BapuaHThI CIEKTPOCKONMH HACHIIEHUS NOTJI0IEeHUs (IPOIOKEHUE).

3). BHyTpupe3oHaTopHasi CHEKTPOCKOIHS HACKIIICHHUS MOTJIONICHUSI.

PaccMoTpuM onTuYeckyro cxeMmy, B KOTOpPOMl KIOBETa C Tra30M HaXOAUTCS
BHYTPH PE30HATOpA Ja3epa.

yp — | -
X | - l
IMOTJIOIIEHHE
}’CI’U'IEH]'IE C Ha ng

HEHTPOM Ha (:)10

B pe3oHarope nazepa €cTh JBE BCTPEUYHBIE BOJIHBI, KOTOPBIE MPOCBETIISIOT
KIOBETY JIpYT UIsl IpyTa.

3aBUCMMOCTh MOIIHOCTH TI€HEpaly TaKOro Jia3epa OT 4YacTOTbl HMEET
IIPUMEPHO CIEAYIOIIHUNA BU:

311eCh IMUPOKUI BBIITYKJIBIA KOHTYP C LIEHTPOM HA YacCTOTE (q; — JTO KOHTYP

JUHUYW YCUJICHUS cpelibl yiupeHHbii adpdexrom [omiepa. B nieHTpe KOHTYpa JUHUU
YCHJICHUS Ha pUCYHKE M300paskeH nposai JIrmoa.

[IpoBan JIhmba wumeeT Ty K€ MPUPOAY, UYTO M PE30OHAHC HACHIIICHUS
MOTJIONIEHUSI, TOJILKO TpoBail JIhmMba — 3TO pe30HAHC B MOIIHOCTH T'€HEpAIUH
Ja3zepa, KOTOPBIM ONpenesnsieTcss Pe30HAHCOM HACBIIIEHHWS yCUJieHus cpenbl. Ecmu
4acTOTa CBETa HE COBMAJAET C LICHTPOM JIMHUU YCWJICHUS, TO BCTPEUYHBIEC BOJIHBI B
pe30oHaTope Jia3epa YCWIMBAIOTCA JBYMS pPa3HbIMU HAa0OpaMH MOJIEKYJ C
MPOTUBOIOJIOKHBIMA 3HAYECHUSIMU TIPOEKIIMU CKOPOCTH HA HAIMpaBJIICHUE OJHOU W3
nByX BoJH. Korjma yactora cBeTra COBIANAET C LIEHTPOM JIMHUM YCUJIEHUS, TO 00€
BCTPEUHBIC BOJIHBI YCWJIMBAIOTCS OJIHUM U TEM XK€ HAaOOpOM MOJIEKYJ C HYJIEBOM
Jy4yeBOW CKOpocThlo. OauH HabOp MOJEKyJd BMECTO JBYX O3HA4aeT MEHbUIE
YCUJIMBAIOIIUX CBET MOJEKYJI — MEHBIIE YCUJIEHHE CPEIbl — MEHBIIE MOIIHOCTh
reHEepaluu.

Ha mnpaBom CckjOHE KOHTypa YCWICHHS W300pa)xeH MIUPOKUNA TpoBall
IOIJIOIIEHUST C LEHTPOM Ha 4YacToT€ @,), KOTOPBIM YMEHBIIAET MOLIHOCTb

reHepanuu jaszepa. KoHtyp nuHuu mnoriomieHus ymupeH sddexkrom Jlomnepa. B
LICHTPE KOHTYpa JINHUH MOTJIOIEHH HA YaCTOTE @, HAOIIOAAETCs y3KUI PE30HAHC

HAaCbIICHUA IIOIJIOICHHUA BCTPCYHBIMH CBCTOBBIMH BOJIHAMMU. 910 HaCBIIMICHUC



IIOTJIOIICHU A HpI/IBOI[I/IT K pe3OHaHCHOMy yBeHI/IquHIO MOIIHOCTH FeHepaI_[I/II/I Ha
qacToTeC 0)20 .

OcHoOBHOE IMPpCUMYIICCTBO BHYTpI/IPCBOHaTOpHOﬁ CIICKTPOCKOITNN HACBIIICHHA
IMOrJIOMCHUA COCTOHUT B BBICOKOM KOHTPACTC PC30HAHCOB. n HGﬁCTBHTGHBHO. Ecau
CUHUTAaThb, 4YTO IIO OCH Y I‘pa(bI/IKa OTJIOKCHA HC MOIIHOCTHL I'CHCpAllWMK, a4 YCUIICHHUC

Cpelibl C YY€TOM NOTEPh B MOMIOLIAOLIEH KIOBETE, TO rpaduK MOYTH HE U3MEHHUTCS.
Ecnu ke ypoBeHb IOTEpPh pe30HATOpPA MOAHATH OO ITYHKTUPHOM TOPU30HTAIBHOU
JVHHAM, TO TE€HEpaUMsl OCTAaHETCA TOJBKO Ha TEX 4YaCTOTaX, IE YCUJIEHUE BBIIIEC
noTepb. TO €CTh HOBBIN IpadUK 3aBUCMMOCTH MOIIHOCTH T'€HEpaluu ja3epa OT ero
4acTOThl — 3TO TpauK HaJ| MyHKTUPHOW TOPU3OHTAILHON JTMHHUEH.

Kak BUIHO M3 pHCYHKA, PE30HAHC HACBIIIECHUS MOTJIOICHHS IIPA 3TOM MOYKET
MMETb IIPAKTHUYECKM CTOIPOLICHTHBIN KOHTpacT. IlocTosHHAas DOMIOKKA TOX
PE30HAHCOM MOJKET OBbITh TOpPa3/l0 MEHbIIIE CAMOI0 PE30HAHCA.

Henocratok BHYTpUPE30HATOPHOM CIEKTPOCKOIIMU HACHILIEHUS IOTJIOICHUSA
— OoJiplIOE  YIIMPEHUE MOUIHOCTBIO Ja3epHoro mydva. Illupmna pe3oHaHca
HACBIIICHHS TOMIOMEHUsT ci1aboi MpOOHON BOJIHBI CHJIBHOW BCTPEYHOM BOJIHOM

paBHa A® :F(1+«/1 +Gy ), a B paccMaTpUBAa€MOM BHYTPHUPE30HATOPHOM BapUaHTE

MIPUMEPHO OJMHAKOBON MOIIHOCTH BCTPEYHBIX BOJIH IIMPHHA PE30HAHCA MPUMEPHO
paBHa Aw = F(\/ 1+ G, + \/ 1+ Gy ) =2I'v1+ G . MomHoCTh Ty4a BHYTPU PE30HATOPA

Jaszepa B pa3 OoJibllie MOIIIHOCTH M3Ty4YeHud jasepa, rae R — xkosduimeHt

OTPaXEHUsI 10 MOIIHOCTH JUIS BBIXOJHOTO 3epKana Jasepa. Hampumep, ecnu
R=0.97, To MOIIHOCTH CcBETA BHYTpH Ja3epa B 30 pa3 BbIIIE MOIIHOCTH U3IYYEHUS
jasepa.

bonpiioe ymmpeHne pe30HaHCOB 03HA4aeT HU3KOE CIEKTPAIbHOE pa3pelIcHueE.

YTroObl yMEHBUIUTh YIIMPEHUE PE30HAHCOB MOUIHOCTHIO CBETA MOXHO
IIPUMEHUTh  BHYTPUPE30HATOPHBIM  TEJIECKONMMYECKHM  paCIIMpPUTENh  JIydYa.
Teneckonuueckuil pacHIMpUTENb JIyda — 3TO JBE€ JIMH3bI C OOImMM (POKYyCOM.
KoaddummenT pacimpenus: paBeH OTHOLIEHUIO (DOKYCHBIX PACCTOSIHUI IBYX JIMH3.

/] =

¥ CHITHEBArOIIax TIpHEMHHK
Noron@omal ————— cpeaa CBCTA
CReT TeMeCKOIMHY eCKHH
KIOB£Ta PACILIHPHTEE

Tyda



Pacmmpenne nmydka jgydedl B pe30HATOPE Jia3epa YMEHBIIAET HHTEHCUBHOCTh
CBETAa M YMEHBIIIAET YIIUPEHUE PE30HAHCA HACHIIIICHUS TTOTJIOMICHUS.

4). OpHoHAaIIpaBJICHHBLIC CBETOBBIC BOJIHBI M PE30HAHC  HACHIIICHUS
HOTJIONIEHHU (ABOMHON ONTUYECKHUI PE3OHAHC).

PaccMoTpyM TNPUHIUIIHATBHYIO CXEMY SKCIIEPUMEHTAIBHONW YCTAaHOBKH JIJIsi
HaOJII0JICHUST PE30HAHCOB HACHIIICHUS TIOTJIOIICHUS B OJTHOHAMPABICHHBIX CBETOBBIX
BOJIHAX:

I
I ﬂ % *
eefl Il
= | > ﬂ | ﬂ
mazep 1 1
P KIOBETa C
¥ HCCIIe Y eMbIM
razomM
fa
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qACTOTOMED mazep 2 2 ><
aHATOT OBBIH
X-KOoOpAHHATA
NEePEMHOEHTETh
CHIHAla
Y-kKoopaHHaTa
CHIHana
— A
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31ech M3IIydeHHUe Jlazepa | Momynupyercs mpepbiBaTeneM ¢ 4acToTol f), a
U3Iy4YeHUE J1a3zepa 2 MOIYJIMPYETCs C 4acToTod f,. M3mydenuwe oOoux sa3epos

HaIIpaBJSIETCS 4Yepe3 KIOBETY B OJMH M TOT K€ IpUEMHHUK cBeTa. CHrHam c
IIPUEMHMKA Yepe3 KOHAEHCATOP IMOJAETCA Ha BXOJ | aHAJIOroBOro NMEPEMHOKUTEIS
JUIsl CHHXPOHHOTO IETEKTUPOBAHMUSL.

Ha BTOpON BXOJ NEPEMHOXKUTENS IOAACTCS ONOPHBIM CUTHAI C 4YacTOTOU
h=1z

JUia  popMUpOBaHHS OINOPHOTO CHUTHAJA OKOJIO KaXIOro M3 JIBYX
IIpephIBaTEIEH YCTAHOBIICHA JaMIla HAKaJWBaHUSA W IPUEMHHK €€ M3JIyYCHUS.
N3nyyenne maMmbl DONagacT Ha MPUEMHUK 4Yepe3 IpephIBaTeNb, KOTOPBIN
MOJYJIUPYET CBET JIAMIIBI C TOM K€ YaCTOTOU, C KOTOPOM MOILYJIUPYETCA U U3ITy4CHUE
COOTBETCTBYIOILIETO Jasepa. Ilocie Kakaoro m3 IByX IPUEMHHKOB JJIEKTPUYECKUU
CUTHAJ MPOXOJIUT Yepe3 KOHACHCATOP, KOTOPBIM OTCEKAET MOCTOSIHHOE HANPSKEHUE.
3a KOHAEHCATOPOM IIOJY4YaroTCsl NPSMOYTOJIBHUKHM C YacTOTOM f; AJI1 OIHOIO

IpEpBIBATENA U f, IJIs BTOPOTO NPEPHIBATEIS.



[IpsiMOyTOJIbHBIE HAMPSKEHUSI C ATUMU JBYMS 4YaCTOTaMM CKJIAJbIBAIOTCS Ha
PE3UCTOpPE B JIEBOM HUKHEM YIiIy cxeMbl. [locie pe3ucropa HanpsiKEHUE MPOXOIUT
yepe3 JHUOJ U JPYrol pEe3UCTOp Ha NapajliebHBIA KOJeOATeNbHBIA KOHTYP.
Pe3oHaHcHass 4yacToTa KOHTypa HacTpOeHa Ha 4acTtory f;—f,, TO €cCTb

%z%f(ﬁ—fz).

Ha nuoze, kak Ha HENMHEHHOM 3JIEMEHTE, (POPMHUPYIOTCS BCE BO3MOKHBIC
KOMOUHALMOHHBIE YaCTOTBI 7y f| £ m, f> U3 4acTOT f; U f,, TAE m; U M, — LEJbIE

gyucima. KomeOaTenpHBI KOHTYp BBIACISAECT M3 BCEX KOMOWHAIMOHHBIX YacTOT
CHHYCOHUJY CO CBOEH PE30HAHCHOM 4acTOTON f] — f.

[lepeMHOXHTENIb YMHOXA€T 3Ty CHUHYCOMJY Ha CUTHal C NPUEMHHKA
JA3€pHOTO M3IYyYEHMS, PACIHOJIOKEHHOIO B IPABOM BEPXHEM YIJIy CXEMBL.
[TpousBenenre HanpsbkeHui nocie yepeanenus RC -mienoukoi paBHO Dypbe o0pazy
HaIlpsHKEHUST ¢ MPUEMHHKA J1a3€pHOrO M3JIYyYEHHS Ha YacTOTE€ OIMNOPHOTO CUTrHaja
f1—/>. To ectb Ha BbIXOzE cXeMbl, 0003HAUYECHHOM Kak "Y-KoopanHaTa cursaiga',

(hopMUpyeTCsi TOCTOSTHHOE HAIPSKEHUE MPOMOPIIMOHAIBHOE aMIUIUTYJI€ CUTHAJa Ha
4acToTe f]— f> B MHTCHCUBHOCTH CBE€Ta INPOLICAIIETO KIOBETY C HMCCIEIyEMBIM

ra3oM.
Ecian xroBera mycras M IPUEMHUK JIA3€pHOIO M3JIyYEHUs JIMHEHHBIHA, TO B
HaIpsDKCHUN C IPUEMHHKA IPUCYTCTBYIOT TOJIBKO YacTOTHI f], f, ¥ UX TapMOHHKY,

Apyrux KOM6I/IHaI_[I/IOHHBIX 9aCTOT B CUI'HAJIC C IIPUCMHHKA OBITH HE JOJIXKHO. Ecau
KIOBCTa 3all0OJIHCHA HMCCIICAYCMBIM TI'a30M, TO B HAIPSAKCHHHW C IIPHCMHHKA
ITOABJIACTCA COCTABJIAIOIIAA HA 4aCTOTC fl - f 2 TOJIBKO B PC3YyJIbTATC HEJIMHCHHOT'O

B3aUMOJICMCTBUSI  CBETOBBIX BOJIH B  KIOBETE C  MCCIEAYEMBIM  Ta30M.
PaccmarpuBaemoe HEMMHEWHOE B3aUMOAECHCTBHE — 3TO MPOCBETIEHUE CPEIBI APYT
IUTSL IpyTra ABYMs OJTHOHAIIPaBICHHBIMH CBETOBBIMU BOJTHAMMU.

PaccmorpuM mozapoGHee, Kak (OpMUpPYETCS CHTHAl Ha 4acTtore f;— f, B

MOIIIHOCTH CBE€TOBOM BOJIHBI HpOHIC,Z[IHGﬁ KIOBCTY C HCCIICAYCMBIM I'a30M.

HYCTB HMHTCHCHBHOCTDL HA BBLIXOJC M3 KIOBCTHI I@blx IIPONU3BOJbHBIM O6p2130M

3aBUCUT OT MHTEHCUBHOCTEH BONH [}, ., I, OOOMX 51a3epoB Ha BXOJE B KIOBETY.
Orpannuumcs annpoKCUMalMed 5TOM NPOU3BOJILHON 3aBUCUMOCTH B BUJE CYMMBEI

JIMHEWHOW 3aBUCHUMOCTH M KBaJPaTUYHOM HEJIMHEMHOCTH B BHUJE IPOU3BOJIBHOU
KBaApaTuyHOU Gpopmsbl. Toraa nomyyum:

2 2
I@blx :allex +b]26x +a[16x +18118x126x +7/128x'

Hac Oyner maTepecoBaTh TONBKO onHO ciaraemoe fBl,.15,. B NPaBoi 4acTH
PaBEHCTBA, KOTOPOE, KAK OKAKETCS, U COAEPIKUT MHTEPECYIOLLYIO HAC 3aBUCUMOCTE C
4acTOTON f] — f5.

JIns IPOCTOTBI PAcCyXKACHUM OyaeM CUMTaTh, YTO MHTEHCUBHOCTH KajKIOIO
Jazepa  MOIYJIUpYETCs HE IPAMOYrojJbHUKaMHM, a rapMoHudyecku. Torma
UHTEHCUBHOCTL M3JIydy€HUs IIEPBOrO Jia3epa Ha BXOAE B KIOBETY CIIEAYIOLUINM
00pa3oM 3aBUCHUT OT BPEMEHHU:



L =1 (1 + cosS (27z 1 t)), rIe eIrHuIa 1o0aBIcHa, TaK KaK MHTEHCUBHOCTD HE

MOXET OBITh OTPULIATEIILHON BETUYUHOM.
AHaJIOTMYHO, THTEHCUBHOCTBH BTOPOIO JIa3€pa Ha BXOJE B KIOBETY UMEECT BUJL:

e =1 (1 +cos(27 f5 t)) .
Torma uaTEpecyromiee HaC claraeMoe B MTHTEHCUBHOCTH Ha BBIXOJIE U3 KIOBETHI
OyJlleT paBHO:

Bliglex = Blo (14 cos(27 f11))- Iy (1+ cos(27 f5 1)).
Ecnu packpbITh MPOU3BEIEHUE CYMM B IIPaBOM 4acTH paBEHCTBA, TO HAC OyJeT
HHTCPCCOBATH TOJILKO CJIaracMoc € IMpoOru3BCACHUCM KOCUHYCOB!:

2 2
BIG -cos(2x fi1)-cos(27z fy 1) :'B—;Ocos(bz(fl +f2)t)+'8—;ocos(27z(f1 - fH)t).
2
Hac unTEepecyeT TOJIbKO BTOpPOE claraeMoe 'B—Zlocos(27z( f1— fz)t) B MpaBoit

YacTH PaBEHCTBA. JTO CJIaraeéMoe MpeJCTaBiseT co00i KoJIeOaHusi NHTEHCUBHOCTH C
4acTOTOM f] — f, Ha BBIXOJE W3 KIOBETHl, KOTOPOE BO3HUKAET B pE3yJIbTaTe

HEJIMHEWHOTO B3aUMOJCHCTBHS OJHOHAIIPABIICHHBIX CBETOBBIX BOJH B KIOBETE C
UCCIIEAYEMBIM T'a30M.

CHHXpPOHHBIN JETEKTOP, POJIb KOTOPOTO UIPAET AHAJIIOTOBBIN MIEPEMHOKUTEND,
dbopMHpyeT Ha BBIXOJIE CXEMbl IIOCTOSIHHOE HANpsyKEHHE MPONOPLUHUOHATBHOE
il

2

AMILIUTYAC KoJIcOaHWH WHTEHCUBHOCTH Ha BBIXOJAC N3 KIOBCTHI C 4acTOTOU

f1 — f>. OT0 HampsbkeHHe NpeacTaBiseT co00i Y-KOOpAUHATy SKCIIEPUMEHTAIbHON
KpPHBO.

X-KOOpJMHATa JKCIEPUMEHTAIBHON KpUBON (opMupyeTcs U3 TMOKa3aHUM
4acTOTOMEpPA U MPEACTABISET COO0M YacToTy OMEHUI JIBYX J1a3€pOB.

JByXypoBHEBas cxema.

PaccMoTpuM  ABe  OJHOHANpPaBJIEHHBIE  CBETOBBIE  BOJHBI, KOTOpBIE
B3aUMOJICUCTBYIOT CO CPEION B IBYXYPOBHEBOM IPHUOIUKEHUU.

[Tycts 00€ BONHBI B3aUMOJIEUCTBYIOT C OJHUM U TEM K€ HA0OpPOM MOJIEKYJI C
JYy4YE€BOM CKOPOCTBIO V, TaKoW, 4To
w1 — k VZ =wW9

=> a)l :a)z.
COZ _kVZ :0)21



Ecnu B mpexpenax MOMJIEPOBCKOM IIMPUHBI JIMHUM TOTJVIONIEHUS] HAXOIUTCS
HECKOJIbKO TOTJIONMIAIOIINX MEPEX0JI0B, TO UX PE3OHAHCHI COBIAJAIOT, YTO YIAOOHO
JUISI U3y4YEHUsI IUPUHBI U (HOPMBI PE30HAHCOB HAChIeHUs moriomieHus. dopma
PE30HAHCOB HE UCKAXKAETCA HEPA3PEIICHHON CTPYKTYpPOM CIIEKTPaIbHOMN JIMHUH.

V-cxema ypoBHEW SHEPIUU.

PaccmoTtpum ABa CBA3aHHBIX IIEepexoja ¢ OOIMM HIPKHUM YPOBHEM DHEPIHUHU.

3

2
1
Ly —Ey
ITycTs pa3sHOCTH 4acToT @3, == IBYX ONTHYECKHX INIEPEXOJOB (W3 U
@,y  HMMEET IOPANOK  JOIUIEPOBCKOM  INUPHUHBI  CHEKTPAIBHOW  JIMHUU
2r 2kgT
W3, kU << @,;, TIE k:7 — BOJIHOBOE umciao, U = b~ pambonee
m

BCPOATHAA CKOPOCTHh MOJICKYII, kE — INIOCTOAHHAaA BOJ'IB]_IMaHa.

4 K HCPABCHCTBA 0)32 << 0)21 caieanyer, 4ro A IABYX CBCTOBLIX BOJIH
by ~ky =k .

HYCTB IIepBasd BOJHA PC30HAHCHO B3aHMOﬂeﬁCTByeT C IepexXoaoM w»y1, a
BTOpas BOJHA — C IICPCXOJ0OM 0)31. Tor;[a IIepBasd BOJIHA O6€IIH}I€T YPOBCHB 1

(YMEHBILIAET 3aCEICHHOCTh Np), a MOTJIOLIEHWE BTOPOW BOJIHBI IIPONOPLMOHAIBHO
Pa3HOCTU 3aCEICHHOCTEU (Nl — N3 ) To ecTp mOIIOIIEHHE BTOPOM BOJHBI
yMEHbIIAaeTCs. AHAJIOIMYHO, BTOpas BOJHA OO€OHsET YypOBEHb |, yMeHbLIas
IOTJIOILEHHE IIEPBOM BOJIHBL. TO €CTh BOIHBI IPOCBETIIAIOT CPELY APYT UL APYTa.
w1 — k VZ =w9
=> Wy —W) =03y .
Wy — k VZ = w3
ITycTs Teneps nepBas BOJHA PE30HAHCHO B3aUMOJICUCTBYET C IIEPEXOAOM (@3],

a4 BTOpast BOJIHA — C IIEPEXOAOM W11 . TOI‘II&

w1 — k VZ =w3q
=> W —Wy=w03).
Wy — k VZ =Wy
Ob0a paccCMOTpEHHBIX cllydyas — 3TO BapHaHTbl (OPMHPOBAHUSA JBONHOIO
ONTHYECKOTO PE30HAHCA, TaK KaK JIBE CBETOBBIC BOJIHBI HaXOJSATCA B PE30HAHCE C
JABYMS IOTJIOIIAIOIIMMHU MEPEXOIAMHU ISl OJTHUX U TE€X KE MOJIEKYI.



Kpome ABOIHBIX ONTHYECKUX PE30HAHCOB B V-CXE€M€ YpOBHE HaOIII0IAr0TCs
PE30HAHCBHI, B KOTOPBIX JBE CBETOBBIC BOJHBI PE30HAHCHO B3aWMOJEUCTBYIOT C
OJIHUM U TEM XK€ IIEPEXOJI0M:

w1 — k VZ =w9
= w1=0;
Wy — k VZ =wWm
WIH
w1 — k VZ = w3
=> w1 =0y.
Wy — k VZ = w3

PaccMoTpuM, Kak BBITISIAT pe3yabTaThl AKCIEPUMEHTA IO HAOIIOJCHHIO
PE30HAHCOB HACBHILIEHNS MOTJIOMIEHUS OAHOHAIIPABIECHHBIX CBETOBBIX BOJH. [lycTh §
— CUTHQJI  CHUHXPOHHOTO  JIETEKTHUPOBAHMS B  MPEACTABICHHOM  paHee
MIPUHLIHUIHNAIBHON CXEME DKCIEPUMEHTAIBHOM YCTaHOBKH. Torma curan S, Kak

(yHKIMSA 4acTOTHI T€HEpPAIlMU OJHOTO U3 JIBYX JIa3€pOB OyJET UMETh CJICAYIOIIHi
BH/I:

®33 | Mag

o Wy

OOBIYHO CTPpOUTCA Fpa(bI/IK 3aBUCMMOCTH CHUTHajla S OT IOKa3aHui
qacToTOMCpA, PCruCTpupyromero MoayJjab padHOCTH YaCTOT ABYX JId3CPOB. B Takom
ClIy4dac SKCIICPUMCHTAJIbHAA KpHUBasi 6yz[eT HNMCTDb CJ'IGI[yIOHII/Iﬁ BUA:

3

0 G A

A -cxema YPOBHEM DHEPIUU.
PaCCMOTpI/IM ABa CBA3AaHHBIX IICPCXOoaa C 06IHI/IM BCPXHUM YPOBHCM SHCPI'HH.

3



E, - E

ITycTp pa3HOCTB YacCTOT @5 === IBYX ONTHYECKHX IEPEXOJOB (3 U
@3, HMMEET IOPANOK  JOIUIEPOBCKOM  INUPHUHBI  CIEKTPAIBHOW  JIMHUU
2r 2kgT
W, = kU << w3y, rAE k:7 — BomHOBoe umcno, U =,/——2~— — pauGonee
m

BEPOSATHAsI CKOPOCTb MOJIEKYJI, ky — MOCTOsIHHAs boibimaHa.
PaccMoTprM TOJIBKO TBOMHBIE ONTUYECKUE PE30OHAHCHI:
(01 — k VZ = 0)31

=> @ -w,=w,  —  yciaoBue  (popMupoBaHUsi
Wy — kVZ =3y
pe3oHaHca
u
| — kVZ = w3y
=>  w,—-®y=wy  — ycuoBue  (popMHpOBaHUA

COZ _kVZ = CO31

pe3oHaHca.
Kpome TOro, mpuCyrcTBYIOT PE30HAHCHI HACBIICHMS IOINIOMICHUA (] = @),

Korja o0e BOJIHBI B3aMMOJICHCTBYIOT C OJTHUM M TEM K€ MEPEXOIOM.
CurHan S CHHXPOHHOIO NETEKTHPOBAHUSA, KaK (DYHKIUS 4aCTOTHI ¥, HMEET

CIEIYIOIINN BU:

TR

0 L)

Ecnu n3mepsiercst 3aBUCMMOCTh CUTHAJIA CUHXPOHHOTO JIETEKTUPOBAHUS S OT
4acTOThl OWMEHMM JBYX JazepoB A@, TO SKCIEPUMEHTAIBHBIM CHUTHA MPUMET
CIEIYIOIINN BU:

KackamgHas cxema YpOBHEN DHEPTUM.




B kackagHOW cXeMe€ YpOBHEM JHEPrUUM KPOME PE3OHAHCOB = ®@),
COOTBETCTBYIOIIUX Ka)IOMy M3 IIEPEXOJOB (5| U (35, AOJIKHBI OBITb IBOMHBIC

PC30HAHCHI 3aTCMHCHUS CPCIDI.
PaCCMOTpI/IM TOJIBKO I[BOﬁHBIG PC30HAHCHI:

0)1 — kVZ = a)21

=> W —W),=0y —@W3 — YycaoBue (GpopMHUPOBaHUA
COZ — kVZ = CO32
p€30HaHCa
n
(01 — kVZ = 0)32
=> COZ — 0)1 = 0)21 - CO32 — YCIOBHC (I)OpMPIpOBaHI/ISI

0)2 — kVZ = 6()21
pE€30HaHca.

Curnan CHUHXPOHHOI'O ACTCKTHPOBAHHUA, KaK (IJYHKI_II/I}I 9aCcTOTbl @, HUMECT

CIEIYIOIINN BU:

|®g) = ®gy
| /‘
| |

=

Ecnu m3Mmepsiercs 3aBUCHUMOCTb CHIHaja CHHXPOHHOTO JETEKTUPOBAHUS OT
4acTOThl OMEHUI IBYX JIa3€POB, TO




5). llepekpecTHble DPE3OHAHCHI HACBIINIEHUS MOTJIOUICHUS BO BCTPEYHBIX
CBETOBBIX BOJHAX.

OTO TOT K€ JBOMHOM ONTHUYECKHM PE30HAHC, YTO U B OJHOHAIIPABIICHHBIX
CBETOBBIX BOJIHAX, TOJIBKO BO BCTPEYHBIX BOJHAX OJIMHAKOBOW YACTOTHI.

Kak yxe paccMarpuBasioch BBILIE NI PETUCTPALMU PE30HAHCOB HACBIIICHUS
IIOIVIOLIEHNSI BO BCTPEYHBIX CBETOBBIX BOJIHAX OJMHAKOBOW YacCTOThl BO3MOYKHO
UCIIOJIB30BAHUE CIECAYIOIEH OIITUYECKON CXEMBI:

T

BapuaHThl ypOBHEW SHEPrHUM T€ K€, YTO M B ClIydyae OJHOHANPABICHHBIX
CBETOBBIX BOJIH:

a). V -cxema:
3
2
1
0—kV, =wy W) + 03
= @=————  — ycioBue  (GHOpPMHUPOBAHUSA
w + kVZ = W3] 2
pe30oHaHca.

OKCnepyuMEHTalbHasi  3aBUCUMOCTh  MOIIHOCTH CBETOBOW  BOJIHBI  Ha
MIPUEMHUKE, KaK (PYHKUMS YacTOThl I€HEpaluu Jiazepa OyJdeT MUMETh CIEAYIOIIHMA
BU/I:



031+®3]
2
LEy]
0). A -cxema.
3
2
1
0 —kV, =03 W3] + @3
= @w=—""- —  YCJIIOBHE dbopMupoBaHUs
 + kVZ = 0)32 2

pe3oHaHca.
B). Kackamnas cxema ¢ pe3oHaHCaMu 3aTEMHEHUSI.

3

HOFJIOIHGHI/IC Ha IIEPCXOAC W3p BKIHOYACTCA TOJIBKO IIPH 3aCCJICHHMH YPOBHA 2,

d 3aCCJICHHUC YPOBH:A 2 IIPOUCXOOUT IIPU ITOTJIOINCHUHN Ha IICPEXOAC Wy .

C()—kVZ =W W9 +a)32
= @=———7———=  — ycioBue  (HOPMHPOBAHUS
w + kVZ = w3y 2
pe3oHaHca.

ODKCHEepUMEHTaIbHAasl  3aBUCHUMOCTh  MOIIIHOCTH  CBETOBOM  BOJHBI  Ha
MIpUEeMHHKE, KaK (DYHKIIMS YacTOThl IeHepaluH Jiazepa OyJeT MMETh CISAYHOITUi
BUI:



Pe3onanc 3aTeMHEHMST BO BCTPEYHBIX CBETOBBIX BOJIHAX HKCIEPUMEHTAIIBHO HE
HaOJIrOIaCs.

Bo Bcex cxemax ypOBHEN SHEPTUM MEPEKPECTHBIA PE3OHAHC HAXOIUTCA POBHO
MOCEPEIUHE MEKTY POAUTEIILCKUMHU PE30HAHCAMMU.

6). CTOJKHOBUTEIBHBIC PE30HAHCHl BO BCTPEYHBIX W OAHOHAIPABICHHBIX
CBETOBBIX BOJIHAX.

A -cxeMa 1 V' -cxema ypoBHEN DHEPIHUH.

I[JISI CTOJJKHOBHUTCJIBHBIX PC30HAHCOB HACBIIICHUA ITOTIOIICHHA A-cxemau V-
cXCMa ypOBHeﬁ OHCPI'UU KaK OBI COBMCINAIOTCA B OAHY CXCMY U3 4-x ypOBHGﬁI

4

CnaOple MOJIEKYJISIDHBIE CTOJIKHOBEHUS MEPEHOCAT MPOBal U MUK beHHerTa ¢
OJHOTO YPOBHS 3HEpruu Ha Apyroil. IIpu 3ToM cBA3aHHBIE CTOJIKHOBEHUSMH YPOBHH
SHEPrUM CTAHOBATCSA KaK Obl OHUM YPOBHEM.

a). PaccMoTpuM cHadana, 4To NMPOUCXOJUT B OJHOHANPABICHHBIX CBETOBBIX
BOJIHAX.

Ecnu mepBas cBeToBasi BOJIHA B3aMMOJEHCTBYET C IIEPEXOJOM (3, & BTOpasd
— C IIEPEXOJIOM @4, , TO

| — k VZ = w3
=> Wy, — W] =Wy —®33 — YycaoBue (GpopMHUPOBaHUA
Wy — k VZ =Wy

pe30HaHca.
Ecnu ke nepBas CBETOBas BOJHA B3aUMOJAEUCTBYET C IEPEXOJOM 4y, A
BTOpas — C IEPEXOJIOM @3], TO
w1 —kV, =04
== Wy—0= —(a)42 - a)31) — ycioBue (OpPMHUPOBAHMUS
Wy — kVZ = w3

pE30HaHCa.



Korma o6e BoiHBI B3aMMOAECHCTBYIOT C OJHHM M3 JIBYX MEPEXO0/0B, PE30HAHC
IIPOCBETIIEHHsI 00pa3yeTcs IPU YCIOBUU @y = @] .

Tor;[a OKCIICPUMCHTAJIbHAA 3aBUCHUMOCTD CHI'HaJla CHUHXPOHHOTI'O
ACTCKTUPOBAHUA S OT 4acTOTHI BTOPOTO JIa3epa @, 6YII€T HUMCTb CJ'IGI[YI-OHII/Iﬁ BUA:

5

Wy~ M3

0 )

Ecnu peructpupoBaTh curHai S, Kak (QYHKIUIO MOJYJS Pa3HOCTH YacTOT
Ja3epoB, TO HIKCIIEPUMEHTAIbHAs KpUBasi OyJAeT UMETh CIEIYIOUINI BU:

5

/|®42—®31

0 Am

6) PaCCMOTpI/IM TCIICPb PC30HAHCBI BO BCTPCUYHBLIX CBCTOBBIX BOJIHAX
O,Z[I/IHaKOBOﬁ YaCTOTHI.
HYCTB O0JHa U3 BCTPCYHBIX BOJH PE30HAHCHO IIOTJIOIIACTCS IICPEXOAOM (W31, d

Apyrasa — HepexoaoM Wy, . YacToThl 00enX BOIH OJWHAKOBLI U PABHEBI @ . Torz[a

0 —kV, = 03 W3]+ Oy
= @=—————  — ycioBue  (HOPMHPOBAHUS
w + kVZ =Wy 2
pe3oHaHca.

CTONKHOBUTEIBHBIA EPEKPECTHBIA PE3OHAHC, KAK U OOBIYHBIN NMEPEKPECTHHIN
PE30HAHC, PACIIOJIOKEH POBHO IIOCEPENAUHE IBYX POAUTEIILCKUX PE30HAHCOB.

3]

CTOJIKHOBUTEIIHHBIN PC30HAHC OOJIKCH OBITH ropasgo MECHBIIICH AMIIINTYAbI U
HECKOJILKO  OOJIBIIEH IMAPHUHBI II0 CPABHCHHUIO C OOBIYHBIM IICPCKPCCTHBIM



PE30HAHCOM. DTO CBSI3aHO C TEM, YTO CTOJIKHOBEHUE MOJIEKYJI HECKOJIBKO M3MEHSET
JTy4EBYIO0 CKOPOCTh MOJIEKYJIbI U YIIUPSET MPOBAJI U MUK beHHeTTa.

KackajiHas cxema YpOBHEN SHEPTUH.

CTONKHOBUTEIBHBIE PE30HAHCHI MOTYT OBITh M B KacCKaJHOW CXeMe YpOBHEH
SHEPIuMu.

Cna0ble MOJICKYJISIPHBIE CTOJKHOBEHHUSI MOTYT IMEpPEHOCUTh MUK beHHeTrTa C
YPOBHs 2 Ha YpOBEHb 3. B TakoM ciiyyae BO3HHUKAET PE30HAHCHOE 3aTEMHEHHE CPEIIbI
HA TIEPEXOJE (Wy3.

Kak u B ciaydae OJHOHANpaBIICHHBIX CBETOBBIX BOJH B KACKAJAHOM CXEMeE
YPOBHEW HSHEPrUM JOJKHBI HAOJIONAThCS PE30HAHCHI 3aTEMHEHHUsI Cpeibl, a He
PE30HAHCHI IPOCBETIICHUS.
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7). Bctpeunbie BOTHBI ¢ (DMKCHPOBAHHOW Pa3HOCTHIO YacTOT.

CBeToBbIE BOJIHBI ¢ (PUKCHPOBAHHOM PA3HOCTBIO YACTOT TOJYYalOT IIPH
nudpaky cBeTa Ha Oeryiiel yiIbTpa3ByKOBOW BOJHE — BOJIHE INIOTHOCTH CPEbI.
YcerpoiicTBO, B KOTOPOM IPOUCXOIUT AU(PPAKIMs CBETa Ha YJIbTPAa3BYKOBOM BOJIHE,
Ha3bIBAIOT aKyCTOONTHYCCKUM MOayIsiTopoM (AOM).

VYapTpa3BykoBas BojHa (OpPMHUPYETCS B TBEPIOH IMPO3payHOl HM30TPOITHOM
cpene. Hampumep, mns m3nydenuss CO,-nmazepa ¢ jaimuHoM BOdHBI A =10 MKM
yJIBTPA3BYKOBYIO BOJIHY BO30yxkmaroT B repManuu (Ge, KOTOPBIM IIpo3padeH s
m3inydeHust A =10 MKM.




Bo30ynutenem ynbTpa3ByKOBON BOJIHBI OOBIYHO SBIISIETCSI TOHKAsl KBapleBas
macTUHKa. K IIacTMHKE NPUKIIAABIBAIOT IIEPEMEHHOE JJIEKTPUUYECKOE HAIPSHKEHUE,
U B pe3ysIbTaTe MbE30IEKTPUUYECKOro 3PPeKTa TONIIMHA MIIACTUHKU U3MEHSETCS C
4acTOTOM HampspkeHus: (2. VM3MeHeHue TOJIIMHBI IUIACTUHKU HUYTOXKHO Maso, HO
€CIM Ha TOJIIMHE IUIACTUHKM  YKJIAABIBACTCA  LEJI0€ YHUCIO  IOJIYyBOJIH
YJIBTPA3BYKOBOM  BOJHBI HAa  YacTOTe JJEKTPUYECKOTO  HANPsLKEHUsA, TO
yJIbTPa3ByKOBbIE  KOJEOAHUS  IUIACTUHKM  PE30HAHCHO  PACKAuMBAIOTCS 0
3HAYUTEIILHON AMIUTUTYIBL. B Hame — JabopaTopuu  UCIOJIb30BaJICs
AKyCTOONTUYECKUI MOAYJIATOP € 4acTOTOM Moayssinuu 2 =35 Ml .

KBapueBslii BO30yquTENb NMPUKIEEH W IUIOTHO NPHKAT K KYCKYy Te€pMaHUS.
Konebanusi kBapueBod IUIACTHHKM TIEPENAlOTCs B TIepMaHud, B KOTOPOM
BO30yX/maercss Oerymasi yJabTpa3ByKoBas BOJIHA IUIOTHOCTH, HalpaBl€HHAas OT
KBapLEBOU IUIACTUHKMU.

&a [y

YtoObl BoJiHA Oblia Oeryiieil, a He CTOsSYEeH, OTPaXKEHHYIO OT JAJIBHEro Kpas
repMaHus BOJIHY cTapatorcs noracuThb. C 3TO 1eNbIo 3aIHUN Kpail repMaHus cpe3aH
Mo yrJioM K (pOHTY YJIBTPa3BYKOBOM BOJIHBI, U K 3TOMY Kparo MpuxKaTa MArKas
MJIACTUHKA, B KOTOPOH yJIbTpa3ByKOBasi BOJIHA JIOJKHA () (PEKTUBHO 3aTyXaTh.

VYapTpa3ByKkoBasi BOJIHA B TEPMaHUM MIPEICTABIIAECT COOOM TIIOCKOCTH OOJIbIIeH
¥ MEHbIIIEH IJIOTHOCTU BemiecTBa. [ITOCKOCTH — 3TO MOBEPXHOCTH paBHOU (a3wl
yIIbTPA3BYKOBOUW BOJIHBI, OHM TapaUiejIbHbl KBapIEBOM IJIAaCTUHKE. B 1uiockoctu c
OOJIBIIIEH TNIOTHOCTHIO TTOKA3aTelb MPEJIOMIICHUS CPEIbl TOKE OKa3bIBACTCS OOJIBIIIE.
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Ilycte cBeTOBasg BOJIHA C YacTOTOM @ TMaJaeT Ha aKyCTOONTHYECKUI
MOJYJIATOp chpaBa HaneBo. Ilmockoctn ¢ OONBIIMM M MEHBIIUM IOKAa3aTeIeM



MPEJIOMJICHHUSI BEIIECTBA MPEACTABISIOT co00i (ha30ByI0 TUPPAKIMOHHYIO PEIIETKY
JUISI CBETOBOM BOJHBI. YCJOBHE IU(PPAKIMU B HANPABJICHUH IEPBOTO TJIABHOTO
TU(GPaKIMOHHOTO MAKCUMYyMa UMEET CIEAYIOIIUI BUI:

A-(sin(a1)+sin(a2)) =A.
3n0ece A — JUMHA yIbTPAa3BYKOBOW BOJIHBI B TIepMaHUM MM  ILAr
AU(GPAKIHOHHON PEIIETKU, (/] — YroJ MEKAY HOPMAJbIO K PEIIeTKE U MaJaroliM

JIYYOM HJIM YTOJI IIaACHUS, & 7 — YTOII III/I(l)paK]_II/II/I, A — JJINHA CBETOBOM BOJIHEI B

TrepMaHUH.
DTO ypaBHEHHE OIpEIeIIAeT HallpaBiIeHUuEe AUPPAKIIMN CBETOBOM BOJIHBI.
OObIYHO amMIUIUTYZa AUGParupyromiel CBeTOBOM BOJIHBI OY€Hb Mala, TaK Kak

pa3Max MU3MEHEHUs MoKa3aTelsd MPeJIOMIICHUS B YIbTPa3BYKOBOU BojiHE Majl. OaHAKO

MMOBOPOTOM aKyCTOONTHUYECKOTO MOMAYJISATOPAa B IJIOCKOCTH PUCYHKA MOXKHO TakK

nofo0paTe 3HaUEHHUE YIJla MaJeHNus ¢, 4YTOObl yroia JU(ppakuuu «, OblI OBl paBeH

yrity HaaACHUs & :
051 = 052 .

[Ipy 3TOM yCIOBUM CBET 3€pKajJbHO OTPAX,aETCs OT IUIOCKOCTH IITpUXa
TUGpaKIMOHHON  pEIIeTKH, KOTOopas COBIAJaeT C  IUIOCKOCTBhIO  (hpoHTa
yJIbTPAa3BYKOBOM BOJIHHBI.

MormuHocTh qudparupyroieid cBeToBOro BoyiHbI gocturaet 10 % ot MolHoCcTH
Majalolieil CBETOBOM BOJHBI TIPU YCJIOBUHU, 4YTO HaIpPaBJICHHUE 3€pPKaIbHOTO
OTPAKEHUS OT KaXJOro IITpUXa COBIAJAET C HaMpaBJICHUEM TJIABHOTO
TU(PaKIMOHHOTO MAaKCUMyMa PEIICTKH.

CeToBasi BOJHA B MEPBOM MOPSAJKE TUPPAKIUKA OKA3bIBAETCS CABUHYTOU IO
4acTOTE HA YaCTOTY YJIbTPa3BYKOBOW BOJIHBI.

Ha pucynke, nOpuBEIEHHOM BBIIIE, CBETOBas BOJIHA OTPAXKAETCA OT
HaOeraroniero (poHTa yYIbTPA3BYKOBOM BOJIHBL. ODHEPIrHs OTPAKECHHOM BOJHBI
OoJIBIIIEe, YeM PHEPTHUS MMaJIal0IIeH BOJIHBI, U YaCTOTa OOJIBIIIE.

Ha cnenyromem pucyHke TmokazaHa Audpakiys CBETOBOM BOJIHBI C
MOHMWKEHUEM €€ 4YacToThl. CBeTOBasi BOJIHA OTpakaeTrcs oT yOeraroimiero (poHta
yJIbTPAa3BYKOBOM BOJIHBI.




MoHO TepelTH B CHUCTEMY OTCUeTa, Ije Oeryiias yJbTpa3ByKoBas BOJHA
cToUT Ha Mecte. B 3TOl cucreme oTcuera cBeT nudparupyeT Ha HEMOJABUKHON
pemetke. B TakoM ciyuae, majaromiasi, mpouieamas u qudparupyronias CBETOBbIE
BOJIHBI MMEIOT OJWHAKOBYKO 4acToTy. IIpum mepexolie B HEMOJABHXXHYIO CHUCTEMY
OTCUETa CBETOBBIC BOJIHBI, HAYIIAE B pAa3HbIX HANpPABICHUAX, HCIBITHIBAIOT
Pa3JIMYHBIN TOTIJIEPOBCKUI CABUT YAaCTOTHI. DTO PA3IMYHE B JIOIJIEPOBCKOM CABUTE U
MPUBOJAUT K TOMY, UYTO CBETOBas BOJHA, Audpardpyromias Ha JIBUKYIICHCS
TU(PaKIIMOHHON PpEIIeTKe, CABUTAETCS MO YacTOTE HAa YacTOTy YJIbTPa3ByKOBOM
BOJIHBI.

OnTuueckas cxeMa SKCIEPUMEHTAIbHON YCTAHOBKHU PETUCTPALUA PE30HAHCOB
HACBIIIEHUSI TIOTJIOMICHUSI TpU (PUKCUPOBAHHOM PA3HOCTH YaCTOT BCTPEUYHBIX
CBETOBBIX BOJIH IIPUBEJICHA HIXKE:

OMTHYECKadA
pasBsizKa

3mech B Ka4eCTBE ONTHUYCCKON pa3BsI3KHM JIyUIlle HCIIONB30BAaTh Pa3BsA3Ky Ha
ocHoBe 3 dexra Dapanes, KoTopasi MO3BOISET padOTaTh C JTMHEUHOU MOJsIpU3aIreit

. A
cBeTa. OnTryeckas pasBsi3Ka C IIACTUHKOM 1 (bopMHpYET KPYTOBYIO MOJISIPU3ALUIO

ceera. lIpu oTpaxkeHMM OT MOJYIPO3payHOM IUIACTUHKU W TNPU OTPAKEHUU OT
IITPUXOB PELIETKH JABE JIMHEHMHBIE MOJSAPU3ALMU OTPaXarTcs IMO-pa3HoMy. B

A
pE3YIbTATC K IIACTHHKE Z BO3BpallacTCia CBCT JOJINIMIITHYCCKOMU, @ HC KPYIrOBOHU

NOJIAPU3AlMHI, U Pa3BA3Ka pabOTAET HE MOJHOCTBIO.
ITycTp BCTpeuHBIE CBETOBBIE BOJHBI IIPOCBETIIAIOT CpeAy IpYr AJIA Ipyra Ha
OJITHOM M TOM K€ IIEPEX0/I€ C YaCTOTON @,;. Torna

COI - kVZ = 0)21

= w)—w,=2kV =>
a)2+kVZ:a)21 I 2 z
_@1-0y  Q
z 2k 2k

To ectp pe3oHaHC (opMupyeTcs MOJEKyJaMH C JIy4€BOH CKOpocThio V.,

BEJIMYMHA KOTOPOU MponopluoHaibHa (PJUKCUPOBAHHOW Pa3HOCTH YaCTOT BCTPEUHBIX
BOJIH ().



OTO MO3BOJISAET HCCJICA0BAThL 3aBUCUMOCTh HIMPHHBI PE30HAHCA OT PA3HOCTHU
4aCTOT BCTPCUHLIX BOJIH U, CJICIOBATCIbHO, OT Hy‘-IeBOﬁ CKOPOCTH MOJICKYJIL.

[[lupuna pe3oHaHca Aw = F(l +1+ G) , ae ckopoctb 3aryxaHusa [

HEJIMAarOHAJBHOTO JJIEMEHTA MAaTPHULbl IUIOTHOCTH 3aBHUCUT OT JIy4EBOM CKOpPOCTH
MOJIEKYI V.

Ha omnpiTe m3MepsieTcss 3aBUCMMOCTh IIMPUHBI pe30HaHCa A@ OT pa3sHOCTH
4acTOT BCTpeuHbIX BOJH (2. Ilo 3TOM 3aBUCHMOCTH ONPENEISAETCS 3aBUCUMOCTH
CKOpPOCTH 3aTyXaHUsd F(VZ) HEJIMAarOHaJbHOIO JIEMEHTAa MAaTPULbI IUIOTHOCTU OT

JIY4EBOU cCcKopoctu MoJiekya V.. 3asucumocts [ (V. MO3BOJISIET HCCIEI0BATh
zZ z

MOJIEKYJISIPHBIE CTOJIKHOBEHHS.
8). UnTepdepeH1ronHas CIEKTPOCKOHSI HACHIIIEHUS TOTJIOMIECHHUS.
PaccmoTpum onTHYECKYIO CXEMY IKCIIEPUMEHTA:

-
NG

T\

\) KIOBETA
¢ HCCTEAY EMBIM
razom
IIPHEMHHK

HATyI eHHs

[IpeumyiiecTBO HHTEP(HEPEHUMOHHON CHEKTPOCKONMUHU HAJ TpPaJIULHMOHHBIM
METOJOM BCTPEYHBIX BOJIH OJMHAKOBOW YAaCTOTHI COCTOUT B TOM, YTO PE30HAHC
HACBILLIEHUS]  TOTJIOUICHUs]  OKa3bIBaeTcsi 0e3 IOCTOSHHOM  NOoJJIOXKKU. B
TpaJMIMOHHOM BapHaHTE€ OOBIYHO PE30HAHC HAXOAMUTCA Ha TOJUIOKKE, KOTOpas
MUHUMYM Ha JBa Nopsjaka 0oJiblle BEIMUMHBI pe30HaHca. B TakoMm cityuae pe3oHaHC
TOHET B IIyMax MOMJIOKKH. B MHTephepeHIMOHHON CTIEKTPOCKONUHU YJaeTcsl yopaTh
IIOUIOXKKY U €€ LIYMBI.

Jlns Havana paccMOTpUM IyCTyrOo KroBery. [Ipu oTpakeHMu OT nepeaHen u
3alHE TrpaHell JEeBOM IUIOCKOMapaieIbHOM IUIACTUHKU OOpa3yloTcs [Ba Jiyda,
KOTOpBIE IIPOCTPAHCTBEHHO pA3HECEHBl. OTH JBa Jiyda HIPOXOIAT KIOBETY U
COOMpAIOTCS B OJUH JIy4 MPU OTPaKEHUU OT 3aJHEH W TepeaHel rpaHei mpaBoit
IJIOCKOITAPAJUIENIbHON TUIACTUHKUA. DTOT CyMMAapHBIM JIyd IONAJAaeT HAa IPUEMHHK
CBETA.

[Ipn naeanbHOM FOCTUPOBKE ONTHUYECKOM CXEMBI JIBA JIyya Ha IPUEMHHUKE CBETA
OKa)XyTCsl CUH(a3HBIMU U OYAYT UMETh OJMHAKOBYIO aMILTUTYY.

Ecnu teneps NpaByro INUIOCKONAPAJIIEIBHYIO IIJJACTUHKY CIIErKa IIOBEPHYTH B
IJIOCKOCTA PUCYHKA, TO M3MEHUTCS [JIMHA ONTHYECKOrO IIyTH Jiyda BHYTPHU ITOH
m1acTUHKU. COOTBETCTBEHHO M3MEHUTCS Pa3HOCTh (a3 ABYX Jyuyed Ha MpPUEMHUKE



ceera. [logbepeM yron moBopoTa NpaBOM IUIACTUHKU TakK, 4YTOOBI JBa Jydya Ha
IIPUEMHUKE CBETA OKA3aJIUCh Obl B MPOTUBO(]A3e U moracuiau Obl Ipyr apyra.

B Takom ciywyae cBeta Ha IpUEMHUKE HeT. Eciu Tenepp KIOBETY 3allOJIHUTH
UCCIIETyeMbIM Ta30M, HO yOpaThb BCTPEUHYIO CBETOBYIO BOJIHY, TO JBa Jiy4a Ha
IpUEMHHUKE OyIyT MO-IPEeXHEMY TaCUTh APYT ApyTa.

Curyanust U3MEHUTCS, €CJIA BKIKOYUTh BCTPEUYHYIO CBETOBYIO BOJIHY.

JInst BepxXHEro jyva, MAYLIETO ClIeBa HAIpPaBO, BCTPEYHAs BOJHA HW3MEHSET
MOTJIOIIEHHE, a, CIE0BATENbHO, U TIOKa3aTeb npenomiieHus. Kaxaoe u3 sTux aByx
M3MEHEHUN HapyllaeT KOMIIEHCALMIO JABYX CBETOBBIX BOJIH HAa NMPUEMHHKE, U OHH
MEPECTAIOT MOJIHOCTBIO FACUTh APYT Apyra.

HamoMHuM, Kak H3MEHAIOTCS KOA((UIMEHT MOrJIOMmeHUs N W MOoKa3aTelb
MIPEJIOMJIEHUS 71 O]l BIUSIHUEM BCTPEYHOU CBETOBOW BOJIHBI.
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— yacrtora Paou.

R1:

CxemaTnyeckd BIMSIHAE€ BCTPEYHOM CBETOBOM BOJIHBI Ha TMOKA3aTEellb
npeoMyIeHUsT 7 U KOA(D(PHUIIMEHT IOIIOMEHUsSI X MOXKHO BBIPA3UTh CIACAYIOITUM
obpazom:

Z'Vz > y'>n
G1—>(,011—,022)—> ) :
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9) [loasipu3animoHHAas CIIEKTPOCKOMS HACBIIICHUS NOTJIOIICHUS.




HOHHpI/BaHI/IOHHaH CIICKTPOCKOIIMS HACBIIICHWA IIOITIOMICHHA II0XO0’Ka Ha
I/IHTCp(l)epeHI_[I/IOHHYIO CIICKTPOCKOIINIO ITO CBOEH OCHOBHOM nace. OnTuyeckas cxema
OIIbITa IIOCTPOCHA TAKUM 06pa30M, yto 0e3 IIPOCBCTIICHUA CPCObI BCTpG‘-IHOﬁ
CBETOBOM BOJIHOM MOIDHOCTBb CBCTAa Ha IMPHUCMHUKC pPaBHA HYJIO. Het nocrossHHOM
3daCBCTKHU IIPUCMHHKA, CJIICAOBATCIIbHO, HCT IIOAJIOXKKH PC30HAHCA, W HCT IIYMOB
IMOJJIOKKH, MACKHPYIOIIHUX PC30HAHC.

PaCCMOTpI/IM CJIICAYIOIIYIO OIITHYCCKYIO CXCMY 3KCIICPUMCHTA!

.
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KIOBETA ¢ HCCTIEAY CMbIM
razom

Cser Ja3cpa IIpoxoauT 4YCpcC3 IIOJIAPU3ATOP. JIuHeHo HOJISIpI/IBOBaHHHﬁ CBCT
OoTpaxacTcCa OT Honynpoz.paqﬂoﬁ INIACTUHKHW W OT 3CPKaJla U IIPOXOIUT KIOBCTY C
HCCICAYCMBIM rasom CJICBa HaIIpaBo. BCTpG‘-IHaH CBCTOBAsA BOJIHA,
pacipoCTpanAaromaAca CIipaBa HAJICBO, MMCCT KPYI'OBYIO ITIOJIAPHU3AIHIO, KOTOpasa

IIOJIy4acTCs U3 JIMHCHHOU [oJrIpru3anru C IIOMOIIBIO (1)&30B0f1 IIJTaCTHUHKH Z .

Ecau kroBera mycras, TO BOJIHA, INPOLIECALIAs KIOBETY CJEBAa HAIpaBO, HE
IIPOXOJUT Yepe3 CKPELICHHBIN IOJISIPU3aTOpP, PACIOJIOKEHHBIN Iepe]l IPUEMHUKOM
u3inyyeHus. Ecinu KroBera 3amosiHeHa ra3oM, HO HET BCTPEYHOM CBETOBOW BOJIHBI, TO
CKPEILEHHBIN MOJIIPU3ATOP MO-IIPEKHEMY HE ITyCKAECT CBET HA IPUEMHHUK.

CBeT Ha NIPUEMHUKE BO3HHUKAET TOJIBKO B PE3YyJbTaTe Pa3HOIO IPOCBETICHUS
Cpenpl Ui ABYX KPYTOBBIX MOJSPU3ALNAN BCTPEUYHOM CBETOBOM BOJIHOM. [IpreMHMK
HE MMEET ITOCTOSTHHOM 3aCBETKHM, PE30HAHC HE MMEET IOJUIOKKH, M €€ IIyMbl HE
MAaCKHPYIOT PE30HAHC.

Paccmorpum  moapoOHee, Kak  LUPKYJISPHO  MOJSPU30BAHHBIA  CBET
IIPOCBETIIIET CPEy IS INHEMHO MOJIIPU30BAHHON BOJIHBI.

C »sroit HCJIbI0 HYXHO BCIIOMHHTB, YTO TaKOC O'+, O W 7 KOMIIOHEHTHI

[Tpon3BOIBHYIO CBETOBYIO BOJHY B HEKOTOPOW TOYKE MPOCTPAHCTBA MOKHO

Pa3JIOKHUTh HA CBET O, O W 7 KOMIIOHEHTHL. Pa3lojkeHHe 3aBHCHT OT BHIOOpa
HAIpaBJICHUS OCHU KBaHTOBaHMUA. VCTOpUUECKM Takoe pas3ioKEHUE BIIEPBbIC
MPOU3BOAMIOCH, TpU  paccMoTpeHun dddexra 3eemaHa —  pacUICTUICHUS
CIIEKTPAJIbHBIX JIMHUM B IIOCTOSIHHOM MAarHUTHOM IIOJIE.

HyxHO paccMOTpeTh CBET, KaK U3JIIy4€HUE HEKOTOPOTO JUIIOJNIA.

byaem cuurtarh, 4TO cBeT MOHOXpoMmaTtuueckuii. Hanbonee obiiee nsmeHeHue
JUIIOJIA, KOTOPOE€ BBI3BIBAET H3JIYYEHUE MOHOXPOMATUYECKOTO CBETa — 3TO



rapMOHHYECKHUE KOJICOAHWs AWUIONS BAOIh TPEX ICKApPTOBBIX OCEH KOOpAMHAT C
pa3HbIMM aMILUIUTYAaMH U Ha4aJIbHBIMU (pa3aMu, HO C OJMHAKOBOM 4aCTOTOM.

W3nyuyeHnue nAumosis, COBEPLIAIONIETO KOJEOAHHsS BIIOJIb OCH KBAaHTOBAHMS,
Ha3bIBAIOT 77 KOMIIOHEHTOH cBeTa. Ha3BaHue cBsI3aHO ¢ TeM, UTO 3HAYOK 77 IMOXOX
Ha CMMBOJI MapajuieIbHOCTU. DTO HaMEK Ha NapauleJbHOCTh KOJICOAHWM IUIOINA U
OCH KBaHTOBAHUSI.

[Tycth och z HampaBiieHa BAOJb OCH KBaHTOBaHUA. Torna 7 KOMIIOHEHTa
CBETa — 3TO M3JIyu€HHE CBETa B JIIOOOM HANpaBICHUU IMIIOJIEM, COBEPILAOLINM
KoJebaHus BAOJb ocu z. KoneOaHus TUIOINS MO OCSIM X U Y MOXHO MPEACTABUTH,

KaKk CyMMY JBYX BCTPCUYHBLIX BpaHIGHI/Iﬁ B IINIOCKOCTH HGpHGHIIHKYHHpHOﬁ OoCH Z,
BpaHIGHI/If/'I C paBHbIMHU aMIITIUTYIaMH, HO Pa3HBIMH Ha4aJIbHbBIMH (l)a3aMI/I.

n HGﬁCTBHTGHBHO. KOHe6aHI/I5{, HaIIpaBJICHHBIC BAOJIb OCH X, MOXKHO
Pa3jadoKUTb Ha JABa BpallCHUA BOKPYI' OCH Z BO BCTPCUHBIX HAIIPABJICHUAX C
PaBHBIMH aMINIUTyJdaMH U Ha4aJIbHBIMH (1)33aMI/I TaKUMH, 9YTO B HayvyaJabHBIM MOMEHT
o00a Bpallaronuxc:a BEKTOpa HAIIPaBJICHBEI BJOJIb OCH X .

AHaJoTM4HO Ha ABa BpalllCHUSI MOKHO Pa3JIOKHUTh KoieOaHus BAOJIb OCH V.

Torna " IIPOU3BOJIBHYIO CYMMY KOJICOAHHUH 110 OCSIM X U Y MOXHO Pa3JIOKHUTb Ha
ABa BpalllCHUA C HCKOTOPBIMH Ha4aJIbHBIMHA d)a3aMI/I H Pa3HbIMH aMIININTYdaMHU.

z
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Bpamenue aunosns, koTtopoe oOpa3yeT MpaBblii BUHT C HAIpPaBICHUEM OCU
KBAaHTOBAaHHS, H3/IydaeT TaK Ha3bIBAEMyl0 O KOMIIOHEHTy CBeTa. Bparienue
IUIOJIA, KOTOpOE O0pa3yeT JEBbII BUHT C OCBHIO KBAaHTOBAaHUS, W3Iy4aeT O

KOMIIOHCHTY CBCTa. B CTapbIX KHHUTAaX O * U O KOMIIOHCHTHI OIIPCACIIAIINCH
HaO60p0T. DTO CBSI3aHO C TCM, YTO PAHbIIC B OIITHKC IIPCHUMYIICCTBCHHO I'OBOPUJIN O
JJIINHaX BOJIH, a cenyac qame roBopAT O 4aCTOTC M DHCPIUHU (bOTOHa. B marautHOM

IIoJIC O * KOMIIOHCHTA paHbIIC HNMCJIa 6OJ'II>HIYIO MJIMHY BOJIHBI, a ceryac —
6OJ]I>HIYIO 9aCTOTY MU OSHCPIHIO (bOTOHa. Bpiie Ha PUCYHKC I HAIJLIIHOCTH
BpamCHUs CMCIICHBI 110 OCH Z BBCPX U BHUS.

P ACCMOTpUM, KaK O +, O W 7 KOMIIOHEHTHI CBETa CBS3BLIBAIOT Ppa3JINYHBIC
MAarivTHBIC ITIOAYPOBHHU SHCPIrUU IMOTJIOIAIOIICTIO CBCT IICPEXO/1a.



PaccmoTtpum cxeMy ypOBHEN SHEPrMH B IIPOCTOM Ciydae, KOTZa KBaHTOBOE
YUCJIO TOJIHOTO MOMEHTA UMITyJbCca J HIKHETO YPOBHS JHEPIMH PABHO HYIIIO, a

BEPXHEr0 YPOBHs paBHO eauHMIle. [T0JHBI MOMEHT UMITYJIbCa paBeH /J (J + l)h u

CKJIaAbIBACTCA U3 Op6I/ITaJ'IBHOFO MOMCHTAa HMMIIYJIbCa JJICKTPOHOB M HX CIIMHOBOTO
MOMCHTA UMITYJIbCA.

HpOGKI_[I/ISI MOMCHTA UMITYJIbCAa Ha OCb KBAHTOBAHUA MOKCT IIPMHUMATD TOJIBKO
AUCKPCTHBIC 3HAYCHUA mh, rai¢ m — KBAHTOBOC YHCJIO IIPOCKIHH IIOJHOI'O

MOMEHTa MMIIYJbCa Ha OCh KBaHTOBaHWsA. KBaHTOBOE UMCIO 7 MOYKET NPUHHUMATH
3HaueHus oT —J 10 +J c marowm 1.

B paccmarpuBaeMoM Hamu cilydae HM>KHUM ypoBeHb dHepruu J =0 nmeer
€IUHCTBEHHBI MArHUTHBIN MTOAYpPOBEHb m =(, a BEpXHUU YpOBEHb dHepruu J =1
MMEET TPU MArHUTHBIX NOAYpOoBHA m=-1, m=0 u m=+1, KOTOpBIE B HYJIEBOM
MAarHATHOM I0OJIE UMEIOT OJJMHAKOBYIO YHEPTHIO.

[Ipn paccMoTpeHnH artoMa B IMOCTOSSHHOM MAarHUTHOM ITOJIE OChb KBAaHTOBAaHMS
OOBIYHO HANpPAaBJIAIOT BAOJb MarHuTHoro mnois. [lomypoBenp m =41 wumeer
IIOJIOKUTENIBHYIO IIPOEKIUIO IOJHOIO MOMEHTAa MMITYJIbCa Ha OChb KBAHTOBAHUA U Ha
HaIIPaBJIECHUE MATHUTHOTO IOJS. DJIEKTPOH MMEET OTPULATENBHBIA 3apsij, 03TOMY
MAarHUTHBIM MOMEHT JJIEKTPOHA HAIIPABJIEH IPOTHUBOIIOJIOXKHO €r0 MEXAHUYECKOMY
MOMEHTY. MaruuTHbII MOMEHT JIEKTPOHA UMEET OTPULIATEIIbHYIO IIPOCKIIMIO Ha OCh
KBAaHTOBAHUS B COCTOSIHUM m =+1. DHEprus MarHUTHOIO IUIIOJSI B ITOCTOSIHHOM

MarHUTHOM mone W = —(rﬁ,B ) =—(mm)_B=-mhy B TONOXHTENbHA B COCTOSHUH

m=+1. 3necb y <0 — rupomarautHoe oTHolIeHHEe. Clie10BaTeNbHO, B MATHUTHOM

II0JIE YPOBEHb JHEpPrMM m =+1 cMemaercs BBEPX, a YPOBEHb 3Hepruu m =-—1
CMELIAETCs BHU3.

BepHemcss K  pacCMOTPEHMIO ONTHYECKOM CXEMbl  MOJAPU3ALUOHHON
CHEKTPOCKONUH HACBIIEHHUS MOTJIOIIECHHUS.

Bribepem HampaBiieHME€ OCH KBAaHTOBAaHUS BIOJIb Jy4ya, HAYLIETO B KIOBETE
cieBa HampaBo. Torma 3TOT JMHEMHO MOJISIPU30BAaHHBIN CBET MPEACTABISET COOOM

O'+ U O KOMIOHEHTEHI C OJNHAKOBBIMHU aMIIINTYdaMH. BCTpe‘-IHaH CBCTOBAsA BOJIHA

+
LHUPKYJSIPHO MOJSpU30BaHa. bynem uisi OonpeneneHHOCTH CYUTaTh, YTO 3TO O
KOMITOHEHTA.



DTa BcTpeyHasi CBETOBasl BOJIHA MEepeOpACHIBAET aTOMBI C HUKHETO YPOBHS Ha
npaBblil BepxHuid. [Ipu 3TOM Ha HUKHEM YpOBHE BO3HMKAET MpoBall beHHeTTa, a Ha
IIPaBOM BEPXHEM YPOBHE — UK beHHeTTa.

[Tornomenue cBeTa MPONOPLUUOHAIBHO PA3HOCTH 3aCEJIEHHOCTEW Ha BEPXHEM U

HIDKHEM YPOBHSIX SHEPTHH, CBA3aHHBIX ONTHYECKMM IepexoioM. Ilormomenue o
KOMIIOHEHTHI BOJIHBI, UYIIEH clieBa HAMpaBO, YMEHbINAETCS U Oiarojaps mpoBaly

bennerra wu Omaromapss mnuky bennerra. IloromieHue o KOMIIOHEHTBI
yYMEHBIIIAeTCS TOJIBKO OJ1arogaps nmpoany beHHeTTa Ha HIPKHEM YPOBHE YHEPTHH.

B pe3syibTaTe MPOCBETICHHE CPENBl UL O KOMIIOHEHTHI OOJIBINE, YeM JUIS
O KOMIIOHEHTBI CBETA, UAYILIETO CJIEBA HAIIPABO.

PazHoe mormomieHne g JIByX O  KOMIIOHEHT Nt 2N~  naseBaercs
ONTUYECKAM JUXPOU3ZMOM.

Jucnepcuonnsie cootHomeHnus: Kpamepca-KpoHnra OJHO3HAa4HO CBSI3BIBAIOT
KO3 GULIMEHT TMOIJIONIEHUS C TMOKa3arejieM mIpesnoMiieHus cpeanl. CrenoBaTenbHo,
HEpPAaBEHCTBO KOA(DPUIMEHTOB TMOIJIOWIEHHUSI JIByX O KOMIIOHEHT O3HayaeT
HEPABEHCTBO UX MMOKA3ATEIEH MPETOMIICHUS.

HepaBencTro MoKa3aTejen MPEITOMIICHUS nt#n Ha3bIBACTCS
JIBYJTYUYETIPETIOMIICHUEM.

Kaxmas u3 AByX NMPUYMH U ONTHYECKUNU TUXPOU3M W JABYJIYYEIPEIOMIICHUE
NPUBOJUT K TOSBJICHUIO CUTHaJa Ha TPUEMHHUKE B  MOJISIPU3ALUOHHON
CIIEKTPOCKOTIUHU HACHIIIEHUS MOTJIOIICHHUS.

IIpuMep YKCHEPUMEHTANbHON YCTAHOBKH LISl HCC/IEI0BAHNS PE30OHAHCOB
HACBIIECHNS NOIJIOIIEHUS B YaCTOTHOM 00acTu renepanuu CO,-1a3epa
HU3KOI'0 1ABJICHHUS.

Hccnenosanus mnposoxaarcs B usinydeHun CO,-nmasepa. XapakTEpUCTHKH M
ycTpoiictBo CO,-nazepa.

OcHOBHasi 4aCThb ONTHYECKOW CXEMBI YCTAHOBKM IIPUBEJCHA HAa CIEAYIOLIEM
PHUCYHKE.




p-n-nazep

SiF4-I<IOB eTa




