Pe3oHaHChI ABYX()OTOHHOIO MOIJIOIIEHHs 0€3 J0IJIePOBCKOr0 YIIIMPEHHUSI.

PaCCMOTpI/IM HGO,IIHOpOI[HO yH_II/IpeHHI)Ie JIMHUU CHGKTpaJIBHBIX H€p€XOI[OB
I'<<kU.

PaccmoTtpum crienyroiyro cxemy ypOBHEHM SHEPIUH.

3

1

[Tycts mepexoasl 1—2 u 2—3 paspemieHsl B JUNOILHOM MPUOIMKEHUH.
Kak nokassiBaeT Teopusi, B TaKOM ciaydae nepexosa 1 — 3 o6s3arensHO 3amnperieH. To
€CThb
P12 #0
D3 #0.
pi3=0

[lycTp na3zepHO€ M3Iy4YEHHE HMMEET TaKyl0 4YacTOTy @, YTO SHEPrus ABYX
¢boTOHOB 2/ IpUMEPHO paBHA SHEPTUU Mepexoa ¢ 1-ro ypoBHs Ha 3-i

‘2(0—(031‘ku, rae k:27ﬂ —_ BomHOBoE umci0, U = ZIZT

— HauboJiee
BEPOSTHAS CKOPOCTh MOJICKYJI I'a3a.

[Tycth ypoBeHB SHEPTUM 2 HAXOAUTCS OMU3KO K CepelirHe MEXIY YPOBHIMHU |
U 3, HO pa3Inyue ropaszio 00JblIe TOIIEPOBCKON INUPUHBI TUHUI

@3]

T — @9 >> kU .

B »skcnepumeHTe perucTpupyercsi MOUIHOCTh CIIOHTAHHOTO H3JIYyYEHHUsI Ha
nepexoqe 3 —> 4.

Onrtuueckas cxema 3KCIepUMEHTa.

o [] |
E—— i

B2

Gy t

B OKCIICPUMCHTC IIOJY4YarOT CJICAYIOMYI0 3aBUCUMOCTb HMHTCHCHMBHOCTH Ha
IMPUCMHUKE CBCTA OT YaCTOThI ICHCPAINH JIa3Cpa.



D34

% D
2
KauecTBeHHOE 00BACHEHNE BU1a 3aBUCUMOCTH.
Curaazn cocTOUT U3 ABYX KOHTYPOB: Y3KOTO BBICOKOT'O M IIUPOKOTO HU3KOTO.
Ecnu nBa poToHA MOrnomarTes 1o 0JHOMY U3 BCTPEUHBIX CBETOBBIX BOJIH, TO
B CUCTEME OTCYETa MOJIEKYJIbl YACTOTHI (POTOHOB OYIyT UMETh 3HAYCHUS (a) - kVZ) 51

(a) + sz) . Torna u3 6anaHca SHEPTUH MOJTYIUM
Wo—kV,)+h(o+kV,)=hos =>

031
CO=T — yBKI/II/I II0 4aCTOTC JI&BGpa @ CHTHAJI; Vz — J'IIO60€, TO €CTh B

(OpMHPOBAHNUY CUTHAJIA YYACTBYIOT MOJIEKYJIbI CO BCEMU BO3MOKHBIMH CKOPOCTSIMH,
[IO3TOMY CUTHAJI UMEET OOJIBIIYIO aMIUIUTYAY.

Ecmu nBa ¢oTona mornomiaroTcsi U3 OAHOM CBETOBOHM BOJHBI, TO M3 OajaHca
DHEPI'UM B CUCTEME OTCUETA MOJIEKYJIBI ITOJIyYUM

2n(w—kV,)=hws =>

20— 0)31
a — JIIO6OC, CJICAOBATCIIbHO, CUTHAJI — H_II/IpOKI/Iﬁ KOHTYP, VZ = T, TO €CThb

B (OpMHUPOBAHMM CUTHAJIAa HA KaXXJIOW YacTOTe @ Yyd4acTBYeT HeEOOJbIION Habop
MOJIEKYT C (PUKCUPOBAHHOM Jy4yeBON CKOPOCTHIO, CIEAOBATEIbHO, CUTHAI HMEET
Majyro aMILUIATYLY.

KoJsinuecTBeHHOE OnKcaHue.

PaccmoTtpum ypaBHenune Heitmana i1 MaTpuibl IJIOTHOCTH O

inp=[A.5].

rne H=H,- (ﬁ,E(t)) =H,— f)E(t) — omeparop TI'amwmibrona, H, —
HEBO3MYIIICHHBII CBETOBBIM MOJIeM onepatop ['amunbToHa, p — oOmeparop
JUTIOJIBHOTO MOMEHTAa MOJIEKYJbl, £ (t) — HANPsHKEHHOCTh CBETOBOTO TOJIS, p —

orneparop IMNpoCKOUH JUIIOJIBHOIO MOMCHTA MOJICKYJIBI Ha GI[I/IHI/I‘-IHblﬁ BCKTOp
IMOJIpHU3alluu CBE€TOBOM BOJIHBI.

HYCTB AJIs1 IIPOCTOTbI BCTPEUYHBLIC CBETOBLIC BOJHBI HMCIOT OJWMHAKOBYIO
BCIICCTBCHHYIO aMINIUTYY {;0 , TOrJa

E(t) =& -cos(a)'lt+(p10) + & -cos(a)'zt +g020)



a)l =w—kV,
3mech § |
Wy =w+kV,

Bo3pmeMm ypaBHeHue Heitmana
inf =| Hy - pE(1). 5]
Y PaCKpOeM KOMMYTAaTOp
ihp=Hop~pHy~E(t)-(bP~pb).-
[ToagcraBuM B 3TO ypaBHEHME MATpPHUIBI ONEPATOPOB B TMPEACTABICHUU

COOCTBEHHBIX (PYHKIMI HEBO3MYILIEHHOr0 oneparopa ['amunbToHa H|).
Matpuia mioTHOCTH OyAeT UMETh BUJ] MPOU3BOJIBHON 3PMUTOBON MaTPHUIIBI

P11 P12 P13
~ *
P=| P21 P2 P23 | TAC Ok = P -
P31 P32 P33

HeBo3mymieHnbiii onepatop ['aMuwibTOHA TPUMET B 3TOM MPEACTABICHUU
UaroHaJILHBINA BUJ

E 0 0
Hy=| 0 E, 0
0 0 FE

OnepaTop IMPOCKIOKWHK JHUIIOJBHOI'O MOMCHTA ICpEXoJa Ha C,HHHHHHBIﬁ BCKTOP
I[MOJIpHU3allU CBETOBOM BOJIHEI, HaO60p0T, HMMECT HYJICBBIC JTHAI'OHAJIbHBIC 3JICMCHThI

0 pp O
p=prny 0 pxy
0 p3p O

311eCh YUTEHO, 4TO py3 = p31 =0.

HamoMHuM, 4TO MaTpuuHBIE B3JEMEHTHI ONEepaTropa MPOEKUUU IAUMNOIBHOTO
MOMEHTa MOTYT ObITh BBIYUCIIEHBI 110 CIEAYIOIUM (hopMyiaMm

* - —
Pnk :J-y/n .(pae) Wik dVa
rae p= Z q;,7; — JMIIONbHBIA MOMEHT MOJEKYJbl, € — E€IUHUYHBIM BEKTOP

1
MoJsIpUu3annumn CBETOBOM BOJIHBI.

Bri0epem ¢a3bl cOOCTBEHHBIX QYHKUUI i U |3 HEBO3MYILIEHHOIO OIepaTopa
["aMuIbTOHA TaK, YTOOBI BCE MAaTPUYHbIE 3JIEMEHTHI MMPOEKIINHU JUIOIBHOTO MOMEHTA

P12 = P21
6I>IJ'II/I BCILICCTBCHHBIMU , TOT'Aa

P23 = P32



0 pp O
p=|pn 0 py3| — omeparop NPOSKUUM JUIOIBHOIO MOMEHTa Ha

0 py3 O
C,Z[I/IHI/ILIHBII\/’I BeKTOp HOHﬂpI’I?)aHI/II/I CBCTOBOﬁ BOJIHBI.

[ToacTaBum MaTpPHUIIbI OIepaToOpoOB Hy,p,p B ypaBHEHUE

ihp= I:IO,b — ,bﬁo — E(t) : (f?,b — ,513) , IEPEMHOKHM MaTpPHIIBI, n00aBUM
(hE€HOMEHOJIOTMYECKOE 3aTyXaHHe U HAKAYKY U MOJyYUM

,.011+ Mo =71P —i%(t)(Pu - p21)

/;?22+ V2020 = V2P + l'plzTE(t)(Plz —le)—ipstE(t)(Pz?, ~p32)
:.033+ V3033 = 73035 + ipB—E(t)(PB - p32)

,.021”0)21,021 +120) =ip12§(t)(,011 — py)+i 235(0,031
/;?31“'5031,031 +T303 =l'pz3TE(t),021 —l'plzTE(t)Psz

,.032+ 103037 + 153037 = l'pBTE(t)(Pzz - p33) —i%(t)ﬁm

Jlanee Hy>KHO BBINIOJIHUTH JIBA ITyHKTA:
1). PemnTh ypaBHEHHS ¥ HAUTH 33 .

+00

2). Basate unterpan [, ~N3y3g =734 J NOVZ -p33(V.)-dV, . 3nech y34 —

—0
4acTOTa CIIOHTAHHBIX IEPEXO0B C YPOBHS 3HEPTUU 3 HA YPOBEHbH 4.

Jlg ynpoIeHus: peieHusi CUCTeMbl YPaBHEHHM HYKHO YUUTHIBATh NPUHATHIC
npUOKEHUS

I'<<kU
20)—0)31‘ ku

(()—a)zl‘>> kU

a)—a)32‘ >> kU

Uro6bl pemieHHMe HE ObUIO CIMIIKOM TPOMO3IAKUAM, OyaeM CYHUTaTh, 4TO
0 _ 0 _
P2 =p33=0.

bynem nckath crallmOHapHOE PELIEHUE CUCTEMBL P11 = P,y = P33 =0. Torma



NP =nen —i lzf(t)(Plz—le)

V2P = i%(t)(/olz —pa1)—i 23§(t)(/723 ~P32)

Y3033 :l'pBTE(t)(Pm - p32) "
)

/;721+i0)21/?21 +T2001 = l'plzTE(t)(Pn —P22)+l'pz3TE(t)P31

,.031”‘031,031 +T305 :ipBTE(t)Pm _l.1912TE(t)p32

/;732+ w3030 + 1337 = l'pstE(t)(Pzz - p33) —iplzTE(t)Pm

Niem perieHre B a1yxe NpUOIMKEHUS BpaIAIOIICHCs BOJTHBI.

Byaem wuckaTh pelieHHE METOAOM IMOCIEAOBATEIbHBIX NPUOIIKEHUN TI0
AMIIIIUTYAC CBCTOBOTIO I10JIA. AMHJ’II/ITy,[[a CBETOBOI'O MMOJISI — MaJIbIi mapameTp.

[Ipn HyneBoW aMIIUTYyZEe CBETOBOTO IMOJiA (B HYJIEBOM MNPUOIMKEHHH IIO
aMIIUTyaC HOHH) OTJIMYCH OT HYJIA GI[I/IHCTBCHHHﬁ YJICH MaTpUIbI IINIOTHOCTHU

Pi1= 10101 :

bynem rosoputh, 4TO OH NPOMOPLUMOHAJIEH HYJIEBOW CTENEHU AMIUIMTYJIBI
CBCTOBOI'O ITOJIA

P~ 8(()) :

B cnenyromem npuOiamkeHnd, B MEPBOM MPUOIMKEHUH IO aMIUTUTYAE MOJs,
MpaBasi YacTh YpaBHEHUM cucTeMbl (1) 1 31eMEHTOB MATPHUILIbl INIOTHOCTH OTIUYHA
OT HYJISI TOJBKO B 4-OM ypaBHEHUHU

) E(?)

Pr1tian oy + 1001 =1

E(t
M TOJIBKO 3@ CYET CJIaraeMoro i plzT() P11 B mpaBoii yactu, rae o #0. To ects

- PE(1)

P11 —P22)+l . P31

ypaBHEHHUE B IEPBOM MPUOIMHKEHUH UMEET BUJL

" PE(t) o
Potioy oy + 1100 :l—h ( ),011-
3nech

ia)'lt —ia)'lt ia)'zt —ia)vzl
e e +e
E(t)=¢- + & -

2 2

bynem uckaTh pelieHue Ui 3JIeMEHTa P, B BUJI€ COOTBETCTBYIOLINX YEThIpEX
KOMIUIEKCHBIX KCTIOHEHT C HEM3BECTHBIMU KO3 dunimentamu. B nyxe npubamxeHus
BpAIAIOIIEHCsl BOJTHBI J]BA U3 YETHIPEX CllaraeéMbIX OyAyT OY€Hb Majibl 1 MOTYT OBITh
OTOPOIIICHEI.



C ABYMS OCTABINMMMCS KOMIIJICKCHBIMHU 3KCIIOHCHTAMH M3 YCTBIPCX OKCIIOHCHT
CBCTOBOI'O ITIOJIAA YPAaBHCHHUEC IIPUMCET BUJ

I D&y o ey —iwyt
Pr1tiwy Py + 001 =i 5, Piile +e :

Nmem peumieHne B BUAE ABYX CJIAra€MbIX HPOHNOPLMOHAIBHBIX 3THUM JBYM
HKCIOHEHTAM, IIPUPABHUBAEM JAPYT IpYry KOd3((UIUEHTHI IPU 3THX 3KCIOHEHTaxX B
[IPABOU U JIEBOW YACTAX PABEHCTBA U IOJIyYaeM

—iot it
l(()l e la)z
1 + ] 9
2n FIZ +i((()21—0)1) F12 +i(a)21—a)2)

0
Py _ ;PP

YTO IPOIOPIUOHAILHO aMIUIMTYZE CBETOBOTO MO & .
Torpa B 1-M npuOnmKeHUH MO aMILIUTYIE MOJIS & M0JIydaeM

0 0
P11 = P11~

*
P21=Pi2~ 8(1)
NPUOIMIKEHUU OCTAIOTCS HYJIEBBIMM.

YToO6b! TOMYYUTH BTOPOE MPUOIMKEHHE 110 AMILTUTY/IE CBETOBOTO IMOJIS HY>KHO
pelleHre B MePBOM NPUOTMKEHUH TIOJICTABUTh B MPABYIO YaCcTh YPABHEHHUM CHCTEMBI
(1) nst MaTpuULbI IIOTHOCTH.

Tenepb kK ypaBHEHHUSIM C OTIMYHOM OT HYJIS MPaBOM YACThIO T00ABIAIOTCS 2-€
U S5-€ ypaBHEHHMs, KOTOpble B INPaBOM YacTH COAEpKAT  CllaraeMble
IIPONOPLUUOHANIBHBIE Py HIU P))

OcTanpHBIE  DJIEMEHTHI MaTpuibl INUIOTHOCTHM B JOTOM

PE(t prE(t
V2P0 = lplzT()(Plz —,021) —lpst()(Pm —,032)
T Pkt PoE(t
P31+ion o3+ 3031 = ZBT()le —ZIZT()P_Q

COOTBETCTBEHHO BO BTOPOM HpI/I6JII/I}KCHI/II/I 0 aMINIMTYJA€ CBCTOBOI'O ITIOJIA
OTJIMYHBIMH OT HYJII CTAHOBATCA 3JICMCHTBI MATpHIlbl IUIOTHOCTH pOpy U P31,

KOTOPBIE COZIEPKATCA B JIEBOU YACTH YPABHEHUM.
B sToM npubnmkeHny B IpaBOM YacTU PaBEHCTBA 03, = pPr3 =0 . Torga

) E(t
V2P22 = lplzT()(Plz —,021)
" . pE(t
P31+ion o3+ 13031 = ZBT()le

Pemienne 1 35€MEHTOB p,, W p3; ONATh HMIIEM B JyXe NPHOIMKECHUS
BpallaIOLIeKcs BOJIHBL. Toraa pelmenue U 3JIEMEHTa MaTPULBI INIOTHOCTH Oy,

2.2 0
_ P&

yo,
27 anty,



2r12 N Lei(a)'la)'z )t N ei(a)'z—a)'l )t]rlz (ei(a)'la)'z )t B ei(co'z —a)'l )t J(a)zl B w.l)

"9 +i +
2 ' 2 2 ' 2
r12+(601 —6021) I'p +(601—a’21)
2.2.0
L P12%0 oI
4n*y,
i(a)'2 —co'l)t z(a)l —a)'z )t i(a)'z—a)'l )t i(co'l—a)'z )t '
2F12 +| e +e F12 e —e a)21 - 0)2
. ; ' 5 +1i . ’ 5
r12+(602—6021) I +(0)2—a’21)

OKa3bIBACTCs Iropasao MEHbIIC MOAYJIA PCIICHUA IJISI 3JIEMCHTA O3

2 0 —2ia)’1t
. __P1aP3HAI e _
4h2 (F12 +i(a)21—a)'1))-(1“13 +i((031-2(0'1))
2 0 —iwt
_P12P23&0 P11 e 7 _
4h2 (F12 +i(a)21—a)'2))-(1“13 +i((()31—2(()'2))
2 0 —2iwt
_DP1ap3& A1 e _
4h2 (F12 +i(a)21—a)'1))-(1“13 +i(a)31—2a)))
2 0 —2iwt
_P12P230 P e .
4h2 (FIZ +i(a)21—a)'2))-(1“13 +i(a)31—2a)))
W3]
HepaBeHCTBO )y <<|p3)| BBIIOIHACTCS IIPH YCIOBHH — O >>kU u B

,Z[ﬂJII)HCﬁHICM Py MOXHO HC YUYHUTHIBATD. I[GJ'IO B TOM, 4YTO )5 COIACPIKUT B

2
sHameHatene (@'-@,;)”, a p3; comepKUT B 3HaMeHatene (®'—awrp)-(w3) —20)
ropaslo  MEHbBIIYK BEIMYMHY, TaKk Kak [0 YCIOBHIO  PacCMOTPEHHS
1

‘a)31 —20)‘ <<‘a)—a)21‘.

B TpeTheM NMPHOIMKEHUU IO AMIUIATY/IE TIOJIS HY)KHO BTOPOE IPUOJIMKEHHE
MIO/ICTABUTH B IIPABYIO YaCTh YpaBHEHUU cucTeMsl (1).

B 5TOM NpHOIMKEHUU OTIMYHOM OT HYJS CTAHOBHTCS MPAaBas 4acTh IIECTOrO
ypaBHEHHS
21E(t) . P1E(t)

(,022 —,033)—1—,031

* . D
Pyptimzyp3 + 19303y =i 7

B stom npubimmkennn p33 =0, mosToMy



" . PnE(! Pkt
Pt iws P +1305 = l%ﬂzz _l%pﬂa
a C y4C€TOM [p»y << ‘p:)’l‘ MOoJIy4Yum
" PoE(t
P t+im3p3p + 1303, = —Z%Pﬂ-
Pemas ypaBHeHue B gyxe npuOIMKEHUS BPAIIAIOIIEHCS BOJHBI, TIOTYyIUM
2 30
_ - P1aP3&A1
P32 =1 3
8h
1 —ia)vzl e—iwllt

+

I3 +i(“’31 _2“’) I3 +i(a)32 —a)z) I3 +i(6032 —0)1)

. ! + ! +
2F12 +i(a)21—a)'1) 2F12 +l'(0)21—0)'2)
2 30
4 P12P23&0P1
87>
—ia)‘lt
) 1 1 1 +
(F12 +i(a)21 —a)l))-(F31 +i((031 —20)1)) -(F23 +i((()32 —a)l))
2 30
4 P12P3&0P1n
8n’
—ia)'zt

(Flz + i(a)21 - (()2)) . (F31 + l((()31 - 2(()2)) . (F23 + 1(0)32 - (()2 ))
B YCTBCPTOM HpI/I6J'H/DKeHI/II/I MO0 aMIIUTyAC CBCTOBOI'O IIOJII HYKHO B ITIPaBYHO
yacThb ypaBHeHI/Iﬁ CHUCTCMBI (1) IJi1 3JICMCHTOB MATpUIbl INIOTHOCTHU IIOJACTABHUTH

pPe3yNbTaT TPEThEro MPUOKEeHHs. B pe3ynbrare B TpeTheM ypaBHEHUU CUCTEMBI (1)
MOSIBJISIETCSL OTJIMYHAS OT HYJIS IIpaBasi 4acTh

V3P33 = l'pBTE(t)(PB ~P32)-
Pe1nast 5T0 ypaBHEHME B yX€ NPUOIIMKEHUS BPALAOLIENCS BOIHEI, TIOJIYyYHM
s = p12219%3<‘ig pilis 1 .
21773 (0)21 —0)32)
4 . 1 . 1

2 2 b , 2 ) ) 2
F13 +(20)—(031) T13 +(2a)1—a)31) F13 +(2a)2—0)31)



Bo BTOPOM HpI/I6J'II/I)KeHI/II/I 0 aMIIMTYyZAC CBCTOBOro IIOJIA WJIM B IICPBOM
HpI/I6JII/I}KCHI/II/I 10 HHTCHCUBHOCTH IIOJTy4acM

0 0
Pl1=P11~
1 *
P21~ P12 = P21
) , TIe . -
P22~ & P13 = P31
2
P31~ &
B tpethem npubamkeHnu mo aMIIuTye CBETOBOTO OIS TOTyYaeM
0 0
P11= P11~ &
1 *
P21~ P12 = P21
2 *
1P22 ~ & » TIC 4 P13 = P31 -
2 *
P31~ & £23 = P32
3
P32~ &

B YCTBCPTOM HpI/I6J'II/I)I(CHI/II/I Mo aMIIMTyAC CBCTOBOI'O IIOJII MJIIM BO BTOPOM
HpI/I6J'II/I)KCHI/II/I 10 THTCHCUBHOCTH IIOJTYYHUM

0 0
P11 = P11~
1
P21~ & _ *
) P12 = P21
P22~ &) o
) » TIC 4 P13 = P31 -
P31~ & _
3 P23 = P32
P32~ &
4
P33~ &

B nmpuBeneHHBIX BBIIE BBIKJIAJKaX NPOCMATPUBAIOTCA [JBa IIpolecca
3aceJIeHHs TPETHEr0 YPOBHS SHEPTUU: CTYNIEHYATHIN U JBYX(DOTOHHBII.
CryneH4aTslii TPOLIECC 3aCENEHUS TPETHETO YPOBHS SHEPTUU

0 1 2 3 4
(Pll ~<‘30)—)(p21 Nﬁo)ﬁ(Pzz Nﬁo)ﬁ(/%z Nﬁo)%(ﬂ% Nﬁo)-
JIByx(OTOHHBIH MpoliecC 3aceJIeHHs TPETHETO YPOBHS SHEPTUU
0 1 2 3 4
(Pn ~<30)—>(,021 ~<30)—>(,031 ~<‘30)—>(P32 ~<‘30)—>(P33 NSO)-
JIBa mpouecca OTJIMYAKOTCS TOJIBKO BO BTOPOM HPUOIMKEHUU IO aMIUIUTY/IE
CBETOBOIO MoJid. B cTynmeHuaToM mpolecce NOsBISAETCS BEPOSITHOCTh OOHApPYKUTh

MOJIEKYJy Ha IPOMEKYTOYHOM 2-OM YPOBHE D3HEPIruM )y, B JBYX()OTOHHOM
IPOLECCE MOABIAETCA KOTEPEHTHOCTD IIEPBOTO M TPETHETO YPOBHER 031 .

HpI/I YCJI0BHUH TOI'O, YTO BTOpOﬁ YPOBCHL JOCTATOYHO MAJICKO PACIIOJIONKEH II0
OHCPIruyd OTHOCHUTCILHO CCPCAMHbI MCXKAY IEPBBIM MW TPETbUM  YPOBHAMU



31

T_wzl >> kU, BBINOJHAETCS HEPABEHCTBO oy <<‘p31 , I B OJTOM Clly4ae

CTYIIEHYAThIM 3aCelIEHUEM TPEThETO0 YPOBHS SHEPrUU MOXKHO TpeHeOpedb o
CPABHEHUIO C JBYX(OTOHHBIM 3aCEICHUEM.

OcHoBHbIE CBOMCTBA IBYX(OTOHHOIO MpoIlecca:

1. HeBo3moxxeH B uuCTOM BHUJE ABYX(OTOHHBIM mporecc 0e3 mpumecu
CTyNeH4aToro mpouecca. JIByX@OTOHHBIN MpOIECC — 3TO MPOCTO YacTh BKJIaAa B
3aCEJICHHOCTh BEPXHETO YPOBHS PHEPTUU B BUJE CJIAraeMbIX, KOTOPbIE MOTY4YaIOTCS
Opy  PEIIeHUH CUCTEMbl ypaBHEHWH Uil MaTpulbl IUIOTHOCTH METOAOM
MOCJIEIOBATEIBHBIX MPUOMKEHUN IO aMIUIUTyne cBeToBoro moiisi. CriaraeMele,
KOTOPBIE IOJY4YarOTCs 4Yepe3 MPOMEXKYTOYHYIO BEIUYHMHY p3; — O3TO BKIAJ

,Z[BYX(i)OTOHHOFO nponecca B 3aCCIICHHOCTb BEPXHETO YPOBHA SHCPIUH. CJIaFaCMLIG,
KOTOPBIC IIOJYHaAOTCs 4€PE3 Oyy — ITO BKIIAA CTYIICHYATOI'O IIpOLEcca. PaS,IICJIeHI/IC

Ha JBYX(OTOHHOE€ U CTyHNEHYaToe BO30YXKIEHHE BO3MOXKHO TOJBKO TMpH
PacCMOTPEHHH 3a/ayll METOJOM IOCIIEOBATEIbHBIX MPUOIMKEHUN MO aMIUIUTYAE
ITOJIS1.

2. JIByx(OTOHHBIN MPOIIECC — 3TO TaKOW MPOLECC, B KOTOPOM BEPOSITHOCTH
3aceJIeHHs TPOMEKYTOUHOTO YPOBHS SHEPTUH MPEHEOPEKUMO Majia MO0 CPAaBHEHUIO C
BEPOATHOCTBIO 3aCENEHHU KOHEYHOIO YPOBHS SHEPIUH P)o << 033 .

3. JByxdotonnslii mnponecc 3(PPeKTHBHEE CTYNEHYATOro TMpU YCIOBUU
‘ ,031‘ >> 079, YTO BBINOJIHAETCS IPU YCIOBUU TOTO, YTO BTOPOM YPOBEHb JOCTATOYHO

AAJICKO PacCIOJOKEH II0 OSHEPIruru OTHOCHUTCIBbHO CCPCAUMHBI MCXKAY IICPBBIM U

031
TPETbUM YPOBHSIMHU T—a)zl >> kU, u sHeprus JByX (HOTOHOB IPUMEPHO

COOTBETCTBYET PHEPTUHU MEPEXOIa C MEPBOr0 YPOBHS HA TPETUH ‘20) — 0)31‘ =~ kU .

4. 3aMeTuM, YTO MPOMEXKYTOUHBIH YPOBEHb MOKET OBITh COBCEM JAJEKO OT
CEpEIUHBI MEXKY MEPBBIM U TPETBUM YPOBHSAMHU 3HEPIruu. I IpoMeKyTOUHOTO ypOBHS
MOJKET COBCEM He ObIThb, TOrZa €ro pojb OyayT UIpaTh BCE OCTAJbHbBIE YPOBHU
sHepruu. Kaxnpli M3 OCTAJIBHBIX YPOBHEHM OYEHb IUIOXO IIOAXOIUT Ha pPOJIb
IPOMEKYTOUYHOTO YPOBHS, HO TAKMX YPOBHEW OECKOHEYHO MHOTO, I03TOMY UX BKJIaJ
HE TaK YK U MaJl.

PeructpupyeMsblil B OIIBITE CUTHAN MPONOPLUOHAIEH 3aCEJIEHHOCTH TPETHErO
YPOBHSI DHEPIUH

+00
N3 = I No,, p33(V,)dV,, roe No, ~ — pacnpesenenne  Makcpena

—Qo0
KOHLIEHTpAauu Ny 10 NPOEKIHU CKOPOCTH V. 3aCEIeHHOCTh BEPXHETO YPOBHA N3
NOJIy4aeTCs B PE3y/NbTaTe HHTETPUPOBAHUSA L33, KOTOPOE MOIy4aeTCs IPU PEIIECHUN

cucTeMbl ypaBHeHH (1)
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MOCIEAHUX JIOPEHUEBCKUX KOHTypa B (DUTYPHBIX CKOOKax JAenbTa-QyHKIHSIMH
Jlupaka, MOKHO ITOJIyYUTh
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IIUPOKUN U HU3KUN KOHTYp TMOTJIOUICHHS ABYX (DOTOHOB M3 OJAHON CBETOBOIl BOJIHBI,
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KOHTYp MOTJIOIICHUS IBYX ()OTOHOB U3 BCTPEUHBIX CBETOBBIX BOJIH.
3aMeTUM, YTO Y3KHM KOHTYp HaXe YK€, YEM B CIEKTPOCKOINUMU HACHIIICHUS
nornouienus. [leno B Ttom, 4to I'|3 JOIDKHO OBITh MaJIOM BEJIMYMHOM, TaK Kak

a JIOPCHLCBCKOC cCJiaracMoc OITMCHIBACT y3KHﬁ U BBICOKHM

NEePEX0]l MEXy IEPBBIM U TPETHUM YPOBHSAMH 3ampeleH py3 =0. B takom ciaydae

nedazupyromme U JICOPUEHTUPYIOIIHME  CTOJIKHOBEHHUS  MOJIEKYJT  OYEHb
MAaJIOBEPOSITHBI, U BeJIMUnHa [')3 onpenenseTcsa TOJbKO CIIOHTAHHBIMU IIEPEXOAMU C

ypoBHEH 1 ¥ 3 U CTOJIKHOBEHUSIMU TYyIIAIMMHU YPOBHH 1 1 3.

CPT-pe3onanc.
bau3zkum 1o cBoeil mpuUpoAe K PACCMOTPEHHOMY BBIIIE PE30HAHCY
NBYX(OTOHHOTO TIOIJIONIEHUsI ©0€3 JOIUIEPOBCKOTO VIIUPEHUsS SBJISETCS TaK




Ha3bIBa€Mbld pe3oHaHC KorepeHTHoro rieHeHusi HacesneHHocTw (KITH) wmu CPT-
pe3onaHc (coherent population trapping).

Paccmotpum atom ¢ A -cXemMoOil ypOBHEW SHEPrud, B KOTOPOM HIKHUUI
YpOBEHb JHEPruu ciabo paciieruieH, HampuMep, CBEPXTOHKUM PpaCLICIUICHUEM,
YPOBHHU KOTOPOT'O pa3inyaroTCsi OpPUCHTAIMEN MATHUTHOTO MOMEHTA sAJIpa aTOMa.

1

Ycnosue pE€30HaHCa COCTOUT B TOM, HYTO PA3HOCTb YACTOT JABYX CBCTOBBIX

nosneit (a)l - a)z) COBIIAJAET C PA3HOCTBIO YaCTOT JIBYX MEPEX0J0B (a)31 - a)32) :
Ecnu cBeTOBbIE BOJIHBI @ U @) — OJHOHAINpPABICHHbIE CBETOBBIE BOJIHBI, TO B
Pa3HOCTH 4acTOT (a)l —a)z) JOIJIEPOBCKHE CABUTU COKpamarTcsa. Toraa pe3oHaHC

HaOJII0JaeTCsl cpa3y Ha BCEX MOJIEKYJIaX, YTO 00ecreunBaeT OOJIbIION CUTHAI.

Ecnu ycnoBue pe3oHaHca HE BBIIIOJIHEHO, TO 00a CBETOBBIX IOJISI HE CIUIIKOM
3¢ (eKTUBHO, HO NepeOpachlBalOT aTOMbI C HIKHUX ypoBHEH 1 M 2 Ha BepXHUU
ypoBeHb 3. Ecim ycinoBue pe30HaHCa BBINOJIHEHO, TO CTAHOBSITCS BO3MOKHBIMHU
IBYX(OTOHHBIE MEPEXOAbl C YPOBHs | Ha ypoBeHb 2 U 00pAaTHO C MPOMEKYTOUHBIM
ypoBHeM 3. Kak mokaspIBaeT pelleHHE YpaBHEHUW ISl MATPHLbl IJIOTHOCTH, MPHU
TaKMX IEePexo/lax ypOBEHb 3 MOYTH HE 3aceisiercd. MOXHO cKa3aTh, 4TO aToMam
CTAHOBUTCSl HEKOI'ZAa IOTIJIOIIATh CBET C ypOBHEW | M 2, Tak KaKk OHU CIMILKOM
3aHATHI JBYX(OTOHHBIMH Tiepexonamu 1-3-2 m 2-3-1. HaceneHHOCTh TUIeHsAETCS HA
HIDKHUX YPOBHSX JHEPruu (pEe30HAHC KOTEPEHTHOrO IUJICHEHUS HACEJIEHHOCTH).
PesynbraroM Takoro mporecca  SBISETCS ~ BO3HUKHOBEHHUE  KOTE€PEHTHOCTH
noaypoBHEH | M 2 HM)KHEro YpPOBHSI SHEPrHMM, KOT€PEHTHOCTh O3HAYAaeT HAIWUYME
HEIMarOHAJILHOIO JIEMEHTA MaTPULIbl INIOTHOCTU 5] .

B pesynbTaTe 3aBHCUMOCTh HACEJIEHHOCTH YPOBHS 3 OT 4acTOThI OAHOTO W3
CBETOBBIX IIOJIEH, HAlpUMEp @,, MMEET Y3KHUI PE30HAHCHBIA IMpOBal Ha (OHE

IIHPOKOTO JIOTUIEPOBCKOTO KOHTYpa JIMHUU TIOTJIONICHUs. Pe30HaHC mpeicTaBiieH Ha
CIIEAYIOIIEM PHCYHKE.



1 los,

(@) —®y) (037~ W33) =0 )

PeructpupoBath 3aceneHHOCTh YpOBHS 3 MOXKHO, HAaOJIOAasi MHTEHCUBHOCTD
(baroopecueHINY ¢ ypOoBHS 3 Ha KaKOW-IM00 Ipyroi ypoBeHb, Harpumep 4.

B o0meMm ciydyae pe3oHaHCHBIN MpOBal JOHKEH OBITh HECKOJBKO CMEIIEH
OTHOCHUTENIFHO HIMPOKOTO KOHTYypa MHUKa, HO €CIIM IIMpUHA MpoBajia HA MOPAIKU
MEHbIIIE IIUPUHBI MUKA, TO €r0 CMEUICHWE Ha BEIMYMHY IMOPAIKA MM HECKOJBKO
Oosble UPUHBI pOBaJia He OYEeT 3aMETHO 1O CPAaBHEHUIO C IIMPUHOMN MHKA.

3nech Oonplias IIMpPUHA MHKAa ONpEAENseTcss MajbiM BpPEMEHEM >KU3HU
BEPXHEro0 ypOBHs, a Majas IIMPHUHA IpOBaJia OIpEnessieTcsl OOJbIINM BpeMeHEeM
MONEPEeYHON penakcanuu (HeIMaroHaJbHOIO JJIEMEHTa MAaTPUIBl IJIOTHOCTH)
HOJypOBHEH HIKHETo ypoBHs. Eciu ypoBHH | 1 2 ABISIOTCS MOAYPOBHSIMHU HUXKHETO
YPOBHS SHEPTUU aTOMa, TO BpPeMsl KM3HH HIKHETO YPOBHA OECKOHEYHO, a IIMpUHA
mpoBajia OIpENeNsieTcss BPEMEHEM pa3pylIeHUs KOT€PEHTHOCTH TOIypOBHEM
HIOKHETO YypPOBHS, TO €CTh BpPEMEHEM 3aTyXaHUs HEIUaroHaJIbHOTO 3JEMEHTa
MaTpPHULIbI TNIOTHOCTH, COOTBETCTBYIOIIETO MOAYPOBHSIM 1 1 2.

lupuHa pe3oHaHCca MOXKET COCTaBISITh HECKOJIBbKO ['epI, 4To SIBIsETCS OUYEHb
MaJIoi BEJIMYMHOM MO CPABHEHHIO C ONITUYECKOM 4acTOTOM nepexonos 13 u 23.

O6a pe3oHaHca ¥ pe30HAHC ABYX(OTOHHOTO TMOTJIOMEHUS 03 JOTIEPOBCKOTO
YIIUPEHUS U PE30HAHC KOTEPEHTHOTO MJICHEHUS! HACEIEHHOCTH CBSI3aHbl C HAJIMYUEM
HeIMaroHaJbHOI'0 3JIEMEHTa MaTPUIIbl MJIOTHOCTH U JIBYX CBETOBBIX Ioiiell. B 06oux
Cllyyasix HEIMaroHAJbHBIM 3J€MEHT CBS3bIBAET KOHEUYHBIE YPOBHHU JABYX(OTOHHOTO
nepexona. B mepBoM ciydae 3TO 2/E€MEHT pj31, KOTOPbI CBS3bIBAET BEPXHUU U

HIDKHUM YpOBHM KACKaJHOW CX€MBbI, a BO BTOPOM CIIlyda€ — 0, KOTODBI

CBSI3bIBA€T MOJYPOBHU HIDKHETO YPOBHS ONTHYECKOTO nepexona. B HoBocubupckoi
HAY4YHOH IIKOJe 3TH SIBICHHS, KaK W JIOOble JApYyrue SBJICHUS, OCHOBAaHHbIE Ha
MOSIBJICHUH HEJAMAroHAJIBHOTO 3JEMEHTa MAaTPHIbI INIOTHOCTU NPU B3aUMOJICHCTBUU
C JABYMS CBETOBBIMH THOJSMH, OOBEAMHSAIOTCS TEPMHUHOM  HEIHMHEWHBIN
uHTep(PepeHITMOHHBIN 3D PEKT.



Jla3epbl 0e3 HHBEPCHM.
MexaHu3M ycWIeHHsI CBeTa B Jjazepax 0e€3 MHBEPCHUU MOX0XK Ha MEXaHU3M
dhopmupoBanusi CPT-pe3onanca (KITH — korepeHTHOro MIeHEHUs HACEJICHHOCTH).

4

1

B ycnoBusx pe3oHaHca @ —@, =@,| HABYX()OTOHHBIE NEPEXOABI MEKAY

ypoBHsIMH 1-3-2 (1 0OpaTHO) BBI3BIBAIOT IJICHEHHE HACEJIEHHOCTEW HAa YPOBHSX 1 u
2, U 3aTPYAHSIOT NOIJIOIIEHNE CBETa aTOMOM C YPOBHS 1 M ypOBHS 2, Tak Kak aTOM
CIIMIIKOM 3aHAT JBYX(OTOHHBIMH Iepexoaamu. B pesynbrare A Kakoro-inbo
apyroro mnepexona 1-4 wmm 2-4 mornomeHue cBeta ¢ ypoBHed 1 u 2 Oyzer
3aTpyNHEHO, W HEOONBIIONW 3aCEICHHOCTH YPOBHS 4, CO3MaHHOW, HampuMep,
paspsIoM B raze, OyeT JOCTaTOYHO /I YCUJIEHUs cBeTa Ha nepexoje 4-1 wim 4-2.
DTO yCUJIEHHE CBETa U MO3BOJISIET CEaTh Jlazep 0€3 UHBEPCUU MEXAY YPOBHEM 4 U
ypoBHEM | wim ypoBHEM 2 ¢ U3NydeHUeM Ha nepexoe 4-1 unu 4-2.

Ecnu cBETOBBIE BOJIHBI @ U @) — OJAHOHAINPABICHHBIE CBETOBBIE BOJIHBI, TO B

PasHOCTH 49aCTOT ((01 - 0)2) AOIINICPOBCKUC CIABUI'M COKpPAIIAIOTCA. Torna YCHUJICHUC

0e3 uWHBepcuMM HaAONMIOMAeTCsl cpa3y Ha BCEX MOJIEKyJax ¢ J000H mpoeKkiuei
CKOPOCTH Ha JyY.

Ha neBom HmxecneAyroleM pUCYHKE TMPEACTaBI€HA KacKajHas cxeMma
ypOBHEM Jlazepa 6e3 MHBEpCHH. J{Ba CHIIbHBIX BCTPEUHBIX CBETOBBIX IMOJISI C YACTOTOM
@ B YCIOBUAX pE30HAHCA B pe3yJbTaTe ABYX(OTOHHBIX MEPEXOJO0B BBI3BIBAIOT
IIJIECHEHHE HACEJIEHHOCTH Ha YpPOBHAX | M 3, 4TO 3aTpyAHSET MOTJIOIIEHUE CBETA C
ypoBHs | Ha ypoBeHb 2, TaK Kak aTOM 3aHAT ABYX(OTOHHBIMU mepexonamu 1-2-3. B
pe3ynbTaTte, ecliu KaKuM-THOO HEKOTePEeHTHBIM O00pa3oM 3aceluTh YpPOBEHb 2,
HanpuMep, SJIEKTPUUECKUM pa3psaoM B raze (KpuUBbIE JIMHMUM Ha PHUCYHKE), TO
Mepexo/ibl C YPOBHS 2 Ha YPOBEHb | C yCUJI€HUEM CBETa HAa 3TOM NEPEXO]IC HUUEM HE
OynyT 3aTpyaHEHBI, a TIOTJIOIICHWE CBeTa Ha Tmepexonae 1-2 3aTpyaHEeHO
nByX(oToHHBIMU Tiepexofamu 1-2-3. B Takom ciyyae Jaxe NpH 3HAYUTEIHLHOM
NPEBBIIICHUA HACENEHHOCTH YPOBHS | Haa HAaceNeHHOCThIO YpPOBHS 2 CBET Ha
nepexojie 2-1 OyAeT yCUIUBaTHCS.

Ecnu BOJIHBI BCTpeUYHBIE M COBIAJAIOT MO YaCTOTE, TO JOIJIEPOBCKUE CIIBUTHU
COKpAIAOTCs ¥ B ABYX(OTOHHOM MPOIECCE YYACTBYIOT BCE MOJIEKYJIBI.



Ha npaBoM HmkecneayronemM pucyHKe NMPUBEAEHA cXeMa V' ypOBHEN dHEPrun
na3zepa 0e3 MHBEpCHM, B KOTOPOM reHepanus jazepa 0e3 MHBEPCHM 3aTPyIHEHA IO
CPaBHEHMIO C IBYMS NPEABIAYIIMMU CXEMaMH ypOBHEN 3HEPrun. CUIBHOE CBETOBOE
noJjie Ha nepexone 1-2 3aTpyAHseT MOTJIOLIEHUE CBeTa ¢ YpoBHS 1 Ha ypoBeHb 3. B
pe3yJbTaTeé HEKOTEPEHTHOE 3aCEJICHWE YPOBHS 3 MO3BOJISIET MMOJYYHUTh YCUJIEHUE
cBeTa (M Ja3zepHyr TeHepauuio 0e3 mHBepcuu) Ha mepexone 3-1. B atoit cxeme
YPOBHEN [JOIJIEPOBCKUM CIABUI YACTOTHI HUYEM HE KOMIIEHCHPYETCS, MO3TOMY B
c;1aboM M0Jie B CO3JJaHUHM KOTEPEHTHOCTH ypoBHEW | u 2 OyneT ydacTBOBaTh Mauas
4acTh MOJIEKYJI C OINPEICIICHHON MPOEKIMEN CKOPOCTH Ha Jiyd. [Ipu 3TOM ycunenue
Ha Mepexole @;; HEBO3MOXKHO. CHTyalus W3MEHUTCS, U BO3SHMKHET YCUJICHHE HA

IEPEXOJE (31, ECNU TIOJIE HA YacTOTe @, OyAeT o4eHb cuiabHBIM R > kU . To ects

resepamnus jiazepa 0e3 MHBEPCHMH B 3TOM CXEME ypOBHEH BO3MOXKHA TOJBKO MpPH
YCIIOBHH OY€Hb CHJIBHOTO MO HA YaCTOTE ().
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OcTaHOBKA CBETA.
[Tpn naGmonenun CPT-pe3oHaHca (PUCYHOK HUXKE) 3aBUCUMOCTb MOIITHOCTH
U3Iyd4eHuss Ha nepexone 3-4 OT 4YacTOThl @, NPONOPLUOHAIBHA 3aBUCHUMOCTH

K03(p(UIMIEeHTa TOITOMIEHUs] CBETa C YPOBHA 2 HAa 4acTOTe€ @,. JlucrnepcUOHHbIE
cootHomeHnss Kpamepca — KpoHura omnpenensitor 4YacTOTHYHO 3aBHCHMOCTD
MOKa3aTesid MPEJOMIICHHS CpPEIbl COOTBETCTBYIOIIYIO YaCTOTHON 3aBUCHUMOCTH
Kod(puIIeHTa MOTIOIICHUS.
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B pesynbrare B 4acTOTHOH 00JacTH OYEHb Y3KOrO pe30HAHCAa MPOU3BOIHAS
dn

d_ OKa3bIBACTCSI OYCHH OOJBIION TOJIOKHUTEIHHON BETUYMHONW. ITa TPOU3BOIHAS
w

c .
— KOTOpasi B y3KOH IoJIoCe
n
n+—aw
dw
yactoT CPT-pe3oHaHca CTaHOBHUTCS OYCHb MAJIOM BEJIMUYMHOM, JOCTHTAs JCCITKOB

MCTPOB B CCKYHAY. DTO SIBJICHME U HA3bIBaIOT OCTAHOBKOM CBETA.

OIpeIeIseT IPYIIOBYI0 CKOPOCTh CBeTa V,, =

HecTtanmmouapHasi HeJIMHEHHAs Ja3epHasi CIEKTPOCKONN.
Onruuyeckue ypasauenus biioxa.




VYpaBuenuss bnoxa ObLIM TIEPEHECEHBI B ONTHUKY U3 TEOPHUH SACPHOTO
MarHuTHOro pe3onasnca (IMP).

VYpaHenust broxa ygoOHBI i Ka4YeCTBEHHOTO "Ha majblax" pacCMOTPEHHUS
HECTAIIMOHAPHBIX ONTHYECKUX SIBJICHUN B JIByXyPOBHEBOU cpejie.

PaccMoTpuM ypaBHEHHSI TSI MATPHUIIBI TUIOTHOCTH JIBYXYPOBHEBOW CHCTEMBI B
NpUOIMKEHUHN BPAIIAOIEIHCS BOTHBI

j o .R,. -
P11t NP1 =PI —ZE(Plz —,021)

) o .R, . -
1P22t V2P22 =72P22 + 15(1012 - ,021)-

" o~ - .R
Pr1— 101 + TPy ZZE(PM - 022)

[Iponymepyem 31u ypaBHeHus, kKak ypaBHenus (1), (2), (3).
Hanomuum, 4to B 3THX ypaBHeHUsXx Q=w-kV,—-w,1 — paccrpoiika

qacTOTbl CBCTOBOI'O IIOJSI OTHOCHUTCIBHO YaCTOTHI IIEPEXoAda B CHCTECMC OTCUCTA
MOJICKYJIbBI, ,521 — aMIUIMTYyJa HCANATrOHAJIbHOI'O 3JICMCHTA MATPHIIbI INIOTHOCTH, a

CaM  HEJMaroHalbHBIH OJJIEMEHT CBA3aH C  aMIUIMTYIOH  COOTHOLIEHHEM

~ —7 IS ~ ~*
Pr1=p1e P, te p=wt—kz+ @y =o't + @y — haza cBETOBOM BONHBL; P15 = Pr1;
R=P0

%k
el gactoTta Pabu; p = Il//l ( p.é )1,//2 -d¥ — MUNONBHBIN MOMEHT IMepexonaa

(HenmaroHalbHBI MAaTPUUYHBIM 3JIEMEHT MPOEKLUUHU JUIOJIBHOTO MOMEHTA INepexoa
Ha €IMHUYHBII BEKTOp MOJSPU3ALNUUA CBETOBOU BOJIHBI); P = qufi — JIATIOJIBHBIN

l
MOMCHT. HaHOMHI/IM, qTO B CHUCTCMC OTCHUCTA MOJICKYJIbBI 4aCTOTa CBCTAa CABHWHYTA

apdexrom Hdomepa o'=w—kV, .

OT 1ByX BELIECTBEHHBIX INEPEMEHHBIX pP)1, LPp7 U OJHOW KOMILJIEKCHOU
INEPEMEHHOH Py TepelaeM K 4-M HOBBIM  BEILECTBEHHBIM IIEPEMEHHBIM
B|,B,,B3,By.

HoBrie nepemMeHHbIC ONPEETSIOTCS CISAYIONINMU YPAaBHCHUSIMU

2py1 =By ~iBy
P22 = P11 = B3
P11+ P2 =By
By,[[eM cuuTaTtb, 4YTO HOBBIC HepeMeHHBIe, Kak Hu CTapBIe HC COI[ep>KaT
COMHOXUTCIIA NOV — paCHpeI[eJ'IeHI/Iﬂ KOHHCHTpaHI/II/I MOHeKy.H 10 HpOCKHI/II/I
z

CKOPOCTH Ha JIyH.

HuddepeHnnanbabie YypaBHEHUS 11 HOBBIX TEPEMEHHBIX MOIYYarOTCS W3
ypaBuenuit (1), (2), (3) a1t P7E€MEHTOB MaTPHIlbl TJIOTHOCTH IyTEM BBITIOJTHEHUS
CJICTYIOIINX OTepaIiii



Bi+TB; —QB, =0
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—2Im(3) N By+TB, + QB —RB; =0
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(2)-(1) : 0
B3+ ]/B3 + ]/'B4 + RBz = }/B3

(1)+(2) .
By+yBy+y'By=yBj

i€ U1 KPpaTKOCTU BBEJIEHBI CIIeAYIOIIe 0003HaUCHUS
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YB3 =200 —71P11

0_ 0 0
yBs =101+ 7222
Jlamee BBeJeM YIPOMIAMONIME TMPEANONIOKEHUS, KOTOPBIE TO3BOJT JaTh
KaueCTBEHHYIO HAIIIHYIO HHTEPIPETAIINIO HECTAIMOHAPHBIX ONTHYCCKHUX SBJICHHIA.
[Ipenmnonoxum
+
AARYS)
2
="
OTH NpeAnoaoKeHus 6ojiee WM MeHee cripaBeuuBbl 1 MK MosteKyIspHbIX
cnektpoB. O60CHYeM, MOYEMy TaK.

N+

C onnoii ctoponsl I'= +Faeqba3up06,<u +F0€0pueHmawu. A ¢ apyroit

CTOPOHBI, CTPYKTYpa SHEPreTHUECKUX YPOBHEW MOJIEKYJI OUY€Hb CJIOXHas U OoraTas,
MO3TOMY MPAKTHYECKH JHO00€ CTOJIKHOBEHHE MOJEKYJbl MEPEBOJUT €€ C OJHOTO
YPOBHsI 3HEpruu Ha Jpyroil. To ecTp Tylialmue CTOJKHOBEHHS NPOUCXOIAT IS
MOJIEKYyNl (B OTJIMYME€ OT aToMOB) Topa3o daile, 4eM Jedasupyromue u
JICOPUEHTUPYIONIKNE CTOJKHOBeHUs. Torna aedazupyronumMu U A€OPUEHTUPYIOIUMHU

+
CTOJIKHOBEHUSIMU MOJIEKYJT MOXKHO MpeHeopeub, u [ = nrr

Kpome Ttoro, mins UK crektpa momekyn, eciv BEpXHMM M HUKHUKA YPOBHU
sHepruu 00a BO30YKJICHHbIE YPOBHHU, TO OHU OJIM3KU IO SHEPIHH, MOITOMY YaCTO
OKas3bIBAETCS, UTO J| X )> .

C y4eToM NpUHATHIX NPUOIMKEHHUHN MOTyIUM
n=r=r=sy
{7' =0 '
Torpa nuddepenunanbubie ypaBHeHUS A7 4-X HOBBIX MEPEMEHHBIX MPUMYT
CJIeIYIONTUH BU]T



é1+ ]/Bl —QB2 =0
By+yBy + QB — RBy =0

By+ 7By + RBy = yBY

: )
By+yBy =yBy
3aM€TI/IM, YToO 4-6 ypaBHeHI/Ie JJIA HepeMCHHOﬁ B4 OKa3bIBACTCA HCCBA3AHHBIM

HU C IPYTUMH YPaBHEHUSIMH, HU C IPYTUMU MEPEMEHHBIMU.
OTO ypaBHEHHE

' 0
By+yBy=yBy
HMECT CICAYIOIICC PCIHICHUC
By(t)=B3 +Ae™",
CrnenoBaTtesibHO, MOCIE BKIIOUECHHSI HAKAYKU NIEPEMEHHAs B4(t) CTPEMUTCS K

3HAa4YCHHIO B40 HC3aBHUCHUMO OT HAJIM4HsA CBCTA.

Hac wnTepecyeT peaxius cpeabl Ha OBICTPHIC BKIIOUEHUS M BBIKIIOUCHUS
CBETOBOro moJjsi. B Takom ciydae MOXXHO CUMTaTh, UTO HaKayka OblIa BKIIFOYEHA
3aJ0JIT0 10 PACCMAaTPUBAEMBIX MAHUNYJSLUUU C aMIUIATYJIOW CBETOBOTO MOJS, H

nepeMeHHas B4 ycnea IpUITH K CTallMOHAPHOMY 3HaYEHMIO 32
By (t) = Bg = const .

Jlis  ocTanmpHBIX TpeX TMEPEMEHHBIX IMOJy4aeM CHUCTEMY CIEAYIOIIUX
muddepeHanbHbIX YpaBHEHUN

é1+ 7/B1 = QBz

N

B.2+ }/Bz = RB3 —QBI

By+yBy =—RBy + yBY

PaccMoTpuM HEKOTOpOE aOCTPAaKTHOE TPEXMEPHOE MPOCTPAHCTBO U BBEIEM B
paccMOTpPEHKE B ITOM IIPOCTPAHCTBE /1B BEKTOPA
5
B= B, | — Bekrop bioxa,
By

R
Ro=| 0
Q



PaccMoTpuM BEKTOpHOE MPOU3BENCHHE

—

i ]k
|B.Ro|=|Bi By Bs|=ByQi +(B3R—BQ)j—ByRk .
R 0 Q

CpaBHUM MpaByrO YacCTh MOJYYEHHOTI'O PABEHCTBA C MPABOW YACTHIO CUCTEMBI
YPaBHEHHM

é1+ ]/Bl = QBz

N

B.2+ }/Bz = RB3 —QBI

By+ 7By =—RBy + yBY

" IOJIy4YUM

B+yB = [E,RQ] +yBY
— nuddepeHnuanpHoe ypaBHeHHe Uil BekTopa bioxa. 3nech BBeieHo 0003HaueHne
0 0
_.0 . N
yB = 0 |=y 0
0 0 0
B3 P22~ PIl
— Pa3HOCTb HAaKaueK 3aceeHHOCTEN ypoBHeH 2 u 1.
Du3nyecKni CMbICJ KOMIIOHEHT BekTopa bioxa.

HauyneM ¢ TpeTbeit KOMIIOHEHTHI BEKTOpaA biioxa.
By = pyy — pj; — Pa3HOCTb BEPOSTHOCTEHN OOHAPYKUTH MOJIEKYTy Ha BEpPXHEM

Y Ha HWJKHEM YPOBHSIX HEPTUU.

Ecin Bektop bnoxa nanpasneH Beepx By =1, To MoyeKyna HaXOIUTCS Ha
BepXHEM YypoBHE OJHepruu. Ecim Bexkrop bnoxa Hampasnen BHU3 By =-1, TO
MOJIEKYJIa HAXOAUTCS Ha HUYKHEM YPOBHE DHEPIuH. 10 €CTh BEpTUKAIbHAS POSKIUS
BeKTOpa biioxa nmokasbIBaeT, B KAKOM Mepe MOJIEKYJIa HAXOAUTCS. HA BEPXHEM HJIM HA
HIDKHEM YPOBHE JHEpruu. TpeThsi KOMIIOHEHTa BeKTopa bioxa — 3TO HMHBepcus
cpenbl B TOM CMBICIE, YTO B3 =+1 COOTBETCTBYET NOJIHOCTBIO MHBEPTHPOBAHHOU
cpene, a By =—1 COOTBETCTBYET NOJHOCTHIO HE WHBEPTHUPOBAHHOM Cpele, Korzaa
3aCEJICHHOCTh BEPXHETO YPOBHS PaBHA HYJIIO.

PaccMoTpuM Temnepp ABe NEPBbIX KOMIIOHEHTBI BeKTOpa binoxa By,B,. OtH

KOMITOHEHTHI IMEIOT JIBA HATJISATHBIX (DU3NYECKUX CMBICIIA.
[IepBb1ii cMBICH CBsI3aH ¢ mosisipu3auuen cpenapl. PaccMorpum pacnpenenenue
MOJIIPU3ALINY 110 JTy4YE€BOM CKOPOCTH MOJIEKYJT



By, =Ny, -{p < (7 )> NOVZ'Sp(ﬁ(VZ)ﬁ):

P (72) (V. )j(o pj]:NOVZ'p'(pIZ(Vz)-l_le(VZ)):

= Mo, .Sp&ml(Vz) pu(Vz2))\p 0
=No, P 2Re(py(V2))=No, P 2Re(/021(Vz)e_i¢):

=pN0V (2Re(py1)-cos(g )+21m(,021)‘sm((/))):

=p NOV: (B, cos(¢)—B,sin(p)), rae ¢ — dasa CBETOBOI BONHBL

JlBe ropu3oHTaNbHLIE NPOEKUUKM BeKTOpa bioxa B u B, MOXHO BHIPa3HUTh

4yepe3 TOPU3OHTAIBHYIO COCTaBILIONIIYI0 Bekropa bioxa B :\/Blz +322 U yroiu

IMOBOpPOTa & B FOpI/IBOHTaJIBHOﬁ IIJIOCKOCTH COCT&BJ’IHIOH.IGﬁ BCKTOpa bnoxa B_L
OTHOCHUTCIBHO HepBOﬁ ocHu

B, =B, cos(a)

{Bz =B sin(a)'

Torna

PVZ = pNOVZ (Bl cos((p) - B, sin(go)) =

= pNOVZ B, (cos(a)-cos(@)—sin(a)-sin(¢p))=

:pNoVZ B cos(a+qo). =>

B = pNOVZ B, cos(a + go)

W3 sToro paBeHnctBa cienyeT 1-il CMbICH MEPBBIX ABYX KOMIIOHEHT BEKTOpa
bnoxa.

JumnHa cocraBisomeil Bekropa biaoxa B miockoctu (1, 2) B| ompenenser

AMILIUTy Ay HOoJisipu3alvn CpEabl, a YTOJI IIOBOPOTAa ¢ BCKTOpPA bioxa oTHOCHTEBEHO

ocu 1 B mockoctu (1, 2) paBeH (a3zoBoMy CIBUTY @ MOJSPU3ALUA OTHOCUTEIHHO
(a3bl CBETOBOM BOJIHBI (.

Bropoli cmbIcn nBYX NeEpBBIX KOMIIOHEHT BekTopa bioxa ompenensercs ux
CBSI3bI0 C KOA()(PHUIIMEHTOM MOTIIOMIEHUS CPEIbl U TTOKA3aTEeIeM MPEIIOMIICHHUS CPEIbI.
N3 4-x cnegyronmx cucteM

+00
2
g =2 P=|P dV.
n—ny= y4 c c —
J 0 nO {})c:lv&o _J. V, z 1)CVZ _pNOVZBl(VZ)
4w P =" P, =-pNy BV,
NZ@Z * P, = IP av, U V2 (72)

MOJIy4aeM



+00
B (V.
n—no—z—” p LZ)NOV dv,
o o % z
By (V.
N2, 2( Z)NOV dv,
no¢ v <o z

Orcrona cnexyer BTOPOM CMBICH IBYX MEPBBIX KOMIIOHEHT BEKTOpa biioxa.
KomnonenTa B; onpenenser J00aBKy K I0Ka3aTEIIO IPEIOMIICHUS CPEIbL.

Komnonenra B, onpeneiser yCUuaeHue Cpebl (—&).



