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Beenenne. [[ByxueHTpoBBIe MO MMEIOT WIMPOKYIO 061aCTh IPUMEHE-
Huit. OHN UCTIONBBYIOTCA B KBAHTOBOM TEOPUH 10N (MOJIEIMPOBaHNE CIIOH-
TAHHOrO HapyLIeHUs RUCKPETHON CUMMETPHH ), B KBAHTOBOH MexaHuke (pu-
OMKa [ByXyPOBHEBBIX CHCTeM), B ¢U3MKe BBICOKMX SHEPrMA (OCLMIIALKM
HEeNTPalbHbIX KAOHOB), B KBAaHTOBOM XMMHUM (paclielieHue ABYXaTOMHEIX
MOJIEKY ). :

JIByX11eHTPOBBIE TOTEHINAL! 0 GEIYHO HE IOXAAIOTCA TOYHOMY aHAIU3Y,
T.K. PEllleHns cOOTBeTCTBYyIowero uM ypasHeHus Illpegunrepa He BhIpaxa-
IOTCH Yepes U3BeCTHLIe clenuaibable pyHkIn. BMecTo sToro npuxopurcs
HIMeTH [IeJI0 C MHOTOYNEHHBIMY PEKyPPEHTHBIMU COOTHOIEHMIMY, K3 KOTO-
PHIX HEBOSMOXHO NOIYYUTh BaMKHYTOTO BHIPaXK€HUS AJIA BOTHOBHIX $yH-
KIWI, & CIEfOBATEIBLHO, HEBOSMOXHO BBHIBECTHM TOYHBIX yPaBHEHUH, Olpe-
REIOMMX CIEKTD SHEPTUM.

B HacTogmen paboTe npenoxeHa MORENb By XUEHTPOBOTO KBAHTOBOTIO
OCHMIIATOPA, KOTOPas B YKaBaHHOM BBHIUIE CMBICTE PEIIAETCA TOYHO. OTa
MOJellb ONUCHIBAETCS MOTEHINAIOM

V(zo,7) = mw?la® — 3|/2 (1)

rpe o uasMeHsiercs B mpegenax 0 < z < oo. Toukm z = Lxp npep-
CTaBIAIOT 060N gBa HEHTPa HPUTIKEHNUS, OTHEIEHHEIX 6apbepoM ¢ mapa-
Mmerpamn (2zg, mw?z3/2). Taxum o6pasoM MOReIb HOTHOCTBIO PEryIMpy-
eTCH O[HUM ITapaMeTPOM To. PocT mapaMeTpa To HE TONBKO YBEIUYUBAET
BHICOTY 6apbepa, HO N OFHOBPEMEHHO OTHAIAET NEHTPH APYT OT gpyra. B
STOM OTHOUIEHUHN O06CYyXKFaeMas MOREIb OTINIaeTCS OT MOJelNeit, B KOTo-
PHIX IBYXUEHTPOBOCTD PEANTMBYETCSA 8Ba CYeT BKIIOYEHNA B UTPYy Ao6apou-
HOrO peasrooGpassore  BoamMopencTsus [1).

Hamwa nens 8akmodaeTcs B BHACHEHNN 3aBUCHMOCTY BHEPTeTHYECKMX
YPOBHeN U BOTHOBHIX PYHKIUN ABYXLEHTPOBOrO KBAHTOBOTO OCLHWIIATOPA
OT mapaMeTpa To.

Boanosele pyuknun. Beegem ciegyiowmue BCIoMOraTelbHbIE BETMIUHEL
n = (2mw/h)z,n0 = (2mw/k)*z0, = E[hw, A = —n3/4~¢€,p = 13/4—
€. Ypasuenue Hlpenunrepa BHe n BHyTpu 6apbepa TpaHcHOpMUpPYeTCH B
9TUX 0603HAYEHNAX B ypaBHeHU gi1g GYyHKINHA 1apaboludeckoro IWINHLPA

[2]

l.

\I’gut - (772/4 + ’\)\Ilout =0, (2a)
i+ (1 /4~ 1) ¥in =0 (26)
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Bropoe ypasuenne nony4aeTcs na nepBoro saMeHolt A — —ip, n — ne't/4,
Cornacno [2], pyrnaMenTanbHEE PElIeHNS STHX YPABHEHUI ¢ JAaHHON 4eT-
HOCTBIO AJOTCHA CHERYIOUMMU BHIPAKECHUAMM:

vi(A,n) = e AF(1/4 + A /2,1/259%/2) (3a)
(A, m) =ne " F(3/4 4 X/2;3/2;97/2), (36)
Gi(,m) = e IB(L/4 - )2 1/2 in?)2), (4a)

Ga(p,n) = ne " F(3/4 — ip/2;3/2;in?/2). (46)

BryTpu Gaprepa HeT HMKAKMX IDAHMYHEIX YCIOBUH, U IIOTOMY TaM BOTHO-
Bele QYHKIINM UMEIOT BUN

¥ (4, m) = a5 m) BT

3necn a( )-Hopanoao'mme KOHCTaHTHI, & 3HaveHua k = O u k = 1 o1-
HOCATCA K YeTHHIM U HEYETHHIM pelleHusM. Bue 6apbepa HOIKHO cObIIO-
AaThCA TPAHUYHOE YCIOBUE

nklinoo ‘I,out(/\, £;= 0 !

Dynknun (3a) u (36) He YyROBIETBOPSIOT DTOMY YCIOBHIO, ORHAKO X
IVHERHAS KOMOMHAIUA

AT
UM\ n) = apn(A, 1) &)Byv(\n) o (6)
B KOTOpPOH
oo |
sinw(1/4 + A/2)

B = I-'(3/4 - /\/2) r1/292/2-1/4
HMeEET HYXHOE IOBEJEHNE [2]

U\, ) 2350 e 42102,

Us pynkumit (6) moxmo mocrpouts deTHbie (k = 0) n mewernwte (k = 1)
pewenns BHe 6apbepas:

TE ) = «EU O, In))(sgnn)*, (7



Takum o6pasoM, BHYTPHM # BHE 6apbepa BOHOBHIE QYHKIMK ¢ RAaHHOM 4YeT-
HOCTBIO flaloTcs BhipaxeHnamu (5) u (7).

YpoBHu sHEprun. JHEPre THUECKUH CIEKTP ABYXHEHTPOBOrO KBAHTOBOTO
OCIMIIATOPA IONIYYaeTCsA CLIUBKOH JorapudpMuyecknx MPOUIBONHLIX pellle-
i (5) u (7) B Touke ) = 1p:

U'(\ 1) _ HR)

U ) pan,  \01(8m)/
v'tum)\  _ (Bem))
U(A,T]) n=no g2(/-"77) n=no

IlepBoe us 3TUX ypaBHEHUH OTHOCUTCS K YETHBIM, a BTOPOE - K HeYeTHRIM
ypoBuaM. YucneHHEI aHamns 3TUX ypaBHEHMH NPUBONUT K YKadaHHOH Ha
PHUCYHKEe 1 BaBUCHMOCTH SHEPTETUYECKUX YPOBHEN OT IapaMeTpa 7.

IIpu o = 0 ypoBHHU BHepruy, Kak ¥ JOMAKHO GHITH, COBIAfAIOT C ypO-
BHSIMM DHEPTUHU IHMHEHHOro ocuwuisTopa. Bxiiodyenne mapamerpa 7o NpH-
BOIMT ypoBHHM B gBuxkeHue. Haxonsach Hay 6apbepoM, OHUM CHadaja CJerKa
ONyCKAIOTCSA, & 3aTeM HadMHAIOT PACTH, HO He CTONb GHICTPO,KaK BHICOTA
6apbepa. C HekOTOpOro BHa4eHUsA 7)g (CBOEro A KaXXJOTO YPOBHS) BhI-
coTa bapnepa HacTHraeT ypoBeHb B obxomut ero. C sToro "momeHTa”
ypoBeHb 3axBaThiBaeTcs amon. OmmcaHHas YacTh rpaduka KaveCTBEHHO
MOBTOPSAET HMOBENEHNE TEPMOB ABYXATOMHEIX MOJEKYJ IIPU NSMEHEHUHU pac-
cTosHua Mexay atomamu [3]. [anbHellee yBenndenue 1o MPUBORUT K KOH-
IEHCAIIMU YPOBHEH B AMaX, UX POCTY U monapHoMy cinaamio. IIpn ng > 6 Mut
IIPaXTUIECKH BMECTO LIECTH HaYanbHBIX YPOBHEN MMeeM TPHU ABYXKPAaTHO
BRIPDOXIEHHBIX YPOBHA.

B6nwou uentpos = +n¢ noresuman (1) TpaHchopMupyercs B ABe
oguoponusle aMul: V(zo,z) = noln £ no|/2. Ilpm no > 1 st aMu go-
CTaTO4HO I'Ty6OKM, ¥ B HMX SaXBaTHIBAIOTCS HECKOIBKO CIMBLIMXCA yPO-
BHell. BBHlY OZHODOZHOCTM AM CIMBUIMeCS YPOBHM AOIXKHHE BeCTH cebg
mpu 1o > 1 xak £, = n??n?/3, rge umcio n HyMepyer cimBmmMecs ypo-
pan. OTMETHM TakKe, ITO YNCAECHHLIN aHAIIMS YCIOBHUA KBaHTOBaHNA Bopa-
Bommepdennaa pas norenuuana (1) ybequn Hac B TOM, YTO KBaSHKIACCH-
Yeckoe MPUGTIKEHNe TOYHO BOCIIPOUOBONUT IIPUBEIEHHYIO BhIIE KAPTHHY
SHEPreTUYECKNX YPOBHEN (NCKIIOYEHNE COCTABIAIOT BeChbMa Malble OKpe-
CTHOCTY BOKPYT TOYEK IIOBOPOTA).
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Puc.1. Ipadux saBHCHMOCTH BHICOTH 6aphbepa U IEPBHIX WECTH ypoO-
BHEH SHEPrud OT IapaMeTpa o.

Puc.2. I'padux sapucumocT BOTHOBOIA $yHKIMH HYJIEBOrO YPOBHSA OT
n % no. 3pecs —10 <1 <10, < 1o < 5.
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Puc.3. I'padux sabucamoctu BOTHOBOW PyHKnUM mep

BOI'O YPOBHA OT 1)
U 1o. 3xech, xax n Bhlme, —10 <7 <10, 0 <y < 5.
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Puc.4. I'padux SaBHCHMOCTH BOTHOBEIX yHK M II€PBBLIX ABYX ypPOBHeHR
OT MEPEMEHHO#R % npu Mo = 3.




CrioHTaHHOe HapylIEHHEe CHMMETPHUH. YCJIOBUE HENPEPBLIBHOCTH BOIHO-
BOM (PYHKLIMM B TOYKE 7] = 7)o NIPBORMUT K CIEAYyIOLIEH CBA3M:

o® = UQm) )
%= Geamo)

(£)

KoHCTaHTH ay,; ONPEReNAIOTCI U3 YCIOBUS HOPMUPOBKHU 1 MMEIOT BUJ

e ) [UGm0) [* T 2 7 N
agy =271 |2 2 g(p,n)Pdn + [ WU, ) d .
) S / 1o m)[2 dy / U\, n)[2dn

Otn popmynsr smecte ¢ dopmynamu (3), (4), (5) n (7) noanocTsIO onpe-
NENAIOT IOBENEHUE BOTHOBBIX (PYHKUMI OT IIEPEMEHHON 7) 1 IapaMeTPa 7)o.
Crenyiomue gsa rpaduka HaloT NpefcTaBleHne o6 yKasaHHBIX 3aBUCHUMO-
crax (puc.2,3).

Mzl BugmM, 9TO IO MEPE POCTa [IapaMeTpa 7)o BOMHOBbIe QYHKIIUN mep-
BRIX [ByX YPOBHEH MOCTENEHHO JIOKaIM3yIOTCH BHe 6apbepa M mpu 1o > 6
BOKPYT LIEHTPOB 1] = *17)o 06pasyoOTCs ABe M3OINPOBAaHHEIE APYT OT ApYyTa
amul. OgHOBpEMeHHOE MB06paxenue nepegHux npoduiell KByX MOCIETHUX
rpaduKOB JaHO Ha PHCYHKe 4.

Ws mero BUAHO, YTO MOAYNM BOIHOBBIX (PYHKIMI HYTIEBOIO ¥ NEPBOTO
ypOBHEH coBmajfialoT yxe 1pu 7o = 5. OgHako 6O 6BI HAMBHO AyMAaTh,
9TO B Ipefiele 7T = OO NMEHHO ®TH BOTHOBHIE (PyHKIUM OYHyT OINMCHI-
BATh IBYXKPaTHO BHIPOXIEHHEIA YDOBEHb, 06pasOBaHHEIA CINAHUEM IEp-
BHIX AByX yposHed. Ha camoM ferne, B ykasaHHOM Npe€fielie CUCTeMa pac-
HIeIUISeTCS Ha ABE UBOMUPOBAHHBIE MORCUCTEMEI: JacCTHUIA, 3aXBaTUBIINCD
OIHNM M3 IIEHTPOB, YK€ He MOXeT BEpHYyTbCA KO BTopoMy. ['oBopsa nnade,
B TIpefleNie 7o = OO pealu3yeTcsd CIOHTAHHOE HapylIeHWe CUMMETPHU: Ha
cMeny BonHoBEIM Qyukmuam ¥+ (n) n ¥~ (n) "MrHOBEHHO” IPUXORAT BOMHO-
Bate pynxmmu Up = (¥+—0")/2/2 g Up = (U +¥~)/2/2, omucpiBaromme
COCTOfHME JaCTHLL B JeBOl 1 npaBoit aMe. Clelis 3a MoBefleHUEM CUCTEMBI
B 06paTHOM MOPARKE, T.€. OT 7y = 00 RO No = 0, MBI 06HapyXkUBaeM, 4TO
TOYUKY 7o = 0O MOXHO MHTEpPIIPETHPOBATDL KaK NpPENeIbHYI0 TOuKy 6udyp-
Kalu|,T.K. B Hell IPOMCXONUT pacUlel€Hne yPOBHA U MEPeCTPONKa CUM-
meTpun. Kakx y6expaiorT BEYHMCIEHNS, DTOT ClIeHAPUHR IOBTOPAETCS M I
Ipyrux, 60nee BHICOKUX, yPOBHEHR SHEPTMU M COOTBETCTBYIOUMX UM BOIHO-
BRIX (YHKITUN.



Mmt 6narogapunt H.B.JIyunenxo n JI.I''Mapposuy sa uHTepecHsie 06-
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