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1. HOJAPU3AIIUA CBETA

1.1. Obuue ceeoenusn o nonapuzayuu

Cucrema ypaBHeHH MakcBenna TOJHOCTBIO OMUCHIBAET
CBOWMCTBA, BO3HHMKHOBECHHE W PACIPOCTPAHECHHUE SICKTPOMATHUTHBIX
BOJH. B 4yacTHOCTM, uW3 J3TUX YpaBHEHUM BBITEKAET, YTO

QJICKTPOMATrHUTHBIC BOJIHBI ITOIICPCYHBLIC, TO CCTb BCKTOPBI

— —

HaIPSHKEHHOCTEH 3ekTpudeckoro E w maramTHOro H mosel BOTHBI
B3aMMHO TEPIEHIAUKYISAPHBI M KOJEOIIOTCS TEPHEHANKYISIPHO K
BEKTOPY CKOPOCTH V PacHpOCTPAHCHHS BOIHBI (IIEPIICHANKYISIPHO K
aydy). C TONEepeYHOCThIO DJIEKTPOMArHUTHBIX BOJH CBSI3aHA MX
BOKHCWINIAT XapaKTepUCTUKa — noaspusayus. Jlns  ommcaHus
3aKOHOMEPHOCTEH TMOJISPU3AIMK CBETA JOCTATOYHO 3HATH TMOBEIACHUE

JUIIb OAHOTO W3 BEKTOPOB. OOBIYHO BCE PACCYXKIEHUS BEIyTCS

—

OTHOCUTEIBLHO CBETOBOIO BEKTOpa — BEKTOpa HampshKeHHOCTH E
ANEKTPUYECKOTO MOJisA (3TO Ha3BaHUE OOYCJIOBIEHO TEM, YTO IMpHU
JICHCTBUM CBETa Ha BEIIECTBO OCHOBHOE 3HAYEHHE HMEET
ANEKTPUYECKass COCTAaBIISIIOMIAS IIOJIS BOJHBI,  JICMCTBYIOIIAsS Ha
ANEKTPOHBI B aTOMax BEIIECTBA). 3aMETUM, YTO TOJIIPHU3ALHS
MIPUCYILIA MOALKO HONEPeuHbIM B0JHAM, HO HE TPOJOJbHBIM. B
MPOJOJBHBIX BOJIHAX KOJICOAHWS COBEPINAIOTCS TOJIBKO BJIOJb
HaIpaBJICHUSI UX PACIIPOCTPAHEHUs] U HUKAKOU TOJISIpU3aIiu ObITh HE
MOKET.

PaznuyaroT CBET Henoasapuzoeammvli, NOAAPUIOBAHHLIU U

Yacmu4dHo I’lOJZ}ZpZ/IS’OGaHHblZZ. HpI/IMepOM HCIIOJEAPHU30BAHHOI'O CBCTA

—

SIBIISICTCSL ecmecmeeHHbl CBCT, B KOTOpOM KoJIeOaHus BCKTOpa E B



Pa3IMYHBIX HAMpPaBICHUSX OBICTPO M OECHOPSIOYHO CMEHSIOT APYT
apyra (puc. 1.1). Ero ucmyckaroT OOJBITMHCTBO TEIUIOBBIX HCTOY-

HUKOB (namnbl HakanuBanusi, CoyHile U nap.). CBer, B KOTOpPOM

—

HalrpaBJIeHUsT KojcOaHWW BekTopa E yHmOpsAI0YEHBI KaKHUM-JTHOO

oOpa3oM, MONy4YWJl Ha3BaHWE no/sApuzosannozo. Ecam konebaHus

—

BEKTOpPa £ MNPOUCXOIAT TOJBKO B OJHOM MPOXOMSAIIECH Yepe3 JIyd
IUIOCKOCTH, TO HMMeeM Jeldo ¢ naocko- (uiu  umeiino-)

noJisipu306AaAHHLIM CBCTOM. HJ'IOCKOCTI), MpoxXoasiamiasi ucpe3

—

HaIlpaBJeHUE KoJeOaHuil BeKTopa E MIOCKOMOISIPU30BAHHON BOJHBI
Y HampaslICHUWE pPACIpPOCTPAHEHUs DTOM BOJHBI, Ha3bIBACTCS

NJOCKOCMbIO NOJIApU3aAyuUlU.

P
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E
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Z
0
Puc. 1.1 Puc. 1.2

YHopsigo4eHHOCTh KOJIEOaHUM MOYKET 3aKI04aThbCsl B TOM, UTO

—

BEKTOp E MOBOpauMBaeTCs BOKPYT Jyda, ONHOBPEMEHHO MYJIbCHPYS
o BenuuuHE. B pe3ynprare 3TOro KOHEN BEKTOpa £ ONUCHIBAET
amumnc. Takol CBET HA3bIBAETCS IAIUNMUUECKU NOJAPUZ0BAHHBIM.

HHOCKOHOJ’ISIPI/IZ%OB&HHBII\/JI CBECT ABJIICTCA IMPCACIIbHBIM  CJIy4dacM



JUTMNITUYECKH  TOJSPU30BAHHOTO, KOTJa TMpu pasHocTu a3
CKJIaJIFIBAEMBbIX  KOJICOaHWW, paBHOM HYIIO WIA T, DJUIUIC
MOJISIPU3AIlMU BBIPOXKIAaeTcsl B npsmyro. [Ipu pazHoctu ¢az, paBHOI

+7/2, W PABEHCTBE AaMIUIMTYJ CKJIAQJbIBAEMBIX BOJH DJUIMIIC

MOJISIPU3AIMU BBIPOKIAETCS B OKPY>KHOCTb, M TOTJIa UMEEM JIEJIO C
YUPKVIAPHO NOTAPU308AHHBIM (NOAPUB0BAHHBIM NO KPY2Y) CEEMOM.
[lonyueHue MOJSPU30BAHHOTO CBETAa W3  €CTECTBEHHOIO
BO3MOXKHO TIpH  pasHooOpasHbiXx  (usnueckux sddexrax —
MPOXOXKJIECHUH CBETA Y€pe3 aHU3OTPOIIHBIE CPEIbl, OTPAKEHHH OT
JTUJIEKTPUKOB U Jp. Y CTPOWCTBA IS MOJYyYEHUS TMOJSIPU30BAHHOTO
CBETa HA3bIBAIOT nosspuzamopamu. Te ke yCTpoHuCcTBa, IPUMEHSIEMbIE
TUTSE UCCJIE0BaHUS NOJISIpU3ALUU CBETA, Ha3bIBAIOTCS
ananuzamopamu.  llomgpuzatopel  (aHamM3aTOpPbl)  MPOIYCKAIOT
KOoJieOaHUs  CBETOBOTO  BEKTOpa, IMapajulelibHble  IJIOCKOCTH,
Ha3bIBAEMOM  IUIOCKOCTBIO  MoJispu3aTopa  (aHaiu3aropa), W
3aJICP>)KUBAIOT KOJIeOaHUs, MEPIEHAUKYIISPHBIE K 3TOU IJIOCKOCTH.
PaccmorpuM n1Ba mosisipuzaTopa, IOCTaBJICHHbIE Jpyr 3a
APYroMm Tak, 4yto ux ocu OP u OA 00pa3yroT HEKOTOPbIH yroa ¢ (puc.
1.2). IlepBblil NOIAPU3ATOP HNPOIYCTUT CBET, FJIEKTPUUECKUNA BEKTOP

E, kortoporo mnapasmieneH ero ocu OP. IlonoxuM HMHTEHCHMBHOCTH

3TOoro cBera paBHOM lo. Bropoit momspuszarop (aHaiIM3aToOp)

nponycrur JiMmmb 4YacTb OTOro CBETa, a HWMCHHO Ty Cro

COCTABJISIIOIIYIO, SJEKTPUYECKHI BEKTOp KOTOpPOW F, mapajieseH

—

ocu OA. i1 HaxOXKACHUSA 3TOM COCTAaBISIIOIIEH pa3ioXkuM E, Ha

BEKTOp FE,, mapamienbHblii ocu OA BTOporo mnossipuzaropa (T.e.

—

aHaiu3aTopa), M BEKTOp £E,, NEpPHEHAMKYJSPHBIA K  HEM.



Cocrasisironiass E, Oyner 3ajepkaHa aHamuzaTopom. UYepes o0a

HOJISIpU3aToOpa TPOUIET CBET C DJICKTPUYECKUM BEKTOpOM FE =E,,

mHa KoToporo E=FEocosg. Tak Kkak HWHTEHCUBHOCTb CBeETa
MPONOPIIMOHATBHA KBaJpaTy aMIUIMTY]Ibl, TO UHTEHCUBHOCTh CBETA,

IPOIIIE/IIEro Yepe3 aHAIN3aTop, paBHA
| =1,c08° 9. (1.1)

DTO COOTHOIIIEHWE HOCUT Ha3BaHWe 3akoHa Mantoca:
UHMEHCUBHOCMb céema, npoutedwe2o uepes ananuzamop (1), pasna
UHmMeHcusHocmu  ceema, npoweouteco uepes noaspuzamop (lo),
VMHONCEHHOU HA KBAOPAm KOCUHYCA Yead (() Mencoy aHanu3amopom
U NOJISAPU3AMOPOM.

W3 dopmynsr (1.1) cmeayer, uro 3akoH Mamoca MOKHO
UCIIOJIB30BATh MOJIbKO O/ NIOCKONOIAPU308AHHO20 uziydenus. 1lpu
TOJICTBIX TUTACTMHKAxX B lo HAaJO BHOCHTH IOINPaBKy HAa YaCTUYHOE
NOTJIOIIEHHE (2 TaKXKE U OTPAKEHHUE) MPOXOASUIETO JIyya. ITOT 3aKOH
ob1 chopmymupoBan J. Manwocom B 1810 Tomy W TOATBEpPXKICH
THIATEIBHBIMH (POTOMETPUUYECKUMH H3MepeHusMu @D. Apazo, KOTO-
PBIF TIOCTPOMIT Ha 3TOM npuHIHNe GoToMeTp. UHTEpEeCHO OTMETHUTH,
410 MaJroc BBIBEJI CBOW 3aKOH, OCHOBBIBASICh HAa KOPIYCKYJISIPHBIX
IPEICTABICHUSAX O CBETE, a CaM 3aKOH IIUPOKO HCITONB3YETCS IS
pacdyeTa MHTEHCHUBHOCTH CBETA, MPOIIEIIIETO 4Yepe3 MOIAPU3aTop U
aHAJIN3aTOP B PA3IMYHBIX MOJSIPU3AMMOHHBIX TPUOOpPAX.

EcTecTBeHHBIE  HMCTOYHMKHM CBETAa  COJAEpPXKAT  OTPOMHOE
9UCJI0O aTOMOB U MOJICKYJI, BO30YXJCHHBIX B pPa3JIMYHbBIC
SHEpPreTHUeCKhue cocTosHus. Eciau 3Heprus Bo30OyXAEHHBIX aTOMOB

OyZleT OJlMHAKOBa, TO W3Iy4aTh OHU OyAYT CBET OJHOM ¥ TOU XKe



4acTOThI, HO C CAMBIMU Pa3HBIMHU HaYaJIbHBIMU (Da3aMu U C pa3ITudHOM
OpPUCHTALIMEN IUIOCKOCTH TMOJISIpU3allMd B MPOCTpaHCcTBE. B
pe3yIbTaTe B eCTECTBEHHOM MOHOXPOMATHYECKOM Jyde BEKTOp E (U
COOTBETCTBEHHO BEKTOp H) B KaXIOH TOYKE HEMNPEPHIBHO H
Xa0TUYECKM  MEHSET  CBO€  HampaBjJ€HUE B  IUIOCKOCTH,
MEePIEeHANKYISIPHON K Jydy. Pa3zmaras 3TOT BEKTOp Ha JBE B3aUMHO
NepHeHANKYIISIpHbIE cocTaBisonme Fx u Ey, Mbl TeM CaMbiM MOEM
NPEACTaBUTh eCcmecmeeHHblll Jyy KaK HaJOXKEHUe JBYX JIydeH,
NOJISIPU30BAHHBIX BO B3aUMHO MEPHEHAUKYJSAPHBIX IJIOCKOCTSX.
Opnnako (a3pl 000MX JTy4yel HEMPEPHIBHO U XaOTUYECKU MEHSIIOTCA U
He ceésa3anbl Opye ¢ Opyeom. B 3TOM NPUHIMIUAIBHOE OTJIMYME
€CTECTBEHHOI'0 JIy4a OT Jy4yeH, MOJIAPU30BAHHBIX IO KaKOMY-JIHOO
3akoHy. Eciu, k mpuMepy, KakuM-1u00 o0pa3oM pa3ieinnuTh 00a jyda
(c cocrapisironumu E, u Ey), a 3aTeM CBECTH UX B OJHY IJIOCKOCTh, TO
unteppepupoBaTh OHM HE  OyIyT, TaKk Kak  SIBJISIFOTCSA
HEKOTEPEHTHBIMHU.
OOmrasi MHTEHCUBHOCTh BOJIHBI MPOMOPIIMOHANIBHA KBaJpaTy
aMIIUTy Ibl. 13 reomeTprueckux cooOpakeHuid CleayeT, YTo:
E'=E° +E°, (1.2)

—

BBI/II[y Xd0THYHOCTH BCJIMYMHBI MW  HaAIIPABJICHHUA  BCKTOpPaA E
HMHTCHCHUBHOCTH nyqeﬁ, IOJIAPU30BAHHBIX B JTFOOBIX ABYX B3daMMHO
HNCPIHCHAUKYJIIPHBIX INIOCKOCTAX, B CPCAHCM OJMHAKOBBLI K PABHBI:

(E1)=(E2) =2 {E"). @3

Utak, mo0oit ecmecmeennsiii 1yu ceéema He NOIAPUI0BAH.

BepHeMcsi BHOBb K pACCMOTPEHHOMY paHee Ciy4aro, KOIrja Ha



OyTH €CTECTBEHHOr0 Jiyya [OMEIIAJIUCh JBa MOJISpU3aTOPA,
IUIOCKOCTH KOTOPBIX 00pa3yroT yroi ¢. M3 mepBoro mossipuzaTopa
BBIMJIET TUIOCKOTOJISIPU30BAHHBIN CBET, MHTEHCUBHOCTh KOTOpOro lo
COCTABUT IMOJIOBUHY MHTEHCUBHOCTH €CTECTBEHHOTO cBeTa le, Tak Kak
MHTEHCUBHOCTh MPOIMOPIMOHAIbHA KBaJpaTy aMmIumuTyAbl. CoriiacHo
3akOHy Mamroca U3  BTOPOro  MOJISIPU3aTOpa  BBIMAET  CBET
MHTEHCUBHOCTH 10C0S*p. TakuM 06pa3oM, MHTEHCUBHOCTh CBETA,

IPOIIIEIIIETO Yepe3 ABa MoJIsIpu3aTopa, OyIeT paBHa

| =% l,cos” o, (1.4)

MakcuManbHass MHTEHCHBHOCTb, paBHas |, /2, nmomydaercs npu ¢=0
(monspuzatopel napauienbHsl). [Ipy ¢=m/2 MHTEHCHUBHOCTH CBETa

OyIeT paBHa HYJIO (MOJISPU3ATOPHI CKPEILICHBI).

CBeT, B KOTOpPOM KOJeOaHUS  OJHOTO  HANPABJICHUS
npeo0aagaroT Hall KoJeOaHUSMH NPYTUX HAIMpaBIECHUW, HA3bIBACTCS
JAaCTUYHO TMOJISPU30BaHHBIM. Takoi CBET MOXHO paccMaTpuBaTh Kak
CMECh €CTECTBEHHOTO U IUIOCKOIIOISIpH30BaHHOT0. [IpH nporyckanum
YAaCTUYHO TMOJISIPU30BAHHOTO CBETa 4Yepe3 aHajdu3atop u IpHU
BpAIllCHUH aHAJIM3aToOpa BOKPYT HAINPABIICHHUS JIyda MHTCHCHBHOCTH
MpOIIEANIEro cBeTa OyAeT U3MEHAThCA B mpefenax oT le™ mo MM,
[lepexom oT oOmHOrO W3 OTHX B3HAYCHWH K Jpyromy Oyner

COBEpLIATHCS MPU MOBOPOTE aHAIM3aTOpa Ha yroia ¢=m/2 (3a OJUH

max

MOJTHBIM 000pOT OYAYyT JOCTUTAThCA JABa pa3a MakcuMalibHOE le™™ u

JABa pada MHUHHMAJIbBHOC |emm 3HAYCHUA I/IHTCHCI/IBHOCTI/I). Crenenbro

MOJIApU3al HA3bIBACTCA BBIPAKCHUC



| max | min

_le Tle
| M [ min° (1.5)
e e

ClieoBaTeNnbHo, CTENEHb MOJApU3aluu P—5T0 (u3nyeckas Belu-

YWHA4, YUCJIICHHO PaBHAJd OTHOIICHHUIO MHTCHCHUBHOCTH IIOJIAPHU30BAH-

max__| emin)

Ho#t cocTaBisttomend (lnor=le K ITIOJHOW HHTEHCHUBHOCTH

yactTiyHo  nojspu3oBanHoro  ceera  (lo=le™+1e™").  Jlus

min —

IJIOCKOTIOJISIPU30BAHHOTO CBeTa e Ou P=1; njst eCTECTBEHHOI'O

CBCTa Iemm = Iemax

u P=0. [Ing >n1unTuyecku MOJIspU30BaHHOTO
CBETa IIOHATUE CTEIICHU NOJIAPU3ALUU HEIIPUMEHUMO.

HNHorna tpebyeTcsi BBINOJHUTH OOpAaTHYIO 3ajady: NMPEBPATUTH
IIOJIIPU30BAHHBIN CBET B HEIOJSPU30BAHHBIN, T.€. B €CTECTBECHHBIM.
JInst 3TOro MOXHO B34Th KaJIbKy (IOJYHPO3payHyK) BOCKOBYIO
Oymary) u momecTuTh €€ 3a mnoigpuzatopoM. C MOMOIIBIO
aHaiM3aTopa JIETKO YyOeIuThCS, 4YTO KaJlbka TIOYTH IOJHOCTHIO

JENOJSPU3YET CBET (MHTEHCUBHOCTh IIPOXOSLIETO YEPE3 aHAIU3ATOP

CBCTA NPAKTHYCCKHN HC 3aBUCUT OT €TI0 yIJjia HOBOpOTa).

1.2. Honsapuzauusn npu omparxceHuu u npeaomieHuu

SlBneHne noJisipu3anuy CBETa UMEET MECTO U MPU OTPAKECHUU
WA TIPEJIIOMJIEHWMM CBETa HA TPAHULE [BYX JIUDJIEKTPUKOB. Jliist
MOJTHOM WJIM YaCTUYHOW TOJISIPU3AIlMd €CTECTBEHHOI0 Jiydya HeE00-
XOJUMa AHU30MPONUs YCa08ull pacnpocmpareruss (AHU30TPOMUS —
3aBUCUMOCTh (PU3UYECKHUX CBOMCTB BEIIECTBA OT HampasiieHus). B
JIBOSAKOTIPEIIOMIISIIOIAX KPUCTAJJIAX 3TA AHU30TPOINUS HMEETCS BO
BCEU TONIIE KpucTaima. [Ipy orpaxkeHun U NpPENOMIICHUH CBETA Ha

IpaHUIe JIBYX Cpell, Jaxe eclii 00e cpelbl ONTUYECKH H30TPOITHBI,
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HaJIMYUE BIIOJIHE ONPEAECICHHOTO IIOJIOKEHUS IUIOCKOCTH MaJCHUS
Jydya camo 1o cebe  co3maeT  aHU3OTPONMIO  YCIOBUU
pacnpocTpaHeHus. HMHbIMM ClIOBaMH, VYCIIOBUS OTPaXXEHUS U
MPEJIOMJICHUSL JIy4€H, TMOJISIPU30BAHHBIX B IUIOCKOCTH MAJICHUS U
NEPICHINKYISIPHO K TOCIEAHEN, Pa3IU4YHbl, a OMPANCeHHbIU U
NPeOMAEeHHBLU JIyUU 8ce20d 6 MO UNU UHOU CMeNneHU NOAAPU30BAHbI.

Ecmn yron maneHus cBera Ha TpaHULly pasgena JBYX
JTHADJIEKTPUKOB OTJIIMYEH OT HYJIA, TO OTPAXKEHHBIA U MPEIIOMIIEHHBIN
ayun (kak OBUIO CKa3aHO BBIIIE) OKAa3bIBAIOTCS  YAaCTUYHO
MOJIIPU30BAaHHBIMU. B oTpakeHHOM syue mpeoOnagaroT KojeOaHus
Bektopa E, nepneHaukyispHble K IUIOCKOCTH IAACHUS, B
MPEJIOMIICHHOM JIy4de — KOJeOaHusl, mapajjiebHbIe 3TOM MIOCKOCTH.
CreneHp NOMApHU3ALMU 3TUX JYy4E€H 3aBUCUT OT Yrja MNajACHUS H
nokazarens npenomienus. [ortnanackuit  ¢usux J[.  bproctep
YCTAHOBWJI 3aKOH, COIJIACHO KOTOPOMY npu yele nNadeHus oF
ompasicenHuvlil 1y 0yoem NOIHOCMbIO NOAAPU30BAH, eCllU MAH2EeHC
yena naoeHusi pageH OMmHOCUMENbHOMY Ko duyuenmy npenomieHus

N21 cpeodbl, om 2paHuybl KOMOPOILL NPOUCXOOUN OMPANCEHUE:
9o, =n,,. (1.6)

Ompaodicéunvltl  1yy  A615emcsi  NIOCKONOIAPUI08AHHBIM
(COmepXKUT TOJBKO KOJICOAHWS, NEPHCHANKYJSIPHBIE K IIOCKOCTH
najienusi, — Ha puc. 1.3 oHu oO03HaAUYEHBI TOUKaMu). [IpenomnénHulii
orce Y4 npu ImMom NOJAPUIYEemcs: MAKCUMAIbHO, HO He NOJIHOCIbIO
(Comep XKUT HE TOJIBKO KOJIeOaHWs, EPHEHANKYIISIPHBIC K TIIOCKOCTH
najJeHusl, HO ¥ KoJjeOaHus, mapauieNbHbIe ATOW MIOCKOCTH, — Ha PHC.

1.3 0003HaYArOTCSI IByMSI MTAPAJICIIbHBIMHA OTPE3KAMH).
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[IpumeuartenbHO, YTO €CIM CBET MaJacT Ha TPaHUIly paszelia

1oJI yriioM bprocTepa, TO OTpPaKEHHBIM W NPEIOMJICHHBIM JIy4Yu

83AUMHO nepnenoukyiapHul (T.e. Oy + B= TC/ 2).

Puc. 1.3

CreneHb MOJApU3ALUKM OTPAKEHHOTO W MPEIOMIICHHOTO
Jydeu Mpu pa3IuuHbIX YTiax MaJeHuss MOXKHO MOJYYUTh C MOMOIIBIO
Gdopmyn Openens. Itu GOPMYIIBI BBITCKAIOT U3 YCIOBUH, HaJlaraeMbIX
Ha JJIEKTPOMAarHUTHOE TMOJIE Ha TpaHMIle JABYX AUAJIEKTpukoB. K
YUCIIy TaKUX YCJIOBUM NPHUHAIJICKUT PABEHCTBO TaHTCHIIMABbHBIX

— —

COCTaBJIAIOIIMX BEeKTOpoB E m H, a Takke paBeHCTBO HOpMallbHBIX
COCTaBJIAIONIUX BEeKTOpoB D m B mo 00e cTopoHBI rpaHulibl pas3jea.
Heo06xonumMo TOJBKO OTMETUTb, YTO C TMOMOIIBIO 3TUX (DOopMyT

MOXXHO  TOJY4YdUTh  KOIPQPUUHUEHTHl  OTPAKEHHUS]  JIMHEWHO-
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IMOJIAPU30BAHHOT'O CBC€Ta, IIJIOCKOCTD NOoJIApU3alunu KOTOPOro

NepHeHANKYIsIpHa K IUIOCKOCTU TMajaeHust (pLl) U mapaiienbHa e

(P1):

_sin’(a— ) » _tg’a-p)
SinZ(cc+ 3) " g% (e + fB) (1.7)

N3 stux dopmyn BUAHO, UTO MPU MAJACHUU CBETA IMOJI YIJIOM

Bproctepa (O +P= ﬂ/ 2) cienyer, uto tg(m/2)—oo u Torga p|=0, T.€.
OTPpaXEHHBIN CBET OYJET MOJHOCTHIO JIMHEWHO-TIOJSIPU30BAHHBIM B

IINTIOCKOCTH, HGpHCHI[HKy.TIHpHOﬁ K IINIOCKOCTH ITaJACHHA.

Puc. 1.4

HpoaHaJImI/IpyeM BO3MOJXHOCTb OTPAXKCHUSA IIJIOCKOIIOJIAAPHU30-

—

BaHHOI'O CBC€TA, B KOTOPOM BCKTOP E 5neXuT B INIOCKOCTH IHaJcHMs.
OpHeHTaHI/IH queﬁ N BCKTOPOB JJICKTPHUYCCKOI'O IIOJIA JIA 9TOI'O

ciay4dasi mpenactaBieHa Ha puc. 1.4, rme L u Lo — mamaromuii u

—

HpeJIOMJIeHHBIﬁ Jydihu CBCTA, ED — BCKTOpD HaprDKéHHOCTI/I

QJICKTPHUYCCKOI'O II0JIA B BCIICCTBC. HOI[ I[CﬁCTBHGM QJICKTPHUICCKOI'O

—

NOJISI C HANPSKEHHOCTBhIO E_ anmekrpruueckue 3apsapl (3JIEKTPOHBI)
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—

BEIIECTBA  COBEPIIAIOT  KoJieOaHWs B HaIpaBJiICHUU E,

NEPIECHIUKYISIPHO K MPEIIOMIIEHHOMY Jydy, a CJIeJ0BaTEIbHO, U B
HaIpaBJIeHUU Lr, B KOTOPOM JOJKEH PaCIpOCTPAHATHCS OTPaKEHHBIN
o yriioM bprocrepa nyd. Ho mponecc oTpakeHuss HpeacTaBiisieT
co0OM BTOPUYHOE U3IIYYEHHUE KOJICONIONIUXCSA IO JICHMCTBHEM
AIIEKTPUUYECKOTO OISl CBETOBOM BOJHBI 3JIEKTPOHOB B CpEJIE.

OTHU BIEKTPOHBI, OJIHAKO, B HANPaBICHUM CBOETO JABUKCHUS
COTJIACHO 3aKOHAaM 3JIEKTPOJIMHAMUKU BTOPUYHBIX BOJIH HE M3JIYYaroT.
[lostoMy B 3TOM  HampaBJI€HHUM  HUKAKOTO  OTPaKCHUS
paccMaTpuBaeMoON IJIOCKOIMOJISPU30BAHHOW BOJIHBI HE MPOUCXOJHT.
OTpaxkaTbCsl MOXET JIMIIb BOJIHA C COCTABJISIONIEH BEKTOpA E,
KoJIeOaHUsI B KOTOPOM MPOUCXOIAT MEPHNEHIUKYJSIPHO K TUIOCKOCTH
najienus (Ha puc. 1.3 3Tu konebaHusi 0003HAYEHBI TOUKAMU).

Otpaxenue moj yrioM bprocrepa maeT mpocTeimmii crnocod
MOJIy4eHUs1 TOJIIprU30BaHHOTO cBeTa. HemoctaTok 3TOro cmocoba—
Majlass MHTEHCUBHOCTh OTPAXKEHHOTO cBeTa. [[ns ero ycrpaHeHwus
IPUMEHSIOT HECKOJbKO CTCKJISSHHBIX IUTACTMHOK (cM. puc. 1.5),
CIOXKEHHBIX B cromy (ctonmy CrosneroBa). CToma MOXET CIYXUThb IS
aHaju3a MOJIPU30BAHHOTO CBETA KAK MPHU €r0 OTPAXKECHUH, TaK U MPH
ero mpejomsieHuH. [Ipu OONBIIOM YHCIE TUTACTHHOK OTpPasKaeTcs
MOYTH MOJIOBUHA Majiatoniero cera. [lpomeammii cBeT noyisipu3oBaH
B IUIOCKOCTH TIaJICHHSI, HO TIPM MaJIOM YHCJI€ TUIACTUHOK  3Ta
noJisipu3anusi He coBceM mojHas. OgHaKo €CiM MCMoJb30BaTh 8-10
HaJIOKEHHBIX JPYT Ha APYra CTEKJISHHBIX IUIACTUHOK (CIIOKEHHBIX B
CTOMY), TO BBILIEIIINN U3 TAKOW CUCTEMBI CBET  OYyJET NPAKTUUYECKHU

ITOJIHOCTBIO IOJIAPU30BaHHBIM. B HaCcTOoAIMCC BpEMA CTOIIA JIA
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Puc. 1.5

MOJIyYCHHUS TOJIIPU30BAHHOTO CBETAa IMOYTH HE YIOTpPEOJIIeTCs, Tak
KaK CyIIECTBYIOT Oojiee yAOOHbIE M COBEPIICHHBIE CIOCOOBI

(moJIsIpU3allMOHHBIE TIPU3MBI, TTOJISIPOUIBI).

1.3. Honapuzayus npu 060UHOM JIyYenpe1oMaeHUU

Bce mnpo3pauHble KpUCTAUIMYECKUE JUANEKTPUKU  (KpoMe
KpHCTAJIJIOB KyOMYeCKOW  CHCTEMbI, KOTOpbIE€  ONTUYECKH
W30TPOMHBI) 00JAJAI0T ONTUYECKON aHU30TPOIHEH, T. €. ONMTHYECKUE
CBOMCTBa CBE€Ta MpPHU NPOXOXKICHUM YEepe3 HHUX 3aBHUCIT OT
HarmpaBieHus. BcnencTtBue 3Toro oHM  00J1aJaI0T  CIIOCOOHOCTHIO
0801UIHO20 TIyYenpeioMae s, T. €. pa3iBauBaHus KaXJ10ro MaJaroniero
Ha HUX CBETOBOIO IIydyKa. OTO sBjieHHE, B 1669 T. BHepBbie
OOHapYKEHHOE JATCKUM y4eHbIM J. bapmonunom A UCIAHICKOTO
mmara  (pasHoBHIHOCTH  Kambnuta  CaCQOs3),  0OBsACHSETCA
OCOOEHHOCTSIMU PACHpOCTPaHEHHUsI CBETa B aHM3OTPOMHBIX Cpellax U
HEIMOCPEICTBEHHO BBITEKAET U3 ypaBHEHU MakcBesia.

Ecnu Ha TONCTHIM KpHCTa/l MCIAHACKOIO IIMAaTa HamnpaBUTh

Y3KHM My4OK CBETa, TO U3 KPUCTAUIa BBIMAYT JBA MPOCTPAHCTBEHHO
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pa3leNeHHbIX Jy4a, MapajulelbHbIX IPYT IPYry U MajaroumeMy JIydy
(puc. 1.6). [Jaxxe B ToM cily4yae, KOTJia IIEPBUYHBIN IMyYOK MajaeT Ha
KpUCTaJJI HOPMAJIBHO, MPETOMJICHHBIA IMYy4YOK pa3/esisieTCs Ha JiBa,
MPUYEM OJIMH U3 HUX SBIISETCS MPOIODKCHHEM TIEPBUYHOTO, a BTOPOI
oTkJoHsieTcs (puc. 1.7). Bropoil U3 3THX Jdydeil MOJy4Yusl Ha3BaHHE
HeoObIKHOBEHHO20 (€), a TIEPBBIN — 00bIKHOBeHH020 (0). B kpucTamie
UCJAHACKOTO IITaTa HWMEETCs €IMHCTBEHHOE HalpaBlieHUEe, BOJb
KOTOpPOro  JBOMHOE  Jy4yempeloMJIeHHEe  He  HaOmogaeTcs.
Hamnpapienue B ONTUYECKH aHU3OTPOITHOM KPHUCTAJLIE, IO KOTOPOMY
Jyd CBETa  paACIpOCTPaHSETCS, HE  HCHBITHIBas  JBOHHOTO
JTy4YenpeIoMIICHHsI, HAa3bIBAETCS ONMUYECKOU Oocblo Kpuctamia. B
JAHHOM clly4ae pedyb MJIET UMEHHO O HaIpaBJEHUU, a HE O MPSMOM
JMHUY, TPOXOJSIIeH uepe3 KaKyl-TO TOUKy Kpucrtamia. Jlrobas
npsiMasi, IpoXosiias mapajyiebHO JAHHOMY HaMNpaBJICHUIO, SIBISETCS
ONITHYECKON OChI0 KpucTaiwia. Kpucramisl B 3aBUCUMOCTH OT THUIIA UX
CUMMETPUU OBIBAIOT OOHOOCHbIE U O0B8)YOCHbIE, T. €. UMEIOT OJIHY WU

JIBE OINTHUYECKHME OCH (K MEPBBIM M OTHOCHUTCS UCIAHJCKHUU IINAT).

é 4
=
‘ P\

L

Puc. 1.6 Puc. 1.7

K npumepy, y OAHOOCHBIX KpUCTAJIUIOB OOBIKHOBEHHAs U
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HEOOBIKHOBEHHAsI BOJHBI PACIIPOCTPAHSIOTCS BIIOJIb ONTUYECKOU OCH,
HE Pa3leissiCh MPOCTPAHCTBEHHO M C OJIMHAKOBOW CKOPOCTHIO.
UccnenoBanus MNOKa3bIBAIOT, 4YTO BBIMICAIIAE W3 KpUCTAIA
Jy4d  TUIOCKOMOJSIPU30BAHBl BO  B3aUMHO  NEPHEHIUKYJISIPHBIX
miockoctax. IlnockocTe, mnpoxoxsmas yepes Jyd CBE€Ta U
ONTUYECKYIO0 OCh KPUCTaJla, HAa3bIBAETCS TJIABHOM IUIOCKOCTHIO (MU

IJIaBHBIM ceueHueM Kpucrtaia). KomebaHus CBETOBOTO BEKTOpa

—

(BEeKTOpa HAaMPSXKEHHOCTH E 3JIEKTpUYEecKOro mosisi) B OOBIKHOBEH-
HOM JIy4€ MNPOUCXOAAT NEPHEHIUKYJISIPHO K TJIABHOM MIJIOCKOCTH, B
HEOOBIKHOBEHHOM — B INIaBHOM miockocTH (puc. 1.7).

HeogunakoBoe — mpenomiieHHE  OOBIKHOBEHHOTO U
HEOOBIKHOBEHHOTO JIy4eil yKa3blBaeT Ha pas3inyue g HUX
nokasatesei npeaomiieHus. O4eBUIHO, YTO MPHU JOOOM HaNpaBICHUU
OOBIKHOBEHHOTO Jay4a KoJeOaHms CBETOBOTO BEKTOpa
NEPIECHANKYISIPHBI K  ONTHYECKOW OCH KpUCTaUIa, [O3TOMY
OOBIKHOBEHHBIM JIy4 paclpOCTPAHSIETCS MO BCEM HAINpaBICHUSIM C
OJINHAKOBOM CKOPOCTHIO U, CIEAOBATENBHO, MOKA3aTEb MPEIOMIICHHUS
No JUISL HETO €CTh BEJIMYMHA MOCTOSIHHAA. {7151 HEOOBIKHOBEHHOIO K€
Jyda yrojl MEXIy HalpaBleHHEM KOJIeOaHWl CBETOBOTO BEKTOpa U
ONTUYECKOW OChIO OTIIMYEH OT MPSIMOTO M 3aBUCUT OT HANPABJICHUS
Jdy4ya, IMOATOMY HEOOBIKHOBEHHbBIE Jy4Yd PpACIPOCTPAHSIOTCA 10
pa3IMYHBIM HAMPABICHUSIM C Pa3HbIMU CKOpocTsiMU. CieaoBaTesbHO,
nokKaszaTesib MPEJTOMIICHHS Ne  HEOOBIKHOBEHHOI'O Jiyda SBJISIETCS
MIEPEMEHHON BEJIMYMHOW, 3aBUCSIIICH OT HAMNpaBJICHUS Jiydya. Takum
00pa3oM, OOBIKHOBEHHBIM Jyd MOJUYUHSETCS 3aKOHY MPEIOMIICHUS
(oTcrola ¥ Ha3BaHHME «OOBIKHOBEHHBIN»), a JIsi HEOOBIKHOBEHHOTO

Jyda 3TOT 3aKOH HC BBIITOJIHACTCA. ITocne BbIXOJda U3 KpUcCTajljia, €CJI1



17

HE [PUHUMATH BO BHHMAHHUE TNOJSIPU3ALMI0O BO  B3aUMHO
MEPIECHINKYISPHBIX IJIOCKOCTSIX, 3TH JIBa JIyda HUYEM JIPYT OT JApyra
HE OTJIMYAIOTCH.

Kak yxke paccmaTpuBalioch, OOBIKHOBEHHBIE  JIy4H
paclpoCTPaHAOTCS B KpPHCTaNIE MO BCEM HANpPaBICHUSIM C
OJIMHAKOBOW CKOPOCTBIO Vo, = C/No, a HEOOBIKHOBEHHBIC - C pa3HON
CKOPOCTBIO Ve =C/Ne (B 3aBUCHMOCTH OT yTriia Mexay BektopoMm E u
ONTHUYECKOW oOcChlo). Jlisg Jyda, pacnpoCTpaHSIOMIETOCS —BIOJIb
ONTUYECKOM OCH, No = Ne¢, Vo = Ve, T. €. BAOJb ONTHYECKON OCH
CyLIECTBYET TOJBKO OJIHA CKOpPOCTh pAaCIpPOCTPAHEHUS CBETA.
Paznmuunie B Ve U Vo VIS BCEX HANPABICHUW, KPOME HaAINPABICHUS
ONTHYECKOW  OoCcH, ©  OOYCJOBJIMBAET  SBJICHHE  JBOWHOTO
JTyYENpeOMIICHUSI CBETA B OJJHOOCHBIX KpHUCTaJIIax.

JlonycTuM, 4TO B TOYKE S BHYTPU OJHOOCHOTO KpHCTajja
HAaXOJUTCSA TOYCYHBIM HWCTOYHHMK cBeta. Ha pwmc. 1.8 mokazano
pacmpocTpaHeHre OOBIKHOBEHHOTO M HEOOBIKHOBEHHOTO Jydel B
KpucTajie (rjiaBHasi MIOCKOCTh COBHAAAET C IUIOCKOCTBIO YEPTEXKa,
OQO' - nHampaBlieHHME ONTHYECKON ocu). BOJHOBOIW MNOBEPXHOCTHIO
OOBIKHOBEHHOTO Jiy4a sIBJsieTcsl cpepa, HEOOBIKHOBEHHOIO Jydya —
auricons; Bpamenusi. Haubombiee pacxokIeHHe BOJTHOBBIX
MOBEPXHOCTEH  OOBIKHOBEHHOTO ¥  HEOOBIKHOBEHHOTO  JIy4eH
HAOMIOaeTCs B HANpPaBJICHUHU, NEPHEHAUKYISPHOM K ONTHYECKOU
ocu. Omnuricousl U cdepa KacawTcs Jpyr JApyra B TOYKax HX
nepecedeHus ¢ ontuueckon ocbro OO'.

Ecin ve < Vo (Ne > No), TO 2ITMIICON] HEOOBIKHOBEHHOTO JTyda
BUcaH B cdepy OOBIKHOBEHHOTO Jiy4a (DJUTMIICOMI CKOPOCTEH

BBITAHYT OTHOCHUTEJIIBHO ONTHYECKOW OCH) M OJHOOCHBIM KPUCTAILI
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HA3BIBACTCS MOJOKUTEIbHBIM (puc. 1.8, a). Eciu ve > Vo (Ne < No), TO
ITUIICOU]T OITUCaH BOKPYT c(ephl (3IUIUIICOUA CKOPOCTEN pacTSHYT B
HaIlpaBJIEHUH, EPHEHANKYISIPHOM K ONTUYECKOW OCH) U OAHOOCHBIN
KpHUCTaJU1 Ha3bIBaeTCs oTpulaTenbHbiM (puc. 1.8, 0). PaccmorpeHHbIit

BBIIIIC I/ICJ'IaH,Z[CKI/Iﬁ IIaT OTHOCUTCA K OTPHUIATCIIbHBIM KpUCTAJIJIaM.

10 'O
n,>n, ! n,<n,

vO!
a O
Puc. 1.8

B kauectBe mpuMepa MOCTPOCHHS OOBIKHOBEHHOTO W
HEOOBIKHOBEHHOTO JTy4e PacCMOTPUM MPEIOMIICHUE TUIOCKOW BOJIHBI
Ha TPAHULE aHU30TPOIHOW CpEIbl, HANPUMEDP IOJ0KUTEIbHON
(puc. 1.9).

IIycTh cBeT mamaeT HOPMAaJIbHO K MPEIOMIISIIONICH TpaHu
KpucTaiia, a ontudeckas ocb OO' coCTaBII€T C HEHO HEKOTOPBI
yroia. C neatpamu B Toukax A u B moctponm cepruueckre BOITHOBBIE
MOBEPXHOCTH, COOTBETCTBYIOIIME OOBIKHOBEHHOMY JIy4y, U SJLIHUII-
coujlaibHbIE - HCOOBIKHOBEHHOMY JIydy. B Touke, Jexaieit Ha ocu

OO', atu noBepxHOCTH conpukacaroTca. CorslacHo npuHUMITY [ 'tou-
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O' OJ
/ /
/ Y .
'
s
7
/ /
“Ih
/ a
7
Or
e
) 0
Puc. 1.9

reHca, IUIOCKOCTh, KacaTeiabHas K cdepam, Oymer ¢poHTOM (a-a)
OOBIKHOBEHHOM BOJIHBI, TOBEPXHOCTD, KacaTelbHAas K JUTMIICOUIAM, -
dbponTom (b-b) He0oOBIKHOBEHHO BOJIHBI. [IpoBes K TOUKaM KacaHUs
npsiMble, TIOJIyYUM HAIPaBJICHUS PACIPOCTPAHEHUsT OOBIKHOBEHHOTO
(0) 1 HEOOBIKHOBEHHOTO (€) Jiyueid. TakuM 00pa3oM, B TaHHOM CIydae
OOBIKHOBEHHBIM JTyd MOWIET BIOJb MEPBOHAYAIHHOTO HAMPABICHUS,
HEOOBIKHOBEHHBIM K€  OTKJIOHUTCS  OT  IEePBOHAYAIBHOTO
HaIpaBJICHUSI.

B ocHoBe paboThl MOJIAPU3AIUOHHBIX IPUCIOCOOICHUN,
CITY’KaIlMX JJI TOJIyYEHUs TOJISIPU30BAHHOTO CBETA, JICKUT SIBICHUE
NBOWHOrO  JyuernpenomieHus. Haubonee wacto s 3TOro
NPUMEHSIIOTCS TPU3Mbl U moJjsipoussl. [Ipu3smbl Aensitcs Ha JBa
KJacca:

1) npusmul, Oarowue  MONLKO  NIOCKONOJAPUIOBAHHBIU VY

(nonapuzayuoHHsvle NPU3Mbl),
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2) npuzmsl, Oanowue 068a NONAPU3OBAHHBIX 60 63AUMHO NEPHeH-

OUKYIAPHBIX NJIOCKOCMSX JIyud (0BOSAKONPENOMIAIOWUE NPUBMBL).

Puc. 1.10

lonapuzayuonnvie npuszmsl TOCTPOEHBI O TPUHIUITY MOJHOTO
OTpa)X€HUs OJHOTO U3 Jy4yel (Hampumep, OOBIKHOBEHHOTO) OT
IpaHUIbI pa3jiesia, B TO BpEMs Kak APYroi Jdyd ¢ APYruM MOKa3aTeiemM
OpEJIOMJIEHUS  MPOXOJUT  Yepe3 ATy TIpaHully. T[HUOUYHBIM
NpEJACTAaBUTEIEM  MMOJAPU3ALUOHHBIX TPU3M  SIBISICTCS  npusma
Huxonsa, nazpiBaemas yacto HukosieM. IIpusma Huxons (puc. 1.10)
MpEACTaBIISIET COOOM JBOMHYIO TPU3MY U3 MCIAHJCKOrO IIMara,
CKIICCHHYIO BJOJIb JHMHUU AB kaHaiackum Oamb3amoM ¢ N = 1,55,
Onrtuueckas ocb OO' npHU3Mbl COCTABISIET C BXOJHOW TpaHbIO yroj
48°. Ha nepenHeit rpaHy Opu3Mbl €CTECTBEHHBIN JTy4, MapalieIbHbIN
pebpy CB, paznensiercss Ha JBa Jiyda: OOBIKHOBEHHBIN (No=1,66) u
HeoObIKHOBeHHBIN (Ne=1,51). Ilpu cooTBeTCTBYIOIIEM MOAOOpE yIiia
NaJICHUsI, PABHOTO WM OOJIBIIETO MPEIeTbHOT0, OOBIKHOBEHHBIN JTyd
HCTIBITHIBACT IIOJHOE OTpakeHUe (KaHAACKUK Oalb3aMm JJisg HEro

SBJISIETCS CPEIOM, ONITUYECKU MEHEE TUIOTHOM), a 3aTeM IOIJIONIAeTCs
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3auepHEHHON O0O0KOBOM MOBEepXHOCThI0O CB. HeoObIKHOBEHHBIN JTy4
BBIXOJIUT M3  KpUCTaUla  MapajuiellbHO  MajarouieMy  Jyudy,
HE3HAUMUTEJIbHO  CMELIEHHOMY  OTHOCUTEIBHO  €ro  (BBUAY
npeoMJICHHS Ha HAKIOHHBIX Tpansx AC u BD).
soaxonpenomnarowue npusmvl HUCTOIB3YIOT pa3ivuuve B
MOKa3aTeJsIX MPEOMJICHUS OOBIKHOBEHHOTO M HEOOBIKHOBEHHOTO
Jdyuyel, 4ToObl pa3BECTH HUX BO3MOXKHO Jajblle OPyr OT Jpyra.
[IpumMepoM IBOSKONPETOMIISIIOIIUMX MPU3M MOTYT CIIY>KUTh IPU3MBbI
U3 HUCJIAHJCKOTO IINaTa W CTEKJIa, IMPU3MbI, COCTABICHHBIE U3 JIBYX
OpU3M M3 HCIAHACKOrO IIMaTa CO B3aUMHO NEPHEHIUKYJISIPHBIMU
ontruueckuMu ocamu. Jisa nepBoix npusM (puc. 1.11) oObIKHOBEHHBIH
Jyd TPEIOMISIETCS B IINATE U CTEKJIE JBa pas3a M, CJIEAOBATENbHO,
CWJIBHO OTKJIOHSIETCS, HEOOBIKHOBEHHBIM € JIyd TMpU COOT-
BETCTBYIOIIEM IMOJ0OPE MOKa3aTelis MPEJIOMIICHUST CTEKIa N (n » Ne)
OPOXOAWT MPU3MY MOYTH O3 OTKIOHEHUs. JIJisi BTOpPBIX NpU3M
pa3nvyre B OPUEHTUPOBKE ONTHUYECKHX OCEH BIUSIET Ha Yrol
PACXOKIEHUS MEKTy OOBIKHOBEHHBIM U HEOOBIKHOBEHHBIM JTyYaMH.
eoaxonpenomnarowue Kpuctaibl 00Jagal0T CBOHCTBOM
TUXpOU3Ma, T. €. Pa3IMYHOIO MOTJIOIICHHS CBETa B 3aBUCUMOCTH OT
OpHEHTAllUM  DJIEKTPUYECKOIr0 BEKTOpa CBETOBOW  BOJIHBI, W
Ha3bIBAKOTCA  Ouxpouuuvimu kKpucmaniamu. llpumepoM CHIBHO
JUXPOUYHOIO KpHCTAJIAa SABJISIETCS TYpMalWH, B KOTOPOM H3-32
CHWJIBHOTO CEJIEKTUBHOTO MOTJIOIEHNS OOBIKHOBEHHOTO Jiyda yKe IpH
TOJIILIMHE TJIACTUHKU | MM M3 HE€ BBIXOAUT TOJbKO HEOOBIKHOBEHHbBIN
ayd. Takoe pasnuuue B MOIVIONIEHUH, 3aBHUCSIIEE, KPOME TOrO, OT

JJIMHBI BOJIHBI, IIPUBOJXUT K TOMY, 4YTO IIPpU OCBCHICHHUU JUXPOHUYHOI'O
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KpUcCTajula O€NIbIM CBETOM KPHUCTANI IO Pa3HbIM HAMPABICHUIM

OKa3bIBACTC:A PA3JIMYHO OKPAIICHHBIM.

Puc. 1.11

JluxponyHbie KpUCTaUIBl MpHOOpenu emie 0ojiee BaKHOE 3Have-
HUUE B CBSA3H C M300peTeHueM nousapoudos. [lpumepom nosnspoua
MOXET CIY>KHTh TOHKas IUICHKA U3 LEJUTYJIOW]1a, B KOTOPYIO BKpar-
JIEHBI KPUCTAJUIMKU TeparnaTuTa (CEpHOKHUCIOro WoJ- XMHUHA). [ 'epa-
NaTUT — JBOSIKONPEIOMIISIIOLIEE BELIECTBO C OYEHb CHJIBHO
BBIDOKCHHBIM  JUXPOM3MOM B  O0JacTH  BHUJIMMOTO  CBETA.
YcTaHOBIIEHO, YTO Takas IUICHKAa yxe mnpu toimuHe > 0,1 mm
MOJIHOCTHIO TOTJIONIAET OOBIKHOBEHHBIE JIy4d BHIMMOWU OOJacTh
CIIeKTpa, SBJISACH B TaKOM TOHKOM  CJIO€  COBEPIICHHBIM
nojsipuzatopoM. IIpeuMyIiecTBo MONSPOUAOB MEpea IMPU3MaAMU -
BO3MOXXHOCTh M3TOTOBJISAITh HX C IUIOHIAJSIMH TOBEPXHOCTEH [0
HECKOJIbKMX KBaJIpaTHbIX MeTpoB. (OJIHAKO WX MEHbIIas I0
CPaBHEHHUIO C MpU3MaMU Mpo3payHOCTh (mpuonusurenbHo 30 %) B
COUETAaHUM C HEOOJIBIION TEPMOCTOMKOCTbIO HE  TMO3BOJISIET

HUCIIOJIB30BATH MMOJIAPONAbI B MOIIIHBIX CBE€TOBBIX [IO0TOKAax.
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[Tongpounsl  TPUMEHSAIOTCS,  HampuMep, JUIi  3alIUThl  OT
OCJICTUISIIONIECTO JEHWCTBUS COJIHEUHBIX Jiydel U ¢ap BCTPEUHOTO
aBTOTPAHCIIOPTA.

Pa3zHble KpuCTauibl CO3JAIOT PA3JIMYHOE [0 3HAYEHUIO H
HaMpaBJICHUIO JBOWHOE JIy4YENpPEJIOMIICHUE, MO03TOMY, IMPOIyCKas
yepe3 HHUX MOJISIPU30BAaHHBIM CBET W U3MEpSISi HM3MEHEHHUE €ro
MHTEHCUBHOCTH  TIOCJIE  TPOXOXKJICHUA  KPUCTAJJIOB,  MOXHO
ONPEAECTUTh MX ONTUYECKHE XapPaKTEPUCTHKH U  IPOU3BECTH
MUHEPAIOTUYECKUN  aHaimu3. JIss  3TOM 1LelM  UCIHOJIb3YHOTCS

MNOJIAPHU3ANNOHHBIC MUKPOCKOIIBI.

1.4. HcKkyccmeennaa onmudeckas GHU30mponus

JIBOMHOE Jy4YenpenoMIICeHUE HMEET MECTO B €CTECTBEHHBIX
aHU30TPOMHBIX cpenax. CyIecTBYIOT, OJHAKO, Pa3IMYHBIC CIIOCOOBI
MOJYYEHNUsS] MCKYCCTBEHHOM ONTHUYECKOW aHU30TPONHUH, T. €.
COOOIIEHUSI OMTHUYECKOW AaHU30TPOINHUU €CTECTBEHHO HW30TPOIHBIM
BemectBaM.  ONTHYECKH  M3OTPOIMHBIE  BEHIECTBA  CTAHOBSITCS
ONTHYECKU aHU30TPOIMHBIMH ITOJT ICHCTBUEM:

1) o00HocmopomnHe2o coicamusi uau pacmsdicenHus (Kpucmanivl
KyouuecKkotl cucmemvl, Cmekida u op.),

2) oanexmpuueckoco nons (agppexm  Keppa; orcuoxocmu,
amopghuvie mena, 2azvl);

3) MazHUmMHO20 Noas (HCUOKOCMU, CMEKIA, KOIOUObL).

B mepeumciieHHBIX CiIydasx BEIIeCTBO MPHOOpETaeT CBOKMCTBA
OJTHOOCHOTO KpHCTaJIa, ONTHUYECKass OCh KOTOPOTO COBMAJAECT C
HaIpaBiIeHUEM JeQOopMalHH, OHICKTPUIECKOTO WIA MarHUTHOTO

MOJIeH COOTBETCTBEHHO YKa3aHHBIM BBIIIC BOSH@ﬁCTBHHM.
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Mepoi BO3HHMKAIOUIEW ONTUYECKOW aHU3O0TPOIMUHU CIIYKHUT pas-
HOCTh TIOKa3aTelield MpeaoMIICHUS OOBIKHOBEHHOTO U HEOOBIKHOBEH-

HOTO JIy4el B HAIPABJIICHUU, IIEPIICHINKYISIPHOM K ONITUYECKON OCH:

No-Ne=kio (B cityuae nedopmanun); (1.8)
Ne-No=k2E? (B ciydae IEKTPUYECKOTO TI0Is); (1.9
Ne-No=ksH? (B cydae MarHUTHOTO 1OJIA), (1.10)

rae ki, Kz, K3 - mocTosiHHBIE, XapaKTEpH3YIOIIHE BEILICCTBO, O
HOpMaJIbHOE HanpsbkeHue, E u H - cOOTBETCTBEHHO HampsiKEHHOCTb
ANEKTPUYECKOTO M MarHuTHOoro mnojeud. Ha pwmc. 1.12 npuBenena
yCTaHOBKA [JIsi HaOmoneHus ggexkma Keppa B KUIKOCTIX
(YCTaHOBKM I M3YYEHHS PACCMOTPEHHBIX SIBJICHUW OJHOTHIIHBI).
SAueiika Keppa - KtoBeTa ¢ )KUJIKOCTHIO (HampuMep, HUTPOOEH30JI0M),
B KOTOPYIO BBEJCHBI IUIACTUHBI KOHACHCATOPA, MOMEIIACTCA MEXKIY
CKpEIIEHHbIMU moJsgpu3zatopoM P wu aHammzaropom A. Ilpu
OTCYTCTBHUH 3JEKTPUUYECKOTO TOJISI CBET YEPE3 CUCTEMY HE IPOXOJMUT.
[Ipy HaJIOXEHUU DJNEKTPUYECKOTO TONSA KUIAKOCTH CTAHOBUTCS
JIBOSIKONPEJOMIISIFOIIEH; IIPU M3MEHEHUH PA3HOCTU MOTEHLIHAIOB
MEXIY DJCKTPOJAMHU MEHSETCA CTENEHb AHW30TPONMU BEUIECTBA, a
CIEOBATEIbHO, M WHTEHCUBHOCTh CB€Ta, MPOIICAIIETO Yepes
aHaJIN3aTop.

Opgexm Keppa - onThdueckas aHH3OTPOMHS BEIICCTB IO
JIEUCTBUEM DJJICKTPUYECKOTO TIOJsS - OOBICHSACTCS pa3IndHOU
MOJISIPU3YEMOCTBIO MOJIEKYJI JKUAKOCTH IO Pa3HbIM HAIpPaBJICHUSAM.
DTO SBJICHHE TMPAKTUYECKU OE3bIHEPIIMOHHO, T.€. BpeMs Iepexona
BEIIECTBA M3 HW30TPOMHOIO COCTOSIHUS B AaHU30TPOMHOE MPHU

BKIIIOYEHHH ¥ OTKIIOYEHHMH TI0JIS COCTaBseT npubmusutensao 100c—

10%2 c.
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Puc. 1.12

[Toatomy suerika Keppa Ciy)XUT uACaIbHBIM CBETOBBIM
3aTBOPOM M TPUMEHSETCS B OBICTPONPOTEKAIONIUX MPOIECccax
(3BYKO3aMlMCh, CKOPOCTHAsA (HOTO- U KUHOCHEMKA, BOCIPOU3BOJICTBO
3ByKa, M3y4EHHE CKOPOCTH pPaCIpOCTpaHEHUs CBeTa W T. 1.), B
ONTHUYCCKOM JIOKAITUH, B ONTUYECKOHN TeIe()OHUH H T. .

HckyccTBeHHass aHU30TPONUS NOJ  MEXAaHUYECKUM BO3JIECH-
CTBHEM TIO3BOJIIET HKCCJIEAOBaTh HAIPSIXKEHUS, BO3HUKAIOIIKME B
npo3pauyHbiX Tenax. B gaHHOM ciiywae o creneHu jaedopMaiu
OT/ICJIbHBIX YYaCTKOB M3JieNius (HampuMmep, OCTaTOUHBIX AehopMalinii
B CTEKJIC MPU 3aKaJIKe) CYAST MO paClpeIeSICHUIO B HEM OKpacku. Tak
KaK TpUMEHSEMble OOBIYHO B TEXHUKE Marepuajibl (METaslibl)
HENPO3payHbl, TO HWCCICAOBAHUE HAINPSKECHAN MNPOUZBOIAT Ha
MPO3PAYHBIX MOJEISX, 4 HOTOM JAENal0T COOTBETCTBYIOUIUN MEPECUET

Ha MPOEKTUPYEMYIO KOHCTPYKIHIO.

1.5. Bpawenue nnockocmu noaapusayuu
HexoTopble BemiecTBa (Hampumep, W3 TBEPABIX TeNl - KBapil,

caxap, KMHOBapb, U3 )KI/II[KOCTGI\/’I - BOI[HBIﬁ pacTBOp Caxapa, BUHHAsA
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KHCIIOTa, CKUITUAp), Ha3bIBa€MbI€ ONTUYECKH aKTUBHBIMU, 00J1a1at0T
CIIOCOOHOCTBIO BpalllaTh IUIOCKOCTh MOJISIPU3AIMU PACIIPOCTPAHSIO-
IIEErocs B HUX IJIOCKONOJIIPU30BAaHHOTO CBETA.

BpameHne MiI0OCKOCTM MOJSIpU3alUMKA  MOXHO  HaOJIIOAaTh
Ha cruenytomeMm onbite (puc. 1.13). Ecam Mexay CKpeneHHbIMU
nosisipu3atopoM P W aHanmmzatropom A, JaOMKUMH TEMHOE MOJe
3pEHHUs], TMOMECTUTh ONTHUYECKH AaKTHUBHOE BEIIECTBO (HAmpuMmep,
KIOBETYy C pacTBOpOM caxapa), TO IIOJ€ 3pEeHUs aHaau3aropa
npocseTisieTcs. [Ipy moBopoTe aHanmu3atopa Ha HEKOTOPBIA yrojl ¢
MOYHO BHOBbB MOJYYHUTh TEMHOE IOJI€ 3pEHUS. YTOII ( U €CTh YroJ, Ha
KOTOPBII ONTHUYECKM AaKTUBHOE BEIECTBO IMMOBOPAYMBAET ILIOCKOCTh
NOJISIPU3AIMU  CBETA, MPOIIEANIEr0 4Yepe3 mnoJsipu3artop. Tak Kak
MOBOPOTOM aHAJIM3aTOpPa MOKHO MOJYYUTh TEMHOE IOJIE 3PEHHUS, TO
CBET, MPOILIEAIINNA Yepe3 ONTUYECKH AKTUBHOE BEIIECTBO, SIBIISETCS
MJIOCKOIOJISPU30BAHHBIM.

OnBbIT MOKa3bIBAET, UTO YTOJI MIOBOPOTA MJIIOCKOCTH MOJSIpU3a -

A OJ1A OIITHYCCKH daKTHUBHBIX KPUCTAJJIOB U YN CTBIX }KI/II[KOCTeﬁ

o=od,; (1.11)

Puc. 1.13
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JUTSl OITUYECKHU aKTUBHBIX PACTBOPOB

¢=[a]Cd, (1.12)
rae d - paccTossHue, TPOWICHHOE CBETOM B ONTHYECKH AKTHBHOM
BelllecTBe, a ([a]) - Tak Ha3pIBAEMOE YJIEJIbHOE BpallleHUE, YUCICHHO
paBHOE YIJIy TNOBOPOTa IUIOCKOCTH TOJIIpU3AIMU CBETa CJIOEM
ONTUYECKU aKTHUBHOTO BELIECTBA €IWHUYHOMN TOJIIMHBI (€TUHUYHOM
KOHIIEHTpaluu - s pactBopoB), C - mMaccoBasg KOHIICHTpaILUs
ONTUYECKU aKTHBHOTO BELIECTBA B PACTBOPE, KI/M>,

BennuuHa [o] 3aBHCHT OT TeMIepaTyphl BEIIECTBa, OT JTHHEI

BOJIHBI IIPOXOJAIIETO B PacTBOpPE CBETA, IIPUPOABI AKTUBHOTO
KOMIIOHEHTa pPACTBOpPa M PAaCTBOPUTENA. 3AaBUCUMOCTh YAEIBHOMN

TIOCTOSIHHON BpamieHus [o]| OT TeMmmepaTypsl M KOHIIEHTPAIUU [

OOJBIINHCTBA ONTUYECKH AKTHUBHBIX BCIICCTB HC3HAYUTCJIbHA. B T0

Ke BpeMs [o] OKaspIBaeTCsS CIOXKHBIM 00pa3oM 3aBHCAIIEH OT

XUMHYECKOTO COCTaBa paCTBOPUTENS. 3aBUCUMOCTh  YIEIbHOU
MOCTOSITHHOM BpalieHusi OT JJIMHBI BOJIHBI B OONIMX dYepTax Oblia
ycTaHoBjeHa bro. [{ns GOMbIIMHCTBA ONTUYECKH aKTUBHBIX BEIECTB

BJaJIX OT ITOJIOC IIOTJIOIICHUA

1
o]~ = (1.13)

CootHomienne (1.13) orpaxkaer aumib OOLIMKA XapakTep

INOBCACHUA [OL] npun HM3MCHCHHH  JJUIMHbBI  BOJIHBI A CB€Ta,

pacTlpoCTpaHSAIONIIETOCST B PacTBOpe aKTUBHOrO BemiecTBa. Kak
cnenyetr u3 (1.13), ynenpHass MOCTOSHHAsT BpaIleHUs YOBIBaeT C

pPOCTOM 7\, HHa4YC T'OBOpA, HJIA OOJIBLIIMHCTBA ONTHYECKH AKTHUBHBIX
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BCIICCTB HMCET MCCTO HOpMAJIbHAA BpallldTCIbHAA JUCIICPCHUL.

CornacHo TEOPETUYECKOMY COOTHOIIEHUIO, MOJlydeHHOMY Jpyne,

_Vv_A
o] = Zl AE_2Z (1.14)

rae A, - JIMHBI BOJH IIOJIOC TMOIJIONICHHS BCIIECTBA, A -

3.0
2.0 L
1.0 :\
0.0 : S— . -\"
-1.0 +
2.0 .
-3.0 .

[a] 4.0
-5.0

-6.0
0.0 2.0 4.0 6.0 8.0 100 120 140 16.0

A
Puc. 1.14

KOHCTAHTHI, i=12,3,.... CxemMaTHU4HO BHJ  3aBHUCHMOCTH,

onuckiBaemoil cooTHouieHueM (1.14), npeacrasnen Ha puc. 1.14 (B
OTHOCHUTEJIbHBIX €IMHUIIAX).

VYyacTku 3aBUCHUMOCTH Ha puc. 1.14, mokazaHHbIE ITYHKTHUPOM,
COOTBETCTBYIOT HMHTEpBajaM JUIMH BOJIH COOCTBEHHBIX KOJEOaHMIt
JIEKTPOHOB B aTroMax, T.€. IOJOcCaM MOIJIOLIEHUs IJis JaHHOTO

OIITHYCCKH aKTHUBHOI'O BCIIICCTBA.
I[J'IH MOHOXPOMATHYCCKOI'O CBCTA I[aHHOfI JJIMHBI BOJIHBI [OL]
OKa3bIBaACTCsA HpI/I6J'II/I3I/ITCJ'IBHO MMOCTOSIHHON BEIUYMHOM. HpI/I 3TOM

cornacHo (1.12) mpu duxcupoBanHO# avHe myTH | cBeTa B pacTBOpe

BCIIMUMHA YyIUIa ¢ IIOBOPOTa INIOCKOCTH IIOJIApHU3allMh CBCTAa
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OKa3bIBACTCA JIMHEMHO 3aBUCSIIEHM OT KOHIIEHTPALUM AKTHUBHOTO
BEIlIECTBA B pacTBope. Takum oOpa3oMm, M3MEPHB yrojl IOBOPOTa
IJIOCKOCTU TOJIAPU3alMM U JUIMHY NYTH CBETa B PAacTBOPE W 3Has

BEIMYMHY YHENBbHOW IOCTOSHHOW BpaIieHHsA [o] A7A JaHHOTO

OIITHYCCKH dAKTHUBHOI'O BCIICCTBA, MOXKHO OIIPpCACIIUTD €ro

KOHIIEHTpPAIMIO B pacTBope 1o hopmyIe

-_¢® (1.15)
[a]!

OnbIT MOKAa3bIBAET, UTO BCE BEIIECTBA, ONTHYECKH AKTUBHBHIC B

KUIKOM COCTOSHMM, OOJIaJal0T TaKUM JK€ CBOWCTBOM U B
KPUCTAJUTMYECKOM COCTOSIHMU. OJHAKO eciii BelllecTBa aKTUBHBI B
KPUCTAJUIMYECKOM COCTOSIHUM, TO HE BCErJla aKTUBHBI B IKUJKOM
(HammpuMep, pacruiaBieHHbIA KBapl). CleaoBaTENbHO, ONTHYECKAS
aKTUBHOCTH OOYCJIOBJIIMBAETCSI KaK CTPOEHHWEM MOJIEKYJI BEIlecTBa (MX
acUMMETpuel), Tak M OCOOCHHOCTAMM PACHOJOXEHUS 4YacTUll B
KPUCTAJJINYECKOU PEILIETKE.
OnTuyeckl aKTUBHBIE BEUIECTBA B 3aBUCHMMOCTH OT HaIpaBJICHUS
BpaIllCHUs] TUJIOCKOCTH MOJIAPU3ALUM PA3JETAIOTCd Ha NpaBo- U
JeBoBpauniaromuye. B mepBoM ciyyae IIOCKOCTh MOJSPU3ALMH, €CIIN
CMOTpPETh HABCTpEUy Jydy, BpallaeTcs BIPaBo (110 YaCOBOM CTpeEJIKE),
BO BTOPOM - BJIEBO (ITPOTHB YaCOBOM CTpeiku). Bpalienue miockocTu
nossipusaruu oobsicieno O. @penenem (1817 r.).

MoxHO TOKa3aTh, 4YTO SIBJICHHE BpalllCHUS ILJIOCKOCTH
NOJISIPU3aLUU TUIOCKOMOJSPU30BAHHOIO CBETA CBOJUTCS K 0COOOMY
TUIy  JIBOMHOro  JydyempenomiieHus.  [lnockomonsipuzoBaHHBIN

CBETOBOM JyY MOKHO IIPCACTABUTL B BUAC ABYX HAKJIAAbIBAIOIIUXCS
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Ipyr Ha Jpyra Jydeu, kojeOaHus Bekropa E B KOTOpBIX
NOJISIPU30BaHbl IO MPABOMY M JIEBOMY Kpyry (IpaBOKpyroBas u
JIEBOKPYTOBasi BOJIHBI), @ 4YacCTOThl Bpall€HUS BEKTOPOB U HUX
aMruntyapl  copnagaror. CormacHo rumore3se @DpeHens CKOPOCTb
pacrnpoCTpaHEHUs CBETA B AKTHBHBIX BEIIECTBAX pa3iIvuvHa IS JIyyen
C IIpaBOM H JIEBOW KpyroBou mnojsipuzanuen. I[lpm stom s
MIPABOBPAIAOIIMX BEMIECTB, T.€. BEIIECTB, MPU MPOXOKIECHUU YEPE3

KOTOPBIE IUIOCKOCTh Hojspu3aiuu Bektopa E CBETOBOM BOJHBI

MOBOPAYMBAETCSl BIIPABO, CKOPOCTh MPABOKPYrOBOM BOJHBI Uy

OKa3bIBAcTCAd OOJIbIIE, YEM JIEBOU Ug , a Ui JICBOBPAIAOIIUX

BelIeCTB — HaoO0opoT. COOTBETCTBEHHO B IPaBOBPAIIAIOIINX
BEIIIECTBAX COOTHOIIECHUE I[IOKA3aTeJIe MPEJIOMIICHUS ONTHYECKHU

AKTUBHOTO  BEIIECTBA  JUIA  JABYX  HAamNpaBICHUM  KPYrOBOM
(umpkymsipHoit) momspusatmu Ny <Ny, a B nesoBpamarommx -
n,>n,.

[TocmoTpuM, K Y€MY MPUBOAUT PA3IAYHAE B CKOPOCTAX ABHKECHUS
JIBYX BOJIH, IOJSPU30BAHHBIX IO IIPAaBOMy U JIEBOMY KpYTY,
COCTaBJIIOIIMX [UIOCKOTIOJISPU30BAHHBIA CBETOBOM JIy4, BXOIAIIUNA B
OonTHYECKU akTuBHOE BemecTBo. CornacHo ®penento Bektop E
CBETOBOM BOJIHBI B JIIOOOH MOMEHT BpPEMEHU MOXKET OBITh
MPEJICTABIICH KakK CYIEpPNO3ULUsA ABYX BEKTOPOB, COBEPIIAOIINX
JIEBOE M NPABOE BpAILICHUE OTHOCUTEIBHO HANPABICHUSA JIBUKCHUS
ucxosHoro jgy4da (cM. puc. 1.15). [Ipu 3Tom, Kak ObLJIO YKa3aHO BBIIIIE,

MOAYJIN 3TUX BCKTOPOB U KPYTI'OBBIC CKOPOCTHU UX BPAIICHHUA (D PAaBHBI.
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Puc. 1.15

IIpennonokuM Ul ONPEJENIEHHOCTH, 4YTO  BELECTBO
npasospauiaomee. Torma Ny <My, V4>V, u wu3-3a mensweit

CKOPOCTH JIBUKEHUS B CPEIE BOJIHA C JIEBOM KPYTrOBOM MOJSIPU3ALUEH
Oyner oTcraBath Mo (hase koyieOaHU OT BOJHBI C MPABOM KPYTrOBOM
nosigpuszauren. [Ipy npoxoxkaeHur 3TUX BOJH B BELIECTBE NyTH |

IOBOPOT BekTopa E B IpaBOKpYyroBOM BOJIHE ITPOM30MIAET HA YIOJl

Py =® t_U_d : (1.16)

a B JICBOKPYTOBO1 BOJIHE Ha YIrOJl

I
Q=0 t——

Yy

| (1.17)

HE paBHBIM yriy ¢,. Kak BUOHO U3 PUCYHKa, NaHHAs CUTyalus
O3HayaeT MOBOPOT MJIOCKOCTU MOJISIpU3aluu (T.€. INIOCKOCTH, OTHOCH-
TeIbHO KOTOpOoW BekTopbl E B 00eWx BOJHAX PAaCMOJOKEHBI CHM-

METPUYHO: Qg+t Q= (d- (¢) PE3YIbTHPYIOIIEH CBETOBOM BOJIHBI HAa YTOJ
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Py ~ Py v=c/n ml
- Y — ——(n =n
i 2 O)/C = 27[/}\,0 }\‘0 ( g d) ) (118)

IIe A, - JJINHA CBETOBOW BOJIHBI B BAKyyMe€.

ITocaengHee COOTHOIIEHUE IIOKAa3bIBACT, 4YTO B BCIICCTBAX, AJIA

koropeix My <Ny wmmeer mecto mpasoe Bpamenue mIOCKOCTH

moJApU3aIkK, a B BelecTsax, Jis kotopeix g > Ny | peamusyercs

JIEBOE BpAILICHUE IUIOCKOCTH HOJISIPU3ALINH.

SBneHue BpamieHUsl IUIOCKOCTH MOJAPU3ANUU JICKUT B OCHOBE
TOYHOIO METOJAA ONPEACIICHUS] KOHUEHTPAUU PACTBOPOB ONTHUYECKHU
AKTUBHBIX BEILIECTB, Ha3bIBAEMOTO noasipumempuen
(caxapumempueri). JIns 3TOr0 UCMHOJIB3YyETCS YCTAaHOBKA, MOKa3aHHAs

Ha puc. 1.13. I[lo HalizeHHOMY YyINly TIOBOpPOTa IUIOCKOCTH
MOJSIpU3allMid (@ W W3BECTHOMY 3HA4Y€HHIO [O] HaxXoauTcs

KOHIICHTpAIlKs PAaCTBOPEHHOTO BEIIECTBA.

Brnocnencteun M. ®apaaeem ObUIO OOHApY)KEHO BpallleHUE
IJIOCKOCTH  TOJISPU3allMM B ONTHYECKM HEAKTHBHBIX  TeEJax,
BO3ZHHMKAIOIIEE IOJ JACHCTBUEM MAarHUTHOTO IO, OTO SIBJICHUE
MOJIYYUJIO Ha3BaHue agpgexma Dapadesi (MM MarHUTHOTO BpaILICHUS
IJIOCKOCTH  TOJIsSIipu3aiiuu). MarHuTHoe BpalleHue IIJIOCKOCTH
MOJISIPU3AIMA  TIPOUCXOAUT TIPU  PACIPOCTPAHCHHUU CBeTa B
IIPO3PAYHOM BEIIIECTBE BIOJIb JTUHUH MarHUTHON WHIYKITHU:

¢=VIB, (1.19)
rne V — moctosiHHas Beppae (MarHuTHas BpaimareibHas CIOCO0-
HOCTh), 3aBUCAINAS OT MPUPOJBI BEIIECCTBA W JIJIMHBI BOJHBI CBETa B

BaKyyMCc, | — JJIMHAa CBC€Ta B BCIICCTBC, B — marnurtnHas WHIYKIHA.
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OTKpbITHE MAarHUTHOI'O BPAIICHUS IUIOCKOCTH MOJISIPU3ALNU HUMEIO
OTPOMHOE 3Ha4Y€HHUE Il HayKH, TaK Kak ObLJIO MEpPBBIM SIBJICHUEM, B
KOTOPOM  OOHapyXujaach  CBsI3b ~ MEXJIY  ONTHYECKUMU U
AJEKTPOMArHUTHBIMU mporeccamu. HarpasieHne BpaileHus CBSI3aHO
TOJBKO C HANpPaBJIECHUEM MAarHUTHOTO moJiss. OT HampaBleHUs Jyya
CBETA HAIpaBJICHHE BpalleHUs HE 3aBUCHUT. [loaTOMy ecnu j1yu cBeTa
OTPa3uTh OT 3€pKaJla M BO3BPATUTh €r0 B HCXOJHYIO TOYKY, TO
IIOBOPOT IUIOCKOCTH TMOJISIPU3ALMU  YJIBOUTCA. OTO IO3BOJIIET
YBEJIMYUTHh YTOJl TMOBOPOTAa YIJIMHEHUEM IIyTH CBE€Ta 3a CYET
MHOTOKPATHBIX OTPaKEHUM OT 3€pKaJbHBIX MOBEPXHOCTEH 0Opasia.
Hns  nabmopenust spdexra Dapanes NPUMEHSETCS YCTaHOBKA,
nojo0Has Toi, 4To mpuBeAeHa Ha puc. 1.13. Tonbko B mocieaHem
Cllydae KIOBETa C BEIIECCTBOM JIOJKHA ObITh MOMEIIEHAa B MarHUTHOE

IT1OJIC.
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2. BBAUMOJIEMCTBUE CBETA C BEILIECTBOM

2.1. /Mucnepcus ceema

[Ton  gucnmepcuerd  cBeTa  NMOAPA3YMEBAKOTCS  SBJICHUS,
OOyCIIOBJICHHBIC ~ 3aBHCUMOCTBIO  KOd(PhUIIMEHTA  MPEIOMIICHHS
BEILIECTBA OT JUIMHBI CBETOBOM BOJHBI. CBET pa3HbIX IJWH BOJH
(pa3HOro 1BE€TA) MPEJIOMIIIETCS HE OJMHAKOBO Ha TpaHUIEe JIBYX
npo3payHbix — BemiecTB.  J[ns  ompeaeneHHocTM MBI Oyaem
paccMaTpuBaTh MPEIOMJICHHE Ha TpaHUIE BaKyyM — JTaHHOE
BEIIECTBO, T. €. TOBOPUTH O 3aBUCHMOCTH OT JJUHBI BOJIHBI A
aOCONMIOTHOTO 3HaueHHs Kod(duimeHta mnpejaomiieHus. B Takom
cllydae MOXKHO 3alMcarh, 4TO JJI1 KaXJIOTO JaHHOTO BeEIIeCcTBa
KO3 PUUMEHT NpeoMIIeHHs N ABJISIETCS ONpeleIeHHON PyHKIuEen OT

JUIMHBI BOJHBI A: N = f (k)

Hucniepcuen BEIIECTBA Ha3bIBACTCSA BEJIMYNHA,
onpeenstonas, Kak ObICTpO MeHseTCsl KO3 GULUHUEHT NPeTOMIICHHS N
npy U3MEHECHHWH JJIMHBI BOJHBI A. Ecam nByM mimHam BOJIH A1 U A2
COOTBETCTBYIOT 3Ha4CHHS KOAI(PPHUIIMEHTOB MpeToMIeHUs N1 U N2, TO
CpPEIHssl TUCIIEpCUsl BELIECTBA HA y4acTKE JUIMH BOJH OT A1 JO A2
M300pa3UTCs OTHOIICHUEM:

An _n,-n
A A=A

2.1)

3HayeHuEe JUCIIEPCUM BEIIECTBA BOJIM3U JAaHHOM JJIMHBI BOJHBI A
MOJTYYHM, TIEPEHA B Mpeiesiec K OSCKOHSYHO MajoMy HHTEPBaIy JJIHH
BOJIH, Torja cooTHomeHue (2.1) 3amMeHUTCS  MOpPOM3BOJTHOM

ko3 dumeHTa MpeaIoMICHUS N IO JUTHHE A
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dn d

S 10, |

anan (2.2
Cpenpl, 00s1agaronme IUCcrepcrel, Ha3bIBalOTC JUCTIEPTUPYIOLIUMHU.
B 3THX cpemax CKOpOCTh CBETOBBIX BOJH 3aBUCHUT OT Ao WJIU .

Jlj1d Bcex Mpo3payHbIX BEIECTB KOA(DPUIIMEHT MPETOMICHHUS

N MOHOTOHHO BO3pPACTAET C YMEHBIICHHEM JUIMHBI BOJIHBI A. ODTO
COOTBETCTBYET HM3BECTHOMY (aKTy, YTO B IPO3PAYHBIX BEIIECTBAX
(¢uosieTOBBIE JTyUd NPETOMIISIOTCS CHJIbHEE 3€JIEHBIX, a 3€JICHbIe —
CUJIBHEE KPACHBIX.

OCHOBBI TEOpUM MAUCHEPCUU MOTYT OBbITh MOJYYEHBI, €CIU
paccMaTpuBaTh B3aMMOJICHCTBHME CBETOBBIX BOJIH C 3JEKTPOHAMHU,
BXOJISIIIIMMH B COCTaB aTOMOB M MOJIEKY/I.

B oTcyrcTBHME BHEIIHErO  3JIEKTPUYECKOrO IOJS  LIEHTP
AJIEKTPOHHOTO OO0JaKa COBMNAJACT C SAPOM M JAMIMOIbHBIA MOMEHT
aToMma paBeH HyJ0. [Ipy HanuuuM e BHEIIHETO MOJS 3JIEKTPOHHOE
00JIaKO CMEUIAETCs OTHOCUTENbHO MPAKTUYECKH HEMOJIBHXKHOIO s/ipa
¥ BO3HHMKAeT JUMNONbHBIH MomenT p=gqgl, rme | —BekTop,
IPOBEACHHBIM U3 IIeHTpa o0yaka K a1apy, q—:3apan sapa. [Ipoexuus
BeKTOpa P Ha ock X paBHa p, =gl =—0X.

[lo  snexTpomMarHUTHOM  Teopuun  cBeTa  KO3PPULHKEHT

IPEJIOMJICHUST  ONpEAeIsieTCsl paBeHCTBOM n=./gn. s Bcex

MPO3PAYHBIX  AUARJIEKTPUKOB  MArHuTHas  IPOHUIIAEMOCTh [

NPAKTUYECKH PAaBHA €IMHUIIE, TOITOMY HMeeM N’ =&,
JlusnekTpudeckne CBOMCTBA BEIIECTBA OOYCJIOBJICHBI €T0

MoJsipu3alMeld, KOTOpas BO3HUKAET B PpE3yJbTaTe IMOABICHUS

AUITOJIBHOI'O MOMCHTA
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R(t)
e=1+y=1+— (2.3)

80 Ex (t)’
rae | — AWIJNEKTPHYECKas BOCIPHUMYHMBOCTH, Px(t) — mpoekums
BEKTOpa MOJSIPU30BAHHOCTH Ha OCh X, BIOJIb KOTOPOW COBEPIIAIOTCS
KoneGanus BekTopa E , g0 — S1eKTpuuecKas HOCTOSHHAS.
WssectHo, uro P, =n,p,=n,(-0x), rae No — KOHIEHTPALKS
JTUATIONCH.

C yuetom atoro opmyina (2.3) mpumMeT BU

n,(—0gx
0™=x

3amaya CBOOUTCSA K ompeaeicHuio X mojn aectBuem Ex(t). Jlms
aToro  3amumeM auddepeHnranTbHoe  YpaBHEHHE  JIBHKCHHS

ANEKTPOHHOTO 00IaKa Kak
MX = —kX —rx+ gE,, cos mt, (2.5)

rje M — macca 3JIeKTPOHHOTO 00J1aKa, a CrpaBa 3aluCcaHbl MIPOESKIINU
Ha oOCh X KBa3UyINpyro CHJIbI, CHJIBl «COMNPOTUBJICHUS» U
BBIHYX/IAIOIIEH CHJIBI co CTOPOHBI rapMOHHUYECKOHN
AJIEKTPOMArHUTHOW BOJIHBI YaCTOTOM (0. MAarHUTHOW COCTAaBJISAIOLIEH
ATOM CUJIBI MBI IPEHEOperaeM, MOCKOIbKY OHA HUUTOXKHO MaJa.

Pa3znenuB ypaBHenue (2.5) Ha M, IpUBEIEM €ro K BUILY
X+ 2BX+ wix = f_cosomt, (2.6)
rae o) =k/m, 2B=r/m, f_=qE/m.

I[J'IH TCOpHUHU JUCIICPCHHU HMECT 3HAUCHHUC YaCTHOC PCHICHUC

ypaBHeHUs (2.6):
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x=Acos(ot-¢), (2.7)
rie A — ammuTyga KojebaHul, ¢ — pa3HOCTh (a3 Mexay
CMEIIEHHEM X U «cuioi» f coswt. IloacTraHoBKa 3TOro penieHus B
ypaBHeHUEe (2.6) MO3BOJISAET C IMOMOUIBI0 BEKTOPHOM JHArpaMMBbl

HAWTH 3HAYEHHE aMIUIUTYIbI A U pa3HocTd (a3 ¢, a UMEHHO

f 2P0
A= ,( = arctg —ZLZ 2.8)

\/(a)oz—a)z)+4,82w2 Wy —@

[pemienne ypaBHeHUs (2.6) MOAPOOHO paccMaTpuBaeTCs B TEOPHUH
KoJIcOaHUH].

Orpanmunmes  ciydaeM, xorma 2P« (mo’-w?), T.e. koraa
BBIHY)KJIaloIasi 4acTtoTa (Mojsi) He OYeHb ONuM3Ka K COOCTBEHHOM
4acToTe @Weo KOJEOAHUM 3NEKTPOHHOrO oOsaka M Kod(hduimeHt [3,
XapaKkTepU3yIOLUi 3aTyXaHue, J0CTaTOYHO Mall. B 3ToM ciydae, ecnu
®< ®,, TO

f
X(t)= ﬁcosm. 2.9)
Takoli sxe pe3ynbTar OyAeT U IpH m > ,, KOrIa ¢="17.
Ocraercs nojactaBuTh (2.9) B (2.4) 1 ydecTh, YTO BBIHYXKJAOIIAS

cwia B (2.5) qE, cosot =—eE . B pe3ynbrare nonyuum

rae b=n,q%/(g,m).
[TosToMy kBajpar Kod(QQUIUMEHTa IpeloMmieHus N2

BBIpAXKaeTCs CICAYIOIICH JUCTIEPCHOHHONU (POPMYJION:
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n° =1+ b + b, +
2 2 2 2 (2.10)
0)01 ® 0302 ®
rI€ o1, ™02, ...— YaCTOTBI COOCTBEHHBIX KOJICOAHMH aTOMOB U
MoJiekya, D1, b2, ...— ompeneneHHble KOHCTaHThI. Tak Kak JIuMHA

BOJIHBI A CBf3aHa C IMKJIAYECKOW YacCTOTOM ® COOTHOILEHUEM

A =2nc/®, To hopmymna (2.10) mpumer BuA

) ar’ )
n :1+}\12_}\12 +7\12_7\12 R (211)
1 2
rae ai, a2 ...— HOBBIE KOHCTaHTHI, a A1, A2, ...— JJIAHBI BOJH,

COOTBETCTBYIOIIME TOYHOMY PE30HAHCY.

2 1‘

>V

dopwmyiia (2.11)
JaeT 3aBUCHUMOCTh KOd3(]-
duurenTa nperomMiaeHus N
OT JIJIMHBI CBETOBOM BOJIHBI
B NPOMEXKYTKE  MEXIY
JTUHUSAMHA MOTJIOIEHUS
(puc. 2.1). IlyHkTtupHbBIE

JIMHHUH YKa3bIBaroT

[MOJIOYKEHUE JIMHUU TIOTJIOIICHUS BENIECTBA A1 U A2. BOnu3u nuHMit

MOTJIONICHUS KpUBAsi TUCIIEPCUN KPYTO M3THOAETCs. Y KaKI0W JTMHUU

MOTJIONICHHSI CO CTOPOHBI MaJbIX JUIMH BOJH (A < Ai) Kod(uimeHt

OpeJOMIICHU N OT JJIMHBI BOJIHBI IIPUHUMACT MaJlbl€ 3HAYCHHUA, A CO

CTOPOHBI OOJIBIIMX JUTMH BOJIH (A > Ai) — BecbMa OOJIbIIINE 3HAUCHUS.

ITo dopmyne (2.11) nams qIMHBI BOJHBI, MEHBIIIEH M OYEHBb OJIM3KOM K

OZHOHI M3 Ai, 1714 N? HoJTydaTcs OTpULATENbHbIE 3HAYEHHS, YTO JAeT
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MHUMBIE 3HaUEHUS AJi N. DTO MPOUCXOAUT U3-3a TOTO, YTO HE YUTEH
ko3 puuuent 3aryxanus [. Iloatomy dopmynoin (2.11) moxHO
MO0JIb30BATHCS JIMIIb B 00JacTsX, rae B oueHb Main. Bpanu ot nuHuit
NOTJIOIIEHUs]  3HAaueHHe  Kod(p(UIMEHTa  IPeOMIICHUs n
npUOJIMKAETCA K MOCTOSIHHBIM BennurHaM. OOmuil Xoa Jucnepcum,
n300paKeHHBIN Ha puc. 2.1, ¢ XapaKTepHBIMUA U3rH0aMH OKOJIO JIMHUI
NOTJIONIEHUS] HOCUT  Ha3BaHUE  AHOMAIbHOU  Oucnepcuu. B
JNEHUCTBUTEIIBHOCTH B A3TOM XOJE€ HET HHUYEro «aHOMAaJlbHOIO»,
HAa00OpOT, OH MPEACTABIISIET COOOW TUMUYHBIM XOJ, OTBEUYAIOIIUI
¢du3ndeckoil cymuoctu siBjaeHusa. O0JacTh MOHOTOHHOTO W3MEHEHHUS
K03 (ULIMEHTa MPEIOMICHHUSI MEXAY ABYMS JUHHUSIMHU MOTJIOLICHUS
NEpPEeAcT XapaKTep JUCIEPCHM NPO3PAayHbIX BEIIECTB W HOCHUT
HA3BaHUE HOPMANbHOU OUCNEPCUU.

[lepBbIMU OmbITAMU N0 HAOJIOACHUIO UCTIEPCHUU OBUIM OIBITHI

HeroToHa Hax npenomiieHneM cBeta B mpu3Me. HproToH paspadoran

Puc. 2.2

paa METOAOB Ha6J'IIO)1€HI/II\/’I AUCIICpCUN C IMOMOIIBKO IIPHU3M U B TOM
YUCJIC METO/ CKPCIICHHBIX IIPpHU3M, BE€ChbMa HarjistaHO

oOHapyXuBaromui xoj aucrepcun. CxemMa MeToja CKPEIICHHBIX
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MpU3M JaHa Ha puc. 2.2. benblil CBET MPOXOAUT YEPE3 BEPTUKAIBHYIO
menb S u aBe npusmbl Pi u Pz, mpenomisiomue pedbpa KOTOPHIX
B3aUMHO MeprneHauKysipapl. C momompto nauH3 L1 m L2 cBer
coOupaercsa Ha 3kpaHe AB. [Ipu Hanmuuuu TONBKO OAHOW NpU3MBI P1 ¢
BEPTUKAIBHBIM MPETOMIISIONIMM pedpoM Ha 3KkpaHe AB momyuuics
OBl TOPHU3OHTABHBIN CILIONTHOMN CIEKTP, N300paKCHHBIM MyHKTUPHOM
nojiockoit ab. Ilpu Hamuuuu BTOPOM MPU3MBI KaKIbIA Jyd Oymer
OTKJIOHEH BHU3 U TEM CWJIbHEE, YeM 0oJiblle AJi1 HETo KO3 PUIMeHT
npenoMieHuss Tpu3Mbl P2, braromapst 3tomy Bech croekTp ab
OKa)XETCS CMCICHHBIM BHU3 M 3aliMeT mojioxeHue aibi. Ero kpacHsrii
KOHEIl a1 CMEIICH BHHU3 MCHBIIE BCETO, a (PMOJIECTOBBIA KOHer b1 —
Oonbie Bcero. Takke M KaxJoe JPYroe MECTO CIEKTpa CMECTHUTCS
TeM OoJibilie, yeM OoJibiiie KOA(DPUIUEHT TPETOMIICHUS ISl JIJTUHBI
BOJIHBI, COOTBETCTBYIOIIIEH 3TOMY MECTy crekTpa. Bes momocka aib:
OyJeT U30THYTAa U HATJISIHO MPEACTaBUT X0 AUCTIepCUu B ipusme Po.

Jucnepcusi cTekoj, KBapia, (UIIOOpUTa W MHOTHUX APYTHUX
BEIIECTB B BUAUMON O0JacTH CHEKTpa ONPEAEIACTCS TIJIaBHBIM
o0pa3oM  HaJlM4MeM  CWJIBHBIX  TOJIOC NOTJIOIIEHUST B
yibTpaduoseroBoi obsactu. Bropas oOsacTh MOTJIOMICHUS Y ATHUX
BEIIECTB JIGKUT B Oosee nanekod wuWHEGpakpacHoW oOjJacTu u
cKa3blBaeTcs MeHblle. [IpubnvmxeHHO AN BUAMMOW YacTH CHEKTpa
3aBUCUMOCTH N? OT A JUISl STHX BEIUECTB MOXET OBITH MPEACTaBIIEHA

JTUCTIEPCUOHHON POPMYIION € OAHUM UICHOM:
b
FEN

nt =1+

i
[Ipu ycioBuu, 4TO Ti << 1, 9T0 BBIpOKEHHE aeT MPUOIIKEHHO TS N:
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T B
n- :A+_—,
e

rie A, B — HekoTopble KOHCTaHTbI, YTO IMOJTBEPKIACTCS
TEOPETUUYECKHU.
AHOManbpHas JUCIIEpCHsl Jierde Bcero HaOoaeTcs B IMapax

METaJUIOB, MAOIMX B BUAWMOW OOJIACTH CHEKTpa pPE3KHE JHMHUHU
norJiomenus. Tak, mapsl HaTpHsI JAIOT B KEATOW 00JIacTH JIBE BeChMa
MHTEHCUBHbIE OJIM3KUE JIMHUM MOIVIOIIEHUSI C IMHAMH BOJIH
A= 0,5890 mx u A2 = 0,5896 mk. Byn ucrnosib3oBai ajig HaOIIOICHHUS
,,AHOMaJIbHOW~ JUCIIEPCUM B TIapaxX HATPHUS METOJ CKPEIICHHBIX

npu3M. Cxema ero omnbITa mpejcTaBiieHa Ha puc. 2.3.

B

Puc. 2.3

CBeT OT WMCTOYHHMKA CIUIONIHOTO CHEKTpa MOPOXOIUT Yepes
TOPU3OHTAIBHYIO 1IEJb S1 U 3aTe€M B BUJE MapajjIeIbHOrO MyykKa —
yepes oTKadyaHHbId cocya AB, comepkamuii MeTauIM4eCKUi HaTpUil.
[Ipotins depe3 cocyl, CBET MajacT HAa BEPTUKAJIBHYIO IIEIb S U
paznaraetcs npusmoi P2 B ciextp. [Ipenomistoiiee pedpo npusmsl P2
MapajuieabHO MWIEIH Sz, U CIIEKTP IMOJy4YaeTCA B BUAE TOPU3OHTAIIBHON
MOJIOCKU. biiaromapsi HAIMUKMIO TOPU3OHTAIBHOM IIEJIH S1 3Ta MOJIOCKA
y3ka. Ecnu nmoorpets METaNIMYECKUil HATpuil B cocylie AB cHu3y u
OJHOBPEMEHHO OXJIAJIUTh BEPXHIOIO 4YacTh cocyaa AB, To B Heu
MOJIYYUTCS HEOJHOPOJAHBIM CTOJIO MapoB HaTpus. BHU3Y TMIOTHOCTH
napoB OyaeT OoJbIle, HaBepXy MEHbIIE. Takoi HeOAHOPOIHBIN CTOJIO
napoB JEWCTBYeT Kak TNpuU3Ma C MOPEJIOMIBIIONIUM  pedpom,

pACHOJIOKEHHBIM CBEpPXYy, NEPHEHAUKYJSIPHO K JUIMHE cocyna. B
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pe3yabpTaTe MOJYyYUTCs ,,JIpu3Ma’ U3 MApOB HATPHSs, CKPEIICHHAs C
npusmoi P2. Orta mpusma, Kak ObUIO MOSICHEHO BBIIIE, CMECTUT BCE
obnmactu cmektpa. OpHako Temeph, Oarogaps aHOMaJbHOMY
XapakTepy MUCIIEPCUU MApOB HATPUsI, CMEIICHHBIN CIEKTP OKa)XeTCs
HE MOHOTOHHO W30THYTHIM, a OOHApYXHT XapaKTepHbIC H3THOBI
BOJIM3M JJIMH BOJH A1 U A2. B MecTax, oTBe4aromux JUIMHAM BOJIH A1 U

A2 , HOABATCA TCMHBIC IT1OJIOCHI ITOIJIOIICHMA.

] ]
;—jf-j a
[

—N

ARVE

Puc. 2.4

Ha puc. 2.4,a mpencraBieH mnoiy4aemblii u3rub cmektpa. B
CTOPOHY OOJIBIIMX JIJTMH BOJIH OT JJUHUH TOTJIOIICHHS CIIEKTP CHIILHO
OTKJIOHEH BHH3, YTO OTBEYAET OOJBIINM 3HAaYCHHUSIM KO3 dUimeHTa
npeIOMJICHNsT HaTpusi B 3TOH 00jacTH. B CTOpOHY KOpPOTKHMX JJTMH
BOJIH OT JIMHUH TIOTJIOMIEHUSI CTIEKTP M30THYT BBEPX, UTO yKa3bIBACT
Ha 3HaueHHs Kodpdummenta N < 1. Mexnay oOenMu JTUHUSIMHU
TOTJIONICHUS KO3(PPHUIIMSHT MPETOMJICHUSI KPYTO CITaJaeT B CTOPOHY
yBEeIWYCHUSI JUIMH BOJH. [Ipw OOJBIIMX TUIOTHOCTSX Tapa HW3ru0

CIICKTpa YBCINYMBACTCA WU IMPUHUMACT BUI, H306pa)KeHHBIﬁ Ha pucC.

2.4,0.
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Hpyror Merton H3y4yeHUs AHOMAIBHOW HUCIEPCUU MPEIIOKEH
. C. PoxxgectBeHCKUM. B 3TOM M€TO/i€ MCTHOJIB3YETCSI M3MEHEHHBIN
unrepdepomerp XKamena. UureppepomeTp U3MEHEH TaKUM 00pa3om,
9TO My4ykd | ¥ 2 MOryT ObITH pa3BelIEHbI JPYr OT Apyra Ha MHOTO
CAHTUMETPOB. Cxema uHTephepomeTpa PoxnecTBeHCKOTO
nzo0pakeHa Ha puc. 2.5, rue Ai, A2, As, A4 — dYeThIpe IIOCKHUX
3epKaja, u3 KOTOpbIX 3epkana Az u Az CIUIOIIHbIE, & OCTaJbHbIE IBA —
noiynpo3paunbie. [Ipu oTpakenusx ot 3epkaid A1 u A2 BO3HHMKAIOT
CHUJIBHO pa3BEJCHHBIC IyYKHM CBEeTa | W 2, KOTOpBIE 3aT€M CHOBA
coOuparoTcsi BMecTe ¢ moMoInbio 3epkait Az u A4 u uHTEPHEPUPYIOT.

J. C. PoxxnecTBEHCKHI MCIOIb30BaJl CBOM MHTEpdEpoOMETp s

V3y4ECHUS AHOMAJIbHOM IUCTIEPCUH. CymHoCTh MeToAa

AL W L

) 2
' N
" N
12
Puc. 2.5 Puc. 2.6

PoxxmecTBeHCKOro 3akitouaeTcss B cienayronieM. B o0e BeTBu
uHTEephEepOMETpa BBOJIITCS JIBE OJMHAKOBBIC KIOBETHI B1 M B2 (puc.
2.6). B omny wu3 kxrwoBeT, Hampumep B2, BBOIUTCS HCCIICITyEMBbIi

MCTAJII; 9Ta KHOBETA MOZKCT HAIrpCBaTbCA SHGKTPHHGCKOﬁ MICYKOM a0
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TEMIIepaTypbl, JOCTATOYHOW ISl TOro, 4YTOObI B HEW MOJIydalUCh
mapel MeTajla NpU HEoOXOoAuMOM JaBieHuu. Btopas KroBeTa
oTkauuBaercd. Yepe3 wuHTEepdEepOMETp NPOIMYCKAETCS CBET OT
MCTOYHUKA CIUIOLIHOTO CIIEKTpa S. BosHukaromas
uHTepdEepEeHIIMOHHAs KapTUHA MPOSKTUPYETCS C MOMOIIbIO JUH3BI L2
Ha 1ienb crnekrporpada C. [Ipeamnonoxum, 4To crepBa KoBeTa B2 He
HarpeTa U B HeW OTCYTCTBYIOT Maphl. Torna uarepdepomMeTp IacT Ha
menu crekTporpada psa  MHTEPPEPEHIMOHHBIX MAKCUMYyMOB U
MHHUMYMOB B BHJE INOJIOC, NEPNEHIUKYJISAPHBIX K JIMHE IIEIIH.
[TomoxkeHne MakCMMyMma, COOTBETCTBYIOLIErO HYJIEBOM PAa3HOCTH
X0/la, HE 3aBHCHUT OT JUIMHBI BOJIHBL. OTCIOJa CleIyeT, YTO 3TOMY
MakCUMyMy B CIUIOIIHOM CIEKTpEe, J1aBaéMOM CHEKTporpadom,
OTBEYAET TOPU3OHTAIbHAS CBETJAS IOJIOCA, TAHYIIASCSA BIOJb BCETO
criekTpa. MakCMMyMBbl K€, COOTBETCTBYIOIIME PAa3HOCTSAM XOJa B
OHY, ABE, TPU U T. J. JUIMHBI BOJIHBI, PACIOJArarOTCA I Pa3HbIX
JUIMH BOJIH IMAJArOLIET0 CBETa Ha pPa3HbIX BbICOTax Mmienu. KMm
OTBEYAIOT B CIUIOIIHOM CIIEKTPE CBETJBIE IOJIOCHI, PACIIONIOKEHHBIE
BBILIE U HUXKE HYJIEBOM MOJIOCHI M PACXOJAIIHAECS BEEPOM OT CHHEMN

00J1acTH CeKTpa K KpacHOU. Mex 1y CBETJIBIMU T0JIOCAMH pacIiiosia-
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raroTcsd TEMHbIE, OTBEYAIOIINE MUHMUMYMaM B uHTephepeHIn-
OHHOM KapTHHE, OTOPOIICHHOW Ha Ieiab. B pesynpTare CILIONIHOMN
CHEKTp  OKa3blBaeTCs  BAOJIb BCEH JUIMHBI  MPOYEPUYCHHBIM
NOTNIEPEMEHHO CBETJIBIMU U TEMHBIMHU I1OJIOCAMHU.

Eciu Ttenepp Harperb KIOBETYy B2 HACTOJIBKO, YTOOBI B HEH
MOSIBUWIKCH TMapbl UCCIEYyEMOTO METajuia, TO CTOJIO 3THX MapoB JacT
n100aBOYHYI0 PA3HOCTh XOAa ©W HHTEPPEPEHIIMOHHBIC ITOJOCHI
CMECTATCS Ha BEJIMYUHY, NPOMNOPIUOHAIBHYIO 3TOM J00aBOYHOM
pa3HoCTH XoJia. Pa3HOCTH ke X0Jia MpU JAHHOW JIJIMHE CTOJI0A MapoB
npornopiuoHanbHa N — 1, rae N — KodpPuUIMeHT mperoMIIeHUS MapoB.
bnarogapst 53ToMy cMmenieHHe HMHTEP(EPEHIMOHHBIX TOJOC B
CHeKTporpade HEmoCpeCTBEHHO BOCIPOU3BENET XOJ IUCIEPCHH BO
Bceil HaOmomaemon obnactu. Eciu Ha 3Ty 00nacTb NPUXOAUTCS
Kakasg-muo0 W3 JIMHUWA TMOIJIOLIEHUS MCCIeAyeMOro mapa, TO
UHTEpPEepEeHLINMOHHBIE MTOJIOCHI U30THYTCA OKOJIO HEe, KaK MOKa3aHo Ha
puc. 2.7,a. Ux m3ru® BechbMa HATJsAIHO W300pa3uUT XOJ MOKa3aTels
npesoMyIeHus  BOJMW3M  JIMHUM  TorjoueHus.  Bmocnenctsuu
PoxXJ1eCTBEHCKUI  yCOBEPIIEHCTBOBAJI  yYKA3aHHBIA METOX, 4YTO
MO3BOJUJIO MPOU3BOAUTH TOYHBIE KOJMYECTBEHHbIE MpoMepbl. OH
MoKasaj, 4TO €Cld BO BTOPYI0 BETBb HHTEppEpoMeTpa BBECTU
IUIOCKOMAPAIJIENbHYIO TJIACTUHKY CTEKIa, TO UHTEPPEpEeHLUOHHBIC
MOJIOCKl B cHeKTporpade meperHyrcss U o0pa3yroT BOJIM3M JIMHUU
NOTJIONIEHUsT cBoeoOpasHbie ,.kptoku~ (puc. 2.7,0). Ilpu nanHoM
TOJIILIMHE CTEKJISTHHOM MIIACTUHKY MOJIOKEHUE ,,KPIOKOB' ONpeenuTcs
BEJIMYMHOM UCIIEPCUN OKOJIO pacCcMaTpUBAEMOM JIMHUM MOTJIOIICHUS
napoB. YUeM cuibHEe AuCIepcus NapoB BOJIU3M JIMHUM, TEM AAJbIIE OT

JUHUU 0o0pasyroTcs ,.Kproku~. TakuM o0pa3oM, MO TMOJOKECHHUIO
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,,KPIOKOB” MO>KHO HETOCPEJCTBEHHO U3MEPUTHh BEIMYMHY JUCIEPCUU
MapOB OKOJIO JIMHUH MOTJIOIIECHHUS.

Teopernueckne  cooOpa)xeHusi, MPEJACTABICHHBIE  BHIIIE,
CIPABEUIMBBI HE TOJIBKO ISl AJIEKTPOHOB, HO U JJI1 HOHOB, a TAaKXKE€ U
JUIsL ciaydas MeETayuioB (TJI€ OCHOBHYIO pOJIb HIPalOT CBOOOJIHBIE
ekTpoHbl). [lomMumo aucnepcuu, CBSI3AHHOM C BBIHYXKIECHHBIMU
KOJICOaHUSIMU DJIEKTPOHOB W HWOHOB, CYIIECTBYET JAPYrol BHU]L
JUCIIEpCUU, Ha KOTOpbIA oOparun BHuMaHue [lebail. Omna
IPOSIBJISIETCS B CpEiax € MOJSIPHBIMU MOJIEKYJIaMH, TJIaBHBIM 00pa3omM
B JKUAKOCTAX. [loNsIpHBIMU HAa3bIBAIOTCS MOJICKYJIBI, OOJaJaroliue
COOCTBEHHBIMH  JUIMOJBHBIMH ~ MOMEHTaMH,  OOYCIIOBJICHHBIMU
HECUMMETPUYHBIM PACIIOJI0KEHUEM 3apsilOB BHYTPU MOJEKYJIbl. [Tpu
TOM TOJIAPHBIE MOJIEKYJIBI MOTYT 00JlajlaTh U HHAYLUHUPOBAHHBIMU
JTUTIOJLHBIMU MOMEHTaMHU, BO30Y>K/1aeMbIMU BHEIITHUM
ANEKTPUUYECKUM MOJIEM, OJTHAKO WHIYIUPOBAHHBIE MOMEHTHI MEHBIIIE
COOCTBEHHBIX.

B orTcyrcTBHE BHEIIHEro 3JIEKTPUYECKOTO IOJS JUIIOJIbHBIC
MOMEHTBI TOJIAPHBIX MOJIEKYJl M30TPOMHOM Cpellbl OPUEHTUPYIOTCA B
IPOCTPAHCTBE XAOTUYHO MO BceM HampasieHusaM. I[Ipu stom cpena
HUKAKOW mossipu3anmeld He oOmamgaer. Ilpum HanmoxkeHun Ha
TUAJIEKTPUYECKYI0  Cpely  BHEIIHErO0  AJIEKTPUYECKOTO IO
JUIOJIbHBIE MOMEHTBHI MOJIEKYJ HAUMHAIOT OPUEHTHPOBATHCA MO
HAIPaBJIEHUIO MOJs, OJHAKO 3Ta OpPUEHTAllMsl HapyliaeTcsl 3a CYET
TEIJIOBOTO JIBM)KEHUS. B pe3ynbrare ycTaHOBJIEHHUS] pABHOBECHUS 3THX
IPOLIECCOB B Cpe/ie BO3HUKAET OPUEHTALMOHHAs nossgpuzauus. B to
Ke Bpemsl B cpele 3a cueT AedopMariiu dJIEKTPOHHBIX OpPOHUT Ton

HGfICTBHeM QJICKTPHUUYCCKOI'O I10JIA BO3HHKACT QJICKTPOHHAaA
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NOJISIpU3aIus, KOTOpas, XOTS U MEHbUIE OPUEHTALIMOHHOW, OJIHAKO
MPOLIECC €€ YCTAHOBIICHUSI MEHEE NHEPLIMOHEH.

Ecnu anekTpruyeckoe 1oje MEHSAETCs ¢ YaCTOTOU ®, TO C 3TOU
K€ YaCTOTOM JOJDKHA MEHAThCA MW NOJSIpU3alMsa, a Takke u
OOYCJIOBJICHHBIE €10 IMAJIEKTpUUYECKash MPOHUIIAEMOCTb CPeabl € U
K03 HUIIMEHT TTpeIoMIICHUS N.

B nonsix HU3KOM 4acTOThI yCIIEBAET YCTAHABIMBATHCSA TaKas ke
MTHOBEHHAsl MOJSpU3alUs Cpelbl, KAK U B CTaTHYECKUX MOJIX. B
TaKoWl 00JIACTH YAaCTOT BEJIWYUHBI € U N MPAKTUYECKU MOCTOSIHHBI U
ONPENENSIOTCS  OPUEHTALMOHHON moJiipu3anuedl (B MOJSPHBIX
OUBIEKTprUKax). Eciaum IUmonbHbIE MOMEHTHI MMOJSPHBIX MOJIEKYJI
BenMKH (KaKk y BOABI W CHOHpPTa), TO B O3TOM OOJACTH YaCTOT
COOTHOIIIEHUE N =+/¢ BbINOJHsAETCA (11 BoAbl €=81, N=9).

B npyrom npenenbHOM cilyyae — NMPU OYE€Hb BBICOKMX YaCTOTax
(HanmpuMep, CBETOBBIE BOJIHBI) AMUIOJbHBIE MOMEHTHI HE YCIEBAIOT
3aMETHO II0BOpPAYMBAaTLCS 3a BpeMs Iopsaka Iepuona. B ston
00JaCTH YaCTOT MPAKTHUYECKU HET BBIHYKJACHHBIX BPAIICHUNA MOJIEKYTT
U TOJIpU3ALUsl ONPEACISIETCI MEHEE HHEPLUHUOHHOW JJIEKTPOHHOU
coctaBisitolieid. Takum o0pa3oM, MOJIEKYJIbl HAUWHAIOT BECTH CeOsl
TaK, Kak €cJii Obl OHM HE OBbUIM MOJSPHBIMU. ITUM OOBSICHSAETCS
PE3KOE PACXOKIAECHUE MEXKIAY ITOKA3aTesieM IPEIOMIICHUS BOABI B
onTuueckoM auanasone (N = 1,33) u 3HaueHHEM /¢ B 2IEKTPOCTATUKE

1 00J1aCTH HU3KOYACTOTHBIX QJICKTPOMAIHUTHBIX BOJIH.
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3. JABOPATOPHBIA MMPAKTUKYM

3.1. JABOPATOPHAA PABOTA Ne 3-5

INOJYYEHUE N UCCJIEAJOBAHHUE
MMOJAPU30BAHHOI'O CBETA

Heap padoTBI: DSKCIEPUMEHTAIBHO IOJYYUTh IUIOCKOIO-
JIIPU30BAHHBIA CBET, M3Y4YUTh 3aKOH Mairoca, ONpenesnuTh CTEIEHb
NOJISIPU3AlMM  CBETa, MPOILICAIIEr0 Yepe3 CTOIy CTEKISHHBIX
IJIACTHUH.

IIpuOopbl U NMPUHANIEKHOCTH: ONTHYECKAST CKAMbs, ICTOYHUK
cBeTa ¢ OJIOKOM MNHUTaHUs, NOJSIPU3ATOpP, aAHAJIU3ATOp, CTOMa
CTEKJISTHHBIX IJIACTUH, dboTonpUEMHUK, MHKpPOAMIIEPMETD,

cobuparomias JMH3a.

OIMIMCAHUE SKCIIEPUMEHTAJIBHOM YCTAHOBKHU

YcraHoBka cobupaercs Ha ONTHYECKOW ckambe (puc. 3.1).
HMcTtouyHUK cBeTa— JilamMna HaKaJluBaHUS TIOMENIEHA B KOXYX
ocBeTuTels 1 MpsSMOyTroJIbHOTO CEUYEeHUsI, B MIEPEIHEN YaCTH KOTOPOTO
pacmoJiokeHa oOmpaBa C JUH30M. BHyTpu ocBeTuTeNnss pa3MmelleH
CTEp’K€Hb C TATPOHOM M JIAMIIOYKOM HA OJHOM KOHIIE M  C
OTPAHUYUTEIIBHOM BTYJIKOM Ha Jpyrom. lIpm roCTHpOBKE CTEpKEHB
buKcupyeTcs B HY)KHOM TIOJIOKEHUY BUHTOM.

[Tongpuzatop W aHaIU3aTOp TMOMEUICHBI B OIPaBbl, KOTOPHIC

BCTABJIAKOTCA B TIOBOPOTHBIC JTUCKHU 2u 3, ITO3BOJIAOIIINEC BpaliaTb
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UX BOKPYI TOPU3OHTAIbHOW OcU. J{MCKU CHAOKEHBI MOIABMKHBIMU
mkanamMu. llena genenus mkansl 1°. Ilonmsgpuzarop u aHamuzaTtop
U3TOTOBJICHBl U3 TMOJSPOUIHBIX IUIEHOK — TOJSPOUIOB, KOTOPHIE
COCTOSIT M3 MHOXECTBa MaJIeHbKUX (ToimuHoi g0 0,3 M)

[apaJUICIbHO ~ OPUEHTUPOBAHHBIX  KPUCTAUIOB  CEPHOKHUCIIOTO

Puc. 3.1

HOAUCTOr0 XWHUHA — TepanaTuTa, HaXOJAIIUXCS BHYTPHU CBS3YIONICH
Cpelibl MPO3PAYHOM TUIEHKHU.

Crona mjacTUH KpPEOuTCs B ONpaBe, KOTOpas TaKkKe
BCTaBJISICTCSI B TTIOBOPOTHBIN TUCK 2 Tipu u3MmepeHusix. CoOuparomas
nuH3a 4 CIyXUT JJIsl U3MEHEHUS IIUPHUHBI MyYKa CBETA, MaJar0lIero
Ha ¢oTonmpueMHHK 5. B kadecTBe (oTOmMpUEMHUKA HCIOIB3YETCA
CEJIEHOBBIA  (POTOpPE3UCTOp, KOTOPBIM  TPEACTaBIsSIET  coOOM
YCTPOMCTBO, COCTOSIIIIEE W3 METALIMYECKOW MOJJIOKKH, Ha OJIHOU
CTOPOHE KOTOPOM HAHECEH cjou ceneHa TommuHoM 0,1 Mm. ITtoT
CJIOM  MOKPBIT  MOJYNPO3PAYHOM  METAJUIMYECKOM  IUICHKOW,
oOJraaromel TOCTaTOYHOM MPO3PavyHOCTHIO B TOM 00JACTH CIIEKTpa,

IUTsl KOTOpO#l Habmoaaercst poTodrPdexT.
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HOPAAOK BbIITOJTHEHUSA PABOTbI

1. IIpousBecT MOATOTOBKY IKCIIEPUMEHTAILHONW YCTAaHOBKH K
WU3MEPCHHSIM.

1.1. YcTraHoBuUT, Ha ONTHYECKOM CKaMbe HCTOYHHK cBeTa 1,
MIOBOPOTHBIE JUCKUA C MOJISIPU3ATOPOM 2 W C AHAIM3aTOPOM 3,
cobuparonryo JuH3Yy 4 U (POTONMPHEMHUK 5 C MHUKPOAMIEPMETPOM
(puc. 3.1).

1.2. BkI1toUUTh IITENCENbHYIO BUJIKY OJ0Ka MUTAHUS UCTOYHUKA
CBeTa (JlaMIIbl HAKallMBaHuA) B po3eTky 220 B.

1.3. BxitounTh Ha mepeaHed maHenau OJIoKa MUTaHWsST TyMOJep
«CeTb» 1 yOEIUTHCS, YTO JTAMITOYKA UCTOYHHUKA 3arOpesiach.

2. IIpuCTynuTh K BBIITOJTHEHHUIO 33 IaHUM.

3ananue 1. U3yyenue 3akona Mautroca.

1. IloBopaumBass aHamu3aTop, YOEOUTHCS, YTO TIOKa3aHUS
MHKPOAMIIEPMETPA U3MEHSIOTCHL.

2. Bpamas ananu3arop, 100MThCSI MAKCUMAJIBHOTO OTKJIOHEHMS
CTPEJKM MHUKPOAMIIEPMETPA, YTO COOTBETCTBYET NapauICIbHOMY
PacIoJIOKEHHUIO Toyigpu3aTopa u ananuzatopa (¢ = 0). B atom cimydae
corsacHo 3akoHy Maimoca le = leo.

3. Ilepememiast crepkeHb C TMATPOHOM U JIAMIIOYKOM, a TaKKe
CTOMKY C JIMH30HM, MoA00paTh TakOoe MX PACIOJ0XEHUE, YTOOBI MpHU
MapaJyIeIbHBIX MOJSPU3ATOPE U aHAIIU3ATOPE TOK MHUKpOAMIIEpMETpa
HE MPEBBIIIAJT MAKCUMAIBHOTO 3HAYEHHUSI OTCUETA MO IIKajie npruodopa.

4. He MeHsisl pacCTOSIHHE MEXJy MCTOYHUKOM CBETa, JTUH30U U

(bOTOHpI/IeMHI/IKOM, HCcCjacaoBarb 3aBUCHMOCTD (1)OTOTOKa oT Yyria
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OBOpOTa aHanu3aTtopa ¢. Jlyist 3Toro, Bpamas MnojasspougHyIO MIIEHKY
BMECT€ C I[IOBOPOTHBIM JUCKOM B Ipefeiax IMOJHOro o00opoTa
anamm3aropa ot 0 7o 360°, yepe3 kaxkapie 10° 3anuChIBaTh MOKA3aHUS
MHKpOaMIIEpMeETpa.

5. IlpousBecTtn TpuU CepUM U3MEPEHUM W 3aHECTH JIAHHBIE B

e

1501 .  Bpruuciaurh JHU HAYECHUS I KaXIOT
Ta0JI 1. B C cpe € 3Ha4de AXKIIOTO

I e0
SHAYCHHA yTIJIa .

6. IToctpouts rpaduk 3KCIEPUMEHTATLHON 3aBUCUMOCTHU

=] =f(o)

e0 / cpeon
6 nOﬂﬂprlx KOOpduHamax. I[HH 9TOIro Ha KaXXa10M que, HpOBeI[éHHOM

u3 neHtpa 0 mox yrioMm ¢, B BBIOpAaHHOM MaciITade OTJIOKHUTH

e
3HAYCHUS BEJIUYUH | , COOTBETCTBYIOIIMX 3TOMY YTIy .

e0 / cpeon
[Tomy4yeHHbIE TOUKHA COEAUHUTD IIJIABHOM KPUBOU.
Ha Tom e deprexe aHaTOTMYHBIM OOpa3oM IMOCTPOUTH

TCOPECTHYCCKYIO 3aBUCUMOCTD

I
—< | =cos‘g

e0 / cpeon
3aJ1aBast erﬂ (P
7. CpaBHI/IBaH BKCHepHMeHTaHLHYIO n TeOpeTquCKyIO KpI/IBI)Ie,

OoIIPCACIINTD OTKIIOHCHHUC H YKa3aTb IIPUYKMHBI OTOI'O OTKIIOHCHUA].

I I
Al —= =| -] —cos’e,

e0 / cpeon e0 / cpeon
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3apmanue 2. OmnpeaesieHue CTeneHW NOJSIPU3ANUM CBeTa B
CTOIE CTEKJISIHHBIX IJIACTHH.

1. He meHsist Ha ckaMbe PacIiooKeHUE UCTOYHUKA CBETA, JIMH3bI
U POTONPUEMHHUKA, YCTAHOBUTH BMECTO MOJISIPU3aTOpPa B IOBOPOTHBIM
JIUCK OIpaBy CO CTONOW CTEKJISIHHBIX IJIACTHUH, 0OpaTUB BHUMAaHHUE,
YTO YroJj IMaJIeHUs CBETAa Ha CTONY IUIACTUH cocTaBiser 57°, T.e.
paBeH yriy bprocrepa.

2. IloBopaunBasi aHaaM3aTOp BOKPYT TOPU3OHTAIBHON OCH yepes
kaxkaele 10°, HauMHasg OT MONOKEHHUS, IPH KOTOPOM (POTOTOK MAKCH-
MajeH, H3MEpATh 3aBUCHUMOCTh (OTOTOKa OT yrja MOBOpPOTa
aHaIM3aTopa.

3. [IpousBecTu Tpu cepur TaKUX U3MEPEHUM U 3aHECTH JaHHBIC B

T

Tabnuiry. BerauciauTe cpeHee 3HaueHUE IUISL KaXKJIOrO yTiia .

IeO cp.

4. Tloctpouth rpaduK HKCIEPUMEHTAIBHOW 3aBUCHUMOCTH

— | =f(¢) 6 norapueix  xoopounamax.  ITlomydeHHYIO

e0 / epeon
3aBUCUMOCTD JIA CTOIIBI INIACTHUH CPABHUTBL C SKCIICPHMCHTAJIbHBIMUA

JAHHBIMU JIJT TOJISIPOUIHOM IUICHKH 3a/1aHus 1.

C0s?
I eO Cp I e0 Cp

10
20

36
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5. Wcnonp3yst JaHHbBIE, TOJTYYCHHBIC TSI MAKCUMATBHOTO |max
MUHUMAJIBHOTO  lnin (oTOTOKOB, TO opmyne (1.5) ompeneauts
CTCTICHD IMOJISIPU3AIMKM CBETA, IMPOIICAIIEIO Yepe3 CTOMY CTEKIISHHBIX

ILUIACTHUH.
BOITPOCHI U 3AJAHUA A1 CAMOKOHTPOJIA
. Kakoi1 cBeT Ha3bIBaeTCs €CTECTBEHHBIM?

. Kakou cBeT Ha3bIBaeTCs MONAPU30BAHHBIM ?

. UTo Takoe miIoCKOIOISAPU30BAHHBIN CBET?

A W N R

. Kak MoxHO IMPAaKTUYICCKU OTIINYHUTDH €CTECTBEHHBIN CBET

OT MJIOCKOMOJIIPU30BAaHHOTO?

()]

. Chopmynupyiite 3akoH Maioca.

6. UTo Takoe CTeneHb MOIApU3aLu?

7. Kakue cymiecTBylOT criocoObl OJIy4eHHsI MOJISIPU30BAHHOTO
cBera?

8. Kak ¢ momMomuipto crorbl CTOIETOBA MOKHO MOJIYYUTh
MPAKTUYECKHU MMOJTHOCTHIO MOJISPU30BAHHBIN CBET?

9. O0BsicHUTE SIBJICHUE TIOJIIPU3AINY PU JBONHOM
JTyYENpeIOMIICHUH.

10. O6bsicHUTE pabOTy MOJISIPU3AIMOHHBIX MPUCTIOCOOICHUIA,

CITY>KaIllUX ISl TOJIyYEHUS MOJIIPU30BAaHHOTO CBETA.
11. YTo Takoe miI0CKOCTh MOISPU3ALIAN?

12. OOBsicHuTE pabOTy SKCIIEPUMEHTAILHON YCTaHOBKH.
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JJABOPATOPHAX PABOTA Ne 3-6

MU3YUYEHMUE ABJIEHUA ITOJIAPUSALINU CBETA 1IPHU
OTPA’KEHUU

eab padoThI: SKCIIEPUMEHTAIBLHO TPOBEPUTH 3aKOH bproc-
Tepa, ONPEAEIUTh MOKA3aTEIb MPETOMIIEHUS TUIACTUHKHU.
IIpubopsI U NPUHAMNIEKHOCTH: TUIIEKTPUUECKAs MIACTUHKA,

HOBOpOTHBIﬁ AUCK, HICTOYHHUK CBCTA, TOHUOMCTD.

OIMCAHUE SKCHNEPUMEHTAJIbHO YCTAHOBKH

Pabota BbInoHsIETCS HAa ToHUOMETpe 'S, mpeiHa3HaYeHHOM JIst
TOYHBIX H3MepeHuil yrioB. ['onmomerp I'S TpeOyer OepexkHOro m
OCTOPOKHOTO oOpamenust. Cmpoeo 3anpewaemcs npulaeamo
yeunue K GUHMam u K aiuoaoe npu 3aKpeniéHHoM CMONnOPHOM GUHME
7 (puc. 3.2). Omo npugedem K nopue npubopa.

Buemnuii BUJI roHMOMETpa MOKa3aH Ha puc. 3.2, rae uudpamu
0003HAaUCHbl HEOOXOJUMBIC JJIS TPOBEACHUS W3MEPECHUM Y3IIBI:
KoJutuMaTop 2, B TMepeaHei (OKaIbHOM TIIOCKOCTH OOBEKTHBA
KOTOPOTO PACHOJIONKEHbl MCTOYHUK cBeTa 1, 3putenbHas Tpyda 3 ¢
OKyJSIpOM 4, YIJIOMEPHOE OTCUETHOE YCTPOWCTBO C JYNOW 5, yepes
KOTOPYI0  TPOU3BOAMTCSA OTCYET YIJOB IO IIKaje JuMmoOa,
HAXOJAIIETOCS BHYTPHM MpUOOpa, MaxOBUYOK 6  OTCYETHOTO
MHKPOMETPA, TPEAMETHBIN CTOJIUK 9, KOTOPBIA MOKET BPaIllaThCA

BOKPYT BEPTUKAJIBHOM OCH.
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8 7
Puc. 3.2

3putenbHas TpyOa YKpersieHa Ha MOJBWXXHOM KpPOHIITEHHE —
anuaaae, KOTOPYI MOKHO MMOBOPAYMBaTh BOKPYT BEPTUKAIBHOM OCH,
MPOXOJIAIIEH Yyepe3 UEeHTp npeaMeTHoro cronuka. [loBopot amumaab
c TpyOoil ocymecTBisieTcss 0e3 yCWJIMH OT pPyKH TOJBKO TMOCJe
0CBO0OK/IeHHsI CTONMOPHOro BUHTA /. ToHKOE mepemMeleHrue TpyObl
OCYILIECTBIISIETCS BUHTOM 8.

Ha tyGyce kommmmaTopa 3akperieHa MOJISpouHAas Hacalika,
MpEeICTaBAIOmas CcoO0OM  MOBOPOTHOE  YCTPOMCTBO, KOTOPOE
oOecreuynBaeT  BpAIICHWE  MOJSPOUIHONW  TUIEHKH  BOKPYT
TOPU30HTAIILHOU OCH.

Ontuyeckas cxeMa YCTAaHOBKM TMpPEACTaBlieHa Ha puc. 3.3.
CBeTOBOM My4OK OT MCTOYHMKA CBeTa S momagaeT Ha o0bekTuB O1
kommuMatopa K; 3atem mocine oOwektuBa O1 mapamienbHbIM

Iy4YKOM — HA JUAJIEKTPUYECKYIO IUIACTHMHKY P, pacmoyioKeHHyK B
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HeHTpe npeaMeTHoro cronuka C. OTpaxEHHBIA OT AUAIEKTPUUECKON
IUTACTUHKU TapajulesibHbIA My4OK CBETa HaNpaBisieTcss Ha OOBEKTUB
Oz 3putensHOll TpyOnl T, B (OKaTbHONW TIOCKOCTH KOTOPOIO
oOpa3yeTcst n300pakeHHe NEPEKPECTUS] CETKU KOJUTMMATOpa.
Habmronenue 3ToM CEeTKM M CETKH, TMOMEIICHHONW B OKYJIAP

3pUTENLHOM TPYOBI, Benércsa uepes okyysip Os. [Ipu usmepenun yrion

Puc. 3.3

BHU3HUPHBIC IICPEKPECTHUA YKA3aHHBIX CCTOK AOJIZKHBI OBITH COBMCIICHHEI.

HOPAJOK BBIITOJTHEHUA PABOTbBI

1. IIpon3BecTy MOArOTOBKY YCTAHOBKH K U3MEPEHUSIM.

1.1. Y6enurbcsi, 4To BCce TyMOJIEpPhl BHIKJIIOUECHBI.

1.2. BKIIOYHATH IITENCEIbHYIO BWJKY MHTAIOLIETO IIHYpa
rouuomeTpa B cetb 220 B.

1.3. BKIIOYNTH OCBEIICHHE MIKAIBI TMMOA U CETKH TOHHUOMETpa

TymMOsIepoM «BKITFOUeHOY.
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1.4. HaGmtonast B okynsap 4 3putenbHod TpyObl 3 (puc. 3.2),
BpalllCHUEM HAKaTaHHOTO KOJbIla OKYyJisipa JOOWTHCS UYETKOTO
M300paKeHUST BU3UPHOTO IEPEKPECTHsl 3pUTEILHON TPYyObl B mMOJie
3pEHUs OKYJIsipa.

2. IlpucTynuTh K U3BMEPEHUSIM.

3ananme 1. IlonyyeHue NOJHOCTHIO TMOJISIPU3OBAHHOIO
CBeTa TMPH OTPAXKEHUM OT JUIIEKTPUYECKOH IUIACTMHKHM.
Omnpenenenne yriaa bprocrtepa M mnokasarensi mnpeToMJIeHHSA
TUIJICKTPHYECKON MIACTUHKHA

1. Ocnabuth 10 yropa BUHT 7.

2. IloBopauuBas anujany, COBMECTUTh OCh 3pUTEIILHOU TPYOBI 3
C ocpl0 Kojummmatopa. Ilpu sTomM B moisie 3peHus TpyObl IOJIKHO
MOSIBUTHCSI CBETJIOE MSITHO € MepekpecTueM. Bpamas BUHT 8 TOHKOU
HABOJIKM, TOYHO COBMECTHUTh MEPEKPECTUE CETKU 3PUTEITBHOU TPYObI C
U300paKeHUEM TMepeKpecTHsi CceTKH Koummartopa. C  MOMOIIbIO
OTCUETHOIO MHUKPOCKOTMA, HaOJIt0Aast B Yy S5, 3aMETUTh MOJIOKEHUE
3pUTENBHON TpyObl 0o (MOJE  3peHUss OTCUYETHOTO MHMKPOCKOIMA
npuBeaeHo Ha puc. 3.4). Jliug 3TOro moBepHYTh 0€3 yCHIHH
MaxOBHUYOK 6 ONTHYECKOT0 MHUKPOMETpPA B Ty WIH JIPYTYIO CTOPOHY
TaK, 4YTOObl BEPXHHUE W HUKHUE HU300paKCHUS IITPUXOB JUMOa B
JI€BOM OKHE OTCUETHOIO YCTPOMCTBA TOYHO COBMECTHIIUCH. Umcio
rpajlyCoB paBHO Orkailiield  JIeBOM OT BEPTUKAIBHOTO MHJAEKCA
muppe. YUwcio JECATKOB MHUHYT PaBHO YHCIY WHTEPBAJIOB,
3aKTIOYEHHBIX MEXIy BepxHEH JeBod I1udpol, MOKa3bIBAIOIIEH
1[eJIbIe TPAAYChl, ¥ IPABOW HWKHEHW MU(PPOH, OTIIMYAIOIICHCS OT JIEBOH

Ha 180°. YHMCIO MUHYT OTCUMTBIBAETCA MO ILIKAJIE MHKPOMETpa B
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IPaBOM OKHE 10 JIEBOMY PsAY 4Mcell. UUCI0 CEKYHI — B TOM K€ OKHE

I10 IIPaBOMY Py YUCEIL.

Yupn
2,00‘32/[%6 ﬁep,%m g OB Mg
i ll/uw couymd
4
5 11"96~ ] |
. opusowons

- andere "

Lo bl g

b
=TT

Yuucno urrapbanod4)=vucny decomod muryr
Puc. 3.4

3. OcnabuThk 10 yrnopa CTONOPHBINA BUHT /.

4. B 1ueHTpe  TOPEAMETHOrO  CTOJIMKA  YCTAaHOBUTH
JTURJIEKTPUUECKYIO TUIACTUHKY (UEpHOE 3€pKajio), Kak MOKa3aHO Ha
puc. 3.3. BusyanbHO OTBICKaTh OTPAKEHHBIM OT 3TOr0 3€pKajia My4yoK
YaCTUYHO MOJIIPU30BAHHOrO cBeTa. Bpainas momnsipoun (aHamuzaTop)
BOKPYTI' HAaMpaBJEHUS OTPAXKEHHOTO Jy4ya, OCTaBUTh €ro B TaKOM
MOJIOKEHUH, KOTJAa SIPKOCTh MPOIISANIETO 4Yepe3 Hero cBera OyaeT
MUHUMaJbHA. [lociie 3TOro nMoBepHyTh 3€pKajo BOKPYT BEPTUKATBHOMN
OCM Ha HECKOJIbKO TpaaycoB, CHOBa JIOOMTHCSI MUHUMAJIbHOMN
MHTEHCUBHOCTH MPOIIEAIIEr0o uepe3 mnoyisipousi cBeta. Onwvim
npooondHcams 00 mex nop, NOKA He HACMYNUmM HNOAHAS NOJAPUIAYUS,

m.e. NOJIHOe 3amemHerue. Imo ozHadaeni, 4mo 3epKalo yCmaHo6/1eHO
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noo yanom bprocmepa. Tlonspous mocie 3Toro MoKHO yOpaTh.

5. He meHsist monoXEeHUN MPEIMETHOTO CTOJIMKA C 3€PKaJIOM H
rj1a3a, MOJIBECTU alUJlajly CO 3PUTEIBLHOM TpyOOH K HamNpaBJICHUIO
ny4yka CBeTa W, HAOJI0/asi CBETJIOE MSATHO B OKYJISIp 3pUTEIBHOMN
TpyObI, COBMECTUTh MEPEKPECTHUSI KOJUTUMATOPA U 3PUTEIIBHOU TPYOBI.
Janee, Bpamas BHUHT TOHKOM HABOJAKM 8, TOYHO COBMECTHUTH
YKa3aHHbIC MEPEKPECTUs U CJejaTh OTCYET MO IIKajie JuMOa o,
PYKOBOJACTBYSICh YKa3zaHHUsIMU I1. 2. [[OBTOpUTH yKa3aHHBIE OIlEepallin
3-5 pa3 u HaliTH cpeliHee 3HAUCHHUE YTJIa Olicp.

6. Onpenenuts yron bprocrepa, UCIIONb3Ysl BRIPAKEHUE

a,, =90° —%[ao —a

1cp

3amanue 2. H3yuyeHue  0COOEHHOCTEH  OTPAKECHUA
IUIOCKOIOJISIPU30BAHHOIO cBeTa oT AMIJIEKTPUYECKOH
mwiactuiku. Omnpenenenne yriia bprocrepa um  mokaszarens
NPeJOMJICHUS TUIJIEKTPUYECKOM MJIACTUHKH

1. He wu3MmeHsas TMOJOXEHUS TMPEIMETHOTO CTOJIMKAa C
JTUBJIEKTPUYECKON TUIACTUHKOM, YCTAaHOBUTH MOJISIPOMIHYIO IUIEHKY
(momnsipu3aTop) B MOBOPOTHOE YCTPOMCTBO, 3aKPEIUICHHOE Ha TyOyce
KojummMmaTopa. HaOmiomass Bu3yanbHO 32  OTPaXEHHBIM  OT
JARJICKTPUUECKON TUIACTUHKM MYYKOM CBETAa W Bpaliasi MmooyepéaHo
(cMm. m. 4 3amanus 1) mojsipuzaTop BOKPYT TOPU3OHTAIBLHOM OCH, a
MPEIMETHBIA CTOJMK C JUDJICKTPUYECKOW TUIACTHHKOWM — BOKPYT
BEPTUKAIBHON, JTOOMTHCS WCUE3HOBEHHUS TMydyka cCBeTa (IOJIHOTO
3aTEMHEHHUS).

2. IlpousBectu OTCUET yrIyia o2, KaKk OMHCAHO B M. 2. U S
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3aganus 1, 3-5 pa3 u paccuuTaTh O2cp.
3. Onpenenuts yroia bprocrepa o052 10 CpefHEMY 3HAYECHUIO 0l2¢p

U 0o, HAWJCHHBIX MO M. 2 3amaHud |, HUCHONB3ys COOTHOIICHUE

a,, =90° —%[ao —a

2¢p |

4. OOBACHUTH MNPUYMHY MCUYE3HOBEHUS OTPAXKEHHOTO OT
JOVBJIEKTPUYECKON TUIACTUHKU ITy4YKa IJIOCKOIIOISPU30BAHHOIO CBETA
M pasHULly OIBITOB, KOIAa IOJspouAHas IUIEHKA CHadaja
pacriojyiarajach oCje IUAJIEKTPUYECKON IIJIACTUHKH, a 3aTeM — IEPE
HEW.

5. OnpenenuTs NOKa3aTeslb IIPEIOMIICHUS AUIEKTPUYECKOU

IUIACTHHKH, HCTIONB3ys hopmyy n=tg[ (a,, +a,,)/2] .
BOITPOCHI U 3AJJAHUA JISA CAMOKOHTPOJIA

1. [aiite omnpeneneHWe €CTECTBEHHOTO W MOJSPU30BAHHOIO

CBETA.

2. Chopmynupyiite u 00bsicHUTE 3aK0H bprocrepa.

3. B uem 3akmrodaeTcs SIBJICHUE MOJISIPU3AIMU CBETA?

4. Kak MOXHO TPaKTUYECKU OTJIUYUTh €CTECTBEHHBIN CBET
OT IUIOCKOIOISIPU30BAHHOTO?

5. Uto Takoe cTeneHb nojisipu3auu’?

6. Kakune cymiecTByIOT CrtocoObI TTOIyISHUS TTOJISIPU30BAHHOTO
ceeTa’?

7. Kax ¢ momotbto ctornbl CTOIETOBA MOKHO MOJTYUYUTh
NPaKTUYECKHU MOJHOCTHIO MOJISIPU30BAHHbBIN CBET?

8. O0BsicHUTE SABJICHHE TOJISIPU3ANNHI TIPU TBOMHOM
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JTy4YenpeIOMIICHHH.
9. O0BsicHUTe PabOTy MOJIAPU3AIUOHHBIX TPUCTIOCOOTIECHUH,
CITy KaIluX JJIs TTOTyYeHHUs MOISIPU30BAHHOTO CBETA.

10. YTo Takoe MIOCKOCTh MOJSPU3AAH?

11. O6bsicHuTE pabOTy SIKCIEPUMEHTATHHON YCTAHOBKH.

12. OOBSICHUTH TPUUHUHY UCYE3HOBEHHS OTPAXKEHHOTO OT
JTURJIEKTPUYECKOM TUTACTUHKH ITydYKa IIOCKOTIOISIPH30BaH-
HOTO CBETa W Pa3HUILY OIBITOB, KOT/Ia MOJISPOHTHAS
IUIEHKA CHayaja pacliojlarajach Iocie IUdJIEKTPUYECKOU

IUIACTUHKH, a 3aTEM — IEPE] HEH.
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JIABOPATOPHAX PABOTA M 3-9

MU3YUYEHMUE SABJIEHUA BPAILEHUSA IVIOCKOCTH
HOJIAPU3AIIUAN

Heapr padoTbl: W3ydeHUE METOHA ONPEACIICHUS  yTiia
BpAILIEHHS IOCKOCTH MOJSPU3AIMU TUIOCKOMIOJIIPU30BAHHOTO CBETA
MpU TPOXOXKACHUU €ro 4Yepe3 pacTBOP ONTHUYECKH AKTHUBHOTO
BEIIECTBA, OMNPEACICHUE KOHIIEHTPAIMM ONTHYECKH aKTUBHOTO
BEIIECTBA B pacTBOPE.

IIpubopbl W NPHHAAJIEKHOCTH: MOJAPUMETP MMOPTATUBHBIN

[1-161M.

OIMMCAHUE SKCHNEPUMEHTAJIbHO YCTAHOBKH

B nannoit mabopaTopHoit paboTe M3MEpEeHHE yriia MOBOPOTa
IJIOCKOCTH MOJIIPU3ALAHA CBETOBOIO JIy4a ¢ B PACTBOPE ONTHYECKU
AKTUBHOTO BEIIECTBA OCYIIECTBIACTCA noJisspumerpom 11-161M.

Yempoiicmeo u npunyun oeticmeus nonsipumempa

[lonspumerp mnopraruBHbld 1I-161M  npegnazHaueH s
U3MEpPEHUS yTJIa BPALICHUS IUIOCKOCTH IOJSPU3ALNU ONTHYECKU
AKTUBHBIMH  TMPO3PAYHBIMK W  OJHOPOJHBIMM  pacTBOpamMu U
xuakoctsimu.  [Ipubop  uMeer — cieAyrolMe — TEXHUYECKHUE
XapaKTEPUCTUKMU:

® Mara3oH U3MEPEHUH yIJIa BPAIIEHUs LUIOCKOCTH;
® uarma3oH pabounx temmeparyp 10+ 30 °C;

® YyBCTBUTEIHLHOCTH IpubOpa He 6onee  0,1°;
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® [Ipeen JIOMyCKaeMONW OCHOBHOM MOTPENTHOCTH Ipubopa

+0,1°.

55 ) \\
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2 0

Puc. 3.5



64

OCHOBHBIMU KOHCTPYKTHMBHBIMH 3JIEMEHTAMU TMOJSIPUMETPA
ABISIOTCS (M. puc. 3.5): KpoHIITEeHH 1, coequHuTenbHas TpyOka 2,
roJIOBKa aHajiM3aTopa 3, orpaa okyJisipa 4, oTcueTHasl Jiymna 5, TpyOka
JUJIs1 pacTBOPOB 6, BTYJIKA 7, pakOBUHA &, 3€pKajo 9.

['ma3  dyemoBeka  cmocobeH ¢ OOJBIION  TOYHOCTHIO
yYCTaHABJIMBATh OJMHAKOBOCTH SPKOCTEH JBYX COCEIHHUX IIOJICH.
CnenoBaTenbHO, 3TUM CIOCOOOM MOXHO XOpOIIO (PUKCHPOBATH
MOJIO)KEHHUE TUIOCKOCTH TMOJISIPU3AlMK TAJaloliero Ha aHalu3aTop
CBETAa. [loaToMy B JaHHOM paboTe U3MEpPEHHE yria MOBOpOTa

INIOCKOCTU IIOJIpHU3aluKu  CBCTA (P OCHOBAHO Ha IIPHUHOUIIC

YPaBHEHUSI SIPKOCTEM PA3AEIEHHOrO HA JIBE YACTH TOJISI 3PEHUA.
Paznenenue nomns 3peHUst Ha JBE YaCTU OCYUIECTBJICHO BBEJICHUEM B
ONTHYECKYI0 CXeMy IMpuOopa  KBapLEBOM IUIACTUHKH, KOTOpas
3aHMMAaeET IMOJIOBUMHY MOJIS 3pEHUs. YPaBHUBAHUE SPKOCTEU 4YACTEU
NoJIsl 3pEHUS] MPOUCXOAMUT BOJM3M MOJHOTO 3aTE€MHEHUS  TOJIs
3pEHMUSI, YTO COOTBETCTBYET IIOYTH ITOJHOMY CKPEIIMBAaHHUIO
noJisipu3aTopa M aHamuzaTopa Ha 85 - 86°. Yrom mexay Hampasie-
HHUEM IUIOCKOCTH TOJISIPU3ALNM TOJISPU3ATOPA U ONTUYECKOM OCHIO
KBapleBOM IIaCTUHKH cocTaBisier 4 - 5° CBer OT MaToBOWM
ANEKTPUYECKON JIaMITbl WM JHEBHOM CBET C IOMOILIBIO 3€pKaja
npubopa HampaBisieTcs B y3en noJspuszaropa. Pabotath C
MOJIyTEHEBBIM  TOJSPUMETPOM  HEOOXOJHUMO, WCIIOJIB3YsI
MOHOXPOMATHYECKUUA CBET. [[n 3TOrO0 NPUMEHSIETCS OpPaHKEBBIN
ceeropunbTp. [lpoitas opaHkeBbIl CBETOPWIBTP M MOJSPHU3ATOD,
CBET OJHOM TIOJIOBUHOM TIy4yKa IPOXOJUT YEPE3 KBAPLEBYIO
IJJACTUHKY, 3aIMTHOE CTEKJIO U aHAIM3aToOp, a IPYyrou MOJOBHHOU

Iy4yka — TOJBKO 4epe3 3alllUTHOE CTEKJIO0 U aHaiu3aTop (CM. pucC.
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3.6). Ha pucynke nudpaMu ykazaHbl y3IIbl HOJIPUMETPA, @ KMEHHO:

Puc. 3.6

1—oxkynsp, 2—o00bEeKTUB, 3—aHaIU3aToOp, 4—COCAUHUTEIbHAS
TpyOKa, S—auadparmMa ¢ KBapUEBOW IMJIACTUHOM, 6—I0JIApU3aTOp,
7—cBetodunbTp, 8—3epkayno, 9—rTpyOka i Kuakoctu, 10—
HOHUYC, |l—KoNbIO BpamieHus aHamusaropa, 12—maumbo, 13—
OTCUYETHAas JIyIa.

YpaBHUBaHUE SPKOCTEM 4YacTeW IOJA 3PEHUS IPOU3BOIUTCS
OyTeM BpalllEHUs aHajau3aropa. YTrojl [OBOpOTa aHajau3aropa
OTpEESAETCS C MOMOIIbI HEMOJBHXKHOIO JMMOa W HOHUyca. Bup
auM0a W HOHWYyCa NpH HAOJIIOJEHWH Yepe3 OTCUETHYIO JIyIy
npuBeEH Ha puc. 3.7. HuxkHss mIKajla—IlKana HOHUYCa, BEPXHIA—
mKana JgumbOa. OTciaexuBaTh  IMOJOKEHHME  IIKajdbl HOHHYyCa
OTHOCUTENIbHO HEMOABUKHOTO JIMMOA MOYHO Yepe3 OTCUETHYIO JIYITy
5 (cm. puc. 3.5). llena neneHust OCHOBHOM ImiKaibl auMOa - 1°. Ilena

nenenuss Honmyca — 0,1°. Ecim  wmexnay mnoisipuzaTtopoM U
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aHAJIN3aTOPOM BBECTU TPYOKYy C ONTHUYECKH aKTUBHBIM PaCTBOPOM
WA KUAKOCTbIO, TO PABEHCTBO SPKOCTEHM YacTed TOJA 3PEHUS

Hapymaercs (cM. puc. 3.8).

Puc. 3.7

Jljist TOro 4ToObl BHOBH YPaBHSTH SIPKOCTU YacTEU MOJI 3pEHus,
HE00XOAMMO MOBEPHYThH aHATU3ATOP HA YroJl, PaBHbIN YIily MOBOPOTA
IJIOCKOCTH  NOJISIPU3AallMM  PacTBOPOM  ONTHYECKHM  AKTUBHOTO
BeliecTBa. Pa3HOCTh BYX OTCUETOB, MPOU3BEICHHBIX MO JUMOY U

HOHHUYCY, B ClIydae yCTAaHOBJICHHOUN TPYOKM C pacTBOpOM (TIOKa3aHUE

¢,) u 6e3 Hee (mokazaHue P;) mpeacTaBiseT coOOH yrol BpalleHHUs

TUIOCKOCTH MOJISIPU3alMU CBETOBOIO jJyda @ = @, =@,
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Puc. 3.8

HOPAAOK BbIITIOJTHEHUA PABOTbI

3ananue 1. Onpenesnenue HyJ1eBOro orcuera npudopa

1. BeinyTh U3 monsipumerpa TpyOKy i pacTBOPOB (€ciu OoHa
OblJ1a YCTaHOBIICHA).

2. 3epkamoM 9 (cm. puc. 3.5) HaAmpaBUTh CBETOBOW MYUYOK OT
JaMIibl Ha cBeToGuabTp 7 mojsgpumetpa (cm. puc. 3.6). [lone 3penus
IPU 3TOM JIOJIKHO OCBETUTHCH.

3. Bpamenunem oxymsipa 4 (cM. puc. 3.5) mOOUTBCA YETKOTO
N300paKeHHS Pa3ICSIOICH TMHUN TTOJIS 3PCHUS.

4. Bpamienuem konbia 11 ananuzatopa (cM. puc. 3.6) ypaBHSTH

SIPKOCTH JIEBOW W IIPABOM 4acTeu mois 3peHud. [IpousBectu orcuer
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HYJICBOTO yrja ¢, Mo JUMOY W HOHHUYCY. 3amucarh IOJIYyYE€HHOE

3HAYEHUE B OTYET.

5. IloBepuyTh koJibIl0 11 Ha yrom 5° - 10° BieBO WM BOpaso.
[Ipu 3TOM ycTaHOBKA HYJIsl TPUOOpaA HAPYILIUTCA.

6. [loBTOpSIA 1.3, BHOBb YPAaBHATH APKOCTH JIEBOM U MPABOU
yacted mons 3peHus. lIpousBectu orcyueT mo AUMOYy M HOHHUYCY.
3anucaTh NOJIyYeHHOE 3HAUEHUE B OTUET.

7. IloBTOpsAs omepanuu Mo nm.3 — 6, MOJIYYUTh S5 3HAYCHUH
HYJIEBOT'O OTCUYETA MOJISIPUMETPA.

8. BblunMcIuTh CperHee 3HaUEHUE HYJIEBOTO yria MOJsSpUMETpa

(1)

3ananue 2. OnpenesneHue orcyera mpudoopa C yCTAHOBJICH-
HOM TPYOKOH ONTHYECKH AKTUBHOI'0 BelleCTBA

1. Tlo yka3zanuio npemnoaaBaTess MOIYYUTh y JabopaHTa TpyoOKy
6 ¢ pactBopoM Ne 1 umm Ne 2 (cm. puc. 3.5).

2. [Tomectuth TpyOKYy C pacTBOPOM B COCAMHHUTEIBHYIO TPYOKY
2 monsipuMeTpa.

3. Bpamenuem oxymsipa 4 (cM. puc. 3.5) J00UThCA YETKOTO
U300paKeHUs pa3AeISIIOIEH JMHUU TOJIS 3pEHHUSL.

4. IloBopotoMm kombua 11 (cm. puc. 3.6) aHanuzaTopa ypaBHITh
SAPKOCTH YacTel MOJIs 3pEHUS Y IPOU3BECTU OTCUET YIJIa ¢, IO JIUMOY
Y HOHUYCY.

5. 3mepenus 1o 1. 3 moBTOPUTH HE MEHEE S pas.

6. BBIUMCIIUTH CpeiHee 3HAUCHHUE yIia - (@, ).
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3. O0paboTka pe3yJbTATOB
I[To dopmyne (1.15) BBIYMCANTH KOHIICHTPALMIO ONTHYECKH
aKTHUBHOTO BeIIeCTBa B pacTBope. [[nmmHY myTm cBeTa B pacTBOpe

npuHATH paBHOM 95,04 MMm. VYaenbHas MOCTOSHHAs BpaILCHUS

3
[o] = 66,46 Tpar-cM
IIM - T

BOIIPOCHI JIsA CAMOKOHTPOJIA

1. JlaTh ompezesieHHE MOHATHIO «ECTECTBEHHOE BpAIllCHHUE
MJIOCKOCTH MOJIIPU3ALIUNY.

2. Ot yero 3aBUCHUT BEeJIMYMHA YTJia TIOBOPOTA MIIOCKOCTH
noJisipu3anuu’?

3. TlosicHuTh MeTOJ OnpeeeHUs] KOHIIEHTPAIUU
ONTUYECKH aKTUBHOT'O BEIIECTBA B PACTBOPE,
UCIIOJIb3YEeMbIi B JAaHHOU J1a0opaTOpHOU paboTe.

4. OOBSACHUTH SIBJICHUE BPAIICHUS IIIOCKOCTH
MOJISIPU3ALINH.

5. UTo Takoe UCKYCCTBEHHAsi ONTUYECKasi aHU30TPOMUs ?

6. JlaTh ornpeneneHne eCTECTBEHHOTO U OIS PU30BAHHOTO
CBETAa.

7. B 4deM 3akiroyaercs SBJICHUE NOJISIPU3alNKU CBETA?

8. Kak MOXHO NMPaKTUYECKU OTIIMYUTh €CTECTBEHHBIN CBET
OT IJIOCKOMNOJISIPU30BAHHOTO?

9. Yro Takoe CTeneHb MoJISIpU3alu?

10. Kakue cymiecTByIOT CriocoObl OJIy4eHUS OJIIPU30BaH-

HOT'O cBeTra?
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11. OOBACHUTH ABJICHUE MOIAPU3AIIN TTPH TBOMHOM
JTy4eTnpeIOMIICHUH.

12. O0BsicHUTH pabOTy MOJSAPU3ALUOHHBIX MPUCTIOCOOIIE-
HUMN, CITyKaluX JJIS MOJyYEHUs MOJISIPU30BAHHOTO
CBeETa.

13. Yto Takoe MIOCKOCTh MOISpU3aIun?

14. O6bsicHUTH pabOTy IKCIEPUMEHTATBLHON YCTaHOBKH.
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JABOPATOPHAA PABOTA Ne 3-7

N3YUYEHUE JUCIIEPCUHU CBETA

Heab padoTHI: WHCCIEIOBAaHUE HOPMAJIbHOW JUCIEPCUU
MOKa3aTelid MPEOMJIEHUS CTEKJIa NPU MNPOXOXKIAECHUU CBETA 4YEpE3
pU3MY.

IIpubopsl M NPUHANIEKHOCTH: TOHUOMETpP, PTYTHAS JaMIia,

CTCKIIIHHAA IIpU3Ma.

METO/J 9KCIIEPUMEHTA

B pabote uccneayercsi 3aBUCUMOCTb MOKa3aTels MPEeJIOMIICHUS
CTE€KJa OT JUIMHBI BOJHBI TIPU PA3JIOKECHUH CBETA IMPU3MOM.
HUcnonp3yembld  37€Ch  METOJ, OCHOBAaH Ha HW3MEPEHHM Veid
HAUMeHbUe20 OMKIOHEeHUs Jy4dd, TPETEPIIEBIICTO IPEIOMIICHUE B
TPEXIPaHHOU NPU3ME.

Xoq jiyya B mpu3Me npuBeneH Ha puc. 3.9. Ilpu nageHnn y-
4a MoJ] HEKOTOPBIM YTJIOM 0. Ha OOKOBYIO MOBEPXHOCTh MPU3MbI B TOU-
ke C OH JBaXKIbl HCTBITHIBACT MPEIOMJICHHUE, KKIABIM pPa3 OTKJIOHS -
SCh K OCHOBAHUIO MIPU3MBI. YTOJI OTKJIOHEHHUS O Jy4a, BBIIIEAIIErO U3
MPU3MBI, OyI€T HAUMEHBIITUM, €CJIM BHYTPH MIPU3MBI JIy4 HJET Mapari-
JIETbHO €€ OCHOBaHHWIO. B 3TOM ciydae yros majeHusi Ha BTOPYIO
rpa"b B Touke D Oyner paBeH yrily NperoMJICHUs] Ha IEPBOM TPaHU —
B, a yron npenomiieHus paBeH o. [Ipenomasiowuii yeon npusMsl A (TO
€CTh YroJ MEXJy OOKOBBIMH T'PaHSIMU) PABEH BHEIIHEMY YTy TpEy-

roiapuuka CDE IIpy BCPUINHC E, a yrojJl HauMCHbIICTO OTKJIOHCHUA
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0 —paBeH BHELIHEMY yriy uist TpeyroisHuka BCD npu Bepinne B.

CnenoBaTtebHO,
A=2B, 0=2(a-p). (3.1)
Bripaxkaem oTcrozia yritbl IaJicHUS U IPEIOMIICHUS
B=AL, =§+B:6+2A. (3.2)

HOI[CT&BJ'IHH 9T 3HAYCHHSA B 3aKOH CHGJ’IJ’II/IYCa, [IoJiydacMm

dbopmyiy asisi pacyeTa nokasaress MpeJoMIICHHUS:

. (8 + Aj
) sin
. sin( o) _ 2 (3.3)
sin(B) sin (A) | |
2

Takum 00pa3oM, eciii U3BECTEH MPEIOMIISIIOIIUN YToa TPU3MBbI

A, TO U3MCPCHHUC II0KA3aTCIIA IPCIIOMIICHUA IJIA PAa3HbIX JJIMH BOJIH
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CBOJIUTCS K U3MEPEHHUIO yTJIa HAUMEHBIIIETO OTKIOHCHHS 0.
3aBUCHMOCTD TOKAa3aTeNsd MPENOMIICHHUST OT JJIMHBI BOJHBI
MO3BOJISIET ~ MCIOJB30BaTh TPEXTPAaHHYIO TPU3MY B  KadecTBe
CHEKTPATILHOTO TPUOOpa, C MOMOIIbI0 KOTOPOTO HCCIEAYETCS COCTAB
U3Ty4YeHHUs] UCTOYHHMKA cBeTa. OIHON M3 OCHOBHBIX XapaKTEPHCTHUK
CIEeKTpalIbHOrO Tmpubopa sBIsETCS yenogas Oucnepcus. OHa
XapaKTepu3yeT CIIOCOOHOCTh CIIEKTPaJIBLHOTO npubopa
NPOCTPAHCTBEHHO Pa3eNIATh MYyYKU Jy4YeH pa3u4yHBbIX JUIMH BOJIH.
YucnoBoit Mepoil yriioBOW Iucnepcuu siBisieTcs oTHomienue do/dA,
rae do — yriaoBoe pacCTOSHHE MEXIy CIIEKTPAIbHBIMU JIMHUSMH,
ommyaromumucs Ha dA. Jns  TpexrpaHHOW TPU3MBI  yTIIOBas

AUCIICPCUd BOIN3H yriia HAUMCHBIICTO OTKJIOHCHHS paBHA

. (A
2sIn| —
do _ 2) dn (3.4)
di drn’ '
1—n?sin? ';‘

OIIMCAHUE SKCHEPUMEHTAJIBHOW YCTAHOBKH

Ha puc. 3.10 uzo0pakeH roHHOMETpP — NPUOOP ISl U3MEPEHUS
YIJIOB MEXKIY CBETOBBIMHU JydaMu. CBET OT UCTOYHUKA |, B KauecTBe
KOTOPOI'0 HCIMOJIb30BaHAa PTYTHAs JiamMIla, MPOXOJUT 4epe3 Ielb 2
KoJUTUMaTtopa 3 W MNapayiebHBIM ITYYKOM TaJaeT Ha mnpusmy 9,
YCTQHOBJICHHYIO Ha IIOBOPOTHOM CTOJIMKE & TOHHOMeTpa 4.
3putenpHas Tpyda 5 roOHHOMETpa MOXET IMOBOPAYMBATHCS BOKPYT
BEPTHKAJILHOW OCH M TO3BOJIIECT HAOMIOAATh M300pakKeHUE BXOIHOM

e KOJUIMMATOpa. YTIIOBOE TIOJNIOKEHUE 3PUTEIBHOU TPYyObI
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ONPENEIIAIOT M0 IKAJIE 7 1 HOHUYCY 6 TOHUOMETpA.

1‘@
/ﬁl\/z

/3

i 4

Puc. 3.10

HOPAAOK BbIITIOJTHEHUA PABOTbI

3ananue 1. U3mepeHue yriioB HaMMeHbIIEro OTKJIOHEHHUS

1. Tlepen mienpr0 KOMIMMATOpa MOMECTUTH PTYTHYIO JIaMITy.
Brxirounts €€ (pmymuas namna exniouaemcst om cneyuaibHoco 01oKka
numanusi). Y CTaHOBUTh TPyOy TOHHOMETpa TaKUM 00pa3oM, YTOOBI

OTYETIIMBO Ha6JHOIIaJ'IaCB BXOAHas HICJIb KOJUIMMATOpA. I/IBMepI/ITB
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MOJIOKEHUE (Po 3PUTEIIBHON TPYOBI, TPU KOTOPOM M300pakeHHUE IIETU
COBMEIIAETCS ¢ BEPTUKAIBHON JIMHUEN KAl OKYJISPA.
2. ITomectuts IpU3My Ha CTOIMK corjacHo puc. 3.11. [Ipu atom

ouccekTpuca yrina A J0KHAa OBITh MEPIEHAMKYJIpHA K OCH

KOJUIMMAaTopa, a OCHOBAaHME NPU3MBI JOJDKHO OBITH crhpaBa (Uiu

@]
/O

Puc. 3.11

cieBa) OT HaOmrojarTens. 3aTeM CTOJUK C MPU3MOM TMOBEPHYTH
npumepHo Ha 30-40° mpoTuB YacoBod crTpesiku. [loBopaunBath
3pUTENbHYIO0 TPYOy BNpaBo (WMJIM BJIEBO) K OCHOBAHUIO MPHU3MBI, MOKa
B I10JI€ 3pEHUSI HE MOSBUTCS KENTAs JIUHUS CHEKTPA PTYTHOM JIAMIIBI.
CnekTp oOOHapy>XMBaeTCs W HEBOOPYKEHHBIM TIJ1a30M CIIpaBa OT
nepBOHAYAIBHOTO TMOJIoXkeHus TpyOrl. [locie oOHapyxeHus: cniekTpa

choKycHupoBaTh 3pUTEIbHYI0 TpyOy Ha »xEntyio auHuto. Cierka
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MOBOpPAUMBAs CTOJIUK C IPU3MOM BIPABO U BJIEBO, MPOHAOIIOAATH, KaK
MEPEMEIIACTCS KENTAS JTUHUSA.

3aTeM NOBOpPAaYMBATH CTOJUK B TAKOM HAIIPaBJIEHUHU, YTOOBI
XKENTask JIMHUS BUrajach BJIEBO (K MOJIOKEHUIO (o). Eciu npu 3Tom
KENTast JTUHUS BBIXOAUT W3 TOJIS 3pEHHUs, TpyOy CienyeT BECTH 3a
auHuer. OTKJIOHMBIIMCH HAa HEKOTOPBIM yrojl BJIEBO, JIMHHS
OCTAHABJIMBACTCA U 3aT€M HAYMHAET UATH oOpaTHO (IIpU BpalleHUU
CTOJIMKAa C MPU3MOIl B TOM € HANpaBJICHHH). B MOMEHT OCTaHOBKH
KENTOW JIMHUM TOJOKEHHE MPU3Mbl COOTBETCTBYET YCTAaHOBKE Ha
yrojl HAauMEHBIIEro OTKJIOHEHUs Uil XKENThIX Jydeid. B 3Tom
MOJIO)KEHUHU CTOJIMK CJEeAyeT OCTAaHOBUTh WU, IIOBEpPHYB TpyoOy,
COBMECTHUTh BEPTUKAIBHYK) HHUTH OKYJsSIpa C CEPEAUMHOU KENTON
auHuu. [IpousBect OTCYET MO TUMOY U HOHUYCY. DTO YIOJ P1.

3. BplUMCIUTH yros HAaMMEHBIIETO OTKJIOHEHUS ISl KENTOMN
JIMHUM CIEKTPa: 81 = |(p1-¢ol.

4. YToOBl MOJYYUTh BTOPOE 3HAUEHHUE O2 ITOTO YIJIA, CTOJIUK C
OpU3MON TOBEPHYTh TaK, YTOOBI OCHOBAaHHME MPU3MBI HAXOIWIOCH
cieBa ot HaOmoaarens. [lonmHocteio moBTopuTth nm. 3,4. [locne 3Toro
no ¢opmyne 6 = (d1+ 02)/2 ompenenuTb Yros HAUMEHbILIErO
OTKJIOHEHUS 1J1s1 KENTON JTuHUHU (A=578 HM).

5. AHanoru4HbIM 00pa3oM ONPEAENUTh YIJbl HANMEHBILIETO
OTKJIOHEHHMSI JUIsl OCTaJIbHBIX JIMHUW PTYTHOIO CIEKTpa (3€aEHON —
A =546 um, 3eneHo-ronyooil —A =492 HM,  cuHE-PUOJIETOBON —

) = 436 M)
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3ananue 2. U3mepeHue yria npejioMJaeHus MPU3MbI

1. Ilomectuth mnpusMy corjacHo puc. 3.12 U NOpou3BECTH
OTCUYETHI MOJIOKEHUIN 3pUTENBHON TPYOBI ISl H300pa’KEHUI BXOJHOM
eI IPU OTPAKEHHUU CBETAa OT JIEBOM W IIPAaBOM I'pPaHEU NIPU3MBI
(yrsel @ U @' coOTBETCTBEHHO). Torna yroja mpesomiieHUs MPU3MbL
Oyner paBeH

A=lp- 0|2 (3.5)

2. 3Hags A u 9, BbruMcauTh no ¢Gopmyne (3.4) mokazarenu

IIPEJOMIIEHUS MPU3MBI U1 YKa3aHHBIX JINHUM CIIEKTPA PTYTH.

3. IToctpouTs rpaduk 3aBucumoctu N = f(1).

Puc. 3.12
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BOITPOCHI U 3AJJAHUA IJ151 CAMOKOHTPOJIA

1. B uém 3akirouaercst siBjieHUE aucnepcuu cBera? Uto Takoe
JMCTIEPCHUSI BEIlIeCTBA?

2. YUto Takoe yrioBas Aucnepcus?

3. Uro mnoHMMaercs TOJ HOPMAJIBHOM UM AaHOMAJIBHOM
aucnepcuein?

4. BpIBECTH 3aBUCUMOCTb MOKA3aTeNs MPETOMIIEHUS] OT YaCTOTHI
CBETOBOU BOJIHBI B CIIy4a€ HOPMAJIBHOU JUCTIEPCUH.

5. Uro Takoe OpPENOMISIONIMA YroJd TMPU3MBI U YroOJ
HAaNMEHBIIETO OTKJIIOHCHUA?

6. BeiBecTr BeNMUMHY IOKa3aTelsisl MPEOMJICHUSI 4Yepe3 Yrol
HAaNMEHBIIETO OTKIIOHCHUS.

7. Jloka3atk, 4TO MPEITOMJIISIONINI Yoy mpu3Mbl A = |¢ — ¢'|/2.
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