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KBaHTOBBIT KOMIBIOTEP — 3TO YCTPOUCTBO, oGpabaThiBatollee NHOP-
Manuio KBaHTOBO-MeXaHHYeCKUM KOrepeHTHBIM croco6om [1-5]. B mpuHuu-
e, MOHO UCIOJNb30BaTh KOTePEHTHYIO KBaHTOBYIO UHTePGhEPEHIUIO, YTO-
ObI OCYI[ECTBIAThL TaKUe BBIYMCIEHUA, KaK pa3ioeHue OONbIINX YKcel Ha
MHOMKUTENN UM MOWCK B HECOPTUPOBaHHOU 6Gase JaHHBIX, Golee GBICTPO,
HeMenn Kiaccuvyeckne KomnbioTeps [1, 2, 6-8]. [Ilymbl, HEKOrepeHTHOCTh
U TeXHUUYECKUEe TPYAHOCTHU JEeNaloT CIOMHBIM MOCTPOEeHNe KpyTHOMAacuTa6-
HBIX KBaHTOBBIX KOMIbIOTepoB [9-13]. oHHbIE TOBYIIKY U ONTHYECKOE pe-
30HATOPBI ABIAKTCA MHOT'006ealoMMU C TOYKH 3PEHUA SKCIEPUMEHTAalb-
HbIX mMOAX010B [14, 15], HO elle HM OJUH KBAHTOBLI AlrOPUTM He ObLI pea-
TU30BaH HA TAaKUX CHUCTeMaXx.

C nmpyroii cTOpOHBI, M3-3a €CTECTBEHHOI WM30MAINN OT OKpY:Halolleit
cpenbl, AllepHbIE COUHBI ABIAIOTCA 0COOEHHO XOPOMIKUMU «KBAaHTOBLIMU GU-
Tamuy [16], ¥ UX HCHOIb30BaHWE [JIA KBAHTOBBIX BBHIYMCIEHUN BO3MOMHO
MOCPEACTBOM AflepHOro MaruutHoro pesonasca (IMJ) [17-19]. B nactos-
meil cTaTbe MbI OMKUCHIBAEM 3KCIEPHUMEHTANLHYIO pealn3alnio KBAHTOBOTO
anropuTMa c ucnoib3oBanueM fIMJ and pelreHUA YUCTO MaTeMaTHUUECKOM
3aJayd 3a MeHbIllee KONMYECTBO IIAroB, YeM 3TO BO3MOMNHO KIacCUYECKH.
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B wacTHOCTH, HAIl TPOCTOl KBAHTOBBIA KOMIIBIOTEP MOKET ONPENeIUTh 06-
1¥ie CBOMCTBA HEU3BECTHON QyHKIUH, UCIOIb3YA MeHbIlee KOJINYeCTBO BbI-
30BOB (DYHKI[MU, HEMENU MPYU UCNONb30BAHUYU KIACCHUYECKOr0 KOMIbIOTepa.

MBI oCyIIECTBUIN caMyI0 MPOCTYIO BO3MOMHYIO BEPCHIO KBAHTOBOTO
anroputma [Jloitua—[Ixo3ca (Deutsch—Jozsa, D-J) [6], koTopsIit onpexens-
eT, ABIAETCA M HeW3BeCTHAaA (QYHKIUA MOCTOAHHOM WUIU cOanaHcHpOBaH-
Hoit. docroanHasa ¢yuruuda f(x) or N 6utoB go ogHoro aubo f(x) = 0 guaA
Bcex z, mubo f(x) = 1 mna Bcex x. COanancupoBannaa ¢pyunruua f(x) = 0
Il TOUHO TIONOBUHBLI ee aprymeHToB, u f(x) = 1 maa ocraBmuxea. Uro-
ObI ¢ YBEPEHHOCTBIO OMpPENeNuTh, ABIACTCA MU (YHKIMA MOCTOAHHON WK
cbanaHCUPOBAHHOW, Ha NeTEPMUHUPOBAHHOM KIACCHUYECKOM KOMIBLIOTEpe
tpebyerca mo 2V~! + 1 BEI30BOB DYHKIUM: Jame ecid B3ATH MOJOBUHY
aprymenToB u Haiitu f(z) = 0 DA KamoOro, BCe €llle HENb3f C yBEpeH-
HOCTBIO 3aKIIOYUTh, YTO GYHKIUA MOCTOAHHA. danpoTus, D—J arropurm,
ycoBepimeHcTBoBaHHbIH . KnuBom n ap. [20] u Ananom Tannom, nosonser
KBAHTOBOMY KOMIIbIOTEpPY ONpPEeNATh, ABNAeTCA MU f(2) MOCTOAHHON WIn
cbaaHCUPOBAHHOM, MCHONb3YA TONbLKO OJUH BbI30B (DYHKIIMHU.

D—J anropuTm XopoIio WO CTPUPYETCA er0 CAMBIM MPOCTHIM BO3MOM-
HBIM clly4yaeM, Korga f mpeoGpasyeT OJuH GUT B JpYroii; 3TO TOT cilyudai,
KOTOPBIA MBI peanu3oBany (3TO Tak#e caMblii MPOCTOii cIyuaii arropuTMa
Caiimona [7]). IMeeTcA YeThIpe BO3MOMHBIX 3HaueHUA f, [Ba U3 KOTOPhIX
nocroAuHsl, fi(x) =0, fo(x) =1 a ocraBmuneca aBa UMeOT paBHOe Yucio
u 1 snauennit: f3(x) = =, fa(x) = NOT z. BoiacHeHue, ABIAeTCA 14 Takaf
GYHRIMA MOCTOAHHOM WK cOalaHCUPOBAHHOM, aHAIOTMYHO 3a]a4e, ABIAET-
cAl I MOHETa HACTOAILIeH — ¢ OpPJIOM Ha OJHOM CTOPOHE U PENIKoi Ha Ipy-
roii, unu anabIUIMBOR — ¢ OPJIOM Ha JBYX CTOpoHaX. B kiaccmueckom ciy-
Yyae Hy#HO CMOTPETh Ha MOHETY IBamIbl: CHauala Ha OIHY CTOPOHY, 3aTeM
Ha JpYTyIo, YTOGbI ONpeJeluTh — HACTOAI[AA HTO MOHETa UIHU (alblIuBa.
D—J anroputm Mcnonb3yeT KBAHTOBYIO KOT€PEHTHOCTh, YTOGBI ONPEIENUTh,
ABNAETCA JM KBAHTOBaA (MOHEeTay HACTOAIel WUIN (palbIIUBON, MOCMOTPEB
Ha Hee TOIbKO OOWH pa3. AIrOpUTM TpeGyeT OIHOTO (BXOMAIIEroy» CUHA U
OIHOTO «paboyeroy cnuHa, U CXeMaTUYHO MpeacTaBieH Ha puc. 1.

JKCIEepUMEHTalbHO 3TOT KBAHTOBBIA aITOPUTM ObLIT OCYIIECTBIEH
¢ HucHonb3oBaHHeM AjepHbix crouHoB atomoB 'H u 13C B momeuenHbIx
yraepopoMm-13 monerynax xmopogopma (CHCl3) rak Bxogsawmmii u pabo-
unit KBAaHTOBBIN 6UT («ky6uT»). |0) (|1)) omuchIBaeT cocToAHUe cnMHa, Ha-
IPaBIEHHOr0 Mo (MPOTUB) BHENIHEMY CHJIbHOMY CTATHYECKOMY MarHUTHO-
My nonio By B +Z HanpaBieHUH. YTPOIIEHHBIH raMUILTOHUAH IIA TaKo
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2-cnuHOBOII cucTeMbl B xopomieM npubnuxenuu (i = 1) paBen [21]

~

S = _wAsz - wazB + 27rszAsz + t%em; . (1)

DepBble [Ba ulleHa OMKUCHLIBAIOT cBOGOAHYIO mpeneccuio cnuna A (1H)
u B (1*C) ornocutensno —By ¢ wacTotamu w4 /27 ~ 500 MI'n u wp /27 ~
~ 125 MI'm. sz — omepaTop yrioBOro MOMeHTa B +Z HampaBleHuu 1A A.
Tperuit uieH onuceiBaeT ckanfpHOe CNHH-CIHHOBOE B3anmozeiicTaue J ~
~ 215 T'u. #,,, onuckIBaeT B3auMoIeiCTBYe ¢ OKpYHaolleit cpenoit, BRIO-
yad B3aNMOJEHCTBUE C AJpPaMH XJIopa, U TaKMe UIeHbI Dolee BHICOKOIO
NOpAJKa B COUH-CIMHOBOM B3aWMOIECTBUU, U THUM UIeHOM, Kak GyneT
ONKCAHO HU3KEe, MOMHO NpeHebpeyb.

[0y — 10 +11) [0) +11) =y [0y 1)
Bxoauoii kybur A LT L] E
f
10) 1 0) -11) 0) - 1) 71 [0}
Pabounit kybur B | =
Ilar Ilar Llar Ilar Ilar
(T0) (TY (T2 (T3 (T4

uc. 1. KBanroBaa cxema peanusanuu D-J anropurma. (T0) daunnaem c 06o-
UX «BXOZAmero» u «paboueroy Ky6utoB (A u B) B coctosnun |0). (T1) Bermon-
HAeM mpeo6pasopanme Y: [0) — (|0) + [1))/2%/2, |1) — (—|0) + |1))/2"/2,
10) = ([0) + (1)) /v2, |1) = (—10) + |1))/v2, & A, u obpaTHoe mpeobpasoBa-

_ 1
HHe Y K B, B uTore momydaem cocToAHUe % > |z) (|0y — |1)). BxogaAmuit ry-
z=0

6UT B HEKOTOPOM KBaHTOBOM cMbIcie perucrpupyer u 0 u 1 omHOBpeMeHHO.
(T2) BoisbiBaem ¢yHEIUIO: TpuMeHAeM f K A, u nmpuGaBifgeM pe3yabTaT kK B
mo Moxgymo 2. Jlo Tex mop, Moka KBaHTOBBIE JOTHMYecKHe Olepalyy, HeoOXomu-
MBblIe I BBIYHMCIEHUA f, BBINOIHAIOTCA KOTePEHTHO, paGouMii KyGUT B HEKOTO-
POM KBaHTOBOM CMBICIe Telephb CONEPKUT 3HaUeHUA f NpU BceX BO3MOMKHBIX ap-
ryMeHTaXx; 5TO pe3ylIbTaT, Ha3BaHHbII Joiiuem (RBAaHTOBbIM Napa/IelH3MOMy [1].
JlBa Ky6uUTa HaXOAATCA TENePb B COCTOAHUU % Mlzy (|04 f(z)) — 11+ f(z))) =

z=0

1
= % > (=1)f@|z) (J0) — [1)). (T3) Beimonusem unsepcuio npeodpasosanus (T1),
=0

BCIEJCTBHE Yero IolyvaeM KyGUThHI B cymneprnosuuuu coctodguuii. Ecau f mocto-
fIHHA, TO MHOKHUTEIH (—1)f("3) ecTb au6o Bce +1, mubo Bce —1, U pe3yiabTar
npeoGpazoBaHuA B 5ToM mare — cocroanune +|00). Ecau f aBnserca cbanaHcu-
pOBaHHOM, TO poBHO monoBuHa MHuOmuTenei (—1)7(®) ectn +1, u momoBuna —1,
U pe3yibrar npeobpasoBanua — cocroanue *|10). (T4) Uurtaem A. Ecau sto 0,
To f mocroAHHaA; ecnu 1, To f c6amaHcupoBaHHaf.
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JATb TeOPETHYECKUX AroB KBaHTOBOro anroputma, (T0)—(T4), 6er1n
SKCIIEPIMEHTAIbHO OCYIIECTBIEHBI CIELYIOWIM 06pa3oM:

(EO0) dauanbHoe coctoAHue noarorasiuBaiock B 200 MM, 0.5 ma xiopo-
¢opma, pacTBopeHHOro B d6-aneToHe MIpU KOMHATHON TeMIepaType U CTaH-
naptHoM naBiaenuu. O(10®) monexyn B 3TOM pacTBope, Kak MO#HO 1yMaTh,
ObITM HEe3aBUCHMMBLIMM MPOCTHIMU KBAHTOBHIMU KOMIbIOTEpaMu, paGoTaio-
MU OJHOBPEMEHHO.

TeopeTuuecku, ugeanbHbI pe3ylnbTaT NMONyuyaeTcA, KOTJa CHUHBLI BO
BceX MolleKynax mpurotonieHbl B 00 cocTOAHNU. JOCKONbKY DKCIIEPUMEHT
BBINOJHAJNCA NPU KOMHATHOI TeMIepaType, HadalbHag MaTpHUIa MIOTHOC-
TH p IJIAl CUCTEMbI B TEIUNIOBOM paBHOBecuu uMeeT 3aceneHnoctu diag(p) =
= [noo, Mo1,M10,n11] B 00, 01, 10 1 11 cocTOAHNAX COOTBETCTBEHHO, I/l p —
MaTpHuIa MIOTHOCTH, n; nponopuuonanbho e~ Fi/kT /2N ~ (1 — E; /kT) /2N
c sHeprueii F; coctosnusa i, a N = 2 ABifAeTcA YHCIOM KYyOHTOB, HC-
MONb3yeMBbIX B HalleM 3KcrnepuMeHnTe. CylecTByeT HECKOIbKO METOIOB A
U3BIeYeHHA U3 TAaKOTO COCTOAHHA TENJIOBOTO PAaBHOBECHA TOIbKO CHUTHA-
na ot 00 coctoauua [17,18]; MbI Hcnoab30BaIM METOX «BPEMEHHOTO ycpe-
HeHHAy [22], KOTOPBIH HCHONIb3YyeT CYMMHPOBaHHME TPeX JKCIEePHMEHTOB,
B KoTopbIx 3aceireHHocTh u3 01, 10 u 11 cocToAHUIT HUKIMYECKU Mepe-
cTaBlfAeTCA Mepe] BbINONHeHHeM BbluncieHuil. CylmecTBeHHoe Habmione-
HEEe CYTb [Ngo,Mo1, 10, M11] + [Moo, P11, o1, N1o] + [0, P10, P11, No1] =
= a[1,1,1,1] + §[1,0,0,0], rae & = ng1 + n1p + n11 — HOHOBBIA cUTHAI,
KOTOpBI He IeTeKTupyetcs, a § = 3ngg — @ — OTKIOHEHHE OT OTHOPOJHOTO
(ona, ueit curHan 3 ¢peKTUBHO BeleT ceGA MOAOGHO MelaeMOMY YHUCTOMY
KBaHTOBOMY cocTOAHUIO |00). DepecTaHOBKHU BHINONHEHBI C UCIONL30BAHUEM
MeToJa, UCIOIb3yeMOro A BBIYMCIEHUI, ONMUCAHHBIX HUMKE. JTOT METO[
u3beraeT TeXHUYECKHX TPYyHAHOCTeil oOHapyeHUA CUTHANA OT eIUHCTBEH-
HOT'0 AIIEPHOT0 CMIMHA U MO3BONAET CUCTeMe, Nalolleit Terko 0GHapYHUMBIi
CUT'HAT, UCIONb3YeMblii Il KBAHTOBOT'O BRIUMCIEHNA, 0CTABATLCA MPU KOM-
HaTHOI TeMIepaType.

3amMeTHM, 4YTO B TO BpeMA Kak 3TOT MeTo[ Tpefyer BbiuncieHud f(x)
3 pasa, dparTuyecku 310 He ABinAeTcA HeoGxoauMbeiM. Xota mar (T0) oBy-
CIIOBIEH HCXOZHBIM 4YMCTBIM cocToAHHeM |00), anropuT™M paboTaeT TakHe
XOpOII0, ecld HavYalbHBIA BXoOAWMH Ky6uT |1); ogHako, korga paGouuit
Ky6UT mepBoHAYalbHO |1), 3TO He OYEeHb XOPOIIO, MOCKOMLKY HEBO3MOHHO
OTIUYUThL KOHCTAHTY OT c6GalaHCHUPOBAaHHON (GYHKIWHU, HO BTO He BIUAET
Ha [IpyrHe paboTraioniie KoMnbioTepbl. TakuM 06pa3oM, TemlIoBOe COCTOA-
HUe — Xopolllee HaYalbHOE COCTOAHNE [l ATOr0 alropuT™Ma, U HaM HeoO-
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XOOUMO BBINIOMHUTBH TOJIBKO OJWH dKCIIEPUMEHT. SBSyJIbTaTbI C HUCIIOJIb30Ba-
HUEM TelJOBOro U YUCTOI'0 HAaYajJbHbIX COCTOAHHUI OMUCAHBLI HUMKE.

(E1) UmnynbcHble paguovacToTHbIEe 3inekTpoMaruuTHeie noasa (DY) wme-
MOJBL3YIOTCA JUIA TOr0, YTOOBI MpeoOpa3oBaTh KyOUTHI, Kak 3To TpebyeTrcd
B (T1). ATu nons, opueHTUPOBaHHbIE B T — § IIOCKOCTH MEPIEHIUKYIAP-
1o By, BeIGopouHO anpecytored uiu A, uiu B, oCHUINUPYA ¢ YACTOTOR w4
nii wp. Kraccudecku, Y umnyinne, HanpaBieHHbIH, K TPUMepY, 110 ¥, Bpa-
aeT CIUH OTHOCUTEIBLHO 3TON OCH Ha YToi, TPONopUUoHalbHBIN & tP, T. e.
IIPOU3BENEHUIO [UINTEILHOCTH ¢ U MOmHOCTH P uMmnynbca. B npuMuTuBHOI
KapTUHEe MPOCThIX MAarHUTOB 7/2 MMIyIbC BOOAL § (MbI GyleM Ha3bIBaTh
ero Y) moBopauuBaeT z OpUeHTUpPOBaHHbIN cnud Ha 90°, &k T (aHamoruu-
HO, MycTh Y BpamjaeT cnuH Ha 7/2 OTHOCUTeNnbHO —y, U X — Ha /2
OTHOCUTENBLHO T, U T. [; HUAHUE UHIEKChI GyIyT, OMUCHIBATL Hal KaKNMU
CIUHAMU 3Ta OINEpalif NPOM3BOIUTCH). JTO ONKMCAHUE COCTOAHHUA ABIAET-
CAl KIACCUYECKUM B TOM CMBICHIE, UTO OOBIKHOBEHHbBIH MarHUuT BCerja UMeeT
onpezeiedHoe Hanpasienue. OqHaKo, B pealbHOCTH CIIMH AIpa — KBaHTO-
BbIif 0GLEKT, U BMECTO TIOBOPOTA B HANMpPaBIEeHUM T OH, GaKTUUECKU, ABIA-
eTcA cymepro3uIieil cocTOAHMI BBepX u BHU3, (|0) + |1))/v/2. AnanoruyHo,
CTIMH, KIACCHYECKH OMUCHLIBAEMBIN KaKk HAXOOAMIMNACA MO HATPaBIEHUIO —,
dakTuyecku maxomutca B coctoanuu (|0) — |1))/+v/2. (E1) takum o6paszom
COCTOMT M3 ABYyX uMmyibcoB U Y, Vp.

(E2) ®yuruusa y — y @ f(x) ocyumecTBiseTcd NOCPeJCTBOM HCIOIbL30Ba-
HuA JU-UMNOynbCcOB M CNUH-CIMHOBOI'O B3aWMOJEHCTBHA. JamoMHUM, UTO
cnuH A mpeacTaBifieT BXOAAMMIA KyOGUT %, u B — paGouuii ky6uT y, a f
XpaHHUT CBoe 3HaueHue. f; peannsoBaHa kak 7/2 — XpXp —7/2 — XpXp
(unTaerca creBa HampaBo), rie T/2 NpeacTaBifeT BPEMeHHOW MHTepBan
1/4J = 1.163 Mc, B TeyeHHe KOTOPOro IMPOUCXOJUT B3aUMOJEHCTBHE CBA-
3aHHBIX CNWHOB. TUNUYHBIE NIUHBI UMIYIbcoB Obliu 10—15 MKc. dTo —
n3BecTHasA peOKYCHPOBKA [23] HUMIYIbCHBIX MOCIEI0BATENbHOCTE, KOTO-
paf peanusyeT Hy#HOe felicTBHe. f, peannsoBaHa kak 7/2 — XpXp —7/2,
nomgoGHO fi, HO Ge3 MOCIeAHUX WMMIOYJIhCOB, TaK 4YTO B WHBEPTHPOBaH.
fs ecth Yp — 7 — YpXp — }_’AX'AYA, YTO OCYHIECTBIAET «(KOHTPOIUPyeMoe
JE» pmeiicTBue, B KoTopoM B WHBepTHpPOBaH Torga M TOIbLKO TOrJa, KOT-
na A naxomguted B |1) cocroanuu. [lnA mOHMMaHWA MOKHO HCIONL30BAaTh
NPUMUTHUBHYIO KapTUHY KIACCHUECKUX MATHUTOB ANA Clydafd HAvyalbHBIX
cocroauuit 00 unu 10 u nocregoBaTeNbHOCTH UMIYNbCOB Yp — T — X g (3a-
metuM, uto nocie (E1) oba cnuna He npocto |0) uau |1), Ho HaxomATcA B
cyneprno3unuu o60UX COCTOAHMIl, U B 3TOM Clly4ae HeoOXOJUMbI JOMOTHHU-
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TenbHble uMnynbesl f3 [17]). CnepBa Yp noBopaunBaer B mo +%. 3atem B
npereccupyeT B Z — J IOCKOCTH OTHOCUTENbHO —2Z. 13-3a CIUH-CIIMHOBOTO
B3auMogeiicTBua B npeneccupyer uyTh MenneHHee (6oicTpee), ecin A =0
(A =1). docne 7 ceryun B nocturaer +y (—¥) Bo BpamaroIeica cuctemMe
roopauuat. X g 3aTem moBopauuBaeT B k +Zz (—2), To ectb & 0 unu 1, rue
KOHEYHOe cocTofAHNe B 3aBucUT 0T HauaibHOro A. TouHoe KBaHTOBOE ONU-
CaHUe JIerKO MOoNyYaeTcA MOCPEACTBOM MePEeMHOMEeHUA YHUTAPHBIX MaTPUIL
BpalleHNA. JaKoHell, f4 OCYyLIeCTBIAETCA Kak Yp — 7 — YsXp — YAX'AYA,
YTO MOX0e Ha f3, HO ¢ NHBEPTUPOBAHHBIM B.

(E3) Unsepcua (E1) ocymectsagerca nocpenctsom dU-ummynscos Y, Yp
I1A BO3BpaleHHA cnuHoB K +Z. CnuH A, KoTopsIil 6bl1 cHavana |0), Tem
caMbIM mpeoGpasyetcd B |0) unu |1) cOOTBETCTBEHHO 1A MOCTOAHHON UK
cOanaHCcUPOBaHHOU QYHKIIUU.

(E4) desynbrarT cuMTHIBAETCA MOCPEACTBOM UMIyibca X 4, Bo3Bpaljas
cnua A o6paTHO B T — § MIOCKOCTh. Bpema uaMenenus Hanpsmenus V (1),
BbI3BaHHOE Tpeleccuei cnuHa A Bokpyr —By, perucrpupyerca dazouys-
CTBUTENbHOI Karymkoil. UccnenoBanue cnektpa V(t), mocie mpoBeneHus
OIIHOT'0 HKCHEPUMEHTa U COOTBETCTBYIONIEr0 CUNTHIBAIONIEr0 UMITYJIbca He-
MeJJIeHHO MOKAa3bIBaeT, ABAeTcA MU f () MOCTOAHHON UK cHalaHCUPOBaH-
HOli, KaKk TOKa3aHo Ha puc. 2.

Mbl Tak#ie HAUUIM BCIO MAaTPUIY MJIOTHOCTH OTKIOHEHUH pAo = p —
—Tr(p)I/4 (puc. 3), onuckiBas KOHEYHOE 2-KYGHTHOE COCTOAHUE. DTH pe-
3yIbTaThl OJHO3HAYHO JOKa3bIBAIOT IOJIHOE MpaBUIbHOE (OYHKIMOHUPOBA-
HME KBAHTOBOTO alrOpPUTMa U NAlOT aHAJW3 MOrPeNIHOCTel, OMUChIBAeMbIii
HUHe.

KBaHTOBOE BhIuMCIeHNe TpeGyeT, UTOOLI KOrepeHTHaA CYNepIrno3nuliua
CcoXpaHANach Ha MPOJONHEHUN Bcero Boluucienun. [lna storo Tpebyercs
XOpOLIO HU30JUPOBAaHHAA KBaHTOBaA cucrTeMa (¢ ManbiM Hppy), U, K cUac-
ThIO, AlepHbIE CNUHBI ABIHAIOTCA €CTECTBEHHO XOPOIIO U30IUPOBAHHBIMU OT
OKpY:aoLIel cpebl. JeMoCTOAHCTBO a3kl U3-3a HEOQHOPOOHOCTH B( 6bI-
710 MUHMMU3UPOBAHO MOCPEACTBOM MCIOIbL30BaHUA 0KoM0 30 BIeKTpoMaruu-
TOB, YTOOLI CTATHYECKOE TI0Ie GbLI0 MOCTOSHHBLIM IPUMepHO B ogHoit u3 107
yacTell Bcero oGbeMa MCIOIb3yeMoro o6pasna. KoHcTaHThI MPONOabLHOM U
nonepeyHoi BpeMeHHON peiakcanuu 17 u Ty GbIIM U3MEPEHBI ¢ UCIONb30-
BaHNeM CTaHJAapTHOTO OGPATHOrO BOCCTAHOBIEHUA W TOCIENOBATENILHOCTH
nmnyinscoB Kappa—-dapcenna—Meii6yma—Tunna [23], yto gano Ty ~ 19 u
25 cekyHa U T> ~ 7 u 0.3 ceKyHIbI, COOTBETCTBEHHO [Jd MPOTOHA U yTJie-
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poa; oHu ObLIM HAMHOT'O JINHHEe, 4YeM TpeboBaloch [JJIA HAIIero 3KCIepu-
MeHTa, KOTOPbI ObLI 3aBeplleH NPUOIU3UTENbHO 38 7 MILIHUCEKYHI.

EnuncTBeHHBIME HauGollee CyIIeCTBEHHBIMU HCTOYHHUKAMH MOTpPeII-
HOCTeil B BKCIepUMeHTe ObLIA HEOTHOPOAHOCTh JY U HecoBepIIEHCTBO
HACTPONKU IIMHBI UMITylbca. JemnocpelCTBEHHbIH KPUTEepPUil HEOTHOPOI-
HOCTU — BpeMdA 3KCIOHEHIUATLHOr0 yObIBaHUA mopAAka = 200 MKc on-
Horo umnynbca. C y4yeToM cMelleHHA 3aceleHHOCTel, Ha Kam[oe AIPO
IeficTBOBAlIO MOpPAAKA 7 HUMILYIbCOB C KYMYIATUBHON MPOIONMUTENbHOC-
Thio & 70 <+ 100 MEc.

Bropoit HauGonee Ba#HbIi BKIA] B MOTPENTHOCTh — HU3KOE OTHOIIEHNE
«CHTHan—UIyM» Jif yriepofia, OTHolleHHe nuk curHara/RMS mym =~ 35,
Torja Kak aud npotoHa ~ 4300. Curxan ot yriaeposaa Obl1 HAMHOro Gosee
ciabbIM, MOCKOJIBKY AJNA HEro rHpoOMarHUTHOe OTHOIIeHWe B 4 pa3a MeHb-
me, U MpUeMHaA KaTyIIKa A yriepoja Gblia ycTaHOBIeHa Golee maleko
ot paGouero oGpasia. MeHbIIue BKIAAbI B MOT'PEIIHOCTh JaBalll HEMONHOe
3aTyXaHue Mem Iy mocliefoBaTelbHbIMU YKCIIePUMEHTAMU, OTRIOHEHUA He-
cylleil YacTOTHI U YHCIEHHbIe MOrPENIHOCTH MPHU pacyeTax.

delocTaTKU TAKOro MaleHbKOT0 KBAaHTOBOTO KOMIbIOTepa ObLIN CKO-
pee BO BIACTH TEXHOJIOTHH, Heeld 4eM B (QyHAaMeHTalbHBIX MPHHIIH-
nax. OgHako, KBaHTOBbIe KOoMNbIOTepbl Ha ocHoBe AAMJI Gonee yem c 10
Ky6utamu GyoyT TpeGoBaThb HOBBIX MOAXOMOB, MOCKOILRY C yBelUueHUEM
ypcna KyOHTOB cUlla CUT'HAla DKCIOHEHIUalbHO yObIBaeT B UCHONb3yeMOi
cxeMme [24, 25]: ana N cnuHOB curHail oT HadanbHOro cocroaxua 00...0
MpoNopLUHUOHATEH Ngo..o < NZ N, rae npu 6oapmux TemmoepaTypax byHK-
uua Z =~ 2. Kpome Toro, BpeMeHHaA KOTepPEHTHOCTh €CTECTBEHHO YMEHb-
maeTcA ANA GONbIIUX MOJERYI, B TO BPpeMA KaK MPOJOIMUTENbHOCTh pa-
GOTHI TOrUUECKOii cxeMbl yBennuuBaeTcad. OMHaKO, CyIeCTBYeT HEKOTOPBIi
ONTHUMH3M; HapUMep, U3-3a KOMIEKTUBHOro xapakTepa AMI-texHonoruii
MOKHO TONy4YaTb Pe3yIbTaT HPHU JOCTUMEHUH pPaA3Auidumoll 6oavulell wac-
mu MONeRyJI TMPaBUILHOTO KOHEUHOTO COCTOAHMA. TeM caMbIM, co3gaHue
3 hEeKTUBHO YUCTOTO COCTOAHUA He ABNAETCA HeoOXoauMbIM. OnTHYeCcKan
HaKayKka M pa3iuyHble METONBI OXJNamJIeHUA TaK#e MOTYT HCIONb30BaThCA
Il HavalbHOI monApusanuu paGodero o6pasna, ANA YBeIUYeHUA aMILIH-
TYZAbl CUTHAlla, MOCKOIbKY NPU HU3KUX TeMueparypax Z = 1. KBanToBbie
BBIUUCJIEHUA ABHO OOPUCOBBIBAIOT UHTEPECHBIE U HY#HbIE CIOMHBIE DKCIE-
pUMeHTaNbHbIe 3aJauu Gy AyIIero.
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Auc. 2. CnekTp NpoTOHA Noclae ucrnonrHeHua D—J anropuTMa v eIMHCTBEHHOT'0 CYU-
ThIBalOmero uMmyiasca X4 ¢ 3¢ $eKTHBHO YUCTHIM HavalbHBIM cocToAHueM |00)
U C TeIIOBBIM HAaYalbHBIM COCTOAHMEM [Ha BcTaBKe|. Ju3Kue (BBICOKHE) dYac-
TOTHBIE NTUHHUU COOTBeTCTBYIOT mepexogam |00) « |10) (|01) < |11)). YacTo-
Ta — 499755169 I', a amMmuIMTyna faHa B MPOU3BOIbHBIX equHUIaX. CIeKTp ecTh
¢bypbe-06pa3 BpeMeHH U3MeHeHUA HanpseHna V (t), MHAynupyeMoro B KaTyIIke
u3-3a npeneccuu cnvHa A Bokpyr —Bg ¢ yacToToll w4 Mocie CUMTHIBAIONMETO UM-

e e =
mynsca X 4. V(t) ects V(t) = Vo Tr [e_i'%ote_zglm p(O)eZEI” 7l (—i0240y4)),
rie Gy,,} — MaTpuisl daymu, a p(0) — MaTpulla IIOTHOCTH COCTOSHUSA HeIo-
CPeICTBEHHO Iepel CUUTHIBAIOMKUM HMIYIbCOM. B COOTBETCTBUM C 3THM, CIEK-
TpanbHasd IWHUA JIA cnuHa A [efcTBUTelNbHA M MONOMHUTENbHA (OTpULIATENb-
Ha), Korga cnud A — |0) (|1)) HemocpeACTBeHHO mepej CYUTHIBAOMIM HUMILYIb-
coM X 4. dxcnepuMeHT G6b11 BeinoaHeH B CTaH()OPACKOM YHHUBEPCUTETE C HUCIIOIb-
3oBaHMeM Maruuta 11.7 Tesla Oxford Instruments u cekTpom Tuma Varian UN'TY
Inova c TpoitHOiT pe30HaHCHO! NPOBEPKOIA. 13C-meuensiit CHCls 6b1n IoIy4YeH B
Kem6pumscroit usoronHoii naboparopuu (Cambridge Isotope Laboratories, Inc.)
[CLM-262].

3aMeTuM, YTO B NPH MOJArOTOBKE 3TON CTATbYU MbI y3HAIU O MOXO#EM
skcnepumenTe I[. A. Isxonca u M. Mocku B OKcdhopackoM yHUBepCHUTe-
Te [26].
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duc. 3. JKcnepUMeHTalbHO W3MepeHHAaA W TeOpeTHUECKH OMHUJaeMad MaTpH-
a IJIOTHOCTU OTKJIOHeHWH mocie BeimoiaHeHua D-J aaroputrma. [luaroHaib-
HbIe 3IE€MEHThI MPeJCTaBIAIT c060i HOPMHMPOBAHHYIO 3aCEIeHHOCTh COCTOAHMIMA
|00}, ]01),|10) u |11) (caeBa HampaBo). deauaroHalIbHbIE IEMEHTHI peNCcTaBIA-
10T B3aMMOCBA3b ME /Iy Pa3HbIMM COCTOAHUA. AMIUIUTY /bl IOKA3aHbI C PealbHbI-
MU 3HaKaMM KOMIIOHEHT; BCe€ MHUMble KOMIIOHEHTHI OblIM Maibl. MaTpuua miot-
HOCTH OTKIOHEHWH 6blia MolydeHa WHTErpalbHO OT CIeKTPalbHbIX TUHUN MpPO-
TOHA U yriepoja, MOMAyUYeHHbIX B 9 PKCIEPUMEHTaX C Pasiu4YHbIM CUMTHIBAIOIIM-
MU MMIIyIbCaMM MJIAl KamIoro civHa (ToMorpadua KBaHTOBOTO cocToAHUA [24]).
dabaofaeMble 3KCIepUMeEHTaNbHbIEe HEJOCTATKM MOTYT ObITh OleHEHBI CIedyIo-
muM o6pa3oM. B skcnepuMeHTaX HOPMMPOBAaHHAA 3aCENEHHOCTh YHUCTBIX COCTO-
AHKN (B MAealbHOM ciydvae paBHaf 1) BapbupoBanack ot 0.998 mo 1.019. IIpy-
rUe 31eMeHThl MaTPUIBI IOTHOCTH OTKIOHeHWH (B uieaibHOM cryudae () GpiIu
no BenuuyuHe Menbine 0.075. OTHocuTenbHaA omubKa € MIA SKCIEPUMEHTaNIbHON
MaTpPHLUBI IOTHOCTH Peyp A YACTHIX KOHEUHBIX COCTOAHUMH, ONpe/eNeHHAA KaK
€ =|| pexp — ptheory || / || ptheory ||, BappupoBanacs memnay 8 u 12% .
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