Pe3oHaHChI ABYX()OTOHHOI0 MOIJIOIIEHUS 0€3 J0NJIePOBCKOr0 VIIIMPEHUS
(IpooJDKEHHE).

Himem perieHne B 1yxe MPUOJIMKESHUS BpaIaromeicst BOTHBI.

Bbyaem wuckaTh peIIeHHE METOJOM IOCIICIOBATEIBHBIX MPUOJMIKSHUN 10
aMILIUTYJIC CBETOBOTO 10Jis1. CBETOBOE IT0OJIC — MaJIbIi ITapaMeTp.

[Ipn HyJICBOW aMIUIUTYyJE CBETOBOIO TOJIA (B HYJECBOM HPHOIMKCHUH I10
aMILTATY/IE 0JIs1) OTJMYEH OT HYJISA €AMHCTBEHHBIN YJCH MAaTPHIIBI IUIOTHOCTH

P11 = P101 .

Bynem roBOpHTh, YTO OH MPOMOPIHMOHAIEH HYJIEBOW CTEIMEHH AaMILIUTYIbI

CBCTOBOI'O IIOJIA.
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B CHCI[YIOHICM HpI/I6J'II/I)K€HI/II/I, B HepBOM HpI/I6J'II/I)KCHI/II/I I10 aMHHHTy,ZIG I10JI4,
HpaBaH qacCTb ypaBHCHPII)'I CUCTCMBbI (1) JJIs1 9JIEMECHTOB ManI/ILII)I IIJIOTHOCTHU OTJIMYHA

OT HYJIS TOJBKO B 4-OM ypaBHEHHUHU
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By,ueM HCKaTbh pCHICHUEC AJISI DJICMCHTA 051 B BUAC COOTBCTCTBYIOIIUX YCTBIPECX

KOMIUIEKCHBIX 9KCIIOHEHT C HEM3BECTHBIMU KoddduitneHTamu. B myxe mpubmmkenus
BpAINAOIIEHCs BOJHEI JBA U3 YETHIPEX ClIaraéMbIX OyAyT OUYeHb Majibl © MOTYT OBITH
OTOPOIIIEHBI.

C aByMsI OCTaBIIMMIUCS] KOMIUIEKCHBIMH 3KCTIOHEHTAMH M3 YETHIPEX IKCIIOHECHT
CBETOBOTO TIOJII YpaBHEHUE TIPUMET BUI;

Po1tian Py + 1120 =i%

Nmem pemieHre B BHJE [BYX CIIAraéMbIX MPONOPLUOHAIBHBIX 3TUM JBYM
HKCIIOHEHTaM, IPUPABHUBAEM JAPYT APYTY KOIPPHUIMEHTHI MPU 3TUX SKCIOHEHTaX B
IIPABOM U JIEBOW YACTAX PAaBEHCTBA U IOJIYyYaEM:
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YTO IPONOPIUOHAIBHO aMIIIUTYZE CBETOBOTO MO &) .
Torpa B 1-M npuOnImKeHUH MO aMILIUTYIE MOJIS &, M0JIydaeM
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IUIOTHOCTHU B 3TOM NPUOIMKEHUU OCTAIOTCS HYJIEBBIMHU.

OcTanbHyl0 4YacTh pElIeHUs cucTeMbl ypaBHeHuM (1) paccMmoTpum
(aKkyIbTaTUBHO.

daxyybTaTHUBHAs BCTABKA.

YToOBI NOTYYUTH BTOPOE MPUOIMKEHUE IO AMILIATYI€ CBETOBOTO MOJIS HYKHO
pelieHre B epBOM MPUOIMKEHUH MMOJCTABUTh B IPaBYIO YaCTh YPABHEHUN CUCTEMBI
(1) nist MaTpULBI TUIOTHOCTH.

Teneppb K ypaBHEHHUSAM € OTIMYHOM OT HYJIS IPAaBOM YaCThIO 100ABIAIOTCS 2-€
U 5-¢ YypaBHEHHsA, KOTOpble B IMpaBOW YacTH COJEp)KaT cjaraeMsble
IPONOPLUOHAIBHBIE Oy WIH Py
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. Hanomuum, 4t0 pyy = pp1. OCTanbHbIE 3JIEMEHTBI MATPUILIBI

poE(t pnE(t
V2P22 = ZUT()(PQ - ,021) —lBT()(Pm —,032)
* . ) E(t ) E(t
py1tiog o3+ 13031 = lpBT()le _117127(),032

COOTBETCTBEHHO BO BTOPOM HpI/I6JII/DKeHI/II/I 0o aMIUIMTYJA€ CBCTOBOI'O II0JIA
OTIIMYHBIMH OT HYJISI CTAHOBATCA 3JICMCHTBI MATPHUIIBI IINIOTHOCTH LOHy H P31,

KOTOPBIE COJIEPXKATCS B JIEBOM YaCTH YpaBHEHUH.
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B sTOM npubnmxeHun B paBoi 4acTH paBeHCTBA P35, = Pr3 =0. Torna
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Pemenue AL 3JIEMCHTOB  Opp M P31 OIITH HIIEM B AYXC HpI/I6JII/I)KCHH}I
Bpamafomeﬁca BOJIHBI. Toma pemieHuc s 3JIEMCHTAa MAaTPUILIbl INIOTHOCTH O)o
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OKasbIBACTCA IOpa30o MCHbIIIC MOAYJIA PCHICHUS UIA 3JIEMCHTA P31 .
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JaJbHEHNIIEM 0y, MOKHO HE YYUTHIBATS.
B TperbemM mpUOIMKEHUU MO AMIUIATYAE MOJISI HY’)KHO BTOpPOE IMPHUOJIMKEHUE

MOJICTABUTH B MPABYIO YaCTh YpaBHEHUN cucTeMsl (1).
B sToM npuOnuxeHun OTIUYHON OT HyJIsi CTAHOBUTCS IpaBasi 4acTh IIECTOTO

YpaBHCHUS
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Pemmast ypaBHeHME B 1yxe NpUOIMHKEHUS BPAILIalOIICHCsl BOJHBI, MOTYYUM:
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B YCTBCPTOM HpI/I6HI/DKeHI/II/I IO aMILIUTyAC CBETOBOTIO IT0JISI HYKHO B ITPAaBYHO
qacCThb ypaBHCHI/Iﬁ CUCTCMBI (1) AL 3JIEMCHTOB MAaTpuUIbl INIOTHOCTH IIOACTAaBHUTH

pe3yibTaT TpeThero npuoImKkenus. B pe3ynbrare B TpeTheM ypaBHEHUU cUCTEMBI (1)
MOSIBJISICTCSL OTJIMYHAS OT HYJIS MpaBasi 4acTh:

. p3E(t
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Pemrast 3T0 ypaBHEeHHE B yxe MPUOIMKEHUS BPAIIAIOIIEHCS BOJTHBI, TIOJTYYHM:
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KOHGH d)aKVHLTaTHBHOﬁ BCTABKU.
Bo BTOPOM HpI/I6JII/I>KeHI/II/I Mo aMINIUMTyAC CBCTOBOI'O IIOJIA WM B IICPBOM

HpI/I6JII/I)KeHI/II/I 10 HHTCHCUBHOCTH 110JIy4JacM
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B TPCTHECM HpI/I6J'II/I}KCHI/II/I IO aMILIUTYAC CBCTOBOI'O ITIOJIA ITOJIYyYacM
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B YCTBCPTOM HpI/I6JII/I)KeHI/II/I N0 aMIJIMTyAC CBCTOBOI'O IIOJISI MJIM BO BTOPOM
HpI/I6JII/I)KeHI/II/I 10 MHTCHCUBHOCTH IIOJTYYHM:
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B npuBeneHHBIX BbIIIE BBIKIAAKAX [POCMATPUBAIOTCA [Ba IIpolecca
3aceJICHHs TPETHETO YPOBHS SHEPTUU: CTYNIEHYATHIN U IBYX(DOTOHHBII.
CryneHuaTslii MPOLECC 3aCENEHUS TPETHETO YPOBHSI DHEPTHH:

0 1 2 3 4
(Pll ~<?f~0)—>(,021 ~<(30)—>(,022 ~<(3~0)—>(/?32 ~<(30)—>(,033 ~<(30)-
JIByx(OTOHHBII POIIECC 3aCEIICHUS TPETHETO YPOBHS SHEPTUU:
0 1 2 3 4
(Pll ~<§o)—>(,021 Ngo)_)(,%l ~<§0)—>(,032 ”530)—>(/?33 ~<§0)-
JIBa mporecca OTIAMYAIOTCS TOJBKO BO BTOPOM MPUONMKEHUU TIO0 aMIUTUTY/E

CBETOBOTO ToJid. B cTymeHuarom mpoliecce MOsBIAETCS BEPOATHOCTH OOHAPYKUTH
MOJIEKYJy Ha IPOMEKYTOUYHOM 2-OM YPOBHE D3HEPrUM pry, B JBYX()OTOHHOM

MMpOoHICCCe MOABIIACTCA KOITCPECHTHOCTD IICPBOTO U TPCTHETO ypOBHefI P31
HpI/I yCJI10BHUH TOI'O, 4TO BTOpOﬁ YPOBCHDb JOCTATOYHO HAJICKO PACIIOJOKCH II0

OHCpPrun OTHOCHUTCIIbBHO CCPpCAHMHBI MCXKAY IICPBBIM W TPCTbUM YPOBHAMU

W31
B3 @51|>> kU, BBINOIHAETCA HEPABEHCTBO L)y << ‘ P31

, 1 B IJTOM CJiydac

CTYNEHYAThIM 3aCeJICHUEM TPEThEro YPOBHS DJHEPrUUM MOXKHO MpeHeOpeub II0
CPaBHEHUIO C JIBYX(OTOHHBIM 3aCEICHUEM.

OcHOBHBIE CBOICTBA IBYX()OTOHHOIO MpoIiecca:

1. HeBo3moxkxeH B YHCTOM BHUIE ABYX(OTOHHBIA mporiecc 0e3 mpumecu
CTymeH4aToro mpoiecca. JIByxX(pOoTOHHBINA MpoIecc — 3TO MPOCTO YacTh BKJIazia B
3aCEJICHHOCTh BEPXHEr0 YPOBHSI SHEPIMU B BUJE CIIATAEMBIX, KOTOPHIE MOJIYYarOTCS
IIPU PEHICHUH CUCTEMBl YPABHEHUM JUIi MATPUIBl I[UIOTHOCTH METOJIOM
MOCJIEIOBATEIBHBIX MPUOMIKEHUN IO aMIUTUTyne cBeToBoro moiisi. CliaraeMmele,



KOTOpBIE IIOJYYarOTCA Yepe3 MNPOMEKYTOYHYIO BEIMYHMHY p3; — O3TO BKJIax

IBYX(OTOHHOTO MpoIlecca B 3aCEJICHHOCTh BEPXHETO ypOBHS 3Hepruu. CraraeMele,
KOTOPBIE MTOJIy4atOTCs YEPE3 P,y — 3TO BKIIAJ CTYNEHYATOIO MPOLECCA.

2. JIByX(pOTOHHBINA MpoliecC — 3TO TaKOM Mpollecc, B KOTOPOM BEPOATHOCTh
3aceIeHUs IPOMEKYTOUHOTO YPOBHS SHEPIHH MPEHEOPEKUMO Majla [0 CPaBHEHUIO C
BEPOSTHOCTBIO 3aCEICHUA KOHEUHOTO YPOBHS SJHEPTHH phy << 033.

3. JByxdotoHHblii mnponecc 3(PEeKTUBHEE CTYNMEHYATOro0 TMpU YCIOBUHU
‘ p31‘ >> 079, UTO BBINOJIHAETCS IIPU YCIOBUU TOTO, YTO BTOPOM YPOBEHb JOCTATOUHO

JAJIEKO PAcCIOJIOKEH II0 SHEPTUM OTHOCUTENIBHO CEpPEIMHBI MEXKIY IIEPBbIM U

W31
TPETbUM YPOBHIMU T—a)m >> kU, u sHeprus 1ByX (HOTOHOB IPUMEPHO

COOTBETCTBYET PHEPTUHU MEPEXOJIa C MEPBOTO YPOBHS HA TPETUH ‘20) — a)31‘ ~ kU .

4. 3aMeTuM, YTO MPOMEXKYTOUHBIH YPOBEHb MOXET OBITH COBCEM HAJIEKO OT
CepeauHbl MEKy IEPBBIM M TPETHUM YPOBHAMH dHEpruu. [IpoMexyTo4HOro ypoBHs
MOXET COBCEM HE OBbITh, TOTJA €ro pojib OYIyT UrpaTh BCE OCTaJbHBIE YPOBHHU
sHepruu. Kaxnapli M3 OCTAJIBHBIX YPOBHEHW OYEHb IUIOXO IOAXOIWUT Ha pPOJIb
IPOMEXYTOUHOTO YPOBHSI, HO TAKUX YPOBHENH OECKOHEYHO MHOT'0O, IO3TOMY UX BKJaj
HE TaK yX U Mall.

Peructpupyemelil B ONBITE CUTHAJI IPONOPLUOHAIEH 3aCEJIEHHOCTH TPETHETO
YPOBHSI SHEPIUH:
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3nech cinaraeMoe rayccoBol ¢GopMpl —— - —=-e OIIMCBIBAET
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IIMPOKHUI M HU3KUIM KOHTYp HOTJIOLIEHUS ABYX (POTOHOB U3 OJJHOI CBETOBOM BOJIHBI,

If3
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KOHTYP HOTJIOIICHHUS 1BYX ()OTOHOB M3 BCTPEUYHBIX CBETOBBIX BOJIH.
3aMeTUM, YTO Y3KH KOHTYp JaXe yKe€, YeM B CIIEKTPOCKOINUMU HACHIIICHUS
nornouienus. Jleno B Ttom, yto I'|3 JOIKHO OBITh MaJIOM BEJIIMYMHOM, TaK Kak

a JIOPEHLIEBCKOE cllaraeMoe ONMCHIBAECT Y3KHM M BBICOKUI

NEPEXO] MEXIY IEPBBIM U TPETBUM YPOBHSAMU 3ampelneH py3 =0. B takom ciaydae

ne(bazaﬂpy}oume )41 ACOPUCHTUPYIOIIUC CTOJIKHOBCHU A MOJICKYJI O4YCHb
MaJIOBCPOATHBI, U BEJIMYHNHA F13 OoIIPCACIIACTCA TOJIBKO CIIOHTAHHBIMH IICPCXOJaMU C

ypoBHEH | ¥ 3 ¥ CTOJTKHOBEHUAMH TyIIAIUMHU YPOBHHU | u 3.

CPT-pe3oHaHnc.

biu3zkuM 1o cBoe MNpuUpoAE K PACCMOTPEHHOMY BBIIIE PE30HAHCY
IBYX(OTOHHOTO TOTJOIIEHUs O3 JOIJIEPOBCKOTO YIIMPEHUsl SBISETCA Tak
Ha3bIBa€MbIH pe30HaHC KorepeHTHoro ruieHeHus HaceneHHoctu (KIIH) nmu CPT-
pe3onanc (coherent population trapping).

PaccMorpum atoM ¢ A -cxeMoil YpOBHEW SHEPruM, B KOTOPOW HUKHMI
YpPOBEHb HHEPruu ciabo paclieIieH, HampuMep, CBEPXTOHKUM pacUICIUICHHEM,
YPOBHH KOTOPOTO PA3IUYAOTCA OPUECHTAUEN MArHUTHOTO MOMEHTA siipa aToMa.

1

YcnoBue pE€30HaHCa COCTOUT B TOM, HYTO PA3HOCTb YaCTOT JABYX CBCTOBBLIX
MoJICH (601 - 602) COBITAAACT C PA3HOCTBIO 4aCTOT ABYX IICPCXOI0B (0)31 - 0)32) .
Ecau YCJIIOBHUC PE30HAHCA HC BBIIMOJHCHO, TO 00a CBETOBBIX IOJISI HE CIUIIKOM

3¢ (pexTHBHO, HO TEepeOpachIBAlIOT aTOMBI C HIDKHUX YpPOBHEW | m 2 Ha BepXHHIA
ypoBeHb 3. Ecimu yciioBue pe3oHaHCa BBITIOJIHEHO, TO CTAHOBSITCS BO3MOKHBIMH



IBYX(OTOHHBIE MEPEX0/ibl C YPOBHS | Ha ypoBeHb 2 U OOPATHO C MPOMEKYTOUYHBIM
ypoBHeM 3. Kak Ioka3pIBaeT pelIeHUE ypaBHEHUH JUIsI MaTPULBl IJIOTHOCTH, IPH
TAKMX IEPEX0JaX YPOBEHb 3 MOYTH He 3aceisgercs. HacelneHHOCTh IIeHseTcs Ha
HIDKHUX YPOBHSAX OHEpPruu (Pe30HaHC KOTEPEHTHOI'O IUIEHEHUS HACEJIEHHOCTH).
PesynbraToM  Takoro mpouecca  SABJIAETCA  BO3HUKHOBEHHME  KOI€PEHTHOCTHU
noAypoBHEW | M 2 HUIKHErO YpPOBHS DHEPTUM, KOT€PEHTHOCTh O3HAYAET HAJIUYHE
HEAUAroHaJabHOI'O 3JIEMEHTA MAaTPULILI INIOTHOCTH L5 .

B pe3ynbTaTe 3aBUCMMOCTb HAaCEJIEHHOCTH YPOBHS 3 OT YacTOThl OAHOTO W3
CBETOBBIX IIOJ€H, Hampumep @,, HUMEET Yy3KUH PE30HAHCHBIM IpoBai,

MIPEACTABJICHHBIN Ha CJIEYIOLEM PUCYHKE.

(@) —@y) = (003~ ®33) =0 “2

PeructpupoBaTh 3aceleHHOCTh YPOBHsS 3 MOKHO, HaONI0/ass WHTEHCHUBHOCTD
¢roopeciieHInK ¢ ypoBHS 3 Ha KaKOH-JIMOO Apyroi ypoBeHb, Hampumep 4.

Ctporo TOBOpS, PE30HAHCHBIM TPOBAJ JOJDKEH OBITh HECKOIBKO CMEIIEH
OTHOCHUTENIFHO HIMPOKOTO KOHTYypa MHUKa, HO €CIIM IIMpPUHA MpoBajia HA MOPAIKU
MEHBIIIE MIUPHUHBI MHKA, TO €r0 CMEIICHHE Ha BEIUYMHY MOpPSAKAa MM HECKOJIbKO
00JIbIlIe IIMPUHBI ITPOBajia He Oy1eT 3aMETHO MO CPAaBHEHUIO C IIMPUHOMN MHKA.

3nech Oounblas IMHUpPUHA THKA OMPEACTSETCS MajbiM BpPEMEHEM JKU3HU
BEpPXHEr0 YpPOBHS, a Majas IIMpUWHA TPOBaia OMpeAeNsaeTcs OONBIINM BpPEeMEHEM
MIOTIEPEYHON peNakcaluyd TMOJAYpOBHEW HIDKHEro ypoBHs. Ecmu ypoBHu 1 m 2
SBIITIOTCS TTOYPOBHSIMH HUKHETO YPOBHS SHEPTHUHU aTOMa, TO BPEeMsl )KU3HH HUKHETO
ypOBHSI OECKOHEYHO, a IIMPHHA IPOBajia OMPEACISETCS BPEMEHEM pa3pyIICHHS
KOT€PEHTHOCTH TMOJYPOBHEH HIDKHETO YpPOBHS, TO €CTh BpPEMEHEM 3aTyXaHWs
HEIMaroOHaJBLHOTO 3JIEMEHTAa MATPHIIBl TUIOTHOCTH, COOTBETCTBYIOIIETO MOAYPOBHIM
lu2.

upuna pe3oHaHCca MOXKET COCTaBIISITh HECKOIBbKO ['epI, YTo SIBISETCS OUYEHb
MaJIOM BEJIMYMHOM M0 CPABHEHUIO C ONTUYECKOM YacTOTOM mepexonoB 13 u 23.



O06a pe3oHaHca U Pe30HAHC IBYX(OTOHHOTO MOIJIOUIEHUS 0€3 JIOMJIEPOBCKOTO
YIIUPEHHUS U PE30HAHC KOTEPEHTHOTO TUICHEHHS] HACEJICHHOCTH CBS3aHbI C HAJTMYHEM
HEJMAroHaJbHOTO JJIEMEHTAa MATPHUIbI TJIOTHOCTH M JBYX CBETOBBIX Mojeil. B
IIEPBOM CIIy4ae 3TO JIEMEHT O3, KOTOPBIN CBA3BIBAET BEPXHHUI U HWKHUN YPOBHH

KaCKaJHOM CXEMBI, @ BO BTOPOM CIy4ae — 5|, KOTOPBIA CBA3BIBACT MONYPOBHH

HWJKHCTO YPOBHS OIITHYCCKOI'O IICPCXoaa. B HOBOCI/I6I/IpCKOﬁ HaquOﬁ IIKOJIC 3THU
SABJICHUS, KaK H JIFOOKIC Apyruc BJICHH:A, OCHOBAHHBIC Ha  IIOABJICHHHA
HCAWArOHAJIbHOT'O J3JICMCHTA MATPHIbI IINIOTHOCTHU IIpU B321PIMO,Z[€I>'ICTBPII/I C IBYM:A
CBCTOBBIMHU IIOJISIMU, O6’I)GIII/IH5HOTC5I TCPMHUHOM HEJIMHEHHBIN I/IHTCp(i)CpCHHHOHHLIﬁ

addexkr.

HecTanmoHapHasi HeJIMHEHHAA JIa3ePHAsA CHEKTPOCKONUS.
Onruyeckue ypapHenus bJioxa.

VYpaBHeHnus bioxa ObuUIM NEpeHECEHbl B ONTUKY U3 TEOPHUH SIAEPHOIO
MarHuTHoro pe3oHanca (SIMP).

VYpaBHeHus bnoxa ynoOHBI 1J11 Ka4€CTBEHHOIO "Ha maniblax' paccMOTPEHHs
HECTAallMOHAPHBIX ONTUYECKUX SIBJICHUH B IBYXYPOBHEBOU Cpelie.

PaccMoTpum ypaBHeHUs [JI1 MaTPUIbl IUIOTHOCTH JBYXYPOBHEBOM CHCTEMBI B
NpUOIMKEHUU BPALLAIOLIEICS BOJIHBL:

j o .R,. -
P11t NP1 =PI —15(,012 —,021)

* o .R,. -
P21t Y2P2=72P22 T 15(912 - le)-

° o~ - R
Pr1— 1Py + Py =15(p11 - 022)

[Iponymepyem 3t ypaBHeHUs, kak ypaBHeHus (1), (2), (3).
Hanomuum, 4ro B 3TuX ypaBHeHMsIX Q=w-kV,—-w,; — paccTpoiika

YaCTOTbl CBCTOBOI'O IIOJII OTHOCHTCIBHO YaCTOTBI IICPCXOJa B CHUCTEMC OTCUCTA
MOJICKYJIbBI, ,521 — aMIIIMTya HCAWAroHaJIbHOI'O 3JICMCHTA MAaTpUIbI IINIOTHOCTH, a
caM HeI[I/IaFOHaJIBHBIfl QJICMCHT CBi3aH C aMHHHTYHOﬁ COOTHOLICHUEM

~ —7 - ~ ~*
Pr1=p1e P, te p=wt—kz+ @y =o't + gy — haza cBETOBOI BOIHEL, J15 = Pr1;

*
R :% — yacrora Pabu; p= J. w1 (D.€)w, - dF — HenMaroHaIbHBIA MATPHUYHbII

AJIEMEHT TPOEKIIMU JUTIOJIHHOTO MOMEHTA TMepexo/ia Ha EeJUHUYHBIA BEKTOP
MOJISPU3AIIMN CBETOBOM BOJIHBI; P = Z%‘Fi — IUIOJBHBIA MOMeHT. Hamomuum, 4To
I
B CHCTEME OTCYeTa MOJICKYJbl dYacToTa cBeTa ciaBuHyTa 3(dektom Jlomaepa
o'=w-kV,.
OT ABYX BEIIECTBEHHBIX IEPEMEHHBIX Q)|, P77 WU OJHONH KOMIUIEKCHON
IIEPEMEHHON 5| NepeiaieM K 4-M HOBBIM BEILIECTBEHHBIM [IEPEMEHHBIM: U, V, W, S .

HoBbie nepeMeHHbIE ONTPEAEIAIOTCS CAEAYIOMNMU YPABHEHUSIMU



2,521 =u-—1Iv
P22~ PII=W:
P11t P2 =S
bynem cuutath, 4YTO HOBBIE IIEPEMEHHBIE, KaK M CTapble HE COAEpXKar
comHoxurens N, .
V4

HuddepeHnnanbabie ypaBHEHUS I HOBBIX TEPEMEHHBIX IOJYYAOTCS W3
ypaBuenuit (1), (2), (3) a1t 37IE€MEHTOB MaTPHIlbl IJIOTHOCTH IyTEM BBITIOJHEHUS
CIEIYIOIINX ONEPaINii:

2Re(3) u+Tu—Qv=0

—21Im(3) v+Iv+Qu—Rw=0
) => , A€ BBCACHBI CJICAYIOIIHNC
0

w+yw+y's+ Rv=yw

s+ys+y'w= ]/SO

0003HaYEeHUS:
r=h+b
=T
2N
4 2

0 0 0
YW =Y2P22 —V1P11

75" =Pl + 7200
Jlanee BBeAeM YNPOINAIOIIUE MPEANONOKECHHUS, KOTOPbIE TO3BOJIAT AaTh
KaueCTBEHHYIO HAIIIAIHYI0 HHTEPIPETALIMIO HECTAIIMOHAPHBIX ONTHUYECKHUX SBJICHHIA.
[Ipenmonoxum:

+
r=2*t7n
2
="
DT NpeANoIoKeHus OoJiee Wi MeHee crpaBeyuBhl st UK MonekysipHbIX
cnekTpoB. OOOCHYEM ITH MPETOI0KECHHUS.

. _Nntr i
C onnout ctoponsl I'= 2 + 1 gepasuposiu + 1 deopuenmanyuu - A c gpyroit

CTOPOHBI, CTPYKTYpa SHEPTEeTUUECKUX YPOBHEH MOJEKYJ OYeHBb CIIOKHAs W Ooraras,
MOATOMY TPAKTUYECKU JIO00€ CTOJKHOBEHHWE MOJICKYJBI TEPEBOJUT €€ C OIHOTO
YPOBHSL dHEpruu Ha Apyroil. To e€cTh Tymanme CTOJKHOBEHHUS NPOUCXOIAT s
MOJIEKYJl B OTJIMYME OT AaTOMOB Topa3fo uyamie, ueMm jaedasupyomme Hu
JICOPUEHTUPYIONINE CTOJKHOBEHUS. Torna aedazupyronumMu U A€OPUEHTUPYIOIUMHU

+
CTOJIKHOBCHHUAMHU MOJICKYJ MOYKHO HpCHC6p€‘II), ul = u .



Kpome Toro, nns UK nuHuii criekTpa BEpXHUN U HUKHUN YPOBHU OJIM3KH I10
OHEPIUH, IIO3TOMY YaCTO OKa3bIBACTCH, YTO )| X 7 .
C y4eToM NpUHATHIX TPUOIUKEHUHN TTOTYUHUM:
n=ra=Tr=y
y'=0 '
Torna nuddepeHuranbuple ypaBHEHUs A 4-X HOBBIX NEPEMEHHBIX MPUMYT
CIEIYIOUINN BU:

u+yu—Qv=0
v yv+Qu—Rw=0

w+yw+ Ry = ;/wo

S+ys= }/SO

3aMeTuM, 4TO 4-€ ypaBHEHHE ISl IEPEMEHHON S OKa3bIBA€TCS HECBSI3AHHBIM
HHU C IPYTMMH YPABHEHUSMU, HU C IPYTUMH IEPEMEHHBIMH.
OTO0 ypaBHEHHUE

S+ys= }/SO

UMEET CJICAYIONIee PEIICHHE:

S(t) =04 4e77,

CrnenoBaTellbHO, TIOCIIC BKJIFOUCHHUS HAKadyKHM IEpPEMCHHAs s(z‘) CTPEMHTCS K

3HAa4YCHHIO SO HE3aBHUCHUMO OT HAaJIM4YMA CBCTA.

Hac HHTCPECYCT pCaKIusd CpPpCAbl Ha 6I>ICTpI>Ie BKIIIOUCHHUA MW BBIKJIIOYCHHSA
CBETOBOro I1oJysi. B TakoMm clIydyac MOXHO CUYHUTATh, YTO HAKa4YKa OblIa BKIJIIOYCHA

3aJ0JIT0 a0 pacCMaTpHUBACMBIX MaHI/Il'[y.TISIHI/Iﬁ C aMHHHTYIlOﬁ CBCTOBOI'O IIOJIA, H

IepeMEHHas S yclesa IPUIUTH K CTAMOHAPHOMY 3HAYEHUIO 50

S(t) = SO = const .

Jlis  ocTanmbHBIX TpeX MEPEeMEHHBIX IMOJIy4aeM CHCTEMY CIEAYIOIIUX
g depeHInaIbHbIX YPaBHEHHI:
u+ yu =Qv
v+ yv=Rw—-Qu

w+yw=—-Rv+ 7/w0

PaccMOoTpuM HEKOTOpOE abCTPaKTHOE TPEXMEPHOE MPOCTPAHCTBO U BBEAEM B
PacCMOTPEHHE B 3TOM IPOCTPAHCTBE JBA BEKTOPA!



u
B=|v | — Bektop Broxa,
w
R

Ro=|0
Q
PaccMoTpuM BEKTOpHOE POU3BENCHUE

— —

N A A
[E,EQ]Z Bl Bz B3 =u v w :VQ;+(WR MQ) VRk
R 0 Q) |[R 0 Q

CpaBHHM MpPaBYIO YaCTh MOJYYEHHOTO PABEHCTBA C MPABOM YaCTbhIO CUCTEMBI

— —

u+yu=Qv

ypaBHEHUU v+ yv=Rw—Qu 1 NOJy4uM:

w+yw=—-Rv+ ;/wo
B+yB= [E,RQ} w0 — auddepeHnraIbHOoe  yYpaBHEHHE sl BEKTOpa
bnoxa. 3necrs BBeieHO 0003HaUEHUE:
0 0
= 0 |= 0 — HakKaydka pa3HOCTH 3aCEJICHHOCTEH.

0 0 0
yw 72P22 ~71P11

dusnyeckuii CMBICJ KOMIOHEHT BekTopa biaoxa.
HauyHeMm ¢ TpeTbeil KOMIIOHEHTBI BeKTopa bioxa:
By=w=pyy, —p;] — pa3sHOCTb BEPOSATHOCTEHl OOHApYKUTb MOJEKYILy Ha

BEPXHEM U HA HWJKHEM YPOBHSX DHEPIHH.
Ecin Bextop bioxa nampasinen BBepx B; =1, ToO MojeKyaa HaxXOIUTCS Ha

BepXHEM YypoBHE OJHepruu. Ecim Bexrop bnoxa HampaBneH BHU3 By =-1, TO
MOJIEKYJIa HAXOJUTCS Ha HUKHEM YPOBHE 3HEpruu. To ecTh BEpTUKAIbHAS POCKIIHS
BeKTOpa biioxa nmokasbIiBaeT, B KAKOM Mepe MOJIEKYJIa HAXOAUTCS HA BEPXHEM HJIM HA

HWKHEM YPOBHE DHEPIUU.
B TpaguunmonHOM omnpeneneHun BeKTOopa bioxa B OTIMYME OT HAUIEro
OIIPENIEIICHNS ECTh €1Ee COMHOKUTEID NOV
z

PaCCMOTpI/IM TPETbIO KOMIIOHCHTY BCKTOpPaA bioxa B TPpaAUITUOHHOM
OIIPpCACIICHUM:



No, By =Ny, w=No, (P2 —p11)= Ny, =Ny, — o910 pacnpenencume

Pa3HOCTH 3aCEIIEHHOCTEN MO JIy4E€BOM CKOPOCTH MOJIEKYIL.
JIns KpaTKOCTH TOBOPAT, YTO TPEThs KOMIIOHEHTa BekTopa bioxa — 310
MHBEPCUS CPEAbl B TOM CMBICIE, YTO B3 =+1 COOTBETCTBYET HMHBEPTHPOBAHHOU

cpene, a B3=-1 COOTBETCTBYET HOPMAaIbHOMY COCTOSIHHIO CpElbl, KOIJa

3aCEJIEHHOCTh HIDKHETO YPOBHS OOJIbIlIe 3aCEJICHHOCTH BEPXHETO YPOBHS (TOYHEe
IpU YCIOBUU B3 = —1 3aCEI€HHOCTh BEPXHETO YPOBHS PaBHA HYIIIO).

Bl =Uu
PaccmoTtpum Teneps nBe MEpBBIX KOMIIOHEHTHI BeKTOpa bioxa . O1H
BZ =V
KOMITOHEHTbI UIMEIOT JBA HATJISAIHBIX (PU3NYECKUX CMBICIIA.

[lepBbIil cMBICT CBsI3aH ¢ mojspu3auuen cpeasl. PaccMoTpuMm pacnpeneneHue
MOJISIPU3ALMH 110 JTy4YE€BOU CKOPOCTH MOJEKYII:

Fy, =No, '<P(Vz)>:Non -Sp(p(V.)p)=

v o[ ()Y (0 PY) N _
9 [0) pay L )| et o)

p 0
=No, p- 2Re(p21(V2))=No, P 2Re(,021(V Je _w)) =
= pNOVZ (2Re(,021) cos (¢ )+2Im(p21)-s1n(¢))) =
= pNOVZ (u-cos(p)—v-sin(p)), rae ¢ — basa ceToBoii BONHSL
JIBe ropu3OHTaJIbHBIE MPOEKIHMH BEKTOpa bioxa # M v MOXKHO BBIPA3UTh
Yepe3 rOPU30HTAIBHYIO COCTABISIONIYIO BekTopa bioxa B =+ u? +v2
u=B, cos(a)
v=Bsin(a)’
31ech @ — yroJl MOBOPOTA COCTABIIAIONIEH BekTopa biioxa B ropn3oHTaNbHON
IIOCKOCTH B | OTHOCHUTEIBHO IIEPBOIl OCH B aOCTPaKTHOM IIPOCTPAHCTBE BEKTOpa

bioxa.
Torna

By = pN,, (u-cos(p)-v-sin(p))=
:pNOVZB:(cos(a) -cos(¢)—sin(a)- s1n(¢)))
= pNo, B/ cos(a +¢). =>

By, = pNo, B1 cos(a +¢)

N3 3Toro paBeHCTBa cieayeT l-il CMBICH NEPBBIX ABYX KOMIIOHEHT BEKTOpa
bnoxa.
JmHa cocraBisoomeil Bektopa bioxa B miockoctu (1, 2) B ompenenser

AMIUIMTYAY MOoJiipu3anunn CpCAbl, a Yroj IOoBOpPOTa & BECKTOpaA bioxa B miockocTu



(1, 2) paBen (a3oBoMy CIBHIY « TOJSAPU3ALMH OTHOCUTEIBHO (ha3bl CBETOBOMU
BOJIHBI .
BTopoii cmbIci IByX IEpBBIX KOMIIOHEHT BekTopa bioxa ompenensercsa ux
CBA3BIO ¢ KOA(DPUIIMEHTOM MOIJIOUIEHUS CPENIbI U MOKAa3aTEeIeM PETOMIICHHS CPEIbI.
N3 4-x cienyronmx cucTeM

. +00
2
= P=1|PL dV
n—npy=
A I L K (ORI
472_0) P :Z"SO +00 P :—pN V(V )
N: " § — SVZ OVZ z
L I’ZOC Z ])S - J. PSVZ dVZ
[mojiydacm

; .
n—n0:2—7z-p- I MNOVZGIVZ
—0

—+00
@p j V(VZ)NOVZdVZ

—0
Otcrona ciienyet BTOPOUM CMBICI JBYX IEPBBIX KOMIIOHEHT BekTopa bioxa.
Komnonenra B) =u omnpezaenseT 100aBKy K IMOKA3aTEIN0 IPEIOMICHUS CPEb.

Kowmnonenra B, = v onpezeisier yeunenue cpeast (—N).

KauecTBeHHBIN BWI pelieHu ypaBHeHui bJioxa.
CHauvasia MakCUMaJbHO YNPOCTUM YpaBHEHUs bioxa u paccMOTpUM pellIeHUs
ATUX YIPOIICHHBIX ypaBHEHMM. 3aTeM MO3TamHO OyjJeM BO3BpaIIaThCs K
PacCMOTPEHUIO HACTOAIIMX ypaBHEeHMM bioxa, m OyaeM cleauTh, Kak MPU TOM
U3MEHSIOTCS UX PELICHMUS.
Jlns Havana paccMOTpUM ypaBHeHUs bioxa

Br yB=[ B.Rq |+ i7"

0€e3 HaKauku WO =0 u 6e3 3aryxanus y =0. Torma ypaBHeHus bioxa nmpumyTt
CICIYIOLIUN BUL:

B=[B.Rq ).
R
~ _p@o L o o o
rne Rop=|0|, R=— gactora Pabu, Q=w'-wj paccTpoiika
Q

Y4aCTOTBI CBETOBOT'O IOJISI @' B CHCTEME OTCYETA MOJIEKYJBI OTHOCHUTEILHO YaCTOTHI
nepexona @jj .

CpaBHuM ypaBHeHusi brnoxa 0e3 Hakayku W 3aTyXaHHs C YypaBHEHUEM
BpalleHus TBEPIOTO TeJia BOKPYT (DUKCUPOBAHHOM OCH.



Eciii Hayano KOOPMHAT PACTIONOKEHO HA OCH BPAIIEHHS, TO
V =[&,7], rae V' — cKOPOCTb POU3BOILHOI TOUKH TBEPLOTO TeNa ¢ Paanyc-

BEKTOPOM 7 TPH BPALIEHUH TBEPAOTO TENA C YIIIOBOM CKOPOCTHIO @ .
CKOpOCTb — 3TO IPOU3BOAHAS OT PAJHYC-BEKTOpA II0 BPEMEHH, TOT 1

—

7= [E),? .
CpaBHHM IOCJICIHEE YPaBHEHUE C YPAaBHEHHEM JIJIsl BeKTopa bioxa

B=[-Ro.B).
B pesynbTaTe CpaBHEHHS NPHXOAMM K BBIBOLY, 4TO BEKTOp bioxa B

BpAIIa€TCs C YIJIOBOM CKOPOCTBHIO (—RQ). Jlpyrumu cioBaMH MOKHO CKa3aTbh, YTO

BeKTOp bioxa BpamaeTcst BOKpYr BEKTOpa Ry B JIEBYIO CTOPOHY.

PaccmoTpum 310 BpamieHue.
[IycTh B HayaibHBII MOMEHT BPEMEHH MOJIEKYyJia HaXoAuilach Ha ypoBHE 1,

TOrga

P11 =1 = pp=0 =
Ny —iwzlf> —_0 =>
={ajare =
'021 < 172 no monekyiam
uz2Re[)21 =0 0
=-2Imp,; =0 =>  B(0)=| 0
w=py =P ==l -1

— BeKTOp biioxa cMOTPUT BHU3 B HA4YaJIbHBIII MOMEHT BPEMEHH.
ITycts eme m paccTpolika 4acTOTBI CBE€Ta B CHCTEME OTCYETA MOJIEKYJIbI
OTHOCHTEJILHO YacCTOTHI Nepexosaa paBHa Hyio Q=0. Toraa

R R
RQ =| 0 |=| 0 | — BekTOp, BOKPYr KoTOporo BekTop bioxa Bpamaercs B
Q 0

JIEBYIO CTOPOHY, HAIIPABJIEH BIOJb OcH 1.

—

Toraa koHen BekTopa bioxa B ABMXKETCA MO OKPYKHOCTH B IIOCKOCTH 2,3,
KaK 9TO IIOKa3aHO Ha PUCYHKE:




PaccMOTpUM COOTBETCTBYIOLIEE ATOMY BpPAILCHUIO M3MEHEHHWE BO BPEMEHU
BTOPOM M TPEThEN KOMIIOHEHT BeKTopa biioxa B, Bj.

B;

OkaspIBa€eTCs, YTO HAJIMYME MHBEPCUM 3aCEIICHHOCTEH cpeisl B3 BOBCE HE
O3HA4aeT, 4TO cpeja UMeeT ycwienue By. Tak Hanpumep, B MOMEHT BPEMEHM [
MHBEpCHA €CThb B3 =1, a ycunenus ner By =0. M, Hao00poT, B MOMEHT BPEMEHH 1)
MHBEpPCHUU HET By =0, a ycunenne MakcumanbHo By =1.

ITosicauM, ModyeMy Tak MPOUCXOIUT. B MOMEHT BpeMeHH ¢, MHBEPCHA OBICTpEE

BCEro yOBIBaeT, TO €CThb MOJIEKYJIbl MEPEXOASIT U3 BEPXHEr0 COCTOSHUS B HU)KHEE
COCTOSIHHE. DHEPTHUsl, KOTOPYIO TEPSIOT MOJIEKYJIbl, PACXOMYETCSl Ha YCUJIICHUE CBETA.
[ToaToMy ycuneHue MakCHUMallbHO, KOI/Ia MHBEpCHUsl ObICTpee BCEero yObIBaeT, a He
KOTJ]a MHBEPCUS MaKCUMAJIbHA.

YacToTra OCHWIISALMKA HHBEPCHM W YCWIEHUS Rp paBHa uacrote Pabu

Ro=R= % C 3TOM 4acTOTOM MOJEKYJA NEPEXOIUT C HUKHETO YPOBHS DHEPIUU

Ha BEpXHUI YpOBEHb U OOpaTHO.
[Tycth Teneps paccTpoiika €2 oTiaM4HA OT HyJd. Toraa
R
Ro=|0
Q
W mycTh 1515 onpeneneHHocTu paccTpoiika orpunartensHas Q< 0. M300pa3um
BEKTOP RQ U TIOKa)KEM, KaK BOKPYT HETO Bpamiaercs BeKTop bioxa.
3 3

w=])

Ra

PaccmoTpum COOTBETCTBYIOIIEE 3TOMY BpAILEHUIO BEKTOpa bioxa n3MeHeHue
BO BPEMEHU MHBEPCHUU CPe/ibl — TPEThEil KOMIIOHEHTHI BeKTOpa bioxa.



31ech NyHKTUPHAs JIMHUS — WU3MEHEHUE MHBEPCHUU MPU HYJIEBOU PaCCTPOUKE
YacTOThl CBETa OTHOCUTEIBHO 4YacTOThl mepexona =0, cruiomHas JIUHUA —
oTyinuHas ot HyJns pacctpoiika Q#0. Ilpu Q# 0 yactora OCUMIUISAIUNA CTAHOBUTCS

OoJIbIIIE ‘RQ‘ =+ R2 + QZ , 4 aMIUTUTYJ1a — MEHBbIIIE.

[Tpu pe3koM BKIIIOYEHHM CBETOBOIO IOJISI BO3HUKAIOT OCLMIIISLUN UHBEPCUU
cpenbl ¢ yactoToi Padbu. Ocuuuisinuu NOCTENEHHO 3aTyXatoT.

Paccmotpum Teneps ypaBHeHus bioxa ¢ yuerom 3aryxanus y #0:

B+yB=[B.Ry]

Tpy Bpamenun TBeporo Tena V =[@,7], rae ¥ — ckopocTs 11060 ToukH,
KOTOpAasi HEMOJBUYKHA OTHOCUTEIIBHO TeEja V'=0. Eclii OTHOCHTEJBHO TBEPAOTO
Tena TOYKa ABIKETCS V'#0, TO B HEMOABIKHON CHCTEME OTCUETA CKOPOCTH
OTHOCUTEIBHO TBEPAOTO Teja V'n CKOPOCTh TOYKH CaMOT'0 TBEPJIOTrO Teja [a”),F]

CKJIaJIbIBAFOTCA:
A, T - dr d'r . .
V=V'+[a),r] => —=—+[a),r],
dt dt
d'r .
rae e IIPOM3BOJIHAS 110 BPEMEHU BO BPALIAIOILEHCS CUCTEME OTCUETA.
t

AHaNOTUYHO CBSI3aHbl IPYT C APYTOM IPOU3BOJHBIE 110 BPEMEHU OT JIFOOOTO

BEKTOpa A B HEMOJBMUKHOM M BpALAIOIIEHCS CUCTEMAX OTCUETA:
dA d'A [ —-:|

—=—+|0,4
dt dt
OOcynuM, 4emM OTIMYalOTCA MPOU3BOJAHBIE 10 BPEMEHHM B HEMOJABHKHOM M
. d4 d'A
BpAaLlAIOIIEHCA CUCTEMaX OTCYeTa: — U ——.

dt dt



—

d.
BCKTOp 7 B IPOCKIHAX Ha HCIOABHUKHLBIC OCH (OCI/I KOOpAMWHAT
t

HGI’IOI[BPI)KHOﬁ CHUCTCMBbI OTC‘leTa) HMCCT TPpU KOMIIOHCHTBI PABHBIC ITPOU3BOAHBIM I10

—

BPCMCHH OT COOTBCTCTBYIOIIIUX HpOGK]_II/II\/'II 7 = Ay
t

'

AHaNnOTru4HO BCKTOP —— B IPOCKIHAX Ha BpallalOmIHUCCA OCHU KOOpAWHAT
t

d'A .
HUMECT BUI —= A ! BGKTOpa, COCTOAIICTO U3 TpeX KOMIIOHECHT, paBHBIX
t

IPOU3BOJAHBIM 10 BPEMEHU OT COOTBETCTBYIOLIMX MPOEKIUI Ha BpalllalOLIUECs OCU
KOOpAMHAT.
[Tpou3BogHy0 1O BpPEMEHM BO BpaIAIOIIEHCS CUCTEME OTCYETa OT

ITPOM3BOJIBHOTO BEKTOpa A

d'A dA . -
LA _dA 15 d]
dt  dt
CpaBHHM C IIBYMH HepBBIMI/I cJJaracMbiIMUu ypaBHeHI/I}I JJI51 BGKTOpa BHOX&,

NepenucaHHoro B clieayronieil popme:

B-|-Rq.B|+yB=0.
3 CpaBHCHMH: CJICAYCT, YTO ABA IMCPBBIX CJIAraCMbIX MOKHO IIPCACTABUTDL, KaK
MIPOU3BOJAHYIO OT BEKkTOopa bioxa mo BpeMEHM B CHUCTEME OTCYETa, KOTOpas

BpAIIaeTCs C YIIIOBOK CKOPOCTHIO (—f{Q):
S - =7 d'B
B-[-Rq.B|="—.
dt
Torz:a B TOU Bp&HI&IOIHCﬁCH CUCTCMC OTCUCTA YPABHCHHUC IJIsI BCKTOPA bnoxa

IMpUMCET BUI:
'

B|+yB=0.

Perienne 3Toro ypaBHeHHS SKCIIOHCHIIMAIBLHO 3aTyXaeT BO BPEMECHHU:
R — R Loyt
Boum (t)—B(O) e ’".



Tornma pemenue s BekTopa biioxa B HENMOABUKHOW CHCTEME OTCUETA — 3TO

BEKTOP, BpAIIAIOMIMNCA C YIIOBOW CKOPOCTBIO (—RQ) U OJHOBPEMEHHO

YKOPAUYMBAOLHIICS IPOIIOPIIMOHATBHO KCIIOHEHTE e /' .

YyTeM Tenepb U HAKauKy w0 s ypaBHEHMHM I BeKTOpa biioxa:

B+yB-[B.Ry =",

OOmiee pemieHHe ATOTO HEOJHOPOJHOTO YPaBHEHHUS PaBHO CymMMe OOIIETro
pEelIeHUs] OJIHOPOJHOTO YPAaBHEHHMS M YaCTHOTO PEIICHHS HEOHOPOIHOTO
ypaBHEHHUSI.

OO1iee pelieHre OJHOPOJHOTO YPaBHEHHUS MBI TOJIBKO YTO OOCyAmsd. DTO
perienue ypaBuenus bioxa 6e3 Hakauku.

Himem yacTHOe pelIeHHe HEOJAHOPOIHOTO YpaBHEHUS B BHUAE BEKTOPHOMN
KOHCTAHTBI. DTO TaK HAa3bIBAEMOE CTAlHOHAPHOE PEIICHUE:

chaif! (t) = const => chau =0.
Torma ypaBHEHHME JId CTAlMOHAPHOW 4YacThu BekTopa bioxa mnpumer
CIEIYIOINN BUA:

) [ B 5 770
YBemay = [chau 9RQ:| +W.

OTO TpU JIMHEMHBIX YPAaBHEHHMS I TPEX HEU3BECTHBIX NPOEKIUU BEKTOpPA
broxa. Tpu JTMHEWHBIX ypaBHEHUS C TPEMsI HEU3BECTHBIMU MOKHO PELIUThH B 00IIEM
BHJIE:

y B RQW0
cma 7/2 + R+ O?
2,0 0 0
chau: P ’ ;V 29FI[6WOE 0 = 0 ,TIC V1 =7>.
y“+ R +Q 0 0 0
yw V2P22 — P11
(}/2+Qz)wo
Wemay = 7/2 TR+ 07

OO6miee pelieHre HEOJHOPOJHOTO YpaBHEHUs sl BekTopa bioxa umeer
pELIeHE B CIEIYIOLIEM BUJE:

E(t) :Ecmau +E’3am (t)

Junamunuecknii lltapk-3ddext nam 3ddekr IliTapka B 1ojie CBETOBOM BOJHBI
(o1eThlii aTOM).
Juuamuueckuii 3¢ dekr [lITapka cocTOUT B TOM, 4TO YPOBHU SHEPTHH aTOMa
UM MOJIEKYJIbl PACIICIUISIIOTCA M CIBUTAIOTCA B CBETOBOM IoJie. lIposiBisieTcs
paclienjieHue YpoBHEN B TOM, YTO aTOM, HaXOACh B CLJIbHOM CBETOBOM IOJIE, UMEET
JUIS €1I€ OJTHOTO MPOOHOTO CBETOBOTO TOJISI TPH JIMHUH MOTJIOIICHUS BMECTO OJTHOM.




ATOM HaxoIuTCA B JABYX CBETOBBIX IOJISIX B OOILEM Cllyd4ae pa3HOW 4aCTOTHI.
[Ipu sTOM 1Ba CBETOBBIX MOJISI CKJIAJABIBAIOTCS TO CHH(a3HO, TO MpoTuBodaszHo. B
pe3yJbTaTe aTOM OKa3bIBA€TCs B CBETOBOM I10JI€, AMIUIMTY1a KOTOPOTO UCIIBITHIBAET
OueHus Ha pa3HOCTHOM dYacTtoTe JBYX MoJjied. To ecTh, aTOM HaXOJIuTCS B
HECTALlMOHAPHOM CBETOBOM II0JIE.

[lokaxxem, 4TO arOM B HECTALlMOHAPHOM CBETOBOM IIOJI€ MUMEET TPU JIMHUHU
IIOTJIOLIEHUS BMECTO OJTHOU JINHUH.

IIpoBeneM paccMOTpeHHE ¢ MOMOLIBIO BEKTOpa biioxa.

JIBe mepBBIX KOMIIOHEHTHI BEKTOpa biioxa cBA3aHbI ¢ NOJSIpU3alue Cpebl:

PVz =pN0VZ (u(VZ)-cos((o)—v(VZ)-sin(go)), rje
p=0't+oy=(0—kV,)t+@) — basa CBCTOBOH BONHBI B CHCTEME OTCYCTa
MOJIEKYJIBI (BOOOIIE TO, paza — ckalisip 1o rpyime JlopeHna).

—

PaccmoTpum BekTop bioxa 0e3 3aTyxaHus W Hakauku: B = [—RQ,E] Bekrop
R
Bioxa B Bpamaercs BOKPYT BEKTOpa (—RQ), rae RQ = 0
Q

TOFI[a IICPBLIC ABC KOMIIOHCHTBI # MW VvV BCKTOpa bnoxa B, BXOAAIINC B

BBIPKEHUE JJIS MOJISIPU3ALIUT PVZ , OCHUJUIMPYIOT C 4aCTOTOU Ry = \/R2 +O? .

Paccmotpum Bpamenue BekTopa biioxa s aTOMOB, KOTOPbIE B HA4YaJIbHBIN
MOMEHT BPEMEHU HAXOJSITCA HA HUKHEM YpPOBHE dHEpruu. Toraa B HyJIeBOM MOMEHT
BPEMEHU BEPOSITHOCTh OOHAPY>KUTh aTOM Ha HWXXHEM YPOBHE HHEPIHMHM paBHA

eAMHUIIE PII(O) =1, u Bektop bioxa B HyJneBOH MOMEHT BpPEMEHH HaImpaBlieH
0
BEPTUKAILHO BHU3 E’(O) = 0
—1

Bpamenue Bektopa biioxa Bokpyr BekTopa RQ B JIEBYIO CTOPOHY H300pa)eHO

Ha HIKECIIeIyIoIIeM pucyHKe st ciydas <0
3 3

w=])

7|

W3 pucyHKa BUIHO, YTO



u =g —ug-cos(Rpt)
V==Y -sin(RQt)
[logcraBuMm u M v B ypaBHEHHE PVz =pN0V (u(VZ)-cos((o)—v(VZ)-sin(go))

Y TIOJTyYHM:
By = pNy, ((”0 — U cos(RQ t)) : cos(a)'t) +v sin(RQ t) : sin(a)'t)) =

=pNy, (”O cos(a)'t) —ujocos((a)'—k RQ)t) —uyocos((a)'— RQ)t)j +

+PN0VZ (%Ocos((a)'— RQ)t) —%Ocos((a)# RQ)I)) =

U +VO

= pNOVZ U cos(a)’t) - pNOVZ Tcos((a)'+ RQ)t) + pNOVZ vo%uocos((a)'— RQ)t)

CJ'ICI[OB&TCJ'IBHO, oJApru3anunsa B Vz COCTOUT M3 TpPECX CJIaracMbIX, KOTOPBIC

OCHWJLIMPYIOT HAa 4acToTax @', @'+ Ro n w'-Rn. 3necy @'=w—kV, — 4acrora

CBETA B CUCTEME OTCUYETA aTOMA.

[Monsipuszamust — 93T0 oOOBEMHas IUIOTHOCTh JIMIOJIBHOTO  MOMEHTA.
Ocumwmupyronue JUIoiau CPeabl U3IyYaloT CBET Ha TEX KE TPEX YacTOTax.

[Tycth uepe3 Takyro cpeAy HPOXOIUT elle OfHa MpoOHas CBETOBas BOJIHA.
Ecnu vactora mpoOHOW BOJIHBI COBIAJAET C OJHOM W3 TPEX YacTOT HU3ITyYECHHs
IUNOJIEH cpelbl, TO BOJHA W3JIyYCHHAs AUMNOISAMU HHTEpdepupyer ¢ mnpoOHOM
BOJIHOM.

B pe3ynbrate uHTepdEepeHIIUN HU3MEHSIETCS aMIUIUTYyJa MPOOHOW BOMHBL. TO
€CTh IPOOHAasl BOJHA MOTJIOUIAETCS WM YCUIIMBAETCS CPEAOH.

CrnepnoBatenbHO, Cpeia UMEET TPH JIMHUM MOTJIOLIEHUS J1s1 MPOOHOI CBETOBOM
BOJIHBI C 4acToTaMH @', @'+ Rn u @'-Rg. B 3TOM M cocTouT ITUHAMMYECKUM

addekt ITapka.



