IIpubankeHne BpAIAIONIEHCS BOJTHBI.
PaccmoTpum ypaBHEHMsT A1l MATpUIlbl TNIOTHOCTH B CUCTEME OTCUETa aToMa
(MM MOJIEKYJIBI).

: . PS\t
Pt NP1 =71P101—l h( (Plz—le)
. pe(t
Pt V2P0 = V2P +lp7()(,012 — 1) (3.1)
o .S\t
Pa1+imy oy + Py =i ( )(1011—/022)

BBeneM HekoTOpble yYHPOILIAIOIIME MPEANOJIOKEHU. YIpolueHus OyayT
BIIOJIHE CIIPABEUIMBBI, €CJIN BEPOSTHOCTH OOHAPYKUTh aTOM Ha YpOBHAX 1 u2 (o 1

> ) HE YCIIEBAIOT 3aMETHO U3MEHUTHCS 3a IIEPHOJ CBETOBOM BOJIHBIL.

CHauaJsia pacCMOTPUM NPEAEIbHBIN Cllydail: p|| — Py = const.
Paccmotpum 3-e ypaBHEHUE CUCTEMBI

- pe(t

Patimypy + 1Py =i

(P11~ P2) M NOACTABAM B HETO BBIPAXKCHHE

JJIA HaANpsAKCHHOCTHU QJCKTPHUICCKOI'O I10JI1 & ( f) B SIBHOM BHC:

e’ +e'? . \ \
S(t) =&, cos((p) = SDT , T1Ie @ — (a3a CBETOBOU BOJHBL @ = @'t —@'.
Torna
. ip —ip
. . p&, e te
Pt iy pp + 1Py =i z 2 (P11 p,2) 3.2)
B npaBoii yactu 3TOr0 paBeHCTBa €CTh ciaraemble ¢ "+" u "—" onruueckoi

qacrotoii: €'’ u ¢ . Toraa pellleHue I P, HYKHO UCKATh B BUJE CYMMBI JIByX
AQHAJIOTUYHBIX CJIAraeMbIX:

P21 = Pl +e’¢ + pzl_e_W, II€ P14 U Pr1_ — HOCTOSHHBIEC aMIUIUTYIBL.

UyTe mo3aHee MBI OTKaXEMCS OT MPEANONIOKEHUS Py — Py =const WU
aMIUIUTYIbl Op1, U pPy|_ CTaHYT QyHKUUsAMU BpeMeHH. [loka xe p, ., =const u

pr1- =const. Torma u3 ycnoBus P, = py1.€? + py_e 'Y nmonydaem B pesynbrare
muddepeHIMpoBaHUs IO BPEMEHU:

pa1=i0'py1, € —iw' py_e?.

[T0JCTABEM 9TO BEIP@KEHHE UL Py; U Po; = Pr1s€? + py_e ¥ B ypasHenue
(3.2). Cobepem oTaenbHO ciaraeMble ¢ €' u e 'Y v mony4um 1Ba ypaBHEHHS:
. . P&
10" Py14 +iy1 P14 + T o1y = ZE(:OII - p2)

. . . p&,
—i0'py1_ +imy Py + T py_ = 12—;(,011 —,022)



P _;PS0 _ PT P2
" 2h F+i(a)21+a)')

P& Pl P2
2h F+i(a)21—a)')

=> \,021—\ >> \,021+\

Pai- =i

Torna p,;, MOXHO OTOPOCHUTb B BBIDQKEHMH 0y =Py €0 +prie ¥ u

& g e?+e'? y
OTOPOCHUTH ~¢" B BBIDWKEHNH &~ —— B NPaBOi aCTH YpaBHeHNS (3.2).

1 iy
Tornma BeIpakeHHEe JUIsl CBETOBOIO IOJS MPUHUMAET BHI: ez(r) =5&0e R g—

BUJI BEKTOpA BPAILAOIIETOCs] HA KOMIUIEKCHOW MJIOCKOCTH IO YacOBOW CTpEJIKE C
YIJIOBOM CKOPOCTHIO @'.

[lo »9roil mnpuuymHEe  paccMaTpuBaemMoe  NPUOTMKEHUE  Ha3bIBACTCS
MPUOJIMKEHUEM BPaIIAIONIEHCs BOTHBI.

AHanmornyHble OTOpAChIBaHUSA TO OJHOW, TO JAPYTOM YacTH CBETOBOTO TOJIS
OyIyT U B IBYX MEPBBIX YPABHEHHIX cUCTEeMBI (3.1).

UTak, ecnu OTOPOCUTH MAllO€ CIAraeMoe pyi €, TO HeIMArOHAIbHBIH
AJEMEHT MATPHUIIbI INIOTHOCTH MPUMET BUI:

pa1=pye ¥ =pye?,
rIe p,; — KOMILIEKCHAs aMILIMTY1a HEAUArOHAJIBHOIO JIEMEHTA O .

OTtkaxxeMmcs TCIICPb oT IMCPBOHAYAJIBHOT'O MMPCAIIOJIOXKECHUAI, qTo
P11 — P = const . B takom Ci1y4dac€ BCC paBHO MOXKHO CUHMTATb, YTO

~ =
P21 =P ?, (33)
HO TOJIBKO Q51 OKaXKETCs Tenepb (PyHKIUEH BpEMEHHU, XOTSI U MEAJICHHON QyHKIUEH,

MaJio U3MEHSIOMIECHCS 3a IEPUOJ] ONITHYECKONW YaCTOTHI.
[Iponuddepenuupyem ypaBHenue (3.3) mo BpeMEHH U C YYETOM TOTO, YTO @
TOKE 3aBUCUT OT BPEMEHU @ = @'t — @'y, IOTy4UM:

R
pa1=pyre " —ie' pye? (3.4)
Iloncraum (3.3) u (3.4) B ypaBHeHnue (3.2), B ayxe MNPUOIMKECHUS
BpalllaloIIelcss BOJIHBI, OTOPOCUM B NPaBOW YaCTH cllaraeMoe, MpOIOPLUOHATIBHOE

e'? , u, nocne cokpanieHus Ha e ¥, oayuuM:

S - R
P21~ 1200 + 1Py =15(P11 -p2) 3.5)
31ech BBEIEHBI 0003HAUEHMS:
Q=w'-w,; =w—kV, —®)| — paccTpoiika 4aCTOThI CBETA ' OTHOCUTEIILHO
4aCTOTHI IIEPEX0JA ;] B CUCTEME OTCUETA aTOMA,

&
R=P=0 _ qacrora Pabu.



Haiinem Ttemnepp, Kak M3MEHUTCA MpaBas 4acTb MEPBBIX JABYX YPaBHEHUH
cuctembl (3.1) B mnpuOMMKEHMM BpalAOLIECsl BOJHBI, €CIM  IOACTABUTH

pa1=pre "’
Paccmorpum
&P 4o *
@(f)'(Plz—le)=@o—2 '((,021) —P21)=
&Py . . Eny o -
= oT'(Plzel(p —pP21€ w)) z70(,012 —,021)-

B mocnenHeM paBeHCTBE OTOPOILEHBI ClIaraeMble C YIABOEHHOH ONTHYECKOM
4aCTOTOM, TaK KaK paCKauuBaHHUE Oy U pp, HA ITOH 4acToTe Majo 3(P(YEKTUBHO.

W nelicTBUTEIBHO:

(nP11)y <<| P11 | =[P | =(1P11)y (3.6)
2o 0
rae:
( )260, — cJlaraeMbl€ Ha yABOCHHOM ONTUYECKON YacTOTeE,

(), — cnaraembie Ha HyNEBOM YACTOTE.

IlepBoe HEPABEHCTBO CBA3aHO C TeM, YTO Jq <<2®', U C TEeM, YTO IpH
mbGepeHIMPOBAHNN  BEIMYKMHBI, OCLHUIMPYIOIeH Ha dactore (2@'), mepexn
auddepeHIupyeMoi BETUYUHON MOSIBISAETCS COMHOXKHUTEIb (2(0').

[IpubOnu3uTenbHOE PaBEHCTBO B cepenuHe 1enoyku (3.6) cBsI3aHO C T€M, UTO
MpaBasi 4aCcTh NEPBOr0 ypaBHEHUS cUCTEeMBI (3.1) UMeeT 0JJMHAKOBYIO aMILIUTYAy Ha
yactore 2@' u Ha yactote 0.

[IpaBoe paBeHCTBO B 1ienouke (3.6) CBA3aHO C TE€M, YTO, €CJIM HET HAKauYKW Ha
ypoBeHb | M HET CBETOBOr0 MOJIA, TO BEJIUYUHBI B JBYX 4YacCTSIX PaBEHCTBAa B
TOYHOCTH PaBHBI IO MOJY/I0. B OCTalIbHBIX CIy4asiX 3TO BEIMYMHBI OJIHOTO MOPSJIKA.

CpaBHuBas Ha4aI0 ¥ KOHEII 1Ieno4ku (3.6), moaydaem:

(,011)2@' < (:011)0'
To ecTb, OCUMUIALMAMU BEIUYMH pj; U pPrp HA YABOECHHOW ONTHYECKON

4acTOTE MOXHO IIPEHEOpEYb.

OTtOpacbiBasi OCLUMJUIILIMU BEIUYUH P U pOpp HA YJBOCHHOH ONTUYECKOMN
4acTOTe€ B JIBYX IE€pPBBIX ypaBHEHUSAX cucTeMbl (3.1), MOIy4yuM Ty K€ CUCTEMY
YPaBHEHHUI B HOBOM BUJIE:

: o .R,. -
P11t 1P =11P11 _15(1012 —,021)
: o .R,. -
PRt V2022 =V2P0 + ’5(,012 —P21) (3.7)

L o - R
Pr1— 12051 + 1Py =15(,011 — )




DOTO0 W €eCTh YypaBHEHUS IS MATPUIBl IJIOTHOCTA B TPHUOIMKEHUU
BPALLAOIICICS BOJHBI.

Jlnst petieHus 1000 KBAHTOBOMEXaHWYECKOM 3a/1aUd HY>KHO CHauaja pelinTh
cucreMy ypaBHeHud (3.7), 3aTeM IO IOJIy4YE€HHOW aMIUIUTYAEe p,; HalTu

HSAUArOHAJIbHBIC DJICMCHTBI ManI/IHBI IIJIOTHOCTHU
_ =~ _—ip _ *

P21=P21€ " 1 P12 =pP21 -

A nanee depe3 DIEMEHTBl MAaTpULBl IUIOTHOCTH p,; HaWTH JIOOYIO
U3MEPSEMYIO BEJIMYUHY F :

(F)=Sp(PF) =Y. ot Fin -

nk
3,[[605, KaK 1 paHbme:

rR=P%

h
Q=w-kV, —wy,
p=wt—kz—@py=0't—¢'
p=| wi (p.e)yrdV

V =00

Fiop = I Vi ﬁWndV
V =0

Peakuusi IBYXVYPOBHEBOM cpeabl HA MOJIE MOHOXPOMATHYECKOUW BOJHBI.
PaccmoTpum  pemienue auddepeHIMaTbHBIX  YpaBHEHUM IS MaTpPHUIIbI
IJIOTHOCTH IByXYPOBHEBOU Cpe/ibl B TPUOIMIKEHUN BPAIIAOIICICS BOJTHBI:

: o .R,. .
P11t 7P =PI —15(012 —,021)

: o .R,. -
1022+ V2P0 =720 + 15(,012 — 1) (3.7)

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

Bynem uckaTh peleHue B CTALIMOHAPHOM CIIydae, KOTAa Oy = Py = Pr1 = 0.

N3 tperbero ypaBHeHus cucteMsl (3.7) Ipu yCI0BUU ,521 =0 nosyyum:

5 R pi—pr
pyy =i AL P2 (3.8).
2 I'-iQ
3necy Q=w'-w,) =w—kV,—w,; — paccTpoiika 4aCTOTBl CBETa B CUCTEME

OTCYETa MOJIEKYJIBI OTHOCHTENILHO YaCTOTHI ITOIIOIIAIOILETO IEPEX0AA.
Haiinem pj, — 0y, YTOOBI IOACTaBHTH 3TO BBIPAKCHUE B JIBa IEPBBIX

ypaBHEHUs cucteMsl (3.7).



T . R ,011—,022j (-R ,011—,022j o Pl P2

— Py = oy = Py =| i PU P22 | R PP | P PR
P12 = P21 = P21~ P21 ( > T T1i0 2 T-i0 2102
B ABa IICPBLIX YpaBHCHUA CUCTCMbI BXOAHUT BbBIPAXKCHUC

iR (5, -7 ):R_z.( _ ).gg(gj
> P12 — P21 T P11~ P22 r)

rue %(x) = 5 — TaK Ha3bIBACMBIi JIOPEHIIEBCKUH KOHTYP.
l1+x
[ToncraBum ero u noay4ynm
11 1 2]/1F 1 22 T
(3.9)
22 22 27/2F 11 22 T

Bo3pMmeM pa3HOCTh 3THUX [BYX YpPaBHEHUMH M pPa3peliuM IOJYYEHHOE
YPaBHEHUE OTHOCUTEIBHO PA3HOCTHU ( P11 — P2 ) B pe3ynbTaTte nogyduM perieHue

Doy = 0—0)-1—G-%( Q j 3.10

P11~ P22 (pll P22 ( 1+G rm ( )
R (1 1

rne G=—:| —+— | — dakTop HACBIIICHUS WIK Oe3pa3MepHas MOIIHOCTb
2I' \n »

CBETOBOM BOJIHBI.

OxoHuUaTenpHOE pEIIEHUE A IEPEMEHHBIX py; U P,y IMOJYYAETCA IPHU
nojctaHoBke BblpaxeHust (3.10) B mpaByro yacTh ypaBHEHUU cucteMsl (3.9).
IToncraBisieM W MoOJaydyaeM pEHIEHUE I JUaroHaJdbHBIX 3JIEMEHTOB MATPHUIIbI
IJIOTHOCTH:

0 o o0\ nG G [ Q j (Qj
= — — . 1= .ep ool —
P11 = P11 (pll ,022) "+ 7, ( G rm r -

P2 =P%+ (Pl - P52 no [y G -%( L j-%(gj
e G vl B Prel Vvewey | s

[ToncraBnsiem (3.10) B (3.8) U mosyyaeM pelieHUE [Jisi HEIUAroHaJIbHOTO
AJIEMEHTA MaTPUIIbl TNIOTHOCTH:

0 0
By =i TnrG pi-pn (G ,%( Q j
2(n+r) I-iQ 1+G IVi+G

HpoaHanHBpreM MMOJYYCHHOC PCIICHUC AJId 3JICMCHTOB MAaTPHUIIbI IIJIOTHOCTH.
I[JI}I aHalln3a PCHICHUIA y,Z[O6HO BBCCTH [IBa HOBLIX INOHATHA: 3aCCICHHOCTb YPOBH:A
OHCPIruu U KOMINICKCHAs MOoJdpu3anna CpCabl.

IIposan u nuk bennera.
N; = Nyp|; — 3aCEIIEHHOCTb WU HACEIEHHOCTD 1-ro ypoBHs SHEPIUH,




N, = Nypyp — 3aCENEHHOCTD 2-TO YPOBHS SHEPIUU.
3nech N — KOHLIEHTpPAIMsA MOJIEKYJI MIIM YHCIIO MOJIEKYJI B €IMHUIIE O0BEMA.

3aceIeHHOCTh YPOBHSI DHEPTUU — 3TO KaK Obl KOHIICHTpAIHMs MOJEKYJT Ha
3ToM ypoBHe. TonpKO Kak OBl KOHIIEHTpAIlWs, TaK KaK B CBETOBOM TIOJIE KaKmas
MOJIEKyJIa OJIHOBPEMEHHO HAaxXOJUTCS Ha JABYX YPOBHSX DJHEPIHH, CBS3aHHBIX
CBETOBBIM TIOJIEM.

BBenem oOo3HaueHHMe s pacmpeleNieHUs KOHIICHTPAIMM IO JIy4eBOM
CKOPOCTH MOJICKYJI NOVZ :

Jls mo0oi pusndeckol BenuuuHbl F CBA3b €€ U €€ paclpeleieHus ), 1o
z
Jy4€BOM CKOPOCTH UMEET CIEAYIOLIUN BU:
+00
F= [ F.dr,.

—0o0

AHaNnOru4HO JJIs1 KOHOCHTPAIUK MOJICKYJI N, 0-

+00
No= | No, V.,
o0

rae Ny, dV, — KOHILIEHTpaLusi MOJEKYJ, JIy4eBble CKOPOCTH KOTOPBIX JIeXKAT B
z

auarnasone ot V, no V, +dV,.

Pacnpenenenrie Moyekysl MO JIy4eBOM CKOPOCTH NpPHU TEPMOJUHAMUYECKOM
PaBHOBECHUH — 3TO paciipeziesienne MakcBeia 1o NpoeKIMH CKOPOCTH:

VZ
Z
N, 2 2kgT
Ny, = 0 .o U” e U= b~ __ nanGonee BEPOSITHASL CKOPOCTh.
= IxU m
Ny, =Ny, pi1(V.) — pacnipezienienne 3aceNEHHOCTH HIDKHETO YpOBHS
z z

SHEPIUU TIO JTy4EBOIM CKOPOCTH MOJIEKY/I,
N,, =Ny, p»(V.) — pacnipesienienne 3acelleHHOCTH BEPXHETO YPOBHS
z z

SHEPIruM 1O JIy4YEeBOM CKOPOCTU MOJIEKYJI.
3nece u B Oyaymiem OyaeM paziaudaTh pachpeseneHue 0o guznueckoit
BEJIMYMHBI [ TI0 JIy4eBOW CKOPOCTH [}, M (DyHKIHIO BEIMYHMHBI [ OT Jy4eBOH
z

ckopoctu F (VZ). s pacnipenenenus FVz MHTETPAJI OT HETO IO JIY4EBOU CKOPOCTH
400
paBeH caMou Beln4uHe F', TO ecTb [ = I FVZdVZ, a niusa pyskuun F (VZ) HET
—Qo0
HUKAKOTr'0 CMBICJIA UHTETPUPOBATH €€ MO JTy4€BO CKOPOCTH.
YMHOxkUM paBeHcTBO (3.11) Ha pacmpeneneHue KOHLIEHTPAMKU MOJIEKYJ IO
2
__No _ZZZ
IPOEKLIHUH CKOPOCTH Ha JIyY NOVZ N e Y TIOJTYyYUM




Ny, =N —(NPV —NSV)- 16 |G -gg[ Q j -%(9)
z z z z N+ 1+G I'v1+G r

G G Q Q)
NZV :NSV +(N10V _NSV ) . 1= & %(_j
z z z z }/l-i-}/z 1+G I'JVi+G r

OTtkyzna nosryaum
0 0 0 7,G G Q Q
NIV _NIV :_(NIV _N2V ) 2 1= %( / j %(_
z z z z 71+)/2 1+G I'JVi+G r

G G Q 0
N, —NJ :(NO ~NY ) AR [ P S -%(—j
2Vz 2Vz 1VZ 2VZ 1t+7 1+G F\/1+G r

371ech 3aBUCHUMOCTb (NIV —NIOV ) ot V, HaspiBatroT nposanoM beHHeTa, a
z z

3aBHCUMOCTh (NZVZ - NSVZ ) ot V, HaswiBaroT nukoMm bennera.
2
No Ny 2
0 0 0 0 £ 0 0
Ny, - Ny, :(Nl —Nz)' NOZ =(P11—,022)'N0VZ’ rae Ny, :\/;(z]'e v
— pacnpezenenrne MakcBesuia o NpOeKIH CKOPOCTH MOJIEKYJI.
PaccMoTpuM BEe 3TH 3aBUCUMOCTU MPU YCJIOBHM CIa0OTO CBETOBOTO IOJIS
R? (1 1j
G<<1, rne dakrop Hacbimenus G=—:—+—|, HU TpPU YCIOBUHU
2 \n n
HEOJHOPOJIHOTO YIIMPEHUS CIEKTPalIbHOM JIMHUM, KOIZa JOIUIEPOBCKas IIMPHUHA
CHEKTPAJIbHOM JIMHUM Tropa3io OoJblle JIOPEHLIEBCKOW IIUPHUHBI CHEKTPaJbHOU
JIMHUYU KKI0U Monekynsl kU >>1T.

N
1
I [
| Vi
N |
I
I
|
|
i
F o Va
v, = 21



B ciy4ae HEOJHOPOIHOTO YIIUPEHUS CIEKTPAIBHOU JIMHUN

V2

__Z
NO U2 o o o
NOV = e — IIUPOKUHN JOTUIEPOBCKUN KOHTYP B 3aBUCUMOCTH OT JIy4EBOMU

z NxaU
FZ
cKopoctd V,, a ¥| — |=—5—— — Y3KUHU JOPEHLEBCKUN KOHTYD B 3aBUCUMOCTH
r) o?+r?

OT pPaccTporku =@ — kV, — @w,| 9aCTOTBI CBETOBOTO MOJIS @ OT YaCTOTHI IEPEX0/aA

.-
HN3menenne dactotel AC) M U3MEHEHHE JIy4eBOHM CKopoctH AV
NpoNopuruoHaNbHbl Apyr apyry AQ=-kAV,. Torma kU — mnonymupuna
1
JOIJIEPOBCKOIO0 KOHTYypa B IIKaJIE 4acTOT Ha ypoBHE —, | — modymmpuHa Ha
e

IIOJTYBBICOTE IS JJOPEHIIEBCKOTO KOHTYpA.

KauecTtBeHHO OOBSCHUTH TMOSBIEHHE IMpoBajlla M MUKa beHHeTa MOXKHO
cleAyommM obpazoMm. be3 cBeToBoro moss B COOTBETCTBUM C PaCIHpelesIEHHEM
BbonbiiMana Ha HUXKHEM ypOBHE SHEPTUH OOJIbIIIE MOJIEKYJ, YeM Ha BEPXHEM ypOBHE.
CBertoBoe moJie nmepedpachiBacT MOJIEKYJIbI C HIPKHETO YPOBHSI SHEPTUH HA BEPXHHUIM,
a C BEPXHEr0 — Ha HIDKHHUM, YMEHbIIAs PAa3HOCTb 3aCEIEHHOCTEN JTHUX YPOBHEW.
CBeToBOE 10JIe YMEHBIIAET 3aCEICHHOCTh HUKHETO YPOBHS HEPIUU U YBEIIMUNBACT
3aCEJICHHOCTb BEPXHEro YPOBHSA, HO JEJAE€T 3TO TOJBKO JUII MOJIEKYJ C OJHHUM
3HAYEHHUEM JIy4€BOM CKOPOCTH. 3HAYEHUE JTy4YEBON CKOPOCTH ONPEAEIAETCS TEM, UYTO
caBuHyTas 3p¢exrom Jlomiepa yactora CBeTa B CUCTEME OTCUETAa MOJIEKYJIbI JOJKHA
COBIAJAaTh C YAaCTOTOM IMOIVIOLIAOLIETO MEpeXoaa. Y MEHBIIEHUE U1 9TOW JIy4eBOU
CKOPOCTH PAa3HOCTH 3ACEJICHHOCTEH W NPUBOAMUT K IOSABICHUIO ITpoBana beHHera B
pacrpeneneHnn 3acelICHHOCTH HW)XKHErO0 YpPOBHS II0 JIy4€BOM CKOPOCTH M K
ITOSIBJICHUIO KA beHHeTa B pacnpeieIeHnH 3aCEJIEHHOCTH BEPXHETO YPOBHSI.

Kopoue, cBeT nepeBoAuT MOJIEKYJIbl BBEPX-BHU3 JIJIs TAKOIO 3HaYEHUS V., 4TO

C()—kVZ =a)21.

CBeTOMHAYIIMPOBaHHBIN apeid. Pa3geaeHne H30TONOB.
Paccmotpum crienyromyro onTu4eckyr cxemy. llycTb MOHOXpomaThueckoe
W3JIy4YECHUE JIa3epa C 4aCTOTOM @ MPOXOAUT Yepe3 KIOBETY C ra30BOM CMECBIO JBYX
U30TOIOB.

Wi

JIvHAM TIOTJIOLIEHHWS M30TONOB HECKOJIBKO CABHHYTHI IO YacTOTE JpYT
OTHOCUTEJIBHO Jpyra. Tak Ha CIEIYIOIIEM PUCYHKE MPUBEICHA H30TONUYECKas
TOHKast CTpykTypa D, nuaum pyowmms 780 uM. JIBe cpegHMe KOMIIOHEHTHI



MIPUHAJJIC)KAT U30TOITY Rb85, JIB€ KpaHUE — W30TOILY RbY7. Jlunun YIIAPEHBI
adpdexktom Jlomnepa. JlaGopartopHas pabGora 10 HAOIIOACHUIO TOTJIOIICHUS
M3ITYYCHHS TIOTYTPOBOJHIUKOBOTO JIa3epa mapaMu pyouus.
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HYCTL qacToTa HBJIyT-IeHI/Iﬂ na3epa JICKUT B npe):[eﬂax I(OHJ'ICpOBCKOFO KOHTypa
JIMHHUU ITIOTJIOIICHUA OAHOT'O U3 I[BYX HN30TOIIOB C I_ICHTpOM Ha 4aCTOTEC (()21 .

HyCTB AJI1 OIMPCACJICHHOCTH YaCTOTa Jia3€pa BBIIIC YaCTOThI IOTJIOMIAIOIICTO

a)—a)21

nepexojga > w,,. Torma V, = > (0. DTO O3HayYaeT, 4TO M3Iy4YCHHE Ja3epa

MOIJIOMIAIOT aTOMBI, JIETSIINE B HampaBieHUHW jyya. [lormioiast cBeT u nepexoas B
BO30Y)KJIEHHOE COCTOSIHHME, aTOMbI Pa30yXaroT, TaK Kak B BO30YXJACHHOM COCTOSHUH
aToM MMeeT OOJIBIIHNE pa3Mephl, YeM B HEBO3MYIIICHHOM COCTOSTHHH. BoNbIie aToMbI
Jale CTAIKHUBAIOTCS, TaK KaK UMEIOT OOJIBIIYIO IIOMA b IONIEPEYHOTO CCUCHHMS.
PaccMoTpum naBa HaOopa aTOMOB OJHOTO M TOTO € HM30TONA, HO C
MPOTUBOIOJIOKHBIMHU 3HAYCHUSIMHU JIy4eBOM CKOpPOCTH. ITyCcTh 01MH U3 IByX HAOOPOB
aTOMOB C JIy4€BOU CKOPOCTBIO V, > (0 B3aMMOAEHCTBYET CO CBETOM. ATOMBI U3 3TOTO

Habopa JIETAT BIIOJIb JIA3€PHOIO JIyya, Yalle CTaJIKMBAIOTCS W TO3TOMY CHJIbHEE
topmozsitcsi. CrenoBarenbHO, IEHTP MacC JABYX HAOOPOB AaTOMOB HayWHAET
CMEIAThCSI HABCTPEYY JIA3EPHOMY JIy4dYy.

B pesynbraTe normonaronmni CBET U30TOI CKAIIMBAETCS OKOJIO OKHA KIOBETHI,
PacoJIOKEHHOTO OJIIKe K Jlazepy. BTOpoii M30TOM BRIIABIMBACTCS U3 ATOW 00JIaCTH
B Ty 4aCThb KIOBETBI, KOTOpAsl pAaCHOJIOKEHA Aajiblie OT Jya3depa. Eciu nBa uzoroma
aTOMOB BXOJSAT B COCTAB MOJICKYJ, TO CIEKTPaJbHbIC JIMHUM MOJIEKYJ] Pa3HBIX
M30TONOB CIIBUHYTHI €III€ CWJIBHEE, YeM JJIsi aTOMOB, TaK KaK Pa3HbId BEC aTOMOB
CABUTAET YAaCTOTY KOJIEOAHUI MOJIEKYII.



Uepe3 oaMH W3 KPaHOB, pACIOJOXKEHHBIX B KOHIIAX KIOBETbI, MOXHO
BBIIYCTUTh OOOTAIllEHHBbIA OJHUM U3 JABYX M30TONOB Ta3 B MPEIBAPUTEIHHO
OTKa4YaHHBINA O BAKyyMa COCY/I.

Ioasipu3anus cpeabl.
[Tonstpuzarust — 3TO NEKTPUUECKHUIM JUTOJIBHBIM MOMEHT €IUHUIIBI 00beMa.
[Ipu B3aUMOJICMCTBUM CpEIbl CO CBETOBBIM MOJIEM B MOJIEKYJaxX CpeJbl
BO3HHUKAET JUIMOJBbHBIA MOMEHT, OCHWUIMPYIOIIMKA Ha 4YacTOTE CBETOBOM BOJHBI.
NMEHHO A3TOT WIOJBHBIM MOMEHT W CBA3aHHAs C HUM MOJSIpU3alvs CpelIbl Ha
94aCTOTE CBETOBOM BOJIHBI HAC U OYIyT MHTEPECOBAThH

ﬁEW’ rae P — nosspusauusi cpeabl, p = qufl- — JUIOJBHBIA MOMEHT
l
CUCTEMBI 3apsI10B {q,-} , PaCIIOJIOXKEHHBIX B TOUKAX C PAJNyC-BEKTOPaMHU {Fl} .
+00
P= J ISVZ dv,, rne PVZ — pacnpeneneHue NoJpU3alu 1O JIy4eBOR
—00
CKOPOCTH MOJIEKYI, ISVZ dV, — nonsipu3anys MOJEKYN C Jy4eBbIMH CKOPOCTSMH B

auanasoHe ot V, o V, +dV,.
P=N, < 13> , T1e Ny — KOHILEHTpAlUs MOJIEKYIL, < ]3> — cpeJHee 3HaueHHe

JTUTIOJIBHOTO MOMEHTA OJTHON MOJICKYJIBI.
PaccMoTpuM mosisipu3ariio MOJICKYJ € JIYIEBEIMU CKOPOCTSIMH B IHAITa30HE OT
V, mo V,+dV,:

ISVZ dv, =Ny, dV. - < p(V. )> ;e No,, dV, — KOHUEHTPaIHUs MONeKyII ¢

JTy4€BBIMH CKOPOCTAMH B [uanasone ot V, mo V, +dV,, < p(V. )> — CpeHui

,Z[PIHOJIBHBIﬁ MOMCHT 3THUX MOJICKYII, KOTOpBIﬁ MOZKCET 3aBHUCECTH OT queBOﬁ CKOpPOCTH
v

z

Jist mo60i pu3ndeckoil BeTUYHHBI <F > = Sp( pF ) = Z Pintar - Torna

n,k
(P)=5p(PP) =D PinPuk = P12P21+ P21P12 = P(P12 + p21) = 2pRe(pa1 ),
n,k
rac <p> e CpeI[Hee 3HAQUYCHUC HpoeKL[I/II/I JUITIOJIBHOTO MOMCHTA MOHeKy.HBI Ha

€MHUYHBIN BEKTOP MOJSAPU3ALMU CBETOBOW BOJIHBI, p B MPABOM YACTH PABEHCTBA —

HEeIMaroHaJbHBIA MATPUYHBIA AJIEMEHT MPOEKIUU AWIOJIFHOTO MOMEHTA IMepexoja
Ha €IWHUYHBIA BEKTOp TMOJSAPU3AIMU CBETOBOM BOJHBI (AWIOJIBHBIA MOMEHT
nepexo/ia).

[lpu B3auMoOmEWCTBUM JIBYXYpPOBHEBOH Cpelbl C MOHOXPOMATHUYECKUM
CBETOBBIM TIOJIEM B MPHOIMKEHUN BPAIAIOICICS BOTHBI HEIMArOHATBHBIN SJIEMEHT
MaTPUIIbI ITIOTHOCTH UMEET BU:



p1=pre?, rtme @=wt—-kz—@, — dasa CBETOBOW  BOIHBI

-~ R pii—-pp
=j— =

PRI R 0
Torma

* R _ P
(r)=r(r02 +,021)=P(,021 +p21)=2pRe(zE-pij_—i’;22e ’40):

I -sin(p)—Q-cos(p)
r?+0? .

= pR( P11~ P22)
Torna
B, =Ny, (p)=No, PR(P1(V2)=p2a(V2))

Q:a)—kVZ—a)21

F-sin((o)—Q-cos((p)
r?+0?

b

R=£%
h
Q=—@y+wt—kz
;2
Ny .2
rae { Ny = e U
O " JxU

E(t)=¢&ye -cos(p)
IMonyuaercs, uTO TNONAPU3ALMSA CPElbl TNPONOPIUOHATBHA  AMILTUTYIE
CBETOBOTO mONsA P~ &), HO CABMHyTa 1O (pase OTHOCHTENHHO OCHMJLISIHIA

CBETOBOI'O HOJIS.

JInst onucaHusl Takol MOJSPU3aUUU BBOAST B PACCMOTPEHUE KOMIUIEKCHYIO
BOCIIPUUMYHMBOCTb CPEJIBI.

CHauana BBeJIEM KOMIUIEKCHYIO HaNpsHKEHHOCTD é(t) CBETOBOIl BOJIHBI,

COOTBETCTBYIOLIYIO BELICCTBEHHOI HAIPSLKEHHOCTH & (1) = & cos(@):
é(t) =& e,
Torna E(t) = Re(é(t)) = # +K.C.

P=¢g, ;Zé(t) — ONpeAeNeHHe KOMIUIEKCHOW BOCHPUUMYUBOCTH 7, Kak

Kod(duImenTa MPONmOPIMOHATHPHOCTA MEXAY KOMIUICKCHOW mosspu3anueid P wu
KOMILJIEKCHOW HANIPS)KEHHOCTHIO é(t) :
B cucreme CI'C Taycea: P = 76 (1).
Bripazum KOMIUIEKCHOE YMCIIO ) 4Yepes3 JBa BEIECTBEHHbIX unucia y' u y":



r=x+ix".

BrIpasum BEIIECTBEHHYIO MOJSPU3ALUIO CPEBI, OCHWLINPYIOIIYIO C YaCTOTOU
CBETOBOM  BOJIHBI, 4qcpe3 BCUICCTBCHHYO KW MHHUMYKO YaCTH KOMILJIEKCHOM
BOCIIPUUMYNBOCTHU CPCIELIL.

P= Re(ﬁ) :§+ K.C. =M+K.C.=%)(Z'+ i;(")ézoe_i(” +K.C.=

=0 v iz cos(p) - i-sin(p)) + ke. = ey (1'cos(p) + 7"sin(p).

P=¢gy& (;('cos((p) + Z"sin(gp)) :
B cucteme CT'C Taycca: P=¢g( x'cos(p)+x "sin(9)) .
COOTBETCTBYIOILEE PABEHCTBO I PACIIPEICIECHHUIA 110 Ty4eBOH CKOPOCTH:
By =&p& (;(VZ cos(¢)+ xy. sm((p)) :
CpaBHUM 3TO BBIPAXKEHHUE C TOJTyIEHHBIM PAHEE BHIPAKEHUEM

By = No, pR(pr1(V.) - pon () Sn(2) =2 cos(9),

r’+0?
I"sin(@)-Q-cos
B cncreme CI'C Taycea: Fy, =Noy, PR(p11(V2)-p22(V2)) (:2) = ()
+

Ob6a paBeHCTBAa CHpaBeMJIMBBI A JIOOOTO MOMEHTa BpPEMEHHU W,
cleoBaTeNnbHO, Ui 000 ¢da3el ¢@. B Takom cilydae MOXHO NPUPABHATH

K03()(PUIIMEHTBI IPH KOCUHYCE @ U IIPU CUHYCE ¢ 3TUX ABYX BbIpaXKeHUU U1 B, .
z

Torma ¢ yuetom R = % IIOJTYyYUM
2
. p~No, (e (72)-r2(72)) @
v, =~ '
< z goh r?+Q?
) .
. PN, (Pn(2)=-pP2(72)) T
v, = '
Va goh r’+0?
PZNOVZ(PII(VZ)_P22(VZ)) 0
V= 7 2,02
B cucreme CI'C I'aycca 5 RALIEN
o P NOVZ (PII(VZ)_PZZ(VZ)) r
n h r2.0?

3nech



G Q
pll(VZ)_pzz(VZ):(plol_'082)' 1_1+G'%[F\/1+Gj

2
A L
2\n »n
rR=E%
h

Q=w-kV, —wy,
Crnenytolee paBeHCTBO
P =P, cos(p)+ P,sin(p)

SABJISIETCS ~ OmpenesieHneM cuHdazHo P

. W KBajgparypHoun P,

S AMIUIUTY

noJyigspu3anuu cpenbl. Torga ¢ ydyerom paBeHcTBa P = 5080( ;('cos(go) + ;("sin((p))

CIEeLyeT
F.=e0y'&y
Pe=¢gox"&

B cucreme CI'C T'aycca: gi zﬁ ,,i% .

OOpaTHoe Bo3/ielicTBHE cpe/ibl Ha BOJIHY. JInddepeHuabHble YPAaBHEHUS JJIs
AMILIUTY/AbI I0JISI MJIM YKOPOUYEHHbIE BOJHOBbIE YPABHEHMS.

N3nydenne aumosieil cpelbl U3MEHSET MPOXOIAIIYH0 MUMO CBETOBYIO BOJIHY.
ODTO W3MEHEHHWE TMPOSBISETCS B TMOTJOMIEHUM CBETa W H3MEHEHUHM CKOPOCTH
pacnpocTpaHeHHusi cBeTa B cpene. M3MeHeHHsT B MNPOXOJAIIECH CBETOBOM BOJIHE
BO3HUKAIOT B pe3ysibTaTe HHTEPPEpPEHIIUH CBETa MEPEU3TyUYCHHOTO IUIMOISIMHU
MOJIEKYJl U TPOXOAAIIEd MHUMO CBETOBOM BOJHBI. B 3TOM M cocTouT oOpaTHOE
BO3JCHCTBUE CPE/Ibl HA BOJIHY.

BMecTo croxeHusi BOJIH W3Iy4E€HUS AUIOJIEH, U3MEHEHUE CBETOBOM BOJIHBI B
Cpelie MOKHO BBIBECTH U3 CUCTEMBI ypaBHeHUN MakcBesia. UTo Mbl U CACTaEM.

PaccmoTpum cucremy ypaBHeHnit Makcserna

div(D) =p
.. OB
rot(&)=——
o a
div(B) =0
iy - (95
rot H) =] +E
div(D)=4r
(_) 1%&
. rot((;):——~6—
B cucreme CI'C I'aycca: div(é):oc t
rot([——l):ﬂ 7+l.67D



6e3 cBOOOIHBIX 3apsaoB o =0 U 63 TOKOB IPOBOIUMOCTH | =0 .
Torma nonyunm:

div(D) =0
. OB
| rot(&) =—5‘
div(l?) =0
ror( 1) =2

PaccMOTpUM JBa BEIPAKEHUS JIJIsl pOTOpa poTopa & .
C oaHO# CTOPOHBI, BO3bMEM POTOpP OT BTOPOTO YpPAaBHEHHS U IMOACTaBUM B

MpaByl0 4YacTb BMECTO poTOpa B BbIpaxeHue Mg poropa H U3 4YETBEPTOTO
ypaBuenus. HamoMmuuwm, 4To B onTrke 4 =1u B = n wH . Torna nonyunm
_ o = o (= o*D

rot(rot(éz)) = —arot(B) = —/,to,ugrot(H) = —,uo,u87.
A ¢ Ipyroi CTOpOHBI 10 TIpaBuily "0ar MUHYC mamn':
rot(rot(é)) = [ﬁ,[@,éﬂ = @(@,é) — é(ﬁ,?) :

= = = 1 . /= P

31ech (V,S) =div(&)= dev(D) = % =0, Torma
rot(rot(é)) = —é(@,?) =-A&.

OObeauHsst 00a BRIPAKECHUS IS rot(rot(é)), MOTYYHM:
AE — pgpt——=0 (4.1)

2 -
. 1 o°D
B cucreme CI'C I'aycca: A& — - 7=
c ot

—

Ecnu moacraBute D =gye& B ypaBHeHue (4.1), TO MONyYHM BOJHOBOE

YPaBHEHUE IS ITOJIA E:
o%E

2 1
AE—egoppe— =0, acyueToM iy =—
ot c
2 -
re- 050 @2)
c” Ot

B cucreme CI'C 'aycca — Tosxe camoe.
CpaBHuBas ypaBHeHuEe (4.2) C OIpeneNeHWEeM BOJHOBOIO YpaBHEHHUS B
MaTeMaTHKe:



2_.
AG_ L. 5_ 0,

V2 or?
C

Jeu

C
BCIIMIMHY CKOPOCTHU C OIIPCACIICHUCM ITOKA3aTCJIA MPCIIOMIICHHUA V =— , [I0JIy4acm
n

MOJIyYnM BEIMYUHY (Ha30BOM CKOPOCTU CBETOBBIX BOJH V = CpaBHuBas

&, TOUHEE 1 =+/&U , HO B ONITUKE 1 ~ 1.

Torma & =n’ =  D=gun’é

B cucreme CI'C Taycca: D =n" &

BCKTOPBI D u & MOXHO CBSI3aTh JPYT C APYTOM H HECKOJIBKO HHAYE:
D= 5063+P rme P — TmoOmApW3amis Cpeibl WIH OOBEMHAS IUIOTHOCTD

AUTIOJIBHOTO MOMCHTA, OCHUJUIMPYROIIAS Ha CBETOBOM 4acCTOTE.
B cucreme CI'C Taycca: D = & + 47P.

Pazo6beM nossipusaiuio Ha JiBa ciaraemeix P = P +P

nepes * L pes -
D= &S+ PHepe3 + PpeS’

B cucteme CI'C T'aycca: D = & + 4xP epes * 47“6[763
31ech Ppe3 PE30HAHCHBIN BKJIAJ B NOJSPU3ALMIO WM BKJIAJ ABYX YPOBHEN
SHEPrHH, CBA3AHHBIX IIEPEXOAOM OJIM3KUM IO 4acTOTE K YacTOTE CBETA; 13Hep63 —
HEPE30HAHCHBIN BKJIaJ B MOJIAPU3ALMIO CPEIBI OT OCTAIbHBIX IIEPEXOIOB.
[Io amamormu ¢ (opMyJoi D=gy&+P= gonzé 3aIUIIEM
£0& + PHepe3 EQAE, THE Ny — INOKasaTeldb NPEIOMICHHMS CPEabl BIAIA OT

paCCManHBaCMOfI JIMHWHU IO TTOIICHU . Torz[a

—

D=ggnié + Ppe3

- 2.
B cucreme CI'C I'aycea: D = ny& + 47er o3 -

UtoObl HE TAHYTH 3a CcO0OM BO Bcex (opmynax HUKHUNH WHIEKC Y

nmossipu3auy OyzieM BO BCEX MOCICAYIOMHX GOpMyIax BMECTO P, IMHCATh MPOCTO

P, nogpazymeBasi moja P BKiIaj B MOJSPU3ALMUIO TOJBKO OT paccMaTpUBAeMOro
nepexojaa Cpebl.

— —_ —

[ToncraBum ngongé—i—P B ypaBHeHnue (4.1), 3amenum P, ,, Ha P u

pe3 pe3
. ) & o’P
HOJIyYUM A& — &g Lyhy ,ua—2 = Uy ,ua—z, ac ydyeroM u =1 mosyuum
t t
o’&  o°P

AE — goyong =Hy— M CYIETOM Eylly = —
o’ or’ c



2 2z 25
. ny 0°& o°P
AE-=F =t (4.3)
¢~ Ot ot
2 0 2
ny o 4r 8°P
B cucreme CI'C I'aycca: AE — 0 .2° —g -
c ot c ot
910 — YPaBHCHHC I[aﬂaM6epa HUJIM BOJIHOBOC YpPAaBHCHHC C HMCTOYHHKaAMH

HOJIA.

Jlanee M3 STOr0 ypaBHEHUS Mbl XOTUM TNONYYUTh JaU(depeHIanbHoe
ypaBHEHHUE JJIsI aMIUIMTYJIbI CBETOBOTO MOJIS Yepe3 aMIUIUTYy MOJSIpU3aluu. ITU
YpaBHEHUS ISl aMIUTUTY1 U Ha3bIBAIOTCA YKOPOUYEHHBIMU BOJTHOBBIMU YPaBHEHUSIMU.

Bynem paccmarpuBarh ypaBHenue (4.3) JIs KOMIUIEKCHBIX & W P. Jlns
JMHEMHOTO ypaBHEHHUS C BELIECTBEHHBIMU KO3((UIIMEHTAMHU BEIIECTBEHHAs YacTb
KOMILJIEKCHOT'O PEUIEHUS SIBJISIETCS BEILIECTBEHHBIM PEILICHUEM.

PaccMoTpuM CBETOBYIO BOJIHY, PacHpOCTPAHSIOIIYIOCS BIOJIb OCH z, U

JIMHEWHO TOJIAPU30BaHHYIO BIOIL ocu y. Torma P||& || e, . JIIst KpaTKoCTH 3aluCH
OTOpPOCHM BEKTOPHBIC O0O3HAuYCHHs, U OyIeM pacCMaTpUBaTh TOJBKO MPOCKIIMH
BEKTOPOB Ha OCh V.

YTtoOBI OTINYATH KOMIUIEKCHBIE BEJTUYHUHEI OT BCIICCTBCHHBIX BCIIMYHH 6YI[6M
MUCaThb BOJHY HaA KOMIUICKCHBIMU BCIIMYWHAMMU.

&=Re(&)u P= Re(f’) .
[Tepenuiiem ypaBHeHue (4.3) 17151 KOMIUIEKCHBIX BEIUYMH:
2 A2z 25
Aé—”—3-8—§=uoa—f (4.4)
c” Ot ot
Bynewm uckartpb pernieHue B Buje
E=E& (t,z) e, rme och z HampaBjeHa  BJAOJb  HaNpaBJICHUS
pPacIpOCTpaHEHHsI CBETOBOW BOJHBI @ = wt—kyz — @, — (pa3a CBETOBOH BOJHBI U
Oynem paccmatpuBaTh (ady, Kak (a3y BOJHBI pacmpOCTpaHstomieics ¢ (Ha3oBoi
CKOPOCTBIO i, a HE CO CKOPOCTBIO E, Kak Ha camoMm Jesne. COOTBETCTBEHHO
1o n
ko = m_w o _mo HEPE30HAHCHOE BOJHOBOE YMCIIO BMECTO k = o
o Av € c c
Mo
HecootBercTBue k(; HacToAmeMy k CHpPATAHO B 3aBUCHUMOCTH aMILIUTYZbI
cBeTa &y OT z KOOPAMHATHI.
Ananoruuno OyieM CYUTaTh
P=Ry(t,z)-¢7?,tne ¢ = wt—kyz - @p.
[Toy4nm Teneps U3 ypaBHeHus (4.4) CBsI3b KOMIUIEKCHBIX aMILTHTY]] &) U }30.

B ypaBHEHUE HaJO MOACTABUTH BTOPHIC MPOM3BOAHBIC, JJII KOTOPBHIX BBEIECM
00JIee KOMIAKTHBIE 0003HAYCHU
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BblpazuM 3T NpPOU3BOAHBIE YEpe3 AMIUIMTYIbl MOJA M MOJAPU3ALUU U
MO/ICTAaBUM B ypaBHEHHE (4.4).

Nuddepernupyss 1o  z  BelpaxeHne & =&y(1,z)- ¢?,  nomyunm
&'=Ege " +ikyEoe . Torma
E"= é(';e_i(p + Zikoé(')e_i(p — kg Eoe 7.

AHaJIOrM4yHO:

&E=8&ye " —2inéye P — w*Ege
u

P=PBe ™ -2ioBe ™ —w*Pe ™.
2
0
[ToacTaBuM Bce Tpu BbIpakeHHUs B ypaBHeHHE (4.4), B KOTOpoM A =—>, TaK
o0z
KaK CBETOBas BOJIHA PACHPOCTPAHSAETCSA BAOJIb OCU z, IOITOMY HET 3aBUCUMOCTH OT
KOOpJIMHAaT X W ) W BTOpbIE IPOM3BOAHBIE MO HUM paBHbl Hymo. [locne

II0JICTAHOBKH HPOM3BOIHBIX B ypaBHeHHME (4.4) COKpAaTUM 3TO ypaBHEHME Ha e ¢ H
MOJTYYHM:

2 e 2 . 2 oo .
N . o 2 ~ ]/ZO ~ nO . ~ no 2 ~ ~ . ~ 2 ~
80 +2lk080 —kogo —C—280+C—22la)80+c—2a) 80 = Hy PO—Zl,an)PO—,an) PO (45)
2
Cnaraemsle —kg&, i +Z—ga)2é0 B CyMMe€ PaBHbI HYJIIO, TaK Kak k(= %

CokpaTum 3TH JiBa claraeéMbiX B ypaBHeHuUu (4.5).
Ammntynsl &y U Fy — MeuleHHbIe (YHKINH KOOpIUHAT U BpeMeHu. Torxa

BBICOKUMHU MPOU3BOAHBIMU OT aMIUIUTYJT MOKHO MpeHeOpeub IO CPaBHEHUIO C
HU3KUMU TpOU3BOAHBIMU. OcTaBUM B ypaBHEHHH (4.5) TOJIBKO HaMOOJbIINE

cmaraemele Fy, &, & 2and ammmmryn & u Ry, oTOpocuM Oonee BBICOKHE

IMPOU3BOJHBIC U IMOJTYHYHUM:

I’l2

g~ . ~ 2
2lk0((30 +2zc—ga)80 =—Hyw PO |— ==



(4.6)

L PPNy
B cucreme CI'C l'ayccea: & + s 27i noc By.

OTO M €eCcTh YKOPOYEHHOE BOJIHOBOE YPaBHEHHE WIM YpPaBHEHHUE IS
KOMIUIEKCHBIX aMILIUTY/ MOJIA U NOJIIPU3ALUN.

[Tonmyaum npyryto hopmy ypaBHEHUSI.

PaCCMOTpHM BbIpakeHHe s auddepeHimrana KOMIUIEKCHON aMIUIUTY/IbI
CBETOBOTO IMOJIS &y, KaK (DYHKIUH KOOPJWHATHI Z ¥ BPEMEHH ¢/

déy =290 4 90 4y Z g 1 Gy
Oz ot

Pa3znenum 310 paBeHCTBO Ha AU depeHIan KOOPAUHATHI dZ U MOJTY4YHM:

d&y  ~odt
_ = + _ .
dz 0 dz “0
z ¢
IIyctb — =—, TOrNIa
dt A
d&y _ = '
~ =&y + 0 530 4.7)
DTO COBMAAAET C JICBOM YacThIO ypaBHEHUS (4.6).
. dz c
Kakoii cMmbici ipupaBHUBaHUS — = — 7
dt A
d&g
[Ipu sTOM yClioBUM MBI O€peM MPOU3BOJIHYIO , Kak OBl cusl BEpXOM Ha
'z

o C

Fp€6H€ CBC€TOBOM BOJIHBI, KOTOpa}I paCHpOCTpaH}ICTCH CO CKOpOCTI)IO —_—. 9TO TaK
ngy

dpy;

Ha3bIBACMas I1OJIHAA IIPOU3BOJAHAA, OHA aHAJIOTMYHA, HAIIPHUMCD, HpOHBBOI[HOI;'I J
4

dp
dt
ITIOJIHAA HpOI/ISBO,Z[Ha}I B CUCTEMC OTCUCTAa aTOMA UJIN KAK 6BI Q150101 BerOM Ha aTOMC.

d&g
dz
aMIUTATYI0M CBETOBOM BOJIHBI IO MEPE PACHPOCTPAHEHHUS BOIHBI BAOJb OCH Z .
[ToncraBum (4.7) B (4.6) u nonyuum

dé o~
&y _ 5
dz 26'067’10

B PaCCMOTPCHHBIX PAHCC YPABHCHHAX IS MATpUIbl IUIOTHOCTH, TI'JC

Bblpa}KeHI/IC — IPOU3BOJHAs, KOTOpasA IMOKa3bIBACT, YTO IMPOHUCXOAUT C

(4.8)

dé ~
B cucteme CI'C I'aycca: 0 _ 2711'&130 .
dz noc
DTO0 TO K€ caMOe YKOPOYEHHOE BOJHOBOE YpaBHEHHE, YTO U (4.6), HO B Ipyroi

dopme.



[Tonyuyum Tenmepp aHalIOrd KOMIUIEKCHBIX YypaBHeHud (4.6) u (4.8) B
BEIIECTBEHHOM BUJIE.

BmecTo 01HOM KOMIUIEKCHOM aMILIUTYbl [y pacCMOTpUM [1BE BEILECTBEHHBIE
ammumatyael P, u P,. 3nece P, — cuH(a3Has 10 OTHOIIEHHIO K CBETOBOMY IIOJIIO
aMIUIMTy[a, a P, — KBaJpaTypHas aMIUINTYAa MOJAPU3alHH, CABUHYTas 10 (ase Ha

T
5 OTHOCHUTCIBHO (1)8,351 CBCTOBOI'O ITOJIA.

P=P, cos(gp) + P, sin(go) = Re((Pc +IP, ) - e_i(”) , TOTJa KOMIUIEKCHAsI

aMIUTUTYyJla TOJSIpU3AIl[MU  BBIPAXKAETCS uepe3 JIB€ BEUIECTBEHHBIE aMIUIUTY/IbI
CJIeIyIOLUM 00pa3oM:

P 0= IDC + lPS .
AHaornynoe BBIPAKCHUC ITOJTydaCM JJIA HAIIPSKCHHOCTHU CBETOBOI'O ITOJIA:
Ey =&, +18.

[TonctaBum 5TH BhIpakeHus: B ypaBHeHus (4.6) u (4.8). B kaxagom wu3
MOJIYYeHHBIX ~ KOMIUIEKCHBIX ypPAaBHCHHM MOXKHO TIPHPABHATH JAPYT  JPYry
BCIIIECTBCHHBIC YaCTH W MHHUMBIC YacTH. B pe3ynbpTaTe MOIydYUM YKOPOUYEHHBIC
BOJTHOBBIC YPABHEHUS B BEIIECTBEHHOM BHJIC:

rong 10
gc + _Ogc = _—PS
c 2¢&ycny
u3 ypaBHeHus (4.6) u
rony 10
SS + _085 = +—PC
c 2&qcn
8;+m{30=—27r£f§
B cucreme CI'C I'aycca: ¢ . o<
8; +20 Eg :+27r£PC
c noc
d&, _ ®_p
S

dz  2eycn
00 s ypaBHeHus (4.8).

des @
S — 4 Pc
dz 25001’10
. /z noc
B cucteme CI'C I'aycca: deg  2mo,
—=+——-2F,
dz npc

PaccMoTpuM 9acTHBIM cilydadl IIPUMEHEHMS YKOPOYEHHBIX BOJIHOBBIX
YPaBHEHUN Ul IPOXOXKICHHS CBETa 4Yepe3 ONTHYECKHM TOHKHUM CIIOM Cpelbl
TOJIIUHON Az .

<o

&y — aMIUIUTY/A Ha BXOJE.
86X

- d&
=& +——Az, e &  — aMIUIMTYZA CBETAa HA BBIXOJE U3 CPEbI,
6x dZ 8bIX

6blX



Ep =&
Ha Bxone , TOTJIa
& =0
@
& =& ——PF Az
6bIX 28067’10
3 — CBETOBOE TI0JIE€ Ha BBIXOJIE U3 CJIOA CPEMbI,
&g —PF.-Az

6bIX 2 80 Cno
rac

P. = jP dv, EOSOJ;('VZdVZ

B = J‘R?Vz dv, = gOSOJZ"VZ av, ,

Fe=[Fy, dVz=coly'y, dVz

B cucreme CI'C T"aycca: z wZ
Y {PS:J-PSV dVz=¢&o]x V. ar.
z z

U B CBOIO OUYEpe/Ib

2
' p 'NOVZ '(pll(Vz)_p22(VZ)) Q
X', == '
2 goh r?+0?
2 b
oL E Noy, (en(7)=-pn(72)) T
X, = ‘
Vz Eoh r?+0?
' P Noy_(e11(72)-,2(2)) g
Z =
B cucreme CI'C T'aycca & ) h r’o?
. PoNoy Aen(z)-m(z))
Ly, =* 7 2,02

KaK 3TO OBLIO TIOKa3aHO B BOMPOCE O MOJSPU3ALUN CPEIBI.
3nech

* . .
p= Jl//l ( p,e) W5 -dV — IHNOJIBHBIA MOMEHT I€pexona (HequaroHaabHbIHI

MATPUYHBIA 3JEMEHT MPOEKIUU TUIOJBHOIO MOMEHTa Nepexoia Ha €IUHUYHBIN
BEKTOP MOJIIPU3ALIMHI CBETOBOW BOJIHBI).

v,
Ny T2 y
NO(VZ)— \/_ e — pachpejie/iecHde KOHIIGHTpAalMM 10  JIy4eBOM
U
CKOPOCTH MOJICKYJI.
2kgT
U= HanOoyiee BEpOSITHAs CKOPOCTh MOJIEKYJI Trasza Ipu
m

temneparype 7', ky — nocrosinHas bonbuMana.

pi(Vz)=pn(V:)= (Pll ,082)'[1—% %(%D



2
RZ (1 1 o P

rne G=—: —+— | — QakTop HACHIIICHHUS, yactora Pabwu,
o”n h
Q=w-kV,—-w, — paccTpoiika 4YacTOTbl CB€Ta B CHUCTEME OTCYETa aToMa
1 .
OTHOCHUTEJILHO YaCTOThI IIEPEX0/ia, %(x) = 5 — JIOPCHLEBCKHIT KOHTYP IpoBaa
I+x

bennera B pa3HOCTH 3aCETICHHOCTEH.

IHoka3zaTean npeJomJieHUus M KOYPPUIMEHT NOrJ0IIeHUS CPeabl.

P= NYAE
P= ~0 4 =>
E=&y-e?
B cucreme CI'C T'aycca By = 7&.
150 =£0J&y — KOMIUIGKCHAas BOCIPHUMYHUBOCTD J SIBISIETCS HE TOJIBKO

K02 PUITMEHTOM TPOMOPIHMOHATEHOCTH MEXKIY KOMIUIEKCHOM TOJIIpr3aIiueit P u
KOMIIJIEKCHOM  HAlpPSOKEHHOCTBIO  CBETOBOM  BOJNHBI &, HO W SBJISIETCS
KOO (PUITMEHTOM MPOMOPITMOHATIBHOCTH  MEXIYy aMIUIUTyAaMH  KOMIUIEKCHOM
MOJIIPU3ALNHU U KOMIUIEKCHOW HANIPS)KEHHOCTH CBETOBOU BOJIHBI.

IMoacraBuM  Ry=&y7& B YKOPDOYCHHOE  BOJHOBOC  YpaBHEHHE

4% =2 }30 U TIOJTy4YHM
dz 250C7’lo
d&y . o .-
— =i .
dz  2cng A0

dég NN
B cucreme CI'C T'aycca: - 27i oe 1€ -

Pemwenue storo nuddepeHimanbHOro ypaBHEHNUs — SKCIIOHEHTA:

Xz

:806

; ' @ "
i X'z X"z
2cny e 2cngy

i
2cny

& (z)=¢pe

Zﬁiijz Zﬁiiz'z —27r£;("z
ngc ngc nyc

B cucreme CI'C Taycca: &, (z) = &pe =¢gpe e

CpaBHI/IM 9TO PCHICHHUC C OKUAACMBIM BBIPAKCHHUCM:

&£
~ i(k=ky)z ~ 5~
Go(z) =gtV e 27,
O6cynuM, TOYeMyY ATO BBIPAKEHHUE OXKHUIAEMOE.

&=

—-—z
COMHOXUTENL € 2  CBs3aH ¢ onpejeieHneM Kodp(UIUeHTa IIOrIOIEHUs %
yepe3 UHTEHCUBHOCTh cBeTa [ :

- &2
I=Iye ¥ —

=> & ~e 2
I~ &5



i(k—Fky)z ~
COMHO)KI/ITCHI) e ( O) B BLIpaH(eHI/II/I JJIA 80 (Z) CBsA3aH C TEM, YTO peaJILHaH

c
CKOpPOCTb CBCTA B CpCAC — 3aMCHCHA HaMU IIPU BBIBOJC YKOPOYCHHBLIX BOJIHOBBIX

n
" c na @
YPaBHEHHUH CKOPOCTBIO —, YTO COOTBETCTBYET 3aMeHe k =—— Ha kj = ——
1o c c
~ —i(a)t—kz—(oo)
BMecto & =&pe MBI TIPH BBIBOJE YKOPOUYEHHBIX BOJHOBBIX

YpaBHEHU UCTIONIB30BAIH (POpMyITy
~ —i(a)t—kz—(po) _ &Oei(k_ko )z e—i(a)t—koz—(po) .

& =E&ge
CpaBHMBasi JIBE YaCTH IPABOr0 PABEHCTBA IIOJYYUM, YTO
éo - ei(k—ko )Z )
Torza, CpaBHUBASE 1B BEIPAKCHUS JUISL & (2)
a) 1 a) "
12 7'z 5 x"z
o _ noc npc
o(z)=¢ge e .
, TIOJYYHM:
(kkg)z ;2
N (= Py
o(z)=coe e
(0]
k—ky==2— 7'
2nnc
0
_ a) "
&= X
I’l0C
k_k0:27rwl,
B cucreme CI'C Taycca: 47[@”00
:7111

noc

c c
C yderoM n = k— miepBoe YpaBHEHHE MOXXHO YMHOXHUTh HA — U MOJIYYUTh

w
1 T
n_nO:_Z' Z':IZV dVZ
2”0 —0 :
< , TAC 141
z=2 x" T
=— "n__
noc Z - J ZVZ de
—00
n—nozz—ﬂ-;('
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B cucreme CI'C TI'aycca 4
_ ﬂwl,,

P4
npc



2
. p~No, (pll(Vz)_p22(Vz)) Q
Xy =~ 2. 02
z & h I Q
) 0 " ,rne Q=w—-kV, —w,,
. +P No,_ (p1(V)-p2 (")) T
X, = '
vz Eoh r?+0?
pzNoVZ (P11(72)-,22(72) g
Z =
B cucreme CI'C I'aycca € ) h r’o?
p NOVZ (PII(VZ)_PZZ(VZ)) r
Xy, =+ 7 2,02

pll(Vz)_p22(Vz):(p101 —sz)'(l—%'%(%n, rae

2
G= Lo (i + ij — ¢akTop HachlleHus, R = P yactoTa Padwu,
2 \n n h



