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[IpoBeneHO TeopeTHYecKoe M SKCHEPUMEHTAIbHOE HCCIIEJOBAaHHE CBOWCTB
COCTaBHBIX CTEPKHEBBIX KOJICOATENBbHBIX CHCTEM C YYETOM HX apMHPOBAHUS.
[TokazaHo, 4TO apMUpOBaHHE CHUJIBHEE BCETO BJIMSET HAa CBOMCTBA COCTaBHBIX
CTEP>KHEBBIX KOJIEOATEIbHBIX CUCTEM IPU pa3MEIIEHHH aKyCTHYEeCKOTO KOHTaKTa
BOJIM3U MyYHOCTH MEXAHHYECKHX HANPSDKEHUN M MPaKTUYECKH HE BIUSET IMPHU
KOHTAaKTe BOJIM3M y3Jla MEXaHWYECKUX HampspkeHud. C yBelIWYeHHEM YCHIIUsA
CTSTUBAHMS SJIEMEHTOB COCTAaBHOM CHCTEMbl €€ COOCTBEHHbIE YacTOThl H
aMIUTUTY B! KoJIeOaHUi pH pe30HaHCE BO3PACTAIOT.

KnroueBple crmoBa: apMHupoBaHHE, aKyCTUYECKHMH KOHTAaKT, pe3b0oBoe
COCIIMHEHUE, YJIbTPa3ByKoBas KojeOaTelbHas CHUCTEMa, COOCTBEHHAs 4YacToTa,
aMIUTUTY J1a.

BBEJIEHUE

[Ipu pacyere coCTaBHBIX KOJIEOATEIbHBIX CHCTEM aKyCTUYECKUM KOHTAKT MEXIY
AJIEeMEHTaMU MPEJIONIAraeTcs, Kak IMPaBUIO0, UACANbHBIM. DTO MPEANOJIOKEHUE, OIHAKO,
MOXET OBbITh NPUHATO 03 NpeABAPUTEIBHOTO OOOCHOBAHMS JIMIIL JJIsi HEPa3beMHOTO
COCIMHEHMS, KOTJla 3JIEMEHTBl BBINIOJHEHBl M3 OJHOr0 IMpyTka Mertamia. [lpu npyrux
crocobax COEAMHEHHS] B CHCTEME BO3HUKAIOT IUIOCKOCTH pa3beMa, KOTOpPhIE MOTYT OBITh
HMCTOYHMKOM JIOMOJIHUTEIbHBIX TOTepb [l] ympyroi 5sHepruM M BHOCUTH B CHUCTEMY
JIOTIOJTHUTEIbHOE PEaKTUBHOE compoTuBieHue. Kpome Toro, axkyCTHYeCKUH KOHTaKT
HIEPOXOBATHIX MOBEPXHOCTEH 00J1aaeT IPKO BHIPAXKCHHBIMHI HETMHEHHBIMU CBOMCTBaMH [2].

Yka3aHHbIE 00CTOSATETHCTBA OPOKIAIOT HEKOTOPHIE IPYTHE CBOMCTBA, KOTOPHIE paHee HE
o0CyXJIanuch Kak HEMpPUEMIIEMbIE [UIsl YJIBTPa3BYKOBBIX KOJIEOATENBHBIX CHCTEM Kak
TEXHOJIOTMYECKOr0 Ha3HaueHus [3], Tak u u3MepuTenbHbIX [4-60]. [lepeuncnuM HEKOTOpBIE U3
HUX.

v 3aBHCHMOCTH COOCTBEHHBIX YACTOT U PE30HAHCHBIX aMILIUTY KOJeOaHUM COCTaBHBIX
CHUCTEM OT YCUJIUSI apMUPOBAHUS X 3JIEMEHTOB

v" HecoOoTBETCTBUE PACUETHBIX M IKCIIEPUMEHTANIBLHBIX IAPAMETPOB

v HeynosieTBopHUTEIbHAs TIOBTOPSIEMOCTD IIAPAMETPOB COCTABHBIX CUCTEM

v PasznuyHas peakiMs COCTABHBIX CHCTEM C OJMHAKOBOM IeOMETpUEH Ha OJMHAKOBOE
HarpyxeHue.
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DT 4epThl MPHUCYLUIM KaK COCTaBHBIM KoOJeOATeIbHBIM CHCTEMaM, COBEPILAIOIUM
KoJie0aHusi OJHOTO TUIA — MPOIOJbHBIE, MOINEpPEeUHble, KPYTUIbHbIE — TaK U COCTABHBIM
CUCTEMaM ¢ peoOpa30BaHUEM THUIIA WU MOJSpU3AINH KOJIeOaHUH.

B doxycupyromux uznydarensx ¢ GUKCHPOBAHHON YaCTOTOM HaNpPsHKEHUST BO30YXKACHUS
[7] mapamMeTphl aKyCTHYECKOTO KOHTAKTa BIUSIOT HA aMIUIUTYAy TOKa BO30YKIECHHUS U CABUTa
¢da3 Mex 1y HanpsHDKEHUEM M TOKOM BO30YKiaeHust [8].

B mHactosmeit paboTre MblI OrpaHUYMMCS PACCMOTPEHHEM BIMSHHS aKyCTHYECKOIO
KOHTAaKTa Ha CBOICTBa CTEP)KHEBBIX COCTABHBIX YJIbTPA3BYKOBBIX KOJIEOATENBbHBIX CHCTEM,
COBEPUIAIOIINX OJJHOMEPHBIE ITPOJOJIbHBIE KOJIeOaHNs.

PexoMenmanmm mo KOHCTPYMPOBAHUIO COCIMHEHUW A3JEMEHTOB BOJIHOBOJIHOW CHCTEMBI
OOBIYHO CBOJATCSA K HEOOXOAMMOCTH UX pa3MELICHUS B y3jaX MEXaHHMYECKUX HAIpPsHKEHUH.
JlelicTBUTENFHO, TIPU COBHAJEHHUH COOCTBEHHBIX YAacCTOT COCIUHSIEMBIX JJIEMEHTOB WX
COEJIMHEHUS] HE MCHBITHIBAIOT OOJBIIMX 3HAKONEPEMEHHBIX HArpy3ok [9]. Oto TpeboBaHue,
OJTHAKO, MOXXET IMPOTHUBOPEUUTH HEOOXOJAWMOCTH CHW)KCHHUS JHEPro- W METAITIOEMKOCTH
yIIBTPa3BYKOBBIX KOJIEOATEIBHBIX CUCTEM, HX MAccOrabapuTHBIX MapaMEeTPOB, YTO OCOOCHHO
BaYXHO JIJISl pyYHBIX MHCTPYMEHTOB. [103TOMY KOHKPETHBIN y4eT mapaMeTpoB aKyCTUYECKOTO
KOHTaKTa HEOOXOAUM IPH MPOESKTUPOBAHUH YJIbTPA3BYKOBOM TEXHOJOTMYECKOM anmaparypsbl.

[lepeuncneHHble CBOWCTBA COCTABHBIX KOJIEOATENBHBIX CHCTEM JIAIOT HaM, BIIPOYEM, HE
TOJIKO CIIOCO0 OLIEHKH MapaMeTPOB aKyCTHUECKOI0 KOHTAKTa, HO U IPOCTOMN, HE TpeOyromuii
JIOTIOJTHUTENBHBIX 3aTPaT CIOCO0 yIpaBiIeHUsS XapaKTEPUCTUKAMU COCTABHBIX CUCTEM.

1. AHAJIMTUYECKHWE COOTHOIUEHUW A

PaccmoTpuM npocTeinyo COCTaBHYIO CUCTEMY, COCTOSIIIYIO U3 ABYX COOCHBIX CTEpKHEN
1 u 2, mpwxkaThIX IPYT K Apyry cratudeckoit cuinoit P coumu Topuamu (puc. 1). [TonstHo,
YTO MPU KOHTAKTE JABYX IIEPOXOBATBHIX MOBEPXHOCTEW — TOPIIOB CTEpPKHEH — oOpasyercs
HEKUI KOHTaKTHBIN CJIOW, KOTOPBIN JOJIKEH BIUATH HA CBOMCTBA COCTABHOW CUCTEMBI.

FBI:IXZ = FBxl

FBLIX

Vex Veeix

Puc. 1. PacueTHas cxema MpocTeiIeil COCTaBHON CTEPKHEBOM KOJIeOaTeIbHON CUCTEMBI; Fy,
Vix ¥ Fryx, Vaux — BXOJIHBIE M BBIXOHBIC KOJIEOATEIIbHBIE CHUIIBI U CKOPOCTH, TO JKE€ C
UHAEKCaMu | 1 2 OTHOCUTCS K IEPBOMY U BTOPOMY CTEPKHSIM, AV AD A© MaTpULbI
nepelady MepBoro U BTOPOTO CTEPIKHEW M KOHTAKTHOTO CITOS

BxonHbIe U BBIXOJIHBIE KOJIEOATENBHBIE CUJIIBI M CKOPOCTU Flyy, Ver U Fiypy, Veux KOKIOTO
PETyJISIPHOTO IACCUBHOIO  3JIEMEHTAa COCTAaBHOM CHUCTEMbI CBSI3aHbl B JIMHEMHOM

HpI/I6JII/I)KCHI/II/I BCKTOPHBIMU COOTHOIICHUAMM:

A. H. HeBepos
BnusHne apMnpoBaHUsa Ha CBOWCTBA COCTaBHbIX CTEPXHEBbIX KonebaTenbHbIX CUCTEM
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Martpuia mnepefaud COCTAaBHOM CHUCTEMBI MOJYy4YaeTcsl MyTeM MEPEeMHOXKEHHs] MaTpHIL
nepeayu ee AIEMEHTOB:

A= A(l) x A(v) % A(Z) , (2)
rne A" n A® — mMaTpuIEI IepeiauN epBOro M BTOPOTO CTEpPKHEH COOTBETCTBEHHO, a A
— MaTpuma TIepefaud cjI0s, BO3HMKAIONIETO IIPH KOHTAKTHPOBAHMH IIEPOXOBATHIX
MTOBEPXHOCTEH.

BEITIONHSASA TIEPEMHOKEHHE MATpPHII JIEMEHTOB CHCTEMBI, TOTYJaeM MATpHIly Hepefadn
COCTaBHOM CUCTEMBI (2).

CunTast CTEP)KHU OJIHOPOJIHBIMH C XaPAKTEPUCTHIECKUM COIPOTUBIICHUEM W, , = (pcS )152 ,

rae p,,, ¢, ¥ S, — IUNIOTHOCTb, CKOPOCTb 3ByKa M IUIONIa/lb MONEPEYHOrO CEYCHUS

CTEPIKHEN COOTBETCTBEHHO, U BOJIHOBOM JUIMHOM (kl )1’2 = EL , The [\, — IJMHA CTEPIKHEH,
1,2

C
1,2
ki, = 27Z'L — BOJIHOBOE YHCIIO, C,, — CKOPOCTb 3ByKa B CTEPXKHSX, f,, =—— — mepsasd

Ci2 2ll,z
coOCTBEHHAsi 9acTOTa MPOJOJIBHBIX KOJICOAHWH CTEep)KHEHW, [ — YacToTa KOJICOAHWH, WX
(cTeprkHel) MaTpuLbl Nepelaud HpU BPEMEHHOM (akTope exp(— icat), re o=2n -

yriioBasg 94aCToTa KOHG63HHI>1, ! — BpeM:1, MOXXHO 3alucaTh B BUJC:

cos(kl)L2 —iw,, sin(kl)l,2

12) _
A= —iwl‘,l2 sin(kl)L2 cos(kl)L2 ' ©

KoHTakTHBINH cl10if MOXeT ObITh anmpoOKCUMHUPOBAH COCPEIOTOUEHHON YNPYrocCThIO, €ro
MaTpulia nepeaadu

1 0
A9 =, : 4)

rae C; — 9KBHBAJCHTHAs MOJATINBOCTH CIIOS (BENMYMHA, 0OpaTHas ynpyrocri). Kak Obuio

MoKa3aHo B [2],

14

_ u _ Hmaxl+ Hmax2( ESb vil (5)
TR, ESb (v+1)P,
rae Hmaxl u Hmax2 — MakKCUMajbHbIE€ BBICOTHI HEPOBHOCTEM KOHTAKTHPYIOIIMX

MOBEPXHOCTEH, £ — MOJyJIb YIIPYTOCTH KOHTAaKTa, S — HOMUHAJIbHAA IJIOLIa/1b KOHTAKTa, b u v
— nlapameTpsl OIIOPHOM KPUBOM.

A. H. HeBepos
BnusHne apMnpoBaHUsa Ha CBOWCTBA COCTaBHbIX CTEPXHEBbIX KonebaTenbHbIX CUCTEM
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VYcnoBueM pe3oHaHca MpU IMOCTOSHCTBE IMapaMeTpoB BO30YKIAIOUIEH CHIIbI SIBISETCS
PaBEHCTBO HYJII0 MHMMOM 4YacTH MEPEXOJHOTO COMPOTHUBIICHUS (OTHOIIEHHWE KOMIUIEKCHBIX
aMIUIMTY/l BXOJHOM CWJIBI U BBIXOJHOHM ckopocTu). [Ipu cBOOOAHOM BBIXOJIHOM TOpLE, T.€.

npu F,__ =0, sr0 ycinoBue npuHumaer Bui Ima,, =0, xoropoe 1 ABYXCTEP)KHEBOU

6blX

CHUCTCMbI IPUHUMACT BU:

w, sin(kZ), cos(kl), +w, sin(kl), cos(kl), = @Cw,w, sin(kl), sin(k/), . (6)
Ecnu crep’kHM OJIMHAKOBBI, ypaBHEHHE peEIIaeTcs MpocTo. JeHCTBUTENbHO, NpPHU

w, =w, =w, (kl), = (kI), = (kI) ypaBuerue pezonanca (6) pasbusaercs Ha jBa:
sin(kl)=0  wm (7
ctg(kl) =050C ,w. (7a)

Pemenune nepBoro ypaBHEHHs OYEBUAHO — (kl): N7, OHO COOTBETCTBYET COCIUHEHUIO

CTEpPKHEW B y3JI€ MEXaHUYECKUX HaNpsKEHHUU. Pe30HaHCHBIE YaCTOThI COCTABHOM CUCTEMBI
IIPU 3TOM MPAKTUYECKU HE 3aBUCIT OT YCWIMS apMHUPOBAHUS €€ 3JIEMEHTOB. IMEHHO TakuMm
00pa3oM pPEKOMEHIYETCs COSAUHSTH BOJHOBOJBI MOIIHBIX YJIBTPa3BYKOBBIX YCTaHOBOK [9,
10]. Bropoe ypaBHeHHE MOXET OBITh pelieHo rpadudecku (puc. 2).

0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

O T T T
0,2 0,25 0,3 0,35 04 0,45 0,5 0,55

———TFO0 —--F1 —— —« -F3

Puc. 2. I'paduueckoe pemenue ypasHeHus (7a). [To ocu abciuce oTioxkeHa HOpMUPOBAHHAS
4acTOTa BO30YKIAIOIIEro CUTHAIA /M|, TAE ®=c/2/ — epBas cOOCTBEHHAs YaCTOTa
CTEepXkHS, [ — ero IIuHa, ¢ — CKOPOCTh 3BYKa;

FO=ctg| 7-= |, F1—F3 = 0,50,C,,w——; F1: 0,50,C,,w=0,2, ~= ~ 0,47; F2:
2 2 2

0,50,C yw=03, > ~ 0,445; F3: 0,50,C,,w=0,4, > ~ 0,42

@, @,

A. H. HeBepos
BnusHne apMnpoBaHUsa Ha CBOWCTBA COCTaBHbIX CTEPXHEBbIX KonebaTenbHbIX CUCTEM
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w 1 1 0
Ecin @,C,,w<<1, To nerko noiydaem — = ~——7n" wC,w, rae
J -1 J
, 2(1 + 0,57 0)1C;1W) 2

c
@, — 1iepBasi COOCTBEHHAs! YaCTOTa CTEPXKHS, @, = 5

Takum oOpa3om, pe3oHaHCHasT 4YacToTa JBYXCTEp)KHEBOM cucTeMbl Haubolee
YYBCTBUTENIbHA K YCHIHIO apMHUpPOBaHUS CTEp)KHEH TOrjJa, KOrja MeCTO KOHTaKTa
MPUXOJUTCS Ha KOOPAMHATY IMYYHOCTH MEXAaHWYECKUX HANpsHKEHUH, M MPaKTUUYECKH He
YYBCTBHUTEJbHA, €CJTU KOHTAKT OCYIIECTBIISIETCS B Y3716 MEXaHUYECKUX HAIPSKEHUH.

UroObl BBISICHUTH, KaK BIHUSET CTSATMBAaHUWE CTEpXKHEM Ha aMIUIUTyay KoJieOaHUi
BBIXO/IHOTO TOpLIA JIBYXCTEP>KHEBOM KOJe0aTeIbHON CUCTEMBI, HEOOXOIUMO YUYECTh TIOTEPH B

SIEMEHTAX ~ CHCTeMbl IyTeM 3amenl E, — E j(l—iQ;l), w; —)wj(l—(i/2)Q_/7l),
kj —>k_/.(1+(i/2)QjT1 ), rie j=1,2,c, uHACKCHI | W 2 OTHOCATCA K COOTBETCTBYIOIIUM

CTEPXKHSAM, ¢ — K KOHTakTHOMY cjor0. [Ipu cBOOOAHOM BBIXOAHOM TOpLE aMIUIMTYyJa €ro

K0JIe0aTEIbHOM CKOPOCTH IPH PE30HAHCE V,, ONPEAENAETCS BIPaKCHUEM

FBX 8
v, = —"—.
" Rea,, ®)

HeﬁCTBHTeHBHaﬂ HJacCTb NEPEXOAHOTO COIIPOTUBIICHUSA

Rea,, = %WI 0, (cos(kl), — @Cw, sin(kl), )(k?), cos(kl), —sin(kZ), )+
+%W2Q2_1 (cos(kl), — Cw, sin(kl), X(k?), cos(kl), —sin(kl), )+ . 9)

+ G w, 0, (kl), + %wz 05" (kl), + oCw,w,Q;" j sin(k?), sin(k7),.

Korpa cedyeHue akyCTHMUECKOro KOHTAKTa PACMHONIOKEHO BONM3M y3Jla MEXaHMYECKHX
HanpspKeHU#, cuHycamMu B ¢opmyse (9) MOXHO mpeHeOpedb. A IMOCKOJbKY pE30HAHCHBIE
YacTOThl CHCTEMBbI U, CIIEOBATENIbHO, BOJHOBBIE JJIUHBI €€ 3JEMEHTOB B 3TOM Cllyyae He
3aBUCAT OT YCWJIUS UX CTSATUBAHUs, 3HAUEHUS MEPEXOJHOIO CONPOTHUBICHHS M aMIUIUTYIbI
KOJIeOaHUH TaK)Ke MPAKTUUECKU HE 3aBUCAT OT MapaMeTPOB KOHTAKTHOTO CJIOS:

1 _ -
RealZzE[Wl(kl)l 11+W2(kl)2 21]-

Ecimm ke cedyeHHMe aKyCTHMYECKOTO KOHTAKTa pAcCIOJIOKEHO BOJIM3M  IyYHOCTH
MEXaHUYECKUX HampspKeHuH, KocuHycamu B (Gopmyie (9) MokHO mpeHeOpeub, BEIWYHHA
NEPEXOHOTO COMPOTHUBIIEHUS B HEMAaJOW CTENEHU OIpEeNessieTcs] XapaKTepUCTHKaMU
KOHTAKTHOrO cjios. B aTom ciyuae

1 1 . 1 1 .
Rea,, zalell(kl)z +5W2Q21(kl)1 + oCw,w, EQl1 +5Q21 +0 . (10)

3aBUCHUMOCTh MEPEXOJHOrO COMPOTUBIIEHUSI OT MapaMeTPOB KOHTAKTHOTO ¢Jios (KOTOpbIe
3aBHUCST OT YCHJIUS CTATHBAHUS CTEP)KHEN ), ONPEEsIOTCS HE TOJIBKO MOCIIEHUM ClIaraeéMbIM
(10), HO W 3aBUCHUMOCTBIO OT HHUX PE30HAHCHOW YaCTOTHl CHUCTEMBI M, CJIEIOBATEILHO,
BOJIHOBBIX JJIMH €€ 3JIEMEHTOB.

A. H. HeBepos
BnusHne apMnpoBaHUsa Ha CBOWCTBA COCTaBHbIX CTEPXHEBbIX KonebaTenbHbIX CUCTEM
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2. OKCIIEPUMEHTAJIBHASI YCTAHOBKA

DKcrnepuMeHTalIbHAsl IPOBEPKA MOITYYEHHBIX COOTHOIIEHUH MPOBOAMIIACH HA YCTAaHOBKE,

COCTOSIBILICH W3 YIBTPA3ByKOBOI'O I€HEpaTopa, YCHWJIMTENS, YaCTOTOMEpa, OECKOHTAKTHOTO

BuOpomertpa (puc. 3).

YBEB

Bomanoson

/

CIIII

/

pF

il

Puc. 3.

bnok — cxema yCcTaHOBKH sl
UCCJICIOBAHUS BIUSHUS PE3b0OBOTO
COEJIMHEHUS Ha CBOMCTBA COCTAaBHBIX
KOJ1e0aTeIbHBIX CUCTEM.
CIIII — cocTaBHO# Te30MIPE0OOpa3OBaTEb;
VBB — ynbTpa3Byk OBOM O€CKOHTAKTHBIH
BHOpOMETD;
G — 3agarouii reHeparop;
A — yCuIuTENb;
pF —yacroromep

il

I

il

I/IccnenyeMaﬂ KoJiebaTeIbHasl CHCTEMa COCTOSIa U3 COCTAaBHOTO HBGSOHpeO6p330BaTCJ'I$I u

BOJIHOBO/IA, KOTOPBIE COCIMHSUIMCH TIPH MTOMOIIH Pe3b00BOTO coenuHenus M8x 1. Kpyrsamuit

MOMCHT 3aTsDKKHW CO3JaBajICd W KOHTPOJIHUPOBAJICA AUHAMOMCETPUYCCKHUM KIIIOYOM.

On

(MOMEHT) CBsi3aH C ycwineM apmupoBaHus P usBectHoi ¢opmynoir H.E. Xyxkosckoro [10-

12]:

A. H. Hesepos

BnusiHne apMupoBaHusa Ha CBOWCTBA COCTaBHbIX CTEPXXHEBbIX KonebaTesibHbIX CUCTEM
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-1

3 33
ld,—-d, , (1)

3d2-d?

d
P:MKP 2Cp tg(l//p +pr)+fmp2'

rae M., — TUPHIOKCHHBIA KPYTAWMA MOMEHT; d,,, dy, d, — CpeAHMii, BHYTPCHHUN H
HapYKHBIA IMAMETPbI PE3b0BI; Y/, — YroJl NOAbeMa BUTKOB pe3blbl; p, =arctg f, 5 f,.1 —

KOO QHULMEHT TPEHUs MaTepHalIoB, COCTABIIAIOWIMX Pe3bOOBYIO mapy; f,,

, — ko3 unment
TPEHHS HA ONIOPHOU MOBEPXHOCTH.
Konctpykuust coctaBHOro mbesornpeoOpasoBarens (puc. 4) BbIOpaHa Tak, YTOOBI €ro

MO3KHO OBLIO anmpOKCUMHUPOBATH OJJTHOPOIHBIM CTEPKHEM.

[
PC
A
A+ D o Puc. 4.

| CxeMa coCTaBHOTO MbE30MpeoOpa3oBaTEsl.
! PC — pe3pboBoe coenunenne; PUH — paGouast
: P4H JacTOTONOHIKaromas Haknaaka; 111 —
: / nbe3oractunbl; U1 — nzonupyromas
l / mwiactuHa; b — 6oxat; K1 — koHTaKkTHAs
: maiioa
|
|
|
|
|
I K1
|
|
| _-un
|

| e % —

| /

g /| B

—— —» ~ K YCHUJIUTECIIIO

[Ipy pa3nuuHBIX YCHJIMSAX CTATHUBaHMs MNpeoOpa3oBaTenss W BOJHOBOJA CHHUMAIHCh
aAMIUIMTYIHO-4YaCTOTHBIE XapaKTEPUCTUKU COCTABHOW CHUCTEMBI IPU OJUHAKOBOW aMILIUTYIE
BO30YyKJaloIIel CHIIbl, NMPHUBEIEHHON K BXOJHOMY TOpIy IpeoOpa3osarens. /s Hamiel
KOHCTpYKLUU npeodpa3zoBaTens [13]

EI'ISH

FBX = mld33 Ul'[’ (12)

n

rne E ., S, u [, — wmoxgyns IOHra, miomanp MHONEPEYHOr0 CEYEHHs M TOJIIUHA

n

IIbE303JIEMEHTA; d;; — MbE30MOYyJIb, U — MPUIIOKEHHOE JJIEKTPUYECKOE HANIPSIKEHUE,

A. H. HeBepos
BnusHne apMnpoBaHUsa Ha CBOWCTBA COCTaBHbIX CTEPXHEBbIX KonebaTenbHbIX CUCTEM
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m, = cos(kl), [1 - cos(kt), ]+

w

a

sin(k?), sin(kl), ;

(kl)., (kI),, w,, w, — BOJHOBbIC IJIMHBI H XapaKTEPUCTHYECKHE CONPOTHBICHHS THUIbHOM

HaKJIaJKu IpeoOpa3oBareiasi W €ro AakTUBHOM 4YacTH COOTBETCTBEHHO; COIPOTUBIICHUS
IIPEANOIAratOTCS YCPEIHEHHBIMH 110 MIONIEPEYHOMY CEYEHUIO.
[Io 3TMM aMIUIMTYZHO-4aCTOTHBIM XapaKTEPUCTHUKAM ONPENCISIUCh PE30HAHCHBIE

YaCTOTBI CUCTEM M aMILTUTYIbI UX KOJICOAHUI TIPH PE30HAHCE.

3. PE3VJIbTATBI OKCIIEPUMEHTOB

B mepBoM 3KcnepuMeHTe M3ydanoch BIMSHHUE MMapaMeTPOB aKyCTHUECKOrO0 KOHTaKTa Ha
CBOMCTBa cocTaBHbIX cucTeM. COOCTBEHHBIE YacTOTHI IpeoOpa3oBarens U BOJIHOBOJA ObUIM
npUOIU3UTENBHO paBHBI ApyT Apyry (24,2+0,1 k['1). MakcumanbHas BbICOTa HEPOBHOCTEH
KOHTAKTHOW TOBepXHOCTH mpeoOpasoBarens Hmax1 cocraBmsia 12 MKM, BOJIHOBOZOB
Hmax2 — 12 u 80 Mxm.
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0,47 ‘,_/"/"—"_
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/ // pd d
0,45 1 /' /
{ 4
0,44 777
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/ /
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0,42 /’ —— |+1 skcn. —%— [+2 sKcr.
0,41 / —— I+l Teop. — — 1+2 Teop.
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Puc. 4. 3aBUCHMOCTH pe30HAHCHBIX YACTOT ABYXCTEPIKHEBOU CUCTEMBI f| OT ycumust
cTsaruBaHus crepxkHel P. fi — cobcTBeHHas yactoTta nmpeoOpa3oBaTelis; SHOM — HOMHHATbHAsS

IUIOIIA/b AKYCTHYECKOTO KOHTAKTA.
Kpusbie 1+1 cooTBETCTBYIOT KOHTaKTy noBepxHocTe koHTakta Hmax1 = Hmax2 = 12 mxm;

1+2 — xoHTakTy noBepxHocTer koHtakra Hmax1 = 12 mxm, Hmax2 = 80 mxm

A. H. HeBepos

BnusiHne apMupoBaHusa Ha CBOWCTBA COCTaBHbIX CTEPXXHEBbIX KonebaTesibHbIX CUCTEM
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PacueTsl 1 3KCIIEpUMEHTHI TPOBOAMIIUCH Ul CIy4aeB, KOT/a IJIOCKOCTh aKyCTHYECKOIrO
KOHTaKTa HaXOJWIach B 30HE MyYHOCTH (TIepBas Moja) W y3ia (BTopas Moja) KojeOaHui
JIByXCTEP>KHEBOM CUCTeMbl. Pe3ynbTaThl 3TOr0 SKCIEpUMEHTa Ha MEPBOM rapMOHHUKE, KOrja
KOHTAKT Pa3MEIIaeTcsi B MyYHOCTH MEXaHWYECKUX HaIpsHKeHUH, MpUBEAEHbI Ha puc. 4 u 5.
Ha puc. 4 npuBeneHbl 3aBUCUMOCTH PE30HAHCHBIX YaCTOT JBYXCTEPKHEBOW CHCTEMBI OT
YCUJIMSL CTSATHBaHUsA cTepxkHed. TeopeTwdyeckne KpuBBIC MPEACTABISIOT COOOW perieHue
ypaBHeHUs (6) i1 COOTBETCTBYIOIMIMX YyclioBuid. Ha puc. 5 mnpuBeneHsl 3aBUCHMOCTH
aMIUTUTYIBl  KOJIEOAHWW JBYXCTEP)KHEBOM CHCTEMBI TpPU pE30HAHCe Ap; OT yCHIHS
CTATMBaHHUs CTepkHEN. TeopeTndeckne KpuBbIe IOCTPOEHBI IO COOTHOLLIEHUIO:

F

A — BX ,
P wp, -Rea,,

rae F, cuuraerca no ¢opmyne (12), Rea,, — no coornomenuto (3.9) g yactotsl ap,,

KOTOpasi ornpenensercs no rpaduky puc. 4.

Apl, y.e.

1,2

1,

0,8 7

0,6

0,4 Cﬁ/
0 e —+— |+1 BKCIL —a— |+2 3KCII.

—— 1+1 teop. — — 142 Teop.
0 ]
0 2 4 6 8 10 12 14 16 18 20 22 24
P/Suom, MIla

Puc. 5. 3aBucumocty aMIMTy bl KoseGaHuii npu pe3oHaHce Apl OT ycuins CTArUBaHUS
cTepkHell P. SHOM — HOMHHAaNIbHAS TUIOIIA/(b AKyCTHYECKOTI0 KOHTAKTA.
O06o03HaueHus Te Ke, 4To Ha puc. 4

[Ipy yBenuueHUH YCHUIIMSI CTATMBAHUS BO3PACTAIOT KAK PE30HAHCHBIE YACTOTHI, TaK U
aMIUIMTYAbl KOJeOaHUM JBYXCTEp>KHEBOM CHCTEMBbl IpH pe3oHaHce. Pacuersl Xopoluo
KOPPEIUPYIOT C SKCIIEPUMEHTAIILHBIMU PE3yJIbTaTaMHU.

Bo BTOpOM 3KCHIEpUMEHTE MCCIIEA0BAJIOCH BIMSHUE MOJOKEHUS CEUEHUS aKyCTHYECKOIO
KOHTaKTa Ha CBOWCTBA JBYyXCTep)KHEBOW cucteMbl. K mpeoOpa3oBaTento ¢ cOOCTBEHHOM
gactotoil 25,3 kI'm u moOpoTHOCTRIO 180 MpHCOETUHSITUCH TPH MOMOUIH pe3r0br M8x1
OJHOpOJIHbIE cTepkHU umHOW oT 110 mo 40 MM, T.e. ¢ pa3IUYHBIMU COOCTBEHHBIMHU

A. H. HeBepos
BnusHne apMnpoBaHUsa Ha CBOWCTBA COCTaBHbIX CTEPXHEBbIX KonebaTenbHbIX CUCTEM
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yacToTaMu. MakcuMalibHasi BbICOTa HEPOBHOCTEH KOHTAaKTHPYIOIIMX IOBEPXHOCTEH Oblia
npubnausuTenbHo 12 mxMm. Haknanku npeoOpas3oBaresnisi M1 BOJTHOBOJbI M3TOTABIMBAIUCH U3
cranu 45.

Jig  Kaxao M3 TOJYYEHHBIX  CHUCTEM  CHHUMAJNCh  aMIUTUTYJIHO-4YacCTOTHBIE
XapaKTepUCTUKU TPU Pa3IUYHbIX YCWIMAX CTITUBAHUA IpeoOpa3oBaTeisi U BOJHOBOJA;
aMIUIMTyAa BO30Yy)KJarolled Cuibl, MpPUBEIEHHAs K BXOAHOMY TOpIy MpeoOpa3oBarteds,
NOJIEP’KUBAJIach MOCTOSIHHON. AHAJIOTUYHbIE U3MEPEHUS IPOBOAUIIUCH JISl CUCTEMBI TOM e
TEOMETPHH, YTO U UCcleqyeMasi, Ho 0e3 ceueHus: pa3beMa (BOJIHOBOJ U aKTHBHAs HaKJIaJKa
npeoOpaszoBareis U3rOTaBIMBAINCH U3 OJIHOTO MPYTKa METAILIA).

PesynbTarhl SKCIIEpUMEHTOB MpHUBEACHBI Ha puc. 6—9. Ha nepBoii coOCTBEHHOH YacToTe
(puc. 6 m 7) mpum paBeHCTBE COOCTBEHHBIX 4YacTOT BOJHOBOAOB (fB/fi=1) ceuenue
AKyCTHMYECKOI0 KOHTAKTa MPUXOAUTCSA HAa MyYHOCTh MEXAHWYECKUX HANpPSUKEHUH, Ha BTOPOI
coOCTBEeHHOM yacToTe (puc. 8 U 9) — Ha y3eJ1 MEXaHUYECKUX HaIPSKEHUH.

W3 rpadmkoB BUAHO, YTO TPU KOHTAKTUPOBAHHUH B IyYHOCTH MEXaHMUECKUX HATPSHKCHUN
YYBCTBUTEJIBHOCTh COCTABHOM CHCTEMBbl K YCHJIMIO CTATMBAaHUS CTEP)KHEH MaKCHUMaJlbHa,
pPE30HAHCHBIE YacTOThl M aMIUIMTYAbl KOJEOaHWH NpU PpPE30HAHCE MUHUMANbHBI, IpU
yAaJ€HUN KOHTAKTa OT MyYHOCTH MEXaHUYECKUX HaNpsKEHUI 4yBCTBUTEIBHOCTh COCTABHOM
CUCTEMBI K YCHINIO CTATMBAHUS CHI)KAETCS, PE30HAHCHBIE YaCTOThI U aMIUIUTYAbl KoeOaHui
IIPU PE30HAHCE PACTYT U JOCTUTAIOT MAKCUMYMa B y3JI€ MEXaHUYECKUX HANPSKEHUH, Iie OHU

MPAKTUYCCKU HE 3aBUCAT OT YCUIIUA CTATUBAHUA.

fp1/f1

0,95

0,9

0,85

ARy

0,75
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g fi/fi1
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0.8 1 1.2 14 1,6 1.8 2 2.2 2.4

-
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Puc. 6. 3aBHCUMOCTH IEPBOI pE30HAHCHON YaCTOTHI ABYXCTEPKHEBOU CUCTEMBI fp; OT
COOTHOILIEHUS COOCTBEHHBIX YacTOT BOJHOBOAA fp 1 mpeoOpaszoBatens fr; f; — mepBas

COOCTBEHHAs 4aCTOTa CUCTEMBI TOM e TeOMEeTpUH, YTO U UCClIeayeMasi, 0e3 ceueHus pa3beMa

A. H. HeBepos
BnusHne apMnpoBaHUsa Ha CBOWCTBA COCTaBHbIX CTEPXHEBbIX KonebaTenbHbIX CUCTEM
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Apl, MKM
2,5 P |
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Puc. 7. 3aBUcUMOCTH aMILTUTY I KoJieOaHUil Tpu pe3oHaHce Apl OT COOTHOLIEHUS
COOCTBEHHBIX YaCTOT BOJTHOBOJA fp 1 mpeoOpazoBarens fi; Ha mepBOil pe30HAHCHON YacTOTE

JIBYXCTEP>KHEBOU CUCTEMHI f)

0,95
0,9 1
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0,8

0,75 \ \ \ T T T
0,8 1 1,2 1,4 1,6 1,8 2 2,2 fB/fit 2.4
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Puc. 8. 3aBuUCHUMOCTb BTOPOI PE30HAHCHOM YaCTOTHI IBYXCTEPKHEBOU CUCTEMBI fpy OT
COOTHOIIIEHUS] COOCTBEHHBIX YaCTOT BOJIHOBOJIa fp 1 mpeoOpazoBarens fiy; f, — BTopas
COOCTBEHHAs YaCTOTa CUCTEMBI TOH e TEOMETPUH, YTO U UCCIIeyeMas, 0e3 CeUCHHs pa3beMa

A. H. HeBepos
BnusHne apMnpoBaHUsa Ha CBOWCTBA COCTaBHbIX CTEPXHEBbIX KonebaTenbHbIX CUCTEM
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Puc. 9. 3aBucumMocty aMIIuTy A KosiebaHui Npu pe3oHaHce Ap2 OT COOTHOLICHUS
COOCTBEHHBIX YacTOT BOJIHOBOJIA fg 1 mpeoOpazoBarens fi Ha BTOpoil pe30HaHCHOM yacToTe
JIBYXCTEP>KHEBOW cUcTeMBI f;

4. PET'YJINMPOBKA PESOHAHCHBIX HACTOT COCTABHbIX
IIBE302JIEKTPUYECKUX ITIPEOBPA3OBATEJIEN

Ecnu mpeoOpa3oBaTens cocTaBieH 0ojiee YyeM U3 JIBYX CTEpXKHEH, CXKaThIX HEKOTOPOM
CWJIOH, TO 3aBHCHMOCTh €r0 XapaKTePUCTHK OT YCWIIHS CTATHUBaHUS OyJeT cuiibHEe U
CIOXHEe, 4YeM B pPACCMOTPEHHBIX Cilyd4asX. B COCTaBHOM MbE303JEKTPUUECKOM
npeoOpasosarene (puc. 10), HapuUMep, MOXKHO BBIACIUTH MO MEHBIIEH Mepe 5 CTepKHEBBIX
9eMEHTOB (2 MbE30aKTUBHBIX KOJbIlA, 2 HAKIAAKH — pabodas U ThUIbHAS — METaJUIMYeCcKas
mraifda, K KOTOpPOM TOJBOJAUTCS DIEKTPUYECKOE HAmNpsHKEHHE OT  YJIbTPa3BYKOBOTO
reHepaTopa) H, cliejoBarenbHOo, 4 mepexoaHbIX cios. Kpome Toro, xaxnaas u3 HakKIaJoK
MOKET MPEACTaBIATh COOOW HEOAHOPOIHBIM CTEPKEHb, @ TO M HECKOJBKO CTEepXKHEH C
JOTIOTHUTEIbHBIMU NIEPEXOTHBIMH CIIOSIMH.

C Toukum 3peHus TMOJNy4YeHHS MAaKCUMANIbHBIX AaMIUIUTy] KojiebaHuili Haubolee
3¢ (peKTUBHBIMU  OKa3aJUCh KOHCTPYKIMUM Ha OCHOBE COCTAaBHBIX PE30HAHCHBIX
K0JIe0aTEeNbHBIX CUCTEM IOJYBOJHOBOM JUIMHBI CO CTYNEHUYAThIM M3MEHEHHUEM IONEePEeYHBIX
pa3MepoB Haknanok [13, 19].

3aBUCHMOCTH PE30HAHCHOM YacTOTHI TaKOTO IMpeoOpazoBaTesiss W aMIUIMTY] KOJeOaHMi
€ro BBIXOJHOIO TOpLA OT YCWIHS CTATUBAHUS SJIEMEHTOB IPH PA3JIUYHBIX MOJOKEHUAX
MbE30KOJICI B MaKeTe MPUBEICHBI HA puc. 11.

A. H. HeBepos
BnusHne apMnpoBaHUsa Ha CBOWCTBA COCTaBHbIX CTEPXHEBbIX KonebaTenbHbIX CUCTEM
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Puc. 10. CocTaBHOM Mbe303JIEKTPUUECKHUN MPE0Opa3oBaTEIb.
1. PaGouast yacTOTOMMOHMKAIOIAs HAKJIaAKa. 2. DiaeMeHT noasecku. 3. [Ibe30d51eMeHTEL 4.
KonrakrTHag mraiioa. 5. TeuibHas yacTOTONOHMKAOIIAA Hakiiaaka. 6. Pe3p0oBoe coequHeHne
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Puc. 11. 3aBucumocTy pe30HaHCHOM YaCTOThI COCTABHOI'O MTbE303JIEKTPUUYECKOTO
npeobOpa3zoarens (puc. 10) u aMIuIUTy 1 KOJIeOaHHid €ro BEIXOAHOTO TOPLA OT YCHIIHS
CTSITUBAHMSI SJIEMEHTOB TIPU Pa3IMYHBIX MTOJIOKEHUX TTHE30KOJIEI] B TTAKETe:
| — MBE30ITACTHHBI PACTIONOKEHBI B TyYHOCTH MEXAHUYECKUX HANPSHKCHUH, Ha PACCTOSHUU
A/4 OT TBUIBHOTO TOPIIA MAKEeTa; 2 — MbE30IIACTUHBI PACIIONOKEHBI HA PACCTOSHUU A/8 OT
TBIILHOTO TOPILIA TTAKeTa

A. H. HeBepos
BnusHne apMnpoBaHUsa Ha CBOWCTBA COCTaBHbIX CTEPXHEBbIX KonebaTenbHbIX CUCTEM
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[Ipu pacnonoxeHnH NMbE30KOJIEI B MyYHOCTH MEXaHMYECKHX HAIPSHKEHUH 3aBUCUMOCTD
PE30HAaHCHOM YaCTOThI CUCTEMbI OT YCHJIUSI CTATMBAHUS 3HAYUTENBHO CUJIbHEE, UEM B Cllydae
UX pa3MEIIEeHUs NPUMEPHO TMOCEPEeIUHE MEXKAY VY3JIOM M IYyYHOCTHIO MEXaHMYECKUX
HanpsDKEHUHM, TakK ke, BIPOYEM, KaK M B OINHCAHHBIX BBIIIE HKCIEPUMEHTax (MpU
NEePEMEIIEHUH MTbE303JIEMEHTOB CMEIIAIOTCSI, KOHEYHO, U NEPEXOIHBIE CIIOH).

Ecnu cumrarh, uyTo amrumtyga KosieOaTeNbHBIX CMEIICHWM MpeoOpazoBaTesieid INpu
M3MEHEHUHU YCUJIUS CTATUBAHUS MOXKET MEHSThCs He Oosee yeM Ha 30% OT MakCMMalIbHOTO
3HAa4YEeHUs, TO MPHU Pa3MEILEHUH MTbe30KePaMUUECKHUX KOJell BOJIM3H MyYHOCTH MEXaHUYECKUX
HaIpsOKEHUN PEe30HAHCHAsh 4acToTa peryiupyercs B mpexaenax ot 19,5 mgo 22,3 xI'u npu
ycuiusix cxxarus ot 3,6 1o 16 kH.

[Ipu pa3menieHNH MbE30KEPAMUIECKUAX KOJIEI] MEXK/Ty ITYYHOCTBIO U y3JIOM MEXaHHYECKUX
HanpsOKeHWH (Ha  paccTOsHUM A/8 OT TBUIBHOTO TOpLA) pE30HAHCHAs 4YacToTa
npeoOpasoBares peryaupyercs B npenenax ot 19,5 no 22,3 kI’ npu ycunusx cxatus ot 3,6
mo 16 xH.

O0600111as, MOXHO CKa3aTb, YTO YE€M LIMPE JOJDKEH OBbITh AMANa30H PEryJupoBaHUs
PE30HAHCHOM YacCTOThI COCTAaBHBIX AapMHUpPOBAHHBIX MpeoOpa3oBareneld, TeM OIMXKe K

IMYYHOCTHU MEXAaHUYCCKUX HaHpH)KeHI/Iﬁ AOJDKHBI pac1iojiaratbCsa nbC30IIJIaCTUHBI.

4. OBCYXIEHUE

B pa6ote [14] uccaenoBanoch BIUSHUE NMPHKUMa pabO4Yero HHCTPYMEHTA K TOBEPXHOCTH
npeoOpa3oBaTesis Ha CBOWCTBA aMIUIUTYAHO-YaCTOTHBIE XapaKTEPUCTUKU COCTAaBHOU
KosiebarenbHO cuctembl. CTeneHb NPUXKHMMa ONpEeNsiach M0 YIily MOBOPOTa pabodero
MHCTPYMEHTa OTHOCHTEIbHO IpeoOpaszoBatens. Ilpu yBenuueHuM 3TOro mnokasaTels
PE30HAHCHBIE YaCTOThl CUCTEMBbI BO3pPACTalM, KaK M aMIUIUTY/Ibl KOJIEOAHUHN MPU pE30HAHCE.
K coxanenuto, BO Bcex OdkcnepuMeHTax |[l14] IUIOCKOCTB aKyCTHYECKOTO KOHTAaKTa
pasmenanach BOJIM3M MUHMUMyMa MEXaHMUYECKUX HampsokeHWH. B aTol wacTu pe3yibTarhl
[14] u HacTosIIel pabOTHI BIOJTHE COOTBETCTBYIOT APYT APYTY.

M3MeHeHreM BOJIHOBBIX CBOMCTB KojeOaTeNbHONH CHUCTEMBI IPH IOSIBICHUU B CTEP)KHE
TPELIMHBI MOKHO, BUJIUMO, OOBSICHUTh CIIBUI' COOCTBEHHBIX YacTOT, OTMEUYEHHBIH aBTOpamMu
[15]. C Touku 3peHUs BIMSHUS Ha BOJHOBOW PEKUM CTEP)KHEBOM KojeOaTeNbHONU CHUCTEMBI
aKyCTHYECKHI KOHTAaKT, OMMCAaHHBINA B HACTOALIEH paboTe, 1 TpemirHa B [15] BecbMa MOX0XHU.

B paGorax [16-18] BiausHHME apMUpPOBaHHUS Ha XapPaKTEPUCTHUKU COCTABHBIX
KOJIEOATENbHBIX CHUCTEM  OOBACHSETCA W3MEHEHHUEM TIpH  CKAaTUM  XapaKTepPHCTUK
MarHuTocTpukropa [16] nmubo nbe3osnementa [17, 18]. B Hacrosimeit pabore m pabortax
[14,15] cxaTue aKTUBHBIX D3JEMEHTOB OBbUIO TOCTOSHHBIM, a 3((eKTsl 3aBUCUMOCTH
COOCTBEHHBIX YacTOT M aMIUIUTY] KojleOaHWH NMpU pe30HAaHCE OT apMHPOBAHUS COCTABHBIX
CHCTEM BIOJIHE aIeKBaTHO OMMCHIBAIOTCS M3MEHEHUEM CBOMCTB aKyCTHUECKOT0 KOHTAKTA.

A. H. HeBepos
BnusHne apMnpoBaHUsa Ha CBOWCTBA COCTaBHbIX CTEPXHEBbIX KonebaTenbHbIX CUCTEM
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5. 3AKIIIOYEHUE

[Ipu yBenM4YeHNU yCHUIIMS CTATUBAHUS 3JIEMEHTOB COCTABHOM CTEP)KHEBOM KoJeOaTenbHON
CHCTEMBI €€ PE30HAHCHbIE YAaCTOThl M aMIUIMTYJIbl KOJICOAHUH MPH PEe30HAHCE BO3PACTAIOT.
Oti >PQeKTsl TeM cuibHee, YeM Jayblie IUIOCKOCTh aKyCTHYECKOr0 KOHTaKTa OT y3Ja
MEXaHUYECKUX HAPSIKEHUN U OJIMKE K UX ITyYHOCTH.

OnucaHHble SBJIEHMS NOKa3bIBAlOT BO3MOXKHOCTH YIIPABJIEHHUS CBOMCTBAMHU COCTaBHBIX
KOJIOATENbHBIX CHCTEM MPOCTEHIINM CIOCOOOM — W3MEHEHHEM YCHJIHMS CTATHBAHUSA
3JIEMEHTOB. JTO HEOOXOIUMO, HAIpUMEp, MPH MUTAHUM HECKOJBKUX MpeodpazoBaTesieil oT
OJIHOT'O T€HEPATOPA.

Otmerum, yTO omnucaHHble 3¢ ¢eKThl 00YCIOBIEHbI, MPEXKAE BCEro, HEIMHEHHOCTHIO
aKyCTUYECKOI'0 KOHTAKTa, OMIMCAHHOM B [2].
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