BapuaHTBI CIEKTPOCKONMH HACHIIIEHHUS NOIJIOIIEHUS (HDOI[OJ'DKGHI/IG).
PaCCMOTpI/IM 3aBUCUMOCTb MHTCHCHBHOCTH CBCTAa HAa IIPUCMHHKE OT YaCTOTBI
CHJIBHOM BOJIHBI @1 1 OT 49aCTOThI ciabou BCTpC‘IHOﬁ BOJIHBI @, IUIA Ha4dalla 0e3

MOAYJISIIMHU Ha 4aCTOTC fi JIa3€PHOro JIyda CHJIBHOM BOJIHBI .
HYCTB qacToTa HpO6HOI>i BOJIHBI @, MCIAJICHHO H3MCHACTCI. Torzxa

3aBUCUMOCTb MHTCHCHUBHOCTH CBE€TAa HAa INPUCMHHUKEC OT BPECMCHH H, COOTBECTCTBCHHO,
OT 4YaCTOTbl @y 6y,I[€T HMCTb BHJ INHUPOKOro JAOINNICPOBCKOIO KOHTYpa JHMHHHA

IO JIOIICHUA (HOI[pa?)YMeBaeTCfI, gro [ << kU) N Y3KOI'0 JOPCHLCBCKOI'O IIHMKa

IMIPOCBCTIICHUA CpPEabl Ha YaCTOTC, OJIAd KOTOpOﬁ YacTOTbl BCTPCUYHBLIX BOJIH
0)1 + C{)2

CUMMCETPHUYIHO PACIIOJIIOKEHBI OTHOCUTEIBbHO YaCTOThI IIEPEX0aa T = 0)21 .
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Teneps paccMOTPUM BapUaHT PETHCTPALlMU PE30HAHCA, €CIIM YacToTa MPOoOHOMN
BOJIHBI (DUKCHPOBAaHA @, =const. Toraa mpu W3MEHEHUM 4YacTOThl HACHIILAKOLICH
BOJIHBI (¥ UHTCHCUBHOCTb CBETA HAa IIPUEMHHKE HE U3MEHSETCS 10 TeX MOp, OKa He

0)1 + C{)2
6y,H€T BBIIIOJIHCHO YCJIOBHUC T:a)zl, IIpu KOTOPOM o0e BCTPCYHBIC BOJIHBI

IIorJIoImar0OTCsa OAJHUM U TEM KEC Ha60pOM MOJICKYJI:

3nech u300paxkeH OoJjiee MIMPOKUM pPE30HAHC TOJMBKO Il OoJbliei
HATrJIAIHOCTH CJIETYIOUIEr0 PUCYHKA.



Ecau B 3TOM BTOPOM BapHAaHTE PETUCTPALMM BKIIOUYUTH MOMYJISALNIO CUIBHON
CBETOBOW BOJIHBI, TO IIPU JIMHEHHOM CKaHUPOBAHUU BO BPEMEHU YACTOTHI CHIIBHOU
BOJIHBl (] 3aBHMCHUMOCTb MHTEHCUBHOCTH HAa NPUEMHUKE OT BPEMEHHM OyIeT UMETh

CICIYIOLIUN BU:
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OObBIYHO pE30HAHC NPOCBETICHHUS Cpelbl OYEHb Mal U COCTaBJISIET OJWH
NPOLIGHT WJIM €lle MEHbIIE OT BEIMYMHBI MOCTOSHHOW TMOMJIOKKA — 3aCBETKU
npuemHuka. [Ipy 3ToM nake HE3HAUMTENbHBIE IIYMbI IMOMJIOXKKU CYIIECTBEHHO
3aTPYAHSIOT PETUCTPAIMIO pe30oHaHca. Kak roBopsT, pe3oHaHC TOHET B Imymax. B
TAKOM CJIy4ae BO3HHMKAET 3aj]jaua BBIJCIICHHs OTUOAIOIIEH PEe30HAHCA U UCKITFOUCHHUSI
MOJUTOKKH U3 DJIEKTPHUECKOTO CUTHAIA (DOTOMPHEMHUKA.

Paccmotpum aBa criocoOa BeieaeHHs orudaromieit poroToka.

1-b1i1 coco0.

Paccmorpum  HampspkeHue, Kak (DYHKIMIO BpeMeHd (Ipu  JIMHEWHOM
CKaHMpPOBAaHMWM YacTOThl JIIOOOTO M3 J1a3€poB) B YETHIPEX TOYKAX CXEMBI,
NPUBEIECHHOM Ha pUCyHKe Bblme. O003HaunM 5TH Hanpsbkenusd, kak Uy, U,, Uz, Uy.
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2-0i1 cmoco0 BBIJENEHUSI OTHOAIOIIE — 3TO CHHXPOHHOE JIETEKTHPOBAHUE
CUTHAaJA.
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CUHXpOHHOE JETEKTHUpPOBaHME CUTHAJA [POMCXOAUT HA aHAJOrOBOM
IEPEMHOXKUTENIE CUTHAJIOB. [lepeMHOXUTENb — 3TO MUKPOCXEMa C ABYMs BXOJaMHU
U OJTHUM BBIXOJIOM, HE CUMTAsl BBIBOJIOB IUTAHUS U KOPPEKLIUU.

Ha nepBblil BX01 IEPEMHOXKUTENS MTOCTYIIAET CUTHAJI ¢ (poTonpuemMHuka 1, Ha
KOTOPBIY MONAAaeT CBET OT CBETOMO/1a, IPOXOAIIMNA Yepe3 MpephIBaTellb, KOTOPBIN
MOJyJIUPYET CBET ¢ 4acToToM fi. C 3TOM ke 4aCTOTOW MOAYJIHMPYETCS HACHILAIOMIAs

CBETOBas BOJHA @ Wu3nydeHus nasepa 1. IlpepsiBarens, OH kK€ MOIYJATOD,

MPEACTABISIET cOO0M BpalIaloNUics TUCK C Tpope3siMu. Yepes mpope3u ¢ OTHOM
CTOPOHBI OT OCH JHCKa IMPOXOJIUT CBET CBETOAMOAA, YE€pe3 IpPOpe3u C APYyrou
CTOPOHBI — H3JIy4YEHHE Jiazepa 1.

Hamnpsbxkenue ¢ ¢ortonpueMHuka 1 1oclie  OTCEUEHHs] KOHJIEHCATOPOM
NOCTOSTHHOM COCTaBJISIIOIIEN NOCTYNMAET Ha BXOJA | MEPEMHOXHUTENS B KaueCTBE
OTNOPHOI0 CUTHAJIA. 3aBUCUMOCTh HAMPSHKEHUS OIIOPHOTO CUTHAIa OT BPEMEHHU UMEET
CIICIYIOLIUMN BUL
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Ha BrOpOoM BXOA NEpEMHOXKHTENA Yepe3 KOHAECHCATOpP, OTCEKAIOIIUN
[IOCTOSTHHYIO COCTABJISIOLIYI0, MOCTYNAET MOJE3HBbIM CUTHal ¢ (HOTONpPUEMHHKA 2.
OTOT CHUrHal Ha 4YacTOTe MOZYJSIIMU f; TOSBISAETCA, TOJBKO KOIZa CHUJIbHAs

CBETOBas BOJIHA | IPOCBETISIET Cpely Al C€1a0Od BCTPEYHOM BOJHBI @ .
HanpsokeHne Ha BTOpPOM BXOJE€ NMEPEMHOXKUTENS, KaK (DYHKIHS BPEMEHHU, UMEET
CIEAYIOIINT BU
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I[JI}I IMPOCTOTHI aHAJIN3a 6y,Z[CM CUUTAaTb, YTO OIIOPHOC HAIIPAXKCHUEC ITPUHUMACT
3HadyeHus =*1. Torzxa IIpru NCPEMHOKCHHNHN C ITIOJIC3HBIM CHIHAJIOM OTPpHULATCIbHBIC
S3HAYCHHUA O3TOIr0 CUTHAJIa YMHOKAIOTCA Ha —1 ¥ cTaHOBSITCSA MOJOXUTEILHLIMHU. B
peE3yJabTAaTC 3aBUCHUMOCTH HAIIPSKCHUSA HAa BBIXOJAC ICPCMHOKXUTCIIA, KaK (bYHI(LII/IH
BpPCMCHH, UMCCT CJ'IeI[YIOH_[I/Iﬁ BUI

Us

.

3nech Ha (GpPOHTAX OMOPHBIX MPSIMOYTOJLHUKOB OCTAIOTCSI OCTpble NMHUKU K
HYJIEBOMY 3HAUEHHIO HANPSDKEHUS. DTU MHUKHU CBSI3aHBI C TEM, YTO ()POHTHI OTIOPHBIX
NPsIMOYTOJIbHUKOB HE OECKOHEYHO KpyThle, WU Korga (pOHT OMOPHOTO CHUTrHaia
IPOXOAUT YEpE3 HOJIb, IPOU3BEICHUE OMOPHOTO U CUTHAIBHOTO HANPSIKEHUN TOXKE
PaBHO HYJIIO.

UtoO0bI yOpaTh UMITYJIbCHl OTPUILIATEILHON MOJISIPHOCTH MOCIIE MIEPEMHOKUTEIS
CUTHAJ TMpONyCKarT uyepe3 criaxuBawiyr RC-uenouky. B pesynbrare
HaMpsDKEHUE HA BBIXOJI€ CXEMBI, KaK (DYHKIIMSI BpeMEHHU, UMEET CIEAYIOIIHUA BU

UBI:\II

CHUHXPOHHOE NETeKTHUPOBAHME, KaK BTOPOM CMOCOO BBIIETICHUS OTHOAIOIEH
MOJIC3HOTO CUTHAJIA, UMEET JIBA MPEUMYIIIECTBA TI0O CPABHEHHIO C TIEPBBIM CITOCOOOM.

1. CUHXpOHHOE JETEKTUPOBAHUE IMO3BOJISIET OTJIMUHUTH MPOCBETIEHUE CPEJIbI
OT 3aTEMHEHHSI Cpelbl. JTa BO3MOXKHOCTb IMPEACTABISIET HUHTEPEC, TaK Kak MpHU
B3aMMO/ICUCTBUU JIBYX CBETOBBIX BOJIH C ABYMS CBA3aHHBIMU MEPEXOJAMU BO3MOKHO



3aTEeMHEHHE CpeIbl BMECTO €€ MPOCBETIEHUs. DTOT BOmpoc OyaeT moapoOHO
o0cyxnarbcsi B 4-oM BapuaHTE CIEKTPOCKONNH HACBIIEHUS TTOTJIOIIECHHUS.

2. CHUHXpPOHHOE€ JETEKTUPOBAHHME I[IO3BOJSIET MOJIY4YUTh OO0Jee BBICOKOE
OTHOLIEHUE CHUTHAJ/IIYM MyTeM YMEHBIIEHUSI YaCTOTHOM Moyiockl curHana. Jlemno B
TOM, 4YTO CpEIHEKBAJIpPaTUYHOE HANpPSHKEHHE  IIYMOB  IPOIMOPLMOHAIBHO

KBaJIpaTHOMYy KOPHIO M3 YaCTOTHOH TIONOCHI CHTHANA U, 06 ~\JAf . llpu

CHHXPOHHOM JIETEKTHPOBAHUHU I10JI0CA YaCTOT CHrHaja Af CBs3aHa ¢ IMOCTOSHHOM
1
27RC

yBeJII/I‘-II/IBaﬂ, HallpuMep, CMKOCTb KOHJACHCATOpa C, MOXHO HCOI'paHMYICHHO

YMEHBIIATH [OJOCY 4acTOT Af U mymoBoe HampsikeHue U, ¢ - [IpaBaa npu sTom

RC -11enoyky Ha BBIXOJIE CHCTEMbl PETUCTpAIMU (CMOTPH PUCYHOK) Af =

BpEMSl PETUCTPALlMM CUTHAja YBEJIWYHBACTCS MPOMOPIHMOHATIBHO MMOCTOSHHOM
BpeMeHu RC .

[Ipu 0OBIYHOM NIETEKTUPOBAHWU CUTHAJIA YMEHBLIEHUE MOJIOCHI YaCTOT HYXKHO
HNPOU3BOIUTH JI0 IETEKTUPOBAHMA, TaK KaK Ha JUOJE, KaK ¥ Ha JI0OOM HEJIMHEHHOM
3JIEMEHTE, CUTHAJIBI Pa3HBIX YacTOT IepemernnBaioTcs. B pesynsrate RC -1ienouka,
pacroyio)keHHasi Tocje AHOoAa, He MOXeT 3(PQPEeKTHMBHO yMEHbLIATh IIyMOBOE
HanpsHKeHUe.

[Ipy 0OBIYHOM JETEKTUPOBAHUU MEXIY NPUEMHUKOM CBETa U MPEAJIOKEHHON
CXEMOM JEeTeKTHPOBAaHUS OOBIYHO CTaBAT PE30HAHCHBIM YCHIUTENb, KOTOPBIH
YMEHBILIAET MOJI0CY YaCTOT CUTHAJIA.

YMeHbIIeHHe TOJIOCHl YacTOT TMPOMYCKaHHs PE30HAHCHOTO  YCHIIUTEIS
3aTPYAHCHO TEM, YTO HPH YCIOBUH Af << f,., YCUIUTEIb CTAHOBHTCS KALPH3HBIM.

VY Takoro ycuiuTens cliydaHbIM 0Opa3oM H3MEHSIOTCS BO BpPEMEHHU (IUIaBarOT)
TaKHe NMapaMeTphbl, KaK PE30HAHCHAS YacTOTa f ,;, MOJI0CA YACTOTHOTO MPOITYCKAHMS
Af, BelMYMHA YCWJICHHMS Ha PE30HAHCHOMW dYacToTe. Bce 3TO MOXeT CHIBHO
3aTPYJAHUTH PETMCTPALMIO CUTHANA. Tak 4acToTa MOAYJIALMU f| CUIBHON CBETOBOM
BOJIHBI MOKET BBIMTH 3a IpPEAEsbl IOJOCHl YCHUJIEHHS PE30HAHCHOTO YCUIIUTENS

‘fl _fpea

pE3YIbTATC U3MCHCHHA ITApaMETPOB PE3OHAHCHOTO YCHIIMTCIIA, TaK U B PE3YJILTATC
HN3MCHCHUA YaCTOThI MOAYJIALIMU fi, HallpuMcEp, M3-3a U3MCHCHUA CHUIIBI TPCHHUA B

>Af, W TONE3HBI CHUTHAJ MPOMAAET. DTO MOXKET TMPOU3OUTHU KaK B

MOTOPE, BpalllatolleM MpephIBaTeNb Tyya ja3zepa 1.

2). BcTpeunsle BOJIHBI OAMHAKOBOM YaCTOTEHL.

BcTpeunbie BOJIHBI OJIMHAKOBOM YacTOTbl HCIHOJIB3YIOTCS B TPaAUIMOHHOM
BApUAHTE CIEKTPOCKONMUU HACHIIICHUSI MOrjolieHusi. B 3ToM ciyyae BCTpeUYHYIO
c1a0yr0 CBETOBYIO BOJIHY MOJIy4alOT B pe3yJIbTaTe OTPAKEHUS OT 3epKajia CHIILHOM
BOJIHBI, MPOIIEIIICH KIOBETY C UCCIEIYEMbIM T'a30M.

Ha Hmwxkecnenyromux pucyHKax MPUBEEHBI JIBa BapHaHTa ONTUYECKON CXEMBbl
AKCIIEPUMEHTA.




KOHTPOJIb OINTHY eCKOH PasBA3ZKH
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Bropoli BapuaHT ONTHYECKOM CXEMBI MMEET JBa IPUEMHHMKA JIA3€PHOTO
m3nydyeHusi. CHrHan HachlllEHWs MOMVIOWIEHUS PErHCTPUPYETCS B U3IYYECHHH,
MAJAOIEM HAa HWXKHUM IPUEMHMK. BEpXHHWH TNPUEMHHUK CIYKUT U1 KOHTPOJS
KauyeCTBa ONTUYECKOU pa3BA3KHU.

IIpencraBneHHas Ha PUCYHKE ONTHYECKAas Pa3Bsi3Ka WM ONTHUYECKUU JHOJI
OpEICTaBIsIET COOOM  IMOCJIEOBATENBbHO  PACIOJIOKEHHBIE JIpyr 3a JIpyroM

NOJIAPU3ATOP U TUIACTUHKY 1 Ocu ¢a3oBoi MIACTUHKU 1 U TMOJspU3aTopa

OpPTOTOHAJIBHBI HAIMIPABJIEHUIO Jla3epHOro Jiyda. Pa3oByl0 MIACTUHKY MOBOPAYMBAIOT
BOKPYT JIy4a TaK, 4ToObl ocu (ha30BOil MIACTUHKH ObIIH HAIPABIEHH! MO YriaoM 45°
OTHOCUTEJILHO OCH Tojisspu3atopa. B TakoM ciiydae cBeT, MPOMYUIECHHBIH
MOJIAPU3ATOPOM, pacmlajaercs Ha BXoJe B (Da30ByIO IJIACTUHKY Ha JBE CBETOBBIC
BOJIHBI C PaBHBIMU aMIUIUTYJIaMU U B3aMMHO OPTOTOHaJIbHBIMU mojsipu3auusmu. Ha
BX0Jie B (a30BYI0 IUIACTMHKY A3TH JIB€ BOJHBI CHUH(A3HBI, a Ha BBIXOJE Yy HHUX

V4

BO3HUKAET ONTHYECKash Pa3HOCTh X0J1a E YTO COOTBETCTBYET Pa3HOCTH (a3 7 [Tpu
. /4

CJIOKE€HUHU JIBYX OpPTOTOHANBbHBIX KoJieOaHWW C pa3HOCThIO (a3 — oOpasyercs

BpalICHHUC. ITo >Toi IMPUYHHE IOCJIC NPOXOKACHUA INNIIACTUHKN — CBET OKa3bIBACTCs



LHUPKYJSPHO MOJSPU30BaHHBIM. OTpa)k€HHAasl Ha3a/] BOJIHA MPOXOAUT IJIACTUHKY 1
BTOPON pa3 BO BCTpPEUYHOM HampaBiieHud. [Ipum »TOomM KosiebaHusI BIOIL OCel

T
IJIACTUHKU €IIe pa3 MpUOOpeTaroT pa3HoCTh ¢a3 7 CymMmapnasi pa3HocTh (a3

CTAHOBUTCS paBHOW 7 . B pe3synbrare, mociie BTOPOro MPOXO0XKACHUS MJIACTUHKU 1

CBETOBAas BOJHA CHOBA CTAaHOBUTCS JIMHEMHO TNOJSIPU30BAHHOW TOJBKO B
HAIIPaBJICHUU OPTOTOHAJIBHOM K HAIIPABJICHUIO IMOJSAPU3ALMU BOJHBI, NAJAOIIEN Ha
IJIACTUHKY NEepBbIi pa3. CBET ¢ nmossipu3anuedl BOJIHBI, UIYIIEH CIpaBa HAJEeBO, HE
MPOIYCKAET MOJSIPU3ATOP ONTHUECKON pa3Bsi3ku. TO €cTh CBET CBOOOJAHO MPOXOIUT
4epe3 ONTUYECKY0 Pa3BA3Ky CJIEBA HAIIPABO U HE MPOXOJUT CIPABA HAJIEBO.

OnTtryeckasi pa3Bs3ka HE IMPOIYCKAET OTPAKEHHYIO Ha3al CBETOBYIO BOJIHY
o0paTHO B pe30HATOp J1a3epa. DTO HYKHO, IOTOMY YTO CBET OTPa’KEHHBII 0OpaTHO B
pPE30HATOp Ja3epa CWIBHO BIIMSAET HA YCJIOBHs €ro reHepauuu. Eciii OTpaKeHHBIN
CBET OKa3bIBacTCs B (pa3e CO CBETOBOI BOJHOW B pE30HATOpPE Jla3zepa, TO MOIIHOCTb
reHepaluy BO3pacTaeT, eciid B poTruBo(ase, To yoriBaeT. Eciiu oTpaXkeHHbIH Ha3aj
CBET MPOU3BOJILHBIM 00pa3oM CIABUHYT O (pa3e OTHOCUTEJILHO BOJIHBI B PE30HATOPE
Ja3epa, TO OH M3MeHseT (a3y, 4acTOTy M MOIIHOCTh I'eHepanuu jazepa. Kaszamoch
Obl, MPOMYyCKaHNUE 3epKajia Jiazepa Majio, U 00paTHO B PE30HATOP ja3epa MPOHUKAET
CBET C MaJIOM MOIIHOCTBIO, HO Mpo0jemMa B TOM, YTO KOTEPEHTHBIE CBETOBBIC BOJHBI
CKJIABIBAIOTCA 10 AaMIUIMTYJE, 4 HE€ N0 MOIMHOCTU. Tak, ecinm MOIIHOCTH
CKJIaabpIBaeMbIX BOJIH oTiandaroTcs B 10000 pa3, To aMIUIMTYbl OTIIMYAKOTCS TOJIBKO B
100 pa3. B pesynbrare mpu CHH(pA3HOM CIOKEHUU BOJH CyMMapHas aMIUIUTYy/Aa
coctapnsieT 101 mMpouUEHT OT aMIUIMTYIbl CHJIBHOM BOJHBI, @ MPH MPOTHBO(AZHOM
cinoxeHun 99 mnpoueHToB. M3MEHEHUI0 aMIUIMTYJbl CBETa B JiBa IPOLIEHTA
COOTBETCTBYET M3MEHEHHE MOIIHOCTH B YEThIpE IpoOLEeHTa. B 3TOM cocToMT Tak
Ha3bIBaeMbli 3((PEKT TreTepoAMHHOIO IpHeMa CJIadoro CHUrHaua. YMEHbIICHHE
MOIIIHOCTY CBETOBOM BOJHBI MOXET IPUBECTH K TOMY, 4YTO YCHJICHUE Jia3epa
OKaXXETCS MEHbBIIE IOTEPb, M MOIIHOCTh T'€HEpallMHM ynajaeT a0 Hylsd. Eciou He
[OJIaBJIATh OTPAKEHHBIM Ha3aJ CBET, TO 4acTOTa M MOIIHOCTb T€HEpaluu Jia3epa
CTaHOBSTCS HEYCTOWYNBBIMH.

BepxHuil nprueMHUK BTOPOM ONTHYECKOM CXEMBI IPEIHA3HAYEH JUIsI KOHTPOJIA
Ka4eCTBa ONTHUYECKOMN pa3BsA3KH. KauecTBO Xxopouiee, ecim CBET HAa 3TOT IPUEMHHUK
HEe 1nonajgaer. TOHKass HACTpPOWMKA ONTHUYECKOM Pa3Bs3KM  OCYIIECTBIISIETCS

A .
IMOBOpPOTaAMH U HAKJIOHAMHU TIJNIACTUHKHA Z . HOBOpOTOM IIaCTUKH BOKPYT OIITHYCCKOU

ocu nobuBaroTcs yria 45° Mexay ochlo (pa30BOMH INTACTMHKH H OCBIO MOJIAPH3ATOPA.
Haknonamu minockocty pa3zoBoi MIACTUHKU HE3HAYUTEIbHO U3MEHSIOT ONTHYECKYIO
JUIMHY TYyTH Jiyda B ()a30BOM TmuiacTuHKe. 3MeHeHuio onThyYeckodl IJIUHBI JTyda
COOTBETCTBYET HW3MEHEHHE TOJIIMHBI (ha30BOM IUIACTUHKH, KOTOPYIO HYXHO

A
mo00paTh TaK, 4ToObI (ha30Bast TUIACTHHKA B TOYHOCTH OKAa3aJlaCh TIIACTUHKON Z



Mo>xHO CACJIaTh ONTHYCCKYIO Pa3BiA3KY HC TOJIBKO HAa OCHOBC IIJIACTHMHKH Z,

HO U Ha ocHOBe d(pdexra Dapazes. [lycTh cBET MPOXOAUT BIOJIH OCH CTEKISTHHOTO
[WIMHJPA, W IIYCTh BIOJb OCH 3TOTO HWJIMHJpA BKIIOYEHO IMOCTOSHHOE MarHUTHOE

none. M3-3a addexra dapajes B MATHUTHOM MOJIe 0@ M ¢ KOMIIOHEHTHI CBeTa (OCh
KBaHTOBaHUSI BbIOpaHa BJOJIb MAarHUTHOTO MOJs1) OyAyT MMETh pa3Hyro (a3oBYIO
ckopoctb. IlycTh K  TOpuaM  paccMaTpuBaeMoro  LWJIUMHAPA  [PUKIEEHBI
TOJIAPU3ATOPBI, TAK YTO MEXJIy OCAMH IONSIpH3aTOpoB yron cocrapmser 45°. Tlocie
MEPBOTO MOJISIPU3aTOPA CBET HA BXOJE B LMJIMHAP UMEET JIMHEHHYIO MOJIIPU3ALMIO.

CBeT NMHEHHOM MOIAPH3AINHI TIPECTABISET CO00i CyMMy O M O KOMIIOHEHT C
OJIMHAKOBBIMHM aMIUTUTYyAaMH. DTH KOMIOHEHTHI PACIPOCTPAHAIOTCS B IMJIMHJPE C
pa3Hoi (a30BOM CKOPOCTbIO M HA BBIXOJIE W3 IWIMHApPA HMEIOT HEKOTOPBIN

B3aMMHBIH (Da30BEI cABMT. IIpH CIOKEHMH O U O KOMIOHEHT C (ha3OBBIM
CABUTOM TIOJYYa€TCs JIMHEMHO TMOJAPU30BAHHBIA CBET, HO IMOJSPU30BAHHBIA B
JIPYrOM HampaBlieHWH. BelnuynHy MarHUTHOTO TIOJS TOAOUPAIOT TaK, YTOOBI
JIMHEMHAsT TOJIpHU3alusl CBETAa HA BBIXOAE LWIMHIPA COCTaBJsIa YroJl 45° o
OTHOIIICHUIO K JIMHEWHOW MOJIIpU3allud Ha BXOAE UMJMHJIpA. Tak 4ToOBI CBET
MOJTHOCTBIO MIPOXOUJI YePe3 MOJISIPU3aTOP HA BBIXOAE LUIMHpa. Eciu paccMOTpeTh
CBET, MAyIMid B OOpaTHOM HaMpaBiICHUU, TO TIOCJIE TMPOXOXKIACHHUS IEPBOTO

TIONSAPU3aTOPa KOMIOHEHTB ¢ M ¢ ONATh UMEIOT pasHble (ha3oBble CKOPOCTH U HA
BBIXOJIC LMUIMHAPA JIMHEHHAs MONSPH3aLMs CBETa CHOBA IOJIYYHT IOBOPOT Ha 45°.
[ToBopoT OyzeT B Ty k€ CTOPOHY, UTO U MPH IPSIMOM PaCHpOCTPAHEHUH CBETa 4Yepes
HUIMHAP. B Ty e CTOPOHY OTHOCHUTEIBHO MATrHUTHOTO MOJIS, @ HE OTHOCHUTEIBHO
HalpaBJEHUsl CBeTa. B pe3ynabTaTe OKaXeTcs, 4YTO NOJIApU3ATOpP Ha BBIXOAE
LWIMHApPAa HE MPOMYCKAET CBET, MAYIIMH BO BCTPEYHOM HampasieHuu. To ecTb
LMINHIP C MATHUTHBIM TIOJIEM BJIOJIb OCH M JIBYMs TIOJIAPH3aTOPaMH Moz yriioM 45°
UTPAET POJIb ONITUYECKON pa3BsI3KH.

MoOIIHOCTh ~ JITA3€pHOTO  M3JIY4YEHMs JBAXKIbl IPOLIEAIIEIO KIOBETY C
UCCIIEyEMbIM ra3oM / , Kak (yHKIMS 4aCTOTHI Ja3epa @, UMEET CIEYIOIINNA BU:

BI[eCB Wy — LCHTP JIMHHUHU IIOITIOINCHHUS CPCIbIL. 3aBHCHUMOCTH MOIIMHOCTH

CBC€Ta Ha INPUCMHHUKC OT 4YaCTOTHI JIa3€pa HMMCECT H_II/IpOKI/II‘/’I IMpoBaJl ,ZIOHJI@pOBCKOﬁ
JJUHHUH TIOTJIOIICHHA, B LECHTPC KOTOPOTO HAXOJUTCA y3KHﬁ IIMK IIPOCBCTICHUSA
CpEAanl. ITux IMPOCBCTICHHUA — 3TO U €CTh PE30HAHC HACBIIICHUA ITOTJIOIICHUS.



Pe3onanc (bOpMI/IpyeTCH npu CUMMCTPUIHOM  PACIIOJIOKCHUU qacToT
BCTPCYHBIX CBCTOBBIX BOJH OTHOCHUTCIIBHO YaCTOThI IIOTJIOIIAIOMICTIO IIEPEXOaa
0)1 + C{)2

2
Cl)l = a)z =. CJIC,Z[OBaTeHBHO, YCIIOBHUEC PE30HAHCA Hp606pa3yeTCH K BUAY @ = 0)21 .

=Wy . B paccMaTpuBacMOM CiIydac 4aCTOTbl BCTPCUYHBIX BOJIH OAWMHAKOBBI

[[Iupuna HabMOgaEMOTO pe3oHaHca Aw = F(l +/1+ Gy ) OKa3bIBAETCS BJIBOE

MEHbIIIE, Y€M IIMPHUHA pPE30HAHCA B Ciy4yae, KOrjJa OJHAa U3 CBETOBBIX BOJH
(uKCUpOBaHA O YaCTOTE.

Pe3onanc B ko3dduiimeHte mnorjoieHus ciaaboil BOJIHBI MOJIy4aeTcs, Kak
pe3yJbTaT CBEPTKM IpoBaja bEHHETTa B PAa3HOCTU 3ACEIEHHOCTEN YPOBHEUW U
CEYEeHHMs MOTJIONIeHUs cnaboi BosHbl. [Ipyu M3MEHEeHHH YacTOThl TeHEepaluu Jiazepa
npoBall beHHeTTa U cedeHHe MOTJOMEHUSI KaK Obl HAae3KaloT IO JIy4eBOH CKOPOCTH
MOJIEKYJI HaBCTpeuy Apyr apyry. OQHOBPEMEHHOE ABUKEHUE HABCTPEUY YMEHBIIAET
BJIBO€ IIMPHUHY CBEPTKHU.

CrHekTp NOrjolIeHNs MOJIEKYJT COAEPKUT MHOTO JIMHUW PA3JIMYHBIX CTPYKTYD:
KoJeOaTeNbHbIX,  BpalllaTelbHbIX,  KOPHOJHCOBBIX, TOHKHX,  CYNEPTOHKHUX,
CBEpXTOHKHMX. Kaxmas JUHMUS MOTJIOLIEHUS 00pa3yeT CBOW PE30HAHC HACHIIMICHUS
norjouieHus. JIMHUKM MOrnomeHus: Hepa3peleHHbIe B 0OBIYHON CIEKTPOCKOIHH H3-
3a JOIUIEPOBCKOTO YIIMPEHUS CHEKTPAIbHBIX JIMHUKA MOTYT HMETh PE30HAHCHI
HACBIIIEHHUSI TIOTJIONIEHUS, JOCTATOYHO Pa3HECEHHbIE 0 YacTOTe, NIl TOrO 4TOOBI
PE30HAHCHI HE CIIMBAIUCH APYT C APYTOM.

COBOKYITHOCTh ~ PE30HAHCOB  HACBILEHUS TOTJIOLIEHUsT o0Opa3yeT Tak
Ha3bIBAEMBIN CIIEKTP HACBIIIEHHOTO NOTJOIIEHUsA. HEeKoTopbIM pe3oHaHcam 3TOro
CIEKTpa HE COOTBETCTBYIOT JJMHUU MOIJIOUIEHUS, HO 00 3TOM MOJAPOOHEE pacCKaKeM
B CIEAYIOIIHUX BOIIPOCAX.

3]

3). Buyrpupe3oHaTopHas COEKTPOCKONUS HACHIITIEHUS MOTJIOICHMS.
PaccmoTpum ontrueckyro cxeMy, B KOTOPOM KIOBETa C TOTJIOMIAIONIAM CBET
ra3oM HaXOJUTCSl BHYTPH PE30HATOpA Ja3epa.

yy — | N
X | - l
TTOTIIOIIEHHE
}’CH.TIEHHE [ Ha 0320

HOEHTPOM Ha (z)lo



B pesonarope nazepa ecTb JIB€ BCTPEUYHBIE BOJHBI, KOTOpPbIE MPOCBETISIOT
KIOBETY JIpYT JJIs JpyTra.

3aBUCMMOCTh MOIIHOCTH T€HEpaliu TaKoro Jiazepa OT 4YacTOTbl HMEET
NPUMEPHO CIEIYIOLUNA BUI:

31eCh IMPOKUI BBITYKIIbIA KOHTYpP C LIEHTPOM Ha 4aCTOTE (@ — 3TO KOHTYP

JIMHUYU YCWJIEHUS cpenbl yiupeHHbii adpdexrom Jomnepa. B nenTpe koHTYpa JUHUU
YCUJICHHSI Ha pUCYHKE M300pakeH nposai JIrmoa.

[IpoBan JIs>mba wumeer Ty XKe MPUPOAY, UYTO U PE3OHAHC HACHILICHHUS
noryomienus. [IpoBan JIamba — 3T0 pe3oHAHC B MOIIHOCTH T€HEPAIMH Ta30BOTO
Jasepa C JOIUIEPOBCKUM YIIMPEHUEM JIMHUM YCWICHUWS, PE30HAHC HACBILECHUS
YCUJIEHHUs CPeAbl BMECTO PE30HAHCA HACBILIECHUS IoryionieHus. Ecim gactora ceera
HE COBNAJAECT C LEHTPOM JIMHUM YCWIEHHMS, TO BCTPEYHBIE BOJIHBI B PE30HATOPE
ra3oBOro Jlazepa YCWJIMBAIOTCS JABYMSA pa3HbIMM HaOOpaMu MOJIEKYlT C
IPOTUBOMNOJIOKHBIMUA 3HAYEHUSAMHU NPOEKUHWHA CKOPOCTH Ha HAIIPABJICHHE OJIHOW W3
nByx BojH. Korjma yactora cBeTa COBIAJAET C LIEHTPOM JMHHUM YCUJIEHUS, TO 00€
BCTPEYHbIE BOJIHbI YCWJIMBAIOTCA OJIHUM M TE€M K€ HAOOpOM MOJIEKYJl C HYJIEBOU
Jay4eBOod ckopocThio. OauH Habop MOJEKYyJd BMECTO JBYX O3HA4aeT MEHbIIe
YCUJIIMBAIOIIUX CBET MOJIEKYJ, OTCIOJa MEHBLIE YCHJIEHHE CpEIbl, U MEHBIIE
MOIIHOCTb T€HEPALUH.

Ha mnpaBom CckjOHE KOHTypa YCWIEHHS H300pa)k€H IIMPOKUNA MpoBal
NOTJIOIEHU C LIEHTPOM Ha YacTOTE€ @5y, KOTOPBIM YMEHBIIAET MOIIHOCTb

reiepaiun nazepa. Koutyp numuHum nornomenus ymupen s¢dexrom lomnepa. B
LIEHTPE KOHTYpa JINHUK MOJIOIIEHNS HA YaCTOTE @, HAOIIOAAeTCs y3KUIl pe30HaHC

HACBIIIICHUA IIOTJIOIIICHUS BCTpeqHLIMI/I CBCTOBBIMHU BOJIHAMM. 3TO HACBIIIICHHEC
IIOTJIOICHU A HpI/IBOI[I/IT K pe3OHaHCHOMy YBeHI/IquI/IIO MOIITHOCTHU reHepaI_[I/II/I Ha
qacToTe a)20 .

OCHOBHOE MPEUMYIIECTBO BHYTPUPEZOHATOPHOM CIEKTPOCKOMUU HACBIIICHUS
MOTJIONIEHU COCTOUT B BBICOKOM KOHTpAacTe pe3oHaHcoB. M perctButTenbHO. Ecin
CUHMTaTh, YTO MO ocu Y Tpaduka OTIOKEHA HE MOITHOCTHh TCHEPAINH, a YCUJICHHE
JIA3epHOM Cpebl C yU4eTOM MOTEPh B MOTJIOMIAIONICH KIOBETE, TO rpaduK MOYTH HE
n3MeHuTcd. Ecin ke ypOoBEHb IIOTE€ph pPEe30HATOpa NOAHATH JO IYHKTUPHOU
TOPU30HTAJILHOM JIMHWUHU, TO TE€HEpalysl OCTAHETCA TOJIbKO Ha TEX YacToTax, IJIe
YCUJICHHUE BBIIIE MOTEPh. TO €CTh HOBBIN I'paMK 3aBUCUMOCTH MOITHOCTH T'€HEpaIlun
Ja3epa OT €ro 4acTOThl — ATO rpaduK HaJl MyHKTUPHOU TOPU30HTAILHON JTUHUCH.



Kak BHIHO U3 pUCYHKa, PE30HAHC HACHIIEHHUS MOTJIOMICHUS IPU 3TOM MOXET
UMETh TMPAKTUYECKU CTOMPOLEHTHBIM KOHTpacT. IlocTosiHHAas TOJI0XKKAa TOA
PE30HAHCOM MOXKET ObITh MEHBIIIE CAMOT'O PE30HAHCA.

HenocraTok BHYTpUpPE30HATOPHOW CHEKTPOCKONHMHU HACBIIICHUS MOTJIOICHUS
— OoJsbllIOE  YIIMPEHHE MOIIHOCTBIO JiazepHoro Jyda. Illupuna pe3oHaHca
HACBIIIECHUS TOTJIOMICHUST CIa00i MNpPOOHON BOJHBI CHJIBHON BCTPEUHOM BOJIHOM

paBHa Aw = F(l +/1+ Gy ), a B pacCMaTpUBA€MOM BHYTPUPE30OHATOPHOM BapUaHTE

NPUMEPHO OAMHAKOBOM MOIIHOCTH BCTPEUYHBIX BOJIH IIMPUHA PE30HAHCA MPUMEPHO
paBHa Aw = F(\/ 1+ G, + \/ 1+ Gy ) =2I'V14+ G . MomHOoCTh Jyda BHYTPU pe30HATOpa

jaszepa B pa3 OoJibllie MOIIHOCTH M3Ty4YeHusd jasepa, rae R — kosdduimeHt

OTpa)X€HUsl 1O MOIIHOCTUA [UJIsi BBIXOJHOTO 3epkana Jazepa. Hampumep, ecnu
R=0.97, TO MOIIHOCTh CBETa BHYTpH Jjazepa B 30 pa3 BbIllI€ MOIIHOCTH U3JIyYEHHUS
nasepa.

Bonbiioe yimpenrue pe30HaHCOB O3HAYaeT HU3KOE CIEKTPAIbHOE pa3pelieHue.

UToObl YMEHBIIUTH YIIUPEHUE PE30OHAHCOB MOIIHOCTHIO CBETa MOXKHO
OPUMEHUTh  BHYTPUPE3OHATOPHBIM  TEJIECKOMUYECKUH  paclIUpHUTeNlb  Jiyda.
Teneckonuuecknii paclmIMpuTeNb Jyda — 3TO JIBE JHUH3bI C OOMMM (POKYCOM.
KoaddummenT pacmmpenus: paBeH OTHOMICHUIO (DOKYCHBIX PACCTOSIHUM JABYX JIMH3.

=

¥ CHITHEBArOIIax TIpHEMHHK
Noron@omal ————— cpeaa CBECTa
CEET TeneCKONHYeCKHH
KIOBeTa PAcUHPHTEE
JIy4a

Pacmmpenune myuka Jiyded B pe3oHATOpe Jiazepa YMEHBIIAET UHTEHCUBHOCTh
CBETA M YMEHBIIAET YIIUPEHUE PE30HAHCA HACHIILIEHUS OTJIOIICHUSI.

4). OnHoHampaBJICHHBIE CBETOBBIC  BOJHBI M PE30HAHC  HACHIIMICHUS
MOTJIOMICHHUS (IBOMHON ONTHYECKUM PE30HAHC).

PaccMoTpuM NpUHUUNHANBHYIO CXEMY SKCIEPUMEHTAIBHOW YCTAHOBKU IS
HaOIIOICHUST PE30HAHCOB HACBINIEHUS TIOTJIONMIEHUS B OTHOHATIPABICHHBIX CBETOBBIX
BOJIHAX:
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PorgTe

31ecy M3iydeHue Jjlazepa | Momynupyercsl mpepbiBaTeneM ¢ 4acToToll f), a
U3JIy4eHHe ja3epa 2 MOIYIMPYETCsl ¢ 4acToTod f,. M3mydeHue o0ouX J1a3epoB

HAIpaBIIIETCS 4E€pE3 KIOBETY B OJWH U TOT K€ NPUEMHHUK cBeTa. CHUTrHam C
NPUEMHHKA Yepe3 KOHJIEHCATOp MOAAECTCS HAa BXOJ | aHAJIOroBOro MEpEeMHOKHUTEIS
JUISl CHHXPOHHOTO IETEKTUPOBAHUS.

Ha BTOpOM BXOI NEPEMHOXKMUTENS IMOAAETCS ONOPHBIA CUTHANI C 4YacTOTOU
h=12

Jnst  dopmMupoBaHMs OMOPHOTO CHUTHAJlA OKOJIO KaXJOro U3 JBYX
IPEPHIBATENEN YCTAHOBJIIEH CBETOAMOJHBIA MCTOYHUK CBETA WM IPUEMHHUK €r0
u3lydeHus. M3nydeHne cBeTONMOJa MOMaJacT HAa NMPUEMHUK YEPE3 IMpEPhIBATEINb,
KOTOPBIM MOJYJMPYET CBET CBETOAMOJA C TOW K€ YacTOTOW, C KOTOPOH
MOAYJUPYETCA U U3Iy4YEHUE COOTBETCTBYROLIEro Jiazepa. Ilocne kaxmoro u3 aByx
OPUEMHHUKOB JJIEKTPUYECKUN CHUTHAJI NPOXOJMT Yepe3 KOHAEHCATOP, KOTOPBII
OTCEKaeT  IIOCTOSIHHOE  HamlpspKeHHWe.  3a  KOHJEHCATOpOM  IMOIYYaroTcs
OPAMOYTOJBHUKM C YacTOTOM f| UIA OJHOIO IIpephIBaTens U f, Al BTOPOTO

npepbIBaTENs.

[IpsiMoyroJibHbIE HANPSDKEHHUS] C STUMHU JABYMSI YacTOTaMHU CKJIAJbIBAIOTCSA Ha
pe3ucTope B JIEBOM HUKHEM yriy cxeMbl. [locne pe3uctopa HampsiKeHUE MPOXOJIUT
yepe3 JOUOA U JAPYroll pe3ucTop Ha NapajUIeibHBIA KOJeOaTeNbHbIA KOHTYP.
Pe3onHaHcHas 4dYacToTa KOHTypa HAacTpOeHa Ha 4acTory f;—f,, TO €cCTb

1

ﬁ:bz(fl—fz).



Ha nuozme, xak Ha HENMHEHHOM 3JIeMEHTE, (OPMHUPYIOTCS BCE BO3MOKHBIE
KOMOMHALIMOHHBIE YaCTOThl my f| = m, f> U3 4acTOT f; U f,, T1e my U m, — Lelble

gyucna. KomeOaTenbHBIM KOHTYp BBIAENSET M3 BCEX KOMOWHAIMOHHBIX YacTOT
CHHYCOHUJY CO CBOCH PE30HAHCHOM 4acTOTON f] — f5.

[lepeMHOXHTENIb YMHOXA€T 3Ty CHUHYCOMJY Ha CUTHal C NPUEMHHKA
JA3€pHOTO M3JIYyYEHMS, PACIHOJIOKEHHOIO B IPABOM BEPXHEM YIJIy CXEMBL
[TpousBenenue HanpsbkeHui nocie ycpeanenus RC -nienoukoi paBHO Dypbe o0pazy
HaIpsDKEHUS. C NPUEMHHUKA JIA3€PHOTO H3JIYYEHHS Ha 4acTOTE€ OIMNOPHOTO CUTHaja
f1—/>. To ectb Ha BbIXOZE CcXeMbI, 0003HAUYECHHOM Kak "Y-KoOpAuMHAaTa cursaiua',

dbopMupyeTcsi MOCTOSIHHOE HAMpPSDKEHHE MPOMOPLUOHATIBHOE aMIUIUTYE CUTHAJa Ha
4acToTe f]— f, B UHTCHCUBHOCTH CBE€TAa INPOILICAIIETO KIOBETY C HMCCIEILyEMBIM

ra3oM.
Ecan xroBera mycras M IPUEMHHK JIa3€pHOIO M3JIyYEHMs JIMHEHHBINA, TO B
HaNPsDKCHUN C IPUEMHHKA IPUCYTCTBYIOT TOJIBKO YacTOTHI f], f5 ¥ UX TapMOHMKH,

APYyrux KOM6I/IH3LII/IOHHBIX YacTOT B CUTHAJIC C IMPUCMHHUKA OBLITH HE JOJIXKHO. Ecau
KIOBE€Ta 3all0OJIHCHAa HMCCICAYCMbBIM TIa30M, TO B HAIPsAXKCHHM C IIPHUCMHHKA
MMOABJIACTCA COCTABIAOIIAA HAa 4aCTOTE fi - f 2> TOJIBKO B PE3YyJIbTATC HEJIMHEHHOT'O

B3aUMOJICMCTBUSI  CBETOBBIX BOJIH B  KIOBETE C  MCCIEAYEMBIM  Ta30M.
PaccmarprBaemMoe HeJIMHEWHOE B3aMMOJAEHCTBUE — 3TO MPOCBETIEHUE CPENbl APYT
IUISL IpyTra ABYMs OJTHOHAIIPaBJICHHBIMH CBETOBBIMU BOJTHAMM.

PaccmorpuM nonpoOHee, kak (OpMHUPYETCA CUTHAJI Ha 4acTore f;—f, B

MOITHOCTH CBETOBOM BOJIHBI HpOIH@I[HIGﬁ KIOBCTY C UCCIICAYCMBIM I'a30M.
HYCTB HHTCHCHUBHOCTBb HAa BBIXOJC H3 KIOBCTHI Iebzx IMPONU3BOJbHBIM O6p3.30M

3aBUCHUT OT MHTEHCHBHOCTEW BOJH [y, [, OOOHMX J1a3epOB Ha BXOJE B KIOBETY.
OrpanuuuMcs annpoKCUMAalMEd 5TOH MPOU3BOJILHON 3aBUCUMOCTH B BHJE CYMMEI

JIMHEWHOM 3aBUCHUMOCTH M KBAJPAaTUYHOM HEJIMHEHMHOCTH B BHUJE IPOU3BOJIBHOU
KBaJpaTUIHOU popMbl. Toraa moaydum:

2 2
[ebzx = allex +b]26x +a116x +ﬂ[16x]26x +7]26x'

Hac Oyner mHTepecoBath TONBKO OAHO ciaraemoe fli,.1,., B IPaBOW 4acTH
PaBEHCTBA, KOTOPOE, KAK OKAXKETCS, U COAEPKUT HHTEPECYIOLIYIO HAC 3aBUCUMOCTD C
4acToToN f]— f>.

JInst TPOCTOTBI PACCyKACHUK OyleM CUYMTaTh, YTO MHTEHCUBHOCTH KaKIOTO
Jazepa  MOAYIMPYETCS HE NPAMOYIOJbHMKaMM, a rapmonudecku. Torzaa
UHTEHCUBHOCTL W3JIy4€HHUs II€PBOrO Jia3epa Ha BXOAE B KIOBETY CIIEAYIOLIMM
00pa3oM 3aBUCHUT OT BPEMEHHU:

Lo =1 (1 +cos(27 f; t)), ¢ eIMHKIA J00aBJIeHa, TAK KaK MHTEHCUBHOCTh HE

MOJKET OBITh OTPHULIATEIHLHON BETUUYUHOM.
AHaNnoOrnyHo, MHTEHCUBHOCTh BTOPOTO JIa3€pa HAa BXOJE B KIOBETY UMEET BH/I:

Loy = 1o (1+cos(27 f51)).

Torna uHTEpECyIOIIee HAC cllaraeMoe B MHTCHCUBHOCTH Ha BBIXOJIC U3 KIOBETHI
OyZneT paBHO:



Bligdrer = Bly (1 +cos(27 f; t)) -1y (1 +cos(27 f5 t)) :
Ecnu packpbITh IPOU3BEIEHHE CyMM B IPaBOM YacTH PaBEHCTBA, TO HAc Oyaer
MHTEPECOBATH TOJIBKO CIIAraeMoe C HpOI/ISBeI[eHI/IeM KOCI/IHYCOB'

,818‘ -cos(27z fit)-cos(27 f> 1) =&COS(27Z'(f1 +f2)t)+'8—ocos(27z(f1 —fz)t).

,30

Hac uHTepecyer Tonpko Bropoe caraemoe —-cos(27z( f; — f3)¢) B mpasoii

YacTU PaBEHCTBA. DTO CJlaraéMoe MpeJCTaBIIAECT CO6OI/I KOJIeOaHWSI MTHTEHCUBHOCTH C
4acTOTOM f; —f, Ha BBIXOJE M3 KIOBEThl, KOTOPOE BO3HHMKAET B pe3yJbTaTe

HEJIMHEWHOTO B3aUMOJCHCTBHS OJHOHAIIPABICHHBIX CBETOBBIX BOJH B KIOBETE C
HCCIIETyEMBIM T'a30M.

CHHXPOHHBIN JIETEKTOP, POJIb KOTOPOIO UI'PAET aHAJIOIOBBIA NEPEMHOKUTEID,
dbopMupyeT Ha BBIXOJE CXEMbl TOCTOSHHOE HANpPsHKEHUE MPOMOPLIUOHAIBEHOE

2
Bly

AMILIIUTyaC T KOoJIcOaHMII MHTESHCUBHOCTH Ha BBIXOAC M3 KIOBCTHI C 4aCTOTOU

1 — /5. OT0 HampsbkeHHe NpeAcTaBisieT co00i Y-KOOpAUHATY SKCIIEPUMEHTAIbHON
KPHUBOM.

X-KOOpAMHATAa SKCIEPUMEHTAIbHOW KpUBOM (OpMUPYETCS W3 TMOKa3aHHM
4acTOTOMEpa M MPEJCTaBISAET COO0M 4acTOTy OMEHUN BYX JIa3€pPOB.

JIByXypOBHEBas cxema.

PaccmoTrpuM  n1B€  OZHOHAIIPABIEHHBIE  CBETOBBIE  BOJIHBI,  KOTOpBIE
B3aMMOJIEHCTBYIOT CO CPENOM B IByXYPOBHEBOM IMPUOIMIKEHUU.

[Iycth 06€ BOJHBI B3aMMOACHCTBYIOT C OJHUM M TE€M XK€ HaOOPOM MOJEKYJ C
Jy4Y€BOM CKOPOCTBIO V, TaKoM, 4To
w1 — k VZ =W
=> w1 =0y.
W,y —kV,=w,
Ecimu B mpezpenax AOIUIEPOBCKOM LIMPHUHBI JIMHUM IOTJIOIIEHUS HAXOIUTCS
HECKOJIBKO MOTJIOIIAOIMIMX MEPEXOJ0B, TO UX PE3OHAHCHI COBIAJAIOT, YTO YAOOHO
IUIA W3YYEeHHUS WIHUPUHBI U (HOPMBI PE30HAHCOB HAChIIeHUS moriomenus. dopma
PE30HAHCOB HE UCKAXAETC HEPA3PEIIEHHON CTPYKTYPOH CIIEKTPAIbHOM JINHUH.
V-cxema ypoBHEW DHEPIrum.
PaccMoTpuM ABa CBSI3aHHBIX MEPEX0/ia C OOIIKUM HIKHUM YPOBHEM IHEPIHH.




ITycTe mepBas BOJHA PE30HAHCHO B3aUMOJICHUCTBYET C IEPEXOJOM @y, a
BTOpas BOJHA — C IEPEXOoaoM 3. Torna mepsas BoiHa OOENHSAET ypOBEHb |

(YMEHBIIIAET 3aCENEHHOCTh Nj), a MOIJIOUNICEHUE BTOPOW BOJHBI NPONOPLUOHAIBHO
Pa3HOCTU 3aCEIEHHOCTEU (Nl —N3). To ecTp moOrIOIIEHHE BTOPOH BOJHBI

yMeHbIIaeTcsl. AHAJOTMYHO, BTOpas BOJHA OO€IHSEeT YpOBEHb 1, yMeHbIlas
NOTJIONIEHKE TTEpBOM BOJIHBI. TO €CTh BOJIHBI POCBETIIAIOT CPEy APYT AJIA Ipyra.

| 1-—= |=w
) —kV, =0y ) 1( c j 21 ) w3
, e k=—, Torma n—==—=

k. =
Wy — kol = w34 c 602(1—2):0)31 @ @y
c

Bo mHOrHX cirydasax 0COOBIH HHTCPEC MPCACTABIIACT YCIOBUE, KOI'/ld pa3HOCTh

E;-E,

qaCTOT @W3p = ABYX OHNTHYCCKHUX ICPECXOAOB w31 U Wy; HMECT IOPAAOK

. . 2r
IOIUIEPOBCKOM IUPHHBI CHEKTPAIbHON JIMHUHM 35 = kU << @51, TO€E k:7 —
2kgT

m

BOJIHOBOE€ 4YHCJIO, U= — Hauboee BE€POsATHAsA CKOPOCTb MOJICKYII, kE —

nocTosiHHag bossimMana.
N3 mnepaBeHCTBA 3y <<®,; CIEAYET, 4YTO JUI1 JBYX CBETOBBIX BOJIH

ki=ky=k.
w1 —kV, =wy N ~
0y —kV, =03 - W)~ W) =—W33.
Ecmm xe IepBas BOJIHA PC30HAHCHO BSaHMOHeﬁCTByeT C IepCXOoJa0M (031, a

BTOpas BOJIHA — C IIEPEXOJOM @, . Torma

w1 — k VZ = w31
=> w1 — :+0)32.
Wy — k VZ =W
Ob6a pacCMOTPEHHBIX CiIy4ass — 3TO BapHaHThl (POPMHUPOBAHUS JIBOHHOTO
ONTUYECKOTO PE30HAHCA, TaK KaK JBE CBETOBBIC BOJIHBI HAXOAATCA B PE30HAHCE C
JABYMSI TIOTJIOIIAIOIIMME MePEX0JaMH JIJIsl OJJHUX U TeX K€ MOJIEKYI.



KpoMe nBOMHBIX ONTHYECKUX PE3OHAHCOB B V-CXEME YPOBHEN HaOIIOAAOTCS
PE30HAHCBHI, B KOTOPBIX JBE CBETOBBIE BOJIHBI PE30HAHCHO B3aWMOJCHCTBYIOT C
OJITHUM M TEM XK€ IIEPEXOA0M, HAIIPUMEDP @51,

a)l _kVZ = 0)21

=> a)l = a)z,
(()2 _kVZ :C()zl

NN CO31

w1 — k VZ = w3
=> w1 =0y.
Wy — k VZ =w3
PaccMoTpuM, Kak BBINVIAJAT peE3yJbTaThl AKCIEPUMEHTa MO HAOIIOACHUIO
PE30HAHCOB HACBIIIECHMS TIOTJIOLIEHUS OAHOHAINPABIICHHBIX CBETOBBIX BOJH. [IycTh §
— CUTHQ&JI  CHHXPOHHOTO  JETEKTHPOBAHMSA B  MPEACTABICHHOM  paHee
NPUHUUIIMAIBHON CXEME HKCIIEPUMEHTAJbHOM YCTaHOBKM. Torjma curHain S, Kak

(GyHKIHST 9acTOThI TEHEPAIMHM OJHOTO W3 JBYX JIa3epOB OyIeT MMETh CIEAYIOIIUN
BUI:

(I3g) 1 P39

] )

OObUHO CTpOUTCSA TpaduK 3aBUCHMOCTH CHUTHala S OT TMOKa3aHUM
4aCTOTOMEpPA, PETUCTPUPYIOLIETO MOIYJb PA3HOCTH YacTOT JBYX ja3epoB. B Takom
clIydae dSKCIIeprUMeHTaIbHas KpuBasi Oy/IeT UMETh CISAYIONUN BUI:

3

0 LY A®

A -cxema YypoBHEN YHEPIUM.
PaccMoTpum gBa CBSI3aHHBIX Mepexo/1a ¢ OOIUM BEpXHUM YPOBHEM DHEPTHUH.

3



ITycte mepBas BOJIHA PE30HAHCHO B3aMMOJEHCTBYET C IEPEXOJOM @31, a
BTOpasi BOJHA — C IIEPEXOJOM @, . Torma mepsas BOJHA 3acenseT ypOBEHb 3

(YBeMUMBAET 3aCENEHHOCTh N3 ), @ MOIIOMIEHHE BTOPOH BOJHBI MPOTNOPIHOHATLHO
passoctu 3acenenHocreil (N, —N3). To ecTh MNOMIOLEHHE BTOPOH BOJIHbI

YMCHBHIaeTCH. AHaJIOFI/IIIHO, BTOpaH BOJIHA 3aCclisacT ypOBeHb 3, YMeHBHIaﬂ
MOTJIOIIEHHUE MTEPBOI BOJHBL. TO €CTh BOJHBI IPOCBETISIOT CPeLy APYT Ui Apyra.
E, - E
[TycTh pa3HOCTh 4acTOT @»g == IBYX ONTHYECKHX ITIEPEXOJ0B 3| U

@3, HMMEET IOPANOK  JOIUIEPOBCKOM  INUPHUHBI  CHEKTPAJIBHOM  JIMHUU

2r 2kgT
Wy R kU << w3y, TAE k= - BOJIHOBOE uHnciao, U = b~ mpambonee
m
BEPOATHAs CKOPOCTb MOJIEKYJI, kK — mocTosHHas boibnmana.
PaccMOTpUM TOJIBKO JBOMHBIE ONITUYECKUE PE3OHAHCHI:
W\ — kVZ = w3
=> @ —w,=+w,; — yciuoBue  (HopMHPOBaHUA
Wy — kVZ =wW3y
pe3oHaHca U
W\ — kVZ = w3y
=> W -0y =-wy  — ycioBue  (GopMHPOBaHUA

(()2 — k VZ = (()31
pE30HaHCa.
KpOMe TOI'0, NPUCYTCTBYIOT PC30HAHCBHI HACBIMICHUA ITOTJIOIICHUA a)l = 0)2 )

KOTJ1a 00€ BOJIHBI B3aUMOJIEHCTBYIOT C OJTHUM U TEM XKE MEPEXOIAOM.
Curnan S CHHXPOHHOIO NETEKTUPOBAHUS, KaK (YHKLUS YAaCTOTBl ¥, HMEET

BUJ] AHAJIOTUYHBIM BUY CUTHAJA Ui ) CXeMbl YPOBHEM:
S

Ma1/ 1927

0 L)

Ecnu u3mepsieTcss 3aBUCUMOCTh CUTHAJIA CUHXPOHHOTO JAETEKTUPOBaHUS S OT
4acTOThl OWEHUH JBYX Ja3epoB A@, TO SKCIEPUMEHTAIBHBIM CHUTHAd MPUMET
CIEAYIOLINMN BU:



KackajHas cxema YpOBHEH YHEPIHU.

B kackagHOW cXeMe€ YpOBHEM DJHEPrUM KPOME PE3OHAHCOB = ®@),
COOTBETCTBYIOIIUX Ka)KIOMy M3 IIEPEXOJI0B 5| U (35, AOJIDKHBI OBITH JIBOMHBIC

PE30HAHCEI 3aTCMHCHUS CPEADBI.
HYCTB nepBasa BOJHA PC30HAHCHO BSaHMOﬂeﬁCTByCT C HepexoaoM w»y1, a

BTOpas BOJIHA — C HNEPEXOAOM @3). Torz:a IepBas BOJIHA 3aCCIICT YPOBCHDb 2

(YBEIMUYMBAET 3aCEIECHHOCTh N, ), a MOMIOIIEHHE BTOPOH BOJHBI IPONOPLHOHAIBHO
Pa3HOCTU 3aCEJIEHHOCTEN (Nz — N ) To ecTb DOrIOLIEHHE BTOPOM BOJIHBI
YBEJIMYUBAETCA. TO €CTh BOJIHEI 3aTEMHSAIOT CPENY APYT Ul Apyra.

PaccMOTpUM TOJIBKO IBOMHBIE PE3OHAHCHI:

W\ — k VZ =Wy
== W -, = +(a)21 - a)32) — ycnoBue (HOPMUPOBAHUS
Wy — k VZ =wW3y
pe3oHaHca u

w1 — k VZ =w3)
== W -wy= —(a)21 - a)32) — ycnoBue (HOPMHPOBAHUS
Wy — k VZ =09
pe3oHaHca.

Curnajn CHHXPOHHOIO AETEKTHPOBaHUs, KaK (DyHKLHS 4acTOTBl @, HMEET

CIEAYIOLINMN BU:
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Ecnn n3MmepsieTcss 3aBUCHMOCTh CHUTHAJla CUHXPOHHOI'O JETEKTHUPOBAHMS OT
4acTOThl OMEHMI IBYX J1a3€pOB, TO

]

f|°’21‘ @32

0 Am

5). IlepekpecTHble pPE30HAHCHI HACBIMICHUS TMOTJIOUIEHUS BO BCTPEYHBIX
CBETOBBIX BOJIHAX.

[TepekpecTHBIN PE30HAHC — ATO TOT K€ JBOMHOW ONTUYECKUUA PE30HAHC, YTO
U B OJHOHANPABJIEHHBIX CBETOBBIX BOJIHAX, TOJIBKO BO BCTPEYHBIX BOJHAX
OJIMHAKOBOW YaCTOTHI.

Kak yxxe paccmarpuBanoch BbIIIE I PETMCTPALMU PE30HAHCOB HACBILICHUS
IIOIVIOLIEHNsT BO BCTPEYHBIX CBETOBBIX BOJHAX OJMHAKOBOW YaCTOThl BO3MOYKHO
WCIIOJIb30BaHUE CIEAYIOIENH ONITUYECKON CXEMBI:

[ ] E
—}

—
T_

BapuaHTBl ypOBHEH SHEprum Te€ e, YTO M B CiIydac OJHOHAIPABIICHHBIX
CBETOBBIX BOJIH:
a). V -cxema:



(()—kVZ:C{)21 0)214—({)31
=> =——-" — YCJIOBHC (bOpMI/IpOBaHI/IH
o+k VZ =w 31 2
pE30HaHCa.
3KCHepI/IM€HTaHBHa}I 3aBUCUMOCTDH MOIITHOCTH CBETOBOU BOJIHBI Ha
IMPUEMHHKE, KaK q)YHKHI/IH YacTOTbl I'€HCpalMu Jia3cpa 6yz[eT NUMETH CJIG,IIYI-OHII/Iﬁ
BUI.

A ) |
2
(L))
0). A -cxema.
3
2
1
0 —kV, = 03 w31+ 03
=> ow=—>= — yCIIOBUE dhopmMupoBaHUsI
w + kVZ = 0)32 2
pe3oHaHca.
I
G35 +M3)
2

i)

B). KackamHas cxema ¢ pe3oHaHCaMu 3aTeMHEHUS.



HOFJIOH_IGHI/IG Ha IepeXoae @3, BKIIOYACTCA TOJBKO IIPH 3aCCJICHUU YPOBHA 2,

a 3aCCJICHUC YPOBHA 2 IPOUCXOIUT IIPH IOTJIOIICHUU Ha IIEPEXOAC Wy .

0—kV, =wy Wy + @37
= 0o=—= — yCIIOBUE dbopMHupOBaHUS
0+kV,=w3, 2
pe30HaHca.

OKCIEepUMEHTANIbHAs  3aBUCUMOCTh  MOIIHOCTM  CBETOBOW  BOJIHBI  Ha
NpUEMHUKE, KaK (DYHKIMS 4acTOThl T€HEpaluu Jazepa OyAeT UMETh CIEeAYIOUIHii
BHJ:

(917 ®32

i)

Pe3onaHc 3aTeMHEHMS BO BCTPEUYHBIX CBETOBBIX BOJIHAX OJWHAKOBOM YaCTOTHI
HKCIIEPUMEHTAJIBHO HE HAOII0aIICS.

Bo Bcex cxemax ypOBHEN 3HEPTUU NEPEKPECTHBIA PE30HAHC HAXOAUTCS POBHO
IIOCEPENUHE MEXKY POIUTEIILCKUMU PE30HAHCAMM.

6). CTOJKHOBUTEJbHbIE PE30HAHCHl BO BCTPEUYHBIX M OAHOHAMPABJICHHBIX
CBETOBBIX BOJIHAX.
A -cxema u V -cxemMa YpOBHEU YHEPTUH.

JI71s1 CTOJIKHOBUTEIBHBIX PE30HAHCOB HACBIIIEHUS MTOrIomeHus A -cxema u V -
cXxema YpOBHEH 2HEpruu Kak Obl COBMEIIAIOTCS B OJHY CXeMY U3 4-X YPOBHEH:



CrnaOble MOJIEKYNISApHBIE CTOJIKHOBEHHsSI IEPEHOCIT MpoBai U nuk bennerra c
OJTHOTO YpOBHS dHEPruu Ha Apyroi. IIpu 3TOM CBA3aHHBIE CTOJKHOBEHUSIMU YPOBHU
HHEPrUH CTAHOBATCS KaK Obl OTHUM YPOBHEM.

a). PaccMoTpuM cHauana, 4TO MPOMCXOJUT B OJHOHANPABICHHBIX CBETOBBIX
BOJTHAX.

Ecnu nepBasi cBeToBas BOJIHA B3aUMOJAEHCTBYET C MEPEXOJOM (@3, & BTOpas
— C IIEPEXO/IOM @4, , TO

| — k VZ = w3
== Wy, —-w= +(a)42 - a)31) — ycioBue (HOpMUPOBAHUS
Wy —kV, =y

pE30HaHCa.
Ecau xe nepBas CBCTOBasA BOJIHA BSaHMOﬂCﬁCTByeT C IIEPEXOJAOM @Wyy, A
BTOpas — € ICPEXOJA0OM w3, TO

O] —kVZ =Wy
== Wy—0= —(a)42 - a)31) — ycaoBue (HOPMUPOBAHUS
(0] _kVZ =w3q

pe3oHaHca.
Korna o0e BoNHBI B3aMMOJEHCTBYIOT ¢ OJIHUM U3 JIBYX MEPEXO0B, PE30OHAHC
IPOCBETIEHHs 00pa3yeTCs PU YCIOBUU @5 = ()] .

Torpa DKCIIEPUMEHTAJIbHAS 3aBHCUMOCTD CUTHalla CUHXPOHHOTO
IETEKTUPOBAaHUS S OT YaCTOTBI BTOPOTO J1a3epa @, OyAeT UMETh CIEAYIOUIUNA BU:

5

|0049 — 3]

ol Wy

Ecnmu peructpupoBaTh curHan S, Kak (QYHKIUIO MOJYJS Pa3HOCTH YacTOT
Ja3epoB, TO HKCIIEPUMEHTaIbHAsL KpUBasi OyAeT UMETh CIIETYIOIINI BU/I:
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0). PaccMoTpuMm Temepb pe30HAHChI BO BCTPEUHBIX CBETOBBIX BOJIHAX
OJIMHAKOBOM YaCTOTBHI.
ITycTh OHA M3 BCTPEYHBIX BOJIH PE30HAHCHO IOTJIOMIAETCS MEPEXOJOM @31, @

Apyras — IEepPEX0J0M @4, . HacToTel 00€MX BOJIH OJUHAKOBBI U PaBHBI @. Torna

0 —kV; = 03 W3]+ Oy
= @=—————  — ycjoBue  (POPMHUPOBAHUS]
w + kVZ =0y 2
pe30HaHca.

CTONKHOBUTEIBHBIN MEPEKPECTHBIN PE30HAHC, KaK U OOBIYHBIN MEPEeKPECTHBIN
PE30HAHC, PACIIOIOKEH POBHO IIOCEPEAUHE IBYX POAUTEILCKUX PE30HAHCOB.

i)

CTONKHOBUTEIBHBIN PE30HAHC JOJDKEH OBITh TOPA310 MEHbIICH aMIUTUTYIbl U
HECKOJIbKO OOJbIleld IIUPUHBI MO CPAaBHEHUIO C OOBIYHBIM IEPEKPECTHBIM
PE30HAHCOM. DTO CBSI3aHO C T€M, YTO CTOJIKHOBEHHE MOJIEKYJ HECKOJIBKO U3MEHSET
JY4EeBYIO CKOPOCTh MOJIEKYJIbI M YIIUPSET NMPOBaJl U UK beHHeTTa.

KackagHas cxema ypoBHEH YHEPTHH.

CTONKHOBUTEIBHBIE PE30HAHCHI MOTYT OBITh M B KaCKaJHOW CXeMe YpPOBHEH
SHEPruu.




CnaOble MOJIEKYJISIpHBIE CTOJIKHOBEHHUSI MOTYT MEpPEeHOCUTh MUK benHerra c
YPOBHs 2 Ha ypoBeHb 3. B TakoM cilydae BO3HHUKAET pE30HAHCHOE 3aTEMHEHUE CPEIbI
Ha MEPEXOJIE Wy3 .

™21 M43

P I

911 Oy3
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Bo BCTPCUHBIX BOJIHAX, KaK M B CJIy4ac OJHOHAIIPABJICHHBIX CBCTOBLIX BOJIH, B
KaCKaﬂHOﬁ CXEMCE ypOBHefI OHCPIruu AJOJIKHBI Ha6J'HO,Z[aTBC$I PE30HAHCBI 3aTCMHCHH
Cp€anbl, a HC PC30HAHCEI IIPOCBCTIICHUS.

7). Betpeunbie BOIHBI ¢ GUKCUPOBAHHOW PA3HOCTHIO YACTOT.

CBeToBbIe BOJHBI C (UKCHPOBAHHOW PA3HOCTHIO YACTOT TMOJYYarOT MIPHU
nudpakiuu CBeTa Ha OeryIed yabTpa3ByYKOBOM BOJHE — BOJIHE INIOTHOCTU CPEJIbI.
YCTpoiicTBO, B KOTOPOM MPOUCXOAUT NU(pakKiivs CBeTa Ha yJIbTPa3ByKOBOMl BOJIHE,
Ha3bIBAIOT aKyCTOONTUYECKUM MOAyasiTopoM (AOM).

VYapTpasBykoBas BojHa (OpPMHUPYETCS B TBEPJOM MPO3payHON H3OTPOITHOU
cpene. Hampumep, mns uznyudenuss CO,-nazepa ¢ ainuHOM BOdHBI A =10 MKM
yJIBTPa3BYKOBYIO BOJHY BO30ykIalOT B repmaHuu (Ge, KOTOPBIM Mpo3payeH Jis
usnydeHus A =10 MKM.

Bo30ynutenem ynbTpa3ByKOBOM BOJIHBI OOBIYHO SBIISIETCSI TOHKAasl KBapiieBas
nacTuHKa. K MiacTMHKE NPUKIIAIbIBAIOT EPEMEHHOE IEKTPUUYECKOE HANPSHKEHUE,
U B pe3yJbTaTe MbE303JIEKTPUUYECKOro 3(PQeKTa TOMIMMHA TUIACTUHKU U3MEHSETCS C
4acTOTOW HamnpsbkeHus (2. M3MeHeHue TOMWHBI MIACTUHKA HUYTOXHO Majo, HO




€CJIM Ha TOJIIMHE IUIACTHHKYU YKJIAJbIBACTCS MOJOBHHA YJIbTPAa3BYKOBOW BOJIHBI Ha
4acTOTE AJIEKTPUUYECKOTO HAIPSDKEHHS, TO YJIbTPa3BYKOBbIE KOJICOAHMS TIJIACTUHKHU
PE30HAHCHO PacKauMBAIOTCS JI0 3HAYMTEIBHOW aMIUIUTY/bl. B Hamei maGopatopuu
MCTIO0JIB30BAJICSl aKyCTOONTUYECKU MOAYJISITOP € 4acTOTOM Moayssinuu €2 =35 MI .

KBapiieBblii BO30yaUTENIb MPUKJIEEH W IJIOTHO MPXKAT K KYCKYy TeépMaHHS.
Konebanust kBapiieBOM IIJJAaCTUHKU TIEpEJAlOTCS B TepMaHUd, B KOTOPOM
BO30OyXaercs Oeryiias yJabTpa3ByKoOBas BOJHA IUIOTHOCTHU, HaMpaBjieHHas OT
KBapLIEBOM IUIACTUHKM.

OERNESS

UtoOn1 BosTHA Obla OETyIel, a He CTOSYEH, OTPAKEHHYIO OT JAIbHETO Kpas
repMaHMs BOJIHY cTaparorcs noracuthb. C 3TO# LENblo 3aIHAN Kpail repMaHus cpe3aH
MO/ YIJIOM K ()POHTY YJIBTPa3BYKOBOUM BOJIHBI, U K 3TOMY Kpalo MpHXKaTa MSATKas
IUIACTUHKA, B KOTOPOM yJIbTPa3ByKOBask BOJIHA JODKHA 3((DEKTUBHO 3aTyXaTh.

VYapTpa3BykoBasi BOJIHA B TEPMAaHUH MPEICTABIIAECT COOOM TUIOCKOCTH OOJIbIIIeH
YW MEHBIIIEH TJIOTHOCTH BemecTBa. [ITOCKOCTH — 3TO MOBEPXHOCTH paBHOW (ha3w
yJIbTPAa3BYKOBOM BOJIHBI, OHM MAapaJJIEIbHbl KBAPLIEBOMN IUIACTHHKE. B mmockoctu ¢
OO0JIBIIEH TNIOTHOCTBIO TTOKA3aTEelb MPEIOMIICHUS CPEJIbl TOKE OKa3bIBAETCS OOJIbIIIE.

[IycTh cBeTOBas BOJIHA C YacTOTOW @ TAJaeT Ha aKyCTOONTHYECKUI
MOJIYJISATOpP clieBa HampaBo. IInockocTd ¢ OONBIIMM M MEHBIIMM IOKa3aTesieM
IPEJIOMJICHUS BEIIECTBA MPEJCTABISAIOT cO00M (ha30ByI0 AUPPAKIMOHHYIO PEIIETKY
bparra nnst cBeToBOW BOJIHBI. YcClOBHE IUQPPAKIMU B HANPABICHUH TIEPBOTO
[JIaBHOTO TU(PPAKIIMOHHOTO MAKCUMYMa UMEET CJIECTYIOUUN BU/L;



. : A
A-(51n(051)+sm(a2)):—.
n

3mece A — JUIMHA yJIBTPa3ByKOBOM BOJHBI B TEPMaHUM WIM IIar

IU(PPaKIMOHHON PEIIETKH, 1 — YIr0oJ MaJeHUs CBETAa UM YTOJI MEXY HOPMAJIBIO K

peleTKe U NajaroliuM Jiydom B Marepuasie AOM B repmMaHuu mociie npeaoMiIeHus
CBETa Ha IPAHULIE BO3AYX — I€PMaHUM, &/, — aHAJIOTUYHBIN YTroJl IUPpPaKLUU, —
n

— JUIMHA CBETOBOM BOJIHBI B T€PMAaHUHU.
OT0 ypaBHEHHE ONpenessieT HanpaBieHne udpaKkiii CBETOBOI BOIHBI.
OOb1yHO aMIUIMTYya AU(parupyromieil cBeToBoi BOJHBI OUYEHb Majla, TaK Kak
pa3Max U3MEHEeHHs MoKa3aTellsl MPeJOMIICHHUS B yIbTPa3BYKOBOU BosiHE Mail. O1HAKO
MOBOPOTOM aKYCTOONTHYECKOTO MOJIYJISITOpPa B IUIOCKOCTH PHCYHKAa MOXXHO Tak
oJ00paTh 3HaYCHUE yIJIa NaJeHus |, 4To0bl Yroyl JU(ppakuuy o, Obl1 Obl paBeH

YTy naacHus 051 .
051 = 052 .

[Ipy 3TOM yCIOBMM CBET 3€pKAJIBHO OTPAXXaeTCsl OT IUIOCKOCTH IITPHUXa
IUQPPAKIIMOHHOM  pelIeTKH, KOTOpas COBHAJaeT ¢  IUIOCKOCThIO  (PpoHTa
YJABTPa3BYKOBOM BOJIHBI.

MomHocTh B NepBOM AU(PaKIMOHHOM MakKCHUMyMe MpU ycloBUM bparra
Q| =0, CTAaHOBUTCS MHOIOKpaTHO Oosiblie. MOIHOCTE Tu(parupyromeil cBeToBoi

BoaHBEI B HameM AOM nocturana 10% oT MOIIHOCTH MaJarolmied CBETOBOM BOJIHBI
MpU YCIOBUHU, YTO HAIMpPaBICHUE 3E€PKATBLHOTO OTPAKEHUS OT KaXKIOro IITpUXa
COBMAJayia ¢ HaMpPaBJICHUEM TJIABHOTO TU(PAKIIMOHHOTO MaKCUMyMa PEIIETKH.

CBeToBasi BOJTHA B MIEPBOM MOPSAKE MU(DPAKIINM OKAa3bIBACTCS CIBUHYTOU IO
94aCTOTE HA YaCTOTY YJIbTPAa3BYKOBOW BOJIHBI.

Ha pucyHke, mnpuBEeIEHHOM BBIIIE, CBETOBas BOJIHA OTpaXaeTcsl OT
yOeratomero (poHTa yIbTPa3BYKOBOW BOJHBL. ODHEPIHS OTPAKCHHOW BOJHBI
OKa3bIBAa€TCS MCHbIIIC, YEM SHEPIHUs NaJaroIIei BOJHBI, M 4aCTOTa — TOXE MCHBIIIC.

Ha cnenyromem pucCyHKe TIOKa3aHa AWQpPaKIds CBETOBOM BOJHBI C
MOBBIIICHHEM €€ 4acToThl. CBETOBas BOJIHA OTpakaeTcs OT HaOeraromero ¢GpoHTa
yJIBTPa3ByKOBOU BOJIHEI.

w + 0
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MosxHO TepeiiTH B CHUCTEMY OTCYeTa, IJe Oerymas yiabTpa3BYKOBas BOJIHA
CTOUT Ha Mecte. B 3Tol cucreme oTcuera cBeT NuU(parupyeT Ha HEMOABUKHON
pemietke. B TakoM ciydae, magatouiasi, npouieamas U audparupyronias CBETOBbIE
BOJIHBl HMMEIT OJMHAKOBYHO 4acToTy. lIpum mepexone B HENMOABHKHYK) CUCTEMY
OTCYETa CBETOBBIC BOJHBI, HAYIIME B pAa3HbIX HANpPABJICHUSAX, HCIBITHIBAIOT
Pa3JIMYHBIN JTOTJIEPOBCKUIM CABHUI YAaCTOTHI. DTO Pa3IUYME B IOIJIEPOBCKOM CABUTE U
OPUBOJUT K TOMY, YTO CBETOBas BOJHA, AW(pardpyromnias Ha JIBUXKYIIECHCS
IUQPPAKIIMOHHON peIlIeTKe, CABUTaeTCsl MO 4YacTOTe Ha YacTOTy YJIbTPa3BYyKOBOM
BOJIHBI B JJA0OPATOPHOU CUCTEME OTCUETA.

OnTryeckasi cxema 3KCIEPUMEHTAIBHON YCTAHOBKM PETUCTPALIMKM PE30HAHCOB
HACBHIIICHNUS] TIOTJIOMICHUS Tpu (UKCHPOBAHHON PA3HOCTH YAaCTOT BCTPEUHBIX
CBETOBBIX BOJIH IIPUBEJ/ICHA HIXKE:

m+ 02
riN o £
1 e l
azep e
AT
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OIITHYCCKEAaA
paseA3Ka

3mech B KayeCTBE ONTHYCCKOW Pa3BsA3KH JIYYIIe HCIIOJIB30BAaTh Pa3Bs3Ky Ha
ocHoBe Y dexra Dapazaes, KOTOpasi MO3BOJSIET PAOOTATH C JIMHEHHOW TOJIIPU3AINCH

. A
ceera. OnTryueckas pas3Bsi3Ka C IJIACTUHKON 1 (GopMuUpyET KPYroBYyIO MOJISIPU3ALINIO

ceera. [Ipu oTpaxkeHMM OT MOJIyIIPO3pa4yHOM IUIACTUHKU W IPU OTPAXKEHUU OT
IITPUXOB PELIETKH JABE JIMHEMHBIE MOJIAPU3ALMU OTPAXarwTcs IO-pa3HOMY. B

A . .
pPE3YJIbTATC K INIACTHMHKE — BO3BPAlIACTCA CBCT JJIJIMIITHYCCKOU, @ HC KPYIOBOU
4 5

NOJISIPU3ALINY, U Pa3BsI3Ka pabOTAET HE IOTHOCTBIO.
ITycTe BCTpedHBIE CBETOBBIE BOJHBI IMPOCBETIAIOT Cpedy APYr [Uld Apyra Ha
OJITHOM M TOM K€ IIEPEX0/IE C YaCTOTON @,;. Torna

(()1 _kVZ = 0)21

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

To ectp pe3oHaHC (opMupyeTcs MOJEKyJIaMH C JIy4€BOH CKOpOCTbIO V_,

BEJIMYMHA KOTOPOU MPOTOPITMOHATbHA (PUKCUPOBAHHON PA3HOCTH YACTOT BCTPEUHBIX
BOJIH ().



OTO TO3BOJISET HCCJICA0BATh 3aBUCUMOCTb HIMPHHBI PC30HAHCA OT PA3HOCTHU
4acTOT BCTPCUYHLIX BOJIH U, CJICAOBATCIIBHO, OT nyquoﬁ CKOPOCTH MOJICKYII.

[llupuna pe3oHaHca Aa):F(1+\/1+G), I€ CKOpOCTh 3aryxaHus [
HEJMArOHAJILHOIO 2JIEMEHTAa MAaTPHLBI IUIOTHOCTH 3aBUCUT OT JIy4€BOM CKOPOCTH
MOJIEKYT V.

Ha omnbiTe n3mepsiercss 3aBUCHMOCTh LIUPHUHBI pe30HaHCa A@ OT Pa3sHOCTH
4acTOT BCTpeUHBIX BOJAH (2. Ilo 3TOM 3aBUCMMOCTH OMNpPENENAETCS 3aBUCUMOCTH

CKOPOCTH 3aTyXaHHsI F(VZ) HEJMAarOHaJbHOIO 3JIEMEHTAa MATPHULbI IJIOTHOCTU OT
JAy4eBOM CKOPOCTH MOJEKyn V,_. 3aBHCHMOCTB F(VZ) [I03BOJIIET HUCCIIENOBATH

3aBUCUMOCTD HOTGHHI/IaHBHOﬁ OHCPI'nu B3aHMOHeﬁCTBHH MOJICKYJ OT PaCCTOSHUA
MCIKAY MOJICKYJIaMU.

8). MuTepdepeHIIMoHHAas CIIEKTPOCKOIMSA HACKIIIIEHUS MOTJIOIIEHHUS.
PaccmoTpum onTrueckyro cxeMy dKCIepUMEHTA!
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[TpenmymiecTBO HMHTEPPEPEHIMOHHON CHEKTPOCKONMU HaJ TPaJAULMOHHBIM
METOJIOM BCTPEUYHBIX BOJIH OJMHAKOBOM YacCTOTBI COCTOMT B TOM, YTO PE30HAHC
HACBILIEHUs]  NOIJIOIIEHMsI  OKa3blBaeTcsl 0€3  IOCTOSHHOM  MHOUIoXKKU. B
TPaJMLIMOHHOM BapHaHTE OOBIYHO PE30HAHC HAXOAWUTCA Ha IOUIOKKE, KOTOpas
MUHUMYM Ha JiBa HOpsiaKa OoJiblle BEIMUMHBI pe30HaHca. B TakoM cityuae pe3oHaHc
TOHET B LIyMax MOMJIOKKHU. B MHTephepeHINOHHON CIEKTPOCKONUHU yJaeTcsl yopaTh
IIOJUIOKKY U €€ AMIUIMTYIHBIE LIIYMBI.

JIns Hadama paccMOTpUM IyCTYO KroBery. [Ipm oTpakeHmu OT mepegHen u
3aHeN TpaHell JIeBOM IUIOCKOMapauIeIbHOW IJIACTMHKH O0pa3yloTcs 1Ba Jyda,
KOTOpbIE IPOCTPAHCTBEHHO PAa3HECEHbl. JTU JBa Jiydya MPOXOAAT KIOBETY H
coOuparoTcsi B OAWH JIyd TPU OTPAXKEHUU OT 3aJHEW W TepelHel TpaHeill mpaBoii
IJIOCKOMAPAJUIeNIbHOM MUIACTUHKU. DTOT CYMMApHBIN JIyd NONAJaeT Ha MPUEMHUK
CBETa.

[Ipu uneasbHON IOCTUPOBKE ONTUYECKOM CXEMBI 1BA JIy4a HA IPUEMHHKE CBETa
OKa)XXyTCsl CHH(a3HbIMU U OYAYT UMETh OJMHAKOBYIO aMILTUTYY.

Ecnu Teneps mpaByro INUIOCKOIAPAJUIEIbHYIO IUIACTUHKY CJIETKA IOBEPHYTH B
IUIOCKOCTH PHUCYHKA, TO U3MEHMUTCS [UIMHA ONTHYECKOTO ITyTH JIyda BHYTPH ITOU



m1acTuHKU. COOTBETCTBEHHO M3MEHHUTCS Pa3HOCTH (a3 ABYX Jydyed Ha MPUEMHUKE
ceera. [lombepem yron moBopoTa MpaBOil IMJIACTUHKM TakK, 4TOOBI JBa Jy4ya Ha
IpUEeMHUKE CBETa OKa3alauch Obl B IPOTHBO(Aa3e u moracuiau Obl APYyT apyra.

B takoMm cnyuyae cBera Ha NmpueMHHMKE HET. EciauM Tenepb KIOBETY 3aIllOJIHUTH
UCCJIeIyEMbIM Ta30M, HO yOpaTh BCTPEUYHYIO CBETOBYIO BOJIHY, TO JBa Jydya Ha
NpUEeMHUKE MO-NpeKHEeMY OyAyT racuTh APYT JIpyra.

Curyauus U3BMEHUTCS, €CIIA BKIIOUUTh BCTPEYHYIO CBETOBYIO BOJIHY.

JInst BepxHEro jayva, MAYLIErO CiieBa HAlpaBO, BCTPEYHAas BOJHA H3MEHSET
MOTJIOIIEHHE, a, CIEA0BATENbHO, U TIOKa3aTeapb npeaomiieHus. Kaxaoe u3 sTux AByx
M3MEHEHUN HapyllaeT KOMIIEHCALMIO JIBYX CBETOBBIX BOJH Ha MPUEMHHKE, H
uHTep(epupyrone Ha NPUEMHHUKE BOJIHBI TEPECTAIOT TMOJHOCTHIO TAaCUTh JpPYT
Apyra.

Hanmomunm, kak n3MeHSIOTCS KOA((UIMEHT MOTJIOMIEHUsT & M TOoKa3aTelb
IPEJIOMIICHUS 71 TIOJ BIMSIHUEM BCTPEYHOM CBETOBOM BOJIHBI.
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CxemaTHueckd BIUSHUE BCTPEYHOW CBETOBOM BOJHBI Ha IOKa3aTelb
npeaoMieHuss 7 ¥ KO3()(PUIMEHT MOTJOMEHUS & MOXXHO BBIPA3UTh CIIEAYIOIINM
obpazom:
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3aM€TI/IM, 4TO PE30HAHC HACBIMICHHA IIOTJIOIICHHA B I/IHTep(bCpCHLII/IOHHOI‘/’I
CIICKTPOCKOIIMHU CTAHOBUTCA HCCHUMMCTPHUYHBLIM IIO (I)OpMC, TaK KaK 06pa3yeTc51 I10
ABYM IIpUYHUHAM 4€pPE3 U3MCHCHUC 7 U UCPE3 UBMCHCHHUC &£ .

9). longpr3aMoHHAasl CHEKTPOCKOINHS HACBHIIEHUS TOTJIOIICHHUS.

[Tonspu3zanmoHHass CIEKTPOCKOIMS HACBIIIEHHS TOTJOIICHUS II0OXO0XKa Ha
UHTEP(PEPEHIIMOHHYIO CIIEKTPOCKOIUIO IO CBOEH OCHOBHOM njaee. OnTuyeckas cxema
OMbITa TOCTPOEHAa TaKUM OO0pa3oM, YTO 0e3 NPOCBETICHUS CPEAbl BCTPEUHOU
CBETOBOM BOJIHOW MOIIHOCTH CBETAa HAa NMPHUEMHUKE paBHa Hymr0. Her mocTostHHOM
3aCBETKM TNPUEMHHUKA, CJIEHOBATEIBbHO, HET IOJJIOKKHM PE30HAaHCA, U HET LIyMOB
ITOJUI0KKH, MACKUPYIOIIMX PE30HAHC.

PaccMmoTpuM crieyrolyro ONTHYECKYI0 CXEMY SKCIIEPUMEHTA:

.
%‘3"_}

KHOECTA ¢ HCCIICOYCMBIM
ra3zon

Caer s1azepa IpoOXOoaUT 4yepe3 nosspu3aTop. JIMHEHHO NOoJISIpU30BaHHbBIA CBET
OTPAKAETCSA OT IOJYNPO3PAYHOM IUIACTUHKM U OT 3€pKAJIa U IPOXOAUT KIOBETY C
HCCIIEyEeMBIM  Tra3oM  Cle€Ba  HampaBo. BcrpedHas  cBeTroBas  BOJHA,
pacIpoCTpaHAOIIAsACS CIpaBa HAJIEBO, UMEET KPYrOBYHO IOJSAPU3ALHUI0, KOTOpPAs

.. . A
MoJIy4acTCsAa U3 JIMHCHHOU ITOJIApU3aln C IOMOIIbIO (baSOBOI/I III1aCTHUHKH Z .

Ecmu kroBera mycrasi, TO BOJHA, NMpOLIEANIAs KIOBETY CJIEBA HANPaBO, HE
MPOXOAUT YEPE3 CKPELICHHBIN MOJAPU3ATOP, PACIOJIOKECHHBIN Iepe]l NPUEMHUKOM
n3nydeHus. Eciii KroBeTa 3amojiHeHa ra3oM, HO HET BCTPEYHOM CBETOBOM BOJIHBI, TO
CKPELIEHHBIN MOJISIPU3ATOP MO-MPEKHEMY HE MYCKAET CBET HA ITPUEMHUK.

CBeT Ha NMPUEMHHKE BO3HHUKAET TOJBKO B PE3YJIbTATE PA3HOTO MPOCBETIICHUS
cpenbl Iy ABYX KPYTOBBIX IMOJISIPU3ALMKA BCTPEYHOW CBETOBOM BOJIHOW. [IpmemHuk
HE MMEET NOCTOSIHHOM 3aCBETKH, PE30HAHC HE UMEET IMOMJIOKKH, U €€ IIyMbl HE
MacCKHpYIOT pe3oHaHc. Pe3oHaHC uMeeT HeCUMMETpUUHYI0 (GOpMYy, Kak U B cllydae
UHTEPPEPEHIIMOHHON CIEKTPOCKONMHU HACBIILIEHHUS MOTJIOIICHHUS.



PaccMoTpuM  momapoGHee, Kak  IHUPKYJISIPHO  TMOJSPU30BAHHBINM  CBET
IIPOCBETIIACT CPENy I JUHEUHO MOIAPU30BAHHOMN BOJIHBI.

C 5Toii 1IeNbl0 HYXKHO BCIIOMHHTB, YTO TaKOE€ O, O M 77 KOMIIOHEHTHI
CBeETa.
[Ipoun3BobHYIO CBETOBYIO BOJIHY B HEKOTOPOW TOYKE MPOCTPAHCTBA MOKHO

pPa3I0XKuTh Ha CBET o', 00 W 7 KOMIOHEHTHI. Pa3ioxeHne 3aBHCHT OT BBIOOpA
HanpaBJE€HUs OCHU KBAaHTOBaHMS. VICTOpUUECKM Takoe pas3ioKEHUE BIICPBbIC
IPOU3BOJIUIIOCH, TMpU  paccMoTpeHuu dddekra 3eeMaHa —  pacCHICTUICHUS
CIIEKTPAJIbHBIX JIUHUI B OCTOSIHHOM MarHUTHOM TIOJIE.

HyxHO paccMOTpeTh CBET, KaK U3JIy4YCHUE HEKOTOPOTO JUIIOJIA.

Byaem cuutath, 4TO cBEeT MOHOXpoMaTuueckuii. Hanbosee obiee nsmeHneHue
JUIIONS,, KOTOPOE BBI3BIBAET U3JIYyYEHUE MOHOXPOMATUYECKOTO CBE€Ta — 3TO
rapMOHUYECKHE KOJeOaHWs IUMOJISL BIOJIL TPEX IACKAPTOBBIX OCEH KOOPAHMHAT C
Pa3HBIMU aMILUTUTYIaMH U Ha4adbHBIMH (pazaMu, HO C OAMHAKOBON YaCTOTOM.

Wznydyenne Aumonsi, COBEPINAIOIIETO KOJIEOAHWsS BIOJIb OCH KBAaHTOBAHUA,
Ha3bIBAIOT 77 KOMIIOHEHTOM cBeta. Ha3BaHme CBSI3aHO ¢ TEM, YTO 3HAYOK 77 TOXOXK
Ha CHMBOJI MApAJUICIbHOCTH. DTO HAMEK Ha MapajuieIbHOCTh KOJICOAHWA AUMONS |
OCH KBAaHTOBAHHSI.

[IycTh OChb z Hampamji€Ha BIOJb OCHU KBAaHTOBaHMSA. Toraa 7 KOMIIOHEHTa
CBETa — JTO HU3JIyYeHHE CBETa B JIIOOOM HAIPaBJICHUM JTUIIOJEM, COBEPIIAIOIINM
KoJiebaHus BAOJb ocu z. KonebaHust AUMOJISI MO OCSAM X U ) MOKHO IPEJCTABUTh,
KaKk CyMMY JBYX BCTPEYHBIX BpPAIllCHUH B IJIOCKOCTH MEPHNEHIUKYISIPHOW OCH Z,
BpaIeHU# C paBHBIMH aMIUTUTYIaMH, HO Pa3HBIMHU Ha4aJbHBIMU (ha3amu.

N nelictButensHo. KoneOanusi, HampaBlieHHbIE BAOJAb OCH X, MOKHO
pPa3JIOXKUTh HA JIBAa BpAICHUSI BOKPYI OCH Z BO BCTPEUHBIX HAIpaBJICHUSIX C
PaBHBIMHM aMIUIUTyIaMU U HadaJdbHBIMU (Da3aMHU TaKMMH, YTO B HaYaJIbHBII MOMEHT
00a Bpallarouxcs BEKTOpa HaIllpaBJIeHbI BJIOJb OCH X .

AHQJIOTUYHO KOJIeOaHUsI BJIOJb OCH Y MOXHO Pa3jIOXKHUTh Ha J[Ba BpaIlCHUS.

Torna u mpou3BOIBHYIO CyMMY KOJEOAHHI MO OCSIM X W ) MOXHO Pa3lOXHUTh Ha
JIBa BpaIICHUS] C HEKOTOPHIMU Ha4YaJIbHBIMU (ha3aMH M pa3HBIMU AMILTUTYIaMH.

z

>

Bpamenne aumnonsi, Koropoe oOpasyeT MpaBblii BUHT C HANpaBICHHEM OCH

KBAHTOBAaHHA, H3JIYy4a€T TaK Ha3bIBACMYIO O * KOMIIOHCHTY CBCTa. BpameHHe



AUIIOJIA, KOTOPOC 06p33y€T JIEBBIX BHHT C OCBIO KBAaHTOBAaHUA, H3JIYYa€T O a

KOMIIOHEHTY CBeTa. B CTapblX KHHraX o ¥ O  KOMIOHEHTHl OIPEeNsiuch
HA000POT. DTO CBSI3aHO C TE€M, YTO PAHbILIE B ONTHKE MPEUMYILIECTBEHHO TOBOPUIIHU O
JUIMHAX BOJIH, a cefyac yalie roBopsT O 4acToTe W sHepruu ¢oTtoHa. B marHuTHOM

mone o' KOMIOHEHTA paHbIIe HMeNa OONBIIYI0 IIHHY BOJNHBI, a cefuac —
00JbIIYI0 YacTOTy W BHepruto ¢GotoHa. Bplle Ha pHUCYHKE S HAIJIAIHOCTU
BpAILIEHNs CMELLEHBI 110 OCH Z BBEPX U BHHU3.

PaCCMOTpI/IM, KakK O'+, O W 7 KOMIIOHEHThI CBETa CBS3BLIBAIOT pPa3jInNYHbIC
MArdiuTHBIC ITIOAYPOBHH SHCPIUH IMOIIOMAIOIICTO CBCT IICPCXOaa.

PaccmoTpum cxemy ypoOBHEH 3HEPrHHM B IPOCTOM CIlydae, KOrJa KBAaHTOBOE
YUCJIO TOJIHOTO MOMEHTA UMITyJbCa J HHWKHETO YPOBHS DHEPIMU PABHO HYJIIO, a

BEPXHETO YPOBHS PaBHO enuHHIE. [[0THBIIT MOMEHT HUMITYJIbCa PaBeH ,/J (J +1)h u

CKJIaJbIBA€TCsA H3 0p6I/ITaJII>HOFO MOMCHTA HMIIYJIbCa OJICKTPOHOB U HMX CIIMHOBOTIO
MOMCHTA UMITYJbCa.

HpOCKHI/ISI MOMCHTA UMITYJIbCa Ha OCb KBAHTOBAHUA MOXKET IPUHUMATDb TOJIBKO
AUCKPCTHBIC 3HAUCHUSA mh, rac¢ m — KBAHTOBOC 4YHCIO IIPOCKIHHU IIOJHOI'O

MOMEHTA MMIIYJIbCA HAa OChb KBAHTOBaHHWs. KBAaHTOBOE YMCIO 7 MOXKET NPUHUMATh
3HaueHus ot —J 1o +J ¢ marom I.

B paccmarpuBaeMoM Hamu cilydae HW)KHUM ypoBeHb dHepruu J =0 wnmeer
€JUHCTBEHHbI MAarHUTHBIM NTOAYpPOBEHb m =(, a BEpXHUU YpOBEHb dHepruu J =1
UMeeT TPU MAarHUTHBIX NMOAYpOBHA m=-—1, m=0 u m=+1, KOTOpBIE B HYJIEBOM
MarHUTHOM I10JI€ UMEKT OJJMHAKOBYIO SJHEPTHUIO.

IIpu paccMoTpeHun atomMa B IOCTOSSHHOM MAarHMTHOM II0JIE€ OCh KBAaHTOBAaHMS
OOBIYHO HANpPABJIAIOT BJOJb MarHuTHoro mnois. [lomypoBenp m =41 wumeer
[IOJIOKUTENIBHYIO ITPOCKIUIO MTOJIHOTO MOMEHTA MMILYJIbCA HAa OCh KBAaHTOBAaHUS U HA
HaIIPaBJICHUE MAarHUTHOTO IOJIsSI. DJIEKTPOH UMEET OTPULATENIBHBIN 3apsil, MO3TOMY
MarHUTHBI MOMEHT 3JIEKTPOHA HAIPABJICH MPOTHUBOIIOJIOKHO €r0 MEXaHUYECKOMY
MOMEHTY. MarauTHbI1 MOMEHT JIEKTPOHA UMEET OTPULIATENIbHYIO IIPOEKIMIO HA OCh
KBAaHTOBAHUS B COCTOSHUU m =+1. DHEprus MarHUTHOIO JUIIONS B IMOCTOSIHHOM

MarHuTHOM mnoJie W = —(n”q,B) = —(n”a)z B =-mhy B 1nonoxureabHa B COCTOSHUU

m=+1. 3nech ¥y <0 — rupoMarauTHOe oTHOIEHUE. CIe0BaTEIbHO, B MATHUTHOM

MoJie ypOBEHb SHEpruM m =+1 cMelaercs BBEpX, a YpPOBEHb JHepruu m =-—1
CMeIaeTCsl BHU3 PU YBEIMYEHUU MAarHUTHOTO MOJISA.



BepnemMca K  pacCMOTpEHMIO ONTHYECKOW CXEMBbl  MOJSIPU3ALMOHHOMU
CHEKTPOCKOIIMH HACBIILEHUS MOTJIOIICHHMS.

BribepeM HampaBieHHE OCHM KBAaHTOBAHMS BJOJIb JIyda, MAYIIETO B KIOBETE
ciieBa HarpaBo. Torja 3TOT JIMHEHHO IOJIAPU30BAaHHBIM CBET IMPEACTABISET COOOU

o * U O KOMIIOHEHTHI C OAMHAKOBBIMU aMININTYaMH. BCTpe‘-IHaH CBC€TOBAs BOJIHA

IUPKY/IAPHO MOJAPH30BaHA. ByaeM I ONpeneNeHHOCTH CUHMTaTh, 4TO 3T0 O
KOMITOHEHTA.

Ha pucynke BbIllle 3Ta BCTpedHAasl CBETOBas BOJIHA IepeOpachiBaeT aTOMbI C
HUKHETO YpOBHSI Ha MpaBblil BepxHUil. [Ipy 3TOM Ha HUKHEM ypOBHE BO3HUKAET
npoBasl beHHeTTa, a Ha MPaBOM BEPXHEM YpOBHE — MUK beHHeTTa.

[Tornoiienue cBeTa NPONOPIHUOHAIBHO PA3HOCTH 3aCEJICHHOCTE HAa BEPXHEM U

HHKHEM YPOBHAX DHCPTHUH, CBA3AHHBIX OIITHYCCKHM IICPEXOJOM. HOFJIOH_IGHI/IC G+

KOMIIOHCHTHBI BOJIHHI, I/myu[eﬁ CJI€Ba HAIlpaBO, YMCHbBIIACTCA U 6J1arozxap$1 mpoBalty

bennerra wu Omaromaps mwmky bennerra. Ilormomenne o©  KOMITOHEHTHI
YMEHBIIIAETCS TOJIbKO Oaroaaps npoBaity beHHeTTa Ha HIPKHEM YPOBHE SHEPTHH.

B pesyibTaTe NMPOCBETIEHNE CPEbl JUIA O KOMIIOHEHTHI OONBIIE, YeM JUTs
O KOMIIOHEHTBI CBETA, UAYIIETO CJIeBa HAMPABO.

Paznoe mnornmomenune 8 ABYX O KOMIIOHEHT #" #x HassBaercs
ONTUYECKUM JUXPOUZMOM.

JlucnepcruoHHbIE COOTHOIIICHHS Kpamepca — Kponwura OJIHO3HAYHO
CBSI3BIBAIOT KOX((UIIMEHT TMOIJIOMICHUSI C TOKa3aTeJdeM MPeOMJICHUS CPEJbl.
CrnenoBaresibHO, HEPaBEHCTBO KOAI(P(UIIMEHTOB IOIJIOMICHUS ABYX O KOMIIOHEHT
O03HA4YaeT HEPABEHCTBO UX IOKa3aTesIeH MPETOMIICHHUS.

HepagencTso roKasaTesien IIPEJIOMIIEHUS nt#En" Ha3bIBACTCS
JBYJTYYEMPEIOMIICHUEM.

Kaxnmass u3 AByX NPUYHMH M ONTHUYECKUM JUXPOU3M U JIBYJYUYETIPEIOMIICHUE
OPUBOOUT K TOSBJICHUIO CHUTHAJIA HA TNPUEMHUKE B  MOJAPU3ALMOHHOMN
CIIEKTPOCKONMY HACBIIEHNS MTOTJIOIECHHUS.



