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Pa6ora BbIIT0nHeHa 

B Jla6opaTop1m SI,11;epHbIX npo6neM HMeHH B.Il. ,[{,KenenoBa 

O61,e.u,HHeHHoro Hm:nrryra R,IJ,epHbIX HcCJie,11;onamti1 

OqntQHallbHbie onnoHeHTbI: 

aKa,neMHK PAH HecrepHXHH 10.E. 
,11;0KTOp <pH3IIKO-MaTeMaTWieCKHX HaYK, npocpeccop I1Bax:HHK B.B • 

.u;oKTOp cpmHKo-MaTeMaTWiecKHX HayK, npocpeccop CrenaHoB C.A. 

Be.u;ym;a.H opraHmaQHSI: 

HHcnnyr CHCTeM o6pa6oTKH H3o6pIDKeHHH P AH 

3aIQHTa C0CTOHTCSI 4 anpen.H 2003r. B 10 '!aC0B Ha 3ace.u;aHHlt .U:HCCeprau:110HHOf0. 

coBera A 212.215.01 B Cru.mpcK0M rocy.u;apcTBeHH0M lnp0KOCMH'!ecKoM YHHBep

CHTeTe IIMeHH axa,neMHKa C.Il. KoponeBa no a,npecy: 443086 CaMapa, MocKoB

CKoe mocce, 34. 

C JJ:IICceprau:Hefi M0:lKHO 03HaK0MHThCSI B 61t6JI1tOTeKe YHHBepcIITeTa 

ABTopecpepaT pa3ocnaH ~ cpeBpan.H 2003r. 

Y'leHhlii ceKperap1, 

,!1,HCCeprau:H0HHOfO 

coBent, npoqieccop 
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~ B.r. lllaxoB 

. OEII{A51 XAPAKTEPHCTHKA PAEOTbl 

AKTY AJihHOCTb. Ilpo6neMa · IIOBbllileHH.H 3<p<peKTIIBHOCTH HayqHhlX 1tc

cne,11;0Bamm ecer,11;a 6hlna aKTYam.Hofi. OHa CTaHOBHTCH oco5eHHo ocrpoii Ha cra

,ll;ItH pa3BHTIDI 3KcnepltMeH'l'liJll,Hoii TeXHHKit, Kor,11;a napaMerphl npn5opoB npn-

5mOKaIOTCSI . K CBOltM <pll3HKO-TCXIill'ICCKHM IIpC)l;CJiaM, B pe3yJibTllTC qero npo

lICCC COBepmeHCTBOBamm 3KCIICpltMCHTaJibHOH TCXHHKH 3aMC,ll;JIHeTCSI, a ce5e

CTOltM0CTI, annaparyphl B03pacTaeT. B 3THX ycJIOBit.HX ynop npHX0,ll;ltTCH ,ll;CJiaTI, 
. . 

Ha Il0HCK Herpa,1l;ltQlt0HIIl,IX II0,ll;X0,11;0B. · 

ToJitJKOM K npoBe)l;eHHIO cepltlt TeopeTlt"ICCKliX It 3KcnepIIMCHTaJII,HI,IX HC

CJIC,ll;OBaHHH B o5naCTII MC300IITIIKH (OilTltKII KOElf<ICCKIIX BOJIHOBbIX noneii:) B 

Jla5opaTOpim .H,ll;epHbIX npo5neM ItMeHH B.Il. ,ll;iKenerroria O61,e,11;HHeHHoro HH

CTHryTa .H,11;epHblX Hccne,11;0BaHim B ,l(y6He, II0CJiy)l(;HJia npo6JICMa, B03HHKma.H 

IIpH Ha6JIIO,ll;CHHH rrp.HMOJIIIHCliHblX CJIC,11;0B 3apSiiKCHHbIX 'laCTltll B 6JioKe H3 CJI0CB 

SI,ll;epHOH qJOT03MYJibCltlt IIpH npoee,11;emrn 3KCnepHMeIITOB Ha nyqrcax HCHIJ)HH0 

OT ycKopmeneil qacTHII. O51,eM 6noKa paBeH 50-300 JIIITpOB, a Macca .no 1 T. 

1!Hcno pa3pememrn B TaKOM 6JIOKe C0CTaBIDICT 2· 1017. BHeIIIHHe 3KCIIepitMeH

TaJibHble ycrpoii:cTBa, paCII0JI0)KCHHble Ha yqacnce )l;JlllHOH .no 100 M, Il03B0JIHIOT 

JI0KaJIH30BaTb HCKOMOe co5blTHC H3 MH0fliX BTOplt"IHblX 'IaCTilll; C o6m;eii: BepWH

H0ii: B npe,11;enax 2+3 MM H TeM CaMI,JM COKpaTIITI, 061,CM qJOT03M)'JlbCHH, IlO.!{Jle

)Kam;HH IIpOCMOlpY, ,11;0 2 CM
3 

llilH ,11;0 2· 1011 
3JieMeIIT0B pa3pemeHH.H. 

~b ,l(HCCEPTAIUIB cocTom B TOM, qro6hl reopeTHtJeCKH II 3Kcnep11-

MCHTaJibHO ,ll;0Ka3aTI, BbICOKyro 3cpcpeKTHBHOCTb HCTpa)l;HlIH0HHOfO II0.!{XO)l;a K pe

meHHIO npo6JICMbl IIp0CM0lpa II o6Mepa co6blTHH B H,ll;CpHOH q>OT03M)'JlbCHH, KO

TOpbiii: 0CH0BaH Ha MC300IITHKe. Heo6XO.!{HMO 61,mo IIp0,ll;CM0HClpHp0BaTh, 'ITO 

MMCHH0 Me300IITHKa Il03B0JI.HeT B0CDpHHMMaTb Olpe30K IIp.HMOJIHHeii:Horo CJie,l{a 

tJaCTHIIhl KaK e)l;HHoe u:enoe, H "ITO BbIC0KruI crerrem. CiKaTill[ HH<pOpMai:nm: 0 IIpSI

M0JIHHeii:HOM CJie)l;e -qacTHQbl ,11;0 ,ll;BYX TO"IC"IHbIX CHrHaJI0B .HBJIHCTCSI CCTCCTBCH

HOH xapaKTepHCTHKOH MC300IITHKH. 

HAYlJHA51 HOBH3HA HCCJIE,ll;OBAHI1H, rrpe,11;cTaBJieHllliIX B ,11;11ccep

TaQHH C0CT0HT B TOM, 'ITO 

a) aBT0p BrrepBLie npe.!{JIOiKHJI II BIIepBhle H3fOTOBHJI MC300ITI1i'ICCK0C 3ep

KaJI0 C K0JibQCBI,JM OTKJIHK0M II C Ilp0ClpaHCTBCHHbIM pa3pemeHHCM 3TOfO 3CpKa

Jia, Koropoe onpe.nemrercSI T0JibKO npon;eccoM ,ll;H<ppaKi:nm: ceera; 

6) aBTOp BIIepBbIC ocym;ecTBIIJI H3MepeHit.H IIpSIM0JIHHeii:Horo ofo,eKTa IIpH 

II0M0ID;II Me300IlTH'ICCKOro <l>ypbe MHKp0CK0IIa (M<l>M) 6e3 orrepai:nm: nepeqio

Kyc11poBKH no rny6ItHe n 6e3 norep11 ItHq>OpMaQHII o z - K00p,!(HHare It o5 yrne 

rrorpy,KeHH.H E>z 3TOro 061,eKTa; 

B) aBT0p ,!(aJI TCOpeTH'leCK0e 0IIHCaHHe HHTCfPaJibHhlX npeo6pa30BaHHii: 

aMIIJIHTY.!{bl CBeTa, KOTOpble IIp0IICXO,ll;SIT B M<l>M; 
r) aBTOp BnepBble IICII0Jib30BaJI SIBJieHHe KaycTIIKII CBera B KOHqJOKaJII,HOM 

Me300IITll'iCCKOM MHKpOCKOIIC )l;JIH CCJICKTHBHOro Ha6JIIO)l;eHHSI <<BepTHKaJibHhIX>> 

crre.noe 'IaCTHQ B H,ll;epHOH <pOTD3MYJibCim; 
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,11;) runop BnepB1,1e 3KcnepHMeHTaJII,H0 Hccne,11;0Ban &BJieime npo,11;om.Hoii 

mrrepqiepeBD;IDI cBeTa B K0aKCllaJII,Hl,lX K0ffiitleCKHX B0JIH0BhIX nomrx; 
e) aB10p BilepBhle 3KCnepllMeHTam.H0 Il0Ka3aJI, 'ITO 0,!(H0BpeMeHHoe Ha-

6mo,11;eHHe BhIC0KHX II0J»mIC0B ,!IIICppaimlfiI (N~30) II03B0llileT cymecTBeHHo 

( ~50: l) lI0BhICIITh TO'lH0CTh MeTpOJIOrHtleCKHX H3Mepemrli. 

IIPAKTWIECKAfI 3HNIHMOCTb 

1. PeamI30BaHhl pe3epBhI cymeCTBeHHoro (~200:1) II0BhIIlleHIDI TeX HaYTJ:HhIX 

HCCJie,ll;OBaHHH, B XO)l;e KOTOphIX B03HHKaeT Heo6XO,!(HMOCTh Ha6mo)l;aTh 

HJIH o6MepHTI, MHKpoCKOIIH"IecKHe nplIMOJIHHeiiHble ofu,eKThI. 

2. HeBhICOKruI ce6eCTOHMOCTh MeJ00llTH"IeCKHX ::,neMeHTOB 0TKphIBaeT ,!(0pory 
)l;lliI HX npHMeHemm B uayKe, Ha Ilp0H3B0)l;CTBe, B MHKpoMexaHHKe H B oqi
TaJihMOJI0rllli. 

3. IIpe)l;JIO)KeHHhlii llBTopoM caMoq>oKyceyyrommiCH oH,llyIBITOp noJB0IDieT 

pennm, npo6neMy OTB0,11a Tenna B orpllHH'IHBmom;eil: ToTJ:eTJ:Hofi ,!IHaq>parMe 
li TeM CaMLIM CIDITh orpaHWieHHe Ha npe)l;em.H}'IO mrreHCHBH0CTh CHH

xpomroro IDlIYTJ:eHIDI Ha q>OTOHHhIX qia6pmcax. 

IIPE,LV[O)KEHIDI, BbIHOCHMbIE HA 3AIIUHY: 

a) TOJil,K0 Me300IITHKa Il03B0lllieT B0CnpHHHMaTh 0Tpe30K IIplIMOJIHHeiiHoro 
061,eKTa KaK e,11HHoe n;eJioe; 

6) TO/IhK0 Me300IITHKa Il03B0IDieT Il0JIHOCThlO y6paTh CTa,!(HIO pa36HeHIDI 

mo6pa)KeHJUI npHMoJIHHeiiHoro ofo,eKTa Ha ero cocraBmnomrre ::,JieMeHThI B npo
n;ecce HJMepeHIDI; 

B) TOJihK0 MeJO0IITHKa peaJIIDyeT MrHOBeHHO onepan;mo c;rcanm HHqJOpMa

D;HH 0 npHMOJIHHeHHOM 000,eKTe )l;O ,ll;BYX TO'le"!HbIX CHrHaJIOB Ha BhIX0,ll;e, MH
H}'H CT8,!l;HIO Bhl"IHCJICHI:Ill; 

r) TOJihKO Me300ilTHKa no3B0JJlieT nOCTpOliTh npoCTble anroplITMhI HaxO)K

,!(eHIDJ: Il0JI0)KeHIDI HC)l;OCTJilHOH BepnmHhI co6hITIUI co BTOPH"IIIhIMH 'laCTHD;aMH; 

.II) BnepBhie liCilOJih30BaHO mmeime Kaycrmrn CBeTa npH CeJieKTHBHOM Ha-
6mo)l;eimH <<BeJ)THKaJihHI,IX)) CJie)l;0B 'laCTHD; B KOHqJOKaJII,HOM Me300IITH"ICCKOM 

MHKpoCK0ne; mmeHHe KaJCTIIKII CBeTa noBhIIllaeT CK0pOCTh o6Mepa H yneJIH"!llBa

eT omomeHHe cHrHana K myMy. 

AIIPOBAUIDI PABOT 

Pe3JJil,TaThl HCCJie,!(OBaHHii, H3JIOiI<eHHbIX B ,!IHCCeJ)Tan;mI, o6o6m;eHhI B Ha
YTJ:HOH MOHorpaqillli L.M Soroko, MESOOPTICS, Foundations and Applications, 

World Scientific, Singapore, 1996, B 5 HaYTJ:HI,IX ofoopax, B 32 HaYTJ:Hl,IX craTMIX, 

B 7 ony6JillKOBaHHI,IX anropcKHX CBH,lleTCJihCTBax, a TaK)Ke ,!(OJIO)KeHI,I 

Ha Pa6o"!HX coBem;ammx no HeiiTpHHIIOMJ ,!leTeKTopy, ,Z:Cy6Ha 1980 H 
1981 r.r. 
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Ha Me~yHapO)l;HOii KoHqiepeBD;IDJ 3PHCT ABBE, Rena, rw, 1989 r. 

Ha TpeTheM Me)K.zzyHapo)l;HOM CHMIIo3eyMe no CoBpeMeHHofi OIITHKe, 

By)l;arreIIIT, BeHrpIDI, 13-16.09.1988 r. 
Ha Pa6oTJ:eM coBem;aHHH no q>OTO::IMJJihCHOHHOii MeT0,!IRKe, ,Z:Cy6ua, 24-

25.04 .1995 r. 

Ha Pa6o'leM conemamrn: no q>OT03Mj'JihCHH, ,n;y6Ha, 2-4.04.1996 r. 

Ha Pa601IeM COBem;amm: no HCII0Jil,30BaHHIO <pOT03MJllhCHH B pelllITllBHCT
CK0ii .sI)l;epHoii cpmmce, ,Z:Cy6Ha, 22-24.05.1998 r. 

Ha 17-oM Me)K)zyHapo)l;HoM conem;aHHH no EMU-01 KOJma6opan;mi H no 

ncnom.30BaHllIO MeTO,ll;HKH <pOT03MJJibCHH B 3KCnepHMemax Ha nylfKax HyKJio

TpOHa, ,ll;y6Ha, 18-20.05.1999 r. 

Ha Pa6olfeM conem;amrn «lliYTJ:eHHe CTpJKTYPhI 3K30TH'feCKHX .s!,ll;ep B pemI

TllBHCTCKHX llYTJ:Kax MeTO,ll;0M .si:,11;epHoii q>OT03MJJihCHID>, ,ll;y6Ha, 16-18.05.2000 r. 

Ha Pa601IeM conemamrn «HccJie)l;OBaHHe B3aIIMo,11eficT.BlllI peJIJITllBHCTCKHX 

.smep ua IIYTJ:KaX HJKJIOTpOHa MeTO,I{0M 4JOT03Mym.cHH», ,Z:Cy6Ha, 22-24.05.2001 r. 
Ha 7-0M Me)K)zyHapo,n:HoM CIIMn03HyMe no JiaJepuoil MeTp0JI0fHH, HoBOCll-

6HpCK, 9-13.092002 r. 

CTPYKTYP A ,IJ.HCGEPTAUIIB 

,[(nccepTan;H.s! COCTOlIT m BBe)l;eHlllI, 8 rJiaB n 3aKJIIO'femm, COJJ;ep,KHT 100 

c-rpaHHD; MallIHH0IIHCHOro TeKCTa, BKJIIO'la.sI 82 HJIJIIOCTpaD;HII. 

CO,n;EP)I{AHHE PABOTbl 

BBE,Z:CEHHE. Bo BBe)l;eHHH npe)l;CTaBJieHI,I aKTyaJihH0CTh Hccne.n:oBanmi:, 
n;eJih )l;HCCepr~ II0JIO)KCHIDI, BhIH0CHMhie Ha 3am;HTy, HaYTJ:HalI HOBH3Ha HC

cne,!(OBaHHll, npaK'Ill'leCKaJI 3Ha'lllMOCTh pa6oT, OnHCaHHbIX B )l;IICCeJ)Tan;1rn, a 
mIOice anpo6all;lllI pa6oT. 

B mane 2 «OBPA3YIO~A5I JIHHIDI ME3OOIITWIECKOro OB'1EK

THBA» II0Ka31lH0, 'ITO npH Ha6mo,11;eum1 npSIMOJIHHeHHh!X 061,eICTOB orrepaD;HIO 

CKrumpoBaHIDI no rnyforne B MHKpOCK0IIe MO)KHO IlOJIHOCTI,IO y6paTh, ecJIH HC

IlOJih30BaTh rno6pa,KaIOnzyro (Me300ITflllfeCKYJO) JIIIB3Y' o6pa3yroID;ruI JIHHlllI KO

Topoii HMeeT H3IlOM Kyphe3Ho OTMeTHTh, 'ITO mrroM B o6paJyrom;eii JIHHHH 
KJiaCCH"ICCKOH JIHH3bl C'llITaJIC.sI paHee ll C'lllTaeTC.sI ceil:1fac He)KeJiaTeJII,HI,IM <paK

TOpOM, a coomeTCTBYJOID;alI JIHH3a BCer,11;a nma B 6paK. TaKHM o6pa30M, B MC300II

THKe HCII0Jih3YJ0T mo6pa)KfilOID;lle JIHH3hl C He:JKeJiaTeJihHhlM B KJiaCCll'IeCKOii: on
THKe IDJIOMOM B 06pa3yrom;eii JIIIBllli JIHH3hI. 

IIepBoe Me300llTH"!ecKoe yc-rpoii:CTB0, KOTOpoe B0CilpllHHMaJIO npSIM0JIH

HellHhlli 061,eKT KaK e,11;HHoe n;eJioe H B KoropoM He 6hlJio npon;ecca pa36ttemrn: 
mo6pa)KeHHlI HCX0,ll;HOfO 061,eKTa Ha OT,11em.Hh!e 3JieMCHTI,I, 6bIJIO H3f0TOBJieH0 B 
1986 r. B Ila6oparopmr .sr.n:epHhIX npo6rreM IIMeHH B.II. ,Z:C)KeJienona B mi)l;e MeJo-

0IITlllfecKoro <l>yphe - MHKp0CKona (M<l>M), KOTOphIH C0,!{ep)KaJI npen;mIIOHHOC 

Me300llTH"!eCKoe 3epKaJI0 C Kom.n;eBLIM OTKJIHK0M IDHpllHOH 1.5 MICM. C:JKarne 
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HHcliOpMaQim O np.!IMOJIHHeiiHOM o6T,eKTe npOHCXO~O Ha CTa)J;HH OCBew.eHH.ll 
6e3 KaICOH-JIH6o 3ll,!(eplKKH BO BpeMeHH. 

B mase 3 no.n;po6Ho onucaH McI>M (pnc. 1). 

Puc. J. llpUHI/UnllaJlbHGR c.xeMa Me:1oonmu'leCKOZO <Pypbe -MUKpoc1wna. 
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CxO,ll,lllll.HH(?.ll nyqoK CBera, ctiopMHpyeMbIH llHH30H 2, OCBew.rurr «ropH3OH
TaJH,Hble» np.11MoJIIIHeiim1e ofrLeKTI,J. KpoccoBep cxo.n;xw.eroc.ll nyqKa CBeTa Ha
xo.n;HTC.11 B6JIH3H Me3OOIITll'leCKOI'O 3epKarra C KOJibD;eBJ,IM OTKJIHKOM 3. KaJK.n;bIH 
np.llMOJIHHeiiHI,IH o6T,eKT <popMHpyer KapTHffY .n;n<ppaKD;Hll ,nan:eKoro IlOJI.ll B BH,D;e 
Y3KOH CBeTJIOH IlOJIOCKll Ha TeMHOM none. llIHpHHa 3TOH IlOJIOCKH, npoXO,l(jllll.eil: 
qepe3 OIITHqecKJIO OCb McI>M, paBHa .n;naMerpy KpOCCOBepa CXO,ll,lllll.el'OC.ll nyqKa 

cmrra (:::::60 MKM). 

fJiaBHa.ll oco6eHHOCTb McI>M COCTOHT B TOM, 'ITO ,Il;HaMerp <pOKaJibHOI'O 
KOJlbD;a 5, KOTOpoe o6pa3yeT MC3OQIITHqecKoe 3epKano C KOJlbll;CBblM OTKJIHKOM 3, 
onpe.n;en.11erc.ll z - Koop,n;nHaroii uempa TIDI<eCTH np.!IMOJIHHeil:Horo o6'beKTa. Ha 
BLIXo.n;e McI>M <popMnpyerc.ll ,[(BA Me3O0IITlfqecKHx n3o6pIDKeHH.ll: nesoe (L) n 

npasoe (R). 
AwpaneBoe Me3OOIITHqeCKOe 3epKano C KOJlbD;eBbIM OTKJIHKOM BHCIIIHHM 

,l(Ha.MerpOM 160 MM 6bIJIO H3I'OTOBJICHO Ha 3aBO.n;e «KpacHbIH nponerapuil:» B Mo

CKBe. lllnpnHa MC3OOITrn'ICCKOI'O KOJibD;a paBH.llJlaCb 1.5 MKM npn .n;nq>paKD;HOH

HOM npe.n;ene 1.4 MKM. 
Iir,mo IlOKa3aHO TeOpeTHqecKH H 3KCnepnMelfl'aJII,HO, 'ITO CBeproqaoe impo 

McI>M q>OpMnpyerc.ll B pe3yJILTa-re .n;syx onepauHil:·: npoCTpaHCTBeHHoro npeo6pa-
3OBaHH.ll Cl>ypbe H orrepaQHH YMHO)KCHH.ll Ha e,ZUIHll'lffYIO c-ryneaqazyIO <l>YHKUIIIO 
s IIJIOCKOCTH npoCTpaHCTBeHHblX qaCTOT. Ilo3TOMY o6'beKT B BH.n;e rrporrycKatOw.e
ro KpyrOBOI'O OTBepCTIDI npeBpaw.aerc.ll McI>M B ,!(Be KOHu;empll'lecKHe OKpy)KHO

CTH. 
B McI>M C O.n;HOKaHaJibHblM <J>oronpHeMHHKOM, npe,n;HaJHa'leHHOM ,lQI.ll Ha-

6J110,n;eHH.ll B3atlMHO napannenl>HbIX np.!IMOJIHHeiimIX o6'beKToB, CIITHaJibI HMeIOT 
BH.D;, Il0Ka3aHHblH Ha puc. 2. 

2 34 56 7 8 

1 2 34 5G 7 
' ' '' 'I I 

3 7i 3 7 3 7 ~ 7 3 l, 7 : :3 :1 I I I , , 
: . It 'I l 

' o I I I. I 

3 
I 

3 5 3 6 l 7 3:: 8 i :3 19 " : : : : : . I 

' -
2 · :J4 5G 7 

Puc. 2. CuzHWlbl Ha BblXOOe M<PM c OOHOKaHWlbHblM qwmonpueMHUKOM. 
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B MCl>M c o,l(Hoii: o6meii: II3C - MllTp~eii: JIMeroT MeCTO rrpoCThle JIHHeii:

HJ,Ie coornomeHIDI Me)K)zy 4 napaMeTpa.\t:H rrpnmmmeimoro om,eKTa (x, y, EJ,cy, 
E>z) H (x, y) K00p,l(HHaTaMH .l(Byx Me300JITHliecKHX CIITH!IJIOB Ha BhlXO,l(HOM MOHll

rope MCl>M. 

BhIJIO IIOI<a'IBH0, '1:10 Me300II'I'H'IeCKHe CHI'HaJihl cne,l(OB 'lac~ JIMeromm:: 

o6rrzyro BepIIDrny, Jie:iKaT Ha CMHOrP AMMB. 
IIpH IlOMOIIl;H MCl>M MO)KHO IDMep.SITh pa,l(Ii)'C KpHBIDHhI npoera:um CBeTa 

'I8CTIJnhl Ha IIJIOCK0CTh, nepnell,l(HKymipH}'IO OCH MCl>M. 

B MCl>M Ha6JIIO,l(aercsr ME3O0IITH1IECICHH 3Cl><llEKT MY AP A: rrpn 

noBopornoM nepeMememm KOHii;a rrpHMoJIHHeii:Horo cne,l(a 1raCT~ B none 3Pe

HIDI MCl>M B Harrpamremm, neprrell,l(HKyITHpH0M opHeHTarum HCXO,l(HOro IIpllMO

JIHHeii:Horo cne,l(a 'Ia~ Me300J1TIItiecKoe IDo6pa:iKeHHe 3Toro rrp.a:Monmie:im:o

ro cJie,l(a CKOJih3HT B,l(OJih Me:moIITHlfecKoro roo6pa:iKeHHH, T.e. c,l(BHraerc.a: nep

neHJIHKYmIPHO noBOpOTHOMY nepeMem;eHmo KO~ CJie,l(a i:i:aCTllll;hI B none 3pe
HIDI M<llM. Ilpn !:!TOM BeJIH'IHHa CK0Jih3Hm;ero nepeMem;elillll Me300IITll'lecKoro 

cne,l(a 'IaCTllll;hr B (RID) pa3 6oJihme HCTIIHHoro nepeMem;eHIDI KOHUa npHMoro 

cne,l(a 'Iac~r na Kparo rromI 3peHHH MCl>M. 
Me300IITH'IeCKHH 3cpcpercr Myapa II03BOIDieT IIOCTpOIITh 3cl>cpeKTHBHhIH an

ropHTM o~eHKH Manoro yrna pacceHHIDI 'IaCT~ B none 3peimH MCl>M no ee Me-

300IITH'IeCKOMy roo6pa:iKeHHIO !:!Toro co6hITHH. IIpH pa,l(eyce <poKaJihHoii orq>y)K

HOCTH R=80 MM H ,l(HaMeTpe rromI 3peHIDI MCl>M D=l MM, K03cpcp~eHT Y13eJIH-
1IeHIDI JIHHe:im:oro nepeMem:enHH, Bhl3BaHHhIH Me300J1TIItieCKHM 3cp¢ercroM Myapa; 
paBeH k=R/D=80. 

IIpoBe,l(eHHhle Hccne,l(oBaHIDI 3THX H J{pyrHX CBOHCTB MCl>M II03BOmIIOT 
C,l(eJiaTh BhIBO,l(, 'ITO cpyH,llaMCHTallhHOe CBOHCTBO MCl>M MrH0BeHHO cpopMHpO
BaTh ,l{BA MC300IlTH'ICCKHX BhIXO,l(HhIX CIITHana ,l(0JI)KHO H8HTH co BpeMeHeM . 

IIpJIMeHeime B MHKpO - po60TOTeXHHKe H B MliKpo - MexaimKe. 
B rrraBe 4 rrpo,l(oJI)KeHo oIIHcaHHe cBoiicTB MCl>M. B 11acrnocrn, B camr

T!IJlhH0M ce1IeHHH MCl>M pa6oTaer KaK 0,l(H0Mepnal! KaMepa o6ceypa, c BHpTYaJih

noii: rrponycKarom;eii: mellhro, opHeHTHpOBaHHoii: Ka:iK,l(hrn pa3 nepneH,IIHeylillpHo 
HCXO,l(H0My IIpHMOJIHHe:im:OMy om,e:icry. 3TO CBOHCTBO MCl>M II03B0IDier BhillOJI
HHTh Ha HeM HCK0TOphle nerrpe~H0HHhle MerpolI0rH1IeCKHe H3.MepeHHH. 

,naJiee OIIHcaH MCl>M c ,l(BOHHOH cpoeycnpoBKOM, KOTOphlii cpopMiq,yer na 

BhIX0,l(e T01IC1IHhle Me300IJTlltlecme CID'HaJihI, neBhIH (L) H rrpaBhlli (R) IIp.llM0JIH
Heimoro CJie,l(a qac~r. 1!To6hI II0BhICHTh ornomeHHe CHrnana K myMY, CXO,l(H

IIl;HHCH ocBemaroID:Hii: nyqoK cBem B M<llM BhIIIOJIHeH ACTHrMATHlffiCKHM 

(pHc. 3): <poeyc B MCpll,l(HOH!IJlhHOM Ce'Iemm: HaX0,l(HTCH B MC,l(HaHHOH IIJI0CKOCTH 
Cil0H smepnoii: ct>oT03MYllhCHH, a cpoeyc B canrrrallhH0M CC'ICHHH H8XO,l(HTCJI B 
IIJI0CIC0CTH IJ3C - M8Tp~I. 

,nanee pacCMaTpHBfilOTCH IC0Ma a6eppa~ B M<llM, CCMCHCTBO Tayroxpou
HhIX 3JIJIHIICOB, MCTO,l(hl noCTpOCHIDI ID0IIill1MaTH1IeCKoro Me300J1TIItieCKOro 3ep

Kana, a TaIOKe rrpo6neMa rrry6HHhI cpoKyca B MCl>M. OIIHC8Hhl KOHcrpy~ 

MCl>M C 60JihillOH rny6mmii cpoKyca H HOBhIH crepeOCKOIIH'ICCKHH MHKpOCKOII co 

CTepC0CKOIIH'ICCKIIM yrnoM 3peHHH ~ 90° (pHC. 4). 

8 
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Puc. 3. CxeMa acmua,ttamu'lec«ozo cxoomqezoca oceeUfa/OUfezo ceema M<fJM 

Puc. 4. CxeMa Hoeo20 cmepeoc«onu'lec«ozo MUKpoc«ona 

co cmepeoc«onu'leCKUM y2J10M ~90°. 
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rnaBa 5 nocBHmeHa HBJieH1110 KAY CTMKH, Mero.ey Ha6n10,neHID1. :noro 

HBJICHIIH npH Il0M0IIQI U:IIJIHffJWWICCKOH Il0JIYJIHH3hl (pHC. 5), a TillOKC ero IlpHMe

HCHHIO B KOHq>OKaJihHOM KayCThl'lCCK0M MC300IlTH'lCCK0M MHKp0CK0ne ,llJIH CeJieK

THBH0fO Ha6JI10,neHHH «BCPTHKaJII,HI,JX)) CJICJJ:0B qacruu:. IloKa3aHO, 'ITO CK0p0CTh 

np0CMOTpa CJI0eB HJJ:epHoii q>OT03MyJihCHH B TilK0M MHKpocKone B 3· 103 
pa3 Bhl

me, 'ICM B 'Ipa,n:HU:H0HH0M MHKp0CK0ne. 

Puc. 5. Cxe.,.,,a pezucmpatfUU RBJJeHUR KaycmuKU. 

CxeMa KayCTWieCKoro KOHq>OKaJihHOro MC300nTHqecKoro MHKp0CK0na no-· 

Ka3IDia Ha p11c. 6. OCBEll(AIOI..l.\A51 U:HJIHHJJ:pH'leCKaH nonynHH3a L1 q>opM11pyer 

KayCTll'leCKJIO HHrepcpepeHU:HOHttylO Kaprutty. Cnoii g.zi:epH0H qJOT03MYJihCHH 

Il0MemaIOT B6JIH3H cpoKyca 3TOH Il0JIYJIHH3hl H op11eHTHpy10T nepneH,n:HKYAAPH0 

BHeIDHeii 30He KayCTHKH. OTITH'leCKaH lllTOpKa 5 nornomaer Btty'IpeHHHe .'IY'IH 

CBCTil KaYCTHKH. 11306P A)I(Af()ll(A51 U:HJIHHJJ:PHqecKaH nonymIH3a Lz q>OpMHpy

eT nyqH CBeTil BHelllHeii qaCTH KayCTH'leCKOii mrrepcpepeHQIIOHHOH' KapTIIHhl. On

THMaJihH0e B3aHMHoe pacnonmKeHHe ocnemaIOmeii II H3o6pIDKaIOmeii KayCTHK 

C00TBeTCTByer lllHpHHe KOHqJOKa.JlhHOrO 0TKJIHKa, pa.BHOH N3, r.ne A - lllHpHHa 

KayCTll'leCK0H 30Hl,I. 

<I>yHKU:HH pa3MI,ITJIH roqKH KayCTH'ICCKoro KOHqJOKaJihHOro Me300IlTH'le

CK0ro MHKp0CKona 6bma H3MepeHa Ha yCTaH0BKe (puc. 7) c .llBYMH U:IIJIHH)IpH'le

CKHMH Il0JIYJIHll3aMH L1 H Lz, 06pa3Y10IIQIC JIHHHH K0T0phlx 6I.IJIH B3aHMH0 nep

IlCHJJ;HKYAAPHI,I B IlJI0CK0CTH, B CB0IO oqepe.n1, nepneHJJ:HKYJIHpHOH 0ilTH'IeCKOH 

OCH yCTIDI0BKH. Ha puc. 8 Il0Ka3IDJa q>yHKU:HH pa3Ml,ITJUl ToqKH, nonyqeHHaH npH 

JJ;Byx pa3HhIX BpeMeHax 3KCil03HLIHH, 81f)IHO, qro 6oKOBble neneCTKH q>yHKU:HH 

pa3MhlTHH T0'IKU 3anoJIJUllOT T0JibK0 0JJ:HH KBa,npaHT 113 qen,1pex. 
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Puc. 6. CxeMa Kaycmu<teCKOZO KOH<jJOKaJlbHOZO .Me3oonmu<teCKOZO MUKpOCKona 
O//J/, ce.neKmueHow Ha6J1100eHufl eepmuKanbHblX CJ1eoos 'iacmu1f. 

Ph 
L, L2 

--.=----------11Ph 

L, 

40.0 

71.8 

Puc. 7. Cxe.,.,,a :JKcnepUMeHma Onfl onpeoenemm pyHKtfUU pCl3Mblmllfl mo'IKU 
6 Kaycmu<teCKOM KOH<jJOKOJlbHOM MUKpOCKOne. 
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Puc. 8. Bua <j,yHKlfUU pCl3MblmW1 m0'IKU C 6oK06blMU 11enecmKaMU, K0m0pble 

3llllOJlHR/Om mOJlbK0 O0UH KeaopaHm U3 11emb1pex. 

Ha pnc. 9 rrpnae,n:eHa cxeMa TeMH0il0JihH0ro KOH<}lOKaJihHOro Me300ilTHqe

CK0ro MHKpoCKona, H3rQTOBJieHH0ro B OI-UIM: 1 - Jia3ep, 2 H 4 - IlJI0CKHe 3epKa

Jia, 3 - Il0JI0iKJITCJII,Hilll JIHH3a, 5 - Uill1HH,n:pnqeCKilll JIHH3a, 6 - CJIOH »,n:epHOH <}lo

T03M)'JlhCHH, 7 - 061,eKTHB MHKp0CK0IIa, 8 - x.y-CT0JIHK, 9 - II3C-Ma-rpHua, 10 -
BI,IXO.D:HOH M0HHT0p II3C-l\lalpHI(I,I, 11 - CHCTeMa H3MepeHIDI yma 0 Me)K)zy Bep

THKaJII,HI,IM CJie,n:oM qaCTHI(l,I H onmqecKOH 0CI,IO MHKp0CK0na, 12 - YKaJaTeJII, 

yma 0. lllHp1rna ocaemawmeii o6naCTH CJI0ll J1,n:epttoii <}loT03MYJihCHH paBHa 4 
MKM. 

5 

---1~' 

Puc. 9. CxeMa meMH0llOJlbH0Z0 n011y-KoH<j,OK(lJlbHOZO Me3oonmu'leCK0Z0 

MUKp0CKona. 

rnasa 6 rrocBJ11.UeHa MHBEPCHOM ME3OOIITI1KE. Ha puc. 10 noKaJaH 

rrpnMep IIHBepcHOH Me300IITHKII - Me300IITJiqeCKHH KOH<}lOKaJII,HhlH MHKp0CK0II, 

KOTOpblH co,n:ep,KIIT roqeqHI,IH ncroqHJIK CBeTa 1, OCBemruomHii Me300IITHqecKHH 

06'beKTHB 2 n BTOpoii MeJoonmqecKHH o6'beKTHB 3. Bo BTOp0M BapHaHTe BTOpoii 

Me30QIITHqecKIIH o6'beKTHB 3 M0lKeT 61,ITI, BhIII0JIHeH B BH,n:e Me300IlTHqecKoro 

3JieMeHra C K0Jibl(eBbIM 0TKJIHK0M, a Kp0Me Hero BBe,n:eH HHBepCHhlH Me300ilTHqe

CKIIH 3JieMeHT 4. IIoJiyqeHHilll TaKHM o6pa30M -rpexKacKa,n:Hilll CHCTeMa npeo6pa-

3YeT HCX0,n:Hy!O roqKY 1 CHaqaJia B cerMeHT AB, 38TeM B K0JII,1(0 R H, HaK0Heu, B 

roqKJC. 

12 
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Puc. 10. CxeMbl UH6epCH0-Me3oonmu'leCK0Z0 KOH<j,OK(lJlbHOZO MUKp0CKona. 

Bo3MO)l(HOCTH HHBepCHOH Me300IITHKII II03B0JIJIIOT yMeHhlIIHTI, 3qJq>eKT 

xpoMaTH3Ma B Me30onmqecKOM ,n:uqi<}lepemi;H3JII,HOM raJ0B0M qepeHK0BCK0M 

cqe'f'lnKe 3aplliKeHHbIX qacmu (pHc. 11 ), a TaK,Ke Il0CT})0HTh CaMO<}lOKJCHpyI0-

1.UHHCJl 0H.Il:JJIJIT0p (puc. 12), B K0T0p0M nepuo.n: MarHHTH0ro Il0JIJl JlBJIJleTCJl Me,n:

JieHH0 crra,n:a10meii <}lyHKl(lleH npo,n:OJII,HOH Koop,n:HH8TI,I z. 

HJ 

1----f 
t--~-L----1 

Puc. 11. Cxe.Ma .Me3oonmu'leCK0ZO ou<J,rf;epeHlfUaJlbHOZO ZCl3060Z0 11epeHK0(fCK0ZO 

C'lem'IUKa 3apR:JK:eHHblX 'laCmU1.{. 
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Puc. 12. CxeMa caMOfjJ01<ycupy10UJezo ouiJyMmopa. 

B rJiaBe 7 01rncam,1 3KcnepttMeHrM no Hccne,n:oBaHmo npo,n:onbHOii mrrep

qiepeHIIHH CBeTil B Me300ITTHKe. Ha pnc. 13 ,n:aHa cxeMa 3KCnepnMeHTil MH Ha-

6mo,n:eHHX :rroro HBneHHX. B HeM HCITOnb3YeTCH 3KpaH 5 co MHOrHMil: Y3KHMH KO

aK.ClfanbHbIMH nponyCKIDOilllfMH KOJILllaMH IIlHpHHOH 20 MKM n c marOM 200 MKM. 

3Kpatt 6 nponycKaeT CBeT, npoxo,n:gmnii TOnhKO qepe3 ,n:ea coce,n:HHX nponyc

KaIOITIHX KOJlbllB. 

~--

. I l, I ,, I---~':!...-' ----1------,o,j 

uc. 13. Cxe.Ma 3Kcnepwueuma no ua6J110iJeuu,o npoiJoJtbHou uumep</JepeHl{UU 
CBema B Me3oonmuKe. 

,l{.!Ill H3yqeHHX npo11ecca B3aHMHOro HaJIOiKeHHX ,ll.Byx HHTepqiepeHIIlfOHHblX 

C'fPYKTYP, H,ll.yIUHX K OilTlflleCKOH OCH C ,n:eyx IIpOTIIBOITOJIO:>KHblX HaIIpaBneHHH, 

61,m BblITOnHeH 3KcnepHMeHT, cxeMa KOTOporo IIOKa3aHa Ha pnc. 14. B ,n:aHHOM 

14 

3KCrrepHMeH1-e. 'llfCno nponyCKaIOilllfX KOaK.CHaJibHLIX Kone11 B 3KpaHe 5 panuo 10. 
B :mix yCJioenax 11mpm1a MaK.CHMYMa B mrrepqiepeJ:IIIHOHHoii C'fPYKTYPe 6blna 

MeHbllie neptto,n:a MOJl:YIDilllllf CBeTil A. lin:aro,n:apll 3TOMY MO)KHO 6LIJIO 'leTKO BH

Jl:eTb Jl:IIHaMIIKY B3allMHOro HaJIO:>KeHHX ,n:eyx HHTepqiepeHIUI.OHHLIX C'fPYKTYP, 

HJl:YJUHX HaBcrpeqy .n.pyr ,n:pyry H Jl:aIOITIIIX BKJIB,n:LI B 06111YIO KaPTIIIIY npo.n:onb-
HOH HHTepqiepeHIIIIH CBeTa. • 

Puc. 14. CxeMa 3KCnepUMe11ma C 'lUCJIOM KOaKCUCIJlbHblX nponycKGIOUJUX KOJlel,{, 
paBllblM 10. 

Ha pHC. 15 IlOKa3aH npo11ecc TeHeo6pa30BaHHX B cny11ae TIJIOCKOH BOnHbl 

(a) H B cny11ae CXO,n:l!IllHXCll KOHHqecKIIX BOJIH (6). Ha pHC. 15a TeHb OT mapa 

)],HaMeTpOM d paCIIpOClpaHHeTCH BJl:OJib OCH z Ha rny6m1y 13=d2/2A.. rny6Ima rrpo

crpaHCTBa, Ha KOTopyro IIpOHHKaeT TeHb B cny11ae cxo,n:,imnxcg KOHH'leCKHX BOJIH 

(pHC. 156), paBHa TOH )!(e BeJIH'IHHe 13, o,n:HaKO caMa KaPTHHa TeHH B npoCTpaHCTBe 

OpHeHmpoBaHa Beepoo6pa3HO OTHOCIITenbHO OCH z. B pe3yJibTaTe o6JiaCTb npo

crpaHCTBa B,ll,OJlb OCH z, 3aIIOJIHeHHM TeHbIO, HMeeT oqeHb MaJI)'lO npOTlliKCH

HOCTb ~d/sin0. 

IY 

i< d 12•A 

\ T 
z 

' 
·1 

B I 68:)./d 

B"dY2). 

Puc. 15. llpolJecc o6pa308QIIWI meHU 8 CJly'lae IVIOCKOU 60Jlllbl (a) u 8 CJ/y'lae 
CXOOJI.UJUXCJI. KOHU'leCKUX BOJIH (6). 
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B roii )Ke rJilU!e 7 pacCMOTpeH Mero,n; no,u;annemrn npo,n;oJibHOii HH-repcpe

pemnm CBeTa, a TIUOKe BJIWIHHe Ha HCXO,u;HOe BOJIHOBoe none JIHHeiiHOf'O If KOJib

ueBOf'O q>IDII,T{la rlfJib6epnt co CKaqKoM qla3bl ~cp= 180°. 
B rnaBe 8, IlOCBSHUeHHOii mnepHoii: MeT{)OJIOrlflf, OilHCaHbI: A - npeW{3ll

OHHbiii: 6ecKOHTilKTHbiii: Jia3epHbIH H3MepIITeJib ,llllaMe-rpa npoBOJIOKH, B - Me3o

OnTil'leCKlfli H3MepHTeJib BHeumeii KOH)'CHOH nonepXHOCTH B aBTOKOJIJIHMaunou

HOM pe)KlfMe, C - Me300I1TII'IeCKlfii H3MepIITeJib BHYTJleHHeii KOH)'CHOH nosepx

HOCTH B aBTOKOJIJilfMaullOHHOM pe:iKHMe, D - Me300Il1WleCKHH llHTepqiepoMe-rp, E 
- MC300ITfHqCCKHii KOHcliOKaJibHblH KeparoMe-rp U F - Me300IlTHqeCKHH KOHqJO

KaJibHblll npoqilfJioMe-rp C UCHT{laJibHblM nyqKOM CBera. 

3KcnepHMeimUibH3JI YCTIIHOBKa ,!J;Jlll Ha6mo,n;eHHll MHOflfX ,!IHcppaKUHOHHbIX 

nopll,!IKOB (pnc. 16) COCTOHT H3 TQqeqHoro lICTQqHHKa CBeTa 1, JllIH3bl npeo6pa3o

BaHIUI Cl>ypbe 2, anperypHOH ,lUiacpparMbl 3, ofo,eicra 4 - BOJibcppaMOBOH npOBOJIO

KH ,llliaMeT{)OM ::e26 MKM, qioroqyBCTBIITeJibHOfO CJIOll 5, YCTIIHOBJieHHOfO Ha UH

JllfH,llpHqeCKOM HOCIITeJie c pa,IUiyCOM R=140 MM, a TaIOKe IlOfJIOTJITeJIJI npllMOf'O 

nyqKa CBeTa 6. Ha pHc. 17 IlOKaJaH qiparMeHT KapTHHbl ,u;mppaKUHU c maroM Me

)K,lly MHHllMYMaMll, paBHblM 4 MM. 

lM 1:1 

~ 
IM 1:2 

-~ 

Puc. 16. 3Kcnepw.teHma.JlbH{Ul ycmaH06KG OJIJl na61110oeHWl 6blCUlUX 
OUqJpGKl{UOHHbTX nopll0K06. 

E------ j 
Puc. 17. <f>pGZMeHm KapmUHbl OuppaKI/UU C UlllZOM Me.?JCoy MUHZL'UYMOMU, 

pa6HblM 4 .MM. 

Ha pllC. 18 IlOKa3aHa 3aBllCHMOCTb 3KCnepHMeHTaJibHO oueHeHHOH norpem

HOCTH H3Mepemi:ii OT llH,!ICKCa N ,n;HqipaKUHOHHOf'O MllHllMYMa. BH,!IHO, ~o Oilll

CaHHbIH MeT0,!1 Il03B0JllleT oueHIITb ,!(llaMe-rp BOJibq>paMOBOH npOBOJIOKH -26 MKM 

c OTHOCIITeJibHOH norpeIIIHOCTbIO 3· 104 
,!J;Jlll N=24. 

16 

4 

3 

2 

fi.Hp 
,If 

r-m 

W-wire 

s:;: =5,87 / N + 1,125 

1 ____________________ 1J?_5 

If''" 

O - 1 ~ 1 10 13 16 19 22 2S N 
Puc. 18. 3aeucw.wcmb nozpemnocmu U3Mepenuu om unoeKca N ouppaKl{uonnozo 

MUHUMyMa. 

Ha pllc. 19 noKaJaHa cxeMa Me3oonmqecKoro tt3MepllTenH BHeIIIHeii: KO

H)'CHoii IlOBepXHOCTH B aBTOKOJIJIHMauHOHHOM pe)KlfMe. B 3TOM npu6ope HMCeTCll 

T{llI KOHHqecKHX 3epKana (4+5), llCTQqHHK KOJIJIHMHpOBaHHOfO nyqKa CBeTa 1, ,u;Ba 

CBeTO,!(CJillTeJlll 2 Ii 3, o6MepHCM3JI ,!(eTaJib 6, cynno!)T 7, MHKpOMe-rpHqecKHii BHHT 

8 If qJOTO,!(ereKTOp 9. 

© 
Puc. 19. CxeMa Me3oonmu11ei:Kozo U3MepumeJUl enemneu Konycnou noeepxnocmu 

6 aemOKOJIJlUMGI/UOHHOM pe.?JCUMe. 

BHeIHHllll KOHHqecKaJI noBepXHOCTb ,llenUill 6 OCBem;eHa B aBTOKOJIJIH!llaQll

OHHOM pe)KlfMe 0,!(HOBpeMeHHO co Bcex cropoH. Ha 3KpaHe Ha6JIIO,lleHIUI 9 BH,!IHbl 

,u;Ba roqeqffo-no,u;o6HbIX mo6pa)KeHJrn, o,n;Ho - OT ,n;eTaJIH, a ,u;pyroe OT nepe,n;Heii: · 
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noBepxaocrn: Broporo CBel'0.ZJ:emrreJlll 3 H OT Ja,nuefi noBepxuocrn: nepBoro. cBe-

10.n:emrreJlll 2. · 
Ha pHc. 20 noKaJaaa cxeMa Me3oorrrn:qecKoro H3MepHTeJUI B:uyrpeuueii Ko

uycHoii nonepXH0CTH B aBTOK0JIJIHMa.QH0HH0M pexrnMe, K010pW! co.n:epxrnT 10-

qe'IHI,IH HCTOqHHK CBeTa 1, QnTffqeCKHfi KOJIJIHMarop 2, :uempMLuyro mropKy 3, 
KpyroByro .n:mppaKUHOHffYIO pemency 4, KpyroByro 0TPIDKaTe.m,uyro .n:mppa1w.11-

0Huyro peIIIel'Ky Ha KOffHqecK0fi II0BepXH0CTH 5 C 6opo3.zucm,m uecuuycoH.n:aJIL

H0H tpopMLI (3IIIeJIJie), o6MeplleMYIQ .l(eTallb 6, cyrrrropT 7, Me300IITifqecKHii 3Jie

MeIIT C K0Jib[leBLIM OTKJIHK0M 8, tpHJILTP IIP0CTPaHCTBeHHLIX qaCTQT 9 H 3KpaH 

Ha6JIIO.l(eHHll 10. ~HtppaKUHOHHaJI peuiel'Ka Ha KOffHqeCKOH rronepXH0CTH 5 tpOp

MHpyel' aBTOKOJIJIHM~HOHHb!H pexrnM 0CBemeHHll BffYTPeH Heil KOffHqeCKOH 110-

nepXH0CTH .ll:el'aJIII 6. OrproKeHHLie JIYlffl CBeTa rrpel'epneBaroT II0CJie.n:oBaTeJib

H0CTh npeo6pa30BaHHH, B pe3yJILTaTe K010pLIX 3TH nyqn CBel'a o6pa3YJOT Y3K0e 

K0JIL[I0 B nJI0CK0CTH np0CTPaHCTBeHHLIX qacroT tpIL'IbTPa 9. 34JtpelCI'HBHaJI WH

pnHa 310f0 K0JILUa paBHa &=2 MKM, a rrorpeIIIH0CTh H3MepeHHH paBHa 

.ti<p,::,(0.1-0.2") (yrnoBLIX CeKyH.l(bI). 

8' 

c' 
l~., 

l,s. L, 
Puc. 20. Cxe.Ma Me:Joonmu'lecKozo U3Mepume.na Bnympe,meii Konycnoii 

noBepxnocmu B aBmoKOJIJIUM01JUOHHOM pe;){CUMe. 

Ha puc. 21 noKaJaH pa3pe3 Me300ilTffqeCKoro HHrepq>epoM~a. Ha Hero 

HarrpaBJlllIOT CX0'All!UIIBCJI K0ffHqecKHii BOJIHOBOH tppOHT, no.l(.lle)Kamnii rrpeUH3H-

0HH0MY K0ffTP0JIIO. Ha BLIXo.n:e 310f0 MH0ronyqeBoro mrrepq>ep0MeT?a xopomo 

BH,lUILI aJHMyram,HLie OTKJI0HeHHll OT 3T3JI0Ha B na.l(aromeM K0HHqecK0M B0JIHO

BOM q>poare. 

Ha pnc. 22 Il0Ka3aH Me300IlTffqeCKHH KOHlpOIC8JII,HLifi KeparoMeT?, K0T0-

pLrn co.n:ep)Kl{T BLinyKJI0e MH0f03JieMeHrH0e 3epKanO 2 II Boruyroe MH0f03Jie

MeIITH0e 3epKMO 3. O6pa3y10m11e JIHHHH BCex 3JieMeH10B YKa3aHHLIX 3epKan ·.JIB

JlllIOTCJI IIpllMLIMH JIHIIIIJIMII, a yroJI 06pa3Yromeii JIHHHH ueHTPaJILH0ro 3JieMeHTa 
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HaKJioHeH K o6meii o6paJyromeii JIHHHH no.n: orrpe.n:eneHHLIM yrnoM <I>. O6pa3yro

mu:e B 3TIIX YCJI0BIIJIX .n:aa K0aKCHaJibHblX K0HffqeCKHX B0JIH0BLIX q>poHTa C03.ZJ:aIOT 

np0.l(0JILffYIO M0.ZJ:YJIJIUHIO CBeTa Ha QnTffqecKOH OCH. BLIXO.ZJ:Hall JIHII3a Keparo

M~a BH.ZJ:HT lOJibK0 roqKH Ha OIITHqecKOH 0CII CHCTeMLI. 0:HreHCHBHOCTb nepBo

ro 60KOBOro nerrecnca tp)'HKUHH pa3MLITIIJI lO'iKH paBHa 0.016 OT HHreHCHBH0crn: 

:ueH1paJibH0ro MaKCHMyMa. 

Puc. 21. CxeMa Me3oonmu'lecKozo unmep,PepOJ,,tempa. 

Puc. 22. CxeMa Me:JOonmU'leCKOZO KOHrjJOKGJlbHOZO KepamoMempa. 
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Ha pnc. 23 noKaJaHa cxeMa Me3oorrmqecKoro KOH<pOKaJILHoro npoqmno

Melpa C u;empaJII,HI,IM n:yqK0M CBera. CncreMa co;:i;epxan roqeqHJ,IH HCTOqHifK 

CBeTa 1, OilTll'JeCKHH K0JIJillMarop 2, IlJI0CK0e 3epKaJI0 3, K0HJlqecKHe 3epKaJia 4 If 
5 CHCTeMhl 0CBemeHIDI, K0HHqecKoe 3epKaJI0 6 CHCTeMJ,I Ha6mo;:i;eHHH, roqeqHJ,IH 

<pOTOl];eTeKTOP 7, Il0,lOIIDKHOH CT0JI 8 tt 6JIOK naMRTH 9. lJT06LI OCJia6HTJ, 3<p<peKT. 

6oKOBLIX neneCTK0B, BHYfPeHHllH l];llaMelp D2 K0HHqecKoro 3epKMa 6 CHCTeMLI 

Ha6mo;:i;eHHR If BHelIIHllH )UfaMelp D, KOHHqecKoro 3epKana 5 Bhl6paHM H3 yCJio

BHH: D1ID2=di/d2:l.62; d,=D2. 
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Puc. 23. CxeMa Me30onmu'teCKOZO KOHpOKWlbHOZO npopwiOMempa C 
1JeHmpOJ1bHb1.M ny1tKOM caema. 

B rnaee 9 C<popMynnpOBaHJ,1 0CH0BHbie BbIBO)];J,I pa6oTbI: 

l. TeopenrqecKtt If 3KCnepHMeHTaJIJ,HO IIOKaJaHo, qro HCIIOJib3YIO Me3o

orrmqecKHe 3JieMeHTbI, BIIepBLie npel];JlmKeHHbie H H3rOTOBJieHHbie ae

ropoM, MO:lKH0 noJIHOCTblO y6paTb orrepau;HIO nepe<poKycrrpOBKH no 

rny6rrHe e rrpou;ecce Ha6JIIOl];eHIDI MHKpOCKOilll'JeCKHX npHMOJIHHeHHbIX 

o6oeKToB, nexramnx Ha pa3Jlll'IH0ii rny6Irne. IIprr 3TOM )];Jill roro, qro-

61,1 y6pan onepau;HIO nepe<poKycrrpoeKH no rny6ttHe, Heo6xo;:i;uMo rr 

;:i;oc-raroqHo, 'IT06LI o6proyroiu;aH JIHHlfH ll306pIDKaIOiu;eii. JIHH3bl HMena 

mnoM. 
2. BnepBLie B HCTOpllll orrmqecKoro MHKp0cKona OTpe30K npHMOJIHHeii

HOfO 06'beKTa, HaxOl];Hiu;llKC.!I B none 3peHHH MllKpOCKOna, CTaJI BOC

rrpHHHMaTLC.!I KaK E,m,IHOE QEnOE. 
3. BnepBLie e lfCTOpHH orrmqeCKOro l\lHKpOCKOIIa YJJ:aJIOCb CiKaTb BCIO 

lfH<pOpMau;HIO O IIpHMOJIHHeiiHOM o6'beKTe ;:i;o ,nBYX roqeqHJ,IX crrrna

JIOB, KOTOpMe B03HliKaIOT Ha BLIXO.n;HOM MOHHTOpe l\le300IlTHqecKoro 

MlfKpOCKona. HHKaKHX BJ,IqnCJieHHK npn 3TOM He npOH3BOl];llT. 

4. BnepBbie e HCTOPHH orrmqecKoro MHKpOCKona IlOJIHOCTLIO y6paHa 

onepau;HH pro6neHIDI mo6paiKeHHH npHMOJIHHeitHoro o6oeKTa Ha co-

CT~JllIIOJW!e 3JieMemhl, KaK ::rro ,n;o cnx nop ,n;emuor eo ecex Tp~

OHHLIX oIITlf'IeCKHX MIIKpOCKOilaX. 
5. 3Kcnepm.i:eHTaJibH0 6LIJIO IlOKll38HO, qro Ha rryTlf rororoBJieHlf.!I Me30-

oIITll'ieCKHX 3JieMeHrOB C KOJibIJ;eBhIM Q"fKJillK0M He cymeC1ByeT TeXHO-

JI0I'lI'IeCKHX Tpy,ll;HOCTeH. 
6. BnepBLie 6J,IJI roroT0BJJeH • Me3oommecKnii <l>yp1,e MHKpocxon 

(M<l>M} ,ll;Jill cene:rcrmmoro Ha6mo,n;emm npSIMoJIIlHemll,IX o6'beKTOB c 

MaJILIM yrnoM norpyx;:emm. 3TOT npn6op o6na,n;an BceMH xapaKTepH

CTHKllMH, ynoMHll)'ThlMH BLIIIIe (1, 2, 3, 4). 
7. O6'bHcHeHa qieHOMeHonormecKH u BLipIDKeHa MaTeMaTHqeCKH cy:m

HOCTh IIpOCTpaHCTBeHHLIX HHTerpalibHhIX npeo6pa30BaHIIH aMIIllllT)',ll;LI 

cBeTaBM<l>M 
8. l1oK!l3llHO, 'ITO Me300ITTWieCKHe CHrHaJihl IIpSIMOJiliHefim,rx cne,n;oB qac

THIJ; B lI.D;epHOH qJOT03M}'llbCHlf, IDvteIOUI;liX o6myro BepilllfHY, Jie)I(aT Ha 

CliHOrpaMMe B cncreMe KOOp)Ul'HaT (x, Elxy), 
9. IToK!l3llHO, 'ITO pa,n;uyc KpllBIDHLI npoeKI(II0HHOfO roo6pruKeHlilI HC

KpllBJieHH0ro cne,n;a qaCTHIJ;I,I MO)KHO ou;elllITI,, HCIIOJib3YlI TOJibKO Me-

3oorrmqecme cHrHaJILI Ha eLIXo,n;e M<l>M. 
10. O6Hapyx;:eH Me300IITlf'IeCKllH 3<p<peKT Myapa B M<l>M, KOTOpW MO)KeT 

6J,ITJ, ncII0Jib30BaH ,ll;Jill ou;eHKH yrna pacceamm qaCTHn;bl. 

11. BuepBLie B Me300IITlfKe .srnneHHe KaycTHKH CBeTa 6J,IJIO HCIIOJib30BaII0 

o~HoepeMemm B ocBe:maromeM n roo6pa)KaromeM 6noxax Me300IITlf

qecxoro KOH<pOKaJibHOro MlfKP0CK0IIa. 
12. Bnepehle 61,ma paccM0TpeHa reope~ecKH n nccne,n;oeaHa 3KCIIepH

MeHTalibHO npo,n;olibHaSI HHTepqiepenn;HSI CBeTa B KOaKCliaJibHJ,IX KOHH

qecKHX BOJIH0BJ,lX IIOJllIX. 
13. IIpe,n;JIO)KeH MeTO,n; II0,ll;aBJieHHlI IIpO,ll;OJlbHOH HHTepqiepeHI(IIH CBeTa B 

K0aKCliaJibHJ,IX KOHJlqeCKllX BOJIHOBLIX II0IDIX. 

14. Ilpe,n;1IO)KeH HOBJ,IH MeI'O,ll; IIO~aBJieHHlI xpoMaTWieCKllX a6eppan;uii B 

,n;nqi<pepeHD;HaJibHOM raJ0BOM qepeHKOBCKOM cqeT'lm<e 3apH,KeHHhlX 

qacTHIJ;. 
15. OnnpaaCL Ha IIpliHI(IIIll,I HHBepcHOH Me300IITHKH, 6LIJia p83pa6oraHa 

KOHCTpyxI(Illl caMO<pOKYCHpyro:meroclI OH.n;ymITOpa, KaK reHeparopa 

CHffXPOTpOHII0fO ro.nyqemm. Ee peaJIIDl!UruI ynpoCTHT CHCTeMY TpaIIC

nopmpoBKH CHffXPOTpOHH0f0 IDnyqeHHSI n peIIIHT npo6neMy C'beMa 

rellJla B orpaHWIHBaro:me:lt ,n;na<ppa:rMe. 
16. BuepBhle 6J,IJI BLIII0JIHeH 3KCIIepliMeHT no 0,ll;H0BpeMeHIIOMY Ha6JIIO,n;e

HHIO BhIC0KllX nopSI,n;KOB ,n;nqipaKI(IIH OT N=l ,n;o N=25, xoropall co3,n;a

Ha nplIMOJilllleHHb!M 06:I,eKTOM. 3Kcnepm.i:eHTalibH0 61,mo Il0Ka3aHO, 

qro HCil0Jib30BaHlle B m13epHOH MeTp0JI0fHH HllqJOpMan;HH O BJ,lCOKHX 

nopa,n;KaX ~H<ppaKI(IIH II03BOJlller cy:mecTBeHHO, npHMepHO B 30+50 
pa3, )?,leHLIIIHTb norpeIIIHOCTh MeTpOJIOrli'leCKHX IDMepemrn. 

17. OIIHCaHLI cxeMhl H np~ ~eilCTBIDI Me300ITIWiecKHX MeTpOJIOrli'le

CKllX npn6opoe: npen;IDHOHH0I'O 6ecKOIIT!lKTH0fO IDMepHTeillI ,ll;HaMeT-
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pa npoBonoKH; MeJoorrmqecKoro II3MeprrreIDI BHenrneif KoaycHoil no
BepxaoC'Ill B aBTOK0MHMfilOI0HH0M pe)KMMe; Me3oonrnqecKoro H3Me
prrre.1Il! BH)'TpeHHeH KOH)'CHOfi Il0BepXHOCTH B aBTOK0MHMal.\H0HH0M 
pexm,'de; MeJoonrnqecKoro HHTepcpepoMeTpa; Me3oonrnqecKoro K0H
cpmcam,Horo KepaTOMeTpa u MeJoonrnqecKoro KOH$OKaJibHOro npocptt
JI0MeTpa C ueHTpaJibHbIM nyqK0M CBeTa. 

B rnaBe 10 npttBe,neHb1 ,naHHbie 06 anpo6aUirn: pa6on1. 
B rnaBe 11 ,naaa ttcnon1,3yeMWI mrrepatypa, a B rnaBe 12 -- 6Jiaro,napHOCTH 

aBropa ,nHccepTaUHif. 
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