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YOK 621.643-752.2

OEMIMTOMNPOBAHWE TPYBE APMMNPOBAHHBIM TMTOKPbBITUEM

N.O.BuHorpapos, B. B. YepnobepeBCKuit

LemngpupoBaHnto 6anokK MNOCBAUWEHO 3HaAYUTeNlbHOe 4yuMcno paboT, aHanNwn3 pes3ynbTaToB
KOTOpPbIX MOXHO natm B paboTe [1l]. HpoBegenHble MccnegoBaHMa MNoKasblBal T, 4TO B
cuny 60NbWON XecTKOoCTM 6anok (Kak m3rmbnon, Tak U NPoAosbHOW) obecnevyeHue AgocTa-
TOYHO 3 dheKTUBHOro AemMndpumpoBaHuUsa nNpepcTaBnNAeT 3HauYUTeNbHO 60/1ee CNOXHYK 3a-
fadyy, 4yem geMndpupoBaHMe U3rMOHbLIX KonebaHWih nnactTmH. C nomMowbi gaxe 3 heKTUB-
HblX JXECTKUX Bubpoumornowarwmx MNOKPbITUKA, KaK OTmeyaeTca u paboTe [1], MOX HO
LOOGUTHCA NUWb He3HauynTeNnbHOro gemndumpoBaHuMsa 6anounblX cuctem. bonee BbICOKKO
pe3ynbTaTbl Noay4vyakTcad NPpU NMPUMEHEHUN apMUPOBAHHBLIX MOKPbITUN.

Hunxe paccmoTpeHa 3agayvya NPUOANXEHHOro onpefgeneHMa KoapuuumeHTa NOTeEPb
Tpyb6bl KPYrnoro nonepevyHoOro ceyenmsas npu ee M3rMbHbIX KonebaHuax. lNpepnonaraeTcH,
YTO Ha Tpyby HaHeceHO apMupoOBaHHOe BubGponornouarwee NOKPbITUE, KOTOPOE paspesaHO
Ha 4YacTu BAONb ob6pasywwux. PaccmoTpeH AmMmanasoH 4YacToT, B KOTOPOM TMNOMNepeyHoe
CeEYeHNEe MOXEeT cuYMTaTbCA HeaePOpPMMPYEMbIM B CBOEW MAOCKOCTU. A NA peweHWUA nocTas-
NeHHOW 3ajaym BOCNONb3yemMCcss METOAOM, NMPUMEHEHHbIM KepBMHOM [2] npu pacuyerte
KosathpmuyumeHTa NoTepb MNAOCKOMW NNacTUHbLI C apMUpPOBaAHHbLIM MOKpbITUEM. AudpdhepeHuU-
anbHOEe ypaBHeHWe, ONucCbiBar U ee M3rH6NbIe KonebaHuUa Tpybbl, NpeacTaBum B BuUfe

roe Mg- usru6bawowmnii MoMeHT, AelicTBYOWMIA B MNOMEPEYHOM CEYEHUMU AeMNpUpYyemMoii
Tpy6bl, B - m3arn6rnas xectkoctb Tpy6bl ¢ nokpbiTuem, W - cmeweHue Touek Tpy6bl B
HanpasneHun ocu Y (pur. 1), Miu - M3rmbarvWMm MOMEHT, AEeACTBYH WM B NOMNEPEUYHOM
ceyeHMn t-ro cnoa M- yacTm NOKPbLITUS (i: 1COOTBeTCTByeT AemMngupyrwemy cnow, a
r=2 - apmupyrowemy), NMO—uncno vacteit apMMpoBaHHOro MNOKPbLITUA NO MNepUMETpPY
TPpYyOHbl.

MycTb h-yron nosopoTa MOMEPEYHOro ceyeHUsa gemnpumpyemon Tpybbl, a - yron

casura M- vactm gemngpupytowero cnod (pwur. 1). Torga

(2) MO= E 010 ----,

roe EW, /o —mopynb npogonbHOM ynpyroctw matepuana Tpy6bl M MOMEHT MHEPUWUU ee
NOMNEepPeyYHoOro ceyeHUss OTHOCWUTENbHO HEeWTpPanbHOW ocu. 3aMeTMM, UYTO HeWTpanbHble OCWU
Tpy6bl M paccMaTpuBaeMOl KOMMO3UTHOW KOHCTPYKLWUW, B KOTOPOWN MOKPbITUE OXBaTblBaeT
BCE MNOMNepevyHOe ceyeHMe M pacnonaraeTcs CUMMETPMUYHO OTHOCUTENbHO ABYX B3aMMHO

nepneHAMKYNSAPHbLIX OCell, coBnagatT.
MpeactaBuM AeMndUpPYOWUA CNON KaK COBOKYMHOCTb 6afloOK-NOMOCOK, KOTOPbIE B3au-

MOOLEMUCTBYHT MeXAy cob60M TONbKO 4epe3 Tpyby n apmumpyrwowun cnom. OTHOCUTENbHASA
aedbopmayunsa BONOKNA, yAaNeHHOro B HanpaBAeHUW pagumyca OT CPeAMHHONW NOBEPXHOCTWU
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our. 1 MpopgonbHoe (a) U nonepeyHoe (6) ceyeHme Tpybbl C apMuUpOBaH-

HbIM MOKPbITUEM

AEeEMNMMUPYOULEro cNos Ha paccTossHUe z, paBHa

e=(ri+tz)sin U--—--—--—-- (-—--o-- + Z | ,

a n3rmbarvwWmMimi MOMEHT

Bm +J2
®) M\n= Jx j* £ (r,+z)sin O —
o -J1/2

+ 2)Zin WM xwEAN* | [0,5(0%—0b») —0,25(sin X n-

#OP h x dtyn
- sin A>,)1— + — -(cos G- cos O0N) -
ox  Ai ax
MpuHuMas BO BHMUMaHMe, 4To Ana M-/ 4yacTm apMupyloWero cnos
oy i),
e = (rZLz)sin O hi--——- ,
AX AX

ANna nsrnbatowero MmomeHTa J1/29 nocne mHterpupoBaHus W ot6pacbiBaHUA 4neHoB nopsapj-
Ka /LI,2//'r2r|onyL|aeM BblpaxeHune

M nl A2 B| [0,5(0n,—00n) —0,25 (sin 20/,,,—

hi di))n

A(p
- sin Ab¢) ] — temmmeee (cos Ok, - cos Oon) - }
AX AX

r2
C yuetom ¢opmyn (2)—(4) ypaBHeHue (I) npuHmmaeT BUL

d2w ap e |

B £ (w in .+

X2 :
A fa AX | -

/ OAn 00n
+ E h2r3) ~ -0,25(sin 2hn -sin 20m)

\ 2 > 4

hi \ . 5a:
S
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Yron casura q>, N-N yactu-nokpblTua 6yper

1 OF»,
GtSn  ax

rae SU- AnuMHa AyruM «-u 4yactum nokpbiTma, EANT- ocesas cuna, KoTopas nepegaeTtcs
YacTblo apMupyloluero cnos. BennumHa cunbl F2N BoipaxaeTcs NpPUGAUNXKEHHO Kak

alr
op hi X

(6) F2a - I EJur-t (cos Gftn - cos GOn) + —rz(6 ,-00n) o

()

=
<

ax J

MpMHUMaa BO BHMMaHWe, UYTO NPWU pPacnpocTpaHEHUM HO Tpybe HarnbHOW BONHbLI UMeeT

MEeCTO pPaBEHCTBO
1 d2yn

on= It

M yuyntblBasa BblpaxeHuna (5) wu (6, nony4vaem

(hin
. (cos Okn - COS Go,,) (Gft,—Go,,)
OX hi
7 ]

1+ .
X | Zhih%’

roe P- BonHOBOE 4YMCAO Ana Tpybbl Cc nokpbiTnem. C yyetoMm @opmynbl (7) BbipaxeHue
ANA N3TMOHOW X eCTKOCTU TPYyO6Gbl C MOKPbITUEM NMPUNUMACT BUS

g .
) N E2he h{-2hiA\-h[ .. Ei h 1

EO I (‘ 2rQ ) Ez h hi+h2\ 3

(1+’\ r)
Ei h 1 hi+hz\ "2
2E- hi \ ort )
G
Eihih2p2

1-

roe

nO O
K (cos O*, - cos GO,,)?2.

22

PacuyeTbl 3HauyeHuin koappumumeHta K B 3aBMcCUMOCTM OT umcna paspesos a0nokasbl -
BaloT, uto npu n0=1 K=0, npu wo=4 K pasna 0,81 n npu /MW K-+\. 3zecs ymectHO
OTMETUTb, YTO B CUNY NPUHATbBIX [AONYyWEeHWI cny4dyam oAnNoro paspesa I3IKBUBAJIEHTEH
aemnunpoBaHuto TPpyoObl Hepa3pe3HbIM MNOKPbITUEM. AHaNOrM4YHbLIW pe3ynbTaT MNOAyYUTCH,
ecnu paspesbl caenaHbl N0 JIMHUM NepeceyeHUA MNOBEPXHOCTM MNOKPbITUA C MNOCKOCTbIO,
B KOTOpPOMW npomcxopgsaT KonebaHmsa Tpyb6bbl. Ecnm kKonebaHma 6yayT NPOUCXOAUTL B NJOC-
KOCTW, NepneHANKYNAPHOW NNOCKOCTM, B KOTOPO pacnonaratTca paspesb (WG 2 TO
sHayeHue K paBHo 0,81. Takum o06pasom, yXe NpyM HanUUYMU ABYX pa3pe3oB KOdahDULUMUEHT
K npuHnmaeT 3HaueHune, 6n1nM3Koe K NpefebHOMY.

na onpepeneHma KoapdpuumeHTa noTepb TPYObl C MOKPbITUEM NOACTaBUM B popMy-
ny ( KOMMN/IeKCHOe 3Hadyenuve MOAy/ns HOPMaJrbHOW ynpyroctm pgemnupytowero cnos

Ei=El(+ir]l)
n ortapennmMm BeWECTBEHHYHK 4YacCTb M3IrMOHOM XEeCTKOCTWM OT MHUMOWN. |_|pI/IHI/IMaFI npm 3TOM
BO BHNUMNMaHWUE, UTO

A=A(1+rThl,
Haxogum
; aai-Ka(a2-g) 1+g)~2
©) n, i+a—Ka(i+g)~1+0,5Kag(i+g) "
rne E2 h2 /1 ho-\-2hi+h?2 Ei hi hi~\-h2\
+ a,
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a Hl /  *i+*2 y 2

a-» =

2E. * ( 1+“£01)

2 /1
AL +

P2 B 145 14«] = cmmmmmmem g_ .__al% _____ P O%

V- 7mx @ 14 e yp—

#2*1*2 * WA
G, y  me<2

P<?
Ezhihzp" Eoh'

tos - MOFOHHAasA Macca Tpybbl C MOKPbITUEM.

Ecnu kKoadgppumumeHTbl noTepb B MaTepumanax Tpybbl M apMHpPOBKW oAaMHaKOBbI ([Mo—
= :|2), a NOKPbITUE He MMeeT pas3pes3os (/£:Q, TO, BbIMOJIHUB oONnepauunm, aHalOrM4YHbIE
TeM, KOTOopble OblNW cAenaHbl NPW BbiBOAE (POPMYI/ib (8, Mbl MOMYYUM CrepyrLl,ee Bbl-
paxeHue Ana KoapdpuyumnmeHTta noTepb T)*:

r\o(\+a) +r\{aai aa!
e X +1M11" ———
(10) Lip i a o - 1

Epwn T]0:O OHO OT/NIMYaeTCHd OT aHaNOTMYHOTO BblpaXeHUdA, NONyyYeHHOro B paborte [3] Ao-
CTaTO4YHO CTPOrMmM MeTogOM, OTCyTCcTBUEM MHOXKUTena 0,25 nepepg rjj.
KoaphumymeHT noTtepb TpyoObl C HaHeCEHHbLIM Ha ee MNOBEPXHOCTb apMWUPOBAHHbIM
NOKpPbITUEM Ha oOMNpefesieHHOW YacToTe MWMeeT MaKCuUMalbHOe 3HaydyeHue. A na cnyyas
Tpy6bl C mokpbiTuem, npu kKotopom Kdb
= 1 KOahpuyumMeHT nNnoTepT» r\x gocTturaer
MaKCMMaribHOT0 3HaYeHWUA, pPaBHOTO

— dr

a(l1+05a) v-1

1
( 8(1+0,75a) /
a(1+0,5a)
4 (1+0,75a)

Ha 4acToTe, KoTopas onpepenseTcs K3
ypaBHenus

8=1 (1+5) =

Ha ¢wur. 2 npepcrtaBneHa 3aBUCK-
MOCTb  BENUYUHBI Lix/T)!  ana cnyuyasd

eMnUpPOBAH NS TpyObl Hepa3pe3HblM
dur. 2. YactoTHas 3aBUCUMOCTb Koappuuu- A pup Py pasp

nokpeiTuem (kpusas 1) u TouHo Takum
eHTa noTepb TPy6bl c HepaspesaHHbM (1) w

X€e MNOKPbITUEM, HO MUMEKWUWWUM pag npo-
paspesaHHbiM (2) apMUpPOBAHHBLIM MOKPbLITU-

em (Ei= 102 Eo EOSE2 ro=510-2 m, o=+ AO/IbHbIX paspesos (kpusas 2, npu ko-
=5-40—4 M ’/LI,ZO 25 *() * o= 05]'I0)’ TOPOM BETMUNHA KoaPgpunumneHTa

6nmnms3ka K efgunHuULe.
Mpn BbINOMTHEHUWN pacyeToB nNpeano-
naranocb, 4YTOo 3aBUCUMOCTb KOS (PULUNEH-

Ta NoTepb AemMndUpPpyUEro cNos MU MO-
Ayna ynpyroctu OT 4YacToTbl OTCYTCTBYOT. CpaBHeHME KPUBbIX 7 U nokasblBaeT, 4ToO,

paspe3ass TONbKO apMupyrwuwuinm cnom na 4yactTu no obpasywwen, MOXHO 3HAUUTENbHO
YBE/IMUYNTb KOIPPULMEHT noTepb Tpybbl C NOKpbITUEeM. [IpM OTCYTCTBUWU Xe MNPOAOSNb-
HblX pa3pe3oB 3HAYUTEe/NIbHO YyBeNM4YMBaeTCA MU3IrMbHAA XECTKOCTb TpyObl, a gemndpupyto-
WM cnoil paboTaeT KakK X eCTKOe MOKpbITUE.

Ona npakTUYecKMX LULeneln LenecoobpasHbIM nNpeacTaBnAeTrcd HaHeceHWe MOKPbITUA,
cocToAuWero M3 3-4 yacTeil. B atom cnyuyae BenumuyunHa K 64M3ka K nmpeAaenbHOMYy 3Hauve-
HUIO U NPpaKTU4YeCKW He 3aBUCUT OT HanpaBneHwWa KonebaHun. B gmanaszoHe [JOCTATOYHO
BBICOKMX 4YacTOT, B KOTOPOM WMEKWT MeCTO M3rMbuble KonebaHmsa ¢ obpaszoBaHUeM Le-
IOTO YyKMcna BONMH B MOMNepeynomM HanpaBneHUU TpyoObl, Hanmume 3-4 pa3pe3oB He AONIXKHO
NMPUBECTU K 3aMETHOMY CHUXEHUI KOoahpuMmumeHTta notepsb.

B Tabnuue npuBefeHbl 3KCNepMMeHTanbHble 3HadyenuMsas W pe3ynbTaTbl pacyeTa Mo
bopmynam (9) u (10) KO3 (PULMEHTOB NMOTEPb U HU3WEN PE30OHAHCHOW 4YaCTOTbl KOMCONb-
HO 3aKpenneHHon Tpyb6bbLl (r0=4,1510“2 ™, ;,0=5 10~3|v|, 90 2-10" H/M2) anunHon 0.3 ™
C apMUpPOBAHHbLIM 501I8bITI/IeM (*,=1 (10+ 15)-10‘3 M, £ ,= 12108 H/M2, ’\,—0,4 K

= 2‘10“.H/M2, « 2 3/|) Npu pasIM4HOM 4YKUCNe pa3pe3oB AapMHPOBKWU W pPasNNYHON
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Cxema

NOKPbITUA (I) w

A B M 1901103 5801103 8,80-103  2,0110Z 1,75-10-r

£*

5 718 778 773 752 738
o - (1,96-1,990 1,96-1,99)0 (2,20-2,77)0 (2,20-2,77)0
% 1-/
o ' 870 910-906  910-906 870-865 870-865

OpMeHTaULUM WUX OTHOCUTENbHO BEPTUKaNbHOW MNNOCKOCTW, B KOTOPOM NPOUCXOAAT Kone-
6aHNa TpyoOHbl.

ConocTaB/ieHNe 3HAYEeHUN KOIP(PUUMEHTOB MNOTEPb, a TaKXe HMU3WMUX 3HaYenum pe-
30HAHCHbLIX 4YacToT (/pe3) nNnokKa3blBaeT Y[AOB/NEeTBOPWUTeNbHOE WX CcOBMageHue, 4YTO CBMU-
AEeTeNbCTBYEeT O MNPaBOMEPHOCTM CcAeNaHHbIX AONYWEHWW NpPuU BbIBOAE NPUOAMIKEHHbIX
3aBMCMMOCTEN. Hannuuve yxe ABYX HPOAONbNbIX pa3pe3oB apMMWUPOBKWU MNPUBOAUT B [Aen-
CTBME CABUIOBOMA MexaHWU3M TMNOTepb 3dHeprum B JgemMnpupyrowem c/q0e apMUPOBAHHOTIO

NMOKPbITUSA.
O6palwaet BHMMaHWe Ha ceba GakKT nNonyyeHus 60/ee BbICOKMX MNO CPaBHEHMUIO

C pacyYeTHbIMWN 3KCNEepUMEeHTaNbHbIX 3HAa4YeHUN }ﬂ’\ AnAa Tpybbl C Hepa3pe3HbIM TMOKPbHI-
TMeM. KoOrga nOTepun 3HEPrum [AONXHBL onNpefensiTbcd B OCHOBHOM pacTAXeHWem-cxa-
Tmem B pgemnupyruem cnoe. Ha BO3MOXHOCTb TaKOro pacXoXpAeHWsA yKasblBasiochb
B paboTe [3], B KOTOPOW npepnaraeTcsa ero o6bsicHeHUe.
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Y 0K 534.2

QKCNEPMMEHTANBHOE MCCNTEAOBAHWME AKYCTUYECKOIO TEUYUEHNHA
B OKPECTHOCTWM OTBEPCTUHA

N .B./lebepeBa

MossBNeHNE aKYCTUUYECKOro TeYeHWUSA NPU MNPOXOXAEHUWN WUHTEHCUBHOW 3BYKOBOW non-
Hbl Yepe3 OTBepCTMe OTMeyanocb B paboTax [1, 2]. OTOo ABNeHMe NpepcCcTaBNAeT UHTepec
C TOYKW 3peHna amMnAUTYQHOWN 3aBUCMMOCTM MMNOefaHca N KoapOuUuMeHTa NOTrAOWEHNS
neppopMpoBaHHBLIX O0O6/MMNLOBOK, HaxoAAWMUX WMNPOKOE TMNMPUMEeHEeHMe B MNPaKTUKe WYyMoO-
rnywenwusa.

BcneacTtBme Cy)XeHWA MNOTOKa amnnaumtypa kone6batenbHoW ckopoctm W B oTBepcTum
MOXeT BO3pacTaTb B AECATKW pa3 NO CPaBHEHWUI C aMNAUTYAOW CKOPOCTWU B cpepe, AOCTU-
rags npwu ypoBHSAX 3BYKOBOro pasneHma (¥Y34) 140-150 b Takux 3HayeHWUW, KOTOpble
COOTBETCTBYH T NOKanbHbIM 4yucnam Maxa M—0,03-0,1 (B 3aBUCMMOCTU OT Koa(ppumuywn-
eHTa nepdopaynmnm). B TOo BpemMA KakK npouecc pacnpocTpaHeHWa 3ByKa B cpefe euwe
MOXHO CYUTaTb JIMHEWHbIM, B OTBEPCTUU TMNPOUCXOAUT HEIMHENHOE WUCKaXeHue ®QOopMbl
BOJTHbI.

XapakKTepHbIMU A[NA WUCCNeAOBaHHOINO crnyyas SBAAKTCA TakXe 6onbwme (nopApka
HECKONbKMUX TbICAY) TruapoagumHammyeckme 4yucna PelHonbaca A[nd KBasucTaynonapuoro
NMoOTOKa 4Yepe3 OoTBepcTUE I\e:vd/v, roe d - AnamMeTp OTBepcTUA, a V - KUHemMaTMmyeckad
BA3KOCTb. QTOT CAyYall HefOCTATOYHO MUCCNefoBaH B aKYCTUKe KaK B 3KCNEPUMEHTAa/llbHOM,
TaK W B TeopeTunyeckomMm nsaHe. MN3BecTHO, UTO B TnapaBnukKe 3Hayenune Re~104asnsercs
nepexo4HbIM OT NaMWUHAPHOTO0 K TypbyneHTNOMY Te4YeHWUI B Y3KOM KaHarsne.

B HacTOodAwen paboTe m3y4yanocb nMNoJjie CKOpocTel BOAM3N OTBEpPCTUSA AUaMETPOM
0,75 cm B neperopoAake, cTtodAuen nonepek Tpybbl MHTephepomeTpa Aunametrpom 2,35 cMm,
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