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OnHcblBaroTcJI aKcnepHMeHTH, no.n;Tllep]K,11;aiOII{He npHI!nRTI .ueitcTBIDI 

wypDe-MHKpocKona .u~ ~epHoH W0Toa~~DCHH. Ms~araroTcJI Mo.n;e~yromne 

pac"G:eThi Ha 3BM pa60TH WYPDe-MHKpOCKC,Tia .U~ CMOIIIHbiX c~e,UOB sapmKeH

HbiX -qacT:mJ; B woToarey~cHH, a Ta.IOKe .I;JI.fl c~e.n;oB pe~HBHCTCKHX "G:aCTliiTl 

C TipOCBeTaMH MejK.lJ;y OT,Ue~HhiMH sepHaMH. 
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I. BBEJLEHkiE 

B pa6oTe/I/, ooBemaromeii rrpHHUY-n ~eiioTBHR wypbe-MHKpooKona ~~ 
~epHoii ~ToaMy~boHH, 6uno noKasaHc, ~To rrpH noMOIUH WYPbe-MHKpooKo

na MO~O oymeOTBeHHO nOBHOHTb OKOpCOTb rrpOOMOTpa O~a6o sarp~eHHOH 

~epHoii WOTOaMYnOHH. TaM JKe 61IJI or:HoaH o~HH H3 BapMaHTOB aBTOMaTH

sHpoBaHHoii CHCTeMH rrpOCMOTpa .fl,II;epHC'H WOTOaMynCHH Ha OCHOBe wypbe

MHKPOOKOna, B KOTOpOM no~OCTbiO yC'l'paHeHa onepa.IJ;HH CKaHkipOBaHHR 

c~oH WOTOaMy~bCHH no r~y6HHe. Euno T~e OTMe~eHo, ~To Hs-sa Manux 

pasMepOB rrpo~eHHHX sepeH cepe6pa, ~HaMeTp KOTOp~ COH3MepHM C 

,ILJIHHOH BO~ CBeTa, CHCTeMa me~eBOI'O orrpoca, paspa60TaHHaH B pa6o

Tax/2 t 3/, MCnO~b30BaHa 6HTb He MOiiWT. Ee He06XO~HMO 3a.MeHHTb IllkipOKO

SaxBaTHIDII cor~aCOBaHHIDII ~H~TpOM TUna KHHO~OpMa Ha cwep~eCKOH no~

~OiKKe H~H sepKaJIOM Ha KOH~eCKOH noBepXHOCTH/I/. 

B ~aHHOH pa6oTe onMCaHH aKcnepMMeHTH, no~TBepJK,IJ;aiDIUHe rrpMHUMn 

,n;eiicTBMH WYPbe-MHKpooKona ~ ~epuoii WOTOaMy~bCHH, a T~e rrpime

,n;eHH pesy~TaTH MO~e~kipOBaHHH Ha 8J3M ~ypbe-MMKpOOKOna ~ peaJibHHX , 

c~e,n;oB, HMerommc rrpooBeTH MeiK,II;y oT,n;n~HbiMH sepHa.MH cepe6pa. 8KcnepH

MeHTH ITpOBO~H~HCb Ha C~OIIIHHX C~e~<cr B .fl,II;6pHOH ~OT08My~bCHH, a TaK

.iKe Ha TOHKHX nayTHHKax .TI;HaMeTpOM OlCO~O 3 1\IIKM, HMHTkipyiOIUHX C~OII.IHbie 

c~e.TI;H B WOTOaMy~CHH. 

2. 8KCIIEP111VIEHThi HA CIT.1IOiliHhiX CJIJ ~ 

B Ka~ecTBe Mo~e~H c~oiiiHoro c~re~a ~acTHUH B ~epHoii woToaMy~b

CHM 6H~a B3HTa TeMHM nO~OCKa IllkipHHOH d, KOTOpM H.TI;eT ~epe3 Bee no

~e 3p6HHH ~MaMeTpOM ~, nepeceKM IL6HTp no~ speHHH. IlpH 8TOM Bcer

,n;a ,j << Z) • B CH~ rrpHHI.l;Iina Ba6HHe/I/, TaKM T6MHM no~OCKa MO.iKeT 

6HTb sa.MeHeHa aKBMBaJieHTHOH eli ysKoii me~bro Tex .iKe pasMepoB. 

Ha PHc. I npHBe~eHa cxeMa aKcnopmeHTa. lllTopKa c ysKoii I-UeJibiO 

YKa3aHHHX BHIIIe pasMepOB rrpooBe~HBaE)TCH CXO~HMCH n~KOM CBeTa. 

BosHE"KaromaH npH aTOM KapTBHa ~:mwru:r.u1n ,n;a.n:eKoro no~ rroKasaHa crrpa-
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Ba BHH3Y Ha PHc.I. ~T06H ITORCHHTb CTPYKTYPY KapTHHH ~MWPaKUMH ~a

~eRoro ITO~, BOCITO~b3Y8MCR yrrpomeHHOH MO~e~hiD rrpouecca ~HWPaRUMM 

CBeTa, ROTOpaR H306pameHa Ha PMc.2. Ko~MMHpOBaHHHH rryqOR CB8Ta 

rr~aeT Ha C06Hparomyro ~MH3y, sa ROTOpOH YCTaHOB~eHa lliTOpRa C Y3ROH 

me~ro. Ha PMc.2a ITORasaH XO~ ~e~ B ~OCROCTH Oy, Ha PMc.26 - B 

IT~ocKocTH Ox, a Ha PHc.2B ~aHo paJrro~o~eHMe oceft xOy OTHOCMTe~hHO 

me~H B IJlTOpKe. 

AyqH cBeTa, ITOIT~aromHe B To~~Y o1 B IT~ocKOCTH Oy Ha paccToRHHH 

OOr = ~ OT OITT~8CKOH OCM, wopMHp~TCR ~OCKMM BO~HOBUM WPOHTOM BC~ 

a.MIWMTy~a BO~HOBOrO ITOM Ha KOTOp)M l1M88T ITO~O~MT8~hHyro ITO~HOCTh 

a~eKTp~ecKoro BeKTopa Ha rro~oBMH3 ~MHH WPOHTa. BC' M oTpHUaTe~h

HYID ITO~HOCTh Ha. OCT~hHOH ITO~OB.~He. 3TO yc~OBM8 BHITO~HR8TCR, 8C~M 

CC 1
= A. Tor~a CyMMapHa.R a.MIWMTy~a BO~HOBOro ITOM B TO~Ke Or o6pa

maeTCR B Hy~. Ms rro~o6IDI Tpeyro~:~HllliOB Ha PMc. 2a rro~aeM 

(I) 

M~M 

r~e f - woKycHoe paccTORHMe co6Hp~oomeft ~MH3H. B TO~Ke o1 Ha.xo~HTCR 
rrepBHM MMHHMyM KapTHHH ~HWPaRUHH )(~eKoro ITO~ OT Y3KOH me~M. AHa

~or~HO Ha.xo~MTCR ITo~o~eHHe rrepBoro MHHHMJMa B ~ocKocTH Ox 

(2) 

H~M 

HarrpMMep, ec~H ri= 5 MKM, A= 0, 7 MKM, 'Z> = I MM , f= 300 MM, To 

Cl = 0, 2I MM H A = 42 MM. 

B rrepBHX 8KCIT8pl1M8HTax 6H~ HCITO~h30BaH 06~8KTHB re~HOC 44 C 

WOKYCHHM paccTORHHeM 85 MM. BMecTc me~H ycTa.HaB~MBMach "Bos~yruHaR" 
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~MWPaKUMOHHaR pemeTKa H3 rrpoBo~oKH ~lraMeTpoM 0,3 MM c maroM I MM, 

a T~e C~OH ~epHOH ~T08My~CMH. Kf~THHa ~HWPBKUMH CBeTa Ha c~e

~ax B ~epHoH woToaMy~bCHH W0TorpawMJ,OB~acb Ha n~eHKe llaHXpoM 15. 

Eu~o ycTaHo~eHo, ~To HsoopameHHe WYI'ne-oopasa Bos~ymHoH ~HWPaKUM

OHHOH peilleTKM HBnHeTCR O~eHb Me~OMaCIDTaOHUM H Hey~OOHUM ~~ HaO~ 

~eHHR. B noc~e~yromHX 8KCnepMMeHTax 01~ MCIT0~30BaH wypbe-oo~eKTRB 

c woKycHHM paccTORHHeM 300 MM n 600 ~M. 

Ha PHc.3 noKasaHa MMKpowoTorpaWY.R noBepxHoCTHoro c~oR ~epHoH 

WOTOSMY~bCMM, no~~eHHaR B ~asepHoM r~e cBeTa npn M~ sHa~eHHRX 

Koa~HUHeHTa yBe~n~eHRR ono~orKqecKoro MMKpocKona. Bn~Ha ceTKa Map

KMPOBKM WoTOSMY~CMM B BM~e TIO~OCOK llMpMHOM OKO~O 15 MKM, KOTOpHe 

pas~e~T ITO~e speHMR Ha ~eTHPe KB~aHTa; uapanMHa Ha TIOBepXHOCTM 

WoT08My~CHM; ~eWeKTH C~OR B KB~paTe 52-24, a T~e rrpRMOH C~e~ 

sapR~eHHOH ~aCTMUH, M~ymMH ITO~ yr~OM ;v6Q° K ropH30HT~bHOH ~MHMH 

MapKHpOBKM. llo~o~eHMe 8TOrO C~e~a yK83HBaeTCR CTpe~aMM, KOTOpHe 

Haxo~TCR sa npe~e~aMH K~pa. llo~e sacBeTKM HepaBHOMepHoe. C~e~H, 

Haxo~necR B r~6nHe c~oR WOTOaMy~bc~H, Ha MMKpo~TorpawMn He BM~HH 

Ha Pnc.4 noKasaHa KapTHHa wypne-J6pasa c~oR woTOSMy~bCMH, 

cTpyKTypa npnnoBepxHocTHoro c~oR KoTo~oH ~aHa Ha Pnc.3. UeHTP~Haa 

cM~Ho sacBe~eHHaa ~acTb KapTMHH WYPb3-o6pasa cos~aHa npRMHM cxo~

mHMcR TI~OM CBeTa OT ~asepa. Ha Pnc.1 BM~HH T~e paCXO~MeCR OT 

ueHTpa Y3KMe ITO~OCKH. OTO- KapTMHa ~MPPBKUMM ~~eKoro no~, oopaso

BaHHaR ~eweKTaMM woToaMy~bcnn, ~acTb Js KoTopux BH~Ha Ha Pnc.3. 

~be-o6pa3 CeTKM MapKMpOBKM COCpe~OT)~eH T~e BO~H3M UeHTpa M C~H

Ba€TCR C opeo~OM. llapaiTMHa C M3~0MOM :1a ITOBepXHOCTM WoT08My~bCMM 

BM~Ha Ha Pnc.4 B BM~e ~yo~eTa ~eH. 'Dypbe-oopas npRMo~HHeflllliX ~eTa

~eH OO~~aeT c~e~yromMM CBOHCTBOM: ~eM 60~bille ~RHa ITO~OCKM, TeM 

MeHbille mnpnHa ee wypbe-oopasa, a ~eM JaeHbme mnpnHa no~ocKM, TeM 

oo~me ~~nHa ee wypbe-o6pasa. Ha Pnc.!) npnBe~eHa W0TorpawnR, no~

~eHHaR B TeX ~e yc~OBMRX, ~TO M Ha PM1}.4, HO C BpeMeHeM 8KCTI03MURM 
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(3) 

(4) 

( 5) 

JlBYMePHHH W"Pbe-o6pas crr~omHoro c~e.r:a fCx,:;} orrpe,n;e.mreTcR pacrrpe~e~e
HHeM a.MII~HTY,!(1I B MOCKOCTH rrpocTpaHCTB8HH1IX ~aCTOT 

F( ) s;hc/wx s~'nLw 
Wx U) == · - 'Y ( 6) 

' ) ol r.v Lw 
A F.> x. . >' 

Ha Pzc.6,.)roKasaHa wymw;zJI ~(K,_t;) Bz,n;a (3), ee ~BYMepHHH 

!l>ypbe-o6pas F{w~1 t.ll))} BH~a (6), paspes11 cpymmyy F(w~e,.wy) B~o~ 
oce:ti Owx Y 0 wy, a TaruKe cxeMaTkft!ec ~M KapTHHa pacrrpe~e~eHHR HHTeH

CHBHOCTH CBeTa B Wypbe-o6pase B MOC:{OCTH rrpocTpaHCTB8HHHX ~aCTOT 

sa B~eTOM IIOCTORHHOH 3aCB8TKH. 

3. MO,UE.ill1POBAHHE HA 3BM 

Ha Pzc.7 rroKasaHa MHKPOWOTorpa!l>HR pe~Horo c~e~a c pasph!BaMY 

Me~ OT,!(e~HHMH 38pHaMH rrpORB~8HHOro cepe6pa Y~H HX KOHr~oMepaTaMH. 

BH~HO, ~TO MO~e~ CMOIDHOrO C~e;n;a, paCCMOTpeHHM BLime, He MOJK8T 61:lTb 

rrpYMeHeHa K TaKOMY c~e.ny Y ~o~a 61:l~'b BH.I(OH3MeHeHa. B Ka~eCTBe c~e

~mero rrpH6~HJK8HHR K pe~bHOCTH 6~c~ B3RTa MO~e~ C~e~a C pasph!BaMH, 

B ROTopo:ti sepHa cepe6pa HMeiOT o~HHaKc,Byro WOPMY B B.H,n;e ~HeRa ~HaMeT

poM ~' a UeHTpll sepeH ~exaT B ys~ax 8KBH~HCTaHTHOH ITOC~e~oBaTe~HOC
TH TO~eR. qepe~OBaHH8 sepeH Y rrp0CB8~0B Ha 8TOH ITOC~e~OBaTe~bHOCTH 
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TOtieR 6WIO orrpe,II;eJieHO Henocpe,II;CTBeHf..O H3 MHRpO<})oTorpa4lHH CJie,I(a tiaC

THIUl Ha PMC. 7. B KatieCTBe Bap.Ha.IJ;HH ::TOll MO,I(eJIH 6Wia Ji:ICTIOJib30BaHa 

nceB,I(OC;ryqa:fiHaH RapTMHa tiepe,I(OBaHHR sepeH M npOCBeTOB, ROTOpyro Ji:IC

TIOJib3yroT B OTIT.HtieCKHX ~aMapOBCKHX cneRTpOMeTpax/4/ H B ,II;pyrHX MyJih

THnJieRCHHX CHCTeMax M3MepeHH:fi/S/. 

Ha PHc .Sa noKasa.H cJie.n tiacTHIJ;I:t c npocBeTaMH Ha nenotiKe Hs AI= 
256 TOtieK, Ha PHc.86 - CJie,I(, COCTa.BJ:eH!ILiii H3 sepeH, pacnOJIO:xteHHbiX no 

nc eB,I(OCJIYtiallHOMy 3aKOHY C K03®).HnMeE TOM sanoJIHeHHR, paBilliM 0, 5 ,Il;JIR 

AI= 128, a Ha PHc • 8B - ,Il;JIR !ll= 64 'I otieK. 

Ha PHc.9 rrpHBe.neH paspes B,I(OJID ocH WY ,II;ByMepHoro .nncKpeTHoro 

®yp~e-o6pasa cJie,n;a tiaCTHUU c npocBe'IaMH. AHa;ror.HtiHHH paspes ~ Mo

.neJIH CnJIOIDHoro CJie,n;a TIORa3aH Ha PHc.6. BH.n;Ho, tiTO RPOMe OCHOBHOrO 

MaRCHMyMa Ha tiaCTOTe ~y=O Ha6JIID,II;aeTCR ~aCTOROJI, BR3BaHHHH npocBeTa

MH Me~y sepHaMH cepe6pa. O,n;HaRO aMDJIHTy,n;a 3TOrO ~aCTOROJia COCTaBJIR

eT Bcero I/22 ~acT~ oT ocHOBHoro MaEcHMyMa ~ peaJI~Horo cJie,n;a H 

I/14 - ,Il;JIR MO,I(eJIH CJie,n;a cnpocBeTaMH, COCTaBJieHHOll no nceB,I(OCJIYtiallHO

MY 3aROHY (Pnc. IO). 

Paspes .n;ByMepHoro .n;HcKpeTHoro qyp~e-o6pasa B,I(OJID ocH &Jx noKa-

3aH Ha PHc.II ~ ~ 64. BH.n;HO, ~TO HaJIMt!He paspRBOB B CJie,n;e He 

rrpoRBJIReTcR Ha aTOM paspese. 

BRBO.Il: PesyJIDTaTH MO,I(eJIEpOBa.HRH Ha 3BM pa3JIHt!HUX MO,I(eJieH CJie,Ua 

tiaCTHIJ;U C npocBeTaMH noRa3RBaeT, ~TO npk! R03®).HnHeHTe sanoJIHeHHR 

CJie,Ua, paBHOM 0, 5, o6yCJIOBJieiiHIDi pas pi:maMH <})oH B nJIOCROCTH npocTpaH

CTBeHHHX tiaCTOT OTHOCMTeJibHO MaJI H MO:xteT 6UT~ JierRO OT,I(eJieH OT no

Jie3HOrO CMrHaJia. 

4. 3KCilEPl1MEHT~ HA TOHiiliX IIAYTMHKAX 

Ha Pzc.I2 rrpHBe,UeHa CXeMa ycTaHJBKM, Ha ROTOpOH 6UJIM ITpOBe.n;eHH 

HMMTHpyromHe 3KCnepHMeHTU Ha TOHKHX n~yTHHKax ,UHaMeTpOM OKOJIO 3 MRM, 

KOTOpHe 6UJIH B3RTH B KatieCTBe MO,UeJIJi:I CnJIOillHOrO CJie,I(a ~aCTHUhl B R,Uep-
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HOM WOT03My~CHH. Ko~HMMpOBaHHHH rryqoK cBeTa oT ~asepa ~HaMeTpoM 

rrorrepe~Horo ce~eHHR B 2,5 MM WOKYCHpJB~ca wypLe-o6~eKTHBOM I c 

WOKYCHHM paccTORHHeM 600 MM. llayTHHKl 2 pacrro~ar~acL Ha paccTORHMM 

240 MM sa o6~eKTMBOM I. B rr~ocKOCTH JPOCTpaHCTBeHHHX ~acTOT, KoTopaa 

pacrro~ar~ac:r, HS: paccTORHMH 350 MM s.3. ITaYTHHKOH, ITyt10K CBeTa WoKYCH

pOB~CR B ~Hcppa.KIJ;HOHHO e ITRTHO ~HaMeT)OM OKO~O 0 , 3 MM. 3a nor ~Oll\aiOII\eH 

MacRon 3 pacrro~ar~ac:r, UM~H~pH~ecKai ~HHsa 4 c WOKYCHHM paccTORHHeM 

250 MM M BbiCOTOH I20 MM. KapTMHa ~MW)aRUIUi ,n:~eKoro ITOM OT ITaYTMHKH 

OT UeHTpa .TI:O rrepBOrO MHHMMyMa ITO~OC'~:biO SaxBaTI:m~aC:b TaKOH UH~HH,n:pH

~eCKOH ~MHson. Ty JKe WyHKUHIO Mor BbiiTO~HMT:b o6~eKTMB c woKycHDIM pac

CTORHMeM 250 MM Ii .TI:MaMeTpOM He MeHee I50 MM. B IT~OCKOCTH 5, pacrro~o

JKeHHOH Ha paCCTORHHH ?50 MM sa IT~OCKOCT:biO ITpOCTpaHCTBeHHbiX qacTOT, 

Haxo,n:H~ca sepK~I>HLIH woToarrrrapaT co <:HRThlM o6~eKTMBOM. 

Ha PMc.I3 ITOKaSaHbi cpoTorpawMM KapTMlill ~Iicppa.KIJ;Hiti ,IJ;aJ!eKoro ITOJI.ff 

OT ITayTMHKH ~Ma.MeTpOM OKO~O 3 MKM B H~OCKOCTM 3 Ha PMc.I2. BpeMeHa 

sKcrrosMUMM woTOMeHKH IVIMKpaT 300 com·aB~M cooTBeTCTBeHHo I/500 c, 

I/IOO c M A-4 c Ha PHc. I3a, 6. z B. lliL PMc. I3B rrp.HMOH rryqoK cBeTa OT 

~asepa B Ka,n:p He rrorra,n:~. ~eTKO BM.II:eH MliHHMyM, orrMcbiBaeMb1H WyHKUMeli 
s ih l:l(x / o<. )( 

llpMBe,n:eHHLie Ha PHc.I3 cpoTorpawHI: ,n:eMoHcTpHpyroT rrpHHUHrr Ea6zHe 

B OITTHKe: KapTHHa .TI:HWPaKUiiM ~~eKoro ITOM OT 06~eKTa C K03~IiUiieHTOM 

rrporrycKaHMR f[x) , 0 ~-/fx) E I, HMeeT TaKO:ti JKe BM~, KaK OT o6~eKTa c 

K03~liUHeHTOM rrporrycKaHiiR I - f()(). <lyHKUMR f{K} COOTBeTCTByeT ys

KOH me~H, a WYliKUMR I - !{x) - TOHKCH rrayTHHKe H~H crr~ornHoMY c~e~y 
B R,n:epHo:ti WOT03My~I>CMH. 

Mso6p~eHMR, CWoTOrpaWHpOBaHHbie B IT~OCKOCTM 5, ITOKaSaHbi Ha 

PMc.I4, KOr~a rrayTMHKa HaxO~HTCR B UeHTpe rryqKa CBeTa rrpli BpeMeHM 

aKcrrosMUHM I/500 c (PHc.I4a), a TaKJKe I/2 c (Pnc.I46), M~M B 250 pas 

6o~:r,rne, qeM Ha PHc.I4a. Mso6p~eHHe, rro~eHHoe rrpH BpeMeHM aKcrrosM-
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unn I/4 c B rro~o~eHnn, Ror~a nayTHffica Haxo~n~acn Ha Rparo nyqRa cBeTa, 

ITORa3aHO Ha Pnc.I4B H B ITO~O~eHHH, JCOr~a ITaYTHHRa 6H~a ITO~HOCTbiD BH

Be~eHa H3 nyqRa cBeTa - Ha Pnc.I4r. Ee~e llffTHa Ha Pnc.I4B H r o6yc

~OB~emr ~e<lJeRTa.MH CMCTeMhi <l>opMMpOBaHHJI ITyqRa CBeTa. 0HH He MeiiiaroT 

Ha6~~eHH.HM 3a o6pameHHI:.lM OTWH~TpoBaHHHM H3o6p~eHHeM nayTHHRM n 

MOryT 6HTb ITO~HOCTbiD ycTpaHeHH. 

Mo~e~npyromMe 3RCITepl1:MeHTH Ha CIWOIIIHHX C~e~ax B ~epHOH <l>oTO

aMy~cHH, Ha nayTMHRax ~HaMeTpOM ORO~O 3 MRM, a T~e pe3y~nTaThi MO

~e~HpyromHX pac~eTOB Ha 8BM rrpouecca <l>oPMMpOBaHMJI RapTHHH ~MWPaRUHH 

~~eRoro ITO~ OT c~e~a ~aCTHUH C pa~pHBaMM Me~y 3epHaMH ITORa3HBaiDT, 

~To rrpMHUHIT <lJypne-MRRPOcRorra ~~ ~EpHofi <I>oToaMy~ncMM RB~eTcJI rrpa

BMJibHO 060CHOB8.HHhiM, a ITpOCBeTH B CJ:e~e ~aCTMUH M M~e pa3Mephi 3e

peH cepe6pa co3~aroT a~RTH BToporo rrop~a n He CHH~ 3aMeTHHM 

o6pa30M pac~eTHHe xapaRTepHCTHKH <l>Yine-MHRpocRona. 
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PHC. I. CxeMa WoPMHpOBaHIDI <j)yp:ot;-o6pasa TpaHcnapaHTa npB ITOMO

IIW cxo.u.mneroc.a nyqKa cBeTa. CJieBa ITI)KasaHa IIITopxa c ysKoH meJI:oro, 

cnpaBa - WoTorpa,¢?H.a <j)yp:oe-o6pasa ys:toil meJIH. 
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a-001 

@ -·-·-· 

-X 

PHC. 2. 06':bHCHeHHe CTpyRTypll KaJ>THilli .UHWPa.KI.l;HH ,Ua.JieKoro llOJlfi 

o6':beKTa B BH.Ue ysKo:M: meJIH: a - xo.n ~ryqe:H B nJiocKOCTH Oy, 6 - xo.n 

.rryqe:f.i B llJIOCKOCTH Ox, B - pacllOJIOJKeJIHe KOOp,UHHaTHllX ocefi xOy OT

HOCHTeJibHO IUeJIH B lliTOpKe. 
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PEc.3. MzKpo®oTorpawzH rroBepxHocT~ ~epHOH WOTOaMy~czz, rro~

qeHHaH rrpE ManOM yBe~zqeHEE MRKpOCKOITa B ~a3epHOM ITyqKe CBeTa. B~

Ha ceTKa MapKzpoBKM, pa3~e~maH qeT~e KB~aTa, uaparrEHa Ha rro

BepxHocTH WOT03MY~CHH, ~eweKTH B KB~paTe 52-24, a T~e c~e~, 

~yiUHH ITO~ yr~OM ~ 60° K ropB30HTani:HOH ~MHMM MapKnpOBKvi. llo~OJKeHBe 

3TOro C~e~a ITOMeqeHO CTpe~KaM~, BHH€CeHHHMM 3a rrpe~e~ K~a. C~e~, 

Haxo~~ecH B r~6~He WOT03MY~bCBB, Ha woTorpaw~n He BM~HH. 



Pzc.4. ~~e-o6pas yqacTRa WOTOaMy~czz, noBepxHocTHHH c~oH 

ROTOpOM noRa38H Ha PHc.3. B UeHTpe - opeo~ OT npHMoro nyqxa CBeTa, 

cwoxycHpOBaHHoro B To~y. Pacxo~HecH H3 ueHTpa ~z o6pasoBaHR 

pa3~KqHHMH ~eTaxmMH B WoT03My~CMH, qacT~ M3 ROTOpHX B~a Ha PHc.3. 

~~e-o6pa3 ceTRH MapRHpOBRH HMeeT He6o~~myiD ~HHy H C~HBaeTCH C 

opeo~oM OT npRMoro nyqKa. C~e~, noMeqeHHHH Ha Pzc.3 cTpe~aMH H opH

eHTHpOBaHHHH no~ yr~OM .-60° R ropH30HT~HOii ~HHHH MapRHpOBKH, "npe

BpaTHJICH11B WYP~e-o6pa3 B B~e TOHKOH ~HHHH, KOTOprui OpHeHTHpOBaHa 

R ropH30HT~Hoii ~HHHH MapRHpOBKH no~ yr~oM 60°+90°=150°. TaKoii no

BopoT Ha 90° HCTIHT&BaroT Bee npHMHe crre~, pacno~o~eHHHe KaR Ha no

BepxHOCTH, TaR H Ha r~y6HHe WoT03MY~&CHH. ~~e-o6pa3 c~e~a, noMe

tieHHoro Ha PHc • 3 cTpe~aMH, noMetieH 3.HaJiorzqmmm cTpe~aMH Ha PHc. 4. 

UapanHHa C H3~0MOM Ha noBepXHOCTH waroaMy~CHH o6pasyeT Ha PHC.4 

",ny6~eT" KOpOTKHX ~yqeH B COOTBeTCTBi:IM C 06lllHM npaBM~OM: "t!eM 6o~~IUe 

~BHa 0Tpe3Ka npHMOH, TeM TOH~IUe ero WYP~e-o6pa3, a "tieM MeH~IUe IUHpH

Ha oTpesKa, TeM ,IJ;JIMHee ero <J?yp~e-o6p,3.3. 



I5 

Piric.5. To JKe, 't!TO 1ii Ha Pnc.4, Ho c BpeMeHeM aKcnosHUHH B 4 

pasa MeH:orue. 
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PMc.7. MHKpo~TorpaiDMR c~e~ 6ucTpoH ~acTMUU B ~epHOH woTo

aMy~CMM Ha ~He ITOMeX. C~e~ HMeeT pa3pHBU Me~ OT~e~HHMM sepHa

MH cepe6pa H HX KOHr~OMepaTaMH. 
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Q ... . . .- ......................... -- ·- .. - . .... . ...... .... ....... .... . .. . 
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lj) ......... -- •• .... .. ..... 

PHc.8. Mo~e~b c~e~a ~a)THUH c npocBeTaMH: peanbHHH c~e~ (a), 

TIC8B~OCJiy<IaHH08 paCTIO~OJK8HH3 38p8H C K03®JHUH8HTOM 3aiiO~H8HH.H 0,5 

M.H /II= 128 ( 6) H ;t/ = 64 ( : 3) • 

l 
I 
' I 



I9 

4750 

100 

Pnc. 9. Pas pes B.UOJib 01~M wy .UByMepHoro .uncKpeTHoro ~yp:r,e-o6pa

sa pea.n::&Horo cJie.ua -qacTm,m c npocBeTa.MM ,nJIJI ,AI= 64. 
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Pnc. IO. To .iKe, 'ITO 11 Ha P11c. 9, HO .nJIH sepeH cJie.na, pacrroJimieH

IlliX ITO ITC8B.II;OC.JiyqaMHOMy 3aJ:oHy. 



2I 

2't0 

0·----------------------------~. 
0 

P11:e. II. Paspes B.I(OJIL oc~ wx .I03YMepHoro .nk1cKpeTHoro <J)ypLe-o6pa

sa pea.JILHoro cJie.n;a tracTk1Ubi c rrpocBeTa.MM ,nJI.H 111 = 64. 
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PMo.I3. ~oTorpaqmii cpyp:on-o6pa3a rrayrMHKM ,n;Ma.MeTpoM 3 MRM, rro-

JiyqeHiille B rrJiooRooTII 3 Ha Pm:.I2 Ha tPOTOIIJieHRe MMRpaT 300: 

a - i = I/500 o, 6 - t = I/JOO o, B - t = 4 o. Bo BpeMFI sRorro3MDJill 

(B) rrp~1orr rryqoR oBeTa OT Jia~epa B Ra.n;p He rrorra.n~. ITayTMHRa paorro

JIO~eHa BepTMR~Ho. JlliHMH WYJ:Oe-o6pa3a - ropM30HT~:OHO. 3TM cpoTo

rpacpMM ,Il;8MOHOTpMpyiDT IIpaRTM~EORyro 3Ha~HMOOT:O IIPMHUMIIa Ea6MH8 B OII

TMRe (oM. T8ROT). 
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PMc.I4. WOTorpaWMM, TIOJ.yqeHHHe B TI~OCKOCTH 5 Ha PHc.I2: 

a - TiaJTHHKa rrpOXO~HT ~epe3 U8HTp C8~8HHR ~Ka CBeTa, BpeMH 3KCIT0-

3HUHH I/500 c; 6 - TO ~e C~Oe, HO BpeMR 3KCIT03HUHH B 125 pas 60~b

rne; B - TiaYTHHKa HaxO~HTCR fa Kparo C8~8HHR ITyqKa CB8Ta, Bp8MH 3KCIT0-

3HUHH I/4 c; r - rrayTHHKa BhBe~eHa H3 rryqKa CB8Ta TIO~HOCTbiD, BpeMR 

3KCIT03HUHH paBHO I/4 c. 


