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JlaGoparopHas pabota Nel
JTUDOPAKINA U MTHTEPOEPEHIIA

O3HakoMbTeCh C TEOpUEH B KOHCIEKTe, yueOHuke (Casenbes, 1.2, §119,125-127,129,130). 3anmyctute nporpammy. Bol-
6epure «Onrtuka» u «HTephepeHnronnsIi onbiT FOHray. HaxkMuTe BBepXy BHYTPEHHETO OKHA KHOIIKY C M300pa)KeHH -
em crpanunsl. [Ipounraiite kpatkue Teopernueckue cBeaeHus. Heooxoaumoe 3anummmre B cBoM koHcnekT. (Ecmu BbI
3a0bUTH, KaK paboTaTh C CUCTEMOI KOMITBIOTEPHOTO MoaenupoBanus, npountaiite BBEJIEHUE ctp.5 eme pa3).

HEJIb PABOTBI:

* 3HaKOMCTBO C MOJICJIUPOBAaHUEM TIPOLIECCa CI0KEHUSI KOTEPEHTHBIX 3JI€KTPOMArHUTHBIX BOJIH.
OKCHEepUMEHTAIPHOE HCCIICIOBAHNE 3aKOHOMEPHOCTEH B3aMMOJICHCTBHS CBETOBBIX BOJH OT JBYX HCTOYHHKOB

*
(tmemneii).
KPATKAS TEOPHSL: .

Mexny AUOPAKIMEN n UHTEPOEPEHIIMEN Het cymiecTBeHHBIX (hu3nueckux paznunyuuid. O0a siBIeHUS 3aKioya-

JOTCSI B TIEPEPaCTIPEEeNICHNH B IPOCTPAHCTBE SHEPTHU CBETOBOTO MOTOKA, BO3HUKAIOMIEM B PE3yJbTATE CYNEPHO3UINH

BOJIH.

KOI'EPEHTHOCTBIO Ha3pIBaeTcs corylacOBaHHOE NMPOTEKAaHHE HECKONbKHX KojeOaTeNIbHBIX MM BOJHOBBIX Ipolec-
COB.

KOT'EPEHTHBIMMU Ha3pIBatoTCs BOJHBL, [UII KOTOPHIX Pa3sHOCTH (pa3 BO30YKIaeMbIX HMHU KOJIeOaHHH OCTAaeTCs MOCTO-
SIHHOW BO BpeMeHHU. KorepeHTHBIMU SBIISIOTCS TaApMOHUYECKHE BOJIHBI C KPaTHBIMH YaCTOTaMHU.

VHTEP®EPEHIIVEN Ha3biBaeTcs ycToifunBoe mepepacnpe/eicHie HHTEHCUBHOCTH, BO3HHKAIOIIEE B PE3yNbTaTe CY-
MIEPIIO3UIINH BOJIH, BO30YXKIa€MbIX KOHEYHBIM KOJMIECTBOM JUCKPETHBIX KOTEPEHTHBIX HCTOYHUKOB BOJH.
JIUDPAKIIUEN HasbiBaeTcst ycToifunBoe TepepacnpeieeHue HHTeHCHBHOCTH, BO3HUKAIOIIEE B PE3y/bTaTe CyHepIio-
3HIUH BOJH, BO30YXIAaEMBIX PAaCHOI0KCHHBIMI HEHNPEPHIBHO KOTEPEHTHBIMH MCTOYHHKAaMH BOJMH. OIHUM U3 NPOSBIE-
HUH AU PaKIUK SBIIETCS PaCIpOCTPaHEHHE BOJTHEI B 001aCTh T€OMETPUUYECKOM TEHH, T.€. Ty, KyJa He IOMaaioT CBe-
TOBBIE JIy4H.

[IPUHLIAIT TIOMTEHCA: Kablit 57eMEHT BOJHOBOH MOBEPXHOCTH ABIACTCH MCTOYHHKOM BTOPHUHOM chepruecKoi
BOJIHBI, @ BOJIHA B J1I000M TOUke mepen 3TOH MOBEPXHOCTHIO (C APYrod CTOPOHBI OT MOBEPXHOCTH, HEXEIH peanbHbIH
MCTOYHMK BOJIHBI) MOXKET OBITh HaiiJileHa KaK pe3yJbTaT CYINEPIO3ULUH BOJIH, M3Jy4aeMbIX yKa3aHHBIMH BTOPUYHBIMH
HCTOYHHUKAMHU.

30HAMU OPEHEJIS HazpBaroTcs TakWe YYAaCTKH Ha MOBEPXHOCTH BOJHOBOTO (PPOHTA, I KOTOPBIX H3JIyYEHHE OT
JIByX COCEHHMX y4YacTKOB IPH CIIOKEHHH JaeT MPAaKTU4YeCKH HyJIeBOH (MUHHUMAJIBHBIN) pe3yibTaT (M3IydeHHe OT ABYX
cocetHUX 30H DpeHesns KoMIeHcHpyeTcs). PaccTosHUS OT KpaeB Ka)XJJ0H 30HbI 1O TOUYKN HAOJIOICHUS OTIMYAIOTCS HA
M2

BenmunHa HanpsHKEHHOCTH deKTpudeckoro moiist dE anekrpoMaranTHoi BonHEl (OMB), n3mydaemMoit 3ieMeHTapHBIM
Y4YacTKOM IUIOIIaabo dS BOJTHOBOI MOBEPXHOCTH B TOUKE HAOJIOICHHS, PACIIOI0KEHHOW Ha PACCTOSIHUM I OT 3TOTO

a odS
= O — +a
y4JacTka, paBHa dE K COS( t kl" 0 ), r7ie MHOXKUTENb ag OTIPEAEIISETCS] aMILTUTY IO CBETOBOTO

KOJIe0aHHA B TOM MECTE, T/Ie PacIojiokeHa mrommaaka dS, koaduiment K 3aBUCHT OT yrita Mex Iy HOPMAIBIO K TIJI0-
nraake dS ¥ HanpaBJIeHWEM Ha TOYKY HaOmoaeHus, k = 271/k BOJHOBOE YHCIIO.

Amnanornusas (bopMyna 6yH€T CIIpaBeyIMBa JJIst JIF000r0 TOYEUHOI0 HCTOYHUKA FapMOHquCKOﬁ BOJIHBI.

Jis ABYX TOYEYHBIX MCTOYHUKOB (CM. PHCYHOK), PACIOJIOKEHHBIX Ha paccTOSIHWM d ApyT OT Apyra Ha JIUHWH, Iapai-
JIeTBHON dKpaHy, OTCTOSIIEMY OT JMHHH UcTOYHUKOB (1 1 2) Ha paccTosiHuu L, MakcuMyM 1ipu nHTEp(EpEeHINN BOJIH Ha
OKpaHe Ha6J‘[}0,HaeTC$I Ipu yCJI0BHH, YTO pa3HOCTb XOo4a r BOJ'IH, NpUuxXoJsx B JaHHYH TOYKY, KpaTHa JJIMHE BOJIHBIL:
Ar=mxm=20,1,2,...).

Dopmyna cBs3u d sin(¢) = m A1 IepBOro MakKCUMyMa U IpH OOJIBIIIOM PacCTOSHUM JI0 3KpaHa L>>d, xorna

sin( ) ~tg(q) ~ m
? L
npeoOpaszyeTcs Tak:
Kiiaxd 1

I Y

, OTKyna Xmax = L

L d



OKPAH

METO/IMKA u IOPAJIOK N3BMEPEHUIA

3akpoiite OKHO TeoprH. BHUMAaTEsHO pacCMOTPUTE PUCYHOK, HAHJUTE BCE PETYIISTOPHI M APYTUE OCHOBHBIE SIIEMEHTHI
U 3apUCYWUTE UX B KOHCIIEKT.
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TEeKULLME SHAHEHIHA

3apucyiiTe He0OX0IMMOE C SKpaHa B CBOIM KOHCIEKT JJaO0OpaTOpHOH paboTHI.
IMosyuure y npenoaaBareJisi A0NYCK IJIsl BBINOJTHEHHS U3MEPCHUI.

U3MEPEHMWSA:

[NoxBenure Mapkep MBIIIM K JBMXKKY PETysTOpa BOJIM3M KapTUHKH CIIEKTpa, HAXXMUTE JIEBYIO KHONKY MBIIIH H,
yIlepKHBasi €e B Ha)KaTOM COCTOSHHMM, JABHTAWTE JIBIKOK, YCTAaHOBHB YMCIIOBOE 3HAYEHHE JJIMHBI BOJHBIAI, B3SITOE M3
tabnuupl 1 Ui Bamen Opurazpl.

AHanorn4HeIM 00pa3oM, 3aleNHB MBIIIBIO JIBIJKOK PEryJIsiTOpa PacCTOSHHS MEXIY MIENSIMM, YCTAaHOBUTE MHHH-
manbHOe 3HaueHne d = 1 M. M3MepbTe, UCIIONB3Ys LKAy Ha dKpaHe, paccTOsHHE Xmax MEXAY HYJEBBIM U IEPBBIM
MaKCHMyMaMH U 3amnuiinTe B Tabnuiy 2. YenuuuBas d kaxaelid pa3 Ha 0.3 MM, n3MepsbTe eie 9 3HaueHUH paccTOSHUS
Xuax-

YcraHaBKBas HOBBIE YHCIIOBBIE 3HAUYEHMS JJIMHBI BOIHBI A, U3 TaOnuIps! 1 Ui Bamel Opurasl, HOBTOPUTE U3Me-
pEeHUS 10 1.2, 3aMUChIBast PE3yJIbTaThl B TAOMUIIEI 3,4,5.

TABJINLA 1. [IpumepHble 3HAUeHUsI JTUHBI BOJHBI (HE TIEPEPUCOBLIBATH)

Bpurana 1 2 3 4 5 6 7 8
Al 400 405 410 415 420 425 430 435
A2 500 505 510 515 520 525 530 535
A3 580 585 590 595 600 605 610 615
A4 630 635 640 645 650 655 660 665
TABJIMLBI 2-5. Pe3yabTaThl N3MepeHuii mpu A = HM

d[mm]

XMAx[MM]

1 Xmax

[Mm]




OBPABOTKA PE3YJIbBTATOB 1 O®OPMJIEHUE OTYETA:

Paccunraiite u BHECHTE B TaOIMIBI 3HAYCHUS OOPATHOTO PACCTOSIHUS MEXIY MICISIMH.

IToctpoiiTe Ha OAHOM PUCYHKE rpaUKH SIKCIIEPUMEHTAIBHBIX 3aBUCUMOCTEH CMEIICHHS IEPBOTO MAaKCUMyMa X MAX
OT 00PaTHOTO PACCTOSHUS MKy WEeTIMH (YKa3aB HAa HUX JUTHHY BOJHBI ).

Jnst Kax 101 JIMHAY OTIPEIEIINTE 10 rpaduKy SKCIEPUMEHTAIbHOE 3HaUeHNEe pon3BeneHus [), ncnonssys popmy-

AX max)

a1y ?\'L:—l_
A(d)

Paccumnraiite cpeqHee 3HaU€HHE SKCIIEPUMEHTAIBHO MOTYYSHHOTO Tpou3BeieHns AL u abcomoTHyto ommoKy n3me-
peHUii JTaHHOTO MPOU3BEACHUS.
3anuuinTe OTBET U MPOAHAIU3UPYHTE OTBETHI M TpaduKH.

Bonpocs! 1 3aaaHus 119 CAMOKOHTPOJIA

UYro Takoe BoyHA?

Yro Takoe rapMOHUYECKas BOJTHA?

Y10 Takoe IJIMHA BOJHBI?

Hanummre MateMaTHyeckoe ycioBHe Toro, uto GpyHkuus f(X,t) onuceiBaeT BOIHY.

Yro ompenenseT (GopMy BOJIHBI M HAIIPABJICHHUE €€ PAaCIIPOCTPAHECHUS ?

Hanumure MateMaTnyeckyro yHKIUIO, ONPEACISIONIYIO OTHOMEPHYIO FTApMOHUYECKYIO BOJIHY, PACIPOCTPAHSIO-

HIYIOCS B TTOJIOXKUTEIHLHOM HarnpasieHuun ocu OX.

7. Uro Takoe KOrepeHTHOCTh?

8. MaiiTe onpeneneHne KOTePEHTHBIX BOJH.

9. aiiTe onpenerneHue sSBICHNUS HHTEPPEPECHIHH.

10. [aifre ompeneneHue ABICHUS AAQPAKIHM.

11. Yto Takoe BOJHOBAs TIOBEPXHOCTH?

12. Coopmynupyiite npunnun [loireHca.

13. [aiite onpeaencaue 300 OpeHens.

14. Hammmure GopmMyry UIs HampsHKEHHOCTH dekTpudeckoro mois dE snmexTpomarautHo! BonmHBl (OMB), m3myuae-
MO 3J€MEHTapHBIM yYacTKOM IUIOIAAbi0 dS BOJHOBOW MOBEPXHOCTH B TOYKE HAOJIIOJCHMS, PACIONIOKCHHON Ha
PacCTOSIHUU T OT 3TOro y4acTka. [losicHuTe pUCyHKOM.

15. Yo Takoe pa3HOCTb X0/a JBYX T'APMOHNYECKHUX BOJIH, U3ITyYaEMBbIX JBYMS HCTOUHHKAMHU.

16. Ilpm xakoi pa3HOCTH X0/1a IBYX BOJIH MPH UX CIIOKEHNH HAOII0JaeTCst MaKCUMYM?

17. Tlpu kakoit pa3HOCTH XO0Ja IBYX BOJIH IPHU UX CIOKEHUH HaOM0aeTcd MUHUMYM?

IR .



JIABOPATOPHAS PABOTA Ne 2

W3YYEHUE UHTEP®EPEHIINA CBETA OT IBYX HIEJEM

Hean padoTsl
Omnpenenenre pacCTOSHUS MKy MIETSIMH C TOMOIIBIO HHTEP(EPEHITOHHBIX IMOJIOC B onbiTe FOHTa.
Beenenue

NuTepdepenimeii Ha3pIBaeTCsl SBICHHUE CIIOKEHUS (CYNEepPHO3UIIUN) KoieOaHui, BO30YKIEHHBIX B HEKO-
TOPO¥ TOYKE MPOCTPAHCTBA BOJHAMHU, MIPUXOASIIUMU OT HECKOJIBKUX KOT€PEHTHBIX UCTOYHUKOB. PaccMoTpum
JIBA TOUEYHBIX KOTEPEHTHBIX UCTOYHHKA S1 U Sy, KOJeOaHHsT KOTOPBIX MIPOUCXOJIST C OJMHAKOBOI 4acTOTOM
(), a pa3HOCTh HAYaIBHBIX (a3 KoJeOaHWil paBHa HYIIO (MCTOYHHWKH cuH(pa3HbI). [lycTh OT ncTtounmka Si
pacnpoCTpaHsIOTCs OETyIUe BOJHBI B cpefie | ¢ mokazareneM npeoMiIeHHs Ny, @ OT HCTOYHUKA Sy — B cpelie
2 ¢ mokazareneM mpenomieHus Ny (puc. 1). Ha pucynke muans OO; — rpaHUIia MEXIY STUMH TPO3padHBIMA
cpeqaMu.

Sio

O O

S:0

Puc. 1

Ha rpannmie OO: BriOepeM Touky P 1 onpenenimM yciaoBre MUHIMYMa H MAKCHMYyMa aMIUTATYIbI Pe3yIIbTH-
pyromiero koneGaHus B 3TOH Touke mpocTpaHcTsa. O6oznaumm (; =SP, § =S,P. st 21eKTPOMarHUTHBIX
BOJIH (CBET — JJIEKTPOMATHUTHAsS BOJHA) KOJIeOaHMs BEKTOpa [ OT JBYX OJMHAKOBBIX MCTOUHMKOB 1 u 2
ONPEENAOTCS BBIPKEHUAMHU: E;=E;cos ® t—ki§ u E, =E cos ® t—k,§,
E, — aMIumiTy/1a rapMOHHYeCKUX KoneGanuii, K — BomHoBOE wmCIO.

B Touke Ha6J'IIO,I[eHI/IH P MMPOUCXOOUT CIIOKCHUC KoJIeOaHUH O,Z[HHaKOBOﬁ HaCTOThI. By,Z[CM CUHUTaTh, 4YTO
3THU KOJI€OaHHS MMPOUCXOLAT BAOJIb OAHOI'O HAIIPABJICHHS. Paznocth (1)8,3 KOJIcOAHHH B 3TOM TOYKE paBHaA:

d=(ot—kif) — ot—kys =Kk, —kif,

C .
ek = @ _ gonHOBOE ypcno; V. — _ — CKOPOCTb PacIpOCTPAaHEHHMs! JJIEKTPOMATHUTHOM BOJIHBI B CPEZIE C
Vv n

nokasarenem npenomieHus N; C — CKOpocTh 3TOH BOJHBI B BakyyMe. Tak Kak

ol on/
ke = = =kn?,
\Y C
© 27
rae K = = — BOJHOBOE YMCIIO JUTs cpeabl ¢ N = 1 (BakyyMm), A, — JUIMHA BOJHBI B cpenie ¢ N = 1, To pas-

0
HOCTB (ha3 KosieOaHuit

27 .
O = koly —Kgy § =— nyly —m4
}\’O
OTIpeIEIIIET PE3YIBTUPYIOIIEE Konebanue B Touke P.
Benuunba ¢ — ONTHYECKHI MYTh BOJHBI, PA3HOCTh 3THUX BEIWYMH JUIA JABYX BOH A =Nyl —MNif —ux

2n o
ONTHYECKAsh PAa3HOCTh Xojaa, Torma d=—A. M3 ycloBHS MHUHHUMyMa MpU CIOXKCHHH KOJIeOaHuit
0
d=+2m% -m, m= 0,1,2,..., noJdy4aeM ycIOoBUE MHUHHUMYyMa IPU UHTEPHEPEHIIMN, BBIPAKCHHOE uepes3



Ao
ONTHYECKYIO Pa3HOCTh X0fa BomH: A=+ 2m+1 > VcroBue MakCuMyMa—  § =+27m  (KoneGaHus IIpoKc-

XOJST B OZIHOM (pase) omperenseT yCaoBue MaKCHMyMa, BEIDaXKEHHOE depe3 A1 A =Eml

MOosKHO cKa3arh, 9TO TPH CIOKEHUH KoJIeOaH!i B IFOOOH TOYKE IMPOCTPAHCTBA Pe3yIbTHPYIOIIee Kolebanme
ONpeEIISIETCS BEIMYMHON ONTUYECKOM pa3HOCTH X0/1a BOJIH.

MeTtoanka 3KcriepuMeHTa

PaccMoTpuM MOHOXPOMAaTHYECKYIO CBETOBYIO BOJIHY (AJIMHA BOJHBI B BAaKyyMeJy ) C IUIOCKUM (PpOH-
TOM, MAAAIOUIYI0 HA HEMPO3PauHbId dKpaH C ABYMS LIETSMH (ONTHYECKas cxeMa, OJMU3Kas K CXeMe OIbITa
IOwnra). IlycTs 3KkpaH, re pacnoaoKeHbl EJIN MOKET IIOBOPAUYNBAThCA OTHOCUTENBHO TOUKH O — CEepeAMHBI
paccrosiaus d Mexay messiMu (puc.2) Ha HEKOTOPBIH yrol ¢.

MoxHO TOKa3aTh, YTO MOJIO)KEHWE MAaKCUMyMOB M MHUHHUMYMOB HMHTEHCHUBHOCTH CBETa Ha JKpaHe
HaOJII0IEHNS], PACTIONOKEHHOM naneko oT mened (L »> d), coBnazaer ¢ ux mosnoxeHnue 1jis TOYEUHBIX UC-
TOYHHMKOB S1 U Sz, PaCIIONOKEHHBIX HA TAKOM XK€ PACCTOSHUU APYT OT Apyra. Teoputo nuHTepdepeHIINN BOIH
OT TaKHX JIByX TOUEUHBIX UCTOYHUKOB MbI ¥ PACCMOTPHM HIDKE.

OkpaH HaOroAeHNs (0OBIYHBIN THCT OyMaru) pacronaraercst Ha paccrostann OA = L, oTcauTsiBaeMoM
ot Touku O, x — KOOpJMHATa TOYKU HaOIroAeHUs P paBHa paccTOsSHUIO AP.

v

Puc. 2
Onruyeckas pa3HOCTh X0/1a JTydeil 1 1 2 oT miockoro ¢ppouTa 10 meneii papaa A, =FSy = d singa on-
THUYECKas pa3HOCTh X072 Jydeii 1 u 2 rmociie npoxoxaeHus mienei S1 u Sy paBHa A, n =1 . Ha skpan nyuu 1

¥ 2 IPUXOJIAT € Pa3sHOCTBIO Xo1a A=A, + A, Paccuuraem A,. W3 mpsAMOyroibHBIX TPEYTOILHUKOB S1 BP 1
S2 CP:

2 2
72 :(L+dsinaj +(x_d cosaj ,
2 2

d 2 d ?
;'%:(L_Esina] +[x+zcosa) JAy=ly— 1y,

€§—£f= ly+0ly - Ly—1y ==2Ldsino+2xdcosa.

Ilpu ycnoBun d, x << L, /(1=~/l,~L:
(/1+()2 22|_,
2L - A, =2xd coso —2Ld sing

xd cosa .
WIIH Ay =———dsing
L
xd coso
A=A +Ay =—.
L
W3 ycmous makcumyma Juis  uHTepdepupyrormmmx sywer 1 w2 A =xmA,, rnme
mj, L o
m=20,1 2, .. noay4um X, =———— — KOOPAMHATHI TOUYEK IKPaHa C MAKCUMAJIbHOM HHTCHCUBHO-

d cosg



i. Wsmepsas AX

CTBIO CcBeTa. PaccTogHME MEX Iy COCETHUMHA MaKCUMyMaMH PaBHO AX =X — Xy =
dcosa
Aol

MCKAY CEepCAMHaAMU APKUX MOJOC, MOKXHO PaCCUNTATh d =
AXCOS ¢t

3ananne k padorte

1. IlogroToBeTe K paboTe M BKIFOYHTE TAOOPATOPHYIO YCTAHOBKY (CM. IpuiioxkeHwue). [t yria moBopota
o (puc. 2) onpenenuTe pacCTOSIHUE MEXKTYy CepelMHAMH HHTEP(PEPEHIIMOHHBIX MAKCHMYMOB  AX,
N Aol
2. OnbIT OBTOPUTH [UTS TPEX 3HAYCHUI yria moBopora. Onpeaenute pasmep d = XCose npeaBapu-
XCOS ¢,
TEJILHO U3MEPUB paccTosiHue L 710 dKpaHa JUTs KaJIoro 3Ha4eHUsT AX W COOTBETCTBYIONIME €My 3HAUCHUS

yria o . JlyinHa BOJNHBI Ia36pHOTO U3IIyYEeHHUs A, yKa3aHa Ha yCTAHOBKE.

3. Paccuuraiite cpennee 3nadenue d ¥ IOrPEIIHOCTD U3MEPEHUs Oy, cunTas (IPUOIMKEHHO) U3MEPEHUE
d npsimbiM. JloBepuTenbHas BeposTHOCTE P = 95 %. 3aHecute qaHHbIC B TAOIMILy H3MEPEHHI.

KoHnTpoabHbIe BONpPOCHI

1. Kakumu ycioBUsIMH OTIpeessieTcs KOTepEHTHOCTh BOJIH?

2. PoItb KOTepeHTHOCTH BOJIH IpY UHTEPHEPEHIINH.

3. Kakum o6pazom pazHocTh (ha3 KonebaHmid CBA3aHa ¢ ONTHYESCKON Pa3HOCTBIO X0Aa Tyden?
4. YcnoBus MAaKCHMyMOB U MUHHMYMOB TIPH MHTEP(EPESHITIH BOJTH.

5. CxeMa yCTaHOBKH U TIOPSJIOK BBITIOTHEHHUS paOOTEHI.



JIABOPATOPHASI PABOTA 3
JUOPAKIITMOHHA PEILIETKA

O3HaKOMBTECH C TeOpHeH B KOHCHeKTe, yaeOHuke (Casenbes, T.2, §129,130). 3anycture nporpamMmmy. Beibepure «OnTH-
ka» U «/ludpakunonnas pemerka». HaxMuTe BBepXy BHYTPEHHEr0 OKHa KHOIKY C M300paskeHHeM CTpaHulpbl. [Ipoun-
TaliTe KpaTKHe TeopeTndeckue cpenenus. Heooxoaumoe 3anummre B cBoi KoHcneKkT. (Eciu BbI 3a0b11H, Kak paboTaTh C
CHCTEMOW KOMITBIOTEpHOTO MoenupoBaHus, npountaiite BBEJJEHUE ctp.5 eme pa3).

HEJb PABOTbI:

* 3HAKOMCTBO C MOJICIIMPOBAHUEM TIPOIECCa CIIOKEHUSI KOT€PEHTHBIX JJICKTPOMArHUTHBIX BOJIH.
OKcnepuMeHTaNbHOE HCCIIeI0BaHNE 3aKOHOMEPHOCTEH B3aMMOJICHCTBHSI CBETOBBIX BOJIH C IIEPUOJHYECKOM
CTPYKTYpO# (Au(paKIIMOHHOMN pEeIIeTKOM).

KPATKAS TEOPUSL:

3apucyiiTe ¢ 9KpaHa KOMIIBIOTEPA TO, YTO PACIIOJIOKEHO B TPEX MPSIMOYTOJIBHBIX PAMKaX.

JIUDPAKIIMOHHOM PEIIETKOM Ha3eiBaeTCs COBOKYITHOCTh GOMBIIOr0 urcia N 0 HHAKOBBIX, OTCTOSIIUX APYT OT
Jpyra Ha OJHO M TO K€ PACCTOSIHUE, IPSIMOYTOJIbHBIX IENCH B ITIOCKOM HEMPO3PavyHOM 3KpaHE.

MEPUO/IOM (mocTossHHO) nrppaKIimOHHON pelIeTKH Ha3bIBaeTCs paccTossHIe d MeXITy CepeIMHAMH COCETHHX Ieeit
WIIM CyMMa HMIMPHHBI METH b U IIMPUHBI HEIIPO3PAaYHOTO YIaCTKa a.

[Ipn ananm3e W3My4eHHsI, TPOXOAAIIETO Yepe3 PEeIIeTKY, OOBIYHO HCIIONB3YIOT JMH3Y M 9KpaH, PACIIOJIOKEHHBIH B ¢o-
KaJIbHOM IJIOCKOCTH JIMH3BI Ha paccTosiHuu L or Hee. JIMH3a coOupaeT mapaiesbHbIe JIydd B OJHY TOYKY Ha DKpaHe.
[NonoxxeHne X TOYKU Ha SKpaHE 3aBUCHUT OT yrila majgeHus O mydeid Ha uH3y: X = Lsin( ). flyst o4eHb MabIX yIIIoB Sin(
)=8X=HL. 0

PA3BHOCTD XOJIA nyueit ot coceqnux mieneit # dsin( ).0

A 21, .
PA3HOCTD ®A3 nydeii OT cCoceqHUX Ieeit o0=27 I = T d Sln(e) .

*

MHTEHCUBHOCTD U3JIYUEHUS, naymero ot pemeTku nof yriaoM 8:
o(mbsin®) . ,(Nlsin 6
n“f ——1| sin°| —
_ A
. 2 d 1
. ,(madsIin®
nbsin 6 sin 2
A

rae lo - HHTeHCHBHOCTD, CO3/laBacMasi OJTHOW INENBI0 MPOTHB IICHTpa JUH3HI, b - mupuHa 1mend. [IepBeIii MHOKHTEINH
obpamaercs B 0 B Toukax, il KOTopsIX bsing k) =tk Xk = 1,2,...). BTopoii MHOKuUTeNb NpUHUMAeT 3HayeHue N2 B Tou-
KaX, YJOBIETBOPSIIONMMX yciaoBUIO dsin(fm) =4 fm = 0,1,2,...). Tlociennee ycnoBue onpenenser mnonoxenue ['JIAB-
HbIX MAKCHUMYMOB wu3znyuyenusi, a m Ha3bIBae€TCsl MOPAJKOM MakcuMyma. MIHTEHCHBHOCTb B INIABHOM MaKCHMyMeE
npeobpasyeMm, packiiaibiBasi CHHYC B PsiJl 1 OTPAaHUYUBASCH IEPBBIMHU JIBYMSI YWICHAMH PA3JI0KEHHS:

Ipem = lo

,( mbsin O, sin?(m_ - )
Im = N2lo M :ION—dz 1_E mnE
0 smem 2 b2 ON 5 q
A d

|
0O603HaunM R m = IL
ON

OrHomenue Rm HHTEHCUBHOCTH B M-TOM MakCUMYME€ K UHTCHCUBHOCTH B HYJICBOM MAaKCUMYME Ha3bIBACTCS «OTHOCHU-
TEILHON MHTCHCUBHOCTBIO M-TOTO MaKCUMYyMay.
2

1
@ 1 51
OpMyI1y Rm =41— E (nTCb P a MO’KHO IPOBEPUTH IKCIIEPUMEHTAIILHO U U3 COOTBETCTBYIOLIErO Ipa-

(¥MKa MOJTYYUTB IUPUHY LIEIH.

METOJIMKA u IOPAJIOK W3MEPEHUI

3aKkpoiiTe OKHO TEOPUH. BHIMATENBHO PacCMOTPUTE PUCYHOK, HAMIUTE BCE PETYIIATOPBI U JPYTUE OCHOBHBIE 3JIEMEHTHI
U 3apUCYHTE UX B KOHCIIEKT.
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OMPaKLMOHHEA PEWETES

[Ipu BKIIOYEHUH MTPOTPaMMBI MOJICIUPOBAHMS aBTOMATHUECKH YCTaHABIMBAIOTCS CIIEIYIONINE apaMeTPhl: MOPSIOK
MakcuMyMa m=1, mrHa BoHBL (.45 MKM, paccTosHAe Mexay mensmu d = 20 MKM.

HakxuMmas J1eByr0 KHOIIKY MBIIIH, YCTAHOBUB €€ MapKep Ha MUPpPaKIMOHHOU KapTuHe, MeHsiTe m ot 0 mo 3 u Habmo-
JaiiTe N3MEHEHNEe YUCIIOBOTO 3HAYCHUS KOOPAMHATH MAaKCUMyMa Ha dKpaHe. Y CTaHOBUTE IUTUHY BOJIHBI H3ITyUSHHUS, CO-
OTBETCTBYIOIIYIO KEITOMY IIBETY U, MCHs1 M U d, CHOBa HaOMroaiiTe KapTHHY WHTEP(EpCHITHH.

MosyunTe y nmpenogaBaTesi A0MYCK IJIs1 BHINOJTHEHHS H3MePeHHId.

IKCIIEPUMEHT NCCJIEAOBAHUE HHTEP@EPEHLII/IOHHOT/I KAPTHUHBI

YcTaHoBHUTE paccTosHIE MeKTY measMu d = 20 MKM.

[ToaBenuTe MapKep MBI K KHOTIKE Ha CIIEKTPE U HAKMUTE JIEBYIO KHOIIKY MBIIIH. Y IEpPKMBas KHOIIKY B Ha)KaTOM
COCTOSIHUH, TIepeMellaiTe KHOMKY J0 TeX MOop, MOKa Haj CIEKTPOM He TMOSBUTCS 3HAYeHHUE JUIMHBI BOJHBI, pABHOE B35-
TOMY W3 TaONMUIEI | I Bare Opuraiapt

M3mepbTe MTMHEHKON Ha 9KpaHe MOHHUTOPA JUIUHBI CBETAILIUXCSI OTPE3KOB, COOTBETCTBYIOIINX HHTEHCUBHOCTH COOT-
BETCTBYIOIIAX MAaKCUMYMOB Ha Au(PAKIIMOHHON KapTHHE. 3alUIINTe 3HAYCHUSI HTHTCHCUBHOCTH B TaOJHILy 2.

Yeenuuusas d Ha 1 MKM, HOBTOpHUTE U3MEPEHUS 10 11.3
YcTaHOBUB HOBOE 3HAUCHUE JUTMHBI BOJTHBI M3 TAOMHUIBI | TOBTOPUTE U3MEPEHHSI, 3aITUCHIBAS PE3yIbTAaThl B TAOJIHILY

3.
TABJIUILIA 1. IlpumepHbIe 3HAYEHHS JJINHBI BOJTHBI (HE TIEPEPUCOBHIBATH)
Bpurama 1 2 3 4 5 6 7 8

A1 [HM] 400 410 420 | 430 |440 450 | 460 470
A2 [HM] 600 610 620 (630 |640 650 |[660 670
TABJIMLBI 2,3. Pe3yabTaThl H3MepeHuil npu A = HM.

dimxm] |20 |21 |22 |23 24 |25 26 28 30

OBPABOTKA PE3VJIbTATOB 1 O®OPMJIEHUE OTYETA:
Beruucnure n 3anuiute B TaOIMIB! 2 ¥ 3 KOPHU U3 OTHOCUTEIBHBIX aMILIUTY MakcuMyMoB. [Toctpoiite mmo Tabim-
11e 2 Ha O/THOM PHCYHKE Ipa)MKH SKCIIEPUMEHTAIBHBIX 3aBUCHMOCTEH KOPHS U3 OTHOCUTEIBHON aMIUINTY/IbI OT 00par-




HOT'O [EpUOIa PEIISTKH JJIsl BCeX MAaKCUMYMOB (yKa3aB Ha HUX HOMep Makcumyma). Ha BTopom pucyHke mocrpoiite pe-
3yJIBTaThI 110 Tabauue 3.
Mo HaknOHY Kaxkaoro rpaduka onpenenuTe SKCHepUMEHTAIBHOE 3HaYeHHE IUPUHBI [IEJTH, HCTIONB3Yst GOpMYITy

o /6 [AGRL)
mm A(%
d

Brrurcnute cpenHee 3HAYCHUE IUPUHBI IIETH, TIPOAHATU3UPYHTE OTBETHI U IPa(UKH.
Hemunnoe snavenue b = 5 mxm.

BOHPOCLI u 3aJaHUs 118 CAMOKOHTPOJIsA

Jaiite onpeneneHue CBETOBOU BOJIHBIL.

[aiiTe onpeneneHne rapMOHUYECKON BOJIHBL.

Jaiite onpeneneHye 3IeKTPOMArHUTHON BOJIHBL.

Hanumure GpopMyiy 3aBUCUMOCTH HANPSKEHHOCTH DJIEKTPHUYECKOTO MO OT BPEMEHH U KOOPAUHATBI LISl OJIHO -
MepHOU rapmMoHnyeckoit OMB, pacnpocTtpasstomeiics Baoas ocu OX.

5. Kaxkue BOIHBI Ha3BIBAIOTCS KOTEPEHTHBIMU?

6. J[laiite ompeneneHue TUQPPAKINH.

7. Yro Takoe audpakHoHHAs penieTka?

8

9

PO

JIiist kakux 1enei uemob3yercs aupakiMoHHas pereTka’?
. Yro Takoe nocTosiHHAs TUPPAKIIMOHHON peIeTKn?

10. 3agem Mexny TUQPaKIMOHHON PEMIETKOW M 9KPaHOM CTaBHTCS COOMparommas Jima3a’?

11. Hamumure GpopMysty pa3HOCTH X0Ja JIydel, HAYIIUX OT JBYX COCEJHUX LIeiel AM(PPaKHOHHON PEIeTKH.

12. Hamummute hopMyiy pasHOCTH (a3 Iydeil OT COCSTHUX IMIETICH.

13. Kak popmMupyroTcs riiaBHbIE MAKCUMYMBI TU(PPaKINOHHOW KapTUHBI?

14. Hapucyiite, KaK pacrpocTpaHsIeTCsl OCJIe PEIETKN OHA MJIOCKas TapMOHUYECKast BOJIHA, MTalalomiast epIeHANKY -
JSIPHO TIIIOCKOCTH PEIISTKH.

15. Hapucyiite, kak OyayT pacpOCTpaHATBCS MOCIE PEMIETKU JIBE IUIOCKHE TApMOHHYECKHE BOJIHBI C OJIM3KUMU JUIMHA -
MH BOJIH, TTAAI0IINE TIEPIICHANKYISIPHO IUNIOCKOCTH PEIIETKH.

16. MoxxHO Jiu caenath JUQpaKIHOHHYIO PEIIETKY JUIsl paJluoIoKalMOHHOM BosiHbI? Kak oHa OyAeT OTiinyaThest OT
OOBIYHON TU(PAKIIMOHHON PENIETKHU Il BUIUMOTO CBETa?



JIABOPATOPHAS PABOTA Ne 4

[HOJIAPU3ALNA CBETA

EcTecTBeHHBIH M NMOJIAPU30BAHHBIN CBET

CBerT ABIseTCS 21eKTPOMArHUTHOM BOIHOM, T.€. BOJIHOM, B KOTOPOI MPOMCXOIAT KojlebaHus BEKTOPOB E
v ¥ —EBeKTOp HaNMpsSKEHHOCTH >JIEKTPUYECKOTO MOJA, H BekTop HATIPSKEHHOCTH  MarHUTHOTO OIS ).
DIeKTPOMATHUTHASI BOJIHA TONEpPedYHa, TAaK KaK KONeOAHMs BEKTOPOB M MepHeHIUKY/IApHBI HAIpPaB-
JNIEeHHIO ee pacmpocTpaHenus. Takum 06pa3oM, Tpu BekTopa E, [ M CKOPOCTh pacmpoCTpaHEHHsS BOTHOBOTO
dponTta V B3aHMHO MepHEHAMKYISPHBI 1 00pa3yloT IpaBylo TPOHKY BeKTOpoB. Kak IOKa3bIBaeT OIBIT, (-
3MOJIOTHYECKOE, (DOTOXUMHUYECKOE, (DOTOIEKTPUICCKOE U IPYTHE JIEHCTBHSI CBETA BBI3BIBAIOTCS KOJICOAHMS -
MU 3JIeKTpHUIecKoro BekTopa. [loaToMy ero mpuHSATO Ha3bIBaTh CBETOBBIM BEKTOPOM. B nmanpHelriemM Mbl Oy-
JIeM FOBOPHTH TOJILKO O BekTope E (HampapjieHHe BeKTopa [ Bceraa MOKHO ONpeie/InTh, 3Has HApaBIeHHE
E)

EctecTBeHHbIii cBeT (T.€. CBET, HCIyCKAaeMbIi OOBIYHBIMU CBETOBBIMH HCTOYHHKAMH) €CTh COBOKYII-
HOCTh CBETOBBIX BOJIH CO BCEBO3MOXXHBIMH HANPABICHHUSAMHU KOJCOAHHS BEKTOPAE, MEPHICHIUKYISPHBIMU K
JIy4y CBETa, OBICTPO M OECHOPSIIOYHO CMEHSIOUMHU JIpyT Apyra. Takol XxapakTep KoyiebaHuii 00yCIoBIICH
cneunq)mcom M3My4deHus cBera. M3mydueHne cBeTsmerocs Tena cnaraeTca 13 BOITH, HCITyCKaeMBbIX €ro aroma-
mu. TIporecc u3mydeHus oTAeIbHOro atoma jmutcs okono 1078 ¢. 3a 510 BpeMs ucmycKaeTcst Iy BOJIH MPo-
TSHKEHHOCTBIO NTPUMEPHO 3 M. Uepes HEKOTOpOe BpeMs IMOCIe U3IYUYCHUS aTOM BO30YXK/IaeTCs U CHOBA HAYU-
HaeT u3ny4ars. OTHOBPEMEHHO HCITYCKAIOT SHEPTHI0 MHOXECTBO aTOMOB. L[yru BOIH, M3Iy4aeMble WM,
HaKJIaJBIBAIOTCS APYT Ha Jipyra, 00pa3ys CBETOBYIO BOJIHY. HaMm oTHOBpeMEHHO NMPUXOIUTCs HAOMI0JaTh U3-
JlydeHHe OFPOMHOI0 YMC/Ia aTOMOB, MOCHLIAIONIMX CBET C Pa3IMYHBIM HAMPABIEHUEM KojleOaHuii BeKTOpoB E

H . Kpome Toro, B eCTECTBEHHOM CBETE HAOMOIAETCA OBICTPas CMEHA STUX OpHEHTAIEH.

Caer, HampaByieHHE KOJIeOaHUI B KOTOPOM YIIOPSI0UEHBI KAaKUM-TH00 00pa3oM, Ha3bIBAIOT MOJISIPU30-
BaHHBIM. CBET, B KOTOPOM UMEETCS €IMHCTBEHHOE HANpaBJICHHE KoneOaHui BeKTopa E (a, CIeI0BaTesbHo,
¥ )] Ha3bIBAIOT ILIOCKONOJISIPU30BAHHBLIM. ECIM KOHEIl BEKTOpa [DIHUCHIBAET SILUIMIC — JIIMITHYECKH-
NoJIAPU30BaHHBIM. B ciydae, eciii KOHEI| BEKTOPEEOMICHIBAET OKPY)KHOCTh, CBET HA3bIBACTCS MOJISIPU30-
BAHHBIM MO KPYTY.

CBeT, B KOTOPOM HUMEETCS NPEMMYLIECTBEHHOE HAINpPaBJIEHUE KOJIeOaHWi BeKTOpaE, HO MM 3TOM HMMe-
I0TCS ¥ IPYTHE HANPaBJICHHUs KOJeOaHUM, HA3bIBAIOT YACTHYHO MOJISIPU30BAHHBIM.

TTonspusanus npu OTPAKEHUU

1 MPEJIOMJICHHUHU CBETA Ha I'PAHUIIC IBYX OAUDJICKTPHUKOB

OpHUM W3 CITOCOOOB TOTYYEHUS TIOJSPU30BAHHOTO CBETA SIBISAETCA €ro OTPaXCHHE W MpejoMJICHHE Ha
rpaHulle pa3fena ABYX U30TPOIHBIX AUAIEKTPUKOB. IlycTh Ha rpaHully pa3zaena AUAIEKTPUKOB 1 u 2 magaer
©CTeCTBEHHBIN CcBeT. OTpa)KEHHBIN M MPETOMIICHHBIN JIy9M OKa3bIBAIOTCS YACTUYHO MOJISIPU30BAHHBIMU. B
OTPaKCHHOM JIyde Mpeo0IaaroT KojaeOaHus, MepIeHANKYISIPHBIC K IJIOCKOCTH MaJeHUs, B MPEIOMICHHOM
nIyde — KolleOaHus, apajuieNbHbIe IDIOCKOCTH NafeHns. CTeneHp MONSPU3aliK 3aBUCUT OT YTJIa TaIeHusI.

[Ipu HekoTOpOM yTIIe MajieHus, Ha3bIBae- Mom yriioMm bprocrepa ( 5,9, oTpa-

|
JKEHHBI JIyd CTAHOBHTCS MOJHOCTHIO MO- | JSPU30BAHHBIM  (IUIOCKOIIOJISIPU30-
BaHHBIM) (puc. 1). Olgp : o
OH COIEPXHUT TOJBKO KoJeOaHus, W] HEePIEeHINKYIISIPHbIE TUIOCKOCTH  T1a-

CremneHp MONSPHU3ANNHA TPETOMIICH-

JeHus (Ha pucyHKe 0003HAYeHbI TOUKAMH).
2 (Lp , JOCTUIAET HAMOOJIBIIETO 3HA-

HOTI'O JIy4da ITIpUu yIJji€ MaJICHUA, paBHOM, :

4yeHust (Ha puc. | KkonebaHus, mapaiens- | HBIE TUIOCKOCTH TaJICHHsI, U300paKe-
HBI IBYXCTOPOHHUMH CTpenkamu). OIHaKo | 3TOT JIy4 OCTAETCS MOJIIPU30BAHHBIM
qacTuuHO. Yroia bprocrepa ompenensercs ! CJIETYIOIIM COOTHOIICHHEM:

Puc. 1
tg opp =Mz )
rae N2 — mokasaresnb MpeOMIICHHS BTOPOW CPe/ibl, OTHOCHTEIILHO MEPBOM. ITO COOTHONICHHE HOCUT Ha3Ba-
Hue 3akoHa bplocrepa.

Ecam mHa TpaHuIly pazmena IByX IHAIEKTPHUKOB MOJ yriioM bproctepa mamaer mioCKOMOIIpH30BaHHBIN
CBET (HarpuMep, OT Jla3epa) ¢ HalpaBlieHueM KojiebaHuil BekTopa E B IJIOCKOCTH MajieHHs BOJHBI, TO HHTESH-



CUBHOCTh OTPA)KCHHOW BOJIHBI CTAHOBHUTCS OJTU3KOH K HYIIO. DTO OOBSICHIETCS TEM, UTO B MMAAIOIICH BOJIHE
OTCYTCTBYET HalpaBJIeHHE KOJICOAHUI CBETOBOTO BEKTOPA, HEOOXOAMMOE JJIsl CO3/TaHUS OTPAKEHHOM BOJIHBIL.

Ecnu npenomiieHHbIe JTy4X MOJBEPTHYTh BTOPOMY, TPETHEMY H T.J. MIPEIOMIICHHUSIM, TO CTETICHb MOJISIPU-
3alMy TPETOMIIEHHBIX JTydel Bo3pacTaeT. Ecimu mmeercst 8-10 mumactuHOk (cToma CroneToBa), TO TpH Haje-
HUW TI0J] yIIoM bproctepa v oTpaskeHHBIN U MPOILISAIINA CBET MPAKTUYSCKH OKa3bIBAOTCS IMOJIHOCTHIO TOJIS-
PY30BaHHBIMU.

IMonsipu3aums cBeTa NP ABOMHOM J1y4YenpejoMIeHUU

W3 teopun MakcBeia clieyeT, 4T0 CKOPOCTh PaCIpOCTPAHEHHs CBETa B CPE/IC

C

=
n
rae n= .\/a_u — MOKa3aTelb MPEIOMJICHHS BEIIECTBA; € — JAWUIEKTpUYECcKas MPOHUIIAEMOCTh BEIIECTBA; |l —
MarHuTHas IPOHUIIAEMOCTh BeliecTBa; C — CKOPOCTh CBETA B BaKyyMe.

JI71s1 OONBIIMHCTBA ONTUYECKH IPO3PAYHbIX BEIECTB MATHUTHAS NPOHMLAEMOCTh | =~ 1, ceoBaTensHo,
MTOKA3aTeNN MPETIOMIICHHUS] M CKOPOCTH CBETA B CPE/IE OMPEIEISIIOTCS BETMIHHON AUANEKTPUIECKON MTPOHHUIIA-
€MOCTH Cpebl € .

CBo¥icTBa M30TPOITHBIX Cpell OJMHAKOBEI TI0 BCEM HANpaBiIeHHUSIM. B ONTHYECKH M30TPOIHEIX Cpemax N
UMEeT OJTHO ompeeNeHHoe 3HaueHune. CreioBaTeNbHO, N IS TF000r0 HaIlpaBJICHUS PacIPOCTPAHEHHS CBETa
¢ JTII000H TOJISIpU3AINE OJMHAKOBO.

CsoiicTBa AHU3O0TPOIIHBIX CPEJ 3aBUCAT OT HAIIPpABJICHMA. B YaCTHOCTH, OT HaAIIpaBJICHUA B CPCAC MOKET
3aBHCETh 3HAUCHHE €€ TUDIIEKTPHUIECKON MPOHUIIAEMOCTH € .

B ecTecTBEeHHBIX yCIOBUSIX ONITUYECKH aHU30TPOITHBIMH SIBIISTIOTCST OONBITMHCTBO KpHUcTauioB. Paccmot-

pPUM pacipocTpaHEHHE CBETa B ONTHYECKH aHU30TPOITHOM KPHUCTAJLIe, MMEIOINM GopMy TuracTuHbL. CBeTo-

BOM JIy4, NTaJAIOIIUN HA KPUCTAILI, pa3AeiseTCsl BHYTPU KPUCTAJUIA HA JIBA JIy4a, UAYLIUX B Pa3JIMYHBIX

HampaBneHusX. [Ipu BeIxo/e u3 KprucTamia 00a Tyda IMEIOT HalpaBJIeHH, TapaliebHEIE MaJafoIIeMy Tydy.

OTO SIBIIEHHUE TTOTYYHIO HA3BaHUE IBOHOIO JIy4yenpeJaoMiaeHusi. MeHsas HanpaBlIeHNe MagaroIero JIy-

4a, MOXHO B KpUCTAJLJIC O6Hapy)KI/ITb TAaKUC HaIpaBJICHUA, BAOJIb KOTOPBIX CBETOBOU JIY4 HE€ HCIIBITBIBACT

IBOMHOTO JTydenpenomieHus. [Ipsmas, mpoBeneHHas depes 00y TOUYKY KPHUCTAJUIa B 3TOM HaIlpaBIICHUH,
Ha3bIBaeTCS ONTHYECKOI 0CHIO.

ITo xonM4YecTBy ONTUYECKUX OCEH, UMEIOIIUXCS Yy JAHHOTO KPHUCTAllIa, pa3iIudaroT OJHOOCHEBIC U JIBYX-
OCHBIE KpUCTAILIBL. B nanpHelinem pedb OyIeT UATH TOIBKO 00 OAHOOCHBIX KPUCTAIIaX.

[TnockocTh, coneprxaias ONTHYECKYIO OCh W MAJArOIINN JTyd, HA3bIBAIOT TJIABHBIM CEYCHHEM WJIH IJIaB-
HOW MUIOCKOCTHI0 KPUCTAJLIA.

Y 0JTHOOCHBIX KPUCTAJIOB AJISi OJTHOTO M3 MPEIOMJICHHBIX JTy4el BBIMOIHIETCS OOBIYHBIN 3aKOH Ipe-

JIOMJICHHUA =Ny = const |, atoT JIy4 JIC)KUT B O,HHOI>'I IIJIOCKOCTH € MaJarouivM JIy4dOM U HOPpMaAJIbIO K

sin B,
npenoMisitoliel noBepxHoctu. CKOpOCTh 3TOrO JIyda BO BCEX HANPABICHUSAX OJIMHAKOBA. DTOT JIyd Ha3blBa-
eTcs 00BIKHOBEHHBIM ¥ 0003HavaeTcst OyKBoit o (puc. 2). J{ns npyroro jry4a, Ha3pIBA€MOTO HEOOBIKHOBEH-

- X Ne # CONSt npu M3MeHeHuH yriia najgenus. CKopocTh
sinB,
3TOTO Jyd4a pa3jiyHa B pa3HBIX HampaBieHusax. VccnenoBaHne 0OBIKHOBEHHOTO W HEOOBIKHOBEHHOTO JIyden
MOKAa3bIBaET, YTO 00a Jyda SIBIISIOTCS TUIOCKOMOJSPU30BaHHBIMU BO B3aUMHO TMEPIIEHINKYJISIPHBIX HalpaBiie-
HUSIX.

[TnockocTh KoNeOaHni OOBIKHOBEHHOTO JIy4a epIeH IUKYIISIpHA TJIABHOMY CEUeHHIO KprcTailia (Ha puc.

HbIM (ero 0003Ha4YalT OYKBOU €), OTHOIICHHE

2 OTH HaIIpaBJICHUS TTOKAa3aHbI TO‘{KaMI/I). B HCO6LIKHOBCHHOM JIyde KOJ'Ie6aHI/IH
CBCTOBOI'O BCKTOpa IMPOUCXOIAT B IJIOCKO- | o CTHU TJIaBHOI'O CCYCHUA (Ha puc. 2
OHHU TIOKa3aHbI IByXCTOPOHHUMH CTpeJIKa- | Mmu). [Ipu BIXOZIE M3 KpricTaiuia oba
Jydya OTIMYArOTCA APYr OT Apyra TOJIBKO ﬁ HaIpaBJICHUCM MOJIApU-3allUU.
B I
AHAJIM3 MOJISIPU30BAHHOr0 CBeTa. 3aKOH 2 2 MaJmioca
AHaJH/I3 TTOJIAPU30BaHHOI'O CBCTa OCYILICCTBJIACTCA C IOMOIIBIO I10JIA-

pu3anMoHHBIX npubopoB. Ecnu nonspusa- Puc. 2 LIUOHHBIN TPUOOP UCHONB3YeTCs AT

TTOJTYYICHHSI TIOJISIPH30BAHHOTO CBETA, TO OH HA3BIBACTCS MOJIAPU3aTOpPoM. [1pu ncronp3oBanuy npubopa st
aHajIn3a MOJIIPU30BAHHOIO CBETA €r0 HA3hIBAIOT AHAJIU3ATOPOM.

Ecnm Ha MyTH €CTECTBEHHOTO CBETA MOCTABUTH MOJIIPHU3ATOP, TO M3 HETO BEIMAET IIIOCKOMOISIPU30BaH-
HBII CBET, THTEHCUBHOCTH KOTOPOTO |, COCTaBUT MOJIOBHHY HHTEHCUBHOCTH €CTECTBEHHOTO CBETA lecr!



PaccunTaeM HHTEHCHBHOCTH CBETa Ha BBIXOJIE M3 BTOPOTO NoysApu3aropa (aHanuzaropa). Ilycts AA !

(puc. 3) — WIOCKOCTb, B KOTOPOH KOJIEOIETCS CBETOBOM BeKTOp E, B BOIHE, BHIXOAWIEH U3 IEPBOTO OIS
pu3aropa (IUIOCKOCTh TJIABHOTO CEUCHUS IMOJIAPU3aTOpa); ' — IJIOCKOCTh IIIABHOTO CEUCHUS aHaIM3aTopa.
Kone6anus E B myde, BEIXOAAIEM M3 aHATH3aTOPA, IPOUCXOAAT B II0cKocTH BB'.

U3 puc. 3 Buano, uto  E=E_cosa . Tak kak MHTEHCHBHOCTh CBETA MPONOPIMOHAIbHA KBA/IPaTy HaIpsi-
JKEHHOCTH TIOJISI, ITONTyYaeM

I =1,cos? o, 2)
rae | — ”HTeHCHBHOCTD CBETa Ha BRIXOJIE M3 aHalu3aTopa. J1a ¢hopMyiia H3BECTHA, Kak 3akoH MaJoca.
. HHTeHncuBHOCTH cBeTa | OyaeT MakcHMallbHON B TOM Cily4yae, KOraa a=0
- A o
Eo (TmaBHBIE ceueHUs MOJAPU3aTOpa U aHANKU3aTopa napamiensHsl). [Ipu o =5 HHTEH-
| N
B o B' cuBHOCTS, cBeTa HA BBIXOJIE U3 aHANIM3ATOpa paBHA HYIIO, T.€. CKpPELleHHbIE MOJs-
EV pHU3aTOPhI CBETA HE MPOMYCKAIOT.
PeanbHO poxoX/IeHHE CBETA Yepe3 aHATU3ATOP U MOJISIPU3ATOP CBA3AHO C
Puc. 3 MOTEPSIMHU CBETOBOM SHEPIUH, T.€. CBETOBOM JIy4 IIPU BBIXOJIE€ U3 HUX UMEET UH-

€CT

TECHCHUBHOCTHb MEHBIIIYIO, YEM IO = . OTHOIIIEHHE MHTEHCUBHOCTH CBE€Ta, pe-

QIBHO BBIXOISIIETO U3 MOJISIPU3aTOpa (MM aHATIM3aTOpa) K MHTEHCHBHOCTH BBIXOJIAIIETO CBETA MPH OTCYT-
CTBHUH MOTEPh, MOKHO Ha3BaTh KOI(DGHUIHUEHTOM MpormycKaHus K.

Ecnu monsipusarop BpaiaTh BOKPYT HAIIPABICHHUS JIyda, TO JJISl YACTUYIHO MOJISIPU30BAHHOTO CBETA
HAOJI0JaeTC U3MEHEHUE HHTCHCUBHOCTH OT Imax 10 Imin. BeipaskeHue

P Imax — Imin (3)
Imax + Iin
Ha3bIBACTCA CTCNMCHBIO MOJIAPU3aAlUHA.

Jis miockonosapru3oBaHHOro cBeta Imin=0wu P = 1.

l'[poxomz[elme MJIOCKOIIOJIIPU30BAHHOIO
CBE€TA Y€pPe€3 KPUCTALNIUNICCKYIO IVIACTUHKRY

[TycTh moJSIpH30BaHHBIN CBET MaJaeT NEPIECHANKYIIIPHO Ha KPUCTAJUTUYESCKYO TUIACTHHKY TOJIIUHOM d.
[TnacTuHKa BeIpe3aHa U3 KPUCTAJIA TaK, YTO ONTHYECKas: OCh KPHCTAJlIa MapallebHa €€ MOBEPXHOCTU. YOI
MEXIY IIIOCKOCTBIO KoJieOaHUH BEKTOpa IHIatoIIero ceera u ontuueckoit ocsto OO paseH (pue. 4).

|
| b 4

Konebanus eexmopa E  nadaiowezo = NONAPU30EAHHO20 C6eMA 6 HeKOMmo-
pOll  mouKe NPOCMPAHCMEA MOACHO NPeo- E(nlk‘ T CMasums Kax pe3yibmam CRONCeHUs.
: O’ Hanpasnenuvix 600716 U NONEpex

HANpaenenus. ONMu4ecKoll oct Kpucmaid. ‘Ee IIpu smom 6ud nonspuzayuu 601HbL

00 ee nadenus Ha Kpucmain 6yoem onpede-

83AUMHO  NEPNEHOUKYIAPHbIX — KoneOaHut, | a
I
: JIAMbCA. pasHocmvio PasAq, smux
|

83AUMHO  NEPNEHOUKVIAPHBIX — KOLeOaHUIl. Ilpu  pasnocmu  az Ag,, =0 u

AQ =7 paouan nadarowas Ha Kpucmai Puc. 4 80/1HA OyOem NJIOCKONONAPUZ0BAH-
noil. Ilpu pasnocmu gpaz A, =ml2 u Ag,, =312 paduan, norapuzo6annoil no SAIUNCY.

BryTpu kpucTaia nafaronuii 1y4 pa3esuTcs Ha «OOBIKHOBEHHBINY U «HEOOBIKHOBEHHBIN» TyYH, aM-
TUTHTYI6I CBETOBOTO BEKTOpPa B KOTOPHIX OY/IyT PaBHBI:

E, =E-sina, @

E, =E-cosa.

CKOpoCTH pacnpOoCTpaHeHHS JTy4el B TUTACTUHKE PA3IIMYHEI, I03TOMY BHYTPH IJIACTHHKHA MEXTy HUMU
HAKOMUTCS JOMOJHUTENbHAS pa3HOCTh (Pa3 koneOanuii BektopoB E, u Eg.

DTy pa3HOCTH (a3 MOKHO HAUTH CICTYIOMIIM 00pa3oM. [10CKOIBKY BOJSHBI BXOAAT B KPUCTAILI MEPIICH-
JUKYJIIPHO €ro ONTHYEC-KOW OCH, TO MX FEOMETPHUYECKUE MYyTH B KPUCTALIEe OyayT OJMHAKOBBI U PaBHBI TOJI-
IIMHE KpucTajuia. BMmecte ¢ TeM onTHYecKUe UIMHBI ITyTeH IS «OOBIKHOBEHHOT0» M «HEOOBIKHOBCHHOI'OY JIy-

qer m3-3a pasiinivdg B IOKA3aTCIIAX MPCIOMIICHUS 6y,E[YT Pa3JINYHBI. CHCZLOB&TCJ’IBHO, BO3HHUKAKOMIIAA B KpU-
CTaJlJIC ONTUYECKasd Pa3sHOCTh X0/1a BOJIH paBHaA



A= n,—n.d - (5)
Otcroma pa3HocTh (a3, HAKOIUICHHAsI BHYTPH IDIACTUHKH,

2n
A(p=k-A=7 No—ne d, (6)

rae K — BOJIHOBOE YHCIIO; 3, — JUTMHA BOJIHBI MaJAfOIIET0 U3TyUYCHHS B BAKyyMe.
Bup monspusanuy Ha BRIXOIE U3 KPUCTAJUTHYECKON TIIACTHHKH OTIPEACIIIeTCs 00Imel pa3HOCThIO (a3

A(\[)BI)IX = A(puo + A(p *
B ob6mem cirydae BO3HWKAET AIUIMNTHYECKH MOJSPU30BaHHBIN cBeT. [Ipudem dopma m opueHTanus 3i-
JIUTICA 3aBUCAT OT BEJIMYMHBI YIJIa & pa3HOCTH (a3 (6) mpu OJTHOM U TOM KE YIlIe Ol

Onucanue yCTAHOBKH NPHBEIEHO
B npuaoxkenun «Kparkoe onucanne MYK-O»

3ananue k padorte

Onpenenenue yria bprocrepa s crexia.
OnpenesieHue cTeneHy MNOJAsIpU3ANUH MPeJIOMIEHHOI
CBETOBOI BOJIHBI

1. BxirounTe fa3epHbId UCTOUYHHUK CBETa, CTPOro cOOM0asi MOPAJOK BKJIIOYCHUS M MPaBHIa TEXHUKH
6e3onacHoctu. (KoHCTpyKTHBHBIE 0COOEHHOCTH MPUMEHIEMOTO JIa3epa TAKOBBI, YTO IIYYOK CBETa Ha €ro BbI-
XOJIe UMEET IUIUNTHYECKYIO ITOJIIPU3ALIUIO. )

2. JIns mpeBpalleHus dIUIMINTHYECKH MOJSPU30BAHHOTO CBETa B IJIOCKOMOJISPU30BAHHBIA BBEAMTE IO
XOJly ITy4YKa CBeTa MOJISIpU3aTop.

3. Crpenky nossipusaTropa, yCTaHOBJICHHYIO IIPU IOCTUPOBKE MPUOOpa BIOJIb IUNIOCKOCTH €ro MpoIycKa-
HUsI, IOBEPHUTE B IEpellHee MMOJIOKEHHE, IIPYU 3TOM OHa JOJDKHA yKas3biBaTh Ha 90°. Teneps mocie monsipusa-
TOpa PacHpOCTPAHACTCS MyUYOK, MIIOCKOCTh KOJIEOaHUI CBETOBOIO BEKTOPA KOTOPOTO JICKUT B INIOCKOCTH Ta-
JICHUsI €T0 Ha CTEKJISIHHYIO IJIaCTHHKY.

4. TloBOpoTOM pacIoNoKEHHON HUXKE Typesll YCTAaHOBUTE IO XOAY Jy4a CTEKJIIHHYIO INIACTHHKY.

5. Bpamiast cTeKIsIHHYIO IJIACTUHKY BOKPYT TOPU30HTAJIBHOHW OCH C TOMOILIBIO PACIONIOKEHHBIX Ha €e
ocu py4ek (ImpuKacaTbCsi K CTEKIy HE PEKOMEHIyeTcs), MPOHa0IogaiTe 32 M3MEHEHUSIMU MHTCHCHBHOCTH
Jyda Jia3epa, OTPa)KCHHOI'0 Ha BEPTUKAIBHYIO IIKAJY.

6. YcraHoBuTE MIACTUHKY oJ yriioMm bproctepa. [Ipr 5TOM HHTEHCHUBHOCTH OTPaKEHHOTO JIy4a JIOCTHU-

racT MUHUMYMaA. Onpez[enHTe M0 IKaJIC YUCJICHHOC 3HAUYCHUC ITIOJTYUCHHOI'O yTIiia in . BI)I‘II/ICJII/ITC, MOJIb3Y-

SCh U3MEPEHHBIM 3Ha4YeHHEM yria bproctepa u 3akoHoM bproctepa (popmyna 1) mokasaTenb mperoMIICHUS
CTEKJIa, U3 KOTOPOI'O U3rOTOBJICHA IJIACTHHKA.

7. BBIKIIIOUMB JIa3epHBIA MCTOUYHHMK CBETAa TyMOJIpOM Ha TIEPEIHEH MaHenH 3JCKTPOHHOrOo 0JioKa, MOj-
KIIFOUATE UCTOYHUK OEJI0T0 CBETa.

8. He meHss monoxxeHue CTEKIITHHOM MIACTUHKY, TIOMECTHTE €€ MOJ1 ITy4OK 0eJIoro cBeTa.

9. Yobeaurech, 4TO HA BEPTHKAIBHOM IIKaJe UMEETCS HE OYCHD SIPKOE MATHO OEJIOro CBETA, OTPAKEHHO-
IO OT CTEKJISIHHOM IJIACTUHKHU.

10. Yb6enurtech, 4TO OTPAXKECHHBIN CBET SBISIETCS TUIOCKOMOJISIPU30BAHHBIM. J[JIsS 3TOr0 MeX 1y MCTOYHH-
KOM CBETa M CTCKIITHHOM IIACTMHKOHN MyTeM MOBOPOTA COOTBETCTBYIOMICH Typeiad MOMECTUTE MOJISIPU3aTOoP.
Bpaias monsipusatop, npoHa0Ir0IaiiTe 3a MOJIHBIM HCYS3HOBEHHEM OTPAXKEHHOM BOJHBI ITPH OMPEACICHHOM
MOJIO’KEHUU TOJISIpU3aTopa U 3a MOSBJICHUEM 3TOU BOJIHBI IIPU APYTUX Yriax MOBOPOTA MOISPU3ATOPA.

11. Y6epuTe mossspu3aTop IMyTeM MOBOPOTA €0 TYPEIIH.

12. TlpoBeauTe M3MEPEHHUS CTEICHH IMOJSPU3AIUMN YaCTHYHO IOJIIPU30BAHHOIO CBETA, IPEIOMJICHHOI'O
CTEKJISTHHOM TUIACTHHKOW. Y 0epHuTe ¢ BepXHEH KPBIIIKHU 3JIEKTPOHHOTO OJIOKA MpeaMeTh (3KpaH HAOII0ICHNS)
U 0CBOOOAMTE BXOJIHOE OKHO (DOTONPHUEMHHUKOB. Y CTAHOBUTE MEXAY CTEKIISTHHOW TUIACTHHKOH M OKHOM (ho-
TONPHUEMHHUKOB aHAJIHM3aTop, MOBEPHYB COOTBETCTBYIONIYIO Typesb. HakaTHeM KHOIKH MOJAKIOYUTE (OTO-
MPUEMHUK C IUPOKKM pabounm auanazoHoM aiauH BoiaH (W4 0,9 kM (cM. npunokenue). Bpaias aHa-
JM3aTop, Sa(i)PIKCI/Ipyf/'ITC ¥ 3aUIINTE MaKCHMaJIbHOE 1 MHHHMAJbHOE 3HAUYEeHHUS MHTCHCUBHOCTH cBeTa. BhI-
YHUCIIUTE CTEIIEHb MOJSPU3ANNN YACTUYHO TOJISPU30BAHHOTO CBETA, PEJIOMIICHHOTO CTEKIITHHOW TUTACTUHKOM
no ¢popmyne (3):

oy — 1

p — _max min
max + Imin

|
H3zyuenne 3akona Mairoca
1. Y6eaurech, 4TO MOAKIIOYEH HCTOYHHUK OEIIOr0O CBETA.

2. Me>1<;[y HCTOYHHUKOM CBE€TA U HpI/I60pHLIM 010KOM IIyTEM IIOBOPOTA COOTBGTCTByIOH.ICﬁ Typeiiu IomMe-
CTUTC MMOJIAPU3aTOP.



3. Y0enutech, 4TO CBET OT UCTOYHHKA, MTPOXOS MOJSIPU3ATOP, MOMAaeT Ha dKpaH HaOmroaeHus. Bpa-
1ast MOJISIPU3aTop, MPOHAOIIOIAlTe, IMEIOT JIM MECTO Kakue-Tn0o M3MEHeHU HHTeHCUBHOCTH. Hannumne u3-
MEHCHHIA TOBOPSIIEE O HEKOTOPOU MOJIApHU3aIiU, OOBSICHIETCS TEM, YTO CBET BHYTPH O€JI0r0 UCTOYHUKA IO -
Beprajics MpeJOMIICHUIO WIH OTPaKEHUIO.

4. YcraHOBHTE MEXIY MOJISIPU3aTOPOM U IKPAHOM HAOIIOACHHS aHATN3aTOp, MTOBEPHYB COOTBETCTBYIO-
Iyl Typenb. Bpamias amanmzaTop, MpoHAOIoaiiTe N3MEHEeHUsI HHTEHCUBHOCTH cBeTa. OmpeenuTe, Ha Ka-
KON YroJ MpHUXOJIUTCS MOBOPAYMBATH aHAIW3aTOP MO OTHOIICHHUIO K IMOJISIPU3aTOPy, YTOOBI MaKCHMalbHAs
WHTEHCUBHOCTH CBETA Ha SKpaHe HAOIFOIeH!] CMEHWIIACh MUHIMAaJIbHOW HHTEHCHUBHOCTBIO.

5. I[lpoBemuTe KOMMYECTBEHHYIO MPOBEPKY 3akoHa Maioca. lpeaBapuTensHo onpenennuTe YucieHHBIE
3HaYeHUS K03()(DUIIHEHTOB MPOMyCcKaHus mospu3atopa Ki, a 3atem ananusaropa Ko. Jlist atoro aeiicTByiite B
CIIETyIOILEM TOpsIIKE:

— yOepuTe ¢ BEpXHEH KPBIIIKHA 3JICKTPOHHOTO 0JIOKA dKpaH HAOIIOACHUS U OCBOOOIUTE BXOJHOE OKHO
(hOTOTIPHEMHHKOB;

— Ha)XaTHMEM KHOIIKH TOJKIIOYHTE (DOTONMPHEMHHUK C IMIMPOKUM Pa0O4YUM IUANIA30HOM JUTUH BOJH Az =
0,4...0,9 MKM ¥ TIOJTyYUTE CUTHAJI C HETO Ha U(POBOM MHIUKATOPE FICKTPOHHOTO OJIOKA;

— TMOBEPHYB TypeiH, yOepuTe aHAIM3aTop U MOJSAPU3aTOp TaK, YTOOBI CBET OECIIPETSITCTBEHHO JTOCTHUT A
okHa (oronprueMHUKOB. OOparnTe BHHMaHHEe Ha TOKa3aHWS WHIUKATOpPa OTHOCHTEIHHONW WHTEHCHBHOCTH
IIPUHUMACMOIr'0 CBCTA. I[J'[H MMOJIy4CHUA 60.]]66 TOYHBIX PE3YJILTATOB XKEJIATCIIBHO, I-ITO6I:.I HU3MEPSACMBIC YUC-
JICHHBIE 3HAYeHUS OBLTH OONbIIEe. DTOr0 MOKHO JOOHUTHCS IBYMsI Iy TSIMHU: BO-TIEPBBIX, YBEIMUNBas HaIpsDKe-
HUE TUTAHUS DJICKTPUIECKON JIaMIIbl NCTOYHHUKA CBeTa (pydYKa Ha IMepenHel MaHeld SIIEKTPOHHOrO OJIoKa),
BO-BTOPBIX, YBEJIWYHBas YyBCTBUTEIBHOCTH (DOTONPHEMHHUKA BpaIlCHHEM COOTBETCTBYMomeH pydku. [lpu
9TOM HEJb3s JOITyCKATh Meperpy3Ku HHANKAaTopa (TacHyT Bce IU(PHI, KpOME eMHUIIBI);

— MOKa3aHus, CHATHIE C MHIANKATOpa, 3arumute. [[pu nanpHeRmmx n3MepeHnsIX HeIb3s MEHSITh YyBCTBH-
TETBHOCTH (POTONIPUEMHHUKA 1 HAIPsDKEHUE HaKalla JIaMIIbl ICTOYHUKA cBeTa. CHATOE MOKa3aHWe JaeT MHTEH-
CUBHOCTB 0€JIOTO CBETa HEMOCPEJACTBCHHO OT HCTOYHUKA lecr B OTHOCHUTEIIBHBIX CIUHUIIAX;

— BEpHHUTE B pabouee mojioxeHue nossgpusatop. CHUMHUTE M 3alMIIUTE HOBOE TOKa3aHWE MHIAMKATOPa
OTHOCHTENILHON HHTEHCUBHOCTH, KOTOPBIH JaeT HHTEHCUBHOCTh CBETA OCNIAbICHHYIO mojspu3aTopoM  lopy -

ITo popmyine

k, = 2o
|

ecT

omnpeienuTe Ko3hGUIMEHT MpomyCcKaHusl MOISPU3aTopa;
— yOepuTe noJsipu3aTop U BEpHUTE B pabouee MOJ0KEHUE aHAIN3aTOP. 3aUIIUTE HOBOE TIOKa3aHUE UH-
JIMKaTOpa, KOTOPBIN JaeT MHTEHCUBHOCTH CBETa OCIabieHHyto aHanu3atopoM |, . ITo hopmyne

k
2

_ 2y,
ICCT

ornpeaenuTe KodpPUIMEHT MPOIYCKaHUs aHaau3aTopa. Ternepb MOXKHO NPUCTYIUTh K IPOBEpKe 3akoHa Ma-
aroca. st aToro, He yOUpasi aHaJIu3aTop, OMsATh BEPHHUTE B pabouee MOJI0KeHHe mossipu3atop. EcrecTBeHHbIIH
CBET IIPOXOJIUT IOCIJIEIOBATENILHO Yepe3 MOIIPU3aTop ¥ aHAIN3aTop;

— YCTaHOBHUTE OIPEACIICHHBINH YT0Jl IOBOPOTA () aHAIM3AaTOPA 10 OTHOUICHHIO K MOJISIPU3aTOpPY, HAIpH-
mep, ¢ = 30°;

— 3aMUIIUTE TTOJyYeHHbIE C MHIUKATOpa MOKa3aHUs, KOTOPBIE JaI0T OTHOCUTEIBbHYIO HHTEHCHBHOCTD
CBETa I0CJIe CHCTEMBI MOJISIpU3aTop-aHaIu3aTop |;

— CpPaBHUTE TOJTyYEeHHBIH SKCIIEPUMEHTAIBHBII Pe3yIbTaT ¢ BRIYUCICHHBIM 10 3aKOHY Maittoca ¢ ydyeToM
K03 GHUIMEHTOB Tporyckanus K1 1 Ko mosisipusatopa u aHaau3aTopa

|
I:k12—°2k00820c.

HN3yyeHue npoxoxkIeHUusi CBeTa
yepe3 ONTHYECKH AHU30TPOMHOE BELIeCTBO

1. Bxirouure Ha3epHBH71 HUCTOYHUK, CTPOI'O BBIIIOJIHAA MMOPAAOK NOAKIIOYCHUA U ITPpaBUjia TCXHUKHU 0e3-

OTIACHOCTH (CM. TIPHIIOKEHHE).
2. Ha myTu na3epHOro J1yda IIOMECTHTE aHAJIN3aTOP, IOBEPHYB COOTBETCTBYIOIIYIO TYpPEb.

3. Bpamas ananuzatop, HaliguTe MOJIOKEHHE, COOTBETCTBYIOLIEE MUHUMYMY HHTEHCUBHOCTH CBETA Ha
JKpaHe.

4. YcTaHOBHTE HA ITyTH JIA3€PHOTO Jy4a ONTHYECKH aHU30TPOITHBIA OOBEKT.

5. Bpamas ananuzarop, onpenennuTte yroj, Ipu KOTOPOM HHTEHCHUBHOCTH CBETA, MPOIIEAIIETO Yepe3 aHu-
30TPOMHYIO IIACTUHKY, OyIeT MHHUMAJbHA.



KoHTposibHbIE BONIPOCHI

1. EcTecTBeHHBIH U MOISIpU30BaHHBINA CBET. BHIIBI MOIspH30BaH-HOTO CBETA.

2. CriocoObI OTy4eHUsI MOSIPU30BAHHOTO CBETA.

3. INonspusariys Mpy OTPaKEHUH CBETA OT audIeKTprKa. 3akoH bproctepa. Ctoma Cronerora.

4. JTsoitHoe myuenpenomicHue. CBOMCTBa 0OBIKHOBEHHOTO W HEOOBIKHOBEHHOTO JIyUeH.

5. 3akon Mauoca.

6. BeiBoa (hopMytbl [T 3aK0HA Majroca ¢ y4eToM IMOTepPh CBETOBOW SHEPTHU.

7. IlpoxoskieHNE TUTOCKOTIOISIPU30BAHHOTO CBETA Yepe3 OJTHOOCHYIO0 KPUCTAUTNYECKYIO TIACTHHKY. Or1-
THYECKasl Pa3sHOCTh XOJa W Pa3HOCTh (a3 OOBIKHOBEHHOTO W HEOOBIKHOBEHHOTO Jy4dei Ha BBIXOJE M3 KpH-
cTaia.

8. NuTtepdepeHuus moispu30BaHHOTO CBETA.



JIABOPATOPHAS PABOTA Ne 5

BHEIIHUM ®OTOIPDEKT

O3HaKOMBTECHh C KOHCIEKTOM JIeKnuii 1 yueOHukom (Casenbes, T.3, §9). 3amyctute nporpammy. Beibepure «KBanToBas
¢usuka» u «Dotorddexr». Haxxmure BBepXy BHYTPEHHETO OKHAa KHONKY ¢ M300pakeHWeM cTpaHuubl. [Ipouwmtaiite
KpaTkue TeopeTnieckne cBeneHus. HeoOxoxmmoe 3amumuTe B cBoil KoHCHEeKT. (Ecim BBl 3a0butH, Kak paboTaTh ¢ CH-
CTeMOil KoMIBIOTepHOTO MoaenupoBanus, npountaiite BBEJIEHUE ctp.5 eme pa3).

HEJIb PABOTbI:
* 3HaKOMCTBO ¢ KBaHTOBOI1 MOJIENbIO BHEMIHETO (oTod(dekTa.
* DKcIepUMEHTaIBHOE ITOATBEPKACHNE 3aKOHOMEPHOCTEH BHEITHETO (POTOA(P(eKTa.

* OKcnepuMeHTaNbHOE ONpe/esieHne KpacHO! rpaHuibl poTodddekra, paboThl BIX0oa GOTOKATONA U TIOCTOSH-

Holi [Tnanka.

KPATKAA TEOPUA:

DOTOHBI 3710 yacTUIBI (KBAHTHI), TOTOK KOTOPBIX SABISIETCS OJHOM U3 MoJeNnel AIeKTPOMarHUTHOTO U3TydeHUs
(BMDN).

OHEPT'US ®OTOHA Eo = h v,

V - yactoTa usnydenus, h - nocrosunas Ilnanka, h = 6.62:10°%* I c).
OHEPTU yacto usmepsieTcss BO BHECUCTEMHBIX EAMHHULAX «AJEKTPOH-BOJIBTAX).
13B=1.610"° JIx.
MACCA ®OTOHA cBs3aHa ¢ €ro sHEprueil COOTHOIIEHHEM DWHIITEHA

hy
Eo = MeC?, oTcIONa Mo = —— .

C2

hV h E(I)
UMIIVYJIbC ®OTOHA p=moeC= = =

cC A c
BHEIIHUN ®OTODDDEKT ecth sBICHHE BBUIETA JIEKTPOHOB W3 BEIIECTBA (MeTasia, (pOTOKATOA) MPH ero 0byde-
HHUH 3JIeKTPOMarHuTHBIM u3inydenueM (OMU), Hanpumep, cBeToM. Brineresmine 3nekTpons! HaszpiBaroTcs POTODJIEK-
TPOHAMUMU. Tanee ais KpaTKOCTH yKa3aHHOE SBJICHUE Oy/IeM Ha3bIBaTh MPOCTO POTOIH(HEKTOM.

, TIe A - quHa BojiHel OMU.

KuneTrHnyeckasi sHeprus 3JEKTPOHA BHYTPH BEILECTBA yBeNMuMBaeTcss Ha hV, HO mpu BbuUieTe (OTORICKTPOHA U3 Belle-
CTBa UM coBepuIaeTcsi paboTa Appix (paboTa BBIX0Ja) POTHUB CHII AJIEKTPOCTATHYESCKOTO MPUTHKEHHS K MeTauty. Y ¢o-
TOAJIEKTPOHA COOOIIEHHAs: eMy (POTOHOM IMOPIMS SHEPTUH YMEHbBILIAETCS Ha BEJIMUUHY, PaBHYIO paboTe BBIXOAA M3 Me-
taya (porokarona), a OCTaBIIAsICS YaCTh UMEET BHJ KMHETHYECKOIl 3Heprun (GoTo3NIeKTpoHa BHe MeTawia (($poTokaro-
Ja):

BHE
EK.S.H = hVAB],Ix.
OT0 cooTHOMIEHNE Ha3bBalOT (hopmyoi (3akoHoM) DUHIITEWMHA JJIA ®OTOSDDEKTA.
KPACHAS IT'PAHULIA dorosddexra ecth MuHuManbHas yactrora OMU, npu koTopoii eme HabmonaeTcs potodddexkr,

T.€. ISl KOTOPOIi SHEeprust POoTOHA paBHA padoTe Beixoaa h'¥p= Appix.

SATIMPAIOIINM (BAAEPXXUBAIOIINM) HAIIPSAXKEHWUEM Ha3biBaeTcs MUHMMAIbHOE TOPMO3SIEe HAMPsHKEHUE
MEXIy aHOJOM BaKyyMHOM JlaMmibl ((poTorrreMenTa) U OTOKATOIOM, TIPH KOTOPOM OTCYTCTBYET TOK B IICITH STOHU JIaM-
TBI, T.€. (DOTORIIEKTPOHEI HE TOJICTAIOT 0 aHoA. [Ipy TakoM HaTpsHKCHWU KHMHETHUYEeCKas YHEPTHUs JJIEKTPOHOB Y KaTona
paBHA NOTEHIMATBHOHN SHEPTHH AIIEKTPOHOB Y aHONA, OTKY/AA CIEAYET BEIpaKCHHUE:

BHE
U _I!T:SJT _ hv_ABbIX
3AIT — —_ y
e e

rae € - 3apsa 3JICKTPpOHaA.

METO/IMKA u IOPAJIOK U3BMEPEHUIA

BrHuMaTenTsHO pacCMOTPUTE PHCYHOK M 3apUCYIHTE HEOOX0IMMOE B CBOI KOHCIIEKT J1a00paTOpHOH PabOTHI.
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Mpaduk I(U)

3arenuTe MBIIBIO JBIKOK PEOCTaTa PETYIATOpa HHTCHCUBHOCTH (MOIIHOCTH) 00Iy4eHHs (POTOKATOAA M yCTAaHOBHUTE
€ro Ha MaKCHMYM.

AHaNOrn4HBIM 00pa30M YCTAaHOBHUTE HYJICBOE HAMPSDKEHUE MEXIY aHOJOM U (OTOKATOIOM M MUHUMAJBHYIO JUTHHY
BonHbl OMMU. Habnronaiite NBUKEHHE JIEKTPOHOB B (POTORIIEMEHTE, U3MEHSISI HAIIPSHKEHUE 10 3arupaHus pOToToKa.
I[oayuuTe y npenoaaBaTess A0NMYCK /ISl BHINOJHEHUS] H3MeEPeHMii.

HU3MEPEHUA

1. 3amenuB MBIIIBIO, IEPEMEIIANTe METKY Ha CIIEKTPE, MOCTEIICHHO YBEIMYKMBAs JIHHY BOJHBI 00TydeHUs (HOTOKATO-
na. Jlobeirech MONMHOTO OTCYTCTBUSA (HOTOTOKA. 3aUKCHPYHTE caMylo OOJNBIIYIO JUIMHY BOJHBI (OHA OyIeT paBHA
&p), TIPH KOTOPOH (HOTOTOK elie MPUCYTCTBYET. 3alHUIIUTE B TETPaJb 3HAUCHHE JJIMHBI BOJIHBI KPACHON IpaHHIIBI
dorosddexra (Hp).

2. Jlnst 6ojiee TOYHOTO ONPEACTICHHUS CBA3HU 3aMPAIOIIETI0 HAIPSHKCHHMS C IMHOM BOJIHBI TAIAI0IIET0 U3TYUCHHUS
e (CHayasa YCTAHOBHUTC 3HAUCHHUC 3aMUPAIOIICTO HANPSKCHUS B COOTBETCTBHUHU C TAOJIHUIICH 2.

e [lepemMerasi MBIIIBIO BEPTUKAIBHYIO METKY HA CHEKTpE, YCTAHOBUTE TAKO€ MAKCUMAaJIbHOE 3HAYCHHUE JJIMHBI
BOJIHBI, TIPH KOTOPOM TMpeKpamaercs (GoToToK (IpH BU3yadbHOM HAOIOJCHHU DIICKTPOHOB BHI BHIUTE, YTO
MPAKTHIECCKH BCE SJCKTPOHBI OJETAIOT IO aHO/A M TIOCIIE ATOTO IBIKYTCS 00paTHO K KaTOLy).

e 3uauenust A u Usan 3aHecute B Tabmuiry 1.

TABJIMIA 1. PE3VYJIbTATBI TABJIMIA 2. 3HAUEHUA 3AITUPAIOIIETO

U3MEPEHUI HAIPSKEHU A

i Usan = (HE IepepHUCOBHIBATH)

i= 1 213 |4 Bpuranel | Usami | Usam [ Usams [ Usama

Usami, B 1,5 -0.1 -0.3 -0.6 -0.8

Ai, HM 2,6 -0.2 -0.4 -0.6 -0.9

1/3,108m2 3,7 -0.3 -0.5 -0.7 -1.0
4,8 -0.4 -0.7 -0.8 -1.1

OBPABOTKA PE3YJIbTATOB U O®POPMJIEHUE OTYETA:
BoIurciiTe U 3aMMIIATE B TAOIHUILY OOPATHBIC ITMHBI BOJH.
Ioctpoiite rpaduk 3aBrcumoctu HanpspkeHus 3anupanust (Usam) oT oOpaTHOM JuinHBI BostHbI (1/1).
Ormpenenure mocTostHHyO [11anka, HCIONB3yst rpaduk u GopMyITy

h = eA(U3AH)
¢ AC )

I/ICHOHLSy}I JUIMHY BOJIHBI KpPaCHOM rpaHutibl (oTodhexTa, BRIYUCINTE 3HaUeHHe paboThl BBIX0/IAa MaTepuaia poTo-
Karoja.
3anuumTe OTBETHl U IPOAHANU3UPYHTE OTBETHI U rpaduK.



TABJINIIA 3. 3nauenns padoThl BBIX0/1a JUIS HEKOTOPBIX MaTepHAJIOB

Matepuan

KaJnHi

JIMTHH

IJIaTuHa

pyouamii

cepedpo

Le3ui

LIMHK

Agyix, 2B

2.2

2.3

6.3

2.1

4.7

2.0

4.0

BOHPOCLI u 3aJaHUs 118 CAMOKOHTPOJISA

Nk~ wWNE

10.
11.
12.
13.
14.
15.
16.
17.
18.

UYro Takoe (HOTOHEI?

HazoBuTe Bce MOJIEIH 3MEKTPOMATHUTHOTO U3ITYUCHHS.

Hanmmute hopmymny sueprun GoToHa.

Hamnummte Gpopmyity, CBSI3BIBAIOIIYIO SHEPTHIO (POTOHA U €ro Maccy.

HanummTe BIpakeHue SHepruu GOTOHA Yepe3 ero UMITYIbC.

Haiite GopMyIHPOBKY SIBICHUS BHELIHETO (HOTOIhdeKTa.

Omnuumte Mo maram, 4To MPOUCXOAUT ¢ (OTOHOM, MAJAFOUIAM Ha TPaHHIY METaa.

Omumute 1o [maraM, 9To MPOUCXOAUT CO CBOOOIHBIM JIEKTPOHOM MeTallla, IIOCNIe ero B3anMoIeHCTBHS ¢ (HOTO-
HOM.

Omnuumte, YTO MPOUCKXOIUT C DICKTPOHOM, BXOISAIIAM B COCTAB aTOMa METaJla, MOCJIe ero B3auMozeiicTus ¢ $ho-
TOHOM.

Yro takoe pabora Beixoaa? Ubs 3T0 XapaKTepucTHKa?

Hanumure popmyny DiiHiuTeiHa 1i1s BHeIHero $poTodddekra.

[aifte onpenencHne KpacHo# rpaHuibl GoTodddexra.

Kax ycrpoen ¢poroanement?

[Toyemy karon GoTodIEMEHTa HAa3bIBAIOT (POTOKATOIOM?

Yto0 Takoe 3anuparomniee HanpsHKeHHe ISl JaHHOTO (pOoTOoKaToAa.

Kax nBrxetcst GOTOdIEKTPOH B POTOIIEMEHTE PH MOTSHIHANIE aHOIa HIDKE MOTeHIHaIa (poTokaTtona?

Kax nBmxeTcst HoTo3eKTpOoH B HOTOIIEMEHTE IPH MOTESHIMAIIE aHO/a BBIIIE MOTeHIHaNa Gotokarona?

Kak cBsi3aHa KMHETHYECKast SHEPTUs DIICKTPOHA y KaTojja C ero IMOTeHIMAIBHO SHeprueil a anoaa unodemy?




JIABOPATOPHASI PABOTA Ne 6
CIIEKTP U3JIVUEHUA ATOMAPHOI'O BOJOPOJIA

O3HaKOMBTECH C TeOpHEH B KOHcIekTe u yueOHnke (Casenbes, 1.3, §12, §28). 3amyctute nporpammy. Beidepute «KBaH-
ToBas ¢usuka», «llocrynarel bopa». Haxxmure BBepXy BHYTpEHHEr0 OKHa KHONKY ¢ n300pakeHHeM ctpaHulbl. [Ipoun-
TaliTe KpaTKHe TeopeTndeckue cpenenus. Heooxoaumoe 3anummnte B cBoit koHcnekT. (Ecnm BbI 3a0butH, Kak paboTaTh ¢
CHCTEMOW KOMITbIOTEpHOTO MoenupoBanus, npountaiitre BBEJAEHUE ctp.5 eme paz).

HEJIb PABOTBI:

* 3HAaKOMCTBO C IUIAaHETAPHOI U KBAaHTOBOW MOJENSMH aTOMa IPH MOJEIUPOBAHUM IPOLECCa UCIYCKAaHUs JMIeK-
TPOMAarHUTHOTO M3Jy4YeHUs BO30YKIEHHBIMU aTOMaMH1 BOJIOPOJIA.

* OKCHepyMEHTANbHOE TOATBEPKICHNE 3aKOHOMEPHOCTEH (OPMHUPOBAHMS JHMHEHYATOTO CIEKTpa H3Iy4EHUsS
aTOMapHOTO BOOPO/ia MPH HU3KUX JIaBIECHUSIX.

* OKcnepuMeHTaNbHOE ONpe/esieHre MOCTOsTHHOM Punbdepra.

KPATKASA TEOPUSA:

CIIEKTPOM »nektpomarautHoro usnyueHus (OMU) Ha3bIBaeTcs COBOKYIMHOCTh AJIEKTPOMArHUTHBIX BOJH, M3JIydae-
MBIX WJIH MOTJIOMIAEMBIX aTOMaMH (MOJISKYJIaMH) IaHHOTO BEILECTBa.

JIMHEMYATBIM crekTp COCTOMT U3 OTAENbHBIX KOMIOHEHT (JIHHHIT), GIM3KHX K TAPMOHHYCCKHM. PaccTosHHe MEKIy
JMHUSMU (T10 IIKaJe JUTHH BOJH MJIM 9acTOT) MHOTO OOJIbINC ITMPHHBI JIMHKUHN. Takoil CeKTp N3IydaroT aTOMapHBIE Ta3bl.
Kpowme nuneitgartoro Beiaensior eme IIOJIOCATDIM criektp, KOTOPBIi H3TydaoT MoIeKyspHbie rassl 1 CIIIOIIHOM
CIIEKTP, U3Iy9aeMbIi HarpPEeTHIMH TBEPIBIMH TEIAMHU.

IUDIAHETAPHAS MOJEJIb aTtoma: B LIEHTpEe aromMa pacHOJOKEHO OYEHb MAaJIO€ IMOJIOKUTEIBHO 3apsKEHHOE SApO,
BOKPYT' KOTOPOTO IO OMNpPEZCICHHBIM (Pa3pelIeHHbIM) CTAMOHAPHBIM OpONTaM ABMXKYTCS 3JIEKTPOHBI, Macca KOTOPBIX
BO MHOT'O pa3 MEHbIlle Macchl sipa. [Ipu ABMKeHHH 1O OpOUTE INEKTPOH HE MCIYCKAET AIEKTPOMArHUTHOTO U3JTyYEeHUS
(BMN). IIpwu mornomennu MU (hoToHA) IMEKTPOH MEPEXOANUT Ha OOJIee BBICOKYIO» Pa3pelIeHHYI0 OpOUTY, Ha KOTO-
poit ero sHeprus craHoBHUTCS Ooiblre Ha BennunHy/Es;, paBHy0 3Heprun noriomeHHoro ¢porona Eq. IIpu obpatHOM
nepexozie 3IEKTPOH UCITyCcKaeT (POTOH ¢ Takoi xe suepruu Eo = |Eoj.

KBAHTOBAS Mozens aToMa OTJIMYAeTCs OT IJIAHETAPHOM B MEPBYIO OYEPEb TEM, UTO B HEH AJIEKTPOH HE UMEET TOYHO
OIpe/IeJIeHHO KOOPAMHATBI M CKOPOCTH, MOATOMY OECCMBICIIEHHO TOBOPUTH O TPACKTOPUM €ro ABHMXKEHHs. MOXHO
OTIpe/IeNUTh (M HApHCOBATh) TONBKO TPAHUIIBI O0JIACTH €0 MPEUMYIIECTBEHHOTO ABIKEHHS (0pOuTamm).

YPABHEHUE IPEJVHI'EPA nuist nBueHUs 3J€KTPOHA B KYJIOHOBCKOM IOJIE Ijpa aTOMa BOJOPO/1a UCTIOIb3YETCA
JUId aHajlM3a KBaHTOBOM MOJENM aroma. B pesynbTare pemieHus 3toro ypaBHeHus noaydaercs BOJIHOBAS ©VYHK-
LIV5l, koTOpast 3aBUCHT HE TOJNBKO OT KOOPAMHATHEI [ ¥ BPEMEHH t, HO U OT 4-X MapaMeTpoB, UMEIONIUX IUCKPETHBIH
Ha0Op 3HAUCHMH W Ha3bIBAEMBIX KBAHTOBBIMHU uuciiaMu. OHM MMEIOT Ha3BaHUS: TVIaBHOE, a3UMYTAIbHOE, MarHUTHOE 1
MarHUTHOE CITUHOBOE.

I'JTABHOE kBaHTOBOE€ YMCJIO N MOXET MPUHHUMATh LEJIOYNCIIEHHBIE 3Ha4deHus 1,2, ... .  OHo omnpenenser BeTUUYUHY
SHEPTHUH JIEKTPOHA B aTOMeE

Ei

En = — rae Ei - sHeprust nonnzanuu atoma Bogopona (13.63B).

n
A3BUMYTAJIBHOE (OPBUTAJILHOE) kBantoBoe uncio | onpenenser Mo1yib MOMEHTA UMIIYJIbCA JJICKTPOHA TIPH €ro
OpOHUTAITLHOM JIBIKEHUH Li=n |(| + 1) . OHo npuHUMaeT nenourciennsie 3uavenus | =0, 1, 2, ... n-1.

MATHUTHOE kBaHTOBOE YHCIIO My OMPEEIIAeT MPOEKIINI0 BEKTOPa MOMEHTA HMIYJIbCa OPOUTAIEHOTO ABIKCHHS
aneKTpoHa Lz Ha HampaBieHHe BHEIIHETO MarHUTHOT'O TTOJISt B . omo MIPUHUMAET TI0JIOKHUTEIIBHBIE U OTPHLIATEIIbHbIE

LEJIOYHCIIEHHBIE 3HAYEHUS, TI0 MOJIYJIF0O MEHbBIIHME WK paBHbIE | . LZ = hm| ,rmem =0, k2%, 1.+
MATHUTHOE cnuHOBOE KBAaHTOBOE YHCIO Ms OMpEAeseT MPOESKIUI0 BEKTOpa COOCTBEHHOTO MOMEHTa HMMMYJbCa

anekrpoHa (CITMHA S ) Ha HaIpaBJIEHHE BHEIIHETO MAarHUTHOI'O MOJIs B:

Sz = h Ms U MPUHUMAET TOJIBKO 2 3HaueHus: ms = +1/2, -1/2. Jlnsa Momysist crivHa F ‘ = hﬁ S(S +1 , TJI€ S — CITMHO-

BOC€ KBAHTOBOC YHCJIO, KOTOPOC Yy Ka)K,HOﬁ HYaCTULbI UMECT TOJIBKO OJTHO 3HAUCHMUC. Haan/IMep, JUIA 3JICKTPOHA S = —

(ananorn4HO, I IPOTOHA U HEHWTpoHa). [l ¢porona s = 1.

BBIPOXX/IEHHBIMMU Ha3pIBaloTCS COCTOSTHUSA JIEKTPOHA ¢ OJUHAKOBOW YHEPrueil.

KPATHOCTbD BbIPOXXIEHUS paBHa KONHYECTBY COCTOSIHMIA C OHOM U TOM e SHEpruen.

KPATKASI 3anmch coctosinust annektpona B atome: [IUDPA, paBaas rimaBHOMYy KBaHTOBOMY unciy, 1 BYKBA, onpene-
JSIOINAs a3UMYTallbHOE KBAHTOBOE YHCIIO!
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IMPABUJIO OTBOPA a3umyTaibpHOr0o KBaHTOBOTO 4yncia W= 1A9eKTpoH B aTOME MOXET MEPEXOIUTh TOIBKO MEXKIY
COCTOSIHUSIMH, YAOBIICTBOPSIOIEMY YKa3aHHOMY TIPaBHITY.

CIIEKTPAJIBHOM CEPUEMU Ha3biBaeTCsi COBOKYITHOCTD JTUHUIA U3TyUEHHUS, COOTBETCTBYIOLIUX MEPEXOIY DIEKTPOHA B
aTOME Ha OJIMH U TOT K€ HIDKHUN YPOBEHb SHEPTUU:

Cepus Jlaiimana banbmepa ITamena bpskera

ITepexomsl | np-Ls ns-2p, nd 2p»> nf3d, np 3d» ng-4f, nd 4f»

METO/IMKA u ITIOPSJIOK U3MEPEHUI
BHUMaTEeTbHO PacCMOTPUTE PHCYHKH.
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E,=-3.003B

E,=-1363B

OpfuTa
"
~
~

loa ko e
-
ol =

Cxema SKCMNEPHMEHTA

3apucyiite He0OX0IUMOE B CBOI KOHCIIEKT JIAOOPAaTOPHOH pabOTHI.
Monyuure y npenoaaBaTess A0MYCK JJIsl BBINOJHEHHSI H3MepPeHU .

U3MEPEHUA

Haxxmute MpImbio KHONIKY «CTapT» BBEpXY dKpaHa.

IToxBeauTe Mapkep MBI K YPOBHIO YHEPTUHU 3JIEKTPOHA C HOMEPOM N, YKa3aHHBIM B Tabiuie 2 11 Bamei Opura-
JIbl 1 HA>KMUTE JIEBYIO KHOIIKY MBIIIIY.

HabmonaiiTe n 3apucyiiTe MUTaroONe CTPEIKH Ha MOJIENTH aTOMa BOJIOpPo/ia (B JIECBOM BEPXHEM I10JIE), a TAKXKE
CTPEJIKU B IIPABOM II0JIE U OTMETKU B HIXKHEM I10JI€, COOTBETCTBYIOIIUE JIMHUSAM B IAaHHOU CEpUHU.

3anumure B Tabiuily | BeIWYMHY TIIaBHOTO KBAaHTOBOTO YMCIIA No AJISI HIDKHETO YPOBHSI SHEPTHHU JIAHHOW CepHH,
Ha3BaHME CEPUU U JJIMHBI BOJH OTAEJIbHBIX JIMHUM.

TABJIMLIA 1.Pesynsratsl m3me- TABJIMIIA 2 ans BeIOOpa HauanbHBIX

penuit yCIIOBHH (HE MepeprCOBEIBATE )
Cepus . No =
Howmep n A, U, Howmep T'n.xB.4ucio
JIMHUH 1= MKM MKM Opurajasl | HHXK.yPOBHS Ng
1
15 1
1
> 2,6 2
3 3,7 3
) 4.8 4

OBPABOTKA PE3YJIbTATOB U O®POPMJIEHUE OTYETA:

Brrunciure u 3anumuTe B Tabauity | oOpaTHBIE ATUHBI BOJTH.

Onpexenure, Mepexoay MEXIY KaKUMHI KBAHTOBBIMHU COCTOSTHMSMU 3JICKTPOHA B aTOME BOJIOPOJIa COOTBETCTBYET
KaXJ1ast JMHUS U3ITydeHns1. 3arumuTe B TaOInIy 3HaYeHUs N.

IToctpoiiTe rpaduk 3aBUCEMOCTH 00paTHOH JUTMHBI BOJHHI (1/).0T 00paTHOTO KBaapaTa IiIaBHOrO KBAHTOBOTO YHC-
na (1/n? ) anst TaHHO# CTIEKTPaILHOM cepuy.

Omnpenenure 1o HaKJIOHY rpaduka 3HaYeHUE NOCTOsIHHOW Pundepra
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3anumuTe OTBET U MPOAHATN3UPYHTE OTBET U IPadUKH.

TABJIMYHOE 3HAYEHHE: TTocmosnnas Puobepea R = 1.1-10" mt .

BOHPOCLI u 3aJaHUs 118 CAMOKOHTPOJIsA
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12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.

0.

Yro Takoe CHEeKTp 3JIEKTPOMarHuTHOro usinydenus (OMU)?

UYro Takoe IuHEHIaTHIN criekTp DMU?

UYro sBNsSETCS UCTOYHUKOM JIMHEHIaTOro criekrpa OMUN?

Yro Takoe nonocatslif cekTp MU u uTo ABISETCSA €70 UCTOYHUKOM?

[Ipu kKakuX yCIOBHSIX M3ITydaeTcs CIUIONMIHOH criekTp DMU?

OnummTe IaHETapHYIO MOJIEIb aTOMa.

IIpu xakuX yCIOBHAX 3JIEKTPOHBI B aTOME M3Ty4aroT WK norionaror OMUN?

Kaxk cBsi3aHBI APYT C IPYroM XapaKTEPUCTHKU (POTOHA U HIICKTPOHA, KOTOPBIH M3ITydaeT NaHHBINA (oToH?
Kakoe ypaBHeHMe UCTIONB3yeTCs I aHaIM3a KBAHTOBOM MOJEIH aToMa?

UYro sABIISAETCS PEMICHUEM 3TOTO YPaBHEHUS?

Kak onuceIBaeTCst 31€KTPOH U €ro ABMKEHHE B KBAHTOBOW MOJeNH aToMa’?

Yro ompenessieT KBaapaT MOIYJIsS BOJHOBOH (yHKIMU?

[aiiTe onpeneneHne opOUTANN 37€KTPOHA B aTOME.

UYro omnpexenseT riaBHoe KBaHTOBOe yncino? Hanuiure Gpopmysty Juist ero HaxooKACHUsL.

UYro ompexenseT a3uMyTaIbHOE KBaHTOBOE Ynciio? Hamumire GpopMyity Uit €ro HaX0XKAECHHSL.

UYro ompezenseT MarHUTHOE KBaHTOBOE unciio? Hanummre GopMyiy aist ero HaX0oKACHHsL.

Uro Takoe CIuH 3JeKTpoHa?

UYro ompezenseT COMHOBOE KBaHTOBOE Yncino? Hammmure popMyiy U ero HaX0XKCHUSL.

UYro omnpezenseT MarHUTHOE CIIMHOBOE KBaHTOBOE yKciao? Hamuimure popMyiy Ui ero HaX0KACHHS.
Uro Takoe BBIPOKACHHBIE COCTOSHUS?

Kak omnpenennTh KpaTHOCTH BBIPOXKICHUS COCTOSTHUSA?

Pacumpyiite KpaTKyIo 3amuch COCTOSHHS dIEKTpoHa B atome (252 , 2p°).

MoskeT 71 AJIEeKTPOH UMETh cocTosiHue 2d 1 moyemy?

CoopmynupyiiTe paBuiio oToopa.

UYro Takoe CeKTpaibHas cepus?

Ha3zoBure Ha3BaHMS CIIEKTPAIBHBIX CEPUI H3ITydSHHSI aTOMAapPHOTO BOAOPO/IA. 3aMIINTE YCIOBHUS JUIS UX BO3HHUK-
HOBEHUSL.



JIABOPATOPHASI PABOTA Ne 7
OOOEKT KOMIITOHA

O3HaKOMBTECH C TeOpHeH B KOHcIekTe u yueOrnke (Casenbes, 1.3, §12, §28). 3amycture nporpammy. Beidepute «KBaH-
ToBas usuka», «KomnroHoBckoe paccesHuey. Haxmure BBepXy BHYTPEHHEIO OKHAa KHOIKY C M300payKeHHEM CTpaHH-
upl. [IpounTaiite KpaTkue TeopeTuueckue cBeneHus. Heobxoanmoe 3amummure B cBoi koHcnekT. (Eciau BBl 3a0b1TH, Kak
paboTaTh ¢ CHCTeMON KOMITbIOTEpHOTO MoxenupoBanus, npountaiite BBEJIEHUE ctp.5 eme pa3).

HEJb PABOTbI:

* 3HAKOMCTBO C MOJICIISIMH DJIEKTPOMArHUTHOTO M3JTyYEHHs ¥ MX UCIIOJIb30BaHUEM IIPU aHAIIM3€e Mpoliecca pacce-
SIHUSI PEHTTEHOBCKOTO N3JTyYeHHs Ha BELIECTBE.

* OKcnepuMeHTaNbHOE MOATBEPIKACHHE 3aKoHOMepHOCcTeH 3¢ dexra KomnroHa.

OKcnepuMeHTANBHOE ONpe/elIeHHe KOMIITOHOBCKOM JIJIMHBI BOJIHBI DJIEKTPOHA.

KPATKAS TEOPUSL:

MOJEJIN anexktpomarHuTHOrO M3nyyeHus (OMU):

Jyd — TUHAA pacnpoctpaneHns OMU (reomeTprudeckas ONTHKA)

BOJIHA — TAPMOHHMYECKas BOJITHA, HMEIOMIAsl aMIUTUTYLy U OTIPENICNICHHYIO AJMHY BOJHBI WUIM YacTOTY (BOJIHOBAsI ONTHKA),
MOTOK yacTul] ((POTOHOB) HCIOJIB3YETCS B KBAHTOBOW OITHKE M JJIs1 00BICHCHHS MHOTHX 3()(DEKTOB, Ha KOTOPBIX OCHO-
BaHa KBAaHTOBAasi TEOPHsI CTPOCHHUSI BELLIECTBA.

XapakTepUCTHKH BCEX MOJIETIEH CBS3aHBI IPYT C APYTOM.

*

DODOEKTOM KOMIITOHA Ha3biBacTCs HOSBICHUE PACCESIHHOTO U3IYYCHHUS ¢ OONbBIICH JUIMHON BOJIHBI MPH 00Iy4e-
HHH BEUIECTBA MOHOXPOMAaTHYECKIM PEHTTEHOBCKUM HU3IIy9ICHHUEM.

PEHTT'EHOBCKHMM Ha3bIBaeTCs 3J€KTPOMArHUTHOE U3IyYEHUE, KOTOPOE MOXKHO MOJEIHPOBATh C MOMOLIBIO HJIEK-
TPOMATHUTHOM BONHBI ¢ AmiHoi oT 10® 1o 1012 M, uiu ¢ noMoLIbI0 HOTOKA (OTOHOB ¢ SHeprueii ot 100 3B 1o 106 3B.
IlepBas Monens NpUMEHSAETCS I ONMCAHUS PEHTT€HOBCKOTO M3IIyYeHHs, PAaCIPOCTPAHAIONIETOCs OT HCTOYHUKA 0 Be-
mectBa. OHO IpeCTaBiIsIeTCs, KAk MOHOXpOMAaTHUYECKas BOJHA C JUIMHOK A,

BonHoBas MojieNib IPUMEHSAETCS U AT ONMMCAHUS PACCEIHHOTO TIOJ YIJIOM 3 PEeHTTeHOBCKOTO M3IYYEeHHUS, HIYLIETO OT
BemectBa (KP) mo peructpupyromero ycrpoiicTBa (peHTreHoBCKoro criekrpomerpa PC).

nuadparMel

KP

PEHTICHOBCKaA I I IpolIeaIee N3IyIeHHe

TpyOKa

v

PaCCEeAHHOC U3JTYUCHUE

PaCCMOTpI/IM ponecc CTOJIKHOBCHUSA MAJAI0OIICTOR CHOBCKOT'O (I)OTOHa (BHepFI/IH h , BIMITYJIBC hk ) C IIOKOAIIUM-
2

Cs1 QJIEKTPOHOM BELIECTBA. DHEPTHsl AJICKTPOHA JI0 CTOJIKHOBEHHS paBHA €ro SHEPTUH MOKOS mc?, IJie M — Macca MOKos
anekTpoHa. UMmynbe snekTpoHa paseH 0.

[Mocne cronkHOBeHHS EKTPOH OyneT o0iagaTh UMITYIECOM [_j U OHepruei, paBHoi ¢ 1p2 + m202 Sueprus

—

(oToHa cTaHeT paBHOH h {1, @ UMITyJIbC hk -
W3 3akoHa coXpaHEHMs UMITYJIbCAa U SHEPIUH BBITEKAIOT J1Ba PABEHCTBA

ho+me= ho + C\/pz +m2c? 7k = P +h_k’.

PaznenuB nepBoe paBeHCTBO Ha BTOPOE, BO3BE/S B KBAIpaT M IPOBE/s HEKOTOPBIE peoOpazoBanust (cM.y4eOHuK (3)
cTp.45), nonmyunm popmyny Komnrona

h

AL=2"-A=a(l-cos §), Ile KOMITOHOBCKas JUIMHA BOJHBI Ac = —— . Jliist oekTpoHa Ac = 2.43 1072 m.

mc

METO/IMKA u IOPAJIOK N3BMEPEHUIA

BrrMaTeTsHO pacCMOTPUTE PHCYHOK.
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3apucyiiTe He0OX0AUMOE B CBOM KOHCIIEKT 1a00paTOpHOIl paboThlI.
IMonyunTte y npenogaBaTelist 10NYyCK 1151 BHIIOJTHEHHS] H3MepeHUii.

WU3MEPEHUA

1. Haxwure MbIbi0 KHONIKY «CTapT» BBEPXY dKpaHa.

2. TlogBemute MapKep MBI K IBHKKY PEryJsTopa [UTMHBI BOJHBI Nagatomero DM u ycTaHOBUTE NEpBOE 3HAUCHUE
JUTMHBI BOJTHBI M3 TaOJUIIBI 2, COOTBETCTBYIOIIECE HOMEPY Balleld OpUrapl.

3. TlomBemute Mapkep MBI K IBHKKY pEryisTopa yria npuemMa paccessuHanoro OMU u ycTaHOBUTE MepBOE 3HAUCHHE
60° u3 Tabmuus 1.

4. Tlo xapTuHE U3MEPECHHBIX 3HAYCHUH OIpeeIuTe JUIMHY BOJIHBI ApaccestHHOro OMMU u 3anumure B EpBYIO CTPOKY
Tabmume! 1.

5. Hsmewnsiite yron Habmoaenus ¢ marom 10° , a 3anuceiBaiite n3MepeHHbIe 3HAUEHKS /B COOTBETCTBYIOLIUE CTPOKH
Tabuie 1.

6. 3amojHUB BCe CTPOKHU TaOMUIBI 1, U3MEHUTE 3HAUCHHE JUTMHBI BOJIHBI Majnatomero MU B cOOTBETCTBHH CO ClEy-
IOIIMM 3HAYeHUEeM JUTA Bamiei Opuransl 3 Taomuis! 2. [ToBTopuTe M3MEpeHus MIHHBI BOJIHBI paccestHHoro DMU,
3aroJIHsIs CHavasa Tabmuity 3, a 3aTeM u Tabnuiy 4 (aHanoruyselie Tabnuie 1).

TABJIMLIA 1.Pe3ynbraTs! u3- TABJIMLIA 2 st BeiOOpa 3HaYCHUN
MEpEeHUH (He mepepHucOBHIBATH)
JlnuHa BOJIHBI A = M
Homep |8 A, 1-9 Homep | lnmuHa BOJIHBI
usMep. |rpag | oM Opura- | magarorero MU (M)
Bl
1 60 15 3 5 7
2 70 2,6 35 55 8
...... 3,7 4 6 9
11 160 4.8 4.5 6.5 10

Tabuuup! 3 1 4 aHamoruynsl Tadmue 1

OBPABOTKA PE3YJIbTATOB 1 O®OPMJIEHUE OTYETA:

1.
2.

3.

Cc

Beruncnure u 3anumure B Tabauisl 1,3 u 4 Benuuunsl 1 - COSS

Iocrpoiite rpadukb 3aBucuMOCTH U3MEHEHUs [UTMHBI BOIHBI ( AL = A- ) &r pasnoctu (1 - €0S &) s kaxoii ce-
pUHU U3MEPEHUI.

Onpexnenute 10 HAKIOHY rpadrka 3HaYEHHE KOMITOHOBCKOH JUTHHBI BOJTHBI SJIEKTPOHA

B A(AR)
~ Al-cos8)’

4. 3amumuTe OTBET M MPOAHATU3UPYHTE OTBET U TPAPUKH.

BOl'lp()Cl)l " 3aJaHUsA 1JId CAMOKOHTPOJIsK

1. Ha3oBurte Mo/enH, C IOMOIIBIO KOTOPBIX OMKMCHIBAETCS SJCKTPOMArHUTHOE H3JTyICHHUE.
2. HazoBute 001acTi QU3UKH B KOTOPBIX UCIIOJIB3YIOTCS COOTBETCTBYOIINE Moaenn DMU.
3. Uro takoe myu?
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10.
11.

12.
13.
14.
15.
16.
17.
18.

Uro Takoe rapMOHUUYECcKast BOiIHA?

Cdhopmynupyiite cBsI3p MEXAY XapakrepuctTukamu DMU B BOJTHOBOW ¥ KBAHTOBON MOJIEIISIX.

HazoBure 3¢hdexThl, A5 OnMcaHusi KOTOPBIX HAJlo MCIOJIb30BaTh M BOJHOBYIO M KBAaHTOBYIO Mojeny DMU.
[poummoctpupyiite onuH n3 3¢ dexTos.

Kak Mozenupyetcs mpouecc B3auMOAEHCTBUS MaIal0IEero PEHTTeHOBCKOro (JOTOHA M CBOOOIHOTO JIEKTPOHA
BellecTa?

Kakue 3akoHbI cOXpaHeHHs BBIIOIHSIOTCS IIPH B3aUMO/IeHCTBUH (DOTOHA € 3JIeKTpoHOM B 3 dexte KomnroHa.
CpaBHHuTe MIOBeieHHE (DOTOHOB MOCIE B3aUMOICHCTBHSA C 3IeKTpoHamu B apdexte Kommnrona u potorddexre.
Yro Takoe KOMIITOHOBCKAs JJTMHA BOJIHBI YaCTUIIBI?

[ouemy >¢pdext Komnrona He HabMIOAAaETCS NPH paccessHIH (OTOHOB HA AIIEKTPOHAX, CHIIBHO CBS3aHHBIX C
siipoM atoma?

Kak mensiercs sneprus poToHa IpH €r0 KOMITOHOBCKOM PacCEesTHUH?

UTo MpOUCXOTUT C SIEKTPOHOM TIOCIIE paccessHis Ha HeM (oToHa?

Yem oTamdaeTcs Macca ot Macchl mokos? Korma onn coBmagaror?

Hanumure ypaBHeHue 111 UMIyJibca (pOTOHA.

Hanumure popmyny ms addexra Komnrona.

Hanumuire ¢popmyiy 11 KOMITOHOBCKOH JUTMHBI BOJIHBI SJIEKTPOHA.

YeMmy paBHO MaKCHMaJIbHOE N3MEHEHHE JUTHHBI BOJIHBI pacCesTHHOTo ()OTOHA M KOT1a OHO HaOIro1aeTcs?



