HepaBeHCTBO ny > 1 B 00JaCTH NPO3PAYHOCTH CPebl, KAK BJIUSHHE XBOCTOB

BbICOKQYACTOTHBIX JIMHU I MOTJI0IIEHNS.
Paccmotpum cBeT ¢ yacTtoTo @ B 00JacTu mpo3payHocTH cpefbl. IlycTh
MOJIEKYJIbI CpeJibl HaXOJSTCS Ha HUXKHEM YPOBHE dHepruu. OKa3bpIBaeTcs, YTO CIpaBa
OT YacTOThl @ MHOTO JIMHHH IOINOIIEHHA @,; (OECKOHEYHO MHOrO), TO €CTb

HEPaBEHCTBO @ < @,; OBbIBA€T 4acTo, a ClIeBa OT YacTOThl (@ JIMHUHN IOIJIOLICHUS
MaJjlo, TO €CTh HEPABEHCTBO @, < @ OBIBACT PEIKO. DTO BUJHO U3 PHCYHKA

E
N rrriiiiiiiidiisiiita
!
E4 i
E,
1 m21m31m41m51m61

Ecau nunus NOoTJIOIICHUA @, HAXOAUTCsA CIIpaBa OT 4YaCTOThl CBCTA @, TO

paCCTpOI\/'IKa (2 4aCcTOThI CBETAa OTHOCHUTEIILHO YaCTOThI nepexoga orpuuaTCibHass

Q
C()<C()nk => Q=a)—a)nk<0 => Z'N —m >0 =>
1
n—nyg=——y'>0 =>  n-ny>0
21’10

To ecth paccMaTrpuBacMas JIMHHUS IIOIVIOIICHUS @, HAAaCT IOJIOXKHUTCIIbHYTIO

100aBKy K MOKa3aTeI0 MPEIOMIICHHS.

[TockonbKy TUHUI TOTJIOLICHHSI CIIPaBa OT YaCTOTHI CBETAa BCET/la MHOTO, U UX
BKJIaJ[bl B TIOKA3aTeNb MPEJIOMIICHUS MOJIOKUTEIBHBI, CaM MOKa3aTesb MPEIOMICHHUS
B 00J1aCTH MPO3PAYHOCTHU CPEIbI OKA3bIBAETCS OOJbIIE, UEM B BaKyyMe:

1A >1.

[lpr GoONBIIOM YACTOTHOM YAAJEHHHM OT JIMHUU MOTJIOIIEHUS KOd(PQPHUIHUEHT
1 1

2zx—2, a go0aBka K

TIOTJIOLLIEHUS a(x) yOBIBa€T TPOITOPIIMOHATIHLHO
1+x

II0KA3aTeN0 MPEeIOMIEHHs 1 — 7 yOBIBaeT ropasio MeJIEHHEE, IPONOPLHOHAIBHO
X 1

5 R, Tae x T 0e3pa3MepHasi yacToTHasi pacctpoiika. [loBegenue odenx
X

1+x
BEJIMYMH B 3aBUCUMOCTH OT YacTOTHI CBETa H300PAKEHO HA HUKECIEIYIONTUX
pUCYHKaX.
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HwxHss napa pucynkoB — pacuer B MATLAB.

OTHOCUTENBHO OBICTPBIN cra KO3 PHUIIMEHTA MOTTIOMIEHUS IPUBOIUT K TOMY,
4YTO B YacCTOTHON 00JacTH, I/i€ MOIJIOIIEHUS MPAKTUYECKH HET U KOIPPUIUEHT
[OIJIOUIEHNUsT PaBEH HYJIO, IOKa3aTelb MPEJOMJIEHUS 3aMETHO OTJIMYaeTCs OT
€IMHULLBI.

JAucnepcuonnoe coornomenne Kpamepca — Kpounwura.
CurHan Ha BBIXOAE YCTPOMCTBA HE MOJKET NOSIBUTHCS PAHbBIIE, YEM Ha €ro
BXOJE.
[Tycth snekTpuydeckoe (MM ONTHYECKOE) YCTPOWCTBO MMEET KOMIUICKCHBIN

Kod(puueHT nepenauu K (a)) , e

~

U@blxw =K (a)) ) Uexa)

ITycts U, (t) =0 (t) — nenbTa-pyakus Jupaka. Torna

S R L o L w0 [ 1
Ui, =5 [ U (1) de=— [e 5(¢)-di=——e J.é'(l‘)-dtzﬂ
Torna
- - - 1 -~
U@blxw :K(a)) Uexw _EK(G)) =
+00 1 +00
U@bl.X'(t)_ J‘ ela)t 6blX da):EJA ot K(a)) da)



CuUTHAl HA BBIXOJE CXEMbl HE MOMET MOABHTHCS DAHBIIE, YEM CHIHAI
nosiBIsieTcs Ha BXoge, torna Uy, (¢)=0 npu 7<0, tak kak U, (1)=5(¢)=0 npu

t < 0. CnemoBarenbHO,
+00

I eiwt-k(m)-dwzo npu t<0.

—00
AMIUIMTYIHO-4acTOTHAsI U (Pa30BO-4ACTOTHASI XapaKTEPUCTUKHU JTIOOO0H CXEMBI
CBSI3aHBI IIPUBEICHHBIM BBIIIE UHTETPAIIBHBIM COOTHOLLIEHUEM.

B ontnke Ko3(hHUIMEHT Mepeaadd TOHKOro ciosi K (a)) OIpeaesieTCs
KOMIUIGKCHOH ~IOJSIPU3YeMOCTBIO MONCKY1 &(@), TO ecTb Kod(pQHIHeHTOM
HPONOPLUOHATLHOCTH MEKAY KOMIUIEKCHBIM JAUIOJIBHBIM MOMEHTOM MOJIEKYJIBI P U
KOMIUTEKCHOM HAMPSHKEHHOCTHIO CBETOBOTO TOJIS &

p=as,rtae a=a'via".

C IunosbHBIM KOMILIEKCHBIM MOMEHTOM MOJIEKYJ p CBsI3aHAa KOMILICKCHAs

MOJISIPU3ALINS CPEJIbI P= Nyp,rne Ny — KOHLEHTpalXs MOJIEKYIL

2 vE y Noa = ' b n
P=¢gyx& X= (1St pa3peKeHHOTo rasa) 7=x'+iy
€0
it —iwt
e +e 5
ITycts S(f ) =& —2 COCTOMT M3 BKJaJa Ha OTPULATEIILHOM M Ha

P(r)= ;{sm 0)&(-0.1)+ a7 (@) (1)} =
=21 (-w)ed + 7{w)ege ™| =
= (1'(-0) +iz"(-0)) %2 (cos(ar) + isin(wr)) +
H2'(@)+ix"(@ ))g‘gSO (cos(wt)—isin(r))=
:8080((;(( )+ 7'(~@))cos(ar)+(1"(@) - x"(@))sin(ar)) +

2
+i%((;('(—a)) — ;('(a)))sin(a)t) + (;("(a)) + )("(—a)))cos(a)t))
N3 BeniecTBEHHOCTH P(t) CJIEITYET, YTO
{Z'(—w) =7'(@)

7'(-o)=-1"(@)

) COOTBETCTBCHHO {

a'(-0)=-a"(0)

Kpamepc (1927) u Kponur (1926) paccmaTtpuBaiu UHTETpaj I

a(w)

a)—a)o

do, B

KOTOPOM HMHTETPUPOBAHUE BENETCS MO 3aMKHYTOMY KOHTYpPY Ha KOMILUIEKCHOM



MJI0CKOCTU. VIHTErprpoBaHUe BEAETCS B MOJOXKUTEILHOM HAMPABICHUU BAOJb BCEH
BELIECTBEHHONM OCH, W KOHTYp 3aMbIKaeTCsi MO IMOJYOKPY>KHOCTH B BepXHEH
MOJIYTUIOCKOCTH.

Kpamepc n Kponwur, ucnons3ys ycioBue &(m)wo, [IOJIy4YW/IH, 4TO

MHTErpaj Mo MoJIyOKPY>KHOCTH paBeH HyJt0. Toraa nHTerpai rno BEIECTBEHHOW OcH
MO>KHO B3$SITh 11O BbIYETaM

e 07(60) | d(a)) o
J ——do=—2ri-Res | —=— :wa(a)o) =>
_Ooa)_a)() 2 D=y a)—a)o

a(wy)= —éToj(—a))da)

PaccMoTpuM BeleCTBEHHYIO YaCTh PABEHCTBA U ITOJIYYHM:

+00 0 " +00 _y
05'((00)=l J a19) (a)) a’a)zl I a19) (a)) a’a)+l a19) (a)) do
72'_000)—0)0 7[_0060—0)0 T 0 w— )y
BaMeHI/IM B HepBOM I/IHTeraHe w—>—0Uu HOquHM
. 1a"(-e) 17 a" (o)
a'(wy)=—— J —Ydo+— | —~do
T 0 w + @y T 0 W —

YuteMm, 4To a"(—a)) =—a "(a)) 1 MTOJIyYUM

e 0]
()2 oo (@)

al\wg)=—P| 75—~ do

Ty -
3,Z[€CB ﬂjj‘ — HMHTETpaJl B CMBICJIC T'TIaBHOT'O 3HAYCHM.
AHaNOrnyHO pacCMOTPUM MHUMYIO 4acTh PABEHCTBA

. +0 ~

~ 1 a\w
G(mp)=-= [ a@) .

T w—ay

—00

u ¢ yueroM o'(—w) = a'(®) nomydnm

a"(a)o) = —2:0 33(]? a'(a))2 dw

2

B pesyunbrare:

a'(a)o) zzgjdew




3,Z[CCB SOJ‘ — HHTCTrpal B CMBICJIC T'JIaBHOI'O 3HAYCHMSI. Ot HHTCTPAJIbHBIC

CBA3U MCXKOY 0('((0) 141 a"(a)) O3HaA4Yar0T, 4YTO MHTCTPAJIbHO CBA3dHbI 3dBUCHUMOCTD

KOC—)(i)(bI/IHI/IeHTa INOrJIOM€EHUuA OT YaCTOTbl CBE€Ta MW 3aBHCHMOCTH II0Ka3aTCIIA
MMPCIIOMJICHHA OT 4aCTOTHI CBCTA. I[JI?I OIITHYCCKHU TOHKOI'O CJIOA:

a'~;('~(n—n0)
a " ~ Z n ~ E—
B cBoro ouepenp oT 1006aBKHM K MOKa3aTENIO MPEJOMIICHUS U OT K03 dUiimeHTa
MOTJIOIIEHUS 3aBUCUT KOMIUIEKCHBIM KO3(PGhUIIMEHT Tepenayud ONTUYECKH TOHKOTO

CITOS Iz(a))
‘1%2‘ —l-2-Az
—arg(k)~(n—n0)

Ha BBIXOJI€ OOJIBIIIE OTCTAET.
Tak ecimu amMmIATyAHBIA KOIPODUIIMEHT TMPOMYCKaHUS HMEET MPOoBaj

, €CJIM IIOKAa3aTCJib MPCIIOMIICHUA YBCINYHUBACTCA, TO (1)333.

. 5 &=
JIOPEHIIEBCKOM (pOpMBI ‘K ‘ =1- EAZ
K% =1-z0Az

|
N = T

I 1+x2
|
|

LA &3]

5

TO TIOKa3aTelbh MPETOMIICHUS MMeEeT 100aBKy B BHJE BCIUIECKA JAMCIIEPCHOHHOMN
hopMBI:

(~argK )~ (n-ng)
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—X

S@(x ) = 2 ?D(x ) =
1+x 1+x
Ecmu dopma mpoBama HE coBceM JIOpPEHIEBCKasi, TO U ¢Gopma BCIIECKa HE
COBCEM JIMCIIEPCUOHHAS.

2

CKOpOCTHBIC YPABHEHHUSA WM VPABHEHHUHA 0aJIaHCA.

CKOpOCTHBIC YpaBHEHHS — O3TO MPUONMKEHHE, KOTOPOE TMOJydaeTCs W3
yCHOBI/Iﬂ
pP21=0

nu ypaBHeHI/Iﬁ JJIA ManI/IHBI IIJIOTHOCTHU B HpI/I6J'II/I}KCHI/II/I BpaHIaIOHIGﬁCﬂ BOJIHBI:
: o .R,. -

LT NPIL=NPI1~ 15(012 - ,021)
: o .R,. -

1Pt 72P22 =72P2 +15(,012—,021), (5.1)

- o~ - .R
P21~ 10y + 1Py ZZE(PU - )

e
&
R=P20 __ qyacrora Pa6u,
*, o
p= J w1 (P,€)w,dV — NUnoibHbI MOMEHT Hepexona,
V =0

Q=w-kV,—w,] — paccTpoiika YacTOTbl CBETA OTHOCHTEIBHO YACTOTHI

IIEPEX0/a B CUCTEME OTCYETA MOJIEKYJIEL,

071 = Pr1e ¥ — HEIMATOHANLHBIN YNEMEHT MATPUIBI INIOTHOCTH,
@ = wt —kz — ¢y — (a3a cBETOBOI BOJIHBIL.

Hac B panbHeiiiiem OyneT MHTEpECOBaTh B3aMMOJECHCTBHE JBYX CBETOBBIX
BOJIH cO cpenoidl. Ecimu cBeToBble BOJIHBI BCTPEUHBIE, TO B CHUCTEME OTCUETa
MOJIEKYJIbI JIB€ BOJIHBI OYJyT MMETh pa3Hble YACTOTHI, Ja)K€ €Cd B Ja0OpaTOpHOM
CUCTEME OTCcYeTa 4YacTOThl OJIMHAKOBBL. B TakoMm ciyuyae B cCHUCTEME OTCYeTa
MOJIEKYJIBI aMIUIUTYJa CyMMapHOTO CBETOBOTO TOJISI HCTIHITHIBAET OMEHUS, TTIOITOMY



ycaoBue p,1 =0 He BBIIOJHEHO MAa)Ke sl CTAlHOHAPHBIX SBICHUH C JBYMs
CBETOBBIMU BOJIHAMH.

Opnako mpu YCIOBMM cJadOro cBeToBoro mnois, korga G <<1, Tak
Ha3bIBa€Mbl€ KOI'€PEHTHbIE HECTAallMOHAapHbIE () (PEeKThl B HAOIIOAAEMBIX BEIMUMHAX
YCPEIHSIOTCS, U CKOPOCTHBIE YPABHEHUS AAOT XOpolllee NpUOIHKEHUE.

IToncraBum p,; =0 B TpeThe ypaBHeHUe cuctemsl (5.1) u nomryuum

- _.R pi—-pp

=]—— =>
PTG

2

GO E
2 r’+0?

Rz(Pu—Pzz).%(Qj P

~ ~ ~ % ~
P12 = P21 =P21 P21 =
R

15(1012 —,021):

2r r

7 — JIOPEHILIEBCKUI KOHTYP =>
X

: 0 R? Q
PL1T 1P =11P11 _E('D“ —,022)'98 =

r
Part 2Pm = 128 +R—2(p ~ o) 2
2+ 72P0 =12P0 + D P P r
VMHOXHMM CHCTEMY Ha pacrpeieieHie KOHICHTPAIMU 10 JIy4eBOM CKOPOCTH
Ny, 1 Honydum

' R? Q

N+ Ny, =nhy, _E(NIVZ —Nz,,z) 2T
X (5.2)

N 0 R? Q
Nay, +72Ny, =72Ny, +E(N1Vz N, )'93 T

DTO NOYTH CKOPOCTHBIE YpaBHEHUS, OCTAIOCh 3aMEHHUTh BEJIMYUHY R? Ha
0oJiee TPaIUIIMOHHOE BBIPAKEHUE.

Jlnst monydeHuss HOBOTO BHJIa ypPaBHEHWM HaM TOHAAOOSTCS JBE HOBBIE
BEJIMYUHBL: J U O .

Beenem B paccmoTpenne J — IJIOTHOCTH MOTOKA (DOTOHOB. DTa BENMYMHA
CBs3aHA C HMHTCHCHBHOCTBHIO CBeTa [, KOTOpas MPEACTaBIsET COOOM IUIOTHOCTH
MOTOKa 3HEpruu cBeToBoro nojst. Toraa

JEL,
hv
rae IE<‘§

— BekTop [lolHTHHTA.

>, IJI€ YIJIOBbIE CKOOKM O3HAa4yarT YCPEIHEHHE 10 BpEMEHHU, S = [é,H ]



- C I
B cucreme CI'C Taycca S = —[8, H:| .
4r
PaCCMOTpI/IM MUJIMHAP CO CBCTOBBLIM IIOJICM, O6’BeMHaﬂ INIOTHOCTb KOTOPOTO

c
w, a (hazoBas CKOPOCTh — —.

c
[IycTs muiomane cedeHus: LUMIMHApA paBHA €IMHMIE, a JMHA — —. Toraa
n

C
00BeEM HUJINMHIApPA PaBCH HUX IMPOU3IBCACHUIO —, a4 SHCPIHA CBCTOBOTO IIOJISI B 3TOM
n

c .
oO0beMe paBHa w—. Bces 3Ta dsHeprus B €AMHHIYY BPEMEHU MPOMAET depes

n
eaMHUYHYIO0 onaaxky. CieaoBarenbHo,
C
[ = <w>—.
n

OO0BEeMHYIO TUJIOTHOCTh DHEPIMHM W MOXXHO BBIPa3UTh 4Yepe3 aMIUIUTYy
CBETOBOIO NOJIA &, . M 1eMCcTBUTENLHO

(D.€) . (B.H) |
2 2

w=

B cucteme CI'C T'aycca w = % {(D,é)+(/§,[—7)} .

Bontuke py=1u | yyuH =,/sye& B Oerymieit CBETOBOI BOJHE,
B cucreme CT'C Taycca JuH = Js& .

TOrJ1a
(D.&) (B.H) , Ao
w= > + > =3 E0ES” + UgpH ™ = £9eS” = gpn~ &
&
s=g.cos(wt) => <(<32>:7 s
2
()= 0
2
262
B cucreme CI'C T'aycca <W>:T;
Torna



2

B cucreme CI'C Taycca J L O
8rhw

OK&SLIB&GTC?I, 9TO B 3TOM BBIPpA)XCHHUHU HYKHO 3aMCHUTH 7 —> ny .

Takas CTPaHHOCTb UMCCT ABC ITPUYNHDBI.
BO-HepBI)IX, YaCTb OHCPruM CBCTOBOI'O IIOJIA IIPHUHATO CUUTATb BHCpFHGﬁ,

—

3araceHHou B cpene. [eno B tom, uro D =gyE + P, rae nongpuszanys P uMeeT 1Ba

CJIATACMBIX: PE30HAHCHOE P),.; U HEPE3OHAHCHOC F,,,; . Pe30HAHCHBIN BKIaz CBA3aH

C T€M, YTO MOJIEKYJIa MOXET MOTrJIoaTh WK U3Ty4aTh CBET, TOJIBKO OJJHOBPEMEHHO
HaXOJsChb Ha JBYX YpOBHsX dHepruu. ClenoBaTenbHO, PE30HAHCHBIM BKJIaA B
MOJIAPU3ALMIO HEPa3pbIBHO CBSI3aH C YAaCTUYHBIM 3aCEJCHHEM BO30YKICHHOIO
ypoBHs sHepruu. [1o 3Tol mpuyYMHE COOTBETCTBYIONIYIO SHEPIHI0 paccMaTpUBaloT,
KaK HEPrui0 Cpeilbl, & HE KaK SHEPTrUI0 CBETOBOro MoJisid. Torga 0003HaYuM BEKTOP
AIEKTPUUECKOTO CMEIIeHHs 0€3 pe30HAHCHOTO BKJIa/la B MOJSPU3ALINIO, KaK

—

Dy = goE + f’Hepeg = gon(%E , ut0 aHanoruano D = gyE + P = gy E = gonsz.

2.2
_ Sy
2
Kpome Ttoro, paccmarpuBasi oOpaTHOE BO3JIEHCTBUE Cpelbl HAa BOJHY, MBI
,Z[OFOBOpI/IJII/ICB paCCManI/IBaTB CBCT, KaK 6y,Z[TO OH paCHPOCTpaH}ICTCSI CO CKOpOCTLIO
C C

—,a HC —.
I’lO n

CoOTBETCTBEHHO 00BbEMHAas MIIOTHOCTh 9HCPIruu <W0>

B pe3synbraTe

c 1 _gonocé;oz

S =) T e

BBenem Ttemepp B pacCMOTpEeHHE HOBYIO BEIMYMHY O — CCUCHHUE
MOTJIONICHUSI, KOTOpas IO CBOEMY (PU3MYECKOMY CMBICIY JIODKHA OBITh paBHA
IUTOMIAAN TEHH MOJICKYJIbl. Uepe3 CeueHHe IMOTJIOMICHUS O MOXKET OBITh BBIPaKCH
KOA(DPUIIMEHT MOTJIOMIECHUS £ .

Koaddurment mnoriomeHns ompeaensercs 3aBUCHMOCTBIO  HM3MEHEHUS
WHTEHCHUBHOCTH CBETa 110 MEPE €ro pacipoCTpaHEHUs B MOTJIOIIAIOIICH cpee:

I(z)=1(0)-¢ **
C yuetom paBeHcTBa J = L MOJIy4YUM

hv
J(z)=J(0)-e *=.

(Nl -N 2) — s pexkTrBHAS KOHLIEHTPAIIMS MMOTJIOMAIOIINX CBET MOJIEKYJI, TaK

KakK MpU OJIMHAKOBBIX 3aCEJIEHHOCTAX BEPXHETO U HUKHETO YPOBHEH PHEPIUU YHKCIIO
NEPEXOJ0B CHU3Y BBEPX PABHO YMCIY BBIHYXKJIEHHBIX MEPEXOJOB CBEPXY BHU3, U
MOTJIOIIEHHE CBETA OTCYTCTBYET.



(Nl—Nz)-S-dz — YHUCJIO0 ATUX Kak Obl MOTJIONIAOIIUX CBET MOJEKYJ B

o0neme S -dz.
o- (Nl -N 2) - S -dz — nnomanb TEHU 3TUX MOJIEKYJI.

o-(Ny—N,)-S-dz

OTHOCHUTCJIbHAA IUIOOIAJIb TCHU HIIM BCPOATHOCTH

S
norJionieHus poToHa Ha IuHEe dz .
dJ
—| — TOe BEPOSTHOCTH MOTJIONIEHUS /i (POTOHA HA JJIMHE dZ .
Torna
d_J:_G'(Nl—Nz)‘S'dZ s
J S
dJ
7:—0‘(N1—N2)'d2 =>

J(z)=J(0).e 7 M=N2) 2.
CpaBHHUM 3TO BBIpaKE€HUE C APYTUM: J (z) =J (O) -~ *% u momy4nm
EE:(NI —Nz)'G.

B cinyyae HEOMHOPOAHOTO YIIMPEHUs] CHEeKTpadbHOW JmHUM [ <<kU
BEIUYMHBI &,0, N|, N, 3aBUCAT OT JIy4€BOU CKOPOCTH V_, TaKk KaK 4acTOTa CBETa B

CHCTEME OT CUETAa MOJIEKYJIBI @' = w — kV, 3aBucur ot V.

HOFJIOH_ICHI/IG Cp€abl CKIAABIBACTCA M3 IOTJIOIICHHUA MOJICKYJI C pPa3sHbIMHA
JIY4Y€BbIMH CKOPOCTAMU

+00
& = & .
[ =y ar,
—o0
COOTHOILIEHUE =£ = (Nl - Nz) 0O MOXHO 3alucaTtb AJId MOJICKYII, JIydcBas

CKOpPOCTb KOTOPBIX JIEKHT B AManazoHe ot V, no V, +dV:

2y dV, =(N1V dV. N, dVZ)-a(VZ) —
o o)
G(V *V,

Z)_ NlVZ _N2VZ :

PaccmatpuBas oOpatHOe BO3ACHCTBHE CpeAbl HA BOJIHY, Mbl MOJYYUIIH, YTO
IIOIVIOLIEHNE  Cpeldpl  NPONOPLUUMOHAIBHO  MHUMOM  4acTH  KOMIUIEKCHOM

(0] "
BOCIIPUUMYHNBOCTHU CPCAbI EVZ = cTZV , TOTrJa
0 z
4o "

B cucteme CI'C I'aycca 2y, =% Xy, -



i "
) cn “r,

v)=—S0 =
i Ny, =Ny,

z

PaCCManI/IBa}I BIMAHHUC MOHOXpOMaTI/I‘ICCKOI\/JI CBETOBOM BOJIHBI Ha cpeay, MBI
IMOJIYHYHJIN BBIPAKCHUC JIJIA MHHMMOM 4aCTHU KOMIIJICKCHOM BOCIIPUMUMYINBOCTHU CPCAbL

. _PZNOVZ(P11(VZ)—P22(VZ)) r PZ(NIVZ_Nzyz) (Qj -

Ly, ol Fct gohl’ r

ZVZ = pz . %(9)
Ny, =Ny, &l r)

[logctaBumM 3TO OTHOLIEHHE B (QOPMYTy [UIsl CEUEHHUS MOTJIOUICHUS

(0] "
eng %0
o(V:)

NIVZ —NzVZ

J(I/Z)_“)_l”z %(Ej -

- gohengl’ \r

" IIOJYy4YUM

2
B cucreme CI'C I'aycca o(V; ):4hﬂwp C ge(%j .
cn()

a(Vz):aosg(%j.

C()p2

3necr oy = ————
0 thcnor

— aMIUIMTyJa ce4eHMs norinouenus, Q=w —kV, —wy;

— paccTpoiika 4acTOThI CBETa B CUCTEME OTCUETa MOJICKYJIbI OTHOCUTEIBLHO YaCTOThI
MOTJIONIAIOIIETO TIEPEXOIbI.

Q
N3 popmynsl O'(VZ)=O'O %(Fj cienyet, uro ¢opma JIMHUMA TOTJIOHICHUS

Ka)XXI0W MOJIEKYJIBI — JIOPEHLEBCKUM KOHTYp ¢ mmpuHou 2I', rne I' — ckopocts
3aTyXaHMsl HEAMArOHAJIBHOTO 3JIEMEHTA MAaTPHUIbI INIOTHOCTH, OHA )K€ — CKOPOCTh
3aTyXaHHMs NOJISIPU3ALNANA CPEJIBI.

Paccmotpum BeipakeHue

Q\ egnpesd
(NIVZ _N2VZ).G(VZ)'J:(NIVZ _N2VZ)'O-O%(F) 02;)1;;0 =

2 2 2
= (M, -, ).&.%(QJ.%C%:R (™, - ).%(9}
Vz 2] gghcngl r 2hw 2T Vz Vz I

CpaBHUM 3TO BBIPQKEHUE C TMOJYYEHHBIMU paHEE IMOYTH CKOPOCTHBIMU
ypaBHEHUSIMU




. 2

o R Q
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" IIOJIYYHUM CKOPOCTHBIC YPABHCHUA B OKOHYATCIIbHOM BHU/IC!
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Pu3nyecKkni CMbICJ CKOPOCTHBIX YPABHEHUH.
PaccmoTpriM BTOpO€ YypaBHEHME W3 CHUCTEMBl CKOPOCTHBIX YpaBHEHUHU,
npeHeOperas 3aTyxaHHEM M HaKaykoW, W Ha Bpems 3a0yaeM O 3aBUCHUMOCTH
paccMaTpUBaeMbIX BEIWUYUH OT JIy4eBoU ckopoctu V. Torna

N2 :(Nl —Nz)GJ.
BI[eCB IIPpaByIO 4aCTb paBCHCTBA MOKHO Hp606pa3OBaTB:

* dJ
NZZ(Nl—Nz)GJZEJZ—— =>
dz
* dJ
Ny=-2.
dz
3mech N2 — 4YHCIO IEPEXOA0B C HUKHETO YPOBHS Ha BEPXHHI YPOBEHb B
¢IMHUILY BPEMCHH B €MHHIIC 00beMa,
dJ
(—d— — HACKOJIbKO B €JIMHHUILYy BPEMCHU Ha €IAWHHUIIC JUIMHBI M CIUHUIIC
A

IUIOIIAIU BiieTaeT (POTOHOB OOJIBIIE, YEM BBUIETAET.

Toraa ckOpoCTHBIE ypaBHEHUS OTPakalOT TOT (PaKT, YTO CKOPOCTh MOTEPU
(OTOHOB paBHAa CKOPOCTH ONTHUYECKHUX MEPEXOJOB C HMUIKHETO YPOBHSA SHEPrUHM Ha
BEPXHUU YPOBEHb.

CKOpOoCTHBIE ypaBHEHHUSI — 3TO yClIOBUE OajaHca SHEPruil UM pPaBEHCTBA
YHClia TOTJIOMICHHBIX (DOTOHOB YHCITY TIEPEXOI0B CHU3Y BBEPX.



[To sTO# TMpUYMHE CKOPOCTHBIE ypaBHEHHS HA3BIBAIOTCS TAKXKE ypaBHEHUSMU
OaJjraHca.

VYpaBHeHHs OanaHca SHEPTHH BIIOJIHE OYCBUIHBI, U MX MOXKHO 3aIlucaTh Oe3
npuBicdYeHUs Tu(PepeHIMATBHBIX YPaBHEHUN ISl MATPHUIIBI TUIOTHOCTH.

Kak >xe Torma MOrJIio OKa3aThCs, YTO OaJlaHCHBIC YPABHEHHUS BBITIOJHSIOTCS

HETOYHO, a SBJIAIOTCA PE3yIbTaTOM NPUOIMKEHUS Py =07

CKOpOCTHBIE ypaBHEHUS IEHCTBUTENIBHO BBITIONHAIOTCA HETOUHO. Jleno B ToM,
4YTO KpoMme OajlaHCa 3HEpruil Mpu BHIBOJE ypaBHEHMM OanaHca ObLIa HCIIOJIb30BaHA

dbopmyna &z(Nl —NZ)O', B KOTOPOHM MOJpa3yMeBaeTCs, YTO MOTJIOIIEHUE CBETa

IPOIMOPILIMOHANIEHO PA3HOCTH 3aCEJEHHOCTE, YTO Ha caMoM Jielie CIpaBeJINBO
TOJIBKO B CJIy4ae HE3aBUCSIIEH OT BPEMEHH aMILUIUTYbl CBETOBOIO MOJISL.

B o6uiem ciiydae k03¢ hUIUEHT MOTJIOMICHHS MPONOPIIMOHATIEH MHUMOM YacTu
KOMIUIEKCHOW BOCHPUUMYUBOCTU CPEBI

E- ~ Z" ,
a BOT MHHUMAasl 4acTh KOMIUIEKCHOW BOCHPUUMYHUBOCTH CpPE/bl MPOMOPIIMOHATbHA
Pa3HOCTU 3acejeHHocTe y "~ (Nl - N 2) TOJILKO B CTAallMOHAPHOM cllyyae, KOTla

aMIUIATY1a CBETOBOTO I0JIL HE 3aBUCUT OT BPEMEHH.

Jleno B TOM, 4YTO Pa3HOCTh 3aCEICHHOCTEH HE TAPAaHTUPYET HAIAYUs
JUIOJIBHOIO MOMEHTA CpPeAbl, KOTOPBI MOSABISAETCS MO IEUCTBUEM CBETOBOIO IMOJIS
TOJIBKO ¢ HEKOTOPBIM 3aIa3AbIBAHUEM IO BpeMeHHU. [loka HEeT TUIOILHOrO MOMEHTA,
KOMILUIEKCHAs BOCIIPUUMYHUBOCTh paBHa HYJIIO, Kak kodpureHT
MPONMOPILUOHAIIBHOCTH MEXIY HYJIEBOM MOJISIpU3aLMEN CpeAbl U CBETOBBIM IOJIEM.
[lornomenne cBeta cpenoil CBs3aHO C UHTEpPEpeHIUe Mepenu3ITyuyeHHOTO
MOJIEKYyJJaMH CB€Ta M CBETa MpPOXOAsIiero Mumo Mojekya. [loka Her
[EPEN3IIyYEHHOTO CBETA, HET U MOTJIOLIEHUS CBETA.

B cyxom ocrarke, ypaBHeHue OanaHca N2 =——— BBINOJHSIETCS CTPOro U
iz

BCETa, a CKOPOCTHOE YypaBHEHUE N :(Nl—Nz)aJ BBINOJIHACTCS  TOJIBKO
NpUOIMIKEHHO, TaK KaK ypaBHEHHUE &z(Nl—NZ)O' CIPaBEIJIMBO TOJBKO IpHU
IOCTOSSHHOM aMILIUTYJl€ CBETOBOIO IOJISI WIHM IIPU MEUICHHOM II0 CPABHEHUIO C

P

yactoToii Pabu R = 7 HN3MCHCHHUH aMILUINTYAbI CBETOBOI'O ITIOJIA.

HNMnyJibe npeBecTHUK.

WUtak, mnpu OBICTPOM BKJIIOUYEHHH CBETOBOI'O TOJS JHUIOJIUA MOJIEKYJI
pacKkayuBarOTCsi HE MTHOBEHHO, @ B TEUEHHUE HEKOTOPOrO IPOMEXKYTKA BPEMEHHU.
[TonpoOHee 3TO siIBIEHHE MBI pacCCMOTPUM B KOHIIE Kypca B Bompoce "Ontuueckue
HyTaluu'".

B nepBblii MOMEHT NpU BKJIKOYEHUH CBETa B CPEAE HET OCUWUIMPYIOIIMX
MOJIEKYJIAPHBIX JUIOJIEH, TOTAAa HET U MX W3JIy4EHHs, HET U3MEHEHUS aMIUIUTY/IbI




MPOXOJSIIET0 CBETa B pe3ysbTaTe MHTEP(EpEeHIMH MPOXOAIIeH BOJHBI U BOJHBI
NEPEU3TYUYECHHON IUIIOJISAMM CPEAbl, HET Na)ke II0KAa3aTess NPEIOMIICHUS CpEelbl,
BBI3BAHHOT'O JAJIEKMMH KpBUIbSIMH JUCIEPCUOHHBIX KOHTYPOB HEPE30HAHCHBIX
JIMHUH TOTJIOIECHHUS.

B pesynbraTte B nepBbIi MOMEHT IOCJIE OBICTPOrO BKJIIOUEHUS CBETa CBET
pacnpocTpaHseTcs B cpefie 0e3 MOTJIOMEHUS U CO CKOPOCThIO CBETA B ITyCTOTE.

Paccmorpum cioit cpenbl, st kortoporo £z ~200. Torma Ha BeIXOIE U3
cpe/ibl MHTEHCHBHOCTb CBETA COCTABIAET MAIYIO YaCTh € - ~ ¢ 2% purencusrocTH
CBETA Ha BXOJE B CJIOM cpenpl. Il CpaBHEHUS YHCIIO NIPOTOHOB B BUJIWMOW 4acTH

Bcenennoit — 3T0 BenmMUYHMHA NOPSIAKA 6200. To ects HU ogHOTO (POTOHA HA BHIXOJIE
u3 cpeapl He Oyaer. OHAKO HA OMBITE, €CJIM CBET HA BXOJE B KIOBETY BKIIIOYAIOT
OBICTPO, TO HA BBIXOJIC TOSBISETCS KOPOTKHUH CBETOBOW HMMITYJIBC — HUMITYJIBC
MIPEABECTHUK, KOTOPHIA MPOXOAUT Cpeay Oe3 MOTJIOMEHUS U CO CKOPOCThIO CBETA B

nycrote. Ecnu cBer cnabblit R:%<Aa), rae A@w — cnekTpaibHas IIMPHUHA

JIMHUHA IIOIJIOHICHUA, TO AJIMTCIbHOCTH MMITYJIbCA NPCABCCTHUKA IMPHUMCPHO pPaBHA
1 1

2-z-Aw 200-Aw

J/IBa KaYeCTBEHHbIX ONMCAHUS B3aMMOJAEeMCTBUSL CBETA CO CPEI0M.

Bo3moskHBI 1Ba onucanus '"Ha naibnax" B3aMMOJICHCTBHUSA CBETA C BEIIECTBOM.
OTH JBa OMHUCAHUS HEJb3Sl CMENIMBATH APYT C APYroM, MHAYE MOJIy4aTcsl 3aBEIOMO
OIMOOYHBIE PE3yIbTATHI.

[lepBblii cOCOO omMCaHUsI UCIOJIB3YET (hOpMaanu3M MaTpullbl TNIOTHOCTH. B
3ToM (opMaau3Me CBET IOIVIOMIAIT BCE MOJEKYJbl CPEIbl, M Kaxkaas MOJeKyJja
OJTHOBPEMEHHO HAXOJUTCA W HAa HUKHEM YPOBHE SHEPTUM IEPEXOJla U HAa BEPXHEM
ypoBHe. B cTanimoHapHOM ciiydae cmocOOHOCTh IMOTJIONIATh CBET KaXJI0W MOJICKYJIbI
MPOIMOPLUHAOHAIIBHA PA3HOCTU 3aCEJICHHOCTEN (Nl —Nz). OTOT cmocod omucaHus

OoJiee paBUITHHBIA.

Bropoit cnoco® omnmcanus B (opmManu3Me CKOPOCTHBIX YpaBHEHHUU. ITOT
CHoc00 MeHee TOYHBIN, HO 0oJiee HarIAAHbIN, 00Jiee MPOCTON A MOHUMAaHUs. JTOT
BTOpPOIl CHOCOO OMMCaHUsl SIBJISIETCS XOPOILIMM HPUOIMIKEHHWEM B CTAl[MOHAPHOM
cilydae, Korja aMIUIMTYy/1a CBETOBOM BOJIHBI HE 3aBHCHUT OT BpeMeHHu. B opmanuzme
CKOPOCTHBIX YpaBHEHHUH OJHA YacTb MOJIEKYJ HAaXOJUTCS HAa HUYKHEM YpPOBHE
DHEPI'uU, KOHIEHTPALUs 3TUX MOJEKYJ PaBHA 3aCEICHHOCTH HWKHETO ypOBHA N,

Apyras 4acTb MOJIEKYJ HaXOAUTCS HA BEPXHEM YPOBHE 3HEPIUH, U UX KOHLIEHTpALUs
N,. Ilpu »tomM 53¢ddexkTuBHAs KOHUEHTpaUuUs IOIIOLIAIOMIMX MOJEKYJI paBHa

NI_NZ' CriocoOHOCTB Ka}KI[OI‘/’I MOJICKYJIbI IOTJIOIAaTb CBET HE 3aBUCUT OT

3aCEJICHHOCTEN YpOBHEW, a 3aBUCUT TOJBKO OT pacCTPOMKM 4YacTOThl CBETA
OTHOCHTENIbHO 4acToThl mepexona. CrnocoOHOCTh MOTJIOMATh CBET KaKIOU

MOJIEKYJIOW IPONOPLIMOHAIIbHA CEYEHUIO MOMIOLIEHUS O = O, %(F) :



Ecmm xe mepemyrtath o0a ¢opmanu3ma, TO MOXKHO TMPEAMNOJIOXKUTh, YTO
CIOCOOHOCTh TOIVIOIIATh CBET Ka)KJOW MOJIEKYJIOW mponopuuoHansHa Ny—N,, u

YKCJIO MOIIOIIAOINUX MOJIEKYJI IPONOpLHMOHanbHo Ny — N, . Toraa nomayvaercs, 4To

2
MOIJIOIIEHUE CBETA MPOMOPIHUOHAIBHO (Nl - N2) , UTO HEBEPHO, TaK KaK Ha CaMOM
ZieJ1€ MOIJIOIEHUE IPONIOPLUHUOHANBHO N — N, .

Pe3oHaHC HAChIIIEHNS NOTJIOIEHHS €J12001i MPOOHOI BOJHBI CUJILHOM
BCTPEYHOM BOJHOM.

Pe3onanc HachlllleHHsT TOMJIOUIEHUST MHOI/IA HA3bIBAIOT  OOpallleHHbIM
npoBajiom JIamba.

PaccmoTrpum siBjieHHe KauecTBEHHO 0e3 hopmyi.

Hac Oynmer wuHTepecoBaTh cllydyail HEOAHOPOAHO YIIMPEHHOW JIMHUU
NOTJIONIEHUS, KOTJa JIOPEHLEBCKAs MUPHUHA JIMHUU MOTJOMIEHUS KaXXI0W MOJIEKYJIbI
2" ropa3no MeHbIIe JOIJIEPOBCKOM IUPUHBI 2kU  CHEeKTpaJIbHOW JIMHUM
noronieHus cpenpl. To ects I' << kU .

CuiibHasi CBETOBasi BOJIHA MEpPeOpAChIBAET MOJIEKYJbl C HMXKHETO YPOBHSI Ha
BEPXHUU U C BEPXHETO Ha HWKHUU. B pe3ysbrare nepexonoB noja IEUCTBUEM CBETA
YMEHBIIAETCSA PA3HOCTDH 3aCEIEHHOCTEN YPOBHEN

(N —Ny) \.

[Tornomienue cinabol BCTPEYHOM BOJHBI MPOMOPIMOHAIBLHO ATOH Pa3sHOCTH
3aCENEeHHOCTEN

&£~ (N 1~ N 2 ) R
U, CJIEI0OBATEIBHO, MOTJIOIIEHNE YOBIBACT UITH, KAK TOBOPST, HACHIIIAECTCS.

B cinyyae HEOMHOPOAHOTO YIIMpPEHUs] CHEeKTpadbHOW JsmHUM [ << kU
HACBILICHUE TIOIJIOIICHHU CHJIBHOM CBETOBOW BOJHOW C 4aCTOTOM () HACTYIAeT HE

JJI BCEX MOJIEKYJ, a TOJIBKO JUIsl TeX, JUIsl KOTOPBIX cABUHYyTas 3¢ dexrom Jlomiepa
4aCcTOTa CBETA COBIAJAET C YaCTOTOU MOIVIOLIAOIIETO IEPEXoaa

o —kVy, =@y

Kak roBopsT, 3TH MOJIEKYJIBI HAXOJATCS B PE30HAHCE CO CBETOBBIM ITIOJIEM.

Berpeunas cBeroBas BOJHA € 4YacTOTOM () IIOTJIOILAETCSA MOJIEKYJIaMU C
JIYy4YE€BOM CKOPOCTBIO V5 TaKoOH, 4TO

W, +kV,, =w,.

JIOIIEpOBCKUI CIBHI 4acTOTBl +kV,. HMMeeT ApPyroi 3HaK Ui BCTPEYHOM
BOJIHBI 110 CPABHEHUIO CO CIIBUI'OM JJIsl CUIIBHOM BOJIHBI —kV/, .

[IpocBeTnenne cpeapl CHIBHON CBETOBOW BOJHOW i CiIab0d BCTPEYHOU
BOJTHBI TIPOUCXOIUT B TOM CiIy4ae, KOrjaa 00€ BOJIHBI MOTJIONMIAOTCS OMHUM U TEM XKe
HAaOOPOM MOJICKYII:

Vlz = V22 .

Torna
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Wy +kV,, =0 => = @y =
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2 z — %21
Nz=".

Pe3onancuoe IMPOCBCTIICHUC CPCAbl HACTYIIACT, KOrga 4YacTOTbl BCTPCUHBIX
CBCTOBbIX BOJIH @ U @, CHMMCTPHYHO DPACIOJIOXCHbBI OTHOCHUTCIIBHO YaCTOThI

MOMJIOIAOUIETO NEPEX0AA @y .

TeopeTnueckoe pacCMOTpPEHUE MIPOILIE B TOM ClIy4ae, KOrja MOIIHOCTh OJHOM
M3 BCTPEUYHBIX BOJIH TOPa3f0 OOJIIE MOITHOCTH APYTOW BOJHBI, YTO MBI M Oynem
paccMaTpuBaTh, HO B DJKCIIEPUMEHTE HAWIydllIee OTHOIICHWE CHUTHAI/IITYM
JOCTUTAETCS B YCIIOBUSIX, KOI'JIa MOIIIHOCTH BCTPEYHBIX BOJIH IPUMEPHO OJIMHAKOBBI.

CuiibHasi BOJIHA MPOCBETIISECT CPEAY HE TOJBKO ISl CJIab0M BCTPEYHOM BOJIHBI,
HO W s camou cebs. B ciydae odeHb OOJBIION MOITHOCTH CWJIBHOW BOJIHBI,
KOTOPBIA B CIIEKTPOCKONMHU HACBHIIICHUS MOTJIOLICHUS HE MNPEACTaBISIET MHTEpeca,
NOTJIONIEHUE YMEHBIIAETCS TaK, YTO MHTEHCHUBHOCTh MOTJOIIEHHOTO CBETa
CTPEMUTCS K HEKOTOPOU KOHCTAHTE, MPU CTPEMJICHUM MHTEHCUBHOCTH NAJAOILIECH Ha
cpelny CBETOBOM BOJIHBI K OeckoHeuHOCTH. [Ipu 3TOoM uvactora Pabu Oosblie kak
OJHOPOJHOW IIUPUHBI CHEKTPAIHLHOW JWMHUU R >2I", Tak W HEOAHOPOIHOU
(morutepoBcKoi) mupuHbl R > 2kU .

PaccmoTrpum 3aj1auy KOJMYECTBEHHO B TPUOIMKEHUN CKOPOCTHBIX YPABHEHUH.

Bynem cumtath, 94TO CHIIBHAS CBETOBAs BOJHA HACTOJIBKO MPEBHIMIAET CIA0YIO
Ol MOIIIHOCTM YTO, pacCMaTpuBas W3MEHEHUE CPEAbl MOJ JIEUCTBUEM CHUJIBHOU
BOJIHBI, MO’KHO CJ1a0YI0 BOJIHY HE YUUTHIBATh.

Jlornuecku npoBeaeM pacCMOTPEHUE B IBA ATAMA.

Ha nmepBoMm 3Tame paccMOTpUM HM3MEHEHHE Cpelbl MOJ JECUCTBUEM CUJIBHOU
CBETOBOU BOJIHBI.

Ha BTOpOM »sTame paccMOTpUM yMEHBIIICHUE TOTJIOMIEHUS CIa00W BOIHBI
CpeAoii, KOTOPYIO U3MEHMIIA CUJIbHAS BOJIHA.

Haunewm paccmoTpenue co BTOpOro 3rara.

ITycts 2, — K03 puLMEHT norIoIEeHus c1ab0il CBETOBOM BOJIHBI.

0 +00
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IloncraBuMm crona
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IJI€ BTOPOE PABEHCTBO SBIAETCA pPELICHUWEM 1-ro 3Tama 3aJayd W OINKCHIBAET
U3MEHEHHUE CPEbl CUIIBHOM CBETOBOM BOJIHOM. [loacTaBum 1 nmosnydnm

V2
—+00 __Zz
NO 2 0 0 Gl Ql Qz
2, = eU-(p—p)l— cop|l —L || op| =2 |4V, .
2 _'[O\/;U Hr2)he, Trhre, || T z
3aech ()] — YACTOTHAs pacCTpoiika MEepBOW CBETOBOIl BOJHBI B CHCTEME

OTCUCcTa MOHeKy.HBI OTHOCUTCJIIBHO YaCTOTHhI IIOIJIOIIAKOIICTO HepeXOI[a, Qz —
paccTpoiika BCTpeuHOM cnaboii BomHel, G| — (AKTOp HACHINIEHUS WU
6e3paSMepHa}I MOIIHOCTD CI/IHBHOﬁ CBeTOBOﬁ BOJIHBI.

Q) =w—kV, -y

Qz =w> +kVZ — Wy

2

R
<G1:(L+LJ._1
n r)2r
R1:P@o1

h
3peck Ry — vactoTta Pabu amst cunbHON CBETOBOM BOJIHBIL.

B mpenenbHOM ciydae HEOIHOPOAHOTO YUIMPEHUS CHEKTPAJbHOM JHMHHUH
I'<< kU wunrerpan nns xodp@uUUEHTa MOITOMIEHUs cIa00M BOIHBI N, MOXKHO

B3SITh.
B BrIpaxenuu
VZ
+00 ——Zz
N, 2 (0 0 G Q, Q,
®£y) = eU-(p—p)l— | ———| |- 0¥ — |- dV,
? _'[O\/;U ) hG Tinfiva, || 0l ) T
Q,
COMHOXUTEIb ¥ T UrpaeT poib AenabTa-pyHkuun {upaka, Tak Kak pu yCIOBUU
y Q, y
I'<< kU oxka3piBaeTcs, 4YTO JIOPEHLEBCKUI KOHTYp % T | 3TO Y3KUH MUK B

3aBUCUMOCTHU OT VZ .



. . " . Q
B Toil obnacTu 3HaueHMH JTy4eBOH CKOpPOCTH, B KOTOPOM %(?‘2 3aMETHO

v?
. 7]
OTJINYacTCAaA OT Hy.TIfI Q?_ zO, IIPYFOI/I COMHOXUTCIIb € MOXHO CUUTATh IIOUTHU
HOCTOHHHOﬁ BCJ'II/IIII/IHOI\/’I, KOTOpyIO MO>XXHO BBIHECTH 3a 3HAK I/IHTCFpaJ'Ia.

Q,=0 => o)) +kVZ -y =0 = vV, = a)Zlk_a)2 —

_Lzz _(a’z—wzlj

e Ul me\ WU

Torna

(o= .

No ( kU j ( 0 0) G Q (sz
2, =0, (0= p%) oo [[1-—1 e w222 |.av,
N PP O_L 1+G, |rfita, r ) s

OcTaBHIuics HHTETpaI MOXKHO p8.36I/ITB Ha ABa CJIaracMsbIX:

+00
J %(x)dx =7
—Qo0
U
+00
_[ %8( y— x) . %(gj -dx — CBepTKa JABYX JIOPEHIIEBCKUX KOHTYPOB pPa3HOU
—00
IITUPHHBI.

B Marematuke cBepTKOit ( f oq)) nByX GyHKIMA f W @ Ha3bIBAIOT
CJICYIOIINUN WHTETPAL:

(Fo0)0)= | F(r—x)-olx)-ds.

JIns  BBIYMCIEHHsS CBEPTKM JABYX JIOpEHLEB HYKHO MOIBIHTErPAIBbHYIO
(GYHKIUIO PA3I0KUTh HA POCThIE APOOU:

X
1 1 A(x-y)+B ¢ *P
2 7= 7 2>
1+(x—y) 1+(xj 1+(x—y) 1+(xj
a a

rae A, B, C, D — HeusBecTHbIE (PYHKIIMH OT y U OT d.
Kaxnpiii u3 4-X Noay4yaroluXxcsi MHTErPAJIOB MPU BBIYMCIEHUN CBEPTKH JIBYX

JlopeHueB MOXHO B3sTh. B pe3ynbrare nosy4aercs
00

I%(y_x)‘%(gj°dx=7r(8+aD): 7a .gg( y j

1+a l+a

—00



rie B u D — ¢yakmun oT y u oT a. CBeptka nByx JlopenueB — 310 JlopeHn
CYMMapHOW LIMPHHBI.
[ToncraBUM MHTETpABI

+00

J%(x)dxzﬂ

<—oo

+00 ¥ a y
—x)-2| Z|.dy = X

_J;ogg(y x) gg(aj g 7[1+a Sg(l—ka}

B BbIpaXeHUE i KOA(P(UIMEHTAa TMOIJIONIEHUs MPOOHONM CBETOBOM BOJHBI H
MOJIy4UM

2
20 (0 _ 0 -
) p No(Pll—Pzz) —(wzk;)zlj
. oe .
50Chn0kU

i G (1+ /1+G1)2F2

.

(1+G,+ 1+ G)) @yﬂ%—Z@ny+o+/H{ﬁfrz

B cnextpockonuu TpEeACTaBIAIOT HHTEPEC Y3KHME PE30HAHCHI HACHIIMICHUS
nomomenus, korna Gy <<1. B atom npubnuxeHuu:

Eﬁzz\/;

2 G
2 0 0 - 1
. -e . —

50Chn0kU 1+(a)1 + 0)2 - 2@)21 jz

382:\/;

2r
31ech @ — 4YacTOTa CHJIBHOW CBETOBOW BOJIHBI, () — 4YacToTa ciaabou

2
. . 1 1) R’
BCTpe‘-IHOI/I CBCTOBOU BOJIHBI, Gl =£—+— E — (baKTOp HACBIIICHUSA HIIA
S S)

R = PEy1

Oe3pa3MepHasi MOITHOCTh CHJILHOW CBETOBOU BOJIHBI, — vacroTta Pabu

JUIS CJIBHOM CBETOBOU BOJIHEL.

Pe3onanc mpocBeTnieHUsT cpeapl — 3TO OTpHIaTeNbHas Jo0aBKa K
K03 (UIIMEHTY MOTIOUICHHUS CBETOBOI BOJHHBI.

[Inpuna pe3oHaHca IpU U3MEHEHUH ) U IOCTOSIHHOM 3HAYE€HUM (0, WM IIPU

U3MCHCHUU @, U IIOCTOAHHOM 3HAYCHUU (U PABHA:

Ao=20(1+ 1+ Gy).

[[lupuHa pe3oHaHca MPOCBETIEHUS CpPEllbl paBHA CyMME LIMPUHBI IpoBaja
bennerra B mkane yactot 2I'\/1+ Gy , KOTOPBII BBIKUTaeT CUJIbHAsI CBETOBAs BOJIHA,
U IIMPUHBI CEYEHUS TOTJIOMIEHUs ciaboii BcTpeuHoil BosHbl 217 . KoHTyp cymmapHoii



IIMPHUHBI TIOJIY4aeTCs B pe3yJIbTaTe CBEPTKM JBYX JIOPEHIEB: NpoBasa beHnerra n
ceyeHus MOIIOLIECHMUS.
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Eme pa3 xopoTko o MexaHusme (opMHpOBaHUS pPE30HAHCA HACHIIICHUS
norjomenus. CunpHas BOJHaA mepeOpachiBaeT MOJEKYJIbl C HIKHErO YPOBHS
SHEPrUM HAa BEPXHHM M C BEPXHEr0 HA HWXKHHUI, yMEHbIIAs, TakuM 00pa3oM,

pa3HOCTh 3aCEJIEHHOCTEN (Nl - N, ) . [Tornoenue ciaboit BOJIHBI
NPONOPLMOHANBHO ~ 9TOH  pasHoctd & ~(N;—N,). IlpocBerieHue — cpenbl
IIPOUCXOJUT B TOM CJIydae, KOIla ABE BCTPEUYHBIX BOJHBI TOTJIOMIAIOTCS OJHUM U TEM
ke HabOpOM MOJIEKYJI C OJJUHAKOBOM JIy4€BOU CKOPOCTBIO V,
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BapuaHTbI CIEKTPOCKONNH HACHIIECHUSA NMOTJIOIEHHUA.
1). BctpeyHnbie BOJHBI PA3HOM YaCTOTHI.

Onrtuueckas cxema OIbITa MPECTaBICHA Ha CIEAYIOIIEM PUCYHKE:
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[ToxpazymeBaeTcs, 4TO YroJ MKy BCTPEUHBIMU BOJIHAMHU OYEHb MaJl.

[IpepbiBaTenb, OH K€ MOIYJISITOP, MPEACTABISIET COOON BpalllatOIIMIACs JTUCK C
IPOPE3SIMU, Yepe3 KOTOPbIE MPOXOIUT U3NTyueHue jazepa 1.

Ecnu nBe cBeTOBbIE BOJIHBI HETMHEHHO B3aMMOJIEUCTBYIOT B CpPE/Ie KIOBETHI, TO
(OTOTOK IPHUEMHHKA M3JIy4eHUs CJIa00i BOJHBI C YaCTOTOM @, MOIYJIUPOBAH Ha

qacCToTeC fi HpeprBaHI/Iﬁ CBE€Ta CHMJIBHOM BOJIHBI . DOTOTOK MOAYJIMPOBAH Ha

qacCToTeC fl’ C€CJIM IIPHU BKIIIOYCHHUU JIyda 1 U3MCHSCTCS IIOIJIOIICHHUE JIyda @5 .



OO6cynuM Tenepb HEKOTOPbIE TEXHUYECKHE JIeTalu IKCIIEPUMEHTA.

B kayecTBe mpHEeMHHMKA U3TyYE€HUS CBETa HCHONB3yeTcs (OTOIUOM,
dhortopesuctop win DY — GHOTOIIEKTPOHHBI YMHOKHUTEITb.

Yame Bcero ucmnosb3yercss (pOTOAHOM, MOAITOMY PAacCMOTPUM TPU BapHUaHTA
BKJIFOUEHHS (POTOIMO0/IAa B DJIEKTPUUECKYIO CXEMY.

1). Pexxum oto D/C

ITpu yka3aHHOM MOJAPHOCTH BKIIOYEHUS (POTOAMOMA MOJ IECHCTBUEM CBETA HA
BBIXOJIE 00pasyercs MOJOXKUTenbHOE Hampskenue U, >0. B kxoHTakre p-n

[IEpEXola €CThb JBOMHOM DJJIEKTPUYECKHM CIJIOM, KOTOPBIM CO31A€T KOHTAKTHYIO
pPa3HOCTh MOTEHIIMAJIOB U HE MyCKaeT OCHOBHBIE HOCUTENN TOKa MU YHAUPOBATH U3
OJTHOTO TOJYINPOBOAHMKA B Jpyroi mnomynpoBonHuk. Ilox pgeiictBuem QoTona
BHYTPU KOHTAKTHOTO CJIOSl 00pa3yeTcs mapa 31eKTpoH-abIpka. [loa nefictBueM moss
B KOHTAKTHOM CJIO€ JIEKTPOH M JbIPKA JABMXKYTCS TaK, YTO YACTUYHO HEUTPAIU3YIOT
3apsAabl  IBOMHOIO 3JIEKTpHuecKoro ciosi. KoHTakTHas pasHOCTh ITOTEHLMAJIOB
YMEHBILAETCS, 3TO U €CTh HANpsDKEHHUE ¢ (POTOANOA.

[IpeumymiecTBO cxempl — Maible Mmymbl. Henocratok — HenuHeHHas
3aBUCUMOCTb HalPSDKEHMSI Ha BBIXOJI€ OT MHTEHCUBHOCTH CBETA.

2) Pexxyum BKIIFOUEHMS ¢ BHEIITHUM MCTOYHHUKOM HaIIpsKCHUA .
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HampspkeHne Ha  BBIXOJE  CXEMbBl JIMHEHHO BO3pacTaeT C  POCTOM
MHTCHCHUBHOCTH CBETA.

[IpeumymiecTBO CXeMbl — JIMHEWHOCTh W OOJbIIasi YyBCTBUTEIHLHOCTH
(BbICOKMI K03 duIMEHT niepenayn). HeqoctaTok cxemMbl — OOJIBIINUE IIYMBI.

3). PexxuM KOPOTKOTO 3aMBIKaHUSI.
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[IpeumyiiiecTBa CXeMbl — BBICOKAsi JIMHEMHOCTh, Mallble IIyMbl, BBICOKHUI
koaddunrenT nepenaun. [Ipu ykazaHHON MOJISIPHOCTH BKIIOYEHUS (POTOAMOIA MOA
JNEUCTBMEM CBE€Ta Ha  BBIXOJE  ONEPAIlMOHHOIO  YCHIWTENs  oOpasyercs

TIOJIOKHUTENbHOE Hanpsukenue U, > 0.



