MATEMATUYECKHUE OCHOBBI KBAHTOBOI MEXAHUKU 2025

JIMCTOK 2. TAPMOHMYECKUI OCIHULISITOP, OJIHOMEPHDBIE
KBAHTOBBIE CUCTEMBI.

Pexomenyemprii cpok ciauu: 15 HosiOpst 2025r.

Oxonuarenbueiii cpox caaun: 25 HosiGpst 2025r.

1. Ilpunuun neonpenesiennocru leiizenGepra.

Iycrs Au B — CaMOCONPSIZKeHHBIE ONEPATOPbI!, JeHCTBYIONIE B rUAb6epPTOBOM [IPOCTPAHCTEE,
[¢)) ~ BEKTOp W3 TOrO MPOCTPAHCTBA, PUHAIEKAIIHE 0BIACTH onpezenenns oneparopos A, B,
AB w BA. Jokasxure HEPABEeHCTBO, umenyemoe coomnowenuem Pobepmeona-IlIpedunzepa:
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Yrazanue. CoorTHolenue ciejyer U3 HepaBeHCTBA Komm-Bynsikosckoro-1lIsapia. Beisoa ero Moxkuo
IPOBECTH CAMOCTOATEIBHO, MM PAa30bpaTh M0 yueOHHKAM.

2. B MoJem rapMOHMYECKOr0 KBaHTOBOTO OCHUJ/LIATOPa C OJIHOW CTENEHBIO CBODOIbI, 33/1aBaeMOi
FaMU/ILTOHUAHOM

~ A9 .
i ])2 + 77Lw2q‘ 5 ata + 1> ) mw - 1 R
=—+——=hwla'a+ = a:=\/—=——q+ ——p
2m 2 2/ 2h vV 2hmw ’
KO2EPEHMNHDMYU HASHIBAIOTCS COCTOSTHAS, ABJIAIONIMNECST COOCTBEHHbBIM BEKTOPAMHU OIepATOpa yHU-
YTOXKEeHUSI:

aloa) =Xoa), oal* = (galéa) =1, recC.

a) Ilonyunre Bhipazkenue 4s KorepeHTHOro cocTosHms | A) B BUJIE DA3JIOKEHUS IO N-4aCTNUNHbIM
COCMOANUAM? |N) — COBCTBEHHBIM COCTOAHUAM FAMHEILTOHHAHA sHeprueit £, = hw(n+1/2).

6) Omnpenennre, KaK 3BOJIONHOHUPYET KOIEPEHTHOE COCTOSIHIE [ (t)) B xaptune peaunrepa.
Y0eanTecn, 4TO SBOIONMUS HEe HAPYIIAET KOMePEHTHOCTH, BLIPA3HTE |dy (1)) B TepMimax KOTe-
at ) ) ) A
PEHTHBIX COCTOAHUIA.

B) Bruruncmure cpeanee snavenue suepruu OCHUJIIIATOPA B COCTOAHUN |y ). Onpeesure Beposit-
HOCTH TOTO, 4TO SHEPrus KBAHTOBOIO OCLMILIATOPA B COCTOSHUM |¢)) IPHHUMACT 3HAYCHIHE
E, = hw(n+1/2).

r) Haitnure cpesnne snavenus m jucnepcun nabimomaeMbix q n p B cocrognuun ¢y (t)). Kak
M3MEHAIOTCS BCE 3TH BEJIMYMHBL C TEYEHHEeM BpeMeHn? YOeuTech, 4T0 BeJMYnHA, Ay qAy,p
AOCTUIACT MUHUMAJILHOTO PA3PEIICHHOr0 COOTHOLIeHNeM Heonpeae/ienHocTu Lefizenbepra 3mua-
YEeHUSI.

Jamenanue. B Gonee mmpokoM cMbice KOPEPEHTHBIMH HA3BIBAIOTCH COCTOAHMS KBAHTOBOM CHCTEMbI,
B KOTODBIX coorHoinenne Pobeprcona-Ilpemunrepa mst OIepaTOPOB ¢ ¥ ) CTAHOBUTCH PABEHCTBOM.

a) IocTpoiiTe BOMHOBYIO (bYHKIMIO KOrepeHTHOrO COCTOSHUS ®a(x), TO ecTh BeKTOp B KOOpAH-
HATHOM TIPEJICTAB/ICHIUI, OTBEYAIONMH COCTOSHMIO |@)). Beraucamre miornocrs pacnpeiese-
HIE KOOP/IMHATBI OCIILIATOPA B KOT€PEHTHOM COCTOAHIN Py, (7). YBeanrecn, uTo ¢ Tedeniem
BPEMEHH g, ) HE MEHHACT CBOeil (pOPMBI (B OTIMYHE OT TOrO, YTO MPOMCXOAUT CO CBOBOLHOIN
KBaHTOBOI dacTHIieit).

Ykasanue. Bocnonbayiitech KOODAMHATHBIM [IDEACTABICHUEM N-9ACTUTHBIX COCTOSHMIL

1
Hocrarouno, 4robsl oHu GbiH CHUMMETPUYECKHMH.
23 1eck o HJaCTHUIEH TIOHUMAeTCsI HeUTO HecyIee "kBaHT " 9Heprun Aw.
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(HeobsizarenbubIi) [lokaxuTe NOJIHOTY HAGOpa KOI'€PEHTHBIX COCTOSIHUIA:
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re [t) — MPOM3BOJIBHOE COCTOSIHUE KBAHTOBOTO OCIIHILISTODA.
Yrkasanue. Ucnonssyiite pasnoxenue [1)) u [¢y) 00 n-4acTHUHBIM COCTOSHUSM.

3. Mogens konebanuii aToM0OB B KpucTaJLie.
Ha pucynke uzobpazkena cucrema jiByX Ipy3ukoB MAacchl m Ha YUPYIUX IOPYKUHAX KECTKOCTH k.

ILBVI)KQHHG T'PY3BHKOB IIPOUCXOAAT TOJIBKO BJIOJIb OCH Ox.

a)

CocTaBpTe raMHU/IbTOHMAH CHCTEMBbI, UCIOJIb3Ys B KAYeCTBE ODODIIEHHBIX KOOPIMHAT OTKJIOHE-
HUA 24, 1 € {1, 2}, rPY3NKOB OT MOJIOXKEeHNsT PABHOBECHSI. Honbepwure oproronanshoe npeobpa-
30BaAHUE
z} = Z Qu23, oT = ot
j=1,2

TaK, 4T00bl KBajlpaTuiHash GOpMa MOTEHIUAILHON SHEPIUH CHCTEMbI B HOBBIX KOOP/IMHATAX
x} Gbuta guaronanbhoii. Iocrpoiire COOTBETCTBYIOIIEe KAHOHMYECKOe Mpeobpa3oBanue Koop-
JuHAT (ha3oBOro NpoCTpaHCTBA

W, ..
{l”hpj} = {‘Ti’pj}v (WS {152}
W 3allUIINUTEe €€ NAaMUJIbTOHUAH B HOBBIX KOOpJuHaTax.

[IpoBeanTe KAHOHUYECKOE KBAHTOBAHHME CHCTEMBl B HOBbBIX EpeMeHHbIX &), p}, NOCTpoiiTe j1Be
[Iapbl OLIEPATOPOB POXK/ICHUSA-YHUUTOKEHUS (1, &I:

[ai,45] =0, [as,a!] = 61

(S Rk ) Ly My 1]+
1 BblpasuTe depe3 HUX ramunbronnan H. Iloctpoiite dhoKoBCKOe MPOCTPAHCTBO CoCTOsHMIT
KBAHTOBOH CHCTeMbI, MpeJnosaras HaJu4ue B HeM eJHHCTBEHHOTO BaKyyMHOI'O COCTOSIHUSI
10):
;|0 =0, i=12

OrnpesiesiTe BO3MOKHBIE 3HAYEHWST SHEPIUM KBAHTOBOH CHCTEMbI U HOCTPONUTE OPTOHOPMUPO-
BaHHBI 6a3uc COOCTBEHHBIX BEKTOPOB raMuibTOHHana H .

4. lokazkure, 94TO AUCKPETHDIIT CIEKTP SHEPIUH O/ITHOMEPHON KBAHTOBOMEXAHUYECKOH CHCTEMbI BCO-
[1a HEGBPOJICIeH, TO €CTh KaxKJ0My 3HAYEHHIO SHEPruM U3 JUCKPETHOI'O CIeKTPa I'aMUJILTOHWAHA
OTBEYAET €JAMHCTBEHHAs (C TOUHOCTLIO /10 ABOBOIO MHOKHUTEIsI e o e R) HOpMupoBannasi co0-
CTBeHHast (DyHKIUS.

Vrasanue. Uccnenyiite acuMirornieckue cBoiicrsa BPOHCKHMaHa cTalMoOHapHOro ypasHenust Ll peumre-

Pa B KOOpAUHATHOM InpeacraBJIeHUH.



5. TynHenbHbIl 3¢ dekr.
Henopmupyemebie pemenus ypasaenus HlIpenunrepa 1st cBOGOAHOM 9aCTHIIBI — TIOCKHE BOJIHDI
P’
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MOZHO HHTEPIPETHPOBATE KAK MOCTOSHHBIN NOTOK KBAHTOBBIX YaCTHIL, ABHYKYIIIXCS HAIPABO /HAJICBO

4 o 2 _ 2 ..
B0/ oct OF. [110THOCTD BEPOSITHOCTH pPACpPe/Ie/IeH s YACTHIL p+(t,x) := |11 ]* = |A+|? Ha ocu
O nocrosimna. III0THOCTE NX TOKA BEPOSATHOCTH

. th J 7 — p
a(t,7) 1= 5 Oy — B Otra) = 2 |y

I2
Toxe nocrostiaa. Habmonaemble Beuuunb p 1 j cBsi3anbl Mex 1y coboil ypaBHEHHEM HenpepbIBHO-
crn Op + 0,7 = 0, caeayromum us3 ypasrenusi [lpeanurepa.
(J AL
Pacemorpum norok wacTn Vi(t,z) = AL enPr=Et) o < 0, Haneraomux cjieBa Ha MOTEHIH-
aJlbHbI bapbep

U 0, ecam x <0, mbo x> L, (1)
) =
( U>E=2Lz ecin 0 <z < L.

m’

; 2 (—pp—
HacTh 9T0ro0 nMoToka orpazkaercs or bapbepa, Mopozk1as 6eryimii HaIeBo MOTOK P-(t,z) = A en't—pr=Et)

o < 0. HacTh npoHEKaeT CKBO3b Gapbep, 0pozK 1ast yberaioumit HanpaBo 1oTok G(t,x) = B er Ple—L)-F t),
x > L, cM. puCyHOK:
Zy\

Y, Z
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Y.
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a) Tlocrpoitre BomHOBYI0 byHKIIMIO W (¢, z), ONNCBIBAIONLYIO IPOHMKHOBEHIE 1 OTpazKeHue MoToKa
HACTHLL € MMITYJILCOM p M MACCOH 1n Ha noTeHIma bHoM Gapbepe U(z) (1), To ectn TaKyIo, 4To
U(t,x) =4 (t,x)+¢_(t,2) npuz <0, u U(t,x) = ¢(t,z) upn = > L.

Borancmure kosdbduupmentrr orpaxenus n npomnyckanust bapnepa:
Loo= JA_/IALR, T = |BI2/|AL .

Yoemurecs, uto [ + I, = 1.

Yrasanue. Ucnonwzyiire ycnosus HenpepbisHocTn W u 0, ¥ Ha rpanuuax 6apvepa x = 0, L.

6) IMocumraiite B nepBOM upub/mzkennu K03 uienT npomnyckanms [, 1715t noTOKA KBAHTOBBIX

w2
HacTul, KHHeTHIeCKas sneprust £ = L= KoTopeIx Masio ommyaercs or BbicoTh HOTEHIHAb-
HOro 6apbepa, a JIJIMHA BOJIHBI COOTBETCTBYIONEH BOHOBON QyHKIMK A CpaBHUMA C IIUPUHOI

bapbepa:

FE
0< = 0<1l; L=n)\ A= %, i€ n HeBesko (cumraem nvo < 13.

6. (HeobszaTesnbuas) OHOMepHAS KBANTOBAS YACTUNA MACCH 11 HAXOJUTCSA B HOTEHIMATBHOI
sMe
0, ecm |z| > L/2,

i) =
() —Up <0, ecom |z| < L/2.



Pacemorpum cocTostHusT IUCKPETHOTO SHEPreTHIeCKOro crexkTpa 371oit cucreMbl. Ha srlekuusx 6o11o
HOKA3aHO, 1TO 9TH COCTOSTHUSI UMEIOT ONPE/ESeHHYI0 YeTHOCTh OTHOCUTEIBHO OTPAYKEHHS I — —1.
3nauenust sueprun —Uy < F < 0 YeTHBIX /HEYeTHBIX COCTOSTHUIT CHCTEeMBI ABJISIOTCs, COOTBETCTBEH-
HO, pEHIEHUAMU ypaBHEHU it

r=ktg(kL/2) / r = —kctg(kL/2), (2)
e PE) = 27’;|2E|’ 2771(U22— ‘EI)

a) Ybemurecn, 4TO 001IEE TUCIO COCTOSHUN AUCKPETHOTO CHEKTpa B NPAMOYTOJIbHON same N ja-
eTcst hopMyJIoi

RL

2m
N = [—} , rane R:= —mUO
T
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a cuMBOJI [] 0603HAYAET LETYI0 YaCTh BEIeCTBEHHOO YuC/Ia .

6) Paccmorpmy carywail, KOrja YMcio COCTOSIHUI JMCKPETHOro CIIEKTPa JIOCTATOYHO BeJIMKO: N >
L, Tak 4TO B 3aj1aUe UMEETCs MaJiblil napamerp °
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[MocunTaiite NpuOIMZKEHHO 3HAYCHUST HU3IIMX YPOBHEH suepruun Fy, Fy,.... F;, ... kBauto-

BOI1 JaCTULbl B OKPECTHOCTH JJHA [MOTEeHIMAJbHOMI AMbl, & UMEHHO: BBIYMCJINUTE JIBa IepBbIX
HETPUBUAJIBHBIX YJIeHA Pa3JI0KeHU MaJI0it BeJIMYNHBI
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B PsAJL 11O CTEIIEHYAM E£.

Yrasanue. Ilpn pemennn mynkTa 6) ya06HO BOCIOIB30BATHCS 1peobpa3’oBaHHBIMKU YCJAOBUAMH (2) KBAHTO-
BaHUsd YPOBHEH 3HEpTun

R

k- f |coskL/2| npn ycnosuu tg(kL/2) > 0 /st 9eTHBIX BOJHOBBIX dyukuwmii,
IsinkL/2| npu ycaosuu tg(kL/2) < 0 118 HEUETHBIX BOJHOBBIX dynxmit/

#3amernm, U4TO £ MOKHO TaKKe MHTEPIPEeTUPOBATL KaK OTHOLIEHUWE [IJIMHBLI BOJIHBI \ = "T’T BOJIHOBOH (QyHKIMK

KBAHTOBOH 4acTUIIBI B fMe BOJIM3M ee Kpas A|p—n = %’ K ITMPHHE N0TeHInaabHoN smel L. [lpu ¢ < 1 u3 cocrosnuit
AHUCKPETHOrO CIEKTpAa KBAHTOBOM 9YaCTHLBL ¢ SHEPrUeH, HAXOAAMEHCS BOIM3M HyJsi, MOKHO COCTABHTH BOJIHOBOM

MaKeT, Be Iy cebsa 1moqobHo KTaCCHYeCKOM YaCTHUILe.



