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Untiwjununipjul phdwut hwunwngt) | 22 QUU Shghjuljut Zknwugninnipjniuibph

Puunhunnunnid

Qhnwlub nku]up’ dhquwp. ghn. nnljinnp,
Q.Z. @nhgnpjult
Nuonntwlul pinnhuwnultkp dhquwp. ghwn. nnljuanp,

wypnbtunp U.d. Unipunut (6N2)
$hquwp. ghw. nnljinnp
2.U. Pupnigjull (UWUGL)

Unwownup juquuljbpuynipjnit bpw Swjdwdwdbth widwb yhnwlu
hwdwjuwpwut, Bphihuh, Ypuunut

Uwnbkiwjununipjul yuwownywinipjniup juywbwnt £ 2013 p. ghljnbtdptph 10-ht, dwdp 15%-
ht, 22 QUU dhqhjuljub Zknmwgnuinipnibubph Puunhnnunnd (0203 p. Upnwpuly-2, 22
QUU $2b) RN Z-h Dhghljuyh-049 dwutwghinwlu junphpynud:

Uwntbwjununipjuip jupkih E swinputw N2 qpupupuind:

Uwnbkbwpnunipjub ukndughpp wnwpyws £ 2013 p. unjtdpkph 8-ht:

Uwutmghinwlwt junphpnh ghinwjut

pwpuninqup, $hquup. ghn. phljiwsnt, nngkuwn, 7%2 91N, Lujubipwupyui

Tema aucceprauuu yrBepxacHa B Mactutyre ®usnueckux Mccnenopannii HAH PA

Hay4nblii pykoOBOAMTEIB: JIOKTOp (U3.-MaT. HAYK,
I'.I". I'puropsin
OdunmanbHble ONIMOHEHTHI: JIOKTOp (pU3.-MaT. HAYK,

npodeccop A. K. Mypansu (ET'Y)

TOKTOp (pu3.-MaT. HAYK

I''M. babymxsa (HHJI um. AWM. AnuxaHsiHa)
Benymas opranusanus: I'ocynapcTBeHHbl yHUBEpcUTET UM. Mnbu

Uaguasanze, Towmmcu, [ py3us

3ammra muccepranuu coctoutcs 10-ro mekabps 2013 r. B 15% wacos, B MHCTHTYTE DU3HUESCKUX
Uccnenosanuit HAH PA (0203, r. Amrapak-2 U®U HAH PA) na 3acenanunn Crienuanu3upoBaHHOTO
coBeta BAK ®u3uka-049.

C nucceprarueil MOXXHO 03HAKOMHTHCS B Onbmoteke EI'Y.

ABTtopedepat nucceprauuu pasocial 8-ro HOs0ps, 2013 1.

VYueHbll CEeKpeTaph CleUaIn3upOBaHHOIO COBETA,
Kann. ¢usz-mart. HayK, 1O1IEHT i ; B.I1. KananTapsia
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OO0mas xapakTepucTuka padoThl.
AKTYaJbHOCTb TeMbI.

KBanTOBasi 3amyTaHHOCTh, KaK OJHA W3 HamOoJee MPUBJICKATEILHBIX OCOOCHHOCTEH KBAaHTOBOM
TEOPHUH, MO-MPEKHEMY OCTAETCS MPEIMETOM MHTEHCUBHBIX MCCIIeAOBaHUM [1]. 3amyTaHHOCTH SIBISETCS
[IEHHBIM pPecypcoM B 00pabOTKe KBAaHTOBOW HMH(OpMANHMKM M CO3JAHHHM KBAHTOBBIX KOMMYHUKAIIUH,
UTpaeT Ba)XXHEWIIYIO pOJib B CXeMaxX KBAHTOBOW TEJIENOPTAllMU, KBAHTOBBIX BBIYMCIICEHUSX MU MHOTUX
KBaHTOBO-KpHNTOTpadudeckux nporokonax [2,3]. [Tomumo 3TOro, BBISIBICHHE €€ CBOMCTB OTKPHIBACT
HOBBIC TIEPCIICKTUBBI ISl TIOHUMAaHHS MEXaHM3Ma KBAaHTOBBIX (pa3oBbix mepexonoB (K®II) B dusuke
MHOT'OYaCTUYHBIX U TBEPAOTEIbHBIX CUCTEM. B yacTHOCTH, MOC/IeIHUE HCCIIEIOBAHUS YKA3bIBAIOT Ha
CBSI3b MEXY 3aITyTAHHOCTHIO MHOTOYaCTUYHBIX KBaHTOBBIX cucteM, KO®II u ckaiinuurom [4].

OnHa U3 BaXXHEWINIUX 3a/1a4 KBAHTOBOW MH(POPMATUKU COCTOWT B KOJIMUYECTBEHHOW OILICHKE CTEIICHU
SaHYTaHHOCTI/I paCCManI/IBaCMBIX IIOACUCTEM. Ee pemeHHe a€T BOBMOXHOCTH OHpe,Z[eJIeHI/I}I TOYHOCTH
KBAaHTOBOW TEJEMOPTAIMK, KOJMYECTBA IIyMa B KaHaje CBS3M CBEPXIUIOTHOTO KOIWUPOBAHHUS W B
yctaHoBieHHMH 3()(EeKTHBHOCTH KBAHTOBOTO KOMIbIOTEpa. BBHIy mocieaHero, ¥ TOro, 4TO
OOJIBIITUHCTBO MPOSKTHPYEMBIX KBAHTOBBIX YHIIOB SIBJSIOTCS] TBEPIOTEIHHBIMH, BOIIPOC UCCIICIOBAHUS
KOJIMYCCTBCHHBIX M KAaYCCTBCHHBLIX CBOI\/JICTB BaHYTaHHOCTI/I B TBepI[OTCJIBHBIX CUCTEMAX CTAHOBUTCA
CTPOT0 MOTHBHPOBAHHBIM.

B MHOroo0Opa3uu TBEPIOTENBHBIX CHUCTEM MOXKHO BBIJCIUTH OCOOBIA IMOJKIACC MaJOpa3MEPHBIX
MAaromMTHBIX MaTCpUajioB, Ha I[aHHBIﬁ MOMCHT SBJIAOLINXCSA 00BEKTOM aKTHUBHBIX TCOPCTUUCCKHUX H
AKCICPUMCHTAIBHBIX HCCIICJOBaHU. B 4YacTHOCTH, OSTH MaTepuaiabl BBIKa3bIBAIOT OOTaTyIo
Pa3HOOOPA3HOCTh TEPMOJUHAMHUYCCKHX CBOHCTB, ()a30BOM CTPYKTypbl M CTPYKTYpBl OCHOBHOTO
cocrossHus. OpnHako, pemieHne (QpyCTPUPOBAHHBIX  CIHMHOBBIX — Mozenedt  [eifsenbepra c
KOHKYPpHPYIOLIUMHU BBaHMOI[eI\/'ICTBI/ISIMI/I, OITMCHIBAIOIIINX CBOMCTBA JaHHBIX MaTcpuraioB,
MPEJCTABISICTCS TPYIHOW, & B HEKOTOPBIX CIy4asxX — HE BBIOJHUMON 3amadeil. BBumy mocienHero,
JaCTO HUCHOJB3YIOTCA HCKOTOPBIC HpI/I6J'II/I)KeHI/I$I, KOTOPBIC TMPUBOAAT K YIAOBJICTBOPUTCILHBIM
KayeCTBEHHBIM, a WHOT/Ia M KOJIMYECTBEHHBIM pe3yJIbTaTaM, OO0XOJs WUMEIOIIUECS MaTeMaTHYeCKHe
TpyaHoctd. OAuH M3 MOAXOJOB 3aKIIOYAETCS] BO BBEJACHUU HW3MHIOBBIX (KJIACCMUECKHX) CIIMHOB B
HEKOTOPBIX Y3JIOBBIX BEPIIMHAX PEHICTKH, YTO MPHBOIHUT K MEPEMEKAIOMIECHCS MOCIeI0BATEIbHOCTH
KIIACCUYCCKUX W KBAHTOBBLIX IICPCMCHHBIX. I/ICCHC,Z[OBaHI/IC CBOIICTB CHCTEMBI B TCPMOJAUHAMHUYCCKOM
npejesie MOYKHO TaKKe MPOU3BOAMTH METOJOM CPEIHETO I0JIsI, OCHOBAaHHOM Ha HepaBeHCTBe [ mbOca-
Boronro6oBa, koTopoe TpaHC(HOpPMHUPYET JaHHYIO CHCTEMY B HA0Op HEB3aMMOJICHCTBYIONIUX KIACTEPOB
BO BHeITHEM 3()(PEKTUBHOM MAarHUTHOM TioJie [3].

JpyruM METOOM H3yuYeHUs PEIIeTOYHBIX CIIMHOBBIX MOJENEH SBISETCS Mpeaen KIacCHYeCKOro
OGMGHHOFO BSaHMO,Z[efICTBH}I, Koraga FGfISeHGepFOBOC CITapUBAHUC YaCTUL 3aMCHACTCA H3WHIOBBIM.
Hexkotopsie Moz B TaHHOM MPUOIMKEHUH TOYHO PEIIaeMbl, B YaCTHOCTH, (J-KOMIIOHEHTHAsI MOJICITb
Ilorrca n mMopens M3MHra ¢ MHOrO4acTUYHBIM B3aMMOJECHCTBHEM Ha PEKYPCHUBHBIX PELIETKaX. DTH
MOJIETIM IIHUPOKO MCHOJIB3YIOTCS i ONHMCAHUS CBOMCTB TBEPJOIO 3He, PHK-nmomo6HBIX MOJEKYT,
CIIMHOBBIX CTCKOJI, CAMOOPraHU30BAHHBLIX KPUTUYCCKUX CHCTCM U T.HO. Tounoe pemiCcHUC OacTCAd
METOZIOM PEKYPPEHTHBIX COOTHOIIEHHWW, B pPaMKax KOTOPOTO CBOWCTBA CHCTEMBI OIHUCHIBAIOTCS
OJHOMEPHBIMH MJIM MHOTOMEPHBIMU DPAaLMOHAJIBHBIMH OTOOpaxeHusMu [6,7]. Korga y3nel pemeTku
CBS3aHBl AHTU(EPPOMArHUTHHIM B3aMMOJCUCTBHEM, MOJICIH TIPOSIBISIOT CJIOXKHOE TOBEJICHHUE,
BKJIIOYast OM(ypKaIMK yIBOCHUS, IEPEMEKAEMOCTb, CYTIepCTaOUIBHOCTD, XaocC U T.1. [loguepkHeM, 4yTo
B paborax [8,9] Obuta BeIsiBIICHA CBs3h Mexy K®DII, xaocoM M 3amyTaHHOCTHIO: KBAHTOBBIE CBOMCTBA
CHUCTCMBI pa3IN4ar0TCAd B 3aBUCUMOCTH OT HAYaJIbHOT'O COCTOSIHUA, 4 UMCHHO — XaOTUYHO OHO WJIN HCT.

OO6paboTka KBaHTOBOH MH(OpPMALIMUM MOMKET TaKXKe OCYILIECTBISATHCA B CHUCTEMAaX, OTJIUYHBIX OT
TBEPAOTENBHBIX, HAIIPUMEDP, B TAKUX KAaK CHCTEMBl aTOMOB B3aUMOJECHCTBYIOIIMX C MNOJsAMH. B
YaCTHOCTH, NpeAcTaBiseT HHTepec Moaenb [luke (MJI), xoTopas ONMCHIBAET B3aMMOJICIHCTBHE
OJTHOMOJIOBOTO 0030HHOTO TOJISI ¢ aHcamOyieM AByXypoBHeBbiXx aTomoB [10]. Kakx wuzBectHo, MJ|
IPOSBISIET Kak paBHOBECHblE, Tak M HepaBHoBecHble KOII. Bakublii wactHbil cioyuaii M/,
COOTBETCTBYIOIIMN TaK HAa3bIBAEMOMY IUCIEPCHOHHOMY IpPEIENy, IIMPOKO HCIOJIB3YETCS B 3aJadax
KBaHTOBOM MH(OpMaTuku. B sTom cnyuae 3¢dekTnBHOE B3aMMOAEHCTBHE MEXIAy aToMaMu (MOHAMH)
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OTIOCPE/IOBAHO PAJMALMOHHBIM TIOJIEM W HMMEET TPHPOIY IHITONb-AUIIOIEHOTO B3aUMOJICHCTBHSI.
OTMerum, 4TO 4jieH B3auMojeHcTBusd 3(dexTuBHON MJ] B QUCIIEPCHOHHOM Mpeesie MOXXET ObITh
TaKK€ pacCMOTPEH Kak reif3eHOeproBoe OOMEHHOE B3aMMOJEHCTBHE. TakuM 00pa3oM, CyIIECTBYET
CHJIbHAasl CBS3b MEXIYy JAHHOM MOJENbl0, (PYCTPUPOBAHHBIM MAarHeTM3MOM U  CHCTEMOM
B3aMMOJICHCTBYIONIMX MarHUTHBIX CITHHOB.

C npyroil CTOpOHBI, TOJHBIM WJIM YaCTUYHBIA TEPEHOC HACEICHHOCTEH MEXIAYy OCHOBHBIMHU
COCTOSIHUSIMH CHCTEMBI TaK)K€ JISKUT B OCHOBE PEIICHUI MHOTHUX MPOOJIeM KBAaHTOBOM MH(POPMATUKU U
ynoTpebnsieTcsi B peaju3alud  KBAaHTOBBIX BEHTWJIEH, YCTOWYMBOM KBAHTOBOM KOHTpOJE, B
Ja3ePOKOHTPOIMPYEMON XUMHH, CBEPXTOYHONH MAarHUTOMETPUU U T.A. AnuabaTHUECKOe MPOXOXKACHUE,
MO3BOJIAIOINIEE CJIEOBaTh OJHOMY COOCTBEHHOMY COCTOSIHUIO CHCTEMbI, YacTO HCHOJb3YyeTCs IS
peanu3alMd JAaHHOTO IIEpEeHOCAa HACEIEHHOCTEH, BBUAY CBOECH YCTOMYMBOCTH IIO OTHOLIEHUIO K
GayKTyanusiM ToJisi U HEMOJHOTO 3HAHUS paccMaTpUBaeMol cHUcTeMbl. B yacTHOCTH, TeopeTHUeCKH
npeackazaHHas 3(QQPEKTUBHOCTb METOJOB CTHUMYJIMPOBAHHOIO aauabaTHUeCKOro pPaMaHaBCKOI'O
npoxoxkaenus, onepupytomero Ha “reMHoM” (STIRAP) u “cBernmom™ (b-STIRAP) coctostHusix B A-
cucremMax ObUla TMOATBEpXkJIEHA S3KcIepuMeHTanbHO B paborax [11,12]. Otmerum, 4To 3PQPeKTHI
pacrpoCcTpaHeHHs B CPele MOTYT CWIBHO BHUJIOM3MEHHUTH PE3yJbTaThl JAHHBIX MPOLECCOB. BaxHoe
3HAYCHHE HUMEeT TakXKe paccMOTpeHue H¢¢eKTa pa3TUuHBIX CHJI OCHHUIATOPOB HAa CMEXHBIX
nepexoniax A-cucTeMsbl, KOTOPBbIH OCOOEHHO BhIPAXKEH B TBEPAOTEIbHBIX CUCTEMAX.

Hakonen, mnpakTtuyecku BO BCEX NPUKIATHBIX MpodieMax KBaHTOBOM WHGOPMATUKU U
KOMMYHMKAIMHM, Ba)XHEHIIYIO pOJIb UTPAET NMPEAOXPAaHEHUE KOTE€PEHIMM (3allyTaHHOCTH) KBAHTOBBIX
COCTOSIHMIM OT JEeKOTepeHLMH, HHIYLUPOBAHHOW HEKOHTPOJIUPYEMBIM BIUSHUEM cpeabl. OauH u3
HaH60nee MOIIIHBIX MCTOJOB IMO3BOJIAIOMIUX PACOPCACTIUTD 3allyTaHHBIC COCTOSAHUSA Ha 6OHLH_II/IG
paccrosiHusl 0€3 MOTeph KOTEPEHIMH SBIACTCS OJucmuanayus zanymannocmu [13]. Tlocnenuss mgaet
BO3MOJKHOCTh H3BJI€Yh MAaJbII chaM6JII> CUJIbHO 3aIlTyTaHHBIX COCTOSSHUU U3 6OJII>LHOFO chaMGJISI
ciabo 3amyTaHHBIX COCTOSHUNA. OJHUM U3 METOAOB AUCTWUIALMU 3allyTaHHOCTH, HCIOJIb3YIOLIUX
HaVMEHBILIEE KOJIMYECTBO BPEMEHHBIX M IPOCTPAHCTBEHHBIX PECYPCOB, SBIISIETCS KOMIIAKTHBIN
MPOTOKOJ] JUCTWLIALIMU COCTOSHUN HENPEPHIBHOM MEPEMEHHON B KBAHTOBBIX maMsiTsax [14]. Baxknoii
3a/laueldl  SABJISETCS TNPOBEpKAa BO3MOXKHOCTH peaju3allMi JaHHOTO TMPOTOKOJAa B  peajbHBIX
AKCIIEPUMEHTAJIbHBIX YCIOBUSX.

Lesblo quccepTalnOHHOI PadOTHI ABJIAETCA U3YUSHUE CBOWCTB KBAHTOBOM 3aITyTaHHOCTH B psJie
CUCTEM B3aMMOJICHCTBYIOIIMX aTOMOB U IOJIEH U B HEKOTOPBIX TBEPAOTEIBHBIX CHUCTEMAX, a TAKXKE
UCCIIeZIOBAaHNE CIIMHOBOM IMHAMMKHM mocieaHux. g peanmuzanuu 3THX Lesnedl ObUIM MOCTaBJIEHBI
CJICAYIOUIME 3a7auu:

1. HccnenoBaHuwe CBOWMCTB 3allyTaHHOCTH KBAaHTOBBIX JTUMEPOB M TPUMMEPOB B MaJlopa3MEpPHBIX
CIIMHOBBIX MOJENSAX, ONKCHIBAIOIIUX peallbHble TBEPAOTENIbHbIE MaTepHalbl, a WMEHHO
ecrectBeHHbIH MuHepan aszyput (Cuz(COs3)2(OH),) u Menp coaepkamue KOOPAUHAIIMOHHBIC
matepuanbl (CugXs(cpa)e-nH,O, X=F, Cl, Br; cpa=kapbokcunentokuciora). PaccMoTpenue
3¢(}EeKTOB BIMSHUS TEMIIEpaTyphl H BHEIIHETO MAarHUTHOTO TIONSI M COIOCTABIICHUE
TEPMOJUHAMHYECKHUX (MarHUTHBIX) CBOIMCTB CO CBOMCTBAMH 3aITy TAHHOCTH.

2. AHanu3 TOYHO pPEIIaeMbIX CITMHOBBIX MOJENICH Ha UEPAPXUUYECKUX PEIICTKAX, KOTOPhIE SBISIIOTCS
npuOIMKeHNEM KBaHTOBBIX MOJeNiel Ha pealbHbIX pemieTkax. MccnenoBanue $ha3oBoil CTpyKTypbl
JAHHBIX CUCTEM METOJIOM PEKYPPEHTHBIX OTOOPAKEHUM (METOAOM JTUHAMUUYECKUX CUCTEM).

3. PaccmoTpeHue 3a1a4 KBaHTOBOM MH(DOPMATUKH B CUCTEMAaX B3aMMOJCHCTBYIOIINX aTOMOB U TIOJIEH,
a WMCHHO, BBISBICHHE CBOWCTB 3alyTaHHOCTH S()(PEKTUBHO B3aMMOJCHCTBYIOIIUX aTOMOB B
pe30HaTOpe, a TaKXkKe JeTalbHBIM aHAIN3 MIEPEeHOCca HACEICHHOCTEH B cpefie ¢ pa3IUYHbIMHU CHUIIaAMU
OCIIMJUIATOPOB Ha CMEXKHBIX Mepexoaax A aTOMOB.

4. WccnenoBaHue KOMIAKTHOTO MPOTOKONA TUCTHUISIMHM 3alyTaHHOCTH COCTOSHUI HETPEPHIBHOM
MIEPEMEHHON B pEaTbHBIX KBAHTOBBIX MAMSATSX, B MPUCYTCTBUU dPPEKTOB JTUCCUTIAITIH.
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HayuyHasi HOBM3HA M MPAKTHYECKAsl IEHHOCTH PadO0ThI:

1.

BrnepBble nccnenoBaHbl CBOWCTBA 3aIIyTAHHOCTH MAJIOPA3MEPHBIX KBAHTOBBIX CIIMHOBBIX MOJEINEH,
ONMCHIBAIOLIMX CBOWcTBa ecrecTtBeHHoro MuHepana asypura (Cuz(CO3)2(OH);) u  menp
coJiepXKalux KoopauHannoHHBIX MaTepuanioB (CugXs(cpa)s-nH,O, X=F, CI, Br). Ilomy4yenusie
pe3yibTaThl TMOATBEPXKIAIOT THUIOTE3y O TOM, UTO TBEPAOTEIbHBIE CHUCTEMBI SIBIISIOTCS
€CTEeCTBCHHBIM PECYpCOM 3amyTaHHOCTH. Kpome Toro, aeranbHbIi aHaimm3 Ooratod ¢ha3oBoi
CTPYKTYpbl JaHHBIX MAaTEPHAJIOB BBISIBIUI PEXHMBI C Haumboyee BBIPAKEHHBIMH CBOWCTBAMU
KBaHTOBOM 3allyTaHHOCTH. Bwmecte ¢ TeMm, cTporas cCBsi3b MEXAY TEPMOAMHAMUYECKUMHU
(MarHUTHBIMU) CBOMCTBAMHM W 3aIlyTaHHOCTBHIO, TMO3BOJISIET CJICAUTH 33 TMOBEACHHEM IIOCIETHEN
3KCHEPUMEHTAIBHBIM ITyTEM.

Hcnonb3ys MeTol peKyppEeHTHBIX 0TOOpakeHUH Obliia uccienoBana (pa3oBasi CTPYKTypa HEKOTOPBIX
KJIACCUYECKUX MOJICJIC HAa PEKYPCHUBHBIX pemieTkax ((Q-KOMIOHEeHTHas: Mojielb [loTTca Ha pemieTke
bere um w™mogens WM3uHra ¢ MHOrOYaCTUYHBIM B3aUMOJCMCTBHEM Ha peLIETKE XYCUMHU).
OTAMYMUTENBHON YE€PTOU TAHHOIO MOJAX0/A SABJISIETCSI BO3MOXHOCTh TOYHOT'O PEHIECHUS U MOJTYYEHHUS
AHATUTUYCCKUX (OPMYT IS TEPMOAMHAMUYECKUX XAPAKTEPUCTHK, YTO TO3BOJSET MPOU3BECTH
JeTanbHBIM aHamu3 (a3oBON CTPYKTyphl. BmepBwie ObT mccienoBaH (a3oBbI MEPexoa MEKITY
Xa0THUYECKOW M TpeX-NEepUOINYHOIN (hazaMu, METOAOM OOHApyXKEHHs KacaTelbHOH Oudypxanun
COOTBETCTBYIOIINUX OTOOPaKEHUI.

[IpencraBieHo JeTanbHOE OIMUCAHUE CBOWMCTB KBAaHTOBOW 3almyTaHHOCTH Tpex 3(PGEeKTUBHO
B3aMMOJICHCTBYIOIINX IByXYPOBHEBBIX aTOMOB B pe3oHarope. [lokazaHo, 4yTo cuiia B3auMOeHCTBUS
YaCTHIl B JUCTIEPCUOHHOM MPUOIMKEHUH OTHOCUTENILHO JIETKO MaHUMylupyema. Takke BBISBICHA
CTporas CBs3b JAHHOW MOJEIM C CHCTEMaMU B3aWMOJEWUCTBYIOUIMX MAarHUTHBIX CIIMHOB.
PaccMoTpeno BiusiHHE TemmepaTypbl M COOCTBEHHOM 4YacTOTHI MEpexo/a aToOMOB Ha MOBEACHUE
KBaHTOBOM 3aIyTAaHHOCTH.

[TpousBeneHo moapoOHOE UCCIENOBAHUE PACTIPOCTPAHEHHSI JBYX CHIIBHBIX JIA3€PHBIX UMITYJIHCOB B
cpele cocrosiied U3 A aTroMOB € Pa3IMYHBIMU CHJIAaMU OCLMJUIATOPOB Ha CMEXKHBIX Mepexojax.
[TomydeHHbIe pe3ynbTaThl 0CO00 BaKHBI B HEKOTOPBIX 3aJayax KBAaHTOBOW HH(POPMATHKH, Kak,
HaIlpuMep, NMEPEHOC HACEIIEHHOCTEN B CpEJIE C BBIILICYKa3aHHBIMHU CBOMCTBAMU.

[TpoananusupoBanbl 3G (HEKThl TUCCUNAIMN B HEAABHO MPEIIOKEHHOM MPOTOKOJE KOMITAKTHOMN
JUCTWUISILIMM  3aIlyTAHHOCTH COCTOSIHMM HENpephIBHOM mnepemeHHoW. I[loka3zaHo, 4TO mnorepu
MPUCYTCTBYIOIINE B PEAIbHBIX KBAHTOBBIX MaMSTAX, CUIBHO U3MEHSAIOT CBOMCTBA MIEPBOHAYAIIBHOTO
IPOTOKOJIA, TEM CaMbIM BBIJBUTAsl JOMOJHUTEIbHBIE OrPAHUYEHHUS] Ha HKCHEPUMEHTAJIbHbIE
napameTpsl. TemM He MeHee, HalllM pe3yJbTaThbl MOKa3ald, YTO JIaHHas CXeMa AUCTHLISALUU
peanusyemMa ¢ IOMOIIBIO CYIIECTBYIOIUX TEXHOIOTHl.

OcHOBHbBIE 10JI02KE€HNSI, BLIHOCHMbIE HAa 3aIIIUTY:

1.

Mopenu U3unra-I'eiizenbepra co cnimHoM 1/2, onmuchIBalOmUe CBOWCTBA €CTECTBEHHOTO MUHEpasia
azyputa  (Cuz(CO3)2(OH);) u  Menp  couepKallMX  KOOPAMHAIMOHHBIX  MaTEpUAJIOB
(CuoXy(cpa)e:nH,0, X=F, Cl, Br), ooHapyxuBaroT 0oraryro (a3oByl0 CTPYKTYypy U CTPYKTYpPY
OCHOBHOTO COCTOSIHHMSI, C KAaUe€CTBEHHO pAa3JIMYHBIMU TEPMOJAMHAMUYECKUMU CBOMCTBAMU U
CBOMCTBaMM 3alyTaHHOCTU. 3alyTaHHOCTh W MAarHUTHBIE XapaKTEPUCTHUKU JaHHBIX MoOenei
00HapYKUBAIOT CTPOTOE MOJ00HE.

Tpex-nepuonuynble OkHAa Mojenu M3umHra c TpexdacTUUYHBIM B3aHMOJCIHCTBHEM Ha peLIeTKe
Xycumu u Q-koMmrnoHeHTHON Mozenu [lorrca Ha pemierke bere comepkaT xaotmdeckyro (asy,
OTPaHUYEHHYIO B paMKaX BbIIIEYNOMSHYTOro OokHa. Touku (ha30BBIX MMEpPeXoa0B JaHHBIX MOJeNei
TOXKJIECTBEHHBI C TOYKaMu OUQypKamuii COOTBETCTBYIONIMX OJHOMEPHBIX PAIMOHAIBHBIX
OTOOpaKeHH.

CBolicTBa KBAaHTOBOW 3allyTAHHOCTH TPEX JBYXYPOBHEBBIX aTOMOB, CBS3aHHBIX 3(()EKTHBHBIM
B3aMMOJICIICTBHEM Yepe3 MOJAY Pe30HaTopa, 0co00 SPKO BBIPAXKEHBI B HEKOTOPOIl OMpe/eleHHON
00J1acTH 3HAUEHUH TeMIepaTypbl, COOCTBEHHON YacCTOTHI Mepexoia aToMOB M 3(p(eKTUBHON CHITbI
B3aUMOJICUCTBUSL.

O} PeKTUBHOCTh CBEPXCBETOBOTO TMEPEHOCA HACEICHHOCTEH B Cpele, COCTOSAIIMX M3 A aTOMOB,
MOJKET OBITh YBEJTMUEHA COOTBETCTBYIOIINUM MOI00POM CHUJI OCHMJUIATOPOB Ha CMEXKHBIX Mepexoax.

5
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5. DkcnepuMeHTanbHas peanm3anus d(QPEKTUBHOW  TUCTHWUISIMHM — 3aITyTAHHOCTH  COCTOSTHHM
HETIPEPHIBHON MEPEMEHHOW BO3MOXHA C TOMOIIBIO CYIIECTBYIONIMX TEXHOJOTHUH, HECMOTpPS Ha
HEeMUHYeMbIe 3()PEKThI JUCCUITAIINNA B UCTIOIB3YEMBIX KBAHTOBBIX TTAMSITSIX.

Anpoéanusi padotbl. [lomydeHHbIe pe3ynbTaThl IUCCEPTAIMOHHON paboThl MOKIAABIBAINCH H
oOcyxnaimch Ha MexAyHapoaHblx KoHbepeHiusax: "Control of Quantum Dynamics of Atoms,
Molecules and Ensembles by Light - CAMEL9" (Nessebar, Bulgaria, 2013), "IOTA Workshop on Cold
Molecular Ions" (Arosa, Switzerland, 2013), "Les 14émes Journées de I'Ecole Doctorale Carnot
Pasteur" (Dijon, France, 2013), "38th Conference of the Middle European Cooperation in Statistical
Physics - MECO38" (ICTP, Trieste, Italy, 2013), "The 7th International Conference Quantum Theory
and Symmetries" (Prague, Czech Republic, 2011), Laser Physics (Ashtarak, Armenia, 2011, 2012,
2013), "The 19th International Colloquium on Integrable Systems and Quantum Symmetries" (Prague,
Czech Republic, 2010), "Workshop on Principles and Design of Strongly Correlated Electronic
Systems" (ICTP, Miramare-Trieste, Italy, 2010), "Pseudochaos and Stable-Chaos in Statistical
Mechanics and Quantum Physics" (ICTP, Miramare - Trieste, Italy, 2009), a Ttaxxe Ha cemuHapax
N®dU HAH Apmenuun, Hanmonanwsnoit Jlaboparopuu um. A.U. Anuxansina, YHauBepcutetoB Oxchopaa
u byprynauun.

Iyoaukanuu. [To Teme nucceprauuu omnyoaukoBaHo 22 pabotbl (B ToM umcne 11 crateil B
peLIeH3UPYEMBIX KypHasax).

CipykTypa u_00beM padorhl. [luccepraimonnas paboTa COCTOMT W3 BBEICHHS, YETHIPEX TIJIaB,
3aKJIIOYEHUST W CIUCKAa IUTUpyeMor nutepaTtypbl. CoaepkaHue auccepranuyd u3ioxkeHo Ha 150
CTpaHMLIAX, BKI04as 62 pucynka u 1 Tabnuity. Ciucok JuTeparypbl COIEPKUT 293 HauMEHOBAHHUSL.

Kpartkoe conep:xanue padboTsl

Bo BBegeHNMH 00OCHOBaHA aKTyaJlbHOCTh TE€MBI, C(HOPMYJIHMPOBAHBI II€JIb U 3ajJada padoOThHI, €€
HaydHas HOBU3HA W MNPAKTUYCCKAA HCHHOCTH, MPCACTABJIICHBI OCHOBHBLIC IMOJIOKCHUS, BBIHOCUMBIC Ha
3alIHTY, & TAKIKE KPATKO M3JI0KEHO COJIEpKAHUE PaOOTHI MO TIaBaM.

B nepBoii ri1aBe paccMOTpeHBI CBOMCTBA 3amyTaHHOCTU Monenu M3uura-I'eiiseHbepra co cnuHoM
1/2 ma pomOOBHIHOW pemeTke W TpuaHryiupoBaHHOH pemerke Karome (Puc. 1). HenaBume
SKCIIEPUMEHTAJIbHbIC UCCIENOBAHMS MMOKA3aJIM, YTO TepBas U3 BBIIICYIIOMSIHYTHIX PEIIETOK, C HOHAMH
Cu™ B COOTBETCTBYIOIINX Yy3JIaX, OIKCHIBAET CBOWCTBA €CTECTBEHHOTO MUHEpaia a3ypuTa
(Cu3(CO3)2(OH)) [15]. OT™MeTHM, YTO TOYHOE 3HAYEHHE M XAPAKTEP B3aUMOJCHCTBHUS MOHOB MEAU B
JAHHOM CHCTEME IOKa HE BBISABJICHBI, CJIEIOBATEIBHO, IMPEJCTABISET WHTEPEC H3YyUECHHE CBOWCTB
MOJICJIA B IIMPOKOM 001acT 3HadeHu# cui cBsizu J; (i=1, 2, 3, m).

Paccmotpum Tamunbronman monenu Mizunra-I'eitzenOepra co cnuHoM 1/2 Ha poMOOBUAHOMN
peleTKe:

z Z
M+ iy

N —_— —_
=Y (1S, S+ s+ i N5+ 57 e d s -1 5+ 57+
k=1

3n1ech, Sk:(sg,sk«",sg) o0o3Ha"aeT reld3eHOeproBelii omeparop cnwHAa 1/2, a fy— €CTh H3WUHTOB

KJlaccuueckuit criuH-1/2. Tlocnenuuii 4ieH ypaBHEHUS COOTBETCTBYET 3P (EKTy BHEUTHETO MAarHUTHOTO

nonsa. B pmamHOM ['aMuibTOHMAHE MBI Tak)Ke BBEIM NPUOIIDKEHHE CHUMMETPHYHON POMOOBHIHOM

pemieTky, T.e., J1=J3=J. BBHmy TOr0, 4TO Ka)</blil U3 KBAHTOBBIX JUMEPOB (COCTOSIIHI U3 CIIHHOB §, H
1

§k ) BSaHMOHeﬁCTByCT CO CBOMM OJHOMMCHHBIM COCENOM IMOCPCACTBOM KJIaCCUYECKOM (HSHHFOBOﬁ)
2

CBiA3U, HUX COCTOAHHA MOXHO CUHTATb CeHapaGGHBHBIMI/I, T.C., HC 3allyTaHHLIMHU. CJIC,Z[OB&TCHLHO,
pacuceT CTCICHU 3allyTaHHOCTH KaXXJI0ro #u3 AaHHBIX AOUMCPOB MOXKET OBITH IPOU3BCIACH II0

6
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OTACIBbHOCTH. H03TOMy, B paMKax JTaHHOM MOJCIH Hac HUHTCPCCYIOT CBOMCTBA TOJBKO OJHOIO
pOM6OBI/I,I(HOFO KJracTtepa.

Skl
(a) ..'* :& KR J,
B \\ B \\ :.. \\ JZ
K ! \\ .:'. \\ \\ ........................ .]]
":. \ .‘:. \\ .": \\ J.
b.' :‘M K :0 b
Q\ ~"b\ Hict 1}3\
\ \ B \
\ \ 5 \
\ A\ : \
\ \ | \
\ . \ | \
» . N
S k>

Puc.1. (a) Pa3pe3 o06oOmeHHoit pomOoBuaHON peuietku (k HymepyeT kiactepbl). beible M 4epHbIe Y3Ibl
OTOOPAXKAIOT MO3ULNY M3HHTOBBIX (MOHOMEPHBIX) M I'ei3eHOEproBbIX (JMMEPHBIX) YaCTHL], COOTBETCTBEHHO.
CrutonHble JTMHUM COOTBETCTBYIOT KBAHTOBOMY, a IIyHKTHUPHBIC JIMHUU — KJIACCHYECKOMY B3aUMOJEHCTBUIO;
(b) paspe3 TtpumanrymupoBaHHoi pemietkn Karome. UepHble y3i1bI KOHCTPYHpPYIOT pemeTky Karowme,
COCTOSIIIYIO W3 N3MHTOBBIX YaCTHUI], a OeJble Y376l 00pa3yloT KBaHTOBbIE TpuMephl. CIUIONTIHBIE U TyHKTHPHbIC

JIMHAY UMCIOT aHAJOTHYHBIN CMBICI.

CTpOH MaTpuny IMmJIOTHOCTU OJHOIO pOMGOBI/I,Z[HOFO KJIIaCTCpa U MPOU3BOJAA ONCpALUIO YACTUIHOTO
cliejla IO MOHOMEPHBIM HM3UHTOBBIM CIIMHAM, MOJy4YaeM MATpHUIy IUIOTHOCTH KBAHTOBOTO JHMEpa.
Crenenb 3ayTaHHOCTU TOCTIeHEN U3MepsieTcs coriacoBaHHOCTRIO C(p) [16]. UccnenoBanue cBOMCTB
C(p) BBISIBIJIO TPU KAYECTBEHHO PA3JIUYHBIX pekuma. Ecim KBaHTOBas CBSI3b JOMUHHUPYET B CHCTEME,
T.e. ecmu J>J, TO OCHOBHOE COCTOSIHME SBIsieTCs MakcuMaiabHO 3amyTaHHeM (C(p)=1). B
IIPOTUBONOJIOKHOM ciy4ae (Jo<J), OCHOBHOE COCTOSIHHME HE€ 3allyTaHO, HO HEHyJieBas TemIepaTypa
MOXKET MPUBECTU K TMOSBICHUIO OTIMYHON OT HyJNsS TepMajbHOW 3amyTaHHOCTH. Hakonern, mpu Jo=J,

MMEET MECTO HEKUU MPOMEKYTOUHBIM PEXKUM, B KOTOPOM OCHOBHOE COCTOSIHHE 3allyTaHO YaCTHYHO;
3necb C(p)=1/3.

Hamu takoke ObUTH BBISBIICHBI HEKOTOPbIE HOBBIE A PEKTHI, HE ONMMCAHHBIC MIPEXKAE B TUTEPATypE, a
UMEHHO, ObUI HalJleH peKuM, B KOTOPOM COINIaCOBAHHOCTh C(p) BBIKAa3bIBa€T TPHU KPUTHUYECKHE
TeMIepaTypbl (COOTBETCTBYIOIIME OOHYJCHHMIO 3allyTaHHOCTH WM €€ TOSBICHUIO) C JIByMs
JoKanbHBIMU MakcumyMamu (Puc. 2a). Taxoke ObUT MpenCTaBlIEH aHAINW3 UHOTO, paHEee HE OMMCAHHOTO
SIBJIGHUS: TP HEKOTOPBIX YCIOBUAX (J=J2, 0<J,<J) B cUCTEME UMEIOTCS TOUKH COCYILIECTBOBAHUS ABYX
$ha3 ¢ pasTUYHBIMM 3HAYCHUSIMH MAarHUTHOM 3amyTaHHOCTH (cM. Puc. 2b B oOmacth HH3KHX

TEMIIEPATyp), UTO SIBISIETCS CIEICTBUEM O0raToit (a30BOM CTPYKTYPHI JAHHON MOJIEIH.
(a) N (b) T 15 —
i oA -~ J,=0.9,H=0.1
0.10 o0
: \ J,=0.85, H=0.763
; J,=0.82, H=0.95
0.08 ' v h=07,H=2
2 0.06]
@) I
0.04
0.02/
0_007 \/“ T P — PR - -
0.0 0.5 1.0 1.5 2.0
T

Puc. 2. (a) CormacoBanHocth C(p) B 3aBUCHMOCTH OT TemmepaTrypbl I mpu J=2, pa3iIWdHBIX 3HAYCHUH

MarHutHoro noiisi H 1 koHcTauThl cBsizu Jp. (b) CornacoBanHocts C(p) B 3aBUCHMOCTH OT Temneparypsl T’ u
MarHuTHoro noiist H npu J,=J=2 u J,,=1.5.
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Uro kacaercss moaenu M3unra-I'elizeHOepra Ha TpHaHTYJIUpOBaHHOW pemieTke Karome, To oHa
OTHCHIBAET CBOWCTBA MEb COACPKAIIUX KOOPAUHAMOHHBIX MaTepranoB (CugXs(cpa)s- nH O, X=F, CI,
Br) [17]. CootBerctByromuii ['aMunbTOHMAH WMEET CHACAYIOMMK BUJ (C  aHAJIOTHYHBIMU
0003HaYCHHUSIMH, BBEJICHHBIMU BBIIIIC):

ﬂ
dag : \ 1(c:
#Jaaésiasy —Ja,,(;)(S”)Z ~(SZ)f —H;3((SZ); +E(S~)ij,
r7ie IEpBOE€ CYMMHPOBAHHE BEJETCS MO BCEM ONMKAMIIUM COCEsIM THUIA d-d, a BTOPOE — IO COCEAsIM
tuna a-b (B cucteme Bcero 3N wactum). JlanHas Monenb Obla pelieHa METOJOM CPEIHEro OIS,
OCHOBaHHOM Ha HepaBeHCTBe [ mb6ca-boromobosa [3].

OnucaHHOE pelleHre MoKa3aao, YTO MarHUTHBIE CBOICTBA U CBOWCTBA 3aIlyTAHHOCTH (3aMEpEHHOMN
coraacoBaHHOCTBIO C(p)) KBAHTOBBIX TPUMEPOB THMA d B 3()PEKTUBHOM MATHUTHOM IIOJIC TIPOSIBISIOT
oTpesieNieHHbIC CXOXKHUE CBOMCTBA. BO MmepBbIX, KpUTHUECKAs TeMIiepaTtypa (pa3zoBoro nepexoja BTOPOro
poJia, COOTBETCTBYIOIAs MIEPEXOAY U3 COCTOSHHUS CO CIOHTAHHOW HaMarHMYEHHOCThIO B COCTOSIHUE O€3
Hee, TOXKJICCTBEHHO COBIMA/IaeT C TOUYKON OOHYJICHHUS 3allyTaHHOCTH TPUMEPHBIX CIIMHOB THMA a. Kpome
TOTO, 3HA4YEHMsI THapaMeTpoB (Cuja CBA3M M CHJIa BHEIIHEr0 MAarHUTHOTO TMOJIsI), MPH KOTOPBIX
MarHiTHas BOCIPUUMYHBOCTh MaKCHMalbHA, COBMAJAIOT CO 3HAYCHHUSIMH TEX-XKE MapamMeTpoB, MPH
KOTOpPBIX MEHSET 3HAU€HHs COIJIacOBaHHOCTh. boree Toro, mpum HU3KUX TemrepaTypax IUIaTo
HAMarHMYEHHOCTHU COBIAJIAIOT C TIJIATO COTJIACOBAHHOCTH.

Bo BTOpoii rjaBe mpeiCTaBlIEeHbl pe3yNbTaThl H3Y4YeHHUS (a30BOM CTPYKTYphl HEKOTOPBIX
KJIACCUYECKHX CITMHOBBIX MOJIENICH Ha PEKYyPCUBHBIX pellleTKax, a MIMEHHO, Mojenu [loTTca Ha perieTke
bere (Puc. 3a) u mogenu M3uHra ¢ TpexyacTUYHBIM B3anMOIeHCTBHEM Ha pemieTke Xycumu (Puc. 3b).
JlaHHBIE MOJIETH TUPOKO UCTIOIB3YIOTCS JJIsl OMIMCAHUS CBONCTB PAa3IMYHBIX OPTaHUYECKUX MMOJIUMEPOB
1 Pa3HOOOPA3HBIX MATHUTHRIX CUCTEM.

Puc. 3. (a) Pemetka Bere; (b) pemerka Xycumu.

Mogens IloTrTca Ha pemerke bere BO BHEIIHEM MAarHATHOM TMoJie W MojJenb W3uHra c
TPEXYaCTUYHBIM  B3aUMOJECHCTBUEM HA peuieTke XYyCUMHU  OIHUCHIBAIOTCS, COOTBETCTBEHHO,
CHEAYIOIUMH ["aMUIbTOHMAHAMMU:

dtros=—J 8(c,,0,)-HY 5(5,,0);

(&,7) i

I ising=- J3ZO'iajak —HZCTi ,
A i

rie CyMMHpOBaHHE B TEpPBOM uieHe [ aMuiIbTOHHMAHA @Hpors UAET MO BCEM ONMKAMIIMM COCEIsM,

BTOPOE — 10 BCEM Y3J1aM PEILETKH, a o(0;, 0;) — €CTh JenbTa cUMBOJI KpoHekepa; nepBoe CyMMHPOBaHHE
B 'amunbToOHNaHE GHising TPOM3BOAMUTCS 110 BCEM TPEYTOJIbHUKAM, a IOCIEIHEE IO BCEM y3JIaM PELIETKU

XycuMH.

OTIUYUTENBHBIM CBONCTBOM pPacCMaTpUBAaeMbIX MOJEJEH SBISETCS WX TOYHAs PEHIaeMOCTh
METOZIOM PEeKyppPEeHTHBIX cOOoTHoueHuH. Hamu ObTM paccMOTpeHBI TOYKH IEPEXOJ0B MEXIY
MOJYJIMPOBaHHBIMU (pa3aMU PA3IMYHOTO IEPHOJA, KOTOPbIE TOXKIECTBEHHBI TOUKaM Oudypxaruii

8
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YABOEHHSI COOTBETCTBYIOIINX OTOOpakeHWi. B wacTtHOcTH, Ha (a3oBoil quarpamMmme (Q-KOMIIOHEHTOM
monenu IloTTca ObuTM HaiiieHbl TOYKM (Da30BBIX MEpexoJoB Mexay ¢(a3zoil 6e3 MoJIpereTouHoMl
CTpYKTYpHI ((a3a nmepuona oauH) U (Ha3oi mepuoja 1Ba, a TAKXKe MEXIY MOCIeHeH U (a3oif mepruoaa
4eThbIpe (B 3aBUCUMOCTH OT CHJIBI BHELITHETO MAarHUTHOT'O TOJISI U TEMIIEPATYPBI).

Ocoboe BHMUMaHHE OBUIO YAENEHO IMKJIWYECKOMY OKHY Iepuoja Tpu JaHHBIX Mojeneil. Kakx
U3BECTHO, B XaOTHUYECKOM (ha3e BBIICONMUCAHHBIX MOJEIEH CYIIECTBYIOT MEPEXOJbl B MEPUOJUYHBIN
PEeKUM, KOTOpbIE MPOUCXOMAT TOCpPEACTBAM KacarenbHoi Oudypkaumu [18] u mnpuBogsaT K
00pa30BaHUIO p-TIEPUOAMYHBIX I[MKJINYECKMX OKOH. Ecnm CBOHCTBa CHCTEMBI OIMCBIBAIOTCS
oroOpaxkeHHeM f(x), TO TOYKa KacaTeabHON Oudypkauuu, obpasyromas ¢aszy nepruoaa n MOXeT ObITh
HaiiieHa U3 yCIOBUS:

£ =x
(r7e) =1.

st Tpex-nepuoAnYHoro okHa — uMeeM n=3. [locnemyromas Oudypkaius (Mpoucxoasuias BHyTpU
OKHA) COOTBETCTBYET OM(ypKallUU yABOCHHS.

Ha ¢a3oBoii nuarpamme Hamu Obljia 1oJfydyeHa 00JacTh TEMIEPATyphbl U CHJIbI BHELIIHETO MarHUTHOTO
IoJIs, IIPU KOTOpPBIX ()-KOMIIOHEHTHass Moxenb llorrca Ha pemerke bere u moxpens M3sunra c
TPEX4aCTUYHBIM B3aMMOJEHCTBHEM Ha peleTke XyCUMH HaXOATCsl B MOLYJIMPOBAHHOM (a3ze nmepuoaa
Tpu. [lokazaHo, 4TO CTPYKTypa TpeX-NEPUOAUYHOIO OKHA TAKOBA, YTO NP ONPEAEIEHHBIX 3HAUECHUAX
napaMeTpoB KacaTenabHas Oudypkanus (mepemMexaeMocTb MEepBOro poja) UMEET MECTO Ha ero oooux
kpasx. Taxxe, UMeeTCs pPeKUM, IIPU KOTOPOM OKHO MPEICTABICHO KOHEYHBIM UMCIIOM LMKINYECKUX
¢da3 (mepwoma 3, 6, 12 u T.1.). BmecTe ¢ Tem, BO3MOXKHO CYIIECTBOBAHHME XaOTHYECKOW  (asbl,
OrpaHUYEHHON B paMKax BbIIIEYyHOMsHYTOro okHa (Puc. 4). OTMeTnM, 4TO SIBICHUE MEPEMEKAEMOCTH
MOJKET OBITh TaKXe MCIOJIb30BAHO AJIS IOCTPOEHMs ceTed Yiama, KOTOpble yHOTpeOJIAIoTCs HpU
HCCIIeZIOBAaHUH Mojelneil 00pa3oBaHusi MHEHH (M3BecTHBIE Kak [IpifkpaHKoBbIe MOIenn 0Opa3oBaHUs
MHCHHS).

Puc. 4. HamaramueHHocTh M B IUKIMYECKOM OKHE Mepuoaa TpU Uil Mojaenu M3wWHra ¢ TpexdacTHYHBIM
B3aMMOJIEHCTBHEM Ha pemieTke Xycumu npu J;=—1, 7=0.3, B 3aBHCHMOCTH OT MarHUTHOTO OIS H.

B Tperbeli riaBe oOCYyXJalOTCS HEKOTOpPbIE MPOOIEMbl KBAaHTOBOM HMH(POPMATUKUM B CHCTEMAax
B3aUMOJICHCTBYIONTMX aTOMOB ® Tmojied. B wactHocTH, paccMmoTrpena w™oxaenbs Juke (M),
OIMCHIBAIONIAsT B3aMMOJCHUCTBHE OJHOMOJOBOTO OO30HHOTO MOJIA C aHCaMOJeM JBYXYpPOBHEBBIX
aTOMOB.

Hac uHTepecyer NuCHEpCHOHHBINA mpexen [19], T.e., pexXuM, B KOTOPOM | —w,|>> gVn+1,T0€ Nn—

cpeaHee 4yuciao (OTOHOB B PE30HATOPE, @ — YacTOTa aTOMHOIO IEpexoja, oy — 4YacToTa MOJbI
pe30HaTopa, g — CHJIa B3aUMOJACMUCTBUSA MEXKIYy aTOMaMH M MOIOM pe3oHaTopa. B manHOM mnpenene
3¢ dexTUBHBIN ['aMUITBTOHHAH CHCTEMBI MOKET OBITh IPEACTABJICH B CIEAYIONIEM BUE (PE30HATOPHAS
MO/J1a HAXOJUTCS B BAKYYMHOM COCTOSIHUM):
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N 1 N
H =2 D UL +D.8/S; +Ea)ZSf,
i=l i=l

i#j

2

rae A=g°/d ecTb dphexTHBHAs KOHCTAHTA B3aUMOICHCTBHS, § = @ — @y — OTCTPOiiKa, S’ =

S =[0,)(L], 8= 1)L |=10:)0,
Oro aToMa), @' U a — ONepaTophl POKACHUS ¥ YHHUTOKEHHS MOJIBI PE30HATOPA.

B »stoM mpenene obMeH ¢GoTOHAMH MEXKIY aTOMHOM CHCTEMOW W pPE30HATOPOM OTCYTCTBYET.
Pa3pemennbie mepexoabl MPOUCXOMAT MEXIY COCTOSHHUSIMU C PaBHBIMU YHCIAMH BO30YKICHHBIX

X0,

QO,) " |1,-> — COOTBETCTBEHHO, OCHOBHBIE U BO30YKIECHHBIE COCTOSHUS i-

atoMoB. YiieH /1ﬁ:|11><1i| MO)XKHO MHTEpIpeTupoBarh Kkak cmemenue llltapka, mHAynnpoBaHHOE
i=1
BakyyMoM. O@QQeKTUBHOE B3auMOJeHCTBUE 25;5; MEXJy aTOMaMH OIOCPEJOBAHO MO0
i#]

pezoHaropa. OHO JUIOJB-AUNOIBHOIO XapakTepa M MOXET OBITh TaKXe pacCMOTPEHO Kak
reiizeH0eproBoe oOMeHHOe B3aumojeiicTBue. OTMETHM, YTO BaXKHBIM CBOMCTBOM MOJENHU SBISETCA
HACTPaMBa€MOCTb KOHCTAaHTHl CBsi3u. [locienHsst MokeT OBITh MOTUGHUIMPOBaHA, HAMPUMED,
M3MEHEHHEM OTCTpOWkH & (B TO BpeMs Kak B TBEPHOTEIbHBIX CHCTEMaxX KOHCTAaHTAa CBS3U
¢ukcupoBana). bomee Toro, 3Hak KOHCTAHTHI CBSI3U MOXET ObITh M3MEHEH CMEHOH 3HaKa OTCTpoiiku. B
MarHuTHBIX CHUCTEMax 3TOMY COOTBETCTBYET Iepexoj] M3 ¢eppoMarHuTHoro cocrosHus (A<0) B
antudeppomarautHoe (4>0).

[ToguepkHeM, 4TO TaMUIBTOHUAH Hefr TaK)K€ SKBUBAJIICHTEH KOJIJIEKTMBHOM criMHOBOM monenu [20].
OKcliepUMEHTANIbHAsL pealu3alus CUCTEM JTOr0 Kiacca JOBOJBHO 3aTPYJHUTENIbHA, TaK Kak OHA
obOmamaer OeCKOHEYHBIM (WM JaJbHAM) TOPSAKOM — B3aUMoOAeWcTBUS. Tem He  MeHee,
KBaHTOBOXJIEKTPOIMHAMUYECKUI PE30HATOP MO3BOJISAET KOJUIEKTUBHOE CIIAPUBAHUE MEXAY aTOMaMHU H,
CJIEIOBATENbHO, OCYIIECTBISETCS OECKOHEUHBIM MOPSAAOK B3aMMOJECHCTBUS, BBUIY TOrO, YTO (DOTOHBI
pacnpenesneHbl MEKIy BCEMU aTOMaMH.

Puc. 5. 3aBucumocts corsnacoBanHocTH C(p) or Temmeparypbl I (B emuMHMIAX |A|) ¥ 9acTOTBI aTOMHOTO
nepexoaa o (B enuHunax |A)), ms (a) A< 0; (b) A> 0.

Hamu uccrnenoBana cTpyKTypa OCHOBHOTO COCTOSIHHSI CHCTEMBI TPEX aTOMOB, B3aUMOJACHCTBYIOLINX

nocpeacTsoM > dexTrBHOro 'amunbsronnana H g , ¥ BBIABICHBI IBE KAYECTBEHHO PAa3IMYHBIE 00JaCTH

B 3aBUCHMOCTH OT 3Haka 5(QEeKTUBHON KOHCTaHTHI B3aumojneicTBus. CormacoBanHOCTh C(p)
WCIIOJIb30BaHA VISl KOJMYECTBEHHOW OILIEHKH 3aIlyTaHHOCTH CMEUIAHHOTO COCTOSIHHSI CHUCTEMBI MpHU
TepMOJAMHAMUYECKOM paBHOBecuU. Hamu paccMoTpeHa KpuUTHYECKasl 4acToTa aTOMHOIO Mepexoja W,
U KpUTHUYECKasi TeMmreparypa ., COOTBETCTBYIOIIME MCYE3HOBEHUIO 3amyTaHHOCTH. [lokazaHo, 4TO B
o0JacTu ¢ OTPUIATENFHON CUJION CBA3M A, CBOICTBA 3allyTaHHOCTU MPOSBIEHBI ApUe, T.€., KBAHTOBBIC
KOPPEJSIUKM MPUCYTCTBYIOT B CHUCTEME B 0oJiee IIMPOKOW OOJACTH TeMIlepaTyp W COOCTBEHHOM
aTOMHOM YacTOThl. DTOT PEXKUM JOCTHUTaeTcss BbIOOpOM oTpuIarensHoi oTcTpoiiku 6 (Puc. 5). C
Apyro# ctoponsl, cMenienue Lllrapka, THAIyIUpOBaHHOE BAKYYMOM, IPUBOJIUT K HEPPYCTPUPOBAHHOMY
OCHOBHOMY COCTOSTHUIO Tipu A>0, B TO BpeMst Kak mpu A<0 MMeeT MeCTO Mepexo MEXAy COCTOSTHUSIMHU C
Pa3IMYHBIM YHCJIOM BO30Y>KJIEHHBIX aTOMOB (B TOUKE o = @, =2 ).
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B nanHoll riaBe Takke HCCl€OBaHA JAMHAMHKA PaclpOCTPAHEHHs Ja3epHBIX MMITYJIbCOB B CpEeE,
cocrosimeld U3 A aToMoB, ¢ pa3NIUYHBIMU CHUJIAMH OCLUJUIATOPOB CMEXHBIX MepexonoB. [lomydeHHble
pe3yIbTaThl HCIIONB30BaHBI ISl aHamu3a Y(PQPEKTHBHOCTH IEPEHOCA HACEIEHHOCTEH MeTomoMm b-
STIRAP, Tt.e., MeTOOOM CTHUMYJIUPOBAaHHOTO PaMaHOBCKOTO aJWa0aTHUECKOTO MPOXOXKIACHUS,
OIIEpUPYIOLIETO Ha ‘“‘cBeTIOM” cocTossiHuU. B cpaBHeHuu ¢ meronom STIRAP, koTopblil mpon3BoauTCs
gyepe3 ‘“TeMHOE” COCTOSIHME, PACCMOTPEHHBI HaMH TMpOIecC TMO3BOJSET TMPOU3BECTH TEPEHOC
HACEJIEHHOCTE CO CBEPXCBETOBOM CKOpOCThIO. OMHAKO, BBHUIY TOTO, YTO ‘‘CBETIIOC” COCTOSHHE
YYBCTBUTEIFHO K PAJUAIMOHHBIM TOTEPSIM C BO30YXKICHHOTO COCTOSHUS, AJIS TMOJYYEHUS BBICOKOM
3¢ (HEeKTHBHOCTH TepeHoca HaceneHHocTe MeTogoM b-STIRAP, HeoOxomuMo obecriedeHre OOBIION
0THO(OTOHHON OTCTPOUKH.

TeopeTnueckoe uccnenoBaHie AMHAMUKH CUCTEMBI ITPOU3BEIECHO MOCPEACTBOM PEIICHUS YPaBHEHUS
[Ipeaunrepa (OMUCHIBAIONIETO TUHAMHUKY aTOMHOM Cpefbl) U YKOPOUEHHBIX ypaBHEHMI MakcBena
(omuchIBarOMIMX paclpocTpaHeHue nojei). YnuciaeHHoe pelieHre CorjacOBaHHON CHUCTEMbI ypaBHEHHM
M0Ka3aJ10, 4TO ONpPEJEICHHBIM MOAOOPOM CHJI OCLMILISTOPOB ¢, U ¢y COOTBETCTBYIOLIUX MEPEXOJ0B,
MOJKHO yBENTHYUTH 3(PPEKTHUBHOCTH MEpeHOCa HACEICHHOCTEH B cpese. B yacTHOCTH, OBUIO MOKa3aHo,
YTO MpPU COOTHOIIEHHH ¢,/gs<] TepeHoc HacelneHHOCTel ocTaeTca 3(P(EKTUBHBIM Jaxke MpU
CPaBHUTEIHHO OOJBIIMX PACCTOSIHUSIX PACTIPOCTPAHEHMS JIA3€PHBIX UMITYJIbCOB.

Kom6unupys ypaBuenus Illpenunrepa m MakcBenna, ObUIO MOTy4eHO ypaBHEHHUE, OMHUCHIBAIOIIEE
IMHAMUKY yTJla CMEHICHUs & M ompeernsioniee OCHOBHBIE CBOMCTBA W OTpaHUYCHUS, HAKJIa[bIBaEMbIC
Ha TIEPEHOC HACEJICHHOCTeM MpU pachpoCTpaHEHUH HUMIyJIbca B cpeae. B mpenmene Oonbiioif
OTHOPOTOHHOW OTCTPOMKH OT pPE30HAHCa IMOJYYCHHOE YpPaBHEHHUE MOXKET OBITh PEIICHO METOJ0M
XapaKTepPUCTHK:

Q(Z»T) = 90 (5) s
rae 0,(&)=6,(z=0,7=¢&), z=x/c, 1=t—=x/c (x — HanpaBJeHUE PACIIPOCTPaHEHHs MMIyJbca), a ((z, T)—

HCsBHasA (I)YHKI_II/IH, OIpeacirsIromas HEJIMHENHOE pacnpoCTPpaHCHUC UMITYJILCOB:

Ji ny(r")dr'= J._:O ny(z")dr'+ —quqs

Q0(z,7)
3nech, Q — 3ddexTHBHAs CHIIa OCHMILIATOpPa ABYX(OTOHHOTO Mepexoa, #(t) — CyMMapHas III0THOCTh
MOTOKA YKCiIa (POTOHOB UMITYJIbCOB, a N — IUIOTHOCTh YMCIIa aTOMOB. JlaHHOE BhIpa’keHUE MOKA3bIBAEeT,
4TO MU BXOJE B cpeay (T.€., z=0) umeeM ¢=t, B TO BpeMs Kak B cpefe (z#0) nonyyaem >1=t—x/c, 4TO
YKa3bIBAaeT Ha CBEPXCBETOBYIO CKOPOCTh PacIpOCTpaHEHHs yriia cMemenns 6(z, 7) B cpene. OTMeTHM
TaKXKe, YTO U3 TIOCIEAHEr0 YpPaBHEHHS MOXKHO TIOJIYYUTh YCIOBHE€ MAKCUMAJIBHOW JUIMHBI
pacrpoCTpaHEHHUSI UMITYIIBCOB Zmax (TIPU JTHHAX Z>Zmax[IEPEHOC HACEIIEHHOCTEH HEBO3MOXKEH):

.[ww no(T’)dT'z qp /quZmax *

Zmax

Time (in units of T)
Puc. 6. MakcumanbpHas (HOPMHPOBaHHAS) [UTMHA PACIIPOCTPAHCHUS Ziax(EGsZmaxNT) AT PA3IUIHBIX 3HAYCHUH
COOTHOIIEHHS g=¢,/q,: ¢=0.5 (npepbiBUcTas TMHUA); 1 (MyHKTUPHAs IMHKA); 5 (CIUIOIIHAS JIMHHSA).
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B yerBepTOi rjaBe pacCMOTPEH KOMIAKTHBIN ITPOTOKOJ AUCTWLISALHAM 3aIyTAHHOCTH COCTOSTHUUN
HENPEPBIBHOM NIEPEMEHHOM B pealbHbIX KBAaHTOBBIX NaMATAX, NPU HAJIWYUM auccunanuil. [laHHas
3a/laya UrpaeT Ba)XKHYIO pOJIb B PA3BUTUM KBAHTOBBIX KOMMYHHMKAIIMM, TaK Kak IPU peaau3aluu
OOJIBLIIMHCTBA MPAKTUYECKUX MPUIOKEHUH KBAHTOBOM MH(OPMATHKM BO3HUKAET MpoOjeMa 3aluThl
3aIlyTAaHHOCTH OT JEKOT€PEHLMH, WHAYLHUPOBAHHOW HEKOHTPOJIUPYEMBIM BO3ICHCTBUEM CpEIBI.
BaxHbpIM 11aroM B pa3BUTUM TEOPHM KBAHTOBOM AUCTHIUISLIMU SBISETCS M300pETEHHE NMPOTOKOJIOB
JUCTWJUISIIMM  COCTOSIHUM HempepbhlBHOM mnepemeHHoi [21]. B  paccMoTpeHHOM HaMu —cliydae,
Ha4aJIbHbIM PECYPCOM 3aIlyTaHHOCTH SIBJISIETCS JBYXMOJOBOE CKAaTOE COCTOSHUE!

|‘//TMSS> =V1-2 Zﬂ’n|n>A|n>B :
i1

OTInM4nTeNbHOM  YePTO  PaCCMOTPEHHOTO  MPOTOKOJNA  SIBISIETCS TO, HYTO  COCTOSHHC |y )

pacnpesesicH0 MEXIy AByMs KBaHTOBBIMH NamsaTamMu A u B. CienosarenbHoO, 1y M np 0003Ha4aeT
4ucio (OHOHOB (BO30YXkKIEHMH) KBAHTOBBIX NaMATEH (B OTAMYMM OT TPAJAUIMOHHBIX METOJOB
JAUCTUIIALMM, TIE 14 U Np COOTBETCTBYIOT YMCIY (DOTOHOB B OTAENBHBIX MOJAX PacCMaTPHMBAEMOIO
coctosiHusA). Takas peanusanys IBYXMOJOBOIO CKATOTO COCTOSHHSA IMPUBOIUT K SKCIIOHEHIMAIBHOMY
CHW)KEHHIO BPEMECHHBIX M IIPOCTPAHCTBEHHBIX PECYpPCOB HEOOXOAMMBIX I DKCIEPHMEHTAIBHOTO
OCYILIECTBJIEHHS CXEMBI, KOTOPasi, B CBOIO 04Yepe/lb, COCTOMT M3 JIByX 3TaloB. B IIepBOM IIPOM3BOJMTCS
“merayccudukanys’” U3HAYAIBHOTO TayCCOTO COCTOSHHS |y ) (“comokenne” — malting), MeTomom

BBIUUTAHUS (OHOHOB W3 KBAaHTOBBIX IMaMATEH, YTO MOXKET OBITh JOCTUTHYTO OTIPABKOHW CIIa0BIX
UMIIYJIbCOB B MaMATH M perucrpauueil GoToHOB Ha BBIXOJE U3 HUX (Aerayccudukaius HeoOxoauma,
TaK KakK JUCTWUISIMS TayCCOBBIX COCTOSHHM HEBo3MOkHa [22]). Bropoit »Tam, Ha3bIBaeMBbIil
“cMuHanueM” (mashing), COOTBETCTBYET WTEpPATUBHOM JUCTUJUISIHUM HETayCCOBBIX COCTOSIHUM,
MIOJTy4YEHHBIX Ha npeasiayiem stamne (Puc. 7).

B wm3navanbHOl pabote [14] ObuT paccMOTpeH ciydail WcalbHBIX KBAHTOBBIX MaMATEH, HO, Kak
U3BECTHO, COCTOSIHUS, TIOMELICHHBIE B peajbHbIE KBAHTOBBIE IAaMSTH, MOJBEPKEHBI JEKOIEPEHLNUH,
KOTOpass MPHUBOAMT K HEMHHYEMOMY CHID)KEHHUIO CTENEHHM 3allyTaHHOCTU MEXIY ABYMS MOJAMH.
CnenoBaTenbHO, KIIOYEBBIM BOIPOCOM SIBISIETCS MOJEIMPOBAHUE JAHHOTO IPOTOKOJA C YUYETOM
peabHBIX MOTEPh U OIeHKa 3(P(HEKTUBHOCTH cxeMbl. HaMu Oblia UCIOIB30BaHA MOOeb pacujenumelis
nyuka nomeps (beam-splitter model for losses) — MPIIII, koropasg npumeHumMa B MapKoBCKOM
NPUOTMKEHUH.

() MALTING
(INCLUDING LOSSES)

=53 PTMSS

(b) MASHING

| [

7 wacuum detection

Puc.7. (a) Dran perayccudukanuu coctostHus (“‘coiioxkeHue”), ¢ ydyeToM HoTepb. HawanbpHoe IBYXMOI0BOE
COCTOSIHHE |1y ) TOABEPIACTCs MOMBITKS BBIYUTAHUS (POHOHOB (JOCTHIaeMOE OTIPABKOMH C1a0bIX MMITY/IbCOB

B IaMsATH W perucrpanueil (OTOHOB Ha BBHIXOJE U3 HHUX), C IPOMEXYTOUYHBIMH COOBITHSMH HOTEpPh
(Monenupyembix BoimeynomMsiHyToit MPIIIT). CocrostHne cunTaeTcs TOTOBBIM, KOrja ()OHOHBI OBLIM BBIYTECHBI
13 000MX KBaHTOBHIX HamsTed (0O0omx Mmox). CreBa moka3zaHa cxeMa C NaMSTSMH, CIIpaBa — ONTHYECKUI
agamor. (b) Ortam “cmuHaHus”. Ha i-oif wWTepamum cocTosSHHE p, OTOOpa)kaeTcsi Ha COCTOSHUE p; TIPU
perucTpanuu BaKkyyMma Ha npoiuenueid moae. Ilponecc SKBUBalIeHTEH ONTUYECKON CXeMe, MOKA3aHHOM crpaBa.

beun MMOJIYYCHBI AHAJIMTHYCCKHEC (1)OpMy.]'H>I OIMIMCBIBAKOIIIHEC 3BOJIFOIIUIO MMPOU3BOJIBHOI'O
ABYXMOJOBOI'0O COCTOSAHHA (I/I ABYXMOIOOBOI'O cocamoco COCTOSHUS B qaCTHOCTH) 3allMCaHHOIro B
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KBAaHTOBBIX MaMSATAX, U Obuta MccienoBaHa 3()(HEKTUBHOCTh MPOTOKOJIA AUCTHWIUISAIHMNA TPH HATHIUH
spdexroB auccumnanuu. [lokazaHo, 4To MOTEpH CHIBHO MOIUGPUIUPYIOT CBOWCTBAa MPOTOKOJA: B
3aBUCHUMOCTH OT IIapaMETPOB CHCTEMbI, CX€Ma MOXET ObIThb HE pe3yJbTaTUBHOH, T.€., HE
oOHapyXUBAIOIIEH pocTa CTENEHH 3allyTAHHOCTH B CPABHEHHUHU C HA4YaJIbHBIM COCTOSTHUEM.

B wactHOCTH, MMesi BBUIy, UTO MPOIECC BBIYMTAHMS (POHOHOB M3 KBAHTOBBIX IMaMSTEH SBISETCS
BEPOSTHOCTHBIM, OBIJIO PAacCMOTPEHO KPUTHUYECKOE YHCIO TOMBITOK /71, TaKOro BBIYUTAHMS. BbLIO
MIOKAa3aHOo, YTO ycioBue m:>1 (T.e., yCIOBHE BO3MOXHOCTH NMPOU3BEIACHUS XOTS-Obl OJHOM MONBITKU
BBIYUTAHUS) IPUBOJIUT K JAOMOIHUTENBHBIM OTPAaHUYCHHUSAM Ha IKCIEPUMEHTANIbHbBIE MTapaMeTPhl, TaKHe
KaK, HampuMep, CHUJla B3aUMOJEHCTBUS MEXIY HWMIIYyJIbCOM, HCIIOJIBb3YEMbIM [UIsl BBIYMTAHUSA, U
KBaHTOBOM mMmamMaAThi0. Takxke, OBbLJIO MOKAa3aHO, YTO MJS YBEIHUYEHHUS M. HEOOXOJUMO YBEIUYHUTH
BBIIICYOMSIHYTYIO CHJIy B3aUMOJECHCTBHS (OTMETUM, YTO JaHHbBIN MapaMmeTp SBISETCS CPaBHUTEIBHO
JIETKO HAaCTPaWBa€MbIM B 3KCHEPUMEHTAIbHOM YCTAHOBKE). 3aKIOYEHUE COCTOMT B TOM, 4YTO
CYLLECTBYIOIIME TEXHOJOTMH (KBAHTOBbIE MAaMSITHU C BBICOKMM 3HAaUYE€HHWEM IPOU3BENECHUS BPEMEHH U
MOJIOCHl TIPOMYyCKaHMs, BBICOKOI(D(EeKTHUBHBIE (OTOAETEKTOPHl W T.JA.) pa3pelialoT pealn3aluio
M3Y4YEHHOT'0 IPOTOKOJIa TUCTHIIISUY 321y TAHHOCTH.

B 3akarouennu chopMmynrpoBaHbl OCHOBHBIE HayUHbIE PE3YIbTaThl paOOTHI:

e BrepBble HCCIENOBAHBI CBOMCTBAa 3alyTAHHOCTH HEKOTOPBIX TBEPAOTEIBHBIX MAaTEepUaoB
(ectectBeHHOTO MHHEpana azyputa — Cus(CO3)2(OH), u Menp cogepkaiux KOOpAuHAMOHHBIX
marepuaioB — CugX,(cpa)e-nH,O, X=F, Cl, Br) B pamkax monenu W3unra-I'eitzenOepra co
cnuHoM 1/2. HM3yuena ¢a3zoBas CTPyKTypa CHCTEM U BBISIBICHBI PEKHUMBI C HamOoJee
BBIPQKCHHBIMU CBOMCTBAaMU KBAaHTOBOW 3aIlyTaHHOCTHU. TaKkke MOKa3aHa ONpEAEIICHHAas CBS3b
TEPMOAMHAMUYCCKUX (MAarHUTHBIX) U YUCTO KBAHTOBBIX XapaKTEPUCTHUK (3aITyTAHHOCTH).

e PaccMOTpeHbl TEpMOAMHAMUYECKHE CBOMCTBAa KJIACCHYECKUX MOJENEl Ha pPEeKypCHUBHBIX
pemetkax (Q-koMmoHeHTHass Monaenb llorrca Ha pemetrke bere um mozens W3unra c
MHOIOYaCTUYHBIM B3aUMOJEHUCTBUEM Ha pelieTke Xycumu). JJaHO TOYHOE pelleHue MoJenen
METOZIOM DPEKYPpPEHTHBIX COOTHOIIEHHH M  W3ydeHa ¢a3oBas CTPYKTypa JaHHBIX CHCTEM
MOCPEJCTBOM HaXOXKJEHUS TOYeK Oudypkauuidi COOTBETCTBYIOLIUX oOToOpaxeHuil. Ocoboe
BHUMaHHE YJAEJIEHO TpeX-NMEepUOANYHOMY OKHY, oOpasyromemycss B XaoTHueckod (ase,
MOCPEACTBOM KacaTtenbHOM Oudypkanuu. Bnepsble MoKa3aHo, 4YTO NpU OMpPEIEICHHBIX
3HAYEHUSX MMapaMeTpoB (CHJIa MarHUTHOTO TOJIsA, TEMIepaTrypa), TPEX-MEePHOJUYHOE OKHO
COJIEPKUT B cebe XaoTUUecKoe MoBeIeHNe (OTpaHUYCHHOE B paMKaX OKHA).

e li3yueHsl CBOWCTBAa KBAHTOBOW 3allyTaHHOCTH TpeX OJPPEKTHBHO B3aUMOICHCTBYIOIINX
JIByXypPOBHEBBIX aTOMOB B PE30HATOpE (IUMOJb-AUIIOIBHOE B3aUMOJICHCTBUE HWHIYLIMPOBAHO
Mool pe3oHaTopa). [lokazaHa CBsi3pb JaHHOW MOJIENH C CHCTEMaMH B3aUMOJCHCTBYIOLIUX
MAarHUTHBIX CIIMHOB M OTMEYEHa OTHOCHUTENIBHO JIETKash HACTPAaWBAEMOCTb CHUJIbI CBSI3U MEXKAY
KyOoutamu. HalieHbl KpUTHYeCKHE TeMIepaTypbl W KPUTHUECKHE 3HAYEHUS COOCTBEHHOM
4acTOThl Iepexoja aTOMOB, COOTBETCTBYIOIIME HMCUE3HOBEHHIO KBAaHTOBBIX KOPpESALMil B
cucteme. Takyke BbISBJICHBI JBa KaUYECTBEHHO Pa3IMUHBIX PEKHMMa MOJEIH, B 3aBUCHUMOCTH OT
3HaKa 3(QPEKTUBHON CHITBI B3AUMOICHCTBHS.

e IlpencraBiieHa AMHAMUKA PACTIPOCTPAHEHUS JIBYX JIA3€PHBIX UMITYJILCOB B CPEJIe COCTOSIIEH U3
A aTroMoB, C Ppa3IUYHBIMU CHUJIAMH OCLMJUISITOPOB CMEXHBIX mnepexonoB. [lokazaHo, 4To
COOTBETCTBYIOIIEH TOAOOPKOM COOTHOWICHHS MEXAYy CHJIAMH OCHIIISTOPOB BO3MOYXKHO
MOJy4YuTh Hambosee 3(pPEeKTUBHBII CBEPXCBETOBOM MEPEHOC HACEIIEHHOCTEW B CPEle METOJIOM
b-STIRAP. Takxke mnOJy4eHbl HEKOTOpPHIE AHAIMTHUYECKHE PE3yJbTaThl, MO3BOJIAIOLINE
00BsICHEHHE TJIaBHBIX CBOMCTB Mpoliecca.

e lccnenoBanbl APQeKTsl AMCCHUNANNK B KBAHTOBBIX MaMSATIX, YMOTPEOISIEMBIX B HEIAaBHO
MIPEAJIOKEHHOM IIPOTOKOJIE KOMIIAKTHOW TUCTWIISILUN 3aIlyTAHHOCTH COCTOSIHUN HETIPEPBIBHOM
nepemeHHol. M3yueHa 3(h(pexkTUBHOCTh JAHHOTO MPOTOKOJA MPU HAJTUYUU MOTEPh U MOKA3aHO,
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YTO TIOCJEAHHE CHJIBHO MOIU(MUUUPYIOT pe3ylbTaThl HW3HAYAIbHOM CXEMbl. YKa3aHa
BO3MOXXHOCTh peajH3aliil JaHHOTO MPOTOKOJIa C TIOMOIIBIO CYIIECTBYIONIUX TEXHOIOTHIA.
Taxke  MOTy4YeHBI  HEKOTOpbIE  JOMOJHUTENbHbIE  YCJOBHMSI  HAKJIaJIblBacMble  Ha
AKCIIEPUMEHTAJIbHBIE TAPAMETPHI.
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uvonouaprr

Uwnbkuwpnunipniup whpdws E pjwbunnwihtt hudnpdwnhluyh dh owpp punhputph
niunidbwuppnipjutipn hnjpwgnnn wnndubph nt quonbtph hwdwljupgbpnid b npny whun-

dupdtuwghtt ynipbpnud, hisybu bwb JEpohtukphu uyhtiwyhtt phttwdhuygh hknwgnundwnp:

Yhunwplus t bqhlig-Zuyqbupkpgh dnnljp phwlwb dhubpuy wgniphinh (Cuz(CO3),(0OH),)
b Gplswthwih hgnuenigquépujhtt Ynnpphttwghntt dhwgnipnitiph (CuoXs(cpa)s'nH,0,
X=F,Cl,Br 61 cpa=juppopuhy ktitnwuppent) hudddudnipjut hwunljnipiniuukph
niuntdbwuppdwtt hwdwp:  Unwohtt  dhwgnipjut  dwqhuwluwb  gubgp uwht-1/2
ohquililyniiwdl snpwh k, Uhlisnke kppnpphip’ pwblniiug]us Yuqnuth guigp: Quwywus
upwl, np Pqhug-Zuyqkuptpgh uUnpkip hwiughuwind E pJuwbwnughtt (huyqbuptpguity)
thnppowtwljuwyhtt hnpuwgptgnipjut dnnwplnud, wjt mpudwnpniud £ pudupup npujujut
U npny wuydwbbpnd twb pudupup pwbwjuljut dogpunmipjudp wpyniuputp: Zwpygh
wnlkin] hqhtiqqui thnjuwqnbgnipjut quuwlui pingpp pluinwihtt d&ywsnipniup
(uhlws  Awiwdughbguénipjudp concurrence)  hwpquplty t  wdjuy  Wnipkph
pjutnnwhtt  Juuwnbpubphg jnipuwpwisniph  hwdwp  wpwbdht-wnwtdh: Ywugnuth
tpwtljmuugus gwigh  tjuundwdp  Jhpwndl; £ twb  Shpu-Pngnpnipnyh
wihwjwuwpnipjutt Jpu hhduws dhohtt quownh dnnwynpnipnitp, nptt wipugwhwjn
YtEpwny tkpunnd k pyutinughtt mphukpubph dhol wnjw (pnyy)) thnpowqnbgnipiniin:

Thunwpyyk) E huyqbupbpgyut hnjpwgqnbgnipiut nwuwljut vwhdwbp, npp pny) £ vnujhu
npny uUnphjubph &dogphn nusnidp: Uwubwynpuybu, ntunidbwuhpyl] B nblnipuhy
guugkph Ypw QJhdwlwuh Mnunuh b bowdwubhfughtt thnpwqpbgnipjudp Pqhugh
Unnhjubpp: Ywnwpyly b gpug dogphun pmisnudp nkljnipkin wnbsnipniutkph dhkpnnnd,
npp phpnud £ hwdwlwpgh phpdnphtwdhujut hwnlnipniutbph niunidbwuhpnidp
nwghntuw] wpnwywwnlipnidutph hbnwgnundwp: Zunnly nipwnpnipinit £ npudwunpygty
Unnbkjubkiph pwnuwyhtt thnynud bpwyuppbpuljut ywwnnithwth wpwowgdw dkjpwuhquht b
npu wnwidtwhwwnnil] Jupph ntuntdbwuhpnipjubn:

Zknmwgnuyl] B twb thnpwgqnnn wnndubph b quownbph npny hwdwlupgbp, npnup
hwinhuwtinud tu pJuwbunnwghtt hubnpdwwnhluwyh pughpttph nusdwt wyptnpuiipughe
hhup: Yhunwplky b nhuybpuhnt vwhdwbnud Hhykh dnglp’ phqniunnpmud puljupy]us b
nhqniwwnnpwihtt  dnnwjh  dhengny Yuwdwd Epkp Epjdwlwpnuwlwth  wwnndubph
huddduoénipjutt hwnynipnitubph nuuntdbwuhpmipyut hwdwp: 8nyg L wpdbkp Unghh b
thnjuwugnnn  dwquhuwlwt  uwwhtubph  hwdwlwupgh dhol ubpnn  juuwp: ‘Lokup, np
niuntdbwuhpdws dnnbkih Juplnp hwnimpnitt B hwbinhuwbtnid hnpuwqpbgnipjut nidh
hudtdwwnwpwp hbownn  thnthnjudwt  htwpwynpnipniup  (hsp  puppligjus E whug-
dwpulughtl iympbpnud): Zuyntwpkpyl) b hudwlwpgh bpynt uddusnipyub npuljuybu
wnwpplp hwnljnipnititpny nkdhu:

Ukpjuyugyl) E b-STIRAP dJbpnnpny puwlbkgubdnipjut thnpuwnppdwt  dwbpudwut
niumdbwuhpnipynip. hwplwi wignidtbph wihwduwuwp oughpunnpuyght nidbpny A
wwnndubphg punjugws dhowduwypnid: Inipu kb pipdt] ypngbhuh nhtwdhjuwb pinipugpny
nwpwsdwl hwjwuwpmdubpp b uvnnwgyl) Bt nputg dnnwynp musnmudubpp: 8nyg k wpyky,
np phwljgyuénipjut  thnpunpdwt  wppnibwdbnnippiup juppdws E Jbipp todwsd
oughpwwnpujht nidiph hwpwpkpwlgnipiniuhg:

Zknwugnuyk) k twl pyutitnughtt hhonnnipnitubpnd pdddusnipjut «pnpdwty fuughpp,
npp ubpn Juwdws L pywbnughtt  hudnpdwghuyh  dowldwtt b pwbnnught
hEnwhwnnppuljgnipjutt hppwjuwbmgdwt htwn: Unnbjuynpyb) Eu phuhywghwubkpp, npntg
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tupwlw k juddduoénipjut ujqptiwljut nkunipu hwinhuwgnn Epjunnuith ubnudwsé Jhdwlp
b gnyg k wipyky, np Ynpnruntitpp buybu thnpjunud Ba uyqptwlut (hpbwjulwt) ypnnnlnih
hwwnlnipniutbpp: Ujuntwdbuwyuhy, wywgnigyk) E np ujpbdwb hpwgnpsth £ gnynipiniu

niitgnn wnkjunjughwutph dhongny:
Phgqh tywwnwlubpb .

1.

Puwlwt dhttpw] wqgniphnp (Cus(COs3)2(0H)2) L Lplswthwih hgniunnigyuspughte
ynnpphtiwghntt dhwgnipjniuibpp (CusXa(cpa)snH20, X=F, Cl, Br) pumipwqpnn guép
swhnquljuwinipjul uyhttuyhtt Unphjubph pJwbuwnwghtt phdkputph b wphdbkpukph
hudddusnipyut hwnmpniiubph niunidbtwuhpnudp: QEpdwunhdwth b wpunwpht
dwquhuwlutt nuonh  EpLiwnubph  hbwnwgnuinudp b phpdnphtudhjuljut
(Uwquhuwjui) nt pddusnipjutt hwnlnipniutbph hwdwnpnidp:

Ppuljwt guugkph Ypw pywtinughtt dnpbjubkph dnnwplnd hwinhuwgnn nklnipuhy
guugkph Jpw &ogphwn nisynn uyhtwghtt dnpbjubph nuunidbwuhpmipniip: @nyught
Junnigquéph htnnugnuinudp nklnipktin wntsnipniutph dbpnnny:

LYqwunnuyhtt hubnpdwnhluwih punhpubph ghuwpynudp  hnjpwgnnn  wnndubph b
nuowntph hwdwluwpgbpnid. nhqnuwwnnpnid pujupydus b EpElnhy thnpjuwmqptgnipjudp
Juyywsd wwnndubph pwbnughtt udddudnmipiutt ntunidbwuhpnudp, husybu  twb
hwupbwb wmugndubph wthwyjwuwp oughjjmwnnpuyht nidtpny A wnndubphg punjugus
Uhowuypnid puwljigjuénipjut thnprunpdwt dwipudwut hbnwgnunudp:

Ubuptinhwwn  thnhnpuwuth  dphdwubph  judddudnipjut pnpdwtt wpnunlynih
nuunidiwuhpnipniip phuhyughwbbph welumnipju yujdwbibpnud:

NMwownwuwinipjut hhdttwljwb npniyyphtpb G,

1.

bqhtg Zuyqtuptpgh uwht-1/2 dnpkjukpp, npnup pumpwgpnmid  Bu wqgniphunp
(Cuz(CO3)2(0H)2) b tplyswthwih hgnijwnpnigquépwjhtt Ynnpphuwghntt dhwgnipiniutbpp
(CusXz(cpa)enH:0, X=F, Cl, Br) gniguplpnid ki hwpniuwn thnyuwjht b hhdtwlwt Jhdwlh
Jupnigqusp  npwlwwbu  wwpphp pubnuwhtt U phpunghudhulob
hwwnlnipiniuttpny:

Piwnkh guugh Jpw QYhdwlwuh Mnwnuh b Znighuhh guigh Ypw Enwdwubthlught
thnjuowgqnbgnipjudp  bPqhtigh  dnpkjubpp  gniguwpbpnd &t pwnuwyhtt  Jupp, npp
uwhdwbwthwlws b tnwwywppbipujut ywwnnithwih tbpund: Unpbjubph thnyught
wbgdwb Yhnbkpp hwdptljunud G hwmdwywnwupuwt nwghntiw] wpnwwywwnljbpnudubph

phdnipyughnt Yhwnbkph htwn:

Nhgnuuwnnpnud puupnpus EpEinhy hnpuugpbgmpiudp juydws tpkp wwnndubph
hudddusnipyut hmnlnipniuubpp wnwytl] Jue bt wpnwhwynduws sbpdwunhdwh b
wwnndubph wigdwt ubthwujuwt hwdwhujuwinipjut hwwnnil mhpnypnd:

A wnndubphg punjugus dhpwduypnid phwljtgwénipjut ghipniuwghtt thnjpungpdwt
wpniwybnnipiniup jupkh b pupdpugit] huphwb wignidubph oughpjunnpught
nidbiph hwdwwywwnwupiwt punpnipjudp:

Ldwitnuyht hhonnnipniuaubpnid wuptnhwn thnthnjuwljwth Jhdwlutiph
lud&dusnipjut pnpdwt ypnnnlnip hpwgnpstih k gnynipinit niikgnn nktninghwubkph
Uhongn]  stwywé ppwlul pwbnught hhonqmipmibbbpnd woljw  wiuniuuhbh
ynpniunubpht:
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SUMMARY

The thesis is devoted to the analysis of problems of quantum information theory and their strong
relation to frustrated spin systems and propagation of light in media. Our conclusions can be
summarized as follows.

We considered the recently proposed Ising-Heisenberg model, for investigating entanglement features
of some particular compounds, such as the natural mineral azurite (Cu3(COs3),(OH),) and a series of
two-dimensional isostructural polymeric coordination compounds CuoXs(cpa)s'nH,O (X=F, CI, Br and
cpa=carboxypentonic acid). The magnetic lattice of the first material is presented by a spin-1/2 diamond
chain, while the second one is described by a triangulated Kagome lattice. Although being an
approximation of a pure Heisenberg exchange interaction, the Ising-Heisenberg model provides a
satisfactory insight into the main features of these materials. Owing to the separable character of Ising-
type interaction, we calculated entanglement (quantified by concurrence) for each of quantum clusters
of the materials. The mean-field-like treatment based on the Gibbs-Bogoliubov inequality, which
implicitly takes into account the interaction between quantum triangular clusters, was additionally
applied to the triangulated Kagome lattice. Here we revealed a strong relation between the
thermodynamic and entanglement properties of the model. Particularly, we pointed out that the peaks of
the magnetic susceptibility correspond to the values of parameters at which entanglement vanishes.
Additionally the entanglement sudden-death temperature coincides with the second order phase
transition point of the system. We studied the ground-state structure of the systems in a wide range of
interaction strengths, revealing distinct regimes with qualitatively different quantum features.

We have also considered another, classical limit of the Heisenberg-type interaction, which results in
classical spin models. The main motivation of exploring these models is their exact solvability in some
particular cases. This leads to a possibility of deriving analytical expressions for thermodynamic
quantities of interest. In particular, we looked into the phase structure of the Q-state Potts and the three-
site interaction Ising models on recursive lattices, which are efficient in analysis of a number of
magnetic systems. Note that the Bethe-Peierls approach, which approximates real lattices with
hierarchical (recursive) ones, is more reliable in some cases than the above discussed mean-field
treatment. The models were solved exactly by means of the recursion relation technique, reducing the
thermodynamic properties of a model to the features of rational mappings. The phase structure of the
above models was investigated by detecting bifurcation points of corresponding mappings. A particular
attention was devoted to the appearance of three-periodic window in chaotic region of both Potts and
Ising models (with antiferromagnetic coupling between lattice nodes). We pointed out some intrinsic
properties here, such as intermittency, occurring at both edges of the window and a finite number of
periodic cycles (modulated phases), as well as chaos, confined inside the window.

Finally, we addressed to systems of interacting atoms and fields, which are also at the heart of
quantum information processing. Particularly, we considered the Dicke model, for modeling the
interaction of three trapped atoms in a cavity, interacting by means of effective coupling, mediated by
the radiation field (the dispersive limit). We pointed out the strong relation of the model to the problems
of frustrated magnetism, and applied similar tools for investigation of entanglement and thermodynamic
properties of the system. Meanwhile, a crucial difference of the present system is the tunability of the
coupling strength, which is rather complicated in the case of solids. Another important remark here
concerns the effect of the vacuum induced Stark shift, which naturally arises in the problem: it turns out
that this term changes the physical picture drastically.

We also presented a detailed study of population transfer process via b-STIRAP in a medium of
three-level A-atoms with unequal oscillator strengths of corresponding atomic transitions. The
propagation equations describing the dynamics of the process were derived and approximate analytical
solutions were obtained. We showed that the population transfer efficiency is sensitive to the ratio of the
oscillator strengths, g=g,/q,, and can be increased by a proper choice of this parameter. In particular,
we find that the transfer efficiency is severely affected in case of ¢g>1 and rapidly decreases with
propagation length, while in case of g<1 propagating pulses maintain their capacity to produce a
complete population transfer over larger propagation lengths. Additionally, we pointed out that the
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transfer can occur superluminally. The conditions restricting the propagation length at which a complete
population transfer via b-STIRAP in a medium occurs were also derived.

In addition, we considered another problem, closely related to the issues of quantum information
processing and communication: the problem of entanglement distillation in quantum memories. We
modeled the dissipations that a two-mode squeezed state (the initial entanglement resource) undergoes
while stored in a memory, and showed that losses affect much the original protocol. Particularly, the
preparatory step, aimed towards the de-Gaussification of the initial two-mode squeezed state, may not
result in entanglement increase, although being a well-known method for locally increasing
entanglement in a perfect memory. Thus we analyzed the constraints on the parameters of the protocol,
within which one still gets an entanglement gain, and showed that the additional restrictions still allow
experimental realization of the discussed scheme.

Objectives of the thesis:

1. The investigation of entanglement properties of quantum dimeric and trimeric units in low
dimensional spin models, describing real existing materials, such as the natural mineral
azurite (Cu3(CO3)2(OH),) and copper based coordination compounds (CugXj,(cpa)snH,O,
X=F, Cl, Br). Studies of the effects of the temperature and the external magnetic field and
comparison of thermodynamic and entanglement features.

2. The analysis of exactly solvable classical spin models on hierarchical lattices, which are
considered as approximations for quantum models on real lattices. The investigation of the
phase structure of the systems within the dynamical system approach.

3. The study of quantum information issues in systems of interacting atoms and fields:
quantifying entanglement between effectively coupled atoms in a cavity and the detailed
analysis of population transfer in media of unequal oscillator strengths.

4. The investigation of compact continuous-variable entanglement distillation protocol in
realistic quantum memories in presence of dissipation effects.

The statements of the thesis:

1. The spin-1/2 Ising-Heisenberg models, describing the natural mineral azurite
(Cu3(CO3)2(OH),2) and copper based coordination compounds CugXs(cpa)s'nH,O (X=F, Cl,
Br) possess a rich phase and ground state structures with qualitatively different
thermodynamic and entanglement features. Entanglement and magnetic properties of the
above models share strong common behavior.

2. The three-site interaction Ising and the Q-state Potts models on the Bethe and Husimi
(recursive) lattices exhibit chaos, which is confined inside a three-periodic window. Phase
transition points of the models coincide with bifurcation points of corresponding one-
dimensional rational mappings.

3. The entanglement properties of three atoms trapped in a cavity and effectively coupled by
means of a radiation mode are highly pronounced in a specific range of the temperature,
atomic transition eigenfrequency and the effective coupling strength.

4. The efficiency of a superluminal population transfer in a medium of A-type atoms can be
increased by an appropriate choice of the oscillator strengths of adjacent transitions.

5. The experimental realization of an effective compact continuous-variable entanglement
distillation protocol is possible within existing technologies, notwithstanding the inevitable
dissipation effects, present in a realistic quantum memory.
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