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3AJIAUA 132 (A)
OIPEJEJEHUE PAJUYCA KPUBU3HBI JIUH3bI
U CHEKTPAJIbHBIX XAPAKTEPUCTUK CBETOAMOI0B
C IIOMOIIBIO KOJIEIl HBIOTOHA

Heap pa6oThl: u3yueHue ABICHUS HHTEPPEPEHIINN Ha MIpUMepe HaOII0gaeMbIX B
MHKpOCKOI KoJierr HproToHa.

Nnest 3xcniepuMeHTa: U3MEpssl paAuyChl U YHMCIO HAOJIONAEMbIX B MUKPOCKOII
kosenr HproToHa, MOXHO paccuuTaTh paanyC KPUBU3HBI CPEPUUIECKOM MOBEPXHOCTU
UCIIONB3YEMOW B YCTAHOBKE JIMH3bI, 4 TaKXe CIEKTPAIbHbIC XaPAKTEPUCTUKHU

HCII0JIB3YCMBIX HCTOYHHKOB CBCTA

|. Teopus

[lon wHTep(epeHuMer MOHUMAIOT KPYT SBJICHUH, B KOTOPBIX IPHU HAIOKEHUU
IByX WM  Oojiee  CBETOBBIX  IYYKOB  MPOUCXOJUT  MPOCTPAHCTBEHHOE
IepepacipeseicHue HEPTUM U3JIYyYEHUs], IPU OTOM BO3HMKAIOT YCTOMYUBBIE BO

BpPEMCHHN 4YCPCAYIOIIHECA CBCTJIBIC W TCEMHBIC YYAaCTKHU — I/IHTeD(l)eDeHIII/IOHHLIe

II0JIOCHI.
Ecan ABC BOJIHbBI MOHOXPOMATUYHBI U HMCIOT OJHY M TY K€ 4YAaCTOTY, a TAK¥XC

OJWMHAKOBO ITOJIAPU30BaHbI, TO MHHTCHCUBHOCTD | B TOuke Ha6J'IIOI[€HI/I$[ paBHaA

|=|1+|2+2‘/ECOS([). (1)
rae |y, |, — MHTeHCMBHOCTH KaXKJ10M M3 BOJIH, ( - PA3HOCTH (a3 MKy HUMH.

B onTuueckoMm auarna3oHe 4acToTa M3Jy4eHHUs OYeHb BeshKa ( ~10%° I'n), u nns
MOJIy4eHUS] WHTEP(PEPEeHIIMOHHON KapTUHBI HCHOJB3YIOT OJWH HCTOYHHK CBETa.
HcnyckaeMyro UM UCXOJHYIO BOJHY pa3JeisioT Ha JBE, a 3aTE€M 3TU BOJHBI CBOIST
BMecTe. Eciii BOJIHBI MOciie pa3eiaeHus MPOXOsIT A0 TOYKH BCTPEUYU PACCTOSIHUS Sy
U S; COOTBETCTBEHHO, TO BO3HHUKACT pA3ZHOCHb X00a A S =S; - S;. DTO MPUBOJUT K
MOSIBJIICHUIO pazHocmu a3

@=K-As, (2)

27
rae k = T - BOJIHOBOE YHCJIO; A - JUTMHA BOJIHBI (Pa3HOCTH XOJa A COOTBETCTBYET

pa3HocTh (a3 27).



U3 (1) cneayer, 4TO MHTEHCUBHOCTh MaKCHUMaJlbHA, €CITU Pa3HOCTH (a3
Omax =0, 27, 4m, ....,2Tm,
rne m =0, 1, 2, ..., — 1Ie/10e YKCII0, HA3bIBAEMOE HOPAOKOM UHMEDPpepeHyuu.

Jlnst uaTepdepeHIIMOHHBIX MUHUMYMOB
Pmin =T, 3T, ....,2T m+E

N3 (2) nist pa3HOCTH X0/ OTYUHM:

%, ey A m+l
2 2

ASmax :0, 7\., 27\., ,7\4m, ASmm =

N>

OO6nacTe HaJIOKEHHUS [JIBYX BOJH Ha3bIBAIOT 0011acmbvio unmepgepenuuu, a
Yepe/loBaHWE TEMHBIX U CBETJBIX TOJIOC B 00JacTH HMHTEP(EPEHIMU Ha3bIBAIOT
unmepgepeHyuoOHHOU KapmuHou.

Nurtepdepeniimonnas kaptuHa Oyner Hambosjee 4YETKOW, €CId WHTEHCHUBHOCTHU

BOJIH IIPUMEPHO O1MHAKOBHI |1 = |, = |, B 3TOM Cciryuae
| max = 4lo; I min = 0.

B o0mmem ciydae

Imax:(\/i"'\/g)z; Imin:(\/E_\/E)z'

Konvua Hoviomona — 3T0 KoJbLeBble MOJO0CHI (MOJOCHl PAaBHOW TOJILIUHBI),
oOpasyomuecs MpU OTPAKEHUU CBeTa OT JABYX IIOBEPXHOCTEH BO3AYIIHON
MIPOCIIOMKH, PACIIOIOAKEHHON MEXKTY MIIOCKOM MOBEPXHOCTHIO CTEKIISIHHOW MJIACTUHBI
U COIPUKACAIOLICMCA C HEH BBIIYKIOM JIMH30M Majod KpUBHU3HBL TOIIMHA
BO3AYILIHOM ITPOCJIOWKH ITOCTENEHHO YBEINYUBAETCS OT LIEHTPA K KPasiM.

Puc. 1 unmoctpupyet npoiecc hopmMupoBaHust HHTEPHEPEHIIMOHHONW KapTHUHBI
B CJIydae MaJCHUS MJIOCKOM BoutHbI'. Botna MM!' HOPMaJbHO MAaJacT Ha IJIOCKYIO
MTOBEPXHOCTh IUIOCKOBBITYKJION JIMH3BI M YACTUYHO OTPAXKAETCA OT Hee (Ha pUCYHKE
He mnokaszaHo). Ha cgepuueckoui moBEpXHOCTHM JHMH3BI BOJHA HCHBITHIBAET Kak

ompasiceHue, Tak U npejlomierHue.

3aMCTI/IM, 4TO B Z-)KCHepI/IMeHTaJII:HOﬁ YCTAHOBKEC Ha CHCTCMY MNaAdacT IIYy4OK CBC€Ta OT
MPOTAXKCHHOI'O HCTOYHHKA.



<y

Puc. 1. O6nacts unTepdepeHiu npu HadaroAeHun Kojen HproToHa.
M-M" — nagatomast BoiHa; 1-1" 1 2-2” — nepBast 1 BTOpast OTpa)KEHHbIE BOJIHbI
cooTBeTCTBEHHO; @poHT 1 1 ®poHT 2 — HPOHTHI IEPBON U BTOPOI OTpaKEHHBIX BOJIH
(compuKacaroTcs Ha OCH CUMMETpHH); R — pasnyc KpUBU3HBI JIMH3bI; 3aIITPUXOBaHHAsL 00J1aCTh —

o0nacTh MHTEp(EpeHLINH.

OtpaxkenHas BoiHa 1-1' mocne MpoxoXAeHUs MIOCKOW MOBEPXHOCTH JIMH3BI
chokycupyercs B Touke Al. IlpemomneHHas BojHA, MPOHAS BO3XYIIHBIA
MPOMEXKYTOK, CHa4aJIa OTPA3UTCS OT IJIOCKOW CTEKJISTHHOW TUIaCTHHBI, a 3aT€M, BHOBb
MPEJOMUBIINCH Ha CcpepruuecKod MOBEPXHOCTH JUH3BI, CHOPMUPYET BTOPYIO
OTpaXEHHYIO BOJIHY 2-2', KoTopas cokycupyetcst B Touke A2. aTepdepeHnrnonnas
KapTHHa HaOJ01aeTCsl B 00JIACTH HAJOXKEHUsI 00enx oTpaxeHHbIX BojH 1-1'u 2-2'
(o61acmov unmepepenyuu).

Takoit wmeton dopMupoBaHus WHTEPPEPEHIIMOHHONW KapTHUHBI HA3BIBAIOT
MemoooMm OejleHUsA AMRIAUMYObl.

B peanbHoil ycTaHOBKe Ha CUCTEMY Maa€T HE IJIOCKAsl BOJIHA, a MMyYOK CBETa
OT YAQJIEHHOTO HPOMANCEHHO20 UCMOYHUKA, TIPU dTOM YTOJ MaJICHHs MPAKTUYECKU
paBeH HyJ0. MOXHO MMOKa3aTh, YTO B 3TOM Ciy4yae 4€TKas MHTephepeHIIMOHHAS

KapTuHa OyneT HaONIoNaTbhCs TONBKO BONM3U GbIMYKAOU HOBEPXHOCHIU JIUH3bL W
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UMETh BUJ KOHIEHTPUUYECKUX OKpYXHOCTEH. LleHTp nHTepdepeHnOHHON KapTHHBI

COOTBETCTBYET TOUKE CONPUKOCHOBEHUS JIMH3bI U IJIACTUHBI. [ 0BOPST, YTO KapTHHA
JIOKA1u306aHa HA TIOBEPXHOCTH TOHKOM IIJIEHKH, pPOJb KOTOPOW BBIIOJIHSAET
BO3AYIIHBIN 3a30D.

MosxHo noka3zaTh (cM. JlononHeHue), 4To pa3HOCTh XoA4a A MeX1y BOJIHaMU Ha
IOBEPXHOCTH JIMH3bI OyJIeT MPUMEPHO paBHA YABOCHHON TOJIIMHE O BO3AYLIHOU
ITPOCIIOUKHU:

A=29.

HpOI/I3BC,Z[€M PacucT pagnyca rm M-Tro KOJIbLa HrroTona B OTPAKCHHOM CBCTC.

W3 reoMeTprdecKux cooOpakeHHIA
R —(R-8m)% =12,

2R -8y — 82, =12,

2 2
2R0o 0 )
2m_ r;:1, '2<<1, R
m m 'm
2R -8 =13,
&
Om = IR’ Puc.2 Cxema pacuera paauyca Kojer HproroHa.

JIns HaX 0K ACHUS ONTHYECKON pa3HOCTH X0/a HEOOXOIMMO YUeCTh U3MEHEHUE (ha3bl

BTOPOW BOJIHBI Ha T MPU OTPAKEHUU OT ONTHYECKU OoJiee IUIOTHOW cpennl (OT

HJ'IaCTI/IHBI), 4TO COOTBETCTBYCT )IOHOJIHHTeJIBHOﬁ PA3HOCTH X044 E:

Aonm:ZS-n+%,

rze N - mokasaTelib NPeIOMIICHHUS MPOCIONKH (B ciiydae Bo3ayxa N=1).
NuTtepdepeHInoHHbIE MUHUMYMBI (TEMHBIE KOJIbIIa) 00pa3yloTcsl B TOUKAX, JUIS
KOTOPBIX ONTUYECKAS PA3HOCTh X0/1a PaBHA MOJIYLIEJIOMY YHCITY JIJTUH BOJIH:

Apnm =28m + % =(2m +1)%.

[ToncraBmnsis 3HaUeHHUE Oy, MOTYIAEM:



2
2rﬂ+&:mk+&,
2R 2 2
2
rﬂ:mk,
R

e = JmR .

OOpatuM BHHMAaHHE, YTO B LIEHTPE MHTEPHEPEHIIMOHHON KApTUHBI (B OTpaXKEHHOM

CBETE) HAOJIOJAeTCs TEMHOE MSATHO, T.K. XOTA pa3HOCTh XOJa M paBHA HYJIO, HO
ONTHYECKas pa3HOCTh X0/1a paBHA >

Takum oOpazom,
o™ =JmRA, ar m=0,1,2,3.... ®)

Cgetibie KoJiblla (MHTEP(EPEHIIMOHHBIE MAaKCUMYMbI) OOpa3yroTCs B TOUKax,

AJI1 KOTOPBIX OIITHYCCKAs Pa3HOCTh X04a paBHA LCJIOMY YMCIY AJIWH BOJIH:

Aonm:A-n=26m+%:mk.

2
ofm A
2R 2
2

'm A
— =(2m-1)=,
R (m )2

€™ = |(2m —1)R%, amst m=1,2,3....

C yBenuuyeHrneM HOMepa KOJblla M YMEHBIIAETCS PACCTOSIHUE MEXK]Y COCEIHHMU
KOJIBI[AMH, T.€. KOJIbI[A CTAHOBSITCS TecHee ( Iy ~~/M).

Ecnu B3sATh NpoOM3BOJILHOE TEMHOE (WJIM CBETJIIO€) KOJBIO, TO JJIA BCEX €ro
TOYEK monwuHa BO3AYUIHOTO 3a30pa OyIeT OJHOM U TOH e, IM03TOMY
Ha0II0AaeMyI0 KapTUHY Ha3bIBAIOT MOJIOCAMH PABHOM TOJILIMHBL.

[Ipu nHabmoaenuun koser HproToHa B MPOXOAIEeM CBET€ KapTUHA oOpaTHas:

IIATHO B LCHTPC 6YI[GT CBCTJIBIM, a BCC TCMHBIC KOJIbIla 3aMCHAIOTCA CBCTJIBIMHM H

2 MHora ommub0YHO CYUTAIOT, 9TO TIOTOCHI PaBHOH TOJIIUHBI — 3TO UHTEP(EPEHIIUOHHBIE MTOJIOCHI,
TOJIIIMHA KOTOPBIX OJHA U Ta JXKE.



6
Ha000poT. HO KOHTpAacTHOCTh KapTUHBI OyJeT OYeHb MajiOi, T.K. HHTEHCUBHOCTb

MEPBOTO MPOUIEAIIETO My4YKa OyAeT CyIeCTBEHHO OO0JIbIIIE HHTEHCUBHOCTH BTOPOTO.

N3 dbopmysl rr% =ARmM BuaHO, YTO KBaJpaT pajdyca TEMHOIO KOJIbla

JUHEHHO 3aBUCUT OT HOMEpa KOJblla. 3HAYUT, 3HAs yIIOBOM KOA()(PUIIMEHT HAKIOHA

2
3aBUCHUMOCTHU rm OT M, MOXHO OIPECACINTh pPaauyC KPHUBHU3HBI JIMH3bI (HpH

M3BECTHOM JIJTMHE BOJIHBI) WM JUIMHY BOJIHBI (IIPU U3BECTHOM PaInyCce KPUBU3HBI).
Cnenaem BaxHoe 3ameuanue. lHorna npu HaOMIOAEHUM B MUKPOCKOII IISITHO B
LIEHTPE KAPTHUHBI HE SBIAETCS TEMHBIM, YTO, KaK IIPAaBUJIO, CBSI3aHO C MONAaJaHUEM
MEKly JIMH30M U TUIACTUHOM MEJNKOM COPHUHKH, pa3Mep KOTOPOU CPaBHUM C JJIMHOU
BONHBL. B 3TOM cilyyae onTHyeckas pa3HOCTh Xxoja yBenuuutcs Ha 2d, tae d -

pa3sMep COpUHKHU. Toraa st TEMHBIX KOJIEI MOTyYrM:
A A
A=A, +2d=25_ +E+ 2d = (2m +1)E’

r2
2 +2d =mh;
2R

r2 =miR —2dR. (3a)

I'padux 3aBucumMocTH rr% OT M OCTaHeTcs JMHEHHBIM, HO YK€ He Oyner

MIPOXOJIUTH Uepe3 Hadaslo KoopauHatT. Onpenensis KOOpAUHATY TIepeceueHus rpapuka

C KaKoW-1m00 U3 ocel, MOKHO OIICHHUTH pa3Mep copuHku d.

B cinydae HEMOHOXpPOMATUYHOTO WMCTOYHUKA HHTEPPEPEHIMOHHAS KapTHUHA C
POCTOM Pa3HOCTH XOJa CTAHOBUTCA MEHEE YETKOU U B KAKOM-TO MOMEHT MOJIHOCTBIO
nponagaeT (pacupenesieHue UHTEHCUBHOCTH HA SKPAaHE CTAHOBUTCS PAaBHOMEPHBIM).
Takoe pa3MmbpIBaHME KAPTHUHBI CBSI3aHO C TEM, 4YTO, K NMPUMEPY, PAAUYC CBETIIOTO
KOJIbLIA JIJI1 OJHOM JJIMHBI BOJIHBI (M3 M3J1y4aeMOr0 MCTOYHHKOM JWaria3oHa JJIUH
BOJIH) MOXXET COBMACTh C PaNyCOM TEMHOTO KOJbla JJIsl APYro IJIWHBI BOJHBI (U3
ATOTO e Juara3oHa).

Ecmu HWCTOYHMK paBHOMEPHO WM3JIy4aeT B Y3KOM JWANAa30HE JJIMH BOJH

AN <<Ag (Ag - ULEHTp JAMama3oHa), TO KOOPAUHATHI MHTEP(HEPEHLIUOHHBIX

MAaKCMMYMOB OAHOIO M TOIO KC IIOpsAAKa JId Pa3jJIrddHbIX AJIHMH BOJH 6y,ZLYT
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OTJIMYAThCS APYr OT Apyra. M3 puc. 3 BHUIHO, 4TO MOJHOE Pa3MbIBAHUE KapTUHBI

MPOU30MACT, KOTIa PACCTOSIHUE MEXIYy MaKCUMyMaMH M-TO MOpSAIKa JIJs KpaWHUX
JUTMH BOJIH JiMara3oHa CTaHeT PaBHBIM IIMpPUHE MHTEP(EpPEHLIMOHHON MONOCH AX
(mmpuHy AX MOXHO CUMTAaTh OJWHAKOBOW Il Bcero auamazoHa AAL). B stom

AN
CiIyqya€¢ MAaKCUMyM M-ro mnopsakKa i JJIAHbI BOJIHBI 7\,0 ——— COBIAACT C

Al
MakcuMyMoM (M-1)-ro mopsiaka At JUIMHBI BOJHBL A( + 7, T.€. JUIS Pa3HOCTH XO0Ja

A B TOUKE HUCUE3HOBEHUS MOJIOC UMEEM:

A =(xo —%j (xo +A—;J-(m—l).

CnexkTp UCTOYHUKA

ho AL . AL
0 3 M 0" »
e I -
// //\ P2 Ph g .S L }\,
///// - '//‘r'/‘ \l\\ N ~0 S
///// e A \ I\T\\\\ '\._\~.\
//// ot R \‘ 1 \\ \\ \.,\0.\.
Ik ,///’//,_(, ’T/IHTeHcy{BHo Th Ha 9KPAHE >
1-i I'[Opﬂ)lOK/ Zr ! / SN M- TIOPAZIOK
// / ‘ i \\\\\\ i
Viik B v
\\ \__\ ' X // / \\ /
\ / A\ 5/ i \ /
\ \I \/ : \ 1 \ ] \ :
WA\ A WA\ ! \ 4
/ i \ I
) : A \ : \ ] \ / \
‘\ i) / ! ‘\ Al !
/\/ \ & \\ p '/ /\' \ \-./ -
0 X
Ax Ax Ax

Puc. 3. Pa3MpiBaHue uHTEp(EpPEHUUMOHHOW  KapTUHBI B  CIydae
KBa3UMOHOXPOMaTHYECKOT O HCTOYHUKA (AL <<AQ). ITokazano

pacnpeaciicCHUC HWHTCHCUBHOCTHU JUJIA IIATA PA3JIMYHBIX JIMH BOJIH U3

nuanazona AA .

Otcrozia noxy4aeM, YTo HOPSAOK UHTEPPEPEHIIMH Mgy, IPU KOTOPOM MOJHOCTHIO

MPOMaal0T HHTEP(HEPEHITMOHHBIE TTOJIOCHI, PABEH

Lo

W (4)

Mmax =



PasHocTh  Xx0ma A, COOTBETCTBYIOIUIYIO  MAKCHMAIBHOMY  IODSIKY
MHTEP(QEPEHIIMH My ay , HA3BIBAIOT OIUHOM KO2EPEHMHOCHU 3Ty UCHYS:
}\’2
fxoe:mmax‘x:A—k- (5)
HOI[C‘{I/ITaB qucJjio Ha6HIOI[aeMBIX HHTGp(l)epeHLII/IOHHBIX KOJI€L, MOKHO OLI€CHUTDH
IUpHHY AA [IMana3’oHa [UIMH BOJIH, W3Iy4aeMOro HCTOYHMKOM. OTMETHM, YTO
IIPUBEJCHHBIC COOTHOIICHHSI AI0T HECKOIBKO MPEYBEIMYCHHOE 3HAa4YeHHEe A,

noApoOHee BOMPOC O BIUSHUA HEMOHOXPOMATUYHOCTH pacCMOTpeH B JlomoHeHHH.

Ecnu ucTrodyHMK cBeTa W3JIy4aeT BCE BO3MOXHBIC JJIMHBI BOJH BHUIAUMOTO
nuanazona (0T ¢uoneroBoro A =400HM 10 KpacHoro A, =750HM), TO BMECTO

MOHOXPOMAaTHYECKUX TEMHBIX M CBETJBIX KOJIEL IOJIy4aeTCsi CUCTeMa LIBETHBIX
konen. [Ipu sTomM make B mpejaenax MmepBOro MOpsika HHTEPHEPEHIUN MTPOUCKOIUT
3HAYUTEJIbHOE HAJOXKEHUE OJHUX LIBETOB HA JApPYyTue, U B elé OOJbllIei CTENeHH — B
BBICIIX MOpsAnKax. B pesymprare s riasa yxe HauuHasg ¢ 3-5 mopsaka Bes
KapTHWHA CTAHOBUTCS OJTHOOOpA3HO OEIoH.

Hcnonp3oBaHue cBETOQMIBTPA MO3BOJIIETCS YMEHBIINUTH CIEKTPAIbHBIN JHaa3oH
naJaromIero u3nydeHus. Uem yorce nosoca MpoIyCKaHusl CBETOPMIBTPA, TEM MeHblULe
YHUCIIO Y8emos TPEACTAaBIECHO B HHTEPHEPEHLMOHHOW KapTHHE, HO TeM 0o/bule

YUCJI0 HAOII0AaEeMbIX UHTEPPEPEHIIMOHHBIX KOJIeY.



Onucanue ycmanogku.
s HabmioneHuss uHTepepeHIIMOHHbIX Kojell HpioToHa B 3amade MpUMEHsETCS
Mukpockon MbU-4 (puc. 3).

K peBonbBepHON TOJOBKE MHKPOCKOMNA MPUBUHYCH
BEPTUKAIBbHBIA OCBETHTENb, MPEICTABISIONINI CO00it
HEOONBINYI0 TPYOKYy C OOKOBBIM OKHOM. BHyTpu
TpyOKH Tiepel OKHOM HaxOJUTCS  CTEeKJISHHAS
MJIaCTUHKA P, ycTaHoOBIIeHHasl moj yrioMm 45° k ocu
MuKpockomna. Ilydok cBeTa OT MCTOYHHMKA S TOCHE
OTpaXEHHUs OT TUTACTUHKUA P HWIeT BEPTUKAIBHO BHU3

K CTOJIMKY U3MCPUTCIIBHOI'O MUKPOCKOIIA.

Ha cronuke IMOMCIIACTCA ITOJIMPOBAHHASA IIJIACTHUHKA

U3 4YCpHOIro CTCKJIa, Ha KOTOPYIO YCTAaHABJIMBACTCIA

ucciacaycmasa JIMH3a. HpI/I OTPpaAXCHHUU OT obenx

=

IIOBEPXHOCTEH BO3IYIIHOTO NPOMEXKYTKA MEKIY

o o Puc. 3. YcranoBka mist HAOIIOAEHUS
IUIACTUHKOU 151 JIMH30U H dbopmupyercs

kosery HeroToHa.
uHTephEpPEHITMOHHAS KapTUHA.
B Bepxueii uactm TyOyca MHMKpPOCKONAa YCTAaHOBJEH BHHTOBOM OKYJISIPHBIN
mukpometp AM-9. Uepes okyisip MUKpOCKoIia HaOmogatotes (puc. 4):
- UHTep(hepEeHIMOHHAs KAPTHHA,

- IIKaJIa OKYJIsIpa,

- yKazarenb IIKainbl (B BUIE

ABYX BCPTHKAJIBbHBIX JIMHUN Han1

HIKAJION )

- KPECT NPULEIbHBIX HUTEN.

[Ipu  Bpamenun  OGapabaHa 5
Puc. 4. Otcuer MmukpomMetpa (JIEBBII) 17151 BTOPOTO TEMHOTO

OKYJIAAPHOT'O MHUKpPOMETpa KoTbIa:
OEPEMCIIArOTCA KpeCT u 2 leneHMs Ha IIKanie OKyssipa u 95 neneHuil Ha mkane 6apabaHa
yKa3aTellb IIKAaJIbI. MHIKpOMeTpa

295 nmenenwnii = 295-0,0033mm = 0,97mm = 0,097cMm.
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PaccrossHne Mexmy OKymsipoM W OOBEKTHBOM MOJ00paHO Tak, 4YTO BOJIH3U

($OKaTBbHON TIJIOCKOCTH OKYJisApa H300paKeHUs YBEIWYCHBI B TpU pasza. Takum
o0pa3oM, U3MEpPEHHBIE PACCTOSIHUS CIIEAYEeT YMEHBIIUTh B TPU pas3a, UM CUUTATh,
4TO TIEPEMEIICHUE KPecTa HUTEH Ha OJHO AeiieHne Oapabana cootBercTByeT He 0,01
MM, a 0,0033MMm.

B KkayecTBe HCTOYHMKOB CBETa B 3a/lauy€ HUCIONB3YIOTCS CBETOMUOABI —
MTOJTYITPOBOTHUKOBBIC TIPUOOPHI, MPeoOpas3yIomue IHEPTUIO0 IEKTPUIECKOTO TOKA B
CBETOBYIO HSHEprur0. Tak Kak CBETOAMOJBI SIBISIOTCS MCTOYHHUKAMHU CIOHTAHHOIO
U3JTyYEHUs, TO UX CIEKTPaJIbHbIC JIHHUHA UMCIOT 3aMeTHYI0 mupuHy (20-50 HM), 9To

COOTBETCTBYET CPEIHEN TEIUIOBOM SHEPTUU DIIEKTPOHOB.

Ha PHUCYHKC IIOKa3aH 010K CBCTOOHUOOOB, HCHOJIBBYE?MBIﬁ B 3aJJa4c€.

JepIKaTeb
CBETOAMOIA

IIOBOPOTHRIH mTekep 0JI0Ka MUTAHUS
Oapaban

cobuparonias
JIMH32

B 6ok BXOJAT IIATb CBETOAMOJAO0B, 3aKPCIIJICHHBIX Ha HJIaT(i)OpMC IIOBOPOTHOI'O

Oapabana. Ilepenm BepXHMM CBETOIMOJOM pacrojiaraeTcsl COoOMparomias JIMH3a,
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(doKyCHOEe pPacCTOSHHE KOTOPOH MPHUMEPHO PAaBHO PACCTOSHHUIO O CBETOAMOJA.

370 MO3BOJISET CPOPMHUPOBATH MOYTH MAPAIICIbHBIN My4Y0K CBETA.

HanpspkeHne Ha cBETOAMOM MOAAETCS MPHU MOIKIIOUEHUH IITEKepa OJI0Ka MUTaHMSL.
ITocie aToro moBoporoMm OapabaHa NaHHBIA CBETOAMOJ IEPEMELIACTCS B BEPXHEE
IIOJIOKEHUE.

bnok ycranaBmuBaeTcss Ha HEOOJBIIOM PAcCCTOSHHUU OT MHUKPOCKOIA TaK, YTOOBI

BKJIIOUCHHBIN CBCTOAUOA pacIiojarajicsa Ha OI[HOI71 BBICOTC C OKHOM OCBCTHTCILA.

Ynpaoswcnenue 1. Onpenesienne paanyca KpUBU3HbBI JUH3BI R.

HN3mepenus.

1. TlonknroYnTh NUTAHUE K 3€JE€HOMY cBeTOANOAY. [Tpu 3TOM Ha MOBEPXHOCTH JIMH3bI
MOSIBUTCS 3€JIEHOE MATHBIIKO CBETA JUAMETPOM HECKOJIBKO MMJLIMMETPOB.
VYCTaHOBUTH JMH3Y TakuM O0Opa3oM, 4YTOOBI TMSATHBIIIKO OKa3aJoCh B LIEHTPE
nuH3bl. [lepeMenienne IuH3bI CIEAYET OCYIIECTBISATh BMECTE C IUIACTUHOM BO
n30eKaHre MOSBICHUS HapanH Ha CTEKJISIHHBIX TTOBEPXHOCTSIX.

2. ®OKyCHMPOBOYHBIM BHUHTOM JOOHWTBHCS YETKOMH
kapTuHbl Kojen Hprorona. CmecTutrs JMH3Y
Tak, 4YTOOBl LEHTP HHTEP(DEPEHIIMOHHOM
KapTUHBI HAOJIOMANICA B JIEBOM YaCTH TIOJIS
3peHus (CM. PUCYHOK).

3. Bpamas 6apabaH OKyJSIpPHOTO MHKPOMETpA,

U3MEPUTh KOOPAMHATBI S-7 TEMHBIX KOJEl|

TOJBKO JJIA TMPaBoOro IIOJOXCHHUA KpCCTa.

Kpowme Toro, nnsa onpeneneHus paauyca KoJiell

Puc. 6. ITonoxxenue kpecra s

HEOOXONMMO H3MEPHTh KOOPIAMHATY LECHTPA M3MEpEHHs KOOPIUHATHI IIEHTPa
uHTEp(PEPEHIIHOHHON KapTUHBI (CM. puc. 6). MHTEP(HEPEHIIMOHHON KAPTUHBI.

4. TlogcyuraTh 4YMCIO BHUIUMBIX KOJEL U ONPEIEIUTh IOPAIOK HOCIEIHETO
HaOII0aeMOT0 KOJIbIA Myy067-

5. Ha pucynke 7 npuBeJeHa 3aBUCUMOCTb OTHOCUTENIBHOM MHTEHCHUBHOCTH
U3JIy4eHUs 3€JCHOr0 CBETOAMOJA OT JUIMHBI BOJIHBI, HM3MEpEHHas Ha

criekTpasibHOM Tipubope (MoHoxpomatop MJIP-23, 3agaua Ne408 mpakTukyma).
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[To 5TOM 3aBUCUMOCTH OIPENEIUTH [UIMHY BOJIHBI H3JIyY€HUS A5, LIUPHUHY

CIIEKTPAJIbHOW  JINHUHU

A,

u paccunTaTtb MaKCHUMAaJILHBIN MopsAa0K

uHTEpPEpEeHINH Mmgx 10 Gopmyie (4).

Otuocwurenpuas 1,0
HHTEHCHBHOCTh

0,8
0,6
0,4
0,2
0

500

P

——— .

r_‘

510

520

530 540 550 560
JIIMHA BOJIHBI, HM

Puc. 7. 3aBHCUMOCTEL OTHOCUTENHHON HHTEHCUBHOCTH H3JIYYCHHS 3CJICHOTO CBETOAMOAA OT JJIMHBI BOJIHBI

6. Pe3ynbTaThl ©3MepeHui 3aHECTU B TaOJHILY.

Tabnuua 1. U3mepeHUs ¢ 3eneHbIM cBeTOANOOOM.

[OnuHa BOnHbI:

LLinpuHa cnekTpanbHON NUHUMK:

MakcumanbHbIi nopaaok Mygy :

|y
(0]
o0
< N
8 e < 3
e [0) ] o -
g 3 = o S
o 2 © y >
2l gz 2l 5
e = 3 ) ®
a = 4 o [oN
©
0 3 2 > ©
= O = =
o = =3 o
o = © (=1
T © o ®
= o S
0
A Y
®
o
C
LEeHTp
1
2
3
4
5
6
7
8
Mopsanok nocrnegHero HabnogaeMoro KonbLa
Mya6n

PBSyJ'I bTaT YNpaXHEeHUA:

‘ PAOWYC KPUBU3HbI JINH3bI:
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Boiuuciaenus.

1. Tlo pe3ynbraraM HU3MEpPEHHI C 3€JIEHBIM  CBETOAMOAOM, MOCTPOUTH Tpaduk

3aBUCHUMOCTH KBaJlpaTa paanyca rr% M-ro KoJb1ua oT M.

2. Ucnonmb3ys meron HamMeHbIMX kBanparoB MHK u ¢gopmyny (3), onpexenurs
paauyc KpUBU3HBI JHH3bI R 1 ouleHUTH morpemHocTts. Eciin mpoBeneHHas mo
IKCMEPUMEHTAIbHBIM TOYKAaM TMpsiMas He OyJeT MPOXOJIUTh Yepe3 Hayalo

KOOPJIMHAT, TO B COOTBETCTBUU C (opMyJIoii (3a) OIEHUTh pa3Mep COPUHKH.

Pe3yabTaThl ynpakHenusi 1 npeactaBisitoTcsl B BUjie paboueil Tabnuilpl, rpaduka,
3HAQYEHUsl pAaJANyCa KPUBU3HBI JIMH3bI, 3HAYCHHS [JIMHBI BOJIHBl M3IIy4CHUS

3CJICHOI'O CBCTOANOJA U IMUPHUHLBI €T0 JIMHHUW U3JTYUCHUS].

Ynpascnenue 2. Onpenenenue AJIUHbI BOJHbI U3J1y4eHHS CBETOAUO/I0B.
HN3mepenus.

1. TloBTopuTh W3MepeHHs MyHKTOB 2, 3, 4 ympaxkHeHUs | aisd BceX I[BETHBIX

CBCTOOAHMOOOB.

2. JIJ1s BCeX MCCIEAYEeMBIX CBETOINOI0B COCTABUThH TAOJIHIIBI:

LiBeT cBeTOAMOAA:

. N
[y =
€ C O & ©
I ) Sy . -
®© j'l:[ ~ © 8
- | O © = =
n = © 0 a <
[ oo n c
o P = o 3
< ) o < 8
ol 22 x %)
o) m O ) = =
®© O = < [4)
s 8 2| 5 &
T s = S S
o ¥
LEHTP
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Mopsaok nocnegHero
Habnogaemoro konbua M, 4 ,:

Boiuuciaenus.
Onpenesnenue JJIMHBI BOJHbI M3JIy4Y€eHMSI.

1. Ilo pe3yJjibTaTaM I/IBMepCHI/Iﬁ C IIBCTHBIMH CBCTOMHMOJAAMU ITOCTPOUTH (Ha OJHOM

rpaduke) 3aBUCUMOCTH KBaJpata pagnyca rn% M-TO KOJbLIA OT M.

2. Wcnonb3ys Meron HaumMeHbIux kBaaparoB MHK u dopmyny (3), onpexenurs

AJHHY BOJIHBI M3JIYYCHHUA KAXKIA0I0 U3 CBETOAU0A0B 1 OLICHUTDH ITOIPCUIHOCTD.

anaOcheHue 3. Oﬂpeﬂeﬂeﬂﬂe SHAYCHUA BUAHOCTH, INUPUHBI JIUHUHA U3JTYYCHUA
! JJIMHbI KOT€PECHTHOCTH.
I/I3MepeH1/m. B »Tom YHOPAKHCHUN HCIOJB3YIOTCA OJKCIICPUMCHTAJIIBHBIC JTaHHBIC,

MOJYYEHHbIE B YIIPAXHEHUSIX 1 1 2.

Boiuuciaenus.

1. CpaBHUTH TIOJyYEHHOE B YIpaXHeHWH | 1.5 3HaueHHMe Mgy :ﬁ
3

MaKCUMaJIbHbIM HaOJIF0AaeMbIM NOPSAIKOM MHTEp(epeHunu M,,,5,, HalA€HHBIM

JUISL OTOTO K€ CBETOAUO/A.
OOBSICHUTH TIOJTYYECHHBIN Pe3yJIbTar.

2. Cuurasg ¢dopMy JIHMHMM H3JIYYEHHUS 3€JIEHOT0 CBETOAMOJIa TayCCOBOH, IIO

OTHOIIEHMIO | —"40L u3 puc. J12 onpenenuts BUAHOCTE V4.,

XapaKTepHyIo Ul Ta3a HaOmoxatens (IpH >KeTaHWM pacdeT BUAHOCTH V4,

MO>KHO TIpoBecTH o dopmyie J[1).

3. I[J'IH OCTAJIBbHBIX CBCTOAHNOAO0B, €CJIM CUUTATh, YTO BHIHOCTH VHCZ6JZ HC 3aBUCHUT OT

JAJIMHBI BOJIHBI, CITPABCAJIMBO COOTHOIICHHC
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m

Habn

m

_nabn.
Mpmax 1000 Miax 3en
13 st0i1 hopMyIbl 1O YUCTY HAOIIONAEMBIX MOJOC M,,5, PACCUUTATH My, A
Kaxaoro ceeronuona. [1o popmymnam (4)-(5) paccuntars MIUPHHY CIIEKTPATLHON
IMHAU AN ¥ JJIMHY KOT€PEeHTHOCTH .
4. CpaBHUTH TONyYCHHbIE 3HAYCHHUS JJIUHBI KOTEPEHTHOCTU [UIS Ka)XIOTo

HCCIICAYCMOT'O CBECTOAMO/a C COOTBCTCTBYIOIIMM 3HAYCHUCM IJIA 3€JICHOUN JIMHUU

pryta (A = 546 um, AL =0,01nm).

Pe3yibTarhl ynpaxHeHusi 2 NPeACTABISIIOTCSA B BHIE pabouux Tadiul, rpaduka u
TaOJIHILIBI PE3YJIHTATOB.

Taduanua pe3yJbTaToB.

X
g s
®
x |8 Tl s
s o ® I
® i = = S s
o TS |S o o =
(o) >I | 4 (] T (]
o Sd|Sm| & = 2
5 Sd go| s 2} =
5 12| st - o
2 T %0 @ s Q
Q o I T c x
1] (1] o i) © - ©
= I (= I T I
s ® () s <
= = o c
I = s (=
2 3
®
=
Mo AaHHLIM cneKTpanbHOU KPUBOU
3eneHblin
3eneHasd
NNHUA PTYTU

Mo AaHHbLIM U3MepeHun
KpacHbIN
XEenTbIn
ronybon

Ynpaoxcnenue 4. HabGnonenne wHTepPepeHUMOHHONH KAPTHHBI ¢ HCTOYHHKOM

0eJI0T0 CBeTa.
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~N OO »n A~

HN3mepenus.
. [IOOKIIFOUUTh TMTAaHHE K 0€10MYy CBETOTUONY.

. (DOKYCI/IpOBOLIHLIM BUHTOM I[O6I/ITI>C$I YETKOM KapTHUHBI KOJICI HeroTona.

OObACHUTP U3MEHEHHE UHTeP(HEPEHIIMOHHOW KapTUHBI B CPAaBHEHUU C
UHTEP(PEPEHIIMOHHON KapTUHOM, HaOII0JaeMOl C HCIOJIb30BAHUEM IIBETHBIX

CBETOJIMOO0B (YIpaKHEHHE 2).

. YCTaHOBUTB KENTHIA CBETOPHIBTP.
. O0BACHUTDH HAOIIOJaEMble U3MEHEHUSI UHTEP(PEPEHIIMOHHON KapTUHBI.
. YCTaHOBUTB 3€JICHBII CBETOPUIBTP.

. O0BsACHUTH HAONIIOIaEMbIE U3MEHEHUSI MUHTEP(PEPEHIIMOHHON KAPTUHBI.

OcHOBHBIE OJIOKEHHUS,

o0bsicHAIOIIMEe GopMUPOBaHKE HHTEP(EPEHIIHOHHON KAPTHHBI

. IIpy mageHnn BOJHBI HA BO3AYIIHYIO IPOCIONKY MEXAY IJIOCKOM MOBEPXHOCTHIO

CTCKJISTHHOW IUJTACTUHBI M COINPUKACAIOIICHCS C HEM BBINYKJIOW JIMH30M MAJIOU
KPUBHM3HBI TMPOUCXOJIUT [ECJICHUE aAMIUIMTYIbl HWCXOJHOW BOJIHBI HAa TPAHUILIE
CTEKJIO-BO3YX.

O6nacTe mepeKkpbIBaHUSA JBYX BOJIH (OTpPaXEHHBIX OT BEpPXHEH W HIDKHEH

MMOBEPXHOCTEHN MPOCIONKH) OyeT 00J1acThi0 UHTEPPEPEHIIUN ITUX BOJH.

. B ciydae KOTepeHTHOro TOYEYHOTO0 MCTOYHHMKA MHTEP(EPEHIIMOHHYIO KapTUHY

MOKHO HaOII0AaTh B JIFOOOW TOUKE 001acTH HHTEp(EpEHLIUU.
[TpOoTsKEHHOCT, HMCTOYHHMKA YMEHBILIACT o0siacTh WHTepdepeHIru (KapThHa

JJOKAJIN3YCTCA JIHUITDH BOJIM3U BBIHVKHOﬁ IIOBCPXHOCTH JII/IHSBI).

. InTepdepeHuinonHas kapTUHa Ha BBIMYKJIONH MOBEPXHOCTU JIMH3BI MPEICTABIISCT

cO00M «II0JIOCHI paBHOM TOJIIIWHBD, KaXAasd H3 KOTOPbIX COOTBCTCTBYIOCT

onpeoeneHHol moauune 8030YUHOU NPOCIOUKU.

. HeMOHOXpOMaTHYHOCTh MCTOYHMKA BIIMSET HAa BUIHOCTh MHTEPPEPEHIIMOHHOMN

KapTUHBI: C YBCIWMYCHUCM INUPHUHBI JIMHUWU HWU3JIIYUYCHHUA YMCHBLIIACTCA YHCIIO

BUIMMBIX ITOJIOC.

. [ogcunraB uncino HabmOAaeMbIX HHTEP(EPEHIMOHHBIX moyioc (cuuTast (opmy

CIICKTpa HCTOYHHKA FaYCCOBOI\/'I) MOXHO OHOC€HUTb BHJAHOCTb, pPa3IN4acMyIO
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razoM. B cBorw odepenb, 3Has 3HAYEHUE BHUAHOCTH, MOXXHO IO YHUCILY

Ha0II0AAEMBIX TIOJIOC ONPEAEIUTD UPUHY CIIEKTPA U3ITyYEHUS.

Jluteparypa.

1. JJanncOepr I'.C. «Onrukay, «Hayka», M., 1976.
2. bytukoB E.U. «Ontukay, «Hesckuit quanexry, C.I16., 2003, §5.3

3. MatBeeB A.H. «OnTukay, «Beicmas mxoma», 1985, §§9, 29.

KoHTpoJibHbIE BONIPOCHI

1. Kakue BonnHbl uHTEpDepupytoT npu popMupoBanuu kozier Hperotona?

2. Tlouemy B yCJIOBHUSIX OKCIEpUMEHTa HWHTEPPEPEHIIMOHHAsA KapTHUHA
JOKaJIn30BaHa?

3. ['te B yCIIOBHSIX 3KCIIEPUMEHTA HHTEPPEPEHIIMOHHAS KapTHUHA JIOKAJIM30BaHA?

4. ITouemy B LIeHTpe MHTEPPEPEHIITMOHHON KapTUHBI HA0JII0IAETCS TEMHOE MISATHO?

5. Kak Oyner u3MeHAThCS MHTEpPEPEHIMOHHAs KapTUHA, €CIU JMH3Y MEAJIEHHO
MOJAHUMATh BBEPX (BO3AYIIHBINA 3a30p MEXKY JIMH30M U MJIACTUHOW YBEIUYUBAECTCS)?

6. Kak cinenyer nmpoBoauTh 00pabOTKY pe3ysbTaTOB M3MEPEHUMN, €CIU B LIEHTpPE
KapTUHBI HAOJIOJAeTCd HE TEMHOE MATHO (MEXIy JIMH30M M TUIAaCTUHOM Iorajia
MeJiKasi COpUHKa)?

7. Konmbua HploTOHa — 3TO MOJIOCHI PaBHOM TOJIIMHBI WA PAaBHOIO HAKJIOHA?
ITouemy?

8. Meron monyuyeHus konen, HproToHa — 3TO METOH JEJIEHUS aMIUIMTYIbl WU
BostHOBOTO (ppoHTa? [Touemy?

9. Yto Ha3bIBAIOT BUJAHOCTHIO UHTEP(PEPEHIIUOHHON KapTHHBI?

10. Kak  3aBucMT  BHAHOCTh  UHTEPHEPEHIIMOHHOW  KapTHUHBI  OT
MOHOXPOMAaTHYHOCTH UCTOYHHUKA?

11. Mo>xHO 71 TIOJTyYUTh HE KoJibIla HhloTOHA, a «kBajpaTe»y HeioToHa?
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TeopeTnueckoe 10N0JTHEHUE

Crtporoe paccMoTpenue GopmupoBanus koyielr HproToHa [71s1 peaqibHbIX UCTOYHHUKOB
(IpOTSHKEHHBIX M KBAa3MMOHOXPOMATHUYECKHMX) 3aTPYJHHUTENBHO, IO3TOMY pPaccMOTPUM
noipoOHO MHTEP(PEPEHIIUIO BOJIH OT PEANbHOTO MCTOYHHMKA B TOHKOM BO3AYUTHOM KJIMHE,

06p330BaHHOM ABYMS INIOCKMMHU CTCKIIAHHBIMH IINIACTUHKAMMU.

IlycTp Ha BO3IYIIHBIM KIWH C MQJIbBIM YIJIOM pacTBOpa O IAHAeT IUIOCKAs
BonHa (puc. /I1) (kK — BOMHOBOW BEKTOp MAJaroOIICi BOJHBI), KOTOPAs, TOCTUTHYB
BEPXHEH TPAHUIIBI 8030YUIHO20 KIUHA, 9ACTUYHO OTpa3utcs (K; — BOIHOBOW BEKTOP

MEepBOI OTpa’KEHHOM BOJIHBI). BoiHa, mpeioMuBIascs Ha BEpXHEW TpaHUlle, TONAeT

0 HWKHEN TpaHUIbl KIWHA, CHOBA YaCTUYHO OTPA3UTCS, BEPHETCSI K BEPXHEHU
TpaHUIE U BHOBB MPEIOMHTCS Ha Hell (Ko — BONHOBOI BEKTOp BTOPOM OTpaskeHHOM

BOJTHBI).

M M’

OI 2 '

\
\ - CrexknsHHAA IUTACTHHKA

—

Bo3saymHbsii KivmH
0/ // 7/ xwssrpama/ /S S S S S SS

Puc. JI1 ®opmupoBanue HHTEpPEPEHIMOHHON KaPTUHBI B BO3AYIIHOM KJIMHE.
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Takum o00pa3oM, B MPOCTPAHCTBE HAaJ

BO3IYLIHBIM KIIMHOM (B cTekie!)
pacTpOCTpPaHSIOTCA JBE IUIOCKHE KOTePEHTHBIC
BOJIHBI, M B O00JacTH WX HAJOXEHUs Oynaer
dopMupoBaTbcs UHTEp(PEpPEHIIMOHHAA KapTHHA
(puc. J12). Pa3HOCTh X0O/1a MEXy BOJHAMU OyIeT

paBHa Hymo Ha Juaun OQ’, gaBisIONIICHCS

OMCCEKTPHUCOM yTiIa Y MEXKIY BEKTOpAMH 121 U IZZ.

MosxHo mokasatb (cm. [2], §5.1, dopmyna 5.5),

Puc. JI2 O61acTb HAGIIOEHUS U4TO Ha JKpPaHC 3, «YCTAaHOBJICHHOM» B CTCKIIC

HHTEP(EPCHIIHOHHON KapTHHBL. nepreHauKysipHo k uauu OO’ (puc. 113), OyayT

Ha0II0AaThCS UHTEPPEPEHIIMOHHBIE

A

A cm
ITOJIOCHI, PACCTOSTHUE AX MEXIY KOTOPBIMU PABHO AX=—""F=—,
Y oorm

A
rae A — JUIMHA BOJIHBI U3JIY4EHHUS B BaKyyMe (BO3IyX€); A.j,, =— — AJIMHA BOJHBI
n

H3JIYYCHHUA B CTCKIIC, nl — IIOKa3aTCJIb IIPCIOMIICHHUA CTCKIIA.

8m]xm

oL
0 S SSSSS S S S S S S S

Puc. J13. InTepdepeHIMOHHbIE MTOJIOCHI Ha KpaHe D U Ha BEpXHEH MOBEPXHOCTH BO3YIIHOTO

KJIMHA.
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Ecau HCXOAHAadA BOJIHA IMAaJAaCT HA KJIIMH IIOYTU HOPMAJIbHO, TO, KaK 6yz:eT

IIOKA3aHO HWJKE, YIOJl Y MEKIy HAIPABICHUSMHU PAaCIpPOCTPAHEHUS OTPAXKEHHBIX

BOJIH (YTOJI MEXy BEKTOpaMu 121 151 IZZ) OyZIeT paBeH:
Y= 20Ln—2 :
M
rZle 0. — yTroJI pacTBOpa KJIMHA; Ny =1 — mokaszaTesb IpesoMIICHUS BO3AyXa.
OO0o3HauMM 3a X KOOpAMHATY TOYKM Ha BepXHeW rpanune kimuHa (X=0
cootBeTcTByeT Touke (). Tak Kak BepXHssl TpaHUIA KIMHA TPAKTUYECKU
nepneHauKyisgpHa ouccexkrpuce OO” (yron y Ha puc. JI3 manm), To paccTosHHe

AX;, 06 MEXKITY NHTEP(HEPEHIMOHHBIMU I10JI0CAMH Ha TPAHULE KJIMHA OyJIE€T paBHO

A _ A _L
Y-m  2a-no 200

AXnoe =

B Touke ¢ KOOpAMHATON Xy = M- AX;,,e HAXOOUTCSA M—asd HHTEPHEPEHIINOHHAS
MoJ0Cca, 9TO COOTBETCTBYET PA3HOCTH X072 MEXKTY BOJHAMH paBHOH A(Xy )=m\.
Toraa 3aBHCHMOCTB Pa3HOCTH Xxoaa A(X) MeXTy BOTHAMH OT KOODAMHATHI X HMeeT

BUA:

A(x)= RSLIINPIEN
AX”ZO@

(U3MEHEHUE KOOpAMHATBI X Ha BEIWYMHY AX,,g, PABHYI IIHPHHE IOJIOCHI,
COOTBETCTBYET U3MEHEHHIO Pa3HOCTH X0J1a Ha A ).

Takolt e pe3yiabTaT MOJy4aeTcs, €CIM CYUTaTh, YTO Pa3HOCTh XOJa paBHA
yIBOGHHO# TommuHe 3(X) BO3IyNIHOTO KIIMHA:

A(x)=28(x)~ 20~ X,
Takum oOpazoM, mpu HaOMOACHUM WHTEPPEPEHIIMOHHON KapTHHBI B TOHKOM
BO3AYIIHOM cjioe (Kak B cxeMe HaOmwoaeHus kojell HpioToHa), pa3HOCTh Xo0j1a Ha
MMOBEPXHOCTH MOYKHO CUMTATh PAaBHOW yIBOCHHOW TOJIIUHE BO3YIIHOTO CJIOSL.

I[J'IH BBIYUCIICHUS ONMUYECKOL pasHocmu xo0a ABYX OTPa’XCHHLIX BOJIH
HCO6XOI[I/IMO YUUTBIBATH JOIIOJHUTCIIbBHYIO PA3HOCTH XOAa E, BO3HUKAIOIIYIO IIPU

OTPaAKCHUHU BTOpOﬁ BOJIHBI HA TPAHHUILEC «BO3AYX-CTCKIIO».
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Appm = 28(X) + % .

Hnmeppepenyuonnvie munumymol (TEMHBIE T0JIOCHI) 00pa3yrOTCS B TOYKax, s
KOTOPBIX OINTHYECKAs] Pa3HOCTh XOJAa JABYX OTPaKEHHBIX BOJH paBHA IMOIYIEIOMY

YUCITy JJIMH BOJIH:
Nomm =(2m+1),

a uHmequepeHquHHble MAKCUMYMbl — B TOUKAX, IJI51 KOTOPBIX OIITUYCCKAA PA3HOCTDH

Xo04a 6yzxeT paBHa LCJI0OMY 4YUCIIY JJIMH BOJIH:

Aonm=MA.

Puc. [14. UatepdepeHnionHas kapTiHa Ha IOBEPXHOCTH KJIMHA

Takum 00pa3om, B pe3ynbTaTe OTPaAKCHHH OT YYAaCTKOB KJIMHA C OJMHAKOBOW
TOJIUHON B 00slacTh MHTEpPPEPEHIINN BO3HUKHYT TEMHBIE WM CBETIIBIE IMOJIOCHI,
napajiesnbHeie peOpy knuHa (puc. [4), mpu sToM Ha pebOpe kiuHa Oyaer
HaOMrOAaThCs TeMHas mosoca. Takas nHTepPEepeHIIMOHHAs KapTHHA HOCUT Ha3BaHHE

10JI0C PABHOM TOJIIIMHBI.

BiusiHue npocTpaHCTBEHHOM MPOTSKEHHOCTH MCTOYHHUKA.

Bonnbl, wu3nydaembie J1000W Mapoil TOYEK TPOTSHKEHHOTO HCTOYHHKA,
HekozepeHmHubl. [10ATOMY WHTEHCUBHOCTh WHTEPPEPEHIIMOHHON KapTUHBI IS
MPOTSDKEHHOTO  MCTOYHMKA OyAeT paBHA cCyMMe UHMEHCUBHOCHmel KapTHH,
ITIOJIYYEHHBIX OT Ka)XJOW TOYKM 3TOrO MCTOYHMKA. PaHee paccMarpuBaiics Ciydaw,
KOrJa TOYEYHBbI HMCTOYHHUK HAXOAWJICSA OT KIHWHA HA PACCTOSIHUU, CYLIECTBEHHO

MMPCBBIIAIOIICM pPasMEPbl BO3AYHIHOI'O KJIMHA (TOFI[a HCXOOHYIO BOJIHY MOKHO
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cuuTaTh ockoi). [lepexon oT 0AHON TOUYKK MPOTSHKEHHOTO UCTOYHHMKA K APYTroOu

COTIPOBOXAAETCA HM3MEHEHHEM YIjla TMaJeHUs Ha BO3AYIIHbIN KiuH. [loaTomy
TpeOyeTcsl MpoaHAIM3UPOBaTh, KaKk MHTEPPEpEHIIMOHHAs KapTHHA 3aBHCUT OT yIJa
MaJCHUS UCXOJHOW BOJIHBI.

[TycTh Ha MOBEPXHOCTHh BO3JYIIHOIO KJIMHA (YTOJ pacTBOpPaA ) UCXOIHAsI BOJIHA

magacT 1moJa HCKOTOPBIM MaJIbiM YIJIOM (p K HOPMaJIM K INOBCPXHOCTU KJIMHA (pI/IC

115).

~ o BozaymHbii KIuH

I AN aaey S EeNEreeys

Puc. J15. [Ipenominenne B BO3AYIIHOM KIIUHE

[lepBas oTpakeHHasi BOJIHA OYJIET pacIpOCTPAHATHCS MO TAaKUM e YriioM ¢ (yron
MaJICHUSI PaBEH YTIIy OTPAKECHUS).
VYron npenomieHus 3 IpomieAiel BOJTHbI HAXOAUTCS U3 3aKOHA MPETOMIICHUS:
Mm -sing=ny -sinf.
Cunras YyTJibl MAJIBIMH, TTOJTYYHUM:

B=¢-—.
2

m
n

Jlovnss 10 HMXKHEW TpaHUUbl BO3AYUIHOTO KJIMHA, BOJIHA YACTUYHO OTPA3UTCA U
BEPHETCS K BepXHEH IMOBEPXHOCTH KIMHA. M3 TeOMETpHIECKUX COOOpaKCHHI MOXKHO
MOJIYYUTb, YTO YTOJI MaJCHUS STOM BOJIHBI Ha BEPXHIOK MOBEPXHOCTh KJIMHA OyneT

paBeH 2o —[3.
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HcneiTaB IMPCIIOMJICHUEC, 9Ta BOJIHA ITOIIAJICT B CTCKIIIHHYIO INIACTUHKY IIOM

yriioM 3, mpuueM

n2-(2a—B)=m B
Torma yron y Mexay HampaBiICHHSIMH PAaCIpPOCTPAHEHUS U BOJIHOBBIMHU BEKTOpaMU
JBYX OTPa’KEHHBIX BOJIH PABEH:

T.C. YIOJI Y _MCK/Y BOJTHOBBIMH BCKTOPAMH HC 3aBHUCHUT OT VYIJida TAJACHUA PICXOI[HOI;’I

BOJIHBI ( HAaIrtOMUHACM, YTO YI'OJI MAACHUA (P I/ICXOI[HOI\/'I BOJIHBI MaJ'I).

HalinemM Temepp pa3HOCTh XOJa MEXIY OTPaKEHHBIMH BOJHAMHU UL
MPOM3BOJIBHON TOUYKU S, HAXOSIIEHCs BHYTPH CTEKISTHHON TuiacTUHKU. [lonoxenne
TOYKH S BHYTPHU IUTACTUHKH OyJIeM XapakTepu30BaTh paccTossHUEM H OT BepiInHBI
O xiuHa 10 Touku S u yriioM 0 mexnay ouccexkrpucoit OO” u munueit OS.

HpOBGI[CM AOIIOJIHUTCIIBHBIC ITIOCTPOCHUA.

/ =\ o]
! / n\
O 2 S / U =
Y - —'------ " ’},\
- // v
L~y
1 ys
sz /H \
4 \
// \
\
(& \
X\L.6 5
\ o Bo3zayuiHbeiil KIinH

O (0777777777777 7777777777777

Puc. J16. Pacuer pa3HOCTH X012 B IPOM3BOJILHON TOUKE

W3 Touku S omyckaeM TpH MEepHeHINKYISIpa:
1) va muauio OO’ (OUCCEKTpUCY YIJIa MEXIYy BOJIHOBBIMH BEKTOpPaMH JABYX
OTpPaXEHHBIX BOJIH); paccTosiaue SM 0603HaunMm L;
2) Ha nuHMUIO 1, TOr/a TPOBENEHHBIH MEPHEHIUKYISAp OyIeT sSBIATHCS (PpoHTOM

MEPBOMN OTPAKEHHOW BOJIHBI;
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3) Ha nUHUIO 2, TOT/Aa MPOBEACHHBIA MEPIEHANKYISAp OyAeT SBIATHCS (HPOHTOM

BTOPOU OTPa’KEHHOM BOJIHBL.

N3 Touku M omyckaem JBa NepreHIuKyJsapa Ha PpOHTHI IepBOM U BTOPOI
OTPaKEHHBIX BOJH (paBHbIe 0Tpe3kr MB 1 MA cooTBEeTCTBEHHO). MOXKHO 3aMETUT,
YTO, TAK KAK PA3HOCTh XOJa MEXIY OTPaXKEHHBIMU BOJIHAMM B TOUKE M paBHA HYJIIO,

TO pa3HOCTh X012 A (S) MeKay STUMH BOJHAMH B TOUKE S, paBHa:
A(S)=MB + MA = 2L -sin% =2H -sine-sin%

(tak kak L =H -sin®).

Ecmu passocth xoma A(S) s BOJH, HIYNIMX OT PAa3IUYHBIX TOYEK
MPOTSDKEHHOT'O UCTOYHHMKA, Oy/IeT U3MEHSAThCA Ha BEJIMYMUHY, CPABHUMYIO C JITTHHOM
BOJIHBI, TO BCJIEJICTBUE HEKOIE€PEHTHOCTU TaKUX BOJIH MHTEP(PEPEHIIMOHHAS KapTHHA
B OKPECTHOCTH TOUKH S HCYE3HET.

[IycTe mpu mepexone OT OJHOW TOYKM HCTOYHHMKA K APYroil yroja mNajcHUs
UCXOJIHOW BOJIHBI Ha BEpXHEH TIpaHW KiIMHAa wu3MeHsercs Ha O¢, Torma (B
COOTBETCTBUM C 3aKOHOM OTpaXEHHWs])) Ha TaKyl >KE€ BEJIMYMHY HM3MEHUTCI U
HAMpaBJICHUE PACHPOCTPAHEHHUS MEPBOM OTPAKEHHOM BOJHBI. Tak Kak yroi y He
3aBHUCHUT OT yIJja MaJCHHUs (¢ MCXOJAHOM BOJHBI, TO HAa (¢ M3MEHUTCS M HAIpaBJICHUE
pacrpocTpaHeHUsT BTOPOM OTPAXKEHHOW BOJHBI. 3HAYUT W yroa 0 Mexuay
ouccekTpucoit yrina y u otpe3kom OS M3MEHUTCS Ha Takyro e Beauunny: do=dg.

Tak kak IIpHU 3TOM BCIINYHUHBI H u Y HC UBMCHANOTCS, TO IJIsI U3MCHCHUS PA3HOCTU

xoaa A(S) nomy4um:
d(A)=2H -sin%-d(sine):ZH -sin%-cose-de
N3meHeHune pasHoCcTH xoda d(A) OyneT nmpeHeOpekuMo MastbiM, eciii C0SO =0, T.e.

0~90°. Dro ycnoBue chpaBeIMBO AJIA CiIydasi, KOrJa TOYKA S JIEKUT 601u3u

noeepxnocmu KiinHaA.

Takum O6p2130M, GIUARHUE npocmpchmeeHHoﬁ NPONANCEHHOCMU UCMOYHUKA

IMPpOABIIACTCA B TOM, UYTO MHm@D@@D@HuMOHHa}Z KapmuHa 6}/06171 JIOKAJIU306AdHA

(byoem nabarwdamvcs) 66auzu nosepxnocmu kauna. Ilo Mepe ynaiaeHus oOT
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MOBEPXHOCTH  HMHTEepQEpPEHLMOHHAs  KapTUHA  MpomajgaeT.  AHaJOTUYHOE

YTBEPKACHHUE CITPABEATUBO U JUIA CXeMbl HabmoaeHus koer HproToHa.
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BugnocTs nHTEp(PEpEeHIINOHHON KAPTUHBI.

Bo3moxHOCT, HaOMIOA€HUA HWHTEP(GEPEHIIMOHHOW KapTHHBI 3aBUCHUT OT €&
KOHTpPacTHOCTU. KOJIMYECTBEHHON XapaKTEpPUCTHUKOW KOHTPACTHOCTH  CIIY’KUT

Oe3pa3mepHasi BeJIMUrMHa — BUIHOCTh V MHTEpPEPEHIIMOHHON KapTHHBI, paBHAs

V = Imax — Imin

- ]
I max + Imin
rac |max nu | min — 3HAUCHUA PIHTGHCI/IBHOCTCﬁ B COCCAHUX MaKCI/IMYMG nu MI/IHI/IMYMC.

B mpocreiimiemM cityyae, €CiM TOYECYHBIA UCTOYHUK H3Iy4aeT PAaBHOMEPHO B

Y3KOM CIEKTpalbHOM amama3oHe AL <<Ag (Ag — meHTp amamasoHa), To Qopma

F(A) nmuaum u3mydeHus MPeACTaBIACTCS B BUC NMPAMOYyroyibHuKa (puc. J17):

F A
Agfmmmmeenmm e
| Ak
SN A U VY, —
Ay, mpu \x-xo\sA—; 270
AA . !
0, npu ‘K—K0‘>7 K

Puc. [17. «IIpsmoyronsHas» Gopma

JIMHUHW U3JTYUCHUA.

I[J'DI TAaKOI'0 MCTOYHHMKA 3aBUCHUMOCTb MHTECHCHUBHOCTH | OT Pa3sHOCTH XOaa A ABYX

UHTEpQEpUPYIOIIMX BOJIH  OAMHAKOBOM MHTEHCUBHOCTM |l  ompenensercs

BbIpaKEHUEM
. (Ak-A |
>IN 2 AL Tm-A A
1(A)=2lg|1+ ——=—Z.cos(k-A)|=2lg|1+sing —=-—— |-cos| 2- —— ||.
(4)=210 Ak-A k-2) 0{ h0 7»0) ( %oﬂ
— 2 —
21 AA
Tak kak K=—,a ‘Ak‘ = 27:—2, T0 3aBUcHUMOCTb |(A) mpencraBisieTcs B BUJE:
A
0

1(A)=2lg|1+sin A A o 2.1
Ao Ao A
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@ynkuus BUIHOCTH V paBHa (puc. [I8):

Imax+|min 7“0 7“0

A A A A
L 1|
III
|

—_——
—————
—————
——————
———————— e
————————
—_—————————»

Y. RN, S

S SN SRS Wy ———

0 > 3 e
Y A
A=) = 1 . 47\‘)_ A= My KOZ A_};?'
0 myae AN 4
|
oA |
[ N e e
i
| |
|
0,64 [ =———————————— I
I |
I |
I |
! I
|
0 T ' o
Y v A
Myaén M) mmax°7L0

Puc. [I8. 3aBucMMOCTh MHTEHCUBHOCTH W BUIHOCTH OT PA3HOCTHU XOJ1a ISl HCTOYHHKA

C «IPSAMOYTOIBHOI» (POPMOI JIMHUY U3TyUEHUSI.
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Bunnocts uHTEp(EpEeHIIMOHHON KapTUHBI TEPBBIA pa3 MPUHUMAET HYJIEBOE

A?u A
3HAYCHUC HpI/I 3HAYCHUU apryMeHTa, paBHOM T, T.C. — =TT, qTo
7»0 Ao
COOTBGTCTByeT pa3HOCTI/I X0o4a
)
A= A m -0,
A 0 = Mmax -0
Ao o y
rac mmax = A_k = A_ — MAKCHUMAJIBHBIN l'IOp}II[OK I/IHTep(l)GpeHHI/IH,
0

COOTBCTCTBYI-OIHPIIZ HYJICBOMY 3HAYCHHUIO BUAHOCTH.
Pa3HocTth X04a, IIpu KOTOpOﬁ BUAHOCTDb CTAHOBHUTCA paBHOﬁ HYJIO, Ha3bIBAIOT

OJIUHOIL KoeepernmHocmu NU3J1y4CHUSA:

14 A 7%
=M . =—.
K02 max ~ 0
AN
JITMHA KOTEPEHTHOCTH CBSI3aHA CO 8peMeHeM KO2epeHmHOCH U COOTHOILLICHUEM:
Cxoe =€ Troo-

W3 cooTHONICHUIT MOXKHO IMMOJIYUYUTD BBIPpAXKCHHUEC AJISI BPCMCHH KOI'CPCHTHOCTH!

2
T _ IKOZ _ }”O _ 1
Ko2 = = = '
C c-AL  Av
C C"AM
rae V:X - 4acTtoTra W3IMy4YeHus; Av=—/r— IIMPUHA CHEKTpa M3IIyYEHHUS

2
%

TOYCYHOI'O HICTOYHHKA I10 HaCTOTaM.

[Ipy yBenMYEHUM WIUPHUHBI JIMHUM MCTOYHUKA AL YHCIO HaOMIOAaeMbIX

UHTEephEPEHIITMOHHBIX 0JIOC YMEHBIIAETCS: eciu AN <Alo, TO

A A
Mmax1 = A—7?1 > Mmax2 = A—7?2 (puc. J19).
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K HHTeiI)e CHINU

&)

8(0)03; 01
'"l"” il

2 ;* 8/
I
____=_ _______________
|
Y >
0 }\'2 A
ﬁ:; mmaxz' 7‘0 2myax0 }‘0
_ Ao _
Mmax2= A ). 10

A A
Puc. 19. Ha pucynke Ahq <Aho, My =——=15>my =—— =10.
il pucyH 1 2, M A 2 Aoy

ILJBI IPSIMOYTOJILHOM (bODMBI CIICKTpPA IIPHUHATO CUUTAaTh, qTo

uHTephepeHIIMOHHas KapThHa mnponamaer npu V =05. Ilycts, Hanpumep, a3
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NepecTaHeT pa3nuyaTh uHTEephepeHmoHHble mnonockl npu  V =064, uro

COOTBETCTBYET apryMEHTy (YHKIUHU SINC, paBHOMY g (puc. [8). Torma wymcio

M,,6, HAOIIOJaEMBIX HHTEP(PEPEHLIMOHHBIX [I0JIOC MOKHO HAMTU U3 COOTHOILICHHUS:

AN T Ayga _ 1 _n'(mHa@l'?V):ln
A A Mmax A 2

CrnenoBarenbHo, My, 5, = > Mmax — YACIO HAOIIOAAEMBIX IIOJIOC B 2 pa3a MEHBIIIE,

YyeM MaKCHMaJlbHbIN IMOPAI0K I/IHTCp(i)epeHIII/II/I.

Takum oOpasom, IOACYMTAB YUCIO M,,5, HAOIIOMAEMBIX HMHTEPHEPEHIMOHHBIX

I10J0C, MOXKHO HaWUTHU IAPUHY JIMHUHU U3JTYUYCHUA HCTOYHHKA.

Bausinue ¢popmbl TUHUM U3JTyYeHHUS HA QYHKIMIO BUTHOCTH.

Jlst peasibHBIX MCTOYHUKOB CBeTa (popMa JIMHUU B CHEKTPE OOBIYHO MMEET
«KOJIOKOJIOOOpa3HbIi» Buia. B wacTHocTH, ¢opma CHEKTPaIbHON JUHUU F(K)
ra3opaspsgHOro HWCTOYHHMKA, yIIUpeHHas BciaenctBue dddekra  [ormepa,

onuchiBaeTcs GpyHkiuen ["aycca:

2
_2((}”_7”0).4/2"12)
FO)=Ag-e ™
rie AA - IIMpUHA JIMHUM UW3JIy4YeHUS Ha

nonyssicote (puc. 10).

Mo>kHO TOoKa3aTh, 4TO PYHKIMS BUIHOCTH B 3TOM

cllydae ONpeelIsIeTCs CIASAYIOINUM 00pa3oM:

2 Puc. J110. I'ayccoBa popma tuHuN

_1p mAL
o 2 J2In2)3

HU3JTyUCHUS.
v(a)

Ha pucynke J[11 nns cpaBHEHHs NpUBENEHBI 3aBUCUMOCTH BUIHOCTH U
pacnpeziesieHne HHTEHCUBHOCTHU 7Sl IBYX (POPM JIMHHUM U3TydeHHs (PSIMOYTOJIbHOM

U TayCCOBOM) OT Pa3HOCTM XOJa NPH OJWHAKOBBIX 3HAYEHUSAX IIMPUHBI CHEKTpa
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AN ppan =Ahzgyce-  OTMETHM, dTO TIPU  BCEX 3HAYCHMAX PA3HOCTH X0

A=m-Ag, npu 0<M<Mpg BUIHOCTE HIs TrayccoBod (opMbI cHekTpa

CYIICCTBCHHO MCHbIIIC BUAHOCTHU IJIAA ITPAMOYTOJIBHOI'O CIICKTpPA.

0

5

5 10 1
[T

> Y

' 0 L.
k A A

Puc. /I11. 3aBrucuMocTy BUAHOCTEHN U pacripeieleHusl HHTEHCUBHOCTEN

JUISL Pa3IUYHBIX GOPM JIMHUHN CIIEKTpa

Ecnu cnekrpaibHble XapaKTEpUCTUKU HCTOYHMKA HW3BECTHBI (3amaHbl (opma

JMHUAU — OOBIYHO rayccoBa, JUIMHA BOJHBI A U IIUPUHA JUHUU AL ), TO, IIOJCUUTAB
qUCI0 M,,,5, HAOMIOZAEMBIX MOJIOC, MOXKHO HAWTH BUAHOCTb V,,45,, PA3IMUaEMYIO
IJIa30M:

Viaén zveaycc =
2 2
1( AL AJ 1( mAL }”j 2 (mmij’ (1)
"ol A a2 5| T a—aa2 maba’0 T B
e 2 J2In2)5 e 2(J2In2)G _o AIn2\ mpay

0
TAe Mmax = e
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s npsamoy201bHoU (bODMbl cnekmpa aHaJIOTUIHOC BBIPAKCHUC 6YI[6T HUMCTb BU:

. AN m-Al m
VnpﬂM =ISINC—— - ——|=SINC Tt HAO

Ao Ao Mmax
W3 npuBeneHHbIX (HOpMyT CIEAYeT, YTO pasziaudaeMasl I1a3oM BUAHOCTb V.5,

m
3aBHCHT OT OTHOMeHHs —"207  a puc. J[12 mpuBenensl rpaduku 3aBUCUMOCTH
Mmax

BH/IHOCTEH JUIi rayccoBO# (HaOmoxaeMoit) V,;yce U IPAMOYTOIbHOM Vg, hopm

Mya6a
Mmax

JIMHUU CIICKTpa OT OTHOIICHM:A . Tak kak I OJHOIo0O M3 CBCTOAMOAOB (B

HallleM CJIy4dac — BGJIGHOFO) HN3BCCTHHI U mmax, )51 mHa@Z, TO, BBIYHMCJIMB OTHOLICHUC

m

—Hab1  \ioHO TO TPaUKy ONpENeNUTh BHIHOCTD V06> PA3IHYAEMYIO TIIA30M
Mmax

Ha0roAaTeN .

Ecnn CUHUTAaTh, YTO pasdjindyacMasi 1jia3oM BUJHOCTb HC 3aBUCUT OT AJIMHBI BOJIHBI,

TO OJI1 BCCX H3Y4YACMBLIX B 3aa4C KBA3UMOHOXPOMATHYCCKUX HMCTOYHHKOB

m
OTHOLICHUC M 6YI[CT NUMETHh OJHO U TO XK€ 3HAUYCHUC. TOFI[&, 3Hagd OTHOLICHUC
Mmax

Mya6n

IJIsl 3€J€HOTO CBETOAMOAA M 4YHCIIO HAONIOAAaeMbIX IOJIOC My,45, UL
Mmax

KQKJOTO M3 OCTABIIMXCA CBETOAUOIOB, MOKHO HAUTH Mmgy, U, CIEAOBATEIBHO,

LIMPUHY JINHUU U3JIy4EHUS CBETOINOA.
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v A
1,0 —
:::'\/1 l >
T zayce
0,8
_I*
Vnp;m
0,6
0.4 o
0,2 - -“'-- ----- e
H
0,2 0,4 0,6 0,8 1 Myaén
1 Mmax
Myan < Mmax Myaen= Mmax
Mua6n
Puc. /112. 3aBUCUMOCTH BUTHOCTH VHa@Z OT OTHOIIICHUS ———— .
Mmax

Mya6n
Mmax

Hanpumep, npu =0,67 3HaUeHMs] BUJHOCTEN paBHbI: Vn pam =0,42, Ve aycc:0!22-



