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1. BBEJEHUE

B nmammoit paboTe MbI 00CY K 1aeM OCOOEHHOCTH, CBSI-
3aHHbIE C ABJIECHUEM MAI'HUTHOI'O HpO60${ Ha 3JIEKTPOH-
HBIX TPAEKTOPUAX, BOZHUKAIOIINX BOIM3M MEPECTPOEK
TOMOJIOTUYIECKOI CTPYKTYPBI CHCTEMBI

(&

b ver(p) x Bl = ° [Ve(p) x B] . (1)
OTUCHIBAIOMIEH IUHAMUKY 3JIEKTPOHHBIX COCTOSHUN B
METa/JIaX B IPUCYTCTBAM BHEIITHETO MATHUTHOIO IIOJIS.

Cucrema (1) onucbiBaeT KBa3UKJIACCUIECKYTO JMHA~
MUKY 3JIEKTPOHOB B MPOCTPAHCTBE KBA3UUMITYJILCOB C
IPOKU3BOJIbHLIM 3aKOHOM Jiuciepcuu €(p) (cM., Hanpu-
Mep, [1-3]). ITockosbKy 3HAUEHUS P, PA3IHYAIONIITECs
HA BEKTOPbI OOPATHON PEIeTKY, 33JaI0T OJHO U TO JKe
9JIEKTPOHHOE COCTOSIHUE, MPOCTPAHCTBO KBA3HUMILYJIb-
COB MOKHO TIPH 3TOM PACCMATPUBATH JTHOO KAK TPEX-
meprbiit Top T2, nM60 Kak pacmmpeHHoe MpoCcTpaH-
cro R?®. B nocaemnem ciydae dbynxinus e(p) npej-
cTaBjsgeT coOOi 3-mepuoandeckyio (byHKIUIO B TPeX-
MEPHOM TIPOCTPAHCTBE.

TpaexTtopun cuctembr (1) B mpoctpanctee R? 3a-
JTAIOTCS TIEPECEIEHUSAMU TLJIOCKOCTEH, OPTOrOHATBHBIX
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B, c nosepxuocTamu €(p) = const. B obuiem ciyuae,
OHU TIPEJICTABJIAIOT TIEPECEYECHNUS 3-TIEPUOTUIECKUX TI0-
BEPXHOCTEN CeMeiCTBOM MapaJlleJIbHbIX ILJIOCKOCTEN
(puc. 1). Kak XOpoIo U3BECTHO, MPH ONMUCAHUHI JJIEK-
TPOHHBIX SIBJICHUI B MeTajIaX CYIIECTBEHHBIM, Kak
[IPABUJIO, SIBJISETCS JMIIb OJUH SHEPreTHYeCKuil ypo-
BeHb, T.e. ypoBenb Pepmu €(p) = ep .

Kaxk 6p110 moxkazano B paborax mkoasl M1.M. JInd-
mmna (cMm., Hanpumep, [2,4-6]), reomerpusi TpaekTo-
puit cucremsl (1) Ha moBepxHOCTH PEPMHU UTPAET OYEHB
BaXKHYIO POJIb B OMUCAHUM TaJIbBAHOMATHUTHBIX SIBJIE-
HUil B MeTa/lJlaX B LPEJesie CUJIbHbIX MAIHUTHBIX 110-
seii. Obmmas 3a1a4a KIacCuPUKAINNA BCEX BO3MOXKHBIX
TUNOB TpaekTopuii cucremsl (1) Gouia mocrasaena Ho-
BUKOBBIM B pabore [7] 1 3areM HHTEHCHBHO HCCJIE0Ba-
Jach B €ro TOMoJIorunydeckoil mkose (cm. [8-15]). B Ha-
CTOSIUI MOMEHT MOXKHO KOHCTATUPOBATH, UTO TAKAs
kyraccuUKaIysl MOIYyYeHa Ui COOTHOMeHuH €(p) ca-
MOrO ODIIEro BH/IA, UTO ITO3BOJISIET TOBOPUTH 00 yCIIeII-
HOM pemiennn 3azadu HoBukoBa B 00miem ciydae.
MOXHO OTMETHUTH 37€Ch, 9TO PE3YJIbTATHI, TOJIYYEeH-
Hble IpU uccienoBanuy 3a1a4u HoBukosa, Takke oka-
3BIBAIOTCsI BECbMA BAYKHBIMU IIPU OIMUCAHUU TAJIbBAHO-
MATHUTHDIX SIBJIEHUN B METAJIAX, B YACTHOCTH, UX UC-
LIOJIb30BAHUE [IO3BOJIUJIO BBECTH BAXKHBIE TOIIOJIOHYE-
CKHUe XapaKTepUCTUKH, HABII0JaeMble B TPOBOAUMOCTHU
HOPMAJIbHBIX METAJLIOB, & TAK¥Ke OIUCATH sl HOBBIX
PEXKUMOB 1I0BE/ICHUsI [IPOBOAUMOCTH B CHJIbHBIX Mar-
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Puc. 1. Tpaektopuu cuctembl (1) B npocTpaHCTBE KBa3UUM-
nynbCoB

Puc. 2. SlBneHne marHnTHoro npobosi Ha TpaekTopusix, 6ans-
KUX K CefsIoBbIM 0CObbIM To4kam cuctembl (1) Ha nosepxHo-
ctn Pepmn

HUTHBIX MOJISAX, HEU3BECTHBIX J0 9T0oro (cM. [16-21]).

Crpykrypa cucrembl (1) Ha ZOCTATOYHO CJIOKHBIX
noBepxHOCTIX PepMu MOXKeT ObITh JOBOJIBHO CII0KHOI.
B uacraocTH, cucrema (1) umeer B 06IIEM Caydae 0co-
Oble ToYKHN Ha mopepxHocTu Pepmu, MpeacTaBIsaionine
co00ii JIOKAJIbHbIE MUHUMYMbI UM MAKCUMYMbI, & TaK-
JKe CeJIJIOBBbIe 0COObIe TOUKHU. 31eCh HaM OyIyT WHTEpec-
HbI KIMEHHO CE€/IJIOBBIE OCOObIE TOYKHU, OCKOJIbKY HMEH-
HO OHM CBSI3aHBI C SIBJIEHWEM BHYTPU3OHHOTO MATHHT-
HOrO IPO0Ost B JIOCTATOYHO CUJIBHBIX MATHUTHBIX TTOJISX
(puc. 2).

fBirleHre BHYTPU3OHHOIO MATCHATHOTO IIPOOOS U3y-
9YEeHO JOBOJBHO JleTalbHO (CM., Hampumep, [22-26]).
Hac 3mech OyayT WHTEPECOBATH SIBIIEHWsI, CBS3AHHBIE
C KBAHTOBAHUEM 3JIEKTPOHHBIX COCTOSTHWI Ha 3aMKHY-
THIX TpaekTopusx (1) B ycnoBuax mpobos (cm. [23-26]).
B orsmmune or mambosiee oOImeit 3amadn, HAC OyIeT WH-
TEpPecoBaTh SIBJIEHWE MATCHWUTHOTO TPODOST Ha DKCTPe-
MaJIbHBIX 3aMKHYTbIX TPAEKTOPUsAX (MMEIOIIUX MAKCH-
MAJBHYIO WA MAHAMAIBHYIO TLTOMALEL 110 CPABHEHUIO
¢ GJIUBKUMHU K HUM TPAEKTOPUSM), [JI€ COOTBETCTBYIO-
mue emy 3(@EKThl TO2KHBI ObITh BBIPAXKEHBI HAnOO0-
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JIee SIPKO IPH UCCJIEJIOBAHUM KBAHTOBBIX OCUMJLISAIMIA
[TossBienme TpaekTOpHil TAKOrO THUIA, B JEHCTBUTEb-
HOCTH, CBSI3aHO C TIEPECTPOHKAMU CTPYKTYPHI CHCTEMBI
(1) na mosepxuocTr PepMu NPU U3MEHEHUH HATIPABJIC-
HUS MATHUTHOT'O MOJIsI, KOTOPBIE MbI B Oy/IEM PACCMaT-
PHUBATDH 37€Ch.

2. 9JIEMEHTAPHBIE IIEPECTPONKN
CTPYKTVYPHI (1) 1 9KCTPEMAJIbHBIE
TPAEKTOPUUA

Kak wmbr yxke roopuium, crpykrypa cucrembr (1)
H& JOCTATOYHO CJIOXKHBIX MOBEPXHOCTAX PepMm MoKeT
OBITH TOBOIHLHO CIIOKHON. B 0biiem ciryvae Ha moBepx-
noctu PepMu MOryT MPUCYTCTBOBATH KAK 3aMKHYTBIE,
TaK U OTKPBITbIE Tpaekropuu cucrembl (1). Bmecre ¢
TeM, KaK CJIeIyer u3 aHaausa 3ajadu HosukoBa, 3Ha-
HHUE I[TOJIHOIO MHOXKECTBA 3aMKHYTBIX TPAEKTOPHH HAa
nosepxuocTn PepMu MO3BOIAET ONPENETUTh T TAK-
JK€ W BO3HUKAIOMIWX HA Hel OTKPBITHIX TPACKTOPHH 1
JATh JIOCTATOYHO IOJTHOE mX omucanue. Mudopmanuio
O BO3HMKHOBEHHH PA3JMYHBIX THUIOB TPAGKTOPHUI TpH
Pa3IMYHBIX HATPaBIeHUSAX B ymobHee Bcero mpeacras-
JATh Ha YIJIoBOil quarpamme (eauuudHoil cepe S?),
yKa3bIBas M KaKI0ro Hanpasaennss B Tum TpaekTo-
pwit, Bo3HUKalomux Ha nopepxaoctu ®epmu. llpexme
BCETO TIPU ITOM YIOGHO BBLIEIHUTEH 00jgacTi Ha S2, oT-
BEYAIOIINE HAJMYIHUIO JINIIb 3aMKHYTBIX TPAEKTOPHH Ha
noBepxuoctr Pepmu. [lomosHeHnEe K TAKHUM 00JIACTAM
OTBEYAET TMOSTBICHUIO HA, TOBEPXHOCTH PepMu OTKpHI-
ThIX TpaekTopuil (pazjuuHbix TUIOB). MOXHO OTMe-
THATH 371€Ch, 9TO JJIs1 PEANTbHBIX JUCIEPCUOHHBIX COOT-
HOITEHWH 00JIACTH MOSABJICHUS JIAIIH 3AMKHYTHIX TPAEK-
Topuil Ha nopepxHocTu PepMu 3aHUMAIOT, KAK IPABU-
710, GOJIBITYT0 9ACTH ILIOMIAAM HA YTIOBOH JHArpPaMMe.

s manpasienuit B o01mero mooykenns HIKaKue
ZIBe 0CcOOBIE TOYKHW Ha MoBepxHOCTH PepMu He COemu-
HAIOTCs (CHHIYJISPHBIME) TPaeKTOpusiMu cucrembl (1).
[Tpu Bpamenusx Hanpapaenns B, He HAPYMAIOIUX 3TO
YCJIOBHE, CTPYKTypa TpaekTopuii cucrembr (1) Ha 1mo-
Bepxaoctu Pepmu HE MEHSETCsS CYIECTBEHHBIM 0Opa-
3om. CuTyanum, KOrja Takoe COeJIMHEHUe MPOUCXO/INAT,
MO?KHO HA3BIBATH MOMEHTAMM TIEPECTPORKH CTPYKTYPhI
cucrembl (1) na nosepxuocru Pepmu, U OHU BOBHUKAIOT
JIUIIG TIPU CHENUATLHBIX HAPABIEHUSX B.

ITpu nepecrpoiikax crpyKTypbl cucrembr (1) obiiero
MOJIO?KEHNE TTPOUCXOIUT COCTUHEHUE POBHO IBYX CE-
JIOBBIX OCOOBIX TOYEK CHHIYJSIPHBIMH TPAEKTOPUSIMU.
Hac 3m1ech OyayT mHTEpECOBATH «dTEMEHTAPHBIES TIepe-
crpoiiku cucreMbl (1), Ipu KOTOPBIX BCE TPAEKTOPUH,
BBIXO/IAIIME U3 COEJUHAEMBIX OCOOBIX TOYEK, SABJISIOT-
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c) d)

e) f)

Puc. 3. MoMeHTbl «3/71eMeHTapHbIX» MepPecTpoek TOMOMOriu-
yeckoll cTpykTypbl cuctembl (1) Ha nosepxHocTn Pepmu

Cf 3AMKHYTBHIMH. Takue MepecTPOKH MPOUCXOIAT, B
9aCTHOCTH, TPW HANpaBjeHusX B, mexammx B 00a-
CTAX CYIIECTBOBAHUSA JIUITHh 3aMKHYTHIX TPAEKTOPHil HA
noBepxuoctr @epmu. B MomeHT 37emenTapHOil mepe-
CTPOHKH B ILJIOCKOCTH, OPTOTOHATLHON B, momkmHa mpn
9TOM BO3HUKATH OJIHA U3 CATYaIWii, M300paKEeHHBIX HA,
puc. 3. 3mech Mbl Be3ne OyJeM IpeJnoiarb, 4T0 Ha-
IIpaBJIeHue OCH 2z COBIAJAET C HalpaBJjeHWeM MarHUT-
HOT'O TIOJIS.

IlepecTpoiikn TOMOOTUYIECKON CTPYKTYPhI CHCTE-
Mbl (1) Ipu BpaleHusX HAIPABJIEHUsI MATHUTHOLO 110~
JIst IPOUCXOJAT Ha MOBEPXHOCTAX PepMm mouTH BCeX
MeTaioB. VICKITIOUeHre COCTABISIOT, TTOKAIYH, TOJb-
KO [IETOYHBIE METAJLIbI, OOJIAIAI0IINE OY€HD TPOCTHIMA
nosepxHocramu Pepmu (6auskumu K cdepuyeckoii). B
JACTHOCTH, €CJIN TIPU HEKOTOPLIX HampaBjeHnsx B Ha
nosepxuocru PepMu MMEIOTCS HE3AMKHYTBIE TPAEKTO-
pHUH, TO IPU NPUOIUKEHNN K TAKAM HAIIPABICHUSM W3
30HBI BAMKHYTHIX TPAEKTOPHI JOIKHO TPOU30HTH Hec-
KOHEYHOE 4KCJIO JIEMEHTAPHBIX IIEPECTPOEK CTPYKTY-
pbt cucrembl (1).

Kaxnasi u3 cTpykryp, n300paskeHHBIX H3, PHUC. 3,
ABAAETCA YCTOWYMBOII TIO OTHONIEHWIO K MAaJIbIM Bpa-
mennaM B B MIOCKOCTH, OPTOrOHAJIBHON OTPE3KY, CO-
€INHSIIONIEMY CEJIOBbIE OCOObIE TOYKHU, U PA3PYIIIAETCI
npu npyrux Bparenusax B. Kaxmaoit n3 BO3HUKAIONINX
IIepeCcTPOEK Ha 33JaHHOM nmoBepxHocTtr PepMu COOTBET-
CTByeT, TAKUM 0Opa30M, HEKOTOPAas OJHOMEPHAST JTUHUS
Ha, YIJIOBO# AmarpamMme, BIOJIb KOTOPOH HAOIIOIAeT-
Cs UMEHHO 3a/aHHBIH TUII mepecTpoiiku. MOKHO CKa-

Puc. 4. CeTb nuHWii Ha yrioBoli guarpamme, OTBEYamoLWas ne-
pecTpoiikam CcTpykTypbl cuctembl (1) Ha nosepxHocTn Pepmn
(cxemaTun4Ho)

3aTh IPU 9TOM, YTO TOMOJOIUIECKUE CTPYKTYPHI CUCTE-
MBI (1) O pasHble CTOPOHBI OT TAKON JIMHWN Pa3Inda-
IOTCA UMEHHO 3JIEMEHTAPHON IepeCTPOMKOI 3aJaHHOIO
Tuna. JIuHuu, OTBEYAIONIHE 3/IEMEHTAPHBIM [IEPECTPOIi-
KaM BCEX THIIOB JJIsl JOCTATOYHO CJIOKHBIX TIOBEPXHO-
creit ®epmu, 00Pa3yIoT, KAK IPABUIIO, TOBOJIBHO CJTOXK-
HYIO CETh B OOJIACTH CyIECTBOBAHUSA JIUIIb 3aMKHY ThIX
TpaekTopuii Ha nosepxunoctu ®epmu (puc. 4), Koropas
OECKOHEYHO CIYIIAETCsS MPU MPHUOJIMKEHIN K HAIpaB-
JIEHASIM CyINECTBOBAHUS OTKPBITBIX TPAEKTOPHI Ha T10-
BepxHocTH Pepmu (cM., Hampumep, [27]). Kpome Toro,
9JIEMEHTAPHbIE 11ePecTPoiiku crpykTypbl cucrembt (1)
MOTYT IPOMCXOMTh TAKKE M MPH HAJTHYUN OTKPBITHIX
TpaekTopuii Ha moBepxHoCcTH Depmu.

Kaxnas wn3 31eMeHTapHBIX NEPEeCTPOEK MEeHseT
CTpYKTYpy Tpaekropuii (1) smimb Ha ompeesieHHOM
yudacTke nosepxHocru ®epmu, He 3aTparuBas APyTUX
(HEIKBUBAJIEHTHBIX JIAHHOMY) ydacrkoB. st onmca-
HUSA COOTBETCTBYIOIIEH ITepecTPOKHU, KpOMe KapTHUHBDI,
OIUCHIBAIOIIEH COEMHEHUE OCOOBIX TOUEK CUHTYJIAPHbI-
ME TpaeKTopuMmu (puc. 3), HEOOXOAUMO YKa3aTh eIle,
ABJISIOTCS JIM BEKTOPbI Vé(P) COHALIPABJIEHHBIMU, UK
HAIPABJIEHHBIMU TPOTHBOIOJIOXKHO JAPYT APYTY, B Pac-
cMmarpuBaemMoii mape cemen. Ha puc. 5, 6 m3obparke-
HbI IEPECTPOKHU, OTBEYAIONIME CHTYAIMH, IIPEJCTAB-
JIEHHOH H& PHUC. 34, ¢ HAIPABIEHHBIMA ITPOTHBOMOIOK-
HO ApyT Apyry (puc. 5) U coHANpaBaeHHbIME (pHUC. 6)
BekTOpamu Ve(p) B CeAJI0BBIX OCOObIX TOYKAX.

MoKHO BHIETH, UTO KaxK/as dJIEMEHTapHas Iepe-
CTpOiiKa CTPYKTYphI cucteMmbl (1) mpencrasisger coboit
HCYE3HOBEHUE NUJIMH/PA MAJIOH BLICOTHI, 00PA30BAHHO-
ro 3aMKHYThIMEU TpaekTopusmu (1), u 3ameny ero mu-
JIMHJIPOM JPYrOr0 TUTA. 3aMKHYTbIE TPACKTODHHU, Ha-
XOJSUIMEC HA TaKUX LMIMHAPAX MAJIOH BbICOTHI (110

o977
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Puc. 5. JnemeHTapHas nepecTpoiika CTPYKTypbl CUCTEMbI
(1) Ha noeepxHocTu Depmu, oTBEHarOWas cnydaw puc. 3a
C HanpaBfIEHHBIMU NPOTUBOMONIOXKHO APYr APYry BEKTOpamu
Ve(p) B cepnoBbix 0cobbix Toqkax. [MokasaHbl Takxe dKC-
TPeManbHbIE TPAEKTOPUM HA LWAWHAPAX Manoil BbICOTbI, O
n nocne nepectpoiikn (useTom 0bo3HaqeHbl yHacTku, 6au3ko
noaxoaswme k ocobeim Toukam cucremsi (1))

U TIOCJIe TIEPECTPONRKH), OTJUYAIOTCS TEM, UYTO HA HUX
BCET/IA, MMEIOTCS yIACTKH, MOIXOAAIIE OIU3KO K Cel-
JIOBBIM 0COOBIM To4YKaM cucTeMbl (1). Ocobble TOYKM
cucrembl (1) Bcerga MPUCYTCTBYIOT HA O0OMX OCHOBA-
HUSX [UJIUHIPA MAJIOi BBICOTBI, YTO BbI3BIBAET HEOIPA-
HUYEHHOE yBeJUIeHne TIepUoa OOPAIIEHns IO 3aMKHY-
THIM TPAEKTOPUAM TIPU TPUOJIUKEHAN KaK K HUXKHEMY,
TaK M K BEpXHEMY OCHOBaHMIO. Kak ciiescrsue 3Toro, Ha
KaxK/JIOM [UJIMHPE MAJoil BbICOThI (KaK 10, TaK U II0-
cJle TIEPeCTPORKM) BCEra NPUCYTCTBYIOT TPAEKTOPUH,
obJIaIafoIue HANMEHBIINM [TEPHOJ0M OOpAIleHns Ha
munuHape. Pe3koe m3MeHeHne reoMeTpun TaKhX Tpa-
eKTopuil mpu mepecTpoiike crpykrypbl (1) npuBomuT
K PE3KOMY M3MEHEHWIO ODIIeil KAPTUHBI KIACCHIECKIX
ocupsuIsAMil B MeTasuie (UUKJIOTPOHHBIN PE30HAHC) B
MPUCYTCTBAM CUJIBHBIX MArHUTHBIX ITOJIEH, 9TO TTO3BO-
JISIeT, B 9aCTHOCTH, OTCJIC’KWBATH TAKWAE TEPECTPOHKN
upu u3MeHeHuu Hanpassienus B (cum., nanpumep, [27]).
[Ipu ape3sbrdaiino O;1U3KOM TPUOTUKEHAN K MOMEHTY
nepecTpoiiku (M JI0CTATOYHO GOJBIIUX 3HAUYEHUAX B)
HA TPAEKTOPUAX TAKOI'O THUIA JIOJIZKEH BOSHUKATH BHYT-
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Puc. 6. dnemenTapHas nepecTpoiika cTpykTypsl cuctemsi (1)

Ha nosepxHocTy Pepmu, 0TBEHAOWAs Cay4varo puc. 3a ¢ COHa-

npaeneHHbIMK BekTOpamu Ve(p) B CeAnoBbIX 0COBLIX TOHKAX.

MokasaHbl TakXke TpaeKTOpUM C MUHUMAJIbHLIMU Nepuogamu

obpaleHnsa Ha LUAMHAPaxX Masoi BbICOTbI, AO U MOC/E Nepe-
CTpoOiikn

PHU30HHBIN MArHUTHBIN IPOOOI, 00YCTOBIEHHDBIH 6130~
CTHIO K CeJJIOBBIM 0COOBbIM TouKaMm cucreMbl (1). Mox-
HO BHJETH, YTO MATHUTHBIA MPOOOH JOTKEH «CMa3bl-
BaTh» KAPTHUHY KJIACCUYECKUX OCUUJLIAIMI B OIUCHIBA~
eMoit curyaruu. MoXXKHO OTMETUTH TaKKe, 9TO JJis Ha-
Ostroiennst 3Toro 3 derTa BOIM3N MOMEHTA TIEPECTPOii-
KU HeoOXOMMa BEChMa BBICOKAs TOTHOCTH MPH TTOCTa-
HOBKE JKCIIEDUMEHTA.

Pezonancubie BK/IaJbI B KBAHTOBbIE OCIUJIJISIIHN,
KaK XOPOIIIO HW3BECTHO, IMPOUCTEKAIOT OT 3aMKHYTBIX
TPAEKTOPHil, 0OJIATAIONINX IKCTPEMATIBHON TIIOIIAIHI0
10 CPaBHEHHIO C OJIM3KUMHU K HUM TPAEKTOPUAMHU.
Herpynao Bumers, 910 miIoma s 3aMKHYTHIX TPAEKTO-
puil OCTaeTCA KOHEYHON Ha MUINHIPAX MAaJOR BBICOTHI,
TPU 3TOM, OJHAKO, ee TTPOM3BOAHAS MO BHICOTE 0Opa-
1aercsi B OECKOHEYHOCTh HA OCHOBAHWSAX ITUJIUHIIPOB.
TpaeKTOpu# 3KCTPEMAIbHOMN MJIOIMIAIN TIPU 3TOM IIPH-
CYTCTBYIOT He Ha BCEX IMJINHIPAX MaJjoil BEICOTHI. Tak,
MOXKHO BH/IETDH, 9TO Il IEPECTPONKH, N300PAXKEHHOM
Ha pHC. 5, TAKUE TPAEKTOPUHU MPUCYTCTBYIOT KAK [0 ITe-
pecTpoiiku (TpaeKTOpUY MUHUMAJILHOMN IIOIIAJIHN ), TaK
u nocie Hee (TPAEKTOPUU MAKCUMAJILHON ILJIOLIA/MN).
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s nepecrpoiiku, n300paxkeHHoi Ha puc. 6, Hampo-
THB, TPAEKTOPUH IKCTPEMATHHON ILIOMAIA OTCYTCTBY-
IOT Ha COOTBETCTBYIONINX MWJIMHIPAX MAJOH BHICOTHI
Mo 06e CTOPOHBI OT TepecTpoiiku. B meiicTBUTEIHLHO-
CTH, 3TO COOTBETCTBYET OOIIEeMy NPABUILY /IS SJIEMEH-
TApHBIX TEPECTPOEK, 4 MMEHHO, TPAEKTOPHUHU IKCTPE-
MAaJIbHOM MJIOMIAIM MTPUCYTCTBYIOT (MO 00€ CTOPOHBI OT
LepPEecTPOIKH) /Ui IEPECTPOEK, OTBEYAIOLIUX IPOTUBO-
[OJIOXKHO HANPABJIEHHbIM BeKTOpaM Ve(pP) B CEJIOBBIX
0COOBIX TOYKAX, W OTCYTCTBYIOT NMPU COHATTPABJIEHHBIX
Bekropax Ve(p). B wacrnocru, umenno nepecrpoiikam
MEPBOTO THUIIA COOTBETCTBYIOT PE3KME M3MEHEHHUE PE30-
HAHCHBIX BKJIAJIOB B KBAHTOBBIE OCIAJIISANNN, B TO Bpe-
M4 KaK M3MEHEHUdA PE30OHAHCHbLIX 4YJIEHOB B KJlaCCU4e-
CKHX OCIUJIISAIUSIX CBOMCTBEHHBI ITEPECTPOMKAM 000X
tunos (cM. [28]).

Obmmee paccMOTpeHne KBAHTOBAHUS 3JIEKTPOHHBIX
YPOBHEH B yCIOBHSX MArHUTHOrO mpoGost (cM. [23-26])
/AT KapTHHY TAKUX yPOBHEH 1pu sHeprusx, 6Ju3Kux
K yPOBHIO INOSIBJIEHUSI CHHTYJISIPHONW TPAeKTOPUU TIPH
COOTBETCTBYIOIIEM 3HAUEHUU D,. B Hamem cirydae pac-
CMaTPWBAETCA COBOKYITHOCTh BCEX 3HAYEHWIT p, BOIW3N
MOSIBJIEHUST CUHTYISPHBIX TPAEKTOPHHA IPH 33JaHHOM
yposae @®epyu. Kak JIerKO BHIETH, CHHTYISPHBIE TPa-
€KTOPUH BO3ZHWKAIOT 371€CHh JIUIIH P W30JIMPOBAHHBIX
3HAYEHUSX P, BOJM3M KOTOPBIX TPAEKTOPUH PACIIaia-
10TCs Ha perymspHbie. [Ipu aToM, Kax MBI y2Ke cKa3aim,
HAM XOTE€JIOCHh OBl BBIIEINTH TPACKTOPHUH, JAIOIINE pPe-
30HAHCHBIE 4JIEHBbI B KAPTHHY KBAHTOBBIX OCIUJLISIIMH
BOJIM3U EPECTPOEK CTPYKTYpPbI cucreMbl (1).

Herpysno BumeTh, 9TO Jjisi CUHTYJISAPHBIX TPaeK-
Topuii ¢ cOHampaBieHHbIME BeKTOpamu Ve(p) B 0CO-
OBIX TOYKAX CABWT 3HAYEHUS p, B OAHY WM JIPYTYIO
CTOPOHY JIa€T TPAEKTOPHH, AHAJIOTMYIHBIE BO3HUKAO-
MM HA YPOBHSAX € < €p WU € > €p NPH TOM K€
3HAYEHWN p,. Bce Takme TPaeKTOpWHW JAl0T OTHOBPE-
MEHHO BKJ1aJl B KADTHHY KBAHTOBBIX OCUMJLIALMIHA, 4TO
COBEPIIEHHO «Pa3Ma3blBACT» KBAHTOBAHHBIE 3HAYEHUS
SHEPIWH W JIMIIAET BO3MOYKHOCTH HAOMIONATH KBAHTO-
BBIii 3JIEKTPOHHBIN CIIEKTD BOJIU3U OCOOBIX TPAEKTOPHit
B 3TOM Ciiy4ae. MOKHO TaK?K€ OTMETUTD, 9TO y9aCTOK
nosepxuocTu Pepvu, GIU3KUI K CHHTYJISPHONR TPAeK-
TOPHUH C COHANIPABIECHHBIMI BeKTOpaMu Ve(p) B 0COOBIX
TOYKaX, HEe MOXKET 00J1a/1aTh CBOHCTBAMU EHTPAILHON
CHMMETPHH.

Jlist CHHTYIIPHBIX TPAEKTOPHUi C IPOTHBOIIOIOKHO
HaIpPaBJIEHHbIMU BeKTOpaMu Ve(P) B CEIJIOBBIX 0COOBIX
TOYKAX CABUT 3HAYEHWS P, B OIHY MW IPYTYI0 CTOPO-
Hy HE JIA€T KAPTHHBI, AaHAJOTMYIHON M3MEHEHUIO yPOBHS
SHEPI'WH, a MPUBOINT K MOSBICHHIIO PErYISAPHBIX TPAEK-
Topwuil Ipyroi# reomerpun. B sTOM ciydae, ogHAKO, Ma-
JIbI€ BPAIEHUsI HAIIpaBJeHust B 1aor KapTuHy, aHaio-

Puc. 7. Pe3oHaHCHasi 1 HEpe3OHAHCHbIE TPAEKTOPUMN C OfHOIA

CTOPOHbI OT MepecTpoiikn, MPUBEAEHHOW Ha puc. 5, npuHu-

Matowme yqactne B (pOpMMPOBAHNAN SJIEKTPOHHBIX YPOBHEN B
YCNIOBMSIX MAarHUTHOrO npobosi

THYHYIO BOZHHAKAIOIIEH HA yPOBHAX € < €f WU € > €F
[0 PA3HBIE CTOPOHBI OT «JIMHUU [EPECTPONKU» CUCTE-
mbl (1) Ha yrsoBoii quarpamme. CymecTBOBaHHE TPACK-
TOpHUil IKCTPEMAJIHLHOM TIJIONIA IV BOJIM3Y «JIHHUU TIEepe-
CTPOMKI» MOTJIO ObI OBITH TPY ITOM YKA3AHUEM HA BO3-
MOKHOCTB IKCIIEPUMEHTATILHOIO HAGIIONEHUS UX PE30-
HAHCHBIX BKJIAQJIOB B KBAHTOBBIE OCIULJIAIANA B yCJIOBU-
SIX MArHUTHOTO TIPO6Oost. 371eCh, OHAKO, HAZO0 CPA3Y OT-
MeTuTh JBa 0OcTOATENbCTBA. IlepBoe 0OCTOATENHCTBO
COCTOUT B TOM, YTO B YCJOBHUSAX MATHUTHOrO MPOOOsi
B (GOPMUDPOBAHNY HJIEKTPOHHOTO CIIEKTPA MPUHUMAIOT
ydgacTue, BOOOIIE rOBOPsi, HE TOJIBKO TPACKTOPUH IKC-
TPeMaJIbHO# 1IomAu (CM., HAIIPUMED, PUC. T, LIe I0-
Ka3aHbl TPAEKTOPWUH, yYIACTBYOMNE B (DOPMUPOBAHUHT
9JEKTPOHHOTO CITEKTPA TIO OIHY CTOPOHY OT TEPECTPOii-
KU, NPUBEJEHHOI Ha puc. 5). Bropoe obcrosrenberso
(cm. [23-26]) cocrout B TOM, 4TO KpoMe Habera asbl
MIpY IBUKEHUN 110 TPAEKTOpun B (POPMUPOBAHUN IJTEK-
TPOHHOI'O CIIEKTPA HUI'PAIOT POJIb MATPHUIIBI EPEXO/IA,
CIIMBAIOIINE KBA3UKJIACCUIECKHUE DEITEHUs] HA PA3HBIX
TPAEKTOPUAX BOJIU3U OCOOBIX TOUYEK (3aKpalleHHbe 00-
jgacru Ha puc. 5, 6, 7). B obiem ciyuae marpuupl me-
pexo/ia MpHU 3TOM He 00JIAJAI0T CHEeNUaTbHbIMUA CTAIA-
OHAPHBIMU CBOMCTBAMU TIPU M3MEHEHUU 3HAYEHUS P .
MoxkHO BuIeTh, TAKUM 00pa30M, ITO OIMKUCAHUE KAPTH-
HbI KBAHTOBBIX OCIUJLISIUI Tpebyer 3/1ech CHernuaib-
HOT'O PACCMOTPEHHUSI.

OrmMernMm cpasy, 9TO IPU PACCMOTDPEHUH IJIEKTPOH-
HOTO CITEKTPA B ONMUCAHHOW CHTYAIMH OCHOBHYIO DOJIb
UrPAET HAJIWYUe [EHTPAJIbHOW CHMMETPUU YYaCTKA
moBepxHOCTH Pepvu BOIM3M CHUHTYIAPHON TPAEKTO-
pHUH, OTBevaloleil 3a MEPecTPONKY 3aJAHHOTO THIIA.
Herpyano Buzersb, 9ro w3 TpaekTOpuUil, nNpeacTaBieH-
HBIX Ha PUC. 3, TOJBKO TPAEKTOPUH @, ¢ U f (C IPOTUBO-
MOJIOYKHO HANPABJIEHHBIMI BEKTOpaMu Ve(p) B 0COOBIX
TOYKAX) MOIYT 33/laBaTb I€PecTPOiiKu, 0bJiajarolue

979



A. 5. Manbyes

XKITD, Tom 162, BHIT. 6 (12), 2022

Puc. 8. LleHTpanbHo-cnMmeTpuyHas nepecTpoiika, oTeeqato-

Wasi CUHTYNSAPHOU TpaekTopumn puc. 3¢. 3akpalleHbl LUInH-

Lpbl 3aMKHYTbIX TPAaeKTOPWUiA Manoil BbLICOTbI, a TakKXe Mpu-

BEeflEHbl PE30HAHCHbIE U HEPE3OHAHCHbIE TPAEKTOPUM, yHacT-

Bytowne B hOPMNPOBAHMN SNEKTPOHHOIO CNEKTPA MO pasHbie
CTOPOHbI OT NEPeCcTpPOKN

IIEeHTpaIbHON cuMMeTpueil. MOXHO TakKe OTMETUTH,
9TO MEPECTPOHKH, 00TaIaI0IIe TIEHTPATLHONR CHMMET-
puei, TOJI?KHBI, B JEeHCTBUTEIIBHOCTH, BCTPEYAThCA 1a-
e TepecTpoeK, He O0JATAIIMUX TAKOH CUMMeTpHeii.
HeiicrBuTenbHO, JIOOBIE TTEPECTPOMKHU, HE 00JIaIai0-
e NeHTPAJIbHON CUMMeTpHell, JTOJIKHBI BCTpedaTb-
¢4 TapaM¥u Ha [EeHTPAJIbHO-CUMMETPUYHONU MOBEPXHO-
ctu Pepmu, ITO TPEOYET ee JOCTATOIHON CJIOKHOCTH.

Paccmorpum Teneps moapobHee mepecTpoiiky, OTBe-
YAIONLYI0 TPAEKTOPUH pUC. 3¢ (T.e. IePeCTPOiiKy, Ipe-
CTaBJICHHYIO HA PHC. 5), Lpeiosaras, 470 oHa obJia-
JaeT MeHTpaIbHoMi cuMmMmerpueii. Ecim paccmarpuBaTh
pHC. 7, B OTCYyTCTBHE MArHUTHOTO Mpobos (YTO OTBeYa-
€T JOCTATOYHOMY Y/IAJIEHUIO II0 YHEPTUU OT €p HA JIU-
HHUY TIEPECTPORKN WU OTKJIOHEHUIO HAIIpaBaeHus B or
9TOIl JIMHUM TIPU 3a/IaHHOM € ), SJIEKTPOHHBIH CIEKTD,
OTBEYAIOIINI MPECTABIEHHON KapTUHE, UMEET JOBOJIh-
HO IIPOCTOE OIMCAHHE. A MMEHHO, CIEKTP, OIpejeJisde-
MBIiT TIEHTPAJILHBIM cedenneM moBepxHocTu Pepmu, 3a-

n - (2,

JACTCA IBYMSA BETBAMMU €y, U €p, 1

2wehB 1
Sl(e’sl,ll) = Li <n1 + 2) ;o ong>1
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Puc. 9. LleHTpanbHO-CMMMeTpUYHas nepecTpoiika, OTBeYato-
Was CUHrynsipHON TpaekTopum puc. 3f. 3akpalueHsl LuanH-
APbl 3aMKHYTbIX TPAaeKTOpuii Manoli BbICOThI, @ TakXe npuee-
LEeHbl TPAEKTOPUM, YHACTBYOWME B POPMUPOBAHNYN 3N1EKTPOH-
HOrO CMEKTPa MO PasHbie CTOPOHbI OT nepecTtpolikn (BCe Tpaek-
TOPUN ABNAKOTCA KPE3OHAHCHBIMUY, T.€. NMEKOT 3KCTPEMaAsb-
HYIO MIOWAaAb NO CPABHEHMIO C BAN3KMUMYM TpaekTopusiMu)

1
) n2>>17

52(5222)) = 3

2mehB <
— [ n2 +

BTOpas W3 KOTOPBIX ABYKPATHO BBIPOXK/IEHA.
®opmMaIbHO TOBOPsi, BTOPAsd 4YacThb CIIEKTPa OTBe-
9aeT CHMMETPUYHON U aHTUCUMMETPUIHON BOJTHOBBIM
byHKIIUSIM, JTIOKATM30BAHHBIM HA HEPE3OHAHCHBIX TPAa-
ekropusx. QHAKO IPH UCIE3AIOIIE CTa00M MATHUTHOM
mpoboe Pa3HUIA MEXK/IY IHEPIUAMHU TAKUX COCTOSHUI
HACTOJIBKO MAaJjla, 9TO OHU TEPECTAIOT OBITh MPABUIb-
HBIMU COCTOSHUSMU y2K€e [IPA HUYITOXKHO MAJIbIX CTIBU-
rax p,, IPUBOASAIINAX K BOJTHOBBIM (DYHKITUSM, JIOKAJIU-
30BaHHBIM Ha KazKJIO¥ U3 TPAEKTOPUIL IO OTAEJIbHOCTH.
Takum obpazom, fjis OJIU3KUX CEUYEHHUIl CHEKTDP 3a/a-
ercs TPeMsi BETBSMHU, [IPU ITOM CIIEKTDPBHI [JIsi CABUTOB
Ap, u —Ap, coBnamair apyr ¢ apyrom. IIpu npeodbpa-
30BaHUNA P — —P, OJHAKO, JIUIIH OJHA BETBbH CIEKTPA
(orBevaromias PyHKIUSM, JIOKAJIU30BAHHBIM HA PE30-
HAHCHOII TPaeKTOpHHU) MEPEXOAUT B cebs, B TO BPEMSs
KaK JIBe JIpyTHe MEHSIOTCs MecTtamu. Kak ciencrsue,
JIAIIb 9ACTh COOCTBEHHBIX 3HAYEHUU CIIEKTPA SBJISET-
Cs CTAI[MOHAPHON MPU MAJBIX CABUATAX 3HAYEHUS D,, B
TO BpeMs KaK JIPyrue He Maf0T PE30HAHCHOTO BKJIAIA B
KBAHTOBbIE OCIUJIJIAIUHI B YKA3AHHOM IIPEJIeJIE.
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Puc. 10. MepecTpoiika, oTee4atowas cTpyktype puc. 3b ¢
HaMpaBJIEHHbIMN MPOTUBONONOXHO APYr APYyry BEKTOpamu
Ve(p) B 0cobbix TO4Kax

IIpy NOABNEHWM MATHUTHOIO IIpoOOsd, OIHA-
KO, CIEKTp, OTBEYAIONINi IEHTPATLHOMY CEYEHWIO
(p. = 0), craHOBUTCs HEBBIPOXKIEHHBIM U OCTAETCH

TAKOBBIM TIPH JOCTATOYHO OJM3KUX 3HAYEHUSX p,. Bee
SJIEKTPOHHBIE COCTOSHUSI TEMePh MEePEeXONaT B cebs
upu npeobpazoBanuu p — —p, U, KAK CJIEJCTBHUE, BCE
TOYKHU CIEKTPA SABJISIIOTCS CTAIMOHAPHBIMHA IIPHA MAJIBIX
CABUTAX 3HAYEHUS P,. MOXKHO BUIETH, TAKIM 00Pa30M,
YTO B 3TOM CHyYae IeHTpPaJbHOE cedeHune 00JIa1aeT
HEKOTOPOI
BKJIQJT B KBAHTOBbIE OCIUJIJISIUU JJId BCEX TOYEK
BO3HUKAIOIIETO CIIEKTPA.

OKPECTHOCTBbIO, JIAIOleill pPe30HAHCHBIA

Crnexrp, GOPMUAPYIOMHACA B PE3YJIbTATE MATHHUT-
HOTrO Mpo0O0si, MO’KHO HAOJIIONATH, B YACTHOCTH, TPA
OYEHb TOYHOM IOMEIICHUU HALPABJICHUs B Ha JTMHUIO
nepecTpoiiku CTpyKTypbl cucrembt (1), rue cuHryssp-
Hasl TPAEKTOPHs PHUC. 34 BO3HUKAET HA TOBEPXHOCTH
®epvn. Capur Hampapienuss B B OoHY WM IpyTyIO
CTOPOHY OT JIMHUM IIEPEXO/a, KAK MBI yzKe FOBOPHJIH,
JTaeT KapTHHY, AHAJOTUIHYIO CABATY SHEPTHH BHU3 WJIHA
BBEpX OT Heprun @epvu. Bee KBAHTOBBIE yPOBHE OCTa-
I0TCsl CTAIMOHAPHBIMU (IIPU CABUIAX P,) TAKXKe U LUpU
Hnepexosie K TPAeKTOPUAM, H300ParKeHHBIM Ha HUKHEH
KApTUHKE PHC. 5, T OHM JAIOT PE30HAHCHBIN BKIAM, B
OCIMJUIAIMY M [IPH HCYE3HOBEHUH MAIHUTHOIO IIPOBOL.
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Puc. 11. MMepectpoiika, oTeevatowas cTpyktype puc. 3d ¢
HanpaBJIEHHbIMN MPOTUBOMNONIOXKHO APYyr APYyry BeKTOpamu
Ve(p) B 0cobbix TO4Kax

Sﬂecb MOXKHO TaKXK€ OTMETHUTHb, UYTO, KaK ITOKa3bI-
Baer o0t aHAIN3, IEHTPATHHO-CUMMETPUIHAS IIEpe-
CTPO#TKa, PEICTABIEHHAs HA PUC. D, sIBJIAETCS HANOO-
Jlee pacIpOCTPAHEHHON Ha moBepxHOCTAX Pepmu m0-
cTaTo4vHO 00I1el (hOPMBI.

Herpynuo BuaeTh, 9TO AHAJOTUYIHASA CUTYAIIAS BO3-
HUAKAeT TaKXKe B CiIydae [IeHTPAJIbHO-CHMMETPUIHOMN
nepecTpoiiKu, OTBEYAIOIIed TPAeKTOPUHU, IPUBEIEHHON
Ha puc. 3¢ (puc. 8). Kak u B npeapiaymeM ciydae,
3J1eCh 4aCTh TPAEKTOPHUIA, y4ACTBYIOLIMX B (POpMUPO-
BAHUU CIIEKTPA, HE SBJILAIOTCS IKCTPeMasbHbiMu. Ta-
KAM 00pa30M, 9acTh CIEKTPA, MCYE3aeT U3 PE30OHAHC-
HOTO BKJIAJ B KBAHTOBBIE OCHWJLIAINNNA B TIPEIeNe uc-
Ye3al01ero MarHuTHOrO 1pobos (C OAHON U3 CTOPOH OT
nepecTpoiiku, b0 or yposust Pepmu). B nauboiiee un-
TEpPECHOM HWHTEPBAJIE, OJHAKO, TAKXKE MOXKHO HAODJIIO-
JaThb IIOJHBIA CHEKTP 3JIEKTPOHHBIX COCTOAHUIT Cpenu
Pe30HAHCHBIX WwieHOB. OTIrdaust OT MPEIbIYINEro CJIy-
Jas 3aKJI0YAI0TCS 3I6Ch JIUIIb B I€TAIAX JIEKTPOHHO-
I'0 CHEKTPA B PEKUME PA3ZBUTOIO MATHUTHOIO 1IPOOOS.

[enTpanbHO-CUMMETPUYHAS TEPECTPOiiKa, OTBeYa-
I0ILast TPAEKTOPUY, [IPUBEAECHHOI Ha puc. 3f (Tpaekro-
pus tuna «6ab0YKu» ), HECKOJIBKO OTJIIMYAETCS OT JIBYX
[EepecTpoeK, MpUBEIEeHHBIX Bbime (cMm. puc. 9). Moxk-
HO BHJETb, YTO BCE TPACKTOPHUH, [IPUHUMAIOIINE yIa-
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Puc. 12. [epecTpoiika, oTBeyawowas cTpykType puc. 3e ¢
HanpaBJIeHHbIMU MPOTMBOMOJIOXKHO APYr APYry BeKTOpamu
Ve(p) B 0cobbix TO4Kax

ctre B (hOpMUPOBAHUH CIEKTPA, ABJISIOTCS 37€Ch PE30-
HAHCHBIMY IO 00€ CTOPOHBI OT MEPECTPONKY, TIOITOMY
BCE TOYKH JIEKTPOHHOI'O CIIEKTPa Jal0T PE30HAHCHLIE
BKJIQJIbl B KBAHTOBBIE OCHUJIJIAIIAN BO BCEM HHTEBAJIe
suepruit. KBaHTOBBIN CIEKTDP, OTBEYAIONINIl TPAEKTO-
puu puc. 3f 6bu1 paccmorpen B pabore [26] u umeer
«KBA3WCIyJaiHbIiy BHUA. Takoi »Ke THI CIIEKTPa CJe-
AyeT, B JEeUCTBUTEJIBbHOCTH, OKUJIATh U B ONHMCAHHBIX
HaMU Bblllle JPYyrUX JBYX Cjly4dadX, OTBedaloluxX Ha-
JIMYUIO PE30HAHCHBIX BKJIAJI0B B OCHUJIALINYN B C/Iydae
Pa3BUTOrO MArHUTHOrO 1pobosi. OTiMune STUX Cayda-
€B, KaK MBI y?K€ CKa3aJIM BBINIE, COCTOUT B TOM, UTO B
HUX JIUIIb 9aCTh BO3HUKAIOIIErO CIEKTPA OTBEYaeT pe-
30HAHCHBIM BKJIQJIAM B OCHWJIIAIMA BO BCEM PacCMaT-
pUBaeMOM HAMW WHTEPBAJIE SHEPTU.

Yro kacaeTcs mepecTpoek, He O0OJIaIAroIIX IeH-
TpajbHOW cuMMmerpueii (cm. puc. 10-12), To, B cuiy
CKA33aHHOTO HAMU paHee, KBAHTOBBIE YPOBHU, BO3ZHUKA~
TOIKe 3/1eCh B PEXKUME PA3BUTOrO Mpobos, He 00Ia1a-
IOT CBOMCTBAMU CTAIMOHAPHOCTH TIO OTHOIIIEHUIO K Ma-
JILIM BapualusM 3HauUeHus p,. Takum oOpa3om, pe3o-
HAHCHBIE BKJIA/Ibl B KBAHTOBBIE OCIUJLISIUN BOSHUKAIOT
JIUIH OT HKCTPEMATBHBIX TPAGKTOPHI B PEKUME HCUE-
3a0IIEro MAarHUTHOTO Mpobosi. OTMeTHM, OIHAKO, YTO
MHTEPBaJ HAOIIOIEHNST PA3BUTOTO MATHUTHOI'O IIPO0Os
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B OIHUCAHHBIX CHUTYAIUsIX SBJISETCH JOBOJIBHO Y3KHUM.
B gacrHOCTH, OH OTBEYAET JOBOJIHHO MAJBIM JIOMYCTH-
MBIM OTKJIOHEHUSM HampasjeHus B or jguHum mnepe-
CTPOMKM Ha, YIJIOBOH amarpamme, W HaOJIOIEHUE pe-
30HAHCHBIX BKJIAJIOB B OCIWJIJISIIIUE IO3BOJISIET, B J€Hi-
CTBUTEILHOCTH, ONPEIEIUTh TOJJIOXKEHUE JIMHWH mepe-
CTPOUKU C BeCbMAa XOPOIIEll TOYHOCTHIO TPU NCCIEI0BA-
Huu reomerpun nosepxHocru Pepmu (cMm., HALpUMED,
[27]).

Hawm xorenoch ObI TaKKe yIOMSIHYTh 3/1€Ch O BJIHsI-
Hun TakuX 3P @EKTOB, KaK MOABJICHNE HEHYJIEBOM KPU-
BusHbl Beppn (cM., Hampumep, [29, 30] u nmpuBoanMbIe
TaM CChLIKU) HA OLKMCAHHYIO Bbilie Kapruny. Hamuuue
HEHYJIEBOI KPUBU3HBI Beppu, Kak XOpOIo W3BECTHO, HE
TO3BOJISIET BHIOPATH OJIOXOBCKHUE (DYHKITMH TAKUM O0-
pasom, 4To0bI n3bekaTh yaera ¢gas3nl beppu npu 1Bu-
JKEHUHU 3JIEKTPOHA 110 KBA3UKIACCUIECKON TPAEKTOPUH.
Bwmecte ¢ Tem, yuer dasnsr Beppu Becbma cyiecTBeH-
HO BJIMSIET HA KBAHTOBAHUE YPOBHEH HA 3aMKHYTbHIX
TpaekTopusx cucrembl (1) KaK B OTCYTCTBHE MarHUT-
HOro mpobosi, Tak W mpu ero Hamumumu (cMm. [25, 26]
U TPUBOIMMBIE TaM CChbUIKH). OTMeTUM 31eCh, YTO
upu Hasiwuuu Kpusu3ubl Beppu cucrema (1) HECKOIBKO
MOIUUIUPYETCsI, OMHAKO, TPAEKTOPUHU 3JIEKTPOHOB B
P-TIPOCTPAHCTBE B MPUCYTCTBUU BHEITHETO MATHUTHOTO
IOJIsl TAKIKE 33JIAI0TCS [IPU HTOM [EPECEIEHUSIMU TLII0C-
KOCTel, OPTOroHANBHBIX B, ¢ MOBEPXHOCTSIMU TTOCTOSTH-
HOI dHeprum. B HameMm cirydae BaXKHYIO POJIb UTDAET
nosgBsienne (a3bl beppu mpu ABUKEHUH 110 TPACKTOPUN
MEK/JIy YIACTKAMU CONMMKEHNsT TPAEKTOPUHU C CAMOI CO-
60ii.

Hac 3mech Oymer mHTEpecoBaTh CHUTyaIWs, KOTIa
masmane (aspr Beppu He paspyinaer pe30HAHCTHOCTH
BKJIAJIA PACCMATPUBAEMON HAMHU TPACKTOPUU [PU HAa-
JIMYUU MACHUTHOrO mpobosi. Kak Mbl y»Ke BHIETU BbI-
11e, PE30HAHCHOCTh TAKOI'0 BKJIA/a 00YCJIOBIeHA HAJIHU-
4UeM [EHTPAJIbHON CUMMETPHH COOTBETCTBYIONIMX 1€~
PECTPOEK, TOITOMY MBI JIOJIXKHBI HOTPEOOBATH TAKIKe
HaJIM9¥Me TaKOH CHMMETpPUU U OT 100aBOK K (a3e BOJ-
HOBBIX (byHKIWIA 3a cuer (as3pl Beppu (npu mpaBuib-
HOM BbIOOpe Oasuca 0;10X0BCKUX (PYHKITHH BOIU3U pac-
CMaTpPUBAEMOIl TPAEKTOPUH ).

BosuukHOBeHIE HEHYT€BOH KPUBU3HBI Beppu Ha 1Mo-
BepxHocT ®Pepmu 00yC/IOBIEHO, KAK MPABHUJIO, JUOO
HAPYIIEHUEM CHUMMETDPUHN O OTHOIIEHUIO K OOPAIIEHITIO
BpeMeHH, JInOO OTCYTCTBUM HEHTPATHLHOW CHMMETPUH
y pernerku Kpucrtajuia. Kak Tak:ke XOpOIO W3BECTHO,
CUUMETPUIHBIE CBONHCTBA KpUBU3HLI Beppu HA mMOBEpX-
nocru PepMu OTIMIAIOTCS APYT OT APYra B STUX JIBYX
cuTyanusx. B 9acTHOCTH, IPU HAJTUYUE HEHTPATHLHON
CUMMETDUM Y PEIIeTKN KPUCTAJIa KpuBu3ua beppwu
Q(—p). Kpo-

Q(p) yuosiaersopsier ycsosuio §2(p)
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O pe30HaHCHbIX BKaJax B OCLUIALNOHHbIE SABAEHUS. . .

Me€ TOrO, IIPU ECTECTBEHHOM BbIOOpE Da3uca 6/IOXOBCKHUX
byuakuuit (¢Y_p(x) = ¥p(—x)), 3Havenus daser Bep-
pY HA JIBYX OPMEHTHUPOBAHHBIX KPUBBIX, TEPEXOIATIINX
JpyT B Apyra Tpu Mpeobpa30BaHWN P — —P, B 9TOM
caydae coBmagaioT. MOKHO BHUIETH, TAKHM 00OPa3oM,
910 ciIyvai, KOr/1a PE30HAHCHbIE
CBOMCTBA  CITEKTPA, BO3SHUKAOIIETO B OMUCAHHBIX BbI-
IIle CUTYyaIUsaX, He Pa3pyHIaloTCs MPUCYTCTBUAEM (Da3bl
Beppu, coorBercTByeT MMEHHO HAJUYUIO Y KPUCTAILIA
[IEHTPA WHBEPCUH.

st cpaBHEHWSI, TP HAJUYAA CUMMETPUHU 1O OT-
HOITIEHUIO K OOPAIeHnI0 BpeMeHn KpuBru3Ha Beppu 06-
najgaer cpoiicrBoM Q(—p) = —Q(p). Ipu ecrecrBen-
HOM BBIOOpe 6a3uca OJIOXOBCKUX BOJHOBBIX (DYHKITHi
(Y—p(x) = 1p(x)) sHauenus assr Beppu Ha 1ByX OpH-
E€HTUPOBAHHBIX KPHUBBIX, TMEPEXOISAIIAX JIPYr B JIPYTB
IpY TPEOOPA3OBAHUT P — —P, B 9TOM CJIy9ae TTPOTHUBO-
MTOJIOZKHBI IPYT APYyTy. MOXKHO BHIEThH, TAKUM 00pa30M,
9TO TPU HAJMYUU CUMMETPHH IO OTHOINEHUIO K 00pa-
[IEHUIO BpeMeHu (U IpU OTCYTCTBUH y KPUCTAJLIA, IIEH-
rTpa unsepcuu) nasuuue (asol Beppu paspyuiaer pe-
30HAHCHBIE CBOMCTBA CIIEKTPA, BOZHUKAIOIIErO HA PE30-
HAHCHBIX TPAEKTOPUSIX, OMUCAHHBIX BbIlie. JlanHoe 00-
CTOATEIHLCTBO JOJIZKHO, TAKUM 00Pa30M, MPUBOANUTH K
PA3MBITHIO CIIEKTPA, HADIIOMAEMOr0 IPYU HAJIMIUU MAar-
HUTHOTO TMPOOOS BO BCEX OMMCAHHDLIX BBINIE CJIYYasX.
Anajornynasi cuTyaluu J0JIKHA BO3HUKATL TaK¥Ke U
B caMoM o0iieM ciydae (OJHOBPEMEHHOIO OTCYTCTBUS
CHMMETPHUH TIO0 OTHOIIEHWIO K ODPAIIEHUIO BPEMEHU U
HEHTPAJIbHON CUMMETPUY Y PEIIETKU KPUCTAJLIA).

31ech HEOOXOAMMO CKA3aTh elne caeayoiee. B pac-
CMaTPUBAEMBIX HAMM CUTYaUusX (OTCyTCTBUE CUMMeT-
PHUU TI0 OTHOIIEHWIO K OOPAIEHUI0 BPEMEHU WJIU I1E€H-
TPAJILHONW CUMMETPUM Y PEIIETKH KPUCTAJLIA), MOMU-
Mo yuera ¢a3bl beppu, HEOOXOIMMO YIUTHIBATH TAKKE
HEKOTOPbIE Jpyrue saBjieHus (CM. 0630p TaKUX sIBJICHUIA,
Hanpumep, B padore [30]). B wactHOCTH, B 3THX CHTYa~
[UsIX HEOOXOIUMO YUUTHIBATH TAKKE IOsSBIEHUE OpOu-
TAJTBHOIO MATHUTHOTO MOMEHTa, DJIOXOBCKUX 3JEKTPO-
HOB M(p), Bimsiomniero Ha GhopMy CreKTpa B PACCMOT-
DPEHHBIX HAMU BBILIE CJIydasX. Yd9er BjHsaHUs OpOu-
TAJBHOrO MArHUTHOIO MOMEHTa (MATHUTHOIO MOMEHTA
BOJIHOBOT'O I1aKeTa) COCTOUT B I0OABKe K dHEpruu €(p)
sesnmunnbl —M(p)- B, Te. k (ciaboit) mepeHopMupoBKe
JIMCOEPCUOHHOTO COOTHOIIEHMUSI, 3ABUCAIIEH OT MATHUT-
Horo mojisi. Kak MbI yKe BHJIEIW BbIIIE, KBAHTOBAH-
HBIH CIIEKTD OTBEYAET PE3OHAHCHBIM BKJIAIaM B OCITUJI-
JISIUOHHBIE SBJIEHUs JIWIIb OPU HAJMYUU [IEHTPAb-
HOIl CHMMETPHUHU B PACCMATPUBAEMbBIX HAMH MEPECTPOTi-
kax. Takum oOpa3oMm, IJis COXPaAHEHHUsI 3TOrO CBO-
CTBA Mbl JIOJKHBI MOTPEOOBATH HAJIUYHME [EHTPAJIb-

HOIl CMMMETPUM TAKXKE y NEPEHOPMUPOBAHHOIO CIIEK-
tpa. Kak u kpusBusna Beppu, opouTanbHbIi MaraHuT-
HBI MOMEHT 6JIOXOBCKHMX 3JIEKTPOHOB 00/IaJaeT CBOIi-
crBoM M(p) = M(—p) npn HATMYUW TIEHTPA WHBEPCUN
B kpucrasuie u M(—p) = —M(p) upu nasuuuu cum-
METDHUHM 110 OTHOIIEHUIO K OOpalienuio spemenu. Mox-
HO BUJIETH, TAKUM O0Pa30M, 4TO COOTBECTBYIOIIASA O~
GaBKa SBJIAETCS 9€THOM [0 P TOJLKO IPY HAJTMYAU EH-
Tpa MHBEPCHU B KPUCTAJIE, U, CIEIOBATEIHHO, HAHM-
4re OpOUTATBHOIO MATHUTHOIO MOMEHTA, HE Pa3pyIIaeT
PE30HAHCHBIE CBONCTBA CIIEKTPA TAKZKE TOJLKO B 3TOM
cIydae.

Kpome ckazaHHOro BbINIE, HAIO CAENATH €MIe OfI-
HO 3aMeYaHue. A UMEHHO, B OTCYTCTBUE CUMMETDPUH 110
OTHOIIEHUIO K OOPAICHUIO BPEMEHU WU IIEHTPA WH-
Bepcur B Kpucrasie B dhopmupoBaHuu crekrpa e(p)
YaCTO TaK¥Ke NPUHUMAET Y4YaCTHE CIUH-OPOUTAILHOE
B3auMoeiicTeue. B pesysnbrare, COUH U KBA3BUUMITYJIHC
6JIOXOBCKUX 3JIEKTPOHOB HE SIBJISIOTCA HE3aBUCHMBIMA
U HY?KHO PACCMaTPUBATDH TaKKe 3aBUCUMOCTD S(P) CIiu-
HA JIEKTPOHA OT €r0 KBA3UMILYJILCA, JJIA KasKIOH BeT-
BH 3JIEKTPOHHOIO CiekTpa. [IoCKOIbKy CuH 3JIeKTPOo-
HA TAKXKe JIA€T BKJIAJ B €ro 36eMAHOBCKYIO SHEPIHI0 B
MPUCYTCTBAM MATHUTHOTO TOJIS, /ISt CAMMETPUIHOCTH
COOTBETCTBYIOIIEH MOOABKU K YHEPTUU HAM HEOOXOIHU-
MO BbIOJIHEHHE ycaoBus s(p) = s(—p), 4To TakKe or-
BEYAET HAJUYHUIO [IEHTPa uHBepcuu B Kpucrajie. (Mbi
PEJIIIOJAraeM 3/eCh TaK¥Ke, YTO CIUH-OPOUTAILHOE
B3aUMOJENCTBUE HE NPUBOJUT K II€PECeYECHUIO BeTBel
9JEKTPOHHOTO CIEKTPa BOMU3M PACCMATPUBAEMOI ITe-
PECTpPOIiKY).

3. SAKJIFOYEHUE

B pabore paccmorpena curyarusi pa3BUTOTO Mar-
HUTHOTO MpPO0O0si, BO3HUKAIOIIAs BOJN3U IEPECTPOEK
SJIEKTPOHHON TUHAMUKY Ha TIOBepXHOCTH Pepmu B Ipu-
CYTCTBUM CHUJIbHBIX MAarHUTHBIX moJiell. Paccmorpensr
cay4dau, KOrJla BO3HHUKAIOIIMIA KBAHTOBBIA CHEKTP HA
TEPECTPAMBAOIINXCS 3aMKHYTHIX TPAEKTOPUAX OTBE-
JaeT PEe30HAHCHOMY BKJIAJy B KBAHTOBBIE OCIIMJLJISAIU-
oHHbIE sBieHHd. Kak mMOKa3aHo B paboTe, 3Ta CHTya-
ISl BO3HUKAET JIUIh TTPU HEKOTOPBIX U3 BO3MOXKHBIX
TOIHOJIOIMYECKUX [EPECTPOEK DJIEKTPOHHON JIUHAMUKHU
na nopepxaoctu Pepmu. Bmecre ¢ Tem, nossienne Ta-
KX TEPEeCTPOEK Ha, PeaIbHBIX MOBEPXHOCTAX Depmu
sBJIsieTcst OoJiee BEPOSITHBIM TI0 CPABHEHWIO C OCTaJh-
HBIMH B CHJIy OCOOEHHOCTEH mXx reomerpuu. B pabore
PaCCMOTPEHO TaKK€ BO3MOXKHOE BJIMSHUE TOSBJICHUS
dazwr Beppu u apyrux 3¢dhdeKToB, BOZHUKAOIINX IPH
HaPYLUIEHUU CHMMETPUU 110 OTHOIIEHUIO K OOPAIIEHUIO
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BPEMEHU U/ OTCYTCTBUU IEHTPA UHBEPCUU B KPUCTAJI-
Jie, Ha OIUCBHIBaeMble SBJICHUA.

DunancupoBanue. Pabora BoimosHena npu ¢u-

HaHcoBoii mogaepykke PH® (mpoexkt Ne 21-11-00331).
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