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KoHTaKTHHB ~HH3Y RBnRDTCR ~KTHBHHU Cpe~CTBOW KOppeK~H 3pe

HKft npH Tex aHOUBAHHX ~paK~H H naTonor~eCKHX COCTORHHX rna3 t 
Kor~a OQKH He n03BOnRDT nOBYCHTb OCTpoTY 3peHHR. llpeH~eCTBa Cpe~CTB 

KOHTaKTHOR KOppeK4HH 06hffCHRDTCH KOyneHC~eR a6ep~M OnTK4eCKO R 

CH: TeMH rna3a. yBen~eHHew KOHTpaCTHOCTK K306paaeHHff, paCmHpeHHew 

nonn 3peHMR III ~p. OTO npe~orrpe~enHnO paCT~KR HHTepec ~anbWonorOB 

K npo6newe KOHTaKTHOR KOppeK4KK 3peHHJl, POCT KQJlHQeCT88 nn,o,eM so 
BceN NHpe, nORb3~HXCR KOHT8XTKYMM nKH3BMH, a TaKae B~BHHYnOt KaK 

BeCbWa aKTyanbHYD, npo6newy C03AaHHR waTeMaTHtleCKHX weTOAOB o6pa60T

Kill HH~~ 0 noeepXHOCTH porOBH~ C 4enbD paCQeT8 OnTKWan bHYX na
paMBTpoB KOHTaKTHWC nHH3 . 

Bce c oD3HHR 4eHTP KOHTaKTHOM KOppeKqMH 3peHHR nPH MOCKOBCKOM HHH 
rnaaHUX 60ne3HeR KW.renbwronb~a paapa60Tan annapaTypy ~ weTOA H3we

pKTenbHoro iI>oTorpaiflHpo88.HHR porOBH4Y - ¢IoTOKe paToweTpHIl, MeTOA KOH

CTPYHPOBaHKft MHAHB~anbHHX KOHTaKTHNX nKH3, a TaKKe THnOBYe KOHCT

PYKLtKIII JIHH3 JVlR' nOAaanJ!~ero 60nbmHHCTBa ~eHTOB, ~MXCR' B 

.o.B.HHOM BHAe OnTHtleCKOR nONOIl{H no Me~HLtKHQ(KW III npo¢leCCHOHaJIbHbIW no

K83aHHRM. 

llorpelDHOCTb ....epeHIIH poroBII"". HarrpKMep. BYCOT~ if ( pKc.2) 
Ao~a 6NTb c~eCTBeHHO WeHbme eCTeCTBeHHoR TO~HHH cne3Horo cnoR , 

cocTaBnRDIl{eR npH6nH3111TenbHo 0,01 UN, III He ,n;On&H8 npeBOcxo~HTb 2 WRU; 

C HeMeHLm9R TOquOCT&D ~onBeH 6HT» oupe~aneH np~ OnTHMBnDHOH ROH

TaKTHOA nHH3H. llpo6neMY o6eCne~eHKR CTOnb BYCOKoA TO~OCTHt C03AaHK~ 

KOHCTPYK~R nMH3 AnR 60nbHHX c o 3HaQHTenbHOA A~puaQHeA poroBH4Y, 

YCKOpeHHR H aBTONaTK3~H H3we peHKR poroBHqH, a TaK.e CTaTMCT~eCKoR 

o6pa6oTKH pe3ynhTaTOB Ha6nDAeKHR 60nbmoro qHcn8 naQHe HTOB - Bce 3TO 

oITpeAeAHeT Heo6xo~HYOCTb p83BHTHR Cpe.o.CTB K3MepeHHR poro8KQY H Me

TOAOB MaTeWaTH~eCKoA o6pa6oTKH pe3YAbTaToB H3wepe HKA H KOHcTpyupoaa

HHR llHH3. 

HaCTO~aR: CTaTbll noc~eHa OCHO BKUY BOnpoC8M, B03KMKaoqHK rrpM 

pa3pa6oTKe 3TMX weTO~OB. B pa3Aelle I aHaAK3KpyeTcR TOQHOCTh ~ToKepa

ToweTpKK . B paaAene 2 H8 OCHOBaHHM pe 3ynbTaToB TO~ K3wepeHMR po-
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rOBM~ npe~araeTcR HaH60nee npocToe H AOCT8T04HO TOQHOe waTeW8TK

qeCKOe OnMCaHMe npo¢Knfl poroBM~. B p83Aene 3 coo6~aeTcH 0 weTOA8X 
CQMTYBaKMfl K MaTeMaT~eCKoro rrpeo6pa30BaHKH ~ToKepaTorpawu, a TaK

ae flOHeKa 6nKKaAmeA cMMWeTpH~oA nOB8pxHOCTM K 38ASHKOA nosepXHocTH 
porOBKqY. HaxOHe~ t B pa3Aene 4 HccneAYDTcH r~poAHHawMqeCKHe ycno
BNft nepeHOCHNOCTM KOHT8XTHOA nHH3H, 8 qaCTHOCTH yencBNe CT8THQeCKO

ro paBHoeeCM~ nMH3Y H8 poroBH~e B QeHTpanbHOW nonoaeHKH, yencBMe 
C03~aHMfl HerrpepYBHOrO nOTOK8 cne3HoA ~OCTH DCA nKH30A npH Mopra

HKH, ycnoBHR 06eCneQeHHR OnTHManbHoA CKOPCCT" A8~eHHR nKH3N H ee 

OpHeHTaQHK np" aTOM ABMIeHHH. 

I. HpHffium lleAcTBHI'I. H oIDH6KH d>oToKepaToweTpa. 

~TOKepaToweTpHft OCHOBaH8 H8 ~Torpa¢HpoB8HHH H306~eHitR KO

OP~KH8THO~ W8pKM npH60pa H8 nOBepXHocTH poroBH~ (CW.¢oTO , pRc.I) • 

Pe3ynbT8TH H3MepeHKH ¢QTorpa¢HH Hcnonb3ycTCft ~ft B~McneHMH reOMeT

pH~eCKHX n8paMeTpoB porOBK4H. 

Ha pMc .2, M306~ew ~Knb CeqeHHR poroBK4Y, nOMMMO BNCOT~ 

y npe.o.CT8BJ1eHl:l it ~pyrHe KOOAAHHaT!II, n pitHIIThie ,!VIR omtC8.Hitft nosepx-

HOCTH poroBH4Y : 3TO BTOpe..R .o.eKapTOBB. KOOp.o.KH8T8 X (HJIM nOJIy.o.HBMeTp), 

K08KCH8JlbHIiA p8.[tHYC R , o6pe.ayelllllM HOpMSJIbHD K npo!fJMJID B ,Il,aHHoR TOll.

He, H Tonorpa4l}NeCKHR yron 0( • Me-.n.y R M X c~ecTByeT OqeSH,Il,

Hoe COOTHomeHHe 

x = R Si.no(. . ( 1) 

Ha PHC .3, 11 "306pBJ!!eH~ rpa4J"K" 3aBHe""oeT" R(<<) JVlH HOpM8JIbHOA po
rOBH4Y M ,IVIA porOBH~ B~ftHYToA ~pMN y 60JlbHOrO KepaTOKOHYCOM . 

npo~Knb CeqeHHft poroBHQU HBJlfteTCft orH6~eR ceWeACTBa OKPYM

HOCTeR C H8pacT8DI1eA Be.nKtlHHOA pa,Il.HYC8 R M L\eHTpaMH HB. OCM OV 
J{aK BHAHO Ha pMc.4, CMe~eHHe L\eHTpB. H8 OCM 00' npH nepeXO,Il,e OT 

T04KH a C p8,1\l1ycoll R K T04Ke g e {J8.Il."yeoli R + "R p8BHO 

d z ::: dR /C05o(.. H, c ne.o.OB8TenbHO, paccToAHHe we'll,ll.y u.eHTpaMM BepnHH-

HO~ OKP.r-HOCTH (C(:::: o) M nepH4lepHRHoA OHP}?lHOCTH (ot:::::.xi ) p8.BHO 

R ((1(.=<1(. ) ci l? 
2: ci. - l. 0 :;::. J CiiSci.. t 8 MCKOMoe paCCTOH-

Ro (.... "oJ 
HMe we~ Be pmHHaMH 3 TMX OKpyaHOeTeA 

R Co(-':af" ) </ 

l'> 2 = R + (Of - l ) - R = S (cow. - i) dR . (2 )
(<<.: 0 ) .c 0 loc~c::(L) 


R (O(.O) 


MOaHO o u,eHMTb .o.onyc TMM}'D norpeDIHOCTb M3MepeHMR R ~epe3 norpewHocTb 

H3MepeHMH 'J . 113 yp8BHeHHIt OKPyaHOCTK f KacaaqeRcR OCM X B H8qane 

KOOPA"HaT ~l _ 2 Ry + x' = 0 eneAYeT d. R '" - R7 
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An. ~=3.I U-J"", R =8 ..... ~.O,7 .... ,nonY"aeM d~.0,025 ..... 
H3 3apy6e~ ¢QToKepaToMerpoB / 1- / HaH6onbme~ TO~OCTbD (dR =U,UJMN) 
o6n~aeT ¢QroKepaToMeTp ¢HpMH HaonTHK ( ~paKUHR ) . ~bHeHmee nOB~eHHe 

T04HOC1" ,D.OC THrHYTO B CO BerCKOM ¢QroKepaTOweTpe ~-I. paapa60TaHHOM 

B ~iOCKOBC KOM Hilii I'.JI83HbIX. 60JJe 3He~ HW.renbwrOJJb~a/3/. exawa ~-I npe,D.

CTaB~eHa Ha pHC.O; OHa COAe~KT: I) MapKY B BM,D.e 15 KOKQeHTpM4e CKHX 

TOHKHX OCBe~eHHHX Kone~, pacnOJlo.eHHHX Ha BHyrpeHHeA nOBepXHocTH 
c$ePI::I, YCTSJi8BJII1saeMoA Ha paCCTOJIHKH L (..... 200 MM ) OT I'J1aaa ; 2) 06beK

TMB C AH~parWOH B ~KanbHoA nnOCKOCTH; 3) ¢oroKawepy. YroJl O~ 

(CM.pKc.5) MeW" OCblO iftoTorpruflHpoB8.HHft VI HanpaBJIeliMeW H8 i -oe KOJlb~O 

MapRH Vl3 ¢oKyca H3wepneMoR ~Py (noeepXHoc TH por oBHUN) weHReTCR OT 
100 AO soD "epe' 50. 

YCTaHOBKa ITpH60pa OTHO CHTeJlb HO H3we PReuo" poroBH~ (HaBo~a no 
AHcTa~HH) oc~ecTBnReTc~ no pe3KOMY M306pa.eHMv npK~enbHo~ KonbQe

BO~ MapKH B ueHTpanbHoA ~aCTM porOBH4Y . 

~ pH c . 5 BM,D,HO, ~TO o!~=rL. /2 H, cne;r.OBa'l'enbHO . 4IoToKepaTo~eTp 

H3MepfteT KOax CMa.nbHIiR pa,D.MYC Rio. B T04Kax porOBMI..tbI co 3H8.4eHMHllM 
0

Tonorpa$Ht.l:eCKKX yrnoB oct. OT 5°;r.o 400 
Qepe3 2 , 5 • BenH~"Ha Ri. on

peAenfteTCft H3 pe3ynbTaTo B o6Mepa nneHKM 

R -.b.- ( R· - d, ) (3 )i -jl"St rlci. " K..IIM t - " ,., " , -J . • 
.. t I...;-c.. ..'n .... , 

3,n.ecb Xi.. - nony.n,HaMeTp ( a di. - ,D.H811eTp J H306paxeHHR KOJJbQa Ha nneH

Ke, j3L - Ko:$:PKU,HeHT yeenHl(eHHJI !lK>ToK8Mephl ( Pi '" 2). UeJJKQHH80 

/( " ;- ~ " Sirt d ' Ha3~B8oeTC ft T8opMpOBOtDi~ RO~9HTOM ~ -1'0 KOJlbu.a 

¢o~oK~paToM~Tpa. OHa orrpe.n,enReTCR B pe3YJJbT8.Te ~TOI'~HP088H Hfl 3T8o

nOHHOn CTeK..IIRHHO~ c<flePJi C paAKYCO.. ? ,8 101. 

ilp.u4eHeHl1e q,oPMYnbl ( 3 ) ,IJ,M paCQeT8. R.. 03HSQ8oeT .o.onYll'eHHe no

CTORH.HblX TapMpoBollHbIX 3Ha~eHl1P.; yr.nOB el i npK !fK>TOI'pa4!KPOB8JiKM po

rOBHll mo6bIX pB.3MepoB M ¢lopN.bl H npH HeKOTOpoP.; HeTOlUfOCTM H8.00.o.KH. 

O,ltH8.KO MCTKHHoe 3H8."lIeHMe yrJla ri. 3SBHCHT 0'1' pa3..epoB MtIKl p.o.bI 
por08~ M 0'1' ee pacnonO~eKHft OTHOCMTBnbHO npM60pa. Pacxo~eHMe 4K 
Me-.v.y HCTHHJi!JDr,! H TapMpoeO"llHhlN 3HaQeHKJDOI !i. RBJIReTCR OCIlOOHllW 

KC ?04HHKOM OmM60K ¢oTOKep8oTo~eTpMH ,H 3TH omH6KH 3.o.eCb pnCCWRTPHB8.DT

Cft nO.llp06HO . 

a) OmH6Ka np080.llbHOP.; HaBO)lKH. Ec.nH c¢lepa CMe~eH8. H8. paCCTORtlHe 

Il B.o.OJl"b OCI1 ITpM60p8., TO yron r OTJIl1'1aeTCIt 0'1' TapHpoOO 4HO ro 3U8.

qeKMR HS D. . sin r 
dt L (4) 

8 3H8.4eHl1e R:::: s~no{, nonyq.HTCll C Ol!IM"6KOR 

dR __ JlCOSci. d e< =_ R d . ( 5)- "n'd- ~ 2 
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113 (4) H ( 5 ) 

dR. , = -f 11 cos""" , (6) 

OTKYA8 npH oWM6Ke HaBOAKH 4 =0,5 lOtI, L =200 .... , R ",,8 tIM M 0(. =300 

nOJlytlaeTCJI dR,,. 16 MKW. 

KaK BKAHO H3 (6), omH6K8. HaBOAKM Tew MeHbme, \leM 60nbme paCCTO~

KIIe /., OT poroBMqJi AO npM60pa. Y ~-I 'TO paccTo""He Dy6paHo AOCTa

TOQHO 60nhmHMe iloBwmeHMe TOQHOCTH 3a ClleT yueHbmeHM.R d rrp8XTH

qeCKH HeoC~eCTBKNO M3-38 no.o.B~OCTK n~eHT8.. nonepeQHOe c ..e~eHMe 
poroBHUH OTHOCMTe.llbHO OCM ¢oTor~MpoB8HMH C03AaeT Ha nOpR.D.OK weHb 

myv OmH6KY, TaK KaK YBeJlMQeHHe yrna r H8 o~oA CTopoHe ~HaweTpa 

Konb~ (HanpMMep, cBepxy) KowneHcHpyerca yveHbweHHe.. r C .o.pyroft 

CTOPOIIY (CHH3Y)· 
6) 0mM6K8 3a Cller OT.DMQMll ol Ro H3Wep.ReWoro pBAHyca R OT 

p&AHYca TapH,r.'BO .... OA c4>ePY Ro. UPH RH'. CNeJllB.eTCR <!>oKyC F' (eM.pHe . 

5 ) , H dr' ~' 'inr ; cornaCHO (5), 01llH6Ka ",,,epe".R pe..l\Myca 

dR, .~"" q ~.fz dRo cM~"" (7) 

UPH dR. ~I..... l . 200..... R . 8 .... H "" .JOo nonY"ae" dR,.I6wK". 
lloCKOJlbKY B p83Y.llbT8.Te ¢oToKepaT oweTp MM paAKYc. R CT8HOBHTC.R M3BeCT

HIBI, B R3wepeHHoe 3H8.QeHM.8 CJIe,ny8T OBeC"K nonpaBxy d R 2 no 4x>puyne 

(?) e 3HaK n o npaBJOt COBIl8.A8.8T co 3HaKOW pi3HOCTH R0 - R 

D) 0mH6Ka 3a CqeT OTJIJI""R <!>oJlMY M,,,epRe,,oA porODMqJi OT c4>epy. 

Ha pHc.6 Jl30 6paaeH npocllMJlh BvrllHY'l'oA PO(,()BK~. KOaliO CB1l38Tb K08.K-

CHaJlbmdl pe..IIIIyC R e pe..IIIIYCO" KpHDH3HY npO<!>HJIJI por ODHqJi f' D ToA 

1I8 TO""•• Hexo......3 (I) • COOTHomeKilA AnR AnHIIY AYrM f =dS/do<. H 

d.s - d:ll • 
- c oSet . 

dRJ =R+ca 4 "'-· (8) 

Ita (8) cn.AY.? 'lT0 f OTn......TcR OT R , npeSOCXOAR ero Ha 0,2 
0,4 MM. BBRAY He CIHmXOW 60JlbmOrO OTAHQKIt P~MYC8 f conpKKac~eA

Cit $pw B TO"lI:e cI. OT KOaxCKaJlbHOro pe.,qKYca R B 3TOI TOllKe MY 

WOKe.. C'IHT8.Tb ~KYC 3TOA C~pY pacnonOKeHHYM B To~e P H8 pKc.6. 

Kpo"e Toro. Bep!IHHIl C c4>epy P&AHyca R C"ell\eHa 0' DepollllHV poroDHqJi 

H8 OC8BOA CABMr 6 e H pe3y~bT8Te omx6Ka H3wepeHH~ nep~pHIHoro 

p8JV(YC8. BHT.RKyToA poroBH~ paBHa c.YMWe Ol!lM60K d R"I II d R2 , orrpe

Aeue""", cor~acHo (6) H (7), 3HaqeHHJOOI 6 • ~ - ~• • flonpaaxa Ha d. Rz 
WOKeT 6YTb BHeceHs, corJ!BCHO (?), a AJUI llieCeHMH noopaBKIl H& cLR1 , 

(nOnp8BK8. BcerAa OTpH~TeJlbH&ft) He06xoAHWO BYlIHCnMTb oce801 cABKr 6 
no tfloP"YJle (2). TaxMM 06pa30M. wo.eT 6Y'l'b MCnp8.BJleHB 01lDl6KB d R1 , 

BH3BB.HH8.JI oceBIAI CABKrOM BepmKmI conpKKa~eAcH c4lePIi Ri.. OT ae~ 
mHIIY pol'O DHqJi . llHeceKil. nonpaSOK dR, H dR, YCTp"""eT 01llH6KY 
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H3MepeHHR paAHyca R , KOTOpaR npH pa3BHTOH CT~HH KSpaToROayca MO

~eT ~OCTHraTb 0,06 MM. 

H pe3YAbTaTe, OmH6Ka ¢QrOKepaTOMeTpHH, BH3BaHHaR OT~ew ¢op
W H p8..3wepoB H3MepfleyoR pOI'08JU~ OT Tap..-pOBOt(HoA et1>ePH, WOMer 6HTb 

HcnpaeneHa npH MaTeMaTH~eCKoA o6pa60TKe pe3ynbT8ToB H3MepeHHR.HeycT

prum::;.10H omH6KoA OCTaeTCff OlDlof6Ka rrpO.D.OJIbHOA H8BO,II,HH. 

3~eCb ~ He paCCM8TpHsaAH QHCT O KHCTpYMeHTaAbHHe OmM6KH ~-I, 

CBH3aHHHe C HeTO~NN pacnOAo.eHHeM Kone~ wapKH H Hepe3KHM H HCK~eH

HHM H306pa~eHMeM porOB~ 0 6b€KTHBOW npH6opa. ~R orpaHHQeHHR 3TKX 

OlIlH6oK a npH60pe npHMeH BHU 06'1eKTHB C MaJI oii ,DJiC TOPCHBi! , llOCTaTO"'I!Hoii 

rJIy6HHoA pe3KOCTH, a TaK~e .D.Ha¢parM8 .D.HBNeTpoN 3 MY B ¢oKaJIbHOA nnoc

KOCTH. 3TH MePN 06ecne~BaDT mHpMHy H306~eHHft KORB U Ha ¢QTonneHKe, 

He rrpBSWa.nItYll O,OJ w. B KOHCTPY1Ul,MH ..a pRM OC,YnlB CTBJIBH8 YCT8.HOBKa 

ee KOJIe~ C TO~HOCTb~ 0,1 MM. B HTore OCHO BHOA OmH6KOR npH60pa RBRH

eTCH OIDM6Ka HaBO.D.KH, H npH60p H3wepHeT BeJIMqH HY KOaK CHanbHOro pa

~Hyca R c T04HOCTb~ 0,016 MM H BHCOTY npo¢HJIR poroBH~ ~ C TO~
HOC Tb~ 2 MKM. 

2. MaTeMaT~ecKoe OnHCaHHe npo¢M.IlR poroBMUH 

~OTOKepaToweTp n03BOJIReT H3MepRTb KooPAHHaTH n po¢HJIH poroeH~ 

C BHCOKOR T04HOCTb~, H 3 TO .D.BeT oCHoay AnR WSTeWSTHQeCKO rO OnHCaHHR 

noaepxHOC TH porOBHU~. Oqe8~O, qTO,qeU To~ee W8TeW8THQeCKOe OfiX

CaHKe poroBH4H, TeM TOqHee onpe.D.enReTCH KOHCTPYX4HR KOHTaKTHOA nKH3H 

AnH poroBH~ C .D.aHHHNH pa3MepaMM H TeM NeHbmee ROJI~eCT80 CT~apT

H~ THnoe JIHH3 He06xoAHMo .D.nR YAOBJIeTBopeHHR OCHOBHoro (90% M 60nee) 
KOHTHHreHTa n~fHToe. 

HaH60nee YAo6HHN reOieTPKQeCKKM OITKCaHHeW n~MnH poroBH~ HB

nHeTCR r~HK Kome-AMbRpa II , T.e. KpHBaR aaBMCKWOCTH R(al ) ,no

CTpoeHHaR no ~KcnepKWeHT~bH~ TOQKSM 3HaqeHHA R, ot nonyqeHHYW M3 

~oToKepaTo~eTpHH (CW.pHC. J ). 00 OCH op~HaT r~KB OTno_eHN 3H8qe

HHff K08J( CH8.JIbHOl"O pa,Q.Hyca a WJr,I;, a oeb a6cQicc )QfeeT 2 MBCIDTa6o.: O,D..HH 

- HepaBHo~epH~, AnH 3HaQeHHA TOnOr~KQeCKOrO yrna oc B r~cax H 

APypoR - paBHoMepHHR,AR~ 3HS"eKKR $yHK~. ~ yrns 0< : 

If (oO ) =";', 0: - i . (9) 

Ha nOJIe r~KKa HaHeCeHH H8KnOHHHe ~HHHH nocTOflHHoro 3HaqeHHH nony
.D.HSMeTpa X . OepexOA OT KOOPAMHaT R. , ol- K ,n.€KSPTOBYM KooPAHHaTWI 

npoqiH1lJI x , ~ oCYIQ,eCTBJlJ'ieTCfl no ¢opwyJI8.M 

x; Rsinc<,., (1) 
R 

~ ; t t/(d. ) dR + R ( 1 - """ "' ) . (1v) 

6 

•.' 
1,11 ./' fd~" ~)Ji(, 

~!/~\ ,. 
/ / I \I 


/ / £ (1::6 

'. ~ ,. O.·Y .... 'f 

!'>le . 6 !'>le . 7 
Rc .....) . 17·, 

'. .' 
'.' 

\-. "- ~ l'W~+:--:-.,ol'\"l ~ 
!'>le. 8 !'>le. 9 

< 

.. . 1$'[.. <S' .. 
· .4 - 0. 11" ." 

·,.., .... • .. 'H ..",,, · .,. I 

..... .., ....~ 

p",..,....... . .It• • o.s 
 PlIe . IO 

. . ' ' ~". O. l,._0 . .... ,. " I~. ~'" ", I' '''' i \ , ~.... ,, ~ ./..... ff" 

1.' . C:f>C"" ,~. f--\ ---- ,~'.' 
,Rl "'~ K ~"'(n~p"'Mr~T 

, 1 8.5...!L..6~ 

.
7 

'
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~pNy~a (10) c,eAYeT H, (2) H (~) (cM.TaKMe pHc.4). OH. cnpaaeA"HBa 

npM MOHOTOHHOM BoapacT8HHH R aT ;(. TO eeTb ~nR npo¢HJlR. ynno-
OlalXIleroCR OT l1eHTpa K nepHljlepaH . r~KM Kome-AMbRpa R (<I') YAO~HbI 

He TOR bKO T8M, ~TO HB KKX MO~O Henocpe.n.CTseHHO H306~aTb peayJlb

TaTbi 3KCnepm.leHT8. (K3IofepeHI1R R Ii 0{, ) t HO 11 TeM. 'lTD OHM 003801111 

DT 6Ycrpo 11 C 60JlbmOA T04HOCTbC OueHH BaTb eepTHKanbHHe 3a30~, TO 

8eTb OTCTofiHl1e no KOOPAHHaTe ~ Me"'A)' .o.By-MR n po4)MJlRNH. HanpKMep. 

MeMAY npo¢H~RMM poroaH~ M KOHTaKTHOA 'MH3U. H3 $opNY'~ (10) c,eAYeT, 

QTD 3aaop B ~eHTpe Me~ ,IJ,OyvR npo<PHJHIMH Ll 0 I conp"KaC~HNHCR Ha 

,D,1111M8Tpe 2·X (nOJlY,ll,H8.NeTpe X ), 4HCJleHHa paBeH MOII\8.,IVI q,. orp8.IiH

4eHHoA H8 rpai(UtKe (pHC.?) )J.Sy-MR KpHBblMH R-4 (tf ) H R2 ( Lf) I rrpe,o,

CTaan~II\HMH 3TH npo¢KnH , OCb~ Op.o.HHBT Ii J1HHHe~ nOCTORHHoro 3 H8.4eHHR 

X 8 Toqxe COrrpKKOCHOBeH~R. ~CKO~ 3a30p nOJl~TCR B MM, eCJlH ITpH 

na,o,C1.leTe rorOII\B.,D,H Hcno.n:&3ymcR MaClIITa6 no DCVl op..a,J.lHaT,Il,JIR R B Wi 

H a!SCOJlIOTHNe 3HaqeKHil se .ll14.HHbl i.f • OTJlOlleHHo1:t Ha OCH a6cLVtcc. 

B CJlytlae nepece\leHHR KPMBYX. R1 (f./J H R2 ( tf) HB,JJ,O )"olMTblBaTb 

3HaKH nn.ol!(a,o.eA q,1 H qJ.. • CW.pHC. e. OqeBH,D.HO, ~TO TOT lite 3a30p 

Me.m.u,y noaepXHOCTJOOf n OJlytlHTCIl Ha nOJlY)J,HB.MeTpe X • eCJlH n oaepXHOCTH 

conpHK8 caDTCR B 4eHTpe, TO 2CTb Ax ;;; Ll" , 

O)l,HaKO ,Il,JIn pac~eToB KOHTaKT~NX JlMH3 HHor..a,a Heo6xo)J,HMO OnMcaTb 

npo¢MJlb 8H8JlHTK4eCKOR ~YHK4He~. Y~T~BaR B~COKyD TOqHOCTb rpa¢HKoB 

R(4') , 4eJleCoo!S-pa3HO nO,Il,06pa.Tb n'(XlcTyJ) 41YHKll,HOH9.JIbHyil 3aBH C~OCTb 
R (If) , npe.u.CTaBJl.RlC1ItYlO xopowee ITpHC5JliomeHHe K 3KCnepKMeHT8JlbHI:BoI KpH

BblM )J,J1Jt rrpo4>HJlJI poroBHu;bI B KOOP,D,HH8T8X R.'-P • O~eBH,D,HO, tlTO BH,Il, ¢yKK
~HH onpe.u.eAReTcR x8paRTepoM n~HnR porOBH~ H AOnyCTKMO~ norpem

HOCTblO MaT€MaTH~eCKoro OnHCaHHR. AAR 0np€A8neHHR xapaKTepHoro ~H

Jli{ poroBM~ C5WIH pacc)'lOTpeHbI 3KCnepKMeHTanbH1:le rpa4lHKH R(<..f) OXOJIO 

AeCRTH T~CRq TaR H83b1BaeMHX rrpOCTNX porOBH~. B 3TO q HCJlO He BXOART 

poroBH~ C50nbH~ KepaTOKOHYCOM , TpaBMHpOBaHHHe porOBH~ H porOB~, 

Io1l6€kJl!(Me TOpKtlecKyn pa3HOCTb paAHYCOB c BtJlDe I loBI. 

Pe3YJlbTaT paccMoTpeHHR nOK83aJ1, ~TO Bce r~HKM MMenM ¢oPMY. 
oC5~ C TpewR KpJ.lB~ R(~) • rrpe..a,cTaaneHHHMH Ha pHC.J. OKa3a

nOCb, ~TO Tax HA3b1eaeWoe nepH¢lepJ.ltreCKoe yn.n:Ol!(eHHe ARne; R{3S"' ) - Rc Zs") 

M3W€HReTCR B npeAenax OT v, 2 ..a,o 0.9 MM, a pa3HOCTb 3Ha~eHH~ paAHyCOB 

llDe -= R (2S ") - R (15 "') , HnH ~eHTpBJIbHoe Y M orqeHHe, H3lo!eHJIeTCR B'1:1. HTp. 
npeAe,ax OT 0,1 AO 0,2 NM . ~. oeTupex 3Ha4eHM~ uepMIjlepMoecKoro yn-
JIo[Qel'iH.R CtRnep.=O,Jj 0 . 5; v.? M 0,9 ww HB.M6oJlee aepORTH1:l 3 H8.'IeH1f" 

ll,eHTp8JIbHOrO ynnorqeHHR llR~eHTp,;;; v.l; 0,13; O,I? K v,2 NM COOT

BeTCTBeHHO. 

Bee KpKBbl€ npocTNX poroBH4, npe,IJ,CTaBJIeHHHe Ha pHc.3, OK8.3aJIOCb 

B03WO~ annpoKCKMHpoBaTb C B~COKOR T04HOCTbD Tpe~JIeHOW j-~ CTe

neH" 
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R =R. + <l-2<f + a, ,!,3. (II ) 

B ~pwyny (II) He BXOAHT nHHeRKYR ~eH, ~TO OC5bHCHReTCH nose..a,eH"eN 

3KcnepMWeHTaJlbHbIX KpMB~ n pH tf t 6JIK3KHX K HYJlD. )J.nH o npe..a,e.neHHR 

nOCTOHHKbIJ( Ko3iM>Hl\KeHTOB a.2, H Q 3 HCnOJIb30BamtCb 3KcnepKWeHTaJlbHbIe 

3HBl.leliHR R (,tS0J H R(35°). Ha pKc.9 nox a aS Ha 3KCnepMJ,feHTaJlbHaR KpK 

eaR ~"nR poroaH~ C Ro=7 ,B2, R(250)=7 ,93. R(Jbo) = 8,42 M 

ITYHKTHpoM - annpoKc .... al\HR ee Tpe""~eHoN (II) c Q,2=16,4 M a.,=-14,b . 
Pa3HocT b KOOp,IJ,KHaT y well,D,y ,IJ,.BJlUl npocfmn.m.m onpe..a,enileTcR pB.3HOCTb D 

nMOlB.,l\eR !f ,-if. Ha rpai!>HKe pHC. \) H He npeaumaeT 2 MKN. TaK"" 0~pa30M, 
$oPMYn8 (lO, HCnOJJb3~8..R pe3YJIbTaTbl H3wepeHHH TpeX ~HyCOB Ro , 

0R (25 ) 'Ii R (.350 
). AaeT AocToaepHoe aHa.Jl.HTlNeCKOe BblpB.i'I'ieHHe AJIR 

npo~MnR npocTYX poros*ll,. OTCO)J,S cneAYeT, QTO TO~H~e H3MepeHHR npocTNX 

porOBH4 WOmMO oc~eCTBHTb. H3MepRH M30C5~eHHH TOJIbKO TpeX KOJIe~. 

BXOA~KX B MapKy ¢oTOKepaTONeTpa Ha TOnOr~HqeCKHX yrJlax c(:150 ; 

20° • 35° . P"AMYc R (1 5°) NOIlHO C"MTaTb ITpaHTM"eCKH paa..... l1eHTpau

HONy pBAMycy poroaM~ R" pa'HOCTb R (ff")- R, He npeB~aeT 0, 03 "" 
H HB MaJIOW yrne cI.. =150 

Bbl3b1BaeT Hl4:lITO~Oe H3weHeHMe BbiOCTbl 'i . 
CneAYeT cpaa""Tb on.c....e "po""mR poroa"r <!>oPI'YnoA (II) 8 KO-

op.u.KHBrax R(I/) C npitHftT~ B JlMTepaType/2 ,4 cnoccC50M On~Ca.HMR B 

.n.eKaproBtiX Koop;vrnaT8X X, '6 C nONOtqbD aJlJlnHca. Y KOToporo 60JIb

maR OCb l. COBna,.a.aeT C OCblO ~ , a BepmHHa H&XOAHTCH B Ha~8JIe KO

op.n.~HaT (TO· eCTb CO B~8eT C BepmHHo1:t porOBH~). YpaBHeHHe TaKoro 

3JlJIHTlca 
Z

){2 = Z/(, ~ - PfJ , (12) 

rAe R. - pB,I\HYC KpHaH3HU "pM aepllllfHe, a p= (0./£/ ("/8 -OTHOmeHMe Ma-

AO~ nonyocH 3nRMnCa K !SoAbmoA,HHM KO~qHeHT $opwH). ~R ynno~~e
rOCR K nepK¢>epKM 3JIJlHnca 0 <p < 1.. ; "PH p: V ypB.BHeHHe ( 12) onH

c"aaeT napa~o,y, a "pM p =1 - OKPYMHOCTb. ypaaHeHHe (12) " OIlHO npe

06paa088.Tb K KOOPAHHaTaM R, '" ,MCn OJlb3YR (1) H (10) IH Ha rpa4lH

Ke R ('-1') CpaSHKTb KOHTYP pOroBIf~ C 3J1JJHncow . llocne npeoC5pa30

BBJiHR nOJlyqaeTc fI ypaBHeHHe )J,.IIH 3n .nHnca B KOOP)J..HJ"IBT8X R,.p : 

R=Ru ~+<I' ( O < pd) (lj) 
" 1+ 2p,/, + p'f' 

CooTBeTcTBeHHo, yp8BHeHMR AJIK napaC50JIH H OKP~OCTH KwenT B~ 

R=R. (1+<{); { p<O> H R = R. (p =O . 

Ha p Hc. I O CpaBHHBaDTCfI 3 Kc nepKWeHTanbHNe KPHBYe n~HnR por09H~ C 

an nMn cow. Pacxo~eHMe BHCOT y KPHB~ Cp8BHHBaeTCfI no nnO~aAH ~ 
H HBHO npeBOCXOA KT 0, U2 MM . ECJIH n po¢MnK JlHH3 !Sy~ paCC~MTblaaTbCR 
KCXOA" H3 3AnMTITK4ecKoro ~HnH porOBM~, TO RHH3b1 OKa&YTCR RBHO 

HenpHrOAHYWH. npH KOHCTPywpoBaHKH nKH3~ HeoC5xoAHMO BHOCHTb ~MnHpHlIe
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CK~ KOppeK~ B pa3Mep nHH3~, CM. / 4/; OCTaeTCH HeHCHNM RaR npH 3TOM 

KOMneHcHpyeTcR HeTO~Oe OnHCaHHe reOMeTpHH porOBH~. a K8K Y4HT~aa

eTCH rH,Il,pO~HH8MHKa cne3HoA ~~OCTH. ll0 3TOMY K03~~HeHT ~pWH 3nnHTI

ca ~ Mo~eT C~HT b TonbKO ycnoBHoR MepoA ynAo~eHHR porOBH~. Ha
npKMep, 3J1JIHnC c K= "0, 83 , co rnaC HO H8lIJl.fl,( 3K CnepID.1eHTa.JIblMl ,Il,8.HHNM, 

6AHMe Bcero nO,Il,XO,Il,HT K rrpo¢ Hnn porOB~ C Ha H60nee p~~n poCTpaHeHHHM 

ynnOllleHHe.. R(35°) - R(25°) = 0,5 .... . 
CneAYeT OCTaHOBHT bCR Ha B03MOMHOCTH MaTeMa THQe CKOro O~CaHHR 

npo~Hna poroBH4Y y na4MeHTOB C KepaToKoHYCOM . Ha pHc.Il nOKa3aHH TH

nH~HUe rrpo¢HnH KepaToK oHYCHHX poroBH~ B KOOp,Il,MHaTax R (~) H annpoK 

CHMa~R o~Horo M3 HH X nonKHOMOM rpeTbeA CTeneHH 

R =. R0 + a 1 tf + a.l If l + a..J tf3 • 	 (14) 

Ko3CM>H~MeHT~ Q.. 'f Q2 Q.. ,3 H pe.,D,HYC Ro npH eepml1He o npe,n,€JI RIl'TCR 

H3 3Hat.ieHHR R , paCCt.lHT~ no H306~eHHRN t.I€T Npe X Koneu ~ToKe

paToMeTpa , nelJ:~HX Ha yrnax 0( =1 50 ; 2tP; ..300 H 350 
• KaK BH,IJ,HO no 

nnolIlaAfiW q1,QZ' q3 Ha pHc.l l ,pac xo~eHHe ITpH6nH&eHHO rO MaTeMaTH

qe CK Oro o nH CaHHR ( 14) C 3KCnepHNeHTaJI bHOA KPHBO~ npo~HnR )J,ocTHraeT 

O, 01 MM no KOOp,Il,HHaTe ~ • nO~TH B 5l.1t cn~aeB TaKM TO~HOCTb OKa.J!:HI8.

eTCH y~OBneTBOpHTenbHot1 ~R KOHCTpYMpOBaHHR KOHTaKTHO~ nHH3U. ~R 

60nee TOtrHOrO Ma TewaTH'qeCKOro OIDI CaHH R npcxfJHnR porOBH~ npH KepaTO

KOHyce CJIeAYeT Hc nOnb30BaTb pe3ynbTaTbl M3Me peHHR 60nbmero ~CJIa KO

ne~ MapKH IPo ToKepa.TOMeTpa H np KMe HHTb ifoPMYJIY nOJIHHOMB ~C.Tle€ BbiCO KoA 

cTeneHH. 

J. 	0 6pa60TKa pe 3ynbTa Toe H3MepeHHR pOTOKepaTorpaMM. 

3aAa~a CKMWeTpH3aUHH 

H HaCTo~ee BpeMR npo~ecc CqHTN BaHHR H 06pa60TKH $OTOKepaTO

rpaMM BeCbMa Tpy,n,oeMOK . n03TOMY ,Il,JIR aBT0M8TH3~H M 3Toro npo~ecca B 

OHHM rrpOBO~HJIaCb np06HBR 06pa6oTKa ~TOKepaTo rpaMM Ha YCTpoRCTBaX 

An" MaCcoBNX H3MepeHH~ AdnT- I H AaITT-2/160. C nONolllbD Cne~anbHO pe3
pa60TaHHHX rrpor~ ~, MaTeMaTHqeCKO~ 06pa6oTKH ~aHHHX aBTcwaTHt.ie
CKoro CK8.HKpoBB.HH R 5 ,6 He06xo,o,HMaR TOt{HO CTb "'- ~ MKM 61::lna ,Il,OCTHrHYT8, 

)"Ie n pH 256 RltHlH'X H8 J( a,n,p. 

llPH U8TeMaTHtleCKOM KOHCTPYMPOBaHHH nHH3 no pe3yn bTSTaM H3MepeHHR 

B03HKKseT 3a,n.a~a HaXO~€HHR 6JIH 3KOPO K poroBH~e cHMWeTpH~Horo n po$M
JIR , cocTo~an: (a) - B onpe~eneH~ nono~eHHR OCM CKMMeT pHH H3we peH

Horo ~Hn~ H (6) - B n pe06pa30BaHHH H3MepeHHoro npo¢HJIR B ·CKWMeT 

PHt.i~ . Bee,Il,eM CJIe~Me ycno BH R cH MMeTpMH 

( I~ ) 
~ (o(.CUN );::Ij(- dCI,.l M) j X(oI(I.{~)= - X (-c(CU N) } 
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HB.H60nee OTBeTCTBeHHoR TOtfKH npo¢HJIR. &r6paB HeK oTop~ Mepy acm.~eT

PHH rrpo¢HnR, MOmBO npe~e Bcero . y6e~MTbcR B Heo6xo,Il,KMOCTH CKMMeT

pH3~MH. ~ee, JIH60. nepexO,Il,R OT TO~KH K TOqKe , HaRTH nonOMeHHe, MM

HKMH3HP~ 3TY M€P Y, JlM60 ITYT8Tb CR Cpa3Y HARTH ypaBH€HHe OCM CHM

MeT pKH KaK reOMeTpH~eCKoro MeeTa To~eK . paBHoy~aneHHNX OT BeTBeA 

KpHBO~. Bo3B~8..RC b K Mepe aCHMM€TpHH. paCCMOTPKM 38 BHCHNOCTb X H 

~ OT S - ,Il,n~ KPMBOA npo¢HJla, Ha4KHaR OT BepmMH~ 0 (CM . pHc. 12) 
o&=a.C/IH 	 01- ol c <JH 

If = f si.n oc 	 ds, X'" J coso( d S + 6..; 
d -=-O 	 ol'E O 

,,'=_l -o(c.us"'i.. n « ds, X' ;:: S=- -ci~SO( ds  ill 
o(~ o 01=0 

nO CKonbKY ds = d x /cOSoL . 113 YCJIOBHR (It» MO~O Ha«T\.1 ypB.BHeH \.1e 

~R yrna ~ MeMAY OCbD $oTorpa¢HpO EaH\.1fl H \.1 CKOMOH OCbD CHMMeTpH~ , 

T.e. 'P 	= DC,!, - 0/. (CM . pHc . I2): 
~· <>(C/I"· 'I' 0I.f'. = -0I: .:; +¥'JSLn(t>!,p-'f') cfS = - Jsi n (c<'f,-'/') d s_ 

0(.,." '" 04p::'t 

CtiHTaR St.- no( ::t 0(, , non~aeM E KatfeCTBe Mep~ aCHMNeTpMH l)8.3 -

HOCTb nnolIla,n.et1 (pHC. 13). nOcne~oBaTe.nbHo MeH R)l I.f' HB.XOJJ,1fM TO \IKy 

0(. = «'cu",·'P, JJ,nR KO TOpOR nnO~B,JJ.H 6YJJ:fT paEHbI , H,!VIR nlO6oro 0( Bbl

t.iHCJIReM x. H 'i - HCKOMbI€ Koop~HHaT~ npo4!l1 MI . 
~yroR c noco6 Haxo~eHMR OCH CKMMeT pHH TaKMe OCHOBaH Ha 3HaH HH 

yrnoB~ KO~K4MeHTOB HOpManeR K K~oA H3Me peHHoA T0 4Ke n~HnR . 

OTO n03 BonRe T HaRTH AJIft KaMJJ,o R TOtfK M nYTeN HHTepnO~R4HH Ha npoTHSO

nono~oA BeTBH BTOpyn TOtfKY, COOTBerCTBYDIIIYD nepBoA no npHH~Hny pa 

BeHCTBa Ho pManeA. npH Be~eHHHX H3 3THX TOtfeK AO ne pece~eHHR . ~Ba MHO 

M€ CT Ba TOtfeK, O)J,H O - TOt.ieK nepe CetfeHHA HOpMane~ K COOTBeTCTB~HM 

TOt.iK~ H BTopoe - cepe)J,MH OT pe3KOB, HX coeJJ,HHR~MX , n03BOnRDT HaRT H 

ypaBHeHMe OCM CMMM€ TPH H MeTO)J,OM HaMweHbmHx KBaApaTOB . 

a~R pemeHHR 3a,n.at.lH (6) nocne cHMMeTpH3a~H TO~KH 06BHX BeTseR 

nepe HocRTcR B OJJ,Hy CTOpoHY ( 3epKaJIb HNM OTpaMe HHeM o,Il,HoR H3 BeTEeR), H 

HaX0JJ.RTCR BHeWHHe TO~KH 3Toro 061I1ero Ha60pa. 

4. 	PaBHOBeCH€ JIH H3U Ha po r OBHue H ee 8e~eHHe BHM3 


non 8eAcTBHeM BepXHero BeKa 


~R nepeHOCKMOCTH JIHH 3~ B~HO, tlTo6N OHa 3aHHMa)la YCToAqMBOe 

~eHTpanbHoe nOJIO~eHHe Ha porOBHue 8 npoMeIYTKe we~ NO prSHHRNH, 

KorAa CHna ,Il,e~CTBMR BeK Ha nHH 3y He HMe eT npO,Il,OnbHOR COCTSBJIR~eA. 
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JIHH3a y,n,e~HBaeTCH OT CnOJI38HKfi BHH3 pa:3HOCTblO BepT.HKa.nbHNX COCTaB

nR~HX CHR nOBepXHOCTHoro HaT~eHHH cne3HoA ~AKOCTH cBepxy M CHH3y 

JIHH3h1, npM4ew BePTHX8JJbHaR COCTaBJIRlO'.qaR,. )J,eACTBytOOtaR cBepxy, YBe

nH~BaeTCR npH CnOJI3aHHH JIHH3h1. 

YCJIOSHe paBHOBeCHH ~HH3~ MOMHO nonyq~Tb H3 paC4eTa H3MeHeHHR 

nOBepXHOCTHOA :3HeprHJ1 /:J £s CJle3HOA IE~KOCTH npH OnyCKaHHH JIHH3h1 

BHH3 Ha 8h1COTY d,, : 

AE, = odS , ([6) 

r,n,e () = 46 ,n,HH/CM - KO:3q¢HqHeHT nOBepxHocTHoro HRT~eH"R cne3bl, a 

d S - yBeJl~eHHe nOBepxHocTH CJIe3bl, cMa4HBalO~ej:l poroBHUJI. ,!VIR pac

~eTa C~eCTBeHHo. qTO BHyTpeHHRR nOBepXHocTb BeK He CMa~HBaeTCR 

cJle30R. nepeMe~eHHe JlHH3~ 1-- 3 H3 nOJIO~eaMfi I B nOJlO~eHHe j Ha pHC. 

14 ycnoBHo p8.306bey Ha napa.n.JIeJlbHOe nepeMe~eHHe I - 2 C onycKaHHeM 

Ha dx =d A co~cL, H nOBopoT 2-J BOKpyr TOtlKH C Ha yrOJI doL . 

Tor,n,a npM nepexo,n,e 1-2 oTKphlBaeTcH nOBepKHocTb poroBHUhl dSJ:=::i])lo(,dA
J 

l',D,e ])1( - )J.HaJoIeTp porOB.H~ Ha BHeIOHeM Kp8.X) 30Hbl CKOJIblleHHR, c(. - TO

norpruflKtleCKHtI yrOJl H R - KOaKCHaJlb~ pa,D.HyC Ha 3TOM AHaMeTpe. a 

dA - AlTa oTKPblea~eRcR 4aCTH poroBH~. IIpH nepexo,.IJ.e 2-3 38.Kpblsa

eTCH nosepXHocTb porOBHJ.tb[, paSHaR dS,: ~ dB = -!!b. ~ ,
" 2 S(.noC. 

rAe dB - A,Yl'a, 3axpusaew8.R nPH nOBopoTe Ha cia. Ho yrOJI de<.
onpe)J,o.nReTCR pa,D.liyCOW KpHBH3HY -porOBlfl.U::j f H paseH dc:i. =. af 1 OT

CKJ,!\a c/.s=ds, -ds,=:TiJJKdA(I-2;.t.·n«l, HnH 

dx ( R (17)dS=.JiDK(;D!'O< I-'F) ' 
~ paBHOBeC~H JIKH3~ Heo6xoAKWO BUITOAHeHHe YCJIOBHR e03paCTaHHR 3Hep

rlotM npH onYCK8.HIDI Jll1:H3h1 Ha d x : 

{jEs - m9dx >0, (1d) 

r,n,e m - J,lacca, a rng - Bec JIHH3h1. 113 (17)-(18) CJIeA,YeT 

eXDK (1 - R) > rna . (19) 
coSo{. .p d 

He porOBKU.e, 6JlM3KOR no iIJopwe K c4Jepe. KorAa R ~ .p paBHoBecHe 

JlHH3~ HeB03MO~0 . ~ee. nO,.IJ.CTaanRR (B) e (19), nOJlY4BeW 

dR ~ 
01"1\ ~ R ]) - R' . (20)--- dR ~ > rna.i I( - 2 Sin 0( J
CCJSd- /+_ of. 0 

ri." 
3,.IJ.eCb l ~:. - OTHOCHTeJlbHOe YWJOlqeHMe p8AKyca porOBHJ.tb[ (d e<.

np~p~eHHe Tonorpa~H~ecKoro yrna B paAHaHsx) Ha 30He CKOJlhMeHMfl. Ta

KKM 06pa30W, paBHoBecHe JlHH3h1 on~,n,eJIReTCH CTeneHbD ynno~eHHR poro

BH~. Ha l'pa¢HKax pHc.15 nOKaaaHO, KaKKM ,n,OnxHO 6~b OTHomeHHe DK/m 
y JlMH3h1 ~R ee pa8HOBeCHR ITpH ,.IJ.BHHOW ynno~eHHK poroBM~. IIp.H yanoy 
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I 

ynno~eHHM ~ • u.2wM paBH 0 8eCHe B0 3WO~O TOJI bK O Y RKH3 C ~Ha
I\l r p8,l\)'COB 

MeT poM D > 9, 6 W H Macco~ m < 20 m1. 1 "Halle JlMH38 CnOJl3aeT BHM3. 

BweCTe C TeM, OTpHB ~~H3~ OT poroBH~ CBR38K c o~eHb 60AbmHN 

YCHJtHeM F nop~a 40.103 ~HH . MOIHO nOKaaaTb , ~TO 
F=2G"s / h , (21) 

2
r,IJ,e S ( cM )- noee pXHOCTb npMJIeraHHJI JlHH3b1 K por oBHqe B l\eHTpaJIbHON 

nonOlleHHH , a h ( CM)-BblcoTa CJJe3Horo enOl!. 

~R nepeHOCKMOCTH nHH3~ BO BpeNR MOpraHMJI cymecTB9HHll opHeHTa
QHH H CKOPOCTb JlHIi3b1 npH ee ,Il,BHlleHH BH H3 . BBH,o,y DlIeHb NMaA. BeJlH\lHHli 

"pH BeJ\eHHoro q.cna PeRHonbAea (h /Rl' p UuR _5·10 - · (rAe l' = 
31"tjCJ.l _ ruJOTHOCTb Cne3b1. }I =10-2 n~H·2 - e e B.R3KOCTb. 

eN 
h=Io-J eM - BbiCOTS CJIe3110 ro cno Jl no,IJ. JlHH30A , U =2c.. / c - CKOPOCTb 

.o.BK!l:eHHR JlHH3b1, R =O ,d eM - pB.AHyC JIHH3!i1) 1 ,Il,JIR OIlHCBJUtn ,IJ,BHJleHHAl 

cne3HoR ll~KOCTH r~po.D.HHawHqeCKHe ypaBHeHHR HaBbe- CTOK c a 38NeHRDTCH 

ynpo~eKHNMH ypaBHeHKaMH Pe~Honb~ca KJ TeopHK CM83KK /7/, B KOTOpYX 

on~eHbI HHepqKOHKilIe qneHbI H 38BMCM140CTb ~8aneHHR OT KOOp~HH8T!i ~ . 

_ :L ~ .2U . _ 'e£ _ . _:LlL ()2W _ .
-'" "'-x + or, O , ~ -0 , -'" 'DI + ~ - o, 

OL<. + Clv + (J W -0 ' (2~ )ox T<j "'IT - , 

J,[\eCb u. , v, \IV - COCT8BJIJUXQ,He CKOPOCTH JlH)\KOCTH /0 KOOp~HH8T8l4 X , 

~ • r . llrur yrrpoll{9HWl paclIeToB Ml:l, aH8JlOI'HllHO pa60Te d{ 3lUro1eHKN peanb

Hwi cne3Hb1A cnoA nOA nKH30A e ro ~BywepHoR MOAenb~, K306~eHHo~ Ha 

pHe .lo. TaKoe ~on~eHHe OCHOBaHO Ha HOpMan bHoM aCTHrMaTK3Me por OBK4bl. 

6naI'OASpH KOTOpoMY 3830p Me~ nepH$epKeR nHH3N H poI'OBH~e~ c~ecT

BeHHO MeHbme H8 I'OPt130HTfUlbHOM MepHAH8 He, qeM H8 BepTHK8JIbHOM, H H8 

~eTe MaJIOCTt1 CK OPOCTt1 ABH1IteHHH Jll.t H3H B,II,OJIb or. . TOI')1,8 ypaBHeHt1 e 

(22 ) CBO~TCR K AByM ypasHeHKRM: 

(}u ~Vv1u ,~ dp (2J ) 
M c1x=-o\l (24 ) Q~' )' dr: 

3Aecb p 03H8QaeT HJ6UTOllHOe A8aneHHe nOA RHH30A. ~R ynpo~eHHH 
paCQeT8 6YAeM Ct{HTaTb " nHH3Y" HS pHC. 16 HenOABt17Hlo~.n po r o8HLty - ,£1,811

MYlIleRCR " 8Bepx " co CKOPOCTbD U (B CTOpoHY nOnO'lKHTeJIbHblX x ) H n pH-

6.'1K1Ka~eAcR K nH H3e c o CKOPOCTbK) V (D CTOpoHY nonOMHTeJJbHblX Ij ). 
B ~eACTBHTenbHOCTH nHH38 ~BKMeTCR BHM 3 no~ ~eACTBHeM npoAon bHOI'O YCH

JJHR BepXHero eeKa F~ H npHMKMaeTCR K porOBH~e nOA ~eACTBHeM n one

pet{HOI'O YCHRHR Pnon~ . HHCOTa Cne3HOI'O 3a30pa h 3a~8Ha npHHRTYM 

np~HneM RMH3W, H306paMeHHHM Ha pH c . 16.rl 0603Ha4eHHRX pH c . I6 cnpaBe~

nHBbI CRe~He KpaeBbie y cnoBHR AnR CKOPOCTH cn e 3HoA MH~KOCTH : 
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u= U npH ~ = 0 , v= V npH if = 0, 
u=o npH ~ = h, v:;: 0 np" ~= h. (25) 

H ,o,nfl AaaneHIHl P 

p = o npH x=±~ . (26 ) 

PemeHHe ypaBHeHHR (23) c KpaeBMMH y cn OBMffMH (25-26) 3~CUB3eTCH B 
B"JIe 

u=.i. d£( u2 _ h uJ+U U- !L ),
2)' c1 x d d " (27) 

!if nOTOH Cne3 b1 tlepea JIIJ60e Cet.leHMe x 

f" 1 c1 P 3 h
Q (x) = 0 ud~ = - 12)1 ;;r,;:h + U 2 ( 2d) 

OTe~J\a 

4e.=4 (U L a)d x h 2 (2-d) 

HOTOK G MOIf\HO n pe,o,CT8BHTb B BR,D,e CyvNbl ABy X: nOTOKOB: nOTOKa 

Qv ,Btl3B8.HHO I"'O TOJIbKO npo.o.OJlbHbDof ,f\BHMe mteM co CKO PO CTblJ U n pH 

V= 0 , H nOTOKa QV ,BH388.HHOI'O TOJIbKO nonepet{HblM )],BH~eHHeM mtH

3bl c o CKOPOC TbKl V rrpH V = 0 . AHanOI'HqHO , ,u,8BJIeHM e no)], JIHH30~ p (X) 

MOMHO npeACTaBHTb B BRAe CyuM~ ~Byx AaBJIeHMR, B03HHK~HX B KaMAOM 

143 3TH X cnytl8e B: P(y) ::::;' Pu (X) + P (X ) , npH\.feN ,D,JlR P 14 Pv v v 
c npaseAJIKSbl rpaHH4H~ YCJIOBHR (26) . TSKHM 06pa3 0N : 

Q" (X) =-.L d.p" h' + uf.!. (3u) 
v 12)' ax < 

H 

() {~,Pv hJ 
v(X )=- 'Z}l x . (JI) 

H3 He cM~8eMo cTH MH,D,KOCTK (££) cneAYeT 

Q ()( ) :: cons-t , u (J2), 
Q (X) = r Vdx = Vx ~ C . (JJ)v ~ ~llk 

113 (20 ) cneAYeT f"" ~~ cl.x eO ; H, HHTerpHPY" (JO) npH ycno
8MM (2b ), nonyqa ew • No 


+1Y1 ...t 


() U Sdx / f ct. V h-
(34)"'u =2" V P = 2:

-1/2 -Jtfz 

He KOTOpwi Cpe,ll,HJ'lHr~e h - BWCOT8 Cne3HOl'0 CnOR , pB.BH8R OTHOmeHH~ 

HHTerpanOB B (J4). 113 (30) H (34) nonYQae M 

~ - ~ U(h-!,) ( 35)
aX - h 

(30 )Pv 1",, h~; - d x H =6)' U 

113 (J I) H (3J) nony"aeM 
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d P" ~ - 12 ~Ii' (Vx + C,) . (J?)
<Ix 

b;CJIH3BID1CaTb BBHAeC1 :;;-VX3,TO ~~O "PH X ", X".C1 H, 
CJIe,ItOBaTeJlbHO, X3 - KOOp.D,HH6Ta TOQ'KH C 3KCTpeWYWOM )J,aBJl8HKR. llii-
Ter pHpyR (J?) 1 ..almO onpe.o,eJIHTb nOCTOJIIHHJ,Je H H3 rpaHHtnfWCC1 CZ 
YCROBHR (26 ) IVI" Pv 

x 1); ll!>
P. =-12;1 VJ7cix+C,; f~ = rh-3, dx / Sh-'dx , C2 =0 . - -~/.1 -Jjz.,. (3t3) 

Pacnpe,.a,e.neHH.R ,lJ;aBJIeHHA f?; H Pv H HX rrpoH3BO,(I,HhIX nOKa3Blfli Ha pHc.16 , 

1~ flPH STOM nonepeqHOe YCHJJHe BeHa Pnonep. npHHffTo paBHNM 
2.1Uo3 

,D,HH. H3 He4eTHoR cHMMeTpKH P cne,n,yeT 
"])/2 ... tv..? v 

J) r (pu +Pv)cix = D S Pv (x ) ~ Fnonep. . (39) 
-ik -'¥2 

YpaBHeHHe (39) co.n;epmiT CHOPOCTb V H nOaBOn.ReT onpe.n;enHTb ee qepea 

fi'rlo nep . ,D,JIR )l.aKHOrO nMHnR hex). OKa3yaaeTCff, ~TO CKOPOCTb V 
Be CbMa Mana, V=2.10~ CW/C. TaKHU o6paaow, ecnH B CTRTHqeCKON no 

nO'le HHH nKH3Y CJJeaHllA CJJO~ )J,ocTaTOQHO pB.BHOuepJiH1:t (HanpHVep, hmllih ...i..~ 3~ 
TO HH B O)l.HoA T04Ke aRaopa He npoH30~eT BHTQCH9HRR cne3Y no.n; )l.as 
neHMew BeKa. 

~R paCqeTR n po.n;OJJbHOrO ,lI,BH_eHK.R JJHH3Y Heo6xo,lI,HMO B~HcnHTb CH

JJY TpeHH.R JJKH3Y 0 _~OCTb Frp.' Ha ypaBHeHHH ,lI,BHKeHHR JJHH3Y BAOJJb 

OCH X : ~fJ09. - Frp. ~ rna == m ~ CJIe.n.yeT C )l.OCTaTOllHO CSOJJbWoA TQtlHO-

CTb~ p~ ~ F~ H3-3a ~OCTH YCKOpeHK.R H MacCY JJMH3Y. 

CHJJS TpeHHR CB.R3B.HS CO CKOPOCTbll U tfloPUYJJoA HbllTOHa 

d!fp.=)'])(~)~ =o H, cornaCHO (2?),npH ~ =0 
tbJ.? 

U
F. ~ - 1l I ()1h + h 1." + h 'f!!) dx . (40) 

~ -. '. . 
jJ ypaBHeHHH (40) r ~ ~ d.x = 3)' V J hh-Pdx a

tty2 P ~){ -~f

S ~ ~xv dx. paBeH HYJJD npM tleTHOR CKJOIeTpHH P ' XU B 

->/2 v 

paCCWOTpeHHOM cnyqse Ha pKc.I6 KnM BHOCKT He3HaqMTenbHHA BKn~ B 

o6~ CKnY TpeHMR, nOCKOJIbKyaCHMMeTPBX Pv HeBenHKa {B nocneAHeu 

WOIHO y6eAHTbCR "3 paCCMOTpeHHR pRc.1?, rAe nOKS3RHO pacnpeAe~eHKe 

Pv (X) )l,JIR HaKJIOHHOI'Q rmOCKoro rrpo!f!HJJ..R. TaKHl.I 06pa.30W) 
.J~ .l:J!l_

( f d, i 
"nPC9·?G P'p. = -)' U1J '1""12 h • -ll'2 7hdx) ' (41) 

YpaBHeRHe (41) n03BOJJReT onpeAeJIHTb rrpo.n;onbHoe B03AeAcTBHe BeKS Ha 

16 

JlIIIH3Y no M3seCTHoR CKOPOCTH U. npH V =2+J CM/q jAo;. 10-2 .P.HHZC h 
CM 

nOpffAKa 10- 3 CM H D =0,9 CM ~.=2U+JO AMH. 3Ta CHRa cOH3MepHMa c 

Becow nHH3~ H nepeAaeTcH nYTeMM~oro TpeHHR JJHH3~ 0 CW8.3atfrlYJO BhI-

AeneHHHMH BHYT peHHon nosepxHocTb seKa. 
PaC CMO TpeHMe n~HJIH pHc.I6 nO Ka3YBaeT, qTO rnaBHaR ponh ueHT

panbHO ro 3aaopa J1 HH3~ CQCTOHT B C03)J,3 HH H DCA JI KH30n CHJJbHorO Aaane

HVIR C HeqeTHO A CHMMeTpHeM pacnpeAeneHHR. ITPH TaKOM pacrrpeAeJleH~H 

C0 3AaeTCR CTa6HnH3~ MeXaHK4eCKHH MOMeHT, KOTO~ cnoco6eH 
ypaSHOBeCHTb BHeWHHA MOMeHT nonepeqHO~ CHJlW aepXHero seRa. H peayJlb
TaTe HKMHHA KpaA J1HH3~ He fgaAReTCR OT porOBH~. 3aMeTKM, ~TO ecn~ 

npH nocTynsTenbHOM p,BH;W.eHKH mtH3bi co Ct<OPOCTfOrG'I U K V MOMeHT C ~JIbI 

BeKa He ypaBHOBemHsaeT MOMeHT CHJI .a.SB.neHHR nop, JI~H30", TO B03HHKaeT 

Me)J.ReHHOe H3weHeHHe HaK.nOHS nHH3~ co CKOPOCTb~ rrOPRAKS 1U-4c~c. 
npH TaxOM Bp~eHHH H3MeHJIeTcR paCnp8.a.eneHHe p,aBJIeHHH no)]. nKH30~ H 

COXpSHReTCH paBHOBeCHe MOMeHTOB. ~R cpaBHeHHR Ha pHc.1? npe~CTSBJIe

~ pe3ynbTaTN pac~eTa HaKJIOHHOro nnOCKoro rrpO¢KJIR. HaK}lOH 06paayeTcR 

nOA ~eRCTBHew BHemHerO MOMeHTa, n pH 3TOM CpeAHRR BeJI~HH8 3R30pa 

pe3KO YBenwqeHa. 3TO O~eBHAHO H3 paCCMOTpeHHR peaAbHO~ TpeXMepHOH 

KOHCTPYR~HH nKH3~: Cpe)J.HHR B~COTa cne3Horo CROH Y H8xnOHeHHoA RHH3~ 

6e3 ~eHTpa.nbHoro 3830pa rrpesocxOAHT cpe~~ BblCOTY cnOR Y JIHH3~ C 

ll,eHTpa.1IbHl:Do!. 3a30pOM (H 083 H8J(nOHa) B 2-2,5 pa3a. CornacHo (41), BO 

CTonbKO ~e pa3 60Rbme CKOPOCTb V Y unocKoR HHH3Y . fl03TOWY C03~a

HHe ~eHTpanbHoro cne3Horo 3S30pa none3HO B Tex C}lY4aRX, KorAa CKO

pOCTb onycK8HKR nHH3~ BenHKa, T.e. rrpH Man OM A~aMeTpe nHH3~ H MaJIOM 

ynAo~eKHH porOBH4H OT ~eHTpa K rrepH¢epHH. 

OTMeTKM, ~TO 06pa30BaRHe 30H~ pa3pe~eHHR B HH~e~ qaCTH JI~H3~ 

no)l. BRHRHHeM ~eHTpanbHoro cne3Horo 3S30pa (o6naCTb OTp~aTenbHYX 

3Ha~eHH~ Pv Ha pHc.I6) MOMeT rrpHBeCTH K rrpoHHKHOBeHH~ nY3YpbK OB 

B03A}'Xa no~ nHH3y. H 3TO RBneHHe Orp8..HloIlfl1eaeT cBepxy h max npH 

paC4eTe QeHTpanbHOrO 3a30pa. 

CneAYeT KpaTKO OCTaHOBHT})CH Ha BJIHRHHH KpaeBOrO 3a30pS. Ha ~H

HID.rnKy Jll!H311. Ka4eCTBeHliO OqeBIoI)l.HO, qTO OH C03p,aeT MeX8.HKtleCKHR MO

MeHT, npoTHBOnono~ no 3HaKY MOMeHTY, C03~aBaeWOMY ll,eHTpanbHHM 

3830pOM ~, Rax npaBHno, YCTYTIa~HA ewy no Ben~KHe. To~ paCqeT 

BJJMHHHH KpaeBOro 3a30pa B03Mo.-eH JJHmb npH pemeHHH TpeXl.lepttoA rM,D.po

~aMM~ecKoA 3~aqH C peaJIbH~ KpaeBNMH YCAOBHffWM H B~OHHHM C 

npHBne~eHHew cno~ MaTOAoa H cOBpe~eHHoA B~HcnIolTeAbHoA Te~.Q)l.
H8.KO BNIIlenpxaeAeHKble paC4eTbl ~8.K)T Heo6xoAMlQ'll o~eK1<Y ABneHifR nHH3b1 

H Ae~CTB~x Ha Hee CHn, n03BOJIRUT pacClfl1TaTb KOHCTPYK4M~ nHH3~ 

~ff )l.aHHoR porOB~ H npH 3TOM npe)l.CKa3STb BUUOJJHeHHe CTaTK4eCKoro 

paBHosecHR nHH3N, nonyqeHHe Heo6xo~oA opKeHT~M (HaKnOHa) RKH3b1 
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npH ee ~BHMeHHH BHH3, ~OCT~eHHe OnTHManbHOA CKOPOCTH STOPO ~BHMeHHR, 

a TaK~e YCTpaHeHMe npoHHKHOBeHHR B03~a no~ nHHay. 

5. 	 3aK.nn4eHHe 

UHffieOnMCaHHNe MaTeMaTH4eCKHe MeTOAY, npoBe~eHHNe T04HOCTHHe 

o~eHKH H Ka4eCTBeHH~C paC4eTN no OnTHMH3a~H ~OpMH KOHTaKTHNX nHH3 

nocRYMHRH OCHOBOR ~RH paapa60TKH e MHMM KM.renbMroRb4a TMnOBYX Ha

6opo e RMHa, npHrOAHYX ~n no~aBRR~ero 60RbmKHcTBa na~HeHTOB H xopo 

mo 38peKoMe~osaBmHx ce6n Ha npaKTMKe, a TaK~e nOKaaBnK npKMeHKMocTb 

ynpo~eHHo~ MeTO~HKH Ha MepeHHH po r oBKUN, np" KOTOPO~ C coxpaHeHHeM 

Heo6xo~KMoV. TO~HOCTH ~OCTaTO~HO Hcnonb30eaTb OTC4eTY Bcero OT Tpex

- nRTM Kone4 ~ToKepaToMeTpa. 

3TIf HCCJle~OBB.HHR ~a.nH B03MOllUIOCTb aBTopaw npH yqacTHH paapa6oT

tHIROS U3 OWill. H MHill1 HM.reJlbMPOJlb~a IIpe,ll,JIOJll.:HTb npocToA 3JleKTpoHHbrl\ 

npH60p - TeJleKepaToMcTP - B HOTOPON H306paaeHMR KOJlb4eB~ MeTOK npo

eKTHpYDTCR He Ha ~TonneHKy , a Ha JlHHeRHNR JOC, pa3pema~aH cnoco6 

HOCTb KOToporo (lO-2..u.. ) o6ecne4HeaeT HeoCixo)V!l4yt) TOlDiOCTb. I1PHCSOP 

npe~JlaraeTCR OCHaCTMTb C4 eTHYM yCTpo~CTBOM ~R He3aMe~HTCJlbHOR BN
~a4H Bpa4aN ~8HHNX ~R nOA6o pa JlHH3. 

JI~TepaTypa 

I. 	Cachet p~ Amiard H. ,Contaot Lenses., Little Brown & Co, Boaton 1969, 

2. 	 Townsley M. Contacto 14. 1970, pp. 38-43. 

J. 	KHBaca A.A. nOA6op KOHTaKTHNX nHH3 C n pHMeHeHHcM ~ToKepaToMeT

p~Bt . b RH .: "npo6neNH' C03,n.aHHR H npHMeHCHHR aITnapB.TYPli ~lIR MB.C 

COBliX HCCJle,D,OBaHHn 3peH I1 R" . Te3Hcbl ~OK]ta.D.OB CHMfl03H)'Ma (CCCP
<l>paH'1l'R l. fui\-DO IIIIDiMe)l,l1poM H MHH3ApaD CCCP , 101., 19UO, c.I92-I~o. 

4. 	 Guill on M"Lydon D,.Sammons W., Journal of the Britisb Contaot 

Lens A8sociatlon,Tol.6, l~o . 1, 196), pp.19-25 . 

:J. 	 AnaK03 A.B. H .D.p. l:3 KH.: "AsTOMaTM3ftI.\MR Hayql-lIDC HCCne,D,OBaHHA Ha 

OCHOBe npKMeHeHMR 3~ (Te3~cH AOKnaAOB YI Bceco~3Ho~ KOH~peHI.\M~). 
H3i\-DO CO AH CCCP, HODOCH6HPCK, 1981 , c.lcl4. 

6. OCOCKOD r.A. O~, PIu-bJ-I~ , ~6Ha, I~oJ . 


? rHApo,D,HHaMHQeCKaR TeopHR CMB3KH (C60pHHK cTBTeA) fTTH, M. -~.,I9j4. 


U. 	 Allaire P' . Flack R.,American Journal of Optometry and Physiol. 

Optics, vol.57. No.4, 1980, pp.2 19-227. 

Pa60Ta 	nOCT,ylmma B H3~aTQHhCKllH OT~aJl 
I3 Hn1lII I984 rOM. 
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Mathematical Methods of Data Handling of the Surface 

of Human Eye Cornea and Contact Lens Construction 


There is a quite actual problem concerned with mathemati
cal 	method for dat ahandling of the surface of the human eye 
cornea and contact lens construction. The accuracy of photoce
r atometer measur ement s is considered. A sufficiently simple and 
exact mathematical description is suggested. The methods of 
measurement and data handling are presented including the pro
blem of determining a symmetrical surface nearest to a measured 
cornea surface. The hydrodynamic equations for the tear liquid 
flow between the cornea and lens are given and solved . Their 
solution together with static balance requirements made it pos
sible to introduce the quantitative criteria of the lens sui
tablity . 

The inves t igation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR and the Helmholtz 
Institute of Eye Deseases. 
Communication of the Joint Ins t ilute for Nuclear Resea r ch. Dubna 1984 
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