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VAK 539.12.01

CIOPP PU3BI KBAP TOBbIX U3MEPEP U1

1O. U. Bopounos

(ragpedpa monexynsapHoti pusuxy U PUIULECKUX UMePEHU )

(I)OpMa.TI]:HI)Iﬁ AHAJIM3 COCTOSIHHS 00BHEKTa MocJIe U3MEpeHUSI KOOPJAUHATHI NOKAa3aJl, 4r0 yCJI0oBHAsA JUC-
nepcusi UMImyJibCca MOZKET 3aBHCETL OT pe3yJbTaTra U3MEPCHUSI KOOPAMHATHI U ObITH MeHbIlIe JUCTIICpCUA
HMIIYJIbCA B HAYAJLHOM COCTOSSHUU AAKEe NPU OTCYTCTBHH KOPPCSIIUU MEKAY UMNYJILCOM H KBAaJApaToOM
HMnyJibca ¢ KOOp)lﬂHaTOﬁ. 310 HE noaaacTcCs 06])I‘IHOMy CTATUCTUICCKOMY OOBSICHEHHIO M SIBJISIET COOO0i
npUMEp emie OJJHOro U3 HCKJIACCUICCKUX CJICACTBHI KBAHTOBOU TEOpUH.

O06cyauM BO3MOXKHBIC PE3yJBTATEHl CICAYIONIETO IKC-
nepuMeHTa. B 3amanHoM aHcaMbiie v KaKI0U U3 YACTUIL
CHavana u3Mepsercd NpuOIMKeHHO KOOpAWHATA 2, a 3a-
TEM U3MEPSICTCSI TOUHO COMPSDKCHHBINA UMITyNbC p. M3Me-
peHNe KOOPHHATEI KOCBEHHOE, T.€. XapaKTep IBOIONHH
YACTHIL MTOCIIC U3MCPCHUST KOOPIUHATEL TAKOU Ke, KaK 1
70 u3MepeHusl. B uTore Takoro sKCIepuMEeHTa MOTYIUM
MHOXECTBO nap umcen (&;,p;) — pe3ylbTaToB HOCIE0-
BATC/BHBIX U3MEPCHUN KOOPIUHATEL U UMITYNIbLCa. Bribe-
peM MOAMHOXeCTBO Hap (&, p;) ¢ HEKOTOPHIM 3aJaHHBIM
3HAYCHUECM & W BBIUHCINUM COOTBETCTBYIOIIYIO 3TOMY ITO-
JancaMmOIo wioTHocTh pacnpeneiacaus (I1I1) ummynsca
w(p|&). C TouKH 3peHHs KBAHTOBOH TeOpHU U3MepeHuit
3Ta amocTepuopHas IIOTHOCTE pactpeneneHus (ATITI)
umnyiabca Oyaer [T ummyabca B COCTOSHHHM UYaACTUILBL
Tocile U3MEPEHNS KOOPHHATHI, TABINETO pe3yabTar .

B Teopun uzMepenuil pazpaboraH MaTeMaTHUYCCKUI
anmapar, CBI3BIBAIONIUI AMOCTEPHOPHOE COCTOSHHE C
HAYJIBHBIM COCTOSIHUCM YACTUIIBI U TOYHOCTBIO H3ME-
peHus e¢ KoopauHATHl. [lroT amanus Oyaer MpoBeAcH
Hike. CHaudana MONBITaEMCS MPEICTABUTH €r0 Pe3ylb-
TaT, UCXOMS U3 HEKOTOPBIX, KAKYIIUXCS OCCCIOPHBIMU
MOJIOKEHHAM.

1. ITpu u3MepeHUN KOOPAUHATHEL MPUOOp CoodIaeT
YACTHIIC CAyYalHBI UMOyILC (HApUMED, TIPU pacces-
HUU PoTOHA), KOTOPEIH TO0ABIAETCS K HAYATBHOMY M-
nysabcy yacTuilel. ITosromy ITITuMmynsca, BEIYUCIEHHAS
no BceM mapam (&;,p;) (Oe3ycioBHas IJIOTHOCTH pac-
npefeneHus1), oyaer coorBercrBoBaTth 111 cymmBl AByx
HC3ABUCUMBIX CIy4YalHBIX BeauuuH. lk3ycioBHas auc-
MepCcUsl UMIyAbca OyAeT paBHA

A’F=Ap+ Alp,

rae A2p — aucHepcus p B HaUaIbHOM COCTOSIHHU Hac-
THIIBI, A;‘;p — JIUCIEPCUSI BO3MYIICHUS UMIIYJIbLCA CO
CTOPOHHI Mpudopa.

2. Moxer 14 ycroBHas aucnepcus (V) mmnoyisca
A%p(&) GbITb GonbIie WM MeHbIIe Ge3ycnoBHOMU? [ThITh
OOJBINC WIH MEHBINE AUCICPCHU B HAUYAJILHOM COCTOS-
HuU? OYECBUIHO, YTO MOXKET, €CIU B HAYAJIBLHOM COCTOSI-
HHH YACTUIIEL €€ UMITYJIBC KOPPEAUPYET ¢ KOOPAUHATOM,
MOCKOJIBKY B 3TOM CIIy4ae COPTUPOBKA Pe3y/IbTATOB W3-
MEpEeHUSL TT0 & OyAeT COMPOBOXKAATHECS COOTBETCTBYIO-
e COPTUPOBKOH 10 H. A eClTi TaKo¥ KOPPesSIid HeT
U, KPOMC TOr0, BO3MYIIICHHC UMITYIIbCA HE KOPPEIAPYET
C pe3yJabpTaToM U3MEPEHN KOOp/IMHATEI? B aToM ciyuae

¢ TO3UIHN KITACCHIeCKON (U3NKH HEBO3MOXKHO OOBSC-
HUTb, IOUYEMY YCJIOBHAS AUCTICPCUSI UMITYJIbCA OTINIACT-
¢s1 0T Oe3yCIOBHOM, WU TeM 00JICe OKA3BIBACTCS MCHBIIIE
JIUCTICPCUX B UCXOAHOM COCTOSIHUHU.

Cremannaplii HIDKe (QOpMaNbHBIN aHAMH3 B paMKax
KBAaHTOBOMW TCOPUU WU3MEPECHUHN JA€T UHOW OTBET. Y | M-
MyJbCa MOXET 3aBUCCTH OT PE3y/abTara U3MEPEHUS KO-
OpAMHATEI U OBITH MEHBIIE JAUCIICPCUU UMITYJIbCA B Ha-
YAJIEHOM COCTOSIHUM JaX¢ MPU OTCYTCTBUU HA3BAHHBIX
BHIINIE KOoppesuid. [Iro mpuMep ere 0AHOro U3 HEKJ1ac-
CHUYCCKUX CJICICTBUII KBAHTOBOU TCOPHH.

[TpuHIUNIAANTEHBIE TOMOXKCHUSI KBAHTOBOH TEOpUU
W3MepeHnid OB ¢hOPMYTUPOBAHEl  OCHOBATEISIMH
KBAHTOBOH McXaHUKH [1-3] U 0OCyKAaTUCh BO MHOTUX
nyomukanusax. ['mybokuid aHaau3 TeOPUU KOCBCHHEIX H3-
Mepenuii caenan JI. M. ManaensiiramoM [4]. CoBpeMcH-
Hasl KBAHTOBAS TCOPHS U3MECPEHUI OTANYACTCS OT €€ UC-
TOKOB B OCHOBHOM 00Je¢ Pa3BUTHIM MATCMATHYCCKUM
annapaToM.

ITpoiiecc KOCBEHHOTO U3MEPEHUS OPEACTABISIOT ClIc-
ayronmM [4-6]. BHauane ¢ 0ObEKTOM B3aUMOJACHCTBYET
KBaHTOBOC 3BCHO Npudopa (KBAHTOBAS CUUTHIBAIONIAS
cucreMa (KCC)). ITa aTom 3tamne uMeeT MecTo 0OBIYHOE
JUHAMUYCCKOC B3aUMOJCHCTBHE JABYX KBAHTOBBIX CHUC-
teM. 3atreM KCC HeobpaTuMo B3aUMOICHCTBYET € KJac-
CHYCCKOU 4acThio MpUOopa, B pe3yIbTaTe Yero BOZHUKA-
€T, y3Ke Ha KJIaCCHISCKOM ypOBHE, HHGOPMAITHS O 3HaUE-
HMH onpeAeneHHor Habmomaemoi KCC. Utobsl 1o 3T0-
My PE3yAbTATY U3MEPCHUS MOXKHO OBLIO OICHUTEH 3HAUC-

HHe HabmogaeMoli A o0bekTa, OT Hee MO/DKHA 3aBHCETD
HadmogaeMast KCC nmocie BzaumMopcicTBust npudopa ¢
006LekTOM, [JIS1 3TOr0 JOCTATOUHO, YTOOLI FTaMHILTOHH-
aH BzauMoyieticteusa KCC ¢ ob6bekToM ObLT OB paBeH

Hi = —aoAY,
rie Y — Hekotopeli omepatop KCC, o —
¢-IUCIIOBOH K03(UITHeHT, OTINIHBIN OT HYJIS TONTBKO
B TCUCHHUC KOPOTKOTO BpeMcHH 7. [ITo ycrnoBue, uayiee
erme ot ¢oH Ilefimana [1], HA3BIBAIOT CTAHAAPTHOM CXe-
MOM W3MEpPECHUS.

Ecau 1o B3anmMoaecTBUSI 0OBEKT HAXOAWICS B COCTO-
SIHUH, OIIUCBIBAEMOM MaTpHIlel IITOTHOCTH g, a KCC B
COCTOSIHUM p,, TO B MOMEHT pa3pbIBa B3aUMOACHCTBUA
UX OOIIUM COCTOSIHHUCM OY/IeT

p(m) =U(1)popaUt (1),
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rie U(T) — omepatop COBMECTHOH 3BOMIOIMHU 00BEKTa
U npubopa.

Ecnu BeMHYUHBI oy U T YAOBIETBOPSIOT YCIOBHIO
MTHOBEHHOTO M3MEpeHHs, T.e. apT = a, apr? — 0, TO
MOXHO CUHTATh

U(r) = exp {ia AY'}.

371ech U HUKE UCTIOIB3YETCS CUCTEMA EIMHULL, B KOTOPOH
h=1. Cocrosiue p(7) OTIHIACTCS OT HAYANBHOTO TEM,
4TO COMpsbKeHHas ¢ A Ha6monaeMaﬂ CMCITICHA Ha aY,
a Ha6monaeMaﬂ KCC P, conpsokennas ¢ Y, cMelreHa
Ha aA.

IMocae B3aumopeiicteusgs KCC ¢ obwekToM mpouc-
XOAUT W3MepeHHe P, KOTOpoe Jaer HEKOTOpOe UHC-
no P. Benmunna (P — (P(0)))/a npunuMaercs B Ka-
YeCTBE pe3ysibraTa U3MepeHHs d HabaromaeMolt o0beKTa
A. OHa COOTBETCTBYET OLCHKE IO METOy MAKCHMAJb-
Horo npapaononodus. (B manpHelieM OyaeM CUMTATH
(P(0))=0.)

VYcinoBHAS TUIOTHOCTE pactpeeicHAsT HaOIoIaeMOM
B obnekTa Oyner paBHa

. B|(P|p(7)|P)|B
w(lP) - BUPIIPLE) "
w(P)
I7le HOPMUPYIOMUNA MHOXHUTEITE w(15) — bGe3yciaoBHAs

IUTOTHOCTH PacIpe/IeicHUs] 3HaueHu P .
HanbHelmme pacueTbl TPOBEAeM IS CAydas YACTBIX
HAYaTLHBIX COCTOSIHI/II71 00BeKTa U mpubopa, T. €. MpH

Po = |%0) (Yo, Pa = |¥a){@a|. TIpH 3TUX yCIOBHUSX He-
CIIOKHEIE TIPe0Opa3oBaHUs JAIOT

| [ onla)(BlA) (P €47 [g)aa|
w(P)

w(B|P) = (2)

Ilro coorBercrByer III BenuuuHel B B YUCTOM COCTOS-

HUH
/¢0 Soa
|¢1> w( )1/2

~ ad)|A)dA

3)

B uacrnocry, ecnu A — koopauHara, B — UMIYJILC, TO
coorBercTByOMad (3) BoaHOBas ¢yHKIHS OyeT paBHa

Yo(#)pa(P — az)
w(@)1/?

$i(z]2) =

B oOmiem cnyuae dopma BOTHOBOH GyHKIMH 1) 3a-
BHACHT OT GopMBI DYHKITUH Py U ¢, U OT 3HAUCHUS & .
TonbKO B HEKOTOPHIX YACTHBIX clydasx (opma ¢yHK-
mmu v, Oymer momobHa dopMe QyHKIUA b, HAIPUMED
Koraa g U ¢, SBISIOTCS TayCCOBCKMMH. CIe/ICTBHEM
3aBUCUMOCTH (OPMEBI BOTHOBOM (yHKIMM oT & Oyaer
3asucuMocTs ATl uMmmysca OT pe3yabTara U3MEpeHUs
KOOPAWHATEL.

Honycrum, 4ro

. _ exp{—(P —az)’/(4A°P)}
¢o(P — az) = (VIrAP)1/? =
_ expl— (5 - 2)*/(4A22))

(V2rA,,z)t/2 ’

e & = 13/a, Apz=AP/a, a 1o(z) 6auska K «1ps-
MOYTOJIBHOMY, T. €. to(2) ~ 1/v/I npu —1/2 < & <1/2m
OBICTPO (PKCIOHCHITHAILHO) CHAAACT A0 HYJIS BHE 3TOTO
HHTEpBaJA.

O0paTtuM BHHMAaHHE HA TO, YTO MPH TAKHX HAYATL-
HBIX COCTOSIHHMSIX KOOpAMHATA M UMIYJILC HE KOPpEIu-
pYIOT Mexay coboil Hu y oOBeKkTa, HU y Ipudopa. Of-
Hako ¢opMa anocTepuopHOi BoTHOBOH (GyHKIUM 1 ()
u coorBerctBeHHO ¢dopma AIIIl ummynsca 3aBUCAT OT
Z. Hanpumep, npu A,z <<1/2 n |&| <<1/2 - A,z
dynkims ¢ (z|E) Oyaer 6auska k rayccobckoi. Ecmu
KE BTOPOE HEPABEHCTBO HE BBIMOJHSCTCS, TO 1 Oyier
rayccousoif, obopsannoit npu |z| = 1/2. Kak crencraue
AMoCTEpUOPHAS JUCIIEPCHS UMITYJIbCA YACTHIILI BO BTO-
poM ciydae Oyzaer Oonbmie, yeM B mepBoM. Ilpu atom
AMoCTEpUOPHOE CpeTHEeE 3HAUCHHUE UMITYIbCa OT & He 3a-
BucHT. [Trotr mpumMep OGeccnopHoO JOKA3bIBAET, YTO YCIOB-
Hasl JUCIEPCHS UMIYJIbCA YACTHIILI MOXKET 3aBHCETH OT
pe3yIbTaTa U3MEPEHUS KOOPAUHATEL H COOTBETCTBEHHO
OBITH OONBINIe U MeHbINe Oe3yCI0BHOMN, Take eclau B Ha-
YaTbHOM COCTOSHHUHM UMIYJIBC U KOOPAWHATA HE KOppe-
aupyor. M 910 mpu TOM, YTO TUHAMHYECKOE JICHCTBUE
npudopa Ha YACTHUITY 3aKII0OUACTCS TOJIBKO B CMEIICHUH
eec UMITyJbCca Ha oY HE3aBHCHUMO OT & .

Eme Gonee HEOKUTIAHHBIM SIBISIETCS TO, UTO MPHU TEX
KE HAYAIBLHBIX COCTOSHUSX Y MMIynbca MOXKeT OBITh
MEHbIIIe, YeM TUCIICPCHSl UMIYIbca B HAYaILHOM, He-
BO3MYITICHHOM COCTOSIHUM. M 3TO IPOUCXOAUT HECMOT-
ps Ha TO, UTO MpHUOOP YBEIMUUBAET HEOMPEIeIeHHOCTD
UMIyIbca YacTUIEL. Jas moKa3areibcTBa STOTO TPH-
JeTcsl MpUOCrHyTh K YUCICHHOMY cuety. s pacuera
JTUCIICPCUH UMITYJIbCa 10 33JaHHOH BOJHOBOH (PyHKITHH
11(2) Tpebyercsl BBIYMCICHHE ABOMHOIO MHTErpana B
MTUPOKOM HMHTEpBalle 3HAUCHUH z W p, UTO CBS3AHO C
Ype3MepHO OOJBITMM /7151 IEPCOHATBHBIX KOMIBIOTCPOB
06beMoM BeUHCcIeHUH. [1oaToMy, Oe3 yMeHbIIIeHHS 0011I-
HOCTH JIOKa3aTeIbCTBA, PACCMOTPUM MPUMED N3MCHEHHUS
muctiepcyd dasbl IPH U3MEPESHUH YHEPTUH FapMOHHYEC-
KOT'O OCITWJIISITOPA.

B kauecrBe spMuTOBa Omepatopa (asbl Co CIIEKTPOM
COOCTBCHHBIX 3HAUCHUN B UHTCPBAIC 27 HUCIOIL30BAICS
oneparop Ilerra—Thpnera [7]. [TadadbHBIM COCTOSHUEM
OCITWIIISITOPA CYUTATIOCH «IPSIMOYTOJIBHOE» COCTOSHHE

[%o) = (1/(m =k +1))V2) " |n).
k

ITnoTHOCTE pactpeseacHus has3bl

)=1) e " p(n)?
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B 3TOM COCTOSIHUHU paBHa

_ sin?((m — k +1)¢/2)
2m(m — k + 1) sin?(¢/2)

wo(¢) (4)

Tlonoxum

; _ exp{—(7 —n)*/(4A%n)}
¢a(P — Oln) = (\/%Amn)l/“’ )

rie i =P/a, A,n=AP/a. onyuaum

br(nli) = (1/(m — k+1))12> " (7 — n).
k
Cooreercreyromast AT ¢aser Oymer paBHa

‘ Z exp {—i¢n}exp{(fn — n)?/(4A2,n)} i
k

om Y exp{—(i — n)?/(2A7,n)}
k

@ynkius w(@|f), kKak 1 wo(¢), CHMMETPHUYHA OTHO-
carenbHO ¢ = 0. CresloBaTenbHO, aOCTEPHOPHOE CPe/l-
Hee ¢as3bl (p(7)) paBHO HadyadbHOMY CpEeAHEMY Hesa-
BUCHMO OT 3HaucHUs 7. (IRBHO HyIO, €CIH MHTEPBAI
W3MeHeHHs (pa3pl BEIOpaH OT —7 JI0 7.)

Thcuer mokasan, uto w(¢|R), Kak U wo(¢), He 3a-
BUCHT OT a0COMIOTHBIX 3HaucHH m u k. Ik3ymabra-
TBHL pacuera npu m — k = 5 caeaywomue. Ecia 7 1o-
majaer B cepeiuHy wHTepBada m — k, to Y/ da-
361 A?¢ Menbie HayanpHOH AZ¢ = 0,46 mpu mio-
Obix sHaveHusax AZn > 1/(4A2¢). MunuMaabHoe 3Ha-
uerne AZ¢p = 0,24 nomydaercst ipu A2 n ~1,5. lpu
A2n=1,5,H0 #i =0, momydeHo AZ¢p=10,82> AZ¢.
Jducniepcust TMHAMAYIECKOTO BO3MYITIEHHS (pa3bl BO BCEX
cnydasx pasHa 1/(4A2 n). Tk3yabrarTsl pacdera JT0Ka-
3BIBAIOT, YTO AMOCTEPHOPHAS TUCHepcHs (Ba3bl MOXKET
OBITH MeHBINe JHUCHepCcHH (pa3bl B HAYATEHOM COCTOSI-
HHH JIa)Ke NOpU OTCYTCTBHH KOPPEISIUH ¢ M ¢ C 7.
[Tror pacuer JaeT OCHOBaHHE TAKXe YTBEPXKAATh, UTO
Mo/I00HOE JKe COOTHOIIEHHE MOXKET HMETh MECTO MEXKTy
ATOCTEPHOPHOH W HAYaJIbHOH TUCHEPCHSIMH HMITYJIbCa
YaCTHUITHI TIPH U3MEPEHHH KOOPTMHATEL.

ITa mepBBIN B3I, HCXO/S U3 MOTYYCHHBIX Pe3yilb-
TATOB, MOXHO C/IeNIaTh CIEMYIONIee 3aKIIoueHue. XOTs
HavaJdbHAsl BOMTHOBasl (PYHKIHS HE yKas3bIBacT SIBHO Ha
3aBHCHMOCTH MIMITYJIbCA OT KOODPIHMHATEI, HA CAMOM Jie-
Jie MAKCUMAJBHYIO TUCTICPCHIO UMITYIIECA UMEIOT YaCTH-
1B, KOOPAIMHATEL KOTOPBIX ONMHM3KH K CKAuKy (DYHKITHH
wo(2z). Ila npumepe HOPMHUPOBAHUS IIPSIMOYTOIBLHOI»
BOJTHOBOH (pyHKITUH C TOMOIIBIO TIETH 9TO MOXKHO OBLIIO
OBl OOBICHUTE CACAYIONUM 00pa3oM. Boamylnaercsa um-
MyJBC TOABKO TEX YACTHII, KOTOPBIE MPOXOST OIN3KO K
Kkpato mean. OMHAKO TaKoe MPOCTOE KBA3HKIACCHIECKOE
0OBSICHEHHE HE COTIIACYETCS C TEM, UTO, HAITPUMED, TIOJIO0-
xenne Hyaeh [T ummyasca (da3el) 3aBUCHT OT MMTUPUHEB
mean (cM. (4)).

C TOYKHM 3pcHUS KBAHTOBOH TEOpUH COOCTBCHHEIC
3HAYCHMS ONEPATOPa HMMIIYNILCA SIBJISIOTCS BOJHOBBIMH
YUCIaMHU BOJH e, Cymeplno3uliusa KOTOPEIX 00pasyer
BOJHOBYIO (BYHKITHIO

v(e) = —= [ o).

CnexrpanbHas QyHKIUS @(p) 3aBUCHT OT (OPMBI BCel
dynkimu (z), a He OTAENBHHIX ee ydactkoB. Ilpu-
00p, TOUHO UBMCPSIONTUNA UMITYJIBC, AAET BOJTHOBOC YUC-
JIO OJTHOH W3 MPOCTPAHCTBCHHEBIX rapMOHHK. (s aTOro
OH JIOJIKCH UMETh OCCKOHCUHYIO 00JaCTh B3aUMO/ICHCT-
Busl.) [1pu TakoM B3rTIsze BOMHOBAS (PyHKITHS BRICTYIIACT
HE KaK MareMaThdeckasl abcTpakius, a Kak Hekas ¢u-
3UUecKasl peadbHOCTh. ECIU pacuer mpoliecca u3Mepe-
HHS MoKas3eiBacT, yTo T uMnyabca U3MEHSETCs, TO MBI
JIOJDKHBL COTTACUTLCSA € TEM, YTO IMPOHU3ONLIO HU3MCHE-
HUE BOJTHOBOM (yHKIMN. Torma mpuaercs Npu3HATh, ITO
npu B3auMojciicteun dactuibl ¢ KCC npoucxoaut He
TOJIBKO TMHAMHUYCCKOE, OMUChIBacMOce ypaBHeHUeM L pé-
JIHHTepa B3aWUMOIEHCTBUE, HO U HEKWA TAWHCTBEHHBIN
KBaHTOBELIH MpollecCc PESAYKIIMU COCTOSIHHS, BEIPAXKAIO-
MUKACS HE B KJIACCHYCCKOM IEPEXOAe OT AlpHOPHOH K
aroCTePUOPHON BEPOATHOCTH, a B WU3MEHCHHH (HOPMEI
BOJTHOBOM (PyHKITHH ¢ COOTBETCTBYIOIIUM U3MEHCHHUEM €€
crekTpanbHol dyHkIMu ¢(p). Boanopas ¢yHkuus B pe-
3yALTATE B3aUMOJCHCTBHS C UBMCPSIONIUM KOOPAUHATY
NpUOOPOM UBMCHSICTCS TAK, CJIOBHO OHA MPOXO/TUT Yepes
MPOCTPAHCTBEHHBIN PUIBTD ¢ KOIPPHUITUCHTOM TIPOITYC-
KaHHS @,(Z — @), XOTS U3 XapakTepa TUHAMUYECKOIO
B3aUMOJICHCTBHS 3TO He ceAyer. [Tru popmansHo corma-
CYIOIIHECS ¢ MATEMATUUCCKAM AMNNApaTOM PACCYXKACHUS
BEAYT B TaKue AcOpU MOCICACTBUM, U3 KOTOPBIX HE BU/I-
HO BEIX0O/1a. [102TOMY OHU HE MOTYT OE30TrOBOPOUYHO CUU-
TAaTHCS OMUACAHUEM (PU3MUISCKON PeaTbHOCTH, KaK He CUH-
TAIOTCAd OCCCIOPHBIMU PA3IUUYHBIC TPAKTOBKH KBAHTO-
BOU MEXaHUKH (CTATUCTUUCCKAS, KOTICHIATCHCKAsI, CKPEI-
TBIX MTapaMETPOB, MHOTOMHpoBas U T.1. B kuure Cande-
pH [8] paccMOTpPEHEI JIEBITH Pa3IMYHBIX UHTEPIPETAINI
KBaHTOBOTO (popMaIn3Ma.)

[TpobaeMy U3MEHEHUSI COCTOSIHUS ITPU UBMEPEHUH 00-
CYKAAI0T CO BPEMCHU TOSBICHHS OCHOBOIOJIATAIONIUX
pabot mo kBaHTOBOH MexaHuke. 1o paccMaTpuBaIuch
TaKUE IPUMEPHL, PE3YILTAT pacueTa KOTOPHIX aBa BO3-
MOYKHOCTB TIPEICTABUTH PEAYKITAI0 BOJTHOBOH (ByHKITHH
KaK TPUBHAJIBHBIA TMEPEXo/l OT AlpUOPHOIO K amocTe-
PUOPHOMY pacOpeAciIcHUI0 KoopAuHaThl. Eciau Ovl, Ha-
npuMep, Hac UHTepecoBana He ATl umnynsca w(p|Z),
a AIII xoopauHatel w(z|&), TO MBI OBl HOMYYUIH U3-
BECTHYIO Kiaccnueckyio gopmyny Thiteca [4]:

w(&)

Ee MoxHO OBUIO OB TONYyYNTH, CUMTASI YACTHIY H
W3MEPEHHUE KOOPIUHATH KIACCHUSCKUMHU, XapaKTepU3ys
COCTOSIHUE YACTHIEI M TpHOOpa TOJBKO TUIOTHOCTSIMH
pacmpeielicHAS, a HE BOJHOBBIMH (yHKIHSIMH, ToMy,
YTO aNOCTEPUOPHOS pachpecicHUe KOOPIWHATH YXKe
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HUCXOHOTO, MOKHO OBIIO AaTh IPOCTOE CTATHUCTHYEC-
Koe oObscHenue. [IrmM cHEManachk HEOOXOIHUMOCTE 00-
CYXJIEHHS 3araJlJoYHOro Mmpollecca KOJUIAICca BOJHOBOH
(yHKIHN.

ITonyyeHHBIE BEINIE, HE HMEIOIIUE KIACCUYECKOTO
oObsicHeHns, cBotictBa AN mMimynbca, HACKOMBKO W3-
BECTHO aBTOPY, HE MPOBEPSUTHCH HA B OJTHOM M3 KCIIE-
PUMEHTOB.

OCHOBOH TaKHUX 3KCIIEPUMEHTOB MOTJ1a OBl OBITH OIH-
caHHas B [9] u3gmHas TEXHUKA SKCIECPUMEHTA C aTOM-
HBIMHA ITydkaMu., OHa MO3BOIWIA JOCTATOYHO HAICKHO
peKoHCTpyHpOBaTh GyHKITNIO BUTHEpa mporeniero ue-
pe3 ABe Ieny NydKa artoMoB renus. Ecnmm takyroo ycra-
HOBKY YAACTCS JOMOJIHUTE KAKUM-THOO KOCBCHHBIM H3-
MEPCHUEM TTONIEPEUHON KOOPUHATEI aTOMOB 34 TENBIO,
TO MOXHO OyJeT MPOBEPUTH OMUCAHHEIN BRI 3¢ddeKT
PEIYKITHH BOJTHOBOH (PyHKITHN TIPH U3MEPEHUH.

Ihb6ora BeIOnHeHa mpu mnozepxkke Iloccuiicko-
ro ¢oHma QyHTAMEHTATBLHBIX HCCCACAOBAHUN (TpaHT
96-02-16391-a).
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JIUPAKOBCKUI ®EPMUOP B CUJIBP OM KYJIOP OBCKOM P OJIE
B 2+1 USMEPEP USIX

B. P. Xamios

(ragpedpa meopemuyeckoti Qusuxu )

WN3yuaercs a¢bext 00pa3oBaHus nap 3apsizkeHHbIX GepMHOHOB CUIILHBIM BHENIHUM KYJIOHOBCKHM MOJIEM
B JBYX NPOCTPAHCTBEHHBIX H3MepeHUSIX. D aiijleHbl TOYHBbIE pelieHUs ypaBHeHusi /lupaka B KYJOHOBCKOM
noje B 2+1 uU3MepeHHSIX. D OKA3aHO, YTO NOBeJeHHE HIKHUX YPOBHEl JHEPruH JIEKTPOHA B CHIIBHOM
KYJIOHOBCKOM 110JI€ CYIIECTBEHHO Pa3/IM4YHO /LISl CIy4YaeB [BYX M TpeX NPOCTPAHCTBEHHBIX H3MeEpeHHil.
DoJiydeHO ypaBHeHHe VISl OnpeleleHHs] KPUTHYECKOTO 3apsja, KOTOpoe pellleH0 YHCJIeHHO VIS OJHOI
npoctoil Mojesm. Kpurudeckuii 3apsan B 2+1 U3MepeHUAX CYIIECTBEHHO MeHbIIE ero 3HAYEHUS IS TOM Ke

MoJeTd B 3+1 H3MepeHusX.

JByMepHEIE CHCTEMBI HEPCISITUBHCTCKUX 3apSDKCH-
HEIX (pepMHOHOB, CBSI3aHHBIE ¢ KATUOPOBOYHBIMHU 3JICK-
TpOMarHuTHEIM U YepHa—CaliMoHCa ONISMU, IPUBJICKA-
IOT 3HAYUTEIBLHBIN HHTEpEC B MOCICAHUE TOBI B CBSI3U C
UX BECbMa HCOOBIYHBEIMU CBOHCTBAMH, KOTOPEHIC MO3BO-
JIWIW TPUMEHUTE 3TA MOJCIU K U3YUCHUIO TAKUX KBAaH-
TOBBIX MAKPOCKONUUCCKHX SIBJICHUM, KaK IpOOHEIN KBaH-
TOBBIN 3dext Xosma U BEICOKOTEMITEpaTypHas CBEPX-
nposoaumocts [1, 2]. Tlekoropsie 3¢pexTel B Qusn-
K¢ KOHJICHCUPOBAHHBIX CPE/, VKa3BIBAIOT HA TO, UYTO HE
TOTBKO (2+1)-MepHBIC HEPEISTUBUCTCKUC (DepMHOHHEIS
CUCTEMBI, HO TakXe (2+1)-MepHBIC CUCTEMBI CO CIICKT-
POM PHEPIHid, KOTOPBIA OMpeaeIcTC raMIUIbTOHUAHOM
ypaBHeHus [lupaka, mo-BHIHUMOMY, CYIIECTBYIOT [3-5].
CBolicTBa KBAaHTOBBIX (2+1)-MEpHBIX CUCTEM YACTHUIL BBI-
3BIBAIOT U YUCTO TEOPECTUUYCCKUN HHTEPEC B CBSI3U C TC-
OpHcH aHMOHOB — YACTHII, MOJUUHSIONTUXCS APOOHOH
cratuctuke B 2+1 maMepenusx [2]. [Tro sBisiercs MoTu-
BallMel HacTodied paboTHI.

37eck MBI HaliiecM TOUHBIC pellicHUS ypaBHeHUsT Hu-
paKa B KYJOHOBCKOM IOJIC JJIS 2JCKTPOHA, CUUTAS, UTO
€T0 JABUKCHUE OTPAHUUICHO B TUIOCKOCTH, U 00CYTUM -

texr poxeHUs Tap 3apsSLKEHHBIX (EPMHUOHOB (T. €. 27ICK-
TPOHOB U MO3UTPOHOB) U3 BAKYyMa CHJIBHBIM KYJIOHOB-
CKHUM TOJIEM B 2+1 U3MEpCHUSIX, IPEACKa3aHHBIN B pado-
T¢ [6] U BCECTOPOHHE UCCICOBAHHBIN B paborax [7-13]
a4 cinyvas 3+1 u3aMepeHui.

IlenuiHe HAMOMHUTB, UTO B (3+1)-MepHOU KBAaHTO-
BOU MEXaHHMKC BEIPAKCHUE /I JHCPIUH OCHOBHOTO CO-
CTOSIHMS 3JIEKTPOHA B KyJOHOBCKOM IOJIE TOYEYHOTO 3a-
paaa Zle| tepser cmbich, koraa Ey(Z) obpaiaercs B
HyJb. 715 HaXOXAEHNS SHEPTeTHUECKOTO CIEKTpa d7eK-
TPOHA B KYJIOHOBCKOM ITONE B 3TOM ClIydae HeoOX0 MO
MOCTaBUTh HEKOTOPOE T'PaHUYHOE YCIOoBHE MpH r = 0,
T. €. CTIe/lyeT paccMaTpUBATh MOTEHIMAN, OOpe3aHHEIH Ha
HeKkoTopoM paccrosaud R [13]. C Touku 3peHus Gusnuku
paccMOTpeHHe 0Ope3aHHOro KyJOHOBCKOIO MTOTEHITHATA
9KBHBAJEHTHO y4eTy KOHEUHBIX pa3MEpoB SApa, CO3/1a-
IOINETo KyJOHOBCKUH MOTEHIHA.

B ciydae Tpex MpOCTpaHCTBEHHEBIX U3MEPCHUN CIICKTD
SHCPTHM A7CKTPOHA B CHIBLHOM IoJc oOpe3aHHOro (Ha
MaJIBIX PACCTOSIHUSIX) KYJOHOBCKOTO MOTCHIIAAIA BIICP-
Belc OBLT HccnegoBaH B padote [13]. Okaszanoch, 4To
¢ poctoM Z B obmacth Z > 137 ypoBHH 3HEpIrHH



