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Cucrema ypaBHeHHMH MakcBeiia IIOJIHOCTBIO OIMCHIBAE€T CBOMWCTBA,
BO3HUKHOBEHHUE U PACIIPOCTPAHEHHE AJIEKTPOMArHUTHBIX BOJH. B wacTHOCTH,
U3 3TUX YPAaBHEHUM BBITEKAET, YTO 3JEKTPOMArHUTHBIE BOJIHBI MONEPEYHbIE,
TO €CTh BEKTOPBI HanpskeHHocTel aekTpuueckoro E u marautnoro H noneit
BOJIHBI B3aUMHO INEPIEHIUKYISPHBI U KOJIEOIIOTCS NEPIEHANKYISIPHO K BEK-
TOPY CKOpPOCTH V pacnpoCTpaHEHUs BOJHBI (HEPIEHIUKYJISAPHO K jayuy). C
MONEPEYHOCTHIO AJIEKTPOMAarHUTHBIX BOJIH CBSA3aHA MX BaXKHEHIIAs XapakTe-
pUCTHKA — noasapusayus. J{8 ONUCaHWsS 3aKOHOMEPHOCTEH IOJISIPU3ALNAN
CBETa JJOCTATOYHO 3HATH MOBEICHUE JIUIIb OJHOTO U3 BEeKTOPOB. OOBIYHO BCe
pacCcykJIeHHUs BEIyTCS OTHOCUTEIBHO CBETOBOI'O BEKTOpa — BEKTOpa HAIps-
xeHHocTH E anexTpuueckoro nosist (3To Ha3BaHUE O0YCIIOBIIEHO TEM, YTO MPU
JEUCTBUAN CBETA HA BEIIECTBO OCHOBHOE 3HAYEHUE MMEET IJIEKTPUUYECKas CO-
CTaBJIAIOILAS TOJIS BOJIHBI, JIEHCTBYIOIIAs HA 3JIEKTPOHBI B aTOMax BEIIECTBA).
3aMeTUM, 4TO MOJISIpU3ALUs MPUCYINA MOAbKO NONEPEeUHbIM B0JIHAM, HO HE
IpOAOIbHBIM. B pOA0IBHBIX BOJIHAX KOJIEOAHUsI COBEPIIAIOTCS TOJIBKO BIOJb
HaNpaBJIEHUS UX PACIIPOCTPAHEHUS, U HUKAKOH MOJISpU3alluU ObITh HE MOXKET.

Pa3nnuaroT CBET HenonApuzoeaHHblil, NOAAPUIOGAHHLIL W YACMUYHO
nonapuzoeannsviti. 1IpuMepoM HENOJIAPU30BAHHOTO CBETA SIBISIETCS ecmecm-

8eHHbIl CBET, B KOTOPOM KOJIeOaHHs BEKTOpa £ B pa3iMUYHBIX HAIMIPaBICHUAX
ObICTpO U OecnopsAoYHO CMEHAIT Apyr apyra (puc. 1). Ero ucnyckarot
OOJIBPIIMHCTBO TEIJIOBBIX UCTOYHHUKOB (JITaMIIbl HakanuBauus, ColHIE U Jp.).
CBeT, B KOTOPOM HATPABJICHHS KOJIEOaHMT BEKTOpa £ YIOPSIOUCHBI KAKHM-
1160 00pa3oM, MOJYyUYUST Ha3BaHUE HOApu3oéarHo2o. Eciu konebaHus BEK-

—

TOpa £ NPOUCXOIAT TOJIBKO B OJHOM MPOXOISAIIEN Yepe3 JIyd IIOCKOCTH, TO
MUMEEM JIETI0 C niocko- (unu aunetino-) nosapuzo8anHsim cBeToM. [110CKoCTb,
MPOXOJAIIAs Yepe3 HANpaBICHHE KoneGaHui BekTopa E IUIOCKOMONAPU30-
BaHHOM BOJIHBI M HANPAaBJICHHE PACHpOCTPAHEHUS 3TOW BOJIHBI, Ha3bIBACTCSA
NIOCKOCMbIO NOAAPUIAYUU.

YTopsiio4eHHOCTh KOJIe0aHUN MOKET 3aKJII0YaThCsl B TOM, YTO BEKTOP

—

E moBopauuBaeTcsi BOKpPYT Jiy4ya, OJJHOBPEMEHHO MyJbCUPYS MO BeIuuuHe. B
pesysIbTaTe 3TOro KOHEI[ BeKTopa E OIHCHIBAET dIUIHIC. Takoil CBET HAa3bIBa-
€TCSl 2/LIUNMUYECKU NOJAPU308aHHbIM. [110CKONONSIPU30BaHHbINA CBET SIBIIS-
€TCs MPEACIIbHBIM CIIy4aeM IUTUINTUYECKU MOJISIPU30BAHHOTO, KOTAa IIPH pas3-
HOCTH (a3, paBHOM HYJIIO WJIM T, DJUIMIIC MOJSPU3ALUU BBIPOKIAETCS B MpPs-

T
myto. [Ipu pasHoctu ¢a3, paBHOU + 2 , U paBEHCTBE aMIUTUTY] CKJIaJbIBac-

MBIX BOJIH 3JUIHIIC TOJISIPU3ALMN BBIPOXKIAECTCS B OKPY)KHOCTh, M TOTJ]a UMEEM
€TI0 ¢ YUPKYAAPHO NOAAPUZ08AHHBIM (NONAPUZ0BAHHBIM NO KPY2Y) CEENOM.
[Tomy4yeHune moaspU30BaHHOTO CBETA U3 €CTECTBEHHOT'O BO3MOYKHO MPHU
pa3Ho00Opa3HbIX (Gu3udeckux 3PeKTax — MPOXOXKIESHUN CBETA Yepe3 aHU30-
TPOIIHBIE CPENbl, OTPAKCHUHU OT TUAICKTPUKOB U Jp. Y CTPOMCTBA AJIS MOTY-
YeHMsI TMOJISIPU30BAHHOTO CBETA HA3bIBAIOT nojapuzamopamu. Te ke yCcTpou-
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CTBa, MPUMEHSAEMbIC [JIi MCCIEHOBAHUS MOJSAPU3ALMU CBETa, HA3BIBAIOTCS
ananuzamopamu. llongapuzatopsl (aHAIMU3aTOPBI) MPOMYCKAIOT KojeOaHus,
HapajielibHbIC TUIOCKOCTH, Ha3bIBAEMOW niockocmbio noaspuzamopa (ananu-

(4

V(7%

Puc. 1 Puc. 2

3amopa), v 3aJICPKUBAIOT KOJIeOaHMsI, IEPIICHANKYISIPHBIE K 3TOU IJIOCKOCTH.
PaccmoTpum n1Ba mossipu3aTopa, MOCTaBIEHHBIE JIPYT 3d APYroM Tak,
yro ux ocu OP u OA o0pa3yror HekoTopslid yroi ¢ (puc. 2). [lepBbiii moss-

pHU3aTOP MPOILYCTUT CBET, DJICKTPUUECKUN BEKTOp £, KOTOPOro mapaslleicH

ero ocu OP. [Tonox1M MHTEHCUBHOCTH 3TOTO CBeTa paBHOU lg. BTopoii mosms-
pu3aTop (aHaJIM3aTOpP) MPOMYCTUT JIUIIb YaCTh 3TOTO CBETA, @ UMEHHO Ty €ro

—

COCTaBIIAIOIYIO, DJIEKTPUUECKUN BEKTOp KoTopoi E, mnapamieneH ocu OA.

JU11 HaxoXXAEeHMs 3TOM COCTaBIAIOLICH pas3iokuM E, Ha BeKTop FE,, mapai-
nensHbI ocu OA BTOpOro mnojsipusaropa (T.e. aHajiuzaropa), U BeKTop £,

nepneHaAnKyIspHbIi K Hell. CocTaBisionias F, Oyner 3aaep:kaHa aHaIU3aTo-
pom. Uepe3 oba mossspuzaTopa MPOMAET CBET C DJICKTPUUECKUM BEKTOPOM
E =E , nnmuHa xotoporo E=Epcos@. Tak Kak MHTEHCUBHOCTb CBETA IIPOIIOP-

[MMOHAJIbHA KBAJpPATy aMIUIUTYAbI, TO MHTEHCUBHOCTH CBETA, MPOIIEIIIETO
yepe3 aHaJIu3aTop, paBHA
I=I,cos’e. (1)

DTO COOTHOILLIEHUE HOCUT Ha3BaHue 3akona Manioca.

Hnmencuenocmo ceema, npoweduieco uepesz auanuzamop (1), pasna
UHMEHCUBHOCMU céema, npouteduieco wepes noaspuzamop (ly), ymHodcennotl
Ha keadpam Kocunyca yena (Q) mMexncoy anaiuzamopom u noaspu3amopom.

N3 dopmynsl (1) criemyet, uro 3akoH Mairoca MOYKHO HCIOJIb30BaTh
TOJIBKO JUTSI IOJISPU30BAHHOTO M3nydenwus. [Ipu Toncthix mactuakax B |y Ha-
JI0 BHOCHUTH TIOINPaBKy HA YAaCTHUYHOE TMOTJIONICHUE (M OTPaKEHHE) MPOXOIs-
IIETO JIy4a.

OT1oT 3aKk0oH ObUT chopmynupoBan Mamtocom B 1810 roxy u moarsep-
XKICH TIIATEIbHBIMUA (POTOMETPUICCKUMU U3MEPEHUAMHA Aparo, KOTOPBIN 1mo-
CTpouJ Ha 3ToM npuHnmne Gotomerp. UHTEpEeCHO OTMETHTH, UTO Manroc BbI-
BEJl CBOW 3aKOH, OCHOBBIBASICh HAa KOPITYCKYJISIPHBIX MPEJCTABICHUSIX O CBETE,
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a caM 3aKOH IIUPOKO MCIOJIb3YETCS ISl pacueTa MHTEHCUBHOCTU CBETA, MPO-
HIEIIEr0 Yepe3 MOIAPU3aTop U aHAIM3aTOp B PA3IMYHbBIX MOJSPU3ALHOHHBIX
npudopax.

EcrecTBeHHBIE UCTOYHUKH CBETa COAEPIKAT OTPOMHOE YHCIO aTOMOB U
MOJIEKYJI, BO30Y>KJIEHHBIX B pa3inyHON crerneHu. OuHAKOBO BO30YKIE€HHbIE
aTOMBI M3JIy4aroT CBET OJJTHOM U TOM € YacCTOThI, HO C CAMBIMU Pa3HBIMH Ha-
yanbHBIMH (pa3aMu U C Pa3IM4YHON OpPHUEHTALUMEN MIOCKOCTH MOJISIPU3alUU B
npocTpaHcTBe. B pe3ynpTaTe B €CTECTBEHHOM MOHOXPOMAaTHYECKOM Jy4e
BekTOp E (1 cooTBeTcTBeHHO BeKTOp H) B KaXK/10M TOUKE HEMPEPHIBHO U Xa0-
TUYECKH MEHSIET CBOE HANPABIIEHUE B INIOCKOCTH, MEPIIEHINKYISIPHON K JTy4y.
Pa3naras 3TOT BEKTOp Ha JBE€ B3aMMHO MEPIEHAUKYISIpHbIE cocTaBistomue Ey
u E,, MBI TEM caMbIM MOEM NPEICTABUTb eCMeCcmeeH bl JIyy KaK HaJlOokKe-
HUE JIBYX JIy4el, MOJSIPU30BAaHHBIX BO B3aMMHO NEPIIEHINUKYISPHBIX TUIOCKO-
cTsix. OgHako (a3bl 000UX JIydel HENPEPHIBHO U XaOTUYECKH MEHSIOTCS U He
ces3ambl Opye ¢ opyeom. B 3TOM NpUHIMIIUATIBHOE OTJIMYKE €CTECTBEHHOTO
Jdy4a OT Jy4el, HOJspU30BaHHbIX [0 KaKoMy-JInOo 3akoHy. Eciu k npumepy,
KakuM-Ti00 00pa3oM pasnenuTh 00a yda (¢ coctaisitommmu E, u E,), a 3a-
TEM CBECTU UX B OJHY IJIOCKOCTh, TO MHTEp(EpUpOBaTH OHU HE OYAYT, Tak
KaK SIBJISIFOTCS] HEKOT€PEHTHBIMHU.

OO011ast ”HTEHCUBHOCTDH BOJIHBI MPOMOPLHMOHATIBHA KBAAPATy aMILIUTY-
nbl. 3 reomeTprueckux cooOpaxeHui CleyeT, YyTo:

E*=E*+E%, . (2)
BBuay XaoTUYHOCTH BEJIMYMHBI U HalpaBjieHUs BekTopa E, HHTEHCHUBHOCTB
Jy4yei, MOJIIPU30BAHHBIX B JIFOOBIX JBYX B3aMMHO MEPHNEHIUKYISIPHBIX MJIOC-
KOCTSIX, B CPEJTHEM OJIMHAKOBA U PABHA!
<F.>=<B}>=3 <E%>. (3)
Utak, 10001 ecmecmeennblii 1y4 ceema He NOAAPUZ0BAH.

BepHeMcst BHOBb K paCCMOTPEHHOMY paHEe CIy4aro, KOrja Ha IIyTH ec-
TECTBEHHOTO Jyya MOMEILIAINCh JBa MOJSpU3aTOpa, MIOCKOCTH KOTOPBIX 00-
pa3yroT yroa ¢. M3 nmepBoro mnoJyisipu3aTropa BbIMIET IHIOCKOIOIAPU30BAHHBIN
CBET, MHTEHCUBHOCTh KOTOPOTO ly COCTAaBUT MOJTOBHUHY MHTEHCUBHOCTU €CTE-
ctBeHHOro cBeta |l [CM. Beipaxkenue (3)]. CoracHo 3akoHy Maitoca U3 BTO-
POTO TIOISIPU3aTOPa BBIAET CBET HHTEHCHUBHOCTH |oCOS°p. Takmm oGpasom,
MHTEHCUBHOCTb CBETA, MPOLIEAIIETO Yepe3 ABa NoJiipu3aropa, OyeT paBHa

1 2
I=% l¢cos’o . 4)
1
MakcuMalibHasi UHTEHCUBHOCTD, paBHast 3 le, monyuaercs npu ¢=0 (momnsipu-

3aTopsl napamwiensHsl). [lpu ¢ = % MHTEHCUBHOCTH CBeTa Oy/eT paBHa HYJIIO
(mONsIPU3aTOpPBI CKPELICHBI).

CBet, B KOTOpPOM KoJeOaHHs OJHOTO HampaBlieHUs MpeoOiaialoT Hajl
KOJICOAHUSIMU JIPYTUX HAINpaBJIECHUM, HA3bIBAETCS YACTHYHO MOJISIPU30BaH-
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HbIM. Takoi CBET MOYKHO paccMaTpUBaTh KaK CMECh €CTECTBEHHOTO M IUIOC-
KOIOJIsIpu30BaHHOTO. [Ipy MponmycKaHWMM YacTUYHO MHOJISPU30BAHHOIO CBETA
Yyepe3 aHaJIM3aTop U MPU BPAIICHUH aHAJIU3aTopa BOKPYT HaIlpaBJICHHS JTyda
MHTEHCHBHOCTB IPOLIC/IIET0 CBeTa OyIeT U3MEHATHCS B IIpeJeaX OT ™™ 10
I.™". Tlepexo OT OJHOTO M3 ATUX 3HAYEHMI K JAPYroMy OyJeT cOBepIIAaThCs

7[ ~r
IIpy IIOBOPOTE aHalIu3aropa Ha yroil ¢ =9 (3& OOUH IIOJIHBIN 060p0T JBa
ma; min
pa3a 6y,ZIYT JOCTUTraTbCA MAaKCHUMAJIbHBIC Ie X M J1Ba pa3sa MUHHMAJIBHBIC Ie I
3HAUYCHMUI I/IHTGHCI/IBHOCTI/I). CreneHpro MMOJIApHU3allu HAa3bIBACTCA BBIPAXKCHUC

| max | min
S e
Imax + Imin . (5)
e e
I[JI?I IUIOCKOIIOJIAPHU30BAHHOI'O CBCTA |emm :O, P:].; JJIs1 €CTECCTBCHHOI'O CBETA

Iemln — Iemax u P=0.

SIBieHue NoJspU3alMK CBETa UMEET MECTO U IPU OTPAKEHUU WM TIpe-
JIOMJICHUH CBETa HA TPAHULIE ABYX AUDIIEKTPUKOB. J[JIs1 MOTHOW MM YacThd-
HOW TOJIIPU3ALMN €CTECTBEHHOTO JIyda HEOOXOIUMa aHU30MPONUs YCIO8UL
pacnpocmpanenus (aHuzomponus — 3aBUCUMOCTh (DU3NYECKUX CBOWCTB Be-
[IeCTBa OT HAMpaBlieHHUs). B MBOSKOMPETOMIISIONIUX KPHUCTAIaX 3Ta aHU30-
TPOMUSI UMEETCsl BO BCcel Toue Kpuctaiia. [lpu oTpakeHUn u mpenoMIIeHuu
CBETa Ha TPaHMIIC JBYX Cpel, AaKe eciu 00e Cpelbl ONTUYECKH H30TPOITHEI,
HAJIMYWE BIOJHE OMPECIICHHOTO MOJIOKEHUS TUIOCKOCTH MAJACHHS JTyda caMo
1o cebe co3aaeT aHU30TPOIUIO YCIOBUN pacripocTpaneHus. IHpIMU clioBaMH,
YCIIOBUSI OTPAKEHUSI U NPEJIOMJICHUS JIy4yeH, MOJIIPU30BAaHHBIX B IJIOCKOCTH
NaJeHus U NEPIEeHIUKYJISAPHO K TOCIETHEH, pa3iuyHbl, & OMpadtCeHHbll U
NPENOMIIeHHbIL VYU 6Ce20a 8 MOU UIU UHOU CMeneHU NOAAPU30BAHbI.

Ecnu yron nanenust cBeta Ha rpaHuily pas3zesia JByX IUIEKTPUKOB OT-
JMYEH OT HyJsl, TO OTPaXEHHBIM M NMPETOMIICHHBIN JIydn (Kak ObLJIO CKa3aHO
BBIIIE) OKA3bIBAIOTCS YACTHUYHO TMOJSPU30BAHHBIMU. B oOTpakeHHOM Iyde
npeo0iaaaoT KonedaHus, NEPHEeHANKYIISIPHbIE K MIIOCKOCTU MaJeHusl, B Ipe-
JIOMJICHHOM JTy4ue — KoJjieOaHus1, mapaiebHble 3TOM MI0CKOCTH. CTeneHsp 1mo-
JAApU3AIUK JTUX JIYYed 3aBHCHUT OT YIJIa MaJICHUs M IMOKa3aTelsl MpeoMiie-
wus. [otnanackuit ¢usuk /. bproctep (1781-1868) ycTtanoBui 3aKoH, CO-
IJIACHO KOTOPOMY npu yeie nadeHus Oy OMPadiCeHHblll 1y 6yoem noJIHOCHbIO
NONAPU30BAH, eCU MAHSEHC Y2ld NA0eHUsl pa8eH OMHOCUMENbHOMY KO3 gu-
yuenmy npenomaenus Ny cpeovl, Om paHuybl KOMopou NPoUcxXooum ompa-
JHceHue:

tga, =n,,. (6)
Ompasicénnblil 1y4 A613emcs nioCKONOAAPU308AHHBIM (CONEPKUT TOJIb-
KO KoJeOaHwusl, MEePIeHIUKYIISIPHBIC K TJIOCKOCTH TAaJeHUs — Ha puc. 3 OHU
0003HaYEHBI TOUYKAMHU ).
IIpenomnénnvlii dce 1y4u npu 3MOM HOAAPUIYEMC MAKCUMANILHO, HO He
noaHocmovio (CONEPKUT HE TOJNBKO KOJIeOaHMsI, IEPICHIUKYISIPHBIE K MIOCKO-
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CTH MaJIeHMs, HO U KoJieOaHus, MapajlieJbHble 3TON TIOCKOCTH — Ha PHUC.3
0003HaYa0TCsl IBYCTOPOHHUMHU CTPEJIKAMHU ).

[IpuMeuaTenbHO, YTO €CIM CBET NAJAET HA TPAHUILy pa3ielia moJl yriioM
Bprocrepa, To oTpakeHHBIN U MPETOMIICHHBIN YUY 83AUMHO NEPNEHOUK)IAD-

Hol (T.€. a5+ P= % ).

CreneHp noyiApu3alluy OTPAXEHHOTO M IPEJIOMIIEHHOTO Jy4yell Mpu
Pa3NUYHBIX yTIax MaJeHus MOKHO MOJYYHTh C MOMOUIbI0 ¢opmyn Ppenens.
Oty QopMysbl BBITEKAIOT W3 YCJIOBHil, HaJlaraéMbIX Ha 3JEKTPOMArHUTHOE
oJie Ha TpaHMIle IBYX AMAJIEKTPUKOB. K Unciy Takux ycaoBUiA MPUHAIEKUT
PABEHCTBO TAHICHIMANBHBIX COCTABIAIONIMX BEKTOPOB E u H, a take pa-
BEHCTBO HOPMAIBHBIX COCTABIISIONMX BEKTOpoB D m B 1o o6e CTOpPOHBI
TpaHUIlBI pa3zaena.

E
L
g oty | g Lo
L °
o
@ n,
A &,
LD
Puc. 3 Puc. 4

ITpoananusupyemM BO3MOXKHOCTb OTPAKEHUS IUIOCKOMOJISIPU30BAaHHOTO

CBETa, B KOTOPOM BeKkTOop E nexut B miockoctu naaenus. OpueHrauus ayden
Y BEKTOPOB 3JIEKTPUYECKOIO IOJIS AJIsl 3TOrO Cilydas MpeACTaBlIeHa Ha puc. 4,

rne L u L, — magaromuii 1 npeaoMIIeHHBIN Ty4u cBeTa, E, — BekTop Hamps-
KEHHOCTH JJIEKTPUUYECKOrOo Mol B BewecTse. [lon neicTBueM aneKTpuiecKo-

—

ro TOJISI C HaMpPsHKEHHOCThI0 E snekTpudeckue 3apsjnl (JIEKTPOHBI) Bellle-

D
CTBa COBEpUIAlOT KojeOaHMs B HampasjieHUMM E_ mneprneHaukyssipHO K Ipe-

JTOMJIEHHOMY JIy4y, a CI€J0BaTeIbHO, U B HalpaBlieHUH Lgr, B KOTOpOM H07-
YKEH pacClpOCTPAHIThCS OTPaXEHHBINW 1oJ yrioM bprocrepa nyd. Ho mporece
OTpa)X€HUs MPEACTABISIET COO0M BTOPUUHOE U3ITyUYEHHE KOJICOMIOIINXCS O]
JNEWCTBUEM BJIEKTPUUYECKOTO TIOJISI CBETOBOM BOJIHBI JIEKTPOHOB B CPEIE.

OTHU 3JIEKTPOHBI, OJTHAKO, B HANPABJICHUU CBOETO JIBUKEHHSI COTJIACHO
3aKOHaM 3JIEKTPOJUHAMUKNA BTOPUYHBIX BOJH HE M3Iy4aroT. [loaToMy B 3TOM
HaIlPaBJICHUM HHUKAKOTO OTPA)XEHUs PAacCMAaTPUBAEMOM IIOCKOMOJISPU30BAH-
HOM BOJIHBI HE MPOUCXOAUT. OTpakaTbCs MOXKET JIMIIb BOJIHA C COCTABJISIO-
el BEKTOpa E, xoneOanust B KOTOPOW MPOUCXOIAT MEPIECHAUKYISPHO K
MJIOCKOCTH Ta/IeHus (Ha puc. 3 3TH KoJieOaHuss 0003HAUYCHBI TOUYKAMH ).
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OTtpaxkenue nox yriioMm bprocrepa naet npocTelmii cnocod moayyeHus
MOJIIPU30BAaHHOIO cBeTa. HemocTtatok 3Toro cnocoba—manasi MHTEHCUBHOCTD
OTPaXEHHOTO cBeTa. [l ero ycTpaHeHus MPUMEHSIOT HECKOJbKO CTEKJISH-
HBIX TUTACTHHOK (CM. pHC.5), cioxkeHHbIX B cTomy (cromy Crosertosa). Croma
MOJKET CIIY>KUTh JJI1 aHaJIU3a MOJIIPU30BAHHOIO CBETA KAaK IMPH €ro OTpake-
HUH, TaK ¥ TIPU €ro npejomiieHnd. [Ipu GosbIIom dncie miacTHHOK OTpaka-
€TCs MOYTH MOJIOBUHA Majarouiero ceera. [lpomenmmii cBeT moyisipu3oBaH B
IJIOCKOCTU MaJeHUsl, HO MPU MAJOM YHUCJE IJACTUHOK 3Ta MOJspU3aius He
coBceM MnoiHast. OJTHaKO €ClIi UCIO0JIb30BaTh §-10 HalOKEHHBIX APYT Ha JIpy-
ra CTCKJSIHHBIX TUIACTUHOK (CJIOXKEHHBIX B CTOITY), TO BBIMICAIINN W3 TaKOU
CHUCTEMBI CBET OyJIeT MPaKTUUECKHU MOTHOCTHIO MOJIIPU30BAHHBIM. B HacTos-
iee BpeMs CToma Jijisi TOJyYeHUs! MOJSIPU30BAHHOTO CBETa MOYTH HE YIMOT-
pebnseTcs, Tak Kak CYIIECTBYIOT 0oJiee yJA0OHBIE M COBEPIICHHBIC CIIOCOOBI
(TToNIIpU3aIMOHHbBIE TIPU3MBI, TIOJISIPOU/IBI).

Bce npo3paunbie kpucrtamibl (Kpo-

M€ KPHUCTAJIOB KYOMYECKOW CHUCTEMBI,

KOTOpbIE ONTHUYECKH H3O0TPOIHBI) 00J1a-

JAl0T CIOCOOHOCTBIO 08OUHO20 Jiyuenpe-

JloMAeHusA, T. €. pa3/IBAaMBaHUs KaXJO0TO

MaJaoIIero Ha HUX CBETOBOrO IydYKa.

Oto sBieHue, B 1669 r. BepBbie OOHA-

Puc. 5 PY’KEHHOE NATCKUM y4eHbIM J. bapronu-

HOM (1625-1698) nnst ucnaHcKoro mimna-

Ta (pazHoBUAHOCTH KaibluTa CaCO3), 00BICHSETCS OCOOEHHOCTSIMU PaCIIpO-

CTpPaHEHHS CBETa B aHU3OTPOMHBIX CpPeAaxX M HEMOCPEJICTBEHHO BBHITEKACT U3

ypaBHeHu Makcseiia. Eciay Ha TONCThIM KpUCTAUT UCIAHACKOTO 1IIaTa Ha-

PaBUTh Y3KUH MYYOK CBETA, TO M3 KpUCTAJIa BBIWIYT JBA MPOCTPAHCTBEHHO
pa3eCcHHBIX JIyua, MapajlIeabHbIX APYT APYTY U MajgarorieMy ayqy (puc. 6).

Puc. 6 Puc. 7

Jlaxxe B TOM ciydae, Korja MepBUYHBIN My4OK MaJacT Ha KPUCTALT HOpMaJTb-
HO, MPEJIOMJICHHBIN My4OK pa3JessieTcsl Ha JIBa, IPUYEM OJUH U3 HUX SBIISACT-
Cs MPOJOJKEHUEM MEPBUYHOrO, a BTOPOM OTKJIOHsETcs (puc. 7). Bropoii u3
ATUX JIy4e TOyYnsl Ha3BaHUE HEOOBIKHOBEHHOTO (€), a MepBbIil — OOBIKHO-
BEHHOTO (0).
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B kpucraine HCIaHICKOTO IINaTa UMEETCs €OUHCTBEHHOE HallpaBlie-
HUE, BAOJb KOTOPOTO JBOIHOE JyuenpernoMiieHue He HaOmoaaercs. Hanpas-
JIEHHE B ONTHUYECKH aHU30TPOITHOM KpHUCTAJLJIE, IO KOTOPOMY JIyd CBETa pac-
IPOCTPAHSIETCS, HE HCHBITHIBAS JABOMHOTO JyYENPEIIOMJICHUS, HA3bIBACTCS
onmuyecKkou ocvlo Kpuctamia. B 1aHHOM ciiydae pedb MIET UMEHHO O Ha-
MPABJIEHUH, & HE O MPSIMOMW JIMHUH, POXOASAIIEH Yepe3 KaKyr-TO TOUKY KpH-
craua. Jlrobas npsimasi, MpoxoAsias NapajielbHO JAHHOMY HAINpaBIIECHUIO,
SBJISIETCSL ONTHUYECKOW OChIO KpUcCTaiia. Kpucraiuiel B 3aBUCUMOCTH OT THUIIA
X CUMMETPUU OBIBAIOT 0OHOOCHblE U 08YOCHbIE, T. €. UMEIOT OAHY WIIU JIBE
ONTHUYECKHE OCH (K MEPBBIM U OTHOCHUTCS] UCIAHCKHII IIMAaT).

HccnenoBanusi mOKas3pIBAOT, YTO BBIIIEAIINE W3 KPUCTALIA JYy4H ILJIOC-
KOIIOJISIPU30BaHbl BO B3aMMHO IEPIECHAUKYISPHBIX IUIOCKOCTAX. IIITOCKOCTB,
IPOXOsIIasl Yepe3 HaIlpaBJIICHUE JIyda CBETAa U ONTHYECKYK) OChb KPUCTAJLIA,
HA3bIBAETCS TJIABHOM TUIOCKOCTHIO (WJIM TJIaBHBIM ceueHueM kpuctaia). Ko-
nebaHusi CBETOBOTO BEKTOpa (BEKTOpa HaIpsKEHHOCTH E 3IeKkTpudeckoro
noJisi) B OOBIKHOBEHHOM JIyd€ MPOUCXOJAT MEPHEHANKYISIPHO K TJIaBHOU
IUTOCKOCTH, B HEOOBIKHOBEHHOM — B TJIABHOM TUIOCKOCTH (pHC. 7).

HeoaunakoBoe mpenomieHrne 0OBIKHOBEHHOTO M HEOOBIKHOBEHHOIO JTy-
Yel yKa3bIBaeT Ha pa3nWyue JJIsl HUX IMOKa3zartenen npenomieHus. O4eBUaHO,
YTO MpHU JHOOOM HANpPaBICHUH OOBIKHOBEHHOTO JIyda KOJIEOAHUS CBETOBOIO
BEKTOpA MEPIEHIUKYISIPHbI K ONTUYECKON OCH KpHUCTaJLIa, TO3TOMY OOBIKHO-
BEHHBIN JIyd pAacHpOCTPAHSETCA MO BCEM HAMNPABICHUSIM C OJMHAKOBOM CKO-
POCTBIO U, CIEAOBATENBHO, IIOKA3ATENb PEJIOMIEHUS N, 11l HETO €CTh BEJU-
YyHa MOCTOsAHHAs. JJ1s1 HEOOBIKHOBEHHOTO e JIyda YroJl MeXy HarpaBJeHU-
€M Kosie0aHMil CBETOBOTO BEKTOpPA M ONMTHYECKOW OCHIO OTJIMYEH OT MPSMOTO
U 3aBUCUT OT HAMPABIICHUS JIy4a, MOATOMY HEOOBIKHOBEHHBIE JIyYU PacIpo-
CTPaHSIOTCS MO Pa3JIUYHBIM HAIPABICHUSIM C pa3HbIMU cKopocTsmu. Cremno-
BaTeJIbHO, MIOKA3aTelb MPEIoMIICHUS N, HEOOBIKHOBEHHOTO JIy4a SIBJISIETCS TIe-
PEMEHHOUN BETUYMHOMN, 3aBUCAIIEH OT HampaBieHHs Jyda. Takum oOpaszowm,
OOBIKHOBEHHBIH JTy4 TIOIYMHSAETCS 3aKOHY MpeoMIIeHUs (OTCI0/Ia U Ha3BaHUE
«OOBIKHOBEHHBII»), a JJIT HEOOBIKHOBEHHOTO JTy4a 3TOT 3aKOH HE BBHITIOJIHSACT-
ca. [locie BpIxoma U3 KpucTalia, €Cilu He MPUHUMATh BO BHUMAHUE TOJSPU-
3alldI0 BO B3aMMHO TEPHNEHAUKYJAPHBIX IJIOCKOCTSAX, 3TH JBa Jy4a HUYEM
IpYT OT JIpyra HE OTINYAIOTCA.

Kak yxe paccmaTpuBaioch, OOBIKHOBEHHBIE JTyUd PACIpPOCTPAHSIOTCS B
KpPHUCTaJLJIE TI0 BCEM HAINpPaBJICHUSIM C OJIMHAKOBOW CKOPOCTHIO V, = C/N,, a He-
0OBIKHOBEHHBIE — C Pa3HON CKOPOCTHIO Ve =C/N, (B 3aBUCUMOCTH OT yTJjia MEX-
ny BektopoMm E u onrtuueckoil ocwro). g sywa, pacnpocTpaHSIOMIErocs
BJIOJIb ONTUYECKOM OCH, Ny = N, V, = V,, T. €. BIOJb ONTHYECKON OCH CyLIECT-
BYET TOJBKO OJIHA CKOPOCTh PACHPOCTPaHEHUs cBeTa. Paznmnune B v, U v, 14
BCEX HaIpaBJIeHWH, KPOME HAIPaBICHUS ONTUYECKON OCH, M 0OYCIOBIMBAET
SIBJICHHE JBOMHOTO JIYYENPEJIOMIIEHUS CBETA B OJHOOCHBIX KPHUCTAJIAX.
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JlomycTuM, 4TO B TOYKE S BHYTPHU OJAHOOCHOIO KpHUCTaJJla HaXOAUTCA
TOYCUHBIN MCTOYHMK cBeTa. Ha puc. 8 moka3zaHo pacmpocTpaHeHHE OOBIKHO-
BEHHOTO ¥ HEOOBIKHOBEHHOTO JIy4eil B KpucTaljie (TJ1aBHasl MIOCKOCTh COBIIA-
JaeT ¢ IIOCKOCThIO uepTeka, OO' — HanpaBieHHe ONTHUYECKON ocu). BomHo-
BOI MOBEPXHOCTHIO OOBIKHOBEHHOTO JIyda SIBJIsIETCS cepa, HEOOBIKHOBEHHO-
ro Jy4ya — 3JUIMIICOMA BpamieHus. Hanbomnblee pacxoaeHHe BOTHOBBIX MO-
BEPXHOCTEW OOBIKHOBEHHOTO M HEOOBIKHOBEHHOTO JIydyel HaOII0AaeTcs B Ha-
IPaBJICHUH, IEPIICHIUKYIIPHOM K ONTHYECKON OCH. DJUIMIICOUA U cepa Ka-
caroTcs IPYr Apyra B TOUKAxX UX MepecedyeHus ¢ ontuyeckoi ocbro OO

Ecimm v, <V, (N > N,), TO 3JUTAIICONT HEOOBIKHOBEHHOTO JTyda BIIMCAH B
cepy OOBIKHOBEHHOTI'O JIy4a (RJUIUIICOU] CKOPOCTEW BBITSIHYT OTHOCHTEIIBHO
ONTUYECKON OCH) U OJTHOOCHBIN KPHUCTAJLI Ha3bIBAETCS MOJIOKUTEIBHBIM (pUC.
8, a). Ecim v, > v, (N, < N,), TO 3JUTUTICOMT OTTMCAH BOKPYT Cepbl (SJUTUIICOUT
CKOPOCTEH pacTSHYT B HaNpaBICHUH, MEPIECHAUKYIISIPHOM K ONITUYECKOMN OCH)
U OJHOOCHBIM KPHUCTaJUl Ha3bIBAaeTCs OTpULaTelbHbIM (puc. 8, 0). Paccmot-
PEHHBIH BBIILIE UCIAHACKUH IINAT OTHOCUTCA K OTPULIATEIbHBIM KPUCTAUIIAM.

g e 1
1 e

— - o

0 o
&) g7
Puc. 8

B kavecTBe npumepa mocTpoeHust 0OOBIKHOBEHHOTO U HEOOBIKHOBEHHOTO
JIy4er pacCMOTPUM IMPEIOMIIEHUE TUIOCKOM BOJIHBI HAa TPAHUILE AaHU30TPOITHOU
Cpebl, HalpuMep MOJOKUTEITBHOH (puc. 9).

[lycTh cBeT majaer HOPMAJIBHO K MPEIOMIISIIOLIEH TpaHu KpUCTaia, a
ontuyeckas ocb OO' cocTaBisieT ¢ HEHO HEKOTOPbIX yrou. C neHTpaMu B TOY-
kax A u B mocrpoum cdeprueckue BOJIHOBBIE TOBEPXHOCTH, COOTBETCTBYIO-
e 0OBIKHOBEHHOMY JIy4dy, M AJUTATICOUAIbHBIE — HEOOBIKHOBEHHOMY JTyYy.
B Touke, nexameit Ha OQO', 3TM MOBEpXHOCTH compukacaroTcs. CoriacHo
npuHiuny ['rolreHca, MoBEpXHOCTh, KacaTesbHast K cepam, Oyaer GpoHTOM
(a-a) OOBIKHOBEHHOW BOJIHBI, IOBEPXHOCTh, KacaTellbHAsl K AJUIAIICOUIAM, —
¢ponTom (b-b) HeoObIKHOBeHHON BOJIHBI. [IpoBens K TOukam KacaHHs Ipsi-
Mble, TOJy4yaeM HalpaBJICHHUs] PACIPOCTPAHEHHS] OOBIKHOBEHHOIO (0) W He-
OOBIKHOBEHHOTO (€) myuyeil. TakuMm oOpa3oM, B TaHHOM Ciy4yae OOBIKHOBEH-
HBIM JIyd MOMJET BIOJb MEPBOHAYAIBHOIO HAIpaBIEHUS, HEOOBIKHOBEHHBIN
K€ OTKJIOHUTCS OT IEPBOHAYAIBHOTO HANPABIIECHUS.
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Puc. 9

B ocHoBe paboThI MOJISPU3ANMOHHBIX MPUCTIOCOOIEHUHN, CITYKAIUX IS
MOJIYYEHHUS MOJSPU30BAHHOTO CBETA, JICKUT SIBIICHUE JBOWHOTO JTy4ENPEIIOM-
nenus. Hambosee yacTo 111 3TOro NMPUMEHSIIOTCS MPU3MBI M TOJSPOUJIBI.
[Tpu3mel nendrcs Ha ABa Kiacca:

1) npuzmel, darowue moarbKo NIOCKONONAPUZOBAHHBIIL TVY (NOAAPUZAYU-
OHHblEe NPUZMBL);

2) npuzmvl, oarowue 08a NOAAPUZOBAHHBIX 60 G3AUMHO NEPNEHOUKYIAD-
HBIX NIOCKOCMAX IYYA (080AKONPENOMIAIOUUE NPUSMDBL).

Ionapuzayuonnsle pU3Mbl IOCTPOCHBI MO TPHUHIIUITY MOJHOTO OTpa-
KEHUSI OJIHOTO M3 JTyuel (Hampumep, OOBIKHOBEHHOI'0) OT TPaHULIbl pa3jiena, B
TO BpEeMsl Kak JIpyroil Jiyd ¢ JpYyruM IOKa3aTesieM MPEIOMIIEHUS MPOXOAUT
yepe3 3Ty TpaHully. TUINUYHBIM MpPEACTABUTENIEM MNOJIPU3ALMOHHBIX MPHU3M
aisieTca npusma Hukons, HaspiBaemass yacto HukoieM. Ilpuzma Hukois
(puc. 10) mpencraBnsier coOOM ABOMHYIO MPU3MY M3 HCIAHACKOTO IIMATa,
CKJICCHHYIO BJI0OJIb IMHUU AB kaHajnckuMm Oanp3amoM ¢ n = 1,55. OnTuyeckas
ock OO' mpu3MBbI COCTaBIISIET ¢ BXOAHOU rpanbio yron 48°. Ha nepenneit rpa-
HU TIPU3MBbI €CTECTBEHHBIN JTyd, MapauienbHblil peopy CB, paznBauBaeTcs Ha
1Ba JIy4a: OOBIKHOBEHHBIH (n,=1,60) 1 HEOOBIKHOBEHHBIH (n.= 1,51).

Q A 0
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[Tpu cooTBeTCTBYIOLIEM OAOOPE yria MaJIeHUs, PaBHOTO WX OOJIBIIETO
IPEIEIbHOI0, OOBIKHOBEHHBIN JIyd MCIBITHIBAECT MOJIHOE OTpaKeHUE (KaHa.-
CKUI OaJib3aM JJIsl HETO SIBJSIETCS] CPelol ONTHUYECKH MEHee IUIOTHOMW), a 3a-
TEM TOIJIOIAETCS 3aUepHEHHON 00KO0BOM moBepxHOCThI0 CB. HeoOblkHOBEH-
HBIM JIyd BBIXOJUT M3 KpUCTAJUIa MapajulebHO MaJarolleMy JIydy, He3Hauu-
TEJIbHO CMEIEHHOMY OTHOCHTEJIBHO HEro (BBUAY HPEIOMIICHHS HAa HAKIIOH-
HbIX rpadsx AC u BD).

/leosakonpenomnawuiue 1puU3-
MBI UCIIOJB3YIOT pa3jinyue B IMOKa3aTe-
JAX TMpeIoMIIEHUsT OOBIKHOBEHHOI'O M
HEOOBIKHOBEHHOI'O JIy4el, YTOObI pas-
BECTH MX BO3MOXXHO JajbplI€ APYr OT
npyra. Ilpumepom  IBOSIKOIPEIOM-
JSOIIMX MTPU3M MOTYT CIIY>)KUTh IIPHU3-
MBI M3 MCJIAHACKOTO IINaTra W CTEKIa,
IPU3MBI, COCTABJICHHBIE U3 JBYX IIPU3M Puc. 11
U3 MCIAHJCKOrO IImara cO B3aUMHO
MEePICHANKYJISIPHBIMA ONTHYECKUMHU OcsiMu. Jlnst mepBbix mpusm (puc. 11)
OOBIKHOBEHHBIN JIy4 IPEJOMJIIETCS B IIIIATE M CTEKJIE ABa pas3a M, CIEeJ0Ba-
TEIbHO, CUIBHO OTKJIOHSIETCS, HEOOBIKHOBEHHBIN € JIy4 MPU COOTBETCTBYIO-
1IeM To100pe MoKa3aress MPeIoOMIIEHHs CTEKIa n (N » N) NPOXOAUT MPUZMY
nouTH 06e3 OTKIOHEHUS. [[J1s1 BTOPBIX MPU3M pa3ivyunue B OPUEHTHUPOBKE ONTH-
YECKUX OCEH BIMSET HA YIroJl PacXOKIEHUS MEXIYy OOBIKHOBEHHBIM U He-
OOBIKHOBEHHBIM JTyYaMHU.

JIBOSIKOTIPETOMIISIONINE KPUCTAIIBI 00J1a1at0T CBOMCTBOM JUXPOHU3MA,
T. €. Pa3JIM4YHOIO MOMVIOUIEHUS CBETA B 3aBUCUMOCTH OT OPUEHTALUU JIEKTPHU-
4ECKOI0 BEKTOpa CBETOBOM BOJIHBI, U HA3BIBAIOTCS OUXPOUUHLIMU KPUCHAII-
aamu. IIpuMepoM CHIBHO JUXPOWMYHOIO KPUCTAUIA SIBISETCS TYpMaJluH, B
KOTOPOM H3-3a CHUJIBHOTO CEJIEKTHUBHOTO IOIJIOIIEHUSI OOBIKHOBEHHOI'O JIyda
y’Ke€ MpH TOJIIIMHE TUIACTUHKA 1 MM U3 He€ BBIXOJUT TOJIBKO HEOOBIKHOBEH-
HbI1 1yd. Takoe pa3nuune B NOTJIOIIEHNH, 3aBUCALIEE, KPOME TOTO, OT JJIUHBI
BOJIHBI, IPUBOJIUT K TOMY, YTO MPHU OCBEIICHUH JTUXPOUYHOr0 KpHcTaia Oe-
JIBIM CBETOM KPHUCTAJUI IO PA3HBIM HAIPaBICHUSM OKA3bIBAETCS PA3IMYHO OK-
palICHHBIM.

JluxpouyHble KpUCTAJIbI MPUOOpenu emie Oojee BaXKHOE 3HAYEHUE B
CBSA3U C U300peTeHrneM NmoJsipouaoB. [IpuMepom nomisipousia MOKET CIY>KUTh
TOHKas TUICHKA U3 LEJUTYJIOHU/1a, B KOTOPYIO BKPAIJIEHbl KPUCTAJUIMKU reparna-
TUTa (CEPHOKHCIIOTO MOJ-XMHUHA). ['epamatut — ABOSIKONPETIOMIISIONIEE Be-
IIECTBO C OYEHb CHUJIBHO BBIPAKEHHBIM TUXPOU3MOM B 00JIACTH BHIMMOTO
CBETa. YCTaHOBJICHO, YTO Takas IUIEHKa yxe npu tonmuue > 0,1 MM nosaHo-
CTBIO MOTJIOMIAET OOBIKHOBEHHBIE JIyYH BUAUMON OOJACTH CIEKTPa, SBISSACH B
TAKOM TOHKOM CJIO€ COBEPILEHHBIM Mosipu3aTopoM. IIpenmymecTBo moss-
POMIOB IEepeA MPU3MaMHU — BO3MOKHOCTh U3TOTOBIISATh UX C IUIOIIAJIAMHM I10-
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BEPXHOCTEH 10 HECKOJBKUX KBAJPAaTHBIX METpoB. OJIHAKO MX MEHbINIAs 1O
CPaBHEHUIO C MPU3MaMU MPO3pavyHOCTh (Mpubnu3uTenbHo 30%) B coueTaHuu
C HEOOJIBIIONH TEPMOCTOMKOCTBHIO HE IMO3BOJISIET MCIOIB30BaTh MOJSIPOUILI B
MOIIHBIX CBETOBBIX MOTOKaX. [lodspon bl MPUMEHSIOTCS, HAIpUMED, IS 3a-
IIMTHI OT OCJICTUISIONIETO JEHCTBUS COJIHEUHBIX JIydel U (pap BCTPEYHOIO aB-
TOTPAHCIIOPTA.

Pa3Hbie KpuCTaLTB CO3AAIOT PA3IMYHOE 110 3HAYEHUIO W HAIPABICHUIO
JIBOMHOE JTydernpeoMIIeHne, TT03TOMY, MPOIMyCKas 4epe3 HUX IMOJSIPU30BaH-
HBII CBET W M3MEPssd M3MCHCHHE €r0 WHTEHCHUBHOCTH IOCJE TPOXOXKICHUS
KPHCTAJUIOB, MOYKHO OTPEACIUTh WX ONTHYCCKUE XAPAKTEPUCTUKH U TIPOU3-
BOJUTh MHUHEPAIOTMYECKAN aHanu3. [ 3TOM LENM MCIOIb3YIOTCA NOJISIPU-
3aIIMOHHBIE MUKPOCKOITBI.

JIBoiiHOE NyuernpenoMieHue UMEET MECTO B €CTECTBEHHBIX aHHU30TPOII-
HBIX cpepax. CylIecTBYIOT, OJIHAKO, PA3JIMYHBIE CIIOCOOBI MOTYYSHUS! UCKYC-
CTBEHHOM ONTHUYECKON aHM30Tponuu. ONTUYECKH U30TPOITHBIE BEIIECTBA CTa-
HOBSITCSI ONTHYECKU aHU30TPOITHBIMU TIO]T JICHCTBUEM:

1) oonocmoponne2o corcamus uiu pacmsaxiceHus: (KpUcmaivl Kyouueckou
cucmemvl, Cmexia u op.),

2) anexmpuueckozo nois (3gpgpexm Keppa, scuoxocmu, amopgpuvie mena,
2asvl);

3) Macnummno2o noas (d’HcudKkocmu, cmekid, KOJI0Uobl).

B mepeuncneHHbIX Ciydasx BEMIECTBO MPUOOpPETaeT CBOMCTBA OJHOOC-
HOTO KpHCTaJlJIa, ONTHYECKasi OChb KOTOPOTO COBITAJAaeT ¢ HANPABJICHHUEM JIe-
dbopManum, SIMEKTPUUECCKOTO WM MArHUTHOTO ITOJICH COOTBETCTBEHHO YyKa-
3aHHBIM BBIIIIE BO3ACHCTBUSIM.

Mepoii BO3HUKAOIIEW ONTUYECKOM aHU30TPOIUU CIIYKUT Pa3HOCTH I10-
KazaTesiel MmpesioMiieHusT OOBIKHOBEHHOTO M HEOOBIKHOBEHHOTO JIy4eil B Ha-
IPaBJICHUH, IEPIICHINKYIISIPHOM K ONITUYECKON OCH:

No-Ne=ki6 (B cimydae nedopmanun); (7)
No-Ne=K,E> (B ciIydae 3JCKTPHUECKOTO T0JIs); (8)
No-Ne=ksH? (B cimyyae MarHMTHOTO ITOJIA), 9)

rae k1, k2, k3 — nmocrosiHHbIE, XapaKTEPU3YIOIIUE BEIIECTBO, G - HOPMAJIBHOE
HanpsokeHne, E u H — COOTBETCTBEHHO HANPSHKEHHOCTh 3JEKTPUUECKOTO U
MarHuTHoro noJsiei. Ha puc. 12 mpuBeseHa ycTaHOBKa /Ui HaOIIOJACHUS I¢h-
¢hexma Keppa B xxunkoctsix (yCTaHOBKH JIJIsl U3YUEHUS PACCMOTPEHHBIX SIB-
neHuid onHOTUIHBI). Suelika Keppa — KroBeTa ¢ )KUIKOCTBIO (HAalpuMep, HUT-
poOeH307I0M), B KOTOPYIO BBEJEHBI TJIACTHHBI KOHACHCATOPA, MOMEIAeMOTO
MEXK]y CKpenleHHbIMU Tosisipu3atopoM P u ananuzaropom A. Ilpu otcyret-
BHUM 3JIEKTPUUYECKOTO MOJIA CBET 4epe3 cucteMy He mpoxoauT. [Ipu Hamoxe-
HUU DJEKTPUYECKOTO TMOJS >KUJIKOCTh CTAHOBHUTCS JBOSIKOIPEIOMIISIONIEH;
Py U3MEHEHUU PA3HOCTU MOTEHIMATIOB MEX]Y JIEKTPOJaMU MEHSETCS CTe-
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IIEHb aHU30TPONMUHU BEIIECTBA, a CJEAOBATEIbHO, U WHTEHCUBHOCTH CBETA,
MPOIIEIIETO Yepe3 aHAIU3aTop.

Ipghexm Keppa — onThueckass aHU30TPOIHUS BEIIECTB MO JIECHCTBUEM
AIIEKTPUUYECKOTO TOJII — OOBSACHSCTCS PA3IMYHON MOISIPU3YEMOCTHIO MOJIEKYI
HUJIKOCTH TI0 pa3HbIM HANpPABICHUSIM. JTO SIBJICHUE MPAKTUUYECKU OE3bIHEPIIH-
OHHO, T.€. BpeMs Iepexoa BEIIECTBA U3 U30TPOITHOTO COCTOSHUS B aHU30TPOII-
HOE IPH BKJIIOYEHHH Ty (M 0OpaTHO) coctaBmster mpuommsutenso 1070 c.
[Toatomy stuerika Keppa cimyXuT naeanbHbIM CBETOBBIM 3aTBOPOM U IPUMEHSI-
eTcsl B OBICTPOIPOTEKAIONINX MpoIleccax (3ByKO3amuch, CKOpOCTHasE GOTo- U
KMHOChEMKa BOCIPOU3BOJCTBO 3BYKa, U3yYEHUE CKOPOCTH PACIPOCTPAHEHUS
CBETa U T. [I.), B ONITUYECKOM JIOKAI[UH, B ONITUYECKON TEAEPOHUH U T. 1.

Puc. 12

NckyccTBeHHAss aHU30TPONUS MO JNEMCTBUEM MEXAHMYECKUX BO3ZEH-
CTBUI TO3BOJISIET MCCIEAOBATH HAIPSKEHUS, BO3HUKAIONIME B IPO3PAYyHBIX
Tenax. B naHHOM ciydae o crenenu aedopManuu OTAEIbHBIX YUYaCTKOB U3J1e-
s (HampuMmep, OCTaTOYHBIX JedopMalil B CTEKIIE MPH 3aKalKe) CyAsaT 10
pacnpesiesieHnI0 B HeM OKpacku. Tak Kak mpUMeHseMble OObIYHO B TEXHHUKE
MaTepuaibl (METaulbl) HEMPO3payHbl, TO UCCIIEIOBAHUE HANPSKEHUH MPOU3-
BOAAT HA IPO3PAYHBIX MOAEIAX, a IMOTOM JENAr0T COOTBETCTBYIOLIMI NEpe-
CYET Ha MPOEKTUPYEMYIO KOHCTPYKLHUIO.

Hekortopsle BemniecTBa (HarpuMmep, U3 TBEPABIX TeJl — KBapll, caxap, Ku-
HOBapb, U3 KUAKOCTEH - BOJHBINA pacTBOp caxapa, BUHHAS KUCIOTA, CKUIH-
Jap), Ha3bIBaeMbl€ ONTHYECKH AKTUBHBIMH, O0JaJal0T CHOCOOHOCTHIO Bpa-
AaTh MJIOCKOCTh MOJIIPU3ALIMH.

Bparenue miockocTd MOJspU3alud MOKHO HaOMIoAaTh Ha Cleaylo-
miem onbite (puc. 13). Ecu Mexay ckpelieHHbIMU ToJsipuzaTopoM P u aHa-
JIU3aTOpOM A, JAlOUMMU TEMHOE MOJI€ 3pEHHUSI, TOMECTUTh ONTHYECKH aKTHB-
HOE BEILECTBO (HampuMep, KIOBETY C pacTBOPOM caxapa), TO IOJIE 3pEHUs
aHanu3aropa npocsemnigercs. [Ipyu moBopoTe aHaM3aTOpa HA HEKOTOPBII YroJl
( MO>XHO BHOBb IOJIYYHTh TEMHOE I0JIE 3pEHUSA. YTOI (@ U €CTh yroJ, Ha KO-
TOPBI ONTUYECKH AaKTUBHOE BEUIECTBO MOBOPAYMBAET IJIOCKOCTh MOJIApU3a-
LMY CBETA, MPOIIEIIEro Yepe3 noysipuzatop. Tak Kak MOBOPOTOM aHaIU3aTo-
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Pa MOXHO IIOJYYUTH TCMHOC I10JIC 3pCHUA, TO CBCT, HpOHICI[IIII/Iﬁ qcpe3 OIITH-
YCCKHN aKTHUBHOC BCIICCTBO, ABJIACTCA IINIOCKOIIOJIAPU30BAHHBIM.

Puc. 13

OmnbIT MOKa3bIBAET, YTO YTOJ MOBOPOTA TUIOCKOCTH MOJSPU3AINH TS ONITHYe-
CK{ aKTUBHBIX KPUCTAJJIOB U YHCTBIX KHUAKOCTEH
o=ad;

JUIS ONTHUYECKU aKTUBHBIX PACTBOPOB

¢=[a]Cd,
rae d — paccrosiHue, MPOUIEHHOE CBETOM B ONTHYECKH aKTUBHOM BEILIECTBE,
[a] — Tak Ha3BpIBacMoOE yeIbHOE BpallleHHEe, YHCICHHO PaBHOE YIIIy MOBOPOTa
IUIOCKOCTH TOJISIPU3ALIMM CBETA CIOEM ONTUYECKU aKTHBHOI'O BELIECTBA €/1U-
HUYHOM TOJIIMHBI (€AMHUYHOM KOHIIEHTpaIK — Ui pacTBopoB), C — macco-
Bas KOHIIGHTPALHS ONTHYECKH AKTHBHOrO BEIIECTBA B PACTBOpE, KI/M'.
Y aenbHOE BpallleHUE 3aBUCHUT OT MPUPOBI BEIIECTBA, TEMIEPATYPHI U JUTUHBI
BOJIHBI CBETA B BaKyyMe.

OmnBIT MOKa3bIBAET, YTO BCE BEIIECTBA, ONTUYECKH AKTUBHBIC B JKUKOM
COCTOSTHMH, 00Ja/lal0T TaKUM >K€ CBOWCTBOM U B KPHUCTAJNIMYECKOM COCTOSI-
HuU. OHAKO €CIIM BEIECTBA aKTUBHBI B KPUCTAIUTMUECKOM COCTOSIHUH, TO HE
BCEr/la aKTHBHBI B >KMJIKOM (HampuMep, paciuiaBieHHbIM kBapi). CiemoBa-
TEJIBHO, ONTUYECKAsi aKTUBHOCTh OOYCJIOBIMBAETCS KaK CTPOECHUEM MOJIEKYI
BEIIECTBA (UX aCUMMETpHUEN ), TaK U OCOOEHHOCTSAMHU PACIOJIO0KEHUS YaCcTHUII B
KPUCTAJUIMYECKON PELIETKE.

OnTHyueckl aKTHBHBIE BEIECTBA B 3aBUCHUMOCTH OT HaIlpaBJICHUS Bpa-
HICHUSI TUIOCKOCTH MOJISIPU3AINK Pa3AeISI0TCsA Ha MPaBO- U JICBOBpALIAIOIIHE.
B nepBoM ciydae MmiaocKOCTh MOJSPU3AIMH, €CIU CMOTPETh HaBCTPEUy JIydy,
BpaliaeTcsl BIpaBo (10 4YaCOBOW CTpEJIKE), BO BTOPOM — BJIEBO (IIPOTHUB 4aCO-
BOU cTpenku). Bpamenue miockoctu nonspusanuu oobsicHeHo O. @penenem
(1817 r.). CornacHo Teopun PpeHens, CKOPOCTh PAaCIPOCTPAHEHUsI CBETA B
ONTUYECKU aKTUBHBIX BEUIECTBAX pa3jMuHa JJIs Jydel, MOISIPU30BaHHBIX TO
KPYTy BIIPABO U BJIEBO. SIBJIEHNE BpallleHUs IIJIOCKOCTH HOJSPU3ALINY JICKUT B
OCHOBE TOYHOI'O METOJa OINpEAEeHUs] KOHIIEHTPAlMU PacTBOPOB ONTUYECKH
aKTUBHBIX BEIICCTB, HA3bIBAEMOTO Hosapumempueit (caxapumempueir). Jns
ATOrO UCMOJb3yeTCA YCTaHOBKA, MoKa3aHHas Ha puc. 13. [lo HaligeHHOMY yT-
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Jy MOBOPOTA TUIOCKOCTH MOJISIPU3AIUMU () U U3BECTHOMY 3HAUYEHHIO [a] HaXo-
JUTCS] KOHIEHTPAIIUS paCTBOPEHHOTO BEIIECTBA.

Bnocneactsun M. ®apaneeM ObU10 OOHAPYKEHO BpalleHHE MIOCKOCTH
MOJIAPU3AIMK B ONITHYECKN HEAKTUBHBIX TeJlaX, BO3HUKAIOIIEE MO JEHCTBUEM
MAarHuTHOTO MOJIA. DTO SIBJICHUE TOJNYyYWJIO Ha3BaHue sgghexma Dapadesn
(MM MAarHUTHOTO BpAILEHUS TUIOCKOCTH NoJisipu3anuu ). OHO UMENI0 OTPOMHOE
3HaYeHHUE JJIsl HAyKH, TaK KaK ObLJIO MEPBBIM SIBICHHEM, B KOTOPOM OOHapy-
KUJACh CBSI3b MEXKY ONTHYECKUMH U HJICKTPOMArHUTHBIMU MPOIECCAMH.
Jlist Habmonenust A dexra Papaes MpUMEHSIETCS] YCTaHOBKA, TTOI00HAsS TOM,
4yTO npuBeaeHa Ha puc. 13. Toapko B mOcCieAHEM cllydae KIOBETA C BEILECT-
BOM JIOJKHA OBITh ITOMEIIEHA B MATHUTHOE TOJIE.

B 3akiodueHue paccMOTpUM pEUIEHHWE HECKOJIBKMX THIOBBIX 33/1ad IO
JTaHHOM TeMe.

3agauya Ne 1. [lydok cBera, uaymuid B BO3JyXe, MajJacT Ha MOBEPX-
HOCTb JKHAKOCTH oA yrioM 0;=54°. Ompenenuts yron npexomieHns 0, myd-
Ka, €CJIA OTPAKEHHBIN MyYOK MOJHOCTHIO MOJISIPU30BAH.
Pemienue
OTpakeHHBI MyYOK CBETa OYyJEeT MOJHOCTBIO MOJIAPU30BAH, €CIU CBET
IajlaeT Ha TPaHUIy paszelia AByX cpex moa yriioM bprocrepa. Yron naaeHus
bproctepa ompenensiercss ycnoBuem: tghi;=n,/n;, Tae N; U N, — moKa3aTeu
MPEJIOMIIEHUSL CPEZ, B KOTOPBIX PACHPOCTPAHAIOTCA, COOTBETCTBEHHO, Ila-
JAIOIMK ¥ MPEJTOMIICHHBIN JIy4d CBETa. YTOJI mpenomMieHust 0, MOXHO orpe-
JEIUTh C TIOMOILBIO 3aKOHA MPEJIOMJIEHNS CBETOBBIX Jy4eld Ha TPAHULE pas3-
nerna AByX Cpen:

sing, __ n,
sing, — ng
YuwureiBas, uro tgh;=sinb;/cos0;, momyuaem:
sing, __ sing, __ n,
cos@, ~ sin@, n_l

. . 0 .
Otkyna crneayet, uto cos8;= sinf, mam Sin(907-0,)= sinb,. Tak kak yribr 0; u
0 0
0, oba Meuniite 907, TO mociegHee cootHomeHue apaer 90- 6,= 0, win
0
0,+0,=90". Takum oOpa3om, MBI JOKa3ajlud TIOJIE3HOE YTBEPXKICHUE: eC/iu
ceem nadaem noo yziom bprocmepa, mo cymma y2noe naoenus u npenom-
JICHUA PAGHa 90°. [TosToMy B Hamien 3amade yrosj NpeIoMIICHUsS PaBEH 90°-
0—np0
54°=36".
Otser: 0,=36".

3agaua Ne 2. [IpenenbHblid yrodl MOJTHOIO BHYTPEHHETO OTPAXEHUs Myy-
— 40
Ka CBEeTa Ha TpaHMIle KUJKOCTU ¢ BO3AyXoM paBeH 0=43". Onpenenuts yron
Bbproctepa 0, 1 nmageHus gydya U3 BO3ayxa Ha MOBEPXHOCTH ATOM KUIKOCTH.
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Pemenue

Yroa moaHoro BHYTPCHHCTO OTPAKCHUA Ha I'PaHUIC pa3aciia KUIKOCTHU
C IIOKAa3aTCJICM IIPCIIOMIICHHA nu BO3J4yXa C IIOKAa3aTCJICM IIPCIIOMJICHUA, PaB-
HBIM COAWMHUIC, OMPCACIIACTCA U3 YCIIOBUA Sil’l@z n_l. CJ'ICI[OBaTCJ'II)HO, I1IOKa3a-
TEJIb NPEJIOMIICHUSA JKUIAKOCTU PaBEH n:(sin43°)'1. Yron bprocrepa B 1aHHOM
Cilydae MOKET OBbITh omnpeziesicH u3 yciaoBus tgh,= n. CrieqoBaTebHO, TTOTyYa-
cM:

0,=arctg(n)=arctg(1/sin43%)=55,75°.
Orser: 0,=55,75".

3agaya Ne 3. Ha myTu 4acTHYHO MOJIIPU30BAHHOTO CBETA, CTETICHD T10-
nspuzauun P koroporo paBna 0,6, mOCTaBWIM aHAIWU3ATOP TaK, YTO MHTECH-
CHUBHOCTb CBETA, MPOLIEAIIEIO Yepe3 HEero, craja MakcuMaabHOU. Bo ckosbko
pa3 YMEHBIIUTCS MHTEHCUBHOCTH CBETA, €CIH IJIOCKOCThH IMPOIYCKaHUs aHa-
JIA3aTOpa MOBEPHYTH HA YrOJI 30%?

Pemienue

CornacHo 3akoHy Maittoca, eciiu Ha NOJsipyU3aTop NajaeT MIOCKONoIs-
PU30BAHHBIN CBET C MHTEHCUBHOCTHIO lop, TO HHTEHCUBHOCTH CBETA Ha BBIXO/IE
noJsisspusaropa l, Oyaer paBHa Ip:Iopcosza, TA€ o — Yrod MEXAY IIOCKOCThIO
MOJIAPU3AIIMY T1aJIAI0IIETO CBETA U IUIOCKOCTHIO MPOIMYCKaHUS MOJIIpU3aTopa.
Ecnu e Ha monspusatop najgaeT €CTeCTBEHHBIA CBET, TO VISl OMpeneleHuUs
MHTEHCUBHOCTH IMPOLIEAIIEr0 CBETa HaJl0 B COOTHOLIEHNMU Maitoca mpousBe-
CTH yCPEAHEHHE 10 BCEBO3MOXKHBIM YTJIaM 0. Y YUTBIBAsl, UTO CpEIHEE 3HAUE-

2r
2 20>=2+ | cos®ada==
HHE COS 0 paBHO <COS 0~>=7; - 27 IIoJy4acMm ocrabnenue uHmen-
0

CUBHOCMU NAOAIOWe20 eCmecmeenHo20 ceema 6 08a pasd. 3Hasl TeNepb, Kak
MOJISIPU30BAHHBIN U €CTECTBEHHBIN CBET MPOXOIAT Yepe3 MoJsipru3aTop, mpe-
CTaBUM YAaCTUYHO IMOJISIPU30BAHHBIN CBET B BUJIE CMECH €CTECTBEHHOI'O CBETA
C MHTEHCUBHOCTBHIO |y ¥ TIIIOCKOTOISPU30BAHHOTO CBETa C MHTEHCUBHOCTHIO
lop. Ecn Takyro cMech NpONyCTHTh YEPE3 aHAIM3ATOP, TO , KAK JIETKO BUJIETH
C MOMOIIBIO 3aKOHa Manroca, MakCUMalabHass MHTEHCUBHOCThH MPOUIEAIIETO

1
cBeta OyneT paBHa Ima= lopt3 loe, @ MUHUMAIBbHAS UHTEHCUBHOCTD Iiin =7 lge.

Torga creneds MOJSPU3ALUUA ITOTO CBETA MOXKET OBITH OIpeE/esieHa CIeyIo-
UM 00pa3oMm:

P — Imax_lmin _ IOP

Imax"'lmin Iop+|oe .

ITo YCIOBHUIO 3aJlaud CHadalla IOJIAPHU3aTOP YCTAHOBHUJIM TaK, YTO HWH-
TCHCUBHOCTL IIPOHMICAIMICTIO CBETAa OKa3allaCb MaKCHMaHBHOﬁ, TO €CTb Imax=
Iop"'%loe- IImockocTh IoJsIpu3annu HOHHpHBOBaHHOﬁ KOMIIOHEHTHI B 3TOM
cIydac COBIAaAacT C IJIOCKOCTBIO IMPOITYCKAHUWA ITOJIApU3aTOopa. Ecmm TCIICPb

IOJIApMU3aTOp IMOBEPHYTH Ha YIroJl O, TO HMHTCHCHUBHOCTL HOHHpHSOBaHHOﬁ
KOMIIOHCHTEI CBETa YMCHBIIUTCSA B COOTBETCTBHUH C 3aKOHOM Mamoca, a UH-
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TEHCUBHOCTD MPOIIEIIIeH eCTeCTBEHHOM KOMIIOHEHThI HE U3MEHUTCS U OyAeT
HO-TIpeXHEMY paBHa i lo.. B pe3ynpTare MHTEHCHBHOCTD IPOIIEAIIErO CBETA

oo 2 .
craHeT paBHOU l;=1 loe+1y,COS°0. OTHOmEHNE MHTEHCUBHOCTEH Inmay/la, KOTO-
poe HaJ0 HANTH B 3a/1a4e,

1
Imax —_ IOD+2|09
= - ~
la Ll +1gpc0s° a

BBIPA3UM dYepe3 OTHOIICHUE WHTEHCUBHOCTEH Iop/loe, TOACTUB YHCIUTENH U
3HaAMEHATEeJIb OJJHOBPEMEHHO Ha loe. ToT1a momyunum:

lop 4
_+_
| ax — loe 2
= — .
la 1, % 05?3
2 e

IToncraBuB mocienHee COOTHOIICHHE B BBIpAKEHHE JJISI OTHOIICHUS WHTCH-
cuBHocTe Iop/lee uepes crenenp mossgpusanu P magaromiero ceTa
lop/l10e=P/(1-P), mosy4yum HCKOMOE COOTHOIIICHUE HHTCHCUBHOCTEH:

P 1

Imax — l—P+2
I, ~ 1, P ~nc24"
a >+ C0s™a

Hcnonb3ys 4rcieHHbIC 3HAYCHHS JaHHOM 3a1a4M, morydaeM: Ina/1,=1,23.
OtBeT: Ia/1.=1,23.

BOIIPOCHI 1 3BAJAHUA JI1 CAMOKOHTPOJIA

1. [JaiiTe onpenenenue eCTeCTBEHHOTO U MOJISPU30BAHHOTO CBETA.

2. Chopmynupyiite 3akoH bproctepa.

3. UTo Tako€e MmIOCKOCTh NOJISIPU3aLNN?

4. Yem oTIMYaeTCs €ECTECTBEHHBIN CBET OT IJIOCKOIIOISPU30BAHHOTO?

5. Ilpu Kakux yCIOBHSIX CTENEHb MOJSPU3ALNN CBETA, OTPAXKEHHOIO OT
TURJIEKTPUYECKON MJIACTUHKH, MaKCUMaJIbHA?

6. Chopmynupyiite 3akoH Maitoca.

7. Uto Takoe BpalleHue MI0CKOCTH MOISpU3auu’?

8. B uem 3axmrovarorcs addext Keppa u apdext Dapanes?
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