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PaccmarpuBaercs omnomepHsiil oneparop Llpeaunrepa ¢ IBysIMHBIM MTOTEHIIMAIOM, KOTOPBINA 3a/1a€TCS CyM-
MOW «(pU3MYCCKU 3alaHHOI» (UHHUTHOW SIMBI TPOU3BOJILHOIO BHIA M «IPOOHON» MPSIMOYTONBHOW SMBIL.
Omsnueckas ssMa GUKCHPOBAHA, a TTAPaMETPhI PSIMOYTOIBHON MPOOHO! sIMBI (TITyOWHA, IMPHHA U ITOJI0KCHUE)
SBJISTIOTCSL BAPbUPYEMbIMU. B KBa3uKITacCHUeCKOM MPUONMKEHIH pacCMaTPUBACTCS TMHAMHKA COCTOSHHSA, JTOKa-
JIM30BAaHHOTO B HAYAJIBLHBII MOMEHT B (hu3uueckoit ssme. [lokazaHo, 4TO eciiv MPOOHBINA MTOTEHITHAI PACIIONIOKCH HE
CIIAIIIKOM OJIM3KO K (PM3MUECKOM sSIME M €CITH €ro MapaMeTpbl HACTPOCHBI CHEHUAIBHBIM 00pa3oM, TO BO3HHKAET
TYHHEJBHBIH 3aXBaT: HAYaJIbHOE COCTOSHNE HAYWHACT COBEPIIAThH OCIIUIALINH (PE30HAHCHBIC TYHHEIbHBIC TIepe-
XOJIbl) MEKIY (prusndeckoi 1 mpoOHOHN MOTEHIMANBHOU siMO. [lomyueHa acuMnToTHdeckas popMysa Juist BEpo-
SATHOCTH OOHAPYKUTHh COCTOSIHHE B MPOOHOW sME B 3aBUCHMOCTH OT HACTPOWKH BapbHUPYEMBIX ITapaMETPOB.
Kpome ToTrO, BRIMHCICH TNAaBHBIN YiICH ACHMIITOTHKH BEIWYMHBI TYHHEIBFHOTO PACHICTICHUS CIEKTpa Ui JBY-
SIMHOTO TIOTEHIIMaja pacCMaTPUBAEMOTO THIIA.

VIK 517.927.25:530.145

1. BeBepeHune

TyHHenupoBaHHe B JABYSMHOM IIOTEHIMAJE SBISETCA OJHUM M3 (DyHIaMEHTaJIbHbIX
kBaHTOBOM 3¢ ¢exroB [1, 2]. IlepBble pe3yabTaThl, COAEpKaIIMe KAaueCTBEHHOE OIMCAHHE
CIeKTpa COOTBETCTBYIoMIEero oneparopa llpenunrepa, comepkanuce eme B padore @. XyHaa
[3]. AHanuTHYECKOEe ONMHUCAHUE TYHHENIBHBIX 3(P(PEKTOB MOKET OBITh MOJYYEHO B KBa3HKJIAC-
CHYECKOM NPHUOIMKEHUH, TO €CTh ACUMITOTHUYECKU IPU CTpeMJIeHUU 3((EKTUBHON MOCTO-
saHoM [Imanka 7 k Hymro. XOpomo U3BECTHO, YTO B CIy4ae 3€pKabHONH CUMMETPHH JIBYSIM-
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HOTO MOTEHIIMAaJa CIIEKTP COCTOUT M3 Map SKCIOHEHIMAIbHO Onmu3kux (mpu # — 0) Touek, a
COOTBETCTBYIOIIME COOCTBEHHbIE QYHKIUH (CTAl[MOHAPHBIE COCTOSIHUS) CUMMETPUYHBI U aH-
TUCUMMETpUYHBI [4]. Eciin nipu 3TOM Kakoe-TO COCTOSHHME B HAayaJbHbIH MOMEHT BPEMEHU
JIOKQJIN30BaHO TOJBKO B OJHOM U3 Mapbl CHMMETPUYHBIX MMOTEHIIUAJIbHBIX 5IM, TO OHO 3aBE0-
MO He SIBJISIETCS CTAI[MOHAPHBIM, HO MOKET OBITh MPEJCTABICHO B BUJE JIMHEHHON KOMOUHa-
MU CUMMETPUYHOIO M AHTUCUMMETPUYHOIO CTAlMOHAPHBIX COCTOSHUI €O clierka OTJIH-
YaIOMIMMHCS SHEPTUAMU. DTO NPUBOJAUT K TyHHEJIBHOM TpPaHCIOPTALMU, KOTJa COCTOSHHUE,
W3HAYalIbHO JIOKAIU30BAHHOE TOJIBKO B OJHOM sIME, HAUMHAET COBEpIIATh TyHHEIbHBIE TIepe-
XOJpl MEXY sIMaMH C OINpeAeleHHbIM nepuoaoM. llepuon ompeznensercs BEIMYUHOW TYyH-
HEJIBHOI'O PACIIEIUIEHUSI COOTBETCTBYIOIIETO SHEPTeTUYECKOTO YPOBHS.

Amnanornyssiil 3pdextT MoxkeT BO3HUKHYTh U B HECUMMETPUYHOM IMOTEHIIMAJIE, €CIM all-
PHOPH U3BECTHO, YTO CTAIIMOHAPHBIE COCTOSHUS JIOKAJIM30BaHbl cpa3y B 00euX NOTEHIMAIbHBIX
aMax [5]. OOumit kpuTepuil CyIecTBOBaHMUs OMIIOKATM30BaHHBIX CTAIIMOHAPHBIX COCTOSHUN B
HECUMMETPUYHOM JIBYSIMHOM ITOTEHIIMaNEe ObLT HaiiieH B padote [6].

B Hacrosimelr paboTe Mbl paccMaTpuBaeM CHEIMANbHBIA BHUJl ABYSIMHOIO MOTEHIIMANA,
KOTOPBIN SBISICTCS CYMMOM «(PH3MUYECKH 3alaHHON» U MPSIMOYTOJBHON «IpPOOHOI» SIMBI.
[Ipeanonoxum, 94T0 MOTEHIUAT (PU3NUECKON SIMBI SIBISETCS (PUHUTHOM TIaakon QpyHKIMEH, a
napaMeTpsl MPSIMOYTOJILHON MPOOHOHN SIMBI, TaKHe KakK IIyOWHa, IIMPUHA U TIOJOXKCHUE, SIB-
JISIIOTCSL BHEITHUMHU BapbUPYEMbIMH MapameTpaMu. [l onpeeneHHocT 0y ieM CYUTaTh, YTO
poOHas siMa pacroJio’keHa CrpaBa oT (pu3udeckoi ssMbI (cM. puc. 1).

OTmeTHM, 4TO eCciH 3aJaHHbIA (PU3NYECKUN MOTEHIMAN He SABJseTCs (PMHUTHBIM, HO ObI-
CTPO CTPEMUTCS K HYJIIO NIPU yJAJIEHUH OT SIMbI, TO €r0 MOXHO almnpoKCUMUPOBATh (PUHUT-
HOM (yHKIHMEH, a BIUsHUE OTOpachlBaeéMbIX HE(UHHUTHBIX YacTel y4ecTh MPHU MOMOIIH TE€O-
pUU BO3MYILEHU.

PaccmaTtpuBaeTcs nMHaMUKa COCTOSIHUSA, JIOKAJIM30BAaHHOTO B HAa4allbHbIII MOMEHT BpeMe-
HU B JIEBOM MOTeHLIMaIbHOU siMe. Eciu mapameTps! paBoi siMbl BBIOpaHbI CIy4yalHO, TO CO-
CTOSIHHE OCTAHETCS BCE BPeMs JIOKAIM30BAHHBIM B JIEBOW SIME C SKCIIOHEHIMAIBHON TOYHO-
CTBIO TIO 71, HO IS psijia CIICIMANIbHBIX (PE30HAHCHBIX) 3HAYCHHUN MMapaMeTpOB CUTYAIHs Me-
HSETCS: COCTOSTHHE TYHHEIMPYET U3 (PU3NYECKOM MBI B TPOOHYIO MOTEHIMAIBHYIO MY (CO3-
JlaBasi TaM HEKOE COCTOSTHHE BEJTMUMHBI opsiaka 1 mpu 7 — 0 ), 3aTeM TyHHEIUpyeT o0paTHO
B QU3HYECKYIO MY, U Tak Aayee. ITOT 3PHEKT MOKET ObITh HA3BAH MYHHEIbHbIM 3AXE8AMOM
coctosiHusl. OCHOBBIBAsACh Ha pe3yJibTarax padoThl [6], MBI HIMKE BBIBOJAMM JOCTAaTOYHBIC
AHAJTMTUYECKUE YCJIOBUS TOSIBJICHUS TYHHEIbHOTO 3axBaTa (cM. dopmynsl (9) u (11)). Dt
yCIIOBHS O3HAYAIOT, YTO MPOOHAs iMa HE JIOJDKHA CIUIIKOM OJIM3KO MPUONIMKATHCS K (PHU3H-
YEeCKOM sIMe U BapbUpyeMble apaMeTpbl MPOOHOM MBI JOKHBI OBITH CIIEUANTBHO 1M0A00pa-
Hbl. bosnee Toro, mo “pe3oHaHCHBIM’ 3HAYEHUSAM MAPaMETPOB MOKHO BOCCTAHOBHUTH SHEPTHIO
HCXOJTHOTO COCTOSIHUS B (PU3UYECKOIL sIME.

3ameTum, yTo 001I1as 3a/1a4a 00 ONpeAeICHUN YCIOBUI BOZHUKHOBEHHUS TYHHEJIBHOTO 3a-
XBaTa MpeACTaBIIAET UHTEpEC ¢ GU3NYECKON TOUKH 3peHHus [7]; IIsl KOHKPETHOTO MOTEHIMAalla
9Ta 3ajayda OblIa paccMOTpeHa B padoTe [8] mpu MOMOIIM YUCICHHBIX METOJIOB.

B nanHoit paboTe MbI Takke MOJTy4aeM aCUMOTOTHYECKYIO (GOpMYIy ISl BEPOSITHOCTH
O00HAPYX UTh COCTOSIHHE B MPOOHON MOTEHIHANbHOU siMe (cMm. Gopmyny (13)) u Haxogum
ACUMITOTUKY TYHHEJIbHOTO PacCIIeIICHHUs] SHEPreTHUYECKUX YPOBHEH B JIBYSIMHOM IMOTEHIIHA-
e paccMaTpuBaemMoro Bujaa (M. popmyiy (12)).

2. NocTtaHoBKa 3apauun
Paccmorpum onnoMepHoe ypasHenue Llpenunrepa

(1)
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Puc. 1

rae >0 — Manblii mapamMeTp KBa3HKJIACCUYECKOro Mpubmkenus, a omnepatop Llpeaunrepa

MMEET BUI:
2

H=-n %+ V(x).

[Horennuan V(x) siBusercs cyMMOH JIByX OTpPHULIATENIbHBIX (PUHUTHBIX (YHKIMNA C Here-
PECEKAIOUMUCS HOCUTEIISIMU:
V(x)=V,(x)+V,(x),
V(x)<0, i=1Lr.
dusznyeckas (JeBasi) NOTEHIMAIbHAA IMa ABJSAETCS MagKou (cM. puc. 1),
Vi (x)=0, x2>a,
a mpoOHast (TpaBasi) MOTEHUIMANIbHAS SIMA SBJISIETCS TPSMOYTOJIBHOM:
0 x<b, x>2b+w,
V(%)=

-V b<x<b+w,

HIMPUHA W TPOOHOM MOTEHIIUATBLHOM SIMBI SIBJISICTCSI BAPBUPYEMBIM ITapaMETPOM.

[IpeanonoxuM, 4To HavalabHOE cocTossHUE W, JIOKAaIM30BaHO B (PM3UUECKON MOTCHIU-
aIbHOM SIME U UMEET SHEPTHUI0, OIM3KYI0 K OTpULIaTeIbHOMY 3HaUeHuto £ > —v . [{ns onpene-
JeHHOCTH, ycTh V) coBIaAaeT co CTalMOHAPHBIM COCTOSHUEM I/, , KOTOPOE COOTBETCTBYET
sHeprun E = E, oneparopa llIpenunrepa ¢ norenuuanom V,(x), To ectb ¥, sABisgercs cra-
IIMOHAPHBIM COCTOSIHUEM TP «BBIKIIOUEHHOM» MPOOHOM noTeHuuane. CiaenoBarenbHo, «pu-
3M4eCKOe» HadalbHOEe cocTossHue V| =/, MONHOCTBIO onpenensercss (pu3n4ecKoi MOTeHIH-
aJIbHOM MO V,(Xx) M 3HaYeHueM ’Hepruu £, To eCTb He 3aBUCUT OT KOH(UTypaluu npod-
HOro noreHuuana vV (x).

Beposithoctu A (t) u P.(¢f) obHapyuth coctosiHue ¥ B J1€BOH U NpaBoil MOTEHIMAIb-
HOM siMEé B MOMEHT BPEMEHHU ! MOTYT OBbITb MCIIOJIb30BAHbI IS OINpE/IeICHHs JIOKaIu3auu
coctosiHUs. OHU OIpPENENAIOTC KaK MHTETrpalibl OT |‘I’(x, t)|2 II0 X W3 OKPECTHOCTHU JIEBOU
WM TPaBOW TMOTEHIMAIBHOM SIMBI COOTBETCTBEHHO. MakcUMaibHasi BEPOSITHOCTh OOHapy-
KHUTb COCTOSIHUE B MPOOHON MOTEHIIUAIBHOM IME UMEET BHUI:

P™ = max P(1).

bynem roBoputh, 4TO MMEET MECTO TyHHEIbHBIH 3aXBaT, €CIM BEpOATHOCTH P He
cTpeMuTCs K Hymto npu 7 — 0. Hike nmokasano, uto P™ MoxeT ObITh ONHM3Ka K €MHULE
JUTSL OTIPEJICIIEHHOTO JIUCKPETHOTO MHOYKECTBA 3HAYCHUH MUPUHBI IPoOHOMU siMbl W . Crieno-
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BaTENbHO, €CIIM MPOOHAas siMa HACTPOEHA CIEUUAIbHBIM 00pa30M, TO MPOUCXOIUT TOJHBIN
TYHHEJIbHBIN 3aXBaT COCTOSIHUA.

3. AiByxypoBHeBOe npubnnxeHuve
PaccmoTpuM nBYSIMHBIN TOTEHIMA OOIIEro BUAA, SBISIONIMNACS CyMMON IBYX (DHHUT-

HBIX IIOTCHIHWAJIbHBIX SIM. COOTBGTCTBYI-OH_II/Iﬁ orneparop Ulpez[HHrepa HUMECT BUA:
2

H=-1 % +V(x),

rne
V(x)=V,(x)+V,.(x).

Xopo1o U3BECTHO, UTO cHekTp onepaTtopa lllpenunrepa ¢ ABysSIMHBIM MOTEHIIMAIOM MO-
KET coAepXkaThb Mapbl SKCIOHEHIIMAIBbHO OMM3KUX (pu 7 — 0 ) TOYEK, a COOTBETCTBYIOLINE
CTAaLlMOHAPHBIE COCTOSTHUSI MOTYT OBITh JIOKAJIM30BaHbI B 00€UX MOTEHIUAIBHBIX AMax [4, 9,
10]. Ucnonw3yst pe3ynbTarhl paboThl [6], OTyUYUM acUMITOTHYECKHE (OPMYJIbI Uil TOUYEK
criektpa H ¥ 1T COOTBETCTBYIOIMX CTALMOHAPHBIX COCTOSHHIA.

Cuauaia onpenenuM fBa orneparopa Llpeaunrepa:
2

A d
H, Z—hzyﬂ/z(x),

2

H =-i %+ V.(x).

Onepatopsl H,, ONKUCHIBAIOT JIEBYIO U IPAaBYI0 MOTEHUHAIbHYIO SIMy B OTAEIbHOCTH.
Ilycts X, ¥ X, — TOUKH [TOBOPOTA, OTPaHUYMBAIOLINE TIOTEHINAIBHBINA Oapbep clieBa U CIpa-
Ba COOTBETCTBEHHO (CM. puc. 2).

Onpenenum TOUKy ¢ Tak, 4ToO

[ Ipojx = [ pofas,

rae p(x)=+E-V(x) — xmaccuueckuil umiynibc. Toduka ¢— 3TO HEHTP MOTEHIIUAIBHOTO

Oapbepa ¢ TOYKU 3peHHs] MHCTAaHTOHOW MeTpuku. OCHOBOMNOJAraroias pojb WHCTAHTOHHON
METPHUKH TIPH OIEHKE TYHHEIBHBIX 3(QPEKTOB B IBYSIMHOM MOTEHIIMAJIEC H3y4yalach B paboTax
[11-13] u B cepum pabdot [14-16].

B pabore [6] ObuTO MOKa3aHO, YTO ACUMIITOTHKA CIEKTpa H MOXKeT GbITh MoJTy4eHa B
TEPMHHAX CIIEKTPOB ONEPATOpoB H Y I:I, , €CJIM CTIIPaBEIJIMBO HEPABEHCTBO

a<c<b. (2)

DTO HEPAaBEHCTBO 03HAYAET, YTO TOYKA ¢ HE MPUHAUICKHUT HOCUTEITIO MOTeHIrana V (x).

CrnenmoBatenbHO, HEPABEHCTBO (2) MOXKHO MEpenrcaTh B SKBUBAJICHTHOU dopme:

S —S|<(b-aN-E, (2a)
S, =8|

riae S,, — TyHHeIbHOE JACHCTBHE I10 JIEBOM MM IIPaBOM CTOPOHE Oapbepa:

S, = [ Vin—Edx, S, =" JVi(x)-Edx.

Hycrs E; NpUHAIEKUT CIEKTPY Oneparopa H .» @ I, — COOTBETCTBYIOIIAs COOCTBEHHAs
dbyukmus, i =/,r . Torga ciektp onepatopa H B OKPECTHOCTH dHEPTrUU £ COCTOUT M3 TOYEK
E, u E, c 3KCHOHEHUIUAIbHOI TouHOCTBIO 1Tpu /i — 0 [6]. CoOGcTBeHHbIE (PyHKIMU omepaTo-
pa H Gnusku K W, WM /,, €CIIU PACCTOSHUE MeXIy E, U E, He sBIAETCSA YKCIIOHCHIMATb-
HO ManbIM. C Ipyroil CTOPOHBI, €CJIM OHO SIBJISIETCS SKCIIOHEHIIMAIIBHO MajibIM, TO B CIIEKTPE
orepaTopa H MPUCYTCTBYET Mapa 3KCHOHEHIUAIBHO OJM3KHUX TOYEK, a COOTBETCTBYIOIIHE
coOCTBEHHbIE QYHKIMH OJIM3KH K HEKOTOPBIM JTMHEHHBIM KOMOMHAIMSM COCTOSIHUN ¥/, U Y/, .



OdbdeKT TyHHeNbHOro 3axeara 31

|4

I
=
.
=

\ 1 \ E
& a e b II\_/

Puc. 2

Jlemma. IIycmo evinonneno ycnosue (2a) u snepeuu E, u E_ cosnadarom:
E=E =E.

Toeoa cywecmeyem 0ee mouku cnekmpa onepamopa H , pacnonosicennvie sxcnonenyu-
anvro oausko k E npu i > 0. Coomeemcmeyrowue cobcmeennvie hyHKyuu 10KanU308aHbl 6

obeux NOMEeHYUANIbHBLX AMAX U C 3KCI’IOH€HI/IUClﬂbHOI/7 MOYHOCIBIO UMEIOM BUO:

1
Y, = ﬁ(l//z "H//r)’

1 G
2 :_(Vlz 4 )
v NG p

bonee Toro, eciu E, # E_, HO pacCTOSIHAE MEKYy HUMH DKCIIOHEHIMAIBHO Majlo, TO TOY-
ku E|, crekTtpa orneparopa H yI0BIETBOPAIOT CIIEAYIONIUM NPUOIHIKEHHBIM (OpMyJIam:

E+E 1
El,zz%i5\152+(E1_Er)2a 4)

rue
dy dy
S=2ny,—L-y, —L| .
[% dr " dx } 5)
CnenoBaTenbHO, A7 BEIMYMHBI pacilemieHus A = E, — E; cipaBeuinuBa GpopMyia
2
A= 8> +(E,~E,). (6)
CooTBeTcTBYIOIINE COOCTBEHHBIE (PYHKIIUHU OllepaTopa H wuMerot Bu:
W, =y, cosa+y,sina, o
w,~ y,sina—y, cosa,
rre
(8)

13 popmyibl (8) crenyer, 4TO COCTOSAHUS ¥/, , IOKAIM30BaHbI B 00EUX MOTEHIMAIBHBIX
sIMax, TOJIBKO €CIIU |Er —E,| = 0(5). C npyroi CTOPOHBI, COCTOSIHUS Y/, , SKCIIOHEHIUATILHO
OJIM3KHU K COCTOSIHUSIM Y/, . , ECIIA |Er - E,| MHOT0 00JIbIIIE BEIMUMHBI O (h) npu 1 —0.

VYTBepxaeHus aeMmbl 1 GopMyiisl (4)-(8) crieayroT u3 pe3yabTaToB paboThl [6].

3ameuanue. J11 KpaTKOCTH MbI He (POPMYJIUPYEM 3JI€Ch TOUHBIE YCIOBUS Ha KJacc Iiaj-
KOCTH (DyHKIHMH, 331al01IMX MOTEHIMAIbHbIE sMbl. HO OH 3aBeIoMO BKJIIOUAET B ceOs Ciiyvaid
KyCOYHO-HETIPEePBIBHBIX (DYHKIIMNA, KOTOPBIA pacCMaTPUBAETCS B CIEAYIOIIEM pa3Jiere.
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4. NMpsamoyrosnbHaa NpoObHaa ama
[Tycte mpoGHast sima nMeeT IpsMOyroyibHy0 (Gopmy, kKak B pasaene 2. Torma ycimoBue

(2a) npuHUMAaET BU:
b-a>[J1-V,(x)/ Edx. )

Nuterpan B (9) O6epetcst Mo uHTEpBAIY [x,,a] , Tie moTteHuuan V,(x) n3MeHseTcs OT 3Ha-
yenust —E no myns. [Ipeamonoxum, 4uto ycioBue (9) crnpaBenanBO, TO €CTh MpOOHAs sMa
pacroyio’keHa I0CTaTOYHO JTAIeKO OT (PU3UICCKOM SIMBI.

OtpuuaTenabHble dHEPreTUUECKHe YPOBHM £, B HPAMOYrojbHONW MOTEHIMAIbHON siMe
Y/IOBJIETBOPSIIOT CIIEAYIONIEMY YPaBHEHHIO:

\/v+E
f

v+2F

2\/ v+E)

rae k — HOMep SHEPreTUYecKoro ypoBus E = Er( ) takoro, uto —v < E < 0. CnegoBarensHo,
PACCTOSHIE MEXy COCEIHMMH YHEPIeTHYSCKIMU YPOBHSAMH CIIeKTpa orepatopa H . MeeT
nopsAaoK /° BOIM3HM JHA MOTEHIMANBLHON MBI U TIOPSIOK 7 [ BHICOKHX DHEPreTHYecKMX
ypoBHel nipu k ~1/%.

[Moacrasnsas BKb npubnmkenue mis y, u Tounyo Gopmyriy anst y, B dopmyiy (5), no-
JTydaeM

7(k+1/2)+arctg , (10)

2(v+E x
5=2n(-E)" 2v+E)w, exp(_l j V(x)— dej[1+0(h)], (11)
YW fidx
rIe @, — KJaccu4eckas 4acToTa KoseOaHui B (U3MYECKON MOTEHUHUANbHOR Ame V,(x) it

sHepruu E .

[TycTs mmprHa npoOHOM NPAMOYTOJILHOM SIMBI W= W, HACTPOEHA TaK, YTO DHEpPreTHYe-
CKUH ypoBeHb E, HayalbHOro coctosHus W, =y, coBmagaer ¢ HEPreTHYECKUM YPOBHEM
poOHOI MBI (CM. puc. 3):

E=EY| .
VYuuteiBas ypaBaenue (10), momyyaem
. 2F
w, = zh k+l+larctg VEeh . (12)

W+E | 2 7 T\ 2(-E)(v+E,)

Teopema. [lycmb wupuna npooHoll NOMEHYUATLHOU AMbL W CO8NA0Aem ¢ OOHUM U3 pe-
sonancuvix suauenuii w, (12). Toz0a cocmosnue, 10KAMU306aHHOE 6 HAUANBHBIL MOMEHI 6
Quzuueckoil sime, cogepuiaem myHHeIbHble NePexo0bl MeXCOy AMAMU, U MAKCUMATIbHAS 8epPO-
SAMHOCMb 0OHAPYAICUMb COCMOSIHUE 8 NPOOHOLL SIMe IKCNOHeHYUuanbHo oauzka k 1 npu i — 0.

Jloka3aTebeTBO. [IpuMmenss nemmy U3 paszaena 3, pa3iokuM HadaldbHOE COCTOSTHHE

Y, =, no coOcTBeHHBIM (PyHKLMAM oneparopa H :

v, =%(l//l+%)-

2
Torna pemenne 3agaun Komu (1) ¢ 9KCrOHEHIIUATBEHON TOYHOCTBIO UMEET BHI:

t(E+E,)
L= E —-F E - F
Y(x,t)=e 2" |cos|t—2—2L |y, +isin|t—=—2L ,
(1) ( [ 2 ]‘”’ ( 2 ]'”’
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w

Puc. 3

rne E, —E, = 6. OueBugno, coctossnue ‘¥ coBepiuaeT nepexoisl Mexay GU3HUECKON MO

. . . h
(cocrosiHuE W,) U IPOOHOM MOTEHIMAIBHON sIMOH (cocTosHue ¥/, ). [Ipu t =——— cocros-

2 1
Hue W J0Kanum30BaHO TOJNBKO B IPOOHOM sIME, ¢ SKCIIOHEHIIMAIbHOM TOYHOCTBIO IpH /i — 0.
UYro u TpeboBanoch 10Ka3aTh.

Takum 06pa3oM, Mbl MOJNYYHIIM CEPHMIO 3HAYEHHH W =W, TakuX, 4To (PUKCHPOBAHHBIN
SHEPreTUYeCKuil ypoBeHb £, (U3MUYECKOIl MBI IEPECEKAETCs C Pa3IMUHBIMU JYHEPreTHde-
CKMMH YPOBHSIMHA Er(k) W3 MPOOHOW TMOTEHIUATBHOW sIMBbL. JIJIsi 9TUX 3HAYEHWUW IITUPUHBI
IpOOHOH MBI W MaKCHMaJbHasl BEPOSTHOCTh OOHAPYKUTh COCTOSHHE B MPOOHOH sime P™
npudmpkaercs K 1 (cm. puc. 4).

CrnenoBarenbHO, eciy poOHas siMa HACTPOEHa CHelMaIbHBIM 00pa3oM, a UMEHHO, €ClU
ee NIMPHHA COBMAIAET ¢ W, TIPU HEKOTOPOM Kk , TO MPOOHas SMa «3aXBaThIBAET» COCTOSHHUE C
sHepruei E, U3 UCXOTHOU SMBI.

B nomonHeHne paccMOTpEM M3MEHEHHE BeIHYHHBl P | Koraa ImuprHa MpoOHOIT MBI W
6M3Ka K KPUTHYECKOMY 3Ha4YeHHIo w, (cM. puc. 3 u 4). Ucnonb3ys gopmyiy (7), nomyyaem

Y, =y, cosa+y,sina.
CrnenoBarenbHo, pemenue 3anayn Kommm (1) umeer Bua:
(E, (E, (E, (E,
¥ =|ecos’a+e™ sin’a |y, +cosasinalem —e |y .

Bepostaoctu P (t) u P.(t) obHapyxuTh coctossHue ‘¥ B 1€BOH M npaBoil NOTEHIUAIB-
HOI1 siME€ B MOMEHT BPEMEHU ¢ ONPENEIAIOTCS KaK:

P(t)= j;|\y(x, t)|2dx,

+90 2
P =" [¥(x.0)| dx.
CrnenoBaTeibHO,

: . E,-FE
Pz(t)=COS4Ol+sm4a+2cos2asmzacos( 2h lfj,
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A ,;_;J.jrrrr.r
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J jk JL )
=

. ' "

w s wy

. E —-F
P(t)=2cos’ asin’ a l—cos[#t] ,

Puc. 4

P™ =max P.(¢t)=4cos’ asin’ a.
t
[Tpumensist popmyy (8), momydaem
2 2
P = o i =(éj . (13)
5°+(E -E) \A
Takum 006pazoM, COCTOSHUE CYIIECTBEHHO MPOSBISAET ce0sl B MPOOHOM sIME, TOIBKO €CIH

|Er —El|=0(§). CrnenoBaTenbHO, MIMPUHA PE30HAHCHBIX MUKOB (CM. puC. 4) DKCIMOHEHIIU-
abHO MaJia U uMeeT nopsiok O(0) npu i — 0.

5. 3aknoyeHne

Jlnist paccMaTpuBaeMoro ABYsSIMHOTO MOoTeHIMana (puc. 1) mosyueHsl siBHble (GOpMYIIbI IS
PE30HAHCHBIX 3HaYEHUI BHEIIHETO napameTpa (12) u 11 MHUpPUHBI COOTBETCTBYIOIUX PE30-
HaHCHBIX MTUKOB (13). JlaHHBIC pe3yabTaThl MOXKHO MCIIOJIb30BaTh JJIS ONPEACIICHUS 3HAUCHUS
SHEPruM HavdaabHOro cocrosiHus WV, Jokann3oBaHHOrO B (pu3nyecKoil (1eBoil Ha puc.l) mo-
TEHIMAIBHOH siMe. J[J1s1 3Toro Heo6XoAUMO aaradaTHYECKH YBEIUYUBATh MIUPHHY W TPOO-
HOM (TpaBoi) SIMbI, HAUMHAs C TAKOTO MAaJEHbKOTO 3HAYEHUsI, KOTJla B IPOOHOM sIMe eIie OT-
CYTCTBYIOT CBSI3aHHbIE COCTOAHUA. Takum 0oOpa3oM, MOKHO HAlTH 3HaYeHHE MEPBOrO TYH-
HEJIBHOTO pe30HaHca (IIEPBOr0 PE30HAHCHOIO MUKA Ha puc. 4) U OMpPeAeIUTh COOTBETCTBYIO-
miee 3HadeHue sueprun u3 popmynsl (10). JanpHelnee yBemudeHHe MUPUHBI TPOOHOM MBI
MPUBEJET CHaYaJla K NCYE3HOBEHMIO 3 eKTa 3axBaTa, a 3aTeM OIATh K €ro MOSIBICHUIO MPH
CJIETYIOIIEM PE30HAHCHOM 3HAYEHUH IIUPUHBI W .

D¢ dekr TYyHHETBPHOTO 3axXBaTa COCTOSHHS, JIOKQJIM30BAHHOTO B HAaYalbHBIH MOMEHT
TOJILKO B OJTHOH sIM€, TIpU CIIEUaIbHONW HACTPOIKe BHEUIHEro MapamMeTpa HOCUT OOIuil xa-
paxtep. Harpumep, ananornunsiif 3¢(ekt BO3HUKAET, €CIIM U3MEHSATh HE IIUPUHY, a TITyOHHY
MIPOOHOI SIMBI MJT €CITM PacCMaTPUBATh MMPOOHBIE SIMBI APYTOW KOHPUTYpAIIH, MEHSIS X Ta-
pametpsl. JlaHHbIil >3QQeKT cBA3aH ¢ KBa3UIepeceyeHneM (OTTAIKHMBAHUEM) SHEPreTUYECKUX
YPOBHEW B JABYSMHOM OJHOMEPHOM IOTEHIIMAJIC U BO3HUKAET B OOLIEM Cllyyae ABYSMHOTO
MOTEHIINaja, 3aBUCSIIET0 OT BHEILIHEr0 apaMeTpa.

BnaropgapHocTu

JlanHasi paboTa BBINIOJHEHA Ha Kadeape MPUKIAIHON MaTeMaTHKH MpH mojanepxke Ha-
YYHOT'O (1)OHI[a HaI_[I/IOHaJ'IBHOFO HCCIICAOBATCIILCKOTI'O YHUBCPCUTCTA Bricmias 1mikona SKOHO-
MHUKHA.
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ON THE TUNNEL CATCH EFFECT
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We consider the one-dimensional Schrodinger operator in the semiclassical regime assuming that its double-well
potential is the sum of a finite “physically given” well and a square shape probing well whose width or depth can
be varied (tuned). We study the dynamics of initial state localized in the physical well. It is shown that if the prob-
ing well is not too close to the physical one and if its parameters are specially tuned, then the tunnel catch effect
appears, i.e. the initial state starts tunneling oscillations between the physical and probing wells. The asymptotic for-
mula for the probability of finding the state in the probing well is obtained. We also calculate the leading term of
the tunneling splitting of energy levels in this double well potential.



