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YllK 621.03:534-.8 

Epomm ¢. A., Y:epHoa A. TI. YnaneHne GayceH
uea H nncneprV!pOBaHHe IIOpOlllKOBblX MaTepRaJIOB 
npI:! aoGnelicTBI:!I:! yJ1bTpaGayKa, M., /1 MalllI:!HOcTpoe
r-rne", 1978. 56 c. 

B 6pow10pe HGJIOiKeHbI coapeMeHHbre npencTaa
JieHIDI 0 MeXaHHGMe ynaJieHHSI sayceHUeB H AHCrrep
rMpOBaHHSI MaTepuanoa rrpH BoGnelicTBHH ynbTpa
GByKa,, DOKa3aHa o6JiaCTb HX npI:!MeHeHHSI B TeX
HOJIOI'HqecKI:!X rrpoueccax. 

OrrI:!caHbI KOHCTpyKUHll yJib'l:paGBYKOBblX ycTaHo
BOK AJISI CHSITVISI GayceHUeB ll nncneprMpOBaHHSI no
pOlUKOBbIX MaTepMaJIOB, llaHbl peKOMeH,llaUHH no 
BbIOopy TeXHOJIOI'H'IeCKMX cpen ll H3JIOiK8Hbl TH
nOBble yJibTpaGBYKOBbre npoueccnr CH.HTRSI sayceHuea 
H nncneprMpOBaHIDI nopOlllKOB. 

Ta6n. 1 O, HJI, 2 O, cnHcoK JillT, 6 Ha3B, 

Tipe.ucenaTeJlb HayqHo-MeTon'ff'!ecKoro coaeTa 
3aO'!HbIX KypcoB nOBbllll8HIDI KBBJII:!tPHKaUI:!M l1TP 
no npHMeHeHHIO yJibTpaGByKa B MaJllHHOcTpoeHHll 
n-p TeXH. HayK npo¢. A. 11. MapKOB 

l·Jay-<rnbIH penaKTOp KaHn. rPH3-MaT. HayK 

A. M. MwuKeawq 

@ HTO fVlawnpoM, 197 8 r. 

7. TexHHKa 6esonacHOCTVI npVI pa6oTe Ha YJibTpasay-

KOBDIX ycTaHOBKax ••••••••••e•e•••························ 42 
TipVIJIO)!(eHV!e 1. TVIIIOBbie TeXHOJIOI'Vl'!ecKHe npo-
ueccnr CHSITVISI sayceHuea YJibTp83BJKOBblM Me-

!OJlOM •••••••••••••••••••••••••••••fil•e•••••••••o••••~••••••oeooo 43 
TipYIJIO)!(eHV!e TI. 06opy .uoaaHV!e ........... ••••••••••••. 5 2 
Bonpocn1 nnsi caMorrpoaepKV! ......................... 5 3 
PeKoMeHnaUV!Vl no usy'IeHV!ID VI rrpaKTV!'IecKoMY HC
rroJib30BaHYIID MaTepV1aJ1a 6pOU1lOpbl Ha npOV13BOn-

CTBe •••••••••••••••••••••••,,••••--••••••••••••••••••••••••••••••• 
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1-n EacMaHHbiii: rrep,, n.3 
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(XUMW!eCKUii COCTaB UJIU Tun a6pa3HBHO:ii cycneH3UU), Hau6onee 
npueMJieMhie JJ.fill. yJJ,aJieHlliI sayceHuea Ha aTUX JJ.eTa.rrnx. 

4. BbIHCHUTe aosMo:iKHocTh np11MeHemm Ha BameM npe,a.npHSITHH 
ynhTpasayKoaoro MeTo,a.a HSMeJih"lemm nopOll!KOBhIX MaTep1mnoa, 
l!anpUMep AJI!if. npuroTOBJieHU!if. cycnel!SHM JJ.fill. Hal!eCeHlliI Me)KBU':r
KOBO:ii. U30fil!Ulili. 

5. CocTaBbTe nepcneKTHBHbIH nnaH OCBOeHH!if. u BHeJJ.peHU!iI 
YJihTpasayKa.eo:ii: TeXHonorHH Ha BameM npeJJ.nplliITUU. 

C TeXHonorHe:ii: u o6opy.a.oBaHUeM AJIH ynhTpasayKoao:ii o6pa6o
TKU MO:IKHO 03HaKOMHThC!if. Ha 1-M MocKOBCKOM qacoBoM saaoJJ.e, 
I'JJ.e BHeJJ.peHbI npoueccbr ynhTpasayKoaoii OLJ:UCTKU u yJJ.anel!U!if. 
sayceHueB B ynhTpasayKOBOM none. 

CnHcOK nHTepaTypbI 

1. EamKHpo:B B. 11., 4epHOB A. n. YJJ.aJleHHe saycenueB 

ynhTpasayKOBOM none. M., BHl1113M, 196 9. 2 4 c. 

B 

2. fepnran JL A., cl>pHAMlUI B. M. YnhTpasayKoaa!if. TeXHono-

I'HtiecKa!if. annapaTypa. M., "3HeprH!iI", .1976. 318 c. 
3. YID>Tpa3BYK B I'MpoMeTannypruu. M., "MeTaJmypnm", 

1969, 303 c. ABT.: E. A. ArpanaT,, o. n. KHpHJlJIOB, YI. A. 

I1peo6pa)KeHCKHH H AP· 
4. Ym.TpaooyxOBaH TeXHonormr. DoJJ. peJJ.. E. A. ArpaHaTa. M., 

11, MeTannyprH!iI", 197 4. 504 c. 
5. cl>HSH'leCKue OCHOBhl YJihTpa3ByKOBOH TeXHOJIOI'HH. TioJJ. pe/J.. 

JI.D. PooeH6epra. M., "HayKa", 1970. 686 c. 
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1. MexaHUBM yJJ.aJieHH!if. sayceHuea 11 JJ.Ucnepr11poaa-
HU!if. MaTepuanoa B ynhTpasayKOBOM none.............. 4 

2. BbI6op HCTOl.JHHKOB ynhTpa3ByKOBhIX KOJie6aHUH JJ.n!if. 

ycTaHOBOK, pa6oTaIOII(HX IlO/J, nOBbllIIeHHbIM CTaTU

i.reCKOM AaBJieHHlI •••@•••••••••••••••etfe•••••e•••••••••••••••• 14 
3. y CTaHOBKU /].fill. CH!if.TH!if. sayceHUeB ••••••••••••••••••••• 19 
4. Tex1rnnorwi:ecKue pe)KUMbI yJJ.aneHH!if. sayceuuea ••••• 25 
5. Yc'l'al!OBKH JJ.fill. AHcnepr11poaaHH!if. nopoUIKOBhIX Ma

Tep11anoa B ynhTpaaayKOBOM none ••••••••••••••••••••• 3 3 
6. TeXHonorHLJ:ecKue pe)KHMbI npouecca ynhTpa3BYKO

aoro H3Menh'-I9HU!if. IlOPOllIKOBhIX MaTepnanoa ••••••••• 3 8 

BBEDEHI1E 

0All11M U.3 AOCTtDKel!H:H ynhTpaGByKoao:H TeXHHKH !if.BJ1!if.8TC!if. paa
pa6oTKa T8XHOnorHH u C03/J,8HH8 o6opyJJ.OB8HlliI nn!if. CH!if.TU!if. GayceH
UeB H Cf'Jl8)KHB8HlliI OCTpbIX KpOMOK Ha noaepXHOCT!if.X neTane:ii, 
a TaK)Ke JJ.JI!if. JJ.Hcnepr11poaaHU!if. nopOUIKOBhIX MaTepHanoa. l1cnonh
soaauae ynhTpa3ByKa JJ.n!if. 8THX_ uene:H HMeeT aa)KHOe 3Ha4eHHerrpH 
rrpOH3BO.QCTBe pa3HOOupa3HbIX npu6opoB. 

,.'leTaJ1H, rrpHM8H!if.8Mb!e B npu6opocTp08HHl1 11 T04HOM MallIHHO
CTpoel!Hl1,~pe6yIOT oco6o TlI(aTenbHO:H OTJJ,enKH noaepXHOCTe:H, yna-
neHU!if. 3ayceHU8B u CKpyrneHU!if. OCTpb!X KpOMOK. 3TH onepamm 
nnoxo noAJJ.aIOTC!if. MeXaHuaauIIu H aBTOMaTIIGau11:11, oqeHh TPYAOeM
Kll. B HacTo!if.mee B perm cymecTsye'I' Mlloro cnoco6oa, noGaonH-

. IOIUHX ynan!if.Th saycel!UhI c pa3JIH4HhIX neTane:H, a TaK)Ke nonupo
BaTh RX noaepXJIOCTH c uenhIO yMeHhll!eHlliI MHKpOX-IepOBHOCTeH:. K 
OCHOBHb!M H3 HHX OTHOC5ITC!if.: o6pa6oTKa a6pa3!1BHhIMH KpyraMH u 
MeTaJlnllLJ:eCKUMH meTKaMH, cyxa!if. H MOKpa!iI ranTOBKa B 6apa6a
Hax, XHMHLJ:eCKa!if. u I'HJJ,poa6pa3HBlla!if. o6pa6oTKa, BH6paUUOHH8!if. H 
8J18KTporHJJ,paBnHqecKa!if. o6pa60TK8 H np. 

B CB!if.311 c lllHpoKHM pa3BHTHeM TeXHonor1111: nonyLJ:eHH!if. Hsnenu:ii 
113 nopOUIKOBhIX MaTepuaJIOB npo6neMa nonyLJ:eHlliI TOHKHX l1 KOn

JIOH/J,Hh!X nopoUIKOB np1106pena Ba)KHOe 3HaLJ:eHHe. B npoueccax no
poUIKOBOH MeTannypI'HH npu BBe/J,eHHH B nopollIOK OCHOBHOI"'O cneKa
eMoro MaTep11ana BhICOKO/J,HcnepCHhIX TyronnaBKHX OKUCnOB Il0Bhl
lll88TC!if. Ka4ecTBO nonyqaeMoro npoJJ.yKTa. B Ma!IlHHOCTpoemm aam:""'. 
Hoe mrn<reHne 11:Me10T BbICOKO.QHcnepcHhie Taep.o.hre cMaGKH. B npu-
6opocTpoemn1 Me.TIKO.QHcnepcHbie cycneH3HH npHMeIDIIOT an51 npn
I'OToaneHllil Me)KBUTKOBOH HSOfill.UHH BHTh!X MaI'HHTHb!X cep.Q84HU
KOB. Tipu IlOBbllII8HHH n11cnepCHOCTll cycneHSHH MO)KHO HaHOClITh 
6onee TOHKH:H cno:H M8)KBHTKOBO:H H30n51UHH, 4TO yaenH'IHBaeT 
K08¢<PHUHeHT aanonHeHUR MeTanJ10M H yny'llUaeT 8neKTpOMaI'HHTHb!e 
CBO:iiCTBa cep.Qel-J:l!UKOB. 

JlHcnepI'HpOBamre nopO!IlKOBb!X MaTepHanoB OCHOBbIB88TC!if. Ha 
MexaHnLJ:eCKllX, TepMHLJ:eCKHX u 8J18KTpOXHMW18CKHX M8TO/J,aX 
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H3Menb'leH'IIB. Ka:lli:AhIH H3 H'HX HMeeT CBOIO. o6nacTh npHMeHemm:. 

OAHaKo HaH6onee .npHeMneMhIM MeTOAOM nonyqeHru:I MenKOAHcnep
CHbIX nopOlllKOB cne.nyeT C'lHTaTh YJ1hTpa3BYKOBOH MeTOA H3Menh
'tJ:eHIIB, OCHOB8HHhIH Ha KaBHT8llHOHHOM paspyweHHH TBepAhIX Ten. 
OH Haw6onee aqxpeKTHBeH npu M3Menh'leHMH MaTepuanoa c ucxo.n-
HhIMH pa3MepaMM '!aCTHll ~ 2 0 MKM, B aTOM cnyqae MO:lli:HO 
HGMeJlh'IHTh 'tJ:aCTHllhI nopowKa AO paGMepoB 1 MKM B Te'ieHMe 

cpaBHHTenhHO KOpOTKOI'O apeMeHH (10-20 MHH). 
B HacTo.arrree apeMH yKaGaHHbril: MeTOA MO/KHO ncnonhGOBaT:c 

TOJlbKO B TeX cnyqa.ax, KOI'Aa He Tpe6yeTCH o6pa60TKH 6onhllJHX 
o6'heMoB MaTepHana, TaK KaK emrnoapeMeHHaH sarpyaKa ynhTpa

sayKoaoro 06opyA0BaHru:1 He npeBhWJaeT 1 KI' nopowKa, 
3¢<jJeKTimHOCTh yganeHHH sayceHuea n .nncneprupoaaHru:I no-

powKoB B ynhTpasayKOBOM none onpegen.aeTcH apoanoHHhIM geil:c
TBMeM YJlhTpasayKOBOH KaBMTallHH, COGAaBaeMOH Bh!COKOaMilJlHTYA
HhlMH HCTO'IHHKaMH KOJ1e6aHHH B pa6qqeil:· :lli:HJJ.KOCTH. Dpn 8TOM 
aposnoHHyIO aKTHBHOCTh ynhTpasayKoaoa KaBMTaUMH MO:lli:HO yaenM
'IHTh B 10 pas H 6onee, eCJIH B pa6oqeil: :lli:HJJ.KOCTH C03AaTb 
H36hITO'tJ:HOe .o.aaJleHMe C:lli:aThlM rasoM J1H60 38 C'ieT I'HAP8BJ1H'!ec

KOI'O Hanopa OT H8COCHOH ycTaHOBKH, 
B 6powrope o6o6rrreH onbIT MCilOJ1h30BBHHH YJihTpasayKa JJ.nH 

yganeHIIB aayceHUeB H JJ.HcneprHpOBaHHH nopOlllKOBb!X MaTepHaJIOB, 
B Heil: JJ.8HhI peKoMeHJJ.aUMH no BbI6opy onTHMBJlhH:DIX TeXHOJlOI'H'le
CKMX pe:lli:HMOB, onncaHO paspa6oTaHHOe H BHeApeHHOe B npOH3BOA
CTBO YJlhTpasayKOBOe o6opyAOB8HHe, Aeil:CTBHe KOToporo OCHOB8HO 
Ha HCilOJ1b30B8HHH 8¢cpeKT8 ycHJleHHH KaBMTaUHOHHOH 8p03HH Ga 
C'leT C03A8HIIB H36h!TO'IHOI'O JJ.aBJleHHH B pa60"i&H :lli:HAKOCTH. 

1. MEXAHH3M YilAJIEHJ1H 3AYCEHUEB 11 
n11cnEPfHPOBAHHR MATEPHAJ10B B 
YnbTPA3BYKOBOM nonE 

Dpu pacnpocTpaReHHH a MH.O.KOCTH MOIUHbIX ynhTpasayKOBbIX 
KOJie6aHilH Ha6nro.o.aeTCH KaBHTaUMOHHasJ: apoGUH (paapymeRHe) 
TBepAhIX Ten • .HaneHHe K8BHT8UHH ( pa:jlpbIBa cnnomHOCTH :lli:HAKOC
TH) onpe,o,enHeTCH COOTHOllleHMeM npO'iHOCTH A8HHOH :lli:HAKOCTH Ha 
paGpbIB n .o.aaneHru:I B ynbTpasayKoaoH: aonHe. 

B 06b1'l:HoH: BOAe npH HOpManhHhIX ycrroBUHX HMeeTcH BRati:HTe
JihHoe KOnH'ieCTBO nyGblphKOB, aanonReHHhIX napaMH BOAhI H pac
TBOpeHHbIMH rasaMH. HanpHMep, B BOJJ.onpoao.QHoil: BOJJ.e nocne oT
cTaMBaHHH ee B Teti:eHHe 10-2 0 MHH B 1 CM3 co.o.ep:lli:HTCH npu-

MepHO 102 nyBblphKOB paAHYCOM 1 Q-2 MKM, a T8K:lli:e HMeIOTCll: 

4 

BonpochI WIS! caMonpoaepKM 

1. ·KaKMM cnoco6oM MO:lli:HO yaeJlM'IHTh HHTeHCHBHOCTh ynhTpa
GByKoaoil: K8BHT8UHH 6e3 yaenH'!eHru:I nOJJ.BOJJ.HMOH 8JleKTpH'!eCKOH 

MOIIIHOCTH K uany'laTenro? 
2. Ka~ pacc'IHTaTh onTHManhROe HG6hITO'!HOe cTaTH'!ecKoe 

.naaneHne npli ynhTpa3ByKoaoil: o6pa6oTKe? 
3. KaKHe Tpe6oaamrn: npeJJ.'hHBJlHIOT K ynhTpasayKoahIM npeo6-

pasoaaTeMM, npMMeHHeMhIM B ycTaHOBK8X c llOBhIWeHHhIM CTa-

TH'ieCKHM gaanemreM B pa6oti:eil: :lli:HJJ.KOCTH? 
.4. KaK aJlHHeT M3MeHeHMe ua6bITO'lHOr'o gaaneHHH npM ynhTpa

aayKoaoil: o6pa6oTKe Ha CKOpOCTh aKyCTH'ieCK'HX TeT.J:eHHH H aKyc

TH'tJ:eCKYIO MOIUHOCTh, nepe.o.aaaeMyIO B )i{HJJ.KOCTI:.? 
5, KaKue MeTOAhI npuMeHHIOT AM y.naneHIIB sayceHuea a 

ynl>TpasayKoaoM none? 
6. KaKOB COCTaB pa6o~mx paCTBOpoa, npuMeHHeMhIX )J.JlH CHH-' 

THSI sayceHuea? 
7. KaKoe OCHOBHOe pa3.TIH'!He B KOHCTpyKUlll'IX ycTaHOBOK 

Y3Bll-8 H Y3Bll-8M? 
8, Kor.o.a uenecoo6pa3HO npuMeHHTh ynhTpa3ByKOBhre ycTaHOB-

KM c KOJ1e6aTeJ1hHhIMH CHCTeMaMH c KOHUeHTpaTopaMH H B KBKHX 
CJ1Y'lrulX He06XO.O.HMO npuMeHHTh ycTaHOBKH c KOJlhlleBhIMH HSJiy'la-

TeJUlMU? 

9, KaK us6hITO'!Hoe JJ,aaneHue, apeMH ynhTpaBByKoaoil: o6pa6o-
TKH H COOTHOllleHMe TBep.o.oil: H :lli:HJJ.KOH cpaB anHSIIOT Ha paBMep 
ti:aCTHll nocne o6pa6oTKH? 

1 O. KaKne npeuMyrrrecTaa ynhTpasayKOBhIX ycTaHOBOK AJlH 
HSMenh'leHHH nopOlllKOB no CpaBHeHHIO c mapOBhIMH MenhRHUaMH? 

PeKOMeHJJ.aUHH no usyqeRHIO H npaKT'H'!eCKOMY ucnonhBOaamno 
MaTepuana 6pomrophr Ha npoHSBo.ncme 

1. OsRaKOMhTech Ha BameM npeJJ.npHHTHH c HOMeHKJlaTypoH: 
.o.e·ranett, no.o.BepraeMhIX nocne MexaHH'!ecKott o6pa6oTKli (mTaM
noaKH1 cppesepoaamill~ pesb60HapeB8HHH H T,JJ..;) y.o.aneHHIO sayceH

uea py'IHhIM MeToAOM. 

2. Onpe.o.enHTe, B KaKHX cnyqa.ax MO:lli:RO peKoMeH.o.oaaTh npu

MeHeHHe ynhTpaSByKoaoro o6opy.noaaHHH JJ.nSI yJJ.aJleHMH sayceHUeB. 
3, Pacnpe.nenHTe HMerorrrnec.ll: Ha BameM npe.nnpUHTMH .o.eTam1, 

noJJ.BepraeMhie y.o.aneHHIO sayceRuea, no BRAY MaTepHana, Macce 
u ra6apHTHhIM pasMepaM. Onpe.o.enHTe BH.O. ynhTpaSByKoaoro 060-

py.noaaHHH (Y3Bll-6, Y3Bll-8 Hl!H :Y3BJJ.-8M) H pa6oque cpeAhI 
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flpMJ10)!{eHHe 11 

06opyAOBaJIHe 

D.JISI CH.ll:THH GayceHUee Ha116onee JlllipOKO npHMeH.ll:lOT YJibTpa-
aayKOBble ycTaHOBKH Tllna Y3BD. (Y3BD.-6, Y3BD.-8 H Y3BLJ..;..8M), 
a AJISI AHCIIeprHpoaamlR nopOUIKOBbIX MaTepHaJIOB ycTaHOBKH THna 
YTIXA-8M. I1cTO'!HHKaMH n11TaHMH sTHX ycTaHoaoK cny)KaT ym,Tpa-
SlilyKOBbie reHepaTOpbI Tllna Y3f, K KOTOpbIM OTHOCSIT reHepa-
TOpbI Y3f-10-22, Y3f-2-10, Y3f-1-4 H Y3f-2-4. 

LJ.ng pa.OOTbl Ha ycTaHOBKe Y3BD.-6. reHepaTop OCHamaeTCH 

sneMeHT8MH o6paTHOH aKyCTH"leCKOH CBHGH. L].JISI pa60TbI Ha yo-
TaHOBKe Y3BD.-8 H Y3BD.-8M H YTIXA-8M Bee ynoMSIHYThie 
reHepaTOpbI Heo6XOAHMO nepeAeJ1aTb Ha pa6o'!yl0 '!8CTOTY 8 Kfu. 
Hll)Ke npMBeAeHbI onTHMaJihHbie pe:>KlIMbI pa6oTbI ycTaHOBOK 
Y3BD.-6 npH caBMeCTHO:li: pa6oTe c naMnoahIMH reHepaTOpaMH 

(Y3f-10-22 H Y3f-2-10). 

0nTJJMaJ1bHbie pe:>KHMbI pa6oTbI ycTaHOBKH Y3BD.-6 H reHepaTopa 

ToK: 
IlOAMarHH'IHBaHIDI, A ............ 18-22 
aHOAa, A ••.•••••••.•.•.•••.•.....••.•... 1,5-1,7 
ceTKH, MA ..•..•.••.••.•.••.•••.•..•.•• 250-350 

HanpIDKeHHe: 
aHOAa, KB .............................. 6-7 
BhIXOAHble, B ••...•.•...••.•.•••..... 440-500 

l136bITO'IHOe AaBJieHHf B pa6o-
qelt eMKOCTH, Krc/CM .............. 3,5-4 

OnTHMaJibHbie pe:>KMMbI pa6aTbI ycTaHOBKH Y3BD.-8, Y3BD.-8M, 
YTIXA-8M u reHepaTopa 

ToK: 
IlOAMarHHlillBaHIDI, A •.•...•.••.•.•. 18-22 
aHOAa, A ................................... 1,3-1,5 
ceTKH, MA ................................ 150-250 

HanpH)[(CHHe: 

BhIXO)J.Hoe, B .•...••......•.••....•..•... 440-500 
aHOAa, KB ..•.......•....•...•....•.•....•. 6-7 

lfa6hJTOqHoe AaBJ~eHHe B J?a6oqelt 

eMKOCTH, Krc/CM ·········-··········-····· 1,5-3,0 

Dpu pa.6oTe o6opyAaBaHHH c THpMcTopHbIMH reHepaTopaMH 
{Y3'.r-1-4 HJIH Y3f-2-4) TOK noAMaI'HH'!HBaHMH Heo6xoAHMO yo
TaHasnHBaTb AJ1H ycTaHOBOK Y3Bll-6 B npeAenax 12-16 A, a 
BhIXOAHOe AJUI ycTallOBOK Y3BD.-8, Y3BD.-8M H YTIXA B npeAe
nax 20-25 A. 
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nySbipbKH oOJiblllHX paAeycoB. Tipmi:eM c yBeJIH'!:eHHeM paAHyca ny
Sbip:bKOB HX KOJ1lf'ieCTBO yobrnaeT. Ilpl'! paAHyce ~ 100 MKM B 
1 CM3 HX COAep)KHTC.ll: 1 o-4 • flpl1 HaJIH'LIJIH TairnX HeOAHOpOAHOC
Teli GHa'!HTeJibHO CHm'KaeTCS'! npO'!HOCTb BOAbI H OHa cnoco6Ha paG
pbIBaTbC.ll: B TeX MeCTax, I'Ae eCTb nyGblpbKH, npM OTpHilaTeJibHbIX 
(paCT.ll:I'HBalOIUHX) AaBJieHH.ll:X 1-10 Krc/cM2 (TeOpeTH'!eCKa.ll: np011-

HOCTb BOAbI 103-104 KI'C/ CM2) • TaKHe A8BJieHH.ll: B >KHAKOCTH 
JieI'KO COGA810TC.ll: npH B030Y>KAeHHH B Hell YJibTpaGBYKOBbIX KOJie-
6aHHH. 3nr KOJ1e6aHH.ll: pacnpocTpaH.ll:lOTC.ll: B BOAe co CKOpOCTblO 
1, 4• l 0 5 CM/ c, npH'!eM B K8:>KAOH TO'!Ke ee OObeMa AaBJieHHe HS
MeH.ll:eTC.ll: no rapMOHH'!eCKOMy 38KOHy c BbICOKOH qacTOTOH (Han
pHMep, 2104 fu) • TI08TOMy >KHAKOCTb HCnbITbIBaeT paCT.ll:)KeHHe 
(AaBJieHHe noHH:>KaeTC.ll: no cpaaHeHHlO c paBHOBeCHbIM) B OTpuua
TeJlbHbIH rronyrrepHOA KOJieoaHHH JIHOO C:>KaTHe B TIOJIO)KHTeJibHbIH 
nonynepHoA. B oTpHUaTeJibHbIH rronyrrepHOA no.Ii AelicTBHeM BHyT
peHHero AaBJieHH.ll: napa H rasa pasMepbr nysbrpbKa yBeJIH'!HBa10T
C.ll:, noKa AaBJieHH.ll: B OKpy11rn10mei1 :>KHAKOCTH l1 B ny3blpbKe He 
cpaBH.ll:lOTC.ll:. 3aTeM B noJIO)KHT8JlbHbIH nonynepUOA KOJieoaHHH, KOI'

na AaBJieHHe B BOAe aoyiacTaeT, o6pa3oBanllla.ll:cSI nonocTb cTpeMu-
TeJibHO (BpeM.ll: ::::::! 1 o- c) 3aXJIOTibrnaeTc.ll:, Dpn: 8TOM B BOAe 
BOGHHKaeT yAapHa.ll: BOJIHa, AaBJieHHe B KOTOpoli COCTaaJISieT 10000 
Krc/cM2 • Ha pacCTO.ll:HHH ABYX-Tpex paauycoa ny3bipbKa AaBJieHHe 
a aonHe naAaeT AO paBHoaecHoro AaBJieHH.ll: a >KMJlKOcTw, TaKoe 
noBe)leHHe MHO:>KeCTBa nySblpbKOB B BOAe DOA · aeliCTBHeM YJibTpa
SByKa .ll:BJI.ll:eTC.ll: KaBHTaUHeli. 

B pe3ynbTaTe AelicTBH.ll: TaKHX HMnynbCOB AaaneHH.ll: (yAapoa) 

Ra TBepAylO noaepXHOCTb npOHCXOAHT MHO:>KeCTBO aKTOB MHKpopa3-
pyllleHH.ll:, npMBOA.ll:IUHX K 8p03HH TIOBepXHOCTH TBepAbIX Ten. 

3po3H.ll: nponopUHOHaJibHa KOHUeHTpallHH nyGblpbKOB B BO)le, 
npu'!eM nocneAH.ll:.ll: aoGpacTeeT B 104 pa3 Ga BpeMSI ouHoro nepH
OAa KOJieoaHHH H 3aTeM AJIHT8JlbHO COXpaH.ll:eTC.ll: IlOCTOSIHHOH. 

OcooeHHOCThlO npouecca spoSHH ( paGpymeHH.ll:) 3ayceHua si:an.ll:
eTcH ero H36HpaTeTibHOCTb: a nepay10 oqepeAb pa3pylllaeTCSI Mec
TO coei::nmeHH.ll: sayceHua c AeTaJiblO H ocTpas:r KpOMKa . GayceHua; 
J;Ia rnaAKOH rroaepXHOCTH AeTamr He o6Hapy:>KHBaeTC.ll: cneAOB Ka
BHTaUHOHHOfi 8p03I-UI. 3To npol1CXOAHT TIOTOMy, '!TO Ha rpaHH!Je 
GayceHeU-AeTaJib ny'!llle yAep:>KHB8lOTC.ll: KaBHTaUHOHHbie nyGblpbKH; 
rpamrua, KaK n OCTpa.ll: KpOivlKa, .ll:BJ!H8TC.ll: CJlaObIM MeCTOM, I'Ae 
B npouecce HGI'OTOBJieHH.ll: AeTaJieH C03AalOTCH OOJiaCTH KOHUeHTpa
mm HanpsI:>K8HHH, B03HHKalOT MHKpOTpeIURHbl H .opyrue noaepXHOCT-
Hbie Ae¢eKTbI, cnocoocTBYlOIUHe ycKopeHHOMY KaB HTBUHOFHOMy pa3-
pymemuo MeTanna. TaKMM o6pa30M1 ocTpbre KpoMKH paspyma10TcH, 

CKPYI'JIHlOTC.ll: H GayceHUbI 0TnaMbIBa10TcH. 
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KaBHTaUHOHHYJO 9p03HIO MO:>KHO cymecTBeHHO yaeJIH'lHTh, ecJIH 

B pa6oqeil: :>KHAKOCTH C03AaTh H36bITO'!HOe no cpaBH8HHIO c aTMOC-

¢e pHb!M cTaTH'!ecKoe AaBJieHn:e. OnTHMaJihHOe ee GHa'leHHe AJIB 

6onh!llHHCTBa ynhTpaGBYKOBbIX ycTaHOBOK, npn:MeHBJOIUHXCB !~JIB 

cHBTHB GayceHuea, paBHO 3-6 Krc/ cM2. Ecnn: npn: aTHX ycnoaHBX 

B :>KHAKOCTh .o.o6aBHTh a6paGHBHbie qacTHUbI, TO HapBAY c KaBHTa

UHOHHblM noaepXHOCTHblM paGpymeHHeM TBepAbIX T8J1 B KaBHTaUH

OHHOH o6JiaCTH HX TIOBepXHOCTh 6yAeT HHT8HCHBHO o6pa6aTh!BaThCH 

a6paGHBHbIMH qacTHllaMH, HaXOABIUHMHCB BO BGB8lll8HHOM COCTOSI

HHH. Dpn: pa6oTe yJihTpaGByK6Boro HGJiy'laTeJIB B :>KHAKOCTH aos

HHKaJOT aKyCTH'l8CKHe noTOKH. CKOpOCTh ABIDK8HHB :>KHAKOCTH B 

HMX M KOH¢MrypaUMB noTOKOB MoryT Ob!Th paGJIU'!HbIMH. Depe'1-4e

ma10mn:ecg noA A8HCTBMeM aKyCTWI8CKHX T8'!8HHH a6paGHBHb18 

'!aCTMUbl noA06H6 MMKpope:>Ky:W:eMy HHCTpyMeH'l'Y cpeGalOT MMKpO

nepOBHOCTH noaepXHOCTM o6pa6aTbIBaeMoro MaTepn:ana. 0TAeJI:c-

Hhie '!aCTHUbl a6paGHBa, nonaAAA B GOHY A8HCTBMB MMnyJJhCOB 

AaBJ18HMB, BOGHMKaIOIUHX npM GaXJ10IlbIBaHMH KaBMTaUMOHHblX nonoc ... 

Tei!:, npuo6peTaB BbICOKHe CKOpOCTM, MoryT npOMGBOAHTh AOnoJI-

HHT8J1hHbl8 paGpymeHMf! Ga. C'l8T npgMoro YAapa. '!aCTMUbl 0 no-

aepXHOCTh o6pa6aTbIBaeMOH A8T8J1H. 

DpM aTM0cqiepHOM AaBJieHMM Ao6aaKa a6paGHBHhIX '!aCTHU B 

KaBHTMpy10my10 :>KMAKOCTh He AaeT a¢¢eKTa npM yAaJieHMH c AeTa

neil: MHKpOHepOBHOCTeli H $ayceHUeB. 

MexaHHGM pa3pyme1nrn TBepAhIX Ten B yJihTpaGBYKOBOM none 

HCCJ18AOBaJ1U c noMOIUl:>IO CKOpOCTHOH KHHOCbeMKU. co CKOpOCThlO 

3000 KaApOB B ceKyHAY· 

3KcnepHM8HTaJ1hHaB ycTaHOBKa AJIB npoB8A8HHB KHHOCb8MKH 

noKaGaHa Ha puc. 1. B K.a'!eCTBe MCTO'lHHKa l yJihTpaGBYKOBbIX 

KOJie6aHHM npuMeHeH MarHHTOCTpHKUHOHHblH npeo6pa30BaT8J1h THna 

DMC- l 5A-l 8. PeGOHaHCHaB 'lacToTa npeo6pa3oBaTelli'I 18 Kfu. 

I1snyqaTeJ1eM cny:>KHT lffiCTpyMeHT 2 nonyBOJIHOBOH AJIHHbI, B yGJie 

cMemeHHB KoToporo (npuMepHo nocpeAHHe) saKpenneHa npospa

'!HaB repMeTH'!HaB. KaMepa 3 HG opraHmecKoro cTeKna. 

I1ccneAOBaHHB npoBOAHJIH B BOAe. AMnnn:TyAa KOne6aHHH HG-

nyqaTeJIB COCTaBJIBJia 10 MKM. 06b8KTOM HCCJI8AOBaHHH CJiy:>KWIH 

nJiaCTHHKH HG opraHH'f8CKOro CT8KJia, Ha KpOMKax KOTOpblX HMe

JIUCh sayceHUbl nepeMeHHOrO ce'!eHUB BblCOTOH AO 2 MM. DJiacTu

HKY H8ITOABIDKHO 3aKpeITJIBJ1H Ha paCCTOBHUU 5-7 MM OT Topua 

HGJIY'l:aTeJIB. KHHOCb8MKY npOBOAUJIH ~u HOpMaJihHOM H TI0Bbllll8H

HOM UG6bITO'lHOM AaBJI8HHU 5 Krc/cM B KaMepe 3, COSAaBaeMOM 

c:>KaThIM raGoM qepeG yKpenneHHhIH Ha KpbllllKe 4 ll!Tyuep 5. 

DoKaAPOBbIH aHaJIU3 KHHOITJI8HOK ITOGBOJIY!Jl ycTaHOBUTh, '!TO 

KaBMTaUUOHHhie nyGblphKH cocpeAOTO'!UBaIOTCB B MeCTe C08AHH8HHB 
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sayceHua c IlJlaCTIDlKOli. TipH aTMoc¢epHOM A8BJieHHH nyJihCaUHH 

DySbiphKOB He npHBOA.HT K paapymemno aayceHuea. C noahlllleHHeM 

HS6l:>ITO"'illoro Aaanemm AO 5 Krc/ cM2 aayceHeu Ha MOAeJIH paap;y

waeTCSI aa 2-3 c. 

·Oco6eHHOCThIO CHHTHH sayceHue.B B 3BYKOBOM none HBmleTCSl 

H36HpaT0JihHOCTh 9TOJ:'O npouecca, KOTOpaH ofrbHCHHeTCH MeHhlllett 

MexaHmecKOH npo'lHOCThIO OCHOBBHHH ooyceHua, '!TO CBH3aHO c 

KOHUeH'I:pauHeli HBllpH)!(0HHtt, MHKpOTpeIUIDIBMH H APYJ:'HMH noaepx

HOCTHbIMH Ae¢eKTaMH. KpoMe Toro, Ha CTbIKe aayceHeU-AeTaJih 

C03A8IOTCSI Han6onee 6naronpIDITHbie ycnOBHH AnH COCpeAOTO'leHHH 

KaBHTBllHOHHbIX nyGblphKOB, KOTOpbie YA0P)!(HBBIOTCH Ha MHKpOHe

pOBHOCTHX. noaepXHOCTH. y OCHOBBHHH sayceHua KBBHTaUHOHHhie 

nys1>1pbKH KaK 61>1 3a)!(aTbI Me*Ay noaepXHOCTbIO .AeTaJlH H noaepx

HOCTblO 3ayueHua. EnaroAapH 9TOMy lfMeHHO 3A0Cb 

OOJlbUiaH qaCTb aHeprHH, B03HHKaroureli 

npH 3axnOllblB8Hlfli K8BliT8Ul10HHbIX rry-

3bipbKOB, nepeuaeTCH TBepuo:il: noaepx

HOCTH, 'ITO o6ycJIOBJiliB88T OTPbIB 3ay

ceHuea. 

Bo apeMH yJibTpB3BYKOBOH o6pa6oTKli 

A0T8Jllf llBli)!(YTCH B )!(l{JlKOCTli, yaneKae

Mbie aKyCTH'lecKHMli llOTOK8MH. 

llBmKeH!fe AeTaJleli B 3BYKOBOM llOJle J 
HCCJI8AOB8HO llpli HOpMBJlbHOM li 110BhI-

llI0HHOM CT8Tli'l0CKOM ll8BJI8HHli C liC-

llOJlb30B8HlieM KliHOC'b8MKli CO CKOpo

CTbIO 24 Kanpa B ceKyH.UY. 06'beKTOM 

HCCJ181l0B8HHH CJly)!(liJili ll8T8Jili qacoaoro 

. H llP!fOoPHOI'O npoli3BO.llCTBa. 

PHc. 1. 3KcrrepuMeHT3JibHa.ll ycraHOBKa wrn 
npoBe,l],eHHH KHHOC'beMKH IIO,l], craruqecKHM ,lJ,aB
neHHeM: 1 - rpaHc<t>opMarop yrrpyrux Kone6aHHH: 
npeo6pa30BarenH IlMC-lSA-18; 2 - HHCTpyMeHT; 

3 - KaMepa H3 oprcreKrra; 4 - KpbIIIIKa; 5 - IIIryuep; 
6 · Koprryc; 7 - pa6ol!lfii o6neM 
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TI pH IlOBblllleHHll H36bITO'!HOI'O A8BJiemIB /].O 5 KI'C/ CM2 neTa.TIU 

H8'lllH8IOT nepeABllI'8TbCSI no CJIO)KHbIM TpaeKTOpHSIM, B psine 

cnyqaeB He K8C8S!Cb IlOBepXHOCTll H3.TiyqaTeJ1SI. Tipu 9TOM CKOpOCTb 

ABH)K8HHSI li BbICOTa nOA'be
0

Ma B03pacTaIOT B H8CKOJ1bKO pa3, '!TO 

o6ycJ10BJ1eHo MOllUibIMM aKyCTW!eCKHMM noTOKaMH. 

CKopocTb aKycTM'!ecKHX Tet:IeHHH B )KH/J.KOCTSIX onpeAeJISl.TIH npu 

H36bITO'!HOM CT8Tll'l8CKOM A8BJI8HHH. 

CKOpOCTli llOTOKOB HaXO/J.MM no CKOpOCTSIM ABM)K8HllSI CT8JibHbIX 

mapMKOB paSJili'!HOI'O AMaMeTpa (0,66; 0,98; 2,44 MM), noMe-

meHHbIX B KaBMTMpy10m:y10 )Kll/J.KOCTb. B Kat:IeCTBe pa6ot:Ie:H )KMJJ.-

KOCTM l1CnOJ1b30B8J1H /].HCTHJIJIHpOB8HHY10 BOJJ.y, I'JlMUepHH H CMeCb 

BOAbl C I'JlMUepUHOM. 

TpaeKTOpMM ABli)KeHUSl wapHKOB B 9TMX )KlflJ.KOCTSIX ~n pa3HbIX 

l136bITO'!HbIX CT8Tll'l8CKUX A8BJ18HllSIX ( 0, 5; 10 KI'C/ CM, ) 3atjluK

CHpOB8Hbl C nOMOJll,bIO CKOpOCTHOH KlU!OC'heMKU CO CKOpOCTblO 650 
KaApOB B ceKyHJJ.y. 

XapaKTepHbie TpaeKTOpMII IJ.Bll)KeHHSI wapHKOB B pa3JIII'!HbIX 

)Kli/].KOCTHX npu pa3Jill'!HbIX CTaTH''l8CKUX /].8BJ18HllSIX noKa3aHbl Ha 

puc. 4-6, rne no OCH a6CUHCC OTJIO)K8HO 6e3pa3MepHoe paCCTOSl-

Hlie OT ueHTpa l13.TIY'l8T8J1Sl AO CTeHKli UlIJIHHApll'!eCKOH KaMepbI 

R /Ro (Ro - paJJ.rryc MGJiyt:Ia10ruiii1 noBepXHOCTH1 R - pac-

CTOSIHMe OT MecTa H8XO)KA8HllSI mapa /].O oc'H Katv!epht), a no OCH 

opJJ.HHaT - BbICOTa no,a.'beMa wapHKOB, Umppa'"1H Ha KplIBbIX yKaGa

HbI HOMepa mapliKOB, Ha6JIIO,[l.8Bllll!XCSI B onbn:e. 
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80 I I ~ 8"\i I 
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a) o) 

-0,5 

P11c. 4. TpaeKrop1111 /J,BmI<eHMH wapoB B Bone rrp11 M36bIToqHOM 

)J,aBnett1111 0 (a), 5 (6) 11 10 (s) Krc/cM
2 
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AHanRs rpa¢RKOB R KHHOKaApoa BhICOKocKopocTHOH (CbeMKR) 

llOSBOJUleT OTMeTHTb Pf!A xapaKTepHbLX oco6eHHOCT0H ABWK0HHB 

wapRKOB B BOAe. TipH HO_pMaJlbHOM AaBJleHHH TpaeKTOpHH wapR;KOB 

AHaMeTpOM 2,48 MM (TeMHbie TO'IKH) 6J1HSKH K IlpHMOJlHHeHHbIM. 

Illapbl ARaMeTpOM 0,66 MM (caeTJlbie TO'IKH) HeCKOJlbKO OTKJlO

lIBIOTCSI B CTOpOHy OT IlpHMOJIHHeHHOro ABWKemm oco6eHHO npH 

ABH:IB:eHHH BBepx. TiepeMemeHHe wapOB npoRCXOAHT B OCHOBHOM 

BCJ10ACTBH0 YABpa HX 0 Topeu HSJly'laTeJUI• 

TIOBblllleHHe H36bITO'IHOro AaBJleHHH AO 5 Krc/cM2, a SBTeM AO 

10 KI'C/ eM2 ( pHe. 4-6) eonpOBO:IB:AaeTe.H peSKHM HSMeHeHHeM 

Tpa0KTOpHH ABH:IB:eHHH wapHKOB oeo6eHHO npH HX ABH:IB:eHHH BBepx. 

B pa:Ae cnyqaea wapHKH ABH:IB:yTcfI no neTneo6paSHbIM TpaeKTOpH

HM H AJIHTeJlbHOe BpeMSI YAepm:HBaIOTC.H BO BSBellieHHOM eoeTOSIHHH, 

He Kaea.Heb Topua HSJiy'laTenH. 

3aMKHYTble TpaeKTOpHH ABIDKeHHH wapHKOB H eoOTBeTeTBYIOW:He 

JIHHHH TOKa aKyeTH'!eeKHX IlOTOKOB SaHHMaIOT o6'beM BbieOTOH npH-

6nHSHTeJ1bHO ..:l /2, I'Ae ~ c Amrna ynb:rpasayKOBOH BOJ1Hbl . 

B ABHHOi!: :IB:HAKOeTH ( J\ = 7! ) , C - CKOpoCTb 3ByKa B 

:IB:HAKOent; f - 'IaCTOTa YJibTpasayKOBbIX KOJ1e6aHMH. 

H,,.,,., H,"J!!_ H,M,!!_ 

40 

lfi \ 5f 
j-
'-,... ... 6 

ft j 
2 ] rr I Di 1: "" 20 

r; I "t Ir\ ill I 

11 1v- I I -~_.I 1.1 ·:.v V'1 ....... 13~ 
-0,5 0 0,5 -1 -0,5 0 0,5 

o) 
rfro -1 -o,s o as rlr. 

6) ' 0 a) 

PHc. 5. TpaeKTOpHH ABH:>Kemrn: rnapoB B rmui;e~HHe npH 

TO'IHOM J];aBJieHHH 0 (a)' 5 (6) H 10 (B) KrC/CM 

H36bI-

PesynbTaTbI HSMepeHH:li: cKopocTeli ABIDKemrn: wapMKOB AMaMeT

poM 0,98 MM B pasnH'!HbIX KBBHTHpyIOW:HX :IB:HAKOeTHX npH paSHOM 

CTaTH'!eeKOM ABBJieHHH npMBe.o.eHbI B Ta6n. 1. 
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Pnc. 6. TpaeKTOpHH ABH)!(eHHH rnapoB B BOJ:i:HO·nmu;epHHOBOH 

CMeCM (1: 1) IIpH H36bITO'IHOM naBJieHHH 0 (a),5 (6) H lO(B) Krc/cM2 

1. Cpe.rume CKOpocTH wai:ioa B KaBHTHpyrom:eii :lKH.llKOCTH 

3Ha'IeHl:ffi CKOpOCTH (CM/ c) npH H36b!TO'IHOM 

Cpena 

0 5 10 

v' - - -
Vt v' Vt VI Vt 

Boaa _12.§.__ 23 66 75 38 82 
35 40 68 77 80 41 

Boaa-rmm.e PHH .:..LL 47 ..§l. J6 36 50 
( 1: 1) 60 77 50 71 45 44 

fJrnuepHH li_ _9_ lL 25 .1LL -1..L 
12 17 35 30 31 36 

IlpnMe<J:aHHH: 1. CTpenKaMn noKa3aHo HanpaaneHHe ABH)KeHH.H 

wapHKOB OTHOCHT0J1hHO B8PTllK8J1H. 

2. TipMBeaeHHhie cKopocTH He .srnmnoTCSI cKopoCTSIMH aKycTH

<J:eCKHX IlOTOKOB, TaK KaK KpoMe IIOTOKOB Ha wapHKH aeiiCTByeT 

CHJ1a TSI)KeCTH H CHJ1a r'H.llpO.[(HH8MH'IeCKOr'O conpoTHBJ18HHH. 

3. B 'IHCJ1UTeJ1e yKa3aHa CKOpoCTh mapoB no ueHTpy, B SHa-

MeHaTeJ1e - no nepH~epHH. 
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AHami:s KmioKaApOB ABIDKeHlli'I mapHKOB (cM. pnc. 4-6) H pac
"ieTa CKOpOCTe.M noKa3bIBaeT, 'ITO npH TIOBbilll8HHOM H36hITO'lHOM 

ASBJI8HHH Ha6moAaIOTC51 TIOBTOps110lll;li8C5I peSKHe H3M8H8HH5I CpeA

H8H CKOpOC:TH nepeMern:eHlli'I i.UapHKOB, T8M 6oJiee SH8'1HT8JlbHhie, 

'18M AaJihUie mapHK yAaJieH OT IlOBepXHOCTH HSJiy'laTeJI5I. IlpH HOp

MaJihHOM A8BJI8HHH HSM8H8HHe CKOpOCTH npoTeKaeT 6oJiee TIJISBHO, 

Ha OTA8JihHhIX y11acTKax CKOpOCTh mapHKOB CT8HOBHTC51 

Holi, npH'leM npoT5I)!(eHHOCTh y11acTKOB c nocT05IHHoli 

Il0CT05IH-

CKOp0CThlO 

60Jihlll8 npH A8BJI8HHH, paBHOM Hyn10, H B 6oJiee B5ISKOH cpeAe. 

HanooJihUIHe HSMeHeHH5I cKopocTH ABIDKeHH5I npoHCXOA5IT Ha pac-
CT05IHHH A 12 OT rpaHHIIhI pasnena IKHAKOCTh-ras. Ilpn noBhI

meHHOM H36hIT0'1HOM A8BJ18HHH B )!(HAKOCTH BHAHhl KaBHTaUHOHHhl8 

SOHhI. Ilo BhlCOTe CTOJI6a )!(HAKOCTH BOOHHKaeT H8CKOJihKO SOH 

K8BHTaIIHH, TaK KaK B )!(HAKOCTH o6pasyeTC51 CT05I'la51 BOJIHa. c 
pocToM us6hIT011Horo nasneHH5I aTH SOHhI cTaHOBSITC51 xopowo sa-

M8THhlMH. , 

Ilony11eHHhl8 pesyJihTaTbl no3BOJ15IIOT A8JI8Th H8KOTOpble saMe

'18HH5I no Bhioopy TeXHonorn11ecKHX pelKHMOB ynhTpasayKosoli o6-

pa6oTKH npHM8HHT8JlhHO K paccMaTpHBaeMOMY npoueccy. 4eM 

Bb!llle CKOpOCTh aKyCTH'18CKHX IlOTOKOB, TeM Bhllll8 IlOAHHMaIOTC51 

AeTaJIH H, CJI8AOBaTeJihHO, M8Hhlll8 HX IlJIOTHOCTh Ha 8AHHHily 

o6beMa pa6011eli KaMepbl B6JIHSH Topua RSJiy11aTeJI5I. IlpH 8TOM 

A0TaJIH ropasno M8Hhlll8 38CJIOH5IIOT Apyr Apyra ( 8KpaHRpy10rn:Rli 

aqxpeKT)' a pacnpeAeJieHHe K8BRT8UHOHHhlX nySb!phKOB no o6beMy 

KaMephl CTaHOBHTC5I 6onee paBHOMepHhIM. CJieAOB8T8JlhHO, A~TaJIR 

TIOABepraIOTC5I HHT8HCHBHOH yJipTpassyKOBOH o6pa60TKe no BCeMy 

o6'heMy KaMephI. Ecmr B pa6011y10 KaMepy A06aBRTh a6pa3HBHhie 

'laCTHllhI, TO MOrn:HhI8 aKyCTH'18CKH8 IlOTOKR, BOSHRKalOW:He B Ka-

BHTRpy10meli )!(HAKOCTH npH Il0Bhllll8HHOM CT8TH'18CKOM A8BJI8HHR 

06ecne11aT BS8HMH08 nepeMemeHRe He TOJihKO A8TaJieli, HO R 

a6paSHBHhIX '18CTRU. IloaTOMy npoRCXOART l'HApoa6pa3HBH08 RCTH

paHHe sayceHU8B R B nepay10 011epeAh RX OCTphlX KpOMOK. 

TaKHM o6pasoM, paspyrueHRe ocTpoli ~poMKR sayceRua npoHc

XOAHT BCJI8ACTBH8 cpesaHlli'I ee '18CTH'1KaMR a6pasHBa, a OCHOBa-

HHe sayceHUa paspymaeTC51 Sa C""leT' KaBRTaUHOHHOH aposm1. IlpH 

8TOM DJIOW:8Ah C8'18HH5I sayceHua (acerAa YB8JIH'18HH85I y OCHOB8-

HH5I), BblpaBHHB88TC5I no BC8H ero BhlCOTe. OieBHAHO, 'ITO poJlh 

l'HApoa6pa3HBHOl'O paspylileHlli'I npo5IBJI518TC51 T8M ClIJihHee, ""l8M 

3H8"-IlIT8JlhH88 paspymeH sayceHeU y OCHOBaHmi. 

l1cXOA51 HS npHBe.QeHHbIX pesyJibT8TOB lICCJI8AOB8HRH, MO)!(HO 

SaKJIIO""IlITh, 'ITO OCHOBHhIMR cj:laKTOpaMR, 06ecneqHBa10rn:RMR yAaJie

HHe sayceHuea, HBJI518TC5I RX KaBRTauuoHHa5I aposlli'I npR oriHoape

MeHHOM nepeMern:eHHH AeTaneli aKyCTlI""l8CKHMU IlOTOK8MH. JlelicT

BHe 8THX cj:laKTOpOB YCUJIUBaeTC51 npR A8HCTBlllI AOnOJIHHT8JlbHOl'O 
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CTaTH'IeCKOI'O Aasnemrn: H BBeJ:(eHHH B iKMJ:(KOCTb qacnrn: a6paGHBa. 

CnenyeT noJ:(qepKHyTb, qTo nopor KaBrrTanrrn: (aKycTnqecKoe naB

nemie, COOTB8TCTBy10ruee BOGHHKHOB8HH IO KaB!1Tamm) n: ee sqxpeK

THBHOCTb G8BHCHT OT CBOHCTB iKMJ:(KOCTH, B qacTHOCTH OT ee B.HG-

KOCTH. 3tjJ¢eKTHBHOCTb K8BHTa.UHH HHIKe B BHGKHX iKHllKOCi.Hx 

(nmnepHH H ero cMec11 c sonoti). 

CnenoBaTeJ1hHO, MOiKHO peKOM8HAOBaTb ABa MeTOAa CH.HTHH 

GayceHues B ynbTpaGBYKOBOM none. 

TiepBbllI MeTOA OCHOBaH Ha a¢¢eKTe I'MApoa6paGHBHOI'O lICTHpa

HH.H OCTpbIX KpOMOK B pa6oqeti iKMJ:(KOCTH c a6paGHBHbIMH qacTH

llaMH rrpn: COGAaHHH B 8TOH iKMJ:(KOCTH YJ1hTp83BYKOBOH K8BHT8UHH. 

B OCI-IOBY BTOporo M8TO,O.a IlOJ10iK8H a¢¢eKT Kll.BlITaUHOHHOI'O 

paGpyrueHH.H OCHOB8HHH GayceHUeB. TioaToMy o6pa60TKY npCBOA.HT 

B :>KMAKOCTM 6es a6pa3HBHbIX qacTMU. OnHaKo B 8TOM cnyqae AJI>r 

ycuneHillI paspymeHH.H ocHoBaHMti sayceHues o6pa6oTKy uenecoo6-

paGHo rrpOHGBOAlITh B Xl1MMqecKM aKTHBHbIX cpeAax. 

.0.etiCTBMe XHMrrqecKH 8.KTlIBHblX cpen OCHOB8HO Ha HG6rrpaT8J1b-

HOCTH npouecca TpaBJ18HHH. Harr6onee HHTeHCHBHOe paCTBOpeHIIe 

MeTaJ1J1a rrpOXOAMT TaM, rne HMeIOTCH OCTaTOq}fole MeXaHrrqecKHe 

HaIIpH)K8HH.H IIOBepXHOCTH H rrpe>Kne BCero B MeCTe coenHHeHH.H 

GayceHua c A8TaJ1bIO. Tiprr 8TOM OCHOBaHrre sayceHua TIOATpaBJil!Ba

eTCH rr rrpoqHOCTh ero coenHHeHH.H c neranhIO yMeHblllaeT<?.H• Kpo

Me Toro, Tipl! TpaBJ18HHH IIOBepXHOCTH AeTaJ1H BbIA8J1.HeTC.H BOAOpo.o:. 

Tiy3blpbKM BOllOpona 5IBJ15IIOTC.H 3apOAbllIIaMH KaBHTallHH, GaXJIOIIbl

BaIOIUHMlICH Henocpe)lCTB8HHO Ha IIOBepXHOCTH. 3To ysenrrqMBaeT 

KaBHTaUIIOHHy10 spoGIIIO sayceHues. HaBOAopo:>KI1BaHrre rrosepXHocT

noro cno>I MeTamw Mo>KeT TaK>Ke npl!BOAIITh K ero oxpyrrql!BaHrr10. 

B pesynbTaTe o6nerqaerc>I MexaHrrqecKH:H oTpbIB sayceHua B yc

J10BH.HX ynbTpaGByKOBOM KaBIITallIIH. 

Cne.uyeT OTMeTHTh, qTo yAaJieHrre sayceHUeB c neTaneti B xII-

MII'lecKrr 8KTlIBHbIX paCTBOpax MOiKHO rrpoHGBOllHTb }I B 06biqHbIX 

ynhTpassyKOBbIX BaHHax 6es HG6bITOqHoro nasneHHH. 

PaccMoTpIIM yJibTpassyKoBoe nucrreprIIpoBaHrre nopOI11KOB. 

Mexa.HIIGM AIIcnepnrposaHHH rropolIIKOBbIX MarepIIanoB B ynh-

TpaGBYKOBOM none o6ycJ10BJ18H ll8J1bIM p>IllOM 5lBJ18HlIH, I'J1aBHbIMlI 

11:3 KOTOpbIX 5lBJI5lIOTC5l KaBIITaUH.H II TIOTOKH, B03HIIKaIOmIIe B pa6o

'-lei1 >KMJ:(KOCTIIo 

. Tipu GaXJ10IIblB8HlIH KaBHT8UIIOHHbIX TIOJ10CTe:i1 B iKHAKOCTII OT 

MecTa saxnorrb!BaHH.H pacrrpocTpaH.HeTc>I ynapHa>I BOJIHa c:>KaTIBI
1 

.MaKCIIMaJihHa>I aMTIJ1HTy,[(a A8BJ18HH.H B KOTOpoti MO:>KeT ,[(OCTHI'8Th 

HeCKOJihKHX Tbrc>rq KHJ1orpaMM-CHJ1 Ha KBaApaTHLiti caHTHMeTp. TaK 

KaK BCJ1e,[( Ga YA8pMOH BOJ1HOH Bcerna CJ1eAyeT BOJ1Ha c 0TpHlla

T8J1hHbIM ll8.BJ18HIIeM, TO Ha ':!8CT'Hllbl, H8XOMIUH8C5l B :>KlillKOCTII, 

6y.uyT A8MCTBOBE!Th paCT5l!'lIBaIOIUH8 HaTip>r>KeHH.H, KOTOpbie H Tip'H-
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BO,lJ.5IT K HX paspyweHHIO. I1HTeHCHBHOCTh KaBHTaUMOHHOr'O B03-

JJ,ei1:CTBIBI ocna6eBaeT c yBeJIW!eHHeM paccTO.HH'lffi OT usJiytraTeJ1.H 

BCJ18JJ,CTBlle pacceUBaHIBI ll nornom:eHIBI yJihTpa3ByKOBOH 8Hep~fiu. 
ilaBJI8HHe B 8TOH BOJIHe cna)J.aeT JJ,O HYJ1.H Ha paCCTO.HHHH, paBHOM 

JJ.BYM-TpeM JJ,HaMeTpaM 3a.XJIOilHYBlll8HC.H IlOJIOCTH. fi08TOMY 60Jih

lllYIO pOJib B npouecce JJ.HCITepnrpOBBHIBI urparo;r JIOTOKH, KOTOpbie 

cnoco6cTBYIOT HHTeHCHBHOMY nepeMem:eHMIO qaCTHll nopomKa B 

o6beMe IKMJJ.KOCTH. CrreJJ.yei noJJ,qepKHyTb, '!TO Hau6onee a¢¢eK

THBHO JJ.HCilepnrpoBaH118 xpyITKHX MaTepuaJIOB c lICXOJJ,HbIM pa3Me

poM qacTIIll t!. 2 0 MKM. 

ilJI.H IlOBbilli8HH.H a¢¢eKTHBHOCTH yJibTpa3BYKOBOr'O JJ.lICrrepr11po

BaHH.H rropolliKOBblX MaTepliaJIOB cJieJJ,yeT ycHJrnBaTh JJ.8HCTBH8 

KaB11Ta1um 11 CKOpOCTh llOTOKOB. 3To MO)K8T 6bITb JJ,OCTllr'HyTO 3a 

c'leT yBeJIH'leHmi: 11s6bITO'lHoro cTaTH'!ecKoro JJ,aBJieHIBI B pa6o'leil: 

IKMJJ,KOCTH. OJJ,I-IaKO 3Ha'leHH8 H36bITO'lHOr'O JJ,aBJI8HH.H HaJJ,O ycTa

HaBJlllB8Tb B 3aB11CIIMOCTII OT aMITJIIITYJJ.bl KOJie6aHHK Topua HGJiy

qaTeJIH ~ , ilJIH pacqeTa OITTIIMaJihl-!Or'O II36bITO'lHOr'O CTaTii

'l8CKOr'O JJ,aBJieHH.H MO/KHO IICITOJlbGOBaTh COOTHO!lleHHe 

PcT = 0,4 PaKYCT• (1) 

r'JJ.8 p aKyCT = J' c iAJ ~ ' 3JJ,8Ch ...Pc - aKyCTH'l8CKOe conpoTIIBJieHHe 

)KMJJ,KOCTll ( fl - ee nJIOTHOCTbj c - CKOpOCTh GLyKa B IK.HAKOC-

TH); W = 2.J'ff ( F - qacToTa YJihTpasayKOBbIX KOJie6aHHil:); ~-
aMnn11TyJJ.a Kone6aH11H Topua m3ny'laTemr. Ecnu JJ,aBJieHue 6onbllie 

HJlll M8llblll8 BbI!lleyKaGaHHOr'O, TO 8¢¢eKTHBHOCTh KaBIITaUHll CHM-

/KaeTC.H. 

2. BbIEOP 11CT04Hl1KOB YJJbTPA3BYKOBbIX KOJJEEAHl1M 
JIDH YCTAHOBOK, PAEOTAIOI.lll1X IlPl1 IlOBblllIEHHOM 
CTATw-IECKOM L1.ABJJEHl111 

l1cTO'lHHKH yJihTpasByKOBblX KOJie6aHHH, npeJJ,Ha3H8'l8HHbl8 llJl.H 

ycTaHOBOK, pa6oTalO!ll,HX np11 TIOBbI!lleHHOM CTaTHLJE?CKOM JJ,aBJ18HIIII, 

JJ,OJ1)KHbI OTBe'laTb CJieJJ,yIOllllIM Tpe6oBaHIBIM: 

1) IIM8Tb JJ,OCTaTO'lHO paBHOMepHoe no m10maJJ.II m:.3J1y'laTeJI.H 

3BYKOBOe none; 

2) o6ecneqHBaTh 6oJib!llIIe aMnm:ITyJJ.hI Kone6aHuil: usny'laroII(etl: 

noaepXHOCTH ( w .::::.. 10 MKM), T.e. BblCOKHH yposeHb 3BYKOBOI"O 

14 

IIJIII npOTlIBOWYMHbIMll Hay!llHHK8Mll. fipII nplir'OTOBJleH'!HI paOO'lHX 

paCTBOpOB cnenyeT IlOJlb30BaThC.H ¢apTyKaMII, O'lK8MH u pe31IHOBhI

MII nep'laTKaMII. 

DpII 8KcITJiyaTauuu o6opyJJ.OBaHIBI Heo6xoJJ,11Mo nepHOJJ.H'leCKH 

npoBepHTh ypoBeHb wyMa Ha pa6o'leM MecTe, Dpu pa6oTe ynbTpa

aayKOBbIX ycTaHOBOK ypoBeHb myMa He JJ.OJI/KeH npeBbI!llaTb 110 AE 
B COOTBeTCTBlIII c rocT 1.21.001-75. 

Yc:raHOBKH TIIna Y3Bil-6 u Y3Bil-8M, npeJJ.Ha3Ha'!eHHbie JJ.JIB 

pa60Tbl c KHCJIOTHbIMH 11 !ll,8JIO'!Hb!Mll pacTBOpaMH, CJieJJ,yeT pa.&-

Me!ll,a Tb B noMem:eHIIBX, 11M810!ll,HX CTOK B O'lllCTHbie KaHaJIHGallMOH

Hbl8 coopylKeHIBI npeJJ.DpIBITIBI. Ilpu pa3MeJ.l(8Hllll ycTaHOBOK B no-

MeIUeHIIHX, He 11M8IOll.lllX TaKIIX CTOKOB, OTpa6oTaHHble pacTBOpbl 

He06XOJJ,HMO co6upaTb B OTJJ,eJihHbI8 eMKOCTll, ilonycKaeTCH Heil:

Tp8JIII3aUIBI OTpa6oTaHHbIX paCTBOpOB (He COJJ.8p1K81UHH coeJJ,HHe

HlIH xpoMa) cpeACTBaMll uexa, ecmr HMeeTc.H paspe!lleHIIe noJJ.pa.&

JJ,eJieHIBI caHHTapHOr'O HaJJ,30pa npeJJ.llpIBITIBI. 

TunoBbie Texi1onorW1ecK11e npouecchI cH.HTHH 

sayceHUeB yJihTpaSByKOBblM MeTOAOM 

Ilpuno1KeHHe I 

TIInOBbie TeXHOJIOI'll'IeCKHe npoueCCbl (CM, Ta6J1IIUY) COCTOHT 

lIS CJieJJ,yromHX OCHOBHbIX onepairnil:: 1) TIOAr'OTOBHTeJihHOHj 2) 
yJihTpaGByKoaoil: 06pa60TK11; 3) npOMbIBKlij 4) naccHBHpoaaHIBI IIJITI 

OCBeTJieHIIH; 5) Cy!llKllj 6) KOHTpOJIH, 
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HcTo'illHKaMH TOKCK'l:HOCTH sinranoTCH raSbI mm napbI KOMxioHe

HTOB npHMeJrneMbIX )KllJlKHX cpe.a: KHCJIOT, menoqei1, opraHHT.J:eCKHX 

paCTBOpHTeJiei1. 0TpaBJ18Hru:l MOI'YT npOH:30HTH npH COCTaBnemrn: 

pa6oqux paCTBOpOB B noMememrn:x c J-Ie,nell:CTByromei1 MeCTHOil: BeH

TW1HUHeH H npH 8KCtmyaTaUHH ycTaHOBOK c He,nei1CTBYI01l.J:8M MecT

HOH aeHTWIBUHe:H. 

OnacHOCTb ao.s.n.e:HcTBru:I ynbTpaGByKOBhIX Kone6aHHH nooaJllie'.I'

csi npH npoae.n.emni: TeXHonorHT.J:ecKHX npoueccoa y.QaJieHHH aaycen

uea n .n.ncneprHpoaaHmi:. HcTO'illHKOM ynhTpaaayKoaoro aoa.n.elicT

Blffi .HBJ1H8TC.H KOne6aTeJibHa.H CMCTeMa ycTaHOBOK. 

3J1eKTPOTpaBMbl MOI'YT BOGHHKHyTh npn H8HaA8Ji{HOM GaGeMJie

HHH o6opy.D.OBaHHSI H noape)l{A8HHH HGOJli!UHM TOKOBe.n.ymnx 9JieMeH

TOB ycTaHOBOK. 

Tiom:apoonacHOCTh M0)!{8T BOOHHKHYTb npM npHr'OTOBJ18Hllll pa6o

'tfMX. paCTBOpoB. 0T.D.8JihHhie KOMilOH8HTbI paCTBOpOB (xpoMOBbiii: 

£\HI'HAPif.t:\1 aGOTHa.H M cepHaH KHCJIOTa) MOI'YT Bb!GBaTb BOCnJiaMe

HeHHe npH conpHKOCHOB8HHH HX c HeKOTOpbIMH aemecTBaMH op

raHHT.J:eCKOI'O npOHCXO)!(AeHtm (ApeBecmm:H H .ap.). 

XnMHKO-TepMHT.J:eCKHe TpaaMhI MoryT npouao:HTM npM nona;rwHHH 

pa6otrnx )K<fAKOCTetl: nmi: HX OTAeJihHbIX KOMnoneHTOB Ha Heaamu-

IU8HHbie yqacTKH KOIKH. 

Tipn paapa6oTKe TeXHonornqecKoro npouecca H aae.aeHHH B 

sKcTIJiyaTaUHIO ynhTpa.sayKoaoro o6opy.aoaamm .n.omirna 6brT:b coo

TaaneHa HHCTPYKUIDI no T8XHHKe 6eGonacHOCTH B COOTBeTCTBHH c 

"CanHTapHbIMH npaBHJiaMH opraHH3aUHl:I TeXHOJioruqecKHX npoueo

COB H rHrHeHwrecKM.X Tpe6oaam1ti K npOHGBOAC1'BeHHoMy o6opyJJ.O

B8HHIO" (1042-73, MHHanpaa, 1973 r.), "IlpaBHJiaMH TeXHlf'!eo

KOtl: 8KCnnyaTaUHH 8J18KTpoycTaHOBOK noTpe6HTeJietl:" H "IlpaaWia~ 
MH TeXHl:IKH 6eaonacHOCTH npH 8KcnnyaTaUMH 9JieKTpoycTaHOBOK 

noTpe6uTenei1", yTsep)!(AeHHbIX fOC8HeproHaJJ.sopoM CCCP 12 

anpe.TIB 1963 r., a TaK)!(e "THnOBbIMH npaBMJ1aMH IIO)KapHOi% 6es

onacHOCTM AJI.H npoM'bIUmeHHbIX npeAIIpllHTHH11 
t YTBep)!(p;eH)IhIX rnaa-

HblM ynpaaneHHeM no)!(apHoli oxpaHbI MBll CCCF 21 a.srycTa 

1975 r. 
llmI o6ecneqeHHSI 6e3onaCHOCTH pa6oTaIOIUHX npoMGBOACTB8HHbie 

IIOMeIUeHtm, B KOTOpbIX paGMeIUaIOTCH YJihTpaGBYKOBbie ycTaHOBKH 

H npHrOTOBJI.HIOTC.H pa6oqMe paCTBOpbI, Heo6XOJlHMO o6opyAOB8Th 

o6meo6MeHHoli npHTO'!HO-BbIT.H)KHOli BeHTHilllUHeli. YcTaHOBKH H 

ynbTpaaayKoaoil: renepaTop AOJIJKHhI 6bITh Ha,o,e)!(Ho GaOOMJieHhI. Ha 
yqacT'.Ke, rne pa3MemaroTC.H ycTaHOBKH, peKOMeH.ayeTCH HMeTb IIpoTH

BOra30BbIH ¢tt:JibTpyroIJIHM pecnHparop PTir -6 7 ( rocT 12.4. 004-7 4) 
nnsi HcnonhsoaaHH.H B aaapumroil: CHTyauurr. Ilpu npo-

BeAeHHH TeXHOJIOI'W'!ecKoro npouecca c HCDOJibGOB8HH8M YJihTpa

GByKa CJie)lyeT IlOJlh30BaTbC.H sarnymKaMH HG YJihTpaTOHKOM BBTbI 
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AaBJI8HIDl (~ 7-10 Krc/cM2) H YA8J1hHOH 8KYCTH'tf8CKOH: MOIUIICICTH 

BO BCeM pa6oqeM o6'beMej 

3) HM8Th H3Jiyqa10myro noaepXHOCTb, Il03BOJI.HIOmyIO o6pa6aTbl

BaTb 6oJihllIHe o6beMhr; 

. 4) MaTepl:Ian liGJIY'Iaromero 8JieMeHTa non)!(eH o6nanaT:o BbICO

KOli CTOHIWCTbIO K KaBHTaUliOHHOH 8p03HH mr6o AOJI)!(H8 6b!Th 

o6ecne'!eHa npocToTa 3aMeHbI aneMeHTa. 

llmi: B036y)!(,!J.8HHH KOJie6aHHM B EKHAKOCTH B DpOMblllIJI8HHOCTli 

UIHpOKO pacnpocTpaHeHhl MarHHTOCTpHKllHOHHbie npeo6pa30BaTem1 

THna TIMC-6M. Ha HX ocHoae Bbrnyc:K:aroTCSI ynhTpaGBYKOBbie aaH

HhI nmr paGJIH'!HhIX TeXHonorHqecKHX uenetl:. llpeo6paGoaaTeJih TH

na TIMC-6M, XOT.H 11 rrMeeT 6onhlllyro HGJiy'tfaromyro IIOBepXHOCTb, 

He MOJKeT 6bITh MCilOJihGOBaH B KaqecTBe HCTQqHHKa YJibTpaGBy-

KOBbIX KOJie6aHIIH AJI.H ycTaHOBOK, pa6oTaIOllU'.l.X nprr ):0Bbllll8HHOM 

CTaTH':I8CKOM,AaBJI8HHH. fJiaBHbIM H8AOCT8TKOM .ll:BJI.ll:8TCH CpaBHH

T8JibHO MaJiasI aMnJIHTy.aa KoJTe6aHHM ero KBanpaTHOH AHalfiparMbl 

pasMepoM 300x300 MM ( 'j ~ 5 MKM). Pacnpe,o,enerrne aMIIJIH

TYAhI TIO AHa<pparMe HepaaW:>MepHoe: HaH60Jihllla.H aMIIJIHTyna B 

ueHTpe, B M8CTe nprrnai1KH MarHHTOCTpHKUHOHHOI'O naKeTa ( ABH

raTem:r) K nnarpaMMe, a K nepH!fiepHH ee 3Haqmrne yMeHhlliaeTC.H 

AO ~" 1 MKM. TipH pa6oTe IIOA m36bITO'JJlb!M AaBJ18HHeM 8TO 

rrpHBOAHT K CHH)!(8HHIO K08ifJGJHUH8HTa HCilOJihGOBaHHH npeo6paGOBa

T8JI.H, TaK KaK T8XHOJIOI'H'tf8CKHH 9<j:l¢eKT MO)!(HO nonytJ:HTh TOJibKO B 

UeHTpaJ!hHOH qacTH mra¢parMbI, a Ha OCTaJibHOH noBepXHOCTH Ka

BHTaUHSI He BOGHHKaeT fs.aecb HapymeHO YCJIOBHe ( 1 )J. 
ManrnTocTpHKUHOHHhI:il: npeo6pa.soaaTeJih Tuna TIMC-15A-18 

Han6onee npnro.aeH AJIH HcnonhGOBaHru:i a yJihTpasayKOBbIX ycTa

HOBKax, pa6oTaJOIIJ.HX nprr Il0Bbllll8HHOM CTaTHqecKOM AaBJI8HHH. 

Tipeo6paGOBaTeJih MMeeT HOMHHaJibHYIO MOJ.UHOCTh 4 KBT I1 pe$0-

HaHCHYIO tJ:aCTOTY 18 Kfu. OH COCTOHT H3 JJ.BYX OCHOBHhIX qac-

Teli: aKTHBHOl~o 8JieMeHTa - JJ.BHI'aTeJI.H H nprrna.HHHOI'O K HeMy 

IIaCCHBHOI'O 8J18M8HTa - TpaHCGJOpMaTopa ynpyrHX IWne6aHHM. 

ilBHI'aTeJib BbIIlOJIHeH B BHAe naKeTa H co6paH H3 llJTaMIIOBaHHbIX 

!IJlaCTHH, HGI'OToaneHHhIX HG nepMeunropa. Tpa11c<fiopMaTop ynpy-

rrrx KOJie6amftl:, nepe,naIOIUHM KOJie6aHtm OT JJ.BHI'aTeJI.H K HHCTpy-

MeHTy, MMeeT BRA yceqeHHoro KOHyca H HGrOTOBJ18H HG CTaJIH 

45. LlBHI'8T8Jih nepenaeT KOJie6aHH.H TpaHajJOpMaTopy ynpyrHX KO

n:eoaHHH, K KOTOpOMy c IIOMOill,hIO lllIIWihKli MOJKeT 6bITh npHKpen

JieH Cb8MHbIH IDfCTpyMeHT. 

Tipeo6pacoaaTenb TIMC-15A-18 HMeeT aKyCTHqecKyro o6paT

nyro CBH3b (AOC), KOTOpasI o6ecneqMBaeT aBTOMaTH':I0CKyIO no.a

CTpOHKY 'tfaCTOTbl 9JI8KTpMqeCKHX KOJie6aHHH npH HGM8H8HHH peao

HaHCHOM '!aCTOTbl CHCT8Mbl npeo6pa30BaTeJih-HHCTpyMeHT Ga C'lJ:eT 
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HSMeHeHllil aKyCTH':leCKOH HarpySKH, T.e. pa6oqe:il cpeAbI, conpH-
Kaca10meitcsr c Hsnyqa10meit rroBepXHOCThIO. 

TipeHMymecTBOM TaKoro rrpeo6paSOBaTeJISI HBJISieTCSI SHa':IHTeJih

HaH aMmrwryaa Kone6aHH:il (:l. 15 MKM), paBHOMepHo pacrrpeAeJie

HHasr no Topuy TpaHc<jiopMaTopa ynpyrHx KOJie6aHHit. 3To o6ecne

':IHBaeT ¢opMHpOB8HHe o6nacTeit paSBHTOit K8BHT8llHH no BbICOTe 
pa6oqero o6oeMa MHAKOCTH. 

HeAOCTaTKOM npeo6pasoBaTensr SIBJI.HeTc.H T01 ':ITO OH o6ecne•rn-

BaeT 03BY':IHB8Hl1e OTHOCHTeJihHO He60Jibll10l'O pa6oqero o6'beMa, 

KOTOpbiit orpaHH':leH AHaMeTpOM Topua HHCTpyMeHTa (L 120 MKM). 

TeXHH':leCKa.H xapaKTepHCTHirn npeo6pasoBaTeJISI DMC-l 5A-18 

HoMHHaJ1bHa.H MOilUIOCTh, KBT ••••••••••••••••••••••••••••••••••••••••••• 4 
PacLJ:eTHasr pesoHaHcHa.H qacToTa, Kfu.. ••• • • • • • • •• • • •• •• •• • • • • • • • • • • • 18 

HcMRHaJibHoe Hanpg:tKeHHe, B ••••••••••.•••••••••••••••••••••••••••••••••440 
LlnaMeTp BbIXOAHOI'O Topua, MM ••••••••••••••••••••••••••••••••••••••• 6 0 
AMnJIHTyAa KOJie6aHHit, MKM, He MeHee •••••••••••• ••••••••••••••••• 15 

TipoMbUuJieHHbie KOJII:>lleBbie ynI:>TpasByKoBbre npeo6pasoBaTeJIH 

TaKMe OTBe'iaIOT npeAbHBJieHHblM Tpe60B8HllilM. 

JilsBeCTHO, ':ITO HHTeHCHBHOCTb YJII:>TpasByKa B MHAKOCTH MOMeT I . 

6bITh sHa':IHTeJII:>Ho yBeJIH'!eHa sa c11eT era cpoKycnpoBaHHH. Llnsr 
8TOI'O nosepXHOCTH npeo6pa30BaTeJIB npHAaIOT <jiopMy ccpepbl HJIH 

llHJIHHApa, B TaKHX cHcTeMax HHTeHCHBHOCTh ynI:>Tpao3~YKOBbIX KO

ne6aHHit HapacTaeT no Mepe ABH)KeHllil OT H3Jiyqa10meit noBepXHoc

TH K cpOK8JibHOit o6nacTH, T.e. nOSIBJIH8TCSI BOSMOMHOCTb C03A8Tb 

nOBblllleHHyIO HHT8HCHEl1:\0CTb SByKa BHYTPH llHJIHHApa HJIH ccpepbI. 

BaMHo TaKMe, ':ITO KaBHTaUHH y nosepXHOCTH ¢0K.ycnpy10mero ns
nyqarensr OTCYTCTByeT, T,e. Ha ee o6pa30B8HHe He TpaTHTCSI 3BY

KOBOit 8Heprl1H l1 He npOHCXOJlHT pa3pYlll8HHe nosepXHOCTH HSJiy'ia
TeJIH, 

TipOMbllllJI8HHbl8 KOJiblleBbie ( llHJIHHApH':leCKHe) MarHHTOCTpHK

llHOHHbie rrpeo6pa30BaTeJIH npHMeHHIOT AJrn HHTeHCH<jlHKallHH XHMH

'ieCKHX npouecCOB l1 O'iHCTKH Tpy6. 

TipOMbllllJ18HHOCTb BbITIYCKaeT umfHHApH':leCKHe KOJII:>lleBbie npe-, 
o6pasoBaTenn rnna UMC-18 H UMC-8 ( Ta6n. 2). 0Hn BbITIOJIHe

HbI B BHAe KOJibU8BbIX HHK8J18Bb!X TIJiaCTHH, Ha6paHHbIX B naKeT; 

BHYTPh rraKeTa sanpeccosaH CTaKaH HS KOppo3l10HHO-CTOitKOit CTa
Jill, 

c ll8JibIO BbI6opa HCTO':IHHKa YJibTpa3BYKOBbIX KOJie6aHnit AJJSI 

ycTaHOBOK, pa6oTaIOI.UHX npn noBbllll8HHOM CTaTH':leCKOM A8BJieHHl1, 

16 

1 o. fpaHynoMeTpll'leCKHA COCTBB cycneHSHA, nonyqeHHbIX 

Ha yru:.Tpa3ByKOB6A ycTaHOBKe l1 lllapoaoa MeJ1bHHI(e 

TipHMeHSie- CooTHOllle- BpeM.H CpeAHHli 

Moe o6opy- Hile TBep- HSMeJih- pasMep 

AOB8Hl:ie AOii: H 'ieHHSI1 q 'i8CTHU, 

MHAKO:il MKM 

¢as 

1:16 1 0,7 

YJII:>TpaSBY-
KOBaH ye-

TaHOBKa 1:8 1 1,7 

' 

lllapOBaH 1:32 20 9 
MeJII:>HHua 

7. TEXHl1KA EE30TIACHOCTl1 TIPl1 PAEOTE 

HA YnbTPA3BYKOBbIX YCTAHOBKAX 

l1HTepBa-

JibI .AMC-
nepcHoc-
TH1 MKM 

L 0 1 2 

0,2-0,5 
0,5...;1,,0 

1-1,5 

0,5-1. 
1,0-2,0 

2,0-4,0 

4,0-6,0 

6,0-8,0 
~ 8,0 

"-1 
1-2 

2-4 

4-10 
10-20 
20-30 

~o 

cf>paK-

UHOH-
HbI:il 

coc-

T8B1 % 

10 

50 

30 

10 

52 

26 

17 
4 

1 

-
16 
28 

20 

20 

12 

4 
-

TipH yAaJieHHH sayceHUeB H AHcneprHpOB8HHH nopOlllKOBbIX Ma

TepnaJIOB Ha ynhTpaaByKOBhIX ycTaHOBKaX Heo6xoAHMO yqHTbIBaTh 

onaCHOCTh B03A6HCTBHH TOKCH'lHhIX BemecTB H YJihTpaaByKOBbIX 

KOJie6aHHli, aneKTpo- H nom:apoonaCHOCTh, BOSMOiKHOCTb XHMHKO

TepMH'leCKHX TpaBM. 
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KaK BHAHO HS Ta6n. 1 O, coAepx<aHHe KPYIIHbIX cppaKultll: B cyo
neHSMM1 nony'tf.eHHofi Ha YJlhTpaSBYKOBOll ycTaHOBKe, SHaqHT8J1bHO 
M8Hbllle1 qeM B cycneHSHH1 nonyqeHHofi Ha lllapOBOll M8J1hHHUe. TIO 
rpaHynoMeTpWiecKoMy cocTaBy cycneHSHH, nonyqeHHaH npH ynhT
pasByKoBofi o6pa6oTKe1 6onee OAHOpoAHa. TaK, qHcno qacTHU L 1 
MKM npH HSM8J1b'I8HHH B ynhTpaSBYKOBOH J'CTaHOBKe B Te'tf.eHMe 1 q 

COCT8BJ1HeT 52%, a npM HSM8J1h'I8HHH B mapOBOll M8J1bHHUe B Te
treHMe 20 tr - 16%. 

d,HKM 

·I I I I I 
If I\ I I 

H--\\ I I I 'I 

21 ~~"' I I I 

1 
0 0,5 1,0 1,5 'C,Y 

PHc. 16. 3aBHCHMOCTh cpep;Hero pa3Mepa qacnni; nopo111Ka OKHcn 
Marmrn: or BpeMeHH AHCIIeprnpoBamrn: B ycraHOBKe YI1XA-8M npH 

COOTHOllleHHH 1:8 (1) H 1:16 (2) 

<PopMa 'iaCTHU BO Bcex cppaKUHHX, nony'leHHbIX npn ynhTpa3BY
KOBOM noMone, oKpyrnru.i, trTo o6ecnetrHBaeT xopomy10 nnoTHOCTh 
ynaKOBKH traCTHll npH KaTOAQ¢JOpe3HOM HaHeCeHHH H30nHUHH. 

TaKHM o6pasoM, npnMeHeHne ynhTpaSBYKa nosBonHeT nonyqHTh 
cycneHSHH nopollIKOBbIX MaTepHaJ10B c paSMepaMH ti:aCTHU £ 1 MKM 
aa cpaBHHT8J1hHO KOpOTKOe BpeMH (L 1 q). 

· Han6onee ::ajxpeKTHBHO npMMeHeHMe ynhTpasByKOBbIX ycTaHOBOK 
B Tex cnyqru.ix, KOrAa paCXOAYJOTC5I He6onblllne KOJIW!eCTBa cyc
neHSHH B cMeHy ( nponsBoAnTenbHOCTh ycTaHOBKH YTIXA- 8M coc
TaBnHeT 5 n/T.f. npn COOTHOlll8HHH TaepAOH H )KHJ:(KOH cpas 1:8) npH 
HCnOJih30B8HHH HCXOAHOro nopOlllKa co CpeAHHMH paSMepaMH T.f.80-
THU t:. 20 MKM. 

40 

~ 
~ 

''I 

HCCneAOBaHbI 8HepreTWI8CKHe xapaKTepHCTHKH MarHHTOCTpHKUHOH
HblX npeo6paSOBaTenefi, npeAHaSHatreHHbIX AnH HHT8HCHcl>HKaUHH 
TeXHonorH'!eCKHX npouecCOB B )KHJ:(KOCTHX {yAaneHMe sayceHUeB H 
AHCneprupoBaHMe TPYAHOHSMenbtraeMbIX MaTepliaJIOB). 

06'beKTaMH HCCJleAOBaHHll HBnHJIHCh MarHHTOCTpHKUHOHHbie CTe
IJ)KH8Bbie npeo6pasoBaTemi: THna TIMC-15A.-18 H KOJihUeBhie npe
o6pasoBaTenu nma UMC-18 H UMC-8. 

2. TeXHJAecKru.i xapaKTepHCTHKa npeo6pasoBaTeneii THna UMC 

TiapaMeTp I 

HoMHHaJlhHaH MOlllHOCTh, KB'I' I 
PactreTHaH peSOHaHCHaH trac-
TOTa, Kfu 
HoMHHanbHoe Hanpsrm:eHue, B 
LlHaMeTp CTaKaHa, MM 
AMnnHTyAa Kone6aHHfi UHJIHH-
ApW!eCKOfi CT8HKH CTaKaHa, 
MKM I Pa6otrMfi o6'heM, cM3 

UMC-18 

2,5 

18 
350 

70 

6-7 
1000 

UMC-8 

4,0 

8 
400 
150 

18 
5500 

Tipeo6paSOBaTenH cpaBHHBanM no aKyCTH'I8CKOll MOlllHOCTH H 
HHTeHCHBHOCTH ynhTpaSByKa B pa6oqeM o6'beMe npH pasnH"!HbIX 
CTaTW!eCKHX AaBJ18HHSIX B HeM. AKyCTiftleCKYJO MOlllHOCTh HSMepH
JIH nyTeM KanopHMeTpHpoBaHHH. B Ta6n. 3 npHBeAeHbr AaHHbre AJIH 
npeo6pasoBaTeneli THna TIMC-15A-18 H UMC. 

AHanMS AaHHbIX Ta6n. 3 noKaSbIBaeT, 'ITO HHTeHCHBHOCTh ynh
TpasayKa B pa6otreM o6'beMe yBeJIWIHBaeTCH npH USMeHeHHli CTa
TW!eCKOro AaBJ18HHSI H AOCTMraeT MaKCUMaJibHbIX SHatreHHH npu 
4-5 Krc/cM2 AJIH npeo6pasoBaTenefi UMC-18 H TIMC-15A-18, 
AJIH npeo6paSOBaTenH UMC-8 npH ABB11€HHH 3-4 Krc/c~.~2. 

HaM60Jihllla.H HHTeHCHBHOCTh ynhTpasByKa o6ecnetrHBaeTCSI npe
o6pasoBaTeneM Tuna TIMC-15A-18. 0AHaKo B ¢0Kycupy10mnx npe
o6pasoBaTenHx Tuna UMC B SoHe, pacnonom:eHHofi no ocu UHJIHH
ApWiecKoro nsnytraTenH, HHT8HCHBHOCTh SByKa HaMHOro Bblllle 
CpeAHeii:, yKaGaHHOH B Taon. 3. 

TionytreHHbie AaHHbie n03BOnHlOT C/.l8J1aTb AOilOJIHHT8J1hHb!e Bbl
BOAbl 0 ponn US6bITO'IHOro CTaTW!8CKoro AaBJ18HHH B :lKHJ:(KOCTHpIX 
npoueccax ynbTpaGBYKOBoii: TeXHonorMH. TaK, perynnpyg U36bITO'i
HOe cTaTWI8CKOO A8BJieHne, MO)KHO yBeJIWIHTh aKyCTUtreCKYlOMODT-
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HOCTh, OTJJ.aBaeMyro npeo6pasoBaTeJieM B HarpysKy 6es noBhllllemm 
noTpe6ruieMOii 8JleKTpll'IeCKOii MOIIUlOCTM. 

ilmI ycTaHOBOK, pa6oTaJOll(HX noJJ. M36hITO'!HhIM .uaBJ18HUeM, ue
necoo6pa3HO ucnoJibSOBaTh KOJie6aTeJlbHhie CHCTeMbI c KOHUeHTpa
TOpaMM (npeo6pasoBaTenu Tlma DMC-15A-18) H KOJihU8Bhie 
UMJIHHApH"-leCKMe npeo6pasoBaTeJIM Tuna UMC-8. I1peo6pasoBaTenu 

3. AKycTmecKB.SI MOllUIOCTh a pa6o'!eM o6'beMe H mi:TeBCHB
HOCTh ylihTpaaayKa AmI npeo6pasoaaTeneii nma I1MC-15A-
18 H UMC npu H3Meae:mm cTaTH'!ecKoro .uasnemm: 

Tun npeo6pasoBaTeilll LlaBnemi:e, AKycTw1ec:KaH MOIU- l1HTeH-

Kr'C/cM2 HOC Tb ClIBHOCTh1 

BT/CM2 

OTAa.Bae-. yAenhHrui:, 

MaH B BT/CM3 

HarpysKy, 
BT 

-
DMC-15A-18 1 600 0,7 6,5 

2 750 0,87 8,2 

3 800 0,93 8,7 

4 1250 1,45 13,6 

5 1150 1,34 11,5 

6 950 1,1 10,5 

7 850 0,99 9,3 

UMC-18 1 970 2,43 3,8 

2 1094 2,73 4,3 

3 1200 3,03 4,7 

4 1580 3,96 6,2 

5 1492 3,74 5,9 

6 1300 3,25 5,1 

7 1050 2,62 4,1 

UMC-8 1 1900 0,475 1,75 
2 2200 0,55 2,04 

3 2560 0,64 2,37 

4 2320 0,58 2,15 

5 2140 0,535 1197 

6 1800 0,45 1,67 

7 1400 0,35 1,31 

18 

. , ~ 

I( 

' ,, 

'\, 

muM Bhp:u,tpMBaHHeM :iKHJJ.KOH cpashr~ Cyxoli oc"I'aToK onpeAerui:eTCl'I 
KaK OTHOCHTeJlhHOe coaepi1<aHHe MaCChI 'iaCTMU n:opOlllKa B o6:mett 
Macce oTo6pa.HHoii npo6hr. KaK cneJJ.yeT us npHBeAeHHoro rpa¢HKB, 
B nepBhie 30 MHH ynbTpasByKoBo:H o6pa6oTKH Ha6mo.uaeTCl'I 6hICT
phIH pocT KOJIW!9CTBa M9JIKMX '!8CTHU TBep.a.oii cppaKUMM, YCTOH'!MBO 
coxpami:ro:mux.CH BO BSBellleHHOM COCTOOHMM. Dpu .uanh.HeiillleM H&
M9Jlh'I9HHM pOCT KOHlleHTpaumi: M9J1KUX qacTHU SaMe.QruieTCH. 11s
MeJih"<l9HHe AOCTMraeT TaKOH CTeneHH,. 't!TO nocne 1l8COBOM o6pa6oT
KM npaKTMTJ:eCKH BeCh nopomOK OKHCH Marmm H8XOAHTCH B ycTo:H
'IHBOM B3B~lll6HHOM COCTOHHHH. Co.o.ep:iKaHMe cyxoro OCTBTKa coo
T8BruieT HeMHOr'HM 6onee 6 %. TioaTOMY 0IlTlTh18JlhHOO B peMH 
yni:.Tpa3ByKOBOH o6pa60TKH cycneH3HH .IJ.8.HBO!'O COCTaBa 60 MHH. 

LlmI yBeJilf'!emm KOJI'w.teCTBa nonyqaeMoii CYGil9H3MH MO:lKHO 
IlOBhICHTh COA8p:iKaJrne TBep.uoi\: tj:ipaKUHH, a nocne AHCneprMpOB8Him 
paS6aBHTh cycnensmo AO Tpe6yeMoii KOHUeH:TpaUHH. 3TO llOATBep
/Kll8!0T pesyn:i:.TaTbI M3M9Jlh'I9HMH cycneH3MH OKHCH Mar'Htm B 

'!eThrpexxnopMCTOM yrnepoAe npM COOTHOllleHUH TBep.uoii H IKUAKO:ii 
cpas 1:.8 M 1:16 (puc. 16). Tiocne 60 MHH YJII;>TpB3BYKOBOr'O AHC

neprHpoBa:in'.!Sl JJ.OCTlir'aeTCH npaKTlf'!eCKM OAMHBKOBaH CTenenh MS
MeJih'Iemm. TioaTOMy /],Jill yaenWiemm: npOM3BOAHTeJihHOCTM MO:IKHO 
o6pa6aThIBaTh KOHUeHTpnpoBa1my10 cycne1mmo c nocneny10:mMM ee 
pas6aaneHueM. 

B Ta6n. 10 npIIBeAeHbI AaHHhie no rpanynoMeTpH'!eCKOMy coc
TaBy cycnen.'3MH, nonyTieHHhIX npM usMeJih'IeHHM B mapoaoii: MeJih
HUlle H ycTaHOBKe YTIXA-8M. 3Tu naHHhie noKaSbIBaIOT npenMy
:mecTBa yJihTpaSBYKOBOI'O AHCneprupoBamm nepen H3M9Jlh'IeHMeM 
B wapOBOH MeJihHHUe. 

q,% 

6 

5 

* 
[JI 1-1=1 
0 0,5 1,0 1,5 2,0 t,'I 

Puc. 15. 3aBHCHMOCTL npou;eHTa cyxoro ocnmca q B 

nonyqeHHOH cycneH3HH OT BpeMeHH ynnTpa3BYKOBOH o6-
pa60TKH B ycTaHOBKe YilXA-8M 
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9~ 3aBHCHMOCTb Me:lKJJ.Y H36bITO'l/ihIM ,l:(aB110HHeM 

H rpaHynoMeTpH'leCKHM COCTaBOM '!aCTHU cycneHSHH 

npH yllbTpaaeyxoooM HaMellbTieBBB 

l1HTepB8J1bl l1cXOAHbIH <PpaKUHOHHbIH COCTaB, % ~ 
AHCne pcHOCTH, COCTaB, % nocne ynbTpaSBYKOBOM 06-

MKM pa60TKH npH HG6bITO'llibIX 
2 

,lJ.aBneHHBX, Kr/ CM 

0 1 2 

'- 0,2 - 5 5 10 

0,2-0,5 - 5 10 50 

0,5-1,0 22 10 40 30 

1,0-1,.5 18 70 40 10 

1,5-2,0 18 10 5 -
2-4 15 - - -
4-10 15 - - -
10-20 8 - - -
>20 4 - - ·-

Cpe.run1:il: 

paaMep 'lac-

THU, MKM 4,2 1,5 0,9 0,7 

d,'!!!'!-

2 

0 -
o,5 I 1,5 t,Y 

PHc. 14. 3aBHCHMOCTh cpeAHero pa3Mepa qacnu~ nopOillKa 

TaJibKil or BpeMeHH AHcneprnpoBaHHH B ycraHOBKe YilXA-8M 
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nma UMC-18 He HBll!J1H urn:poKoro npMMeHeHrur, TaK KaK OHH He 

HM010T npeHMymeCTB nepeA ycTaHOBKaMli c npeo6paSOBaTeJl5l:Mli 

TIMC-l 5A-l 8. Pa6o'!HH o6'beM aTRX npeo6pasoBaTeneil: npnMepHo 

OAHHaKOB, HO aMllJlliTyAa KOJie6aHHH HGJiyqa10mei1 IlOBepxnocnr 

npeo6pasoBaTen5! TIMC-l 5A-l 8 6onbllle. CooTBeTCTBeHHo OH 

o6ecne'!HBaeT 6onblllyro HHTeHCHBHOCTb GByKa B pa6ot:£eM o6'beMe, 

3. YCT AHOBKI1 JlflfJ CHHTH.H 3AYCEHUEB 

Tio THny KOHCTpyKUliM ycTaHOBKli ,[lruI CJ-ISITH.Sl sayceHUeB ObI·

BaIOT c aepTHK8llbHbIM H ropH30HTaJ1bHbIM pacnOJIO):KeHHeM pa6o'!e:il: 

BaHHbr. B ycTaHOBKax c BepTHKanbHbIM pacnonoMeHHeM BaHHbI 

YJibTpaaayKOBOH HGJiy'!aTellb pacnOJIO):KeH B ee AOHHOH '!8CTH. no.a. 

Ae:il:CTBHeM rHApoARHaMH'!ecKHX IlOTOKOB, B03HHKaromnx npli ynr:.-

Tpa3BYKOBOH K8BHT8Ulili, AeTamr HerrpepbIBHO nepeMema10TC.H B 

npouecce o6pa6oTKH, '!To cnoco6cTnyeT ycKopeHHIO npouecca CH.H

TH.H sayceHUeB. TaK KaK BOCXOAHmne rHApOAHHaMH'!ecKHe UOTOKH 

He MOI'YT nepeHOCHTb A8T8J1li c 60Jibll10M Maccoil:, TO B ycTaHOB

KaX c BepTHK8llbHblM pacnonom:eHHeM KaMepbl He o6pa6aTbIB8IOT 

AE:!TaJIH Maccoil: ~ 5 r. 06bI'!HO 8Tli ycTaHOBKli CHa6iKaIO'l'C9 BbICO

KOBMMHTYAHbIMli KOJ1e6aTeJibHbIMli CliCTeMaMH co CTepm:HeBbIMli Mar-: 

HliTOCTpHKUHOHHbIMli npeo6pasonaTeruIMH Tuna ITMC-l 5A-l 8. ll.JI.H 

nonyqeHrur 60J1bllIOH MOTHOCTH aKyCTH'!eCKOM aHeprHH, Heo6XOAH

MOH AJI.H C03A8HIIB MOlOlll,liX I'HAPOAIDiaMH'!eCKHX IlOTOKOB li pas

B HTOH K8BHT8UHH, pa60'!MH o6'beM B8HH o6bI'!HO COCTaBJI.HeT 1-2 
n. 0AHOBpeMeHHo aarpym:aroT He 6oJ1ee 2 00 r AeTaneil:. 

YcTaHOBKH c ropHSOHTaJihHbIM pacnonoX<eHHeM pa6o'!e:ii: BaHHbI 

CHa6):KaJOTC.H cneUHaJlhHbIMH cpeACTaaMH AJ1.H nepeMememrn AeTaJie:lf 

B :IB:HAKOCTH. TioaToMy B TaKHX. ycTaHOBKaX MOJKHO o6pa6aTbIB8Tb 

AeTaJIH Maccoil: ~ 5 r. TiepeAa'!a ynbTpaGByKOBbIX Kone6aHHfi B 

pa6o'!yro BaHHyro ocymecTBJI.HeTC.H '!epe3 ee CTeHKH. 0nTHMaJ1bHbIM 

BapHaHTOM B KOHCTpyKUHH llOAOOHbIX ycTaHOBOK .HBJI.HeTCH pa6oqag 

BaHHa B BHAe BHyTpeHHero CTaKaHa B KOllbU0BOM UliJIHHApH'!eCKOM 

M8I'HliTOCTpl:IKUliOHHOM npeo6pa30BaTene, ·HMe10ma.H TOpUOBbie Kpb!

lllKH. B 8TOM cnyqae ynbTpasByKOBhie Kone6aHH.H HGJiy'!aeT aC.H 

noaepXHOCTb CTaKaHa, npH'!eM no OCH CHMMeTpliH BaHHbI npoucxo

AHT RX <j:>oKycHpOBB.HHe. B aTHX ycTaHOBKax MO:IB:Ho o6pa6aTbIBaTb 

AeTaJlli Maccoii L.. 2 5 I' c eAHHOB peMeHHOM sarpy3KOM 1, 5-2, 0 KI'. 

CpeAH ycTaHOBOK c nepTHKaJibHhIM pacnonom:eHHeM pa6oqeli 

BaHHbI HaM60J1blllee pacnpocTpaHeHHe nony'!liJia ycTaHOBKa Y3BJl-6. 
KoHcTpyKUHB pa6o'!eii aaHHbI noKaGaHa Ha puc. 7. 

Kopnyc BaHHbI 1 ( pnc. 7) BbIUOJIHeH HG KoppoaHoHHo-cTo:il:Kofi 

CTamr B BHAe UHJIIDIApa, B KOTOpbI:il: IlOMemeH BOAOOXJ18:IB:AaeMbI;i;" 
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cMeHHbI!ll: cTaKaH 6. Pa6o•m!ll: o6'beM aaHHbI o6pasoaaH TopuoM 

HHCTpyMeHTa 7, BHyTpeHHe!ll: cTeHKOli cTaKaHa 6 H KpbuuKoli 4 
aaHHbI. KpbllllKa aaHHbI C'beMHa.H, no)la'l:a oKaToro aos)lyxa Jlra! 

C03)laHHH H30blTO'IHOI'O )laBJI0HlID B BaHHe ocyrueCTBlliI0TCSI qepe3 

lllTyuep 2. BaHHa TaIOKe o6opyAOBaHa lllTyuepaMH 5 Alli! BXOJJ.a 

H BbIXOJla BO)lbI, OXJ1a:lK)la101ueli Kopnyc CTaKaHa. Llmi: npoMbIBKH 

KaMepbl npeAyCMOTpeHO AYlll0BOe ycTpOHCTBO 3. :VlHcTpyMeHT 7 
COOJlHHeH nocpe)lCTBOM lllilMbKH c npeo6pa30BaTeJieM 8. 

BaHHa co GByKOH30JIBUHOHHbIM KO:lKYXOM saKpenrreHa Ha nyrrbTe 

ynpaarreHHH. OHa HMeeT BQPMO:lKHOCTh noaopa'l:HBaTbCB Ha yron 

120° c IlOMOIUblO noaopOT¥0r'O ycTpOHCTBa. 

PaooTa Ha ycTaHoaKe npoH3BOJJ.IITCR 

CJI9AYK>IUHM o6pa30M, 0rKpblB810T KpbIIII

KY 4, a paoo'l:Hli oo'beM 3acbma10T Ae-

TaJIH H 38JIHB810T paooqy10. :lKHAKOCTb, 

. J KpbilllKY 4 3aKpbIBaIOT, qepe3 lllTyuep 

~ 2 B B8HHY IlO.llalOT C:lK8TbIH ra3, o6e-

2 

.. 

CII0'IHB810IUHM H30bITO'IHOe A8BJI0HHe H 

BKJI10'1810T YJihTP83BYKOBbie KOJie6aHm:I. 

Tiocne OKOH'l8HHSI UHKJia o6pa60TKH H3-

0bITO<rnoe ABBJieHHe B B8HHe 8BTOMa:

TH'I9CKH c6pacb1BaeTcB. KpbIIIIKY aaHHbI 

OTKpbIB810T H pytIHblM IIOBOpOTHblM yCT

poliCTBOM KaMepy IIepeBOJWT B ropu-

30HT8JibHOe IIOJIO:lKeHHe. BKJI10'la10T JJ.y

rueaoe ycTpoliCTBO 3 H IIOTOKOM BO.llbl 

. BbIMbIB810T Jl0T8JIH H3 B8HHbl B CIIeUH-

8JihHY10 6MKOCTb, 

Cpean ycTaHOBOK c ropH30HTBJihHOH 

paooqeli aaHHoli Har.:6onhmee pacnpocTpa-

H0HHe IIOJIYtIHJIH yCTBHOBKH cepHH 
Y3BL1-8. 

YCT8HOBKa COCTOHT H3 CJieJlyIOIUHX 

OCHOBHbIX Y3JIOB: KOpnyca c Kph!IllKOH, 

H3f'OTOBJI0HHbIX B 3ByKOH30JI.HUHOHHOM HC

IIOJIHeHmr; pa6oqeli B8HHbr; 9JI9KTponp11-

BOAa ll MeXaH!13MOB ITOJJ.'beMa 11 orrpo-

P11c.7. KottcTpYKUHH pa6oqen 
BaHHhr ycrnHOBKH Y3BJl-6 

KHJlbIB8Hl1H paooqeit B8HHbI; rIHeBMOMexa

HH3MOB ITOJJ.'beMa H onyCK8Hll.H KPbIIllK!1; 

IIH9BMOC!1CTeMbI, Heo6XOAHMO:li: JlJIS{ 

ynpaaneHHH paOoTOH IIH0BMOMeXaHH3MOB 
yCT8HOBKl1, a T8K1Ke AJI.H C03Jlamrn BHyT

PH pa6oqeil: BBHHbI H30bITO'!Horo aaane
Hl1B C:lK8TbIM f'830M; r'HJlpoCl:ICTeMbI OXJia:lK

/J.9Hl1.H npeo6pa30BaTensi:; cnpeepa nnsi: rrpo-20 

I/ 

~! 
~ 

6. J'EXHOnorWIECKME PE)Kl1Mbl TIPOUECCA 

YnbTPA3BYKOBOro l13MEJ1b4EHM.H TIOPOlllKOBbIX 

MATEPl1AnOB 

TeXHonormecKHe pe:lKHMbI HGMeJib'leHHH nopolllKOBbIX MaTepHa

noa paspa6oTaHbI JJ.JISI yrrhTpasayKOBbIX ycTaHOBOK nma YTIXA-8M 

H Y3BL1-6 npH H3MeJib'l0HHH nopOillKa OKHCH Mar'Hlfil B cpe)le qe

TbipexxnopMCTOI'O yrrrepoaa H apyrHX nopOUIKOBbIX MaTepHaJIOB. 

3TH cycneH3HH lllHpOKO npHM9HBlOT B npu6opOCTpOeHHH npH npH

r'OTOBJieHHH M0:lKBHTKOBOH H~OlliIUHli BHTbIX cepJJ.e'l:HHKOB TpaHccpop

MaTopoB li JJ.poccerreli. 

TeXHonormecKHe pe:lKliMbI HGMeJibtieHHH B yrrbTpasayKOBbIX yc-

-"TaHOBKax B OCHOBHOM onpeJJ.eJISilOTCSI TpeMB cpaKTOpaMH : 1) HS-

6bITO'l:HbIM CT8TH'I0CKHM Jl8BJI0HHeM; 2) BpeMeHeM yJibTpaGByKOBOH 

o6pa60TKH; 3) COOTHOllleHHeM TBepJJ.Oli H :lKHJJ.KOH cpas. 

0nTHM8JlbHOO no :ajxpeKTHBHOCTH H3M0Jib'leHHH nopOllIKOBbIX Ma

TepHaJIOB HGObITO'l:Hoe JJ.aarreHne a ycTaHOBKe YTIXA-8M 2 Krc/cM2, 

B Ta6rr. 9 npHBeJJ.eHhI pesyrrbTaTbI HGMeJib'l:eHHH cycneHGHH OKH

CH Mar'Hlffi B 'l0Tblp0XXJIOpMCTOM yrrrepOJJ.e npH pa3JIH'!HbIX H36bI

TO'l:HbIX AaBJieHHHX H a peMeHH o6pa6oTKH 1 q. CocTaa cycneHGHH: 

OKHCb Mar'Hlfil 500 r, oneHHOBa.H KHCJIOTa 2 5 MJI, tI9TblpeXXJiopHC

TbIR yrrrepOJJ. 5 n, 06'beMHOe COOTHOllleHHe TBepJJ.OH H :lKM)lKOH cpa3 

1:16. 

,PasMepbr qacT11u AO H nocne M3MenhtJ:eHHH onpeJJ.emIJlH Ha 

3J10KTpOHHOM MHKpOCKOne 3M-7 npH yBeJ1H'i9HRH B 10 000 pas. 

J13 8H8.JIH3a JJ.8HHbIX Ta6n. 9 BHJJ.HO, 'ITO npH H36bITOTIBOM JJ.aB

nemra 2 Krc/cM2 'IHCJIO 'l:aCTHU c. pa3MepaMH L 0,5 MKM COCTaB

JmeT nocne o6pa6oTKH 60%, a TO apetvffi KaK nocne o6pa6oTKH 

npH JJ.aBJI9HHH 1 Krc/cM2 COOTBeTCTBy10ruee tIJilCJIO 'la<;:THU coc-

TaBmieT 15 %, a np11 H3M9Jlb'l9HHH. 6e3 JJ.aBJieHHH 210 %. TI pH 

yaen'ff'!eHHH H36bITOTIBOI'O Jl8BJ1eHHH ( .::.. 2 KI'C/ CM ) 91}>¢eKTHBHOCTb 

H3MeJib'l:eHHH yMeHblllaeTcsi:. 

0nTHMaJ1bHa.H npOJJ.OJI:lKHTenbHOCTb yJibTpa3ByKOBOI'O JlHCnep:t'H

poaaHH.H 30-60 MHH. Ha pHc. 14 npeACTaaneHa 3aBHCHMOCTb 

pa3MepOB 'l:aCTHU cycneH3HH (cM. Ta6n. 9) OT BpeMeHH o6pa-

60TKH IIpH us6bITOtIHOM JJ.aarreHHH 2 Krc/ cM2. EbrcTpoe yMeHbllle

HHe 'laCTHU cycIIeH3HH npoHCXOJJ.llT B Te'l:eHHH 30-60 MHH: 3a TO 

:>Ke BpeMB CpeJlH!1H pa3Mep 'IBCTHU yMeHblllaeTCSI B 5 pa3. flpH 

Jl8J1bHelillleM AHCneprllpOB8HHH CpeJJ.Hl1H pa3Mep yMeHblllaeTCH B 2 
pasa. 3TOT xapaKTep IIpouecca )lllcnepl"HpOBaHHH IlOJlTBep:lKJW0TCSI 

H aHaJ1ll30M Ha cyxoli OCTa TOK ( pHc. 15). 

AHanHG Ha cyxoli OCTaTOK npoBOJJ.llTCSI OT6opoM :>KHAKOH npo6bI 

c B3BellleHHbIMH B nocneJ.Uieli qacTHUBMH MaTepHana c nocneJJ.y:io-
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8JleKTpOKJianaHOB 15, 18. llaneu 7 ti:epes matt6y 9 CBHSaH c" 
nnacTIDiqaToli npy:11ornoli 6, KOTopa.H GaKpenneHa Ha KpbllliKe 5. 

CJKaTbIM ras B pa6oqy10 BaHHy no.a.aeTCH no - Tpy6onpoBo.a.y 1 7. 
3neKTpoBeHTlIJH! 16 H 19 cnyJKaT .D.JIB c6poca C)KaToro rasa us 

6JIOKa Kpbllli8K H pa6ot-retJ: BaHHbI COOTBeTCTB8HHO. 

YcTaHOBKa pa6oTaeT cne.a.yromnM o6pasoM, llocne sarpyaKn 

o6pa6aTbIBaeMOH cycneHSHH B pa6oqy10 BaHHy nocpe,!J,CTBOM py'lKM 

8 KpbllllKH c o6oti:MOH ycTaHBBJllffiaJOTCSI Ha pa6oqy10 BaHHy. llpH 

8TOM IlOJIO)KeHHe KpbI!JlKH 2 B o6oliMe 1 ¢HKCHpyeTCH npylKHHOH 6. 
llocpe.a.cTBOM naJihlla 7, pb1qara 10 H co6a'!KH 11 KpbIIUKa 2 

BOGJJ.8MCTByeT Ha Bepx1.rn:H KOHTBKT BbIKJllO'laTeJI.H 12, CB.H38HHOI'O 

8JieKTpH"!eCKOH IleI!hlO c 8JI8KTpOKJI8liaHOM. llocn:e noJIHOH ycTaHOB

Kli KpblllieK GaMbIKaeTC.H 6JIOK - KOHTaKT (Ha cxeMe He TIOKaGaH ), 

BKJIIO'leHHbIM B ynOM.HHYTYlO 8Jl8KTpH'lecKy10 ueil.b, lI qepes KJianaH 

15 B repMeTwrny10 DOJIOCTb 13 no.a.aeTC.H C)K8TbIH BOG,!J,yX no.a. 

,!J,BBJieHHeM 2-3 Krc/cM2. llo.a. .a.eti:CTBlieM C)KaTOI'O BOG,Qyxa 

KpbIIUKa 2 onyc1rneTCH BHHG H repMeTUGlipyeT OTBepCTHe pa6oqeli 

BaHHbI 21. Dpu 8TOM naneu 7 "Iepes KOpOMbICJIO 10 Ii co6aqKy 

11 B03/l8HCTByeT Ha HHlKHliM KOHTaKT BbIKJIIO'laTeJI.H 12, CB.HBaH

HOI'O 8JI8KTpH"!eCKOM ueI!hlO c 8JI8KTpOKJianaHOM 18t Ha o6MOTKY 

KOTOporo no}laeTCSl Hanµi:)KeHHe, H ClKBTbIH BOB.D.YX nocTynaeT B 

pa6oqy10 BaHHy 21. DnomaAh A KpbIIUKH 2 6oJibIDe nJiomamr E, 
Ii Il08TOMy KpbIIUKa 2 IlJIOTHO repMeTlIGHpyeT o6beM pa6oqe:i1 BaH
HbI 21, 

BKJIIO'laeTCSI YJihTpaBBYKOBOH reHepaTop. 0.a.HoBpeMeHHO BKJIIO

qaeTc.H BpameHHe Kpb!Jlb"!aTKH, ycTaHOBJieHHOH Ha HHlKHeit KpbIIUKe 

BaHHbI 21 (Ha pnc. 13 ne noKaGaHa). 3THM o6ecneqJIBaeTCSI IDI

TeHClIBHOe nepeMewRBaHHe cycneHGHH npw o6pa6oTKe. 

Do HCTe'IeHHH B peMeHrr, He66xoAHMoro AJIH npHrOTOBJieHHH cyc

neHBHH (30-60 MHH), pene BpeMeHH OTKJIIO'IaeT YJibTpaBBYKOBO:ti 

reHepaTop H cycneHGIBI no.a. .a.aBJieHneM BoBAyxa B pa6oti:eit BaHHe 

CJIJIBaeTCH HG Hee B OT,!J,eJibHYIO eMKOCTh. llocJie aBTOMaTrrti:eCKOI'O 

OTKJIIO'leHHH 8JieKTpOABH!'aTeJIB Kpb!Jlb'laTKH npeKpamaeTCH l10Aati:a 

BO,!J,bl JJ.JTII OXJimKA8HHH npeo6pa3oBa'I'eJIH, B8H'I'Wlli 15 l1 18 3aK-

pbIBaIDTCSI, BeHTWIH 16 n 19 O'I'KpbIBaJOTCH. Kpblli!Ka 2 no.a. 

.a.e:il:cTBl1eM npy.IKID!bI 6 HOAHHMaeTC}"I B HCXO,!J,HOe l10JIO)KeHHe, a 

6JIOK KpbIIDeK pyti:KOH 8 OTKaTbIBaeTCSI B CTopoHy. 

Do cpaBJ-IeHHIO c H3BeCTHbIMli ycTanoaKaMH ycTaHOBKa YTIXA-

8M o6ecneti:HBaeT 6onee aa.a.m1rny10 repMeTrrGaUHIO pa6oti:eit aaHHbI 

6es npHMeHeHHH AOTIOJ1HHT8JibHbIX MeXBHHGMOB, 'ITO ynpomaeT 

KOHCTPYKUHIO ycTaHOBKH, yMeHbillaeT ee Macey rr ra6apHTHbie paa

Mepbr. 
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MbIBKH AeTaJieit H pa6oqeit BaHHbI; nplIBO,!J,a B03BpaTHO-BpamaTeJib

HOI'O ABHJKeHHH pa60'-Iell BaHHbI; nynbTa ynpaBJieHHH; TeXHOJIOrH

qecKOH BaHHbI, cny:11<arr~eli AJI5I BbirpyBKH .a.eTaJieit H cmrna pacTBO

pa. 
Pa6oti:aH aaHHa (pnc. 8) o6pasoaaHa cTaKaHOM 5 KOJihlleBoro 

npeo6pa30BaTeJIH 4, TOpllbI KOTOporo 3aKpbITbl KpbIIDKaMH 6, 8. 
B GaJJ,HeH KpbIIDKe 8 BMOHTHpOBaHa 8JiaCTHti:Ha.H JJ.Ha¢parMa 2, no

CpeACTBOM KOTOpOH COGAaeTCSI H36bITOtJ:HOe A8BJieHne B pa6oti:eit 

B8HHe. Tio.a.aqa C)KaTOI'O BOBAyxa K AHB¢parMe ocymecTBJIBeTCH qe

pe3 wnaHr 1. TiepeAHHH KpbIIUKa 6 CHHMaeTC5l c noMOmh!O pyti:KH 

7 nprr sarpysKe rr BbirpysKe .a.eTaJieit. BHyTpH eMKOCTH npeAyo

MOTpeH BOpOillHTeJib, KOTOpbIH o6ecneti:RBaeT paBHOMepnoe nepeMe

IDHBaHHe AeTaJieit npu o6pa6oTKe. BopowHTeJih Bb!IlOJIHeH B BH.D.e 

JionacTeH 3, paBHOMepHO ycTaHOBJieHHblX Ha BHyTpeHHeli TIOBep~ 

HOCTH npeo6pa30BaTeJIH 4. 
Pa6oTa Ha ycTaHOBKe Y3BJ1-8 npoHSBOAHTCH cne.a.y10mu:M 06-

pasoM. Tiocpe,!J,CTBOM 8JieKTponpliBOAa H Me:XaHHGMa IlOJJ.beMa BaH

Ha nepeBO/lll:TCH B aepTHKaJibHOO TIOJIO)KeHHe. Kpb!IUKY 6 CHlIMaIOT, 

B BaHHy sarpylKaIOT AeTaJIH H 38JilIBaIOT pa6oqy10 )l{H,!J,KOCTb AO 

nonHoro sanoJIHeHHSI BHyTpe:irnero o6beMa aaHHhI. KpbllilKY 6 GaK

pbIBaIOT H MeXaHHGMOM nO,!J,'beMa KaMepy nepeBO,!J,HT B ropHBOHTa-

* 5 6 7 

Puc. 8. KoHcTpyKIJ>UI pa6oqeii BaHHhI ycrnHOBKH Y3BJl-8 

JibHOe noJIOMeHne. l..Jepes IDTyuep 1 l10A8lOT B BaHHy C)!{aTblH BOG

AYX, BKJllO"iaJOT ynbTpaBByKOBbie KOJie6aHHSI lI nplIBOA BOOBpaTHO

BpaiUaTeJibHOI'O ABHlK8HHH. llplIBOA o6ecnetJ:HBaeT BpameHHe BaHHbI 

BOKpyr OCH CHMMeTpHH B npeAeJiaX 180-2 2 o0 B o6e CTOpOHbl. B 
pesyJibTaTe 8TOI'O Bpamem:rn: H c noMOmhlO BOpOWHT8J1H 3 AeTaJIH 
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a npouecce o6pa6oTKH HenpepbiaHo nepeMell(a10Tcsi:. Tiocne OKOH

"iaHHH UHKJia o6pa60TKH c6pacbma10T HS6bITO'IHOe Jl8BJ19HHe, BaHHy 
nepeBOAHT B aepTHK8J1b}iOe nono:>KeHHe H CHHM810T KpbllllKY 6. 
3aTeM BaHHy HaKJ10llillOT AO ee onpoKHAbIBaHHH B TeXHonorw-recKyIO 
BaHHy, HaXOAHI.rzylOCH pHAOM c ycTaHOBKOH. TipH 8TOM c llOMOI.IJ,blO 
cnpeepa BbIMbIBaIOT AeTamr HS pa6oqe:if BaHttbI. 3aTeM BaHHy 
nepeBOAHT B BepTHKaJlbHOe nono:>KeHHe H llOBTOpHIOT pa6oqM:if UHY..JI. 

BaHHa HMeeT BHyTpeHJnre pasMepbr: AHaMeTp 150 MM1 nmm:y 
350 MM. 06'beM sanHBaeMoro B Hee pa6oqero pacTBOpa 4,5 n. 

0AHOH HS nocneAHHX ynbTpaSByKOBbIX ycTa~OBOK AJ1R ClliITHH 
sayceHUeB, B KOTOpblX 60J1blllHHCTBO onepaUHH aBTOMaTHSHpOBaHo, 
aaru:reTCH ycTaHOBKa THna Y3BL1-8M. Ha pnc. 10 npHBe.lleHa 
KHHeMaTH'ieCKBR cxeMa ycTaHOBKH, a Ha pHc. 9 HS06pa:>KeH ysen 
pa6oqe:if BaHHhI. 

Pa6oqag aaHHa 1 (pHc. 9) KOJlbUeaoro MaI'HHTOCTpHKUHoHHoro 
npeo6pasoaaTenH UMC-8 c noMOI.IJ.bIO lllnHneK H raeK CBHSaHa c 
sy6"!aTbIM KOJ19COM 2. OHo KHHeMaTH"l9CKH CBH3aHO c aanoM 9, 

( pHC. 10), KOTOpblH coenHHeH c 8J18KTPOABHI'aTeJieM IlOCTOHHHOI'O 
TOKa 10 KJIHHOpeMeHHOH nepena"leli. i-IecymHH Kopnyc 18 :>KeCTKO 
coenHHeH c aaJIOM 19 H KHHeMaTH'!eCKH CBHSaH c aanoM 9 qep
BH"!HOH nepenaqe:if 7 KOHH'ieCKOI'O peaepCHBHOI'O MexaHHSMa H 
aneKTpoMarHHTHbIX My<jiT 8. Pasrpyso"!HBR eMKOCTb 15 coenHHe
Ha c KopnycoM 18 c IlOMOI.IJ,blO ll!T8HI'H 14 H My<jiTbl c MeJIKHM 
sy6oM. YcTaHOBKa HMeeT o6mHli Ko:>Kyx 2 c JIIOKOM1 saKpbIBaeMbIM 
KpbllllKO:H 16. B BepXJie:H "IaCTH Ko:>Kyxa pacnono)KeH nynbT yn-
paaneHHH 1, a csanH naHenb nHeBMoannapaTypbI 4, nHeBMOUMHHAP 
3, KOTOpbIH coenHHeH c MexaHHSMOM IlOA'heMa KpbllllKH 16, Csa
AH ycTaHoaneH 6noK MaI'HHTHbIX ycHJIHTene:H 5 AJIH perynHpoaaHHH 
cKopocTH apameHHH aneKTpOABHraTeru:r 10. Pa6o'!aH BaHHa 12 
HMeeT C'heMHyIO KpbilllKY 1 7. 

Ha pa6oqe:if BaHHe saKpenheHo meTo"!Hoe ycTpolicTao 13 c 
noMOI.IJ.bIO KOToporo Ha o6MoTKy npeo6pasoaaTeru:r nonaeTCH Bbico
KO"laCTOTHoe Hanpg:>KeHHe, a BHYTPb pa6oqe:if BaHHbl - C:>KaTbIH 
aosnyx. AaToMaTH'10CKHH pe:>KHM pa60TbI ycTaHOBKH o6ecne"!HBaeT
CH 6noKoM MHKponepeKJiro"laTene:H 6. BHyTpH Kopnyca HaXOAHTCH 
pas6pbISI'HBaTeJib 11. 

YcTaHOBKa pa6oTaeT cnenyromHM o6pasoM. 
B HCXOAHOM IlOJlO:>KeHHH pa60"!aH BaHHa 12 HaXOAHTCH B BepTw-; 

KaJlbHOM IlOJIO:>KeHHH, Kphill!Ka 1 7 C.RHTa, KpbllllKa JIIOKa 16 OT
KpbITa, a pasrpySO"!HaH eMKOCTb 15 YCTaHOBJieHa B BepXHeM no
JlO:>Kemm. Bpy"!Hy10 sarpysHB nopuHJO o6pa6aTbIBaeMbIX neTane:H a 
pa6o"!yIO KaMepy 12 H SaKpbIB KpbllllKY 17, Ha:>KH!vlalOT Ha KHOil
Ky 

/1 
TiycK", pacnono:>KeHHyro Ha naHeJIH nynbTa ynpaanemm: 1. TI pH 

22 

I . ~ 

I) 

I 
i/ 

0AHOH HS nocneAHHX TaKHX paspa60TOK HBJIBeTCH ycTaHOBKa 
THna YTIXA-8M, ycTpolicTBO KOTopo:ii: noKaSaHo Ha pMc. 13. Yc
TaHOBKa npeAHaSHa"!eHa AJ1H npHI'OTOBJieHHH MeJIKOAHCilepcHOH cyc
neHSHH Me:>KBHTKOBOH H30Jll!UHH neHTO"!HblX cepne"IHHKOB npH 
ll0Bhllll9HHOM CTaTH"!eCKOM .naaJieHHH. ,Olla conep:>KHT pa6o"!yIOBaH
HY 21, KOTOpaH o6pasoaaHa BHyTpeHHHM CTaKaHOM KOJibU9BOI'O 
MaI'HHTOCTpHKUHoHHoro HMy"!aTeJIH 2 0 THna UMC-8. KpbllllKa 2 
BaHHbl ycTaHOBJieH~ BHYTPH o6ottMbI 1, KOTOpaR npHCOeAHHeHa 
BHHTBMH 3 K KPbIIIIKe 5 Kmicyxa 4. KpbIIIIKH 2 II 5 CBRSaHbI Me:lK.llY 
co6o:H nocpeACTBOM ll!apHHPHO SaKpenneHHOI"O Ha KpbllllKe 2 naJib
ua 7. Ha KpbllllKe 5 SBKpenJieHa py"!Ka 8. 06.o:HMa 1 c ynoMHHY-
TbIMH KpbllllKaMH 2 H 5 o6pasyeT repMeTH"lHYIO noJIOCTb 13, 
KOTOpaH coenHHeHa I'H6KHM UIJiaHI"OM 14 c HCTO"!HHKOM aos.nyxa 
ii:epes aneKTpoKJianaH 15. Pa6o"!BR aaHHa 21 coenHHeHa c Hc
TO'!HHKOM aosnyxa "!epes aneKTpoKnanaH 18. Tianeu 7 nocpe.ncT
eoM pbI'iara 10 H co6a"!KH 11 BSaHMOAeHCTByeT c 8J1eKTpOBbIK-
JIIO'iaTeJieM 12, CBHS8HHbIM 8JI8KTpH"!eCKOH UellblO c o6MOTKaMH 

l;;;;ot~~--

--

Puc. 13. YcTpoii:crno ycTaHOBKH YTIXA-8M 
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YcTaHOBKa )iMeeT CTamm:y 1 o, Ha KOTopo:it ycTaHOBJieHa BaHHa 

8 KOHH'l:eCKOH qiopMbI. BaHHa HMeeT ;me llaruj:lhl 3 B BHJJ,e nony-

oceli, KQ.TOpbie o·mi:palOTCSI Ha CTOHKH 4, "ITO Il03BOJI.HeT onpOKHJJ,hI• 

aaTb aaHHy npn: ee pasrpyBKe. Bamra cHafoKeHa MaHoMeTpOM 1 1 

KpaHOM 2, Tpy6onpOBO]J,OM 6 Allil no.a.a"!H H ynanemrSI C:>KBTOI'O 

aoo.nyxa. B .noHHoH: "!aCTH aaHHhI CMOHTMpoaaH ynhTpasayKoaoli M3-

ny'IBTeJih 9. YcTaHOBKa HMeeT CMCTeMy OXJJ:81K.[(emm BO.[(OH, no-

.naaaeMOH l!epeB Tpy6onpoBOAbI 5 H 7. 
Pa6oTaeT ycTaHoaKa cne.ny10mn:M o6pa3oM. CocTaBHbie KoMno

HeHTbI o6pa6aTbIBaeMOI'O MaTepuana 38Cb!IlaIOT B B8HHY "!epe3 ee 

I'OPJlOBHHy, 3aKpbIB8lOT KpaH 2, C03.[(810T B B8HHe HG6bITO•rnoe 

.naaneHHe H npoHGBOAHT ynhTpaGByKoayro o6pa6oTKy. 

YnbTpaBayKOBbie Kone6aHHH, pacnpocTpalIBSICb aaepx OT nsny

"!aTemr 9, npoxoAHT l!epes cno:H BaI'pylKeHHoro B aaHHy 8 mrc

.neprnpyeMoro MaTepaana H, JJ.OH.[(H .[(0 HaKJ10HHhIX CTeHOK eMKOC

TH, QTpalKalOTCH OT HHX H CHOBa B03Bpama10TCH B GOHy o6pa6oT+

KH. Enaro.napH KOHH"!eCKOM <t>opMe KOpnyca o6ecTie"!MBaeTCS:! KOH

UeHTpaUHH YJlhTpaG.ByKOBbIX KOJ1e6amrii B 30He o6pa60TKH B6J1H3H 

noaepXHOCTH HGnyl!aTeJ1SI M 60J1blllaH CKOpOCTh nepeMell{8HHH cyc

neH3HH nopOllIKa, T.e. tiHTeHCHBHOe ee nepeMellIHBaHHe. 

TaKHM o6pasoM1 aKyCTH"!ecKHe noTOKH 06ecne"!HBa10T Henpe

pbIBHbiii no;mon B 30HY o6pa6oTKH CBelKUX nopUHH cycneHBHH no

pollIKa. B BOHe o6pa6oTKH (rnaBHbIM o6pasoM y noaepXHOCT:H us

ny"!aTena) y.napHble BOJIHbI, B03HHK810IJ.:(He npH 3aXJJ:OilbIB8HHH Ka

~HTaUUOHHbIX nyBbipbKOB, paBpywaIOT "!8CTHUbI nopOllIKa. 

DoCJie OKOH"!aHHH o6pa6oTKH I'OTOBaH cycneHBMH cnMBaeTCSI B 

cneUH8J1hHYIO Tapy l!epes Kpa}{ 2 nyTeM HaKJ10Ha BBHHbI Ha YI'OJ1 

1500. 
K He.nocTaTKaM ycTaHOBKH npu ucnonbBOBaHHH ee .[(J1H nucnep

I'HpOBaHHH cycneH3ijii cne.nyeT OTH8CTH Heyno6cTBa BarpyGKHBaH

HbI nopOlllKOBbIMH KOMTIOH8HT8MH l!epes ysKyIO I'OPJlOBHHy, a TaK

IKe He60Jlblll0M pa6o"!HH o6'beM BaHHbI. 

Jlng .[(HcnepI'HpOBaHHH nopOllIKOBbIX MaTepuanoB llIHpOKO HCI100b-

3YIOT TaKIKe ycTaHOBKY Y3BJ1-6, onucaHHe KOTOpOM npMBe.[(eHO B 

pas.nene 3. JlucneprupoaaHHe npoucxo.nwr non M36bITO"!HbIM .naa

neHHeM 4 KI'C/cM2 B Te"!eHHe 60 MHH. HenocTaTKOM ycTaHOJ3KH 

SIBmieTCSI He60J1blllOM pa6o"!HM o6'be}\1 B8HHbI ( 1, 2 J1) H, CJ18AOBa

TeJibHO, HeBbICOKaSI npoH3BOAHTeJ1hHOCTh. JlJ1S:1 ynhTpasayKoaoro 

.nucnepI'HpOB8HHSI 6onee a#eKTHBHbI ycTaHOBKH, B KOTOpbIX HGny

'!aTeJ1H pacnoJ10IK8HbI Ha 6oKOBbIX CT8HKax BBHHbI. 3To TIOGBOmieT 

GHa"!HTeJibHO yaenH"!HTh pa6o"!HM o6'beM. Han:6onee a#eKTHBHbI 

ycTaHOBKH, B KOTOpbIX pa6o"!aH BaHHa o6pa3@BaHa KOJ1bU8BhlM HS

ny"!aTeJieM. 
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STOM KpbillIKa 16 c TIOMOIJ.:(blO IlH8BMOUW1HHApa 3 3aKpbraaeTCSI H . 

ph!"!8I' MexaHH3Ma TIOA'beMa (Ha pHc. 9 He TIOK838H), Ha:>KaB Ha 

ponHK KOHe"!HOI'O BblKJilO"!aTeJIS:! B 6J10Ke 6, BKJlIO"!aeT SJ18KTpOABH

I'8T8J1b 1 O. OT aneKTpOABMI'aTeJISI 10 c noMOmhIO KJ1HHOpeMeHHoii 

nepe.[(a'!H JJ.BH)K8HHe nepenaeTCS:! qepe3 JieByIO aneKTpOM8I'HHTHYlO 

My¢Ty 8 Ha KOHH'!eCKHM peaepCHBHhIH MexaHH3M H .nanee l!epes 

qepBH'lHYIO nepenaqy 7 H aan 19 1la HecymHfi Kopnyc 18. DpH 

aToM Kopnyc 18, By6qaToe Koneco 2 0 H pa6o'!aSI aaHHa 12 no

nyqa10T apamemi:e BOKpyr I'OpH30HT8J1bHOii OCH. 0AHOBpeMeHHO OT 

peaepcMBHOI'O M8XaHH3Ma qepe3 npaay10 SJ18KTpOM8I'HHTHYIO Myti>TY 

H sy6'!aTy10 nepe.naqy .[(BH)KeHHe nepenaeTCSI Konecy 2 0 1 KOTopoe 

H8'!HH88T apamaThCH BOKpyI' aepTMK8IThHOM OCH BHYTPH Kopnyca 

18. BoKpyr aepTHKaJibHOH OCH H8'!HH8eT BpamaTbCSI H B8HHa 12, 

CBE:38HHaH c 3y6"!aTbIM KOJ18COM 2 o. CHcTeMOH KOHUeBbIX BbIKJIIO

'iaTeneii orpaHH'!MBaeTCSI ABHIKeHHe BaHHbI BOKpyr I'OpH30HTaJ1bHOil 

OCH El npenenax BaAaHHoro yrna. 
Tiocne OKOH'!aHllil UMKna o6pa60TKH .neTaneii pa6oY:aSI B8HH8 12 

B03BpamaeTCS:! B HCXOJJ,HOe TIOJ101K8HFie, T .. e. 38HHM88T BepTHKaJib

HOe TIOJlOIKeHHe (KphlllIKOfi 1 7 BBepx), npH 8TOM KpbillIKa 16 OT

KpbITa, pa3rpy30'!H8S:! eMKOCTh 15 HaXO.[(HTCE: B aepXHeM nono

)KeHHH, HO KphWIKa 1 7 GaKpbITa. Bpy'lHYlO OTKpbIBalOT KpbullKY 1 7 
H Ha1KHMa10T Ha KHODKY "PaBrpyBKa" Ha naHenH nynhTa ynpaa

neHHH 1. flpH 8TOM KpblllIKa 16 38KpbraaeTCS:! c IlOMOmhlO TIHeB

MOUHJlHH.[(pa 3 H pLI'iar M8X8HH3Ma TIO.[('beMa, HalKaB Ha ponHK 

6noKa KOHe'!HbIX BblKJIIO'laTeneii 6, BKJIIO"!aeT aneKTpOABHI'8T8ITh 

10 H cxeMy ynpaaneHHH aneKTpoMaI'HHTHbIMH MY<l>TaMH 8 AJIR 

onepaumr "paBrpyBKa". B pesynhTaTe :aToro pa6oY:8S:! KaMepa 12, 

Puc. 9. Y3en pa6oqeif BaHHhI ycTaHOBKH Y3Bll-8M 
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Bparu,asICh BOKpyr caoeil npOAOJihHOH OCH (ABH;)KeHHe OT sneKTpO

,!J.BHraTemI 10 qepe3 KJIHHOpeMeHHyIO nepeAa'ly B8J1 9, CHCTeMy 

llleCTepeH nepeAaeTCSI KOJiecy 20 H, CJ1eAOBaTeJ1hHO, yKpenneHHOH 

Ha Heil pa6oqeii BaHHe 12)' OAHOB peMeHHO noaopa"!HBaeTCSl OT-

KpbITOH ropnQBHHOH BHU3 (ABHIKeHHe OT apamaromel'OCSI BaJia 9 
qepe3 neayro BKJIIO'leHHyIO SJieKTpOMarHHTHyIO MY¢Ty 8, KOHH"!ec-

KYIO napy, qepBSI"!Hyro nepeAa"!y 7 nepeAaeTCH aany 19 H, cne-

AOBaTeJ1hHO, KOpnycy 18). 
0AHOBpeMeHHO BHH3 no Ayre OKpylKHOCTH nepeMemaeTCSI H 

pasrpy30"!HaSI eMKOCTh 15, coeAHHeHHaSI c BaJ10M KOpnyca 18 c 

noMO!l(hIO MY¢TbI. BHH3y, AOMAH AO ynopa, pasrpyso"!HaSI eMKOCTh 

15 OCTaHaBJ1HBaeTC5I, 3aHHMa5I UOJ10X<eHHe noA pa6oqeil: KaMepoil:, 

Pl z z 2 z z z z z z z z z z z z z z z z z z z z z z z z z z z z z z 4+-z 
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Puc. 10. CxeMa ycrnHOBKH Y3B,ll-8M 
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ne6aHH:fi a X<MAKOil: cpeAe1 sanommromeii o6'heM mi:cnepraTopa. On
HaKo 9TH ycTpOHCTBa He o6opyAOB8HbI annapaTypoil AmI COSAaH!IB 

H36bITO"!HOI'O CT8TII'!ecKoro JJ,8BJ18Hlli! H sqxpeKTlIBHOCTh KaBH

Tauirn: B pa6ot.IeM o6'heMe He3Ha~nneJihHa, HeCMQTpH Ha npuMeHeHHe 

B yKa3aHHbIX ycTpOHCTBaX KOJ1hlleBbIX H3JIY'18TeJ1eH c ¢oKycHpOB

KOH ynhTpasayKOBbIX Kone6aHHH. 

Pttc. 12. YcrnHOBKa )JJ!fl ynhrpa3ByKoBoro 
rrplffOTOBnemrn cycrreH3MH 

YcTaHOBKH 11.ns ynhTpasayKoEoro AHcnepn1poaaHH5I, pa6oTaro-

m:ue no11. IlOBblllleHHbIM CTaTH'l8CKHM AaBJieHMeM, nony"!HJIH pacnpo

CT paHeHHe TOJ1hKO B nocneAHHe roJJ,bI. 06b!"!HO MX nsroTOBIBHOT c 

aepTMKaJihHbIMM pa60"!MMH BaHHaMH, B KOTOpbIX npeo6pa30BaTeJih 

nu6o pacnonararoT B AOHHOH qacTM, nn6o Ha CTeHKaX BaHHhI. B 
nocne.mreM cnyqae AJIH npenoTapameHH5I ocenaHM5I qacTHU Ha AHO 

BaHHbl npHMeHHIOT cneUM8J1hHbl8 MelllaJIKH. 

CxeMa o.mro:H: H3 ycTaHOBOK c HSJiy"!areneM B AOHHOH 

npHBeJJ,eHa Ha pnc. 12. 
qacTH 
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Te, KOTOpa.H o6pasyeTC5I B peGyJibTaTe BGaHMOAelicTBllil XpOMOBO

ro aHI'MApMAa c BOAOH, a lHIHK, BXOAHJUHM B COCTaB JiaTyHe:H, pao
TBOpH8TC5I B cepHoi1: KHCJIOTe. OpTocjioccpopHyro KHCJIOTY A06aBJI5IIOT 

AJI.H o6paGoBamrn: 6necTmuei1: noBepXHOCTH AeTaJiei1:. Ecm:1 npH o6-

pa6oTKe Ha AeTaJI.HX IlOHBJI5IeTC5I KpaCHblH HaJieT, TO Heo6XOAHMO 

YM8HhilIHTb KOJIH'l8CTBO cepHOH KHCJIOTbI B HCXOAHOM paCTBOpe, 
HeJJ.OCTaTKOM mHpoKo npHMeH.lleMoro AJ15I ynhTpaGByKoBoM: o6-

pa6oTKH pacTBopa N9 3 ( Ta6n. 7) .IIBJ15IeTC5I HaJIH'IHe B HeM 

TOKCH'!HOI'O KOMilOHeHTa - XpOMOBOI"'O 8Hl"'MAPMAa.. Ero KOHU8.HTpa

UU.II B OTpa6oTaHHOM paCTBOpe BO MHOI'O paG npeBblillaeT npeJJ,eJihHO 

JJ.onycTHMoe no caHHTapHbIM HOpMaM 3Ha'!eHHe. HefrTpaJIHGaUHH oT

pa6oTaHHoli KOMil03l:IUHH c XpOMOBblMH coeJJ,mreHH.IIMH npeJJ.CTaBJIH

eT 6oJibilIHe T8XHOJIOl"'H'I8CKHe TpyJJ.HOCTH H CB.II3aHa c ycTaHOBKOH 

cneUHaJibHbIX O'IHCTHbIX BaHH. Il09TOMY JJ.JI.II CH.IITliH sayceHueB c 

JJ.eTaJieil: HG M8JJ.H H ee cnJiaBOB MO)K8T 6bITh peKOM8HJJ.0BaH coc

TaB N9 4 ( Ta6n. 7) KaK 6onee npeJJ.TIO'ITHTeJihHbii1:, B 9TOT coc

TaB He BXOJJ..IIT xpoMOBbie C08Allli8Hru:I. 

)JJI.II o6pa6oTKH JJ,eTaJiefr HG aJIIOMIDillil H ero cnJiaBOB peKOMeH

JJ.Y8TC5I paCTBOp N9 5 ( Ta6n. 7). JleTaJIH HG JJ.ropanroMllliMH nocne 

o6pa60TKH B meJIO'IHOM paCTBOpe T8MH8IOT, Il09TOMy HX Heo6xo

JJ.HMO OCBeTJI.IITh B 50o/o-HOM BOJJ.HOM paCTBOpe aGOTHOH KHCJIOTbI. 

BpeM.II ocBeTJieHmI 5 c. B cny'la.HX1 KOrJJ.a JJ.eTaJIH HMeroT MecT

KHe JJ.OTiyCKH Ha paGMepbr, B meno1moi1: paCTBOp Heo6XOJJ.HMO [:10-

6aBHTh 0, 5-1 r cepHOKHCJIOI'O HHKemI. 

)JJ15I CH.IITIIB sayceHU8B c JJ.eTaJieli:, HSI'OTOBJ18HHbIX HG 9J18KTpO

TeXHw:reCKOH cTaJIH 34 2 u 344, peKoMeHJJ.yeTcH pacTBop N9 6 

( Ta6n. 7). BpeM.f! o6pa6oTKH B yJihTpaGBYKOBbIX ycTaHOBKax 6es 

HG6bITO'IHOI'O IJ.8BJieHH5I rmacnrn HJIH co6paHHbIX naKeTOB B 9TOM 

pacTBope cocTaBJI.1IeT 1-5 MHH. PeKoMeHJJ.yeMa>I "nnoTHOCTh" sa

rpyGKH 5-10 JJ.M2 Ha 1 JI pacTBopa. 

Jl,rm CH.IITliH GayceHU8B c pOTOpHbIX H CTaTOpHbIX nJiaCTHH, H3-

I'OTOBJ18HHbIX HG nepMa.TIJIO.H c CQJJ.epMaHlieM HHKeJI.II 48-80%, pe-
KOM8HJJ.yeTC5I paCTBOp N9 7 ( Ta6JI. 7). IleprMApOJib BBOJJ..IIT B 

pacTaop HenocpeJJ.CTBeHHo nepeJJ. sarpysKoi1: JJ.eTaJietl:. BpeM.II o6-

pa6oTKM 3-6 MHH npu TeMnepaType paCTBOpa 35-6o0 c. 

5. YCTAHOBK11 Jlfl.H Jll1CilEPfl1POBAHlliI TIOPOWKOBbIX 

MATEPMAflOB B YflbTPA3BYKOBOM nonE 

CymecTayroT yJihTpasByKoabre ycTaHOBKH, ucnoJihsyeMbre JJ.JI.H 

HSMeJib'IeHH.II nopomKOBbIX MaTe·poonoa. B 60JihilIHHCTBe cnyqaea 

OCHOBY HX KOHCTpyKUHH COCTaBJI>IlOT MaI'HHTOCTpMKUHOHHbie npe

o6pa30BaTeJIH, o6ecne•rnaaromue Bos6yMJJ.eHIIe yJibTpasByKOBhIX Ko-
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KOTOpaH, npOAOJl:lKa.II pa3BOpa'!MB8ThC.II, BbISbIBaeT B MycpTe nepe

rpySO'IHbIH KpyT.lllUHH MOM8HT. TipH 9TOM ee sy6b>I npomeJIKHB8IOT 

H pa6o'Ia.II BaHHa 12, pasaepHyBIDHCh Ha yroJI 1350, npeKpamaeT 

IlOBOpoT, TaK KaK B 9TOM fl0Jl0)!(8HHH cxeMa ynpaBJI8HH.II o6ecTO

'IHBaeT Jieayro 9JieKTpoMaI'HMTHYIO Mytj:JTy 8 M JJBH)K8HMe OT 'Iep

B.H'IHOH nepeJW'IH 7 K BaJiy 19 npeKpamaeTc>I. 0AH8KO BpameHHe 

pa6oqe:H KaMepbl BOKpyr caoe:i1 npoAOJihHOH OCH npOJl0Jl)K88TC.II, 

3To apameHHe BaHHbr cnoco6cTBYeT 6bICTpoli BbrrpysKe JJ.eTanei1: 

MG pa6oqei1: KaMepbl B pasrpy.SO'IHYIO eMKOCTh. 0JJ.HOBpeMeHHO Ha 

AeTaJIH TIOJJ.88TC.II BOJJ.a HS pas6pbIGI'MBaTeJI5I 11. 0Tpa6oTaHHbIH 

paCTBOp yxomn qepes JJ.HO BaHHbl B CJIHBHYIO MaI'HCTpaJih (Ha 

pnc. 1 0 He TIOKa3aHa). Tio HCTe'IeHMH B peMeHM, Heo6XOAHMOI'O 

AJI.II pasrpyS:({H, aBTOMaTH'IeCKH BKJIIO'IaeTC.II npaBa>I 9JI8KTpOMar

HHTHa5I Mycjl'ra 8 H pa6oqru:r KaMepa BMecTe c pasrpySO'IHOM eM

KOCThlO BOSBpamaeTCH B MCXOJJ.HOe COCTO>IHHe. KpbIIlIKa 16 OTKpbI

BaeTC5I H qepes JIIOK npOMbITbre BOJJ.ofr JJ,eTarrn BPY'!Hyro BbIHHMaroT 

FIS ycTaHOBKM. Hoayro nopumo JJ.eTane:H, noAJieMamux o6pa60TKe, 

sarpyMaIOT B pa6oqyro KaMepy H UHKJI TIOBTOpH8TC5I, 

fa6apMTHbre pas!VrepbI 116.0xl 02 Oxl 7 80 MM, ycTaHOBKa 

Y3BJl-8M noTpe6n.1IeT MOlllHOCTh 6 KBT, perynHpyeMa.II qacToTa 

BpamemISI pa6oqe:fl B8HHbI B ropHGOHT8JlhHOi1: fIJIOCKOCTH 20-50 

06/MHH c OAHOBpeMeHHbIM noKa'IIIBaHUeM .B aepTHK8JlhHOH TIJIOCKOC
TH JJ.O .±4oo, 

.4. TEXHOnorHY:ECKHE PE)Kl1Mbl YJ1AflEHl1.H 3AYCEHUEB 

YJihTpaaayKOBbIM MeTO/J.OM MOMHO yJJ.aJI.IITb sayceHUbI c 

Jiei1: npu6opocTpOHT8JlhHOI'O npOH3BOACTBa, H3r'OTOBJieHHbIX 

MeAH u ee cnnaaoa (.'IaTyHH fl-.59, Jl-62, 6poHSbr KMU u 

A8Ta

H3 

Ap.), 
yrnepOAHCTbIX KOHCTpyKUHOHHbIX H aBTOMaTHbIX CTaJ1ei1:, aJIIOMHHmI 

(.illT, Jl16, AMI.I H JJ.p.), nepMaJIJIO>I, KoppoGHOHHO-CTOi1:Kofi cTaJiu. 

06pa60TKe TIOABepraIOTC5I KpeneMHbie Jl8T8JIH AO H nocJie pe3.b-

6oo6paGOB8HmI, H8KOH8'IHHKM, KOHTaKTHbie npyMIB-IbI, ITJI.'.::8THHbI, 

nnaHKH, ma:H6br1 pbI'Iaru, Kopnyca H APYI'He JJ.eTaJIH1 H3I'OTOBJieH

tt'-'le paSJIH'llibIMH MeTOAaMH MexaHH'IeCKOH o6pa60TKH ( TO'I8HHeM, 

cjlpese poBaHMeM, IlITaMTIOBKOH M JJ.p.) ( puc. 11 ) • 

PasMep sayceHuea y JJ.eTaJieit, noABepraeMLIX o6pa6oTKe, He 

AOJI:>KeH npeBbIIlI8Th 80-100 MKM. IlpH coxpaHeHHH pasMepoB B 

npeJJ.eJiaX AOTiycKa H COOTBeTCTBHH o6pa6oTaHHbIX AeTaJiefr Tex

Hlf'l:eCKHM ycJJOBmIM nocne YJihTpasayKoBo:H o6pa6oTKM JJ.onycKaeT

o:I o6pa6aTb!BaTb JJ.eTaJIH c sayceHUaMM oasMepoM ~ 100 MKM. 
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Ha ynhTpa3BYKOBbIX ycTaHOBKax peKOMeHAyeTCH o6pa6aTb!B8Tb 
)leTaJIII Macco:if L 25 f' II mureiIHbIMII pa3MepaMII •t... 70 MM. 

TiosepXHOCTb )leTaneiI, nOABepraeMb!X ynbTpa3BYKOBOM o6pa-
60TKe, He )lOJI)KHa IIMeTb Ga6oMH II pHCOK c paGMepaMH, Bb!XO-
Mll\HMII Ga npeAeJibI JJonycTMMbIX napa.MeTpos mepoxosaTOCTM JJe
TaneM:, a TaIOKe TpemnH H paccrroeHH:if MaTepIIana, TaK KaK 9HI 

Ae¢eKTbI MOf'yT CTaTb npW-IMHOM paspyllieHl'.IH AeTane:if npFI o6pa-

60TKe. 
)]eTanH, nMeromne mepoxosaTOCTh nosepXHOCTII Bbrme 9-ro 

KJiacca, o6pa6aTbIBaTh B ynhTpa3BYKOBbIX ycTaHOBKax He peKoMeH
AyeTcs:r. 

TipH yAaJieHHII GayceHUeB c AeTarreiI B KaqecTBe pa6oqMX )KMJl
KOCTeiI npIIMelffiIOT a6pa3IH3Hble cycneHGIIII, cna60KIICJIOTHbie II me
JIOqHbie paCTBOpbI. 

A6pa3MBHbre cycneHGIIH - )KHJlKOCTH MHOI'OKpaTHoro ucnonb3o
BaHIBI (Ao 10 - .15 paG), B GasncnMOCTll OT npHMeHHeMoro a6-

paG11Ba H o6pa6aTb!BaeMOI'O MaTep11ana BpeM51 o6pa60TKII B HIIX 
cocTaBJI51eT 10-3 0 MMH. B a6pa3MBHbIX cycneHGM51X o6pa6aTbIBBIOT 
npe11MymecTBeHHO IIITaMnOBaHHbie A8Tan11. 
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PHc. 11. JleranH, rronsepraeMbre CHHTHIO 3ayceHueB 
rrpH B03AeHCTBHM ynbrpa3ByKa 

I) 

i) 

,{I 

I, 

l, 

TiapTM51 AeTaneif, Garpy:lKaeMbIX B ycTa.HOBKy, AOJI)!{Ha HMeTb 
onpeAeJieHHyIO Macey (cM. Tipnno:lKeHMe 1 ). Ka)KJlYIO napTMIO Ae
Tanei% Heo6xoAMMO o6pa6aTbIBaTh B cse11<eM pacTBope. BpeM51 o6-
pa60TKM pa3JIMqttbIX )leTaneif noa6MpaeTC51 OnbITHbIM nyTeM M coc
TaBJ151eT B cpe)lI-IeM 6-12 MMH. OHo saaMCMT OT nepBOHffY:aJihHbIX 
pa3MepOB M ¢opMbl GayceHua, a TaIOKe KOH¢MrypaUMM AeTanew. 
flocne o6pa60TKH B KHCJIOTHOM paCTBOpe Jl8T8JIM naCCMBMpyIOTC51, 

TipM apeMemr o6pa60TKM t:. 6 MMH AeTaJIM B H8KOTOpbIX cny-
'laHX TeMH8IOT, )]JI51 nonyqe}!M5! CBeTJIOH 6neCTHillei1: noaepXHOCTM 
AeTane:if B paCTBOp N9 1 A06aBJ151IOT KMCJIOTHbIH MHrM6MTOp ( 3 0-
40 MJI Ha 1 n), COCTaB KOTOpOI'O npMBeAeH B Ta6n. 8. 

8. CocTaB KMCJIOTHoro MHI'M6HTopa 

KoMnoHeHT I rocr 

-
<PopManHH 1625-75 

AueToH 2768-69'* 

EAKOO K8J1M 9285-69 

Bolla nHTheBasI 2874-73 

C0Aep11<amre1 Mn 

770 

140 

13 I' 

30 

)]J151 o6pa60TKH CTaJibHblX AeTaJ1ei% c He60J1bIIIMMM JlOilYCK8MH 
Ha o6pa6oTKy, HanpuMep BHHTOB M2 1 M3, M4, peKoMeHAyeTCH 
npMMeHH Th pacTBop N9 2 ( Ta6n. 7). 

PaGMepbI aeTaneif nocne o6pa6oTKH a yKaGaHHOM pacTaope He 
HGMeHHIOTCH, TaK KaK B npouecce o6pa60TKH OJIOBO oca:lK.AaeTC51 
Ha noBepXHOCTM AeTaJieH M npeAOXpalIBeT ee OT paCTBOpeHHH B 
cepHOH KMCJIOTe. Ha OCTpbIX KpOMKaX H GayceHuax OC81K/16HMe 
OJIOBa 38TpyAHeHo, 06paay10mMe 11J1eHKM TOHKM, nerKo CKaJ1bIB810T
C51 npM coyAapeHlliIX M OT BOG/l8HCTBM51 KaBMTaUMM, 'ITO He npe
lJSITCTByeT yAaJieHMIO sayceHUeB (KpoMoK). 

)]nH o6pa60TKM AeTaJieM HG MeAM H ee CilJ18BOB peKOMeHAyeTCH 
npliMelffiTh pacTBop N9 3 (rn6n. 7). Tipn o6pa6oTKe AeTanew yKa
GaHHbr:H paCTBOp pa36aBJ1HIOT BOAOif B COOTHOIIIeHHHX OT 1: 4 AO 1: 8. 

PacTBOp coc•raaneH TaKMM o6pasoM, qTo6bI cKopoCTh pacTBO
peHlliI Me/lH M UMHKa, BXO,lJ.5IillMX B COCTaB J1aTymi:, 6blJ18 npMMepHO 
o.zum:aKOBo:H. Me/lb 11 ee cmraBbI pacTBOPf!IOTCH B xpoMoBoii: Kncno-
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Cna60KHCJIOTHhie H meJIO'iHhie paCTBOphI HCnOJihSyIOT 
OAHOpaSOBOH o6pa60TKH. BpeMH o6pa60TKH B HMX COCT8BJISeT 

15 MHHo 

AJIH 

2-

B Ka'ieCTBe a6paSHBHhIX MaTepHaJIOB npHMeHHIOT MMKponopow
KH GepHHCTOCThIO OT M3 AO M2 O. A6paSHBhI MeHbllleii sepHHCToc
TH He sqxpeKTHBHhI HS-Sa M8JIOH wnH¢y10meii cnoco6HOCTM, . a 
6onee KPYffilhie oceAaroT M He 06pasy10T cycneHSMM npH · yJihTpasay

KOBoft o6pa6oTKe. 
B Ka'ieCTBe *HAKOii ¢asbr a a6pasHBHhIX cycneHSHHX npMMeHH

IOT CMeCb BOAhI H I'JIHUepHHa. 
HaH60Jiee npneMneMhIM no CBOMM pe*ymHM caoiicTaaM .HBJIHeTC.H 

Kap6HA 6opa. OH xopowo CMa'iMBaeTC.H BOAOH H 6naI'OAapH OTHO
CHTeJibHO He60Jibllloii nnoTHOCTH YAOBJieTaopnTeJibHO yAepIB:HBaeTcH 
B cycneHSMH BO BSBeweHHOM COCTOSIHMM. B Ta6JI. 4 npHBeAeHhI 
tiiMGH'!eCKHe yBOiiCTBa HeKOTOpbIX a6pa3HBHhIX MaTepHaJIOB, npH
MeHSeMhIX npM yJibTpasayKOBOii o6pa6oTKe. 

4. A6paSHBHhie MaTepHanhI AJIH YJihTpaSByKoaoro 

yA81lemm sayceHileB 

TaepAOCTh TIJIOTHOCTh, CMa'!HBa-

A6pasUB no PHA*Y- r/cM3 eMOCTb 

910 BOAOii 

3JieKTpO-

KOPYHA 12 3,93-4,0' YAOBJle-
TBOpM-
TeJibHaSI 

Kap6HA 
KpeMHHH 13 ,3,15-3,2 CpeAHS.H 

Kap6HA 
6opa 14 2,52 XopowaSI 

rocr 

3647-71 

5744-7 4 

.L1JIH npMI'OTOBJieHHH a6pa3HBHOH cycneHSMH OTMepeHHbie KOJIH

'leCTBa COCTaBJIHlOJ.UMX sarpy)KalQTC.H B eMKOCTh M xopowo nepeMe
WHBaIOTCH. 

Han6onee wupoKoe pacnpocTpaHeHHe nony'!MJI a6paslli3Hhiii coc

TaB, npHBeAeHHhiii B Ta6JI. 5. 
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5. CocTaB a6paaHBHoA cycnenauu 
AJ1.SI ynaneHHSI aayceHUeB 

KoMnoHeHTbI 

Kap6IIJJ. 6opa 

fJIHUepHH JJ.HCTHJIJIH
poBaHHbIM 

BoAa rIHTheBa.H 

CoJJ.epJKaHue, % 
no o6ieMy 

30-50 

20-35 

OcTaJibHOe 

rocT 

5744-74 

6824-76 

2874-73 

l1aBeCTHbI a6pa3HBHbie COCTaBbI JJ.JI.9: y)J.aJieHllil sayceHUeB, B 
KOTOpbIX BMeCTO l'JIHUepHHa HCrIOJ1b3YlOT paCTBOp nOJIHMepa. 

Bo BpeM.9: o6pa6PTKH JJ.eTaneli aepHa a6pasHBa JJ.po6.HTC.H. Dpu 
9TOM rrpoHSBOJJ.HTeJibHOCTh npouecca CillITlliI sayceHUeB He CHWKa
eTc.H, a, Hao6opoT, noBbIDiaeTCH H K8''!8CTBO IlOBepXHOCTH o6pa6a
TbIBaeMbIX AeTaJien yny'llllaeTCH. Y:acTHllbI CHHTOI'O MaTepHaJia, no-
nap.aIO!ll;l'le B cycneHSHIO, He OK83bIBalOT cymecTB8HHOI'O BJUIBHF .. R 

Ha npouecc Cill!Tllil GayceHuea B yJihTpaSByKOBOM none. 
PacxoA a6pa3HBHoro MaTepu:ana npu o6pa6oTKe ,neTanen npo

HCXOAHT B peaynJ:JTaTe ero oceJJ.aHllil Ha noaepXHOCTb ,neTanen H 
COCTaBJI.HeT npHMepHO 1-3 r Ha 100 I' o6pa6aTbIBaeMbIX ,neTa

Jieil:. 
DpH BBeAeHHH B a6pa3HBHYIO cycneHGlllO XllMWrnCKH aKTHBHbIX 

JJ.06aBOK noBbllllaeTcH CbeM MeTaJina. TaK, yaeJIH"'lemre cbeMa {%) 
HH3KoyrnepoJJ.llCTOH CTaJIH nocJie BB8JJ.8HMH B llCXOJJ.HYlO cycneHSHlO 
paSJIH'lHbIX A06aBOK COCTaBJIHeT COOT)38TCTB8HHO: 

2%-HbIH pacTBOp KaJibUHHHpOBaHHOH COAbi •••••••••••••••••••••••••••• 2 5 
0,2%-HblH paCTBOp CTeapHHOBOM KHCJIOTbI H 10% 

8THJ10BOrO COHpri"'a ••••••••••••••••••••••••••o•••••~•••••e••••••••••G•o••••••••33 
2 'lb I\lleAHOI'O Kynopoca ••••••••••••a•••••*••••••••fli•••••••••••••••••••••• .. •••e 93 
5%-Hb!H paCTBOp cepHOH KHCJIOTbI 11 1 % 

CTOJlHplIOr'O KJieS'I ••••••••••@•e•••••••111••••••••1•o••••••••••••••••e•••••••••• 142 

Tiocne yJJ.aJieHHH aayceHUeB B a6pa3HBHOH cycneHGHH Heo6xo,nu

MO npoBeCTH o6bI'lHY10 YJ1bTpa3BYKOBY10 O'lHCTKY ,neTaJieH B BOAe 
B Te'leHHe 1-2 MHH. TorJJ.a qacTHllbI a6paaHBa c ,neTanen noJIHOC

TblO CMbIBalOTC.Ho 
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Bo B peM.H y,naneHHSI aayceHUeB B XHMW:-recKH aKTHBHbIX paCTBO
pax ,neTaJIH TeMHeIOT. 4T06bI BOCCTaHOBliTb npeMH1010 CBeTJiyro no
:13epXHOCTb, )J.eTaJ1H OCBeTJ.LHIOT B pacTBOpe, COCTaB KOToporo npHBe·
,[(eH B Ta6JI. 6. 

0cBeTJ1.HIOmHn paCTBOp pas6aBJ1H8TC.9: BOAOM B COOTHOllleHHH 
1:2 O. BpeM.11 o6pa6oTKH JJ.eTane:i1: B ocBeTJIHromeM pacTBope B 
YJ1bTpaGByKOBO:i1: ycTaHOBKe COCT8BJ1.HeT 1-2 MHH. 3aTeM ,neTaJIH 
H3 qepHbIX MeTaJIJIOB CJ18JJ.yeT o6pa6oTaTb B naccHBHpyroui;eM coc
TaBe • .0.onycKaeTC.H COBMemeHHe onepar.mn yJibTpaaByKOBOH 01'.J:HCT
KH H OCBeTJ18Hllil ,neTanen B COCTaBe COI'JlaCHO Ta6n. 6. KpoMe 
a6pa3HBHbIX cycneH3HH HCilOJ1b3YIOT cna60KHCJ10THbie 11 meJIOTffibie 
paCTBOpbI, COCTaB KOTOpbIX npHBeAeH B Ta6JI. 7. 

6. CocTaB OCB8TJ1.HlOmero pacTBOpa 

KoMnoHeHTbI 

.Al!I'HAPIIJJ. XpOMOBbIM T8XHH'lec
KHH 

KHCJIOTa cepHa.11 TeXHH'!ecKa.H 

( IlJI OTHOCTb 1, 84 ) 

KucnoTa aGOTHa.11 TeXHH"'!ecKa11 
(nnOTHOCTb 1,4) 

KHcJioTa opTapoc$opHa.H Tep
MH'IecKa.H ( IlJIOTHOCTh 1, 619) 

Ka;rnn AByxpoM0BoKHcnb1il: 
TeXHH':IeCKHM 

BoJJ.a mrTbeBaH 

Co,nepJKaHHe, 
MJI 

290-300 r. 

100 

50 

55-60 

4-5 r' 

1000 

rocT 

2548-77 

2184-67* 

701-68 

10678-76 

2652-71 

2874-73 

.0.n.H o6pa60TKH AeTaJieH HS yrnepOAHCTbIX CTaneil B Ka'leCTBe 
pa6oqero pacTBopa cneJJ.yeT Hcnonb30BaTb paCTBop Ng 1 ( Ta6n. 7). 

I1oA JJ.elicTBHeM ynbTpaaByKoBon KaBHTaUHH npo11ecc TpaBnemm 
B 8TOM COCTaBe HHTeHCHlf:munpyeTC.9:, npnqeM He3Ha'lHT8J1bHOe yse
JU-I'l8HHe' KOHU8HTpaUirn a30THOH KHCJ!OTbI (B npeAeJiaX OJJ.HOI'O npo
ueHTa) npHBOAHT K 3H8'IHT8J!bHOMY YB8J1if'1eHH10 CKOpOCTli TpaBJie
Hllil. 
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5. CocTaB a6pa3HBHOA cycnenaHH 
1))Ul'. yAaneHHH aayceHuea 

CoAepxmHHe, % 

KoMnoHeHTbI no 06-beMy 

Kap6HA 6opa 30-50 

fJIHUepMH AHCTW!Jlll-
poBaHHblH I 20-35 

BoAa IlHTheBa5I OcTaJlhHOe 

fOCT 

5744-74 

6824-76 

2874-73 

l1aBeCTHbl a6pa8HBHble COCTaBbl AAA ynaneHH5I aayceHUeB, B 

KOTOpblX BMeCTO rmmepHHa HCIIOJ1h3YIOT paCTBOp nomrMepa. 
Bo BpeM5I o6pa6oTKH neTaneii aepHa a6paaHBa npo65ITC5I. Tlpn 

9TOM npOH8BOAHTeJlhHOCTh npouecca CH51Tlffi aayceHUeB He CHIDKa
eTC5I, a, mio6opoT, Il0BbUllaeTC5I H Ka"'leCTBO IlOBepXHOCTH o6pa6a
TbIBaeMblX /].eTaJleH yny"ll.lla8TC5I. 4aCTHllbl CHHTOI'O MaTepnaJia, no-

nanaroru.ne B cycneHaHIO, He oKa3bIBaIOT cyru.ecTBeHHoro Bm1HHH5I" 

Ha npouecc CJIBTH5I GayceHUeB B yJihTpaaByKOBOM none. 
Pacxon a6pa3HBHoro MaTepuana npn o6pa6oTKe neTaneii npo

ucxoJJ.MT B peaynhTaTe ero ocenaHH5I Ha noBepxnocTb neTaneii H 
cocTaBnHeT npHMepHo 1-3 r Ha 100 r o6pa6aTbIBaeMbIX neTa-

neil:. 
TlpM BBenemm B a6paGHBHYIO cycneH3HlO XHMW18CKH aKTHBHblX 

no6aBOK IlOBbilllaeTCH C'b8M MeTaJIJia. TaK, yBeJ1U"'l8Hlie C'beMa (%) 
HH3KoyrnepOAMCTOH cTaJIH nocne BBeJJ.eHHH B MCXOAHYIO cycneH3HIO 

pa3JIH"'lHbIX ]J.06aBOK COCTaBJ15!8T COOTBeTCTBeHHO: 

2%-HbIH pacTBOp KaJlhllMHHpOBaHHOH COil.bi •••••••••••••••••••••••••••• 2 5 

0,2%-HblH pacTBOp CTeapMHOBOH KMCJ10Tbl H 10% 

8THJ10Boro cnHpTa ••••••••••••••••••••••••••0•••••••••••0••••••••0••••••••&•••33 
2'7b !VIeAHOI'O Kynopoca •••••••••••e••••••••••••••~••••••••••••••••••••••• .. •••s93 
5%-Hb!H paCTBOp cepHOH KMCJ10Tbl H 1 % 

CTOJ1.HpHoro KJieSI ·······························~········•11••••••0••········ 142 

Tioc ne ynaneHH5I GayceHUeB B a6pa3HBHOii cycneHGHM Heo6xoAH

MO npoBeCTM o6bl'!HYIO yrrbTpa3BYKOBYIO O"'lHCTKY ]J.eTaJiefi B BOIJ.8 
B Te"'leHMe 1-2 MMH. TorAa "'!acTHllbI a6paaHBa c AeTanefi noJIHOC-

ThIO CMbIBaIOTC5I. 
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Bo B peM5I ynaneHH5I GayceHUeB B XMMM'!ecKM aKTHBHbIX pacTBO
pax A8TaJlli TeMHeIOT. 4To6bI BOCCTaHOBHTh npeiKl-IlOIO CB8TJ1YIO no
BepXHOCTh, A8TaJ1H OCBeTJIS'IIOT B pacTBOpe, COCTaB KOToporo npHBe

AeH B Ta6n. 6. 
0cBeTJ15IIOlll.MH paCTBOp paa6aBIBieTCf! BOAOH B COOTHOilleHim 

1: 2 O. BpeM5I o6pa6oTKH AeTaneil: B ocBeTJ15IIOllieM pacTBope B 
YJ1bTpa3ByKOBOH ycTaHOBKe COCTaBIBieT 1-2 Milli. 3aTeM A8T8J1M 
HG "'l8pHbIX MeTaJ1J10B CJleAyeT o6pa6oTaTh B naccHBHpyromeM coc
TaBe. llonycKaeTCH COBMememre onepauuli yrrhTp83BYKOBOH O"'lHCT
KH H OCBeTJ18HHH A8TaJleH B COCTaBe cornaCHO Ta6n. 6. KpoMe 
a6pa3HBHbIX cycneH3lIH HCIIOJ1b3YIOT cna60KMCJ10THbie lI meJIO"'lHbie 
paCTBOpbI, COCTaB KOTOpbIX npHBeAeH B Ta6n. 7. 

6. CocTlIB OCBeTAAIOlliero paCTBOpa 

KoMnoHeHTbI I CoAe p11<aHMe, I rocT 
MJl 

I 
A.HrHApHA xpoMOBbIH TeXHH"'lec-
KHt°I I 290-300 r I 2548-77 

KncnoTa cepHa5! TeXHM"'!8CK85I 

( IlJlOTHOCTh 1, 84) I 100 I 2184-67* 

KHcnoTa aaoTHa5! TeXHwrecKa5I 

(nnOTHOCTh 1,4) I 50 I 701-68 

KucnoTa opTcxpoc~opHaf! T~p-
MH"'l8CKa5I ( IlJ10THOCTh 1 1 619) I 55-60 I 10678-76 

Kamril: nayxpoMOBOKHCJibril: 
TeXHM"'l8CKHH 

I 
4-5 r 

I 
2652-71 

Bona nMTheBaH 1000 2874-73 

llnH o6pa60TKH AeTaneiI HG yrnepOAHCTbIX CTaneii: B Ka"'leCTBe 
pa6o"'lero pacTBOpa cneAyeT u:cnoJih30BaTh paCTBOp Nq 1 ( Ta6n. 7). 

Hon neil:cTBHeM ynhTpa3ByKoBoil: KaBMTaunn npouecc TpaBJieHH5I 
B 8TOM COCTaBe HHT8HCHtpHUHpyeTC5I, npH"'l8M HeGH8"'lHTeJ1hHOe yae
JlH"'l8HHe KOHU8HTpau1m aGOTHOH KHCJIOTbl (B npe.Qenax OAHOI'O npo
ueHTa) npHBOAHT K 3Ha"'lHT8J1bHOMY yBeJ1H'!8HHIO CKOpOCTH TpaBne

HHH. 
29 
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CnaoOKHCJIOTHhie H rueJIO'!Hhie paCTBOphI HCilOJibGYIOT 
OAHOpaGOBOfi o6pa60TKH. BpeM51 o6pa60TKH B HHX COCTaBJIHeT 
15 MHH. 

AruI 

2-

B Ka'leCTBe a6paaHBHhIX MaTepHanoB npHMeHHIOT MHKponoporu
KH oopHHCTOCTbIO OT M3 AO M2 O. A6paGHBhI MeHhlllefi aepHMCTOC
TH He 9¢cl>eKTHBHhI HS-Sa Manofi ll1J1Hcpy10ruetl: cnoco6HOCTH, . a 
6onee KpyilHhie oceAaIOT u He 06pasy10T cycnensnu npH · ynbTpaSBy· 
KOBOfi o6pa60'l'Ke. 

B Ka'leCTBe :lKUAKofi cpaahI B a6paSHBHhIX cycnensHHx npHMeHH

IOT CMeCb BOAhI H I'J1HllepHHa. 
Hau6onee npue&meMhIM no CBOHM pe:iKyruHM cBoficTBaM .HBruieTC5I 

Kap6UA 6opa. On xoporuo CMa'lHBaeTC.H BOAOfi H 6naI'OAapH OTHO
CHTeJibHO ne6onblllofi nnoTHOCTH YAOBJ1eTBOpHTeJ1bHO yAep:iKHBaeTc.H 
B cycneHSHH BO BSBellleHHOM COCTOOHHH. B Ta6n. 4 npHBeAeHhI 
¢H3'ffl!eCKHe 9BOfiCTBa HeKOTOphIX a6paSHBHhIX MaTepHaJ10B, npH
MeH.HeMhlX IIpH YJ1bTpaSByKOBOH o6pa60TKe. 

4. A6paaHBHhie MaTepuanhI AJIH YJibTpaSByKoaoro 

yAaJieHJm sayceHJleB 

TBepAOCTh TIJIOTHOCTb, CMa'!HBa-

A6pasHB TIO PHA:lKY- r/cM3 eMOCTb 

910 BOA OH 

3J1eKTpO-

KopyHA 12 3,93-4,0 YAOBJ1e-
TBOpH-
TeJ1bHruI 

Kap6UA 
KpeMHH.H 13 ,3,15-3,2 CpeAHH.SI 

Kap6UA 
6opa 14 2,52 Xoporua.SI 

rocr 

3647-71 

' 

5744-7 4 

.ilJIH npHI'OTOBJ10HHH a6paSHBHOH cycneH3HM OTMepeHHhie KOJ1M

'leCTB8 COCT8BJ1HIOIUHX sarpy:iKalOTC.SI B eMKOCTb M xoporuo nepeMe
lllHB8lOTCH. 

Hau6onee llIHpoKoe pacnpocTpanen11e nony'lMJ1 a6paaHBHhIH coc
TaB, npHBeAeHHbIH B Ta6n. 5. 
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Ha yJihTpa3BYKOBbIX ycTaHOBKax peKoMeH)J.yeTCSI o6pa6aTbIBaTb 
)J.eTaJ1H MaCCOH L 2 5 r li J1HHeHHb!Mli pa3MepaMH ·I.. 7 0 MM. 

DoBepXHOCTh )J.eTarre:H, noJJ.BepraeMbIX yrrbTpa3BYKOBOH o6pa-
6oTKe1 He )J.OJ1JKHa HMeTb 3a6oHH H pHCOK c pa3MepaMH, BbIXO-
)J.m:.UHMH 38 npe)J.eJ1bl JlOilYCTliMb!X napaMeTpOB mepOXOBaTOCTM )J.8-
Tane:H, a TaKJKe Tper.u1m H paccnoeHHft MaTE::pHana, TaK KaK 8TH 
JJ.e¢eKTbl MOI'YT CTaTb npWIHHOH pa3pymemm AeTaJie:H npH o6pa-

60TKe. 
DeTanH, HMe10r.u11e mepoxoBaTOCTb noBepXHOCTl1 Bbillle 9-ro 

Krracca, o6pa6aTbIB8Tb B yrrbTpa3BYKOBbIX ycTaHOBKax He peKoMeH

JJ.yeTcsr. 
Dpli yJJ.aneHHli GayceHUeB c )J.eTaneft B KaqecTBe pa6oqux JKHJJ.

KOCTe:H npHMeH.HIOT a6pa3liBHble cycneH3Hli, CJ1a60KliCJ10THbie H r.ue
JIOqHble paCTBOpbI. 

A6pa3UBHbie cycneH3HH - JKU)J.KOCTH MHOI"OKpaTHoro 11cnonbBo
BaHlli! (JJ.o 10 - .. 15 pa3), B GaBUCHMOCTH OT npHMeH.HeMoro a6-

pa3UBa li o6pa6aTbIBaeMOI'O MaTepHaJia BpeM.71 o6pa60TKH B HHX 
COCTaBJI.71eT 10-30 MHH, B a6pa3UBHbIX cycneH3li.71X o6pa6aTbIB810T 
npeMMyr.ueCTBeHHO Il1T8MilOB8HHb!e )J.8Tanu. 
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Pttc. 11. neranM, ITO)J,BepraeMbie CHHTHIO 3aycem1eB 

rrpw B03)J,eMCTBlili ynbTpa3ByKa 

i{I' 

I.) 

( 

('' 

TiapTliH )J.8TaJ1e:li:, oorpy)Ka8MblX B ycTaHOBKy, )J.OJI)!(Ha liM8Th 
onpeJJ.eJ1eHHy10 Macey (cM. DpMJIO)KeHHe 1). Ka)KJJ.YIO napTIIIO .ne
Tarre:H Heo6xoJJ.MMO o6pa6aTbIBaTh B cBe)KeM paCTBope. BpeM.71 o6-
pa6oTKH pa3Jl}lqHbIX )J.eTanefi IlO)J.6HpaeTC.71 OilblTHbIM nyTeM H coc
TaBJI.718T B CpeAHeM 6-12 MHH. Otto OOBHCHT OT nepBOHaqanbHbIX 
pa3MepoB II ¢opMbI 3ayceHua, a TaKJKe KoH¢nrypaUHH JJ.eTane:H, 
Docne o6pa6oTKH B KHCJIOTHOM pacTBOpe JJ.eTaJIH nacc11B11py10TCSI. 

Dp11 BpeMeHH o6pa6oTKH t.. 6 MMH JJ.eTamr B HeKoTophrx cny-
'l:a.ax TeMH8IOT, .Qng nonyqeHH.H CBeTJIOii: 6JieCT.Hr.ueii: IlOBepXHOCTH 
.neTarrefi B pacTsop NQ 1 JJ.06aBJI.HIOT KHCJIOTHbIH HHrH6n:Top (30-

4 0 MJI Ha 1 JI), COCTaB KOTOporo npHBe}leH B Ta6n. 8. 

8. CocTaB KHCJIOTHOI'O mrrH6n:Topa 

KoMnoHeHT I rocT f ConepmaHue, MJI 

--
<PopMamrn 1625-75 770 

AueToH 2768-69* 140 

EnKoe KaJIH 9285-69 13 r 

BoJJ.a nHTheBa.H 2874-73 30 

.QJI.71 o6pa60'fKH CTaJibHbIX )J.eTaJie:H c He60JihII1HMM )J.OilYCKaMH 
Ha o6pa6oTKy, HanpIIMep BliHTOB M2, M3, M4, peKOM8HllY8TC.H 
npHM8H.HTh paCTBOp J,fo 2 ( Ta6n. 7). 

Pa3MepbI )J.eTaJie:li: nocne o6pa6oTKH B yKa3aHHOM paCTBOpe He 
li3M8HHIOTC.H, TaK KaK B npouecce o6pa60TKH OJlOBO OCa)K)J.88TC.H 
Ha IlOBepXHOCTH )J.eTaJieH H npeJJ.OXpaH.HeT ee OT paCTBOpeHH.H B 
cepHOH KMCJIOTe. Ha OCTpblX KpOMKaX II 3ayceHuax OC8)KJJ8HII8 
OJIOBa 38.TpyAHeHo, o6pa3y10r.u11e nneHKH TOHKH, JieI'KO CKaJlblB8IOT

C.H npn coyJJ.apeHM.HX lI OT BOO)J.eii:CTBH.H KaBUTaunn, '!TO He npe
Il.HTCTByeT y)J.aJieHHIO GayceHUeB (KpoMOK). 

.Qng o6pa60TKM )J.eTaJie:H H3 M8Ali H ee crmaBOB peKOM8HJJ.yeTca 
npti:MeH.HTh paCTBOp Ng 3 ( Ta6rr. 7). TipM o6pa6oTKe AeTane:H yKa-
3aHHbIH paCTBOp pa36aBJI.71lOT BO)J.OH B COOTHOII18HH5IX OT 1: 4 AO 1: 8. 

PacTBOP cocTaaneH TaKHM o6pasoM, qTo6bI cKopocTh pacTBO
peHlli! MeJW li UHHKa, BXOA.HIUHX B COCTaB JiaTyHM, 6b1J1a npHMepHO 
ommaKOBoli. MeJJ.h 11 ee cnnaBbI pacTBOPf!IOTCH B xpoMoBoli KHCJI0-
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Te, KOTOpa.H o6paGyeTCSI B peGyJihTaTe BGaHMO}J.eitCTBllil XpOMOBO

ro BHl"HJJ.pHJJ.a c BO}J.OM, a IUIBK, BXOJJ.HJUHM B COCTaB JiaTyHeli, pao

TBOp.HeTC.H B cepHOH KMCJIOTe. OpTOtfloapopHyIO KMCJIOTY JJ.06aBJI.HlOT 

JJ.JIH o6paGoBaHIIB 6rrecT.Hmeli noBepXHOCTH AeTarreit, EcrrM npM o6-

pa6oTKe Ha A8Tamrx ll0.HBmI8TC.l'I KpacHhIM HaJieT, TO Heo6X0,1ll!MO 

yMeHblllMTb KOJIM'leCTBO cepHOM KMCJIOThl B MCXO.a.HOM paCTBOpe. 

HeJJ.OCTaTKOM lllMpOKO npHMe1meMoro AJIH yrrbTpaGByKoBoit o6-

pa6oTKH pacTBOpa Ng 3 ( Ta6rr. 7) .HBAAeTCSI HaJIH'!He B HeM 

TOKCH'lHOl"O KOMllOHeHTa - XpOMOBOl"O aHl"HJJ.pHJJ.a. Ero KOHU8.HTpa

UillI B OTpa6oTaHHOM paCTBOpe BO MHOl"O paG rrpeBbilllaeT npeJJ,eJibHO 

AOnycTHMoe no caHHTapHhIM HOpMaM GHa'leHHe. HeitTparrHGaUillI oT

pa6oTaHHOit KOMTIOGMUHH c XpOMOBhIMll C08JJ.HH9Hlli!MH npeACTaBJIH

eT 6oJiblllHe TeXHOJ10l"H'l€CKHe TpyJJ.HOCTH H CB.HGaHa c ycTaHOBKOH 

cneuHaJibHhIX O'lHCTHhIX BaHH. Il08TOMy AJ1.H CIIBTIDI GayceHUeB c 

A€Tarreli HG Me}J.H II ee cnrraBOB MO)K8T 6bITb peKOM8HAOBaH coo

TaB Ng 4 ( Ta6rr. 7) KaK 6orree npeJJ.no'lTHTeJibHbIM, B 8TOT coc

TB.B He BXOJJ.HT xpOMOBhie coeJJ,HHeHIIB • 

.[lrrg o6pa60TKH JJ,eTarreli HG aJilOMHHIIB H era cnrraBOB peKOMeH

AY8TCSI paCTBOp Ng 5 ( Ta6rr. 7). LleTanu HG .1:110parr10MHHHH nocrre 

o6pa6oTKH B merrO'lHOM paCTBope T8MH8IOT, ll08TOMY llX Heo6xo

JJ.HMO OCB8TJ1HTb B 50910-HOM BO.a.HOM paCTBOpe aGOTHOM KHCJIOThI. 

BpeMH ocBeTrreHIDI 5 c. B crryqrurx, KOl"Aa AeTarrH HMe10T )K8CT- I.( 

KHe JJ.ODYCKH Ha paGMepbI, B rueJIO'lHOM paCTBOp neo6XOAHMO AO- ~ : 

6aBHTb 0,5-1 r cepHOKHCJ10l"O HHKeJI.l'I • 

.[lrrg CHHTI15! GayceHU8B c .JJ.eTarreli, llGl"OTOBJ18HHbIX HG 8J18KTpO

T8XHH'!eCKOM cTam1 342 ll 344, peKoMeHAyeTCSI pacTBop Ng 6 
(Ta6n. 7). BpeM{I o6pa6oTKH B yrrbTpaGByKOBhIX ycTaHOBKax 6es 

H36bITO'lHOl"O ABBJI8Hllil nrracTHH llJlH co6paHHhIX naKeTOB B 8TOM 

paCTBOpe COCTaBAAeT 1-5 MHH. PeKOM8HAY8MaH 11 IlJ10THOCTb" Ga

rpyGKM 5-10 JJ.M2 Ha 1 JI pacTBopa. 

.[lrr.H CHHTIIB saycenueB c pOTOpHbIX H CTaTOpHbIX nrraCTHH, H3-

l"OTOBJ1eHHhIX HG nepMaJIJ10.H c CQJJ.8p)KaJU!eM HHKeAA 48-80%, pe-
KOMeHJJ,yeTCSI pacmop NQ 7 ( Ta6rr. 7). IleprHJJ.pOJib BBO}J.HT B 

pacTBop HenocpeACTBeHHo nepeA sarpysKoit AeTarreit, BpeMH o6-

pa6oTKM 3-6 MHH npM TeMnepaType pacmopa 35-60°c. 

5. YCTAHOBKH nnH LlHCTIEPfHPOBAHllil ffOPOWKOBbIX 

MATEPI1AJ10B B YflbTPA3BYKOBOM TIOnE 

CymecTByroT yrrhTpasByKOBhre ycTaJIOBKM, HcrrorrhsyeMhre AAA 

HGMeJib'!9HHH nopolllKOBhIX MaTe'pHaJIOB, B 6orrbillHHcTBe crryqaeB 

OCHOBY llX KOHCTpyKUMH COCTaBJI.Hl:OT MBl"HMTOCTpMKUHOHHbie npe

o6paGOBaT8JIM, o6ecne'!HBalOlllJ'.le BOG6y)KA€HIIe yJibTpaGByKOBbIX K0-
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KOToprur, npOAOJl)KaH paGBOpatIMBaTbC.H, BbIGbIB88T B MY¢Te nepe

rpy30'lHhIM KpyTHIUHM MOM8HT. Ilp11 8TOM ee Gy6b.H rrpomeJIKMBalOT 

H pa6oqrur BaHHa 12, pa3BepHyBlllHCh Ha yron 135°, npeKpamaeT 

IlOBOpoT, TaK KaK B 8TOM TIOJ10)K8HHH cxeMa ynpaBJI8HHH o6ecTO

'!HBaeT rreayro 8J18KTpOMarHHTHYlO My¢TY 8 li JJBIDK8HHe OT 'tJ:ep

B.H'!HOM nepeJJ.a'!H 7 K Barry 19 npeKpamaeTCSI, 0AHaKo B pameHMe 

pa6oqeit KaMepbI BOKpyr CBOeit npOAOJ1bHOM OCH npOAOJ1)K88TCH. 

3To BpamenMe BaHHbI cnoco6cTByeT 6bICTpOH Bbll"pyGKe JJ.8TaJieli 

HG pa6oqeit KaMepbI B pasrpyGO'lHYIO eMKOCTh. 0JJ.HOBpeMeHHO Ha 

AeTaJIM IlOJJ,aeTC.H BOAa MG paG6pbIGl"MBaT8J1.H 11. 0Tpa6o'faHHbIM 

paCTBOp YXOAHT qepeG AHO B8HHbI B cmmnyro MarHcTpaJib (Ha 

pHC. 1 0 He noKaGaI-Ia). Ilo MCT8'l8HMH B peMeHH, He06XOJJ.MMOl"O 

}J.JI.H pasrpyG:im, 8BTOMaTM'l8CKH BKJIIO'l1:18TC5l rrpaBa.H 8JI8KTpoMal"'

HHTHa.H My¢Ta 8 H pa6oqrur KaMepa BMecTe c paGrpyGO'!HOM eM

KOCTblO BOGBpamaeTC.H B MCXOJJ.HOe COCTO.HHHe. KpbilllKa 16 OTKpbI

BaeTC.H H qepeG JllOK npOMb!Thie BOJJ.OH A8TaJIH apy'<!HYlO BhIHMMaIOT 

BG ycTaHOBKM. H0By10 nopumo AeTaJieit, noAJie)Kamux o6pa6oTKe, 

sarpy)KalOT B pa6oqyro KaMepy H UMKJI IlOBTOpH8TC.H. 

fa6apMTHbI8 paGMepbI 1 l6,0x1020xl 780 MM, ycTaHOBKa 

Y3B.[l-8M noTpe6rr.HeT MO!llHOCTh 6 KBT, peryrrHpyeMa.H qacToTa 

BpameHM.H pa6oqeit BBHJ!bl B ropMGOHTaJibHOM DJIOCKOCTH 2 0-50 

06/MHH c O.a.HOBpeMeHHbIM noKa'tJ:MBaHHeM .B B8pTHK8J1bHOM IlJIOCKOC

TH }J.0 ±40°. 

A. TEXHOnorHt.IECKHE PE)KHMbI Y.[lAnEHHH 3AYCEHUEB 

YrrbTpa3ByKOBbIM MeTOAOM MO)KHO yJJ.aAATh sayceHilbI c 

rreli npH6opocTpOHT8J1bHOI'O npoHGBO}J.CTBa, HGl"OTOBJI8HHh!X 

MeAH H ee cnrraBOB (naTyHH Jl-59, JI-62, 6poHGhI KMU H 

JJ.eTa

HG 

Ap.), 

yrrrepOAHCTbIX KOHCTPYKUHOHHhIX M aBTOMaTHbIX CTarreli,' aJI:IOMHHHH 

(.tll T, .[116, AMu H JJ.p.), nepMarrrroH, KoppoGMOHHO-CTOliKoli cTarrH. 

06pa60TKe IlOJJ.BepraIOTC.H Kpeil8)KHbI8 }J.8T8JIM AO H nocne pe3b-

6006paSOBaHHH, naKoHe'lHHKH, KOHTaKTHhie ITPY*HlihI» r .. '1<:::::THHhI, 

nrraHKH, lllali6br, pbI'!arM, KOpnyca M ApyrHe A8T8JIH, I13l"OTOBJieH

Hbl8 paGJIM1lHbIMM MeTOJJ.aMM MexaHM'l8CKOM o6pa6oTKH ( TO'l8HMeM, 

¢pe.3epOB8HHeM, lllTaMDOBKOM H Ap.) ( pMc. 11) • 

PasMep GayceHUeB y AeTarreli, noJJ.BepraeMLIX o6pa6oTKe, He 

}J.OJI)K8H TipeBbWIBTh 80-100 MKM. IlpM coxpaHeHHH paGMepoB B 

npeAeJiax }J.OTiycKa H COOTB8TCTBHM o6pa6oTaHJihIX A8Tarreli TeX

HM1£8CKHM ycrroal!HM nocne yrrbTpa3BYKOBOM o6pa6oTKM AonycKaeT

C.H o6pa6aTbIBaTb JJ.eTaJIH c saycemtaMM naGMepoM .:::::.. 100 MKM. 
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BpaJ.UaHCh BOKpyr caoeii: npO/J.0J1hHOH OCH (ABIDKeHHe OT 8J1eKTpO

,!IBHraTemI 10 qepes KJ1HHOpeMeHHyIO nepe11.a'ly BaJl 9, CHCTeMy 

ll.leCTepeH nepe11.aeTCH KOJlecy 20 H, CJleAOBaTeJlhHO, yKpenneHH011: 

Ha Heii: pa6ot.reil: BaHHe 12), 0/1.HOBpeMeHHO IlOBOpa'lHBaeTCSI OT-

KpbITOH r'OprlQBHHOH BHIIS (ABIDK8HHe OT Bpamarome!'OCH BaJla 9 
qepes JleByIO BKJ1IO'leHHyIO 8JleKTpOMarHHTHyIO MY<fJTY 8, KOHH'lec

KYIO napy, qepBH'lHyro nepe11.aqy 7 nepe11.aeTcH aany 19 M, cne-
11.oaaTeJlhHO, Kopnycy 18}. 

0AHOBpeMeHHO BHH3 no 11.yre OKpylK.HOCTH nepeMemaeTCH H 

pasrpySO'lHaH eMKOCTb 15, coeAHHeHHaH c BaJlOM KOpnyca 18 c 

noMoll(hro MY<fiThI. BHMsy, 11.oii:ASI 11.0 ynopa, pasrpyso'lHaSI eMKOCTh 

15 OCTaHaBJ1HB88TCH, SaHHMaH IlOJ101K8HH8 IlO/J. pa6oqeil KaMepoii:, 

tz? 2 2 z? 2 2 2 2 2 zz 2 z 2 7 2? 2? 2 z 2 2? 2 2 z z 2 2 2 2 2 'f4 l 

15 

11/ 

6 

7 t1 l!::::::! 
6 

9 

- -1-=!:.. 
-'------~ - - _J -

11 12 13 

PHc. 10. CxeMa ycrnHOBKH Y3Bll-8M 
24 
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~ 

!: 

ne6amr:il: B IKHAKOH cpeAe, sanommromei1 o6'beM AMcnepraTopa. 011.
HaKo 8TH ycTpOMCTBa He 06opy11.0BaHbI annapaTypoil AJlH cos.nam1£ 

HS6bITO'lHOro CTaTH'l8CKOI'O IWBJ18HIDI H a¢<PeKTHBHOCTh KBBH

TaUHH B pa6o'leM OO'beMe He3Ha'lHT8JlhHa, HeCMQTpH Ha npHMeHeirne 

B yKaGaHHhIX ycTpo:ikTBaX KOJlhlleBbIX HSJ1yqaTeJ1ei1 c <fioKycHpOB

KOH ynhTpasayKOBhIX Kone6aHHH. 

PHc. 12. YcrnHOBKa AJUI ynhTpa3BYKOBoro 

rrpHrOTOBneHHH cycrreH3HH 

YcTaHOBKH AJlH yJThTpasayKoBOI'o AUcneprnpoaaHHH 1 pa6oTaro

.mue IlOA IlOBbilll8HHh!M CTaTU'l8CKHM AaBJ18HHeM, nonyi:mnu: pacnpo

CTpaHeHUe TOJ1hKO B nocne.UHHe I'OAbl. 06b!'IHO I1.X HSI'OTOBJIB10T c 

B8pTUK8JlhHbIMH pa60'IHMH BaHHaMH, B KOTOpb!X npeo6pa30B8T8J1h 

J1U6o pacnonaraIOT B AOHHOH qac.TH, nu:6o Ha CTeHKaX BaHHhI. B 
Il0CJ18AH8M cnyqae AJlH npeAOTBpameHHSI ocenaHHSI 'l8CTUU Ha AHO 

BaHHbI npMMeHHIOT cneuuanhHbie MelllaJlKH. 

CxeMa OAHOM HG ycTaHoBoK c H3J1y'laTeJ1eM B .uoHHoil 

npHBeAeHa Ha pMc. 12. 
1'.J.aCTH 
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YcTB.HOBKa 'HMeeT CTaHRHy 10, Ha KOTopoif yCTaHOBJieHa BaHHa 

8 KOHW!eCKOif cjlopMbI. BaHHa HMeeT ):U3e uampbl 3 B BM.Qe nony-

oceif, KOTOpbie omi:paIOTCSI Ha CTOifKil 4, "ITO llOGBOJI.HeT onpoKM,QbI-

BaTb BaHHy npH ee pasrpyGKe. Banna cHa6MeHa MaHoMeTpOM 1, 

KpaHOM 2, Tpy6onpoBO,UOM 6 .umr no,uaqn H y,uanemm ClKaToro 

Bos,uyxa, B AOHHoif "!aCTH BaHHhI CMOH'l'HPOBaH yJibTpaGByKOBOif HS

ny"!aTeJIL 9, YCTaHOBKa HMeeT CHCTeMy OXJ1alK,U8Hlffi BOAOif, no-, 

AaBaeMoil: qepes Tpy6onpOBOAbl 5 H 7. 
Pa6oTaeT ycTaHOBKa cne,uy10mnM o6pasoM. CocTaBHbie KOMno

HeHThI o6pa6aTbIBaeMoro MaTepuana Gachma10T B BaHHy tJ:epes ee 

r'OpJIOBllliy, 3aKpbIB8lOT KpaH 2, COGAaJOT B BaHHe H36bITO•rnoe 

A8BJ1eHHe M npoHGBOA.HT ynbTpasByKoay10 o6pa6oTKy. 

YnbTpaGBYKOBbie KOJie6aHlffi, pacnpocTpa.HSHICb BBepx OT H3J1y

tJ:aTemI 9 1 npoxo.Q.HT tJ:epes cno:H: sarpy)KeHHoro B BaHHy 8 AHC

.neprupyeMoro MaTepnana u, AOH.[(.H AO HaKJIOHHhIX CTeHOK 8MKOC

TH, QTpa)KaJOTCSI OT HHX ll CHOBa B03BpaIIIalOTCH B GOHy o6pa6oTi

Kll. DJiaI'OAapSI KOHH'I8CKOH cjlopMe KOpnyca o6ecne"!HBaeTCH KOH

UeHTpalllli! YJ1hTpa3.ByKOBbIX KOJ1e6aHHil: B GOHe o6pa60TKH B6J1H3Il 

IlOBepXHOCTH H3J1yqaTeJ1H H 6onbIIIaH CKOpOCTb nepeMell{8Hllil cyc

neHGHH nopollIKa, T.e. JIBT8HCHBHOe ee nepeMellIHB8HHe. 

TaKHM o6pasoM1 aKyCTH"!ecKHe noTOKH 06ecne"!HBa10T Henpe

pbIBHhili IlOJ:U30.U B GOHy o6pa60TKH CBelKMX nopuufi cycneHGllH no

pOllIKa. B so.He o6pa6oTKM (rnaBHbIM o6paGoM y noBepXHOCTH us

ny"!aTeJ1H) y,uapHbie BOJ1HhI, BOGHHKaJOII:(He npM 3a:x.rIOilblB8HHH Ka

pHTaUMOHHbIX nyGbipbKOB, paspyrnaJOT "!aCTHllbl nopornKa. 

Tiocne OKOH"I8Hllil o6pa60TKil I'OTOBaSI cycneH3llil CJ1HBaeTCSI B 

cneuHaJ1hHYJO Tapy qepe3 KpaH 2 nyTeM H8KJIOHa BaHHbI Ha yron 
1500. 

K He,uocTaTKaM ycTaHOBKH npn HcnoJibGOBaHHH ee .unsi: .uucnep

rHpoBaHllil cycneHGijif CJ1eAyeT OTH8CTH H8YA06CTBa sarpy3KHBaH

Hbl nopomKOBhIMH KOMnoHeHTaMH qepes ysKy10 ropnoBHHy, a TaK

)Ke He60JibIIIOii: pa6oquil: o6'heM BaHHbI, 

Jlng .uncneprHpOBaHlli! nopOllIKOBbIX MaTepHaJIOB llIIIpOKO HCUOJib-

3YJOT TaIOKe ycTaHOBKY Y3BJ1-6, OilHCaHHe KOTOpoil: npHBe,UeHO B 

pas,uene 3. JlncneprnpoBaHHe npoHCXOJl,HT IlOA 1:!36bITO"!HbIM A8B

J1eHH8M 4 Krc/ cM2 B Te"!eHHe 6 0 MHH. He.uocTaTKOM ycTaHOBKH 

SIBm:IeTCSI He60JibIIIOli pa60"!Hil: o6'beJvI BaHHbl ( 1, 2 n) n, CJ18,UOBa

T8J1bHO, HeBbICOKa.a npOHGBOAHTeJibHOCTb. Jlmr ynbTpa3BYKOBOI'O 

AHCneprHpoBaHHSI 6onee s<fiqieKTHBHhl ycTaHOBKil, B KOTOpbIX nany

"!aTeJIH pacnoJIO)K8Hbl Hil 60KOBbIX CT8HKaX BaHHbI. 3To llOGBOJ1SleT 

SHa"!HTeJibHO yaeJIH"IHTb pa6oqnil: o6'heM. Han6onee acjl¢eKTHBHbI 

ycTaHOBKH, B KOTOpbIX pa6oqasi: BaHHa o6pa36BaHa KOJ1bll8BbIM HS

nyqaTeJieM. 
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9TOM' KpbillIKa 16 c llOMOlll.blO lll!eBMOUWIHHApa 3 GaKphrnaeTCH H • 

pbiti:ar MexaHHGMa llOA'b8Ma (Ha pHC. 9 He llOKa3aH), Ha:>KaB Ha 

pOJIHK KOH8"!HOI'O BbIKJ1JO"!aTeJ1H B 6JIOKe 6, BKJ1lO"!aeT 9J18KTpOJ:U3H

I'8T8Jib 1 O. OT sneKTPOJ:U3HI'aTeJ1H 10 c noMOlll.bIO KJ1HHOpeMeHHoil: 

nepeAati:H J:U3lPK8HHe nepeAaeTCSI qepes J18BYJO 9JI8KTpOMarHHTHYJO 

MycjlTy 8 Ha KOHW!8CK'IIH peaepCHBHbIH MeXaHHGM H Aanee ti:epes 

qepBH'l:HYJO nepeA8'-IY 7 H Ban 19 :aa HecyIUHH Kopnyc 18. I1pH 

8TOM Kopnyc 18, sy6qaToe KOJ18CO 20 H pa6oqaH BaHHa 12 no

JiyqaIOT BpaIUeHHe BOKpyr ropH30HTaJibHOH OCH. 0AHOBpeMeHHO OT 

peBepcHBHOI'O MexaHHGMa qepes npaayro 8JI8KTpOMaI'HHTHYJOMycjlTy 

H ay6ti:aTyJO nepeAa"!y AB'II)KeHHe nepeAaeTCH KOJiecy 2 O, KOTOpoe 

Hati:HHaeT BpaIIIaTbCH BOKpyr aepTHKaJibHOil: OCH BHyTpH KOpnyca 

18. BoKpyr BepTHKaJ1bHOif OCH Ha"!HHaeT BpaIUaTbCH H B8HHa 12, 

CB.fl3aHHaH c sy6''!aTbIM KOJieCOM 2 o. CHcTeMOil: KOHU8BhIX BhIKJ1JO

qaTeneli orpaHH"!HBaeTCH ,UB'II)K8HII8 BaHHbI BOKpyr ropHGOHTaJibHOH 

ocH a npeAenax GaAaHHoro yrna. 

Tiocne OKOlP!aHHH UHKJ1a o6pa60TKH JJ,eTaJieil: pa6o"!aH BaHHa 12 

BOOBpamaeTCH B HCXOAHOe IlOJ10:>K8HIIe, T .. e. 38HHM88T aepTHK8Jlb

HOe ll0.'10)K8HH8 (KpbillIKOil: 1 7 BBepx)' npH 8TOM KpbillIKa 16 OT

KpbITa, pasrpy30"!H8H eMKOCTb 15 HaXOAHTCSI B aepXHeM IlOJ10-

)!{0HlUI:, HO KpblillKa 1 7 GaKphITa, Bpyti:HyJO OTKpbIBaJOT KpbillIKY 1 7 
H Ha:>KHMaJOT Ha KHOnKy "PasrpysKa" Ha naHenn nynbTa ynpaa

neHHSI 1. TipM 8TOM KpbillIKa 16 GaKpbrnaeTCH c llOMOlll.blO llll8B

MOUHJIHHAP8 3 Il p!ol'illr M8XaHH3Ma llOA'beMa, Ha:>KaB Ha ponHK 

onoKa KOHeti:HhIX BhIKJ1IO"IaTeneli 6, BKJIJO"!aeT aneKTpOABHraTenb 

10 H cxeMy ynpaBJ18Hllil 8J18KTpOMaI'HHTHblMH MycjJTaMH 8 AJ1H 

onepanHH "pasrpysKa". B pesynbTaTe aToro pa6oqaH KaMepa 12, 

P11c. 9. Y3en pa6oqeii: BaHHbI ycrnHOBKH Y3B,ll-8M 
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a npouecce o6pa6oTKH HenpepbIBHO nepeMelllaIQTCH. llocne OKOH

qamm UMKJia o6pa60TKH c6pacbIBaIOT MS6bITO"iHOe )laBJieHMe, BaHHy 
nepeBOAHT B aepTHKaJibHOe noJIOiK0HMe H CliMMalOT KpblllIKY 6. 
3aTeM BaHHy HaKJIOH.HIOT AO ee onpOKliJlhIBaHMH B TeXHOJIOI'H'leCKYlO 
BaHHy, HaXOA.HlllYIOCSl pHJlOM c ycTaHOBKO:H. llpH 8TOM c noMOI.IJ,blO 
cnpeepa BbIMhIBaIOT )leTaJIH MS pa6o'leli BaHm>I. 3aTeM BaHHy 
nepeBOJlSIT B BepTHKaJibHOe nono:l:KeHHe M OOBTOpHIOT pa60'!MH UHY...JI. 

BaHHa HMeeT BHyTpeHHMe pasMephx: AMaMeTp 150 MM1 AJIHHY 
3 5 0 MM. 06'heM aanHBaeMoro B Hee pa6oqero pacTaopa 4, 5 n. 

0JlHOH MS nocJieAHHX yJibTpaGByKOBbIX ycTaHOBOK JlJlH CHSITIDl 
sayceHUeB, B KOTOpbIX 60JiblIIMHCTBO onepaUHH aBTOMaTH3MpOBaHo, 
a:BnHeTCH ycTaHOBKa THna Y3Bil-8M. Ha pMc. 10 npHBeAeHa 
KHHeMaTM'l0CKfill cxeMa ycTaHOBKM, a Ha pMc. 9 MS06pmKeH ysen 
pa6oqe:H aaHHhr. 

Pa6oqru:1 aaHHa 1 (pMc. 9) KOJibUeaoro MaI'HMTOCTpMKUMOHHOI'O 
npeo6pasoaaTemi: UMC-8 c noMOIII.bIO wnHneK n raeK casisaHa c 
sy6'!aThIM KonecoM 2. OHo KMHeMaTH'lecKM ca.11saHo c aanoM 9, 

( pMc. 10) I KOTOphIH coenMHeH c 8JieKTPOABMI'aTeJieM UOCTO.llHHOI'O 
TOKa 10 KJIHHOpeMeHHOH nepenaqe:H. i-Iecymu:H KOpnyc 18 iK0CTKO 

coenMHeH c :aanoM 19 M KMHeMaTH'leCKM CBH3aH c BaJIOM 9 qep
B.ll'IHOH nepe)laqe:H 7 KOHM'leCKOI'O peaepCHBHOI'O MexaHMSMa H 
aneKTpoMarHMTHhIX My¢T 8. Pasrpyso'!Hfill eMKOCTb 15 coenMHe
Ha c KopnycoM 18 c noMOIJJ;blO lllTaHI'FI 14 M My¢ThI c MeJIKMM 
sy6oM. YcTaHOBKa nMeeT o6r.u;u:H Kom:yx 2 c nroKoM, saKphIBaeMhIM 
KpblllIKoli 16. B aepXHeli qacTM KOiKyxa pacnonom:eH nynbT yn-
paBneHH.11 1, a CSa)lM naHeJib nHeBMoannapaTyphI 4, nHeBMOUHnMHAP 
3, KOTOphIH coe)lMHeH c MeXaHMSMOM non'heMa KphlllIKH 16, Csa
JlM ycTaHOBJieH 6JIOK MaI'HMTHhIX yCHnMTene:H 5 JlJl.II perynupoaaHH.11 
cKopocTM BpameHH.11 aneKTpOABMI'aTeJIH 10. Pa6oqa.11 BaHHa 12 
MMeeT C'b0MHYIO KphIUIKy 1 7. 

Ha pa6oqe:H BaHHe saKpenJ.leHo r.u;eTO'!Hoe ycTpolicTBO 13 c 
noMOI.IJ,blO KOTOporo Ha o6MOTKY npeo6pasoaaTeJI.ll nonaeTCH BbICO
KO'iaCTOTHOe Hanµ:riKeHue, a BHYTPh pa6oqe:H BaHHhI - CiKaTbili 
aosnyx. ABToMaTnqecKM:H peiKMM pa60ThI ycTaHOBKM o6ecne'!HBaeT
CH 6noKoM MMKponepeKn10'!aTene:H 6. BHyTpn Kopnyca HaXOAMTCH 
pas6phISI'HBaTeJih 11. 

YcTaHOBKa pa6oTaeT cnenyromuM o6pasoM. 
B HCXOJlHOM llOJIOiKeHMH pa6oqa.11 BaHHa 12 HaXOJlMTC.II B BepTM

KaJihHOM noJIOiKeHMM, KphIUIKa 1 7 CH.HTa, KphIUIKa JlIOKa 16 OT
KphITa, a pasrpyso'!Hfill eMKOCTh 15 ycTaHOBJieHa B aepXHeM no
JIOiKeHMM. Bpy'IHyro sarpysHB nopuMIO o6pa6aThIBaeMbIX AeTane:H a 
pa6oqyro KaMepy 12 H SaKphIB KphllllKY 17, HaiKMMaIOT Ha KHon-

"TI ,, Ky ycK ' pacnoJIOiKeHHYIO Ha naHeJIM nyJihTa ynpaBJI0Hlffi 1. llpM 
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0AHOH MS nocneAHMX TaKHX paspa60TOK .IIBJl.lleTCH ycTaHOBKa 
THna YTIXA-8M, ycTpo:HcTao KOTopo:H noKaSaHO Ha pMc. 13. Yc
TaHOBKa npeAHaSHa'!eHa JlJI.ll npMI'OTOBJieHMSI MeJIKOJlMCnepcHOH cyc
neHSMH MeiKBMTKOBOH MSOJ"UIUMM JieHTO'lHhIX cep)le'IHMKOB npu 
llOBbIUieHHOM CTaTH'leCKOM naaJieHHM. ,Olla CO)lep;»(HT pa6oqyroBaH
HY 21, KOTOPfill o6pa30BaHa BHyTpeHHHM CTaKaHOM KOJlhlleBOI'O 
MaI'HMTOCTpHKUMOHHoro usny'iaTeJI.II 2 0 nma UMC-8. Kphill!Ka 2 
BaHHhI ycTaHOBJieHa BHYTPH o6o:HMbI 1, KOTOpaH npucoemrneHa 
BMHTaMM 3 K KPhIIIIKe 5 KO*YXa 4. KpbIUIKH 2 M 5 CBSISaHhI Me)!{.Qy 
co6o:H nocpeACTBOM wapmrpHo saKpenneHHoro Ha Kpbill!Ke 2 nanh
ua 7. Ha KphIUIKe 5 saKpenneHa pyqKa 8. 06.o:HMa 1 c ynoM.IIHy-

ThIMM KpbllllKaMM 2 H 5 o6pasyeT repMeTFI'IHYIO nonoCTh 13, 
KOTOpru:I coenMHeHa rM6KHM IIIJiaHI'OM 14 c MCTO'IHMKOM BOSJlyXa 
qepes aneKTpoKJianaH 15. Pa6oqa.11 aaHHa 21 coeAMHeHa c nc
TO'IHMKOM BOSJlyxa qepes 8Jl8KTpOKJianaH 18. llaneu 7 nocpencT
:BOM pbI'iara 10 M co6a':IKM 11 BSaMMOAelicTByeT c 8JleKTpoBhIK-
JIIO"iaTeJieM 12, CB.IISaHHhIM aJieKTpli'leCKOH ueilbIO c o6MOTKaMM 

----
CJKamblii. 

~Jf«® ~ ~o.18gx 
~~~ ~ --

Puc. 13. YcTponcTBo ycTaHOBKH YTIXA-8M 

35 



sneKTpoKnanaHOB 15, 18. Tianeu 7 qepes wat:l:6y 9 CBH3aH c 
nnaCTHH'IaTOH npylKHHO:il: 6, KOTOpfill 3aKpenneHa Ha Kpbll.l.!Ke s. 

ClKaTbIH raG B pa6oqy10 BaHHY no1.weTCH no - Tpy6onpoBOAY 1 7. 
3neKTpOBeHTHJH1 16 H 19 cnyJKaT ,D,Jffi c6poca C)!{aToro f'a3a H3 

6noKa Kpbll.1.18K H pa6oqefi: BaHHbI COOTBeTCTBeI-mo. 

YcTaHOBKa pa6oTaeT cneAyIDIUHM o6pa3oM. Tiocne sarpySKH 

o6pa6aThIBaeMoi1: cycneHGHH B pa6oqy10 BaHHY nocpeJJ.CTBOM py'iKH 

8 KphIIIIKH c o6oi1:Moi1 ycTaHaBJIHBaJOTCH Ha pa6oqy10 BaHHy. Dpn 

8TOM IlOJ10)!{8HHe KphllllKH 2 B o6oiiMe 1 cfJHKCHpyeTCSI npylKHHO:il: 6. 
TiocpeJJ.CTBOM nanbua 7, phI'iara 10 n co6a'l:KH 11 KpbllllKa 2 

B03A8HCTByeT Ha BepXHH:il: KOHTBKT Bh1KJIIO'i8T8J15! 12, CBH38HHOf'O 

8J18KTpli'q8CKOM ueIIb:io c 8JIGKTpOKJia!IaHOM. Tioc.--rn IlOJIHOH ycTaHOB

KH KpblllleK 38MhIK88TCH 6JIOK - KOHTBKT (Ha cxeMe He TIOKB3aH ), 

BKJ1lO'l:8HHhlH B ynOM>IHYTYlO 8JI8KTpH'i8CKYlO UeIIb, H irepeG KJianaH 

15 B re pMeTH'l:HYIO TIOJIOCTb 13 IlOAaeTC5! C):KaTb!H BOSJJ.YX IlOJJ. 

):(BBJ18HHeM 2-3 Kf'C/cM2. non A8HCTBH8M CiKBTOf'O BOSAyXa 

KphllllKa 2 orrycKaeTCH BHH3 H repM8TH3HpyeT OTBepcnm pa6otreli 

BaHHhI 21. npu 8TOM rraneu 7 '!epe3 KOpOMhICJIO 10 H co6a1IKY 

11 B03A8HCTByeT Ha HH):KHHH KOHTaKT Bh1KJIJO'qaTeJI5! 12, CBH3aH

HOf'O 8JI8KTpH'l:eCKOH ll8Tlbl0 c 8J18KTpOKJ1anaHOM 18t Ha o6MOTKY 

KOToporo IlOJJ.aeTCH HanpH:a<eHne, H C)KaThIH B03AYX nocTynaeT B 

pa6o'!y10 BaHHy 21. Tinomanh A KphllllKH 2 6onbllle nnomann Br 
H Il08TOMY KphllllKa 2 IIJIOTHO repMeTH3HpyeT o6'heM pa6oqe:i1 BaH

HhI 21. 
BKJIIO'!aeTCH yJibTpasByKoBoti reHepaTop. 0AHOBpeMeHHo BKJIIO

'!aeTCH Bpammrne KpbIJib'iaTKH, ycTaHOBJ18HHOH Ha HIDKHeti KphilllKe 

BaHHbI 21 (Ha pHc. 13 He noKa3aHa). 3THM o6ecne'!HBaeTCH HH

TeHcHBHOe nepeMelliHB.ami:e cycneHGHH npH o6pa6oTKe. 

Tio lICTe~remm B peM8HH, Heo6XOJJ.HMOf'O AJill npHI'OTOBJieHlliI cyc

neH3HH (30-60 MHH), pene BpeMeHH OTKJ!lO'iaeT YJibTpa3BYKOBOH 

I'eHepaTop H cycneHSlliI IlOJJ. A8BJl8HH8M B03Ayxa B pa6oqeft BaHHe 

CJIHB.aeTCH HG Hee B OT,D,8JlbHYIO eMKOCTb. TiocJie aBTOMaTH'!eCKOf'O 

OTKJIIO'ie.HHSl 8JI8KTpOABHl'aTeIBI KphIJib'iaTKH npeKpamaeTCH no.o.aqa 

BOAhI ,D,JI.H OXJia)K,D,8Hiffi npeo6pa30BaTeIBI, B8HTHJIH 15 H 18 GaK-

phIBaIDTCH, BeHTHJIH 16 H 19 OTKpoma10TCH. KphllllKa 2 noA 

.o.eii:CTBH8M npy)!{HHhI 6 IlOAHHMaeTCH B HCXO.Ql!Oe IlOJIO)K8HHe, a 

6JIOK Kpbllll8K pyqKo:ii: 8 OTKaTbIBaeTCH B CTopoHy. 

no cpaBHeHHlO c H3B8CTHbIMH JCTaHOBKaMH ycTaHOBKa YTIXA-

8M 06ec11eqHBaeT 6onee H8JJ.8)KHYIO repM6TH3aUHlO pa6o'!eil: BaHHhI 

6es npHMe.HeHiffi AOilOJIHHTeJibHh!X M8X8HH3MOB, 'ITO ynpomaeT 

KOHCTpyKUHlO ycTaHOBKH, yMeHblllaeT ee Macey H ra6apHTHhI8 paa

M8Phl. 
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MbIBKH .o.eTaJieil: H pa6oqeli BaHHhlj npHBOJJ.a B03BpaT.HO-Bpall.l,aT8Jib

HOf'O ]J.BH)KeHHSl pa6o'!e:ii: BaH.Hhli nyJibTa ynpaBJI8HHSlj TeXHOJIOf'H

'!8CKO:ii: BaHHhI, CJiy)!{ameil: AJI.H Bhlf'py3KH ,D,eTaJieli H CJIHBa paCTBO

pa. 

Pa6o'!ruI BaHHa (puc. 8) o6pasonaHa cTaKaHOM 5 KOJibUenoro 

npeo6pa30BaTeJIH 4, TOpllhl KOTOporo GaKph!Th1 KphllllKaMH 6, 8. 
B sa.QHe:ii: KphllliK8 8 BMOHTHpOBa.Ha 8JiaCTH1.J:HaSI .o.uacpparMa 2, no

cpe,D,CTBOM KOTOpo:ii: C03AaeTCH U:36bITOq}IOe ,D,aBJI8.HHe B pa6oqe:ii: 

B8HH8. Tio.naqa C)KaTOf'O B03Ayxa K .o.rra¢parMe ocymecTBJIH8TC5! qe

pes lllJiaHr 1. Tiepe.nmrn Kph1ll1Ka 6 c.HHM.aeTCSI c noMOIUbIO py'IKH 

7 npH sarpysKe H BhlrpysKe .neTaneli. B.ayTpH eMKOCTH npe.nyc

MOTpeH BOp0lllHT8Jib, KOTOpbIH o6ecneqllBa8T paBHOMepHoe nepeMe

lllHBaHHe .neTaneil: npll: o6pa6oTKe. BopolliHTeJih BhinOJI.HeH B BHAe 

nonacTeil: 3, paBHOMepHO ycT.aHOBJI8HHhlX Ha BHyTpel-meft noBepx

HOCTH npeo6pa30BaTeJI5! 4. 
Pa6oTa Ha ycTa.HoBKe Y3BLl-8 npoHGBOAHTCH cneAyIDIUHM 06-

pasoM. TiocpeACTBOM 8JI8KTponpHBO,D,a H MexaHH3Ma no.noeMa BaH

Ha nepeBoAHTCH B BepTHKaJihHOO nonom:e.aue. KphllllKY 6 cHHMaJOT1 

B BaHHy Garpy)KaJOT .o.eTaJIH H GaJIHBaIOT pa6oqy10 )KH,D,KOCTb AO 

nonHoro sanonHeHlliI BHyTpei:IHero o6'beMa BaHHhI. KpbllllKY 6 saK

poIBaJOT H MexaHH3MOM 110,D,'heMa KaMepy nepeBO,D,5IT B ropH30HTa-

* 5 6 7 

PHc. 8. KoHcrpyKUJHI pa6otJeli BaHHhI ycraHOBKH Y3Bll-8 

JihH08 IlOJIO)K8J-rne. Y:epe3 lliTyuep 1 no.na10T B BaHHy C)K8TbIH B03-

.o.yx, BKJI10qa10T ynbTpa3BYKOBhI8 KOJie6aHHSl H npllBOA BOOBpaTHO

BpamaTeJihHOf'O J.J.BHl.K8Hlffi. TipHBOA o6ecne'IllB88T BpameHHe BaHHhl 

BOKpyr OCH CHMMeTpHH B npe.o.enax 180-220° B o6e CTOpOHhl. B 

pesynbTaTe 9TOI'O BpameHHSl H c noMOIUblO BOp0lliHT8J1H 3 .o.eTami: 
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cMeHH!>Iil: cTaKaH 6. Paoo'!H:li o6'beM BaHHhI o6pasoBaH TopuoM 
HHCTpyMeHTa 7, BHyTpeHHeil: CTeHKO:li CTaKaHa 6 H KpbllllKO:li 4 
BaHHbI. KpbllllKa BaHHbI c'beMHaH, no.a,aqa cm:aToro Bos.a.yxa JJ.ml. 
cosgamm HSOhITO"Y:Horo .a.aenemm B BaHHe ocymecTBmr.eTC£1 t.iepes 
wTyuep 2. BaHHa TaKm:e o6opy.a.oBaHa wTyuepaMH 5 .a.rut Bxo.a.a 
H BbIXO.l:ta BOAbI, oxna:l:K:JJ.aIOJJJ.e:H KOpnyc CTaKaHa. llmI npOMbIBKH 
KaMepbI npeJJ.yCMOTpeHO nyweBoe ycTpOil:CTBO 3. li!HcTpyMeHT 7 
coei:tHHeH nocpencTBOM wnHnhKH c npeo6pasoBa·reneM 8. 

BaHHa co ssyKoMGOJIRUHOHHhIM KoJK.yxoM saKpenneHa Ha nynhTe 

ynpaBJieHlffi. Olla HMeeT BOSMOJKHOCTh noBopa-Y:HBaThCR Ha yron 
1200 c noMOJJJ.hlO noBOpOTHOI'O ycTpOil:CTBa. 

Pa6oTa Ha ycTaHOBKe npoHsBoaHTCSi 
CJlellyIOJJJ.HM o6pasoM. OrKphIBaIOT KpblllI
Ky 4, B pa6o-Y:H:i1: o6'beM 3achma10T ae-
TaJIH H 3aJIHBaIOT pa6oqy10 )KH/lKOCTb. 

. J KpbIWKy 4 3aKpbIBaK>T, qepe3 wTyuep 

~ 2 B BaHHy no.a.a10T C)KaTbiil: ra3, o6e--~ ~ CHe'IHBaIOJJJ.HM H30bITO'IHOe }laBJieHHe H z 

~ 

Pttc.7. KoHcTpyKu1u1 pa6oqefi 
BaHHbI ycraHOBKM Y3B,Il-6 
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BKJlrotJ:aroT ynbTpa3BYKOBbre Kone6aHHR, 
Tiocne OKOH'!aHHH UHKJla o6pa60TKH H3-
0bITO'IHOe aaBJiei:me B BaHHe aBTOMa,
TH'!eCKll c6pacb1BaeTcH. KpbilllKY BaHHbI 
OTKpbrnaroT n py<JHbIM noBopoTHbIM ycT
po:i1:CTBOM KaMepy nepeBOllHT B ropH-
30HT8J1bHOe nono)KeHue. BKnrotJ:aroT ay
weBoe ycTpoi1CTBO 3 H IlOTOKOM BO/lb! 
BbIMb!BaIOT aeTaJlH H3 BaHHbl B cneuu-
8J1bHYIO eMKOCTh. 

Cpeau ycTaHOBOK c ropH30HTaJihHO:i1: 
paooqe:i1: BaHHo:H HaROOJlbJJiee pacnpocTpa-
Heane noJiy'IHJIH ycTaHOBKH 
Y3Bll-8. 

ceprrrr 

YcTaHOBKa coCTOHT ll3 cneayrorr.mx 
OCHOBHhIX y3JIOB: KOpnyca c KpbillIKOH, 
H3I'OTOBJ18HHhIX B 3BYKOH30JIHUHOHHOM liC
IlOJIHeHUH; pa6oqe:H BaHHbI; 8JieKTponpu
BOAa H MeXaHH3MOB IlOll'beMa ll onpo
KlillbIBaHmI paooqe:H B8HHbij IIHeBMOMexa
HH3MOB noa'beMa rr onycKamrn KPbIWKrr; 
IIH8BMOCliCT8MhI, HeooXOAHMOil: llJIH 
ynpaBJleHHH paOOTOH IIHeBMOMeXaHR3MOB 
ycTaHOBKli, a TaKiKe AJlH C031laHHH BHYT
prr pa6oqeH: BaHHbI M30bITO'IHOI'O aaBne
Hli.H C)KaTbIM ra30Mj rH.a.pocrrcTeMbl OXJia)K
aeHliH npeo6pa3oBaTe.mr; crrpeepa an.11 npo-

f 

~· 
~ 

; 
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6. TEXHonorMqEcKME PE)KMM~ TIPOUECCA 
YnbTPA3BYKOBOro H3MEnbqEHM.H TIOPOlllKOBbIX 
MATEPMAnOB 

TeXHonorli'ieCKHe pe)KHMbI HSMeJih'ieHlffi nopowKOBbIX MaTep:Ha
JIOB paspa6oTaHbI .a.n.11 ynhTpasByKOBbIX ycTaHOBOK THna YTIXA-8M 
H Y3Bll-6 npH HSMem:,qeHHH nopOllIKa OKHCH MarHRII B cpe.a.e qe
TblpeXXJIOpHCTOI'O yrnepo.a.a H .a.pyrHX nopOIDKOBbIX MaTepHaJIOB. 
3TH cycneH3HH umpOKO npHMeHHIOT B npH6opocTpOeHHH npH npH
I'OTOBJI8HHH Me:lKBHTKOBOH H~OraIUHH BMTbIX cepne'!HHKOB TpaHc¢op

MaTOpoB M /lpOCCeJieH. 
TeXHonorli'ieCKHe pe)KHMbI MSMeJ1h'ieHWI B ynhTpasByKOBbIX yc-

· TaHOBKax B OCHOBHOM onpe}leJIHIOTCR TpeMH ¢aKTOpaMM : 1) M3-
0bITO'iHbIM cTaTM'ieCKMM .a.aBJieHHeM; 2) BpeMeHeM ynhTpaSByKoBoli 
o6pa60TKH; 3) COOTHOllieHHeM TBep.a.oii: H JKHAKO:ll: ¢as. 

0nTHM8JlhHOO no 8¢<PeKTHBHOCTH HSMeJih'ieHHH nopOillKOBbIX Ma
TepHaJIOB HSObITO'!Hoe naBJieHHe B ycTaHOBKe YTIXA-8M 2 Krc/cM2. 

B Ta6n. 9 npHBe.a.eHbI pesyJihTaTbI HSMeJih'ieHMSI cycneHSHM OKM
CM MarHHH B qeTb1pexxnopHCTOM yrnepone npH paSJIH'iHbIX HSObI
TO'llibIX .a.aaneHHHX H BpeMeHH o6pa6oTKH 1 'i. CocTaa cycneHSHH: 
OKHCb MarHRII 500 r, OJieHHOBaH KHCJ10Ta 2 5 MJI, "Y:eTblpeXXJiopHC
TbIA yrnepo.a. 5 JI, OO'beMHOe COOTHOWeHHe TBep.a.oli M JKH}lKOH ¢as 

1:16. 

pasMepbI 'i8CTHU AO H nocJie MSMeJih'ieHRH onpe.o:eJIHJ1H Ha 

9J18KTpOHHOM MHKpOCKone 3M-7 npH yaeJIH'!eHim B 10 000 pas. 
Ms aHaJIMsa AaIIHhIX Ta6n. 9 BHAHO, '!TO npH HSObITO'iHOM .a.aa

nemra 2 Krc/cM2 'iHCJIO 'iBCTHU c. pasMepaMM L 0,5 MKM COCTaB
rareT nocne o6pa6oTKH 60%, B TO Bpervm KaK nocne o6pa6oTKH 
npM /laBJieHHH 1 Krc/cM2 COOTBeTCTByrow.ee 'iHCJIO ti:a9TMU coc-
TaBJI.11eT 15 %, a npM MSMeJih'ieHHH' 6es .QaBJieHWI210%. TI pH 
yaenH'!eHMH HSObITO'!Horo .o.aBnenHH ( ~ 2 IU'C/ cM ) a¢qieKTHBHOCTh 

HSMeJih"Y:eHHH yMeHhlUaeTCR. 
OnT.HMaJihHaH npoJJ.omKHTeJII:iHOCTh ynhTpasayKoBoro .QHcnepru

posaHWI 30-60 MMH. Ha pMc. 14 npe.a.cTaBJieHa saBHCHMOCTh 
paSMepOB 'iaCTHU cycneHSHH (cM. Ta6n. 9) OT BpeMeHH o6pa-
60TKH npM HS6bITO'iHOM .o.aBneHHH 2 Krc/ cM2. EbICTpoe yMeHhllle
HHe 'iaCTliU cycneHSHM npOHCXO.QMT B Te'!eHHH 30-60 MHH: SB TO 
:m:e BpeMSI cpe;:.urn:M: paSMep qacTHU yMeHhlliaeTCR B 5 pas. TipH 
A8JihHeliweM .QMcneprHpOB8HMM Cpe/lHMH paSMep yMeHhlUaeTCR B 2 
pasa. 3TOT xapaKTep npouecca AHCneprHpOBaHHH IlO/lTBep)l(AaeTCR 
H aHallHSOM Ha cyxo:H OCTaTOK (pHC. 15). 

A.Hanus Ha cyxoli OCTaTOK npoBOAMTCR OT6opoM )KH}lKOil: npo6bI 

c BSBeweHHbIMH B nocne}lHeii: '!acTMuaMH MaTepHana c nocneAy:io-
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9. 3asHCifMOCT:b. Me:>KAY HS6bIT01!]IblM AaBlleHHeM 
H rpaHyJIOMeTpH1!eCKHM COCTaBOM 'i8CTHU cycneHSHH 
npu yru:.TpaaeyxoooM m3Mem.1Jeu1m 

11HTepB8JlbI J1cXOAHblll <PpaKUHOHHbIH COCTaB, % b 

;:mcne pCHOCTM, COCTaB1 % nocne yJihTpaaayKoaoli 06-
MKM pa60TKM npM M36bITO'illbIX 

2 A8BJieHH5lX, Kr/CM 

0 1 2 

t. 0,2 - 5 5 10 

0,2-0,5 - 5 10 50 

0,5-1,0 22 10 40 30 

1,0-1,5 18 70 40 10 

1,5-2,0 18 10 5 -
2-4 15 - - -
4-10 15 - - -
10-20 8 - - -
>20 4 - - ·-. 

CpeAHMfi 
paaMep 'lac-

THU, MKM 4,2 1,5 0,9 0,7 

d,MKM 

2 

0 
o,5 1 1,5 T,'I 

PMc. 14. 3aBHCHMOCih cpensero pa3Mepa qacnm; rropOUJKa 
TaJihKil OT BpeMeHH AHcrreprnpoBamrn: B ycrnHOBKe YITXA-8M 
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nma UMC-18 He Hall.IJlH wHpoKoro npUMeHemm, TaK KaK OHH He 
HMeIOT npeuMym:ecTB nepe.n ycTaHOBKaMH c npeo6pa30BaTeJ15lMH 
TIMC-15A-l 8. Pa6o'!Hli o6oeM 8THX npeo6paaoaaTeneH: npHMepHo 

OAHH8KOB, HO aMnJIHTYJW KOJie6aHHil: H3Jlyqarom:eli noBepXHOCTH 
npeo6paaoaaTemr TIMC-15A-18 6onh!lle. CooTBeTCTBeHHo OH 
o6ecne'!HBaeT 60JihlllYIO HHT8HCHBHOCTh aayKa B pa6o'!eM o6'beMe. 

3. YCT AHOBKI1 nn5f. CHSITHH 3AYCEHUEB 

TIO TMny KOHCTpyKUMH ycTaHOBKM AJISI CHSITIDI aayceHU€B 6bI

BaIOT c BepTHK8JihHbIM M ropHSOHTaJibHbIM pacnoJIO/K€HHeM pa6otie:lf 
aaHHhr. B ycTaHOBKax c aepTHKaJihHhIM pacnoJIO)K8HHeM BaHHbI 
YJlI:i'l'paaayKoaoli M3Jly'iaTeJib pacnoJIO)KeH B ee AOHHOli '!acTJr. TioA 
neliCTBHeM rHAponHHaMM'iecKMX noToKos, B03HHKa10m:ux npH ynb-
TpaasyKosoli KaBHT8UHH, neTaJIM HenpepblBHO nepeMerua10TCSI B 
npouecce o6pa6oTKH, '!TO cnoco6cTsyeT ycKopeHMIO npouecca cHH
TH.9: .aayceHUeB. TaK K8K BOCXOJ:(.HlUHe f'MAPOAHHaMH'!eCKMe IlOTOKH 
HC MoryT nepeHOCHTh A8TaJIH c 60JihlUOH Maccoli, TO B ycTaHOB
KaX c B8pTHK8JlhHblM pacnoJIO)K€HHeM KaMepbI He o6pa6aTbIBaIOT 
AElT8JIH Maccoli ~ 5 r. 06bl':IHO 8TH ycTaHOBKH CHa6x<aIO'l'CSI BbICO
KOaMMHTYAHbIMH KOJieoaTeJihHbIMH CHCT8M8MH co C'1'8p)KH8BbIMH Mar-: 

HHTOCTpHKUHOHHhIMH npeo6paaoaaTemIMH THna TIMC-l 5A-18. llmr 
nony'ieHrur OOJlhWOH: nnoTHOCTH aKycTw-recKoli sHepnrn:, Heo6xoAH
Mot!: AJISI COGt:laHHSI MOIOIUHX rH.QpomrnaMH'-!8CKMX noTOKOB H pas
B HTOH KaBMTaumr, pa6o'!Mli oo'heM BaHH oobI'llio cocTaBmieT 1-2 
n. 0AHOBpeMeHHo aarpy)KaIOT He 6onee 2 00 r i:teTaJieli. 

y CTaHOBKlI c ropMGOHTaJlhHblM PBCilOJ10)K6HH6M paooqe:H BaHHbI 
CH80)K8JOTCH cneUM8Jl.bHbIMH CpeACTB8MH LIM nepeMerueHHSI AeTaneti 
B )KHJ'.IKOCTH. Tio8TOMy B TaKHX ycTaHOBKax MO)KHO o6pa6aTbIB8Th 
AeTaJIH Maccoli ~ 5 r. TiepeAa'ia ynhTpaG.ByKOBhIX Kone6a1rn:i!: B 
paooqyro BaJIHy10 ocymecTBJISieTcSI 'iepes ee C'l'eHKH. OnTHMaJI.bHhIM 
BapuaHTOM B KOHCTpyKUHH nono6HbIX ycTaHOBOK 5IBJI5IeTC5! paOO'iaH 
BaHHa B BH.[{e BHyTpeHHero CTaKaHa B KOJlhU6BOM UliJIHHApH'ieCKOM 
MarHHTOCTpHKUHOHHOM npeo6pa30BaTene, ·UMeIOlllfil! TOpllOBbie Kpbl
lliKH. B 8TOM cnyqae ynhTpaaayKoa:bre Kone6aJIHSI HGJiyqaeT BCSI 
noaepXHOCTh CTaKaHa, npH'ieM no OCH CHMMeTpHH B8HHbI rrpOHCXO
J]HT HX ¢_0Kycupoaam1e. B 8THX ycTaHOBKax MO:lKHO o6pa6aTbIBaTb 
AeTanu Maccoll: L.. 25 r c emmoapeMeHHoli aarpyGKo:ii 1,5-2

1
0 KI'. 

CpeAH ycTaHOBOK c aepTHKaJI:bHhIM pacnOJIO)KeHHeM pa6oqei!: 
BaHHbr Han6onhlllee pacnpocTpaHeHHe nonyqHJla ycTaHOBKa Y3Bll-6. 
KoJicTpyKUlffi paooqe:ii BaHHhI noKaGaHa Ha pHc. 7. 

Kopnyc BaHHhI 1 (p11c. 7) BbillOJIHeH ua Koppoa110HHo-cToi!:Koi!: 
CTaJlH B BHAe UHJlIDIJJ.pa, B KOTOpbIH noMem:eH BOAOOXJla)KnaeMbI:lt 
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HOCTh, OTJ].aBaeMyro npeo6paGOBaTeJieM B aarpysKy 6es llOBblll!eHHSI 
noTpe6rrHeMOH 8JieKTpll'!eCKOH MOll.lliOCTM. 

nmi: ycTaHOBOK, pa6oTaIOJUMX llOA MSObITO'!HbIM Jl8RJ1eHMeM, ue
necoo6pa3HO lICilOJ1h30B8Th KOJ1e6aTeJ1hHbie CMCT8Mbl c KOHUeHTpa
TOpaMM (npeo6pasoBaTeJIM Tima TIMC-15A-18) H KOJihUeBbie 
UMJIUHApM'leCKMe npeo6pasoBaTerru Tuna UMC-8. Tipeo6pasoBaTeJIH 

3. A.KycTmecKBH MOJJUlOCTh B pa6o"leM o6'heMe H HHTeHCHB

HOCTb yiU:>Tpa3ByKa AJIH npeo6paooaaTeneii: THna DMC-15A-
18 u UMC npu uaMeae111n1 cTaTmecKoro .naane:mrn: 

THn npeo6pasoBaTeJIH naBJieHMe, AKycnr<;:ecKasI Mom- HHTeH-

Krc/cM2 HOC Tb CJ!!BHOCTh1 

BT/CM2 

OTAa:Bae-. yAeJihHaH, 

MaH B BT/CM3 

aarpysKy, 
BT 

DMC-15A-18 1 600 0,7 6,5 

2 750 0,87 8,2 

3 800 0,93 8,7 

4 1250 1,45 13,6 

5 1150 1,34 11,5 

6 950 1,1 10,5 

7 850 0,99 9,3 

UMC-18 1 970 2,43 3,8 

2 1094 2,73 4,3 

3 1200 3,03 4,7 

4 1580 3,96 6,2 

5 1492 3,74 5,9 

6 1300 3,2.5 5,1 

7 1050 2,62 4,1 

UMC-8 .]_ 1900 0,475 1,75 

2 2200 0,55 2,04 

,3 2560 0,64 2,37 

4 2320 0,58 2,15 

5 2140 0,535 1,97 

6 1800 0,45' 1,67 

7 1400 0,35 1,31 
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!UHM Bb~~J)HBaHHeM :lKHJlKOH qiashI~ Cyxoil: OC'I'aTOK onpe,lle.11S!:eTCH 
KaK OTHOCHT0J1hHOe co.a.ep:lKaHue MaCCbI 'iaCTHU n:opomKa B o6meil: 
Macce 01'06paHHoli npo6b1. KaK cne.a.yeT us npUBe.o.eHHoro rpaqnurn, 
B nepBbie 30 MllH yJihTpaGByKOBOH o6pa60TKU aa6moAaeTCH 6bICT
pbiil: pocT KOJIM'leCTBa MeJIKHX qacTHU TBepAoii: <flpaKUUM, ycTo:i!J:T.J:HBO 
coxprurnromHXCH BO B3.BemeHHOM COCTOOHHH. Tipu A8J1bli8lllll€M H3-
MeJ1h1.J:eHHH pOCT KOHUeHTpamnI MeJIKHX 1!8CTHU 3aMeAJIHeTC5I. :Ha... 
MeJih'!eHHe ,!J.OCTHraeT 'I'BKOH cTeneHH,, "ITO nocrre '!8COBOH o6pa6oT
KH npaKTM'leCKH B€Ch nopOWOK OKHCH Mal'HHH HaXOAHTCH B YCTOH-
1.J:HBOM BSBE?llleHHOM COCTOHHHH. CoAep:lKaHHe cyxoro OCTaTKa coo
TBBrul:e'r HeMHorHM 6orree 6 %. DosToMy onTHMaJihHOe B peM.H 
yrrbTpa3ByKOBOH o6pa60TKH cycnensmi: ,!J.aHHOI'O COCTaBa 60 MUH. 

nmi: YB8J1M1!8HHH KOJIH'!eCTBa llOJiy'!aeMOll cyqneHSHH MO:lKJIO 
nOBbICHTh COA8p:lKaHHe TBepJJ,oil: q:,paKUHH, a nocJie AHCneprHpOBaHHSl 
pas6aBHTh cycneH3HIO JJ,O Tpe6yeMOH KOHlleHTpaUHH. 3To nOATBep
IKA8!0T pesyrrhT8Tbl H3MeJih1!8HHSI cycneH3HH OKHCH Ma:r'HHH B 

1!8Tb!pexxnopucTOM yrnepoJJ,e npH COOTHOlll8HHli TBepAOil' H JKHJJ,KOH 
\' ¢as 1:.8 H 1: 16 (pn:c. 16). Docne 60 MHH YJIJ;>TpaaeyKOBOI'O AHO

neprupoBaHH.H AOCTHraeTC~ npaKTH'l'.€CKH OAl1H8KOBaH CTeneHh HS
MeJih'IeHl!R. DoaToMy AJLII yaeJIM'lemm npom3BOAHTeJ1bHOCTH Moxrno 
o6pa6aTbIBaTh KOHUeHTpHpOB8HHY!O oycneHSIDO 0 nocne.o.yromHM ee 
pas6aBJieHHeM. 

1, ! 

B Ta6n. 10 npHBeAeHbI AaHHhie no rpaHynoMeTpH"iecKoMy coc
TaBy cycnem3\dl:, nonrrelIHbIX npH HSM8J1h'!8HHH B mapOBOll M8Jlh-
1mue u ycTaHOBKe YTIXA-8M. 8n1 AaHnhre noKaSbiaaroT npeHMy
mecTBa yJibTpa.SBYKOBOr'O m1cnepI'lipOBaHW nepeg HSM8Jlh'i8HH8M 
B wapOBOH MeJihHHUe. 

q,°lo 

6 
,,..,,,..-

I 
5 

I 
* ~· -· 

LL __ I I -r:J 
0 0,5 1,0 1,5 2 •• 0 t," 

PHc. 15. 3aBHCHMOCTb npoueHTa cyxoro ocTan:a q B 

nonyti:eHHOH cycneH3HH OT BpeMeHH yn1>Tpa3BYJ<OBOH o6-
pa60TKH B ycrnHOBKe YITXA-8M 
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KaK BH.lUIO HS Ta6n. 1 O, coJJ.ep)KaHHe KPYillibIX ¢paKUH.a B cyo
neH3Mn, nony'!eHHO:ll: Ha ynhTpa3BYKOBO:ll: ycTaHOBKe, 3Ha'!MTenbHO 
MeHbllle1 '!eM B cycneH3HH1 nonyqeHHoi!: Ha IllapOBO:ll: M8J1bHHUe. Ilo 
rpaHynoMeTpnqecKoMy cocTaay cycneH3mI, nonyqeHHaH npu ynhT
pasayKoaoi!: o6pa6oTKe, 6onee OJJ.HopoJJ.Ha. TaK, qucno qacTuU ~ 1 
MKM npu H3Menb'!eHHU B ynbTpa3BYKOBOi!: ycTaHOBKe B Te'!eHne 1 q 

COCTaBnHeT 52%, a npu H3Menb'!eHHH B mapOBOi!: MenbHHUe B Te
'!eHue 20 q - 16%. 

d,1'1KM 

·I I I I I 
I/ I\ I I I I 

JI \\ I I I I 

21 l\.'c I I I 

1 
0 0,5 ~o ~5 'r,Y 

PHc. 16. 3aBHCHMOCTb cpeAHero pa3Mepa qacrn:n IIOpOillKa OKHCH 

MarHHH OT BpeMeHH AHCIIeprnpoBaHIDI B YCTaHOBKe YilXA-8M IIpH 

COOTHOilleHHH 1:8 (1) H 1:16 (2) 

<t>opMa 'LJ:8CTHll BO BCeX lf:lpaKUmIX, nony'!eHHbIX npH ynhTpa3BY
KOBOM noMone, OKpyrnaH, 'ITO o6ecneqMBaeT xopoIIIyIO DJIOTHOCTh 
ynaKOBKH '!aCTHll npH KaTOAOIPOpe3HOM HaHeCeHHH H30nHUHH. 

TaKHM o6pasoM, npHMeHeHHe ynhTpa3ByKa nooaonHeT nonyqHTh 
cycneH3HH nopoillKOBbIX MaTepHaJIOB c pa3MepaMH '!8CTHU £ 1 MKM 
ea cpaBHHT8JlhHO KOpOTKOe BpeMH (L 1 q). 

· Ha116onee 9$¢eKTHBHO npHMeHeHue YJihTpasayKOBbIX ycTaHOBOK 
B Tex cnyqrurx, KOrJJ.a paCXOJJ.YIOTCH H'e60J1bllIHe KonuqecTBa cyc
neH3HH B cMeHy (npoH3BOJJ.HTeJihHOCTh ycTaHOBKH YTIXA-8M coc
Taam:ieT 5 JI/q npu COOTHOill8HHli TI)epJJ,o:ll: H :1KHJJ.KOH ¢as 1:8) npH 
HCDOJlhSOBaHHH HCXOAHOro nopomKa co CpeJJ.HHMH pa3MepaMH '!8C
THU t:. 20 MKM. 
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Hccne)J.OBaHhl 9HepreTli'leCKHe xapaKTepMCTHKH MarHHTOCTpHKUHOH
HbIX npeo6pa30BaTenei!:, npeJJ.Ha3Ha'!eHHbIX AnH HHTeHcli¢uK8UHH 
TeXHonoruqecKHX npoueccoa B :1Klf/J.KOCTHX (y11.aneHne sayceHuen H 
AMcneprHponaHHe TPYAHOH3Menb'!aeMbIX MaTepuanon). 

06'beKTaMH HCCJ1eAOB8Hlli!: HBnHnHCh MarHHTOCTpHKllHOHHbie CTe
p:1KH8Bbie npeo6pasoaaTen11 nma TIMC-15A-18 11 KOJihUeBbie npe
o6pa3oBaTeJIH THna UMC-18 11 UMC-8. 

2. TeXHH'lecKrui: xapaKTepHcTHKa npeo6pasoaaTenei!: Tuna UMC 

TiapaMeTp I 

HoMHHaJihHaH MOIUHOCTh, KB'!' I 
Pac'leTHaH pesonaHCHaH qac-
TOTa, Kfll 
HoMHHaJibHoe Hanpg:1KeH11e, B 
D.uaMeTp CTaKana, MM 
AMDJIHTyAa KOJie6aHH.i!: UHnHH-
JJ.pnqecKOi!: CTeHKH CTaKaHa, 
MKM I Pa6oqni!: o6'beM, cM3 

UMC-18 

2,5 

18 
350 

70 

6-7 
1000 

UMC-8 

4,0 

8 
400 
150 

18 
5500 

Tipeo6pa30BaTeJIH CpaBHHB8J1H no aKyCTli'leCKOii: MOIUHOCTH R 

HHTeHCHBHOCTH ynbTp83ByKa B pa6o'!eM o6'beMe npH pa311H'!HbIX 
CT8Tli'leCKHX A8BJieHmIX B HeM. AKyCTlf'IeCKYIO MOIUHOCTh H3MepH
JIH nyTeM Kanop11MeTp11poaanmI. B Ta6n. 3 npMBeAeHbI 11.aHHbie AJIH 
npeo6pasoaaTenei!: THna TIMC-15A-18 11 UMC. 

AHanH.3 11.aHHbIX Ta6n. 3 noKa3bIBaeT, 'ITO HHTeHCHBHOCTh ynh
Tpa3ByKa B pa6o'!eM o6'beMe yaeJili'IHBaeTCH npH H3MeHeHHH CTa
TH'!eCKOr'O JJ.aBJieHMH H AOCTHraeT MaKCHMaJibHbIX SHa'!eHui!: npH 
4-5 Krc/ cM2 JJ.JIH npeo6pasonaTeneli UMC-18 H TIMC-l 5A-18, 
JJ.JIH npeo6pasonaTenH UMC-8 npH JJ.aBn-eHHH 3-4 Krc/cM2. 

HaH60Jibllia.H HHTeHCHBHOCTh ynhTpa3ByKa o6ecne'!HBaeTcH npe
o6pa3oBaTeneM THna TIMC-15A-18. OJJ.naKo a cji0Kyc11py10rn:HX npe
o6pasoaaTenHx TH.na UMC B 30He, pacnono:1KeHHoli no OCH llHJilill
APH'lecKoro H3J1y'!aTenH, HHTeHcHBHOCTh GByKa HaMHoro BbIIlle 
CpeJJ.He:ll:, yKa3aHHOH B Taon. 3. 

Tiony'!eHHbie JJ,aHHbie no3BOnHIOT CAeJiaTb AODOJIHHT8J1hHbie BbI
BOAbI 0 pOJIH H30bITO'!HOro CT8Tli'leCKoro JJ.8BJ18HmI B )KUJJ.KOCTH!;>IX 
npoueccax yn:PTpasayKoaoii: TeXHonorHM. TaK, perynHpyH us6bITO'!
Hoe CT8TH'!eCKoe /1.aBJiefme, MO)KHO yaeJIH'!HTh aKyCTH'!eCKYIO MOIJT-
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HOMeHeHIIB aKyCTH":IeCKO:i1 Ha!'py3KH, T.e. pa6oqefi cpeAhI, conpH-
Kaca10me:fic2 c H3Jlyqa10me:fi noBepXHOCThIO. 

llpeHMymeCTBOM TaKOI'O npeo6pa30BaTeJJ5! 5IBJJ5IeTCH 3Ha'IHTeJJb
Ha5! aMnmITyAa KOJ1e6aHH:fi (.3. 15 MKM), paBHOMepHo pacnpe.uene
HHa2 no Topuy TpaHccpopMaTopa ynpyrux Kone6aHnfi. 3To o6ecne
"IHBaeT cpopMHpOBaHHe o6nacTe:fi pa3BHTO:fi KaBHTaUHH no BbICOTe 
pa6o'!eI'O o6'beMa 2KH.llKOCTH, 

HeAOcTaTKOM npeo6pa3oBaTeJ15! 5IBJ15IeTc2 To, 'ITO OH o6ecne'IH-
BaeT 03BY'IHBaHHe OTHOCHTeJlbHO He60J1bllIOI'O pa6oqero o6'beMa, 
KOTOpbIH orpaHH'!eH ARaMeTpOM Topua HHCTpyMeHTa {L 12 0 MKM). 

TeXHH'IeCKa5! xapaKTepncTHirn npeo6paooBaTen2 OMC-1 BA-18 

HoMHHaJ1bHa.H MOlltHOCTb, KBT •• •••••••••••••••••• ••••••••••••• ••••••• ••• 4 
Pac'!eTHa5! peooHaHCHa2 qacToTa, Kfu ••••••••••• ••••••••••••••••••••• 18 
HoMHHaJihHOe Hanp.sr:tKeHne, B •••••••••••••••••••••••••••••••• ••••••• . ••• 44 0 
.UHaMeTp BbIXO.UHOI'O Topua, MM ......•.•..•..•...............•........ 
AMOOHTy.ua Kone6aHMli, MKM, He MeHee ••••••••••••••••••••••••••••• 

60 
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llpoMhiluneHHbie KOJlbUeBhie ynbTpaoByKoBbie npeo6paooBaTenH 
TaK:lKe OTBe'!aIOT npe.U'b5IBJ1eHHblM Tpe6oBaHIIBM. 

l13BeCTHO, 'ITO HHTeHCHBHOCTh YJ1bTpa3ByKa B 2KH.llKOCTH MO)KeT 
I . . 

6bITh GHa'IHTenhHo yBenM'!eHa ca c'!eT ero cpoKycHpoBaHIIB. .Un2 
8TOI'O IIOBepXHOCTH npeo6pa30BaTerur npH.llaIOT cpopMy ccpephl HJlH 
uumrn.upa. B TaKHX CHCTeMaX HHTeHCHBHOCTb ynbTpao~yKOBhIX KO
ne6aHH:fi HapacTaeT no Mepe .llBH)KeHIIB OT M3Jly'!a10me:i1 noBepXHoc
TH K cpoKaJlbHO:fi o6nacTH, T.e. TI05IBJIBeTC5! B03MO)KHOCTb C03AaTb 
noBbIIIIeHHy10 HHTeHC~B;ocTh GByKa BHYTPH UHJlHHApa HJlM ccpepbI. 
Ba)KHO TaK*e, 'ITO KaBMTaUIIB y noaepXHOCTM cpoKycMpy10mero H&
ny'IaTen2 OTCYTCTByeT, T.e. Ha ee o6pa3oBaHHe He TpaTMTC5! 3By
KOBO:fi 8H€p!'HM H He npoHCXO.UHT paopyweHHe IIOBepXHOCTH H3Jly'Ia
Ten2. 

llpOMbllllJ1€HHbie KOJlblleBb!e ( llHJlHH.UpH'!eCKHe) MaI'HMTOCTpHK
llHOHHble npeo6pa30BaTeJ1H npHMeH5IIOT .UJ15! HHTeHcHcpMKaUMH XMMH
'!eCKHX npoueccoB H O'IHCTKM Tpy6. 

DpoMb!lllJleHHOCTh BbmycKaeT uMlfHH.upM'IeCKMe KOJihUeBbie npe-, 
o6pa30BaTenM TI:ma UMC-18 H UMC-8 ( Ta6n. 2). OHM BbmonHe
HbI B BM.Ile KOJlbUeBbIX HMKeJleBbIX nnacTHH, Ha6paHHhIX B naKeT; 
BHYTPb naKeTa oanpeccoBaH CTaKaH H3 KOppoGHOHHO-CTOllKOH CTa
JlH. 

c UeJlblO BbI6opa HCTO'IHMKa ynbTpa3BYKOJ3bIX KOJ1e6aHH:fi AJJH 
YCTaHOBOK, pa60T810lllMX npu TIOBbIIIIeHHOM CTaTH'!eCKOM .uaBJleHHM, 

16 

c 

\, 
\• 

1 o. fpaHynoMeTpll'leCKHil cocTaa cycneHsmt, non)"leHHbLX 
Ha YJ1bTpa3ByKOB6A ycTaHOBKe H mapoaoA MenbHHne 

llpMMeH5Ie- CooTHome- BpeMH CpeAHHH 

Moe o6opy- mre TBep- HGMeJlb- pasMep 

AOBaHlie AO:i1: H 'I€HIIB1 'I 'IBCTMU, 
)KH,!J.KOH MKM 

cpas 

1:16 1 0,7 

Yn:cTpaGBy-
KOBaH ye-
TaHOBKa 1:8 1 1,7 

illapOBa5! 1:32 20 9 
MeJlhHHlla 

7. TEXHHKA EE30TIACHOCTH TIPH PAEGfE 
HA YnbTPA3BYKOBbIX YCTAHOBKAX 

l1HTepBa-

Jlhl . .UHC-
nepcHoc-
TH, MKM 

L 0,2 

0,2-0,5 
0,5-1,,0 
1-1,5 

0,5-1 
1,0-2,0 
2,0-4,0 
4,0-6,0 
6,0-8,0 
~ 8,0 

.t.1 

1-2 
2-4 
4-10 
10-20 
20-30 
~30 

<f:>paK-
UMOH-
HbIH 

coc-
TaB1 % 

10 
50 
30 
10 

52 
26 
17 

4 
1 

-
16 
28 
20 
20 
12 
4 

-

Ilpu y.uaneHHH oayceHUeB H AHCneprupoBaHHH nop01IIKOBhIX Ma
TepHaJlOB Ha yn:cTpa3ByKOBhIX ycTaHOBKaX Heo6XOAHMO yqHThIB8Tb 
onaCHOCTb BOOJ:(eHCTBIIB TOKCH'!HhIX BemecTB H yn:cTpa3ByKOBhIX 
KOJ1e6aHuli, aneKTpo- H IIO)KapoonaCHOCTh, BOOMO)KHOCTb XHMHKO

TepMH'l€CKHX TpaBM. 
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I1CTO'IBHK8MH TOKCH"!HOCTH .llBJIS:UOTCS! raSbl wrn: napbI KOMOOHe

HTOB npHMeH.HeMhIX )KliJJJ'i:HX cpe.a.: KHCJ10T, menoqeli, opraHH'!eCKHX 

paCTBOpll'reneli. 0Tpaanemrn MOI'yT npoHSOii:TH npH. COCTaBJI8HHH 

pa60':!MX paCTBOpOB B noMeI.U8HH.llX c H8,D.eiicTBYIOI.U8H MeCTHOH BeH

TWIBUHeli H npH 9KctmyaTaUHH ycTaHOBOK c H8A8HCTByrom;eli M8CT

HOH aeHTHJUIUMeli. 

OnacHOCTh aos.a.eii:cTBHH yn:oTpa3ByKOBbIX Kone6aHHH nooaJIHe:r

CH npu npoae.o.emm TeXHonorl1'!ecKMX npoueccoa y.o.anemm: sayceH

uea H AHcneprwpoaaHHH. HcTO':!HHKOM ynhTpasayKoaoro aos.a.e:HcT

BliH .llB.TilleTC.ll KOJ1e6aTeJ1hHa.ll CHC'l'eMa ycTaHOBOK. 

3J18KTpOTpaBMhI MOI'YT BOSHHKHYTb npH H8HaJ.J;eMHOM saseMJie

HHH o6opyAOB8HliH H Il0Bpe1KA8HHH HSOJIBUHH TOKOBe.a.ymux 9J1eMeH

TOB ycTaHOBOK. 

Tio)!{apoonacHOCTh MO)!{eT BOOHMKHYTb npH npMrOTOBJ18HHH pa60-

':!HX0 paCTBOpoB. 0TA8JibHhie KOMilOH8HTbl pacTBOpOB (xpoMOBbiii 

qHI'MAPifA, aSOTHrul H cepHa.ll KMCJIOTa) MOI'yT BhI3B8Th BOCilJiaMe

HeHMe npH conpHKOCHOBeHHH HX c H8KOTOpbIMH ae:meCTB8MH op

raHH':!eCKOI'O npOHCXO>K,D.eHHH (.n:peaecHHOH H .n:p.). 

XHMHKO-TepMH':!ecKue TpaBMhr MoryT npousoliTH npn: nonaAaHHM 

pa6o<rnx :xm:,[IKOCTeii: HJIH HX OTJ].8JlbHbIX KOMilOH8HTOB Ha Hesa:mM-

:meHHbie yqacTKH KO>KM. 

TipM paspa60TKe TeXHOJIOI'U'!eCKOI'O npouecca H BB8A8HHU B 

sKcnnyaTaumo yn:cTpasayKoaoro o6opynoaaHHH .nom1rna 6bITb coo

TaBneHa l!HCTPYKUIDI no T8XHHKe 6eaonaCHOCTH B COOTBeTCTBHH c 
"CaHMTapHbIMM npaBimaMH opraHMSaUHM TexnonorR'!ecKHX npoueo

coa H I'H!'HeHWrBCKHX Tpe6oaaHHii: K npOH3BO,IJ.CTB8HHOMy o6opyno

B8HHI011 (1042-73, MMHs.a.paa, 1973 r.), "TipaaHJiaMH TeXHH<reo

KOH 9KCnnyaTaUHH sneKTpoycTaHOBOK noTpe6HTeneli" H "TipaaHJia~ 
MH T8XHHKH 6esonacHOCTH npu 8KCI1JiyaTauun 9JI8KTpoycTaHOB0K 

noTpe6MTene:H", YTBep)K.neHHbIX rocsHeprona.usopoM CCCP 12 

anpeJI.ll 1963 r., a TaK)Ke "TunoBhIMH npaaMJiaMM no)KapHoli 6es

onacHOCTH AJ15I npo:MbllllneHHbIX npe.a.rrpHHTM:ii", yTaep>KAe:H}IhIX fnae-

HhIM ynpaaneHHeM no>KapHoti oxpaHhI MBll CCC~ 21 aarycTa 

1975 r. 

llrrH o6ecne-'!eHHH 6esonacHOCTH pa60T8IOIUHX npOH3BOACTB8HHbie 

IIOMe:meHHH, B KOTOpbIX paSMe:maIOTCS! YJ1bTpasayKOBbie ycTaHOBKH 

H npHI'OTOBJI.lllOTC.ll pa6otrne paCTBOpbI, Heo6XOJJJ:iMO o6opyAOB8Tb 

o6m;eo6MeHHOH npHTO':!HO-BbIT.IUKHOii: BeHTHJI.HIUreli. y CT8HOBKH H 

yrrl>TpasayKoaofi re1mpaTop AOJI>KHhI 6bITb HaJJ.e>KHO saaeMneHbI. Ha 

yqacne, r.ue pa3Me:maroTCH ycTaHOBKH, peKOMeH.nyeTCH HMeTb IIPQTB:

aora3oaorii: qllWbTPYIOIUHii: pecrrn:paTOp PTir -67 ( rocT 12.4. 004-7 4) 
AJI.ll HCI10JibSOBaHH.H B aaapn:fuioli CHTyauHH. TipH npo-

ae.a.eHMH TexnorrorH':!ecKoro npouecca c 11cnonl>soaaHHeM yrr:cTpa-

sayKa cne.nyeT nonbsoaaTbC.ll sarrrywKaMH HS ynhTpaTOHKOti saThl 
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.... , 

.o.aaneHmt (~ 7-10 Krc/ CM2 ) H YA8J1hHOH 8KYCTH':!eCKOii: MO:mIIOCTli 

BO BCeM paOO'!eM o6'beMe; 

,3) n:MeTb nsrry1w10my10 noaepXHOCTh, nosaorr.1110my10 o6pa6aTbI

.BaTh 60J1hl.11He o6'beMbli 

4) MaTepuarr 11sny'ra10mero anetvreHTa .non>KeH o6naJJ.aTh BbH;:o-

KOH CTOHKOCThlO K KaB HTaUHOHHOii: 9p03VIH nn:6o JJ.OJIJKHa 6bITh 

' o6ecne'!eHa npOCTOTa GaMeHbI 8J18M8HTa. 

llruI aos6y1K.neHIDI KOJ1e6aHHH B }KHAKOCTH B npOMhllllJ18HHOCTH 

WHpOKO pacnpoc'I'paHeHhl M8I'HHTOCTpHKUHOHHbie npeo6pasoaaTeJIM 

THna IlMC-6M. Ha HX ocHoae Bbrnyc:ica.IOTC.ll yJibTpaSByKoabre BaH

HbI .llJ1SI paSJIWiHbIX T8XHOJIO!'H':!eCKHX uerreli, Tipeo6pasoaaTeJib Tli

na TIMC-6M, XOTH M HMeeT 6onbllly10 nsnyqa10my10 noaepXHOCTh, 

He M0)!{8T 6bITb HCUOJib30BaH B KaY:eCTBe HCTO'IHHKa YJ1bTpa3BY-

KOBbIX KOJ1e6aHHH AJIH ycTal!OBOK, pa60T810IUHX npH LOBbllU8HHOM 

CTaTH'IeCKOM • .o.aaneHHH. fnaBHbIM HeAOCTaTKOM HBJ1H8TC.ll cpaBHH

T8J1bHO M8J1a.H aMilJ1HTyAa KOJ1e6aHHH ero KBaJ].paTHOH ,rrna¢pa!'Mbl 

pasMepoM 300x300 MM ( j ~ 5 MKM). Pacnpe.neneime aMnmr

TYAhI no AHa¢parMe HepaBHOMep1-10e: HaH6orrblllaH 8MilJ1H'I'YA8 B 

ueHTpe, B MeCTe rrpHIIaHKH M8I'HHTOCTpMKUHOHHOI'O llaKeTa ( ABM

raTeJ1H) K nuarpaMMe, a K nepu¢epn:u ee SHa'!eHMe yMeHbwaeTC.11 

.o.o J' £... 1 MKM. TipM pa6oTe non M36bITO'HihIM A8BJ18HHeM 8TO 

rrpHBO,!J.HT K CHHIK8HHIO Koa¢¢n:un:eHTa HCUOJibSOB8HliH rrpeo6pasoaa

T8JIH, TaK KaK TeXHOJ10I'H'!8CKHH a¢¢eKT MO)!{HO nonyi::rnTh TOJlbKO B 

ueHTpanhHOii: qacTM .nn:a¢paI'Mbl, a Ha OCTaJibHOH noaepXHOCTli Ka

BHTalUiH He BOSHHKaeT fsnecb HapymeHO ycJIOBMe ( 1 )J. 
MarHUTOCTpMKUHOHHbIH npeo6pasoaaTen:c nma f1MC-15A-18 

Han:6orree rrpn:ro.a.eH .QJ151 HCIIOJ1h30B8HIDI B YJihTp83BYKOBbIX ycTa

HOBKaX, pa6oTaIOID;HX DpH IIOBbllll8HHOM CT8Tl1'!8CKOM A8BJ18HUM. 

Tipeo6pa30BaTeJib HMeeT HOMHHaJlbHYIO MOIUHOCTh 4 KBT l1 pe30-

H8HCHY10 'Ifl.CTOTY 18 Kfu. OH COCTOHT H3 ABYX OCHOBHbIX qac-

Te:iil.: aKTHBI-IOro 9JieMeHTa - ABHraTeJIB H npHIIa.llHHOI'O K HeMy 

naccmrnoro arreMeHTa - Tpanc¢opMaTopa ynpyrn:x iwne6aHuil:. 

llan:raT8J1b BbIIT.OJ1HeH B BMAe naKeTa H co6paH HS WTaMUOBaHHbIX 

nnacTHH, 11sroT0BrreHHbIX H3 rrepMenn10pa. TpanctfiopMaTop ynpy-

rux Korre6amrii:, nepe.o.a10:mn:ii: Kone6aHIDI OT ABHraTeJIH K HHcTpy-

MeHTy, MMeeT BUA yceqeHHOI'O KOHyca H H3I'OTOBJ18H H3 CTaJIM 

45. ilBHI'aT8J1b nepe,D.aeT KOJie6aHIDI TpaHc4JopMaTopy ynpy!'HX KO

J1908HHH1 K KOTOpOMy c UOMOI.UhlO WilIDlbKH M0)!{8T 6b!Tb npHKpen

JieH C'b8MHhIH ffi!CTpyMeHT. 

Tipeo6pasoaaTeJih TIMC-15A-18 MMeeT aKyCTH'!ecKy10 o6paT

HYIO CBH3b (AOC), KOTOpa.ll o6ecne'!MBaeT aBTOM8TH'!8CKYIO no.a.

CTpOii:Ky 'Ifl.CTOTbl 9J18KTpH'!8CKHX KOJie6aHMii: npn: HSMeHeHHH peso

H8HCHOH qacTOThI CHCTeMhl npeo6pasoaaT8Jih-HHCTpyMeHT 38 C':!eT 
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BOA5IT K HX paspyrueHHlO. YlHTeHCHBHOCTh KaBHTaUHOHHOro BOG-

nefiCTBIBI OCJia6eaaeT C yaeJIH'I8HH8M paCCTOHHlliI OT HGJiy'IaTeJ!H 

acnep,cTBHe pacceHBaHlffi H nornomeHHH ynhTpasayKoaofi 9Hep:r:O:H. 

llaBJI8HHe B 9TOH BOJIHe cnanaeT AO HYJIH Ha paccTOHHHH, paBHOM 

ABYM-TpeM ;:maMeTpaM saxnonHyBllleii:cH nonocTH. IToaToMy 6onh

llIYIO pOJib B npouecce mrcneprHpOBBHHH Hrpa101 IIOTOKH, KOTOpbl8 

cnoco6cTByIOT HHTeHCHBHOMY nepeMememno qacTHU nopomKa B 

o6'heMe )l\.V!JJ.KOCTH. Cnenyei nonqepKHyTh, 'ITO HaH6onee 91jxpeK

TllBHO AHCTieprHpOBaHH8 xpynKHX MaTepMa.JIOB c HCXOAHbIM pa3Me

pOM qacTHll ~ 20 MKM. 

llm1 TIOBbillieHlffi acpcpeKTHBHOCTH ynhTpasByKoBoro AHcrreprMpo

BaHlffi TIOpOUIKOBbIX MaTepHaJIOB cnenyeT yCHJIHBaTb ll8HCTBH8 

KaBHTaUI:IH H CKOpOCTb TIOTOKOB. 3TO MO)K8T 6bITb AOCTHI"'HyTo 38 

C'I8T YB8Jlll'I8HHH H36bITO'IHOI"'O CTaTmecKoro AaBJI8HID1 B pa6oqeii: 

:lKHAKOCTH, 0AHaKO 3Ha'I8HH8 H36bITO'IHOI"'O AaBJI8HlliI HaAO ycTa

HaBJillBB.Tb B 38.BHCHMOCTH OT aMUJ!HTYllbl KOJie6aHJHC Topua H3JIY

'tJ:B.T8JIH ~ • llmr pacqeTa OilTHMaJibHOI"'O H36bITO'IHOI"'O CT8TH

'l8CKOro J:(aBJI8HHH MO)KHO HCTIOJib30B8Th COOTHOU18HH8 

PcT = 0,4 PaKyCT• ( 1) 

rAe P aKycT == J' C W l , 3A8Cb JO C - aKyCTM'iecKoe conpoTHBJieHHe 

:lKHAKOCTH ( .fJ - ee TIJIOTHOCTb; c - CKOpOCTb 3LyKa B :>KI:IAKOC-

TM); W = 2.JTf ( -f - qacToTa ynbTpa3BYKOBbIX KOJie6aHMii:); ~-
aMmrnTyAa Kone6am1ii: Topua MGJiy'laTeJIH, EcnM AaBJieHMe 6onh!lle 

HJIH M8Hblll8 BbillieyKaGaHHoro, TO 91jxpeKTHBHOCTb KaBHTaUHH CHH

:>KaeTCH. 

2. BbIEOP 11CT04Hl1KOB YnbTPA3BYKOBbIX KOHEEAHl1M 
}lJIH YCTAHOBOK, PAECYfAIOIUl1X IlPM IlOBbllllEHHOM 
Cf AT114ECKOM ]1ABnEHl111 

11.cTo'!HHKH ynbTpa3BYKOBbIX Kvne6aHnH:, npeAHa3Ha'!eHHbie JJ.JIH 

ycTaHOBOK, pa6oTalOJ.IJ;HX npn TIOBbilli8HHOM CTBTWWCKOM A8BJI8Hiili, 

AOJI)KHbl OTBe'tJ:aTb CJI8AYlOIIIHM Tpe6oBaHHHM: 

1) HM8Th AOCTaTO'IHO paBHOMepHoe TIO ITJ!OJJl,a}:lH H3Jiy'IaTeJIH 

GBYKOBOe none; 

2) o6ecne'!MBaTb 60JihUIHe aMilJIHTYAbl KOJ1e6aHH:ll: MGJiyqaiQ11J,efi 

IlOBepXHOCTH ( w ~ 10 MKM), T.e. BbICOKHH ypoBeHb 3BYKOBOI"'O 

14 

HJIM npoTHBOUIYMHbIMH HayurHHKaMH. ITpn np11r0Toanemnr pa6o'iKX 

paCTBOpOB CJieJ:(yeT IlOJ!b30B8TbCH cpapTyKaMH, O'iKB.MH H pe3HHOBbI

MH nep'iaTK8MH. 

ITpH aKcnnyaTaUMH o6opyAOBaHHH Heo6xoAMMo nepMOAM'ieCKH 

npoaepsITh ypoBeHh UiyMa Ha pa6o'ieM MecTe. Tipu pa6oTe ynbTpa-

3.BYKOBbIX ycTaHOBOK ypoaeHh IllyMa He AOJI:>KeH npeBhI!llaTb 110 AE 

B COOTB8TCTBHH c rocT 1.21.001-75. 
Yc:raHOBKH Ttma Y3Bll-6 H Y3BLl-8M, npeAH83Ha'ieHHbie AJIH 

pa60TbI c KIICJIOTHblMH H ll(8J!O'iHbIMH paCTBOpB.MH, CJieAyeT paG-

Mell(aTb B TIOM811(8HlffiX, HM8l01l(HX CTOK B O'IHCTHbie KB.HB.J!H3aUHOH

Hbl8 coopy:>KeHHH npeATIPHHTHH, TipM pa3Mememnr ycTaHOBOK B n°'" 

MemeHHHX, He HMelO!l(HX TaKHX CTOKOB, OTpa6oTaHHble paCTBOpbl 

He06XO)lllMO co6MpaTb B OTA8JlbHbl8 8MKOCTH. llonycKaeTCH Heii:

TpaJIHGB.UHH OTpa6oTaHHbIX pacTBOpOB (He COAep:>Kall(HH C08AHHe

HHH xpoMa) CpeACTBaMH uexa, eCJIH HM88TCH paspellleHHe TIOApaG

A8JI8HHH caHMTapHOI"'O HBAGOpa TipeAilplIBTHH. 

THllOBhie Texx1onorH'!eCKHe npoueccbI CJmTUH 

sayceuueB ynbTpa3ByKOBbIM MeTOAOM 

TI pH JIQ)K8HH8 I 

THilOBbie T8XHOJIOI'H'I8CKHe npoueCCbI (CM. Ta6Jmuy) COCTOHT 

H3 CJ!8JJ.YJO!l(HX OCHOBHbIX onepauM:ll:: 1) nonroTOBHT8J1bH0Hi 2) 
ynhTpasayKoBo:ll: o6pa6oTKHi 3) npoMbIBKM; 4) naccMBMpoBaHHH HJIH 

OCB8TJ18HUHi 5) CyuIKH; 6) KOHTpOJIH, 
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CTaTH'-IeCKOI'O .QaBJI8HHH H BBeAeHHl1 B /Kl1AKOCTb qacnui: a6pa3l1Ba. 

CJie.o;yeT no.QqepKHyTh, qTo nopor KaBHTan1111 (aKycT11qecKoe .o;aB

JieHue, COOTBeTCTBYlOIUee B03HUKHOB8HUlO KaBHTaumr) H ee 3tjxpeK

Tl1BHOCTb 3aBUCSIT OT CBOHCTB IKUAKOCTU, B qacTHOCTU OT ee BH3-

KOCTU. 3$j:ieKTl1BHOCTb KaBUTaUUU HIDKe B B.H3KUX /KU.QKOCTHX 

(rnunepHH u ero cMecu c Bo.o;oi1). 

CJieAOBaTeJibHO, MO/KHO peKOM8HAOB8Tb .QBa M8TOAa ClffiTlliI 

sayceHUeB B yJihTpasByKoBOM noJie. 

TiepBb!H MeTOA OCHOBaH Ha 3¢¢eKTe rUApoa6pa3l1BHOI'O l1CTiipa

Hllil OCTpb!X KpOMOK B pa6oqe:fi Ml1AKOCTU c a6paGl1BHb!MU: qacTH

UaMH npu COG.QaHHH B 3TOH IKUAKOCTH YJibTpa3BYKOBOH KaBU:Taunu. 

B OCHOBY BTOporo MeTO.Qa TIOJIO/K8H 3¢¢eKT KDBHTaUUOHHOI'O 

paGpy!lleHllil OCHOBaHHH GayceHUeB. Tio8ToMy o6pa6oTKy npCBOAHT 

B IKUAKOCTII 6eG a6pa3l1BHb!X qacTUU, 0.nHaKO B 9TOM cnyqae .nmi: 

ycnneHllil paspy!lleHllil OCHOBaHHH sayceHueB o6pa6oTKY uenecoo6-

pa3Ho npoII3BOAUTb B XUMU:qecKU aKT'HBHbIX cpe.o;ax. 

.QelicTBUe XUMUqecKH aKTHBHb!X cpeA OCHOBaHO Ha H36UpaTeJib-

HOCTU npouecca TpaBJI8Hllil. Hau6oJiee UHTeHCHBHOe paCTBOpeHlrn 

MeTanna npOXOAl1T TaM, l'A8 HM8lOTC.H OCTaToqHbie MeXaHl!'-IeCKHe 

H8IlpH/K8Hllil ITOBepXHOCTU H npetK.Qe BCero B M8CTe coe)J.HHeHllil 

oayceHua c A8T8JiblO. Tipu 8TOM OCHOBaHHe sayceHua TIOATpaBJil1Ba-

8TCH u npo'!HOCTh ero coeAHH8Hllil c AeTaJiblO yMeHh!llaeT<?H• Kpo

Me Toro, npu TpaBJI8HHU IlOB8pXHOCTH .o;eTaJIH BbIAeJI.HeTC.H BO)J.opo.n. 

Tiy3blpbKU BOAOpo.a.a .HBJIH!OTC.H GapOAbIIllaMU KaBUTaUMH, GaXJIOITbI

BalOIUMMHC.H nenocpe.a.cTB8JIHO Ha TIOB8pXHOCTU. ::)To YB8JIH'Il1BaeT 

KaBHTaUHOHHy10 8pom110 saycenueB, HaBo.a.opo1K11saHue noBepXBocT

noro CJIOH MeTamrn MO/K8T TaK/K8 Tipl1BOAUTb K ero oxpyn'Il1B8Hl1l0. 

B peGyrrhTaTe o6JiertJ:aercH MexanutJ:ecKn.H oTpbIB GayceHua B yc

JIOBlliIX yrrhTpa3BYKOBOH KaBHTau1111. 

CJie.a.yeT OTMeTHTh, qTo YAaJieHue 3ayceHU8B c A8Taneli B XH-

MHqecKH 8KTHBHbIX paCTBOpax MO/KHO npOH3BOAHTh H B o6bI'IHb!X 

yrrbTpasByKOBbIX BaHHax 6es · us6bITO'IHoro AaBnenHH. 

PaccMoTpHM ynbTpasByKoBoe AHcneprupoBaHue nopoIUKOB, 

MexaHH3M mrcnepr11poBaHUH r10po!llKOBbIX MarepnanoB B yJib·-

TpaGByKoBoM none o6ycnosneH ll8Jlb!M pHAOM HBJI8HUH, rnaBHb!MU 

M3 KOTOpbIX HBJI.HlOTCH KaBHTaUUH M TIOTOKM, B03HHKa10mne B pa6o

tJ:eH IKUAKOCTH. 

Tipu 3aXJIOTib!BaHHH KaBHTaUUOHHbIX TIOJIOCTe:H B /Kl1AKOCTll OT 

M8CTa 3aXJIOilbIBaHUH pacnpocTpalffieTC.H YAapHaH BOJIHa C/KaTHH, 

M8KCUM8JlhH8.H aMnJIHTy.a.a A8BJ18HUH B KOTOpOH MO/K8T AOCTHraTb 

H8CKOJlhKliX TbICH'I KHJiorpaMM-CMJI Ha KBa.a.paTHLIH caHTUMeTp, TaK 

KaK BCJI8A Ga yAapHOH BOJI}IOH Bcer.o;a cne.a.yeT BOJIHa c OTpuua

T8JlhHb!M AaBJI8JIHeM, TO Ha qacTUUbI, HaXOAHIUU8C.H B /Kl!AKOCTH, 

6yAyT A8HCTBOBaTb paCT.Hl'l1BalOIUll8 HaIIpH/KeHllil, KOTOpbre n npl1-
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AHami:s KmioKa,a.poB JlBIDKemm ruapHKoB (cM. pnc. 4-6) u pac
'ieTa CKOpOCTe.ii noKa3bIBaeT, 'iTO npu llOBblllieHHOM H36bITO'iHOM 

A8BJieHHH Ha6mo;::taIOTCH llOBTOp.HIOIUHeC.H peSKHe l:ISMeHeHH.H CpeA

HeH CKOpOCTH nepeMemeHH.H i.llapl:IKOB, TeM 6onee 3Ha'iHTeJibHbie, 

'ieM ;::taJibille ruapHK y;::taJieH OT 110BepXHOCTH I:ISJiyqaTeJIH. Dpl:l HOp

MaJihHOM AaBJieHHl:l HSMeHeHHe CKOpOCTH llpOTeKaeT 6onee llJiaBHO, 

Ha OT;::teJibHbIX yqacTKax CKOpOCTb ruapHKOB CTaHOBHTCH 

HOM:, llpI:I'ieM npOTH:>K:eHHOCTb yqacTKOB c 11ocTOHHHOH 

llOCTOHH-

CKOpOCTblO 

60Jibille llpl:l ;::taBJieHHl:l, paBHOM HYJIIO, H B 6onee BH3KO.ii cpe;::te. 

HaI:I60Jib1UI:Ie l:IGMeHeHHH cKopocTI:I JlBIDKeHl:IH 11poncxoJJ.HT Ha pac-

CTOHHHH A 12 OT rpaHHllhI paGAeJia :>K:HAKOCTb-raG. Dpu llOBhI

meHHOM HG6bITO'iHOM AaBJI8Hlll:l B IKHAKOCTH BHAHbl KaBHT8llHOHHhie 

GOHhI. Do BblCOTe CTOJI6a :>K:HAKOCTH BOSHHKaeT HeCKOJibKO SOR 

KaBHTallHI:I,· TaK KaK B :>K:HAKOCTH o6paGyeTCH CTOH'ia.H BOJIHa. c 
pOCTOM HG6bITO'iHOI'O AaBJI8Hl:lH 9TM GOHbl CTaHOB5ITC.SI xopomo sa-

M8THblMH •. 

Dony'ieHHhre peGyJihTaThI llOGBOJI.SIIOT aenaTb neK0Topb1e GaMe

'iaHHH no Bbr6opy TeXHOJIO!'M'ieCKHX pe:>K:MMOB ynhTpaGayKoaoii: o6-

pa6oTKM 11pMMeHHTeJ1bHO K paccMaTpMBaeMOMY 11poueccy. LfeM 

Bblille CKOpOCTb aKyCTM'i8CKHX llOTOKOB, TeM Bblille noAHUMaIOTC.SI 

AeTaJIH H, CJie.[(OBaTeJihHO, MeHbille HX nJIOTHOCTb Ha 8AHHH!ly 

o6'heMa pa6oqeii: KaMepbI a6JIMGM Topua HGJiy'iaTeJIH, DpM 9TOM 

AeTaJIM ropaGAO M8Hbille GaCJIOH.HIOT ;::tpyr Apyra ( 9KpaHHPYIOIUHH 

9<jxj.leKT)' a pac11peaeneHMe KaBMTaUHOHHbIX llyGblpbKOB 110 o6'heMy 

KaMepbl CTaHOBMTCH 6onee paBHOMepHbIM. CJieaoaaTeJibHO, A~TaJIH 

llOABepraIOTCH HHT8HCMBHOH yJipTpasayKOBOH o6pa60TKe 110 BCeMy 

o6'heMy KaMephr. EcnM a pa6oqy10 KaMepy ;::to6aaHTb a6paGMBHhie 

qaCTHllbI, TO MOmHhie aKyCTll'i8CKHe nOTOKH, BOGHMKalOIUHe B Ka-

BHTHpy10meM: :>K:HAKOCTM npu noBblill8HHOM CTaTM'ieCKOlv.! AaBJI8HHH 

06ec11e'iaT aGaHMHOe nepeMemenue He TOJibKO AeTaneii:, HO H 

a6paGHBHhIX qacTuu. DoaToMy npoMCXOAHT rHApoa6pasHBnoe MCTM

pam1e GayceHUeB H B 11epay10 oqepeAb MX OCTpbIX KpOMOK. 

TaKMM o6paGoM, paGpyrueHHe ocTpo.ii ~poMKH GayceHua npoMc

XOAMT BCJI8ACTBH9 cpeGaHl:IH ee qaCTM'iKaMM a6paGMBa, a OCHOBa-

HHe GayceHUa paGpyruaeTCH Ga C'ieT· KaBHTaUHOHHOH apoGMH. DpH 

9TOM nnomaAh ceqeHHH Gaycenua (acer;::ta yaeJIM'ieHHa.H y ocHOBa

HHH)' Bbl paBHMBaeTCH no BCeii: ero BblCOTe. O'!eB MAHO, 'iTO pOJib 

rHApoa6paGHBHO!'O paGpyrueHH.H npo.HBJI.HeTC.Sl TeM CMJihHee, qeM 

GHa'iMTeJibHee paGpyrueH GayceHeU y OCHOBaHHH. 

l1cxo,IJ.H HG npMBeAeHHbIX peGyJih'I8TOB MCCJI8AOB8HMii, MO:>K:HO 

GaKJIIO'iMTb, 'iTO OCHOBHblMH ¢aKTOpaMM, o6ecne'!ID3810IUMMM y;::taJie

HMe GayceHUeB, .HBJ1H8TCH HX KaBMTaUHOHHa.H 9p0Gll.H npu OAHOBpe

MeHHOM nepeMemeHHH AeTaJie.ii aKyCTH'ieCKHMH IlOTOKaMH. Ll,eiicT

BHe 9THX ¢aKTOpOB ycMJIMBaeTCH npM aeiiCTBHH AOilOJIHMTeJibHO!'O 
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PMc. 6. TpaeKTOpMM )J,Blf)!(eHMH mapoB B BO)J.Ho-rrmu;epMHOBOli 
cMecM (1: I) npM If36b1TOqHoM )J.aBJieHMH O (a),5 (6) w IO(B) Krc/cM2 

1. Cpe.z:urn:e CKOpocTH wai:)oe B KaBHTHpyromeA >KHAKOCTH 

3HaLJ:eHiffi CKOpOCTH (CM/ c) npH H36b!TOLJ:HOM 

CpeAa 

0 5 10 

\U - -
Vt VI Vt VI Vt 

Bo A a ~ 23 66 75 38 ~ 
35 40 68 77 80 41 

BoAa-rn uue pMH ~ 47 _Ql_ 76 36 50 
(1:1) 60 77 50 71 45 44 

fmmepMH li_ _9_ 1.L 25 ~ _ll_ 
12 17 35 30 31 36 

TipuMeLJ:aHlffi: 1. CTpenKaMH noKa3aHo HanpaeneHue 1wIDKemrn 

mapHKOB OTHOCHTeJibHO BepTHK8JIH, 

2. TipUBe,QeHHble CKOpOCTH He SIBJISIIOTCSI CKOpOCTSIMH aKyCTH

LJ:eCKlfX noTOKOB, TaK K8K KpOMe noTOKOB Ha mapHKH ,QeHCTByeT 

CMJia TSl)KeCTH H CHJia I'MAPOAMHaMHLJ:eCKOI'O conpOTUBJieHlffi. 

3. B LJ:HCJIHTene yKa3aHa cKopocTb mapoe no ueHTpy, B 3Ha-

MeHaTene - no nepM<Pep1m. 
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AHami:s rpa<fiHKOB H KHHOKaApoa BhICOKOcKopocTHOR ( C'beMKH) 

noSBollileT OTM0THTh pslA xapaKTepHbLX. oco6eHHOCTeR ABWKeHHH 

ruapHKOB B BOAe. TipH HO_.PM8J1hHOM A8BJ10HHH TpaeKTOpHH wapHK:OB 

JJ,HaMeTpOM 2,48 MM (TeMHbie TO'IKH) 6J1HSKH K IlpslMOJ1HHeHHbIM. 

lllapbI JJ,HaMeTpOM 0,66 MM (cBeTJ1bie TO'IKH) HeCKOJ1hKO OTKnO

HHIOTC5I B CTOpOHy OT llpHMOJ1HHeHHOI'O ABIDKeHH.H oco6eHHO npH 

ABIDKeHHH BBepx. TiepeMemeHHe wapOB npOHCXOJJ.HT B OCHOBHOM 

BCJ1eACTBHe yp,apa HX 0 TOpeu HsnyqaTellil. 

TioBbllllemre H36bITO'!Horo JJ.aBnemiH JJ.O 5 Krc/cM2, a saTeM 11.0 

10. KI'C/ CM2 ( puc. 4-6) conpoamKJJ,aeTCH peSKHM HSMe,HeHHeM 

TpaeKTOpHH JJ.BIDKeHH.H ruapHKOB oco6eHHO npu HX Jl.BIDKeHHH BBepx. 

B pgJJ.e cnyqaea wapHKH JJ.BIDKyTcH no neTneo6paSHbIM TpaeKTOpH

HM H JJ.J1H'f8J1hHOe BpeMH YAeJ»KHB8IOTCH BO BGBellleHHOM COCTOHHHH, 

He KaCAf!Cb TOpua H3Jly'laTeJ1H. 

3aMKHYTble 'l'paeKTOpHH JJ.BIDKemm wapHKOB H COOTBeTCTBYIOIUHe 

J1HHHH TOKa aKyCTH'l8CKHX IlOTOKOB 38HHMaIOT o6'beM BbICOTOH npH-

6nHSHT0J1hHO it 12, I'JJ,e ~ c JJ.JJHHa ynh,TpasayKOBOH BOJ1HbI . 

B JJ.aHl:IOR m:HJJ,KOCTH ( 1\ = 7 ) t c - CKOpoCTb 3ByKa B 

m:HJJ,KOCTH; f - 'laCTOTa YJ1hTpasayKOBbIX KOJ1e6aHHH. 

H,MM ~,.,~,.,:__~r-~-,~--,r-~1 H,~ 

i' 
If 5{ 

r 
..... 

r 6 

~ 3 
2 ::i rr I rD I :: .... 

40 

20 

r; I 
¥ "' ; 

I I 

11 I \.a" I I ~!._.I 1.1 ·v vi -...;.-. 1 3~ 
- -0,5 0 -1 -0,5 0 0,5 rfro -1 -0,5 0 0,5 r/r. 

o) Al 0 
0, 

a) 

PHc. 5. TpaeKTOpHH ):(BH:>I<emrn rnapoB B rmui;e~HHe npH H30hI
TO'IHOM naBneHHlf 0 (a)' s (6) H 10 (B) Krc/cM 

PesynbTaTbI HSMepeHHH cKopocTeli JJ.BIDKeHHH wapHKOB JJ.HaMeT

poM 0,98 MM B paanH'!HbIX K8BHTHpyromHx X<HJJ.KOCTHX npu paSHOM 

CT8l.TH'l0CKOM JJ,aBJ10HHH npHBeA0Hbl B Ta6n. 1. 
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IlpH nOBbllll6HHH M36bITO'!HOI"O .IWBJ16HlliI AO 5 KI"C/ cM2 A6T8J1M 

HB'!MHBIOT nepeABMI"8ThC£l no CJlOIKHbIM TpaeKTOplliIM, B pHAe 

cnyqaeB He K8C8£lCh IlOBepXHOCTM M3JlyqaTeJ1££. IlpH 9TOM CKOpOCTh 

/J,BMIKeHHSI H BbICOTa noJJ,'beMa B03paCT8IOT B H6CKOJ1hKO pa3, '!TO 

o6ycJIOBJ1eHO MOllUlblMM aKyCTlf'IeCKMMM llOTOKaMM. 

CKopOCTb aKyCTH'i6CKHX Te'!eHHH B IKHAKOCTHX onpeJJ,eJ1£lJ1H npu 

H36bITO'!HOM CTBTH'ieCKOM ABBJieHHH. 

CKopocnr noTOKOB HBXOAHM no CKOpOCTHM ABHIKeHlliI CTBJihHbIX 

wapMKOB pa3JIH'!HOI"O AHaMeTpa (0,66; 0,98; 2,44 MM), noMe-

lU6HHbIX B K8BHTHpy10m:y10 IKMAKOCTb. B Ka'!eCTBe pa6o'!eH IKHA-

KOCTH HCllOJ1b30B8J1H AHCTHJIJIHpOBBHHYIO BOAy, rnuuepHH H CMeCh 

BO/J,bl C I"JIMUepHHOM. 

TpaeKTOpHH ABHIKeHHSI wapHKOB B 9THX IKUAKOCTHX ~H pa3HbIX 

U36bITO'!HbIX CTBTH'!eCKHX ABBJ16HUHX ( o, 5; 10 Krc/ CM ) 3aqnm:

CHpOB8Hbl C noMOI.UblO CKOpOCTHOH KliHOC'h6MKH CO CKOpOCThlO 650 
KBApOB B ceKyHAY· 

XapaKTepHbie TpaeKToprr.rr. JJ.BHIKeHHSI wapMKOB B pa3J1H'!Hb!X 

:>KHAKOCTHX nprr. pa3J1H'!HblX CT8TH'i6CKHX ABBJ16HUHX DOKa3aHbl Ha 

puc. 4-6, I"Ae no OCH a6cUMCC OTJ101K6HO 6e3pa3MepHOe paCCTO£l-

HHe OT U6HTpa H3JlyqaTeJ1£l AO CT6HKH UHJIHH,O,pM'!eCKOH KBMepbl 

R /Ro (Ro - pa.o.rr.yc MGJiyqa10lllJi:i1 noBepXHOCTH, R - pac-

CTOHHHe OT MeCTa HBXOIKAeHHSI wapa AO OC1H KaMepb1), a no OCH 

op.o.HHaT - BbICOTa no,o,'heMa wapMKOB. Urr.cppa~rn Ha KpHBbIX yKa3a

HbI HOMepa wapMKOB, Ha6JIIOA8BWHXC£l B Ollbne. 

H,,.,,., H,MM H,MM 

I I I I 
80 
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60 
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20 
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-1 -0,5 0 0,5 -1 -o,5 0 0,5 -1 -o,5 0 0,5 t'fro 

a) 0) 

P11c. 4. TpaeKrop1111 ABH)J(eHHH mapoB B BOAe np11 H36bnoqHoM 

)J,aBJieHHH 0 (a) , 5 ( 6) 11 10 ( B) Krc/ cM
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eayceBua c nnacTHHKOH. TipH aTMoc¢epHOM .uaaneHHH nynhCaUHH 

Dy3bip.bKOB He npHBOMT K paspymeHHIO sayceHuea. c nOBbllIIeHHeM 

Ha6bITO'!Horo .uaanemm .no 5 Krc/ cM:2 sayceHeu Ha Mo.nenH paspy

waeTCH sa 2-3 c. 

·Oco6eHHOCThlO ClffiTHH sayceHUeB B 3BYKOBOM none smmi:e-rcs 

H36HpareJ1hHOCTh 9TOro npouecca, KOTOpasI o6oHCJffieTCH MeHbllleli 

MexaHH'ieCKOH npo'lHOCThlO OCHOBaHHH saycemm, 'ITO CBHGaHO c 

KOHUeH'J'.paUHeli Hanpsi::lKeHHli, MHKpoTpemHHaMH H .upyrHMH noaepx

HOCTHbIMM .ue¢eKT8MM. KpoMe Toro, Ha CTbIKe sayceHeu-.ueTaJib 

cos.ua10TCH HaH6onee 6naronpHHTHbie ycnoBHH .UJIH cocpe.noTo'leHHH 

Ka.BHTaUHOHHbIX nySblpbKOB, KOTOpbie y.nep:lKHB8lOTCH Ha MHKpoHe

pOBHOCTHX. noaepXHOCTH. y OCHOBaHHH sayceHua KaBMTallHOHHhie 

IIY3hIPhKll'. KaK Ohl 3a}KaTbI Me>K.lly noaepxHOCTbIO .ueTan1r H noaepx

HOCTbIO 3ayueHua. Enaro.uap.H 9TOMY HMeHHO 3.llecb 

OOJibUiaH ttaCTb aHepr111r, B03Hll'.Karo1lleti 

np1r 3axnonbIBaH1r1r K8Bll'.Tau1roHHhIX ny-

3bipbKOB, nepe.uaeTCH TBep.uoli TIOBepx

HOCTll'., 'ITO o6yCJIOBJlll'.BaeT OTpbIB 3ay

ceauea. 

Bo apeMH yJibTpa3ByKoaoli o6paooTKll'. 

.o.eTaJill'. llBll'.)KyTCH B >Kll'..llKOCTll'., ysneKae-

Mbie aKyCTH'!ecKll'.Mll'. TIOTOK8Mll'.. 

LlBH>KeHll'.e .ueTaneti B 3BYKOBOM 

HCCJie.llOB8HO npll'. HOpMaJibHOM Ir 

none 
3 

TIOBbl-

weHHOM CT8Tll'.'!ecKOM .uaaneHll'.ll'. c ll'.C

IIOJ1b30B8Hll'.eM Kll'.HOCoeMKII co CKOpo

CTblO 24 Ka.upa B ceKyH.uy. OooeKTOM 

HCCJie.llOB8HHH CJIY:lKll'.Jlll'. .ueTaJIH qacosoro 

· H np1<t6opHoro npoll'.3BO.llCTBa. 

Puc. 1. 3KcnepnMeHTaJihHaH ycraHOBKa )LIIH 

nposep;emu1 KHHOC'heMKH rrop; crarwqecKHM p;as

neHHeM: I - rpaHccpopMarop yrrpyrnx Kone6aHHH 

npeo6pa30BarenH 11MC-15A-18; 2 - HHcrpyMeHT; 

3. KaMepa H3 oprcreKna; 4 - KpbilllKa; 5 - 111ryu;ep; 

6 - Kopnyc; 7 - pa6oqwft o6neM 

6 

7 

7 



KaBMTauuom1y10 apoGMIO MO:lKHO cymecTBeHHo yBeJIH'il:ITh, ecnM 

B pa6oqe:il: )KHJJ.KOCTH COGJ].aTh MG6b!TO'll!Oe no CpaBHeHMIO c aTMOC-

cpe pHbIM cTaTM'!ecKoe JJ,aBJieHMe. OnTMMaJihHOe ee GHa'!eHMe AJIB 

6oJihll!HHCTBa ynhTpaGBYKOBhIX ycTaHOBOK, npMMeHBIOIUMXCB JJ.JIB 

CHBTMB GayceHUeB, paBHO 3-6 Krc/ cM2. EcrrM npM 8Tl:IX ycnoBMBX 

B )KHJJ.KOCTh A06aBMTh a6paGHBHbie '!aCTlIUbI, TO H8pBAY c KaBMTa

Ul:IOHHblM TIOBepXHOCTHb!M paGpyrneHMeM TBepJJ.blX Terr B K8BHT8UM

OHHOH o6nacTH HX TIOBepXHOCTh 6yJJ.eT HHTeHCMBHO o6pa6aThlBBThCB 

a6paGMBHblMM qacTMJlaMM, HaXOAHIUHMMCB BO BGBellleHHOM COCTOO

HlIM. TipM pa6oTe ynhTpaGByK6Boro HGnyqaTeilll B :lKHAKOCTM B03-

HHKaIOT aKyCTM'!eCKHe TIOTOKH. CKopoCTh J].BM:lKemiH :lKHJJ.KOCTM B 

HMX H KOH<jmrypauwrr I10TOKOB MoryT Ob!Th paGJili'!HblMM. Tiepe~e

lUalOIUH8CB . llOA JJ,e:il:CTBMeM aKyCTW!8CKHX Te'!eim:il: a6paGMBHb18 

'!aCTlIUbl noJJ,06HO MHKpope:lKyIUeMy HHCTpyMeH1'Y cpeGaIOT MHKpO

HepOBHOCTlI noBepXHOCTH o6pa6aTbIBaeMOJ:'O MaTepnana. 0TJJ.8J1h-

Hble '!8CTliUbl a6paGMBa, nonaJJ.aH B GOHY JJ,e:il:CTBMB MMnyJihCOB 

A8BJI8HMB, B03Hl:IK8IOIUHX npH 3aXJ10llblB8Hl:IH KaBl:IT8UlIOHHblX nonoc-

Te:ii, npHo6peTfil! BbICOKMe CKOpOCTM, MOJ:'YT npOlIGBOJJ.l:ITb AOilOJ1-

HMTeJ1bHbie paGpyµIeHMB Ga C'!eT IlpBMOJ:'O yJJ.apa '!aCTIIllbI 0 no-

BepXHOCTh o6pa6aTbIBaeMo:il: JJ.8TaJ1II. 

Tipl:I aTMOCcpepHOM AaBJieHMM A06aBKa a6paGMBHbIX '!aCTHU B 

KaBMTMpyromyro xrnJJ.KOCTh He JJ,aeT acpcpeKTa npII yJJ.aJieHMII c JJ.eTa

ne:il: Ml:IKpOHepOBHOCTe:il: l:I GayceHUeB. 

MexaHII3M paGpyrneHMB TBepJJ.bIX Terr B ynhTpaGByKOBOM none 

lICCJ18AOB8J1l:I c TIOMOIUhlO CKOpOCTHO:il: KHHOCoeMKII.CO CKOpOCThlO 

3000 KaJJ.pOB B ceKyHAY· 

3KcnepMMeHT8J1hHfill ycTaHOBKa J].JIB npoBeJJ,eHMB KMHOCb8MKM 

noKaGaHa Ha pMc. 1. B Ka'!eCTBe IICTO'!HIIKa l ynhTpaSByKOBhIX 

KOJie6aHHil: npuMeHeH MaJ:'Hl:ITOCT~IIKUMOHHhI:il: npeo6paGOB8T8J1h Tl:lna 

TIMC-15A-18. PeGoHaHCHaB '!acToTa npeo6paGOBaTem:r 18 Kfu. 

lfanyttaTeJieM CJIY:lKHT HHCTpyMeHT 2 nonyBOJIHOBO:il: AJ1l:IHhI, B y3Jie 

cMemeHMB KOToporo (npMMepHo nocpeJJ.HHe) GaKpenneHa npoGpa

'!HaB repMeTM'!Hfill. :KaMepa 3 HG opraHH'l:ecKoro cTeKna. 

l1ccneAOBaHMB npoBOAIIJ1M B BOJ].e. AMnJIIITyJJ.a KOJie6aHH:il: H3-

nyqaTeJ1.H COCTaBJIBJia 10 MKM. 06oeKTOM HCCJ18J].OBliHII:il: CJiy:lKHJIM 

nrracTHHKM HG opraHH'!8CKOJ:'O CTeKna, Ha KpOMKax KOTOpbIX HMe

JllICh GayceHllbl nepeMeHHOJ:'O C8'!8HMB BbICOTO:il: JJ,O 2 MM. TinacTII

HKY H8IlOJ].BM:lKHO GaKpellJIBJIH Ha paCCTO.HHHH 5-7 MM OT Topua 

uGrry'laTeJIB. KHHocoeMKY npoBOAMJIH i;ru HOpMaJihHOM 11 noBh!llleH

HOM HG6bITO'!HOM J].8BJ18HlIH 5 Krc/cM B KaMepe 3, COGJJ,aaaeMOM 

C:lKaTb!M raGOM qepeG yKpenneHHbI:il: Ha Kpb!lllKe 4 lllTyuep 5. 

I1oKaJJ,pOBbI:il: 8H8J11IG KHHOTIJieHOK Il03BOJ1l:IJ1 ycTaHOBIITh, '!TO 

KaBHTammHHI>Ie nyGhiphKH cocpeJJ.OTO"!MBaIOTCB a MecTe coeJJ,HHeHMB 
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TipHJ10iK0HHe J1 

06opy.uoarume 

.QJ15I CHHTHH sayceHUee Ha116onee :W.MpOKO npHMemIIOT YJ1hTpa-

3BYKOBbie ycTaHOBKH THna Y3B.U (Y3B.U-6, Y3BLl-8 H Y3BJ1-8M), 

a AAA AHCIIeprupoaamm nopOlllKOBbIX MaTepHaJlOB ycTaHOBKH THI18. 

YTIXA-8M. HcTO'tJHHKaMH nHTaHHH sTHX ycTaHOBOK cny:iKaT ynh'I'pa-

aayKoa1:>1e reHepaTOpbl THna Y3f, K KOTOpbIM OTHOCHT reHepa-

TOpbI Y3f-10-22, Y3f-2-10, Y3f-1-4 H Y3f-2-4. 

.UnH pa60TbI Ha ycTaHOBKe Y3BJ1-6 reHepaTop octtamaeTcH 

8JI8M8HTaMH o6paTHOH aKyCTlf'i8CKO:li: CB5!3H. LlAA pa60TbI Ha yc-

TaHOBK8 Y3B.U-8 H Y3B.U-8M H YTIXA-8M ace ynoMHHYTbie 

reHepaTOpbI Heo6xoAHMO nepe)leJlaTb Ha pa60T.Jy10 'laCTOTy 8 Kfu. 

HH)Ke npHBeAeH1:>r onTHMaJlhHbie pe)KHMbI pa60T1:>I ycTaHOBOK 

Y3BLl-6 npH coBMeCTHoti pa6oTe c naMnOBbIMH rettepaTopaMH 

(Y3f-10-22 H Y3f-2-10). 

OrrTWJ:aJlhHbie P8*HMbI pa60T1:>I ycTaHOBKH Y3BLl-6 H reHepaTopa 

ToK: 
IlOIJ;MarHH'IHBaHHH, A ••••.•..•••. 18-22 
aHop;a, A •..•.•.•••••.•.•.•.••.•...•....• 1,5-1,7 
ceTKH, MA •...•.•.•••••..•.••••.••.•.•. 250-350 

HanpIDKeHu:e: 

aHop;a, KB ·····'························ 6-7 
BhIXOAHhle, B ••.....•.........•••.•.. 440-500 

lfa6bITO'IHOe p;anneHH:f B pa6o-
qell: eMKOCTH, Krc/CM .•.••••.•.•••. 3,5-4 

OrrTHMaJlhHbie peiKHMbI pa60T1:>1 ycTaHOBKH Y3B.U-8, Y3B.U-8M, 

YTIXA-8M H reHepaTOpa 

TOK: 
IlOAMarHH'IHBaHWI, A •••.•.•.••..•.. 18-22 
aHOAa, A •.•••.....••.••.•....••.••••.••..•. 1,3-1,5 
ceTKH, MA ...•••••..••...•..•.....•..•...• 150-250 

HanpHlKCHHe: 

BbIXOA!fOe, B ··························-· 440-500 
aHo)];a, KB--······························· 6-7 

1'fa6h!TO'!Hoe )];aB~eHHe B J?a6oqell: 

eMKOCTH, Krc/cM ···················--····· 1,5-3,0 

TipH pa6oTe o6opyJlOB8.HHH c THpliCTOpHbIMH reHepaTopaMli 

( Y3r-1-4 HJ1H Y3f-2-4) TOK noAMaI'HH"!HBaHHH Heo6XOJlHMO yc

Ta:aaammaTh JlJ1.H ycTaHOBOK Y3B.U-6 B npeAenax 12-16 A, a 

BbIXOAHoe AAA ycTaHOBOK Y3B.U-8, Y3B.U-8M H YTIXA B npeAe
nax 2 0-2 5 A. 
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nys1:>1phKH 6oJ1hlllHX paAHycoa. TipH'!eM c yaeJIH'!eHHeM paAeyca ny-

3i:>IphKOB HX KOJ1H'i8CTBO y6brnaeT. Dp11 paAHyce ~ 100 MKM B 

1 CM3 HX COAeprKHTC5I 10-4. TipH HaJIH'iHH TaKHX H80AHOPOAHOC

Tell: 3Ha'!HTeJ1bHO CHJ1rKaeTCH npO'lHOCTh BOAbl H OHa cnoco6Ha pa3-

pbIBaThC5I B Tex M8CTax, I'Ae ecTb ny3blphKH, IlpH OTpHUaTeJihHbIX 

( pacT.HI'HBaIOIUHX) A8BJ1eHH.HX 1-1 0 KI'C/ CM2 ( TeOpeTH'tJ8CKa.H lIPO'i-

HOCTb BOAbl 103-104 KI'C/ CM2) • TaKHe A8BJ18HH.H B )KHJ:\KOCTH 

JieI'KO C03AaIOTC.H npu B036yrKAeHHH B Heti yJibTpa3BYKOBbIX KOJ1e-

6aHHH. 3TH KOJie6aHH.H pacrrpocTpaH.HIOTC.H B BOAe co CKOpOCThlO 

1,4.105 CM/c, npHT.JeM B KarKAOH TO'tJKe ee o6beMa JWBJI8HHe HG

MeH.HeTC.H no rapMOHH'leCKOMy 38KOHy c BbICOKOH T.JaCTOTOH (Han

pHM8 p, 21 o4 ru). TI08TOMy )KliAKOCTh HCllbITbIBaeT pacT.H)KeHHe 

(AaBJieHHe lIOHH)K88TC5I ITO cpaBH8HHIO c paBHOB8CHbIM) B OTprrua

T8J1bHb!H nonynepHOA KOJie6aHHH J1H60 C)K8TH8 B lIOJIO)KHTeJlhHblH 

nonyrrepuo.u. B oTpuuaTeJihHbiti rronynepuoA rro.D. AeticTBHeM BHYT

peHHero AaBJieHH.H rrapa H rasa paGMepbr ITy3biphKa yBeJIHT.JHBaIOT

c.H, ITOKa A8BJ18HH.H B OKpyr1<a10me:i1: rKHAKOCTH H B nyGblphKe He 

cpaBH.HlOTC5I. 3aTeM B llOJIOrKHT8J1bHbIH rronyrrepHOA KOJ1e6aHHH1 KOI'

Aa .uaBJ18HHe B BOAe BO~acTaeT, o6paGOBaBll185ICH ITOJlOCTh CTpeMH-

T8J1hHO (BpeM.H ~ 10- c) saxnorrbIBaeTc.H. Dpn 8TOM B BOAe 

BOGHHKaeT yAapHasI BOJIHa, AaBJ18HH8 B KOTOpoll: COCTaBffiieT 10000 

K:rc/cM
2

• Ha paccTO.HHHH ABYX-Tpex pa.uuycoB nyGbiphKa .uaBJieHue 

B BOJIHe naAaeT AO paBHOBecHoro AaBJ18HHH B >I<HJlKOcTvr. TaKoe 

noae.ueHl'!e MHO)KeCTBa rrysbipbKOB B BOAe non .uell:cTBHeM ynbTpa-

3ByKa 5IBJIHeTC5I KaBHTaUHeti. 

B pesynbTaTe .ueticTBHH TaKHX HMITYJlbCOB .uaaneHHH (y.uapoB) 

Ha TBep.uy10 ITOBepXHOCTh IlpOHCXOAHT MH0)!{8CTBO aKTOB MHKpopas

PYI110HHH, npHBOA.HIUHX K 8p03HH ITOBepXHOCTH TBep.UbIX TeJI. 

3po3H.H rrporropUHOHaJibHa KOHUGHTpaUHH rry3blpbKOB B BOAe, 

l1pH"I8M Il0CJ18AH.1'15I B03pacTe8T B 104 pa3 Ga B peM.H OAHOI'O nepH

OAa KOJ1e6aHHH H 3aT8M AJ1HT0JlbHO COXpaH.HeTC.H TIOCTO.HHHOti. 

Oco6eHHOCThIO npouecca apoGHH ( paspYilleHHH) sayceHua HBJIH

eTcH ero us6upaTe!1hHOCTh: B nepay10 oqepe.Qh paspylllaeTCH Mec

TO coeAWHeHH.H sayceHUa c AGTaJlhlO H OCTpaH KpOMKa saycettua; 

1;1a I'JiaAKOH ITOBepXHOCTH A8T8J1H He o6Hapy>KHBa8TC5I CJIGAOB Ka

BHTaUHOHHOH 8p03HH. 3To npOI1CXOAHT lIOTOMy, "ITO Ha rpamme 

saycetteU-AeTaJlb ny'tJille ynep)KHBaIOTC.H KaBHTBUHOHHbie rry3blpblrn; 

rpaHuua, KaK H OCTpa.11 KpOtv!Ka, 5IBJI5!8TC.H CJ1a6bIM MeCTOM, r.ue 

B npouecce H3I'OTOBJI8HHH A8TaJ1e:i1: C03AaIOTC5I o6nacTH KOBUeHTpa

llHH Hilllp.HrK8HHH, B03HHKaIOT MHKpoTpeIUHHbl 11 J:lpyr11e noaepXHOCT-

Hble ne¢eKTbI1 cnoco6cTBy10mue ycKopeHHOMy KaBMTauuo1nwMy paB

pyureHHJO MeTanna. TaKMM o6pasoM, ocTpbre KpOMKH paspyma10TcH1 

·CKpyrAAIOTC5I H sayceHUbl OTJlaMbIBaIOTCH. 
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HGMeJih"i:emm. Ka)KJlbIH HG HHX HMeeT CBOIO o6nacTh npHMeHeHH.H. 

0}lHaKO HaH6onee npFieMJieMhIM MeTO}lOM nonyqeHH.H MeJIKO}llicnep

CHblX nopOlllKOB cne}lyeT C'f.UTaTh yJihTpaGByKOBOH M8T01l HGMeJlh

'ieHH.H, OCHOBaHHbIH Ha KaBHTaUliOHHOM paGpymemru TBep}lbIX Ten. 
OH HaH6onee 8cjxpeKTHB8H npli HGMeJih"i:eHFIH MaTepoorroB c liCXOll-

HhIMH paGMepaMH "i:aCTHU ~ 2 0 MKM. B 8TOM cnyqae MO)KHO 

HGMeJib"i:liTh qacTHllhl nopOlllKa }lO paGMepOB 1 MKM B Te'ieHHe 

cpaBHliTeJibHO KOpOTKOI'O B peMeHH ( 10-2 0 MHH). 

B HacTomuee BpeMH yKaGaHHhIM MeTOll MO)KHO licnoJibGOBaTh 

TOJlhKO B Tex crryqa.HX, KOJ'}la He Tpe6yeTC.H o6pa60TKH 60JihlllHX 

o6'heMOB MaTepliaJia, TaK KaK e,oMHOBpeMeHHa.H GarpyGKa yrrhTpa-

3ByKOBOI'O o6opyllOBaHH.H He npeBhlllia8T 1 KI' nopornKa. 

3qxpeKTH.aHOCTb ynarreHH.H GayceHU8B H ,OHcneprHpOBaHH.H no-

pOWKOB B yrrbTpaGByKOBOM none onpe.oerr.HeTC.H apoGHOHHhIM ]leiic

TBHeM yJihTpaGByKOBOH KaBHTaUHH, COG,OaBaeMOH BblCOKOaMnJIHTYll

HbIMH HCTO'iHHKaMH KOJie6aHHH B pa6qqeit )KH)J.KOCTH. IlpH 9TOM 

9pOGHOHHYlO aKTHBHOCTh yrrhTpaGByKOBOH KaBHTaUHH MO)KHO yaeJIH

"i:HTh B 10 paG H 6onee, ecnH B pa6oqeli )KH,[(KOCTH COG,OaTh 

HG6bITO'rnoe ,oaBJieHHe C)KaTbIM raGOM JIH60 Ga C'ieT n1.opaBJIH'i8C

KOI'O Hanopa OT HaCOCHOH ycTaHOBKH. 

B 6pounope o6o6rueH onhrT YicnorrhGOBaHH.H ynhTpaGayKa AJIH 

y}laJieHH.H GayceHU8B H .oucnepI'HpOBaHH.H nopollIKOBbIX MaTepliaJ!OB. 

B Heil ,oaHhI peKoMeH.oauHH no BbI6opy onTHMaJihHBIX TeXHorroruqe

CKHX pe)KHMOB, onHCaHO paGpa6oTaHHOe H BHe,opeHHOe B npoHGBOll

CTBO YJ!hTpa3BYKOBOe o6opyAOBaHHe, }leliCTBHe KOTOpOI'O OCHOBaHO 

Ha HCITOJlhGOBaHHH s¢¢eKTa ycHJ!eHH.H KaBHT8llHOHHOH 9pOGHH Ga 

cqeT COG}l8HH.H H36br'rO'iHOI'O }laBJieHH.H B pa6'0<i.e·li )KH}lKOCTH. 

1. MEXAHM3M YilAflEHlliI 3AYCEHUEB 11 
ilMCTIEPfMPOBAHM.H MATEPMAJlOB B 

YflbTPA3BYKOBOM TIOflE 

Ilpu pacnpocTpaHeHHH a )KHJlKOCTH MOIUHhIX ynbTpa3ByKOBbIX 

KOJ1e6aHHll Ha6J!JO}laeTC.H KaBHTaUHOHHaH apoaH.H (pa3pyweHlie) 

Tae PAhIX Ten. HarreHHe KaB HTallliH ( paqiphIBa cnrrollIHOCTH )KH,QKOC

TH) onpeAerrs:i:eTCH COOTHOllI8HHeM npO"i:HOCTll AaHHOH )KllAKOCTH Ha 

paGpbIB H AaaneHlll B ynbTpa3BYKOBOH BOJ1He. 

B o6bI"i:HOH aone rrpu HOpMaJ!l:>HhIX ycrroBHHX uMeeTcH GHa"i:HTe

J!l:>Hoe KOJ!H"i:8CTBO nyGblpbKOB, GanOJ!H8HHhIX napaMH BO)J.bl H pac

TBOpeI-lllbIMH ra3aMH. HanpHMep, B BOAonpoaoPJIOH aone nocne OT

cTaMBaHMH ee B Te"i:eHHe 10-2 0 MHH B 1 CM3 conep)KHTCH npu-

MepHO 102 nySblpbKOB paAHYCOM 1 Q-2 MKM1 a TaK)Ke HM8!0TCSI 
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r, 

Bonpoc:1>1 JlllSl caMonpoaepKH 

1. KaKHM cnoco6oM MO)KHO yBeJIH"i:HTh HHTeHcUBHOCTh ynbTpa

GByKoaoii KaBHTaUHH 6eG yaeJ!H"i:eHHH IlOJlBOAHMOH 8J!8KTplf'leCKOH 

MOIUHOCTH K HSJiyqaTerr10? 
2. KaE; pacc"i:HTaTh onTHMaJihHOe HG6hITO"i:HOe cTaTH"i:eCKoe 

}laBJieHHe npli yJihTpaGBYKOBOll o6pa6oTKe? 

3. KaKMe Tpe6oaamm npeJl'hHarunoT K ynhTpaGBYKOBhIM npeo6-

pasoaaTeMM, rrpHMeHHeMbIM B ycTaHOBKaX c TIOBhIW8HHbIM CTa-

TH"leCKHM }l8.BJ18HlieM B pa60'l8H )K»AKOCTH? 

· .4. KaK BJIHHeT W3MeHeHHe HS6hITO"i:HOr'o llaBJieHHH npH ynhTpa

aayKOBOH o6pa6oTKe Ha CKOpOCTh aKyCTH"i:eCKHX Te'ieHHH H aKyc

TH"i:8CKYlO MOIUHOCTh, nepe}laaaeMylO B :iK»AKOCTh? 

5. KaKHe MeTOAhI npHM8HHJOT AM yAaJieHH.H sayceHUeB B 

ynI>TpasayKoBOM none? 
6. KaKOB COCTaB pa6o•rnx paCTBOpOB, npHM8HH8MbIX AM CHH;..I 

THH sayceHuea? 
7. KaKoe OCHOBHOe pa3J!H"i:H8 B KOHCTpyKUlffiX ycTaHOBOK 

Y3Bil-8 H Y3Bil-8M? 
8. KorAa uenecoo6paGHO npHMeHHTb ynhTpaGByKOBhreycTaHOB

KH c KOJ!e6aT8J!hHhIMH CHCT8M8MH c KOHU8HTpaTopaMH H B KaKHX 

cnyqrurx He06XO}lHMO npHM8HHTh ycTaHOBKH c KOJ1hll8BbIMH H3J1yqa-

TeJUIMH? 

9. KaK H36hITO"i:Hoe AaBneHHe, apeMs:i: yJihTpasayKoaoi!: o6pa6o-

TKH H COOTHOW8HHe TBep}lOH H )K»AKOH ¢as BJlHHlOT Ha pa3Mep 

'laCTlill nocne o6pa6oTKH? 

1 O. KaKHe npeHMyruecTaa ynhTpaGByKOBhIX ycTaHOBOK llJISI 

W3M8Jlh<i:emm nopoWKOB no Cp8BH8Hlil0 c wapOBbIMH M8J!hHlill8Mli? 

PeKoMeHAaUHH no uayqeHHJO u npaKTH'lecKoMy ucnonl:>SOBaHHJO 

MaTepuana 6pow10phI H8 npOHGBOACTBe 

1. OsHaKOMhTeCl:> Ha BaweM npeAnpH.HTHH c HoMeHKJ!aTypoii 

Ae'rane:et, noABepraeMhIX nocrre MexaJiuqecKoi!: o6pa6oTKH (wTaM

noBKH, cppeaepoaaHusi1 pe3b6oHapeaaHHH H T.ll•) yAarreHHIO sayceH

uea py"i:HhlM MeTOAOM. 

2. OnpenenuTe, a KaKHX cny"i:aHX MO)KHO peKoMeHAOBaTb npH

MeHeHHe ynl:>TpaaayKoBoro o6opyAoBaHmt AITH yAarremm sayceHileB. 

3. Pacnpe1::tennTe nMeroruuecsr Ha BaweM npeAnpmrTHH }leTamr, 

no}lBepraeMhre yAaneHmo aayceHuea, no BHAY MaTepnana, Macce 

u ra6apHTHhIM paaMepaM. Onpe1::ten11Te B»A ynbTpaSByKoBoI'o 060-

PYAOBaHHH (Y3Bil-6, Y3Bil-8 HJIH Y3Bil-8M) H pa6oqne cpeAbI 
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(XH!Vfli'ieCKHH COCT8B HffH THn a6pa3HBHOH cycneH3HH), HaH6onee 
npHeMJieMbie JJlIB ynanemm sayceHuea Ha 8THX AeTaMx. 

4. BhrnCHHTe aosMoJK.1wcTh npHMeHeHill1 Ha BmneM npennpHHTHH 
ynhTpasByKoaoro MeTona M3MeJib'ieHllil: nopOWKOBbIX MaTepnanoa, 
HanpHMep .!(JI.II npHI'OTOBJ18Hlffi cycneHSHH l(J1£[ HaHeceHH.H MeJKBH':r
KOBO:il:. H30J1.HUHH. 

5. CocTaBhTe nepcneKTHBHbIH DJiaH OCBOeHlm FI BHenpeHH.H 
ynbTpasayKoBoli TeXHonorHH Ha BmneM npennpH.HTHH. 

C TeXHonorueli H o6opynoaaHHeM AJIH ynbTpasayKoaoli o6pa6o
TKH MO)KHO OOHaKOMHTbC.H Ha 1-M MocKOBCKOM qacoaoM saaone, 
I'Ae BHeApeHbI npoueccbI yJibTpaSByKOBOH oqucTKH li ynaneHHH 
sayceHuea B ynbTpasayKOBOM none. 

CnHcOK mnepaTypbI 

1. Eanumpoa B. 11., 1-lepHOB A. n. YAaJ1eHHe sayceHUeB 
ynbTpasayKOBOM none. M., BH11113M, 1969. 24 c. 

B 

2. repnran n. A., <PpHAMaH B. M. YnbTpa3ByKOBa.H T8XHOJ10-
I'H'i8CK8.H annapaTypa. M., "3HeprHH", .1976. 318 c. 

3. Ym.TpaaeyK. B I'HApoMeTani:lyprHH. M., "MeTannyprHH", 
1969, 303 c. ABT.: E. A. ArpaHai, o. n. KnpHJIJIOB, 11. A. 
Tipeo6pa:lKeHCKHii H np. 

4. Ym.TpaaBYJCOBaH TeXHonor.HH. Tion pell. E. A. ArpaHaTa. M.1 

q MeTam1yprH.H", 197 4. 504 c. 
5. cPH3H"'I0CKHe OCHOBbI YJ1bTpa3ByKOBOH T8XHOJ10I'HH. Tion pe/:l. 

JI.Ll. PooeH6epra. M., "HayKa", 1970. 686 c. 

orn.ABnEHME 

BBeAeHHe.,••o•••o••••• • •• •••• ,. •• •••o •••• •. •• •••e ••s•••. •• ••••••• t•'•• • .,. o. 3 
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1. MexaHII3M YAaJieHHH sayceHUeB H JJ.Hcneprnpoaa-
HHH MaTepuanoa B ynhTpaSByKoBoM none.............. 4 

2. Bhr6op HCTO'!HHKOB ynhTpaSByKOBbIX Korre6aHHii JlJISI 

ycTaHOBOK, pa6oTalOII.(HX IlOJl IlOBblll18HHbIM CTaTH-

qecKOM ABBJleHHH e•••••••••••••••••••12>••••••••••••••••••••e•• 14 
3. YcTaHOBKM AJI.H CHHTHH sayceHuea ..................... 19 
4. TeXROJIOI'M'IecKHe pe:lKi!MbI yJJ.aJieHHH saycenuea ••••• 25 
5. YcTaHOBKH n.rrn: nucneprMpoBaHHH nopowKoBbIX Ma

TepIIanoa B ynhTpasayKOBOM none ••••••••••••••••••••• 3 3 
6. TexnonoruqecKne pe:lKHMhI npouecca ynhTpaSByKo

aoro H3M8J1bqeHHH DOPOWKOBbIX MaTepHaJIOB ••••••••• 38 

BBEJlEHME 

Omrn:M us llOCTIDKeHM:H ynbTpaGByKoao:H TeXHHKH .HBJ1f!eTc.11 pas
pa6oTKa T8XHOJ10I'HM M C03A8HHe o6opynoaaHHf! llJif! CH.HTM.H sayceH
UeB H CI'JI8)KMB8HM.H OCTpbIX KpOMOK Ha DOBepXHOCTSIX ll8TaJ1efi, 
a TaK:lKe llJ1H n:u:cneprupoaaHMH nopomKOBbIX MaTepuarroB. l1cnorrb-
30BaHue ynhTpaGByKa nrr.11 8THX uene.:H HMeeT Ba>KHoe GHB"'IeHue rrpu 
npo:u:saoJJ.cTae pa3Hooupa3HbIX rrpu6opoa. 

JleTarru, rrpuMeHSieMbie B rrpu6opOCTpOeHHlf l1 TO'IHOM MaillHHO
CTpOeHHH,'rpe6y10T oco6o TII.(aTeJibHOH 0Tll8J1KH IlOBepXHOCTefi, y)la-
J18HM.H GayceHuea If CKpyrrreHM.H OCTpbIX KpOMOK. 3TH orrepauuu 
nnoxo rroMaIOTCH MexaHusauuu u aBTOMaTusau:u:u, O'!eHb TpyJJ.oeM
KH. B H8CTO.HII.(ee B pet 1.H cymecTeyeT MHOf'O cnoco6oB, T!03BOJ1.H·
IOII.(HX Yll8J1SITb sayceHUbI c pa3J1H'!Hb!X AeTarre:H, a T8K)Ke DOJ1Hp0-
B8Th HX noaepXHOCTH c uerrbIO yMeHbilleHM.H MHKpoHepoBHOCTe:H. K 
OCHOBHbIM M3 HHX OTHOC.HTCH: o6pa6oTKa a6pa3MBHbIMH KpyraMH M 
M8T8J1J1H'i8CKlfMH II.(8TK8MH, cyxa.11 H MOKpa.H I'8J1TOBK8 B 6apa6a
nax, XHM:U:'iecKa.H u I'HJlpoa6pa3HBHa.H o6pa6oTKa, au6pau:u:onua.11 u 
8J18KTpOI'HJlp8BJ1H'!eCK8Sl o6pa6oTKa H Ap. 

B casrs:u: c mMpOKHM paGBHTHeM Texuorroruu rrorry'leHMH H3JJ.erru:H 
lf3 nopOWKOBbIX MaTepuaJ10B npo6rreMa norryqeHH.H TOHKHX H KOJ1-
J10HAHbIX nopomKOB npuo6perra Ba)lrnoe snaqenue. B npoueccax no
pomKoaofi MeTarrrrypr:u:u npu BBeJJ.eHHH B nopOWOK OCHOBHOI'O cneKa
eMoro MaTepuana BbICOKOJJ.lfCilepcHbIX TYI'ODJ18BK:U:X OK:U:CJ10B TIOBbl
illaeTCSI Ka'!ecTBO nonyqaeMoro npoJJ.yKTa. B MamHHOCTpoeHHH BaiK
Hoe 3Ha•reHMe MMeIOT BblCOKOAHCilepcHbie TBepJJ.ble CM83KH. B npn:-
6opocTpOeHHf! MeJ1KOJJ.Hcrrepcnhre cycnensun: npmvreH.HIOT AJ1SI npu
roTOBJleHH.H MeiKBHTKOBOH H30J1.HllHH BHTbIX M8I'HHTHbIX cepJJ.8'lHH
KOB. TipH TIOBblilleHHM AHcnepCHOCTH cycneHGHII MOiKHO H8HOCI1Tb 
6onee TOHKHH CJ10H M8)KBIITKOBOH H30J1.HllII:U:, 'ITO yBeJ1ll1:JHBaeT 
K08¢¢HUII8HT 38DOJ1HeHH.H· M8T8J1J10M II yrry'lillaeT 8J1eKTpOM8I'HIITHbie 
CBOHCTBa cepJJ,eqnIIKOB, 

Jlucnepr:u:poBaHIIe nopOWKOBbIX MaTep:U:aJ10B OCHOBbIB88TC.H Ha 
MexaHH'ieCKHX, TepMuqecKHX II 8J18KTpOXHMH'ieCKHX MeTOJJ.8X 
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YnK 621.03:534-.8 

EpoHHH <P. A., 4epHoa A. TI. Ynanem.ce sayceH
uea 11 nrrcneprupoaaHrre nopolllKOBbIX MaTeprranoa 
nprr aosnell:cTBttH ynbTpasayKa. M., "MaDJHHOCTpoe-
1-rne", 1978. 56 c. 

8 6pOlllIOpe H3J10)K8Hbl COB peMeHHbie rrpe/lCTB.B
JleHmr o MexaHtt3Me yAaneHmr 3ayceHuea M llMcnep
rMpoaaHmr MaTeprranoa npu BOG/lettcTBMM ynbTpa
sayKa,, IIOKa3aHa o6naCTb HX npttMeHeHHSI B Tex
HOJ10f'HqecKMX npoueccax, 

OrrrrcaHbI KOHCTpyKUMH ynb'l:pasayKOBbIX ycTaao
BOK llJ15l CH5ITHSI sayceHuea M llMCIIeprMpOB8HMSI rro
pOlllKOBb!X MaTepHaJ10B, naHbl peKOM8Jl/l8UMH !IO 
Bbr6opy TeXHOJ10f'H'IeCKHX cpe/l II M3J10)K€Hbl TM
IIOBb!e ynbTpasayKOBhre npouecchr cH5ITiffi sayceHuea 
H /lHC!IeprMpOBaHmr nopOlllKOB, 

Ta6n. 1 o, HJI. 2 o, CIIHCOK J1MT. 6 H83B. 

TipeACe)laTeJ1b Hay'IHO-MeTOAHt!eCKOro coaeTa 
3aOt.IHbIX Kypcoa II0Bbllll€Hl15I KBamnpMKaUHM I1TP 
no IIpHMeHeJIHIO YJ1bTpasayKa B MaJllHHOCTpoeHMH 
A-P TeXH, HayK npo¢. A. 11. MapKOB 

}layqHbiff pe;:iaKTOp K8H)l. qnI3-MaT. nayK 

A. M. MuuKeaB:q 

@ HTO MalllnpoM, 197 8 r. 

7. TexHMKa 6e3onacHOCTM npM pa6oTe Ha yJ1bTp83BY-

KOBbIX YCT8HOBK8X "••••••o•eii110••••••••••••••••••••••••••0 42 
TipMJ10)!<eH1Ie 1. TMIIOBbre TexHonorwrecKMe npo-
ueccbr CHSITM5I 3ayceHuea YJ1bTp83ByKOBbIM Me-

TOJ.lOM ·····························••e•••••o•••••t1••"••••••••0•• 43 
ITprrnoMeHMe TI. 06opy JlOBaHMe ................ •••••• •• 5 2 
B onpocbr JlJ15l caMorrpoaepKtt ..... , ••••• •• ... • ••••• •• • 5 3 
PeKoMeHnauMM n.o 113yqeHMIO M rrpaKTuqecKoMy Mc
rronb30Bamuo MaTepMana 6pom10pb1 Ha rrpoM3BOJl-

CTBe •• •••••• ••••••••••• •••• &• •• •~' •••••••••••••••••••••a••• •••ooe 

CnwcoK JIHTepaTypbI ···················•••••••••••••••••&• 54 

<Ppuapux AneKCBHllpoauq EPOHI1H, 
AH.aTonu:H: TieTpoarr'I 4EPHOB 

YUAflEHI1E 3AYCEHUEB 11 nMCITEPrl1POBAHI1E TIOPOWKOBbIX 
MATEPI1AflOB TIPI1 B03nEHCTBI1I1 YflbTPA3BYKA 

PellaKTOP 3. 3. AK'lypm:ra 
TexHrrqecKrrll: penaKrop 11. B, TiyrurrHa 
KoppeKTOP .n. B. HanenSieaa 

TionrrrrcaHo K ne'IaTrr 6.3.78 r. T - 03252 
<PopMaT 60x90 1/16 EyMara ocjJceTHaH N2 2 
Yen. rreq, n. 3, 5 Y'I,-li3.0:. n. 3, 1 
Trrpa>K 2500 8K3, 3aKa3 1676 EecnnaTHO 

I1s.o:aTeJibCTBO "MamHHOCTpoemre", Mocrrna B-7 8 
1-M: &ICM8HHbIM nep.' ,ll, 3 

Tunoq::iatjnra Ng 9 Co10anonnrpa¢np0Ma npu 
rocy/lapcTBeHJIOM KOMHTeTe CoaeTa MHHMCTpOB CCCP 
no nenaM HGAaTen.bcTa, no.rrnrpa¢rru M KHHMHOM Toproami:, 

MocKBa, BonoqaeacKa5I yn., A. ·40 
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