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!HHOT8U11R 

0nHC8Ha ycTpOiCTBO H npHHUKIT neRCTBKB HMMepCHOHHOH CHCTeMH 

~p:De-wm:pocKona ]:(JIUI .a:p;e~HOH ({JOT03My-JILCHH. ria OCHOBe nx®®epeHIJ;H

BJI:DHWC ypaBHeHD ITOBepXH:>CTH MMMepCiiOHHl:lX KOHneHCOpOB ITOJiytieHa 

rrpo({JKXH TeJI BpameHIH BMM9pCHOHHl:lX KOHneHCOpOB K8K CO o({lepRqecKOH, 

T8K R C ITOBepXHOCT:DID 60JI9e CHO~OH ({lopMa. 9nHC8H HMMepcROHHaH 

KOHneHCOp ({lyp})e-MHKpOCKOITS nAB onHoBpeMeHHOrO ITPOCMOTpa CTOITKH 

li3 HeCKOJI})KHX CJIOeB .a:p;ep:iOH ({JOT03.11yJI})CHH. 0TMe't!eHa B031l02KHOCT:L 

({lmtca:nHH ~ -KOopnHH8Tbi C ITOMOil.\})10 :BMMepCHOHHO:OO KOHneHcopa, De

romero nBe oCH cHMMeTpHH. 
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,BE~~~~~· B pa60'l'aX [I, 2, s] 01mC8Hbl ycTpoiCTBO H rrpHHW1II .ueH: 

cTBu wyp:oe-MHKpocKona .n.;ut r.mepHoH: !l>oT03MJJI.DCHJI, a B [ 4] JlSJIOJK~Ha 
KOHC'l'pyitiJ.KH CHC'l'ellbl •JieBOrO CKaHHpOBaHlUI. UCHOBH!lM 3JieMeHTOM no

CJie,UHero .f.IBJIRe'l'CR sepKBJihHHH KOH,UeHCO.P, rrpM IIOMOIUI! KOTOporo CBeT, 

.umwparHpoBaHHHH: Ha rrp.f.IMW: CJie,uax B r.mepHoH: !l>oToaMyJI:&CHit, woKycHpy

eTCR B IIR'l'HO MaJil:lX·p83MepOB. liOJIOJiteHJle 3TOrO ITRTH8 H8 OKpyJKHOCTl! 

onpe,ueJIReTCR yrJIOM OpHeW~~H rrpoeKUID-1 CJie,Ua li8CTml;li Ha IIJIOCKOCTL, 

rreprreH,UHKYJIRpHytl OIT'mlleCICOH OCil !l>yp:&e-MHKpOCKOII8. 0,UH8KO 3epKBJI.DH 

KOH,UeHCOp, 38XB8TbiB8JI ,UH(~parHpOBaHHHH CBeT B IllHpOKOM ,UR8II830He yr

JIOB, He MOJiteT 38XB8Tlffi8Th Bee:& CBeT, .UH!l>par1IpOB8HIWH H8 CJie,Ue peJIH

THBHCTCKOH li8CTH~, IllHpmra KOTOporo paBH8 Bcero 0,5 MKM. B 3THX yc

JIOBBRX Jly-q:K CBeTa HCITaTWl8IDT Ha ITOBepXHOCTH pas,ueJia WOT03MyJILCBM I 

B03,Uyxa ITOJIHOe BHyTpeHHee OTpaJiteHJie R TeM C8MW4 He MOryT ,UOCTirHyT:L 

3epK8JI.LHOrO KOH,UeHCOpa ,UHJite rrpH Ol!eH:& 60JI:&IllKX p83Mepax ITOCJie.n;Hero. 

tfT06bi ITOBbi.Cl!T:& a~eK~1HBHOCT.D CBeTOC6opa B !l>yp:&e-MHKpOCKOIIe He-

06XO,UitMO 1ICITOJIL30B8'l'.b HMI\iepCliOHHyiO CHCTeMy. ).I,JI.fi 3TOr.O ,UOCT8TO'qHO 

rroMeCTHT:& CJIOH r.mepHo:i !i>OTOiMYJI:&CHI4 B KMMepcHOHHJID D,UKOCTL, a 

CTeBKy KMMepCIIOHHOH BaHHhl BHBOJIHHT.b B B..Ue TOHKOH IIQXyc!l>epHlleCKOH 

ITOBepXHOCTH, UeHTp KOTOpoH: paCITOJIOJiteH: B TO't!Ke nepecelieHIR OfiTPilleC

ROH OCH !l>yp:&e-MHKpOCKOIT8 C M8.I(PI8HHOH UHOCROCT.biD CJIOH ~pHOH WOTo-

3MyJilaCHI. qT06bi CHM3HT.b J_;O rrpe,ueJia OIITHlieCKHe a~eKTli, CB.f.£38HHI:Ie 

co cpep:a-qecKIIIMI4 a6eppaiJ)U!MII TaRoi cpepi:I, ee pa,u:ayc R.. Ba6HpaiDT 

H3 YCJIOBH.& 

/I% 
r.ue cl, - .u:aaMeTp rrorrepe~Horo cel!eHHH rry-qKa cBeTa B MecTe pacnoJio

a:eHI.fi r.mepHOH WOT03MYJI.D~H /pHc. I/. llpH TaROi wopMe BHXO,UHOH CTeH

KH HMMepCltOHHOH BB.HHI:I JI~l'I CBeTa, H,UymHe IIO.U 60JI:&IllHMH yrJI8MII 9 , 
He HCITaTlm8IOT IIOJIHOrO BHJITpeHHero OTpaJiteHIR H8 rpaHHUe p83,UeJI8 cpeJl 

H 6ecnpeiiRTCTBeHHO BaXO,UET H3 MMMepCHOHHOH B8HHI:I B B03,Uyx BITJIOT.D 

.UO t)~?0°. 0CT8JI:&HI:Ie 3JieMeHTI:I !l>yp:&e-MHKpOCKOrra, IIOK838HHI:Ie H8 pHC. 

I, BI:IIIOJIHHIDT CJie,uyrom:ae li>YHKUKH: sepKBJI:&H!:IH KOH.n;eHcop 5 npeo6pasyeT 
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CBe~, AH~parzpOBBHHHi H8 rrpRMOM crrene, B IIHTHO, ITO~O~eHHe ROTOporo 

Ha ORpymHOC~ ~HRCHpyeTCJI CHCTeMO~ ~OTOITp:KeMHHKOB; 6 - CHCTeMa Me

X8HH~eCROrO rrepeMemeHKH e~OH ~epHO~ ~OTOSMY~~CKH, ? - naT~RB 110-

~0~eHXH o~oH, a 8 - 6~oR sarrHcH naaHHX. 

~MMepCBOHHaH BaHHa ~~rpbe-MHRpOCROITa He SBHHeTCH a~eMeHTOM H30-

6pa.lKB:IOIUeii CRCTeMii H Hece~~ ~yHRUHH, ROTOphle He COBITaAaiOT C ~yaRIUUI

MB ~pOHTMbHhlX ~1IH3!{MaC<:H~eCROrO OITTH~eCROrO MHRpOCROI18 { 5] . B 
rrpou;ecce HaBOARH H306pa~mi1U! Ha ~ORYC B 06:£:l'tffiOM MHRpOCROITe rrepBYIO 

~HH3Y MHRpOCROITa rrepeMeiUHIO'l', B pesy~bTaTe ~ero TO~HHa CHOJI IMMep

CIIOHHOH JKH,UROCTII Me~y OC)'beRTOM H nepBOi1 JIHH30i MHRpOCROITa IIOCTO

HHHO H3MeHHeTCH. B rrpOTHBOITO~O~HOCTb 3'l'OMy HMMepCHOHHa.& B8HH8 ~y

pDe-MHRpOCROITa ~eCTRO CBH311Ha CO BCeMII OCTMDHhlMH OITTH~eCRHMJI a~e

M8HT8MB ~ypbe-MHRpOCROITa!. a TO~IUiiHa HMMepcHOHHOii D,UROCTH Me~ 

CHOeM RnepHOI ~OT03MY~DCllli H CTeHRaMB HMMepCIIOHHOH B8HHhl OCTaeTCJ! 

B rrpouecce pa6oThl rrocTomrHo:ti • 

.IliCM>epeHIJ;HMDHOe ypalmeHHe ITOBepXHOCTH li!MMepCHOHHOrO ROHA8HCO-
~--.....-- ........ - ...... --... ~~ .... -- .. - • .;--.., ---- ~ -- >' ···-"'· -- .. ' ..... ---··-- •. ~· .... --~--""----.._..-...-----~ ··-----------.........---..-

pa ~ypDe-MHRpOCROrra Jt,I:H JI)lepHOH ~OT03MYJI.'bCD. llpHHIJ;HITHMDHOe O'f~H-
.,....... ... _~-.. ·- ".,.... .. . .... ·- ~ --- - "'~ '--··· .... ..,; - - ' . -

~e ~ypbe-MHRpOCROI18 A~H ~epHOH ~OTOSMY~:DCHH OT TpanHUROHHOrO OII

TH~eCROrO MliiRpOCROI18 H 8BTOMaTH3HpOB&HHl:lX CHCTeM CRamipOB8H1UI Jmep

HOH ~OTOSMY~CHH, He IIO~j~illHX pacnpOCTpaHeHHH, 3~IOqaeTCJI B TOM, 

~TO C U~:DD cymeCTBeHHOrO CORpameHBH 06'beMa KB~OpMaUKB, 110CTyrrarome

ro H3 TpanHUHOHHOrO MRKpOCR0118, ~ypbe-MHRpOOROll rrpOH3BOAiiT rrpeo6-

pa30B8HHe rrpo~eHHhlX sepeH ~oToaMy~:DCID! B o6'beMe ~epHoi-1: ~oToa.uy~li 

CHH, llpOCBe~BaeMOrO rr~:OM CBeTa OT ~asepa, B ITHTHO M~X pa3M8-

pOB. HpROCT~ STOrO ITHTHa 110Bhlill88TCH OTHOCHT~DHO ~OBOBOrO ypOBHH, 

o6yc~o~eHHoro pasposHeHr~ sepHaMH cepe6pa, eo~ BHyTpz ocBemae

Moro 06'beD·HAepHOH ~OTOGMY~~CHK HaxO,UMTCH rrpHMOH CJI8A. llpa aTOM 

no~o~eHHe HpRoro nHTHa HE. ORPYEHOCTH onpene~HeTcH yr~oM opHeHTanKH 

IIpOeRIJ;HH Mena Ha II.JIOCROCT:D, rreprreHAHRy~HPHJil OITTH~eCKO:ii 0011 ~ypbe-
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wmpocRona. TaRim o6pasoM rrpou;ecc copTHPOBRH miqJOpMaiJ)Ili! B qJyp:&e-ra 

RpOCROITe IIpOHCXO,D;iiT Ha C'ra,D;HH Ha6JIIO,D;eHIH, a He ITOCJie SaiiHCJI ,D;SHHWC 

0 ROOp,D;HHaTax 8JieMeHTOB ~::me,o;a, RaR 8'f'O ,D;eJiaiOT B 06li"IHOM MmtpOCROIIe 

.DJiaro,o;apH TOMJ, "I:ITO C~TI:lBamte ,o;aHHllX IIpOH3BO,D;HT B ITJIOCROCTli npoc

TpaHCTBeHHliX llaCTOT, CJIOj1: H,U;epHOlf qJOT08MYJILCHH B qJyp:&e-MHRpOCROIIe 

rrepeMemaiOT 6esocTaHOBO'tllio. 

'i'ax EaR CJie,D; ,D;HqJpar:KpOBaHHl:lH Ha IIPHMOM CJie,o;e B H,D;epHO:i1 qJOT08My 

CD, BWCO,D;HT H3 06'beMa ,D;OCTaTOl!HO MaJibiX pasMepOB, a pa3Mepli HMMep

CBOHHOit B8HHbi He orparrHqeHbi Ra!G!MII-HH6y,o;:& ,D;OITOJIHRTeJI:bHI:lMK YCJIOBH 

(popMa IIOBepXHOCTH HapyJKHOM CTeHRH KMMepCIIOHHOH :Ba!tfWl. qJyp:&e-MHRpOCR 

na y,D;OBJie'!'BOp.HT npOCTOMy ,D;H~epeHIJ,KaJI:bHOMy ypaBHeHiiiO, ROTOpoe 6y,o;e 

ITOJiyqeHO Hmtte. 

Ha pHc. 2 ,o;aH paspes HMMepcHOHHoro ROH,o;eHcopa qJyp:&e-MHRpoCKona. 

B 'l'Olffie 0 HaxO,D;HTCH TOlle'tllili:lM od'bel\4 H,U;epHOH qJOT08MYJILCHH, OCBe

meHHHH IIyqROM CBeTa OT JIH3epa. ~Ce rrpOCTpaHCTBO MeJK,D;y CJIOeM R,t(epHOH 

qJOT08MYJI.bCHil H HapyJKHOH C:TeHROi saiTOJIHeHO iiMMepcliOHHOH D,D;ROCT:LID, 

IIORaSaTeJI:& IIpeJIOMJieHIUI RC,TOpOii COBIIa,D;aeT C IIORa38TeJieM rrpeJI0111.7IeHJI.a: 

CTeHRH BMMepcHOHHOH BaHHh:. llpHMOH CJie,D;, Ha ROTOpOM ,D;HqJparHpyeT ny

liOR cBeTa oT Jiasepa, H,D;yn.HH B,D;OJI.D ocx X , opHeHTHpOBaH neprreH

,D;HRYJIJIPHO ITJIOCROCTH liepTeiKa. liOBepXHOCT:b HapyJKHOH CTeHKH HMMepcH

OHHOrO ROH,D;eHCOpa qJyp:&e-NHRpOCROIIa npe,D;CTaBJIHeT C060H qJHrypy Bpame-
("'1 0 

HIIJI, 06pa3YIOIIlM ROTOpO:I "') B ITJIOCKOCT:K X :1- sanaeTCJt ypaBHeHHeM 

/2/ 

MfiHMOe H306pa~eHHe RCTO~HRa ,D;HqJparHpOBaHHOrO CBeTa, HaXO,D;HmerOCH 

B TOl!Re 0 { 0} D) , qJOpMllpyeTc.a: B TO liRe ]) c ROop,o;HHaTaMll {- {; 0). 
E,o;RHCTBeHHOe Tpe60B8W18, ROTOpoe HaRJia,UbiBaeTCB Ha qJJHKIJ;HJO 

F c x.~ ~) ' COCTOHT B TO:'l, qTo6hi MHHMOe R306pa~eHRe HCTOl!H:KKa ,D;R

qJpar:KpOBaHHOrO CBeTa pacm)JiaraJIOC.b B O,D;HOH H TOM ~e TOliRe .J) IIpH 



JII06wc yrJiax ):(H!l>pa:KIJ.Hll . G OT e =- 0 ]1.0 e:::. 1Y 2. 

UycT:D M - To'tffia !l>i.:rypu ::apameHIH S c Koopp;HHaTar..m Xo~ !J o. 

ECJIH N 1N - HopMBJI:L K r:oBepxHocTH -F(x,~) = 0 B TO'tfKe _M , . ,...,. 
/L - yrOJ! rrap;eHBH, a L - yroJI rrpeJIOMJI6HIIR CBeTa Ha o6pa3YIOIU9H 

~ B TIJIOCKOCTH pHCyHKa, TO 

/3/ 

r]J.e /}_ - IIOKa38TeJI:D IIP€JIOM116Hll.fi cpe)l;Ei, H3 KOTOpOii BIDCO):(.RT JtH!l>pa

rHpOBaHHHe JI~. llpO):(OJI~€HHH! B 06paTHOM HarrpaBneHHH Jiyq CEeTa B 

B03p;y:x:e rrepeceKaeT OC:D (
1 X. B TOtme .J) • liyC'r:D e- - yrOJI ):(H!PpaR

IJ;HH CBeTa B cpep;e, a- - yr<a ):(HWPaKllHii CBeTa B. B03):(y:x:e, a f(_ -
pap;Hyc-BeKTOp KpHBOH ~ • 

3aiiMmeM ypaBHeHHe Jiy~a CBeTa B B03p;yxe B BH):(e 

'::1 ~ ~ ;i X> .A + B ~ 
/4./ 

'l'aK KaK y./1-=::- 0 IIPH ~A-= - f , TO 

y/i = A ( ;.-:Jl-+- ..J) p 

a Yo== R._s [ rt {j , ~o=- R.eru lf-, To 

/5/ 

A= /6/ 

Torp;a ypaBHeHKe Jiy~a c::aeTa B Bosp;yxe rrpHo6peTaeT BK)J; 

R~r~ ·-9 
Y/i = RCM e + 7-~ { xJI -t-- -1-) • 171 

Terrep:D IIQIT~M ypaBHeaHe HOpMaJIH K IIOBepXHOCTR pa3p;eJia cpep;a 

H B03p;yxa·B B~e: 



TaK KaK yft = 0 

? 

/8% 

npH .:rfi = 0 , TO 

/9/ 

3,nec:D Yo H Yo - oTpesKH, oTceKaewe HOPMaJI:bll K rroBepxHocTH pas,ne

Jia cpe,nll H B03,I(yJC8 Ha OC.fiK: 0 X, H 0 _:J , COOTBeTCTBeHHO /pHC. 2/. 

.. 
YroJI na.n eHllR 1-- H yro.m upeJioMJieHH.fi 'L 
.$ COOTHOIII8HII.f!M.11: 

'L = ~~- () ~ 

i=~-O· 
ll08TOM.y /3/ MOXHO 38IIHC8Tl> B Bi!,I(e 

scY\ cs -o) 
sZ h ( ~ __ e-j 

/IO/ 

CB.fi38Hhi C yrJiaMJI S t r 
1 
J /II/ 

/12/ 

3a,na-qa COCTOHT B TOM, 't!T06ll sa,naB BeJIH'tfliHhi R , e H f ' 
H8HTH 3Ha't!eHH.FI rrapaMeTpOB HOpMaml 5 H 1: K KpHBOH s B TOl!Ke 

M (:Co, :J o) • jlis tJ -Ka l'H P oeeM: 
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/!4/ 

/!5/ 

/!6/ 

/!7/ 

/!8/ 



HaKoHen;, ecJIH R << f · , TO 

) 
SLY\ G 

-t9~ (R<<{- ~ ---
( C:kY.> tJ - Lj h) 

9 

r /!9/ 

Ha:H)leM Terrep:& Jlllqxpepe.:nUia.JI:&Hoe ypaBHeHHe o6pasyiOillei $ noBepx

HOC'f'H pas;n:eJia Me11QJ;y cpe]loJ! Jri B03.JlYXOll4 /pKc. 3/. llpome Bcero 3TO 

C;zteJia T:D B IIOJI.fiPHOH CHCT8M3 KOOp,UKH8T (!? 1 f)) • Erurn IIOJIOJKKTeJI:&HOe 

rrpzpameHHe d e- COOTBeT ~TByeT BpameHJD) IIpOTHB 'ti8COBOHt CTpeJIIal, 

a rrpHpameHme rro KacaTeJI:&H·:>H K o6pasynueii S o6osHa'tiHT:L 'tlepes 

dt , TO 

slh c~-BJdt= JRJ 
~cs-&)dt~ RdBJ 

OTKy:r.J;a IIOJiy'tiHM 

- dR =-i::c! ~- &). d {j J l_ 

/20/ 

/2!/ 

ECJIH llepes ~ o6o3HH'tiTriT:O reoMeTpH'tiecKyro ]l.l[lmy oTpesKa Jiyqa 

oT TO'IKll .]) .uo TO'tiKH f -1 , To JierKo BK,ueT:D /pzc. 3/, liTO 

/22/ 

/23/ 

IW 
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fsLn 9-
---

R- h ~ + fcm {t '" /24/ 

ilOJ];CT8BKB /24/ B /2!/, ITCIJiytmM JlK<txllepeH:rzyi8.Jl&HOe ypaBH8HBe 06pa3yD

mei! s ITOBepXHOC'l'K pas~;eJia cpe;ul:l R B03;uyJCa B OKOHttaTeJILHOM B:B,r(e: 

JR R·f,~'tMG 
- JB = h~R2-r fe+ 2-f-Q.==~====~::::;-----=R=----~-f-=--~-e- . /25/ 

06osHa'tiHM trepes JD pa;uKyc KpKBI13Hl:l o6pasyiOIUei! S rroBepx

HOCfi pas;ueJia cpe;ul:l H Bm:;uyxa. 'l'or;ua 

R d9- dR 
j>d~=d~= = !J /26/ 

~c~;-ftJ SthC$'-fr) 
a 

Rde dR i 
.r= ~c.;- e-) d~ d~ SthC~- &) y 

WI11 ~c~-17) d~ 1. ---- d9- . 9 - R 1271 

ECJm t>/ R wr11 -f/R. ~ O<J , To /25/ rrepel;ueT B ypaBHeHHe 

BllJJ:a 

HJm 

dR Rscn if 
--~ .:> 

d.@- h-~e-

dR 
R 

d c~)*) 
-----------
(h- c~-e-) 

/28/ 

/29/ 
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3TO ypaBHeHHe lmTerpHpyeTrJJI B SJieMeHTapHWC !llyHRUiiSX:. Ero pemeHXe 

JIMeeT BIIJI R(e) = c~ (n-~ ~)-~ 
/30.~ 

r;n:e c Q - IIOCTO.miHa.f! HH'l' ~rpHpOBaHH.S, 3HatteHHe KOTOpO:i OIIpe;n:e.n:~ 
a6COJIIOTHble pa3Mepa HMMepC:;{OHHOrO KOH;D;eHCOpa, H ee MO:JKHO IIOJIODT:L 

paBHO:R: I: Co • I. 
Kp1l!B8Jl 

/SI/ 

orrpe;n:eJIHeT rroBepxHocT:L pa3;n:eJia cpenu H Bos;n:yxa nAH cnyttas, Korna 

TO'IK8 .]) HaxO;n:HTCH Ha 6e ~KOHe'IHOCTR, a Jiytm CBeTa, :smco;n:.muBe B 

B03nJX, o6p83yDT KO~HMKpOBaHHai IIyttOK. oTO BaEHOe 

HOCTK /3I/ 6yneT HCIIOJI:L30BaBO B ;n:aJI:LHeKmeM. 

EOJIH +~ () , TO 

_dR _ O 
d& - } 

R (e) .=-eon £-i \ 

CBOICTBO IIOBepx-

/32/ 

3'1'0 3Hatt:IIT, liTO ;n:JIHH8 pa;n:Kyca-BeKTOpa rz. He 38.BHCJ!'r OT yrJia (} , 

a IIOBepXHOCT!> pas;n:eJia .RBJIFieTC.f! cpepo:R:. 

Hec®epHlieCKHe IIOBepXHOCTR pas;n:eJia KMMepciOHHOrO KOH;n:eHCO~a 
f /- ' (' '" ~. ',-' . ,, '· '- .. ""~ ·-~-,·-··· .-. _, 

!llYP:Le-~pOCKOIIa ;n:JLFI Jmepaoi !llOTOSMyJI.l)CHitl. .JlB®>epeHUKaJlbHOe ypaB-

HeHHe o6pasyiOme:H noBepxHOCTH pas;n:eJia cpe;n:u H Bos;n:yxa /25/ 6~o pe

weHo Ha 3BM rrpH pasJIHttHHX sHalieHltHX rrapaMeTpOB rt. K f rrpH R~ i: 
·;rl-f=-0; h~1,s-; 2/·f=O,l.f ; h==1,S; 3/ f==-1. ; h-:::1,s-, 

II pH n::: 11 s- ;n,JUI f == ~ 
1 
3

1 
~? H .QCJ , a T8K:Ilte IIpH f=:: i H h ~1, 3 • 

HaH6oJiee HHTepecHUe pesyJIX>Ta~ 6unm: noJiytteHH rrpH aHaJIKse ceMe:R:-

cDa KPKBHX .P { -8-J rrpH p9.3JIH'IHHX sHalieHHmc f- ;n:JUI h ~ 1, SU • 

R(.90°) == 1 /p:ac. 4/ • .vrs pHc. 4 BH;n:Ho, 't!TO rrpH fz i KpHBaJI sa

BHCHMoe'fil pa;n:Hyca-KpHBK3Hbi o6pasyiOme:H s OT yrJia e 6Jllt3K8 K 

IIpHMO:R:, rrap~eJI:LHOH OCH a6CUHCC. oTO 3H8t!HT, liTO KpHBaJI ~ rrpaK-



!2 

TH'tl8CKH HBJIJreTCH OKpyJKHOC'r:DID npH CM8IU8HHH :U8HTpa CW8PH OTHOCHT8JI.DHO 

TO~JI v ' paBHOM R/ n . llO,U:Me'tleHHa.fl 3aKOHOMepHOCT:D HJIJIIDCTpHpyeT

C.fl Ha pxc. 5, r.n:e npHBe,n:eHa pasHoc-r{_pMQ.,(-Jmi,) KaK WJHKI.l,RR f- . 
Bl!JlHO, liTO npH -f ~ I, 025 aTa pasHocT:D nocmraeT MIDIHMaJL&Horo 3Ha

"tfeHM. TaK KaK cwepy H3rO'l'OBHT:D ropa3,U:O npoiiJ,e, "t18M IIOBepXHOCT:L CJIO~

HOrO npO<l>JVI.a:, TO 8TO 8MIIHj)H'l8CKOe COOTHOW8HHe II03BOJI.fl8T IIOCT.POII'n 

HMMepCHOH~ KOH~eHCOp IIpliHI.J,HIIHaJI:DHO HOBO:K KOHCTpyRIUfii [6] . Ha pile. 

6 ;n;aHa ero C:XeMa • .tshiXO]lHa:i CT8HKa BMMepCBOHHOH BaHHH HMee'l" WOPMy 

cpepHli8CKO:i1: IIOBepXHOCTI, l~SHTp KOTOpOH pacrrOJIOile H Ha OIITHli8CKOii OCJI 

Ha paccTOR8HHH oT Me;uHaHHO:f.i DJIOcKocn H]l;epHo:f,i woToaMyJILcHH, paBHOM 

R /h.. ,npHlieM R>/ -cL-. upH aToM noKasaTeJI:D npeJioMJieHBH o;uHopo;u

HOH ITO TOJIIUHHe CTeHKH HMMHpCKOHHOi! B8HHH h o ;L(OJDKeH Y]lOBJI8'1'BOpB'fL 

yCJIO:BD h o <:. h_ , 8 TOJilllHHY CT8HKH t Bhl6paT:b H3 YCJIOBH.S t< c{. 
YMeH:DweHBe yrJioBlillX pa:3MepoB rrylllia cBeTa, BbiXO]l.RIUero H3 MMMepcH

OHHoro KoH;ueHcopa, corrpoBo~aeTcsr JB8JIH"tfeHHeM pasMepoB MHHMoro xso-

6pa2KeH1lf.l: 06JI8CTH, I3 KOTO])OH BWCO]l.fiT JlH!PparHpOBaHHHe Jiy't!ll. 3TO CJie]l

C'l'BHe TeopeMEl reJI&MrOJI:DD;a B reOM8'1'PH"t19CKOH OIITBKe La]. B CJiyqae 

!llyp:Oe-MHKpOCKOIIa 8 TO IIpHBO;L(H'l' K JBeJIHli9HJU) pa;uHyca IIOJI.fl 3 peHHH B n 
pas. T!To6a coxpaHHT:D paspewaromyro crroco6HOCT:D no yrJiy opHeHTaUHI CJie

;ua -qacTHD;bT., pa;n;Hyc oKpyxH<>CTH, Ha KoTopo:ti pacrroJiararoTcH woTonpHeM

ImRI L4 J, Heo6xo;uHMo YBeJIH'DiiT:D. TorJJ;a Ha cooTBeTcTByromei oKpymioc

TH MOaHo 6y;ueT YM9CTHTL TaKoe 'tffiCJIO woTorrpHeMHHKOB, KaK H B KOHCTPYl 

niDI, npHBe;ueHHo:f.i Ha pHc. I . 

.VlMI4epCIIOHHHH KOI!l(8HCOp WYP:Oe-MHKpOCKOIIS H ~ -KOOp]lHHaTa CJI9]l8 ,.......____.__ .... ~ . ,. .. ..~ .. ~~. .. . "". . . . . ...... ' . 

Bo BCeX OIIHCaHHWC BHllle KOHCTpyKUMSX: RMMepCHOHHWC KOH]l8HCOpO:B JIH(j?Op-

Mall,IFI o ~ -Koop;uHHaTe CJie;ua He WHKcHpyeTc.a:. O;uHaKo aTo orpaHH'IeHlle 

MO!teT 6aT:b ycTpaHeHo H, B liacTHOCTH, B WYP:De-MHKpocKorre M02KHO BecTH 

o,u;HoBpeMeHHO HecKOJI:OKO CJioeB R;l(epHo:f,i woToaMyJI:&CIDI c WHKcai.J,Tde:M ~-

KOOp]lHHaTH KnH HOMepa CJIO.a:. ~ 8TOrO HMMepCHOHHuM KOH]l9HCOp BallO.-



IS 

B.F.IlDT B BH)J;e g):atryphl Bp&UeHJUI, 1\0TOpa.F.I KMeeT )lEe OCR CI4MM8Tpml [7] . 
0,n;Ha OC:b C11MM8TpHH COBIIa.u;aeT C OIITH118CI\OH OCI>IO g)yp:oe-MHRpOCI\OII8~ a 

,n;pyraJI OCI> CHMMeTpiiH OpHe:-ITHpOBaHa llO,IJ; yrJIOM 

e0 =Q1..C ;;ln 1/h . 
/'331 

K OHTH118CI\OH OCE:. IlpH 8TO!Jl reoMeTpH118CI\Oe MeCTO T0118R HapyJKHOH 

0 ~ ll 

CT8HKH HMMepCKOHHOrO I\OH,IJ;13HCOpa sa,n;aeTC.F.I IIpH ~f) ~!JIJ COOTHOilleHBe.ll. 

1 
-----

h - ~ ( e- G-o) ;) /34/ 

r.ne R.. - paccToHRne oT u1mTpa g)Hryphi BpameHiiH .no T011!\H Ha HapyJK

HOH CTeHI\e B HarrpaBJieHHH, orrpe,n;eJI.HeMHM yrJIOM e ' a Ro >> d_ • 
CooTHOIIIeHMe 13" I .F.IBJIRI3TM 6oJiee o6mHM cJiy11aeM ypaBHeiD!fi 130/ M 

yK83hiBaeT, 11TO JI~ CBeTa, BHme,IJ;IIIHe H3 HMMepcBOHHOH BaHHhi, 06pa3J

IOT I\OJIJIMMHpOBaHHbUL IIY1iOI\, 

Ha pHc. 7 ,n;aH rrorrepe~rhiii paspes g)yp:oe-MHRpocRorra, KMMepcHOHHa.H 

BaHHa KoToporo BHTIOJIHeHa eorJiacHo yCJIOBHID I 341. llpHHUHII .u;eiicTBHR 

T8I\OH 1\0HCTpyK:uHB g)yp:oe-MlmpOCI\OIIa IIO.HCH8H Ha rrpoepe IIpOCMOTpa 

CTOIIKI! H3 'l'pex CJIOeB .fi,D;epHOM g)OT08MYJI:OCH:&'ll [7]. 
EcrrH CJIOH paciiOJIO~T:O ,n;pyr OT ,n;pyra Ha paCCTORHHH, paBHOM TpeM 

TOHIUHH8M I\a~oro CHOR, TO I\OJIJIHMHpOB8HHHe Dy11!\H ,IJ;Hg)parHpOBSHHOrO 

CBeTa pas,n;eJIRIOTC.H B rrpOCT]J8HCT:Be. 0HH 6YJI,yT IIOIIa,n;aT.D B O,IJ;Hy H3 Tpex 

CHCTeM g)OTOIIpHeMHHKOB, RalC 8'1'0 IIOI\a38HO Ha pHC. ? • llT06hl ,IJ;OCTHrHyT.D 

Tmtoro pa3,IJ;eJI8HB.F.I, sepRaJihHhiH 1\0H,IJ;eHCOp CHCT8Mbl IU8JI8BOrO CI\aHHpOBa

IDIJi :BhiiiOJIHRIOT B BH,IJ;e g)Hryphl BP8IU8HH.H, 06pasyroma.H I\OTOpOH HBJI.H8TC.H 

OTpeSKOM rrapa6oJihi. Ka~OMY CJIOIO CTOIIKH .fi,D;epHOH g)OT08MYJII>CD COOT

BeTCTByeT CBO.H CHCT8MB: g)o~~OIIpHeMHMKO:B, paCUOJIOJK8HHhiX I\OHIJ;eHTpH118C

KK Ha Tpex ORpYJ!tHOCT.RX paBJIH11HhiX pa,n;HyCOB • .viCIIOJI:OSyH B g)yp:oe-MHKpO

CI\OIIe aHaJIOrH11HyiO 1\0HCTp~:~IO HMMepcBOHHOrO 1\0H,IJ;eHCOpa, HO C yrJIOM 



14. 

ISS/ 

OTHOCHTeHbHO OCB OCBemaEmero nyqKa OT ~a3epa, KOMHO ~HKCBpOB8T~ 

Z -KoopnxaaTy TOrO yqaeTR8 CXOH ~epaoi ~OT03My~bCHI, B ROTOpOM 

HBXO~HTCH B3MepHeMYI en~ ~aCTH~. 
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~He. I. CXeMa KMMepcHOHHoro KOH~eHcopa WYPbe-MKKpocKorra 

CO cwepH~eCKOM ~O~HOM CTeHKOM HMMepCIOHHOH B8HHU: I - ~aaep, 

2 - ~HH3a npeo6pasoBaHJIJI ·~ypbe, 3- CJIOM .ff)lepHOH woToaMyJILCHH, 

4 - B~O~HaR CT6HK8 HMMepCHOHHOM B3HHU, 5 - CHCTeMB maneBoro 

CKaHitpOBaHllfl WYPbe-MHRpoc~ona, 6 - CJdCTeMa nepeMeue HHR .ff)lep

HOM woToaMyJI»CKH, 7 - ~aT~ noJio~eHHR, 8 - 6JIOK 3afiJdCH ~aH-

HhlX. 



0 (- f,O) 

N' 

PHc. 2. 0603HaqeHKH, M~ITQnb3Y8Ma8 rrpH BRBO~e ~OpMa o6pa-

3JIOIU8H s Hapy>KHOH ITOBep:<:HOCTH MMM8pCHOHHOH B8HHhl. MHitWoe 

K306paE8HH8 Toqe~oro HCTO~HRa ~H~parHpOBaH~ ~yqel HBXO

~HTCH Ha OITTHqecKO~ OCM B ro~e ~ • 



PHc. 3. 06osHa~eHHR, ~cno~bsyeMUe npH BUBO~e ~H~epeHUH

~bHoro ypaBHeHBB o6pasyrowe~ ~ : jD - pa~HyC-BeKTOp KpHBO~ 
s B TO~e .M. • 

l'f 



p(S) 

n •1,50 

1,30 

f •1,2 J ·1,1 

f•1,05 

f•1,0375 

f = 1,025 

f•1.0125 

------~ f = 1,00 

f•0,975 

f=0,95 

PHc. 4. CeMeiicTBO KpHBIDp(e) ,UJIH n_ = I,5 rrpH pasJIHq

HhiX IIOJIO.lK8HJIEX ;rO't!KH _I) MH~MOrO H306pa.lKeHJIR TOqe'tJHOrO HCTOq

HHKa AM®parHpOBaHHhiX Jiyqett IpH 0,? <( f < I, 2. 



f 

FHc. 5. MaKCHMaJLbHa.H pasHOCTb pa,u;Hyca KpiD3H3HH orx6aiOna~ 

llpH pa3JIH"tffihiX 3H8't!8H1JRX KOOp,U11H8Thl f • 

j c 

s 



PHc. 6. -CxeMa IMMepcBOHHoro KoHneHcopa WYPbS-MHKpocKona co 

owepH~eCKO~ BHOCOnHO~ CTSHKO~, U6HTp KOTOpO~ CMSID.eH Ha paccTOHHHe 

R/n_ , rne tL - nOKasaTe.JI.D npe.JioMJieHIUI RMMepcHOHHO~ DnRocm: 

I - Jia3ep, 2 - JIHH3a npeo6p930BaHB.fi ~ypbe, 3 - CJIO~ f.OlSPHO~ wo

T08MyJI.DCHB, 4 - BHXOnHas CT3HK& HMMepCHOHHO~ BaHH~, 5 - CHCTeMa 

w.eJieBoro CK&HHpo:saHJUI wyp:oe·-MHRpocKona, 6 - cHcTeMB nepeMemeHIIH 

f.OlepHo~ woToaMyJI:DCHB, ? - naTllfm noJiolleHM, 8 - 6JIOK sarmCH 

naHHhiX. 



PHc. ?. CxeMa ~ypbe-MHHpocKorra, rrosBo~HIDmero BecTH rrpocMoTp 

o,uHoBpeMeHHO Tpex CJIOeB .R;IJ;epHo~ ~oTosMy.nc:mt: I - ~asep, ~ - .mm

sa rrpeo6pa30B8HIS ~ypbe, 3 - CHO~ R,llepHO~ ~OTOSMY~bCHH, 4 - KM

MepCIOHHBH B8HH8 CO CT6HKO~, ~OpMa KOTOpO~ HSnHeTCH ~Hrypo~ Bpa

meHBH C .UBJMH OCHMH CHMMeTpHB, 5 - rrapa60~H~eCKOe sepR~O ROH

,U6HCOpa, 6 - Tp~ CHCTe~ ~OTOITpHeMHHKOB, pacnOHOEeHHUX H8 Tpex 

KOHU6HTpH~6CKHX OKpymHOCTBX, ? - CHCTeMa O,UHOBpeMeHHOrO rrepeMe

meHHS Tpex CJIOeB ~epHO~ ~OTOSMY~bCIB, 8 - ,U8T~H ITO~OEeHBH, 

9 - 6~oK sarrHcH .uammx. 

'1 
-- ' ' 


