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UHTEP®EPEHINA CBETA

3AJJAHUE Ne 1

Ecim S u .Sy — ucrounmku korepeHTHBIX BONH, a L1 u Ly, — paccTosAHMA OT TOYKH

A 10 ncrounnkos, T0 B Touke A HAOMOAAETCA MUHUMYM HHTEP(PEPEHIIMN B BO3LyXE
MPU YCIIOBHH. ..

BAPUAHTBI OTBETOB:
A
4 DL ~L=Q2m-12%, m=1,23..
L, 2
S
T %) LZ—L1:2m%, m=0,1,2.3...
HNL —L = A =0,1,2,3....;
SZ ) 2 1_m19m_99 5 e s
A
HL-L=mZ m=0123.
3AJIAHUE Ne 2

Jlnsa Touku A onThueckas pasHOCTh XOJA JIyU€i OT IBYX KOTEPEHTHBIX HCTOUHHMKOB

S1 1S, pasna 1,2 mxm. Ecnu nnvna sonasr B Bakyyme 600 Hv, 1o B Touke A Gyner
Ha0moaaThCs. ..

BAPUAHTbBI OTBETOB:

1) makcumym mHTEp(PEpEHITNN, TaK KaK PA3HOCTh

X0JIa paBHA YE€THOMY YHMCITY TOJTYBOJIH |
| A
2) MUHIMYM HHTEPEPEHITH, TaK KaK pa3HOCTh
S X0JIa paBHA YE€THOMY YHMCITY TOJTYBOJIH |
3) MuHAMYM UHTEPPEPEHITNH, TaK KaK Pa3HOCTh
S, X0JIa paBHA HEUETHOMY YHCITY TOJIYBOJIH |

4) MakcuMyM HHTEP(PEPEHITNHN, TaK KaK Pa3HOCTh
X0JIa paBHA HEUETHOMY YHCITY MOJIYBOJIH .



3AJIAHUE Ne 3
Ecmm S; u S, — HMCTOYHMKM KOTEPEHTHBIX BOJH, TO Pa3sHOCTh (a3 KojeGaHwuid,
BO30yKIaeMbIX STUMU BojHamMu B Touke () (LEHTpaIbHbIA MAKCUMYM) PABHA. ..

BAPUAHTbBI OTBETOB:

S * .
1) 0; 2) 7, 3) 27, 4)5.

Yrazanus k 3aoanusim No [ — 3
Jtst ciaydas ABYX HMCTOYHHMKOB KOTEPEHTHBIX BOJIH C HYJIEBOH pasHOCTBIO (ha3
CITPaBEUIUBHI CIACTYIONINE 3aKITIOUSHUS:

1) eemu L; w L, — onThyeckde [OMHBL IIyTEH, NPOXOAMUMBIX BOJIHAMH,

COOTBETCTBEHHO, OT HMcTOYHMKOB 1 ¥ 2 g0 Toukm C, To B 10l TOouke C
uHTEPEPEHIIMOHHBIA MAKCUMYM HaOJIFOIAETCs IPH YCIIOBHH:

A
A:J_r2m7° (m=0,1,2,..)),
a MHTep(PEPEHIIMOHHBIN MUHUMYM HAOJTIOIaCTCA TPH YCIOBHH:

A:J_r(2m+1)% (m=0,1,2,...),

rae A — onTuueckas pasHOCTh XOJa IBYX BOJH: A = (L2 — Ll) ;

(Onrrueckas ayvna oyt L = 7S |, rie 7 — nokasareiib NPeOMIICHUS CPEIbL,

S — F€OMETPHUUECKAs JUIMHA IyTH CBETOBOM BOJIHEL),

Ao — IJIMHA CBETOBOI BOJIHBI,

2) pasHocts Ga3z A@ nByx konebanuii B Touke C, BO30YKIAE€MbIX BOJHAMH OT

WCTOYHHKOB 1 1 2

2 _2_7r

(6] (6]
3AJIAHUE No 4
TOHKaﬂ IINICHKA BCJIICACTBUC SABJICHUA I/IHTep(bepeHI_[I/II/I B OTpa>KeHHOM CBCTC UMCCT
3esieHbIi nBeT. [Ipy yBeIMUeHNH I0KA3aTe s MPETIOMIICHHS IIJIEHKH €€ IIBET. ..

BAPUAHTBI OTBETOB:
1) He n3menuTes |

2) cTaHeT CHHUM |

3) cTaHeT KpacHbBIM .



3AJAHUE Ne 5
ToHkas TUTeHKA BCIEACTBUE ABJICHUS HHTEP(HEPSHITUN B OTPAKCHHOM CBETE MMEET
3eJICHbIN LBET. [Ipy yMEHbIIIEHUH MOKA3aTelIs NPEJIOMJICHUA TJICHKU €€ LBET. ..

BAPUAHTBI OTBETOB:
1) He n3menuTes |

2) cTaHeT CHHUM |

3) cTaHeT KpacHbBIM .

3ATAHUE Ne 6
[TocTossHHO MEHSIOIIASCS Pady>KHAS OKPACKA MBUIbHBIX My3bIpeil OOBIICHAETCS. ..

BAPUAHTBI OTBETOB:
1) uarepdepenueii creta ;
2) mudpakmmeii cpeTa

3) aucnepcueii ceera ;

4) monspusalmen ceera .

Yrazanus x 3a0anusam No 4 — 6
YcnoBusi MAKCHMYMOB U MUHUMYMOB TIpH UHTEP(EPEHITNHA CBETA, OTPAKEHHOTO OT
BEPXHEW W HWKHEHW MOBEPXHOCTEM TOHKOW IUJIOCKOINAPAUIETBHON  IUIEHKH,

HaxoAMIENcs B Bo3ayxe (M, = 1):

1) ycnoeue makcumymoB — 2d n? —sin?i i% = 2m/%° (m=0,1,2..),
2 2., Ao (o _
2) yCcIoBHE MEHEMYMOB — 2dA/n~ —SIn” i i; = (2m+1)7(m =0,1,2...),

rae d — TONMLUHA IJIEHKY,
7l — TI0Ka3aTelNlb MPEJTOMIIEHAS TIEHKH,
[ — yroj majJeHHs CBETA,
Ao — JUIMHA CBETOBOM BOJIHBL.

Unen +—2 00ycnoBiaeH notepeil MonyBONHBI NPH OTPAXKEHUM CBETA OT IPAaHMLILI

paszzena AByX Cpell: €cliu 1 > My, TO He0OXOAUM 3HAK TUTIOC, €CNU 1 < g HE0OX0AuM
3HAaK MHHYC.

Kpacupiii mBer cootBercTByeT Hambombiie (~ 750 HM), a (uONETOBBIH HBET —
HauMmeHbinen (~ 400 HM) [yIHE BOJHBI BUAMMOTO CIEKTPA.



3AJTAHUE Ne 7

Ha crexnsannol nuH3e HaHECEHA TOHKAS TUICHKA, JAIOIAs MUHAMYM B OTPaXCHHOM
ceere (mpocBernenne ontukw). Kakme mapamerper BausAioT Ha  «OddekT
MPOCBETICHUAN ?

A. Tonmuaa naeHkKy.
B. Tlokazarens npenoMyieHus JIEHKH.
C. JlnuHa BOJIHBI MAAAKOIIETO CBETA.

BAPUAHTBI OTBETOB:
1) Tombko A ; N AubB; 3) Tonbko C | HNAuC, 5)A, B, C.

3A/TAHUE Ne 8
ToHkas TJ€HKAa HA MOBEPXHOCTH JIMH3BI AT MHHUMYM B OTPaKCHHOM CBETE IS
3€JIEHOTO 1BeTa. YTOOB MUHUMYM JOCTUTANICS I (DHONETOBOTO I[BETA, MOXKHO. ..

A. YBenuuuth TONMMHY INIEHKH IPY HEU3MEHHOM II0KA3aTEeNE IMPETOMIICHHS.
B. YMeHbIIUTE TONIIUHY IJIEHKH NPU HEU3MEHHOM [TOKA3aTe e NPEIOMIICHHS.
C. YBenuuuTth MoKa3aTeNhb IPEIOMIIEHHS IIJIEHKH NP TOM K€ €€ TOJILIMHE.

D. YMeHbIIUTH MOKa3aTellb MPEIOMIIEHUS IEHKH PU TOM K€ €€ TOJIIIHHE.

BAPUAHTBI OTBETOB:
1)tomeko A ;  2)tomeko B;  3) tomsko C ; 4y A v C ; 5) Buma D .

Vxazanus xk 3a0anusim Ne 7, 8

Cnyuato «mpocBetnenus ontuku» (cMm. Tpodmmosa T.M. Kype ¢msmxku. M. BIIL.
2004. C. 328) cooTBeTCTBYeT HAOMOACHUE WHTEPQPEPECHIIMOHHOTO MUHUMYMA IS
CBETOBBIX BOJIH, OTPAXXEHHBIX OT BEPXHEHW W HUKHEHW TMMOBEPXHOCTH TOHKOM
MJI0CKONAPAJUICSIbHON MJIEHKU HA MOBEPXHOCTH CTEKIIA.

VYcnosue HaOMOAEHUSA HHTEPHEPEHITMOHHOTO MUHUMYMA

2dn:(2m+1)% (m=0,1,2,..),

rae d — TOJILIMHA MJIEHKH,
1 — TOKa3aTesb NpeaoMIIeHH TJICHKH,
A, — INMHA CBETOBOM BOJHBL.

JIia MjIeHK MUHUMAJTBHOHM TOJIIITUHBI YCJIOBHE HHTEPHEPEHITMOHHOTO MUHUMYMA B
OTPa)KEHHOM CBETE:

Zdnzﬁ.
2



JN®PAKIINSA CBETA

3AJTAHUE Ne 9

NmeroTes 4 peleTky ¢ pa3InuHbIME IIOCTOSHHBIME ¢ , OCBELIAEMBIE OJJHUM M TEM K€
MOHOXPOMATHYECKUM HW3JIYUCHUEM PA3JIMUYHOA HMHTEHCUBHOCTH. KakoW pHCYHOK
WUTIOCTPUAPYET TIOJIOKECHHUE TIIABHBIX MaKCHMYMOB, CO37aBaeMbIX JH(PPAKITMOHHON

PEIIETKON € Hauboabuleil NOCTOAHHOM pemieTkn? (J — WHTEHCHBHOCTH CBETA, () —

yrou nudpakipm)

BAPUAHTBI OTBETOB:
1)

.uu"."
104

2)

-
10

4.
2.

04 .03 0,2 -0,1
3) F 3 J

01 02 03 04 sing

4)

04 0,3 02 0,1 0

J

01 02 03 04 sing

04 03 02 0,10

3AJAHUE Ne 10
[TonmoBura  AUGPaKITMOHHON

01 02 03 04 sing

PEIIETKH

.04 -03 02 0,1 0

MNCPCKPBIBACTCA

C

0,1 0,2 0,3 0,4 sing

OAHOI'0

KOHIIa

HEMPO3pauHON MPErpajod, B PE3yJbTaTe YEro YUCIO IITPUXOB YMEHbINAETCA. UTO

WU3MEHUTCS MPU 3TOM ?

A. PaccTosiHUE MEXK Y TIIABHBIMA MAKCHMYMaMH.

B. TlocrosiHHas pemeTky.
C. SIpKOCTh MaKCHMYMOB.

BAPUAHTbBI OTBETOB:

1) Bce ot mapameTpsi |

NAuB;

2) Tomsko C
NAnC.



3AJJAHUE Ne 11

Omma w Ta xe AudpPaKIMOHHAS  PENMIeTKAa  OCBEMIACTCS  Pa3IMYHBIMUA
MOHOXPOMATHUYECKAMH U3JTydeHUsIMU. Kakoil pHCYHOK COOTBETCTBYET CIIydaro
OCBEIIEHUS CBETOM Haubonwuieil 4actotel? (J — MHTEHCHBHOCTH CBETA, () — Yroi
mupakiin )

J

h BAPUAHTbBI OTBETOB:

ﬁ — HA; )b

Y

= f"' fl 3) B HI,
[
[

s & 5) Jlna oTBeTa HEAOCTATOUYHO JAAHHBIX .

Yrazanus k 3ao0anusim No 9 — 11
Gopmyna audpaknrOHHON permeTkrn (yciaoBue HAOMOAEHUA AU(GPAKITMOHHBIX
MaKCUMYMOB):

dsinp=tmA (m=0,1,2,..k),
rae d — nocrosHHas AUPAKIUOHHON PENIETKH,

A, — IUTMHA CBETOBOM BOJTHBI,

@ — yron audpakium,

m — HOMep MU(PAKITMOHHBIX MAKCUMYMOB (TIOPSIOK CIIEKTPa),
k — nanGonpmmii HoMEp AUPPAKLIUOHHBIX MAKCHMYMOB;

(2k +1) — obiee uncno AUPPaKIMOHHBIX MAKCUMYMOB.

C yMeHBbIIEHWEM UYHWCIa IITPUXOB IA(PPAKIMOHHONW PEMIETKH  YMEHBIIASTCS
WHTEHCUBHOCTh TPOXOJAIIETO UYepe3 Hee CBEeTa, T.€. SAPKOCTh AU(PAKITMOHHBIX
MaKCUMYMOB, a TIOJIO)KCHHE JU(PAKIMOHHBIX MAaKCHMYMOB TIPH 5TOM HE
WU3MEHSETCS, TaK KaK OHO 3aBUCHT TOJIBKO OT MOCTOSIHHOW AW(PAKITUOHHOW PEIIETKH

d JUIsl MAaHHOM JUTHHBI CBETOBOM BOJTHBI 2,0 )



HOJIAPU3ALINA CBETA

3AJJAHUE Ne 12
Ha IIyTH CCTCCTBCHHOI'O CBCTA HMHTCHCHUBHOCTLBLIO JO IIOMCIICHBI ABC ININIACTHUHKH

TypMayiHa. [ociie MpoX0KIeHUS IIIACTUHKN | CBET MOJHOCTBIO NONAPH30BaH. Ecmu
yron @ mexny Hanpasnenusmu OO u O ‘O 'pasen

, TO MHTEHCUBHOCTbH J, CBETa, MpOLIEQIIEro 4yepe3 00e IUIACTUHKM, CBA3aHa ¢ J,
COOTHOIIICHUEM. ..

BAPUAHTDBI OTBETOB:
J J
nHJ,=-2; 2)J, =2
) Jo g ) Jo 4
3J J
NS, =—2; 4HJ,=-2.
) Jo g ) Jo )

3AJJAHUE Ne 13
Ha IIyTH CCTCCTBCHHOI'O CBCTA HMHTCHCHUBHOCTLBLIO JO IIOMCIICHBI ABC ININIACTHUHKH

TypManuHa. [1ocie NpoXokKIEHUS MIACTHHKA | CBET MOIHOCTBIO MONApU30BaH. Ecam
J1 u J) — MHTEHCUBHOCTH CBETA, MPOLIE/AIIETO TUIACTHHKA | W 2 COOTBETCTBEHHO, U

J
Jr = “L torma yron ¢ mexny nanpasneruimu OO u OO "pasen .
BAPUAHTBI OTBETOB:
1)30°; 2)45°;
3) 60°; 4)90°.

3ATAHUE Ne 14
[lpy mageHuwn cBeTa W3 BO3AYyXa HA AWAIEKTPUK OTPAKECHHBIN Jyd MOJHOCTBIO

0 w
nonspusosan npu yrie nagerus 60° . IIpenoMiieHHbIH Iyd pacupOCTPaHIETCS MO/

0
yraom 30° x Hopmanu. ITpy 5TOM TOKa3aTeNb NPEIOMIIEHHS JUAIEKTPHKA PABEH.. ..

BAPUAHTBI OTBETOB:

1)0; 2) 1,41 ; 3»H1,5; 41,73 .



3AJJAHUE Ne 15

Ilpy mageHuM cBeTa W3 BO3AyXa HAa AUAJICKTPUK OTPAKEHHBIN Jyd MOJTHOCTHIO
o (6]
HONAPU30BaH. [IpenoMiIeHHbIH Tyd pacnpocrpansercsa nox yrom 307 k HOpManu.

[Tpm 5TOM MamarOmMii JIy4 COCTABJIAET ¢ HOPMAJIBIO YTOJI ...
BAPUAHTbBI OTBETOB:
1H)30°;  2)45°; 3) 60° ; 4)90°.

Yrazanus k 3aoanusim No 12 - 15
NHTEHCUBHOCTH MOJIHOCTBIO TIOCKOMOISIPU30BAHHOTO CBETA, MPOIIEANIETO TEPBHIH
KpUCTaJLI:

1
Jl :EJO ,

— HHTCHCHBHOCTL CCTCCTBCHHOI'O CBCTA, MaAdarOmicro Ha HepBHﬁ KpuCTaJlL.

rac

JO
3akon MaJroca: HWHTCHCHBHOCTH TIOJHOCTBIO IUIOCKOIIOJIAPU30BAHHOI'O CBCTAQ,
BBILLIEALIErO U3 BTOPOrO KpUCTAJLIA:

Jy = cos’ ¢ , re
J 1 — HWHTCHCHBHOCTbL IIOJIHOCTBIO INIOCKONOIAPHU30BAHHOIO CBCTA, NPOMICAIICTO
MEPBBIM KPUCTAIUT Y MAJAIOLIETO HA BTOPOU KPUCTAJLT,

() — Yroja Mexay ONTHYECKUMU OCSIMU NIEPBOTO U BTOPOr0 KPUCTAILIOB.
HNHTEeHCMBHOCTH CBETA, MPOIIEAIIETO Yepe3 ABa MosIpu3aropa:

Jy = %Jo cos” ¢ .

Ecnu niyuy eCcTeCTBEHHOrO CBETA MAAAET HA FPAHUILy pa3jeia ABYX JUAJIECKTPUUECCKUX
cpea, TO OTPAXKECHHBIM U NPEJIOMJICHHBIN JTYUd SBJSIOTCS TMOJAPU30BAHHBIMU.
B ToMm cnyuae, ecium yroy najieHust yA0BJIETBOPSET COOTHOIIEHUIO:

igip =Ny
(ig — yron bproctepa, 7, — OTHOCHTENbHBIA MOKa3aTellb MPEIOMIIEHUS BTOPOH
Cpebl OTHOCUTEIIBHO TIEPBOH ),
OTPaXCHHBIH JIyd ABJIACTCS TOJTHOCTHIO TIOCKOTIONSPU30BAHHBIM, a TIPEIIOMIICHHBIN

Jyd SBIIACTCA MAKCUMAIBHO  TOJIIPU30BAHHBIM, IIPUYEM  OTPAKCHHBIA W
MPEJIOMJICHHBIN JTydX B3aUMHO TIEPIICHIUKYIISIPHBI (3aKoH bprocrepa).



10

TEIIJIOBOE U3JIYUEHUE

3AJJAHUE Ne 16

Temneparypa aGCOMIOTHO YEPHOTO TENla YBEJIUYEHA B 2 pas3a, a €ro MHTErpaibHas
U3JTYy4aTEbHOCTh YBEINYMIIACH [TPU STOM B ...

BAPUAHTbBI OTBETOB:

1) 2 pasa ; 2) 4 paza ; 3) 8 pas ; 4) 16 pas ; 5) 32 pasa .

3AJJAHUE Ne 17

Ha pucyHke mpeacraBieHbpl rpauKH 3aBHUCHMOCTH CIEKTPAJIbHOM INIOTHOCTH
SHEPreTUUECKOW CBETUMOCTH a0COIIOTHO YEPHOTO Tejia OT YaCTOTHI MPH Pa3IMUHBIX
teMmneparypax. Haubopiei teMnepaType COOTBETCTBYET Ipaduk. ..

ry 4 BAPUAHTbBI OTBETOB:

n 1, 2)2; 3) 3.

3AJJAHUE Ne 18

Ha ©pucyHke TmOka3zaHbl KpPUBBIC 3aBUCUMOCTH  CHEKTPAJIbHOW  IJIOTHOCTH
SHEPreTUUECKOW CBETUMOCTH  aOCOJIIOTHO YEPHOrO Tejda OT JJIMHBI BOJIHBI TIPHU
pa3TuUHBIX Temreparypax. Hanbompimel TemmepaType COOTBETCTBYET Tpaduk. ..

%) 1 BAPUAHTBHI OTBETOB:

2 Hi1; 2)2; 3)3.
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3AJIAHUE Ne 19
Ha pucyHke mnoka3aHa KpuBasg 3aBAUCUMOCTH  CHEKTPAJbHOHW  IJIOTHOCTH
SHEPreTUUECKOM CBETUMOCTH a0COJIIOTHO YEPHOro Teia OT JJIMHBI BOJIHBI TIPH

7' = 6000 K . Ecnu Temmepatypy Tena yMmMeHbInTh B 4 pasza, TO JUIMHA BOJIHEL
COOTBETCTBYIONIAsA MAKCHMYMY M3JIy4€HHUs aOCOTIOTHO YEPHOTO TeNa, paBHa (HM). ..

7 BAPHUAHTBHI OTBETOB:
[
| 1)150; 2) 250 ;
| 3) 500 : 4) 1000 :
| 5)2000 .
500 A, HM
3AJTAHUE Ne 20

Ha PHCYHKC  IIOKA3aHbI KPHUBBIC  3daBUCHMOCTH CHGKTpEU'IBHOﬁ INTIOTHOCTH
3HepFeTH‘leCKOﬁ CBCTHUMOCTHU abCoMOTHO YCpHOro TC¢jia OT JJIMHBI BOJIHBI IIPpH

pa3IMuUHBIX TeMIeparypax. Ecid kpuBasd 1 COOTBETCTBYET CIEKTPY HM3ITydEHUS
abcomotro uepHoro Ttena npu temmneparype 6000 K, to xpuBas 2 cooTBeTCTBYET

temnepartype (K)...

Iy,

BAPUAHTBI OTBETOB:
1)500 K ; 2) 1500 K ;
3) 2000 K ; 4) 4000 K .
500 1500 A, HM
Vrazanus xk 3a0anusim No 16 - 20
3akon Crepana-bosbumana: R; =0 o*,
rie R; — WHTerpajgpHas H3Ty4aTelIbHOCT a0CONIOTHO YEPHOTO Tena, T.C.

MOTIHOCTB U3JTYUCHHSI C €IMHUIIBI TUTOIIAAN TIOBEPXHOCTH aOCOMIOTHO YEPHOTO TENA,
T — temmeparypa;
o - nocrosaHas Credana-bompnmana.

b

3akon cmemeHuss Buma: A, . =— . e A

max JUTMHA BOJIHBI,

max

COOTBETCTBYIOINAsA ~ MAKCHUMAJbHOMY  3HAYEHHIO  CHEKTPAJIbHOM  IUIOTHOCTH
SHEPreTHYCCKOM  CBETUMOCTH  F, ,  abCOMIOTHO  4epHOro tema, [  —

TEPMOAUHAMHUYECKAS TEMIIEPATypa Teaa, b — moctosnHas Buna.
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BHEIIHUN ®OTOIPPEKT
3AJJAHUE Ne 21
B omeitax mo BHemHeMy (ororddexTy wm3ydanmach 3aBHCHMOCTH SHEPTHH
(dhoTOPEKTPOHA OT YACTOTHI Tajaromiero Ha Qorokarom crera. [ HEKOTOPOTO
Marepuaiia (orokaroga HCCleayeMas 3aBUCHMOCTh TPEACTABIICHA HA PUCYHKE

nmuauei b. Ilpu 3amene marepuana (OTOKaToga HA MaTepual ¢ MeHblIeH paboToil
BBIXO/IA SIEKTPOHA 3aBHCHMOCTh W (V) Oymer cOOTBETCTBOBATH JIMHUH ...

Wi c BAPUAHTBLI OTBETOB:
1) a, 2) b,
3) ¢; 4 d.
1%
3AJIAHUE Ne 22

Ha pucyHke mpeacraBieHbl ABE 3aBUCHMOCTH 3aepiKuBaroniero nanpsokenus Uz or
YacTOTHl V TMAJalomero cBeTa Ui BHEMHETO (oTodddekra. YKaxXuTe BEpPHBIC
YTBEPKICHUA.

BAPUAHTLI OTBETOB:
U, .
2 1. A, < Ay, rne Ay n A, — 3nauenus paGoTsl
BBIXO/Ia 3JICKTPOHOB M3 COOTBETCTBYIOILIETO
MeTalIa.
// 7 v 2. 3aBHCHMOCTH MOJYUYEHBI IS IBYX
e pd PasJIMYHBIX METAILIOB.
Ve 3. C nmoMompIO ATHX 3aBUCHMOCTEH MOKHO
// OINPECIIMTh 3HAUCHHE MOCTOSIHHOM [1maHka.
3AJTAHUE Ne 23

Ha PHCYHKC MPCACTABJICHBI ABC BOJLBTAMIICPHBIC XAPAKTCPUCTHUKK BAKYYMHOI'O

¢dorosnementa. Ecnin £ — ocsemennocTs (poTOKATONA, @ V — 9acTOTA MaaroIIEro
Ha HETO CBETA, TO CIPABETMBO CIICAYIOIICE YTBEPKICHHE . ..

1 BAPUAHTBI OTBETOB:
Dwv>wn, E>E;
/ Dn>n, =k
M) v=n, E>E;
1 Hhwv=n, E<E;

Sym<w, E>E;
U 6) MN<wv, E1:E2.
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3AJTAHUE Ne 24
Ha pI/ICYHKe HpeI[CTaBHeHBI JBC BOHBTaMHepHBIe XapaKTepI/ICTI/IKI/I BaKYYMHOFO

(dorosnementa. Ecnu £ — ocsemennocTs poTOKaTOAa, @ V — YacToTa MaJaroIlero Ha
HETO CBETA, TO CTPABEITUBO CIICIYIOIIEE YTBEPKACHHUE . ..

! . BAPUAHTBI OTBETOB:
HDwv>wn, E>E,;

2
e 2Q)yvi> v, Ei=Ek;
Hyv=wv, E>E;
_/ Hwv=nv, E<k,;

v SYyn<n, E>k;
6) N< v, E1:E2.

Vrkazanus x 3a0anusim No 21 — 24
VYpasHenue DHHINTEHHA Ul BHEMTHETO (DOTOAMEKTPOHHOTO d(hpexTa:

2
MUy

hv = A;.s + —2E
ano >
2
rne AV — sHeprus OTOHA 4acTOTOM V | MAafAXOMIEro HA MOBEPXHOCTh METAJLIA
(h — mocrosunas [lnanka),
Az — paboTa BRIXOIa HIEKTPOHA M3 METAILIA,
2

muv
— M _ \jakcuMarbHas KMHETHUeCKas SHEPrus (POTOINEKTPOHA

(m — Macca >1eKTpoHa, J — CKOpOCTb 3J€KTPOHA).
Ecmu hv > Agzs > 10 dotoaddexr Bosmoxen, ecim AV < Agss , 10 dorosddexr

HEBO3MOXKEH, a ecimu AV = Agzs , 10 V =V, = —% COOTBETCTBYET Tak

Ha3bIBaeMOM KpacHO# rpanune ¢oto3ddekra, T.6. HaMMEHBIIEH YacTOTE CBETA, IPH
KoTOpo# hoTod(PdeKT ere BO3MOKEH.

3akoHoMepHOCTH (poTOINeKTpUUecKoro 3¢ dexTa.

®OTOTOK, IPH KOTOPOM BCE BHIOWTHIE W3 KAaTOMA JCKTPOHBI JTOCTHTAIOT aHOJA, ITO
(OTOTOK HaChIIEHHs HAa BONbT-aMnepHoi xapakrepuctuke /() dporosnemenra.
Cuna ¢doToToka HACHITICHUS TPU OOJIYyUYEHWHM KaToJga CBETOM (DUKCUPOBAHHOW
YaCTOTHI MPOMOPIHOHATIFHA HHTEHCUBHOCTH O0TyUEHHA.

Benuuuna 3aaepxuBaromero Hanpsbkenus U, npu KoTopoM (hOTOTOK MPeKpaLiaeTes

i’f’ll)2
(I = 0), onpenenserca uz coornomenus: el/ = % ,
rne e/ — paboTa >IeKTPHYECKOTO TIOJIA TI0 MOTAIIEHNUI0 KHHETHUECKOH SHEPrUn
2
ml)max

(OTO2IIEKTPOHA OT mo 0.
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IOPEKT KOMIITOHA

3AJIAHUE Ne 25
Ha pucynke mnoka3aHbl HampaBlieHWs [ABM)KGHWH manaromero ¢orona ( y ),

(6]
paccesturoro ortona ( ¥’ ) m onekrpona ormaum ( € ). Yron paccesuus 90° |
HAIPaBIICHHE JBMKEHUS SIEKTPOHA OTJAa4d COCTABISAET C HAPABICHUEM JBHIKCHHS

nagaromero Qorora yron ¢ = 30° . Ecmu uMmymbc majaromero (oToHa
3 (Mb>B ¢)/m, 1o ummynbe paccesHHOro GoTOHA (B TEX XKE €IMHUIAX) PABEH. ..

Vv L BAPUAHTBI OTBETOB:
== H15; 2)4/3;
7\ 3) 1,5\/§ : 4) 2\/§ )
e
3AJIAHUE No 26

Ha pucyHke mnokazaHel HampaBiieHWsa [ABM)KCHHMH maparomero ¢oroa (Y ),

(6]
paccesunoro Qorona ( ¥’ ) u snexrpona ormaum ( € ). Yrom paccesnms 90° |
HAIPaBIICHHE JBMKEHUS SIEKTPOHA OTJAa4d COCTABISAET C HAPABICHUEM JBHIKCHHS

nanatomero gporona yron @ = 30° . Ecnu umnynse nagaiouero gotona py , T

MMITYJIbC 3JIEKTPOHA OTJAYH PABEH.. .
BAPUAHTBI OTBETOB:

7//
L D 1L5p; ; 2) \/gpé ;

L D2p, 0 H15Vp,

Vxazanus xk 3a0anusim Ne 235, 26
3aK0H COXpaHCHHS HMITYJIbCa IS B3aUMOISHCTBYIONINX YacTHIl — (POTOHA 1

3NIEKTPOHA — MPU KOMITOHOBCKOM PACCESHUU:
Py =Py + Pe . TR D, , D, —AMIYIbC GOTOHA
10 U NOCJIE B3aUMOACUHCTBHSA, COOTBETCTBEHHO;

7
p v \\\ N
p7/ > pe — UMITYJIBC JJICKTPOHA II0CJIC B3AMMOACHUCTBUS.

7
b
7

Pe 7
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JABJIEHUE CBETA

3AJIAHUE Ne 27
[TapannenbHbli MydOK CBeTa MNAJACT MO HOPMAIM HA 3aYEPHEHHYIO IUIOCKYIO

MOBEPXHOCTh, NMPou3Boas Aasjaenue P . [Ipu 3aMeHe MOBEPXHOCTH HA 3€PKAIBHYIO
JABJICHUE CBETA. ..

BAPUAHTBI OTBETOB:
1) yBenuuurcs B 2 pasa ; 2) yMeHBIIUTCA B 2 pasa | 3) HE U3MEHUTCS |

3AJJAHUE Ne 28

Ecim B 2 pasa yBenwumTh OOBEMHYIO INIOTHOCTh JHEPIMH CBETOBOM BOJIHBI, TO
JABJICHHE CBETA ...

BAPUAHTBI OTBETOB:
1) yBenuuurcs B 2 pasa ; 2) yMeHBIINUTCS B 2 pa3a | 3) He U3MEHUTCA .

Vxazanue k 3a0anusim No 27, 28
Jasnenne cseta P Ha ocBEAaeMyl0 NOBEPXHOCTL OOYCJIOBJIEHO W3MEHEHUEM
ummyasca A f?y nmajgaromiero (OToHa NPH €ro COyAapeHHH C TOBEPXHOCTHIO,

npuuem P ~

Aﬁy

HpI/I MmaaCHUM II0 HOpMallk Ha 3aUYCPHCHHYIO INIOCKYIO ITOBCPXHOCTH HMIIYJIBC

¢dorona mamensercsa or p 1o 0 , T.e. u3MeHeHHe umMmyabca (HoToHa
0

Af?y

a TIpM aHAJOTUYHOM TaJeHuW (POTOHA HA 3E€PKATBHYIO TUIOCKYIO TOBEPXHOCTH

:p )

(4]

UMIYJIbC (POTOHA MPH OTPAKEHUH HW3MEHAETCA OT P 10 —p , T.€. U3MEHEHHE
0 0

—

UMITYJIbCA B 3TOM CIIy4ae ‘A p,

0

I[aBJ'IeHI/Ie P , IPOU3BOAMMOC CBCTOM, IMMaJa0OIKWM 110 HOPMAJIK Ha IMMOBCPXHOCTD.
P=(1+plo,

rae O — xkodhPUIMEHT OTpaKEHHUs, TTOKA3bIBAIOIINI KAaKyIO YacTh OT MMaaloIIeH Ha
IMOBCPXHOCTH CBETOBOM SQHCPIHUH COCTABJIACT OTPAKCHHAA SHCPIUA,

E

» — 00BEeMHas IIOTHOCTh SHCPIrUH U3IYUCHHUA. D = —£ )

c
E. = Nhv (E. — >HepreTnueckas OCBEIEHHOCTD, T.€. dHeprus Bcex N (OTOHOB,
NaJarIIUX HA €AUHALYY NOBEPXHOCTU B €IMHUILY BDEMEHH),

hv — sueprus ¢otona yactotoii v (I — mocrosnnas [1nanka); ¢ — CKOPOCTh CBETA.
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KOPITYCKYJISIPHO-BOJIHOBOM JYAJIN3M

3AJJAHUE Ne 29

JlBa WcTOuHMKa M3Iy4aroT cBeT ¢ maamHOM Bomubl 375 m 750 mm. OtHowenue

HUMITYJIbCOB (POTOHOB, U3 Ty4aEMbIX MEPBHIM U BTOPHIM UCTOYHUKOM PaBHO ...
BAPUAHTbBI OTBETOB:

| |
1) —; 2) —; 3)2; 44 .
)4 )2 ) )

3ATAHUE Ne 30

Ecnu ckopocTh yacTull OJMHAKOBA, TO HAMMEHBILICH JTMHON BOJHBI 00JIAJAET ...
BAPUAHTbBI OTBETOB:

1) or-uactnma ; 2) HelTpoH ; 3) 37MeKTpPoH ; 4) MPOTOH .

3AJIAHUE Ne 31

Ecnu wacTuipl MMEIOT OAMHAKOBYIO JUIMHY BOJIHBI J¢ bpoins, TO HauMeHbIIeH
CKOPOCTBIO 00aAaeT ...

BAPUAHTBI OTBETOB:

l) or-uactuma;, 2) HeHWTpoH; 3) MO3UTPOH; 4) mpOTOH.

3AJAHUE Ne 32
Ecnu gacTuisl MMEIOT OIMHAKOBYIO CKOPOCTh, TO HAWOOJNBINEH AJIMHON BOJHBI 1€
Bbpoiins obnanaer ...

BAPUAHTBI OTBETOB:
1) snextpon; 2) HeWTpoH,  3) MPOTOH, 4) ¢¢ -qacrtuia.
3AAHUE Ne 33
A
OTHOLIEHWE [JIWH BONMH f¢ bpoiiad 2MeKTpoHa M NPOTOHA ——, WMEIONINX
P
OJIMHAKOBYIO CKOPOCTb, COCTABIISACT BEJIMUMHY MOPAJIKA. ..
BAPUAHTBI OTBETOB:
1H10°; ) 1; 3) 10; 4 107

Yrazanue x 3aoanusam No 29 — 33
CBsA3b MEKIY JUIMHOM BOJIHBI J€ Bpoiins (A ) 1 uMIyabcoM () YacTulib:

h
A=— (h —nocrosunas [Inanka).
p
. h
JIns HepeNnATHBUCTCKOM YacThIb (U << ¢ ) cnpaBeuBo. A = —— |
muo

rae m —maccavactampl, a U — €€ CKOpPOCTh.
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MOCTYJIATBI BOPA. CIIEKTP ATOMA BOJOPOJIA

3AJAHUE Ne 34
DJICKTPOH B aTOME BOJIOPOJIA TIEPEIIEN U3 OCHOBHOTO COCTOSHUS B BO30YXKIACHHOE C

n=23 . Pagnyc ero 60poBCKOil OpOUTHI ...

BAPUAHTBI OTBETOB:
1) yBenuumiics B 2 pasa,

2) yBenuumics B 3 pasa;

3) yeenuuuncs B 9 pas;

4) ymeHbLIMIICS B 3 pasa;
5) HE U3MEHMIICA.

3AJJAHUE Ne 35

CxeMa PHEPreTHUECKUX YPOBHEH aTOMa BOJIOPO/1a MOKAa3aHa HA PUCYHKE ...
BAPUAHTDLI OTBETA:

1) A 2) A 3) A

3AJJAHUE Ne 36

Ha pucyHke npeacrapiicHa JuarpaMMa SHEPreTHUSCKHX ypOBHEH aroma. [lepexon ¢
norJjomeHueM (GoToHa HaMOOJIBIIEH 4acTOTH 0003HAUYCH MUpPOH ...

E 4

Es BAPUAHTDBI OTBETA:
Ey
h2 Hl;, 22; 33. 4H4., 535,
E,
El A\ 4 A\ 4 A4
1 2 3 4 5
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3AJIAHUE Ne 37
BuauMOii 4acTH CIIEKTpa M3y4€HHs aTOMa BOAOPOJa COOTBETCTBYET (POpPMyJIa ...
BAPUAHTDLI OTBETA:

1 %ZR(%_H%) n=2.3.4 .

3) 7= F (;—z—niz) n=4.5.6

3AJIAHUE Ne 38

Ha pucyHke nzo0pakeHbl CTallMOHAPHBIE OPOUTHI aTOMa BOJOPOA COTJIACHO MOJIENU
Bopa, a Takxe ycioBHO M300paKEHbI MEPEXOAbl HJIEKTPOHOB ¢ OJHON CTAllMOHAPHON
OpOMTHI HA APYTYIO, COMPOBOXKIAIOIINECS H3JIyUYeHHMEM KBaHTa SHepruu. B yapTpa
(broaeTOBOI 00JACTH CIIEKTpa ATH MEPEeXOIbl JAI0T cepuro JlaliMaHa, B BHIUMOM —
ceputo banemepa, n uadpaxpacHoii — cepuro Ilamena.

HaumMenbien yacToTe kBaHTa B cepur bajbmMepa COOTBETCTBYET NMEPEXOS, ...

BAPUAHTBI OTBETOB:
Hhn=2—->n=1
Dn=3—->n=2
Nn=4—->n=3
Hn=53-n=2
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3AJIAHUE Ne 39

Ha pucyHke nzo0pakeHbl CTallMOHAPHBIE OPOUTHI aTOMa BOJOPOA COTJIACHO MOJIENU
Bopa, a Takxe ycioBHO M300paKEHbI MEPEXOAbl HJIEKTPOHOB ¢ OJHON CTAllMOHAPHON
OpOMTHI HA APYTYIO, COMPOBOXKIAIOIINECS H3JIyUYeHHMEM KBaHTa SHepruu. B yapTpa
(broaeTOBOI 00JACTH CIIEKTpa ATH MEPEeXOIbl JAI0T cepuro JlaliMaHa, B BHIUMOM —
ceputo banemepa, n uadpaxpacHoii — cepuro Ilamena.

HaumMenbinei yactote kBaHTa B cepud JlalimaHa COOTBETCTBYET NEPEXOST ...

BAPUAHTBI OTBETOB:
Hhn=5-n=1
Dn=3—->n=2
Nn=5—->n=3

3AJIAHUE Ne 40

Ha pucyHke nzo0pakeHbl CTallMOHAPHBIE OPOUTHI aTOMa BOJOPOA COTJIACHO MOJIENU
Bopa, a Takxe ycioBHO M300paKEHbI MEPEXOAbl HJIEKTPOHOB ¢ OJHON CTAllMOHAPHON
OpOMTHI HA APYTYIO, COMPOBOXKIAIOIINECS H3JIyUYeHHMEM KBaHTa SHepruu. B yapTpa
(broaeTOBOI 00JACTH CIIEKTpa ATH MEPEeXOIbl JAI0T cepuro JlaliMaHa, B BHIUMOM —
ceputo banemepa, n uadpaxpacHoii — cepuro Ilamena.

Haunmenbimei yactote kBanTa B cepun IlameHa COOTBETCTBYET NEPEXOST ...

BAPUAHTBI OTBETOB:
Hhn=2—->n=1
Dn=4—->n=3
Nn=5—->n=1
Hn=5->n=3
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3A/TAHUE Ne 41
B arome Bomopoja 37EKTPOH IMEPEXOAUT C OJHOTO SHEPreTHUYECKOrO YPOBHA Ha
JIPYTOM, KaK MOKa3aHO Ha PUCYHKE.

Yemy paBHO U3MEHEHHE €r0 TIIAaBHOro Az 1 opOouTansHoro A/ KBaHTOBBIX uKcen?

E,>B#4 BAPUAHTBI OTBETOB:
Sl s b d D An=-2- Al =+1

_ 1:51 / 2) Am=+2; Al=-1
23,40 3 An=—1; Al=0

H An=+1 Al=+1

5) An =+2; Al =+1

S13,6] ————

3AJTAHUE Ne 42
B arome BOmopoda 37EKTPOH TEPEXOAWT C OJHOTO HHEPTrEeTHUECKOTO YPOBHA Ha
JIPYTOM, KaK MOKa3aHO Ha PUCYHKE.

Yemy paBHO U3MEHEHHE €r0 TIIAaBHOro Az 1 opOouTansHoro A/ KBaHTOBBIX uKcen?

E,>B4 BAPUAHTbBI OTBETOB:
0. 85 s P d 1) An=+2; Al=-1

_-1:51 2) Am=+2; Al=+1

0 3) An=-2; Al =+

H An=-1;, Al=0
5) An=-2; Al =-1

13,6

3AJAHUE Ne 43

[Tpu nepexonax 3JEKTPOHA B aTOME C OJTHOTO YPOBHS HA JAPYroi 3aKOH COXPAaHCHUS
MOMEHTA WMITYJIbCA HAKJIJBIBACT OTIPEICIIEHHBIC OrpaHdeHHs (TipaBmiia otoopa). B
SHEPreTUUECKOM CIEKTPE aTOMa BOJOPO/A 3aNPEIIEHHBIM NEPEXO0M SABJIIETCS ...

BAPUAHTBI OTBETOB:
1)4f—-3d; 2)4s—3p ; 3)3s—2s; H3p—2s.
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3AJJAHUE Ne 44
[Tpu nepexonax 3JEKTPOHA B aTOME C OJTHOTO YPOBHS HA JAPYroi 3aKOH COXPAaHCHUS
MOMEHTA UMTTYJIbCA HAKJIAIBIBACT ONPEACIEHHBIC OTPaHUICHHS (TTpaBmiia 0Toopa).

A

S p d f

4
3 [

2 -
Ecnmn cuctema SHepreTMUeCKMX YpPOBHEM aromMa BOAOPOJA HMEET BH,
MPEICTABIICHHBIN HA PUCYHKE, TO 3aNpeléHHbiMU EPEXOTAMU SBISIOTCA ...

A) 5p-2s; B) 3s-2s; C)4s-3p; D) 41-3p.

BAPUAHTBI OTBETOB:
HA,C; 2)B,C; 3)A,D; 49B,D.

3AJAHUE Ne 45

3aK0H COXpaHEHWsS MOMEHTA MMITYJIhCa HAKJIQJAbIBACT OTPAHUYCHHS HA BO3MOXHBIC
Nepexoapl AJIEKTPOHA B aTOME BOJOPOJA C OAHOTO YPOBHS Ha ApPyroi (mpasuiia
otbopa). B sHepreTueckoM crekTpe aromMa BOJOpoAa (PUCYHOK) 3alpeliéHHBIM
NEPEX0I0M SBIIACTCA ...

BAPUAHTBI OTBETOB:
I D d £ 1) 3s—2p
4 2) 4s—3p
\ 3) 4s—3d
3 4) 2p—1s
2
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Vrkazanue x 3a0anusim No 34 - 45
[MTOCTVYIJIATBI BOPA
IlepBoiii mocTyjaTr. B atome cymecTByIOT cTarMOHApHBIE (HE U3MEHSIOMHAECS
CO BPEMEHEM) COCTOSHHWA, XapaKTEPHU3YIOMHUECS ONPEICICHHBIMU JUCKPETHBIMHA
3HaUCHUSIMU  HHeprur. CTallMOHApHBIM  COCTOSHUSIM ~ aTOMa  COOTBETCTBYIOT
CTAllMOHApHbIE OPOUTHI, HA KOTOPBIX HAXOJATCS SJIEKTPOHbI. B COOTBETCTBHUM C
MEPBbIM MOCTYJIAaTOM Bopa »/eKTpoH, ABUTadch MO KPYroBO#l CTallMOHAPHOW opOuTe
00JlalaeT OMpPEAC/ICHHBIM 3HAUEHUEM MOMEHTA HWMIMYJbCa, YOBJICTBOPAIOIIEM
YCIIOBHIO:

mevr,=nh (n=1.2,3,..),
rae M, —Macca JJIEKTPOHA,
Uy, — CKOPOCTb 3JICKTPOHA HA K-U opOUTE paauyca 7,
h=h/27 (h — nocroannas [1nanka).
Paaunyc n-oii opOUTHI 1 aToMa BOJIOPOJA:
, B 4ms,

,=n
" m.e?

»

TAE € — 3apAl dJEKTPOHA, &, — AIEKTPUUYECKAs MTOCTOSHHAS.
[To Teopun bopa mnomHas 3HEpPrus >ICKTPOHA B aTOME BOAOPOAA MOXKET MPUHUMATh
JHACKPETHBIN PAJ 3HAYECHUM:
1 m.e* 193

n? 8h2£§ (=123,
r7Ic ¥ — HOMEP OpPOWTHI 3JICKTPOHA (HOMEP CTAIIMOHAPHOTO COCTOSTHUAS aTOMa).
Bropoii moctynar. Ilpu mnepexoae siaekTpoHa ¢ OJHOM OpPOMTHI HA JPYIYIO
u3nyuaercas (OTOH ¢ >Hepruell /v, paBHON Pa3sHOCTH PHEPIHil COOTBETCTBYIOIIMX
cTauuMoHapHbIX coctosuuil E, u E,,

h=E—FE,.

Ha60p BO3MOXHBIX OHUCKPCTHBIX 4YacToT V mepexoaoB aroma MCKAY
CTAaIMOHAPHBIMHA COCTOAHUAMHU aTOMa OIPCACIIACT JIMHECWYATHIN CIICKTP aTOMa.
B CIICKTPC aTOMa BOAOPOda YaCTOTA KBAHTOBOI'O IICPCXOJa.

1 1
v=R ()

rae¢ R —nocrosunas Punbepra, m=1,2,3, ...; n =m+l, m+2, m+3, ...

Ora o6obmeHHas ¢opMmyia bampMmepa ONMMCHIBACT CEPUH JIMHHI B CIICKTPE aToMa
BOZOpOAa, rae M onpenenser cepuro (m = 1,2, 3...), a n onpenenser oTaeabHbIE
JIMHKAY COOTBETCTBYIOIEH cepun (1 = m+1, m+2, ...).

B ynbTpaduoaeToBoi 06J1aCTH CIIEKTPa aTOMa BOAOPOAa HAOIIOqaeTcs

1

1
cepus Jlaiimana v = R (F — E) (n=2,3,4,..).

E:

n
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B Buaumoit 001acTH CriekTpa aroMa BOJA0pPOoaa Hab o 1aeTes

1 1 B
cepusi bBanbmepa v = R (2—2 — E) (m=3,4,5,..).

B undpaxpacHoii o6macTu criekTpa aTroMa BOI0pPOoaa HAOIIOAAI0TC

cepus [lamena v =R (% — n_lz) (n =4,5,6,..);
1 1y
cepus Bpakera v=R (4—2 - F) (n=5,6,7,..);
, 1 1
cepus [Idynna v=R (? - ;) (n=6,7,8,..);
1 1
cepus Xamppu v=R (E - E) (n=17,809,..).

B kBaHTOBOW MEXaHWKE CUUTACTCS, YTO AJICKTPOH TPH CBOEM ABHKCHUHM KakK ObI
«pa3MazaH» 1o BceMy 00BeMy, 00paszys 3JEKTPOHHOE 00JIaKo, TWIOTHOCTH (TYCTOTA)
KOTOPOTO XapaKTEPU3yeT BEPOSITHOCTh HAXOXKACHUS JICKTPOHA B PA3IMUHBIX TOUKAX
oovema. Pa3zmep, QopMmy u OpueHTAIMIO 3IEKTPOHHOTO OOJiaka B MPOCTPAHCTBE

XapaKTEPU3YIOT, COOTBETCTBEHHO, KBAHTOBLIE uKcna 1, [ u my .

1 (rMaBHOE KBAaHTOBOE UMCJIO) ONpEAeNseT SHEpreTHUYECKUe YPOBHH SJIEKTPOHA B
aToMe, MPUHMAMAs CIIEAyIomure 3Hauenns: 1 = 1,2.3,... ;

[ (OpbuTanbHOE KBAaHTOBOE YHMCIIO) OmpenenseT (GopMy SIEKTPOHHOTO OOJaKa,
npunuMas crneayromue sHadenns: [ =0, 1, 2, ... n—1;

M, (MarHUTHOE KBAHTOBOE UYKMCIIO ONMpEENAeT OPUEHTALHIO JIEKTPOHHOIO 00IaKa B
IPOCTPAHCTBE, IPUHUMA clieayromue 3Hauenus: m~=0, £1, £2, .. £/,

CocTosHME HJEKTPOHA B aTOME BOJOPOA ONpEAeNseTcss HAOOPOM KBAHTOBBIX YHCEL.
Ilpu [ =0 cocTosHue >neKTPOHA HA3BIBAaeTCA S-cocToanueM, npu /=1 coctosnue
3JIEKTPOHA COOTBETCTBYET P-COCTOSAHMIO, pu [ =2 — d-COCTOSHMIO U T. 1.

[Ipu 3amucH COCTOSHUS >JIEKTPOHA 3HAUYEHUE 7 YKA3hIBAETCH IEPe] YCIOBHBIM
0003HaueHHEM OPOUTAIBHOTO KBAHTOBOrO uKcia, Hanpumep, 28 (n =2, [=0).
[IpaBuna, OrpaHMYMBAIOIIME YKMCIO BO3MOXKHBIX IEPEXOJ0B BJIEKTPOHOB MpH

WCITyCKAHUEM WJIU TIPU MOTJIOIIEHUEM CBETA, HA3bIBAKOTCS MPpaBUjaMu 0TOOpa.
[TpaBuna otGopa 114 OpOUTAIBHOIO U MAarHUTHOTO KBAHTOBBIX UKMCET:

Al==x1; Am;=0, £1.

C y4yeToM 9THX NpaBuji 0TOOpPa CHEKTpaabHOH cepuu JlaiiMaHa COOTBETCTBYIOT
nepexonsl: np — 1s (m =2, 3, 4, ...), a nnsa cepun BanbMepa COOTBETCTBYIOT
nepexonsl Bp —> 28, ns — 2p, nd —2p n=3,4,...) ut. 1
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YPABHEHME HIPEJIUHI'EPA

YCJIIOBHUE K 3AJIAHUSAM NeNe 46-51
Hwuxke NpUBCACHBI HCCKOJIBKO BHIOOB YPAaBHCHHA IHpeI[I/IHFepa JUIA O6H.[€r0 )41
YaCTHOI'O CJIy4acB.

2 aw

h .
Ay MUz =i,

2m
b) Al//+h—2(E—U(X,y,ZJ))W =0;

2
B) Az//+i—T(E+ ze }//:O;

Are,r
d*v 2m maogx’
2m

) Ay+—Ey=0;

2
d 1//+2_m
x> n

E) =0,

3ATAHUE Ne 46
OO6uum ypasHenueM lllpeaunrepa sBagercs. ..

BAPUAHTBI OTBETOB:
DA, 2b; 3»B., 4HI. 5 1. 6 E.

3AJIAHUE Ne 47
VYpasuenuem Illpeaunrepa ajid CTallMOHAPHBIX COCTOSHUM B OOIIIEM ClTydae sBIISIETCA
ypaBHEHHE . ..

BAPUAHTBI OTBETOB:
DA, 2b; 3»B., 4HI. 5 1. 6 E.

3A/TAHUE Ne 48
VYpapuenuem [llpenaunrepa ajd SAEKTPOHA B BOJAOPOAONOAOOHOM aTOME SBIISIETCA
ypaBHEHHE . ..

BAPUAHTBI OTBETOB:
DA, 2b; 3»B., 4HI. 5 1. 6 E.
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3ATAHUE Ne 49
CraumonapusiM  ypaBHenueMm Illpenunrepa ajis JIMHEHHOTO TapMOHUYECKOTO
OCUMJIIATOPA SABJISIETCS YPABHECHUE . . .

BAPUAHTBI OTBETOB:
DA, 2b; 3»B., 4HI. 5 1. 6 E.

3AJTAHUE Ne 50

YpaBHenuem IllpeauHrepa mjiss  4YacTUIOBl B TPEXMEPHOW  MPSAMOYTOJIBHOU
(MOTCHIUAIBHON sIME» C OECKOHEYHBIMU MPAMOYTOJIbHBIMU CTEHKAMU SABJISETCA
YPaBHEHHUE . ..

BAPUAHTBI OTBETOB:
DA, 2b; 3»B., 4HI. 5 1. 6 E.

3AJTAHUE Ne 51

YpaBuenuem Illpeaunrepa s 4YacTHLOBI B OJHOMEPHOHM MPSAMOYTOJBHOM
(MOTCHIUAIBHON  sIME€» C OECKOHCUHBIMHU MPAMOYTOJIbHBIMU CTEHKAMH SABJISETCA
YPABHEHVE ...

BAPUAHTBI OTBETOB:
DA, 2b; 3»B., 4HI. 5 1. 6 E.
Vrazanue x sa0anusv Ne 46 — 51
Oomiee ypaBHenue IlIpenunrepa:
h2
— 2—At//(5,y,z,t)+ U(x,y,z,t)- l//(5,y,z,t):
m

rae (x, V,z,t ) — BOJIHOBAs (PYHKITHS,
o'y (x), oy (y), 2w (=)

_in oy (x,y,z,t) ,
ot

A X, ¥, Z,t = >
l// ( y ) ax 2 ay 2 aZ 2
1 — Macca YacTHIIbL;
h= i (h — mocrosnnas [Inanka);
2

U(x,y,z,t) — NOTeHIMATbHAS SHEPTHSL.
Jlnsa ctanmonapHoro ciydas ypasHenue [llpenunrepa:

2
032+ U G 032~ Ese2)
m

2
Aw+h—Zl(E—U(x,y,z)-w(o~,y,z))=O,

rae £ — sHeprus yacTvipbL
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JIsa »nekTpoHa B BOJAOPOAONOAO0HOM aToMe (YHKIHS TOTCHIHMAJIBLHON SHEPTUN
U(x,y,z) obnagaer UEHTPAIbHOM CHMMETPHEM M 3a[aeTCsd  BHIPAKEHUEM
2

Ze
Ux,y,z)=———,
dre v
rae Z —49uciio NPOTOHOB B siipe (MOPSAAKOBBIA HOMEp atoMma B Tabnune MeHeneesa),
Z e —3apsn siapa ( € — BelMYrHa 3apsija EKTPOHA),
£, DIEKTpUYECKAsd MOCTOSHHAS,
7 — PaccTOSHHE OT Aapa 10 TOUKH (X, Y, Z).
JIMHEHHBIA TapPMOHUYECKHAN OCHUJUIATOP OTHOCHTCS K OJHOMEPHOMY CIy4Yar M

MOTCHIOHAJIBHAA SHCPIHUA 3a4aCTCA BRIPAKCHUCM .

2.2
w@:m%x,

re M — Macca YaCTHIIhI,
(M, — COOCTBEHHAsA HUKIMYECKAs YaCTOTA OCLHMILIATOPA;

X — KOOpAMWHATA YACTHULIbI.
Jnd 4acTui B TPEXMEPHON WJIM OJHOMEPHOW MPAMOYTOJIBHOW «HOTEHLUUAIBHOMN
aMe» ¢ OECKOHECUHBIMU MPSIMOYTOJIbHBIMU CTEHKAMHM MOTCHUHMAIbHAA SHEPrus

BHYTpH «sambl» paBHa Hymo (U(x,y,z)=0num U(x) = 0).
BOJIHOBAS ®YHKIUS

3AJJAHUE Ne 52
Ha pI/ICYHKaX HpI/IBeI[eHBI KapTI/IHBI pacnpe/:[eneHI/Iﬂ IIJIOTHOCTHU BepOﬂTHOCTI/I
HaXOKIACHUA 3HeKT’p0Ha B IMOTCHIHUAJIBHOM MAIIMUKE C 6eCKOHeLIHO BBEICOKMHA
CTCHKaMH.

YV Al

0 L D L 0O L o L

Kakas u3 KapTHH COOTBCTCTBYCT COCTOAHHUIO C KBAHTOBBIM YHCJIOM l’l:3 ?

BAPUAHTBI OTBETOB:
HA, 2)b;, 3)B; 4 I, 5) Huonnawus nux.
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3AJIAHUE Ne 53
Ha pucynke npuBeaeH rpaduk BOJTHOBOM (PYHKITMM AJIEKTPOHA B «IOTCHITHAIBLHOM
SIMEY.

P(x)

(}\/LJ:
2

BepoATHOCTL HAXO0XKAEHHUS dIEKTPoHa Ha otpeske —L < x < —L pasna...

BAPUAHTDBI OTBETOB:
1 3 1 2 3
D — 2= 3)= 4 = 5 —.
) 3 ) g ) 3 ) 3 ) 7
3ATAHHUE Ne 54

BeposTHOCT,  OOHApy:KMTh  2JeKTpoH Ha yuactke (a@,b) omHomepHOro

MOTEHLUAILHOIO SIIUKA C OECKOHEYHO BBHICOKUMH CTEHKAMHU BBIUMCIIAETCS [0
b

dopmyne W = [wdx, rae @ -~ mNIOTHOCTb BEPOATHOCTH, oOmpenenseMas Y -
a

ynkumeii. Eciu 1/ — QyHKIMA MMEET BHJI, YKa3aHHBIA HAa PUCYHKE, TO BEPOATHOCTD

5

oOHapyuTh Ha yuactke —L <Xx < —L pasHa:

F(x)

o\/Lx

BAPUAHTBI OTBETOB:

| 2 5
D —: 2)—: 3)=:. 4I.
) > ) 3 ) ; )
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3AJIAHUE Ne 55
Ha pucyHke mnpuBeneHa KapTHHA PaCOPECNICHUS IJIOTHOCTH BEPOSTHOCTH
HaXOXXJCHHUSA SJICKTPOHA B MOTCHIHMAIBHOM SIIUKE C OECKOHEUHO BBICOKHMH

L 5L

cTeHKamMu. BeposATHOCTh OOHAPYXUTh JIEKTPOH HA OTPE3KE g <X <—— paBHa...

BAPUAHTbBI OTBETOB:

.3 =

1
2

N W=

Yrkazanue x 3aoanusim No 51 -55
Jnsg  4yacTulbl, HAXOMAIICHCA B  OJHOMEPHOW  «IMOTCHUUAJIBHOM  sAME» ¢

OECKOHEUHBIMH CTCHKAMH W IUIOCKMM JHOM BOJNHOBas GyHKuus ¥y,(X) mmeer
. 2 . nrx .
cnexyrommit Uy, (x) = T sm(Tx), rae L — mmpuHa «MOTCHUHATBHOM

SIMBI»,
N — TJIaBHOE KBAaHTOBOE YHCIIO (HOMEP KBAHTOBOTO COCTOSHHS), KOTOPOE
XapaKTEPU3YET YHEPIETUUECKUA YPOBEHb. B 3TOM cCilydae MIOTHOCTh BEPOSITHOCTH

x 2 .
@, (X) Gyner umets BUL: @, (X) = Wy = ‘l//‘z = ZSIHZ(% x),

IJIe 3HAK * 03HAYAET KOMILIEKCHOE CONPSKEHHE.
Ha yuactke 0 < x < L Bomuosas dynxims ¥,,(X) umeer 72 SKCTpeMyMOB, a (yHKIUS

IUIOTHOCTHU BEPOATHOCTH () ) (X) nmeer n MaKCHMyMOB.

BepostHocth P 06HApYXHTh 371ekTpoH Ha yuacTke (d <0< b) ppruncnsercs mo
2

b b b
dopmyue: P=wd = Hl//‘ dx = [yy “dx .

ITpu 5ToM BeposTHOCT, P 0GHApykUTh 51eKTpoH Ha BeeM yuactke L (a=0,

b=L) pasHa equHULE, T.€. C y4ETOM I€OMETPUYECKOTO CMEICIA OMPENEIEHHOTO

2
UHTErpajia IUIOmanab MO KPHBOM ’W ‘ na BceM yuactke L (a=0,b=L) pasna

e/IMHULIE, a BEPOATHOCTh OOHApPYKUTh >JEKTPOH Ha MHTepBane (A<Xx<b) pasna

2
OTHOILEHHIO TUIOLIAAEH MO KPUBOM ’W ‘ Ha >ToM mHTepBane (a<X<b) u Ha BceM

unteppane (a<x<b) mna a=0, b=L.



