U 3Ta
HEJIMHEHHOCTh ~ OKa3ajgach  CYIIECTBEHHO  Oosblie  OOBEMHOW,  OOYyCIIOBIEHHOM
AQHFapMOHU3MOM CHJI MEXKMOJIEKYJAPHOro B3aumozaencTBus. [lo 3Toli mpuynHe OHA BechbMa
NEePCIEeKTUBHA JIsl TPAKTUYECKUX TPUMEHEHUH.

W3BecTHO, 4TO MOBEPXHOCTU pEabHBIX TE1 HE MOTYT ObITh HJealdbHO rimagkumu. [Ipu
o0paboTke MaTepuajioB Ha MX IOBEPXHOCTSAX TMOSBISETCS T.H. TEXHOJOTHYecKas
IepoXoBaTOCTh (MUKpOpenbed). B mporecce skcrutyataliuy 3Ta MepoXxoBaTOCTh HECKOJIBKO
MoauUIIUpyeTCs, HO He ucyesaer [1, 2].

[IlepoxoBaTocTh MOBEPXHOCTH OOpa3yeT ee MHUKpopenbed, KOTOPBIH MOXKET OBITh
UCCIIeIOBaH Mpu noMomu mnpoduiorpamm. [Ipu CONPUKOCHOBEHHMH IBYX HIEPOXOBATHIX
MOBEPXHOCTEH UX KOHTaKT Oyner ¢parmeHTapHbM. [Ipu sKcrutyaTanuu Hu3Aenus Ha €ro
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(byHKIIMOHATIbHBIE TOKA3aTEeNH BIUSET HE BCSI HOMUHAIbHASI IOBEPXHOCTh KOHTAKTa, a TOJIBKO
ee «(pparmeHTupoBaHHas» 4acTb. Pakthueckas riomanb koHtakta (PIIK) ects cymma
3JIEMEHTApHBIX IUIOMIAIOK KOHTAKTa, BOSHUKAIOMIMX B pe3yibTare Aedopmanuu OTACIbHBIX
HEPOBHOCTEH. DTa TUIONIAAb OMpEesieT 00JacTh CUIOBOTO B3aMMOJICHCTBHS IIEPOXOBATHIX
ten. Ilotromy pacuer dakruueckoir momanu koHTakra (PIIK) TBepapix Tenm wnm
otHocuTenbHOM BenmuunHbl PIIK 7 (otHOmEeHne OIIK Kk HOMUHANBHON MUIOIIAIU KOHTAKTa)

ABIISIETCS aKTyaJIbHOM 3a/1aueil BooOIIe U JIJIs MpeAsiaraeMoro UCCIIeJOBaHMsI, B YACTHOCTH.

3aBucumocth DIIK oT crenenn cOMMKEHUsT TOBEPXHOCTEH OTpa)kaeTcs OMOPHOW KPUBOU
npod st — rpadUIeCKUM H300paKECHUEM 3aBUCUMOCTH OTIOPHOM JUTMHBI TPOMUIIS OT YPOBHS
ero ceueHuss. OmopHas KpuBas Npouis XapakTepusyeT pacHpelelieHHe Marepuana B
mepoxoBaToMm cioe. Ilokazano [3,4], 4ro HauvajgbHas YacTh OMOPHON KPHBOW MPOQUIISL
XOPOIIIO aNMPOKCUMHUPYETCS CTEIICHHOM 3aBUCUMOCTHIO!

tp = bx", (1)
I7ie {p — OTHOCUTEINIbHAS OINOpHAasl [UIMHA MPOPUIs; X = L; U — PaccTOSTHUE OT JMHUU
H max
BBICTYNIOB Ha mpoduiorpamMme I0 TEKyIIEro 3HaueHus npoduis; H max — paccTosiHue
MEXJy JIMHUEH BBICTYNOB M JIMHUEH BMNAAMH B Ipenenax 0a30BOM JUIMHBL, b U Vv —
HIMITUPUYECKUE MTApaMETPhI, OTy4aeMble IyTeM 00padOTKH MpoduIorpaMM HOBepxXHOCTeH [4].
Mogenps U peabHOE TENO CYMTAIOTCS aJIeKBaTHBIMH, €CJIM pacIipe/ielieHue MaTepuana 1o
BBICOTE OJIMHAKOBOE, T.€. €CJIM COBIAAAI0T UX ONOpHBIE KpHBbIe (1).
XapakrepHble ocoOeHHOCTH mpouecca ¢opmupoBanuss PIIK cBoIATCS B OCHOBHOM K
caenyrwouemy [2]:
1. KOHTaKT LIEpOXOBATHIX MOBEPXHOCTEH UMEET JUCKPETHBII XapakTep;
2. 3JeMeHTapHble KOHTAKThI ((pakTUUYeCKHe MATHA KOHTAKTa) BO3HUKAIOT B Pe3yjbTaTe Kak
YIpYTHX, TaK U IJIACTHYECKUX AedopMariuii;

3. O®IIK u geiicTByrouas Harpy3ka N CBS3aHbI COOTHOLICHHEM Sy, = const-N" rae n = 1

MPH MJIACTHYECKOM KOHTaKTe U BecbMa Onn3ko k 1 (7 = 0,8...0,9) mpu ynpyrom.

4. ¢ pocTOM Harpy3kd yBEJIMYEHHE IUIOMAAM (PAKTUYECKOIO KOHTAKTAa IMPOUCXOAUT B
OCHOBHOM 32 CUET BO3HMKHOBEHHS HOBBIX ISITEH KOHTAaKTa, IPU 3TOM CpEeIHUI pa3mep
ISTHA OCTAe€TCs MOYTH IOCTOSHHBIM; CIE€JyeT HUMeThb B BHAY, YTO KaXJ0e
MH/IMBUYalIbHOE MATHO BO3PACTAECT C HArpy3kKoi M ci1abo M3MEHSETCs] UMEHHO CpeIHMN
pa3Mep ISITHA 3a CUeT YBEJIMYECHHUS YHCIIA NATEH KOHTAKTa, pa3Mep KOTOPbIX MaJl.
CornacHo myHKTY | MOAenb IIEPOXOBATOrO Tejla MOXKET ObITh IMpelcTaBlieHa HaboOpoM

BBICTYIIOB, IPUYEM HOCIIETHIUE HEOOXOAMMO OIMHUCATh PSIIOM MMapaMeTPOB, XapaKTEPU3YOIIUX

UX TEOMETPUIECKYIO (hopMmy.

A. H. HeBepos
O HeNNHENHOCTW aKyCTUYECKOro KOHTaKTa B COCTaBHbIX CTEPXHEBbLIX KofiebaTenbHbIX cncTeMax
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1. CTEPXXHEBA MO/JIEJIb CYXOI'O IINIOCKOI'O AKYCTHYECKOI'O KOHTAKTA

[TockonbKy OOBEKTOM HAIIEro HCCIEIOBaHMS SBISIIOTCS CTEpP)KHEBBIE KoyieOaTelbHbIe
CUCTEMBI, JIOTUYHO C YYETOM IIyHKTa 4 IPUHATH CTEPKHEBYIO MOJEIND [S].

Hcxons xe u3 MyHKTa 2, MOXKHO CKa3aTh, YTO KOHTAKT LIEPOXOBATBHIX MOBEPXHOCTEH B
CTEpP)KHEBBIX KoJIeOaTeNbHbIX CHUCTEMax OyleT BIMATh Ha BEJIMYMHY KaK COOCTBEHHBIX
YacTOT, TAK U MAKCUMAJIbHO JTOCTHKHMBIX aMILTUTY] KOJIeOaHHA.

@akT 3aBHCHUMOCTH MapaMETPOB COCTABHBIX KOJIEOATEIbHBIX CHUCTEM OT YCHIIHSA
CTaTMYECKOI'0 CXKaTHsl DJIEMEHTOB M3BECTEH OCTATOYHO AaBHO [6 — 8]. C npyroil cTopoHsl,
aBTOpaMM psAla SKCHEPUMEHTAJbHBIX pPa0OT HaONIOJaINCh HeNuHEeHHble 3¢ (deKTsl npu
OTPaKEHUM YIPYTUX BOJH OT IOBEPXHOCTH CyXOr0 KOHTAaKTa JBYX MOJyOECKOHEUHBIX
TBepabIX Tel [9, 10]. B Teoperndeckoii padore [11] KOHTAKT anmpOKCUMUPYETCST aHcaMOJieM
OJIMHAKOBBIX MPY>KUHOK pa3iuyHON ATUHBI. PU3NYECKU 3TO BIOJHE ONPaBAAHO, MOCKOIbKY
KOPOTKHI TOHKUH CTEP>KEHb MOXKET ObITh OMMCAH KaK COCPEJOTOUEHHSI YIPYTOCTh.

Htak, paccMOTPUM CyXOM KOHTAKT ABYX IJIOCKUX LIEPOXOBATHIX MOBEPXHOCTEM.

Mogens «HaOupaeTcs» W3 CTEp)KHEH pa3IMuHOM JUIMHBI, paclpeseieHue KOTOPbIX
3aaeTcs ¢ TMOMOIIbI0 (YHKIUMU 7(g£) — YHCIO CTEP)KHEH, IEePECeKaeMbIX CEYCHHEM,

COOTBETCTBYIOIIUM OTHOCHTEIHFHOMY COJFKEHHUIO TIOBEpXHOCTEH & . [loka3aHO, 4TO KOHTAKT
JIBYX IIEPOXOBATHIX MOBEPXHOCTEH MOKET ObITh OMHCAH KaK KOHTAKT TJIaJAKOW MOBEPXHOCTU
C IIEpOXOBATOM, IapaMeTpbl ONOPHOW KPHUBOM KOTOPOW by M V¢ ONpenensrorcs Io

dbopmynam:

(H max,+ H max, )"

H'' max,- H"* max,

by = kv1,2b51bsz Vg = Vg T Vs,

rae b Vg ,bg, V,, — TapaMeTpbl ONMOPHBIX KPUBBIX KOHTAKTUPYIOIIMX ITIOBEPXHOCTEH,

Hmax,,Hmax, — UX MaKCUMAJIbHbIE BLICOTHEI HEPOBHOCTEM,

Vs Vsa T'(ve)(vg,)
Vg + Vs, T(vg +vy,)

vi,2

Mopens Takoro cOmmxeHusi mpuBeneHa Ha pwuc. 1. IllepoxoBaras MOBEPXHOCTH
MOJCIUPYETCST HAa0OpPOM OJHOPOIHBIX CTEPKHEW pa3JUYHOM BBICOTHI. JTa MOJENb
¢duznyeckn BHoJHE OOOCHOBaHA, T.K., XOTS IUJIOLIA/b MATHA KAacaHUS KaXkJIOTO OTAEIBHOTO
BBICTYIIA YBEJIMYMBACTCS MPU CONMKEHUH MOBEPXHOCTEH, CpelHss IUIOMAb MsTHA KacaHHs
OCTaeTcsl MPaKTUUECKH HEM3MEHHOHN U3-3a TOT0, YTO B KOHTAKT BCTYIAIOT BCE HOBBIE M HOBBHIE
BBICTYIIBI.

A. H. HeBepos
O HeNNHENHOCTW aKyCTUYECKOro KOHTaKTa B COCTaBHbIX CTEPXHEBbLIX KofiebaTenbHbIX cncTeMax
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u ] : / JInHus
! BITQIUH
hi H max
u - - || | | y
0L ~ U - - |
) \ JInuaus
BBICTYIIOB

Puc. 1. CrepxHeBasg MO/I€Tb aKyCTUYECKOTO KOHTAKTa

[Tycth rnaznkasi HOBEpXHOCTh (HMDKHAS, NMOMEYEHHas LU(poil 2) cOnmxkaercs ¢ JMHUEH
BIIQ/IMH IIEPOXOBAaTOW IMOBEPXHOCTH Ha BENWYMHY u (KoopauHata u =(0 COOTBETCTBYET
JIMHUM BBICTYNOB). JIMHMIO BIAAWH MBI CUUTAEM HETIOABM)KHOM, €€ KOOpAMHATA BCETAA paBHA

Hmax. HpI/I O9TOM CHIIA, BOSI[GIZCTBYIOH.I&H Ha i-" BBICTYIT BBICOTBI hi B COOTBCTCTBHHU C

3akoHOM ['yKka toymkHa ObITh paBHA

h, + u— H max
=ES, Y ,

1

rae £ —moayins FOHra, S, — miomazs cedeHus i — ro BbICTYTA, /i, — MaKCUMaJlbHasl BHICOTA
i — 'O BBICTYIIA LIEPOXOBATON OBEPXHOCTH, KOTOPOTO JOCTHUIJIA TJIaKasl.
DTO BBIpaKEHUE MOXKET ObITh MPUBEACHO K BUIY:

= ES, —gl(x &), (2)

1

rae x = L OTHOCHTEIIFHOE CONMKEHHe MoBepxHOCTe, & =1—————, T(x—g,)
H max ! H max !
enuHuYHas QyHKIHS XeBUCala.
Cwiy, BO3JCHCTBYIONIYIO HA BCE BBICTYNbl IIEPOXOBATOM IMOBEPXHOCTH IIPHU
OTHOCHUTEJIbHOM COJIMKEHUH €€ C TJaJKOW Ha X, ONpeleiruM CyMMHpPOBAaHUEM BBIPAKEHUI

(2) mo Bcelt MOBEPXHOCTH:

F(x)—ZESll l(x &), (3)

rae N — 4uClio BBICTYTIOB HA TTOBEPXHOCTH KOHTAKTA.

[Tycte n(x) — 4YHCIO CTEp)KHEH, NEpeceKaeMbIXx cCeYeHHeM u . [lo-BUAMMOMY, MOXKHO
cuuTaTh QYHKIHUIO #(X) HEMPEpBHIBHOW M MOHOTOHHOW. Ilnomanp, mepecexkaemasi ce4eHUEM
x=0, paBHa Hymo. Ilmomans cTepxHeH, MepecekaeMblXx ceueHueM x =1, paBHa
HOMMHAJIbHOW IUJIOMIAAM KacaHus TMoBepxHocTel. Torma mnpu mepeMenieHuu TII1aaKoi
MOBEPXHOCTH Ha dx (hakTHUecKas IIOLIalb KOHTAKTa TOBEPXHOCTEH yBEITUUUBAETCS HA

A. H. HeBepos
O HeNNHENHOCTW aKyCTUYECKOro KOHTaKTa B COCTaBHbIX CTEPXHEBbLIX KofiebaTenbHbIX cncTeMax
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dS = S(x)n'(x)dx,

N(x)

rae S(x) = ZSi — HOMUHAJIbHAS TUIOMIAJh KOHTaKTa, 1(X) — OTHOCHUTEIHHOE KOJUYECTBO
i=1

BBICTYIIOB, IIEPECEKAaeMbIX CEUeHHEeM X =¢&, (QyHKUMS 7 =n(g) MNpeacTaBiIseT coOon
ypaBHEHUE OIIOPHOM KPUBOH LIEPOXOBATON ITOBEPXHOCTH.

3amensist cymmy B (3) UHTETpajioM, MoIydaemM

X—&

F(x) = ESJ{ n'(e)de . (3a)

l-¢
O6LI‘IHO Ha MMPAKTHUKE BBITIOJIHAOTCA COOTHOILICHUA:

0<x<e<<l. 4)
HavanpHblii y4acTOK OMNOpPHOM KPUBOM IIEPOXOBATOM IMOBEPXHOCTH (T.. KOT/a

BBITIOJTHAETCS YCIIOBHUE (4)) MOXKET OBITh alMmpOKCUMHUPOBAH CTETICHHON (hyHKIMEH [2]

n(e) =be", (5)
rie b U v — mapameTpbl OOPHOW KPHUBOH.

[ToncraBnss (5) B (3) u mpeAcTaBiisis 3HAMEHATENb MOABIHTETPAILHOTO BBIPAKECHHSI B BUIE
psaa, morydaeM

X

F(x)= ESva-(x—g)gv_l (1+£+€2 +...)d€ =

0
= ESbviI(x —g)e™! (1+g+g2 +...)d5 =
n=0 ¢

. (6)
=ESbyvy x"""! j (1-2)z"""'dz=ESbv> x"""'B(n+v,2) =

n=0 0 n=0
— ESb Vz Xn+v+1 F(l’l + V) : F(Z),

o I'n+v+2)

£
rae z=—, B(n+v.2) —6era-pynkmus, ['(n+v),[(2),'(n+ v+2) — ramma-pyHKIHS OT
X

COOTBETCTBYIOIIUX apIyMEHTOB.
Hcnonb3ys cBoiicTBa raMMa—(yHKIIHH, ITOTy4aeM

n+v+l

F(x) = ESbYS —— (7
B —m+vy(n+v+])
WiIu, IOACTaBIAA 3HAYCHUE X = L N
H max
© un+v+l
F(u)=ESbvH Iy (8)

S m+v)(n+v+l)

TakuM 00pa3oM, 3aBUCUMOCTb MEXIY CHJIOH, NEHCTBYIOIIEH B KOHTaKTe, U CMEIIEHUEM

HEJIUHENHA.

A. H. HeBepos
O HeNNHENHOCTW aKyCTUYECKOro KOHTaKTa B COCTaBHbIX CTEPXHEBbLIX KofiebaTenbHbIX cncTeMax
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2. TAPMOHMUYECKOE BO3JEMCTBUE HA AKYCTUUYECKUI KOHTAKT.
I'EHEPAIIN BbICIINX 'T”APMOHUK

PaccMoTtpum ciydaii, KorJa 3a7aHbl cTaTHYecKas cuiia Py 1 3aKoH KojeOaHuit
u_ =u,cosat, )
Ie u_ — TEKyllee CHHYCOUJAJIbHOE CMEUICHHE B KOHTAKT€ B MOMEHT BPEMEHU ¢, U, —
aMIUTUTY/a KoJe0aTeIbHOTO CMEIICHUS B HEM, @ — KPyToBasi 4acTOTa KOJIeOaHUH. .

Torma cmemeHue B KOHTakTe u# OyJeT MNpeacTaBiATh CO00M CyMMy CTaTHUECKOTO
CMEUICHUS U, U CUHYCOMIAIbHOIO KOJeOaHUS C 4aCTOTOM @ W aMIUIMTYIOM u, M MOXKET

OBITH 3aIIMCAaHO B BUJE:

u=u,(l1+mcosat), (10)
u

roe m=——.
Uy

Bynem cuutath, 4TO aKyCTHUECKUN KOHTAKT HE pa3phIBaeTCs. JTO BBIOJIHAETCS IPU
m<1. (11)

Cuna F, neiicTByromasi B KOHTaKTe, TAKXKe MPEACTABIIET COO0M CyMMy IOCTOSIHHOW F| 1
NEPEMEHHON [ COCTaBIAIOUINX, IPUYEM NIEPEMEHHASI COCTABIIAIONIAS HE MOHOXPOMAaTHYHA,

a coaepxkutT Benenctsue (8) Beiciine rapMoHuku. [lompoOyeM mojcuuTaTh UX aMIUIUTYIBI,
st yero moxactaBuM (10) B (8) m pasnoxum TONYyYEHHOE BBIpaXeHUE B psan Tewmopa,
KoTopbli Beaeacteue (4) u (11) momkeH cXxoauTbes:

Z/anerrl © (I’l-i' v+1

F(x)= ESvamaxZ;j it (e ve]) /Z(; / J(mcosa)t)l , (8a)

n+v+1
riue — OuHOMUANIbHBIE KO (PUIITMEHTHI.

)
OrpaHH4UBAasCh B PA3I0KEHNH (8a) WICHAMHU MOPSAKA M , ONyYaeM
F = E—Sb( 1+ +1)mcoswt +Mm2 cos’ ot +
v+1 2
(v Dv(v + ) 3 oS’ of 4 v=2)(v-Dv(v+ 1) 4 cos wf +
6 24 (12)
(V v -2)v-1v(v+1)

m COS wt + ..

120
=F,+Fcoswt+F,cos2wt+ F,cos3wt+ F,cosdwt+ F,cosSwt+...,

Irac E) — IIOCTOsAHHAsA COCTaBJIAIOIIAsA CUJIbI, E — aMIUIATY AbL 1-5 TapMOHUK CHJIBI, TPUYEM

gv+l _1 _2
F, = ESh| = +K$0V‘1g,f,+v(v v=2) g e+
v+l 4 64
ESb v g (v-1)(v-2)(¢,) ()
__50"“ 14— = (1+...) "
v+1 4 50 16 &
A. H. HeBepos

O HeNMHEeNHOCTM aKyCTUYECKOro KOHTaKTa B COCTaBHbIX CTEPXHEBbIX KonebaTenbHbIX cucTeMax
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F o ESb{govgm JVD s VD203 s }
8 64
{ 2 ) 3 2 (14)
_ EShels, 1+M{i} [HM(QJ (HW)J ,
8 & 8 &
F, = ESZ{4 - i+—v(v_2‘(fv_2)80”8; +..}:
2 (15)
= EspY gl el [1 + wf—’”] (1+ )}
4 16 Z
F, = ESb[—V(V_I) el + V(V_l)(v_z)(v_”gov*“g; +} =
24 384
2 (16)
P l)ggzg;(uw(g—'") (1+...)}
24 16 Z
Uv-1)(v-2) .,
_ ) v 17
F, = ESb 0 &+, (17)
F, = ESb V(V_l)(ggf)(v_3)gg-4g; o (18)

ITpu ¢, = 0 nocTosHHas cocTaBisAOLIas CUibl Fy paBHa craTuueckoi cuie F,. HetpynHo

BUACTHb, YTO OJTa CTAaTUYCCKasd CHJIa, CTATHBAIOIIas IMOBEPXHOCTHU, CBA3aHAa B IICPBOM
HpI/I6J'II/I)KeHI/II/I CO CTaTHYICCKHUM CMCIICHUCM &, COOTHOIICHHUCM

1

. (M} - (19)
ESb

[Toacrasnss (19) B (13) — (18), momyyaem:

F, =B, + ESb %((V”)PO jgz " V(V‘IXV‘Z)((V”)R)jV”g“ o=

ESb " 64 ESbh "
2 (20)
=P0+ESbK —(V+1)E) gl 1+(V_1)(V_2) (V+1)P° V+lgi+... ,
4\ ESb 16 ESb
F - ESb{govgm SN e VD0 3) s }
8 64
) 2 5 3 2 (21)
= EShe! ¢, 1+M Em 1.,.% Em (1.,..__) ,
8 & 8 &

A. H. HeBepos
O HeNNHENHOCTU aKyCTUYECKOr0 KOHTaKTa B COCTaBHbIX CTEPXXHEBbLIX KosiebaTeNbHbIX cucTemMax
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F, = ESb %[wjm# " V(V_l)(v_z)((”l)lj‘)jv“g“ fo|=

ESb " 48 ESb "
vt 2 @2)
RS e ) (e (25 L S|
4\ ESh " 16 ESb "
F =ESbV(V_1)((V+1)P0jmg viv=1)v-2)v - 3)((v+1) jl s,
} 24 ESb " 384 ESh m
v=2 2 (23)
:ESbv(v—l)((v+l)P0jv+lgi 1+(v—2)(v—3)((v+1)130j ey |
24 ESb 16 ESb
F, = ESh V(V_lxv_z)[(”l)])‘)jm et ., (24)
192 ESb
F, = ESb V(V‘IXV‘2XV‘3)((V“)P° jv”gs o (25)
384 ESb "

Taxkum 06pa30M, OKBUBAJICHTHASA NOAATIMBOCTbL AKYCTHUYCCKOI'O KOHTAKTa II0 HepBOﬁ

rapmonuke C,, B IMHEHHOM NPUOIIKEHUU paBHA, Kak cleqyeT u3 ypaBHeHus (21),

1
o v
C‘“:i:gmHmaxz 1 ( ESb jV“: _ ESH ' (26)
F F ESb\(v+1)P, (v+1)R)"

OKBUBaJIEHTHAs IOAATIMBOCTb, KaK cieayeT u3 (26), 3aBUCUT OT YCWIHS CTATMBaHUS

crepxkHeil. [loaTomMy CcOOCTBEHHBIE YACTOTBI M AMIUTUTYIbl KOJEOAHUN COCTaBHBIX
KOJIOATeNbHBIX CHCTEM Ha IEpPBOM TapMOHHMKE Takxke OyIyT 3aBHCUMBI OT YCIOBHUH
CTATMBAHMS UX JIEMEHTOB.

YuuteiBasg TONBKO TiepBoe cnaraemoe (opmynsl (21), moiydaem CBSI3b  MEXIY
OTHOCHTEJIEHBIM CMEILIEHUEM B KOHTAKTEe &, W IEPBOM FAPMOHUKOW JEHCTBYIOIIEH CUTIbL F| :

6 = ( £SD ] @7)
" ESb\(v+1)P,
[ToncraBnss (2.27) B ypaBHenus (2.22) — (2.25), nonyyaem
v K
F=—"L1F;
*“aanp (28)
2
viv-1) [ F
F3 :(—)2 1 F1 ; (29)
24(v +1)* \ A,
3
viv—-1\v-=-2) F
p-t 2R (30)
192(v+1)° A,
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4
Fszv(v—l)(v—2)(1:—3) F F (31)
1920(v +1) F,

= F = 32
) Bty )\ B 32

n—1

! W
B(n+1,v—n) 2(v+1)P,

1°

rne B(n+1, v—n) — O6era-pynkmus, ['(n+1),I'(v—n),[(v+1) — ramma-¢pyHKIUM OT

COOTBETCTBYIOIINUX apIYMEHTOB.

3AKJIIOYEHUE

Takum o0Opa3om, amIUIMTyJa #—d TapPMOHHMKH, TEHEPUPYEMOH IUIOCKUM CYyXHUM
aKyCTUYECKHMM KOHTAKTOM B COCTaBHOM YJbTPa3BYKOBOW KOJEOATEIIbHOW CHCTEME,
MPONOPILMOHANIbHA #n—1 CTENEHU aMIUIMTYAbl OCHOBHOTO BO30Y>KJAIOUIEro CUrHajia (mepBoit
TapMOHHMKH) ¥ OOpaTHO TMpomopIuoHaNbHa (n—1)- CTEemeHW CTATUYECKON CHIIBI,
CTSTUBAIOIIEH AIIEMEHThI CUCTEMBI.

[Tockonbky 5SKBUBajJ€HTHas MOJATIMBOCTh AaKyCTHMYECKOTO KOHTaKTa Ha OCHOBHOM
(mepBoil) rapMOHMKE 3aBHCUT OT YCHJIMS CTSATMBAHMS 3JE€MEHTOB, MapaMeTpbl COCTAaBHOM
KOJIe0aTEIbHON CHUCTEMBI TaKKe OYyAyT 3aBUCHUMBI OT 3TOTO yCHIHA. DTOT (PAKT OTKPHIBAET
BO3MOXXHOCTh yTPaBJIE€HUSI CBOMCTBAMHU COCTABHBIX KOJIEOATENBbHBIX CHCTEM H3MEHEHUEM
YCWIINSA CTATUBAHUSI UX DJIEMEHTOB.

Pe3ynbTarhl paboThl HyK1al0TCS B SKCIIEPUMEHTAILHOM MOATBEPKACHUU.

JIUTEPATVYPA

1. Komb6anos, B. C. MeToibl ¥ cpe/icTBa UCTIBITAHWN HA TPEHUE M M3HOC KOHCTPYKIIMOHHBIX
¥ cMa3ouyHbIX Matepuaios: cupas. [Tekct] / B. C. Komb6anos, E. A. Mapuenko,

K. B. ®pomnos u ap. / nox pen. K. B. ®ponora, E. A. Mapuenko. — M.: MammHoCTpOoeHHE,
2008. - 384 c.

2. Kparensckuii, U. A., Jlo6sraun M. H., Kom6anos B. A. OcHOBBI pacueToB Ha TPEHHUE U
usHoc. / [Tekcr] / U. A. Kparensckuii, M. H. Jlo0b1unn, B. A. Kombanos / M.:
Mammnoctpoenue, 1977. — 525 c.

3. Jlemxun, H. b. KontaktupoBanue mepoxoBaThix moBepxHocre. [Texcr] / H. b. Jlemkun /
M.: Hayka, 1970. — 227 c.

4. OcHoBBI TpuOOIOTUH (TPEHUE, U3HOC, CMA3Ka): YUEOHHK )1 TEXHUYECKUX BY30B [TekcT]
/2. 1. bpayn, H. A. byme, U. A. bBysHosckuii u ap. / [Tog pen. A. B. Unuunanze / M.
Hayka u Texnuka, 1995. — 778 c.

A. H. HeBepos
O HeNNHENHOCTW aKyCTUYECKOro KOHTaKTa B COCTaBHbIX CTEPXHEBbLIX KofiebaTenbHbIX cncTeMax



DNEeKTPOHHbIN XypHan «TexHnyeckas akyctuka» 2014, 10 10 (10)

5. Kparenbckuit, . B. Bnusaue pa3nuyHbIX mapaMeTpoB Ha BEIMUMHY KOdhduimeHTa
TpeHusi HecMazaHHbIX ToBepxHocTer. [Teker] / U. B. Kparenbckuii // JKT®. — 1943, — .
XIII. — Bbm. 3. —c. 145 - 151.

6. 3axapos, B. . PacueT u KOHCTpyupOBaHHE 3JIEMEHTOB PE3bOOBBIX COCAMHEHUIN
MarHUTOCTPUKIIMOHHBIX MpeoOpa3zoBaTesiell ¢ HACTPOCHHBIMH KoJieOaTeTbHbIMU
cucreMamu. [Tekcr] / B. U. 3axapos. // [Ipumenenune ynpTpa3Byka B TEXHOJIOTUH
MammHoctpoenus. Tpynet HUTH, Beimn. VIII, yacts . M.: 1964. —c. 39 — 48.

7. Meuetnep, b. X. KoHIIeHTpaTOPBI-MHCTPYMEHTHI JIJIs1 yJIBTPA3BYKOBOM 00pabOTKH,
cnioco0b!l ux kperuienus. [Tekct] / Medetnep b. X. / M.: HUMMALILI, 1965. — 54 c.

8. Kazantsev, V. F. Oscillation of rod pressed to elastic surface. [Text] / V. F. Kazantsev. //
Proc. Int. Congr. Acoust., Liege, 7-14 sept, 1965, L 48-5.

9. Comnonos, U. 0. «Xnonarouias» HEIMHEWHOCTb U Xa0C IPU KOJIeOaHUAX KOHTAKTHON
rpanunel TBepAbIX Teq. [Texet] / U. FO. Cononos, Ynn Al By // AKyCTHYECKHI KypHAI.
—1993 —1.39. - Ne 5. —c¢. 904 - 910.

10. Ko Cen Jlen. DkcniepuMeHTalIbHOE HAOJIOICHUE BIMSHUSI KOHTAKTHOW HEJTMHEHHOCTH Ha
OTpa)keHHE 0OBEMHBIX M PACIIPOCTPAHEHHUE MOBEPXHOCTHBIX aKyCTUYECKUX BOJIH. [TekcT]
/ Ko Cen Jlen, @. M. CeepuH, U. 0. Cononos // Akyctudaeckuit sxypraan. 1991. — 1. 37.
—No 6. —c. 1165 —1169.

11. Pynenko, O.B. Henunelinble akycTUYeCKUE CBOWCTBA KOHTAKTHBIX IOBEPXHOCTEN U
BO3MOYKHOCTH aKyCTOJMArHOCTUKH CTATUCTHYECKUX XapPAKTEPUCTUK HEPOBHOCTEH
[Tekct] / O. B. Pynenko, Uuas Aub By // Akyctudeckwii xxypHai. 1994, — 1. 40. — No 4, —
c. 668 — 672.

A. H. HeBepos
O HeNNHENHOCTW aKyCTUYECKOro KOHTaKTa B COCTaBHbIX CTEPXHEBbLIX KofiebaTenbHbIX cncTeMax



