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YIK 621.923
@. B. HOBUKOB, P. M. MUHYEB

AHAJINTUYECKOE OITPEJEJEHME IIEPOXOBATOCTH NOBEPXHOCTH ITPA ABPABUBHOM
OBPABOTKE OTBEPCTHUM

IIpousBezneH pacyeT MEPOXOBATOCTH OBEPXHOCTHU IIPH aOpa3uBHOM 00pabOTKe Ha OCHOBE HUCIIOJIL30BAHHS TCOPHU BEPOSITHOCTSH H BBIOJIHEH aHAIN3
3aKOHOMEpPHOCTEH N3MEHEHHUsI LIEPOXOBATOCTH ITOBEPXHOCTH NPU NITH(OBAHUU OTBEPCTHS. Y CTAHOBIICHO, YTO IIEPOXOBATOCTH ITOBEPXHOCTH OJHO-
3HAYHO ONMPEAEISICTCS] CyMMApHBIM KOJIHYECTBOM 3€pEH, YYaCTBYIOIUX B (OPMUPOBAHHH 1IepoX0oBaTOCTH. OGOCHOBAHBI MIPEUMYIIECTBA XOHHHTOBA-
HUS 110 CPaBHEHHIO C BHYTpeHHHM HumdosanueM. [Toka3aHa BO3MOXXHOCTh YMEHBIICHHUS IIEPOXOBATOCTH MOBEPXHOCTH IPH NUIH(OBAHHU KPYTOM,
0Ch KOTOPOTO PACIIOIOXKEHA IIEPIICHIUKYIISIPHO OCH BpalleHus! 00padaTbIBaeMOM 1eTalIH.

KuroueBnle c10Ba: abpasuBHast 00paboTka, IUI(OBaHNe, XOHUHTOBAaHUE, OTBEPCTHE, IIEPOXOBATOCTH TOBEPXHOCTH.

Beeaenue. IIpy U3roToBICHUH THAPO- M MHEBMOLIMIIMHPOB MPEIyCMOTPEHBI BHICOKHE TPEOOBAHKUS K TOYHOCTH U
Ka4yecTBY 00pabaThiBaeMbIX MTOBEPXHOCTEH OTBEpPCTHi. B 00001 Mepe 3TO OTHOCUTCS K 00ECIICUCHHIO IIIEPOXOBATOCTH
nosepxHoctd (R, <0,05 mkm). OnHaKo, KaKk [OKa3bIBaeT IIPAKTHUKA, BBIIOJHUTbL 3TU TPeOOBaHMs Ha ONEpalMAX JIe3-
BHIHON 00pabOTKM M BHYTPEHHETO NUIM(OBAHUS CIIOKHO. B CBS3M ¢ 3THM akTyanbHa mpolieMa OmpeeNeHIs HOBBIX
6osiee 2PpPEKTUBHBIX TEXHOJIOTHUECKUX PEIICHHH, HANPaBICHHBIX Ha 0OecIeYeHue 3alaHHON IIepOX0oBaTOCTH 00pada-
TBIBAEMBIX MMOBEPXHOCTEIl OTBEPCTHI B THIPO- U IMHEBMOLIMIMHIPAX, YTO TPpeOyeT MPOBEICHUs AAIBHEHIINX HCCleno-
BaHMH 3aKOHOMEPHOCTEH M3MEHEHUs IIepOXOBATOCTH ITOBEPXHOCTH INpU abpa3uBHOW 00paboTKe, BKIIOYAs MPOIECCHI
BHYTPEHHETO NUTH()OBaHNSA, XOHHHTOBAHWSI X 00paOOTKH OTBEPCTHI CBOOOTHBIM a0pa3HBOM.

AHAJW3 MOCJETHUAX NCCIeT0BaHU. MHOTOYHCICHHBIMU UCCIeIOBaHUAME [1 — 3] yCTaHOBIICHO, 4TO TOOUTHCS
BBICOKUX IOKa3aTesCi MIEPOXOBATOCTH 00padaThIBACMBIX MOBEPXHOCTCH OTBEPCTHI MOXKHO HMPUMCHEHUEM Memo008
XOHUHe08aHUsL N 0Opabomru c600600HbIM abpasuséom. OIHAKO NPU ITOM 3HAYUTEIHLHO YBEIMYHMBACTCS TPYIOEMKOCTb
00paboTKH, HAPUMeEp, IO CPABHEHHWIO C BHYTPEHHUM IIIH(OBaHUEM, 4TO CHIXKaeT 3¢ dekTHBHOCTH 00padoTku. Ilo-
9TOMY B HACTOSIIIEe BPEMs MPOBOJSITCSI TEOPETHYECKHUE HUCCIIEIOBAHKS TTAPAMETPOB IIEPOXOBATOCTH MTOBEPXHOCTH IPU
abpa3uBHOI 00pabOTKE ¢ TTO3UIINN TEOPUH BepoITHOCTEH [4, 5] ¢ 1menpro HaydHO 000CHOBAHHOTO BEIOOpA ONTHMATBHBIX
yCJIOBHiA 00pabOTKU. B CBSI3M € 3THM aKTyalbHO MPHUMEHEHHE AaHHOTO TEOPETHYECKOTO MOJX0/a K ONMPEICICHUIO OIl-
TUMAJIbHBIX YCIOBHUI aOpa3uBHON 00pabOTKU OTBEPCTHIA C YUETOM BBICOKHX TPEOOBAHMH, ITPEABSIBISIEMbIX K IIEPOXOBa-
TOCTH 00pabaThIBa€MbIX MTOBEPXHOCTEH.

IMocranoBka 3agaun. B padore [6] npeiokeHo HOBOE TEOPETHYECKOE PEIICHHE 3a1auy ONPEACICHUs apaMeT-
POB IIEPOXOBATOCTH MOBEPXHOCTH MpH abpa3uBHON 0OpadoTke. OJHAKO TPU ITOM HEIOCTATOYHO IMOJHO 0OOCHOBaHA
BO3MOXKHOCTb Tiepexo/ia oT OnHoMa HbIOTOHA K 9KCHIOHEHTHO# (DyHKIIUH NIPU BbIYUCICHUsX. [109TOMY HEO0OX0IUMO, BO-
MIEPBBIX, YTOYHHUTH TAHHOE PEIICHUE, BO-BTOPBIX, IPUMEHHUTD €T0 I TEOPETUUCCKOTO aHAIN3a YCIOBUI YMCHBIIICHHUS
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IIEPOXOBATOCTH MMOBEPXHOCTHU TPH a0pa3uBHOM 00pabOTKe OTBEPCTHI B THIPO- U ITHEBMOIIMIMHPAX.

MartemaTuyeckass Moaeab. PaccMoTpuM cxemy 00pa30BaHMs MIEPOXOBATOCTH MMOBEPXHOCTH HA MPSMOIMHEITHOM
oOpasue mpu ero o0paboTke abpa3sMBHBIM WHCTPYMEHTOM C OJHOBBICOTHBIM BBICTYHAHHEM PEXKYIINX 3€PeH Hal ypPOB-
HEeM CBSI3KM MHCTpyMeHTa (puc. 1). IIpennonokiumM, 4To HHCTPYMEHT COBEpPIIAET ABMKEHHE MEPIICHIUKYISPHO TIOCKO-
ctn oOpabdaTeiBaeMoro obpasua. [ist yrnpoleHns: pacueToB padouyro IIOBEPXHOCTh a0pa3UBHOTO MHCTPYMEHTA LIEJIECO-
00pa3HO pa3OUTh Ha 7; DIEMEHTAPHBIX CIOEB, NapajleIbHbIX IJIOCKOCTH 00pabaThiBaeMOro o0pasia, B KaxJI0M U3 KO-
TOPBIX HAXOAMTCS 10 OJIHOMY abpa3uBHOMY 3epHy. lllupuHa seMeHTapHOro cjiosi paBHa IKMpUHE paboyeil yacTu adbpa-
3MBHOT'O MHCTPYMEHTa B , a ero BbICOTA PaBHA BBICOTE BHICTYIAHMUS aOpa3UBHOTO 3epHa b .

B

1 2 3 4 . n

Puc. 1 — Cxema PacHoOXCHUA n; DJICMCHTAPHBIX CJIOCB a6p331/IBHLIX 3€pCH.

Torma oTHOCHTENbHAS TIOJHOTA MPOQUIS PEXKYIIEro abpa3uBHOTO 3€pHA, CIPOEKTHUPOBAHHOTO HA MOBEPXHOCTD
o0OpabaTbiBaeMOT0 00pasIa, ONMUIIETCS TaK:

&(y)=2-1g7-y/B, ¢h)
rjue 2y — yroJj npu BepUIMHE KOHYCOOOPa3HOTo PEeXYIIEero 3epHa; ¥ — KOOPJHMHATa, OTCYMThIBAEMasi OT BEPLIMHBI 3€p-

Ha, M.
JlomonHuTenbHas BepoaTHOCTHas GyHKIHA @;(y) TpUMET BUA:
2187y
@, (y)=1-¢&(y)=1- : @
B
Oyukuust @;(y) , KOTOpask yIUTHIBACT HAIOXKECHUE POCKIHH 7 36PCH, PACIOIOKCHHBIX B /1) HJIEMEHTAPHBIX CJIO-

SIX pabodeil MOBEPXHOCTH MHCTPYMEHTA, COTJIACHO meopeme YMHONICEHUS, He3a8UCUMbIX Cyuatinblx éenuyun [7], BbIpa-
3UTCS PAaBEHCTBOM:

S 2:1gy-y )" n
®j(y)=H®i(y)=(l— 5 =(1-x)", ©)
i=1
rae x=¢ (y)=2-1gy-y/B<<1.
OueBU/IHO, YTO IO Mepe HAJOXKEHUs MPOEKUMI 7, 3epeH Ha IUIOCKOCTh oOpabaThiBaeMOro o0Opasla 3HaueHUS
(ynkunn @;(y) GyAyT yMEHBIIATHCS, yMCHBLIAS TEM CAMbIM LIEPOXOBATOCTh 00pabaThIBACMOMH IIOBEPXHOCTH.

Bripaxxenue (3) siBisiercs 6urnomom Hoiomona, KOTOPBIM pacKpbIBAETCS B BUAEC KOHEYHONU CYMMBI:

n ‘(”1 _1)-x2 _n '(”1 _1)'(”1 _2)-x3
1-2 1-2-3

C yyeroM TOro, Yro BeIMuMHa X <<1, a n; — OTHOCUTEJIbHO HeOOJIbIIAs BEIUUUHA, Hanpumep, pasHas 10...20,

(1=x)" =1—n, x4+ o @)

TO OYCBH[HO, B Pa3jI0KEHUU (4) mpeoOIagaroT MepBbie ciaracMpie. B pe3ynbraTte MOKHO OTPaHUYUTHLCS JABYMS MEPBbI-
MU CJIaraeMbIMU. A 3TO 03HAYaeT, YTO pa3iiokeHHe (4) ¢ JOCTATOUHOU YIS MPAKTHKH TOYHOCTHIO B IIEPBOM MPHOIIHKE-
B DA

HUH MOYKHO TIPEJCTABUTh PA3IIOKEHUEM KCIIOHEHTHOM QyHKIH ¢

3

2
(l_x)n] z1_’,ll_x_|_n_1.x2— i .x3+“.:e—n1x, )
1-2 1-2-3

B KOTOPOM J[Ba MEPBBIX (HAHMOOIBIINX) CIaraeéMbIX TaKHE XKe, KaK U B pa3ioxeHuu (4). CrienoBaTeabHO, C YISTOM OMpe-
JACIISIOLICTO BIMSAHUS B PasloKeHuu (4) Benuuunbl x = & (y) =2-1gy-y/ B <<1 BepostHocTHas QpyHKuus P;(y) npu-

HHUMACT prOHIeHHLIﬁ BU/I:
_2-tg yn "
O (y)=e"=e B, (6)

YpEe3BBIYANHO YAOOHBIH IS BRIIOJHEHUS PACUCTOB MAPaMETPOB IIEPOXOBATOCTH MOBEPXHOCTH NpH abpa3suBHON 00pa-
0OoTKe.

Takum 00pa3oM, HaydHO OOOCHOBaHa BO3MOXKHOCTB Iepexojia 0T OuHOMa HBIOTOHa K SKCIMOHCHTHOH ()YyHKIIHU
IIPH pacueTe IICPOXOBATOCTH 00pabaThIBACMOW MOBEPXHOCTH, YTO IMO3BOJHIO CYIIECTBCHHO YIIPOCTUTH pacdeThl 0e3
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CHMKEHHS UX TOYHOCTH.

Heo6xoaumMo OTMETHTh, YTO 3aBUCHMOCTH (6) CIIpaBeiIMBa I 1, 3JIEMEHTapHBIX CIOEB paboueil MOBEPXHOCTH
aOpa3WBHOTO MHCTPYMEHTA, B KOTOPBIX COAEPIKHUTCS 10 OJHOMY abpa3suBHOMY 3epHY. Ecim B opMupoBanuu mepoxo-
BaTOCTH [OBEPXHOCTH y4acTBYeT B j =n/n, pa3 OoibIlIe 31€MEHTapHbIX CIIOEB, TO B PE3YJIbTaTe HAJOKEHUS BCEX ITUX

9JIEMEHTAPHBIX CJIOEB Ha IIOCKOCTH 00pabaThiBaeMOro obpasiia CyMMapHas BEpOSTHOCTHAS QyHKIUS P(y) aHAINTH-

YCCKHU OITHUIIICTCA TaK:
n 2-tg}/-nA !
o(y)=[]®;(»)=¢""=e & ", 7
J=n
rje 7 — CyMMapHOE€ KOJMYECTBO abpa3sBHBIX 3€PEH, YIaCTBYIOIMX B (POPMHUPOBAHUH LIEPOXOBATOCTH 0OpabaThIiBae-
MO TTOBEPXHOCTH.

e(y)?t OTHOCcHUTENbHAs MOJTHOTA NpodmIst abpasuBHOTO MHCTPYMEHTA, SIBIISIOIIASICS
JOTIONTHUTENbHOH (PyHKIHEeH D(y), BRIpa3uTCs (GOpMYIIOi:
1 _2gyn
e(y)=l-e 5 . (8)
R I'pacduk BepositHocTHOM (yHKIMU €(y) moka3aH Ha puc.2. [lo ¢pusnueckoii
0 ¥ cyrn £(y) COOTBETCTBYET CTAHAAPTHOMY MApaMETPy IIEPOXOBATOCTH MOBEPXHO-
Puc. 2 — I'paduk BepoOSITHOCTHOH

CTH — OTHOCHUTEJIbHOW OINOPHOH JUIMHE MUKpONpoduist 00padaTeiBaeMOil MoBepx-

KIUH .
ymicumH (y) HOCTH, €CJIM PACCMaTpUBaTh KOOPAUHATY y B IIPOTUBOIIOJIOKHOM HAIIPaBJICHUU.

[Mockonbky GyHkun @(y) u €(y) SIBISIOTCS BEPOSTHOCTHBIMU (DYHKLUSIMU PacIpe/iesieHNs, U3MEHSIONIMMUCS B

npeaenax 0...1, To onpenesnuTs napamerp MepoXoBaTOCTH MOBEPXHOCTH R

nax  (MAKCHMaJIbHYIO BBICOTY MHKPOHEPOB-

HOCTCH Ha 00pabaThIBacMOM IMOBEPXHOCTH) MOXKHO TOJBKO C 3aJaHHON CTCHCHBIO TOYHOCTH, HAMpHUMEp, IS
D(y) =D, =0,1;0,05; 0,01 u rak nanee. Torna npu ycnosuu

(p(y=Rmax)=@0 (9)
C y4eToM 3aBUCUMOCTH (7) U MOTEHIUPOBAHUS 3aBUCUMOCTH (9) moydaem:
In®,-B
R, =02 (10)
2-1gy-n

Bemuuna In@, orpunarensha (tadum. 1). IToaTomMy nmapamerp IIEpOXOBaTOCTH IOBEPXHOCTH R, .. TPHUHUMAeT

X
HOJIOKUTENbHBIE 3HaueHus. Kak BUIHO, ¢ yMeHbIIeHHeM QyHKIUU @, BenmunHa —In @, yBenndmBaeTcsi, OQHAKO HE CTONb

3HAYNTEIBHO 110 CPABHEHHIO ¢ YMEHbIIIEHHEM QyHKIHN D).

Tabnuna 1 — PacueTHble 3HaYeHUs BeMMYUHB —In @),

@, 0,15 0,1 0,01 0,001 0,0001 0,00001 0,000001
1-®, 0,85 0,9 0,99 0,999 0,9999 0,99999 0,999999
-In®, 1,897 2,3 2,995 4,6 6,907 11,5 13,81

Pe3yabTarsl pacueros. cxonsd u3z 3aBucumocty (10), OCHOBHBIM YCJIOBHEM YMEHBIIEHMsI TapaMeTpa IIepoXoBa-
TOCTH HOBEPXHOCTH R, SBISETCS YBEIMYEHHE CYMMApHOIO KOJIMYECTBA aOpa3suBHBIX 3€pPEH 71, YYacCTBYIOIIUX B

(hopMHpPOBaHUH IIEPOXOBATOCTH 00pabaTeiBaeMoil moBepxHocTH. [1pu BHyTpeHHEM nutndoBanuu (puc. 3, a) umeeM
n=k-B-Vy 7,
rae k — MOBEPXHOCTHAS KOHIEHTPALHS 3¢PeH, INT./M”; B — mupuHa mutudOBaHUs, M; V,, — TaHTCHUMAIbHAs CKO-

pOCTb BpallleHHs IOBEPXHOCTH Kpyra, m/c; T=1[1/V,, ~— Bpems KOHTaKkTa (QUKCHPOBAHHOTO CeueHHUs 00pabaThiBaeMOi

MMOBEPXHOCTH JIETAIU CO HUTU(POBAJIBHBIM KPYroM, ¢; [ — JUIMHA JyTM KOHTaKTa Kpyra ¢ o0padaThiBaeéMOi MOBEPXHO-
CThIO JieTanu, M; V. — CKOpOCTb BpalleHus jeranu, M/c. Toraa

VK
n=k-B-1-—2 . (11)
oem

Kak BUHO, YBECJIUYUTE 71 MOXKHO ABYMS crocobamu: YBEINYECHUEM TTapaMETPOB [ N VKp 1 YMCHBIIEHUEM TaHI'€H-

LUAJIbHOM cKOpoCTU BpaleHus getanu V,, . OTUM o0bacHAeTCS d(PPeKTUBHOCTh NPUMEHEHUS Ha IPAKTUKE IIPU OIle-
panusix TIOCKOTO M KPYIJIOro HAPYKHOTO HUTH(OBAHHS CXEMbl TITyOMHHOTO HUTH(OBAHUS, XapaKTEePU3YIOIICHCS yBe-
JIMYCHHBIMHU 3HAYCHUSIMU JUTUHBI Iy KOHTAaKTa Kpyra ¢ oOpabaThIBaeMOM MOBEPXHOCTHIO JeTaliu [ W HEOOJBIINMHU
3HAYEHUAMH CKOpPOCTH BpamieHus aeranu V,, =0,5..5 M/MHH, C TOUKH 3pEHHS] yMEHBILIEHHUs IIEPOXOBATOCTH IIO-
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BEPXHOCTH IIPH OJHOBPEMEHHOM YBEIHYCHUH ITPOU3BOIUTEIFHOCTH 00paOOTKH.

Puc. 3 — Cxems! nmm¢oBaHMS OTBEPCTHS: ¢ — MPH MApaJUICTBHOM PACTIONOKEHHHN OCeil BpallleHUs KpyTa U JeTallH;
0, 6 — TIPH TIEPIICHANKYIIPHOM.

B npenene mapamerp [ paBeH IJIMHE OKPYXXKHOCTH oOpabaTbiBaeMoro oteepctusi: [ =7-d , rae d — nuamerp o0-
pabaTbIBaeMOro OTBEpCTHUS, M. DTO HMEET MECTO IPHU XOHMHTOBaHUH oTBepcTHs. Clie0BaTeNIbHO, B 3TOM Cilydae rnapa-
METp 7 NPUHHUMAET HauOoJIblliee 3HaYEHHE, a HapaMeTp HIePOXOBATOCTU IIOBEPXHOCTU R, — B COOTBETCTBHU C 3aBU-

cuMocThio (10) — HaMMeHblIee 3HaYCHHE, YTO yKa3biBaeT Ha d()(EKTUBHOCTh NPUMEHEHHUS] METO/la XOHWHIOBAaHHS OT-
BEPCTHS 110 CPABHEHHUIO C BHYTPEHHUM IUTH()OBAHHUEM.

3acmy’uBaeT BHUMAHHUS cXeMa IUIN(OBAHUSA BHYTPECHHEH IMMOBEPXHOCTH KPYTOM C OCBIO BpAIllEHHs, MEePICHIUKY-
JSIpHOHM ocu BpamieHust oOpadarbiBaeMoid netanu (puc. 3, 6). Ilpu 3ToM Kpyr coBepiuaer NMpsiIMOJIMHEHHOE JBHKECHHUE
BJ0JIb 0OpabateiBaemMoro orseperus. Toraa

2 VKP
n=k-B-V, =k B —L (12)
dem

rne T=B/V,,,.

[TockonbKy cripaBeinBo ycioBue [ < B, TO MCHOIB30BaHUE JAHHON CXeMbl IUIM(OBAHMS 0 CPABHEHHUIO C Tpa-
JUIHOHHOM CXeMOH BHYTPEHHETO HUTH(OBaHMS, TOKa3aHHON Ha PHUC. 3, @, TIO3BOJSIET YBEJINUUTh CyMMapHOE KOJINYECT-
BO aOpa3WBHBIX 3€peH 71, yYACTBYIOIIMX B (JOPMHPOBAHMH IEPOXOBATOCTH 00pabaThIBa€MON MOBEPXHOCTH, U, COOT-
BETCTBEHHO, YMEHBUIUTH IapaMeTp IEPOXOBATOCTH MOBEpXHOCTH R, . . Kpome Toro, mpu BHyTpeHHEM HIIH(pOBAHUH

10 TPaJUIMOHHON CXeMe IITyOMHBI BHEJpPEHHsI a0pa3uBHBIX 3epeH B 00pabaThiBaeMblii MaTepual NMepeMeHHbl U MOTYT
W3MEHSITHCS OT HYJIs 10 INTyOMHBI NITM(OBaHUS  , TOTJA KaK 10 IPEJUIOKEHHON CXeMe OHHU OJIMHAKOBBI, a 3TO (hakTH4e-
CKH TIPHBOJUT K YBEJIMYESHUIO CYMMAapHOTO KOJMYECTBA aOpasMBHEIX 3€pEH 71, yJacTBYIONINX B (OPMHUPOBAHUH IIEPO-
XOBaTOCTU 0OpabaTeIBaeMON MOBEPXHOCTH, M COOTBETCTBEHHO YMEHBIIEHUIO MAPaMETpa MIePOXOBATOCTH TOBEPXHOCTH
R, - CefoBaTenpHO, Ipe/inaraeMasl HoBas CXeMa BHYTPEHHeTo MundoBaHUA 0071aaeT 3HAUUTEIFHO OONBIINMH TEX-

HOJIOTUYECKUMHU BO3MOXXHOCTAMH C TOYKH 3PEHHSA YMEHBIICHHUS IapaMeTpa HICPOXOBATOCTHU IMOBEPXHOCTHU Rmax npu

00paboTKe OTBEPCTHSL.

BaxHbIM (hakTOPOM YBEJIMUECHHSI CYMMapHOTO KOJIMYECTBA a0Pa3UBHBIX 3€PEH 11, yHACTBYIOMINX B ()OPMUPOBAHUH
IEPOXOBATOCTH 00padaTHIBAEMOW MOBEPXHOCTH, JUISI JaHHOH CXEMBI
NUTH(QOBAHUS SBISICTCS TAKXKC YBEIMYCHUC MIMPUHBI NUIM(OBAHUS 32
CYET OCYILECTBJICHUSI KOHTAKTa JBYX CTOPOH INepudepuu Kpyra ¢ o0-
pabarbiBaeMOil BHYTpEHHEW IOBEPXHOCThIO aetanu (puc. 3, 6). Ilpu
9TOM HanOoubIui 3¢hpexT 00padoTKu HocTUraeTest Npu NUT(OBaHUH
TOPIIOBOI TOBEPXHOCTBIO KpyTra, WMeEromel (hopMy OKpYKHOCTH WU
obecrieunBaromieil HanOOIBIITYIO IJIOMIAs KOHTAaKTa ¢ oOpabaTkiBae-
MOH BHYTPEHHEH NTOBEPXHOCTBHIO JIETAJIH.

CrnemyeT OTMETHTBH, UYTO JaHHAs CXeMa BHYTPEHHErO MUIH(OBa-
HUS BIIEpBBIE HMCTOJIb30BaHa bpuowcarn T.M. mipu uccie0BaHUU BO3-
MOJKHOCTEH YMEHBIIIEHHUS IIEPOXOBATOCTH MOBEPXHOCTH IS aOpasnB-
HOW 00pabOTKM OTBEPCTUH B THIPO- U MHEBMOIMIMHIPAX. B pe3yib-
Tare yaajoch obecneyuTh TpeOyeMylo IIepOoXOBAaTOCTh MOBEPXHOCTH
Ha ypoBHe Ra =0,04 MKM, "ero He yIaBajioOCh IMOJYYHTH JPYTUMHU
Pic. 4 — Pacriofioxenne kpyra mpu MeToaaMH abpa3uBHOW 00paboOTKU. JIJIT OCYIIECTBICHUS MPEIIOKEH-

LUTH(OBAHHH OTBEPCTHA HOW CXeMbI BHYTPEHHETO NIIU(POBAHHS OTBEPCTHSI HEOOXOAMMO obec-
B TPEXMEPHOIi CHCTEME KOOP/IHHAT. MICYUTh TMPUMEPHO OJHOBBICOTHOE PACIIONIOKEHHE a0pa3sMBHBIX 3epeH

Ha pabouell MOBEPXHOCTH Kpyra. B mpoTHBHOM ciy4yae B pe3aHuu Oy-
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JyT y4acTBOBAThH JIUIIL HanOOJIEe BBHICTYNAIONINE 3€pPHA (TO €CTh HEOOIBIIOE KOJIHMYECTBO 3€PEH), UTO MPUBENET K 00pa-
30BaHMIO OTJCIBHBIX PUCOK-IAPANH Ha 00pabaThIiBaeéMON IOBEPXHOCTH M HE ITO3BOJIUT JOOWTHCS CYIIECTBEHHOTO
YMEHBIIICHNUS [IIEPOXOBATOCTH. B CBs3M ¢ 3THM ciemyeT mporiecc numdoBaHNAs TPOU3BOANTE, HAIIPUMEDP, KPYTOM C Ha-
KJICCHHBIM Ha eTo pabouyro MOBEPXHOCTh CII0EM a0pa3WBHBIX 3€PEH, XapaKTePU3YIOINUMCS (GaKTHIECKH OJHOBBICOTHBIM
BBICTYIIAHUEM 3EPEH.

[Tpn pa3HOBBICOTHOM pacIOI0KEHHN a0pa3UBHBIX 3epeH Ha paboyeill MOBEPXHOCTH MITM(OBAILHOTO Kpyra (QyHK-
st @(y) onuceiBaercs [6] Gopmynoii:

2agyn y?
D(y)=e B 2b, (13)

rae b — MakcuMallbHas BRICOTA BBICTYIAHMS BEPIINH 3€pPCH HAJl yPOBHEM CBA3KH KPyTa, M.

3aBucumocTs (13) oTaryaeTcss OT aHATOTUYHON 3aBUCUMOCTH (7) MHOXKUTENeM y/2b , KOTOPBI BXOJIUT B IMOKa3a-
TEJIb CTEMCHH. DTOT MHOXKUTEINb BCET/Ia MCHBIIE eaUHUIEL. [loaToMy 3HadeHne pyHKmu @D(y), pacCUUTaHHOE TI0 3a-
BucuMocTH (13) i 3agaHHOTO 3HAYCHHUS Yy , OyJAeT Bceraa OONBIIMM. DTO CBSI3aHO C YMCHBIICHHEM CYMMAapHOIO KO-

J4yecTBa abpa3MBHBIX 3€PEH 1, YYacTBYIOUIMX B ()OPMHUPOBAHUM LIEPOXOBATOCTH 00padaThIBAEMOI MMOBEPXHOCTH, H
COOTBETCTBEHHO C yBEIHMUCHHEM IEPOXOBATOCTH MOBEPXHOCTH.
ITpu ycnoBuu y =b 3aBucumoctH (7) u (13) ynpomaroTcs U NPUHAMAIOT BT

_2~tg;'-n'b

D(y)=e B (14)
_2wgynb

@(y)=e B 2. (15)

[onyuennsie 3aBucumoctH (14) u (15) ornuyarores Apyr OT Jpyra JIMUIb MOCTOSHHBIMU MHOXKHUTEJISIMU I1OKa3aTe-
JIeW CTEIeHH, YTO CBS3aHO C Pa3IMYHBIM KOJMYECTBOM aOpa3MBHBIX 3€pEeH, YUaCTBYIOLIMX B CheMe MeTa/uia U (Gopmu-
POBaHHMHU LIEPOXOBATOCTH MOBEPXHOCTH. Tak, B MEpBOM cilydae, coriaacHo 3aBucumocts (14), pynkuust @(y =b) npu-

HUMaeT HaWMEHBINNE 3HAUCHUS, a BO BTOPOM CIIydae, COTiacHoO 3aBucuMocTH (15), Hambonmpmme 3HaueHus. CiemoBa-
TENEHO, PA3HOBBICOTHOE PACITONIOKCHIE a0pa3UBHBIX 3€peH Ha paboueii MOBEpXHOCTH KPyra MPUBOIUT K YMCHBIIICHUIO
KordecTBa aOpa3wBHBIX 3€PCH, yUACTBYIOIINX B ChEME METallla M (POPMHUPOBAHUH IIEPOXOBATOCTH 00pabaThIBAEMOM
moBepxHOCTH. OTHAKO JaHHBIC 3aKOHOMEPHOCTH CHPABEIUBHI MIPH OAMHAKOBOM 3HAYCHHU O€3pa3sMEpHOHN BEINYHHEI
2-tgy-n-b/B. B neicTBUTEIBHOCTH, U1 PACCMOTPCHHBIX BBIIIC CIIydyacB OO0IIee KOJUYCCTBO aOpa3sUBHBIX 3€pCH 7,

YYacTBYIOIINX B CheMe MeTa/ula n (pOpMHUPOBAHUU MIEPOXOBATOCTH, OyaeT pa3nudHbIM. [TosToMy OymyT CyIIEeCTBEHHO
oTMYathes 3HaueHus Qynkiuu @(y) U napamerpa LIepoXoBaToCTU oOpadaThiBaeMoil MOBEPXHOCTU R, .

PaccMoTrpeHHble B paboTe TpM CXeMbl NUIM(GOBAHHUS OTBEPCTHS B JETAIH, 10 CYTH, CBOJSATCS K OCYILIECTBICHHIO
BpallleHUsI Kpyra BOKPYT TpeX KOOPJAMHATHBIX ocell — x, y, 7 (puc. 4). Ilepsas cxema (puc. 3, a) OCyIIeCTBISETCS IyTeM

BpalleHus Kpyra BOKpyr ocu Oz, BTopas cxeMma (puc. 3, 6) — BOKpyr ocu Ox, a TpeTbs cxeMa (puc. 3, 8) — BOKPYT OCH
Oy . Ha ocHoBe »tux TPpEX NPpUHIUIIHAJIBHBIX CXEM IJlJ'lI/Iq)OBaHl/Iﬂ OTBECPCTUA MOKHO NPECIJIOKUTL U APYTUC CXEMbI, AB-

JIAIOMUEC UX pa3InYHbIMU KOM6I/IHaLIl/IHMI/I.

IlepcriekTUBBI Ja/IBHEHIINX HCCIeI0BAHUI. ABTOPBI CUUTAIOT NMEPCIEKTUBHBIMYI HAIIPABICHUS HCCIIEIOBaHUH,
CBSI3aHHBIC C Pa3pabOTKOM AIPPEKTUBHOTO TEXHOJIOTUYECKOTO TpoIecca NUIM(POBAHHS OTBEPCTHSI KPYTOM, PACIIOJIOKEH-
HBIM TEPHECHANKYJISIPHO HANPABJICHHUIO BpalleHUs] 00padaThIBacMOW JleTaln. JTO MO3BOJIUT CYIIECTBEHHO YBEIHYHTH
KOJINUECTBO a0pa3sMBHBIX 3€pEH, YYaCTBYIOMNX B (POPMHUPOBAHUH IIEPOXOBATOCTH MOBEPXHOCTH, M JOOUTHCS yMEHbIIIE-
HUS LIEPOXOBATOCTH.

BeiBoasl. B pabote npou3BeieH pacueT MepoX0BaTOCTH TOBEPXHOCTHU NpU abpa3uBHON 00pabOTKE HA OCHOBE MO-
JIOKCHHUI TEOPUHU BEepOsATHOCTEH. [IpoBe/IcH TeOpeTHUECKUI aHANIN3 3aKOHOMEPHOCTEH M3MEHCHHS IIEPOXOBATOCTH TO-
BEPXHOCTH MMpU NUTH()OBAHUUA OTBEPCTHSI U YCTAHOBJICHO, YTO JOCTHIacMbIHl YPOBEHB IICPOXOBATOCTU BIIOJIHE OJIHO-
3HAYHO OIPEJCIIACTCSI CYMMAPHBIM KOJMYECCTBOM a0pa3UBHBIX 3¢PCH, YIACTBYIOMIUX B (DOPMUPOBAHHUHU IIEPOXOBATOCTH.
Hcxoist 3 3T0ro, 000CHOBaHbI PEUMYIIIECTBA XOHUHIOBAHMS 110 CPABHEHUIO ¢ BHyTpeHHHUM lndoBanuem. [Tokasana
BO3MOXKHOCTh CYIIIECTBEHHOTO YMEHBIIEHHS IIEPOXOBATOCTH MOBEPXHOCTH MPH HUIM(OBAHUH KPYroOM, OCh KOTOPOTO
pacrionokeHa MepIeHINKYIIPHO OCH BpamieHns oopabaTsiBaeMoii netanu. [lpu sTom Hanbonsmmuit 3¢ ekt 00padoTku
JIOCTUTAETCsl NPU UUTM(OBAHUK TOPIIOBOI MOBEPXHOCTHIO KPyra, UMEIOIIeH (GOpMy OKPYKHOCTH M oOecreduBaronien
HaMOOJIBIIYIO TIOMTA Ih KOHTAKTa ¢ 00padaThiBaeMOi BHYTPEHHEH MMOBEPXHOCTHIO JICTANH.
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YK 629.4.027.11: 681.518.5
B. M. IIETYXOB

MOJEJIb ITPEJOTKA3HOT'O COCTOAHUSA BYKCOBBIX Y3JIOB ITIOJIBUKHOI'O COCTABA

OmnpezeneHo, 4To HaHOONIBIINI PUCK BOSHUKHOBEHHS OMIMOKH B ONpPENEICHHU TEXHUYECKOTO COCTOSIHUS OYKCOBOTO y371a BOSHHKAET B TaK Ha3bIBae-
MOM «30HE HEOHPEACICHHOCTH» N3-32 HEBO3MOMKHOCTH OJHO3HAYHO OLCHUTH €ro TEXHHYECKOE COCcTOsHME. J{yist pelleHus TOoi 3a1aun MpeasiokKeHa
MOJIeNIb B BUZIE 71— MEPHOTO paJHyCc-BEeKTOPa, MMEIOIIEro HaNpaBJIeHHE K YBEIMYCHUIO BEPOSTHOCTH OTKAa3a M YXYILICHHUIO 3HAYCHMII ITapaMeTpoB.
PazpaboTanHas Mozenb onpejesaeHus MpeIoTKa3HOro COCTOSIHUS Oy[eT crocoOCTBOBATh YMEHBIICHUIO BEPOSTHOCTH MPUHATHS OLIMOOYHBIX pellie-
HUIL.

KiroueBble cj10Ba: OyKCOBBIH y3el, KOHTPOJIb TEXHUUECKOIO COCTOSIHHS, BCTPOGHHOE CPEICTBO KOHTPOJIS, 30Ha HEONPEAEICHHOCTH, IPENoT-
Ka3HOE COCTOSIHHE, PaliyC-BEeKTOP.

Benenune. OHO U3 riIaBHBIX TPeOOBaHUM, MPEIBSBISIEMBIX K JKEJIE3HOJOPOKHOMY TPAHCIIOPTY, SBJsieTcsl o0ec-
reyeHne 0e30MacHOCTH IEPEBO30K I'PY30B M MaccaxupoB. OJHUM M3 JIEMEHTOB, HEIIOCPEACTBEHHO BIMSIOIINM Ha 0e3-
OIIaCHOCTh ABUMIXKCHHA IIOJABUXKHOI'O COCTaBa, SBJISICTCS 6yKCOBbIl7[ y3ei1. OTKa3 3Toro y3Jla BO BpEMs JABUKCHUA OJHO-
3HAYHO TIPUBOJAUT K TSKEIIBIM TTOCIIECTBUSIM — CXO/Iy BaroHa ¢ pelibCOB.

CymecTBytomiast HHYpacTpyKTypa CHCTeMBI TerioBoro koHTpost 0yke (CTK) mo HemaBHero BpeMeHH, Kornaa Oyk-
COBBIC y3JIbl BATOHOB ObUTH YHU(HUIIMPOBAHBI, YCICUIHO BBISBIISAIA HEUCIIPABHBIE OYKCHI MyTEM TUCTAaHIIMOHHOTO M3Me-
peHHs TEMIIEPATYPBI €€ KopITyca.

[NosiBeHMe Ha JKEJIE3HBIX JOPOTaxX CTPAaHBI IMOJBIKHOTO COCTaBa HOBOM KOHCTPYKINH [1] ¢ pa3HOOOpa3HBIMHU KOH-
CTPYKIIMSIMU XOJJOBBIX YaCTEH, C PA3IMIHBIMU TUIIAMH TIO{IINITHAKOB, TIPHBEJIO K TPYAHOCTSM B ONIPEACICHIH TEXHNYC-
CKOTO COCTOSIHHS OYKC.

KoHTponb CyIIeCTBYIOIUMH JUCTAaHIIMOHHBIMH (OECKOHTAKTHBIMU) CPEACTBAMU HEPEIKO NMPHUBOJUT K OIINOO0Y-
HBIM TPEBOT'aM, KOTOPBIH COCTaBIsIET OKOJIO 13% OT Beex cilydaeB OCTAHOBOK Ioe3ja 1o HarpeBy Oykc. Ilpu aTom Ha-
OJIr0/1aeTCs TEH/ICHIIMS POCTa KOJINYECTBA TAKUX OIIMOOK M3-32 YBEINYEHHS YHCIIa BAarOHOB C Pa3HOOOPa3HBIMHU THUIIAMHU
OyKC, TIOANINITHUKOB U CMa3KH. DTO MPUBOJUT K HEOOOCHOBAHHBIM 33/I€P)KKaM B JIBHIKCHUH, CPbIBAM CTa0MIBHOCTH U
PUTMHYIHOCTH MEPEBO30K. A TakXKe BEJCT K HEPAMOHAIBHBIM 3aTpaTaM TPYAOBBIX, MATEPHAIBHBIX W (PMHAHCOBBIX pe-
CYpPCOB.

CrpemiieHHE TIOBBICUTh KOHTPOJICIPUTOAHOCTh OYKC, BBIHYAWIN KOMITAHHH, BBIITYCKAOIIHNE KEJIE3HOAOPOKHbIC
TIO/IIIUITHUKY, UCTIOJIB30BATh JJISI CBOMX M3/EINH BCTPOSHHBIE CPEACTBA KOHTPOIS MX TEXHUYECKOTro cocTostHus. lepe-
JIOBBIE TIpOM3BOAUTENHN OyKcoBBIX y31moB, Takue kak SKF (IlBemus), FAG (I'epmanms), Timken (CIIIA), ocnamaror
CBOM OYKCBHI TAKUMH CHCTeMaMH. Takke 3HaUMTEIbHbIE PAOOTHI MPOBOAATCSA MO BO3MOXHOCTH Mepenadn u 00padoTKH
JIAHHBIX C IMOMOIIBI0 OecrpoBOIHBIX ceTell [2 — S5]. [TogoOHbIe paboTHI BeAyTCs U B Hallel cTpane [6].

Takue cucTeMbl HIMEIOT BOBMOXKHOCTb, B OTJIMYNE OT AMCTAHIIMOHHBIX, U3MEPSTh HENOCPEACTBEHHO JHAarHOCTHYC-
CKHE TapaMeTpbl OYKCOBOTO y3ja 3a CUET Pa3MEIICHHs] COOTBETCTBYIOIIMX JaTYMKOB Ha KOHTPOJMPYEMBIX JIEMEHTaX,
HaKaIIMBaTh PE3yJIbTaThl M3MEPEHUH B YCTPOMCTBE MaMATH, a TaKKe NMPOU3BOAMUTH MEPBUUHYIO0 00paboTKy MH(pOpMa-
LML
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