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KBanToBas mexaHmka. 2-oii morok. 2009 r.
Penmaxmusa or 21.04.09
http://hep.phys.msu.ru
Attention! OxoHuaTENBHBIN CIUCOK TEOPETUYECKUX BOMPOCOB OymeT yTouHeH Ha mocienued pekiuu 20 mas 2009.
Cuucok 3amau naeTcs B MAKCUMAIILHOM BapUAHTE, ISl PA3HBIX TPYII OH MOXET YTOUYHITHCSA CEMUHAPUCTOM.

Teoperumueckue BOIPOCHI

KoMOuHAMMOHHLIN TPUHINT U MaTpuuHas MexaHuka ['efizenbepra. dusnueckue BeIUYUUHBEI KaK YPMUTOBEBIE OIIe-
pPaTOpHL B TILOEPTOBOM MPOCTPAHCTBE.

HuuaMmuueckas cxema kBaHToBou Mexauuku. I[Ipencrasnenus ['eiizenGepra u Illpemuuarepa. Ilepexom oT omHOTO
npencrasienus K apyromy. Omnepatop ssomwonun U (ts, t1), €ro o0l BUI U OCHOBHBIE CBOMCTEA.

IIpuanun coorBeTCTBUSA MEXAY KIACCHYECKON M KBAHTOBON MEXAHUKON, KAHOHNYECKOE KBAHTOBAHUE.
KsauToBomexauuueckast Teopus usMmepenus. CHekTp u cpenHue 3HaueHus Gusmdeckux Bejgudud. W3mepenue ma-
OGII0IAEMBIX C UICTO AUCKPETHBIM HEBBLIPOXKIEHHBIM CIIEKTPOM U YUCTHIE COCTOSHUS KBAHTOBOU CCTEMBI. 10THEIH
HaOOp HAOTIOOAEMBIX.

BeposiTHOCTHAsA HHTepHnpeTanus pe3yibTATOB U3MEPEHUsT HeKOMMYyTupyomux senudud. COOTHOIIEHNE HEeompe-
neneunocten I'eiizenbepra. Ilpocreimue DIIP-" mapanokcer” n ux o0bsICHEHUE.

COBOKYMHOCTDb YUCTHIX COCTOSHUN KBAHTOBOW CUCTEMBI KaK TUIBOEPTOBO MIPOCTPAHCTBO, €r0 OCHOBHLIE CBOMCTBA.
[purnun cynepnosunuu YuUCTHIX COCTOSHWIA, ero obocHoBauue. CHEKTPATBHOE PA3NOKEHUE SPMUTOBOTO OIle-
paTopa u ¢yHKINA OT Hero. KBaHTOBOMEXaHWUECKAs MHTEPNPETANNS OUCKPETHOTO U HENPEPBIBHOTO CIEKTPOB
omepaTopa HabI0oaeMOH.

N3omopdusm mpencrasieHnil ruab0epTOBA MPOCTPAHCTBA. DKBUBAJIEHTHOCTD JTIOOOTO MPENCTABICHUS MaTpPUU-
momy. Ilepexom oT omHOro mpemncrapieHus K OPYrOMY Kak YHHTAPHOE MpeoOpPa3oBaHUE, ero IIPENUHTePOBCKAs U
reiizeH6eproa ¢GopMbl. B3anMOoCBI3b YHUTAPHBIX U KAHOHUYECKUX TPEOOPA30OBAHUI.

KoopaounnatHoe n nMnynbcHOe mpencTapieHus. BomHoBas GyHKINS, ee BEpOSITHOCTHAs nHTepmpeTanus. [lepexon
OT ONHOIO NPENCTABJIEHUS K IPYIOMY.

CuMMeTpuu U MHTErpajibl NBUXKEHUSI B KBAHTOBOU MeXaHWKE. BBIpOXKIeHUE ypOBHEN HHEPruu MpU HAJIUUAU He-
KOMMYTUPYIOIINX UHTETPAJIOB TBUKEHUS.

CranuoHapHbIE COCTOSHUSA, UX OCHOBHBIE CBOMCTBA. DBOJIONUS BO BPEMEHU COCTOSHUN M3 OUCKPETHON U Hempe-
PBIBHOHI YacTel YHEPreTUYecKOro CueKTpa.

MaTpunsl MJIOTHOCTH W CMemaHHbIe CcOCTOsHUs. CpemnHme 3HaUEHUS (QU3MUECKUX BEIUUMH B CMEIIIAHHOM CO-
crossuru. OCHOBHBIE CBOICTBA MATPUI] IJIOTHOCTH. MATPUIBI IIOTHOCTH MONCUCTEM, O0bICHEHUE TPOCTERIINX
OIIP-"mapamokcoB” ¢ UX MOMOIIIBIO.

KpaunToBaHME rapMOHNYECKOTO OCHUIISITOPA METOOOM OMEPATOPOB POXKMCHUSI-YHUUTOXKEHUs. KOrepeHTHBIE CO-
CTOSIHUS, UX OCHOBHBLIE CBOMCTRBA.

O6mue cBoiicTBa ypaBuenus IlIpenunrepa mis HEPeNSITUBUCTCKON YACTUNBI B TOTEHIIUAILHOM TIOJE. Y DABHEHUE
HETIpEepBIBHOCTU. BapuanmoHHBI TpuHINT s cTanuoHapuoro yp. [llpenunrepa.

KBauToBas MexaHWKA YAaCTUILI B IOTEHINAILHOM TIOJE I ONHOTO TPOCTPAHCTBEHHOTO usMepenus. OCHOBHBIE
cBOicTBAa mucKpeTrHOro cmekTpa. Cnenuduka ONHOMEPHON MOTEHIUAILHON MBI ¢ DABHOBLICOKUMU CTEHKAMU.
OnHOMEPHOE paccesiHre Ha NOTEHIUAIE C PeryisapHbMu acuMmnrorukamu V (too) = Vi,

Onuomepuoe ypasuenue llpenunrepa ¢ nepuonuueckum norennuaiom. Teopema dmoke, dyukuuun Broxa, kBasu-
IMIyIbC U 30HBI Bpunmosua.

Ksasuknaccuueckoe (BKB) npubnuxenue, ycioBue NpuMeHIMOCTH. KBA3UKIACCUUECKUE BOTHOBEIE (DYHKINY, UX
MPONOJIKEHIE Yepe3 TOYKM MOBOpoTa. IlpaBuiio kBauToBauus Bopa-3ommepdensbaa.

Tyuuenpuwiit 5¢pdpext B BKB-npubnmxkennn. BomHoBble GyHKIINKM U PA3HOCTL SHEPTUI OBYX HUKHUX YPOBHEH B
moTeHnuajse Buna “mexican hat”.

YacTuma B NEeHTPAIBLHO-CUMMETPUUHOM Tojie. Pasmenenue nepemenubix. OpOUTAIBHBI MOMEHT, COOCTBEHHBIE
dyHKIIM 1 cobcTBeHHBIE 3HaueHus |2 u [,. Ilpmponma HmemodncieHHOCTH OPOMTAIBHOIO MOMEHTA. KOHEUHEI
MIOBOPOT KAK YHUTAPHOE IpeoOpa3oBaHue KOOPANHATHON BOTHOBOU QYHKIIUA.

Panuanwsuoe yp-uune lllpenuurepa. ['parnuunoe ycnaosue npu r = 0, ero o6ocuoBauue. Obine CBONCTBA YHEPTreTH-
YECKOTO CIEKTPAa U BOJTHOBLIX (GYHKINN CBS3aHHLIX COCTOSHUM B IEHTPAIbHO-CUMMeTpuuHoM mone. [lamenue Ha
nentp. BKB-npubnauxenne nis paguaabHOrO ypaBHEHUS.

YTIOBOH MOMEHT U KOHEUHBIE MTOBOPOTHI B 00IIeM ciydae. IlepecTaHOBOUHBIE COOTHOINEHUS O KOMIOHEHT MO-
menTa. CmexTp omepaTopos J2, J,. MaTpHUuHbIe 5IeMeHTE KOMIIOHEHT MOMEHTA B 6a31ce COBCTBEHHEIX BEKTOPOB
onmepatopos J2, J,. OmepaTopsl CMUHA YACTUILI, MaTPUYHbLIE SJIEMEHTHI U COGCTBeHHBIe BekTopa. Crmm 1/2
OCHOBHBIE CBOICTBA.

BekTopnoe crnoxenne nByX MOMeHTOB. KoadhduimeHTs BEKTOPHOTO CJI0OKEHUSI, X OCHOBHBIE CBOINCTBA U usmue-
ckuit cMbIct. KosdduuuenTs! cnoxenus nsyx cnnHoB 1/2 u cnnza 1/2 ¢ opOUTAIBHBEIM MOMEHTOM |.
OnepaTopbl KOHEYHBIX BpaleHnil. MaTpunbl KOHEUHBIX BPAIEHUN B IapaMeTpu3anuu Jimepa.

Cxkajiap u BEKTOP B KBAHTOBOI MEXAHUKE, UX KOMMYTATOPKI C KOMIIOHEHTAMU MTOJIHOTO YTJIOBOIO MOMEHTA, CUCTEMEI
KaK CIIe[ICTBUE 3aKOHOB TPEOOPA30BaHNUS MPU KOHEUHBIX MOBOpOTaxX. [loka3aTh, 4TO CKaISIPHOE IPON3BEOEHUE OIBYX
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BEKTOPOB €CTh CKaJISP, & BEKTOPHOE — (IICEBIO)BEKTOP.

IIpaBuna or6Gopa miisi MATPUYHLIX HJIEMEHTOB OT CKajsgpa U BeKTopa mo cocrtosHusM |JM) ¢ dbuxcupoBanHBIM
[ONHBIM MOMEHTOM U €ro TpeThbeil mpoekuneii. Iokasats, uro mus ckanspa (J' M'| A|TM) = 855 dpmm (J| A|T),
ms sexropa (JM|A|JM'Y = (JM|J|JM'y x (J|ATJY)J(J +1).

IIpocTpaucTBenHas HHBEPCHUS B KBAHTOBOU MEXaHUKE. UeTHOCTH OPOUTAIBLHOrO COCTOSIHUSA. TeH30PHI U IICEeBIO-
TeH30pHl (Ha mpuMmepe cKassgpa u BekTopa). [IpaBmima oT6opa mo 4eTHOCTH.

Ypasuenne Hupaka. YpaBHEHUE HEMPEPBIBHOCTH, ero koBapuanTHas ¢popma. Crouu wactunst Hupaka. Perenus
yp. Hupaka nms ceobonuo# yacTunsl. HTEepmpeTamus cOCTOSHURE ¢ OTpUnaTeabHon sHeprueii. [losuTponsr xak
neipku B Mope Hupaka.

Ypasuenune [lupaxa BO BHeIIHEM 37IeKTPOMAarHuTHOM mone. Hepenstusucrckoe npubnuxkenune, ypapuenne [laymn.
CHOrHOBBI MATHUTHBIA MOMEHT 3JIEKTPOHA.

KBasupenaTusuctckoe pasznoxkenue ypasHerus [upaka nis 5IeKTPOHA B eHTpanbHoM none. CouH-opOuTaabHoe
B3aMMONENCTBUE U APYTUE PEISITUBUCTCKUE TOMPABKU, UX QU3NIECKUA CMBICI.

Banmaun

HaiiTu nucnepcuio KOOPAMHATEI U UMITYJIbCA OIS TAPMOHUYECKOTO OCHUIIIATOPA, HAXOMAIIErOCs Ha N-OM BHepre-
TUYECKOM yDOBHE.
Haiitu ypoBHE 5HEpPrum m BEKTOPA COCTOSHUS ODHOMEPHOrO FAPMOHMYIECKOrO OCHIIIIIATOPA B MOCTOSHHOM BHEII-
HEM IIOJIe

H=hw(a"a+1/2) + f*a+ fa*

Hatitu cpenuve 3HAUEHWS U OUCTEPCAN KOOPOUHATHI W UMIYJIBCA OCHUJIATOPA W KOPPeaaTopsl (xp) — (z)(p) ,
(pz) — (p)(z) B KOrEepeHTHOM COCTOSHUU.

HaiiTy sBHBII BUA SBOTIONAN IO BPEMEHH KOTE€PEHTHOTO COCTOSHES TAPMOHIYIECKOTO OCHHIIIIATOPA.

Ncxons m3 yCnoBMs MUHMMEA3aINU COOTHOIIEHWS HEOMPENETEHHOCTEN MKy KOOPAMHATON W MMITy/TLCOM, HAWTH
SBHBIN BUI BOJHOBBEIX (DYHKIUH ISl KOTEPEHTHBLIX COCTOSHUN B KOOPANHATHOM W MMITYJILCHOM TPENCTABICHUAX.
OmHOMEpPHEIN TapMOHUYECKNAN OCHUIIATOP B MOMEHT BpeMeH:m ¢ = ( HAXOOWTCS B OCHOBHOM SHEPTEeTUYECKOM
cocrosuuu. 3areM npu ¢t > 0 OH momBepraercs BosmeiicTBuio BHewnHen cunsl f(¢). Hafitu sBHBII Bun omepaTo-
pa SBOMIOIAN W BEPOATHOCTL OOHAPYKUTHL OCHUILIATOP B N-OM BO30Y2KIEHHOM 3HEPreTHYECKOM COCTOSHUU KAK
pysxnuio t.

BianvoneiicTere OCHMIIIIATOPA ¢ IBYXYPOBHEBOH CUCTEMON OMUCHLIBAETCS TAMUAILTOHTAHOM

h
H = hwa*ta + Twag + hylaoy +ato_)

roe o4 = (01 £402)/2, o0; — maTpunsl Hayau. HaliTn craunoHapHbBIE COCTOSHUS U YPOBHU SHEPIUU B TAKOM
cUCTeMe, CpeqHee 3HAUEHNE U OUCHEPCUIO YHEPTUN OCHUIIIITOPA B ATUX COCTOSHUSAX.
BzaumoneticTBue OCIUIIATOPA C IBYXYPOBHEBON CUCTEMON OMUCHIBAETCS TaMUILTOHUAHOM

h
H = hwata + ngg + hy(aoy +ato_)

roe 01 = (01 £i02)/2, o0; — marpuun [laynu. Hafitu kax ¢GyHKIUIO BpeMeHU BEPOATHOCTH OMHOBPEMEHHO
OOHAPYXKUTH NBYXYPOBHEBYIO CUCTEMY B BEDXHEM YHEPIE€TUUYECKOM COCTOSHHUU U OCHUISITOPA — B COCTOSHUU C
m kBaHTaMmu, eciu npu ¢t = (0 IByXypOBHEBas CUCTEMa HAXOOWIACH B HUXKHEM COCTOSHUU, a OCHIJIISITOD — B

COCTOSIHUM C N KBaHTaMMH.

B mavanbHBII MOMEHT BPEMEHHU IJIOTHOCTH PACIPEdeIeHNs] KOOPAWHAT CBOOOMHON HEPEISITUBUCTCKON YACTUIIBL
Maccel m umesna rayccoBy dopmy. Kak Gyner uaMeHSITHCS O BpEMEHEM IIUPUHA TAKeTa !

HaifiTu ypoBHEI sHEprun u 06IIIee INCTIO CBI3AHHBIX COCTOSHUN B OMHOMEPHOM CIMMETPUYHON TOTEHIINAIBLHON SMe

V(z) = Vo, |z| <a, V(z)=0,|z| > a.

HaiiTu uncno nuckpeTHBIX ypoBHei sHepruu B moteHnuane V(z) = —Vy[d(z — a) + 6(x + a)] B 3aBUCHMOCTH OT
HapaMeTpoB MOTEHINATIA.

Haiitu ypoBHEM sHeprum u oblriee 4uciao CBI3AHHBIX COCTOSHUA B ONHOMEPHON MOTEHINAIBLHON sMe IMUPUHON a C
pasHOBBEICOKUMU cTeHKaMu Vi < Vs.

Haifitu BEpOsSTHOCTH OTpaxkKEHUs YACTULIBI OT NOIyOECKOHEYHOro Gapbepa BBICOTHI Vj, €CIU HHEPrusl JYacTUIBI

E>V.

Haittu k03hdUInEHTH TPOXO0XKACHNA-OTPAKEHN!S I COOTBETCTBYIOLIME (PA30BLIE CIBUTU MPU IIPOXOKIEHUN YaCTH-
Bl Yepe3 NoTeHIuanbHb 6apeep V(z) = Vg d(x).

HaiiTu TOUHYIO BEPOATHOCTH TYHHEINPOBAHUS YACTHUILI CKBO3b OMHOMEDHEIN MOTEHNUWANBHLIA Oapwep V(z) =
Vo, |zl < a, V(x) =0, |z| > a (sHeprus yacTULBl MEHBINIE BBICOTHI 6apbepa).
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HaiiTu TOuHYI0 BEPOATHOCTE OTPAKEHNS YACTHIBI TP MIPOXOKAEHUN HA Il ONHOMEPHBIM OTEHIUAIBHBIM 6apPbepoM
V(z) =W, |z| <a, V(z) =0,|z| > a (sueprus gactums! 6omblie BECOTE 6apbepa).

oo
Haiitu pacnonoxenne 30u Bpunmosaa nisa ogaomepsoit pemterkn Hupaka V(z) =Vp >, d(z —na) , Vp > 0.

n=-—od

o0
Haiitu pacmonoxkenue Hmxuux 308 Bpunmiosua mins ommomepnonn pemerku Hupaka V(z) = Vo Y. d(z —
na) , Vo < 0.

Metomom BKB maiiTu ypoBHI 5HEPrurM OODHOMEPHOTO FapMOHHYECKOrO OCIUIIIISTOPA.
B BKB-npubnuxenun HalTH ypOBHU SHEPTUA YACTUIBI MACCH 1M B MOTEHIUAILHOM moje Buma V(z) = oo, z <
0,V(z) =mgz, z> 0.

IIycTs raMunbTOHNAH 3aBUCUT OT A Kak oT mapamerpa u H(A) [(A)) = E()\) |9(X)). ITokasars, uTo ans HOpMuU-
9B\

POBAHHBIX Ha €OUHUIY BEKTOPOB |(\)) uMeeT MecTo COOTHOLIEHUEe BE\A = (Y(N)] %&A) [ (A)).

Hoka3aThb, 4TO B COCTOSHUY C ONPENEICHHON YHeprueil B eHTPaIbHOCUMMeTpUYHOM nose V (r) = g * r? cpennue
3HAUEHUS KAHETUUECKOU 1 TOTEHINAILHON 3Hepruii csasansl coornomenunem: 2(T) = v(V) (Teopema Bupmasna).
C momombio ouenku Baprmana omumcaTb OCHOBHBIE CBOHCTBA CIEKTPA CBA3AHHBIX COCTOSHUN y ChepudIecKu-
CUMMETPUYHOTO IOTEHNIUATA CO CTEIEHHON ACUMITOTUKON B Hyse U Ha GECKOHEYHOCTH.

Haittu S-yposru smeprum B chepuuecku-cummerpuanoi sme: V(r) = =V, (r < a), V(r) =0 (r > a).

Hatitu S-yposuu smepruu B cdhepuueckoii obomouke V (r) = —Vod(r — a).

B BKB-npubamxenun ycTaAaHOBUTE 3AKOH (-PACHANA s S-COCTOSHUS, AMTPOKCUMUPY I TOTEHIINA AP TPIMO-
yrombabIM GapbepoM V (r) =V 6(r1 < r < ).

HaitTn ypoBHU SHEPrUM CBA3aHHBIX COCTOAHMI B noTennunase V (r) = —A/r — B/r? u KpaTHOCTE UX BHLIPOKICHUS.
Pannanbuas BONMHOBas QyHKIUS CTANMOHAPHOTO COCTOSHES YACTHIEL MACCHL 1 B HCYE3AI0IIEM HA OECKOHEIHOCTH
neatpamsaoM nose U(r) mveer sun R(r) = r(1 — ar)e ™ #". Haiitu 3mauenme op6UTATLHOTO MOMEHTA B 5TOM
COCTOSHIY, €r0 SHEPTUIO U ABHBIN Bun noTeruuana U(r).

Haiitu BeposTHOCTD NPEGBIBAHNS HIEKTPOHA B KIIACCHYECKH 3AIIPEIEHHON 06IaCTH A7 BOTOPOIOIONO6HOrO aTOMA
B OCHOBHOM COCTOSHHIL.

Beruncnuts cpenmee 3gagenme (r- 1) , (r—2) | (r—3) B cocTosmumu ¢ onpenenennoit saeprueii B, 1 opOuTaTbHEM
MOMEHTOM | B KyJIOHOBOM IIOJIE IIPHUTSKCHUSL.

HaiiTu cpenHee 3HaueHNE U OUCIEPCHUIO PACCTOSHUS MEXKIY SI€KTPOHOM U SAPOM IJIsl BONOPONOTIONOOHOTO aToMa
B N-OM BO30yKIEHHOM COCTOSHUN.

HaitTn cpemHee 3HaueHMe PA3TUUHLIX KOMIOHEHT KBAAPYTIOTLHOTO MOMEHTA Qi) = T; T — 1/30;x7 mis 3apsxen-
HOU GECCIMHOBOM YACTHIEI, HAXOMAIIENCSA B KYJOHOBOM IOJIE TIPUTSIKEHUS B CTAIMOHAPHOM COCTOSHUHU C (DUKCH-
pOBaHHBIME N, [, M.

Hasitu ypoBHEU sHEprum 6eCCINHOBON 3apsKEHHON YACTUILI B IMOCTOSHHOM OTHOPONHOM MArHUTHOM IIOJiE€ Ha-
[PSIKEHHOCTH H B COCTOSHUU C (PUKCUPOBAHHBIM 3HAYEHHUEM MIPOEKINHA HMIYJIHCA B OPOUTAIBLHOIO MOMEHTA HA
HaIIpPaBIIEHUE IOJIS.

OnpenenuTs SHEPTETUUECKUN CIEKTP 3aPSKEHHON GeCCIIMHOBOM YACTUIIBI, IBUKYINEACS B OMHOPOIHOM 3JIEKTPU-
YeCKOM U ODHOPOOHOM MAarHUTHOM IOJISX, HAIPABJIEHUS HANPSKEHHOCTEN KOTOPHIX B3AUMHO MEPIEHONKYIISPHEL.
HafiTu ypoBHU 5HEPrum 3apsKEHHOTO CHEPUUECKN CUMMETPUUHOTO OCHUIATOPA, TOMEIIEHHOTO B MOCTOSHHOE
ONHOPONHOE MATHUTHOE IIOJIE HANPSIKEHHOCTHU 7, Il COCTOSHUN ¢ (DUKCHUPOBAHHON MPOEKNUeidl opObuTaIbHOrO
MOMEHTA Ha HAIPABJIEHUE IOJIS.

HaiiTu cnexTp onepaTopa yrioBoro MOMEHTA IS IJAHAPHON (IPOCTPAHCTBEHHO-IBYMEPHON) CUCTEMEL.
YCTaHOBUTL COOTHOIIIEHNE HEONpeneleHHOCTeH MexKIy AucHepcusmu npoekuuit J, ,.J, MOMeHTa B COCTOSHHUM C
(bUKCHPOBAHHBIM 3HAYEHUEM .J..

-

Boraucnurs flaFE + 5&’], roe F - enuanunas Marpuna, § - MaTpunsl Ilaynu, a a u b - IpOU3BOILHBIE HECTBU-
TeIbHBIE YUCIIO U BEKTOP.

HaiiTu cmexTp SHepruil 3apsKeHHON YACTHULBI CO CIMHOM 1/2 M MAarHUTHBIM MOMEHTOM fi = (4§ B MOCTOSHHOM
OMHOPOMHOM MATHUTHOM moie H.

YacTuma Maccsl m €o cuuHOM 1/2 1 MATHUTHBIM MOMEHTOM i = fio§ OBUKETCS B HEOMHOPOTHOM MATHUTHOM IIOJIE
H= {0, —ky, Ho + kz}. Haittu oneparopst 7(¢) , f(t) . Oupenenuts cpenHune 3HAYEHUs U OUCIEPCUI0 KOOPAUHAT
YACTHIBL, €C/IN B HAYAIBHBI MOMEHT BPEMEHI YACTUIA HAXONMIACH B KOOPINHATHOM COCTOsHME ) = p(7)e’Por/M,
rze ¢(7) meiicTBUTeNbHAS KBAAPATUYHO-UHTErpupyeMas QyHKIUs, 1 YUCTOM CIMHOBOM COCTOsAHUU X. lIpeneccueil
MarHuTHOTO MOMEHTA MPEHeOpPeUb.

HaiiTu cnimHOBEIE BOTHOBBIE (DYHKIIUN CHCTEMBI IBYX YACTHUIL CO COMHOM 1/2, KOTOpBIE ABIAIOTCS COGCTBEHHBIMU
dynxmmamu onepatopos 52 = (81 + §2)2, s, = (s1). + (s2) .
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IIpoToH 1 HEATPOH HAXOOATCS B CUHIJIETHOM COCTOSHUU 110 IONHOMY crnuny. HafiTu BeposTHOCTH OGHAPYKUTE Yy
HUX ONUHAKOBBIE WM PA3IMYHBIE 3HAUEHUs IPOEKIUN CIUHA HA OChb 7 IPU OOHOBPEMEHHOM U3MEDEHUM.
BripasuTh MpOEKIMOHHbIE ONEPATOPHI Ha, CUHIJIETHOE M TPUIJIETHOE COCTOSHUS IJIsl CUCTEMBI U3 OBYX YACTHUI CO
cnimHOM 1/2 uepes cxamnsipHOE MPOU3BENEHNE NX CIUHOB §1S55.

IBe wacTunsl co cnuaoM 1/2 maxonstes B cocrosuun |¥) = exp(ip:s1z) exp(ipasay) |11). Hafitu BeposTHOCTH
06GHAPYKUTH YaCTULLL B CUHIVIETHOM U TPUILIETHOM COCTOSHUAX IO IIOJIHOMY CIIUHY.

laMunbpTOHHAH CUCTEMBI OBYX B3aUMONEHCTBYIOINX YACTHUI CO CIUHOM 1/2, MOMEIIEHHBIX B MOCTOSHHOE ONHO-
POINHOE MATHUTHOE II0JIe, UMEET BUI

H = —(,u1§'1 +,u2§2)7:[+ « §1§2 .

Haiitu ypoBHU 5HEpPruu CUCTEMEL.

Haiitu Bun omepatopos cnumua 1 B mpencraBieHuu, roe S, OUArOHAbHA. [lOKa3aTh, UTO ONEpaTOphl cnmHa, |
MOT'YT OBITBH IIPENCTaBIeHBl Takke B Bume (S;)jr = i(h)ej),. Halitn yHuTapHOe mpeoGpasoBaHue, CBA3BIBAIOLIEE
5TU OBA MPENCTABIIEHUS.

OnpenenuTs OTHOIIEHNE THTEHCUBHOCTEN NsATeH Ha skpane B onbiTe [llTepua-Iepnaxa mis monspu3oBaHHOro mo
oCH 7 Ty4YKa YACTUIl COUHA | U MATHUTHBLIM MOMEHTOM [i = [ig§, €CIIN OTKJIIOHSIOIIEe MATHUTHOE TOJIe OPUEHTH-
POBAHO o yriioM 6 K ocu z.

YacTuna co cnuaoM 1/2 HAXOOUTCS B HOJE UEHTPANBHLIX Cuil. HallTu BOIHOBBIE (DyHKIUU STOU YACTULBI, SBIIS-
IOIIIIeCs OMHOBPEMEHHO COGCTBEHHBIME (DYHKIMAME TPeX KOMMYTUPYIOMIIX OHepaTopos: j. = I, + s., j2, I2.
Yacruma co cnuHoM 1/2 HaXOOUTCS B COCTOSHUU C KBAHTOBBIME unciamu (j,1,s,j.). HaiiTu BeposTHOCTH pas-
JIMYHBIX 3HAUEHWI MPOEKIUH OpOUTAJIILHOTO M CIMHOBOTO MOMEHTOB YACTHUIHI [, U §, MPU UX ONHOBPEMEHHOM
U3MEPEHUN B 3TOM COCTOSHUU.

YacTuna co cnuaoM 1/2 HAXODUTCS B COCTOSHUANU C KBAHTOBBIMU uuciamu (j,1, s, j.). Ilokaxkure, uro Hanpasienue
cuuHa (T.e. HAIPABIIEHUE OCU, BOOJIb KOTOPOI MPOEKIUs ¢ NOCTOBEPHOCTHIO IPUHUMAET 3HadYeHue 1/2) pasnuyso
B PA3JIUYHBIX TOYKAX TPOCTPAHCTBA. HalTU CBI3b MOJISPHBIX YIJIOB ATOM OCU C HAIPABIIEHUEM DPAANYC-BEKTOpPA.
HaitTn cpenume 3HaueHNs pa3IMIHEIX KOMIOHEHT KBAAPYTOTLHOTO MOMeHTa Qi = x;xy — 1/30;57> mis qacTuist
co crnmuOM 1/2 B cOCTOAHUN ¢ DUKCUPOBAHHBIMH j, = [, + 5., j°, [°.

S
Haiitn cpennne 3sHaveHns KOMIOHEHT IIOJHOTO MATHUTHOIO MOMEHTA JacTHIE [i = (yl+ (1,58 B cocTosunn |jlsm;)
C onpeneneHHBIMN 3HaYeHHAMH j, 1, s, j. = m;.

IokasaTs, aTo yeaosue p = p umn (In p), = 0 €CTH H. U O. YCIOBHE TOTO, YTO CMEIMIAHHOE COCTOSHUE CTAHOBUTCS
YUCTHIM.

YcTaHOBUTDL BUI COOTHONIEHMS HEOMPENENEeHHOCTeN 711 HEKOMMYTHPYIONINX BEINYWH P WX M3MEPEHNN B CMe-
IITAHHOM COCTOSTHWN.

PaBHoBeCHOE COCTOSIHUE OMHOMEPHOTO TAPMOHUYECKOTO OCHUIIIIATOPA B TEPMOCTATE ¢ TeMmepaTypoi T’ onuckBa-
eTcst Marpuueil motHoctu p = exp(—SH)/Tr(exp(—BH)), rne H — ramunbToHUaH ocuminsaropa, S = 1/kT.
HaiiTu cpenHion 5HEPTUIO OCHUIATOPA U €€ OUCIEPCHUI0 B 3TOM COCTOsHNM. BuBectu dopmyiny Ilnanka.

Cucrema AByX YaCTHIl CO COIMHOM 1/2 HAXOOUTCS B YMCTOM COCTOSHUN

0) = (|11) + [14) = [41)/ V3.

HafiTu MaTpunsl MIOTHOCTU CMENMIAHHBIX COCTOSHUMN, B KOTOPBIX HAXOOUTCS KAXKIas U3 YACTUI] TO-OTAETHLHOCTH.
YCTaHOBUTE, P KAKUX YCIOBUAX HA MAPAMETPHL @, (3, MaTpUIa

_(1)24a B-iy
P=\ B+iy 1/2-a

OymeT CIMHOBOW MaTpuilel mmoTHocTH. HaliTu cpennume 3HaUeHNS BCEX TPEX KOMIOHEHT CIIIHA B YTOM COCTOSHUU.
OnpenenuThs OTHOIIEHNE MHTEHCUBHOCTH nsaTeH Ha skpade B onbiTe IllTepua-Tepnaxa, ecnu oTKAOHSIOIMEE T'Pa-
MUEHTHOE MATHUTHOE MOJIe OPUEHTUPOBAHO MO OCH i, UMemleln chepudeckue yriabl 6 U ¢, a COCTOAHUE IIydKa
3JIEKTPOHOB B IIPEACTABJIEHNN, TIe MATPUIA S, ONATOHAIBHA, OMUCHIBAETCS MATPUIEN IIJIOTHOCTIH:

(1)24a B—iy
p_<ﬁ+i7 1/2—a)'

YcTaHOBUTE, Ipu KaKuX 6 U  OTHOLIEHNE NHTEHCUBHOCTEN OyIeT MaKCUMAJILHO (MUHUMAJIBHO).



