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aupe. A HenpepmBHOil rpynun A, Kak aro OyfAer BHAHO
Bra. 7, §3, u. [, Bce sueMeHTH MOKHO BLIBECTH H3 OJHOIO-
eJlHHCTBeHHOTO OIepaTopa.

_ . Cremyer Bcerjia HOMHUTE, YTO B CHIY IIOCTYJIaTOB KBAHTO-
BO# MEXaBEKHE TOJBKO 3PMETOBLL OLEPATOPHL MOTYT COOTBETCT-
BOBATh (pusnIecKuM Habiogaemeim. 1Tarum o0pasoM, paa u-
smuecKu HaOaI0aeMoit coxpausatomeitca seamaunn 13 T(G,)
rTpedyeTcA DOCTPOMTEL 3PMHTOB omeparop. [lasee Mul yBujguM,
9T0 TOABKO B CIydae HeIpepHBHBIX IPYOU 3TA COXpaHA0IUe-
CA BEJIMIUHEL COOTBOTCTBYIOT OOLITHHM RJIACCHYECKAM ITOHA-
THAM, TAKAM, KaK AMOYIbC A YIJIOBOH MOMEHT.

§ 6. IPHMEPBI

Has mamocTpanmEm CAEACTBAE CHMMETPHA PacCMOTPHM
9eThipe NOpHMepa, COOTBETCTBYIOmEe IpyonaM CHMMETpHH
Ca, Dy, §3 1 A, Xors JeTATPHO OHpPEAeATh BHJ BOIHOBHX
¢ysrnmii Ee Tpebyercd (B 3TOM H COCTOHMT IPEHMYINECTBO CHM-
MeTpEAHOro IOIX0ja), MOYKHO mpefcTaBHTh cebe, 970 JAHHEe
TPUMEDEL OTHOCATCA K ABEJKEHHIO TaCTHAIL B II0J€ ¢ IOTeHNH-
anom V (r). Omeparop KmHeTHIECKOI SHEPIHH V2, GYAYUIH CKa-
JAAPEHM LOPOU3BeJilcHMeM, HHBAPHAHTEH OTHOCHTEIBHO JI00O-
T0 BpalleHdsa A 003TOMY BO BCEX YeTHPOX IpuMepax 0CTaeTcsd
vemsMeREHM. [loTernmad sxe mokHO BHOpaTH MHBAPHAARHTHEIM
JEMb HO OTHOIIEHWI0 K HUBMHM K3 IepeTdcJeHHBIX Tpymn
ppamennit. [lanEnil npocroil ciytail He Tako#l yK HCKyCCT-
BEHHHA — OH MOJKET COOTBETCTBOBATH JBIJKEHHIO 3JIEKTPOHA
BOKDYI' aTOMHOTO sAzpa. XO0TA KYJOHOBCKOE IPUTAKEHHE AADa
cepruecKA-CEMMETPIYHO, MOJKHO LpeAcrasarh cebe, d4TO
HMeeTcs BHeDIHee moJie, HOHMKaomee cmMMmerpmio. Mmm e,
€CIH aTOM HaXOAdTCA B KpHCTAjle, IPACYTCTBAE APYIOX aro-
MOB KpHzcTajia GymerT HOHWKATH CAMMETPHIO OT A3 A0 HOKO-
TOPOA KOHEUYHOH TIpyNHIH BpameHAH.

A. I'pynoa cammerpun C,

Hasa osrofi rpynnu moreHnman V(r) B o0osHavenuax mpu-
Mepa d B3 ra. 2, § 2 Oyjer EHBAPAAHTHEIM OTHOCHTE]IBHO MOBO-
poroB R; m Ry=R? Bokpyr rpoitnoit ocm z. I'pyuna (', quk-
JAmYecKas, TPH OJHOMEDHHX HOIPHBOJZHMEIX IPeJCTABICHHAS
TV, 1® g ¢9 umerommecs B Taba. 4.3, (ra. 4, § 18), Mokuo
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3ammcarb B BIfe

1@ (R,) = exp [2n (@ —1) i/3], (5.14)

rne =1, 2 n 3. Ha ocuosammm 06ImX BHIBOMOB § 3 MBI MOKeM
3aKJIIOUHTh, 9T0 COOCTBEHHBIC COCTOAHESA IOJIKHH OLITH He-
BHPOK/ASHHBIMY, YTO OHM MOTYT KJIACCHQUOHAPOBATHCA B CO-
OTBETCTBHU ¢ MHAEGKCOM ¢ HEOPHBOAEMOTO IPE/CTABICHAA
@ 9T0 OHW 00JafaioT CHeIYIOmEAM CBOMCTBOM:

T(R,) ¥ = exp |2 (@— 1) i/3] gl

B nameMm wactHOM cayduae omEOM YACTHOBL 3TO O03HAYAET IO
ompegexerwmio (3.37), gro

4 (0—%) = exp(2n (— ) 1314 (@), (5.15)

rne ¢ — oOHUHBI MOJAPHEHE YroJ MOBOPOTa OTHOCHTEIBLHO
ocn: z. (M1 Moram 651 moayguTh 5TOT pesyaprar 6e3 Hemocpep-
CTBEHHOTO MCIOJb30BAHNA TEOPHM TPyHI, OTMETHB, UTO ra-
MmabroEnan H xomMyTtupyer ¢ omeparopom T(R;) moBopora
BOKDYT TPOMHOH oCWm II, CJIeOBATENBHO, COOCTBEHHEIE CO-
CTOAHYA raMmibToHmaHa H MosxHO BHOpPars Tak, 91006 ome-
parop T(R,) OBII AUATOHANBHHIM. JTHM COCTOSIHUAM MOKHO
npunmcath HHAEKCH coGcTBeHHBIX 3Hadwenuwi T(R,), 3amaBae-
mele dopmyoii (5.14). Oneparop T (R;) mo orHOmMEHHWIO K TPyD-
me C; npeacrasaser co6oif cOXPaHAMYIOCH BeAUIAHY, HO OH
He WMeeT MpPOCTOr0 PU3MIECKOTO CMBICTA.)

fAcree cpoiicTBa cumMerpuy OYHKIU, yI0BIETBOPIOIHAX
paBeHcTBY (5.15), BUAHKE W3 BHIpUKEHUA

YA (@) =ug (¢) exp [—i (@—1) @], (5-16)
e u, (@) — mepuommueckas GYHRIHA HepeMeHHOH ¢ ¢ me-
puomoM 2:t/3. 9TO MOKHO TPOBEPHTH HOJCTaHOBKOH BHIpaske-
Hag (5.16) B dopmyay (5.15):
uq (9 — (201/3)) exp{—i (2 —1) [¢ — (2n/3)]} =

=exp [2a (a—1) /3] uq (¢) exp [—i (@ —1) ¢],

o (95 ) =t (0). (5.17)

Dopmyna (5.16) paer dynrnmio $'* (¢) Ipz Bcex ¢, ecanm oHA
m3pectHa B muTepsane 0< p<<2n/3. Takmm oGpasoM, coobpa-
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ReHAA CEMMETPUH IPHBEIH K 3aKJI0UEHII0, UYTO JJAA pemeHns
ypasuenmsa lllpeguarepa B cucreme cmmmerpun C; HeoGXoamd-
MO PENINTH JWOIb YKBHBAJICHTHOE ypaBHeHUE JJIA Uy(Q) B HH-
tepsaae 0<Cp<<2n/3 ¢ mepHMOOMYIECKHMN TPAHUYHBIME YCJIO-
BUAMH.

Paccmorpnym temeps mpasmira ot60pa O BAEKTPAYECKHX
AUOOJBHHX MEPEXOH0B MEKIY COOCTBEHHHIME COCTOSHUAMHE
Y@ (). [las ceera, D0AAPA30BAHHOTO BAOJE OCH Z, COOTBETCT-
Bywmuil oneparop pasex ez (§ 1). Ouerugno, 9To 0OH HUBAPHA-
aHTEH OTHOCHTEJBHO MOBOPOTOB BOKPYT TPORHOK ocH m, Cle-
DOBATENbHO, NPHHANIEIKWT TOMIECTBEHHOMY NpefcTaBie-
puio 0. Tlockonbky mpoussepenme mpepcrabieHmit T (%)
&) 1@ =1(*) | 3T0T OmEPATOP MOKET BHIBHIBATH IIEPEXO[Hl JUIIb
MEMRIY COCTOSHUAME, IPWHAJIeRAN[IME OJIOMY W TOMY JKe
HeNPUBOJIHMOMY OpefcTaBlieHui0 ¢ mHAeKcoM . [asa ceera,
DONAPW30BAHHOTO B ILIOCKOCTE XY, COOTBETCTBYIOmEHA ome-
paTop ecTh Kombmmanyd x u . Tak var z2=iy=rsinlexp (£ip),
n3 cpasuenus ¢ (5.46) caepyer, uT0 2101 OmEparop mpeod-
pasyercsi B COOTBETCTBUU ¢ KoMOmWEHanme#t IpejcraBieRHil
2 g ¥, W3 raba. 4.3 M HaxogdM, 970 IOPOU3BECHHA
HpeficTaBIe it ,r,(aIO'T T(l)®T(2)=T(2), ’E(Z)@T(Z):T(m, T(z)@
R TP =1Y g1 Q) 1?®=1'?. Crenopareasna0, paspemeHHHMA
mepexojaMu i CBeTa, HOIAPU30BAHHOIO B ILIOCKOCTH IY.
asaaorea mepexonst (1) < (2), (1) e 3) 71 (2) & (3), r. e.
BO3MOKHEL BCE NEPEXOJAH ¢ H3MeHEHHeM HHJIEKCA O.

B. I'pynna cummerpnu D,

Idra rpynoa Geiia paccmorpeHa B Iv. 2, § 2 (mpmmep 6), = B
JaHHOM CIAYy9Yae MOTEHI[HAJ HHBAPHAHTEH OTHOCHTEIHHO IMOBO-
POTOB BOKPYT TPOIHOH OCW Z B BOKDPYT ABOHHKIX Ocefl B ILJIOC-
KocTu zy. Xapakrepsl mpeacraBiaeHdmil rpynme D; gaHEL B
1a6a. 4.2. CoGeTrennble COCTOAHAA ABIANTCA IUGO HEBHPOIK-
geHanMa ¢ =1 min 2, qu60 ABKIE BEIPOIKASHHMME ¢ 0.=3.
Cocrosiuma YV Gynyr HHBAPWAHTHHIME OTHOCHTEIBHO BCEX
onepanmii rpynnsl. Cocroguns P'? BHBAPUAHTHH OTHOCHTENb-
HO HOBOPOTOB R; ¥ R, BOKPYr Tpo#lHOU ocHm, HO M3MEHANOT
3HaK mpH moBoporax R, R, mw R, BOKpyr ppoiiHmXx oceii.
B of6mem caygae mapst cocrogumit PP m ¥ GyayT cMmemn-
BaTbcAd MOA JedcTBHEM omepanuit TPYIIH.

Haiitn mpasana 0160pa AIA 3JAeKTPHYECKOX OUIOJHHHX
mepexooB MOMKHO A0BOJIBHO mpocto. CooTBeTCTBYOmMUA Ome-
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patop O=¢R ects Berrop ¢ xapakrepom 2cos 041 (§4),
TaK 970 U3 IPEBeJEHHOHN HIGKe TAGIMIBI XapaKTepoB TPYHIEL
Dy (raba. 5.1) me BmamM, 910 OH mpeoGpasyerca kak 12 (P

Tabauya 5.1
D, B.®) €.RuR) By (R RaRy)
T 1 1 1
T 1 1 —1
T® 2 —1 0
0O 3 0 —1 =TOPT®
O T 3 0 1 = T @T(a)
O T2 3 0 1 =TOHT®
OXRT® 6 0 0 =27 PTOPHTW

@ T, Orclona MH pHexaeM BHIBOJ, UTO Pa3pEMIEHH CIEAYIO-
me mepexoms: TV« TP, TW T TR T® g T TO,
torga Kak mepexomn T® « T1 u T® « T? zampemens.
AnanormusmM ofpazoM pasnarag O Ha KoMmmomeHTHl T2
(Bgonp ocm z) m T (B mIOCKOCTH ZY), MBI MOKEM CHEJaTh
BHBOJ, 9TO B CJAydYae HOJAPH30BAHHOTO CBETA Pa3peIleHsl
CAeNYIOmMUe NePexon:
1) moaapmsaums BEoab z: TV ¢ T TG 3 TO);

2) moaspmsanya B IIOCKOCTH zy: TV 3 T4 T@ 5 T

T® & T,

B. I'pynna cammerpun 8,

. 91a ouerp mpocrax rpymma (ra. 2, § 2, npmmep 4) comep-
FRUT JHAIND e{MHEMYHLIA 3aeMeHT W mHBepcuio I, npmyem {2=E.
Oma ®Meer jBa OJHOMEPHHX HEODUBOTUMEX IpPeACTaB-
JleHHA: TOMJCCTBERHOE TpefcrasieHze T'VY @ mpefcrasienne
T®, 8 kKoropom mmBepcuu coorserctByer —1. CoGcreentsie
COCTOAHMHA TaMAJIbTOHOAHA, WHBAPHARHTHOTO OTHOCHTEIBHO
mABepcmn, GYAyT, cAeqoBaresbHO, OPHHAJJICKATL IPEICTaB-
deamio T mam T, CoOTBETCTBEHHO 3TOMY OHH HA3HBAIOT-
cA YOTHBIMP UM HEYETHLIMEA ¥ 9acTO 0003HAYAIOTCA 3HAKA-
Mu 4. llockoasry mpefcTaBiIeHHA OJHOMEDHH, BHIPOIKACHHE
orcyrcTyer. llpasmna orfopa IONY4aTCA OYEHB IIPOCTO
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m3 mpasmn yMEOKeHEA TV @) T@W==T® g5 TV RQ)TV =
=T® Q T®=TW, Takmm o6pasoM, HEYeTHHIH oHepaTop,
HAampHMep ONIepaTop DIEKTPHUYECKOro AHMIOJLHOTO MOMEHTA,
tpebyer, uro6r EadaJbHOe W KOHEUYHOE COCTOSHAA Dasimya-
AECH IO TeTHOCTH, TOTYIa KAK ODEPARTOP MATHHTHOTO JMIOJb-
HOTO MOMEHTAa JONyCKaeT mepexofH JIHOIb MLy COCTOSHHT-
AMHA ¢ OMUHAKOBON 4ETHOCTBHIO.

I'. I'pynna cnmmerpun A,

I'pynma A, — 310 HempepeiBHAA TPYHIa BCEBOBMOIKHBIX
BpameHnii BOKPYT OCH Z, Tak 910 moreHmuaia V (r), ecad om
WHBAPHAHTEH OTHOCHTEJILHO OmEpanuil 8TOH IpyUmsl, FO/LKeH
3aBMCETDh Jaumb o1 r u 0. Dnementn rpynms R (a) m omepatop
T(R{a)) onpemenertr no gopmyne (3.37) TakmMm oGpasomM, 4To
npE feficTBHE OmepaTropa Ha BOJHOBYD QYHKIWIO OTHAESBHOMH
gacrunsl Mu mmeem T (R(a))p(r, 6, )=y (r,0, p—a). Ilpn
TAaKOM IOAXOfie TepeMeHHEe r u 0 ponE He MrpalT, W MH MO-
skeM mx onycrurs. Mcmoawsaysa pasaoskenme B pax Teiinopa,
MOKHO HAmHCATh

PO—0) =Y (@S (@) 7 b (@) F .. =
=eXP<—a§5>¢(<p),

tak 910 omeparop T (R (a)) MOMHO BuIpasuTh B ABHOH (opme
KaK

T(R(a)) = exp (—a%)‘ (5.18)
OKCOOHeHNEAABEHN BUJ OmepaTtopa Caefyer HOHEMaTh Kakr
cOKpamenHoe 0603HaTeHHE COOTBETCTRYMmEro psafa. llosToMy
049eBHIHO, 9TO eAWHCTBEHHEBIH omepaTtop 0/0@ reHepupyer Bce
HOBOPOTH OTHOCHTEIBHO OCH 3.

IlockosbKY 9JCMCHTH DIpPyOILl KOMMYTApYIOT, TpyOOa
ABJasieTCH abeseBoil m, caegosareinuo (TI. 4, §8), Benpmsomn-
MBI TPeACTABICHNA [0/KHLI OBITH ogHEOMepEEME. [lonpobHee
MH PACCMOTPUM HEIPHBOJUMEE IIPEACTaBIEHHUA TPymOH R,
B TI. 7, § 3, HO y:xé w3 Beipaskennd (5.18) acuo, 9ro pyHKOHEE
Bopa '™ (9)=A4 exp(imgp), rge m — mo6oe mexoe IHUCIO,
MOryT OHTh GABMCHBIME BEKTODAMY O/[HOMEDHHX HEIpPHABOIHA-
MBIX UpeJICTABIeBUH, ONDENeIAEMEX COOTHONIEHHEM
T (R (a))=exp (—ima). Bubppas fneficCTBHTEIbHBIN BHAEKC
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m, MuI TesaeM ogeparop T yHATApHHM, a OPH HeANX m y0emx-
faeMcs B HempepeBHOCTH QyHKmum P (9) Ipm nsMeHEHUH @
B mpefenaax 2m.

IIpasmia or6opa Auaa sAEKTPUIECKAX AUMOJBHEX HEPEX0-
[I0B MOYKHO HA#ATH, €CJIH 3aMETHTH, YTO BeININHA Z HHBAPAAHT-
Ha OTHOCHTEIbHO BCEX BPaiEeHWil BOKPYT OCH Z H, CIE0Ba-
TeAbHO, HpuHamIenr upeacrasmenno ¢ m=0. [as csera,
LOJAPA30BAHHOTO B IJIOCKOCTH IY, 33aBHCEMOCTH OT @ COOT-
BeTCTBYIOMETO OmepaTopa, Kak ¥ B OpejHaymeM HpmMepe,
naercs xombmHanmell exp (i) ¢ exp(—i@p) @, CieNOBATEIBHO,
ABJIsleTCA CyLepuosunmei npexcrasaennit ¢ m=1 o m=—1.
IlpaBmso pna ob6pasoBaHmA TPOM3BENEHAM NpeNCTABICHMI
rpynnst R, ocofeHno mpocroe, Tak Kak

T (R (@) @ T (R (a)) =cxp (—ima—im’ @) =Tm+m) (R(a)).

Tarum oGpaszoM, cBer, HOAAPU3OBAHHKIH BIOJL OCH Z, MHIY-
IHUpYeT mepexoisl, NPH KOTOPHX BeIdI#HA M HE M3MEHAETCH
(Am=0), Torma Kag cBeT, HOJAPA3OBAHHHMI B ILIOCKOCTH XY,
HHIYIAPYET MePexXojs, IPH KOTOPHX BeIWIHHA 7 A3MEHAET-
¢ ma emgmuuny (Am==1).

Ha ocHOBaEME cKa3aHHOTO B § O MOYKHO HODHTATBCH yCTa~
HOBUTDL BaKOH COXPAHEHHA B CJydae CHUMMETDHEH R,, ecad
omeparop mosopora (5.18) MokHO mpeoGpas3oBaTh B BPMHTOB
omepaTop. JIerko BHIETH, 9T0 TAKUM OIEPATOPOM MOKET OHITH
omepartop 8/0¢p, ymuosxeHHui Ha i. leficTBrrepHO, ecam MEI

panwnmem l,=—i(0/0¢) u nepeiifeM K feKapTOBHM KOODIHHA-
TaM, T0 HOIYYHM
. 0 . d a
L=—ig=—i(sg—yz)=(ep,—yph (5.19)
e p,=—ihd/0x — o6HIHOe KBAHTOBOMEXAHHTECKOE BHPa=

sKeHZe JJid EMIOYJbca. JTO 03HAYAET, YT0 CcOXpaHAlomeicA
BeJIWINHOM [, SIBIAETCA YIIOBOM MOMEHT OTHOCHTEIBLHO OCH Z.

B cobcrBennmx cocrosnmax P\ () omeparop I, mmeer cobet-
BeHHBIC BHAYCHUA M.

§ 7. TEOPHA I'PYIIL U BAPHALMOHIIBINT METO/|

B GonbmmucrBe peanpHHX QE3HIECKHX 3a7ad KBaHTOBOH
mexaEukd ypapHerme Hlpenmurepa He Mos;xer OBITH pemieHO
TOYHO BBHAY €ro MaTeMaTHYECKOM CHOMKIIOCTH, 0COOCHHO ecim
paccMaTpaBaeTcH Goanplmoe umcy0 Yactur,. B Takmx caydasx





