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PACS 42.25.Fx; 78.66.-w

Yucsiennoe Mo/1eJIMPOBaHIe PACCesTHUS CXO/ISIIErocst
ONTHYeCKOI0 My4Ka NOBEPXHOCTHIO € 0THOMEPHOI IIePOX0BATOCTHIO

A.Il.boraTo, O.M.Hukntuna

Yucaenno cmMooeauposano pacceamue cxo0Aue2oca OnmuiecKo20 NyuKa uepoxosamoti nosepxuocmoto. Hatideno pacnpeoe.ie-
HUe UHMEHCUBHOCTNU PACCeAHHO20 U3AYYeHUA 8 (hoKaabholi niockocmu. Ilokazano, umo, usmepsas UHMEHCUBHOCTNb @ NAMHE
3ePKAAbHO20 OMPAINICEHUA UZAYUCHUA NOBEPXHOCINBIO, MOICHO ONPedeaumbs ee epoxogamocmo.

Bseaenne

OnpenesieHne 3aBUCUMOCTU MeXIy HapaMeTpaMu Iie-
POXOBATON MOBEPXHOCTH U OTPAXKEHHOTO IMOJISI — OCHOBHAS
3a7a4a TEOPHH PACCESHUS JIEKTPOMATHUTHOTO U3ITydeHHS
IIEPOXOBATON TMOBEPXHOCTHIO B pe3yjbTaTe TUPPAKIHA
BOJIH Ha HEPOBHOCTSIX MOBepXHOCTH. [Ipw 3TOM OJHUM W3
BaXHBIX C MPAKTUUYCCKOW TOUYKU 3PEHUSI CIYYaeB SIBIISCTCS
ciIyyal, KOrja IIEpOXOBATOCTb MOBEPXHOCTH HOCUT CIIy-
JalHBIN XapakTep.

B wacTtHOCTH, paccMOTpeHHE TaKO# 3aJauyd CBS3aHO C
pa3paboTkoil MPUOOPOB IJIsi KOHTPOJIS CTEHEHU YUCTOTHI
MeXaHn4ecku oOpaboTaHHBIX MOBEpXHOCTeH. B kauecTBe
HWCTOYHUKA 30HIUPYIOIIETO U3JIYUeHHS ISl STUX Lesel nep-
CHEKTHBHBI MHXXEKIIMOHHBIE JIa3epbl, YTO OOYCIIOBJIEHO HUX
MaJIorabapuTHOCTBEO, HU3KOM MOTPEOJIIEMOii MOIIHOCTBIO,
HAJIS)KHOCTBIO U BOBMOXXHOCTBHIO OTHOCHTEIHHO MPOCTO U3-
MEHSTh MapaMeTpbl onTudeckoro myuka. [1o 3Toil mpuunHe
MPEICTABIISIIOCh MHTEPECHBIM MOJICJIUPOBAHUE PACCESHUS
U3JIyYeHUs] IIEPOXOBATOM IMOBEPXHOCTbIO B ONTHYECKOMH
cxeMe, KoTopast MorJja Obl ObITh ONITHUMAJIBHOW TSI CO3/1a-
HUSl TAKOTO MpuOOpa HAa OCHOBE MHXEKIMOHHBIX JIA3€pPOB.
Hanpumep, B oTJinuue OT TPaJUIIMOHHON CXEMBI, HCHOJIb-
3YIOIIeH MapauIeIbHbIN Ma aroInil Ha TOBEPXHOCTD IMYYOK,
MBI PAacCMOTpEJIU CIydall cXOIsIIerocs myyka. DTa cxeMa
HauboJiee mpocTa U yaoOHa AJIsi IPaKTUYECKON peaTu3aliui.

Kpatkuii 0630p HEKOTOPBIX METOAOB PACUETA PACCESTHUS
9JIEKTPOMATHUTHOTO H3JIYYeHUs IIEPOXOBATHIMHU TOBEPX-
HOCTSMU AaH B pabote [1]. B pabotax [2, 3] BbINOJHEHBI
AHAJIMTUYECKUE PACUeThl WHAWKATPHUCHI PACCESIHUS Mapai-
JIEIbHOT'O ONTHUYECKOT' O MYYKa IIEPOXOBATON HOBEPXHOCTHIO.
B paborte [2] ucnosib30BaH MOAX0/, B KOTOPOM HEPOBHOCTH
MMOBEPXHOCTH 33IA€TCS MPOCTPAHCTBEHHBIMH FAPMOHUKAMH,
a paccesiHHOE M3JIyueHrne GopMHUPYeTCs KaK pe3yIbTaT Aud-
pakuuyu Ha Kaxaou Takod rapmonuke. IIpm stom crartm-
CTUYECKUE CBOWCTBA TOBEPXHOCTHM HE PACCMOTPEHBI.
Hanpotus, B pabote [3] perieHne qJaHHOH 3a0a41 CBOJIUTCS K
HAXO0XIECHUIO BEPOSTHOCTHBIX XapaKTEPHCTUK PACCESITHHOTO
MOJISl TIO W3BECTHBIM CTATHCTUYECKMM XapaKTePUCTHKAM
TOBEpPXHOCTU. B 3TOM cityyae nmpu aHanu3e Tak WM MHAYE

Ouzuuecknit uHcTUTYT M. [1.H. JIe6eneBa PAH, MockBa

IToctynuna B pepakuuro 13 anpesst 1993 r.

HCIONB3YeTCS CTATUCTHYECKOE YCPETHEHHE IO aHCaMOJIIO
TIOBEPXHOCTEH WJIM, IPH OIPEICICHHBIX MPEIIOJIOKEHHUIX
9ProANYHOCTH, YCPEIHEHUE 1O JOCTATOYHO OOJIBIION IO-
BEPXHOCTH. 3aMETHUM, YTO B IKCIEPUMEHTAJIbHBIX U3MeEpe-
HUSIX MBI IMEEM JIeJIO TOJBKO C OTHOMI CIydyailHOU pean3a-
nueil mOBEPXHOCTH OTPAHMYEHHOI'O pa3Mepa, MOITOMY BO-
MPOC O CTENECHU «YCPEIHEHHS» MPH KAKUX-TO KOHKPETHBIX
rmapamMeTpax ONTHYECKOTO Iy4yKa M MapamMeTpax MOBEPXHO-
CTH OCTaeTCs HE COBCEM SICHBIM. B 3TOH CBsI3M IpencTaBil-
seTcd MHTEPECHOM 3ajavya 4YUCICHHOIO MOJEIMPOBAHUS
paccestHUSI U3JIy4YeHUsl TOBEPXHOCThIO KOHEYHOI'O pa3Mepa,
IIEPOXOBATOCTh KOTOPO#t 3a/IlaHa CIIyYaitHBIM 00-pa3oM.

1. Pacuer

IlepBbIM 3TamoM pacueTa OBLIO MOJEIUPOBAHHE MO-
BEPXHOCTH, UMEIOIIEH 3aJaHHbIe MapaMeTphl EepOXOBATO-
ctu. OCHOBHBIMH XapaKTepUCTHKAMHU IIEPOXOBATON TO-
BEPXHOCTHU SIBJISFOTCSl IIIEPOXOBATOCTh ¢ — CPEIHEKBAJIpa-
TUYHOE OTKJIOHEeHHEe npoduist oT 0a30BOW JWMHUM (UJIK
JIUCTIepCHUsl) W JUIMHA Koppejsuuu [ (WId CpeHui Iar
HepoBHOCTel poduis). C 1esbio YIPOIICHUS 3a1a4l HAMU
paccMOTpEH Cllydyail OJTHOMEpPHOU IIEpOXOBAaTOCTU. Toukm
noBepxHOoCTH (puc.l, @) UMEIOT BBICOTY /i OTHOCUTEIBHO
nAeaJIbHOM IIJIOCKOCTH, PACHOJIOKEHHO! NepeleHAUKYISIPHO
ocu z u nepecekaronieit ee B Touke C. Ock x mapajuiebHa
9TOU UeaIbHOM IUIOCKOCTU. BrICOTa MOBEPXHOCTH HE MEH-
sieTCsl BAOJb OCH Y, TIOITOMY /i siBisieTcst GyHKIHEH TOJIBKO
OJHOW KOOpAMHATBHI X. B cuily IByMepHOCTH 3aaadu
naeabHas IUIOCKOCTh MpeCTaBjIeHa Ha puc. | B BUe HEKOeH
6azoBoit muHUKM CD, TIEPICHIUKYJISPHOM ocH z, a Touka C
BBIOpaHa Tak, 4TO A(X), YCpPeJIHEHHOE MO BCEM X, PABHO
HYJTIO.

B atom cnydae oTkIoHeHHE NPOQIIIS IIEPOXOBATON
MOBEPXHOCTH OT 0230BOI JITHIUH MOXKHO MPEJICTABUTH B BUJIE
psna dypsoe:

3\/2 M _
h(x)za()(m) S lpssin(gix) + ricos(gav)], 0
i=1

rae q; = 2ni/L; p; v r; — xoaddunuentsr Pypbe; oo — 0KuIaC-
Masl LIEpOXOBATOCTh; L — 1MHA 6a30BOM JIMHUM BJIOJIb OCH
x. Uncno TapMOHUK ¢; OTPAaHMYMBAJIOCH CBEPXY UYHCIOM
Ny = L/2l., rne I, — niuHa KOppessiuu.
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Puc. 1. Cxema paccesiHUsI U3JIy4EHHS B CXOJSIIEMCS] TAYCCOBOM ITy4Ke
LIEPOXOBATOM MOBEPXHOCTHIO:

F' u F — (okychl mafaromero u paccessHuoro myukos; CD — Ga3oBas
smuust; |F'C| = |CF| = H; AB— 0CBeLLCHHBIIi y4aCTOK IIOBEPXHOCTH; () —
YIOJ1 MaeHus Iy 4ka; A@ — yroJi pacXoJUMOCTH ITy4Ka; /1(x) — OTKJIOHEHHE
npoduIs MOBEPXHOCTH OT OA30BOI JIMHUM; X, X, 1] — OTPE30K pa3OUeHHs
noBepxHocTd AB Ha Nj uacreil; R, u R, — paccTOsiHUS OT ydacTka
MOBEPXHOCTH X, X+ 1 10 (oKyca F’ ¥ 10 TOUKH u HA OCH U COOTBETCTBEH-
HO; /7 — HOpMaJb K OTPE3KY X,X,i1; ¢ U i — YroJ MmajeHus ¥ yroi
mudpakuuy M0 OTHOIIEHHUIO K HOPMAJH 77; 7 — YTOJ MEXIY HOPMAJIbIO
K HOBEPXHOCTH U OCBIO Z.

Koaddunuents! p; u r; BbIOUpaINCh ¢ TOMOIIBIO TeHe-
paropa ciay4alHbIX YHCE], PACHPE/ICJICHHBIX PABHOMEPHO B
untepase or —1 go 1. IlepoxoBaTocTb ¢ MOJY4YE€HHOMN
MOBEPXHOCTH OIpeesiiach o GopmyJie

NCOREY

¥ C TOYHOCTBIO, HE BBIXOAsIIeH 3a npeaesibl +£10%, coBma-
Jlaja ¢ O)KUIAEMOM IIePOXOBATOCThIO Gy. TakuM obpazom,
3ajaBas mapamMeTpbl g9 U [, MOXHO OBLIO CTPOHUTH
CIIy4alHYIO peai3aliio IIepOXOBATOMN MIOBEPXHOCTH C pac-
[IPE/ICICHNEM BBICOT HEPOBHOCTEH /(x), GJIM3KUM K HOP-
MajibHOMy. Ilpm 3TOM, Oiaromapsi CiydyalHOCTH BBIOOpa
ko3 punmenToB Dyphe, Kaxaasi KOHKPETHAS peau3aius
npouis sl OJHMX U TeX e MmapaMeTpoB gy U [ umesa
CBOIO OTIPE/IEIICHHYIO 3aBUCUMOCTb /1(X). DTO MO3BOJISIET IPU
JTAHHOM CII0CO0e MOJIETMPOBAHUS IEPOXOBATON OBEPXHO-
CTH HAWTH pa3bpoc U3MEPEHNUH, CBA3aHHbBIN C HHINBHTY A Tb-
HOCTBIO KaXJ0T0 MPO(UIIL TOBEPXHOCTU TPU OJUHAKOBBIX
CpeHUX G H [..

PacueTsl caemanbl AIsl ciaydasi MUIUHIPHYECKOTO CXO-
SIIIETOCsT TayccoBa Iyuka, Gokyc (kaycrumka) kotoporo F’

1/2 N

> ot + 7] )
i=1

7

HAXOJ/UTCS 32 UCCICAYEMON MOBEPXHOCTHEO HA PACCTOSIHIU
H = |F'C| ot nee (puc.l, a). Ocu KOOPAMHAT X U Z HMCIOT
Havajo B Touke F’. PacopenerneHue HHTEHCHBHOC
TH U3JIyYCHUs, PACCESTHHOTO CMOJIEIMPOBAHHON MOBEPXHO-
CTBIO, BBIYUCIISLIIOCH [UISl TOYEK, HAXOSIIUXCSI Ha OCH u. DTa
OCh MPOXOAHUT 4epe3 Gokyc F mydka, OTPaKeHHOrO OT
BOOOpaxxaeMo¥ HjeabHOU IIocKoCcTH (0a30BOW JIMHUU
CD), v Ipy TAKOM OTPaXKXCHUH TIEPIICH/IUKYISIPHA [ICHTPAJIb-
Homy Jryay. Touka u = 0 coBmamaer ¢ TOuKOil F u mumeer
KOOp/MHATY z, paBHyto 2H, T.e. |F'F| = 2H.

AMIUIATYly TOJISI TayccoBa IydYKa 3allMIlIeM B CIIEIy-
FOILIEM BHJIC:

E(x,2) = ——exp| <ikR = (¢ — 0o) [A¢?], ()

1

(RA@)
T ZIe (pp — YToJI aJeHus! My4Ka; A@ — yroj ero pacxoIuMOCTH;
k = 2m// — BOJHOBOE YHCJIO; A — JJINHA BOJIHBI M3JIyYCHHUS,
R? = X* + 22, ¢ = arctan(x/z). Bapbupys napamerpbl H u
A@ mpn 3aaHHOM yTJIe MAJECHUS (), MOXHO MEHSTH pas-
MepBbI OCBEIIAeMOT0 YYacTKa IIOBEPXHOCTU A B, IUIHMHA KOTO-
pOro He MOJDKHA NPEBBINATH IIUHY L 0a30BOM JIWMHHUH
MOBEPXHOCTH, CMOJICIHNPOBAHHOI ONMCAHHBIM BBIIIIE CIIOCO-
60oM (popmyia (1)).

Pa3zo0bem oTpe3ok AB Ha N, vacteil Tak, YTOOBI JJIMHA
Koppessinuu [, Oblna pa3buta Ha nsaTh vacteit: Ny = SL/L.
Torna nosie E, HA KaXJIOM OTPE3KE XX, C YICTOM 3aBH-
CUMOCTH (3) MOXHO MPEACTABUTH B BUJIC

5 _ SP(—ikR,) exp[—(9, — 9y)*/A¢’] @
n — s

(RiAp)'"
rae ¢, = arctan(x,/z,); R, =+/x2+ (H + h,)* — paccrosi-

uue ot Gokyca F’ 10 aroro orpeska; h, = h(x,). Hopmupo-
BOYHBI MHOXHUTENb 1/ \/@ obecneynBaeT MOCTOSHCTBO
TIOJIHOTO TAJAFOIIEr0 Ha MOBEPXHOCTh MOTOKA MPU U3MEHE-
HUU A@.

Coryiacno npunnuny [roiirenca—®penens nosne E, B
TOYKE # SIBJISIETCS CYyNEePIO3ULIMEH OJIeH, UCXOJSIIMX OT BCeX
OTPE3KOB XX 41"

1 — IZE" exp(ikR, )an, 5)

rae Ax — IJIMHA OTPe3Ka X, X, 1; R, — pACCTOSIHAE OT TOYKH U
JI0 OTPE3KA X,Xpi1; &= [cosa(x,) + cos f(x,)]/2cosy(x,);
o ¥ f§ — YyrOJI MaIeHust ¥ YroJ1 Au(PAKIIAK IO OTHOIIEHIHIO K
JIOKaJIbHOW HOpMaJiu 71 moBepXHOCTH (puc.l, 6); y — yrona
MEXIy HOPMaJIblo MOBEPXHOCTH U OCBIO z; mojie E, ompe-
nensiercsi popmysoit (4). s ynpouieHUsT CYMTaeM, YTO
MOBEPXHOCTh MMeeT Ko3(ppuImeHT oTpakeHus, OJIM3KUHA K
eIMHUIIE ¥ He 3aBUCAIIMIA OT yIrJjia MaacHNs U3y ICHUS.
TouHoe 3Ha4eHMe R, onpeneisieTcs GopmMyIoi

X ) L1172
R, = [(xn—ucosq)o) +(H+usm(p0—hn)] ,

TakK YTO OKOHYATCIIbHO UMCECM

1—i exp(ikR;) {—((p% —
exp
2)Ago )i ”z; NE Ag

“"2’)} Axe, (6)
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rae Ry =R, — R, = [u? — 2ux, cos ¢y + 2uH sin ¢y — 2/, %
X (2H + usin ¢y)]/(R, + R,). B TOYke © MHTEHCHBHOCTH
U3JIyYeHus]

1, = E,E; W)

uley
a (ha3y moJIst paccessHHOT O U3JIYy4YeHHUSI MOXHO BBIYUCIUTB O
dhopmye
ImE,

&, = arctan .
" e E,

®)

2. Pe3yabTaTnl

Pacuers! ObuM cuenaHbl ISl IBYX JJIMH BOJIH, Xapak-
TEPHBIX [1JIsI TOJIYIPOBOJHUKOBBIX J1azepoB: 0.8 u 1.5 MM, a
Takxke s AByX yrioB maaenus: 45 u 70°. lllepoxoBaTocThb
MOBEPXHOCTH M JJIMHA KOPPEJISALUU MEHSIJIUCh B Ipeesiax
0<0o<08mkmu 0.5 </, <5 mkm. Pazmep ocBeriaemoro
MATHA, KaK YKa3bIBAJIOCh BBIILE, MOXXHO OBLJIO COTJIACOBBI-
BaTh C JUIMHON 0a30BOIi MOBEPXHOCTH, MEHSIS TapaMeTpbl H
uAg.

XapakTepHble pacHpe/ieIeHuss WHTEHCHUBHOCTH pacce-
SIHHOT'O M3JIy4€HHs BAOJIb OCH U JJISI Pa3JIMYHbIX 3HAYCHUH
LIEPOXOBATOCTU ¢ NpuBeneHs! Ha puc. 2. Kpusas / onucel-
BaeT OTpakeHHE OT 3ePKAJIbHON MOBEPXHOCTH. BuaHo, 4yTo

T T LI T T
—60 =30 -U; 0 U; 30 60
u (MKM)

Puc. 2. PacueTHble pacnpe/iesieHis] HHTEHCUBHOCTH PACCEeSTHHOTO U3JIyve-
Hus s wepoxosatoct ¢ =0 (1), 0.1 (2), 0.15 (3) u 0.2 Mx™m (4) npu
le=25 wmxMm, A=08 w™MrM, ¢@,=45, Ap=5, H=1 wmm;
U; =0.64/sin Ap = 5.5 MkM.

IPU YBEJIMYEHUH ¢ IIIMPUHA OCHOBHOTO MUKA paclpeleIeHIs
MHTEHCUBHOCTH HE MEHSIETCS, & MAKCUMYM UHTEHCHBHOCTH B
touke (okyca F (u = 0) ymenbiuaercst. [1pu 6osee noapoo-
HOM PacCMOTPEHHUH MOXHO BHJIETH, YTO MOJIE U3 EHTPAITb-
HOT'0 MaKCUMYyMa IlepepacipeiesisieTcs B «XxBocTe». [llmpuaa
IUKa pacipeeseHls HHTEHCUBHOCTU OJIM3Ka K oIpenesisie-
Moit hopmytoit A66e mmpune 0.64/ sin Ap, mo-3ToMy HUHTe-
rpajl MHTEHCUBHOCTU [, B3STbIM 1O u B Tpeaesax
F0.61/ sin Ag, onpesesisieT NOJIHYIO MHTEHCHBHOCTb yYKka B
HEHTPAJTBHOM MaKCUMyMe. 3aBUCMOCTh 3TOT0 HHTErpaja oT
IIEPOXOBATOCTH MpUBeJIeHA Ha puC. 3. ToukamMu 0603HaYECHBI
pe3yIbTaThI pacyueTa 1Mo ONUCAHHOM BhIIIe cxeMe (popMmyia
(7)). lpu yBemuenun o uaterpai /; namaer. M3 puc. 3 Taxxe
BUJIHO, YTO YBEJMYCHUE IJIMHBI BOJIHBI, KAK U YBEJINUCHHE
yria TmajeHus, 3aMEeTHO YMEHBINIAET PACCesTHUE CBETa TpHU
OIIPE/ICJICHHOW IEepPOXOBAaTOCTH ¢. Pe3ysnbTaThl 3THX pac-
4ETOB XOPOILIO AIPOKCUMHUPYIOTCS BEIPAXKEHUEM (CILIOLLIHBIE
JINHUY HA puc. 3)

4 2
11 :IOexp[—( TCO’COS(po> i|,

ys

rae Ip —MoJIHasi MHTEHCUBHOCTD M1 IaOIEr0 Ha TIOBEPXHOCTh
nydka. st HOpMUPOBKY aMIUIATYIbI OJIsl, OIpeAessieMoi
(hopmyoii (3), 1M ”HTEHCUBHOCTH U3JIyYEHHUS, TIOJTy4aeMoii u3
cotHomenuus (7), umMeeM

Iy = (n/2)"/? ~ 1.25.

DTO 03HauaeT, 4TO, 3HAas MapaMeTpsl @, U A, MOXHO
ONpEeNEIUTh IIepoXoBaTocTh ¢. Ilpm yrie maaenus 70°
ONTHMAJIbHBIMHU TpeAesIaMi U3MEPEHUs IIEPOXOBATOCTH G
sBIsItOTCs  cenyrorue wHTepBaibl (.05 < 0 < 0.25 MM
s goaHbl BOJIHBL A = 0.8 MkM 1 0.1 < 0 < 0.4 MKkM 14
A= 1.5 mxM. Pazbpoc Touek Ha puc. 3 CBSI3aH CO CTaTU-

I
1.5 4

0.5

T 1 T T
0 0.2 0.4 0.6 0.8

~
0

 (MKM)

Puc. 3. 3aBucumMocTu wHTEerpajia I; OT LIEPOXOBATOCTH ¢ IS JIJTHHBI
BOJIHBL 4 = 1.5 MKM, ¢y = 70°, Ap = 1.5° (1) n ¢y = 45°, Ap = 5°(2) (@) m
o1t A =0.8 MM, @, =70°, Ap =1.5° (6), paccuuTanuble Opu I, =
2.5 MM, H = 1 mMm.
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Puc. 4. 3aBucuMocCTH UHTEr paJia UHTEHCUBHOCTH /| IIEHTPAJILHOTO IIMKA B
npegenax —U; <u<U; (I) wu wuHTerpama [, B Tpenenax
—40U; < u <40U; (2) oT ANHMHBI KOPPEJISAIHH, PACCUINTAHHBIC IPU
0 =02MkM, 4 = 1.5 MKM, @) =45°, Ap =5°, H =1 Mm.

CTUYECKOH HEOTHO3HAYHOCTBIO PEeAM3AINH IIePOXOBATON
MOBEPXHOCTH. DTO KaK pa3 M MO3BOJSET ONPEAEIUTh pas-
Opoc M3MepeHUsT MIEPOXOBATOCTH, CBSI3aHHBIA C WHIMBH-
JyaJIbHOCTBIO KaXJI0T0 MPOMUIIs PeabHBIX MOBEPXHOCTEH.
B nanHoM ciydae pa3z6poc o coctaBiseT £10%.

Kak yxa3bIBaJIoCh BBILIE, IPU YBEJIMYCHUN 0 UHTCHCHUB-
HOCTb TIepepacnpenersseTcs] B «XBOCTBD», TPHYEM HHTETPal
MHTEHCUBHOCTH J3THUX «XBOCTOB» HeCeT WHPOpMAIHMIO O
JuHE Koppesinun /.. Ha puc. 4 moxa3aHbl 3aBUCHMOCTH OT
JUTHHBI KOPPEJISIIIMA MHTErpaja WHTEHCUBHOCTH [;, pac-
CUUTAHHOTO B MpeJesax LEHTPAJIbHOTO MakcuMyMma, T.e.
mpu —U; <u < Uy, toe Uy =0.6//sinAp, a Taxxe uHTe-
rpaga I, YINTBIBAIOIIETO «XBOCTBD) DPACIpPEICIIEHUS pac-
CeSTHHOTO m3JryueHus, B npenenax —40U, < u < 40U,. ®axk-
THYeCKH [} — MHTErpajibHas UHTEHCUBHOCTDL IEHTPAJIBLHOTO
IHKa, a [, yYuThIBaeT Kak HEHTPAJIbHBIN UK, TAK U «XBOCTHDY
no 3HaueHuit u = +40U,. Pa3Opoc Tovek CBSI3aH CO CTATH-
CTHYECKOW HEOJTHO3HAYHOCTBIO PeaM3allid LIePO-XOBATON
MMOBEPXHOCTH IIPU OJHUX U TEX Xe mapameTpax ¢ u l.. Buano,
YTO TMOJIHASI UHTEHCUBHOCTDH NEHTPAJILHOTO MUK MOYTH He
MEHSIETCs] IPU YOBIBAHUU CPEIHEro I1ara HepoOBHOCTEMH /., B
TO BpeMs KaK MHTeTpaJl, yYuTHIBAIOILUI «XBOC-THI», 3aMETHO
YMEHBIIAETCs. DTO TOBOPUT O TOM, YTO IPHU YMEHBIICHUU
JUIMHBI KOppeJisiiuu /. M3JIy4eHue paccemBaeTcs B 0OoJiee
agbHAe 0o0JlacTH, Jexariue BHe mHTepBana +40U;. Vka-
3aHHOE OOCTOSITEIbCTBO JIA€T BO3MOXHOCTH WM3MEPEHUS
napamerpa /[, Ipu onpeeeHHON TUCTIEPCUH 0.

Ha puc. 5 mpeacrasiieHsl pacnpeaeieHusl ”HTEHCUBHOCTH
paccesitaHoro noJist I, u pa3el aToro nois @, (popmyisl (7) u
(8)). BumHo, yTto B 00ylacTH 3HAYEHUH u, TPH KOTOPBIX
WHTEHCUBHOCTH I0JIs BeJInKa, dasza @, MeHsieTcs ciabo. DTo
O3HAYaeT, YTO MOTOK HHTCHCHBHOCTH TMepeceKaeT OChb u
(puc.1, 6) mox yrjiom, OJIM3KUM K HOPMaJTbHOMY.

3. O6cyxaenne U BBIBOIbI

Taxum o6pa3oM, YUCIEHHOE MOAEINPOBAHNE PACCESHUS
U3JIyYEHUsl CXOMSILLETOCs Iyyka ILIEpOXOBATON ABYMEpHOMH
TMOBEPXHOCTHIO TpU ¢ = 0, T.e. A HUOeaNbHO TJaJKOUN
MOBEPXHOCTH, JAeT pachpeneseHne MHTCHCUBHOCTH, COOT-
BETCTBYIOIIIEE OTPaXEHHOMY OT 3epKajla C(OKyCHpOBaH-
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Puc. 5. Tlpumep pacnpeneseHuss MHTEHCHUBHOCTU IIOJISI PACCESHHOIO
usnyuenus [, (I) m ero passl @, (2) npu ¢ = 0.1 MM, [, = 2.5 MKM,
A=15Mrm, ¢y =45°, Ap =5°, H=1nMm.

HOMY TISITHY U3mydeHust. lllupuna nsiTHa B 3TOM 3epKaIbHOM
OTPaXEHUH OTMPEIEIISIETCS MTOMEPEYHBIM Pa3MEPOM KayCTUKH
rayccoBa IIyyka, a MOJHAs] WHTEHCUBHOCTH [) — MHTEHCUB-
HOCTBIO MAJAIOMIEr0 MOTOKA. DTO SIBUJIOCHh TEXHH-YECKOU
MPOBEPKON METOJIUKH pacyeTa.

ITpu yBenuyeHuu ¢ mmprHa cHOKYCHPOBAHHOTO TMSTHA
He U3MeHsieTcs (T. €. 3epKaJIbHOe OTPaXKCHUE COXPAHSIETCS),
HO TIOJTHBIM ONTHYECKUH MOTOK /| B HEM YMEHBIIIAeTCS. ITO
coryiacyercsi ¢ pesyjibTaTamu, npuseaeHHbMU B [1]. Ilpum
9TOM [| TpPaKTHUYECKH HE 3aBHCUT OT YyrJia CXOAMMOCTHU
najiaromero nyuka A¢ B npeaenax Ag = 0.8—5° u o1 qiIMHbBI
koppensuuu [, B npenenax [ = 0.5—5 mxm. Pazbpoc 3Hau-
eHUil /), CBA3aHHBIA C MHANBUAYAJIbHOCTHIO KAXKION pealin-
3aIU  CIYYalHOW TOBEPXHOCTH, TPU HCIOJb30BAHHBIX
napamMeTpax ONTHYECKOW CXEMBI IS YMEPEHHBIX 3HAYCHUN
4nocos ¢p,/L <1 He mpesbimaer 10%. Takum oGpasom,
u3Mepsisi otHouueHue /y/ 1) , MOXKHO HAUTH

o },[ln(lo/ll)]l/z'

4mcos @,

Yto kacaeTcst pacnpeieeHUs] HHTEHCUBHOCTH BHE I'pa-
HUIl TSITHA 3€PKaJIbHOTO OTPAXXEHUs, TO, Kak BUAHO U3
puc.2, 0,8, OHO HOCUT CTOXAaCTHYECKUN XapaKTep U Ompe[e-
JISIETCSI UCKJIFOUUTENBHO WHANBHIYaJIbHOCTBIO KaXIOH KOH-
KpeTHOW peasm3anuu MoBepxXHOCTH. OUeBHUIHO, UYTO TPH
YCPEIHEHUH 10 OOJIBIIIOMY aHCAMOJIFO 00pa3IOB HOBEPXHO-
CTeil pe3yJIbTUpYIOIllee pacHpeliesieHue BHE HEHTPAJIbHOTO
nuka crjaautcs. OOmasi kapTuHA pacrpeaesieHus: OyneT
MpEeACTaBISATh COOOW y3KMA NEHTPAJbHBIN THK, COOTBET-
CTBYIOIIWI 3€pKaJIbHOMY OTpakeHHIO, Ha (hOHEe JOCTATOYHO
IJ1aKoro mbenectana. [Ipn TakoM ycpenHEHNH BeJIHIHHAM
p? ¥ 17 MOXHO TIPHIATh CMBICI CIEKTPAILHON MIOTHOCTH
MPOCTPAHCTBEHHBIX 4acTOT mpoduis mosepxHocTH. st
TAaHHOW METOJMKU MOJEIUPOBAHUS COOTBETCTBYIOIIMIA
CHEeKTp HOCWJ OBl CTYNEHYATBHIH XapakTep WIH XapakTep
«besoro» mIymMa B Ipefeax MPOCTPAHCTBEHHBIX TAPMOHUK
2n/L < g < n/l.

B 37011 CBSA3M yMECTHO OTMETUTD, YTO, BBIOUDPAS IJIUHY
0a3oBoi JuHMM L, MBI TeM CaMbIM OOpe3aeM CIeKTp B
00J1aCTH HU3KMX TapMOHUK. DTO 3aMEYaHHE MOXET OBbITh
CYIIECTBEHHBIM C MPAKTHYECKOW TOYKHW 3peHwms. JleHdcTBH-
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TeJbHO, IOBEPXHOCTb YaCTO XapaKTepusyercs IUIOCKOC-
THOCTBIO W IIePOXOBATOCThI0. C MaTeMaTHYECKON TOYKH
3peHHs YKa3aHHBbIE XaPaKTEPUCTUKH MOXHO OMUCATH OHH-
MH H TEMH ke TePMUHAMH — (pypbe-KOMIOHEHTaMH TPOduIIs
MOBEPXHOCTH. B 3TOM cilyyae JIsi TUIOCKOCTHOCTH Xapak-
TEpHbl JIMHHOBOJIHOBBIE KOMIIOHEHTBHI, TOTJa Kak JUIsl
LIEPOXOBATOCTU XapaKTepHa KOPOTKOBOJIHOBAS YaCTh CIIEK-
Tpa. st MexaHuueckn oOpabOTaHHBIX AeTalieil, KaK mpa-
BUJIO, OTKJIOHEHUSI OT IUIOCKOCTHOCTH 3HAYUTEJIHHO BHIIIIE,
4eM OTKJIOHEHWUSI, CBSI3aHHBIE C IIIEPOXOBATOCTHIO. JpyrumMu
CJIOBaMHU, CHEKTpajbHas IJIOTHOCTh MPOQUIS TAaKOH TO-
BEPXHOCTU MMEET 3HAYUTENIbHBIA POCT B OOJACTH HU3KHX
TapMOHUK.

HeobocHoBaHHOE yBenHMueHHWE JIMHBI 0a30BOM JIMHUH
(pa3mepa OCBEIIEHHOW MOBEPXHOCTH) MOXET MPHUBECTH K
TOMY, YTO B apaMeTp ¢ OCHOBHOW BKJIaJ JaAyT HU3-KOYa-
CTOTHBIE KOMIIOHEHTHI (CM. cooTHolIeHue (2)). 3a cuer 3Tux
HHM3KOYaCTOTHBIX KOMIIOHEHT BeJINUMHA 470 COS () /L MOXKeET
CTaTh CYIIECTBEHHO OOJIbIIIE EANHUIIBI, B PE3YJILTATE YETO B
PACCesTHHOM HM3JIyYeHUM MOJIHOCTHIO WCYE3HET IIEH-TPaJib-
HBII TIMK, COOTBETCTBYIOIINN 3epKaIbHOMY OTpake-HUIO, U
A3MEpeHHe  IIePOXOBATOCTH  CTAHET  HEBO3MOXKHBIM.
OueBUAHO, 3TO OTHOCUTCSI HE TOJIBKO K ONTHYECKOMY CIIO-
co0y uW3MepeHHUsl o, HO W K HAxXOXICHHIO ¢ U3 Tpodu-
norpamM. Kax pa3 mo 3To#f nprurHe B MAIIMHOCTPOSHHUU
MPUHITO OTPAHWYMBATL [UJIMHY 0a30BOI JIMHUM TPOQu-
JIOTPAMMBI B 3aBUCHMOCTH OT JIMANa30HA U3MEPSEMBIX o.
Hanpumep, cornacho [4] misa 0 < o < 0.025 MkM npuHsTa
nnuHa 6asosoi ymHUM L = 80 MM, mi1sg 0.025 <0 <04
MKM — L =250 mxm u T.1. KoHeuHo, 3TO 3aMeuaHHne He
OTHOCHUTCSI K IPYTHM (He MEXaHUYECKU IPUTOTOBJICHHBIM)
THIIAM TOBEPXHOCTEH (HAmpHMep, TPaBJICHOMY ONTHYEC-
KOMY 3epKaJly), B KOTOPBIX OTCYTCTBYIOT HHTEHCHUBHBIC
JUTMHHOBOJIHOBBIE IPOCTPAHCTBEHHBIC KOMITOHEHTHI.

CormacHo puc. 4, u3Mepsisi HHTEHCUBHOCTb PACCESTHHOTO
W3JIyYeHUs] BHE MSATHA 3€PKAJLHOTO OTPAXKEHHS, MOXKHO B

HOPUHIUIE U3MEPUTh U JUIMHY KOPPEJSIUU /, IepOXOBATO-
ctu noBepxHocTH. OJTHAKO OYEBUAHO, YTO MOJOOHBIE U3Me-
peHns OyAyT B 3HAYUTENIBbHOM CTETIEHH YyBCTBUTEILHBI K 00-
1IeMYy BHJy CIEKTpa MPOCTPAHCTBEHHBIX YACTOT, TaK 4YTO
3TOT BOIIPOC TPeOyeT OTIEIbHOTO U3YUYEHUS C TOUKU 3PEHUS
B3aMMOCBSI3M THIIOB 00OPa0OTKU TIOBEPXHOCTH M BHJIA CIICK-
Tpa IPOCTPAHCTBEHHON YACTOTHI NPOQUIISI IOBEPXHOCTH.

B HacToseit paboTe BBIIOJIHEHO MOACIMPOBAHKE JIBY-
MEPHOU MOBEPXHOCTH, B KOTOPOH OTKJIOHEHHE /1 OT UIealIb-
HOM IIJIOCKOCTH 3aBUCHUT JIMIIb OT KOOpAWHATHI X. Tem He
MeHee, IIOCKOJIbKY U3MEpPSIeMON BEJMYUMHON ISl ompenerie-
HUSl ¢ SIBJISIETCS TOJIHASI MHTEHCHUBHOCTH TOJILKO B ISTHE
3epKaJIbHOTO OTPaXKEHUsI, MOKHO HAACATHCS, YTO PE3YIbTAT
HE CJIMIIKOM M3MEHHUTCS, €CJIM OTKJIOHEHHS /i BIOJb KOOP-
JIMHATBI y He OyayT HAMHOTrO OOJIbIlIe, YeM BIIOJIb KOOPIH-
HaThl X. [Ipy 3TOM MOXHO Y4eCTh BO3MOXXHOCTb MHTEI'PH-
POBaHUSl PACCESHHOI'O W3JIYYeHUS BJOJb KOOPAMHATHI Y,
OJHAKO BBLISICHEHHWE YXYAILLICHUS TOYHOCTU B 3TOM CIydae
TpedyeT OTACTbHOTO PACCMOTPEHUSI.

B 3akiroueHne aBTOPBI BBIPAXAIOT CBOKO IMPU3HATENb-
HOCTh A.B. BuHorpanoBy 3a BHIMaHUE k padoTe.
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A.P.Bogatov, O.M.Nikitina. Numerical simulation of a converging
light beam scattered by a surface with one-dimensional roughness.

Scattering of a converging optical beam by a rough surface has been
numerically simulated. The distribution of the scattered intensity in the
focal plane is found. It is shown that the standard deviation of the surface
profile can be found by measuring the light intensity of specular scattering
by the surface.



