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OCHOBBI KBAHTOBBIX BIYUCJIEHUN*f

Puuapn Qelinman 3aMeTHI, 4TO ONMpe/IelEHHbIe KBAHTOBO-MEXaHHYECRHUE MPOIECCHI HEMb3 3(]-
(HEeRTHBHO MOJIeIHPOBAaTh HA KIACCHYECKOM KOMIBIOTepe. DTO HAGIIOJeHHe PUBeNo K Golee
ofmeMy YTBEpHIEHHUIO, YTO A MpOBeJeHUA BBIYHCIEHHH KBAHTOBBIE MPONECCHl ABIAOTCA
G6onee 3hpeRTUBHBIMHU, YeM RIaccuuyeckue. [laHHOe mpeanonoxkenne GbII0 TOATBep*KAeHO [Tu-
TepoMm [llopom, KoTopsIil paspaGoTai KBAHTOBBIH aITOPUTM Pa3JIOKeHHUA IeIbIX YHCE Ha MPOC-
Thle MHORHTENHN 32 MOTHHOMHAIbLHOE BpEeMH.

B KBaHTOBBIX CHCTEeMAaX MPOCTPAHCTBO BEIYUCIEHHU I 3KCIIOHEHIIHAIBLHO BO3pacTaeT C pas-
MepOM CHCTEMBbI, UTO H JlejlaeT BO3MOMHBIM 3KCIOHEHIHANBHBIN Mapanieansm. [laHHbINH na-
pajliielIn3M MOKeT IPUBECTH K KBAHTOBBIM aJATOPUTMaM, KOTOpbIE 3KCIIOHEHITHAIBHO GhICTpee
RKiIaccudecKuX. JocTyn K pe3yabTaTaM KBaHTOBBIX BBIYHCIEHHI TpeOyeT MpOoBeeHUA MpOoIiec-
ca U3MepeHHA U ABIAETCA HeNpOoCThIM. 1 Bcero aToro TpeGyOTCA HOBBbIE HETpa UIUOHHEIE
MeTO/Ibl TPOTPAMMHUPOBAHHUA.

Ilear HacToAmel paGoThl 3aRAIOYAETCA B TOM, YTOGBI MOMOYb T€M, KTO 3aHUMAETCH Te-
opHeil BBIYHCIeHH, NpeooieTh Gapbep, KOTOPBIH pasjeldeT KBAaHTOBBIE H TpPaJHIIHOHHEIE
RIacCHYeCKHe BBIYHCIeHUA. lIpecTaBAAIOTCA OCHOBHBIE NPHHIHIB KBAHTOBOH MeXaHUKH,
06 BACHAKINHE, 0TRYJa GepeéTCA MONbL KBAHTOBOI'O0 KOMNBIOTEPA W MOYEMY €€ TPYJAHO HC-
nonb30BaTh. OMHCBIBaeTCA KBAaHTOBAaA KPUNTOrpadus, TeJenopTanua U MIOTHOe KOJTUPOBaHHUe.
TlpuBoasiTcA pasaudHbie MPUEMBI 3¢ (HEeRTHBHOTO HCMOAb30BaHHA KBAHTOBOTO Mapalielu3Ma.
B 3aBepmeHne paccMaTpHUBaeTCA UCIpaBleHHEe KBAHTOBBIX OMUGOK.

1. BBenenue

B naudajie BocbMH/IECAITBIX TOJOB Haliero croietus Pudapn @eituman [Feynman 1982)
3aMeTHJ, YTO ONpefleJEéHHbIe KBAHTOBO-MeXaHNYecKHe onepaniui Helb3s B TOUHOCTH
NepeHOCHTDL Ha KIacCHYeckHil RoMmbloTep'. DTo HAGAIONeHHEe HATOAKRHYIO HA MBICTD
O TOM, YTO, BO3MOKHO, B IeJIOM, BHIUMCAEHUA MOTYT ObITh Gojee MpOJyKTHUBHBIMH,
€Clu OHM OCYIIEeCTBAAIOTCA MpHU TOMOIIM KBAHTOBLIX omepanuii. OgHAKO co3fgaHue
KBAHTOBLIX KOMIBIOTEPOB U BHIUUCAUTEIbHBIX MAIUH, B KOTOPBIX MCIOAb3YIOTCHA T0-
noOGHBIe KBAHTOBbIE OMepalliy, OKa3ajloch OUeHb CJAOMHBIM. K ToMy #e MHOTHe Obl-
JU He yBepeHbl B TOM, UTO KBaHTOBbIe 3 (PeKThl MO3BOAAT YCKOPUTH BBIUHCIEHUS.
IMosTOoMy fmaHHOe HampaB/eHHe pa3BHUBadoCh KpaiiHe MengeHHo. Tawk mpoaoamanoch
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BjoTh 710 199 ropa, koraa Mutep  op YAMBWI MHUD, ONHCAB KBAHTOBBIH alropuT™
PAaBOMKEHUA [eJdbIX 4YKMCe] HA MHOMUTEIM 33 NOJAMHOMHUANbHOE BpeMd | 199

199 ]. Toraa oGaacTb KBAHTOBBIX BBIYMCIEHH YI0CTOMIACh J0J*KHOIO BHUMa-
HUSI. TO OTKPBITHE MOGYANAO K NeHCTBUIO KAk DKCMEPUMEHTATOPOB, MBITAIONINXCSA
co3M1aTh KBAHTOBbIE KOMMBIOTEPRI, TAK U TEOPETHKOB, MBITAIOMMXCA HAWTH HOBLIE
KBaHTOBbLIE AlTOPUTMbBI. OMOAHUTEAbHBEIH HHTEPEC K 5TOMY MpeiMeTy Obll BLI3BaH
n300peTeHeM KBAHTOBOTO MPOTOKOMA Mepefladl KiIoda, a Takke OCBEIeHHeM Mpec-
COif ycrexoB, TOCTHIHY ThIX SKCIEPUMEHTAIBHO B KBAHTOBOI TeJemopTalniu U 1eMOH-
cTpanuu TpéXKYGHTOBOTO KBAHTOBOTO KOMIbIOTEPA.

e/ib HACTOAMEH PaboThl BAKAI0YAETCA B TOM, YTOGBI TOMOYb MPOT PAMMHUCTAM H
IPYTUM CIelHaiucTaM, He ABIAIONINMCS SKCIepTaMi B 06MaCTH KBAHTOBBIX BBIYHC-
AeHUH, MPeo/I0aeTh MPUHIUIHATBHBIC U YCIOBHBIE Gapbephl, OTACAAIONINE KBAHTOBbIE
BBIYUCACHHUSA OT TPANUIHOHHBIX, 4 TaK#e MOSHAKOMHUTH MX C ®THM HOBBIM U HHTE-
PeCHBIM HampaBIeHHEM. [ 00mecTBa MPOTPAMMUCTOB Ba#HO MOHATH HTH HOBLIE
BEfIHNUA, T.K. OHH MOTYT paJHKaIbHO M3MEHHTh WX MHEHHEe O BBIYHUCACHWAX, MPO-
TPAaMMHUDPOBAHUY U CTOHSHOCTH.

Boo6ie-To, BpeMsi, KOTOpoe HEOBXOMUMO ISl OCYIIECTBICHUS ONpeIeJEHHbIX BbI-
YUCACHUH, MOMHO YMEHBITHTh, MCMOJAb3Yf MapallelbHble MPONecCOpbl.  TOGBI JI0-
CTUYb HKCTOHEHIMATLHOTO YMeHbIIEHH BpeMeHH, TpeGyeTcs SKCIOHEHIHANbHO Y Be-
AUYUTH YHCIO MPONECCOPOB, a, CIe0BAaTeIbHO, H 00 éM (UBHYECKOTO MPOCTPAHCTRA.
Torjia Kak B KBAHTOBOMH CHCTEMe M5 HKCIIOHEHIINATLHOTO Y MEHbIIEHHIA BpEMeHH, Tpe-
GyeTc AUIb AUHeHHOe yBeanueHne 06 éMa HeOGXOMUMOro (pUBHYECKOro MpOCTpaH-
CTBa. JTO FIBJACHUE CBfI3AHO HEMOCPE/ICTBEHHO C KBAHTOBBIM MAapaiein3MoM [ e
an a 1992].

YIIECTBYeT emié OfHA BazsHas 0COGeHHOCTh. Iloka KBAHTOBAf CUCTEMa BBINOM-
HfET BBHIYUCACHHS, TOCTYT K pesyabTaTaM orpanuded. Ilporecc AocTyna K pesyib-
TaTaM  eCTh MpOTeCC U3MepeHus, KOTOPhIH BO3MYIIlaeT KBAHTOBOE COCTOSIHHE, HC-
Kamsas ero.  OMeT MOKA3AThCA, YTO 3/1eCh CHUTYAIHf emeé Xy#e, 4eM ¢ RaaccHyec-
KUMH BhIYUCAeHUAMH. [lofdydaeTcs, 9TO MBI MOKEM TOMLKO CYMTATH Pe3yIbTaT BbI-
MOMHEHHS OHOTO M3 MapaliedbHbIX MPOINECCOB, a MOCKOIbKY H3MEpeHHe fBISeTCs
BEPOATHOCTHBIM, TO MBI JIa#e He MO#EM BLIGHPATh, pe3ylbTaT KAKOTO MpOIecca Mbl
MOMYYHM.

0 3@ MpOIIE/IIINe HECKOAbKO JMeT M0/ OOHAPYHUIN HeCTAHAAapPTHBIE MyTH HC-
KYCHOTO pelleHus 3alauyil N3MepeHHs, 9To0bl HCMOAB30BAThL PEUMYIIEeCTBA KBaHTO-
BOTO MapajequsMa. aHUMyISAIHNd TOTOGHOTO Pofla He HMEIOT aHaloroB B RiacCHYec-
Koif Teopun U TpeGyIOT MPUMEHEHHS HeTPATUIHOHHBIX TPHEMOB TPOT pPAMMHUPOBAHHUS.
OnuH W3 TAKUX MPUEMOB 3aKAIOYACTCA B YNpaBAeHHH KBAHTOBBIM COCTOSIHHEM Ta-
KHM 06pa3oM, 4TOGBI MOTJIO OBITh CUHUTAHO OBIiee CBOMCTBO BCeX pe3yTbTHPYIONHX
BHAaYeHUil, Takoe KAK CHMMETPUYHOCThL WU mepron ¢yHKnuu. [onoGHBIH TexHHKA
HCMOMBb3YETCA B aATOPUTME PasioAeHisl HA MHOKUTEAN  opa. [Ipu ApyroM noaxone
KBaHTOBLIE COCTOSIHUA MPeoOpasyIOTCA TaK, YTOObI YBEAUYHTh BEPOATHOCTh CYUTHI-
BaHUAl HHTEPECYIONEro Hac pesyahTaTa BhIUUCACHUH. DTOT MPUEM HCTONb3YeTCS B
MOMCKOBOM aTOPHTMe poBepa.

B paGoTe B eTalsnX OMUCHIBACTCS KBAHTOBLIH MApalieln3M, a TaK#e U3BECTHBIC
Ha CETONHANMHUA 1eHh TPUEMBI, TOZBOMAMIONIHE UCTIOML30BAThH €r0 MOIIh.




B paspeae 2, caepyiomuM 3a BBelleHHeM, ONMUCLIBAIOTCA KOHIEMITUU KBaHTOBOI
MeXaHUKHU, HeoOXOUMbIe [/l KBAaHTOBLIX BBIUUCAEHHT. DTOT pas/ied, KOHeYHO, He MO-
eT co/lepAaTh BCECTOPOHHMI 0630p KBAHTOBOI MeXaHUKHU. allleil Neabio ABAAeTCA
cHabseHUe YUTaTeld UHCTPYMEHTaMHu B GopMe MaTeMaTHYeCKHX BLIKAANOK U 060-
3HaYeHUil 118 paboThl C KBAHTOBOH MeXaHUKOI, UCMIOAb3yeMoil TpU KBAHTOBBIX BhI-
YUCAEHUSAX. ajleeMcs, HacTosmas paboTa JoCTaTOYHO O/ITOTOBUT YuTaTedeil, 4To0kI
OHM MOTJIU UCCAeIoBaTh TeOpeTHYeCKHe MJAacThl KBAHTOBBIX BRIYUCACHUI.

B pasgene paércsa onpefeleHHe KBaHTOBOMY GUTY mau Ky6uty'. B orTauune
OT KJacCUYecKOro OMTa KBaHTOBBII OGUT MOKeT HAXOAUTHCA B COCTOSHUM CYTepHO3H-
nuu, cofeps:sa Kak , Tak u 1. [loHATUA cymepno3unuu B KaacCHYecKOl TeOpUU HeT.
OTneabHble KBaHTOBBIE OUTHI MpeANOAaral0T UHTepecHOe MpUMeHeHHe. bl OMUIIEM
UCNO/JAb30BAHUE OT/IEILHOIO KBAHTOBOIO GUTA MpPH 3AlUIEHHOM IPOTOKO/E Nnepenadu
Ka04a.

acTosilllag Cujia KBAHTOBBIX BBRIUHCACHUI MpOUCTEKaeT U3 3KCIOHEHIUAlbHOC-
TH NPOCTPAHCTBA COCTOAHUII MHOKEeCTBA KBAHTOBBIX OUTOB TaK, OTHedbHbIN RyGUT
MO#eT ObITb B CyNepmno3unuu U 1, B TO BpeMf Kak perucTp us  KyOUTOB MO-
#eT ObITh B CyNMeplo3UNUM 2 3HAYeHHUil. BepxX COCTOAHUSA, HE UMelolUe aHajora
B RjJaccUyecKoil Teopuu U Befylue K 3KCNOHEHUAAbHON pasMepHOCTH MPOCTpPaHCT-
Ba KBAHTOBOTO COCTOSHUSA, ABAAIOTCSA 3aly TAHHBLIMH COCTOAHUSA, MOA0OHO COCTOSAHUIO,
npuBoadimemMy K napagorcy IIP .

Bl PACCMOTPUM [IBa BUjia Onepainuii, TpoOUCXOAfANUX B KBAHTOBOI cUCTeMe H3-
MepeHHe U TpeoGpa3oBaHUe KBAHTOBOTO COCTOSIHHMSA. OABIIMHCTBO KBAHTOBBIX al-
TOPUTMOB BRAIOYAET MOCAeoBaTeqbHbIe TPeoOpa3oBaHUA KBAHTOBOTO COCTOAHUSA, 34
KOTOPLIMH clleflyeT u3MepeHue. Jf CTAaHAAPTHBIX KOMIBIOTEPOB CYIeCTBYyeT Ha00p
BeHTHU/ell, KOTOpble ABAAIOTCA YHHBepCalbHBIMU B TOM CMbICAe, 4To di06Goe Kaac-
cHUYecKoe BBIUHCIEHHE MOKeT ObIThb BBINOJHEHO MPH HCNOJAb30BAaHUM Habopa 3THUX
BeHTuUIeil. [lomoGHBIM #e oOpa3oM cCyInecTBYIOT HaboOphl mpocTeiimux npeoGpasoBa-
HUil KBAHTOBOTO COCTOSHUSA, Ha3bIBaeMbIX KBAHTOBBIMU BEHTUJAMHU, KOTOphble yHU-
BepcaJbHbI /I KBAHTOBBIX BHIUUCAEHUI. Mefl JOCTaTOUYHOE KOIMYeCTBO KBAHTOBHIX
OUTOB, MO¥HO CKOHCTPYHPOBAaTh YHUBEPCAIbHYIO KBAaHTOBYIO MamuHy ThiopuHra.

KBanTOBas husnKka HaKAaIbIBAET OTpAHUYEHUA HA TUTIBI MpeoOGpa3oBaHuil, KOTO-
pble MOKHO BBITIOAHUTH. B yacTHocTH, Bce mpeoOpa3oBaHUA KBAHTOBOTO COCTOSHUSA,
a, clefloBaTelbHO, BCe KBAHTOBble BEHTHWIM U BBIYHCIACHUS, JOIAHBI GbITh 00paTu-
MBIMHU. 0000 KaaccuyecKuil alroOpuUTM MOKHO c/lelaTh 0GpaTUMBIM U BBITOAHUTH
HAa KBAHTOBOM KOMIBIOTEpe 3a TpHeMieMoe BpeMsfi. eKOTopble o0Ihe KBAaHTOBbHIE
BEHTU/U OMpe/leieHbl B pasjiefe

Ba crnocofa mpuMeHeHHUs, 06 eQUHAIOMNX KBAHTOBbIE BEHTHAU U 3aMyTaHHBIE
COCTOSHUSA, ONKCHIBAIOTCA B MoJpa3felde .2 TedeNopTalufA U MIOTHOE KOAUPOBAHUE.
TeaemopTanusa  3To HepeJaya KBaHTOBOTO COCTOIHUA U3 OJIHOTO MeCTa B APYTOe MO
KiaccuyecKuM KaHaiaaMm. Taras TedemopTanus BecbMa yAUBHUTEIbHA, T. K. U3 KBAHTO-
BOif MeXaHWKU HAM HU3BECTHO, YTO HEBO3MOKHO KJIOHHPOBATH KBAHTOBLIE COCTOSAHUA
WU [laxe U3MepuThb ux Ge3 ux Bo3MyleHus. Takum o6pasoM, coBepllieHHO He fic-
HO, Karyio WHpoOpMaINUio HA/I0 MOCAaTh N0 KJIacCCHYEeCKUM KaHaiaM, 4ToObl OHA, BO3-

Ot aHra. uantum it u it.
SIIP ( Aitnmreiin, [lonoabcruii, Posen.




MO?KHO, cCMOTJIa ObI PEKOHCTPYHPOBATh HEU3BECTHOE KBAHTOBOE COCTOSHUE Ha IPYTOM
KoH1e. [Ipu NA0THOM KOIMpPOBAaHUU, B OTJIMYHE OT TeJeNopTalliH, sl NepeHoca IByX
OWTOB KJaccuuecKoil HHGOPMAIMHU HCTIOAb3yeTCsl OIMH KBAaHTOBBIH 6UT. Kak Teaenop-
TalMsA, Tak U MJIOTHOe KOJMpOBaHUE, 3aBUCAT B HEKOTOPOH cTemeHU OT 3amyTaHHBIX
COCTOSIHMI1, OonuchbIBaeMbIX B aKcrnepuMenTe IITP.

TONBLKO B pasjielie Mbl YBUIMM, OTKY/1a GepETCA TO BKCMOHEHIUANbHOE YC-
KOpeHUe KBAHTOBBIX KOMIMBIOTEPOB B CPAaBHEHUU C KJIACCHYECKMMMU. a BXOJ KBaH-
TOBOTO BBIYUCAUTENS MOKeT ObITh MOJaHa CYTepNo3ulNs, KOTopafd BKIIOYAeT BCe
BO3MO#$HbIe BXOJHLIe 3HAYeHUA. BhinodHeHMWe BLIUWCIEHUI B 5TOM HadalbHOM IO-
JOMeHUU Oy/leT UMeTh pe3yldbTaTOM CYINepno3UIHI0 COOTBETCTBYIONIUX BbIXOJHBIX
sHaueHnii. Takum o6pas3oM, 3a OJIHO M TO #e BpeMs Ha KJACCHUYECKOM KOMIbIOTe-
pe BefeTcs BbIUHMCAEHHE BBIXOJHBIX 3HAYEHUH A e/IMHUYHOTO BXOJHOTO 3HAYEHUS,
a HAa KBAHTOBOM O/IHOBPEMEHHO BBIUMCIAAIOTCA BbIXO/IHbIe 3HAYEHUSA ISl BCEX BXOJ-
HbIX 3HaueHuii. T'agoil mpolecc U3BecTeH KaK KBAHTOBBIH NMapa/iieJu3M. 3MepeHueM
BBIXO/IHBIX COCTOAHMI MOMHO CaydaiiHO onpefequTh TOALKO OJJHO U3 3HAYEHUH B Cy-
Meprno3uIIUi, U B TO #e BpeMf cTepeTh BCe OCTalbHbIe pe3ydbTaThl BEIYMCICHUH.
B pasgene  Taras cuTyanus onmuckIiBaeTcs nojpoGHO. B pasmenax W oNHCHIBA-
IOTCA MEeTO/Ibl U3BJAeUYeHUS MPEeUMYIeCcTB U3 KBAHTOBOTO Mapa/ielu3Ma MpU CTPOTUX
OTpaHUYeHHUAX, KOTOpbIe HAKJA/bIBaeT KBAHTOBAsi MeXaHUKA HA TO, YTO MOKeT GbITh
HU3MepeHo.

B pasgene omnucekiBaeTcs moApoGHO ajJrOpuTM  opa aJTOPUTM pasioKeHUs
HATYypaldbHOTO YHC/Aa HAa MPOCThble MHOMKHTENN 3a MOJAMHOMHUANbHOE BpeMsf. aMblii
OBICTPBIl U3 U3BECTHBIX KJAacCHYeCKHil aJropuTM pasioieHus TpeGyeT SKCHOHEHIH-
aJbHOTO BpeMeHU. B ofIiem, cuutaeTrcsi XOTS 3TO CTPOTO He JJOKA3aHO , YTO Kjaac-
CHUYECKOT0 aJropuT™Ma pasioKeHUs Ha MHOMUTENHN 3a TOJIMHOMHUAIbHOE BpeMsl He Cy-
mecTByeT. B anropuTMe  opa KBaHTOBBLIH Mapaiequ3M HCIOAb3yeTcs Oaarofaps
NpHUMeHeHHI0 KBAaHTOBOTO aHajora npeobpasoBaHus Myphe.

OB poBep paspaGoTaj alropuTM MOHUCKAa B HEyTNOpAJAOYEHHOM CMHCKe U3
5JeMeHTOB 3a " sJeMeHTapHBIX ONepanuii Ha KBAHTOBOM KoMmnbloTepe. Kaac-
CHYecKHe KOMMbIOTEephl paGoTaloT 3aBe[JOMO He Jyulle , TOBTOMY TIOUCK B He-
YTOpAAOYEHHOM CIMHCKe Ha KBAHTOBOM KOMIbIOTEpe OYeBHAHO s PeKTHBHEH, deM
TOT #5€ MOUCK HA KJIaCCHUYECKOM KOMIBLIOTEpE. O BCE #e YCKOpeHMe 3/1eCh ABIAETCH
MOAUHOMUAILHBIM, @ He BKCIOHEHIIHAAbHBIM, B OTAMYHE OT aATOpUTMa  Opa. blIO
JOKa3aHo, 9YTO ajJTOPUTM poBepa ABAAETCA caMbIM GBICTPBIM aJArOPUTMOM MOUCKA B
HEYHOpANOYEeHHOM CHUCKE [/l KBAHTOBBIX KOMIBIOTEPOB. O e€Cli pedb HJET O XOTh
CKOJbKO HUOY/Ib yMOpAJOYEeHHOM CIHHCKe, TO ajJrOpUTMbl, KOTOpbIe U3BJAEKAIOT HEKO-
TOpPYIO TOABL3Y U3 YNOPAAOYEHHOCTH, MOTYT paGoTaTh ObicTpee. Ten orr, Hapsagy
C OpYTHMMHM YYEHLIMH, HCCIAe[0Bal TAKyIO BO3MOMHOCThL. B pasgele  Mbl omumem
pasinYHble KBAHTOBLIE IPHEMEI NOKCKA.

0 CHUX TOp MOKa HEeH3BECTHO, MOMHO JU HMCNOAh30BATh MOIIHOCTH KBAHTOBOTO
napaJjeansma JJf MUPOKoro Kpyra 3agad. OqUH U3 OCHOBHBIX BOMPOCOB  MOTYT /U
KBAHTOBLIE KOMIBIOTEPHI pelaTh -MOJIHbIE 3a/1a4d 3a MOJUHOMHUAAbHOE BpeMf
OCTAETCA OTKPBITHIM.

0, TMOKAXy i, CAMBbIM BaM{HBLIM BOIIPOCOM OCTAETCH CO3[aHHe KBAHTOBOIO KOM-
nbioTepa. YIiecTByeT GoJbIoe MHOKECTBO TpeIJ0MKeHU 0 CO3JaHUIO TaKor0 KOM-




nploTepa € MCHOJAb30BAaHWEM HWOHHBIX JOBYIIEK, f/IepHOT0 MarHUTHOTO pe30HaHca
P , onTuku u TBEpHOro Tenaa. Bce Teryliye npemoMseHus CBOAATCA K peleHHnIo

npobjaeMbl yBedudeHUs yucia Ky6uToB. eoO6X0MM Ka4yeCTBEHHO HOBBII yYpOBEHb Bhi-

yucJaeHUi, 4yToObl 06pabaThIBaTh He NeCATKU, a COTHU KYOUTOB MH)OpPMAaIUU.

a CeroJHAAIMHUI JeHb TeXHOJOIHU C UCHOJAL30BAaHUEM P u woHHBIX A0ByIIER
ABJAIOTCA Haubomee pazpaGaThIBAeMbIMH, OHAKO UCIOIb30BAHUE ONTHKHN W TBEPIOTO
Teda Tak#e MONaeT HaNeH Ik

B KBaHTOBBEIX KOMIBIOTEpAX C MOHHOMH MOBYmKOH [ a an e 199 ean
199 | nuueiinas mocieqOBaTeMbHOCTh HOHOB, MPEICTABAAIONUX KYOUTHI, OTpaHUYECHA
BJAEKTPUYECKUM TOoJeM. Jf TOro, 4Tobbl MPOU3BECTU OJHOKYOUTOBbIE KBAHTOBLIE
onepainuu, Ja3epbl HANpaBJAAIOTCA HA OT/AelbHble HOHBI. BYXKYOUTOBBIE onepaluu
OCYIIECTBAAIOTCA NMPU HCNOAL30BAHUH Ja3epa, HAllpaBJAeHHOr0 Ha OT/edbHbI KyOuUT
s co3faHuA KoJeBaHuUdA, KOTOpPOe pacnpocTpaHfieTcs MO e HOHOB /10 BTOPOTO
rybGuTa, T/ile Apyroii Jazep ocTaHABIAMBAeT [BUMEHUE U 3aBepllaeT [BYXKYOUTOBYIO
onepanuio. Illpu nanHom MeTosie TpeGyeTcs, 4YTOObLI MOHLI HAXOAUJAUCH B MpefelbHO
YUCTOM BaKyyMe MpH MaKCUMalbHO HUBKHUX TeMllepaTypax.

[IpenmyiecTBO MeTO/1a UCTIOJAb30BAHUA P zaraiouaercd B TOM, 4YTO €ro MO##-
HO TIPUMEHATH NMpU KOMHATHO# TeMnepaType. Tem Bojee, 4TO TEXHOJOTUSA PB
1eqioM ya#ie lo0uJach HEKOTOPOTo ycnexa. yTbh MeTojla B TOM, 4T0ObI UCNOJAb30BATh
MaKpOCKOMUYeCKOe KOJUYECTBO MaTeEPUU U 3aKO/IMpOBATh KBAHTOBBII OUT B cpe/lHEM
COCTOSIHMHU clUHA GOoJbIIero KojiudecTBa fAflep. OCTOAHUSAMM CIHUHA MOMHO YTNpaB-
JATH MOCPEICTBOM MAarHUTHBIX TOJdeil, a cpejiHee COCTOSIHWE CMIMHA MO#HO U3MEPHUTh
Npy TIOMOIA TEXHUKU P. OcHoBHas npobiaema Mpu UCNOJAb30BAHUU 3TOTO MeTo/a
3aKJai04aeTcA B TPYAHOCTAX NMPH yBeJWUYeHUW KBAHTOBOI'O perucTpa. OIHOCTh U3Me-

pAEeMOro curHaijia najgjaeT KkaKk —, rjie Hucio HyGI’ITOB. OﬂHaHO, HegaBHee Ipedjo-

seHue | manan a an 1998 | BeposiTHO CMOKeT paspeniuThb 3Ty npodiemy.
e Tak JaBHO GhIJI0 yCHElHO 3aBepIleHo co3/laHue TPEXKYBGUTOBOTO P rommneioTepa

[ ye a.1998 an e ypene a.1999 e ene an an 199 a amme
e a.199 ]. B nanHoii paGoTe BOMPOCHI, CBA3AHHbLIE ¢ YUBUIECKUMU U UHASCHEPHBIMU
3ajladyaM¥ CO371aHUA KBAHTOBOTO KOMIbIOTepa, paccCMaTpUBAThCA He OYIyT.

OcHoBHoit npo6aeMoii Mpu cO37aHNN KBAaHTOBOTO KOMIbIOTepa ABASAETCH OTCYT-
CTBUE KOTepeHTHOCTH U pa3pyllieHHe KBAaHTOBOTO COCTOSHUA U3-3a B3anNMO/leficTBUSA
C OKpy#kaloleii cpefoii. eKOTOpoe BpeMsf CyIeCTBOBaH ONaceHus, 4YTO KBAaHTOBBIIt
KOMTIBIOTED Hedb3s Gy/1eT co37aTh, T. K. H30ANUPOBATE €ro 0T BHelHeil cpe/ibl He Mpefi-
cTaBJsIeTCA BO3MOMHEBIM. Perenne 3Toit npo6aeMbl NPUIIIO CKOPee ¢ alropuTMHUYec-
KOil, yeM ¢ u3UYeCKOH CTOPOHKI GblIU MPHUAYMaHbl TPUEMBI KBAHTOBOH KOppEKIUU
omuboK. Hava@a yuéHble JlyMall, 4TO KBAaHTOBas KOpperIus omubor Gyer Heocy-
M[ECTBUMA U3-32 HEBO3MO#HOCTH HAJIEHHOIO KONUPOBAHUSA HEU3BECTHBIX KBAHTOBBIX
COCTOAHUI. 0, OKa3bIBaeTCH, BIOTHEe BO3MOMHO pa3padoTaTh KOARI, KOTOpble OOHa-
PY#UBAIOT ONpe/ieféHHbIe BUIBI OMUGOK U B COCTOSIHUM BOCCTAHOBUThH KOTEPEHTHOE
KBaHTOBOe cocTosinve. KBaHToBaAg KoppeRmud omubGor OyaeT pacCMOTpeHa B pasjie-
ae 8.

B mpusomeHuu gar0TCA OCHOBHLIE OTpefeldeHUs TEH30PHBIX NPON3BeIeHUil U He-
IpephLIBHBIX Apobeil.




. B H B e HHU

B/eHNS KBAHTOBOH MeXaHUKH [0CTATOYHO TPYAHO MOHATH, MOCKOJAbRY OHHU abco-
JAIOTHO HE COOTBETCTBYIOT 3aKOHAM W TpeACcTaBAeHUAM MaKpPOCKOMHUYECKOrO MUpa.
nanHad paGoTa, K cOKaleHHIO, He MOKeT NaTh Iy0OKOro MOHUMAHWUA KBAHTOBOI
MeXaHURU 3a NOMOJHUTEeNAbHOH HHpopMaIueil Mo KBaHTOBOI MexaHUKe o0patiaiiTech
[Feynmane a.19 199 een enan a n | .BmecrosToro Mbl Gynem
n3naraTh MaTepHaj, UCNOAb3yS KBAHTOBYIO MeXaHUKY M MaTeMaTH4YecKHuii ¢opma-
JU3M JHIb B 06 €Me, HeoGXOAUMOM /sl paBoThl ¢ KBAHTOBBIMU BbIYUCICHUAMH.
MaTeMaTH4YeCcKOif TOYKHU 3peHUs, KBAHTOBAs MeXaHKa  3TO TeOpus, ompefie-
AsieMasg HEKOTOPBIM HAaOOpPOM aKCHOM. Je[ACTBUA BTUX aKCHOM ONMUCHIBAIOT MOBeje-
HUe KBAaHTOBBIX cucTeM. KBaHTOBaA MexaHUKa MPUBOJUT K HEKOTOPBIM MapajorcaM
MOMeT MOoKa3aTheA, YTO B bhderTe KoMnToHA nocaeAcTBHe MpeANiecTByeT NpUULHE,
a B srcnepumenTe JIIP B3auMoneiicTBue pacnpocTpaHsfeTcad GbICTpee, YeM CKOPOCTh
ceeta sKcnepuMenT IIIP 6yneT neTadbHO paccMOTpeH B
AYHEM C MPOCTOT0 BKCIEePUMEHTA, KOTOPbIH MO#eT GhITh OCYIIECTBIEH MPH MO~
MOII[U IeTKO AOCTYTMHOTO 060pyIOBaHUA U KOTOPBIM MPOAEMOHCTPHpPYET HEKOTOphIE
KJI0YeBble acleRThl KBAHTOBOH MeXaHUKH, HeOOXOAUMbIe I KBAHTOBBIX BRIYHUCIE-
HUI.

1. U U H

MOoTOHEI €IMHCTBEHHbIEC YaCTHUIlbl, KOTOPbIE MBI MO EM BHUIECTh HECNOCPEACTBEHHO.

JIfl HAlllero 9KCIlepuMeHTa HOTpeﬁyeTCH MUHUMaJbHBIH HaGOp OGOpy,[[OBaHHH HCTOY-
HHUK ApPKOIro ¢BeTa, HallpuMep, JadepHafd YKa3ka, U TpH NoJadponga IMNOJApHU3alluOHHBIX
(I]I’IJIpra , KOTOpbIE MOH{HO KYIIHTbH B A1000M ONTHYECKOM MarasuHe. abaonasa B
SKCIIEpUMEHTEe (I]OTOHBI U UX TNOJAPU3alNIO MBI IPOJEMOHCTPUPYEM BaxHbIC ABJICHUA
KBAHTOBOH MeXaHUKH.

C e . yd CcBeTa HalpaB/ieH Ha OTpamaonuii sEpad. uabTp

MNOJAPHU30BaH TOpHU30HTAJJBHO, noa yriom s BEpTHUKAIBHO. (DH.IIprbI
pacnogararoTca TakuM 06pa30M, 4TO Jyd CB€Ta HUX IepeceraetT .
HaydaJjla YCTaHOBUM [I]I/IJH:T}') . yaeM CcYuTaThb, 4TO BXOJANUHI CBET NOJAPU30-

BaH Cﬂy‘{aﬁHbIM OG[)aSOM. HTEHCHBHOCTB BBIXOJAIIEro cBeTa GyﬂeT paBHa IOJIOBHUHE
MHTEHCHUBHOCTH BXOJAMIero. Bce BbIXOAIIME [I]OTOH]JI MNOJAPU30BAHbBI TOPU30OHTAJNBHO.

[ ]

OyHKNWIO GuAbTpa  HeAb3d paccCMaTpUBATh KaK CHUTO , KOTOpOe TMPONYyCKaeT
TOABKO TOPUB0HTAIBLHO TMOAAPU30BaHHbIe QOTOHEI. CaU Obl 3TO GbIIO TaR, TO AUIIhL




MaJjiaf 4yacThb CJAydaiiHO NoJfApU30BAHHBIX BXOJAANIUX (OTOHOB Gblia Obl TOPUSOHTAIb-
HO MOJSipU30BaHa, U cBeT ocaabidicsa 6bl ropasdfio cuibHee NMpU MPOXO#/eHUN Yepes
GUILTP.

ajlee yCTaHOBUB QUABTP , Mbl BUJIUM, UTO UHTEHCHBHOCTh BBIXOAAIMUX HoOTO-
HOB CHM#$aeTCcHA [0 HYJf, T.€. HU OJJUH U3 FOPU30HTAJbHO NOJSAPU30BAHHBIX (OTOHOB
He MO#eT NMpoHTH depe3d BepTUKAAbHBINA QUABLTP. ofledb CHTa TaKoe IOBeleHUe
(OTOHOB 06 SICHUTE €Ié MOMET .

[ ] C

CTaHOBUM Telephb [pI’IJIpr Mexay u . HpI‘I 9TOM MbI CTOJIKHEMCAH C YIHUBHU-
TeJbHBIM [paI{TOM WHTEHCHBHOCTH CBE€Ta Ha SKpaHe NepecTaHeT ObITH Hy.IIeBOﬁ. Omna
Gy,[[eT paBHa OJTHOM BOCBMO# OT HepBOHa‘{aﬂbHOﬁ WUHTEHCHUBHOCTH .

bl HAOAIOAaeM HelpejacKrazyeMoe fiBjieHne. CX0[4f M3 KJaccu4ecKoi TOYKU 3pe-
HHA, no6aBjeHne (I]I/I.Hpra AJOJHO CHUBUTB KOJUYECTBO IPOXOAANIUX [IJOTOHOB. Rar
e 9TO KOJMYECTBO YyBEIUYNJIOCH

C e . OCTOfHHWe MOAfApU30BaHHOTO (OTOHA MOeT ObITh 3a7aHO
e[IMHUYHBIM BEKTOPOM, UMEION[UM OIpe/lelieHHOe HampaBleHue. 06af MpOU3BOIb-
Haf MoAfApu3anus MomeT ObITh BhIpameHa Kak JHHeiiHag KOMOUHANUA
[BYX 6a3UCHBLIX BeKTOpOB' rOpU30HTAalbHAA MOAAPU3ANUA U BepTURaIbHASA
noasipusanus .

[locroabRy HAC MHTepecyeT TOJAbKO HalpaBieHUe MOASpU3ANUU BeIUYNHA BEK-

TOpa He BaHa , TO BEKTOpP COCTOAHUSA OyJeM CUUTATh eIMHUYHBIM BEKTOPOM, T.e€.

1. B ofmem caydae noasgpusanus ¢oToOHA MOKeT ObITh BhIpameHa Kak

, Toe W KOMIIZIEKCHBIE UYHCTIa , TaKkWe 4To 1. a-

MeuaHue BbIOOp 6asuca Aaf JaHHOTO caydas aOGCOMIOTHO MPOM3BOJAbHBIN MO#AHO
HCTOAB30BaTh M00bIe Ba OPTOrOHAABHBIX eJUHUYHBIX BEKTOpa Hamp.,

OGo3HaueHue 6yneT pa3bACHEHO B pasjeie
HUMBIe K03 (QUIHEHTH COOTBETCTBYIOT KPYTrOBOil MoasApusanuu. ( OdYHee, IPH KPYTOBOH MO-
NApU3aliU OTHONEHHWEe JaHHBIX KO3(Q(HUIHEeHTOB MHUMOE.




[locTyaaT uaMepeHus B KBAHTOBOI MexaHUKe yTBep:/jaeT, 4To Ji000e yCTpoii-
CTBO, U3MepAollee IBYMEPHYIO cUCTeMYy, o6JaqaeT CBA3AHHLIM OPTOTOHAMBLHBIM Ga-
3UCOM, 10 OTHOIIIEHUIO K KOTOPOMY MPOU3BOAUTCA KBAHTOBOE U3MEPEHHe. 3MepeHne
cocTofgHUA TpeoGpa3yeT ero B OINH U3 CBA3AHHLIX 6A3UCHBIX BEKTOPOB U3MEpPSIONIero
ycTpoiicTBa. BeposiTHOCTb TOTO, YTO COCTOAHUE U3MEPEHO Kak Ga3UCHLIN BERTOp |
paBHA KBajgpaTy HOPMEI MPOEKINH MepBOHAYAIbLHOTO COCTOAHUA Ha GA3UCHBIN BeK-

TOp . ampuMep, MycTh HaM /aHO yCTPOMCTBO /A U3MepeHUA mojspusanuu ¢o-
TOHOB CO CBfI3aHHBIM 0a3UCOM , TOTJla COCTOSIHUE usMe-
pseTcA Kak C BEpOAAITHOCTHIO , 1 Kagr C BEpOAAITHOCTHIO cM. puc. | .

Pasauunbie uamepsmoiue ycTpoiicTBa HMeIOT pa3iudHbie CBA3aHHbIE 6A3UChI, TO3TO-
MY pe3yabTaThl U3MepeHUil, TpOBeJeHHBIX PAa3HBIMU yCTpOIiCTBaMU, B 06I[eM ciaydae
He coBnagaioT. [lockonbKy n3MepeHHUs Bceraa MpoOBOAATCA MO OTHOIIEHUIO K OPTOHOP-
MHpOBaHHOMY 0a3ucy, B ocTaBileiicA 4acTu cTaTbu Bce 6asuchl OyAyT CUUTAThCA
OPTOHOPMHUPOBAHHBIMU.
BamHo 0oTMeTUTBH, 9TO uU3MepeHHe TepeBOAUT KBAHTOBOE COCTOfIHWE B TO CO-
CTOfIHUE, KOTOpOe MOMYYHUIOCh B pe3yidbTaTe U3MepeHUs, TO eCTh, eCJAU U3MepeHHe
UMeeT pe3yldbTaToM , TO COCTOfIHME  TMepexXoauT B, U BTO-
poe u3MepeHHe, O OTHOIIEHUIO K TOMY ke 6asucy, 6yleT UMeTh pe3ydbTaToM
¢ BeposATHOCTBIO 1. Takum o6pasoM, 70 TeX TOp, NOKa NMepBOHAYAlbHOE COCTOAHUE He
CTalo OMHUM U3 GAa3UCHBIX BEKTOPOB U3MEPSAIOIIEr0 YCTpoicTBa, Mpollecc U3MepeHus
OyneT u3MeHATh cocToAaHue. [locie u3MepeHNa y#e HEBO3MOMKHO ONPeeduTh, KARUM
OB1J0 MepBOHAYANBHOE COCTOSHUE.
TOYKU B3peHUf KBAHTOBOI MeXaHUKHU DKCIe-
pPUMEHT ¢ moJdspusanueii MOKHO 00 ACHUTH CAedylo-
mum obpaszoM. [loasipous usmepseT KBaHTOBOE COCTO-
fAHUe GOTOHOB N0 OTHOIIEHUIO K 6asucy, comeprsalie- ¥
MY BEKTOp MOJfpU3ANUU CAMOTO MOJAAPOUa, U BEKTOP,
NepHeHIURYAAPHBIN BEKTOPY NMOAAPU3ANUN TOIAPOUA. ‘
@DOTOHEI, MpOoIeNe CKBO3b QUABTP UMEIOT TY #e MOo-
JSIpUBAIUIO, YTO U caM QUALTP, TOT[Ia KaK OTpa#sEeHHbIe
toToHbl o6nafaT nodsApusanueil, nepneHANKYAApHOLT
noaspuszanuu GuaAbTpa. amnpuMep, QUIBTP usMe-
psAeT moagpusanuio GOTOHA MO OTHOIIEeHUIO K Gasuc-

HOMY BEKTOpY . Bce doroHbl npomiegmiue yepes
¢uabTp  obmagairoT noasipusanueii. Te ¢poTOHBI,
KOTOpble OTpa#aloOTCA, UMEIOT NOJSpUBALHIO.
CAU Yy4YecTb TO, UTO UCTOUYHUK CBETA UCIYCKaeT

(OoTOHBI ¢ IPOU3BOJBLHOI ToAsipusanueii, uabTp  ByeT NponyckaTb (hOTOHOB.

OCTOfIHUE TIpoleIuX GOoTOHOB OyeT . @uabTp  Oy/neT uU3MepATb QOTOHBI B
N0 OTHOIIEHUIO K . 0 cocTosAHUe 1 Oy/eT MpoeKTUPOBATHCA
Ha C BEpOAITHOCTBIO , U MO3TOMY HU OJIUH (OTOH He MPOHJIET GUALTP

aKOHell, [IJI’IJIpr u3MepfaeT KBaAHTOBOE€ COCTOAHME IO OTHOIIEHUIO K Gasmcy

]}
]}
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HOTOprﬁ MBI 3anuiaeM Kalk . OTMeTI/IM, 4TOo ——

u — . DOTOHBI, KOTOPbIE U3MEPAIOTCA KaK , TPOXOJIAT 4Yepes
5TOT ¢uabTp. POTOHEI, IPOXOAANIHE  C COCTOSHUEM , 6ynyT usaMepeHsl QUIABT-
pOM  Kak C BEpOATHOCTBIO — U, Cle[loBaTeldbHO, (hOTOHOB, MPOXOAAIUX
yepe3 , IpoiiayT yepe3  u GyAyT HAXOMAUThCA B COCTOSHUU . OOTBETCTBEHHO,

5THU GOTOHBI OYAyT U3MepeHbl GUABTPOM  Kakr ¢ BepoATHOCThIO —. Takum obpa-

30M, TOJIBKO OJHa BOCbMaf 4acThb MIepBOHa4Ya/JbHbIX (IJOTOHOB crnocofHa HpOﬁTI/I qepes
nocijeanoBaTe/]IbHO pacloJOH#HEHHEBIE (IIHJIprbI "

. e H B HHU H e H €HH

[IpocTpaHcTBO coCTOAHUI KBAHTOBOI CHCTEMBI, COCTOAIEe U3 KOOPAUHAT, MOMEHTOB,
noAsipusanuii, CIMHOB U T.JI. pa3lUYHBIX YaCTHUI[, eCTb THALOGEPTOBO MPOCTPAHCTBO
BOMHOBBIX yHEKNMIT. BiaBaTbcs B oApoGHOCTH CBOHCTB 3TUX BOAHOBBIX yHRIUI MBI
He Gy/fleM. /I KBAHTOBBIX BRIYHCIEHHUI HAM MOHAA00fTCA TOALKO KOHEUHOMeEpHbBIE
KBAHTOBbLIE CHUCTEMBI, U /Al TOTO Oy/eT AOCTATOYHO PACCMOTpPEHHS KOMILIEKCHBIX
BEKTOPHBLIX MPOCTPAHCTB CO CRAAAPHBIM MPOU3BE/IEHUEM.

OCTOSIHUSI KBAHTOBOH CHUCTEMEBI U UX MpeoOpa3oBaHUA MOKHO ONUCATEL MOCpefi-
CTBOM BEKTOPOB U MaTpHI[ UK UCTOAb3YS Golee KOMNAaKTHEIe 6pa KeT o603HAaUeHH ,

BBeiéHHble upakoM | a 19 8]. Ker-BekTopamu  0603HAYAIOT BEKTOP-CTOJGIBI U
06BIYHO MCMOAB3YIOT /1Ml ONMCAHUA KBAHTOBBIX cocTosiHuil. [lapHbIiMU Gpa-BeKTOpamMu
0603HAYAIOT CONpseHUe U TPAHCIOHUPOBaHNE KeT-BeKTOpoB . OpTOHOPMUPO-
BaHHBIN Gasuc 1 oO6bIYHO 3amUCBIBAIOT Kak | 1 . o6y KoMmI-
JEKCHYIO JUHEeiHY10 KOMOUHAINIO u l 1 MoKkHO 3amucaTh, Kak
B npunnune, Bei6paTh NOpAnoK 6a3UCHLIX BEKTOPOB MO#SHO MPOU3BOJABHO. alpuMep,
MO#HO HCTOAb30BaTh 3aMUCh KaK 1 w1l war 1 , U Bcerja mpujep#u-
BaThCH €6.

RomGunanus oGo3HAYaeT BHYTpeHHee CKajlfipHOe TMpOou3BefieHNe JBYX
BEKTOpPOB. ampuMep, eTUHUYHLIN BEeKTOD, U 1. BerToper u 1
OpTOrOHAABHBEI U |

KomGunanus BHeIlllHee MpOou3Be/leHue u .

anpuMep, 1 ecTb mpeoGpasoBaHHe, KOTOpoe mpeobpasyeT 1 B u
B , T.R.
11 11
1 1
CMoJMb3yf paBeHCTBAa 1 1 1 1 wu 1 1 1

MOMHO 3allMCaTh SKBHUBAJEHTHO B BU1€ MAaTpPHIbL

1 1
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T 0603HAYEHUA TIPeIoCTaBAAIOT HaM ynoOHbIH crocob kiaaccuduranuu npeodpaso-
BaHUil KBAHTOBBIX COCTOAHUHI MO TOMY, YTO NMPOMCXOJUT C GAa3UCHBIMHU BEKTOPaAMHU
CM. pasjiel . anpumep, npeobpa3zoBaHHe, MEHAKOIIEe MeCTaMHU u 1 | zagaércs
MaTpuilei

1 1
Onnako B 9Toii cTaThe MpeAnodYTeHUe oTAaeTcA 6onee HHTYUTUBHOMH hopme

1
1

KOTOpAasf fIBHO 3a/1aéT pe3yabTaT NpeoGpasoBaHUus OA3UCHBIX BEKTOPOB.

. BH B e H

KBanTOBbII OUT WM KYyOUT  5TO BEKTOpP eAUHUYHON NAUHBI B 2-MePHOM KOMILIEKC-
HOM BEKTOPHOM MPOCTPAHCTBE, B KOTOPOM 3adUKCUPOBAH HEKOTOPhI 6as3uc 1
OpToHOpMUpPOBaHHbIH HGasuc u 1 Mo#eT COOTBETCTBOBATH u uan

u noaspusanuaM (oToHA WU COCTOSHUAM CIHUH BBEPX , CIHUH BHU3 DIEKTPO-
Ha. Korjia peds ueT 0 KyGUTAX U KBAHTOBLIX BHIYUCICHHUAX BOOOIIe, Ga3uc 1
IS ROTOPOTO MPOBOAATCA BCe paccyIeHUsA, BEIONMpaeTcA 3apaHee. bl Oy/eM fajee
CUYUTATh, ecii 0cO60 He OTOBOpPEeHO 06paTHOe, YTO 3TOT GA3UC OJJTHOBPEMEHHO ABAAETCA
6a3ucoM U3MepeHUS.

B KBaHTOBBIX BRIUHCIEHHUAX Oa3UCHBIE cCOCTOAHUA 0603HaYaloTcd U 1 | 4TOGRI
COOTBETCTBOBATh 3HAUEHUAM Kiaaccudyeckoro 6uta u 1. 0, B oTaAUYHMe OT Kiaac-
cuveckoro 6uta, KyGUTHI MOTYT HAXOAUThCA B CYNEpPHO3UIUU u 1 , Hampumep,

1,rne wu KOMILJIEKCHBIE Yuc/a, Takue 4TO 1. B cayuae
¢ nonspusanueil GoToHA, ecau Takaf CyNneplno3uluf H3MepseTcs B Hasuce 1
TO BepOSAATHOCTH TOTO, YTO U3MepeHUe AacT paBHa , @ BEPOITHOCTb TOTO, UTO
usMepenue gact 1
OTAl KBAHTOBBII OMT MOKeT HAXOOUThCA B GeCYHCAEHHOM MHOMKECTBE CyMep-
NO3UIUN COCTOAHUHN, MyTEM M3MEpEHHA U3 HEr0 MO#HO U3BIeYb TOAbKO OJJUH OUT
Kaaccuuyeckoil mHGopManuu. 3MepeHue KyOuTa 3aMeHfeT ero cOCTOsiHMe Ha Gasuc-
HOe, YTO MbI U HaGMI0/1au B DKCIEpUMEHTe ¢ noaspusanueil hoToHoB. Tar Kak Kasm#ioe
u3MepeHue MPUBOAUT TOABKO K OJJHOMY U3 ABYX COCTOAHUI, T.e. K OqHOMY U3 Gasuc-
HBIX BEKTOPOB U3MepPUTEIbHOTO yCTPOICTBA, TO, KaK M B RJIACCHYECKOI TeOpHHU, eCTh
TOABKO [IBAa BO3MO#HBIX UCXO/la. 3MepeHHe MeHfeT COCTOSHHe, MO3TOMY OYeBHIHO,
YTO COCTOAHUE He MOeT ObITh U3MEPEHO MO /IBYM pasiundyHbIM 6a3ucaM. oJfee TOTO,
Kak MBI YBU/UM B nofipas/fiene .l1.2, KBaHTOBbIe COCTOSAHNA HeJb3fl KIOHUPOBAThH, T.€.
KyOUT HEBO3MOM¥HO U3MEPUTH IBYMS crocobamMu fame KOCBEHHO, HalpUMep, CKOMH-
poBaB KyOUT U U3MepsAsA ero Komuio mo 6aszucaM, OTAMYHBIM OT MepBOHAYAIbLHOTO.

1. BH B eel u

[lepenauy mnocaefnoBaTedbHOCTU OTAENbHBIX KyOUTOB MOMSHO HCMNOJAb30BATh s Te-
penaum cekpeTHoro Kaioda. B 198  eHHeTT M paccap onucaau NepBylO KBaHTO-




BYIO CXeMy MpOTOKO/A Nepejlayu Kaio4da [ enne an a a 198 enne e a.
1992]. O6bruHO, 151 TPOTOKOIA Mepejadu KI09a UCIOMb3YeTcs npoieaypa mudposa-
HUf C OTKPBITHIM KAIOYOM, HApUMep,

PaccmoTpuM cutyanuio, B KOTOpoif auca U 00 XOTAT JOTOBOPUTHCH UCHOMb-
30BaTh MpPH TMepPeroBopax CeKpeTHhIH KA04. BA3h OCYIIECTBASETCA MO OOBLIYHOMY
IBYyCTOPOHHEMY KaHaly W OJHOCTOPOHHEMY KBaHTOBOMY KaHaTy. OTH ofa KaHaia
MpOCAYTINBAIOTCA BOH, KOTOpas XoueT MOACAYIaTh WX pa3roBOp. HTyanusa n3o6-
paskeHa Ha PUCYHEe HUKe.

KJIaCCHYECKUH KaHaJl

KBaHTOBBIH KaHaJ

KBauTOBHIIT KaHAT MO3BOJASAET JHCe MOChIAATh 06y OTHedbHble YacTUILI Ha-
npuMep, GoToHBl K 00y, KOTOPbI{l MOMET U3MEPUTh UX COCTOSIHUE. Ba TaKke MO-
#eT TMONMBITATHCA UBMEPUTh COCTOAHUA BTUX YACTHIl U MepeciaTh UX 00y.

A5l Toro, 4ToObl HA4YaTh MpoIlecc Tepefadd CEKPEeTHOro KAo4Ya Juca Mochlaa-
eT 00y mociaefioBaTelbHOCTb OUTOB, KOAUPYA Kam/blil GUT B KBAHTOBOM COCTOSHUH
toToHa caenyromuM obpa3oM [ KOAUPOBKHU Kamsoro 6UTa OHA MPOU3BOJILHO HC-
nonb3yeT OJUH U3 6A3HCOB

ninu

06 usMepseT cocToAHUA HOTOHOB, BEIOpAB Takke caydaiiHbIM 00pa3oM OJJUH U3
sTuX 6asucos. [locae Toro Kak GUTHI Nepedanbl, 00 U Jauca coobmMAIOT APYT APYTY
MO OTKPBITOMY KaHaldy, Kakue 6a3uchl OHU UCTOAB30BANU AAf KOJUDPOBAHUA pAaCKO-
AUpOBaHUs OWTOB NpU nepefade npueéMe doToHoB. Obaanas Takoil uHGopmanueii,
OHHM MOTYT ONpefedsiTh, KaKkue U3 GUTOB Mepe/laHbl TPaBUABLHO, T.e. GUTHI, 111 KOTO-
pbIX corjacoBaHbl Gasuchl Mepeiadyu U NpuémMa. ITH GUThI OHU By/yT HCHOIb30BAThH
B KayecTBe Kiaio4a, Bce ocTalbHble OyayT orGpomiensl. B cpeineM auca u o6 Gy-
OyT UMeTh IPUMEPHO coBmajieHnii 6a3ucoB, T.e. A Kao4da OyJeT UCIoab30BaHa
MpUMeEpPHO TOJOBUHA Nepe/laBaeMbiX OUTOB.




Tenepb NpeANOIO]KUM, UTO Ba M3MepHET COCTOAHUA (OTOHOB, MepeaBacMbIX
aucoil, u nepecbliaeT 06y HOBble OTOHBI C BTHUMHU ke COCTOAHUAMU. IIpuMepHO
B MOJOBHHE cllyyaeB OHa Gy/leT MCIONb30BATh Jo#Hble Gasucel. [loaToMy, Korjga 06
u3MepseT nepejlaHHbIil KyOUT B MpaBUIbHOM Gasuce, BEPOATHOCTh TOTO, 4TO OH MOy~
YT HenpaBHIbHOEe 3HavyeHMe, paBHa 2 . TakuM o6pasoM, BcAKoe MOJCTYIIHBaHUE
B KBAHTOBOM KaHa/le YBeJMYNBaeT YUCI0 OMHMGOK Mepefayn, 4To JAerko Mo#eT GbiTh
o6Hapy#eHO JHCOi M 06OM, eciii OHM CPABHAT MO OTKPBITOMY KaHAly HEKOTOPOEe
KOJMYECTBO KOHTPOIbHBIX GUTOB KlOYa.
TaK, OYEBHJIHO, HE TOABKO TO, YTO 2  KJKOYa Yy Bbl HE BEPHO, HO M TO, YTO
auce U 00y CTAHOBHTCA ACHO, YTO KTO-TO MX NOJICAYIINBAET.
Mpeanaramick M Apyrue NPUEMBI HCNOMb30BAHUA KBAHTOBBLIX Onepanuii 1 ne-
pemauyu KJao4Ya. amnpuMep, MPUEMBI, MpefioskeHHble JrepToM [ e e a. 1992],
eHnerToM [ enne 1992], yu o[ an a 1999]. o HUM OAMH U3 MPEN0NKEH-
HBIX KBAHTOBBIX MPOTOKOJOB Mepeladi Kiatoya MoKa He MOweT GbITh 3aMeHOMH mud-
POBAHHIO C OTKPHITBIM KI090M. KpoMe omucaHHOTO BhINle METO/a NPOCTyIHBAHHUA,
BOBMO#HBI U IpyTHe aTTaku. Bompockl 3alUThl OT BeexX MOIOGHBIX aTak OCBeNanTCd
B paborax eiiepca [ aye 1998]u yu o[ an a 1999].
KBaHTOBBIH NPOTOKOM Nepefauy Kiioda Gbla anpoGUPOBAH HA PACCTOSHUN 2 KM

C UCIOIb30BAHUEM CTAHJAPTHBIX ONTOBOMOKOHHBIX KaGeneii [ e e a.l199 |umua
paccTOsiIHMM . KM IpH mepefade Mo BO3AYXY | e e a.1999].
. . H e B 14 B

[IpencTaBuM cebe husuyeckuii Makpockonuyecknii 06 eKRT, KOTOPbI pasdnaMbIBaeTCA
Ha  dacTeil, pasieTalONUXCA B pa3HLIX HAMpaBAeHHAX. OCTOSHHE TAKOil CUCTEeMBbI
MOHO OMHUCATh MOMHOCThIO, ONMUCAB COCTOfIHUE Ka#Ioil cocTaBasionell eé 4yacTu B
OTHeJbHOCTU. Jifl KBAHTOBOI %€ CUCTEMBI U3  YaCTUIl, UMeeT MeCTO YIUBUTEIAbHOEe
U UHTYUTHUBHO HeOUYeBU/IHOE CBOMCTBO, KOTOpOe 3aKJA0YaeTCA B TOM, YTO /A MOJ-
HOTO OMUCAHUSA COCTOAHUA TaKOH CHCTeMbl, B 00I[eM ciydae HeJOCTATOYHO OMUCATh
COCTOSIHUSl COCTABISIONIUX €€ OT/Ie/IbHbIX YACTHIl. Cclle/JoBaHUe MOMOBHBIX CHCTEM,
a UMEeHHO cucTeM ¢ Goiee 4eM OJJHUM KyGUTOM 46T HAM BO3MOMKHOCTh MOHATH, OT-
Ky/a GepeéTcs BbIYUCIUTENLHAS MONIHOCTh KBAHTOBLIX KOMIThIOTEPOB.

Kar ™Mbl y#e yOenuanch, cOCTOAHUA KyOUTa MOMKHO Mpe/CTABUTh BEKTOPOM B
[BYMEPHOM KOMIIJIEKCHOM BEKTOPHOM IPOCTPAHCTBE, NOPOH IEHHOM u 1 .B raac-
cuvecKoil pu3NKe BO3MO#HEIE COCTOSHUSA CUCTEMbBI U3 YacTHUIl, B KOTOPOil cocToAHUE
Ka/I0i YacTHIIb 3a71aeTCA BEKTOPOM B 2-MepHOM TPOCTpaHCTBe, 06pa3yioT 2 -Mep-
HOe BeKTOpHOe mpocTpaHcTBO. OAHAKO, B KBAHTOBOI cucTeMe ofIee MPOCTPAHCTBO
cocTosHUii!' ropasjio Goablle cucTeMa M3 KyOUTOB UMeeT NPOCTPAHCTBO COCTOSHUI
pasMepHOCTH 2 . MEHHO HTOT YKCHOHEHNHAAbHBIH POCT MPOCTpPAHCTBA COCTOSHUI B
3aBUCUMOCTHU OT YHCIa YaCTHIl AT SKCIOHEHIUAIbHOE MPEUMYIIeCTBO B CKOPOCTHU
BBIUMC/JAEHUI HA KBAHTOBBIX KOMIbIOTEPAX B CPABHEHUM C KJIACCHYECKHMU.

Ianee GymeT MOKa3aHO, YTO MPOCTPAHCTBO COCTOAHUI  KYGHTOB 3TO MHOXECTBO BEKTOPOB
B -MepHOM NPOCTPaHCTBE, HODMHPOBAHHBIX TAK ke, KAK U COCTOAHUE OJHOT0 KyOHuTa ,
HOPMHPOBAHHOE PaBEHCTBOM




B raaccudecroii cucTeMe W3  YacTHUIl, TPOCTPAHCTBA COCTOSAHUIT Ra#oit yac-
THUIBI COEIUHAIOTCA MeKapTOBBIM NMpoU3BeeHreM. KBaHTOBLIE #e COCTOSHUSA COeNu-
HAIOTCA TEeH30PHBIM NpPOU3BeeHNeM. BoiCTBa TeH30PHBIX MPOU3Be/IeHUN U UX BBI-
paskeHUe yepe3 BEKTOPLI M MATPUIbI NOAPOOHO AAIOTCA B MPUIOHEHUW . aBaiiTe
KOpPOTKO PacCMOTPHUM pa3inudusd Me# 1y 1eKapTOBBIM M TeH30PHBIM NPOU3BEeHUAMU,
KOTOpbIe ABAAIOTCA RJAOUYEBBIMU /I MOHUMAHUA KBAHTOBBIX BLIYUCAEHUI.

[lycts u 2-MepHbIe KOMIIJIEKCHbIE BEKTOpPHbIE MpOCTpaHCTBa ¢ Oasuca-
MH 1 u COOTBETCTBEHHO. X JIeKapTOBO MpousBefieHue OyIeT UMETh
fasuc 1 . Topsigok BeIBOpa 5JeMEHTOB BTOr0 6asuca NpPOM3BOJEH!.
B wacTHOCTH, pa3Mep mpoCTpaHCTBA COCTOAHUII MHOMKECTBA KJIACCUYECKUX YaCTHUI]
AWHEeIHO BO3pacTaeT ¢ yBeJdUYeHUeM 4YacTHull, T.K. m m m
TensopHoe #e mpousBejleHHe U  uMeeT 6azuc 11 1 .

Jf TEeH30PHOTO MpOW3Be/IeHUA MOpANOK BeIGopa 3ieMeHTOB Gasuca B obIeM ciaydae
He TPOM3BOJEeH. JTO CTaHeT 0UEeBHHO, KOT/la MbI Gy/leM paccMaTpUBaTh TeH30pHbBIE
Npou3BeeHUA MaTpHIl .

TaR, TPOCTPAHCTBO COCTOAHUII NBYX KYyOHTOB, Y KaskJOro U3 KOTOpBIX Oa-

3HUC 1 , umeet 6asuc 1 1 1 1 |, uauBO6oaee KpaTKOit
thopme 1 1 11 . B 6oaee obuiem caydae Mbl 6yeM nucaTb  , oJpasy-
MeBas 1 , Tnie ABOUYHBIE MUAPBI YUCIA . A3UCOM TPEXKYOUTOBOI

cUcTeMkl OyjieT
1 1 1 1 11 11 111

B ob6mewm cayuae, cuctema  KyOWTOB uMeeT 2 0a3UCHBIX BeKTOpOB. Temepb MbI
BU/IUM 3KCIOHEHNNAABHBIN POCT MPOCTPAaHCTBA KBAHTOBLIX COCTOSIHUII IO Mepe yBe-

JAUYeHHUs ducaa dacTuin. TeH3opHOe NpoOW3Be/leHHe HMeeT pasMepHOCTh
m m
OCTOfIHUE 11 sBAsIeTCA MPUMepPOM KBAHTOBOTO COCTOSTHHUS, KOTOPOE Hellb-
3f1 MPECTABUTDH COCTOAHUAMHM OT/IeAbHBIX KYGUTOB. PYTHUMU CIOBAMHU, MBI HEe MOKEM
HallTH Tague 1 1 ,9TO0 1 11 1 11, 1.&8.
1 11 1 1 1 1 11 1 11
anus 1 ciefyeT, 4To AUGO , 1bo 1 . OCTOSIHHUfl, KOTOpPbLIe He MO-

TyT pasiaraTbCfl HAa COCTaBHBIE YAaCTHU MOJOGHBIM 00pa30M, HA3LIBAIOT 3aMyTAHHLIMHU
COCTOAHUAMU. JTU COCTOSHUA He UMEIOT RIAaCCHYeCcKOro aHaiora. JTH e COCTOof-
HUuA o0ecnednBAIOT HKCIOHEHITUATBHBIA POCT MPOCTPAHCTBA KBAHTOBBIX COCTOSHUM
M0 Mepe yBedU4yeHHUs 4acTull.

AelyeT OTMeTUTb, YTO NOTPeByIOTCA OTPOMHBIE pecypchl, 4TOOBl CMO/EAUPO-
BaTh Jasxe HeGOJAbIIYI0 KBAHTOBYIO CHCTEMY Ha RJAACCHUYECKUX KOMIBIOTepax. JBO-
JIONUSA KBAHTOBBIX CUCTEM TIpOTEKAeT DKCIOHEHI[HAAbHO ObICTpee, YeM DBOMIONUA UX
Kaaccuyeckux Mopedeii. [loTeHnuanbHag MOIb KBAHTOBBIX KOMINbIOTEPOB KPOETCH B
BO3MO#HOCTH HCMIOJAB30BATh DBOJIONUIO KBAHTOBOTO COCTOSIHMSA B KayecTBe BHIYHC-
JAUTEIBHOTO MeXaHU3Ma.

HOpHL[OH 3JeMeHTOB 6a3uca 6y1:[eT BaMieH, Korga Mbl 6y1:[eM HUCIOJb30BaThb MaTpHUHYHBIC o603Ha-
YeHUA O KBAHTOBBIX HpeOﬁpaSOBaHHﬁ.
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JKCIepUMeHT B moapasfede 2.1.2. geMOHCTpHUpyeT, KaKUM 06pa3oM H3MepeHUe Ofl-
HOro KyOuTa MpoeKTUpyeT KBAHTOBOE COCTOSIHUE HA OMHO U3 0A3UCHBIX COCTOSHUIA,
CBAI3AHHBLIX C U3MEPANIUM yCTpoiicTBOM. Pe3yiabTaT u3MepeHUus ABASETCA BEpOAAT-
HOCTHBIM, a caM Tpollecc U3MepeHUs 3aMeHfdeT COCTOSHHe Ha U3MepeHHOe.
PaccmoTpuM, Hampumep, mpoilecCc U3MepeHUs B 2-KRyOGUTOBOIl cucTeMe. 0CTOA-

HUS MIOOBIX JBYX KYOMTOB MOMSHO TpeICTABUTh Kak 1 1 11,
rie U KOMIJIEKCHBIE YHhciaa, TaKHe, YTO 1. Mpeano-
JOKUM Mbl XOTUM HU3MEpHUTH MepBblil KyOUT B CTaHJapTHBIM Gasuce 1 . aa
yao0cTBa 3amullieM COCTOSIHHE CAedyonuM o6pa3oM
1 1 11 1 1 1
1 1 1
Tar rar u , TO 1 BEKTOPHI e/IUHUY-

HOW [IJIMHBI. AlNKWCAHHOE BhbIIIE COCTOAHUE eCTh TEH30pHO€ NPpOU3BEAEHHUE U3MEPAEMO-
ro6urau BEKTOpa eIMHUYHOM IJUHBI. €rko BU1eTh, KaKWe MOTr'yT ObITh pe3yabTaThl

nocie U3MepeHus. 3MepeHHe epBOro 6UTa ¢ BepOATHOCTHIO gact
MPOEKTHPYS COCTOSIHNE, B 1 |, ¥ c BepoATHOCTHIO OHO
nact 1 |, mpoekTUpyH cocTosHue B 1 1 .T.k. 1

u l 1 ABAAOTCA eIMHUYHBIMU BEKTOpPAMHU, TO TepEeHOPMUPOBKA He

TpeGyeTcA. 3MepeHUe BTOPOro KyGuTa MpOU3BOAUTCA aHAIOTUYHO.

7S KBAaHTOBBIX BBIYUCAEHUI MHOrOOMTOBOE H3MepeHHe MOMKHO paccMaTpUBaTh
Kar psAJl ONHOOWTOBLIX M3MepeHUil B cTaHAapTHOM Gasuce. Bo3MoHBI U OpyTHE BU-
OBl UBMEpPEeHUil. ampuMep, MOKHO MPOBEPUTH, ABAIOTCA AU ABA KyOUTA OIMHAKOBEI-
MM, He BLICHAA 3HAUEHUIl caMUX KyOUTOB. O Mo/J0GHbBIe U3MepeHU SKBUBAIEHTHEI
YHUTaApHBIM MpeoOpa3oBaHHUAM, 32 KOTOPEIMU CiefyeT CTaHAapTHOe U3MepeHHUe OT-
NedbHBIX KYOUTOB, MO3TOMY /IOCTATOUYHO paccMaTpUBATh TOAbKRO CTAHJAapTHBIE U3Me-
peHus.

B npumepe ¢ aBymsa KyGuTaMu NpOCTPAHCTBO COCTOAHUI eCTh IeKApTOBO MPO-
u3BeJleHUe MOJNPOCTPAHCTBA, COCTOSAIIEr0 U3 BCeX COCTOAHUIA, r/le mepBbiif Ry6GUT
HAXOAUTCA B COCTOSHMM  , U OPTOTOHAABHOTI'O MOJMNPOCTPAHCTBA, T/le MepBhIH Ky-
OUT HaXoAUTCA B cocToAHUM | . 1060e KBAHTOBOE COCTOSIHME MO#HO TMpeAcTaBUTh
B BU/le CyMMBbI IBYX BEKTOpPOB, 10 OJHOMY W3 KaJOT0 TMOANPOCTPAHCTBA. 3Mepe-

HHe KyOWTOB B cTaHAapTHOM 0asnce UMeeT 2 BO3MOMHBIX pe3yabTaToOB . Io-
6oe ycTpoiicTBo, usMepsitomee KyOUTOB -KYOUTHONH CUCTEMBbI, NeJUT 2 -MepHOe
MPOCTPAHCTBO COCTOAHMUIM Ha JIeKapTOBO MpOU3Be/leHHe OPTOTOHAMBHBLIX MOATPO-
CTPaHCTB 1 , Toe 1 . B sToM mpousBeneHuun 3HaUeHUE
n3MepsieMbIX  KyOWTOB €CTh  , a COCTOfIHME TOC/Je U3MepeHUs HAaXOAUTCHA B MpO-
CTpaHCTBe /ISl HEKOTOPOTO . CTPOICTBO MPOM3BOJALHO BeIOHpAET OMHO U3 MpO-
CTPAHCTB C BepOATHOCTHIO KBaJpaTa aMIUWIUTY[bl KOMIOHEHTEI B . ajee OHO

MPOEKTHPYeT COCTOSHUE Ha 3TY KOMIOHEHTY, HOPMHUDYSfl ero 3aTeM /10 eJUHUYHO
OIUHBI. PYTUMH CIOBaMH, BEPOATHOCTE TOTrO, YTO pe3yabTaT ABIAAETCA 3a/JaHHO
BeJUYNHON, paBHAa cCyMMe KBajipaTOB aOCOMIOTHLIX BeJdUYUH aMIIUTY[ Bcex Gasuc-
HBIX BEKTOPOB, COBMECTUMBIX C BTOH BelUYHHONH U3MepeHus.




3MEpEeHHA 3aCTaB/IAIOT HAC B3IVIAHYTBhb Ha 3allyTaHHBIC YaCTUIbI C ,[[pyFOﬁ CTO-
POHBI. acTHUIlbl HE ABJAKTCH 3allyTaHHBIMHU, €CJIH U3MEpPECHUE OJ/IHOHM He BaHAET HA

OpyTYIO. ampuMep, COCTOSHUE —— 11 3amyTaHHOe, T.K. BEPOATHOCTH TOTO,

YTO TOcIe W3MepeHus MepBhiit OUT cTaHeT poBHO | 2, mpu ycaOBUH, YTO BTOPOit
6uT He usMepsacsa. OqHaKO ecau BTOpoii OUT ObIa U3MeEpeH, TO BEpOATHOCThL U3Mepe-
HUA MepBoTo OUTa Kak  paBHA | Uau , B 3aBUCUMOCTH OT TOTO, KAKUM 06pa3oM ObLI
u3MepeH BTOpOil OGUT Kak uan 1 COOTBETCTBEHHO. Je/J0BaTelbHO, BEPOATHbIH
pes3yabTaT U3MepeHU MepBoro 6uTa U3MeHAETCA N0/ BAUAHUEM U3MePEeHUS BTOPOTO

oura. ﬂpyFOﬁ CTOPOHBI, COCTOAHUE —— 1 He ABJAETCH 3allyTAHHBIM, T. K.

— 1 — 1 . mo6Goe u3MepeHue mepBoro Guta gacT

He3aBUCUMO OT TOrO, ObLI U1 HU3MEpeH BTOpOﬁ OUT UAM HET. HaAJOTHYHBIM 06pa:30M,
BTOpOﬁ OUT UMeeT paBHEIE MIAaHChI ObITh U3MEpPEHHBIM Kak , HeB3Wpas Ha TO, ObI11
J1 M3MEpPEH HepBbIﬁ OUT WUJIU HeT. OTMeTHM, 4TO olipefe/ieHue 3allyTAHHOCTH, KaK
BIAWAHWUA U3MEPEHUSA OJIHOM YacTuIlbl Ha pesyabTaTbl UBMEPEHUA ,[[pyFOﬁ, aHaJ/Jloruy-
HO HameMy npeablgyimemMy OIpeAe/JeHHUIO 3ally TAaHHBIX COCTOHHHﬁ, KakK COCTOHHI‘IVI,
KOTOpbIE HEJAb3f 3allMCaTb B BUE TEH30PDHOI'O IIPOM3BEICHUSA COCTOSIHUHM OT/edbHBIX
qacTull.

- I

ditnmeiin, llogoanckuit u PoseH mpeanomuau mpoBecTH TeopeTHYECKHil BDKcHepu-
MEHT , B KOTOPOM 3alyTaHHbIe YaCTUIbl UCIOAb3YIOTCH TAK, YTO CO3/JAETCS BIeYaT-
AeHue, OyATO 3TOT DKCIEPUMEHT MPOTUBOPEUUT HyHAAMEHTAIbHBIM OCHOBAM TeOpHUU
OTHOCUTENBHOCTHU. aBaiiTe npefacTaBuM cebe, YTO CYIIeCTBYeT UCTOYHUR, Bhipaba-

ThIBAIOUUH 1Be MaKkCUMalbHO 3allyTaHHbIe HaCTULbl —— — 11 , Ha3bIBaeMhbie

IIIP nmapoit, u oTchlaeT 10 O/HOM U3 HUX Jauce U  00y.

aucau o6 HAXOOATCA HA MPOU3BOABLHOM pacCTOSHUU APYT OT ApyTa. [Ipeanoio-
UM, JHca U3MepsieT CBOIO YacTUIY U O0HAPYKUBAeT COCTOSIHNE . OTO O3HAYAeT,
yTo oblllee COCTOSIHME Tenephb OyneT . ecau 06 U3MepUT CBOIO YaCTHUILY, TO OH
Tar#e 00HApDY#UT . HAJIOTHYHBIM 00pas3oM, ecau Jauca uaMepuT 1 ,Touy oba
OyaeT TOT e pe3yabTaT. aMeTHM, YTO U3MeHeHUe 00Iero KBaHTOBOTO COCTOAHUSA
MPOUCXO/IUT MTHOBEHHO, HECMOTpPA Ha TO, UYTO JIBE€ YACTHUI[bI MPOU3BOILHO Yy/AadeHbI
apyrt oT apyra. llodydaeTcs, 4To 9To no3BoAseT Jauce u o0y mepefaBaThb ApYT [pY-
Ty CHUTHAalbl, KOTOPble pPACHpOCTpaHAIOTCA GbICTpee CKROPOCTH cCBeTa. adbHelmuit
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aHalu3 NOKaeT, YTO HECMOTPA Ha TO, YTO MEHAY JABYMA 4HAaCTUIIAMU CYIEeCTBYeT
CBfI3b, JHca U 00 BCE #e He MOTYT HMCHOMb30BAThH HTOT MEXaHU3M [Jf lepejadn
nHpopManuu.

yHIeCTBYeT [1Ba HEKOPPEKTHBIX MOJX0/a, KOTOPbIe Y4EHbIe BCE eIllé NPUMEHSIOT
[ OMUCAHUSA 3aly TAHHBIX COCTOAHU U UX U3MEPEeHUA. KamI0ro eCThb CBOU TIAIOCHI,
HO 06a OHU He BEpHBI M MOTYT MPHBECTH K HellopadyMeHUSIM. aBaiiTe mo odyepeau
paccMOTpHUM HUX.

ditumeitn, Momonbckuil 1 PoseH MpemooMuIN, 4TO Kaxas dacTuna obaaa-
eT HeKMM BHYTPEHHHM COCTOSIHHEM, KOTOpOe MOJHOCTBIO OMpefelseT, Kakoil Gymer
pesyabTaT AI0GOr0 H3MepeHHs. JTO COCTOSIHNE BPEMEHHO OT HAC CKPHITO, U MO3TOMY
BCE, YTO MBI MOKEM [leJiaTh B JAHHbBI MOMEHT, 5TO 1aTh BEPOATHOCTHBIE MPOTHO3bI.
dTa TeopHa UBBECTHA HAM KaK TEOPHUS CKPBITHIX MepeMeHHbIX. IlpocTeiimasn Teopus
CRPBITBIX MepeMeHHBIX 51 DIP mapel 3araioyaeTcss B TOM, 4TO 06e 4acTHIIBI HAXO-
AATCSA AUBO B COCTOSIHUU M0G0 1 MBI MPOCTO He 3HAEM, B KAKOM U3 HUX. B Takoii
TEOPHHU ISl TOTO, YTOOBI 06 FICHATH CKOPETIUPOBAHHOCTL U3MEPEHUH, CBASL MEHTY
yIaJIEHHBIMU 9acTHIAMH He Hy#Ha. TaKoil TOYKH 3peHHs, KOHEYHO, HeMbasd 00 fic-
HUTh Pe3yAbTaThl U3MepeHUH B Pa3MUyHLIX Gasucax. el mokasai, 4To doGas Te-
OpHfA CKPBITBIX MEPEMEHHBIX MPeICKA3bIBAET, YTO UBMEPEHUs OyAyT YIOBACTBOPATh
HEKOTOPOMY HEepaBeHCTBY, M3BECTHOMY KaK HepaBeHCTBO edda. OnHaro, pesyib-
TaThl HKCMEPUMEHTOB MOKA3AIN, YTO HEPABEHCTBO elda HeBepHO. TakuM 06pasoM,
KBaHTOBYIO MEXAHUKY HElb3fl 00 ACHUTH C TOMOIbLIO TEOPUH CKPBITHIX MEPEMEHHEBIX.
oflee TOYHBIE PACYETHI MO TEOpEMe ellla U COOTBETCTBYIONHE YKCIEPHMEHTRI BbI
cMozkeTe HaliTh B paGote [ een enan a n 199 ].

Bropoii cnocob onvcaHusi OCHOBbIBAETCH HA NMPUYMHE U CAEJCTBUU. alpuUMep,
paHee OBbLIO CKAa3aHO, 4TO U3MEpeHHUe, OCYUIecTBAsAeMoe JUCOMH, BAUAeT Ha U3Mepe-
HUe, KoTopoe npoBoAUT 00. TeM He MeHee, 3Ta TOUKA 3PEHUA TaK}#e HeBepHa, U, Kak
cuynTanu diiHwmreiiH, llogoabckuii u PoseH, nposBasgeTcs B riyb0KHUX NPOTUBOPEUUAX
¢ Teopuell OTHOCUTENBLHOCTU. O#HO NpeIO#UTh caenytomuil cuenapuit 9P opun
HabnonaTenb cHavyala Habao/1aeT u3MepeHue JIKChl, a 3aTeM 06a. B 3To BpemMs BTO-
poiil HabaonaTenb BUJUT CHaYajlda uaMepeHue o6a, a 1oToM Jauckl. B cooTBeTCcTBUU
C Teopuell OTHOCUTENbHOCTH pe3yJ/JbTaThl U3MEpPEeHUH NoJ#Hbl ObITh MHBApUAHTHBI
OTHOCHUTEJBHO 3aMeHbl HabaonaTedeii, T.e. HaGAIOEHUA NEPBOTO U BTOPOTO Habdro-
nateqneil OJM#HBI COBNA/aTh. JKCNEepUMeEHTa/lbHbIe Pe3y/bTaThl 0JJUHAKOBO XOPOIIO
MO#HO 00 ACHUTH CllepBa C NMOMOIIbIO U3MepeHUl 00a M NpUYMHOH M3MEHEHHUA B
COCTOIHMU YaCTHILl  JHUChI, U HA0OOPOT. dTa CUMMETPHUA MO3BOJAAET CledaTh Bhbl-
BOJ, 4TO HU 00, HU JKca Ha caMOM Jlejie He MOTYT Bocnofdb3oBaThca IIIP nmapoii
NJ6l epeflayn CUTHAJOB ObIcTpee CKOpPOCTHU cBeTa. Tarkum o6pa3oM paspelaeTcs Cy-
mecTBYOMUi napanokc. Beé, 4To MoMHO cKas3aTh, 3TO TO, 4TOo Juca U 06 GyayT
Habao/1aTh OJIMHAKOBLIN ciydyaliHbIil pe3yabTar.

B naamHeiimeM, B pasiene, Kacaiomlerocs MJIOTHOTO KOJIMPOBAHUA U TejenopTa-
nuu, Mbl yBUANM, 4T0 P maper mox#HO 6yaeT ucnonb30BaTh /A NOAYUYeHUA HEKO-
TOPbIX NMPEUMYIIECTB MpH Hepeadye HHPOPMAIHHU, HO CKOPOCTh €€ pacnpoCcTpaHeHUs
BCE paBHO Gy/leT MeHbllle CKOPOCTH CBeTa.
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0 CUX TMOp MBI pacCMaTpUBaIU JUIIb cTaTHYeCKUe KBAHTOBbIE CUCTEMbl, COCTOA-
HUe KOTOpPhIX MeHfleTCA TOMbKO NpU U3MEpeHUU. DBOJMIONUA #e TUHAMUYECKUX KBaH-
TOBBIX CHCTEM OIMChIBAETCH ypaBHeHHeM  pénunrepa. Ilpu 9TOM OpTOroHalbHbIE
COCTOfIHMA CUCTEMBbI OCTAlOTCHA OPTOTOHAIbHLIMU. WHelHble NpeoOpa30BaHUA KOMII-
JEKCHOI0 BEKTOPHOTO MPOCTPAHCTBA, KOTOPLIE COXPAHAIOT OPTOrOHANLHOCTh, HA3bI-
BalOTCA YHUTAPHBIMU. 1000e JnHeliHoe peoOpa3oBaHue B KOMILIEKCHOM BEKTOPHOM
NpOCTpPAaHCTBE MO#HO onucaTh matpulieil. llycTts maTpuia NoJdy4aeTcd U3
TPAHCIIOHUPOBAHUEM U MOCAEYIOIUM KOMIVIEKCHBIM CONpA#EHUeM. aTpula  fiB-
JsieTcA YHUTApHOH T.e. ONUCBIBAaeT YHUTapHOe Npeofpas3oBaHWe TOrjla U TOJAbKO
TOT/la, KOTla . 1060e yHUTapHOoe TipeocOpa3oBaHue fABJAAETCA NONMYCTUMOM
BBOJIONMEll KBAHTOBOH cHUCcTeMbl U HAoO0OPOT. HUTApHble NMpeoOpa3oBaHUA MOHHO
paccMaTpuBaTh MPOCTO KaKk NOBOPOThI KOMIIJIEKCHOTO BEKTOPHOTO MPOCTPAHCTRA.

BamHBIM cieficTBUEM TOTO, YTO KBAHTOBLIE Ipe0Opa3oBaHuAd YHUTAPHEI, ABIAET-
cA ux o6paTuMocThb. T.e. KBAHTOBbIE BEHTUM [0/#Hbl ObITh 06pAaTUMBbIMU. TO e
KacaeTcAd KJIaCCUYeCKUX BbIYUCIEHUH, TO, Kak nokasaau eHHeTT, @penkun u Tod-
(oau, OHU Bcerjja MOTyT ObIThb BBINOJAHEHBI 00paTUMO. oJee TMoJpoOHO oOpaTUMbIe
BbIUMC/IEHUS U DHEPreTUYeCKUil M0/1X0/l K HUM PAaCcCMOTPEHBI B €KIUAX O BbIUMC-
denusim @eiinvana [Feynman 199 |.

1. e e B H B e€BeH U U

PaccmoTpuM HecKoAbKO MOME3HBIX MpUMepoB MpeobGpa3oBaHuii 1-KyOUTOBOTrO KBaH-
TOBOro cocTosinufl. B cuay amHeitHoCTH, MpeoGpa3oBaHus MOJHOCTBIO ONpPeeasOTCA
ux fleficTBUeM Ha Ga3uCHbIe BEKTOPbLI. OOTBETCTBYIOI[HE MaTpHUIILI Tpeobpa3oBaHuil
npuBeleHbl PANIOM ClpaBa.

1
1 1 1
1 1
1 1
1 1
1 1
1
1 1 1
O6o3HavyeHMsl BTUX NpeoOpasoBaHUil ABIAOTCA OOIENPUHATHIMHU. TOKJIeCT-
BeHHOe NpeofpasoBaHue, OTpHULIaHue, onepanusd cjiBura 1o ¢ase, a

KoMOuHanua nocaeqHux AByX. [IpeoGpasoBanue  y#e paccMaTpUBAaJIOCh B TMO/pas-
neiae 2.2. llpoBepuTh, 9TO 3TU BEHTUJIU YHUTAPHBI, He COCTABUT OOABINOTO Tpy/a.
anpumMep,




BenTuan uan , melicTByeT Ha /iBa RyOuTa cieyio-
muM o6pa3oM BTOpOil KyOUT uM3MeHsAeT CBOe 3HAaYeHHUe, ecilu TepBbiil paBeH eIUHU-
e, U ocTaércs Ge3 UBMeHeHUH, eciu MepBbli paBeH HY10. BekTopbl 1 1
u 11 o6pasyioT OpTOHOPMUPOBaHHbII Ga3uc B MPOCTPAHCTBE COCTOSAHUI BYXRYGU-
TOBOH CHUCTeMbI  YeThIPEXMEPHOrO KOMINIEKCHOTO BEKTOPHOTO MpPOCTpaHCTBA. s
TOT0, 4TO6BI MpeACTaBUTh MpeoOpa3oBaHMe 3TOr0 MPOCTPAHCTBA B MaTpUYHOMH top-
Me HaM HeoGXO/JMMO BbIOpaTh U30MOpPGHU3M Me#Ay 3TUM MPOCTPAHCTBOM U MPO-
CTPAHCTBOM YeThIPEX KOMILIEKCHBIX OpPT. [UHCTBEHHAf MPUYMUHA, N0 KOTOPOH MbI
npenoYnuTaeM OJUH U30MOP(U3M APYTOMY, 5TO yCI0BHOe coriainiedue. Tak 4To Haml

U30MOpGU3M CBA3LIBAET 1 1 wu 11 co cranmapTHBIM 0a3UCOM TaKOTO #e
nopsjaka 1 1 1 u 1 . Torpa npeo6paszoBa-
HUe nMeeT TpeacTaB/ieHNe
1
1 1 1
11 1
11 1 1

[IpeoGpasoBanue ABAAETCA YHUTAPHBIM, T. K. u . amMe-
TUM, 4TO Heab3f PefCcTaBUTh, KAR TEeH30pHOEe NMPOU3BeeHNe IBYX OJHOOUTOBHIX
npeobpa3oBaHUil.

noOHO Mpe/IcTaBAATh TpeoGpa3oBaHUs KBAHTOBOTO COCTOAHUA Tpagudecky, 0CO-
OeHHO B caydasiX, KOTJa NPOBONUTCA HECKOAbKO TNpeobGpa3oBaHuii. BeHTHah
O0OGBIYHO TIPENCTABAAIOT B BUJlE CAeyIONeil CXeMEI

e3aKpalleHHbIil Kpy#0K 0003HaYaeT ynpaBafonuii KyOuT, a 3HAK

YCIOBHOE OTpHUIlaHHe MOAYUHEHHOTO KyOUTA. €KOTOpble aBTOphl ——o—
3aKkpallleHHbIM KpPysKOM 0003HA4Yal0T BEHTUb C yTpaBieHUeM M0 CHUr-
Haly , TO eCTb MEepPeBOpPOT yMpaBisgeMoro 6MTa, KOrja ympaBAfrOmuil
OUT HAXOOUTCA B COCTOSSHMHU . B ofimeMm ciydae, ynpaBafomux RyGu-
TOB MO#eT OBITb HECROJBKO. oTpHUIaeT
nocieHUil KyGUT U3 TPEX, HO TOAbKO B TOM cilyuae, eciid 006a nepBbIX KyOGUTa paBHbI
equHUIle. paduyecKU ero MOMSHO MpeICTaBUTh KAk MOKA3aHO HA PUCYHKE.

OnHOKRYOUTOBLIE Oomepanuu Tpagudeckn 0TOOpamaTCAd ¢ TOMOIThIO

MOANKUCAHHBIX KBApaTOB, KAK MOKA3aHO HUKE. —

C e . pyTroe BaxHOE O/IHO-
6uTOBOE MpeoOpa3oBaHUe »To mpeoGpa3oBaHue pfaMapa, ompejeise- —sk——
Moe Kak

‘H
]}

N

[Ipeo6pasoBanue  uMeeT Goabllloe YKCAO Ba#HBIX MpUMeHeHUi. elicTByd Ha

coslaeT COCTOAHHE CYNIepIIO3UIUN —— 1 . HpI/IMeHHH K HyGHTaM 110 OT-
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HEJBbHOCTH, IOJYYHUM CYINEPIHO3UIHIO BCEX 2 BO3MOSHBIX COCTOHHHfI, 0603HaYaeMBbIX
ABOWYHEIM INpeacTaBJeHHUEeM 4Yuceld OoT 110 2 1.

1 1 1 | 1
2 2
[lpeoBbpasoBanne , KOTOpOe MpUMeHAET K BceM  KyOGMTaM HasbIBaeTCA Mpeos-
pasoBaHHMeM Ollla  JaMapa. IO MO#AKHO ONpeJeUTh PeKypPCHBHO
1 1
... . OrasbiBaeTcH,
CBOHCTBO YHUTAPHOCTH He TMO3BOJSET KOMUPOBAThH WM KJIOHU-
Y poBaTh KBaHTOBbIe cocTosinudA. IpeficTaBieHHoe 37ech A0KAa3a-
TeILCTBO HEBO3MOMHOCTH KJIOHWPOBAHWA BIepBble OBIIO MOMY-
7 yeHo ByTTepcom u  ypesoMm | e an e 1982]. Ono
3aRIIOYAETCA B MCMOIL30BAHUH JUHEHHOCTH YHUTAPHBIX MPeos-
pa3oBaHuil.
MTpeamomosum, 4To HTO KAOHUpYIOIIee YHUTaApHOe MpeobpasoBaHue, Ta-
KOe 4To nas Beex coctoguuii . Iyerh u HeKOTOphIe
OpTOrOHANLHBIE COCTOAHVA. u . Bosbmém cocTosHme

—— . TOFﬂa, HCIIOJIb3YyA CBOMCTBO III‘IHGHHOCTH, noaydaemMm

1 1
2 2
0 T.K. RJIOHHUpYIOIee MpeoGpa3oBaHue, TO
1
2
YTO He paBHO —— . Taruwm o6pasoM, yHUTApHOII olepanuu, KOTopas Mo-

MeT KJIOHHUPOBATh HEM3BECTHEIC KBAHTOBEIEC COCTOAHUA, HE CYIIEeCTBYeT. OBEpPIICHHO
OYE€BHUIHO, YTO K/JIOHHpOBaHHWE HEBO3MOMHO W IIPpHM MCIOJb30BaAaHHUNU M3MEpEHHA, T. K.
OHO fABJAAeTCA BEPOATHOCTHBIM U OJECTPYKTHUBHO /A COCTOHHI/Iﬁ, He ABJAomuxca 6a-
3UCHBIMHW BEKTOpaMN U3MEPHUTEIbHOTO yCTpOﬁCTBa.

RpaﬁHe BaMHO IIOHATH, Karoi BUA KJIOHHMPpOBaHUA IONMyCKaeTCHd, a Kakroii HeT. Rar
MEI IIOKas3aJM BbIIIE, KIOHUMPOBATh HEM3BECTHOE KBAHTOBOE COCTOSAHHE HEBO3MOMHO.
O,[[HaI{O HU3BECTHOE KBAHTOBOE COCTOAHHE B NIpUHIOHUIIE MOHHO KJIOHHUPOBATL. HpI/IBeC—

TH  YacTHUI B 3aMyTaHHOE COCTOfIHUE 11 1 U3 HEeM3BECTHBIX COCTO-
AHUN 1 Bmoane Bo3MmoHO. Kamnad us sTux dactur Oy/eT BecTu cebs oau-
HAKOBO MpU U3MEPEHUU B cTaHapTHOM 6Gasuce 1 1 1
Yero Heqb3A Gbla0 Obl CKA3aTh, ecau Obl HBMEPEeHUA MPOBOIUANCH B KAKOM-TO JIPYTOM
fasuce. 037aTh COCTOAHUE YaCTHI 1 1 U3 HEM3BECTHBIX
cOCTOAHUT 1 HeBO3MO#MHO.
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. e n e

PaccmoTpuM mpuMeHeHUe 37eMeHTApHBIX KBAHTOBBIX BeHTHU/ell Ha ByX MpuMepax
MJI0THOE KOJUpOBaHUE U TelenopTanus.

[Ipu maoTHOM KOAMPOBAHUU A Tepefadyd NBYX KiIacCUYeCKUX OGUTOB HCMOMb-
gyetrca IIIP napa. Tak war IIIP napa MomeT ObITh paclipefieieHa 3apaHee, TO B
nanbHelimeM 45 Tepefadu ByX GuToB wHpopManuu noTpefyeTca nepefnaTh GuU3H-
YecKHW BCero JUIlb OJHY YacTHUIy. 9TO JI0BOJAbHO HEO#HUJAHHBLINA (aKrT, MOCKOIbRY,
Kak 0TMeualJoch B pasjiefie , U3 KyGUTa MyTEéM U3MepeHHUfl MO#HO M3BIeYh TOAbKO
OJIUH KAaccuyecKuil OGUT TMoae3HOH UHPOpMATHH.

Teaenopranus BTO Mpollecc, MPOTHUBOMOJIOMHbBIN MIOTHOMY KOJUHPOBAHUIO.

nlech A4 epelauyl OAHOro KyOuTa, Kak BCIOMOraTelbHbIe, HCNOAb3YIOTCA IBa Kaac-
cudeckux 6uta. Tedenopranus HeomuJaHHA BBUY NPUHIUNA HEBO3MOMKHOCTU KO-
HUPOBaHUA, T. K. OHA O3BOJAAET NPOU3BOIUThL MEPEHOC HEM3BECTHOTO KBAHTOBOTO CO-
CTOSHUSA.

Anuca

bo6

—

Konupyroree
— | yCTPOHCTBO

___________________ Jlexonep

KatoueBbIM 174 MIOTHOTO KOJAMUPOBAHUA U TeJeNopTalUuU ABIAETCA UCIONh30Ba-
HUe 3amyTaHHBIX cocToAHu. [lepBoHavanbHas ycTaHOBKA OJMHAKOBA /11 060UX TPO-
neccoB. [lycTh, HanpuMep, auca u 006 XOTAT MepefaBaTh APYT APYTy HHGOOpMAIHIO.
RamioMmy noceliiaetcs ojiHa 3anyTanHad dactuna us IIP napei

11

]}

MpeanonaosuM, Jauce nocaajgu MepByO 4acTUlly, a o0y BTOpPYIO. Tak, Moka
YacTHUIbI He TepechlIaloTCA, TOABKO JHUCa MOMKeT COBeplllaTh NpeoOpa3oBaHue Ha
cBoell yacTtuneil, 1 TOAbKO 00 HaJ cBOeM.

C e . Jica MpUHUMAaeT JIBa KJacCHYecKUX OuUTa, KO-
TOphle et Hy#HO mepefaTh 00y, KOAUPYSA UX 4YuUciAaMu OT [0 . B 3aBHUCHMOCTH
OT BTHUX 4KCed Juca BINOAHAET OJHO U3 Npeobpa3oBaHuUil HaJl CBOUM
KyOuTOM 3amyTaHHoit mapel . [IpeoGpasoBaHue Hajl OMHUM KyOWTOM 3amyTaHHOI
napel O3HA4aeT, YTO HAJ APYTHUM KyOHTOM NpPOUCXOJUT HpeoOpa3oBaHMe HAEHTHUY-
HocTu. [lomydeHHbIe cOCTOAHUA MOKA3aHbl B TabauIe




Ha4yeHHue HpeO6paBOBaHI/Ie OBO€ COCTOfIHHUE

— 11
1 1 — 1 1
2 — 1 1

— 11

aTeM Juca OTChliaeT CcBOH KyOUT 0Oy.

o6 mpuMeHseT - K 3alyTaHHOH Tape.
[lepBoHavaibHOE - [lepBhIit KyOUT  TOpoOii
COCTOSIHUE KyOUT

— 11 — 1 — 1

1 — 1 1 — 11 1 — 1 1
— 1 1 — 11 1 — 1 1
— 11 — 1 — 1

OTMeTuM, 9TO ceiiuac 00 MO}seT U3MePUTh BTOpOIl RyOUT, He BO3MYI[asd KBAHTOBOE
COCTOAHHWE. CIU pe3yabTaT U3MepeHUus , TO HTO O3HAYAET, YTO 3aKOIUPOBAHHBIM
3HaYeHHWeM ObII0 YUCAO UAU , ecldu pe3yabTaT | , To 1 uaum 2. anee o6 npu-
MeHfleT BeHTWIb JAaMapa K NepBOMY RyOuTy.

[lepBonavaab- IlepBuIit RYGUT MepBBIil KyOUT
HOe COCTOfiIHUe
1 —— 1 —_— —= 1 —— 1
— 1 — — 1 — 1 1

HAaKOHell, u3MepseT MepBblif KyOUT, 4TO MO3BOJAAECT eMy OTAUYUTL OT WU
1 ot 2.

C e . € lelblo fBAsieTCs epejjada KBAHTOBOIO COCTOAHUSA Yac-
TUIBI, TPUBJAERas Kiaccuyeckue ONTHI, U TOYHOE BOCCO3/laHUe KBAHTOBOTO COCTOAHUSA
y noaydaTtedqs. [lockodbRY KBaHTOBOE COCTOSIHUE HEMb3fl KOMUPOBATh, TO Y UCXO/IHOM
YacTHIIBl OHO 00fizaTeabHO Oy/eT pasdpyiieHo. TeaenopTanuio ogHOro KyOuTa dKCIe-

PUMEHTAILHO OCYIECTBHIH [ mee e e a. 199 e ene a. 1998 e
a . 1998].




Anuca Bo6

Konunpywomee |
yCTPOHCTBO

Jlexozep

Jduca He 3HaeT COCTOAHMA Haxogdamerocs y Hee HyﬁI’ITa. Ona xo4eT mocaaTh

COCTOfIHHNE 9TOro HyﬁI’ITa
1

o0y To KAaccuyecKuM KaHaiaM. KRak U mpu NJA0THOM KOAWUPOBAHUU,y JUCBI U 00a
€CTh M0 OJHOMY KyOHUTY 3amyTaHHOH maphl

L 11
2

Auca NpuMeHsieT NeKOANPYIONIYIO Mpolefypy MJAOTHOTO KOJUPOBAaHUA K KyOUTY, KO-
TOpBIil HY#HO TlepefiaTh, U K CBOeil yacTulle 3anyTaHHOH Mapbl. JeAYIONIUM IIaroM

auca pacuiudpoBbIBaeT MAOTHLIN KO TepefaBaeMoro Ky0uTa , a TaKkke CBOIO TO-
JOBUHY 3alyTaHHOU Mapbkl. TapTOBBIM COCTOSHUEM fBJIAETCA

L 11 1 11
2
L 11 111
2
B KOTOPOM JIMCa yNpPAaBJsieT epBLIMU ABYMSA Ky6uTaMu,a 00  NOCAeJHUM. ajee
Juca HpHHIIaﬂhIBaeT " B STOMy COCTOAAHUIO
1 1m 1 11
2
1 1m 1 11
2
% 11 111 1 111 11
1 1 11 1 1 11 1
2

aTeM Juca u3MepseT TNepBble fBa KyOuTa, moaydyas C paBHOII BepOATHOCTHIO
1 1 wuam 11 . B 3aBucuMocTH OT pe3dyJ/bTaTa U3MepeHUs KBAaHTOBOE COCTO-
fiHnue kybuta o0a npoeKTHUpyeTCH Ha 1 1 1 nam 1




COOTBETCTBEHHO. JIMCa IIOChLIaeT pe3yabTaT CBOETro M3MEpEeHUS 06y B BH]JI€ IBYX
KJaccu4ecKux OUTOB.

OTMeTI/IM, 4TO IIpU MU3MEpEHUH JHca HeOGpaTI‘IMO H3MEeHHU/Ia COCTOfIHHE CBOE-
ro neppoHa4dajJbHOTO HyGI/ITa . MEHHO 9Ta NnoTepf IepBOHaA4YaJbHOI'0O COCTOAHUA H
ABJAETCH HpI‘I‘JHHOﬁ, 1o HOTOpOﬁ TeqaenopTanuAa He MPOTHUBOPEYUT IPUHIHUIIY HEBO3-
MOMHOCTHU KJOHUPOBAHHUA.

06, IIpUHAB JBa KJaCCHYE€CKUX 6uTa oT JUCHI, 3HAeT, KaKk COCTOAHHE ero yac-

THUIbI SHHyTaHHOﬁ napel CBA3aHO C IepBOHa4Ya/JbHbBIM COCTOAHHUEM HyGHTa JHUCBI

[MpunAThEIe KyOUTHI octossuusa Pacmudposra
1

1 1
1 1
11 1

HpHMeHHH COOTBETCTBYIOIIEce HpeOGpaSOBaHHe K CBO€ll MoJIOBUHE 38HyTaHHOI‘/'I napel,
00 MO:;eT BOCCTAHOBUTH M3HAUYaA/NbHOE COCTOSAHHUE I{yGI/ITa JUCBI . aMeTHuMm, 4TOo
9TO €CTh HO,[[prIOH.[HI?I mrar mJaoTHOro KOAMpOBaHUA.

. B H B e e

B HacToAleM pasjeiie O6cy}‘ﬂﬂaeTCH, KaKUM KBaHTOBasg MeXaHHKa MO#eT ObITh HC-
MOoJb30BaHa OJf NMpOBeIeHUsA BhI‘-IHC.HeHHﬁ, U B YEM COCTOUT KadyeCcTBEHHOE OTIANYNe
KBAHTOBBIX BbIUMCIEHUH OT BbI‘-lHCJIeHHﬁ, BBINIOJTHEHHBIX Ha KJaCCHUYeCKOM KOMIIbIO-
Tepe. BCHOMHHM, 4TO B pasfieje TOBOPHUJIOCE O TOM, 4TO BCe HpeOGpaSOBaHHH KBaH-
TOBOTI'O COCTOAHUSA OGpaTI/IMhI. KRaaccuyecknii BeHTUIb TOse ABJafAeTcA 0b-
paTUMBIM, TOr1a KaK BEHTUJIHN s nu 2 - TaKOBBIMHU HeE
ABJIAKOTCA. OBCEM HE OYEBHIHO, HTO IIOMOIIBIO KBAHTOBLIX HpeOGpaBOBaHHﬁ MOMHO
BLINOJHATE KAacCUudecKue BbluuciaeHus. B NepBOM IMOoJpa3jedie ONMCBIBAOTCA IOJHBIE
Ha60pbl OGpaTI‘IMhIX BeHTH.Heﬁ, KOTOpbIC MOTYT OCYLIECTBJ/IATH Mo0ble Kiaaccudeckue
BBIYHC/ICHHUA HA KBAHTOBOM KOMIIBIOTEpE. 0OJiee TOro, TaM #€ ONMWCBIBAIOTCA U Habo-
pbl BeHTHJIeﬁ, C IIOMOIBIO KOTOPBIX MO HO BBINIOJHATE BCE€ KBAHTOBLIC BEIYHUCJICHUA.
Bo BTOpPOM Moapasjeqae pacCha3dblBa€TCA O KBAHTOBOM NapaijljieJIu3Me.

1. BH B e e

RommnaekcHble YHUTapHble Ollepalun y,[[OGHO 3alnchiBaTh C IMOMOIIBIO Gpa— N K9T-

o003HaYeHU. Jf IBYX NPOU3BOJIbHBLIX YHUTAPHBIX peoBpa3oBanuii 1 u YCJIOB-
Hoe mpeoGpa3oBaHue 1 11 TO#e ABAAETCA YHUTApHbIM. BeHTUb
- K- MO3eT GbITh ONpe/leieH, KaK
11
TpexKyOUTHBIH - - nau BeHTuJab Toddoau, pac-

CMOTpeHHbIﬁ B pazjeiie , TanMe ABJACTCA NPUMEPOM 3TOro yC/IAOBHOI'O ollipeae/ieHUs
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Onepatop Toddoau  MomeT OBITH HUCHOAL30BAH /A MOCTPOEHHA ToJAHOro Habopa
Oy7eBBIX CBAI30K, TAaK KAaK C MOMOIbIO HET0 MOKHO MOCTPOUTH ONEepaTOpkI u

11 11

cnonb3yf BeHTUAW Toddodu MoO#HO NOCTPOUTH AOGYI0 KIACCHYECKYIO JOTH-
YEeCKYIO CXeMY. ampuMep, cle[yiollas KBAaHTOBAs cxeMa MPOU3BOUT OIHOPa3pATHOe
clio#eHNe, UCMOAL3ysA BeHTUau Toddoaun u -

lc) le)

|0) EP)

|y ] ly)

| 0) |s)

|0) lch
rge U 9HTO OUTBI NAHHBIX, HX CyMMa 10 MOIYJ0 2, BXOJHOH paspsij
nepeHoca, a BLIXO/JHOM paspsij neperoca. B paGorax Beapana, apeHso u dxepra

[ e e a.199 ] ucnoabdytorcs Gojee CIO#HBIE CXEMBbI.
BenTuab @pekyHa BbINONHAET TaK HasblBaeMblil ylnpasiseMblil 06MeH , U ollpe-
JeqsieTcs, Kak

rie ornepanus, Npou3Bo/idas o6MeH
11 1 1 11 11

UTaTeJb MOMET MPOBEPUThH, YTO M, ABAAIOTCA NOJHBIMH JIJA MOCTPOEHUS TPO-
UBBOJNLHBIX KJIACCUYECKUX JOTMUYECKUX CXEM.

ofiy morasai [ e 198 ], 4TO BOBMOHO MOCTPOUTH OGPATUMbIE KBAHTOBBIE
CXeMbl [JIfl BEIYUCAEHUS J1000# Kiaaccudeckoit GyHEIMU. DaKTHYECKH MOMHO BBeC-
TH MOHATHE YHUBEPCANbHON KBaHTOBOI Mamuubl ThiopuHra [ e n enan a an
199 ]. llpu »TOM Ha/0 UMETh B BUAY, YTO /LI JEHTbl MaliuHbl ThIOPUHTA TOIH#SHO
OBITh NMpeIoCcTaBIeHO HeoOX0JUMOe KOINYeCTBO KyOUTOB.

i06asi Kaaccudeckass QyHRIUA  C BXOMHBIMU M BXOAHLIMU GUTAMHU MO-
#(eT GBITh BHIUKMCAEHA HA KBAHTOBOM KOMIbIOTEpE, TO eCTh, CYyIeCTBYeT Takas KBaH-

TOBafg cXema, KOTopaf BblYucaseT . PaccMoTpum -6uToBOe mpeoGpaszoBa-
HUe , rme  o6o3HavyaeT MOGUTOBOE HCRIOYAIOIIee-

He TyTaiiTe ¢ BeKkTOpHOIi cymmoii . KBanToBasg cxema , ompefieJeHHAsA TaKUM
cnocoboM, fiBAseTcA yHUTapHOH mpu aw6oit dyHROUU . a8 TOro, 4ToOBI BBIUHC-
IUTh MbI TIpUMeEHsIEM K, TEH30PHO YMHOKEHHOMY Ha ¢  HyJei
[Mocroabry , TO MBI UMeeM . padpudecku mpeoGpasoBa-
HUe nuzobpamaerca ciaefyOmuM o6pa3omM




|x)

|x)

ly) — — lyex).

OTAl BEHTUAW U  ABJAAIOTCA YHUBEPCATbBHBIMU AAA KJIACCHYECKHUX JOTHYeC-
KUX CXeM, U3 HUX HeJb3fl MOCTPOUTH MPOU3BOMAbHEIE KBAHTOBBIE MTpeoOpa3oBaHud.
TOT0, 4TOGLI OCYTIEeCTBUTHL NPOU3BOJAbHEIE YHUTAPHBIE Tpeo6pa3oBaHuAd TOYHOCTHIO
70 TIOCTOSIHHOTO (Ha30BOTO MHO#UTeAd oOmuil Ga3oBbIil CABUT COCTOSAHHUSA HE UMeeT
(PUBUYECKOT0 CMBICAA , HEOOXOMUMO pacCMOTpeTh BpallleHHsl OIHOTO OGUTa. apeHKo
uap.[ aen e a.199 ] nokasaau, 4To BMecCTe C MOJAHbIM HaGopoM OIHOGUTO-
BbIX KBAHTOBBIX BeHTU/ell fABAfAeTCA YHUBepCcalbHBIM HaOOpOM. OCTAaTOYHO UMETh
BO3MO#HOCTH BBINMOAHATH CeAyionne ofHOOUTOBLIe TpeoGpa3oBaHus

n

aas Bcex 2 , a Takmke 1 uToBBl MOAYYMTh YHUBepCalbHLI HaGop

KBaHTOBLIX BeHTUIeil. Rar Mo3JaHee 6y/:[eT BUJHO, TaKHe HpeOGpaSOBaHHH ABJAIOTCAH
KJAOYEBBIMHU [ UCIHOJAbB30BAHHUA MPEUMYIIECTB KBAHTOBBIX BbIYUC/JEHUH.

. e B H B e U
TO NPOMHUCXOAMT, €CJIHn INpUMEHAeTCA K BXOJHOMY COCTOAAHHIO, KOTOpOE ABJACT-
Cd B cynepnoanuneﬁ OtBer OpocT U YAUBUTEJNEH IOCKOJIbRY 9TO JINHelHoe

npeobpa3oBaHue, TO OHO TpUMeHseTCA KO BceM Ga3UCHBIM BEKTOpaM B CYTepHO3UIUU
O/THOBpEMEHHO, U COo3/laeT CyNepno3UuIUio pe3yabTaToB. TakuM cmocoGoM BO3MOHSHO
BBIUUCIUTH Oad  3HAYEHU apryMeHTa NpHU OJJHORPATHOM TpUMEHEeHUH
Taroit sdderT Ha3pIBAETCA KBAHTOBBIM Mapalelu3MOM.

OCTOMHCTBO KBAHTOBLIX alTOPUTMOB 3aKA0YaeTC B NpPeUMyIllecTBe KBaHTO-
BOTO Mapajiefiu3Ma U 3anyTaHHOCTH. Tak, 60AbIMIUHCTBO KBAHTOBBLIX alTOPUTMOB
HAYMHAETCA C BRIYUCIEHUA HHTepecytomeil Hac QyHRIUYN HA CyNEepNO3UUU BCceX 3HA-
yenuii. Bce HaunHaeTcd ¢ cocTosAHNA -RyOWTOB. alee MpuMeHsAeTCA Mpeo6-
pasoBaHue ofma JaMapa U3 noapasjeda .1.1. aas moaydeHuUs CymeploO3UNUU

—_

1 1 1

“I‘H
(W]

MeeTCA B BHAY BO3MOMHOCTE OCYMECTBJ/ICHHUA piRiE: nmapsl KyﬁI/ITOB.
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ob6aBaseTca -GUTHBIN perucTp  , U 3aTeM, M0 YCAOBUIO JUHEHHOCTH, TOMy Ya-

eM
1 1 1
1 1 1
2 2 2
rie HHTepecytomas Hac QyHRIUA. JeJyeT OTMETUThb, YTO MOCKOJAbRY  KYy-

OUTOB MO3BOJAAIOT paboTaTh OTHOBPEMEHHO C 2 COCTOSAHUAMU, TO KBAaHTOBLII napai-

Aeau3M 0OXO/JUT OTpaHUYeHHe MPOCTPAHCTBO-BpeMf KJIACCHYECKOTO Mapaaieinn3ma,

Tak KAk OH MO#eT o6GecleyuTb HKCIOHEHIHAAbHOE BO3pacTaHWe BBRIYHCAUTEIbHOTO

NpoCTpaHCTBA MpH JUHEHHOM BO3pacTaHUM 06 éMa (U3UYeCcKOro NpocTpaHCTBa.

PaccmoTpuM TpuBHaNbHEBIN TpUMep UCOAb30BAHUA - -

- onepatopa Toddoan , nad BeIUUCIEHUA KOHBIOHRIUU BYX BeIUYUH
a BXOJl MOJaquM CYTHepHO3UIUI0 BCEX BO3MO#HBIX OUT-KOM-

OuHanuii u , KpoMme 1, 1 | ) ————|x)

|9)

1 ly)

]}
N |—

|0) [xAy)y

1 1 11

[IpumensieM K CyNepmno3uIMU BXOMOB, 4YTOOBI MOAYYHUTH Cymep-
MO3UIHNIO pe3yIbTaTOB

1

= 1 1 111

2
PesyabpTupyoomyo cynepno3uiuio MOKHO paccMaTpUBaTh Kak TaGIUIy UCTUHHOC-
TU AAd KOH IOHKIHUHM WAU Kak rpad QyHRIOUU. a BBEIXOJE BEAUYMHEBI u

3anmyTaHbl TaKUM 00pa3oM, YTO W3MepeHUe pe3yabTaTa AacT OJHY CTPORY Tabau-
bl UICTUHHOCTHU, WJIH, 9TO BKBUBATEHTHO, TOURY Tpada ¢yHrnuu. [locae usmepenus,
nepBhie /IBa KyOUTa COOTBETCTBYIOT BXOJIHOMY 3HaueHHUf, a TpeTuit KyGuT  cooT-
BETCTBYIONEMY 3HAYEHUIO

a TepBbIil B3TaAAMA, 3[eCh HET MpeuMyIllecTBa HaJ KAaCCHYECKUM Mapallienms-
MOM, MOCKOAbRY MPU U3MEpPEHUU MOM#SHO MOJYYUTh TOAbKO OUH Pe3yabTaT, U K TOMY
€ Mbl He MO#eM BBIOUpATh, KAKOI pe3yabTaT MbI MOAYYHM. YTh A060TO KBAHTO-
BOTO aATOpUTMa  3TO CNOCOO, ¢ MOMOIbIO, KOTOPOTO OH MAHUNYAUDPYeT KBAHTOBBIM
napajiaelu3MoM TaKUM 00pas3oM, UTOOHI #sefaeMble pe3yabTaThl U3MEPATUCH C GOTb-
Mol BEpOATHOCTHIO. TpaBieHHe TAKOro THIA He MMeeT KJIACCHYECKOro aHajora u
TpeGyeT HeTpaJUNMOHHBIX MPUEMOB TporpaMMupoBanus. BoT mapa mpuemMoB, KOTO-
pble U3BECTHHI HA CETONHANIHUN IeHb

cujeHUe HY#HBIX HaM BBIXOAHBIX BeauduH. OCHOBHafA ujesl 3TOro cnocoba 3a-
KJA09aeTcAd B Npeobpa3oBaHUM COCTOAHUA TaKUM 00pa3oM, 4ToOLI HHTEpECYIOIIHe Hac
BeJUYUHBI UMeau GOJbIIYIO0 aMIUTYIY U, cleoBaTeldbHO, Gojee BLICOKYIO BEpOAT-
HOCTb ObITH U3MepeHHbIMU. [[puMepsl OyayT mpeAcTaBlieHbl B pasjede

axomaeHue o6MUX CBOMCTB Bcex 3HAYEHUI . 9TOT cnocob MpUMeHeH B af-
ropuT™Me  0pa, r'jle UCMoAb3yeTcsd KBaHTOBOe nmpeobpasoBanue Oypre /111 NOAYy YeHHUA
nepuosia
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B 199 roapy lutep op, BAOXHOB/JEeHHLIH paGoToll aHuens alfiMoHa oOnNyGJIMKOBaH-
Holi mose [ m n 199 ], OTKPLII OrpAaHUYEHHO BEPOSITHOCTHBIH AITOPUTM pasiio-
MEHUA Ha MHOMKHUTEIN -pa3ps/IHbIX YHcea 3a NOJMHOMHAAbHOE BpeMA Ha KBAaHTOBOM
KOMINBIOTEpe. Aa4YuHafA C CeMHIECATHRIX, MO/U UIYT 3P PeRTUBHBIE aATOPUTMBI 1A
pasnoseHu MeablxX dynced. auboaee s¢pGeKTUBHBIM RIACCUYECKUM alrOPUTMOM, U3-
BECTHBIM Ha CETOJHSIIHUN [eHb, SBISETCA airOPUTM EeHCTpa U eHCTpa [ en a
an en a 199 ], KoTopbIii BKCIOHEHIIMAEH O pa3Mepy Bxopa. Bxon 3TO Habop

nudp uucaa , UMeIONUil pazMep . 1o OBIIU HACTOIBKO yBEpPEHHI B
TOM, 9TO 3 ()eKTUBHOTO aATOPUTMa PasoKeHUd He CYIeCTBYeT, UTO OblAU CO3MAHEI
KpuUnTorpaguyeckrie CUCTEMbI, HApUMep , KOTOpbIe OMUPAIOTCA HA CAOKHOCTD

9TOi mpobiaembl. Pesyabrar  opa ObLa1 OMIEJIOMIAIONIUM s GOMLIINHCTBA YUYEHEIX,
nofyuB UX K IMUPOKOMAcIITAOHBIM UCCAeJOBAHUAM B 00JaCTU KBAHTOBBIX BhIUUCIE-
HUT.
B GoabuinHCTBE alropuTMOB, BRJKOYAA alrOpuT™M  Opa, HUCINONb3yeTCH CTaH-
napTHBIH cnoco® cBelleHUA 3a7ladyd pa3ioxKeHUs K 3ajjaye MOUCKa nepuojia QyHKIUU.
Op UCHOJAb3yeT KBAHTOBBIH NapamiequsM [Jf NMOJdY4YeHUA CyNeplo3UlUi BceX 3Ha-
YyeHU#l (QyHKIUM 3a OAWH IIAr. aTeM OH IPOU3BOJUT KBAaHTOBOe NpeoOpa3oBaHue
Dyphe, pesydbTaTOM KOTOPOTO, Kak [/ KJacCu4eckoro npeotpasoBaHuu @yphbe, AB-
afgeTcA (YyHKIUA, apryMeHT KOTOpOi KpaTeH BeduduHe, oOpaTHOH mepuopy.  BbI-
COKOIl BepOATHOCThIO U3MepeHUe COCTOAHWA BO3BpalllaeT Nepuojl, KOTOPLIH B CBOIO
oyepenlb, CAYHUT A pas3ioKeHU eJ0r0 Jucia
Bce uTo 6b1I0 cKazaHoO BhIlNE, pacKpbiBaeT CYyTh KBAHTOBOTO airopuTMa, HO B
OouYeHb YNpPOLIEHHOM BUje. auboblias TPYJHOCTh 3aK/JII0YaeTCH B TOM, YTO KBAHTO-
Boe npeobpasoBanue Dypbe ocHOBaHO Ha ObICTpOM Tpeobpa3oBaHuu Dypbe U, TAKUM
ofpasoM, faeT TOAbKO NpUGIUBUTENbHBIN pe3yabTaT B OOJbIIUHCTBE CAy4YaeB.
Jf Ha4a/ja Mbl OTIMIIIeM KBaHTOBOe NpeobpasoBanue Dyphe, a 3aTeM JlajJUM MO/~
pobHOoe onucaHue aaropuTMa  opa.

1. BH Be&e e B HHe e

B o6mewm caydae npeo6pasoBanusg @ypbe MepeHOCAT JaHHbIE U3 BPEMEHHOI B 4acToT-
Hyto o6aacTh. Tar, npeobpasoBanns @ypbe npeobpa3yioT HyHRIUU C IEPUOOM B
(GYHKINHU, Y KOTOPLIX 3HAYEHUS, OTAUYHbBIE OT HYJA, MOABAAIOTCA TOAbKO B 3HAYEHHU-

fIX KpaTHbIX 4yacToTe —. UCKpeTHoe npeobpaszoBanue @ypre F | IO jefict-

ByeT HA  paBHOY[aleHHBIX BLIGOPOK B MOJAyUHTepBajie [ 2  [if HEKOTOPOTO , U
BbIJaeT QYHRIUIO, Ybfl 06aCTh OTNpeedeHUss  9TO [edble Yucia OT [0 1. wuc-
KpeTHoe mpeobpasoBanue Pyprbe GyHRIUU Meproaa 9TO QYHRIUSA, CKOHIIEHTpU-

pOBaHHas OKOJO 3HAYEHUI, KpaTHBIX —. CJAU Mepuon feauT  Ge3 ocTaTKa, TO pe-
3yabTaToM OyeT QyHRIUSA, y KOTOpOil 3BHAYEHU A, OTAUYHLIE OT HYJIf, UMEIOTCH TOIb-

KO B TOYKAX, KpaTHBIX —. B npoTUBHOM ciydae pesyibTaT GyaeT NpuBAU#SEHHbIM,

U OTAUYHBIE OT HYJAA 4YJeHbl NOABATCA B Yucaax, OANBKUX K KPaTHBIM —.
bicTpoe npeobpazoBanue @ypre FF | MDD sapadercsa pazHoBugHocthio F |




rie ctenedb Boiiku. KBanToBOe npeo6paszoBanue Pypre F | KIID aABasercsa
BapuanTtoM F | rie, Takse, kak U B FF | ncnoabsytorcs crenenu nBoiiku. KBan-
ToBOe mpeoOpasoBanue Pypbe AelicTByeT HAa aMIMIUTY/Ibl KBAHTOBOTO COCTOSAHUSA, KaK

rie BTO [JUCKpeTHOe npeobpas3oBaHue Dypbe ,a W BapbupyloTcH,
KaK IleJble yucaa oT /10 1 B IBOMYHOM NpecTaBleHUU . CJAu Obl COCTOAHUE
WU3MEPUJIH Toc/e TOro, Kak npeobpazoBanue @ypbe BbINOJAHEHO, TO BEPOATHOCTb TOTO,
4TO pe3yabTaT , Oblaa Obl

ITpumensa kBaHTOBOe NpeobpazoBaHue Pypbe K MepuoANYECKON (yHKINU

C IIepruooM , MBI IpeanoJaraji 3aKOHYNUTh , rage paBHO HYJIIO Be3je,
KpoMe BHH‘JGHHH, KpaTHBIX —. Tarum 06pa30M, KOorjga COCTOSIHME M3MEPEHO0, pe3yJb-
TaTOM AABJAIOTCA 3HAYECHHUA, KpaTHbIe —, HAIlpPUMEep —. O, KaK y#He Ob1J10 3aMedeHO

BbIllle, KBAHTOBLIe TpeoGpa3oBanus Dyphbe AAIOT AUNTb NPUOAUSUTEAbHBIN Pe3yabTAT
N TepUuoJ0B, KOTOpble He ABIAAIOTCA CTENeHbIO JIBYX, T.e. MepUONIOB, KOTOphIe He
neaaT . OpgHako yeM Goabllle CTeleHb ABOMKH, UCMOAb30BaHA B KauecTBe Gas3bl Mpe-
o6paszoBaHuf, TeM TOUYHee annpokcuManusa. KBanToBoe npeoGpasoBanue Oyphe

¢ Gazoit 2 ompepeaseTcA Kak

1
2

Jfl TOTO, 4TOOBI aATOPUTM  Opa Obld MOJUHOMHUAABHBIM, HEOGXOAUMO 4TOOLI KBaH-
ToBOoe mNpeoOpaszoBanne PDypbe BHIYUCAAIOCH 3Q(PEeRTHBHO.  Op MOKA3bIBaeT, YTO
KBaHTOBOe MpeoOpasoBanue Dypbe ¢ 6a3o0il 2 MO#HO MOCTPOUTH € HCTOJAb30BAHUEM

TOABKO ——— TpeoOpas3oBaHuil. ITO MOCTPOEHNUE UCHOAL3yeT 2 THUNAa BEHTUJE.

Onun I8 pealu3aluy y#e 3HAKOMOTO MpeoOpa3oBaHHUA JAamapa 4yepes
o6o3HauuM mpeobGpa3oBaHue [amapa, NIpuMeHsieMoe K -My GuUTy , Apyroii aas
peaauzanuu ABy6GuTHOro npeoGpasoBaHus Bujaa

1
1
1
rie 2 . 910 npeobGpa3oBaHue BO3/leHiCTBYeT HA -bIil U -HBIH GUTHI GOMB-

moro peructpa. KBanToBoe mpeobpazoBanue Dyphe 3afaeTcA BbIpameHUEM

3a KOTOpBIM ciaemyeT obpamieHue 6UTOB. cau 3a FF  caegyeT usmepeHHe, Kak B
aqropuTMe  opa, To obpalieHue OMTOB BHINOTHAETCA KaaccudeckKuM crnoco6oMm. Bee
[leTalu BbINOAHEHUS AITOPUTMA MOMHO HalTH B paGoTe aBTOpa ajlroputMa [

199 1.
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HOC.He,[[OBaTeJIbeIe maruv ajaropurma Opa JgeTaJbHO NpeacTaB/JeHbl B HUMEC/IeY10-

meM NmpuMepe, T/le Mbl pa3iaraeM Ha MHOMUTENU YUCIAO 21.
[IpousBoabHO BRIOMpaAeM 4YUCAO . CJAH  He
ABJAAETCA B3AaUMHO NMPOCTHIM , TO BHAYUT MBI y#e HAlLIW JeauTTeab . B mpo-
THUBHOM clydyae NpUMeHfieM OCTaBIIYIOCA 4acTh aAroputMa.
Mycts  GyjpeT TakuM, 4TO 2 2 [9ToT BBIGOD GBII CHEIAH TAKUM

o6pas3oM, 4ToOkLI anmpoOKCUMAINH, TpUMeHsAeMoil B mare 148 QyHRIuUii, deit mepuon
He ABJIAETCA CTelleHblo BOHKM, Oy/ieT BIOJAHE 0CTAaTOUYHO, YTOOLI OCTaBIIasACA 4acTh
aaropuT™a pagorana). CHoib3yeM KBAHTOBBIH Mapalieln3M, KaK OMHCAHO B MO/Ipa3-
nede .2. 0as BBIYHCAEHHSA m 145 BcexX MeqdbIX 4uced oT [0 2 1.
Momyuyum, Takum o6pasom

1
2
Mpeanoaoxum 11 6110 BeIGpaHO caydaiino. T.x.
1 2 882 2 |, TO Mbl HaXoJUM 9. Takum obpasoM, Bcero 1
kyouToB, 9 nag uw pas , TpeOyloTCA 7Sl BbIYUC/AEHUS cynepno3unuu 1 .
. KBan-

ToBOe mpeoOpazoBanrne Pyphe BO3AelicTByeT HAa QyHKIUIO aMIIUTYAbl, CBA3AHHOMN C
BXO/IHBIM COCTOSIHMEM. TOObI HCMOABL30BaTh KBaHTOBOe MpeoGpasoBanue Pypbe 111
nonydeHusl mepuosa ¢yHRIUU , HeOOXOJUMO COCTAaBUTb COCTOSHUE, UbA (QYHRIUA
aMIJIUTY OBl UMeeT TOT ke TMepuoji, 94To U

JSl COCTABICHUS TAKOrO COCTOSIHHSA, UBMEpSIeM Moclaennue [ ] KyGuUTHI CO-
cTofiHUA | , KOTOphbIe OTHOCATCA K . Monyyaem cayuaiiHoe 3HAYeHHE . amo M0
ceGe 3HAYeHHEe HUKAKOTrO MHTepeca He TMpe[CTaBifeT Hac HHTepecyeT TOAbKO BO3-
nelicTBHe U3MepPEeHUA Ha Hallle MHOKECTBO CYNepno3uluii. 9To ugMepeHue NpoeKTU-
pyeT MpOCTPaHCTBO COCTOSAHUI HA MOAMPOCTPAHCTBO JaHHOM U3MepeHHOH BelUdHHbI,
MO3TOMY COCTOSIHHWE MOC/e U3MepeHUsl CTaHOBUTCHA

TOYHOCTBIO 10 HEKOTOPOTIO MHOMHTE/IA , rge

1 ecan

bl

B MIPOTHUBHOM cCiy4ae.

OTMeTHUM, 4TO UKCBI, KOTOpbIe NOABUINCH B CYMMe, Te, 4TO C , OTANYAIOTCA
OT ApPYT OT ApyTa YHCIOM, KpaTHBIM Mepuojy, cleoBaTelbHO, BTO U ecTh Ta
GyHKINA, KOTOPYIO MBI UIeM. CJaH Obl Mbl MOTJIM U3MEPHUThH /IBA MOJYUYEHHBIX UKCa
B CyMMe, MbI MOTJIHU Gbl UMeTh TIepHO/I. O K COKaleHHUIO, 3aKOHbI KBAHTOBOI GU3UKU
MO3BOJAAIOT HAM MPOBECTU TOJbKO OHO U3MeEpPEHUe.




[IpenmnomossuM, 4TO cIydailiHOe H3MepeHHe CYNepno3UlUU ypaBHe-
Hua 1 BbIigaeT 8. OCTOfAIHWE TOC/Ae HTOTO U3MepeHUs  a puc. 2 TpecTaBieHO
TOABKO 9 OUTOB OUTHI U3BECTHHI U3 U3MepeHHUs fICHO JeMOHCTPHpYeT HaM Te-
PUOIUYHOCTH

acTb COCTOSIHHA
fonbIlle UCTOAL30BAThCA He Oy/ieT, IO3TOMY MBI ee He 3anuchiBaeM. [IpuMeHUM KBaH-
ToBoe TpeoGpasoBanue Dypbe K COCTOAHUIO, TIOTYyYEeHHOMY Ha Tare 2.

3 cTaHJapTHOro aHaauza Pyphe ModydyaeM, 4TO, KOT/la mepuon  GyHKIUU ,
ompefleJeHHOH B mare 2, ecTb CTeleHb NBOMKHU, TO pe3ydbTaT KBAaHTOBOTO Npeobpa-
3oBaHusAg Pyphe ecTh

2

rjile aMIauTy/la paBHa HYJdI0, KpOMe TOUYeK, KpaTHHIX 2 . Rorpa nepuon  He Je-
JAUT 2 , mpeoOpa3oBaHUe BBIMOAHAETCA TOYHO, MPUUYEM GOJbINAA aMILIUTY/a cocpe-

JoTo4yeHa B OJM3U IeJbIX SHaquHﬁ, KpaTHBIX —.

0,012 -
0,0108 s
0,00961 -
0,00841 r
0,0072 L
0,006 s
0,0048- -
0,0036 r
0,0024 r
0,0012 L
0,0 '
0 64 128 192 256 320 384 448 512
BepoATHocTH Aaf pa3iWUyHBIX  NPU U3MEPEHUH COCTOAHUSA 8 Tmomay-
YeHHOr'o B Iare 2, rje 211 m 21 8

Pacnpenenenue BepoATHOCTU KBAHTOBOT'O COCTOSIHUSA Mocie peoGpa3oBanus Dy-
phe.

a puc. 0oroGpameéH pe3ylabTaT NPUMEHEHUs] KBAHTOBOTO Ipeobpa-
3oBaHuAg Dypbe K COCTOAHUIO, MOAYUYEHHOMY B mare 2. e00X0JUMO OTMETUTh, 4TO
puc. oTo rpadur bicTporo IlpeobpazoBanusa @ypbe GyHKIUHN, TOKA3aHHOI HA
puc. 2. B »ToM 9acTHOM caydae nepuoj QyHRIUU  He OequT 2




0,17 7 r
0,153 7 I~
0,136 o
0,119 1 r
0,102 1 -
0,085 1 r
0,068 r
0,051 o
0,034 4 o
0,017 4 o

64 128 192 256 320 384 448 512

3MepAaeM COCTOAHUA B CTaHOapTHOM fazuce U Mo-
JydaeM pesyJbTaT . B clydae, Korjga nepuoj aB/jafdeTcd CTeleHbIo HBOHHI1, KBAHTOBOE
HpeOﬁpaBOBaHHe gaeT TOYHbIC 3BHA4YEHUA, KpaTHbIe 2 , 1 U3BJeYb Nepruoa He CIO#HS-

Ho. B sTOM cayuae — nad HekoToporo . B GoabmiuHcTBe ciy4aeB u  GyayT

B3aUMHO MPOCTBI, U B 3TOM CJIydae CORpalieHue Apodu — — pacT apobb, deii

3HaMeHaTeJb €eCThb Iepuoj . €J0 B TOM, YTO B obiiemM clydae KBaAaHTOBOE Hpe06pa—
30BaHNe (Dypbe I[aéT KpaTHbI€ 3BHA4YCHUA OCHOBHOM 4acTOTHI TOJBKO HpI/IG.HI/IBI/ITe.HbHO,
4YTO YCJIOMHAET BBIACHEHHE Ilepruoa Mo pe3dyJ/JbTaTy M3MEpPEeHUS. Ror/:[a nepuoa He AB-
JAeTCHd CTeIleHbIO ,[[BOI;'IHI/I, MoseT ObITh noJqy4deHa Xopolaas ONeHKa [epuopa, ecjiun
HCIIOJIb30BAaTh TaK HA3blBacMO€ pas3/lOMeHNUEe B GeCHOHe‘-IHyIO ,[[pOGb — ITOT Kaaccu-

YecKUH MPUEM ONMUCKIBAETCS B MPUIOHEHUN
OMYCTUM, 4TO U3MEpPEHUE COCTOSHUA J1aéT BEAUYUHY 2 . llo-

CKOJAbKY ¥ 2 B3aWMHO NPOCTHI, MEpPHON  CcKopee Bcero He OyneT OeauTb 2 W
MO3TOMY MO#HO NPUMEHUTH pasio#eHue B OecKOHeUHYIO /pobb, OomucaHHOe B MpH-

JOKeHUU . Jefytomiad Tabauia mpocie#nBaeT alropuTM, ONUCAHHBIN B MpUI0:#e-
HUU
1 8 98
111 1 1 199 2
2 291
2121112
KOTOpBII 3aKaHUYUBAETCA YUCIOM . TakuM o6paszom, HaBepHAKA

ABAAETCA Nepuos GhyHKIUU

. Rorpa nomydenHblil mepuoj  9ETHBIN, HC-

MoAB3yeM alArOpuTM BRAujAa Ad 3¢deRTUBHONH NpoOBepKU, UMEIOT U 1
uan 1 oTANYHBIN OT eJUHUIBI OONUIl TeAUTETb C
[Ipuuuna, Mo KOTOpOI 1 nau 1 MoryT umeTh OOUIUII OTAUYHBIH

OT €eIJMHUIbI JeJUTEeNb C cilegyromas. CiHn NefCTBUTENBHO AABJAAETCA nepnoaom




byHEIUH m , TO 1 m , TOCKOMbRY 17 Bcex
cau YETHO, MbI MO#EM 3aMucaTh

1 1 m
Jde/loBaTelbHO, TIOCKOJAbKY HU 1, au 1 He ABAAIOTCA KpaTHBIMHU 3HAYE-
HUAMH 1 niau 1 UMeIOT OTANYHBIH OT eJUHUIILI OO C NeJAUTeNb.
IMockonbKy  4YETHOE YKCIO0, TO JAuG0 1 11 1 1 ,
1160 1 11 1 1 26yayT umeTrhb obuuii ¢ neauTedanb. B 3ToM yacTHOM
npuMepe Mbl HaXoAuM fiBa geauteas O 21,1 n 0 21,1 2

€KOTOpkIE neficTBud MOTyT
BBINIOJIHATBECA HETOYHO, MO3TOMY IMPONEeCcc MOMET He aTh JeJUTellb

1 Ha4yeHHue He J0CTaTO4YHO OJM3KO K KpaTHOMY —.

2 Tlepmosi U COMHOMUTEAb MOTYT MMeTh OOMIUiII MHOMKUTENb, a TIPU 3TOM
3HAMeHaTelb ABAAETCA AeduTeNeM Mepuosia, a He CAMUM MEPUOIOM.
ar  BBIJJAET |, KAK JIeJUTelb
Mlepuoa ¢yHrIUU m ABJIACTCA HEUETHRIM.
op ToKasad, 4To HeGOoabII0e YUCAO MOBTOPEHNU T aATOpUTMa aeT MHOAKUTEND
C BBHICOKOI1 BEpOATHOCTHIO.

Ce . OraswIBaeTcsi, U3BMepeHUA
Ha mare 2 MO#HO MOAHOCTHIO OMYCTUTh. epHmTedH u Basupanu [ en en an

a an 199 ] mokasanu, 4To U3MepeHUil B cepe/lUHe aIrOPUTMa MONSHO BCEraa W3-
fe#aTh. CAU UCRAIOUYUTH U3MepeHUe Ha Imare 2, TO cocTosHUe GyoeT COCTOATH U3
CyTeprno3uuil HeCKOAbKUX Tepuoaudeckux GyHrnuil. Kamaaa us HUX UMeeT OOUH
U TOT e Tepuoj. BciaeacTBue AMHEHHOCTU KBAHTOBLIX aATOPUTMOB, TpHUMeHAeMoe
KBaHTOBOe mpeobGpazoBanue @ypbe MPUBOAUT K CyNepno3unuu npeodpazoBanuii Oy-
pee sTuX ¢yHrnuii. Kammoe u3 3Tux npeobpasoBaHuil 3amyTaHO C COOTBETCTBYIO-
MUM |, cllefloBaTelbHO, OHU He UHTephepupyioT APYT C APYTOM. 3MepeHue AaeT
3HAYeHHe OJHOr0 U3 »TUX npeobpasoBanuii. [loHMMaHUe TOro, Kak BTO yTBep#K/je-
HUe MOAKHO 0606NUTh, WIMIOCTPUPYET HEKOTOpPble TOHKOCTH paGoThl ¢ KBAHTOBBIMU

cynepno3unuaMu. [I[puMeHUM TeH30pHOEe TPOH3Be/leHe KBAaHTOBOTO Tpeofpa3oBaHus
1
@yphe U onepaTopa UJIeHTUYHOCTHU K , IOy YUB

4TO paBHO




ikt B [uanasoHe . To, 9TO MOMy4YHIOCH, €CTh CYNEepNnO3UIHA pe3yldbTaToB,
MOMYy4YeHHBIX B Iare , JJf Bcex Bo3MoOMHBIX . KBaHTOBOe mpeoGpaszoBanue ®ypbe
NpPUMEHSIIOT K ceMeHCcTBY OT/IeAbHBIX QYHKIHUH , HHAEKCUPYEeMBIX MO , Tlie
1 ecan
B MPOTHUBHOM ciydae,

HpI/I‘{éM Yy BCex OJITUHAKOBBIH nepuonu. e0bX0aAUMO OTMETHUTh, HTO aMINIUTY bl B CO-
CTOAHUAX C pa3iin4HbIMU HURKOI'la He I/IHTepq]epI/IpyIOT CRJ/JaabIBalOTCAd HUJIHU B3aHu-

MOYHUYTOAIOTCA JpyT ¢ ApyroMm. [Ipeo6pasoBanue MO#HO 3amucaTh Kak
1 1 1
rie 9TO AUCKpeTHOe NpeoGpasoBanue Dypbe ,a AuanasoH

3MepfaeM U IOBTOpAEM Iaru W  KaR IIpexje.

. O U u

OJbIION KJaacc 3a/lay MOMHO ONpefedfiTh KaK 3ajadyd MOUCKa Bpojle HalTH U3
MHO#€CTBa BO3MO#HBIX pellleHui, TaKkoe, UTO yTBep#IeHue HUCTUHHO . Ha-
Na30H Mo/I0BHBIX 3a/lay MUPOK OT Noucka MHGopMalnuu B 6aze JaHHBLIX /10 3aKpacku
rpada. anpumep, 3ajlauy 3akpacku rpaga MO#HO pacCMaTpUBATh KaK MOUCK TaKo-
ro o603Ha4YeHUA [[BETOB BEPIINMH, YTO yTBep#i[eHUe Bce NPUMbIKAION[He BepIINHbI
UMEIOT pa3Hble 1[BeTa ABAAETCA BepHbIM. HAJOTUYHO 3ajlaya COPTUPOBKU MOKET
OBITh paccMOTpeHa, Kak MOUCK TlepecTaHOBKU, /IJ KOTOPOil yTBep#/eHUe TepecTa-
HOBKA TepeBOJAUT MepBOHAYaldbHOE COCTOAAHME COPTHUDPOBKM B #elaeMoe fABIAIOCH
Obl BEPHBIM.

B zanaue MoKMcKa HUYero He U3BECTHO O CTPYKTYpe MpOCTpaH-
CTBa pellleHUil U 00 yTBep#JeHUU . anpumep, onpejejeHue He J1aeT HUKaKOM
nHGOpMAaNUU O BO3MO#HOM 3HAUYEHUU 1 Aas 1. B 3apaue
MOKUCKA MO#HO HUCNOJIb30BaTh WHGOpPMAIUIO O POCTPAHCTBe NMOUCKA U 00 yTBepHije-
HUU

anpuMep, NOUCK 10 aldaBUTHOMY CIUCKY AIBAAETCA 3ajiadyeil ynopfa/04eHHOro
NOUCKA, U al(aBUTHBIH OPAIOK UCNIOAb3YeTCA Al IOCTPOeHUs ajdroputMa. B 1pyrux
clyyvasfix, cCKameM, B 3ajlauax, TJle Hy#HO HaliTh XOTA Obl OJIHO pellleHUe - uiau
3aKpacka rpada CTpPYKTYpYy 3a/laud MO#HO MCNOAbL30BaTh [l NOCTPOEHUS 3BPUC-
TUYECKUX alTOPUTMOB, KOTOphIe OLICTPO AAIOT pellieHUs /I HEKOTOPhIX OT/edbHbIX
clyvyaeB. 0 B 00lleM cilyuae, KOrJla Mbl UMeeM 3ajlayy HeymopfAJOYeHHOro MOuCKa,
Jydiliee, 4TO MO#HO CleJlaTh KIaCCHYECKUM MYTEM BTO TOCAeJOBAaTeNbHO Mpo-
BepATh UCTUHHOCTb Ka#/IOr0 yTBeEp#/IeHUA . JIfl TOMCKOBOTO MpPOCTpaHCTBa
U3  JeMeHTOB 00bluHas 3ajlaya HeyNOpA/JOYeHHOro noucka Tpedyer poBe-
POK . a KBaHTOBOM € KOMIIbIOTepe, KaK I0Kasal poBep, 3ajadyy HeyIlopsjio-
YEHHOTO MOUCKA MOH#HO PEIlUTh ¢ 60bII0H BEPOATHOCTHIO NPOU3BO/ISA OKOJIO -
npoBepok . Tawkum 06pasoM, KBAaHTOBbBIH aaropuT™M poBepa | e 199 ] sBas-
eTcsl 3aBe/loMO Oodee 3 PeKTUBHBIM, 4YeM 1000 aldrOpuTM sl HeYTOPA/I0YeHHOTr 0
NOUCKA, BBIMOJIHAEMbI HA KIaCCUUYeCKOM KOMIIbIOTepe.




OxasbiBaeTco, I/ HEYNOPANOYEHHOTO MOUCKA allrOPUTM  poBepa fIBJASETCH Oll-
TUMaIbHbIM [ enne e a . 199 ye e a. 199 a a 199 ]. Onnaso nas Goab-
HIMHCTBA NOUCKOBBIX 3afay TpebyeTcA ymnopsijoueHHblil nouck. IlockoibRy cyiiecT-
BYIOT KJaccuyecKue 3BpUCTUYECKHE alTOPUTMbl, UCTIONbL3YIONIKe YNOPANOUYEHHOCTh,
TO MOM#{HO OU/IATh, UTO CYIECTBYIOT Tak#e U 3pdeKTUBHbIE KBAHTOBbIE aATOPUTMEI
IS ynopsifoYeHHOro noucka. epd u ap. [ e e a. 1998] ucnoib3yoT aaroputM

poBepa BMeCTO KJIacCUYeCKOro MOUCKA BHYTPU 3BPUCTUYECKOTO aArOpuTMa, YTOObI
NoKa3aTh, YTO BO3MOMHO KBaJipaTHYHOE YCKOpeHUe, Korjia pedb HAET O pelieHUuu

-CJ0#HBIX 3aj1ay.

paccapn u ap. [ a a e a. 1998], onupasicb Ha aIrOPUTM pOBepa, MoKa-
3aju, 4TO OOIUI KJacCuyeCKUil 3BPUCTUYECKUIT NIOMCK MMeeT KBAHTOBLINA aHaJOr ¢
KBa/[pATUYHBIM YCKOPEHUEM.

CTh HEKOTOpaf Hajle#ila Ha TO, YTO I/l HEKOTOPKIX YTOPANOYEHHBIX 3a/1a4 Cy-
IecTBYeT yCKopeHue Bodhkllee, yeM KBagpaTUyHoe. BoaMo#HO, TO10OHEIE alTOPUTMBbI
NoTpeOyIOT HOBBLIX NMOJAX0J0B, KOTOPbIe 3aKJIOYAIOTCA HE MPOCTO B KBAHTOBOM UCTOJ-
HEHUM KJIACCUYECKUX aJrOPUTMOB. CIU alrOpUTM  Opa paccMaTpuBaTh B KayecT-
Be MOMCKA MHOMKUTeNEeH, TO OH MOMeT NOCIAYHUTh NPUMEPOM alropuTma, KOTOpbIi
NOCTUTAEeT 3KCIHOHEHIUATLHOTO YCKOPEHUS, UCHOJb3YyA CTPYKTYDPY 3ajladyd Teopulo
YyuceJ HeCTaH/JapTHBIM COCOO0OM, YHUKAAbHBIM [1J1l KBAHTOBBLIX BbIYUC/AEHUI.

Ten orr Tar#e pa3paboTai HECKOJIbKO 3BPUCTUYECKUX KBAHTOBHIX airOPUTMOB
YHOpAJ0YEHHOT0 TIOUCKA. T'0 MOJAXO/ fIBIASIETCA COBEPIIEHHO HERJIACCUYECKUM, B HEM
UCNOJBb3YIOTCA BecbMa HeTpUBMa/bHble CBOMCTBA KBAHTOBBIX BBIYMC/AEHUI. IUHCT-
BeHHBIHI MUHYC ero mojixojla 3akjai0o4yaeTci B TOM, 4YTO, KaK U BO MHOTUX 3BPUCTU-
YeCKUX alTOPUTMAaX, UCTMOAb30BAHUE YHOPAMOYEHHOCTH ABAAETCS YCAOAHEHHBIM, U
[Py BTOM OYeHb TPY/IHO ONpe/IeJUTh BEPOATHOCThL MOJdYYEeHUHl BEPHOTO OTBeTa MpHU
O/IHOH WTepaluu alropuT™a. JeoBaTelbHO, MOKA elllé He MOHSATHO, HACKOIbKO -
(eKTUBHBI adropuT™Mbl orra. B kaaccudeckoit Teopuu 5 HeKTUBHOCTb BBpUCTHUYEC-
KHUX alrOpUTMOB OllEHUBAETCH C TOMOIIbIO BSMIUPUYECKOT0 TEeCTUPOBAHUA. O, TO-
CKOJIbKY, NP MOJEeJMPOBaHUN KBAHTOBBLIX Olepaliii Ha KJIacCUYeCKOM KOMIIbIOTepe
Habn01aeTCA SKCIOHEHI[UATbHOE 3aMejllIeHHe, TO BMIMPUYeCKOe TeCTUPOBaHNUe KBaH-
TOBBLIX aJITOPUTMOB CeTOIHA HEBO3MO#HO, pa3dBe UTO 3a HeOOJAbIINMHU UCKIIOUEHUEM.

JATOPUTM OITa B IpUMEHEeHUU K HEKOTOPLIM 3ajlauaM yNopAJ0UeHHOro OUCKa, fAB-
JasieTcd Godee 3 eKTUBHBIM, YeM ajJTOpUTM pOBepa, HO YCKOpeHUue TpU 9TOM ABJfA-
eTcsl MOJUHOMUAIbHEIM.  TeopeTHYecKOH TOUKU 3peHUf 9TO MeHee UHTEPECHO,
HO C IpaKTUYeCcKoll  Jaxe Majoe NOJIMHOMUANbLHOE YCKOPEeHUE 3TUX BhIUUCIAUTENb-
HBbIX 3a/la4y UMeeT OTPOMHOe 3HAauYeHue. O TeX MOop, NoKa He By/eT co3/1aH0 60JbIIUX
KBAHTOBBIX KOMIbIOTEPOB WU Jy4lIMX NPUEMOB /ISl aHAAU3A TAKUX alTOPUTMOB,
3 ek TUBHOCTEL Heab3d OyaeT onpe/lelIuTh TOYHO.

1. U B U Be

ATOPUTM pOBepa BefleT TOHCK 3JeMeHTa , KOTOpbIil /leaeT BepHbIM HEKOTOpOe
yTBep:#ieHde, B HeyTOpANO4YeHHOM cHucKe pasMepoM . IlycTe  6y/eT Tawkum,
4yTO 2 , U MyCTh OyJeT KBaHTOBLIM BEHTHJEM, KOTOPBIil BbIUMCIAET Kjaac-
CUYECKYIO (yHRIUIO , TPOBEPAONIYIO HCTUHHOCTh YTBEP#IeHU HUCTHUHE COOT-




BeTcTByeT 1

[lepBeiit mar CTaHAApTHHIN A48 KBAHTOBBIX BBIYHCIEHHUIT, OMUCAHHBLIN B MO/pas-

nedae .2. Beryumcaum 1AM BceX BO3MOKHBIX BXOJIOB — NpUMEHSSA K perucrpy,
1

cofiepssanieMy CyTNepno3uiun — [as BceX 2 BO3MOKHBIX BXOJOB  BMecCTe

C PerucTpoM, YCTAHOBIEHHBIM B . [leJiaB 3TO, MPUIEM K

1

“I‘H

JOAHBIM fIBASETCA U3BJAeYeHHE MOJE3HOr0 pe3yabTaTa U3 3TOi CyTNepno3uinu.
as aio6oro  , IpU KOTOPOM HUCTHUHHO, 1 OyneT yacThio cymep-

MNO3BUIOKNHN ypaBHEHUSA 2. T.&. aMIIINTyda Takoro COCTOAHHUA paBHAa ———, BEPOATHOCTb

TOro, 4To CJIy‘-IaﬁHOG HU3MEepeHne CyIlneprnosuuun aacTt BCero /UMb 2 . HUT-
POCTBb COCTOHUT B TOM, 4yTOObl UBMEHUTh KBAHTOBOE COCTOSIHUE B yYp. 2 TakuUM OGpaSOM,
4TO aMININTYAbl BEKTOPOB 1 , IJI KOTOPBIX HUCTHUHHO, CUJBHO BO3pacTarT, a
aMJ/IMTY 1Bl BEKTOPOB , 4JA KOTOPBIX JOMHO VYMEHBIIAaKTCA.

HyCTb Taroe HpeOGpaBOBaHI/Ie KBAHTOBOI'O COCTOAHUA ObIJIO BEBIINIOJIHEHO, TOorga
JEerk0 M3MEpUThb nocaeHui HyGHT KBaAHTOBOI'o COCTOAHUA, HOTOprﬁ 3ajgaeT
Tar rar aMIIIUTyaa COCTOAHUA, COOTBETCTBYIOIIEro UCTUHE Oblna yBeandeHa, To Cy-
mecTByeT BBICOKAA BEPOATHOCTh, YTO M NpU HU3MEPEHHUH MBI IOJdYYUM 1. B sTom

cilydae U3MepeHUe POeKTUPYEeT COCTOSIHUE 2 Ha MOANPOCTPAHCTBO —— 1,
1
rie YHUCJO pelieHuii. adbHeiilllee W3MepeHUe OCTABIIUXCA GUTOB AacT OIHO U3

9THUX peLHeHHﬁ. CJIHU U3MEpEHHe P{yGI/ITa gaeT 3HadeHue , Torga BeChb Ipolnecc
IIOBTOpAETCHA CHOBaA, U CYINEepIO3UIHUIO YP. 2 HaJ0 BBIYUC/JIATH 3aHOBO.

JATOpUTM pOBe€pa COCTOMT M3 C/JEeAYIOINHX IaroB

1 HO,[[FOTOBHa perucrtpa, cogep#aliero Cyneprnosmignuio BCeX BO3MOMIHEBEIX 3Ha-

qeHu i [ 2 1]
2 Berumcaenue OT BTOrO perucrpa.
BMeHEHHe aMIUIUTY/bl  Ha ISl TAKOTO , 49TO 1. ddder-

TUBHBIH ajlropuT™M BBINIOJHEHUSA 3TOH onepanuu onucbkiBaeTCA B MIOJApasjele 1.2,
pa(pm{ AMIINIMTY O TIOCJAe 3TOro 1ara

S |"”|W|”"I""I""I'”'IW"”l"”|""|"”|W|””IWI

[IpuMeHeHUe UHBEPCUU OTHOCHTEILHO CPEHEr0 A yBedUdeHUS aMIIUTY-
OBkl , COOTBETCTBYIOIIETO 1. KBaHTOBBIii aAropuT™M A5 3P PeKTUBHOTO BhI-
MOMHEHUS] WHBEPCUHW OTHOCUTEIbHO CPelHero paccMaTpuBaeTcs B moapasieae .1.1.
PesyabpTupytomue aMIAuTYy Akl BRITAAIAT KAk




I

MILNINTY da BCeX , IJ KOTOPBIX Oblila HEBHAUYUTENbHO CHUKEHA.

MMoBTOpEHue 2, , -ro maroB — 2 pas.

YHUTBIBaAHHWE pesyabTaTra.

ofiep u ap. [ ye e a. 199 ]| npoBeau geTanbHbIl aHAIU3 pealU3anUU ANTO-
putMa poBepa. OHU JOKA3adu, YTO 3TOT AATOPUTM ABAAETCA ONTUMATBHBIM C TOY-
HOCTBIO 710 TTOCTOSIHHOTO MHOUTE/S , TO €CTh HU OINH ApYTOil KBAaHTOBLII aITOPUTM
He MOKeT BBHINOAHUTE HEYTOpAAoUeHHbBIH nouck OeicTpee. OHU TaK#e TOKa3alu, 4To,

eciii CyIecTByeT TOABKO OMH  , TaKoi 4TO , TO Tloclle — 2 wuTepanuii ma-
TOB 2, U BepOATHOCThL omubKU paBHa , . [lociae BeIMOAHeHUS — 2 WTepanuii
BEPOAAITHOCTD OMUOKU CHU#AETCA 10 2 . , YTO UHTEPeCcHO, MOTMOJAHUTeNAbHbIE UTe-
panuy yBelUUYUBAIOT €€. anpumep, nocie — 2 wuTepanuii BepOITHOCTh OMUOKU

npubauxkaercs K 1.

yIlecTBYeT MHO#eCTBO KIacCUUeCKUX alrOpUTMOB, I/le TIpollelypa OBTOpAeT-
¢l MHOTO pa3s [/f NoAydeHHs Jdydiiero pegyiabrata. [loBTOpsAsA KBaHTOBLIE MpoOIEaY-
pbl, MOMHO YAYUIIUTh Pe3ydbTaT, HO T0C/e ONpe/eéHHOr0 KOJAUYeCcTBA OBTOPEHU
pesyabTaT yxyamaeTcsa. KBaHToBbIe Npollelypbl  ®TO yHUTapHBIE MpeoOpa3oBaHuA,
KOTOpbIe ABAAIOTCA BpallleHUAMU KOMIIIEKCHOTr0 npocTpaHcTBa. Takum o6pasoMm, cHa-
yaja MOBTOPHOe MpUMeHeHHe KBaHTOBOTO MpeoOpa3oBaHNA NMOBOpAaYNMBaeT COCTOSHUE
K 5eJaeMOMY COCTOSIHUIO, a TOTOM, OU€BU/IHO, TOBOPOTHI Oy YT NPUBOIUTH K yaaie-
HUIO OT KEeJIAaeMOT0 COCTOAHUSA.

Jde/loBaTelbHO, YTOOBI MOAYYHUTh YIOBIETBOPUTEABLHBIN pe3yabTaT OT MOBTOp-

HOTO MpUMeHeHUS KBAHTOBOrO MpeoGpa3oBaHUs, HAAO 3HATh, KOTJa OCTAHOBUTHCA.

paccapmiu ip. [ a a e a. 1998] omuchIBAIOT pacuiupeHde alropuTMa poBepa,

B KOTOPOM HUCIOAB3yeTcs MpeoGpasoBanue Pype [ onpefeleHUs YHcIa pelieHuil u

ONTUMANBHOr0 KOAMWYecTBa UTepanuii. ITo pacuupedue B o6ileM, He yBeaudUBaeT
CIO#HOCTDb alrOpUTMa.

poBep NMpUMEHUJI CBO¥ AJITOPUTM [JIl IOJYYEeHUA KBaJApaTU4YHOTO YCKOPDEHUA B
HEKOTOPBIX HENOHWCHKOBBIX 3ajadax, HallppuyMep, TaKMX KaK BBIYUC/ICHHE Cpe,[[Heﬁ Be-

JAUYUHBI QYHEIUU | e 1998]. cmoab3ys momoGHbLIE MPHEMBI, pOBEp TaKke M-
Kasaj, YTO HEeKOTOphie MOMCKOBLIE 3a/jaui, KOTOphble HAa KJIACCUYECKHX KOMIbIOTepax
BBINIOJHAIOTCA 34 , MOTYT OBITH pellieHbl 3@ | Ha KBAHTOBOM KOMIBIOTEpE.

Ilonck poBepa MO##$HO HCMOJAb30BATh B [PYTUX KBAHTOBHIX BEIYUACEHUAX B KayecTBe
NOANpPOrpaMMbl.  allpoH u ap. | n e a . 1998] nokasaau, 4TO AATOPUTM poOBepa
MO#HO MPUMEHATH /ISl TPOU3BOJABLHOTO HAYaALHOTO pacipefiefeHusl aMIIUTY/l, U 4TO
MPU 3TOM COXpaHAETCA CAOHHOCTh MOpAKA -




R . TOOBI OCyHmeCTBUTb HWHBEPCHIO
OTHOCHUTE/IbHO CpeJIHEIr0 Ha KBAaHTOBOM KOMIIbBIOTEDE, OHa A0/ Ha ObITH YHUTApPHBIM

npeofpa3oBaHUeM. oJee TOro, YTOOBI PEMUTh 3afady 3a BpeMs , UHBepcHs
nomxHa OBITh peanusoBaHa 3dderTuBHO. Kar BrpaTie Gy/eT MOKa3aHO, UHBEPCHUIO
MO#HO BBINOJHUTH UCIOAb3Y S KBAHTOBBIX BeHTUEH.

€TpyaAHO 3aME€THUTh, 4TO Hpe06pa:30BaHHe

1 1
2
rie  obGos3HauyaeT cpefHee , ABASETCS MaTpHIlei
1 _ _
_ _ 1 _
— — — 1
Tar rax , TO YHUTApHO U, CIeI0BATENLHO, ABASETCA BO3MOMKHEIM

npeoOpa3oBaHNeM KBAaHTOBOTO COCTOSHUSA.
Tenepb BepHéMcs K Bonpocy 06 s heKTUBHOCTH pealusaiii 3Toro npeodpasoBa-

nud. [lokazkeM, 4TO ero MOKHO pas3ioKUTh HA npocTeHITNX KBaH-
TOBBIX BeHTHUJell. Jenysa paGoTe poBepa,  MOMHO ONpelleUTh Kak ,
rae npeoGpa3oBaHMe oJllla  JgaMapa U3 pasfena , a
1
1
1
ToGbI y6GeauThCA, 4TO , TIPEJIMOMOMUM, YTO , Tne

TO# /IeCTBEHHBIH ornepaTop, a

Temnepn . erKo MpPOBEPUTH, 4TO

Tarum ob6pasom,




. Jecb Mbl NOKameM B 00X JyepTtax yAUBUTEJBHO

npocToit cnocof HHBEPCUHU aMIIUTY/bl T€X COCTOAHUI, MPU KOTOPHIX 1.
Mycts eCTh KBAHTOBafg CcXeMa, KOTOpas BBINOAHAET TpeobpasoBaHue
1
. Mpumenum K CyTeplo3ulnuu — u BbiGe-
pem — 1, 9ToOBI MPUHTHU B COCTOAHUE, AAA KOTOPOTO 3HAK BCeX , MpHU
KOTOPBIX. 1 ByneT UBMEHEH, a OCTAaHeTCH HeU3MEHHBIM.
A1 TOTO 9YTOGHI YBUIETH HTO, MOJOKUM sl

U IPpUMEHUM

1 1 1

2 1

1 1 1 11
2 1

1 1 1

2 1

1

2

MILIUTY da COCTOSIHUH B 1 WHBEpPTHUpOBaHa, 4TO U TpeGOBaHOCb.

. ylIlecTByeT Mpy-
roe mpeacTaBieHue TpeoGpa3oBaHUA oJIla  JaMapa, ONUCAHHOTO B MOJpasfele
.1.1, monesHoe A7 NMOHMMAHUA TOTrO, KaK MOMHO HCMOABL30BAaTh 3TO Mpeobpaso-
BaHUe [Jf MOCTPOEHUS KBAHTOBLIX aJropuTMOB. -6UTHOe mpeoOpa3oBaHHUE OJ-
ma JamMapa MO#HO MpeACTABUThL B BH/Ie MaTPUIILI 2 2 c baeMeHTaMu ,
rie W BapbUpYIOTCA OT [0 2 1. Bl mORameM, 4TO

—_
—_

[\

rae 3TO YUCJA0 OOIUX eAUHUYHbIX OUTOB B IBOMYHOM npeacraBieHuN nu

TOObI NOHATH BTO paBeHCTBO, 3aMETHM, 4TO

HyCTb 1 6y,[[eT ABOWYHEIM IIpecTaB/ieHHueM , a 1 JBOWYHBIM




npeacraBiieHUeM |, Torjaa

—_
—_
—_
—_
—_

[\

—_
—_

[\
[\
—

C e . B orpaHn4eHHO-BLINOAHUMOIl 3aJadye eCcTh
nepeMeHHBIX 1 , KOTOpble MOTYT NpUHUMATh pasHbIX 3HAue-
Hui 1 , TOMYUHEHHBIX OMpeJeleHHbIM OTPDAHMYEHUAM 1|
Pemennsi orpanuyeHHO-BHINOAHUMOM 3aauu Je#aT B MPOCTPAHCTBE NPUCBOEHUH
K . yUIeCTBYeT ecTecTBEeHHas peleéTouHas CTPYKTYpa, onpe/elseMas Uc-
X0/l U3 OTpaHUYeHHUil. a pUCyHKe 2 TOKa3aHO MPOCTPAHCTBO MPUCBOEHUH U ero
pelieTouHas cCTpyKTypa Ajs 2 2 3 u 1. OTMeTuM, 4TO penieTKa
BRJIOUAET KaK HeNodHble, Tak U GeccMbICAeHHbIe TPUCBOEHUSA.

CTMOMB3YA CTaHAApPTHOE COOTBETCTBUE My MHOMKECTBAMU 3aHYMepPOBaHHBIX
DAEMEHTOB U ABOWYHBIMHU TOC/AeJ0BATEIbHOCTAMH, B KOTOpPLIX | HA -M MecTe CO-
OTBETCTBYET BKJAIOYEHUIO -TO BJeMeHTa, a HUCRAIOYEHUIO, STUM MHOMKECTBAM




MO?KHO TMIOCTABUThH B COOTBETCTBHE CTaH/apTHBIe Ga3MCHbIe BEKTOPhI KBAHTOBOTO MPO-
CTPAHCTBA COCTOSHHUIH. ampuMep, PUCYHOK oToOpamaeT pemleTKy pHCyHKa |, Ie-
penucaHHyIo B KeT 0003HAUeHHSIX, T/le 3JAeMeHThI ObLIM TepednucieHbl B clelyIoneM
nopsjike 1 11 " 1.

_— N

P e
T~ 1

W

cM XOTA Obl OJIHO COCTOfIHUE HapymaeT orpaHn4deHune, TO BCe COCTOAHUA
peI_HéTHH, HaxogdamuecHd BBIIIE HEro, ToxMe HapylmarT OrpaHMYeHHA. HO,[[XO,[[, KOTO-
pblﬁ OI'rT npuMeHseT NpH NMOCTPOCHMHW KBAHTOBBEIX a/JTOpUTMOB [OJA OrpaHUYE€HHO
BBINNOJIHAEMBIX 3ajad, COCTOUT B ClAelyIOIleM. HadaJjJda aMINIUMTyJa cocpeoTo4YeHa B
COCTOfIHUH , 3aTéM OHa HMTepallMOHHO MepelBuraeTcAa BBeEpX IO peméTHe oT
MHOMECTB K CyNEepMHOMeCcTBaM, yaaJdfdfAChb OT MHOMECTB, KOTOpbI€ HaApylmarT Orpa-
HHUYEHHA. JeayerT OTMETHTb, 4YTO B OTJUYHE OT ajJdropuTMOB Opau poBepa, KOTO-
pble HAYMHAKOTCH C BbIYUC/ICHUA [pyHHI_[I/II/I B CYNeplno3uiiu BCeX BBIXOJIHBIX 3HA4YeHU
OJHOBPEMEHHO, 9TOT aJlOpUTM Ha4YMHAETCHA COBCEM IO-APYromMy.

OrT MpejCTaBiseT ABa MyTH [ 199 1998] mocTpoeHusi yHUTAPHOI
MaTpUITBl A NepelBUMKEHU aMIIUTY Ikl BBEPX MO pEMIETKe. bl OMUIeM o6a Cro-
cofa, a 3aTeM To, KaKk OH OTOJBUTAET aMIMIUTY/y OT TJIOXHX MHO#ECTB.

. YIIecTByeT MpocToe mpeobpaso-
BaHUe, KOTOpPOe NepeBUraeT aMIIUTYAY OT MHO#ECTB K CyllepMHO#ecTBaM. obas
aMIJAUTYya, CBA3aHHAA C MYCTBIM MHO#ECTBOM OMHAKOBO pachpefiefsieTc cpeau
BCceX MHOMECTB C eIMHUYHBIMH DJAeMeHTOM. i00af aMIANTYy/a, CBA3aHHAA C OJHO-
BAeMEeHTHBIM MHOKECTBOM OIMHAKOBO pacmpe/iesieTcd Cpeu BCeX NBYXdIeMeHTHBIX
MHO?KECTB, KOTOPbIE COMEPHAT ITOT DIEMEHT U T.[| CM. DUCYHOR [UIfl PEHIETKU TpeX-
BAeMEHTHOT0 MHOKECTBaA .




I
> ><]
\V

aM HeoOXOAUMO NMpeoBpa3oBaTh

Bot rak BBITVIAAWUT MaTpHlla 9Toro Hpe06pa30}3aHHH KakK OGI;I‘-IHO, 0asUCHbIE BEK-
TOPBI pacio/JioeHbl B COOTBETCTBHUMU CO CBOMM [IBOMYHBIM IIpeACTaB/ICHUEM

1

R coskanenuio sTo npeofpasoBaHue He SIBASETCS YHUTAPHBIM. OFT [ 199 ] onu-
paeTcs Ha TOoT GarT, 4To Gaumaiimmadgd B COOTBETCTBYIONIell MeTpUKe YHUTapHas
MaTpura K TPOM3BOJALHON MaTpuile MOeT ObITh HalijleHa ¢ MCTOJAb30BaHUEM
pasfiomeHns , TIIe AuaroHadbHasi MaTpula, a U  yHUTApHBIE
MaTpuisbl. [IpousBeaenue npejcTaBiseT OGJAUKANIIYIO K YHUTapHYO
MaTpuny. [lockoabry HaXOAUTCHA I0CTATOYHO OJUBKO K, TO OyneT BeCcTHU ce-
65 IpyMepHO Kak , U TakUM o6pa3oM OyJeT mepe/BUraTh aMIMIUTY/Ty OT MHO#ECTB
K CyTepMHO#eCTBaM.

. B sTom mopxone ucnoabzyetcs
[ 1998] npeoGpasoBanue odima — gaMapa. OIT [oJaraeT, 4To TpeGyeMas MaT-
puma nMmeeT hopMmy , Tne »TO mpeoGpa3oBaHue odma  JgaMapa, a




AruaroHa/jibHaag MaTpula, 4YbM 9J€MEHThI 3aBUCAT TOJBKO OT padMepa MHOMECTB. OIT
paCcCUUTEBIBAECT 9J€eMEHThl , KOTOpasA MaKCUMHU3NUDPYET IBUHECHHEC aMIININTY bl OT MHO-
#MecTBa K CBOEMY CYNIEpDMHOMECTBY. B sTux pacyeTax HMCIOJAb3yeTCH CBOMCTBO

L L

ylnoMuHaemoe B nojipazieie .2.1.

. ToObl OTOJIBUTAThL AMILIU-
TYJIbl OT MHOECTB, KOTOpbIe HApYINAIOT OTpaHW4YeHMsA, OFT MpejiaraeT peryiau-
poBaHue a3 MHOMKECTB, MCXOMfA M3 3HAYEHUH TpejesoB, MPU KOTOPBIX OHU MOTYT
HapymaTh orpanudenud. [Ipu 3TOM aMIUINTY[a, paclpefeleéHHAs 110 MHOMSECTBaM,
KOTOpbIe 00MafaloT TJOXUMU MNOJMHOMKEeCTBAMU YHUUTOMAETCA, a aMINIUTY A, pac-
npejeseéHHan M0 MHOAECTBAM OT BCeX XOPOIMIMX IMOAMHOMECTB yBeJAUn4nBaeTCs.

B saBHCHMMOCTH OT KOHKpeTHOH 3ajadyu pasiudHble cnocobbl GyayT paGoTaTh
31ech Gosee WU MeHee s deKTHBHO. B 0lHOM M3 cnocoGOB OH MpeaaaraeT HHBEPCUHIO
(a3bl BceXx TJIOXUX MHOKECTB, KOTOpble MPUBOJAT K COKpaIleHUAM B aMIUIUTYe
CYTIepMHOKECTB, UCXOJAMMX OT XOPOIMHUX M TJIOXHUX MHOMeCTB. JTa hazoBad UH-
BepcuA Mo#eT ObITh pealn3oBaHa MOJOGHO TOMY, KaK 5TO jJelaeTcsl B ajTOpUTMe

poBepa .1.2 ¢ HEKOTOpPLIM , KOTOpOEe MpOBepfeT, YAOBAeTBOPAET AU JaHHOE CO-
CTOSIHUE BCEM YCJAOBUAM OTpAHUYEHUSA WJIH HeT. pyTroe MpeaomeHue COCTOUT, B TOM,
YTOGKI Ipe/laTh NPOU3BOAbLHLIE (A3bl MIOXUM MHOMKECTBAM, TaK, 4TOGLI B CpelHEM
BEKJA/l B aMIUTUTY/y CyTIepMHOKeCTBA OT IJIOXUX MNOJMHOKeCTB Oblil Hy/AeBbIM. Bos-
MO?KHBI M JIpyTHe MOJXOMEI.
3-3a TOTO, YTO COKpalleHHe, BO3HUKAIOIee B pe3yiabTaTe (a30BOro H3MeHeHH ,
ABJAAETCA Pa3HbIM /A PA3HbIX 3a/]a4, BePOATHOCTH MOMAYYeHUS pelieHUusd TPYAHO TOo-
naeTcsl aHadu3dy. bUIO TPOJeNaHO HeCKOAbKO HeGOJbIINX SKCMepUMEHTOB, U BBIBOJ
MOKHO cfleJaTh TaKOH IeHa MOUCKA BCE e BO3pacTaeT HKCIOHEHIHATLHO, XOTHA U
3HAUUTENbHO MeJJeHHell, yeM MpH cilydae HeyTlopsiIodeHHOM TIOHCKe.  TOoKa He Oy-
IeT CO3[aH0 NOCTATOYHOrO GOJALIINX KBAHTOBBIX KOMIILIOTEPOB WM JIyYIINX IPUEMOB
[l aHalIM3a KBAHTOBBIX aJATOPUTMOB, ONMpeeduTh 30 GeKTUBHOCTD Oy/IeT CA0MHO.

. B eHMe B H B n

30JIAIUAl KBAHTOBOI'O COCTOAHUSA OCHOBHaf TpobieMa, MpendaTCTBYIOIMan co3/a-
HUIO KBAHTOBLIX KOMIIbIOTEepOB. B3anMopeiicTBre yacTHIl, MpecTaBAAIONUX KYOUTHI,
¢ BHelllHeit cpejloif BO3MYIlaeT KBAHTOBOE COCTOAHUE, HApyIas KOrepeHTHOCTh, mpe-
oGpasyeT ero HempejackazyeMbIM o6pa30M, HHOT/Ia Jlaxie He YHUTApHO.
Tud [ ean 1998] oneHus, 9To AEKOrepeHTHOCTD MIOGOH U3 MpeMIOAeHHbIX CUC-
TeM Ha MOpPAKOB 60JbIe Toi, 9TO HeoOXoAUMa JIJI HOpMadbHOH paGoThl aATOpUTMA
opa ¢ YHucaaMu, cofiep:KamumMu 1 fecATHYHBIX pa3panoB. OgHaro, noGaBleHHe Tak
Ha3bIBAEMONH KOppeRINHU OMKNGOK CHHAAeT BAUAHUE JeKOrepeHTHOCTH, U CHOBA AT
HajJlexsIbl Ha OCyIecTBJAeHHEe adrOpuTMa  opa sl OOABITUX YHUCed.
a TepBbIi B3IJA/, KBAaHTOBas KOPpPEKINA OMMUO0K OYeHb MOX0Ka Ha KJaaccuyec-
KYIO, I'Jle To#e BBOAATCA JONMOJHUTENbHbIE OUTHI A8 oGHApY:seHUs U HCTpaBleHUs




OUBOK. O, KOHE4YHO, KBAHTOBasA KOppEKIHSA omnboK ropasao cio#iHee, Be/lb MBI
HUMeeM JeJI0 HEe C IBONYHBIMU JaHHBIMHU, @ C KBAHTOBBIMHU COCTOAHUAMM.

KBanToBas KOppeKnusa OoMUBOOK /I0J#HA BOCCO3[laBaTh TOYHO HEKOTOpOe€ KBAHTO-
BO€ COCTOfIHHE. pr,[[HOCTI/I 3[1eCb CBAIBAHBI C HEBOBMOM#{HOCTHIO KJIOHMPDOBAHHA WHIIH
KONMMpOBaHUA. O,[[HaHO, OKa3bIBaeTCA, 3TU TPYAHOCTHU INpeoJ0JHMEBI, U KBaHTOBLIE
OIMMOKU BCE-TAKU MOMSHO HUCIPpAaB/IATh.

1. U HUe 15

y/IeM MoJaraTh, YTO Bce OMUOKU ABAAIOTCA Pe3ylbTaTOM KBAHTOBOI'O B3auMo/IeCT-
BUA KyOUTOB U OKpy:katolleii cpefibl. Bo3amMo#iHble OMUOKY 111 Ka#JOTO OT/IeJAbHOI0
KyOuTa, OysemM Npe/cTaBaATh JUHEHHBIMU KOMOUHAIUAMU OTNlepaTOpOB OTCYT-
CTBUE OMUOKHU , WHBEpPCUA , (hazoBad omubKa , WHBepcuA U (azoBasd
omubra . Takum o6pas3oM, obilee BbipaxeHne 0JIHORYOUTOBOI OMUOKN eCTh HEKOTO-
poe npeoGpa3oBaHue Buja 1 . BzauMopeiicTBUe ¢ okpy#atoiiei
cpenoii peo6pagdyeT OT/ieJbHble KYOUTHI COTMIACHO BhIpA#eHNIO

J51 6ONBLIIUX KBAHTOBLIX PETUCTPOB OMNUOKHU TaK #ie BbIpamsaloTCA JUHEHHBIMUA KOM-
OUHAIUAMU YHUTAPHBIX OMepaTOpOB OMUGOK . OTU ONepaTophl ABAAIOTCA TEH30p-
HBIMU TIPOU3BeJIeHUAAMU ONEepaTOPOB OMUOOK OTAedbHbIX KyOUTOB uiau
foJiee o6IMUX MHOTOKYGHUTOBBIX oNepaTopoB omubok. B aio6om caydae, omubKy MO#-
HO 3anucaTh Kak

.. B H B eHle B H B HU

B maaccuyeckoMm ciydae, KOppeKTUDPYIOMUI KO/ a8 HEKOTOpOro HaGopa omubor

COCTOUT U3 NpeoOpa3oBaHUA , KOTopoe oTo6pamaeT n GUTOB JAaHHLIX B -
OWTHBIN KO/, a TaKk e U3 NpeoOpa3oBaHHA BbIJeJeHUA OMUOKH , KOTOpOe 0TO-
Opamaer -OUTHBIN KOA B UHJEKC KOppeKTupyemoii omubku , TO €CTh

cau I8 HEeKOTOpOil KoppeKTHpyeMoil omub-
KU, TO MO#HO HMCMOJAb30BATh A BOCCTAHOBJEHUS 3HAYEHUSA , @ UMeHHO

1

Teneps paccMOTpUM KBaHTOBLIH caydaii. Bo-mepBeIX, COCTOIHME perucTpa Mo-
#eT OBITh CyTeprno3unueil 6asucHBIX BeKTOPOB. Bo BTOpLIX, omubra Mo#eT OBIThH JIU-
HeliHOIT KOMOWHAIUell omepaTOpOB KOppeKTUPYyeMEIX omubok . [Ipu 5ToM oKa3biBa-
eTcfl, 4TO BOCCTAHOBIEGHUE 3aKO/IUPOBAHHOTO KBAHTOBOIO COCTOSHUS BCE e IBIACTCH
BOBMOMSHBIM.

agaquM KOpDpeKTUPYIONHuil Kog W mpeoOpa3oBaHue BbIIeJeHUA OMUOKU

Tarum obpazom, -GUTHOe KBAHTOBOE COCTOSIHUE 3aKOUPOBAHO B -6UTHOM
KBAaHTOBOM COCTOSIHUU

OMYCTHUM, YTO JAEKOTEHTHOCTh TPUBOAUT K COCTOSHUIO 078 HeRKo-
TOpoii KOMOUHANNU KOppeKTUpyeMbix omubor . [lepBoHavanbHOe COCTOAHUE

MOMHO BOCCTAHOBHUTE CJeJYIOIUM OﬁpaBOM




1 HpI‘IMeHHeM olepaTop BbIIEJICHUA IpHU3HaAKa OUOKU K KBAaHTOBOMY CO-
CTOAIHMIO ¢ Jlo0aBlleHueM JIOCTATOYHOTO KOJHWYecTBa BCIIOMOraTelbHbIX P{yGI/ITOB

KBauTOBHII MapaaneansM JaeT CylNepno3ulNio pa3iudHbIX OMUO0K HHAEKCUPYEMBbIX
yepes

2 3MepsfeM KOMIOHEHTY pesyabTaTa. JTO facT HEKOTOPYIO CciaydaiiHyio
BEeJIUYUHY U CIPOEKTHPYET COCTOSIHUE Ha

[IpumensieM oBpaTHoe npeobpa3oBaHue AJafl OHIMOKU ! k nepBeiM
KyOUTaM COCTOSHUSA , YTOOBI TIONYYUTh UCXOJIHOE COCTOSIHUE
amMeTuM, YTO Ha lare 2 CyNeprno3ulifi HECKOJIbKUX OIUOOK MpOeKTUPYeT-
cAd Ha OT/IeJbHYIO OMUOKY. JeJoBaTeldbHO, A Ilara HeOoOXOJUMO TOJBLKO OJIHO
obpaTHoe npecbpa3oBaHue OMUOKU.

. . nu e e 105! 14
PaccmoTpuM TpuBHaabHBIN KOPPEeRTUDYIOMUI KO/l , oToOpasatomuit u
1 111 . nomombid  Mbl MO#€M KOPPEKTHPOBaTh OMHOKY UHBEPCUU OT/Iellb-

HOTrO KyOuTa

OnepaTop BbIfleJeHUA OINUOKU eCTh

C COOTBETCTBYIIOIUMHU oNlepaTOpaMi KOPppPEeRIUU OLHI’IGHH, npeacTaBJeHHBIMU B Tab-
JUIe HU#Ee 3aMeTHUM, 4TO [IJA 9TOro npumMepa

HBEePTUPOBaHHLIN GUT | [TpusHar omuoKH | RKoppernusa omubru

11
1 11
11
PaccMoTpuM KBaHTOBBIH OUT — 1 |, KoaupyeMblil cieyiOnuMm
obpasom
1

111

]

U OUORKY




OCTOfIHME ¢ OIMOKOH uMeeT BU/J

- - 1 111
2
- - 1 111
2
— 1 — 111
2 2
_ 1 11 _ 1 11
2 2
aTeM K Bblpa}‘ﬂeHHIO HpI/IMeHHM OHepaTOp OHpeL[eJIeHI/IH HpI/IBHaHa
OMIHUOK U
_ 11 _ 1 11
2 2
_ 111 111 _ 111 1111
2 2
_ 1 1m 11— 1 11 11
2 2

3MepHUB MocieHWe TpU OUTA 3TOTO COCTOAHMA, MoayduMm ambo 11 | aubo 1 1 .
YUTHIBAA BO3MO#HBIN pe3yabTaT W3MepeHHUd, 3aMnilieM cCOCTOAHNe Kak

Ly 11 11

2

3MepeHHe o6aaiaeT yIUBUTEAbHBIM CBOHCTBOM BBI3bIBAThH HCUE3HOBEHHUE BCEX OIINU-
60K B cymMMe, KpoMme ofHoii. OT ocTaBmieiica omMUOKU MOKHO U30aBUThCA NPUMEHUB
K TepBbIM TPEM GUTaM 0OpaTHbBIH ollepaTop onepaTopa OlmUOKU , COOTBET-
cTBylomuil usMepeHHoMy 3HadeHnuto 11 . Torga mMbl moaydum

1 111

o]

.B B 1

KBaHTOBBIE BRIUHCICHUSA 9TO HOBelilllee HampaBieHUe, cnoco0HOe B KOpHE H3Me-
HUTb HaIlM TPeJCTaBAeHUS O BBIUMCJAEHHAX, MPOTPAaMMHUDOBAHUHM U TEOPUU CIOH-
HocTu. PaspaboTka HOBBIX NPUEMOB MPOr pAMMUPOBAHUSA [/l KBAHTOBLIX KOMIIbIOTE-
pOB  BassHelilad 3ajfiada [Jf NpOTPaMMUCTOB U IPYTUX clenuanucToB. KBaHnToBas
3aMyTaHHOCTh U (a30Bble KOMIEHCAIUA OTKPBIBAIOT MPUHIUNIHAIBHO HOBbIE BBIYHC-
AUTedbHbIe BO3MO#HOCTH. [I[porpaMMupoBanue 60dbilie He COCTOMT U3 MPOCTOr0 MO-
MIATOBOTO COCTABJEHUS aATOpUTMa, a TpeGyeT HOBHIX NMPUEMOB, Hanpumep (asoBbIX




npeoOpa3oBaHuil, CMeNTMBAHUA U paclpeieJeHusl aMIVIUTY/] 15 NOAydeHUs M0oAe3HbIX
BBIXOJHBIX [AHHBIX.

Bl OMIBITANNUCH IPEICTABUTH NOApOOHOE ONKCaHNe MOM0AeHNs Belleil B o6aacTH
KBAHTOBBIX BBIYUCAEHUH /I TPOTPAMMUCTOB U JIDYTUX CIENUATUCTOB, NPUCTyTa0-
MUX K U3YUYEHUIO NaHHOH 06JacTH HAYRU.

bI ONHCANU HEROTOphIe U3 KBAHTOBO-MeXaHuyecKux 3gderToB, Takue, KaK 3KC-
MOHEHIUANbHOCTh MPOCTPAHCTBA COCTOSIHUIL, 3aMyTAHHOCTh COCTOSIHUIL, AUHEHHOCTh
KBaHTOBHLIX TpeoGpa3oBaHuii, KOTOpPhLIe U /leJal0T KBAHTOBLII Mapaaiequ3M BO3MOH-
HEIM.!  €CMOTpS Ha TO, YTO KBAHTOBbIE BHIYMCICHUS [OJ#HbI ObITh JUHEHHBIMU U
o6paTuMeIMU, 106011 KIacCUYeCKUil alrOpUTM MOzeT OBITh peaqn30BaH Ha KBAHTO-
BOM KOMIIbTepe. 0 HACTOSAIMIAaA MOIIb 3TUX HOBHIX MAllliH, T.e€. SKCIOHEHTHAAbHBIH
napajiaenusM, Mos#eT ObITh UCHOAh30BaHA TOABKO C TPUMeHeHHeM HOBATOPCKUX Me-
TONOB TiporpaMMupoBanus. Takue MeTOAbI Havaau pa3padaThIBAaThCA UL HeJJaBHO.

Bl OMUCANU aATOPUTM  Opa pasJomkeHUA Yuced HA MHOMHUTETU 3a MOIUHOMU-
ajdbHOe BpeMsf, KOTOPBII CTUMYAUPOBAM UCCleloBaHUA B 06JaCTU KBAHTOBLIX BhIYHC-
JAeHUil. JATOPUTM  Opa, TpU HAAUYUH eliCTBYIONEr0 KBAHTOBOTO KOMIBIOTEPA, OT-
NpaBUT B HeGbITUE MHOTHE COBPEMEHHbIE KPUNTOrpadudeckue CUCTEMbl. JTOPUTM
noucKa, paspaboTaHHBIHl pOBepOM, MOeET 0GecneunuThb AUIb NOTUHOMHUATLHOE YCKO-
peHHue, HO U 3TOT (aKT CTPOTO NOKAa3bIBAeT, UYTO KBAHTOBbIE KOMMBIOTEPHI 3HAUH-
TeJbHO MOIHee KAacCHYeCKHUX. eCMOTpA Ha TO, YTO aArOpUTM poBepa fBAAeTCA
ONTUMANBHBIM, CYIIIeCTBYeT Haflex#s/la co3/1aTh Gosee GhICTphbIe AATOPUTMBI A 3aAa4
YTNOpPAOYEHHOTO TMOUCKA. bl OMHCAIU OfWH U3 TMOAXONOB K CO3JaHUIO TARUX ajlro-
PUTMOB, Ipe/IA0KeHHbIIl  OTTOM.

YIUIECTBYET elllé HeCKOIbKO U3BECTHbIX KBAHTOBbLIX AJATOPUTMOB, O KOTOPbIX Mbl
He TOBODWIM. #OHC M OCKa [ ne an a 1998] onucann peannsanuio airo-
puUTMa Ha 2-X GUTHOM KBAaHTOBOM KOMIBIOTEpE, MPHU MOMOIHU KOTOPOT'0 MOKHO OIpe-
neauThb, cOalaHcHUpoBaHa au QYHKIUS WIH HET. poBep [ e 1998] paspaGoran
shheRTUBHBII aarOpUTM [ OINeHKHU Cpe/IHEr0 3HAaYeHUS HEKOTOPOTO0 MHOMSECTBA.
[lozsse poBep, MoauH u Tepaa mpeAsosUAM KBAHTOBBIIN coco0 pelieHUs 3afadu O
B3BeNIMBAHUM MOHETHI 3a OJUH IMar. ecMOTpA Ha Haludue 3TUX aArOpPUTMOB, HAM
BCE-TAKH elllé He TAK MHOTO U3BECTHO O TOM, YTO MOET JlelaTh KBAHTOBBIH KOMIbIO-
Tep HAa MpAKTUKe. MOMSeM U Mbl HAliTU KBAHTOBBIE AATOPUTMBI, KOTOphIe oGecrneyaT
DKCTOHEH[HAAbHOEe YCKOPeHUe MpHU pellleHuu JpyTUuX 3ajad, a He TOAbKO haKTopusa-
u

ITOT BOMPOC OCTAETCA OTKPLITEIM. pelu (U3UKOB XOAAT MPETNOI0HKEHUS O TOM,

YTO KBAHTOBLIe TpeoGpa3oBaHusl MOTYT ObITh ClAerKa HeAUHEHHBIMU. O HACTOAIIETO
MOMEHTa BcCe TPOBEJEHHbIE DKCMIEPUMEHTHI COrAcyIOTCA C 3aKOHAMM CTaHapTHOMN
AuHeliHON KBAHTOBON MeXaHUKM, HO HeGoablag HEJUHEHHOCTh BCe #e BO3MOMHA.
Gpamc u  noiin | am an y 1998] norasainu, uto naxe HeGoabias HeldHHel-
HOCTb MOKET ObITh UCMONBL30BAHA [Jfl PEIeHUS CAOHBIX -3a7lay HA KBAHTOBOM

IJKCMOHEHTITHATLHOE KBAHTOBOE YCROPEHHE MPOUCTERAET U3 DKCIOHEHITHATBLHOCTH MPOCTPAHCTBA
COCTOSIHMN. peGOBaHUA e MTUHEWHOCTH W 0GPATHMOCTH, KOTOpPbIe OBLIH TNPHUCYIH PacCMOTPEH-
HBEIM B CTAThe CHCTEeMaM, BOOOIme TOBOPsA, He 00fA3aTeNbHbl. M., HANpUMED, cTaThilo . Aharono
A. itae , . isan uantum Circuits ith Mi e tates ( B BJIEKTPOHHOM apXuBe
http Aitep.ru uant-ph .




KOMTIbIOTEpE 3a MOJAHHOMHUAIbHOE BpeMs. [[o cyTH cBoeii, 5TO BHAYUT, YTO BhIYUCIIE-
HUSL  9TO dyHIaMeHTaabHble GUBHYECKHE MPOTECChl, U YTO BOMPOCH! HX 3 HEeRTHB-
HOCTH HATMPAMYIO 3aBUCAT OT TOHKUX (GUBUYECKUX SBICHUI.
HUKaMbHLIE CBOMCTBA KBAHTOBBIX KOMIBIOTEPOB MAlOT HOBOE MpecTaBleHHe

0 KJaccax CIOMHOCTH. ampuMmep, Kiacc 5TO HABGOp BCEX ABBIKOB, 0Opada-
TBIBAEMBLIX KBAHTOBOH MamuHo# ThiOpHHTa 3a MOAMHOMHAIBHOE BPEMS ¢ KOHEYHOi
BEPOATHOCTHIO.  eTall HMCCAeOBAHU, MTPOBOAMMBIX B 061aCTH KBaHTOBOH TeOpUH
CI0KHOCTH, HAXOJATCA 3a PaMKaMH JaHHOH CTAThbH. HTATEIH, 3aHHTEPECOBABIIN-
ecsl aHAMNBOM BPEMEHHOH M MPOCTPAHCTBEHHON CAO#HOCTH B KBAHTOBBIX BBIYHCITE-
HUAX, MOI'YT HallTH HHTEpeCcyIOmyo ux nHbopmanuio B crarbax [ enne 199 | u
[ e 1998]. B crathe [ am an ea ae 1998] cosepmuTed onucanue
MEepBLIX Pe3yIbTAaTOB HCCAeOBAHUN B 061aCTH KBAHTOBOH TEOPHH CIOHSHOCTH.

KoHeuHo, TOKa CyMecTBYIOT OY€Hb CIOKHbIE (GU3HYeCKHe MpOGIeMbl, KOTOphIe
HY#HO Oy/IeT MpeofofeTh. €3 HTOr0 Helbssl Oy/leT MOCTPOMTh MPAKTUYECKH TOJe3-
HBIH paboTAONNi KBAHTOBBI KOMIBIOTED. €ROTePEHTHOCTD, T.e. HCKaeHe KBaH-
TOBOTO COCTOSIHUS U3-3a B3AUMOMIEHCTBHA ¢ ORpy#kaioieif cpefoif  KiaiodeBas npood-
JAeMa.  pasBHTHEM KBAaHTOBOH KOPPERIUH OMUGOK B 0GAACTH yCTpPAHEHHS IeKore-
PEHTHOCTH GBI COBEpIIEH MPOPHIB, HO OOJbINE C aArOPUTMHUYECKOIl CTOPOHBI, 4eM
¢ pusHUecKoif.  bI y#e OMUCAIN HEKOTOPbIe U3 MPUMEHSEMBIX METO/IOB KOPPEKIUHU
OMMUGOK. albHeilne TPOBHIKEHUS B 0GMACTH KBAHTOBOH KOPPERIMU OMHGOK U pas-
BUTHE YCTOHYUBBIX K OMUOKAM alTOPUTMOB Gy 1y T Tak:#e BasKHbI M1 Pa3BUTHSA KBaH-
TOBBIX KOMITBIOTEPOB, KAk U YCMEeXU B CO3IAHUM KBAHTOBBIX GHTOB.

d. e eHJ e U e

OGzopuasi crathsi duApio TuHa HKBauToBble Bhruuciaenus [ ean 1998] npennasua-
YyeHa /1751 GU3UKOB.

bl PEKOMEHYeM MpOYUTaTh BTY CTaTbiO, YTOOBI MO3HAKOMHUTBCA C €r0 TOY-
KOl 3peHUA MO 3THUM BONpocaM, 0COOEHHO C ero ONHCaHWeM CBABU MemIy Teopueii
nHbOpMAaNUu U KBAHTOBLIMH BRIYHCACHUAMU, a TaK#e C ero B3TJAAJaMHU Ha TEOpHUIO
KOppPeKIIMU KBAHTOBBLIX OMUGOK, Be/lb OH Gbl OJIHUM U3 TJABHBLIX €€ OCHOBaTeJei.
Tam pan 0630p pusuUecKUX fABAEHUIl, TOHUMAaHUEe KOTOPLIX HEOOXOMUMO /A cOo37a-
HUAl KBAHTOBOTO KOMIIbIOTepa. ITOT 0630p OH cjiedad B utode 199 ropa. B ero cratbe
6onee mofipoGHO, YeM B Hallleil, onyrcaHa UCTOPUSA PAa3BUTUA KBAHTOBHIX BBIUUCIEHUII.
Tarzke B Heif MHOTO TIOJIE3HBIX CCBIIOK. pyTue, HeGoAbIlNe, HO HHTEePeCcHbIe Moco0us,
MO#HO HalTH B [ ¢ a me 199 ].

Puuapna ®eiinmana [Feynman 199 | cogepssat
nepenevyaTry ero JeKiuu [Feynman 198 ], ko-
Topas U TMOM0#uIa HAaYal0 BceMy HampaBieHuto. B Heil Tar#e oGcysgaeTca TepMo-
IUHAMUKA BBIUMCAEHUIl, KOTOpasa HemoCcpeACTBEHHO CBA3aHa ¢ 06paTUMBIMU BBIYHC-
JAeHUSIMU U Teopueil nHGOPMAIUU.

Kuura Roauna wuabamcaun korTa Kaeapyorepa
[ am an ea ae 1998] cHaGweHa nporpaMMaMu B BH/IE
taiinoB 145 makeTa a ema a , KOTOPble MOJIEJANPYIOT HEKOTOPhIE U3 KBAHTOBHIX
aATOpPUTMOB, HapUMep, alTOPUTM  opa.




Btopas yacTbh HOMepa #ypHaia na mp n 3aokTAGpb 199
rofia CoOAep:sUT  TMOAe3HBIX JeRIUil 0 KBAHTOBLIM BBIYUCAEHUAM, BRJIIOYAA Te de-
ThIpE JeKIHH, HA KOTOpbIe MbI yi#e ccblmanuch [ enne e a. 199 ][ en en an

a an 199 ][ 199 ][ m n 199 ].
OJBITYIO 9acTh CcTaTell, yMOMUHAEMBIX B JaHHOI paboTe, a TaKk#e MHOTHE py-
rie, MO#HO HAfiTU HA cepBepe NPEIPUHTOB B 0C JamMoce |
p .an . a e an-p
CBIIKU HAa HCCAeoBaTelbCKUEe MPOEKTHl U APYTYio HHPOpMANUIO O KBAHTOBBIX
BBIUMCAEHUAX MO#HO HafiTu U Ha Hamieii cTpaHulle B HTepHeT
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Oco6o MbI xoTeau 6b1 nobaarogaputh Tena orra u Kapaoca arkoHa 3a HHTepecHbIe
Gece/lbl 0 KBAHTOBBLIX BHIUUCAEHUAX U 32 OKa3aHUe OMOIIH B HATHCAHUY 3TOH CTaThU.
bl Takme Oaarogapubl u KopOuHy, eBungy oaaGepry, OBY pOBepy, OpMaHy
apnu, Boranny [IporTy, apry Pudenio u skcnepTam, mokeaaBIIUM OCTAThCA He-
U3BECTHBIMHU, 32 MOApOOHBIE KOMMEHTApPUH MpH MO/TOTOBKE CTAThU.
KOHEYHO MBI X0Teau Obl BEIPA3UTh CBOIO 61ar0lapHOCTh COTpyAHUKAM F ,
KOTOpbIe C SHTY3UA3MOM TO/I/Iep#UBaiN Halry paboTy.

n eHue
. €H H e U BedeHUu
TeHBOpHOG Ipou3BEICHHE -MEpHOIro U -MEpHOIro BEKTOpPOB €CTh —MeprIﬁ
BEKTOp. JeaoBaTe/bHO, €CilHu n ABJAIOTCAH HpeOGpaSOBaHI/IHMH Hajg -MEpHBIM
U -MEpHBIM BEKTOpaMM COOTBETCTBEHHO, Torja 1 €CTh HpeOGpaBOBaHI/Ie Hajx

-MEpPpHBIMH BEKTOpAMH.
HO,[[}')OGHI:IH MaTeMaTU4deCcKUl aHaIu3 TEH30PHBIX HpOI/IBBe,[[eHI/Iﬁ B 9TOM cTaThe

He MPOBOJAUTCA TOAPOGHOCTH CM. B[ n e 19 ] . as wamux neaeit foctaTod-
HO ByeT HeCKOALKUX aareGpandeCKUX MPAaBUl, YTOOBI BECTH PACUYETHI C TEH30PHLIMHU
NpOU3BEJeHUAMHU. JIfl MaTPHUI] , BEKTOPOB CKalApoB BhI-

MOJHAITCA CleJyIolrue yCI0BUsA

B 4aCTHOCTH, OJA CKa/lApOB

DarTUYECKH BTO npaBoe NIPpOU3BECHHUE PpOHERKepa.




KRomnaercHoe COIlpAMEeHe U TpaHCIIOHUpOBaHHe r[[I/ICT}')I‘IGyTI/IBHO HaJ TeH30PHBI-
MU POUBBECICHHUAMHU, T. €.

aTpuna fABJAfAeTCA YHUTAPHOIL, eciu MaTpHIla, CoNps#eHHan eif U TpaHCIOHU-
poBaHHas, AiBAfeTcA o6paTHON K Heill . TenszopHoe npousBeneHNe HECKOIb-
KUX MaTpUI[ ABAfAETCA YHUTAPHLIM, TOT/la U TOABKO TOT/Ia, KOT[la Kamasd MaTpuIa us
9TOrO MPOU3BeleHUA YHUTapHa TOYHOCTBHIO KOHCTAHTHI. I[lycTh 1
Torpa MaTpuna  yHUTapHa, ecilu u 1

rie Kamjaoe ABAAETCA TOMIECTBEHHOH MaTpHIleii COOTBeTCTBYIONEH pa3sMepHOCTH.
anpumep, TUCTPUOCY THUBHEIH 3aKOH MO3BOJAAET MPOBOAUTH BBIYUCACHHS Cledy-
IOIlero BUA

B. e e BH € [ MHUHNBEeHrue e M 1 U U € €eHHU
B 15 e

B obmem cayuae, Korja mepriofl  He [eduT 2 , BeAUduHA , U3MepeHHadA B -M IIa-
re aaropuT™Ma opa, ¢ 60JbIN0i BepoATHOCThIO OyaeT 6AM3Ka K HEKOTOPOMY YHUCTY,

KpaTHOMY —, HallpuMep —. eJbl0 ABAfieTCA M3BJedYeHUe NMepuoja U3 U3MepeH-
HOit BeIMYMHBI .  Opa MoKasal, 4To ¢ 60/bII0i BepOATHOCTHIO BeIMYUHA  y/ajdeHa
He Oojiee, yeM Ha — oT —. TakuMm obBpasom,
2 1
2

IS HeHOTOpOﬁ BCJIHWYHUHEI , OTKYJda ciaegyeT

I . |
2 2 2 2
PaSHHHa Me#may OByMA ,[[pOGHMI/I — N —, CO 3HAMeHaTeJdAMH, MEeHbIINMH , orpa-

HHU4YeHa




TakuM obpazom cylecTByeT, 10 KpafliHell Mepe, ojiHa []poOb — CO 3HaMeHaTeleM
, Takaf 4To —  — ——. B nauGonee BepoATHOM cilyuae, Korja yna-
JeHa He Oojee 4yeM Ha — OT —, 3Ta Apobb OyJeT paBHa —.

AUHCTBeHHAs] ]po0b CO 3HAMEHATeJeM MEHbIUM  , T.e. yhaléHHasa He Gonee
yeM Ha —— OT —, MOeT ObITh Nody4yeHa 3()(eKTUBHBIM CIOCOO0OM C MOMOIBIO

pas/jiomeHnsd B GGCHOHB‘{HyIO ,[[p06b —. CIIOJb3yA IOCJaeJOoBaTEIbHOCTHU

BBIYHC/IHUM MIEPBYIO ,le06b — TaRYIO, 4TO 1. OKazaTe/JbCTBO IpaBU/Ib-

HOCTH DTOr0 MeTojla CM. B J000H KHHUTre 10 TEOpHUH 4YHUCEeJ. B naun6oiee BEpOATHOM

ciydae, Korja — yjajeHa He Golee 4eM Ha — OT —, KpaTHOTO —, po0b, MOAyYeH-

Hafd B MpedblAylieil nponeaype, eCTh —, T.K. OHA UMeeT 3HAMeHaTelb, MEHbITHU T
bl TPUHUMaeM 3HaAMeHaTeldb MOy 4YeHHOoil 1po6u B KayecTBe MOAYYeHHOTr 0 epuoa,
KOTOpBIH OyJeT NpaBUAbLHBIM, KOT/]a | B3aHMHO MPOCThIE.




