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KoAebaHus 1 BOAHDI

OCHOBHbIE POPMYAD!

¢ YpaBHEHUEe rapMOHHNYECKOT0 s = A sin (ot + @)
KoJiebaHA
rape A — aMmiuryna KojiebaHu,
O — IUKJIAN4YeCKasda 4acTorTa,
¢, — HavaJbHasd (asa.

¢ Ilepuon KosebaHUA MaATHUKOB:

IIPYXUHHOTI'O T =21 A/%
(bU3UYECKOro T = 21 /__J l
rie m — Macca MaATHHKA, m§g

k — »KeCTKOCTBb IIPYKUHBI,

J — MOMEHT UHEepPIUU MasATHUKA,

g — YCKOpeHune cBOOOAHOrO MajeHus,

| — paccTosiHUe OT TOYKH IIOABeca J0 LIEHTPpa Macc.

¢ Ilepuon xonebaruit T = ZRJI_;T?
B SQJIEKTPHNYECKOM
KoJiebaTeJILHOM KOHTYpe
rage L — UHAYKTUBHOCTb KOHTYpA,
C — eMKOCTb KOHJAeHcaTopa.

¢ YpaBHeHUe IIJIOCKOI BOJIHBI, s =A sin [a)(t - f) + (Po]
pacrpocTpaHAwIecA v
B HanpaBJjgeHuu ocu OX
rge v — CKOPOCTH PaAcCpOCTPaHEHUS BOJIHBI.

¢ JI1MHA BOJIHBI A =0T
rape T — mepuop BOJIHBI.

¢ CKOpOCTb pacIlpocTpaHeHUA v= -
3JIGKTPOMATrHUTHOM BOJIHBI NEWU

Irfle ¢ — CKOPOCTBb CBeTa B BaKyyMe,
€ — OU3JIeKTpHUYECKasd IPOHUILIAEMOCTE Cpelhl,
{t — MArHuTHAs IPOHUIIA€MOCTD CpPeAbl.

¢ CROpOCTb PacCIIpDOCTPaHEeHHNA 3BYKa B razax v = ,YR—MZ

rje y — OTHOIIIeHMe TeIlJIOEMKOCTell rasa,
IIpY MOCTOSAHHOM JaBJIEHUU U o0'beMe,
R — MonsipHasi ra3oBas IIOCTOSTHHAM,
T — TepMoguHaMUUecKas TeMIiepaTypa,
M — MmoJsipHas mMacca raasa.
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- — —>
BexkTop IloitHTHHrA P=FExH
rae E n H — Hanps»KeHHOCTH 3JIEKTPUYECKOro
1 MarHUTHOTO HOJIeN 3JIeKTPOMArHuTHOM BOJHBI.

2

Onruueckasa AJMHA IYTHU L =ns

B OJJHOPOJHOM cpejlie

rape S — reoMeTpuyecKas AJUHA IIYTH CBETOBOM BOJHEI,
n — IIoKaa3aTeJlb IIPeJIOMJIEHUS Cpeldbl.

¢ OnTuueckas pasHOCTBb X0oJa A=L,—- L,
rae L, u L, — onTu4yecKue IYTHU JBYX CBETOBHIX BOJIH.

* YcnoBue uHTEp(PEpeHIINOHHOTO A = Etmk,,
MaKcHuMyMa m=0,1, 2, ...

¢ YcyaoBue HHTEP(EPEeHIIMOHHOT'O A=x(2m - 1)%Q
MUHHMYMAa m=1,2,...

rae A, — AJHHA CBETOBOU BOJHBI B BAKYYME.

¢ [IIlupuHa nHTEep(PEepPEeHIINOHHELIX II0JoCc AXx = ——
B onbITe IOHTra
rage d — PaCCTOSAHHUE MEXAY KOTreépeHTHBIMU NCTOUYHUKAMU CBeTa,

[ — pacCTodHNEe OT HCTOYHHNKOB 40 3KPaHa.

¢ OnTuueckada Pa3HOCTD XO0Ja B TOHKHX IIJIEHKax:

B IPOXOJAILIEM CBeTe A =2d./n2 - sin2i

B OTPa’KeHHOM CBeTe A = 2d./n? - sin2i + Ao
rape d — TOJIIIMHA IIIeHKHU, 2

n — MOKa3aTeNb IIPeJIOMJIEHUS IIJeHKH,

i — YroJ naJeHus cBerTa.

¢ Panguychbl cBeTJIBIX KoJell HeroTOHA

B IIPOXOJAIIEM CBeTe r.=JmiAR,m=1,2...
JIX TEeMHBIX B OTPaX€HHOM

TEMHBLIX KOJIel B IIPOXOASIIEM r J (2m-1)AR/2

CBeTe MJIU CBEeTJILIX m=1,2,...
B OTPaXeHHOM

rape R — paauyc KpUBU3HBI JIUH3EI,
A — IJIMHA CBETOBOM BOJIHBI B Cpeje.

¢ Paguychbl 30H PpeHeld A

chepruecKoii BOJTHOBOM r mAab
a+b
IIOBEPXHOCTHU m=1,2, ...
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[image: image3.png]ILJIOCKOY BOJIHOBOM r,, = JmAb
IIOBEPXHOCTH m=1,2,...

rie a — pajguyc BOJTHOBOU IIOBEPXHOCTH
b — KparTuaiilee pacCTOSHHE OT BOJTHOBOU ITIOBEPXHOCTH
IO TOYKH HaONMIoaeHn .

HanpasieHue nudpakiuOHHEIX P =0
" : _+(2m+ 1)
MaKCHMYMOB OT OJHOH IIIeJIn asin ¢,, = T 3
m=1,2,...
HamnpaBieHue JupakIHOHHBIX asin ¢,, = TmA
MUHHUMYMOB m=1,2, ...

rge a — IMMUpuHa IjeJu.

HanpasiieHne riaBHBIX csin @,, = £mA
MaKCHMYMOB AU(MDPAKIINOHHOMN m=1,2,...
pelIeTKu

rjie ¢ — MOCTOSTHHAA AUPPAKIINOHHON pPeIleTKH.

Paspemraromniasa ciocoOHOCTH R=2 =mN
TUPPAKIIHOHHOM peIeTKU Ak
rae AN — MUHUMAJbHASA Pa3HOCTD AJIVH BOJIH
IBYX CIIEKTPaJIbHBIX JUHUI, pa3pelliaeMbIX pellleTKOM,
m — HOPALOK CIIeKTpa,
N — o011ee unco 1iesyeil pemeTKu.

dopmyna Byaspa—DBparra 2dsin 0, = mA
m=1,2,...
rae d — paccTosdsHNE MEeXAY aTOMHBIMH IIJIOCKOCTAMMX KpUCTaJlja,
0,, — YroJ CKOJNbXXeHUA PEHTTeHOBCKUX JIyYei.

CreneHp moJApu3amuu P = Linax = Lonin
1 max +1 min
rae [ .. nl , — MakCHMaJlbHAad M MUHUMAJIbHAS UHTEHCUBHOCTH
IOJIIPU30BAHHOTO CBETA.

3akoH BprocTepa tgi, = g—"’
1

rae i, — yroia Bprocrepa,
n, U n, — IOKa3aTeJHu NpeJIOMIEeH!A IepBON U BTOPOM cpeJ.

3axkoH Mairoca I =1I,cos?a

rae I,u I — MHTEHCHBHOCTD IJIOCKOIOJISAPU3OBAHHOI'O CBETA,
IIaJaloIero 1 IIpPoHIeAIero yepes noJsipu3aTop,

O ~— yroJj MexxXay InJIOCKOCTBIO IMOJIAPN3allN naaarIlero CBeTa
1 I'NIABHOM IIJIOCKOCTBIO IIoJIApnu3aTopa.
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[image: image4.png]* Yroxa ITIOBOPOTA IIJIOCKOCTH IIOJIAPDH3all1N1 CBETAa.
B KPHCTAJLJIaX ¥ YUCTBIX KHUAKOCTAX ® = @l
pacTBopax ¢ =[pplcl
rjae ¢, — IIOCTOAHHAS BPAIl|eHM,
[¢9] — yaenbHasa nocToaHHAsA BpallleHUd,

¢ — KOHIIeHTpaIL1aA ONTHYEeCKU aKTUBHOTO BelllecTBa B pacTBope,
| — paccTosiHne, IPOIeHHOEe CBETOM B OIITUYECKU aKTUBHOM

BeIIleCTBe.
I &
¢ da3oBasg CKOPOCTH CBETA v= %
rie ¢ — CKOPOCTbH CBETa B BAKYyMe, n
n — MnoKaa3aTeJlb IIPEJIOMJIEHHUA Cpeldbl.
¢ Tucmepcus BelllecTBA D= d—'}t
¢ T'pynnoBasi CKOPOCTh CBETa U= 5(1 + &@g
n ndh
¢
¢ HanpaBJjieHre U3TyUeHUS cos 0 = =
nv

Basunosa—YepeHKoBa
rage U — CKOPOCTbH 3aps’K€HHOM YaCTHUILbI.

lNpuMepbl peLueHus 3aAay

1 . MexaHnyeckre KoAeb6aHUs U BOAHBI

[i_:] HanucaTte ypaBHeHHE FapMOHHUYECKOT'0 KOJIeOAHNA, €CJIM aMILJIN-
tyga ero 10 cM, MmakcuMansHaA ckopocTs 50 cM/c, HavabpHas asa 15°.
OnpepgennuTs epuoa KosebaHUA 1 CMelleHre KoJeOaonieiicsa TOUKY Je-
pe3 0,2 ¢ oT HayaJja KoJebaHuA.

Aano: A=10cm; v, =60cm/c=0,5Mm/c; o, =15°t=0,2 c.

Hauntn: x(t), T, x(0,2).

PeweHne. YpaBHeHHEe IrapMOHHMYECKOT0 KOJIEOAHUS C HaAYaJb-
HOH (a3oy @, UMeeT BUJ

x = Asin (0t + @).

Hukaunueckaa gacrora = 2n/T. CKopocThs KoJiebJroeicsa
TOUYKU HAaXOJUTCA KaK IepBasg NPOM3BOAHAS CMEIIeHHA OT Bpe-
MEeHMU:

v = Cz%f = Awcos (ot + @).

MakcumMmabHaA CKOPOCTDb JOCTHUIraeTCA INIPHX 3HAYEeHHU N

cos (ot + 94)=1;v, ., = Ao,

max
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[image: image5.png]OTKYyda 0=

T=21tA;
v

max

_2:3,14:0,1 _ ,
T s 1,26 (c);

®= 9—32‘ =5 (c1).

BreIpasuM HauaJgbHYIO (pa3y B paguaHax

15 T
—opdo . T
Po~ “4"380 ~ 12

Tor;:a YPaBHEeHHNe rapMOHHNYECKOTI'O KoJieOaHus 3anuIIIeTCA

x(t) = 0,1sin (5¢ + i%)

B momenT BpemeHu t = 0,2 ¢ cmemenue x(t) 6yzer paBHO:

x = 0,1sin(?%’:‘ + -IEZ-) =0,1-sin n(-zy-ff + Il'z'> =~ 0,095 (m).

Touka coBepIIaeT rapMoHNYecKHre KojsebaHusa ¢ gyacrorou 10 I'i.
B MoMeHT, IPUHATHIN 3a HAYAJBHBIN, TOYKA NMeJa MaKCUMAaJIbHOE CMe-
menue 1 mm. Hanucares ypaBHeHME Koe6aHUM TOYKU M HAYEPTUTH HUX
rpauk.

Aavo: v=10T1; x = 1 MM.

PeweHne. YpaBHeHHe KoJieOAHHUM TOUYKH MOJKHO 3aIMCATh B
BUJIe

max

x = Asin (ot + @), (1)

JIY
x = Acos (ot + ¢,), (2)

rage A — aMmuTyza KojaebaHU; o — IMUKJANYecKad yacrora; t —
BpeMd; ¢; U ¢, — HadaJbHbIe (Pas3el, COOTBeTCTBYIOIUEe dopMe 3a-
nucu (1) uau (2).

I1o ompenesieHuIo aMILIUTYAa KOJIeOaHU

A=x__ . (3)

Iukinuyeckasa yacToTa o CBSA3aHA C YACTOTOH V COOTHOIIIEHHEM
® = 27V. (4)
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[image: image6.png]x A HauanrHaa ¢asa KojsebaHUN 3aBUCHUT
Al % oT ¢opMul 3anucu. EcJiu HMCHOIB30BATH
dopmyay (1), To HauanbHYIO a3y MOXKHO
OIIpeJeJINTh U3 YCJIOBUS B MOMEHT BpeMe-
Hu t =0 x_, =Asin ¢,

. X :
OTKYyJa ¢, = arcsin —iﬁ = arcsin 1,

1, 8) 8% (p1=(2k+1)g,(k=0,1,2, cee)e

HN3meHeHue das3bl Ha 27T He U3MEHsEeT COCTOAHUSA KoJebaTellb-
HOT'O ABUXKEHUA, IIO3TOMY MOXKHO IIPUHATD

(P1=g- (9)

B cayuae BTOopoir GOpMBEI 3aIIUCH II0JIydaeM:

X
= arccos —22 = grccos 1,
2 A

15891 0, =21k, (k=0,1, 2, 3, ...).
ITo Tem ke cooOpa’keHHAM, UTO U B IIePBOM cJiy4dae, HAXOAUM
¢y = 0. (6)

C yuerom paBeHCTB (3)—(6) ypaBHeHuUs KoJieOaHUI NPUMYT
BUI:
x =x_ sin (27rvt +g),
X = X,,,,C08 2nvi,
rge x.,. =1 MM =103 m; v=10Tu.
I'paduK COOTBETCTBYIOIIEr0 rapMOHHYECKOr'0 KoJjieOaHuA IpPH-
BeJieH Ha puc. 44.

LT;_] Marepuanbuasad Touka maccoii 20 r coBepliaeT rapMOHHYECKUE
Kosebanusa ¢ mepuogoM 9 c. Hauvanbuasa ¢dasa xoaebanus 10°. Uepes
KaKoe BpeMsA OT HauaJja ABUKEHUSA CMeIeHNe TOUYKHY JOCTUTHET II0JIOBHU -
HbI aMIIUTYyARI? HaiiTi aMIinTyay, MakCUMAaJdbHbIE CKOPOCTh U YCKO-
peHMe TOYKH, eCJIU IIOJHAA ee 3HeprudA paBua 1072 Jx.

Aawo: m=20r=0,02xkr; T=9c; ¢, =10°= 1, x=0,5 A;

18
E =102 x.
Hamtu: t, A, U .00 @pax:
PeweHnne. YpaBHeHHEe rapMOHNYECKOr0 K0Jie0aTeJbHOIO JBH-

FROHEA x = A sin (ot + ¢p). (1)
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[image: image7.png]M3 ypaBHeHUuA (1) MO2KHO OIIpeeIUTh BpeMd ¢:
x =A sin (-2—;—2 + (Po)

x 2nt 2n _
ri = sin (—7;—+(p0> T L+ Qy= arcst

X
=Z—@pT
(arcsmA (po)

L= 5 : (2)

IToacTaBisaa UNCJIOBBIe 3HAUEHUA B hopmyay (2), IoayduM

(arcsmO 5- ) n_T
18

— ~6 18 .9
t o $9=2-22+:9=0,5(c).

AMILIUTYAY KoJieOaHMA MOXKHO OIlpelesUTh U3 GOpPMYJIBI IIOJI-
HOH 3Hepruu E KoJebJiomiencsa TOUKY.

E — 777,442(1)2 (3)

-z

ITopcraBasaa B Gopmyay (4) 4yuciI0BbIE 3HAUEHU A, IOJIYUYUM

__9 ., [2-102_
4 2-3,14 N2-10-2 1,43 ().

3HaA aAMILJILTYAY, MOXHO BBIUMNCJINTHD MAKCHMAJIBHYIO CKO-
POCTHL TOUKH, KOTOpPAada oIipenesideTcA KaK Imepeas IIpou3BoOAHaA OT
CMenieHnsd X I10 BpeMeHH

V= % = Amcos (ot + @).

ITonmaras cos (ot + @) = 1, moxydaeM 3HaUeHNe MaKCUMAaJILHOM

CKODPOCTHU:
27 ,ZE
v, =AD =A== = [==;
ax T m

_ [z-10
Pmax ™ 5" 10-2

=1 (m/c).

YcKOpeHHe TOUYKM OIlpelelisieTcd KaK IiepBas IIPOM3BOAHAA
CKOPOCTH II0 BpeMEeHH, T. €.

dv

a=_ = —Aw?sin (ot + @,).
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[image: image8.png]Cunras Ipu MaKCUMaJbHOM yCKOopeHUH sin (ot + ¢,) = —1,

2m\% _ 2n [2E
amax =A(02 =A(—T—) = 7 -’-n— .

IToxcraBisAsa UNcIOBbIe 3HAYEHU A, IIOJIydaeM:

__2'3,14. 2'10—2___ . -1 D)
amax = —9——— ’-2—7-1-6-_—2- 6,98 10 (M/C ).

MaTrepuanbHaa TOYKa Maccom 1r KoJsebGierca rapMoOHUYECKH.
AMmnTtyga xKonebanus paBHaA 5 cM, HUKJIWYeckKada dacrora 2 c”l, ma-
vyanbHada pasa pasHa 0. OnpemesuTs cCuy, JeMCTBYIOIYIO HA TOUKY B TOT
MOMEHT, KOT'JIa €e CKOPOCTE paBHa 6 cMm/cC.

AaHo: v =6cMm/c =6:102M/c; A=5cm =5102%2m; m =
=1r=103%kr;0=2c1.

Haittu: F.

Pewenne. CropocTh omnpenesyisieTcs IIePBO¥M IIPOM3BOJHON OT
CMellleHU s 10 BpeMeHU:

_ dx
dt’
CMmemenue x 3alaHO YypaBHEHUEM

v

x = Asin (ot + @,).

HaxoauMm CKOpPOCTB:
v =Awmncos (ot + @). (1)

YcKopeHUe paBHO NPOM3BOJAHOM OT CKOPOCTH II0 BpEeMEeHMU :

dv
a= ==,
dt
a = —Aw%sin (ot + @,). (2)
B03BOANM CKOPOCTE ¥ YCKOPEHNe BO BTOPYIO CTEIIeHD:
v2 = A2%@2cos? (0t + @4); (3)
a? = A2p*sin? (ot + @p). (4)

YpasHeHue (3) pasgenuMm Ha A2w2, a ypaBHeHue (4) Ha Aw* n
CIIOMKHUM HX:

2 2
o+ 2 =1
A2m2  A?2p¢
IIpousBogUM JajbHeliIIne Ipeo6pasoBaHUA:
v2w? + a? = A%nf;
a’ = A2p* - vV2w?, a? = w2(A%w? - v?).
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[image: image9.png]YcKopeHMe nmojydaeTcsa paBHBIM

a=wnrJA2m2 - V2,

CrnemosaTesIbHO, CHJIa IO BTOpoMY 3aKoHY HbI0TOHA paBHA

F=ma, F=moJA202 - v2,

F=103:2.(5:10"2)2:22—(6-1072)2 = 161075 (H).
E:] HatiTu 3aK0OH M3MEHEHUA Ilepuoja KoaebaHUA MaTeMaTH4eCKOoIo
MasATHUKA C IOJHATHEM MaATHUKA HaJl IOBEPXHOCTHIO 3eMJIH.

Pewenue. Ilepumon xosiebaHHMM MaTeMaTHYEeCKOI'O0 MAaATHUKA
onpezneaserca GopMysioun
T = 2n fi . (1)
g

Ilepmnon KosnebaHuil GU3UUECKOT0 MAasITHUKA

_ [ J
T=2n mal’ (2)

rge J — MOMEHT MHEPIMH MasTHHKA OTHOCHUTEJbHO OCH KoJieba-
HU, m — Macca MasATHHUKAa, L — paccTosgsHue MeXAy IeHTPOM Ts-
KeCTHU MasATHUKA U OChIO KOJIeOaHu.

Muoxxuresnp | = LL Ha3bIBaeTCA NPUBEJEHHON JJIMHOMN MasAT-
m

Huka. Kax sugHO 13 (1) u (2), nepuoa T 3aBHCUT OT YCKOPEHUA
CBOOOIHOIO IajeHnAd.

Tejio Maccoii m NpUTATHBaeTCA K 3eMJie ¢ CUJION, oIpenesisie-
MO 3aKOHOM BCEMHPHOI'O TATOTEHU:

_ _~mM
f_mg_G'Ez-’ (3)

rae G — rpaBuUTalMOHHAA HocTosiHHasA, M — macca 3demau, R —
paccTosiHNE OT IeHTPpa 3eMJIu [0 TeJjia.
U3 (3) HaxomguM &:

g= GMI-%E . (4)
IlopcraBisasa BeipaxkeHue (4) B (1) nau (2), HaxoauMm

T =2n /ELJ\ZT R. (5)

CnenmoBaTeJIbHO, IMepUOJ KOJIeOAHUN JaHHOTO MAaATHUKA IIPSIMO
IIPOMOPIOHAJIEH PACCTOAHHIO OT MAATHHKA [0 IIeHTpa 3eMJIH.
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[image: image10.png]Opnopoxueli aAuck paguycoMm R = 0,49 M coBepmiaeT Majbie KoJe-
6aHUA OTHOCUTEJBLHO OCH, KOTOPOI ABJAETCA I'BO3bL, BOUTHIN IepIeH M-
KyJIapHO cTeHKe. Kosme6aHusa coBepIaTcA B IJIOCKOCTH, NapaaeabHOI
crene. HaiiTu yacToTy KOJeOaHMM AHCKA, €CJIU I'BO3Ab HAXOLUTCA Ha
paccrosHuu d = 2R/3 oT 1ieHTpa AUCKA.

Aavo: R=0,49 m;d = 2R/3.
Hantu: v.
PeweHne. Hacrora KonebaHU v TaKOro GU3NUECKOro MasTHU-
Ka paBHa:
v=21,
T

ITepuon koJsiebaHUM (PU3MUECKOr0 MAsSTHMKA, KaK M3BECTHO,

PaBeH
’ J
T = 2 Ene— ’
& mgd

rae J — MOMEHT MHEPIIMU MasATHHUKA OTHOCUTEJIBHO OCH, IIPOXOMI -
I1eil yepes IIeHTpP KoJjiebaHUM AMcKa, m — Macca Aucka, d — pac-
CTOSAHUE OT OCU KoJIeOaHMM O OCH, IapaJljieJIbHOM JaHHOM U IIPO-
XOAAIIeN yepe3 IEeHTP TSAXKeCTH MasATHUKAa, £ — YCKOpeHHe CBO-
OOLHOr'o MaJeHUus.

B Ha1em ciyuae och KoJieOaHUUN He MPOXOAUT uepel3 HEeHTpP Ts-
KeCTH J¥CKa M1 MOMEHT MHepIHuHU AuckKa J MoxkeT ObITh HalleH II0
Teopeme IllTeiinepa:

_ mR?
rme JO = —-2-— — MOMEHT MHepI XN OJHOPOAHOI'O NMCKa OTHOCH-
TEJIBHO OCH, HpOXOﬂHmeﬁ yepe3 IEeHTP TAXXECTHN NIePIIeHINKYJIADP-
HO IINIOCKOCTH AMCKA.

YuuTheIBaA MOJIYyUYeHHLIE COOTHOLIEHU A, IONYIUM (POpPMYIy s
YaCcTOTHI KOJIeOaHUA:

y=l_1 [mgd 4_2p
T 2= J 3
v=1 | mgd _ 1 [36g
2 2 2 '
n,\/mzR +(§R) . m 2n NB1R

IlopcraBnsasa uncleHHLIE 3HAUEHUA R U g, MOJIyUHUM

1 [36-9.81
V=685l 049  OUD
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[image: image11.png]E:I MarepuanbHad Touka Maccoi 0,01 Kr coBepmiaeT rapMOHHUYECKHUE
KoJiebaHNA, YPAaBHEHUA KOTOPBIX uMelor Bua: x = 0,2 sin 8nt (m). Haiitu
BO3BpaInammniyo cuiay B MoMeHT BpeMeHU 0,1 ¢ u HOJHYIO 5HEpruio
TOYKHU.

Aavo: m = 0,01 kr, ¢t =0,1 ¢, x = 0,2sin 8nt (M), ¢, = 0.

Haitun: F_, E.

PeweHune. BosBpamarinas cujia npu rapMoHUUYecKuX KoJieba-
HUAX paBHA:

F,=ma=-kx,

rIe @ — YCKOpPeHue KoJeObJroleiicsa TOUKH, KOTOpoe uMeeT BH/I

d2x 9 .-
a=—= =-—-Amw-*sin (ot + .

Torma F_ = -mAo?sin (ot + @,).

=

IToncraBisieM 4YUCJIeHHBIe 3HAYEHUS BeJUYUH, BXOAAIMUX B
dopmyny pis F, U3 ycaoBus 3ajadu, a TaKkKe U3 ypaBHEHHA KoOJe-
6anusa: A =0,2 M, ® = 8n ¢! monyuaem:

F_=-0,01-0,2(87)? sin 87 = -0,74 (H).

CoryiacHO 3aKOHY COXPaHEHUs DHEePruH, IOJHAA 3HEePrus Ipu
KoJebaTeJIbHOM ABMXKeHHH OyJeT paBHAa MaKCHUMAaJIbHOM KHHETH-
YyeCKoii PHEePruy IIPH rapMOHNUYECKOM KoJe0aTe IbHOM JABUKEHIU !

muv2

E=E__. . = = %Aza)z, Tak Kak v = Awcos (ot + ¢,),

V= U, OIPH cos (ol + ¢4) = 1.

Hailigem 3HaueHMe NOJIHOM HEPruM, IOACTABHB B YpPaBHEHHeE
s E uucjeHHble 3HAUEHUSA:

E — 0,0].LO,Z '28 * 3,14)2 ~ 0,126 (HH{)-

MaTtepuanpaada Touka Mmaccoi 0,01 xr coBepmiaeT rapMoHNYECKHE
Kosebanua ¢ nepuoaom 2 c. IlomHasa sHeprusa KoJseOsaiomiefica TOYKH

1074 II>x. Hafitu amnauTtyny xosaebaHUi, HaIMCaTs> ypaBHeHUe KoJjeba-
HUU, HAUTU HauboJbllee 3HAUEHUE CUJILI, AEHCTBYIOILE HA TOUKY.

Aavo: m=0,01xr; T=2c; E =107% Ix.
Hantu: A, x(t), F_ ..
PeweHne. YpaBHEeHHE TaDMOHNUYECKHX KOJeOaHU nUMeeT BUL

I10JIH

x = Asin (ot + ¢,).
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[image: image12.png]CropocTb U KoJebJiomencsa TOUK — 9TO MepBasd IPoOu3BOAHAA

OT CMeIlleHU A II0 BpeMeHU
V= gd—’f = Awcos (ot + @,).

KuHeTnueckas sHeprusa KoJjebJonieiica ToUKku Oyaer

2 2,2
E mv mA<m
— _— e e———

X 2 2

Ilonras JHeprnmsa TOUYKH paBHaA MaKCMMAaJIbBHOMY SHAYEHHNI) KHU-

- cos? (0t + ¢,).

2,2
HeTuueckoit snepruu E = E, = P49° (yorna cos? (of +
+ ¢@p) = 1).
Orcrona
A= _]_-_ ZEnonn — _7_1_ Z‘EHOJIH;
m«/ m 21M/ m
2 2104
A= / = (0,045 (m).
23,14 N 0,01 ()
3HauYeHUe IUKJNYECKOH YacTOThl ® = 2n n= 3,14 (c71).

T
YpaBHeHUe KoJsiebaHu Oyzer umeThb Bug x = 0,045 sin (nt + ®)-
YcropeHue KoJiebJomneiica TOUKM — 3TO IepBadA IIPOU3BOJAHASA
OT CKOPOCTH II0 BpPEMEHHU

a= %’ = —Aw?sin (ot + @).

MaxkcuManbHOe 3HaYEeHNE YCKOPeHUsA OyAeT IIPU YCJIOBUU, KOT-
na sin (ot + @) = -1, a = Aw?, a HauboJIblllee 3HAUEHUE CUJIBI
oyaeT

F_,, =ma_, =mAo?=0,01-0,0453,142=4,4.10°3 (H).

max

B ynpyroii cpese pacupocTpaHsaeTcA BOJHA CO ckopocThio 20 M/c.
Yacrora Kosebanuii 2 ¢, amnauryzga 0,02 M. Onpesenurs dhasy Kosaeba-
HUU, CMeIleHNe, CKOPOCTh, YCKOPEHUE TOYKH, OTCTOAINIE HA PaccTodA-
HUY 60 M OT UCTOUYHNKA B MOMEHT BpeMeHu ¢t = 4 ¢, ¥ JJIUHY BOJIHEI.

Aavo: v=20m/c,v=2¢c1,A=2:102mMm,t=4¢,l=60M.
Hanrtn: o, x, v, a, A.
PeweHnne. Pasza KomebaHUil, CMelleHUe, CKOPOCTb M YCKO-

pPeHue TOYKH OIIpeAeNAIOTCA C IIOMOILIO ypPaBHeHUsA Oeryuieil
BOJIHBI:

x = Asin a)(t —-l-) ,

v

192




[image: image13.png]rgre X — CMeLleHHe TOUYKM, A — aMIuTyaa KoJgebaHuii, ¢ =
= m(t - -l-) — (pasa KosnebaHuii. Paza KosebaHUl B MOMEHT BpeMe-
v

HH t OyJeT paBHA:
<P=‘°(t“é) = %%-‘(t—é) =2nv(t—£).

IlogcTaBUB YKCJIeHHBIE 3HAUEHUA BeJIMYUH, MOJYIUM:
60
= 21:-2(4 ——) = 4r.
¢ 20

CMmeleHre TOYKH B 9TOT MOMEHT PaBHO:
x =Asin 4n = 0.
CKOpoOCTb TOUKM HalileM KaK IIepPBYIO IIPOU3BOAHYIO OT CMellle-
HUA 110 BDEMEHH:

V= % = Awcos m(t-— é) = A+ 2nvcos m(t— 5)

ITogcTaBuUB UKCJIEHHBIC 3HAUEHUA BEJIUUNH, ITOJYYUM:
v=0,02:6,28 < 2cos 47 = 0,25 (m/c).

YcKopeHNe TOUKHN HalAeM KaK MepBYIO IIPOU3BOLHYIO OT CKO-
POCTH II0 BpEeMEeHU:
a=% = _ApZsin oo(t ~ i) :
dt v
IToxcTaBuB UMCJIEeHHBIe 3HAYEHU A, IIOJIYYNM, UYTO YCKOpPeHHe a,
KaK ¥ CMelleHUe X, B JaHHbII MOMEHT PaBHO HYJIIO:

a=-0,02-(2nv)3sin 4n = 0.

IInuHy BOJIHBI, T. €. PACCTOAHUNE, KOTOpPOe IIPOXOAUT BOJIHA 34
OLUH IIepuok, HalileM M3 COOTHOIIIeHUS

V=A"V.

Orcioga r=2:2=20 -10 (Mm).
\Y 2

BoJiHa pacmpocTpaHdeTcAa o npaAMoi co ckopoctsio 20 m/c. IIBe
TOUKHU, HaXOAAIMECA Ha 3TOi IIpAMOi Ha paccToaHuu 12 u 15 M oT uc-
TOYHUKA KoJebaHuN, K0oJebJIoTCA 110 3aKOHYy CHHYyCa ¢ aMILIUTyJaMu,
paBHEEIME 0,1 M, ¥ ¢ pasHocThIO a3 135°. HaiiTi AnIMHY BOJHEI, HATIH-
CaTh €€ YpaBHeHHE 1 HaiiTH cMellleHle YKa3aHHLIX TOYEeK B MOMEHT Bpe-
MeHu t =1,2 c.

Aavo: v=20mMm/c; l, =12m; ], =15 m; A = 0,1 m; Ap = 135°;
t=1,2c.
Hantu: A, x,, x,, x(2).
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[image: image14.png]Pewenne. YpaBHeHUe Oerymieil BOJTHBI IMeeT BU/J
x = Asin co(t - -l-) ,
D

rge X — CMeljeHHe OT IIOJOKeHUA PaBHOBECUA TOYKU, HAXOHAA-
oreiicsa Ha pacCTOAHHUM | OT UCTOYHHUKA KoJiebaHUA B MOMEHT Bpe-

. 2
MeHH t, A — aMILIUTYyZa KoJeOaHui, o = -;Tt — IIUKJNUYecKasa yac-

TOTa, I — IIepuoj KojebaHuil, v — (paszoBasi CKOPOCTL BOJIHBI.
Touku, HaxoxsamMeca APYTr OT Apyra Ha pacCTOAHWN, PABHOM

OJIHMHEe BOJIHBL A, KOJIEOJIIOTCA ¢ pPa3HOCThIO (a3 Ap = 27; TOUKH,

HaxoJsmuyecs Ha J1000M pacctoaHuM Al, KoyebJI10TCs ¢ pa3HOCTBIO

daz Ap = %—l 2T, OTKyIa

A= Alor =l 2m.
AQ Acp

HOlICT&BJI.‘r’IH YUCJIeEHHbIE€ 3BHAYEeHN A, IIOJIYIUM:

=15-12 9. _ 8 (m).

70,75
CKopocCcTh BOJIHBI U CBSI3aHAa C IIepuoAoOM KojebaHuii T U mau-
HOU BOJIHEI A cooTHoineHueM A = vT, orkyma T = 2—5 = -2% = 0,4 (c)
[[yKInYecKasa yacTora = -2-—; = 62£4 = 5m (¢c1)

YpaBHeHUe BOJHBI OyZeT UMEeThb BUJ

x =0,1sin 51r(t — 5%) .

CMmermieHre yKa3aHHBIX TOUeK OyIeT paBHO

; = 0,1sin 57r(1 2 —20) 0,1sin 37 =0,
%, =0,1sin 57:(1,2 - -;:%) — 0,1sin 2,25n = 0,1sin 0,257 = 0,07 ().

@ Koaebaromuecsa ToOYKM, HaAXOQANIHECA Ha OJZHOM JIy4de, YAaJEeHEI
OT UCTOYHHUKA KOoJebanna Ha 6 u 8,7 M 1 KosebI0TCA ¢ pa3HOCTRIO a3

3n/4. Ilepuon xosebanusa ucrounnka 1072 ¢. Yemy paBHA AJIMHA BOJIHBI
A CKOPOCTh paclIpocTpaHeHHus KoJiebaHuil B jaHuoil cpege? CocTaBUTH
yPaBHEHUEe BOJHEI AJIA I€ePBOX U BTOPOU TOUEK, CUUTAA aMILJINTYALI KO-
Jebanuy Toyek paBHbIMU 0,5 M.

AaHo: l; =6Mm; 1, =8,TM; Ap =3n/4, T=102¢c; A, = A, =
= 0,5 m.

Hairtu: A, v.
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[image: image15.png]PeweHnne. [IMHY BOJHEL A ompejesieM U3 YPABHEHUA BOJIHBI
II0 pa3HOCTH (a3 AQ ¥ pacCTOAHMIO TOYEK OT HCTOYHHKA. ITO ypaB-
HeHMe MOXKeT OBITH 3aIIKCaHO B TAKOM BHU/JE:

x = Asin m(t—é) , UK (1)

x = Asin 2n(7£, - 5‘:) . (2)

B ypasHeHHU (2) BRIpaxKeHHe Zn(% - 5%) ABIsAeTCcA pazoil KoJe-

O0aHHusa. 3anunieM $as3nl AJIs0 KaxKI0i U3 TOYeK

= 2717(; lxl) U Py = ZTE(;, l}:") (3)
Onpenenum pa3HoOCTh a3
Ap=0; ~ @y = 2%( - l‘) (4)
M3 ypaBHeHUud (4) onpenesnseM JJINHY BOJIHBI
y = 2n(l =l
A

IToxcTaBasasa 3aaHHble 3HAUCHUA, IOJIYIUM
}M= 27[(8,7—6,0) — 7 2(M)
3 ’ .

ZTC

CropocTh pacnpocTpaHeHUA BOJIHBI HaXOAMM H3 H3BeCTHOMH
opmysasl v = A/T. OnpenensaeM 4UCJIOBOE 3HAUEHIIE CKOPOCTH:

_ 0,2 _
T 720 (m/c).

I_[HRquecrcaa qacToTa 0 ornpenesidercd N3 COOTHOIILIeHNA:

C

=2r _ 2n _ 1
o= =% =200n (c).

IloncraBnasa 4ucyioBele 3HaueHUA B ypaBHeHue (1), moaydaem
YPaBHEHUs BOJIHBI, oToOpakaroliye KojgebaHuA IIepBOil U BTOPOH
TOYEK:

= 0,5sin 200n(¢ - 720)

~ 0,5sin 200r(¢ - ;32'(7))
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[image: image16.png]2. DAeKTpOMarHuTHble KoAebaHusa M BOAHbI

@ HanpsiskeHne Ha 00KJIagKax KOHAEHcaTopa B KojiebaTe1bHOM KOH-
Type u3MeHsiercA 1o 3akony U = 10cos 10%¢ (B). EMKocTs KoHxeHcaTOpa
10 mx®P. HaiiTn H"HAYKTUBHOCTb KOHTYpPA M 3aKOH UBMEHEHHUS CHJIBI TO-
Ka B HEM.

Aano: U = 10cos 104t (B); C =107° ®,

Haintu: L, I(1).

Pewenne. Hampsxenme U Ha 0OKJIaAKaxX KOHIEHcaTopa B
Ko0J1e0aTeJIbHOM KOHTYpPe U3MEeHSAeTCA 10 TADMOHNUYECKOMY 3aKOHY
U = Uycos wt, rae Uy, — aMILIUTyAHOe 3HaUeHUEe HAIIPAKeHUH,

— e ——— s, I/I -
® T o /6 JiC IUKJINJYecKas yacTora (B yCJIOBUH 3a
maur o = 1074 ¢™1), L — uHAYKTUBHOCTH, C — €MKOCTb KOH/IeHCa-
TOpa.

Orcrona

1 1 i
L=-1 — — 10-3 (T'x).
o2C  1-108-10-° (I'm)

3apaj Ha o0OKJaAKaX KOHIeHcaTopa @ paBeH
Q@ = CU =CU,cos wt.

Cuia ToKa 110 oI peJiesIeHUIO
I= %% = —0CUsin wt.

IToacTaBiiAas YUCIOBEIe 3HAUCHUSA, IOJIYUNM
I=-10%+1075-10sin 10% = —sin 10%¢ (A).

Cuna Toka B Kose6aTeJbHOM KOHTYpPe HM3MEHAETCA II0 3aKOHY
I =0,1sin 10%¢ (A). UagykTuBHOCTL KOHTYpa 0,1 I'n. HaiiTu 3aKoH u3-

MeHeH!A HaNpsKeHUs Ha KOHAEHCATOPE 1 er0 eMKOCTb.
Aano: I =0,1sin 103t (A); L =0,1 I's.
Hantn: C, U(1).
PeweHue. BripaxeHue s CUJIBI TOKA B K0JIeOaTeJIbHOM KOH-

Type umeet BuJ I = I sin ot, rae o = :/——1_— — IMUKJINUYEecKasa 4acTo-
LC

Ta (1o ycaosumo 3agauu o = 103 ¢1), C — emxocTb, L — HHIVK-
THUBHOCTH KOHTypa. OTcrona

1 1 -
C=— = = 107° (D).
o2l 10¢.0,1 ()
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[image: image17.png]Hanpsa)xeHue Ha KoHAeHcaTope paBHO JJIC caMomHAyKIuu,
BOSHUKAIOIIE B KaTyIIKe ¢ MHAYKTHUBHOCTBIO L, u OygeT MMeTh
BH/I:

U=-L- % = —LI,0cos ot;

U=-0,1-0,1-103cos 103¢.
U = —-10cos 105¢.

B xonebaTennrHOM KOHTYpEe MaKCHMMaJIbHas cuja Toka 0,2 A, Mmak-
CHMaJIbHOEe HanpsaKeHue Ha oOKJagxax KoujaeHcatopa 40 B. Haitn
SHepruio kKosebaTeJIbHOro KOHTYpAa, eCJ nepuox Kojsebanui 15,7 Mmkc.

Aano: I, =0,2A; U, =40B; T =15,7- 1076 ¢.
Hantu: W.
PeweHne. OHeprua KoJebaTeJbHOrO KOHTYpa paBHa MAaKCH-

MaJIbHOH 3Hepruy MarHuTHOTO II0JIA MJIM MaKCHUMAaJbHOU 5Hepruu
3JIEKTPUUYECKOTO II0JIA KOHTYypa

w LI§ _cus.
2 2
OTtcioza W = ‘LCZIOUO.

Ilepuon xoneb6anuit B Kontype T = 2n./LC.

T-I,Uy _ 15.7-1076-0,2 - 40 .
T W= .___Q__Q = 4 4 — 1 5 .
orAa in 4-3.14 07 (M)

[_1__5] Konzgencaropy emxocrnio 0,4 MK® coobmiaror 3apsax 10 mxKa,
I10CJIe Yero OH 3aMBIKaeTCA Ha KATYIIKY ¢ MHAYKTUBHOCTEIO 1 MI'H. Uemy
paBHa MaKCHMAaJIbHAfA CHUJIa TOKA B KaTylmikKe?

Aao: C=4-107®D; Q,=10°Kxn; L =103 I'n.

Hantn: I,.

Pewenune. B KosebaTenbHOM KOHType IIPOUCXOAUT B3aUMO-
IIpeBpallleHe SHePruu 3jieKTpuueckoro W, u MarHuTHoOro mojen

2
W,. MakcumanbHBle 3HaueHUsa sHeprut W, u W paBHEI W = Q,

> 2C’
_ Ll Q& _ LI
W, = - IIpupaBHUBasA 9TH BRIpPAXKeHUSA, IOJIYIUM 50 = 3
OTKYZa
-5
A = 0,5 (A).

JLc' ° 103.4.107
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[image: image18.png]MakcuMaJbHaA CUJIa ToOKa B KosebaTeabHoM KouType 0,1 A, mak-
cUMaJIbHOE HaIpsKeHue Ha oOKJagxax kKoHgeucaropa 200 B. Haiitu
INHUKJINYECKYIO YaCTOTy KoJiebaHn, ecaiu 3Heprusa KouTtypa 0,2 mIx.

Aano: I, =0,1A,U,=200B, W=2-10"* Ix.
Haintu: o.
PeweHue. B KoseGaTeIbHOM KOHTYpe MaKCUMAaJbHAasA S9HEPTUA

MargsmMTHOTI'O IIOJIsA PaBHa MaKCHUMAaJIbHOH OHEePIHuM JJIEKTPHNYEeCKOI'0
I10JIA.

2
W, CU¢ :
2
w - L CUE _LI§
M 2 2 2
OTKyJa W= ‘LCZIOUO :
[Hukinueckas yacrora
o = 2n _  2n  _ 1
T 2z/Lc JLC
Taxum ob6pasom,
W = IOUO .
20
IyUy 0,1-200 _
OTKVAA ®= s = = = 5+10% (c).
A oW 2.2-10- (™)

KosebaTenbHBIA KOHTYDP COCTOMT M3 KOHAEHCATOPA E€MKOCTBIO
444 1P U KATYIIKYU C UHAYKTUBHOCTEIO 4 MI'H. Ha Kaxyio gJIuHY BOJIHEBI
HaCTPOeH KOHTYP?

AaHo: C=4,44-1010D; L =4+-103In.

Hantu: A.

Pewenne. InnHa BOJHBEI A, Ha KOTOPYIO HacTPOeH KOHTYD,
paBHa A = ¢T, rAe ¢ — CKOPOCTH pacIpOCTPaHEHUS BOJHBI, 1 —
IIepuoj KojebaHuil B KOHTYype.

ITo popmysie TomcoHa nepuon KoaebaHU paBeH

T = ZKJEE .
Torma
A= ZTECJI_J—é,
A=2-3,14-3-108./4,44-10710.4.1073 = 2511 (m).
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[image: image19.png]KonebaTenbHEIA KOHTYP COCTOHT M3 KOHAEHCATOPAa €MKOCTBIO
7,5 HP U KaTyImKY ¢ UHAYKTUBHOCTRIO 0,68 I'n. MaxcuMajbHOE 3HAUE-
HYe 3apafa Ha oOKJaAKaX KOHAeHcaTopa paBHO 2,5 MKK..
HanucaTs ypaBHEHHA U3MEeHEHUS HAIIPAXKEHNUA U 3apAga Ha oOKJIan-
KaxX KOHJZeHcaTopa M TOKa B IIeNU M HAWUTHU 3HAUEHUA STUX BEJIUUYUH B
MOMEHT BpemeHnu 7T'/2.

Aano: C =3,75-108®; L = 0,68TH; Q = 2,510 Kxn; t =
=T/2.

Hautu: U(t), I(t), Q(t), U, I, Q.

Pewenne. Hanpsaxxkenue U u 3apsapn @ Ha oOKJIaJAKax KOHAeHcCA-
TOpa cBA3aHbI cooTHomeHueMm U = Q/C.

N3MeHeHNe HaIpAXKEeHUA Ha OOKJIaJKaxX KOHJIeHcaTopa IMpouc-
XOJUT II0 rapMoHNUYecKoMy 3akKoHy, U = Ucos wt, rme o = 2nv =
= 2n/T — nmukandeckas (MM Kpyrosasi) 4acToTa, V — 4YacTOTa,
T — nmepuoj kKoJjgebaHI.

Ilepuon xosnebauuit onpeaensercd o gpopmye TomMcona

T =2n./LC

1 paBeH T =6,28./0,68+3,75+10"8 = 1073 (c).

IMukanueckas dacTora paBHa o = 2n/T = 27+ 103 (c71).
Bripaxxenue U = U(t) 6yzmeT umeTh BU[

U=Q t;
Ccosa)

U= 25-107 . o 9r.10% = 66,7 cos (2 + 103%).
3,75-1078

N3meHeHUe 3apAga Ha OOKJIaAKaxX KOHAeHcaTopa OyeT IIpomc-
XOOUTH B COOTBETCTBUHU C BEIpaXeHueM
Q=U-C=66,7-C-cos(2n-103t)=66,7+3,75 x
x 1078cos (2n+ 103t) = 2,5+ 107+ cos (2n * 103t) (Kx).

Ilo ompepesenuro cuiaa Toka I = %% Torma BeIpa’keHue IJA

CHUJIBI TOKA OyzeT
I=22 =-2,5-107 2r 10% sin (2n - 10%);
I=-15,7-10"3sin (2 +103¢t) (A).
S3HaUeHUs UCKOMBIX BeJIMUUH B MOMEHT BpeMeHHU 1T /2 paBHBIL:
I=-15,7-10"3sin (2x+103-T/2) = -15,7+ 10 3sin n = 0.
U=266,7-cos(2n+10%:T/2) =66,7+cos n =—66,7 (B).
Q=2,510%-cos(2n+10%3:7/2)=2,5106-cos =
=-2,5+107% (Kn).
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[image: image20.png]H3aMeHeHHe pa3HOCTH MOTEHIIMAJIOB HAa OOKJIagKax KOHAEHcAaTopa
B KoJIeOaTeJIbHOM KOHTYpPe NPOHUCXOAUT B COOTBETCTBHH C YPABHEHUEM
U = 50 cos 10%nt. EMKocTs KoHJeHcaTopa paBHa 0,1 MK®. Halitu nepu-
ol KonebaHuil, MHAYKTUBHOCTh KOHTYPa, 3aKOH U3MEHEHUA CUJIBI TOKAa
CO BpEeMEHEM U IJIMHY BOJIHEI.

Aano: U = 50cos 10%rt; C=10""7 .

Hawntu: T, L, I(t), A.

Pewenune. Hanpsrxerue U u 3apax @ Ha KOHJIeHcCATOpe eMKO-
cthio C cBA3aHbI cooTHOmIeHHeM @ = UC. CienosaTelbHO,

Q = C+50cos 10*nt = 50+ 1077+ cos 10%nt = 5+ 10 %cos 10*nt (Kx).

Cuia Toka 1o omnpejiesieHHIo paBHa I = %—Q{ .

I=-5:107%.10%sin 10%rt = —-0,157sin 10%nt (A).

B ycooBuM 3azaun MUKJIN4YecKasd yacToTa ® = 104t u cBsazaHa ¢

IlepuoaoM Kosebanuit coorHomenueM o = 21/T, orkyzna T = 21/ w;
=21 _9.10
T ot 2+-107% (c).

IIo opmyne TomcoHa mmepuon KoJsiebauuii pasen T = 2n/LC,

OTKYyJa
- T .p-__4-107
4n2C’ 4+3,142.1077

IOnuna n3nyd4aemMoil KOHTYPOM 3JIEKTPOMATHUTHOM BOJIHEI PaB-
Ha A = vT, rge v — CKOpOCTH BOJIHEI, paBHas 3+ 108 m/c.

TorpaA=3:108:2:10"%4=6+10% (m).

= (0,01 (I'n).

B oxsoOpoaHOII M30TPONHOI cpefle ¢ AMAJIEKTPHUYECKOI MPOHUIIA-
eMOCTBhIO, PABHOU 2, 1 MAarHMTHO IPOHUIIAEMOCTRIO, paBHOi 1, pacapo-
CTPaHAeTCA NJIOCKAA 3JIEKTPOMArHUTHAA BOJIHA. AMIININTY/IA HAIIPSAMKEH-
HOCTH 3JIEKTPHUYECKOro nojada BogHe 50 B/Mm. HaliTn amnauryny manps-
JKEHHOCTHU MAar{MUTHOIO I10JIA ¥ ()a30BYI0 CKOPOCTL BOJIHEI.

Aavo: e=2;u=1; E, =50 B/m.
Haitu: H,, v.
PeweHnne. Pa3oBasd CKOPOCTh BOJIHEI U paBHA

Jen 21

HanpsaXeHHOCTHU 3JIEKTPUYECKOT0 I MArHUTHOT'O I10JIeil B 3JIeK-
TPOMArHUTHON BOJIHE KOJIeOJI0TCA B OJHOM (ha3e, M IJIA HUX BHI-

IIOTHAETCA CooTHOomIeH e ey E3 = npuyHE . OTKyaa nonydaem

H. = f‘f‘l-E;H=J2°8’85°10_12~50=0,19A .
O Nppe 770 12,56 - 107 (A/2)
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[image: image21.png][_?__‘i] YpaBHeHHe IIJIOCKOH 3JIEKTPOMArHMTHON BOJIHBI, PACIIPOCTPAHAIO-
nie¥csa B cpelie ¢ MAarHUTHOI IPOHUIIAEMOCTLIO, paBHOM 1, nuMeeT Bug E =
= 10sin (6,28 - 108¢ — 4,19x). OnpegenuTs AUIIEKTPUUYECKYIO IIPOHUIIA-
eMOCTb CPeJbl U AJIMHY BOJIHEI.

Aano: p=1; E = 10sin (6,28 - 108t — 4,19x); c =3-108 m/c.

Hantu: g, A.

PeweHue. YpaBHEHUE IIJIOCKOM 3JIEKTPOMATHUTHON BOJIHBI B
obmem Buse E = E sin (ot — kx), rae £, — aMIIuTyJHOE 3HAUEHUE
HATIPAMKEHHOCTH 3JIEKTPUUYECKOro moJs, B = 2n/A — BOJIHOBOE
YHCJIO, A — AJIMHA BOJHBI, ® — IIHKJIHWYECcKasd yacToTa, ® = kv, v —
dasoBada ckopocTs. Ilo yeaosulo 3agaum k = 4,19 m~L. Torga

.__2_1_1:. =6’28:4_
A k,)» 1.19 1,5 (m).

C
da3oBad CKOPOCTB BOJIHBI U = .

e
2
Orcrona £ = 1.
poov?

WUIN C Y4eTOM TOro, UTo U = w/k, a ® IO YCJOBHIO 3afadyy paBHA
6,28 - 108 ¢1, mosmyuum

AN « 1016 . 2
8___l(c k) ;8=9 10 4,19 _

'y 6,282+ 1016

@ B Bakyyme pacnpocTpaHsieTcs IJIOCKAas 3JIEKTPOMArHUTHAA BOJI-

Ha, aMIUINTYAa HANPAXKEHHOCTH 3JIEKTPOMArHUTHOrO IIOJIA KOTOPOIH
100 B/wm.

Kaxyio sHepruio nepeHOCHUT 3Ta BOJIHA uepes miomanky 50 cm?, pac-
IOJIOXKEHHYIO NepPHeHANKYJIAPHO HAIpaBJIeHUIO PacIIpoOCTpaHeHUA BOJI-
Hbl, 3a 1 MuH? Ilepuog Bonum T K ¢,

Aano: E, = 100B/m; S = 50 cm? = 5103 Mm%, t = 1 Mun =
=060c; T t.

Hantu: W.

PeweHue. JHepruda, IepeHocuMasa depes3 ILJIOIIAAKY S, Iep-
NEeHAUKYAAPHYIO HaIlpaBJeHUIO PaCIPOCTpPaAHEHUsA BOJIHBI, B elU-
HUIlY BpeMEeHU paBHA

A%
e wcesS,
rae w — o0’beMHaA IIJIOTHOCTh d9HEPIrHH.
= goE? + woH?
2 2 ’
IJIY C YYEeTOM TOI'0, UTO
g2 = noH?%, w =g E2.
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[image: image22.png]HanpaXeHHOCTh 3JIEKTPHUECKOT0 II0JIA BOJIHEI K = E,sin wt.

Taxkum oGpasom, ‘—ig = ¢SeyE2sin? wt.

OHeprusd, nNepeHocuMas BOJIHOH 3a BpeMd ¢, OyAeT onpeAeaaTh-
cA UHTEerpajJoM

t t
W = [cSeyEdsin? otdt = cSeyE2 | sin? otdt =
0 0

t sin2wt
= CSSOEg ('é - —Z—(-,o_) .

I1o ycnosuio 3agauu T <K ¢, IO3TOMY

t s sin2wt,
2 4w
U TOrzxa W = % cSey EZ t;

W = % .3+108-5-103:8,85+10712- 10+ 60 = 4 (IIx).

23. B BaKyyMe pacIpoCTpaHAeTCcA IJOCKas 3JIEeKTPOMarHuTHas BOJI-
Ha. AMIIUTYAa HAIPAXKEHHOCTA MarHUTHOro mnoJd BoaHs! 0,1 A /M. On-
peAeJUTh 3HEPruio, HIEPeHOCHMYIO 3TOM BOJIHOM uepe3 NOBEPXHOCTD ILJIO-
magpo 1 M2, pacnosoXeHHYIO0 NMepHeHAUKYJIAPHO HaIpaBJIeHUIO pac-
IIpoCTpaHeHUs BOJIHEI, 3a BpemdA t = 1 c¢. Ilepnog Bonusr T K ¢.

Aavo: H, =0,1A/M; S=1m%t=1¢;T<t;e=1; p=1.
Hawutu: W,

PeweHue. IlmoTHOCTE IOTOKA DHEPrUU 3JJIEKTPOMATrHUTHOU
BOJIHBI ollpefensieTcA BeKTopoM IIoMHTHUHra

- - —>

P=E-H. (1)

YuuTeiBasg, 4TO BEKTODHl E um H 3/1eKTPOMATrHUTHOM BOJIHEI
B3aVMHO-IIePIEeHANKYIAPHBI, AJIA MOAYJA BeKTopa P moJay4dum

P=FEH. (2)
Tak KaK BeJIUWYUHBI £ 1 H B KaXJA0H TOYKE BOJHBI MEHSIOTCA

CO BpeMeHEM II0 rapMOHHMYEeCKOMY 3aKOHY, HaXOAfACh B OOHUHAKO-
BBIX (ha3ax, TO MI'HOBEHHOe 3HaueHue P paBHO

P=E_sinot+H,_ sin ot =E, H, sin? ot. (3)

JHeprusa, mepeHocuMas uyepes ILIOHIAAKY S, IMepHeHANKYJIAD-
HYIO HAIIpaBJIEHHIO PACIIPOCTPAHEHUA BOJHBI B e IMHUIY BPEMEHH:

%‘%—7 = Iﬁd§ = PS=SE, H, sin? ot. (4)
S
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[image: image23.png]YuuThEIBas, 4TO B 3JIEKTPOMATHUTHOI BOJIHE

1 1
'2- SOSE% = '2- “OHH’% ’ (5)
HaleM E =H_[=F, (6)
€€

Toraa BeipakeHue (4) IpuMeT BUJ,

W _ Mo g2 g sin2am¢ 7
dt g0 it (7)

JHeprus, IepeHocuMas BOJIHOHN 3a BpeMsA ¢, paBHA

t
= [Hol ry2 s 2 _ |HoM ry2 oft _ sin2wt
W= [t HE S] sin® wdt B H, 3(2 sin 2ot ). ®

ITo ycomoBuio 3agauu T < t, IO3TOMY é > §-15;—2—°)-t- , TOT'ZAa
®

W=% B%‘H,%St. (9)

€0

HO,Z[CT&BJIH.FI YHUCJIOBBIEC 3HAYEHU A, ITOJIYIUM

1 /12,56-1077-1
W = - 2 ¢ ,1 2 ¢ ]. ¢ ]. = 1,88 .
2 A/8,85 -10712.1 ©.1) (ax)

3. BoAHOBbIC CBOMUCTBA CBRTA

Kakyo HaMeHBIIYIO TOJIIIHHY AOJKHA NUMETh MBLJIbHAA IJIEHKA,
yTOOBI OTPa’KeHHbIe JIYYM MMeJH KpacHyro okpacKy (A = 0,63 MKM)?
Besnlit 1yu nmajgaeT Ha mjIeHKY mox yriaom 30° (n = 1,33).

AaHo: A =6,3-10"mMm;i=380°n=1,33.
Hawtu: d_; .
PeweHne. YcioBue MaKCUMyMa IIpu MHTepdhepeHIuU
A= kA,
rge A — pasHOCTB XoAa ayuyed, R — MopAgoK MHTepdhepeHIIMOHHO-
ro MakCUMyMa, A — JIJMHAa BOJIHBI.

Ilpu uaTepdepeHnIUN Ha TOHKOM IIJIEHKe TOJIIUHOM d, obja-
oaollel MmokasaTtejieM IIPeJIOMJEHHUSA N, B OTPaKeHHOM CBeTe pas-
HOCTb X0Ja JIyuel olipeAeigeTca BeIpaKeHueM

A=2d.Jn2-sin?i +-)2ﬁ.
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[image: image24.png]IIpupaBHUBasA BeIpaXeHUA AJaA A, HOJyYHM:

2dn?-sin%i + g e

(k - l) A
2
OTKYyJa d= .
2.n2 - sin2i
OueBupgHO, 4TO d OyeT MUHUMAJBbHON nipu k£ = 1:

— 0,5:6,3-1077 ~ 0,13 .10-6 (M) = 0,]_3 (MRM)-
2.1,832-0,25

min

@ Ina nonyuenusa Kojeln Hb0TOHA UCIOJNB3YIOT NJIOCKOBBIIYKJIIYIO
anH3y. OcBemiaad ee MOHOXPOMATHUYECKHM CBETOM C AJMHOH BOJIHEI
0,6 MKM, YCTAHOBHJIU, UTO pacCTOAHIE MEXAY 5 1 6 cBeTJILIMU KOJbIla-
MU B oTpakeHHOM cBeTe paBHO 0,56 mMm. OnipesenTs paguyc KpUBU3HEI
JINH3EI.

AaHo: A=6-10""m; B, =5; k,=6; Ar=15,6+-10"% m.
Hantu: R.

PeweHue. PaccTosgsHue Ar MeXXay KoJIbIlaMHU €CTh PA3HOCTH pa-
IAUYCOB I'g U I's KOJIEI]

Ar=rg—rs.

Panuyc cBeT/ioro Kojablla B OTPA’KEHHOM CBeTE OIlpefesseTcH
1o popmy.se:

r, = J(Zk—l)%R,
rae kK — HoMep KOJIbIia.
Ar= [(2-6-1)%E - J(z-s—l)gR - J%(Jﬁ—ﬁ);

(ar2=2E - (V11 - 32,

92« A12 _ 2:5,62.10°8 ~ 10’4 (M).

OTKYyOa R =
A (JT1-3)n 0,322:6-107

OnpepeauTh paguyc 4-ro TeMHOro Kojablila HbI0OTOHa B OTpakeH-
HOM CBeTe, eCJIi MeKAYy JIMH30M ¢ paguycoM KPMBU3HEI 5 M U IIJIOCKOM
IIOBEPXHOCTBbIO, K KOTOPOI OHAa IIpHXKaTa, HaxoauTcsa Boga. Ceer ¢ mn-
Hoit BosHEI 0,589 MKM magaeT HOpMAaJbLHO.

Aawo: R=5m;k=4;n=1,3;.=5,89:-10"m; n_=1,3.
Hawntm: r,.
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[image: image25.png]Pewenue. Paguyc KaXJIoro TeMHOI'0 KOJbIla B OTPa’X€HHOM
CBeTe olipefeisaeTcs mo popmy.ie

_ / kA
rk— T.

Torga paguyc 4-ro Koasia oyaer

r,= f"* : 51’?39 * 107 ~ 3.10°3 (M) = 3 (Mm).

@ MoHoxpoMaTHYECKU CBeT AJUHON BOJHBI 0,5 MKM HIazaeT Ha
MEBLILHYIO ILTeHKY (n = 1,3) Tonmunoin 0,1 MKM, HaXOOAIYIOCA B BO3AY-
xe. Hali'Tn HauMeHbIINN YroJ IaJleHusa, IPY KOTOPOM ILJIeHKa B IIPOXO-
OsIIeM cBeTe KaKeTcsa TEMHOII.

Aano: A=5:100"m;n=1,3:d=10"m.
Hantmn: [ ; .
PeweHue. YcIoBUEe MUHUMYMOB IIDU HHTePhEPEHIIUN:

= (2k - 1)*
A=(2k-1)3,

rape A — pasHOCTH Xoja Jy4deul, B — mopAgoOK MUHUMYyMa B UHTEP-
depeHIIMOHHOM KapTHHe, A — AJIMHA BOJIHEI.

PasHocTh xX0a A npm uHTepdepeHIMH HAa TOHKOH IIJIeHKe B
IIPOXONAIIEM CBeTe olpenensaeTca mo popmyJie

A=2d.n?-sin?i,

rpe d — TOJIIVMHA IIJIEHKH, N — IIoKa3aTejb IIpeJOMJIeHUA, | —
yToJI NajieHuAd.

ITpupaBHUBasA IIpaBble YaCTH BRIPAKEHUN AJIA A, IOJIYYUM

2d n? - sin2i = (2k - 1)% .

OueBUAHO, UTO YroJ OyJieT MUHUMAJbHBLIM IIpHU £ = 1:

2d Jn2 - sin?i = -;f;

2
4d%(n? - sin i) = &,
2
1642
Az
1642’
o -14
sini=1,32- 221077 - ¢ 13.
16 - 10-14
sini=0,36;i . = 21°.

n2-sin?i=

.
b

sin?i=n? -

min
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[image: image26.png]Ha nnenxy ua riunepuHa (n = 1,47) ronmuaon 0,1 MKM najgaer
O0eseiil cBer. KakuMm OymeT KasaThbes I[BET IJIEHKHM B OTPa’KeHHOM CBeTe,
ecJIM yroJ najgeHus jgydeit 45°?

AaHo: d=0,1 Mmxm; n=1,47;i = 45°,

Haitu: A.

PeweHue. YcIoBHMe MaKCHMyMa IIpU HMHTepdepeHIUu A = EA.
Pas3HocTb Xofa aydueil A nmpu mHTepdepeHIIUN Ha TOHKOU ILJIEHKe
TOJINIMHOMI d:

A=2d.n2-sin2i + ?2:’ 2dJn?—sin2i + % = k.

ITpennionaraa k= 1, noayyum:

A=4d.Jn2—-sin2i;A=4:1:10"741,472-0,5 = 0,52 (MKM).
TaRaH AJIMHA BOJIHBI COOTBETCTBYET 3€JIEHOMY I BeTY.

Pagnyc KpMBM3HBI IJOCKOBRINYKJION JuH3BI 12,1 m. Iuamerp
BTOPOT'0O CBETJIOro KoJiblla HerroTOHA B oTpaKeHHOM cBeTe paBeH 6,6 MM.
HaiiTi 11nHY BOJIHBI IIaAa0Nero cBeTa, eCJ1 OH IajgaeT HOPMAaJbHO.

AaHo: R=12,1Mm;d=6,6-103Mm; k= 2.

Hawitn: A.

Pewenue. Paguyc cBetnwsix kKoJjen, HeioToHa B OTpaXeHHOM
CBeTe oIpezeadaeTcd 1o popmy.ie

r, = J(Zk -1)2R.

_d .
Y4uTeIBas, 4TO Iy, = 5 IIOJIVUMM:

2ry 242 Jz -6,62+107° _
= = s A= 2 =6+10"7 (m).
(2k-1)R  4(2k-1)R 4.3.12,1 (M)

Paccroanue MexXay ABYMsA KOTepPeHTHBIMM MCTOUYHHUKAMMU (OIBIT
IOnra) 0,55 Mm. McTOuHNMKHK HMCOyCKAIOT cBeT AJHMHOM BOJIHBEI 550 HM.
KaxoBo paccrosnue oT meseil A0 sKpaHa, €CJH PACCTOAHHE MEXAY CO-
CeIHNMHU TeMHBIMMU IIOJIocaMH HAa Hem 1 Mm?

Aano: d=5,5:10%m; A=5,5:-10"m; Ax =103 m.

Haitu: l.

PeweHnne. PaccTosnue Ax MeXAY COCEAHUMHU CBETJILIMHU WU
TeMHBIMHU IOJIOCAMHU Ha 3KpaHe B onbiTe IOHra omnpepensercd IO

dopmyse Ax = %l ;

Axd 103.5,56-10
=A%, _ ’ =1 (m).
A 5,5+10°7 (aa)
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[image: image27.png]HanTi giuHy BOJIHEI CBeTa, HAAAalOLIEero Ha YyCTAHOBKY B OIIBITE
Hra, ecJH IPH IOMEINEeHHMM Ha IYTH OJHOro M3 MHTephepHpyIoIINX
Jydyeil cTeKJsaHHOM miaacTuHkHU (n = 1,52) TonmuHOoN 3 MKM KapTHHA
MHTep(depeHIINY Ha dKpale cMellaeTcsa Ha 3 CBETJIbIe IOJIOCHI.
Aavo:n,=1;n,=1,52;1=3-10%m; k=3.
Haitn: A.
PeweHne. IIpu nmomemieHun njacTUHKM C IIoKasarejeM IIpe-
JIOMJIEHUS N, Ha IIyTH OZHOI'0 U3 Jiyuyeil o6pasyeTcs HOIOJTHUTEIID-

Hasl pasHOCTb xofa Jydeit A = n,l — n,l, Koropas 110 yCJIOBUIO MaK-

cumyMoB OyaeT paBHa A = kA. IIpupaBHuBasa nIpaBbie 4aCTH, I10JY-
quM (n, — n,)l = kA, oTkyna

) = ___"2;”1 I; A= 0,92 -3-10‘6 = 0,52+ 1076 (m).

@ Haiitn paccrosHHe MeXAY TPEeTbMM M IOATEIM MHUHUMyMaMH Ha
3KpaHe, €CJH paccTodHNe [ABYX KOIEePeHTHHIX MCTOUYHHKOB (A =
= (0,6 MKM) oT 9KpaHa 1 M, paccToaHHe MeXAy uctouHukamu 0,2 MMm.

AaHo: kB, =3;k,=5;1=1M;A=0,6 MmEM; d=2:10"* M.

Hantu: Axy 5.

PeweHnue. PaccrosHue x, OT IeHTpa HHTeD(PepPeHIIMOHHOM
KapTHHBI 10 MUHUMYyMAa KaXJ0r'o HopAaKa olnpeaeadaeTcsa 1o pop-
MmyJie _—

Xy min = T2k — 1)3 . =

Tk
Torpa x5=92—ldl‘;x3=§2%nAx=x5—x3=g%;
c1:6-10-7
Ax=2:1:6-107 _ g 3.
2+10™

@ IIBa KOIepeHTHBIX HCTOYHMKA, PACCTOSAHHE MEXJy KOTOPBIMH
0,2 MM, pacnmoJioKeHBI OT dKpaHa Ha paccroanuu 1,5 m. Haitu gauuy
CBETOBOM BOJIHEI, ecJiN 3-¥M1 MHTep(hepPeHIIMOHHBIN MUHNMYM PACIIOJOXKeH
Ha paccTogHuU 12,6 MM OT IeHTpa KapTUHBI.

AaHo: d=2-103m;1=1,5Mm; k=3; Axy3=12,6-10"3 m.

Hamitu: A.

PeweHue. PaccrosaHue X, OT ILeHTpa HHTepdepeHIMOHHON
KapTHHBI JO MUHUMYyMa KaxXJA0I'o IOpALKa olpeneasaeTcsa 1o ¢op-
MyJie

%, . =+(2k - 1)(% - %

Torga gauua BoJHEL A OyaeT paBHa:
%= 29%kmin 5 _2-2-1073-12,6-107
(2k- 1)1’ 51,5

=6,72:1075 (m).
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[image: image28.png]m PaccrossHNe MeKAY ABYMA KOrepPEHTHHRIMUM MCTOUYHHKaAMu d =
= 0,9 MmmMm. McTOYHHMKHY NOCBLIAIOT MOHOXPOMAaTHUYECKHIl CBET C AJIMHOH

0
BosiHEI 6400 A Ha sKpaH, pacIoJIOXKeHHBII OT HMX Ha pacCTOAHUH 3,5 M.
OnpezesnuTh YMCJIO CBETOBBIX IOJIOC Ha 1 ¢M OJIMHEI.

Aawo: d = 0,9Mm = 9:10%m; A = 6,400 A= 6,4-1077 m;
L=3,5M; x=10"2m.

Hantu: k/x.

Pewenne. B Touke O Ha 3kpaHe (puc. 45) 6ygeT MakcuMAaJb-
Haf OoCBellleHHOCThL. Tak Kak Touxka O paBHoyjJajJieHA OT HCTOUYHIU-
koB S; u S,, To pasHOCTs xoja BoiH S;0 m S,0 paBHa HYIIO.
B npoussBonbHO TOouKe 3kpaHa O, MaKcH-
MYM OCBeIlleHHOcTH OyneT HabiarozaTbes, ec-
JIM Pa3sHOCTh XOJa JIydyell paBHA IleJIOMY YHC-
JIY DJIMH BOJIH:

A=8,—8,=Ek\. (1)
xd

PazHocTes x0na ayuest A = T

YuuthsiBada BeIpakeHue (1), moayuum

Puc. 45

=£§=
A= =k (2)

3 BoIpakeHuA (2) MOXKHO OINpPENENINTh HCKOMYIO BeJIUYHUHY
k/x — 4YMCJO CBETJBIX HHTEePhEpPEeHIIMOHHBIX II0JIOC HA eNHHUILY
I HEBI

E_ d
X LA
HO,II;CT&BJIH.FI B 3TO BI:Ipa}KeHI/Ie YHUCJIOBbBIC SHAUECHU A, I‘IOJIY‘II/IM

E_ __ 9-10*

" 3564 107 401 (m 1) =4 (cm71).

HaiiTu yriioBoe pacCTOSHHE MEXJAY COCEAHUMHU CBETJLIMH I10JI0CA-
MU B onbiTe JOHra, ecjy M3BECTHO, YTO 3KPAaH OTCTOUT OT KOrepPeHTHEIX
IICTOYHHKOB cBeTa Ha 1 M, a mATaaA cBeTJIad II0JIOCAa Ha 3KpaHe pacHoJo-
’KeHa Ha paccTosaHuu 1,5 MM oT 1eHTpa HHTep(epEHIIMOHHON KapTHUHEI.

Aavo: L=1m;Ek=5;1=1,5mm=1,5-10"3 m.
Hantu: Ao,,,.

PeweHnue. B Touke O Ha 3kpaHe (ILleHTP HHTephepEeHIINOHHONI
KapTuHHl) (puc. 46) Oyzer MakcuMaJbHAA OCBEIIEHHOCTh, TAK KaK
TOUKa DaBHOyJAaJleHa OT HMCTOYHUKOB CBeTa S; U S, M pa3HOCTH
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[image: image29.png]xona BoJH S;0 n S,0 paBHa HyJ10. B npous-
BOJIbHOII ToukKe 3KpaHa O, MakCHMMyM OCBe-

HIeHHOCTH Oyner HaOJwoAaThCA, €CIH pas-
HOCTH Xoja BoaH S0, — S,0, paBHa 1ieJI0oMy

YUCJY AJINH BOJIH.

A=FE\. (1)
PazuocTe x0za aydyen
A=1. 2)
IIpupasuuBaem ¢popmyasi (1) u (2):
9 _
L
OTKYyZa l= B—fi‘]ﬁ . (3)

YriaoBoe IoJIoKeHNe MHTep(PepeHIIMOHHON II0JIOCHI Ha 3KpaHe
l
onpexpenaetrcsa yraom o. I3 puc. 46 BugHO, uTOo tg O = 7 1JI BBU-

Iy MaJIOCTH O
o~

(4)

Pemtan (3) u (4), HaxoguM .

Otmax=?l-.

Yri0BOe pacCTOSHIE MEMXJAY COCETHUMU CBETJIBIMU I10JI0CaMU
A A A
Ao . =k=—-(kR—1)= ==, 5)
mex = hZ (k=15 =% (5)
Onpenensasa %l 13 ypaBHeHUA (5) 1 OACTABIAA 3TO OTHOIIeHUEe

B (3), mony4aeMm
T kL’

R -3
Aq. = L,5°10 .

107 (pan).

1A yeTpaHeHUsI OTPAXKEHHUs CBeTa OT IIOBEPXHOCTH JIMH3bI Ha Hee
HAHOCHUTCS TOHKAaA IJIEHKA BeIleCcTBa C IoKa3aTejeM npejomiaenusa 1,25,
MEHBIINM, UeM Y CTeKJa (IIpocBeTieHMe onTuKM). IIpn Kakoit HauMeHb-
el TOMMINHE NJEeHKU OTpaKeHUe cBeTa ¢ AJHUHOI BoJHbBI 0,72 MKM He
OyzeT HabJIoJaThCA, €CJIN YIoJ DageHusa ayueit 60°?

Aavo: n=1,25:2=0,72mMmem=7,2:-10""Mm; i = 60°.
Hantu: d_; .
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[image: image30.png]PeweHue. OnTnueckasa pa3HOCTh XO0Ja JIyueil, OTpa*XeHHbIX OT
HHKHeHl 1 BepxXHel IIOBePXHOCTEeM IIJIeHKU, paBHA

A=2d.n?-sin?i. (1)

B BrIpaskeHuu (1) ydTeHo, 4To oTpakeHue jJy4deil Ha oboux mo-
BEPXHOCTAX IIPOMCXONUT OT ONTHYECKU OoJjiee IJOTHOU CpeAbl U
IIO3TOMY IIOTEepH IIOJIYBOJHBI B 00OUX cCHy4YasaAX KOMIIEHCUDPYIOT
Ipyr apyra. ¥ciaoBue UHTephepeHIIMOHHOIO MUHUMYMa uMeeT BUJ

A=i@m;1)>‘,m=1,2,... (2)

ITogcraBasasa (1) B (2) u yuuTsiBasd, 4TO BeIpakeHue (1) moJo-
KUTEJNbHO, MOJIYUUM

2d/n2 - sin2i = @m;l)}‘. (3)

M3 (3) HalimeM BO3MOXKHBIE 3HAYEHUSA TOJINMUHBI IIJIEHKM:

4./n? - sin2i .

HauvmMeHbHICe 3HaUE€HNE TOJUINHEI IIJIEHKH OyaeT npu m = 1:

d . = A (5)

min ¢
4./n? - sin2i

IlopcraBiasasa B (5) yucjaoBBIe 3BHAYEHUA, ITOJTYUYUM

7,2-1077 =2:10"7 (m) = 0,2 (MKM).
41,252 - sin260°

min

IlocToanHasa fupaKIMOHHOM pemieTKH 2,5 MKM. OnpemeauTs Ha-
MOOJBIINI IOPALOK CIEKTpa, O0Ilee YHCJIO INIAaBHBIX MaKCHUMYMOB B
InPpaKIMOHHON KapTHHE M yroJ AU(QpPaAKINU B CIeKTpe 2-Io IopALKa

IIPY HOPMAJbHOM NaA€HNH MOHOXPOMATHUYECKOI'0 CBETA C AJMHOI BOJIHBI
0,62 MKM.

AaHo: ¢c=2,5-10%Mm; k=2; . =6,2:-10"" ™.
Hantu: k N, @,.

PeweHnune. YcioBue MakCHMMyMa Ipu Au(paKIuU Ha pelIeTKe
csin ¢ = kA, ¢, .. =90% sin @, .. = 1.

max?

. -6
.c):; k= 2:2 : 18_7 = 4,03, 1. e. = 4. OGee uucIo

Torpa k_,,, =

MaAKCHMYMOB
N=2k__ +1=09,
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[image: image31.png]Yron pudpaknuu @, onpeneinaercd o popmynae csin ¢, = 24,
OTKYyJIa
: 2\
sin @, = ==

©q -

— 2 * 6,2 * 10—7 ~ 0,5;
2,5+10°6
¢, = 30°.

sin @,

Kakyro pasHocTh AJMH BOJH AA MOXKET pas3pemuTh AUdpaxiu-
OHHas pellleTKa ¢ mepuoaoM 2,5 MKM mupuHoi 1,5 cM B cuekTpe 3-ro
IopAAKa AJA 3eJeHsIxX gyuei (A = 0,5 MxMm)?
AaHo:c=2,5-10%m;1=1,5:-102m; k=3; L.=0,5x107% m.
Hawmtn: AM.
PeweHne. Paspemaromiaa cmocobHocTsr R audpakIiMOHHOU
pellleTKH — OTHOIIIeHVe AJIUHEI BOJIHBI A K pa3HOCTH A\ IJIUH BOJH

A

AN’
R BrIuMcasieTcd 1o popmyie
R =EN,
rge k — moOpANOK MaKCHMyMa B cleKTpe, N — 4HCJIO Ilejied Ha
pemretke N = % , TJe | — ImmpuHa pelieTKH, ¢ — IIePHOoJ pPellIeTKU.
Tornma

A
A =g
AA

O e

OTKYJa

. -6 . . -6
AN =2 A0 =0,8:107-2,5-107 . 9 g.10-11 ().
kl 31,5102

Ha qudpakoHHYIO pelIeTKY ¢ IepruogoM 2 MKM HOPMAJILHO IIa-
IaeT IYYOK CBETa OT pa3pAAHON TpyOKH, HaOOJHeHHOM reaueMm. Kakyio
PasHOCTh AJINH BOJIH MOKeT pa3pellluTh 3Ta pelieTKa B objsacT KpacHo-
ro ceera (A, = 0,7 MKM) B cIIeKTpe BTOPOr'o HOPAAKAa, €CJIM IIUPUHA pe-

metxku 2,5 cm? Ha Kakyio AJUHY BOJIHBEI B CIEKTpe BTOPOro IIOPAAKA
HaKJaAsIBaeTcAd cUHAA JuHUA (A, = 0,447 MKM) clleKTpa TPeTHEro Io-
pagka?

AaHo: ky=2; kg =3;1=2,5cm = 2,5:102M; ¢c = 2 MKM =
=2:10%m; A, = 0,7MM = 7:107"M; A, = 0,447 MKM
=4,47-10"" m.

Haitu: AA, Aj.

I
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[image: image32.png]PeweHne. Paspemiaromiasa cmocoOHOCTh AU(MPPAKIIMOHHOU pe-
HIeTKU

X I
— P el ’

rae N — oO1iee 4ucJIo miejied peuieTKy, B — IMOPAAOK CIIeKTpa.

ITepuopn pemieTku ¢ = TVL , Tie N, — umcJyo menaeit Ha 1 M gau-
0
Hbl. 3HasA MUPUHY | tudpaKIMOHHON peIlleTKH, HaXoquM obIee

YMCJIO LIejiel pelleTKU:

N=N,= é . (2)
N3 popmyasl (1) ¢c yueTom (2) Haxoxgum
_ A _ Ac,
kKN Rl’ 3)
Ap=T2107:2-107 _ 5 g.10-11 (u).
2+2,5+1072

HanpasieHus Ha rJjgaBHEIe MAKCUMYMBbBI AU(PPAKIMOHHON pe-
IIeTKN OIpelesJATCA ycjloBueM csin ¢ = kA, rae B = 0, 1, 2,
3, ... — INOPANOK CIEeKTpa, (¢ — yroj Me)XAy HaIpaBJeHUeM Ha
InPpaKIMOHHEIM MaKCHMYM M HOpMaJblo K pemietke. IIpu Hano-
KeHUU CIIeKTPAJBbHBIX JIUHUM BBIMIOJHAETCA YCJIOBHE:

csin @ = Byh, , €SIN @ = Rghg NN RBohy, = Bghg, OTKYAA

k >\. . J -7 -
;2,x3=2 4'4'37 1077 — 2.98:10"7 (m).
3

Ag =

MudpaxnuonHaa pemerka cogepKUT 200 mTPHUXOB HA KaMXKABIN
Muianumerp. Ha pemeTky HOpMaIbHO MajlaeT MOHOXPOMATUYECKHUM CBET
o

¢ AnuHOM BoaHEI 5750 A. OnpenenuTs HanOOJBINNH IOPAAOK CIIEKTPA 1
of1IIiee YHCJIO INIaBHBIX MAKCHMYMOB B AU(DPaKIIMOHHON KapTHHE.

Aano: N =200; L =5750 A = 5,75+ 107 u.
Hawitu: k., n.

PeweHue. Yicmo mITpPpUXOB HA eAUHUNY AJUHBI N ¥ IIOCTOAH-
Hasd AUPPaAKIMOHHON pemIeTKH C CBA3aHBI O0OpaTHON NpPOMOPIH-
OHAaJILHOW 3aBUCHMOCTRIO:

=-]-l-‘ =...l'_. = . -6
c N,c 500 (MmMm) =5+107° (m).

IIna pudpaKIMOHHBIX MAaKCUMYMOB, IIOJIYI€HHEIX C IIOMOIIBIO
I pPaKIMOHHOM pelIeTKH, CIIPaBeAJINBO COOTHOLIEHUE

c sin @ = EA.
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[image: image33.png]Hucno riaBHBIX MAKCUMYyMOB, AaBaeMBIX pelleTKOM, B .. BBI-

YLCJINM, MCXOAA M3 TOr0o, UTO MAKCHUMAJBHBIA Yrojl OTKJIOHEHUA
aydeil He moxkeT npesBbimaTe 90°. U3 cooTHomeHus c¢sin ¢ = RA
IIOJIYyYHM: .
p = cSinQuu
max " .

IlogcTaBisasa 4YHCIOBLIe 3HAYEHUS, UMEeM
— 5:10°6.1 ~ 8.7
max _7 Yt
5,75+10
Hucmno k_,, AOJTKHO OBITH HeJbIM. OHO HEe MOXKET IIPUHATH 3HA-

yeHUe, paBHOe 9, Tak KakK IIpH 3TOM 3HaYE€HUH Sin ¢ JoJyKeH OBITH

Gouseirte 1, yTo HeBO3MOXKHO. CiiefoBaTenbHo, B = 8.

Onpenenum ob1ee YKCJIO IVIABHBIX MAKCUMYMOB 1. Y UNTHIBAad,
YTO BJIEBO M BIpPAaBO OT LEHTPAJBLHOIO MaKCcHMyMa OyzaeT HabJro-
IaTbCcA II0 OAMHAKOBOMY YMCJY IJIaBHBEIX MaKCHMYMOB, PABHOMY
2k_ ..» & TAK¥Ke IIeHTPAJbLHBIN HYJIeBOM MAaKCUMYM, IIOJYYUM:

n=2k_, +1=17,

HudpaxkiuoHHaa peimnetrka mupuHoir 12 mm cogepxur 4800
ImTpUX0B. OOpeAesnTsL YHCIO INIAaBHBEIX MaKCHMYMOB, HaOJlogaeMbIX B
CIeKTpe AU(PPaKIMOHHON permeTK! AJA AJHHEI BOJXHEI 0,55 MKM.

AaHo: h =12Mm = 1,2°102 m; N = 4800; L = 0,55 MKM =

=5,510"" m.
Hantu: n.
PeweHnue. Ilepuon pemreTku ¢ onpenensaerca mo popmy.e
=.’_z.' =1’2.10-2= ' -6
C N,c 1800 2,5+-107° (m).

YcioBre MaKCUMYMOB IIpU Au(GPaKIMK Ha pPelIeTKe
¢ sin ¢ = kA.

MaxkcuManbHBIN yroJ oTKJO0HeHuA @ = 90°, nia KoToporo

c 2,5-10°°

=5 k = > = 495,

AT T 0,55-107

T. €. 3HaueHue k. = 4, a oOIiee UKCI0 IJIaBHBIX MaKCHMyMOB
n=2k_ .. +1=09.

C=Fk N OTKYRA R .. =

Ha pudpaknuoHHYIO pelleTKy ¢ nepuogoM 4,8 MKM magaeT HOP-
MAaJILHO eCTeCTBeHHEBIN cBeT. KaKue cnmeKTpajbHBIe JUHHUU, COOTBETCT-
BYIOIllMe AJUHAaM BOJIH B BUAUMOM obGsacTu cneKTpa, OYAyT COBIAZaTh B
HalpaBJeHHu mox yriaom 30°7?

AaHo: c = 4,8 mxMm; ¢ = 30°.
Haitu: A,
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[image: image34.png]PeweHue. YciIoBHEe MAKCUMYMOB IpU fu(PpaKIIUU Ha pellleTKe
BbIpa’kaeTca GopMyJaou

csin ¢ = 2kg = k.

csing _ 4,8:0,5 _ 2,4
k k ko

OTcroma A=

ITo omeHke mu3 BHUAMMON oOsactu cunektpa (A or 0,38 1o
0,76 Mmxm) B HanpaBjaeHuu ¢ = 30° coBnaxyT JUHUU C AJIUHAMU
BOJIH:

K1=%4-=06(MRM)Hprlk 4,
A, =224 = 0,48 k=5,
2= T = (MKM) Ipu

x3=.2_6é=04(mm)npnk 6.

Ilepuon nudpakuuonHon pemterky 0,005 mm. OnopegenauTs 4uCIO
HaOJI0gaeMbpIX TJIABHBIX MaKCHMYMOB B CIHEKTpe AJA AJUHBI BOJIHBI
0,445 MxM.

AaHo:c=510%m; L. =4,45-10"" m.

Ha#ntu: N.

PeweHune. YcioBre MAaKCHUMYMOB IIPH AUGPAKIIMU Ha pelIeTKe
c sin @ = kA. IIpepgensubiii yroa ¢ paseH 90°, sin 90° = 1. Torga

* . -6
By = ‘;S—l)?-@ = }%; R .= 4’5451.010_7 =11, a ob1ree 4uca0 IrIaBHBIX

MakcumMymoB N =2k .+ 1 =23.

JKpaH, Ha KOTOpOM HabJumogaercsa AudpaKIOHHAasA KapTHHA, pac-
IIOJIOKEH Ha PacCTOAHUM 1 M OT TOUEYHOIr0 MCTOYHMKA MOHOXpOMATMYeE-
ckoro csera (A = 0,5 mxm). IlocepennnHe MeXAY SKPaHOM U MCTOUHUKOM
IoMellleHa Auadparma ¢ KpyrJjbIM oTBepcTHeM. IIpy KakoM HanMeHb-
IIIeEM AUaMeTpe OTBEPCTHA IIeHTP AU(MPAKIIMOHHON KapTHUHEI OygeT TeM-
HBIM?

AaHo: ro=1m;a=>b= —29 =0,5M;A=0,510"% M.

Hakitu: d_; .

PeweHne. Ha sxkpaHne (puc. 47) neatp audppakIiuoHHON KapTH-
HbI B Touke O OymeT TeMHBIM, €CJIM Ha OTBePCTUH d YMECTUTCH
MHUHIMAaJIbHOE YeTHOe Yucjo 30H PpeHensda, T.e. m = 2. Paguyc
30H PpeHesa onpeneasercs 1mo popmye

ab
r.= mA.
m A/a-i—b
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[image: image35.png]*

|

|
LARAAE,

Pagunyc 2-i1 30HEI PpeHensa Oyaer

ry = JQEQE .2.0,5-1075 = 0,5- 103 (m) = 0,5 (vma).
3Hauurt, d_;, = 2r, = 1 (Mm).

Ceer oT MOHOXpoMaTuueckoro ucrounuka (A = 0,6 MKkm) nagaer
HOPMAJIBHO Ha Auadparmy ¢ KpyriasiMm orBepcrueM r = 0,6 mm. TeMHBIM
U cBeTJLIM OyZeT neHTp AudpaKIMOHHON KapTUHLBI HA 9KpaHe, HaXo-
nanieMcda Ha paccroauuu b = 0,3 M or guadparmbi?

AaHo: A =0,6 MKkM = 610" M; r=0,6 MM =6:10"% M; b =
=0,3 M.

Hauntu: m.

PeweHue. Paguycel 30H PpeHenss, Ha KOTOpHIE CIENYET pas-
6UTH OTBEpPCTHE, UYTOOBI ONPEJEeNUTh UX YHCJO0, ONpeAe AI0TCS 110

popmyie

r, = m , Tme m — HOMep 30HBI, A — JJIMHA BOJIHBI, b —
paccTosiHHe OoT Auadparmsl go 3kpaHa. I3 aToil popmysnsl
r2 . 10-8
™ 0,26- 61-010‘7 -2

YucJio 30H 4eTHOe, CJeA0BaTeJbHO, IIEHTD KAPTHUHEI Ha 3KpaHe
OyzeT TEMHBIM.

Ha yskymo meas mupnaoil 0,1 MM nmazaeT HOPMaJIbHO IIJIOCKasd
MOHOXpomaTuueckas BosHa (A = 0,585 mkm). HaiiTu paccrosanue Mexny
IepBRIMA AUPPAKIHMOHHBIMA MHUHMMYyMaMH Ha 3KpaHe, yAaJIEeHHOM OT
menau Ha 0,6 M.

Aano: a=0,1MMm=10%4Mm; A =0,585 MmkMm = 5,85-10""m; [ =
=0,6m; k=1.

Hantu: x.

Pewenue. Ha puc. 48 uckomasn senrnumnua x = AB, cTpeaKkaMu

OA un OB nokagzaHbl HanpaBJeHuA Ha 1-#1 nupaKkIuOHHBINL MUHM-
myM. I3 prucyHKa BUAHO, YUTO

X _ = X
5 Itg o, atgo 57"
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[image: image36.png]YcaoBue MUHUMYMA NIPH AUMPAKIIUHT Ha IIeJIH .

a sin @ = kA,
OTKyJHa sin ¢ = %}—‘ .

Ilnsa maneix yrioB tg ¢ = sin ¢ U Torga
x _ RA
21 a’
OTKyZa

) » ° ) -7
a 104

Ha gudpaxnunonnyio pemetky I (puc. 49) HopmaabHO nagaeT Mo-
HOXpoMaTHudecKuii cser ¢ gauHou Boausl 0,65 Mmxm. Ha saxpane 9, pacno-
JIO’KEHHOM IapaJlIieIbHO pPelleTKe M OTCTOAIIEM OT Hee Ha PacCTOSHUE
0,5 M, HaGaIOHaeTca ZudpakiMOHHAA KapTUHa. PaccrosaHue Mmexay agud-
PaKIIMOHHBEIMM MaKCHMyMaMH IIepBoro nopsaka pasHo 10 cm. Omnpene-
JIUTh IOCTOAHHYIO AU(MPAKIIMOHHON pellleTKH M ofbliee YHCJIO I'JIaBHBIX
MAaKCHUMYMOB, II0JIy4aeMbIX C IIOMOIIIBIO 3TON pelieTKH.

AaHo: A=6,5-10"M; L=0,5m;I=0,1 m; k=1.
Hantu: c, n.
PeweHne. 3anuiieM ycJOBHE INIABHBIX MaKCHUMYMOB Audpak-
IIMOHHOM pPemIeTKH:
¢ sin @ = EA. (1)

ITo ycnoBuio 3agauu k= 1. YuursiBad, 4To é < L (cm. puc. 49),
IMeeM

sin(pztg(p=2-i-L. (2)

ITogcraBnasa BeipaxkeHue (2) B (1), moayuyum

cl

fd =-2—&£
5T A uu ¢ - (3)

ITogcTaBiasis YHUCJIOBBLIE 3HAUYEHUA BeJIH-
YH, HAaXOAUM
2:6,5:107+0,5 _
0,1
=6,5-10%M = 6,5 (MKM).

IIna omnpeneseHus oO0Iero 4mcija IJaB-
HbIX MAaKCHUMYMOB, faBaeMbIX TU(PPaAKINOH-
HOUN pemIieTKOoH, MCXOAHUM M3 YCJIOBUA, UTO
Puc. 49 MaKCHMAJIbHBIN YT0OJI OTKJIOHEHUSA JIYUeH OT

c=

216




[image: image37.png]HOPMAaJIBHOTI'O HAaIIpaBJIeHUS PaCIPOCTPAHEHUA He MOJKET IIPeBbI-
maTh 90°, T. e. sin 90° = 1, Torma ¢opmyna (1) npumer BuA

B =E

max )\'

ITpouzBOAMM BHIUNIC/IEHUA:
. -6
ko = 6,5-10° _ 40.
6,5-1077
O61iee yncI0 MaKCUMYMOB paBHo n = 2k + 1, T. e. BIeBO 1
BIIPABO OT IIeHTPaJbHOIo MakcuMyMa OyayT HaOJIOAaTHCA 1O B .
MaKCHMYMOB:

n=2-10+1=21.

ITocroanHan fudpaxunoHHOM pemerky 10 MKM, ee IIMPUHA 2 CM.
B cnexTpe KaKoro mopsaAKa 3Ta pelreTKa MOXKeT paspeluTb AyOJeT A, =

=486 M u A, = 486,1 HM?

AaHwo: ¢ = 10mMkm = 10° m; [ = 2¢cm = 2:1072 ™; A, =
=486 uM = 4,86+ 107" m; A, = 486,1 um = 4,861+ 107" m.

Hantu: m.

PeweHne. Paspemniaromiasg crmocoOHOCTh AU(PPAKIIMOHHON pe-
HIeTKH

_ A _
R=2% =mN, (1)

rae AN — MUHUMAJbHAA Pa3HOCTh AJIMH BOJIH ABYX CIIEKTPAaJIbHBIX
JUHUHN A 1 A + AA, pa3pemiaeMbIX pelIeTKoM, m — IOPALOK CIIeKT-
pa, N — 4ucJj0 meseil pellieTKH.

IlocKoJMBKY IIOCTOAHHAA pelIeTKH C €CTh PacCTOAHUE MeXXIY
cepefuHaAMM COCeTHUX IeJieii, To obIiee YMCIIO IIeJe MOJKHO Hall-
TH KaK

N=1t, (2)
(4
rjae | — miupuHa pemeTKH.
N3 dbopmyasl (1) ¢ yueTom (2) HaxogUM

A ch
A= — = ==,
A mN ml (3)

Hy06ieT cieKTPAJBHEIX JUHUI A, U A, OyZleT paspellleH, ecau
AS Ap— Ag. (4)

IToncrasnasa Belpaxkenue (3) B (4) u yuuTsiBad, 4To A = A,, IOJIY-
YUM

cA
—2 Shy— Ay (5)

217




[image: image38.png]W3 sreipakeHusa (5) caepyet, uto Ayb6uaeT A, u A, OygeTr paspe-

IIIeH BO BCeX CIIeKTpaXx C MOPAAKOM

Chq
I(hy= A1)
ITopcraBassa yncIoBBIe faHHBIE, IIOJIYYNM

ch 10-5+4,86+ 1077 —2.43.
I(hg—A,) 2-1072.(4,861 —4,86)+10"7
ITocKoaBKY m — I11ejioe YHCJo, TO, CJIefOBATEJIbHO,
m 2 3.

m 2

OnpegennTs pacCcTOAHNE MEXKAY ATOMHBIMHU IJIOCKOCTAMU B KPHC-
TajJe KaMeHHOH cOJIM, ecaU AUMPAKIMOHHBII MaKCMMYM IIepBOro IIO-
pAAKa HaGJI0JaeTCA IPU NaJeHUY PeHTIeHOBCKUX JIy4eH ¢ JJIHNHOM BOJI-
Hel 0,147 M mog yriiom 15°12' K HOBepXHOCTH KPHUCTAJIA.

Aano: A =0,14Tuam=1,47-1010m; 0 =15°12"; k= 1.

Haintu: d.
PeweHne. JTudpakiua pPEeHTIEeHOBCKUX JydYed Ha KpHUCTAJ-
jJlaX — 9TO pe3yJbTaT HHTepdepeHINH PEeHTIeHOBCKOT'O WH3JIy-

YeHHUA, 3ePKAJIbHO OTPAa’XKaloIerocsa OT CHCTEMBI IIapajjeIbHBIX
IIJIOCKOCTEM, KOTOphIe IPOXOAAT Uepe3d ya3-
JIbI — aTOMBI (Hanpumep, A (puc. 50)) kpuc-

o A_50 TAJJINYECKON pemeTKH. OJTH ILJIOCKOCTH
ﬁ- Ha3bIBaAlOT aToMHBIMHI. OTpakeHue HabJio-
o O > d JnaeTcsa JUIIL B TeX HaNIpaBJeHUAX, COOT-
-0 3 ~0-  BEeTCTBYIOIIUX JUPPAKIUMOHHBIM MAaKCH-
MyMaM, KOTOPBIM YAOBJIETBODPSET COOTHO-
Puc. 50 [IeHUe
A =|BC| + |BD| = 2d sin 0 unu 2d sin 6 = kA, (1)
rnek=1, 2,3, ... — nopagok AudpakKIIuOHHOI0O MaKCcMyMa, 0 —

YI'OJI CKOJIBJKEeHUA, T. €. YToJI MeXAy MagaloiIM JYy4YOM U ILJIOCKO-
CTBHIO KpUCTaljaa, d — pacCTOSHHE MeXXJAY COCeIHUMH IIJIOCKOCTS-
MU, Ha3LIBAEMOE MEXKIIJIOCKOCTHBIM.

Ncexopsa us yeaoBud (1) u yuuteiBada, uto B = 1, umeem

_ A . 3_1,47-10710 _ . 10-10 _
d Seing’ d 5o 15°15" 2,8+1071% (m) = 0,28 (am).

PaccTosiHMe MeXAy ATOMHBIMH IIJIOCKOCTAMMY KPHUCTAJIA KAJbIIUA
paBHO 0,3 HM. OnpezennTb, IpU KaKOH AJHUHE BOJHLI PEHTIeHOBCKOI'O
N3JIYUeHUs BTOpoN AMPPAKIMOHHEIN MaKCHUMyM Oyaer HaOJOZaTbCA
IIPM OTpasKeHuu Jyueil nox yriaom 30° K HOBepXHOCTH KPHUCTAJJIA.
Aano:d=0,3amMm=3+10"10M; k= 2; 6 = 30°.
Hantn: A.
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[image: image39.png]Pewenne. Popmyna Bynashpa—Dbparra omnpepenser ycaoBue
MaKCHMyMa IIpu AUPpPaKIIMM Ha IIPOCTPAHCTBEHHOH pellleTKe.

2d sin 6 = kA,
OTKYJa A= _2_d_%i_n_6;
=28 13""’ 0,5 _ 1,5.10710 (m).

EcrecTBeHHEBIN CBeT HajaeT HAa KPHUCTAJJ ajiMas3a IOk yIJOM IIOJI-
HoI1 nmossapusanuu. Haiitu yros npesomienus ceera (n = 2,42).

Aano: n, =1; n, = 2,42,

Hanrtu: vy.

PeweHnne. IIpu mageHnn ecTeCTBEHHOT'O CBeTa HA ITIOBEPXHOCThD
II0J, YIJIOM ig MOJIHOM MOJApU3alliu OTPaXXeHHBIN Jy4 GyAeT IoJ-

. n
HOCTBIO nonapusoBaH. ITo 3akoHy Bploctepa tg iy = — paBeH 0T-
n

HOIIIEHUIO ITOKa3aTeJiell MpeJIOMJEHUA ajiMas3a M BO3AyXa, M yroJ
MeXXKJy OTPa’KeHHBIM M ITpeJIOMJeHHBIM Jydyamu paseH 90°. IloaTo-
My tg ig = 2,42 u iy = 67°30', a u3 puc. 51 BugHO, YTO yroJ Ipe-
gomaeHus y = 180° — 90° — iy =22°30'.

@ Ilox kakuM yIyIOM K TOPH3OHTY AOJIXKHO HaxoAuThes CoJiHIIE, UTO-
ObI CBeT, OTPa’KeHHLIN OT IOBEPXHOCTH BOJAbI, ObIJI MAKCHMAJIBbHO IIOJIA-
pusosan? (n, = 1,33.)

Aaxo: n,=1,33;n, =1.
Hantm: a.
PeweHue. Ilo 3axkony Bpiocrepa

tg ip = g- =n,=1,33; iy = 53°,
1

r'Ae n, U n, — MOKasaTeJu IIpeJIOMJIeHus BOJLI U Bo3ayxa. Toraa,
KakK cjleAyeT us puc. 52, o = 90° - i = 37°.

ecmeCcmeeHHbLU ecmecmaeeHHbLl
caem ' caem

|
I
|
I
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[image: image40.png]@ NHTEeHCHBHOCTL €CTEeCTBEHHOTO CBETa, IIPOIIeAIIero yepe3 IOJA-
pH3aToOp, yMeHbIIMIAach B 2,3 pa3a. Bo CKOJIBKO pa3 oHa YMeHbIIUTCH,
ecJI¥ 3a IMepBbIM IIOCTABUTL BTOPOM TAKOM JKe IOJIAPU3aTOpP TaK, UTOOBI
YIoJI MeXXAY UX I'NIABHBIMY IIJIOCKOCTAMM 6bLT paBeH 60°7?

Aauno: I,/I, = 2,3; a = 60°.

Hantu: Iy/1,.

PeweHnue. EcTecTBEeHHEIN CBET MOKHO IIpeCTABUTL KaK HAJIO-
’KeHHe IBYX HEeKOI'ePEeHTHBIX BOJIH, ITOJAPHU30BAHHBIX BO B3aKMHO-
IIePHeHANKYIAPHBIX IIJIOCKOCTAX M HMMEIOIIUX OXWHAKOBYIO MH-
TeHCUBHOCTL. MaeanbHBIN IMONApPHU3aTOp IMpPONycKaeT KoJjebaHudd,
napaJjujiesbHEIe ero INIaBHOM NJIOCKOCTH, U IIOJHOCTBIO 3aJePKUBa-
eT KoJjiebaHUA, NePHeHAUKYJIAPHBEIEe 3TOM miaocKocTu. Ha BeIxoje
N3 IIepBOro IoJiApm3aTopa MIOJydaeTcCA ILJIOCKOIIOJAPH30BAHHBIN
CBET, NHTEHCUBHOCTb KOTOpPOro [, ¢ y4eToM IOTePh Ha OTPaXeHue

A IIOIVIOIIIeHH e CBeTa ITI0JIAPHU3aTOPOM paBHa
I = 2(1-k). (1)

ITocne mpoxoXkJaeHUSA BTOPOTO IIOJAPH3aTOPA HHTEHCHBHOCTD
CBeTa YMEHBIIaeTcsa KaK 34 cUeT OTPa’KeHMdA U IIOIJIOIIeHNsA cBeTa
IIOJIAPU3aTOPOM, TAK M U3-3a HeCOBIAAEeHUs INIOCKOCTH IT0JIAPH3a-
IIMH CBeTa C I'VIAaBHOM IIJIOCKOCTBIO ITOJAPHU3aTOpa. B cooTBeTCTBNH
¢ 3akoHOM MauJroca 1 ¢ y4eTOM IIOTeph Ha OTPaKeHHe U IIOIJIOIIe-
HUe cBeTa 3Ta MHTeHCHBHOCTb PaBHA

I,=1I,(1 - F)cos? a, (2)

rge oL — YroJ MeXXAy IIJIOCKOCTBIO IOJIApHU3alluM cBeTa, KoTopasd
ITapaJjjiejbHa INIABHOM IIJIOCKOCTH IIEePBOTO IIOJApu3aTopa, U I'JIaB-
HOU IIJIOCKOCTBIO BTOPOT'O IIOJIAPU3aTOpAa.

HaiigeM, BoO CKOJIBKO pa3 YMEHBIINJIACh UHTEHCUBHOCTE CBETAa:

ﬁ = Io . (3)
I, I,(1-Ek)cos?a

Bripazum ua (1) or

]."'k=-I—0-. (4)

IlopcraBassa (4) B (3), moayuum:
I 1 Iz\2
b () 2
I, 2cos?a M,

IIpoBoasA BRIYHCIEHHUA, HAXTEM

Lo __ 1 __932~106.
I, 2cos260°
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[image: image41.png]EcTecTBeHHRIN CBET IafaeT HA IOBEPXHOCTDb JU3JIEKTPUKA IOK yT-
JIOM DOJIHOM moaspudanuy. CTeneHb DOJNAPHU3AIIVN OIPEJIOMJIEHHOTO JIY-
ya cocraBaseT 0,124, Haitu xosddunueHT nponycKkaHUsa CBETA.

Aano: P"=0,124.

Hanrtu: t.

PeweHnne. EcTeCTBEHHBIN CBET MOXKHO IIPEACTABUTH KaK HAJIO-
JKeHHe ABYX HEeKOTepPeHTHEBIX BOJIH, ITOJIAPU30OBAHHEIX BO B3AMMHO-
MepHeHAUKYJIAPHBIX IIJOCKOCTAX U HMEIOIIUX OJUHAKOBYIO UH-
TeHCUBHOCTH

I" = I_L’ (1)
rge uaaekcsl | u 1 o6o3HavaT KoaebaHUA, IapajljelbHble U mep-
MIeHIUKYJAPHBIE ILJIOCKOCTH ITaJeHUs CBeTa Ha IMOBEPXHOCTb IU-
3JIEKTPHKA, IIPpUYEeM HHTEeHCUBHOCTS IIaJAIOIIEero ¢cBeTa

I=I,+1,. (2)

IIpu mageHuM cBeTa IOJ YIJIOM IIOJIHOM ITOJIApPHU3allMU OTpaka-
IOTCA TOJILKO BOJIHBI, IIOJIAPHU30BAHHBIE B IIJIOCKOCTH, IIePIIEHAUKY-
JIAPHOM K IIJIOCKOCTH IlajieHUA. B npesiomieHHON BOJIHe IIpeobJia-
naloT KoJebaHusa, mapaJjjejbHble IJIOCKOCTU Najgenusa. MHTeHCHB-
HOCTH IIPEJIOMJIEHHOM BOJIHBI MOYKHO 3aIHCaTh KaK

I"=1I'+1y. (3)

CocraBnsiromue [}’ u I'' M*HTEHCHUBHOCTH IIPEJIOMIEHHON BOTHEI

paBHEI
I/=Iinl{=1I, -1, (4)

rie I' — MHTeHCHBHOCTH OTPA’XEeHHOI'0 CBETA.
CreneHp HoNAPU3AIUY IIPEJIOMJIEHHOIO JIy4a

PH=IE|:—I:'I': =Ii|'_”Ii. (5)
Ij+1; I
C yuerom paBenctB (4) u (1) BrIpakeHue (5) MOXHO IpexacTa-
BUTH B BHUJIE

I'
P'"= =, 6
I'l ( )
KoadduiipnenT nponycKaHUA CBETA ONpeleaaeTcs KaK
I” I"
‘C ——— 7
I r+r (7)

UJIU C y4eTOM BheIpaXeHud (6)
‘C —

(8)

1+PpP"
IIpoBsens BEIYKCIEHUA, HOJNTYIUM
t=—1 __ =0,89.
1+0,124
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[image: image42.png]@ Kaxoit yrosx o6pas3yioT IJIOCKOCTH HOJIAPHU3ALUN ABYX HUKOJIEH,
eCJIA CBeT, BBINIEAINUII U3 BTOPOrO0 HUKOJA, Obla ocaabiaeH B 9 pas?
Y4ecTs, 4TO Doasspu3arop oorigowtaer 10, a ananusarop 8% mnajgaroiero
Ha HUX CBeTa.

Aavo: n=>5; k,=0,1; k, = 0,08.

Hautu: o.

PeweHue. EcTecTBEHHBIN JIyUY CBeTa, Majgas Ha I'paHb IIPUIMBI
HUKOJIsA, IIpeTepIlieBaeT ABOMHOE Jyduenpeaomienne. B pesyasTate
BO3HUKAIOT ABa Jiyua: OOBIKHOBEHHBIM N HeOOBIKHOBEeHHBIN. O0a
Jiyda MOJIAPU30BAHBI BO B3aMMHO-IEPHEHIUKYJIAPHBIX IIJOCKOC-
TAX, HTHTEHCUBHOCTb UX OAMHAKOBA U paBHA IIOJIOBUHE UHTEHCHUB-
HOCTH eCTecTBeHHOro csera. MHTeHCHBHOCThL CBeTa, IPOIIEAIIIEro
yepe3 MEePBYI0 MHpusMy (moJaspuU3aTop) C YIETOM IIOTJIOIIEHUHd,
paBHAa

I = 2(1-ky), (1)

rie I, — UHTEHCHUBHOCTbL €CTECTBEHHOI'O CBeTa, Hajalollero Ha
IIepBBI¥ HUKOJb, B, = 0,1 — oTHOCHTe/IbHAS NOTEePsI UHTEHCUBHOC-
TH CBETa B MOJIAPU3AaTOpE.

IlonsapusoBaHHBIY CBET, ITIONAAaA Ha BTOPYIO NIpu3My (aHaImu3a-
TOpP), BHOBb HCHOBITHIBAET HOTJIOLIEHME, HO, KpOMe 3TOro, ero uH-
TEHCUBHOCTh YMEHBIIAETCA 13-3a HECOBHAJAEHHUA IIJOCKOCTEeM IIO-
JIApU3aluM IOJAPHU3aTOPa ¥ aHaaulaTopa. Y MEeHbIIeHHEe HUHTEH-
CHUBHOCTH OIlpeAeasaeTcsa 3aKoHoM MaJroca

= 2
YuureiBasa IIOTEPH HHTEHCHUBHOCTH CBETa B aHaJIn3daTope, mMeeM

I
I= 21~ k(1 - k)cos? o, (2)

rae k, = 0,08 — orHOCHTeNIEHAS MOTEePs MHTEHCUBHOCTH B aHAJHU-
3aTope, ¢ — YroJ MeXXJy ILJIOCKOCTAMU IIOJIAPHU3AIUU IT0JAPH3a-
TOpa U aHAJIHU3aTopa.

Tak KaK IIO0 YCJOBHIO 3aJadl M3BECTHO, UTO OTHOCHTEJIbHOE

I
VYMEeHBbIIIeHNEe NHTEHCHUBHOCTH CBeTa n = I-—O y» TO, IIOJCTAaBHUB BbIPA-
2

’KeHue (2), moOIyYuM
I, 2

I, (L-ky)(1-kycos?q ©
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[image: image43.png]2
n(l-=ky)(1-ky)
IToxcraBnsisi faHHBIE, IPOBOJUM BLIUMCJIEHUA

COS" 9= =59 0,02 483

cJIeoBaTeJbHO, HCKOMBIM yroJ ¢ = 46°,

U3 coorHoumenus (3) moayuum cos? ¢ =

¥Yron MeXy IOCKOCTAMH HOJAPHU3AINNA IBYX NOJApONLoB 70°.
Kax M3MeHUTCA MHTEHCUBHOCTH IPOILIEANIEro uepe3 HUX CBeTa, eCiu
3TOT YIoJI YMEeHbUIUTDL B 5 pa3?

AaHo: o, = 70°% o, = 14°,
Hawntu: I,/1,.
Pewenue. Ilocre npoxoxaeHuss ceera yepes oba moJasapouza

ero MHTEHCUBHOCTS I Oyzer I = %I ocos? a.. Torzna

I 2
I, = %Io cosay; I, = %IO cos? a; I—f = g%z-z—;—z;
1
I, _ cos?14° _ 0,942 _

I, cos270° 0,117 ’

T. €. ”THTEHCHUBHOCTBb BO3pPAacTeT B 8 pas.

JIyd cBeTa, OIpoxo/sa CJION JbJia, NAJaeT Ha aJIMa3HyI0 NJIACTUHKY,
YaCTUYHO OTpaYKaeTcsa, 4aCTUYHO npesomiaserca. OnpenesnTb, KaKUM
IOJIKeH OBITh YyIroJ naJeHus, YToOsl OTPaKeHHBIN JIYY ObIJI MaKCHMAaJIb-
HO NOJIAPN30BaH.

Aaxo: n, =1,31; n, = 2,42.

Hantu: i,.

Pewenune. OrpakeHHBIN CBET MAKCHUMAJIBHO IIOJIAPHU30OBAH IIPHU
yrjie najeHud i = iy, yAO0BJIETBOPAIOIIEM 3aKOHY Bpiocrepa:

tg iy = nyy, (1)

n u
rAe nyg; = -,-z-g — OTHOCHUTEJIbHBEIN IIOKAa3aTeJib IIPeJIOMJIEHUA OoTpa-
1

JKaIomey cpeanl.
Ecnu i = i, TO OTpaXeHHBII U IIPEJIOMJIEHHBIH JIyY¥ B3aHMHO-

nepneHauKyaapHel. IIpoxoaAamiuil cBeT moaApu30BaH JUIIL Yac-
TU4YHO. 3 BeIpakeHus (1) Haxoaum

i, = arctg Z_z; i, = arctg %—’—3—% =61,5°.
1 ’
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[image: image44.png]OnpenenuTs, BO CKOJIBKO Pa3 YMEHbIINTCA HHTEHCUBHOCTD €CTECT-
BEHHOI'0 CBeTa, MPOILE/IIero yepe3 ABa HUKOJA, OJOCKOCTH HOJIAPU3a-
IIUY KOTOPBIX COCTaBJAIOT yroa 45°. Kaxawii Hukoap noraomaer 8%
cBeTa, nafalollero Ha Hero (puc. 53).

AaHo: a=45° k= 0,08.

Hawntu: I,/1,.

PeweHue. B pesynbTaTe ABOMHOTIO JIydelpeJIOMJIEHUA €CTeCT-
BeHHEI JIYY cBeTa, nonajas B rnpusmy 11 — nonsapusarop, pasnasa-
NBaeTcs Ha OOLIKHOBEHHBEIV M HEOOBIKHOBEHHBIN Jyuu. Ob6a Jyya
II0JIAPU30BaHbl, HO BO B3aUMHO-IIEPHEHAUKYJIAPHLIX IJIOCKOCTAX.
OOBIKHOBEHHEBIN JIy4, MOAYUHSAACH 3AKOHY IIPEJIOMJIEHUSA, IIPEJIO-
MUTCA U, IOAONAA K CJIOI0 KaHaJCKOro 6ajib3aMa B HUKOJIE, UCIIEI-
TAeT IIOJIHOE OTpa’XeHHe ¥ IOTJIOTUTCA 3auepHeHHON OOKOBOMH
rpaHbio IIpusMbl. HeoORIKHOBEHHEIN JIyU IMPOXOLHUT Yepes3 NPU3IMY
6e3 OTKJIOHeHUSA, UHTEeHCUBHOCTb €ro YMEHBIIIaeTCs M3-34 IIOTJIO-
LIeHNUs CBETa IPU3MOM Ha BeJIUUuHy kl .

N HTEeHCUBHOCTD cBeTa, IIpoleagniero uepe3 II0JApPU3aTop,

paBHa
I,=0,5(1 - B)I,, (1)

rae k£ = 0,08 (r.e. 8%) — KoahdUIHMEHT IIOTJIOLIEHUSA CBeTa B
npusMme, I, — MHTEHCHBHOCTh €CTECTBEHHOI'O CBETa, IMaJaloIero
Ha IOJIAPU3ATOP.

Ilonsipu3oBaHHLIi CBET, BOWAA BO BTOPOM HUKOJbL — aHaJM3a-
TOp A, OIATH IOTJIOLIAETCA, ¥ UHTEHCHBHOCTD €TI0 YMeHbIIIaeTCs
Ha BeJnuuHy lk,; KpoMe TOro, MHTEHCUBHOCTD IIOJIAPU30BAHHOTIO

CBeTa U3-3a HeCOBIAJEeHUS IIJIOCKOCTEMH MOJIAPU3AI[MH IIOJIAPU3ATO-
pa ¥ aHaJIu3aTopa, corjacHo 3akoHy Mauroca:

I, =1I,(1- k)cos? qa, (2)

rje o — yroJjl MexJay IIJIOCKOCTAMMU IIOJIAPU3alNU IOJIAPHU3aTopa 1
aHaiausaTopa, K — Ko3hGHIIMEeHT morjomenus, | ; — HUHTEHCHUB-

I, I,
ecmecmeeHHbulil NOJNAPU3I0BAHHbBLI
ceem ceem 45°

I1 A:Lw/
T T X :Aam X
¢ MH i/i 1

06b£KHOB€HHb£u HGOGbHCHOBeHHb
Ayd

-«
1
S

\

PHC. 53
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[image: image45.png]HOCTH IIOJIAPM30BAHHOIO CBeTa, afalolllero Ha aHaaIusaTop, I, —
MHTEHCHUBHOCTH MOJIAPU30BAHHOIO CBETA, IIPOIUEAIIero yepes3 aHa-
JIN34TOP.

IToncraBnsasa BeipaxkeHue (1) B (2), umeem

I, =0,5(1 - k)*I, cos? a. (3)
W3 coorHonienuda (3) caenyer
I, I 1
-2 =0,5(1 - k)2cos?a,al = :
Iy ( ) I, 0,5(1-k)2cos2a

HO,Z[CT&BJIHH YNCJIOBBIE SBHAYEHN A, IIOJIYIYNM

Iy _ _ 2c0s245°=0,21; 0= 1 ~4
T, 0,5(1 — 0,08)% cos* 45 O,21,I2 0.1 7.

PacTBOop caxapa ¢ kouneurpaunueir 0,25 r/em3 romrmunoit 20 cm
IIOBOPAYMBAET MJIOCKOCTL HOJAPH3AIlNY MOHOXPOMAaTHYECKOr'0o cBeTa Ha
30°20'. Ipyroii pacTBOp TOJINHON 15 cM moBOpaunBaeT MJIOCKOCTH IIO-
aapunsanuu Ha 20°. OnpenennTh KOHIIEHTPAINIO caxapa BoO BTOPOM pac-
TBOpE.

AaHo: ¢; = 0,25r/cm3; I, = 20 em; 9, = 30,3°% 1, = 15 cm;
(.P2 = 2000

Hantn: c,.

PeweHne. Yros moBopora IMJIOCKOCTHU IOJAPU3AIUY OIIpPEHEIA-
eTcs no popmyJie

¢ = [a]el,

rae [o] — yxenbHOe Bpamenue. ¢, = [a] ¢,l;, oTciona [a] = —(p-ll— .
€1ty

¢, = [a]eyl,, OTKYRA

c. = P2 _ 9201y,
2 ’
[a]l, (Pllz
200,25+ 20
C, = 2 = (0,22 (r/cm3).
2 30,33+ 15 (r/cm?)

N3mepenne gucoepcuu IoKas3aTeJss NPENIOMJEHUSA ONTHUUYECKOIO
cTexJsa fasuo ny, = 1,528 ana A, = 0,434 Mmxm u n, = 1,623 gna A, =
= (0,486 MxkM. BriuncanuTh OTHONIIEHNE IPYyNIoOBOM cKopocTu K (a3oBoil
IJIA CBeTa ¢ AJMNHOH BOoJHEI 0,434 MKM.

Aavo: A, = 0,434 Mmxm = 4,34-1077 ™m; n, = 1,528; A, =
= 0,486 mxm = 4,86-10"" m; n, = 1,523.
Hantu: u,/v,.

8 - 9332 Ma1ckoii 225




[image: image46.png]PeweHue. 3aBHCUMOCTD I'PYIIIOBOM CKOPOCTH U OT IIOKAa3aTeJs
IIPpeJIOMJIEHUSA N ¥ AJIUHEI BOJHBI A UMeeT BUJ

Adn
u=- (1 + = ) 1
n n di (1)
da30Basg CKOPOCTB U OIIPeAeseTCs KaK
v= <. (2)
n

Pasgenus BuIpakeHue (1) Ha (2), moaydum

u Adn
= =1+ 3
v ndn’ (3)
s xIuHbI BOJHEI k U CpegHeu JucIepCcuu <Z'}t > = -AA—'—): HMeeM
G p 4 (B2 (4)

ITogcraBassa B (4) uucJIOBBIE 3HAYEHUA, IIOJIYIUM
El — 1 + 4,34 * 10—7 * L]. ,523 - 1,528) ~ O 973
v, 1,528 + (4,86 — 4,34) + 1077 ’

Ilncoepcus moKasaTesa NPeJOMJIEHHA KBaplia npeacTaBieHa Tad-
JINALEeN:

1, HM 589,3 486,1 410,0

n 1,5442 1,5497 1,5565

Ha#iTu: oTHoIIeHHe (a30BOM U IPYIIOBOM CKOpPOCTEM CcBeTa
BOJIM3U A = 486,1 HM.

Peweunne. I'pynmnoBass CKOPOCTh U CBA3aHa C (a30BOU CKOPO-
CTBIO U CBETA B cpelle OTHOLIEHUEM

Y
uUu=v }'dk' (1)

YuureiBas, 4to U = — , u3 (1) nonygaem

u= v[l + kdn]

¢
n

di
WUnu nna cpefHell AUCIEePCHH BelllecTBa
u=v(1+242), (2)
AN
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[image: image47.png]rmge %—;—E — CpeaHAA AHUCIIePCHA IIoKa3aTeJid IIPeJIOMJIeHUA Ccpelbl.

N3 tabaune! gna A = 486,1 amu n = 1,5497 HaxoAUM OTHOCHTEJIb-
HYIO JUCIIEPCHIO:

A An _ 4861(1,5565 —1,5442) . _5 go15
n AL 1,5497(4100 - 5893) ’

Torpa us (2) noayuum

u= u(l + A %L;) = v(1 - 0,0215) = 0,9785v,

Y =0,9785.

c

IToxasaTesp mpesioMJIEHMA cepoyriiepoza IJs ¢BeTa C IJIMHAMU
BoJH 509, 534 u 589 HM paBeHn coorBeTcTBeHHO 1,647, 1,640 1 1,630.
BrruncanuTh (pa3oByI0 ¥ I'PYOIOBYIO CKOPOCTH cBeTa BOJIM3H AJIHHBI BOJI-
HbI 534 HM.

Pewenue. I'pynmoBasd CKOpocTh U cBA3aHa ¢ ($a30BOM CKOPO-
CTBIO U CBETA B cpeJie COOTHOIIIEHNEM

dv
Uu=v-A=—. 1
YuurelBas, 4To LU = ;i , 13 (1) monyuaem u = v[l + Kfln] Ilns cpen-
HeM AHuCIIepCHHU BelllecTBa UMeeM
A An
u = v(l + £ ——) 2
n A\ (2)

Hna =534 umu n = 1,640 HaX0AUM OTHOCHTEJIBHYIO ZUCIIEPCHIO

A An _ 535(1,647-1,630) - _g 069
n AL 1,640(509 — 589) ’

U3 cooTHOMIEHUA (2) onTpenesisieM

u A A
4 (”“F) (1-0,069)=0,931,u=0,931v.  (3)

YuureiBasa, uTo pazoBasg CKOPOCTh U = ¢/n, HaXOAUM ee 3HauYeHHue
BOIM3M A = 534 HM:

_ 3108 1ns
Toao = 1:83°10° (/o).

IIo @popmyse (3) BIUMCIIAEM I'PYIIIOBYIO CKOPOCTH

u=0,931-1,83-108 (m/c) =1,70-108 (m/c).
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[image: image48.png]B 4epeHKOBCKOM CUETUMKe N3 KaMEeHHOH COJH peJIATHUBUCTCKUE
IPOTOHBI M3JIY4alOT B KOHycCe ¢ pacTBopoM 82°. OnpezsesnuTh KUHETHYe-
CKYIO BHEpruio npoToHoB. IloxasaTess OpeIOMJIeHNA KaMeHHOH COJIU
1,54.

AaHo: 20 =82°% n=1,54.

Hantu: T.

Pewenue. Uzayuenne BaBunosa—YepeHKOBa BO3BHUKAET, KOT-
Ia CKOPOCTH ABHIKEHUS U 3apAKEHHOHN 4yacTHUILHL B cpene OoJbliie
(a30B0i1 CKOPOCTH cBeTa ¢/n B 3TOU cpele (¢ — CKOPOCTH CBETa B
BaKyyMe, n — IIOKas3aTeJb IpejioMJIeHuA cpeabl). M3nyuenne Ha-
IIpaBJIEHO BAOJBL 00pa3yoliuXx KOHyca, oChb KOTOPOro coBmajaer C
HalpaBJIeHHMEeM JIBHM)KEHHA 4YacTUIlbl. ¥YroJ 0 Mexxay HampaBJeHU-
eM H3JIYUYEHUS U HalpaBJIEHHEM ABUKEHHUA YaCTHUIILI OIIpeaessieT-
cA popmyJion

cos 0= £, (1)
nv

KuHeTnuecKkasa 5HEPrusa pPeJATHUBUCTCKON YaCTHIILI ONpenesisa-

eTcA KakK

J1—(v/c)?
rae E, = mc? — sHeprus OKOSA YaCTHIILI; M — Macca.

Ina nporosos E, = 938,28 MaB. OTHomenue v/c onpeneaum
u3 (1):

T=EO( 1__ - 1], (2)

bo (3)

c ncosf
IlopcraBnsasa (3) B (2), monyuum

T=E —2258% _ _1). (4)
Jn2cos26 -1

IIpoBons BeIUMCIIEHUA, HAMAEM

T =938,28( —1:94c0s4l> 1) _ 902,9 (MsB).
J(1,54 cos41°)2 - 1

IIpu KaKKUX 3HAUYCHHUAX KNHETHYECKOHN d9HEepIrUM IPOTOHA OyeT Ha-
GaromaThCA YePeHKOBCKOE U3JIydyeHHe, eCJIM IIPOTOH ABHUXKETCA C IOCTO-
SIHHOI1 CKOPOCTBIO B cpejie ¢ IIoKa3aTreJjeM npejgoMaeHud 1,6?

AaHo: n=1,6.

Hantu: T,.

PeweHue. 11 BOBHNKHOBEHUA YEPEHKOBCKOI'0 U3JIyUYeHUA He-
00X0aMMO, YTOOBI CKOPOCTHh ABUYKEHHUSA 3apAXKEHHOM 4YacTHIlbl B

cpeze Gulna Gosblie (asoBOil CKOPOCTH CBeTa B 3TOI cpene: U > <.
n
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[image: image49.png]BripasuM KMHETHUYECKYIO S9HEPTrHIO IIPOTOHA Yepes IIoKas3aTeib
IIpEeJIOMJIEHUS CPEBI:

T =E - E, = mc? S S| =E0(—-'1— -—1),

_v? n2-1
Ve

rae E, = 938,28 MaB — sHeprus moxkos nIpoToHa, m — Macca Impo-
TOHA.
YepeHKOBCKOE N3JIyueHHe BOSHUKAaeT IIPU

T,>T=Eo == -1).

n¢-1

Torna

T, =938,28( 5 - 1) = 267,68 (MoB).

J1,62-1

3aAa4YM AAl CAMOCTOSITEABHOTO peLUeHHS

1. Ha xakyio MJINHY BOJHBI HAaCTPOeH KoJebaTelbHBIM KOHTYD,
COCTOAILINI U3 KOHAEeHcAaTOpa eMKOCThbI0 445 N n KaTymKU ¢ UHAYK-
TuBHOCTBIO 1 MI'H? OTBeT: 1257 M.

Q. Ha xakoii 1uanasoH AJNH BOJH MOXKHO HACTPOUTH KoebaTelnb-
HBIH KOHTYD C MHAYKTUBHOCTHIO 1 MI'H, ecain n3MeHATH eMKOCTh OoT 50
10 500 ndP? Orser: oTr 421 10 1332 Mm.

3. Karymky ¢ Kakoii HHAYKTHBHOCTBIO HAJO BKJIIOYUTH B KoJeba-

TeJIbHBIN KOHTYP, 4TOOBI npu emMkKocTu 0,5 MK®D moJyduTh HU3JNyUEeHUE
c yacroroii 1 mI't? Orteert: 0,05 I'u.

4. Karymka ¢ uagykTuBHOocThI0 30 MxI'H mpHcoeguHeHa K IJIO-
CKOMY KOHJIEHCAaTopy ¢ Iulomazabio miactTud 0,01 M2 1 3a3opom Mexay
Humu 0,1 MM, 3anmoJTHEHHOM AU3JeKTpuKoM. KOHTYp HaCTpOeH Ha OJU-

HY BoOJIHEI 750 M. OnpenenuTh AUIIEKTPUUYECKYI0O IPOHHUIAEMOCTh IU-
3JeKTpuka. OrserT: 6.

5. KonebaTenbHBIN KOHTYDP COCTOUT U3 KOHAEHCATOPa €MKOCTBIO
25 HP n Karyuiku ¢ HHAYKTUBHOCThIO 1,015 I'n. 3apax Ha oOxkJIagKax
KoHzeHcaTtopa 2,5 MKKJa. Hanucarsr ypaBHeHNe H3MeHEHHS Pa3HOCTH
MMOTEHIIMAJIOB Ha OOKJagKax KOHAeHcaTopa N ToKa B Karymke. Haiitu
X 3HAaUYeHHS B MOMEHT BpeMeHH, PaBHBLII IOJIOBHHE mepuoza KoJeba-
Huil. Omer: U = 100 cos(2n+ 103¢t) (B); I = -15,7+ 1073 sin(2r * 103¢t) (A);
U,=-100B;1,=0.

6. B roukax A u B, pacnoJIOKeHHBIX Ha pacCTOAHUAX 3 1 2,4 M
or Touku C, HaXOAZATCA JABa MCTOUHNKA TapMOHHYECKHX KoJebaHHII.
AMOiInTyasl KoaebaHNil paBHEI COOTBETCTBEHHO 16 1 12 cM, HavanbHEIE
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[image: image50.png]da3sr 30 1 90°, wacrora KojnebaHUII OAUHAKOBA, JJIMHA BOJIHBEI paBHA
3,6 m. HaiiTn amMmoiauTyay pesyiabTHpylomiero kojsebanusa touxku C.
OrtserT: 14,4 cM™.

7. CxopocThb pacnpocTpaHeHHs 3JIeKTPOMArHUTHEBIX BOJIH B Cpeie

2,6 108 m/c. OnpesenuTh OJIUHY BOJIHEI B 3TOHM cpexe, eCaIU YacTOTa
BOJIH B BakyyMe paBHa 1 MI';. Oteer: 260 m.

8. KoneGaTeabHBI KOHTYD COHEPKUT KOHAEHCATOD €MKOCTBIO
100 0P 1 xarymky HHAYKTUBHOCTBIO 1 MI'H. OnpenenuTs JINHY 3JIeK-
TPOMArHUTHON BOJIHEI, N3JiydaeMoll KOHTypoM. OtBeT: 596 M.

9. B BakyyMe pacmpocTpaHsieTCs IJIOCKas 3JIeKTPOMATrHUTHAA
BOJIHA, aMILJIMTYAA HANPAXKEHHOCTH 3JEKTPHUUYECKOT'0 HOJIA KOTOpPOIl
paBHa 20 B/m. HaliTu aMniautygHoe 3HauyeHHe HAUPSAKEHHOCTH Mar-
HUTHOTO II0JIS BOJIHEI. OTBeT: 5,3°1072 A/Mm.

10. Yepes nnomagky 30 cM?2 B HampaBJIeHHHU, eil IepOeHAUKY-
JIAPHOM, PacCIpoOCTpaHsAETCA IJIOCKas 3JIEKTPOMArHUTHAA BOJIHA, aMII-
JINTYIHBIE 3HAUYEHUS HAOPAKEHHOCTH 3JJIEKTPUUYECKOI0 M MATrHHUTHOTO
noJieir koropoii 0,01 B/M n 1 mA/m. Kakas sHeprusi nepeHOCHUTCA BOJI-
HOI ueped 3Ty miaomaaxky 3a BpeMAa 10 muu? Ilepuon Boaubl T << t.
OrteeTt: 91076 Iix.

11. Ha nyTu oxHOro u3 uHTephepUpyomuX Jydeii B onsiTe IOHra
IIOMEI[aIOT TOHKYIO CTeKJAHHYI0O (n = 1,52) niaacTHHKY TOJILHHOMN
2,6 MmxMm. Jlyu cBera majgaeT Ha ILIACTUHKY IepHneHAUKyJIsapHO. Ha
CKOJIBKO CBEeTJILIX II0JIOC CMeIlaeTcA MHTepdhepeHIMHOHHAas KapTHHAa Ha
dKpaHe, eCJI IJINHA ¢cBeTOBoii BOoJHEI 0,676 MKkM? OtBeT: Ha 2.

12. IIpu xaxoi HauMeHbIIeH TONIIMHE TOHKOM MJIEHKHU U3 6eH30-
aa (n = 1,5) opu ocserieHnH 6eJIBIM ¢cBeTOM mox yriioM 30° mieHKa Ka-
)kercda xkeunrort (A = 0,59 MxM) B oTpakeHHOM cBeTe? OtBeT: 0,1 MKM.

13. Ha ToukMil CTeKNAHHLIA KIUH (n = 1,5) HopMajbHO HajgaeT
MOHOXPOMAaTUYECKHI CBeT C AJHHOM BOJIHEI 668 HM. Onpenenurs npe-
JIOMJIAIOIIMNA yIoJI KJINHA, eCcJU JINHEeHOe paCCTOAHNEe MEeXAY TeMHBIMH
nmoJsiocamu 1,4 mm. OtBer: 33".

14. Ha xakoM MaKCHMMAaJIbHOM pAacCCTOAHUM OT AuadparMel C
KPYTIJIBIM OTBepcTHeM pazunycoMm 0,6 MM HaJo IOMECTHUTh 9KpaH, YTOOLI
IIPHA OCBEILleHUU OTBEPCTUS IIJIOCKOM ¢BeTOBOM BoJsHON (A = 0,6 MKM) B
IleHTpe Au(dpaKIIMOHHON KapTHHBI HA 3KpaHe elle Hab/ogaloch TeMHOE
naTtHo? Ilox KaKUM yIVIOM OPY 3TOM BUJIHO OTBEPCTHE N3 TOUKU HabJIIo-
neaus? Orser: 0,3 m; 13,7,

15. Ha mens mupnuoit 12\ nagaetT HOpMaILHO MOHOXpOMATHYE-
ckuil c¢cBer. HaliTu yrosn me)xay HanpaBJeHAAMU Ha BTOPOHM M TpeTHUH
MaKCHUMyMBI MHTEHCUBHOCTHU cBeTa. OTBRT: 5°.

16. Ha 1udpakoHHYIO pelIeTKy C IeEPHOAOM 2 MKM HOPMAJbHO
ajgaeT Iy4oK CBeTa OT paspAgHON TpyOKU, HanoJHEeHHOU reaueM. Haii-
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[image: image51.png]TA JUHEHHOe PaccTosiHue MeXxnay kearoi (A, = 0,588 MKM) 1 3eseHoOH
(Ay = 0,5 MKM) TUHHUAMH B COEKTPE BTOPOr'o NOPAAKA, €CJIU 9KPaH HaXo-
IUTCS Ha pacCTosHUU 1 M oT AU paKIMOHHOM penteTkU. OrBer: 15 cM.

17. HaiitTi K03 HUIIHeHT IOrJIOMEeHUs cBeTa B IOJNAPOUIaX, ec-
a7 mpu yrie 45° MeXKAy X IMJIOCKOCTAMH MOJIAPU3AIMHA Yeped CUCTEMY
npoxoxuT 16% mnanpalomero cesera. Otreser: 0,2.

18. Bo cKOJIBKO pa3 M3MEHUTCA MHTEHCHBHOCTHL CBETa, NPOXOLA-
IIlero Yyepes3 ABa HUKOJA, YIoJI MeXKIY IVIaBHRIMU HanpaBJIEHUAMU KOTO-
peIX cocrasaseT 60°, ecsu MeXIy HUMHU IOMECTUTH IJIACTHUHKY JIEBO-
Bpaljaiolerocsa KBaplia TOJNIIMHON 3 MM, BBIPE3aHHYIO NEepHEHAUKY-
JAPHO onTu4YeckKoil ocu. Takasa »Ke MJIAaCTHHKA, HO TOJNINWHON 1,5 MM,
IIOBOpaYMBaeT IMJIOCKOCTh mosAapusanuy Ha 25°, IlorepAaMu cBeTa B HU-
KOJISIX U KBaplle npeHe6peub. OTBeT: ymeHbmtuTesa B 17,1 pasa.

19. KaxoBa HauMeHbIIAA TOJINUAHA MBIJILHOH IJIEHKH, €CJIM OPH
Hab6rrogerun nox yriioM 30° K mMOBEepXHOCTH MBIJIBHOM IIJIEHKHU B OTpa-
*KeHHOM CBeTe OHAa OKpaIllnBaeTcA B (pHOJETOBEBINM 1BeT? 3HAUEHUE A =
= 0,4 MKM. OTBeT: 83 HM.

20. Ha audpaxkumoHHYIO pelIeTKy, HMeloInyio 500 MITPUXOB Ha
1 MM, nagaeT cBeT ¢ LIHHOM BoJIHBI 600 HM. OnpeaenuTs HaAaUOOJIbIIN T
IOPAAOK CIEKTpa, KOTOPHEIM MOMKHO DOOJYYHTb JaHHOM pelIeTKOi.
OreBerT: 3.

21. Vros Mex Iy cneKTpaMH BTOPHIX NOPAAKOB pasBeH 36°. Ompe-
IeJIUTH JJINHY BOJHEI CBETa, NAJAlOIero Ha AUMPAKIUOHHYIO PEeIIeTKY
cc=4MxMm. OtBer: A =618 HM.

Q9. HailiTu yros DosxHOH DOJIAPU3AUH IPK OTPAXKEHUH OT YEPHO-
ro 3epkaJa. Iloxkasarenn npesomieHns eron = 1,327. Orser: 53°.

23. ITox KaxuM yIJIOM K TOPUBOHTY HLOJKHO HaxoxuTbcsa CoinHIe,
YyTOOLI MOJAPNU3AINA COJIHEYHOT'O CBETa, OTPAYKEHHOT'0 OT IMOBEPXHOCTH
BOJABI, OblJIa MaKCUMaJbHOH? OTBeT: 00 = 37°.

24, OnpegennTs NoKkasaTesb IPEJIOMIECHUAS CTEKJIA, €CJIU IPU OT-
pa’XeHHH CBEeTa OT 3TOI'0 CTEeKJa OTpPa’KeHHBIHl CBeT OyJeT HOJHOCTBIO
ITOJIAPHU30BaH IpH yrJe npeixomiaeHnda 30°. Otset: n=1,73.

25. Bo CKOJIBKO pa3 YMEHbUIUTCA UHTEHCUBHOCTH eCTECTBEHHOIO
CBeTa IpU NPOXOXKIEHUN ero uepes ABa HUKOJIA, IJIOCKOCTH IIOJIAPU3a-
I[N KOTOPBIX cocTaBaAoT 60°? OteerT: 8.




