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Koe-uT0 0 KBaHTOBOU MEXAaHUKE.

Audpakuus u naTepdepeHuns 3J1eKTPOHOB.

PaccmMoTpuM  MBICIEHHBI OTBIT 1O HWHTEPPEPECHIIMH MOHOKHMHETHYECKHUX
AIEKTPOHOB (RJIEKTPOHOB C OJJMHAKOBBIMU CKOPOCTSAMM) aHAJIIOTMYHBIN onbITy FOHra
B onTuke. [1yCTh 37€KTPOHHBIN My4YOK BBUIETAET U3 JICKTPOHHOU MYIIKU U MIPOXOIUT
yepes JBe IIEeIu.
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Q|

UtoObl uHTEp(hEpPEHIIMOHHbIE TOJOCHl HE ObUIM CIMIIKOM Y3KHUMH, HYXKHO
9TOOBI CKOPOCTH JJICKTPOHOB ObLIa JOCTATOYHOW MAaJlOM BEJIMYMHOM, TaK Kak

MIMpUHA Toa0C d =; IPOIMOPIMOHANIbHA JJIMHE BOJIHBI e bpoiins lzﬁ. B

TaKOM CJIy4ae TPYAHO CO3AaTh My4OK AJIEKTPOHOB C MaJIbIM pa30poCcoOM CKOPOCTEH.

Tem He MeHee, OmbITHl MO AUGPAKIUM U HUHTEPPEPEHIUU 3ICKTPOHOB
npoBozsaTcs ¢ 1927 roga. B kauecTBe skpaHa 1715 HaOM0AeHUS HHTEP(PEPEHITMOHHOM
KapTUHBl MOXET OBbITh HCIOJIb30BaH JIIOMUHECUUPYIOIIUN SKpaH, TaKOM Kak y
aHasioroBoro ocuuwuiorpaga. Kaxmnoe nonaganue 1eKTpoHa Ha JTIOMUHECITUPY IO
DKpPaH CONPOBOXKIAETCSA BCIBIIIKOM CBETa U3 COOTBETCTBYIOIIEW TOYKHM dKpaHa. Jlis
perucTpauuu MHTEP(PEPEHUMOHHON KapTUHBI JIIOMUHECLUPYIOIIUN 3KpPaH MOKHO
JIMH30M 0TOOpa3uTh Ha MaTpHIly (GoToanOI0B (Kak B poToanmapare).

WHTepecHo, 4TO MHTEPPEPEHLNOHHBIE MOJIOCHl HA 3KPaHE COXPAHSIOTCA IpHU
CKOJIb YTOJHO cJaboM NOTOKE 3JIEKTPOHOB. [IOTOK MOMHO cHenaTb HACTOJIBKO
ciabbpIM, 4YTO OAJIEKTPOHBI 3aBeOMO OynayT nererb 1o ogHomy. CoxpaHeHue
UHTEP(EPEHIIMOHHON KapTUHBI O3HAYaeT, YTO KaXIblil 3JEKTpOH HHTEpdepUpyeT
caM ¢ co0oii, mposietas uepe3 00a OTBEPCTHS.

Kak e HefenuMblii 3JIEKTPOH MPOJIETAET Yepes3 ABa OTBepCcTUi? MoXKeT ObITh,
OH BCE € MpoJieTaeT yepe3 oaHo oTBepcTue? Ho eciim BTopoe OTBepcTHE JUIIHEE,
TO, KaK OOBSACHUTH TOT (aKT, 4YTO TPU 3AKPBITUM BTOPOrO OTBEPCTHS
UHTEP(PEPEHIIMOHHBIE MTOJIOCHI TPOTMATAIOT.

3HAYUT, KOXKJIBIM 3JIEKTPOH MPOJIETaeT UMEHHO Yepe3 00a OTBEpCTUsL. A MOXKHO
JUM B TAaKOM cCJlydae 3a OJHMM OTBEPCTHMEM IOWMaTh MOJOBUHY 3eKkTpoHa? Her,
Henb34. JIOBUTCS WM OAUH 3JIEKTPOH WIKA HU OJHOTIO.



A Henb3s M 3a OJHUM M3 OTBEPCTUH TMOCTABUTH JATYUK, KOTOPHIA Oyjaer
PETUCTPUPOBATh  JJIEKTPUYECKOE II0JIE, MPOJETAIOMIETO pPAIOM € JAaTYMKOM
anekTpoHa? MOKHO. DJIEKTPOHBI IPHU 3TOM MPOJETAIOT TO YEpe3 OAHO, TO YEPE3
IpYyroe oTBEpCTHE, a MUHTep(PEepEeHIIMOHHAs KapTUHA OTCYTCTBYET, TaK KaK Mbl TOUHO
3HAEM, 4YEpe3 KaKoe OTBEPCTUE MPOJIETAET KaKIbIN AIEKTPOH.

A 4T0 OyJeT, eciau JaTYMK HEMHOTO OTOABUHYTH OT OTBEPCTUS B CTOPOHY, TaK
yTOOBl OH MEHbIIIE BO3MYIIAJN MpoJieTaloluid MUMO 3JekTpoH? Torma mo mepe
yAaJeHUs] JaTyhKa KOHTPACT HHTEPPEPEHLUMOHHONW KapTUHBI YBEIHMYMUBACTCA, a
HAJIeKHOCTh PETMCTPALIMU MTPOJIETAIOIIET0 MUMO 3JIEKTPOHA YMEHBIIAETCS.

BoiBoa. [lns unTepdepeHIH 3IEKTPOHOB 3a HUMHU HENb3S MOJACMATPUBATh.
[Ipu 3TOM HE BaXKHO, MOACMATPUBAEM Mbl Ha CAMOM JIeJIe, BAXKHO TOJIBKO, BO3MOKHO
71 ObLIO MPUHIUIHAIBHO MOACMOTPETh UM HEBO3MOXKHO.

Nurepdepenuus 6oJiee TaxkeabIX YacTull. OTpaskeHHe MOJIEKYJISIPHOIO MyYKa
MOBEPXHOCTHI0 KPUCTAJLIA.

AHanoruyHo HHTEp(EpEeHInH BJIEKTPOHOB HA JIBYX OTBEPCTHUAX MOXKHO

paccMOTpeTh HMHTEp(EepeHIrio MPOTOHOB Ha Tex ke oTBepctusixk. [lupuna

UHTEP(PEPEHIIMOHHBIX TOJIOC paBHA d=—, TA€ & — Yroi, MOJA KOTOPBIM
o
uHTEp(EepupyronIre BOJHBI CXOJATCS Ha 3KpaHe, ﬂ.:—V — JUIMHA BOJHBI €
m
bpounsi, m — macca dactuupl, V' — ee CKOpOCTb. 3aMETHM, YTO Macca IPOTOHA

MOYTH B JBE THICSAYHM pa3 OoJbIe MacChl AIeKTpoHa. [Ipu mpounx paBHBIX YCIOBUSA
UHTEep(HEePEHIIMOHHBIC MOJIOCHI ISl POTOHOB OyAYT B 3TH K€ ABE THICAYH pa3 ykKe,
4eM ISl 3JIEKTPOHOB. PaccMoTpeTh, Takyro HHTEP(EpPEHIIMOHHYIO KapTHHY OyaeT
OYEHb TPY/THO.

UtoOw1 HabOMO1aTh HHTEPHEPEHITNIO TIPOTOHOB, MPOTOHBI JOJKHBI UMETh TOT
K€ UMITYJIbC YTO W DJICKTPOHBI WIH B THICAYN Pa3 MEHBIIIYI0 CKOpOCTh. Habmromath
UHTEePHEPEHITMOHHYIO KapTUHY TPYIHO, HO MOXHO. [Ipr MasbIx moTokax MpOTOHOB
uHTephEepeHITMOHHAs KapTuHa coxpaHsercs. CraemoBaTenbHO, KaKIbIA TPOTOH
uHTep(depupyeT caM ¢ COOOM, ¥ TPOJIETAET Yepe3 IBa OTBEPCTHUS B IKpaHe.

AHaJIOTHYHO MOXKHO HAOIIOAaTh MHTEPPEPEHIINI0O aTOMOB WM MOJIEKYN. Tak
M3BECTHBI OIBITHI 10 HAOIIOJCHUIO PACCESHUS MOJEKYJISIPHOTO TMy4YKa KPHUCTAJIOM.
MomnekyIspHBI My4OK OTpa)kaeTcsi OT TMOBEPXHOCTH KpHUCTaia HE 3epKajbHO, a
UMEET XapaKTepHbIe TUPPAKITMOHHBIE MAKCUMYMBI.

B cooTBercTBMM C KBaHTOBOW MEXaHWUKOW MOJDKHBI WHTepdepupoBath H
MOJIEKYJISIPHBIE KJIacTepbhl — TPYIIBI MOJNEeKyl. Ho mpakTndeckoMy HaOIOIEHUIO
Takast ”HTEpPEPEHINs TOKa HE MOJIACTCS H3-3a TEXHUYECKUX TPYTHOCTEH.

AHaIOTUYHO JTOJKHBI HHTEP(PEPUPOBATH IECUNHKH, MSUYNUKH, KOTIIKH U JIFO]IH.

Kaxk nnst camoro denoBeka BBITIISIUT TO, UTO OH MPOJIETAET Yepe3 JIBE ABEPHU U
uHTepdepupyet cam ¢ cobori? Hukak He BeIrasauT. CBET HY)KHO MOTACUTh, TaK Kak
JUTSL COXpaHEHUs WHTep(EepeHINH, HENb3sl MOJCMATPUBATh 3a MPOIECCOM MpPOJeTa
yepe3 ABEpHU. 3aMETHUM, YTO y 4YeJOBEeKa Macca emle OoJblle, YeM y MPOTOHA, B
pesyabpTare Ay HaOmoJeHus uHTepdepeHiuu mnorpedyercss OpocaTh ueloBeKa ¢



TaKOM MaJIoil CKOPOCTBIO, YTO OJIMH MPOJIET Yepe3 ABE JBEpU MOTpeOyeT BpeMEHU B
18 .
10"" 6omb11e BpeMeHM cylllecTBOBaHUs BeeneHHo.

JddexT AaponoBa — boma.

B skcnepuMeHnte 1o HMHTEpPEpPEHIMU JJICKTPOHOB HA ABYX WIEIAX MEXIY
MICJISIMA TIOMECTH COJICHOMJ C OChIO TEPIEHUKYJISIPHOU MPEAbIayIIeMy PHUCYHKY.
MarnuTtHoe 1oJjie OyJeT TOJIbKO BHYTPH COJICHOMJIA, €CJIM OH JIOCTaTOYHO JIJTMHHBIM.
DNEKTPOHBI MPOJIETAIOT B 00JACTH, T/I€ HET MAarHUTHOTO TOJisA. V3MeHss BeTUYHHY
MarHuTHOTO TIOJIE B COJICHOWJE, MOKHO CABUTATh MHTEP(PEPEHIIMOHHBIC IOJIOCHI.
NHTepdepeHIIMOHHBIC TMOJOCHl  CIBUTAIOTCS BEKTOPHBIM TMOTCHIIMAIOM, a He
HaMps>KEHHOCTHIO MATHUTHOTO TOJISL.
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PaccesiHue HEMTPOHOB HA KpUCTAJLIE.

Jnsa wunTepdepeHmy HEOOXO0AMMO, YTOOBI HE OBUIO NPUHIUIHAIBHOM
BO3MOKHOCTH MOJCMOTPETh 3a mpoueccoM. Kak 3T0 Hy)KHO ITOHMMATh BUIHO W3
CIIEAYIOLIETO TPUMEpA.

EcTh 5KCIIEpUMEHTBI 110 PACCESTHUIO ITyYKa HEUTPOHOB Ha Kpucrayuie. Eciou y
AIep aTOMOB KPHUCTAJJIa HET CIIMHA, TO HEUTPOHBI PACCEUBAIOTCS BCEM KPUCTAJUIOM,
Kak oObeMHOW nudpakiMOHHOW penieTkod. B auarpamMme HampaBJIEHHOCTH
pPAcCesHHBIX  DJIEKTPOHOB  00pa3yroTcs  IUPPAKIMOHHBIE  MaKCUMyMBbI  JUIS
BBIJICJIEHHBIX HANIPABICHUMN.

Ecimu y sAnmep aroMoB KpucTaula IOJIOBUHHBIA CIIMH, TO IIPH PAacCesiHUU
HEHUTPOHOB KpPOME OCTPBIX AUPPAKIMOHHBIX MAKCUMYyMOB IPUCYTCTBYET CJIaraeMoe
PAaBHOMEPHOI'O PacCesiHUs M0 BCEM HAaNPABJICHMSM. J[€710 B TOM, YTO HEUTPOH TOXKE
MMEET NOJIOBUHHBIM CcnUH. lIpu paccesHuu sSapo M HEUTPOH MOTYT IOMEHATHCS
crHaMmu. B TakoMm ciydae paccessHHe IPOUCXOAUT HE HA BCEM KPUCTAILIE, a Ha s1Ipe
ofHoro aroma. B cucreme neHTpa macc paccesHUE Ha TOYEUHOM OOBEKTE HMMeEeT
MPaKTUUYECKH OJMHAKOBYIO BEpOSITHOCTh paccesiHus B J1I0OOM HampaBieHuu. B



pe3ynbTaTe K auarpaMMme pacCesiHUS C OCTPHIMH MakcuMymamu (06e3 WU3MEeHEHUS
CIMHA si7pa) J00ABIISAETCS TUarpaMma paccessHusl HA TOYEUHOM OOBEKTeE.

SaMeTI/IM, 4dTO IIPU 3TOM HC BaXXHO, IIBITACMCA JIM MbI OIIPCACIUTb, Y KaKOI'0
sAapa UBMCHUJICA CIIMH, BAKHO TOJIBKO, YTO 3TO IMPHUHIOUIINAJIBHO BO3MOKHO. TO‘-IHGG,
TO, YTO IOABJIACTCA CJIaracMoOC C paBHOMCPHBIM PACCCAIHUEM 110 BCCM HAIIPABJICHHUAM,
O3Ha4acT, YTO O6H8.pY)KI/ITB AApO aromMa, Ha KOTOpPOM IIPOM30MIIIO PpaCCCIHHUC
HeﬁTpOHa C IIOBOPOTOM CIIMHA Aapa, IPUHIUIINAJIBHO BO3MOXHO.

Komxka B uepHoM simyke (kot Illpeaunrepa).

PaccMoTprUM MBICTIEHHBIN OIIBIT.

[IycTe B HameM pacropsiK€HWHU €CTh aO0COJIOTHO YEPHBIM SIIIUK, KOTOPBII
o0JilalaeT TeM CBOMCTBOM, UTO M3 HETO HapYy)Ky HE MOCTyIaeT aOCOJIFOTHO HUKaKas
uHpopmarus. [lycth B 3TOT AWK OMEINICHA XKBasi Komka. KpoMe KoKy B SIIUK
MOMENIAIOT B3PBIBHOE YCTPOMCTBO C HEKOTOPBIM CIIYCKOBBIM MEXaHU3MOM.
CnyckoBOM MEXaHHM3M BKJIIOUAETCS € MOMOUIBI0 PAJMOAKTUBHOTO 3JIEMEHTA,
HCIYCKAIOWIETO ( -4aCTULBI, KOTOPBIE PETUCTPUPYIOTCA MPUEMHHUKOM (X -HACTHII.
DJIEKTpOHHAsi CXeMa NPUEMHUKA BKJIIOYAET B3PBHIBHOE YCTPOMCTBO. B3phiBHOE
YCTPOMCTBO U KUBYIO KOIIKY 3aKPBIBAIOT B YEPHOM SIIIIUKE.

Uepes HEKOTOPOE BpeMsi SIIIMK XOTAT OTKPBITh. [IyCTh 3a 3TO BpeMsi CUETUYMK
o -4aCTHIl JOJDKEH ObLI cpaboTaTh ¢ BEpOoATHOCTHIO 1/2. Torma ¢ BeposTHOCThIO 1/2
B SIIIMKE HAXOJUTCS KUBas JOBOJIbHAS >KU3HBIO KOIIKA, U C BEPOSTHOCThIO 1/2
KOIIIKa MEPTBA, Ja TaK MEPTBA, UTO OT HEE MPAKTUYECKU HUYEro HE OoCcTajoch. Ecnu
U3 MK TPUHIUIHAIBHO HE BBIXOAUT HUKAKOW MH(OPMAIIMK, TO B COOTBETCTBUU C
oOIIenpU3HaHHON KOIMEHrareHCKOM WHTEpIIpeTalreil Kolllka BHYTPH SIIUKa Tepen
€ro OTKPBITUEM HAXOAUTCS B CYNEPIO3UIMOHHOM COCTOSHUHU JKUBOM W JOXJIOU
KOIMKA. MaKpOCKONIMYEeCKHe KyOWThI, HampuMep, MOTYT KE HaXOJWTHhCS B
CyNEPIO3ULIHUOHHOM COCTOSIHUU.

C ToukM 3peHusi TeoOpuu CHoHTaHHOU peaykuuu ['mpapau, Pumunu u Bebepa
(I'PB) xomka — MaKpOCKOIIUYECKHH O0OBEKT U TOATOMY HAXOJUTCS B OJTHOM M3 JBYX
COCTOSIHUM, U HUKakoi cynepno3unuu HeT. CornacHo I'PB BepossTHOCTh CHOHTaHHOM

N .
pe€AYKIUHU B CAUHUIY BpEMCHU —, T'/IC N — 4ucio B3aUMOJCUCTBYIOIINX YaCTHII,
T

T — YyHHUBEpcaJbHas KOHCTaHTa r~10% cex. [IpuBepkeHIbI 3TON Teopuu
HAXOJSITCS B MEHBILIMHCTBE.

Xb10 JBeperT, CTuBeH Baitnoepr. [lapaaaeanubie BeeseHHbIE.




CaMblif UWHTEpECHBII BOMPOC: KaK JTO CYNEPIO3ULHUOHHOE COCTOSHUE
BBITJISIAUT C TOYKU 3PEHUS CAMOM KOILKH?

[TpobsieMa KOIIKM B YEpHOM SIIMKE CONpUKAcaercs ¢ MpobiaemMoin
HEOO0XOJMMOCTH MaKpPOCKOIIMYECKOTO MPUOOpa Jisl KBAHTOBBIX U3MEPEHUM.

['me mpoxoauT rpaHuua pasmepa npudopa, Ipu KOTOpOM HpUOOp CTaHOBUTCA
makpockonudyeckuM? CornacHo Xbl0 OBEpPETTYy TaKOW TIpAaHULBI HET, HE ObIBaeT
HUKAaKOTO M3MEPEHUs KBAaHTOBOIO OOBEKTAa C€ IOMOIIBI0 MaKpPOCKOIMUYECKOTO
npuOopa, KBAaHTOBBI OOBEKT BCEr/a OCTAeTCS B CYNEPIO3UIMOHHOM COCTOSIHWH, B
pe3ynbTaTe Bcsl BeeneHHast Oka3bIBae€TCs B CYNEPHO3UIIMOHHOM COCTOSIHUU C OJTHOM
BOJIHOBOI (yHKUMed. Takoi ke TOYKM 3pEeHUs NPUIEPKUBAETCSA, B YACTHOCTH,
CruBen BaiinOGepr — oauH u3 naypeatoB HoOeneBckod mpemuu 1979 roga 3a
OOBEAMHEHUE JJIEKTPUYECKOTO U cJIab0oro B3aMMOJCHCTBHI B 3JEKTpociadoe
B3aumoeiicteue. Ecnmu mpubop Bmecte ¢ HaOmOAaTeneM OKa3bIBAIOTCS BHYTPH
KBAHTOBOM CHCTEMBI OMMCHIBAEMOIl BOJHOBOM (YHKIMEH, TO COIJaCHO DBEPETTY
BHYTPEHHUII HaO/o1aTelb HE MOXET BHJAETh CBOETO CYINEPHO3ULIMOHHOTO
COCTOSIHMSI, TIO3TOMY HaOJIoaTenb BUAUT TOJIBKO OJHY peanu3anuio. Tak eciu Obl
KOIIKa U3 MPEABIAYIINX PacCyXACHUH OKa3alach B CYNEPIO3ULIMOHHOM COCTOSIHUU
KUBOM M J0XJION KOILIKH, TO caMa KOIlIKa BOCIIPUHMMAaJa Obl ce0s B OJTHOM M3 3TUX
JBYX COCTOSIHWM, a CyNEpIO3ULUI0 COCTOSIHUM KOLIKHM MOXET OOHApYKUTh TOJIBKO
BHEIIHUNA HaOmogatenb. C TOUKM 3pEeHMs] BHEIIHEro HaOmroaaresss BHYTPEHHUN
HaOmoaaTeNb (KOIIKa) U U3MEPSIEMbIil KBAHTOBBIN OOBEKT HAXOATCS cpa3y BO BCEX
BO3MOXKHBIX COCTOSIHHSIX. BocnpuHuMaemoe HaMu, Kak BHYTPEHHUM HaOIIOAATENEM,
COCTOsSIHHE JIIOOOTO TpuOOpa B OSTOM CMBICIE CYOBEKTHBHO. Torma ¢ Hamieu
CyOBEKTHBHOM TOYKM 3pEHHs TIe-TO B '"mapaienbHoil BceneHHoil" peanmnsyercs
Apyroe cocTosiHue mnpuOopa U OO0BEKTa, KOTOpPHIE HYKHBI [JIsl TMPABUIBHOTO
CYNEPIO3UIIMOHHOTO OMUCAHMUS SIBJICHUS TOJBKO BHEITHEMY HAOIIOAATEITIO.

IHapagokc JiiHmrTeiina, Ilogoabsckoro, Posena (I1IP). Ilepenyrannsbie

cocrosnus. TouHoe U3MepeHNe UMITYJIBCA U KOOPAMHATBI.

[lepBasg yacTh mapagokca MOPAJIBHO YCTapesna M IapajoKCoOM HeE SBISETCH.
CMmbIC IEpBOM 4YacTH COCTOMT B cienyrouiem. IlycTs, Hampumep, Ipu pacnajae
YaCTULbI C HYJEBbIM HMIYJbCOM Ha JIBE€ 4YacTU OOpas3ylTcs JBE YacTHULBI C
HEU3BECTHBIMU UMITyJIbCaMHU. V3MepHUM JU1s IEPBOM YaCTULIBI UMITYJIBC, & JJIsI BTOPOU
— KkoopauHary. IIpousBoas u3MepeHre HEKOTOPOH IIPOEKIUY UMITYJIbCa p, NEPBOM

qaCTulbl, Mbl aBTOMAaTHYCCKHU Yy3HACM 3HAYCHUC IIPOCKLIHUHU HMIIYJIbCA P, BTOpOﬁ

JacTUlbl, HC HU3MCPAA C€ro. Torz:a, HU3MEPAA IMOJOXKCHHUEC X BTOpOfI qaCTHULbI, MbI

OIHOBPCMCHHO Yy3HAacM JJI1I HCC IIPOCKIMWIO HMIIYJIbCA MW KOOpJAWHATY, 4YTO

. h
IPOTUBOPEUYUT COOTHOLICHUIO HeonpeaeneHHocTH ['eizenbepra Ax - Ap, = —.

2
Pemenune nepBoi 4acTu napaaokca COCTOUT B TOM, YTO U3MEPEHUE NPOEKIUU
MMIIyJIbCa IIEPBOM 4YacTUIBl W HW3MEPEHHE KOOPAWHATBI BTOPOW YaCTHIBI
HEBO3MOKHO BBINOJHUTH OJHOBPEMEHHO. OJTa HEBO3MOXXHOCTb OIPEAEIIAETCS

. h
APYTUM COOTHOIIEHHWEM HeompeneneHHocTu [eitzenbepra AE - At 25. Ecmn xe mbl



IIPU3HAEM, YTO WU3MEPEHUS NPOECKLIHMHM HMMITYJIbCA NMEPBOW YaCTULBI U KOOPIMHATHI
BTOpPOIl ObUIM NMPOU3BEAECHBI MOCIEAOBATEIbHO, & HE OJHOBPEMEHHO, TO HUKAKOTO

IMPOTHUBOPCHUA C COOTHOLLICHHUEM HCOIIPCACICHHOCTHU Ax - Apx 2 5 pIn) b

OJHOBPEMEHHOro m3Mepenuss Ax u Ap, He Oyzer. Iloouepenno BenuuuHbl Ax u
Ap, MOKHO U3MEPSATH C JIIOOOH TOYHOCTBIO.

Bropas wacts mapagoxca DIIP cBsi3ana ¢ mpobieMoil JT0KaTbHOCTA KBAHTOBBIX
00BbEKTOB. MOryT JIi pa3Hble YacTh O0BEKTA, HAXOJAIIECTOCs B CYNEpPHO3UIMOHHOM
COCTOSIHUM, B TO K€ BPEMSl PacroJiaraThCs Ha CKOJIb YTOJHO OOJIBIIOM PacCCTOSIHUU
npyr ot apyra? KonenrareHckas uHreprperanus — aa. CtaTucTuyeckas TpaKTOBKa
— HeT. B KomeHrareHCKOW HHTeprpeTanuu (CerofHs 23TO OOUIenpU3HAHHAS
MHTEpPIpEeTals KBAHTOBOM MEXAHUKH) JABa 00bEKTa Ha OOJIBIIOM PACCTOSSHUU MOTYT
OMKCHIBATHCS 001 BOJHOBOM (PYyHKIMEH — 3TO TaK Ha3blBa€Mble MepernyTaHHbIE
(cmytannbie) coctosiHus. [lpu 3TOM wu3MepeHus HaJa OAHOM YacThl0 OOBEKTa
MPUBOAAT K KOJIIATNICY BOJHOBOM (DYHKIMHM OJHOBPEMEHHO I O0EMX dYacTei
00BEKTa HE3aBUCUMO OT PACCTOSHUS MEXKIY HUMH. B cTatncTrueckoi TpakTOBKE JIBE
4acTH OOBEKTa PA3JICTAIOTCS, M KXl W3 YACTEH OMHCHIBACTCS CBOEH BOJHOBOM
dbynkuuei. M3mepenue, mMpoBeAeHHOE HAA OJHOM YacThl0 OOBEKTa, MPUBOIUT K
KOJUTANCy TOJBKO €€ BOJHOBOW (DYHKIIMH, OCTAaBIISIA BOJHOBYIO (YHKIUIO JIPYTOM
4acTH 00BEKTa HEU3MEHHOM.

OnbiTel HTepua — I'epaaxa. Pacmag yacTuubl ¢ HYJeBBIM CIHHOM HA 1Be
JacTHILI cO cnuHoM 1/2.

-1.00
Angle between detectors [degrees)
1o ropu3oHTaNM OTJIOKEH YroJl MEXIY HAPaBICHUSAMU U3MEPEHUS NMPOSKLINU
cnuHa aByX npubdopos Ltepna — ['epnaxa.
KoadpuumenT xoppensuny BeIUUYUH X U ) 10 ONPEAEICHUIO PaBeH

1 Z”:xl-—<x>‘yl-—<y>.

p:
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JIokanpHBIA pealu3M — CIUIONIHAsA JIMHUSA, NEPEIyTAHHBIE COCTOSHHUSA —

NyHKTUpHAas (KOCUHYC yrija, P(ﬁ b ) = —(Zt b ) , TI€ €OUHUYHBIE BEKTOPHI

HampaBieHus jaetektopa). Ha ocHoBe HepaBeHCTBa rpadukoB cHOpPMYIUPOBAHBI



HepaBeHCTBA bemta. JIokanpHBIM peanu3M — 3TO IPEANOJIOKEHNE, YTO U3ITYYarOTCs
YAaCTULIBI C IPOTHBOIOJIOKHBIMUA CIMHAMU KaXAbId pa3 Ha KaKOE-TO KOHKPETHOE
HalpaBJICHUE.

Ilepenyranunie coCcTOAHUSA ()OTOHOB.
I'enepanusa mapsl mepenyTaHHBIX (GOTOHOB B pe3yabTaTe CIOHTAHHOIO
apaMeTPUUECKOTO PaCCEsIHUS HA HEIMHEMHOM KPUCTAJLIE.

JlasepHblit NOTOK

/

HenuHenHbI KpucTtann

BepTukansHo
MonNsApU3oBaHHbIe
doToHbI (V)

['opusoHTansHo
NonApuU3oBaHHbIe
doToHbI (H)

3anyTaHHble (POTOHbI

Jis  OmHUX KPHUCTAUIOB TeHepupyeTrcs Tapa (OTOHOB OJWHAKOBOM
NOJISIpU3alMl — 9STO CHHXPOHM3M TIEPBOTO THWIA, JUIS JAPYTUX KPHUCTAIUIOB
reHepupyeTcss napa (OTOHOB OPTOTOHAIBLHOW MOJSPH3AIMU — 3TO CHHXPOHU3M
BTOPOTO THIIA.

[TocTaBuM Ha MyTH OJHOTO W3 3allyTaHHBIX ()OTOHOB MPOBOJIOKY U MOIYIHM
UHTEep(dEepEeHIINIO ABYX BOJH OOXOISAIIMX MPOBOJIOKY clieBa U crpaBa. Jlamee mporie
paccMaTpuBaTh HMHTEPPEpEHIMIO Ha ABYX miensxX. IlycTh OOWMH W3 3amyTaHHBIX
(hOTOHOB TIpoJieTaeT 4Yepe3 NBe mienu. lorma ayis BToporo (oroHa HaOIrOmaeTCs
uHTEp(PEepeHIINOHHAs KapTHHA.
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dddext Xonra — Oy — Mannena (Hong-Ou-Mandel effect).
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JIBa mepenyTaHHbIX (POTOHA OJJMHAKOBOW MOJIAPU3ALIMU JETAT TOJIBKO B OJUH U
TOT K€ MPUEMHUK CBETA, BCE PABHO B KaKOMU.

C ximaccuyeckoi TOUKU 3peHus aBa (OTOHA MOTYT OBITh CUH(A3HBI B CTOPOHY
OJIHOTO TIPUEMHHKA, TOTAa OHH MOMAJAI0T B 3TOT MPUEMHHUK ¢ BeposiTHOCThIO 100%,
a B JIpyroil NpUeMHHUK OHU B MPOTHBOGA3e U MONagaroT B HEro ¢ BeposATHOCTHIO 0%.
Ecnu sxe ogun u3 GOTOHOB MpeaBapUTEILHO CIIBUHYTH 1O ¢aze Ha 7, TO ABa (hoToHA
nomnaayT B Apyroil mpueMHuK ¢ BeposTHOCTHIO 100%. B saddexre Xonra — Oy —
Manpena npenBapuTeabHbIN CABUT 1O (ha3ze 0JHOTrO U3 (POTOHOB Ha 77 HUYErO HE
u3mensier. /[Ba ¢ortona ¢ BeposTHOCThIO 50% mnomagarOT B OJUH MPUEMHHK U C
BeposiTHOCThIO 50% — B nipyroil. Intepdepenius 0osee BbICOKOTO YPOBHS.
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KBaHTOBasi KOMMYHHKAIIMA ObICTpee CKOPOCTH CBETA.

Bukunenus -> KBantoBas 3anyTaHHOCTb -> KBaHTOBass KOMMYyHHUKALIUSL.

Cpenu BapuaHTOB KBAHTOBOW KOMMYHHUKAIIMM €CTh TEOPETUUYECKHUI BapUaHT
KOMMYHUKAITUHN OBICTPEE CKOPOCTH CBETA.

J/IBa mepenytanHbix koTa IlIpenunHrepa, mepemnyTaHHBIX TaK, YTO €CJIM OIUH
MEpPTB, TO APYrod *uB. MOXXHO MNPHUOTKPBHITH KPBILIKY OJHOIO SIIUKa, U, €CIIH
MOJCMOTPEHHAsI BOJTHOBas (PYHKIIUSI HE YCTpPauWBAET, TO 3aKPBITh KPBIIMIKY OOpaTHO
TaK, YTO BOCCTAHOBUTH CYIEPHO3UIIMOHHOE COCTOSIHUE KOTAa. MOKHO NPUOTKPHIBATH
KPBILIKY /10 T€X MOp, MTOKa HE MOSIBUTCSI HY’KHOE COCTOSIHUE.

Hwxe npuBeneHa ccbuika Ha pabOTy, B KOTOPOW cClierKa IMOJICMAaTPUBAIOT 3a
CYTIEPIIO3UIIMOHHBIM COCTOSTHUEM KyOWTa W, €CJIM PEe3yJbTaT MOJACMATPUBAHUS HE
HPaABUTCSA, TO BO3BPAIIAIOT KYOUT B TIPEXKHEE CYNIEPIO3UITMOHHOE COCTOsTHIE. MOKHO
MOJICMaTpUBaTh 10 T€X MOp, MOKa HE YAACTCsS MOJACMOTPETh COCTOSIHUE, KOTOpPOE

HpaBUTCA. BoO3HMKaeT BO3MOXHOCTH C(HOPMHUPOBATH HYXHOE COCTOSHUE U3
CYNEPIIO3ULIMOHHOTO COCTOSIHHSL.
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MosxHO cpOpMHUpPOBaTH HYXKXHOE COCTOSHHE, a y TMEpermyTaHHOro KOoTa Ha
JH000M yNaJeHUH MTHOBEHHO IOJYYUTCSl MPOTHUBOIOJOKHOE COCTOSHHE. Takum
oOpa3zoM MOXHO mpenarh HMHOpPMALUIO Ha J000€ paccTosHUE C OECKOHEYHOM
CKOPOCTBIO.

KBaHTOBbBIE OMeHNsl ¢ paclleNJeHHbIM BEPXHUM YPoBHeM. OTCYTCTBHE
KBAHTOBBIX OMEHMIi ¢ pacllenJeHHbIM HU:KHUM YpoBHeM. KBaHTOBLIE OMeHNs ¢
paclieNIeHHbIM HUKHUM YPOBHEM.

KopoTkuii wummynbCHBIM pa3psg B raze W HaOMOJCHHWE 3aBUCHMOCTU
WHTEHCUBHOCTH U3JIyYEHHS OT BPEMEHU TOCIIE pa3psaa.
Pacuiennennbii BEpXHUM YPOBEHb.
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PacmieniieHHbIN HUKHUN YPOBEHb — KBAHTOBBIX OMEHUI HET.
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HO, €CJIM HECKOJIbKO M3MCHHUTH YCJIOBHA 3KCIICPUMCHTA, KBAHTOBLIC OMeHUS C
pacICIVICHHBIM HHUKHUM YPOBHCM DHCPIUU Ha6J'II-0I[aIOTC}I.
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MoHO Moa00paTh TaKOW CBETOBOW MMITYJIBC S, KOTOPHIA MEPEBOIUT aTOMBI
3 CYNEPIO3ULHOHHOTO HIKHEIO COCTOSIHUSA ¥/, B YNCTOC HIKHEE COCTOSHHE Y/, A

U3 COCTOAHUS Y/_ B COCTOSIHUC Y/, . B OKCIICPUMEHTC, HAYMHAasA ¢ MOMCHTa CBETOBOI'O
HMITYyJIbCa S, HAYMHAIOTCSI KBAHTOBLIC OMEHUS.



