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Benenue. B 1926 1. lllpenuarepoM Obliia MpeiIoKeHa KOHIICMIIHS TOT'O, YTO CETOIHS Ha3bIBAIOT
KOTepeHTHBIM coctostaueM. [locite padot ['may6epa [1] m Cynapmana [2] 1963 1. ObUT BBEeIIeH TSPMUH
«KOTEPEHTHBIC COCTOSIHUS» U MCCIEAOBAHBI X CBOMCTBA JJISI HEKOTOPHIX KBAHTOBBIX cucTeM. Omuca-
Hre 0000IIEHHBIX KOTePEHTHBIX COCTOSHII Ha MPON3BOIBHBIX Tpynmnax Jlu 6puto mano [leperomMoBeM
[3; 4] u 'mimopowm [5]. Ha ceropHsHui 1eHb 0000IICHHBIC KOTEPEHTHBIC COCTOSHHS MOy YHIIH IIIH-
pOKOe TIpUMEHEHHE B PA3ITUIHBIX 00IacTAX (PU3UKH: B KBAHTOBOW OINTHKE, B TEOPHH KBAHTOBBIX KOMITHIO-
TEPOB, MPHU PEHICHUU OOIIMX MPOOJIEeM KBAaHTOBON TEOPUH, MPHU ONMHUCAHUU HEKOMMYTATHBHOW KBaH-
TOBOW MEXaHUKH, B (PU3UKE KOHJCHCHUPOBAHHOTO COCTOSHUSA. OTMETUM TaKKe HJICI0 KBaTEPHUOHHBIX
KOTEPEHTHBIX COCTOSIHUH, BEIABUHYTYIO MPU OMUCAHUN KBAHTOBOMEXAHUYCCKUX COCTOSTHHUH AJIEKTPO-
Ha B OHOPOJHOM MarHUTHOM II0Jie B padore [6].

[TapannenpHO ¢ pa3BUTHEM METOMOB KOTEPEHTHBIX COCTOSIHUN MPOUCXOAIIIO PA3BUTHE KBAHTOBOM
MEXaHWKH B MPOCTPAHCTBAX MOCTOSTHHOW KpUBU3HEL B padorax lpeaunrepa, Mudenbna u CtuBeHco-
Ha OBIIM pEIICHBI 33Ja9i 00 aToMe BOIOpPOAa B MPOCTPAHCTBAX OTPHUIIATECITHHON W TOJOXKUTEIBHOMN
KpuBU3HBL CIEKTp 3HEPruid aTomMa BOJIOPO/a B MPOCTPAHCTBAX MOCTOSHHON KPUBU3HBI B JaJbHEHIIIEM
nccnenonaics B psaae padot [8—10]. beuto moka3aHo, 9To 3a4a91 KJIACCHYECKON M KBAHTOBOW MEXaHUKH
B MPOCTPAHCTBAX MOCTOSIHHOM KPUBU3HBI 3HAYUTEIBHO PACHIUPSIIOT MHOXKECTBO MHTETPUPYEMBIX TH-
HaMHAYECKHUX CHUCTEM M TIO3BOJISAIOT PEIIUTH Psii HOBBIX mpobiem [11]. [TockonbKy KBaHTOBOMEXaHUYE-
CKHE 3aJ]a4¥ B IPOCTPAHCTBAX MOCTOSTHHOW KPUBU3HBI, KAK U 3aJ]a4l KBAHTOBOW MEXAHUKU B TIOCKUX
MIPOCTPAHCTBAX, KaK MPaBUJIO, 00IAIAl0T BRICOKOH CHMMETPHEH, TO TTpodiieMa mocTpoeHus 0000IIeH-
HBIX KOT'€PEHTHBIX COCTOSHUM, B IPUHIIMIIC, aHAJIOTMYHA JaHHOM MpoOjeMe B IJIOCKMX IPOCTpaH-
ctBax. OqHako B cirydae mpoctpaHcTBa JlobadeBckoro (HarmpuMmep, TPEXMEPHOT0) CUTYAaIlHs BhIICJICHA
TEM, YTO B HEM CYIIECTBYIOT TIOBEPXHOCTH — OPUC(EPhI, HA KOTOPBIX PEAIU3YETCsI TCOMETPHUS CBKJIHU-
JIOBOTO MPOCTpaHCcTBa. JlaHHOE 00CTOATENCTBO OTKPHIBAET BO3MOXXHOCTh BBEJICHUS B IMPOCTPAHCTBE
JlobGaueBcKOro CTaHAAPTHBIX KOTEPEHTHBIX COCTOSHUH, CBA3aHHBIX ¢ anredpoi Jlu rpynmsr [eiizen-
Oepra—Beiliis, koTopasi, Kak U3BECTHO, PeaIM3yeTCss HA MHOKECTBE TPEYTOJIbHBIX MAaTPHUIl. DTO, B CBOIO
o4epenib, OTKPBIBAET JOTOIHUTENBHBIE BOSMOXXHOCTH TSI IpUMEHeHHUs1 reomeTpun JlobaueBckoro K pe-
LICHUIO 33134 B IJIOCKOM MPOCTPAHCTBE.

IHocTanoBka 3agaum U pemeHue. PaccMoTpuM cTaiioHapHYI0 KBAHTOBOMEXAaHWYECKYTO 3a71a9y
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3anayva (1) ¢ ramMmuIbTOHMAHOM (3) IOMTyCKaeT pa3/iejeHue epeMeHHbIX
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OGwee pemenne ypasaeHus (5) uMeeT BUL e PJs(pk &P (1+0), re Js — ¢yukuun Beccenst
nepsBoro poxaa; I' — ramma-QyHKIuS; o’ =1 —k2p2. K ypaBuenwuto (5) B qannoii pabore mMbl Oosiee HE
Oynem oOparmarsesl.

OueBuaHO, uTo ypaBHeHue (4) ects ypasHenue llpeaunrepa (ypasaenue ['enbmronbua) 1js cra-
[MOHAPHOU 3a]]a4u B IBYMEPHOM E€BKJIMJIOBOM IIPOCTPAHCTBE, 3aIIMCAHHOE B IIMIMHIPUICCKON CUCTE-
Me KOOpIUHAT 7, (), KOTOPOE MOXKET OBITh NEPENHCaHO B JIEKAPTOBBIX KOOPAMHATAX X, ¥, KOTOPBIE CO-
BIQ/IAIOT C KBA3HJIEKAPTOBBIMU KOOPIUHATAMH X, V OJHOM U3 KOOPJUHATHBIX CHCTEM, BBEJICHHBIX B pa-
6ote M. H. Onesckoro [12].

Takum 00pazom, (4) MOXKET OBITH TIEPEITHUCAHO B IEKAPTOBBIX KOOPAWHATAX X, y, M IJIA 3aJa4d Ha
opucepe crpaBeAUBBl CTaHIAPTHHIE IEPECTAHOBOYHBIE COOTHOIICHHSI JJISI ONEPAaTOPOB MPOCKIIHHA
UMITyJIbCa
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BBEJICHHBIC HA OCHOBE CTaHIaPTHOW MPOLENYPHI, T. €. UMEET MecTo alireOpa [erizenOepra—Beiis
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rjae [ — eIMHUYHBIN orlepaTop.
Wnu nis onepatopoB poKACHUS U YHUUYTOXKEHU S

[a,a) 1=8y1,[a; ,a) 1=y, 1= [ay, 1]1=[a; ,1]=0,

rae k, [=1,2 COOTBETCTBYIOT X WJIH ).

3aMeTHM, YTO U3 BBIIIC MPUBEIACHHOTO U3JIOKEHHUS CIIEAYET, B IPHHITUIIE, 00IIee MOJI0KEHUE, CO-
TJIACHO KOTOPOMY JTI00ast IByMepHast 3aa4a JyIsl ypaBHEHUsI [ €IbMTOJIbIIa ¢ MOTEHI[HAIOM B TJIOCKOM
JIBYMEPHOM IIPOCTPAHCTBE MOYKET OBITh BJIOJKEHA B TPEXMEPHOE MpocTpaHcTBO JlobaueBckoro. Kpome
TOT0, OYEBHUIHO, JTI00as HHTETpUpyeMas ABYMEpHAas KBAHTOBOMEXaHHUYECKAsl CHCTEMa B €BKJIMIOBOM
MPOCTPAHCTBE TIOPOKIACT MHTEIPUPYEMYI0 KBAHTOBOMEXAHUYECKYIO CHCTEMY B TPEXMEPHOM IpO-
crpancTBe Jlobauesckoro [13].

KorepeHTHBIE COCTOSIHUSI, KAK U3BECTHO, OMPEACIIIOTCS KaK COOCTBEHHBIC COCTOSIHUSI OTIePaTopoB
YHUYTOKEHUS ¢ KOMIICKCHBIMU COOCTBEHHBIMU 3HAYCHHUSIMH

a|2)=2]2).a,|2) = 2|2).
Brrpaxkenne A1 TOTHOTO MTPOCTPAHCTBA KOT€PEHTHBIX COCTOSHHM IBYMEPHOI 3a71aun Ha opuche-
pe ABJIsSETCS TEH30PHBIM MPOU3BEACHUEM COCTOSIHUM, MOCTPOCHHBIX C MOMOUIBIO OMEPaTOPOB OMHOMN
MofbL. [Ipn 9TOM KOTE€pEeHTHBIE COCTOSTHUS ONpenestoTcs hopMyInoit
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1€ BAKYYMHOE COCTOSTHUE OIPENEISIETCS COTJIIACHO YCIIOBUIO
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I[J'ISI KOT€PECHTHBIX COCTOSTHUH UMEET MECTO YCJIOBUE IOJIHOTBI, KOTOPOEC, B YaCTHOCTH, IJId COCTOA-
Hull Ha opucdepe (7) umeer BUA
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_”21a22><z1a22 |dH(Zlazz) = _[|Zl><zl |dM(Zl)_HZz><Zz |dH(Zz) =1
JJ1si KOTEPEeHTHBIX COCTOSIHMM MMEIOT MECTO MUHUMHU3HPOBAHHBIC COOTHOILICHHSI HEOIPEIeIICH-
HOCTEHN " "
AxAp, ==, AyAp, ==,
2 2
KOTOPBIC 371cCh UMEIOT (POPMaJIbHBIA MaTeMaTHUECKUil cMBICT. KOHKpEeTHBIN (PU3nUecKuii CMBICT OHU
MOT'YT MPHOOPECTH TOJIBKO B TOH (PM3NUECKON MOAECIH, B KOTOPOH BBEJICHHBIC BBILIEC KOI'€PEHTHBIE CO-
CTOSTHUS OyIyT MUCTIOIH30BATHCS.

Huxe MBI paccMOTpUM psif] 33124, B KOTOPBIX €CTECTBEHHBIM 00pa3oM MOT'YT OBITh BBEIEHBI KOTe-
PEHTHBIE COCTOSHUS, PACCMOTPEHHBIE BBIIIIE.

1. Ocuuinstop Ha opuchepe.

Ecnu B ypaBHeHNH (4) TONOXKUTE OTeHIMAN V (1, ) = ®’r?, To 3aja4a Ha opucdepe CBOIUTCS K 3a-
Jlade o0 JIBYMEPHOM M30TPOITHOM OCHMJUISTOPE Ha €BKJIMIOBOHU IJI0CKOCTH. Kak XopoIo u3BecTHo, Ko-
TePEHTHBIE COCTOSIHHS, BBEJICHHBIE BBIIIE, OCOOCHHO aJIeKBATHBI I ONMUCAHUS AaHHOH 3amaqdu. Cre-
JyeT UMETh B BUJLY, UTO JJAHHBIN OCIIHIIJISITOP XOTS M COBIMAJAcT Mo (GopMe C IByMEPHBIM H30TPOITHBIM
OCHHUILIATOPOM, OJTHAKO ATO OCIHHJLIATOP B TPEXMEPHOM MTPOCTPaHCTBE JI00A4eBCKOTO U OH OTIIMYAeTCs
OT TPEXMEPHOT'0 U30TPOITHOTO OCIMILISITOPA B 3TOM e MMPOCTPAHCTBE.

2. KBaHTOBOMEXaHUYECKHE COCTOSHUS 3apsHDKEHHON YaCTHIIBI B @aHAJIOTe TOCTOSIHHOTO OTHOPOIHO-
0 MAarHUTHOTO TTOJIA.

lamunsronuan 3agaun umeeT Bu [14]
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To ecTb, Bcs 0cOOEHHOCTH 3a4a4H CBOAUTCS K BUY QyHKUMH Z(z). A U1l IJIOCKOCTH € TIEPEMEHHBIMU
7, ¢ 3a7a4a SKBUBAJEHTHA 33/1a4€ B IIJIOCKOM ITPOCTPAHCTBE.
[lepenuiem B KBa3UACKapTOBOW CUCTEME KOOPAUHAT

B =—-iho, + 9y,
Py =—ihd,, —ox, )
Ly =—-ih(x0,, — yO,).
Io ananoruu ¢ (6) MOXHO MEpenucarh BeIpakeHus (9) ¢ UCTTOIB30BAHHEM OTIEPATOPOB POKICHHUSI

U YHUUYTOXCHUA
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BBeieHHBIE OnEepaToOPHI yI0BIETBOPSIOT CIAEAYOIUM KOMMYTAllHOHHBIM COOTHOIIEHUSM:

[Lafjl]z_})Z: [ljva]z_ljla [H:%]Z_ihmmy

eB
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mc .
Beeniem HOBBIE oTlepaTopbl, TUHEHHBIE KOMOUHAINH (9)
o _B-iR _R-if

N A
rae y =imwh.

Torma OyAyT BBITIOTHATHCS CIEAYIOIINE COOTHOIICHHS:
[bi,bJr] =1, [nb’bJr] :b+> [nb’bi] =-b",
(b=, 11=[1,b"]=[ny,11=0.
KommyTtarmmornsie cootHomeHus (11) o0pa3yroT anredpy JIu rpynmsl TpeyrodbHBIX 3 X 3-MaTpHIL.
Omneparopsl, BeneHnble B (10), COBIALAIOT IO CBOMM CBOMCTBAM C ONEPATOPAMU POKAECHUS a', YHUY-
TOKEHHUS @ , YUCJIA YaCTHUI] 72 U eIMHUYIHOrOo / oneparopa anredpsl /1,. COOTBETCTBYIOLIEH €i rpynnoi

Oyzer rpynmna I'eiizen6epra—Beiina H,. Craunonapaoii noarpynnoi rpynnst H, asasercsa U(1) @ U (1)
¢ anreOpoi U3 AIEMEHTOB {/,n, }. A DIIEMEHTHI 3TOH NOArPYNIIbI Oy1yT UMETh BH]L

b= ,my =—iL, I =1, (10)

(11

Jy = il

TakuM oOpasom, aeiicTBue anmemeHTOB monarpymnmbl U(1) ® U(l) Ha KBaHTOBOE COCTOSHHE CBOIMTCS
K YMHOXKEHHIO Ha (pa30BBIl MHOKHUTEIND, T. €. HE MEHSET €ro.
MokHO 3amMcaTh YHUTapHOE HENIPUBOAUMOE IPEACTaBIEHHE CMEKHBIX Kiacco H, /U(1)®@U(1)
B BUJIC
+ *
D(B) =exp(Bb™ =B b™).

Pacriumem D(B) ¢ momomnisio popmyibl Kammbemma—Xaycmopda ¢ yaetom (11)

D(B) =exp(-|B" / 2)exp(Bb*)exp(B"b"). (12)

" CJICIOBATCIIbHO, KOTCPECHTHOC KBAHTOBOC COCTOSTHHEC |B> B JaHHOM CJ1y4ac MOXET OBITH 3aIIMCAHO KaK

[B) = D(B)|0) = exp(~[B|" / 2)exp(Bb™)|0).

Omneparop (12) MOXKET MHTEPIPETHPOBATHCS KaK ONEpaTOp TPaHCISLUUN, KOTOPBIH mpeodpasyeT
BOJTHOBYIO (DYHKITHIO 0€3 N3MEHEHUS YHEPTHH.

Takum 00pa3oM, 3a7a4a 0 KOTEPEHTHBIX COCTOSIHHSIX 3apsDKEHHOM YacTHIIBI B aHAJIOTe MMOCTOSIHHO-
T0 ¥ OTHOPOTHOTO MarHUTHOTO MO B IpocTpaHcTBe JlobaueBckoro B opucdeprudeckoit cucteme Ko-
OpIMHAT SIBJISICTCS MOJHBIM aHAJIOrOM IUIOCKOH 3a7a4y, OMMcaHne KOTOPO MOKHO HalTH, HalpuMep,
B pabote [15].

3akouenue. B padore B TpexmMepHOM npoctpaHcTse JIobadeBckoro B oprcheprueckoil cucreme
KOOPJIMHAT TIOCTPOCHBI CTaHIapTHBIC IBYMEpPHbIE KOT€PEHTHBIC COCTOSHUS HEPEISITUBUCTCKON KBaH-
TOBOMEXaHMYECKON YaCTHIIBI, OIICHIBAIOIIUE MTONIEPEYHOE e¢ IBMKeHHe. [loka3aHo, 4To Takue CoCTos-
HUS €CTECTBEHHBIM 0Opa30M BO3HUKAIOT B Pse KBAHTOBOMEXaHHUYECKUX 3a7a4 B TPEXMEPHOM IPO-
crpanctBe JlobaueBckoro, a MMEHHO, B 3aJla4ax O JIByMEPHOM OCLUILIATOpE Ha oprchepe U 0 3apsyKeHHOH
YacTHLE B aHAJIOTE TIOCTOSHHOTO U OJHOPOIHOI'0 MarHUTHOTO 1oJist. OMHUM U3 BBIBOJIOB, CICAYIOIIUX
13 paboTHI, ABISETCS TakKe TO, YTO JI00as KBAHTOBOMEXAaHMYECKas 3a/ladya B IJIOCKOM JByMEPHOM
MPOCTPAHCTBE MOKET OBITH IOCTPOEHA IO TPEXMEPHOH 3a1auun B mpocTpancTse JlobaueBcKkoro, 4To oT-
KpbIBAaeT HOBBIE BO3MOXXHOCTH JJISl TIPUIIOKESHIH KBAHTOBOW MEXaHHUKH TAHHOTO IMPOCTPAHCTBA.

ABTopsl 6naronapst B. B. Kynpsiosa 3a none3Hbie COBETHI.
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COHERENT STATES ON HOROSPHERES OF THE THREE-DIMENSIONAL LOBACHEVSKY SPACE

Summary

The separation of variables in the Laplace—Beltrami operator (Hamiltonian for a free quantum mechanical particle) of
three-dimensional Lobachevsky space in the horospherical and quasi Cartesian coordinates provides an opportunity to
introduce standard (conventional) coherent states. We consider problems, (oscillator, quantum mechanical particle in the
uniform magnetic field) for which introduced coherent states are the adequate method of investigation.
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