HepaBeHCTBO ny > 1 B 00J1aCTH IPO3PAYHOCTH CPeibl, KAK BJIUSHHE XBOCTOB

BBICOKOYACTOTHBIX JUHHUM NMOTJIOUIEHHUSI.
PaCCMOTpI/IM CBET C 4YacTOTOM @ B 00JIacTH IIpO3pavYHOCTH CPCILI. HYCTB
MOJICKYJIbI CPCAbl HAXOAATCA Ha HMKHCM YPOBHC ODOHCPIUH. OKaBBIBaGTC}I, 4TO CIIpaBa
OT 4YacTOThl @ MHOTO JIMHMU IOTJIOIICHUA ()1 (6€CKOHG‘1HO MHOI‘O), TO CCTb

HEPaBCHCTBO @ < @, OBIBAET 4YacTo, a CJI€Ba OT YaCTOTHl @ JWHUHN IOIJIOLICHUS
MaJlo, TO €CTh HEPABEHCTBO @), < @ OBIBAET PEIKO. DTO BUIHO U3 PUCYHKA
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Ecan nunus IOTJIOIICHUA @, HAXOAUTCs CIIpaBa OT 4YaCTOThI CBCTA @, TO

paCCTPOﬁKa (2 9aCTOTHI CBETAa OTHOCHTEIILHO YaCTOThI [epexoga OTpuuaTCiabHas

Q
wo<o,; = Q=w-0,;<0 = Y~ >0 =

r?+0?
n—ny=—y"'>0 =  n-ny>0
Mo

To ectb paccMaTpuBaemasl JIUHMS IOIVIOIICHUSA @), HNA€T IIOJIOKUTEIBHYIO
N00aBKy K MOKa3aTEII0 MPEIOMIICHUS.

[TocKoJIbKY JTMHUN MOTJIOMICHUS CIpaBa OT YaCTOTHI CBETA BCEI/la MHOTO, M UX
BKJIaJbl B MOKA3aTelb MPEJIOMIICHUS MOJIOKUTEIbHBI, CaM MOKa3aTelb MPEIOMICHUS
B 00J1aCTH NIPO3PAYHOCTH CPEIbl OKAa3bIBACTCS OOJIBIIIE, YEM B BaKyyMe:

n >1.
HpI/I 6OJIBIHOM YaCTOTHOM YIAJICHHM OT JIMHHUH IIOTTIOIICHMUA KOB(b(l)I/II_[I/IeHT
1 1
IO JIOICHUA N(X) Y6BIBaCT IMPOIIOPHIHUOHATIBEHO 3 z—z, a I[O6aBKa K
1+x X

IIOKa3aTeIII0 IIPCIIOMIICHUSA 1 — 1 Y6BIBa€T ropasgo MCIJICHHEC, IIPOIMOpUIHOHAILHO

X 1 Q o
5 ~—, TIhe X :F — Oe3pa3MepHas yacToTHas pacctpoiika. [ToBeneHue odbenx
X

1+x
BEJIMYUH B 3aBHCUMOCTH OT YacTOThl CBETAa HM300paXEHO Ha HUKECIETYIOUIUX
pUCYHKaX.
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Hwxnass mapa pucynkoB — pacuer B MATLAB.

OTHOCHUTENBHO OBICTPBIN cnag KO3 pUIMEeHTa TOTIOIEHUS MPUBOJUT K TOMY,
4YTO B YaCTOTHON 00JacTH, I/I€ MOIJIOIIEHUS MPAKTUYECKH HET M KO3(PPUIUEHT
IOTJIOIICHNSI PABEH HYJIO, IOKAa3aTellb MPEIOMIICHUS 3aMETHO OTJINYAeTCA OT
€AUHULBI.

IHoHnsiTHe 0 AMcnepcuoHHOM cooTHomeHuu Kpamepca — Kponura.

CurHan Ha BBIXOAE YCTPOMCTBA HE MOKET NMOSIBUTHCS PAHbBIIE, YEM Ha €ro
BXOJIE.

[lycTh snexTpuueckoe (WJIM ONTUYECKOE) YCTPOHMCTBO HMMEET KOMILICKCHBIN

kodbdummenT nepegaun K (a)) , TIe

~ ~

U6blxw =K (a)) ‘ U@xw

ITycts U, (t) =0 (t) — nenbTa-GyHkus upaka. Torna

- 17 o 1Y o L o0 [ 1
Us, =5 [ € -U(t)-dt:ZJ‘e -5(t)-dt:Ze J‘é'(t)-dt:Z
—00 —00 —00

Torma

~ ~ ~ 1 =~

Ugix,, = K(@) Uy _EK(a)) =>

+00 +00
U6blx(t)_ J. eza)t 8bIX,, -da):g‘[ ot K(a)) do



Curnay Ha BBIXOJIE CXEMBI HE MOXKET HOSBHUTBCS DAaHBINE, YEM CHUTHAI
nosiBIsieTcs Ha BXoge, torna Uy, (¢)=0 npu 7<0, tak kak U, (1)=5(¢)=0 npu
t < 0. CnemoBaTennsHO,

+00
I eiwt-k(a))-dw:O npu t<0.

AMIUTUTYTHO-4aCTOTHAsA U (Pa30BO-4ACTOTHAS XAPAKTEPUCTUKH JIFOOOH CXEMBbI
CBSI3aHBI IIPUBEICHHBIM BBIIIE HHTETPAIIBHBIM COOTHOLIEHUEM.

B omtnke Kod(hUIMEHT Mepenadd TOHKOro ciosi K (a)) ONIPEAEIISIETCS
KOMIUIEKCHOW  IOJSIPU3YEMOCTBI0  MOJIEKYJI d(a)), TO ecTb Ko3(pduureHTom
IIPONOPLUOHAIIBHOCTH MEXAY KOMIUIEKCHBIM JUIIOJIBHBIM MOMEHTOM MOJIEKYJIBL P U
KOMILIEKCHO# HAMPSKEHHOCTBIO CBETOBOTO TOMIA E :

p=aE,rne d=a'via".

C IunoJIbHBIM KOMIUIEKCHBIM MOMEHTOM MOJIEKYJl P CBsI3aHAa KOMILUIEKCHas

IMoJApru3anusa CpCabl f) = Noﬁ , TAC NO — KOHLCHTpau:A MOJICKYII.

P=jE ¥ =Nya x=x+iy"
it —iwt

ITycts E(t) =& ¢ +2€

P(t)= j(—w)%eiw " ;Z(a))%e_iwt -

+(z'(w)+ iz"(w))%(cos(a)t) —isin(ot))=
- %((}('(a)) + 7'(~@))cos(wr)+(x"(w) - ;("(a)))sin(a)t)) +

+i%((;('(—a)) — ;('(a)))sin(a)t) + (;("(w) + ;("(—a)))cos(a)t))
13 BemecTBeHHOCTH P(1) cienyer, 4To

r(o)=rlo) @(-0)=a

1"(-0)=-1"(v) a'"(-w)=-a"(o)

'

@)

a(w)

a)—a)o

Kpamepc (1927) u Kponur (1926) paccmatrpuBaiiu UHTETpaj j dw, B
KOTOPOM MHTEIPUPOBAHUE BEJETCA IO 3aMKHYTOMY KOHTYPY Ha KOMIUIEKCHOM
MJI0CKOCTU. VIHTErpupoBaHUe BENETCS B MOJOKUTEILHOM HAMpPaBICHUU BAOJb BCEH
BCIIIECTBEHHOW OCH, W KOHTYP 3aMbIKA€TCsl MO TMOJYyOKPY>KHOCTH B BepxHEH
MOJIYIIJIOCKOCTH.



Kpamepc Kponwur, ucnomnsszys ycioBUE d(a))T)O, MOIYYUIIM, YTO
[0 o0

MHTETpaj] IO MNOJYOKPY>KHOCTH PaBeH HyJI0. Torga MHTErpaJ MOXHO B3ATh IO

BbIUCTaM
400 ~

[ 9@ g Lo res[ HO) ) ig(ay)
®— @y 2 w=my\ W — W

OObenuHsIsI UHTErPabl MO TOJIOKHUTEIBHBIM M OTPUIIATEILHBIM YacTOTaM C
Y4ETOM

a'(-o)=a'(o)

a"(-w)=-a"(o)

IIoJIiydacMm
: 2
(o) 22
T
0%
@’(@g) =~ I
0 2 ~ d w
SI[CCB ?I — HHTCTpall B CMBICJIC I''TABHOI'O 3HAYCHUA. Ot HHTCI'PAJILHBIC

CBA3HU MCKIAY a'(a)) )51 a"(a)) O3Ha4YaroT, 4YTO HMHTCTPAJIbHO CBA3aHbI 3dBUCHUMOCTD

KOB(I)(l)I/I]_II/IGHTa noriomeHuss OT 4YaCTOTBlI CBCTa MW 3aBHCHMOCTH IIOKa3aTCIA
IIPCIOMJIICHUA OT 4aCTOTHEI CBCTA. I[JBI OIITHYCCKHU TOHKOI'O CJIOA:

a'~;('~(n—n0)
"NI"NN )

B cBot0 ouepenp OT 100aBKH K MMOKA3ATENI0 MPEIOMIIEHUS U OT KO3 (ULIMEeHTA
MOTJIOIIEHHS 3aBUCUT KOMILJIEKCHBIM KO3(D(PUUMEHT nepeaayd ONTUYECKH TOHKOIO

CIIOs k(w)
‘Kz‘:l—N-Az

—arg(K) ~ (n - no)
Tak ecnmu aMmIUTYAHBIA KOIPOUIMEHT TMPOMYCKAaHUS HMEET MpoBaj
JIOPEHIIEBCKOM (hOPMBI

K2 =1-52Az
|
S~ -1

I 14x2
|
|

®Onk [£3]



TO MOKA3aTelb MPETOMIICHUS IMEET JI00aBKY B BUC BCIIECKA TUCIIEPCHOHHON
(bopMmbI:

(—argK )~ (n-ng)

T
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£(x)=— D(x)=
1+ x 1+x
Eciu gopma mpoBana He cOBCeM JIOPEHIIEBCKas, TO M (popMa BeIUiecka HE

COBCCM JHUCIICPCHUOHHAA.

CKoOpocCTHBIC YPABHEHHUS WJIHM VPABHEHHUHA 0aJIaHCA.

CKOpOCTHBIe ypaBHeHI/I}I — O9TO HpI/I6JII/I>KeHI/Ie, KOTOpOG HOJIy‘laeTCH n3
YCJIOBUSA
p21=0

U YpaBHEHMM JJIs MaTpUIlbl IJIOTHOCTM B MPHUOJIMKEHUM Bpallarouieics
BOJIHBI:

-

' o .R,. -
P11t NP1 =1P11 —ZE(PQ —,021)
: o .R,. -
P2+ 7V2P22 =12P20 +15(P12 - P1)> (5.1)

. e N .R
P21~ 1205 + 1Py ZZE(PU — )

rmae



&
R=P< _ gacrora Pa6wu,
* o )
p= I 7 ( p,e)(/fzd ) — AUMOJIbHBIN MOMEHT Mepexo/ia,
V=00

Q=w-kV,—-w®,; — paccTpoiika 4acTOTbl CBETa OTHOCHUTEIBHO YaCTOTBHI
mepexojia B CUCTEME OTCUETa MOJICKYJIbI,

Pr1 = Pri€ 'Y — HenUMaroHaNbHbIN 3IEMEHT MATPHIbI INIOTHOCTH,

@ = wt —kz — @y — (haza CBETOBOU BOJIHBI.

Hac B pmanmbpHelimeM OyneT HMHTEPECOBaTh B3aUMOJCHCTBUE JABYX CBETOBBIX
BOJH €O cpenoi. Ecimm cBeTOBbIE BOJIHBI BCTPEYHBIE, TO B CHUCTEME OTCYETa
MOJIEKYJbI JIB€ BOJIHBI OyJIyT UMETh pa3Hble YacTOTHI, AK€ €CIU B J1a0OpaTOPHOI
CUCTEME OTCYeTa 4YacTOThl OJMHAKOBBL. B TakoMm ciydae B CHUCTEME OTCYeTa
MOJIEKYJIbl aMIUIUTY/Ia CYMMapHOI'O CBETOBOTO IOJISI UCTIBITHIBAET OMEHHUS, TI03TOMY

ycloBue pp; =0 He BBIIOJHEHO JaXe JUIsl CTALlMOHAPHBIX SBICHUH C JBYyMs
CBETOBBIMH BOJTHAMM.

Omnako mpu  ycJIOBUM cllaboro cBeroBoro moiis, korma G <<1, Tak
Ha3bIBa€MbIC KOTEPEHTHBIC HECTallMOHApHbIC d(PGhEKTh B HAOMIOAAEMbIX BEJIMYMHAX
YCPEIHSIOTCS, U CKOPOCTHBIE YPaBHEHUS JTAI0T XOpoIllee MPUOIMKEHUE.

[logcraBum p,; =0 B TpeTbe ypaBHEHHE cUCTEMBI (5.1) 1 noxydum

5 R pi—Pp
=j—. 2 T2 =
P21 > T-i0
Pria = Pa1 = ot = Pa1 =i Pr1 = P ) — .
12— 21— F21 21—t \F11—F22) "  _~ =
2 r?+0?
2
LT R™(p11-pn) (@
l_ - = .% _ ’r e
2(,012 p21) T = |- ™A
£ (x)=——7 — yopenueBcKuii KOHTYP =>
l1+x

. 2

P+ 1P = 1P~ (pry - pan )]

117 71-11 1~11 T 11 22 T

y 2

P+ 1P :7/,00 +R—(p —p )%9

22T 72722 2F22 e 11 22 T
VMHOXUM CHCTEMY Ha PaclpeieiecHue KOHICHTPAIUH IO Jy4eBOW CKOPOCTH

Ny, ¥ Honyuyum



. o R? 0
(5.2)

. 2
0 R Q

+ = +— = L —
Noy, +72Ny, =12y, 2F(N1VZ NZVZ) %(F)

DTO MOYTHU CKOPOCTHBIC YPaBHEHHMS, OCTAIOCHh 3aMEHUTH BEIMUYUHY R? na
0oJiee TPaIUIIMOHHOE BhIPAKEHUE.

Jlnst mony4deHuss HOBOTO BHJIa ypaBHEHHM HaM TOHAJ00STCS JBE HOBBIE
BEJIMYUHBL: J U O .

Beenem B paccMoTpenue J — IUIOTHOCTH MOTOKa ()OTOHOB. DTa BEIMYMHA
CBSI3aHa C WMHTEHCUBHOCTBIO CBeTa [, KOTOpas MpeICTaBisIET COOOH IJIOTHOCTH
MIOTOKA SHEPruu cBeToBOro nosist. Toraa

1
J=—,
hv
roe 1 E<‘§ >, r7ie YIJIOBbIE CKOOKM O3HA4yalT YCPEJAHEHUE 10 BpPEMEHH,

S = L[E JH ] — BekTop IlokHTHHTA.
4

P ACCMOTpUM HUIUHAP CO CBCTOBBLIM IIOJICM, 00BbeMHas INIOTHOCTH KOTOpOro

c
w, a (pazoBas CKOpOCTh — —.

c
HYCTB Iomaab CCUCHUSA HUIMHAPA paBHA CIWHUIC, a4 HJIMHA — —. TOFI[a
n

c
00BeM MUWJINHAPA paBCH HUX IIPOU3BCACHHIO —, 4 SHCPIHUA CBCTOBOI'O IIOJII B 3TOM
n

c o
o0BeMe paBHa w—. Bca »ata OHCPpIusia B CAUMHHLOY BpPpCMCHHU IIPOHUACT YCPC3

n
eMHUYHYIO0 omaaxky. CienoBarenbHo,
C
= <w>—.
n

OOBEMHYIO0 IUIOTHOCTb JHEPIMM W MOYKHO BBIPAa3UTh YEPe3 aMILUIUTYIy
CBETOBOIO NOJIA &,. M neliCTBUTEIBHO

1 (/= =\ /= =
w:g{(D,E)+(B,H)}.
B ontuke y=1mn \/;H = \/EE B Oeryiiei CBeToOBOM BOJIHE, TOT1a



_bysayi(san_ 1l 2 2} RS ) n°E*
w—87[{(D,E) (B,H)}—Sﬂ{gE b pH =B =T
2
E=¢&,cos(wt) => <E2>_% =>
nz&
=5
Torpa
:L:<W>.£.L:ﬁ
hv n hv Stho

OKaSBIBaeTCH, 9TO B 3TOM BBIpAXXCHHUU HYKXKHO 3aMCHUTH 7 —> ny .

Takas CTPAHHOCTb NMCCT ABC ITPUYNHEI.
BO-HepBBIX, 4aCTb OHCPIruM CBCTOBOI'O IIOJIA IIPHHATO CYUHNTATh 3H€pFI/Ief/'I,

3amaceHHou B cpene. Jeno B ToMm, uto D = E +4x P, rae noiagapu3anus P uMeer asa

ClIaraeMbIX: Pe30HaHCHOE P,,. M HEPE30HAHCHOE B, . Pe30HAHCHBIN BKIIaJ CBA3aH

C T€M, YTO MOJIEKYJIa MOXET IOTJIOATh WIA U3J1y4aThb CBET, TOJIBKO OJHOBPEMEHHO
HaxoJsiChb Ha JABYX YpOBHAX »3Hepruu. CrenoBaTeslbHO, PE30HAHCHBIM BKJIAJ B
MOJISIPU3AIMI0 HEPA3pbIBHO CBSA3aH C YACTHYHBIM 3aCEJICHUEM BO30YXIEHHOIO
ypOBHs dHepruu. 1o 31Ol NmpuyMHE COOTBETCTBYIOUIYI) DHEPIHIO PACCMATPHUBAIOT,
KaK DHEPIHIO Cpefbl, a HE KaK SHEPrUI0 CBETOBOrO nouid. Toraa 0003HaUYMM BEKTOP
IEKTPUYECKOTO CMELIEHUS 0€3 pe30HaHCHOIO BKJIaJia B MOJISIPU3ALIMIO, KaK

DO =E+ 47[13Hep63 = néE, uto ananornuno D= E + 4P = sE =n’E .

2.2
no&o
Co0TBETCTBEHHO 00bEMHAs INIOTHOCTh YHEPTUU <w0> = pry
T
Kpome Ttoro, paccmarpuBas oOpaTHOE BO3ACHCTBUE CpEAbl HA BOJIHY, MBI
JOTOBOPUIIUCH PACCMATPUBATh CBET, KaK OYJTO OH PAaCIpOCTPAHSAETCA CO CKOPOCTHIO
c c
—,aHe —.
no n
B pe3synbraTe

c 1 _nocézoz

J:<W°>'%'E 87ha

BBenem Temepr B pacCMOTpEHHE HOBYKO BEIUYUHY O — CEUYCHHUE
MOTJIONIEHHUSI, KOTOpasi MO CBOEMY (PU3MYECKOMY CMBICIY JOJkKHA OBITh paBHA
IJIOIIAAM TEHU MOJIEKYJbl. Uepe3 cedueHue MOTJIONIEHUS & MOXET OBbITh BBIPAXKEH
KO3 GULIMEHT TOTJIOMICHUS X .

Koadduurent mnormomeHus oOnpeaensiercss 3aBUCUMOCTbIO  HW3MEHEHUS
MHTEHCUBHOCTHU CBETA IO MEPE €TI0 PACIPOCTPAHEHUS B MOTJIOMIAOIIEN CPEE:

1(z)=1(0)-*



1
C yuerom paBeHcTBa J = P MOJTy4UM
1

(Nl - N 2) — s PeKkTUBHAS KOHIICHTPAIMS MOTJIOMAIOIINX CBET MOJIEKYJI, TaK

KaK [P OJAMHAKOBBIX 3aCEJIEHHOCTAX BEPXHEr0 U HUKHETO YPOBHEH DHEPIHU YHCIIO
IIEPEXOJI0OB CHU3Y BBEPX PABHO UMCILY BBIHYKICHHBIX IIEPEXOJIOB CBEPXY BHHU3, U
HOTJIOIIEHUE CBETA OTCYTCTBYET.

(N;—N,)-S-dz — uncno 3TuxX Kak Obl IOIVIOM[AIOIIMX CBET MOJCKYI B

obbeme S-dz.
o- (Nl -N 2) -S - dz — nnomaabr TEHN ATUX MOJIEKYIL.
0'-(N1 —Nz)-S-dz
S
noronieHus GoToHA Ha JVIMHE dz .

‘ﬂ
J

— OTHOCHUTCJIbHAA ILIOMAaZb TCHU HIIM BEPOATHOCTDH

— TOZKC BCPOATHOCTD ITIOTJIOIICHUA OJIA (bOTOHa Ha JJINHC dz .

Tornpa
W__U'(Nl—Nz)'S'dZ _
S

:—O"(Nl—Nz)'dZ =>

J
L
J

J(z)=J(0)-e 7 MN2)2.
CpasHuM 510 BeIpaxenue ¢ apyrum: J(z)=J(0)- ¢ ™7 1 nonydum

NZ(NI—Nz)‘U.

B cayuae HeomHOpoAHOTO YyIIMpeHUs chHekTpaidbHoOM suHUM [ << kU
BeIU4uHbl N,0, N, N, 3aBUCAT OT JIy4eBOW CKOPOCTH V., Tak KaK 4acToTa CBETa B

CHCTEME OT CUeTa MOJIEKYJIBl @' = w —kV, 3aBucur ot V.

HOFJIOHIGHI/IG CpCAbl CKJIAAbIBACTCA M3 IIOIVIOMICHHUA MOJICKYJI C pPa3HbIMHU

JIYYCBBIMU CKOPOCTAMH
+00

N= [ Ny av,.
—00
CootHOomeHue N:(Nl —Nz)-a MOXKHO 3amucaTh Ui MOJIEKYJ, JIydeBas

CKOPOCTb KOTOPBIX JIEXKHT B AManazoHe ot V, no V, +dV:

Ry dV, = (NlVZ v, =N, dVZ) o(V,) =>

S



z

Ny, —Na,

a(V2)

PaccmarpuBas oOpaTHOe BO3JEHCTBHE CpeAbl HA BOJIHY, Mbl MOJYYWIIU, YTO
MOIJIOMIEHNE  CpeAbl  MPOMOPLMOHATBHO  MHUMOW  4YacTH  KOMILUIEKCHOU

"

drw
BOCIIPUMMYHUBOCTH Cpenbl N, =——y , TOrzaa
z

E
4draw v
V.
Cno z
o(V,)=—0 =
Ny, =N,
z z

PaccmarpuBas BIHMssHUE MOHOXPOMATHYECKOW CBETOBOM BOJIHBI HA CPENY, MBI
IIOJIYYHUJIIV BBIPAXXEHUE 11 MHUMOM 4aCTU KOMILJIEKCHOM BOCIIPUMMYUBOCTH CPEIbI

PN, () -pn(7) T pz(NIVZ—NzVZ)%(Qj N

Xy, n 2,02 - T

P _pt (9
Ny, —-N, —HhC \T')
VZ VZ

[TonctaBuM 3TO oOTHOIIEHHME B GOPMYIy [JI CEUYCHHUS ITOTJIOMICHHS
4w v

cny V=

o ( v, ) U TIOJYyYUM

Ny, —Na,

V4

2
= (8] -
0

o(V,)=0y %(gj.

r
47m)p2
hengld

— paCCTpOﬁKa YaCTOTBI CBCTA B CUCTEMC OTCUCTA MOJICKYJIBI OTHOCHUTCIIbHO YaCTOThBI
IMOTJIOIIAar0IICTO IMICPCXOIbI.

31ecy o = — aMIUINTYZa CEeYeHHs morjiomeHus, Q=w—kV, —w,,

Q
U3 popmyibr O'(VZ)ZO'O %(Fj cienyet, 4ro ¢opma JIMHUM TOTJIONICHUS

Ka)XI0W MOJIEKYJIBI — JIOPEHUEBCKAM KOHTYp ¢ mmpuHo 2I', rme I' — ckopocTh
3aTyXaHHsl HEAUArOHAJIBHOTO 3JIEMEHTA MAaTPHULBI IUIOTHOCTH, OHA )K€ — CKOPOCTh
3aTyXaHHs TNOJISIPU3ALANA CPEJIBI.

PaCCMOTpI/IM BBIPAKCHHUC

Q) nyc 2
(NlVZ _NZVZ ).O-(VZ).J:(lez _NZVZ ).O-O%(Fj.%:



2 2 2
:(Nl _N2 )m%(gjm:R_(M _N2 )%(gj
V2 2] hengl ') 8&hew 2I Vz V2 r

CpaBHUM 53TO BBIPOKECHUE C TOJYYEHHBIMH paHEe IMOYTU CKOPOCTHBIMHU
ypaBHEHUSIMU

. 2
o R 9
NlVZ * 7/1N1Vz - 7/1N1Vz B _(NIVZ B NZVZ ) . %(Fj

2r
. o R? Q
NZVZ +]/2N2VZ = }/ZNZVZ +E(N1VZ _NZVZ )% F

" IIOJIYYHUM CKOPOCTHBIC YPABHCHHA B OKOHYATCIBHOM BHU/IC:

-
o

0
Ny, +nhy,_=nh, —(Nl,,z — Ny, )'U(Vz)'J

0
Ny + 1Ny, =3NS, +(My, =Ny, )-o (V)7

3lleCh CEYEHHE IIOIVIOLICHHE O 3aBUCUT OT JIy4eBOM CKopoctH V, B

COOTBETCTBHUH C POPMYJIOH:

Q
G(VZ) =0 %(Fj, rne Q=w-kV,-w,; — paccTpoiika 4YacTOThl, a

47ra)p2
aMIUIATY1a CEYECHUS O() = ———.
hengl”
du3znuecknii CMbICJ CKOPOCTHBLIX YPABHEHHUM.
PaccmoTpum BTOpOE YypaBHEHHE W3 CHUCTEMBI CKOPOCTHBIX YPAaBHEHUI,
npeHeOperasi 3aTyXaHHMEM U HakKadykod, W Ha BpeMs 3a0yJeM O 3aBHCUMOCTHU
paccMaTpUBaeMBbIX BEJIMYUH OT Jy4eBou ckopoctu V. Toraa

N2=(N;—N,)oJ .
3/1ech MpaByIo YaCcTh PAaBEHCTBA MOKHO MPe0Opa3oBaTh:

X dJ
N2=(Ny—N,)oJ =RJ =—— =>
dz
X dJ
Ny=——.
dz
3nece N2 — 4HCIIO NEPEXOJIOB C HMXKHETO YPOBHSI Ha BEPXHHU YPOBEHb B
CIMHHUIY BpEMCHHU B CAMHMUIIC 00BeMa,
dJ
(—d— — HACKOJIbKO B C€JWMHHWIY BPCMCHM Ha CIWHHUIC AJIWMHBI U CAWHUIIC
Z

Iromaaun BJICTACT (bOTOHOB 60J'IBHI€, YCM BBLICTACT.



Torga CKOpOCTHBIE YpaBHEHUS OTPa)XarT TOT (PAKT, YTO CKOPOCTh MOTEPHU
(OTOHOB paBHAa CKOPOCTH ONTHYECKHX MEPEXOJOB C HUIKHETO YPOBHS SHEPrUU Ha
BEPXHUH YPOBEHB.

CKOpOCTHBIE ypaBHEHUsI — 3TO yCJIOBUE OajaHca SHEpruil WU paBEHCTBA
YCJla IOTJIOMIEHHBIX (DOTOHOB YHCITY NIEPEXO/I0B CHU3Y BBEPX.

[To 3TOM NMpHUYMHE CKOPOCTHBIE YPABHEHMS HA3BIBAKOTCS TAK)XKE YPAaBHEHUSIMU
OanaHca.

VYpaBHeHus OanaHca SHEpPruil BIIOJIHE OYEBUIHBI, U MX MOXKHO 3amucath 0e3
npuBJIeUYeHUs TP PEepeHIIMaNTbHBIX YPABHEHH [T MATPHILIbI IIIOTHOCTH.

Kak ’xe Torga MOrjio oka3aThCs, YTO OaJaHCHBIE YPABHEHHS BBINOJHSAIOTCS

HETOYHO, a SIBJISIOTCA PE3YIbTaTOM MPUONMKEHHUS Py =07
CKOpOCTHBIE YPAaBHEHHMS JEHCTBUTEIBHO BBIIIOJIHIIOTCS HETOYHO. Jlesio B TOM,
4YTO KpoMme OajlaHCa 3HEpruil Mpu BHIBOJE YpaBHEHMM OajaHca ObLla MCIIOJIb30BaHA

dhopmyna &:(Nl —NZ)O', B KOTOPOM NOAPAa3yMEBAETCSA, YTO IOIJIOIICHUE CBETA

MPOMOPIMOHATIEHO PA3HOCTH 3aCENIEHHOCTEH, YTO Ha CaMOM Jelie CIPaBeIINBO
TOJIBKO B CJIy9ac HE3aBUCSIIICH OT BPEMEHH aMILUTUTYIbI CBETOBOTO TTOJISI.

B oOmem ciiyyae ko3 GuiiMeHT NOTIoMIeHUs TPONOPIIMOHATIEH MHUMON YacTH
KOMIUICKCHOW BOCIIPUUMYHUBOCTH CPEJIBI

N~x",

a BOT MHHUMas 4YacTh  KOMIUIGKCHOH  BOCHPHHMYUBOCTH  CPEIbI
MPONOPLUHMOHAIBHA ~ PA3HOCTH  3aceneHHoctelt  y"~(N;—N,) Tombko B

CTAallMOHAPHOM CJIy4ae, KOTJa aMIUIMTY/la CBETOBOT'O TOJI HE 3aBUCUT OT BPEMEHHU.

Jleno B TOM, 4YTO pPa3HOCTh 3aCEICHHOCTEH HE TapaHTUPYET HaIAYus
JTUIIOJIBHOIO MOMEHTA CPEABI, KOTOPBIN MOSBISAETCS MO IEUCTBUEM CBETOBOTO IOJIS
TOJIBKO ¢ HEKOTOPBIM 3aIla3AbIBAHUEM 110 BpeMeHHU. [Ioka HeT TUII0JIbHOrO MOMEHTA,
KOMILUIEKCHAs BOCIIPUMMYHUBOCTh paBHa HYJIIO, Kak KoapuIeHT
IIPONOPLUOHAIIBHOCTU MEXKIy HYJIEBOH IOJISIpU3aLMEd CpPelbl U CBETOBBIM IOJIEM.
[Tornomenue cBera cpenoil cCBsI3aHO C HHTEpPEpeHUUe Mepenu3IyyeHHOTo
MOJIEKYJIAMH CBE€Ta M CBETa MNPOXOAAUIEro MuMoO Monekysl. Iloka Her
IIEPEU3ITYYEHHOIO CBETA, HET U MOIJIOLIEHUS CBETA.

dJ
B cyXoM ocrarke, ypaBHeHHe OanaHca N) =——— BBINOJIHAETCS CTPOro U

Z
BCErZia, a CKOpoCTHOe ypaBHeHne N2 =(N;—N,)oJ BBIIOIHSICTCS TONBKO
npuGIMKEHHO, Tak Kak ypaBHeHne N=(N;—N,)o cHOpaBeqIMBO TOIBKO IpPH

MMOCTOSIHHOM aMIIIIMTyAC CBCTOBOIO 1ol HIM IIpU MCIJICHHOM HW3MCHCHUUN
AMIIIIMTY bl CBETOBOI'O ITOJIA.

NMnyJabce npeiBeCTHUK.
WUtak, mnpu OBICTPOM BKJIOYEHUH CBETOBOIO MOJS AUIOIM MOJIEKYJ
PacCKauMBaIOTC HE MIHOBEHHO, a B TEUYEHHE HEKOTOPOrO IMPOMEXKYTKa BPEMEHHU.




[logpoOHee 3TO siBIIEHWE MBI PACCMOTPUM B KOHIIE Kypca B Bompoce "Onruueckue
HyTauuu'".

B nepBelii MOMEHT IIpHM BKJIKOYEHUH CBETa B CPEAEC HET OCLWUIMPYIOIIMX
MOJIEKYJISIPHBIX JIATIOJIEH, TOTJIa HET U UX M3Jy4CHUS, HET U3MEHEHHS aMIUIUTYb
IPOXOJSIIET0 CBETa B pe3ysibTaTe MHTEP(PEPEHUUN MPOXOISIIEH BOJHBI U BOJIHBI
MIEPEU3ITYYCHHON JUIIOJSIMU Cpebl, HET JaKe IOoKa3arTels IPEJOMIICHUs CpPEJbl,
BBI3BAHHOTO TAJICKUMHU KPbUIbSIMU AUCIIEPCUOHHBIX KOHTYPOB JIMHUI TOTJIOIICHUS.

B pesynpTaTe B mepBbIE MOMEHT MOCIE OBICTPOrO BKJIIOYEHHS CBETA CBET
pacnpocTpaHsieTcs B cpezie 0e3 MOrIOMEHUS U CO CKOPOCTBIO CBETA B IYCTOTE.

Paccmorpum cnoit cpenpl, mig kotoporo Nz =200. Torma Ha BbIXOAE W3
CpeZlbl MHTEHCUBHOCTB CBETA COCTABIIAET MAITYIO YacCTh e N7 ~ ¢ purencusnoctn
CBETa Ha BXOJI€ B CJIOMU cpenbl. /{11 CpaBHEHHS 4YMCIIO IPOTOHOB B BUAMMOW YacCTH

Bcenennon — 3T0 BeMUYMHA MOPSAAKA ¢** . To ects Hu oxHOTO (oTOHA Ha BBIXOJE
u3 cpenpl He Oyner. OQHAKO Ha OIBITE, €CJIM CBET HA BXOJE B KIOBETY BKIIIOYAIOT
OBICTPO, TO HA BBIXOJIE€ MOSBISAETCS KOPOTKUI CBETOBOM HMMITYJIBC — HMITYJIBC
MIPEABECTHUK, KOTOPBIA MPOXOAUT Cpeay Oe3 MOTrJIOMIEHU U CO CKOPOCThIO CBETA B

nycrore. Eciu cBer cinaObiid R:%<Aa), rae A@w — cHekTpaibHas IHPHUHA

JIMHUA TIOIJIOIICHHA, TO MIIMpHWHA HMWMITYJIbCa IMIPCABCCTHHUKA IIPUMCPHO paBHA
| 1

N-z-Aw 200-Aw

ABa KayecTBEHHbIX ONMCAHMS B3aMMO/I€iiCTBHSI CBETA CO CPE/IOI.

Bo3MoxHBI 1Ba onucaHus ""Ha mayiblax" B3aMMOJIECHCTBUS CBETA C BEIIECTBOM.
OTH JBa OMMCAHUS HEINb3Sl CMEIINBATh APYT C APYrOM, MHAUYE MOJYy4aTcs 3aBEIOMO
OIIUOOYHBIE PE3YIbTATHI.

[lepBbIii cioco6 omnucaHust UCTOIB3YET (GOpMaU3M MaTpPUIlbl TUIOTHOCTH. B
5TOM (opMaju3Me CBET MOTJIOMIAIOT BCE MOJIEKYJIbI Cpeibl, U Kaxaas MoJeKysa
OJIHOBPEMEHHO HAXOJUTCA U HA HUKHEM YPOBHE SHEPrUU MEPEX0Ja U HA BEPXHEM
ypoBHE. B cranmoHapHOM ciydae crioCOOHOCTh MOTJIOMIATh CBET KaXIAOW MOJIEKYJIbI

NPONOPIMOHATIbHA PA3HOCTH 3aCEJICHHOCTEHN (Nl —Nz). DTOT crocod OmucaHus

0oJiee MpaBUIIHHBIM.

Bropoii cnoco6 onmcanumsi B QopManim3Me CKOPOCTHBIX YpaBHEHHU. ITOT
criocod MeHee TOYHBIN, HO 0oJiee HATJISAIHBIN, OoJiee MPOCTOM /ISl MIOHUMaHUS. JTOT
BTOPOH CIOCOO OMHCAHUS SIBISETCS XOPOIIUM MPHUOIMKCHHEM B CTallMOHAPHOM
cilydae, Korja aMIUIMTY/Ia CBETOBOW BOJIHBI HE 3aBHCHT OT BpeMeHU. B popmanmsme
CKOPOCTHBIX ypaBHEHHMH OJJHA YacTh MOJICKYJ HAXOIUTCS Ha HIDKHEM YpPOBHE
SHEPIHH, KOHIIEHTPAIUs 3TUX MOJIEKYJl paBHA 3aCEICHHOCTU HIDKHETO YpPOBHS N,

Apyras 4aCTb MOJICKYJ HAXOAUTCA Ha BECPXHCM YPOBHC DHCPIrMH, U UX KOHICHTpAIIUA
N 2. HpI/I 9TOM B(b(beKTI/IBHa}I KOHOCHTPAOUWA IIOTJIOIIAIOIMX MOJICKYJ paBHA

N;—N,. CnocoOHOCTb KaXIOH MOJEKYJbl IIOINIOIATh CBET HE 3aBUCHUT OT
3aCEJICHHOCTEN YPOBHEH, a 3aBMCHUT TOJBKO OT PpACCTPOMKHM 4YacTOTHI CBETA



OTHOCHUTCIIbBHO YaCTOTbI IIEpExoa. CrrocoOHOCTB MOTJIONIAaTh CBET Ka)KJaou
MOHGKYHOﬁ IIponopuuoHajlbHa CCYCHUIO ITOTJIOIICHUA O = O %(F) .

Eciu xe mnepenmytarh o0a ¢dopmanu3ma, TO MOXKHO MPEANOJI0XHUTh, YTO
CIIOCOOHOCTb TOIJIOHIATh CBET KaXA0M MOJIEKYJION IponopuuoHanbHa Ny—N,, U

YHUCJIO0 ITONIOMAIIUX MOJICKYJI IIPOIIOPLHHUOHAIIBHO N, 1 N 2. TOFI[a IIOJIy4acTCA, 4TO

2
IMOTJIOMCHUE CBETA IIPONMOPIHNOHAIBHO (Nl - Nz) , 4YTO HCBCPHO, TAK KaK Ha CaMOM

JieJI€ TOIJIOIIEHUE IPOIIOPIHOHANBHO N| — N, .

Pe3oHaHC HACBHINIEHHS NOTJIONIEHUS ¢J1a00ii NpOOHOMH BOJHbI CHJIbHOM
BCTPEYHOI BOJIHOI.
Pe3onaHc HachIllleHUsT TOTJIONMICHUST WHOTJA Ha3bIBAIOT OOpaleHHBIM
npoBasioM JIamba.
PaccMoTpuM sBJIEHHE KaueCTBEHHO 0e3 (hopMyiI.
CuiibHasi CBETOBas BOJIHA MEpeOpachIBA€T MOJIEKYJbl C HIDKHETO YPOBHS Ha
BEPXHUW U C BEPXHETO Ha HWKHUU. B pe3ynbprare nepexonoB oA IEUCTBUEM CBETA
YMEHBIIAETCS PA3HOCTh 3aCEIICHHOCTEN YPOBHEM:

(Ny—Ny) .

[Tornmomenue ciaboil BCTPEUHOM BOJHBI MPONOPLUUOHATBHO 3TOH Pa3HOCTH
3aCEJEHHOCTEN:

N~(N1 —Nz), U, CJIE€J0BATEIbHO, MOTJIOUICHHE YOBIBAE€T WJIM, KaK T'OBOPAT,

HACBIIIAETCS.

Hacpimaercss mornonieHue, Tak Kak CHJIbHAs BOJIHA INPOCBETIISIET CpelNy HeE
TOJIBKO Il CJ1abOil BCTPEYHOM BOJHBI, HO M Uil camoil ceds. [loryomienue
YMEHBIIAETCS TaK, YTO WHTEHCHUBHOCTH MOIJIOMIEHHOTO CBE€Ta CTPEMUTCA K
HEKOTOpPOW KOHCTaHTE, MPU CTPEMJICHUM HWHTEHCUBHOCTH MaJalolIe Ha cpery
CBETOBOM BOJIHBI K O€CKOHEYHOCTH, Korja yactoTa Pabu Oosblie Kak OJHOPOIHOM
IIUPHUHBl CHEKTPAJIbHOM JMHUKM R >2I", Tak U HEOAHOPOIHOHN (IJOMIEPOBCKOM)
mupuHbl R > 2kU .

Hac Oyzmer wuHTepecoBaTh ciay4yail HEOAHOPOAHO YIIUPEHHON JIMHUU
IIOTJIOIIEHHMSI, KOTJ[a JIOPEHIIEBCKAsl [IMPUHA JIMHUX ITOTJIOIIECHHS KaX101 MOJIEKYJIbI
2" ropa3mo MeEHbIIE JOIUIEPOBCKOW MMpUHBI 2kU  CHEKTpalbHOW JIMHUU
noryomenus cpeasl. To ecth I << kU .

B cinyyae HEOAHOPOJHOIO YUIMPEHMS CHEKTPaIbHOW JIMHMM HAacChIILIEHUE
IOTJIOLICHHUsS] CWJIBHOM CBETOBOM BOJIHBI C YacCTOTOM () HACTYyNaeT HE I BCeX

MOJIEKYJI, a TOJBKO JJIS T€X, ISl KOTOpBIX cABuHyTas 3¢ddexrom Jlomiepa yactoTa
CBETa COBIIANACT C YACTOTOU MOTJIOMIAOIIETO IIEPEX0A:

o —kVy, =@y

Kak rosopst, 5T MOJIEKYJIbI HAXOAATCS B PE30OHAHCE CO CBETOBBIM IOJIEM.

Berpeunad ceeroBas BOJIHA € 4YacTOTOM @, IIOIJIOILAETCS MOJEKYJIaMHU C
JIy4€BOU CKOPOCTBIO V,_ TaKou, 4To

Q) + kVZZ = -



JIOIIEpOBCKUI CIBHT 4acTOThl +kV,. HMMeeT APYroi 3HaK IJisl BCTPEYHOM
BOJIHBI [I0 CPABHEHUIO CO CIABUIOM JJISl CHIIBHOM BOJIHBI —kV/, .

[IpocBetnieHne cpenbl CUIBLHOM CBETOBOM BOJIHOM Jig €laboil BCTpEUYHOM
BOJIHBI IIPOUCXOJIUT B TOM CJIy4ae, Korjaa 00€ BOJHBI MOTJIOMIAIOTCS OJHUM U TEM Ke
HabOpOM MOJIEKYJI:

Vlz = VZZ .
Tornma
w1 —kV; =@y
a)l—kVZ =W w1+ @,
0y +kV;, = w3 = = oy =

(0% +k VZ =W 2
Vlz = V22

PaccmoTtpum 3a1auy KOJUYECTBEHHO B TPUOIUKEHUN CKOPOCTHBIX YPABHEHUH.

[IpoBenem paccMOTpEHME B J1Ba 3Talla.

1). Ha nepBoM 3Tane paccMOTpUM HM3MEHEHUE CPEbI MO/ IEUCTBUEM CUIIbHOU
CBETOBOM BOJIHBI.

2). Ha BTOpOM »3Tame paccMOTPUM YMEHBIICHHUE MOTJIOIIEHUS CIa00N BOJIHBI
Cpenor N3MEHEHHOW CHIIbHOM BOJIHOM.

Hauynem paccMoTpeHne co BTOPOM YacTH.

ITycts Ny — K03 PHULIHEHT MOTIOMIEHNS CI1a00N CBETOBOU BOJIHBIL.

+00

~+00
&2 = J‘ NszdVZ = J- (NIVZ _N2Vz )O'z(VZ)dVZ =

—00
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IZIE BTOPOE PABEHCTBO SIBJIETCS PELUICHUEM |-ro sTama 3a1a4d U ONKCHIBAET
M3MEHEHHE CPellbl CUIIBHOM CBETOBOM BOJNHOM. [locTaBuM n nmomydnm
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G Q Q
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3nece (); — 4YacToTHas pPACCTPOMKA IIEPBOM CBETOBOM BOJHBI B CHCTEME
OTCYETa MOJIEKYJIBI OTHOCUTEJIBHO 4YacTOThl IOIVIOLIAIOIIEro Iepexona, 2, —
paccTpoiika BCTpEYHOM ciaboi BONHBL, G| — (AaKTOp HACHILEHUS WM
0e3pa3zmMepHas MOLHOCTh CUJIbHOW CBETOBOM BOJIHBI.
Q) =0y —kV, —0y

Qz :a)z +kVZ —0)21

2

R
Gl_[L+L]._1
n r)2r
Rlng‘“

h

3necy Ry — 4vacrora PaOu nist cUIIbHOM CBETOBOW BOJIHBI.

B mnpenensHOM cnydae HEOAHOPOJIHOTO YIIMPEHUS CHEKTPaIbHOW JHMHUU
I'<< kU wunrerpan ans xo3d@uuueHTa MNOrjaouieHUs ciadoi BOJHBI X, MOXKHO

B3SITh.
B BeIpaxkenuun
TN, X G Q Q
Ny = 0, U '(,00 _,00 ) — | —L— | |. o %e(—zjdV
2 2 nU e 1+G, | J1+G AT z

Q
COMHOUTEIb %(?2} urpaet poip Aenbra-QpyHkiuu Jupaka, Tak Kak Mnpu

y Q y
ycinoBur ' << kU oka3bIBaeTcs, 4TO JIOPEHIIEBCKUI KOHTYP %(Tz — 3TO y3KHU
UK, KaK QyHKIus ot V.

. " " . Q
B Ttoii oOnacTu 3Ha4YE€HMI Jy4EBOl CKOPOCTH, B KOTOPOH %(?2 3aMETHO

v?
. 7
OTJIMYacTCAaA OT Hy.]'I}I Qz zO, IIPYI‘OI/I COMHOXUTCIIb € U MOXHO CUHUTATH IIOYTHU
IIOCTOSIHHOM BEJIMYMHOM, KOTOPYIO MOHO BBIHECTH 324 3HAK UHTErpasa.

Q2 =0 => [0 +kVZ — = 0 => VZ :—a)21k_a)2 =>
_Lzz _(w2_a)21)
e Ul ne \ KU
Torma
2
_| @P2=D 100
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2 Jzu PP ) 00 _{O 1+G, | T 1+G, r) ¢



OcTaBIMiicss MHTErpaj MOKHO pa30UTh Ha JIBa CJIAracéMbIX:
~+00

j %(x)dx =7

151

~+00
J%( y—x)-%(zj-dx — CBepTKa JBYX JIOPEHIIEBCKUX KOHTYPOB pPa3HOM
a

—Q0
ITUPUHBI.

B MaremaTtuke cBepTKOii ( f ogp) IByX (QYHKIUMA [ W @ Ha3bIBaIOT

CICIYIOIIUM UHTErpal:
(fop)(y)= | f(y=x)-o(x)-dx.

JIns BBIYMCIEHUS CBEPTKH JABYX JIOPEHLIEB HYKHO MOJBIHTErPAIBHYIO
(YHKIHIO pa3JIokKUTh HA POCTHIE IPOOU:

X
R :A(x—y)+B+Ca+D
1+(x—y)2 X\’ 1+(x—y)2 X\’
1+| — 1+
a a

rae A, B, C, D — Heu3BecTHbIE (DYHKIIMH OT ) U OT d.
Kaxnapiii u3 4-X NOJIy4arolUXcsd UHTErPAJIOB MPHU BBIYUCICHUU CBEPTKU JBYX
JlopeHueB MOXHO B34Thb. B pe3ynbrare nosnydaercs

T’gg(y_x).gg(f).dx:ﬁ(BWD):lfiaa _gg( y j

a 1+a

—o0

rae Bu D — QyHKUMH OT y U OT a.

Ceeptka nByx JlopeHueB — 31o JIopeHn cyMMapHOW IIAPUHBI.
[loncTaBuM MHTETpaIbI

+Ji%(x)dx—7r
E%(y_x)’%(ﬂ'dx:”lfa '%(1faj

B BbIpaKE€HUE M1 KOA(DPUIIMEHTa MOTJIOMIEHUs] MPOOHONW CBETOBOW BOJHBI U
MOJYYUM

3 N (00— 0 ) [(@-enY
% —dn2. 2P No| P11~ P22 L\ KU )
2 chnpgkU



- e (1+ /1+G1)2F2

(1+G1+\/1+G1) (o + @y =209, +(1+ 1+ G, ‘2
\/7

31ech @ — 4YacToTa CUJIBHON CBETOBOM BOJHBI, @ — YacToTa CJIA00M
2
. . 1 1) R
BCTPEYHOM CBETOBOM BOJHBI, G|=| —+— |-— — (aKkTop HACBILICHUA HIIH
n r2) 2
Oe3pa3MepHas MOILIHOCTh CHUJIBHOM CBETOBOW BOJIHBI, R ZPT@(H — yacTtoTa Pabu

JUISL CUJIBHOM CBETOBOM BOJIHBI.

Pe3onanc mpocBeriieHMs cpenbl — 9TO OTpUIlaTeNbHas Jo0aBka K
KO3 UILIMEHTY MOTJIOMIEHUS CBETOBOM BOJIHBI.

[IIupuHa pe3oHaHCca IPU U3MECHEHUM () U IIOCTOSHHOM 3HAY€HUHU ), WIH IPU

U3MCHCHHUU (»» U IIOCTOSIHHOM 3HAYUCHUM (v paBHA:

Ao=20(1+ 1+ Gy).

[IlupuHa pe3oHaHCa NMPOCBETICHUS CPENbl paBHA CyMME IIMPUHBI MpOBaja
beHHeTTa B 1IKaje 4acTOT, KOTOPBIM BBIKUIAET CUJIbHAS CBETOBAs BOJIHA, U LIUPUHBI
CEUYCHHS TIOTJIOIIEHUsT cIaboi BCTpeyHOW BOJHBL. KOHTYp CyMMapHO MIUPUHBI
IIOJIYy4aeTCsl B pe3yJIbTaTe CBEPTKHU ABYX JIOPEHLEB: IpoBaja beHHeTTa u cedeHus
ITOTJIOLEHHS.

] + (0%
Pe3onaHc HaChIIIEHUS OTJIONIEHHS BOSHUKAET MPU YCIOBUU — =Wy .

| % !

! |

|

2T (1+H1+G))

¥ |

!

| |

| |

T @ 91 0,

(x)2 = 2(:)21— (ﬂl

Eme pa3 xopoTko o MexaHu3Mme (OpMHpOBaHHUS pPE30HAHCA HACHIIICHUS
norjouieHus. CuiibHas BOJIHA NepeOpachIBAET MOJIEKYJIbl C OJHOTO YPOBHS SHEPIHUU
Ha JIpyroil, yMmeHsbllas, TakuM oOpa3oM, pa3HOCTb 3aCEICHHOCTEN (Nl—Nz).

[Tornomenue ciaboii BOJIHBI MPONOPLUOHAIBHO 3TOM Pa3HOCTH N~(N1 —Nz).
[IpocBernenue cpeabl NPOUCXOAUT B TOM Cllydae, KOIrZJa JBE BCTPEUYHBIX BOJIHBI
HOIJIOINAIOTCS. OJHUM U TEM K€ HAa0OpOM MOJIEKYJI C JIy4eBOU CKOPOCTHIO V), :

C()l—kVZ =wWn w1+ @,
=> 5 T W)
0)2 +kVZ :a)21 2



BapuaHThbl CIEKTPOCKONMY HACBHILIECHHUS NMOIJIOIEHMS.
1) BcTpeuHble BOJHEI pa3HOM YaCTOTHIL.

OnTuyeckas cxema OITbITa MMpCaACTAaBJICHA Ha CIICAYIOIICM PUCYHKC!
!

f
LEa] LfJ] 1 (02 j 3
] T
®, |

[Tonpa3ymeBaeTcs, 4TO yrojl MeX1y BCTPEYHBIMHU BOJIHAMH O4YEHb MaJl.

[TpepriBaTesnb, OH ke MOAYISATOP, IPEACTABIAET COOON BpAILlAIOLIUIICS JUCK C
IIPOPE3SMU, YEPE3 KOTOPBIE IPOXOAUT U3JIydeHHUE azepa 1.

DOTOTOK IPUEMHHKA U3IIy4EHUs CIa00N BOJIHBI C YACTOTOU 5 MOIYJIUPOBaH

Ha 4acTOTEe f| IpepbIBaHUN CBETA CHJIBHOW BOJHBI @] TOJBKO B TOM CIIydae, €CIH

JIBE€ CBETOBBIC BOJIHBI HEJIMHEWMHO B3aMMOJEHUCTBYIOT B cpele KiOoBEThl. DOTOTOK
MOJyIUpOBaH HAa 4YacTOTE f], €CAM IpPH BKIOYECHHU JIyda ) W3MEHAETCS

IIOTJIOHICHHUE JIyda @ .

OO6cyanm Tenepb HEKOTOPhIe TEXHUUECKHE JeTalld IKCIIEPUMEHTA.

B kauecTBe mpuEeMHHKa W3IY4YCHHs CBETa HCIONb3yeTcs (OTOAMO,
¢dotopesuctop wim ®IY — POTOINEKTPOHHBINA YMHOKUTEb.

Yamie Bcero ucnosb3yeTcss (OTOAMOJ, MO3TOMY PacCMOTPUM TpU BapHaHTa
BKJIIOYEHHUS (POTOANO0/1A B DIIEKTPUUECKYIO CXEMY.

1). Pexxum poto DJ1C

[Tpu yka3aHHOI MOJIPHOCTH BKIIIOUEHHMS (DOTOAMOMA MO ACHCTBUEM CBETA Ha

BbIXOJEe OOpasyercs monoxurenbHoe HampsbkeHue Uy, . >0. B koHTakre p-n

repexona €CTh JIBOMHOM JJICKTPUYECKUU CJIOM, KOTOPBIM CO3a€T KOHTAKTHYIO
Pa3HOCTh MOTEHIIMAJIOB U HE ITyCKaeT OCHOBHBIE HOCUTEIN TOKa TU(PYHIUPOBATH U3
OJIHOTO TIOJYIIPOBOJAHUKA B Jpyrod momymnpoBogHuk. Ilox npeiictBuem ¢doToHa
BHYTPH KOHTAKTHOTI'O CJI0Sl oOpa3yercs Imapa 3ieKTpoH-aAbIpka. [loa pericTBuem moJs
B KOHTAKTHOM CJIO€ JJIEKTPOH U ABIPKA ABHXKYTCS TaK, YTO YACTUYHO HEUTPAIU3YIOT
3apsapl  JBOMHOTO AJIEKTPUYECKOTO cJiod. KOHTakTHash pa3sHOCTh MMOTEHUIHUAIOB
YMEHBIIIAETCS, 3TO U €CTh HaMpsKeHue ¢ poroauona.



[IpenmymiectBO cxeMbl — Maible MIyMbl. HegocTtarok — HenuHenHas
3aBUCUMOCTbD HaIIPSKEHHUS HA BBIXOE OT UHTEHCUBHOCTHU CBETA.

2) Pexxum BKIIFOUEHHS ¢ BHEIITHUM MCTOYHUKOM HaIIPAKCHUA.
_l_

~

HampsokeHne Ha  BBIXOAE CXEMBI JIMHEWHO BO3PAacTaeT C  POCTOM
WHTEHCHUBHOCTHU CBETA.

[IpeumyiiecTBO CcXemMbl — JHMHEHHOCTh W OOJbINAas YyBCTBUTEIHLHOCTh
(BeICOKMIT KO3 dunneHT nepeaaun). Hegoctatok cxeMbl — OOMBIINUE HTyMBI.

3). PexxuM KOpOTKOTO 3aMbIKaHUS.

1k

[IpenmymiecTBa cXxeMbl — BBICOKAsl JIMHEMHOCTh, Majbl€ LIyMbl, BBICOKUI
ko3 uimenT nepenaun. [Ipu ykazaHHON MOJSIPHOCTH BKJIHOYEHUS (POTOAMOIA MOA
JECHCTBUEM CBETAa HAa  BBIXOJAE  OINEPALMOHHOIO  YCWIMTENs  oOpasyercs

[0JIOKUTENbHOE Hanpsbxenue Uy, > 0.

PaCCMOTpI/IM 3aBUCUMOCTb MHTCHCHBHOCTH CBCTA HA IIPHUCMHHKC OT YaCTOTHI
CHJIBHOM BOJIHBI @1 U OT 9aCTOThI ciaboi BCTpG‘-IHOﬁ BOJIHBI @, JIs1 Ha4dalla oe3

MOAYJIOUH HAa 9aCTOTC fl JIa3CPHOro JIy4da CHJIBHOM BOJIHBI .
HYCTB qacToTa HpO6HOﬁ BOJIHBI @, MCHJICHHO H3MCHACTCA. Torz[a

3aBUCUMOCTb MHTCHCHUBHOCTHU CBCTA HA IIPHUCMHHUKEC OT BPCMCHH H, COOTBCTCTBCHHO,
OT 4YaCTOTbl @y 6YII€T HUMCTb BHA IODHPOKOIo AOINNICPOBCKOI'O KOHTYpa JIMHHUHU

IIOTJIOIICHU A (HOIIpaBYMCBaeTCH, yro [ << kU) N Y3KOI0 JOPCHICBCKOI'O IIMKa
INpOCBCTIICHUA CpPC€Abl Ha YaCTOTC, JIA KOTOpOﬁ BBIIIOJTHACTCA  YCIIOBHC
C()l + w 2

=wWH.
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Tenepp paccMOTPUM BapHaHT PETUCTPALIU PE3OHAHCA, €CIIM YaCTOTa IPOOHOU
BOJIHBl (DMKCUpPOBaHA @, =const. Torgja npu U3MEHEHUU YacTOTHI HACHIIIAIOLICH
BOJIHBI (»| UHTEHCUBHOCTb CBETA HA IIPUEMHUKE HE U3MEHAETCS 10 TeX Iop, II0Ka He

0)1 + a)2
6YI[CT BBITIOJIHEHO YCJIOBHC T =y, IIpU KOTOPOM 00e BCTPCYHBIC BOJIHBI

IIorjiIomaroTCsa OAHUM U TCM KC Ha60p0M MOJICKYJI:
1

3nech u300pakeH OoJjiee MIMPOKHM PE30HAHC TOJIBKO JJIsi  OOoJbIIei
HaTJIITHOCTH CJICTYIOIIETO PUCYHKA.

Ecnm B 3TOM BTOPOM BapHWaHTE PETHCTPAIIMN BKIIFOUUTH MOIYJISIIAIO CHIILHON
CBETOBOM BOJHBI, TO IPU JIMHEWHOM CKaHMPOBAaHHMM BO BPEMEHU YAaCTOTBI @

CHJIBHOM BOJIHBI 3aBHCHMMOCTH MHTCHCHMBHOCTH Ha IMPUEMHHUKE OT BPCMCHHU 6YI[€T
HUMCTb CJ'IGIIYIOHII/Iﬁ BUA:
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OOBIYHO PE30HAHC TPOCBETICHUS CpeIbl OYEHb Mall M COCTaBISACT OJUH
MPOIICHT WJIM €II¢ MEHBIIC OT BEIMYWHBI TOCTOSHHOW TOJIOKKH — 3aCBETKH
npueMHuKa. [Ipm 3TOM J[ake HE3HAYHUTENIbHBIE ITYMBI IOJIONKKHA CYIIECTBEHHO
3aTPYAHSIOT PETUCTpAIli0 pe3oHaHca. Kak roBopsT, pe30HaHC TOHET B ITymax. B
TaKOM CITydae BO3HHMKACT 3ajjadya BBIJICJCHUS OTHOAromell pe30HaHCca W UCKITIOYCHUS
MTO/IVTOKKH U3 DJICKTPUIECKOTO CUTHANIA (DOTOMPUEMHHKA.

Paccmotpum aBa cnioco6a BeieneHus orudaroiei poroToka.

1-b1i1 crioco®.

Paccmorpum  HampspkeHwe, Kak (YHKIMIO BpeMeHu (Ipu  JIMHEWHOM
CKaHMPOBAHUU YAaCTOTHI JIOOOTO W3 JIa3epOB) B YETHIPEX TOUYKAX, YKa3aHHBIX Ha
pucyHnke. O003HauuM 9T HanpsbkeHus, kak Uy, U,, Uz, Uy.

U,
U,
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2-0i cnoco0 BBIJIETIEHUSI OTMOAIOLEd — 3TO CHHXPOHHOE JETEKTUPOBAHUE
CUTHAaJA.
Il
I
1
— %
|
naszep 1 ! >< nazep 2
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CHHXpPOHHOE JETEKTUPOBAaHUE CHUTHAJA IPOUCXOJWT HA  AHAJOTOBOM
[IEPEMHOKHUTEIIE CUTHAIOB. [IepeMHOKHUTENE — 3TO MUKPOCXEMa € JBYMS BXOJAMH
Y OJTHUM BBIXOJIOM, HE CUMTAsI BBIBOJIOB IIMTAHUS U KOPPEKLUU.

Ha nepBblil BX01 IEPEMHOXKUTENS MOCTYIIAET CUTHAI ¢ (poTonpuemMHuka 1, Ha
KOTOPBIM MOIAJaeT CBET OT JIAMIIBI HAKAJIMBAHUs, MPOXOJALIUI Yepe3 IpephIBaTeb,
KOTOPBI MOZYIHPYET CBET Jammbl ¢ 4actotod f;. C 3TOH ke 4YacToToi

MOAYJIMPYCTCA  Hachllarola:dz CBCTOBas BOJHA @ HU3JIYYCHHA  J1a3Cpa 1.

[IpepbiBaTenb, OH K€ MOIYJATOP, MHPEICTaBIsAECT COOOW BpAIIAIOIIMUCA JIUCK C
IIPOpE3sIMU, YE€PE3 KOTOPHIE MPOXOAUT C OAHOW CTOPOHBI OT MOTOpPA CBET JIAMIIBI
HaKaJIMBaHM, a C IPYrol CTOPOHBI U3ITydeHHeE Jazepa 1.

Hanpspkenne ¢ ¢QorompuemHuka 1 mocine OTCeueHUsT KOHJAEHCATOPOM
IIOCTOSIHHOM COCTABJIIFOLIEH IMOCTYyNaeT Ha BXOA | NEPEMHOXKHUTENS B KadecTBE
OIOPHOI'0 CUTHAJIA. 3aBUCUMOCTh HANPSKEHHSI OIIOPHOIO CUTHala OT BPEMEHH UMEET
CIICIYIOLINM BUL;

o
NIk




Ha BTOpOii BXOX NEPEMHOXMUTENS YEPE3 KOHAEHCATOpP, OTCEKAIOIIUN
MOCTOSIHHYIO COCTABJISIIONIYIO, MOCTYMAaeT MOJIE3HbIM CUTHANI ¢ (HOTONpPUEMHHKA 2.
OTOT CHUTHAI Ha 4YacTOTe MOJAYJSIUIMU f; TOSBISETCA, TOJIBKO KOIZla CUJIbHAs

CBETOBas BOJHA (| NPOCBETIAET Cpely A CJIadOM BCTPEYHOM BOJHBI @, .
HanpspkeHue Ha BTOPOM BXOJI€ NEPEMHOXKHUTENS, KakK (YHKIUS BPEMEHU, MUMEET
CIEIYIOIINN BU:

U,

Hmﬂﬂﬂﬂﬂl\lhh
i

Jl71st mpocTOTHI aHanu3a OyeM CUUTaTh, YTO OTIOPHOE HAMPSKEHUE MPUHUMAET
3HaueHus *1. Torma mpu NEPEeMHOKEHUU C IOJE3HBIM CUTHAJIOM OTPHULIATEIIbHBIC
3HAYEHMS 3TOr0 CUTHAJa YMHOXKAIOTCS Ha —1 M CTAHOBSATCS MOJOXHUTEIbHBIMU. B
pe3yJbTaTe 3aBUCUMOCTh HAMNPSDKEHUS HA BBIXOJE MEPEMHOXKHUTENS, Kak (DyHKIUs
BPEMEHH, UMEET CICAYIOIIUNA BU/I:

Us

il

3necb Ha (POHTAX OMOPHBIX MPSMOYTOJIBHUKOB OCTAIOTCS OCTPbIE MUKH K
HYJIEBOMY 3HAUEHUIO HANPSHKEHHs. DTU MUKW CBSA3aHBI C TEM, YTO (PPOHTHI OMOPHBIX
NPSIMOYTOJIBHUKOB HE OECKOHEYHO KpyThle, M KOrja (pOHT HpSIMOYroJIbHUKA
IIPOXOJUT Yepe3 HOJIb, IPOU3BEACHUE OIIOPHOIO U CUTHAJIBHOIO HANPSKECHUN TOXKE
PABHO HYIIIO.

UroObl yOpaTh NHHKM OTPULATENIBHON MOJSPHOCTH TOCIE MEPEMHOKUTENS
CUTHAJI MPONYyCKaroT uepe3 craaxusBawomyr RC-nenouky. B pesynbrare
HaIpsDKEHUE Ha BBIXOJE CXEMBI, KaK (DYHKIIHMSI BpEMEHHU, UMEET CIEIYIOIINUNA BUI:

UBHI

CHUHXPOHHOE NIETEKTUPOBAHHME, KaK BTOPOM CIOCOO BBIIEIEHUS Orudaromei
II0JIE3HOTO CUTHAJa, UMEET JIBa IPEUMYIIECTBA [10 CPABHEHHUIO C IIEPBBIM CIIOCOOOM.

1. CUHXpOHHOE NETEKTUPOBAHKME MO3BOJIAET OTIMYUTH MPOCBETICHUE CPENbI
OT 3aTeMHEHMs CpeAbl. JTa BO3MOXKHOCTh MPEJCTABISACT MHTEPEC, TaK Kak IpH
B3aUMOJICMCTBUU JABYX CBETOBBIX BOJH C ABYMsI CBA3aHHBIMU MEPEXOJAMU BO3MOKHO



3aTEMHEHUE Cpellbl BMECTO €€ MPOCBETIEHHUA. DTOT BONpPOC OyAeT MHOJIpOOHO
o0cyxnarbcs B 4-0M BapUaHTE CIEKTPOCKOTMH HACBIIIEHUS TTOTIIOMICHHUS.

2. CHUHXpPOHHOE JIETEKTUPOBAHHME IIO3BOJSIET TMOJYYUTh OO0Jee BBICOKOE
OTHOIIEHUE CUTHAJ/IIYM MyTeM YMEHBIIECHUS YaCTOTHOM MOJIOCHl curHana. Jlemno B
TOM, 4YTO  CPEJHEKBAJIpPAaTUYHOE  HANpPSIKEHHE  I[IYMOB  IPONOPLHOHAIBHO

KBaJIpaTHOMY KOPHIO M3 YaCTOTHOH TONOCHI CHrHANA U066 ~\JAf . llpu

CHHXPOHHOM JICTEKTUPOBAHHMH I10JI0OCA YaCTOT cUTHajda Af cBsi3aHa C MOCTOSIHHOM
1
2xRC

yBeJII/I‘-II/IBaH, HallpyuMcEp, CMKOCTb KOHJACHCATOpPa C, MOXXHO HCOI'paHMYCHHO

YMCHBIIATH MONOCY 4acToT Af u 1IyMoBoe HanpskeHue U, ., - 1IpaBaa mpu sTom

RC -11enio4ky Ha BBIXOJIE CHUCTEMBI PETHCTpAllMU (CMOTPU PUCYHOK) Af =

BpEMs PpErUCTpAllMM CUTHAJA YBEIUYMBAETCS MPONOPLUUOHAIBHO IMOCTOSHHOM
BpemeHu RC'.

[Tpy 0OBIMHOM JIETEKTHPOBAHWU CUTHAJIA YMEHBIIEHHUE MOJIOCHI YACTOT HYKHO
MIPOU3BOJUTH 10 JETEKTUPOBAHUS, TaK KaK Ha AMOJE, KaK U Ha J0OOM HEJIWHEHHOM
AJIEMEHTE, CUTHAJIBI Pa3HbIX 4acTOT NepeMemmnBaroTcs. B pesynbrare RC -1enouxa,
pacrnojioKeHHasi Iocie AuoAa, He MOXeT 3(P(EKTHUBHO YMEHbLIaThb LIYMOBOE
HaIpsDKEHUE.

[Tpu 0OBIYHOM JIETEKTUPOBAHUM MEXAY HNPUEMHUKOM CBETa U MPENIOKEHHOU
CXEMOW JETEKTUPOBAHUS CTABAT PE30HAHCHBIA YCHUIIUTENb, KOTOPHI YMEHBIIAET
II0JIOCY YaCTOT CUTHAJIA.

VYMEHbIIIEHHE TMO0JO0CHl YacTOT MPOMYCKaHUsI PE30HAHCHOTO YCHIMTENS
3aTPYAHCHO TEM, YTO HPH yCIOBUU Af << f,; YCHIUTE/Ib CTAHOBUTCS KaIPH3HBIM.

VY Takoro ycwiuTens ClydaliHbIM 00pa3oM HM3MEHSIOTCS BO BpeMeHHU (ILJ1aBaroT)
TaKHe MapaMeTphl, KaK PE30HAHCHAS YaCTOTa f,;, MOJI0CA YACTOTHOTO MPOITYCKAHHS
Af, BeIMYMHA YCUJIEHUS HAa PE30HAHCHOW wvacTtoTe. Bce 3TO MOXET CHIIBHO
3aTPYAHUTH PErHCTPALMIO CUTHAjiA. Tak yacToTa MOAYJSILIMU f; CUIBHOW CBETOBOMA
BOJIHBI MOET BBIUTH 3a MpeAesbl IOJOCHl YCHUJIEHUS PE3OHAHCHOTO YCUIUTEIS

‘fl _fpe3

PE3YIIbTATC U3MCHCHUA IIAPpAMCTPOB PC30HAHCHOI'O YCHIIUTCIIAA, TaK U B PC3YJILTATC
U3MCHCHHUA YaCTOThI MOAYJIALINH fl’ HaIIpUMCp, H3-3a U3MCHCHHUS CHJIbBI TPCHHA B

>Af, U TOJE3HBIA CHUTHAN MPONANET. DTO MOMXKET IMPOU30HTH KaK B

MOTOpE, BpallIaloIIeM ITpephIBaTEeNb JTy4a jJa3epa 1.

2). BcTpeunsle BOJIHBI OJUHAKOBOM YaCTOTEL.

Bcerpeunble BOJIHBI OJMHAKOBOM YAaCTOThI MCIOJB3YIOTCS B TPAAULIMOHHOM
BapUaHTE CIEKTPOCKONMH HACBHIIICHUA IMOTJIOMEHUS. B 3TOM ciiyyae BCTpPEUYHYIO
c1a0yr0 CBETOBYIO BOJIHY TOJIYYaIOT B pe3yJIbTaTe OTPAKECHHUS OT 3epKajia CHIIHLHOM
BOJIHBI, ITPOIIEAIIEH KIOBETY C UCCIIEYEMBIM Ia30M.

Ha nmxkecnenyromux pucyHKax MPUBEICHBI JIBA BAPUAHTA ONTHUYECKON CXEMBbI
AKCIIEPUMEHTA.




KOHTPONE ONTHYECKOH PasBazKH
IPH HAKITOHAX TUTAC THHKH %
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Bropoli BapuaHT ONTHYECKOM CXEMBI MMEET JBa IPUEMHHUKA JIA3EPHOTO
m3nyyeHrs. CHTHaJI HAChIICHWS IIOIVIOIIECHHUS PETUCTPUPYETCS B H3JIyYCHUH,
MMaJalOIIEM Ha HWKHUK IPUEMHHUK. BEpXHHMI NPHUEMHUK CIYKUT i1 KOHTPOJA
Ka4yeCTBa ONTUYECKOU Pa3BA3KHU.

IIpencraBiieHHass Ha PUCYHKE OINTHYECKAas pas3BA3Ka WIM ONTHUYECKUU THOL
IpEJICTaBIsIeT COOOW  IOCIENOBATEIbHO  PACIOJIOKEHHBIE JIpyr 3a  JIpyroM

A . A
IIOJIAPU3aTOPp H INNIACTHHKY Z Ocu (1)330301/1 IINTaCTHHKHA Z U IIOJIpHU3aTopa

OpPTOTOHAJIBHBI HAIMPABJICHUIO Ja3epHOro Jiyda. Pa3oByIO MJIACTUHKY MOBOPAYMBAIOT
BOKPYT Jy4a TaK, 4T00bI 0cH ()a30BOi [TACTHHKU OBLTH HAIPABICHBI 110 yrioM 45°
OTHOCUTEJIFHO OCH ToJyisspu3atopa. B TakoM ciydae CBeT, MPOIMYIICHHBIH
MOJISIPU3aTOPOM, pacrhajaeTcs Ha BXoJe B (Da3oByrO IUIACTUHKY Ha JIBE CBETOBBIC
BOJIHBI C PaBHBIMHU aMIUTUTYIaMH U B3aUMHO OPTOTOHAJIBHBIMU TOJIApu3anusmMu. Ha
BXx0/ie B (a30BYI0 IUTACTHHKY O3TH JIB€ BOJHBI CHH(A3HBI, a HA BBIXOJIE y HHUX

A V4
BO3HHMKAET ONTHYECKasi Pa3HOCTh X0/1a E YTO COOTBETCTBYET Pa3HOCTH (a3 7 [Tpu
. V4
CJIOKEHUHU JIBYX OpPTOTOHANBHBIX KOJIEOAaHHUW C pPa3HOCThIO (a3 — obOpasyercs

. A
BpaliCHUcC. ITo »Toi IIPUYHUHC ITIOCJIC ITPOXOKACHUA IINIACTUHKU — CBCT OKa3bIBACTCA



HUPKYJSIPHO MOJISIpU30BaHHBIM. OTpa)k€HHasi Ha3aJ BOJIHA MPOXOAMT IUIACTUHKY 1
BTOPOM pa3 BO BCTPEUYHOM HampaieHuu. [Ipu 3TOM KoyiebaHUs BIOJIBL OCEH

V4
IJACTUHKU €IlI€ pa3 MpUOOpeTaroT pa3HOCTh (a3 R Cymmapnasi pa3HocTh (a3

CTAHOBUTCS paBHOW 7 . B pe3ynbTaTe mociie BTOPOro MPOXOXKICHUS TJIACTUHKU 1

CBETOBas BOJHA CHOBA CTAaHOBUTCS JIMHEMHO TOJSIPU30BAHHOW TOJBKO B
HAIIPaBJICHUU OPTOTOHAJIBHOM K HAITPABIICHUIO IMOJSPU3ALMU BOJHBI, NAJAOIIEH Ha
IUTACTUHKY TNEepBbIK pa3. CBET ¢ NMOJSIpU3alue BOJHBI, UAYLIEH CIIpaBa HAJIEBO, HE
MPOITYCKAET MOJSPU3ATOP ONTUYECKON pa3BA3KU. To ecThb CBET CBOOOJHO MPOXOIUT
4epe3 ONTUYECKYI0 Pa3BsA3Ky CJIEBA HAIPAaBO U HE MPOXOJUT CIPABA HAJIEBO.

OnTrueckas pa3Bsi3Ka HE IPOIYCKAET OTPAXKCHHYIO HAa3aJ CBETOBYIO BOJIHY
oOpaTHO B pe30HATOp Jia3epa. DTO HYKHO, IOTOMY YTO CBET OTPa)KEHHBII 0OpaTHO B
pPE30HATOp Ja3epa CWIBHO BIIMAET Ha YCJIIOBUSA €ro reHepauuu. Eciu oTpakeHHbIN
CBET OKa3bIBaeTcs B (pa3e CO CBETOBOI BOJHOW B pe30HATOpPE Jiazepa, TO MOIIHOCTb
reHepaluy BO3pacTaeT, eclid B MpoTruBogase, To yoriBaeT. Eciiu oTpakeHHbIH Ha3aj
CBET MPOU3BOJILHBIM 00pa30M CABUHYT MO (ha3e OTHOCUTEIBLHO BOJIHBI B PE30HATOPE
Jazepa, TO OH ciaBuraer a3y M 4YacToTy TeHepanuu Jsaszepa. Kaszanocs Obl,
MPOITyCKaHUE 3epKaJia Jiazepa Majio, U 0OpaTHO B PE30HATOP Jia3zepa MPOHUKAET CBET
C Majold MOUIHOCTBIO, HO MpOOJieMa B TOM, YTO KOTE€PEHTHBIE CBETOBBIE BOJIHBI
CKJIA[IBIBAIOTCA 10 AaMIUIMTYJE, a HE€ N0 MOIMHOCTU. Tak, ecim MOIIHOCTH
CKJIaJIbIBaeMbIX BOJIH oTindatores B 10000 pa3, To aMImuTy Al OTIIMYAKOTCS TOJIBKO B
100 pa3. B pesynbrare npu cuH(pa3zHOM CJIOKEHUM BOJH CyMMapHas aMIUIATyJa
coctaBisieT 101 mpoOUEHT OT aMIUIMTYIbl CHUJIBHOW BOJIHBI, @ IPH MPOTUBO(A3HOM
cnoxkeHuu 99 mnpoueHToB. I3MEHEHWIO aMIUIMTYIbl CBE€Ta B JBa IIPOLIEHTA
COOTBETCTBYET HM3MEHEHHME MOIIHOCTH B 4YETBHIpE IpOLEHTAa. B 3TOM cocTouT Tak
Ha3bIBae€MbIi 3PEKT reTepoJMHHOIO MpuemMa ciadboro curHaia. Eciam He nogaBisTh
OTPaXCHHBIM HA3aJ CBET, TO YaCTOTa U MOIIHOCTH T'€HEPALMH Ja3epa CTAaHOBATCS
HEYCTONYUBBIMU.

BepxHuil nprueMHUK BTOPOM ONTHYECKOM CXEMBI IPEIHA3HAYEH ISl KOHTPOJIA
KayecTBa ONTHYECKOW pa3Bsa3Ku. KadecTBo xopomiee, eCiy CBET Ha 3TOT NMPUEMHUK
He 1nonajgaer. ToHKas HACTpPOWKA ONTHYECKOM PpAa3Bs3KM  OCYIIECTBIISIETCS

A .
IIOBOPOTaMHU U HAKJIIOHAMHU IINIACTUHKH Z . HOBOpOTOM IUIACTUKH BOKPYT OIITHYCCKOH

ocn nobuBarotcs yrina 45° MexIy ochio (a3oBOM IIACTHHKH H OCBIO TOIAPH3ATOPA.
Hakionamu miiockoctu (pa3zoBoil IIIACTUHKY HE3HAYUTENIBHO U3MEHSIOT ONTHYECKYIO
JUIMHY TyTH Jiyda B (pa30BOM IIACTUHKE. VM3MEHEHWI0 ONTHYECKOM MJIMHBI JIyda
COOTBETCTBYET H3MEHEHUE TONIIMHBI ()a30BOM IUIACTUHKH, KOTOPYI HYKHO

moa00paTh Tak, 4ToObI (ha30Bast IIACTHHKA B TOYHOCTH OKAa3aJlach MIACTUHKON R

A
MoxHO CACIIATh OIITUYCCKYIO Pa3BA3KY HC TOJIBKO Ha OCHOBC IINIACTHHKH Z,

HO U Ha ocHOBe 3(dekra Dapanes. IlycTb cBET MPOXOAUT BAOJIb OCH CTEKJISTHHOTO



OUWJIMHApPA, U IIYCTh BAOJIb OCH 3TOI'0 HUJIMHAPA BKIIIOYCHO ITOCTOAHHOC MAIrHUTHOC

none. W3-3a sddexra dapanes B MArHUTHOM T0JIe 0 M 0 KOMIIOHEHTHI cBeTa (0Ch
KBAaHTOBAaHMUSI BbIOpaHa BJ0JIb MAarHUTHOTO TOJs) OyayT MUMETh pa3Hyl (a3oBYIO
ckopocTh. IlycTh K  TOpmaMm  paccMaTpuBaeMoOro  IIMUIMHApPA  MPUKICEHBI
TOJIAPU3ATOPBI, TAK YTO MEXJIy OCAMH HONSIpH3aTOpoB yron cocrapmser 45°. Tlocie
MEPBOTO MOJISIpU3aTOPa CBET HA BXOJE B LMJIMHAP MUMEET JIMHEUHYIO MOJSPU3ALHUIO.

CBeT NUHEHON MOIApH3alMy NIPECTABIsAET co00il CyMMy ¢ M O KOMIIOHEHT C
OJIMHAKOBBIMHM AMIUIMTY/IaMU. JTU KOMIIOHEHTBI PACIPOCTPAHSAIOTCSA B LMIUHJIPE C
pa3HoOi (a30BOM CKOPOCTHIO M HA BBIXOJE W3 IWIMHIAPA HMEIOT HEKOTOPHIM

B3aMMHBIH (Da30BEIl cABHT. IIpH CIOXKEHMH O M O KOMIOHEHT C (ha3OBBIM
CABAIOM IIOJIyYaeTCs JIMHEMHO TMOJISIPU30BAHHBIA CBET, HO IOJSIPU30BAHHBIN B
IpYroM HampaBlieHWU. BelnyumHy MarHMUTHOTO TMOJdS MOJOUPAOT TaK, YTOOBI
NMHEHHAsS TMONAPU3AIMsA CBeTa Ha BBIXOAE IMIMHApPA cocraBisma yron 45° 1o
OTHOIICHUIO K JIMHEHHOM MOJSIpU3allud Ha BXOJ€ IWIMHApAa. Tak 4TOOBl CBET
IIOJTHOCTBIO IIPOXOAWII YEPE3 MOJIAPU3aTOP Ha BbIXOJE LUIMHAPaA. Eciu paccMoTpers
CBET, WIyIIMHA B OOpPATHOM HAMpaBICHUM, TO IMOCIE MPOXOXKACHUS MEPBOTO

TIONSAPU3aTOpPa KOMIIOHEHTH ¢ M ¢ OIATh UMEIOT pa3HbIe (ha3oBble CKOPOCTH U Ha
BBIXOJIC LMVIMHAPA JIMHEHHAS MONSPH3AIHs CBETa CHOBA TOJYYMT IOBOPOT Ha 45°.
[ToBOpOT OyzHEeT B Ty € CTOPOHY, YTO U MPH MPSMOM PacCIpOCTPaHEHUHU CBETA Yepe3
UUIUHAP. B Ty e CTOPOHY OTHOCHUTEIBHO MArHUTHOTO MOJISl, @ HE OTHOCHUTEIBHO
HallpaBJIE€HUS CBeTa. B pe3ynabTaTe OKaXeTCs, 4YTO NOJIAPU3ATOpP Ha BBIXOAE
LIUJIMHApPAa HE IPOIYCKAET CBET, MAYIIUKA BO BCTPEYHOM HAampaBIeHHH. TO ecTh
IMJIMHAP C MATHUTHBIM TOJIEM BJIOJb OCH H JBYMs MOJIAPU3ATOPAMH 107 yriaoM 45°
UIPAET POJIb ONTHUYECKON pa3BA3KHU.

MOIHOCTD  JIA3€pHOTO  M3JIYYEHUS JBAXKJbl IPOILIEAIIET0 KIOBETY C
UCCIIETyEMbIM Ta30M [, Kak (PYHKIHUS 4acTOTHI JIa3epa @, UMEET CIAeAYIOLINM BUL:

31ech @, — LEHTP JIMHUM IONIOIIEHUS Cpelbl. 3aBUCUMOCTh MOIIHOCTH

CBETa Ha MPUEMHHUKE OT YACTOTHI Jla3epa MMEET LIMPOKUM MHPOBAJl JIOILUIEPOBCKOU
JIMVHUU TIOTJIOUIEHUS, B LEHTPE KOTOPOIO HAXOAUTCS Y3KUU MUK IPOCBETICHUS
cpenpl. [Iuk mpoCBETIIEHUSI — 3TO U €CTh PE30HAHC HACBIIICHUS MOTJIOIICHHUS.
Pe3zonanc Qopmupyercs mnpu CUMMETPUYHOM  PACIHOJIOKEHHUH YacTOT
BCTPEYHBIX CBETOBBIX BOJIH OTHOCHTEIBHO YACTOTHI IOMVIOMIAIOIIETO MEPEX0aa



4 + (OF)
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@ = w, = ®. Ciaen0BaTeNIbHO, YCIOBHE Pe30HAHCa IPEe0o0pa3yeTcs K BULY @ = @» -

[upuna Habm0maeMoro pezoHaHca Aw :F(1+1/1 + Gl) OKa3bIBACTCS BJIBOE

MEHBIIE, YE€M IIMPUHA pPE30HAaHCA B CJydae, KOIJAa OJHAa W3 CBETOBBIX BOJIH
¢uKcupoBaHa 10 4acTOTe.

Pe3onanc B ko3(dduuMeHTe MNOIJIOMIEHUsT CJ1a00W BOJIHBI TOJIY4aeTcs, Kak
pe3yabTaT CBEPTKM IIpoBaja beHHETTa B Pa3sHOCTU 3aCEIICHHOCTEH YPOBHEU U
CEUEHHUs MOIJIOIIEHUsI caboi BoiHBL. [Ipy M3MEHEHHH YacTOThI IeHepaluu Jja3epa
npoBajl beHHeTTa U cedeHue MOTJIOMEHUS Kak Obl HAe3KaloT IO JIy4eBOM CKOPOCTH
MOJIEKYJI HaBCTpedy Ipyr Apyry. OQHOBPEMEHHOE ABMKEHUE HABCTPEUY YMEHBIIAET
BJIBOE IIMPHUHY CBEPTKHU.

CHexTp NoriomeHuss MOJIEKYJI COAEPKAT MHOTO JIMHUN PAa3JIUYHBIX CTPYKTYp:
KOJIeOaTeNbHbIX,  BpPAIATEIbHBIX,  KOPHOJUCOBBIX,  TOHKHX,  CYINEPTOHKHUX,
CBEepXTOHKMX. Kaxknas NHHMS MOMIOmEHUsT oOpa3yeT CBOMl pPE30HAaHC HACBIIIECHHS
MOTJIONIECHHS. JIMHNY MOTJIOMIEHHS] HEPA3PEIICHHbIE B 0OBIYHOM CIEKTPOCKONHNH H3-
3a JOIUIEPOBCKOTO YIIMPEHUS CHEKTPAIBHBIX JMUHUKA MOTYT HMETh PE30HAHCHI
HACBILLEHUS MOIJIOMIEHHUS, JOCTaTOYHO pa3HECEHHbIE MO YacTOTE, JJIS TOrO0 YTOOBI
PE30HAHCHI HE CIIMBAIIUCH APYT C APYIOM.

COBOKYHHOCTB PC30HAHCOB  HACBINICHHUA  ITOINIOIICHHUA O6p33y€T TakK
Ha3bIBAaCMbIN CIICKTP HACBIIMICHHOI'O IIOIIOIICHHA. HGKOTOpBIM pPE€30HaHCaM 3TOI'O
CIICKTpa HC COOTBCTCTBYIOT JIMHHUM IIOIJIOIOCHHA, HO 00 3TOM Hoz[p06Hee pacCCKa>xeM
B CICAYIOIIHX BOIIPOCax.



