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KBazuknaccuueckoe WM MOyKJIACCUYECKOEe MPUOIIMKEHUE, KOTOPOE COCTOUT
B KBaHTOBOM OTMCAHHUH BEIIECTBA U KJIACCUYECKOM OIMCAaHHUE CBETOBOTO MOJs 0e3
BTOPUYHOI'O KBAHTOBaHUS, 0€3 KBAHTOBAHUS TIOJIS.

Koe-uT10 0 KBaHTOBOU MEXAaHUKE.

Jindpakuusa 1 uHTepdepeHus 3JeKTPOHOB.

PaccMoTprM MBICHEHHBIM OMNBIT N0 HMHTEPHEPEHIUH MOHOKHHETHYECKUX
AIEKTPOHOB (JIEKTPOHOB C OJJMHAKOBBIMU CKOPOCTSMHM) aHAJIOTMYHBIA onbiTy FOHra
B ONTUKE. [IyCTh 3JIEKTPOHHBIN ITYyYOK BBUIECTAET U3 JIEKTPOHHOM ITYIIKHA U ITPOXOIUT
yepes JIBE IEIIH.
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YtoObl uHTEpPhEPEHIIMOHHBIE TOJIOCH HE OBLIM CIMIIKOM Y3KUMH, HYXXHO
9TOOBl CKOPOCTH SJEKTPOHOB OblIa JOCTATOYHOM MaJIOW BEJIMYMHOW, TaK Kak

HIMpUHA ToJoc d :; MPONOPLUUOHANIbHA JJIMHE BOJHBI /i€ bpoilis A:W. B

TaKOM CITy4ae TPYJHO CO3/1aTh IIYYOK 3JIEKTPOHOB C MaJIbIM Pa3dpocoM CKOPOCTEH.

Tem He MeHee, ONBITHI MO JU(PAKIUMUM W HHTEPPEPEHUUH IIEKTPOHOB
npoBoaTca ¢ 1927 rona. B kauectBe 3xpaHa A HaOM0AeHN HHTEP(PEPEHIMOHHOM
KapTUHBl MOXET OBbITh HCIOJIb30BaH JIIOMUHECUMPYIOIIUN SKpaH, Takol Kak y
ocuwuiorpaga. Kaxnoe mnomajgaHue 3JIEKTpOHA Ha JIIOMUHECHUPYIOUIMM 3KpaH
CONPOBOXK/IAETCSI BCIBIIIKOM CBETa M3 COOTBETCTBYIOLIEH TOYKHM 3KpaHa. s
perucTpauuu MHTEP(PEPEHIUOHHON KapTHUHBI JIIOMUHECUUPYIOLIUN 3KpaH MOKHO
JUH30M 0TOOPa3uTh Ha MaTpUILy (POTOANOIOB (KaK B (poToarmapare).

HHuTepecHo, 4To MHTEpPEPEHLNOHHBIE MOJIOCHl HA 3KpaHE COXPaHSIOTCA NpU
CKOJb YTrOAHO CJA0OM TIOTOKE 3JIEKTPOHOB. [IOTOK MOXHO caenaTh HACTOJIBKO
cnaObIM, 4YTO O3JEKTPOHBI 3aBEAOMO OyayT Jererb 1o oaHoMy. CoxpaHeHue
MHTEPPEPEHIIMOHHONW KApTHUHBI O3HAYAeT, YTO KaXKIbIH JJIEKTPOH UHTEpPEpUpyeT
caM ¢ co0oil, mpoJeTast yepe3 00a OTBEPCTHSI.

Kak ’kxe HeleTuMBblIil 3JIEKTPOH MPOJIETAET Yepe3 ABa OTBEpCTHsI? MOXKeT ObITb,
OH BCE e MpoJieTaeT yepe3 oaHo oTBepctre? Ho eciu BTOpoe OTBEpCTHE JIMIIHEE,
TO, Kak OOBSACHUTH TOT (paKkT, YTO TPU 3AKPBITUM BTOPOrO OTBEPCTHS
MHTEP(PEPEHIIMOHHBIE MTOJIOCH TPONAAAIOT.



3HAUUT, KOKJbII 3JIEKTPOH NPOJIETAET UMEHHO Yepe3 00a OTBEPCTUS. A MOKHO
JU B TAaKOM cJlydae 3a OJHMM OTBEPCTHMEM IOMMaTh MOJOBUHY 3eKkTpoHa? Her,
Henb3s. JIOBUTCS WM OJUH 3JIEKTPOH WIM HA OJHOTO.

A Henp3s 1M 3a OJHUM M3 OTBEPCTUH NOCTABUTh JATYUK, KOTOPHIA Oyjaer
PETHCTPUPOBATh  JJIEKTPUUYECKOE II0J€, IPOJICTAIOIIEIO0 PSIAOM C  JaTYMKOM
eKTpoHa? MOXKHO. DJIEKTPOHBI IIPU 3TOM HPOJIETAIOT TO YEpPE3 OJHO, TO Yepes3
Apyroe oTBepcTUe, a UHTEp(EepPEHIIMOHHAs KapTHHA OTCYTCTBYET, TaK KaK Mbl TOYHO
3HAEM, Yepe3 KAKOE OTBEPCTUE IIPOJIECTACT KaXKABINA HIEKTPOH.

A 4T0 OyJIeT, ecau JaTYMK HEMHOIO OTOABUHYTH OT OTBEPCTHUS B CTOPOHY, TaK
YTOOBI OH MEHbBIIE BO3MYLIA] MPOJIETAOMNKA MUMO 3JeKTpoH? Torma mo mepe
yAAJICHUs] JTaTYMKA KOHTPACT HUHTEPPEPEHIIMOHHOM KAPTUHBI YBEIWYUBAETCA, a
HAJIC)KHOCTh PETUCTPALMU MIPOJIETAIOIIETO MUMO JIEKTPOHA YMEHBIIAETCS.

BeiBoa. [Inst mHTEppEpeHIIMN 3IEKTPOHOB 32 HMUMH HENb3d I0JICMAaTPUBATb.
IIpu 3TOM HE Ba)KHO, IMOACMATPUBAEM MBI Ha CAMOM JI€JI€, BA)KHO TOJIBKO, BO3MOYKHO
71 ObUIO MPUHIUIHAIBHO MOACMOTPETh UM HEBO3MOXKHO.

Nutepdepenuns 0osee THKeNAbIX YACTHIL. OTpakeHHe MOJIEKYJISAPHOIO MYYKA
NMOBEPXHOCTHK) KPHCTAJLIA.

AHanoruyHo HHTEp(EpEeHIUH dJICKTPOHOB HA JBYX OTBEPCTUAX MOXKHO

paccMOTpeTh HMHTEp(EpeHInI0 TMPOTOHOB Ha Tex ke oTBepctusixk. [lupuna

A
UHTEepGEPEHIIMOHHBIX TI0JIOC paBHA d =—, TI€ « — Yroll, MOJA KOTOPBIM
a
h
uHTEephEepUpPYIONIMe BOJHBI CXOISATCS HAa HKpaHe, /1:—V — JJIMHA BOJIHBI [I€
m
bpoiins, m — macca yactuinpl, /' — €€ CKOpOCTh. 3aMETHUM, YTO Macca MPOTOHA

MIOYTH B JBE ThICSYM pa3 OoJibllle MacChl ANEKTpoHA. [Ipy Mpounx paBHBIX yCIOBUA
MHTEpP(PEPEHIIMOHHBIE TTOJIOCHI JIs MPOTOHOB OYIYyT B ATH K€ JBE THICSIYU pa3 yKe,
yeM ISl JIEKTPOHOB. PaccMoTpeTh, Takyro MHTEP(EPECHIIMOHHYIO KapTUHY Oyner
OUYE€Hb TPYJHO.

YroOsl HAOMIOAATh UHTEPHEPEHIIUIO TPOTOHOB, OHU JIOJKHBI UMETh B ThICSUU
pa3 MEHBIIYI CKOPOCTh IO CPAaBHEHHUIO € JIEKTpoHaMu. Temmeparypa KBagpaTHIHO
3aBUCUT OT CKOPOCTH, TO €CTh IIPOTOHBI JIOJKHBI UMETh B MUJIJIMOHBI Pa3 MEHBUIYIO
3¢(EeKTUBHYIO TeMIepaTypy, 4YeM OJJIEKTPOHBI, JUJIsi HaONIOJEHUS TOW IKe
UHTEP(PEPEHIMOHHON KapTUHBI.

HaGmonate nHTEp(EPEHIIMOHHYIO KapTUHY TPYAHO, HO MOHO. IIpu Mmanbix
MOTOKAaX MPOTOHOB MHTEpPPEpEHLUOHHas KapTuHa coxpansercs. CrenoBaTelbHO,
KXl IPOTOH MHTEp(depupyeT cam ¢ coOoil, U MposIeTaeT Yepe3 JABa OTBEPCTUS B
JKpaHe.

AHQJIOTUYHO MOKHO HAOII0JaTh UHTEP(PEPEHIIUIO0 aTOMOB WJIM MOJIEKYJ. Tak
M3BECTHBI OMBITHI MO HAOMIOAEHUIO PACCESIHUS MOJEKYISIPHOIO My4YKa KPUCTAJIOM.
MonekyaspHbI Iy4OK OTPa)Xaercs OT MOBEPXHOCTH KPUCTAUIAa HE 3E€PKAIBHO, a
MMEET XapaKTepHbIEe AUPPAKIUOHHBIE MAKCUMYMBI.



B cooTBercTBUM € KBAaHTOBOW MEXaHUKOW JOJKHBI HMHTEphEpPUPOBATH U
MOJIEKYJISIPHBIE KJacTepbl — TIpYIIbl MoJjeKkysl. Ho mpaktuueckoMy HaOIIOACHUIO
Takasi UHTepPepeHUs TTOKa HE MOAJAETCs U3-3a TEXHUUECKUX TPYAHOCTEH.

AHaNOrMYHO TOJKHBI HHTEP(PEPUPOBATH NECUMHKH, MAYUKH, KOIIKH U JIFOIH.

Kak 151 caMoro 4enoBeka BBITISIUT TO, YTO OH IPOJIETAET YEPE3 JIBE ABEPHU U
uHTepdepupyet cam ¢ coboi? Hukak He BRIMISAUT. CBET HY)KHO IOTacUTh, TaK Kak
JUI COXpaHEHUs MHTEP(PEpPEHLMH, HENb3sl MOJACMATPUBaTh 3a IMPOLIECCOM IPOJIETa
yepe3 JABEpU. 3aMETHM, YTO y 4eJoBeKa Macca emie OoJblle, 4YeM y MHpOTOHA, B
pe3yabTare Ajisi HaOmroJeHus MHTepdepeHIun notpedyeTcss OpocaTh ueloBeKa ¢
TaKOW MaJlOil CKOPOCTBIO, YTO OJMH IPOJIET YEPE3 JBE JABEPU MOTPEOyEeT BpeMEHU B
10" Gosblire BpeMeHH CyIeCTBOBAHHS BCceleHHOI.

b dexT AapoHoBa — boma.

B skcnepuMeHnTe 1m0 HMHTEpQEPEHIMU JJICKTPOHOB HA ABYX IIEIAX MEXKIY
HIEJIIMU TIOMECTH COJICHOUJ C OChbIO MEPIECHAUKYIAPHON pUCYHKY. MarHuTHOE moJie
OylIeT TOJBKO BHYTPH COJICHOWJIA, €CIIM OH JIOCTAaTOYHO JUIMHHBIA. DJICKTPOHBI
MpoJIeTaloT B 00JIaCTH, i€ HET MAarHUTHOTO MOJis. VI3MeHssl BEIMUMHY MarHUTHOTO
Mojasi B COJICHOMJAE, MOXHO  CIBHIaTh  HHTEP(PEPEHIIMOHHBIE  ITOJIOCHI.
NHTepdepeHIIMOHHbIE TMOJIOCHI CABUTAIOTCS BEKTOPHBIM IOTEHIIMAJIOM, a He
HaNpsKEHHOCTHIO MAarHUTHOTO TOJIS.
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PaccesiHue HEMTPOHOB HA KpHUCTAJLIE.

Jns uHTepdepeHiuu HeoO0XO0IUMO, 4YTOOBl HE OBUIO MNPUHITUIHUATIBHON
BO3MOKHOCTH TOACMOTPETHh 3a IpoueccoM. Kak 3TO HYXKHO NMOHHMAaTh BUIAHO W3
CIEAYIOIIETO MTPUMEpA.

EcTh 3KCIIEpUMEHTHI MO PACCEIHUIO MTyYKa HEUTPOHOB Ha Kpuctauie. Ecim y
SIEp ATOMOB KPUCTAJIJIa HET CIMHA, TO HEUTPOHBI PACCEUBAIOTCS BCEM KPUCTAJIIIOM,
Kak 00beMHON Au(pakiMOHHOW pemeTko. B nuarpamMme HampaBiIE€HHOCTH
PACCESHHBIX  DJIGKTPOHOB  00pa3yroTcsi  TU(PPAKIIMOHHBIE MAKCUMyMBI  JUIS
BBIJICJICHHBIX HAIIPaBJICHUM.

Ecnu Yy 44Cp aTOMOB KpHUCTAJllIa OTJIMYHBIN OT HYJI1 CIIMH, TO IIPHU paCCCAHHUHA
HGﬁTpOHOB KpOMC OCTPBIX I[I/I(l)paK]_II/IOHHBIX MAaKCHUMYMOB IIPUCYTCTBYCT CJIaracMocC
PaBHOMCPHOI'O paCCCAHMN:A 110 BCCM HAIIPABJICHUAM.



JUia 0OBACHEHHUs ITOro pe3ysibTaTa PacCMOTPUM DPACCEIHHE HEUTPOHOB HA
KpHUCTaJUIE, sIpa aTOMOB KOTOPOI'0 MMEIOT MTOJIOBUHHBIN cIMH. HEUTPOH TOXe umeeT
IIOJIOBUHHBIN clUH. [Ipu paccesHuu A1po U HEUTPOH MOT'YT IIOMEHATHCS CIMHaMu. B
TaKOM CJIy4ae PACCESIHUE ITPOUCXOJHUT HE HAa BCEM KpHUCTAJLIE, & Ha SApPE OJHOIrO
atomMa. PaccesHue Ha TOUEYHOM OOBEKTE HMEET MPAKTUYECKH OJMHAKOBYIO
BEPOATHOCTh paccessHusl B J000OM HampaBieHMHM. B pesynpraTe K Auarpamme
paccestHusl ¢ OCTPbIMH MakcUMyMaMu (0e3 M3MEHEHHUs CIMHA sijipa) J00aBiseTCs
JUarpaMMa paccessHus Ha TOYEYHOM OOBEKTE.

3amMeTHM, YTO IPHU 3TOM HE Ba)KHO, MBITAEMCS JIM MbI ONPEIEIUTh, Y KaKOTO
Alpa U3MEHWIICS CIIUH, BaXKHO TOJIBKO, YTO 3TO IPUHLMUIIMAIBHO BO3MOXKHO. TouHee,
TO, 4YTO IOSABIIAETCA CIIAraéMoOe ¢ pAaBHOMEPHBIM PACCESIHUEM 10 BCEM HAIIPABJICHUAM,
O3HayaeT, 4To OOHApYXWUTh SJpPO aTOMa, Ha KOTOPOM IPOM3OLLIO pPacCEsHHUE
HEUTPOHA C TOBOPOTOM CIHMHA AAPa, IPUHIUIIAAIBHO BO3MOXKHO.

Koumika B yuepHom simuke (kot Ilpeaunrepa).

PaccMOTprUM MBICTIEHHBIN OMIBIT.

[IycTe B HameM pacHnopsiKEHUH €CTh aO0COJIIOTHO YEPHBIM SIIIUK, KOTOPBII
o0JlajlaeT TeM CBOMCTBOM, UTO M3 HETO HAPYKY HE MOCTYIMaeT aOCOJIIOTHO HUKaKas
uHdopmarus. [lycts B 3TOT SIIMK TTOMEIIEHA KuBas komika. KpoMe KOIIKH B SIIUK
IIOMEIIAOT B3PBIBHOE YCTPOMCTBO C HEKOTOPHIM CIIYCKOBBIM MEXaHU3MOM.
CnyckoBOM MEXaHHM3M BKJIIOUAETCS C IMOMOUIIBIO PAJUOAKTUBHOTO 3IJIEMEHTA,
HCIyCKAIOLIETO ( -4aCTULBI, KOTOPBIE PErUCTPUPYIOTCA IMPUEMHHUKOM ¢ -HACTHILI.
DJIEKTpOHHAsi CX€Ma NPUEMHHKA BKJIKOYAET B3PBIBHOE YCTPOMCTBO. B3pbiBHOE
YCTPOMCTBO U KUBYIO KOIIKY 3aKPbIBAIOT B YEPHOM SIIIUKE.

UYepes HEKOTOPOE BpeMs SIUMK XOTAT OTKPBITh. [IycTh 3a 3TO BpeMs cueTuuk
o -4aCTHIl JOJDKEH ObLI cpaboTaTh ¢ BepoATHOCTHIO 1/2. Toraa ¢ BeposTHOCThIO 1/2
B SIIMKE HAXOJMUTCS *WBas JIOBOJbHAS >KU3HBIO KOIIKA, U C BEPOATHOCTHIO 1/2
KOIIIKa MEPTBA, J1a TAK MEPTBA, YTO OT HEE MPAKTUYECKU HUYErO HE OCTaloch. Eciu
13 SIMKa NPUHIUIHATBHO HE BBIXOJUT HUKAKOW MHPOpMAIUHU, TO B COOTBETCTBUH C
oOLIENPU3HAHHON KOIEHIareHCKOM MHTEpHpeTaleil KOIKa BHYTPHU SIIHUKA IMepea
€ro OTKPBITUEM HAXOAUTCS B CYNEPIO3ULIHOHHOM COCTOSHUU XHUBOM W JOXJIOU
KOIIKA. MaKpoCKONMYeCKue KyOWThl, HampuMep, MOTYT K€ HaXOJUTHhCS B
CYIEPIIO3ULIMOHHOM COCTOSIHUMU.

C ToYKHM 3peHus TeOpHH CHOHTaHHOW peaykuuu ['mpapau, Pumunu u BeGepa
(I'PB) xomika — MakpOCKOIMUYECKHI OOBEKT U MOATOMY HAXOJIUTCSA B OJTHOM U3 JIBYX
COCTOSIHUM, U HUKaKou cynepno3uiuu HeT. CornacHo ['PB BepossTHOCTh CHIOHTaHHOM




N .
PEIYKIIMU B €IUHUILY BpEMEHU —, TA€ N — YMCJI0 B3aMMOJICHCTBYIOIIMX YACTHII,
T

T — YHHBEpcajbHasg KOHCTAaHTa r~10" cex. [IpuBepKEHIIBI 3TOW TEOPUH
HaxXOJSTCS B MEHBIIMHCTBE.

Xb10 JBeperT, CTuBeH BaiinoOepr. IlapajieabHblie BeesieHHBbIE.

Camplii HMHTEPECHBIM BONPOC: KaK JTO CYIEPIO3UIUOHHOE COCTOSHUE
BBITJISIIUT C TOYKH 3PEHUS] CAMOU KOIIKH?

[Ipobnema KOImIKM B YEPHOM SIIMKE CONpHUKACAETCS C MpoOJIeMOi
HEO00XO0JIMMOCTH MaKPOCKOIMYECKOTO MprUOOopa /i1 KBAHTOBBIX U3MEPEHUM.

['ne mpoxoauT rpaHuIia pasmepa npudopa, mpu KOTOPOM MpubOp CTAHOBUTCS
Makpockonuyeckum? CornacHo Xbi0 DBEPEeTTY TaKOW TpaHUIIbl HET, HE ObIBaeT
HUKAKOTO M3MEPEHUsI KBAHTOBOTO OOBEKTa C MOMOIIBI0 MaKpPOCKOMHYECKOTO
mpubopa, KBAaHTOBBIM OOBEKT BCErJa OCTACTCS B CYNEPIIO3UIIMOHHOM COCTOSTHUH, B
pe3yabTare Bcsi BeeneHHast Oka3bIBaeTCs B CYNEPNO3UIIMOHHOM COCTOSIHUM C OJIHOM
BOJTHOBOW (yHKIMeH. Takol ke TOYKM 3pEHUs MPUIIEPKUBACTCSA, B YACTHOCTH,
CruBen BaitnOGepr — oauH U3 naypeaTroB HoOeneBckod mnpemuu 1979 roma 3a
00bEIMHEHUE DJIEKTPUYECKOTO0 U CJIadoro B3aMMOJICUCTBUN B dJIEKTpociadoe
B3aumoJierictue. Eciau mpubop BMecTe ¢ HaOroAaTeleM OKa3bIBAIOTCS BHYTPHU
KBAaHTOBOW CHCTEMBI OMMCHIBAEMOW BOJHOBOW (PYHKIIMEH, TO COIJIAaCHO DBEPETTY
BHYTPEHHMI HaOJoAaTedb HE MOXET BHIETh CBOErO0 CYIEPIIO3UIIMOHHOTO
COCTOSIHUS, TIO3TOMY HaOJIIoAaTeIh BUAUT TOJBKO OJHY peanu3aiuio. Tak eciau Obl
KOIIIKa U3 MPEIbIAYIIUX PACCYXKIECHUN OKa3alach B CYNEPHO3UIIMOHHOM COCTOSIHUU
KUBOM M JIOXJIOM KOIIKH, TO CaMa KOIIKa BOCIpPUHUMAaJa Obl ce0sl B OJIHOM U3 ATUX
JIBYX COCTOSIHHMM, a CYINEpIIO3UIIMI0 COCTOSTHUM KOIIKHA MOKET OOHAPYKHUTh TOJBKO
BHeIIHUNA HaOmogatenb. C TOUKM 3peHHUs BHEIIHETO HaOIonaTesisi BHYTPEHHHM
HaOmoAaTeNb (KOIIKa) U U3MEPSIEMbI KBAHTOBBIM OOBEKT HaXOISATCS Cpa3y BO BCEX
BO3MOXKHBIX COCTOSIHUAX. BocnpuHuMaemoe HaMu, Kak BHYTPEHHUM HAOJI01aTesIeM,
COCTOsSIHME JII0OOTO mpubOopa B OSTOM CMBICIE CYOBEKTHBHO. Torjma ¢ Haiien
CyOBEKTHUBHOM TOYKU 3pEHHs TJe-TOo B 'mapaienbHoil BcenenHoil" peanusyercs
Ipyroe CcoCTosiHuE TMpubopa M OOBEKTa, KOTOPhIE HYKHBI [IJIsi MPaBUIHLHOTO
CYHEPHO3UIIMOHHOTO ONKUCAHUs SABJICHUS TOJIBKO BHEIIIHEMY HAOIIOAATENIO.

Ilapagokc JiinmTeiHa, Ilogoabckoro, Pozena (JIIP). IlepenyraHHblie

cocTosinus. TouHoe H3MepeHne HMINVJILCA M KOOPAHHATLI.

[lepBas vacTh mapajokca MOpPaJbHO ycTapejaa M MapajoKCoOM HE SIBISETCS.
CwmbIcn mepBOM 4acTU COCTOUT B crienytomieM. IlycTtb, Hampumep, INpU pacriaje
YacTUIIBI C HYJIEBBIM HMMITYJIbCOM Ha JBE 4YacTH OOpa3yroTCs IBE YaCTHUIIBI C
HEU3BECTHBIMU UMIYJIbCaMU. I3MepuM /)15l IEPBOM YaCTHUIIBI UMITYJIBC, & JJIs BTOPOM
— KkoopauHary. IIpon3Bozs n3MepeHne HEKOTOPOU NPOEKIUU UMILYJIbCa p, NEPBOM

qacCTUllbl, Mbl ABTOMATHU4YCCKH Y3HACM 3HAUCHUC IIPOCKIMH HMIIYJIbCA P, BTOpOfI
JaCcTulbl, HC HU3MCpPAA CTO. Torz[a, HU3MCPAA ITOJIOKCHUC X BTOpOﬁ qaCTHUILbl, MBI



OIHOBPEMEHHO Y3HAeM U1 HEe MPOCKUUI0 HMIYyJIbCa M KOOpPAUHATY, YTO
IPOTHUBOPEYUT COOTHOUIEHUIO HeonpeaeneHHocTH ['eisenbepra Ax - Ap, > 5

Pemenne nepBoil 4acTu mapajgokca COCTOUT B TOM, YTO MU3MEPEHUE MPOEKIINHU
MMITyJIbCa IIEPBOM 4YaCTUIBl W HW3MEPEHHWE KOOPAWUHATBI BTOPOW YaCTHILIBI
HEBO3MOJKHO BBIIIOJIHUTH OJHOBPEMEHHO. OTa HEBO3MOXHOCTb OIPEACIIAECTCS

. h
JIpYrMM COOTHOLIEHUEM HeompeneneHHocTH ['elizeHOepra AE - At 25. Ecmm ke mbl

IMPpU3HACM, YTO H3MCPCHUS IMPOCKIHMHU HMMITYJIbCA HCpBOfI YacTUlbl 1 KOOPIAWHATHI
BTOpOﬁ ObLTIH IMPOU3BCACHBI ITOCICAOBATCIIBHO, 4@ HC OJHOBPCMCHHO, TO HHKAKOI'O

IMPOTHUBOPCHUHA C COOTHOILICHHUEM HCOIIPCACICHHOCTHU Ax - Apx 2 5 pInIb: |

OJHOBPEMEHHOI0 HM3MepeHusa Ax u Ap, He Oyner. IloodepenHo BenuuuHbl Ax H
Ap . MOKHO U3MEPSATH C JIIOOOH TOUHOCTBIO.

Bropas wacts nmapanokca OIIP cBsizana ¢ npo6iemMoil TOKaIbHOCTH KBAHTOBBIX
00BEKTOB. MOryT JIi pa3Hble YacTU O0BEKTA, HAXOAIIECTOCsS B CYNEPHO3UIIMOHHOM
COCTOSIHMM, B TO K€ BPEMS pacroJiaraThCsi Ha CKOJIb YTOJHO OOJIBIIIOM PAaCCTOSIHUU
npyr ot apyra? KomneHrareHckas uHreprperanus — aa. CTaTucTuyeckas TpaKTOBKa
— HeT. B KomeHrareHCKOW WHTepIpeTanuu (CEeroHa 3TO OOIIenpU3HAHHAsS
MHTEpIpeTalns KBAaHTOBOM MEXaHUKHU) J1Ba O0OBEKTA Ha OOJBIIIOM PACCTOSHUU MOTYT
OMKCHIBATHCS OOIIEH BOJHOBOM (PYHKIIMEH — 3TO TaK Ha3bIBaeMbI€ MEperyTaHHbIC
(cnytannbie) cocrosinus. Ilpu 3TOM u3MEpeHHs HajA OJHOM YacThlo OOBEKTa
MPUBOJAT K KOJUIANCY BOJHOBOM (DYHKIMU OJHOBPEMEHHO JUIsi OOeuX dYacTen
00bEKTa HE3aBUCUMO OT PACCTOSIHUS MEXIy HUMU. B cTaTUCTHYECKOM TPAKTOBKE JIBE
4acTh OOBEKTa PaA3JICTAIOTCSA, U KaXAblM M3 YacTel OMUCHIBACTCS CBOEH BOJHOBOM
dbyukuen. M3mepenue, MpoBeIeHHOE HAJ OJHOM YacTbhi0 OO0BEKTa, MPUBOJIUT K
KOJUIANCY TOJbKO €€ BOJHOBOM (DYHKIMH, OCTaBIsiA BOJHOBYIO (DYHKLUHIO JPYrou
4acTU 00bEKTa HEU3MEHHOI.

OnbiTel HlTepua — I'epaaxa. Pacniag yacTuubl ¢ HYJIEBBIM CIHHOM HA JIBE

JacTulbl ¢o cnuHoM 1/2.
1.00 g

Cuantum Comelation

-1.00

Angle between detectors [degrees)



[To ropu30oHTaIM OTIIOKEH YTOJ MEXIY HANPABICHUSMHU U3MEPEHUS TPOECKIIUU
cnuHa AByx npubdopos Illtepna — I'epiaxa.
Koadduruent xoppensiiiuy BETUYUH X U ) 1O ONPENeSICHUIO0 PaBEeH

1 ixi_<x>_yi_<y>.

pP= 1
=tz Ox Oy
JIokanbHBIN paiu3dM — CIUIOHIHAA JIMHHA, IICPCIIYTAHHBIC COCTOSHHUA —

MyHKTUpHAs (KOCHHYC yrija, P(Zz ,b) = —(Zi ,b ) , TI€ €IUHUYHBIE BEKTOPHI

HampaByieHUs1 JeTekTopa). Ha ocHoBe HepaBeHcTBa TpadukoB cHOpMYIHUPOBAHBI
HepaBeHCTBA bemra. JIokanpHbBINM peanu3M — 3TO IPEATNOJIOKEHNE, YTO U3ITYYAIOTCS
YacTHUIbl C MPOTUBOMOJIOKHBIMH CIIMHAMHM KaXXIIbI pa3 HAa KAaKOE-TO KOHKPETHOE
HaIlpaBJICHUE.

Ilepenyranupie cOCTOSHUSA ()OTOHOB.
['eHepanuss mapel TEpemyTaHHBIX (GOTOHOB B pe3yjbTare CIOHTAHHOIO
apaMeTPUIECKOrO pacCesHUS Ha HEJIMHEMHOM KPHUCTAJLIE.
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JInst  ogHMX KPUCTaNIOB TeHepupyercss nmapa (POTOHOB OJUHAKOBOMU
MOJSAPU3ALMU — 3TO CHUHXPOHM3M II€pBOrO THIA, JJS JPYTMX KpPHUCTAJUIOB
reHepupyercsi napa (OTOHOB OPTOTOHAJIBHOM NOJSAPU3AUU — 3TO CHHXPOHU3M
BTOPOI'O THIIA.

[TocraBuM Ha MyTH OJHOTO U3 3aIyTaHHBIX (POTOHOB MPOBOJIOKY U IMOJIYYUM
MHTEp(EPEHINIO ABYX BOJH OOXOAIIMX IMPOBOJIOKY clieBa U cripasa. [lanee mpore
paccmartpuBaTh MHTep(dEpeHIMI0 Ha JBYyX wensx. IlycTe onuMH W3 3amyTaHHBIX
(GOTOHOB TpoJieTaeT 4epe3 JBe Ienau. Torga Juisi BTOporo (oTtoHa HaOmroAaeTcs
UHTEp(PEepEeHIINOHHAs KapTHHA.
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Dbdext Xoura — Y — Manneasa (Hong-Ou-Mandel effect).
2ePKAaN0

Hoxauka

LAENIMTE N

.'-/

HE AFHE FIHBIFA
HKPCTONA

IEePKAND

/ y // 4 ‘ / \\\

JIBa QoToHa OAMHAKOBOW NOJISIPU3ALMM JIETAT TOJBKO B OJIMH U TOT XK€
IIPUEMHUK CBETA.

KBaHTOBasi KOMMYHHKAIMA ObICTPee CKOPOCTH CBETA.

Buxunenus -> KBanToBas 3amyTaHHOCTh -> KBaHTOBasi KOMMYHUKAIIHS.

JlBa mepenyranHbix kota lllpenunrepa, mepernyTaHHBIX TaK, YTO €CJIM OJIUH
MEPTB, TO JpYrol *uB. MOXHO TPHUOTKPBHITH KPBIIIKY OJHOTO SIIUKA, H, €CIH
MOJICMOTPEHHAsI BOJIHOBasl (PYHKIMSI HE YCTpaumBaeT, TO 3aKPbITh KPBIIMIKY OOpaTHO
TaK, YTO BOCCTAHOBUTH CYIEPIO3UIITMOHHOE COCTOSTHHE KOTa. MOYKHO MPHUOTKPHIBATH
KPBIIIKY JIO T€X TOp, TTOKA HE TOSIBUTCS HY)KHOE COCTOSTHHE.

Korotkov A. N., Jordan A. N. Undoing a Weak Quantum Measurement of a
Solid-State Qubit // Physical Review Letters. 2006. T.97, Iss.16. —
doi:10.1103/PhysRevLett.97.166805.




MoxHo chopMUpPOBATH HYXKHOE COCTOSIHHE, a y TEperyTaHHOro KOTa Ha
TO000M yJaJ€HUHM MIHOBEHHO TMOJIYYHUTCS MPOTHUBOIOJIOKHOE COCTOSIHHE. Takum
o0pa3oM MOXKHO TMpeaaTh HHGOPMAIMIO Ha JII00OE pPacCTOSHHE C OECKOHEYHOM
CKOPOCTBIO.

KBaHTOBbIC O0MEHHH C pacHieNVIEHHbIM BEPXHUM YPOBHeM. OTCyTCTBHE
KBAHTOBbIX OMEHUI1 ¢ paclieNICEHHbIM HUKHUM YPOBHeM. KBaHTOBbBIC OMeHHS ¢
pacuienieHHbIM HUKHUM YPOBHEM.

Pacmiennennsiil BEpXHUN YPOBEHbD.

a

WHTEHCHBHOCTE

it i | TIR

# P T
Y g 0 10 20 30 40 50 60
Bpems, HC

E. Bb. AnekcanapoB «bueHuss B JIOMHHECHEHIMH NPH HUMITYJICHOM
BO30YKJICHHHM KOT€PEHTHBIX cOCTOsSHUIY» // Ontuka u criekrpockonus. 1964. T. 17.
C. 957-960.

E. b. Anekcanaposn «OnTrnyeckue IIPOSIBJICHUS uHTEephEepeHIUU
HEBBIPOKJEHHBIX aTOMHBIX COCTOSIHUWY» // Ycnexu pusnyeckux Hayk. 1972. T. 107.
C. 595-622.

Pacuiennensplii HIKHUA YpOBEHb — KBAHTOBBIX OMEHHIA HET.
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Ho, eciau HECKOJIbKO U3MEHUTH YCIOBUS SKCIIEPUMEHTA, KBAHTOBBIC OUEHUS C
pacIleIJICHHBIM H>KHUM YPOBHEM SHEPIUU HAOIIOAI0TCS.

Jx. TI'punmrenn, A. 3anonu. KsantoBelii BbI30B. COBpEMEHHBIE
HCCIIEOBAaHMsI OCHOBaHUM KBaHTOBOM MexaHuku. M3xa. mom HMuatemnexkt 2008r.
C.246-249.

Hellmuth T., Walther H., Zajonc A. and Schleich W. Delayed-choice
experiments in quantum interference // Phys. Rev. A. V.35. No.6. P.2532-2541. 1987.
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MoxHO 10/100paTh TaKOi CBETOBOW MMMYJIBC S, KOTOPBIM MEPEBOAUT aTOMBI
3 CYNEpIO3UIHOHHOTO HIDKHETO COCTOSHUS |/, B YHCTOE HIDKHEE COCTOSHHE I/, , @

N3 COCTOSIHUA |/ B COCTOSIHUC Y/, . B OKCIICPUMCHTC, HAYMHAaA ¢ MOMCHTA CBCTOBOI'O
HUMIIYJIbCa S, HAYMHAIOTCS KBAaHTOBEIC OMCHHS.

KBaHTOBOE TYHHEJIHPOBAHHE.  -PACHa/]l ATOMHOI0 siapa. MoJieKyJja aMMHuaKa.

TyHHenMpoBaHME — KBAHTOBBIM IEpPEXoj] uepe3 NOTEHUHUAIbHBIA Oapbep,
4yepes COCTOSHUE Ul KOTOPOTO HEOCTATOYHO DHEPIUHU.

IIpumep — « -pacniaz aTOMHOTO spa.

3aBUCUMOCTD MMOTEHUUAJIBHON SHEPTUH (X -4AaCTULBI OT PACCTOSIHUSA 10 LIEHTpa
aTOMHOIO sJpa MMEET BHJ IOTCHLMAIBHOW sMBI C LIEHTPOM B LEHTpe sAnpa. llo
O0oKaM fMbl — TOTEHIHAIbHBIA Oapbep, 3a rpaHUIAMU KOTOPOTO MOTEHIMAJIbHAS
DHEPrus CIIaJacT 10 YPOBHS HUXKE, YEM B LIIEHTPE MMOTEHIUAIBHON SIMBI.

U

Bo3MOXHBIE YPOBHM IOJHOM DHEPTHM « -4aCTULBI BHYTPU NOTEHUMAJIBHOU
AMBbl U300pAKEHbI HA PUCYHKE TOPU3OHTAIBHBIMH OTpEe3KamMHu. DTH YPOBHU HMEIOT



SHEPrUI0 HUXE BBICOTHI MOTEHIHMAIBHOrO Oapbepa M MO 3aKOHAM KJIACCHYECKOM
($U3MKHN, HAXOAACh Ha JIOOOM M3 TaKUX YPOBHEHW SHEPIUH, (-4acTHUILAa HE MOXKET
BBUIETETh 3a IPEAeNbl NOTCHUHAIBHOM sAMbI. [l0 3aKkOHaM KBaHTOBOW MEXaHHKH,
MOCTOSIHHO YAApsAACh O CTEHKY IMOTEHIMAJBbHOTO Oaphepa, « -4acTHULa PaHO WM
MO3AHO 0053aTEIbHO MPOJIETUT Yepe3 Oapbep U OKAXKETCs CHApYKH MOTEHIMAIBbHOM
AMbl. B 3TOM 1 cocTouT « -pacnaj atomMHoro sipa. UtoObl BEpOATHOCTh & -pacmajia
ObLJ1a 3aMETHOM HYHO, 4YTOOBI NOTEHIIUAJIbHBII Oapbep ObLIT HEBBICOKUM U Y3KHM.

Takum o00pa3oMm, KBaHTOBash MEXaHUKA II03BOJIIET KBAHTOBBIM OOBEKTaM
U3peIKa MPOXOAUTh Y€pPE3 HEBO3MOKHBIE TPOMEKYTOUHBIE COCTOSTHUS.

HHuTepeceH BOMpOC, MOXKHO JIU OOHAPYXKUTh ¢ -4acCTHUIy B TOT MOMEHT, KOTJa
OHa  IMPEOJIOJIEBAET  MOTEHUUAJbHBIM  Oapbep W HUMEET  KOOPJMHATHI,
COOTBETCTBYIOIINE MOTEHIUATBHON SHEPTHU OO0JbILIEH, YEM €€ MOJTHAsL SHEPrus?

Oxa3pIBaeTCsl, YTO MOXKHO, HO JJIsl 3TOr0 HEOOXOIMMO, YTOObI Oapbep ObLI
oueHb y3KuM. Eciu Gapbep HEIOCTATOYHO Y3KUM, TO Ui CIy4ailHOTO IMomnajaHus
YacTULIBI B COOTBETCTBYIOLIYIO O0JIaCTh NPOCTPAHCTBA HE XBATUT BPEMEHU
CylLleCTBOBaHUsA BceneHHo.

[Tpu momeiTKe JHOOBIM CIIOCOOOM MOMMAaTh YacTHUIy Ha MajoM OTpe3ke Ax
BHYTpU Y3KOro Oapbepa, 4acTUIE COOOUIAeTCS HEOINpPEAETCHHbI HMMITYJIbC TaKoi,

h
qTo Ax - Apx > 5 B COOTBCTCTBHU C COOTHOIMICHUCM  HCOIIPCACICHHOCTH

I'eiizenbepra. bonbImas HeonpeaeIeHHOCTh UMITYJIbCa O3HAYAEeT OOJIBIIYIO BETUUHNHY
CpeIHEro KBajpara UMITYJIbCa M, CJICAOBATEIbHO, OOJBIIYI0 SHEpruto. To ecTh, B
MpoIeCcCe M3MEPEHHUST KOOPJMHATBHI « -4acTUIBl €H COoOOIaeTcs HeompeacIcHHas
SHEPTUsA, KOTOPOU B CYMME CO CBOEH ITOJTHOW SHEPTUEN TOCTATOYHA JJI1 HAXOXKICHUSA
¢ -4aCTUIIl B MECTE€ IMOTEHIMAJIBLHOTO Oapbepa € MOTCHIMAIBLHOM DJHEprueut
OOJIbIIICH, YEM TOJTHASI SHEPTUSL & ~4aCTUIIBI.

[Ipeononenne MOTEHIUAIBHOTO Oapbepa MEKITY CUMMETPHUYHO
pPacnoJIOKEHHBIMH TMOTEHUUAJIBHBIMU SIMAMU TMPUBOAUT K YJIBOEHUIO YPOBHEH
SHEPIHUHU.

Paccmorpum Monekyiy ammuaka NHs.
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ATOM a30Ta UMEET JIBAa BO3MOXHBIX YCTOMYUBBIX MOJIOKEHUS paBHOBeCUd N 1
N,. OgHO U3 HUX HAXOOUTCS HAJl MJIOCKOCTBIO TPEYTOJbHUKA W3 aTOMOB BOJOPOAA,
Ipyroe€ — TMOJ IUIOCKOCTBIO. DJEKTPOHBI CMEIIAKOTCS OT BOJOPOJOB K a30Ty, U
MOJIEKYJIa UMEET JUTOJIbHBI MOMEHT.



ATOM a3zoTa COBepIIAaeT TYHHEIbHbIE TMEPEXOJbl MEXKIYy JTUMHU ABYyMS
cocTOosTHUAMU. [Ipy 3TOM AUNONBHBIT MOMEHT MOJIEKYJbl OCHUUIMPYET U U3IIy4aeT
sHepruto. CrenoBareiabHO, €CIU aKKypaTHO coOpaTh MOJIEKYJY TaK, YTOOBI aToOM
a30Ta 0Ka3aJica C OJHOM CTOPOHBI, a 3aTEM OTITYCTUTh aTOMbI, TO JUOJIbHBIII MOMEHT
MOJIEKYJIbI OyJeT OCHWUIMpOBaTh W W3JIydaTh »HHepruto. Eciam wmonekyna He
M3JIy4aeT, TO OKa3bIBAETCS, YTO B KaXXJIOM KBAHTOBOM COCTOSIHUM MOJIEKYJIBI C
ONPENICIICHHBIM 3HAYEHUEM 3HEPTUM aTOM a30Ta OJHOBPEMEHHO HAXOIMUTCS W Hal U
MoJl IUIOCKOCTBhIO TpeyrojiibHUKa. To ecTh BOJHOBas (DYHKIUS COCTOSHUSI C
OTPENICIICHHON SHEpPrued — HTO CYNEPIIO3UIUs BOJHOBBIX (PYHKIMH COCTOSHHS
aToMa a30Ta HaJl IUIOCKOCTBIO M aToMa a30oTa MOJ IJIOCKOCTBIO TPEYroJbHUKA.
BosiHOBBIE QyHKIIMU HAl ¥ TIOJ TIJIOCKOCTHIO aTOMOB BOJOPOAa MOXHO CIOXXUThH WU
BBIUECTh JPYr W3 Jpyra, B pe3yJbTaTe TMOJydaeTcsi CUMMETPUYHAS WU
AHTUCUMMETPUYHAs BOJIHOBasK PyHKIMS MOJIEKYJIbl aMMHuaka. PasHOCTh sHepruil AE
MEXKJy COCTOSHHMSIMA C CHMMETPUYHOM W aAHTUCUMMETPUYHOW BOJHOBBIMU
byHKIMSIMU OoueHb Mana. YactoTa v mepexoja MeXIy ITHUMHU JABYMS YPOBHSIMHU
paBHa YaCTOTE TYHHEJbHBIX NIEPEX0JIOB aTOMA a30Ta Yepe3 MIOCKOCTh TPEYTOJIbHUKA

AE=hv=23.791Ty.

AHQJIOTUYHOE pAacCHICTUICHUE YpPOBHEH SHEPruu, CBSI3aHHOE C KBaHTOBBIM
TYHHEJIMPOBAHUEM HJICKTPOHOB, MPOUCXOJUT B TBEpJAOM Tene. B pesynbrare
TYHHEJIMPOBAHUS DJEKTPOHOB OT TMOTEHUMAIBHOM sMBI OJHOrO aroMa K
MOTEHIUAIBHOU SIME COCEIHET0 aToMa O0pa3yloTCsl SHEPreTUYECKUEe 30HBI BMECTO
KaXXJIOTO YPOBHSI 3HEPTUHM YEIUHEHHOTO aroMa. YWCIO MOAYypOBHEN HSHEPIUHU B
Ka)XJI0M 30HE PaBHO YHCIIy aTOMOB B TBEPJIOM TEJIE.

C TOYKM 3peHHMsI KBAHTOBOW MEXaHHWKU TYHHEIUPOBAHHUE IMPOUCXOJUT 4YEpEe3
0001 MoTeHIUANIbHBIN Oapbep. Tak, eciu yeJoBeK HaXOIUTCA B 3aMKHYTOHN KaMmepe,
B KOTOPOM €CTh OKHO pa3MEpOM C KyJaK, TO YEJIOBEK PaHO WJIM MO3AHO COBEPLIUT
TYHHEJIbHBIN MIEPEXO0/] UePEe3 3TO OKHO U OKAXKETCS CHAPYKHU KaMEpPBl.

EcTecTBeHHO, YUTO KJ1aTh TAKOT'O COOBITHS MPUAETCS TOPa3a0 I0JIbIIE BpeMEHU
cyliecTBOBaHus BceneHnnoi.

CyneproHkasi CTPYKTYpa YpPOBHeil MoJiekyJ SF, 1 Sik,.




Takoe ke paculelyieHHe YpOBHEH DHHEPrUM TMPOUCXOJAUT B CIEKTpax
BBICOKOCUMMETPHUYHBIX MOJIeKyJ, Takux kKak SFq m SiF,. Pacmersienue ypoHeit
SHEPrUM TMPOUCXOJUT B PE3YJbTAT€ TYHHEIHMPOBAHUS MEXKAY COCTOSHHUSIMU
BpAILICHHS] BOKPYT 3KBHUBAJIEHTHBIX OCEH CUMMETPUU MOJIEKYJIbl. JTO PacCUIEIJICHUE
Ha0IIoAaeTCsl METOJAaMHU HEJTMHEHHOW J1a3epHOM CHEKTPOCKONHUHU U TMPOSBISETCS B
CIIEKTPE HACBIIIEHHOTO MOTJIOMIEHUS B BUAE TECHBIX CHEKTPAIIbHBIX KJIACTEPOB.
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BonHoBoHBIN pe3oHaHC B CyOBOJHOBOM nudpakiuronHou pemerke (Guided-

mode resonance GMR).

Z. S. Liu, S. Tibuleac, D. Shin, P. P. Young, and R. Magnusson. “High-
efficiency guided-mode resonance filter”. Opt. Lett. 1998. V.23, P.1556-1558.
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