Tpu 0CHOBHBIX MeT0/1a OBICTPOr0 BKJIIYEHUS U BBIKJIKYEHHSI CBETOBOIO I10JIsI
(IpoaosKeHue).

3-it meToz. [lepekiroyeHrne YacTOThl TeHEPALIH.

BuyTtpu pe3onaTopa mnazepa IMOMEIIAETCS JJIEKTPOONTHYECKUN KPHUCTANI,
narpumep, KDP — nurunpodocdat xamus: H,KPO,.

B xpucramne KDP mnokazarenu npeinomseHHs ABYX JIy4ed 3aBUCAT OT
MIPWIOKEHHOTO dJIEKTpUUecKoro HampsbkeHus (dddext [lokkenbca), 4To MO3BOISIET
OBICTPO YIPABJISITH ONTUYECKON JIJTMHOM KpHUCTala U, KaK CJIEJICTBUE, ONTUYECKOM
JUTMHOM pe30HaTOpa JIa3epa, a 4epe3 HEe U YaCTOTOW NeHEpalnH Jla3epa.

Oxka3bIBaeTcs, CIBUHYTh YAaCTOTY I'€HEpallUM Jla3epa MOXKHO ropa3zo ObICTpee,
YeM HM3MEHUTh aMIUIMTYJy TeHepaluuu. MUHUMaJIbHOE BpeMs M3MEHEHUsI 4acTOThI
10" ¢ — 510 mocTosHHas BpeMeHu sddexTa [Tokkebca.

BMecTto wu3MeHeHMsT 4acTOTBl TEHEpAlMy Jla3epa IyTeM HU3MEHCHUS
ONTUYECKOW MJIMHBI PE30HATOpA MPU U3MEHEHUHU SJIEKTPUYECKOIO HANpPSKEHUS Ha
kpuctauie KDP paccMoTpuMm SKBUBajIeHTHBINM, HO 0o0Jjiee MPOCTOM Jid aHaIM3a,
METOJI MU3MEHEHHUS 4YacTOTbl — MEXAHUYECKOE IEPEMEIICHUE 3epKaja BIOJb OCH
pe3oHaropa jasepa.

[Iycth 3epkano pe3oHaTopa Jiazepa JBWXKETCA (M1 ONpeneIeHHOCTH)

2L .
HAaBCTpedy Jydy B T€YEHHE BPEMEHH — . TakoW NMPOMEKYTOK BPEMEHH UHTEPECEH
c

TE€M, YTO 3a ATO BPEMsl BECh CBET, HaXOJSIIUICS B pE30HATOPE Jiazepa, OAUH pa3
OTpa3UTCs OT ABUXKYILIETOCS 3epKaJa.

[Tpu oTpakennu oT HabOeraromero 3epkaja 4acTOTa CBETAa yBEIWYHBACTCS 3a
c4eT npoioabHOTO A dekta Jlonnepa:

Av ¥

1% c

[IpyurHa W3MEHEHWs YacTOTHl CBETa COCTOWT B CIeAyromeM. B cucreme

OTCYETa 3epKajia YacTOTa MaJalolIero Ha 3epKajio CBeTa M OTPAKEHHOTO CBETa O/IHA

1 Ta e, a Mpu Mepexojie B Ja0OPATOPHYIO CHUCTEMY OTCUETa YaCTOThI ITHX JIBYX

. Av V
BOJIH UCHBITHIBAIOT JOIJIEPOBCKUN CIBUT YAaCTOTBI —— =-— B IPOTHBOMOJIOKHBIC
1% C

CTOpPOHBI.
[Tokaxxem, 4TO 4acToTa OTPAKEHHOTO 3€PKAJIOM CBETA B TOUHOCTH OKAXKETCS
COOTBETCTBYIOIIECH HOBOU JJIMHE PE30HATOpA Jla3epa B KOHIE MPOMEKYTKA BPEMEHU

L y
— . [l 3TOrO0 HaliIeM U3MEHEHUE YaCTOThI PE30HATOPA.
c

Ha YHBOGHHOﬁ IJIMHC PC30HATOpPa YKIIAABIBACTCA HCJIO0C YHCIO OJIMH BOJIH
2L=mA. Tonbko IIpyu BBIIOJIHCHHM 3TOI0 YyCJIOBHA, MOXKHO HApHCOBATH
3aBUCUMOCTD HAIIPAKCHHOCTHU CBETOBOM BOJIHBI OT KOOpOIHWHATLI pE30HAaTOpPAa JIa3cpa B
OJUH MOMCHT BPCMCHH BO BCCX TOYKAX PC30HATOpPA. Ecau YCJIOBHUC HC BBIIIOJHCHO,
TO (bYHKI_[I/I}I IIOJIy4acTCsA HGOIIHO?)HEI‘IHOﬁ.



L
TOFI[a IIpyu U3MCHCHHHN IJIMHbI PC30HATOpa OTHOIICHHC ZICOI/ISt OCTacTCA

HeusMeHHbIM. C yueToM AV =c¢ mnoaydaem, uto Lv =const. lIpoguddepenuupyem
ATO PABEHCTBO U Pa3JeINM pe3yabTaT Ha npousBeaeHue Lv . Torma nomyyum:
AL  Av

L 1%
[ToacTaBUM B 3TO BBIpOXXEHHE B KayecTBe AL M3MEHEHHME JJIMHBI pe30HATOpa

2L
34 BCC BpCMs ABWIKCHUA 3CPKajla —

c
2L
AL=-VAt=—V—
c
Y TOJIYYUM
AL V
—-2_,
L c
AL Av
a C yY4eTOM —— = ——— TIOJIYYHM:
L 1%
Av V
——=2— — 3TO OTHOCHUTEJIbHOE M3MEHEHUE YaCTOThl PE30HATOpPA Ja3epa 3a
1% c

BpeMs JBWKCHUS 3epKajia. ITO M3MCHCHHE B TOYHOCTH COBIIAJIAET C M3MEHEHHEM
JacTOThl CBETa MpPH OTPAXCHWHM OT HaOeraiomero 3epkaia Jaszepa. 1o ecTh
OTPaXCHHOE 3EpKAJIOM CBETOBOC IIOJIE M3MEHSETCS 10 YacTOTE W OKa3bIBacTCS B
pE30HaHCE C HOBOW YaCTOTOM PE30HATOpa, KOTOpas OKAKETCS Y PE30HATOpa IOCIe

ABHIJKCHHUA 3CPKajJla B TCUCHHC BPCMCHHU —. HpI/I O9TOM HC€ BO3HHMKACT HHKAKHUX
c

IIEPEXOAHBIX IIPOLIECCOB, U, CIIEAOBATEIbHO, YaCTOTy TIE€HEpALUU Ja3epa MOXKHO
MEPEKIIOYUTh OYE€Hb OBICTPO.
Hanpsokenne nHa kpucramme KDP  kxenatenbHO JIMHEMHO HW3MEHSTh Ha

2L
HHTCPBAJIC BpCMCHHU —— HJIM Ha KPATHOM HHTCPBAJIC BPCMCHH, YTOOBI ITOJHOCTHIO
c

n30exKaTh MEePEXOIHBIX IPOLECCOB B Ja3epe.

I'eTepOAMHHBIN NIPHUEM.

Panee Mb1 ynmomuHamm o rerepoauHHoM npueMe curHainioB 3CII u ¢hoToHHOTO
9Xa MPHU IITAPKOBCKOM IEPEKIIOYEHNH 4YacToThl. OOCyauM Terepb MperMyIlecTBa
F€TEPOJMHHOTO MPUEMa CUTHAJIOB.

HampaBuM Ha NpUEMHHK CBETa ABE CBETOBBLIC BOJIHBI C YaCTOTAMU @] U @7 .

Ilycte aMmuTyna OJHOW BOJHBI TOpa3fo OOJIBbIIE aMIUIUTYAbI BTOPOH BOJIHBI
o1 >> Spp. OTOT  CIIOCO0 PETUCTPALMU  HA3bIBACTCS TETEPOJUMHHBIM IIPHEMOM
cJ1aboro cUrHaja.

PaccMoTpuM MHTEHCHBHOCTH CyMMapHOW BOJIHBI, KOTOpPasl MPOIOPITMOHATBHA
CpeIHeMY 10 BPEMEHH KBaJIpaTy HAIMPSHKEHHOCTH CYMMapHOTO CBETOBOTO TTOJIS:



~((o1cos( i)+ o cos(war)) ) =

t

I~ <E2(t)>
e o o), o)
+E01€02 <cos((a)1 + w2)t)>t +&01€02 <COS((601 ) )t)>t

31ech KBaapaT Ka)JI0ro KOCMHycCa B CPEIHEM pPABEH IOJIOBHHE, 4 KOCHHYC
CyMMapHOW ONTHYECKOW YacTOTHl B CpPEJHEM paBeH HyIr. KocuHyc pa3HOCTHOM
4aCTOTbl YCPEOHATb HE CIELYEeT, €CIU OTy Pa3HOCTHYIO YacTOTy II03BOJISAET
3apErucTpUpPOBaTh OBICTPOICUCTBUE MPUEMHHKA CBETa. Toraa moaydyum

I ~%@§1 +%<‘3§2 + 01502 cos((a)l —a)z)t).

[Ipeanonoxum Tenepb, YTO IE€pBas CBETOBAas BOJIHA HMEET IOCTOSHHYIO
aMIUTUTYly, @ aMIUIMTyJa BTOPOM CBETOBOM BOJHBI Majla M MPEACTaBISET COOOM
unrepecyrommii Hac curnan 3CII umm ¢poTonHoro sxa. B Takom cimydae B poToTOKE
MIPUEMHUKA OOpa3ylOTCsl TPU CJIAra€MbIX MPOMOPLHOHAIBHBIE TPEM ClIAra€MbIM
MHTEHCUBHOCTHU CBETA, NAJAlOUIEro Ha IPUEMHHUK.

t

1 .
[lepBoe ciaraemoe 5&81 NOCTOSIHHO M HE HECET HUKAKoW HH(pOpMAaIIH.

1
Bropoe cmaraemoe 5852 POTIOPIIMOHAIFHO MHTCHCUBHOCTH HHTEPECYIOMIETO HAC

CUTHaJIa, TPETbe ciaraeMoe (POTOTOKA HA 4YacTOTe | — @) HUMEET aMIUINTYLy
MPONOPLIMOHAIBHYI0 aMIUIUTYJI€ MHTEPECYIOIIE Hac BOJHBI M TOXKE HECET
uH(pOpMaLHIO 00 MHTEpecyomeM Hac curHane. C ydeTOM HEpaBEHCTBA & >> o

OKa3bIBACTCA, YTO TPCTHC CJIAaraCMocC ropasao 0obIIIe BTOPOIO. CHCI[OB&TGHBHO,
IIOCTOSAHHAA 34CBCTKa IIPHUCMHHUKA CBCTA CBETOBOM BOJIHOM C 6OHBHIOﬁ, HO O4YCHb
CTaOMIBLHOMN aMHHHTYIIOﬁ 801, IMO3BOJIICT PCTUCTPHUPOBATL OIITHYCCKHUC CHUI'HAJIBI C

. ” 2
MaJION aMILIUTYAON &p . OTHOIIEHHE AMILIUTYI TPETHETO &(Spp U BTOPOTO &yo
CIIara€MbIX IOKAa3bIBAET, YTO I'€TEPOJMHHBIM IPUEM MO3BOJAET YBEIUYUTH CIAOBIHA

CUTHAJI B ﬂ pa3.
€02
MHOFOKpaTHOC yBCJ’II/I‘IeHI/Ie B @ pa3 3J'ICKTpI/I‘-I€CKOFO CUr-gasjia C HpI/IeMHI/IKa
€02

CBETa TO3BOJIIET PETUCTPUPOBATH CIaOble CUTHAJIBI TaK, YTOOBl OHU HE TOHYJU B
IryMax MpueMHHKA. TO €CTh reTepOMHHBIN TPUEM CUTHAJIA MO3BOJIIET MHOTOKPATHO
YBEJIIMYUTH OTHOLICHUE CUTHAT — IIYM.

BbricTpoe agnadaTnyeckoe MPoXoKIeHHe.
Ha3Banue siBleHHMS HY)XHO TIOHUMaTh, Kak OBICTpO€, HO MEJJICHHOE
MpOXOXKJIeHue (cMoTpuTe, Hampumep, aauabatuyeckue HWHBapuaHthl). Hmeercs
BBUJIy, YTO paccMaTpUBAEMbIi Tpolecc OBICTPHIA MO CpPaBHEHUIO C OJHUM




XapaKTCPHbBIM BPCMCHCM 3aJiavdu , HO MGI[HGHHBIﬁ II0 CpPaBHCHUIO C IPYI'UM

v
1
BPEMEHEM — .
R
bynaem Ha3pIBaTh CBUIIUPOBAHMEM YACTOTHI (SWIpe — yaap) UMEHHO TaKoe
(ObIcTpOE, HO MEUICHHOE) CKAaHMPOBAHWE YACTOTHl CBETA, MPU KOTOPOM YacTOTa
CBETa IMPOXOAUT ILIMPOKUKA JHAIA30H YacToT, B KOTOPOM JIMHHUS IOIJIOLICHUS
IIOMEIIAETCS] BMECTE CO CBOMMH JIOCTATOYHO JAJIEKUMU KPBUIbSIMU.
Paccmotpum ¢ momomibro BekTopa biioxa, 4ro mpoMCXOOUT CO Cpelou Ipu
CBUITMPOBAHWHU YACTOTHI CBETA.
[IycTh 10 B3aUMOJAEHCTBUSA CO CBETOM Cpela HE WHBEPTUPOBAHA, U BEKTOP
brnoxa HampaBiieH BEpTUKAJIBHO BHU3.
[Ipn B3auMOJENCTBHM CO CBETOM BEKTOp bioxa BpaimaeTcs BOKpPYr BEKTOpa
R

ﬁQ =| 0 | B 1€BYIO CTOpPOHY. 31€Ch
Q

— paCCTpOﬁKa 9aCTOTbI CBCTOBOI'O IIOJIA OTHOCHUTCIIBHO 4YaCTOTHI IICPCXOJa B
CUCTCMC OTCUCTA MOJICKYIJIbI.

Kak u3mMmenserca Bekrop Rp NpU CBUIMPOBAaHUM 4acToThl? Paccrpoiika €2

R=P% _ yacroma Pabu, Q=w—-kV, — vy

U3MEHACTCA OT —00 O +00 HIH HaO60pOT. HpI/I TaKOM H3MCHCHHUU TpGTBGﬁ
KOOpAWHATBI BEKTOPA RQ MOJHO CKa3aTb, 4TO CaM BCKTOP KaK OBI IIOBOPAYMNBACTCA

Ha yTroJl 77 TPU OJHOBPEMEHHOM U3MEHEHUU JUIMHBI BEKTOPA B IPOLIECCE MIOBOPOTA.
[IycTp 1y1s1 ONPENENEHHOCTH CBUIIMPOBAHUE MPOUCXOANUT NPU U3MEHEHUH ()
OT —o0 110 +oo. Torma B HadaJdbHBIM MOMEHT BPEMEHM TPEThSI KOOPAMHATA BEKTOpA

Ro paBHa QQ=—c0, U caM BEKTOp R HalpaBlIeH BEPTHUKAJIBHO BHU3, KaK U BEKTOP

bioxa B.
Eciu BexkTop R NmOBOpauMBacTCs NOCTATOYHO MEIJICHHO, a BeKTop bioxa B,

COOTBCTCTBCHHO, BpaliacTCAa BOKPYI' BCKTOpa RQ JOCTAaTO4YHO 6BICTp0, TO BCKTOP

bioxa B BO BCe BpeMs CBUIIMPOBAHUSA OCTACTCSA PAIOM C BEKTOPOM Rpy.
B pesynbrare Takoro CBUNMPOBAaHUA BEKTOpP bioxa moBopayuMBaeTcs CHU3Y
BBEPX, KaK M BEKTOP R .

PaccMoTpum Tenepb 0JJHO CBUIUPOBAHKE, HO B OOpAaTHOM HAMpaBJICHUU, NPU
n3MeHeHnu () or +oo 10 —oco. HavanbHOE cocTosiHMe BEKTOpa bioxa mo-npexHeMy
OyJileM cuuTaTh TAaKUM, 4TO BEKTOP bioxa HampaBiieH BepTUKAIbHO BHU3.

Bekrop R Teleph IIPU CBUIIMPOBAHHH NOBOPAUMBACTCS CBEPXY BHHU3, HO
BEKTOp bioxa cHOBa MOBOpayMBaeTCs CHU3Y BBEPX, TAK KaK MOYKHO CUMTAaTh, YTO OH
BpallaeTcs B MpaBylo CTOPOHY BOKPYT BeKTOpa —Rp, a BEKTOp —RQ
MTOBOPAYMBAETCS CHU3Y BBEPX.



To ecTpb mpW CBUMHPOBAHWHM YacCTOTHl B JIIOOYIO CTOPOHY, €CIIM BHadaje
nporiecca BekTop bioxa HampasiieH BHU3, TO B KOHIIE Ipoliecca BekTop bioxa Oyaer
HaIpaBJICH BBEPX.

Takoit moBopoT BekTopa biioxa moxosk Ha pe3yabTaT BO3JISHCTBUS HA CPEAY 7T
uMIyJibca cBeTa. M 1elcTBUTEIbHO, MOBOPOT CHU3Y BBEPX PaBEH IMOBOPOTY Ha yroj
7 BOKpyr ocu 1. Ho ecTh u oTiM4Me CBUMUPOBAHUS OT BO3JEHUCTBHUS 77 HMITYJIbCA
CBeTa.

PazHuma B TOM, 9TO CBUIIUPOBAHKME YACTOTHI HEYYBCTBUTEIHHO K aMIUTUTYIE
cBera. Pe3ynprar CBUMMMPOBAHUS HE 3aBUCUT OT aMIUIATYABI CBETOBOTO ITOJIS, €CIH
aMIUTUTYJIa OCTAaeTCS JOCTaTOYHO OoJbioi. Ecnm ke paccMaTpuBaTh BO3NIEHCTBHEC
Ha Cpeay CBETOBOTO 7 HWMITYJIbCa, TO MPH YBEIHMYCHUHA aMIUIATYABI CBETA BIBOE 7T
HUMITYJIbC CBETA MIPEBPAIIACTCS B 277 UMITYJIbC, pe3yJbTaT BO3JACHCTBUS KOTOPOTO Ha
Cpeay COBCEM APYroi (HUKAKOi).

PaccmoTpum Temepnh, uTo OyaeT MHPOMCXOAUTH C BeKTopoM bioxa, ecnu
MIPOBECTH JIBa CBUIMPOBAHUS C HEOOJIBIION 3a7EP)KKOM TT0 BPEMEHH.

MBI BBISICHWJIM, YTO OT HAIpaBJCHUS CBUIMPOBAHHS PE3YyJIbTAaT HE 3aBUCHUT,
IIOATOMY BTOPOE CBUITUPOBAHHUE MOYKHO ITPOBOIMTH B 0OPaTHOM HaIPaBJICHUHU.

[Ipy mepBOM CBUIIMPOBAHUU BEKTOP Ry IMOBOPAYUBAETCSA CHU3Y BBEPX, U

BekTOp biioxa moBopaumBaercsi BMmecTte ¢ HUM. [lycTb BTOpOE€ CBHIMpPOBaHUE
MPOUCXOAUT Cpa3y 3a IMEpPBbIM 0€3 3aJepkKKU IO BpeMeHu. Torga mpu BTOPOM

CBUIIUPOBAaHUU BEKTOp R IOBOPAYMBACTCA CBEPXY BHU3, U BeKTop bioxa

BO3BpAIIaeTCsS BHU3 BMECTE C HUM.

Ecnu xe BTOpoe CBUNMPOBAHUE MPOU3BECTU IMOCJE 3HAYUTEIBHOU 3aJeP>KKU
10 BPEMEHU, TO 3a BPEMs 3TOU 3aJIep>KKU BEKTOp bioxa u3 cocTOosSHUSI BBEPX MOMKET
BEPHYTHCS B OOBIYHOE JJIs HETO COCTOSIHME BHU3 B pe3yibTaTe penakcauuu. Ilepsoe
cBUMMpOBaHUE OyAeT 3a0biTo. B TakoM ciyyae BTOpO€ CBUIIMPOBAHHUE CHOBA
MEpEeBOJIUT BEKTOp biioxa CHU3Y BBEpX, a HE CBEPXy BHH3, KaK IpPU HYJIEBOU
3a/IEPIKKE MEXKIY IByMSI CBUITUPOBAHUSAMM.

CBunupoBanue yA0OHO MPOU3BOJAUTH IITAPKOBCKUM  MEPEKIIOYCHHUEM
yacToThl. Hr>ke Ha pUCYHKE ITPUBEIEHA ONTHYECKAas cXeMa SKCIIEPUMEHTA!

Sy

L ] - >
fazep L MPHEMHHE
KIOBETA € Ta30M
B MEKTPHYeCKOM
rone

E]J.I'rap:ca

Ha cnengyromemM pucyHke NpuBENECHBI IBE 3aBUCUMOCTH. llepBas 3aBUCHMOCTB
— 93TO 3aBHCUMOCTbH HANPSKEHHOCTH INTAPKOBCKOTO MOJS OT BPEMEHU C TpeMs
BapHaHTAMH BPEMEHHOW 3aJCpKKH MEXIy MABYMS CBUIHpPOBaHUSAMH. Bropas



3aBUCUMOCTh — 3TO 3aBHCUMOCTh HWHTCHCHBHOCTH CBETa Ha TPUEMHHKE, Kak
(GyHKIHS] BpEMEHH.

ELL[IapKa

IBHI

Ha neBom kpato nepBoro rpaduka n3o0paxkeH JUHEHHBIN POCT MITAPKOBCKOTO
no1 Epypyapcq » KOTOPOH MPOTATHBACT JIMHUIO MOIJIOMICHUS MHMO HEMOJBIKHOMU

4acTOThl reHepanuu yasepa. [Ipu sTom 11 Habopa MONEKYJ € KaXAbIM 3HaYCHHEM
JIy4eBOM CcKopocTH V_ B pe3yiapTare IIEpBOrO CBUIMPOBaHMA BEKTOp bioxa

IICPpCXoauT H3 COCTOAHHA HAIIPABJICHHOCTH BHH3 B COCTOSHHC HAIIPABJICHHOCTH
BBCPX, U AOJIA Kﬂ)KI[Oﬁ queBOﬁ CKOpPOCTH VZ HCCKOJIBKO B PpPa3HbIC MOMCHTEI

BPEMEHH, KOIza Q(t) =w—kV,—wy; =0. Cpena 3amacaer 3Hepruro. Jra dHEpPrus

3abupaercs U3 NPOXOASILEro cpeay cBeToBoro nojs. [Ipu 3ToM MOIIHOCTH CBETa HA
IIPUEMHUKE IIOBTOPSET JOIIEPOBCKUM KOHTYP JIMHUMU ITOTJIOLIECHMUS.

Eciau BTOpOE CBUIMPOBAHME IIPOUCXOIUT Cpa3y IOCIE IIEPBOro, TO BEKTOP
biioxa Bo3Bpamaercs csepxy BHM3. [Ipu 3TOM cpena oTAaeT dHEPruro, 3araceHHyro
IIPY NIEPBOM CBUIIMPOBAHUM, U CBET YCUJIIMBACTCA. 3ABUCUMOCTh HHTEHCHUBHOCTH Ha
BBIXOJIE KIOBETHI OIIATH IIOBTOPSET KOHTYP MAOIUIEPOBCKOM JIMHUU IIOTJIOLICHUSA,
TOJIBKO BMECTO IOIJIOLICHUS CBETA IIPOUCXOAUT €TI0 YCUIICHUE.

Ha pucyHke mnpuBeneHel TpH BO3MOKHBIX BapHaHTa BPEMEHH BTOPOTO
CBUIMPOBAHUSI.

Ecnu BTOpO€ CBUNMpPOBAaHME MPOUCXOIUT C OONBIION 33JEPIKKOM, TO BEKTOP
bnoxa ycmneBaer BEpHYTbCS BHHU3 B pe3yjlbTare peJlakcallud O0e30 BCAKOIrO
B3aUMOJICUCTBHSA CO CBETOM. B 3TOM Cily4ae BTOpO€ CBUIIMPOBAHUE CHOBA IIEPEBOIUT
BeKTOp biioxa cHu3y BBEpX, a cpelia MOTIIOMaET CBET.

[Ipy HEKOTOPOM IPOMEKYTOUHOU JUIMTEIBHOCTH 3aAEPKKA MEXKAY JBYMS
CBUIIMPOBAHUSAMHU HMIIYJIbC B MHTCHCUBHOCTH CBE€TAa HAa BBIXOJIE KIOBETHI MEHSET
3HaK.

AMIUIMTYAa 3TOrO HUMIYJbCa, KaK (YHKIUS 3aJ€pKKH MEXAY JABYMs
CBUIIMPOBAHUSAMU UMEET BUJ:

S~(e_7/1f +e 727 —1).
M3Mepenne 3T0i 3aBUCUMOCTH ITO3BOJISIET OIPEACIIUTh KOHCTAHTBI 3aTyXaHUs

71 U >, a 4epe3 HUX NOIYYUTh HHPOPMALIUIO O MOJIEKYJIIPHBIX CTOJKHOBEHHUSX.

Kazajoce  Obl, amMIummMTy#sa WMIOyldbca JOJDKHA  pPEIAKCUPOBaTh K
CTALlMOHAPHOMY 3HAYEHMIO C ITOCTOSHHOW BPEMEHHU 3aTyXaHHUs BEPXHETO YPOBHA }»,



HO B MPUOJIMIKEHUU COCTABIICHHBIX YPABHEHU ISl MaTPUIIbl INIOTHOCTH pejlaKcalius
BEPXHETO Y HUKHETO YPOBHEW UJIET HA TPETHU YPOBHHU.

3ana3abIBalOIAs ONTHYECKAS HYTANS.

AMIUIMTYAa W3MEHEHHUs MHTEHCUBHOCTU CBETa JUIsl MEPBOrO IOJIyIEpUOaa
ONTUYECKOM HyTalMM paBHA H3MEHEHMIO HMHTEHCHUBHOCTH IPU HEHACBIILIEHHOM
NOTJIOUIEHUH CBETa. JTO TMOIJIOIIEHUE OIpPENEseTCs] Pa3HOCThIO 3aCEICHHOCTEH
JBYX YpOBHEW 0€3 CBETOBOIO MOJIS:

S ~ (Nlo ~N? ) .
AMIUTATY Ty TIEPBOTO MOJIYIEPUO/Ia ONTHUSCKUX HyTaluii S OyneM Ha3bIBaTh

AMIUIUTYA0W ONTUYECKUX HYTaLHM.
Ecnu npeaBaputenbHO 10 HaYajaa HyTAlUuid U3MEHUTh Pa3HOCTh 3aCEJICHHOCTEN

(Nl -N 2) , TO IPONOPLIMOHAIIBHO 3TOM Pa3HOCTU U3MEHUTCS U aMIUTUTYAa HyTalui.

PaccmoTpuMm aBa BapuaHTa TakOro M3MEHEHHUS M JBAa COOTBETCTBYIOIIUX WM
ABJICHUSI —  SIBJICHME  JBYXUMIYJbCHOM M  SIBICHUE  OJHOMMIIYJBCHOMN
3ama3pIBaroOLIe ONTUYECKON HYTAIUH.

JIist OonpeneneHHOCTH MPUBEIEM PHUCYHKH, IMOSCHSIOIIME 3TU SIBICHUS, NPU
BBITIOJTHEHUH HepaBeHCTBa R << kU .

JByXyMOyJbCHas 3ana3/(bIBaoNIas ONTUYECKas HYyTAIHS.

B sToM BapuaHTe nmpenBapHUTENIbHO NEpE]l CTYNEHbKOW BKIOYEHHUSI CBETOBOTO
MOJIsI 4epe3 cpely MPOMYCKAloT 77 HMMIYJbC CBETa, KOTOPBIM MEPEBOJUT BEKTOP
biioxa U3 cocTosIHMA HAaNIPaBIEHHOCTH BHU3 B COCTOSIHUE HANPABJICHHOCTU BBEPX.

IBI

IBI:II

Ha BepxHeMm pucyHke mociie 7 UMITyJIbCa IMOKa3aHbl JIBa BapHUaHTa 3aJCPKKU
T MEXAY 77 UMITYJIBCOM U CTYNEHBbKOMN BKIIFOUCHHUS CBETOBOTO ITOJIS.

Ha HmwkHEM pHCyHKE IOKa3aHa 3aBUCUMOCTh WHTECHCHUBHOCTH Ha BBIXOJIE
KIOBETHI, KaK (DYHKIIMS BpPEMEHH /JII JTHX JK€ JIBYX BAapHUAaHTOB 3aJCPKKH 7.
NHTEeHCHBHOCTh CBETa HAa BBIXOJE KIOBETHI BO BpEeMsS 7 HWMITyJbCa HCKaKeHa
Ha4aJIoM ONTHYECKUX HYTaIWH.

Ecmm 3amepkka 7 Maja, TO ONTHYECKHE HYTAIMHM, BO3HUKAIOIIME TIOCIE
BKJTFOUCHHS CTYNICHbKH MHTCHCHUBHOCTH CBETA, HAYMHAIOTCS C OTKJIOHCHHS BBEpX, a
HE BHM3, Kak Obl 3TO OBUIO TP OOBIYHOW ONTHYECKOW HyTaruu 0e3



MMpCABAPUTCIBHOIO 77 HWMIIYJbCa CBCTA. HyTaI_[I/II/I CBs3aHBI C BpPAIICHUCM BCKTOpPaA

R R
broxa Bokpyr BekTOpa EQ =| 0 |=| 0 |. Brikmrouaem mnoje — MpeKpaniacTcs
Q 0

BpaleHue Bekropa biaoxa — Bektop bioxa ocraerca Ha Mmecre. Bkimrodaem nose —
BekTOop bioxa mnponmomkaer BpalleHMe U3 TOTO TOJIOKEHHUS, B KOTOPOM OH
octaHoBwiIca. HyTanuu mpocto mpooipKaroTest ¢ Tod (asbl, B KOTOPOH MX 3acTajo
BPEMEHHOE BBIKJIIOUYEHUE CBETOBOTO TOJIS.

[lo-npyromy 0OBACHUTH TOT (aKT, YTO HYTAMM HAYMHAIOTCA B
WHBEPTUPOBAHHOM MOJISPHOCTHA, MOKHO TEM, YTO NPEIBAPUTEIBHBIA 77 UMITYJIbC
CBETa MHBEPTUPYET 3ACEIICHHOCTh CPENbl, 4 AMIUINTYAA HyTalUi MPOIOPLHUOHAIBHA
Pa3HOCTH 3aCEJIICHHOCTEM.

Ecnm 3anepxka 7 BeIMKa MO0 CPAaBHEHHIO CO BPEMEHEM 3aTyXaHHUs BEKTOpa
bimoxa, To Bektop bioxa mocine 7 HMMIOyJabCa YCIEBA€T CHOBA BEPHYTBHCA K
HaIpaBJICHUWIO BHU3. B 3TOM ciydae, kak M OObIYHAs HyTalus, 3ala3bIBaroIiast
HyTalUsl HAUYMHAETCS C OTKJIOHEHUS BHUA3, HO C HECKOJIBKO MEHBIIEH aMIUIUTYOM.

AMIUIMTY1a ABYXUMITYJIbCHOM 3aIla3AbIBAIOIICH HyTallMd UMEET CIEAYIOIIYIO
3aBUCUMOCTh OT BPEMEHU 3aJEPKKU 7 MEXKIY 77 UMIYJIbCOM CBETa U CTYNEHBKOM
BKJIFOYEHUS CBETA!

S~(e_717+e_7/21—1).

N3Mepenue 3TOoil 3aBUCUMOCTH Ha OIBITE MO3BOJISIET ONPENCIINTh BEIUYMHBI
CKOpOCTEH 3aTyXaHus OOOMX YPOBHEH DHEPIrUU )| U JY,. OTU BEINYMHBI HECYT

I/IH(l)OpMa]_II/IIO O MOJICKYJIAAPHBIX CTOJIKHOBCHHAX.

OI[HOI/IMHVJIBCHEUI 3alia3abIBaromniasg HyTalusi.

B stom BApPHAHTC Ha6J'IIOI[€HI/IH 3aHa3IIBIBaIOHIGﬁ ONTUYECKOMN HyTaloluu CCTb
OJHUH UMITYJIbC — 3TO prIMOYI’OJIBHBIﬁ HMITYJIbC BBIKIIIOUYCHUSA CBECTOBOI'O I10JIA.

Ha HIOKCCIICAYIOICM PHUCYHKC PACCMOTPCHBI BAPHAHTHI IBYX IIJIPITGJIBHOCTeﬁ
HMITYJIbCA BBIKJIIIOYCHUA CBCTA!

IBI

IBHI




Ecnum nnutenbHOCTh HMMIyJIbCa BBIKIIOYEHHMS CBETOBOIO IOJS Maja, TO
aMIUTATYa ONTUYECKUX HYTallUi CTPEMUTCS K HYJIIO, TaK KaK B IIPEACIHHOM cllydae
HET UMIYJIbCa BBIKIIOUCHHS U HET HyTaIui.

[Ipu GOBIION ITUTEILHOCTH UMITYJIbCA BBIKIIOUCHHS CBETA Cpelia K MOMEHTY
BKJIIOUCHHS CBETa yCIeBaeT 3a0bITh, UTO paHee CBET yxke Obul. B Takom ciyuae
HaOJIIOJIAIOTCS ONTUYECKHE HYTAIlUM MPAKTHYECKH C OOBIYHOM aMIIUTYAOM, KakK B
Clly4yae CTYIICHbKH BKJIIIFOUCHHS CBeTa 0€3 IIpeABapUTEILHON 3aCBETKH.

3aBUCUMOCTh aMIUTATYAbl HYyTallMi OT JJIUTEIbHOCTA UMITYJIbCA BBIKIIOUCHUS
CBETa UMEET BUL:

S~(e_7/17+e_721—2).
U3Mepenne 3TOM 3aBUCHMOCTH Ha OIBITE MO3BOJSIET OMPEAETHTH CKOPOCTH

3aTyXaHWs ypOBHEW »; M JY,, KOTOpbIE HECYT HH(POPMALMIO O MOJIEKYJIPHBIX
CTOJIKHOBEHMSIX.

bueHNsi KOTepeHTHOr0 KOMOMHAIIMOHHOTO paccesiHUSI.
PaCCMOTpI/IM OIITHYCCKYIO CXCMY OIIbITa CO INTAPKOBCKUM IICPCKIIOYCHHCM
HaCTOThI:

I B

ELLIIapKa

L ] S >
fazep L MPHEMHHE
KIOB€TA C [a30M
B SMTEKTPHHECKOM
ToJie

HNutepecyromuii Hac curHaa OWEHHMM KOTepeHTHOro KOMOWHAIIMOHHOTO
paccestHusl HaOJIIOAAETCs B TPEXYPOBHEBOM cXemMe ¢ OOIIUMM HIDKHUM WA OOIUM
BEPXHUM YPOBHEM SHEPIHUMU.

PaccmoTpum cxemy ¢ 00IIUM HUKHUM YPOBHEM DHEPTUH.

[TycTh 6€3 MTapKOBCKOTO MOJISI IBa BEPXHUX YPOBHSI SHEPTUU BBIPOKICHBI:

2 3

heow i

MouiHoe f1la3epHOE€ HM3IYyYEHHUE C YaCTOTOM @ OCYLIECTBISIET ONTUYECKYIO
HaKa4yKy ypOBHEHN sHEpruu 2 u 3.

[IycTh mipy MITAPKOBCKOM NEPEKIFOUEHUU YACTOTHI YPOBHU 2 U 3 CABUTAKOTCS
B pa3Hble CTOPOHBI HAa OJWHAKOBYIO BEIMYHMHY /d®w, W TyCTh ypOBEHb | He

CABUTAaCTCA:



B UWHTEHCHBHOCTH CBe€Ta Ha MPUEMHUKE M3IYYEHHUS] TOCJIE IITApPKOBCKOTO
MePEKITFOYEHHUS YaCTOThI HAOIIOAAI0TCS TPHU CUTHAJIA PA3HOM MPUPOJIBI.

1). OnTHyecKkue HyTaIUH.

OOBIYHO ONTHYECKHWE HYTAIMU HAOJIIOMAIOTCS MPH BKJIOUYEHUH CBETOBOTO

I10JIA.
YacToTsl IEpexXoa0B Wy U 3 U3MCHIAIOTCS IIPU BKIIIOYCHUHN INITAPKOBCKOI'O

nosist. Jlo BKJIIOYEHMS] IITApKOBCKOTO Mojsi 00a mepexojia B3auMOIECHCTBOBAIM C
HabOpPOM MOJIEKYJI C OJJHOM JIy4eBOM CKOPOCTHIO V), :

Q=0 => w-kV. —a)21 =0 =>
Zemapoe cmapoe

=03 lcmapoe

Zcmapoe k
Hocne BKIIFOUCHU S I_HTapKOBCKOFO IIOoJI1I 4YaCTOThI nepexoz[OB 6()21 nu 6()31

CABHUTI'AaIOTCA B  pa3HbIC CTOPOHBEI, )51 CO CBCTOBBIM ITOJICEM Ha4YMWHAIoT
BBaHMOIIGﬁCTBOBaTB JABa HOBBIX Ha60pa MOJICKYJI:

0)—0)21 0)—0)31

Hoe0€e — HoB0€
u = .

Zhosoe - k Zhosoe k

Jlst 3TUX ABYX HAOOPOB CBETOBOE TIOJIE BKIIIOYAETCS, CICAOBATEIIBHO, HA ATHUX
Ha0opax HaOJIIOAAI0TCS CUTHAJIBI ONTUYECKUX HYTallHil.
2). 3aTyxaHue cBOOOHOHN MOJIPU3ALIUH.

o - a)zlcmapoe
Jlis1 Habopa MOJIEKYJI € JIy4eBOW CKOPOCTBIO V, = CBETOBOE

cmapoe

noie BeIKIIOyaercs. CrenoBaTenbHO, HA 3TOM  HAbope MOJIGKYNT JOJDKECH
HaOmonarecsa curaan 3CI1L

Jlnst sToro Habopa CBETOBOE IOJIE€ BBIKIIOYACTCS, a PACKAdaHHBIE IIOJIEM
JUIOIN MOJIEKYJI OCTAtOTCS U IIPOAOIDKAIOT U3Ty4aTh. TOIBKO 3TH JUIIOIM U3ITy4aroT
Ha HOBBIX HaCTOTAX @y ~=0W—00 U W3] =0O+00.



3CII

3CIL h{w+dm)
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Bwmecre ¢ uznyuenuem curHanoB 3CII Ha yactoTax w—0w M @+ ow Ha
IIPUEMHUK IIOMAJAET JIA3EPHOE M3IIy4EHUE C 4acToTom . Hammuwme masepHOTO
U3JIyYEHHS] C YaCTOTOM @ MPHUBOJUT K TaK HA3bIBAEMOMY I€TE€POJMHHOMY IMPUEMY
cnalbix curHanos 3CII. B pe3ynbTaTe rerepoMHHOTO npremMa (GOTOTOK MPUEMHUKA
MMeEET TMOJIE3HbI CHTHajl Ha 4acToTe OMEeHHd O@ cnadoro ONTHYECKOTO CHUrHaja
3CII = 6w n CUABLHOTO OMOPHOTO ONMTHYECKOTO CUTHAJIA JIA3€PHOIO MOJIS @ .

1
Curnan 3CII ObicTpo 3aTyxaeT MPUMEPHO 3a TO K€ BpeMs rE YTO W CHUTHAJ

ONTUYECKUX HYTAIUH.

3). buennst KOorepeHTHOro KOMOMHAIIMOHHOI'O PACCESTHMS.

DTO HOBBIN JJIS1 HAC CUTHAJ, KOTOPBIN 3aTyXaeT ropasno meaineHuee, yem 3CII
Y ONITHYECKUE HYTalINH.

CuiibHOE J1a3epHOE T0JIe pa3periacT JBYX(OTOHHBIE MEpPeXojibl, B KOTOPHIX
nepBblii GOTOH — 3TO (OTOH CHOHTAHHOTO H3JIYyYEHHUsS, a BTOpOH (OTOH —
MIOTJIONIEHUE CBETa M3 CHJIBHOM J1a3epHON BOJIHBL. JTH JABYX(OTOHHBIC IEPEXO]IbI
MpEJICTaBJICHBI HA HUKECIICAYIOIEM PUCYHKE:

_______ 35 haew
h(w-2 aw)hm him+2dm)

1

Kak BUIHO U3 pUCYHKA, YACTOThl (DOTOHOB CIIOHTAHHBIX U3IY4YE€HHH, KOTOpBIE
y4acTBYIOT JIByX()OTOHHBIX MPOIECCaX PABHBI @ — 200 U W+ 200 .

['eTepoMHHBIN IPUEM 3TOTO CIOHTAHHOTO M3JIY4YE€HMsSI Ha YaCTOTaX @ —20@ U
®+20®w C OMOPHBIM M3ITYyYCHHEM Ha YacTOT€ @ CO3/aeT (OTOTOK MPHEMHHKa Ha
qacTore 200 .

PaccmarpuBaembie 1BYX(DOTOHHBIE MEPEXOAbl HE YMEHBIIAIOT CYMMAapHOM
3aCEJICHHOCTH YPOBHEH 2 M 3, MO3TOMY ABYX(POTOHHBIE MEPEXObI MPOIOJKAIOTCS B

1 .
TEUECHHE BCErO0 BPEMEHU 3aTyXaHHUS — YPOBHEU dHEpPruu 2 u 3. DTO BpeMs ropasio

1 y
OoJbIIIe BPCMCHHA E 3aTyXaHHuA 3CII u onTUYEeCKUX HyTalluH.



Peructpupyempiii  (OTOTOK Ha3bIBAIOT CHUTHAJIOM OWEHUH KOT€PEHTHOIO
KOMOMHAIIMOHHOTO paccesiHus. POTOTOK 3aTyXaeT, Kak

N
S~(e 72 +e 73).

Heanneiinas KOMO-CIIEKTPOCKONUS BbICOKOTO pa3pelieHnsl.

1 MBanoB B C , Ilynekun C A , @pankun O E , Ky3emun A U Henuneinneie
PE30HAHCHI B CHEKTPE MOJSPU3AIUU U BOCIIPUUMUYMUBOCTH JABYXYPOBHEBON aTOMHOM
cucTeMbl B TpexMojoBoM cBeToBOM mnoJie // Bectnuk CIIOIY Cep.4, 2007, Bpin.3,
C.125-129.

2. PycramaeBa T.O., CasenveBa C.B., VYBapoa C.B., Kaimnuuer A.A.,
[lynekun C.A. Meton 06e3100IUIEPOBCKONM  KOMO-CIIEKTPOCKONIUU Ha TpUMEpE
onomapkepa okucu azora NO. [X MexayHapoHas KoHGEpEHIUs MOJIOIBIX YUEHBIX
u cneruanuctoB "Ontuka —2015", 12-16 oxtsa6pst 2015 roma, Caukrt-IletepOypr,
Poccus.

Nnes coctoutr B TOM, YTOOBI MCIOJIb30BATh B CIEKTPOCKOIWU HACBIIICHUS
MOTJIONIEHUSI BCTPEUYHBIE BOJIHBI M3JYyUYCHHUS MMIYJIBCHOTO Jlazepa B PEXUME
reHepalid MEePUOJUYECKUX MMIYJIbCOB C YaCTOTOM MEXMOJOBOTO HWHTEpBaja
MPOJOJBHBIX MOJ Jiazepa. [lepuoandeckue UMIyIbChl pacKiaagbiBatoTCs B psajl Oypne
B BUJIE CIIEKTpPa PABHOOTCTOSIIMX YACTOTHBIX JIMHUM C MEXKMOJOBBIM YaCTOTHBIM
MHTEPBAJIOM.

- &£

Y¥CHIICHHE Cpelbl

IMPOJONEHBIC MOAEI PC30OHATOPA

JInst HaOMoIeHUs CHEKTPAIBbHO Y3KHMX PE30HAHCOB HACBHIMIEHUS MOTJIOLIEHUS
CBETOBOE M0JI€ HE JIOJKHO OBITh CIUIIKOM CHJIBHBIM.

MO>KHO CUMTaTh, YTO U3TYYEHUE KAKI0M 4aCTOThI PUCYTCTBYET HENPEPHIBHO.
B TakoM ciiydae pe30HaHC HACBIIICHHS MOTJIOMIEHHs OyaeT HaOMoJaTbCs B JIBYX
ClIydasx.

1. OnHa u3 Moy J1a3epa COBIALAET C LEHTPOM JIMHHUH MOTJIOLIEHUS.

2. lleHTp NWHUM TOTJIOIIECHHUS] HaXOIUTCS POBHO IOCEPENMHE MEXIY ABYMS
COCEIHUMM TPOJOJBHBIMM MOJAMH TE€HEepaluu Jiasepa. B crekTpockonuu
HACBIIICHNS TIOTJIOIIEHUSI BCTPEUYHBIX CBETOBBIX BOJIH Pa3HBIX YacCTOT PE30HAHC
oOpa3zyercs, Korja nojiycyMMa 4acTOT BCTPEUHBIX BOJIH COBIAJAET C LIEHTPOM JIMHUU
IIOTJIOIICHHMSI ra3a.

Ilpn pukcupoBaHHON 4acTOTE€ OAHON M3 BCTPEUHBIX BOJH @ KO3(PPHUIIHUEHT

IIOTJIOIIICHU A BTOpOI>'I BOJIHBI, KaK (bYHKI_[I/IH €€ 4aCTOThl W, UMECT CJ'IGIIYIOHII/Iﬁ BHUA.
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MOH.[HOCTI-; BTOpOﬁ BOJIHBI Ha HIPUCMHHUKE HIITYUYCHHUA IIO0CIIC IMPOXOKIACHUA
KIOBETBI UMECCT CJIGI[yIOH_II/Iﬁ BH.
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PaccMoTpum TpaaUIIMOHHYIO CXEMY CIIEKTPOCKOTUHU HACHIIIEHUS MOTJIOICHHUS,
B KOTOpOM H3JIy4YEHHUE Jla3epa MPOXOJUT KIOBETY C ra30M HHU3KOro JaBJICHUS,
OTpaXKACTCS 3€PKaJIOM, MPOXOJIUT KIOBETY C Ta30M BO BCTPEUHOM HAIpaBICHUHU U
MONajaeT Ha TMPUEMHUK H3IydeHHs. TOJBKO paccMaTpUBAETCS U3IIy4YCHUE
MMIIYJIbCHOTO Ja3epa. Perncrpupyercs pe30HAHCHOE YBEJIWYEHHE MOIIHOCTH Ha
MIPUEMHUKE MPU U3MEHEHUHU HECYIIEH YaCTOThI JA3€PHBIX UMITYJIbCOB.

nﬁﬁ
J

B MHOromMomoBOoM ciyyae KaxJas @apa CHUMMETPUYHO PaCIOJIOKEHHBIX
OTHOCUTEJIBHO LEHTpa JUHUU MOIVIOUIEHUS MOJ reHepauuu OyAeT ydacTBOBaTh B
(opMHUPOBaHUU OJHOTO U TOTO K€ PE30HAHCA BO BCTPEUHBIX CBETOBBIX BOJHAX.

[Tockonbky B (pOpPMUPOBAHMU CUTHAJIA YYACTBYIOT BCE MOJIbI, IPH U3MEHEHUU
HECYIIEH YaCTOThl UMITYJIbCA CUTHAJ Ha MPUEMHHUKE OyAeT MEHATHCS MEPUOJUUYECKU
C IEPUOJOM PAaBHBIM MEXMOJ0BOMY UHTEPBAILY.

Ecin ydectb 00a wmexaHusma (OPMUPOBAHMS PE3OHAHCA HACHIIICHUS
IIOTJIOIIEHHSI BCTPEUYHBIX BOJIH, TO IPU W3MEHEHMM HECYLIEH 4YacTOThl Ja3epHOIro




UMITyJIbCa PE30HAHChl OyAyT pErucTpUpOBaThCS BJBOE Yallle YaCTOTHOIO
PacoJIOKEHUS IPOJOJIBHBIX MOJ.
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Ha pucyHkax npuBeneHa 3aBUCUMOCTb MOUIHOCTH Ha NMPUEMHHKE CBETA, Kak
(GyHKLIMS HECylIell 4YacTOThl CIEKTPAIBHOIO KOMOa — TIpeOEHKH pa3pelIeHHbIX
IPOJOJBHBIX MOJI UMITYJIBCHOTO Jia3epa. I'peOeHKa JBUTaeTcsl MO TOPU30HTAIBHOU
OCH BMECTE C TpaMKOM 3aBHUCHUMOCTHM MOIIHOCTH Ha TNpUEMHHUKE. MaKCHUMyMbl
MOIIIHOCTH Ha NPHEMHHUKE COOTBETCTBYIOT CHUMMETPHYHBIM PACIIOJIOKEHHUAM MO/,
KaK 3TO U300pa’keHO Ha JBYX IpaduKkax.

Bomnpocs! k 3k3ameny 2021-2022 yueOHOr0 roja jisi KA4eCTBEHHOI0

paccMoTpeHusi 0e3 MaTeMaTHYeCKUX BBIKJIAT0K.

1. IlpoBan u nuk bennerra. Uto mo ocsim? CBETOMHAYLMPOBAHHBIN Apeid u
paszielieHre U30TOTOB.

2. Pe3oHaHC HACKIIIEHUS TOTJIONIECHUS C OJJMHAKOBBIMU YaCTOTAMHU BCTPEUYHBIX
BOJH. OnTuyeckasi cxema dKcnepuMenTa. [Ipu kakux yCloBHUSX LIMPUHA pEe30HaHCa
MHOT'0 MEHBIIIE JOTUIEPOBCKON MIMPUHBI JIMHUK NOTJoIIeHUs1? OnTrudeckas pa3Bs3Ka.

3. JlazepHoe oxnaxaeHue. JlomiaepoBckoe oxiaxaceHue (paauanmoHHOE
JIABJICHUE) U TEOPETUYECKUM TMpeAesl 3Toro oxJaxiaeHus. OnTudeckas maTokKa.
OxJtaxkieHue MET010M OOKOBOM MOJIOCHI.

4. Pe3oHaHC TUIOTHOCTH BO30YXKJACHHBIX yacTull. Ontuueckas cxema. Yro mo
ocsimM? [loueMy pe30HAHCHO YMEHBIIAETCS IUIOTHOCTh BO30YXKICHHBIX YacTHII?
OnroranbBaHMYECKUN METOJT PETUCTPALUH.




5. ®emTocekyHIHbIN (TUTaH-cangupoBhiii) nazep. CHHXpOHU3AIMUS MO,
HaBEJICHHAs CBETOM JIMH3a, U3MEHEHUE JUTATEIILHOCTH HMITYJIbCa
nuadparMiupoBaHueM Jyda. M3aMmepeHue UIMTENTBHOCTH UMIyJbca. YuprnupoBaHHUe
MMITYJIbCA.

6. Pe3oHaHc NIBYX(OTOHHOIO MOIJIOIIEHUS 0€3 JIOIUIEPOBCKOTO YHIMPEHHS.
OnTnueckas cxema. OOBACHUTH (OPMY CUTHAJIA B BUJE CYMMbI IIUPOKOTO U Y3KOTO
KOHTYpoB. B ueMm pasHuia Mexny KackKaJHbIM M JIBYX(POTOHHBIM BO30Y>KICHHEM?
Korma kackagHbiM BO30OYXKIEHHMEM MOXHO TMpPEeHeOpeub II0 CPaBHEHHUIO C
IBYX(OTOHHBIM BO30YX)IeHUEM?

7. CPT-pezonanc (KIIH — pe3oHaHC KOT€pEHTHOTO TIJICHEHUSI HACEJIEHHOCTH ).
B 3aBucumoctn 4dero ot yero HabOmomaercs pe3oHaHc. [louemy CPT-pe3oHaHChI
MOTYT OBITh O4€Hb Y3KUMHU. Jlazepsl 0e3 nuBepcun. OCTaHOBKA CBETA.

8. OU3NYECKU CMBICT KOMIIOHEHT BekTOopa bioxa. /[Ba cmbicia nepBbIX IBYX
KOMITOHEHT.

9. HNuuamuueckuii >3¢dext rapka nmu >¢dexr lltapka B cBeToBOM TOIIE.
OOBsACHUTH paclIeryieHue ypoBHeH. XapakTep cABUIa ypOBHEW B CiaboM IOJeE.
Pacuienyienue ypoBHel U npaBuiia 0T00pa B CUIILHOM IIOJIE.

10. Ontuueckue Hytauuu. Yactora HyTalui, XapaKTEPHOE BpEeMs 3aTyXaHHS
Hytanuii. OOBACHUTH MNPUYUHY OBICTPOTO CHaja AaAMIUIATYAbl  IyJbCAIUMA
WHTEHCUBHOCTH.

11. 3aryxanue CBOOOJHOM MOJSApU3AIUMU. XapaKTEPHOE BpeMs 3aTyXaHUS.
[louemy curnan 3aTyxaeT OBICTpEE, YE€M 3aTyXaeT HU3JIy4YEHHUE OJHOW MOJIEKYJIbI?
CBepxu3zinydeHHue.

12. Ilmomane cBeTOBOrOo wuMmyJsibca. l[lu-momonam, nu, 2-Mu HWMIYJbCHI.
CaMOMHIyIIMPOBAHHAS PO3PAYHOCTb.

13. JIByxumnyabcHOe (OTOHHOE 3X0. OOBSICHUTH BO3HUKHOBEHHE CHUTHAJIA
aXxa.

14. TpexummynbcHoe POTOHHOE 3X0. OOBICHUTH X0 3Xa U UHIYLIMPOBAHHOE
9XO0.

15. Hyr »sxa Kappa-Ilapcenna. CooTHolIeHHE IUIONMIAJCH HUMIYJIbLCOB H
3aJIePKEK MEXKIY UMITYJIbCAMHU.

16. beicTpoe aamabatuueckoe mnpoxoxiaeHue. OTiIMYME U CXOJICTBO C IH-
uMIysascoM. Uto HaOIr0gaeTcs B SKCIIEpUMEHTE?

17. 3anasznpiBaromias — onTHYecKas — HyTauus — (OIBYXUMIYJbCHas U
OJIHOUMITYJIbCHAS ).

18. buenusi KOrepeHTHOro KOMOMHALIMOHHOIO paccesHus. PaccMmorpeTs Tpu
CUTHAJIa B pEaJIbHOU CXEME IKCIIEPUMEHTA.



