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IIpensnoxennass Hamu panee B pabote [1] o6mas cTpykTypa 06GOOIEHHBIX KBAHTOBBIX
M3MepEeHHIl ¢ MUHUMAaJIbHBIMU BO3MYUIEHUSIMU HayaJbHOH MH(OPMAIUU PacCMATPUBAETCS
B TIPUJIOKEHUU K HM3MEPEHHI0 KOHTHHYAJIbHBIX KBAaHTOBBIX MEPEMEHHBIX M BbISBJISIOTCS
€€ KaueCTBEHHbIE 0COOEHHOCTH B CPABHEHMM C AHAJOTMYHBIM TPAJULIHUOHHBIM BAPHAHTOM
MOJHOCTBIO JEKBAHTYIOIETO M3MEPEHHS, ONMUCHIBAEMOT0 COOTBETCTBYIOUIEH €My MOJIOMKH-

TEeJbHO ONMpPeNAeJIEHHOU ONepaTopHON MepPOou.

BBenenune

KBaHTOBBIE (DH3HUECKHE CHCTEMBI 110 CPaBHEHHIO
C KJIaCCHYeCKHMHU OOJamalT crenudrudeckod ocobeH-
HOCTBIO, TPOSIBJSIIOMIEHCS B CYLIECTBEHHO O00JblIEM
pa3HooO6pa3Hu UX CBOWCTB B 3aBHCHMOCTH OT criocoba
UX HCIOJb30BaHHs. B TeopeTHuyeckoMm mjaHe 3TO OT-
paxkaeTcst B (hopMe COOTBETCTBYIOIIEIO MHOT000pa3us
acreKkTOB, B paMKaX KOTOPBIX MOXKET pacCMaTpPUBaThCH,
Kazajgocb Obl, OOHa W Ta Ke& — B KJIACCHYECKOM
npenene — mpobsema. [lostomy HeymuBHTENBHO, UTO
BpeMsi OT BpeMeHH BO3HHKaeT HeoOXOIMMOCTb BO3Bpa-
ATBCS K H3YyUEHWIO0 OfHUX H TeX Ke MpoOJseM MoJ
HOBbIM yryioM 3peHusi. Kak mokasasn ombIT (B uyacTHO-
cTH, oOCyXeHUs napajfokca JdiHumreiHa—IlTononbeko-
ro—Posena [2]), Takoii Bo3BpaT momuac MOXeT AaBaTh
¥ TpakTHYeCKH# BbIXON (KaKOBBIM B YKa3aHHOM TMpH-
Mepe MOXKHO CUHTaTh CO3[aHHe KBAHTOBOH KPUIITOTrpa-
un [3]).

OnHoit M3 (yHIAMeHTaNbHBIX MpoGJeM KBaHTO-
BOM TeOpuH siBJsieTCsl MpobseMa KBaHTOBOTO H3Mepe-
HUSI, B 0OCYXIeHHH KOTOPOH MOXKHO, BOOOIIEe TOBOPS,
MPOCJEIUTh MHOXKECTBO Pa3JHUHBIX acrekToB [4-7].
B KoHTeKkcTe mMaHHOH pabOTBHl B KadeCTBe OCHOBHBIX
CJeyeT BBIIEJUTb JIBa CJENYIOIMX acleKkTa, OTHOCS-
IIMXCS K BO3MOXKHOCTSIM OTOOPaKeHH ST KJIACCHUECKHUMH
cucreMaMy MH(MOPMALUH, COlepKalleHCsi B KBAHTOBBIX
cucremMax. JTO, BO-NIEPBBIX, BBIICHEHHE TPHUHIUIHANb-
HOU BO3MOXKHOCTH MOJy4eHHs] aOCOMIOTHO TOUHBIX pe-
3yJIbTATOB H3MEpEeHHUsl [Jisi COBMECTHO H3MEepHUMbIX [8]
M, BO-BTOPBIX, BO3MOXXHOCTb TMOJYUYEHHS MPUOIHKEH-
HBIX — C TOYHOCTBIO 10 MHHUMAaJbHOH KBaHTOBOH
Heonpe/ieJleHHOCTH — Pe3yJNbTaTOB U3MePeHHsT JIJIsi COB-
MeCTHO HeM3MePHUMbIX KBAaHTOBHIX MepeMeHHBIX [9] (06-
CYXKJleHHe TaHHOH MpobJeMbl C HCMOJIb30BaHHEM OoJsee
00lIel MaTeMaTUUeCKOH TeXHUKH U 0030p JINTepaTyphl
MOXHO Ha#itu B padore [10]).

[IpennosioskeHre 0 KJIACCUUHOCTH H3MEPUTENBHOM
CHCTEMbI TPEJCTaBJSNOCh COBEPIIEHHO €CTECTBEHHBIM
I/ CTAIMK OCBOEHHUSI (DyHIAMEHTAJbHBIX IOJOXKEHHH
KBAHTOBOH TEOpPHH, Ha KOTOPOH SKCIEPHMEHTa/lbHOe
BMeIIATe/bCTBO B KBAHTOBBIH OOBEKT C HM3BJeYeHHEM
M3 Hero HH(OPMALHMHU TMPEACTAB/SAIOCH TOBOJbHO TIPY-
ObiM npoueccoM. OfHaKoO B HacTosillee BpeMsl, KOrja
HaJl KBAaHTOBBIMH CHCTEMaMM PA3JUUHOTO THNA CBOOO.-
HO BBITIOJIHSIIOTCS CEPUN 0OPaTHMBIX KBAHTOBBIX TPeod-
pa3oBaHH U TakHe KBAHTOBblE CHCTEMbI, KaK (DOTOHHI,
CBOOOHO HCIOJb3YIOTCS /IS peasnu3alluid MPOTOKOJOB
KBAHTOBOH KpUITOrpadu, Takoe orpaHuYeHHe, Mo Ha-
leMy MHeHHI0, TpebyeT repecMoTpa. A HMeHHO MO
M3MepUTebHBIM TpUGopoM (ajee — mpudop) caenyer
MOHMMAThb B OOLIEM CJydyae CyIIeCTBEHHO KBAHTOBBIH
00beKT, a JaeT JIU OH pe3yslbTaT M3MepeHHS] B KBaH-
TOBOH HJM KJIACCHUYECKOH (opMe, omnpenessieTcss ero
OKpYKEHHEeM U COOTBETCTBEHHO IOJIKHO OTOOpaXKaTh-
csl KOHKPETHBIM BMIOM Ipeo0pa3oBaHUs, (hpaKTHYeCKH
peasM30BaHHOTO B CHCTeMe 00beKT—NpHubop. dra uuaes
B HauboJjiee KOMIAKTHOH (hopme oToOpaxKaeTcss BBe-
IIeHHeM TIpeoOpa3oBaHUsl nepenymol8arouLeco uaMepe-
aust [11]. OHo B mpefesbHBIX CIydastX CBOAMUTCS JHOO
K CTAHAApPTHOMY KBAHTOBOMY HM3MepeHHIO C KJjaccuye-
CKHM TpeJCTaBJIeHneM ero pesyabrara, 100 K YHUTap-
HOMY npeoOpa3oBaHUIO B CHCTeMe 00beKT—NpHOOp, A5
KOTOPOTO pe3yJbTaT U3MepPEeHHUs TPeCTaB/SeTCs B YH-
CTO KBAHTOBOH (popMe MepernyTaHHOCTH, YCTaHABJIHBA-
ottedt 100%-Hy10 KOpPpPeJSiiui0 MeXIY BbIeJeHHBIMH
nmepeMeHHBIMH 00BeKTa U Ipubopa.

Bbiesienne mepenyThIBAalOIIETO H3MEPEHUs Cpenu
MHOXKeCTBa IPOUMUX NpPeoOpa30oBaHUH CBS3aHO C TeM,
9TO OHO, HE BO3MYIIAs BbIIEJEHHBIH HAG0P COCTOSTHUN
|k) 4 oObexTa, NO3BOJISIET PACIPENESUTb €ro Cpeau
MHOXeCTBa KBAaHTOBHIX CHCTeM. B mpenenbHOM ciy-
Yyae YHUCTO KOTEPEHTHOr0 M3MepeHHsl Takoe Mpeobpa-
30BaHHe NpHU (PUKCHPOBAHHOM HAYaJbHOM COCTOSTHUH
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npubopa |0); oTOOpakaeT Haua/lbHble Oa3UCHEIE CO-
cTosiHUSI 06BeKTa |k) 4, MyOJIHPOBAHHBIMHE COCTOSIHUSIMH
00BeKT-TIpHOOpP |k) 4 |k)z, @ NPOU3BOJbHBIE JTHHEIHHBIE
KOMOMHAUWH ), Ck |k}, — TakMMM Ke JHHEHHBIMH
KOMOHHAI UMY AYOIUPOBAHHBIX COCTOSTHUM. KorepeHT-
Hble »Ke KBAaHTOBBIE COOTHOIIEHHSI MeXIY BOJIHOBHI-
MH (YHKIHUSIMA OOBbeKTa Tenepb MepPeHOCSTCS Ha Te
JKe COOTHOIIeHWS B cHcTeMe O0O0BbeKT—TpHbop, T.e.
He COXpaHSIIOTCS B OOBEKTe B CHJy HEBO3MOXKHOCTH
nyOJUPOBAHUS CYIIECTBEHHO KBAHTOBOH HH(OPMALIKH.
CraHgapTHOe e KBAaHTOBOe H3MepeHHe COMPOBOXKIA-
eTCs JOTOJIHUTENbHOU TOoTeped HauaJbHBIX (DA30BBIX
cooTHoleHW#H. Mpes KBAHTOBOTO H3MepeHHSs, TaKUM
obpa3oMm, B 00IIeM CJydae CBSI3bIBAETCS HE C KJac-
CHYHOCTBIO (PU3NYECKOTO MPENCTABJIEHUS MOOBITON MH-
¢opmanuu, a ¢ OoJiee NePBHUUHBIM MOHSATHEM KJac-
CUYHOCTH — BO3MOXKHOCTBIO €e HEeOrPaHHUEHHOT'0 pas-
MHOXeHHsl. Takoidl MOAXOA MO3BOJSIET paccMaTpPUBATh
MpoLleCcCHl M3BJeYEeHHSI U Tpeo6pa3oBaHUsi KBAHTOBOH
MH(OPMALMH C eIUHBbIX MO3ULHUH, MPUTOAHBIX KaK JJIs
KJIACCUUECKUX, TaK U JJIT KBAHTOBBIX TIPUOOPOB.

[ToMHMO KOHLENUWH MepenyThIBAIOIIEr0 H3MEePEHHUS
KaK YCTaHOBJIEHHSI B3aHMHO OJHO3HAUHOTO COOTBET-
CTBHS MeXIy HabopaMu KJaCCHUYeCKH COBMECTHBIX CO-
CTOSIHMI KBaHTOBBIX CHCTeM 00beKkTa W Tpubopa, Mo
aHaJIOTHH CO CJlyuaeM KJIacCHUecKoro nmpubopa MOXKHO
TakXe BBeCTH 0000lIeHHble THUIB H3MepeHus. Kax
mokaszaHo B paboTe [l], MOXKHO BBIIEJNHUTb 1Ba OCHOB-
HbIX BapHaHTa W3MEPEeHHs] KaK YCTaHOBJIEHHS COOTBET-
CTBHS MOCPEACTBOM KJIACCHUECKOT0 HH(OPMALlMOHHOTO
MHJIEKCA: a) «HeueTKOoe» M3MepeHHe KaK yCTaHOBJIeHHe
COOTBETCTBHS MeXIY KJaCCHUECKH COBMECTHBIM Ha00-
POM COCTOSIHHH OOBEKTa W HEeMOJHOCTbIO Pas3JUUUMbIM
Hab0POM KBaHTOBBIX COCTOsIHHE mpubopa (pakTHuecKH,
9TO NPOCTEHIINH YaCTHBIM CJydyald TaK Ha3blBa€MBIX
«pbIXJbIX» H3MepeHud [12, 13]) u 6) yacTHuHO pas-
pylLIaioliee KBaHTOBOE H3MepeHHe KaK yCTaHOBJIEHHe
COOTBETCTBHSI MeXJy He MOJHOCTbIO Pa3IMYMMBIM Ha-
60pOM COCTOSTHUN 00beKTa U KJIACCHIECKH COBMECTHBIM
HabopOM COCTOSTHUH MpHbopa.

B [1] Obuin paccMOTpeHbl MNPUMEPbI YKa3aHHBIX
00006IIeHHBIX H3MEepeHHH JBYXYPOBHEBBIX KBAHTOBBIX
cucreM. OfHAKO CyLeCTBEHHBII HHTEpeC NpeCTaBseT
M pacCMOTpPEHHe TaKOro THIA HW3MEepeHHH /s caydas
cucTeM ¢ 6eCKOHEUHOMEPHBIMH NTPOCTPAHCTBAMH COCTO-
SIHUH, KOrja peub HeT 00 M3MepeHHH AMHAMHYECKHX
NepeMeHHBIX ¢ KOHTHHYaJJ bHBIMU 3HadeHHussMU. B uacrt-
HOCTH, 0COOBIH HHTepec NpeacTaBisieT — B CHJYy Ha-
JUYUS eCTeCTBEHHOTO IMPOCTOrO COOTBETCTBHS MEXKIY
HabopaMU KaHOHMYEeCKHX MepeMeHHBbIX B CHCTeMe 00b-
eKT—TIpHOOpP — H3MepeHHe C TIOMOLIbI0 KJIaCCHYeCKH
COBMECTHOr0 Habopa KOOPAMHAT ABYX OCLHJIISATOPHBIX
(ckaxxeM, (OTOHHBIX) MOJ, UIPAIOLIMX POJIb H3MEpHTE-
JIsl, IBYX KJIACCMYECKH HEeCOBMECTHBIX KBaJApaTypPHBIX
KOMIOHEHT OJIHOM MOJBI, UTpalolledl posib 00bekTa. To-
rIa MOXKHO OXKMIATbh, YTO MIPOCTOTA yCTAHABIHBAEMOTO
MpU TakoM H3MepPeHWH COOTBETCTBHS SIBJSETCS OC-
HOBaHHEM [/Isl BO3MOXXHOCTH €ro 3KCIepHMeHTaJbHON
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peasu3aluM, HarpuMmep, MeTOLAMU HeJHWHEHHOH OMNTH-
ki. Kpome Toro, usmepeHusi JaHHOT'O THIA BbISBJISIOT
B HauboJiee o0llell U KOHLeHTPHUPOBAHHON (opmMe (PyH-
IaMeHTaJbHbBlEe CBOWMCTBA TIpoliecca U3BJeYeHHs HH(OP-
MalMH W3 KBAHTOBBIX CUCTEM, HAuMHAsl C KBAHTOBBIX
OTpaHUUYEHHH Ha MOTEHLHANbHYI0 TOUHOCTb U3MEpeHHs
U 3aKaH4YMBasl KOJMYECTBEHHBIMH XapaKTePHUCTHKAMH
IIyMOB J1€KBAaHTOBAHHS.

1. IIpeoGpa3oBaHre KOHTHHYAJbHOTO
U3MepeHHs KaHOHUYeCKOro Habopa
KBaHTOBBIX MepeMeHHbIX

[Ipocreiiimum u Haubosee (pyHAAMEHTAJTbHBIM MPH-
MepOM H3MepeHHs] KOHTHHYaJ/bHBIX MepEeMeHHBIX SIBJIsI-
eTcsl paccMaTpHBaeMoe TMPaKTHYeCKH BO BceX yueb-
HUKaX KBAaHTOBOH MEXaHHWKHM H3MepeHHe KOOPAWUHATHI
anekTpoHa ¢§. Kak H3BecTHO, TOJBKO 3Ta TMOJOBHHA
MOJIHOTO Habopa KAaHOHWYECKHX IMHAMHUYECKHX Iepe-
MenHbIX X | = (,p) (T — CHMBOJ MATPUYHOTO TPaHC-
MOHHPOBAHHST) KBAHTOBOH CHCTEMbI C OIHOH CTENeHbO
cBOOOJIBI B KBAHTOBOW TEOPHH, B OTIHYME OT KJaccHde-
CKOH, MOXeT ObITb M3MepeHa TOUHO.

Jnst ycraHOBJIeHUsT 60Jie TOJHOM CBSI3W KBAHTOBOM
M KJIACCHUECKOH TEOpHH JIOTHYECKH HeoOXOIMMO pac-
CMOTpPeHHE W TaKOro M3MepeHHs, KOTOpoe NaeT MHUHU-
MaJIbHO BO3MOXKHYIO HETOUHOCTb 7151 00eMX KaHOHHYe-
CKUX TepeMeHHBIX X U oGecreynBaeT B KBA3HKJIACCH-
yeckoMm mipenesie i — 0 ux touHoe uaMepenue. KMame-
PEHUs TAaKOTO THIa He TOJbKO BO3MOXKHBI [9], HO U mpH
COOTBETCTBYIOLUIUX YCJIOBUSX SIBJASIOTCS ONTHMAJbHBIMU
[10, 14, 15]. B ux ocHOBe JIeXKHT TOT TIPOCTOH (haKT,
4TO KBAHTOBAsl CHCTEMa C YABOEHHBIM YHCJOM CTerle-
Hell CBOOGOJBI CONEPXKHUT CTONBKO K€ COBMECTHO H3Me-
PUMBIX OMEpPaTOPOB KOOPAHHAT, CKOJIBKO COLEPXKHTCS
B MMOJIHOM Habope KAHOHUUECKHX MepeMeHHBIX 00BEeKTa.
M3MepeHust MaHHOTO THMA €CTECTBEHHO BO3HUKAIOT
B pamkax mnoxxoma [l], BkJiouaiomuero o6o0leHe
Ha CyIIeCTBEHHO KBAHTOBbIE H3MepUTEJbHBIE MPUOOPHI
Ha OCHOBe KOHLEIMLHH IepenyThBAIOLIEr0 HU3MepeHHus
M OTKa3 OT TpeOOBAaHHUS HepaspylLIAOIIEro xapakrepa
M3MepeHHUs] Ha KBAHTOBOM YPOBHE TOUHOCTH.

1.1. Cyneponeparop 4aCTUYHO Pa3pyLIaOUIETO
u3MepeHus

M3mepeHrne B KOMMAKTHOH (pOpMe OMHCHIBAETCS
cynepornepaTopoM, 0TOOpaxKalmolUMM MaTpPHUIBI MJIOTHO-
CTH 00BeKTa p4 B MATPULBl IJOTHOCTH CHCTEMbI
00BbeKT-TIpubop pPag. llockoJabKy HadaabHOE COCTO-
STHUe W3MEPUTEJbHOTO Tpubopa Iesecoo0pa3Ho CUu-
TaTb (PUKCHPOBAHHBIM B (DOPME UUCTOTO COCTOSIHHUS
p% = |0)5 (0|5, TO COOTBETCTBEHHO TMOJMHOE MPEOs-
pasoBaHHe B CHCTeMe 00BeKT-TpPHUOOp, KOTOpoe MJIsi
TMPOM3BOJIbHBIX HAUYAJbHBIX COCTOSIHHH MOXKET ObITb pe-
a/JIM30BAHO PA3JIMUHBIMH 9KBHBAJEHTHBIMH CIOCOOAMH,
He TpeNCTaBJseT UHTepeca.

Cyneponeparop, ONHUCHLIBAIOIIKMU B 0O0LIeM cJaydae
YaCTHUHO pa3pylIalollee MepenyThiBalollee H3MepeHHe
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Habopa HEOPTOTOHA/IBHBIX COCTOSHMH 00beKTa o),
C TMOMOII1bI0 HA0OPa OPTOTOHAJBHBIX, T. €. KJIaCCHUYeCKH
pa3JHYMMBIX, COCTOSIHHE NPUOOpa |r)p HMeeT BHJ

M =" Rap\ Va3 (4O 18) 4104 |0) 5 (Bl (Bla -

aB

(1
3nech R,z — MaTpula nepenyTaHHOCTH, YAOBJETBOPS-
fomtast yesosusim R =Rt R, =1, R >0 u onpenensi-
[ollasi CTeneHb IeKBAaHTOBAHHUS Pe3yIbTaTOB U3MepeHHsI
3a CcyeT B3aWMOJEHCTBUS mpubopa ¢ pedaszupyrouen
cucremoii D (B mpocTeiiliem ciyudae oToOpaykaemoi
MaTpuIlel nepenyTaHHOCTH Bula R,z = (a|B)p [16]),
a Habop MOJIOKUTEJTbHBIX UHCEN U, OIHCHIBAeT CTe-
MeHb MPeNCTaBJeHHOCTH COOTBETCTBYIOIINX COCTOSTHUN
|o)4 M ompesesisseT COOTBETCTBYIOIIYIO MOJOXKHTeb-
HyI0 orepaTopHo-3HauHyio mMepy (POVM)

Ea:Va|a)A (a|Av ZEa:jA- (2)

[Ipenenbuble cnyuau R,3 = 6,3 U Rop =1 onuceBaior
CTAaHJAPTHOE TPOEKTHBHOE H3MepeHHe, COOTBETCTBY-
folllee TIOJHOH He(as3vpoBKe H3MepsieMblX COCTOSIHHH,
¥ 00paTHMOe M30MeTPHYeCKoe 0TOOpakeHHe THJbOep-
TOBA MPOCTPAHCTBA OOBEKTA B IMPOCTPAHCTBO COCTO-
SHUH 00BbeKT—-NpUOOp, COOTBETCTBYIOIIee OTCYTCTBHIO

nehasvpoBKH.
B cayuae oproroHasbHOTO Habopa COCTOSTHHU
)4 = |o)4 maHHBIH cymeporepaTop mnpeoGpasyeT

HavyaJbHble COCTOSTHUSI JaHHOTO BHIA B COCTOSTHHUS
|a) 4 |y cucTemMbl 06BEKT-TIPHOOpP, T.€. SBJISETCS
HepaspymraiouM. HeoproronanbHocTh e H3Mepsie-
MBIX COCTOSTHHH TPUBOIMT K HEBO3MOXKHOCTH HX CO-
XpaHEeHHs] W COOTBETCTBEHHO K UYACTHUHO paspylla-
jolleMy XapakTepy u3MepeHus. [Ipy 3TOM HeTpymHO
BHJIETb, UTO TMOJANreOpbl KJIACCHYECKH COBMECTHMbIX
COCTOSIHHM M COOTBETCTBYIOUIMX WM JIHHAMHYECKHX
nepeMeHHBIX aCHMITOTHYECKH — TIPH HaJHYHH COOT-
BETCTBYIOIIEr0 MaJoro rmapaMerpa HeKJIaCCHYHOCTH —
He HCKaXKaloTCs, T.e. JaHHOe M3MepeHHe, paccMaTpH-
BaeMoe Ha KJAaCCHYEeCKOM YPOBHE, SIBJISIETCS TOUYHBIM
¥ HEBO3MYIAIOMIHM.

OrpaHuunMcst 1JIst IPOCTOTH CJIydaeM OIHOMEPHO-
ro (oIHOMOZOBOTO) 06BEKTa, KOTOPOMY COOTBETCTBYET
KOMMYTaTOp KaHOHHYECKHUX NepeMeHHbIX

0 in

XXT—-(XXx"H)T=c=
—ih 0

PaccmarpuBasi Ha MJIOCKOCTH ¢ KOOPAMHATAMH ¢, p paB-
HOMEpPHYI0 ceTKy ¢ ToukaMd X, = (¢a,Pa), BbIOEPEM
B BblpaxkeHnd (1) B KauecTBe H3MepsIEMbIX COCTOSI-
HUH |a)4 COCTOSIHMS, ToOJyuyaeMble MpeoOpa3oBaHHeM

capura U(X,) = exp (—XJ C~'X), nauanbnoro cocto-
suus |0)4:
)4 =U(Xa)[0)4; 3)

npu stom U~ (X )XU(X,) = X + X,,. TIpu sTom B Ka-
uectBe OasucHOro coctosiHusi |0), MOXKHO BEIGPATH

COCTOdAHUE, XapaKTepnsyeMoe HpoeKTOpOM
. _1¥TonX
0) 4 (0] = lim e =X QX (4)
=0

NOJy4aeMbIM Kak Mpefes TayCCOBCKOH MAaTpPHLbI MJIOT-
HOCTH C KBaJpaTH4YHOH (opMOH, ompenessiolieil B 00-
[eM CJlydae CKaToe COCTOSIHUE C MOBEPHYTHIM 3JIJIHII-
COM paccesiHUS.

KpaTHOCTb COCTOSIHUU TIPH 3TOM [OJI)KHA ObITh BBI-
OpaHa B BHJE
dX, 5)
2nh’
rae dX, omHCcHBaeT 00beM sUeHKH B pacyeTe Ha OTHO
cocrosiHue |a),. B 3sTOM ciyuae, kak 3TO Xopolio
M3BeCTHO A caydas |a), B (opMe KOrepeHTHBIX
cocrosinu#t [10, 17], na6op omeparopos (2) B mpemeJe
dX, — 0 npe#ictBuTesbHO cooTBeTcTByeT POVM wm,
cienoBaresibHO, npeobpasosanue (1) 3amaer coorsert-
CTBylOlllee 0000IIeHHOE H3MepeHHe C pe3yJbTaTaMH
M3MepeHHsl, MPeICTABIEHHBIME B (POPME KJIACCHUECKH
pasMYUMBIX (OPTOTOHANBHEIX) COCTOSHUH |a)p. Tlpe-
o6pa3oBaHre KOHTUHYAJbHOTO H3MepeHHs Habopa Ka-
HOHHUYECKHMX KBAHTOBBIX MepeMeHHBIX, TAKHM 06pa3oM,
OmpeJesisieTCss Kak Mpejie/bHbIH Mepexof K 6eCKOHeUuHO
naoTHOH ceTKe. COOTBETCTBYIOLee OTOOpaykeHHe Mpo-

Vo =

UJIJIIOCTPUPOBAHO Ha PUCYHKE.

la)p

/‘ e o o p

OtobparkeHne 3JeMEHTAPHBIX COCTOSIHMH B IpOLEC-
ce obOo6menHoro uamepenus. [lokasaHa KBaHTOBas
HEOMNpeeeHHOCTh 3HAUEHHH KOOPAHMHAT U HMITYJIb-
COB, COOTBETCTBYIOILAsl H3MEPSEMbIM COCTOSIHUSIM
obbekTa |a),, OTOOparkaeMbIM KJACCHUYECKH PAa3JIH-
UHMBIMH COCTOSIHUSIMH IIpUGOpa |ar) g

I[.HH YCTaHOBJIEHHWA HaA OCHOBE OIMMCAHHOTO 0T00-
paxeHHsd KBAHTOBbIX COCTOAHHHW COOTBETCTBUSA MEXK-
Ay nepeMeHHbIMU X o0BbeKTa H COOTBETCTBYIOIIVMHU
KOMMYTUPYIOIIMUMU TIepeMeHHbIMU XB cJenyeTt ydyecCTb
npeacraBJieHre

X5 =3 Xalo)s (aly (6)

ISl TUCKPETHbIX MOKA3aHUH H3MepPUTENbHOTO Npubopa.
B npenene 6eckoHEUHO MJIOTHOH CETKH COCTOSTHUH 3TO
BbIPa2KEHHE OIHCHIBAETCS] 0000IIEHHBIMH MATPHYHBIMU
snementamu Buna (Xg)xxn = [X (X' — X)5(X" —
— X)dX. ®akTn4ecKu MpH OMHCAHHBIX XapaKTePHCTH-
Kax usmepenue (1) oriHuaeTcss OT PACCMOTPEHHBIX
B [9, 10, 12, 14] guiuib OJHHUM HOBBIM KayeCTBOM —
B O0LLIEM C/1yuae CyLIeCTBEHHO KBAHTOBBIM MpeaCTaBIIe-
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HUeM BBIXOAHOH WH(OPMAIUH, BEIpaXKaeMbIM HaJlndueM
MaTpPHLbl NIEPENyTaHHOCTH R,3, OTIMYHOH OT elMHHY-
HOH.

PaccmarpuBaemoe M3MepeHHe MOJHOCTbIO Hecesek-
TUBHO [0 OTHOLIEHHIO K TPAHCASUUSIM B (Pa3oBOM
MPOCTPAHCTBE KAHOHUUYECKHX NepeMeHHbIX X U B 5TOM
OTHOLIEHHWH SIBJISIETCSl aHaJOrOM HeCe/JeKTHBHOrO ua-
CTMYHO paspyllalollero M3MepeHHs B JBYXYPOBHEBOMH
cucteme [1]. OnHako, B oTJIMYME OT MOCJAEAHEr0, HHBA-
PHAHTHOTO OTHOCHTEJBHO J0OOr0 YHHUTAPHOTO TIPeod-
pa30BaHUS BXOLHOTO COCTOSIHHUSI, OHO BCE XK€ CeJIeKTHB-
HO 0 OTHOLLUEHHIO, HAlPUMep, K ONepaluy CKATHS HIIH
MOBOPOTA 3JIJIUIICA PACCesSHHUSI BXOLHOTO COCTOSIHUS,
onpesie/IsieMbIX KBafpaTUUHON (popmoit Q.

1.2. KosmmuecTBeHHBIE XapaKTEePUCTUKYN M3MEpPEHHS

Bo-nepBbix, paccuntaeM /st HAUATBHOTO COCTOSTHHSI
pa = o) (ap| cpenHekBazpaTHUHYIO OLIHOKY H3Mepe-
HUSI

AS = TF(XB - Xao)TQ(XB - Xao)Mle (7)

LISl TapaMeTPOB 3TOTO COCTOSIHHS, XapaKTepH3YIOLLYI0
«TIOJTYKJTACCHUECKHe» CBOMCTBA H3MEPUTEJTbHOTO Ka-
Hasma. 3pech Q — MarTpulla KBaJpaTHYHOH (DOpPMHBI,
VUUTBIBAlOIIAsT BKJAJ COCTABJISIOUIMX KOMIOHEHT W3-
Mepsiemoro BekTopa. [lpu Taxkom momxome akTHde-
CKH OLEHHMBaeTCsi MH()OPMATHBHOCTD MOJTYKJIaCCHIECKO-
ro HMH(pOPMALUHOHHOIO KaHama oo — pg = Lrg Mpg,
peasM30BaHHOTO C TIOMOIIbI0 u3MepeHusi M. Ilpyroi
Mepoi#l MH(pOPMATHUBHOCTH siBJIsieTcsl MH(popmanus Xo-
neso [18].

[MopcraBnsigs B (1) B KayecTBe HAYAJBHOIO CO-
CTOSTHHSI TayCCOBCKYIO MAaTpHIy MJIOTHOCTH B (op-
me pa = exp [ — (X — Xo) TQo(X — Xo) /6]  mp
e — 0, KoTopas COOTBETCTByeT KOT€PEHTHO CMe-
meHHoMy mpeo6pasoBanuem U(X,,) Bakyymy |0),
XTQuX|0) = L Tr|QoC||0), ¢ ucronbsosanuem cran-
NApTHOHM TeXHWUKHU TpeoOpa3oBaHUU TayCCOBCKHUX OTle-
patopos [19], nosnyuaem agist pacnpenenenust X, rayc-
COBCKYIO MJIOTHOCTb C MaTpulei paccesnust 2Ky, BaBoe
MpeBbIIAIIEH BaKYYMHYIO:

dXa o—Xa K5 ' Xa/4
det(47rK0) ’

Ky = %CsignQoC

V| (@] ag)al* —

H COOTBETCTBEHHO

As =" (Xo = Xay) "QXo = Xap)al (] a0)a* =
=2Tr QKO

Jnst kBagpatuuHex Gopm ¢ Matpunamu Q = Qqy, coor-
BETCTBYIOUIMMH raMuIbToRUany H = p2/2m + mw?§?/2
OJIHOTO U TOTO K€ TapMOHHUYECKOTO OCLHJIISATOPA, OT-
crola cjenyer comepxkaiiuiicss B HessBHoM Buzie B [10]
pesyabraT Ag = Tr|QC| = Aw, T.e. KBagpaTHUHas
HeOTIpeleJIeHHOCTb paBHA YABOEHHOH 3SHEPrUH BaKy-
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yMHBIX (aykryauuii. Ux ynBoeHne uMeeT MPUHIUIMHN-
aNbHBIH XapakTep W 00yc/OBIeHO MO0O6aBJeHHEM K Ha-
YaJbHBIM KBAHTOBEIM (JIYKTYalUHsIM IepeMeHHBIX X
B COCTOSIHUM |0y), IIYMOB JIeKBaHTOBaHHS, cojeprKa-
IMXCA B IepeMeHHbIX Xp M HEe3aBHCHMBIX OT 3THX
(IyKTYauni.

CpennekBanpatnuHas omuOKa I/ KaHOHHUECKHX

A

orepaTopoB o6bekTa X

Ag =Tr(Xz — X)TQ(Xg — X)Mpy, (8)
uMmeruiaa MeCTO [1ocJsie BbIIIOJIHEHU A I/ISMepeHHH,

XapaKTepuayeT H3MepeHHe KakK KBaHTOBBIM KaHall,
JaOWUi  MHPOPMALHID O KJIacCHUYeCKH HeCOBMeCT-
HBIX KBAHTOBBIX IlePeMeHHbIX OObeKTa. AHaJsoruy-
HBIM TIPefBIAYIIEMY pacueT /s COCTOSHUSI 00BeKTa
pa o) (| Tenepp, ¢ y4eToM HHBApHAHTHOCTH pas3-
HoCTHOrO orepatopa Xp — X ¥ ero amaromasbHOCTH
1O COCTOSIHUSIMH |t)p, JaeT

Ag = va(alpala)(alg (el Xg—X)T x
x QX — X) |a) 4 |}y = (0], XTQX 0) , = Tr QKo

uTO B IBa pasa MeHbllle BeJUUHHbBI OIINOKU /151 H3Me-
pHUTeJIsT KaK MOJYKJIACCHUECKOro KaHasa.

Drta omwnbKa paBHa MHUHHMaJbHO BO3MOXHOM, COB-
MeCTHMO#i ¢ HeKOMMYTaTHBHOCTBIO OMepaTopoB X U co-
otBetcTBeHHO X — X . TakuM 0GpasoM, MOXKHO yTBep-
XKIaTb, 4To usmepenue (1) He TOBKO naeT aPPeKTHB-
HYIO OLEHKY [Jsl TlapaMeTpPOB KOTePEHTHOro raycCoB-
CKOTO COCTOSIHMSI, HO U MOXKET PacCMaTPHUBAThCs Kak
Croco6 MOJIydeHHUsT ONTHMAJbHOH OLEHKH [Jisi CaMUX
KaHOHHUECKMX IepeMeHHBX X KBaHTOBOrO 0GBeKTa
HE3aBUCHMO OT BHJA MATPHLBbl [epernyTaHHOCTH R
M COOTBETCTBEHHO OT CTENeHH KOTePeHTHOCTH BBIMOJI-
HSIEMOTO TIpeoOpa3oBaHHUs.

YactuuHo paspyriamoiuiuii xapakrep uamepenust (1)
MPOSIB/ISIETCST B U3MEHEHUH HauyaJbHOTO COCTOSIHUS TPU
oToOpaxkeHUH Ppg — ply = Mapa, rne My =Trg M —
cymepornepaTop mnpeodpa3oBaHUsi COCTOSTHHH 0OBbeKTa
0€30THOCHTE/IbHO K pe3ysbTaTy u3MepeHus. B ciayuae
IBYXypPOBHEBOrO 00BEKTa COOTBETCTBYIMOLIUE Cyrepo-
nepaTop MPeNCTaBJSETCS uepe3 BEKTOPbl 0MepaTopPoB
KBasucnuHa & B (opme M, = %&@ & [1] u pas-
pYLIAIOLIMN XapaKTep H3MepeHHs [Jis HauaJbHOro CO-
CTOSIHUST Py = %(i + §6') TIposIBJISIeTCS B €ro JeMnoJisi-
pH3alUH § — %s. B paccmarpuBaeMoM ciydyae UMeeM

My = % |a) 4 (a]4 (|4 © )4 ¥ ma HauambHOTO
cocrosiuust pg = |0), (0], momydaem uckakeHHOe CO-
CTOSIHHE B BHIE

. dX,
= | G @10 ) al
dX, —XTK'X,/4
X | —%5———¢€ "0 " o), (a|g =
J det'2(47K,) )4 (ala
1 o~ XTHG K16

~ det'2(67Ky)
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rme cuMBol W 0003HayaeT CHMMETPHUYHOe T10 OTle-
patopam ¢,p ynopsinoueHue Burnepa. CooTBeTCTBY-
I0llasi 3TOM TayCCOBCKOM MaTpule MJIOTHOCTH Koppe-
JSIUOHHAs Marpuua paBHa 3Kg. HerpynHo BuaeTs,
U4TO M JJIST CMelLleHHBIX HauaJbHBIX COCTOSIHMH BHJa
|ag) 4 BO3MYylLIEHHE IPH H3MEPEHHH TaKKe CBOIMUTCS
K YTpPOoeHHI0 MaTpulibl paccesinus Ko — 3Ky. B cay-
yae ke IMPOU3BOJIbHBIX TAyCCOBCKHUX COCTOSIHUHM pa
C KOppeJsISIIHOHHOM MaTpullel K U cpeHHUM 3HaYeHHeM
Xo = (X) uckakeHHOe coCTOsHHE XapaKkTepusyercs
M3MeHeHHeM KoppessiiuoHHOH MaTpuubl K — K 4 2K
NPH COXPAHEHWH CPeIHEero 3HaueHHsl COMVIACHO CIIpa-
BeJJIMBOMY [J151 KOPPEJISIIMOHHBIX MAaTPHLL FayCCOBCKUX
MaTpHI MJIOTHOCTH COOTHOIIEHHIO

S v (0l pa o) [a) (o] = K +2Ko.

Jl/1s1 4MCTOrO KOTEPEHTHOTO COCTOSIHUSL P = |ay) (v
cooTBeTCcTBYeT 3Kj.

2. IllymbI neKBaHTOBaHMS

C yyeToM H30OMETPUUYHOCTH TMpeobpaszoBaHus M
mpu R,g = 1 uMeeM [/ NPOM3BOJIBHOK CKaJ/ISIPHOM
¢byukuun [ toxpectBo Trf[Mpyl = Trfpa], us
KOTOPOTO CJI€AYeT, UTO UTO 3SHTPOIHS CHCTEMbl 00b-
eKT-TIpUOOp TOC]e TaKOT0 MOJHOCTBIO KOrePeHTHOTOo
HU3MepeHHsl COBMAZAeT C HCXOMHOW 3IHTpomnueid 00b-
eKTa M paBHA HYJIO B CJydyae €ro YHUCTOTO COCTO-
SIHUSI, KOTOPOMY COOTBETCTBYeT MaTpHIla MJIOTHOCTH
K=Ky: SAB[K”K=K0=0‘ M3-3a HEOpTOroHasbHOCTH

COCTOSIHMH |&r), OHHM KOAHPYIOTCSI B CJIOXKHOH KOM-
OUHALMU OPTOrOHAJIBHBIX [BYXKOMIIOHEHTHBIX COCTOSI-
HUH |a)4 |a)p. SIBHBIH BHA 0TOOpakKeHHS KBaHTOBOH
uHpopmauuu A — A+B 3amaeTcs COOTBETCTBYHOLIUM
BbIpAXKEHUSIMU JIJIS1 eperno/IHeHHOro 6asuca

o)=Y 75 (Ble)alB)alB)s.
B

[Ipy nepexome K CTaHZAPTHOMY H3MEpPEHUIO IBYX-
yacTHYHbIe COCTOSHUSA |a) 4 |a)p TMpHOGpeTatoT nomnoi-
HUTEJIbHYIO CTeNeHb CBOOOIBI, KOTOpPas COOTBETCTBYET
HEe3aBHCHMBIM OPTOTOHAJbHBIM COCTOSIHUAM |ar)y Heda-
3UpyIoLIel MoACHCTEMBI — AP06OBOH IyM. TeM caMbiM
SHTPOIHUS CHUCTEMBI 00BEKT—TIPUOOP OTPaKaeT He3aBU-
CUMBble (DyKTyalUHH JeKBAHTOBAHHUS U COOTBETCTBEHHO
HeOIPaHHUEHHO pacTeT C YMeHblIeHHeM o0beMa siuek-
KU U3MepUTEJbHONU CeTKH.

Hns pacuera achpekra 1po6OBOroO mymMa, BHOCHMOTO
nedasupyoulell NoACUCTEMON NMPU YaCTHYHOM JeKBaH-
TOBAaHUM Pe3yJibTaTa U3MEPEHHs, PACCMOTPHM COBMECT-
HYIO MaTPHIy MJIOTHOCTH

Pai = RapPagy/Va /75 )
[Ipu R,3 =1 ona ompenensier H30MeTPUYECKOe OTOO-
pakeHHe BXOIHOH MaTPHILBI TJIOTHOCTH, H UX SHTPOITHH
COBMAJAIOT, UYTO COOTBETCTBYeT OTCYTCTBHIO I[IYMOB
nexsanToBanus. Hepasenctso xe R,p# 1 onuceiBa-

eT ceJIeKIUI0 Jeasupylolleil NoACHCTEMON KJaccHue-
CKH COBMECTHBIX COCTOSIHME mpubopa |a)p, KOrepeHT-
HO cBs3aHHbIX npu R,g=1. Bomumas ew dasosas
HeOIpeleJIeHHOCTb B CHCTeMe OOBeKT-TIpHbop Hapy-
[LIaeT KOT'ePEeHTHOCTb OTOOpaxKeHHsI W IPHUBOIUT, TEM
caMbIM, K [eKBAHTOBAHWIO pe3yJbTHpYIollero Habopa
coctosinnii. EcTecTBEHHON MepOl BHOCHMBIX IIIYMOB Jie-
KBAaHTOBAHHUS SIBJISIETCSl COOTBETCTBYIOLIee IpUpallleHre
SHTPOTIMK MO CPaBHEHWIO C TMOJHOCTBIO KOT€PeHTHBIM
U3MepeHHeM

AS; = S(pag) — Sliag)|pe; Sloas) — Sloal-  (10)

Paccuuraem AS; nns k8asuxkiaccuueckux MaTpuly
MJOTHOCTH O00BEKTa )4, KOTOPbIE OMpeNeNruM ClefyIio-
LIMM 06pasom:

s~ dXow(X,) (af B), (11)

rie  w(X,) omnpenessieT BUTHEPOBCKYH  IMJIOTHO-
CTBIO pacrpefieieHns BepOSITHOCTEH, MeJJIeHHO Me-
HAOILYIoc B MacuTtabax 3JjeMeHTapHOH (ha3oBoi
syeliku ¢ ob6wvemoM 27h. CoOTBeTCTByIOLUIAS 3H-
TPOMHSI  PACCUHTBIBAETCS C YYeTOM COOTHOIIEHHUS
(p’gﬁ)” = [w(Xa)27h]"'w(X,) dXo (o] B), BBHITEKAIO-
LI[er0 M3 YCJOBHS TMOJHOTH (2) COCTOSIHHME |&r) M BBI-
paxenusi (5), ¥ JaeTcsi XOPOLIO M3BECTHBIM B CTaTH-
CTHYECKOH (hH3HKe KBa3HKJIACCHUECKHM BbIpaxKeHHeM

Sipal = —Jlog[w(X)Qwh]w(X)dX. (12)
3necy (asoBblil 00beM 27h 0TOOpakaeT KBAaHTOBYIO
Hepa3JMYMMOCTb COCTOSTHUH (v, YIUTHIBAEMYIO B TpeJ-
craBnenun (11) pakropom («|f).

[Ipu pacuere e sutpornud S[psg] ¢ yderom Ha-
nuus fedasupoBKH R,3 PacCMOTPHUM cjydall MHTeH-
CUBHO# Je(a3upoBKH, KOTa HeUaroHa bHble MaTpPUU-
Hble 3JIeMeHThl R,3 CMafaloT Kak (YHKUHS DasHOCTH
Xo — X s3HauuTesbHO OBICTpEe, 4YeM Ha Macurabe
3J71eMeHTapHoro (hazoBoro obvema 27k, COOTBETCTBYIO-
uero (akTopy KBaHTOBOH HeOpTOroHaJbHOCTH («|[3).
Torna B Bblpa)keHUH [I/Isi COBMECTHOH MATPUILbI IJOT-
HOCTH Py TOCTENHHUM (DAaKTOPOM MOXKHO TpeHeOpeub
M UCXOIMTb M3 BbIpaXKEHHSsI

Al ~ dXqw(Xo)Rap.

DTa anmpoKCHUMalMsl MO3BOJSET MONYyUHUTh aHaJoruy-
HYIO BBIIIENPUBEIEHHOH aCHMIMTOTHUECKYI0 OIEeHKY
Slpag]l = — [loglw(X)v.]w(X)dX, koropast B3ameH
3JIEMEHTapHOTO KBAaHTOBOTO 00beMa CONEPIKUT COOT-
BETCTBYIOWME R,z 00vem Kozepenmuocmu u.. ITOH
OlleHKe COOTBETCTBYeT CJeMylolllee BBIpayKeHHe Jisl
npupalleHrie SHTPOTHH

AS; = J log <2:—h> w(X)dX,

c

(13)

CrpaBelInBOe NpH U, K 2mh u B obleMm ciayuae
YUHTBIBAIOIlEe BO3MOXKHYIO 3aBHCHMOCTb OOBbeMa Ko-
TePEeHTHOCTH U, OT (pa3oBbix nepeMeHHbIX X . JlanHas
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IBPUCTHYECKAs] OLleHKa OylIeT CTPOro, ecaH INpemarno-
JIO)KUTh CIeLHAJbHYI0 CTPYKTYPY MAaTpULBl Meperny-
TaHHOCTH R,3 = (| B)y, Tle cKalspHOe NPOM3BeJeHHe
BOCTIPOM3BOAUT TaKOe e JJIS KOTePEeHTHBIX COCTOSTHUH,
HO €ro COOTHOLIeHHe C aare6poil OrnepaTopoB OT/IHYA-
ercs 3aMeHoH nocrtostHHol [lnanka i — v./27w. B aToM
NpeanoNoXKeHHH HeT HUKAKOTro MPOTHUBOPEUHS C OCHO-
BaMHM KBAaHTOBOH TEOPHH, MOCKOJIbKY €IHHCTBEHHBIMH
YC/JIOBHSIMHM, KOTODBIM YIOBJIETBOpsieT MaTpuua Rz,
SIBJISIETCS] ee MOJIOKUTEJbHOCTh M PaBEHCTBO efMHHIIE
[MaroHaJbHBIX 3J€MEHTOB.

Takvm o6pa3om, [eKBAHTOBAaHWE H3MEpPEeHHOH HH-
(opMalM¥ CONPOBOXK1aeTCsl BBeleHHeM IIYMOB JeKBaH-
TOBAHHUS, BKJIAJ KOTOPHIX B MOJNHYI0 KBAHTOBYIO SHTPO-
MU0 CHUCTeMbl OOBEeKT-TIPpUOOp B TMpefese CTAHIAPT-
HOTO H3MepeHHUs] CTPEeMHUTCS K OeCKOHeYHOCTH. ITOT
IIYM, OJIHAKO, He OTPaXKaeTcsl Ha TOUHOCTH M3MepeHHus,
MOCKOJIbKY T0Ka3aHus mnpubopa X, aCUMITOTHUECKH
He pas3/MyaloT MOTEHLHANbHO PA3HUHMble COCTOSHHUS
|a)p B GeckoHeuHO MaJsioit obsacTy 3Hauenuit X, € V,
KOTOPOH COOTBETCTBYeT HEOrPaHWYEHHO GOJIBIIOe YHC-
J0 06beMoB KorepeHTHOCTH U, — 0. ITorpemnocts n3-
MepeHHsl JIUMHTHPYETCS TIPH 3TOM TOJBKO BHYTPeHHeH
KBAHTOBOH HEOIPEeeNeHHOCThIO U3MepsieMbIX MepeMeH-
HbIX X .

JakaoueHne

Takum 06pa3om, B MPUTOKEHUN K MU3MEPEHUI0 KOH-
THHYaJbHBIX MlepeMeHHbIX 00lllee onpeeneHHe YacTH-
HO pa3pylIalollero MepenyThiBaIIIEro KBAHTOBOTO H3-
mMepenusi [1] mast caydyasi KaHOHHUYECKOTO Habopa H3me-
psleMBIX MepeMeHHBIX JaeT 0000IleHHe 00CyXK[IaBlle-
rocst paHee MU3MepeHHs] HEKOMMYTHPYIOIINX KBAHTOBBIX
nepemennbix [9, 10, 14, 15] Ha cayuyall KBaHTOBOIO
HU3MepPUTEbHOTO MPHOOPA, U3BJIEKAIOIIET0 Pe3yIbTHPY-
IOLLYI0 MH(pOpMaLHio He 0053aTebHO B KJIACCUYECKOH,
HO J[OMyCKalollell ee HeOrpaHHUEHHOE pa3MHOXKEeHHe
dhopme.

MckakeHHe BXONHBIX COCTOSIHHE 00beKTa MpH pac-
CMOTPEHHOM THIE H3MEepPEeHHs CBSI3aHO C TpeaCTaBJie-
HUeM B KJIaCCHYeCKOH (hopMe KBAHTOBO HECOBMECTHBIX
MepeMeHHBIX U COOTBETCTBYIOLUIMX UM Ha0OPOB HEOPTO-
TOHAJIbHBIX COCTOSIHHH.

JexkBaHTOBaHWE BBIXOAHOH WH(MOPMALHUHU MPHBOAUT
K BHECEHHWI0 [IyMa JIeKBAHTOBAHHS, 0OYCJOBJIEHHOTO
B3aWMOJEHCTBHEM OOBEKTa U H3MepHuTessi ¢ aedasu-
pyioliel noacucTeMol. TOT IYM B Mpejese CTaHIapT-
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HOTO TMOJIHOCTBIO IEKBAHTYIOLEr0 H3MEePeHHs TPHBOIUT
K YBeJIMYeHHIO MOJHOH KBAaHTOBOH SHTPOTIMH B CHCTEMe
00BbeKT—U3MePUTENbHBIH TPUGOP 10 6ECKOHEUHOCTH, He
oTpa)kasicb Ha KauecTBe M3MepeHHsI.

Pa6oTra BbIosiHeHA TpU YaCTHUHOH (DHHAHCOBOU
nonaepkke PODPU (rpanr 07-02-00128-a) u INTAS
(rpant 7904).
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