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IMpuHITIO Heonpe,n;e.JIeHHOCTI/I Teiizenbepra. CaMOCOIPSIZKeHHbIe
omepaTopsl', 1eHCTBYIONTHE B THIL0PTOBOM HpOCTpanCTBe by — BEKTOP 3 3TOTO
IPOCTPAHCTBA, IPHHAITeZKANIHIT 00.,TaCTH OIPe e/ 1eHIId OIIePAaTOPOB 4 B. ABu BA.
~loKazKnTe HepaBeHCTBO, HMEHYEMOe COOMHOUWENUEM Po&cpmcona-l[]pedz.maepa.
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3recs (A), = (WIA[Y), Ayd = /W](A—(4),1)]v).

Yrasanue. CoOTHOmEHHE CeayeT U3 HepaBeHcTBa Komu-Bynaxosckoro-IIsapiia. Beisoa ero Mox-
HO NIPOBECTH CaMOCTOATEIbHO, I pa3o0paTh M0 VIeOHIKAM.

B Mo7e1m rapMOHHTECKOTO KBAITOBOrO OCIHIATOPA € OTHON CTeNeHbIo ¢cBODOILL,
3a,1aBaeMOil raMHIIbTOHHAHOM :
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KROEPEHMHBIMU HA3BIBAIOTCA COCTOIHULA, ABJIAIOIIHECS COOCTBEHHBIMHI BeKTOPaMH
oreparopa YVHUITOXKEHIId:

Qo) =Adr) . [P =(daon) =1, Aec.

a) Iloayuute BrIpazkemme [/1sl KOTCPEHTHOTO COCTOANNA |¢)) B BIIE PA3IOKEHI
9
O N-"ACTRUMHOIM COCTMOANUAM” |N) — COOCTBEHHBIM COCTOSHUIM TAMILIBTOHI-
ama c sgeprueit F, = hw(n + 1/2).

6) OmpeiemmTe, Kak 3BOMONHOHIPYET KOTepenTioe cocTodnme |¢x(t)) B Kapruue
[Ipeunrepa. N6eIuTech, ITO BOTIONAA He HapYITaeT KOTePEHTHOCTH, BbIpa-
3uTe |¢)(t)) B TepPMIHAX KOT€PeHTHBIX COCTOSHHIL.

B) Boruncamre cpesnee smateniie sHeprum oCuIIATOPa B cocTogHIn |¢y). Onpe-
JIeJTITEe BEPOATHOCTD TOTO, YTO SHEPIN KBAHTOBOTO OCIILIIATOPA B COCTOSHUN

) mpunHEMaeT 3uavenne E, = hw(n + 1/2).

T) Haﬁjlﬂ]?e CpeJnue 3HaveHuda u ANCIIEPCHU I'I‘(]ﬁ.?ﬁ()flae;\ﬂ)lx g U P B COCTOAHHHN
|#x(t)). Kax m3MensroTes Bee STH BETHMHIDL ¢ TeTeHneM Bpemenn? N0eTHTeCD,
ITO BEJIHUIIIHA A,z,/\q A‘Z’Ap AOCTHTaeT MHHUMAJJILHOTO paspenieHHOTrO COOTHOIIIe-
HIEM HCOIIPCICICHHOCTH foﬁ’zeﬁf)epra 3HAYCHUA.

Samenanue. B 6oee MHEPOKOM CMBICIC KOTCPEHTHBIMI HA3BIBAIOTCS COCTOAHIIA KBAHTOBOM CH-
CTeMBI, B KOTOpBIX cooTHOmeHne PobepTcona-peitarepa 1151 onepaTopos § 0 P CTAHOBUTCST
DPaBEHCTBOM.

1) Iocrpoiite BOaHOBYI0 DYHKIINIO KOTEPEHTHOTO COCTOSNILS ox(x), TO ecTh Bek-
TOP B KOOPIMHATHOM IIPEICTAaBJICHHN, OTBEYAIONHHA COCTOAHMIO |Py). Borame-
JUTe IVTOTHOCTD PaclpeIeIeHHd KOOPINHATE OCIILTIATOPA B KOTePEHTHOM CO-
CTOAHUU pg, (). VOeanurech, 9TO ¢ TEUCHHCM BPEMEHHU Péy, HE MeHger cpoeii

;[()( TAaTOYHO, YTOOBI OHH OBLTI CIMMETPUYeC I\I’IMH
"3’16‘Cb O YacTHIeH HOHUMaeTCsd HeUTO Hecyniee "kBaHT' 9Hepnm Fw.



dopybr (B OTIHIHE OT TOrO, 4TO MPOUCXOTHT €O CBOGOIHON KBAHTOBOMN UACTH-
neit).
Yrasanue. Bocmoap3yliTech KOO IIHATHBIM IIPEICTABICHHEM N-YACTIIHBIX COCTOSIHIIL.

¢) (HeobgzaTeapHBI) JoKaxKITe TOTHOTY HAGOPA KOTePEHTHBIX COCTOSIITL:
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[0) = = [ (6216} 16x) A,

T
r1e 1) — IPOM3BOIBHOE COCTOSHHE KBANTOBOTO OCIHIIATOPA.

Yxasanue. Ucnoapsyiite pasiokenne [U¥) u |d)) MO N-4aCTIMHBIM COCTOSHHAM.

3. Mogens kosnebaunmit aToMOB B KpucTasiie. Ha pucyrke n3o0pazkena CHeTeMa
ABYX I'DY3UKOB MACCBHl ™ Ha YIPYTHUX IPVIKHHAX JKEeCTKOCTU K.
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d) CocraBbre raMUJIBTOHHAH CUCTEMbI, HCIIO/ b3V B KadecTBe ()6(,)6U1€HHbIX Koop-
AMHAT OTKJIOHeHIA T, 1€ {1 2} TPYV3UKOB OT II0.TOZKeHIId PAaBHOBECHI. HO,I6€‘—
puTC OPTOroHaJILHOE H}Z)CO6])E’L'30BEIHH(‘.

’C; = Z Oijmj-, OT = O_l,
3=1,2

TaK, YTOOBI KBaJpaTHIHAst (HOPMa MOTEHIHATLHOI SHEPIUH CHCTEMBl B HOBBIX
KOOpAMHATAX T; ObLTa IHATOHAILHOIM. [ToCcTpoiiTe COOTBETCTBYONIEe KAHOHM IO
CKOe Ipeodpa3oBaHne KOOPAUHAT (Ha30BOTO IPOCTPAHCTBA

{zi,p;} = {=z,p}}, i,7e{1,2}

H 3alIHHIIIITe €€ TaMUJILTOHHAH B HOBBIX KOOPIHHATAX.
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IIpoBeuTe KaHOHHUIECKOe KBAHTOBAHIE CHCTEMBI B HOBBIX II€PEMEHHBIX Bl b
HNOCTpoiiTe ABe mapnl OIepaTopOB POKIEHIA-VHIITOKEIHS d;. FJI :

(i, 65] = 0. [as, af] = 6,1,

I BpIpa3uTe vepe3 nux rammabTonnan H. ITocrpoiite doxosekoe mpocrpancrso
COCTOAHNI KBaHTOBON CHCTEMBI, MPEINo.Iarag HaTHYHe B HeM e THHCTBEeHHOTO
BaKyyMHOTro coctosiuus |0):

Omnpeenre BO3MOKHbIE 3HAMEHHs YHEPIUH KBANTOBOI CHCTeMBI I OCTPOiiTe
OPTOHOPMUPOBAHHBIH 6a31C COOCTBEHHBIX BEKTOPOB TaMILTbTOHHAHA .

4. JoxazknTe, YTO AUCKPETHLIH CIIEKTD YHEPIHH OTHOMEPHON KBAHTOBOMEXAHHYUECKON
CHCTeMBI BCELIa HE6LPOICIen, TO eCTb KazKIOMYy 3HAYEHMIO SHEpPIiH U3 JIHCKDPeT-
HOIO CHIEKTPa I'aMHJIbTOHHAHA OTBeYaeT eIMHCTBeHHas (¢ TOUHOCTLIO 10 (a3oBOro
MHOZKHTETS €, o € R) HOPMHEPOBaHHAs COOCTBEHHASA dyuKII.

Yraszanue. ccaenyiiTe acMMITOTHIECKIE CBOACTBA BPOHCKIAHA CTAIOHAPHOTO YPABHEHNA IIpe-
JMHTepa B KOOPIUHATHOM IIPEICTABICHNH.



5. Tyunenpnslit apdext. Henopvmpyensie pemenns ypasuenus Lpetunrepa s
CBOOOIHOI JACTUIBI — ITOCKHE BOJTHBI
. 2
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MOZKIO HHTEPIPETHPOBATL KaK IOCTOSHHBIN OTOK KBAHTOBBIX YACTHIL, [BIZKVIIIIX-
¢4 Hanpaso/ naseeo BaoL ocn OF. [110THOCTD BEPOSTHOCTH pacipe e e N YacTHIl
p+(t, ) = x> = |A+]? ma ocu OF nocrosuua. TLI0THOCTD HX TOKA BEPOSITHOCTH

; th o — = ; p 2
Jalt, @) = o (s O, — P Oyths) = £ (AL
2m m
TOZKe TocTogHHa. Habaioaeabie BETHYIHHDL p 11 j CBA3aHBI MEZK 1y CO0OI YpaBHEHHEM
HENPePBIBHOCTH Oyp + 0,7 = 0, caeayiomny u3 ypasuenna IIpetiarepa.
i —_

Paceyorpuy notok wactun ¢y (t,x) = AL en®=FY 2 < 0, mazeraromux ciesa Ha
HOTCHIIAIBHBI Hapnep
0, ecmn x <0, aubo x > L,

U(x) - _ p° . )
U>FE= =, eaml= 35 L

(1)

HacTb 3TOro mOTOKA OTpazKaeTcd OT Gapbepa, MOPoXKIad Oerviimii HATEBO IOTOK
1
Y_(t,z) = A_ex(Pr=EY 3 < 0. YacTh DpOHMKAET CKBO3DL baponep, mopozK1as yoe-
k3 p— p—
rajomui Hanpaeo notoxk ¢(t, x) = Ben®@=L=F) 4 > [ e\ previok:
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a) ITocrpoiire Bommnosyio dyuxuuio ¥(t, x), ONMICHIBAIONLYIO IPOHUKHOBEINE H OT-
pazkeHine INOTOKa YacTUI[ ¢ MMIIYJIbCOM P M MacCoil M Ha HOTeHIHATbLHOM Oa-
poepe U(z) (1), To ectn Takyio, uro U(t,z) = ¥, (t,2) + ¢¥_(t,x) mpu z < 0, u
U(t,x) = ¢(t,x) npu = > L.

BrruncanTe K03 DUIHEHTH 0TPaKenus 1 IPOIYCKaHus Gapbepa:

L= JAP/|AP. L= [BP/|AL

Yoeanrecn, uro [+ I, = 1.

Yrasanue. Ucnoassyiire ycaosua uenpepssaoctn ¥ n 8,V na rpammax dapnepa ¢ = 0, L.
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[Tocunraiite B mepBom npubiamzkenun Ko3hhUIIeHT TPomyCKanus L, 11 mo-
2
TOKA KBaHTOBBIX YaCTHIL, KHHETHYeCKas Heprusa F = £~ KOTOPBIX MaT0 OTiIH-
9aeTCs OT BHICOTHI MOTeHINAIbHOTO Oapbepa, a JATIHA BOTHBI COOTBETCTBY IO el
BO.THOBOH (DYHKIIN A ¢paBHHMA ¢ IMHPHHOI Bapbepa:
U=8 2mh
0< = 0 1; b=nk; A= = » DJe n HCBETHKO (carrtaem nvVo < 1)
6. (HeobasarenpHas) Ojmorepnas KBAHTOBAS TACTHIA MACCH M HAXOINTCA B II0-
TeHIUAJIBLHON ave

0, ecau |z| > L/2,

Uz) = —Up <0, ecnn |z| < L/2.



PaccyoTpuy coCTOAHIS AUCKPETHOTO SHEPTeTHIeCKOro ceKTpa 3tofi cuctempr. Ha
JEKIHAX ObLTO HOKA3aHO, YTO ITH COCTOAHUS UMEIOT OIpeIeTeHHYI) YeTHOCTh OTHO-
CHTEIBLHO OTPAkKeHusl T — —x. 3HavyeHust sueprun —Uy < E < 0 geTHnIX,/ neueTnnix
COCTOAHU{ CUCTEMBI ABIAI0TCS, COOTBETCTBOHHO, PEIIEHNUIMH Y PaBHeHHI

r=ktg(kL/2) /| r = —kctg(kL/2), (2)

a) Ybeanrech, 4ro o6IIee YHCI0 COCTOANNI AHCKPETHOIO CIEKTPa B HPAMOVTOTb-
noit ave N 1aercsa ¢opayoii
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a CIHIMBOJI [IL'] obo3HaUaeT IeJYVI0 YacCTh BeleCcTBeHHOIO YHucjIa &.
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Paccaorpny ciaydaii, Korja 4ucja0 CocTogHIil TUCKPeTHOTO Lnempa J10CTaTO -
1o pesuko: N >> 1, Tak 4TO B 3a7aue MMeeTcda Mablii mapayeTp 3
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[ocumTaiire mpub.IHAKeHHO 3HAMEHNA HU3IIAX YpoBHedi sneprun By, B, ..., F;, . ..

KBaHTOBOI1 JaCTHIbI B OKPECTHOCTH JAHA HOTeHIMAJILHON AMBI, & UMEHHO: BbI-
THCIITE [ABa IIEePBBIX HeTPHUBHAJILHBIX JIEHA PA3T0KEHNd MAJI0iT B IHYMTHBI

Uo— |Ei|  (k(E))

5’&(6) = U() - R ’

B P41 110 CTeIIeHdM £.

Yrasarue. [Ipu peurerin nyskTa 6) v00HO BOCHOTB30BATHCA MPEOOPA3OBAHHBIMI YCIOBHIMA (2)
KBAHTOBAHUS YPOBHEI SHEPrin

k _ [ |coskL/2| npu ycaosun tg(kL/2) >0 s UeTHBIX BOTHOBLIX (byHKITII,
R | |sinkL/2| npu ycaosun tg(kL/2) <0 174 HEUeTHBIX BOTHOBBIX (yHKIHI/

3aMCTHM, 9TO € MOKHO TAKKe HHTCpHp(‘THpOBaTb KaK OTHOMIEHNE: 1/THHBI BOJTHBI A = k BOJTHOBOH (DYHKIINK
KBAaHTOBOW YACTHIBI B sIMe BOIH3H ee Kpad A|p—¢ = —Rﬂ K MIHPHHe NOTeHIHaJbHOIl siMbl L. Ilpun ¢ < 1 u3
COCTOAHMIT AUCKPETHOTO (TIeKTPa KBAHTOBOI YACTIILI ¢ YHEPIUEHi, HAXOAAMENCS BOII3H HYJIE, MOJKHO COCTABHTD
BOJTHOBOM ITAKCT, BCIYTIHI cels 1010010 KIaCCHICCKO HaCTHIIE.



