[naBa 4
OCHOBHBbIE NMOHATUA N COOTHOLLWEHNA ®OTOMETPUA

CnoBo "doTomeTpusa" cocTaBiIeHO M3 ABYX Trpedeckux cios: "doc"
((pwg)—CBeT u "merpeo" (uarpsm)—mMepH}o, T.. B NIEPEBOAE HAa

PYCCKHI SI3bIK, €ro CIeIyeT NMOHMMAaTh KaK 'CBETOBbIE H3MepeHus'. B
OBITOBOM TOHUMAaHUHU "CBET'" —3TO ONIyIIEHHWE, KOTOPOE BO3HUKAET Y
YyejoBeKa MOJ BIMSHHUEM NAJAIONIEr0 B €ro IJa3 3JIEKTPOMArHUTHOTO
W3JIy4YE€HUS C JJIMHAMM BOJIH, JIeKaIUMU B Tipeaenax oT 380 uM 10 780 HM.
B TexHuke moja ciioBoM 'cBeT' MOHMMAKOT TO H3JIy4Y€HHE, KOTOPOE
BBI3BIBAET 3PUTEIBHOE OlllylieHue. M3mepeHue -HTOro H3IydYeHUus U
COCTAaBJISIET 3aJa4y (poTOMETpHH.

IlepBoit poTomMeTpuyeckoil pabOTOl B HCTOPUU HAYKH OBLIO
pazzenieHue 3BE37 MO UX OJecKy (M0 OCBEHIEHHOCTH OT ATUX 3BE3/) Ha
IECTh KJIACCOB — 3BE3HBIX BEJIMYMH, BBINOJIHEHHOE | nnmapxom Bo 1l Beke
no P.X. B 3BégHom karanore IItomomes, NPHIOKEHHOM K €ro
"AnbMmarecty", colep;Karcsi OLEHKH 3BE3NHBIX BeaWYuH CBbie 1000
3BE311. COMOCTaBisAsE UX C COBPEMEHHBIMU OOBEKTUBHBIMU HU3MEPEHUSIMU
OCBEIIEHHOCTH OT ATUX >K€ 3BE3Jl, YCTAHOBWJIM, UTO KOTJIa OJIHA 3BE3/a
MMEET 3BE3JHYI0 BEIMYMHY Ha EIUHUIY OoJibIlle, 4YeM JApyras, TO
OCBCIIEHHOCTh OT MEpBOM B 2,5 pa3za MEHbIIE, 4Y€M OT BTOPOM.
[TocTenenHoe pacuimpeHre oOIIEero HTepeca K U3MEPEHUSIM CBETa MOXKHO
IPOCIEANTh IO JUTEPATyPHBIM MMaMSITHUKAM M OTMETUTH ero y Jlanrte
(XIII B.), y Jleonapno na Bunuu (XV B.) n y I'anunes (XVII B.).

Hauamo npakThueckoro NpUMEHEHHS HEKOTOPBIX BHUAOB CBETOBBIX
U3MEpPEHUN MOXKHO, I10-BUANMOMY, OTHECTU K KOHIlY X VI n Havany XVII
BekoB U ocobeHHo Kk XVIII Beky, korma ObUIM ONMyOJIMKOBAaHbI KHUTH
OCHOBOTMOJIO)KHUKOB (PoTomeTpuu (paniry3dckoro yuéHoro Ilbepa byrepa
(1698—1758) (Bouguer P.Essai d’optique sur la gradation de la lumiére. —
Paris, 1729) u nemenkoro yuénoro Moranna I'eapuxa JlamGepra (1728—
1777) (Lambert J.H.Photometria, sive de mensura et gradibus luminis,
colorum et umbrae — Augsburg, 1760). C Tex mop MeETOAbl CBETOBBIX
U3MEPEHNN HENPEPHIBHO COBEPIICHCTBYIOTCS, CIEAYS 33 YCKOPSIOLIIUMCS
TEMIIOM TE€XHHUYECKOTO Iporpecca, MpeabsaBISIONIEro BCE 00Jiee BHICOKUE
TpeOOBaHUS K PA3IMYHBIM BUJIaM U3MEPEHUHN JTyUUCTOU SHEPTUH.

C npeBHenmmx BpeMEH U 10 XIX Beka €IUHCTBEHHAs] BO3MOXHOCTH
3aMeuaTh U OLIEHUBATh U3Iy4eHUE ObLIa CBsA3aHA CO 3PEHUEM YEJIOBEKa.
EctecTBeHHO mO03TOMY, 4YTO Bce (POTOMETPUYECKHE 3aKOHBI H
COOTHOILIEHUS PA3BUBAIMCH TOJIBKO B CBA3U C BO3JICHCTBUEM U3ITyUEHUS HA
rjia3 HaOJIOJaTeNsl U YTO CBETOBBIE M3MEPEHUS] MOTJIM OCYIIECTBISTHCA
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TOJIbKO B Tpeaesax BUAUMOro crekrtpa. C MosBIEHUEM HPUEMHUKOB,
YYBCTBUTEIBHBIX K YJIbTPa(pUOIETOBBIM M HUH(QPAKpACHBIM JIydawm,
cojepkaHue (POTOMETPUM CTaJO PACIIUPATHCA M B HACTOsLIEE BpeMs €€
MOXXHO  OINpENEIUTh KaK COBOKYIIHOCTb METOJOB U  TEOPHH,
OXBAaTBIBAIOIIMX 3HEPreTUKY IPOLIECCOB M3IyYEHMs, PACIPOCTPAHEHUS U
npeBpalleHus (B 4aCTHOCTH, HOTJIOUIEHMS) JIyYHCTOM PHEPruu B KOO0
YacTU  DJIEKTPOMAarHutHOoro  cmnekrpa.  OnxHako,  yamie  BCEro
(dboTOMETpUYECKNE COOTHOUIEHUSI MPUMEHSIOTCA K YJIbTpadUOIETOBOMY,
BUJIMMOMY ¥ HWH(PAKpPACHOMY H3JIyYEHUSIM, OOBEIMHSIEMBbIM B OOIIEM
HNOHSTUU ONTHYECKOTO U3IIyUEHHUS.

4.1. UHTEHCUBHOCTh  HM3JIyYeHMS]  HEKOIePEHTHOr0  HMCTOYHHUKA
KOHEYHBIX Pa3MepoB B reOMeTPUYECKOM NMPHUOJINKEHHH

IIJIOTHOCTB MOTOKA 3HEPTUU ANEKTPOMATHUTHOTO II0JII ONPEAEIACTCS
BEKTOpOM YMoBa-lloiiHTHHTA

G="ExH=-""EHs,

4 4
rae E u H — BexTOphl HanNpsHKEHHOCTU DJIEKTPUYECKOTO M MAarHUTHOTO
II0JIEA COOTBETCTBEHHO.

Hanpasnenune  Bektopa  YmoBa-lloMHTMHra  mepneHIUKYISIPHO
BektopaM E wu H u coBmagaer ¢ HampaBJI€HHEM pPaclIpOCTPAHEHUS
AIIEKTPOMAarHUTHOW BOJIHBI, & €r0 BEJIMYMHA PaBHA YHEPIUH, IIEPEHOCUMOMN
B €IVHUIY BPEMEHU 4YEpe3 CIMHUYHYIO IUIOLIAAKY, NMEPHEHIUKYIAPHYIO
BekTopy G. Takum o6pazom, Bekrop G =Vws, rne w — IJIOTHOCTb
DHEpPruu, a V' — CKOPOCTh pacIpOCTPAHEHUS JJIEKTPOMATHUTHBIX BOJIH.

Ctporo MOHOXpPOMAaTHYECKOE I0JIE€, KOTOPOE MOYKHO paccMaTpUBATh
KaKk (ypbe-KOMIOHEHTY MPOU3BOJBHOIO MOJS, CO3AAET rapMOHUYECKUN
OCLIJIISATOP WJIK HA0OP MOJIOOHBIX OCHUIUIATOPOB C OJAMHAKOBOM 4aCTOTOU
u3nyueHus. B onTuke OOBIYHO MMEIOT [JI€J0 C HCTOYHUKAMH,
V3JIyYarOIMMU CBET B Y3KOM, HO KOHEYHOM Juana3OHe 4acToT. Takomn
UCTOYHMK MOXXHO paccMaTpuBaTh Kak Habop OOJBIIOTO  YHCIIA
FapMOHUYECKUX  OCHWJUIATOPOB, YacCTOThl KOTOPBIX MOMNaAaroT B
YKa3aHHbIM THANa30H.

JIist BBIYMCIIEHMS] MHTEHCHUBHOCTH CBE€Ta B KakoM-1nbO Touke P
IPOCTPAHCTBA HEOOXOAUMO MPOCYMMHUPOBATh BCE TMOJSA, CO3JaHHBIC
KQ)KJIbIM OCLIUIATOPOM (3JIEMEHTOM MCTOYHHUKA), T.€.

E=>E,;

H=YH,.
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Tak kak yacTOThl KOJIEOAHMM B ONTHYECKOM JUAIA30HE U3ITy4YECHUS
OYEHb BEJIHMKH, HEMOCPEACTBEHHO HAOJIOAAaTh MTHOBEHHBIC 3HAUYEHHUS HU
OJIHOM M3 TaKuX OBICTPO OCUMJUIMPYIOLIMX BEJIMYWH HEBO3MOXHO. MOXKHO
TOBOPUTH JIUIIb 00 UX 3HAYEHUAX, YCPEIHEHHBIX 32 HEKOTOPBIM MHTEpBAJ
BPEMEHU, KOTOPHIA BEIUK [0 CPaBHEHUIO C TIEPUOJOM KOJIeOaHMIA.
BennunHa cpegHero mo BpeMeEHM BekTopa YMoBa-IIoMHTHMHra CiyXuT
MEpOW UHTEHCUBHOCTH CBETA B HEKOTOPOU TOUKE P, T.€.

1(P)=[(G) =, |(ExH)|= "3 (E, <H,) =
o (4.1)

= IS, B, T (E, <H,).

4TC n n+m

CBeToBBIC KOJIe6aHI/ISI, Co3aaBacMbIC PA3JIMYHBIMHU  JJICMCHTAMM
HNCTOYHHWKA, MOXHO CUHNTAaTb HC3aBMCHUMbIMH (BBaI/IMHO HeKOFepeHTHLIMI/I),
MPUUYEM CpPEHEE 3HAUEHUE MOJIsI PaBHO HYJIIO. Toraa

>(E,xH,)=0.

nm

[TosToMy TIpM pemIeHHH MHOTMX ONTHYECKHX 3a]a4 MOXKHO MPUHSITH,
YTO BTOpas cymma B BblpaxxeHHH (4.1) paBHa Hyn0 (B 3THUX CIy4asix
TOBOPST, YTO IOJIsI HEKOT'€PEHTHBI).

Torma

1(P)=, (£, < H,) =5(G,). (4.2)

n n

rae G, —BekTop YMmoBa-lloMHTHHTA, COOTBETCTBYIOIUN 71-My 3JIEMEHTY

VMCTOYHHKA.

Hanpagnenue ycpeaHEHHOTO O BpeMEHH BEKTOpa Y MoBa-I1oMHTHHTa
COBMAJAeT C HOPMAJbI0 K TE€OMETPHUYECKOMY BOJHOBOMY (pOHTY, a
aOCOJIIOTHAsT €ro BEJMYMHA paBHA IMPOU3BEICHUIO CPEHEW IJIOTHOCTU
DHEPIUun <w> Ha CKOPOCTb PacIpOCTPAHEHUS SJICKTPOMATHUTHBIX BOJH V.

BonHoBOW (PpOHT U3TydeHUS] TOYEUHOTO UCTOYHUKA B OJIHOPOJHOM Cpesie
umeeT cepuueckyro popmy. MICTOUHHUKHN U3TydeHUS KOHEUYHOTO pa3Mepa
IPUHATO CYATATH TOUYCUHBIMH, €CIIM UX YTIJIOBBIE Pa3MEPbl MAJIbL, IPU ITOM
B F€OMETPUYECKOM OITHUKE MCTOYHUK W3JIYUYEHUS CUUTACTCS TOYEYHBIM,
€CJIY €r0 YIJIOBOM pa3Mep CTPEMUTCS K HYJIIO.

CBeT OT HCTOYHMKA pACOPOCTPAHSIETCA, KAaK TNPaBUIIO, BO BCE
CTOPOHBI, 3aIlOJIHAsA BCE OKpyXaroliee npocTpaHcTBo. Jlis anamm3sa
MPOCTPAHCTBEHHOI'O PACHPEACICHUS U3JIy4aeMOM HCTOYHUKOM SHEPIUU
VCTIOJIB3YIOT MPEJICTABICHUE O TEJIECHOM YTIIE.
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Puc.4.1. TenecHbin yron

TenecHbIM YIJIOM Ha3bIBa€TCAd 4YacTh NPOCTPAHCTBA, 3aKIIOUEHHAS
BHYTPU OJHOM TMOJOCTH HEKOTOPOM KOHMYECKON MOBEPXHOCTH (C
3aMKHYTOW HaIpaBJISIONICH), MTOPOXKIAEMON JIBUKEHUEM MPSIMON JIMHUU
(oOpasyroiiieii), TPOXOMASIIEH Yepe3 HEMOJBIKHYIO TOYKY (BEpIIMHY
KOHMYECKOM MOBEPXHOCTH), KaK MOKa3aHO Ha puc.4.l, mpu 3ToM BesKas
(He Tpoxojsiias uepe3 BEPIIMHY) JIMHHS, KOTOPYH oOpasyroias
NepeceKkaeT Mpu CBOEM JBMIKEHUHU, HaA3bIBaeTCs Hampasistomend. Ecnu
BEpUIMHA TEJIECHOIO yTIJla PacIoJIOkKEHA B IEHTPE CPepbl MPOU3BOJIBHOIO
paauyca r, TO KOHHMYECKasi MOBEPXHOCTh, OTPAHUYMBAIONIAS TEJIECHBIM
yTOJ, BeIpe3aeT Ha chepe 4acTh €€ MOBEPXHOCTH, IUIONMIAAb S KOTOPOM

NPONOPLMOHAIbHA KBaApaTy paanyca r, T.e. S=or’. Koadduuuesr o
SBIIAETCS MEPOM TEJIECHOI'0 yrila. EAUMHULEH TEJIECHOro yIJia SBIISIETCS
crepaguadn  (cp). TenecHblid yroja, paBHbBII OJHOMY CTEpajHaHy,
COOTBETCTBYET YacTU MOBEPXHOCTU CQepbl, IJIOMAAb KOTOPOH paBHA
IJIOIIAIM KBAApaTa CO CTOPOHOM, paBHOHN paanycy c(epsl.

KoHnueckass NOBEPXHOCTh TEJNECHOTO YIVIA MOXET NPHUHUMATh
pasnuusbie popMbl. Eciii 3TO MOBEpXHOCTh MPSIMOTO KPYrOBOI'O KOHYCA C
IUIOCKMM YIJIOM 20 NpU BEpIIMHE, TO TEJIECHBIA yros (B cTepajndaHax)

. 2O
o =27(1—cosa) = 4msin’ 5 Ecin KOHYC TEJIECHOTO yria

pa3BoOpavyMBaeTCs B IUIOCKOCTh, TO TEJIECHBIA YyTOJ, COOTBETCTBYIOIIUI
MOJYIIPOCTPAHCTBY, OKa3bIBACTCS paBHBIM 2T CP U, HAKOHEI, €CJIu
IJIOIIAAb S OXBAaTHIBAET BCIO MOBEPXHOCTH CQPEPhI, TO MOITHBIN TEIECHBIN
yrojl B KaxJA0W TOouke mpocTpaHcTBa paBeH 4mcp. Korma koHudeckas
MOBEPXHOCTh C)KMMAETCA OKOJO KaKOro-TO HaMpaBjeHUS U IUIOMIAdb
BBIPE3a€MON KOHYCOM MOBEPXHOCTH C(epbl CTAHOBUTCS OECKOHEYHO
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MaJloi, TEJIECHBII YroJl TAKKE€ CTAHOBUTCS OECKOHEYHO MaJIbIM M PaBHBIM

do)zd—g.
r

[lycTh O0S —d3JIEeMEHT  MOBEPXHOCTH  BOJHOBOIO ¢dponra,
COOTBETCTBYIOIIETO ONPEIEAEHHON TOYKE IOBEPXHOCTH HCTOYHHUKA
u3nyudeHus. Yepe3 moBEpXHOCTh OS MPOXOASIT KOHMYECKHUE MYyUKH JIydei,
UCXOJAIIMX M3 KaXIOHW TOYKM UCTOYHHMKA. OCEBBIE Jy4d ATHUX ITyYKOB
3aMOJIHSIIOT KOHYC C TE€JIECHBIM YTJIOM d®, Kak moka3aHo Ha puc.4.2. Eciu
yroJl pacTBOpa KOHyca JIOCTaTOYHO Majl, TO MOXHO IpeHeOpeyb
3aBUCUMOCTBIO MpOEKUMU Bekropa G, OT HampaBlIeHHs M 3alHcaTh

BbIpaxeHue (4.2) B BUJIE:

(P)=Y|G,)|=>1,. (4.3)

oS

_ i
,EqﬂZ/Z/Zf

Hcrounuk Konyc ¢ TenecHbm
M3TyYEeHHs yriom 0@,
00pa3oBaHHBIN

OECHTPAJIbHBIMU JTIYy4aMH

Puc.4.2. K BbiBOOY 3aKOHa MHTEHCMBHOCTU B reOMETPUYECKOn ONTUKe AJs
HEKOrepeHTHOro NCTOYHMKA U3NYyYeHUS KOHEYHbIX pa3MepoB

[Ipeamnonoxum, 4TO YUCIO TOYEUHBIX HCTOYHUKOB (OCHUIUISTOPOB)
HACTOJIbKO BEJIMKO, YTO WX pacrmpejesieHne 0e3 CYHIECTBEHHOW OLIMOKU
MO>XHO CUMTATh HENPEPBHIBHBIM. BKIaa OT KaKJ10ro TOYEYHOTO UCTOYHUKA
OECKOHEYHO MaJj, OJHAKO, CyMMapHbIil 3¢ dexT koHeyeH. B sTom cinydae
cyMMa (MHTeTpaji) MponopluHuoHaIbHaA TEIECHOMY YTy O, T.C.

I(P)=Léw,

a TIOJHBIN (YCpEeIHEHHBIN 110 BPEMEHHN) NOTOK Heprun 0P, , MpoXoaaInil

yepes 2JIEMEHT OS B €MHUILY BPEMEHU, PABEH
0D, = LOwdS . (4.4)

dopmyna (4.4) urpaeT BaxHYIO pojib B (poTOMETpHUH.
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4.2. Ontuveckoe wusiaydeHue. CBeTOBOH NMOTOK. JHepreTHYecKHe H
3¢ PeKTUBHBIC XAPAKTEPUCTUKH ONTUYECCKOT0 U3JTYYCHUS

OnnuM u3 BUJIOB SHEpruu (rped. energeia — JACHCTBHUE) SIBISETCS
U3JIy4eHUE, MCIIyCKaeMOE€ TElIaMH ECTECTBEHHOIO M HMCKYCCTBEHHOI'O
OpPOUCXOXKAECHUS. Takue Tena Has3blBAalOT MCTOYHHUKAMU M3JIy4YCHHS.
M3BEeCTHBIMM  KaXXJIOMy €CTECTBEHHBIMH HWCTOYHUKAMU  W3JIYyYCHHS
apisitorest Conuue, JlyHa, 3emisi, miuaHeTsl U co3Be3ausi, HEOO, oOuaka,
noJisipHble cUsiHuA. VICKyCCTBEHHBIE MCTOYHUKH ONTHYECKOr0 HU3ITYyUYEHUs
MOTYT OBITh TEIUIOBBIMH, JIOMHHECIIEHTHBIMU M ra3zopaspsaHbiMu. Crona
K€ OTHOCATCSI CBETOJAMO/IbI U JIa3ephl.

[IpuémMHUKaMu H3Iy4YeHUST MOXKHO CUUTATh BCE TEJIa JKUBOU U
HEKMBOW MPUPOABI, Horiomarmmue wusiydeHnue. [lo tumy nencTBus
U3ITyYCHUS] pa3NuyaloT MNPUEMHHUKUA TEIUIOBbIE (OOJOMETpPHI, TEpPMO-
AJIEMEHTBI, TEPMOPE3UCTOPBl U  Ap.), (dorosnekrpuueckue (doro-
ANEeMEHThI, (POTOYMHOXKHUTENH, (POTOCOMPOTUBIEHUA), (PoTOorpaduyecKue
(pororpaduueckue cioun). Cpeau NpUEMHUKOB KUBOW MPUPOJIBI, TPEXKIE
BCEr0, MOKHO Ha3BaTh IJ1a3a (CETYATKy TIJIa3) U KOXKY YEJIOBEKa U JIUCThS
pacteHuid. [IpuéMHHMKM H3My4YeHHs OO0JaAAIOT Pa3IMYHBIM MEXaHU3MOM
npeoOpa3oBaHusl dHEpruM u3nydeHus. McciaemoBaHue HTOro MexaHU3Ma
nomoraet Hanbosiee YPPEKTUBHO HCTIOIB30BaTh YHEPTUIO U3TyUCHHUS.

Kak u3BecTHO, 11000€ MarepuaibHOE TEJNO0, UMEIOIIEE TEeMIIepaTypy
BBIIIIE HYJs a0COJIIOTHOM IIKaibl, W3JIy4aeT JHEPrUI0 B OKpPYXKalollee
npoctpancTBo. CregoBaTenbHO, BCE T€la, ¢ KOTOPHIMU HaM MPUXOIUTCA
UMETh JIeJI0 B >KM3HU, HENPEPHIBHO OOMEHMBAIOTCS JHEPrUed, Tak Kak
0001 MOTOK HM3JIyYEHHUS] MEPEHOCUT HHEPTUI0 OT M3IYYaIoIIero Teia K
norjomatouieMy. Ilpy TEmIoBOM H3JIyYE€HHH CBETOBOE M3IyYECHHE
00yCJIOBJIEHO CIIOHTaHHBIMU IEPEXO0IAMH JJIEKTPOHOB C BBICOKUX YPOBHEU
HHEPruu Ha OoJiee HU3KHUE; HH(PPAKPACHOE U3IYUCHHUE MPOUCXOAMT 32 CUET
U3MEHEHHUs KO0Je0aTeIbHOr0 M BpalllaTeIbHOTO JBHKEHUH aTOMOB; MpHU
JIOMUHECLIEHTHOM HM3Jy4€HUU aTOMBI U 3JIEKTPOHBI CIIOHTAHHO MEPEXOMIST
C BBICOKMX YpOBHEH »HHepruMm Ha Oojiee HHU3KHE, a BO30yXKAaroTCA
AJIEKTPOMArHUTHBIM MOJEM. B Tra3opa3psiHOM HCTOYHUKE U3ITy4YEHHUE
BO3HMKAET B PE3YJIbTATE IEKTPUUECKOTO pa3psasia B aTMOc(hepe HHEPTHBIX
ra3oB, IapoB MeTaJIa WIM UX cMeced. [IpuHIuI neicTBus U3ydarommx
NOJIYITPOBOJIHUKOBBIX ~JTHOJOB (CBETOJMOJOB) OCHOBaH Ha SIBJICHUU
ANEKTPOJIOMUHECHIEHIMM TIPU MPOTEKAHUM TOKA B CTPYKTypax C p—n-
MEePEeX0IOM. Y CTPOUCTBO, TEHEPUPYIOIIEEC KOTECPEHTHBIE 3JIEKTPOMArHUT-
HbIE BOJHBI 32 CYET BBIHYXIECHHOIO HMCIYCKAHUS WM BBIHYXIECHHOIO
paccessHUsT CBETa AaKTUBHOM CpElIOW, HAXOMSIIEHCS B ONTHUYECKOM
pe3oHarope, HaszbiBaeTcsi JazepoM. CioBo "nazep" mpeactaBisieT coOoit
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ab0OpeBuarypy cioB aHriuickoro BelpaxkeHus: "Light Amplification by
Stimulated Emission of Radiation" — ycuiieHne cBera BBIHYXIEHHBIM
U3ITyYECHHUEM.

HenpepriBHblii CIIEKTP 3JIEKTPOMArHUTHOI'O W3J1yYCHUS

pACIIPOCTPAHAETCS OT Y -JIy4ed ¢ MUHUMAQJIBHOW JJIMHOW BOJIHBI 1077 mxm,

BO3HUKAIOIIUX TPU  pacnale  paJHOaKTUBHBIX  DJIEMEHTOB, [0
JUIMHHOBOJIHOBBIX ~ PAJAMOMU3IYYEHUA U  M3IYYEHUU  TE€HEepaTopoB
MIEPEMEHHOT0 TOKA NMPOMBINUIEHHOM YacCTOTHI ¢ IIMHOW BOJHBI 6000 KM.
Cpennsis o0JacThb CHEKTpa  3JIEKTPOMATrHUTHOI'O U3JIy4YeHUs,
OXBaTbIBAIOIIasl MH(PaKpaCHOE H3Iy4YEHUE C JJIMHOM BOJH OT ImMM g0
0,78 MM, Buaumoe u3inydeHue —otr 0,78 Mkm g0 0,38 MKM W
yibTpaduoseToBoe uznydeHue ¢ jumHamMu BoaH oT 0,38 mxMm 10 0,01 Mk,
HOCHUT Ha3BaHHE ONTHUYECKOU obOyiacTu criekTpa. M3myuenue »Toit obnactu
CHEKTpa Ha3bIBAECTCA ONTHUYECKUM H3inydeHHueM. OObeAMHEHUE W3ITyYeHUN
TUX CIHEKTPalbHbIX oOOJlacTeld B OJIHY TIpyNImy OOBSACHAETCS Kak
€AMHCTBOM MPHUHIMUIIOB BO30YXACHUS ONTHUYECKOTO H3IIyYeHUs, TaKk U
OOLIHOCTBIO METOJIOB UX MPEOOPA30BAHUS U UCTIOIb30BAHMUS.

[lonHast »5Heprus W3Iy4YeHUs JHOOOT0 CHEKTPaJIbHOTO COCTAaBa,
epeHocuMasl JJIEKTPOMArHUTHBIMU BOJIHAMU 33 €IUHUIY BpPEMEHH,
3HAYUTENBHO TMPEBBIIIAIOIIYI0 TMEPUOAbl CBETOBBIX KoJieOaHUHl, uepes
KaKyH0-JI1M00 MOBEPXHOCTh, OMPEACIIAECT MOIIHOCTh U3TyUYEeHHUsI, KOTOPYIO B
ONTHUKE IMPUHATO HA3BIBATh ITOTOKOM H3JIyYEHHUS UJIU JIyYUCTBIM MOTOKOM.
KonuyecTBeHHON XapakTEPUCTUKON H3IYUYEHHUs SIBISIETCS €ro MOIIHOCTH
(mortox wm3myueHusi) @,, a Ka4yeCTBEHHOM XapaKTEPUCTHKOMU — ero
CTIeKTpabHBIH cocTaB, mpu 3ToM @, =d (1), Tae A — ATMHA BOTHEI
MOHOXPOMAaTH4YECKOTO H3iaydeHHsa. CIEKTpaJbHBIA COCTaB W3Iy4YCHHUS

ONPENEIISAECTCS CIIEKTPAIbHOM INIOTHOCTHIO ITOTOKA U3JIy4YECHUS, PAaBHOU
dd ,,

d\
CrekrpanbpHas IJIOTHOCTb IIOTOKA U3IYYEHUS (@, XapaKTepU3yeT

Qe =

pacrnpejnieieHre sHepruu B crekrpe. [lpu 3amaHHON (MJIM U3BECTHOW)
3aBUCUMOCTU (@, OT A IOJHBIA NOTOK U3Iy4YEHHs B OOJACTH CHEKTPA OT

A, 10 A, ONpeAesieTCs] OYEBUIHBIM BbIPAXKEHUEM BUIA:
D, = [@,dh. (4.5)

ChoekTp W3Iy4eHUS] HA3bIBAIOT CIUIOIIHBIM, €CIM CHEKTpajbHas
IUIOTHOCTh MTOTOKA U3JIy4YE€HUsI @, — HENpepbIBHAS QYHKIUS A, OTJIUYHAs

OT HyJIsI B IIMPOKOM HMHTEpBaje MJIWH BOJH. CIUIOMIHOW CHEKTP HUMEET,
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HalpuMmep, CBET, M3JIy4aeMbld pACKAIEHHBIMU TBEPABIMU TEIaMHU U
KUJIKOCTAMU.
CriekTp u3mydeHUs Ha3bIBAIOT JIMHEWYATBIM, €CIU (P, MNPAKTUYECKU

OTJIM4YHa OT HYJIA JIMIOb B Y3KHMX AWCKPCTHBIX HHTCPBAJIaX IJIMH BOJH

1
A J—FEN‘;‘ (AL, <<X;), KakIOMy H3 KOTOPBIX COOTBETCTBYET CBOS

CIIEKTpajbHas JiMHUA. JIMHEN4aTbli CIEeKTp UMEKT, HaIlpUMmep,
ra3opaspsiiHple HUCTOYHUKU U3JyyeHUsA. [IONHBIA MOTOK CIIOKHOTO
U3JIy4EHUs, HMEIOLLETO JIMHEVNYATBIA CIIEKTD, onpenenseTcs
CYMMHUPOBaHUEM:

k=n
cDe = CDeM +q)e?»2 +K +q)ekn - Zq)ekk .
k=1

CrnexTp M3Iy4YeHMsI Ha3bIBAIOT IIOJOCATBIM, €CIM COOTBETCTBYIOIIME
€My CIIEKTpaJIbHbIE JIMHUU 00pa3yrT IUCKPETHBIE TPYIIbI — IOJOCHI,
KOTOPBIE COCTOAT W3 MHOXKECTBA TECHO PACIOJIOKEHHBIX JIMHUIL.
HenpepsiBHyI0  mojiocy  UMeeT, HampuMep, CIEKTp  HM3JIy4YeHUS
TIOMUHO(DOpA B JIIOMUHECHEHTHOM UCTOYHUKE U3ITyUeHUS.

Hns  oOHapyXeHHs  U3Iy4YyeHUs] M KOJMYECTBEHHOM  OLIEHKH
(M3MepeHHs) TOTOKAa HW3JIyYEHUS MPUMEHSIOT NPUEMHUKU H3IIy4YEHUs
(MpUEMHMKM JIy4HCTOM 3HEPIuu), KOTOpPbIE, KaK MPaBUIIO, HEOJUHAKOBO
pearupyroT Ha MOTOKHM HM3JIy4EHMs Pa3IM4YHOIO CHEKTPAJIbHOIO COCTaBa.
Takme  npuEMHUKKM  Ha3bIBAIOT  CEJIEKTUBHBIMU  NPUEMHHUKAMH.
CrnenoBaTenbHO, peakliys CEJIEKTUBHOTO NMPUEMHMKA NIPU BO3JIEHCTBUM Ha
HEro MOTOKa W3JyuyeHus OyJeT 3aBUCETh HE TOJIbKO OT BEJIHMYHHBI
IIOCJIETHETO, HO U OT CIEKTPaJIbHOIO COCTaBa U3iaydyeHus. B obOumem Buze
3TOM 3aBUCUMOCTHM MOXHO TNpUIaTh CJIEIYIOIIYI0 MaTeMaTH4YeCKYyIo
(hopmy:

dX, = Sééﬁ(}\‘)dq)ekﬂ (4.0)
rie d®, —NOTOK H3JIydeHUs B Ipeleraax Majoro CHEKTPAIbHOTO
auana3zoHa d®,, =@, d\; dX, —HekoTopas BEJIMYNMHA,
XapaKTepu3ylolias. ~ M3MeHeHHe  peakuuu — mpuéMmmKa; S, (L) -
abCoJIIOTHAsT ~ CIEKTpaJibHas  XapaKTepUCTHKA  YyBCTBUTEJIBHOCTH
NpUEMHUKA U3TYUECHHUS.

CrnexTpanpHas XapaKTepUCTHKA NMPUEMHHMKA W3JIy4YEHUS OIpenessieT
CIIEKTPaJIbHBIN 1Mana3oH ero padoThl.

YyBCTBUTENBHOCTBIO NMPUEMHUKA H3JTyYEHUS HA3bIBAalOT OTHOILEHUE
U3MEHEHMSI HM3MEPAEMOIl peakuuu MNpUEMHUKA (HampuMep, TOKa WIH
HaNpsDKEHMsI), BBI3BAHHOIO MAJAlOIIMM Ha HPUEMHHUK HU3IYy4YEHUs, K
KOJIMYECTBEHHOM  XapakTepUCTHUKE JSTOr0 M3JIy4YeHUS B  3aJaHHBIX
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DKCIUTYaTAlMOHHBIX YCIOBUSX. AOCOIIOTHOM CHEKTPAIBHOM
XapaKTEPUCTUKOW YYBCTBHUTEIIBHOCTH INPUEMHUKA W3JIyYEHHS] HA3bIBAIOT
3aBUCUMOCTD MOHOXPOMATHYECKON YyBCTBUTEJIILHOCTH S (K) ,

U3MEPEHHOM B a0COJIOTHBIX €IMHUIIAX, OT JIJIMHBI BOJIHBI MAJAIOIIEr0 Ha
MPUEMHUK MMOTOKA U3ITyUYCHUS.

Eciu npuéMHUKOM U3ny4YeHUs SABISAETCA TJla3  4YeJIOoBEKa, TO
BEIMYUHON  dX,  TpPHUHATO CUHTaThb  CBETOBOM  MOTOK  dD,,

IPONOPLUUOHAIBHBIA IOTOKY H3iIydeHuss d®, H COOTBETCTBYIOIINN

BbI3BIBAEMOMY MM 3PUTEIBHOMY OIIYIIEHUIO B TIJja3zy, M[pU 3TOM
KO3 PUIIUEHT TPOMOPLUOHATIBHOCTY MPUHATO Ha3bIBaTh KOAIPOUIIMEHTOM
BuaHOCTH K, . B aToM ciyuae popmyna (4.6) umeer BUA:

B  OGOJBIIMHCTBE  CIIy4aeB  CHEKTPAJbHBIE  XaPAKTEPUCTUKH

OPUEMHUKOB M3JIyYEHUSI HMMEKOT BHUJ IUIABHBIX KPUBBIX C OJHUM
MaKCUMyMOM TIpu A=A Ipu 3TOM aOCOJIIOTHAs CHEKTpaibHas

max 2

XapaKTCPpUCTUKA OAHOTHIIHBIX HpHéMHHKOB HU3MCHSACTCA OT HpI/IéMHI/IKa K
HpI/IeMHI/IKy OI[HaKO, OTHOCHUTCJIbHAA CICKTPAJIbHAA XApPaKTCPUCTHUKA

, Sian (A
YyBCTBUTEIBLHOCTU MPUEMHUKA UBITYYEHUS S (K) =22 onpeaesstonmas
A max
3aBUCHUMOCTh €r0 MOHOXPOMATUYECKON 4yBCTBUTEIBHOCTH, OTHECEHHOU K
3HQYEHUI0 MAKCUMAJIBHOW  YYBCTBUTENBHOCTH, OT JJIMHBI  BOJIHBI
PETUCTPUPYEMOTO MBIIYUYEHHUSI, OCTAETCA MPAKTUYECKH HEU3MEHHOM st
NPUEMHUKOB H3JIYyUYECHHUSI OJHOTO M TOrO >K€ THIA, HO 3aBUCUT OT
Marepuajia UYyBCTBUTEJIBHOTO CJOS TPUEMHMKA W JJISI  W3BECTHBIX
MPUMEHSIEMbIX MaTEpPUAJIOB TPUBOJIUTCS B COPABOYHUKAX. 3HAsA U3

CIIPABOYHHKA S(X) ¥ u3MepuB S, , MOXKHO JIETKO Ompeaenuth Sy () ).

BrosiHe 0Y€BUJIHO, YTO OTHOCHUTEIbHASI CIEKTpajbHAasl XapaKTepUCTUKA
YyBCTBUTEIBHOCTA MNPUEMHUKA HU3ITYUYEHUS S(X) MOXET HW3MEHSAThCA B
npenenax 0<.§ (}L)Sl. YuuTeIBas W3N0KEHHOE, BbIpaxeHue (4.6) MOXHO
NPEACTABUTH B BUJIE:
dX; = Sy (K)(dex - S%maxS(K)(PX dh. (4.8)
UYtoObl MONYYUTH MOJHYIO PEAKIUI0 MPUEMHUKA OT BCETO IMOTOKA
U3ITy4eHHs, HEOOXOIUMO MTPOUHTETPUPOBATH BhIpakeHue (4.8):

X = Skmax JASO\‘)(PX dh = S?»maxq)eyé :
0

Takum o6pazoM, 3 PeKTUBHBIM MOTOKOM U3nydeHus D . UCTOUHMKA

eyo

11 JaHHOTI'O HpI/IéMHI/IKa H3JIYYCHHUA HA3BIBAIOT IIOTOK, KOTOpBIfI Ipu
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YyBCTBUTEJIbHOCTH ITPUEMHUKA, IIOCTOSHHOW MO BCEMY CIEKTPY U PABHOU
MaKCUMQJIBHOMY 3HAu€HWIO S, .., BBI3BAI OBl TaKyl XK€ PpEaKIHIo
IIPUEMHHUKA, KAaKyl0 BBI3bIBACT BECh IAJIAIOIIUM PEAJbHBIM ITOTOK IIPHU
peAIbHON CIEKTPAIBHOM YYBCTBUTEIBHOCTH. MHTErpajbHbId HOTOK OT
VICTOYHUKA PABEH

q)e = T(pekdk'
0

CHCHOB&TGHBHO, MO>XHO OIIPCACIINTD HHTCTPAJIbHY IO
qYBCTBI/ITeﬂBHOCTB
L s
S :a: Skmax 0 s :SkmaXX' (49)
¢ I (Pe% d}\‘
0

OTHOIIEHNE HWHTErpAJIOB B IIOJYYEHHOM BBIPAKEHUU IIOKA3bIBAET,
KaKyl0 JOJIF0 B CJIOKHOM IOTOKE, IMaJallleM Ha NPUEMHUK H3TyYEHHS,
cocraBisieT (QGeKTUBHBIE TOTOK D, IS JaHHBIX [PUEMHHKA
U3ITy9CHUS W HCTOYHUKA. DTO OTHOIIEHHWE O0003HA4YaroT OyKBOW ¥ W
Ha3bIBAIOT KOA()PUIIMEHTOM HCIIONb30BAaHUS MOTOKA HM3IYUYEHHUS JaHHBIM
NPUEMHUKOM U3JIYYEHHS] MU CHEKTPAIBbHBIM KO3(DPHUIIMEHTOM MOJIE3HOTO
nevicreus (KII1[) npuémunka.

Ecim npuéMHUKOM U3MydYeHHs SBISETCA IJla3 4elOBeKa, TO
OTHOCUTENIbHYIO  CHEKTPAIbHYIO0 XapaKTEPUCTUKY IJla3a  Ha3bIBAIOT
bynkuret (A Ko3(QQPUUHUEHTOM) OTHOCUTEIBHOM  CIEKTPaJIbHOU
BUAHOCTM  (MIM  YyBCTBUTEIBHOCTM TIJaza) FV,, omnpezaenseMon

OTHOILICHHUEM
K
V, =—"*—. (4.10)
KX max

Kax moxasanu MHOTOYHCIICHHBIE IKCTICPUMEHTAIbHBIC UCCIICIOBAHUS,
K03 puumeHT BuaHocTH K, (IIpU JHEBHOM 3pPEHHUM) JOCTHIaeT CBOETO

MakKCUMaJIbHOrOo 3HaueHus K npu AJJIUHC BOJHBI H3JIYUYCHUA

A max

Aax = 0,555 MKM, mpu 3TOM npu A=A (QyHKIUS OTHOCUTEIBHOU
BUJHOCTU V), IIOCTHUIaeT CBOET0 MaKCHUMAalIbHOIO 3HAYEHMs, PAaBHOIO
ennnune. 13 seipaxkenns (4.10) cnenyer, uto 0 <V, <1.

Urak, xak cienyet u3z dopmyn (4.7) u (4.10), MOHOXpOMATUYECKOMY
NOTOKY H3iydeHust d®, AJIUHBI BOJHBI A COOTBETCTBYET CBETOBOM

MTOTOK, PAaBHBIN
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d0, =K, d®, =K, .. V,dD,, . (4.11)
HpI/I CIUIOIIHOM  CIICKTPC MIJIYUYCHUA PaACHPCIACIICHHUC CBCTOBOI'O
IMIOTOKaA OIIPCACIIACTCS CHGKTpaHBHOﬁ IIJIOTHOCTBHIO CBECTOBOT'O ITOTOKA
o0 a0y
d\ d

rae ¢, — CIHCKTpaJbHas INIOTHOCTb IIOTOKA U3JIYUCHU.

A max

=K, 9.,

JI71s1 CBETOBOTO MOTOKA B MPEAEIIaX MaJIOro CIIEKTPAIBHOTO IHAIa30Ha
(114 3IEMEHTAPHOTO MOTOKA) UMEEM

IIpy 3TOM CBETOBOM MOTOK CJIOKHOT'O H3JIYyYEHUsS CO CIUIOLIHBIM
CIIEKTPOM PABEH

% 9
O = J.Kx(Pexdl = K max IVx(Pex dh. (4.13)
M M

3mecb A, ¥ A, —UIMHBI BOJH, OIPEACIISAIONINE T'PaHUIIBI
1 2

CHEKTPAIbHON YyBCTBUTEIBLHOCTH TJIa3a. 3a mpeesiaMu BUAUMOM 00JacTu
CIIeKTpa MOAUHTETpalibHas (QYHKIIHS paBHA HYIIIO.

4.3. @oToMeTpUYECKHE BEJIMYNHbI U eITMHUIbI UX U3MEPEeHUs]
4.3.1. Cvna cBeTa

Ha HekoTopoil cTynmeHM pa3BUTHSI KYJbTYpbl W HAyKH YEJOBEK,
MOJIYYUBIIMH B CBOE pacmopsbKeHHE  pasHOOOpasHble  UCTOYHUKHU
UCKYCCTBEHHOTO CB€Ta, Hayal WHTEPECOBATHCS BO3MOXKHOCTBIO UX
COIIOCTABUTEIILHOM KOJWYECTBEHHOM OIleHKW. OJHa W3 MEPBBIX 3a7a4 B
00J1aCTH CBETOBBIX M3MEPEHUM COCTOSIa B TOM, YTOOBI OTMIPEICTUTh KaKOU
U3 IByX HCTOYHHKOB CBETUT CHJIBHEE U BO CKOJIBKO Pa3.

B 1604 rony Horann Kemiep chopmynupoBand OAWH W3 TJIaBHBIX
3aKOHOB (DOTOMETPUM, COTJIACHO KOTOPOMY OCBEILEHHUE, MPOU3BOIUMOE
UCTOYHUKOM CBETa, M3MEHSETCS] OOpaTHO MPOMOPIIMOHAIBLHO KBaJpaTy
pacctosHusl 10 Hero. Ecnum aBa MCTOYHMKA OCBEIIAIOT MOBEPXHOCTb,
PACIIOJIOKEHHYI0 Ha PAcCTOSIHUM 7 U 7, OT KaXJIOro U3 HUX, TO IPH

OJIMHAKOBOM OCBEIICHUHM KAXKABIM W3 HUX B COOTBETCTBHHU C 3aKOHOM,
chopmynupoBanubiM . Kermiepom, umeem

L, I,
<=2, (4.14)
n r

rac ]1 151 ]2 — BCJIMYMUHBI, XAPAKTCPUIYIOIMUEC CBCUCHUC CPABHUBACMBIX

MCTOYHUKOB B HANpaBICHHWH HA OCBEIIAEMYI0 MOBEPXHOCTb. OTH
BEJIMYMHBI MOJYYUJIN Ha3BaHHUE CUJI CBETa UCTOYHUKOB. Bripaxkenue (4.14)
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MO3BOJISIET PACCUUTATh BO CKOJIBKO pa3 CUjia CBETa OJIHOIO HMCTOYHHKA
OOJIBIIE CHIIBI CBETA JPYTOTO.

Enunnia cusel cBeTa, KOTOpasi Beeraa Oblila HCXOIHOM AJIsl IPaKTUKH,
BOCIIPOM3BOJAWIACH B Pa3HOE BpeMs Mo-pazHoMy. llepBeiMu sTanoHamu
cwibl cBeTa ObUTM cBeud. COXpaHWINCh CBEIEHUS OO0 aHTJIMHCKOU
CIIEpMAIIETOBOM CBeUYe M O HEMEIKUX MapauHOBBIX M CTEAPUHOBBIX
CBEYaX, KOTOPBIE U3rOTABIMBAINCH 0CO00 TIIATEIHHO.

Bo ®panuun okono 1800 roma cBeua Obula 3aMEHEHa JIaMIION
Kapcens, k puTuiato KoTopoil moJBoUI0CH CypenHoe Maciio. B Aurnuu B
1887 romy Obula TpejyioKeHa TEHTaHOBas Jiammna, B OeCUTHIBHOM
ropejKke KOTOPOW cropaja CMECh IapoB IEHTaHA U MOJOTPETOro BO3ayXa.
W3 5TamoHOB, MUTAaEMBIX >KUJIKUM TOIUIMBOM, HauOojee MPaKTUIHOU
okazanach jamna ['edHepa, B THIATEIBHO CTAHAAPTHU30BAHHBIA KOPITYC
KOTOPOM HaJMBaJICs XMMHYECKM YHUCThIM ammnanerar. Jlamma I'ednepa
cinykwia 3TaloHoM B ['epmanumm, ABctpum, llIBednapum M HEKOTOPBIX
Opyrux crpaHax 1o 1948 ropna.

3HaunTenbHO Oosiee  ymoOHBIMM B paboTe OBUTM  DTAJIOHHI,
UCIIOJNB3YIolMe cBedeHue TBEpAbIX Ten. B 1879 romy dpaniry3 Buoisb
OpEUIOKWIT CYUTATh E€IWHULEH Ty CHJy CBETa, KOTOpPyI [aér B
HaIpaBJIICHUHU, TMEPIECHIUKYJISIPHOM K  TMOBEPXHOCTH, KBaAPATHBIN
CAHTHUMETP YHMCTOW IUIATUHBI NPHU TEMIIEpAType €€ 3aTBEepAECBaHUA. JTa
equnuia (eguuuia Buoss) 6su1a npumepHo B 20 pa3 60Jblie IEHTaHOBOM
cBeud. OJIHAaKO, 3TOT TAJIOH OKa3aJCcsi HECTAOMJIbHBIM M OT HErO0 BCKOpE
OPUIIIIOCH OTKA3aThCsl.

B 1909 romy merponornueckue yupexacHus AHrinv, OpaHuuu u
CIIIA cormacwinch NONIEPKUBATH HEKOTOPYIO HOBYIO €IMHHUILY CHIIBI
CBETa, OJIM3KYI0 K MEHTAHOBOM CBEYe, C MOMOIIBI0 T'PYMIbl TIIATEIHHO
M3TOTOBJICHHBIX W TIOCTOSSHHO KOHTPOJUPYEMBIX JIaMI HaKaJIUBaHMS.
[lepBoHaYaJIbHO TPYNIIOBOM 3TajJOH COCTOSII M3 YIrOJIBHBIX JIaMIl, a B
JanbHeieM ObUIM CO3JaHbl aHAJIOTMYHBIE TPYIIbI K3 BOJIb(PAMOBBIX
namil. 3a@UKCUPOBAaHHON TaKUM O0Opa3oM EIWHUIIE CHJIbl CBETa OBLIO
IIPUCBOCHO Ha3BaHMWE "MexayHapoaHasa ceeda'. C 1924 rona sra equHuna
cuibl cBera Obuta mpuHsAta B CCCP. Ero nmonp3oBannch 10 1948 rona,
KOT/Ia OHA TMOBCEMECTHO Obla 3aMeHeHa KaHnaenou (Ka) (0T aHTJIHICKOTO
candle — cBeya).

Emgé B 1947 rony kanaeny (B TO BpeMsi €€ Ha3bIBaJld HOBOUW CBEUOM)
ObLJIO MPUHSATO BOCIPOU3BOJUTH C MOMOIIBIO 3TAJIOHA, MCIOJIB3YIOLIETO
CBE€UYEHHUE a0COJIIOTHO YEPHOTO TeJla, IPKOCTh KOTOPOIo MpHU TeMIlepaType
3aTBEpJICBAHUS YUCTOU MIIATUHBI OBLIO PEIICHO CYUTATh paBHOU 60 KI-CM .
C 1 suBaps 1948 roma »3Ta enuHuIa ObLJIa TMOBCEMECTHO MPHUHATA 32
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OCHOBY HM3MEpEHHUsS BCeX (POTOMETPUUYCCKUX BEIWYWH. Ba)kHO OTMETHTB,
YTO €AWHUIIA CWJIBI CBETA SIBJISETCS OJHOW M3 CEMHU OCHOBHBIX €IWHHII
Mexnaynapoanou cuctemsl — CH.

Cuna cBera MCTOYHMKA B OOIIEM Ciydae 3aBHCHUT OT HAMpPaBIICHUS
U3ITy4YCHUS W B Pa3HBIX HAMPaBICHUSIX OBIBACT BeChbMa pa3iaudHoi. Ecim
UCTOYHMK uMeeT (opmy MmwiMHApa (Hampumep, npsMas Ta30CBETHas
Jamra), TO €ro HauOoJiblllasi CUJjla CBETa HalpaBiieHa MEePHIEHIUKYIISIPHO K
OCH NWJIWHJpa, a HaWMEHbIIas — BAOJIL OocH. Hepeako MOKHO BCTPETHTH
rpaduueckoe n300paKeHUe pacupeeieHUs CUIbl CBETA UCTOYHUKA B BUJIE
KpUBOW B TIOJMSAPHOM CHCTEME KOOpAWHAT, PaadyChI-BEKTOPHI KOTOPOM
IPOMOPIIMOHANIBHBl  CHJIaM CBETa MCTOYHMKA B COOTBETCTBYIOIIUX
HampaBieHusx. Takas KpuBas Ma€T HAridsgHOE TIPEACTABJICHUE O
pacrpeieIeHuH CBETa, U3y4aeMOro MCTOUHUKOM WJIM CBETHJIBHUKOM, T.€.
HCTOYHHUKOM, TTOMEIIEHHBIM B HEKOTOPYIO apMaTypy.

4.3.2. CBeTOBOM NOTOK
Hpe,Z[HOJIO)KI/IM, qTO HUCTOYHHUK dSu 1/13J1yqaeT CBCT B Oprma}omee

IOPOCTPAHCTBO B Mpejenax TEeJIeCHOro yriaa do,, BEpIIMHA KOTOPOTro
COBIAJa€T C MCTOYHUKOM dS, . Bynem cuumraTh, 4TO B HEKOTOPOM
HalpaBJICHUH CHJIa CBETA (B KaHJAENax) B Ipejenax TEIEeCHOro yria dom,

paBHa dl. C LEHTPOM B BEpIIMHE TEJIECHOIO yIja IOCTPOUM C(epsbl
paguycoB 7,7, W 73, Kak IOKa3aHO Ha puc.4.3, u o0o3HauuMM uepes3

dS,,dS, wm dS; »dieMeHTapHble IIJIOUIAJKH, BBIPE3aHHBIE KOHYCOM
TEJIECHOTO yriaa dm, Ha COOTBETCTBYHOIIMX cdepax. CorimacHO 3aKOHY
OoOpaTHOM NPONOPLHUOHAIBHOCTH KBaJIpaTy pacCTOSHUS OCBEIIEHHOCTD

dl dl dl

3 3a eauHHUILY
n n n

BPEMEHH Ha IUIOWANKH dS;,dS, u dS; ynanér omHa W Ta ke DHEprus,

IJIOIIA/IOK MPOMOPIMOHATFHA OTHOIICHUSM

KOTOpada INEPCHOCUTCA paCCMATPUBACMBIM ITYYKOM ﬂyqeﬁ B IIpcaciiax yria

] dl dl
do,. CocTaBUB NPOU3BENCHUS —2clS1,—2dS2 u —2dS3, 3aMeyacM, 4To
4| " 73
Ka)KJ0€ U3 HUX paBHO dldw,,, Tak KaKk
ds, dS, dS, iy
2 T2 T2 a0,
4 " 3
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Puc.4.3. CBeTOBOW NOTOK UCTOYHMKA d.S, BHyTpM TenecHoro yrna do,,

Bemuuuna

d*® =dldw, (4.15)
paBHasi  CBETOBOM  MOIIHOCTH, IIEPEHOCHUMOWM  MYYKOM  JIy4Y€EH,
pacrpoCTPaHSIOIINUMCS BHYTPH TEJIECHOTO yria dw,, IOJy4Yuia Ha3BaHUE

CBETOBOTO ITOTOKA.

CBeToBOM  TMOTOK,  OmpenenseMbli  cooTHomieHueM  (4.15),
MPEACTABIISIET COOO0M Ty YacTh MOJHOTO CBETOBOTO MOTOKA, U3TYy4aeMOIo
UCTOYHUKOM dS,, KOTOpas IMPHUXOJIUTCS Ha TelecHbl yron do,. Eciu

Chujla CBCTAa HCTOYHHKA 3aBHCUT OT HaIIPpABJICHUA PaACIIPOCTPAHCHUA

U3JIyYeHHUsI, TO TOJIHBIA CBETOBOW MOTOK d®, W3IydaeMblil HCTOYHHUKOM
dS, B OKpy’Karollee IpOCTPAHCTBO, PABEH

dd = [dldo,, (4.16)

('Ou
rae o, <4mn.

Enunuiia cBeToBOro moroka — JIroMeH (M) (OT JaTHHCKOro lumen —
CBET, JamIa), Ip1 3TOM CBETOBOM MOTOK, paCpOCTPAHSIIOUIMNACA BHYTPU
TEJIECHOTO yTiia B 1 cp mpu CHJIe CBETa HCTOYHUKA, PACIIOJIIOKEHHOTO B €TO
BEpIIMHE, paBHOU | k1, paBeH | M, T.e. IM=Ka-cp. B cBETOTEXHUYECKON
IIPaKTUKE YacTO MOJIb3YIOTCA MPEICTaBICHUEM O cpeAHeil cdepuueckoi
CUJIE CBETa [, UCTOYHMKA U3IYyYEHUs KAK O CHJIE CBETA TAKOI'0 yCIOBHOIO
UCTOYHMKA S,, KOTOPBIM, U3JIy4as OXUHAKOBO BO BCE CTOPOHBI, U3IIy4aeT
TaKOW K€ CBETOBOM MOTOK, YTO U PEAIbHBIA UCTOYHUK. BIIOJIIHE OUEBUIHO,
YTO TIOJHBIM CBETOBOM NOTOK @@ MCTOYHMKA CBSI3aH C €r0 CpeaHeu
cepudeckoi CHIIoi cBeTa I, MPOCTBIM COOTHOIIEHUEM:
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D =4nl,.

[Ipn onpeneneHWH NOHATHM CWIBI CBETA W CBETOBOIO ITOTOKA
IIPEAINOIIAraJIoCh, YTO UCTOYHUK CBETA PACIIONIOKEH B BEPLIMHE TEJIECHOIO
yria, T.e. B Touke. OJIHaKO, UICTOYHUK U3TyUEHUs TOUKON (PU3UUECKU OBIThH
He Moxer. Crenyer oOpaTUTh BHUMAHHE HAa TO OOCTOSITEILCTBO, YTO
NOHSTUE CHJIBI CBETa MCTOYHHMKA HEMOCPEACTBEHHO CBS3aHO C
HaIIPaBJICHUEM H3JIyYEHUs, IPU 3TOM JIYy4YH, UCXOISAIIME U3 PA3HBIX TOYEK
VUCTOYHMKA W TMAaJalIIHe HAa OCBEIIAEMBIA IMPEAMET, JOJIKHBI
pacrojaratbCsi BHYTPU MAajloro TEJIECHOTO yria. B paBHOUW Mepe H
pPaccTOssHUE OT MCTOYHHUKA JI0 OCBEIIAEMON MOBEPXHOCTH MNPUOOpETaeT
ONpEeNeIEHHOCTh TOJBKO TOTJA, KOTJa pa3Mep HCTOYHHMKA Mall IO
CPaBHEHHUIO C PACCTOSTHUEM, Ha KOTOPOM OMNPEIEISETCsS CO3[]aBaA€MOE UM
ocBenleHue. [IpekpacHbIM NpPUMEPOM TOYEHYHOIO HUCTOYHHKA MOTYT
CIIY>KUTb 3BE3/Ibl, KaXKJasl U3 KOTOPBIX UMEET OIrpOMHBIE pazMepbl. OIHAKO,
paccTosiHue 10 3BE37 CTOJIb BEJIUKO, YTO UX pa3MEpPbI HE MEIIAIOT TOUHOMY
ONpEACNICHUIO HAMpaBlieHUsT Ha HHUX. TakuMm oOpa3oMm, ueMm OoJbliie
paccTosiHMe, Ha KOTOpPOM HaOJI0JIaeTCsi CBETOBOE ACMCTBUE HCTOYHHKA,
TeM C OOJBIIMM OCHOBAHMEM MOXHO CYHUTAThb €ro TOYEYHBIM. Tak,
HalpuMep, €CIM HUCTOYHHKOM  W3JIYYEHHUS  CIY>)KUT  PaBHOMEPHO
CBETAILIMNCS JUCK, TO TOIPEIIHOCTh ONPEIEIEHUs CWIbl CBETa HE
npesbimiaet 1 %, ecnm paccTosiHME [0 HCTOYHHKA IPEBOCXOIUT €ro
JMaMETp BCEro JIMUIb B MATh pa3.

4.3.3. OcBeléHHoCcTb. CBETUMOCTb

Benununna
dl
dE, = — > 4.17)

KOTOpask  ONpEJeNsieT  BEJIMYMHY  OCBEIICHUS HA  MOBEPXHOCTH,
PacroJI0KEHHON HA PACCTOSIHUM 7 OT MCTOYHMKA M3JIy4YEeHUs dS, ¢ CHIIOU

cBeTa dl, mpu HOpMAJILHOM MaJCHUU JIy4yel, Kak MokazaHo Ha puc.4.4,
HAa3bIBAETCSI OCBEHIEHHOCTHIO IMOBEPXHOCTU. 3a €AUHUILY OCBEIIEHHOCTH
IIPUHUMACTCA Takasd OCBELIEHHOCTb, KOTOPYIO CO34AET UCTOYHUK
M3JIy4YeHUs CWJIOM cBeTa B | K1 Ha MOBEPXHOCTH, PACIOJIOXKEHHON
HOPMAaJIbHO K HaIlPaBJICHUIO U3JIYYEHHUS HA PACCTOSIHUU | M OT UCTOYHUKA.
Enunania ocBemEHHOCTH — JIFOKC (JIK) (OT JJaTHHCKOro lux — cBeT CoJHIIA,
OCBCIIICHUE).
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dS

ds CoS O
yiVen
¢

ds ds, N

Puc.4.4. Iyun ncTouHUKa usnyyenusi dS,, , napatolme Ha noBepxHocTb dS no
HopMmanu K Heu (a) n nog yrnoMm (¢ K Hopmanu (6)

YMHOXHUM 4YUCIHUTENh W 3HameHaTenb oTHomeHus (4.17) Ha
OECKOHEYHO MaJblii TeJIeCHBIH yroil do,, B KOTOPOM CHJa CBeETa
UCTOYHUKA dS, paBHa dI . B pe3ynbrare nomydaem

2
dldo, d"O©
redo, dS,

u

9

rae d*® = dld®, — cBeTOBOM MOTOK, PACIPOCTPAHAIOIMUICS OT UCTOYHHUKA

. 2
dS, B TemecHeli yron do,, a dS,=r"do, —miomane 3JIEMEHTa

MMOBEPXHOCTH, HOPMAJIBHOM K HAIPaBJICHUIO W3JIYUYE€HUS, Ha KOTOPBIN
najgaeT 3ToT NOTOK. OTCroma CIEAYET, YTO OCBEIIEHHOCTH IOBEPXHOCTH
NPEACTABISIET COOOM MOBEPXHOCTHYIO IUIOTHOCTh MAJalolIero Ha HeE
CBETOBOTO TMOTOKa. TakuMm oO0pa3oM, eAMHUIA OCBEHIEHHOCTH JIFOKC
ONPEACISIET TaKyl MOBEPXHOCTHYHO IJIOTHOCTh CBETOBOTO MOTOKA, MPH
KOTOpOM CBETOBOM MOTOK B 1 JIM MOKPHIBAET MOBEPXHOCTh ILJIONIAJbIO,
paBroii 1 M’. Eciy ;nyum OT HCTOYHMKA MAajaloT HA MOBEPXHOCTH IIOJ
YyIJIOM (@ K HOpMainu N K MOBEPXHOCTH, KaK MOKa3aHO Ha puc.4.4, TO TOT

’Ke CBETOBOM MOTOK d°® majaer Ha IIOMANKy dS = 45 . B aToMm ciryuae
COS
dE_ = ar =d 4.1
E(p—r—zcosq)— E, cosQ. (4.18)

Kaxxnplid anemMeHT dS,, M3iaydaromen Wi OCBEIEHHON MOBEPXHOCTH

U3JIy4yaeT WM OTpaXaeT B OKPYXKalolllee MNPOCTPAHCTBO (TOYHEE, B
MOJYyIPOCTPAHCTBO, H3MEPSIEMOE TEJIECHBIM YIJIOM 27T) HEKOTOPBIN

CBETOBOM NOTOK d Zd)égé. [ToBepXHOCTHAs MIOTHOCTh U3JIy4acMOIo WIIU
OTpakEHHOI'O CBETOBOI'O IMOTOKA
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2
v =L Pese. (4.19)
ds

m
Ha3bIBACTCsA CBCTUMOCTBIO. Enununa CBCTUMOCTH — JIFOMCH Ha

. 2
KBaJ[paTHbIN MeTp (IM-M ).

4.3.4. ApkocTb

[Ipennonoxum, 4To OECKOHEYHO MAaNbIH 3JIEMEHT dS, H3Iydarolen
MOBEPXHOCTH OCBEIaeT OECKOHEYHO MaJblii AJIEeMEHT dS HEeKOTOpOu
IIOBEPXHOCTH, PACIOJIOKEHHON Ha paccTossHuM » oT dS, . bynem cuurars,
YTO U3 KOKIOW TOYKHU IIEMEHTA dS, JIy4d NMPOXOAAT Yepe3 NPUHATYIO B
KauecTBE OCEBOM TOUKY 3jemMeHTa dS, o0pasys TeiecHbli yroa dm. lpu

TOM CBETOBOH NOTOK, MAaJarolIMil Ha MOBEPXHOCTh 3JEMEHTa dS, B
COOTBETCTBUHU C BbIpakeHUeM (4.4) paBeH

d*® = LdodS, = LdwdS cos ¢,
I (@ — Yrojl MEXIy OChIO TEJIECHOrO yIila dm U HOPMAJbIO K 3JIEMEHTY
dS. KoaphuuueHT nponopuuOHANBHOCTH L  Ha3bIBAETCS SPKOCTBHIO
U3JIy4aroUlero 3JI€MeHTa dS, B HaIpaBJICHUM K OCBEIAEMOMY DIIEMEHTY

dS . TenecHbIll yromi B 3TOM ypaBHEHUU

ds

— u
do=—"cosQ,,
r

IIe ¢, — Yroll MEeXIY OCbIO TEJIECHOIO yIia dm U HOPMANBIO K DJIEMEHTY
dsS, . IIpu sTom

ds, cos @, dS cos @

2
r

d’d=1

(4.20)

dS cos

2
r

C BEpIIMHOI B 000 TOUKE 371eMeHTa dS, .

3aMeTHM, YTO OTHOIIICHHE OIIpeAeIIAeT TEIECHBIN yroa do,

B COOTBETCTBHH C BbIpaxeHHeM (4.15) cBetoBoii motox d’® = dldo, .
[Ipu 3TOM U3 BeIpakenus (4.20) cienyert, 4To

2
[- ¢ d 4.21)
dS, cose,dw, dS,cos,

Beipakenue (4.21) onpeznenser SpKoCTb IOBEPXHOCTH S, B JII0O00H €€
TOYKE U B JIIOOOM HamlpaBleHUu (IpU JOOOM 3HAYCHUM yriaa o,)

OTHOIIICHUEM CHJIbl CBETa DJJIEMEHTa TMOBEPXHOCTH B BBIOPAHHOM
HaMpaBJICHUU K IUIONAJM MPOEKIMU 3TOT0 3JIEMEHTAa Ha IUIOCKOCTb,
MEPIECHIUKYJISIPHYIO HapaBlIeHUIO CHIIbl cBeTa. OTCro/la ClielyeT, uTo 3a
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CAUHUILY SIPKOCTH CJIETyeT MPUHSATH SIPKOCTh TAKOW IMOBEPXHOCTH, IS
KOTOpPOUl CHJIa CBETa, BbIpaKEHHAasl B KaHJENaX, paBHA BBIPAKCHHOU B
KBaJpaTHbIX  MeETpax I[UIOm@AaaM €€ MPOEKIMM Ha  IJIOCKOCTD,
NePHEHANKYISIPHYIO K HaNpaBlICeHUIO CHJIBI CBeTa. TakuM 00paszowm,
eIMHNULA IPKOCTH — KaH/Iela Ha KBaapaTHbIH MeTp (KI-M ).

Bripaxxenue (4.20) MOXXHO MPEICTaBUTH B BUJIE:

2
d“® =LdS,cos¢,do, = LdS cospdo. (4.22)
B »ToM BBIpaXeHMH B CpPEIHIOID YacTh BXOSAT BEJIHYHHBI,
OTHOCSIIUECS TOJBKO K IUIOUIAJIKEe M3iIydarens dS,, a B MpaByl0 4acTh —

T€ K€ BEJIMYMHBI, HO OTHOCSIIMECA K omaake dS . Ecnu mnomanky dS
nepeMeIiaTh B HAPABICHUH ITy4Ka JIydei, COXpaHssa €€ BEITUYUHY U yTOJ
najeHusl @, TO Kak TEJIECHBIA yrosn dm,, Tak U TEIECHBIM yroi dom, a,

COOTBETCTBEHHO M CBETOBOH moToK d ®, OyoyT HU3MEHATHCS
OPONMOPIUMOHAIIBHO ~ KW3MEHEHHIO  OOpaTHOM  BEJMYMHBI  KBajpara
paccToaHusl Mexay momaakamu. ClieoBarenbHO, SIPKOCTh L JTOMKHA
OCTaBaThCsl MMOCTOSIHHOW B HAIPaBJICHUM PAaCcCMATpPUBAEMOIo IyuKa JIyuen
Y PaBHOM SIPKOCTH DJIEMEHTA S, B 9TOM HAIPABJICHUU. DTO CIPABEIMBO

TOJIbKO B T€X ClIy4asiX, KOTJa cpefa, yepe3 KOTOPYI pacrpoCTpaHsIeTCs
My4YOK JIy4el, He MOTJIONIAeT U HE PacCeUBAET CBET.

N3noxeHHbie COOOpa)KEHUsS TMO3BOJISIIOT PACHPOCTPAHSTH IOHSITHE
SPKOCTH TOBEPXHOCTM HA TNYYOK CBETOBBIX JIyueid, TMpPU HTOM
MpEACTABICHUE O SPKOCTU CBETOBOTO IydKa CJEAYET CUUTaTh Ooiee
oburuM. [loHsiTHE ApKOCTH TydKa JTy4yed, BBEAEHHOE B TPyJAaX aKaJeMHKa
Brnagumupa Anekcangposuya Poka, Auapess Anekcanaposuya ['epiryHa,
Cepress OcunoBuua Maiizens u ap., OKa3ajloch BechbMa YAOOHBIM MpU
UCCIICIOBAHUU OOBEMHBIX HCTOYHUKOB WJIM PACCEHBAIONIUX H3IyUYCHUE
cpen, Hamnpumep, 0Oe300jsayHoro HebOa, T/€ HEBO3MOXHO YyKas3aTb
MOBEPXHOCTh, C KOTOPOU MOKHO ObUIO OBl CBSI3aTh OIpPEJEICHUE IPKOCTH,
T.€. B IOJIOOHBIX CITy4asix MOHITHE SIPKOCTH MOBEPXHOCTU BOOOIIE TEPSIET
CMBICII. EJMHCTBEHHBIM OOBEKTOM, KOTOPOMY MOXHO TMPHUIIACATD,
HampuMep, SIPKocTh 0e300Ja4HOr0 Heba, SBISIETCS caM IMy4YOK CBETOBBIX
Jydeu, IpUIIeANINN K HaM C TOTO UJIM UHOT'O HAalpaBJICHUS.

OO6paTuMcsi BHOBB K BBIpKEHHIO (4.22), U3 KOTOPOTO HAXOUM, YTO

d’®  dE, dE,

dScospdo cosepdo do
T.e. SPKOCTb  JJIEMEHTAPHOIO IydYKa JIydyed IIPONOpPLHUOHAIbHA
OCBEILLIEHHOCTH, KOTOPYKO OH CO34a€T Ha MEPHEHIMKYISIPHOW K HEMY
MOBEPXHOCTU U 0OPAaTHO MPONOPLHMOHATIBHA TEJIECHOMY YTy, KOTOPBIA OH
3aI10JIHSAET.
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N3 Beipaxkenus (4.21) cnenyert, 4To

dl = LdS, coso, . (4.23)

Jlist ayeMeHTa MCTOYHMKA, U3Jydarouiero mno 3akoHy JlamOepra,
SAPKOCTh M3JyYalollel MOBEPXHOCTH OJMHAKOBA IO BCEM HAIpPaBJICHUSIM.
Ecimu 11 Becex HampasiieHu# (T.e. A BCEX 3HAYEHUU yrma o)

L((pu ) =L =const, 10

dl =dl,coso,,
rae dl, = LdS, — cuia cBeTa U3JIydaronlero 31eMeHTa dS, B HOPMaJIbHOM
K HeMy HarpaBieHud (T.e. mpu ¢, = 0). Eciu u1s Bcex Touek cBeTsencs
IIOBEPXHOCTH S, cIIpaBeaauB 3akoH Jlambepra, To [ =1, cos@,, .

Ecin  moBepxHocTh  dS, H3lIy4aeT paBHOMEpPHO BO  BCeX
HAIPAaBJICHUAX, TO MOJIHBIA CBETOBOM MOTOK, U3Iy4aeMbIid 3JIEMEHTOM dS,

10 OJTHY CTOPOHY OT ce0s, paBeH
27

d® = LdS, j cosQ,do,, .
0

TenecHblit yIroJI ®, = 27:(1 —CosQ, ), H, COOTBETCTBEHHO,

do, =2nsin,dop, . Torna

T
Oy=7

2
d® =nlLdS, I2 sin @, cos @, dop, =nLdS, .

¢, =0
HpI/I 9TOM CBCTUMOCTH ITOBCPXHOCTH
()
M= (4.24)
dS

u
[IycTh OCBEMIEHHOCTH MOBEPXHOCTU paBHA £ . CBETUMOCThH UIEAIBHO
paccenBarolied NMOBEPXHOCTH M = FE, a SIpKOCTh €€ B COOTBETCTBUU C

cooTHomieHueM (4.24) paBHa L = —. 3HaYeHHUE UACATBHOTO PacCceuBaTENs
o

COCTOUT B TOM, 4YTO C Cro npecaciibHbIMHU CBOMCTBaMH y,Z[O6HO CpaBHUBATb
CBOMCTBA BCEX PCAJIBbHBIX MATCPUAJIOB.

4.3.5. CBeToBasi aHeprus. IKkCnos3muyus

Knaccuueckass QoTtomerpusi, OCHOBBI KOTOPOH OBLIM 3aJ10KEHBI
tpynamu Il.byrepa u W.JlambGepra B XVIII Beke, mnpeamnonaraet
NPUMEHEHUE HEMPEPHIBHO M3IYyYAIOIIUX HCTOYHUKOB, OTBEUYAOIIUX
TpeOOBAHUSAM CTAOMILHOCTH U3JIYyYCHHUS! B TEUCHHUE JJIMTEIHLHOTO BPEMEHH,
KOTOpO€ caMo Mo ceOe 3HaueHus He umeno. OJHaKo, ykKe JaBHO CTalH
BBISBJISITECSL  CiIydyad, B KOTOPBIX JUIMTEIBHOCTh CBEUCHHS HWrpaia
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CYLIECTBEHHYIO poib. [IpumepoM Takoro ciydas MOXKET CIyXKHUTb
IPUMEHEHNE UMITYJIbCHBIX UCTOYHHKOB CBETA, KOTOPHIE C HEKOTOPBIX IOP
Havyanu  nOpuoOperath  Bc€  Oosee  IIMPOKOE  paclpoCTpaHEHHeE.
JIMUTENbHOCTh  CBEYEHUS  HUMIYJbCHBIX  HWCTOYHHKOB  W3JIYYCHHS
U3MEPSETCS MHOT/AA THICSTYHBIMU U JaXK€ MUJUITMOHHBIMH JOJIIMU CEKYH/IbI,
YTO OYEHb CYIIECTBEHHO, Hampumep, ansi Qororpaduu. Wzmydenue
UMITYJIbCHOTO MCTOYHHKA OO0JaJaeT MEePEeMEHHOW MOIIHOCTBIO, KOTOpas,
BO3pacTass OT HYyJsI, JOCTHIAaeT 3a MaJlble JOJIM CEKyHIbl CBOErO
MaKCUMaJbHOTO 3HAYEHHUs, a 3aTeM Majaaer 10 Hyisd. lloatomy uznydenue
MMITYJIbCHOTO MCTOYHHKA XapaKTEPHU3YIOT WIN JUIUTEIbHOCTHIO UMIYJIbCa
M MaKCUMaJIbHOW MOUIIHOCTBIO H3Iy4YEHUS WM DSHEPrue HMIyJibCa,
KOTOpasi OMNpENENsAeTCs HHTErPAJIOM OT MOIIHOCTH [0 BPEMEHH
W3IIyYEHUS.

OgHuM W3 BUJOB HABUTALIMOHHOTO OTPa)XACHUs IMyTH Kopadis B
MOp€, OCYIIECTBIISIEMOMY C IMOMOIIBIO IIaBaOIIMX OyE€B WM OaKEHOB,
ABIISIIOTCA TPOOJIECKOBbIE OrHU. B TEMHOE BpeMs CYTOK 3TH OTHH,
BCIIBIXMBAOIIME EPUOJUYECKH HA JECATBHIE JOJIA CEKYHIbl, MO3BOJSIOT
MOPEIJIABATENI0 OINPEIEIATh CBOE MECTOIOJOKEHUE. TEMHOBBIE Nay3bl
MMEIOT 3HAYUTENBHO OOJIBIIYIO JJIUTENbHOCTh. MHEepioHHble CBONCTBA
rjia3a 3acTaBiSIIOT MPUHUMATh BO BHUMAHUE HE TOJBKO CHIIy CBETa
npoOJIECKOBOIO OTHS, HO U JIUTEIbHOCTh CBEYCHMUSI.

IIpu dotomerpuueckux mporeccax (pororpadus, doTrocunres)
pe3yJbTaT  TaKKe  3aBUCHUT  HE  TOJBKO  OT  OCBEIIEHHOCTH
CBETOYYBCTBUTEJIBHOIO CJIOS, HO U OT BPEMEHU OCBEILICHMUS.

B cBsA3M ¢ T€M, YTO YMCIIO TAKUX CIy4aeB HENPEPBIBHO PACTET U OHU
npuoOperaroT BcE OoJpllee 3HAYEHHE, OKa3ajloCch HEOOXOAMMBIM
HOMOJIHUTh (POTOMETPUUYECKYIO CHUCTEMY pSJAOM HOBBIX BEJIWYUH, U3
KOTOPBIX B IIEPBYIO OYEPEb HAIO OTMETUTH CIIEAYIOLIHE:

1. CeroBas sHeprust ) B COOTBETCTBUU C ONPEACICHUEM PaBHA

0= JT'CDdt (4.25)
0

U U3MEPSIETCS B TIOMEH-CEKYHIaX (JIM-C).
2. Dxkcno3unusa (WM KOJUYECTBO OCBElIeHUs) H omnpeaensercs
UHTETPAIIOM

H = | Edt (4.26)
0

U U3MEPSETCS B JTIOKC-CEKYyHAaX (JIK-C).
Ho @ = fEdS. Torna dQ = IEdet = HdS . Ilpu atom
S T
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_do
H="%. (4.27)

N3 mocnegHero BbIpaXeHUs CleAyeT, 4TO »HKcno3umus H
MPEJCTABIISIET COOON MOBEPXHOCTHYIO TJIOTHOCTH CBETOBOM YHEPTHH.

4.4. JHepreTuvecKue BeJTMYNHbBI

Wrak, pacnpeneneHue CBETOBOTO MOTOKA II0 TEJIECHOMY YIUIy
ONPENEIIACTCA CHUJIOM CBETAa, IO IIOBEPXHOCTHU — OCBEIIEHHOCTBIO WIH
CBETUMOCTBIO, @ OJHOBPEMEHHO I10 TEJIECHOMY YIVIy U IIO IIOBEPXHOCTH —
sapkocThio. [IpencraBienre o CBETOBOM MOTOKE M 000 BCEX CBSI3aHHBIX C
HUM BeIWYMHAX (OPMUPOBANIOCH B TNPOLIECCE PA3BUTHS BHU3YalbHOM
(doTomMeTpuHu. Cy1iecTBEHHBIMA (dakropamu, ONpEAECIAIOIIUMU
(opMupoBaHHE JTHX MPEACTABICHUN, BO-NEPBBIX, OBUIO TO, YTO
HEBUJUMBIC M3JIy4YeHHs ell€ He ObLIM M3BECTHBI, M, BO-BTOPBIX, TO, YTO
rjla3 4ejJoBeKa OblT €IUHCTBEHHBIM CPEJICTBOM OOHAPYKEHUS U OLEHKU
U3Jy4yeHus J00ro HCTOYHMKA. Takum o0O0pa3oM, CBETOBOM IOTOK
OKAa3bIBAJICS €CTECTBEHHOU MEpPOM BCAKOI'O U3JIyUYCHUS.

4.4.1. CBsA3b MeXxay cBeToBbIMA U SHEPIreTU4ECKMMUN BEJTUHNHAMIN

K Buaummomy cBeTy, CBOWCTBAa KOTOPOro OBUIM HW3Y4Y€HBI €I
N.HproToHOM, 100aBUIKCH OTKPBIThIE B Hadane XIX Beka mHppakpacHoe
u yneTpaduoneroBoe usnydeHus. [lozxe Oblia ycTaHOBIEHA WX 0OIIast
AJIEKTPOMArHUTHAST TPUPOJAa W O0OIMask CKOPOCTh PACIPOCTPAHEHUS B
Bakyyme. llosBuiuch  pasHooOpasHble  NPUEMHUKHA  U3JIY4YEHUS,
YyBCTBUTEJIBHBIE K W3JIYUYEHHUIO PA3JIUYHOrO CIEKTPa, & COOTBETCTBEHHO
pacliMpuiCid W CHEKTPAJIbHBIM JHANA30H MPUMEHSIEMOrO W3Iy4YECHUS.
OnHOBpEMEHHO C H3TUM BO BCE OOJblIed CTENEHU ONIYIIANACh
HEO0OXOAUMOCTh OILICHKH oOrei MOIITHOCTHU EPEHOCUMOTO
AJIEKTPOMArHUTHOTO H3JYyYEHUS HE3aBUCUMO OT €ro CHEKTPajJbHOro
COCTaBa, KOTOpasl MOJIyyusia Ha3BaHWUE MOTOKA U3IIyYEHHUs (MUJIU JIyYUCTOIO
noroka). IloTox u3nydenus npuHaro oOo3HauaTh OykBod P nmu @, u,

KaK BCSAKYIO MOIIHOCTb, U3MEPATH B BarTax. Kak eCTeCTBEHHOE CleACTBUE
TOrO, YTO TIIOTOK U3JIy4CHUs CTAaHOBUTCA OCHOBOM pPaAUALMOHHOU
DHEPreTUKH, BO3HHMKJA TOTPEOHOCTh BO BCEX BHUJAX IPOU3BOJIHBIX
BEJIIMYMH, MPUMEHSAEMBIX UISI XAPAKTEPUCTUKU €ro MPOCTPAHCTBEHHOTO
pacupeneynieHus, T.e.  HOSBWJIAcCh  HEOOXOJMMOCTb B CHUCTEME
DHEPreTUYECKUX BEJIWYMH, OCTPOCHHBIX AHAJIOTUYHO CHUCTEME CBETOBBIX
(BM3yaJIbHBIX) BEAMYMH. OTIMYME 3TUX HOBBIX BEIWYMH OT MPEKHUX
COCTOUT TOJIBKO B TOM, YTO BMECTO CBETOBOI'O IIOTOKA B UX OIPEIECICHUS
BXOJUT IOTOK M3JIy4YEHUS.
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Hawnbonee ecTeCTBEHHBIM U YJOOHBIM CITIOCOOOM HAaMMEHOBAHUS dTHUX
HOBBIX PHEPreTUYECKUX BEJIIMUYUH MPUHST TAKOW, MPU KOTOPOM 3a KaxIOu
DHEPreTUYECKON BEJIMYMHON COXPAHSETCA Ha3BaHUE €€ CBETOBOIO aHAJIOra
c nobamneHueM cioBa "sHeprerrdeckuit”. Uto kacaercss 0003HaYCHHS, TO
3a KaXJIOW DJHEPreTUYecKoW BEIWYMHON coxpaHsieTcs 0003HauYeHHE,
UCIIOJIB3YyeMOE JISl aHAJIOTUYHOTO CBETOBOIO TOHSATHS, C JT00aBJICHUEM
BHM3Y HHJAEKca e. Takum 00pa3oM, IUIOTHOCTh IOTOKA HU3JIyYEHHUs 10

TEJECHOMY YIUIy MOJIy4aeT Ha3BaHUE HHEPreTUYECKOW CUJIbl CBETa WM

dd
CHJIbl M3JIYYCHHA HMCTOYHHKA MU OHNPCACIICTCA COOTHOICHUCM 1 e — J = )
®

rae d®, — 0ECKOHEYHO MaJlblii MOTOK M3IYUYEHHs, PacIpOCTPaHSIIOLIUICS

OT HCTOYHHMKA BHYTPU OECKOHEYHO MAajoro TeJecHOro yriaa do.

-1
DHepreTuyeckas Cuiia CBeTa U3MepseTcs B BaTTax Ha crepaauan (Bt-cp™).
[IoBepXHOCTHAsI IUIOTHOCTh MOTOKA W3JIyYEHUST HUMEET CIEAYIOIIHE

dod ...
HA3BaHWs: OHEPreTMYECKAas OCBEIMIEHHOCTb, paBHas E, = dgaa , H
dq)eé(;é
DHEpPreTUYEeCKass CBETUMOCTb, paBHas M, :T’ rne d®,,, u

u

d®

ITOBEPXHOCTU M M3JIyYAa€MbIM 3JIEMEHTOM IMOBEPXHOCTU COOTBETCTBEHHO.
OTH BENMUMHBI M3MEPAIOT B BATTAaX HA KBajpaTHbIA Merp (BT-M™).
AHaJIOTUYHBIM 00pa30M BBOJIUTCS U MOHSITHE 00 SHEPTreTUUECKON SIPKOCTHU
KaK O MOBEPXHOCTHOW MJIIOTHOCTH SHEPTETUUECKON CHUIIBI CBETA, PABHOU

dl

e

edcé OECKOHEYHO MaJIbIC ITOTOKH, naJaronui Ha SJICMCHT

L, =—"%—,
dS, cos
T.€. 00 PHEPreTUYECKOM CHJIE CBETa, OTHECEHHOW K IUIOIIAIU MPOEKIUU
JIEMEHTa IOBEPXHOCTH Ha  IUIOCKOCTh, NEPHEHAMKYJSIPHYIO K
HAIPABJICHUIO YHEPIeTUUECKOM CUJIbI CBETA. DTa BEJIMYMHA U3MEPSETCS B
BATTAX Ha CTepajHaH M Ha KBaapaTHbIi Metp (BT-cp'-M™).

4.4.2. CeeTtoBast apPEKTUBHOCTb
[Ipu crmomHOM CHEKTPE MOJHBIA MOTOK U3TyYEeHHS] B COOTBETCTBUH C
dbopmyoii (4.5) paBeH

D, = TdCDex = T(pekdk. (4.28)
0 0

Eciu nortok H3JIYYCHUA d® e HIPpUXOOUTCA Ha BHIUMYIO 4YacCTb
CIICKTpa, TO IIpH 3TOM BO3MOKHO CBCTOBOC BOSI[CﬁCTBHG H3JIYUYCHHA Ha
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IJ1a3 ¥ OILLYIIEHHUE HEKOTOPOI'0 CBETOBOro MoToka d®, , B COOTBETCTBUU C
BhIpakeHuem (4.11) paBHoro

dCDX = K?»maka(Pekd}\‘ > (429)
rie K, .. —KO3h(UIUEHT MpONOpHUUOHATBHOCTH, KOTOPBIA Ha3bIBAIOT

MaKCUMaJIbHOM CBETOBOM 3(PPEKTUBHOCTHIO U3NMyueHUs. Eciu MOIHOCTD
U3MEpSIeTCS B BAaTTax, a CBETOBOM MOTOK — B JIIOMEHaX, TO KOd()UIHEeHT
K, ..x PaBEH YHUCIy JIOMEHOB CBETOBOI'O IIOTOKA, BBI3BAHHOI'O IOTOKOM

W3JIyYEHHs] B OJIMH BATT NPU TOW JJIMHE BOJHBI U3JIYYEHHUs], IPU KOTOPOH
V, =1, 1.e. ipu A, = 0,555 MKM.

Pas3Burne doromeTpun KaK TEOPETUYECKOM, TaK 17}
DKCIIEPUMEHTAIIBHOM, IO3BONWIO MeEXAyHapOOHOMY KOMHUTETY MEp HU
BecoB npuHATH B 1977 romy, uro | BT wu3Iy4yeHHs YacTOTHI

v, =540-10"* T (A, :£=0,555 MKM), oOJajampmero HanOoJbUIEH
Vo

CBETOBOM 3()(EKTUBHOCTHIO IPHU JHEBHOM OCBEIEHUH, SKBUBAJICHTEH

683 1M CBETOBOIO IOTOKA.

CeroBoli 3()(EKTUBHOCTBIO M3JIyYEHUS Ha3bIBAIOT OTHOLICHHE
CBETOBOTO IIOTOKa K IIOTOKY BBI3BABIIEr0 €ro usiaydeHus. Brosne
OYEBHUJHO, 4YTO CBETOBasg JO(PPEKTUBHOCTb M3IYUYEHUS 3aBUCAT OT
CIIEKTPAJIBHOTO COCTaBa M3JIy4EHMs] M paBHA HYJIIO B TE€X CIydasx, KOrua
U3JIy4YCHUE HE COJIEPKUT IOTOKA B BUAMMOM 4YacTh crnekrpa. CeeroBas
3(h(}EKTHBHOCTD CONHEYHOro W3mydeHms Ommska x 100 nM-Br', a s
MOHOXPOMATUYECKUX MTOTOKOB cBeToBas 3¢ddexkruBHocts K, =V, K, , rae

-1
K, =683 nm-BT ', a V, — oTHOCHTENbHAS CIIEKTPAJIbHAS YyBCTBUTEIBHOCTD

rjiasa.

CBeTOBOMl MOTOK HCTOYHHKA HU3JIYYCHUS CIO0XKHOTO CIICKTPAJILHOT'O
cocTaBa MOJXET OBITh OHpC,Z[CJ'IéH KaK CyMMa OJJICMCHTAPHBIX CBCTOBBIX
IIOTOKOB BCCX €0 MOHOXPOMATHYCCKNX COCTABJIANOIINX:

O =K, [V,dd, =K, [V,¢,d\. (4.30)
A A

DTO BBIPAXKECHUE OINPEACISECT MOHATHE CBETOBOTO IOTOKA, OTKyZAa
CIENYET, YTO CBETOBOM MOTOK SIBJISIETCS BEIWYMHOM, MPONOPLMOHAIBHON
IIOTOKY W3JIyYEHHS, OLUCHEHHOMY B COOTBETCTBHM C OTHOCHUTEIIBHOU
CIIEKTPAIIbHON 4yBCTBUTEIBHOCTHIO CPEAHETO IJ1a3a.

NHorga cBETOBOM MOTOK BBIPAXKAKOT B BAaTTax, YCIOBHO HAa3bIBA€MbIX
CBETOBBIMM BAaTTAMH, YHUCIO KOTOPBIX CUMTAETCS PAaBHBIM HWHTETPaly

ijdq)ex, ecau NOTOK wu3nyueHus d®, =@, d\ BbIpaXEH B BarTax.
A
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BaxxHo oOpatuth BHUMaHKUE Ha TO, YTO OJIMH CBETOBOM BAaTT YKBUBAJICHTECH
6831M HE3aBUCUMO OT CIIEKTPAIBHOIO COCTaBa U3JIYyUYCHUS.

OTHOIIEHHE CBETOBOIO IOTOKA B CBETOBBIX BaTTax K MOTOKY
U3IIy4eHUs] B BaTTax IMpPEJCTaBIseT CO00M Oe3pa3MepHYI0 BEIUYUHY,
PaBHYIO

J.Vx(l)exd}L

A
n= 4.31)
J.(Pekdx
A

KOTOPYIO Ha3bIBAIOT CBETOBBIM KO3(P(MUIIMEHTOM TMOJIE3HOTO JCHCTBUS
(KITI) wm3nyuenus. BenmwmumHa 3TOoro Ko3(p@HUIMEHTa MOXET JIOCTHUTATh
€AUHULIBI, €CIU PEYb HUJET O MOHOXPOMATUYECKOM HU3IYYEHUU C JJIMHOU
BoJaHbI A =0,555 MkMm. Bo Bcex gpyrux ciyvasx cBetoBoil KIIJ]
M3JIyYEHHUS] MEHbUIE €IWHUIbBI W MaJaeT 0 HyJsA, €CIIH HU3JIyYECHUE HE
3aXBaThIBACT BUAMMOM 00JIaCTH CIIEKTpa.

3ameTuM, 4ro mpoussBercHue K, mn=683n aM-Br!  onpenenser
CBETOBYIO 3 (PEKTUBHOCTh MU3ITYUCHHS, KOTOpasi, €CTECTBEHHO, 3aBUCUT OT
€ro CIEKTPaJIbHOTO COCTaBA U MOYKET IPUHUMATh 3HAYEHHUS OT 683 M-Br!
no Hyna. Cremyer pa3inyaTh CBETOBYIO 3(PGEKTHBHOCTh H3IYYEHUS H
CBETOBYIO J()(PEeKTUBHOCTh HCTOYHHKA, KOTOpas paBHA OTHOIICHHUIO
CBETOBOIO IIOTOKAa K MOIIHOCTH, MOTPEOJIsIEeMO UM OT HUCTOYHUKA
SHEPIruu, HaAMpUMep, OT AeKTpuueckoi cetu. CBetoBass 3(PPEKTUBHOCTH
MICTOYHHKOB CBeTa KojeGmnercs ot 8—9 mM-Br' mms HU3KOTEMIIEPATYyPHBIX
BAKYYMHBIX JlaMIl HakaJiuBaHus (y BaKyyMHBIX JIaMIl JaBJICHHE
OCTaTOYHBIX Ta30B B Koube mocme orkauku 10°—107 MM pr.cT.) mo 9—
13,5 1M-BT! s BBICOKOTEMIIEpaTypHBIX TA30HAMOIHEHHBIK  JIAMII
HakaiuBaHus (y Ta30HANOJHEHHBIX JIaMII TIOCJIE€ OTKayku Kojba
3aMOJIHSIETCA CMEChI0 MHEPTHBIX Ta30B, JABJICHHE KOTOPBIX Yy XOJOJHOMN
nammbl pubImKEHHO paBHO 600 MM pr.cT.). CBeToBas 3(PEKTUBHOCTH
JaMIT HAKAJIMBAHUS ¢ MOMHBIM IUKIOM mocTuraer 25-30 mv-Br! npu
cpeaHeM cpoke ciryx0n1 10 2000 u.

Bosnbiiast 3acinyra B CO3JaHUM DJEKTPUYECKUX JaMIl HaKaIuBaHUS
NPUHAJICKUT  BBIJAIOIIEMYCS ~ PYCCKOMY  y4€HOMY  AJIEKCaHJIpy
Hukonaesuuy  Jlogeiruny — (1847-1923),  kotopeiii  pazpaboTan
KOHCTPYKIMIO JIaMII HaKaJWBaHUSl C YroJibHOM HUThO B 1872 romy u
co3iayl TIepBble 0Opa3Ilbl JIaMI, MIPUTOIHBIX JJid pabOThl. AMEpPUKAHCKUN
nzo0perarenb U mpeanpuHumarenb Tomac AnBa DOmaucon (1847-1931)
YCOBEPIIEHCTBOBAJI JIaMIly HakKajduMBaHUs, NpeaIoxuB B 1879 ronpy
KOHCTPYKIMIO JIAaMITbl, OCHOBHBIE MPUHIHUMHUAILHBIE 3JEMEHTBl KOTOPOM
COXPAaHWIKCH JIO HACTOSIIIETO BPEMEHH.
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Breiaromasicst poiab B J€N€ CO3JaHUS Ta30pas3psiAHBIX HMCTOYHUKOB
CBETa  NPUHAJICKUT  PYCCKUM  BJIEKTPOTEXHHUKAM. AKaJieMUK
[TerepOyprckoii AH Bacunuit Bnaaumuposuu Iletpo (1761-1834) B
1802 romy nepBbIM MOTYYHIT YCTOMYUBYIO 3JIEKTPUUECKYIO IYTY B BO3yXE
M yKa3al Ha BO3MOXKHOCTb €€ HCIOJIb30BaHMSI B KAue€CTBE HCTOYHUKA
ceera. OnHako, nuib crycTs 70 J€T yJaajaoch OCYIIECTBUTh Ha 3TOM
MIPUHIIMIE WCTOYHUK, TIPUEMJIEMBIM IS 1IeJed OCBEIIeHus. 3aciyra 3Ta
NPUHAIJICKUAT U3BECTHOMY pycckomy uzooperarento [lerpy HukomnaeBuuy
SA6moukoBy  (1847-1894),  cosmaBmieMy — WCTOYHHUK,  HaIIEIIIHMA
nmpuMeHeHue kak B Poccum, Tak U 3a pyOeXoM, U MOJTYYMBIINM Ha3BaHHE
"ceewa  SOmoukoBa".  CBeroBas  A(PPEKTUBHOCTH  COBPEMEHHBIX
ra3opaspsAIHbIX JIaMI paBHA: HATpPUEBBIX Jamn —pa0 100 mM-Bt ™,
JIIOMHAHECHCHTHRIX jJaMII — 10 70-80 JIM-BT'I, PTYTHBIX JaMIl BBICOKOTO
nasnenus (BJl) u cBepxBbicokoro napneHus (CBJI)—mo 60 J'IM-BT_I, a
ra3oBbix Jlamn BJI u CBJl — no 45-50 am-Br™. [Ipu 3HAuMTENLHO OOJICE
BBICOKOM CBETOBOH 3(P(EKTUBHOCTH (CBETOBOM OTHaue), YeM Yy JIaMIl
HaKaJIUBaHUs, Ta30pa3psaHbIe JIAMIbl UMEIOT W 3HAYUTENIBHO OOJBIIHIA
Cpok cayxObl. Ecnmu cpemHmii CpoK CiyXKObI OCBETHUTEIBHOM JIAMIIBI
HakanuBaHus paBeH 1000 4. u HE MOXKET OBITh YBEIMYEH 0€3 CHIKCHUS U
0e3 TOro HU3KOM CBETOBOM 3(PQPEKTUBHOCTH, TO CPOK CIIyXKOBbI
COBPEMEHHBIX JIIOMUHECIIEHTHBIX Jamn gocturaet 14000 u.

Jlerko BHUZIETH, UTO PaBEHCTBA, MOJ00HBIE paBeHCTBY (4.30), MOXHO
COCTaBUTh HE TOJIbKO JIJIi CBETOBOT'O IMOTOKA, HO WU JJIsI JOOOM Npyroi
dboToMeTpruecKkoi Benu4IuHBI. Hampumep, s SPKOCTH, BBIPAKEHHOU B
KaHJeJlaxX Ha KBaJAPAaTHBIA METP, CIPABEIIIMBO PABEHCTBO:

L=K, [VdL, =K, [V,Ld}\, (4.32)

L, 3

rae V, wuMmeer IpexHee 3HadeHue, a dL, = L,d\ —>Hepretuueckas
SIPKOCTB, MPUXOSIASACS HA CIIEKTPAIbHBINA MHTEpBAI A, A+ dA, Br-cp™'-M™.
3aMeTuM, 4TO SIPKOCTh M3JIyYEHUSI KaWUIBSIPHBIX PTYTHO-KBAapLEBBIX JIAMII
CBJl ¢ BOASHBIM OXJIQXKJICHUEM JOCTHIaeT (1,5 — 1,8)- 10° KIL-M'Z pu

cpeHeil Bu3yanpHoit siprocti Comama L =1,95-107 koM™,

4.5. ®oTomeTpUUYeCKHEe CBOMCTBA TeJ

DOTOMETPUYECKUE  CBOMCTBA  OKPYXKAKOIIMX  HAC  NPEIMETOB
ONPENEIISIOT IPKOCTh M LBETHOCTh (OKPACKy), KOTOPbIE OHU MPUHUMAIOT
IO/ BJINSTHUEM IAIAIOLIETO U3TyYEHHUS.
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4.5.1. Obwme cooIHoLEeHNsA

Punc.4.5. PasgeneHne cBeTOBOro rnoToka, naaaroLLero Ha criom BellecTBa

Jlist ompenenéHHOCTH OyleM CYMTaTh, YTO OCBEHIEHHBIM MpeaMer
peACTaBIsIeT cOOOM MIOCKUM €O MPO3PavyHOro BEIIECTBA, KaK OKa3aHO
Ha puc.4.5, TONIMMHA KOTOPOrO Maja II0 CPaBHEHUIO C JIMHEWHBIMHU
pa3MepaMu €ro OCBEIIAEMOM MOBEPXHOCTH. [lycTh Ha MOBEPXHOCTH CIOS
U3 TPOCTPAHCTBA, PACMIOJOKEHHOIO NEPE] HUM, NAJAET MPOU3BOJIBHO
pacipeen€HHbIN 110 HAIIPABJICHUAM CBETOBOM MOTOK D.;. . OCBEILEHHBIN

CJIOW pa3JeNIUT YIAaBIIMK HAa HErO CBETOBOM MOTOK HA TPU YACTHU: MOTOK
o OTpOXEHHBIM OT cjosi B Ty moaycdepy, U3 KOTOPOU MPHUIIET

NaJaolui MOTOK; MOTOK @5, MpOoIIeNIni Yepe3 CIOU U BBIIEAIINMN B

00 »

ApyTyro noiycpepy, 1 NOraouE€HHbIN MOTOK Py:. , KOTOPBIM B BEHIECTBE

CJIOSI IPEBPATUTCS B TEIUIOTY WIIK APYTYI0 (hOPMY SHEPIHH.

B coorBeTcTBMM C 3aKOHOM COXPAaHEHUs DJHEPIUH CyMMma
OTPaKEHHOTO, MPOLIEIIIETO W MOTJIONIEHHOIO CBETOBBIX IIOTOKOB pPaBHA
NaJAI0IIEMy TIOTOKY:

1ac laa
N
Dy Dy D,
w0 oy Py (4.33)
Dy Dy Dy

OTHOIIIEHHE CBETOBOTO MOTOKA, OTPAXXEHHOTO OT CJOsl, K CBETOBOMY
MOTOKY, TQ/Ial0IIeMy Ha CJIOH, Ha3bIBaeTCs KOIPPUIIUEHTOM OTPAKEHUS
cjiost 1 o003HavaeTcss OyKBOH p.
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OTHoOllIEHHWE CBETOBOrO IMOTOKA, MPOLICAIIEr0 Yepe3 CJIOoH, K
CBETOBOMY IOTOKY, MaJarolieMy Ha CIJIOH, Ha3bIBaeTCs KOIPPUIIMEHTOM
MPOMYCKAaHUS CJ0s1 U 0003HaYaeTcst OyKBOHU T.

OTHOIIIEHHE CBETOBOT'O MOTOKA, MOMJIOMIEHHOTO B CJIO€, K CBETOBOMY
MOTOKY, MaJaolIeMy Ha CJIOW, Ha3bIBaeTCs KOA((PHUIIMEHTOM MOTIOIIECHUS
cyos 1 0003HavaeTcst OyKBoil o .

[Ipu 5TOM B cooTBeTCTBUH C hopmyJioi (4.33) numeem

p+t+a=1. (4.34)
JUIst  OKpaIlieHHBIX BEMICCTB 3TH  KOA((UIIMEHTHI 3aBUCAT OT
CIEKTPAILHOTO cocTaBa aaroIIero U3ITy9ICHMUS. Jst

. 1
MOHOXPOMATHYCCKOT'O U3JIYUYCHUA C OJIMHOU BOJIHBI Kizé?\, X IIPUHATO

o6osmauats  p(A), () wm a(l). CnexrpambHylo 3aBHCHMOCT
xodddummentos p(L), t(A) u a(L) ymobHO m30Gpakath rpaduueck,
OTKJIa[IbIBasi IO OCH aOCLMCC JJIMHY BOJHBI A, @ 10 OCH OpJMHAT — OJIUH
u3 kor(ppuuuentos. [Ipumep Takoro rpaduka nokasan Ha puc.4.6.

[loTok wW3myyeHUs JOOOro0 CHEKTPAIBHOILO COCTaBa BCEra MOYKHO
paccMaTpuBaTh Kak CyMMYy OOJBIIIOTO YHCIa MOHOXPOMATHYECKUX
COCTaBJISIIOIINX C MOIIHOCTIMH dD ,, = @, dA , KaxKast U3 KOTOPBIX, IIOIIaB
Ha CJIOM, NpEeTepreBacT W3MEHEHHUs, 3aBUCSIIME OT €ro CHEKTPaJbHBIX
cBoucTB. Ilprm H3TOM MOIIHOCTH OTPAKEHHOW, NPOMYIUIEHHOW U
MOIVIOIIEHHOW MOHOXPOMATUYECKOW COCTABJISIOMIEH W3JYYEHHUS] MOTYT
OBITH MPEJCTABIEHBI B BUJIE TPOU3BEICHUINA:

PP, tA)Dy, 1 a(R)D,, .

CBeTOBOM NOTOK IMAJAMOIIEr0 H3JIYYEHUS MOKHO OIPEHEIHTh
BbIpaxkeHueMm (4.30) B Buze:

Dy = KmIdeq)ex = KmJ-VX(Pekdx'

A A

Bnonne O4YCBHUAHO, 4YTO CBCTOBBLIC IIOTOKH: OTpa}ICéHHBIP'I oT CJ04,

NPOLIEAIINA Yepe3 HEro U IOIJIOMIEHHBIM B HEM, OIPEHEIATCS
N0JI00HBIMU UHTErpajiaMy BUJIA:

Dis = Km_[p(}\‘)Vk(Pekd}\‘;
A

D :KmJ‘T(x‘)VX(PeKdX;
A

D..... :KmJ‘a‘(K)VK(Pekdx‘ .
A
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lIadacpoonLe suHexoAuodu LHaMNMGEON niaHarediau) "9 oud
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B cooTBeTcTBUM € 3THM BHU3yalbHble KOA(PPUIMEHTHl OTpakKeHUs,
IIPOIYCKAHUS WU MOTJIOIICHUS MOKHO ONPENEIIUTh BBIPAKECHUSIMU B TaKOU

dhopme:

J.p(k)Vk(pekd}\’
_ A ’ 4.35
P j V)@ d) ( :
A
_.‘T(k)Vx(PeanL
=2 , (4.36)
I Vi@ dh
A
J @)V, 0dn
A : (4.37)

. I Vi@ dA
»

r7ie BCe UHTETPpaJibl OepyTCsl B IIpejieax BUIUMOrO CIIEKTpa.
Ecnu B Beipaxkenusix (4.35), (4.36) u (4.37) ¢popMaibHO MOJOXKUTH
MHOXUTENb V, =1, TO OHM NPUMYT BUJ BBIPAXKECHUMN, ONPEIEISIOIUX

3HEpreTndeckue Kod3(pPUIMEHThl OTpaKeHHs p,, NPONYCKAHUA T, HU
noryomenus o,. Takum odpazom,

[p() @ dn
_ A ’ 4.38
pe I(Pekd}h ( )
A
J.T(Q\‘)(Pekdk
=2 : 4.39
E J.(Pekd}\’ ( )
A
J‘O‘O\‘)(Pekdx
_2 , 4.40
&, JA(Pexd}\« ( )
A

r€ BCE HWHTErpajbl paclpoOCTPAaHEHbl HAa BECh CIEKTP W3IIYUYCHUS
HUCTOYHHKA.

Ortcroa cienyer, 4yTo AHEpPreTudeckue Ko3(PQUUUEHTHl OTpakeHus,
MPOMYCKAHUS U TOTJIONIEHUS XapaKTepu3yroT (POTOMETPUUECKUE CBONCTBA
CHosil I HEUTPAIBHOTO TpUEMHHUKA. JIeWCTBME BCEX HW3BECTHBIX
HEUTpAJbHBIX NPUEMHHUKOB HW3JIYUYCHHS] OCHOBAaHO Ha HarpeBaHUH,
BO3HUKAIOIIEM IMpU TOTJONIEHWH TNAJAIOIMIEr0 Ha HUX HW3JIYYCHHS.
[losToMy BCce HEUTpalibHbIE MPUEMHUKH HMEIOT YEPHYIO IMOBEPXHOCT,
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IIPpUYEM  XOpPOIIMK NPUEMHUK JOJDKEH IOIJIOLIATh U3JIyYEHUE B
HEBHUJIUMBIX OOJIACTSX CIEKTpa TaKyl K€ 4YacTh MAaJalollero Ha HEro
U3JIy4eHUs, KaKk U B BHUJIMMOM oOmacth. [loBEpXHOCTH COBPEMEHHOIO
HEUTPAJIBbHOrO MPUEMHUKA MMEET BBICOKMUA M NMPAKTUYECKHA OJIMHAKOBBIN
KOA((ULMEHT MOTJOMIEHNS B CHEKTPAJIBbHOM JAHANa30HE H3IYy4YEHUS OT
0,3 mxM 10 40 MKM.

B coorBerctBUM ¢  BbIpakeHusmu  (4.35)—(4.40) BenuumHa
KO3 PUIIMEHTOB OTpakKeHUs, MPOIYCKaHUSI U TIOTJIOIICHMS] 3aBUCUT HE
TOJIBKO OT CIHEKTPAJIbHBIX CBOWCTB MAaTEpHaOB, ONPEIEIIEMBIX
dyaxmuamu p(A), ©(A) 1 o)), HO TakKe OT BHmA byHKIMH ¢, . BausHue

CIEKTPaJbHON UYYyBCTBUTEIBHOCTH TIJ1a3a Ha KOX(UIIMEHTHI P, T U O

NOJIOOHO BIIMSIHUIO CIIEKTPAJIBbHOTO COCTaBa MaJalolIero U3IyuYeHus, Npu
TOM H3MEHEHHUE CIIEKTPAJIBHON YyBCTBUTEJIBHOCTH IJ1a3a, HACTYIIAIOLIEE,
HanpuMep, MpU NEPexojie K CyMEpEYHOMY 3pEHMIO, BIICUET 3a coOOM
U3MEHEHUE BEIMYUHBI 3THX KOA3(PPuUIMEeHTOB. TONBKO A1 HEUTpPaJbHBIX
MAaTEpUANIOB, CIIEKTPAJIbHBIE XapAaKTEPUCTUKU KOTOPBIX B IMpelesax
paccMaTpuBaeMOro MHTEPBAJIA JUIMH BOJH HE 3aBUCAT OT JJIMHBI BOJIHBI,
KO3 PUIMEHTHI OTPAKEHUSI, TPOIYCKAHUS U MOTJIOLICHUS HE 3aBUCAT HU
OT CIIEKTPAJIbHOI'O COCTaBa INAJAOIIETO M3JIyYEHUs, HU OT CHEKTPAIBHOU
YyBCTBUTEJIBHOCTH IJa3a M COBMAJAIOT C WX 3HAYCHHUSIMH JJIsl JIFOOOTO
MOHOXPOMAaTHYECKOTO U3JIyYEHUS.

4.5.2. 'Nnagkaa NnoBepxHOCTb pasfena AByX ANSSIEKTPUKOB
[Tamaronuii Ha TIaJKYyI0 MOBEPXHOCTh pasjiefia JABYX AUAJIEKTPUKOB
Jy4d JIEJIUTCS] HA JIBA Jy4a: OTPaXKEHHBIA U MPETIOMIIEHHBINA, MPU 3TOM BCE
Jy4Yd U HOpMaJllb K MOBEPXHOCTH pa3zjeia B TOUKE MaJCHUs Jyda JIeKaT B
OJIHOM TTIOCKOCTH.
Koadduiment orpakeHus p riaagkod MOBEPXHOCTH, pa3esrouien

JIBa TUAJIEKTPUKA, 3aBUCUT OT COCTOSIHUSI MOJIAPU3ALUY MAIAI0IEro JIyya.
DnexkTpruyeckre KoyeOaHus B MaJarolleM Jyde BCEr/a MOXKHO Pa3I0KUTh
Ha JIBE COCTaBISAIONIME: TApaUIeNIbHbIE IUIOCKOCTH TMAJCHUS U
MEePICHIUKYISIpHBIE K Hel. Takum 00pa3zoM, KaKIbIi JIyd MOKHO CUHTATh
COCTOSIIIIUM W3 JBYX TIOJSIPU30BAHHBIX JIyded ¢  KOJICOAHUSIMH,
MPOUCXOMSIIIMMUA B JIByX B3aUMHO TNEPHEHIUKYJISIPHBIX TUIOCKOCTSIX.
KoadduimenTsl oTpaxeHus KaXAOro W3 ATUX Jydel OmpeaesstoTcs
dbopmynamu  @DpenHensi, npuuéM I8 Jiyda C  KOJICOAHUSIMH,
MEPICHIUKYISIPHBIMU TJIOCKOCTH MaAeHUs1, KO3POUIIMEHT OTpaKEeHUS

_ sin®(0, —6,)
sin®(0, +6,)’

pL (4.41)
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a JUIs Jiyda ¢ KOJeOaHWsIMHU, MPOUCXOJANIMMHA B TUIOCKOCTH TaJEHUS,
KO3 (PUIIUEHT OTpaKEeHUS

2
py =ty 2( ) (4.42)

1g (ei +et)
IIpn HOpManbHOM maneHus Jyy4da, T.e. mpu 0, =0, =0, BbIpakeHus

(4.41) u (4.42) npUHUMAIOT BU/I;
2

po=| 2= . (4.43)
n, +n,

HUcnonb3yst 3TO BBIpaXXEHHUE, HAXOAHMM, UYTO €CIM NEPBOU CPEHOM
SIBJISIETCS. BO3JIYX (n1 :1), TO JUIsi ONTHUYECKOTO CTEKJa C TOoKa3aTejaeM
npeiaoMieHus n, =n, =1,51829 (kpon K8) ko3dpduument orpaxeHus
Po =0,0424, nns onTHYECKOrO CTEKIAa C IOKAa3aTeJIeM IPEIOMIICHUS
ny,=n,=176171 (rsoxéneii paunr TDS) xoapduument p, =0,0761, a
U BOABI IIpU 1, = 1,33 Benmuuna p, = 0,02. [IpencraBuM COOTHOILIECHHE

(4.43) B BUJIE:
Py = 1_ﬂ
n, +n
IIpu 3TOM BHOJHE OYEBHUIHO, YTO NPU #; =1 4yeM OoJbIIE BEITUYHMHA
noKazareisl IMpeNIoMIIEHUs n,, TeM OOojblle 3HauyeHue Kod(pduuueHra
oTpaxkeHus p,. B onTuyeckux yCTpPOHMCTBAaX, pPACCUYUTAHHBIX HAa

NpPUMEHEHHE H3ITy4YeHHUs] MUH(PpaKpacHOW 00JIacTh CHEKTpa, MPUMEHSIOT
TaKA€ MATEpHUalbl, KAK KPEMHUU (Si) U TepMaHUM (Ge), IIPOITY CKAIOIIHE
uH(ppakpacHoe wuznydeHue. [l u3MydeHUs JUIMHBI BOJHBI A =7 MKM
MmokasaTenmn  TpenomieHus  n,(Si)=3,42, a n,(Ge)=4,006. B

COOTBETCTBUM C BblpakeHHeM (4.43) npu n =1 Ko3pPpurueHTs!
otpaxenns p,(Si)=0,30, a p,(Ge)=0,36.
Ecnu Ha riaakyro MOBEPXHOCTh JMAJIEKTPHUKA MalaeT €CTECTBEHHBIN

Jdy4, B KOTOPOM MOIIHOCTH OOEUX COCTaBISIOMIMX OAMHAKOBBI, TO IS
TaKoro Jiyya KO3(Q(OUIHEHT OTpaKeHUs

1 Sinz(ei_et) tgz(ei_et)
_ 1fsin” + 2 . (4.44)
2| sin*(0,+0,) tg*(0,+6,)
N3 dopmyn ®Dpenenst ciaeAayer, UyTO MOCIE OTPAXKEHUS OT TIIAJAKON
ITOBEPXHOCTU JUAJICKTPUKA ECTECTBEHHBIM CBET CTAHOBUTCS YAaCTUYHO

MNOJIAPU30BAHHBIM CO CTCIICHBIO ITOJIAPpU3alIUU
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P(p)= PL—P) _ cos’(8, —0,)—cos*(0, +0,)
pL+P cos*(0, -6, )+cos*(0,+0,)’
npuuéM Haubosiee CHIBHOE 3JIEKTPHUYECKOe KoJieOaHHE B OTPaXEHHOM

Jy4ye TMPOUCXOJUT B HAMNPABICHUU, NEPHEHIUKYISIPHOM IUIOCKOCTH
najenusi. 13 Beipaxenus (4.45) cinenyer, 4To Npyu HOPMATLHOM (Gi = 0) 151

(4.45)

T . .
P CKOJIB3SILIEM (91. :Ej NaJIeHuU Jiyda OTPaKEHHBIA Jyd Oyjaer

ecTecTBEeHHEIM (P = 0). ITpu mpomeKyTOUHBIX 3HAUYEHHUAX yria 0, cTeneHb

T
nonspusamuu P >0 u jgocturaer makcumyma (P =1), ecmm 6, +6, =5

Takum o00pa3oMm, eciM IMy4YOK JIydyed EeCTECTBEHHOI'O CBeTa MaJaeT Ha
IIAIKYI0 OBEPXHOCTh JUANIEKTPUKA IO YIIIOM bprocTepa, TO oTpakaercs
OT HEE TOJIBKO ITOJHOCTBIO TOJIIPU30BaHHAsA 4YacTb. B aTom ciydae
KO3 PUITUEHT OTpaKEHUS

! )2
2 2
Pi=+= 2
2( 2 2)
nz + nl
OTCIOI[a CIcaycCT, 4TO CCJIIN MCHEC IJIOTHOM CpC,Z[OfI ABJICTCA BO3AYX
(n, =1), To ueM GombIue MOKA3aTeNb NPEIOMICHHUS 71, AUAJIEKTPUKA, TEM

OompInas yacTh majaroiero moja yriom bproctepa cBera oTpaxkaercs B
BU/IE TTOJIHOCTHIO TIOJIIPU30BAaHHOTO CBETA.

N3menenue kordduiiueHTa OTpaKeHUs TMPU HU3MEHEHUU JIJIMHBI
BOJIHBl CBETa ONPENENsAeTCS CHEKTPaIbHON 3aBUCHMOCTBIO TOKa3aTells
npejloMiieHusl, Ha3blBaeMoW  nucnepcuedt  ceta. Juddepenuupys

(YHKIMOHAIBHYIO 3aBUCUMOCTh (4.43) 1o 71, B HPEANONOKEHUH, YTO
n, =1, nonyyaem
d 4dn
B 27, (4.46)
Po n -1
rae n, =n. B KauecTBe OCHOBHOTO IPUHUMAEM I10KA3aTeNb MPEIOMICHUS

n, CTEKJIa s JUIMHBI BOJIHBI cBeTa A=A, =546,07 um. [lna crexia
Mapku K8 (ne = 1,51829) Pa3HOCTH ITOKAa3aTeIeH MPEIOMIICHHS B IIpeaeiax
CHEKTPAJIBHOTO  AMamna3oHa W3IydeHus oT A=A, =404,66 am 10
A=A, =706,52 um pasna 0,01736, a qua Tspkénoro ¢pauHTa Mapku TdS
(n, =1,76171) sta passocts paBHa 0,06307. Ilpum >ToM K0d(dHIEEHT

OTpaXeHHUsI KpoHa MeHserca npuMepHo Ha 0,05 oT ero OCHOBHOTO
3HaueHus, a g Tsokénoro ¢umHra—Ha 0,12. TakuM u3MeHeHHEM
ko3 PuimeHTa oTpakeHUsi BO MHOTHX CIIy4asiX MOKHO IIpeHeOpeyb.
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@opmynbsl DpeHens  ONPENeNsioT  Takke U KodhUIMEHT
OPOIyCKaHUsl T TIJIAJAKOM MOBEPXHOCTH pasliefia JIBYX IHUAJIEKTPUKOB. B
TOM CJy4dae, KOrja »JJEKTPUYECKHE KOJEOAHUs MEepHEeHIUKYISPHBI
IUIOCKOCTH  MajieHus, KO3(P(ULIHUEHT NPOMYyCKaHUs  OINpeeseTcs

BBIPAKEHUEM
sin 20, sin 20,
T, = L , 4.47
+ sinz(ei +9t) ( )

a JUIsl CJIy4aeB, KOT/1a KoJieOaHusl MmapajijiebHbl IJIOCKOCTH MaJICHUS,
sin 20.sin 20
L ! (4.48)

T = .
| .2 2

sin”(0; + 6, )cos*(6, - 0,)
Jlerko y6eI[I/ITBC$I B TOM, 4YTO pi +TJ_ = p” +TH =1, Kak U IJOJI2)KHO

OBITh B COOTBETCTBUU C 3aKOHOM COXPaHEHUSI SHEPTUH.
Koadduiment mnpomyckanuss T TOH K€ TOBEPXHOCTH IS
€CTECTBEHHOTO JTy4a ONPEIeIIIeTCS] BBIPAXKEHUEM BHUJIA:
sin 20, sin 20, 1+ cos*(6, - 6,)
T=1.2 2
2sin*(0; +0,) cos’*(0,-0,)
P 3TOM CTENEHb MOJSAPU3AIUU JIyda, MPOIISANIETO BO BTOPYIO Cpeiy,
paBHa

: (4.49)

P(r)= Tt 1-cos?(6, —9,).
T+, 1+cos*(,—9,)
U3 Beipaxenus (4.49) ciemyer, 4To mpyu HOPMAIBHOM TaJeHUH Jyda

(0, = 0) 3T0 BEIpa’KeHHE TIPUHUMAET BU;

(4.50)

4nin,

2
(my +ny)
TIPU 3TOM CTeTeHb TONAPU3AIIH Tyda Bo BTopoit cpene P(t,)=0.

TO = N (4.51)

4.5.3. OTpaxeHune cBeTa OT rnagakon NoBepXHOCTU MmeTanna
B cnydae OmHOPOIHOW W30TPONMHOM CPEAbl C AUBIECKTPUUYECKON
IMPpOHHUIACMOCTBIO €, MAarHUTHOU IMPpOHHUIACMOCTBIO L U IMMPOBOAUMOCTBIO

G Ipu coOJII0IeHNH MaTepuaibHbIX ypaBHeHU j=cE, D=¢E u B = uH
ypaBHEHHUsI MaKcBeIlla MOYKHO 3allUCaTh B BUJIE:

rofl — S &= 2T o (4.52)
C C

rotE+ L =0, (4.53)
C
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divE = 4—“9, (4.54)
e

divH =0. (4.55)
[IpuMeHUB omepanuio JUBEPreHIINN K YpaBHEHHIO (4.52) U UCIIONB3Ys
ypaBHeHue (4.54), nomyyaem

_E divie= 4—nc4—np.
c

c €
Huddepenunpys ypaBaenue (4.54) no BpeMeHH, UMeeM
divi= an &.
€

Vckmouns divB® w3 1ByX TMOCHCIHHX YpaBHEHHMH, IOMydaeM
mudepeHaibHOe ypaBHEHUE

g % o, (4.56)
e
OUCBHUIAHOC peIHCHI/Ie KOTOpOFO MOKHO 3aIIiucaTthb B BUJIC.
{
p=p, exp(— ;j, (4.57)

€ " .
rjae T = e BpewMs penakcanuu T 4pe3BbIYaiiHO MaJlo AJis JII0OOM Cpebl,
ne

oOnajaromiell 3aMeTHOM MPOBOJAUMOCTHIO. JlJIsi METalioB 3TO BpeMs
3HAYUTEILHO MEHBIIE MEPUOJa CBETOBOW BOJHBI. Tak, Hampumep, i
CBETAa OpPAaHXKEBOWM 00JIaCTU CIIEKTpa MEpUoja KoJieOaHWW BOJHBI paBEH

—1 T _
2-1071 CEK, TOrJa Kak JJisi MEAW OTHOIlIeHHe — mopsaka 2-10 19 cex.
€

st mo60ro peanbHO MBICIUMOTO 3HAUYCHHMS] € BpeMs T TaK Majo IO
CPaBHEHUIO C MEPUOJOM CBETOBOM BOJIHBI, YTO B METAJJI€ BEIUYMHA P

BCErjla MpakTU4YeCKu paBHA Hymto. llpu stom ypaBHeHue (4.54) MOXKHO
nepenucaTh B BUJE:

divE =0. (4.58)

UckmounB n3 ypaBHenuit (4.52) u (4.53) Benuunny H u ucnonb3ys
ypaBHeHue (4.58), nonyvaem, uro BeauunHa E y0BIeTBOpsSET BOJTHOBOMY
ypaBHEHUIO BUA:

v2E = ME g, ATHO g (4.59)

2 2
c c

Hamuune dnena c ﬁl O3HA4YaCT 3aTyXaHHUC BOJHBI, T.C. IIPH
PacpoCTPaHCHUN YCPEC3 CPpCAYy BOJIHA ITOCTCIICHHO ocjiabeBaeT.
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Ecnu none cTporo MOHOXpOMaTUYHO U 00J1aJlaeT KPyrOoBOW 4acTOTOM
o, T.e. ecmi E u H umetor sun E =E,exp(—iot), To mpousBomHas

K= —ioE, a B= —o’E. [Ipu 53TOM ypaBHeHue (4.59) npuMeT BUL:
y

VE+k*E=0, (4.60)
2
rae k° :oo_zu(gﬂ,éln_o) (4.61)
C Q)

~ .4nc
Ecnu BBecTM BenmuuuHy € =¢&+i——, TO YypaBHeHue (4.60)
®

dbopManbHO CTaHET WJCHTHUYHBIM C YypaBHeHUEM ['enbMrosbiia s
HEMPOBOJAIIUX CPEMd, TA€ (PUIypUpyeT BEIIECTBEHHAs] JTUAJICKTPUYECKAs
MPOHUIIAEMOCTh €. AHAJOTUSI C HEMPOBOISIIMMU CpelaMu emé OoJIbIle
YCWJIHUTCS, €CJIM, KpPOME KOMIUIEKCHOIO BOJHOBOTO 4HCIIa k wu
KOMITJIEKCHOM  JTMAJIEKTPUYECKOW TPOHUIIAEMOCTH €, BBECTH TaKKe
KOMIUIEKCHYIO (pa30BYI0 CKOPOCTH V ¥ KOMIUICKCHBIH ITOKa3aTelb
MIPEJIOMIJICHUS 71 , KOTOPBIE OMPEIEIISIIOTCS COOTHOIIEHUSIMU:

c c =~ C~

V= li===-Jut =—k. (4.63)
A LE V ®
Ilycth 7 = n(l +ix), (4.64)

IJI€ © U ) BELIECTBECHHBI; BEINUYMHY ) HA30BEM MOKAa3aTeJIeM 3aTyXaHUs
(Ha3bIBAIOT TaKke KOA()PUIIMEHTOM IKCTUHKIMN ). BenMnuuHbl n U y Jerko
BBIPA3UTh Yepe3 MaTepuaibHble MOCTOSHHBIE €, L U G.

Bo3sgens B kBagpaT 006€ yactu cootHolenus (4.63), nosyyaem

l= nz(l + 2iy —XZ).

Kpowme Toro, uz coornomenuii (4.62) u (4.63) umeem

o~ ( ,47’[6)
A=ug=p e+i—|.
®

IIpupaBHMBasi BEIIECTBEHHbIE M MHHUMBICE YacTH B JTHUX JBYX
~2
BBIPOKECHUAX U1 7, OJIydyaem

n’=(1-x)=pe. (4.65)
niy = 2THO _ MO (4.66)
Q) \Y%
Orcrona cineayer, 94To
2 2
n’= % u282+4“—f g (4.67)
A%
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1 4u°c’
noy 25 u282+“—26—}18 : (4.68)
\Y

31ech BIOpaH MOJOKUTENbHBINA 3HAK TIEPE] KBaIpaTHBIM KOPHEM, TaK

KakK n U % BCHICCTBCHHLI, 4, CJIICAOBATCIILHO, n2 nu I’lz)(l2 JOJI?KHBI OBITH

MOJIOKUTEIBHBIMHU.

VYpaBaenue (4.60) popMaibHO HIEHTHYHO BOJHOBOMY YpPaBHEHUIO
JUISL HEMPOBOJSIIEH Cpellbl, HO B 3TOM YpPaBHEHHH BOJIHOBOE YHCIIO
KoMmIuiekcHoe. [lpocreiimum permieHuem ypaBHeHus (4.60) sBusercs
MJIOCKAasi TApMOHUYECKAs BO B]peMeHI/I BOJIHA

E=E, exp{i[l;(r-s)—oat } (4.69)
B cootBercTtBUM ¢ cooTHomeHusiMu (4.63) u (4.64) Haxoaum, 4TO

k=25 = 9n(l + ix). [Ipu 3TOM BbIpaxkenue (4.69) MOKHO IPEACTABUTH B
c c

BUJIE:
® .| n
E=E, exp[— — nx(r - s)} exp zoo[— (r - s) - t}
C c
BemecTBeHHas 4acTh 3TOrO BBIPAXKECHMUS

® n
ReE =E, exp[——nx(r : s)} CcOS oo[— (r-s)- t} , (4.70)
C C
IpeACTaBIAomas co00i 3NEeKTPUUECKU BEKTOp, SBISETCS IJIOCKOM

o c o
BOJIHOH JJIIWMHBI A=2m— ) 3aTYXaHHUC KOTOpOU OIPCACIIACTCA
wn

AKCIIOHCHIMAJIbHBIM 4JIeHOM. Tak KakK INIOTHOCTh OHEPrunm w BOJIHBI

[IponopnuoHajibHa CPpCAHCMY 110 BPCMCHH OT Ez, TO BIIOJIHC O4YCBHIHO,
qT0 W 6y,I[€T YMCHBIIATBCA B COOTBCTCTBHUH C 3aKOHOM

w=w, exp[— N(r-s)], (4.71)
rie sz—wnxzﬂnxzﬂnxzﬂx. (4.72)
c c Ao A

3mech A, — JIMHA BOJIHBI B BaKyyMme, A — JJIMHA BOJIHBEI B Cpene.
0

[TocTostnHass X HaspiBaeTcs kKoddduimeHTomM moriomieHus. [ImoTHOCT

YHEPTUH TaJIaeT B e pa3 Ha pacCTOSHUA d ,
1 Ao A

rned=—= = .
N 4mny  4ny

(4.73)
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"I'myOuHa npoHUKHOBEHUS" d W3ITy4eHUS pa3IUYHbIX JJIHH BOJIH A,

1 -1
B Mezb (0 = 5,14-10" cex’, n=1) npeacrasnena B tabn.4.1. O6bI4HO ITa
BEJIMYMHA COCTABIISIET OUEHb MAJTyIO JIOJIFO JJTMHBI BOJTHBI U3ITy9ICHHUS.

Tabnuuya 4.1
VYasTpaduonerosas | UudpakpacHas CBY JInuHHBIE
00J1aCTh 00J1acTh PaJIMOBOJTHEI
A 1000 A=10"cm | 10 Mmx=10" cm 10cM | 1000 M=10" cm
d 6,2:10° cm 6,210 cm [ 6,2:107cm | 6,2:107 cm

3ametuMm, uto Tpu o©=0 ypaBHeHue (4.67) mepexoauT B
coOTHOLICHHEe MakcBemna: n° =g, OPA 3TOM H3 ypaBHeHus (4.66)
cienyer, 4ro B 3ToM caydyae ¢y =0. ngeambHpll OPOBOIHUK
XapakTepu3yeTcss 0ECKOHEYHON MPOBOAUMOCTEIO. 13 cooTHOMEeHuMH (4.65)

€ l—xz
u (4.66) Haxonum, 4TO ;z v Orcroga cnemyer, 4To INpu G —> o0

BEJIUYMHA X2 — 1, ipu 3TOM BeMurMHA 1 —> 00, TaKoi MPOBOAHUK BOOOIIIE

HE TIO3BOJISUT OBl 3JIEGKTPOMAarHUTHOM BOJHE NMPOHUKATh Ha KaKyr-TH00
TyOUHY U OTpakaj Obl BECh IaJIatOIUN CBET.

Nrak, OCHOBHBIE YpaBHEHHUs, OIUCHIBAIOIIME PACIPOCTPAHECHUE
IUIOCKOW TapMOHHUYECKOM BOJIHBI B IIPOBOJSAIIEN CpElE, OTIMYAKOTCS OT
COOTBETCTBYIOILIMX YPABHEHUM JJI MPO3PAYHOIO AUDAJICKTPUKA JIUIIb TEM,
YTO BEIIECTBEHHBIE IOCTOSAHHBIE € U kK 3aMEHAIOTCSI HAa KOMIUIEKCHBIE € U

k . Tlockomnbky (hOPMyIIBL, MOTyYeHHBIE UL PO3PAYHOTO AMAICKTPUKA,
colepKaT JIMIIb JIMHEHHBbIE COOTHOIICHHS MEXIy KOMIIOHEHTaMU
BEKTOPOB MOJIS MJIOCKUX MOHOXPOMATUYECKUX BOJH, TO OHU MPUMEHUMBI
U B paccMaTpuBaeMoOM cilydyae. B 4acTHOCTH, OCTarOTCs CIpaBeaIMBbIMU
IPaHUYHBIE YCJIOBHS JUISI PACHPOCTPAHEHUS BOJHBI 4epe3 IMOBEPXHOCTH
paszena, a, CIeI0BaTENIbHO, U (DOPMYJIbI, OTHOCSIINECS K MPEITOMICHUIO U
OTPAXKEHUIO.

PaccMoTpuM pacnpocTpaHeHne IJIOCKOW BOJHBI W3 JIUAJNEKTPUKA B
IPOBOJIHUK, MpUYEM o00€ cpenbl OyAeM cuuTarb OECKOHEYHBIMHM, a 32
MOBEPXHOCTh paszjiena MeXJy HUMHU BbiOepeM 1uiockocTh z = 0. Ilpu aTom
3aKOH MPEJIOMJICHUS JIyda Ha MIOBEPXHOCTH pa3zelia cpell MOKHO 3alHUCcaTh
B BHJIE:

sin O, =%sin 0,. (4.74)
n
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Tak kak mokaszaTeib MPEJOMJICHUS] 7 — BEJIUYMHA KOMILUIEKCHAsI, TO
KOMILUIEKCHBIM OyzeT u yroa 0,. TakuMm oOpa3oM, 3Ta BelIMUYMHA YK€ HE

UMEET MPOCTOr0 CMBICIIA YTJjia MPEIOMICHUS.
BriOepem B KauecTBe IUIOCKOCTH TMaJIEHUs] IUIOCKOCTh xz. Toraa
3aBHCSAINAs OT KOOPJAWHAT YacTh (ha3bl BOJIHBI B IMIPOBOJIHUKE ONPEACITUTCS

BHIPAXKCHUEM k (r st )), e
s =sin0,, Sg}t) =0, s = cos9,. (4.75)

N3 cooTHoieHuit (4.74), (4.75) u (4.64) umeem

S)(ct)  in0, = sin6, l—z;g sin 0, (4.76)
n(l+iy) 1+y* n

s\ = cosB, = /1-sin?0, =
1-y* sin’@, . 2y sin’6, (4.77)

+1
(% I V'S N
Bennuuny sﬁ’) yA00HO MpeJICTaBUTh B hopMme:
sﬁ’) =cos0, = ge”, (4.78)
I7I€ ¢ U Y — BEUIECTBEHHbIE BEJIUYMHBI, KOTOPbIE MOKHO BBIPA3UTh U€pe3

= |1-

n,y ¥ sin0,, ecnu Bo3BeCTH B KBajapaT cooTHouueHus (4.77) u (4.78) n
MPUPABHATH OTAEJIBHO BEIIECTBEHHBIE U MHUMBIE YaCTH. JTO JAET

=2 sin20.
q*cos2y=1- X sze’,
e?f
. 2
q°sin2y = 2)_sm 61..

(e

Torna, ucnonb3yst cootHouieHus (4.76) u (4.78), nonyyaem
k (r : s(t)): 9n(l + ix)(xs)(f) + ngt)):
c

=%n(l+ix){$8;—:zg))sin 0, +z(q COSsY +igsin y) = (4.79)

= 9[x sin 0, + znq(cos Y — 7 sin y) + iznq(x COSsY +sin y)]
c

Orcroza cneayer, 4To BEIMUYUHBI ¢ U Y BXOIAT B BhIpaxkeHue (4.79)

TOJIBKO B COYETAaHHHM C KOOPJAWHATOH z, T.€. NMOBEPXHOCTH IOCTOSTHHOM
aAMIUTUTY bl OTIPEIEISIOTCS YPaBHEHUEM
z = const, (4.80)
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a, CIIEIOBATEILHO, ABJISIOTCS TUIOCKOCTSIMU, TapaJIeIbHBIMU TTOBEPXHOCTH
paznena. [loBepXHOCTH TOCTOSTHHOW BEIIECTBEHHOU (Da3bl ONMpeAenstoTCs
ypaBHEHUEM

xsin @, + zng(cosy —ysiny) = const (4.81)
M SIBISIIOTCS IUIOCKOCTSIMH, HOPMaJH K KOTOPBIM oOpasyror yroan 6 c
HOpMaJIbIO K TPAHMIIE pa3Jiesa Cpel, MpuIéM

, sin 0,
sin 0, =
\/sm 0, +(n q (cosy x)smy) & 4.82)
cos0) = ng(cosy —ysiny
\/sm 0, +n’q (cosy—xsiny)‘2

B o0meM ciayyae TOBEpPXHOCTH TMOCTOSSHHOM aMIUIMTYIbl U
MOBEPXHOCTU MOCTOSIHHOM (Pa3bl HE COBMAAAIOT APYT C JIPYTrOM, a MO3TOMY
BOJIHA B METaJI€ OKA3bIBACTCSA HEOTHOPOIHOM.

Ecnu kBajpaTHBI KOpEHb B COOTHOLIEHUSX (4.82) 0003HAUNUTDH Yepe3
n', To ypaBHeHWe Ui sSin@, MOXKHO TepenucaTh B BHAE 3aKOHA

sin 9

npenomiieHus: sin 0, = . OmHako, 31ech n' 3aBUCUT HE TOJBKO OT

BEJIMYUH, XapaKTEPU3YIOIIUX CPely, HO U OT yrJia najeHus 0. .

Tak kak, MO TPEANMOJIOKEHHIO, TIEPBOU CPEAOU CIYKUT AUDIICKTPHK,
TO OTpaxk€HHasi BoJHA Oyaer oOObIYHOM (OJHOPOAHON) BOJHOW C
BemecTBeHHOM (a3zoi. Kak m B cootHomeHusx (1.142), KOMIOHEHTHI
aMIUTATYJIbI [a/IafoLIeii BONHBI A U A) ¥ COOTBETCTBYIOIIME KOMIIOHEHTBI

OTpa)KCHHOU BOJHEL R ¥ R, CBSI3aHBI COOTHOLICHUSIMH

o __180,-6,)
1= e(0, + )4’
. (4.83)
sin(6, - 0,)
R =———"—4,.
sin(0, +6,) ]
ITockonbKy yron 6, — KOMIUIEKCHBIH, TO KOMIIJIEKCHBI M OTHOIICHHS
R R
Iy =L Te. npu OTpaeHMH TPOMCXOIST XapaKTEPHbIE H3MEHCHHS

4 A
¢dazpl. TakuM 00pa3zoM, MaJAIOMIMK JIUHEHHO MOJAPU30BAHHBIA CBET MPHU
OTPaXXEHUU OT IMOBEPXHOCTH MeTa/yia B OOIIEeM cllydyae CTaHOBUTCSA
AIUIMITUYECKU TOJISIPU30BAHHBIM.

Iycte @ u ¢, —dassl, a 75y H 7y, —abCONIOTHBIC 3HAYCHUA

K03 PUITMEHTOB OTpaKeHUs, T.€.
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R . R .
r o= Z” =R, exp(Z(pH), ro= j =R, explip, ). (4.84)
| 1

[IpenmomoxxkuM, YTO NANAIONMKA CBET JIMHEWHO TNOJSPU30BaH U
a3UMYTaJIbHBIN YIOJI paBeH O, T.C.

1go; = ﬁ, (4.85)

4
U IyCThb O, —a3UMYTAIBHBIM yroi (OOBIYHO KOMIUIEKCHBIN) JId

OTPaXEHHOI'O CBETA, T.€.
R, _cos(0,-0,)
" R, cos(6,+6,)

tgo 1go; = peiAtgoci , (4.86)

rae p:&,Achl—(p”. (4.87)
R
3aMeTHM, 4YTO BEIMYMHA O, BEIIECTBEHHA B CIEAYIOIIUX JBYX
CIIy4asix:
1. TIpu HOPMATEHOM TIaJIeHHH TI0CKoH BosHEI (0, =0); Torma P=1 u
A =0, Tak 49TO fgQL, = IgOL;.

. T
2. Ilpu ckomnp3seM NaJeHuH MI0CKOW BONHBI | 0, = 5 ; Torna P =1

U A =T, TaK 4To g0, = —Iga; .
Mexay IByMs TOJIBKO 4YTO pPacCMOTPEHHBIMU 3KCTPEMAJIbHBIMU
yIJlaMHM CYIIECTBYET TaK Ha3bIBa€Mblil TJIaBHBIM yroi mnageHus 0., i

T o o
KOTOPOro A 25. HpI/I 9TOM VYIJIC JIMHCHUHO IIOJIAPHU30BAHHBIN CBCT B

o0lIeM ciydyae MpeBpallaeTcs TMocie OTPaKEHUS B AIUTUINTUYECKU
NOJIApU30BaHHbIM cBeT. Ecmm, xpome toro, ptgo, =1, 1O cormacHo

cooTHoEHUIO (4.86) fgo, =1, IpU 3TOM OTpPaKEHHBIN CBET MOJIIPU30BaH
o KpyTYy.

IIpeamnonoxxuM, 4TO Ha METAJUI TMAAACT JMHEHMHO MOJIPU30BAHHBIN
CBET, U MEXIYy RH U R, BBOOUTCA C IIOMOLIBIO IOAXOIAIIErO

KOMIIEHCATOpa JONOIHUTENbHAs pa3HoCcTh ¢a3 A. Eciau nonmHas pa3HOCTb
¢da3 paBHa HYJIO, TO OTPaXEHHBIM CBET OyneT JIMHEWHO MOJSPU30BaH C
a3MMyTOM O.., B COOTBETCTBHH C BBIpakeHHEM (4.86) ompenensieMbIM 13

COOTHOIIIEHHUS
tgo. = ptga,;. (4.88)
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BrnosiHe  ecTecTBEHHO,  4TO roJI O  Ha3bIBaeTCs [JI0OM
> y r y

BOCCTAHOBJICHHOW MOJISIpU3alliU, XOTSI €r0 OOBIYHO OIPENENSIOT TOJIBKO
JUISL TIAIAOLIETO CBETA, JTUHEHNHO MOJIIPU30BAHHOIO C a3UMYTOM O, = 45°.

Beeném yrou y, onpenensieMblii U3 COOTHOIIEHUS

gy =p. (4.89)

Ucnonb3ys cooTHomeHus (4.74) u (4.83) 1 3Has MOCTOSTHHBIE MeTaJlIa
n u k, JErko HalTH 3aBUCUMOCTh BenMuuH p U A ot 0,. OpHako,

npoOsemMa 3aKiIrYaeTcss He B TOM, YTOObI HAUTH Yy U A 1O U3BECTHBIM
3HAUEHUSIM 1 U %, @ YTOOBI ONPEAENUTh 7 U Y MO IKCIEPUMEHTAIBHO
HAOJIOJAaeMbIM 3HAUEHUSIM aMIUIMTYIbl U (a3bl CBeTa, OTPAKEHHOTO OT
MeTaJlIa.

Tak kak BCe BENMYUHBI R, R, @, @, ¥ U A SBISIOTCS QYHKIHAMH
yriaa 0; ¥ BEeJIMYUH 1 U Y, TO U3MEPEHHE JIFOOBIX JBYX W3 HUX AJIs KAKOTO-
TO 3HAUEHM yIJIa najieHus 0, Mo3BOJIUT, BOOOIIE rOBOPs, HAUTH 3HAYCHUS
n v 7. Bo MHOrHX 3KCIEpUMEHTaxX ONPENEIISIOT MOCIEAHUE ABE U3 3TOTO
pAna BEIWYKH, @ TO3ITOMY IPEJACTABISAECT UHTEPEC MOIYUYUTh 3aBUCUMOCTH
nuAYy oTVyY uA.

N3 Beipaxenuii (4.74) u (4.86) umeem

1+ pexp(iA)  cos6,cosh, _1/172 —sin” 0, (4.90)

1-pexp(iA)  sin®,sin®,  sin0,go.

Tak xak p=tgy, neByro dYacTh YypaBHeHus (4.90) MoxHO

npeoOpa3oBaTh K BUIY:
I+p exp(iA) I+ exp(iA)tg\u _ cos2y +isin2ysinA

= = 4.91
l1-p exp(iA) 1- exp(iA)tg\V 1 -sin2ycosA #31)

[ToncTaBuB 3T0 BhIpaxeHue B BeipaxkeHue (4.90), nonyyaem

~2 .2 .. .
_ 0
n-—sm"0;  cos2y+isin2y s1nA. (4.92)

sin 0,70, 1-sin2ycosA

B BuanMoii 061acTi crieKTpa 00BIYHO

n2(1+xz)>>1,
a TOPTOMY BEJIMYMHOM Sin®0 IO CPaBHEHHIO C 71~ MOXHO IpeHeOpeds.
Torna
n B n(l + ix) N
sin 0,720, ~ sin 0,10, h 1 —sin 2y cosA

_ cos2y +isin2ysinA

HpI/IpaBHI/IBaSI BCIICCTBCHHBIC YaCTHU, HAXOAUM, UTO
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~
~

_sin O{tgﬁi cosZ\u. (4.93)
1 —sin2ycosA
[IpupaBHUBas MHUMBIE YaCTH U UCTIONB3Ys HaWJIEGHHOE COOTHOIIIECHUE
(4.93), nomyyaem
Y ~tg2ysinA. (4.94)
WHorga oka3pIBarOTCS MOJE3HBIMHU U JPYTHU€ COOTHOILIEHUS IS 1 U

v - Bo3Beném B KBazpaT JIEBYIO U IIPaBylO YaCTU COOTHOIIEHUs (4.92):

7% —sin’ 0, cos® 2y —sin® 2y sin® A +isin 4y sin A

. 2 2 . 2
sin” 0,2g°0, (1-sin2ycosA)
~2 _ 2 2 . 2
Ecmu yuects, uTO0 1 =n (1 —X )+ 2in“y, U TPUPABHATH OTIEIBHO
BEILIECTBEHHBIE 1 MHUMBIE YaCTH, TO MOJTYYUM
cos” 2y —sin? 2y sin® A
- 2
(1-sin2ycosA)

n?(1-x2)=sin’0,| 1+1g2, (4.95)

B sin® 0,1g%0, sin 4y sin A
(1-sin 2y cos A)2
®opmyibl (4.95) u (4.96) onpenensioT HE n U Y, 4 KOMOWMHALIUU

2n*y (4.96)

n’ (1—)(2 ) u nzx, KOTOpbIE MUMEIOT MpocToil (usnueckuii cmbici. [lpu
nw=1 (4ro Bcerma crpaBeIMBO B ONTUYECKOM JHualia3oHe) BEIUYUHA

nz(l—xz) B cooTBerctBUU ¢  (dopmynoit  (4.65) omnpexaenser

JIMAIEKTPHYECKYI0 MPOHHIIAEMOCTh, a BEIHMYMHA 71°)Y B COOTBETCTBHH C
dbopmynoit (4.66) omnpeaensieT OTHOIICHUE MPOBOJUMOCTH K dactoTe. M3
3HAYEHUH STUX BEJIWYMH M, B YACTHOCTH, M3 HUX JUCHEPCUU MOKHO
HOJIY4YHUTh UH(POPMAIHIO O CTPYKTYpE METAIIIOB.

PaccMOTpuM  MHTEHCHBHOCTh  CBETa, OTPaKEHHOIO  IVIQAKOMN
IOBEPXHOCTHIO METaJIa ¥ MPOIIEAIIETO CKBO3b HEE. Y T00HO MOI0KHUTh

n,cos0, =u, +iv,, (4.97)
rne u, U vV, — BelleCTBEHHbIe BelanuuHbl. Bo3Bens BeipakeHue (4.97) B
KBaJpaT M HCIONb3Yys 3aKOH NIpPEJOMIIEHHS B BHIE: 7,SIn0, =nsin0,,
HoJy4yaem

(uy +iv, ) =7} —n?sin®,. (4.98)

[IpupaBHUBas  OTAENBHO BEUIECTBEHHYHD M MHUMYIO  YacTH
BbIpaxeHus (4.98), Haxoum

u? —v2 =n2{l—y3)-nsin’0,, (4.99)

2
UyVy =NyYo-
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Ortcrona cnegyer, 4To
2u; = ng(l - xg)— n’sin” 0, +

\/[nz Xz n1 sin 6] +4n2x2,
2v3 :—[nz(l—xz)— n’sin” 0 ]+

\/[n2 Xz nlzsm 6] +4nzx2

[Ipu onpenenennn K03(pPUIIMEHTOB OTPaKEHUS U IPOITYCKAHUS CBETA
Ha TIOBEPXHOCTH pas3fena MNpOo3pavyHOro [IUAJIEKTPUKA W IPOBOJAHUKA
paccMOTPUM OTAENBHO CIy4au, KOTJA JIEKTPUUYECKHI BEKTOP IMaJarollei
BOJIHBI IEPIICHIUKYJISIPEH U NTAPAJUICIIEH TUIOCKOCTH TaJICHHUS.

> (4.100)

Inexmpuueckuli eKmop nepneHouxyisaper niockocmu naoenus (TE onna)
B stoMm cnydae mpu 3aMeHE B COOTBETCTBYIOIIEM Bbipaxenuu (1.140)
BEJIMYUHBI 1, cosO, Ha n, cos0, =u, +iv, noayyaem
n,cos0, — (1, +iv,)
: (4.101)
n,cos0, + (u, +iv,)
3nece 0, = 0,. 3 cootHomenus (4.101) Haxoaum, 4To

r =% eXP(l(PL)

2
(n1 cos 0, +u, )2 + V%
2v,n, cos0
g0, =— 271 21 5 (4.103)

B cootBercTBruM ¢ dhopmynoii (1.139) umeem

f =3, explin, )= — 2SO (4.104)
n,cos0, +u, +iv,

B cootBerctBun ¢ dopmynon (1.151) xoaddunmeHT mpomyckaHus

n,cos0, 2
T= —H 3nech  Bce BENMYMHBI - BellecTBeHHble. [loaTomy,
n, cos 0,
. n, cos9,
yUUTbIBasi (U3NYECKUH CMBICT OTHOLICHUSA P B BBIPAXKECHUU
1, oS
1 1

(1.151), B paCCManI/IBaeMOM CJIydae MOXKEeM HaIucaTh

\/ —nsin” 0, ‘ ‘ \/ —nsin” 0, <2
n, cos 0,

n, cos 0,
IIpu aToM
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2 22
A cosE)l\/n2 —n; sin” 0,

T, = (4.105)
* (n,cos 0, +u, )2 +V5

v
g\, = 2 : 4.106
&5 n,cos0, +u, ( )

Dnekmpuyeckuil 6ekmop napaiienen niockocmu nadenus (TM eonna)
Ucnonb3ys coorBeTcTBYOMTYI0 Popmydty (1.140), monydaem

1 1
—cos0, ——cos0,

. n n
1y =R, expliy )= - 1 : =

1
—cos0, + _cos0,
) n L)
_ Ny cos6, —mn,cosB,

— 4.107
iy cos O, + nit, cosO, ( )
_ _[n%(l—x§)+ 2in§x2] cos 0, —nl(u2 +z’v2)
[n§(1 —x%)+ 2in§x2] cos 0, +n1(u2 + ivz)
OTtcroia HaxoIuM
n2l1—y2)cosO, —nu ? + 212y, cosO, —n,v ?
p”:mT:[z( Xz) 11— M 2]2 [ 2X2 11— M 2]2 (4.108)
[n§ (1 % )cos 0, + nluz] + [2n22x2 cos0, +nv,
2
1g9, = 2mn3 cosh, 1= x3)vs -2, . (4.109)

nd (1472 ) cos? 0, —n?(u2 +v2)
Ucnonb3ys cootBeTcTBYONTYI0 Popmydaty (1.139), monydyaem
fy =3y explivy )= — T80

n, cos0, +nn, cosH,

_ 2(1+iy,) mn,cos, (4.110)
[n§ (1 — x% )+ 2in§x2] cos0, +n, (u2 + ivz)

ITpu sTOoM

T =3 = 4, cosy 1+ 3 n] —nf sin” 6, (4111

[ng (1 —3 )cos 0, +nu, ]2 + (2n§x2 cos0, +n,v,
n22(1+X§)X2 Cose1 _”1(X2”2 _VZ). (4112)

n22(1+xg) cos 6, Jrnl(u2 +X2V2)

gy =
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[Ipu HOpMaIbHOM MAJEHUU CBETA Ha IOBEPXHOCTH pa3zelia Cpel yroi
0, =0, pu 3TOM paznuuue Mex1y R, m R, ncyesaer, MIOCKOCTD Ma/ICHHS
CTAHOBUTCS HEONPENEIEHHOM, a BEIUYMHA U, U V, B COOTBETCTBHUH C
BblpaxkeHUsIMU  (4.100) cTaHOBATCS pPaBHBIMU U, =Ny, V, =Hy),.
[ToncTaBuB 3TH BenuuurHbI B BhipaxkeHus (4.102) u (4.108), nomyyaem

2 2 N 2
:ﬂ :RJ_‘ :(”2_”1)24‘”22%%_”2_”1‘ 4
p SiLYSR L 4.113)
4 AL‘ (”2+”1) 1% ”2"‘”1‘
WIN
n —l|2 (n —1)2 +ny’
- - , 4.114
P ﬁ+1‘ (n+1)2+n2)(2 ( )
rae ﬁ:@, n=&, X="%-
n n

Tabnuua 4.2. OnTUYeckme NocTosHHbIE HekoTopbix MeTannos ans A = 0,589 mkm

Merain X n P
AnroMuHuN 5,23 1,44 0,83
Pryth 4,80 1,60 0,77
CypbMa 4,94 3,04 0,70
IImaTtuna 4,26 2,06 0,70
Cepebpo 3,67 0,18 0,95
BucmyTt 3,66 1,90 0,65
30710TO 2,82 0,37 0,85
Menp 2,62 0,64 0,73
CBuHeInn 3,48 2,01 0,62
Bonbdpam 3,25 3,46 0,54
Huxenb 3,42 1,58 0,66

OnTtuyeckue NOCTOSHHBIE PANa YUCTBIX METAJIOB, MOJYYECHHBIE
IKCIIEPUMEHTANILHO, TTpuBeIeHbI B Ta01.4.2. [locTosiHHBIE 11 U 7, @ BMECTE

C HUMU U KO3(PPUIIMEHTHI OTPAXKEHUS METAILJIOB, 3aBUCAT OT JJIMHBI BOJHBI
cBeTa. DTa 3aBUCHUMOCTD B o0OJytacTu uiMH BoJaH oT 0,2 1o 0,7 MKM ITOKa3aHa
Ha puc.4.7 Hjisi HEKOTOPBIX YAaCTO HMCHOJIb3YEMbIX MeTaanoB. HamMmenee
CEJICKTUBHBIM (HauOoyiee HEUTpalbHBIM) U3 HHUX SBJISIETCS AJTIOMUHHM, a
HanOOJIBIIUM KO3(P(PULIHUEHTOM OTPAKEHHS B BUIMMOM OOJIACTH CIIEKTpA
obnanmaer cepedpo. Kpupas koadduimenta oTpaxkeHus cepedpa HUMEET
PE3KO BBIPAKEHHBI MUHUMYM TPHU JJIMHE BOJHBI WU3IYyYEHUS, PaBHOUN
0,316 mxMm. Ha aToM y4acTke ero KodPHuIMeHT OTpakeHHsI TaKOU JKe, Kak
y crekna. Crnoi cepebpa Tonmuuoi 0,1 MKM MpoITycKaeT MpH 3TOW JUIUHE
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BOJIHBI OKOJIO TIOJIOBUHBI MAJAIOIIET0 TOTOKA, B TO BPEMSI KaK IMPHU JIJIUHE
BosTHBI 0,4 MKkM OH npomnyckaeT okojio 0,01 %, a nmpu A =0,5 Mkm — He

1,0

o T

4/, // P

0.8 AJ'I}O/MI/IHI/Iﬁ / [TnaTuHa %
\/ —

S
ho /%/ — //<30JIOTO
NS ==
0,2 A\
Cepebpo 2
0 0,2 0,3 0,4 0,5 0,6 iei

Puc.4.7. KoadhdpuuneHTbl OTpaXXeHns MeTannos B BUAUMBIX U yNbTpadnoneToBbIX
nyyax

oombiie 0,001 %. [Ipu cMemeHnu IJIMHBI BOJHBI MAAI0IIET0 U3TYyYSHHS B
uH(PpakpacHyo o01acTh KO3QPUIUEHTHI €r0 OTPAKEHUSI OT MOBEPXHOCTH
METAJIJIOB CTAHOBATCS OObIE. DTO CleAyeT W u3 puc.4.8, Ha KOTOPOM
MOKa3aHbl KpUBBIE KOA((PUIIMEHTOB OTpaKeHHS OT CIIOEB cepedpa, 3010Ta
U aJIOMHUHUS, HAHECEHHBIX UCMAapeHUuEeM Haubosee YUCThIX MaTepUajoB B
CBEPXBBICOKOM BaKyyMe (10_9 —10_10)-133 ITa. Beicokue ko3 UIIMeHTHI
OTPaXEHUS OT AJTIOMUHHUEBBIX 3epKaJl (10 92 %) MOKHO MOJYYUTh U B

1,0 —

Pl 1 _~

2 el
[/
/ [
§
0, [\

T

A

0,4 0,6081,0 2 3456 810 20 iéi

0,84

Puc.4.8. KoahduumneHTbl oTpaxeHnsa YmcTbix cepebpa (1), 3onota (2) n antoMuHus
(3) B BUAMMBIX 1 MHGPAKpPaCHbIX Ny4vax

ynbTpaduoneToBoit obnactu cuekrpa (10 220 HM), eclii UCHapsITh YUCTHIM

metamt (yucrtora 99,99 %) ¢ odeHb OOJBIION CKOPOCTHIO (IIPUMEPHO
300 A/c u BbIIE).
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4.5.4. lNornoweHne ceBeTa B BeLLECTBE

D, ® O —dD
/
A AR AN
/
A 7
/ / / /
o
0 z
2 A
¢ Z =dZ=
z=0

Pnc.4.9. MornoweHne ceBeTa B BeLLeCTBe

[Ipenmnonoxum, 4To 4vepe3 TOJMILY OJHOPOJHOTO MPO3payHOro (T.e.
HEPACCEHMBAIOIIET0), HO TMOTJIOMIAONIET0 BEIIECTBA PACHPOCTPAHSIETCS
Iy4YOK Jy4eH H3JIy4YEHHs, IJIMHBI BOJH KOTOPOrO MPUXOIATCSA Ha Y3KUU
CHeKTpabHbIM uHTEpBaT A+ AA. Ilydok 1yded 3amojiHIET Malblid
TEJECHBIM yroa B HampaBJIC€HUU OCHU Z, a MOITOMY OylneM CUUTaTh €ro
My4YKOM TapajyieNbHbIX Jiyderd. Korga 3TOT my4yok Jiyyerd nmpoXOoJauT depe3
IJIOCKOCTh, OTCTOSIIYIO HA PAacCTOSHUM Zz OT Hadaja OTCYETa, Kak
noka3zaHo Ha puc.4.9, TO TMEPEHOCUMBIM MM CBETOBOM MOTOK OyleM
cunutath paBHbiIM @. B miockoctd ¢ KoopAuHATOM z+dz, T.e. mocie
MIPOXOXKJICHMS CJIOSI BEIeCTBA TOJIIUHOW dZz, TMOTOK YMEHBIIAeTCs Ha
BenuuuHy d®. B oOnactu ManbIX M3MEHEHHH BETWYMH €CTECTBEHHO
MOJIOKUTH

—d® =o' Ddz, (4.115)
rae o —HaTypalbHBI IOKa3aTeidb IOIJIOMICHUS pPacCMaTPUBAEMOTO
BEIIIECTBA JJISI W3JIYUYCHHS JJIMHBI BOJHBI A, KOTOPBIA CIEAYET CUUTATH
BEJIMYMHOU MOCTOSHHOU. [ToCKONBKY TIpU YBEIUYEHUU PACCTOSAHUS z (dz
MOJIOKHUTENIFHO) CBETOBOM MOTOK @ yMeHbInaercs, BennunHa d® goipKHA
OBITh OTPHUIATEIBHON, YTO M OMPENETICHO 3HAKOM MHHYC B BBIPAXKEHUU
(4.115). U3 cootHomienus (4.115) cnenyer, yTo moka3areib MOTJIONICHUS
o' MMeeT pa3MEepHOCTh, 0OPATHYIO Pa3MEPHOCTH JUTHHBI.

HuddepenunanbHoe ypapHeHue (4.115) nerko pemuTh MTyTEM
pa3feneHus TepeMEeHHbIX. BBoag mMoCTosiHHYH0 wuHTerpupoBanus C,
MOJTy4aeM
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dE:lnCD =—a'z+C
O

Wi

® = exp(—a'z+C). (4.116)

[lonaras 3HaueHue cBETOBOro notoka npu z =0 paBHbM D, umeeM
D, = exp(C ) [Ipu sToM Beipaxkenue (4.116) MOXXHO 3amucaTh B BUJIE

® =D, exp(-a'z).

Orcrona cienyet, 4To KO3GOUIIMEHT MPOMYCKaHUs CJIOS TOJIIIMHON Z
paBeH

T= @ _ exp(—a'z). (4.117)
D,

CootHomienue (4.117) onpenensier 3akon byrepa-Jlambepra. 3akoH
byrepa Obu1 yctanosieH B 1729 roay, a B 1760 rogy Jlambept npuaan emy
yA00HYI0 MaTeMaTH4ecKyro (opMy, KOTOPOM MOJIb3YIOTCS M B HACTOSIIIEE
BpeMmsi. B Hauane XX Beka C.M.BaBUiioB 3KCiepUMEHTAIBHO TOKA3aj, YTO

B IpeJelaX OYeHb MIMPOKMX M3MEHEHWi IUI0THOCTH m3nyderus (B 102
pa3) mokasaTeib MOTJIONEHUSI MHOTHX BEIIECTB OCTAETCS HEU3MEHHBIM.

Urak, mnpoxoxaeHue  mnapauiebHOrO IIydykKa Jyded  uepes
MOTJIONIAIONIYI0 CPEeAy CBSI3aHO C MOIJIOHIEHWEM H3JIy4eHUs B O0OBEME.
Ecnu cumTarh, YTO IUIOLIA/b MOMEPEYHOTO CEYEHUs IydKa paBHa S, TO
00BEM, B KOTOpOM moryomaercs notok d®, paBen Sdz. Paznenus
BoIpaxeHue (4.115) na dV = Sdz u oTOpocUB 3HAK MUHYC, TTOJTy4aeM, YTO
00BEMHAsI MJIOTHOCTH MOTJIOMIEHHOTO MOTOKA paBHA

4

e _a'® _ g

dv S
rae E, — OCBEIIEHHOCTh IIOCKOCTH, INEPHNEHAMKYJISIPHOW K Iapajuleib-

no

HOMY ITy4KY JIy4eH.

B npaktuyeckux pacy€rax dyaiie MOJb3YIOTCS HE HATypalbHBIM, a
JNECATUYHBIM TOKa3aTeJeM TOTJIONIEHUS a, BbIpaxkas Kod(phuuueHt
MPOMYCKAHUSI COOTHOIICHUSIMU BU/JIA:

T=10708%= — 107 (4.118)
rac I[CCHTPI‘IHBIﬁ IIOKAa3aTCJIb ITOTJIOIMICHUA
a4 =0434q = 8T (4.119)
y4

lgt — necaruunbli norapupMm T.
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1
N3 Beipaxenus (4.118) cimexyet, 4To eciu z =—, TO KOd(PhUIIMEHT
a

- 1 .
nponyckanus t=10"", T.e. JIMHA — NOpeACTaBIAET cobOi TaKyko
a
TOJILIMHY CJI0sl, MOCJE MPOXOXKAECHUS KOTOpOM IMydok ocnabisercs B 10
pas.
Benuuuny
1
D=lg—=-lgt=az (4.120)
T

IPUHATO Ha3bIBaTh OINTHYECKOM IUIOTHOCTBIO CJIOS MOTJIOIIAIOIIETO
BemecTBa. M3 Beipaxkenus (4.120) ciaeayer, 4TO AECATUUYHBIA MOKa3aTelb
IIOTJIOLIEHHSI PABEH ONTHYECKOM IUIOTHOCTH CJOs, TOJIIIHHA KOTOPOTO
paBHA €MHULIE.

Tabnuua 4.3. KoadpdurumeHT nponyckaHus T 1 onTudeckas nnotHocts 1

Koapdu- 0 1 ) 3 4 5 6 7 8 9
[IUEHT

TporycKa- Onruyeckas IIOTHOCTh D
HUA T

0,1 1,000|0,959(0,921{0,996|0,854|0,824|0,796|0,770(0,745|0,721
0,2 0,699|0,678(0,658|0,638(0,620|0,602|0,585|0,569(0,553{0,538
0,3 0,52310,50910,495|0,481(0,469(0,456|0,444|0,432/0,420|0,409
0,4 0,398/0,387(0,377(0,367(0,357{0,347|0,337/0,328/0,319/0,310
0,5 0,301/0,292/0,284|0,276(0,268|0,260(0,252|0,24410,237|0,229
0,6 0,22210,215(0,208|0,201(0,194|0,187(0,180|0,174(0,168|0,161
0,7 0,155/0,149/0,143|0,137(0,131|0,125(0,119/0,114{0,108|0,102
0,8 0,097/0,092(0,086(0,081(0,076|0,071{0,065|0,060{0,056|0,051
0,9 0,046/0,041(0,036|0,032(0,027|0,022{0,018]0,013{0,009|0,004
1,0 0,000

B T1abm.4.3 pmaHel oONTHYECKHWE IIJIOTHOCTH, COOTBETCTBYIOIIHE
kodddurmenty mpomyckanus T oT 0,1 go 1,0 uepe3 0,01. Ilepssrit
cToyioel] d3TOW TaOJMWIBl COACPXKHUT JAecsAThbie g0 Kodhduimenta
MIPOMYCKAaHMs, a €ro COThIE JIOJW TPUBEICHBI B NEPBOM CcTpoke. Takum
oOpa3oM,  onTUYecKas  IUIOTHOCTb,  COOTBETCTBYIOLIAs  JIHOOOMY
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JIBYX3HaYHOMY KO3((ULHEHTY MPOIyCKaHUsl, MOXKET ObITh HaiiieHa Ha
MEPECEUCHUN COOTBETCTBYIOIIEH CTPOKM M HYXKHOro crojoua. Ecim
kod(puneHT mnpomyckaHus okasbiBaeTcs Menblne 0,1 (Hanpumep,
0,0035), TO COOTBETCTBYIOIIYIO €My IIJIOTHOCTh MOKHO HaWTH,
NepeBUHYB 3aISITYI0 BIIPaBO JO MEpPBOM 3Hauamied 1mudpbl U yBEJIUYUB
3aT€M HAWJIEHHYIO IUIOTHOCTh HAa CTOJBKO €IMHMI, HAa CKOJbKO 3HAKOB
MPUIILIOCH IPEABAPUTENBHO MEePEABUHYTH 3amaTyro. 13 ta6n.4.3 crnenyer,
yto nipu T = 0,35 minotHocth D =0,456. CnenoBarensHo, npu T = 0,0035
IIOTHOCTE D = 2,456.

OnTuyeckod TJIOTHOCTBIO MOJIB3YIOTCSI OYEHb IIMUPOKO M YacTO B
pacu€rax mnpenmnoyuTaror €€ KO UIMEHTY TMPONYCKAHUS  WJIU
noryomenusi. Ha 310 ecth nBe mnpuuusbl. llepBas, kotopas uMeeT
CYIIECTBEHHOE 3HAUYE€HHUE JIsi XMMUKOB, COCTOUT B TOM, YTO BO MHOTHUX
ClIy4asiX ONTUYECKas IUIOTHOCTh PAacTBOpa MPOMOPIIMOHAIBHA KOJIUYECTBY
pacTBOPEHHOrO BelecTBa. Yacro MOXHO CYUTATh, 4YTO PACTBOPUTEIb
MPAKTUYECKH HE MOTJIONIAET NPOXOASIIEro u3iyyeHus. Torna cnpaBenivs
3aKOH bapa, ycranoBieHHbIN B 1852 romy, cOrmacHO KOTOPOMY ITOKA3aTeNb
MOTJIOLIEHHUSI @ PacTBOpa MPONOPLHMOHAIEH ero KoHueHtpauun C. B
TakOM cJydae MOXXHO Hamucatb, 4dro a=kC, trne k — yaenbHbIN
MoKa3arelib TOTJIONICHUSI PACTBOPEHHOTO BEIIECTBA, PACCUMTAHHBIA Ha
CAMHUYHYIO0 KOHLIeHTpatuto. [Ipu aTom

D=ax=k(Cz, (4.121)
T.e. ONTHYECKas IUIOTHOCTb  pacTBOpa  MNPOIMOPLUOHAIBHA  €ro
KOHIICHTPAIIUH.

Hpyras mnpuudHa, KOTOpas 3acTaBige€T OTAaBaTh MPEANIOYTCHUE
ONTUYECKOU IUIOTHOCTH, COCTOUT B TOM, YTO, KaK CJIEIyeT W3 BbIPAKCHUS
(4.120), oHa mporopIMoHaabHA TOJIIMHE X TOTJIOMIAIOIIETO CJIos, B TO
BpeMsi Kak KOd(PGUIIMEHT MNpOIyCKaHUs CJIOS SIBJISETCS IOKa3aTeIbHOM
dbyHkiuenn ero ToamuHBL [lo3TOMY  paccuuThIBaTHL  ONTHUYECKYIO
MJIOTHOCTH CJI0S1 BO MHOTHUX CJIydasiX ropas3jio Mpoiie.
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