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MNPEANUCJIOBHUE

NuauBuayanpHble 3aJaHUs MOCBSIICHHI BOCBMH TE€MaM IO ONTHKE M aTOMHOU
¢usuke. CTylEeHT BBINOJHAET MO OJAHOMY 3aJaHUI0 U3 KaKI0M TeMbl. OOBIYHO
CTYACHTY BBIIaeTCs ABY3HAYHBI HOMeP BapHaHTa, KOTOPHI MO3BOJIAET B 3a/1adax
tem 1,4,5,6,7,8 B3aTh HeoOXoauMBbIC JaHHbIe U3 Tabauil 1 u 2. mepBasi 1mudpa
HOMEpa BapuaHTa 0003HaYaeT HOMEp CTPOKHU JIaHHBIX U3 TaOmuIBl 1, BTOpas mudpa
— u3 Tabmuubl 2. B 3agadax tem 2 u 3 Bropas mudpa BapuaHTa yKa3blBaeT HOMEP
3a/auu, a nepBas 1udpa — HoMep CTPOKU B TAOJIHIIC TaHHBIX 3TOM 3a7a4H.

3amaHue BBIMONHSIETCS B OTACIBbHOM INIKOJBHOM TeTpaau, Kaxaas 3a7ada
HAaYMHAETCS C HOBOW cCTpaHuipl. [lomHOE W KpaTkoe YCJIOBHE 3ajadd
MEPENUChIBACTCSI B TOM BapuaHTe, B KOTOpOoM e€ cieayeT pemaTts. Ecnu B Tabnuie
HAaUMEHOBAHUE BEJIMYMH HE YKa3aHO, TO OHa JjaHa B cucteme CI.

Pemenne nomkHO OBITH MOJHBIM, CO BCEMH HEOOXOIUMBIMU puCyHKamu. [lpu
3alUTe CTYNEHT JOJDKEH YMETh OOBSICHUTH pEIIEHUE JII00OW 3ajauM, 3HATh
OIpE/IeNICHNE U CBOMCTBA MCIONb3YyEMbIX (DPU3MUECKUX BEIMYUH, (POPMYIUPOBKHU U
CMBICJI HUCTIOJIb3YEMBIX (DU3HUECKUX 3aKOHOB.

TEMA 1. TEOMETPHYECKAS OIITUKA

B Bakyyme CBETOBbIE BOJHBI JIIOOBIX JUIMH PACIPOCTPAHSIIOTCS C OAHOW M TOM XKe

ckopocteto  C=3-10° M/c. B BemectBe CBET pacIpOCTpaHSeTCs C APYroi
CKOPOCTBIO, Pa3IMYHOM JUIA Pa3HBIX BEIIECTB. Ha rpaHume ABYX cpel ¢ pa3sHBIMU
CKOPOCTSAMH CBETa MPOMCXOAUT YACTUYHOE NPENOMIIEHHE U OTpakeHue cBeTa. [pu
5TOM BBITIOJIHAETCS 3aKOH TIPEJIOMIIEHHS: OMHOUEHUE CURYCA Yerd NAOCHUS K CUHYCY
Yena npenomieHus PagHO OMHOULCHUIO CKOPOCMEN C6ema 6 SMux cpedax:

sina v,

sing v,
TJI€: Ny; — TOKA3aTeN b MPEJOMIIEHUS BTOPOM CPEIbl OTHOCUTEIBHO MEPBOM
(n21=n, /'ny).

OTHOIIEHHE CKOPOCTH CBETa B BaKyyMe K CKOPOCTH CBeTa B cpeae N = clv
Ha3BIBAETCH AOCOIOMHBIM NOKA3AMeleM NPEeLOMICHUs. BEIECTBA.

[Tokasaresb MPENOMIIEHUS U CKOPOCTh CBETA B BELIECTBE 3aBUCHUT OT JUIMHBI BOJIHEI
— 3TO ABJIEHUE HA3BIBAETCS OUCHEPCUEIL.

SIBneHMe IUCTIEPCUM  WCIOJB3YeTCs B IPU3MEHHBIX  CIIEKTPOCKONAX U
pasnoxeHus «Oemoro» CBeTa B CIEKTp. B JIMH3aX aucmepcus cBeTa NMPUBOIUT K
HEKENATENLHOMY SBIEHHIO — XPOMAMU4ECKol — abeppayuu, T.€. 3aBUCUMOCTH
TIOJIOKEHHS M300PaKEHHMsT OT JUIMHBI BOJHBL PacCTOSHHME MEXIY IOJOKEHUSIMH
M300paXKEHUs Ui ABYX [UIMH BONIH Ha3bIBAETCA XPOMATM3MOM IOJOXKEHHWs. J{is
YMEHBIIEHHUS XPOMATHIECKOM a0eppaly HCIIONb3YIOT JIMH3bI, CKJIECEHHbIE M3 CTEKIA
JBYX BHIOB C pa3sHBIMH MOKAa3aTeNsMH MPEIOMIECHUS W Pa3sHOM BEIMYMHON




JUCTIEPCUM — TIPU 3TOM OJIHA JIMH3A «IOJIOKUTEIbHAS», a APYras -<OTpUIATEIbHAsI».

B »TOoM ciyyae MOXHO JOOWUTHCS COBMAJCHUS MOJOKEHUM M300paskeHUs ISl BYX

JUTMH BOJIH, OOBIYHO BBHIOMPAEMbIX B CHHEH M KpacHOU 00JIaCTH CIEKTpa.
PacnipocTpanenune cBeTta NPOUCXOOUT MO npunyuny Depma. pealbHbIA Iy,

UIYIIUNA U3 TOYKM A B HEKOTOPYIO TOYKY B, 3aTpaurBaeT HauMmeHblIee Bpems U3

BCEX BO3MOXKHBIX (T.€.BUPTYaAIbHBIX) JIy4ei, COEAUHSIOMUX TOUKUA A U B.

Bmecto  BpemeHu — ymoOHee — MCMONB30BaTh  ONTUYECKYIO  JJIMHY — Jyya!

lom = Z nAl , IPY BBIYHCIICHUH KOTOPOM I'€OMETPUUYECKUM IyTh B KaXXAO0U cpene

i
Al; ymHOXaeTcs Ha TokasaTens npeoMieHns cpedsl N, Bpems pacrnpocTpaHeHus
CBETA OIpEAEAETCA ONTUYECKON IJIMHOM JTy4a
AI nAl; IonT
T=2
C C

OTCIOI[a CICOyCT, 4TO OITHYCCKadA OJIMHA - 9TO TOT IIYTh, KOTOpLIﬁ CBCT IIpOLICII
OBl B BaKyyMC 3a TO BpCM:A, KOTOPOC OH IICJI B IaHHBIX CpCaax.

3aganme 1.1

JIyd cBeTa M3 TOYKHM A B BakyyMe MajacT Ha CTCKJISHHYIO IniacTuHy (puc. 1.1)
ToJmuHOM 0 ¥ mokasaresneM mpeaoMieHus Ni. YTo NajgeHus &, Yroj MpeoMICHUS
f. Pacctosinue ot Touku A 10 TUIacTHHKH - @ (cM. puc.1l.1). U3 cTekna jay4 BBIXOIUT
IIOJ] YTJIOM Y B JKMJIKOCTb C IMOKAa3aTeNeM MpeaoMiIeHus Ny U MPUXOINUT B TOUKY B,
HaAXOJIAIIYIOCS Ha PacCTOSIHUU D OT cTeksIsiHHOM macTuHbl. CKOPOCTH CBETa B CTEKIIE
U KUJKOCTH - V1 U V7.

OnpenenuTs ONTUYECKYIO JIMHY Jy4da U BpEMsl paCIpOCTPAHEHUS! CBETA U3 TOUYKHU
A B Touky B. Bpewms paccuutaTh AByMS criocobamu: UCMOIB3YS OOBIUYHYIO JJIUHY
Jy4e€d U UCTOJIb3YS ONITHYECKYIO JJIMHY JIy4a.

[TocTpouTs B MacmTade, yaoOHOM IS IOCTPOSHUS, X0 Ty4a. JlaHHBIe OepyTCs U3
Ta0n. 1.1 u 1.2
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Tabmuma 1.1

Ne a, | d, b,
Bap. | MM | MM | MM
0 10 | 6 8
1 8 |10 | 12
2 6 |12 | 8
3 15 |10 | 12
4 12 | 8 15
5 20 15| 20
6 18 |20 | 25
7 8 |14 | 12
8 6 (10| 8
9 12 |20 | 16

Ta6muma 1.2

Ne | ni | np o [B 7| v | Vo
Bap. 10%m/c | 10°m/c
0 15117 |30 |- |- |- -

1 - - 40 |25 |- |- 2,0
2 - |- 50 (- |- |18 2,25
3 - |16 |60|- |- |16 -

4 1,7 - 35 |- |25]- -

5 15]- 25 |- |- |- 2,1
6 - 113314025 |- |- -

7 16| - 45 1- |- |- 2,0
8 - |- 30 |- 2017 -

9 - - 60 | 35|45 |- -
3ananue 1.2

OnpenenuTs XpOMaTHYECKYIO a0eppaluio IMOJOXKEHHUs, T.€. PAaCCTOSHUE MEXKIY
TOJIOXKCHUEM HM300paKCHUs JUIS JBYX JUIMH BOJH Ay M Ap, JUIS TOHKOHM JIMH3BI C
paaumycoM KpuBHU3HBI R; m R,. PaccrossHue oT mpenmera a0 JWH3BI - 4. KpuBbie
JUCTIEPCHUH JIJIsl N UCTIOJIb3yEeMBIX CTEKOJ MpUBEIeHbI Ha puc.1.2.
Janusie Oepytes u3 tabdmn. 1.3 u 1.4, a Takxke u3 puc.1.2.
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Tabmuna 1.1 Tabauna 1.2
No Bap. | a, Ry, | A1, NoBap. | Ry, | 42, | BUA
MM | MM | HM MM | HM | CTEKJIa
0 200 | 100 | 600 0 100 | 400 I
1 250 | 50 | 650 1 150 | 480 I
2 150 | 120 | 700 2 200 | 420 1
3 180 | 150 | 580 3 200 | 360 I
4 100 | 75 | 620 4 250 | 380 1
5 120 | 60 | 760 5 180 | 500 11
6 140 | 40 | 640 6 75 | 480 I
7 160 | 80 | 600 7 120 | 460 I
8 200 | 130 | 640 8 220 | 500 1
9 300 | 250 | 700 9 170 | 400 I

TEMBI 2,3. UHTEP®EPEHIINUA CBETA

Humepgepenyus ceéema — 3T0 yCUIEHHUE WIN TallleHUE BOJIH MPU UX HAJIOKEHUU B
3aBHCHUMOCTH OT pasHoctd (a3 A@ wmexay bumu. HHTEphHEPHPYIOT TOIBKO

KO2epeHmHble BOJHBI, T.€. BOJIHBI, Pa3HOCTh ()a3 KOTOPHIX HE 3aBUCUT OT BPEMEHH.
AMIUTATY1a CYMMapHO# BOJIHBI IPU UHTEPHEPEHIIUN

A* =A7 + A2 + 24,4, cosAg. (2.1)
SpxocTh (OCBEIIEHHOCTH) OIpENENSIeTCs] dHEPrued, MEepeHOCHUMOW BOJHOM, W

MpOTIOPIMOHANbHA KBagpary ammmtyasl J = WA Ymuoxas (2.1) Ha
KO3 GUIIHEHT TPOMOPIIMOHATLHOCTH W, TIOJTYIHM

J=J,+J,+2,/J,J,CcosAp. (2.2)
PeanbHble MCTOYHHMKU CBETA BCErla HE KO2EPEHMHbl, T.e. Pa3HOCTh (a3 Hx
KOJeOaHU  W3MEHSeTCs  clydailHbIM  oOpa3zom. Jlns Takux  HCTOYHUKOB

I/IHTep(i)epeH]_II/IH HC Ha6J'IIOI[aeTC$I, N 3HAUCHHUA MHTCHCHUBHOCTH BOJIH IIPOCTO
CKIaAbIBAaKOTCA, T.C.

A=A+ 4. (2.3)

JIJISI MMOJYUYCHUSA KOI€PCHTHBLIX BOJIH CBET OT OAHOTO MCTOYHHKA ACIIAT HA ABA WA

HECKOJIBKO JIy4eil, KOTOpbIE 3aT€M CXOIATCS BMECTE U uHmepghepupyrom, Ipu 3TOM

pasHocTh (a3 ompenensercss MPONUACHHBIMU JIydaMU PACCTOSHUSMH, CKOPOCTBIO
CBETa U MPOIOPIIMOHAIBHA ONMUYUECKOU PA3ZHOCMU X00d.

O

ont _ '2,omT

(2.4)

1,ont*

OIT

rae (lonr = Z N4l —onTtuueckas nnuHa myda) . Torga pasHocTs ¢a3 Ap=2r 7 )
i

[Ipu pacuere uHTEPPEPEHIIMOHHON KapTUHBI HY>KHO TAK)KE€ YUUTHIBATH U3MEHEHHE
¢a3pl BOJHBI Ha MPOTHUBOIIOJIOKHYIO (T.€. Ha ) IPU OTPAKCHHUH CBETa



OT ONTHUYECKHU OOJIee TUIOTHOU CpeIbl (Cpebl ¢ OOIBIMM MOKa3aTeIeM
npesioMyieHus ). [ist 3Toro K ONTUYECKOM JJIMHE JTy4a P KaXJA0M OTPaKEHUHU
n00aBisoT A/2. MakcuMyMbl HHTEpEPEeHITNH HAOII01aI0T, eciid A, =kA, a

onm

A
MHUHHMYMBI - Ipu A = (2K +1)E’ rae K — moboe meoe 4rciio, KOTOpoe Ha3bIBAIOT

NOPAOKOM MAKCUMYMA.
k — onT . (2.5)

Torma mensiM 3Ha4YeHUSM K COOTBETCTBYIOT MAaKCHMyMBI, a TMOJYIEIbIM -
MUHMMYyMBL. J{1si mpou3BosibHBIX K popmyny (2.5) moxuo 3anucars:. A@=27K.
Credyem umems 6 6udy, 4T0 KOCUHYC B (2.2) 3aBUCHT TOJILKO OT ApOOHOM wacTu K.
[Tpu pacuere uMHTEpPEPEHUMOHHON KapTHHBI TPEeOyeTcs BBIYUCINUTH ONTHYECKYIO
JUIMHY JIy4edl ¢ BBICOKOM (10 HECKOJIBKHMX COTBIX JIOJIEH OT A) TOYHOCTHIO, T.€.
nopsaka 0,01 MM = 10%m. [Ipu >TOM NInMHA JTyded W3MEHSETCS OT HECKOJIBKHUX
MUJUIUMETPOB 10 HECKOJIBKMX ThICSY MWLIMMETpOB. IlycTh, Hampumep, Tpedyercs
BeIUUCIIUTH JuHHY dy4a AC mpu AB =2 mu BC =5 mm (puc. 2.1).

L

Puc. 2.1

A

[Ipsimoe ucnonb3oBanue TeopeMsl [Tudaropa gaér:

| =12 +x? =/4+25.10° =,/4,000025 - TpeGyeTcst BoIMHCIUTS ¢ 8—10 paspsiamu,
YTO MOXKET OBITh MPOBEICHO TOJHKO Ha KaJbKyJsiTope. B sToM ciiyyae ymaoOHO

MCIIOJIb30BaTh MPUOJIMKEHHYIO popmyny v1+a =1+ %a, crpaBeUIUBYIO Tipu o << 1.

2
HOFpeIHHOCTL IIpHU 5TOM MCHbLIIC O . HCHOJ’IBBYH €C, MOJIYUUM JJIA HaAIICTO CiIy4das:

X2

2
I=L,[1+ (Ej =L+ CThE 2,00000625m. IlorpemHoCTs TIPM  3TOM HE MPEBBIIACT

4
BEJIMYUHY L(E) ~2:10" M=2-10"° MrMm.

3aganue 2

DKpaH OCBENIAETCS IByMs] TOYEYHBIMU MOHOXPOMATUYECKUMHU UCTOYHUKAMU CBETA
S; u Sy, uzobpakeHHpIMH Ha puc.2.2. JlauHa BONHBI cBeTa - A. KaKaplii HCTOYHUK
cosmaeT B Touke P skpana ocsemiennocts Jo = 100 nkc. Haiitu



OCBEIICHHOCTh B 3TOM TOUYKe J MPH HATOKEHUHU CBETA OT 00OMX MCTOYHUKOB B JIBYX
Clly4asiX: a) UICTOYHUKH - KOTE€pPEHTHbIC; 0) MCTOUHHMKMU - HeKkorepeHTHole. Ha mytu
Jdy4eil MeprneHIuKyIIpHO K HUM PACIIOJNIOKEHBI CTEKIISTHHbIC ITACTUHKUA TOJIIUHOM
d; u d, ¢ mokaszarenem npenomiienus Ny u N, , mpu 3toM, =2 MM, a OCTaJIbHbIE
naHHbIe OepyTes u3 Tabm. 2.1 u 2.2,

JIns pemieHus 3a1a4u Ha/lo HAUTH: 1) ONTHYECKYIO JITUHY KaKIOTO Jy4a;
2) ONTHYECKYIO PAa3HOCTh XO/a; 3) MOPSA0K MakcuMmyma; 4) pa3sHocTh (a3 mydeld B

Touke P. PasHocTh (ha3 cremyer HalTH B HOJISAX 77 M IPUBECTH K MHTEpBaNy [-7, +7].
OnTuueckas JIuHA JTy4a JOJKHA ObITh pacCUyuTaHa ¢ TOYHOCTHIO He HUKE 0,01 MKM.
XA

P

S — i — —— ey — Ve — — e e e — — — — -

Puc.2.2

Ipumeuanue. S;A=a; S;A=Db;S,0=L; 0OP=x

Tabmuma 2.1 Tabauna 2.2
No L, a, n, l’ No X, b, n» dl,
Bap. M| HM Bap. | MM | MM MM

0O [10 |1,750 | 23
+2 |15 |[1,749 | 33
+5 |20 | 1,745 | 43
+7 |25 |1,746 | 53
30 [1,752 | 63
-2 |12 | 1,755 | 27
-5 |16 1,754 | 35
-7 |18 |1,747 | 39
-3 |24 1,753 | 51
+1 |12 1,751 | 27

1,0 2,0 | 1,500 | 400
1,2 11,5]1,505 | 420
0,9 [3,0(1,510 | 500
0,8 [0,7]1,508 | 450
1,3 |4,0|1,503|550
1,5 [4,5]1,502 | 600
1,4 13,5|1,507|580
0,9 [3,0]1,509 | 620
0,85|4,0|1,501 | 650
1,4 11,0|1,506| 700

OO NO|O1B|[W|IN|FL| O
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3ananue 3

3.1. Ha mpo3padyHyio TOHKYIO ILIOCKOIApAJLICIbHYIO0 IUIacTHHKY (puc. 3.1)
TOJIIUHOW h mamaeT mapayuienbHbIN MyYOK JIydeil C JUIMHOW BOJIHBI A. YTOJ MaieHUs
cBeTa a. Ha moBEepXHOCTH IUIACTUHKM CBETOBAs BOJHA JEJIUTCS HA JBE 4acTU. YacThb
CBETA OTPA3UTCSA OT BEPXHEW MOBEPXHOCTU IUIACTUHBI (Jiyd 1), a mpenomiieHHas
YacTh BOJIHBI YACTHYHO OTPA3UTCS OT HUKHEH MOBEPXHOCTH IJIACTUHBI U BBIAJET
Hapyxy (tyd 2). Mexay nydamu | ¥ 2 BO3HHKAET ONTHYECKas pa3HOCTh xoja A u

uHTep(EepEHIns ¢ MaKCHMyMoM Topsiaka K.

2

n,

V 7,

nl” ™

v ir

V4 »

[ 4
n,
No JIAHO
BAP \matit | ng | ny | ng | h, | 4, a’ ﬂ,o AB, |BC, | ALl | A, |k
HM | HM HM | HM | HM | HM

0 A, K 1 (1,33 1 - |549| - |22 |540| - - - |-
1 | hai 152412 - |- 1-]-]- [400]250] - |2
2 Ak |11 - 1,2 - 147313022 - - 1270 - |-
3 a, 2 |11 15]16 (250 - - - - - - 1340 |2
4 A4 133 1 |133] - - 130 - - |35 | - - |1
5 Ak |12)13]15 - |550 | - - - [300]100| - |-
6 Ak 1111513 - - - 130 - - 1236|472 -
7 Ak [1,33] 1,2 |1,33|400 (240 | - - 800 | - - - |-
8 a, 2 | 1513311 (300 - - - - - - 3762
9 Ak 1311112 (300 - 0| - - - - | 678 -




3.2. Ha mutockonapasuienbHyo IacTHHKY (puc.3.1) majgaeT MOHOXpOMATHYECKUT
CBET C JUTMHOM BOJIHBI A, IPH 3TOM B OTPKEHHOM CBETE HAOJI01aeTCs MAaKCUMyM
uHTephepenimn K- ro mopsaka (0603HaueHus - cornacHo puc.3.1).

No | Haittu Jano

Bap. n; N, n: |h,am| k [4,8m]|a’ /)’,0
0 h 1 1,33 1 - 1 740 | 60 -
1 a 1,5 14 1,2 300 1 660 - -
2 y) 1,1 | 145 | 1.2 670 2 - - 45
3 k 1,1 1,5 1,6 471 - 300 | 30 -
4 p 1,33 1 1,33 | 194 1 550 - -
5 y) 1,2 1,3 1,5 533 2 - - 30
6 n, 1,1 - 1,1 500 2 515 | 50 -
7 k 133 | 12 | 1,33 | 555 - 200 |40 -
8 p 15 ] 133 | 11 507 2 633 - -
9 h 1,3 1,1 1,2 - 1 700 - 20

3.3. Ha noBepXHOCTh TOHKOW IUIEHKH, COCTOSIIEW U3 ABYX IapajuICIbHBIX CIIOEB
(puc.3.2) ¢ mokazarensaMu mpejaomieHus Ny u Ny u Tommunoi Ny u h,, Hanecennoi
Ha TOJUIOKKY C MOKa3aTeJIeM MpesioMiieHns Nz, MaJaeT MOHOXPOMATHYECKHUM CBET C
JUIMHOW BOJHBI A. Jlyd 1, OTpakeHHBIH OT BEpXHEH MMOBEPXHOCTH, HMEET
uHTeHCUBHOCTH |. KakoBa OylieT MHTEHCUBHOCTh OTPaXEHHOI'O CBETA B PE3yJbTaTe
uHTEeppepeHn dydeld 1 U 2, OTpaKEHHBIX OT BEPXHEW M HUKHEH MOBEPXHOCTH
mieHk? CuuTath WHTEHCUBHOCTH CBETA, OTPAXKEHHOTO BEPXHEM M HIKHEN
MOBEPXHOCTSAMHU, OJIMHAKOBOW U MOTEPSIMU Ha TPaHULIE pa3fena MpeHeOpeyb.

(0 4]

- —
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° JlaHo
Bap. | Ny n, N3 hy, MkM | hy, MKM | @, epad | A, HM

0 1,1 1,5 1,4 0,2 0,2 60 700
1 1,5 1,4 1,2 0,3 0,5 30 430
2 1,2 1,45 1,3 0,4 0,2 45 480
3 1,3 1,5 1,6 0,6 0,7 45 780
4 1,5 1,1 1,4 1,0 0,3 30 600
5 1,2 1,3 1,5 0,5 0,8 60 425
6 1,1 1,4 1,1 0,8 0,4 45 400
7 1,33 1,2 1,33 0,5 0,5 60 650
8 1,5 1,3 1,2 0,2 1,0 45 400
9 1,4 1,1 1,2 0,3 0,7 30 400

3.4. OT 1ByX KOT€PCHTHBIX UCTOYHUKOB CBETA C JUITMHON BOJIHBI A JIYYH IOIMAJIAI0T
Ha S5KpaH, PacCTOSIHUE JI0 KOTOpOro OT Kaxjaoro ucroynuka L. Ha skpane
HaOoaeTcsi uHTEepdEepeHIIMOHHAs KapTUHA, IPUYEM PAcCTOsIHUE OT €€ LIeHTpa J0
K1-o0ii cBeTm0# monock! pasHoO |, yrioBoe paccrosiHue MexIy cOCETHUMU HOIOCAMH B
panuanax - Aa. Korjga Ha myTH OHOTO W3 JIy4el MEpPIEHANKYIISIPHO €My TTOMECTHIIH
IPO3pauHylo IUIEHKY TOJMMHOM N ¢ mokasarenem mpenomienus N, BMecto Ki-it
CBETIION OKa3anachk Kp-s TeMHas mosioca. Paccrostnue Mexay ncrounnkamu d.

Ne | Haiitu JlaHo

Bap. L, d, Ki ||l mm| Aa n h, A, k,

M M MM MKM

0 A - - 4 - - 1,3 1 - 5
1 | A2 | 1] 1 5 | 15 - - 0 - -
2 di [15] 15 | 1 2 - 11 - - 1
3 d - - 3 - - 15 - 0,5 5
4 L,d | - - 3 |09 [5107] - 0 | 05 -
5 AN 1 15 4 1,6 - - 15 - 5
6 N - - 4 - - - 1,21 | 0,8 4
7 D 2 1,2 - 2 - 1,3 - 0,6 3
8 AL | -] 1 4 | 12 | 4107 - 0 - -
9 n 15| 15 - 15 - - 4 0,5 3

3.5. Ilnockomapa/ieibHYH0 IUIACTMHY C  TIOKa3aTejaeM MpejoMiieHus N
onuT(OBBIBAIOT C OAHOTO KOHIIA TaK, YTO YacTh IUIACTHHBI 00pa3yeT Mpu3My C

npeIoMISFOIIUM yriioM @ (puc.3.3). Ha miactuHy majgaroT aBa KOT€pEeHTHBIX JIyda C
JUIMHOM BOJIHBI A, apalIeIbHbIX OCHOBAHMIO IPHU3MBI. [1epBhIii 1y
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MajacT Ha MPU3MYy Ha PACCTOSHUM A OT €€ OCHOBaHus. Bropoil jiyd magaer Ha
IJIOCKONAPaJUIEIbHYI0 YacTh IIACTUHBI MPAKTUYECKA Yy OCHOBAHUS IPU3MBI, MPU
3TOM, B TOUKE HepecedeHus aydeil Habmonaercs unTeppepenius K-ro nopsixa.
Haiiti onTrueckyto pa3HOCTh X0Jia JTy4eld U MOPsAI0K UHTEPPEPEHIUU.

No Hano
Bap. | a, (p'lO4 n A,
¢/, ‘ MM | paj MKM
1— - 0 3 10 | 15|04
a \\\ 1 [ 2] 15 [15]05
2 —> > 2 2 8 [1,45/0,6
e 3 4 5 15 (0,7
o ? b 4 3 12 | 1,4 |05

Vv

S 5 1 10 | 1,6 | 0,65
6 4 15 |14 |04
7 5 5 15 (0,5
Puc.3.3 8 3 4 1,6 10,7
9 6 2 11,45/0,8

3.6. Ha mpo3pauyHbplii KIMH C MajblM YIJIOM 7Y MAaAacT NapaJuIeIbHbIA ITy4OK
JAy4eil MOHOXPOMATHYECKOTO CBETa C UIMHON BOJHBI A. B oTpa)keHHOM CBeTe
HaOmonaeTcs MHTeppEpEeHIIMOHHAs KapTWHA, INpUYéM Ha JUIMHE KiuHa |
HaOoaeTcst M uHTepdepeHIIMOHHBIX nojoc. [loka3arens npenoMieHus KinHa — N.
VIl TAIEHAS U TIPETIOMIIEHHS, COOTBETCTBEHHO, d 1 3.

Ne | Havitu Jlano

Bap. a° | p° | y10*pag | n ABEM [, em| M
0 Y 0 - - 15 600 1 10
1 a - . 1,35 1,2 400 1,5 10
2 n . 30 5,2 - 633 1 20
3 | 21 | 26 20 1,7 i i 2 | 15
4 | 1 |39 - 1,7 11| - 3 | 17
5 | m | - | 40 2 13 | 550 | 2 | -
6 | 60 | - 3,5 1,3 440 - 14
7 y | 50 | - : 14 | 700 1 | 10
8 n 0 - 1,3 - 600 2 13
9 Y - 60 - 1,33 500 3 12

3.7. Ontnyeckmii xnuH (puc. 3.4) mpexacraBiseT coOOil IUIOCKOMApaUIEIbHYIO
IUIACTUHY, CKJIEEHHYIO W3 JIBYX KJIMHOBHUJHBIX IJIACTUH C PA3HBIMHU MOKa3aTeJIIMH
npenomiieHus Ny, Ny U yriiom HakioHa a. [Ipu uaTepdepernnu ceera (JuMHA BOJTHBI
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A), OTPaKEHHOrO OT BepXHell M HMKHEH HOBEPXHOCTEH ONTHYECKOro KJIUHA,
HaOJII0IAI0TCS PABHOOTCTOSIINE MOJOCHI, PACCTOSHUE MEXIy KOTopbiMH AX. B
TOuKe, OTCTOsAIEell OT pebpa KIMHA HAa X MM, HaOMIOJaeTcs TeMHas I10J0ca C
HomepoM K, cuuras ot pedpa.

n, > n, vy
A 5 7
: Vs 7 Y »
n 4
1 v 4 7
d ’ :
7 P S b '
7 J d/
y a + ™ v / 7y
X
e et
Puc. 3.4
Jlano
2 | Hatitm n, n, a, k A, X, h, d, AX,
Bap. pan MKM | MM | MM | MM | MM
0 N - |150( 02 | 10 | 05 | 4 ; ] ;
1 X 150 (152 0,1 5 0,8 - - - -
2 a 1,52 | 154 | - 8 |07 | 10 - - -
3 k 1,50 - - 11 | 0,6 - - 2 -
4 A 1,48 | 1,50 - 20 - - 1 - -
5 h 1,51 | 1,52 - 10 | 0,5 - - - -
6 k 1,50 - - - 0,8 | 20 - 1 |0,05
7 Ax 150|151 - - 06 | 15 | 15 - -
8 n, 1,52 - - - 04 | 10 2 - 0,1
9 |ny-ny| - - - 5 0,6 - 2 - -

3.8. Onrnueckasi cucteMa, COCTOsIAas U3 IUIOCKOBBIMYKJIONW CTEKJISIHHOW JIMH3BI C
dboKycHBIM paccTosiHueM [, Jexameld Ha TUIOCKOMAPaUIEIbHON CTEKISTHHOM
mwiacTuHe (ombIT  «KoJbla HpIOTOHA»), OcCBemaeTcss NapajUieNbHbIM ITyYKOM
MOHOXPOMATHUYECKOTO CBETa C JUIMHOW BOJHBI A. [IpOCTpaHCTBO MEXIy JIMH30HM U
IJTACTUHKOM 3alOJIHEHO KUIKOCTBIO C MOKa3aTeneM npenomieHus N. Habmonatores
MHTEP(EPEHIIMOHHBIE KKOJIbIA» PA3IMYHBIX PAIMycOoB, - I, U Iy - pammyckl K-ro
CBETJIOrO U M-ro TEMHOIO KOJIEL, COOTBETCTBEHHO, Al'l U Al — pacCTOSIHUSA MEXKIY
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NEePBBIMU  JABYMSI, COOTBETCTBEHHO, CBETJIBIMA WJIM TEMHBIMU  KOJIbI[AMHU.
HabGnronenue npou3BoIuTCA: a) B OTPaKEHHOM CBeTe, 0) B MPOXOASIIEM CBETE.

Jlano
o | Haiitu | HaGmone | k | m | Ary |Arz, | I, | 4 | n | F,
Bap. HUC MM | MM MM HM M
0 Fns i a 4 5 - - - | 600 | 1,3 2
1 F,r, 0 3 - 0,5 - - | 560 | 1,2 -
2 n, M 0 4 6 - - 1 | 550 | - 1
3 F,r, a 3 - 0,5 - - | 560 | 1,2
4 A, Ty a 3 - - 0,6 - - 1,2 | 10
5 n, M 0 3 5 - - 365|589 | - 20
6 F,r,. 0 5 - - 1 - | 700 | 1,3 -
O Y a 4 | 4 - - - | 600 | 1,33 | 40
8 AT 0 2 4 - - 3,5 - 1148 | 30
9 A a 2 4 - - 3,5 - 1148 | 30

3.9. B ycranoBke, n3oOpakeHHOW Ha puc. 3.5, HaOmomaeTcss UHTEpEpeHINs
MOHOXPOMATHYECKOTO CBETA C JUIMHOW BOJHBI A. HaliT OTHOIIEHNE MHTEHCHBHOCTH
cBeTa, Habmomaemoro B Touke C, K 3HAYECHHWIO TOW MHTEHCHUBHOCTH, KOTOpas
HaOmofanach Obl Ui HEKOTEPEHTHBIX Jiydei. 3HAa4eHUs] MHTEHCUBHOCTH JIydei
OJIMHAKOBBL. Bcsl ycTaHOBKA HAXOUTCS B JKUIKOCTH C MOKa3aTesieM MpesioMiieHus N.
Ha nyru nydeil ycTaHOBIEHBI IUIACTUHBI ¢ Toimmuoi i, O, ¥ mokasarensMu
npenomieHuss N; u N,. B Touke B nyd orpaxaercss oT cpeapl ¢ OoapmuM (110
CPaBHEHHUIO ¢ N XKUIKOCTH) MOKA3aTEIEeM MPEIIOMIICHUS.

=g

Jlano
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Ne pap. | AC, B/, ds, d,, 2, n Ny n,
M MM MM MM HM

0 1,2 2 10 2 400 1,33 1,40 1,45
1 1,5 0,5 20 12 500 1,50 1,45 1,52
2 2,0 3 12 8 600 1,33 1,50 1,45
3 1,4 0,7 8 6 700 1,50 1,55 1,40
4 0,8 0,5 2 4 450 1,60 1,50 1,40
5 0,9 1 6 8 550 1,60 1,70 1,50
6 1,2 2 4 5 650 1,50 1,60 1,45
7 1,5 0,5 5 10 400 1,33 1,45 1,50
8 1,8 2 15 20 500 1,33 1,14 1,40
9 2,0 1 12 8 600 1,40 1,45 1,50
3.10. a) B mHTepdepomerpe JKameHa Ha TyTH OMHOTO W3 Jy4deH MOMECTHIIN

TpyOKy mmuHOM | 3anmonHeHHYI0 BelecTBOM C IOKasaTelneM IpenoMieHus Ni, a Ha
IMyTH JPYTOro Jiyda - TaKylo K€ M0 pa3MepaM TPyOKy, 3allOJIHEHHYIO BEIIECTBOM C
IoKa3aTesieM MpeToMIICHHS Ny, MPU 3TOM HHTEPPEPEHIIMOHHAS KapTHHA CMECTHIIACh
Ha N momoc; 6) B umHTepdhepomerpe MailikeabCOHa - TPYOKy C BEIIECTBOM
MOMEIIAIOT B OJTHO ILICYO, IIPH 3TOM MHTEp(EpPEHIIMOHHAS KapTHHA TOKE CMEIIACTCsI
Ha N momoc. Pa3HOCTh X0/a, BbI3BaHHAs ILIOCKOMAPaUICIbHBIMH CTEKJIAMH, B
npuboOpe CKOMIICHCUPOBaHa, a JIJIMHA BOJIHBI CBETA - A.

Ne | Halitu JlaHo
n/n THIT HHTEP- I, MM N, n, N | A MM
dbepomerpa
0 Ny a 0,01 - 1,490 | 200 0,5
1 Ny 0 0,14 - - 180 | 0,59
2 n, a 0,1 1 - 23,7 | 0,59
3 y) 0 0,15 | 1,001 - 50 -
4 N a 0,14 | 1,001 | 1,000 - 0,63
5 N 0 0,04 | 1,003 - - 0,7
6 y) a 0,02 | 1,530 |1,555| 200 -
7 | 0 - 1,0001 - 237 | 0,63
8 | a - 1,01 |1,000| 300 0,5
9 | n 6 03 | - ~ 159 | 0,44

TEMA 4. IUPPAKIIUA CBETA. 30HbI ®PEHEJIA
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SIBnenue qudpakiuu — 3To orubdaHue cBeToM npenarcTBuid. OHo HabmoRaeTcs i
BcexX BOJIH. M3-3a nudpakunu napamienbHblil My4OK CBETa, PO Yepes3 Ieb WK
OTBEpCTHE, MpEBpaIlaeTcs B pacxoaduiuiics. Yem MeHblIe OTBEpCTUE, TEM OOJbIIE
pacxoaumocTb. Judpakuus oObscHseTcs npuHuunoMm [rolireHca — @peHens:
Kax)coasi mouka 60JH08020 (PpOHMA cama AGIAemcs UCTMOYHUKOM 8MOPUYHBIX
801H. B 1106y10 MOUKy npocmpancmea npuxoosim 6mopuyHble 80IHbL OM 8CEX
Y4acmkoe  601HO6020  (ppomma, U  pe3yibmam — Onpeoensiemcs — ux
unmepgepenyueti.

Paccmotrpum  mpoxokaeHue cBeTta depe3 kpyrioe orBepcrue (puc. 4.1, 4.2). C
TOYKHU 3PEHHS] T€OMETPUYECKOM OINTHUKH, B TOYKY P M €€ OKpecTHOCTh MOMajaroT
TOJIBKO TPSIMOJIMHEHHBIE JTydd OT ucToyHMKa S (yd SP w Omm3kue kK Hemy).
[To3TOMy UHTEHCUBHOCTH CBETA B TOUKE S HE 3aBUCHUT OT JWaMETpa OTBEPCTHS. DTO
U HaOrogaeTcs JUid OOJBIIMX OTBEPCTHH (MBI HE YUUTBHIBAEM CBET, OTPAKEHHBIA OT
OpYrux MpeameToB), HO npuHoMn [rolirenca — ®dpeHens maeT COBCEM APYTYHO
KapTUHY paclpoCTpaHEHUs BOJH. B Touky P mpuxoasT BOJHBI OT BCEX OTKPBITHIX
YYacTKOB BOJIHOBOrO ()pOHTa, U MHTEHCUBHOCTb B 3TOH TOUKE 3aBUCUT OT BCETO
orBepcTHs. [Ipy odeHb ManbIX OTBEPCTUSAX MHTEHCHUBHOCTb OYEHb OBICTPO pPACTET
(kaKk KBaJpaT IUIOIIAH), 3aT€M POCT 3aMEIUIIETCs, Jlajee MHTEHCUBHOCTh YOBIBAET
710 HYJIsI, a 3aTEM OISITh BO3pacTaeT U T.1. JJI1 HaXxOXIeHUs: aMITUTY]Ibl CBETOBOI'O
KojeOanus, Bo30yxkgaeMoro B Touke P cdepuyeckoil BONHOW, HCITYyIIEHHOM
TOYEYHBIM UCTOYHUKOM S, DpeHenb pa3Oui BOJTHOBYIO OBEPXHOCTh Ha KOJIBIIEBHIC
30HBI (puc. 4.1), TOCTPOCHHBIE TAK, YTO PACCTOSHHE OT KPACB KaXK0W 30HBI JI0 TOUKH
P otnuuaercs va A / 2, rie A -nymna BosHbl cBeta. Paccrostinue |y, oT BHemHero kpast
M-#1 30HBI 70 TOYKU P MO>XXHO MpenCcTaBUTh B BUJIE!

Iy = lo+ma/2, (4.1)

rae: |, - paccrosiHue oT BepiuMHBI BOIHOBOM moBepxHocTd O 10 Touku P, mpu sToM
Kosie0aHus, IPUXOJAIIe B TOYKY P OT aHaJIOrMUHBIX TOYEK JIBYX COCEIHMX 30H,
OyAyT HaxOIUThCS B «IpoTHBO(Daze». B cBs3u ¢ 3TUM pe3ynbTHUpylolee KojiebaHue,
cO37aBaeMO€ KaKJI0M M3 30H B II€JIOM, Oy/IeT Jisi COCEAHUX 30H OTJIMYAThCS 10 (ase

Ha 7T. 3oubl OpeHens 0061aAa0T CAEAYIOUUMHU CBOWCTBAMU: BOJIHbL, UCXOOSAUUE U3

ecex mouex ntobotl 30ubl Dpenens, ycurugarom opye opyea, Npu dMOM GOIHbL OM
08yX coceonux 301 Dpernensi 83aUMHO 2acsam Opye opyed, MakK KaK Haxo0samcs 6ce2od
6 «npomuegoghaze». Eciin OTKpHITO YeTHOE 4yuciao 30H DpeHens, TO OHU IMOMapHO
racsaT Apyr Apyra u B Touke P HaOmomaercs TeMHoe MATHO (MuHUMyM). Ecnm
OTKPBITO HEYETHOE YMCII0 30H DpeHesi, TO OCTaHeTCs OIHA HEIOTallleHHAs 30Ha U B
Touke P HaOmromaeTcs pKoe MATHO (MAKCUMYM).
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Lh+2A2

I+ A2

[/
“~—1 30Ha

| _-2 30HA

——3 30Ha
lﬂ

/

Puc. 4.1

AMIIIUTYIBI KOJIeOaHUM, MPUXOAAIIMX OT Pa3HbIX 30H, MPAKTHYECKU OJMHAKOBBI,
HO TMpu OOJBIIOM KOJUYECTBE OTKPHITBIX 30H HEOOXOIWMO YYUTBHIBATh MX
NIOCTETIEHHOE yObIBaHHe. AMIUHTyna Ay Kojebanus, Bo30yxkaaeMoro M-ii 30HO B
Touke P, MOHOTOHHO yOBIBaeT ¢ poctoM M: A; > A; > Az > ... > Apt > Apn > ..., TIpU
TOM aMIUIUTYy/a PE3yJbTUPYIOUIETO KoJeOaHHWsd HaxOJIUTCA Kak ajlredOpanyeckas
cymma: A =A; - Ay TAz - Ayt As ... 1 TOMHOCTBIO OTKPBITOrO BOJHOBOTO (hpOHTA
A, = VBAH(YRAL - Ay t2A3) H(2A3 — Ay +YAs) +.... . UneHbl B CKOOKaX OYEHb
MaJibl, M CyMMapHas aMmIiumryna A, = 2A; T. €. JElCTBHE BCEH BOJIHOBOU
IIOBEPXHOCTH B TOYKE P 3KBHBAJICHTHO IOJIOBUHE ACHCTBUS LEHTPAJIbHOM 30HBI.
MHTEHCUBHOCTh NIPU  3TOM COCTABJISIET YETBEPTh MHTEHCUBHOCTH, CO3/1aBaEMOMU
nepBoy 30HoM DpeHens.

Ecnu Ha nmytu cdeprueckoid CBETOBOM BOJIHBI IOMECTUTh HEMPO3PAYHBIM 3KpaH C
KPYTJIBIM OTBepcTUEM (puc. 4.2), To B TOUKy P momager cBeT TOJNBKO OT OTKPBITHIX

30H @penensa. Yucno M 30H OpeHenst B OTBEPCTUU:
m= (I, - lo) /4, (4.2)

rae lo - nmuna uenrpansroro mydya OP, |, - nmuna kpaiinero nyua KP,

Puc. 4.2
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O6buHO Iy << A, b. Torma, maxogs OP u KP mo teopeme [ludaropa u
UCIIOJIB3YS IPHUOTIKEHHBIC (DOPMYITBI IS BEIYMCIICHHUS KOPHEH (CcM. C. 8), moyunm

;1 1
m=—"—(=+~—
o (a b) (4.3)
3aganue 4

To4edHbII UCTOYHHMK CBETa C JJIMHOW BOJHBI A PACIIOIOKECH HA PACCTOSHUH @ OT
HEIpO3payHoii mperpajbl ¢ KpyriibIM oTBepcTHeM paamyca Iy . Ha paccrosauu b or
Iperpajbl mapauiebHO e pacioyiokeH 3kpaH (puc. 4.2).

1. Cxonbko 30H Dpenens ykiaapBaeTcs B OTBEPCTUU?

2. CBetJi0€ WU TEMHOE MSITHO HaOMogaeTcs B Touke P?

3. Uemy paBHa aMIUIMTya Kosiebanuii B Touke P, eciiu ammmuTyna konebaHui,
JOXOJIAIINX B TOUKY OT IIEPBOM 30HBI, paBHA A;?

4. Yemy paBHa MHTEHCUBHOCTD B TOUKe P, eclii MHTEHCUBHOCTH, CO3/1aBacMast
THIOJIHOCTBIO OTKPBITHIM (DPOHTOM, paBHa J,?

5. Uro HaGmromaercss B Touke P, ecnm [y yBelIMUMIM Tak, 4TO Ha OTBEPCTUU
ykaaasiBaeTcss M 300 @penens? Jlanabie B3aTh U3 Ta0aui 4.1 u 4.2,

Yucno 30 Dpenens Hamo Haiitm mo dopmyne 4.2, paccuntaB OP u KP mo
teopeme [Iudaropa. CpaBHUTE C pe3yiabTaToM, naBaeMbiM (popmymoit 4.3. B obmiem
cllydae YHCIIO 30H MONy4HuTCs He nenbiM. CuuTarh, uTo 7075 30HBI DpeHens maer

BKJIJI, TIPOTIOPIIMOHAIIBHBIH 3TOH JI0JI€, T.€., HATIPUMED, TPETh 30HBI aeT BKIAX 73A;

Tabmumna 4.1 Tabmnwuia 4.2
Ne | aq | b, | m Ne 2, ro,
1'[/1'[ M M 1'[/1'[ MKM MM
0 1 2 |3 0 0,5 1,0
1 1 1 |2 1| 055 | 0,7
2 1 10,74 2 0,7 15
3 1 156 3 0,6 2,0
4 114 1 |7 4 0,5 0,8
51151153 5 0,6 2,5
6 (1,2 1 |5 6 0,5 1,2
7 1131525 7 0,7 1,6
8 1091123 8 0,4 0,8
9 113 |2 3,5 9 | 0,65 | 1,7

TEMA S. IIOJAPU3ALINA CBETA
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CBer - 3T0 anekmpomazHumMHAsA G60AHA,  M.e. PACHPOCMpaHeHue KoiebaHull
NEKMPOMACHUMHO20  NOJIA,  ONUCLIBAEMO20  BEKMOPAMU  HANPAACEHHOCMU
anekmpuueckoeo u machumnozo noasi Eu H . DTu Bekropa Bcerja HampaBliCHBI
NEPIECHINKYJIAPHO IPYT APYTY U JIEXKAT B IJIOCKOCTH, IEPIEHANKYISIPHOU K JIydy. B
ecmecmeeHHoOM (Henoaapu306aHHOM) CBETE HalpaBieHHE KoJeOaHWil BEKTOPOB

Eu H xaorudecku meHsietcs. B nonsapuzoeannom cBere HampaBieHUE KOJCOaHMI

BekTopoB E u H mocrosiHHO.

Yacmuuno nonApu306aHHbINi CBET - 3TO «CMECh» MOIApU30BaHHOrO (Jp) u
Henosipu30BaHHOTO (J¢) CBeTa, HHTEHCHBHOCTH KoToporo: J= Jy+(1-p): Je, roe p —
CTEMeHb MOJSIpU3aUy. [IpH MPOXOKICHUN YaCTHYHO MOJSIPU30BAHHOTO CBETA Yepes3
ONTHUYECKYI0 CHUCTEMY KaX/asi COCTABJISIONIAs MPOXOJUT HE3aBHCUMO OT JPYrow,
HOIYMHSSICH CBOMM 3aKOHAM.

[Ipu oTpakeHWM CBeTa OT TPAHUIBI pas3felia [BYX JAHIJICKTPHKOB CBET,
THOJIIPU30BAHHBIA B TUIOCKOCTH TMAJCHUS M MEPICHIUKYISIPHO MJIOCKOCTH MaJCHUS,

OTPaXKAECTCsl HE3aBUCUMO M UMEET PasHble KOI(PMUIMEHTBI OTPAKEHHUI P|| U P, .
st Hux umerotest popmyinsl OpeHens:

sin®(a-B) tg (a—-p)
P 5in 2(a+ B)’ o« tg’(a+p)

rae a- yroja nanenus, [5- yron npeiaomiaenus. HamoMuum, uto Kodgguyuenm

(5.1)

OMpadjiceHus MoKa3bIBaeT, Kakas YacTh NaJalolIero CBETa OTPAXKAETCs OT IPaAaHULIbI
paszena. Tak kak g # P, , TO OTPOKEHHBIA CBET BCETr1a YaCTHIHO MOJISIPU30BaH.
3akon bprocmepa: nyd, OTpaKeHHBIN OT TPAHMIIBI pa3jiesa IBYX JAUIICKTPUKOB,

IMOJIHOCTBIO ITOJIAAPHU30BaH, CCIIN YI'OJI ITAJICHUA ax YAOBIICTBOPACT YCHOBI/II'O:
tg ds = Ny, (5.2)

rae Ngpy - OTHOCUTENBHBIN NTOKa3aTeb npenomiieHus. st yria bproctepa p||:0.

3akon Manwoca: eciu  Ha nojisipuzarop (MM aHAIM3aTOp) MajaeT
HOJISIPU30BaHHbBIN CBET, TO MHTEHCUBHOCTD CBeTa |, mpoleaiiero yepes moyispusaTop

(w1 aHanM3aTop), MPOIMOPIIMOHATBFHA KBaJApaTy KOCHHYCA yria (Y MexAy TJIaBHOM
IJIOCKOCTBIO ITOJIAPpU3aTOpa U HAIIPABJIICHUEM IINIOCKOCTH MMOJIApU3alnH, T. €.
— 2
| =lpcosy, (5.3)

rae lo - MHTEeHCHBHOCTD MOJIIPU30BAHHOTO CBETa, MAJIAIONICro Ha aHanu3arop. Eciu
Ha MOJSIpU3aTop (MM aHAM3aToOp) MagaeT HEeNOISPU30BaHHBIA CBET, TO Yepe3 HEero
IPONAET POBHO NOJOBMHA UHTEHCUBHOCTH MAJAIOIIETO CBETA.
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3aganue 5
5.1. Haiitn K03 (HHUIMEHT OTpaKeHUS IMOISAPU30BAaHHOTO CBETA, MaJar0IICeTo U3
BO3/IyXa Ha CTEKJIO Moj yrioMm @. ITokazaTens mpenoMIiIeHus cTekia - N.
Hampasnenue xoneOanmii BekTopa £ B IMajaroieM Jyde COCTaBIsAeT Yroll Y ¢

MJIOCKOCTBIO TIAJCHUSI.

JIist perieHus 3a7ja4yd HaJl0 MPEACTaBUTh NMaJArONIUil CBET KaK CyNepIIO3UIINI0
JBYX JIy4el, MOJISPU30BAHHBIX B TUIOCKOCTH MAJEHUS U MEPHEHIAUKYISIPHO K HEH.
Haiitu nyist HUX aMIuidTyAbl KojieOaHUN M MHTEHCUBHOCTb 3TUX JIy4del (BBIPA3UThH
yepe3 aMIUIMTYJy M TMOJHYI0 HMHTEHCHMBHOCTh THajaroniero Jyda). Hcmnomb3ys
dbopmynsl Openenst, HaWUTH KOIPPUIUEHTH OTpaX]KEHUsS IS STUX BOJH U TOTOK
SHEPIUM OTPAXKEHHBIX BOJH. BBIYMCIUTH MOJHBIA OTPa’KEHHBIA MOTOK HEPTUU U
MOJTHBIN K03 dunmenT otpakenus. Jlanueie 6epyrcs u3 tadi. 5.1 u 5.2,

Tabmanma 5.1 Tabmanma 5.2
Nesap. | n P° Ne Bap. | 4o
0 |180| 45 530
1 1,45 60 1 45
2 1,60| 30 2 50
3 165 90 3 60
4 1,70 0 4 35
5 1,85| 15 5 55
6 150| 75 6 65
7 1,75| 50 7 70
8 1,55| 40 8 50
9 190| 20 9 55

5.2. 1511 cpaBHEHHMSI SIPKOCTH OCBEIICHUS ABYX MOBEPXHOCTEN (S1, Sy) 0OIHY U3 HUX
paccMaTpUBalOT HEMOCPEACTBEHHO, a BTOPYIO - uepe3 aBa Hukous (puc. 5.1). KakoBo
OTHOILIEHWE BEJIMYMH SIPKOCTHU, €CJIM OCBEIICHHE O0erX IOBEPXHOCTEH KaKeTcs

OJIMHAKOBBIM NPU yIje MexXay HHUKOIsIMU Y ? OnuH Hukons noriouiaetr K

MaJaole Ha HEro sHepruu, BTOpou - K,. KakuMm CTaHeT BHIMMOE OTHOUIECHHE
BEITUYMH SIPKOCTH, €CIIM OJIMH HUKOJIb YOpaTh?
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Kak B 3TOM citydae m3MeHsIeTCsl BeTUYMHA SIPKOCTH TIPHU BparieHUn HUKosA? JlaHHbIe
oepyrcs u3 Tabn. 5.3, 5.4.

\Sl
% > » g

¥, A /] .
3 TP
Puc. 5.1
Tabmuma 5.3 Tabmuma 5.4
Nemap. | K;, % | Ko, % Ne Bap. WO
0 5 15
1= 0| @
3 6 4 3 45
4 8 6
4 55
5 10 6 5 75
T T 6| %
7 65
9 10 15 9 30

5.3. YacTu4HO MOJISIPU30BaHHBIN CBET MPOXOJIUT Yepe3 HUKOIb. [Ipu moBopoTe

HUKOJISL HA YTOJI Y OT TTOJI0KEHHUSI, COOTBETCTBYIOLIETO MAKCUMAJIBHOM SIPKOCTH,

SAPKOCTh ITydka yMeHbInaercs B K pas. [Ipenebperas morsoiieHreM cBeTa B HUKOJIE,
OMPEICIIUTh: 1) OTHOIIICHUE BEIMYMH HHTCHCUBHOCTH €CTECTBECHHOTO 1
MOJIIPU30BAHHOTO CBETA; 2) CTENEHb MoJiApu3anuu my4ka. Jlanasie 6epyrces u3 tadi.
55ub5.6.

Tabmuma 5.5

Newap. | g | 1 2 3 4 5 6 7 8 9

wo |60] 65 50 61 63 68 70 50 55 58

Taodmuma 5.6

Nemap. | o | 1 2 3 4 5 6 7 8 9

K 21 15 1,9 1,8 1,7 1,6 1,5 1,4 1,3 1,2
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TEMA 6. TEIIVTIOBOE U3JIYYEHHUE

JIro6oe Teno mpu Temreparype Bbime 0 K u3mydaer 3JeKTpOMarHUTHBIC BOJIHBIL.
W3nydyeHne Tella OMHCHIBACTCS NOMOKOM C8EmOB0U dHepeuu, T. €. DHEPTueH,
u3nydaeMoil 3a enuHuiy Bpemenu @D=AW/At. TIoTox >Hepruu, H3Iy4aeMbIii
OJHOPOIHBIM TEJIOM, NPOTNOPIMOHANICH IUIOMAAN TIOBEPXHOCTH Tena. YJ00HO
HCIIONB30BaTh uznyyamenviocms R =@IS — MOTOK, MCITyCKaeMbIH C €IUHUIIBI
IJIOIIA/IA TIOBEPXHOCTH Tea. M3ydaTelbHOCTh YUUTHIBACT SHEPTHUIO, H3ITy4aeMYIO
npy BeeX JTMHAX BOJH. CIIEKTp U3ITyYeHHS, T. €. pactpeiesIeHIe YHEPTUH 110 JTTHHAM

BOJIH, OIUCHIBAETCS CHEKMPANIbHOU NIOMHOCMbI0 uziydamenvrocmu ), kotopas
onpenensercs u3 cootnomenus dR;= r;- dA . dR; onpenensercs ananornuno R,
HO BMECTO MOJHOTO IOTOKa sHepruu @ Gepercsa motok >Heprun (@D; B y3KoM

cnektpanbHoM uHTepBaie [A,A+dA]. Ilonnas usnyuamenvnocme Ryp  naercs
MHTErPaJioM OT CHEKTPAIbHOM IJIOTHOCTH T10 BCEM JJIMHAM BOJIH:

0
R/IT - j r/le/l ’ (6.1)
0
IJic MHICKC | yKa3bIBacT HA CHJIBHYIO 3aBUCUMOCTh R;7 OT TemmepaTypsbl.
N3nyyaTenbHOCTh  TEJ 3aBUCUT OT TOTO, Kak Teja MOTrjomaroT cBeT. Yem
JIy4llle TEJIO MOTJIONIAET JaHHbIE CBETOBBIC BOJIHBI, TEM JIYUIIle OHO UX M3JIydaeT ImpHu
HarpeBanud. llocnowamenvras cnocoonocms (K03PEHUIIMEHT TOTIOMICHUS )
), =Dpor/ Dy 1 k03P Puyuenm ompasxicenus P;=Pyy/P) NOKA3BIBAIOT, KaKas 4aCTh
MaJialoIIero CBETOBOTO MOTOKa @ MOTJIONIAETCS UM, COOTBETCTBEHHO, OTPaKaeTCH.
A — JUIMHA BOJIHBI MOHOXPOMATHYECKOTO CBETa, 1 KOTOPOH OHHU OIPEICIICHBI.
3axon Kupxeogha: OTHOIIEHHE CIEKTPAIBHOM TIIJIOTHOCTH W3IYy4aTelbHOCTH K
MOTJIONIATEILHON  CIIOCOOHOCTH JJIsI BCEX TeNl OJMHAKOBO M PABHO CIHEKTPAIbHOU
MJIOTHOCTH aOCOJIFOTHO YEPHOTO TeJa:

1) r
AT

—r[r = —_— = g
a®  g@ AT, (6.2)

AT AT
3I[€CI) ng - cnekmpajszaﬂ niomHocnlb u3ﬂy'{(1meﬂbHOCmM ((a6COJ'HOTHO qepHoro
TENa», T. €. Teja, KOTOPOe MOIIIOIAET BCe Magaroine Ha Hero ayun. s Hero d;=1,

a 0,=0. [lonHas M3JIy4aTeabHOCTD AJ «a0COIIOTHO YEPHOT'O TEJIa»

o0

0
Criektp u3aydeHus abCOMOTHO YEPHOTO Tella OnuchIBaeTcst gopmynou Ilnanka,

MOJyYEHHOM Ha OCHOBE MPEICTABICHUN O KBAHTOBOM XapaKTEPE U3ITyUCHUS:
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47°c’h C,
& = 27he - C,

25T —1)  A5(e” —1)

(6.4)

rae C - CKOpOCTh CBETa B BakyyMe; N — mocrosmmas Ilnanmka; K - mocrosHuas
boneumana. Koncranter: €= 3,74 10 Br M C,=144 10° M K.

Ha puc.6.1 npuBeneHbl pacCUUTaHHBIC CHEKTPHI M3IyYCHHSI aOCOIIOTHO YEPHOTO
tena A temrneparyp 2500 K u 3000 K. KpuBble uMEIOT 1B€ XapaKTEpHbBIE TOUKHU:

JJIMHY BOJIHBI, HAa KOTOPYIO IIPUXOOUTCSI MAKCUMYM Am, H BBICOTY MaKCHUMYyMa.

32 €, x10% Br/m’

2,8—-
24
2,0—-
1,6—-
1,2—-
0,8—-

04 -

0,0

Puc.6.1

3akon Cmegana — borvymawna:. monHas u3iaydareabHOCTh E7  abcomroTHO
YEepHOI0 Teja MPONOPIHMOHAIbHA YETBEPTOI CTENEeHN ero a0COIOTHON TeMIIepaTypsl

E, =UT4, roe T - abcomorHas Temmeparypa, 0 = 567 10° Br/(m* K*) -
noctossHHast Ctedana - bonmprmana. Ha puc. 6.1 E7 n3o0pakaercs MIOMAIbI0 MO
KPHUBOM.

3axkon cmewienuss Buwna: nnuHa BOJHBI, Ha KOTOPYIO IPHXOJUTCS MaKCUMYM
CHEKTPAJIbHOW  TUIOTHOCTH  HW3JIy4aTeIbHOCTH, OOpaTHO  IPOIOPIMOHAIbHA
abCOIOTHOM Temmeparype:

Am=Db/T, (6.5)

rie nocrosHHas Bura b =2,9.10° M K.

Bmopoﬁ 34KOH Buna: MaKCHUMaJIbHas1 CIICKTpaJIbHAA IIJIOTHOCTDH

M3JIYyYaTeNbHOCTH &y NOPONOPIMOHAIIBHA IISITOM CTENEHW  aOCONIOTHOM
TEMIIepaTyphI:

&Em=C3T>, (6.6)
rme C;=1,29-10° Br/m>.
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«C@pO@ meJjio» — 3TO TCJI0, KOTOPOC OJUHAKOBO IIOITIOMIACT JIY4YH BCEX IAJIMH BOJIH,

T.C. OHO HC HUMCCT OKpPACKH, U IIOOTOMY AJIA HCI'O al He 3a68ucum om ONUHbL GOJIHbL.
I[J'Iﬂ «CCpoOoro Tejaa» 1mojHad U3J1ydaTCIIbHOCTD

R; :J‘rﬂdﬁ:faﬂgﬂdﬂ:ajgﬂd/l =ak, (6.7)
0 0 0

3aganue 6

1. Harpetoe o Temmeparypsl T «cepoe Teno» (IUIomaab MOBEPXHOCTH - S) U3IydaeT
noTok 3Heprun @. Yemy paBeH kKodhGUIHEHT MOTIIONICHUS a7

2. BerauciauThb CIICKTPAJIBHYIO IINIOTHOCTH HU3JIY4YaTCIIbHOCTH rj,T JJIA JJIWMHBI BOJIHBI

Am paccMaTpuBaeMoro Tela.
3. Haiitu mOTOK M3Iy4deHHs AaHHOTO Tejia B MHTEPBAJIC JJIMH BOJIH, OTIMYAFOIINXCS
oT Am Ha 1%.

4. Bo CKOJIbKO pa3 M3MEHUTCS MOTOK U3IYUYCHHUS, €CITU Ay yBennduTcs Ha A ?

5. IlycTh paccMaTpuBaeMoe TeJIO MOJICPKUBAIM MPH paBHOBeCHOU Temreparype T
(MormHOCTH BHYTpEeHHEro ucTounnka temia - Wy). Onpenennts HOBYIO paBHOBECHYIO
temmepaTtypy 71 , €CIIM MOIIHOCT BBIAEISEMOro B Teje Teruia yBeanuunack Ha W ?

Tabmuma 6.1 Tab6aunia 6.2
Ne Bap. T,K |S,cm® | @, Br No Bap. | AN, mxm | Wy, Bt
0 2000 20 1600 0 0,5 500
1 2100 30 3000 1 0,6 800
2 2200 25 2800 2 0,7 600
3 2300 40 5000 3 0,8 2000
4 2400 20 2500 4 0,9 400
5 2500 10 1800 5 1,0 700
6 2600 15 2800 6 1,1 800
7 2700 10 1500 7 0,3 600
8 2800 20 4000 8 0,5 1500
9 2900 30 8000 9 0,6 2000

TEMA 7. KBAHTOBAS OIITUKA. POTOIDPEKT
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DNeKTpOMarHuTHOe ToJjie 00JajaeT OBOMCTBEHHOM MPHUPONOM: OHO SBISETCS
OJHOBPEMEHHO BOJHOW W TOTOKOM d4acTull. OJTOoT 3(p(eKT Ha3bpIBaeTcs
KOPNYCKYIAPHO-80IHOBLIM  Oyaausmom. YacTUIbl CBETa HAa3bIBAIOTCS K8AHMAMU

ceema unu oomonamu. SHepeus keauma ceema (pomona) eth V; macca ¢pomona
mgy= hw/c?; umnynse omona Pe=MpC=h/A. Jlns MoHOXpOMATHYECKO BOIHBI
IIOTOK CBETOBOM SHEPIUH MPOMOPIMOHAIEH TOTOKY KBaHToB D=nhv.

Domosgghexm — 1TO SBICHHE BBHIOMBAHHS CBETOM OJJICKTPOHOB W3 METAJUIOB,
OTHOCSIIEeCs K KBAaHTOBBHIM. KBaHT OTJaeT BCIO DHEPTHUIO JJICKTPOHY M HCUe3acT.
Ecnu sHeprus kBaHTa TOCTaTOYHO BENHKA, TO MPOUCXOAUT (PoTodhdexT, mpu 3ToM
TOJILKO 4acTh 3JIEKTPOHOB (00bIYHO 1-2 %) BBUIETACT W3 BEIIECTBA, TaK KaK HE
Kbl (DOTOH B3aUMOJICUCTBYET C DJIEKTPOHOM.

Vpasuenue Ditumreiina s dorodbdexra; € =NV =A+W, | rre 4 - padora

BbIXOJIa O3JICKTpoHa u3 Metawa, W, - MakcumanbHas KHUHETHYECKas SHEPTHs
boTo3IeKTpOHOB. UHTAETCS TaK: dHEpeUs C8emoso20 KE8AHMA PAcXo0yemcs Ha
pabomy 6blx00a 3J1eKMPOHA U3 Bewecmeda U Ha CcooOWeHUue KUHemu4eckol
9Hepauu 8blOUMOMY d1eKmpoH). Kpacnas epanuya pomosghghexma onpenensiercs:
A hc

Vo = Ao = a0 THe Ao - MakcHUMajbHas JUIMHA BOJHBI, NPH KOTOPOH erre
BO3MOXeEH (HOoTOIPPEKT.

Boineratonue  GOTOIIEKTPOHBI  (IJIEKTPOHBI, BBUICTEBIIME TOA  JEHCTBUEM
(OTOHOB) MOKHO 3aiep>KaTh TOPMO3SAIIUM JJIEKTPHUUECKUM TIIOJEM C Pa3HOCTHIO

noteHuuanos U, , Ipu 3TOM (OTOTOK MOJHOCTHIO MpEKpalaeTcs, eciau padboTa cuil

3adepoicugaroujeco  TOJSL  paBHA  MAKCUMAJIbHOW  KHHETHYECKOW  DHEPTUU
¢oroanekrponos, T. e.. eU, =W,. Torma ypaBHeHue ¢QoTodrdpdexra MOKHO

sanmcath 1 B Buae. U = A+eUsax .

3ananue 7

Ha MeTaminyeckyro IUIACTHHY MafaeT CBET ¢ MHTEHCHBHOCTRIO | M IJTMHOM BOJIHBI

4. TloBepxHOCTh HMeeT KOG GUITMCHT oTpakeHus 0. Haiitu:

1) CKOJBKO ODJIGKTPOHOB  BBUIETaeT 3a 1C C TOBEPXHOCTH MeETaJlla, €CIU K
dorosdpdexry npusoxur 0% nornomennsix Gporonos? Ilnommans MOBEPXHOCTH -S.

2) Kakyto 3aepKMBaIOIIy0 pa3HOCTh MOTEHIMANIOB U,,, HY’)KHO TIPUIIOKUTH, YTOOBI
npekpatuTh GoToTok? PaboTa BBIX0O/a 2JIEKTPOHOB U3 MeTasa - A.

3) OmnpeaenuTh MaKCUMAJIbHYIO CKOPOCTh JJICKTPOHOB, BBUICTAIOIIMX M3 MeETalljia.
Kakyro MakcHMalbHYI0 CKOPOCTh OHHM OYIyT WUMETh Y aHOJa, €CIIH TPHIOKHTH
3aJICPKUBAOIIYI0 PA3HOCTh TIOTEHIIMAJIOB, paBHYIO U,,, /2 ?

4) Kakyro JTOJTF0 SHEPTHH TOTJIOIIEHHOTO KBAHTA COCTABIISICT SHEPTHS BHUICTAOIIIETO
AJIEKTpOHA?

5) Haiitu xpacHyto rpanuity porosddekra. Jlanasie 0epyrcs u3 tadiu. 7.1 u 7.2.
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Tabmuua 7.1 Tabnuua 7.2

Ne l 4 A4 N | p |b S,
Bap. | Br/em® | mxm | 9B Bap. % | em®
0 0,2 04 |19 0 03 |5 | 2
1 0,3 0,18 (4,5 1 04 |10| 3
2 0,4 0,31 2,3 2 05115 4
3 0,5 0,22 [4,0 3 06 |1 7
4 0,6 0,1 (6,3 4 02 | 2 8
5 0,7 0,18 | 2,2 5 08| 3| 5
6 0,8 0,33 | 2,2 6 07 | 4 |25
7 0,1 02 (25 7 04 | 6 6
8 0,5 0,18 | 2,3 8 03 | 7 9
9 0,6 0,1 (45 9 05| 8|15

TEMA 8. 9OPEKT KOMIITOHA

Ippexmom Komnmona Ha3pIBalOT M3MEHEHHE JTMHBI BOJHBI PCHTTCHOBCKHX
BOJIH TMPU paccerBaHUM BenlecTBOM. [lo KBaHTOBOl TeopuHM MpPH PaCCEUBAHUU
PEHTI€HOBCKUX JIydel MPOUCXOAUT YIPYroe CTOJIKHOBEHHE PEHTI€HOBCKOIO KBaHTa
CO CBOOOJTHBIM MOKOSITUMCS 3JIEKTpoHOM (puc.8.1-a), mpu 3TOM KBAaHT OTIAET YacTh
CBOE DHEPIUM W UMITYJIbCa DIIEKTPoHy (prc.8.1-0), mosToMy sHeprus kBaHta hvy
YMEHBILIAETCsl, CJIEN0BATEIbHO, YMEHBIIAETCAd 4acToTa (WM YBEJIMYMBAETCS JIJIUHA
BOJIHBI) PACCESIHHOTO PEHTTEHOBCKOTO U3ITyUCHHS.

— —
a) P, 0) p
’ \\
L e e ® _— ;\-;-
¢poToH WIEKTPOH B\ _-
_)
mo
Puc. 8.1

HpI/I «KOMIITOHOBCKOM»  paCCCHMBAHHWM  BBIINOJIHAIOTCA 3daKOHBI COXPAaHCHUSA

_—

umIynbca u sHeprun. Ilycts Py, P u M& - ummynbesl magaromero, paccessHHOro
KBAaHTA U 3JIEKTPOHA OTJIa4M COOTBETCTBEHHO. Toraa
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Pp = P+mMS, (8.1)
IJIc UMITYJICHl KBAHTOB! E =h/A,p=h/4,; 6 - yron pacceusannus xsaura; [3 -

YIroJl paCcCCHMBAHUA JBJICKTPOHA OTAA4YH. 3aKoH COXpaHCHUA SBHCPIruM 3alrMiicTCA B
_ 2

. 2 .
rac. (m - mO)C - KHHCTHYCCKAasA SHCPIuA 3JICKTPOHA, m0 - MaccCa II0OKOA 3JICKTPOHA,

m
Macca JBUKYILErocs 3JEKTpoHa m = 0

V2

1+—
CZ

Bce MapaMCTphbl pACCCAHHBIX YaCTHIL OIIPCACIIAIOTCA YITIOM HI/I, peuiasd COBMCCTHO

ypaBHEHUS, MOKHO HAaWTH W3MEHEHHUE JUIMHBI BOJHBI PACCESTHHOTO PEHTT€HOBCKOTO
kBaHTa (poToHa) B BUJIE:

Ad= -2 = (-cosh). (8.3)
m,C
h
rae: me = Ay - «<KOMIITOHOBCKAas» AJIKMHA BOJHBI (Ak = 2,441Mm).
(0]
3ananue 8

PeHTreHOBCKMIA KBaHT paccerBacTCs Ha CBOOOJHOM djeKTpoHe Ha yron 0.[lmuHa
BOJIHBI ITAJJAIOILETO KBAHTA - A9?, 4aCTOTa - Vp, Macca - My, UMITYJIbC - Po M SHEPTHs -

€. Haiitu: 1) sHepruio; 2) mmmyibc; 3) CKOPOCTh M HANpaBICHHWE JBH)KCHUS
AJIEKTPOHA KOTJAYM»; TAKKE HANTH BCE XapaKTEPUCTUKHU I3 IAI0IIET0 KBAHTA.
Ilpumeuanue: 3ana4y peluTh: a) AHATUTUYECKU U O) TpaUUYECKH, MOCTPOUB B
MaciITabe BEKTOPHYIO IUarpaMMy UMITYJIbCOB. IMITyIIbC 2IIEKTpOHA HAWTH ABYMS
criocobamu: 1) UCTIOIB3ysl 3aKOH COXPAHECHUS YJHEPTUU U 2) U3 BEKTOPHOU
JarpamMMbl UMITYJTECOB 110 «T€OpEeMe KOCHHYCOBY.
Tlopsiook pewienus: 1) BBIYACIUTD JUTMHY BOJHBI, UMITYJIEC M SHEPTUIO PACCESTHHOTO

_—

KBaHTa; 2) MOCTPOUTH B MaciiTabe uMIyaschl Po, P; 3) u3 monydenHoro

TpeyronbHuka Haiitu MY u B 4) U3 3aK0HA COXPAHEHHS] SHEPTUHU ONPENEIUTE

MacCy JIEKTPOHA U HAWTHU €ro CKOPOCThb. PaccunTaTh UMITYJIBC JIEKTPOHA.
Hannsle 6epytes u3 tabdi. 8.1 u 8.2.
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Tabmuma 8.1

Ne 1 o, Yo | My | P | &,
Bap. |mMm | 107 I'n m, | mc | MsB
0 - 4 - - -
1 0,6 - - - -
2 - - 0,7 - -
3 - - - - 0,6
4 - 6 - - -
3) - - - 1,2 -
6 1,2 - - - -
7 - - - 1,0 -
8 - - 0,5 - -
9 - - - - 0,3

Taobmnumna 8.2

No

Bap.

0

90°

60°

45°

30°

120°

135°

150°

180°

105°

O O N O B|IW DN L O

70°

-13
AM>5B =1,6-10"" /]o«c , my - Macca 1moKost SIIEKTPOHA, € - CKOPOCTh CBETA,
1om=10" M,

bubanorpadguyeckuii cnucox

1. CasenweB U.B. Kypc obmeii pusukn. B 5 T. T.2. DneKTpruiecTBO 1 MarHETU3M.

Bomnsl. Ontuka. M., «Jlanb», 2011, 352c.

2. CasenbeB 1.B. Kypc o6mieit pusuku. B 5 1. T.3. KBanToBas ontuka. AToMHasI
dbusuka. M.,«Jlanby, 2011, 392c.
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