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1. HauboJiee 3HaunMble pe3yabTarhbl 3a 2004 .

[Ipoananu3upoBaHa MEKPOCKOIIHYECKas CTPYKTypa (pr3udecKux mpeodpa3oBaHUil, COOTBETCTBYIOIINX BBEACHHOMY
paHee KJIaccy CyIepoIepaTopoB MEPEyTHIBAIOIIETO KBAHTOBOTO H3MEPEHNUS, U CTIelupUKa WX GU3NICCKON pea-
zaruu. [Ipeanoxxena npocreiimas TpEXKyOUTOBAasE MOJIEIb, TO3BOJISFONAs MUHUMAJIBHBIMHU CPEACTBAMH PEATN30BATH
KBAaHTOBOE M3MEPEHHUE C MPOU3BOJIBHON CTENEHbIO MEPENyTaHHOCTU. PaccMOTpeH cnenuanabHbI KIacC HEYETKUX
KBAaHTOBBIX M3MEPEHUH KaK PeaTMCTHYHAs MOAEIH IHUPOKO MPEICTABICHHBIX B (PM3NKE U3MEPEHHH MATKOTO THIIA U
MIPOAHATM3UPOBAHEl WX MH()OPMANMOHHBIE XapakTepucTHkH. [lokazaHo, 9To MoAens oTOopa KBaHTOBOW MH(OpMa-
UM C TIOMOIIBI0 HEBO3MYIIAIOIIECTO M3MEPECHUs, 0000MEHHOTO ¢ y4éToM 3(p(eKTOB mepenyTaHHOCTH, B Hanboee
SBHOU (hopMe CyMMupyeT (yHIaMEeHTaIbHbIE OTIIMYHUS KBAHTOBOW MH(OpMAaLK OT Kilaccuueckod. B wactHocTH, B
3a/a4ax KBAaHTOBOM KPUNTOTpaduy BOZMOKHOCTH PACCMOTPEHHS PEryIUpyeMOl CTEIIeHH BMEIIaTeNbCTBa EBBI mpu
WCTIONB30BaHUH HEYETKOTO M3MEPEHHs C IeNBI0 TIONYYEHUS CEKPETHOW WH(pOpMAaLuy, MepeaaBaeMoi 1o KaHATy
Anmca—bo0, Mo3BoOISET HCIONB30BaTh JJTAHHYIO MOJIeIb KBAHTOBOTO U3MEPEHUsI Kak Hanbosee MnpocTyo Gpu3niecku
coziepKaTeIIbHYI0 MOJIENb B3aUMO/ICHCTBHS TIOTOKOB KBAHTOBOM MH(OPMAIIHH.

2. Hau6os1ee 3HaYnMbIe pe3yabTaThl 3a NMOCJAeAHUE 5 ger

Ha ocHoBe HecenekTHBHON HHGOPMANHU MPEATIOKEH HOBBIH KpUITOrpahUIeCKNil KBAHTOBBIHM ITPOTOKON C KOHTHHY-
AIBHBIM a()aBUTOM, ITPEBOCXOAAIINI 110 AP HEKTUBHOCTH NPEIUIOKECHHBIE PaHEee.

Teopetnuecku onucansl nonydeHHsle B DMAH skcnepumenrtansublie ganHsle o KITH B aTomax camapust.

Teoperuuecku pa3paboTaHa SKCIIEPUMEHTANIbHAS CXeMa YIIPABJICHHS XUPAIbHBIM COCTOSHIEM H30TONIOMEpa Iepe-
KHCH BOAOPOAA
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Ba 10 KOTEPEHTHON U HEIMHEWUHOMN OoNTUKe”
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3. PykoBomurenn

4. OObéM puHAHCHPOBAHUS



5. AHHOTaIlMOHHBIM OTYET:

JIBa mpenenpHBIX THIA KBAHTOBOIO M3MEPEHUS — MOJHOCTBIO JAEKBAaHTYIONLIEE, T.€. MOPOXKAAIOIIee HEKore-
PEHTHBIH Ha0Op OPTOrOHAIBHBIX (KJIACCHYECKH COBMECTHUMBIX) COCTOSIHMI B cUCTeMe OOBEKT—IIPHOOp, U IOJIHO-
CTBIO KBAHTOBOE, T.€. MMOPOXKIAIOIIEE MMOJTHOCTHIO KOTEPEHTHOE COCTOsIHKE, 0000IIeHbI B (popMe earHOTro TIpeodpaso-
BaHUSI nepenymuléaroujeco N3MEPEHNsl, KOTOPOE XapaKTepH3yeTCss COOTBETCTBYIOMIEH MaTpHIleH IIeperyTaHHOCTH R.
BrIsiBiIeHBI 00IIUE COOTHOMICHHUS MEXIY PA3IMYHBIMU TUIIAMH H3MEPCHHUS, TPOaHATN3UPOBAHEI JUHAMHUCCKUC Xa-
PaKTEpPUCTUKU COOTBETCTBYIOLIUX CYIIEPOIEPATOPOB M KOHKPETU3UPOBaHA O0IIasl CTPYKTYpa Pean3ylonuX ux Gpu-
3MYECKUX CHCTEM.

[pemnoxkena mpocTelmas TPEXKyOHUTOBasT MOJEINb, TIO3BOIIIIONIAsi MHUHUMAIBHBIMU CPEICTBAMH PEaji30-
BaTbh KBAaHTOBOE M3MEPEHUE C IMPOU3BOJILHON CTENEHbIO MEPENyTaHHOCTH. PaccMOTpeH crenuanbHbli Kilace HEYeT-
KHX KBAaHTOBBIX 1/13MepeH1/1171 KaK p€ajluCTuiHass MOJCJIb HIMPOKO IMPEACTABJICHHBLIX B (1)I/I3I/IKC HSMCPCHI/Iﬁ MAT'KOT'O
TUTIA ¥ TIPOAHATM3NPOBAHBI MX HH(OPMALIMOHHBIE XapaKTepUCTHKH. [loka3zaHo, 4To MoIens 0TOOpa KBAaHTOBOW HMH-
(hopManuy ¢ TOMOIIBIO HEBO3MYIIAOIIETO H3MEPEHNUS, 0000IEHHOTO ¢ YIETOM 2PPEKTOB MEePEIyTAHHOCTH, B HaH-
Oonee sBHOW (opMe cymMMHUpyeT (yHAaMEeHTaIbHBIC OTIMYWS KBAaHTOBOW HMH(Qopmanuu oT Kinaccuyeckod. B
YaCTHOCTH, B 33J]a4aX KBAHTOBON KpUNTOrpaduy BO3MOXKHOCTh PACCMOTPEHHS PETYIHPYEMOH CTeleHH BMeIaTelib-
cTBa EBBI IpM MCTIONB30BaHUN HEUETKOTO M3MEPEHHUS C LENbIO MOTydeHHs CEKPETHOH HH(popMaImu, nepegaBaeMoi
o kaHarmy Annca—bo0, mo3BoseT NCTIONB30BaTh JaHHYIO MOJETh KBAHTOBOTO M3MEpPEHHS KaKk HanOoiee MpOCTYIo
(u3nuecku cozepKaTeIbHYI0 MOJIENb B3aUMOICHCTBHS IIOTOKOB KBAaHTOBOW MH(OpMAITHH.

ITokazaHo, 4TO MPUMEHEHHUE paHEee PA3BUTOM B HAIIUX pabOTaxX KOHIICHIHM COBMECTHMOM KBAaHTOBOW WH-
dbopMaruu kK omucaHWIO OOIIeH KpUnTorpaduIeckoll cxembl KBAHTOBOW Iepenadd (pacrpeneleHus) CeKpeTHOTO
kitoua (QKD) mpuBomuT HE TONBKO K O0jIee MPO3pavHOMY ONHCAHUIO MEXaHH3MOB, JICKAIIUX B OCHOBE KBAaHTOBOU
Kpunrorpaduu, HO U K HOBbIM IpotokosiaM QKD v HOBBIM METO[aM WX aHaIH3a, IPSIMO BHITEKAIOIINM U3 CaMbIX
00IIMX MPHUHIMIIOB ONMHCAaHHI COBMECTMMOW KBaHTOBOM MH(oOpMauuu. B nononHeHne K M3BECTHBHIM MPOTOKOJIAM C
JUCKPETHBIM KOHEYHBIM aji(paBUTOM IIPEIUIOKEH KAaueCTBEHHO HOBBIA IPOTOKOJI, B KOTOPOM an(aBUT, B OTIHYHE,
Harpumep, oT BB84 u B92, coctouT HE M3 HEKOTOPOTO TUCKPETHOTO Habopa OYyKB, a M3 BCETO THIKOEpTOBA TPO-
CTPaHCTBA COCTOSIHHM, T.€. M3 OECKOHEYHOTO 4Kcia OyKB, MPEICTaBICHHBIX NPOU3BOJIBHBIMU CYTICPIOZUIMSIMHI Op-
TOTOHAJILHBIX 0A3UCHBIX COCTOSHHI THIBOEPTOBA MPOCTPAHCTRA.

HccnenoBan Bompoc 06 yBETHYSHHN KPUTHYECKOTO YPOBHS IOIMMyCTUMBIX OIIHOOK ITPOTOKOJIOB KBAHTOBOI
Kpunrorpaduu 3a c4€T BapbupoBaHua Habopa OyKB KBaHTOBOTO andaBuTa IpH GUKCHPOBAHHON Pa3MEPHOCTHU TIPO-
cTpaHCTBa. PaccMOTpeHBI KBaHTOBBIC an(aBUTHI, 0Opa3yIOIINEe MMPaBUILHBIC MHOTOTpaHHUKH Ha chepe bioxa, u
KOHTHHYaJIbHBIH aj(aBUT, paBHOIPABHO BKIIIOYAIOIINII BCe KBAHTOBBIE cOCTOsHUs. [lokazaHO, 4TO nake TpH HC-
MOJIF30BaHUH IBYMEPHOTO IPOCTPAHCTBA KBAHTOBBIX COCTOSHUI MOXKHO C ITOMOIIBIO BApPbUPOBAHUS UCTIONB3YEMOTO
andaBuTa MPEB30UTH KPUTHIECKUH YPOBEHD ONMIHOOK IMPOTOKONA Six-state.

6. Her

7.

1. TI'pant Poccuiickoro ¢onna ¢pyHaaMeHTaIBHBIX HccaenoBaHuil “Pa3paboTka ONTHYECKUX METOAOB YIIpaB-
JICHUSI XAPATBHOCTHIO MoJiekyn”, MJIL] MI'Y
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3. 3anxos B. H.

4. OObéM pUHAHCHPOBAHUSA
5. AHHOTaUMOHHBIN OTYET:

KonkperuzupoBansl o0upe TpeOoBaHUSI K HA0OPY KOPOTKHX JIa3epPHBIX HUMITYJIbCOB, BBI3BIBAIONINX ETOYKY
PE30HAHCHBIX AUIOIBHBIX NEPEXOA0B, KOTEPEHTHO CBS3BIBAIOIIYI0 CHMMETPHYHOE M aHTHCHUMMETPHYHOE XHpallb-
HBIC COCTOSIHUA. AHAJIN3 BBIOJIHEH AJISI MOJIEKYJ, Y KOTOPBIX TyOJIE€THOE pacIICIIEHHE COCTOSIHAN TPEHEOPEKIMO
10 CPaBHEHHIO CO BCEMH XapaKTepHBIMH yacToTamu. Ha ocHOBe Toro (hakTa, 9TO IMpH M3MEHEHNH Ha (pa3bl HMITyIIb-
ca, OTBEYAIOIIETo 3a JII0OOH U3 MEepexoioB B pacCMaTPUBAEMOIl IeIIOUKe, HHAYIUpPYyeMask XUPaIbHOCTb JOJDKHA HU3-
MEHSITh 3HaK, JUIS UCTIOJIb3YEMBIX UMITYJIbCOB KOHKPETH3HPOBAHbI CIICHU(PUYECKHAE OTPAHUUYECHHUS Ha UX YUCIIO, (asbl
¥ TIONISIPU3AINH, TIPA KOTOPBIX BO3MOXKHO CEJIEKTHBHOE BO30Y)KJIEHHE OTHOTO M3 SHAHTHOMEPOB. J{I1st MOJEKyI ¢ Xu-
PaJbHOCTBIO AMHAMUYECKOTO THIIA ATO aBTOMAaTHYECKH MPUBOIUT K MHIAYLIMPOBAHUIO XUPATBHOCTH, & JJISI CTAOMIIb-
HBIX MOJIEKYJ MOXET SBISTHCA MEPBBIM ITANIOM CLIEHAPUS UHIYIMPOBAHUS XUPATBHOCTH C MOCIEAYIOIIUM HUCIIONb-
30BaHUEM OJIHOTO U3 CLIEHAPHEB CTEPEOMYTALIUH.

BEeIsiBIIeHHBIE OrpaHHYEHHS MPUMEHEHBI JUIsl OCTPOCHHS CXeM MHIYLUPOBAHHS IHHAMUYECKON XUPATBLHOCTH
B MOJICKYJI€ TIEPEKHUCH BOJIOPOJA C HCIIOJIB30BAHHEM MHKOCEKYHAHBIX JIA3EPHBIX UMITYJIbCOB ONMIKHETO M CPEIHETO
WK-nuana3oHa, HACTPOSHHBIX B PE30HAHC C Pa3IMYHBIMHU KoJeOaTelbHO-BpallaTeIbHbIMU Mepexonamu. [Ipumenn-
TENIBHO K 3a/{ade JIOKaJbHOTO BO3OYKACHUS XUPAIBLHOCTH OJHOH MOJIEKYIBI IPEINIOKEHA CXeMa C HCIIOJIb30BaHHEM
BO3ZCHCTBHSA TPEX KOTEPEHTHBIX UMITYJILCOB, KOTOPask aHATUTHYECKU MCCIIeNOBaHa JUIsl CIIydasi MOJEIbHBIX Hadallb-
HBIX YCJIOBUH C HyJIEBOH BpamaTesbHOM TeMIrepaTypoi Ipy ONTUMAJIbHBIX aMIUTUTYy/AaX UMITyabcoB. [okazana Bo3-
MOXHOCTh WH/yLIIUPOBaHMsI XHUPaJIbHOCTH, BEINYNHA KOTOPOH B MPEATOIOKESHUH HEITOIBIKHOCTH aTOMOB KHUCIIOPO-
Jia TIpH JIa3epHOM BO30YKJICHUHU XapaKTepPHU3yeTcs CTeNeHbI0 XUpalbHOCTH ~0.2, B TO BpeMsi Kak 0e3 3TOTo Mpe/ro-
noxenns ~0.1. Ilpu HeHyneBoit TeMIepaType moxygaem ~107.



B cnyyae HekoMIITaHAPHBIX UMITYITECOB HEOOXOAMMOCTh MX KOTEPEHTHOTO BO3ACHCTBHS JIEIAeT HEBO3MOKHBIM
IpsIMOE HCIIOJIb30BAaHHE PACCMOTPEHHOW CXEMBI JUIs MHIAYLMPOBAHUS XHPAIBHOCTH B 00BEME C pasMepaMM 3Ha4H-
TEJILHO OOJIbILE JUTMHBI BOJHBL TeM He MeHee, HCIOIb30BaHie BPallaTeIbHOW CTPYKTYPHI 1eJIaeT BO3MOXKHBIM TaK-
Ke M MOIM(UKAIIUNIO JTAHHOM CXEMBbI JJISl HHAYIIMPOBAaHUS XUPATFHOCTH B MakpooObéme. [Ipeanoxena 4eTbpéxum-
MyNbCHAS CXeMa, B KOTOPOW B MPHONMKEHUH 3aJaHHOTO TIOJIs TPeOOBaHHUSA HAa KOTEPEHTHOCTH ITOJICH HAKa4YKH BEI-
TIOJIHSIOTCS. HA MacIuTadax Mopsiika HECKOJIbKUX CAHTUMETPOB.

CornacHo IPOBEAEHHBIM HCCICAOBAHHAM, 00JIee MEPCIIEKTUBHBIM MPEACTABISIETCS MOAXO0, YIPOIIAONINIL 1e-
TEKTHPOBAHHE PE3YJIBTATOB JIA3ePHOTO BO3AeHCTBHA. OH COCTOMT B MHAYLUHPOBAHWH TPEMsl HMIIYIbCAaMU MPO-
CTPAHCTBEHHOTO PACIpPEENCHHs XUPATLHOCTH B BHIE PEIETKU B 00bEME ~1 MM® U perucTpaniu JIMHEHHOTO KBajl-
PYIOJIBHOTO OTKJIMKA CPEAbl Ha NPOOHBIN UMIYJIbC. [IyTéM COOTBETCTBYIOIIErO BHIOOPA HAMPABICHUH pacipocTpa-
HCHUS U MOJIApU3alUN UMITYJIbCOB MOKHO [lO6I/ITI)C§I BBITIOJIHCHUS YCJIOBUSA UX (ba30130r0 CUHXPOHHU3MA, YTO MO3BO-
JISIET Pa3[eNUTh HANPABICHUS PACHPOCTPAHCHHS MPOOHOTO MMITY/IbCA W TCHEPUPYEMOIO MM Ha PELICTKE OTKIIHKA.
JJIs. aMIUTMTYABI OTKIIMKA COOTBETCTBYIOMIas oreHka ~0.5 B/M MO3BOISET HaAESIThCS Ha €ro JSTeKTHPOBAHHE Ha
(oHe mymoB.
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O06béM (hrHAHCUPOBAHUS

AHHOTALIMOHHBIN OTYET:

In accordance with the Tasks 1, 2 of the workprogramme, investigations of the atomic -systems as the
most perspective carriers of quantum information have been continued in application to such a physical object
like samarium atoms. Thus, applicability of the general methods of the quantum markovian theory to the com-
plete 12-level model of CPT resonance in samarium in the presence of either longitudinal or transversal mag-
netic field has been established on the base of experimental data obtained in the Institute of General Physics of
the Russian Academy of Sciences .

In accordance with the Task 3 of the workprogramme the existing basic quantum information measure,
such as coherent information, has been bound with such a fundamental physical concept as quantum measure-
ment. It has been shown that there exists the most general type of non-demolition quantum measurement, so
called entangling measurement that combines in the general form the limiting measurement cases when the re-
sult of measurement is represented either in the classical form or in the form of quantum entanglement. It has
been shown that for the information channel provided by entangling measurement the coherent information is
ever positive, that is well defined. These results show that entangling measurement is a kind of the basic trans-
formations of quantum information, as well as the well known CNOT operation of quantum computing.

The concept of compatible information measure, which had been elaborated at the earlier work on this
project, has been applied to information analysis of the problems of quantum cryptography. A new quantum
cryptography protocol, based on using of all states of the Hilbert state as the quantum alphabet, and a new mea-
sure, compatible information error rate (CIER), as a counterpart to the quantum bit error rate (QBER), have
been proposed. It has been shown that this protocol has two major advantages with respect to the other known
ones. It has a better error rate and additionally poses an essentially new quality — no noise threshold, when ap-
plied to systems with the infinite—dimensional Hilbert space.

7. Her

1. TI'pant YHuepcutera Bacena, Tokuo, SlnoHus, A COBMECTHBIX UCCiIeOBaHUNA. DUHAHCUPYETCS] YHUBEPCH-

TeToM Bacena

S\



NN W

Howmep -- HeT

3ankoB B. H.

HET

DuHaHCUPOBaHUE OCYLIECTBIIAECTCS IPUHUMAIOLLEH CTOPOHOM
AHHOTaIIMOHHBIN OTYET: HET

HET

CocTaBuTEIN OTYETA:
b. A. I'pumranun, B. H. 3agkoB



	ЛАБОРАТОРИЯ КВАНТОВОЙ ИНФОРМАЦИИ
	Научный отчет за 2004 г.
	1. Наиболее значимые результаты за 2004 г.
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