OnTuyeckue HyTaAlUMN.
PaccMoTpuM ONTHUYECKYIO CXEMY:

nazep
KIOBCTA TIPHEMHHEK
C Taz0M

PaccMOTpyM HMHTEHCHBHOCTH CBE€Ta Ha BBIXOAE KIOBEThI MpPHU OBICTPOM
BKJIFOUEHUH CBETOBOIO TOJISI HA BXOJIE B KIOBETY.

[IycTh 3aBUCHUMOCTh HWHTEHCUBHOCTH CBETa Ha BXOJI€ B KIOBETY HMEET
CIECIYIOLIUN BU:

IBI

Kak rpu 3TOM BBITTISIUT 3aBUCUMOCTh MHTEHCUBHOCTU HA BBIXOJE U3 KIOBETHI,
KaKk (QyHKIUSI BpeMeHU?

PaccmoTpum cHauana 4acTHBIN citydail 6e3 3aTyXaHUsl U HaKauyKd U C HYJIEBOU
PAcCTPOUKON YaCTOThl CBETOBOTO MOJISI OTHOCUTENILHO YacTOThl nepexona Q =0.

R R
BCKTOp bnoxa BpalacTCsa BOKPYT BEKTOpa RQ =1 0|=l0
Q 0
3
~ T T
7 &Y
/ \
/ \
f 1 3 2
| | /
N | /
. | #
S - __‘Jf -

TaKOMy BpalllIcCHUIO COOTBETCTBYCT CIICAYIOIIAA 3aBUCHUMOCTDH BTOpOI>’I
KOOpPAWHATBI BEKTOpa 010xa oT BPCMCHHU:

B,




DTa KOOpJMHATa OTBEYAeT 3a ycuwieHue cBera cpenod. COOTBETCTBEHHO
3aBHCHUMOCTh HHTEHCUBHOCTH Ha BBIXOJI€ U3 KIOBETHI, KaK (DYHKIIMS BPEMEHU MPUMET
CIECIYIOLIUN BU:

IBHI

YrinoBas CKOpPOCTh BpalleHHs BEKTOpa biioxa W UHKIMYecKas 4YacTora
KoJieOaHuil ycuneHus: cpeapl paBHa R. Torma mepuosn KojaeOaHW WHTEHCUBHOCTH

2
CBETa Ha BBIXOJIE U3 KIOBETHI paBEeH 7 )

B cnydae HeHyneBOMl pacCTPOWKH YacTOThI CBETa OTHOCHUTEIHHO YaCTOTHI
nepexoaa € # (), Kak 3T0 yKe 00Cy)IaI0Ch paHee, aMIUIUTYAa KOJIeOaHUN yCUIICHHUS

Cpelbl CTAaHOBUTCSA MEHBILE, a 4Yacrora Ro :\/R2 +Q2 — Ooubure. Torma

3aBUCUMOCTHh HHTCHCUBHOCTH CBCTA HA BBIXOAC U3 KIOBCTHI IIPUMCET CJ'IGI[yIOH_II/II\/’I BU:

IBHI
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B ciywae gomiepoBCKOTO YIIMPEHHsS CHeKTpaibHOM JuHuM kU >>T
pacctpoiika Q=w—kV,—w,; 3aBUCUT OT Jy4eBOM CKOPOCTH MOJIEKyl V.

CuHycouabl 3aBUCUMOCTH YCHJIEHUS CBETA OT BPEMEHU ITPH PA3IMYHBIX PACCTPOMKaX
() UMEIOT pa3Hylo 4acTOTy Ry M MO3TOMY OBICTPO pacxoasrcs Mo ¢asaM. Y CHIECHUE

CBETa BCEH CpeNol MpeacTaBisieT CcoOOM CymMMy CHHYCOMJ C BECOBBIMU
MHOKMTEJISIMA PaBHBIMU PACIpPENCICHUI0 MOJIEKYJ IO JIydeBoW ckopoctu. Cymma
CHHYCOHJT — 3aTyxarlolas CUHYCOMJA, 3aTyXawllas BO BPEMEHU B pPE3yJIbTATe
pac(a3zupoBKH OTAEIBHBIX CUHYCOH/I CaraéMblX.

B 3aBUCMMOCTM OT COOTHOILIEHUs JAOIUIEPOBCKOM IIMPHHBI CIEKTPaJIbHON
muann 2kU u yactotel Pabm R Bpemst paca3supoBKM 7 CHUHYCOUJA YCHUJICHHS

1
paznuuaercs. Bpemst pacdasupoBku 7 = . npu ycioBuu R << kU



1
U BpeMsi pac(pazupoBKU 7 = o7 npu ycnoBuu kU << R.

3aBUCUMOCTh MHTEHCHUBHOCTH CBETa Ha BBIXOJIE U3 KIOBETHl OT BPEMEHH B
cinydae R << kU umeer cieayromui BUsI:

IBLII

HasBanue »sddekra — onTuueckue HyTallMM CBS3aHO C aHAJIOTMEH C
HyTalUsIMM TMpPOCKONa. Accouyanust BbI3BaHA TEM, YTO IIEPBOHAYAIBHO
ONPECICHAE TEPBBIX [BYX KOMIIOHEHT B; u B, Bekropa bioxa HeckoiIbko
ominyanocs. OmnpeneneHueM OBUIO PaBEHCTBO 20,1 =B —iB, BMmecto Oomee

IO3JHEr0 OoIpeneneHus 2p,; =B —iB,. Bemuuunsl p,; U Py CBs3aHBI
COOTHOIIEHUEM Py = Pyje @', Torya Npy NepBOHAYATEHOM ONPEIEEHUH BEKTOPA
bnoxa kpoMe pacCMOTPEHHOrO0 HAMHU BpanieHus BekTopa bioxa (—RQ) IPOMCXOIUT

OBICTpOE €ro BpallleHHe BOKPYT OCH 3 € 4aCTOTOH @'.
Torna BparueHue (—RQ) BBITJIAJIAT, KaK MEJICHHbIE KoJjieOaHusi Ha (oHE

OBICTPOrO BpalleHHUs] @' BOKPYI BEPTHKAJIbHOM OCU. DTHU MEIJICHHbIE KOJeOaHus
MTOXO0XH Ha HyTallUX rupockomna. OTCro/1a 1 Ha3BaHUE SIBJICHUS.

KoJsinuecTBEHHOE ONMCAaHNE ONTUYECKUX HYTAIUM.

UtoObl HAaWTH 3aBUCHUMOCTh MHTEHCHUBHOCTH CBETa Ha BBIXOJE KIOBETHI, KaK
GYHKIMIO BpPEeMEHM, HYXHO CHayajla HaWTH YCWJIEHHE Cpelbl, KOTOpOe
IPOMOPLUMOHATIEHO BTOPOW KOMIIOHEHTE BekTopa bioxa. UtoObl HailTH BTOpPYIO
KOMIIOHEHTY PELINM YpaBHEHUS U1 BeKTopa bioxa:

B yB=[B.Ry ]+ B,



R
3neck Ry =| 0 | — BeKTOp, BOKPYr KOTOPOTO B JIEBYIO CTOPOHY BpAIIaeTCs
Q
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BeKTOp broxa; B%=| 0

0 — HAKa4Ka; plol U pgz — BEPOATHOCTh
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By ) \p2—pAr
OOHapyXUTh MOJIEKYJy Ha HIDKHEM M Ha BEPXHEM ypOBHE 0€3 CBETOBOTO TOJIS B
pesynbTare OalaHCa HaKa4yKU U pacnajga yposHel, Q =w —kV, — @w,; — paccTpolika

JacTOTbl CBETOBOI'O IIOJIA B CHCTEMC OTCUCTA MOJICKYJIbI OTHOCHUTCJIBbHO YaCTOThI

r=P%
7

rnepexoaa, qacToTa Pa6I/I, {30 — aMIIIMTyJa CBCTOBOI'O IIOJIA,

*o - . .
p= le ( p,e)gyzdr — HEAMArOHAJBHBIA  MATPUYHBIA  JJIEMEHT MPOEKLUU

JUIIOJIBHOTO MOMEHTA IIepexoJa Ha EIUHHUYHBIA BEKTOpP IOJAPU3ALMUU CBETOBOU
BOJIHBI.

JIo BKIIIOUEHMS CBETOBOIO IOJII PELIEHWE YpaBHEHUs sl Bekropa bioxa
MMEET BUL:

0 0
P22~ P11
HOCJ’IG BKJIFOUCHUA CBECTOBOI'O ITOJIA B COOTBECTCTBUU C paCCMOTpeHHHMI/I paHee
BO3MO>KHBIMH PELICHUSAMH ypaBHEHUH biioxa uiiem pemenue B BUAE:

B(t)=Bopay +A(t)-€7", rne Bextop B, -~ pelicHne ypaBHeHus
VBemay :[chau,]_ég] +B°, Bexrop A(1) — pemenme ypasHenus A :[;I,RQ],

BEKTOP A(t) BpAIAeTCs BOKPYT BEKTOpa R B JIEBYIO CTOPOHY.
CHauana peiuM CUCTEMY U3 TPEX YPABHEHHM C TpeMsi HEU3BECTHBIMMU:

14 #Cmau = [E RQ} + B® u nonyunm
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Tenepp pemuMm auddepeHiaibHOe ypaBHEHHUE

YCJIIOBUCM I HYJICBOI'O MOMCHTA BPEMCHHU B BUIC:!

0 Blcmau

B = 0 + A(0)-¢77°
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Al = AzQ
Ay =—A,R

Q] C HadYaJIbHBIM

permaercs

CTaHAApTHBIM 00pa3oM. OfHa U3 NEPEMEHHBIX BbIpaXKaeTCsl 4Yepe3 OCTalbHbIE U
MOJICTABIIIETCSI B OCTaBIIMECS ypaBHEeHUs. B pesynbrare sl Kaxaod KOOpPIUHATHI
MOJIy4aeTCsl ypaBHEHHE T'apMOHUYECKUX KOJICOAHUH € 4acTOTOM Rp, YTO BIIOJHE

€CTECTBEHHO, TaK KaK BEKTOp A4 BpallaeTcs ¢ YIIIOBOM CKOPOCThIO —R( .

JlI1d KaK0M NepeEMEHHOM MOJIy4aeM PELICHUE B BUJE:
A;=a;cos(Rt)+b;sin(Rnt), rae a; u b, — NPOU3BOJBHBIC KOHCTAHTBI

HHTCTPUPOBAHUA, KOTOPBIC HAXOIATCA N3 HAYAJIbHBIX YCJ'IOBI/Iﬁ Hn CaMuX ypaBHeHHﬁ.
HpOI/IBBOJ'IBHBIC KOHCTAaHTbI HHTCIPUPOBAHUA a; MOXKXHO HAWTHU U3 YCJ10BusA
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a KOHCTaHTBl b; W3 BEIMYUHBI A(O), KOTOPYI0 MO>KHO HAUTH, IOJCTaBUB A(O) B
MIPaBYyIO 4acTh PABEHCTBA!

Al = AzQ
9 Az :A3R—AIQ.
A3 = —AzR

B pesynbTare HOIydHM:
Qy .

—Q-cos(Rp ) - =, sin(Rq 1)
0 0 RQ
R(Pzz — P 1) _

55| 7 c08(Rat)+Rq -sin(Rey 1)
y“+R°+Q R
R-cos(Rqt)+ =7, sin(Rq ?)
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Hac uHTepecyeT TOINBKO YCHJIEHHE CPEIbl, KOTOPOE CBS3aHO CO BTOPOM

A=

KOMIIOHEHTOU BeKTOpa bioxa By = By 4, + 4y (t)-e” ‘.
COOTBETCTBEHHO
0 0
R (,022 — Al 1)
2 =
72 +R? + Q7
Kak Obulo MOSy4yeHO NMpU PACCMOTPEHMU (PU3UUECKOTO CMBICIA KOMIIOHEHT
BeKkTopa bioxa:

+00
s, TRy

(7—}/-cos(RQt)-e_7t +Rp -sin(RQt)-e_”).
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IToacraBum crona B, u R = T Y TOJIYYUM:

<< kU
[Ipu ycioBusx {; U WHTErpaJl MOXKHO B3aThb. Ilog wWHTErpamomM Tpu
<<

ciaraeMbiX. B mepBoM ciiaraeéMoM JIOPEHLIEBCKUN KOHTYP MOXHO paccMaTpuUBaTh,
Kak nenbTa-QyHkiuio Jupaka. MiHTErpan or BTOpOro ciaraeéMoro ropasio MEHbIIe
UHTErpaja OT TPEThEro CJIaraéMoro M 3TO BTOPOE CIAraéMoe MOXKHO OTOPOCHT.
WNHuTerpain oT TpeThero ciaaraemMoro BelpaxkaeTcs yepes QyHkuuto beccens.

®Oyukius beccens ¢ mpou3BOIBHBIM LETBIM UHJIEKCOM 71 :

I (z)= %]{cos(mt —z-sin(r))-dr.



+ooSll’l(\/Z2+x2)
Jo(2) ——Icos z-sin(r))- :—J
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B pesynbrare:
W=y 0 0
B 47z\/;a)p2NO -e_( U 1) ‘ 7/(,022 _1011)

nochkU [y + R?

3,Z[CCB cilaracMoc€ HeE3aBUCAIIECC OT BPEMCHH — OTO CTAMOHApPHOC

+e 7' Jy(R?)

HACBIIICHHOE CBETOM IIOTJIOIICHHE, ClaraeMoe IIPONopLHoHansHoe e /' — 3710
HECTallMOHApHOE MoMIoeHue, J, — QyHkuus beccens ¢ HylneBbIM 3HaUKOM.

MHTEHCUBHOCTh Ha BBIXOAE KIOBETHI IJII ONTHUYECKA TOHKOTO CJIOS CPEJIbI
TOJIIUHON L :

L g zlex(l_NL)'

Kak yxe roBopuioch BbIlI€, BUJ 3aBUCMMOCTH WHTEHCUBHOCTH CBETa Ha
BBIXOJIE U3 KIOBETHI OT BPEMEHU paszinyaeTcs Mpu ycioBun R << kU u npu yCIOBUH
kU << R.

B ciygae otHOCuTENBEHO c1aboro mons ¥ << R << kU :

IBHI

HACBONEHHOC TTOTTIOIMEHHE
HCHACBOIEHHO € TTIOTTIOMICHHE

beicTpBIli Cnag WHTEHCHBHOCTH 32 MEPBBIM NPOMEXKYTOK BpPEMEHU ——

kU
MOJIy4eHHAs] HaMU Bbille (opMysia HE ONMUCHIBAET, TaK KaK OHa ObLIa MOJy4YeHa Mpu
NPEANoJoKEeHNH, YTO AOIJIEpOBCcKas mmpuHa muHun kU Benuka kU >> R.
B ciyyae cunbHOro cBetoBoro mojs R >> kU :

IBHI

i HeHElCI:l]l[eHHoe [TOTTIOLICHHE




3aryxanue ¢cBoooauoi noaspusanuu (3CII). CBepxusjyueHue.
Onrtuueckass cxema OmbITa JJI HAOJIOJACHUS CHUTHAJIa 3aTyXaHUs CBOOOHOM
NoJIsIpU3alvK OObIYHA JJISI HECTAIMOHAPHOM JIa3epHOM CIIEKTPOCKOIHH:

nazep
KIOBCTA TIPHEMHHEK
C Taz0M

Ha BXOJ€ B KIOBETY CBCT PC3KO BBIKIKOYAIOT.

IBX

t

Kak mnoka3biBaeT OIIBIT, 3aBHCHUMOCTb HHTCHCHBHOCTH CBC€TAa Ha BBIXOAC
KIOBCTHI OT BPEMCHU NMCCT CJICI[YIOHII/Iﬁ BHUA:

IBHI

Curnan 3CII — 370 nociecBe4YeHne JUI0JIENH, paCKaYaHHBIX CBETOBBIM OJIEM.
OCOOEeHHOCTb CUTHajla COCTOUT B TOM, YTO OH CIAJAeT ropasao ObicTpee, ueM

3aTyXaeT u3lyueHne Kaxoro aumons: [ ~e 7.

[TpuurHa OBICTPOroO chaja B TOM, YTO CHayaja JAMUIOIM MOJIEKYJ U3Iy4aroT
cuH(pa3HO, U MX U3IYUYEHHUs CKIIAJIbIBAIOTCS IO aMIUIMTYAE, a 3aTeM MPOUCXOAUT
pacaszupoBka aunosiei. Ilpu momHON pacdasupoBKke HU3IYYEHHE JUTOJEH
CKJIaJIbIBAETCS IO UHTEHCUBHOCTH.

Ecnm cxitagpIiBaloTCs aMIUIUTYbl, TO aMIUIUTYJa CyMMapHOM BOJHBI B N pa3
0oJIpIIle, YEM aMIUTUTY/Ia U3JTYYEHHs] OJHOW MOJIEKYJIbl, 31ech N — oOlee 4ucio
MOJIEKyJl. VIHTEHCUBHOCTh CBETAa CyMMAapHOM BOJIHBI MPOINOPLHOHAIbHA KBaJpaTy

aMIUTUTY/IbI U, CJIE0BATENBHO, MPONopLIuOHaIbHa N 2,

Ecnu um3nyyeHue pa3HbIX MOJIEKYJ CKIJIQJIbIBA€TCA MO HMHTEHCHUBHOCTH, TO
CyMMapHasi UHTEHCUBHOCTh B N pa3 OoJibllle MHTEHCUBHOCTU HW3IyYEHHS] OJHOU
MOJIEKYJIBI.

CnepoBatenbHo, Tpu pacasupoBke JUMNOJIEW HHTEHCUBHOCTH CBETa
yMeHbIIaeTcsi npuMepHo B N pa3 3a BpeMs pacha3upoBKH, KOTOPOE MOXKET OBIThH

1 - .
ropasgo MCHbBIIC BPEMCHHM —, 3a KOTOPOC 3aTyXac€T, KaK e }/t, HU3JIy4YCHHUE OOHOU

MOJIEKYJTBI.
O6cyaum noapodbHee MEXaHU3M U BpeMs pacpazupoBKH.



Koinebanusa gumonst moxosxu Ha KojgeOaHus MeXaHHM4YeCKoro masrtHuka. [loka
€CTh BBIHY)KJIAIOIasi CUja CO CTOPOHBI CBETOBOTO MOJISI, BEIHYKJICHHBIE KOJICOaHUS
JUIOJIA TPOUCXOJAT HA YACTOTE CBETOBOro mnoiisi. Kak TOMbKO CBETOBOE TOJIE
BBIKJIFOYAIOT, KOJeOaHUs MPOJOIKAIOTCS ¢ TOM ke (asbl, HO y)XK€ Ha COOCTBEHHOM
4acTOTE KOJICOAHUH MO, HA 4aCTOTE IIEPEX0a (s -

B cucreme oTcuera AWMIIONSA KaXKIbIA IUIONL MOCIE BBIKIIOUEHUS OIS
COBEpINAeT KoyueOaHHus U U3JIydaeT Ha 4acTOTe Mepexoja @,;, HO B J1abOpaTopHOU

CHUCTEMEC OTCYCTA 4YaCTOTHI I/ISJIy‘{CHI/Iﬁ zmnoneﬁ B HaAIIpaBJICHUMW IIPUCMHHKA CBCTA
OKa3bIBAIOTCA Pa3JIMUYHBIMU HM3-3a PA3JIMYHBIX JOINICPOBCKHUX CIABUI'OB kVZ .

Yactora wH3dMy4yeHUs [UIONS B JIADOpPAaTOPHOW CHCTEME OTCUeTa paBHA
@y, +kV,, rae V, — mpoekuuss CKOPOCTH JUIIONA HA HANPAaBICHHE K NPUEMHHUKY

CBETA.

Bpewms 3atyxanus curnana 3CIT — ato Bpems pacdazupoBku aumnojieid. Bpems
pacha3supoBKU 3aBUCUT OT PA3HOCTH YACTOT M3IYyYEHUS Pa3HBIX JWIOJEH B
HANpPaBJICHUU ITPUEMHHUKA CBETA, OT IIMPHUHBI CIIEKTPA U3IyYeHUS Aw .

1
Torpaa Bpems 3atyxanus 3CII paBHo Af = e
@

Bemnunna Aw onpenensercs BO3MOXHBIMH 3HadeHMAMH kV,. Curyanus
pasznuyaeTcsi B IByX ciydasx. Ecnu yactora PaGu mMeHble AOMIEPOBCKON MIUPUHBI
cnekTpajgbHOM JHHUM R < kU, TO 10 BBIKJIIIOUEHUS] CBETAa PE30HAHCHO CO CBETOM
B3aUMOJICHICTBOBAIM MOJIEKYJBI, U1 KOTOPBIX paccTpoiika Q=w—kV, — w,; Obl1a

1
MeHblIe 4acTotsl Pabu Q< R. Torma Aw~A(kV,)~R u At v~ OKiziaeMoe

BpeMms 3aTyxanus 3CIL

va

4

— Nl VI
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m_mll

WV, m

Ecnu yacrota Pabu 6ombiie gomnepoBckoi mmpunbl R > kU, To Ao~ kU u
1

TkU
YUTto mpoucxomuT ¢ 3Hepruedl 3anaceHHoil nunossimu? Ilpomagaer nu 3ta

At

DHEPrus 3a Bpems % (B ciyuae R < kU ) unu 3a Bpems l?

Oka3spIBaeTCs, 4YTO OHHEPrusl MpomagaeT MeIeHHo. Torma Kynma ke oOHa
nponajaet?



Jleno B ToM, 4TO cHMH(}A3HO H3ITYYEHUE AUMOJIEH TOJBKO B TIEPBBIM MOMEHT U
TOJILKO BIEpe] Mo Xoay iyda. PacdaszupoBka qumnosiei (coriacHO MOHOTpaduu moj
pen. JIx. CreitHdenna. JIazepHas u KorepeHTHas cieKTpockomnus, — M.: Mup, 1982,
632c.) TNPUBOAMT K TMepepaclpesiesieHui0 U3IydeHUs AUMNOoJed 10 BCEeM
HampaBJiIeHUsIM 0e3 M3MEHEHHUS MOIIHOCTH M3IYyYEHHUS KaXIO0ro IUIOJNS MO BCEM
HaIpaBJIeHUsIM U 0€3 U3MEHEHHSI MOILITHOCTH U3TyUYEHUsI BCEU Cpebl.

CBepxu3nyyeHue.
Ceepxusnyuenne — 310 He 3CII, a ckopee Ha060pOT.
CBepxusNlydeHHe — OTO YCKOPEHHOE TaJCHHE WHTECHCUBHOCTH 3a CYET

YCKOPEHHOT'O pacmaza BO30YyXXAEHHA MOJEKy], KOorja p,, CHajzaer OblcTpee, ueM

e 7" a curnan 3CII (o mororpadun CreiiH(penna) — 3T0 YCKOPSHHOE MafcHIe
WHTCHCUBHOCTH Ha TMPHEMHHKE O€3 M3MEHEHHUS CKOPOCTH pacrajga BO30YXKICHHS

—yt
MOJIEKYIT pPyy ~€ /2.
CBepxusiayyeHue — 93TO CUH(pa3HOe M3JIyuyeHHe JAWIoJied BO BCeX

HAIIPaBJICHUAX, U YCKOPEHHAS ITOTEPS SHEPTUH JUIIOJIEH.
[Ipn cBepxu3ilydeHUH MOIIHOCTb M3JIyYE€HMS MNPONOPLUOHATIbHA KBaApaTy

KOHILICHTPALUU ~N§, a mpu OOBIYHOM U3IYYEHHHM NPONOPLUHOHAIBLHA HEPBOU
CTENEHH KOHLEHTpauuu ~ N .

3
PaccMoTpuM numonu MoJeKys, pacmoJiOKEHHBIE B MajoM oobeMe V < (Ej :

HYCTB MOJICKYJIbl HCIIOABHI)KHBI, 4 UX AUIIOJW OCHUIJIMPYIOT BO BHCIIHEM CBETOBOM
noae. Ilocie BBIKIHOUEHUS CBETa AUIIOJIN  OCHUJUIMPYIOT CI/IH(ba?;HO n TIIOYTH
CI/IH(i)aBHO H3J1y4arOT BO BCCX HaIIPaBJICHHUAX, TaK KaK pa3HOCTb XO0Ja I U3JIIYUCHHA

,Z[PIHOJICfI B JIFOOOM HanpaBJICHUKX MCHBIIC 5 HpI/I OTOM HX H3IIYUCHHA

CKJIQJIIBAIOTCA MO aMIUIMTYJE. AMIUTUTYyAa CyMMapHOW BOJIHBI B N pa3 OoJblie

aAMIUTATYIBI M3JIy9CHUS OJHOTO JIUTIONS, 2 WHTCHCHBHOCTh M MOIIHOCTh B N 2 pa3
0OJIbIIIE.

Takoe cBepXH3IIy4eHUE TPOSBISCTCS W B Cllydae W3JIYYCHHS BBIHYKIESHHOTO
CBETOM ¥ B Cjy4yac CIIOHTAHHOTO W3JIYYCHUS MOJICKYJ, TPEIBAPUTEIHLHO
3a0pOIICHHBIX Ha BEPXHHI YpOBEHb JHEPrUH. B cilydae CIIOHTAHHOTO W3Iy4YCHHUS,
MOSIBJISTFOIIMECS  OCIHMJUTHPYIOIINE JWIONM BBIHYKIAIOT CHH(A3HBIA CIIOHTAHHBIN

3
pacraz apyr Apyra JJjisi AMIoJied B oobeMe V' < (%} .

BaMeTI/IM, YTO YpaBHCHMA JIsI MAaTpPHUIbl IIJIOTHOCTH C (l)eHOMeHOJIOFI/I‘-ICCKI/IM
3aTyXaHUEM HC COACPKAT CBECPXUBIYUCHHA, TaK KakK q)eHOMCHOHOFI/I‘ICCKI/I pacmiang

IPOIIOPLHOHANCH ¢ /2’ 10 ompeIeIeHuIo.

@dakyJIbTaTUBHAs BCTABKA.

YTBepxkaenne B MoHorpaduu CreliHdenna, 4To pacdasupoBKa AWUIMONEH B
aprneHuu 3CII mpuBOIUT K mepepacipeneseHUI0 YHEPTHH H3ITYYeHHs JUIOJICH 10
HAIPABJICHUSM, BBI3bIBAET HEKOTOPHIE COMHEHHS.




Cuuraercs, HanpuMep, B TEOPUH PAIJEEBCKOrO0 pACCESIHHUsS CBETA, YTO
U3IIy4CHHUE JTUIIOJIEW B OAHOM HAIIPABICHUM HE 3aBUCUT OT M3JIYy4YEHUs JUIIOJIEH B
ApyroM HampasieHuM. B TakoMm ciydae yObIBaHME MOIIHOCTH MW3JIy4€HUS B
HaIIPaBJICHUM IPUEMHHMKA HE JOJDKHO CKa3blBAThCS HA MOIIHOCTU M3JIyYEHHs B
APYTUX HaIpaBJICHUSX, 4YTO [POTUBOPEUYUT YTBEPKACHHUIO (B MOHOrpaduu
Crelindenna) o nepepacnpeeIEHUU U3Ty4YeHUsl JUIOJIEH 10 APYTUM HaIlpaBJICHUAM
pu pacpazupoBKe TUIOJIEH.

Ecnu ke npennonoxuTh, 4TO NEPEPACHPENCIICHHUS HU3IYy4YEHUS IO JIPYyTUM
HAIPABJICHUSIM HE MPOUCXOJTUT, TO CKOPOCTh paclaja AWUIONEH MpU CHUH(Pa3HOM
U3IyYEeHUH B CTOPOHY INPUEMHHUKA JOJDKHA OBbITh OOJbIlE, YeEM ) CIOHTAaHHOTO
3aTyxaHus. To ecTh JOJIKEH MPUCYTCTBOBATh YACTUYHBINA 3((HEKT CBEPXU3ITYUCHHUS.
OTOT BO3MOXHBIA 3((PEKT HUrAe HE O0CyX’AaeTrcsd, a OH JOJDKEH BIUATh Ha
ammuintyny curnana 3CII u curaanoB (OTOHHOTO 3XO.

[Toxoxe, 94TO TEOpHUs HE MOXKET AaTh OTBET HA MOCTABJICHHBIN Bonpoc. HyxHo
CTaBUTh JKCIEpUMEHT. HyKHO perucTpupoBaTh HU3IyYECHHE IUIOJIEH HE COBCEM
BIOJb Jyda, a Hampumep, moj yriaom 45° k ucxomsomy myuay. Ecam Bo Bpems
ymenpiieHuss curHana  3CII  u3nydeHuwe gumosied B OTOM  HAlPAaBJICHUU
YBEJIMYUBACTCS, TO CHPABEIMBO YTBEPXKACHHUE, NPHUBEIECHHOE B MOHOTpapHUH
Creiindenna, o mepepacnpeeeHnd U3Iy4YeHHs] IUIOJIed MO HAMpaBJICHUSM MpU
pacdaszupoBke gunosied. B mporuBHOM ciydae HaOmOgaeTCs  YaCTHYHOE
CBEPXM3JIyYEHHE M YAaCTUYHO YCKOPEHHBIM pacmaja aumnojerd. B kaxaom u3 aByx
BapHAHTOB KaKyIO-TO TEOpHUIO (PAJNEEBCKOr0 paccesHus Wi (HOTOHHOTO 3Xa)
IIPUAETCA U3MEHSITD.

Konen ¢akyJbTaTUBHOM BCTABKHU.

KonnuectBenHoe onucanue 3CIT — 3aTyxaHus cBOOOAHON NOISIPU3ALHH.

Curnan 3CII MOKHO paccunuTaTh COTIIACHO CIEAYIOIIEH JIOTHYECKON LEOYKE:

Ecmab; (Vz) - Baam (Vz’t) - pVZ (t) - Eebzx (t) - ‘gomx (t) :

CHayana HaiileM CTalMOHAPHOC 3Ha4YeHHE Bekropa bmoxa B, mepen

—

BBIKJIFOUEHUEM CBETOBOTO IOJSA. OTO CTAIMOHAPHOE 3HAYCHME SIBIIACTCS PEILICHHEM
ypaBHEHMs I BeKTOpa biioxa ¢ HyJIeBOM POU3BOJHOMN 110 BPEMEHU:
o) _|» ) 0
YBemay = [chab;’RQ} +B".
Pemienne »3TMX Tpex JMHEHWHBIX YPAaBHEHUHW C TPEMs HEU3BECTHBIMU
KOOpAMHATaMM BeKTopa biioxa umeer cienyromui BUA:

Biemay = R?(p% - '010;)

y“+R°+Q
By~ 71’;(/7822— ok 12 )

y“+ R +Q

(72 + 92)(,082 —,0101)
Bscmay = 72 +R?+Q?




[locne BBIKITIOYEHHS CBETOBOTO MOJISI BEKTOp biioxa 3aryxaer K HOBOMY
0
CTAallMOHAPHOMY 3HAYEHUIO B = 0 . Kak o6cyxknanoch paHee B BOIIpoce O
,082 B P101
peLICHUsIX YpaBHEHMS sl BeKTopa bioxa, 3aryxaroliee pemeHue NpeacTaBISIET
co00M BEKTOpP, BpAIAIOIIUNCA C YIJI0BOH CKOPOCTHIO —RQ. JlniHa BekTopa

3aTyXaOIIEr0 PEIICHNs SKCIIOHEHINANEHO YOBIBACT BO BPEMEHH, Kak e ' .
BennuuHy 3aTyxarolero pemeHusl B HyJIEeBOM MOMEHT BPEMEHU BBIKIIOUYEHUS
CBETOBOI'O OJII MOKHO HAWTH U3 HAYAJIbHBIX YCIOBHIA:

0
By = 0 + B, (0).
0 0
P22 ~ P11
Otkyna
0 0
RQ(Pzz - P 1)
;/2 + R+ 03
0 0
B (0)= 7R(,022 —Pll)
o 72 +R?+Q?
2( .0 0
R (Pzz - Pu)
;/2 + R4+ 0?2
3nece R= % yactota Pabu 118 CcBETOBOro ToOJISI Tiepes €ero
BLIKJIFOUCHUCM.
3aTyxaroliee peueHne BpallaeTcsi BOKPYT BEPTUKAIBHO OCU, BOKPYT BEKTOpa:
R 0
~Ro=—| 0 |=—| 0|,
Q Q

TaK Kak MOCJE BBIKJIIOUEHHUSI CBETOBOTO NoJisi yactoTa Pabu paBua Hymo R =0.
Hac Oynyt uHTepecoBaTh TOJIBKO JIBE MEPBBIX KOMIIOHEHTHI B; U B, BeKropa

6JIOX8,, TaK KaK TOJBKO OT HHMX 3aBHCHUT IIOJEIpHU3allMA CPEabl, U TOJBKO OT HHX
3dBUCUT CUI'HAJI 3aTyXaHUA CBO60,IIHOI>’I MMOJIPpU3allvu.

Bpaienue ¢ yacroroun (—Q) 3aTyXarlleu, Kak e’ t, COCTABJIAIOIIEN BEKTOPA

bioxa B ropu3oHTaJbHOM IJIOCKOCTU B 03HAYaeT, YTO IEPBBIE JBE KOMIIOHEHTHI
BeKTOpa bioxa noguYMHSAIOTCS CIEAYIOIUM YPABHEHUSIM:



Biyum =€ 7B, cos(f-Qt)

By sum =€ !B sin(f-Qt)
CpaBHHBas 5TH ypaBHEHMs M 3HAYECHUS IEPBBIX ABYX IPOEKLUHN 3aTyXarollen
COCTaBIIAIOLIEN BeKTOpa biioxa B HyJIeBOM MOMEHT BpeMeHu B, ,,, (0) , MOJKHO HaWTU

KOHCTaHTHl B| u f.
B pesynbraTe nomydaem:

-

R(p2 - pi)
Blgam=72(+R2+Q2)-e7t(Q'cos(Qt)+7-sin(Qt)) o
R(sz—ﬁol) ,H =
Byoum=——"" 2-e_7t(;/-cos(Qt)—Q-sin(Qt))
y“+ R +Q

Pacnpez:eneHI/Ie InoJapru3anv CpCabl IO MPOCKIHMKU CKOPOCTH MOJICKYJ Ha JIy4
BbIPpAXKacTCsA 4€pE3 ABC ICPBLIC KOMIIOHCHTBI BEKTOPpa bnoxa:

By :pNOVZ (BI(VZ).cos(go)—Bz(VZ).sin((p)):Re(pNOVZ (BI(VZ)—iBz(VZ))e_w)

OTKy,Ha KOMIUICKCHAA aMIUIMTyJda IIOJIApHU3alluU CPCAbl BbIPAXKACTCSA 4YCPC3

IEPBBLIC JIBC KOMIIOHCHTBI BCKTOPA bnoxa:
+00

PO = _[ pNOVZ (Blaam (VZ ) - lB23am (Vz )) dVZ .
—00
Jlanee, aMmiuTyay CBETOBOTO TOJII HAa BBIXOJE KIOBEThI MOXKHO HAWTHU C
MTOMOIIBI0 YKOPOYEHHOTO BOJIHOBOT'O YPaBHEHMUSI:
dE, L0 =
=20 =2z —h.
dz noC
Bynem cuurtath, uto jiuHa KioBeThl Az wmana. Torga mnpowusBojHas OT
aMIUTATY/bI CBETA 110 KOOPJAMHATE NOYTH MOCTOSIHHA BJO0JIb JIy4a, U
~ LW =~
AEy=2ri—Fy-Az.
I’l()C
CaeTa Ha BXO/I€ B KIOBETY OOJIbIIIE HET, IOITOMY
~ LW =
:AEO :27Z'Z—P0 Az
8blX
l’l()C
[TonbpiTaeMcsl HATH aMIUIMTYAy CBETOBOI'O IMOJs HA BBIXOAE KIOBETHI IIPHU
ycinoBuu R << kU .

Ey

0 0
R(Pzz - ,011)
72 + R2 + 92
3aBUCUMOCTH OT ) 10 cpaBHeHUIO ¢ kU u HedeTHas GyHKIUS OT 2, MO3TOMY

+00
UHTETPA J. PNy, Bysqm dV, 04CHB Mall, H MM MOXHO npenedpeys. Ecan cuurats,
z

Oyukuus By, = e 7 (Q-cos(Qr)+y -sin(Qr)) — yskas B

—00



4YTO NOV = const , TO UHTETPaJl OT HEUETHOUN (PYHKITUU MTPOCTO PaBEH HYIIIO, HO NOV
z

— MenaneHHas (mmpokast) ¢yHkuusa ot V, u or Q=w-kV, -w,|, no3romy
WHTErpaJl IPOCTO OYEHBb MaJl.

Torna
_ @ AZ+oo
E, =2x ,ZC [ Noy. Bysan (V2)dV.

R(pn-pit) _ _
By sam = 7/2(+R2 +QZ) -7 (- cos(Qt)—Q-sin(Q1)) =

2
2 0 0 O—@
wp” Nyl prr — pr1 |Az _(lem‘. o
 =ome 0( 22 11) 7ty LR J~Q sin(Qr) -y cos(Qt)dQ

8bIX B I’l()ChkU 7/2 +R2 +Q2

Bropoe crnaraemoe moj MHTErpajoM MEHbILE MEPBOro MpHU YCIOBUU ¥ K R,

—00

TOT1a
2
2 0 0 -y
i wp No(Pzz —Pn)AZ —(j
Ey, =2\rmey eVle \ KU F(\/}/Z +R? t) , TIIe
6L nochkU
+00
t-sin(t)
F(x)= I 5> d
o X
00 it
HNHTerpan MOXKHO HaWTH, KAK MHAMYIO 4acTb HMHTETpaja J. 7 dt IIyTh
o X +12

MHTETPUPOBAHUS 3TOTO UHTETpasia MOKHO 3aMKHYTh Ha KOMIUIEKCHOM IMJIOCKOCTH TIO
MOJIYOKPY>KHOCTH B BEpPXHEH 4YacTU KOMIUIEKCHOM MOJyriiockocTd. MHTerpan mo

3aMKHYTOMY KOHTYpY Ha KOMIUIEKCHOM IIJIOCKOCTH paBeH Koadduuuenty 27i,

te[

YMHOXXEHHOMY Ha BBIUET Re Sﬁ B TOUKE f =ix . B pe3ynbrare uHTErpasl paBeH
t=ix +1
F(x)=m-e".
F(\/y +R%t j F(Rt) npu R>y.
Torna
2
2 0 0 )|
N wp No(Pn—Pzz)AZ _ —(J
& =k =—27Z'\/;80 e (7+R)te kU
8bIX 8bIX nO C h kU
Ormerum, yro curran 3CII npornopruoHaneH &, _(7 +R)t, a ONTUYECKUE

6blX
HyTalMHU IPONOPLUHOHAIBHEL [ ~e tJO(Rt). Torna nipu ycinoBuu R << kU curnan

3CII, xak W CHUTHaJ ONTHUYCCKUX HYTAllMH, 3aTyXaeT MPUMEPHO 3a OJUH TEPUOJ
KoJie0auuii ¢ yactoroii Padu R.



Il1omaab cBeTOBOr0 MMNYyJbca. CaMOMHIAYIIMPOBAHHAS NMPO3PAYHOCTD.

Yactota Pabu R nponopuuoHalbHa aMIUIUTYAE CBETA &, TaK Kak R :&.

PaccMoTpum CBETOBOM HMMITYyJIBC C HEKOTOPOMl 3aBUCUMOCTBIO 4acToThl Pabu oT
BPEMEHM NPEACTABICHHON HA HUYKECIIEIYIOIIEM PUCYHKE:

R

[Tnoniaapio CBETOBOrO UMIMYJIbCA HA3BIBAETCSI MHTETPAI:

S = IR(t)dt, KOTOPBIM COBNAJAET C IJIOIIAIbIO MO rpadukomM R(t).

[Tmonaas CBETOBOrO UMITYJIbCA PAaCCMaTPUBAETCS TOJIBKO B CHJIBHOM CBETOBOM
noJje, IO3TOMY IyCTh R >> ‘Q‘ Torma Rp = VR +0Q? ~R.

Bekrop bnoxa Bpamaercst BOKpyr BEKTOpa —RQ C YIJIOBOH CKOPOCTBIO R, .

Torna unTerpan jRth paBeH Iy MOBOPOTA BeKTopa Bioxa BOKpyr BekTOpa —Ry .

R R
C ydetoMm HepaBeHCTBa R >> ‘Q‘ MOJIy4aeM EQ =| 0 |=| 0 |, 1 IIOAJAb CBETOBOIO
Q 0

UMITyJbCa S = _[R(t)dt paBHa yriy MOBOPOTa BeKTopa bioxa Bokpyr ocu 1 B jeByro

CTOpPOHY 3a BpEMA CBECTOBOI'O MMITYJIbCA.

T o o
Ecan miIiomaab CBECTOBOI'O MMIIYJIbCAa PaBHA 5, TO TaKOM CBE€TOBOM HMITYJILC

T o T
Ha3bIBArOT 5 HMITYJIbCOM. Takou HMITYJIEC ITOBOPAYMBACT BEKTOP bnoxa Ha yroJ 5

BOKPYI' ocH | B JIEByIHO CTOpPOHY. AHAJIOTUYHO 77 HUMIYJIbC MOBOPAYMBAET BEKTOP
bioxa Bokpyr ocu 1 Ha yron x. MmmynbC miomanpio 27 MOBOPAYUBAET BEKTOP
broxa Ha moJsHBIM 000POT M BO3BpAIlAET €r0 B UCXOJHOE HANpPABJICHHE, HUYETO HE
U3MEHsS B cpeze. Ecnu B cpefie HU4ero He M3MEHSETCsl, 3HaYUT, Cpefa HE MOTJIOMAET
CBET.

Ecoum mmomaas CBETOBOTO HMMITYJIbCA MEHBUIIE, YeEM 27, TO OH 3aMETHO
norJonaercs cpeaoi. Ecnu miomane uMiynbca 0oJibliie, 4eM 277, HO MEHbIIE, 9eM
47, TO WUMIIyJIbC MOTJIOIIAETCS CPENOW N0 TEeX MOp, MOKA €ro IUIoWaab He
cpaBHHBaeTcA ¢ 27 . [locme 3TOro nosy4uBIIMKCS 277 UMITYJIBC PACIIPOCTPAHSETCS B
cpene, NouTyu He norjoiaschk. Cie10BaTeabHO, MOLIHBIM CBET paclajaeTcs B Cpeae
Ha 277 UMITYJIbCHI, KOTOPBIE 3aTEM MIPOXOAT CPEAY MOUTH 0€3 MOTIIOMICHHUS.



Takoe  pacmpocTpaHeHHME CBe€Ta B Cpel€  Ha3blBAIOT  SIBJICHUEM
CaMOMHAYLHMPOBAHHOM MPO3PAYHOCTH.

JIByxuMnyJbLcHoe hoTOHHOE IXO0.
Onrtuueckass cxema peructpanudd (OTOHHOTO dXa — J3TO OOBIYHAS CXema
HaOII0/ICHNs] HECTAIlMOHAPHBIX 2P (HEKTOB HETMHEWMHOM JIa3epHOM CIIEKTPOCKOIIHH:

I :}—1

a3
P EIOBCTA

HCMHHE
C rasomM P

[Iycte Ha BXOZI€ B KIOBETY 3aBUCMMOCTb MHTCHCUBHOCTHU OT BPEMEHU HMEET
CIEAYIOIINMI BU:

IBI

T
— == =

3KCHCpI/IMeHTaHBHO Ha6J'IIOI[aeTC$I cicayromasa 3aBUCMMOCTb MHTCHCHUBHOCTHU
CBCTa Ha BbIXOJAC KIOBCTBI OT BPCMCHMU:!

I
2

’ T T 7&
tity

ty ty ts t

IBHI

T o
ITocne 5 U 7 CBCTOBBIX HMIIYJIBCOB Ha6JIIOI[aeTC$I € OAMH CBCTOBOH

. . T
UMITYJIbC, KOTOPBINA Ha3bIBAIOT (POTOHHBIM 3X0. BpeMeHHoi1 HHTepBaI MEXTy by U

UMITyJIbCAMU PABEH UHTEPBAITY MEXKIY 77 UMITYJIbCOM U (DOTOHHBIM 3XO.
Oxka3biBaeTcs, YTO CUrHaid (POTOHHOTO 3Xa MOXKHO paccMaTpuBaTh, Kak J1Ba
curnazna 3CII, nepBblif U3 KOTOPBIX OOpaIlleH BO BPEMEHHU:
Oxo0 =2 3CIIL.

. T

[Ipexxne yem OOBACHUTH cUrHaN (POTOHHOTO 3Xa 3aMETHM, YTO MEPBBIN 2
VMITYJIbC Ha BBIXOJI€ KIOBETHI MCKAKEH. BepInHa nmmyibca HCKa)XE€Ha ONTUYECKUMU
T .

HyTauusamu. B 2 VMMITYJIbCE MOMEIIAETCSA YETBEPTh MEPUOIA ONTUYECKUX HYTALUU.

Ha pucynke mn3o0pakeH BapuaHT ONTUYECKUX HyTauud mpu yciaoBun R >>kU .



. /4
3aganii  GpoHT by ummynbca pactsayT curHamom 3CII. JlroOombeiTHO, 4TO ecnm

V4 .
IJIOIIAAb IIEPBOTO HMMITYJIbCA POBHO > TO BTOPOM HMITyJIbC (7 HMIIYyJIbC) HE

JOJKEH UMETh MCKa)K€HHs BEPILUHBI, a MIPU IUIOIIAA BTOPOTrO UMITYJbCa POBHO 7T
BTOPOW MMITYJIbC HE TOJKEH UMeTh U curHana 3CILL

PaccMoTpuM, 4TO HPOMCXOAUT C BEKTOpPOM bioxa B KiIrO4eBble MOMEHTbI
BpPEMEHH, 0003HAUEHHbIE HA IIOCIEIHEM PHUCYHKE, KaK fj, 1, t3, ty, l5, U MEKIY
TUMH MOMEHTaMH BPEMEHHU.

B HayasibHBIII MOMEHT BpEMEHHM B CpEAE HET IMOJIAPU3ALUU, 3HAYUT, IEPBbIE
JIB€ KOMIIOHEHTHI BeKkTopa biioxa paBHbI HyIIIO.

OObIYHO BEPOSTHOCTH OOHAPYKUTh MOJIEKYJy Ha HI)KHEM YpPOBHE SHEPIuUu
00JbIlIe, YeM BEPOSITHOCTh OOHAPYKUTh HAa BEPXHEM YPOBHE.

CnenoBaTenbHO, B MOMEHT BPEMEHU f; BEKTOp biioxa HampaBieH BEpTUKAILHO

BHMS3.

o T
Ha IMPOMCEIKYTKEC BPCMCHU (fl,fz) nmoa ACUCTBUEM 5 HMITYJIbCa BCKTOP bioxa

/4
MMOBOPAYMBAETCS HA yTOJ B} BOKPYT OCH | B JIEBYIO CTOPOHY:

. I
i I
~ - __J‘ N
Bit,)

Ha IMPOMCIKYTKEC BPpEMCHU (Zz,t3) CBCTOBOI'O ITIOJIA HET, IIOOTOMY BCKTOP bnoxa

R 0
BpallaeTcsi B JIEBYI0 CTOPOHY BOKPYT BEKTOpa RQ =| 0 |=| 0 |. dns MoyeKyn c
Q Q

pasHOM JIy4eBOM CKOpOCTBIO V, pacctpoiika Q=w-—kV, —wy)| IpUHAMAET

pasinuHble 3Ha4YeHusA. B pesyinbrare BekTOpbl bioxa s MOJEKyal ¢ pasHBIMHU
Jy4EBBIMU CKOPOCTAMH BpAIlAIOTCA BOKPYI BEPTUKAJIBHOW OCH B pPa3HbIX
HaIIPaBJICHUAX U C PA3HBIMU YIJIOBBIMU CKOPOCTAMHU (2.

B Hauane npomexyTka BpeMeHU (tz,t3) BEKTOpP biioxa HarmpasiieH IpOTUB OCH

2 AJIsT BCEX MOJICKYJI, KaK 3TO IIOKAa3daHO Ha PUCYHKC IIPUBCACHHOM BBIIIC. 3areM Ha



IPOMEXKYTKE (tz,t3) BekTOphl biioxa pasz0eraiorcs B TOPU3OHTAIBHOM IMJIOCKOCTH
BEEPOM BOKPYT MUHYC OCH 2:

3
/#ﬂf____ T - 2
Bty ) ;
e e T T T ~
B(ty) Bt3) - ="

Bit;)

Ha pucyHke B MOMEHT BpeMeHH ¢3 W300pakKeHBI TOJIBKO TP BeKTopa biioxa u3
BCET0 BEEPA BEKTOPOB.

Ha mpomexyTke BpeMeHuU (t3,t4) 7T UMIYJIbC CBETa IMOBOPAYMBAET BeEep
BEKTOpPOB biioxa BOKpyr ocu 1 B JIeByI0 CTOPOHY Ha YroJl 7 :

3
R =N
-~ f/ - ﬁ{b\‘&‘:\
il 7 - - N :\.\

s 7 L
f”,ff - T sk Bity)
F-El - 'r— — =1 -,—I‘— —_- - — —:l-:.
e T ~

Bty - _ - — 1

B Hauane 3Toro mpomMmexyTka BpeMEHUM Beep BEKTOpoB biioxa HampaBiieH
OPOTHUB OCH 2, B KOHIIE NMPOMEXKYTKa BPEMEHU Beep BEKTOpoB bioxa HampasieH
BOKPYT MOJIOKUTEIHHOTO HAMPABIEHUS OCH 2.

Ha npomexyTtke BpemeHu (t4,t5) BEKTOpPBI biioxa CHOBa BpamarOTCs B JIEBYIO
0

CTOPOHY BOKPYI' BEKTOpPaA RQ =| 0 |. g monekyn ¢ KaxKAbIM 3HAYEHHEM JTy4EBOU
Q

CKOpOCTH ¥, BpalleHue BeKTopa bioxa npoucxoaur BOKPYT BEPTUKAIBHOM OCH B Ty

’KE CTOPOHY U C TOM K€ CKOPOCTHIO, UTO U HA MPOMEXKYTKE BPEMEHU (tz,t3) :



Tonpko Teneps Beep BeKTOpoB bioxa He pa3Oeraercs, a HA000POT cOeraeTcs K
MOJIOKUTEITFHOMY HAIIPABICHHIO OCH 2.
K MomMmeHTy BpeMeHH f5 BEeKTOpbI bioxa Bcex MOJIEKyJ HAallpaBJeHbI B OfHY U

Ty 7K€ CTOPOHY — B IOJIOKUTEILHOM HAIPABICHUH OCH 2.

Bekrop bnoxa B ropr30HTaIbHOM MIIOCKOCTH O3HAYAET HAJWYUE MOJSIpU3aLUN
Cpelibl, a MOBOPOT BEKTOPa 0Ji0Xa B TOPU3OHTAIBHON IJIOCKOCTH PAaBEH CABUTY (pa3bl
MOJIAPU3ALMHI OTHOCUTENBHO (Da3bl CBETOBOIO IMOJISL.

OnHOHANPaBIEHHOCTh BEKTOPOB bioXa B MOMEHT BpEMEHH f5 O3HAYaeT

cuH(pa3HOCTh KOJEOAHMM AUMOJIed BCEX MOJIEKYJ HE3aBUCHUMO OT HX JIy4eBOU
ckopoctu. CuHdazHbie KoaeOaHusi MPUBOJAT K CUH(PA3HOMY H3ITYYEHHUIO MOJIEKYI B
HaIpaBJIeHUH MpoIeaeil cBeTOBOM BOHbI. CUH(pa3HbIe U3TyUYEHUSI CKIIAIbIBAIOTCS
0 aMIUTUTY/Ie, @ HE N0 UHTEHCUBHOCTU. B pe3ynbrare moiydyaeTcsi CBET ¢ OOJIbILION
aMIUTUTYJI0M 1 MHTEHCUBHOCTBIO. JTO U €CTh (POTOHHOE 3XO.

ITocne MOMEHTa BpeMEHU f5 BEKTOpHI bioxa MpoaoikaroT BpalieHUus: BOKPYT

BEPTUKAILHOH OCH C pa3HBIMH CKOPOCTSMU U pa30eraroTcs BEEpPOM BOKPYT
MOJIOKUTEHHOTO HampaBieHus: ocu 2. Pa3Oeranmme BekTopoB bioxa Beepom B
TOPU30HTAJILHON MIOCKOCTH O3HAaYaeT pacPazvpoBKy U3ITYUEHUS AUMOJEH MOJIEKYIL.
PacdaszupoBka numnoneit mpuBoaut kK nospiaeHuto cur"ana 3CII. To ects BTOpas
MOJIOBUHA CUTHaNa POTOHHOTO 3Xa MpeAcTaBIsgeT coooit 00bIuHbIN curnan 3CII.
Ilepen MOMEHTOM BpeMeHHM f5 Beep BeKTOpoB bioxa cOeraercs BOKpYT

MOJIOKUTENIBHOTO HampasiieHuss ocu 2. CXJomnbIBaHUE Beepa BEKTOPOB O3HAYAET
($a3upoBKy IUIOJIEH W COOTBETCTBEHHOC YBEIMYCHHE WHTCHCUBHOCTH CBETAa B
HAIIPABJIEHUU NPOLIEAIIEH CBETOBOM BOIHBL. TO €CTh Iepes MOMEHTOM BPEMEHHU I5

HaOmronaercst ToT ke curHan 3CII Tonmpko oOparieHHbl o BpemeHu. Ha stom
NPOMEXKYTKE BPEMEHHM BMECTO OJKCIOHEHIMaJdbHOro cmaga curHama 3CII
HaOJr0/1aeTcsl SKCIMOHEHIMAIBHBIA POCT C TOW K€ CKOPOCTHIO OOpaIIeHHOrO BO
BpeMenu curHana 3CII.

B pesynbrare MOXHO CKa3aTb, YTO CHUTHaJ (DOTOHHOTO 3Xa paBeH ABYM
curasiam 3CI1.

B OKCIICPUMCHTC TPYAHO CACJIAThb TakK, YTOOBI miiomaab CBECTOBOTO MMITYJIbCA
T
Obl1a OBl paBHa B TOYHOCTH E uii B TouHocTH 7. Eciu B OKCIICPUMCHTC 110

Ha6J'IIOI[eHI/IIO (bOTOHHOFO 9Xa Imomaan ABYX CBCTOBBIX HUMITYJIBCOB HE COBCCM
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OIITUMAJILHBI I 2, TO curHaia (POTOHHOTO 3Xa BCE PaBHO HAOIIOJAETCsI, TOJIBKO
S2 =T

AMEET MEHBLIYIO aMIUIATY1y.

N3mepsig 3aBUCUMOCTh aMIUTUTYAbI 3Xa OT BPEMEHU 3aACPKKH T MEKIY JBYMS
AMITYJIbCAMH, MOKHO HU3MEPUTh CKOPOCTb 3aTyxaHus nojspusamuu cpeapl ' u
MOJTYYUTh HUH(POPMAITUIO O MOJIEKYJISIPHBIX CTOJKHOBEHUSIX.

Koncranra I' onpenenseTcs U3 CpaBHEHUS SKCIIEPUMEHTAIBHON 3aBUCUMOCTH
aAMIUIMTY 16l HAMIPSHKEHHOCTH CBETOBOTO IMOJISL 9Xa OT BPEMEHU U 3aBUCUMOCTH:

2T
S~e v

IToka3aTenb PKCIIOHEHThI COACPKHUT COMHOKHUTCIIb 2T , TaK KaK IOJIsIprU3alms

T
CpeI[BI 3aTyxaeT KaK Ha HpOMe)KYTKe BpeMeHI/I T MC)KI[y 5 nu mw I/IMHYJ'anaMI/I, TaK U
Ha IPOMEXKYTKE 7 MEXKIY 77 HMITYJIbCOM M CUTHAJIOM 3Xa.

TpexumMnviancHoe GpOTOHHOE IXO0.

B omnbiTe ncnonas3yercs oObIuHAs AJ1s1 HETMHEWHOW JIa3epHOM CIEKTPOCKOTUHU
ONTUYECKAS CXEMa!

[ 1
nazep D_‘

KIOBCTA
C rason

TIPHEMHHEK

HYCTB 3aBUCUMOCTb MHTCHCHUBHOCTH CBE€Ta Ha BXOJAC€ B KIOBCTY OT BPCMCHU
MMpCaACTaBIACT coOoH TPH CBCTOBBLIX HMIIYJIbCA. TOFI[a 3aBUCUMOCTh HHTCHCHUBHOCTH
CB€Ta Ha BBIXOJ€ KIOBCThI, KaK q)YHKHI/I}I BPEMCHH, UMCCT CJ'IGI[YIOIHI/Iﬁ BHU.

IBHI
13 T13
— T3 — T3
L Taa-Tiz Ta3-T1z |
T12 ’5125;{ T12.4, jk
1 2 X0 3 X0 X0 X0 t
1-2 sxa 2-3 1-3
HH/TY1THP OBaHHOE

3Xo

Tpu U3 NATH CUTHAJIOB 3Xa HE HYXXJAIOTCS B 0COOOM OOBSICHEHHUU. ITO
IBYXUMIYJbCHbIE 3x0 1-2, 3x0 2-3 wum »3xo0 1-3. IlpencraBistor uHTEpEC
MHIyLIUPOBAHHOE 3XO0 U 3XO 9Xa, KOTOPOE MHAYE HA3bIBAIOT €IIe IX0-U300pakeHue.

Hwxe npezacrasiena Tabnuia ONTUMAaIbHBIX IUIONIAIEH CBETOBBIX UMITYJIbCOB
JUISL PETHCTPALMU KaXKJIOTO 9Xa.

\' UMITYJIbCHI
\ 1 2 3
9XO0 \
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O6cyaum popmupoBanme X0 3xa. PaccMoTpuM, YTO MPOUCXOAUT C BEKTOPOM
bnoxa, HaunHas ¢ MoMeHTa BpeMeHu hopMupoBanus sxa 1-2.

B momeHt sxa 1-2 BekTopbl bioxa BceX MOJEKyJl HMEIOT OJIMHAKOBOE
HaIlpaBJIE€HUE — 3TO IOJOKUTEIBbHOE HAIpaBlieHWe ocH 2. BHemHero cBeTOBOro
MoJIsI IPU 3TOM HET, MO3TOMY BeKTOpbl biioxa, mpojoipkasi BpameHUss BOKPYT
BEPTUKAIILHON OCH, PACXOIATCS BEEPOM B TOPU30HTAIBHOM INIOCKOCTH.

Tpernii CBETOBOM HMIIYJIBC, €CIM 3TO 7 MMILYJIbC, IIOBOPAYMBAET BeEep
BEeKTOpOB bioxa Bokpyr ocu 1 Ha yros 7. [locie 3Toro Beep CHOBa OKa3bIBacTCs B
TOPU30HTAJIbHON IUIOCKOCTH TOJIBKO BOKPYI OTPMILIATEJILHOIO HAIPABICHUS OCU 2.
Beep BekTopoB ckiajpIBaeTCd U cOOEpeTCs B OJAMH BEKTOpP 33 TO K€ BpPEMs, B
TE€YEHUE KOTOPOTO BEEP PACKpPBIBAICS IOCIIE dXa 1-2.

B toT MOMeHT, Korja Beep codbepeTcsi, BCe TUIMOJIM CHOBA OyIyT U3IydaTh CBET
cuH(pa3zHo. B HampaBieHun mnpoieAmneii CBETOBOW BOJHBI M3IYUYCHHUS JUIIONEH
CKJIQJbIBAOTCS IO aMIUIUTYAE, U MOIYYaeTCsl CBETOBOM UMITYJIBC X0 3Xa.

Ox0 1-2 m 5X0 5Xa CUMMETPUYHO PACHOJOXKEHbl [0 OCH BPEMEHU
OTHOCUTEJIBHO TPETHErO CBETOBOI'O MMITYJIbCA.

O6cyaum Teneps GOpMUPOBAHNE MHAYIIUPOBAHHOTO JXa.

B 00bIYHOM ABYXMMIYJBCHOM 3XO BTOPOH MUMIYJbC JTOJDKEH UMETH IJIOLIAAb
paBHyto 7. llpu popmupoBaHMM MHAYLHPOBAHHOTO 3Xa POJIb BTOPOTO CBETOBOTO

o o T
HMITyJIbCa INIOIIAaAbIO /7 UT'PArOT BTOPOH U TPETUH UMITYJILChI C IIOIIAAAMM 110 — .

B npomexyTok BpeMeHU M1y MEePBbIM U BTOPHIM UMITYJIbCAMU CBETA BEKTOP
broxa pa3BopaunMBaeTcsi B TOPU3OHTAIbHBIM Beep BOKPYr OTPULATEIHHOTO
HaIpaBJIeHUs OCH 2.

o o T
BTOpOI/I CBCTOBOM HMMIIYJIbC IIOBOPAYMBACT BECP Ha YIroJ 5 B JICBOM

HarpaBieHUH BOKpYT ocH 1. LleHTp Beepa oka3biBaeTCsl HAIIPaBICHHBIM BEPTUKAIBHO
BBepx. Jlaybllie BHEIIHEE CBETOBOE TI0JIE€ BBIKJIFOUAETCS, U BEKTOPhI bioxa HaunHaoT
BpaliaTbCsi BOKPYI BepTUKalbHOM ocu. [lpu 3TOM Kpasi Beepa BpallarOTCs BO
BCTPEYHBIX HAMpABJICHUAX, a CEepeJuHA Beepa OCTaeTcs HenoABMXKHOWU. Ecnu
pPaccMOTPETh MOJOBUHY BEEpa OT BEPTUKAIBHOM OCH JI0 OJIHOTO U3 KpaeB Beepa, TO B
Mpolecce BpallleHUs 4acTH Beepa, OJIMKE PacIoNIOKEHHbIE K OCH 3 BpallaroTCs




MeJieHHee. B pesynbTaTe MOJOBMHKAa Beepa CBOPAYMBAETCA BOKPYI OCH 3 Kak
Oymara, HEIUIOTHO CBEpHyTas B TpyOKy KoHycoM. Bropas mnosioBuHa Beepa
CBOpAaYMBAECTCSI B TaKyl0 e TpyOKy, HO BO BCTPEYHOM HallpaBieHUU. J[[Be
B3aMMOIIEPECEKAIOIINECS TPYOKH 00pa3yroT HEYTO BPOJIE LIBETKA PO3bI.

Tpernii CBETOBOM HMIIyJIbC ITOBOPAYMBAET 3Ty pPO3y B IOJOXKUTEIHBHOM
HAIIPaBJICHUU OCH 2.

Hekoropass yacte BekTOpoB bioxa oOpasyromux po3y Oonee WM MEHee
OKa3bIBACTCA B TOPU3OHTAJIBHOM IUIOCKOCTH, U IOCIIE TPETHETO CBETOBOIO MMITYJIbCA
MOJIOBUHA 3THUX BEKTOPOB COOMPAETCS B HAIMIPABJICHUU OCH 2 3a TOT K€ MPOMEKYTOK
BPEMEHH, 3a KOTOPBIM BEEpP PACXOAWICS MEXAY NEPBBIM M BTOPBIM CBETOBBIMHU
umnynscamu. CoOuparoTcsi T€é BEKTOPHI, Y KOTOPBIX BHaudaje BTOPOrO CBETOBOTO
VMMITYJIbCA U B KOHIIE TPETHETO MMITYJIbCA OJMHAKOBAS BEIMYMHA ITPOECKIIMM BEKTOpa
bioxa Ha oce 1. Bropas mosioBMHA TrOpU30HTAJIBHBIX BEKTOPOB bioxa — 310 TE
BEKTOpPHI biioxa, y KOTOpBIX MPOEKLM HAa OCh | M3MEHWIIA 3HAK.

Yacte BekTOpoB bioxa coOpaBImIMXCs BOKPYr OCH 2 CO3[1aeT CHUH(a3HOE
U3Iy4YeHHEe TUnoJiel 1 GOopMUPYET HHIYLIUPOBAHHOE IXO.

3aBUCUMOCTb aMIUIATYIbl HHIYLIMPOBAHHOTO XA OT BPEMEHHBIX 3aJIEPKEK 71,

U T3 MEXKIY UMITYJIbCAMU UMEET CICAYIOUI BU:

S~ T2 .(6—71T23 4o 7223 ) e Ttz

Takast ¢opMa 3aBUCHMOCTH OTPEAEISIETCS TEM, YTO B TEUCHHE MPOMEKYTKA
BPEMEHU 27), BEKTOPHI biloXa pacnookKeHsl IOYTH B TOPU3OHTAIBHOMN IIIOCKOCTH,

YTO COOTBETCTBYET HAIMYHIO MOJSIPU3ALNANA CPENBI, KOTOPAs 3aTyXaeT CO CKOPOCTHIO
I'. Ha mpoTsokeHMHM NPOMEXYTKa BPEMEHU 7,3 BEKTOPbl blioXa HampasieHBI

BepTUKaIbHO. BepTukanbHas cocraBismomias Bekropa bioxa — 3To uHBepcus
cpelbl, KOTOpas paBHa Py, — Py1. PA3HOCTB 3aCEIEHHOCTEN 3aTyXaeT CO CKOPOCTSIMU

3aTyXaHUs ypPOBHEHN DHEPIUU | U )5 .

CpaBHEHUE PE3yJIbTATOB AKCHEPUMEHTA € (HOPMYJION MO3BOJSET ONMPEEIUTh
BEJIMYMHBI KOHCTaHT [, yy, 75, UTO INpPEACTaBISIET UHTEPEC ISl MCCIEIOBaHUSA

MOJICKYJIAPHBIX CTOJIKHOBECHMH.

Hvyr >xa Kappa — Ilapceia.
B 00BIYHOM ONITUYECKOM CXEME

nazep
KIOBCTA TIPHEMHHEK
C Taz0M

PacCMOTPUM PEAKIHMIO CPEbl HA CUCTEMY CBETOBBIX UMITYJIBCOB, B KOTOPOIl MepBbIi
T o
UMITYJIbC UMEET IJIOIA b — , a KaXJbId U3 OCTAIbHBIX UMITYJILCOB UMEET IUIONIAIb

7T, Ipyu4eM 77 UMITYJILChbl UAYT C OAMHAKOBBIM IIIaroM 1o OCH BPCMCHHU. I/IHTepBaJI



T
MCIKOY E U TICPBBIM 7 HMIIYJIbCOM BABOC MCHBIIC HWHTCPBAJIOB MCKIY 7T

AMITYJIbCAMM.
3aBUCUMOCTh aMIUIUTY/Ibl CB€Ta HA MPUEMHUKE U3TYYEHUSI OT BPEMEHU UMEET
CIETYIOIIAN BU:
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[Ipy TakOoM pacMOJOKEHUH CBETOBBIX HMMITYJbCOB HWHAYLUHUPOBAHHOE HXO
COBIIAJIA€T IO MOJIOKEHUIO € 3XO0 3Xa, HO aMIUIUTYJla UHIYIIUPOBAHHOIO 7Xa MaJia, U
UM MOXXHO TpeHeOpeub. B TakoM ciydae KaXoe CIEAYIONIEee X0 SBISICTCS IXOM
MpEeabIAYIIEro 3Xa. DTo U ecTh Hyr 3xa Kappa—Ilapcemnna.

Ecnu BMECTO MHTEHCHMBHOCTH CBETa 1O BEPTUKAIHM OTJIOXKHWTH 4acToTy Pabum
CBETOBBIX HMIYJbCOB, TO IUIOLIAJb HMIYyJIbCa HA PHUCYHKE paBHA IUIOAIU
CBETOBOI'0 UMITyJIbca. TOra eciu BbICOTa 77 UMIYJbCOB paBHA R, TO IIMPUHA paBHA
/4

%
AMIUINTy1a HAIIPSKEHHOCTH CBETOBOTO IOJIA 9Xa S, 3aBHCHT OT €r0 HOMEpa
N W 33JEPKKU 7 CIETYIOIUM 00pa3oMm:

—F(2T+2jn
S, ~e R

Bekrop bnoxa moutn Bce BpeMs HaXOIWUTCS B TOPU3OHTAIBHOM IJIOCKOCTH,
II09TOMY CKOpPOCTh 3aTyXaHHMS aMIUIMTYJbl 3Xa IPONOPLHUOHAIBHA CKOPOCTH

V4
3aryxaHus nonspusanuu [. [lepuon cienoBanust 7 MMITyJIbCOB PaBeH 27 +E’ HO B

2
[I0KA3aTejie  JKCIOHEHTbl MBI BUIUM COMHOXHUTEID 2r+E. OddexTuBHOE

YMEHBIIIEHUE BPEMEHHU CBSI3aHO C TEM, YTO BO BpeMsl IIOBOPOTA BEKTOPOB biioxa oHun
HE TOJIHOCTHIO HAXOJATCS B TOPU3OHTAJIbHOW MiockocTu. [Ipu BbIBome Qopmylibl
IIPEAIONATraeTCsl, YTO CKOPOCTHU 3aTyXaHHs YPOBHEN YJHEPTUM MaJIbl 110 CPABHEHUIO CO
CKOPOCTBIO 3aTyXaHus MOJAPHU3ALUU )1,)) <<I .

N3mepenne ammumtynsl 3xa B nyre oxa Kappa—Ilapcemna mno3zBosser
onpenenuTh KoOHCTaHTy [, BennumHa KOTOpOW HeceT HH(oOpManuo o
CTOJIKHOBEHMSIX MOJIEKYIL.

Tpu 0OCHOBHBLIX METO0/1a OLICTPOr0 BKJIYECHHUS U BHIKJIIOYEHUS CBETOBOI0 MOJIS.
1-p11 MeTO1. UMOYVILCHBIN J1a3€D.




Henocratku:

1. AMIIMTYy/1a CBETOBOTO IOJISl HEITOCTOSIHHA M 3aBUCUT OT BPEMEHH.

Tak BMeCTO TPSAMOYTOJbHOM CTYNEHbKH BKJIIOYEHHUS CBETOBOTO ITOJIS
UMITYJIbCHBIN J1a3ep J1aeT CTYNEHbKY CO CKOJIOM BepiiuHbl. [lo Mepe HachlmeHus
YCUJICHUS T1aJIaeT MOIIHOCTh M'eHepalluHy Jla3epa:

1 Inp

2. I110X0 BOCITPOM3BOAUTCS aMILIUTY 1A U3JTYUYEHHUS.

[Ipy »TOM TeEpsieT CMBICI HAKOIUICHHE CHUTHajda, OCOOCHHO B cCllydae
ONTUYECKUX HYyTalluh, TJI€ YacToTa KoJICOaHWMM MHTEHCHBHOCTH Ha BBIXOJIE W3
KIOBETHI 3aBUCHUT OT aMILUIUTY/Ibl CBETA HA BXOJI€ B KIOBETY.

Hapsay ¢ oTMeueHHBIMU HEIOCTaTKaMU HUCTIOJIb30BAaHUSI UMITYJILCHOTO Jiazepa
3aMEeTHM, YTO MPHU JIFOOOM CIIOCOOE BKIIOUCHUS U BBIKJIIOUCHHS CBETOBOTO MOJIS €CTh
o0ue  TPYOHOCTH  peructpaudud  3PGEeKToB  HECTAMOHAPHOM  Jla3epHOMU
CHEKTPOCKONMU. Bce BHIBI CUTHAIOB HECTAIMOHAPHBIX 3(PQPEKTOB CTaparoTCs
HaO0II01aTh B ONTHYECKH TOHKOM CJIO€, TaK KaK B ONTHYECKH TOJICTOM CJIOE€ 3aMETHO
M3MEHSETCSI UHTEHCUBHOCTh CBETa, YTO MNPHUBOAUT K TPYIHOCTAM HHTEpHpETAlUU
pEe3yIbTATOB.

B onrudecku TOHKOM ClO€ CHUTHAJIBI Majibl. [[ns ONTHYECKUX HyTaluu
npoOJieMy yAaeTCsl YACTUYHO PEIIUTh C TTOMOIIBbIO BHIYUTAHMS U3 CUTHAJIA HA BBIXOJIE
KIOBETHl BXOJHOTO CUTHaja. BelunTaHue mpou3BOIUTCS IMOCTE PETUCTPALMH 00EHX
MHTEHCUBHOCTEH. Briunurtarorcs Ha auddepeHnaibHOM YCUIUTENEe IEKTPUYSCKUE
CUTHAJIBI C IBYX MPUEMHUKOB CBETA:

(I
nazep

WA

EIOBCTA
C rasoM

2-oi1 meTo. IlITapkOBCKOE MEPEKITIOYEHNE YACTOTHI.

_I—/O/ EH_[TapKa

L 1 - ),
fasep L MIPHEMHHK
KIOBETa C [a30M
B 27IeKTPHIeCKOM
Tosne

Ecam  1ITapKOBCKME CHABUIM BEPXHETO M HWKHEIO YPOBHEHW DHEPIUM
pa3Iu4aroTcs, TO CIABUIaeTCs 4aCTOTa EPEX0a.



KOHTyp JIMHUHW IIOIJIOINCHUHA CABHUIAaCTCA II0 4aCTOTC OTHOCHUTCIIBHO 4YaCTOTHI
reacpanuu j1a3cpa:

e e

i

D D

Tak MOKHO BBIKIIOUYWTh WIM BKIIOYUTH IOIVIOUIEHUE [UJII MOJIEKYJ, HeE
U3MEHSS MapaMETPOB CBETOBOTO MOJIA.

[IpenMymiecTBO IITApPKOBCKOTO NEPEKIFOUECHHS YaCTOTBHI.

1. Jlerkocts ympaBienus. Kak cieactBue — HMMIYJIbCHI JHO0OM IIMPUHBI U
YacCTOTBHI.

2. I'ereponunnsbiii ipuem curHaioB 3CII u ¢hoTOHHOTO 3Xa, HO HE ONTUYECKUX
HyTanuid. CyTh reTepOJUHHOIO NMPHUEMa CUTHATIOB PACCMOTPHUM UyTh MO3XKE.

HenoctaTtok mTapKkOBCKOr0 MEPEKIFOYEHHS] YaCTOThI MPOSIBISIETCS B ClIydae
BBIPOXKJICHHBIX YpOBHEH sHepruu. [loypoBHU BBIPOXKIEHHOIO YpPOBHS SHEPTUU
MMEIOT PA3JUYHBbI I[ITAPKOBCKUM CIBUI, YTO 3aTPYJHSAET HHTEPIPETALIIO
pPE3yJIbTATOB OIBITOB.

3-i1 meToz. [lepekntoyeHne 4acTOThl TEHEPALUH.

BuyTtpu pe3onatopa mnazepa MOMEIIAETCS JIIEKTPOONTHYECKUNA KPHUCTAI,
Hanpumep, KDP — nuruapodocdar kanus: HyKPO,.

B kpucramne KDP mnokaszarenn mnpemoMiieHHAs ABYX JIy4e€d 3aBUCAT OT
IPUIOKEHHOTO 3ekTpuueckoro HampsbkeHus: (3¢ dext Ilokkenbca), 4To MO3BOJIAET
OBICTPO YMPaBIATH ONTHUYECKOW JJIMHOM KpHUCTallla U, KakK CJEICTBHE, ONMTHYECKOU
JUTMHOM pe30HaTOpa Jla3epa, a 4uepe3 HEE U 4aCTOTOW MeHepalnH Jla3epa.

Oxka3bIBaeTcsl, CIBUHYTh YaCTOTY F€HEpAlly Jia3epa MOXKHO ropaszio OwicTpee,
YeM HM3MEHUTh aMIUIMTYJly TeHepaluuu. MUHUMalIbHOE BpeMs H3MEHEHHUSI 4acCTOThI
10"? ¢ — 310 mocrosHHas BpeMeHu 3¢ dexTa ITokkebca.

BMecTto wu3MeHeHMsT 4acTOTBl TEHEpaluy Jla3epa IyTeM HU3MEHEHUS
ONTUYECKOW JJIMHBI PE30HATOpa MPU U3MEHEHUHU DJICKTPUUYECKOIO0 HANpPSKEHUS Ha
kpuctaime KDP paccmoTpuM 3KBUBajJeHTHBIM, HO OoJyiee MPOCTOM Al aHamu3a,
METOJ, U3MEHEHHUSI YAaCTOTBl — MEXAHUYECKOE IEPEMENIEHUE 3€pKajla BJIOJb OCH
pe30HaTOopa jasepa.

[lycth 3epkano pe3oHaTopa Jazepa JBWXKETCA (A1 ONpeNeseHHOCTH)

L .
HAaBCTpedy JIydy B T€YEHHUE BPEMEHH — . TakoM NMPOMEKYTOK BPEMEHU MHTEPECEH
c

TEM, YTO 3a 3TO BPEMs BECh CBET, HAXOIAIIUICS B pE30HATOPE Jia3epa, OJIMH U TOJILKO
OJIMH pa3 OTPA3MUTCS OT JABIKYIIETOCS 3epKaa.
[lpu oTpaxkeHMH OT HaOETraroIIero 3epkaja 4acToTa CBETa YBEIMYUBACTCS 3a
cueT nmpoaoapHoro 3¢ dekra Jomrepa:
av_, v
v c



HpI/IqI/IHa HN3MCHCHUA YaCTOTBI CBCTAa COCTOWUT B CJICAYIOHICM. B cucreme
OTCUCTa 3C€pKajla 4acTOoTa Imagaromero Ha 3€pPKajlo CBCTA U OTPAKCHHOI'O CB€TA OJHA
M Ta KC, a IIpU IEPEXOJC B JIa60paT0pHy}0 CUCTEMY OTCYCTA YaCTOTHI 3TUX ABYX

. Av V
BOJIH HCIBITHIBAIOT JOIJIEPOBCKUM CIBUT YAaCTOThI —— =-— B IPOTHUBOMOJIOKHBIE
1% C

CTOpPOHBI.
[TokaxkeM, 4TO 4acTOTa OTPAXKEHHOTO 3€PKAJIOM CBETa B TOYHOCTH OKAXKETCS
COOTBETCTBYIOIIIEH HOBOM JJIMHE Pe30HATOpa Jia3epa B KOHIIE MPOMEXYTKA BPEMEHU

2L .
— . JIuig 3TOro HailieM U3MEHEHUE YaCcTOThl pe30HATOpA.

c

Ha ynBoeHHON [UIMHE pe30HATOpa YKJIAJBIBACTCS LEJI0€ YUCIO JUIMH BOJIH
2L=mA. Tonpbko TpH BHINOJIHEHUH HSTOTO YCIOBHUS, MOXKHO HApHCOBATh
3aBHCHMOCTb HAIIPSKEHHOCTH CBETOBOM BOJIHBI OT KOOPAMHATHI pE30HATOPA Jiazepa B
OIMH MOMEHT BPEMEHHU BO BCEX TOUYKax pe3oHaropa. Ecnm yciioBue He BBINOJIHEHO,
TO (PYHKIHS MMOITY4aeTCs HEOTHOZHAYHOM.

L
Toma IMpru M3MCHCHHHN JIMHBI PE30HATOPA OTHOIICHUC ZZCOI’ZSZ‘ 0oCTacTCAa

Hem3MeHHBIM. C yueToM AV =c¢ moiydaem, uto Lv = const . llpoguddepenuupyem
3TO PABEHCTBO W PA3/JEIIUM PE3yabTaT Ha TpousBeneHue Lv . Torma noimyynm:

AL Av
L 1%
Havinem n3meHnenue mvHbl pe3oHaTopa AL 3a BCe BpeMs ABUKEHUS 3€pKajia
2L
c
2L
AL=-VAt=-V— OTKyJa
c
AL V
=
L c
AL Av
a C yYYETOM —— = ——— TOJIyUUM:
L 1%
Av V
——=2— — 3TO OTHOCHUTEJIbHOE M3MEHEHHE YaCTOThl PE30HATOPA Ja3epa 3a
1% c

BpeMsl JBIDKEHHUS 3€pKaja. JTO M3MEHEHHE B TOYHOCTH COBNAAAET C U3MEHEHHEM
4acTOThl CBETa MpU OTPAXEHUU OT Haberawllero 3epkaita Jjaszepa. 1o ecTb
OTPaXEHHOE 3€PKAJOM CBETOBOE I0JIE MU3MEHSETCS M0 YacTOT€ M OKAa3bIBAETCS B
pE30HaHCE C HOBOM 4acTOTOW pe30HaTopa, KOTOpas OKaKETCA y pe3oHaTopa Mocie

2L
ABWKCHUA 3CpKaJia B TCUCHUC BPCMCHHM —. HpI/I 9TOM H€ BO3HHMKACT HHKAKHUX
C

NEPEXOAHBIX MPOLECCOB, M, CIEJOBATENbHO, YAaCTOTy TIE€HEpaluu Ja3epa MOXKHO
NEPEKITIOYUTH OUYEHb OBICTPO.



[Tokazarens npenomnenns kpucramuia KDP xenatenbHO TMHEWHO U3MEHATH Ha

2L
WHTEpBaJic BPEMEHHM — WM Ha KpPaTHOM €My HHTEpBaJieé BPEMEHH, YTOOBI

c
ITOJIHOCTBHIO M30eKaTh NEPEXOJHBIX ITPOLECCOB B J1a3€pc.



