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1. BBenenue. B nociennne mecaTuieTns: IpoBOIT-
JINCb MHTEHCUBHBIE SKCIIEPUMEHTAJIbHBIE U TeOpeTuye-
CKHU€ MCCJEIOBAHUSA TOIOJOIMYECKON 30HHOU CTPYKTY-
pbl [1-3]. D1u paborsl 661U COCPENOTOUEHBI B OCHOBHOM
HA WM3YYEHUU KPAEBBIX COCTOSIHUI B TOIOJIOIMYECKUX
U30JsATOpax U noaymerasmiax [2, 3]. K macrosimemy Bpe-
MEHU pa3pabdOTAHBI METOIUKHU PACIETA TOMOJIOTUIECKIX
MHBAPUAHTOB U [IPOBEJIEHA JeTAJIbHA KIaCCU(DUKAIINS
TONOJIOTMYECKUX U30JIITOPOB 1 TosryMeraios [1]. Kpa-
€Bbl€ COCTOSTHUS 00JIaIaf0T CIenuMUICCKIMEI CBOICTBA~
MU CHMMETPUH, UTO MPUBOIUT K IOIABJICHUIO HEKOTO-
PBIX MEXaHU3MOB DPACCESHUsI U, CJIEIOBATENHHO, BBICO-
KO HOJIBIZKHOCTH HOCHTEJIEH 3apsi/ia [3].

OCHOBHBIM HHCTPYMEHTOB UCCJIEIOBAHUST TOIOJIOTUI
30HHOW CTPYKTYPBI $IBJISIETCS BEKTOPHBIN IIOTEHIINAJ
(cBasroct) Beppu 2] Ake = —i(Yko|Vk|[¥ks), Tae
ks — BOJTHOBas DYHKIUS JEKTPOHA C BOJHOBBIM BEK-
topom k m crmHOM 0. DTa BeJMYMHA XapaKTEPU3YET
“ammabaruyaeckoe”’ m3MeHeHUne a3kl BOJHOBON (DyHK-
muu B 30He Bpuiumosna. OJHAKO HEJABHO BO3HUKJIO
MIPEIIIOJIOXKEHNE O TOM, 9TO B T€JINKOVIAJIBHOM MATHAT-
HOM TI0JIe MOYKET BO3HUKATH 30HHAsI CTPYKTypa, KOTO-
pasi, IMO-BUJIUMOMY, TOIIOJIOTMYECKU HEeTpPUBHAJbHA, HO
IpU 3TOM HE CBdA3aHHad, IO KpaliHeil Mepe, HEeIocpen-
cTBeHHO € (Ha30oil BOJHOBON (DYHKINU U [TOTEHIMATIOM
Beppu [4, 5].

DCwm. JOTIOJTHUTEJIBHBIM MaTepruaJj K JaHHOII cTaThe Ha caiiTe
HaIero XypHaJjia www.jetpletters.ac.ru
2)e-mail: kudasov@ntc.vniief.ru

Merammaeckuii genadocenr PACrOq sBisercs o-
HUM u3 HaubGoJlee SIPKUX IIPUMEPOB IeJINKOMIAJIbHBIX
MArHeTHKOB, JEMOHCTPHUPYIONNX AHOMAJBHBIE TPAHC-
HopTHBIE cBojicTBa [6-8]. B aroM coenumHennn rekcaro-
HAJIbHBIE MPOBOJISIIINE CJIOW TAJUIAJUS YEPEYIOTCS C
JIU3JICKTPUYECKUMEI MarHuTHbIME 1pocioiikamu CrOq
[9], B KaxKIOil U3 KOTOPBIX HOHBI XPOMa 00pa3yIoT
120° marauTHBIH HOpsAnOK [6]. Mexcioitnoe ynopsmote-
HU€E JIOBOJIBHO CJIOKHOE, U BCErO CTPYKTYPa COJEPIKUT
18 marmmrHBIX Hoapemerok. IIpoBomumocts PdCrOg
IPM KOMHATHOH TEMITEPATYPE MTPUOIMIKACTCS K JIy TITAM
9JIEMEHTAPHBLIM TIPOBogHUKaM (ipuMepro 16 % ot mpo-
Bogumoctu Men) [10]. IIpnaem npu nepexoze B MarHu-
Toynopsizodennoe cocrosane npu 1 = 37.5 K npoBosu-
MOCTb Pe3KO YBEJUYMBAeTCsl, T.e. MArHUTHBIA MTOPSIIOK
CTUMYJIIPYET COCTOSTHUE C BBICOKOH ITPOBOIUMOCTBIO.
B PdCrO; rak:ke HabII04A€TCS HEOOLIYHBIH AHOMAJIb-
Hblit 3 dexT Xosuta mpu HYJIE€BOU MTOJTHON KUPAJIbHOCTH
MATHUTHO} cTpyKTypbI [10], HeB3aMMHBII 9JIEKTPOHHBIH
rpancunopt [11], aHOMaMu TEPMO3AC B MATHUTHOM II0-
Jie [12] u marauToconporusienus [13], a Tak:xke dhopmu-
poBaHMe HeOOBIYHOH (bepMU-?KMIKOCTH IO JeHCTBUEM
MarHuTHbIX (pycrpanmii [14]. B padorax [15, 5| moka-
3aHO0, 4To 30HHas cTpyKTypa B PdCrOs Moxker umerh
HeTPUBHAJILHBIA XapaKTep.

JlBurKeHne 3JIeKTPOHA B TeJIMKOUIAJIbHOM MAaTHUT-
HOM TI0JIé W 30HHAsl CTPYKTypa MeTajula C TeJTMKOU-
JAJIbHBIM MATHUTHBIM TOPSIIKOM HM3y9daeTcd yKe 60-
Jgee mosiyBeka [4, 16, 17|, B ToM dwmcsie ¢ HUCHOJIB30-
BaHMEM TEOPHU CIIMHOBBIX IIPOCTPAHCTBEHHBLIX IPYIIII
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(CIIT)[18, 19]. Omeparust cummerpun CIIT {o;| Bt}
BKJIFOYAET B cebsl KAK IMPOCTPAHCTBEHHBIE TPAHCISIIIO t
U MOBOPOT 3, TaK U BpAIlleHUE CIIUHOB (Xg. DTOT TOIXO/L
0CODEHHO I0JIE3€H IIPU OTCYTCTBUU CIIMH-OPOUTAIHLHOTO
B3aMMOJIeHCTBYs. B crcTeMe ¢ COM3MEPUMbBIM TeJTMKOU-
JIAJIBHBIM TTOPSIIKOM MOYKHO JIOKA3aTh 00OOIIEHHYIO T€O-
pemy Buioxa [20] myist TpaHCagnuii ¢ HOBOPOTOM CIIUHOI
nogcucremsl {a|0[t}.

JlucriepcoHHbIE 3aBUCUMOCTU B TIeJIUKOUJIAIHLHOM
MarseTuke (¢ reJIMKOUIAJIbHBIM BHEIIHUM MArHUTHBIM
nojieM) O0JIAJIAIOT BBIPOXKIIEHUEM KDPAMEPCOBCKOIO THU-
a ¥ CUMMETpHUEil aHAJIOTMYHOW HEMATrHUTHBIM CHCTE-
MaM €O CIUH-OPOUTAJIBHBIM B3auMoJeiicreuem [5]:

€k, (o) = E—k,—(a)> (1)

rae (o) = (Yk|o|vk), [Yk) — BonmoBas Qymxuus.
31echb CIIMHOBBIN MHJIEKC 3aMEHEH CPEJHUM 3HAYEHUEM,
ITOCKOJIbKY TPOEKINs CIUHA B CHUCTEME C HEKOJIJIMHE-
apHBIM MATHUTHBIM ITOPSIKOM HE SIBJISI€TCS XOPOIIAM
KBaHTOBBIM 4ucjoM. Jlucrepcust 3JIeKTPOHOB B T'€JTHKO-
UJAJIbHBIX MArHeTHKaX TakyKe 00JalaeT PsijioM XOpO-
III0 M3BECTHBIX HEOOBIYHBLIX CBOMCTB: OeclieseBast 30H-
Has cTpyKTypa [16, 21| u HenmepuoaMYHOCTH B Ipeie-
JlaX MarHUTHOH 30HBI Bpmutosna [4, 15| Henasao GbI-
JIO TIpeanosiozkeHo [4, 5|, 4ro JgucrepcuoHHbIE KPUBBIE
(HOBEPXHOCTH) SIBJISIFOTCSI TONOJIOIMIECKU HETPUBUAJIb-
HBIMU. B JaHHOI paboTe MOKa3aHO, YTO TaKasl 30HHAs
CTPYKTYPa ABJSETCS CJIEACTBIEM 0D0DIEHHONE TEOPEMbI
Bioxa ¢ mepumogmyeckuM rpaHUYHBIM yCJIOBUEM, U JI0-
Ka3aHa TOIOJIOTUYeCKasi HETPUBUAJIbHOCTD JUCIIEPCUOH-
HOU 3aBUCHMOCTH.

2. O6ob01mmenHas Teopema BJjoxa u mepuogu-
YecKue I'paHUYHBbIE yCJOBHUs. PaccMOTpuM JIBUZKE-
HUE€ 3JIEKTPOHA B MEPUOIUIECCKOM ITOTEHITNAJIE KPUCTAI-
sraeckoil pererku U(r + t) = U(r), rae t — BekTop
TPAHCJISIIUN PEIIETKN, U TeJIMKOUIAIBHOM MArHUTHOM
nosie h(r):

H=-V?+U(r) +h(r)é, (2)

rae 6 — marpunst [laysm. Marautaoe moste mpesmosta-
raeTcsl MEPUOTUIECKUM U COM3MEPUMBIM C KPUCTAJLIN-
4ecKOil perrerkoil, T.e. ¥;t; h(r) = h(r), rue t;uf; —
OIepaTopbl TPAHCIANUIT HA OCHOBHOW BEKTOD PEIIeTKN
U IOBOpPOTA Ha yroJ «; = 27 /N; BOKpyT ocu 25, N; — Ha-
TypaJibHoe 9ucj0. 1ocKoNbKY cHuH-OpOUTAJIHLHOE B3a-
UMOJIEHICTBYE B CHUCTEME OTCYTCTBYET, CIIMHOBAs CHCTE-
Ma KOODAMHAT (&5, Y, Z5) MOKET ObITH OPUEHTHPOBAHA
IIPOU3BOJILHBIM 00Pa30M OTHOCUTEJIHLHO IPOCTPAHCTBEH-
HOIT (z, Y, z). 3aMeTnM TakKe, 9YTO TaMHUJIbTOHNAH (2)
YIOBJIETBODSIET YCJIOBUSAM TeopeMbl 1 mwiu 2 paborsr [5]
B 3aBHCUMOCTHU OT TOT0, Y€THOE WJIN HeYeTHOEe Iucyo V;.
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lFamuibroHnan (2) HMHBAPHAHTEH OTHOCHUTEJHHO
0BOOIIEHHBIX ~ TpaHC/IsImi Tyt COOTBETCTBYIONINX
oneparopy CIIT' {a;|0]t;}. DToT omeparop obpasyer
[UKJAIECKYIO TPYIILy wu30MOpGMHYIO TrpyIme O0bId-
HBIX TPAHCIANUA C HEMPUBOAMMBIM IPEJICTABIEHUEM
Dk(fif;i) = exp(ikt;). Torma cobcTBeHHAsT BOJHOBASI
dyukuusa ramuibronnana (2) NpuHEMAET BUJ,

ko (r) = exp(ikr)ik(r), (3)

rje cuuHop U (r) obuagaer 06OBIIEHHON IEPUOIUIHO-
CTBIO

it (r) = (1), (4)

u BekTop k ompenesien B kpucrasutorpaduaeckoil 30He
Bpunmosua. 9to yTBepxKIeHne u cocrapiiseT 0000IIeH-
HyIO TeopeMy BJjoxa Jjist reJIMKon/1aJIbHBIX MATHUTHBIX
cucreM [20].

Tenepb MOXKHO 3aIUCATH YPABHEHUE JJIsT CITHOPHOMN
dyukuun U (r):

[(—iV 4+ k)2 + U(r) + h(r)&)ix(r) = &t (r).  (5)

W3 Beipaxkenust (5) BUJHO, YTO 3aBUCUMOCTH £ HEIpe-
PBIBHA B Kpucmasnsozpaduseckots 3one Bpuaitosna.

Jist onmcaHus JUCIEPCUOHHBIX 3aBUCHUMOCTENH HAM
HEOOXOIMMO TaKKe YCTAHOBUTD IIEPUOAMIECKAE TPAHITI-
HBIE YCJIOBUs, KOTOPbIE MOXKHO 3allICaTh KaK

1/)kcr (I‘ + Nsz) = "/)ka (r)ﬂ (6)

rae T; — OCHOBHOI BEKTOP MarHUTHOI peIleTKU, KO-
TOPBII MOYXKHO OIPENEJINTh Yepe3 KpucTajiorpadude-
ckue Tpancysun T; =) ; Migtj, TIE Nij — TesIble Huc-
Jia. MaruuTtHas siueiika, [IOCTpOeHHas Ha BeKTopax T;,
umeer obbeM V,,, KpaTHBI 00beMy KpuCTaiorpadu-
geckoit sueiiku V.: Ny, =V, /Ve.

Orcroza cjemyer, 9To paspelleHHble 3HaYeHusT 0J10-
XOBCKHUX BOJIHOBBIX BEKTOPOB JIEXKAT B MAZHUTNHOU 30HE
Bpuanosna, Koropast nmeer obbeM B N, pa3 MeHbIIE
kpucrajorpadudeckoii. Takum o6pa3om, JUCIEPCHOH-
HYIO 3aBUCUMOCTH & CJIeJlyeT IIPUBECTU K MArHUTHOMN
30He Bpuutosna, B pe3ysibTare 9ero BOSHUKAET 30HHAS
cTpykrypa u3 N, BeTBeil, KoTopas 00J1a/1aeT CJIE Ty IOIITH-
mu codicrBamu. (i) OHa moykHA ObITH GeCIesIeBoil, mo-
CKOJIBKY MCXOJIHas Juciiepcust £ HelpepbiBHA B MCXOJI-
HOI1T Kpucrasorpaduyeckoii 3one Bpuunosna. (i) Or-
JleJIbHAsl BETBb B ODIIEM CJIydae SIBJISIETCS HEIePHOIH-
Jeckoil B MaruuTHoi 3oue bpusmiosna. Huxe paccmor-
PEHBI TOYHO PEIaeMble IIPUMEPhI TAKUX CHCTEM H II0-
Ka3aHO, YTO TaKasd 30HHAS CTPYKTYPa TOMOJOIHIECKU
HETPUBUAJIBHA.
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3. OgHomepHass Mode/ib CUJIbHOI cBsaA3u. [Ipo-
cTelnIeil MOJEJIbI0 COM3MEPUMON T€JIMKONTAJIbHON Mar-
HUTHON CTPYKTYPBI SIBJISIETCS MOJENb Ilenodku co 120°
MAarHUTHBIM II0JIEM Ha y3J1aX PeIleTKH:

Hsg = — Z (d;rgdjg + h.c.)
<%,j>,0

- Y (alh6)ai ). (")

i,0,0'

rie &Ig(&w) onepaTop poXkJeHus (YHUITOKEHUS)
9JIEKTPOHA Ha, {-M y3JIe PElIeTKH C IPOeKIeil ClinHa Ha
ocb z, pauoit 0 = £1/2. [lenouka pazbura Ha 3 SKBUBA-
JIEHTHBIE mojipenteTKu (cM. puc. 1a), 1 MArHUTHOE ToJIe
Ha i-M y3Jie IPUHUMAET OJIHO U3 3 BO3MOXKHBIX 3HAUE-
HUI B 3aBUCAMOCTH OT HOMEPa, O IPEITEeTK: h; = hoGz,

hy = ho(—62 4+ V/36,)/2, hy = ho(—6. — V/36,)/2.

Puc. 1. (Ilsernoit onnaitt) Momesnb cuibHO# cBsizu ¢ 120°
MarHUTHBIM 110JieM Ha (&) oxHoMepHoii nenouke u (b) rek-
CaroHaJIbHOW pelIeTKe

Tamusbronuas (7) J€rko IPUBOJUTCS K JIMATOHAb-
HOMY BHY [5], U IOJIyY€HHbIE JUCIEPCHOHHBIE KPUBbIE
[TOKA3aHbI HA PUC. 2. 3aMEeTUM, UTO BCETIa MOXKHO OIpe-
JIEJINTH OJIHO3HAYHO JIUCIIEPCUOHHYIO KPUBYIO TaKUM 00-
pa3oM, IYTOOBI COOCTBEHHBIE 3HAYEHUS U BEKTOPa U3Me-
HSUJINCh HEIPEPBHIBHO [IPU U3MEHEHUH BOJIHOBOTO BEKTO-
pa k. 2KupHoii jiuHueil BbIIeIeHa HUXKHsIsI JUCIIEPCUOH-
Hasl KpuBasi. BUIHO, YTO OHA HEIIEPUOIUYHA B IIPEJIE/IaX
MarHuTHO} 30HbI Bpusutiosua (k € [—7/3,7/3]), o siB-
JISIETCSI TTePpUOINYIecKoil (byHKIMEH B PACIIMPEHHON 30-
ua Bpmwumnosna (k € [—m,7]), coorBeTcTBYyIOMIEH KpH-
crajorpadudeckoii pemrerke. [lockobKy pasperen-
HbIE BOJTHOBBIE BEKTOPA JIEYKAT B MATHUTHOM 30HE TIE€PH-
ojueckasi (DyHKIUSI TPEXKPATHO “CJIOXKeHa” B Heill, U B
I[E€JIOM 30HHAS CTPYKTYPa OKA3bIBAECTCH IIEPUOIMIECKON
B MarHuTHO 30He Bpmurosna.

Lyist 06Cy XK IeHMsT TOIOJIOIMIECKUX CBONCTB yI00HO,
UCIIOJIB3Ysl TIEPUOJUIHOCTh BOJIHOBO# (yHKIUU 10 K,
[IPEJICTABUTH JIUCIEPCUOHHYIO KPUBYIO KaK JIMHAIO HA
numsape [5], T.e. B npocrpancrse S x E!) rme S u
E' — cramapTHBIe €IHHIYHAS OKPYXKHOCTD ¥ €MHIY-
ublil uaTepsad. [Ipocras qucnepcnonnas kpusas (mepu-
o/iUuecKas B MarHuTHO# 30ne Bpuiuniosna) romeomopd-
Ha S'. Kpusas ke, KOTOpas II0OKA3aHA YKUPHOIl JIMHH-

[}
|
-2k f
—T -n/3 0 n/3 T

Puc. 2. (IlperHoii oHuaiin) 30HHAsI CTPYKTypa OJHOMED-
HOt Mozenu mpu ho = 0.25. HuxHsis BeTBb BBIIETEHA
kupHO# smHueil. COCTOSIHAS C MPENMYIIECTBEHHOM Mpo-
eKImeil CIIMHA BJIOJIb OCU Zs U B IIPOTUBOIOJIOKHOM Ha-
[IPABJIEHUU BBIJEIEHBI KPACHBIM U CUHUM IIBETOM, & CMe-
[IaHHbIEe CIUHOBBIE cocrosiuus ([(6;)| < 1/2) — 3eneHbm

el Ha puc.2, oxsarbiBaeT HUIHAD N, pa3 [5]. Ona
umeer camonepecedenust. OIHAKO, €CIM pacCMaTPUBATD
JIUCIIEPCUOHHYIO KPUBYIO KAaK 3aMKHYTYIO JIMHUIO B ITOJI-
HOM TIPOCTPAHCTBe COCTOSHMIL, HampuMep, S x S™, e
n > 1 — 4KMCI0 HE3aBUCUMBIX BENIECTBEHHBIX IapaMeT-
POB (CM. JIONOJHUTEJIbHBIE MATEPUAJIBI), TO CAMOIepe-
cedeHnsi Oy/IyT OTCYTCTEOBATH, HOCKOJIbKY COOCTBEHHBIE
BeKTOpa ramuibToHnana (7) npu 3aganHoM K J0JKHBL
ObITH OPTOrOHAJILHEIL, T.€. OHH HE MOT'YT HMEThb OJMHAKO-
Bbie HAOOPHI apameTrpoB. C TOYKM 3pEHHs TOIOJOTUN
HOJIyYMBIIASICS 3aMKHYTAasl JIMHUSA ABJISETCS y3JIOM.
OynmaMeHTaIbHAS TPYIIa TPOCTPAHCTBA COCTOSI-
unit 71 (St x S™) Jserko BbrumMCsieTcst (3/ech U jasee
MBI OIlyCKaeM HadaJbHYI0 TOYKY IYyTH B OOO3HAYEHUH
IPYIIIbI, TTOCKOJIBbKY OHA He CYIIECTBEHHA), IMOCKOJIBKY
dyHIaMeHTATBHAS TPYIINA TPOU3BEIEHAsS] TPOCTPAHCTB
ABJISIETCSI IPSIMBIM IIPOU3BEICHIEM TPYII, COOTBETCTBY-
IOIUM TUM OpocTpaHcTBaM, a m1(S™) npu n > 1 —
equnmanas rpynmna: 71 (St x S™) ~ w1 (S1). Takum o6pa-
30M, MBI IOy IiIN (DYHIAMEHTAIBHYTIO TPYIITy TUIAH-
npa m1(SY) [22], u Bce BOZMOXKHBIE 3AMKHYTBIE JHHUN
(IyT#) B IPOCTPAHCTBE COCTOSHUN MOXKHO DA3ZeIUTh
HA KJIACCHI B COOTBETCTBHUM C IIOJHBIM 9HCJIOM BHUTKOB
N,,, (3HaK onpe/iessieT HapaBIeHne 00X0/1a IUIINHJIPA).
OTH KJIacchl OYEBUIHO TOMOTOIMYCCKN HE SKBUBAJICHT-
HBI, T.€. HEe CYIIECTBYET HENPEPBIBHBLIX MTPeoOpa3oBaHuii
IyTH M3 OJHOIO KJacca B IyTh JAPYrOro KJacca. JTO
03HAYAEeT, YTO B IPOCTPAHCTBE cocTostHuil ST x S™ y3eu,
COOTBETCTBYIOIINI YKUPHOU JTUHUN HA PUC. 2, ABJISIETCS
TOTIOJIOTHYIECKH HETPUBHAJNBHBIM, a Ny, = 3 — TomnoJo-
rUYeCKUil HHBAPUAHT.
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Tenepb MOYXKHO OIEHUTH yCTONIHUBOCTH TOMOJIOT Y6~
CKOI CTPYKTYpbl. BUJ MCXOMHON JUCIIEPCUM 3JIEKTPO-
HOB B MOjiejin 6€3 MAarHUTHOIO II0JIsi HE BJIUsIET HA TO-
[IOJIOTUIO 30HHOHN cTpyKTypbl. Hampumep, MOXKHO cpaB-
HUTDH PE3YJIbTATHI, TIOJIY 9€HHBIE BBIIIE, C MOJIEIHIO TOUTH
HEB3aMMOJIEHCTBYIOIIUX 1eKTPoHOB [4, 5]. Ecau Haso-
JKUTh OJJHOPOJHOE MATHUTHOE TOJIe TEPIEHIUKY/ISTPHO
CIHOBO TIJIOCKOCTH, T.€. BJOJIb OCH Z 3, TO YCJIOBUSI T€O-
pembl 2 paboTh [5] GyIeT HAPYIIEHO, U, CJIEIOBATENBHO,
CIIMHOBAsI CUMMETPHS U IICEBJI0-KPAMEPCOBCKOE BBIPOK-
nenne ucaesnyT. C Apyroit CTOPOHBI, apTyMEHThI, KOTO-
pble ObLIN KCIIOJIb30BAHBI JIJIsi OIUCAHUSI TOIOJIOIUYe-
CKOIl CTPYKTYPBI, COXPAHSIIOTCS: MO-IIPEXKHEMY BBIIIOJI-
Hsterca obobienHas TeopemMa bioxa s caBura ¢ mo-
BopoTOM cnmHOB. TakuMm 00pa3oM, HETPUBUATIbHAS TO-
[IOJIOrUsI 30HHOHM CTPYKTYPBI B 9TOM CJIydae COXPAHUT-
cst (CM. JOIOJIHUTEIbHBIE MaTepraJibl). Eciin HaI0KuTh
MATHUTHOE TI0JI€ B CIUHOBOM IJIOCKOCTH, TO CUMMETPUS
OTHOCHUTEJILHO CIIBHUIa C IIOBOPOTOM CIIMHOB HAPYIIAET-
Cs1, ¥ TOIOJIOTUSI 30H CTAHOBUTCS TPUBUAJBHOIA.

4. JIsymepHasi MO/iejib CUJILHON CBsI3U HA reK-
caroHaJsbHOI1 penrerke. opmasbHO AByMEpHAST MO-
JIeJIb TeJINKOUJIAJIbHON CTPYKTYPhI OIIUCHIBAETCSI TEM K€
raMiIbTOHRAHOM (7), 9TO U OJIHOMEPHAST MOJIEIIb, TOJIb-
KO OJimzKaifime cocein 1 MAarHUTHBIE TTOIPENIEeTKH OTIpe-
JIeJISIIOTCsT Telepb, Kak MoKa3aHo Ha puc. 1b. IlosTo-
My IIpUBEICHIE FaMUILTOHNAHA K JUATOHAJIHHOMY BULY
BBIMIOJTHSIETCST AaHAJIOTHIHBIM 00pa30M.

3oHHAas CTPYKTYPa JIBYMEPHON MOJIEN B MATHUTHOMN
30He BpuwuitosHa nokasana Ha puc. 3. JlucnepcuoHHbie
[TOBEPXHOCTHU COCTOSAT U3 JIBYX I'PYIII [10 TPpH Jikcra. Pac-
CMOTPUM HIXKHIOIO Tpymiy Ha puc.3. Kaxmpii u3 or-
JIeJIbHBIX JIUCTOB B TPYIIe HEMEPUOIUIEH B MATHUTHON
30He Bpuuttosna. OHu nepexosisT JApyr B JApyra Ha rpa-
HHIAX 30HbI (CM. JOIOJHUTEIBHBIE MATEPUAJIB).

11 nccaenoBaHus TOMOJIOTUU TOBEPXHOCTH YI0OHO
mepeiiTn K poMOMYeCKOit MarHuTHON 30He BpuimosHa.
CkJieiiKa IIPOTUBOIIOJIOXKHBIX CTOPOH POMOa MPUBOIUT
HAC K IIPEJCTABJIEHUIO 30HbI Bpuiumosna Ha Tope [2]
S x St (cm. puc. 4a). [TosmHOE TPOCTPAHCTBO COCTOSTHMIA
umeer Buy ST x ST x S™ (n > 1).

J17151 BBISICHEHUSI TOIOJIOTAU JIUCIEPCUOHHOM MTOBEPX-
HOCTH [IOCTpOUM ee hyHIaMeHTaIbHY 0 rpynmny [23, 24].
Paccmorpum cHadajia mpPOCTYIO JUCIEPCHOHHYIO IO-
BEPXHOCTb, KOTOpas IEPUOJUYHA B MATHUTHON 30HE
Bpumosna u romeomopdua topy S' x S'. Ha pu-
cyuke 4a mokasaHa ee pasBepTKa. [loCKOJBKY B Tpe-
JleJlaX MarHuTHOU 30HBI Dpuimosna sro6oit myTs B k-
[IPOCTPAHCTBE MOXKET OBITH CTSHYT B TOYKY, Hada/bHAs
TOYKA IyTH HECYIECTBEHHA, U B JajbHEHIeM Mbl BCe-
rjia Oy/ieM TPEJIoJIAraTh, YTO HAYAJIbHAS U KOHETHAS
TOYKA IYyTU HAXOJAATCS B IEHTPE 30HBI. Ecau myTh me-
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Puc. 3. (LseTnoii onnaitan) 30HHAs CTPYKTYPA JBYMEPHON
MOJIENIA CUJIbHOM CBst3u. CIIMHOBBIE COCTOSTHUS BBIIEIEHBI
IIBETOM AHAJIOTUYHO PHUC. 2

Puc. 4. (Lsernoii onsnaita) Tomomorus 30HHOR CTPYKTYPBI
B JByMEpHOil Momenn: (a) — 3aMKHYTBIE IIyTH Ha IPOCTOM
IUCIIEPCUOHHON ITIOBEPXHOCTU Ha IJIOCKOI pa3BepTKE U Ha
tope; (b) — 3aMKHyTBbIE IIyTH JJIsi TPEXJIUCTOBOI ITOBEPX-
HOCTH, TJI€ [BETOM I[IOKA3aHbI HEIKBUBAJIEHTHBIE JIMCTDI.
IIyakTupHbIe TUHUN — TPAHUIBI pOMOIYIECKOit 30He Bpui-
JIIOHA

peceKaeT OJ[Hy BEPTHKAJBHYIO (HAKJIOHHYIO) WUJIM OJHY
TOPU30HTAJBHYIO TPAHUILY, TO 3TO OyIeT dIeMeHTAPHBIN
HEHYJIEBOI 1yTh (KOTODBIN HeJb3s CTAHYTHh B TOUKY) P
win ) cooreercTBeHHO. OHU OXBATHIBAIOT TOP OJIHUM U3
JBYX CITOCODOB, KaK MOKa3aHo Ha puc. 4a. Torma mpous-
BOJIBHBII IIyTh MOXKHO IPEICTABUTD B BUJE IIPOU3BEIE-
Hust P"Q™, roe m 1 m — NPOU3BOJIbHBIE IIeJIble YUCIIA,
9TO ¥ OIIpe/iessieT HyHIAMEHTAIBHY 0 IPYIILy Topa [22].

[Tepeiiem Terneps K U3y4eHUIO MHOIOJIMCTOBOM JIHC-
mepcuoHHoi moBepxuocTh. C TOYKM 3pEHUs TOIOJOTHH,
OHA ABJISETCS HAKPBIBAIOIIUM IIPOCTPAHCTBOM II0 OTHO-
IMeHnI0 K mpocToit nmosepxuoctu. Ha pucynke 4b tpum
JINCTA, JIBy MEPHOI MOJIEJIN, PACCMOTPEHHOM BBIIIE, TOKa-
3aHbl HA PA3BEPTKE PA3JIMIHBIMU [[BeTaMU. BUIHO, 9TO
nytu P win () He SIBJISIFOTCS 3aMKHYTBIMH, IIOCKOJIBKY
HavaJbHasl 1 KOHEUHAsI TOUKH JIEYKAT HA PASJIMIHBIX JIM-
crax. 3aMKHYTBIMU Iy TAMU OYIYT SBJIATHCS, HAIIPAMED,
oyt PQ, P?2Q~!, P? u Q3. Onmaxo nmocie mepeobo3Ha-
vernsa A = PQ, B = P2Q ™' oxasbiBaeTcs, 4To J060if
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3aMKHYTBIH IIyTh MOXKeT ObITDH mpejcTraBieH kak A™ B™,
T.e. TPYIIIIa [IyTeili MHOIOJIMCTOBOI JIMCIIEPCUOHHON I10-
BEPXHOCTH OISATh U30MOpdHa rpyie Topa. HTepecHo
OTMETHUTDb, YTO, €CJIM UCHOJb30BarTh mytn A u B mis
IIOCTPOEHNUsT JIEMEHTApHOU sdeiiku B k-mpocTpancTBe
MBI TOJIyYUM KPHUCTAJLIOrpadUIecKyio 300y Bpuiio-
SHa (TO4YedHbIE JUHUU Ha puc. 4b).

OyHmaMeHTaIbHAS TPYIIIa BCETO MPOCTPAHCTBA CO-
CTOAHUI onpelledeTcd aHAJJOTUIHO OJJHOMEPHOU MOe-
JIM ¥ MOKET OBITH CBeJIeHa K (PYHIAMEHTAJIBHON IPYIIIe
topa 71 (St x St x §") ~ 7 (St x S1). Kax Bugno us
pacCyKJIeHui BhIle, 06a BUA JUCITEPCUOHHBIX TTOBEPX-
HOCTEIl — 9TO BJIOXKEHUSI TOPA B IPOCTPAHCTBO COCTOSI-
Huit ST x S x S™. OnHAaKO HA IIPOCTOH JAUCIIEPCHOHHO
[MOBEPXHOCTH CYIIECTBYIOT 3aMKHYyThIe myTu P min @, a
JIJTsT MHOTOJIACTOBO MOBEPXHOCTU OHU OTCYTCTBYIOT. U3
9TOTO CJIEJLYET, ITO ITHU BIOKEHUS (IOBEPXHOCTH) HEU30-
TOIHBI JIPYT JIPYTY, T.€. He CYIIEeCTBYET HEIIPEPBIBHOI Jie-
dopmanuu npocrpancTBa (FOMOTONNK), CBA3LIBAIONIEN
ux apyr ¢ apyrom [24, 25]. Takum 06pasoM, MHOTO-
JINCTOBAsl IIOBEPXHOCTH TOIOJIOTMYECKU HEIKBUBAJIEHT-
Ha IPOCTON AVCIIEPCUOHHON NMOBEPXHOCTU, U TOIIOJIOTH-
YEeCKUM MHBAPUAHTOM 3I€Ch BBICTYIAET YUCJIO JINCTOB
HakpbITUst (Np, = 3), KOTOPOE PABHO OTHONIEHUIO IO~
A KPUCTAJLIOTPAGUIECKOH 1 MATHATHON 30H Bpui-
stosHa. Tak »Ke, Kak U B OJHOMEPHOU MOJEJIH, 30HHASI
CTPYKTYpa CTAaHOBUTCSI TPUBUAJIBHOI TP IIPUJIOXKEHUU
OJTHOPOJTHOTO MATHUTHOTO IOJIST B TIJIOCKOCTHU MeJTHKOW I,
(CM. JIOIOJTHATENIBHBIE MATEePUAJIbI).

5. ObcyxkJeHne m 3akKJoveHue. B teopun To-
[TOJIOTUYECKUX U30JIATOPOB M3ydaeTcs CTPYKTYpa BEK-
TOPHOTO TOJIsT Ay, HA KOMIIAKTHON TOBEPXHOCTH, HAa-
[puMep, Ha TOpe JJIs ABYMEPHBIX cucTeM. B HacTosmei
paboTe MBI IIOKA3bIBAEM, YTO STH IOBEPXHOCTU CAMHU 10
cebe MOryT OBITH TOIIOJIOTUYECKH HEIKBUBAJIEHTHI, U4TO
[PUBOJUT K HOBOMY KJIACCY TOMOJOIHIECKUX 30HHBIX
CTPYKTYp. Bompoc o ux CBsi3u ¢ TpaUIIMOHHON KJIacCu-
dbuxanmeit [3] 3aciyKUBaeT OTHEIBHOTO UCCIIEIOBAHMYSI.

Panee ormeuasiocs, 4T0 B OHO- U JIByMEPHOI CTPYK-
Typax € TeJUKOUJAJHLHBIM MACHUTHBIM TIOJIEM MOLYT
BO3HHUKHYTb OCODEHHOCTSIM TPAHCIIOPTHBIX CBOHCTB [4,
15]. B uacTHOCTH, €caM B OJHOMEDHOH MOJEIN ypo-
Beab Pepmu pacrosaraercst B 00JIaCTH MEXKTy TOPU30H-
TAJILHBIMU [Ty HKTUPHBIMU JIMHUSMU Ha PUC. 2, TO pacce-
dHue Ha3aJ 0e3 IepeBOpOTa CIMHA OyJeT 3allpeIeHo.
B nBymepHOii Mogenn, ecau yposenb Pepmu (mrpux-
NYHKTUDHAA JIMHUS) JIEZKAT MEXKJY [OPU30HTAJILHbBI-
MU JIMHUSIMU, paccesiHue Has3al 0e3 IepeBopoTa CIIMHA
U 3JIEKTPOH-(DOHOHHOE paccestHue ¢ 1mepedbpocoM OyIyT
cuiIbHO ozaBJieHsl [4]. OTMernM, 4To 30HHASA CTPYKTY-
pa, oTBeYaloIas 000UM CJIydasM BO3MOXKHA TOJBKO JIJTst
HETPUBHUAJIBHOI TOIOJIOruU 30H. Hanpumep, B BepxHeii

YaCTU [UANA30HOB, OTPAHUYEHHBIX TOPU30HTAIBHBIMA
JIMHUSIMU Ha puc.2 u 3, eMHCTBEHHAsI BETBb II€peceKar-
er ypoBenb @epMu, HO [P ITOM OHA MMEET Pa3JIMIHbIE
CIIMHOBBIE COCTOSIHUS HA IIPOTHBOIOJIOXKHBIX TPAHUIAX
30Hbl Bpmutiosna, a moBepxuoctb Pepvu mmeer crm-
HOBYIO TekcTypy [15, 5|. Ilpu BBIXOZIE YPOBHSI M3 3TO-
ro JUaIa30Ha, MEXK30HHOE DACCesSHHEe MACKUpyeT 3d-
dekTol ogaBenus paccesausg. OTMETHM, YTO 30HHAS
crpykrypa PdCrO5 Kak pas cooTBeTCTBYeT JIByMEPHOMN
MOJIEJIN C [TOJIABJIEHUEM PACCESTHUS: B HEM €IMHCTBEHHAS
30Ha mepecekaeT ypoenb Pepmu.

dunaHcupoBaHue paborbl. Pabora BhIIOIHEHA B
pamkax Hayunoit nporpammbr Hanmonasbaoro nenrpa
busuKN 1 MaTeMaTHKH 10 Hapasiaenuo # 7 “Uccnemno-
BAaHUE B CUJIbHBIX U CBEPXCHUJIbHBIX MATHUTHBIX IOJISAX .
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