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AHAJIN3 3AKOHOMEPHOCTENA ®OPMHUPOBAHUA OCTATOUYHBIX
HANPSKEHUM B TOBEPXHOCTHOM CJIOE JETAJIA ITPA AJIMA3HOM
BBITVIA’KUBAHUUN

Ileaxynosa JI.M., [lerpsiea U.A., UBuenko T.I'. (kagp. TM, [JonHTY, 2. [Joneyk, Yrpauna)

ObecnieueHne 3aJaHHOTO YPOBHSI TapaMETPOB MOBEPXHOCTHOTO CJIOS JIeTaleil SBs-
eTcs BaXKHEUIIMM YCIIOBUEM JOCTHXKEHUS TPEOYeMbIX SKCIUTYaTAallHOHHBIX CBOWCTB MAIlIMH B
COBPEMEHHOM TPOM3BOJACTBE. B CBsI3M ¢ 3TUM BO3HUKAET HEOOXOAUMOCTh OCTOSIHHOT'O CO-
BEPILICHCTBOBAHUS METOJHMK KOJMYECTBEHHON OIIEHKH 3THX MapaMeTpoB, YTO ONpEACISEeT U
aKTyaJIbHOCTB MPEACTaBIsIEMO pabOTHI.

B Hacrosiniee BpemMsi XOpOIIO M3BECTHBI OCHOBHBIE 3aKOHOMEPHOCTH (hOPMUPOBAHUS
MOBEPXHOCTHOTO CJI0s AeTajlel Ui pa3IndHbIX BUIOB 00pabOTKH, IIUPOKO MPEACTaBICHHBIC
B CIIPAaBOYHO-HOPMATHUBHOM JIUTEPAType B BHJIE TEOPETUUECKUX U IMIIUPUUYECKHX 3aBHCUMO-
creit [1, 2]. OnHako, AN MPAKTHYECKUX PACUSTOB OCTATOYHBIX HATPSHKCHUI B MIOBEPXHOCT-
HOM CJIO€ JIeTajli B KOHKPETHBIX YCIOBHUSX 00paboTKM MMerolielics nHpopMalu HeaocTa-
touHo. [IpencTaBiseT MHTEpeC AajbHEWIIEe Pa3BUTHE METOJUKH OLEHKM OCTaTOYHBIX Ha-
NPsOKEHUH U TPeXJie BCEro Ui OJHOTO M3 HamOoJjee MEepCIeKTUBHBIX METOI0B OTACIOYHO-
VIIPOUHSIONIEH 00pabOTKH — alIMa3HOT'O BBITTIAKUBAHHUS.

Lenp paboThl — pa3paboTaTh METOAMKY pPacdeTa OCTATOUHBIX HANPSHKEHUN B MOBEPX-
HOCTHOM CJIO€ JIeTalIX MPHU AJIMa3HOM BBITIAKUBAHUHM U UCCIEAOBATh BIIMSHUE OCHOBHBIX
napaMeTpoB MpoIiecca aTMa3HOTo BIIIQXKUBAHUS HA OCTATOUYHbIC HANIPSIKCHHUS .

B mporuecce anmMa3sHOT0 BBITJIKHBAHUSA
netanud paauyca R, Bpamaroieiics co cKOpo-
cteio V' (puc.l.), anmasHbIi HWHACHTOP,
uMmeromuii  popmy chepbl pamuycoMm I, MO
BO3JICHCTBUEM pPaAUAJIbHOM CHJIbI BBITJIAXKHU-
BaHus P, mnactudecku aegopMmupyer mMatepu-
an Ha riuyouny h. Benmuwna A mpencraBiseT
co0oil ympyroe BOCCTAaHOBJICHHE MaTepHuala
JeTanyd Ioclie TPoXojJa HHCTpyMeHTa. Bces
JUTMHA KOHTAKTa MEXJy MHCTPYMEHTOM M Jie-
Tanelo ABC penutcs Ha JiBa y4yacTKa, Ha3bl-
BAaEMBIX 110 AaHAJIOTUHU C PEXKYIIUM HHCTPYyMEH-
TOM TepenHel TOBEpXHOCThIO AB (ompene-

Puc. 1 CxemaTu3zanus mporuecca nsiemoit yriamu @, y u &) u 3aauen AC (om-

aJIMa3HOTO BBITJIAKUBAHHS penenseMoil yrimaMu o M €z). YTIJIBI KOHTaKTa

&1 M & OTPEACISIIOTCS YCIOBUSIMH YIIPYTOIUIa-

CTUYECKOTro J1e()OPMUPOBAHUS TOBEPXHOCTHOTO CJlOs. Tak A 3aKaJeHHBIX CTalel mpu

CTIIKUBAIOIIEM peKUMe 00paboTku &1 = 6 - 7°; st Msrkux marepuaios - & = 2 - 3° [3].

Bcenenctsue manoctu yriioB €1 U €, Ayrd AB u AC MOTYT OBITh 3aMEHEHBI COOTBETCTBYIOIIH-
MU XOpAaMHU.

[Tpoekiusi KOHTaKTHOW IUIOMIAAKH MEXIy chepudeckoil pabouell 4acThlO MHCTPY-
MEHTa M IUJIUHAPHUYECKOW MOBEPXHOCTHIO NETAIM MPU CTATUYECKOM BJIABIMBAHUU HUMEET
¢dopmy smurnca. BeneactBue aBUKEHUS MHACHTOPA U AedopMaliy MaTepuaia aetanu (op-
Ma MOBEPXHOCTH KOHTAKTa OTIMYAETCS OT IUIMIICA, OJHAKO C JIOCTATOYHOM TOYHOCTHIO KOH-
TaKTHYIO TIOBEPXHOCTh MO’KHO 3aMEHHMTb KPYroBOH IUIOIIAIKOM, /Ui pacuera pa3MepoB Ko-
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TOPO¥ MOYXHO HCIIOJIb30BaTh (OPMYIY:
r=0,015r &. 1)
OcrtaTouHble HAMPSDKEHHS, BO3HUKAIOIINE B MOBEPXHOCTHOM CJIO€ 00pabOTaHHOU Jie-
TaJIM, TMPEACTABJSIFOTCS KaK ajaredpanueckas CyMMa MEXaHHUECKUX Oy U TeMIEPATYPHBIX O
OCTaTOYHBIX HANpsDKeHU [4]:

O =0y tOT (2)

MexaHn4ecKre 0CTaTOUHbIEC HANPSHKEHUS OTIPEICISIIOTCS Ha OCHOBAaHUU (POPMYJIBIL:

oW (z):E ;Jr%m[z_zrj_ 32 (3)

ml2r®+z%) r 10r

re I — paguyc KpyroBoro moJjisi KOHTaKTa, Z — TEeKyIas KOOPAMHATA, ONpeIesIsFonas rryou-
HY TOBEPXHOCTHOTO CITOS.
B ¢opmyie (3) BBenem 6e3pasmMepHyro KoopauHary v = z/r :

o (2)=—2 3 +12m[%j—03 . (4)

x r2l2@+v?)

TemMrmeparypHble OCTaTOYHBIC HAMPSDKEHUS OMPEICISIOTCS C Yy4eTOM pachpeieiCHHUs
TEeMIepaTyp Mo rIyOuHE MOBEPXHOCTHOTO cios O(2):

ot (2)= aE0(2) 5)

rzie o - K03pPUIueHT TMHEWHOTO paclIupeHns MaTepuana JIeTand; £ — MOIayllb ynpyroctu
MaTepuaa.

B 30He 00pabOTKHM BO3HUKAIOT JIBA OCHOBHBIX MCTOYHMKA TEIUIOTHI: (;7 - B 30HE IUIa-
CTUYeCKOU redopMalii Ha NepeHel MOBEpXHOCTH AB U (zr- B 30HE YIIPYTOro BOCCTAHOB-
JIeHUs Ha 3a1Hel moBepxHOCTH BC (MakcHMallbHbIE HHTCHCUBHOCTH MCTOYHHKOB (o1 M (o).
McToYHMKH TEIIOTHI NPU AJIMa3HOM BBITVIAXKMBAaHUK PACCMATPUBAIOTCS KakK IUIOCKUE, CTa-
[IMOHAPHBIE, TaK KaK MPOILECC TEeIJI000MeHa NPH BBIMIAXKUBAHUM JJOCTATOYHO OBICTPO yCTa-
HaBIMBaeTCs. VICTOUHUKYU TEIUIOTHI SIBJISIIOTCS HETIOABIKHBIMU JJIsI HHCTPYMEHTA M OBICTPO-
JOBIKYIUMUCS U1 JeTand. Tennora KaKa0oro U3 HCTOYHUKOB IEepelacTes JETalu U UHICH-
Topy. [IMOTHOCTH TEIIOBBIX MOTOKOB (CTOKOB), HAIPABJICHHBIX U3 JICTAJIH B HHCTPYMEHT, Ha
NepefHen (1 ¥ 3aJHEH (2 MOBEPXHOCTAX MHACHTOpPA NMPUHUMAIOTCS PAaBHOMEPHO pacrpene-
JeHHBIMH [5].

Ha ocHOBaHumM aHanu3a TEMIEPATYPHOIO IOJSA B IIOBEPXHOCTHOM CJIO€ JETalu IIPU
aJIMa3HOM BBITJI&XKUBAHUH, BO3HUKAIOIIETO B PE3yJIbTaTe B3aUMOJCHCTBUS C aJIMa3HbIM HH-
JICHTOPOM TOJT BO3/AEHCTBHEM OBICTPOJIBMIKYILETOCS MOJOCOBOTO MCTOYHHMKA TEILIOTHI, JUISA
OTIpeIeJIeHUs pacIpeIeNieHHs] TeMIIEpaTyp MO TIyOUHE NOBEPXHOCTHOTO CJIOS MOJIydeHa Ciie-
JyFoIasi 3aBUCUMOCTH [5]:

2 Pe v

N [_3(1_%])2} _Pe v .
@(Z):PT(V):P je dy, o 4 1-yy f ndt//u 4 1-yy | (6)

0 1-wy ovi- Wu
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rae Iy = AB = 0,017 r &1; w = x/ly, yu= XJ/li, v = 2/1; - Ge3pa3mepHble KOOPAUHATHI, N =
Q1/Co1 - Oe3pa3mMepHs BENMYHMHA, YYUTHIBAIOIIASEC PA3IHMYME TEIUIOBBIX TIOTOKOB: A - BEpXHUH
npenen unrerpana: A =y npu 0 <y <1u A= 1npu y > 1, f(y,) - 3akoH pacnpeneneHus
IUIOTHOCTH TEIUIOBOTO IMoToka, P = K,,Ilq01/22,,>(7rPe)05 - pa3MepHbIi KO3 (ULIKEHT;
Pe =Vl /o, - kputepuii Ilekne; Ay, @ — KOIPOUIMEHTHI TEMTONPOBOAHOCTH U TEMIIEPATY-
POIIPOBOHOCTH JICTAIIH.

3aKOHOMEPHOCTH M3MEHEHHS TeMIIEpaTypbl O Mo TIIyOHHE ASTalH MPU PAa3IHYHBIX YCH-
JIMSIX BBITTAXKUBAHUS P pe/ICTaBICeHBI Ha pUC. 2.
PacueTbl BBIMONHSINCH ISl CIACAYIOIIMX YCIIO-

o T o "
&eC P=200H BUii: oOpabaThiBaeMblii MaTepuan - cranb 45; o, =
400 750MIla; muamerp aeranmu d = 200mMm; paguyc uH-
neHropa r, = 2 MM; ckopocTs V = 3m/c.
400 I'paduky  CBUAETENHCTBYIOT O JIOCTaTOYHO
P=100H ObICTpOM YOBIBAHWU TEMIIEPATyphl MO TIyOWHE IIO-
Z BEpPXHOCTHOTO ciiosl Aetand. C yBelTUYEHUEM YCHITUS
200 h\ BBITJIQKMBAHUS TEMIIepeparypa JeTali CYIECTBEHHO
pls DHH—HE% YBEJIMUUBACTCS. DTO CBS3aHO C YBEIHMUCHHEM OOIIETO
KOJINYECTBA TEIJIOTHI, BBIIEISIEMOTO IPH BBITJIAKHU-
0 0,001 0,002 0003 2 p
. BaHHH.
Puc. 2. I'padpuku u3meHe- C HCHoab30BaHUEM IOJYYEHHBIX 3aBHCHMO-

HHMsA TeMIepaTypbl IO TIIyOMHE  CcTell MPOBEICHBI MCCIICMOBAHUS OCTATOYHBIX HAIPS-
J€Taly NPH PA3IUYHBIX YCHIUAX  KEHHH B IOBEPXHOCTHOM CJIO€ JETAIH MPH aIMa3HOM
BBITJTAKUBAHUS BBITJIQ)KMBAHU, MIPE/ICTaBIEHHbIE HA pUC. 3.
Ha ¢opmupoBanue Oe3pa3MepHBIX CymMMmap-
HBIX OCTaTOYHBIX HANPSDKEHHN O, (pHUC. 3a) OKa3bIBAIOT BIMSHUE Oe3pa3MEpHbIC TeMIiepa-
TYPHBIE O reyn U 0€3pa3MEPHBIE MEXAHUUECKUE O, yex OCTATOYHBIC HAMPSKEHUS.

o T o I BrinonHeHHsle
—_ hé—fﬁT.l_E"E Mma || rerm pacyeTbl W NPEACTaB-
0 i 0 —— JIeHHble rpaduku cBUIE-
s TCIBCTBYIOT O TOM, 4YTO
-1 | — 100 T MEXAaHUYECKHUE OCTaTOU-

ﬂ- [l -__'___,.pggﬂ"'

L er )_,...-ff“ Hbl€ HAINpPSOKEHUS SBIA-
_4 @6 mex 200 - I0TCS  CKMMAIOIMMH, a
f/ // %MH TEMIIEpaTypHbIE — pac-
-6 — 300 TATUBAIOLUMU. IIpn
JV pPa3JIMYHBIX COYETAHUAX
-2 — 400 YPOBHEH  TeMIleparyp-
o 005 01 015 w 00001 0.002 0.003 ZMM HeIX HM MEXaHHYECKHUX
af &) COCTAaBJISIOLIUX CyM-
Puc. 3. Pacmpenenenue OCTaTOYHBIX HaMpsDKEHWA 1mo ~ MApHBIC OCTaTOIHBIC
ryOMHE TTOBEPXHOCTHOTO CJIOS JICTAH MPH aIMa3HOM BbIryia-  HAIPAKCHUA MOryT
’KMBaHUM: O€3pa3MEpPHBIX — @), PaKTUIECKUX — 0) OBITH PaCTArMBAIOINMU

WM C)KUMAIOLIUMU.
Omnpenensist A7 KOHKPETHBIX YCIOBUNM 0OpabOTKH NEHCTBYIOIINE CHIIBI M pa3Mepbl
IUIOIIAJIKM KOHTaKTa, OT 0e3pa3MEepHOr0 pacrlpeAesieHHuss OCTaTOYHBIX HANPSHKEHUH JIETKO
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nepeiTH K uxX (pakTUYecKOMy pacrlpeaeieHnto. PacueTsl (paknmyecknx OCTaTOYHBIX HaIpsKe-
HUI BBIMOJIHUINCH JJIS1 YKa3aHHBIX paHee yCIOBUN 00pabOTKM MPU YCUJIMH BhITTIAXXUBaHUA P
= 100H. U3 rpadukoB ciemyeT, 4TO A YKa3aHHBIX PEKUMOB 00paOOTKH UMEIOT MECTO CHKH-
MaloIIue OCTaTOYHbIE HAMPSKEHUS.

C ucnonp3oBaHueM pa3pabOTaHHON METOJMKH BBINOJHEH aHAJM3 OCTAaTOYHBIX Ha-
NPSDKEHUH, BO3HUKAIOIIUX B MOBEPXHOCTHOM CJIO€ JIETANIM NIPU PA3IMYHBIX YCIOBHUIX ajaMas-
HOTO BBITJIAKUBAHUS, MIPEJICTABICHHBIX Ha puc. 4.

c}:_:'; | C:‘:_:,, |
M ﬁrﬂ_li_—_—f Mna £ =2,5Mm
i —
"EDD/ Poioon_|——] L
— 400 P=130H —400H £ =2 1M
S z ——
- — 600 2
o f/ / r =15
— 800 — 800
0 001 002 0.03 zym 0 001 002 003 zyy
i) &)

Puc. 4. Pacnipenenenue oCTaTOYHBIX HANPSHKEHUH MO TIyOHMHE TO-
BEPXHOCTHOI'O CJIOS J€TalM IpU AJIMA3HOM BBIMVIAKABAHUSA JJI PA3jIvd-
HBIX TapaMeTpoB 0OpaOOTKHU: ycWIIMi BhIMTaxuBaHus P — a) u paamyca
aJIMa3Horo HHAEHTOpa I, - 0)

B pesynbrare aHanu3a ycTaHOBJIEHBI XapaKTep U CTENEHb BIHUSAHUS YCUIIMM BBITTIAKH-
BaHHA U paJuyca aJIMa3HOTO HMHJEHTOpa Ha OCTATOYHbIE HAIPSHDKEHHSI B MOBEPXHOCTHOM
cioe aeranu. OCTaTo4yHble HAPSDKEHUSI IIPU aJIMa3HOM TOUEHUH BO3PACTAlOT C YBEINYEHUEM
YCUJIMS BBITJIa)KMBaHMS M YMEHBIIEHUEM painyca aIMa3HOTO MHAEHTOPA.

Taxum o0Opa3oM, Ha OCHOBaHMM pa3pabOTaHHOW METOIMKHU BBHINIOJHEH aHAJIU3 OCTa-
TOYHBIX HAaIPSDKEHUH, BO3HUKAIOIIKUX B TOBEPXHOCTHOM CJIOE€ JETAJIM NPU aJIMa3HOM BbIIJIA-
xuBaHuu. llomydeHHbIE pe3yapTaThl MO3BOJISIIOT PETJIAMEHTHPOBATh pallMOHAJIBHBIE Iapa-
MeTpbl 00pabOTKH B 3aBUCUMOCTH OT 33JaHHOTO YPOBHS OCTaTOYHBIX HANPSKEHHH.
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