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poi nonuHom Ny crenesn (¢ —8) mo H* moaHocreio (akrophu-
syercs.

JanvHefiniee pasBUTHE TEOPHH HPHMEHHTENbHO K OeJKaM, CO-
EepKailuM OYeHb GOJbIIOe YHCIO CBASHIBAIOIIUX LEHTPOB (apmpo-
KpyopHHH), IpHBeleHo B pabore [30].

§ 7.3. 3IODEKT PAPARER

B 1846 r. ®apajeii OTKPHJ, 4TO UPH NPOXOXK/JECHHH MOJAPHU30-
BAHHOro CBE€Ta BAOJbL HaNpamJeHHs MAarHUTHOroO mnoJs yepe3 Belle-
CTBO, B HEM Haxojsduleecs, NJOCKOCTL I‘IOJIﬂpI/ISaU,I/III CBETOBOH BOJIHBI
NOBOPAYHBAETCS Ha yroJi, NPONOPUHOHANbHEHA TOJILHHE C/10s Belle-
cTBa ! M HaNpAXKEHHOCTH MarHUTHOroO noas H

¢=VIH, (7,35)

rae V — KOHCTaHTa MAarHWTHOrO BpalleHus (nocrosxnas Bepde).
dapajell nucal: «..B KOHIE KOHIOB MHE yAaloch HAMarHHTHTbL H -
Ha3JEeKTPH30BATh JYyY CBETA M OCBETHTb MArHHTHYIO CHJIOBYIO JH-
HHio» [31]. B neficTBHTENBHOCTH peyb HAET O BO3JAEHCTBUM MarHur-
HOTO 1OJIsi He Ha JydY CBeTa, a Ha BeillecTBO. B pesyabrarte storo
BO3JEHCTBHSI 3JEKTPOHHBE OGOJOYKH MOJEKYJN CTAHOBATCS ACHM-
MeTPHYHHIMH M BELIECTBO OKa3hBaeTcs O06JafaloIUM KPYroBHM
Asyaydenpenomiaennem (cM. (5.47)), T. e.

¢=7 (. — np)l. (7,36)

Kak y)e cKa3aHo, ONTHYECKHe CBOMCTBA MOJIEKYJ ONpEeAeHaIoTCH
HX MOJsIpH3yeMOCTbio. B cBOIO ouepeab moasfipH3yeMOCTh 3aBHCHT OT
HanpsKeHHOCTH MarHUTHOro nons. B nepBoM npHuO/HMKEHHH cOCTaB-
JSI0ILYI0 TeH30pa NOJsIPH3yeMOCTH MOJIEKYJbl MOXHO 3amnHcaThb
B BHUIe

ey +Zaﬂp I PP (7,37)

3necs 0, 1, p =&, M, { — KOOpAHHATH B CHCTeMe, 3aKpeleHHOH B
monekyne, Hy, — KOMIOHEHTH BEKTOpA HAIPsXKEHHOCTH MAarHHTHOTO
nojs B Toil Ke cHcreMe., Tak kak H = rot A (A — BexTop-notes-
[HaJd)— aKCHAJbHHA BEKTOp, TO BEJIMYHHH @Gor,p AHTHCHMMETPHYHB
OTHOCHTENbHO NepecTaHOBKH HHJEKCOB O, T, T. €.
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W3 3akoHa coxpaHeHHs SHeprHH CJelyeT 3PMHTOBOCTb TEH30-
pa ag: (cM. [32]). CnenoBaTe/bHO, BEJNHYHMHBl Qov,p MHHMBE. Ecin
none H HampaBJieHo BAOJL OCH 2 NPOCTPAHCTBEHHO HENOABHYKHOH
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CHCTEMBbI KOOpAHHAT X, Y, 2, TO COOTHOIIEHHS MeXJy HampsKeHHO-
CTBIO U HHAYKLHEN 3JIeKTPHYIECKOro MoJis B BelleCTBe, HAXOAAIIeMCA
B nose H,, uMeoT BUA

D,=¢E, —i¢'E, Dy=ie'Ex+eEy, D,=¢E,, (7,38)

The &' = [gxy = 4miN 0%y (N4 raza Ny — yncio Monekya B 1 cmd),
Tak Kak axy — MHUMas BeJHYHHA (OHA MOABJAETCA BCJIEACTBHe
HaJU4Hf MHHMBIX aHTHCHMMETDHUHBIX COCTABJSIOIIHX IOJAApH3Ye-
MOCTH, 3aBHCAIIHX oT H,), To ¢ — BellleCTBEHHO H TPOTOPHHOHAD-
Ho Hz Ecan BJOJb OCH Z DACNpPOCTPAHACTCH MJIOCKAf CBETOBAs
BOJIHA, AJ1f KOTOpO#

D, =n’E,, Dy=n2Ey, D,=0, (7,39)

To H3 ypasHeHHil (7,38), (7,39) caenyer
(e—n)E,—ieE,=0, ig’E,+(e—nY)E,=0. (7,40)
Otciola monyyaeM aBa 3HayeHHsl NOKasaTeNsl NPENOMJIEHHS Cpellbl
m=g =+ ¢, (7,41)

Pemwenne co sHAaKOM [JIOC OTBEeYaeT BOJIHE, MOJAPH30BAHHON 1O
KpYry BJIeBO, Co 3HaKoM MHHYC— BnpaBso (cM. ctp. 290). Kpyrosoe
ABYJyienpe/oMIeHHe PaBHO

An=n_—n,=~¢'/n, (7,42)
rae n = !/3(ny, + np). Cpasuusas (7,35), (7,36) u (7,42), naxonum
ne’

TakoBa deHoMenosornyeckas teopus addexkra Papazges [32, 33].
B knaccHuecKoft 3JeKTpoHHOH TeopuH 3dpdekT Papanes cBoAUTCA K
spbekry 3eeMaHa. DJNEKTpoH, pacCMaTpHBaeMHil KaK TapMoHHue-
CKHII OCHMJIATOpP, KoJebjeTcds B OTCYTCTBHE MAarHHTHOro HOJdA C
KpyroBbil actorofl we. B NpHCYTCTBHH moJfA, HaNpaBJeHHOro napal-
JIeIbHO JIydy CBeTa, CEKTpalbHas JWHHs C 4acToTot wg pacuien-
JsieTCs Ha IBe, NMOoJAPH30BaHHBIE MO KPyry BIPaBO H BJeBo. Beuau-
YHHA pacuiemyieHds pasHa 2|ogm|, rae g — uactora J1apMopoBo#
HpeleccHH:

oy |l=eH/2mc

(e, m — 3apsan m Macca JeKTpOHA, ¢ — CKOpocTh cBeTa). Kpyrosoe
IByJyYyenpeJoMJIeHHe BhipakaeTcsl BEJHYHMHON NPOH3BOAHON N 10
JacToTe CBETOBOH BOJHBI ®

on eH ( On
An=( —aa)H 200 =75 ('&;)H

a9 efl
An A ( A )H=0 2nme? * (7,44)

nian
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Taxkum oGpasom,
eH on
= Sme? A (_B—AT)H=OI

e (an

— e (5 e’ 7.45)

Mbt nonyunnu gopmyasy bexkepeas, rpy6o COTJIACYIOUIYIOCH € OMBI-
TOM JJIl {HAMAarHHTHBEIX BELIECTB.

Hctunnasa teopus ap¢pexta Moxer 6bITb TOJBKO KBAHTOBOMEXa-
Huueckoii. Ilox BAMAHMEM MarHHTHOTO MOJIS MPOHCXOAHT HECKOJBKO
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Pue. 7.10. Cxema, noscusiomwas Bo3udkuosenne MK]I,

aBneHnii. Bo-nepBbix, pacuiensisiercs OCHOBHOH sHepreTHYecKu# ypo-
BeHb 3JIEKTPOHHOH cHCTeMBl. BO-BTOpHIX, IpPaBOf M JIeBOH BOJHAM
OTBEYalOT Das3JIMYHble BEPOSITHOCTH nepexoAa. B-Tperbux, pacuien-
JsieTcs H BO36yxAeHHOe cocTosinue. Ec/in MoJsleKy/ibl mapaMarduTHBL,
TO H3MEHSIeTCS] HACeNEHHOCTb NOAYPOBHEH OCHOBHOIO YPOBHS, BO3-
HHMKAIOUIMX B MAarduTHOM mnoJje (BCJAeACTBHE OPHEHTAlUHHM COGCTBEH-
HBIX MarHUTHBIX MOMEHTOB).

B corsnacen c-o6IMMMH N[ONOXKEHHAMH MOJEKY/IADHOA ONTHKH
(cM. § 5.5) marnuTHOMY onTHueckoMy Bpamernnio (MOB) orBeuaer
MarHHTHBIH KpyroBo#l auxpousm (MK]/l) B nonocax TMOIIOIeHHs
BemlecTsa. Ilepeunciennble siBJeHHS yAOOGHO NPONEMOHCTPHPOBATDH
B norjiomennn (puc. 7.10) [34]). Pacimensenne OCHOBHOTO COCTOSi-
HHA [JaeT YacTOTH TNOIMOLICHHS MNpaBofi H JE€BOH BOJH ©p ==
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= wo + McH, oL = wo— mgH, pa3niuine B BEPOATHOCTAX mepe-
.xoja jaer Ko3(p{HIHEHTb MONVIOUNIEHHs 3THX BOJH &p =
=¢em(l —bH), e =-¢en(l+bH), pasauune B HaceJeHHOCTAK

4¢
@

Puc. 7.11. Tpaduxk MKI, Puc. 7.12. Tpagpux MK,
OoTBewalomuil uieny A. orsevarouit B -+ C/kT.

4¢

nonypoBHel gaer mHoxureau 1 u (1 — 2meH/[RT) (mg — xapakTe-
pusyer pacuemnenue). ITonygaem [34]

g, =g, (1 +bH)f (0 — msH),
e,=-¢, (1 —bH) (o + mH)(l —2mH/kT)

"
As=28mH{—maf%nl—l—(b +72)F (@) | = A+ B+ CIkT. (7,46)

Ecaun ydecTh W pacilienyieHue Bo30YXJeHHOI'O YDOBHA, XapaKTepH-
3yeMoe Mg, TO :

Be=2e,H { — (mg + mp) Tk 4 (b + 72 (@) } =

— A+ B+ ClkT. (7,47)

MK/ Buipaxaercs auHeliHON KOMOGHHALHEH KPHBOH HOIJIOIICHHS
(B + C/kT) u ee neproit npoussoauoit (A umu A’). To xe oTHo-
curcst K MOB, rae unen A BhIpaXkaeT NpPOM3BOAHYIO KPHBOH jmcC-
nepcun n(w) no o, a wiessl B u C — camy 3Ty KpuByto. OuesniHo,
uTo opMya Berkepessi coorsercTByer TonbKo diaeny A [35). Ona
cnpaBeAIuBa IJs auaMarsuTHoro BewectBa (C == 0) u paBeHcTBa
HHTEHCHBHOCTeH o6enx KommoneHT (b = 0). B Takom caydae rpa-
¢uxk MK]L umeer BHA, moKasaHHbIH Ha pHc. 7.11. ®arTudeckn b
Bcerpa OTAHYHO OT Hyad. Hamporus, ecin unes A npeHe6pexumMo
man, kpuas MK/ orseuaer B + C/kT u cummerpuusa (puc. 7.12).

Crporasi kBaHTOBOMexaHH4ecKas Teopus MOB u, creposarenn-
Ho, MK] pasBura Ha OCHOBe TeopHH BO3MylieHHH [36—39]. Braau
OT MOJIOCH! MOFJIOIIEHHUA YA€1bHOE BpallleHHe, ONpeenaeMoe 3JeK-
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TPOHHBIM MepexoAoM ¢ ypoBHA 0 (OCHOBHOINO) Ha YpOBeHb j Jaercd
BEJHYHUHOH .

i __ic_ 2(0]0(02A, ®? i
@(0 ])““ He 1{}1(030__02)2"“ 030_02 (B]+ kT)}HZ’ (7,48)
rage
Ay =[(j| m1]) — (O |m, |0)] Im[(0] p. |1) (il p, 1O)],
B,=Im{ 210 1(0] i 1) (i1 py 11— (0 1py 11 (i 1 1D] +
10 i }
+ Y}, Ulmel9 o, I‘i)(llpylo)—(0|py|i)(l|px10)]},
by M
Cy=(01m,10) Im [(0] ps |1} (il py 10)].

(7,49)

3xech ® — 4acToTa najakouero cseta, (f|m.|j) B T. A — marpuu-
Hble 3/JeMEHTHl COCTABJAIOIEH MAarHHTHONO MOMEHTa N0 OCH 2,
(O]p«]i), ({|pyl0) ¥ T. n. — MaTpHYHBIE JEMEHTH COCTABJSIOIHX
3JIEKTPHYECKOr0 JHMONBHOrO MOMEHTa, Im — cuMBOJI, YKasbiarw-
mufl Ha TO, 4To OepeTcs MHUMas 4YacThb Bhipaxenus. Jna gmamar-
HUTHEIX MoJiekysn (0]|m,|0) =0, crenoBatensuo, C =0 u uien A
OnpefeasieTcss TOJBKO MarHUTHBIM MOMEHTOM BO3GYXKIEHHOrO CO-
crosiausi (j|m.|j). Braan urena C B MOB onpepensiercs (7,48),
ecni (0]m,|0)H, <« kT.

B o6nactu co6GCTBEHHOro MOTVIOMIEHH HAb/MI04aeTcd aHOMaJb-
Has aucnmepcHs MarnuTHoro Bpamenus (AJIMB), onuceiBaemas
tdopmyJion

, 4n 20,0’ ((02 — %) — 1?2
¢(0—>j)=— 1{ 10" [(0p — o)

had 10
» T T A
o (0 o)

(m?o — o)+ o’Th,

(B] '-'l— C]/kT)}Hzr (7150)

rae A4;, Bj, C; uMeroT npexune snagenus (cM. (7,49), a Iy npubiu-
JKEHHO COBMAJAaer ¢ MOJYWHPHHOH CHEKTPaJbHOH MOJIOCH, COOTBET-
creytomeil nepexony 0 j. Buast kpubbix AIIMB, orBeuatomux A u
(B 4 C[kT), nokasansl Ha puc. 7.13 u 7.14 coorBerctBenno. AIIMB
tuna A Bnepsrie Habmoganu Makanyso u Kop6uno B 1898 r. B na-
pax matpus ([40], cm. Takxke [32, 41]). Taras cummerpus AIDMB
HasbiBaeTca aggpexrom Maxaayso — Kopbuno. Ilpocrbie Kiaaccu-
yecKHe COoOGpaKeHHsi [OKa3blBAIOT, 4YTO 3TOT 3(QQeKT noMKeH
OLITb BECbMa YyBCTBHTEJNEH K H3MEHEHHSM B I[OJOXKEHHAX H
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MHTEHCHBHOCTSIX CIEKTpaJibHBIX nojsoc. Unen A, Kak yxke CKasaHo,
onpenessercs npoaosbHbiM 3¢p@dekTom 3eeMaHa H BHIpaxKaer pai-
HOCTHBIH, HHTep(PepeniHoHHbH 3P PEKT BHYTPH MOJOCH NOIVIOMIEHHS
(puc. 7.15).

Henocpeacteennoe nabuaionene spdexkra 3eeMana B MOJEKy-
JSIPHBIX CIEKTPax NMPaKTHIECKH HEBO3MOXKHO, TaK KaK OJIOCH IIH-
POKH, a pacilensenue 20y Mano. Hanporus, cimmerpuunas AIIMB

[
Vil

Puc. 7.13. Tpaguxk
AIIMB, oTtBeyao-
wHi uieny A

(21"

[2)"

)
Puc. 7.14. Tpapur Puc. 7.15, CxeMa, nostcHSIOWAst BO3HUK-
AJIMB, oTBeyao- . HoBehHe AJIMB.

wui, B 4+ C/kT.

MOXET OLITb OYEHb pe€3KO BbIpaXeHa, B HaCTHOCTH, y reM-coaepxa-

mux 6esKOoB.
MK]I, xapakrepusyembiil 3/UTHITHYHOCTBIO O (cM. cTp. 292), omnu-

cpiBaeTca popmyson

4z 10 ,0° ((02- - (02)2 T
N 10 70 10
8(0—)) fe N, { 5 [(m% _ 02)2_‘_ ‘0211%0]2 4y +

(031‘,0
2 N L 22
(‘010"“”) + o’T%

(B, + C,/kT)}Hz. (7,51)

Jlerxo BHaeTb, 4TO wieny A oTBeuaeT acHMMeTpHu4Has KpHBasg MK]]
(cm. puc. 7.11), a unenam B u C — cummerpuunasn (cMm. puc. 7.12).

Huas usorpomnofl cpefbl ¢ NOMOUIBIO YCPEAHEHHA COOTHOIUCHHS
(7,49) 1o BceM opHeHTAaUHAM MOJIEKYJIB! 110JydaeM BbIpaXKEHHS AJ1s



§ 7.3. DOBEKT ®APALES 445

A, B, C, e 3aBHCAIIHE OT OPHEHTALHNH NPOCTPAHCTBEHHO (PHKCHPO-
BAHHHIX OCefi:

Ay="s1G1 m 1) — (O Im 10)]Im[(© Ip 1)) 1p I0)]
B/='/3Im{ Y Gl ©ipli e 1h+

' L0 .
+ X 4o neeio),

Iy
Cy="/s(0]m |0) Im {(0] p [} (/| p |0)};

m, p — BEKTOpbl MAarHHTHOTO M 3JIEKTPHYECKOTO MOMEHTOB Mojie-
Kyabl. CBA3b MeXAYy ¢ H 0 mo-mpeXxHeMy JaeTcs COOTHOIIEHHSMH
Kponura — Kpamepca (cp. crp. 298). ,

Breipaxenus pas MOB, AIMB, MK] oriuyubl OT COOTBeT-
CTBYIOIIUX BEJHUYHH [J9 eCTECTReHHON ONTHYeCKOH aKTHBHOCTH,
OOB, AIOB u KII (cMm. § 5.5). Ddpderr dapaned HUKakK He CBA3aAH
C eCTEeCTBEHHOH ONTHYeCKOoH aKTHBHOCTBIO — OH HalJonaeTcsi B Be-
IECTBAX, MOCTPOEHHBIX KaK H3 aCHMMETPHYHBIX, TaK H U3 CHMMeT-
PHYHBIX MOJIEKY]. SIBHOE pa3/inuHe COCTOHT B TOM, YTO IIpH BTOPHY-
HOM MPOXOXJGHHH JIyia CBeTa, OTPAXKEHHOrO OT 3epKaja, uepes
ONITHYeCKH aKTUBHOe BEIECTBO, BpallleHHe KOMIEHCHPYeTCH H Hcue-
saet, a apdexr dapanea yapaupaerca. Takum ob6pasoM, addekT
dapanes naet HOBYIO HHPOPMALHIO O CTPYKTYpe MOJEKYJ H BaX-
HBl€ CBE/leHHs /s HHTEPHPETALHH CIEeKTPOB.

DKcnepuMenTanbHoe Habnwoaenne AIIMB npoBoaures ¢ ycnexom
Ha CcHCTeMax, XapaKTepH3yeMbiX CHJBHBIM MATHUTHHEIM BpalleHHEM
P OTHOCHTEJIbHO MaJjioM mornaoliennd. TakoBel nopdupHHOBHE CO-
eJMHEHHs, COENMHEHHS pelKO3eMeJbHBIX 3JEeMeHTOB H T. A. Ilpu
MaJOM MarHHTHOM BpalueHuH nsMmepenve AJIMB sartpyanuresnbHo.
Dpdext Papages NHHEEH OTHOCHTENBHO MATHHTHOrO mOJIsA, M MO-
3TOMy, yBenuyuBas H, MOXHO yJYYIINTL YCNOBHA Habronedus.
B psine cospeMenHBIX paGoOT MPUMEHSIIOTCA MAarHHUTHBe MOJs, CO3-
JlaBaeMbie CBEPXMPOBOAHHKAMH H JocTtHraiomue 50000 ec u Gosee
[42]. Bes aToli TexuukH yaaercs nonyuHTh moas xo 20 000—30 000 ¢
(onucanue cooTBeTCTBYyIOUEH audpepeHUHAaNbHON YCTAHOBKH CM.
B [43]).

Ha6monenne MK]I BO3MOXHO He TOJBKO 7151 COeNMHEHHA ¢
GosbiuM BpauieHHeM. OHO MPOBOAUTCA C MOMOIIBIO KPYroBOTO IH-
xporpada ¢ marHuTHOH npucraBkofi {42]. IToapo6ubie CBOAKH 3KcHe-
puMeHTaabubix faunpx 10 AIIMB u MK]l MHOrHx BeliectB CM. B
[39, 44]. Illnporoe nayyenme sTHX 3¢ (PeKTOB Havan0Ch JHIIL B [O-
caejHue rofibl, B yacTHOCTH B pabotax [xepaccu [45—47].





