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BBEJAEHUE

CBeToTexHUKa — 001aCTh HAYKH U TEXHHUKH, IPEIMETOM KOTOPOU SIBISIOTCS
UCCJIEJOBaHUE MPHUHIIMIIOB U pa3pabOTKa COCOOOB FeHEPUPOBAHUS, IPOCTPaH-
CTBEHHOT'O IepepacnpeeieH!s] U U3MEPEHHs] XapaKTePUCTUK ONTUYECKOrO M3-
Jy4YeHUs, a TakKe MpeoOpa3oBaHUEe €ro YHEPrUU B IPYrUe BUAbI SHEPTUU U UC-
M0JIb30BAaHUE B PA3IUYHBIX LesAX. CBETOTEXHUKA BKIIIOYAET B CEOs TaK)Ke KOH-
CTPYKTOPCKYIO U TEXHOJIOTHYECKYIO pa3pabOTKy MCTOYHHKOB M3JIYYECHHS U CH-
CTEM YMpaBJICHUS UMM, OCBETUTEIbHBIX, OOJy4YaTEIbHBIX U CBETOCUTHAJIBHBIX
npuOOPOB, YCTPOUCTB U YCTAHOBOK, HOPMUPOBAHKE, TPOCKTUPOBAHUE, MOHTAXK
Y DKCIUTYaTalMI0 CBETOTEXHUYECKUX YCTaHOBOK [1]. B Hacrosmee Bpems cBeTo-
TEXHUKA — 3TO HayKa O CBOMCTBaxX CBETA, BO3MOXHOCTSX U MPUHLIHIIOB €ro UcC-
NI0JIb30BAHUS, a TAKXKE O HOBBIX AJbTEPHATUBHBIX UCTOYHUKAX MOJYYCHUS CBE-
ta. KpoMe Toro, cBeToTexHuKa U3ydaeT BO3ACHCTBUE €CTECTBEHHOIO M UCKYC-
CTBEHHOI'O OCBEILCHHS HAa BEILECTBA W JKUBbIE OPraHU3Mbl. CBETOTEXHUKA KaK
HayKa IUIOTHO CBSI3aHA C YHEPIETUKOM, JJICKTPOHUKOM, ONITUKOU, apXUTEKTYPOUN
U onurpaduei.

Kypc «OCHOBBI CBETOTEXHUKW» MPETHA3HAUEH, B TIEPBYIO OUepeb, A CTYy-
JIEHTOB, OOy4aronIMXcs Mo nporpaMme « TeXHOJIOTHS MOJIUrpapuUIecKoro 1 ymna-
KOBOYHOT'O MPOM3BoIcTBa». [Tonurpadus TecHO cBsA3aHa CO CBETOTEXHUKOM, T.K.
PaKTUYECKUA B JIIOOOH TEXHOJIOTMH, UCIOJIb3YeMOW B MOJIUTpadUuuecKkoM Mpo-
U3BOJICTBE, MPOU3BOJUTCS 3aIUCh M300paKEHUSI C MOMOIIbIO ONTUYECKOTO H3-
JTy4YEHUS.

JlanHoe y4yeOHOe mocoOue SIBIASETCS JOMOJHEHHWEM H3BECTHBIX Y4eOHHKOB
110 OCHOBaM CBETOTEXHHMKH M TEXHHUYECKOH omrtuke [2—6]. OHO pa3duTo Ha 6
IJIaB, KOTOpPbIE BKIIIOYAIOT B ce0s M3JI0KEHHE COBPEMEHHBIX MPEICTaBICHUNA O
IPUPOJE CBETA, NIEPEYEHb OCHOBHBIX CBETOBBIX M JHEPIETHUECKUX XapaKTepH-
CTHK H3JTy4y€HUs, 3aKOHbI IPeoOpa30BaHusl ONTHUECKUX U3TYYCHHUH pa3inyHbI-
MU CpellaMHU, ONKMCaHUuE NMPUEMHUKOB U UCTOYHHUKOB H3iydyeHuid. Ocoboe MecTo
B MOCOOMM 3aHUMAET OMHCAHHME METOJOB I[BETOBBIX M3MEPEHUN M IMPUHLHUIIOB
paboThl Pa3IMYHBIX ONTHUYECKUX YCTPOWCTB, KOTOPbIE NMPUMEHSIOTCS, B TOM
yucie, B moiaurpadumu.



I'JTABA 1. PU3NYECKASA ITPUPOJA U3TYUYEHUA
N EI'O XAPAKTEPUCTUKHA

§ 1. CoBpemeHHOe npeacTABJIEHHE O IPUPO/IE CBETA

Konen XIX n Hauano XX Beka 03HAMEHOBAIUCH PAJIOM BEIUKUX OTKPBITHM,
KOTOPBIE B KOPHE M3MEHWJIM HAlIE MPEICTABICHUE O 3aKOHaxX npuponasl. K yuc-
JIy TAKUX OTKPBITUH MOYKHO OTHECTH CO3JIaHHE TEOPHUU DJIEKTPOMATHUTHOTO I10-
751, caenaHHoe aHrmickuMm ¢usukoMm J[xeiimcom MakcBemiom B koHie XIX
Beka. CTajo SICHO, 4TO CBET — 3TO JIEKTPOMATHUTHAS BOJIHA, JUIMHA KOTOPOU
onpenensieT uBeT (puc. 1.1). Teopuss moaATBep:KaaeTcsi MHOTUMH ONBITAMU, B
YaCTHOCTH, OIIbI-
tom T. IOHra, mu
JAHHOE TI0BE/ICHUE
ceera B BHUIE

¢ = 300 000 Km/c — cKopOCTb cBeTa

Jlyy — nepneHauKynap \
BO/IHOBOMY GPOHTY —

AIIEKTPOMArHuT-
o reomeTpmnyeckan 1MHuAa,
HOM BOJIHBI
YKa3blBatoLlan
HaOJIIOaeTCst B HanpasneHe
TaKuXx buznye- pacnpocTpaHeHusa cBeTa j

CKMX  SIBJICHUSX,
KaK  JUcCrepcus,
mupakuus 1 UH-
TepdepeHIus cBe-
Ta.

OnHako MHO-

rue apyrue usu-
YCCKHC  ABJICHU, Puc. 1.1. XapakTepucTUKy BOJIHBI
CBSI3aHHBIE CO CBE-
TOM, OJHOU BOJIHOBOW Teopued OOBSCHUTH HeNb3sl. K TakuM SIBJICHUSM OTHO-
cutcs, Hanpumep, GoTodhPeKT — sBIEHUE UCITYCKAHUS AJIEKTPOHOB U3 Belle-
CTBa Mo BozelicTBUeM cBeTa. CylecTBOBaHUE KpacHOM rpaHuilbl poTodPdek-
Ta — MAaKCUMaJIbHOMN JJIMHBI BOJHBI MAJalolIero CBETa, P KOTOPOH BO3ZMOKEH
boTodd et — okazanoch, HEBO3MOKHO OOBICHUTh, UCXOJIS U3 BOJTHOBOU MpH-
ponbl cBeta. B Hayane XX Beka Makc [1nank u Anb0epT DUHIITENHH BbIIBUHY-
JIM TUIIOTE3y O KBAaHTOBOM mpupoje cBeTa. CorjiacHO 3TON KOHIEMIIUA CBET —
3TO MOTOK YACTHIl, KBAHTOB, OTOHOB, KOTOPbIE UMEIOT SHEPTHIO0, MPOIOPIIHU-
OHAJIBHYIO YacToTe: E =hv=hc/\=ho. UIMEHHO 3TO Tpe/cTaBlIeHUE O IPUPOJIC
CBETa TO3BOJIIIO OOBSICHUTH 3aKOHBI (oTOd(h(PeKTa, 3aKOHBI TEIJIOBOTO U3IIY-
yenus, a¢pdext Komnrona, naBnenue csera, otkpeitoe [1.H. JlebeneBoim, u apy-
TUE SBJICHUS.

Takum oOpa3zoM, cBeT 00J1a1aeT CBOWCTBOM Ayajiu3Ma, T.€. IBOMCTBEHHON
MPUPOJION, SBIISASACH OJTHOBPEMEHHO M TMOTOKOM YacTWIl, U BOIHOU. CKOPOCTH
CBETa B BaKyyMe€ MOCTOSIHHA U HE 3aBUCHUT OT CKOPOCTH JIBH)KEHUSI UCTOUHHKA U

BonHOBOW PPOHT — NOBEPXHOCTb, Ha
KOTOPOW BOMIHa UMeEeT oAnHaKoByto dasy A - ANNHA

BOJIHbI
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npu€MHUKa. DTO HauOoblIas CKOPOCTh, U3BECTHAs cOBpeMeHHOU Hayke. CBe-
TOBasi BOJIHA HE MMEET MAaccChl, HO IIPU OTOM OHA IEPEHOCUT DHEPIUI0 U UM-
nyssc. [Ipn B3aMMOIEHCTBUM C PO3PAYHOM CPENOU CKOPOCTH CBETOBOW BOJIHBI
CTaHOBHUTCS MEHbIIE, 4eM B BakyyMe. [103TOMy MOYKHO BBECTH aOCOIIOTHBIN
II0Ka3aTellb IPEJIOMIICHUS CPeZbl, KOTOPBIM ITOKA3BIBAECT, BO CKOJIBKO pa3 CKO-

pOCTb CBETa B JaHHOH cpejie MeHbllle, ueM B Bakyyme:n =c/V . B Tabmuue 1.1
UMEIOTCSl 3HAYCHHsI TTOKa3aTeseil mpenoM-

JeHus Ui HEKOTOpsIX cpen. Ilpu mpo- Ta6auna 1.1
XOXKJIEHUU TpaHULbl pasfena IABYX Cpel, Cpena n

Jy4 CBETA MPEIOMIIIETCS, a YTOJ MPEIOM-

1 P > & YTOT TP Boznyx (mpu

JIEHUS 3aBUCUT OT IOKa3aTelisl Mpesomiie-

. HOPMAJIbHBIX 1,0003
HUS, KOTOPBI, B CBOKO OYEPENb, 3aBUCUT
YCIIOBUSIX)

OT JUIMHBI BOJIHBI CBETA, IMPOXOASIIETO
yepe3 He€. DTOo SIBJICHUE Ha3bIBACTCA JIUC- Bona 1,33
nepcuer. bnaromaps emMy CcBET MOXKHO

p Aap y Crexiio 1,5-19

a3JI0’KUTH B CIIEK nc.1.2).
P R ) Anma3s 2.4

Puc. 1.2. Jlucnepcus cBeta B mpusme

§ 2. CiekTp 3/1eKTPOMATHUTHBIX MOJIel

N3BECTHBIN YENOBEYECTBY CIIEKTP AJIEKTPOMATrHUTHBIX MOJIEH YPE3BBIYAWHO
mupok: or 10° M (cBepxumMHHBIE paguoBonHbl) g0 107 M (ramma-gacTuner),
HO onmuueckoe usiydenue Haxomutcs B npenenax or 107° m (undpakpacubie



uzaydenns) 10 10~ m (ynsrpaduonerossie ayun). OH BKiIoUaeT B cebst 3 oba-
ctu (puc. 2.1):

1. Uudpaxpacuas o6macts (A=780 am—1 mm), (1 am = 1072 m);
2. Bunumas obnacts (cBeT) (A=380-780 HMm);

3. YabTpaduoneronas obmacts (A=1-380 um).

2,5 38 338 100 1K3B 'a
'-.fIIHP:H |
HK-obnacte| Awanas NH BAMM HIANYYEHHA | YO Y

X-Rays

wt,g;

Puc. 2.1. CiekTp 31€KTpOMarHUTHBIX U3ITy4EHUN

3emHasi atMocdepa UMEET OKHO MPO3PAYHOCTH B ONTUYECKON 00JIaCTH, KO-
TOpO€ HaxXxoAWTCA B AuanazoHe JuiH BoiaH oT 10 mo 0,3 mkm (ot 10000 mo
300 uM). 3a mpenenaMu 3TOrO Juamna3zoHa aTMOC(EpHBIA BO3AYX AKTHUBHO IIO-
IJIOIIAET JICKTPOMArHUTHBIE M3JIyYEHHUs ONTHUYECKOro jJuamna3oHa. B monurpa-
bun UCTIONB3YIOTCA UH(pPaKpacHbIC U YJIbTPapUOIETOBBIC Ty4YH, HO HAUOOJIb-
IUH UHTEPEC MPEACTABISIOT BOJHBI BUAUMOTO U3TyUEHHUsI. DJICKTPOMArHUTHBIC
U3JIy4EHU s, KOTOPhIC YEIOBEK CIIOCOOEH BUACTh 0€3 MPUMEHEHUS CEIUaTIbHbBIX
npuOopoB, HasbiBaeTcs ceéem [7]. TpalulIMOHHO, BUIUMBIA CHEKTp JEIAT Ha
JuanaszoHsl 7 uBeToB (Tabiu. 2.1). OTo aeneHue ycnoBHO U ObI0 BBeneHO Hbro-
TOHOM, 4TOOBI TIPHBS3aTh MX K 7 TOHaAM MY3bIKaJIbHOW rammbl. JIeoHapao na
BuHun cuurtan, 4yTo OCHOBHBIX 1BETOB J. Ilamyacsl, xuBymue B ropax Hosou
['BuHen, Ha3BIBAIOT TOJIBKO J[BA IIBETA — MYJHU (3TUM CIIOBOM 0003HAYAIOT YEP-
HbI U 3eI€HBIN) W MoOJjla — BCe OCTajbHBIC I1BeTa [8]. UenoBedeckwii 1i1a3 B
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OOBIYHBIX YCIOBHUSAX MOXKET paziandarh nopsaka 100 OTTEeHKOB MO IBETOBOMY
¢dony. CriocoOHOCTh pacro3HaBaTh OOJbIIEE KOJIMUYECTBO IIBETOB MOKHO HaTpe-
HUPOBaTh. XYJAO0KHUKH, IE€KOPATOPHI, TU3aNHEPH U TOJUTPAPUCTHI MOTYT pas-
J4aTh 0K0j0 150 11BeTOB ¥ OTTEHKOB.

Taoauna 2.1
Ber JAnana3zon JAnana3zon JAnana3zon
JJIMH BOJIH, | JHEpruu 4acTor,
HM ¢oronos, 3B | TI'u

590 — 565 2,10 -2,19 510 — 530

§ 3. DHepreTnyecKkue XapakKTePUCTUKU HU3JTyYEeHUS

JIJ1sl KONMMYEeCTBEHHOM OLIEHKH ONTHYECKOr0 U3yYEHHUs UCTIONb3YIOT JIBE CH-
CTEMBbI €MHMI]; IHEPTeTUYECKYIO0 U CBETOBYIO. IIpn 0003HaueHuun sHepreTuye-
CKHMX BEJIMYMH UCTOJIb3YETCSl MHIEKC e (aHTII. energy — «dHeprus») [9]. Ilomox
usnyuenus O, — MOIIHOCTh M3JIy4YEHHUs], OINpeJersieMasl OTHOLICHHEM 3HEPTHH,
MEPEHOCUMON M3iIyyeHuem, W, Ko BpeMEeHU NepeHoca, 3HaYUTEIbHO MPEBbIIIA-
IOLEMY MEPUOJ] JIEKTPOMArHUTHBIX KOJIEOaHUIA:

@, =W,/ (3.1)

Omna usmepsiercsa B eqununax /x/c = Bt (BaTT) u MOXeT OBIThH OIpe/iesieHa He-
CEJICKTUBHBIM MPUEMHHUKOM H3JIYYCHUS, KOTOPHIN MOTJIONIAET BCIO SHEPTHIO U3-
JTy4eHHUsl, MaJarolyto Ha HETO.

WznyueHue pacmpocTpaHseTcs B IPOCTPAHCTBE B MpeJeax OMpeneIEéHHOTO
HaIpaBlIEHUsI, KOTOPOE MOXHO OXapaKTEePH30BaTh TMOHATUEM MeleCHblll V2ol
BennuuHa TeaecHOro yriia onpenesercs mo gpopmyne: Q= A4/r*, rue A — mio-
maab y4yactka cdepbsl paguycoM r, OTPaHUYCHHOW OKPY>KHOCTBHIO, KOTOpas
HaxoauTcs Ha »Toi cepe (puc. 3.1). TenmecHbIit yron usmepsercst B crepaaua-
Hax (cp). MakcuManbHbIN TeNeCHBIN yroi paBeH 4n cp. Cuna uznyuenus I, — 310
dusnyeckas BeTWYHHA, OMpeessieMas OTHOIICHHEM IMOTOKa HM3Iy4deHHs, pac-
MIPOCTPAHSAIONIECTOCS OT UCTOYHUKA U3ITyUeHHs, BHYTPU MaJOTo TEJIECHOTO YA,
COJIepIKalllero paccMaTpUBaeMOe HAMpaBJICHHE, K S TOMY YIIIY:



[,=0,/Q. (3.2)

Puc. 3.1. U3ny4yenue B TenecHOM yrie €

Ha puc. 3.1 moka3zaH To4YeudHBIN
UCTOYHUK u3nydeHus. Ho, Ha npakTu-
K€ UCTOYHHUK UMEET KOHECUHBIE pa3Me-
pHlI (puc. 3.2). Beinenum mnomanaky 4;
Ha TIOBEPXHOCTHM HCTOYHHUKA. [loTok
W3JIy4YCHUS, UCXOASAIIMNA U3 3TOU TIO-
1I3JIKU BO BCEX HAIIPaBJICHUSX, OTHE-
CEHHBIM K €€ IUIOmAIM Ha3bIBacTCS
aHepeemuueckas ceemumocms M.:

M,=®,/4, . (3.3)
Ecmu HabmromeHue BeméTCS TIOX Puc. 3.2. IInomane npoexknyuu
YIJIOM O, TO 3Ta IUIONIaAKa OyJjer u3dydaronieil  IJIomanku B
MMETh BUAMMYIO ILIomanb A;-coso HaIpaBJIEHUU HAOIIONEHUS

(puc. 3.2). MOXHO BBECTH IOHATHE
9Hepeemu4eckas ApKocmsb W3TYYCHUS
L., KOTOpast XapaKTepU3yeTCsl OTHOIICHUEM:

L,=®,/(Q-4cosa). 3.4)

Ecnu notok uznydeHus nmagaet Ha IIomanaKy A», To MOKHO BBECTH MOHSATHE
obnyuénnocms E., KoTOpas onpeaensercs cleayomuM o0pa3om:

E,=®,/4,. (3.5)

Emé Gonpiie nudopmannu 06 U3JIy4eHUU HECYT €ro CHEKTpaJbHBbIE Xapak-
TEPUCTUKU. EcIu pa3noxuTh U3IyyeHUe B CIEKTP, HAIPUMEp, M0 JUIMHAM BOJIH
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A, TO MOXXHO BBIJICIUTH TOJBKO Ty YacTh MOTOKA m3aydeHus dd., koTopas 1o-
najgaeT B OSCKOHEUHO Y3KWMU CHEKTpalibHbIA auamna3oH oT A ao A+dA. Torma
CNEeKmMpanbHas NIOMHOCHb NOMOKA U3yYeHUsl PaBHA OTHOIICHHUIO:

O, =dd,/dr (3.6)

AHQJIOTUYHO CHEKTPAJIbHBIE XapAKTEPUCTUKU MOKHO BBECTH JJISl APYTUX SHEP-
TE€TUYECKUX BEJIMYMH: L), My, Loy, Ee..

B Ta6n. 3.1 npuBeaeHbl OCHOBHBIE SHEPIETUUYECKUE XAPAKTEPUCTUKU U3ITY-
yeHus. Kpome Toro, B 310l Tabauie JaHbl TouHble TU(depeHnaibHbIe Ope-
JIeJICHUS 3TUX BEJIMYMUH, KOTOpPbIE HY)XKHO HCIIOJIb30BaTh, €CJIM H3Ty4YCHHUE He-
PaBHOMEPHO pacrpe/iesIieHO MO UIOMIAU WU TI0 HaIlPaBJIECHUIO.

Ta6nauua 3.1
Beauuuna 0Oo6o- ®opmy.ia Ennnn-
3HAYC- 1 yipoménnas Tounas OBl 13-
HUe MepeHHust
IloTox n3iy-
- 4 D, D, =W,/t ®, =dw, /dt Br
Cwuita nsmy-
o Y I, I,=d,/Q I, =d®,/dQ Br/cp
DHepreTu-
yeckasi CBe- M, M,=®,/4 M,=d®,/d4 Br/m”
TUMOCTb
DHepreTu- D, I d’®, Br
weeanap | fe 1 beT g deosa | d@ddeoso | 5o
KOCTb 1 Y
OO0nyuén-
HOCT}:{ £, E,=®,/4, E, =d®,/d4 Br/m®
Crnexrpanb-
Hasl IJI0T-
HOCTB IIOTO- q)el CDeX = Aq)e/AX q)ek = dCDe/CD\. B1/am
Ka u3JIyde-
HUSI




§ 4. CBeTOBBIC XapPAKTEPUCTUKH U3TyYECHUSA

Bosbliyto yacTh ciekTpa U3My4EeHUS] YEJIOBEK HE MOXKET BHIETh. | 1aza ue-
JIOBEKa CMOCOOHBI BOCIIPHUHUMATh TOJIBKO OYEHBb Y3KYyIO 4acTh crektpa (380 —
780 HM). Ty 4acTh 3JIEKTPOMArHUTHOIO M3JIYy4YEHHUS, KOTOPYIO BUAMT YEJIOBEK,
Ha3bIBAIOT CBET. Y KaXXJIOTO YE€JIOBEKa YYBCTBUTEIBHOCTH IJ1a3a UHAUBUIYaJb-
Ha. Okomno 8% moAel CTpaiaroT pa3InyHbBIMUA BUIaMU JaJbTOHU3MAa — [IBETOBOM
caenoToii. HekoTopeie I0aM MMEIOT UCKYCCTBEHHBIN XpyCTaluK B riazy. OHH
UMEIOT BO3MOXHOCTh YHTATh B yibTpaduonetoBom cBere [§]. Hecmotps Ha 3TH
WHJMBUAYAJIbHBIC PA3JIMUMsl, B CBETOTEXHUKE BBEJICHO MOHATHE «CTaHIAAPTHBIN
IJ1a3», CHEKTpajbHash YyBCTBUTEIBHOCTh KOTOPOIO CTPOrO CTaHAapTHU30BaHa
[10]. ®yHKIMS OTHOCUTENIBHOW CHEKTPabHOW YyBCTBUTEIBLHOCTHU IJla3a, aJiar-
TUPOBAHHOTO K JHEBHOMY CBETY, V(A) UMEET MOYTH CUMMETPHUUYHBIN BUJ (pHUC.
1.6) 1 mocTUraeT MaKCMMAaJbHOTO 3HAYEHHs, PAaBHOrO 1, Ha JJIMHE BOJHBI
A =555 am (3enéubiii cBeT). Ha 3T0 m3imydeHue 4esioBEUECKU TI1a3 HamOoJiee
qyBCTBUTENCH. UyBCTBUTENHHOCTh TJIa3a K JKENTO-OPAHKEBOMY M TOIyOOMY
ceety B 10 pa3 meHblIle, 4eM K 3eI€HOMY, a K ¢uonetroBomy — B 100 pa3 MeHb-
me. Ho B HOYHOE BpeMsi MOBBIIAETCS YYBCTBUTEJIBHOCTH IJa3a K CHHE-
¢duoneroBoit obmactu crekrpa. HTEPECHO OTMETUTH, YTO CHEKTP U3ITyUYCHHUS
ConHlla TpUXOIUTCS HA JUIMHY BOJHBI OKOJIO 470 HM, KOTOpasi TOXKE JICKHUT B
3enéHoi obsnactu cnektpa. [Ipu s3tom npumeprno 44% uznydenus: ConaHua npu-
XOJIUTCSl HA BUIMMYIO 4acTh CIIEKTpa.

1,2
Vi)

0,8 //fﬁ\\\
[
/ \
/ \

300 400 500 600 700 800
Puc. 4.1. CnekrpanbHast 49yBCTBUTENBHOCTB 11232
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CBeTOBBIC XapaKTEPUCTUKU U3TYyUEHUS aHAJIOTUYHBI YHEPTeTUIECKUM (Tadl.
3.1), HO YUYUTBHIBAIOT CHEKTPAIbHYI0 UYBCTBUTEIBHOCTh YEJIOBEUYECKOIO IJia3a.
CBeToBbBIC BEIMUUHBI OIEHUBAIOTCS 110 3pUTEIILHOMY olryiieHuto. [Ipu ux obo-
3HAYCHUU UCIOJIb3YeTCS UHJCKC Vv (aHTJI. ViSion — «3pEHUE»), KOTOPBIM MOXKET
OBITH ONyIEH B 0003HAYEHHUAX, €CIM HCKIIOUYEHA BO3MOXKHOCTH Pa3IMYHOIO
ToiKoBaHUs [9]. JIJisl u3MepeHusl CBETOBBIX BEJIMYHMH BBEJEHBI OCOObIEC €IMHU-
upl. Tak, Hanmpumep, Il U3MEPEHUS CBETOBOTO MOTOKA — BEJIMYMHE aHAJIOTHY-
HOM MOTOKY M3ITy4€HHUsI — BBOJUTCA 0coOas equnHuua — mromer (M) (Jat. lumen
— «cBeT»). JlomycTUM, MCTOYHMK MOHOXPOMATHUYECKOTO CBETa H3JIy4aeT Ha
JUIMHE BOJIHBI HAWOOJIBIIEH YYBCTBUTEIBHOCTH YEJOBEUECKOTO rjaza —
A =555 am. Ecin on naér motok m3nmydenuss @, =1 BT, To eMy cCOOTBETCTBYET
cBeToBOM MOTOK @D, = 683 M [9]. IIpu mpou3BOJILHON MOIIHOCTH UCTOYHHKA
MOHOXPOMATHYECKOTO U3Ty4eHHUSI COOTBETCTBYIOIIUM €My CBETOBOM MOTOK pac-
CUYUTBIBACTCS 0 (opMyJIe:

D, (555)=683-D,(555). (4.1)

Ecnu nnvuHa BOJTHBI U3IyYEHUSI HCTOYHHUKA A, TO TIPU pacYETe CBETOBOTO MOTOKA
YUYUTBIBAETCS OTHOCUTEIIbHAS CIIEKTpaJibHasi YyBCTBUTEIBHOCTH ri1a3za V(\):

D, (1)=683-D,(1)-V (). (4.2)

McTOYHMKN MOHOXpPOMATHYECKOTO H3IIYyYEHHUS HE HCHOJB3YIOTCS B OBITY IS
ocBenieHus. JIto0oi ocBeTHTENb AAET MIMPOKUN CHEKTp u3iaydeHui. [loaromy
JUIl ONPENENICHUs] CBETOBOI'0 IOTOKA TAaKOI0 MCTOYHMKA CBETa IPUMEHSAETCS

dbopmyna:
@, (1)= 683 j @, (1)-V(1)dr . (4.3)

AHaJIOTUYHO CUJIE€ UBIIy4YeHUs [, B CBETOTEXHUKE BBOJUTCS MOHITUE CULA
ceema I,, KoTOpasi paBHa cBeTOBOMYy NOoTOKy ®,, pacnpocTpaHsaionieMcs B €Qu-
HUYHOM TEJIECHOM YTJIe

[,=®,/Q. (4.4)

Jlns m3MepeHusl CHUIIbI CBETa BBeJIeHA ocobas eauHuma — kawoena (Kma) (mat.
candela — cBeua). OnHa KaHJena ompejesieHa KaK «Cujia CBETa B 3aJlaHHOM
HaIpaBJICHUH MCTOYHUKA, UCITYCKAIOIIEr0O MOHOXPOMATHYECKOE M3TyUYCHHUE Ya-
croroit 540-10'% T’y (4TO COOTBETCTBYET AMHE BOJHBI 555,016 HM), SHEpreTH-
yeckasi CHJia CBeTa KOTOPOro B ATOM HallpaBlieHHH cocTaBiseTr 1/683 Brt/cpy.
Kangena npunsara B kauectBe enuHuibl CU B 1979 r. XVI I'enepanbHOl KOH-
dbepeHuueit mo MepaM U BecaMm. DTO OJHA M3 CeMHM OCHOBHBIX eaunHul CH,
Hapsy C KWJIOTPaMMOM, METPOM, CEKYHI0H, MOJIEM, KEJTbBUHOM M aMIIEPOM.
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Jlpyrue »HEpPreTUYecKrWe BEIMYMHBI — DHEpPreTudeckas CBETUMOCTh M.,
DHEPreTHYecKast APKOCTh L, M 00aydéHHOCTh E, — TaKKe UMEIOT CBOM aHAJIOTH
Cpeau CBETOBBIX BEJIMYMH — cgemumocmov M,, apxocms L, n oceewénnocms E,.
Ceemumocms M, — 3T0 ¢u3MYECKass BEIUUYUHA, OMpenaeiseMas OTHOIICHUEM
CBETOBOTO MOTOKA, UCXOJISIIETO U3 MaJoro y4acTKa MOBEPXHOCTH, COJIepKalle-
ro paccMaTpuMBaeMylo TOYKY, K IUIOIIQJM 3TOTO ydacTka. Apkocmo L, umeer
(GbU3UYECKUIT CMBICT CBETOBOI'O MOTOKA, PACHPOCTPAHSIONIETOCS B €IUHUYHOM
TEJIECHOM YIJI€ C IUIOIMIAJAKUA €AMHUYHOM TIIO0Ia I, HOPMAJIBHO PACIION0KEHHOM
K HaIpaBJICHUIO pacnpocTpaneHus: ceera. Ocsewénnocms E, — 3T0 Puzndeckas
BEJIMUMHA, OIpesessieMasl OTHOIIEHUEM CBETOBOTO MOTOKA, MMaJIaloIIero Ha Ma-
JIBIN y4aCTOK ITOBEPXHOCTH, COJIEpIKaIlle pacCMaTpUBAEMYI0 TOUKY, K ILJIOIIAIN
3TOrO y4acTKa. JTa BEINYMHA U3MEPAETCS B €JIMHULAX JIM/M?, KOTOpasi Ha3bIBa-
ercs aoxe (JIK) (mat. lux — «Omeck», «cBeT»). OCHOBHBIE CBETOBBIC BEIMYMHBI
CBeIeHEI B Ta0I. 4.1.

Tabauua 4.1
Beanunna | O6o- dopmyaa Enunu-
SHAMC | ypoménnas Tounas Ibl M3~
HUe MepeHust
CeToBoi
OTOK D ,D O =W/t @, =dW,/dt ™
Cuna cBera I,,1 [=0/Q [, =d®,/dQ KT
Ceetumocts | M, M M =®/ 4 M,=do,/dA4 /M
® I &',
— == 2
AprocTh L,L | L= Q- 4, cos " dQ-ddcoso | KM
OcBenién- _
HOCTE E, E E=0/4, E,=d®,/d4 JIK
Crnexrpanib-
Has TUIOT-
HOCTH CBE- q)vk chk = A(DV/AK q)vk = dCDv/(D\, JIM/HM
TOBOTO TIO-
TOKa
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§ 5. 3aK0oHBI OCBEIIEHHOCTH

Ecnu 4yenoBek CMOTPUT Ha HCTOYHUK CBETA, TO €r0 CBETOBBIM OILYILIECHHUSIM
MOJKET OBITh CONOCTaBJ€HAa BEIMYMHA SPKOCTU L 3TOro mcrouyHuka. HammeHns-
as SAPKOCTh CBETALIErOCs OOBEKTA, pasiMuuMas IiIa3oM cocrasiser ~107°
KI/M?, a MakCHMMAalbHO IONYCTUMAs SPKOCTh OOBEKTA IS I1a3a COCTaBISET
~10° xu/M%. YenoBek CrocoOeH pas3inyarh CBETAMIMECS 00BEKTHI, KOTOPHIE pas3-
a4aroTcs 1o spkocty Ha 11 mopsankos! st TOro 4ToOBI I1a3 CMOT PETUCTPU-
pOBaTh cCaMblil clla0blii CBET HY)KHA AJUTENbHAs agantanus. Tak, UTaTbIHCKUN
actpoHoM J[>xoBanHu Ckuanapeiiv, OOBbSBUBIIMI BO BpeMs MPOTHUBOCTOSHHUS
Mapca 1877 rona 06 OTKpBITUHA MAPCUAHCKUX KAaHAJIOB, BBIHYXAEH ObLI B MEpPU-
0J1 HaOJIIOJICHUH TI0 HECKOJIBKY JTHEH MPOBOJAUTH B aOCOTIOTHO TEMHOM KOMHATE,
YTOOBI TJIa3a MOTJIM MPUBBIKHYTh K CTOJb CIab0N spkocTU O0OBEKTa HabItoIe-
Hus. [Ipu nHabmonenun CosHIa HaJ0 UMETh BBUAY, YTO €r0 SPKOCTh COCTaBIIs-
er 1,5-10° kn/m?, uro Gonee uem B 10000 pa3 npeBbIIAET MAKCUMAIIBHO JOIY-
CTUMYIO JUIsl T1a3a sipkocTh. [loaTomy ColiHile MOXKHO Ha0JI01aTh TOIBKO Yepes3
crienuanbHble CBETOQUIBTPHL. Jlaxe sJpKOCTh HUTHU JIaMITbl HAKAJIMBAHUS MOXKET
mocTuraTh 3HaueHuit ~10° k1/M?, 9TO TakKe MPEBBINIAET JOMYCTHMBIA MOPOT
SPKOCTH JJId I1a3a.

BonbmMHCTBO 0OBEKTOB CBETAT HE CaMHU, a OTPAXKAIOT U PacCEeUBAIOT Maja-
IOIMYA HA HUX CBET. B ATOM cilydae HEOOXOIUMO 3HATh OCBEHIEHHOCTh £ 3THUX
00BbekTOB. OT cTeneHu OCBEIIEHHOCTH HANPSMYIO 3aBUCUT HE TOJBKO 3/I0POBHE
ria3 u paboToCIOCOOHOCTh YeNOBEKa, HO elI€ U ero (GU3NYECKOe U MCUX0IMO-
HUOHAJIBHOE cOoCcTOsAHME. [Ipnu€M B MOMEIIEHUAX PA3IMYHOIO HAa3HAYEHHUS Tpe-
OOBaHUs MO OCBELICHHOCTH JIOJDKHBI pa3inyaThecsi. PacuéT HOpMbI OCBEHIEHHO-
CTHU PEerjlaMEeHTUPYETCsl HECKOJIbKUMHU MPAaBOBbIMU akTaMu. CaMblii TIaBHBIN J10-
kyMeHT — CHull (cTtpoutenbHbie HOpMBI U npaBuiia), a Takke CanlluH (canu-
TapHbI€ MPABUJIA U HOPMBI), O0JIBIIOE KOJTUYECTBO PETHOHAIBHBIX ([IJIs1 KaXKI0T0
cyobekra P®) um ortpacieBbix nokymeHToB. Hampumep, B oducax obmiero
HA3HAYEHHUS C UCIOJIb30BAHUEM KOMITBIOTEPOB OCBELIEHHOCTH JTOJKHA OBITH OT
200 mo 500 5k, a B kopugopax u xomiax — oT 50 go 100 nk. Jlyis yTeHus HeoO-
xoauma ocBeméHHOCTh 30—50 nk. [IpsiMble COJHEUHBIE JTy4Hd AAIOT OCBEIIEH-
HocTh 100 ThIC. JIK, @ B macMypHbIi 1eHb — 1000 nkx. M3MepuTh OCBEIIEHHOCTD
MO’KHO C IOMOIIBIO CHEIUAIBHOTO Mpubopa — JIOKCMETpa, HO Ha CTaJAUM IPO-
CKTHUPOBaHUS OOBEKTa HEOOXOJIWMO PACCUUTHIBATH OCBEIIEHHOCTH OYIyIIHX
MOMENICHUN 1 pabOYnX MECT.

Yto0Obl paccuuTaTh OCBEIIEHHOCTHh MOBEPXHOCTH, HEOOXOAUMO 3HATh CHUITY
cBera ucroyHuka. Ecnu oH TodeuHbldd (puc. 5.1), TO CBETOBOM MOTOK, MaJao-
Ui Ha TOBEPXHOCTb, ONPENIETSAETCS CIEAYIOIUM 00pa3oM:

O=]-Q=E-S=E-Q-r". (5.1)
Otcrona cienyeTt nepBbii 3aKOH OCBEIIEHHOCTH:
E=1/r* (5.2)
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Ocsewénnocmos naowaoKku, OPUESHMUPOBAHHOU NePREeHOUKYISAPHO K c8emy, paeé-
Ha cune ceema, OeNEHHOU HA K8AOpam pacCmosiHus 00 mMoYeuH020 UCMOYHUKA.
DTOT 3aKOH ACHCTBYET TOJBKO JJIA
TOUYCUHOI'O MCTOYHHKa cBeTa. Ecim
WCTOYHHUK HE SIBIISIETCS TOYCYHBIM, TO
HaJ0 CJO0KUTh OCBEIIEHHOCTH OT
Ka)XXJJOTO TOYCYHOI'0 »JIEMEHTa II0-
BEPXHOCTH UCTOYHUKA.

JlomycTM, dYTO CBET pacnpo-
CTpaHseTCs B MPO3PAvHON Cpeae, Ko-
TOpas He IOIJIONIAET U HE paccerBa-
er ero. Torma cuna cBeTa ocTaércs
MIOCTOSTHHOM, M OYJeT BBIOJIHSATHCS
3aKOH OOpaTHBIX KBaJPaTOB:

E/E, =1 [r (5.3)

OcgewénHocms niowaoku 0OpamHo NPONOPYUOHAILHA K8AOPAmM) pAcCmOosHUS
00 MOYeyHO020 UCMOYHUKA.

Korga miomaaka, Ha KOTOpYO
MajaeT CBET, HE MNEPICHAMKYISIpHA
OCH TOTOKa, TO HEOOXOAUMO YUUTHI-
BaTh, YTO TOT K€ CaMblii CBETOBOMU
MOTOK pacrpesensercs Ha OOJIbIIYIO
mwIomane S; = So/cosa, a, 3HAYUT,
OCBCIIEHHOCTh OYJEeT 3aBHUCETh OT
yIJia majieHus ceeta o (puc. 5.2):

Puc. 5.1. PacuéT OCBEMIEHHOCTH OT
TOYEYHOTO UCTOUYHUKA

E=1-cos oc/r2 : (5.4) , .
Puc. 5.2. Pacyét ocBEemEéHHOCTH B

Qopmyna (5.4) BbIpaxaeT coboi 3aBUCHMOCTH OT yTJIA MTAJICHUS CBETA
0000IIEHHBIA 3aKOH OCBEIIEHHOCTH.

Ecnu HECKOJBKO TOYEUHBIX HC-
TOYHUKOB OCBEHIAIOT IMOBEPXHOCTb,
TO OCBEHIEHHOCTH OT Ka)XIOro Hc-
TOYHHUKA HEOOXOJUMO CJIO0KHUTH, YTO-
OBl MOJTYYUTh OOIIYI0 OCBEIIEHHOCTh
(puc. 5.3):

E=3 1 cosa, /17 (55)

Puc. 5.3. Cynepnio3uuust
HMCTOYHUKOB CBETA
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I'JTABA 2. IPEOBPA30OBAHUE NJIYYEHUSA
OIITUYECKUMU CPEJAMUA

§ 6. O0mue cBegeHUst 00 ONTHYECKUX CBOMCTBAX TeJl

Bce Tena B3auMOeUCTBYIOT CO CBETOM. XapAKTEPOM 3TOr0 B3aUMOAECHCTBUSA
ONPENECIAIOTCS ONTHYECKUE CBOMCTBA TEJN. DTO B3aMMOJICHCTBUE IMPUBOJUT K
MOSIBJICHUIO O0E€CUMCIIEHHOTO KOJIMYECTBA ONTUYECKUX SIBJICHUM TaKkuX, KakK: WH-
tepdepentus, audpakius, NOJSpU3alus, paccessHue, MpeioMIIeHHUE, TUCIIEep-
cHs, TIOTJIOIICHUE, OTpaX€HHWe cCBeTa U Jpyrue. He mmes BO3MOXKHOCTH pac-
CMOTpPETh BCE ATU SIBJICHUS, OTPAHUYUMCSI TOJIBKO TE€MH, KOTOPhIE MOTYT OBIThH
HanOoJIee UHTEPECHBIMU ISl TIOTUTPA(UCTOB: OTpakKeHHE, MOTJIONICHUE U pac-
cesdHHE cBeTa Ha TBEPABIX Tenax. [Jomy-

CTHUM, Ha TEJO I1aJlaeT CBETOBOM MOTOK D

(puc. 6.1). YactuuHo, OH OTpa)kaercs OT

noBepxHOCTH (Dp), MOTIIONIAETCA Cpeaon Do D,

(®y) u mpoxonuT HAcKkBO3b (D:). [ns xa-
PaKTEPUCTUK MpPeoOpa3oBaHUsl HCIOJIb3Y-
10T Oe3pa3mMepHble KO OUIIMEHTHI:

p =Dy/Dy — ko3 PULIMEHT OTpaKeHHUS,

o = Oy/Dy — K0dhHUIMEHT MOTIIOMICHUS U
T=®/Dy — KOdPPUIMEHT TPOITyCKAHHUS.

Ecam 310 Teno sBisieTcs cepwiM, T.C. D,
OHO HE M3MEHSET CIIEKTP M3TyUYCHHH, TO
O, =D, +D,+D_, 6.1
0= TP o 6.1) Puc. 6.1. Otpaxenue,
Orcrona, MOTJIOIECHUE U TIPOIyCKaHUE
pro+t=1, (6.2) CBETa Uepe3 Cpeay

B nmonurpadun yacto B KadecTBE MEphl OTPaKEHHUS M IMPOIYCKaHHUS CBETa
TEJIOM HCIOJIB3YIOT ONTHUYECKYIO ITJIOTHOCTh D, KOTOpas u3MepsieTcs B Oenax

(b):

D,=lg(l/p), D =lg(l/7). (6.3)
JInst cBETOQUIBTPOB UCTIOIB3YETCS MOHATUE «KPATHOCTH» f= 1/T — ko3P dunu-
€HT, KOTOPBIA MMOKa3bIBA€T, BO CKOJIBKO pa3 CBETOBOM NOTOK OcllabeBaeT IMpH

MIPOXOXKJIEHUU CBETOGUIbTpA. ECiIN UCTIONB3YIOTCS HECKOJIBKO CBETO(DUIBLTPOB,
TO MX 00111asi KPaTHOCTh paBHA MPOU3BEACHUIO KPATHOCTEH CBETOPMIHTPOB:

f=5Hf ] (6.4)

OnTuyeckre MIOTHOCTA CBETOPUIBTPOB, COEAUHEHHBIX BMECTE, OyAYyT CKJIaIbl-
BaThCS:

D =D +D_,+...+D,,. (6.5)
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Bcé BbleHanucaHHOE OTHOCHIIOCH K TeJlaM CEpPhIM WJIM HEUTPAJIbHBIM CBE-
TO(QUIbTPaM, CBETOBBIE NMApAMETPhl KOTOPBIX HE 3aBUCAT OT JUIMHBI BOJIHBI CBE-
Ta A. BOJBIIMHCTBO MPEAMETOB SIBJSETCS CHEKTPAIbHO 3aBUCHUMBIMH, T.€. MX
CBETOBBIE XapaKTEPUCTUKU 3aBHUCAT OT A. Hampumep, npenMer kaxercs Kpac-
HBIM [IOTOMY, YTO OH JIy4IlI€ BCETO OTPaKaeT KpacHbIE JIyUH C JUIMHON BOJIHBI OT
625 no 780 uM (Tabm. 2.1), HO TOpa3I0 XyKe OTpakaeT JIydd CUHE-3eJIEHON 00-
nactu crektpa (440 — 565 um). [1oaTOMy HEOOXOIUMO BBECTH CIEKTPAJIbHBIE
XapaKTEPUCTUKU KOA((PUIIMEHTOB OTpaKeHUsl, MOMIOMEHUs (ToriomaTeabHas
CIIOCOOHOCTH) U MPOIYCKAaHUS: Py, Ol U Ta. ECliM Ha Teno manaer cBETOBOM Mo-
TOK ®p, TO MOKHO BBLIETUTH TOJIBKO Ty ero yactb ddy, koTopas momaaaer B
OCCKOHEUHO Y3KWI JAMana3oH JUIMH BOJH OT A 10 A+dA. OTpak€HHBIN CBETOBOM
MOTOK JIJIsi ATOTO Juara3oHa JiuH BoJiH Oyner dd,, mormoméuubiii — ddg, a
npoweammii — d®.. Toraa dopmynsl 1 CEKTpaIbHBIX KO3P(GUIMEHTOB OY-
IyT 3allUChIBAThCS CIEAYIOIUM 00pa3oM:

ps. = dDy/dD,, oy = dDy/dD,, ™ = dD/dD,. (6.6)

CH@KTpaJ'IBHaH OINTHYECKAas IJIOTHOCTh MOJKET OBITh ornpcacicHa aHaJOTIrM4HO

(6.3):
Dy, =lg(1/p,), D, =lg(l/t,). (6.7)

WuTerpanbHbiii KO3QOUIMEHT OTpaKeHHsI p JJI1 LBETHOI'O TEJIa MOXET OBbITh
paccuuTas no popmyre:

J Ps. a0, da
! dr
p= , , (6.8)
do,
TA€ ~, — CUEKTpallbHad IOTHOCT NaJAMOLIEro CBETOBOrO IIOTOKa (Tabm. 4.1).

AHanoruyneie GopMyJibl MOKHO HAMKUCATh JJI MHTETPATLHOTO KO3 uImeHTa
MOTJIOIIECHUS O U IPOIYCKaHU T.

§ 7. llornomenue cBera. 3axkon byrepa

JItoboe BemecTBO MOTJIOIIAET CBET, NPOXOIAIIMNA Yepe3 HEro, 4acTHUYHO
npeBpailias ero SHEPruio B JAPYrue BUJIBI SHEPTUU, HAIPUMEpP, TEIUIOBYIO WM
XUMHUYECKYIO0 TP IKCIIOHUPOBAHUHU (OTOCHIOsA. BriepBble 3aKOH MOTJIOMICHUS
CBeTa BeulecTBOM copMynupoBai (ppaniy3ckuil uccienonatens [Ibep byrep B
1729 rony B cBoeit pabote nmo goromerpun «ONBIT O rpaganuy cBeTay. JIuib
cinycts 31 rox mocie 3Toi myOnuKanuyu HeMenkuil pusuk u actpoHoM HMoranx
JlamOepT W30 ATOT K€ 3aKOH, CChUIasICh PU 3TOM Ha byrepa.
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DTOT 3aK0H ObLI JI0Ka3aH byrepom skcrnepuMeHTanbHO U TeopeTudecku. OH
yTBEPKJIaeT, 4YTO OCJIa0JeHUE CBETa B CpEl€ MPOUCXOJIUT MO CTEIIEHHOMY
3aKOHY, @ HE€ MO JIMHEMHOMY. DTOMY K€ CTEIIEHHOMY 3aKOHY MOJYUHSETCS
ocyiabneHue Jro00ro MOTOKa 3HEPrMM B OJHOPOAHOW cpeae (ramma-iydei,
PEHTTEHOBCKOTO M3Jy4eHMs, 3ByKOBBIX BOJIH). CoBpeMeHHMKaM byrepa ka3za-
JIOCh, YTO MPH TMOCIEAOBATEIBHOM MPOXOKICHUN OJUHAKOBBIX CIOEB CBETOBOU
MOTOK OCJa0IseTCsd Ha OJMHAKOBBIC MOPIMU JO MOJHOTO YHHUYTOXeHus. Ilo-
3TOMY HEKOTOPBIE UCCIEAOBATENN AaXe B 19 BEKe MBITAIUCH ONMPEACIUTh TIIy-
OMHY MPOHUKHOBEHHWS JHEBHOT'O CBETa B TOJIIY OKEAHCKOW BOJbI, HE OCO3HA-
Basi, YTO HA CAMOM JIeJie OHM JIUIIh U3MEPSIOT MOPOT YYBCTBUTEIBHOCTH CBOETO
npuémHuka ceta [11, c. 41].

JlonmycTuM, 4TO CBET MPOHUKAET B
cpeny (puc. 7.1). CBeToBO#l MOTOK,
MPOLIEAIIMKA TPAHULy pas3fesia cpelx —
®y. Ha paccTossHMM X OT TTOBEPXHOCTH

cBeToBOi NOoTOK @ Oyner menbuie Dy. y« D #_“_
BrigennMm ciioli OECKOHEUHO TOHKHUH i q)o X
dx. ITocre ero MPOXOXKACHHS CBETOBOM ' T dx
IIOTOK M3MCHHUTCS Ha OCCKOHEYHO Ma- n O+dd 1

ayto BennunHy d®. Oto mpupaieHnue
OyAeT OTpULIaTeNbHBIM U MPOHOPIHO-
HaJIBHBIM TOJILIMHE ciosi dx W majaro- vX
LIEMY Ha HEro CBETOBOMY NOTOKY D:

A0 =—k-®-dx. (7.1) Puc. 7.1. Ilornomienue ceeTa
Orcrona, cpenon
dd
— — _k-dx
S : (7.2)

Pemas ato nuddepennmanbHoe ypaBHeHHE ¢ TpaHUYHBIM yciioBueMm D(0) = Dy,
roJjiyyaem 3akoH byrepa:

=0, - ™ (7.3)

OTOT K€ 3aKOH MOXKHO TNI€penucarb, HUCIONb3YysS OCHOBaHUE cteneHn 10
[2,c.41]:

D=0, 107 (7.4)

¥ — YACIBHBIN MOKA3aTelNb MOIVIOMIEHUS, XapaKTepU3yOIUi CBOKWCTBA CPEJIbI,
¢ — KOHIIEHTpaIs MOIJIONIAIOIIETO BEIECTBA, / — TONIIMHA CIIOSL.

Crnenyer OTMETHTB, UTO B 3aKOHE byrepa He yuuTBIBA€TCSI OTPaKEHUE CBETA
Ha rpaHuuax pasmgena cpen. lloatomy npu npoxokIeHHH CBETa uyepe3 CBETO-
bunbTp OyIyT BOZHUKATH JOMOTHHUTENbHBIE TIOTEPU CBeTa — ~3—5% Ha KaXKIoi
rpaHulle pa3zea.
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§ 8. OTpaxenne u mpeTOMJICHHE CBETA HA TPAHUIIE ABYX Cpe

BuszyaibHoe BoCTpUsITHE TIPEAMETOB 3aBUCUT OT UX CIIOCOOHOCTU OTpaxaTh
U MPEJIOMIIATH M0 Ha HUX cBeT. PaccMOTpUM 3aKOHOMEPHOCTH OTpaXe-
HUS CBETA OT IJIAJKOW MOBEepXHOCTU. Eciy pasmep HEpOBHOCTEN U HEOHOPO-
HOCTEH MOBEPXHOCTH MpeaMeTa MEHBIIE YeM JJTMHA BOJIHBI M3JIYYCHHS, TO TIO-
BEPXHOCTH OyAET BBITJIAACTh TJIATKOW, W JUIsl He€ OyIeT BBITIOJHITHCS 3aKOH
3epKaJbHOTO OTpakeHusi (puc. 8.1): yeon naodewusi pasen yeny ompaxceHusi
(o =7). Jlyu nadarowuti, ompaxcénnviii U nepneHOUKyIap, NPOBeOEHHbIU K Moy-
Ke NaoeHusl, 1excam 8 0OHOU NJIOCKOCHU.

3aKoH OTpakeHMsI cBeTa ObLI HaleH skcniepuMeHTabHO emé B I Beke 1o
HalllEW 3pbl APEBHErpeUeCKUM Yyu€HbIM EBkimmom. Takke 3TOT 3aKOH MOXKET
OBITH MOJYYEH Kak clie/icTBUe npuHIuia [ tolirenca. CoraacHo 3TOMY MPUHIIM-
1y, Kakaasi TOYKa Cpejibl, 10 KOTOPOU JOIILIO BO3MYIICHUE, SBISETCS UCTOYHU-
KOM BTOPHYHBIX c(hepruyecKux BOJIH. BolHOBas MOBEPXHOCTH (POHT BOJIHBI) B
CJIeYIOIMIA MOMEHT IPEJICTABIIAET COOOM KacaTelbHYIO0 MOBEPXHOCTh KO BCEM
BTOPHYHBIM BOJTHAM.

OpPOHT MaAIOIIECH BOTHBI OpOHT OTPaKEHHOMN BOJIHBI

Puc. 8.1. OTpaxeHue cBeTa OT INIaAKOW MOBEPXHOCTH

brnaronapsi 1eHCTBUIO 3TOr0 3aKOHA, 3€pKalo WM Jrodas apyras Iiiajakas
OTpakarolias MOBEPXHOCTh CO3AaéT MHHUMOE H300pa’K€HHWE UCTOYHHKA CBETa
(puc. 8.2). Ilnockoe 3epkano AaET BO3MOXKHOCTb BUJETh MPEAMETHI, HaXOISIIH-
ecsl Iepel HUM, IPUUEM AT MPEIMEThI KaKyTCsl pACHOJIOKEHHBIMHU 32 3€pKallb-
HOU IUIOCKOCTBIO. B reoMeTpru4ecKor ONTHUKE Ka)KIbld TOYEUYHBIM MCTOYHHUK
CBETAa S CUMTAETCA LIEHTPOM PACXOSAIIErocs Mmydyka jdydeld. Takol mydok Jydei
HA3bIBACTCSI TOMOIEHTpUYEeCKUM. HM3o00pakeHMEM TOYKH S B ONTHYECKOM
YCTPOMCTBE HA3bIBAECTCS LIEHTP S’ TOMOLIEHTPUYECKOTO OTPAKEHHOTO My4Ka JIy-
yell. SIBjeHue 3epKabHOTO OTPAaXKEHUs OT MOBEPXHOCTH MMEET OOJBIIOE 3HA-
YeHHUe JIJII CBETOTeXHUKHU U mosmrpaduu. Hanocs Ha monmurpaduyeckue usza-
HUS JIaK, WIH, POU3BO/S NeyaTh Ha TISTHIEBOM Oymare, mosmrpaducTsl 100u-
BaIOTCA OOJIbIIICH «COYHOCTH» M300PaKEHUSI — MOBBIIIACTCS BU3YyalbHbIA KOH-

TpAacT.
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Todeunrblii ICTOYHUK CBETA S ’

<7

>

D2 2

Muumoe uzobpaxenue S’ ’

Puc. 8.2. dopMupoBaHue MHUMOTO U300paKEHUSI ICTOUHHKA CBETA

IIpu mepexoje cBeTa W3 OJHOH MPO3PAYHOU Cpebl B IPYTyIO HAIpaBICHUE
CBETa MOXET MEHAThCA. VI3MEHeHHe HampaBlieHUs CBETa Ha TPAHUIIC Pa3HBIX
Cpen Ha3bIBaeTCS MPEIOMJICHHUEM CBeTa. BellencTBrue mpeaoMiIeHHs CBETa Mpo-
UCXOJUT Kaxylleecs u3MeHeHne (opMbl mpeaMera. B oTimune oT 3akoHA OT-
paXeHUs CBETa, U3BECTHOTO ¢ TITyOOKOW JAPEBHOCTH, 3aKOH MPEIOMIICHUS CBETa
ob11 chopmynupoBan B XVII Bexe. OH ObUT OTKPHIT TOJUTAHICKUM MaTeMaTH-
KoM, pu3rkoM 1 actpoHoMoM Buimeopopaom CHEITMYCOM M HOCUT €ro HMSI.

Ha puc. 8.3 nokazan npumep npeaomieHus
CBETa MpHU NEPexoj]ie U3 ONTUYECKU MEHEe
IUIOTHOW B ONTHYECKH OoJsiee IUIOTHYIO
cpeny, T.e. B Cpely ¢ OOJbIIMM abCONIOT-
HBIM IIOKa3aTelieM IpeIoMIIeHHs (ny > ny).
VYron npenomiieHus 3 B 3ToM citydae OyaeT
MEHbIIE, 4eM yroa najaeHus o. CooTHome-
HUE MEXIYy 3TUMU YIJIaMU BBITEKAET U3 3a-
koHa CHemyca:
sinae_ n,

Snp (8.1)

B Ta6n. 1.1 gansl mpumepbl aOCOIIOTHBIX
noKasartesiel mMpeloOMIICHUSI JISI HEKOTOPBIX
BelecTB. Tak, /I BO3yXa B OOJIBIIIMHCTBE
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CJIy4aeB MOKHO CYHMTaTbh, YTO €ro IMOKa3a-
TeJb MPEJIOMIICHUS IPUMEPHO PaBEH BaKy-
YMHOU €AMHULE (Mpaxyywa = 1). TIpemomie-
HUE CBETa B CpeJIe MPUBOIUT K TIOSBIICHUIO
Pa3HOOOPa3HBIX ONTHYECKUX WILTHO3UM, KO-
TOpPBIE CBOJATCS K MCKAKEHHIO M300paxe-
HUSl TIpeAMETa, KakK, HampuMmep, MOoKa3aHO
Ha puc. 8.4.

JIpyruM HWHTEpECHBIM CIIEACTBUEM 3a-

koHa CHemuyca SIBISIETCS TOJHOE BHYT-
peHHee OTpakKeHHE CBeTa. JTO SBJICHHUE
HAOJIOJaeTCsl MpPHU  BBINOJIHEHUU JBYX
YCIOBUIM: BO-TEPBBIX, CBET JOJIKEH pac-
IPOCTPAHATHCA U3 ONTHYECKH OoJiee IUIOT-
HOW cpebl B ONTHUYECKH MEHEE IIIOTHYIO
cpely, T.e. B CPEy C MEHBIUNM IOKa3aTe-  BBI3BAHHAS IPEIOMICHHEM CBETA
aem npenomieHus (nx <n;). Hampuwmep,
KOTJIa CBET PACHpOCTPaHSIETCS B BOJE M OTPa)KaeTcsl OT MOBEPXHOCTH 0OpaTHO,
HE BBIXOJS HapyXKy. Bo-BTOPBIX, yroy majieHus Jyda Ha TPaHUILYy pa3fena cpes
JI0JKEeH OBITh OOJIBIIE WIIM PaBEH MPeeIbHOMY YTy TOJIHOTO BHYTPEHHETO OT-
PAKEHUS Olypey, KOTOPBIM ONpenensercs u3
BBIPAKEHUS:

Puc. 8.4. Ontuueckas UIIIO3US,

sin .

O(‘npez[ I’Zl . (82)
Tak, g TpaHULBl pas3gena  BOAIBI
(n1=1,33) u Boznyxa (n2 =1), Olupen = 49°
(puc. 8.5). D10 BBIpakeHUE CIEAYET U3 3a-
koHa CHemnuyca (8.1), eciau NpuUHATH, YTO
yroa npenomiieHus B = 90° (sin90° = 1).
SIBNIeHHE TOJIHOTO BHYTPEHHETO OTpaXke-
HUSI CBETA UCIOJB3YETCS B ONTHYECKHUX
YCTPOMCTBAaX TaKUX, KaK CTEKJISIHHbIC
OpU3MBI JIJIA TIEPEBOpAYUBAHUS HN300pa-
xeHusi. Kpome Toro, CTEKJISIHHbIE TPU3MBbI
WCIIOJB3YIOTCSL I Pa3lioKEHUs CBETa B
CIIEKTP.

JItoOble UICTOYHUKU CBETA HE SIBIISIOTCS
MOHOXPOMATHYECKUMHM, T.€. OHM JIaIOT U3TYyYEHHUS C Pa3HbIMU JJIMHAMU BOJIH.
[Tokazarenb IpeOMIICHHS CPE/Ibl 77 3aBUCUT OT JIJTMHBI BOJIHBI CBETa A, pacrpo-
CTpaHSIOUIErocs B 3TOM cpefie. DTO sIBJIEHUE Ha3bIBaeTcs aucrnepcueil. Hanpu-
Mep, CTEKIIO TSOKENBIA (AT Mapku TdS uMmeeT mokaszarenb MPeTOMICHUS IS
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KPACHBIX JIYUEH Mypacu = 1,73, @ JUIsL PUOTETOBBIX — Aguon = 1,79 [12]. TloaTomy,
CBET Pa3HBIX JUIMH BOJIH OYJET MPEIOMIIATHCS B TaKOW MpPHU3ME TOJI pPa3HBIMU
yriiamu. Tak MporucXoauT MPOCTPAHCTBEHHOE pa3jeiicHue ydel (puc. 8.6).
AHaJIOTUYHOE SABJICHUE TIPOUCXOIUT TIPH MPOXOKIACHUU CBETA Yepe3 KaIlIro
BOJIbl. biaronaps 3ToMy Bo3HUKaeT paayra (puc. 8.7). JIyd cBera npenomisieTcs
NP TIOTTAIaHUK Ha Karwmo. [Ipyu 3TOM MPOHUCXOANUT €ro pa3ioKEeHHEe B CIEKTP.
3aTeM OH HCIBITHIBACT TOJIHOE BHYTPEHHEE OTPAKCHHE, U OMSThH MPEIOMIIICTCS

MIPY BBIXOJIE HAPYKY.

Puc. 8.6. Paznoxxenue cBera B Puc. 8.7. Ilpenomnenue u
CTEKJITHHON TIpH3Me OTpaXKCHHUE CBETA B KaIlIC BOJIBI

§ 9. Paccesinue cBeTa

Ecnn moBepXHOCTH Tella HE SBIETCA TJIAJKOM TaKOW, 4YTO pa3Mep HEOIHO-
poaHOCTEeH M HepoBHOCTEH Oosbie 1 MkM (OOJbIe JJIUHBI BOJTHBI BHIAMMOTO
CBETa), TO OHA OYJET BBHITJSACTh MAaTOBOU. J[J1s1 Takol MOBEPXHOCTH HE BBIMOJI-
HSETCS 3aKOH 3epKAIBHOT0 oTpakeHus (puc. 9.1).

A

/

Puc. 9.1. OTpakeHue cBeTa OT IEPOXOBATON MOBEPXHOCTH
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OTpakeHre CcBeTa OT IIEPOXOBATOM IMOBEPXHOCTH TMPOUCXOIUT BO BCE
ctoponbl. Takoe otpaxenue HaszbiBaeTcs auddy3asiM. braromaps sTomy,
3pUTENH, HAXOMAIIMECsS B KUHO3aJe, BUIAT BCE M300pakKeHHE Ha JKpaHe, a He
€ro 4acTh, Kak MOIJIO Obl OBITh B cllydae C 3€pKabHBIM JKpaHoM. s
UJCTbHOW pPacCEeMBAIONIEH IMOBEPXHOCTH BHIMONHSAETCS 3akoH Jlambepra.
CornmacHO 3TOMY 3akoHy, spkocmb L (cm. § 4) pacceusarowen ceem
(oughghysnoii) nosepxmocmu o0ouHaxo8a 80 6cex HANPABIEHUAX. 3aKOH ObLI
chopmynupoBan B 1760 roxy WM. JlamGeprom. B Hacrosiiiee Bpemsi OH
paccMaTpuBaeTCs KaK 3aKOH HJICAIBHOTO pACCEesTHUS CBETa, YAOOHBIM IS
TEOPETUYECKUX HCCAeAOBaHUN. OJHAKO OH HAXOJAUT NPUMEHEHUE U JJIs
npUOTMKEHHBIX (OTOMETPUUYECKUX U CBETOTEXHHYECKUX pacuéroB. Yarie s
TaKUX pacuéToB HEOOXOIMMO 3HATH HE SPKOCTH L, a CHUITy CBeTa [, HCXOSIIECTO
OT OTPAXAIOWIEW IMOBEPXHOCTU. JlomyCcTUM, YTO yroJy, IIOJ KOTOPBIM
PETUCTPUPYIOT PACCESTHHBINA MOBEPXHOCTHIO CBET MO OTHOIICHUIO K HOPMAJU O
(puc. 9.2). CormacHo dopmyiam

Tabm1. 4.1,
1
L=— (9.1)
4 cosa o
rae A, — IIoI@aas pacCcenBaroUIei it
noBepxHocTu. [Ipu o =0 (cos0 = 1) I o
SAPKOCTh L OCTaéTCss HEM3MEHHOIM, 0 7
1
L==". 9.2) 4, =0 >
1
N3  Beipaxkenuit (9.1) u (9.2) 7
MOJTy4aeM: Puc. 9.2. luddysnoe orpakenue
[ = [0 cos o . (9.3) CBETA OT IEPOXOBATOM MOBEPXHOCTH

Yem Oonblie yroia o, MOJ KOTOPbIM HaOMIOAATENb BUAWT PaCCEUBAIOUIYIO
IOBEPXHOCTh, TEM MeEHbIIe €€ BuAuMas Iuomans. [loatomy, XOoTd SIpKOCTh
IOBEPXHOCTH, COracHO 3akoHy JlamOepTa, ocTaércsi HEM3MEHHOM, cuja cBeTa
YMEHbBILIAETCS BIUIOTh 10 HYJS MpH HaONIOJEHUU BAOJIb 3TOM MOBEPXHOCTH.
PeanbHble Tena gaxke B BUAMMOM OO0NAacTU CIEKTpa pacCeUBAIOT CBET CO
3HAUYUTENFHBIMU OTCTYIUICHUSIMU OT 3akoHa JlambGepra. HambGomee Omm3ku k
3akony Jlambepra OapxaT, MaTOBBIE IEPOXOBATHIE TTOBEPXHOCTH T'MIICA, OKCHUJIA
MarHus, cyibdara 6apus U JIp.; U3 MyTHBIX CpE€l — HEKOTOPBIE TUIIBI 00JAKOB U
MOJIOUHBIX cTekoJl. CuIbHOE OTKJIOHEHHE OT 3akoHa JlambOepra HaOmIOmAeTCA
JUIS TIOJIMPOBAHHBIX TMOBEPXHOCTEH, TaK Kak JUIsi HUX SIPKOCTh TpPU yIie O,
paBHOM YDy TMajaeHus Jyd4a, OyAeT Oouibllield, YeM B HaMpaBlICHUH,
HOPMaJIbHOM K MOBEPXHOCTH (puc. 9.3).
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a 0

G D

B r

Puc. 9.3. UnaukaTpucsl paccessHus CBETA!
a — 3epKalibHOE oTpaxeHue; 0 — auddysHoe;
B — CMEIIIaHHOE; I' — HaIllpaBJIEHHO-PACCEIHHOE

CymiecTByeT KOJTUYCCTBEHHAS XapaKTEPHUCTHKA, OTTMCHIBAOIIIAS
CITOCOOHOCTh TOBEPXHOCTH OTpakaThb W paccenBaTh cBeT. OHa Ha3bIBACTCA
anvbedo (ot nat. albus — 6enblif). BooOle anb0eno0 — 3T0 OTHOILIEHHUE MOTOKA,
OTPAXKEHHOTO (PaCcCEeSTHHOTO) MOBEPXHOCTHIO BO BCEX HAIPABIICHUSIX WU3TYUYEHUS
K TOTOKY Tajaroniero usiaydeHus. [loHsTue anp0emno MMUPOKO MPUMEHSIOT B
CBETOTEXHHUYECKUX pacueTax. ITy XapaKTEPHUCTHKY OMPEIEISIOT C MOMOIIBIO
npubopa — anpbemomerpa. IDTOT TPHOOP H3MEPSET JBa CBETOBBIX IOTOKA:
MAJIAI0IIAN Ha TUIOCKYIO MOBEPXHOCTh U PACCESHHBIN €10. [10 MX OTHOLIEHUIO
ompenensercs anboeno (4), KOTopoe Ha3bIBACTCSI HCTHHHBIM UITH J1aMOEPTOBBIM.
B cBeroTexHHMKe 3Ty K€ BEJIMUYMHY HA3BIBAIOT KOAP@uyueHmom oughgysznozo
ompadicenusi. JIjist abcomoTHO Oenoit moBepxHOCTH A = 1. CBexuil CHET UMeeT
anboeno okojo 0,9, a npeBecHsIil yrois — 0,04.
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I'JIABA 3. IPUEMHHUKU ONITUYECKOI'O U3JTYUEHUS

§ 10. OcHOBHbBIE XapAKTEPUCTUKH NPUEMHHUKOB U3.JIyYeHUS

B cBeToTexHuKe NMPUEMHUKAMU U3Ty4yeHUS WIU (HOTONMPUEMHHUKAMU Ha3bI-
BAIOT T€Jla, YCTPOMCTBA, B KOTOPBHIX MPOUCXOAUT MPeoOpa30BaHUE SHEPTUU OIl-
TUYECKOTO HW3JIy4eHHUs B APYrHe BHUIbl SHEPIHMH: MEXaHMYECKYIO, TEIUIOBYIO,
XUMHUYECKYIO, AIEKTPUYECKY0. [I[pUEMHUKH ONTHYECKOTO HU3ITYyYEHHS] MOKHO
paznenuTh Ha poToOMONOrNuecKue, porodusndyeckue u HOTOXUMUUYECKHE.

ITo Tuny nencTBUs NPUEMHUKUA U3JIYYEHUs JIEIATCSA Ha NPUEMHUKHU, pearu-
pPYIOIIME HA IEVUCTBUS U3ITyUYCHUS:

1. TeryoBo€ (TEPMOIIEMEHTHI, OOJIOMETPHI);

2. dotornekrpuyeckoe (PoTorNEeMEeHThI, (POTOYMHOXKUTENTH, (POTOAUOIHI,
[13C-maTpuirsi);

3. ¢otorpadudeckoe (dhoTorpaduieckue ciion).

OTaenbHBIN KJIACC COCTABISAIOT MPUEMHHKH KUBOM MPUPOABL: IJIa3 U KOXa 4Ye-
JIOBEKA, JIUCThS] PACTEHUU U T.J.

[IpeoOpazoBaHue 3IEKTPOMATHUTHOTO M3IY4YEHHUS B JAPYrHe€ BUAbI SHEPTUU
XapaKTEepPU3yeTCs] U3MEHEHHUEM COCTOSHMSI caMoro Tena (mpuéMHHUKa ONTHYe-
CKOT0 M3JIyYeHHMs) U Ha3bIBaeTCs peakuus npuéMHuka. Peakuuio npuémMHuka
U3ITy4YEeHHS] MOKHO OLEHUTH 3P(HEKTUBHOMN sHEpruen uznyyeHus. I pexTuBHas
SHEPrUsl U3IYyUYEHUs — ITO SHEPIUs U3MyUEHHUs], IOTJIONIEHHAs TEJIOM U Mpeoodpa-
30BaHHAs B JApyrue BUbl sHepruu. K npumepy, KOJIMYECTBEHHBIM ONHUCAHUEM
3((PEeKTUBHON SHEPIUM SIBISETCA MOIIHOCTb, JJIEKTPUUECKUN TOK, MPOTEKAIO-
Ui B BBIXOJHOM LienH MpuéMHUKA. 11 BceX MPUEMHHUKOB M3JIYyYEHUS BBINOJI-
HSIETCA 3aKOH COXPaHEHUs SHEPTUU:

W, =W, +AW, (10.1)

)
rae W,,— SpQexTuBHas SHEPrus; AW — MOTepsi SHEPTUU NIPU IPeOOPa3OBaAHUM;

W, — 3HEpIrHUs, NaJaronas Ha MIPUEMHUK.

BaxxHoll xapakTepucTukou (HOTONMPUEMHUKOB SIBISIETCS UYBCTBUTEIHbHOCTD.
YyBCTBUTENIBHOCTh Pa3JIENsAOT Ha OOLIyI0 (MHTErpajbHyI0) U CHEKTPAJIbHYIO.
Takke K BaKHEUIIMM CBOWCTBAM ITPUEMHHMKA OTHOCST: BUJ PEAKLIIUH NPUEMHU-
Ka Ha MaJarouiee U3JIy4yeHue; JIMHEMHOCTh I HEJIMHEMHOCTh PEaKIMU MPHUEM-
HUKA; TMaIla30H peakuy NpUEMHHKA.

UyBCTBUTENBHOCTHIO (DOTOMPUEMHUKA HA3bIBAIOT BEJIMYMHY, KOTOpas Xa-
paKkTepu3yeT ero CIocOOHOCTh, pearupoBarh Ha JelcTBUEe u3nydeHus. K mpu-
Mepy, MyCTh UMeeTcs /1Ba (OTONPUEMHUKA U HAa KaXKABIX BO3JIEHCTBYET OJTHO U
TO K€ KOJMYECTBO H3Iy4deHHs. boibliell 4yBCTBUTEIBHOCTHIO 00JaJaeT TOT
NpUEMHUK, Ubsl peakius 0obiie. Takum 00pa3oM, MOXKHO 3aKJIIOUUTh, YTO UyB-
CTBUTETHHOCTH (DOTONPUEMHUKA OMPENEIIeTCs OTHOImeHUeM 3(PhEeKTUBHOMI
DHEPrun VVa(b K NaJaruel Ha TPUEMHUK YHEPTUU U3IIydeHUs W, :
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S=cW,y |W,, (10.2)

rae ¢ — Ko3PUIMEHT MPONOPIHMOHAIIBHOCTH, KOTOPBIM 3aBUCUT OT €IUHMUII U3-

MEpCHUS W, .

[TockonbKy MOITHOCTH U3NTy4eHUS U ero 3 (HEKTUBHOCTD 3aBUCAT OT JIJIMHBI
BOJIHBI, TO JIJIs1 POTONPHEMHUKOB HAXOIUTCS TaKasi BETMYMHA KaK CIIEKTpabHas
YyBCTBUTEJIBHOCTb, T.€. YyBCTBUTEIBLHOCTh (POTOMPUEMHUKA K OJHOPOIHBIM U3-
JTYYEHUSIM.

S0 =Wy (1) W (1), (103)

rae S(A)- MOHOXpOMaTH4YECKasi CIICKTPaJIbHASI YyBCTBUTCIILHOCTD.

B 3aBucuMocTH OT TOTO, BIMSET JIJTMHA BOJHBI U3TYYCHUSI HA PEAKIIUIO TPU-
E€MHUKA WM HET, Bce (POTONMPUEMHUKH MOXKHO Pa3JeiUTh Ha CEJICKTUBHBIC (U3-
OuparenbHble) M HECENEKTUBHbIC (Hen3OuparenabHble). i1 HECeNeKTUBHBIX
MPUEMHHUKOB CHEKTpajbHAsl YYBCTBUTEJIBHOCTh HE 3aBUCHUT OT JIJIMHBI BOJIHBI.
{15 ceNneKTUBHBIX MPUEMHHMKOB CHEKTpaibHasi YyBCTBUTEIBHOCTh 3aBUCUT OT
JUIMHBI BOJIHBL. Kak mpaBWiio, Ha MPAKTUKH BMECTO CIIEKTPAIbHOM UYyBCTBU-
TEJILHOCTH UCIOJIB3YETCs] OTHOCUTEINbHAS CIIEKTpaibHAs YyBCTBUTEILHOCTH (DO-
TonpuéMHUKa. OTHOCUTENbHAS CHEKTpajibHAs YyBCTBUTEIBLHOCTH (HOTONPUEM-
HUKa — 3TO OTHOUIEHUE CIEKTPaIbHON YYBCTBUTEIBHOCTH NPUEMHUKA ISl BbI-
OpaHHOM JUTMHBI BOJHBI K MaKCUMAJIbHOMY 3HAUYCHHIO CIIEKTPAIbHOW YyBCTBH-
TEJILHOCTU 3TOTO K€ MPUEMHUKA.

WNuTterpanbHasi 4yBCTBUTEIBHOCTH (DOTONPUEMHUKA OMPEISIseTCsS IS
CJIOKHOTO U3JIy4eHUs, maaarouiero Ha doronpuéMuuk. Kak mpaBuiao, wuHTe-
rpajibHasi YyBCTBUTEIBHOCTh OMPEACIISIETCS MO0 KOHKPETHBIM METOJIUKAM U Xa-
pakTepu3yeT COCOOHOCTh (POTONPUEMHUKOB pEarupoBaTh Ha M3IY4YEHUS pa3-
HBIX CIEKTPaJIbHBIX COCTaBOB. B oTiMYME OT CIIEKTPAIbHOW 4YYBCTBUTEIBHOCTH
NpUEMHHKA, KOTOpas 3aBUCUT TOJIbKO OT €r0 CBOMCTB, MHTETpajibHasl YyBCTBH-
TEJILHOCTh IPUEMHHUKA 3aBUCUT KaK OT CBOMCTB CAMOI0 NMPUEMHHMKA, TaK U OT
HMCTOYHUKA U3TYyUCHHUS.

[ToporoM 4yBCTBUTEIBHOCTH HA3bIBAIOT MUHUMAJIbHBII CUTHAI MPUEMHUKA,
KOTOPBIN MOXKET ObITh HCTIOJIB30BaH U YCUJICH. MUHUMAaIbHAs SDHEPTHUS, KOTOpas
MOXET yIacTh Ha MPUEMHUK 3TO SHEPIUs OJHOTO KBaHTa. Ecnu npuémMHuk cro-
co0€H 3aperucTpUpoBaTh SHEPTHUIO OJTHOTO KBAHTA, TO TAKOW MPUEMHHUK MOYKHO
CUUTATh UJACAIbHBIM. YeIOBEYECKUH TJ1a3 MOCJE JUIUTENbHOM aJanTaluu B TEM-
HOTE CIOCOOEH OOHAPYKUTh OJHOPOAHOE M3TydeHHe ¢ A = 550 HM U 3HEprueiu
B HECKOJIBKO KBAHTOB. [103TOMY IJ1a3 MOXHO CUUTATh MOYTH UJI€alIbHBIM (HOTO-
MIPUEMHUKOM.
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§ 11. I'na3 — ¢porodHOIOrHUECKNiA TPUEMHUK U3JTY4YEHUS

OCHOBHBIM TIPUEMHUKOM U3IIyYEHHS SIBIISIETCSA 4yeloBedeckuil rmas. To, Kak
MbI BOCTIPUHHMAEM OKPY’KAIOIIMI MHpP, 3aBHCHUT: OT CTPOEHHUs TJia3a, OT OCO-
OCHHOCTEH CBS3M IJIa3a C MO3TOM, T.€. OT HAIEro MCUXO(U3UUECKOro COCTOS-
HUs. PaccMOTpuM cTpoeHue 4eI0BeUeCKOro riasa.

I'na3z (puc. 11.1) — 310 mapooOGpazHoe TEI0, 3aMOJHEHHOE MPO3PAYHBIM JIJIS
BUJMMOTO W3ITyYEHUS! BEIIECTBOM — CTEKIOBHUIHOE Teno. CTEKIOBUIHOE TEINO
3aKJIIOUYEHO B IJIOTHYIO OOOJIOUKY — CKJIEPY, KOTOpas BBIMOJHSAET 3aIIUTHYIO
dbyukmuio riaaza. Ckiepa HeNmpo3payHa, 3a UCKIIOUCHHEM TepeaHeN OTKPBITOM
YacTH TIJ1a3a, TJIe OHA MEPEXOUT B MPO3PAYHYIO JIMH3Y» — POroBHUIlYy. 3a HEH
HAXOJUTCS M3MEHsemasi nuadparmMa — 3padyok, AUAMETP KOTOPOTO M3MEHSETCS
pedIEeKTOPHO B 3aBUCHMOCTH OT MHTEHCHUBHOCTH IAJAI0IIEro cBeTa OT 2 10 8§
MM.

3payoK

CetTyaTka

Poroeuua

/

Pagy»Haa obonodka
AKKOMOAALIMOHHAA MbllLLA

Puc. 11.1. CtpoeHue 4yenoBeuecKkoro riasa

BHyTpu rnasza, HENOCpPEICTBEHHO 3a 3PAayKOM, PACIOJIOKEHO IPO3PAvyHOE
yIpyroe Teno, uMeromiee Gopmy JBOSIKOBBITYKIION JIMH3bI U HA3bIBAEMOE XPY-
ctaiukoM. OH UMeEeT HEPaBHOMEPHBIN TMOKa3aTeIb MPEIOMIICHHS, C MUHUMYM
[0 KpasM W MaKCMMaJIbHBIM 3HAYEHUEM B LEHTpPE. XPYCTAIUK MNPEACTABISIET
co0O0H CIOHUCTYIO TUOKYIO CTPYKTYPY, KOTOpasi 3aKJIF0Y€Ha B TOHKYIO IPO3pay-
HYI0 000JI0UKY, OXBAaUCHHYIO KOJIbIIEOOpa3HON MBIIIIEH, 01 JeHCTBUEM KOTO-
POl OH MOKET U3MEHSTh CBOIO KPUBU3HY, B PE3yJIbTaTe YETro CBET OT OOBEKTA,
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PACIOJIOKEHHOTO Ha Pa3IMYHBIX PACCTOSHUSX Bceraa (POKYyCHpPYETCs Ha TO-
BEPXHOCTHU CETYATKU. Takoe M3MEHEHNE KPUBU3HBI XPyCTaJIuKa HA3bIBACTCS aAK-
KoMoparueil. Hapyienue 3Toro ecTeCTBEHHOro Ipoiiecca MPUBOJUT K OJIM30-
PYKOCTH WJIM JalNbHO30PKOCTU. Y Tjla3a, UMEIOIIET0 HOPMaIbHYIO pe(pakiuio,
($hOKYCHOE paccTOsSTHUE ONTUYECKOM CUCTEMbI MOXKET U3MEHAThCS oT 19,5 no 23
MM, a PACCTOSIHME HAWIYUIIero 3peHus — 25 CM.

CeruaTka MMEET CII0)KHOE CTPOEHHE M COCTOUT U3 BOCbMHU ciioeB. OJuH U3
ATUX CJIOEB OTBEYAET 3a BOCHPUATHE CBETA. DTOT CJION COCTOUT M3 MEJbUalIlnx
CBETOUYBCTBUTEIBHBIX KJIETOK: Majiouek (0kojio 130 MiH.) u koinbouek (0koJio 7
MJH.). CTpoeHHe ATUX KJIETOK U MX paboTa BO MHOTOM OOBSICHAIOT MEXaHU3M
3pUTENBHOTO BOCIPUSATHS CBETA, 4 TAK)KE MEXAHU3M LIBETHOTO 3peHus. BHyTpu
KJIETOK HaXOJMUTCS YEeThIpE BUJIa (POTOMUTMEHTOB: OJIMH — B MAJOYKaX U TPU — B
KoJ0oukax. BemnecTBo nanoyek — pojorncud. MakcuMaibHOE MOTJIONIEHUE CBE-
Ta POJIONICUHOM COOTBETCTBYET U3JIYYEHUIO C JUIMHOM BOJIHBI 512 HM. [Iurment
MajJo4YeK CBETOUYYBCTBHUTENEH B nuamna3zoHe 380...760 HM naxke mpu MajioMm
ocBemennu (puc. 11.2 (2)). Uro kacaercs KoJIOOYEK, TO OHU MEHEE UyBCTBH-
TEJbHBI K CBETY, YEM MaJIOYKU, U PEArupyloT Ha CBET JIMIIb MPU TOCTATOYHOM
ocsemennu (puc. 11.2 (1)). I[ToaTomMy, B TEMHOTE YEJIOBEK HE CIIOCOOECH pa3iu-
4yaTh I[B€Ta, a BOCIPUHHUMAET TOJIbKO 4€pHO-Oesioe m3obpaxenHue. Kombouku
CoJIep’KaT BElIeCTBO — MOAoNcuH. Koiabouku MOryT OBITH TpeX BHUAOB: CHHE-,
3€JICHO- U KPaCHOUYBCTBHUTENbHBIE. [Ipyn coBMecTHON paboTe OHU BOCHPHUHU-
MarT B TOM K€ Juara3oHe, YTO W MaJIOYKHU, HO MaKCHUMajbHas YyBCTBUTEIIb-
HOCTb KOJIOOUYEK, KaK ObLJIO OTMEYEHO B § 4, MPUXOIUTCS HA JJIMHY BOJHBI 555
HM. [loaToMy mpu ci1aboM OCBEIIEHUM YEJIOBEUECKHM Ti1a3 CTAaHOBHUTCS Oosee
YYBCTBUTEIBHBIM K CHHE-(PHOJIETOBOM o0nacTu criekTpa. Korga koin0ouku Bo3-
OyX)1aroTcs MPUMEPHO OJUHAKOBO, BO3HHUKAET OIIYIICHHE aXpOMAaTHYECKUX
LBETOB, WJIH, MTO-APYrOMY, — CBETJIOThI. B OCTaNbHBIX Clydyasx OLIyIICHUE CBET-
JIOTHI BO3HUKAET OJJHOBPEMEHHO C OIIYIIEHUEM IBETHOCTHU. Kaxk/1as KieTka uimn
uX HEeOOoJIbINas TPYIINa COSANHEHA C IPYTUMU HEPBHBIMH BOJIOKHaMu. OKOHYa-
HUSI ATUX BOJIOKOH HAXOJATCS B 3PUTENIBHBIX Y4acTKax IOJIOBHOrO Mo3ra. Bce
BOJIOKHA MPU BBIXOJIE W3 TJiaza COOMPAIOTCS B €IUHBIA IMYYOK — 3PUTEIBHBIN
HEPB, KOTOPHIA COEUHSET IJ1a3 ¢ MO3roM. MecTo CeT4aTKd, B KOTOPOM Haxo-
JUTCS CaM 3PUTENIbHBIN HEPB, HE COJAEPKUT CBETOUYBCTBUTEIIBHBIX KJIETOK, T.€.
OHO HE YYBCTBUTEIHHO K CBETOBBIM H3JIyYCHHUSM M HA3bIBACTCS CJICTIBIM IISIT-
HOM.

OnHO W3 caMbIX BaKHBIX OOpa30BaHUM CETUYATKH — €€ IEHTpajbHas sSIMKa.
DT0 y4acTOK CeT4YaTKH HamOoJiee, MPUCTIOCOOTICHHBIN IJIi PACCMOTPEHUS MeJ-
KUX JeTajied ¥ 1BeTa. MakCUMMaJIbHBIN YIJIOBOM pa3Mep paccMaTpuUBaeMOU Je-
Tajau paBeH nmpumepHo 2°. llenTpanbHas siMKa 3amuiieHa KENTeiM (pUIbTpoM —
MakyJiol (KENTO€ MATHO), KOTOPBIM MPEIOXpaHSIET SIMKY OT BO3JECUCTBHUS
ynbTpaduoneToBbix Jgydeid. Kombouku, B OCHOBHOM, pPacCIiONIOXKEHBI B LIEHTPE
CETYATKU — B TaK Ha3bIBAEMOM «KEITOM MSITHEY.
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Puc. 11.2. KpuBble OTHOCUTEIBHOM CIEKTPAIbHON CBETOBON 3(h(PEKTUBHOCTH:
1 — n1g r1a3a, aganTHPOBAHHOTO K THEBHBIM SIPKOCTSIM;
2 — utsl T71a3a, aJanTUPOBAHHOTO K HOYHBIM SIPKOCTSIM.

§ 12. ®oropuznyeckne NPUEMHUKH U3JIyYeHUS

Kak npaBuno, npuHuumn aeicTBus GoTopu3nyecKoro NpuéMHUKA U3ITy4eHUs
OCHOBBIBAETCSI HA BHYTPEHHEM WK BHeNTHEM (potorddekre.

PaccmoTpum ¢oTosniemenTsl ¢ BHEmHUM (QoTodddektom. Takue dhorosne-
MEHTBI MOKHO Pa3JeuTh HA BAaKyyMHBIE U ra3ornoyHble. BakyymHslil (hoTosme-
MEHT COCTOUT U3 CTEKJISTHHOTO TepMeTUYHOro Oaimtona (puc. 12.1), B koTopom
CO3J]aeTCsl HU3KUIM BaKyyM, a Ha BHYTPEHHEH CTEHKE HaHECEH (DOTO3NIeKTpUye-
CKHMI YyBCTBUTEIBHBIN CJION. DTOT cJI0¥ BhINOIHSAET (GyHKIHUIO hoTokaTtoaa (3),
U OTIpEJIeISIeT CIeKTpalibHbIE CBOMCTBA (oTodnemenTa. [pyroit snexrpon (1) —
aHOJl MMEET ropa3fo MEHbIIUE pas-
MEpbl, MOET OBbITh BBHIIOJHEH B
pa3NIMYHBIX  BapHaHTax:  CETKa,
KOJIBIIO, PaMKa U UIPaeT poJib KOJ-
JIEKTOpA 3JIEKTPOHOB, T.€. OH UX CO-
oupaer. [lpu BKIIOYEHUH TaKOIO
dotosnementa B uenb (puc. 12.1)
ranbBaHoMeTp (2) OyaeT mnokKa3bl-
BaTh CUJTy TOKA IIPU OCBEIICHUU (o-
To3JieMeHTa. CBETOBBIE XapaKTepu-
CTUKH BaKyyMHBIX (POTORJIIEMEHTOB

Puc. 12.1. BakyymHbIi1 (OTOdTIEMEHT
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OTJINYAIOTCS JINHEWHOCTBIO B JOCTAaTOYHO IIMPOKHUX MPEIENax OCBEIIEHHOCTH
dboTokaTosa.

["a3ononHbie POTOITEMEHTHI HAMOIHAIOTCS HHEPTHBIM ra30M. JTO MO3BOJIS-
€T C OJIHOM CTOPOHBI YBEJIIMYUTh MHTErPAJIbHYI0 YYBCTBUTEIBHOCTb, C JIPYrou
CTOpPOHBI MOSBIISIETCA UHEPIMOHHOCTh. TO €CTh, B OTJIMYKME OT BaKyyMHOTO (ho-
TORJIEMEHTA, KOTOPBIM pEarupyeT Ha MEPEMEHHBIM CBETOBOM MOTOK C YAaCTOTOMN
710 HECKOJIBKUX JIECSITKOB KHJIOTEpI, TO Tra30IMOJHbIA (DOTOIIEMEHT UMEET Ipe-
nenbHy0 4yactoTy 3 kl'u. MMTHEepTHOCTh ra30omosiblX 3J€MEHTOB 3aBUCHUT OT poja
HAITOJIHSIOIIETO T'a3a U €ro JaBJICHHUS.

BakyymHbie (oTO37€MEHTHI 00J1a4al0T HEBBICOKOW YYBCTBUTEIBHOCTBIO K
cBeTy. bonee BBICOKOW YyBCTBUTEIBHOCTHIO 007a1al0T (OTOIIEKTPOHHbBIE
ymHOXxkutenu (OJY). DY — 310 31eKTPOBaKyyMHBIA MPUOOP, B KOTOPOM II0-
TOK 3JIEKTPOHOB, SMUTHUPYEMbIN (DOTOKATOOM MO AEUCTBUEM ONTHYECKOTO U3-
Jy4YEHUs, YCUIUBAETCSA B YMHOXUTENBHOW CUCTEME B PE3YJIBTATE MPOLECCA BTO-
pUYHOM 3neKkTpoHHON dMuccun. Ha puc. 12.2 uzoOpaxen BHenrHuit Bug OOY.
[TpunHIMn paboTHl IPOJIEMOHCTPHUPOBAH Ha puc. 12.3. DOTO3MEKTPOHBI, YMUTH-
pyembie ¢ (poTokarona moj ACUCTBUEM AIIEKTPUUECKOTO MOJS, YCKOPSAIOTCS U
NOMNaJa0T Ha MEepPBbIA MPOMEKYTOUHBIN 3JIEKTPO J; (MPOMEXYTOUHbBIE AJIEK-
TPOJIbl HA3bIBAIOT JIUHOAAMHU U UMEIOT MU30THYTYIO (hOpMY), BbI3bIBas SMHUCCHIO
BTOPUYHBIX 3JIEKTPOHOB. BTOopHuHas sMuccHs B HECKOJBKO pa3 IMPEBBIIIACT
NEPBOHAYAJIbHBII TMOTOK 3JEKTPOHOB. BTOpHUYHBIE 3JEKTPOHBI MOMAJAIOT Ha
CIEIYIOMMHN 3JIEKTPOA D2, TIporiecc NoBTOpsAETCA U T.A. C MOCIEIHETO AUHOAA
3NEKTPOHBI coOMparoTcst aHoIOM. i1 POKYCHUPOBKH M YCKOPEHHS 3JIEKTPOHOB
Ha aHOJ M JUHOJBI TToAaéTcs Beicokoe HampspkeHue (600 — 3000 B). ®BY mo-
TYT OBITh YyBCTBUTEIBHBI 1a)K€ HA OT/IEJIbHBIE (DOTOHBI.
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Puc. 12.2. Bremmnunt Bug ©®OY
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Puc. 12.3. Ctpoenne GoTOANEKTPUIECKOTO YMHOKUTEIIS:
1 — meTamnmuueckas ceTka 3a BXOAHBIM OKHOM; 2 — MOJIYIIPOBOJHUKOBBIM KaTO[I,
HAHECCHHBIN Ha MOJIBIM METAJUIMYECKUN LIWIUHIP; 3 — aHO/A; D — BTOPUYHBIE KaTO-
JbI (AMUTTEPHI), YCUIMBAIOIINE CUTHAN; R — PE3UCTOPHI, PETYIUPYIONIUE HAMPS-
J)KeHHe Ha aMuTTepax; C — KOHAEHCATOPbI

Paccmotpum terneps GotornemenTsl ¢ BHyTpeHHUM (oTodddexkrom. B 1876
r. AnamcoMm u J[pitemM OBLIIO OTKPBITO SIBJICHWE BO3SHHUKHOBEHUS AJIEKTPOJIBHIKY-
e CUJIBI TIPU OCBEIIECHUU MAJIOUKHU celieHa. Ha ToT MoMeHT siBieHue Gpotodrd-
dekTa He ObUIO OTKPBITO, TTOITOMY ATO OTKphITHE Amamca u J[pyilema Harwio
CBOE MPUMEHEHUE CIyCTsI MHOTHE ToJibl. bl M300peTeH ceneHoBbIi (hoTodIIe-
MeHT. CeneHoBble (DOTORIEMEHTHI MOJYUYUIIU MIMPOKOE MPUMEHEHHE Onarofaps
CBOEH CHEKTPaAIbHON XapaKTEPUCTUKU, KOTOPasi XOPOIIIO COOTBETCTBYET KPHUBOM
BUJIHOCTH CBETJIOaJanTUpoBaHHOro rias3a (puc. 11.2 (1)).

B Hacrosiiee BpeMsi MIUPOKO NPUMEHSAIOTCA (HOTOMPUEMHUKHU C 3apsiAOBOM
cBa3bio (I13C). I13C — mpubopsl ¢ 3apsAA0BOI CBA3BIO — CIYKaT JJIs TpeoOpa3o-
BaHMS ONTHUYECKOIO M3JIYyYEHUS B DJIEKTPUUECKUE CUTHAJBI U Tiepenayu nHdop-
MalMu OT OJIHOTO 3JIEMEHTA 3JIEKTPOHHOU cxembl K apyromy. I[I3C mpencras-
JSI0T cO00M TUHEHKY WJIM MaTpPUILy MOCJeI0BaTEIbHO pacnonoxeHHbix M-
crpykryp. MJII-ctpyktypa — 3TO CTpPYKTypa «METaJUI-IUDJICKTPUK—
MOJYyNPOBOAHUKY». BennunnHa 3a3opa Mmexnay cocennumu MJIII-ctpykrypamu
coctaBiigeT okoio 1-2 mxm. [13C nuHelikn nam MaTpUIlbl UCIIONB3YIOTCS B CKa-
Hepax, (oroanmaparax, BHIEOKaMmepax, B crnektpodoromerpax. Ha puc. 12.4
noka3aH npuHun padotsl [13C. Ilox aeiicTBHEM cBeTa B 2JIEMEHTE HaKaIlIMBa-
€TCsl DJIEKTPUYECKHUI MOTEHIMaJ, YPOBEHb KOTOPOTO MPOMOPLMOHATIEH 3KCIO-
3UIMU. 3aTeM (UKCUPYETCS MOTEHIMAT KaKJIOW TOUKM MaTpullbl. JlJjisg 3TOro
NOTEHIMANbI MOCIEAOBATEIbHO MEPEMEIIAIOTCS U3 CTPOK MAaTpHIlbl B 3aIIOMU-
HAIOIllee YCTPOMCTBO B BHJIE€ NEPUOJUYECKOTO KOJIEOaHUS MOTEHIMAIOB IO
ypoBHIO. /[0 SKCIOHUPOBAHUSA MPOUCXOIUT COPOC BCEX paHee 00pa30BaBILUXCS
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3apsl0B, BCE  DIJIEMEHTHI sarsop cépoca
PUBOIATCI B OJAMHAKOBOE ynpasneHwe AHEHHH
cocrossHue. Kak mnpasuio, HanpsKeHHeM
A1 OTOr0  HMCIIOJIB3YCTCA CTOKa
ONPENCIEHHBIN CHUTHAJI
(HanpspKEeHHE) MOJAI0IIUKCS
HAa DJIEKTPOJIBI.

Bcee IIEPEUYUCIICHHBIE
($hOTORIEKTpUYECKHE MPEOO-
pazoBarenu SBISIOTCS  Ce-
JEKTUBHBIMH, T.€. UX UYB-
CTBUTEJIBHOCTh 3aBUCUT OT
JUIMHBI BOJIHBI IaJJalOIIEeTO
u3iydeHus. s kaxaoro us
HUX CYIIECTBYET KpacHas
rpannna  (oroadpdexkra —
MaKcUMalibHas JJIMHA BOJI-
HbI, HAa KOTOpoH emi€ Bo3MoxeH pororddexr. Y BakyyMHOro PoTodIE€MEHTA U
OOV kpacHas rpaHulla HaXOJIUTCA, KaK MPaBUIIO, B KEITO-OPAHKEBON 001acTH
cnekrpa. [loaroMy 3T mpuOOPHI HE YYBCTBUTENbHBI K KPACHBIM U MH(paKpac-
HbIM U3JydeHUsIM. B TO e BpeMs, MOIYNpPOBOJAHHUKOBBIE (OTOIIEMEHTHI U
[13C-maTpuisl UMEIOT KpacHyro rpanuily (gotosddekra, nexairyo B UHpa-
KpacHo# ob0nactu (2—-3 mxMm). [loaromy, nudpossie hoToanmaparsl U BUICOKA-
MEpBI, B KOTOPHIX B KaYECTBE UyBCTBUTENIbHBIX (DOTOIIEMEHTOB HCIOIb3YIOTCS
[13C-matpuipl, criocOOHBI PETUCTPUPOBATh U3IYUCHUS, HEBUAUMBIE AJIs Yeo-
BEYECKOI'O IJ1a3a.

thoToHE!

3aTBOpbI

noTeHuHanbHan
AMa Bapbep

Puc. 12.4. Ilpunuun padots! [13C-MaTpuiisl

§ 13. ®oTroxuMuvecKkne NPUEMHUKH U3JIyYeHUSI

Korma mox paeiicTBHeM H3IydeHHS TPOUCXOJUT H3MCHCHHE XUMHUYCCKUX
CBOKMCTB BeIIECTBa, TOBOPAT O (horoxmmmueckux mporeccax. K doroxummue-
CKMM TIPUEMHHUKAM H3TYYEHHUS OTHOCATCS BCE BHJBI (OTOCIOEB, KOTOPHIC HC-
noJsib3ytorcs B ¢ortorpaduu. dortorpaduyeckre mpouecchl MOryT ObITh pasfie-
JICHBI HA JIBE TPYIIIBI: MPOIIECCHI HA TajoreHcepeOPsHBIX MaTeprajgax | MpoIec-
cbl Ha (orompoBoAsMX Marepuanax (dnekrpodortorpadun). dororpaduye-
CKHI TIPOIIECC COCTOUT U3 JIBYX OCHOBHBIX cTanuii. [lepBast ctagust — oOpa3oBa-
HUE CKPBITOTO M300pa)KEHUs TMOJ| ACHCTBUEM H3IIYYCHHS B MPOIECCE IKCIIOHU-
poBanusi. Bropas cranus — BU3yaau3aiusi CKPHITOTO U300paKEHUS MyTEM TIPO-
SIBJICHUSI U €0 3aKPEIUICHUS JIJISl TMOBBIIICHUS! CTOWKOCTH K BHEIIHUM BO3JICH-
ctBusM. [lox nelicTBueM cBeTa Tociie MPOsBICHUS U (GUKCUPOBAHUS B CBETO-
YYBCTBUTEIBHOM CJIO€ CO3MaETCsi CToiKoe (oTorpaduyeckoe MOYEepHEHUE.
Mepoii BEIUYMHBI IOIVIOIIEHHOM HSHEPrUU CIYKUT OINTHYECKAs] IUIOTHOCTH
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IpOsIBIIEHHOTO (oToCios. B 3aBUCMMOCTH OT Ha3HAaYEHUs TrajoreHcepeOpsiHbIe
CJIOM MMEIOT IIHUPOKHUM uana3oH YyBCTBUTEIBHOCTH U pa3peluaronieil cnocoo-
Hoctu [13, 14].

OnHO U3 OCHOBHBIX KOJIMYECTBEHHBIX XapaKTEPUCTHK MPEeoOpa3oBaHUs U3-
Jy4YeHUs SIBISETCS KBAaHTOBBIM BbIXoA. s QoTroxumuueckoil peakuuu OH
OIIPEAEIAECTCA OTHOLICHUEM YMCiIa MOJIEKYJI, BCTYIIMBIINX B PEAKLUI0 K YUCIY
NOTJIOIIEHHBIX (OoTOHOB. Macca (OTOXMMHUYECKH MPOpPEarupoBaBILIEro Bellle-
CTBa MpPOIMOPIMOHAJIbHA TMOTJIOMIEHHOW CBETOBOM »Hepruu (3akoH byH3eHa-
Pocko):

m = k®t (13.1)

rae @ — cBeTOBOI MOTOK WM MOTOK SHEPTMH M3Iy4YCHHS; [— BpeMs o0yde-
Hust; K — KOO(QQPUIMEHT IPONOPLHOHAILHOCTH, KOTOPBIA 3aBUCUT OT IPHPOILI
(hOTOXMMUYECKON PEAKIIUU.

CBETOYYBCTBUTEIIbHBIC MATEPHUAIBI MOKHO Pa3ACIUTh MO THUITY MOJTy4aeMo-
ro U300paKEeHUS:

1. maTepuanbl, peHa3HAYCHHBIC JJISI MIOTYYCHUST BUAUMOTO U300paKEHUS.
B HUX moj AeiicTBHEM H3Iy4YeHHS U MPOSIBICHUS 00pa3yroTcs HOBbIE XUMUYeE-
CKHE COCTMHEHUSI, UMEIOIINE OKPACKY, OTIIMYHYIO OT (JOHA, HA KOTOPBIN CBET HE
JEUCTBOBANl WJIM, HA0OOpOT, NelcTBoBal. B pesynbrare moirydaercsl 1BETHOE
i 4€pHO-06enoe n3odpakenue. B 9Toit rpymnmne Hanbosee pacnpoCTpaHEHbI ra-
JOTeHCEPEeOpSIHBIC MaTePHAIIHI.

2. Marepuainbl, TpeAHa3HAYCHHBIE JJISl TOJIYYEHUS] PABHOMEPHOTO MO TOJ-
[IMHE TJICHOYHOTO U300paKeHUs, B MPoOeIaX KOTOPOTO CBETOUYBCTBUTEIIbHBIM
MaTepuall BHIMBIBACTCS JIO MOJJIOKKU B Mpoliecce nposiiaeHus. B momurpadun
TaKue CJIOM Ha3bIBAIOT KOMUPOBAJIBHBIMHU. B mpoliecce 3amucu U300pa>keHUs
MOT'YT HCHOJIb30BAaThCS JBa BHJA PEAKIUNA: JAECTPYKIUS CIOS MOJA JCHCTBUEM
u3JIydeHus (MO3UTUBHBIE CJIOW) WM MOJUMEpHU3aIus, T.€. CIIUBAHUE MOJEKYI
(HEeraTUBHBIE CJION).

3. Marepuainsl, IpeHa3HAaYEHHBIE JJISI MHOTOKPATHOTO TOJIy4eHUsI u300pa-
eHui. B HUX moj eficTBHEM M3IIyYEeHHS MPOUCXOAAT PoTodu3ndeckue nme-
HEHUs, UMEIOIIEe 00paTUMBIN XapakTep. DTO MO3BOJIAET MOMEPEMEHHO 3aMHChI-
BaTh M CTUPATh U300pakeHue. B kaduecTBe mpumepa paccMOTpUM 3IeKTpodoTo-
rpaguYecKuil MpoIEeCC, /i€ CBETOUYBCTBUTEIBHBIM MaTEPHAIIOM SBIISIETCS (PO-
topenentop. OH XK€ OTHOBPEMEHHO — (DM3MYECKUN NMPUEMHUK C BHYTPECHHUM
$hoT03¢h(HEeKTOM 1 CBETOUYBCTBUTEILHBIM MAaTEPHUAIIOM.

doTomaTepuaibl TakKke, Kak U POTOIIEKTpUUECKUE NMPUEMHUKH, 00Iadal0T
CEJIEKTUBHBIMU CBOMCTBaMHU. BOJBIIMHCTBO (hoTOMATEepUasoB 4YyBCTBUTEILHO
TaK)Ke U U3Iy4eHUsIM uHppakpacHoil oomactu. YToObl n300paxeHue, noisyyeH-
HOE Ha (poToMarepuaiie, COOTBETCTBOBAJIO YEIIOBEYECKOMY BOCIIPHUATHIO, B HETO
N00aBIIAIOT CIEHHUATBHOE BEIIECTBO — CEHCHOMIM3ATOp, KOTOPBIM H3MEHSET
CIIEKTPAJIbHYIO YYBCTBUTEJILHOCTH (hOTOMATEpHUaa.
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I''TABA 4. UICTOYHHUKU CBETA

§ 14. OcHOBHbBIE XapPAKTEPUCTUKN UCTOYHUKOB M3JIyYCHUSA

HctouHuk cBeTa — 3T0 U3NydaTellb dJIEKTPOMArHUTHOW SHEPTUU B BUIUMOM
obsactu crnektpa. OHU UMEIOT OOJBIIOE 3HAYEHUE NIl MPOU3BOJICTBA, UCKYC-
CTBa, COBPEMEHHOI0 ObITA, U UCIIOJIH3YIOTCS B KaU€CTBE OCBETUTEIIBHBIX MPUOO-
POB, BXOJIIT B COCTaB UCCIIEAOBATENIBCKOTO 000PYJ0BaHUs, OBITOBBIX MPUOOPOB,
KOITMPOBAIBHONW TEXHUKH U Jp. TO KaKUMU MBI BHJIUM T€ WM WHBIE TIPEIMETHI
BO MHOTOM ONpPEACIISICTCSI ICTOUHUKOM CBeTa. Tak, Oeblil IIBET B 3aBUCUMOCTH
OT UCTOYHHMKA CBETA MOXKET Ka3aThCsl CBETIIO-KENTHIM UM CHHEBATO-OEIbIM.

CambIM pacnpoCTpaHEHHBIM UCTOYHUKOM CBETA, SABJISIETCS COJIHEUHBIN CBET.
CrexTpaiibHOE pactpe/elIeHUE YHEPTUN COJTHEUHOTO CBETa 3aBUCHUT OT OOJIBIIIO-
ro yucia (pakTopoB: MHUPOTH MECTA, BPEMEHU CYTOK, CE30HA, BBICOTHI M aTMO-
chepHbIX ycioBuil U Ap. VICTOYHHMKU CBETa MOXKHO pPa3AeiiTh MO Tadaputam,
HA3HAYCHUIO, (PU3UIECKOMY TIPUHITUITY ACHCTBUSA U JIp. OOBIYHO BBIJCISIOT JIBE
OOJBIIIME TPYIIIHI KICTOYHUKOB CBETA:

1. TemIOBBIE UCTOYHUKH CBETA U

2. IIOMUHECIICHTHBIE.

B TennoBbIX MCTOUHMKAX CBETA CBET BOZHUKACT IIPU HarpeBaHUM TeJ J0 BbI-
COKOM TemrmepaTypbl. B JIIOMUHECIICHTHBIX UCTOYHHMKAX, CBET BO3HUKAET B pe-
3yJbTaTe MPEBpaICHUs] PA3IMUHBIX BUIOB SHEPTUU B ONTHYECKOE H3TyUYCHHE,
HE3aBUCUMO OT TEIJIOBOIO COCTOSIHUS U3Ty4aloIlEero Tena.

ITo BpemeHu BO3EHCTBUSI HICTOUHUKN CBETA MOTYT OBITh UMITYJIbCHBIE U HE-
npepbiBHbIE. IMITyJIbCHBIE MUCTOYHHKM CBETAa MPEIHA3HAYEHBI Ul TOTYyUYCHUS
MHOTOKPATHBIX CBETOBBIX HMITYJIHCOB, OTIIMYUTEIHLHOM OCOOEHHOCTBIO: KOTO-
pBIX sBIsIeTCs 60mbIas MOMHOCTH (10 10 kBT), 1 ManeHnbkas JIUTETLHOCTD U3-
Jy4€HU S, BIUIOTh JO MUKPOCEKYH/IHOW JITTUTEIbHOCTH.

OcHOBHBIE XapaKTEPUCTUKU UCTOYHUKOB U3ITyUCHHUS:

1. CnekrpanbHas IUIOTHOCTh NoToka usnydenus @, (§ 3). s obecneue-

HUS XOpPOIIEH U MOJIHOW I[BETOIEPEauu, UICTOYHUK CBETA JIOJKEH BOCIIPOU3BO-
JTUTH CBET BCEX JIJIMH BOJIH, KOTOPBIE TUIIMYHBI JJIS HCTUHHBIX IIBETOB MpeaMe-
Ta.

2. CBeTOBOI MOTOK, U3Ty4aeMblil ICTOUHUKOM cBeTa @ (§ 4).

3. CBeroBas 0T/Aaya 1 — OTHOILIECHHUE MMOTOKA U3IyYEHHOIO CBETa K MOTPEO-
nsiemoii MontHocTH (1 = ®/P ). CBeToBas 0T/a4a ABISETCS OTHUM U3 OCHOBHBIX
napaMeTpoB, XapaKTePU3YIOIIUX IKOHOMUYHOCTh UCTOYHUKA U3TyUYCHUS.

4. 1lBeroBast temnepaTrypa Ty (71 TEIJIOBBIX MUCTOYHUKOB) M KOPPEIUPO-
BaHHAas I[BeTOBas Temreparypa Tyys (1715 JJIOMUHECIIEHTHBIX UCTOUHUKOB) — Xa-
PaKTEepU3YIOT LBETHOCTh M3Ty4eHUs MCTOYHMKA [15]. DTO0 TemmepaTypa adbco-
JIOTHO 4€PHOTO Tejia, MPU KOTOPOW OHO MCITYCKAET M3Ty4YeHHUE C TOM K€ IBET-
HOCTBIO, UTO ¥ pACCMATPUBAEMOE U3IIyUCHHUE.
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§ 15. 3aKkoHBI TEI0BOT0 U3TyYEeHUSA

TeroBoe u3nmydeHre BO3HUKAET B pe3ybTaTe U3MEHEHHS YHEPTUU aTOMOB
¥ MOJICKYJI, BXOSIINUX B COCTaB M3JIyYaIOIIEro Teya, MPUIEM CPEIHSS SHEPTUS
aTOMOB U MOJICKYJI, YpOBEHb UX BO30YKICHHS 3aBHCHUT OT TEMIIEPATyphl Harpe-
TOTO TeNa: yeM OOJbIlle TeMmIepaTypa, TeM OOJbIlle SHEPTUs W3TydaroluX da-
CTHILI, IO3TOMY TEIJIOBOE U3IIyYEHUE YACTO HA3bIBAIOT TeMnepaTypHbM [3]. [Ipu
ATOM B W3IyYalOIIeM Telile He MPOUCXOIUT HUKAKMX M3MEHEHHH, KpoMe M3Me-
HEHUIl TEIIOBOTO COCTOSIHHSA, @ KOJIMYECTBO M3Ty4aeMOW YHEPTUU M3MEHSETCS
COOTBETCTBEHHO KOJIMYECTBY MOABOAMOTO TETLIA.

3aKOHBI TEIMJIOBOTO M3JIYYCHHS, T.€. 3aBUCHMOCTh W3JIy4aeMOW SHEPTUU OT
TEMIIEpaTyphl U €€ paclpeieiCHHe B CIEKTpe HanOoJiee XOPOIIo U3YUYEHBI IS
abcomotHo uepHoro Tena (AUT). Orto teno, koTopoe o0aagaeT CroCOOHOCTHIO
MOTJIONIATh BECh MAAAIONINI HA HETO JTYYUCThIN MOTOK. AOCOIIOTHO YEPHBIX TE
B IIPUPOJIC HET, OJTHAKO, TaKWE TeJa, KaK ca)ka, YepHBIM Oapxar u JIpyrue B BU-
nuMoit yactu criektpa onm3ku k AUT. Haubonee coepiiennoit mogenpio AUT
MOXET CIY>KUTh HEOOJIbIIIOE OTBEPCTHE B 3aMKHYTOM moJioctu (puc. 15.1). Us-
Jy4eHHe, IPOHUKIIEe BHYTPb MOJOCTHU, MPETepIieBaeT MHOTOKPATHOE OTpake-
HUE OT CTCHOK ITOJIOCTH, TTPU KaXKIOM TaKOM OTPaKCHHH YacTh WM3IIyYCHHS Tie-
PEXOIUT BO BHYTPEHHIOW JHEPTHUIO IIOJIOCTH, HWHTCHCHUBHOCTH HW3IYYCHUS
YMEHBIIIACTCS W Ha BBIXOJIE W3 IMOJOCTH HWHTCHCHMBHOCTH NMPAKTUYECKH pPaBHA
Hymo. [Ipu HarpeBanuu takoro mnosioro mapa (puc. 15.1) u3z ero orBepctus Oy-
JIeT BBIXOJUTH M3IyYeHUE, NMEIOIIEe CIUIONTHON CIEKTp, T.e. B COCTaB €0 U3-
Jy4eHUs BXOJAT JIJIUHBI BOJH OT 0 10 oo, W3-
nyuenue Comuia 0nm3ko kK usnyudeHuro AYT
(mpu remnepatype 6000 K).

CooTHoIlIeHNEe MEXTY TUIOTHOCTSIMU H3ITY-
YEHUsl JIBYX Tel W uX KO3P(PUIHMEHTaAMH TIO-
TJIONIEHUSI JIYYUCTOTO TIOTOKA YCTaHOBJICHBI Iss0
Kupxrodpom. CormacHo 3TomMy 3aKOHY OTHO-
IIICHUE CIICKTPAIBHON TJIOTHOCTH SHEPTreTHYC-
ckoif ceetuMocTu Tena M. (§ 3) k ero morJo-
aTeNbHOoN criocooHoctu oy (§ 6) He 3aBucur  Puc. 15.1. Mogens AUT
OT TPUPOJIBI TENa, a 3aBUCHT TOJBKO OT €ro
TeMIrepaTypbl 7 ¥ IJTUHBI BOJHBI H3TYUCHUS A

MeM _MeKZ _ _Mekn —

f(T), (15.1)

Oy, a;, a;,

n

rae f (k,T ) — CHEKTpaJibHas MJIOTHOCTh dHEpreTuueckor ceetumoctd AUT. Ota

¢byHkuus O6bu1a noxyyeHa Makcom [1maHKOM Ha OCHOBE THIIOTE3bl O KBAHTOBOM
IIPUPOJE CBETA U UMEET BUJ:
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2nthc’ 1
fO%T): e ’ ( he j , (152)
exp| —— |-1

AT

rae h — nocrostHHas [lnanka, k£ — nocrosinnas bonbimana. Ha puc. 15.2 npuse-
JIEHO CHEKTPaJIbHAs IUIOTHOCTH SHepretudeckor ceetumoctu AYUT, nns pas-
JIMYHBIX TEMIIEpaTyp.

Or Ma, | '

OTH. €.

( 1.0 }.,._. MEM 2.0

Puc. 15.2. Cnektp n3nyuenuss AUT

W3 pricyHKa BUJTHO, YTO MPHU YBEIMYECHUH TEMIIEPATYPhl IPOUCXOIUT YBEIU-
YEHNE DHEPreTUYECKON CBETUMOCTH M U3MEHEHUE €r0 CHEKTPAIBHOIO COCTABa.
Takke BUIHO, 4TO C YBEJIIMUECHHUE TEMIIEPATYPHI MPOUCXOAUT CMELIEHHUE B CTO-
POHY KOPOTKHX IJuH BOJIH. Hemenkuit ¢usuk Bunmbrensm Bun mokasain, 4to
JUIMHA BOJIHBI, HA KOTOPYIO MPUXOJUTCS MAaKCUMyM CHEKTPAIbHOW IJIOTHOCTH
sHepreruyeckor ceetumocTu AUT, oOpaTHO mpomopioHaibHa €ro abCcomroT-
HOU TemIeparype:

_h
max T 5
rae b =2,9-10°m-K — nocrosuuas BuHa, a caMo ypaBHEHHE HOCHT Ha3BaHHE
3aKOH cMmelleHue BuHa.

Asctpuiickue yuensie Mosed Credan sxcnepuMeHTanbHO, a Jroxsur Bomb-

IMaH TEOPETUYECKU YCTAaHOBWJIM 3aKOHOMEPHOCTb, HA3bIBAEMYIO 3aKOHOM
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Credana-bonbimana: sHepreTuueckas ceetumocts AUT M, mponopimonas-
Ha YeTBEPTOM CTENEHU €ro aOCOMIOTHON TEMIIEPaTyPhI.

M,=cT", (15.4)

rae 6=5,672-10" Br/(m*-K*) — nocrosnas Credana-Bosbimana.

Buaumeiii ciektp n3nydenns y AUT cTaHOBUTCS 3aMETHBIM MPU €r0 Harpe-
Banuu 10 800 K. Ilpu nmampneimem yBennueHun temmneparypel AUT B ero
CIIEKTpE MOSABIIAIOTCS 00Jiee KOPOTKUE U3IIYUEHUS] — OPaH)KEBbIC, JKENThIE, 3€TE-
Hele U T.1. [16]. IloBepxHocTe ConHua umeetr temmeparypy 6000 K, a makcu-
MyM CHEKTpa €ro U3iay4eHus: HaxoauTcs B 3en€Hoi obnactu (~500 um) (cMm. § 2,
Tabm. 2.1), ¥ 370 U3IydYeHrue Hanboaee KoMGOPTHO JJIsl 3pEHUS YEJIOBEKaA.

§ 16. Jlamnibl HaKaJIMBaHUA

B ocHOBe HCIIONB30BaHUS 3IEKTPUUYECKON IHEPIUU IS LIEJIEH OCBEIICHUS
JICKHUT SIBJIEHUE BJICKTPUUYECKON IYrd, OTKpPBITOE pycckuMm yueHsiM B.B. IleTpo-
BbIM B 1802 roay. /lyra oGpa3oBbeIBaiach MEXIy JABYMS YTOJIbHBIMHU CTEP>KHIMHU
P MPOXOXKACHUH 110 HUM 3JIeKTpuueckoro Toka. B 1872 romy pycckuii n3o0-
perarens [16] A.H. JloaplruH co3fan 3JIEKTPUYECKYIO JIaMIy HAaKalMBaHUs, B
KOTOPOM B KQUE€CTBE TE€JIa HAKaJa CIY’KWJI YTOJbHBIA CTEP/KEHb, 3aKIFOYEHHBIN B
CTEKJISTHHBIN OQJJIOH, U3 KOTOPOTO OBl BhIKauaH BO3AyX. B ganpHeieM KoH-
CTPYKIIUs OblJIa YCOBEPIIIEHCTBOBaHA DJIMCOHOM M MM OblIa pa3paboTaHa Tex-
HOJIOTUs Mpou3BoACcTBa. C 1€JIbI0 MOBBIIICHHUS] CBETOBOM OTAAauM JIaMIl HaKaju-
BaHMS B KQUECTBE TeJla HaKaja MCIOJIh30BAJIaCh METAJUIM3UPOBAHHAS yTOJIbHas
HUTh. YTOJb O0JaJaeT HEIOCTATKOM, CBSI3aHHBIM C BBICOKOW CKOPOCTBIO €T0
WCIIAPEHUs], U TTIOATOMY UMEET KOPOTKOE BpEeMs KU3HU IPH IKCIUIyaTaluu, 3a-
TE€M MNOSIBWJIMCH JIAMIIbl ¢ OCMHEBOW UM TAHTAJIOBOM HUTAMU. BC€ M3MEHUIIOCH C
MOSIBJICHUEM TEXHOJIOTHHU 1O TPOU3BOJICTBY TOHKHX IMPOBOJIOK U3 BOJb(pama.
Bonbsdpam sBasieTcss 0HUM U3 CaMbIX TYTOILUIABKUX METAJUIOB C TEMIIEpaTypoi
raBnenust 3660 K, npu stom nme-

€T HHU3KYI0 CKOPOCTb HCHapeHUs. CreknaHHas : Hute
[TosTomMy Bolb(pam u celyac - konba ~__ / Hakana
POKO HCIOJIB3yeTCs] B KAa4eCTBE Te- S

Ja HaKauna.

Jlamna HakaluBaHUS COCTOUT
M3 TPEX OCHOBHBIX YaCTEH: CTEK-
JSHHOM KOJIOBI, IIOKOJS M Tena
Hakaja (HUTh Hakama) puc. 16.1.
Huthk Hakama B jJamMmax HakKaJIMBa-
HUS M3TOTABJIMBACTCS M3 BOJb(ppa-

MOBOM ITPOBOJIOKHM, Yaulle BCEro
cButoii B crmpaits. C  IEIBIO Puc. 16.1. Jlamia HakaJIMBaHUsA
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YMEHBIIIEHUS TETUIOBBIX MOTEPh MPUMEHSETCS ABAXK/IbI CIIHUPATU30BAHHAS BOJIb-
dbpamoBasi HUTb.

DIEKTPUYECKUN TOK, MPOXO/ISl Yepe3 HUTh HaKaja, HarpeBaer e€. Yem Bblllie
TeMIlepaTypa HUTH Hakajla, TeM OOJIbIIMK CBETOBOM MOTOK OHa m3iy4daet. [lof
BJIUSIHUEM BBICOKOU TeMIlepaTypbl HUTh HaKaja IMOCTENEHHO UCIapseTcs U pac-
NBUISETCS, YTO MPUBOJUT K €€ MeperopaHuto. B pesynbrare McnapeHus: BOJIb-
dbpaMoBOii HUTH HaKajla Ha KoJioe 00pa3yeTcst YEPHBIN HAJIET.

Ha puc. 16.2 npencraBneHo CieKTpaIbHOE paclpeaeICeHUE SHEPTUM U3ITyde-
HUS pa3IMYHBIX UCTOYHUKOB. Pacripesenenuie sHEpruud cBeTa OT JIAMIIbl HaKa-
JMBaHUS OYEHb CXOXE C pacnpeneneHrueM sueprun B cnekrpe AUT, mockonbKy
OHM pPabOTalOT Ha TMPUHIIUIIE MCIYCKaHUS CBETa 3a CYET TEIUIOBOW DHEPTHUH.
[[BeToBas TemnepaTypa JaMIl HaKaJuBaHus JeXKUT B auana3zone 2700 — 3200 K.

Me.100
80
60
40

20

400 500 600 700
M. HM

Puc. 16.2. I'paduku crekTpaJbHOM TJIOTHOCTH
SHEPreTUYECKON CBETUMOCTH PA3JIMYHBIX UCTOY-
HHUKOB CBETAa B BUAMMOM JHUAIIA30HE JUIMH BOJIH

CrexTpaJibHOE pacIpeAeIICHUE JHEPTUU JIAMIIBl HAKAJIMBAaHUS B BUAMMOM
JVAMAa30He YaCTUYHO 3aBUCUT OT HOMHUHAJIBHOW MOIIMHOCTU. B 3THX nammax
UMEETCS 3HAYUTENIbHOE BBIIECIEHUE SHEPIHHU B KPacHOM OOJACTH CHEKTPa, UTO
IIPUJIAET MTOBEPXHOCTAM, OCBEIIAEMBIM CBETOM JIAMII HAKAJIMBAHUS, OPAHIKEBO-
KENTHIA OTTEHOK. M3-3a HU3KOTO YpOBHS MHTEHCHUBHOCTH TOJyOOro cBeTa
OCBEUICHUE JIaMIIaMHd HAKAJMBAHUS MOXET 3aTPYJHUTH pPa3IUUCHUE OJIM3KUX
OTTEHKOB Troiy0oro cBera. biarogaps OosblIoMy COIEpKaHHUIO KENTOrO CBETA
IIPY UCIIOJIB30BAHUU 3TOI0 UCTOYHUKA MOXKHO YBUIETHb CBETJIO-XKENTHIE JIMHUU
Ha OesoM ¢oHe.

37



Kax BuanHO U3 puc. 16.2, nammna HakaauBaHUs «O0OJIbIIIE TPEET, YEM CBETUT.
Bonbiias yacte 3HEpruu npeobdpaszyercs B TEIUIO, U JHIlb 2-3% moTpedisemMoit
sHeprum Ipeodpasyercss B cBeT. CBeToBas oTdada Jamn HakanuBanus (§ 14)
MOIIHOCTBIO OT 25 10 1000 BT cocraBnsier npumepro ot 9 go 19 nm/Br. Ilpu
3TOM MX CPEIHHM CPOK CIy»kObI cocTaBisieT mpumepHo 1000 u.

HecMoTpst Ha cBOM HeOOCTATKU (HU3Kasg CBETOOTIaya, Majblii CPOK CIYXk-
Obl), TaMITbl HaKaJIMBaHUS MPOAOJIKAIOT UCIOJIb30BaThCsl B TeXHUKE. B mabopa-
TOPUSX MHOT/A HUCIOIB3YIOT KBAPIIEBBIE JIaMIIbl, KOTOPBIE MPEACTABISIOT CO00M
JaMITbl HAaKAJIMBaHUA C BOJIb()PAaMOBOM HUTHIO B KBApIIEBOM, a HE B CTCKJISTHHOM
k0J10e. OHM 00J1aaI0T XOPOIIMMH LBETONEPEAAIOIIMMHU CBOMCTBaMH, T.K. pabo-
TalOT MpHU 00JIee BHICOKOW TeMIIepaType MO CPABHEHHIO C OOBIYHBIMU JIaMIIaMHU
HaKaJIMBaHMs, T.K. KBapIleBas 000JO0YKa MOXKET BbIIEpPkKaTh OOJiee BBICOKYIO
TeMneparypy, 4eM ctekio. [lo 3Tol mpuurHE MOKHO HM3rOTaBIMBATH JIAMIIBI
MaJICHBKOTO pa3Mepa C OKPY>KAIOIUMH UX BBICOKOI(P(PEKTUBHBIMH CBETOOTpPA-
YKAIOIMMU TPUCTIOCOONIEHUMU. B HEKOTOPBIX THUMAX JIaMIT HAKaJIUBAHUS MPHU-
MEHSIIOT TAJIOTEHOBBIN HAIOJHUTEIb, KaK
npaBuio, iox. Iloatomy Takas namna
Ha3bIBaeTcs rajoreHHoil (puc. 16.3). B i
pe3yJiibTate paboThl JaMIlbl U Ta3000pas3-
HOTO Hoaa B KojbOe, BCe YyJETEBIIUE CO
CIIUpaJbHOM HUTH BOJIb()pamMa, BO3Bpa-
HIAIOTCA Ha3al. 3a CYET ITOTO YBEIWYHU-
BaeTCS CPOK PabOTHI JIAMITBI, TAKXKE yBe-
Ju4YuBaeTcs €€ cBerooTnada (okoJjio 25
am/Bt) u 1BeroBas Ttemmeparypa. K
KOHITy CpOKa paboThl, KOJ0a OCTaeTCs
YUCTOW M MPO3PAYHOM, TAK KAK HA HEW
HE OCENArT aToMbl cnupainu. l'anoreH-
HBIC JIAMITbI OJlarojiapsi CBOEH KOMIIAKT-
HOCTH BBICOKOHM SIPKOCTH HHUTH HCHOJIb-

3YIOTCS JIJISL CO3JIaHUSl HAIPaBJICHHOI'O Puc. 16.3. JIaMma ragorenHas
OCBEIICHHS.

§ 17. I'azopa3psiiHbIe JJaAMIIBI

B oTinumMe OT MCTOYHMKOB TEIJIOBOTO H3JIY4YEHHs, KOTOphbie 0O0JagaroT
CIUIOLIHBIM CIIEKTPOM H3JIYUEHUS, Fa30pa3psiiHbIe (Ta30CBETHHIE) JaMITbl UMEIOT
JIMHEWYATHINA CIIEKTP, COCTOSIIMNA W3 OTACIbHBIX JUHUN WM MOJIOC U3JTYyYCHUS
[16]. Kaxnaplii ra3 v mapbl KaXXJIOr0 METajlia, MpU 3JIEKTPUUECKOM pa3psiec B
HUX, Jal0T M3JIy4YeHHE CBOEro XapakKTepHOro IBeTa. Hampumep, HEOH maeT u3-
Jy4EHHUE KPACHOTO IIBETA, Maphbl HATpUs — KEATOro 1BeTa. [IpuHIUIT neicTBUs
ra3opas3psIHbIX JJaMII OCHOBAH Ha CBEYEHUHM Ta30B U MapoOB METaJIa MPH JICK-
TPUUYECKOM pa3zpsific. B 3TuX HMCTOYHMKAX CBETa JICTY4YMl MeETal PTYyTh WU
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HATpU BO30YXKIAeTCs SJICKTPOHAMH, KOTOPBIE YCKOPSIOTCS B IMPOCTPAHCTBE
MEXKy ABYMS JJIEKTPOJAMU MOJ JEUCTBUEM MPUIIOKEHHOTO K HUM HampsiKe-
HUs. CTONKHOBEHUS BO30YXKICHHBIX Ta3000pa3HbIX aTOMOB METaJlJIa BHI3BIBAIOT
JIOMHUHECLEHIINIO, KOTOpas JaeT MHOTO BUAMMOIO CBETA.

ITo cocTaBy ra3oB wiM MapoB, B KOTOPBIX IPOUCXOAUT pa3psad. ['azopaspsin-
HBIE JIaMIIbI JCJISTCS Ha JIaMIIbI ¢ pa3psaoM: 1) B razax; 2) B mapax METaJIJIOB U
3) B mapax MeTaJUuioB U uUX coeauHeHuil. [lo paboueMy naBiieHHUIO pa3psaHbIE
JIAMIIBI AENATCA Ha: 1) JaMIbl HU3KOro aapienus — npuMepHo ot 0,1 mo 10% I1a;
2) BbIcOKOTO aapienus — or 3-10* o 10° Ila u 3) cBepXBBHICOKOrO JaBJICHUS —
6onbine 10° IMa; mo Bugy paspsama — Ha jpammbsl: 1) Qyrosoro, 2) Taeromero u 3)
UMITYJIbCHOTO pa3psija.

OO6nacTu NMpUMEHEHHs Ta30pa3psAIHBIX JIAMIT ONPENETSIOTCS TEM, YTO OHH
UMEIOT CaMyl0 BBICOKYIO CBETOBYIO OTJady M BO MHOTO pa3 OOJBIIMA CPOK
CITY>KOBI TIO CPaBHEHHUIO C JIAMIION HaKaJMBaHUs. B CBSI3W C TeM, 4YTO CIIEK-
TPaJbHOE PACIIPENEICHUE CBETA OT JIEKTPUUECKUX Ta30pa3psAIHbIX NCTOYHUKOB
C aTOMaMHu Me€Tajula HE SIBJISIETCS CIUIOIIHBIM B BHAMMOM JHANA30HE, 3TH MC-
TOYHHKH TIJIOXO MEPEIatoT BET. B CBSI3M ¢ 3TUM UCIMOJB30BAHUE TAKUX UCTOY-
HUKOB CBETA JIJISl OCBEIICHMS SKCIO3UIUN HEXENaTelIbHO, OOBIYHO OHU MpUME-
HSIFOTCS 1151 OCBEIICHUS aBTOCTPAJT U MECT OOIIECTBEHHOTO TIOJIb30BAHUSI.

BniepBbie 3TOT HEIOCTATOK YJaJ0Ch MPEOJIOJETh B PTYTHBIX JTIOMUHECIICHT-
HBIX JaMIlaxX HU3KOTO JIaBJeHUS. JIFOMUHECIIEHTHBIE JIAMIIbI SIBJIIFOTCS JJICKTPU-
YECKUMH Ta30pa3psIHBIMU MCTOYHHKAMU, MMOJOOHBIMU PTYTHBIM W HATPUEBHIM
namniaM. OTHaKO UX OCHOBHOE pa3jInyue: BHYTPEHHIOI YacTh CTEKIISTHHON 000-
JIOYKY MOKPHIBAET JIFOMUHECIMPYIONIHI MaTepuan (puc. 16.1).

Puc. 16.1. Buasl nFOMHHECIIEHTHBIX JIAMIT
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JIroMUHECLICHITUSL TIPEACTaBIsICT COOOM SBICHHE, TOCPEICTBOM KOTOPOIO
BEILIECTBO MOKET MOTJIONIATh U3JIyYE€HUE OJHOW JUIMHBI BOJIHBI U MEPEU3TydaTh
B JIPYTUX, 00BIYHO O0Jiee UTMHHBIX BOJIHAX.  Eciin, KpoMe BHUIUMOTO CBETa Ha
TaKkoe BEIIECTBO IMaJaeT YIbTpadHUOJETOBOE H3IYyYEHHUE, TO HEKOTOpas ero
4acTh nepeusiiydaeTcs: B popMe BUIUMOro cBeta. Eciu n3nydeHue mpoucxoauT
HETMOCPEJCTBEHHO TIOCJE TMpeKpalieHus: BO30YXKIACHHUS, TO SBJICHUE HOCHUT
Ha3BaHue (iyopeciieHIIMU. Eciu u3iydeHue 3aaep>XKuBaeTcs, U SHEPTUs U3Iy-
YaeTcs Yepes3 ONpeJieNIeHHbI TPOMEXYTOK BPEMEHHU, sIBJICHHE Ha3bIBaeTcs oc-
dbopecueHuei.

DKCNEPUMEHTHI C JIIOMUHECHIEHIIMEN NpoBoAMINCh bekkepenem emie B 1867
I., OJTHAKO JIKIIb TOJbKO B 1930 r. mosiBWJIaCh cepuiiHas JTIOMUHECIICHTHAS JaM-
na. VX mosiBlieHHE O3HAMEHOBAJIO CO0O# HOBBIN, MOJJIMHHO PEBOJIIOIMOHHBIN
9Tam B Pa3BUTUHU Pa3psAIHBIX HCTOUHUKOB CBeTa. BriepBbie ObLIM CO37MaHBI pas-
PAIIHBIE JIAMIIbI, JAIOIIAE U3JIYYEHUE C HEMPEPBIBHBIM CIEKTPOM MPAKTHUYECKU
JT1000T0 cocTaBa U 00JIaAI0UEe TIPU STOM CBETOBOW OTHauei U CPOKOM CITYXK-
Obl, B HECKOJILKO pa3 MPEBBIIIAIONIMMUA CBETOBYIO OTJAa4y U CPOK CIIYKOBI JIaMIT
HakanuBaHus. CBeTOBask OTJa4a COBPEMEHHBIX JTFOMUHECIIEHTHBIX JaMIl JOCTH-
raet 85-104 am/BT, cpok cinyx0b1 — 10 60 ThIC. 4. B HacTosiee BpeMs JOMU-
HECILICHTHBIE JIaMIIbl — Han0oJiee MaCCOBBIE Pa3psiIHbIC HCTOYHUKH CBETA.

JlroMuHECIIEHTHBIE JITaMITbl IPUMEHSIOTCS TJIABHBIM 00pa3oM B PEMPOayKITHU-
OHHBIX (poToammapaTax, yCTPONCTBAX JJIsl MMPOCMOTpa U300paKeHUN HA OPUTH-
Hanmax U (porodopMax, B MOHTaXKHBIX cToiax. Jlammbl ¢ OenbiM, OJU3KHUM K
JTHEBHOMY, CBETOM HCIIOJIB3YIOT B PEMPOIYKIIMOHHBIX pabOTax, CBS3AHHBIX C
[IBETHBIMU U Y€PHO-OENBIMU OpUTrHHaNIaMu. [[BeToBast Temmneparypa Takux Jamil
6500 K. Ha puc. 16.2 noka3aH CHeKTp U3Iy4CHUS MOJOOHON JIFOMUHECIIEHTHOM

JIAMIIBI. TaKI/Ie JIaMIIbl U3JIy4arO0T IPCUMYIICCTBCHHO B BUAUMOM AHUAIIa30HC.
16 : ' : 1 : *

Puc. 16.2. CriekTp u3nydeHus JIOMHUHECIIEHTHOM JIAMITbI
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JUIs yAMYHOTO OCBEIICHHS TOPOJIOB, I0POT, MPOMBIIUIEHHBIX 00OBEKTOB, KaK
ObUIO CKa3aHO BBIIIE, UCIIOJIB3YETCS HATpUEBask razopaspsjHas jlamma — dJeK-
TPUYECKUN HCTOYHUK CBETA, CBETSIIMMCS TEJIOM KOTOPOrO CIIY>KHT Ta30BbII
paspsan B napax Hatpus. [IpeoOnagaronuM B CIEKTpE TAKUX JIAMII SIBJISIETCS pe-
30HAHCHOE M3JIy4yeHHE HaTpus. Takue JamIlbl AT SPKUM OpPaHKEBO-KEITHIN
cBeT. HaTpueBble JaMIbl UMEIOT OY€Hb BBICOKYIO CBeTOOTAady — a0 100 am/BT.
JIaHHBIN TUI JIAaMII OYEHBb NOMYJIIPEH CPEAU JIFOJACH 3aHUMAIOLIMXCS BbIpally-
BaHHMEM PACTEHUI, TaK KAaK M3JIy4aeMblii UMHU CBET MOYTH MOJHOCTHIO BOCHOJI-
HSI€T MOTPEOHOCTU PACTEHUS, MOCKOJIbKY 3TH JIAMIbl U3Iy4arOT JOCTaTOYHOE
KOJIMYECTBO KPACHOM YacTH CIIEKTpa.

[Ilupokoe MpUMEHEHHE B APXUTEKTYPHOU ITOJCBETKE, CBETOBOM pEeKIaMe U
JTU3aMHEPCKON MHTEPHEPHOM MOJCBETKE MOJYYHIN HEOHOBBIC JaMIIbl. DTO JaM-
bl X0JIOAHOTO KaTosa. OHU MOJYyYMIIM TaKOe Ha3BaHHE NOTOMY, UYTO paboOTaroT
Ha 3JIEKTPOJAaX, B KOTOPBIX OTCYTCTBYET HUTh HAKAJIMBAHUS, a BbIICJICHUE TEIIa
B Ipoliecce paboThl HE3HAYUTENbHO. VIMEHHO MOATOMY JIaMIIbl XOJIOJTHOTO Ka-
TOJIa SIBJIAIOTCS SHEProcOeperaroiuMy, MOCKOJIbKY YacTh SHEPTUH, YXOIAIeH B
TeIJ10, MUHUMAaIbHa. CBETOBask OTJaya 3aBUCUT OT LIBETa, y OEJIOro CBEYECHUS
ona cocrtasisier 50-80 am/Bt. HeoHoBble nammbl 001a1a10T OOJIBIIMM CPOKOM
ciy>k0b1 710 80000 yacos.

Henoctatkom razopaspsiHbIX Jamm SBISIETCS. HEKOTOpash CIOXHOCTb HX
BKJIFOUEHUS B CE€Th, CBA3aHHAsA C OCOOCHHOCTSAMU paspsaa. s ero 3axuranus
TpeOyeTcsi 0oJiee BBICOKOE HAIMPSIKEHHUE, YeM JJIsl YCTOMYMBOTO TopeHus. [lis
o0ecreueHns yCTOMYMBOTO TOPEHUS B LIENb KaXKI0M JaMIbl HEOOXOJIUMO BKIIIO-
yaTh OajljacT, OrpaHUYMBAIONINM TOK pazpsga TpedyeMbiMH mpeneinamu. Jpy-
ol HEJAOCTATOK PA3PSIHBIX JaMIl C MapaMH BELIECTB, HANOJHSIOMIMX pa3psl-
HYI0 K0J10y, 0OyCIIOBJIE€H 3aBUCHUMOCTBIO UX XapaKTEPUCTHUK OT TEIJIOBOTO pe-
KHUMa, TIOCKOJIbKY TeMIIepaTypa OIpelessieT AaBleHUe MapoB paboyero Bellle-
cTBa JamIibl. HOMMHAIBHBIN PEKUM YCTAHABIMBAECTCS B HUX TOJBKO CITYCTS He-
KOTOpO€ BpeMs Iocie BKIoueHus. [IoBTOpHOE 3akUraHue jgami ¢ paspsaoM B
napax MeTajjla MpU BBICOKOM M CBEPXBBICOKOM JIABJICHHHM O€3 CIelHaIbHBIX
IPUEMOB BO3MOYKHO TOJIBKO IO UCTE€YEHUU HEKOTOPOTO BPEMEHU IMOCIIE BBIKIIIO-
YEHUSI.

§ 18. CBeToanoasnl 1 jJa3zepbl

CBeToAMOMHbIC W JIa3ephl CPABHUTEIBHO «MOJIOJIBbIC» HCTOYHUKH CBETA.
CBeToano SBASETCA MOJYIPOBOJIHUKOBBIM UCTOUYHHUKAM CBETA, B KOTOPOM W3-
Jy4eHre BO3HUKAET Ha TMOJYMPOBOJHIUKOBOM IEPEX0Jie B pe3yIbTaTe peKOMOU-
HaIlUM 3JIEKTPOHOB U bIpoK [17]. Takue uznyuyarenu M3roTaBIMBaIOT U3 MOJIY-
IIPOBOJTHUKOBBIX MAaTE€pPUAJIOB BBICOKOW YaCTOThI, J00ABIsis HE3HAUUTEIHHOE
KOJIMYECTBO MpUMecei. JlaHHbIE TPUMECH CO3/Ial0T M30BITOK «JIBIPOK» (THII P)
WM 3JeKTpoHOB (T n). Ha rpanurie pasnena maTepuaioB p U n Tuma odpasy-
€TCs1 MOJIYNPOBOTHUKOBBIN p-n niepexon. Eciau k TakoMy nepexoay NpUIOKUTh
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HEOOJIBIIIOE HAIPSKEHUE B HECKOJIBKO BOJIBT, K N MaTepualy OTpUIATEIbHOE, a
K P TMOJOXUTEIbHOE, TO DJEKTPOHBl M «IBIPKW» HAYHYT HEpPEMENIaThCs
HaBCTpedy ApPYr Ipyry. B 30He KOHTakTa Mmpu peKoMOMHAIMH OHU OYIyT HC-
nyckaTh (GoTonsl [17]. CroexkTp u3iydeHHs TUHEHYaThId U 3aBUCUT OT MAaTEpH-
aja ¥ BBOJUMOM ITPUMECH.

B nauane 60-x rogoB XX Beka HECKOJBKO 3apyOeKHBIX KOMIIAHWM Hadaiu
MPOU3BOJICTBO CBETOJMOJOB C KPACHBIM IBETOM HM3JIyYECHHS] Ha OCHOBE IOJIY-
npoBoHUKOBBIX MatepuanoB III u V rpynn tabnuuel MenneneeBa — rajims,
MbIlbsika, pochopa (Ga, As, P). DT cBeTOAMOIBI UMENH CBETOBYIO OTAAUY
0,1-0,2 nM/BT, cBetoBoOi motok He O6osiee 0,02 M U CTadu OYEHBb HIUPOKO HC-
MOJIb30BAaThCSl B PA3JIMYHON ammapaType Kak MHIUKATOpHbIE 3JeMeHThl. [1o3xke
MOSIBUJIMCH CBETOIMO/IbI IPYTUX IIBETOB: 3€JICHbIN, skeNThil [1]. [Tlognunuas pe-
BOJIIOLIMSL B TPOM3BOJICTBE CBETOJIMOAOB IMpou3olia B Hayane 90-x romos, Ko-
raa, omaromaps padoram XK.M. AndepoBa u Apyrux, ObUIM MOJTYYEHBI MHOTO-
npoxonnbie JBoMHBIE TeTepocTpykrypel (MIAI'C) — GaAlAs, AllnGaAs,
AllnGaP. CgeroBasi oTnaua KpacHBIX U 3€JEHBIX CBETOJIMOJOB YBEIMYUIIACH B
100 pa3 u nocturna 3HadeHud 10-20 nam/Bt. B 1994 r. anonckoi ¢upmoit
Nichia 6puM co31aHBl CBETOAMOBI Ha ocHOBe HUTpuaa ramwus (GaN) u ero
TBepAbIX pacTBopoB (InGaN, AlGaN) ¢ cunum uBetoM uznydenus (470 am). K
2004 romy cBetoBas orjaada cBetoanoaoB Ha ocHoBe M/II'C mocturia 3Haue-
Huii 30-50 1m/BT. [1]

CBeTOAMOIHBIA UCTOYHUK CBETAa COCTOUT U3 (puc. 18.1): uzmyyaromiero aie-
MEHTa, pOJb KOTOPOTO UIPaeT MOJYyIPOBOJHUKOBBIA KPUCTAUl P-n MEPEX0/a,
JUH3BI (paccenBarensi), KoTopas (OKyCHPYeT CBET OT KpHUCTAJIa U 3allUIIAcT
KPUCTAJLT OT BJIard U KOPPO3UH, KOHTAKTOB JIJISl OJIKIIOYEHUS K UCTOYHUKY MH-
TaHus (3TO MOTYT OBITH cTaHfapTHBIC 1okou E27, E14) [18]. Dueprus,  mo-
Tpebiisiemasi CBETOMO0I0M, YACTUYHO TIPeoOpa3yeTcs B CBET, a YACTUYHO B TETI-
J10, HarpeBas ero. [[ns oTBoAa Temia B yCTPOUCTBO CBETOAMOAHOM JIAMIIBI YaCTO
BKJIIOYAIOT paauatop. B ObITO-

BBIX IICIAX WUJIIM B KAa4YE€CTBC HC- Pal:l:BHBa'l'ﬂﬂb—?'iT _qh‘\
TOYHUKOB CBETa HCIIOJB3YIOTCS [ :
CBETOAUOIBLI OE€JIOr0 CBEUYEHHUS.
[lonyuaroT ©Oenoe  cBeUYEHHUE
Tpemsi crioco0amu:

1. IlyreM aaauTUBHOTO
CMEIIMBAHUSA KpacHOTO, 3eJie-
HOIO MU CHHEro UBETOB. B 3TOM
cly4yae TOJIy4aeTcsi HaumOOJIIb-
mas 3Qp¢GEeKTUBHOCTh, HO KOJIU-
YECTBO KOHTAKTHBIX BBIBOJIOB
YBEIIMYUBAETCS B TPU pasza, 4To
YCI0XXHSAET KOHCTPYKIIUIO. Puc. 18.1. YcTpoiicTBO CBETOIMOIHOM JIaMITbI

MowHbIN —
ceeroguop (%

Paguartop —\
Tennooreoga

Apainep
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2. 3a cuér mpeoOpa3oBaHUs CHMHEIO0 CBEUCHHS CBETOJIMOJIA C H3IIYUCHHUEM
moMuHO(opa (HarmpuMmep, KENTO-3eIEHOTO UITH 3eTIEHO-KPACHOTO).

3. 3a cu€T cMmenieHus u3y4deHus oT 3 TIOMHUHO(OPOB (KpacHOTO, 3€JEHOTO U
cuHero). CBeroauoa B 3TOM cCiydae H3JIydaeT B obOJyiactu yiubTpaduonera. B
ATOM CJIydae MOJy4aeTcsl BCETO JBa KOHTAKTHBIX BBIBOJIA, HO OOJBIINE MOTEPU
Ha MpeoOpa3zoBaHKe U3TYyUYCHUS B TIOMUHOGOpaX.

OTauyuTeaIpHON 0COOCHHOCTHIO CBETOJIMOHBIX JIAMIT SIBJISIETCS: HU3Kas IO-
TpebysieMass MOIIHOCTh, CIa0blii HArpeB, CPok ciyxObl. Cpok ciykObl 0O0JIb-
IIMHCTBA COBPEMEHHBIX CBETOJAMOJIOB B HOMHHAJIBHOM PEXKHME IPEBBIIIACT
50000 gacos. Ilo aToMy mapaMeTpy CBETOJIHMOJIBI MPEBOCXOIAT BCE OCTAIIbHBIC
THUIIbI KICTOYHUKOB CBETA.

Jlazepsl TIpeACTABISIIOT COOOM reHepaToOpbl ONTHYECKOTO M3Ty4YeHus, o0a-
JAIOIIETO YHUKAJIbHBIMA CBOMCTBaMHU: 1) BBICOKOM KOT€PEHTHOCTBIO B IMPO-
CTPAHCTBE U BO BPEMEHH, 2) UCKIIOYUTEIBHO Y3KOM HAIpPaBIE€HHOCTHIO (pacxo-
JAMOCTbH ITy4Ka MOXKET OBITh OJIM3KOU K TU(PPAKIIHMOHHOMY Mpeieiy), 3) orpom-
HOM KoHIEeHTpauuel MomHoctd (1o 10'! Br/cm? B HENpephIBHOM PEXUME U JI0
10" Br/cM®> B wummysbce), 4) BBICOKOH CTENEHBIO MOHOXPOMATHYHOCTH
(AL =107 um mpu A = 500 M, 5) cIOCOOHOCTBIO (POKYCUPOBATHCS B UCKIOYH-
TEJNLHO Majble 00beMbl mopsaka A>[1].

[IpyHIMDO AEUCTBHS JIa3€pOB OCHOBAH HAa TEOPUU A. DUHIITENHA O BBIHYX-
JEHHOM u3iiydyeHuu. B 1916 r. DUHIITENH TOKa3aJl, 4YTO €CJIM HAa aTOM, HaXxO/s-
nuics B BO30YXKJIEHHOM COCTOSIHUU, JIEUCTBYET BHEIIHEE U3TYyYEHUE C 4acTo-
TOM, YJIOBJIETBOPSAIOIIEH YCIIOBHIO MEpEXo/ia aToMa U3 BO30YKIAECHHOTO COCTOS-
HUSI B OCHOBHOE, TO BOBHMKAET BBIHYKJICHHBIN MEPEX0/i B OCHOBHOE COCTOSIHUE.
[Ipu 5TOM NPOUCXOAUT U3ITYyYEHHUE aTOMOM (DOTOHA JIOMOJTHUTEIBHO K TOMY ¢o-
TOHY, IOJI ICICTBUEM KOTOPOTO IMpou3oIiea nepexoa. A. Dunmredn u I1. Ju-
paK IMoKa3aliv, YTO BBIHYXKJIECHHOE M3Iy4EHUE CTPOrOo KOIE€PEHTHO C BBIHYKJA-
IOIUM, T.€. OHO UMEET TaKYI0 ke 4acToTy, (pa3y, moJIIpU3aIfio U HaIpaBICHHUE
usnydenus. [y obecniedeHus BBIHYKIEHHOTO U3Ty4eHUsI HEOOXOIMMO CO3/1aTh
CrieIMaIbHbIC YCIOBUS, PU KOTOPHIX B CPEJIe HAXOIUIIOCh OBl TOCTATOYHOE KO-
JMYECTBO BO30YXIEHHBIX aTOMOB. Takasi cpelna Has3bIBaeTcs akTHBHOW. U3imy-
YEeHUE C YaCTOTOM, COOTBETCTBYIOIIEH IMEpeXo/y aToMa M3 BO30YXKIEHHOTO B
HEBO30YXKJIEHHOE COCTOSIHHE, MPOXOJIsl Yepe3 aKTUBHYIO CpEey, BbI3bIBACT Jia-
BUHY BBIHYXKJICHHBIX (DOTOHOB, «JIETAIIUX» CTPOTO B OJHOM HAIpaBJICHUU, U
BMECTO OOBIYHOI'O OCJIa0JICHUsI TOy4YaeTCsl YCUJICHHUE U3JIyYeHUsl B HalpaBJe-
HUU MMaIAI0IIEro JIy4a.

[To Tumy akTMBHOIO BEIIECTBA Jla3epbl JEIATCA HA: Ta30BbIE, TBEPAOTENIb-
HbIE, KUIKOCTHBIC U TOJYIPOBOJHHUKOBBIC. Jlazepbl IreHEpUPYIOT H3IYUYEHUE
BBICOKOW MOIIIHOCTH, UCIYCKAEMOE C €IMHUYHOM IUIOLIAIM B €AUHUYHOM Te-
JIECHOM YTJIE, T.€. SIBJISIIOTCSI MICTOYHUKAMH OY€Hb BBICOKOU sipkocTh. Hanpumep,
B JIa3epe Ha CTEKJIe C HEOJUMOM C AUGPPAKIIMOHHBIM OTPAHUYCHUEM PaACXOIH-
MOCTH IIy4Ka dHepreTuueckas aspkocts gocruraer 1017 Br/(cm?-cp).
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§ 19. IIpoxkeKTOPBI U CBETWIbHUKHU

Bcesikoe ycrpoiicTBo, 3akimrodaroriee B ce0¢ MCTOUHUK CBETa W IMpEeAHa3Ha-
YEHHOE JUIsI MCTIOJIb30BAaHUS U3JTy4aeMOro UM CBETOBOTO IMOTOKA JIJIsi OCBEIIIe-
HUS WM CBETOBOW CHTHAJIM3AIMH, Ha3bIBACTCSI CBETOBBIM MpruOopoM. CBeTo-
BBIE MPUOOPHI JACIATCS HAa CBETHJIBHHUKH U MPO:KEKTOPbI. CBETOBOI MpUOOD,
MIpEeTHA3HAYCHHBIA I OCBEIICHHUS Pa00YMX MOBEPXHOCTEH HAa CPAaBHUTEIHHO
HEOOJIBIITUX PACCTOSHUSAX M KOHIICHTPHUPYIONIUX CBETOBOM IMOTOK HCTOYHHKA
CBETa BHYTPH 3HAYUTEIBHOTO TEJIECHOTO yIJjla, HAa3bIBACTCS CBETUIHLHUKOM. B
MIPOYKEKTOpPaX CBETOBOW MOTOK MCTOYHHKA CBETa KOHIICHTPHPYETCS BHYTPH OT-
HOCUTEJIbHO MaJIbIX TEJIECHBIX YIJIOB. [IpoKeKTOphl TpeaHa3HAYarOTCsA IS
OCBEIICHUS JAJICKUX MPEIMETOB WM JJii CBETOBOM CUTHAJIM3AIIMU HAa 3HAYU-
TenbHbIe paccTosHus [17]. McTtouHuku cBeTa OOBIYHO CHAOXKAIOTCS ONMTHYECKU-
MU YCTPOWCTBAMH, CO3JAIOIIMMH HeoOxoaumoe cBeTopacmpenenenue. I[lepe-
pacrpejiefieHie CBETOBOTO MOTOKA MCTOYHHKA CBETa MOXKHO OCYIIECTBUTH ITy-
TEM OTPaXEHHUS €ro OT 3ePKaJbHBIX TOBEPXHOCTEH, MPETOMIICHUS JTydeh MpHU3-
MaMHU W JIMH3aMH, a TaKKe MPU TOMOITU OTPAKAIONIUX U MPEIOMIISIONIUX CBET
anemeHToB. Hampumep, 4ToOBI CO31aTh OCTPOHAINPABIEHHOE H3JIy4Y€HUE, UC-
MOJIB3YIOT TMapabonudeckuil oTpaxkarens (puc. 19.1), a B ero dokyc F nomenia-
I0OT HCTOYHUK CBETA OYCHHb BBICOKOM SIPKOCTH — TaJOTEHHYIO HJIM KCEHOHOBYIO
JaMITy HaKaJTMBaHUS.

Pacnipenenenune cunbl cBera
B IPOCTPAHCTBE, W3IIy4yaeMOu <
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CBETOBBIM TNPUOOPOM, XapakTe- \ K
pHU3YyeTCAd KPUBOM CHJIbI CBETA.

DTO 3aBUCHUMOCThH CUJIbI cBeTa [ \ \ /\
OT YyIrja HamnpaBJICHHOCTH OL. _

OTOT Yron OTCUYUTBHIBAETCA OT

HaIpaBJICHUS OCH CHUMMETPHUU

cBeToBoro 1oid. Kaxknmas Touka ] \

Ha KPUBOW OIpPEIEIseT B BbI- /
OpaHHOM MaciTabe BEIUYHUHY / L :
CWJIBI CBE€Ta B  3aJlaHHOM . f
HAIIPaBJIEHUH OT YCJIOBHOIO HC- *
TOYHHUKA, KOTOPBIA HCIIYCKAET

notoxk 1000 nm. KIIJ cBeTHnb- pye 19,1, dopMupoBanue CBETOBOTO MO ¢
HHUKOB — 3TO OTHOUICHHC Ialld~  ponvompro napaGoaMdeckoro oTpaxkares
IOIIET0 CBETOBOTO MOTOKAa Ha
pabo4yr0 MOBEPXHOCTh K MOJHOMY CBETOBOMY MOTOKY. Y COBPEMEHHBIX CBE-
TWIBHUKOB OHA JocTuraet BeanuuHbl ~0,8 — 0,85. OCHOBHBIE THUIIBI KPUBBIX CH-
JIBI cBeTa n3o0paxkeHsl Ha puc. 19.2 [19].
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Puc. 19.2. Tunossie KpUBBIE CUJIBI CBETA
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I'JTABA 5. KOJIOPUMETPUA

§ 20. OcHOBHbBIC IOHATHS KOJOPUMETPHH

CymecTByIOT IBE NPUHUMUIIMAIBHO PA3JIUYHBIE CUCTEMBI OLIEHKH W TPE-
craBieHus 1BeTa. [lepBas — 3T0 KOJIOpUMETPUYECKAsi CUCTEMA, B OCHOBE KOTO-
pOil JeKaT OCHOBHBIE W3JIYYEHUsS, CMEIINBAas KOTOPBIE, BOCIIPOM3BOJSAT BCE
MHOroo0pasue 11BeToB. HekoTopbie KOJIOPUMETPUUECKUE CUCTEMBI UMEIOT MEX-
JTYHapOJHYIO CTaHJapTu3anuio. Bropas — 3To cucrema cenu@uKaniy 1BETOB,
I I[BET UMEET MaTepUaIbHbIA HOCUTEIb B BUAE OKPAIIEHHON MOBEPXHOCTH U
PacroJIOKEHHBIN B OIpe/ieIeHHOM nopsake. CucteMbl ciendpUKauy cTaHnaap-
TU3YIOTCSI HAITMOHAJILHBIMU CITY»K0aMu CTaHaapTU3amuu [2].

Komopumerpus — Hayka 0 METOaxX U3MEPEHUS U KOJMYECTBEHHOM BBIpaXe-
HuM 1BeTa [20]. [lomumo n3MepeHus BeTa KOJOPUMETPHUS U3YYaeT TAKKE BO-
IIPOCHI €T0 CUCTEMATU3ALNHA U MATEMATUYECKOTO ONMHUCAHUSA. METPOJIOTHS KOJIO-
PUMETPHUU 33Ja€T yCIOBUS HAOIIOIEHU U U3MEPEHUs] KoopauHat uBera. Eciou
KOOPAMHATHI JBYX LIBETOB COBEPIIECHHO OJIWHAKOBBI, TO W IIBETA OJWHAKOBBHI.
OnHaKo KOJOPUMETPHUSI HE MOXKET AaTh OTBET, HACKOJIBKO TOYHO JTOJKHBI COB-
najaTh KOOPAMHATHI 1IBETa, YTOOBI I[BETa HE paziuYyaiuCh BU3yaidbHO. L[BeT —
OILYILIEHUE, BOCIPUHUMAEMOE MO3IOM, KOTJa CBET ONIPENEIICHHOW SIPKOCTU U
KOHKPETHOM JJIMHBI BOJIHBI TONAJAET HA CeTYaTKy ria3a [21].

[TonsTe 1BETa KaK CII0KHOTO OLIYIIEHHUs] MHOrooOpa3Ho. L[BeT oneHuBaeT-
Csl KOJIMYECTBEHHO — CBETJIOTOM, KAUeCTBEHHO — HBETHOCThI0. CBETIIOTa — 3TO
IICUXOJIOTUYECKOE BOCIPUITHE SIPKOCTH M3ITYUYEHUS, OTPAKECHUS WM MPOIyCKa-
HUS CBETA BEILIECTBOM, MATEPUAJIBHON CPENOM WM IOBEPXHOCTHIO IMpEAMETa
[22]. LIBeTa, KOTOpBIE XapaKTEPU3YIOTCS TOJBKO KOJWYECTBEHHO, HA3BIBAOTCS
axXpOMaTUYECKUMHU, T.€. HE HECYIIMMH OKpacku (Oenblid, cepblil, YEPHBIN).
OcranpHbIE BETA HA3bIBAIOTCSI XPOMAaTUYECKUMH — OHU HECYT OKpPAcKy W Olie-
HUBAIOTCS KAK KOJIMYECTBEHHO, TaK M KAYECTBEHHO. [[BETHOCTH B CBOIO 0OYEpPENb
XapaKTepU3yeTCsl IIBETOBBIM TOHOM M HACBIIIEHHOCTBIO [2]. IIpeacraBinenue o
CBETJIOTE W LBETHOCTH MOKHO II0OKa3aTh Ha IPOCTOM IPUMEpPE, BO3BMEM IIO-
BEPXHOCTH OJHOTO LIBETA, YaCTh ITIOBEPXHOCTH ITOMECTUM IOJ MPSMOM COJIHEY-
HBIN CBET, a 4acThb — B TeHb. O0€ YacTu €e UMEIOT OJJUHAKOBYIO LIBETHOCTh, HO
pa3Hyro cBernoTy. Kak roBopuiock paHee, i1 OMMCAHUS LIBETHOCTH MCIOJIb-
3YIOT JIBa MapaMeTpa: HACHILIEHHOCTh U LBETOBOM TOH. L[BEeTOBOI TOH — 3TO
KayeCTBEHHasl CyObEKTUBHAsI XapaKTEPUCTHKA 1IBETA, KOTOpasi MO3HAETCS uepe3
OLIYUICHUS U ONPEAECIACTCS HAMU KaK — CHHUM, 3€JICHbIA, KPACHBIM IIBET U T.]I.
B xonopumeTpun 3a OCHOBHBIE LIBETA JJISI U3BMEPUTENBHBIX LIEJIEW IPUHSATHI CIIe-
JYIOIIFE MOHOXPOMAaTUYECKUE U3ITYUeHUS (CIIEKTPAIbHBIC JTUHUH TAPOB PTYTH):

e st kpacHOrO (R - red) Ar = 700 HM,
e st 3en€éHoro (G - green) Ag = 546,1 HM,
e 1 cuero (B - blue) Az =435,8 uwm.
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HacpleHHOCTh 1IBETa — 3TO BTOpasi KaueCTBEHHAs! CyOBbEKTUBHASL XapaKTe-
pPHUCTHKA LIBETA, KOTOPAsk ONPENEISETCS HHTEHCUBHOCTBIO OIYLIEHUS IBETOBOTO
ToHa. HachIIIEHHOCTh 1IBETA aCCOLMUPYETCS B HALLIEM CO3HAHUHU C KOJIMYECTBOM
KpacsILIEero BellecTBa, HalpuMep, C €ro KOHUEHTpAIMel B Kpacke, a TaKKe C €ro
yucToToM. OHA XapakTepu3yeT CTENEeHb «pa30aBieHUs» U LIBETOBOIO TOHA Oe-
aeiM 1BeTOM. Hampumep, sipko-kpacHasi (HAcblIEHHasi) Kpacka MOXET ObITh
pazbaBieHa Oesoil kpackoil (OemuaaMu, MeJIOM), U HACHIIIIEHHOCTh CTAHOBUTCS
MEHBIIIE.

§ 21. CyOTpaKkTHBHOE M aJAMTHBHOE BOCIIPOM3BEIeHHE IBETA

CuHTe30M 1BETa Ha3bIBaeTCs MOJIyYeHHE HEOOXOAMMOIO IBETa MyTEM CJIO-
xenus apyrux. CyiiecTByeT JiBa OCHOBHBIX THIA CIOKEHUS: aJUTUBHOE (CJ0-
KEHHUE) U CyOTpakTUBHOE (BbIUMTaHKE). B mepBoM ciydyae mpu CMEIICHUH W3-
Jy4YeHUW UX JEHCTBUE CKIIAJBIBACTCS, a BO BTOPOM, HA00OPOT, Kaxkaas cpeia
MOTJIONIAET OMPEEICHHYIO YacTh U3JyUYCHHM, BBIYMTAs MX U3 OOIIEro Iydka,
HaIIPaBJICHHOTO HA CMECh. AJITMTUBHBIN CHHTE3 UCIOJIb3YETCS B TEJIEBU30PaX,
MOHHUTOpAaX U MPOEKUMOHHBIX crucTeMax. CyOTpakTUBHBIA CHHTE3 LIBETA IPUME-
HSIETCA TOBCEMECTHO TaM, T'/I€ JJIsl MOJIYYEeHHUS! L[BETA UCIOJIb3YIOTCA OKpaIleH-
Hble cpeibl. OCOOEHHO OH Ba)KEH MPU BOCIPOU3BEACHUH IIBETHBIX OPUTHHAJIOB
B nojurpaduu U uBeTHOM doTorpadumu.

AJNIMTUBHBIA cuHTe3. XOpOIIO M3BECTHO, YTO cmemieHue kpacHoro (R),
3esnieHoro (G) u cunero (B) — RGB — no3Bonser monyuuTh apyrue mnsera. ITH
[[BETa HA3bIBAIOT OCHOBHBIMU MM 0a30BbIMU (§ 20). [TosTOMy 4TOOBI TPOBECTH
aJJIUTUBHBIA CHUHTE3, HEOOXOIMMO UMETh KPAaCHBIN, 3¢IEHBIM, CHHUN CBETOBBIC
nydkd. OHU MOTYT OBITh MOJY4YEHbI TUOO HEMOCPEICTBEHHO OT UCTOYHHUKA, UC-
IYCKAIOIIET0 TaKue My4yKH, JIMOo
OT OOBIYHBIX TEIJIOBBIX UCTOYHU-
KOB CBE€Ta C YCTaHOBJIECHHBIMU
COOTBETCTBYIOIIUMH (HUIBTPaAMHU.
[Ipu cMmelieHUH JBYX OCHOBHBIX
[[BETOB, & TaKXK€ MPHU CMEIICHUU
JIBYX OCHOBHBIX C J00aBJICHUEM
TPETBErO0 OCHOBHOT'O PE3YyJbTaT
ocseTisiercs. Tak IpyU CMELIeHUU
KpPaCHOTO U 3€JEHOT0 MOJIy4aeTCs
JKEJITBIM LIBET, 3€JIEHOTO U CUHETO
— ronyoor. CuHUN W KpacHBIU
AT nyprnypHbeid. Eciu cmemu-
BAIOTCA OJUHAKOBBIE IO KOJIHMYE-
CTBY M3IIy4€HUs BCEX TpEX IBe-
TOB, TO B PE3YJIBTATE MOIYHYaETCs
oenbrit mBeT (puc. 21.1).

Puc. 21.1. Cmeruenue 60a30Bbix 11BeTOB RGB
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Cy1iecTByeT HECKOIBKO CIIOCOOO0B aTATUBHOTO CIIOXKEHHUSI [IBETOB:

1) OnHOBpEMEHHOE CMEIICHHE TPEX OKPAIICHHBIX IMyYKOB CBETa Ha OeloM
JKpaHE;

2) CmenieHue HM3JIyYEHUU C HMCIOJIb30BAHUEM SIBJICHUS HMHEPIIMH HaIIEro
3peHHUs, T.€. 3ala3/IbIBAHUEM HaIllel 3pUTEIbHOM CHUCTEMbl OTHOCUTEIIBHO JIBU-
XKYIIEerocs npeaMeTa (CBETOBOTO MOTOKA);

3) Metoa mpoCTpaHCTBEHHOI'O CMEIIEHUsI CBETOBBIX MOTOKOB. IIpocTpan-
CTBEHHOE CMEIICHUE CBETOBBIX MOTOKOB JIOCTUTaeTCS 3a CUET OCOOCHHOCTEU
HaIllero 3peHusl, B CiIydyae, KOrja pacCTOsIHUE MEXIY COCETHUMH UCTOUHHKAMU
CBETa MEHbIIIE pa3pelarolieii CmocoOHOCTH HaIIero 1Jiasa [2].

AHQJIOTUYHO PACCMOTPUM OJIMH U3 BAPUAHTOB aJJJUTUBHOTO CUHTE3a 1IBETA
C UCIIOJIb30BaHUEM TPEX MPOEKTOPOB U Oenoro 3kpana (puc. 21.2). OcHOBHBIC
[[BETA TOJIYYAIOTCS C TTOMOIIBI0 CUHETO, 3€JIEHOTO M KPAaCHOTO CBETO(HMIBTPOB,
T.€. BRBIUUTAHUEM U3 OEJIOr0 CBETa BCEX JIJIMH BOJIH KPOME JITTMHBI BOJTHBI KA 10~
ro cBeTo(puiIbTpa, T.€. OCHOBHBIC M3IIYUYCHHS B ITOU CXEME MOJydaroTcs CyO-
TPAaKTUBHO. [{J11 JO3UPOBaHUSI OCHOBHBIX M3IYyYEHHI HMCIOJIB3YIOTCS OITHYE-
cKkue KJIMHbS. Ha 3KpaHe cMenmBarOTCS CBETOBBIE MyYKH, MPOIyCKaeMbIe CBe-
TOQUIBTPAaMH W ONTUYECKUMU KIHMHBSIMHU, B peE3yJbTaTe 4YEro o0pa3yroTcs
3aJlaHHbIE 1[BeTa. MOIIIHOCTH OCHOBHBIX M3JyUYE€HHH, KOTOPhIC Ha3bIBAIOTCS
CAUHUYHBIMU, TOJI0U-
paroTcst TakuM o0pazom,
4yTOOBI C BBIBEJCHHBIMU
KIUHBSIMA Ha DJKpaHe
noryJajcs Oelblii IBeT
(axpomMaTuyeckuit).

PaccmoTtpum 3aKk0oHBI
aAAUTUBHOTO CUHTE3a
1[BETa, KOTOPbIE OBLIH
chopmynupoBansi I
['pacmanom B 1853 1.

IHepBbIit 3aKOH
(3akoH TPEXMEpPHO-
CTH): 1000 IIBET O/I-
HO3HAYHO BBIpaKaeTCs

TpeMsi JIPYTUMH, E€CIH Bxpan
OHHM JMHEHHO HE3aBU-

cuMbl. JluHeliHasg He3a- Puc. 21.2. Cxema aifUTUBHOIO CHHTE3A IIBETA:
BUCHUMOCTD 3aKJIIOYacT- 0,6; 0,3; 1,3 — mI0THOCTH MOAYJIATOpA

cd B TOM, 4YTO HEJb3S (OMTHUYECKOT0 KIMHA);

nonyunts Hu omuH nu3 C; 3; K— cuHMH, 3€€HBINH U KPaCHBIM CBETOQUILTPEL,
OCHOBHBIX IIBETOB CMe- 0,25B; 0,5G u 0,05R — xonu4ecTBa OCHOBHBIX
IIIEHUEM JIBYX JAPYTHX. M3JIYYEHUH, ITOMABIITNX Ha YKpaH
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Bropoii 3ak0H (3aKOH HeENPepPBIBHOCTH): NIPU HEMPEPHIBHOM U3MEHECHHUH
U3IIyYEHHsI IBET U3MEHSETCA HENPEPBIBHO. M3 3TOTr0 3aK0OHA MTOHATEH OCHOBHOM
IPUHIUI U3MEPEHUs LIBETA: HE CYIIECTBYET TAKOI'O LIBETA, K KOTOPOMY HEBO3-
MOXHO M0100paTh OECKOHEUHO OJIM3KUH.

Tperunii 3akoH (3aKOH AJAMTHUBHOCTH): IIBET CMECH HW3JIYYCHUN 3aBUCUT
TOJIBKO OT MX LIBETOB, HO HE OT CIIEKTPAJIBLHOTO COCTaBa. DTO OUEHb BaXKHBIN 3a-
KOH ISl TEOPUH 1BETA, MPU3HAIOIIUN aJINTUBHOCTD «IIBETOBBIX YPaBHEHUI». A
MMEHHO, €CITU 1IBE€Ta HECKOJIbKUX M3JIyYeHUI OMUCaHbl LIBETOBHIMU YpaBHEHUSI-
MH, TO IBET CMECHU U3IIYYEHUIN BBIPAXKAETCA CYMMOW 3THX YPaBHEHU.

CyOTpakTuBHBINA CHHTE3 H{BeTa. OTpakacMble LIBETA — 3TO LIBETA, KOTOPHIE
caMHU HE M3JIy4aroT, a WCIOJIb3YIOT OeNbIii CBET OCBELIEHUS (HECYIIMH CBET),
BBIUMTAs U3 HETO OIpe/iesieHHbIE 1[BETA, T.€. CYOTPAKTUBHbIC IIBETA.

C nomoltipo0 CyOTPaKTUBHOTO CUHTE3a MOXKHO IOJIYyUYHUTh HOBBIM LIBET MYTEM
CMELIEHUsI OKpalleHHBIX cpea. Tak e Kak B aJJUTUBHOM CHUHTE3€, IS IOJIY-
YeHHs] 3aJaHHOTO IIBE€Ta HEOOXOAMMO PEryJIHpOoBaTh OCHOBHBIE H3ITyUEHUS.
['1aBHBIM MHCTPYMEHTOM TaKOI'O PEryJUPOBAHUS CIY’KAT KPACKU TPEXIIBETHOTO
cyoTpakTuBHOro cunresza 1sera. C (cyan), M (magenta), Y (yellow) (cunwuii,
NypPIYPHBIA U KENTHIN) — OCHOBHBIE KpPACKH CyOTpakTUBHOTO cuHTe3a. Ha puc.
21.3. uzo0paxeHa cxeMa YIpaBJICHUS OCHOBHBIMU H3JIYYEHUSIMU C MOMOIIIBIO
CyOTpakTUBHOTO CHHTE3a.

[Ipu neyatu ¢ UCHOJIB30BAHUEM IEUATHBIX KPACOK ATUX LBETOB OHM IOTIJIO-
HIAI0T KPacHyIo, 3€JEHYI0 U CUHIOIO 30HBI CIIeKTpa Oenoro ceera. Takum oOpa-
30M, OOJbIIas YacTh BUAMMOTO I[BETOBOTO CIEKTPAa MOXET OBITh BOCIIPOMU3BE-
JIEHA Ha OTTHUCKE.

C M
— 0,5R
0,1G
0.7B

Puc. 21.3. Cxema ynpaBiieHHs] OCHOBHBIMHU U3ITyYCHHUSIMU TIPU CYOTPAKTUBHOM
CUHTE3€ LIBETa
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[Ipu cMemeHUAX ABYX CYOTPaKTHUBHBIX MPO3PAYHBIX KPACOK PE3yJIbTUPYIO-
UMM 1BET 3aTEMHSIETCS, & TP CMEIICHUH BCEX TPEX TOJKEH MOJYYUTHCSA YEp-
HbIl 1BeT. [Ipobiiema 3akitodaeTcsi B YUCTOTE LIBETA pealbHbIX Kpacok. [laHHas
MOJIE/Ib OIMKCHIBAET PEAJIbHBIC MOJUTPAPUUYECKUE KPACKH, KOTOPBIE NAJIEKO HE
TaK UjeaabHbl, KaK IBETHbIC U3TydeHUs1. OHU UMEIOT IPUMECH, IIOITOMY HE MO-
TYT MOJHOCTBIO MEPEKPHITh BECh
BUJIUMBIA IIBETOBOM JIMamna3oH
CIIEKTpa, a 3TO MPUBOJAUT K TOMY,
YTO CMElIeHHe TpEX 0a30BbIX
MEYaTHBIX  KPACOK,  KOTOPOE
JIOJDKHO J1aBaTh YEPHBIA IIBET,
TA€T TEMHO-KOPUYHEBBIM, a HE
WCTUHHO 4YE€pHbIA 1mBeT. s
KOMIICHCAIIUM ATOTr'0 HEJO0CTaTKa
B YHCJIIO OCHOBHBIX TPHUAJIHBIX
nojurpauyeckux Kpacok BBO-
1At yéphHyro kpacky K (black).
Takas 1BeToBast cUCTEMa Ha3bI-
Baerca CMYK (puc. 21.4).
[IpuHumnel  pabOThl  KOMHPO-
BaJIbHO-MHOKHTEIILHON TEXHHUKH
OyIyT U3J0XKEHBI B § 29.

Puc. 21.4. Cmemenue 0a30Bbix 11BeToB CMYK

§ 22. lnarpaMma HBeTHOCTH

AHanm3upyIo crocoObl CHHTE3a I[BeTa B IpeabiaylieM naparpade, MOKHO
3aKIIIOYHTh, YTO LIBET MOXKHO IMPEICTABUTH B BUIE IIBETOBOI'O ypaBHEHHS. 3a-
[TAIIEM COOTBETCTBYIOLIEE YPABHEHHUE:

L =RR+GG+BB. (22.1)

rae I] — ato uset, R,G,B— xoopauHaThl 1BeTa (SIPKOCTH COOTBETCTBYIOIIUX

KOMIOHEHT), R,G,B — OCHOBHBIC IIBE€Ta KOJOPUMETPUUYECKON CUCTEMBI, B JaH-
HOoM citydyae RGB. BeenéM noHsATHA KOOpAUHAT LIBETHOCTH:
R B

G
r=—;g=—;b=— (22.2)
m m m

rne m=R+G+ B cymma KoopauHAT 1BeTa (CyMMapHas spkocTh). Torma Mox-
HO 3alucaTh HOPMUPOBAHHOE YpaBHEHHE IBETHOCTU. OHO JAET MPEACTABICHHE
0 [IBETE BHE 3aBUCUMOCTH OT €T0 SIPKOCTH.
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l[=r]§+gé+bl§_ (22.3)

CornacHo TpeTbeMy 3aKOHY aJJIMTHBHOTIO cuHTe3a (§ 21) «uBeTa HECKOJIb-
KHX M3TyYECHHI OMUCAaHbl YPABHEHUSIMU, TO [IBET CMECH U3JIYYEHUN BbIPAKACTCS
CYMMOM 3TuX ypaBHeHHI». TakuM 00pa3om, ¢ MOMOIILIO IIBETOBBIX YPABHEHUI
JIETKO HAXOJUTh PE3YJIbTHPYIOUTUN IBET OT ABYX U Oojiee M3MydeHUN pas3iiny-
HOTO IIBeTa (Pa3IMYHbBIX JJIMH BOJIH). JJIsl 5TOr0 HEOOXOAUMO MO-KOOPAMHATHO
CJIOKHUTh YPABHEHHUS OT KaXKJI0TO U3TyUCHHUS:

0=(R +...+Rn)1§+(G1+...+Gn)é+(B1 +...+Bn)]§, (22.4)

HpI/I BBIITOJIHCHUHA paC‘-IéTOB, 4aCTO OKa3bIBAKOTCA ITOJC3HBIMU YACIBHBIC KOOP-

nuHatel 7', g, b | koTophle monyuarorcsa myTéM HOPMUPOBKU OA00HO (22.2).

[IpuMeHUTENBHO K LBETY YCTOSBIIMMCS IMOHSATHUEM SIBISETCS TPEXMEpPHOE
IPE/ICTABICHUE O I[BETOBOM IMPOCTPAHCTBE U €ro CTPOCHHH. B KomopumeTrpuu
L[BET OLICHUBAETCS 10 €r0 KOOPAUHATAM. JTU KOOPAUHATHI MOJYyYAIOT ¢ YYETOM
LIBETOBOM TEMIIEpaTypbl UICTOYHUKA CBETA, €r0 LIBETOBBIX CTUMYJIOB, T.€. B CO-
OTBETCTBUU C MaTEMaTUYECKON MOJENbI0 Hamero 3peHus. KoopauHarsl nBeta
MOTYT OBITh a0COJIFOTHBIMH, YUYUTHIBAIOIIUMU MOIITHOCTh PEaJbHOIO UCTOYHHUKA
CBETa, WJIA OTHOCUTEIBHBIMH, T.€. OTHeCeHHBIMH K 100%, 6e3pazmepubiMu. B
nosurpaduu NpUMEHSIOTCS OTHOCUTENbHbIC BEIMYUHBI.

CornacHo [2], alTUTUBHBIE KOJJIOPUMETPUUECKHE CUCTEMBI ObIBAIOT TPEX TH-
noB: 1) ocHoBHBIE peasibHbIe, TUIIA RGB; 2) ocHOBHBIC HepeanbHbIe, TUTIA XYZ
i UVW; 3) cuctembl Boctipusitusi Tuna LAB. OTu cucteMbl He UMEIOT OC-
HOBHBIX, TaK KakK SIBJISIFOTCS MPOU3BOAHBIMU OT KOJOPUMETPUUYECKUX CHCTEM
BrOporo tuna XYZ. l{seToBoe npoCTpaHCTBO MEXIYHAPOAHBIX KOJIOPUMETPU-
YECKUX CUCTEM, BHIPAXKEHHOE B OTHOCUTENbHBIX BEJIMYMHAX, UMEET HEKHUE MpU-
3HAKH, JIe’Kalllie B OCHOBE UX noctpoeHusd. [lepeuncium HEKOTOpbIE U3 HUX [2].

1. Tak Kak IBET BBIPAXKAETCS TPEMsI HE3aBUCHUMBIMH IIEPEMEHHBIMU (BEKTO-
paMy OCHOBHBIX HM3JIy4€HHUH, WIH [IBETOBBIMU CTUMYJAMH), TO LIBET CUYUTAECTCS
TPEXMEPHBIM.

2. 1lBeToBOE TENO BCEX peabHBIX LBETOB (3TO YaCTh LIBETOBOTO IIPOCTPaH-
CTBa) CTPOUTCS BOKPYT aXpOMAaTHUECKON OCH, I/i¢ YEPHBINA [IBET — BHU3Y, OCIIbIH
— BBepxy. [Ipuuém nnst camocBeTsimuxcs 00beKTOB cBetiioTa (brightness) mens-
€TCS OT HeBUIUMOM, H0 ciersiiei. /{1 HecaMocBeTIUXCsa 00bEKTOB CBETIOTA
(lightness) mensieTcs OT MUHUMAaNbHOW (YEPHBIA I[BET) JO MaKCHUMallbHOU (Oe-
JIBIH 1BET).

3. [locnenoBaTeabHOCTh LIBETOB OMpeeseTcs: ciekTpoM. HTepBan Mex1y
KpPacHbIM U (PMOJIETOBBIM I[BETAMU 3aHMMAET IMypHypHBIi 1BeT. ['eomeTpuuecku
3TO 3aMKHYyTas (urypa.
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4. Yem paipllie OT axpoOMaTHYSCKOM OCH HAXOJHMTCS IIBET, TEM OH OoJliee
HACBIIIEH. AXpOMaTHUYECKHE 1IBETA HE UMEIOT LIBETHOCTH U HACBIIIICHHOCTH, OHU
XapaKTEePU3YIOTCS TOJBKO CBETIIOTOM.

5. IlBera 0IHOrO LBETOBOrO TOHA HAXOIATCS HA MOJYIJIOCKOCTSX, MPOXO-
JAIIAX Yepe3 aXpOMaTUUECKYIO OCh (CIpaBa WM CJIeBa), U HAa3bIBAIOTCS BEPTHU-
KaJIbHBIMU CEYCHUSIMH IIBETOBOTO TeJIa.

6. LIBeTOBOI TOH B BEPTUKAJIBLHOM CEUYECHHH I[BETOBOTO TE€JIa HE U3MEHSETCH,
MEHSIETCS IIBET 3a CYET U3MEHEHUS HACHIIIIEHHOCTH B HAINPAaBJICHUU OT axpoma-
THUYECKOU OCH JI0 CIEKTPAIBHOTO IIBETA.

Kpome 31oro, HBET TakKe MEHAETCS M3-3a U3MECHEHHUS CBETJIOTHI B HANPABICHUHN
CHM3Y BBEpPX, MapajjIeIbHO aXpOMaTHYECKOU OCH.

PaccmoTpum 11BeTOBOE mpocTpaHCTBO. L[BeToBOE mpocTpaHcTBO — 3TO hop-
Ma T€OMETPUYCCKOTO MPEICTABICHUS PA3INYHBIX HBETOB. UTOOBI yIOPSIAOUNUTH
IIBETA U UMETh BO3MOKHOCTb BBINIOJIHEHUS HaJ HUMM Pa3IMUYHbIX MaTeMaTU4Ye-
CKMX OIlepalliii B IIBETOBOM IIPOCTPAHCTBE HEOOXOIWMO BBECTH CHCTEMY
IIBETOBBIX KOOpAWHAT. HauajoM KOOpAMHAT CIYKUT TOYKA, COOTBETCTBYIOIIAS
YepHOMY 1IBETY. B 3TO# TOUKe CBET OTCYTCTBYET, BOCHPUHUMAEMBIN KOJIOOUKa-
MH, a 3HA4YUT, U IBeT. CHCTEMA [IBETOBBIX KOOPAMHAT MOJHOCTBIO OMPEAECIACTCS
3aJITaHMEM KOOPJIMHATHBIX OCEM M BHIOpAaHHBIM Ha HUX MaciTaboMm. OCHOBHOE
OTpPaHUYCHHUE TIPU BBHIOOPE OCHOBHBIX M3IIYUYEHHUM SIBIAECTCS 0Osi3aTelibHAs JIu-
HelHas HE3aBUCH- 30 T T T[T [T T Ty
MOCTb IBeTOB. B Ce
OCTaJIbHOM BBIOOD
OCHOBHBIX  H3JIyue-
HUM,  HaIpaBJICHUSA
oceH, MacmrTaba Ha 2.0
OCsIX MPOM3BOJIEH [2].

Koopaunate! nBe-

Ta KPUBBIX CJIOKCHUSA

HEOOXOMMO  Tiepe-

CUMTaTh B KOOPJIHUHA- |
Thl IIBETHOCTH. 3a-

TE€M, HAHECS KOOpPIH-

HATBI usernoctu 03
KPUBBIX CJIOKECHHS HA
EIMHUYHYIO 10C-
KOCTb, TOJy4YUM (Hu-
rypy, Ha3bIBaEMYIO
JIOKycoM (OoT JarT.
locus — Mecrto) (pwuc.
22.1). Insa ompene-
JICHUS KadyeCTBCHHBIX Puc. 22.1. I[I/IaI‘paMMa IBCTHOCTHU I'g
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XapaKTepUCTHK I[BETa MOJIb3YIOTCS AUAarpaMMOM IIBETHOCTH rg, N300paxEHHON
Ha CETKE MPSMOYTOJIbHBIX.

JlaHHast AMarpaMma XapakTepU3yeTcs CIEAYIOIUMU KOJIOPUMETPHUECKUMU
CBOWCTBaMH:

1) 6enas Touka E umeet xoopaunatsi (0,33; 0,33);

2) HACBIIIEHHOCTh LIBETOB BO3PACTAET OT O€JI0il TOUKHU K JIOKYCY;

3) Ha NpsAMOM JTMHUU, COEAUHSIONIEH OENyI0 TOUYKY C JIOKYCOM, HaXOIATCS
KOOPJIMHATHI IIBETOB MOCTOSIHHOT'O 1IBETOBOI'O TOHA;

4) noKyc SIBASIETCS TPAHULIEH CaMbIX HACHIIIEHHBIX (CIEKTPAIbHBIX) LIBETOB.

§ 23. Kosnopumerpuueckne cucremsbl CIE

JIJist MHOTHX OTpaciiell MPOU3BOJICTBA, B TOM YHCIIC JIJIsl MOTUTpaduu U KOM-
MBIOTEPHBIX TEXHOJIOTHH, HEOOXOIUMBbI OOBEKTHUBHBIE METOJIbI OMKUCAHUS U 00-
pabotku 1Beta. B 1931 r. mexayHapo/iHas KOMHUCCHS 10 CTaHIApTH3AIlUU, W3-
BeCTHass Kak MexayHapoaHas ocBerutenbHas komuccus (Commission
International de 1'Eclerage), coxpamenno nazsiBaemas CIE, npennoxuna cucre-
MYy KOJIOPUMETPUH, KOTOpasi U MPUMEHSETCS C TeX MOp ¢ HEOOJIbIIMMU U3MEHE-
HUSIMU 10 HAIUX JHEH. BHIOOpP OCHOBHBIX IIBETOB 3TOM CHCTEMBI OCYILECTRBIIS-
€TCsl UCXOJIS U3 CIAEAYIOINX TPeOOBAHUIA:

1) BBIOpaHHBIC OCHOBHBIE JOJKHBI JIETKO BOCITPOU3BOIUTHCS;

2) KaX1bIi U3 BHIOPAHHBIX OCHOBHBIX JIOJKEH BO30YKIATh 110 BOZMOXHOCTH
JUIIB OJHY TPYIIY BETOOIIYIIAIOIINX PELETTTOPOB.

[TockosibKy Ha TOT MOMEHT HanboJiee BOCITPOU3BOIUMBIMU CUUTAIUCH U3ITY-
YEHUS Ta30pa3psAAHbIX JaMIl, a ¢ TOMOIIBIO CBETOMUIBLTPOB MOXKHO JIETKO BbI-
JETSIUCh MOHOXPOMATHYECKHE M3IIYYEHHUS, TO B MEPBOM KOJIOPUMETPUUECKOM
CHUCTEME B KaueCTBE OCHOBHBIX ObUIM BHIOpAHBI I[BETA U3TYUCHUN PTYTHOM JlaM-
bl (§ 20). IiBera aTux m3nmydeHuii coorsercTBoBaiu neeram R (red), G (green),
B (blue), a xomopumerpuyeckasi cucTeMa COOTBETCTBEHHO IMOTy4YHIa Ha3BaHHE
CIE RGB.

OKCNEepUMEHTAIIBHO OBLIO YCTAHOBIIEHO, YTO LBET OyAeT OeNbIM IpH COOT-
HOULIEHUU SIpKOCTeN OCHOBHBIX M3iyueHUM R:G:B = 1:4,59:0,06 u sHepreTuye-
CKMX  SIPKOCTEH  COOTBETCTBYIOIIMX  MOHOXPOMATHYECKUX  OCHOBHBIX
R:G:B=1:0,0191:0,0139. CooTHOmIEHNSI OCHOBHBIX HW3Jy4€HUN HA3BIBAIOT SIp-
KOCTHBIMHU KO3((pUIIMEHTaMH, KaK MpaBuio, ux o0o3HauvaT Lg = 1; Lg = 4,59;
Ly = 0,06. OHM moka3bIBaIOT, Kakas 4acTh OOIIEH SIPKOCTH MPUXOJUTCS HA OC-
HOBHbIC u3nyueHus R, G, B.

JI1s1 mepexoa OT YHEPreTUUECKUX €IMHUI] K CBETOBBIM 32 €IMHUIIBI KOJIH-
4YeCTB OCHOBHBIX m3nydeHuil R, G, B mpuHUMaloT He SpKOCTHbIE KO3PPUIINEH-
ThI, & IPKOCTHBIC SAUHUIIBL: Br, Bg, Bs. 9TH BeIWYHUHBI 00JIbIIE SPKOCTHBIX KO-
s durrenton B 680 pas [2]:
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Br = 680 Lg = 680 k1/M>%;
Bg =680 Lg=3121 xn/Mm>;
By =680 Ly = 41 /. 23.1)

Tak kak sPKOCTh MPOMOPLIMOHAIIEHA CBETOBOMY MTOTOKY, TO MOYKHO CUUTATh,
YTO MPU COOTHOIICHUHU CBETOBBIX MOTOKOB Dr:D:Dp = 1:4,59:0,06 Oyner Tak-
XKe TOJIydeHO u3iaydeHue Oenoro mpera. Hampumep, 4ToObI MONMYYUTH OEIbIi
LBET HYKHO CMEIIATh CBET OT TPEX UCTOUYHUKOB OCHOBHBIX M3JIYyUYEHHIl CO CBe-
TOBBIMU noTOKamMu: P = 680 1M, O = 3121 1M, O =41 M.

Paccmotpum eme onny xosopumerpuyeckyro cucteMy CIE XYZ. /lannas
cucTeMa OblIa MPeJIoKEHa C LENbI0 YIPOUIEHUS! pacy€ToB APKOCTH. OCHOBHOM
cmbicn CIE cnenyronuii: BbIOpaB B KaueCTBE TPEX OCHOBHBIX TPHU LIBETA CIICK-
Tpa U COEUMHUB UX MPSIMBIMU JIMHUSAMU, TOJYYUM TPEYTroJIbHUK. 3-3a KpuBU3-
HbI JIMHUW, Ha KOTOPBIX JIEKAT CIIEKTPaJbHbIE 1IBE€TA, HEKOTOPHIE I[BETA BCETAa
OyIyT BBIMaNaTh W3 JTOTO TPEYrOJbHHUKA U B COOTBETCTBYIOIIMX I[BETOBBIX
ypaBHEHUSX 0003HAYATHCS OTPUIIATEIBLHBIMU BeauunHamu. [lo 3To¥ mpuumHe
CIE BpiOpasia B kauecTBe 0a30BBIX HEKOTOPHIE HEpeaJbHBIC 1[BETA M PaACIOJIO-
)uja ux mo ocsaMm X, Y u Z TakuM 00pa3oMm, 9ToObI BCA 00J1aCTh MEXAY OOKO-
BBIMHU CTOPOHAMU U «IIYPIIYPHOW» MPSIMOM JIeKaJIa BHYTPU TpeyrojpHuka XY Z.
Jlisg mepexosia OT OIHOM KOJIOPUMETPUUECKOW CUCTEMBI K JPYTrOM CYIIECTBYIOT
HECJIOKHbIE MPEe0Opa30OBaHUS.

[Toctpoenue cucrembl CIE XYZ OCHOBaHO Ha CIENYIOIIMX IOJIOKEHHSIX
[2]:

1) Bce peasibHbIE 1IBETA JOHKHBI UMETh TOJBKO MOJIOXKUTENIbHBIE KOOPAUHA-
ThI;
2) ApKOCTb JOJIKHA OMPEEIATHCS OJTHOM KOOPJAMHATOM 1IBETA;

3) KoopauHATHI OENOro I[BETa PABHOPHEPIETHUECKOTO MCTOYHUKA JOJIKHBI
OBITH PaBHBI MEX]Ty COOOM.

[TyTem maTeMaTuyecKux mpeoOpa3zoBaHUil ¢ yUETOM yKa3aHHBIX BBIIIE Tpe-
OOBaHMI yJIaI0Ch OCYIIECTBUTH MEPEXO/I OT PEATbHBIX OCHOBHBIX M3TyueHUH R,
G, B K OCHOBHBIM HepeaIbHbIM (CBEpXHACHIEHHBIM) X, Y, Z.

B cootBetrcTBUUM co BTophiM ycnoBueM noctpoeHusi CIE XYZ 6omnee HachI-
IeHHbIe 1BeTa Lx U Lz UMeIoT sipkocTHbIe ko3 durinentsl, paBubie 0 (Lx = 0;
Lz =0). Koapduuuent Ly npunumarot paBHbiM 1 (Ly = 1). @opmyna s pac-
yeTa SIPKOCTH (By;) 3HAUMTENIbHO YINPOIIAETCS U BBIVISLAUT CIEAYIOLIUM 00pa-
30M:

B.= 68Y. (23.2)

rae Y — KoopJIuHATa 1[B€Ta, BEIpaXKEHHAsl B SHEPreTUUYECKUX eAnHuIax. SApKrocT-
HOM KO3 (UITMEHT IBETA B ATOM CJIy4dae OINpeeseTcsl KOOPAUHATON 1BETHO-

ctu (y): Ly=y.
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I''TABA 6. OIITUYECKHUE ITPUBOPBI

JlanHas riaBa MOCBSIIEHA ONMUCAHUIO IPUHIUIIOB pa0OTHI Pa3IMYHBIX ONTH-
YECKUX MPUOOPOB, KOTOPHIE MCIOJIB3YIOTCS B MOJIUTpadUu U CBETOTEXHUKE, a
TaK)Ke M B JPYTUX 001acTsIX TEXHUKHU. Bce ontuyeckue npubopbl MOXKHO pasjie-
JIUTh Ha JIBE TPYIIIIBI:

1) mpuGopsl, IpU MOMOILIM KOTOPBIX MOJYYAIOT ONTHYECKUE M300pakeHUs
Ha 9KkpaHe. K HHUM OTHOCSATCA MPOEKIMOHHBIE ammaparthl, (OToarnmapaTsl, Ku-
Hoanmapathl, GPUIHBMOCKOTIHI.

2) Ilpubopsl, KOTOpbIE AECUCTBYIOT TOJBKO COBMECTHO C YEJIOBEUYECKUMU
riiazaMM ¥ He 00pa3yloT M300pakeHuil Ha skpaHe. K HMM OTHOCSTCS JIymbl,
MUKPOCKOIIbI, OMHOKJIM U TeJNECKOIbl. Takue mpuOopbl HA3bIBAIOTCS BU3Yyallb-
HBIMU.

§ 24. JIynbl ¥ OKYJISIPBI

JIuH3a sBIsSETCS OCHOBHBIM KOHCTPYKTHUBHBIM 3JIEMEHTOM MHOTHX ONTHYE-

ckux nmpubopos. Cobuparoias Win MOJOKUTEIbHAS JIMH3A YaCTO UCIOJIb3YETCs
JUTsL yBeNTMYEeHUsT n300pakenus npeamera. KopoTkodokycHas MmonoxuTeabHas
nuH3a HasbiBaeTcs ayna (puc. 24.1). OCHOBHBIM MapameTpPOM JIYIbl SIBISAETCS
dbokycHOE paccTosiHUE f, Wik OOpaTHas BETWYMHA, HAa3bIBaeMasi ONTHYECKOU CH-
aoit D= 1/f. Ecnmu do-
KycHoe paccrosHMe [ &——o—
OpaTh B MeTpax, TO e -
onruyeckas cuna D
MOJYYUTCSI B JHOI-
Tpusix  (amrp) [23].
Hcnonb3oBath  JIyIy
JUISl YBEJIMYCHUST MOXK-
HO JIBOSIKO, TOMeNias
e€ OJIM3KO K TJ1a3y WM
BIaiu otT Hero. Pac-
CMOTPUM TIPUHITATT
JICUCTBUS JIyIlbl TIpHU
MOMEIICHUH  BOJIM3H
riaza. XoJ JydeH, Ko-
TOpbIE JAIOT NPSIMOE YBEIMYEHHOE MHHMMOE H300pakeHHe, MOKa3aH Ha pHC.
24.2.

JIpyroii Ba)XHOM BEJIMYMHOW, XapaKTEPU3YIOLIEH JIYIly, SIBIISIETCS YBEJIHMYE-
Hue. OHa onpenensiercs no Gopmyre [24]:

Puc. 24.1. Jlyna, nomeménnas Baajiu OT IJia3a

250

_f,MM'
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Orta popmyiia mpuMeHnMa ISt JIyT ¢ POKYCHBIM paccTtosiuueM MeHee 150 MM, a
JUTS TTyTI ¢ OOMBIIUM (DOKYCHBIM PAacCTOSTHUEM 3Ta BETMYMHA YBEITUYMBACTCS HA

CIUHULLY.

Puc. 24.2. TlonmydyeHrne MEHUMOTO U300paKEHUS C TTIOMOIIBIO JTYTIbI

Jlynbel OOJIBIIOTO YBEIWYEHUS, UCIIOJIB3YEMbIE JIJII YTCHUS, MPOCMOTpa PUCYH-
KOB, (POTOOTIEUATKOB U T.N., 00bI4HO UMEIOT I < 40. Ucnonb3oBanue ayn mos-
BOJISIET PacCMOTPETh Takue (pparMeHThl HaOIIt0IaeMOro o0ObEKTa, KOTOPhIE He-
BO3MOYKHO YBUJIETh HEBOOPY>KEHHBIM ria3oM. Uem Oouibliiee yBelnueHUe HEOO-
XOJIMMO TIOJYYUTh, TEM MeHbIee (POKYCHOE PACCTOSTHUE JTOJDKHO OBITh y JIYIIHI.
[Tpu ymenbieHUn (HOKYCHOTO PACCTOSTHUS JTUH3BI HEOOXOIMMO YMEHBINATh €€
nuametp. [losTomy TpyaHO n0OUTHCS yBenudeHHUs 0ojee copoka C MOMOIIBIO
oJHOM nuH3BL. ['ommanackuii HatypanucT AHTOHM BaH JleBeHryk (1632—-1723)
NEPBBIM U3FOTOBUII JIYIy, C TIOMOIIBIO KOTOPOW €My yAaloCh OOHAPYKUTh OJ1-
HOKJIETOUYHBIE JKUBbIe opraHu3Mbl. Ero npubopsr umenu 150-300-kpaTHOE yBe-
JUYEHHE, a AUaMeTp JUH3 OblT 0KoJIo 1 MM. BO CKOJIBKO pa3 MpOUCXOAUT yBe-
JUYEeHHE 00BEKTa, BO CTOJIBKO pa3 MalaeT ero ApKocThb. JJis KOMIEHCALMH T10-
TEepU SIPKOCTU OOBEKTa HAOJIOJACHUS MPHU HMCIOJIB30BAHUM JIyI PEKOMEHAYETCS
WCIIOJIb30BaTh MOITHBIE ICTOYHUKU CBETA.

Oxkysip mpeacTaBisieT co0oi 0osiee CIOKHYI0 YBEITUYUTEIbHYIO CHUCTEMY,
COCTOSAIIYI0 OOBIYHO M3 JIBYX JIMH3, OTCTOSIIIMX JAPYT OT JApyra Ha pacCTOSHUH,
PaBHOM TOJIOBHHE CYMMBI UX (DOKYCHBIX paccTOSSHUNA. OOBIYHO OKYJISIP UCIIOJIb-
3yeTcsl HE KaK CaMOCTOATEIbHBIN ONTHYECKUI TPHOOP, a SBISETCS YACTHIO MHUK-
pockoma, TeJleckomna, aajbHoMepa win OuHokis. OH mpenaHa3sHadyeH JJid pac-
CMaTpUBaHUA JIEUCTBUTEIILHOTO MPOMEKYTOYHOTO U300paxkeHus1, hopmMupyemo-
ro 0OBEKTUBOM WJIM TJIABHBIM 3epKajioM IpuOopa. OCHOBHBIM MapaMeTpoOM, Xa-
PAKTEPU3YIOIIUM OKYJISIp, TaK K€ KaK WM ISl JIYTIbl, sBJIsIETCsl yBeaudeHue. OHO
TaKke paccuuThiBaeTcs 1o Gopmyse (24.1).
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§ 25. Tesreckonbl 1 MUKPOCKOTIBI

Jlyma, kak mpaBuiio, HE MOXET YBEIWYMBATh M300pakeHrne oOBbekTa Oolee
yeM B 40 pa3. Y Teneckorna ¥ MUKpPOCKONA YBEIMYEHHE MOXKET gocturath 1500-
2000. O6a 3t mpuOOPHI COCTOAT U3 OOBEKTUBA U OKYyJsIpa. B kauecTBe 00beK-
THBa UCIOJIb3YETCS MOJIOKUTENbHAS JUH3a (Y TeIeCKOMOB-pedhpakTOpPOB) WU
BOTHYTOE 3epKaJio (y TeliecKonoB-pedaekTopoB). [ 1aBHOE OTIMYME MUKPOCKO-
11a ¥ TEJECKOIa COCTOUT B MapamMeTpax 00bekTuBa. B Teneckomnax ucnosb3yercs
JIMHHO(OKYCHAs JTMH3a OOJIBIIOTO JUaMETpPa, a B MUKPOCKOMax — Ha000poT —
KOPOTKO(OKYCHAsl JIMH3a MaJIOT0 JUaMeTpa.

Ha puc. 25.1 nmokasan xoj qyueid B MUKPOCKOTIE, T1i€ f1 U f> — POKyCHBIE pac-
CTOSTHUSI OOBEKTHBA U OKYJIIpa COOTBETCTBEHHO. OOBEKT UCCIEOBAHUS PACIIO-
naraercs nepes; GoKaIbHOM MITOCKOCThI0 00bekTHBa. OH MaéT NeHCTBUTEIHLHOE
NepeBEPHYTOE YBEIUUYEHHOE H300pakeHHe, KOTOpPOE JOJKHO HAXOAMUTHCS 3a
(dhoKampbHOM TJIIOCKOCTBIO OKYJIsipa. B cBOIO ouepesnn, OKyIsAp NEUCTBYET TakKe
Kak Jyna (puc. 24.2), kotopas 1a€T yBeJIMYCHHOC MHUMOE U300pakenue. Takum
00pa3oM, MUKpPOCKOI NPOU3BOJUT NEPEBEPHYTOE YBEIUUYEHHOE H300pakeHUE,
dbopMupyeMoe Ha ceT4aTKe ria3a. YBeIMYeHHEe MUKPOCKOIA paBHO MPOU3BEE-
HUIO yBEIWYEHUs] OOBEKTHMBA Ha YBEJIWYEHHUE OKYJsipa. MHOTHE MUKPOCKOIIBI
OCHAII[EHbl CMEHHBIMHM OKYJIIpaMH IS TOJYYeHUsS Pa3IMYHOIO YBEIUYCHHS.
Tak xe Kak JJig Jynbl 0OOBEKT HEOOXOAUMO IMOJCBEYUBATH, T.K. €r0 SPKOCTH,
BUJIMMasl Tja3oM, oOpaTHO MPOMOPLHMOHATIbHA KBAApPATy YBEIHMYEHHUIO MUKPO-
ckorna. C moMomibo 3Toro npudopa HEBO3MOXKHO pa3nuyaTh JETalu pa3MepoM
MEHEee JIJIMHBI BOJIHBI cBeTa, T.e. ~500 HM (cM. Tabia. 2.1). DTo cBsSI3aHO C €ro
BOJIHOBOW TpUpoJion. JleTannm pa3sMepoM MEHEE JIMHbI BOJHBI CO3Aa0T -
GbpakMOHHYI0 KapTHHY, KOTOpas MPaKTUYECKH HE 3aBUCUT OT XapaKTEPUCTHUK
3Tux naetayieil. C MOMOIIBIO ONTHYECKHMX MHKPOCKOIOB MOXHO pPacCMOTPETH
KJIETKHU JKUBBIX OPraHU3MOB, HO HEJIb3 YBUAETh BUPYCHI pazMepoM ~100 HM, H,
KOHEUYHO, aTOMBbI pazmepoM ~0,1 HM.

Puc. 25.1. Xon mydeir B MUKPOCKOTIE
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AHaJOrMYHBIM 00pa30M yCcTpoeH Teneckomn-pedpakrop Kemepa, nansHomep
u Jr00as ontuyeckas Tpyoka (puc. 25.2). YBenudeHue TelecKorna paBHO OTHO-
IEHUIO0 (DOKYCHOTO PACCTOSHUS O0BEKTHBA fos K (DOKYCHOMY PACCTOSTHUIO OKY-
asipa fox. C TOMOIIBIO TaKOM CXeMbl yAa€TCs MONYYUTh YBEIMUYEHUE HE Oojee
100.

e T =— —|{+|+-&
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Puc. 25.2. Ontrueckasa cxema TejecKora

Ecimu o0bekT ynanén Ha 60bII0e pacCTOSTHUE, KOTOPOE MOXKHO CUUTATh OECKO-
HEYHBIM, TO OH JAa€T MapaJyICIbHBIA MYyYOK CBETa. DTOT IMy4YOK (POKycHpyeTCs B
(hOoKaJIbHOM TIJIOCKOCTH OOBEKTUBA, HO €ro u3o0paxeHue — 3To AUGPaKIIMOHHOE
MATHO, KOTOpOoe HalJomaeT 4eloBek uepe3 okyisip (puc. 25.3, a). Ilosromy,
3BE3/1a, «BHJAUMAs» UYepe3 TEJICCKON, MPEACTABISICT COO0H MHPPAKITMOHHYIO
KapTUHY, MPUYEM, 4eM OOJIbIIe AUaMETp OOBEKTHBA, TEM MEHBIIHHA THAMETP
UMEIOT JU(paKIMOHHBIC TATHA W 4éT4ye BHJIHA KapTuHA. Ecau 0O0BEKT mpoTs-
KEHHBIN, KaK HapUMED, 3Be3/1a-CBEpXTUTaHT beTenbreiize, To qudpaKkMOHHBIE
IIATHA, CIIMBAIOTCS M 00Pa3yIOT pa3MbITOE N300paxkeHue 38e3/6l (puc. 25.3, 0).

a 0
Puc. 25.3. ®ortorpadust koMnakTHOro 00beKTa (KapJIMKoBas 3Be37a) (a),
doTorpadus npotspkEHHOTO 00BbEeKTa (3Be371a berenbreiize) (0)
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§ 26. BosiokoHHas1 ONITHKA

CBeToBbIE BOJIOKHA HCIIOJIb3YIOTCS B COBPEMEHHOM TEXHHUKE JJIs Mepeaavu
n300paxkeHuss 1 MHPopMau Ha paccrosiHue. CBeT, monagas B BOJIOKHO, pac-
IPOCTpaHsAeTCs B HEM mouTu Oe3 3aryxanws. [lake ecnu BOJIOKHO H30THYTO,
cBeT OyzneT B HEM PACTIPOCTPAHATHCS 3a CUET SBICHUS MOJTHOTO BHYTPEHHETO
OTpaXeHHS OT BHYTPEHHHUX TPaHUII, T.K. OHA UMEIOT MEHBIIINH MOKa3aTelb Ipe-
JIOMJICHHUS, YEM OCHOBHOE BEIIECTBO BOJIOKHA, a YroJl MajeHus OoJjblle, YyeMm
IpeeIbHbII YroJl MOJIHOTO BHYTPEHHEro oTpaxkeHus (puc. 26.1).

AL
\

Ecnu cobpath MHOTO TakMX BOJIOKOH B KTYT (puc. 26.2), TO OHH MOTYT Tie-
penaBaTh U300pakeHHe, KOTOpoe OyAeT TeM 4éTue, 4eMm OOJIbIlIe BOJIOKOH Oy/eT
Ha CAVHUILY TIJIOIAU TOTIEPEYHOTO CEUCHHUS JKTyTa.

Puc. 26.1. Xon mydeil B CBETOBOM BOJIOKHE

Puc. 26.2. Ilepenaya n3006pa>keHust B )KI'yT€ U3 CBETOBBIX BOJIOKOH

C moMOIIpI0 TaKOTO JKIyTa U3 CBETOBBIX BOJIOKOH MOYKHO TOJIYYHTHh H300-
paxeHue o0bEKTa, HAXOASIIETOCS B TPYAHOAOCTYIHOM MecTe (puc. 26.3). 910
OCHOBHOM 3JIEMEHT BOJIOKOHHO-OIITUYECKOTO JHJIOCKOMNa. TakoW mpubop siBis-
€TCsl Pa3HOBUIHOCTHIO MUKPOCKOIA. TOMbKO OOBEKTHB TAKOTO MHKPOCKOIA OT-
Nen€H OT OKYJIApa >KTYTOM M3 CBETOBBIX BOJIOKOH. Kpome TOro, BOKpyr 3TOro
KT'yTa TIOMEIIAIOT JOTOJHUTEIBHBIN KT'YT, Yepe3 KOTOPHIN MOJIAl0T CBET Ha HC-
CJIeIyeMbIil OOBEKT.
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A olbLEETHA

TEMAOIFLHATH AR
DUNLTD

Puc. 26.3. Bo1OKOHHO-ONITHYECKUI YHIOCKOII

§ 27. IIpoekTopbl

Jlist mosydeHus: u300pakeHUsT Ha SKpaHE HCMHOJB3YIOTCS MpoeKTopbl. K
mprudopam 3TOro KJIacca OTHOCITCS TAKXKE TUANPOCKTOPHI, KHHOIIPOESKTOPHI, KO-
JIOCKOTIBI UJTH TPa(OIPOESKTOPHI — ONTUYECKHE TPUOOPHI, TPEAHA3HAYCHHBIC JIJIS
MIPOCKITUU TIPO3PAYHBIX OPUTHHAJIOB C M300pakeHueM Ha OOJIbIoN skpaH. Bee
MPOEKTOPHl UMEIOT UCTOYHUK CcBeTa Oombioil sipkoctu (puc. 27.1). OObIUHO,
3TO MOIIHAS JaMiia HakanuBaHusa 1 ¢ orpaxareiem 2. C MOMOIIBIO CHCTEMBI
KOHJICHCOPHBIX JTUH3 3 My4YOK CBETa, UCXOJIIINA OT HETO, pacIIupsieTcs] U Mo-
najgaeT Ha IUIEHKY C¢ u3o0paxkeHueM 4. OOBEKTUB 5, KOTOPBIA MPOCLUPYET
M300paKEHHE Ha SKpaH, YCTAHABIMBAETCS TakK, YTOOBI OHO HAXOAWJIOCH IEpen
¢dokanpHOI TUIOCKOCThIO. Toraa n3odpaxeHue Ha SKpaHe OyIeT yBETUYEHHBIM
JEHCTBUTENLHBIM U TIEpeBEPHYTHIM. UeM Ooibllie yBeTHUEeHHE TAET MPOEKTOp,
TEM MEHblIEe OyJeT SpKOCTh M300paxkeHHs Ha dkpaHe. [In€Hka B mpoekTope
HAXOJUTCA B OOJACTH OYEHb CUJIBLHON MHTEHCUBHOCTH HU3IyYEHHUSI, TTOITOMY,
HarpuMep, B KUHOMPOEKTOpaxX IUIEHKA HE JIOJDKHA OCTAHABIMBATBLCS, KOTJa
BKJIFOUEHA JIaMIIa M3-32 OMACHOCTH BO3rOpaHusi. B cOBpeMEHHBIX MPOEKTOpax B
KauecTBE MpeaMeTa Il M300paKeHUsI UCTIOJIb3YIOTCS KUJKOKPUCTATUINYECKHE
MaTPHITBI ISl TPEX IBETOB — KPACHOTO, 3€1EHOr0 U cuHero. OHU yIpaBIstoTCs
KOMITBIOTEPOM, KOTOPBIN mockutaeT curHai B popmate RGB (Red-Green-Blue).
W3nydeHuss pa3HbIX KaHAJOB CMEUIMBAIOTCS HAa JKpaHe, JaBas MOJHOLBETHOE
n300pakeHne. DKpaH, Ha KOTOPbIN MomnaaaeTr u3o0paxeHue, J0HKeH o0JaaaTh
BBICOKMM ajib0e10 U co3naBaTh AU Py3HOE paccessHEe B COOTBETCTBUU C 3aKO-
HoM JlamGepTa (cm. § 9).
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1 — UICTOYHUK CBReTa

2 — OTpaxaTtenb

3 — KOHAEHCOPHbIE NIUH3bI

4 — npeaMeT

5 - obbvekTus
Puc. 27.1. Xon siyuel B IpOEKTOpE

CoBpeMeHHass KHHOUHTYCTPHSI UCTIOIB3YET 0COOYIO TEXHOJIOTHIO IS TOJTy-
YEHUSI CTEPEOU300paKeHHs C MOMOIIbI0 TTpoekTopa — RealD. B aToit Texnono-
TMH UCIIOJIb3YETCSA CBET C PA3JIMYHON MOJISIPU3ALMEH ISl IPABOTO U JIEBOTO IJla-
3a. [IpoekTop momepeMeHHO MPOCUUPYET KAAPbI JUIA KaXKJIOro Iasa, Npu4eM
3TU KaJpbl IPOCUUPYIOTCSA B LHUPKYJSAPHOM MOJISIPU30BAHHOM CBETE — IO 4aco-
BOW CTpEJNKe JJIA MPaBOro IJia3a, MPOTUB 4YacOBOW — JJIsl JeBoro (puc. 27.2).
Kaxoe u3 cT€Koa 0YKOB MPOIMYCKAET CBET TOJIBKO OJTHOM MOJIIpU3aluu, ooec-
MeYnBas BUJUMOCTh KaXIbIM IJIa30M TOJIBKO CBOEH 4acCTH CTEpeomnaphl BHE 3a-
BHCHMMOCTH OT HAKJIOHA T0JIOBBI 3puteds. B 3D kuHoTeaTpax Kakaplid Kaap CTe-
peonapsl IPOCHUPYETCS TPHKIIBI, YTO 1O CPABHEHHUIO ¢ OOBIYHON YaCTOTOM Mpo-
EKIMU — 24 KaJpa B CEKYHIy — HA€T YyTPOEHHUE YaCTOTHI 72 KaapOB B CEKYHAY,
npefoTBpaiias MepiaHue. B pesynabrare mosyyaercss H300paxKeHHe, OYCHb
KoMdopTHOE 11 BocnpusiThsi. OCHOBHOUM MpoOsieMoil mosispu3aioHHbix 3D
CHUCTEM, UCIIOIB3YEMbIX B KHHO, SIBJISIETCS MOTEPs APKOCTU u3obOpaxkeHus. [lo-
JSIPU3ANMOHHBIN QUIBTP, HAXOSAIIUNCS TIepe] MPOEKTOPOM, MOTIIONIAET MOJI0-
BUHY MCXOJSIIErO CBETA, YTO U SIBJISETCS MPUYUHOM UTOTOBOM MOTEPU SIPKOCTH
Ha d9kpaHe. Kpome TOro, TEXHOJOTHUS TPEIBSBISAET BHICOKHE TPEOOBAHHUS K
sKkpany. [Ipexnae Bcero, 3kpaH HE JOJKEH U3MEHSThH NMOISPU3ALNI0 TTaJar0IIEro
Ha HEro CBETa, B IPOTUBHOM CJIydae IIPOUCXOJUT paspylieHue crepeodddexra.
YtoObl 3TOr0 M30€kKaTh, B RealD ncmosb3yoTcst JOPOTOCTOSIINE dKPAHbI C Ce-
pEOPSHBIM MOKPHITUEM. DTO SIBJISETCS OJHHUM U3 TJIABHBIX HEJOCTATKOB TEXHO-
norun. Kpome Toro, mocepeOpEHHBIC IKpaHbl U3-32 HAIIPABICHHOIO XapakTepa
OTPKECHUSI 3HAUYUTENIPHO YXY/IIAIOT BOCHPUATHE «IUJIOCKUX» (PUIBMOB, YTO B
HEKOTOPBIX CIIy4yasX BBIHYXKJIAeT KMHOKOMIIAHMM 3aIpeniaTh Mmokasbl (GUIbMOB
2D B KHHOTEATpax ¢ TAKUMH IKPAHAMHU.
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Puc. 27.2. IlpuHuun noiay4yeHus cTepeon300paxeHus

§ 28. ®orTorpaduueckas onruka

[Ipocreiimum (oTtoamnmaparoMm sBiIsieTCS Kamepa-oOckypa (jaT. camera-
obsclra «téMHasi koMHaTa»). OHa mpeacTaBisieT cOO0N CBETOHENPOHUIIAEMBII
SIIAK C OTBEPCTUEM B OJTHOM M3 CTEHOK M (DOTOTUIACTUHKOM Ha MPOTHBOIIOIOK-
HOM cTeHke. JIydn cBeTa MpOXOJAT CKBO3b OTBEPCTHE JUAMETPOM DD MPpUOIHU3H-
tenbHO 0,5-5 MM H CcO3/al0T TepeBEPHYTOE HM300pakKeHHE Ha dKpaHe (puc.
28.1). Kamepa-o6ckypa He oOecrieunBaeT BHICOKON pe3KOCTH u3obpaxeHus. o
OTIpEICTICHHOTO Mpe/ieia Pe3KOCTh N300paKEeHUsI MOKET ObITh TOBBIIIIEHA ITyTEM
YMEHBIIIEHUSI JuameTpa OT-
BEPCTUSI, HO TIPU CIIHIIKOM
CUJILHOM YMEHBIICHUH HaYH-
HAIOT CKa3bIBaThCAd A((PEKTHI

nudpakuul M U300paKeHHe , >@<< !
CTaHOBUTCA emé Ooiee pac- D/ B
meiBYaTeiM.  Kpome  Toro,
YMEHBIIAETCS OCBELIEHHOCTH
goromnactunku, uro tpebyer  Puc. 28.1. Ilomyuenne uzobpaxkenus o0bexTa
YBCIMYCHHUS YIKCIO3UINHU. C IOMOILLIO KaMEPBI-00CKYPbI
CoBpeMenHas  ¢oTtorpa-
dbuyeckas TEXHUKA UCTOJb3YeT CIOKHbIE OOBEKTHBBI C (POKYCHBIM PACCTOSTHU-
em f oT 2,5 1o 75 mm, cocrosiue u3 5—6 nuH3. PaccMoTpuM mpuHIUI 1eHCTBUS
doToamnmapara, KOTOpbI OCHAIIEH MPOCTEHIITUM OOBEKTUBOM — €IMHCTBEHHOM
KOPOTKO(OKYCHOU TOJIOKUTEIbHOU JTuH30M (puc. 28.2). ['maBHOU XapakTepu-
CTUKON O0OBEKTHBA SIBISIETCSA €r0 CBETOCHUJIA — OTHOIIICHHUE AHaMeTpa OOBEKTUBA
IIPYU TIOJTHOCTBIO packpbITol nuadparme D Kk ero (OKyCHOMY pacCTOSHUIO [ —
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D/f. KauectBo (doTorpaduu
3aBUCHUT, B TIEPBYIO OYEpE/b,
OT CBETOCHJIBI OOBEKTHBA, IO-
CKOJIbKY OCBEIIEHHOCTH PETHU-
CTPUPYIOIIETO YCTPOWCTBA —
[13C matpuupl — IpoONnOpLUHO-
HaJbHA KBAJIpaTy CBETOCHIIBI
oobekTuBa. CaMblii  CBETO-
CUJIbHBIH OOBEKTUB B MHUpPE OOBeKTHB
ObLT caenadn B 1966 rony st
NASA, KOTOpbIi HCMOJIB30-
BaJIA B IIEJISIX CHEMKHU TEMHOM
croponsl JIyasl. HazsiBaetcs on Carl Zeiss Planar ¢ pokycHbiM pacctosauem 50
mM. Cerocwina D/f y uero passHa 1:0,7. Takux 0oO0BEKTHBOB OBLIO BBIMYIIEHO
BCEro JiecsTh. Jlydime o0BbeKTUBBI, HCTIOIb3yeMbIe B (hoTorpaduu, UMEIOT CBe-
tocuny 1:2,8; 1:1,8; 1:1,4. Kazaoch Obl, MOXKHO JICTKO JOCTHYh 00JIe€ BHICOKUX
noKasareyield CBETOCHIIbI IMyTEM YBEIMYEHUS IHaMeTpa OOBEKTUBA, HO ATO MpPH-
BOJUT K TOSIBJICHUIO Pa3IUYHBIX UCKaXCHUH n3o0pakeHus. OIHO U3 TaKUX HC-
KakKeHue HasbiBaeTcs cdepudeckoi abeppauueit (puc. 28.3). [lomumo 3ToroO,
BO3ZHHKAIOT M IPYTHUE BUABI HCKAKCHUI: XpoMaTHieckas abeppariusi, KoMa, JTuc-
topcus. [IpuurHa Bcex BUIOB abeppamuii oqHa — HEBO3MOYKHOCTD CBECTH JIYUH
B (DOKAJIbHOM TUIOCKOCTH, €CJIM JIMH3a UMeeT 0oJiblioil nuametp. YToObl MUHU-
MU3HUPOBATh BIHSHUE 3THX 3()PEKTOB, MPUMEHSAIOT AUAPpParMbl, 4TO HUCKYC-
CTBEHHO YMEHBIIIAET CBETOCHIY OOBEKTHBA. TakKe MCIOIb3YIOT pa3InyHbIC
100aBOYHBIC JIMH3BI JJISI UCIIPABJICHUS MCKKEHHM. JTO MPUBOJUT K YBEIUYe-
HUIO0 KOd(hUIMEHTa OTpaXKEHHUsI CBETAa B 00BbEKTUBE, T.K. OT KaXKJ0M MOBEPXHO-
CTH JIMH3BI OTpaxkaercss 4—5% WHTEHCUBHOCTU CBETA, YTO TAKXKe MPUBOJMUT K
YMEHBIIIEHUIO CBETOCWJIBL. Ty MPOOJEMYy YAAIOCh YaCTUYHO PEIIUTh MYyTEM
MIPUMEHEHUS TPOCBETIISIONINX MOKPHITHI. B Havane 20 Beka JTUH3HI 7151 00BEK-
TUBOB ToAOWpany Hayraa. JIumb B cepeanHe BeKa C IOSBICHUEM MOIITHBIX
KOMITBIOTEPOB M Pa3BUTHEM METOJOB TEXHUYECKOH ONTHKH yAajloCh HadaTh
TOYHO KOHCTPYHPOBATH MOIIIHBIC OO bEKTHBHI.

B Hacrosiiiee Bpemsi 7151 perucTpaii n300paskeHUsT UCTIONB3YIOTCSI CBETO-
yyBcTBUTENBbHBIE [[3C-MmaTpuel (II3C — mpubop ¢ 3apsnoBoii cBsA3b0). M300-
paxeHue onuppOBBIBAECTCS U, 3aT€M, 00padaTHIBAETCS C MOMOILIBI0 MUKPOIIPO-
1[eccopa C IEeNbl0 YIYUIIeHUS! KauecTBa N300paKeHUs] 1 MUHUMH3allUU ONTHYe-
ckux abepparuii. Coxpanenue pororpaduii IPOUCXOIUT B MATHUTHOM HOCHUTE-
ne doTtoamnmapara, o0brvHO B MMC-KkapTe. ITOT METOJ] perucTpaiuu u coxpa-
HEHUS W300PKECHUN 3HAUYUTENFHO PACHIMPWI IpUMEHEHUEe (GoTorpaduueckoit
TexHukd. OJHAKO TPATUIIMOHHBIN MeTOJ poTorpaduu C MPUMEHEHHEM (POTOI-
JEHOK U (HOTOMIIACTUHOK MPOJI0HKAET CYIIIECTBOBATh, TOCKOJIbKY OH JAéT Oomee
JIOCTOBEpHBIE CBEeICHUsI 00 00bekTe. DieKTpoHHas doTorpadusi, XpaHsIasics B

I13C maTpuua

Puc. 28.2. OnTuyeckas cxema (poroamnmapara
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KOMITBIOTEPHOM (haiijie, MOKET OBITh MOABEPTHYTa 00pabOTKE C MOMOIIBIO Tpa-
¢buyeckux nporpamMm. B Tex ciyuasix, rae TpeOyeTcs BbICOKas JOCTOBEPHOCTH
dboTorpadguu, NPUMEHSIOT TPAJAUIIMOHHBIC METOJIBI C MCIOJIB30BaHHEM (HOTOTI-
JIEHOK M (OTOIUIACTHHOK, HAIPUMEP, B HAYYHBIX MCCIEAOBAHUAX, a TAaKKE IS
MOJTYYCHHS TOJIOTPaMM.

Puc. 28.3. PaznuyHast cCX0UMOCTS JIy4eil — npuduHa chepudeckoit abeppaiuu

§ 29. KonupoBaibHO-MHOKUTEJIbHAS TEXHUKA

B HacTosiiee Bpemsi KOMMPOBaJIbHO-MHOXKHUTEIbHAS TEXHUKA B CHITy CBOEH
OTHOCHUTEILHOM JIeNIeBU3HBI BO MHOTOM 3aMmeHuina (ororpaduueckyro. CoBpe-
MEHHBIE LIBETHBIE JIA3€pHbIE MPUHTEPHI MO3BOJISAIOT MOJyYaTh KauecTBO M300pa-
YKEHUsI, MPAKTUYECKU HE YCTyMaroliee no kauecTBy xopoiueit gpororpaduun. Ec-
71 HeoOX0IMMO CKOMMPOBATh HHPOPMALIUIO C JIUCTA, TO €€ CHayaia CKaHUPYIOT
U niepeBoAT B uudpoBoil popmat. Ha puc. 29.1 nokazan npuHiun paboThl CKa-
Hepa. OOBEKT CKaHUPOBAHUS OCBEMIAIOT JiaMrod. OTpakEHHBIA OT 00BEKTa
CBET Yepe3 CUCTEMY 3epKal MOAAETCS Ha CBETOUYBCTBUTEIBHYIO MAaTpPHILy, KO-
TOpasi mpeoOpa3yeT CBETOBOW CHUTHAJ B d3JeKTpuyeckuil ¢ momoribio [13C-
matpuilsl (Matpunia CCD — charge-coupled device — anri.), a 3arem B uudpo-
BoH. LIBeT 0OBbeKTa pasnaraeTcs Mo TpEM KaHallaM OJTHOBPEMEHHO Ha KPACHBIH,
3enéupii 1 cunnii (RGB-dopmar — § 21). OTckaHupoBaHHBIM O0OBEKT MOKHO
BOCIIPOU3BECTU HAa 3KPAaHE MOHHUTOpPA, UCIOJB3YIO aJJUTHBHOE BOCIIPOM3BE.E-
HUeE [BeTa (CM. IEPBbIN 3aKOH aJIMTUBHOTO BOCIIPOM3BEACHUS 11BeTa § 21).

B ocHoBe paboThl mpHHTEpPa MCHOJIB3YETCS CYOTPAaKTUBHOE BOCIPOU3BEIIE-
Hue 18eta (§ 21) ¢ npumenennem toHepoB cuHero (Cyan), mypnypHoro (Ma-
genta), xénroro (Yellow) u uépnoro (blacK) usera — CMYK-dopmar. [Tosto-
My Mpexie 4eM HUPPOBOM CUTHAII OT CKaHepa MONajaéT B NPHUHTEP, OH MPOXO-
mut yepe3 CMYK-konBeprep. Ha 6ymary nocienoBaTeabHO HAHOCSTCS TOHEPHI
BCEX YETBIPEX LIBETOB JJII CHHTE3a MCXOJIHOTO LBera. [Iponecc HaHeceHus To-
Hepa Ha Oymary mokasas Ha puc. 29.2. [lopepxHocTh dhoToOapabana 3apspkaeTcs
OTPHUILATEIBHBIM 3apsIIOM MPU KaXIOM €ro mnoopote. JlazepHsblil 1y4, nmonaja-
IOIMA Ha TMOBEPXHOCTH OapabaHa, JIOKaNbHO pa3orpeBaer e€. Tak Kak
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MOBEPXHOCTh (poToOapabana 00J1aaeT MONIYIPOBOIHUKOBBIMA CBOMCTBAMHU, TO
AIIEKTPUUECKOE COMPOTHUBJICHUE HATPEThIX YYACTKOB PE3KO MAaJaeT W 3apsija C
HUX cTeKaeT. ToHep HAaHOCUTCS Ha He3apsOKeHHbIE ydacTku orobapadaHa, a C
Hero Ha Oymary. TepmoBasn okoHYaTeIbHO (PUKCUPYET TOHEP Ha Oymare.

Cranupyemblit 00beKT

Crexno : :
[ ™ |
NOABWKHAA NamMna /
HENoABWXHOE &
3epKano
3epxano,
‘vly'B[ZTBI-'ITEﬂI;HEH I'IEFEABI-'I[EH]IHEEI:H
watpuua CCD BMECTE C NaMnoin

Puc. 29.1. Ilpuniun paboTsl cKaHepa

<

TepmoRan

- NepaHoca Bymara

Puc. 29.2. Ilpuniun paboThl Ja3epHOTO IPUHTEPA
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BOIIPCHI 10 TEMAM

Bonpocs! o Teme riiasbl 1
«Du3nyecKas NPUPOAA U3JIYYEeHUS U €ro XapaKTePUCTHKID)

1. Uto Ha3bIBaeTCA TyaaIu3MOM NPUPOIbI CBETA?

2. B kakux mpejenax JIuH BOJH 3JEKTPOMAarHUTHOTO U3IIYICHUS HAXOIUTCS
BUJIUMBINA CBET?

3. Kak onpenensitorcs OCHOBHBIE SHEPIe€THUECKUE XapaKTEPUCTUKH U3ITyde-
HUS: TIOTOK M3JIy4YE€HHS], SHEPTeTUUECKasi CBETUMOCTb, YHEPreTUYeCcKas SIpKOCTb,
00JTy4€HHOCTD, CIIEKTpaIbHas IJIOTHOCTh MOTOKA M3NydyeHHs? B kakux eauHu-
nax CU onu uzmepsttores?

4. Kak omnpenensitoTcsi OCHOBHBIE CBETOBBIE XAPAKTEPUCTUKH W3IIYYEHUS:
CBETOBOM ITOTOK, CHJIA CBETA, CBETUMOCTbD, SIPKOCTh, OCBEIIEHHOCTD, CIIEKTPalb-
Has INIOTHOCTh CBETOBOTrO NoToka? B kakux egununax CU onn uzmepstorces?

5. ChopmynmupoBath 2 3aKOHA OCBEIIEHHOCTH.

Bonpocsl 110 Teme riaBbl 2
«IIpeoOpa3zoBaHue U3TyUEeHUS ONTUYECKUMHU CPeIaMmn»

1. Uto takoe ko3ddurment nornomenus ceera? ChopMynnpoBaTh 3aKOH
byrepa.

2. Kak onpenensiercs Ko3QPUIMEHT OTpaKEHHUsI U MPOMYCKAHUS MMOBEPXHO-
ctu?

3. Uto Takoe onTU4ecKas MIOTHOCTH?

4. YeM oTiaMYaeTCs OTPaKEHUE CBETA OT 3€PKAJbHOM M IIEPOXOBATOU IO-
BEPXHOCTHU?

5. Chopmynupyiite 3akoH JlambepTa i1 paccesiHusI CBETa OT IIEPOXOBATON
MOBEPXHOCTH. J[JI1 KAKMX MOBEPXHOCTEW OH MMPUMEHUM?

6. Uto Takoe anp0en0 moBepXHOCTH?

Bomnpocs! mo Teme riasbl 3
«IIpuéMHHUKH ONITHYECKOT0 U3JIyYCHUS»

1. YUto Ha3bIiBaeTCS NPUEMHUKOM ONTHYECKOTO U3ITyUYCHUS?

2. KakoBbl OCHOBHbBIE XapaKTEPUCTUKHU (HPOTOMPUEMHUKOB?

3. Kakoit ¢hoTonpuéMHUK Ha3bIBAETCS UICATHHBIM?

4. Yem 00yCIIOBIIEHO LIBETOBOE BOCIIPUATHE YEIOBEUECKOTO riia3a’?

5. C kakoit 0COOCHHOCTBIO YEJIOBEYECKOTO BOCTIPUATHSI CBETA CBSI3aHA MOTO-
BOpKa: «B TeMHOTE BCE KOIIKU CEPbIEe»?
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6. Kakue dotosnexrpuueckue MpuéMHUKN 00JIa1at0T HauOOJIbIIeH YyBCTBU-
TEJIbHOCTBIO U TTIoYeMy?

7. Yro Takoe KpacHas rpanuna ¢otoddpdexra? Kak oHa BIMSET HA CeJeK-
TUBHOCTb MMPUEMHHKA U3ITYUCHUS?

8. UTo Takoe KBAaHTOBBIM BBIXOJ (DOTOITEKTPUUECKOTO U (DOTOXUMHUUIECKOTO
npeodpa3zoBaHus?

9. 1151 uero B poTOMaTepuan 100aBISIIOT CEHCUOMITU3ATOP?

Bonpocsl o teme riaebl 4 « ACTOUHMKHT CBETa)

1. Yo Ha3BIBAETCA CBETOOTHAUYEH NCTOYHUKA CBETa?

2. Yto xapakTepu3yeT UBETOBAs TEMIIEPATYPA UCTOYHUKA?

3. ChopMynupyiTe OCHOBHBIC 3aKOHBI TEIJIOBOI'O M3 TyUCHHS.
4. YeMm 00ycIiOBJIeHA HU3Kasi CBETOOTa4ya JIaMIT HaKaJIMBaHUS?

5. KakoBbl mpeuMyIIecTBa U HEJOCTATKH Tra3opa3psAaHbx jamm? ['ne oHu
UCIIOJIB3YIOTCS ?

6. Kakoli ciekTp u3mydeHus at0T CBETOIUOIbI U JIa3€PhI?
7. UeM OTIMYAOTCA CBETUIIBHUKHU OT MPOKEKTOPOB?
8. UTo Takoe KpuBasi CHJIbI CBETA?

Bomnpocsl mo teme riassl S «Kosnopumerpusp»

1. Yrto Takoe uBet?
2. Kakue cymecTByIoT ciocoObl BOCIIPOU3BEACHUS 1IBETA?
3. ChopMynupyiite 3aKOHBI aJTUTUBHOTO BOCIIPOU3BEACHUS 1IBETA.

4. Kakue OCHOBHBIE IIBE€Ta MCIOJIB3YIOT B mojurpaduu AJjisi BOCIPOU3BEIE-
HUS 1BeTa?

5. UTo Takoe IIBETOBOE MPOCTPAHCTBO?

Bomnpocsl mo teme riasbl 6 «Onruyeckue npudOpsD

1. Ha kakue rpyniibl 1easTCs BCE ONTUYECKUE TPUOOPHI?

2. Kakoii npenen yBeIuyeHust UMEIOT JIYIbI U OKYJISPbI?

3. Kakue onTu4eckue 3J€MEHThI BXOJAT B COCTAB TeJlecKoma?

4. KakoBO CTpOE€HUE ONTUYECKUX BOJIOKOH, U JJISl KAKUX LEJIEH OHU UCTIOJIb-
3yr0TCs?

5. VI3 kakux ONTHYECKUX 3JIEMEHTOB COCTOST IPOEKTOP U (poToarmapar?

6. Kakoii mpuHIun paboThl JJa3epHOro NpuHTepa’?
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