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hjtesnseo Oltsfis! . YIBTPa3BYKOBOW TIOBEPXHOCTHOM TIIACTUYECKOH JedopMaliii CBsI3aHa ¢
HMITYJIbCHBIM XapaKTePOM YIETPa3BYKOBBIX HAMPsLKEHHH [1].
Kak moka3am 3KCIepUMEHTATBHBIC HCCIICOBAHMUS, CHNIa TPIKUMA

|. BBEJEHUE HMeeT BUJ TISPHOIMYSCKI IOBTOPSIIOIIMXCS HMITYJIECOB (PHCYHOK 1).
[Ipumenenne yIBTPa3BYKOBOTO BO3/IEHCTBUS npu i
MEXaHW4YeCKOH 00pabOTKe ¥ IOBEPXHOCTHOM YHNPOUYHEHHUH E
SIBISIETCS TIEPCIEKTUBHBIM M MPOTPECCUBHBIM HAMPABICHUEM B 160
COBPEMEHHOW  TEXHOJIOTHM,  IO3BOJISIIOIIMM  ITOBBICHTH

MPOM3BOJIUTEIBHOCTh O0pPaOOTKH,  YIYYIIHTh Ka4yecTBO |
MOBBICUTh HAJIGKHOCTh M3JIENINA. YIIbTPa3ByKOBbIE KOJIEOAHMsI

RVINERANEY

BBICOKOM AMIIIUTY IbL IIO3BOJIAOT IIOBBICUTH Hay4HO-
TEXHUYECKUM YPOBEHD TEXHOJIOTHYECKUX MPOLIECCOB
00paboTku Aetaneil u3 TpyaHO0OpadaThIBaMbIX MaTepUaoB B
MAIlIHHOCTPOCHUH, & B HEKOTOPBIX CIydYasX, MPHUHIMITUATIBHO 0
0-HOBOMY, pemiath  TEXHOJOTHYECKHE  MPOOIeMBbI 0 20 30 40 50 60 70 807 mxe
COBPEMEHHDIX IPOH3BOICTB. Puc. 1 - 3aBUCHMOCTH CHITBI IPHXKKMA OT BPEMEHU
Il. TIOCTAHOBKA 3AJIAUM. B wuHTepBanme MeXIy HMITyJbCaMH CHJA pPaBHA HYIO, a

MIMKOBOE 3HAYCHHE CHIIBI CYIIECTBEHHO BBIIIC CPEIHETO YCHIIHSI
MIOCTOSTHHOTO MpIKuMa [2].

JUst McCreIoBaHus TIPOLIecca AaHATM3UPYETCsS  PEKHM MEXaHIUECKOH
06pabOTKH, PU KOTOPOM YJIBTPa3BYKOBON HHCTPYMEHT TIPIKIMACTCS C

YIBTpa3ByKOBOE BO3ZICHCTBHE (POPMHPYET B TIOBEPXHOCTHOM CIIOC
CKUMAIOIIE  OCTAaTOYHblE HANpPSKEHWS, B  peE3yNbTaTte  Yero
TIOBEPXHOCTHBIM CJIOM YIPOYHSIETCs, a IIepOX0BAaTOCTh MOBEPXHOCTU

TEBXxBHUKMEeCR®C ON Y H

yMeHblnaercsi. [IocKonbKy — I1epOXOBATOCTh TIOBEPXHOCTH 3ABUCHT OT
TIApaMETPOB YIIBTPa3BYKOBOIO BOIEHCTBIS, YCIITHE MPDKAMA U TIPOJIOJTHHOM
nofia4uy  00padaTHIBAIOIIETO MHCTPYMEHTA BO3HHKIA HEOOXOIMMOCTh B
MPOBE/ICHUM TEOPETHYECKHX M OKCIEPUMEHTATIBHBIX HCCIIEIOBAHUI
TIporiecca yIbTPa3ByKOBOH 0OpabOTKH METAILIOB C TIENIbIO  BBISIBIICHUS
OITHMATIGHBIX PEKUMOB YIBTPA3BYKOBOTO BO3ICHCTBHS W YCIIOBHI

00paboTKH.

JUist OCTIDKEHHsST TIOCTAaBICHHOM — LIeMM HEoOXOIMMO PeLIHTh
CIISYFOLLIUE 3aJa4H:

1 Ha ocHOBaHMM  TEOPETHYECKOTO  AHANIM3a  BBISBUTH

0COOEHHOCTH TpoLiecca INIACTHYECKOTo Ie(hOPMUPOBAHHSI METAUIOB C
OJTHOBPEMEHHBIM BO3/IEHCTBHEM YIILTPA3ByKOBBIX KOJICOAHVI;

2 Ha ocHoBaHMM TeOpeTHYECKHX HCCIIEI0BAHUN YCTAHOBHUTH
3aBHCUMOCTH TIapaMeTPOB KadecTBa 00pabOTKH METAUIOB OT PEXXHUMOB
YIIBTPa3BYKOBOIO BO3/IEMCTBYIS M YCIIOBUI peat3alivi IPOLIECCa,

3 IpoBecTn SKCIEpUMEHTANTBHBIE WCCIISIOBAHMS TIporiecca 1
BBISIBUTb  PEXKUMBI YIBTPa3ByKOBOTO  BO3ACHCTBHSI, 3HAYCHHS
NPOJONBHOM — MOJauW,  YCWIME  IPIKUMA  YIBTPa3BYKOBOIO
MHCIpYMEHTa, JUIs  OOecrieueHus HAWIy4lllero  KadecTBa
00pabaTbIBacMBbIX JIeTaICH;

HOCTOSHHOM cuiol Fry, k 00paOaThiBaeMOoi IOBEPXHOCTH.

Ha pucynke 2  cxemMaTH4HO  HM300pakeHa  MOJEIb
TIOBEPXHOCTHOTO IUIACTUYECKOTO nedopmupoBaHus
yIBTPa3BYKOBBIM HHCTPYMEHTOM

Puc. 2 - Mozenb MOBEepXHOCTHOTO TUIACTHYECKOTO

Je(OPMHUPOBAHUS YIIBTPA3BYKOBBIM HHCTPYMECHTOM
Mopens npenHazHaueHa Ui YCTAHOBJIGHHUS 3aBHUCHUMOCTEH
MEXIy BEIMYMHONW NHKOBBIX HANPSHKCHUH TpH  yIApHOM
BO3ICHCTBUM yIBTPA3BYKOBOTO WHCTPYMEHTa W AaMIDIHTYIOH
KOJIe0aTeNbHBIX CMEIICHUH &y TP HATMYWU TOCTOSHHON CHIIBI

Frp [2]-[3]-
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CornacHo TpENNIOKEHHOH MOAeNnH, K OCHOBaHHIO,
XapakTepu3yeMoMy Maccoll M, TNpuKpeluleH IIapuKk Ha
NpY>XKUHE. HUMUTUPYIOLIUN BO3IENCTBHE YABTPa3BYKOBOM
KoJsieOaTebHOW cUCTEMBI. B omnpeneneHHble MOMEHTBI BPEMEHH
LIapHUK KacaeTcs IUIOCKOH MOBEPXHOCTH, YIpyro aedGopMupyer
ee U 3aTeM OTXOIUT OT IUIOCKOH MOBEPXHOCTH; B TEUCHHE
HEKOTOPOT'0 BPEMEHU KOHTAaKTa HET.

K cucreme noOCTOSHHO NpuUIOKEHA cuiIa OpwxkuMa Frp,
paBHasi yCpeJHEHHOM 3a repro]| KoyiebaHul cuile KOHTAaKTHOTO
B3aUMOJEUCTBUS

Pucynox 3 mmmoctpupyet IOBIDKCHUE [IapuKa W
JIEHCTBYIOIIMX CHJI:
&, 0
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774 /2 3774
a — U3MCHEHUE MECTOIOJIOKCHUS IaprKa OT BpeMeHH; O —
3aBHCHUMOCTH CHJI, ICHCTBYIOIINX B IIPOIIECCE €r0 KOHTAKTa C
00pabaTbIBaeMOi TOBEPXHOCTHIO, OT BpeMeHH; t1 — MoMeHT
KacaHH [IapHKa MOBEPXHOCTH; t2 — MOMEHT MPEKpaIICHUS
KOHTAKTa.
Puc. 3 — 3aBUCHUMOCTP JBIKEHHUS TApUKa U ACHCTBYFOITIX
CHJI OT BpEMEHU

x(t)= xsin2 fp, 1)
rae & M aMIuIMTy/Ia KojieGaTenbHBIX CMEIIEHHIA;
f —uacrora YIIBTPa3BYKOBBIX KOJICOAHUIA.

I'nmybuna  BHe#peHnst  miapuka  (ajee  HAKOHEYHHK
YJIBTPa3BYKOBOTO HMHCTPYMEHTa) IIpU ympyroi nedopmanuu
TIOBEPXHOCTH:

h(t) =x(sin2 gt -sin2 g . 2)

Bosnukaromas cuia B COOTBETCTBUH C TGOpHCﬁ Fepua:

4 1 3
F=§E¥J¥ 3
MpUIEM
E= ;’ (4)
1- vP N 1vZ
El E2

rie El wu E2 wMoxynmm ympyroctu — MaTepualoB
oOpabaTbiBaeMOW JIeTaqM M HAKOHEYHHKA YJIbTPa3BYKOBOTO
HWHCTPYMEHTA COOTBETCTBEHHO,

vl m v2 — xoadpdunuentsr Ilyaccona wMaTepuanos
obOpabaTpiBaeMOll [1eTali M HAKOHEYHHWKA YIBTPa3BYKOBOTO
HUHCTPYMEHTA COOTBETCTBEHHO,

Ry -

KOHTAKTHUPYIOIIUX TEJI. 3HaYeHUs MPUBCACHHOI'O paanyca er p

MIPUBEICHHBII MOBEpXHOCTEN

panuyc

HE 3aBHCAT HU OT KOHTAKTHOW HAarpy3Kd, HH OT XUMHYECKOTO
coctaBa ®  (UIUKO-MEXaHWYECKHX CBOWCTB  MaTepHaia
nepOpMHUPYEMBIX TN, a  MOJHOCTBIO  ONPEACISIOTCS

HAaYaJbHBIMA TEOMETPHUCCKAMH MapaMeTpaMH Tel B 30HE HX
KOHTaKTa.

Bripaxenue, CBSI3BIBAIOIIIHE YCHITHE TIPHKATHSI
yIBTPa3BYKOBOTO HHCTPYMEHTA B 3aBUCHMOCTH OT €r0 CKOPOCTH
KoeOaHuii, MOIIMHOCTH KOJIEOATeNbHOW CHCTEMBI W CO-
npotuBiieHus Harpysku [4], [5]:

P=pf kK F (5)

e F  — CHIa NPWKAMA YJIbTPa3ByKOBOTO M3JIydaTens K
o0OpabaTbIBacMOit neTanu;

K, — KO3 duIUeHT,

KOJIeOATENbHOM CHUCTEMBI, €€ IIOTEPH, XapaKTep COMPOTUBICHHS
Harpy3ku u T. m. k= (0,18+0,20).

YUUTBIBAIOIIMI ~ OCOOEHHOCTH

Taxoke MOILIHOCTh CHCTEMBI MOYKHO OTPEICIUTh BHIPAKECHHEM:
P= ih ’ (6)
t
rme F — cuma ygapa HaKOHEYHHKOM  YIBTPa3BYKOBOTO
HHCTPYMEHTa 00 00pabaThiBaeMyO JCTab;

h — rnyOuHa BAABIMBAHUS HAKOHEYHUKA VYIBTPa3BYKOBOTO
HHCTPYMEHTA B 00pabaThiBaCMyIO JICTANIb;
t — Bpemsi.

[TonyueHo BBIpakKeHWE, CBS3BIBAIOLICE ITyOWHY BIABIMBAHHSA
HaKOHEYHHKA yJIbTPa3BYKOBOTO MHCTPYMEHTA C CHIIOHN NpHXHUMa,
4acTOTOH KoJIeOaHUH, aMIUTUTYIOH 1 PaIidyCoM:

2
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he o2 ft A Fop ¢ 7)
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® 4 ¢
TER2
E gthe
B nauunoit dopmyne - yp — AaMIUIATYAa TOMEPEYHBIX

KOJ1e0aTEIbHBIX CMGHICHI/IIZ, TaK KaK HAaKOHCYHHK JABUXKCTCA B
INIOCKOCTH 06pa6aTLIBa€MOI>i JCTaJINn.
Ha PUCYHKEC 4 moka3aHa 3aBHCHMOCTD FJ'Iy6I/IHLI BJIaBJIMBaHUA

HAaKOHCYHUKa oT aAMIUIUTYIbL KoJe0aTeIbHBIX CMCH.[CHI/Iﬁ
yIbTPa3BYKOBOTO HHCTPYMEHTA!
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AMMIMTYAa KoneGaTeNbHEX CMemeHHiT (M)

rpaduk 1 — F =50 H; rpadux 2 — F, =100 H; rpaduk 3 -
F.»=150 H; rpadux 4 — F =200 H; rpadux 5 — F =250 H.
Puc. 4 — 3aBucuMoCTb TITyOMHBI BIABIMBAHUS HAKOHEYHUKA
YIBTPa3BYKOBOTO HHCTPYMEHTA h OT aMILTUTY/IbI KOJIeOaTeIbHBIX
CMCILCHUH

Ha ocHoBe mpencTaBieHHOTO rpaduka MOKHO CAENaTh BBIBOJ,
YTO MaKCUMajbHasg TJIyOWMHa BIABIMBAaHWA HAKOHCYHHKA
YIBTPa3BYKOBOTO HHCTPYMEHTA JOCTHTAETCS MIPH MAKCHUMAaIBHOM
aAMILTUTYIE.

HccnenoBanue mporecca NOBEPXHOCTHON yIbTPa3BYKOBOM 00pabOTKH METAIJIOB
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Ha pucynke 5 moka3zaHa 3aBUCHMOCTb TITyOWHBI BIQBIMBAHUS
HAKOHEYHHKA OT YacTOTHl KOJEeOaHWH f YJIBTPa3BYKOBOTO

HHCTPYMEHTA:
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YacroTa ronedanmi (I1r)
rpapuk 1 — ¢ _g0 H; rpaduk 2 — ¢ -100 H; rpaduk 3 —
Frp=150 H; rpadmx 4 — £ =200 H; rpamur 5 — F_ =250 H.
Puc. 5 — 3aBucHMOCTb TTyOWHBI BIaBIMBAHUS HAKOHEUHHUKA
YIIBTPa3BYKOBOTO HHCTPYMEHTA h OT YacTOTHI KOJICOAaHUH f

Ha ocHoBe mpexacraBieHHOro rpaduka MOXHO CHenaTh
BBIBOJ, uTOo B uHTepBase oT 18 kI mo 22 kI’ wacrora
MMPaKTUYCCKU HC BIIMACT Ha FHy6I/IHy BJIaBJIMBAaHUA
HaKOHCYHHKA YJIbTPa3BYKOBOI'O HHCTPYMCHTA.

Ha pucynke 6 moka3aHa 3aBUCHMOCTb TyOUHBI BIABIMBAHUS
HaKOHEYHHKA oT CTaTHIECKOM CHUTBI TIPKIMa
YIIBTPa3BYKOBOTO HHCTPYMEHTA!
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Crna npisaima (H)
rpaduk 1 — R =1 iy® M; rpaduk 2 —R =2 gp*M; rpadux 3 —
R,,=3 t°M; TPaQUK 4 —p _ 4 ¢pM; TPAGUK 5 —R =5 {° M.
Puc. 6 — 3aBucHMOCTb T1yOHHBI B/IaBIIMBAHUS HAKOHEUHHUKA

YIBTPa3BYKOBOI'O HHCTPYMEHTA h OT CTaTHYECKOW CHIIBI
NPWKUMA F_

Ha ocHoBanuu 3aBuCHMOCTEH, NPEACTABICHHBIX HA TpaduKe
MOXKHO CZI€JIaTh BBIBOJ O TOM, YTO CHJIA TIPHKMMA CYIIECTBEHHO
BIIMSICT Ha rIyouny BJIaBIIMBaHUS HaKOHEYHHKa
YJIBTPa3BYKOBOI'O HHCTPYMEHTA. 3HAYUTENbHOE YBEIHYCHHUE
rTyOMHBI BIABIMBAHUS MPOUCXOANT B MHTEepBaje oT 1 mo 100
H.

Ha pucynke 7 moka3ano oOpa3oBaHuwe  mpodmuis
YCTaHOBHUBLIEHCS IIEPOXOBATOCTH:

1 — ucxoxHas MWepoXoBaTOCTh; 2 — IEPOXOBATOCTh HA
MIPOMEKYTOYHOM 3Tarie 00paboTKH; 3 — yCTAHOBUBIIASCS
IIEPOXOBATOCTb.

Puc. 7 — ObpazoBanue npoQuis YCTAaHOBUBIIEHCS
LIEPOXOBATOCTH

Ha moBepxHOCTH JeTand o0pasyeTcsi HOBBIU crerudpuiecKuii
MHKpOpenbed, XapaKTepU3yIOMUICsS OJHOPOIHOCTHIO CBOWCTB
0O BCEM HalpaBleHHsM. [Ipy TMPOJOIDKEHHH — IIpoLEcca
00pabOoTKK OH MOCTOSIHHO BOCIIPOM3BOIUTCS, & €r0 APAMETPhI HE
Oy/LyT U3MEHSATHCS B HEKOTOPBIN IPOMEKYTOK BpeMeHu [6].

Jlist ompeJieNieHust BBICOTHl MHKPOHEPOBHOCTEH, MMOJTyYEHHBIX
nocine yiabTpa3sByKOBOi 00pabOTKH, HCIOJIB30BaHa 3aBUCHMOCTb,
CBA3BIBAIONIME BEJIHYMHY [OJAYH, paIUyC HAKOHEUHHKA,
HAauaJlbHYIl0  BBICOTY  HEPOBHOCTEH, a TakKe TLIYOHHY
B/IaBJIMBaHIS HAKOHCYHHKA B 00pabaTeiBaeMyo aetans [3]:

a 4R?- (S «x.)? 8
Rzth)-haeR#‘ ®)
e 2
¢
T1€ RA) — HadaJibHas BBICOTA HepOBHOCTeﬁ;
h — l"J'Iy6I/IHa BAABJIMBAHUA HAKOHCYHHUKaA YJILTpaSBYKOBOFO

HHCTPYMEHTA, onpezessieMas mo ¢popmyie (7);

S — Ipo1oIbHAS T0/1a4a HHCTPYMEHTA,;

R — pagnyc HakOHEYHHKA yIbTPa3BYKOBOTO HHCTPYMEHTA,

& M amIuTyaa KojaebaTenbHbIX CMEIICHHH.

Ha pucynke 8 moka3aHa  3aBHCHMOCTb  BEIHYHUHBI
HIEPOXOBATOCTH OT AMILTUTY/(bI KOJI€0ATEIHbHBIX CMEICHU:

1107 T T .

BEPXHOCTH (M)

207 M

0 L L .
0 1x107% 21077 3107

AwmruiTyna konebaTensHbIx cuemeHui (M)
rpadux 1 — F =50 H; rpadux 2 — F, =100 H; rpaduk 3 —
F.,,=150 H; rpadux 4 — F, =200 H; rpadux 5 — F, = 250H.

Prc. 8 — 3aBHCHMOCTH IIEPOXOBATOCTH MOBEPXHOCTH RZ oT
AMIUTATYIBI KOJIEOATENbHBIX CMENICHUH § M

AHanu3 KpUBBIX 3TOTO TpaduKa MO3BOJSIET CACNATh BBIBOI,
4TO MaKCHMallbHOE YMEHBIICHUE IIePOXOBATOCTH
o0pabaTbiBaeMO OBEPXHOCTH JOCTHTACTCSA IPU MaKCHMaIIbHOW
aAMIUTUTY/E KOJIeOaTEIbHBIX CMEIICHHUI.

Ha pucynke 9 mnoka3aHa 3aBHCHUMOCTb LIEPOXOBATOCTH OT
CTaTUYECKOM CHIIBI IPIKUMA YIBTPAa3BYKOBOTO HHCTPYMEHTA!

HccnenoBanue mporecca NOBEPXHOCTHON yIbTPa3BYKOBOM 00pabOTKH METAIJIOB
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TMepoxoparocTs NOBEPXHOCTH (M)
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0 30 100 150 200
Cuna nprosanva (H)
rpaduk 1 — R =1 tp® M; rpaduk 2 —R =2 W>M; rpaduk 3
~R,,=3 °M; rpapuk 4 —R =4 fy>M; rpapuk S —
R.,.=5 {3M.
Puc. 9 — 3aBUCHMOCTD 1IEPOX0OBAaTOCTH RZ OT cTaTmyeckoi
CHJIBI IIPHXKMMA YJIbTPA3ByKOBOIO MHCTPYMEHTA F_ |

N3 nony4yeHHBIX 3aBUCUMOCTEN CIIEYET, YTO MaKCUMAaJIbHOE
YMEHBIIEHHUE IIEPOXOBATOCTU MOBEPXHOCTH NOCTUTAETCS NPHU
MaKCUMaJbHOM CcHJIE NPWKMMa W MUHUMAIbHOM pajauyce
HaKOHEYHHKA YJIbTPa3BYKOBOI'O HHCTPYMEHTA.

IIpu oOpaboTke, ompeneneHHas YacTh IUIOMAIKH KOHTAKTa
NIEPEKPHIBACTCS MOCIEAYIOIIEH.

Uto0bI 0TOOPa3UTh BEIMYUHY MEPEKPHITHS MOXHO BBECTH

COOTBETCTBYIOIIUH KO3 HUIIHEHT K.  Kospduument
TNICPEKPBITUA B HAIIPABJICHUU TOAAYM:
S
K ﬁ =1 = 9)
2a
rze S - mpooabHAs Mojaua yIbTPa3sByKOBOTO HHCTPYMEHTA;
ad — pasmMep Majod MOJNYyOCH BJUIMIICA, KOTOpas
paccYuThIBaeTCs M0 GOpMyIIe
a:«/Rz {R H? (10)
Ha pucyrake 10 mnpuBemeHB pacueTHBIE CXEMBI JUIS

OIIpEAC/ICHNA NoAaY MHCTPYMCHTA.

fﬁﬁ‘ﬁ—ﬁ\
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Puc. 10 — PacueTHble cXeMbl Il ONIPENIeNICHHUs TPOAOIBHON
H0/Ia4¥ HHCTPYMEHTA MPHU PACIIONOKEHHUH TUIOIIAT0K KOHTAKTA:
a — 0e3 mepexphITHus;

0 — ¢ IepPEeKpPHITHEM Ha MOJIOBUHY; B — C IEPEKPBITHEM Ha TPH
Y4ETBEPTH.

Jns BapuaHTa, npeacraBieHHOro Ha pucyske 10 (a), Kﬁ =0;
1151 BapuanTa Ha puc. 10(6) Kﬁ =1/2;

nns Bapuanta a puc. 10 (8) KS =3/4.

Paccrosnue MCKIY ABYMs oTrneyaTkaMu OIPCACIACTCA
BbIPpA)KCHUEM .
D =Y, (11)

f
rac V — CKOPOCTb TaHI'€HUHAJIbHOTO NEPEMECIIICHHU A,

Ha PUCYHKE 11 mnokasaHa 3aBHCHUMOCTH mIepoxXoBaTOCTU

MOBEPXHOCTH OT  MPOJAOJBHOW  TOJAYU  yIbTPa3BYKOBOTO
HWHCTPYMECHTA.
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IIpongonsHas mogaya HHCIpYMeHTa (M/06.)
rpaduk 1 — F, =50 H; rpaduk 2 — F, =100 H; rpaduk 3 —
F.,,=150 H; rpaduk 4 — g =200 H; rpaduk 5 — =250 H.
Puc. 11 — 3aBucuMoCTh IEepOoX0BATOCTU MOBEPXHOCTHU Rzort
HpOHOHbHOﬁ noJavu yJabTPa3ByKOBOI'O HHCTPYMCHTA S

I/IS Hpe,I[CTaBHeHHBIX 3aBPICPIMOCT€ﬁ cne;[yeT, qTO YBGJ'II/I‘IGHI/IG:
HpO,I[OJ'ILHOfI mogayu BEACT K yxyz[meHI/Ho H.IepOXOBaTOCTI/I.

JHtejHjdzjdzed] B Isd dztedz' dz' ~
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Kak cnenyer n3 mpoBefeHHOTO aHaiM3a, d(PQEKT yIydIIeHUs
IIEPOXOBATOCTH 00padaThIBaEMON MOBEPXHOCTH OINPENEISIETCS
MakCHUMaJIbHBIM ~ 3HayeHWEM  JEHCTBYIOIIMX  TpH  yJape
UMITYyJIbCHBIX ~HANpsDKEHUH, BEIMYMHA KOTOPBIX 3aBHUCHT OT
AMILTUTY JIbI KOJIe0aTEILHBIX CMeHICHHﬁ, ycuiausa TpuxuMa,
YaCTOTHI YJIBTPA3BYKOBBIX KOJEOAHMA, TPOJOIBHON TMOJA4H
YJIbTPa3ByKOBOT'O HHCTPYMCHTA, YHaCTOTHI BpamcHuAd
oOpabarbiBaemMoit  meranmu.  [loBepXHOCTHBIH  clOH  TIpH
yIBTPa3BYKOBOH MOBEPXHOCTHONH 00pabOTKE B 3TOM cClydae
(dhopmupyeTcst B pe3yJbTaTe MHOTOKPATHBIX YIIPYTOIIACTHYIECKIX
nedopmanuii, MOBTOPSIIONIMXCS C YacTOTOH YJIbTPa3ByKOBBIX
konebanui [7]-[8].

W3 ananM3a TOCTPOCHHBIX 3aBUCHMOCTEH CIIEAYET, 4TO
HauOoJblllee BIMSHHE HAa KadecTBO 0OpabaThIBaeéMON aeTalu
OKa3bIBaeT  aMIUIUTyJa KOJeOaTeNbHbIX CMEIIEHUH, YCHIHe
NPWKKAMaA, a TaKkKe MPOoJOJbHAS TMojadya yJIbTPa3BYKOBOTO
HHCTpyMeHTa. YacToTa ynbTpa3BYKOBBIX KojeOanmii (18+22 xI'm)
HE OKa3blBaeT 3aMETHOTO BIUMSHHUS Ha INPOILECC IUIACTHUECKOTO
nehOpMUPOBAHHUS.

Bbonbmast mpomonpHas mojgada yiabTPa3ByKOBOIO MHCTPYMEHTA
B COBOKYITHOCTH C MajbIM YCHJIHEM MPIJKMMa JAalOT HE OYEHb
XOpoIMe  IOKa3aTeJH  IIEPOXOBaTOCTH, HO  BBICOKYIO

HccnenoBanue mporecca NOBEPXHOCTHON yIbTPa3BYKOBOM 00pabOTKH METAIJIOB
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[IPOU3BOJUTENBHOCTh. HampoTuB, ¢ Manod NpOJOJbHOM
mojaded  JOCTHTAIOTCS  BBICOKHME  IIOKA3aTeNM  KadecTsa
oOpabaTrIBaeMOit MTOBEPXHOCTH, HO YXyIIIaeTcs

MIPOM3BOIUTENBEHOCTh 00paboTKH. B X0Je sKcneprMeHTaNbHbIX
UCCIIEOBAaHUN OBLJIO YCTaHOBIEHO, YTO Uil  OOecledeHHs
BBICOKOI NPOU3BOJAMTENILHOCTH M JIOCTATOYHOH IO KayecTBY
LIEPOXOBATOCTH  IOBEPXHOCTH  HEOOXOAMMO  00ecIeuuTh
nponoipHyto moxauy S=(0.2+0.4) mMM/00. M cwily HpHKXUMa
F,.=(100 -200H.

OLeHKH ITOKA3bIBAIOT, YTO IIPU CKOPOCTH TaHTECHLIHAILHOTO
nepementeHust v=10 — 100 m/mMuH u paboueii yactote =22 x['11
paccTosHHE MEXIy COCEITHHMH OTIeYaTKaMH H3MEHsSeTcs B
mpegenax 0,01 — 0,1 mMmM. DTo o0O3HaYaeT MPAKTHICCKH
HETPEPHIBHYIO 00pabOTKy TOBEPXHOCTH JICTAIIH.

[loBepxHOCTHast ~ yJibTpa3ByKoBas o00pabOTKa METalIOB
MO3BOJISIET YMEHBIIHUTh BHICOTY MHKPOHEPOBHOCTEH M CO3/1aeT B
MOBEPXHOCTHBIX CJIOAX OJIArONpPHATHYIO SIIOPY OCTaTOYHBIX
C)KUMAIOUIMX HAINpPSDKEHUH.

IV. PE3VJIbTATHI DKCIIEPUMEHTOB

Host 9KCIIEPUMEHTAIIBHBIX HUCCIIEOBaHUN nporecca
YIIBTPa3BYKOBOTO  IUIACTHYCCKOTO  Ne(OPMHPOBAHUS  OBLI
pa3paboTaH CleNUaNbHBIA CTEHNA, CXEMAaTHYHO ITOKa3aHHBIHA
Ha pHCyHKe 12.
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1 — m3nydarenb; 2 — KOHIEHTPATOP; 3 — HAKOHEUHUK; 4 —
KPOHIITENH; 5 — IpyXuHA; 6 — HHAUKATOP YacOBOTO THIA; 7 —
nccienyeMblid oOpasell; 8 — MMUHAeTs TOKAPHOTO CTaHKa; 9 —

pesuenepxarenb kapeTky; 10 — ynpTpa3ByKoBO# reHeparop.
Puc. 12 — Cxema cTeHIa JUIS SKCIIEPUMEHTAIBHBIX
HCCIICIOBAHUI yIBTPA3BYKOBOH 00pabOTKH MeTaa

O

CreHn ansl NMPOBEICHUS WCCICIOBAHUN OBLT TPAKTHYCCKU
peamu3oBaH AN YIBTPa3BYKOBOH 00paboTku Mertainia. Ha
pucynke 13 mnpencraBiena ¢otorpadusi OCHOBHOI YacTu
cTeHa:

1 — m3mygarens; 2 — KOHICHTPATOP; 3 — HAKOHEYHHUK; 4 —
KpOHIITEHH; 5 — IpyXuHa; 6 — HHANKATOP YaCOBOTO THIIA.
Puc. 13 —Crenp ams yapTpa3ByKoBoi 00pabOTKH MeTauia

HakoHeyHMK TIpy  TOMOIIM  ONPaBKH  KPEMHUThCA K
KOHIIEHTPAaTOpy, Ha KOTOPBIA TOCTYHAlOT YIbTPa3BYKOBBIE
Konebanus. Marepuan HakoHeuyHHMKa — cramp XI5,
KoHUeHTpatopa — BTS. Jlnsd co3maHusi NOCTOSIHHOM — CHJIBI

TIPYOKATHS MHCTPYMEHTA K JICTANIN UCTIONIB3yeTCs Py KHIHA.

B kauecTtBe moaBepraeMoil BO3AEMCTBHIO B IpoLecce
o0paboTku neranu  BbIOpaHa BTysKa (pucyHok 14). Bwibop
JIetaan OOYCIIOBJIEH €€ JTOCTYIMHOCTBI0. Marepuai 3aroTOBKH —
amoMuHueBblil craB AK12 (XuMmu4eckui cocTaB: KpeMHHH
10—13 %, amromuHUii — OCHOBa, npumeceit, %, He OoJee:
xkene3o — 0,20, mapraner; — 0,03, xkanpruii — 0,04, Tutan —
0,03, menp — 0,02, muak — 0,04), U3rOTOBJIEHA METOIOM JIUThS
01 JABJICHHEM.

Puc. 14 — O6pa3zen st npoBeAeHHS UCIIBITAHNI

B mpomecce 9KCIEPUMEHTOB  BapbHPOBAINCH  3HAYECHUS
OCHOBHBIX IapaMETPOB: aMIUTUTYbI KOJIEOATENBHBIX CMEIICHUI
HHCTpYMEHTa &n, TPOJOIBHON MMOJadyd WMHCTPYMEHTa S U
CTaTHYECKOM CUJIBI prKuMa Fy,.

B xone wuccnenoBaHuil onpenesnsuioch — BIUSHHE PEKHUMOB
YIBTPa3BYKOBOW 0O0pabOTKM MeTajula Ha MIEPOXOBAaTOCTh
MTOBEPXHOCTH.

M3Mepenne 11epoXoBaTOCTH IOBEPXHOCTH MPOBOAWIOCH Ha
[podunorpad-npodpunomerpe mogenn 250.

IIpubop mnpenHasHaueH Ui HW3MEPEHUS B J1a0OPAaTOPHBIX
YCIOBUSIX IIEPOXOBATOCTH W BOJHUCTOCTH  ITOBEPXHOCTEH

HccnenoBanue nponecca HOBCpXHOCTHOﬁ y.1'IBTpa3By1<0B0ﬁ 06pa6OTKI/I MCTAaJlJIOB
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W3AEINH, CEYCHHE KOTOPBIX B  INIOCKOCTH  HM3MEPEHHS
NPEACTaBISIET  MPSMYI0  JIMHWIO, W JUIA1  W3MEPEHHA
IIEPOXOBATOCTH KPUBOJIUHEHHBIX TOBEPXHOCTEH THIIA IIAPUKOB
U POJIMKOB.

IIpubop wmeer aHamoroBelii BbIxom Ha OBM. Bun
kauMaTtndeckoro ucnoiHeHus Y XJ14.2X no 'OCT 15150-69.
VYcnoBus skcmiyatanuu npogwiiorpada-npoduiomMerpa 1o
I'OCT 19300-86.

[puHuun pedictust npodunorpada-npodunomerpa oCHOBaH
Ha OILIYNbIBAHUM HEPOBHOCTEH MCCIEAYEMON IOBEPXHOCTH

anMa3HbIM ~ IIYyNIOM  JaT4WKa,  BOCIPOM3BOMAIINM  3TH
HEPOBHOCTH M IPe0oOpa30BaHMM, BO3HUKAIOIMX MPH 3TOM
KoseOaHniH mryTa, B N3MCHEHUS HaTpsDKCHNS,

TIPOITOPIIUOHAIBHBIC DTUM KOJIeOaHUSIM.

PesynpraThl M3MEpeHMH LIEPOXOBATOCTH NPUBEIEHBI Ha
pucynkax 15, 16, 17. Ha pucynke 15 mnoka3aHsl
OKCIICPUMEHTAJIbHBIC 3aBUCUMOCTH mepoxoBaTOCTU
TOBEPXHOCTHU oT CTaTUYECKOI CHJIBI Ipu>xxnuma

yJIBTPa3ByYKOBOTO HHCTPYMEHTA. JKCIEPHUMEHTHI TPOBOIUINCH
¢ mapaMeTpaMu: npojosibHas nogada S=0.1 MM/00.; aMIuIHTyAa
KOJIeOaTENbHBIX CMEIICHUH =45 MKM.
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Crna mpmseva (H)
rpaduk 1 — R0 =3.2 MkM; Tpaduk 2 — RAD = 7.5 MkM; rpaduk
3 —RD =6 MKM.
Puc. 15 — DxcniepuMeHTaNbHBIE 3aBUCUMOCTH
LIEPOXOBATOCTH RZ OT CTaTUUECKOW CHIIBI IPUKUMA
YIBTPa3ByKOBOIO HHCTPYMEHTA £

[Nomy4yeHHbIe pe3yabTaThl MOATBEPXKAAIOT YTO, YEM BBILIC
CWjia  NpWXKUMa  yIbTPAa3BYKOBOIO  HHCTPYMEHTa K
00pabaTbIBaeMOil TTOBEPXHOCTH, TEM MEHBIIE MIEPOXOBATOCTD
MTOBEPXHOCTH TIOCJIE YIBTPa3ByKoBOH 00paboTku. HauampHas
LIEPOXOBATOCTh MMOBEPXHOCTH OKa3bIBaeT OOJIbIIIOE BIMSHHE Ha
KOHEYHYIO IIEPOXOBATOCTb.

Ha pucynke 16 nokazaHbl 3KCIIEpUMEHTAIbHBIE 3aBUCHMOCTH
LIEPOXOBATOCTH  IOBEPXHOCTH OT MPOJOJIBHOW  MOJa4yH
YJIBTPa3BYKOBOTO MHCTPYMEHTa. DKCIEPHUMEHTHI MPOBOANINCH
C TapaMeTpaMu: aMIUTUTYya KOJIeOaTeNbHbIX CMeIeHni £n=45
MKM;
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IpogomsHas noga4a (Ma/'od)
rpaduk 1 — Fp, = 50H, R0 =5.5 mxm; rpaduk 2 — F, = 93H,
R20 = 6 Mkm; rpaduk 3 — Fr, = 140H, R0 =8.3 MKM.
Puc. 16 — DxcniepiMeHTaNbHBIE 3aBUCHMOCTH LIEPOXOBATOCTH
Rz oT npo/101pHO# Mo1aun HHCTPYMEHTa S

Takum 00pa3oMm, TpomONBHAS TMOJada  yIbTPA3BYKOBOTO
HHCTPYMEHTA CYIIIECTBEHHO BIIMSICT Ha KOHEYHYIO
IIepOXOBAaTOCTh TMOBepXHOCTH B amama3zone S=(0.1+0.3) mm.
JanpHeifee yBennMdeHNE MPOJONBHON MOAAYH MaJIO BIMSET Ha
KOHEYHYIO IIEPOXOBATOCTh OTHOCHTEIHHO HA4aJIbHOM.

Ha pucynke 17 moka3zaHbl 3KCIEPUMEHTATbHBIE 3aBUCUMOCTH
LIEPOXOBATOCTH  MOCJIE  YJIBTPa3ByKOBOW  00paboOTKHM  OT
LIEPOXOBATOCTH 10 00pabOTKU. DKCHEPUMEHTHI TPOBOJIUINCEH C
napamerpamu: mnpojoibHas nogada S=0.1 mm/006.; aMruMTyna
KoJieOaTeIbHBIX CMEUICHUH &n=45 MKM.
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3.30 4.20 5.60 7.20

I1TepoX0EATOCTE 40 00padoTxHE (313M)
rpaduk 1 — Fr, = 30H; rpaduk 2 — Fr, = 50H; rpadux 3 — Fry,
=93H.
Puc. 17 — DxcriepuMeHTaIbHBIE 3aBHCHMOCTH IIEPOXOBATOCTH
TOCJIe yIBTPa3ByKOBOM 00pabOTKHM Rz OT MIEPOXOBATOCTH JI0
00paboTku R

OrneHeHa TMHEHHAs CKOPOCTh 00pabOTKU MeTalia CIeIyIONIM
ob6pazom. JlomycTuM, 4TO MSATHO KOHTAKTa M3NTydaress Y3 umeeT
mmHy 0,2 MM. Beim 3amaH K03 (QUIIMEHT NEepPeKphITHS TOYEK,

paBubiii  10. Torma mnpu dactore Komebanumit 22 kI
obecrieunBaeTcss  BO3MOXHOCTh 0O0paOOTKM TIpH JIMHEHHOM
CKOpOCTH 26 M/MUH.

OKCHEepUMEHTANFHO OBUIO  YCTAQHOBJICHO, 4YTO JAWAla3oH
JMHEIHONW cKkopocTH JNexurT B mpepenax 20-25 m/mun. Ilpn
CHIDKCHMHM  JHMHEHHOM  CKOpOCTM  yIydlllEeHHMEe  KayecTBa
MMOBEPXHOCTH  SIBISACTCS  HE3HAYHTENBHBIM, KpPOME  TOTO,

CHIDKAETCS TIPOU3BOUTEILHOCTh 0OPaOOTKH.

[Tpu yapTpa3BykoBO# (GUHUIITHON 00pabOTKE B TOBEPXHOCTHOM
ClI0€ BO3HUKAIOT CXKHMAIOIIUE OCTATOYHBIE  HAIPSIKCHHSL.
OmnpeeneHne BENUYMH 3THX HAIPSDKEHUH HEOOXOIUMO ISl TOTO,
YTOOBI OLIEHUTh CTENEHb YIMPOYHEHUS! MOBEPXHOCTHOTO CJOS M

HccnenoBanue mporecca NOBEPXHOCTHON yIbTPa3BYKOBOM 00pabOTKH METAIJIOB
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BBISIBUTD, KaKoM YPOBE€Hb BHYTPEHHUX HaHpiDKeHI/Iﬁ ABJISACTCA
KPUTUYECCKNUM, TO €CTh IPU KAKUX HAIPSKCHUAX IPOUCXOOUT

YCTaIOCTHOE paspyIeHue MTOBEPXHOCTHOTO cIost
00OpabaThIBacMOI IeTaH.
VYrpoyHeHue MOBEPXHOCTH C MOMOIIBIO  YJIbTPa3ByKa

no3BoiisieT  copMHUpoOBaTH  OJATONPHUATHOE paclpeaeieHHe
OCTaTOYHBIX HANpPsDKEHHH W MHKpOpenbe(d MOBEPXHOCTH.
AHanu3 NOJy4eHHBIX Pe3yJbTaTOB IMOKa3al, YTO NPUMEHEHUE
yIbTPa3BYKOBOH  00pabOTKM  ToOcie  NpeABapUTEIbHOM

orneparyy HUIH(OBaHMUS CHUKACT BBICOTY MUKPOHEPOBHOCTEH €
3,2-6,2 mxm mo 1,3-3,7 mxm. Ha Pucynke 18 mperncraBien
obOpazma u3

pacmin TUIMHAPUICCKOTO AJTFOMHUHUA C

TIOBEPXHOCTAMHU

1- 1o 0OpaboTky, 2- 6e3 yIbTpa3ByKOBOTO BO3ICHCTBUS, 3 —
C YIBTPa3BYKOBBIM BO3JICHCTBUEM.
Puc. 18 — BHerHuil BUI UJIHHIPUIECKOTO 00pasiia u3

ATFOMUHUS
Crnenyer ydecTb, YTO BEJIMYMHA MHKPOHEPOBHOCTEH W
U3MEHEHUE BEIMYUHBl PETYIHUPYETCS COOTBETCTBYIOIIMMHU

peKHUMaMH OOpabOTKH, a TaKke OINpPEeIeISIFOTCS Ha4dalbHOM
IIEPOXOBATOCTBIO. Y JIBTPa3ByKOBas IOBEPXHOCTHAs 00paboTKa
B TEX CIy4JasX, Korza He TpeOyeTcs NCTIPaBIIeHUs MTOTPEIIHOCTH
(opMBI, cITOCOOHA 3aMEHUTH COOO0I0 TIPOIIECC TUTH(OBAHUS.
[Ipn ycnoBHM, YTO TPOU3BOIAMTENHHOCTh IOBEPXHOCTHOM
YIIBTPa3BYKOBOH 00paboTkH METaJIoB SIBIISIETCS
JIOMHUHUDPYIOIIMM TOKa3aTeleM, HanpuMep, HpH CEepUIHOM
MIPOM3BOJICTBE JIeTalell, HA CTAHKE MOXHO YCTaHOBHUTbH JyOJIb-
KapeTKy u 00pabaThIBaTh JeTajabh OAHOBPEMEHHO C PE3aHUEM.

3AKJIFOYEHUE.

1. VabrpasBykoBoe BO3/IeHCTBHUE XapaKTepu3yeTcs
CJIE/TYIOLIMMHU OCOOEHHOCTSIMH U JOCTOMHCTBAMHU:

— HMHCTPYMEHT IUIACTHYECKH AeHOPMHUPYET MOBEPXHOCTHBIN
CIOW JeTanu WMIYJIbCHO, C OOJIbIIOW WHTEHCHUBHOCTHIO
KoJeOaHuH, B pe3ynbTare 4ero ¢opmMupoBaHne
COIMPOBOXKIACTCA IMPEPHIBUCTHIM U UHTCHCUBHBIM TPCHUCM

— cTartdyeckas  cuia, JCHCTBYyIOlas Ha  JieTalb,
HE3HAYHTEIIbHA;

— CKOpOCTh JehopMani — IepeMeHHas1, e€ MakCUMalbHOe
3HaueHne 200 M/MuH M Oojee, YTO IpPEBBINIAET CKOPOCTH
nedopmupoBanus npu OLLl B gecsiTku 1 COTHH pas;

— B mpouecce Y3 00paOOTKH, BCIEICTBHE OTHOCHUTEIHHO

OOJBIINX HANPSHKCHUH ©M  MHOTOKPATHOTO  MPHIIOKCHHS
Harpy3Ku HanpspKEHHO-1e(hOPMHUPOBAHHOE COCTOSIHHE
crierupuIHo.

2. MHOXECTBEHHOE CKOIBKEHHE JOIMOJITHUTCIIBHO TOPMO3UT

Juciokanuio. IIMOTHOCTE Aucinokannii HAMHOTO OOJbIIe, 4eMm
mpu OILl. B pe3ynsrate creneHp Haxiéna moseimaercs B 1,2-1,5
pasa ¥ COOTBETCTBCHHO YBEIMYMBACTCS YPOBEHb OCTATOYHBIX
CKUMAIOMINX HanpspkeHui. [Ipumenenne Y3 o0paboTKH MOXET
ObITh 3()(PEKTHBHO B CIEAYIOIINX CIIydasX:

— I jAeTajed  TePMHUYECKM W XHUMHKO-TEPMHYECKH
obOpaborannbix crameit Y10A, VY12, X40, IIX 15, craneii
aycteHUTHOH cTpykTypsl 12X18HOT u np., rme npumeHeHue
JPYrUX METOJOB HE TII03BOJSAET MOJNYYUTh 3HAYMTEIBHBIN
ynpounstomuii 3pdexr;

— T IeTajel ¥ MHCTPYMEHTOB M3 TBEP/IBIX CILIABOB;

— A7 etaneit Majoi 1 HepaBHOMEPHOH JKECTKOCTH, TaK ke Y3
00paboTKa XapakTepu3yeTcsi HEeOONBIION CTATHIeCKOH CIIOH W
BpeMeHeM J1e(hOpMIPOBAHTIS.

K mapamerpam pekuMa OTHOCHTCS: CTAaTHHECKas CHJIA TPIDKUMA,
aMIUTNTY/a KoleOaH!H MHCTPYMEHTA, PagiyC ero OKPYIJIEHHs, 4acToTa
KOJICOaHHIA, MPOIOIbHAS T0/]a4ya, CKOPOCTh 00paOOTKH CTAIIH.

IMpoBenéHubie CpaBHHTEJIBHBIE UCCIIeIOBaHMs KavecTsa
TOBEPXHOCTHOIO CJIOS JIcTaNIeH TIocie NUTMOBaHks 0e3 YJIBTpa3ByKa U
TOCJIe  YJIBTPA3BYKOBOM Ha ONTHMAIBHBIX DPEXKMMax MOKa3ald, 4YTO
HanoompImii 3pdexT momydeH Ha getamix nociae Y30. Ilpu stom
TBEPIOCTD yBermumach 10 30 %, MepoXoBaToCTh YMEHBIIIACH ¢ 3,2-
6,2 mxm mo 1,3-3,7 MkM. m oOpa3yercss 0coOBIii MHKPOPETYIISIPHBIA
STEHCTBIH pertbed) Ha IIOBEPXHOCTHL

Baxapmm mpenmymectBoM Y30 sBisieTcst Takke 0Opa3OBaHIE B
TIOBEPXHOCTHOM CJIO€ HAIUTABIICHHBIX JIeTaleld OCTATOUHBIX HAPSDKEHNH
CKATVs1 3HAYUTEIIbHON CUJIBL.

ParpioHaIbBHBIM 10 KAYeCTBEHHBIM M DKCIUTYaTalMOHHBIM
TIOKa3aTelsiM HaIUIaBICHHBIX JIeTalell SIBISCTCS TaKoM PEXHM, IpH
koTopoMm JBoiHas ammmtyaa Y 3K pasasiercs 30...50 MkM, ctatnyeckoe
ycwme mpwkuMa uHCTpyMeHta u getam (30+150) H, ckopocts
Bparierns getamd (10+-30) M/MuH ¥ TIPOIONBHAS T0J]aYa MHCTPYMEHTA
(0,1+0,3) Mmm/00.
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