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BBEJEHHE

Patora Jlera Jlasuposuda Jlangay [1], pemeamas
B 1930 roxy, chirpalia BbIAIOIYIOCA PONb B UCTOPHH
S7eKTpOHHOH pu3uKxH Metaanos. C sroll pa6oTE HAYH-
HAeTCsl TEOPETHYECKOe HCCAeA0BaHne crenudmueckux
MACHATHBIX CBOHCTD 3MEKTPOHOBR MDOBOJHMOCTH.

B Te roant ¢H3NKa MeTAaNNOB HaYada HPHOGPETATH
coBpeMEHHBIE YepTel, Beere 3a Heckoabko et ao 1930
rofa Guumi cpOPMYNMPOBAHEL PYKOBOAAIIME MPHHIH-
IBl, HA KOTOPBIX OCHOBaHA KBAHTOBAA TEODHA METa-
JI0B: B KoH1te 20-X roflos ApHoasa 3oMmepdenbs ToKa-
341, 4TO BJEKTPOHbI METAJAIA — HBIPOKAEHHLIR ra3 H,
UCNONb3yA KBANTOBYIO CTATHCTRKY, OCBOOOANI TECDHIO
HApyne — Jloperna ot npotuBopeynii, [Iputauaurensuo
Torga e Menuxe Baox u Jleon Bpuamosn sanoxunn
OCHOBH! 30HHOH Teopuu. 30HHAA TEODHMA OGBACHHAA

® M., Karawoe, 2008

@CBOéOHy» AACKTPOHOB MPOBOJMMOCTH, MOKA3IER, 4TO
BONHOBAA (QPYHKUHA JEKTPOHA B NEPHOAHYECKOM IO /Ie
HOHOB DEIIETKH — BOJIHA Baoxa — MOAYTHpOBaHHARA
[LAQCKAA BOJIHA C OIpeAeeHHBIM KBA3HUMIYJALCOM D
== BEKTOPOM, HalOMHHANIIHM HMEVJBC, ﬂaBaﬂ BO3-
MOMXHOCTh, HCIIOJNB3YA MOJAEAH, BBMHCIATH SHEPTEeTH-
YECKHMIl CMEKTP 3/EKTPOHOB {IIEPHOAMYECKYIO 3aBHCH-
MOCTh 3HEPrHM 3JJICKTpOHA & OT KBaZHHMITYJTbCA p),
JOHHAA TEODHA HE OTMEHHJA, a, CKOpee, 060CHORBANA
IpecTapIeHne 00 3AeKTPOHAX TPOBOAUMOCTH (0 «CBO-
60OOHBIX» 3/IEKTPOHAX) KAK O Tase CBOGOAHO MepeMe-
IMAOITHXCA 11O METAANY YACTHI, AJHHA npoéera KOTC-
PbiX 3aMETHO IPEBLINAET DasMep SMeHKM KPUCTAa.
ClgacTBYE 30HHOH Teopwu — 3aBUCHMOCTE € = s(p) #
#p/2m, TRe m — Macca 27eKTPOHA, H3MEHHTa KOTHEe-
CTBEHHLIC PE3YJIBTATH! TEOPETHYECKHWK PAaCIeTOR B CpaB-
HeHuH ¢ pacueTaMy 1o Teopuu Jpyae — Jlopenna — 3om-



M. M. Kazanoe

Mepdesbia, HO Mafo IOBIKANA HAa KaYeCTBEHHYIO
KAPTHHY, OCHOBHOH 4epToil KOTOpO# Onlaa u ocTaeTcs
JeNOKANNIAIHS 31EKTPOHOB NTPOBOIUMOCTH.

TeopHs MATHHTHBIX CBOMCTR SJEKTPOHOB MPOBOH-
MOCTH OIPAHMYUMBANACH BoiyucaenweM B 1927 roay na-
PaMarHUTHOH HOCTIDHUMYMBOCTH BBIPOM/IEHHOTO raia
uactay co cunHom ¥ (Boasdranr Tlaymn). Hanmuue
CITHHA JAeaeT AMCKTPOH MWKPOCKOTMYECKUM MATHHT-
HBIM AHINGJAEM, 4 [10CTOAHHOE MATHHTHOE II0JE€ OpH-
CHTHDYET [HIONH NDENMYIIECTBEHHO I10 MAIHUTHOMY
noaw. M3-3a BHPOXK/ACHHA 3JEKTPOHHOIC ra3a Mar-
HUTHAS BOCTIPHMMYMBOCTE 3JIEKTPOHOB IPOBOJAMMOCTH
mana (IpY CpaBHEHUK ¢ BOCTIPHHMYHBOCTBIO KJIaccHYe-
CKOTO Ta3a) H 04eHb cAab0 3ABHCHT OT TEMIEPATYPSL
fAnnenve HOAYIWIO HA3BaHHe napamaznemusme flay-
au. ManocTh Day/IHEBCKOH NapaMartiuTHOR BOCIIPHHM-
YMBOCTH CO3j(aJIa BIeYaTAeHHe, YTO JHAMATHETH3M He-
KOTOPBIX MeTal1noR (BUCMyTa, HanpuMep) MOXET GbITh
PESVALTATOM [PEBOCXOJCTEA AMAMArHETH3Ma HOHHOTO
OCTORA HAJl TAPaMATrHETH3MOM SIEKTPOHOS NPOBOAMMO-
ctu. Hago noMuuTs, 4TO B 3T0 BpeMd yiKe GbLI0 TIOHAT-
HO, yTo oGoll aTOM Wid HoH, He 00aajamninmil cobeTr-
BEHHBIM MATHUTIBIM MOMEHTOM, HAMATHHUKBAETCS TaK,
4TO ero MarHWTHBIM MOMEHT HANPABJE€H NPOTHR Mar-
BUTHOTO nona {Qudndenemusn Janxesend, Henocpe-
CTBEHHO CBS3AHHBIH € JIOKAJAW3alHeH 3JEKTPOHOB B
atome [2]).

Pa3pHTHe HH3KOTEMIEPATYPHOH TeXHHKM, ¢ OAHOH
CTODOHBI, H NOABIEHHE HCTOYHHKA CHABHOTO MAaTHHT-
HOTC MOJiA, ¢ APYroil, IpUBeNo K AKTUBHOMY HCC/IEN0-
BAHHWI® MATHHTHBEIX CROHCTB METAJIOB MPH HU3KUX TEM-
neparypax. lleHTpamm 3TUX MccnefoBaHMil B KOHLE
OBaJAIATBIX W B Havafge TPWAIATRIX QOB TMPOULAOLO
meka Ooin Kem6pux (Anraug) u Jleiipen (Fonnas-
ausy. B Kem6puaxke patoran Ilerp Jleonnzosrmu Ka-
mHIaA, a B Jleligere patortaar Bawnep Moxaree ne Taaas
#t Jlep Bacunpepuy [ly6unkos. B o6enx nabopatopuax
6bLK [IOJTY4EHbI YHRKAAbHbIE (10 TOMY BpemeHu) pe-
3yJbTAThl, KOTOPBle BOHINY B MCTOPHID (HIUKH MOX
HMEHAMH TeX, YbHMH VCWIHAMH OHH OBIIW TOJTYYEHBL:
gaxon Kanuun, agpghexmue HlyGuuxosa —ode Tagaa u
de laasa —ean Anvghena. Pesyavrater Kamuer 1 1v6-
HUKOBA — /e ['aa3a Ha MepBLIi B3rAAl MPOTHBODEYH/H
apyr apyry. B KemGpuaxe Hafm04am1 MOHOTOHYIO 3a-
BHCHMOCTb CONPOTHBJAEHHSA C MarHUTHBIM TOJEM, a B
Jletigene Ha SKCUEPHMEHTAIbHBIX KDPHBBIX OTUYETAHBO
GBIIM BHAHBI MAKCHMYMBI M MHEMMYMEI, IloTOM Ot
IIQJIYMHAN HAHMEHOBAHHE OCUUAARUKE IH JaXKe K8aH-
MOBHIX OCUUAAAKUH, HO B NEPBbIX NyOJHKAIUAX TEP-
MMHE ocyuaaayuy He GoLno. Pasanuyve B peayibTaTax
6BLIO MPHYMHOM ApaMaTHYeckux lepexusannit, Boss-
IIOro TPYAa €TOHJAO pa3ofpaThCs B NPHYHHE PasHO-
riaacuit. )

HcTopHa IKCIEPHMCHTANDEBIX OTKPBITHI, IJIaBHBIM
obpasom sdexra Hlybuukosa — ge Taasa, onncana 8
cratbe B.M. Bepxwna, C.A. I'pegeckyna, JI.A. Hac-
Typa # I0.A. @pefiMana [3]. Pabora ae Taasa u sau
Anndena [4] ObLia ecTeCTBEHHBIM IPOAOIXKEHHEM
necregonanuil [Hy6uuxosa u ae Taaza. Astopet 6sutn
yBepeHbl, YTO HEMOHOTCHHAS 3aBUCHMOCTE JOMIAKHA HA-
6I04aThCA HE TOJBKO Y CONPOTHEJASINA, a YTO OHa
TPHUCYINA TAaKXKe TePMOAWHAMWYECKNM BeTHYHHaM. K3~
MepeHHe 3aBHCHMOCTH MATHUTHOTO MOMEHTA MOHOKPH-
CTA/JIOB BHCMYTA OT MATHUTHOIG MO/ MOKA3AI0, MTO
TEPMOAHHAMUYECKHE XapaKTEPUCTHKH BeAyT cebd B
MarHUTHOM TIOJIe aHAJOTHYHO CONPOTHBRJAeHHIO. fBIe-
HUe NoJYyYrJI0 HasBanue sgphexm de F'aasza — san Ais-
thena.

Pa6ora J1./1. Jlangay 1930 rona ueHHa He TOJLKO
OTKDRITHEM JnaMmarHeTHsMa ¢epMu-raza CBOSOIHBIX
3MIEKTPOHOB, HO H Npedcrd3dnueM OCUHLTAIHOEHBIX
sinennii. Meropua nocrpoenna teopuu adibexta e
laasa—paH AnbgeHa BechbMa Hempocta. Bombiiyie u
BAXHYI poib B Helt cerrpan Pynonsd Iaiiepne, O6
aToM Gy/eT 3Jech PACCKa3aHo. A 3aBEepLIACTCS HCTODHS
patoroii 1.M. Tudmmuua u A.M. Koceruua 1955 rosa
<K TeopMn MarHHTHOH BOCIPHMMYMBOCTH METAJIOB
IIpH HU3KUX TeMrepatypaxs [53], B koTepo# moctpocka
COBPEMERHAN HOTHAA TeOpMs QCLRULAINOHHBLIX ABJe-
HHI.

K 1955 roay 6b1y10 BBISICHEHO, YTO OCHHJLIALMH Tep-
MOAUHAMHYECKHX Y KMHETHYECKUX BeNWYMH (pd HM3-
KOI TEMIEPATYPE ¥ B JOCTATOYHO CHIBHOM MATHHTHOM
nojfle — ofeMeTa/iHyecKoe ABJeEUe, NPHYEM Xa-
DPAKTCPHCTHKH OCLMJAAIGE Yy Da3HubiX MeTALI0R Cy-
meCTBEeHHO Pa3nuuanTcd. PasBUTHe MoAeabHBIX Bbl-
YUCAUTENbHBIX METOAOB HCC/AEJ0BAHHA TBCDABIX TCI
MO3BOAANG ONpeiennTh popMy nosepxsocted Mepmu
MeTanos, B 60NBHIHHCTBE CAy4aeB [OBEPXHOCTH OKa-
3bIBAMUCH ZOCTATOYHO BBIYYPHBIMH. BhIIO MORUMaHUE,
4TC HMEHHO 31€KTPOHKL, 3HEPTHA KOTOPHIX PaBsNa IHEp-
rud @epmu, onpefensinT GOABHIMHCTBO CBOHCTB Mce-
TaJJIOB,

JIndmun 1 Kocepuu MoCTPOUIM TEOPHIO CCLIMIIS-
I[HH, He Je/ad HUKaKHX [PEMIoI0KeHHH 00 3HCpreTh-
YECKOM CIIEKTPe 3/1eKTPOHOR NpoBouMoctd (as Me-
TAJLIOB € [OBEPXHOCTEKY Mepmu smo6oil dopmer). Jro
NO3BOJIMO COPMY/IMPOBATE AJATOPHTM BOCCTAHOBJIC-
HHgE (DOPMBI NoBepxHocTell MepMy N0 ZAHNBIM, NOJY-
YeHHRIM B PE3YABTATE IKCIIEPHMEHTOB.

Poaunack ghepMmuoiozus — BAXHBIN 2TAIl HIEKTPOH-
HOIl TEODHH METRJIOB.

Padora JIudmuna 1 Kocesnya 6bLia yAHBRTENBHO
cpoeBpeMeHHOM. OHa BbDIBWAA, YTO T'eUOMETPHYECKHE
XApaxKTePHCTHKY NOoBepXHOCTell DepMu cnpegessior
H3MEpsieMble HA ONbITe Be/MYUHbl. B addexrax ae Faa-
3a—BaH Anbgena u Hly6uuxosa —ge [aasa miomami
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ceueHMil W WX NPOH3BOJHBIE HO HSHEPTHH — MEPHOAL
OCUMIANME ¥ HX ammanryast. llogxos oxasancsa mpo-
AYKTHBHHIM, OX NOPOIHJ MHOTO TEOPETHYECKHX PadoT,
CRA3ABIIMX Da3HOOODA3HBIE XAPAKTEPHUCTHKH JJIEKT-
POHHBIX CBOHCTB METAJJIOB C FEOMeTPHIECKHMH 00pas-
amu ux nopepxHocrel MepMu.

Henpocto#t nyrte orkperrusa adipexta LlyGHuko-
Ba—je laasa — OCHMIAANMOHHON 3aBHCHMOCTH OT
MarHMTHOTO TNOAS CONDOTHBACHHA MOHOKPUCTAJLIOB
METAJLIOB IPH HHIKHX TEMIEPATypax — NnoApobHo H, 4
6bI cKasaJl, ¢ FOPedb0 PACCKAZAH B CTATHE YETHIPEX AB-
Topoe [3]. Fopesare 6BL10 OT uero; «6 asrycra 1937 r.
B fleHb BO3BpameHs u3 KpeiMa, rae on (J1,B, Lly6un-
ko) u JI.JI. Jlanaay nposoaunn ornyck, JI.B. Ily6-
HHKOB ODLIA apECTOBAH... [0 JIOXKHOMY OGBMHEHWH®,
ITpousomno ato B Xapbkose, <«Uepes mecsi oH GbLT
nepereAeH B MockBy, B TIopsMy Ha JIy6sHKY, 1 28 Ho-
A6pa 1937 1. ocyxaen OCO (OcobriM coBenanmeM)
Ha <ZecATh jiet 6e3 NpaBa Mepenucky.» 1104 nprrobo-
pom croAT noAnkcu Exosa v Beimmrckore. B ToT ke
Jenb JI.B. Hly6unkos 6611 pacerpesnass ([3], ¢, 1212).
B [6] romoM cMepru JI.B. [lly6uukoBa ykazan 1945,
Io-pumumomy, TakoBoii 6b1ma mxunran sepcns HKB/I,
C ny6/HKanMH CTKPLITHA A0 PAcCTPena MPOUIG CEMD
ner. Ho npecnenopande HA4AI0Ch panbie: yixe B 1931
roAy, 4epe3 rojl NOcae OTKPHITHA, JIbBY Bacuiabesuuwy
He paspeliMaM BepHYTbca B JleliaeH, UTOOB IMPOAOJI-
SKHTE MCC/eAOBAHMHA.

Q6 apecre Jlanaay 8 1938 roxy B uurupyemoii cra-
The He ¢KajaHo. He moToMy, 410 aBTOpPBI 06 3TOM He
3Ha M. 3HAMN, KOHeuyHo, Ho Jeno B TOM, YTO CTaThd
MOCBAIEHA SKCIIEPHMEHTAAbHEIM HCCACHOBAHUAM U OT-
kpeiTuAM. Pons Jlanaay, xak 661, B CTOPOHE.

B Toii nenpocToli McTOpuK, 0 KOTOPOI Xouy paccka-
3aTh, pevb noiaer o teopuu. U Jles daswpgosuy JlaH-
Aay urpaJ B Hell BAXKHYIO PoJib. Ho He TONBKO OH.

YPOBHH JIAH/IAY?

Hauano mempocTolf WeTopHHM CO3NaHMST TEODHH OC-
UHMIANMOHHLX ABjeHHA B ToM ke 1930 rogy, xorma
lly6uukos u fe Taas omyOaAHKOBAMH CBOE OTKDHITHE,
Jlangay (rosopsar, 4to Ha cmop ¢ Boangranrom ITay-
JIM) TIOKA8AN, UT0 CBOGOAHBIH 2MeKTPOHHDIN ra3 o6aa-
JaeT He TOMAbKO IapaMarHeTH3MOM, KOTOPL o6d3an
CTIMHY 3JIEKTPOHa, HO ¥ guaMarHetuamom (cm. [1]).

B niockoctH, nepnesanKyAApHOH MATHHTHOMY 1o-
JIF0, KasKJBIH 3/JEKTPOH BPAILACTCH MO OKPYKHOCTH, a
TOKOBHIA JIETECTOK 067afaeT MATHUTHBIM MOMEHTOM,
HanpasJ/eEHbIM NpoTUB Nosig. Heyxenw, ciops ¢ Jlan-
Aay, atoro He nounMan [lavan? [lonuman, KoHeuno.
Ho cutyauus oTHiOAb He Tak OYeBHgHA. ITpu HaweHOM
NOJXOe PaAMyC r OPOHTH 3/MEKTPOHA MOXKHO OTIpe-
AEAMTD H3 paBeHCTBA cuabl JlopeHua ueHTpoGeKHOM
crae: r=muc,/eH, rne m, e n v — Macca, 3apaq M CKO-

pOCTb 3JEKTPOHA, ¢ — CKOPOCTh cBeta, a H —
BeJHYMHA HANPSKeHHOCTH MarHHTHORO noas. Otciona
«MATHATHEBIH MOMEHT JO/MXeH GbITh paBed U= mu” /H,
OTOT OTBET HECOMHCHHO afCypAeH. 3HadeHue p He 3a-
BHCHT OT 3apAAa 5/AeKTPOHA Y YMEHDIIAETCA HPH YBeIH-
YEHHUH MATHUTHOTO N0, TAK UTO MATHHTHBIN MOMEHT 1
ofpamaerca B SeckoHedrocTs npu H = Ml» 310 — mu-
tata us kuurx P. Dadleprca [7] (c. 108). Eme xe-
CKOJbKO CJOB H3 TOH Ke KHHFU: <...0MMOKA AaBHO
6pL1a ofBsrcHeHa o Henpaeaexa I A, JlopenmoM, Ha Ko-
TOpPOTO CCELTaeTcs MUCC BaH Jleser [8], a taxsxe Huasc
Bop B xonenrarexnckoii auccepranum 1911 r.» (c. 109).
ITpaBuabHbI# OTBET, MMeHyeMbI HHOrAa Bopa—ean
Jeeen meopemoii (cM. [9], 1. 1, c. 99), cocTorT B TOM,
YTO TPY KJAICCHYECKOM ONMCAHWH JIBHIXEHHS DJIEKTPO-
HOE CBOOOAHAS 3HEDPTHA I'add H7eKTPOHOB OT MarHHTHO-
ro IOJA HE 3aRMCHT. Tako# ras MarHeTHaMoM He ofa-
Aaer BoBce. Ero MarHWTHBIH MOMEHT DaBEH HYJIO.
Pe3yaptar He 3aBHCHT OT TOTO, KakOH CTATHCTHKOH
OTIMCBIBATh DMEKTPOHHBIH Ta3: KIACCHMECKOW — Mak-
CBENIOBCKOI HIH KBaHTOBOH — (MepMu—/Iupaka.

To, ¥To npu paccMOTPEHNN AMAMATHETH3Ma — MNpU
BBIYUCAEHHH MarHHTHOrO MOMeHTa nipu H — (¢ — mox-
HO W HYXHO HCNOJAB30BATh Keawmoeanuste {(IUcKper-
Hbl€) YPOBHM 3JIEKTpOHA, — HeTDUBMajbHAasg Wes,
LEeHTPaJbHAA MBICAb CTAThH,

Wa crateu JI.I. Jlannay [1] ucropus coxpanmnma
apa TepmuHa: Janday yposnu w Janday duamaene-
musm (cM., Hanpumep, [9] 1. 1, c. 462 u 466), xora
CTaThb4 HasBaHa </lMaMardeTusM MeTaasIoBs . 3aMETHM,
uTO M3 HasBAHWA ACHO, KaKoi CBOH peayabTar aBTOp
CYHTAN THAABHBIM. ITO Kacaercs AmaMarHeTH3Mma rasa
9NEKTPOHOR, TO NIpHCBOeHMe eMy umenn Jlampay a6-
COMIOTHO cupaBeamuBo. lIpuceoenue umenn Jlanmay
YPOBHAM 3HEPIHH 3JEKTPOHA B MAarHUTHOM ToJe, HAJ0
IPH3HATBCA, He Tak GeccriopHo,

B toMm e 1930 roay setuna crates .M. Mpenxesnn
u M.I1. Bponwreiina «Kpanrosanue cpof0aHbIX ajek-
TPOHOR B MarHWTHOM nosie» [10] {cm. Taxxe [11]).
Dopmyna (11) sroit crareu {[11], ¢. 208) Toabko obo-
3HAYEHNAMH oTAnuacTcd ot Gopmyant {8) cratem J1. /1.
Janaay. Takum o6pasom, IHEPTHIO 3/MEXTPOHA B Mar-
HHTHOM II0JIé MPAKTHYECKH OAHOBPeMeHHO ¢ Jlanday
npokBaHToBann Dpewkesns H Dponumrreiin. B patore
Jlargay HeT ccblaku Ha paGory MpeHxens u Bpon-
mrefiHa, a y Hux — Ha paotry Jlanzay.

Y Jlanpay ¢ (DpeHKeneM GBLIM HENPOCTHIE OTHOLIE-
nuaA (06 arom ckazano B [11]), wo BpoHmreitu 6bw
6amaxmm npyrom Jlagnay. B 1930 roay Bponwteiin —
MONoAOH coTpyAsuk SIxoBa Mupuua. Cyas6m Bpon-
wreiina ¥ lly6auxosa noxoxu. M.TI. Bpowureiin
apecroad 6 asrycra 1937 roga ¥ paccrpensn 18 des-
pana 1938 rozxa. To, 4To no n0KHOMY OGBHHEHMIO, HE
cTouT A06asaath. Ecau 6b1 HE MACCOBOCTH apecToB M
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PACCTpecS B HepHes BoabIIoTo TePPpopa, TO CXOICTBO
cyne6 Bponmreiina u [Iy6HnKoBa, a Takxe GIH30CTD
JAT HX apecTa M CMEPTH MOIJM Obl 3aCTaBHTh IHO-
AYMaTb, 4TO JIEHMHTDAACKHA M XApbKOBCKHA OTAE/DI
HKB/| nedictsomain corhacoBaHHO. Tak 3TO HAR He
TAK, He 3Hal0. 3HAIO, YTO NPECTYILIEHHs COBETCKOTO pe-
SKMMa COTIPOBOXKIANE He[POCTYIO MCTOPHID, KAK M BCE
UCTOPHM M3 JKWU3HU COBETCKHX NIOflell, BHOCA Tparuye-
CKME 4ePThI JaKe BO BITOJIHE aKaAeMHUeCKHe COOBITHS.

OTeaeveMcs BPEMEHHO OT TOTO, 4TO He CBA3AHO C
thusuKoH.

Bo Beepenuu x cratbe Openkeas u Bponmrreiina
ecTb cchlaka Ha patoty Pabu [12] 1928 roaa, xotopad
COMpPOBOXKAAETCH CAEAYOIHUM 3aMeuanneM: <Pafu ro-
KasaJl Ha OCHOBAHWM ypaBHeHWi /lMpaka, 4YTo KBaH-
TOBaHMEe CBOGOAHBIX IE€KTPOHOB B MarHWTHOM TMoJie
FelicTBUTeIbHO HMeeT MecTo. /s Toro ¥To6s! yOe HTh-
4, 9TO JTHCKPETHDIA P/ YPOBHER SHEPTHH CBOGOAHOTO
SNEKTPOHA, ABHKYIIETOCH B MATHRTHOM II0JIe, HE ABJA-
€TCS OOAUHM K3 [IAPaJOKCOB, CBA3AHHBIX ¢ YPABHEHWS-
MU /lEpaKa, a COOTBETCTBYET PeAibHOMY (DUIULECKOMY
seaeruio (Kypeus moit, M.K.), xors eme u He o6Hapy-
JKEHHOMY JKCIEPHMEHTA/BLHO, NOJE3HO MOKAa3aTh, 4TO
TAKOE KBAaHTOBAHHE HEH30E/KIO BOSHMKaeT BO BCAKOH
(hopMe KBaHTOBOH TEOPHM — KaK B <«TOJYKAACCHYEC-
Koii» MexaHuke Bopa, Tak u B HOMHOBOH MeXaHMKe
Ilpeaunrepa u upakas.

KeaHToBasue, €CTECTBEHHO, ¢BO3HUKAET>, UTC GRTO-
pyl, KoHewHO, ¥ Tokaszanu. «OupasgaHues H3OpaH-
HOM TeMBb! UCCAEAOBAHMS BhI3bIBaeT vIBIOKY. Ho Hago
BCIOMEHTB, 4Te PabM HCMOJMb30BANT PEJATHBHCTCKOE
BOJIHOBOE ypaehenue B ToM ke 1928 ronmy, xorza oxo
6oino céhopMyruposano Jupakom, a B 1930 rogy eme
COMHEBAJIHCD, BCEM JIM CNEJICTBHAM U3 HETO MOXHO J0-

BEPATh. HOSHTpOH, OTKPBITHE KOTODOTO OKOHYATENLHC -

y6euL10 B cripaBe/mMBoCcTy Teopuu [lupaxa, OblLI 06-
HapyxeH B 1932 rofy, 4yepes ABa rofz Nocje TOT0, Kak
Dpenkenem u BponmreitnoM Oblaa HAHCAHA HHTHpPYe-
Masi CTaThd.

A Bor xax Pyjonnd Ilafiepnc, cuirpasmuil B orolt
HCTOPHU BAKHYIO DOJB, QIHCHIBAET HCXOAHDIE TOMI0XE-
Hpd, HCTIOAb30BAHHBIE JIaHAay 414 MpeAcKasaHua Aua-
MarHeTH3Ma 3JIEKTPOHHOTC rasa: <UTo6nt nosyuurs oT-
set (cywecmeyem duamaziemusmn unu nwem, M.K.),
Jlanaay paccMoTpes cHayaja JBH)KEHHME B ILJOCKOCTH,
NepTeRANKYIAPHOH MATHUTHOMY NOAI0. Tak Kak Kaac-
cHYecKoe JBIKeHHe TIPOCTo NepPHOANYecKoe H ypaBHe-
UM ABMIKCHUA JIMHEHHBI, CPAsy MOXHO CAeMaTh BHI-
B0/, YTO COOCTBEHHble 3HAUYEHHs JHEPTHH ecThb

E =(n+1/2)(heH/c}=Qn+ pH, 1)

n=0,1,2, ..
Tae p — marHeton Bapas ([7], cTp. 111).

Kazanock 6bl, C 3TOTO M MOMHO OBLIO HAYaTh.
Ho Jlasaay penaer Bce BHOJHEe Noc/efoBaTenbro, On
BRIGHpaeT Hauboaee YAOOHBIA BU/l J1 BEKTODA-TIOTEH-
nMaAla, MOAYEPKABAET CXOACTRO ¢ OCHH/IATOPOM H AK-
KYDATHO KBAHTYET HBHKEHUEe aJIeKTPOHA B IJIOCKOCTH,
NEpNeHZUKYIApHOH MarHHTHoMy nouwo. [eic 8 Tom,
YTO [JIA BBIYMC/AEHUSA MATRUTHOTG MOMEHTA HEoOXO/IH-
MO 3HATb He TOAbKO YPOBHM JHEPIrUM, HO U ILIOTHOCTh
cocTosHMI HAa KamZoM ypoeHe, VIMeHHO AnA 3TOr0o o
6BLAa BCE BBIKJIAAXA MPOJE/aHa CTOME aKKypaTHO (cM.
bopmyny (19) B [1]).

Tenepre o uurnpopanuu padorsl Openkend u Bpow-
wreiida [10]. B padote 1930 ropa Jlangay, mo-BuaumMo-
MY, HE MOT TIPOLMTHPOBATL HX PafoTy, TaK Kak, cKopee
BCETO, ee He 3HAN, Kak He 3Hamd o pabore Jlanaay
penkens v Bponmreiin. Caeaan n manucan Jlangay
cBolo padoty B Aurmun, 8 Kem6punxke. B koMaranpos-
Ke 3a Py6GekoM OH HAXOAHACH YXKe JOBOJIBHO JIOJITO.
Ho ecau 661 gae 3HaJ, A0J/KeH JH GLLT OH €€ IUTHPO-
Bath? Ckopee, paborel Pubu u Mora. Mau see tpn?

Ha nporsaxenun Beeil cBoell HaywHoH kusun Jlan-
JAY UHTHUPOBAA TOJBKO TO, YTO GBIIO HEOGXOUMO A
noHuMaHua ero crared. [loxosxe, Jlanaay sceraa uexo-
JIT B3 TOTO, YTO aBYop He 00s13aH 3aHMMATLCS UCTOPH-
elt HayKH, a JO/DKeH JOHECTH A0 YHTATEAS TOT HOGbil
pe3yAnTaT, KOToPhH oM noayuun. Hage npuskathes,
uTQ K Jaumcmeoganuam Jlanaay OTHOCHACH CTPOTO.
EctecrseHHo, KOTAa 3aMMCTBOBANH HEYTO ¥ HEro, 0co-
6eHHo ctporo. Ho HM 0 KArROM 3aMMCTBOBZHHH B NaH-
HOM Cly4ae Ped OBITh He MOJKeT.

Jomxra sau 6nia GpITh [POUMTHPOBaHA padoTa
B <«KBantopoli MexaHukes Jlamnay u Jludummna? B
§ 112 «/lpikenyie B OJIHOPOJHOM MACHHTHOM IOJIE>
(cm. [13]) dammia Jlansay ynoMuHaeTed ARaxas. B
Havane naparpada (c. 522): «OnpenenuM YpOBHH
SHEPTHH B NMOCTOAHHOM OJHOPOABOM MATHHTHOM MOJe
(JI.J. JManpay, 1930)». Bce uanoxenue BefeTCs Tak
*ke, Kak B pabore Jlangay 1930 roga. Caeayer otMe-
THTb, 4T0 B patore [10] HenoansesaH Apyrol BUI Bek-
TOPa-TIOTEHIHAIA, & aHANOTHS C OCHM/IATOPOM BOBCE
He moAdepkryTa (cp. co ckasaxHbM [laftepacom),

Bropolt pas ckasaHo, YTC AMCKPETHLIE YDOBHH 3HED-
run engimaarom yposuamu Jlawgays (¢, 524), Xouy
TMOFUEPKHY TS HE HAIWGAIOMCA, A HAIbieaom (B TPeTh-
€M JMIE), 49TO COOTBETCTBYET AEHCTBUTENBHOCTH. B
TeKCre maparpada, Npapja, BEIEACHDL CTIOBA SYPOBHA-
mu JTanday», a He TAATON <HAZHIEAION>,

C patoroéi QPpeuxens u DpormTedHa A 103Ha-
Kommiaca no cbopHuky [11], koraa nmcan crareio
«Cxro3b npusMy ncropnus» 118 Bectauka Pocewiickoii
AKaJIEMHH HayK B pYOpUKY «PambiuneHus Haj npodn-
TaHHOI KENrois (Tom 66, Ne 9, ¢. 841-847). Tak kak B
[11] ponpoc o6 orcyrerBuH B patotax Jlangay u B
«KBauTOBOH MeXaHHKe» CCBLIOK HA OGCYXIAEMYIO Da-
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GoTy nocTapjeH, g He ofomme ero MordanueM. Ho, kak
L TaM HATUCAJ, MW OTPEHUYHIACH <IOCTAHOBKOMH 9v0-
ro Bonpocar. XoTd MHe He XOTENOChH TAK AyMaTb, A
CYNTAMA, YTO Jef0 B HATAHYTHX OTHOMEHHAX MEXTY
Jlanpay 1 @penkenen. Kax u MHOr#HE, s 3HAA, 9TO OT-
rowenne Jlanaay k Dperreno Ovlac He 0YEHR XOPO-
wiM. Kak orHocuncs Openkens K Janaay, 4 He sHaml.
H He MOT MOHATE, B YeM MPMYHHA [LAOXHX OTHOMIeHHI.
IIpuaHathea, He HMOHKMAK M RO CHX TIOD.

A obparuncs € Buxropy fArxoeneruuy Dpeuxemo —
coiny B uctopuorpagy fxosa Wiabpuwa, Hagescs, 410
OH CMOXKET PA3BACHHTH INPHUHHY TJIOXHX OTHOMIEHHI
MEXlY ABYMA 3aMevaTe/bHbIMH (u3rkaMu. Bot kak g
onwucan B Becrruxe PAH (c. 846, 847) oTtser Buxropa
fxoBaeBHua: <...He 06BACHHB 31X (ILIOXHX) OTHOMLIE-
uui, B.H. nepeuncans HeCKOABKO NOCTYIIKOB CBOETO
OTIA, HECOMHEHHO J00POKenaTeabHbIX 110 OTHOHIEHHIO
k Jlanaay..., 0 3aMeTHA, 4TO, O €ro MHeHuw, Jlanaay,
HAYKHAA € KAKOTO-TO BPEMEHH, CTAT HECHMITATHYEH €70
otity» . B Kauecrre foxasatenncTia Buktop fkopaesuu
IpHBea HuTaTy M3 muckMa fkosa Masmua (omyGmuko-
Bano Ha €. 190 B [11]): <4 3aMeuaio, 4To MposABASID Ha-
JHIOHIOW TEPIMMOCTD B OLEHKE HAYYIHBIX ZOCTHKEHMH
TeX (PU3UKOB, KOTOPHIE MHE HE CHMIIATHYHEL..» Kax
cuntan Buxrop HkoBneBuy, B Goab110l Mepe 9Ta LIMTA-
Ta otHocuTes K JlaHgay.

B pasropopax co mHoit Buktop AxosreBnd, ¢ KO-
TOPLIM MBI APYSKHJIM, ToBOpUl GoJice ONpPEASAeHHO,
NOJMEPKHBAR HEYBAKHTENBHOE TOBeAeHMe Jlannay mo
oTHowenmn K AxoBy Masudy. MHe Bceraa Kasamocs,
uro Bugrtep fkopaesuy, Geaymuo mobusmwii oroa,
HECKOJIBKO TIPEYBEAMUMBAN CEPBEZHOCTH IMIPOCTYHIKOB
Jlangay (ans noHMManus nosefieHns Jlanaay TONE3HO
nipodects ouepk E.JI. elintepra «/lga Mannays [14]).
B gacTHOoCTH, B OTCYTCTBHM CCBUIKH Ha pabory (Dpen-
kens W Dponmreiina B <KpauroBoit Mexannke» a He
BHXKY HHKaKOr0 3/10T0 yMbICHA.

Iloanoe 3abpenne patorsl [10] oropuaer. B aromM
eCTE HECOMHEHHAs MCTODHYEeCKad HeCIpPaBeUBOCTE.
Beab B paboTe ecTh [0-HACTOAIEMY OPMTHHAMBHOE U
ONEPeXarIIee BpeMa YTBEDMKIEHHE: <...3JIeKTPOH B
MarHHTHOM NoJA€ 3aHHMAeT THCKPETHBIE YDOBHH 3HEp-
TMM ¥ IIDH [epexo/e K3 OJHOTO KBAHTOBOTO COCTOAHMA
B Gojlee HM3KOE MCITYCKAeT MOHOXPOMATHYECKOE M3JY-
YeHHe, .., nepexozrgr COOTBETCTBYET TOJABKO OJHA AAHMHA
BOMHEL Ay =1,1-10" /H {¢M), Tae H — HanpsxeHHOCTS
MarHHTHOTO 0. JT0 H3AyUeHHe, elle He OGHAPYKeH-
HOE..., ABJACTCA, MO-BHAHMOMY, HeOGXOMUMBIM CJef-
CTBMEM KBAaHTOBOHN mexannin {[11], ¢. 210)».

Tam, Tae ecTs n3IyYEHNE, AOMKHO GBITh U IOTI0IIE-
mpe. Ecau u3 untaTel y6path OCTOpOMXKHOE nO-¢uduMo-
MY, TO, NO-BHAHMOMY, 910 YTBepXKAeHHE — OJHO M3
nepBeIX, a, CKOPEEe BCETO, NEPBOE NPEACKAZAHHE LIUK-
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JIOTPCHHOTO pesoHaHca. Iloxoxe, sToT ¢hakT mponien
aaxe mumo B.A. Openxens.

IluxnoTpOHHBIN Dpe30HAHC OBIA OTKPHT H H3YUeH
KaK B IIOJAYNpOBORHHKAX [15], Tax u B MeTannax, rie,
Giraronaps aHOMAABHOMY CKHH-2(hbexTy, MHKIOTPOH-
HbIi pe30HAHC WMeeT CBOI CHenudURY, NpeAcKasan-
Hyio M.A. AsGenem u 3.A. Kanepom. Iloaromy unkno-
TPOHHBIH PEIOHAHC B META/LIAX HA3BBAIOT A3bems — Ka-
Hep-pezoHancoM [16].

CHayana yuxaomponisilj PeIOHAHC HA3BIBAICS dud-
MAZHUMHBIM, HO 9T0 HA3BAHME He 3aKkpermwaock {(cM.
[9], 7. 1. c. 236, TepMHH «AHAMATHHUTHBIN PE3OHAHCS ),
Benomunaie, uto Axee I'puropsesny Jopidman, npea-
JIOPKUBIIMGT HCIIOABI0BATE AHAMATHATHEIE ((MKAOTPOH-
HEIft) peaoHanc Ans usMepeHus 3(heKTHRHON MACChHI
S/EKTPOHOB B INOJYIPOBOAHMKAX, TIBITAMACA <3allH-
TUTbS TEPMHH JudMazHumHetll Pe3oHanc, YTBEDXAAs,
YTO He CAeJyeT HMEeHOBATh (PU3HYECKOE SBICHHE 110 Ha-
3BaHHMIO IpH6oOpa — HMKAOTPOHA. U Bee ke HazpaHue
Juamdznuttubtii pe3onanc He 3aKPernuioch.

He mory oTBeTHTh Ha BOIPOC, KTO [EPEBIM YIIOTPE-
Onn TepMuH ypoenu Jdanday, Hasranne 3akpennioccs,
NoxoXe, HaBCeTAa.

Auamaznemusm 30eKTPOHHOTO Iagd Kak pe3yJsbTar
KBAHTOBAHMA [BMMEHHS JJICKTPDOHOB B MAarHHTHOM
noje 75 AeT Hadal, HECOMHeHHo, npescxadan Jles da-
BuAcBHY Jlannay,

IPEACKA3AHHUE OCIIWJIIAIIUMOHHBIX
SABJEHUN

Crateio [1] JILJI. Jflanpay mucan B Kapenaumckoit
maGoparopun, B Kemfpuawe, rae [lerp Jleownnosuy
Kanuna nposogun scenefoBanis 32BUCUMOCTH OT Mar-
HHTHOTO NI0JS COTIPOTHB/IeHE MeTa0B (B YacTHOCTH,
u BucMyTa). ITy6nuKauMK ¢ PesyIbTATAMH O BHCMYTE
Bhinl U3 nevati B 1928 reay. Luka paGor Ilerpa Jle-
OHHAOBHYA ToTC BpeMeHH [17] mpueen, kax uaBecTHo,
K OTKpBITHIO 3gKkona Kanuyw — nuHeliHoro pocra co-
ITPOTHB/JIEHHA METAJJIOE ¢ MarHHTHBIM TOMNEM, €CHH
MATHHTHOE Y0J1¢ JOCTATOUHO CHABHOE. B 3To Xe Bpems
B Jlelinene Jles Bacusmerwa [ly6uuxos 1 Bangep Ho-
xaHec Je ['aa3 ycTaHOBHJIH, YTO COTEPOTHBACHHE BHCMY-
T2 NPH HU3KHX TEMIEPaTypax OTHIOAL HE MOHOTOHHO
3ABUCHT OT AOCTATOYHO CUABHOTO MATHHTHOIO IO
Xots pexopaHo 60.1b1IT10€ MarHUTHOE 10sie 6bio v Ka-
TUIBl, HO, Kak ycraHoBHMM B Jleliaexe, vy Kanuupr
GblLIK HEZOCTATOUHO XOPOIIHE 06pa3Lbl, a TEMIIEPATYPa
— HE[OCTaTOMHO HESKa. IIpuymHa pasauuns Gpiaa no-
uaTa. Kamuia He Mor HaGII0ZaTh OCITMAAANMI, HIH He-
MOHOTOHHOW 3aBMCHMOCTH, KaK TOIZIA Ha3blBajAH OT-
KpbiToe B JlefiaeHe apaenue,

JTa, HECOMHEHHO, ApAMATHYECKas CHTYalMA A0-
BOJIBHO IIOIPOGHO ONMCaHa B crathe B.M. Bepxuna u
ap. [3]. He 6yay ee untnposats, Tenepp, KOTaa noHs-
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to, uto UlyGHukos # ge [aaz naGaogamIn KBaRTOBbiE
OCIMJUIALMH, B 3TOM PA3JHNYWH HET 3aTaJKH a30THAA
TeMNEePaTypa, CaMad HA3Kas, NPH KOTODOH TPOH3BO-
aua sxcnepuMerTsl [1.J1. Kanmya, caMmixoM BeICOKA.
K toMy e, xak okasamoch, d ofpasubm y Kamuum
6bumn xyxe, yem y Uly6uukosa u Ae Taaza,

Yrobpr HAOMIOAATE OCLMJJIALMH, [Hy@HHKOB q ae
T'aas npoBoAKAM SKCIEPHMEHTE NPH BOJOPOAHCH TeM-
neparype. Beuue ynomueasochk: 8 1931 roay Jlesa Ba-
cunsepnya He euintycruns u3 CCCP B Jlefinen, rie on u
ze Taas mpeamosaragy MPOBECTH M3SMEDPERUS [PH Te-
anesoll Temnepatype. Ormidye ot pesyabTaTob Kamm-
bt 66110 661 enle pasurensteii. [lozanee, B 1933 roay,
6e3 HenocpencTserHoro ydactast 1Ty6HMKOBa, compo-
THBJIEHHE BUCMYTA B MarHHTHOM IIQJIe€ MPH TEAHCBBIX
TeMneparypax 6puto uamepeto [ 18], Caeayer nosuepx-
HyTER, 4TO B COCTABE ABTOPCKOro Ko/dekTusa Jles Ba-
cuaneerd 11y6HUKOB ecTh. O4eBHAHO, COABTOPHI XOTE-
O TeAYEPKHYTh POJb KOJUIETH, KOTODOMY He JaiH
BO3MOXKHOCTH [IPOJOJKHTD HAUATYIO MM M TAKYE Y-
nemnyio paboTy, a, BO3MOXKHO, A¢ ['aas u Boawd moan-
soBanuck coperamu 1llyOnuKkona.

Iukn crateii, cooburamiqux 06 OTKPLITHH HOBOTO
sBgenus1, Opin ony6auKoBaH aumik B 1930 roay B BBI-
nyckax «Coobuennii ¢pusuveckoil nabopatopuu Jlei-
aenckoro ynnpepcureta» (Leiden Communs, ccpiiku
[1-6] B cTathe B.. Bepkuna u ap. [3]).

3man mu Jagaay, Koraa mucana padoTy ¢ AHaMarHe-
TH3ME, ¥TO HEOCIOPUMO HabII0feHa HEMOHROTOHHAA 3a-
BUCKMOCTE OT MATHUTHOTO NG/ CONPOTHBJICHUA U Mar-
HHTHOTO MOMeHTa BucMyTa B Jlefinene? A 6ola yseped,
uro Jlangay 06 3toM He 3uHaha. JleficTBUTENBHO, TPYAHO
cefe [IPe/CTAaBUTL, YTC, 3Has @ HAOAXIEHHH OCIWJI-
asumi, Jlauaay sblckasancd 6b1 CTOMb ONpefe/IeHHO
o seHaamwaaeMoctr ocuunnauuii. He caeayer yman-
4HBATH, YTO, NPEACKA3BIBAA TIEPHOJAHYECKYIO 3ABHCH-
MOCTh MATHUTHOTO MOMEHTa, OH BMOJHE HEABYCMBIC-
ACHHO 3aMedaeT, 4T 10T 3dbeKT HeHaGmogaeM.

IIpueenen uutaty U3 [1]. 3anucas ycaosue mpume-
HUMOCCTH TEOPHMH AHAMATHETH3MA B BHJIE HEDABEHCTBA
(32): uH << kT, Jlanpay yreepxaact: <Ycaosne (32)
MEPECTACT BRIMOMHATLCS NPH OdeHb HU3KHX TeMIlepaTy-
pax 4 B CUJIBHHIX NoJaAX. B aToM nocaeamem caydae
Morsia OB BOBHMKHYTh C/O0KHAS HeJWHEHHAs 3aBHCH-
MOCTh MArHMTHOTO MOMEHTa OT TOMA, KOTOPad K MoMY
xKe umend Gol cuasHyo nepuoduunocmes no nowo. Oa-
HAKO MMENHO Garoaaps NepUOJNYHOCTH Halrwdenue
HEAUHEUHDIX ABACHUT GPRO AU GOIMOKHO IKCREPUMEN-
maavio, MOCKOAbKY M3-32 HEOJHODOAHOCTH PeaNbHBIX
noseii Beeraa GyAeT NpPOUCXOAMTH yepeanenues ([1],
c. 52 B Co6pauun Tpyno., T. I, Kypcur moit, M.K.).

I0.A, @peiivan ofpaTusl Moe BHEMAHHE Ha TO, YTO B
1929 rogy Janpay nocerun Jletineu [19]. Hepozmoxno
cefie NPeACTARUTE, HTOOL 3HAKOMEIH eMy 1o JIeHHHTpa-

ay Ji.B. HlyGaukos He HofeTHNICA C HHM CBOUM OTKDbI-
tuem, Hamgo moguepknyts, uro lly6Hukos M ne 'aas
CBOE OTKPHITHE BhICOKO aueHHBaan. Kparkoe coofine-
HHe 0 HeMm myOmuxyerca B Nature [20]. U B aeftnen-
cKoit my6aukanun, ¥ B Nature B Ha3saHNl cTaTel ecTb
CAORA HOGOE ACNEHUE.

B uem me aeno, novemy Jlanaay o6 atom He 06mMoII-
Buaca? CkasaTh 4To-mufio BHIONHE ONPEJENCHHOE 51 He
Mory. MOMKHO BBICKa3aTh JHIUb HMpPeANCI0XKeHHd. Te-
neph Mel 3HAEM, YTO Nepuoj mpeAckasaHubix Jlangay
OCIMJIIALMH CYIECTBEHHO 3aBUCHT OT Pa3MepoB Mmo-
repxtocTH Mepmu. Jlanpay Aenan OUEHKY, HCXOAA U3
mozean Hpyne—Jlopeniia— 3oMMepdennaa. Ilo stoit
MOJe/H TLIOTHOCTD 3MEKTPOHOB NPOBOAMMOCTH (CBO-
6OIHBIX 3JIEKTp0HOB) JoaxHa Obite ~ 10 3 1/ CM3.
Hpy Takoil NAOTHOCTH 3JEKTPOHOB IEPHOA OCUHIASA-
it ouens Mana. B 30-e roasl ocumas My ¢ TAKKMH 11e-
puojAaMu JefCTBHTENBHO OBLIH HeHabmoaaemst (MM
CBEPXYHCTEIX MOHOKPHCTALNOB, HU HeoGXOAMMBIX Mar-
HUTHBIX IONEH He GhLIO B PACTOPSKEHHY SKCIIePHMEH-
TATOPOB), 3aMEeTHM K TOMY K€, YTO B MyGJHKAIMAX
Ily6uukoBa u ae laasa €/10Ba OcyiaAAyUy He OBLIO.
ABTOpPBL CUMTAAN CBOHM OTKPBITHEM HEMOHOTOMHYIO
3ABMCHMOCTD XaPAKTEPHUCTHK BHCMYTAa OT MATHHTHOIO
N0JIA, Ha/JAWYMe MMHUMYMOB M MaKcHMyMoB. JleitaeH-
¢KME KPHMBBIE 3HAYMHTEABEO OTAMYMAANCH OT TOTO, 4TO
cneaoBaito u3 oneHok Jlanaay. Iloxoxe, Jlawaay He
Mor cefie MPeACTaBUTh, YTO IPHPOJA OTKPBITHIX B Jleli-
JeHe ABJNEHMH Ta, 0 KOTOPOH OH yNOMUHaeT B IIPHEe-
JEHHOM OTpbIBKe U3 patorst [1].

BosmMoxHo, ecTh eute o/iHa NPHYHEA YMOJIYaHUA pe-
syxpraroB lly6unkoea u e aaaa. Juneitnas 3asucu-
MOCTb OT MArHHTHOTO TOJA CONPOTHUBACHHS YKE KaK
GBI TIpoIOAa ITPOREpKY BpeMeneM (¢ MOMeHTa omyGum-
KoBanua Kamunefl ¢BOMX pe3yJbTATOB TPOLLIO ABA
TOAa), & CTATBH ¢ OIHMCAHUEM HEMOTOHHBIX 3aBUCHMO-
cTell MO0 TOJbKO BHIMUM M3 JEYaTH, JuO0 AaxKe elle
He Gbus ony6auxosaHbl. Jlw6onsiTHO, uto JlaHzay B
patote |1], ymomuHas ¢ JauHeilHOH 3aBHCHMOCTH CO-
OPOTHBJIEHNS, He IPUBOHT CCHIAKY Ha ony($JIHKOBaR-
nyio padory I1.JI. Kammer (cM. umxe).

Togueprnenm: xora Janaay B cratse [1] 1930 roaa
COMHEBAJICA B BO3ZMOMKHOCTH HAOMIONEHHS OCLMJLIS-
LM, OH NOHHMAJI, YTO KBAHTOBAHHE SHEPIUM 3NEKTPO-
Ha IGMKHO NPHBECTH K CYIUECTBOBAHHID OCHU/LIALMOH-
HB{X ABNeHuil. He TeopeTHKH, a 3KCIEDHMEHTATODRI
JOJKHBL HAWTH BO3MOKHOCTE M O6BEKTHL, KOTOPLIE TIO-
3BONAT OGHADYKWTH ABJEHHE. JKCIEPHUMCHTATOPBI B
AanbHeiuiem G/ecTAIIE CIPDABKIKCE ¢ ITOH Jamaqei,

Byaem tounst: Jlanpay s paGote [1] roBoput He 06
adderre LlyOuuxosa—ge Taasza, a 06 addexre ae
l'aasa—paH Anbdrena. [To-Buaumomy, padora [1] He-
CKOJIBKO orepeguaa nmybaukauuio Ae [aaza u Bag Anp-
tdera. Onucanue IKCHNEPUMEHTANBHOIQ OTKPRITHS
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<CHOMKHON HeAMHEeNHON 3aBHCUMOCTH MaTHHTHOTO MO-
MEHTA OT TOJISi» ABTOPHI OIYOMMKOBAIY B ToM e 1930
roay ¥ cioBa B Leiden Communs. HecoMHenro, uro
Jaugay noayyennsie B JleiineHe pesyapraret HIyGuu-
kopa-— e [aaza He TpaxroBan Kak ocuunndumn. s
MEHSl GCTAETCA OTKPBITEIM BOOpoC, 3Haia JH Jlanpay o
HAOM0AEHNH HEMCHOTOHHOMH 3aBHCHMOCTH MarHHUTHOTO
MOMENTA OT MATHHMTHOIO IQAs. JKCIEPHMEHTATODHE
{llly6aukos ® aa Taa3), Haba0AaBIIME OCUHIASLHY,
He TOIbKO He 3HaJIM IPHPOAK! SBJICHHS, HO M He [IPOH3-
HEC/IH CAOBO OCUUALAYLL.

Xouerca o6parHTs BHAMAHHE HAa WHTYMIMIO, KOTO-
pywo nposeniay Kak [ly6uukos u e Faas, Tak u Jlan-
Aay. Bce oHH MpekpacHO NOHUMATH, YTO JOKHA GBITh
KOppeaAdus MeXIY 3aBHCHMOCTAMM OT MArHHTHOTO
MOz MACHHTHOTO MOMEHTA M CONPOTHBJEHHA METARNA,
Houumanu a0 TOre, Kak TeopHs O60MX sBJEHUH Oblia
nocrpoeHa. 3Hait Jlasgay, 4T0 OCHHTAHOHHLIE ABJC-
HUA HaOM0/1eHb], UX TeopHa Gbina Ohl OMyOAHKOBAHA
HA MECKOJBKO JET paHbile, 4eMm ony6auxoBaHa Gblaa
daxTHYECKH, a ¢ ee myGaukauneil He BOIHUKAM OHL Apa-
MaTHUECKHE OCJIOIKHEHHA,

Kak yxe oTMeuanoch, OTKpHITHE HOBOTO MAKpo-
CKOTIMYECKOrO KBAHTOBOLO ABJIEHHUS — OCIHJAAIHMA
€ MACHUTHBIM TNOJEM 3JEKTPOHHBIX XapaKTePHCTHK
METAI0B — 3HAMEHYeT Havajio HOBOIQ 3Tala B H3yde-
HIY HOPMANBHEIX (HECBEepXNPOBOAINMX) METAJIOB.
Temeps MbI 3HaeM, 4YTO OCHMILIANUOHHBE 3hDEKTH
weobeiualino uHdopMaTuBHB. PopMa MoBepxHOCTEH
@epmn GONBIIMHCTBA METANIOB YCTAHOB/EHA IYTEM
HCCIEX0BAHNA OCUMJLIANHOHHBIX #ARaeHuii, Ho eme
A0 TOTO, K3K HAYAN0Ch NJAHOMEPHOE BOCCTRHORB/IEHHE
ropMbl  hepMu-TIOBEpXHOCTEH IO IIEpPHOAAM OCLHJ-
aamu, s¢dexrsl Ily6auxosa— e laasa w ge Taa-
3a—BaH AnbdeHa NMpHUBIEKaJH BHUMAaHHE TeM, 4TO B
KaKAOM METAJIE OCIH/IISIUHOHHEbIE 3(ybeKThl BHITIA-
Ae K HETIPUBBIYHO MHAWBHAYAIbHO. BCIOMHHM, HTO IO
OONBIIMHCTBY CEOMCTB, TAKHX, KAK CONPOTHBJEHHE,
TEILIONPOBCOAHOCTD, TOBEPXHOCTHERIN HMIIEAAHRC, TeILIo-
eMKOCTh, BCE METAJLIbI OXOXKH APYT HA JApYra.

B yueSnuxax u MoHorpadmuax auaMarnetusm (Bme-
cTe € 3¢l(i)BKTOM ne [aaza — Ban Anbdesa) 1 raabBaHO-
MarHutHele geneHns (Bmecre ¢ addextom Hly6HuKo-
Ba—/e [aasa) M3IaraioTca B PasdHbIX 4acTAX TeopHu
TREPAOrO Tesa; AHaMarHeTwsM ¥ 3(pdexr ne Taa-
3az—BaH AnbdeHa — B CTATHCTHYECKOH TePMOAMHAMH-
Ke, 4 TaJIbBAHOMATHUTHLIe sBAerua U sddext 1IyOHH-
KoBa — e ['aa3a — B KHHETHKE, XOTH HCE 3TH ABJCHHS
— pa3miiHBIe CAeNCTBUA OfHOTO U TOTO XKe — BJIHA-
HUA cuanl JlopeHila HA ABHXKEHWE 3JIEKTPOHOB MPOBO-
OHMOCTH,

EcrecrBenHo, 3anuMasch B KemGpuaxke uccneaosa-
HHeM MOBeAEHUs CBOGO/HBIX JJIEKTPCHOB B MACHUTHOM
none, Jlauaay aagymbisajcst o peaynabratax ILJI. Ka-

nuunl. B crathe 06 3TOM cKasaHo: <B saxmamovenue A
XOTesl OBl BHICKA3ATH NPEOROAONKEHUE, FTO HIYUEHHOE
ABJEHHE MOXKET NIPOACHHTE MPHYHHBE oTKpeiTore ILJL.
Kanune# addexra amneHHOro H3MeHeHUA COTPOTUBIE-
HHA B MarHutHoM noges ([1], ¢. 35 B CoGpaunn Tpy-
408, 1. I). CaoBo npednonoxerue BBAETAN 4, YTOGHI
NO4EPKEYTE HENOJIHYIO YBEDEHHOCTh ABTOPA B CNpa-
HELIMBOCTH CBOETC BHICKA3bIBAHHMA. TeNeph HIBECTHO,
YTQ MOHOTOHHAS 32BUCHMOCTD COTDOTHBJEHHA OT Mar-
HHMTHOIO TIOJIS HE CBS33HA ¢ KBAHTOBAHHEM [BIKEHHS
JEKTPOHOB TIPOBOAUMOCTH B IJIOCKOCTH, NepReHAuKy-
JsipHoit MarHuTHOMY noXo. CyHlecTBEHHYIO POAB HI-
PaeT XapaKTep 3aKOHA AWCHEPCHM AJAEKTPOHOB M, B
YaCTHOCTH, TOMQ/OTHA NobepxHocT (DepMm MeTanaa
{21,21a].

[puseqem uz paGoth [ 1] elre Apa BaKHBIX 3aMEYAHKA,

Bo-TIepBEIX, KaK CKa3aHo TaM, B MaJblX IOJAX 3aBH-
CHMOCTh CONPOTUBJEHHA OT MArHHTHOTO TONA A0/MKHA
GbiTs KBaApaTHuHOH (KBaApATHYHAA 3aBHCHMOCTH —
CJIeACTBHE CHMMETPUH KHHETIYECKHX KO3 (DHIHERTOB,
yero Jlanpay He pa3bsCHAET).

Bo-BTOpBIX, NpHUBEAEHA ONEHKA, KAKOE IOJje HAI0
cyurars SoneinuM. Onenka cgopMynpoBRaHa B BHAES
HEPABEHCTBA

H>>ec(N/V)p, (2}

((40) 8 [1]), rae p (y Jlanpay R} — ypenbHoe conpo-
THRJCHHE PACCMATPHBAEMOIO KpHCTALIZ. ITO Hepa-
BEHCTBO COBIIAJAET C HEPABEHCTROM [ >> rpy, rae [ v ryy
— pauHa ceoBopaHoro npoGera H pagkyc OpOHTH B
MATHHTHOM T0sie ()EPMMERCKHX 3eKTpoHoB, B cTarbe
37O OTMeueH0. Bofbiiasg AMHHA Mpobera Mo CPARHEHHH)
¢ paanycoM opSUThI 0fecetHBaeT 3AEKTPOHY BO3MOK-
HOCTb HECKOJIBKO pa3 oS0 TH BOKPYT MarHMTHbIX CH.TO-
BHIX JAHHWH, 4TO CYIIECTBEHHO U NPH OMHCAHUH OCIUJ-
manuonnbtix addexror (ae aaza—pan AubbdeHa u
[y6unkosa— xe [aasa), ¥ B TEOPHY raJbBAHOMATHWT-
HBIX ABJeHuH. BaxHO TO, ¥TO HEpAaBEHCTBO 3aMMCaHO
Jlangay uepes yaenbroe comporusiesue, OHo npes-
BOCXHIIRET HAa BOCEMb JeT (POpPMYJHDOBKY npaeiid
Konrepa [22].

lpasuzo Konepa mo3poauao YIOPAAGUHTD JaHHbIE
0 MArHUTOCOMPOTHBAEHHIO ¥ CHOPMYTHPOBATE DOLIME
YTBEDKACHUS 0 IOBEACHHMH PA3AMYHBIX METALI0B B
MATHHTHOM noJe. 3To GblA0 BecbMa CYIIECTBEHHO
AAS TEOPHH TaNBBAHOMATHHTHBIX SBACHUH M 110MOr/0
MpH CPaBHEHUH TeOpHM ¢ sKcmepumentoM (M. [21],
§§ 27,28).

HanomuumM: cornacHo npasuay Konepa

ap = [p(H) - p(0)]/p(0) (3)

CAefyeT MpEACTABAATh kak  ywkmuo Hop, =
= H[py;3/p(0}]. O6o3HAYEHHA TAKOBBI: Pyss — KOH-
CTAHTA AAHHOTO MEMAAAG — YAEMbHOE CONPOTHEACHHE
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npu reMmeparype 273 K, p(H) — yaensHoe conpoTHs-
nenwe B nonie H, a p(0) = p(H = 0) — ypensHoe co-
npoTuBieHue 06pa3ya pu H = 0, B ofoux caydaax —
1P TeMIepaType skcnepumenta. IIpH HU3KOH TeMme-
parype p(0) n p{H) saBucar or cocrosnHg ofpasia
{ero YMCTOTERI, HAMYKS HAH OTCYTCTBHA ZHCAOKAILME o
up.). OdppexTHBHOE MarHuTHOE HONE H, g © TOTHO-
CTBIO 0 MUC/AEHHOTG MHOKUTENS, olero A4 Bcex of-
Pa3UOB AAHHOrO MeTaslla, COBNALAET ¢ OTHOUIEHAEM
/ry (cm. pomme).

B xoune crathu JI.JI. Janpay mumer: <Ilose (40)
HAXOAUTCH B XOPOLIEM COMMIACHH ¢ KDHTHIECKHM TOJIEM
B ombitax II.JI. Kanunel, uro MOXHC paccMaTPHBAThH
KaK noarsepxaenue Teopuu (cm. eime, M. K.). Ilo-
CTPONTH KOJMYECTREHHYID TEOPUK) MHe IIOKa HE yna-
JOCh»,

OJTa TpycTHast KOHCTATAllHA, cAlelaHHAd 73 JET Ha-
3aj], HAUOMHHJIZ MHE coOprrust 3{-TeTHe#l AABHOCTH.
Pyxopoaurens Kpuorenno# naGoparopuu ¥ OTH Bao-
puc Feopruepuy JlazapeB JIOGHA TONHEPKUBATD, YTO
TEOPETHKM He Beeraa npabBel. Ha cemurape Kpnoren-
HOH MaBopaTopuy, KOrAa TaM JOKJIaibBaNach TEOpHA
raJIbBAHOMATHHTHLIX ABneHul [23,24] B.T. aaMetsir: <A
Jlangay-to cuMTas 3aHATHE TaTbBAHOMATHHTHBIMM SIB-
AeHHSMH 30070THel» . 3oonorneit Jlanaay KaspBas 10-
AyuenHe B co6UpaHyie GOMBITOTO KOJHHECTBA OIILITHBIX
[AAHHBIX, HE UOMKPENlNIeHHBIX CBA3BIBAICIIEH HOeel.
HeiticTBuTe/ibHEe, goaroe pema Jlavaay He MoAepKH-
Bajl 3KCIEPHMEHTAMTBHBIE HCC/AeA0BaHIA raJbBaHOMar-
HHTHBIX CBOHCTB METa/LIOB, CYHTAd, UTO MOAYHAEMbIE
HKCIEPUMEHTANBHBIE JAHHBIE MATOMHQGOPMATHBHDI.

Koraa teopust raapBaHOMATHHTHBIX SBJEHM# pac-
ckasniBanach flaggay, To ofpartiaa Ha ce6a BHHMaHue
ero HeofblvHAN NPUAUPYHBOCTE. Kadanock, emy He Be-
PHTCH, YTO YARAAOCE MOCTPOUTE TEOPHIO, CBOGOAHYIO OT
YOPOIUAIIKX TPEATOI0KEHIH 00 2/IeKTPOHHOM CIIeK-
tpe. Koraa Jlaupay yGepuics, 4TO pe3yabTaThl BEPHBI,
OH BBICOKO ouUeHua padoTy W NMoJuepKHUBAJ ee 3Hadve-
e, Heyxear s Tewenne 23 nmer Jlangay ouIyIHan
oropyeHue, 4TO eMy He YIaJ0Ch MOCTPOMTh KOJMYeCT-
BEHHYK) TEOPUX raJbBAHOMATHUTHBIX ABJEHHI?! Same-
THM, YTO TECPHS I'a/IbBAHOMATHRTHRIX ARACHUH pasbac-
muia npupoay 3axona Kanmust {cM., Hanpumep, [25];
B 060HX HCTOYHHKAX €CTh CCBIJIKH Ha OPUTHHANbHLIE
patoTbi},

IBOOGEKT JE TAAJA-BAH AJTBPEHA Y
JJEKTPOHOB C KBAAPATHYHBIM
3AKOHOM JHUCIIEPCHUH

B <Kypce reoperndeckoit dvsurus Jlanaay u Jud-
wuna Teopud addexta ge Naaza—san Aandena usno-
MeHa ABANABI — B ofeHx gacTax CraTucTHueckol -
anka ([26] n [27]). B uepeoit wacTH BBIBeACHA
dopMyIa OCIMANANKOHHON 3aBHCHMMOCTH MAarHHUTHOTO

MOMEHTa Ta3a CBOOOAHBIX JJIEKTPOHOB B MATHHTHOM
HoJe, 4 BO BTOPOi HaCTH H3noKeHa Teopus addexra ae
Faaza - pan Ansdena MeTalnoB, ¥ KOTOPHIX 2J€KTPO-
Hbl MPOBOAYMOCTH — KHA3MYaCTHibI-DepMHOHBI, 3a-
KOH QHCIEPCHU KOTOPBIX IPOH3BOJEH.

B meproil acTH nocie noAyueHHa BIPAKEHHI A4
OCLM/LTMPYIONIEH YACTH MATHHTHOTO MOMEHTA CBOGOA-
HOro raaz snexrposos crout: (J./4. Jauday, 1939},
HO nocae ¢passt «21a QYHKIEA OCIHHAAUPYET ¢ 60/b-
1ol YACTOTOH» eCTb MOACTPOYHOE IIpHMedaHHe: «I-
exT ocUH BN HAMATHHYEHHOCTH OBL KaYeCTBERHO
npeackasan Janday (1930). Jro ssneHue B MeTal-
Jgax HazbibaoT adupextoM ae [aasa-—BaH Aandena.s
(c. 205). KauecrBentbIM npefAckasanneM addexra oc-
UHIAANMA ABTOPH CYHTAIOT TIPHBEAEHHYIO Bblme ppa-
3y ua crarbu Jlangay </IHaMarHETH3M 31eKTPOHOB»
f11.

B Co6panuu tpyaos JI. /1. Jawaay (1969) ynomura-
eTcd JIMHIB OAHA padora, aaruposannai 1839 rogeM:
«06 sdpdexre ae Taasa—san Asabdena» (tom 1,
c. 317). B npuMevanuy K HAZBAHKIO CTATBE YKAa3aHO!:
<IIpunoxenue k cratoe [[. llendepra, Proc. Roy. Soc.
A170, 363 (1939)».

Crartbsa HaunHaeTca caeayoiuelt dpasof: «/1a no-
JIyHeHUs (POPMYJNBL JJIS1 MATHHTHOH BOCIPHMMYMBOCTH
TIpH HEIKWX TeMiepatypax (B H30TPOIHOM CJy4ae) Ml
HauneM ¢ ypasHeanit (17) u (18) pa6ors Basxmana
[1]...» B crmucxe mareparypst crour: [1] Blacman,
Proc. Roy. Soc. A166, 1 (1938). 1 konvaercs Texer
ynoMHHaHueM cTaThll Baskmana: <«llepexox x anu3o-
TPOTTHOMY CJAYYals TIPOH3IBOAWTCA AHANOTHYHO TOMY,
KaK 3TO c/lefaHo B cTaTbe Baskmana...» (c. 319).

Ccrniika Ha pafoTy BaskMaHa BBLIAET aBTOpa TEKCTA
Mpuroxennsa. 2to, Hecomuenno, PP. Ilaitepnc. B ero
kuure [7] «Cropnpusnl B TEOPETHYECKOH (HEHKE», B
KOTOPOH KPAarko usaoxeHa Teopusi adydexta ge [aa-
3a—BaH Anpdena (§ 4.4), ects ucTopudeckas crpas-
ka. [puBeay ee MOMHOCTEID: «OCUUINATOPHOE [I0BEgE-
Hue Obuto otveveno Jlawnay B ero nepeeff pafore mo
JAWaMATHETH3MY, HO OH CIMTAJ, YTO Ha NPAaKTHKE 3TH
ocupanandy  weHaGatogaembl.  [losroMy OTKpRITHE
ocuananuii 8 Bi ge laazoM w pan AmndenoM mokasa-
JIOCh COBEPIICHHO TAMHCTBEHHBIM.» 3aTeM aBTOP 3TOi
kuuru (P. [laliepsc), IPONYCTHB MM 3a0BB 3aMeda-
mue Jlangay, BPEATOKII KBAHTOBAHHE OPOHTEI KaK HC-
ToUHHK 3¢hdekTa H NPOUANIOCTPUPOBAN 2T0 TPYGLIMH
YHCAEHHBIMH PACHETAMH, KOTOPEIE TO3AHee GbLMH Mpo-
nomxens! BaskmanoM, Henoavaoeanue gopmyv cym-
suposanus [lyaccona Geie npednocxeno Aanday
(kypcus Moli, M.K.), Dofee nojHoe M3A0KeHUe BO-
npoca cM. B kaure JI. IllenGepra [28].

Beé — npasaa, wo e Bex npaega. C anpess 1938
roga go anpeas 1939 roma Jlampay Haxopuiaca noa
apecroM., McTopHA eTo OCBOGOMAEHUS repoRYeCKUMH

Puarka HMakux TeMnepartyp, 2008, 7. 32, MpunoxeHne
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yeuniamE Ilerpa Jeoumaosrua Kamuuwr xopomo u3-
BectHa. K crpaganmaM B 3acTenkax JIyOSHKM HeRo3-
MOXHOCTb ONyGaHKOBaT: Teopumo a(derra ne Taa-
3a—BaH Anbdena A Jlangay Mano uro go6aswaa. JI.
Ulenbepr B 3707 3JONCAYMHAEIA IO/ 3aKAHYHBAN CROK
paGoTy no HCeaeJ0BAHNIO KBAHTOBBIX OCUMAAAINMIt B Bi
B VHcTuTyTe (DM3HUECKUX NPOGIEM, HCTIOb3YH JHAME-
HATHA Kanmuuescknit Maraut, Ho-sBuaumomy, BMecTe co
CBOHMH 3aNTHCAMH OH BBIBE3 YepHOBUK paboThl Jlanzaay.
ITOT HePHOBMK U Jer B OCHOBY [IpuioKeHHA K cTarbe
IIen6epra.

H eme oxnHo gomnosenve — MHTATA W3 BOCTIOMUHE-
nui Anexcanapa Wmeuua Axnesepa [29]: «..1 6win
NOTPACEH €ro MarTeMaTH4eCKMM TAAaHTOM..., KOIAa
Jlaupay zananca teopmeidl abdexrta se TInasa—mpan
Anvdena... Jas omucanua arux ocuuasmi Jlangay
NPHMEHRJ HEKHiT IpHeM, KOTODbIH HaM crnepsa OB He
HOHATEH, Ja PasbACHEHHEM 5 00paTHaCa K MoeMy Gpa-
1y (x maremaruxy Haymy Hasuuy Axueszepy, M.K.),
¥ OH o6bAcHMA MEe, uTo Jlanzay, o cyTH, npumen He-
3aBRCUMO K 3HaMeHMTod hopmyne Ilyaccona, o xomo-
poii on nukezo we anany (BeiaeaeHo MHOI0, M, K.).

Koneuno, B «Clopnpussi B reopernieckuil busvkes»
TeopHa 3Pdexra ae [aasa—BaH AdbdeHa monaia He
H3-3a ocaoxHeHuit ¢ ee myGankausei. P. Iafiepac mo-
CHHTAN CIOPIIPH3OM, KaX JIeTKO crpasuaca Jlaupay c
TPYAHOCTBIO, 0643aHHOH ToMy, UTO 2¢eKT onMChiBa-
ercA (YyHKHUEH ¢ CYIMeCTBEHHOH 0COGEHHOCTHIO, AJA
BHIYHCJIEHHA XKOTOPOH Heab3st MCHO/AB3OBATL TEOPHIO
BO3MYIEHHI, X0TA B 3ajla¥e €CTh Majbli mapamerp.
B paspueitimem ucmospaoBanme dopmyas: Iyaccona
TIPH PAcCMOTPEHHN OCIIMANAHMORABIX ABAexni B dep-
MH-CRCTEMAX CTAMO TPASHIHOHHDBIM.

TlepeunThiBan raaBy H3 KHRKKH Pyponsda Haiiep-
JICa, MOPaKAICh CKPOMHOCTH M YYTKOCTH asropa. Io
CYTH, €r0 YCUMMAMH HE TOJBKO METOf PACYeTa OCLMA-
AAUHH, MCHOJAb30BAHHBIN Jlanaay, saHsn nogobamoniee
€My MECTO B MCTODHMH (DH3MKH, HO u sameuanue 1930
Toda MPEBPATHAOCH B nPedcKdsaHue OCIIMANANBOHHBIX
ssnenuit. Hecomuenno, ero (n BiaskMama) «rpy6bie
HHC/ICHHbIE pacyeTsl» GblaM HeoGxoamMet [, Illenbep-
Iy, 4T06bl TIPEBPATHTh HaGAIOACHWE HEeMOHOTOHHBIX
3aBHCHMOCTEHR B 1eTKO BREIDIKEHHLIE KRAHTORELE OCEH-
AAIMOHHBIE ABJieHHA. KoneuHo, cnasa nepBoOOTKpHIBA-
TeAAM, HO UTO OBIIC 6B ¢ MX OTKPBITHAMH, ec/H Owl 3a
HMMR HEe LUIH NoCAeqoBaTean?!

51 obmazcs u ¢ P. Tastepsicom u ¢ [I. LlenGeprom.
Iaitepac naxe 61 'y Hac foMa, B Mockse, O6menne ¢
OG0MMH JIOCTABH/IC GOJIbIUOE YAOBOALCTBME, Kakas-To
0cobasi MATENMIEHTHOCTh OTAKMYANa o6oMX. B much-
Max Mel O6CYXAa/MN HEKOTOPBIE BOHMKABINHE TIPH pe-
JAaKTHPOBAHHH TNEPEBOAOE Bonpochl. HMx sameuanus
BCETAR OBIIM OGPOKETATEALHBIMU H IPH 3TOM BITOJHE
YeTKHMH, PA3rOBOPLI ¢ HHMH — HCKPEHHHUMH H A0BEpH-

TespHeMA. He cTouT 3a6hIBATE, YT0 IPOKCXOARTH QRN
B ROCTATOYHO MECTKHE BPEMEHA,

He rtonpko Ilatepac, o u IilenGepr 6epexHo oTHO-
CHiCAd K nmaMarH JlaHaay, DeHWST BCe CHENAHHOE HM.
Ob6uano yurary B KopoTKo# Guorpaduu spuza len-
6epra, nomemreHHol B 6HOrpadUIECKOM CIPABOYHHKE
[6]: «Orkpmnr aexr ne Faasa—pan Anndena na
MHOTMX MeTanax, nocmpoun ( 1939) ezo meopuio u uc-
noAL306AR OnR onpedenenus Gopmy U pamepos no-
gepxrocmu Depmu memarnosr (c. 300, snigeneso
MHo®, M.K .}, Bee cka3aHHOe NMOCI€ 3aNAToH HEeBePHO.
To, uto nocrpoenvie Teopun adipexta ae Taasza—pan
Anvdena mpumucaro HlenGepry, o6pacusercsa npocro:
sezap Teopua JI. [I. Jlanaay nanoxena B [puaoxenun k
pabore HlienGepra 1939 roga. Ona-To M npunmcaHa
Wesntepry. Ho u xoremn ¢pass ommnbouen: 3 1939 roxy
He Obljga elme noctpoeHa rteopua addexra e Taa-
3a—BaH AapdeHa AJA METANIOB € MOBEPXHOCTAMH
Depmu npoussoabroil dopmsr. B Ipuaoxkenun (2 pa-
6ore Jlannay) snipeaeHs! GOPMyJbl, TIPUTORHBIE AIA
METANZ, TOREPXHOCTE MepMu KOTOPOIo — 3JAMICOUL
MY HECKOJBKO 3JIAHIICOK0B.

Bo sropoit yactn ¢Craructuyecxott dusuxns (cu.
[27]) uanoxenmio Teopum sdipexta ge Taasa—ban
Anpena npenmecTsyer 3aMevanue; ¢OCURAIMPYIO-
Ias 4acTh HAMATHMYCHHOCTH ONPEIeSACTCS, KAK MBI
YBUKM, JMIIbL 3/EKTPOHAMH IPOBOAUMOCTH B OKPECT-
HOCTH (DEPMU-TIOREPXHOCTH # MOXKET GBITH paccMoTpe-
Ha 8 obmeM Buae (M.M. Mucbmuu, A. M. Kocesuu,
1955). ViMenso a1a 4acTh u GYAET MHTEpECOBATb HAc
anecks (c. 308).

YPOBHH JHPIIHIIA-OHCATEPA

B 1955 roay (50 aer nasan) seimuaa nogpo6uas pa-
6ora [3], xotopyw umewoT & Bugy E.M. JIndum u
JLIL. Inraescknit. Bo Beemenmn ML.M. JIudummu n
A.M. KoceBHY akkypaTHO NEpeqHC/IAIOT BCE H3BECT-
Hble #M PAGOTHI PEANIECTBEHHNKOB 10 TEOpUH 3P deK-
Ta ae laasa—sBan Ambgena. Bocnpowssenem wactb
Beezenns ¢ HeGoAbIIMMY KymOpaMu:

«Ilepnouyeckas 3aBHCHMOCTS MarHHTHON BOCTIDH-
HMYHBOCTH OT IOJIA MPH HH3KHX Temueparypax {(ag-
Gbexr e Taaza—man Asbdena)... HabmoaeHa anx
Gosbmoro wKeaa MeTawtoB (B paGoTaX KeMOPHAKCKUX
H XapbKOBCKHX (PH3HKOB, M.K.) H MOXeT cumTaThes
OGINEMETALIMYECKIM CBOACTBOM, Mexay TeM Kosmye-
CTEE€HHAJL TEOPHS 3TOro adgekra GbLIa N0 NOCAETHETO
BPEMEHH Pa3padoTana TOIBKO /IS CAy4as 3AEKTPOHHO-
IO raza ¢ KBafPaTHYHbIM 3aKoHOM Auctiepcuy [2] (cm.
azecs [30]), [2a] (cm. zmecs [31]).

KeanpaTuusbiii 3aK0H AMCTIEPCHY AN1A 3/IEKTPOHOB B
METAJE CNPABEAJME JIMIIb ¥ JHA.., JHEPreTHYEcKoH
30HBI H MOXKET GBITh HCIOJbB3IOBAH [TpH PACCMOTDEHHH
CBOKCTB METRJLJI0OB, HMEHILIHYX MAJd0e YUCI0 HICKTPO-
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HOB mpoBoauMMocTy (HanpuMmep, BucmyT). B ofmeM
cAy4ae HeT OCHOBaHHMH NMOJb30BAaTLCA KBAXPaTHHHbLIM

3aKOHOM AHCIEePCHH, BCIEACTBHE MErQ IPEACTaBAAETCA

CYLIECTBEHHKIM BhIACHEHHE TOTO, B Kakol Mepe ocofen-
HocTH 3dwpexTa CBA3AHB ¢ 3AKOHOM AUCHIEPCHH 3JIEK-
.TponoB.. HexoTophle, RadecTBeHHbIe COOOPaMEHHA 110
atomy nosoAy Obiam Bbickasanbl B paGorte [3] (cm.
saecs [32]). KoanvecTsenHas Teopusi Obuia 1ana B pa-
6ote apTopos [4] (cm. anecs [33]).

JlaMHasA CTaThA COQEPIKHT NOAPOGHOE H3I0KEHHE
pt3yAbTaToB, ONYOIHKOBAHHbLIX panee B KParkoM co-
ofmennn [4] M OOMOMHEHHBIX YYETOM CIHHOBOFC
napaMarHerHsMa (y49eT CHHHOBOTO TapaMarHeTH3Ma
B CAyYae KBaApaTHYHOTO 3aKOHA AHCHepcHM Oin
npou3senen B paborax [2a] (cm. apmecw §31)» ({5),
c. 27). . ‘

W3 s10it QUTaTHI CAEAYET, YTO TeOpiA (akTHIECKH
6pia noctpoena e B 1955, a B 1954 roxy. 1o crouT
UMETh B BHAY, HHAZE BO3HMKAIOT npoTusopemi. B Co-
6paunn tpyacs UM, Jiupumua, Koropoe Mb yiKe HB-
ruposanu {cM. [5]), paboTsr pacrionoKen B XpoROIO-
THueCKoM Topsaake, Ecau ne yuurtsiBath pabory [33],
TO MOJKET BOZHAKHYTDH BriedavjieHye, uTo paboThl, pas-
suaagiomue Teopuro abexta ne.Faasa—pan Anbdena
(B wacThocTn, padora [34] ¢ A.B. Horopenosnim o Boc-
CTAHOBJEHKH B/EKTPOHHOTO SHEPTETHYECKOTO CIEKTPa
N0 KBAHTOBbIM OCHMLULALHAM), CAEIaHM 00 TOr0, K3K
HoCTpoeHa caMa Teopka. C apyrol CropoMel, yaer cin-
HOBOTO PACHIENEHHA YPOBHeH SHEPruH OTamvaer pa-
6oty [5] or ee kparkoro nanoxerna [33), 4ro nenaer
uMenHo 1955 rog ronomM cosgarna reopuu addexra je
Taasa—Ban Aavena,

51 ne 3naio, 6bila mu M3BectHa lllenbepry pabota
Axuesepa 1939 roga [31). Mue xouercs xymarb, na.
Torxa HlerGepr Mor Ha Hee cocnarbes, HO, NO-BHAUMO-
MYy, BHOJHE CO3HATENbRO noMecTHa B IIpunoikenne K
cpoeit cratee Teoputo Jlangay. Jlavaay maxoamaca p
miopbime, Jopun 1ldentepr xoTen IOAYEPKRYTh, UTO HE
3aGpiBaeT Koanery u apyra. W aTo ero uyBcTBO pasae-
nan ¢ auM P. aiiepic.

Ilo socnomunanmam A M. Axnesepa acro, $T0 OH,
Axuesep, neaan pabotry no teopuu addexra ge laa-
3a —Ban. AJnpeHa NOA HENOCPEACTBEHHBIM PYKOBOI-
crsom Jiangay. Mory cefe HpeacTaBuTb HepexnBanus
Anexcanapa Habuda, KoropoMy o6CTOATeNLCTBA HE
TIO3BOJAH/IA YIIOMAHRYTH B PaloTe CBOEFD YOHTEs,

Padora U.M. JIndwmna 1 A.M. Kocepnua <K Tteo-
PHH MarHHTHOH BOCHPHUMYHBOCTH METAMIOB 1IPH HH3-
KHX TeMniepatypaxs [3] chirpasa BHARIOIIYIOCS POJb.

IIpexnie Becero TeM, uro copMyAHpoOBaIa AJrOPHTM

A paclMgpPoOBKH JHEPreTHYECKOTO CIIEKTP2 SAEKTPO-
HOB. BO3HHKNA BO3MOIKHOCTD DKCAEPHMEHTAIBHOTO O1-
peaenenua opmbl nosepxrocty Depmu e(P) = ep u
sHaven# cKopocrell ¥ paexTponos Ha Hell. Ocobenno

BaykHa Oblia BOBMOMKHOCTb ONpeEle]eHMs {POpPMBI 1O
pepxtocry  Mepmu. - B srom  cumbicae HanGonee
OYERMAHKIN Pe3yABTAT TEOPUE — (bOPMYNa, CBA3ABIIAA
nepHod ocuuaanil-A(1 /H) ¢ akcmpemaasnoii nno-
ALK CeYeHMA TIOBEPXHOCTH . (PepMil NAQCKOCTRIO,
TEPIEHAMKYAAPHO# MarauTHOMY Homo (06o3HayuM ce
SexteEr)): |

Al /H) = 2neh/cS,  (s,) . (.4)

Haomaner ceueHHs H3IOPHEPTETHYECKOH INOBEPXHOCTH
TAQCKOCTHIO, HEPNEHANKYAAPHOH MAriMTHOMY NoA0
H(H, =0,H, =0, H,= H), ecrv yrxuns € u p,:
S = S(e,p,), a S, (ep) = Slep,p,™), sxcrpemym
BRNMCAACTCA N0 p,, npH p, = p, npoussoiHast
8S¢ez,p,) /Op, pasHa BynIG, '

B nactosiiee BpeMs nosepxHocTH OepMH TIPAKTH-
YeCKH BCEX METAJNIOB M MHOTHX MHTEPMETa/IIRYECKHX
coegueauii H3pecTHBI. XOTSH, HECOMHEHHO, BaXKHYNO
POJIL HIPaity H MOAEBHEIE PAcHeTsi, HO HCHOAb3YEeMbIE
IKCNCPHMEHTANEHBIC METOAL B 60J'Ibl[l0ﬁ CTETI#RANA OCHO-
BhiBz10TCH Ha thopmyne (4), :

To, uro ocnuanguronnsie bexrsr Gl 0CO3HA-
Hbl KaK ofMeMeTalIHIeCKOe ABJEHRe, — 3ackyTa §u-
SUKOB-3KCniepuMentatopos  Xapskosa (Yxpauna) u
Kem6prixka {Auraus). Houepnmibaomast teopns -
texra ne I'zasa—pax Aandena, npurofHas A1 BoC-
CcTaHoBACHAA GopMbl NoBepXHOCTH GepMH METaNIos,
6maa cosfana B Xapoxose. Torga xe (1953 r.), B
Xapbkose, M. Jingunm n A.B. Tloropenos [34] no-
KAa3ann, vTO 3aAa¥a BoccosAanua (opMm depMu-no-
BEPXHOCTH 110 3ABHCHMOCTH TICPHOAOE OCHUANsIIME
A(1/H) or nanpasnenns Marsntnoro nons H nmeer
(npH oNpeAcAeRHNX NPENIONOXKEHHAX) aHAAMUYE-
CKOe pellieHne, MMA JKe 0110 NMOKA3aRo, ¥TO TeMnepa-
TYpHad 3aBHCHMOCTD aMIINTYA OCUMAAALHH TO3BONA-
€T BOCCTAHOBHTE CKOPOCTH (PEPMHEBCKHX DIEKTPOHOB.

Kazanocp 661, GIM30CTh TEOPETHKOB H 3KCTIePHMEH-
TaTOPOB, 3AUATHX OQHOH NMpobsaeMoii, MOrIa 6b NpH-
BECTH K TOMY, YTO HMEHHO XapbKoB CTAaHET HEHTDOM
IITAHOMEPHBIX HCCACAOBARHI HO ONpee/eHHIO DJIeK-
TPOHHOIO CHEKTPA METAAN0D £ HCIIDAB30BAHNEM OCHHJI-
AANHOHHBIX ABnexnii. LieHTp BO3BHK, BO... <HET IpO-
POKa B CBOEM OTEYECTBEY .

BoccranopsienneM $epMH-HOBEPXHOCTER METAANOB
Nng INEPHORAM OCUMATANMH 3aHAANCH DRIVKH IUKOAD]
A. llenSepra — erc Y4eHHKH H COTPYAHHKN, OpexXae
Bcero 8 Kembpuaxke. Tenepp, koria npomsao MHOrc Jet
nocJie CIIHChIBaeMbIX COOBITIN, MOXHO ¢ GoasnIoi go-
nteft yBepeHHOCTH CKa3aThb, YTO (PHIHKH-IKCTIEPHMEHTA-
TOPH B XapbKOBe OTHJAEKJINCD, 3aHABLIMCL HE CJMLI-
KOM BKHBEIMH W JI0 CHX TIOP HEBOCTPeSOBAHHBIMH
NOAPOCHOCTAMH OCUB/IALMORHBIX SBJEHUH, NOTPATH-
JI MHOTO BpPeMeHH Ha ClIMCaHHe KPHBHIX B MX oTHOa0-
LHX BMECTO TOro, Wro0bl IIABHOE BHHMaHME YACNHTDH
AETA/JIBHOMY M3MEDEHHIO AHH3OTPOIIMH HEpPHOJ0B OC-
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nuaasanuit. ViMeHHO aHH30TDONHA HEPHONOB, TO £CTh
3aBUCHMOCTD TIEPHOAOB OT HANPABJEHHA MarHUTHOLO
nons H, naeT Bo3MOXHOCTE BOCCTAHABAMBATE HOpMY
noeepxHocTell MepMH METANNOB.

IToctpoenne Teopuu adppexta ae laaza—BaH Adb-
thena, ecTecTBeHHO, He OrPAHMYHMBAETCA BBIMHCICHHEM
rmepuoAoB ocrumrAnwiil. Jlugumu u Kocesuu, cuuras
3JCKTPOHBI NPOBOAUMOCTH HACANABLHEIM Ia3oM (bepMuo-
HOB ¢ IPOH3BOJIBHBIM 3AKOHOM JHUCTIEDCHH, BEIYACIILIE
OCLH/UIMPYIOIYI0 4acTh TEPMOJHHAMHYECKOTO IOTEH-
uuaana ) — QYHKIMK XUMHYECKOTe NOTeRIHAA &,
37EKTPOHOB NPOBOAUMOCTH, YCNIOBUSAMU HaOMOfeHHs
OCLMLIIHCOHEBIX 3(hPEXTOB CAYKAT YCHIEHHEIE Hepa-
BeHCTBa WH << £, u AT << £, Xumuveckuit moTesnnan
IIpH aToM ¢ 60MbLIOR TOYHOCTBIO paBeH aseprun Mep-
mu (¢ = er). HepaseHcTRa MO3BOAAIOT HCTOJIbB30BATH
MeToA nepeBada. MeTon rmeperana BHIASAIET 3REKTPO-
HbI ¢ 9Hepruell nopsaxa sHepruu Mepmu g i obece-
YMBAET CIpaBeaanBacTb (opMynsr (4). Odens BaxHO,
YTO BEIYMC/TeHHRIH TAKUM 06pa3cM ¢ NOMOIIBK hOpPMy I
- TEPMOJIMHAMMKH MarHUTHBIA MoMenT Metania ((opmy-
ap1 (2.17) n (2.18) B [3]) onpeaenderca sAeKTpOHAMH
noeepxHocTH @epmu. OcTaNbHBIE 3NEKTPOHBI OKA3BI-
BaIOTCA He3(§KPeKTHBHBIMH.

AMrummTyaa ocumaAuMi BechMa qyncmﬁtre.uhua K
cooTHomernio mexay uH u kT, [lpu pH << 2n 4T Bee-
MH TapMOHKKaMHM, KDOMe OCHOBHOH, MOJKHpD NpeHel-
pedb, 4TC JENAET ee 0coGeHHO YAOOGHOH AN4 aHANH3a.

AUAMATHETH3M JIEKTPOHHOI'O TA3A

KpoMe octitnanpyomelf 4acTi, MarHMTHBIR MOMEHRT
M MeTAnna COAEPKUT MOHOTOHHYIO HACTb, JIMHERHO
cTpeMAmyoca k 1y rpu H — 0 (M = «H, B o6uem
caydae M; = kyH ). Byaer m MarsurHasi BOCIpHAM-
YHBOCTL K GOJABLIE HAH MEHDIIE HYJS, 3ABHCHT OT COOT-
HOIDGHHA MEXAY Napa- U JMAMATHHTHBIMM €e CJarae-
MBIMH (K = Xapa + Kguar Knapa > 05 Ko < 0. Y mrorux
METAIIOB Kpgpy H Kyl OAHOTO mopsiaka. B To mpems
KaK MapaMaTHHTHAA BOCTIPUHMYUBOCTD CO3IAETCH J/IeK-
TPOHAMH ¢ SHepTHeH nopAaxka aHepruu MepMH, Aua-
MATHHTHAA BOCTIPHMMYHBOCThH CO3[A€TCA BCEMH 3JEK-
TPOHAMH, AAXKE JJAEKTPOHBI 3AMONHEHHBIX 3J0H H
HOHHOTO OCTOBA JAIOT B Hee BKJIAR,

B patore [3] ects IIpunosxkenue (¢, 37—-39), B Koto-
poum eeruucagerca M npr H — (. Ilosyuenurie Bripa-
xenust (popmyant (I1.1) u (I1.2)) comrposoxaaioTcs
CHEAYIONEM CIIpaBeIHBRIM 3aMedaHHeM: «ITH BRIpa-
AKEHUsA KOJUKHS! ONMCHIBATD TIOCTOAHHYIO YaCTh THAMAF-
HETH3Ma 5IEKTPOHHOTO rasa. B caydae KBagpaTU4HOTO
3akoHa gucniepens... (I1.2) NepexofUT B U3BECTHYIO
dopmyny Jlangay. Onnako B ofwmeM ciaydae Hamm
hopMy R ANA MOCTOAHHON YacTH AMAMATHUTHOH BOC-
NPUHMYHEOCTH MOTYT OKA3aThCA HEBEPHBIMU, TOCKO/b-

KY HeJb3sd  IOJb30BATLCH  KBASHKJAACCHYECKHMH
YPOBHAMH aHeprux B oKpectHocTH S(s, p,) = 0...»

Borumcrenye  AMaMarduTHON — BOCTIDMHMYMBOCTH
5JEKTPOHOB HEe3aNOJHEHHBIX 30H (3IEKTPOHOB NpOso-
AVMOCTH) eC/M ¥ BOAMOMKHO, TO TONBKO HCXOAT U3 Ka-
KOH-TM60 MOAE/M, € NOMOLILK) TePMOZHHAMIHECKOH
TEOpHM BOZMYIIEHWH N0 MATHWTHOMY [OJI0, 9TC K
6bLt0 caenano B padorax [35]. Oauaxo n pesyaprarsl
ATUX paGoT BHIILIBAKT COMHEHNA, O YeM GYAET CKa3aHo
HEXe TIpH QOCYK/ICHHY ONMCAHHS SJEKTPOHOB [IPOBO-
AuMocTH Teopuell depmu-kuakocry Jlanaay.

He6oapmoe oTcTYNIeHRE, TO3BOASIOMEE IPO/IEMCH-
CTPHPOBATh HEOOBIYHLIH BarAs/ Ha AHaMarHeTusM Jlan-
Jay. O6GBIMHO NOAYEPKHBANT PATUIHYIO TPHPOLY
JuaMmarHerusma Jlangay u AuaMarHeTHaMma Jiamke-
BeHa (eMm. [28], § 52 u, ocolenno, 1-¢ npumevanne
Ha ¢. 181). Busoas Qopmyny Jlamxesena, oTMedaoT
4KECTKOCTh» BOJHOBOI (DYHKIHM 3/7eKTPOHOB B ATOMe!
cn1aboe MaTHATHOE TOJe He MOMKET H3MEHUTb XAPAKTep
ABMXKEHMA SACKTPOHOB B aToMe, [IpHyMHA — AHCKpeT-
HOCTb YPOBHeil SHeprud.

Gopmyna JlaHkeBeHa COAEPEKUT CYMMY <r02>, rae
HHIIEKC <@» HYMEDYET 3JEeKTpOoHbl. Brruucnaenue cpea-
HHX 3HaueHHHl HaJ0 TMPOM3BOJHTH, UCIOJIL3YS BOJHO-
sele gyaxuuy npy H = 0. IlpusegeM HeCKOABXO CJi0B
U3 NOACTPOYHOrO IpUMedaHud Ha ¢. 181: <., auamarte-
TH3M.MMEET KBAHTORYIO NIPHPOAY, XOTA KBAaHTOBAadA II0-
crosiHHaA # He BxoauT B (opMysy (JlamxkeseHa) ABHO;
B JCHCTBHTEJDHOCTH €K ONDeNeNAIRTCA <Pa3MEphl»
aroMa». Ilocsie 370T0 NOKA3aHO, TIOYEMY (€3 HCTIOMB30-
BaHMA KBaHTOBOH MEXaHHKH BOOOIIe HEAL3A OIMUCATE
MarHUTHbIe CBOMCTBA MAKPOCKONMYeCKHX cuctem (6e3
ceoliku Ha Jlopenua, Bopa u Ban Jlepen)}. /loBaBuM K
aTOMy, 4TO, ecu B opmyay (52.7) MOACTABUTH BMe-
CTO <f, > 60poBCKull paguyc a4 = h“/me®, a notom ycr-
pemuThb i — (, TO, KaK H JOJIKHO OBITh, AHAMATHHTHAA
(namKeBeHOBCKaA) BOCHPUMMMHBOCTD OOPaTHICA B
HYJIb.

IIpu BeIBOAE POpMYAbl JlaKay HCNOABIYEST YDOBHU
Janaay. Ho, no-BMaARMOMY, MOMXKHO NOCTYITHTL HEAuE,
HAYaB TaK, Kak NpH BeisoAe GopMynsl JlamxeseHa, o
KOHKDETHIALHNU 3HAYEHHH <7,"> MOMKHO He YTOUHITD,
KAKOMY aHCAMOJIK0 MPHHAIEKAT BJIEKTDOHH,

Wrak, Haunem ¢ dopMynst 1 = —(e 26mc®)z <ra
Ota QopMysa CTIpaBeliuBa, eCJIH npeHeGpeds aHU30-
TpomueH, KOTOpasi NPH TAKOM I'Py6OM 1TOAX0Ae WIpaeTr
BTOpOCTeNeHHy0 poib {cp. dopmyay (52.7) ¢ dopmy-
noit (52.2) » [26]). Depmu-ras IoKAMMIYET YACTHLY B
o6nacTy NPOCTPAHCTBA, JMHERHBIE P23Mephl KOTOPOro

w3 e n — umeno aJIeRTPOHOB B eJUHHIe
od"bema Ec.:m 310 TaK, 10 % = ~(e¥6mc?) n (n~23) =

= —¢ 1 ¥6mc?. C Toumocrio A0 YHCIEHHOTO MHOKH-
TedA NoJyvYeHHas dopMyla coBnagaer ¢ opMyaoH
Jlanpay, ecnu B Heil BbIpa3uTh hepMHUEBCKHE UMY IbC
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P Uepes [I0TBOCTE 21eKTPOHOB 1. IloTeps yncaeHHCH
TOYHOCTH KOMIIeHCHpyeTcsa Go/blieH HarmAgHOCTBIO,
H3-34 4ET0, BOIMOXKHO, MOIYT GbITh CHATH HEKOTODBIE
BOTIPOCHI, BO3HHMKAIOUIHE NDH NPMMEHEHUH (BOPMYJIhI
Jlangay K peanbHOMY AJIeKTPOHHOMY a3y B MeTale,

B dopuyae Jangay oTcytereyer nocroshnas [laan-
Ka, OTCYTCTBYeT OHA K B hopMye AAA apaMarHHTHOH
BocapuuMinBocTi [ayan, ecim ofe BOCIPUEMYHBOCTH
BLIPA3HTL Yeped MJGTHOCTD 3nechp0HOB n. B ucnone-
3yeMbiX oﬁosnaqelmax 51) na Haym{ HMeeT CJle-
AVIOUIMH BHA: ¥ = e n! /4n 3mc?. B obenx dopmy-
JIaX HE TOJABKO OTCYTCTEBYET nocrosnnan [lnanka, vo B
HHX He BXOJAMT BeJIMYUHA, KOToDasd, Kak 7, A4 aToMa,
cTpemMuTest K uyao npu b — (. Bee ke, Koneune, obe
dopmyapl — kBanTepble. OHH He ACMYCKAIOT NPEAETD-
HOre nepexoga K knaccuxe. fleno s ToM, 4Te 110 YCIO-
RUIC BHBOAa (opMYN HIMEHeHHE SHeprHH, 00A3aHHOE
JeHCTBHUI0O MATHWUTHOTO MOJfA, JO/BKHO GBITH MHOTO
MEHBUIE 2HEDTHH OCHOBHOTO COCTOAHEA, B o60ux cny-
Yagx 3TC O3HAYAET, UTO BLITIOMHAETCA CAeJYIONIee He-
papeHcTBO: WH << R, TAE P =.¢h/2mCc — MATHETOH
Bopa, a g — aeprua Mepmu. JleBag 4acTh mocesHe-
IO HEPABCHCTEA MPONMODIHOHAASHA A, 4 Npasas — .
{Ipene/bHBIH NePeX0/ K KIAcCHKe HEBO3MOXKEH!

Ecan omemxa o0dacTH JAOKAJIHIAUMH  3JEKTPOHA
CIIPAaBE[/NBA, TO CTAHOBHTICA OYEBHAHBIM, UTC 3aKOH-
HoCeTh (popMyan: Jlawaay He 3aBHCHT OT OTHOUIEHMS
rp/l, Toe [ — pavE2 cBOGOAHOTO TIPOGera 3MeXTPOHA,
a ry -+ PajNyC €ro opGuTbl B MAarHATHOM nose {cM.
Bhie). BakHO TOALKO TO, YTO H3-332 KBaHTOBOM
MECTKOCTH CHCTEMBI 2JeKTpOoHOB NpH H = 0§ MoxHO
[PUMEHAThL TEOPHIO BO3MYIIEHHH AN BBIYMCACHUS H3-
MEHEHHS JHEPTHY 3JEKTPOHOB NoJ AeHCTBHEM MATHUT-
Horo rond. IlpeanaraeMpiit BBIBOJ, KOHEUHO, He TMKBH-
AUPYET BCE OCAQXKHEHHSA, KOTOPBIE CBA3AHBI C YYETOM
30HHOH CTDYKTYDBHI.

YTBepXk/AeHUs 0 GOABIIDIH BeMYUHe AMAMATHHTHOH
BOCIIPHUMYHEQCTH {CM., HampuMep, [7], ¢. 157) Metaxz-
JTOB TUITA BUCMYTA AAHHBIE IO/IX0/] HE 3ATPATHEAET, TAK
KaK peejieHWe 3¢drpexTHBHON Maccy! MOXeT GBITh Ipo-
Befedo npu H = 0. B ToM npuGnuxenun, KOTOPOE No-
3BoJuteT BBeCTH 3QEeKTHBHEYI0 MAccy, KBASUHMITYIbC
HEOTJHYHM OT MMIOyAbca. [IpH BBeAEHHH MATHUTHOTO
NOJA MOXHO HCIIOAB30BaTh 3 HeKTHBHEIH raMUABTO-
HHaH, B peaysibTaTe HCXOAHOE BRIpasKeHUe M1 y OyAeT
OTIHYATBESA OT NAHMXEeBEHOBCKOID TOABKO 3aMeHoil Mac-
cbl i Ha achexTURHYIO Maccy m*, KoTopad y nonyMe-
TANJIOB, Kak TPaBilJI0, 3HAYMTEABHO MEHBIIE MAacchl
cBOGOHOIO IIEKTPOHA M.

Oxrako creayeT HMeTL B BMAY, MTO CHAMIIKOM GYK-
BAJIBHOE HCNO/b30BaHue 2(heKTHBHOFO raMUABTOHHA-
Ha. MOXKET NpuBECTH K omubKaM. Ilpu BoiBoge drapMyn
JANA CCHUMALMCHHBIX YacTelt MATHHTHOIO MOMEHTa H
MATHUTHOH BOCTIDHHMYMBOCTH COBEPILERHC OIPABAAHO
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HCIOMb30BaTh BhIpaKeHHe A1A 3G GeKTHBHOH Macchl
m*, npuseiexroe B padore JIndmuna u Kocesuya [5]:
* e (m1m2m3)1/2/(m10,12 + m2a22 + m3a32)1";2
0 53 — Hampas/siolMe KocuHycn! Bekropa H orHo-
curenbHo Tpex ocedl apnuncouga. Ho ato eeipaxenue
He npuroAHo npu obobmenyn dopMyan JaHaay aias
AWaMarHuTHON Bocnpuumumsoct, Ecaw Bee xe BoC-
MOAB30OBATHCS 3THM BBEIDAKEHWEM, TO, €CTECTBEHHO,
noAyyaweecs BEIpakeHue OyAeT OTAHUATeCA OT (op-
myapl Jlangay Toabpko 3HaderueM sdpdiekTHBHON Mac-
col, Byaem umern: Ko = —(1/3)m,/m*). 3o
BBIpaYKEHHe, TIC HOPAIKY BENHYHUHBL CIIPABEAJHBOE,
CAH4KO™ HENPABWIBHO ONMHMCHLIBZET AHW3OTPOIIHIO [IHA-
MATHUTHOH BOCHPHUMYHBOCTH, KOTOPAsA B CIy4ae AHM-
30TPONMM — CHMMETPHHHBIN TEH30pD BTOPOTO DaHra, a
HE CKaJAp, 3aBHCAWMHN oT Hampabaerns H.
Coo6paskeHle @ TOM, YTO B Ta3e KaKAas YacTHUA
JIOKaJH30BaHa B 06/1aCTH C JHHE{HBIMH pazMepaMH
~ n"1/3, MOKeT OBIThb HCOOAbAOBAHO 1€ TOABKO 5
«spiBofiar hopmyanl Jlanaay. Hanpusep, npocrefimuii
croced ONpeAeNHTh MOPAAOK BEeJWYHHB] TEMIEPATYPH
T.n HIOKE KOTODOH HAZC NOAL30BATBCA 3aKOHAME
KBaHTOBOH CTaTHCTHKY, TaKOB., C IOHIDKEHHEM TEMIIE-
PaTypH CPeAHHI MMIIYJAbC YACTHIBI Maccoil m B KAac-
CHYECKOM T'a3e YMEHbIIAeT s Ipc)noplmoﬂa.ano KOPHIO
u3 TeMIepatypol: <p> ~ (mT)" “. C NoHMKeHHeM TeM-
MEPATYP CPEAHUE UMITYABC YACTHIIBI a3a CTAHOBHTCH
MEHBIIE HEONPeJIEeHHOCTH UMIyabca Ap ~ h/r, ~
~ hn > ggﬂaatmoi’i NOKAMMU3ANMN YACTHIL B O6JACTH
~ 1 7. EcrecrBenumii semox: mpn T < T, =
= )‘i 2p2/3 /M KJNACCHYECKasd CTATHCTHKA 3aBEJOMO He-
IPUMEHHMA.

TEOMETPU3AIIUA SJEKTPOHHON
TEOPHH METAJLIOB

Patora JIndmmnna u KoceBuua 1955 roaa [5] ne Teo-
puu sderta ae Faaza—Ban Ansdena Gbia nepsoi
paloToli, KeTepad MOKa3aja, CKoAb YA0GEH U MPOAYK-
THBEH FEOMETPHYECKHI S3LIK [PY TEODETHYECKOM HC-
CACAOBAHKHA HOPMaNBHBIX MeTannoB. Ilocne Hee reo-
METPHUECKHH NOAXO0R B TEOPHH HOPMAIBHEIX METAMJIOB
cTaHeBUTCA oflenpunsaTeiM. BosHukaa # ¢dopmupo-
Baach HOBas 06JaCTh 3JEKTPOHHON TEODHH METaNNon
— pepmuoroenn.

QopMyna {4), NONOMHUBIAS HAYAN0 TEOMETPHMIE-
IIMH TEODHM METAJIJIOB, IOMYYeHA U3 YCJAOBHA KBAHTO-
BaHHA TLIOIanei:

S(p,e) = QrerH/cYn+ ), n>> 1,7~ 1, (5)

¢()OpMYTHPOBRHHOTO HE3aBHCHMO M HPHUOIMIHTENHHO
onxospemenno WM. Judbnmnem » Jdapcom Qwucare-

DusMKa HUAKMX TeMnepaTyp, 20086, 1. 32, NMpunoxeHue
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pPOM 3a HecKoJbko Jet Ao 1934 rona. B «Kypce Teope-
THYecKolt dpusukn> Janzay ~ JIudmnna ([27], c. 285)
TOCNE BBIBGAA YCJAOBUSL KBAHTOBAHUA IJomagel yxa3a-
Ho: <M. M. JIndnunn, 1951; L. Onsager, 1952». Cmor-
pu Takke ceolky [10] B o6zope [36], B koropoit Hiabs
MuxaiinoBUY VKasan, 4TO BBIBOJ, YC/IOBHSA KBAWTOBA-
1ust OH coofumna Ha ceccun AH Yxpanust B 1950 roay.

B [5] aBTopn! He YTOYHAKT 3HAYEHHA KOHCTAHTH ¥ B
YCJIOBHH KBAHTOBAHWA, HO OTMEUAKT: <B CJAy4ae KBaj-
PATHYHOTQ 3aKeHa aucnepcu# ¥ = 1,2, B ofmem xe
caydae ¥ MOXET 6biTh oTauuHol o1 1,/ 2» ([3], c. 28).
B OCUM/LASALMOHHBIX SIB/JEHUSIX KOHCTAHTA ¥ OIIpeAes-
eT a3y B NepHoAUYECKOH 3aBUCHMOCTH OT 06paTHOTO
MATHHTHOTO NOJS ¢BOOOAHOI 3HEPTUE M MarHHTHOTO
MoMeHTa, [IpoRe/IeH R M0aKe AHAIN3 IOKA33/, 4TO B
GoAbUIHHCTBE caydaes v = 1,2, X0TS BO3MOMHBI W HC-
KAIOUEHMS. .

CpaRHHTENIBHG HEJABHO ONYOIHMKOBAN OHeHb MHTE-
pecHslit 0630p A.M. Kocepuua «Tonmosorns 1 duanuka
rBepaore teaar [37]. B vem ects maparpad (§ 2.7)
«®a3za Bappu W TONOMOTHA TPACKTOPHII B MATHHTHOM
nosie». Boisoa dopmyant (5) 6e3 yrournennit (8 vact-
HOCTH, Ge3 ompejeJeHua 3HAYeHusd ) HATJAAQEH, HO
yTouHeHHe OPMYIBI {(TO €CTH ONPELETEHHE KOHCTAHTH
¥) NOTpPefOBARO TOHKOTO AHAMH3A W YCHIME HECKOJb-
xux arTopor (cM. copaky B [37]).

B § 2.7 o63opa [37] nokasaHo, YTO 3HaYeHHE KOH-
CTAHTHI Y OQHOZHAYHO CBA3aHO ¢ hasolt Bappu:y =% +
+ AB, tae AR = B(T) - B(0) — Haber reomerpiecxoil
(asst (pase Boppu) npr noaHoM o60pOTE ATEKTPOHA
BAOJb €T0 TPAEKTOPUN B MarHuTHoM noae (snecs T —
nepuo ofpamenus), «,., poss Paan Beppu, — yTeep-
&aaeTca B oG3ope, HMeeT YUCTO TONMOJOTHYECKUii
xapakTep 4 He sasucut Hu ot dopmut e(k) (1o ects or
BUAa 3aKoHa auenepcun § = s{p}, k = p/# — xBasu-
BOJIHOBOH BeKTOR, M.K.) B OKPECTHOCTH JUHHH BBIPO-
JKIEHHS, HY OT PasMepos Tpaextopud,.. Peayaptar 3a-
BHCHT TOJBKC OT TOTQ, OXBATHIBAET 3TA TPACKTOPHA
JMHHUI0 CHHTYJAAPHOCTH A4A GAOXOBCKOH BONHOBOIM
dyurimu (toraa y = 0) waa He 0XBaThIBAET (TOTAA HME-
eT o0bryBoe 3HaueHue ¥ = 1,/2».

3axkaHYMBaeTCA naparpad yTBepXKACHHEM O BO3-
MOMHOCTH 10 CABHTY (a3bl OCLM/IALNI BHLAENHTE Ha-
JIMYKe JTUHHH BLIPOMXIAECHUA B 3HEPIeTHYECKOM CIEKTPE,
TaxkuM 06pa3oM, OCLUMATAUWOHHEIE ABAEHUS OKAIBIBA-
wTea Gosee BEGOpMaTHBHEbIMH, YeMm Jluduny u Koce-
BHY IIPEACKaskiBaii B [5].

Wrak, ycnosue kantosanus (3) onpeaenser ypos-
HK DHEPTHH 3JEKTPOHA ¢ IPOH3BOJBHEIM 3aKOHOM JHC-
nepcii € = e(p) npu (puKCcHpoBaHHOM 3HAYEHHH
IPOEKLMHE KBA3SHMMIIYJAbCA Ha MATHHTHOe oje. OHu
cayxar oboburenueM yposueit Jlangay, Mx masoipaior
yposuany Juduwuya — Oncazepa. Ecnu nosepxHOCTH
3HepHH — cdepnl, 10 yposay Jndinnua — Oucarepa

coBnazjaor ¢ ypoeHsmu Jlawgay. Ilpasna, dopmyaa
KBAHTOBaHHA mromaneir (3) crpaBeskBa B KBA3W-
KJaccHueckoM npubamwxenuy (npu n >> 1}, a hopmyna
() mpun=10,1, 2, 3ur.A npu IPOUIBOJBHBIX IEJIBIX
n=0.

Ksasuknaccuueckore NpUGAHIKeHHS AJ4 NOCTPO-
eHHA Teopun Ae¢ laasa—sBan Asbdena BneaHe Jo-
CTATOYHO, TaK KaK OCUMJJALMCHHAH 3ABHCHMOCTh
HAGAIOAAETCA TIPH PACCTOAHUAX MeXAY YDOBHAMH
Jludmuna — Oncarepa Ag = fiw,, 3HAYHTEALHO MeHb-
My sreprun Qepmu ep. Inecs o, =eH /m*c — vac-
TOTA KJACCWYECKOTro BpalleHwd 3JeKTPOHa BOKDYT
MarHuTHOLC TIOJIS MAH Qukromponuas wacmomaq, Bxo-
JAAlllas B BHIpAYKEHHe A4 IHKJIOTPOHHOH 4acToThl ag-
texTHBHAA Macca ecThb

m* = (1/21r)[65(e,-pz /eelp, . (6)

CoorHoteRMe MEXY TEMIEDATYPOIl B dHEpreTHYE-
CKHX eAMHHUAX kT M Aw, MPOU3BOJbHO, HO BEMNYUHA
kT (xak u ho,) AT HaGAONEHNS OCLMUISLHOHHOMN
KapTHHB! ZOJKHA GBITh 3HAYHTEIBHO MEHBIIE IHEPIHH
®epmu (kT << ep). BO3ZMOXHOCTb NOAYIHTH 06G3PH-
Mble BBIDAXKEHMA [ HAMATHHYEHHOCTH IIPH [IPON3-
BOJIBHOM 3aKOHE AMCIIEPCHH 2JeKTPOHOB Ofecrie HBaeT-
ca npuMeHenueM (opmynst Myaccoma (oM, smmre), a
TAKXKe MeToJa nepeBaia (MeTofa CTAUMOHADHBIX TO-
ek, cM. ceelake [3] u [7] B crarse JIndusuua w
Koceruuz [5]).

Basxuo otmetuts, ¥ro 3dpexrupHag mMacca (6) npu
TIPOH3BOJILHOM 3aKOHe AHCHEPCHH — (DYHKIHA € H p,.
Caenoraressro, yposeEH Jludimmnna — OHearepa B o1-
JIuHe oT ypoBHeill Jlanjay suiubp npubIixKeHHD 9KBH-
AUCTAHTHBL, .

B aMnoautyay ccuunaanuii BxoauT agpdexTEras
Macca Ha TOM cedeHMH nomepxrocty Cepmu, KOTOpoe
HMERT SKCMPEMAALHYI0 naowade. B ycrioBHe LMKRIO-
TPOHHOTO PE30HAHCA, HATMPHMED, BXOAUT APYrasd BejH-
YHHA — IKCMPpEMAAbHAR agdexmuenas macca. JKC-
TpeMaJbHag Macca B Macca Ha HKCTPEMANIbHOM CEYeHHHA
MOI'YT 3aMETHO OTJMYRTBCA APYT OT APYTa,

HenosssoBanne CTPYRTYPHO-YYBCTBUTE/bHbBIX Me-
TOJ0B B NPHHIUME TO3BOMACT BBIACHHTbD BCKY 3aRHCH-
moet abdexTrBHON Macest oT p,. Cpeln TAKHX MeTO-
JI0B BaXKHOE MECTO 3IAHHMAKT METO[bl, COUETAOLUINe
HBICOKOYACTOTHEIE 3(DeKThl ¢ Pa3MEPHBIMK B [MIACTH-
Hax (cM., Hanpusep, 063op B.T. Ilecyanckoro [38]).

B ¢opmynnl, moayueHHBlE HA OCHOBE KOHUETIIMH
KBa3WYacCTHIl C TPOU3BOBHLIM 34KOHOM JHCTIEPCHM,
Macca :—merc'légor{a {ero macroaman macca m, =
=9,1096-10"“° r) He BxOHMT. Mory npHNOMHETE TOAB-
KO MHepiMonHste 3¢dpexThl (11X HashBAWT sdrdexTamMu
Crmoapra-- TosMeHa), onmcaHne KOTOPBIX COAEPIKHT
<HACTOAMIYIO» Maccy sAeKTpoHa m,. Jddexrn Crioap-
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Ta— To/MEHA NO3BONSIOT H3MEPHTD OTHOIIEHME 3apsiia
x Macce (¢,/m,} anexkTpoHa NPOBOAUMOCTH.

Mouemy B HHepOHOHHBIX HpdeKTax HaMeHeHHe 3a-
KOHa JMcTepcun cels He mposBisier? OTseT HeoGbrdal-
HO npect. Cuia MHEPUHH, AeHCTBYIOUIAs HA 3MEKTPOH
B 0fipa3ne, KOTOPBIH ABHKETCA ¢ YCKODEHHEM a, DaBHa
mya. Ecni NpoBOAHMK Da3OMKHYT, B HEM BO3HUKAET
PasHOCTh NMOTEHLMANOE, TO €CTh Ha 2JEKTPOH JelcTRYeT
Taxoke cuaa ¢E. CymmapHas cuza paBHa HyJio (TOK e
e teyer!). 3uauur, E = (m,/e)a. VaMepenue pasHo-
CTH MOTEHUAANOB M YCKODEHHA AAET BOSMOMHOCTh M3~
MepuTh OTHOIUEHHE ¢ /M, l3MepeHHe HOKa3aJI0, 470,
Kax W B BaKyyMe, 3TO OTHONICHHE PABMO ¢/, — COB-
[AJAET ¢ OTHOIUEHHEM A1 CBOGO/HBIX 3JEKTPOHOB,

Huepnuonnsie 3¢pQpeKTH H, KOHEUHO, 3JEKTPOH-
Hasg 3MHCCHA NOATBEPXAAT TOT cerodHs abcomoTHO
OUEBHABBIN (DAKT, UTO BACKTPOHBI B Meranne (ux Ha-
3IBAIOT 3NEKTPOHAMH NPOBOAMMOCTH) — QOBIMHBIE DJIEX-
TPOHBEI B HeOOBIMHbIX YCIOBHAX — B TOJE CHI ne-
PHOJHYECKH PACTIOA0KEHHSIX HOHOB KPHCTA/INYECKOH
peLIeTKH.

B nose xpucranxuueckoH pelIeTKM CTANUMOHAPHBIE
COCTOSIHAA BJEKTPOHOB — (JIOXOBCKHME BOJIHBI, HX
sHeprusa — nepuoAndecKas GpyHKUMA KBAZHUMIIYAbCA.
B xBasEKAacCHYECKOM NPUGAHKEHHH KBaSHHMITY.JIbC
MrpaeT PoJb MMIYJAbCa, a 3aKoH Ancrepcuu (3aBi-
CHMOCTD SHEPTHHM OT KBA3WHUMNYJbCA TPH (DHKCHPO-
BAHHOM HOMEpe 30Hbl) ¢JeAyeT TPAKTOBATh Kak KH-
HETHYECKYI0 3Hepruwy. [IpHM HECOMMEHHOM CXOACTBE
3JeKTPOHOB B NMEPHOAMYECKOM HOJE €0 CBOGOJHBIMH
ANEKTPOHAMM [ABIDKEEHE 3JIEKTDOHOB B MeTalile ToJ
BO3ACHCTBHEM BHEIHEX ITOJIell He IMOXO0XKE Ha JABHKE-
HHE 3JIEKTPOHOB B Bakyyme, a (bopMYyJbl, OITHCHIBA-
folpe cBoiictBa MeTamios (OcOGEHHO B MarHMTHOM
noJe), KapAMHANBHO OT/AMMAKTCE oT (opmyd, onu-
CHIBAIOIIHX CBONCTBA BBIPOXKAEHHOTO rasa CBOSOMHBIX
SMEKTPOHOB,

CpaBHHBasA pa3nuuHble (HOPMYJIB], OIHCHIBAIOIIHE
cBOHCTBA BEIPOXKIEEHOIO Ta3a CBOGOAHDBIX 3JICKTPOHOR,
¢ opMyaaMu, cnpasefIUBLIMYE /I META/LAOB, TO eCTh
ZJIs1 3IEXTPOHOR C IIPOH3BOJILHBIM 3aKOHOM AHCNEPCHH,
BBOASAT BEJMYKHB! PaiMEPHOCTH Macchl — 3dpexTHB-
Hble Macchl. BeoauMble adpeKTHBHbIE MACCHI 33BHCAT
oT ABAeHEA. JHaueHHA 3pEKTHBHBIX MACC, BBEJCH-
HBIE [/ CIIUCAHMS PA3HBIX SIBJICHUI, OTAHYAIOTES ADYT
or apyra. lloBTOopmM: AAA METaIOB, NOBEPXHOCTH
DepMU KOTOPBIX CYIECTBEHHO OTAMYAIOTCA OT Cepst
HJH 3ANUNCOHAR, 3 eKTHBHbIE MACCH!, HalIeHHbIE C
NOMOLILI OLCHANAIHCHHBIX ABJAEHHH H € IOMOILIBIO
LHKJAOTPOHHOTO PE30HAHCA, OTJHYANOTCA.

HackospKo MHE H3RECTHO, He CYLIECTRYET 0630pa, B
KOTOPOM CYMMHUDYIOTCA 3HaveHMs 3(D¢eKTUBHBIX Macc
pa3HBIXx MeTannoe. B ob3opax, MoHorpadnax, y4eOHRu-
KaxX, CIPaBOYHOl JUTepaType 3Ha4eHUA 3 eKTHBHEIX
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MacC 3JEKTPOHOB B INOJAYIPOBO/IHHKAX TIDHBORATCH
Bcerda. Mx sHavyeHHs HeoOXOZWUMBI FIPM BLIMHCICHHH
pasAWdHBIX XapPAaKTePHCTHK MOJYIPOBOAHHKOE, 3 3a-
KOH JUCIEPCHHE 3JeKTPOHOB W ABIPOK B TIOJNYITPOBOIHHA-
Kax, KaK NpaBu/Io, KBagparwdeH. B Metannax 3HaHus
3¢ PeKTUBHBIX MACC HEAOCTATOYHO: HAAO 3HATH HOpPMY
noeepxHocTH (DepMM, a TaKKe BeJHUHHY M HaIpas-
JeHHE CKOPOCTEH BCEX 3/E€KTPOHOB ¢ BHepriefl, pap-
noit sHeprun @epmu. Ho addextupnan macca — ua-
zAadHaA XAPAKTEPUCTUKA 3JIeKTPOHA MPOBOAKMOCTH.
Vmenro nostoMy cocrabjende KaTantora adyexTus-
HBIX MACC Da3HBIX METanIoB, 3(pdeKTHBHMX Macc,
BBEAEHHBIX PA3HBIMU CIOcO0aMH, IO MOeMy MHEHMIO,
6o 6B O4YeHBb MTOJIE3HO,

B6AM3H 3KCTPEMYMOB B 3aKOHe JMCTIEDCHH 3Hade-
HUSl KOMIICHEHT TeH30pa 3dpeKTHBHBRIX Macc MOryr
6bITh BEIMHC/IEHB! (23 KOHKPETH3AIHH NEDHOANYECKOr0
moas (em. [27], § 59). Haauume 6AM3K0 pacmosioKeH-
HBIX 30H — CBH/ETEJBCTEO WX UIHPHHBL, TO ECTh G0Jib-
woi BeJRVUHBL 06MEHHbIX WHTETPAIGB, — YMEHbIIAET
sHaveHne apPexrupHbIX Mace. Hepenku caydan, o ko~
TOPEIX Mbl YROMHHaAH, Kotja 3(peKTHBHAA Macca
3MEKTPOHA IPOBOJAEMOCTH MENBUIC MACCHh CeoboOMO20
arexmpona. C Apyroit CTOPOHBI, CAefyeT YIOMAHYTD:
nenbiH Kaace Bemects (pPAz MeTANIMYECKAX COoeauHe-
HHH Ha OCHOBE PEAKO3EMENBHLIX 3/EMEHTOB) HMeeT
aHOMaJ'IhHO 6osbiuve 3HaueHHs IQPERTHBHLIX Mace

~ (10°-10%)m,. D1u Bewecrsa moMYWHTH HaBaHHe
CUCTEMBL € MANKEAVIMU (PEPMUOHAMY.

Korja nmepevuThIBaeiis patoThl, CAeAAHHBIE MHOTO
JIeT Hasak, To ofpalaems BHUMAHME HE TONBKO Ha TO,
YTG B HUX HANUCANO, HO W Ha TO, YTO He Hanucano (e
3auKCHPOBAHO CIOBAMH), 2 B JlabHelllleM 0Xa3anoch
BaXHBIM.

B patore Jlucprunna ¥ KoceBHYa CIOBECHO He BBee-
Ha apdexTHBHAA Macca m* 0 NPHBEAEHHOH BbIlE
thopmyne (6), Kpome Toro, caosaMu He CKasaHO, YTQ
TPaeKTODHA 3JEKLPOHA B MArHUTHOM IIORE B IIPOCT-
P2HCTBE KBA3MHMMOYIbCOB IMOA0GHA TPOEKIMH 3JCK-
TPOHHOH TPAEGKTOPHM B OOBNHOM KOODAHHATHOM
NPOCTPAHCTBE HA IIIOCKOCTB, MepIeHIMKYIAPHYIO
MarHUTHOMY Tou. lloguepkueM: um To M Apyroe B
dopmynax padotwi [3], ecTecTBeHHO, ecth, BeauunmHa
(1/2r)(85 /8e)p, BXomuT B hOPMYJBI TAK e, Kak
Macca m B o OPMY Bl 15 SACKTPOHOB ¢ OBEPXHOCTBIO
DepMu & = p°/2m. [ing 2NeKTPOHOR ¢ KBRAPATUYHBIM
3aKOHOM nncnepcnn, MIOBEPXHOCTD (DepMH KOTOPEIX —
TPEXOCHSIH AUTCOUA (SMEKTPOHHBE UM JBIPOMHETL),
adbeKTHBHAA Macca NPH TPOH3BOIbHOM HANPABICHHN
MarHUTHOIO TIGJIA BBE/IEHA M BhryuceHa (OHa npuBeae-
Ha Ha ¢. 18 B [5]), Ho onpeaenenne (6) caopame u
dopMynoit He sadukcHpoBane, CheNaHC 3TO0 HAMU B
TCOPHH TaJbBRHOMATHMTHRIX ABjaeHni [23], rae 3Hak
3(heKTHBHOI! MaCCHl Mm* BAKEH JJIA CTPOTOTO BEEJE-
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HH 3MEKTPOHOB H ALIPOK. BRJEMN «HaMH» He s
TOTO, YTOOH NOAHEPKHYTh HAl MPUOPUTET — NPUCDU-
teT. - apTropoB paborter [23]. Cxopee, naoGopor: auas
TOrQ, YTOGK HABUHUTBCA. TOMBKO Yepe3 KaKoe-TG Bpe-
Mst MBI Y3HWIH, uto dopmyny (6) snepsere ssen Y.B.
Wokan 8 1950 rogy. Mu1 Toraa atoro He 3HajM.

Qopmyaa keantopanus momanei (5) BeBesena Ha
OCHOBE KBA3MKJACCHUECKOTO KBAHTOBRHMS JeHCTBHSA
($opmyast Bopa). Ot uHTerpHpOBaHUs 110 KOOpAHHA-
Te K MHTErpUPOBAHHIO TIO TPOEKIHH KBaZHHMIIYILCA
MOXKHO DIEpeHTH TOJABKO 6AaroAapa NoJ0GHIO. TPAEKTO-
puit. 1 npn arom cnoeo nodobue ve ynorpedneno. To-
AOGHE NPOEKNNH HA ILTOCKOCTE; NEPHEHAMKYIAPHYIO
MarasTHOMyY nomio H, Tpaekropnn B r-npocTpascTEe R
TPaEKTOPHH B P-NpocTpaKcTBe (r — paguyc BEKTOpP) He
TONBKO YIOMHHAETCS, HO U NOAIEPKHBAETCSA, KOTAA BbI-
uncHAgIRcs QOPMYAL! L% OHHCAHHA HEKIOTPOHHOTO
pesonanca, pasmMepibix sthdextor (cM. [38] u, Hanpu-
Mep, raasy VIH «Pasmepubie apdexroi» B [21a]; B
000X KWCTOYHHKAX ECTh CITHCOK OPHIMHANBHLIX CTa-
Teit ).

Benteny 3a Gonee nosgiuMe paboTaMi, €M ONHCAH-
Hble 3[ech, OAYEPKHEM, Y¥TO NO400RE TPaeKTOpHI B p-
H F-IPOCTPAaHCTBAX MO3BOJISET 3aICATh YCJIOBHE KBAH-
TOBaHKA TAomaieh (5) B Buje YCAOBHSE KBAHTOBAHMAA
MarHnTROTo notoka @ = S,H OKDYKEHHOTO TPREKTO-
puelt anexrpona (S, = (c/eH )-S5 — nnonaas npoeximn
TPaEKTOPHH 3NEKTPOHE B M-NIPOCTPAHCTBE HA NIIOCKOCTD
z=0)

@ = & (n +7);. @y = 2nhcle . (5a)
«Ksant motokas @, BABOE GONBIIE KBAHTA TOTOKS,
OPUHATCIO TIpH ONHCAHWH CBOWCTB ABYXCBA3HBIX
CBEPXNpeBOAHRKOB (2¢ B 3HaMeHaTe/le KBaHTa MOTOXA
CBEPXNPOBONHHKOB -~ CBUJETENLCTBO CHAPHBaHHA
aaexTpoHoB). TloadepkHeM, YTO B HOPMAILHOM MeTaN-
¢ KBaHTYETCA HEe IIOTOK, a4 ABHAEHHE JJEKTpOHa B
NAOCKOCTH, NEPTIEHARKYAAPHOH MAarHMTHOMY TOJIO,
O6b1MHO NPH HCNOAL3OBAHHH KBAIMKAACCHYECKOTO
NpUBIHKEHHSA HAYMHAIT ¢ PENIEHNst COOTBETCTRYIOWEH
kAaccraeckodi sanaun. Ilpu nocrpoennn Teopun sg-
tekra ne Taasa—Ban Aandena o6buHBI NOPALOK
On BapymeH. Knacendeckas 3afgada O ABHXEHMH B
NOCTORHHOM H OZHOPOJHOM MarHUTHOM TOJie AEKTPO-
Ha NPOBOAHMOCTH € NPOHSBOIBHEIM 3aKOHOM JtMCTIED-
cuM Guina pemena s pabore [23], rae, Kak TOBOPHIOCH,
Gbia BBEAeRA sPeKTHPHAA Macca m* NyTeM CpaBHEHNA
BbipaXXeHHa nns llHKJIOT]JOHHDﬁ YacTOTHI B/EKTPOHA C
TIPOM3BOALHLIM 32KOHOM [JHCIIEPCHH C UMKAQTPOHHON
yacroroit crobonnoro anextpora. Ho, kpome toro, Tam
e ObLIC BbIACHEHO, YTO 3aKOH IHCTEPCHH 3IEKTPOHA
NIPOBOANMOCTH B KPHCTAJME NONYCKAeT CUTYALHIO, KO-
TOpast s cBOOOAHOTO J/EKTPOHE HEBDAMOXKHA. DBoiio
YCTRHOBJICHO, YTO B IIJIOCKOCTH, NePIeHAMKYJIAPHOiH

MarHATHOMY [I0J10, DJAEKTPOH MOKET COBEepIUATD .- k-
punumnoe  deuKenue, ©CAM  HIOIHEPLEeTHUECKAA
MOBEPXHOCTE HENIPEPDIBHO IIPOXOJHT 110 BCEMY P-TIpO-
CTPaHCTBY o6paTHOH pemeTKH.

IIpuseseM elne ogHy uutary w3 pators {5] Judum-
na H Kocepuua: QCHC,E[YBT 3dAMETHTD, MTO KOMIIOHEHTBI
p; B (1.1} Anst aMeKTPOHA B METANNE ARMSIOTCA KOMITO-
HEHTAMU NAIUUMAYALCA. DTO, OAHAKO, He BJIHACT Ha
peaypTaThl, ecaH mosepxHoctk (1.6) He mMeer camo-
nepecedenuit ¥ Kaxzas ua kpusbix (1.4) pacnonoxena
BHYTPH ORHOH muelikM o0paTHON DEMIETKH; NIOMHMO
aToTO, nopeanoaaraeTcd, 4YTO PASRYC KPHBH3HEBI

. BNEeKTPOHHOH TpaeKTOpHH (B KOOPAMHATHOM JIPOCTPAH-

cree, M.K.) BeJMK N0 CPaBHEHKIO € TOCTOAMHOM
pewetkn» (c. 28 p «M3bpanneix Tpyaaxs WM. Jlug-
mna)l,

ABTOpDI XOTAT NOTYEPKHYTD, YTO ne;c'rop P — x8a-
auuMnyasc, a we umnyase (CAOBO B UMTATE BHIKEAEHO
MHOI0, M.K.). YpaBHenHe H305HEpreTHYeCKOH mo-
BEPXHOCTH B [5] 3anmHcano B KOMNOHEHTAX BEKTOpa p:
&= e{py,py.p;). HaossepreTuueckan nosepxuocts (1.6)
H ypaBHEHHE TPaeKTODHH DJIEKTPOH2 B MaTHHTHOM MQJIE
(1.4) Boipaens! yepe3 KOMNOHEHTH KMHEMATHYECKOTO
wmnymnca P (P, =p. +eHy/c,Py=p,, P,=p,; H, =
= H), 4T0 BecbMa BaXKHO HE TOJABKO NPH PACCMOTPEHKM
KB23MK/JACCHYECKOTO KBAaHTOBaHHs (UpH BHBOAE Ye-
JIOBHA KBaHTOBaHnA iomageii (5)), Ho u npu pac-
cMoTpeHHH atbexta ge aaza—pan Anpdena B 70H-
KHX CJI0sIX MeTansoB {(ABy3HauHbIe HOMepa cpopuy.rl H3
UHTHpPYEMOH pafoThL).

H> npuseneHnoll IUTAThl BHAHO, YTO ABTOPHl X0-
POMI0 MOHHMAIOT: HAZO HPOSABIATH OCTOPOXKHOCTD.
ITpuanHa B TOM, YTO ONIEPATOP KOOPAMHATH F B p-npes-
CTABNEHMH COAEPXUT cAaraemoe §1 — ONepaTop, omm-
CHIBAIOIIMIT BOBMOXKHOCTD Mepexoa MeXAY 30HaMH
{cm., manprmep, [271, § 55, dopmyna (55.14)). Hepe-
XOO MEXAY 30HAMH CAYXKHT TPUMHHON MAZHUIRHOZ0
npobos, BeCHMa yeAOKHAIOWEro Kap'nmy OCIHAIALRA-
OHHbIX ABJIEHMI B METALIAX,

O MaruuTHOM nmpotoe Syaer ckazaHO Raasie, 3/ech
K€ 3aMeTHM, 4YTO, B Ka&KOM-TO CMBICJIE, aBTODB IpO-
ABASIOT NaKe HECKOAbKO H3THHIHIOW OCTOPOXKHOCTE.
Ecmm m3conepreTHteckas HOBEPXHOCTE OTKDHITAft, TO
TPAEKTOPHH BJEKTPOHA NG HEH MOIYT OBITh 3AMKHYTHI-
MH, HO H¢ TIOMEINATHCA «BHYTPH OAHOH sivedikn oOpat-
HOMl pemerxu». IIpH »1oM KBaHTOBanuMe maOMane
nporcXoiut, a apdexrsl ne laaza—san Anvdena n
[y6uukosa — ae Taasa go/okHB! Ha6IIOAATBES M Ha-
6moaatorcs. Ilpasaa, He MeHee BaxHO, uTO, ecan mo-
BepxHOCTh PepMy OTKPLITAH, MATHUTHOE HOJE MOJKET
OBITb HANPABJIEHO TAK, YTO M TPAEKTOPHA OTKPLITA,
SNEKTPOH He COBEpILIdeT IIEPHOANYECKOro (UHHTHOTO
ABMKCHHA, ero sHEPTHA HE KBAHTyeTCHd, B Pe3yJbTaTe
4ET0 COOTBETCTBYIONIAA TOJOCTE (PepPMH-TIOBEPXHOCTH
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TlepecTaeT AABATh BKJIA[ B OCUM/UIANMOHHBIC ABICHUA
(«mepecTaeTs — B TOM CMEICJE, 9TO IIPH APYFHX Ha-
IPABACHUIX MATHUTHOTO MOAS Aaer).

T'oBopst 0 reoMerpU3zaluy 3NCKTPOHHOE TEODHH Me-
TAJIOB, HavaBmeiics ¢ pabor U.M. Jindmuna u A.M.
Kocepuva 1o teopun acpchekra fe T'aaza —pan Ambde-
Ha, HAZO NOAYEPKHYTh HETPHBHANLHOCTE M BAXKHOCTDb
BBE/IEHUS HOBBIX AJA (DM3KKH Metaanos noustnit. Ha-
BEPHOE, KKAOMY (PUMIUKY-TEODETHKY NPHXOAUIOCH
pelaTh BONPOC, B KAKHX TEPMHHAX HANNCATh OKOHYA-
TensHblit (oA manroift sagauu!) orser. Ilocne paGor
Juduma 1 Kocepnua crano o4eBHIHBIM, 4TO ANA
9TOTC NMPHICAHL TEOMETPUYECKHE oOpa3bl, CBA3aHHBIE
¢ nosepxaoctsimu Depmu. Teomerphyeckue obpasnl
CPABHMTENBHO GBICTPO HAYaAM MOSABAATHCA B paboTax
10 3A€KTPOHHOH TEODHH METAAJOB: NOACKH Ha TIOBEPX-
Bocth epMu, XOpAbl, AHHHH NapaGoaHYecKHX TOYEK
# fAaKe OTAeJbHBIE TOUKH € XAPaKTepPHCTHKOR moBepXx-
HOCTH BOKPYT HMX — BCE OHM BXO/AT B BbIPaKEHMS,
NOJIY4eHHbIE B TEOPHH PadIMYHEIX ABJCHMHA B CBOHCTB,
WUroraa rakue BHIpAXKEHRH PpacCMaTPUBAKOTCS Kak
OKOHYaTE/IBHBIE,

3AMEYAHHE OB 2®®MEKTE
IYBHUKOBA-JAE TAA3A

IIo Tpaguumy, ¢ TPUAUATHIX TofoB {co BpeMeH
Ly6nnxosa) B YPTHU nayyaau He addexr ne laa-
32 —BaH Auabesa, a spdext LlyGnukosa— e Taasa.
XoTs 3aBUCHMOCTh MATHHTOCONPOTHBJIEHHS OT MO
3HAYMTENBHO CIOJKHEE, YEM 3aBHCHMOCTD OT IOJIS Mar-
HHTHOTO MOMEHTa, IePHOAE OCLHAAANMI B 06oux s-
(ekrax cosmagaror (ecam, npapxa, He YUHTHIBATH
YCAOKHeHHA, 06S3aHHBIE MATHMTHOMY NOpo0OIO, CM.
muke). O6a addexta RPHroAHLL /A BOCCTAHOBICHHAS
dopmut nosepxuocTeit Mepm.

Ocunansimonnsie a¢gexTsl — e Taasa—pan Amb-
¢dena n llybuukosa—ze Naasa — pesyanTaT KBAHTO-
BaHNA ABHXEHMA 3JEKTPOHOB B MArHMNTHOM Ioje. B
adexre [yonauxosa — e [aasa KBAHTOBLIE OCI{HILIAN-
IMH HabMofalTcsa Ha (oHe MOHOTOHHOH 3aBHCHMOCTH
COTIPOTHBAECHHA OT MarHUTHoro moasa. Ilocaennas Ana
CBOETO BHBOAA He TpefyeT ydeTa MUCKPETHOCTH SHEp-
TM¥ B MarHWTHOM Noje, [lnA BhIABIEHHA MOHOTCHHOM
3aBHCHMOCTH CONPOTHBJIEHHA OT MaTHHTHOLO [0J15 XBH-
HKEHHE JEKTPOHOP NPOBOAMMOCTH CO CJIOWHBIM 3aKO-
HOM aucnepcuu € = £(p) oA AeficTHeM ciabt JlopeHna
MOXHO DacCMAaTPHBaTh € MOMOIUBIO KAACCUUECKO20
ypaeHenus nsuwxkenuda. IIpu taxom moaxoze s(p) ects
KHHETH4ECKAA SHEPTUA, 8 KBASHUMIIY/LC P He OT/INHHM
oT uMmyabca (MbI 3T0 yxKe oTMedaan).

Tlpaenaa, 3akoH gucnepcud e(p) — xaaumoantil ypo-
BEHb JHEPIHH 9/IEKTPOHA B NEPHOAHMYECKOM T0Jle KpPH-
CTAJIMYECKOH pelleTKH, a BHIPOKREHME Tasa ajek-
TPOHOB INPOBOAMMOCTH, CTOMIb CYUIECTBEHHOE [JIA
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BbIfleIEHHA PO TIoBepXHOcTH Pepmu, — peaysbrar
TIpHMEeHEHUA Keanmoeotd cTaTHcTUKH Depmu — [upa-
xa. OTOBOPKH Re MEIA0T HMEROBATL MOHOTOHHYIO 3a-
PHCHMOCTD OT MAarHHTHOIO HOMA KAdccuyecxum osg-
(eKTOM, OCTABJMAA IMUTET Kganmoguii 3a adibexToM
My&uuxora — ge I'aaza. :

HamoME#M, 9T0 BCe TIepedtCIeH ble KBAHTOBbIE 3-
(exTsl (3aKOH AUCIEPCHM, KBAHTOBAS CTATHCTHKA) He
IPHBOAAT K 3aBHCHMOCTH TEPMOAMHAMMYECKHX XApPAK-
TEPHCTHK VIEKTPOHOB TIPOBOAMMOCTH OT MAarHHTHOTO
noadA: ¥ guaMarderisM, u addexr ge 'aasa—san Anb-
deHa — K@anmMOoGuEe ABACHNA B TOM CMbICJE, KOTODBIHA
UPHHAT B NpeaBAYIIEM a63alle.

Bo MHOrHX caysaAx aMItANTYAa octpasumii [Hy6-
HuKopa — ¢ ['aasa Mana He TOIbKG MO CPABHEHHID € CO-
npoThBAeHReM npu H = (3, HO M N0 cpaBHEHHIO C HaMe-
HEHHEM CONDOTHBIEHHA B MArHHTHOM [OJE 33 CYET
KAaccryeckoro agdexra. ITo 06A€r4aerT BHYHCACHHE
OCUHAAANMOHHOR 3aBUCHMOCTH, Bonee Toro, 310 #
TOJIBKO 9T0 [LAaeT NPAaBO M BO3MOMHOCTD BBIBOZHTD
(bopMy i1, OIIMCHIBAIDIIME NIIABHYIO 3ABHCHMOCTD Ta/b-
BAHOMATHATHBIX XAPAaKTEPUCTHK, MCIOAB3YA Kiac-
CHYECKOe KHHETHYECKOE VDAaBHEHNe, a MOoJYYeHHbIE
dopMy N OPHMEHATH A% AHAMM3A IKCNEPAMEHTA/B-
HBIX aKToB.

Ecan aMIINTY 2 OCHAAIAINHA BeTHK2, MOHOTOHHYIO
IaBHCHMOCTh  BHIAE/NMT: TPAKTHYECKH HEROIMOMKHO,
IloaToMy BakeH CTPOTMH BHIBOX KJIacCHuecKHX (op-
MyJ A TaJbBaHOMATHHTHBIX XaPaKTePHCTHK, 6eps 3a
OCHOBY KBAHTOBHIE BMpaXeHHs. Takoil moaxos NaeT
BO3MOXKHOCTE CANaTh HeoGxomuMble oneHkn (cM. BuI-
Bofi chopmyart (90.15) B § 90 «Dusudeckoil kuneTH-
ku» [39]).

TEOMETPHU3AIMA 3JEKTPOHHOH
TEOPHH METAJJOB (npoaosmenue)

JlyMalo, He olIKGYCh, CKA3aB, UTO MONYIAPHIAMHH
HOBBLIX NIPEACTABNEHHH B IJEKTPOHHON TeopHn Meran-
J0B cHoco{CTBOBaMH TpH o63opa B Y (DH, HamucaHube
Hnset MuxaitnoenueM ¢ MoHM ydyactHeM. Boixoansim
OHH ¢ MHTEpBALaMH B TpHu roja [40]. Cama cTpykTypa
ofzopop OhTa ANA TOTO BpeMeHH HeoOwyHoH. Kpw-
cTaannyeckas pemerka (M npsMas M obpatHas) pac-
CMATPUBANACH KAK KOODAHHATHOE M KBasHHMITY IbCHOE
NPOCTPAHCTBa € 2JEMEHTAMH CHMMETDHM, AHKTYIOLIW-
MM 4YCAOBHA CYIECTBOBAHHA» 3JEKTpoHaM, (boHOHAM
— BCEM KBa3HMACTHLAM TBEPOUIO TEAA.

HSOTPOHHS H OOAHOPOAHOCTE CBDﬁO}IHO]‘O IpoCcTpaH-
CTBa HE OCTABJAET BHIGOPA A/ 3aKOHA KHUCHIEPCHK dJie-
MEHT2DHBIX 4aCTHI B HEM. 3aBHCHMOCTb DHEPTUH E OT
HMIYJbCA P OfHA M Ta Xe ¥y Beex dacTur. Jactnoel u
HX 3aKOHbl AHCNERCHH OTNHMAITCA TOABKO BeJIRYHHON
MaccH m. ¥ (oToHA U, BOSMOKHO, Y HeiiTpuHo m = (.



Henpocmaa ucmopus

IIpu nw60M 3HAUYEHMH SHEPTUH MOBEPXHOCTH PABHOI
SHeprid miofolt uacTuus: — cdepa.

B TeepaoM Tese M303HEPTeTIYECKUE TOBEPXHOCTH
KBagH4YacTHI[ (3JIEKTPOHOB H (POHOHOB, B YaCTHOCTH)
IPHYYAAUBLL ¥ PAIHOOGPASHEL HE TOJIbLKO A9 KBA3H4Ya-
CTHI[ padHOH NPHUPOABL MJIH B PadHBIX BelecTBax. Mao-
BHEPTeTHYECKNE IIOBEPXHOCTH YV KBA3WYACTHI[ OIpe-
OeJeHHOTO BUAA TPM H3MeHEHHH SHEPrHM B Opefefax
OZHON 30HEI CYUMIECTRBEHHO MEHSIOTCA,

C H3MEHEHHEM 9HEPIMH KBA3HYACTHIIE! 3ABHCHMOCTh
SHEPrHW OT KBa3WHMIIYAbCA U3MCHAETCS HE TOJBKO KO-
anyecTBeHHO. C 06/32TeIbHOCThIC IPOHCXOAUT KAaUecT-
BEHHOE H3MEHEHHE — H3MEHAETCH TOMOJNOTHS H309HEeD-
TeTHUeCKHX noBepxHocTell. TeopemMa BaH XoBa [41]
YTHEPMAAET, 4TO B KAKAOH 30HE €CTh HE MEHEE OBYX
3HAYEHWII SHEpPTHH, TaK HA3BIBAEMBIX KPUMUHECKUX
3uayeHuit (g = g.), NpPU KOTOPBIX UIMEHACTCH CBAZ-
HOCTb M30OHEPreTHUeCKHX nopepxHoctell. [Ipu & = g,
MIOTHOCTE COCTOAHME KBAa3UMaCTHI UMEET O0COOEHHOCTD
(B o6uweM ciryyae xopHeByi0). CyLIeCTBOBaHHE B SHEP-
TeTHHECKOM CHEKTPE BJIEKTPOHOB IPOBOIMMOCTH BRAH
oT sHepriM PepME 0cOGBIX TOYEK NPK € = €, U3-3a BbI-
POKIEHHUA 3JIEKTPOHHOTO Ta3a He CKA3BIBAETCA MPAKTH-
4eCKH B CBOMCTBAX METAJIOB, HO, Kak roxasan W.M.
Jludymun [42], coBnageHne KPHTHYECKOTO 3HAUECHHSA &,
¢ sHepriaed Pepumu ep A0KHO HabMOAaThed B cBORCT-
BaxX MeTa/lIa B BHJIe RHOMAJIHH.

JloBuThes pABEHCTBA E, = Ef, TO €CTh U3MeHEHHH
CBAZHOCTH NOBEPXHOCTH (DEPMH, MOXKHO, BO3/JEHCTBYS
Ha MeTajn AaBJeHMeM, M3MeHAA KOHUEHTPAUMIO YpH-
Mecell MM KOMOMHUPYS T¢ H ADYroe. AHOMAJANM, Ha-
Ga0gaeMble TIPH OUPEASACHHOM KpHMHUECKOM 3HAYE-
HUH [IAPAMETPa, ONNCHIBAIONIETO BOSAEHCTBHE, MOXHO
TpakToBaTh Kak <asoBblii nepexon 2% pona, ecin
MOMB30BATLCH TepMUHONOTHER Jperdecra. B mrrepa-
Type HCIOAL3YIOT TP TepMuHa: Judhuuuya nepexod
(cm. [9], oM 1, c. 479), TononoruuecKuil Nepexol u
nepexod 2% poaa. llpeackasanroe M. .M. Jindunem
ABJeHHe GblJI0 O6GHADY KCHO PA3NHYHBIMH IMYTAMH Tpe-
Mg IDYIINAMH SKCIepHEMeRTaropos — u3 ¥ OTH, MTY
u UDB/. B 1982 reny — uepe3 22 roza nocne npej-
€Ka3aHHA — KOJUIEKTHE H3 BOCHMY U€JOREK ¢ YIACTHEM
HU.M. JIndumua nosywun CBHACTEABCTBG 00 OTKPHI-
TuH. OHO ObLIO HAZBaHO Tak: <fBJeHUe sNEeKTpOH-
HO-TOMOJOTHYECKOTO TePeX0/ia METAMNOR IPH YIPYTHX
AedopManuaxs». AHOMaIWH, OOH3AHHBE TOMOMOTH-
HECKOMY Tepexoxy, HaGmoaanuck mHorokpatHo. Co
cpaBHHUTeAbHO nosHBIM (10 1994 roaa) nepeunem muTe-
PaTyphl [0 3TOMY BOIIPOCY MOXMKHO MO3HAKOMHThCA 110
o63apy [43].

B patote [42] Maba Muxaiinosny He ynoMuHaeT, K
KaKuM nocaecTBRAM B acpderrax ae laaza — pan Anp-
¢ena n UlybHnrosa —ae Taasa AOMKHO NPUBECTH M3-
MEHEHHE TONOJOTHH NoBepXHOocTH (DepMH, BOCIPHHHU-

Mad, MO-BUAMMOMY, NOAOOHOE NpEACKA3aHUE OYEBHA-
HeM. [Ipu paspoiBe MM G6pPA3QBAHUM TIEPEeMBIYKH Y
KpuBOH, ONHChIBajomedl OCUMAIALNH, HCYe3aeT WK
MOABIACTCH OMK 13 eprogob. [Ipyn 06pa3cBaHUH HAR
HCYL3HOBEHHH HMOJOCTH IOBEPXHOCTH MepMU IPOKCKO-
AUt TC ke caMoe [44] . Mexay Tem, oaun n3 Hanbonee
yOeJHTe/bHEIX SKCHEPUMEHTOB, KOTOPBIH 3aperncrpu-
POBAJI Pa3pbIB TEPEMBIMKH NoBepXHOCTH MepMu, GBI
sKcnepuMerT Byapko, Famordenko u MkeBHYA 110 Ha-
6mopenuio stdexrra [ly6uukosa—ae [aasa Ha xaa-
MHH TIOJ, faBaeHueM [45].

B cepenunte 50-X rofoB YMCIEHHBE METORBI pacueTa
3aKOHOB AMCHEPCHM KBA3MYACTHI, TOJBKO HAYHHAIN
pasBUBATBECA. JTOMY, KOHEYHO, CHocoGCTBOBAMO pas-
BUTHE BBIMHUCAHTENTbHON TexHUKH, OTCyTCTBHE HAXEK-
HBIX JAHHBIX O 33KOHaX AMCHEPCHH KBa3sHUACTHIL CTIO-
coOCTBOBAJIO TOMY, 4TO INPHMHATHIA B ofsopax [40]
NOAX0A, HCXOAANTHE U3 CHMMETPHITHBIX CBOIHCTE 3aK0-
HOB [AMCIIEDCHHM KBA3HYACTHI, OKA3a/ACA YCHEIUHBIM
#H ucbopmarusueiM. [loaymyTianeas dopMyauposka
M0AXOa TAKOBA:! <ECAU MAaK..., MO mak...». Vimeercs B
BH/Y CIeRyOlee: ecat 3aK0H JUCHepCH o6Iafaer Ta-
KMM-TO CBOHCTROM, TO TAKO€-TO SBJEHHE HIM CBOHCTRO
OOJKHO WMETh TAKUe-TO YEPTHL,

Koraa noeepxnocrs @epmu He cdepa, niomanyu ee
3KCTPEMA/IbHEIX CEYEHHH 3aBUCAT OT HANDABJIEHUA MAT-
HutHOoTo oyt H. IIpH He BCIOAY BMNMYKIOH NOBEPXHO-
cti DepMu oT Hanpakaenus sekropa H = H sasucur
YHCAO FKCTPeMANbHuIX CeveHMi. VameHeHMe yucaa ce-
4eHNH € 9KCTPEMAALHON INOWAABK (NEPHOAOCB HJH
YacTOT OCHM/LIALMI) NPOMCXCANT TEPH OIIPE/IeTeHHOM,
KPHTHYECKOM HATIDABJEHHH 1), H COTIPOBOXIAAETCHA aHO-
ManHell, HaMOMHHarOwel TOMOJOTHYECKHA Tepexon.
XapakTep aHOMaJHH, TO ecth (hOPMa OCLHAIALHOHHBIX
KPUBHIX TIpH I — 1] << 1, 3aBHCUT OT CTPYKTYPHI 10-
sepxHocT DepMu. JIeTKo 3T0 npocieqnTb Ha MOAED-
Hoit moBepxHocty DepMy, HAMOMHUHAKINEH TFAHTED,
Ha pue. 28 B [36] paccmoTpeHsl apa cay4as: a) raH-
T&Jb ¢ TOJICTON HePeMBIYKON A 6) TaHTeJb ¢ TOHKOH He-
peMbiyKoii. B neproM ciyyae ImpM KPHTHYECKOM Ha-
TIPABACHNH aMILVIHTY/A OCUHAASIHNI PE3K0 BO3PACTAET,
To-suavmonMy, mozoSusnit acdekT GuL1 06HAPYREH Ha
Cu [46]. Bo sropoM caywae anoManna chaoxuee. Tax
Kax O/IHO K3 SKCTPEMAJbHBIX Cederuil Ipu 1 = 7, UMeeT
TOUKY CcaMOlepeceueHns, B KOTOPOHl CKOPOCTb ABMXE-
HHA 3JeKTPOHA 110 NoBepXHOCTH (DepMu ofpamaercs B
Hy/b, TO AMIVIMTYJa COOTHETCTBYIOUIEH OCEMA/IALMH
noJxHa GuITh aHOMAAbHO Maja. He anaro, Ha6mona-
Jach JIN NOAOOHAs CHTYAIH.

PaGora Vnpw Muxaitnoeuva [42] — nepsas us pa-
6or, NpeACKa3aBlias, YTO U3MEHeHWE TONOJOTHH Teo-
MeTpHYeckore o0pasa, (DUTYPHPYIOIETO B OMMCAHHH
CBOHCTB METAJJIOB, MOPOMAaeT aHoMannw, IIpu omm-
CAaHMH TePMOAMHAMMKH 3JEKTPOHOS TIPOBOAHMOCTH
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narogapd BbIDOXKACHHIO (GUTYDHDYET ROGEPXHOCMS
Depmu; PopMyNIbI, ONHUCHIBAIOLME KBAHTOBLIE OCLIAA-
JSLMM B MATHHTHOM [I0JIE, COAEPIKAT MAOUA0H [IePIIeH-
ZUKYJIADHBIX MarHUTHUMY TIOJI0 cedeHult 310l mogepx-
HOCTH; B TEOPHM 4HOMAJBHOIC CKHH-3(peKkra H B
TEODPHK NOIJIGIIEHKA YIbTPA3BYKa (PUIYPHPYIOT nosc-
xu Ha MeBepXHOCTH MepMu, CROPOCTE PACTION0KEHHBIX
Ha HHX 3JIEKTPOHOB NepeHIHKYIIpHA 3aJaHHOMY BeK-
Topy. MeHAg yc/0BUS IKCIIEPHMEHTA, MOKEQ BCE BTH
TeoMETpHYECKHe (PUIYDH! «3aCTABUTh» M3MEHHTH TOIO-
aoruio. M kasioe Takoe W3MEHEHHE NMPUBOANT X AHO-
MaJHM, KOTODYI0O MOXKHO Ha3BaThb TOIOJOTHYECKHM
NepexojoM M KOTOpas B NPHHIUMIIE MOXET GBITb 06Ha-
pyxeHa. Takolt moaxon obobmaer uxero .M. Jing-
IIMIA Ha MMpokuil Kpyr sBjeHnit [47].

B na3spanun o630pa [47] ocwymaercs noaeMnreckuii
sagop. llpaBuibrell 661710 GBI BeCh KPYT ABJEHMI, OIH-
CaHHBIX B HEM, HA3BATD MORCAOZUMECKUML ANOMANUA-
. Tlo obe cropoHs! 0T TOUKY hd306020 nepexcdd Tep-
MOAMHAMHYECKAA CHCTEMa HAXOAUTCH B PasHBIX (asax.
Npu TononorudeckoM nepexoae U.M. JIndmnua tak 1
IPOUCXOANT, X0T4 (pasbl o 066 CTOPOHBL OT NEPEXoa
OMU3KH ApYT Apyry. B cayuae anomasui, OTACAHHLIX B
o6aope [47], atoro uHer.

Celiuac Xopolo HIBECTHO, YTO NOBEPXHOCTH PepMu
GO/IbUIMHCTBA METANJIOB WMEIOT MHOTO Imosoctedl u
BeCbMa BBIYYPHBL. TOMBKO META/NIBI ITEPROH TPYNIIEI
Tabauupl MeHgeneesa CpaBHUTENRHO HpocTsl, Ho He
CTOHT 3afbiBaTs, 4TO NoRepxHocTH Mepmu Cu, Ag, Au
# Pt — OTKPHITBIE TIOBEDXHOCTH.

Hpeackasanue, a NOTOM H OTKPBITHE TONOJOTHYE-
CKOTQ NMEPEX0Aa — OJHO U3 APKHUX NPOSABAEHRN OTJIH-
YHS 3aKOHA JAHCTEPCHM JAeKTPOHOB MPOBOAMMOCTH OT
3dKOHA ANCIIEPCHE CBOOOAHBIX 3EKTPOHOB,

ITpakTiyecku ra nogepxrocTax MepMH BeeX METAN-
JIOB €CTh BMATKHHDBI H TICPEMBIMKM, TO €CTh HA MOBEPXHO-
crax MepMu UMel0TCA 061aCTH € TAYCCOBOH KPHBH3HOM
pa3iIMIHOro aHaka. CJeioBaTeNbHO, HA NOBEPXHOCTAX

eCTL H AUHUL napadoﬂuuecxux mo4ex, Ha KOTDphIXI

OZHa M3 TAaBHbIX KPMBH3H MeHfeT 3Hak, Ecrs paxke
TOUKH YIJOIEHHA — TOYKM NePecedeHust AHHAH Mapa-
H0JMYECKHX TOHEK,

Pucyuok THHEME MapaGoaHyecKux TOYEK Ha MOBEpX-
yocTi DepMu MOXKHO CDABHHTL ¢ reorpadudeckoii kap-
Toii. IIpu BHemIHEM BO3AEHCTBHU Ha METANA H3MEHAET-
CA ¥ PHCYHOK JHHHI napadosmdeckux Todek. OO6BIYHO
H3MEHEHME He MEHAET TOTIOOTHI) JMHHWH napadoaude-
CKUX TOUEK, HO NIPH ONpPeAeAeHHBIX BO3AeHCTaNAX BO3-
MOXKHO H3MEHEHME CBA3HOCTH MMHMH napabo/mMaeckKux
Touek. IIpocrefinmil npuMep: nodpieHne HOBOH BMATH-
HBl TIPHBOAMT K ROABJEHHUI0 HOBOH METAM TapatoJiu-
HecKux ToueK. lsMenenwe CBA3HOCTH AMHMI Napa-
GONMUECKUX TOYEK He CONPOBOKAAGTCE aHOMATHeH
TIIOTHOCTH COCTOAHMI aneKTpoHoB (JUI 9TOro Heobxo-
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JMMO U3MEHEHME CBA3HOCTH NoBepXHOCTH Depmu; Tak
npu nepexoge JInbnmmna). [loaTomMy uaMeHeHwe CBA3-
HOCTH JHHHI NMapaGo/M4ecKUX TOYEK He NPHBOAHT K
TonoAoTHYECKOMY nepexody. Ilpassa, kak ofpameno
BHHMaHHe B pabote [48], npu onpeaenenHoil orpanke
KPHCTAJIIA W3MEHEHHE CBA3HOCTH AMHHIT napaboamnyec-
KHX TOUEK MOKET IIPUBECTH K 00061YeHHOMY MOROAO2U-
seckomy nepexody. Tak B [48] HaspaHa anoMamus To-
BEXHOCTHOH SHEPrMH MeTa/ld INPH  H3MEHEHUH
CBAIHOCTH AHRMIH mapaboJnuecKUX TOYEK,

AHa/MHM3 DasMYHBIX CBONCTE MeTaaneB (0cO6EHHO
BBICOKOMACTOTHBIX) II0XKa3al, YTO 32 HEKOTODBIE U3
CBOUCTE OTBETCTBEHHB! TOJBKO JEKTPOHLI, Pacmoo-
HEHHBIE B OMOCILHBLY MOYKAY Ha NOBepXHOCTH Mep-
MH. OcoGeHHO OTHETAHMBO 9TO BHJHO Ha NIPHMEDE TIO-
IAOMERUA 3ByKa B MATHUTHOM [0J€, KOTAA 3BYK
PacIIpOCT PAHSEECS MEPIEHANKY IAPHO MATHUTHOMY Q-
ao (cm. puc. 23 B [36]). MaMmenan ycaosua sxciepH-
MEHTa, MOJKHO JBHIATE TOUKY 10 HoBepxHocTH Depmu.
Korga Toyka okaxerca napaGosuyecKoR HAH TOUKOM
YILIOIEeHHA, KO3(DUIMEHT NOrJNOMEHHA 3BYKA #HC-
mhITEiBACT aHoMmadmie. B aToM cayuae mensercs ue
CBA3HOCTH, 4 MEHACTCHE MeMpuKd, OKPYXaOIAs H3-
GpaHHYI0 YCIOBHAMH SKCTIEPHMEUMTA TOYKY Ha (pepMu-
MOBEPXHOCTH. *

HccnenoBanmio poaM JIOKAMBHOM T[eOMETpHH 1D~
BepxHocTelf MepMU METAIIOB B BBICOKOYACTOTHBIX
CBOMCTBAX METAN/0B NOCBANIeHC MHoro pabor. Heko-
TOphle M3 HHX YROMAHYTHI B o63ope [35]). Cpapmu-,
TEJbHO HEJABHO MO-PYCCKH M IIO-aHIVIHACKU BRINLAA
monorpachus H.A. 3umbosckoit [49], ocnoBannasn B oc-
HOBHOM Ha pafoTax asTopa 10 3Tof TeMaTHKe,

DepMHUOIOTHA OTKPHLIA YAHBHTEABRBIH MUD CBOe-
o6pasHBix CcTPyKTYp. COrmacHO TepBOoMYy BheyaTne-
HUY, BBIMYPHOCTH IoBepXHOcTed Depmm — 3aranou-
Hoe ABjieHue, JIOMHIO, KaK CMYIIANQ TE€X M3 HAC, KTO
GBI 3aHAT JMEKTPOHHOH Teopuell METANNOB B cepeuHe
NPOIIIOTO BEKA, CYWECTBOBaHNe Y NoBepxHocTell Mep-
MY IMOJHBANEHTHBIX METANI0B HApPANY ¢ GONLUIAMY 110-
JIOCTAMH MaJbIX NOJIOCTENl HJH, KaK TOT4a TOBODUH,
MaNbIX TPYNII 3JeKTPOHOR IpoBoAuMocTH, K pens
HMEHHO OHH Haubojee OTIET/IUBO NPOABIAIT cela B
OCIMJIIAIMOHHBIX ABJIEHUAX, TAK KAK UM COOTBETCTBY-
T Gojbline TepuoAbl. OKasaioch, MPOHCXOXJICHHE
MabIX [0J0CTel Ipolte, 4eM MoXKHO Ou110 cefe npej-
craBuTh, Mojenb, OCHOBAHHAA Ha TEOPHM MOYTH CBO-
6OAHBIX 3AEKTPOHOB, IPAMEHEHHAS K IIOJHBATEHTHBIM
METaJI/1aM, IOKA3aJ1a, 4T B HYJIEBOM NPUGIMMKEHNH HX
nopepxnocté DepMu cyTh cdiepsl ¢ paguycam, Tpe-
BOCXOASIIMMY PasMepbl NepBoil sounl Bpusmiosna,
LEHTPBI KOTOPBIX HAXOAATCA BO BCeX AYelKax ofpat-
HOW pemeTku. C LENbIO YCTPAHUTD BhIPOXK/IeHUE che-
PEL IPHXOAHTCS <Pa3pe3aTh», NEPEPACIIPE/IEIMB 3eK-
TPOHBl IO BHOBB 06DPA30BaBIIMMCH moocTaM (Mogens
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Xappucona). IlosepxHocry MepmMu, MOCTPOEHHBIE Ta-
KUM 00pA30M, COCTOAT H3 MHOTHX MIOJACCTEH, BRAKHAIOT
HEpe Ko B ceOs OTKPLIThIE HOBEPXHOCTH N COBEDITEHHO
He 110x0xH Ha ucxoguole cepnt (cm, pazaern 4 B o630-
pe [35] u puc. 18 Tam xe).

AJA OCIUAJIAIIAN MATHUTHOE IOJIE
HE OBA3ATEJBHO

Hcnonpszoranie dopmyan [Iyaccona npn BHUHCAE-
HHM TEPMOAMHAMHYECKHX XAPAaKTEPHCTHK METANIOB B
MUrHHTHOM II0JIe o4eHb yAo6HO. M Bce Ke, HeCOMHEH-
HO, HOJIE3HO MO3HAKOMHTBCH ¢ KAYECTBEHHRIMH coofpa-
KEHUAMH O NPHYHHE OCHUIAUMI.

TMouemy cymecTRyeT &aHaKas K TEPHOANIECKOI 3a-
BHCUMOCTb DA3/IMMHBIX 3/JIEKTDOHHBIX XapAKTEPHCTHK
oT H uxn, rounee, or 1 /H? Koraa paccrosauus MEKIY
KBAHTOBAHHLIMHM YPOBHSIMY SHAYHTEIbHO MeHBIIe HED-
run Depmu (Ae << gr), YKMCA0 MATHUTHBIX 30H, COACP-
JAIMX 3NEXTPOHBE, BeJiKo. He cTosnp BaHO, CKOMBKO
HMEHHO 30H Noj sHeprueii Pepmu. BakHee, xaxopa
CTPYKTYPA 30H8 ¢ 2HEPTHEH € ~ £p. KBanToBaHme Jud-
iz — Qucarepa onpesieseT 3aRMCHMOCTD JHEPTUH €
B n-i 30HE OT p, NpH (PEKCHPOBAHHOM 3HAYCHHH Mar-
uurHoro noas H. B kaxaoit sone & = g,(p,) naotnocTs
PHEPreTHIECKUX coCToAHuil uMeer ocoberHoctu (Tam,
rae (8S(p,,e) /8p, = 0). Ilpn usMenendu 06paTHOrG
marHutHore mona 1/H Ha seimurny A1 /H) =
= 2neh /¢Sei{€F) 0COBEHHOCTb NEPEXOANT B COCEX-
HICIO 30HY, a BCS KAPTHHA MeuseTcs caabo.

Taxum c6pazoM, NpUYHHA OCIH/IAIME — GObIIOE
4HCo YpoBReH mog aHeprueil DepMyu H 3aBHCUMOCTE
PACCTOSIHMA MEXKAY YPOBHSAMH OT NMApaMeTpa, MpH Ha-
MEHEHHM KOTODOTO YHe/o ypoBHel ke yposra Mep-
MA MOXET GbITh H3MeHeHO. B pe3y/bTaTe aJeKTpoHHbIE
XAPAKTEPHCTHKM METal/1a OCHHIUTHDYIOT.

B Tom xe 1955 roxy, xoraa Gbuia nocrpoeHa reopus
addexra ne Taasa—Ban Aapena, UM, Jludmun n
A.M., Kocesru onyGaukoeamu pabory <06 ocmua-
JIAIHAX TEPMOJHHAMHEECKUX BETHYHH 71 BEIPOFKAEH-
HOTO (epMil-Tasa Npy HH3KHX TeMmeparypax» [50],
KOTOPYIO CREAYET CUATATE 00ue Teopuel GCIHAMAIM-
OHHEIX SIBJIEHHH B MeTanstax. Bo Beeaennu B aty pato-
Ty cKazaHo: «2¢QPeKT OCUHANAIORHON 3ABMCHMOCTH
TEPMOAMHAMUYECKUX BEJUYHH JAJdA  BBIPOKACHHOID
¢épMu-raza HaCTHIl C KBAHTOBAHHBIMHM YPOBHAMH 9HED-
THY OT TeX NaPaMeTPOB, KOTOPBIE ONPEAEISIOT TIONUKE-
HUE DTHX YPOBHEH, OyAeT WMETH MECTO BCeTAa, Korja
NPHCYTCTEYIOT NPHYUHLI, BbI3bIBAWMIHE KBaHTOBAHHE
ypornell (HanpuMep, orpaHWMeHHBIH 0OBEM, BHEIIHHE
NeJH € BO3PACTAIONIMM [TOTEHHHANOM | T.11.)», Tak xe,
KaKk M Teopus addexra e Iaaza—san Anvdena, o6-
INasi TeoPH: OCUM/IALIMOHHBIX ABJMeHMIT NIOCTPOeHaA
IIDH BechMa OBINHX npednofoxkenusax, Kpasunaaccuye-
CKOe NPHOAUKEHHE NTO3BOJIMIO UCIIC/b30BATE YCIOBHA

keanToraruA Bopa. Cuuras, yro kaaccHyeckad 3agaua
0 JBIGKEHHMH vacTyy (epMH-Tasa peIleHa, SHEPTHIC
KBA3MYACTHIBI MOJKHO BBIPA3HUTh YEpe3 MepeMeHHBIE
geiictens 1y, Iy, Is: & = = e(ly, I3, I3). KBazuknaccu-
uecKoe KBaHrosaHue Tpebyer: I; = (n; + v;), rae n; —
nenvie yneaa, a 0 < y; < 1. Orciona sHeprus — (yHK-
LS N-BEKTOPA ¢ IEJOYMCAEHHBIMYM KOMIIOHEHTAMH 72;:
£ = £(n). B aTux TepMuMHAX, He YTOYHSA 3aKOHR JIAC-
NEePCHH KBABHYACTHI-(DEPMHUOHOB, ABTODHI NPOAEAAJH
HCE BRIYHCJAEHHS U IOAYIHIH 0603pHMBIE (OPMYJABI B
pAde KOHKPeTHbIX Caydaes (3AeKTPOHHDEN ras B MOTeH-
LHATBHOM AlIMKE, B IVIACTHHE IIPH HAJWYHI MATHUTEO-
ro NoAd U Ap.).

Patora [50] crumyamHpoBaia 3KCEpHMERTAIbHLIE
HCCACHOBAHMA OCLH/INALHOHHOA 3aBHCHMOCTH  Tep-
MOJHHAMHUECKMX H KUHETHYeCKHX CBOHMCTB TneHOK
TBEPABIX Ted. B arolf o6sacTH 6bL1 AOCTUTHYT 3aMeT-
HBIHA ycnex.

TEOPUSA ®EPMHU-KMIKOCTH JAHJIAY U
CEPMHOJIOIUA

o noseaenus Teopun depmu-xuakoctH Jlangay,
nepsas My6aukalus Kotopoii 6sl1a 8 1936 roxy [51],
JGAANNCE  NONBITKH TIOCTPOMTL  MHOTO3JIEKTHOHHYIO
TEOPUI METAAI0B. OHR OLLAK CTOJb TPOMO3AKH, 4TO O
PaCCMOTPEHHH C MX HOMOLIBIO CAOKHBIX 3QQEKTOB, Ta-
kHX Kaxk s¢pexr ne laasa— Ban Anpgena u IlyGunko-
Ba— e l'aaza, Hedero 6bi70 U AYMATs.

Teopra QepME-KUAKOCTH NOABMAACH, KorAa pato-
Thl, A2BIIHE BOMOMKHOCTh C(POPMYJHPOBATh, 3 B pe-
3yJIbTaTeé ¥ DEIUUTh 33Ja4y O ROCCTAHOBJIEHHN OJIEK-
TPOHHOIO BHEPTETUYECKOTO CIEKTPa 110  OMbITHBIM
JAaHHBIM, OblL1u B pasrape. Bce takne pa6oThl HCTIOMb-
30BAJH MPEACTAB/JACHHE 06 SJEKTPOHAX NPOBOIHMOCTH
KaK O BEIpOXAeHHOM depmu-raze. Ileitaroce BeroM-
HUTh CBOE OTHOWeHHe B 30-e TojAel K TOMY, YTo upH
NOCTPOEHHH TEOPHH . METANJIOB HPAKTHYECKM RCE pe-
SYAbTATbI OLEAH TOJYUEHE! B IPEANCI0KETHH 06 57eK-
TPOHAX NPOBOAMMOCTH Kak 0 depMu-rase, CyuiecTpen-
HYI0 DOJIB WIpaja TPaAHOMA. TBOpUBl 3AEKTPOHHOH
Teopus Meraanor (3oMmepdenna, a g0 nero Jlopen)
HCXOQMNH H3 TOTQ, YTO 3J€KTPOHBI CBOSOJAHBI KU He
B3aHMOJCHCTBYIOT APYT ¢ ApyroM. MepMu-4acTHIE!
CO CJIOXKHBIM 3aKOHOM JHCHEPCHH GBI CYNIECTBEHHO
6amke K peanbrocTH. MCHONB3OBaHME TaKMX Ipes-
CTaBJEHNH OIyMAT0ch KaK BeChbMa 3aMeTHbili TIpo-
rpecc.

MEe Kasanocs, UTO CTPOrOe AOKA3aTEABCTBO CIpa-
BEJIMBOCTH TA30BOTO TNOAX0J2 OyAeT OCHOBAHO HA
AByX obcrostenpctax. Ilepoe — mHefiTpagsHoCTS
3/ICKTPOH-HOHHOH CHCTEMb! METANAR, Aa ele YCHJICH-
Hasl 9KPaHHPOBKOK, JHKBMAMDYIOWEH KyJIOHOBCKOE
AanpHogelictene. Bropoe — 6o/lbuwias IIOTHOCTD BEL-
POKASHHOIO TA32 9NIEKTPOROR, KOTOPas MOZKET ofSece-
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YWTE NPeBOCXOACTBO aHeprun PepME Haj CcpPeAHUM
3HaYeHAEM KYJIOHOBCKOH SKepruM BaaHMofeflCTBHA Mex-
Zy anextpoHaMu. Ho 3TH coofpaxeHHs, IO-MOEMY, HK
Ha ceMuHapax, HY B Gecefax ¢ Muabeit Muxaiiaosiyuem
HE 06CYKAAINCD.

He nomsmw, 6511 au A Ha cemunape Jlasnay B HODII,
Koraa Judnmun u Kocesuy AoKIagsiBaLk cBOK padory
[5] o Teopun sdipexra ae Taasa—Ban Annsdena. Ho
YTO MOMHIC MO0 BCKOpE MOC/JAE JOKMAfa O TEOPHH
abbexta ge Taaza—Ban Aabdena (HaBepHoe, depes
HECKOMbKO Mecsles) Ha cemuHape Jlanaay QokaaibiBa-
JIACH TEOPHSA F4JbBAHOMACHUTHEIX ABJAeHWH Jlndunna,
Asbens u Karanopa [22]. O depMu-KHAKOCTH HHUKTO
He ropopwa. Hu goxaamuux U M. Judmun, vu JL/.
Jangay. Beex (MeHs, mo kpaiiHell Mepe) ycTpaHBano
MEPEMMEHCBAHIE 3NEKTPOHA ¢ NIPCH3BOJBHO CAOMKHBIM
32KOHOM ANCIEPCHHE M3 HACTKIBI B KBA3MYACTHILY.

Koraa e NpHILIO BpeMA OCYIHECTBHTh 3aJyMaHHOE
— manucatsh 063oprl [39], a MOTOM cOGPATE HX B KHMTY
«JeKTpOHHAA Teopus MeTannosr [21], B Goubioi
‘Mepe OCHOBAaHHYI0 Ha paforaX (hepMMOJOTHYECKOTO
TOMKA, TO BBIACHWIOCE, uyTo Mans Muxaitnoeny rotos
YETKO OTBETHTh Ha BOMPOC, KAK H KOTAA OCYILECTBJA-
eTcsA Mepexol Ha ©XHAKocTHONS Asnik (cM. [21], §§ 16
a 23), Maparpad 16 maseiBaercs «Dbext e Taa-
3a-—~BaH Asnena u Teopus depMH-KHEKCCTHY. OH
Bech MOCBALIEH 3TOMY BONpoOCy. 3aaaua naparpada mo-
Ka3aTb, YTO B KBA3UKJACCHYECKOM NMPHOAMXEHHM, J0-
CTATOMHOM IIPH pacyeTe OCHWUIALMOHHBIX ABIEHHI,
MOKHO HCIO/Ab30BATh KJIACCHUYECKOE KHHETHYECKOE
ypasrenne Boapnmana reopun dbepmu-xuaxkocTH. Ham
XOTENOCH OCTATHCA HA TOM YPOBHE HCIOMb30BAHMA Teop-
tpusnuecxoil TeXHUKH, KOTOpAd NPHUMEHAIACch B0 Bee
krure (B xupre ve Gurypuposann ¢pynximu Ipuna).

Kax M3BecTHO, paccTosHuS Ac MEXY KBa3HKIACCH-
MECKMMH YPOBHAMHY DABHBI ki, TAE @ — YacTOTH KAdC-
cuueckozo ABwxenus. Jna dactuu depMu-zasa yacro-
TY & MONHO GBLI0 BBIYHCJIATB, HCTIQ/b3YH YpaBHeHUe
NBUKEHHA omoeavHol YacTHUbl. Ecan dacTHipl B3ay-
mogeiicTeyoT {bepMu-Kudxocme), HeoGX0AUMO HCXO-
OMTH K3 ypasHeHMH asikeHua Beeff xxuakoct, Uac-
TOTH ¢ ObLIM ONpefeNeHnl H3 GepMUXHAKOCTHOTO
KUHETUYECKOTO YPABHeHHS, BKJwuaioumere cuay Jlo-
perua (e/c)vH] co 3HaueHHeM CKODOCTH V =
= ge(p)op # p/m. Dopmyaa LA YACTOTE! KOJMeGaHH
o BHelllHeMY BUAY He oTAudaercd ot ¢H /m*c, u m*
no-npexHeMy onpeaensercs dopmynoit (6). Paszauuie
BCe ke ecTh. (OHO COCTOMT B TOM, 4YTO 3aKOH SHCIIEPCHH
€ = e(p) exatoudem 6 ceba MEKINEKMPONHOE GIAUMO-
deiicmaue.

Buraoa: dopMyant Teopuu adierra Ae Taaza— pan
Anpena, NMOJYYEHHBIC B <TA30BOM» NPHOJMKEHWH,
COPABEAANBhl GyKEAABNG, €CAM CYUTATH, YTG 3AKOH
aucnepcu € = ¢(p) BRAOMAET B ce0s MEXITCKTPONHOE
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p3anmogelicrerne. Ha ocnopanmm HEMOCDEACTBEHHOTD

‘pPacueTa BIIEPBBIE 3TO yTBEDXKACHIE GBIA0 BHICKA3AHO H

Zokazano B 1962 roay 10.A, Beruxossm # JI.II. Tops-
KoBeM [52].

HHurepec k pemensno o6paTHBIX 3a/1a4, TO €CTh [IOHUC-
KH H Oo6HapyXXeHHe BO3MOMKHOCTEH ompenenenss dop-
Mb1 roBepxHOcTH Depmu e{(p) = €F u cropocrelt Vg
(hepMHEBCKHX DJIEKTDOHOB NYTEM CPaBHEHHS TEODETH-
YecKHX (pOpMYJI ¢ pe3yJbTaTaMH 3KCIIEPUMEHTA, 3acTa-
BYL NPOAYMATh, HACKOJBKO IIPHTOAHBI [ 3TOr0 (hop-
MyNBl, BEIBEAEHHBIe fAs depMu-rasa. OTbBeT Ha 370T
ponpoc B xmure [21] paw {(cM. § 23). ¥Ypasuensue
BoapumMana TeopHH (epMH-KHAKOCTH, JTHHEADH30BAH-
HOe TIO 3JEKTPHYECKOMY TIOJIO, eclM T << 1, MOXer
OBITh NEPETTHCAHC TAK, UTO TIO3BOJSET <3a0bIThbs 00 OT-
mavny hepMH-KHIKOCTE OT epMi-rasa. YTeepx/e-
HUE CTPaBEAMNB0 U B OCYICTBHE MAarHWUTHOLC IOJA, H
TOTfla, KOTAA METAJT HAXOANTCA B MAarHUTHOM TIOJIE,
TeM caMbIM GBLIC TIOKA3aHO, YTO B TEOPHH SO/IBIIHHCT-
Ba HauGosce XapakTepHMX depMuosorudeckux ad-
$)EKTOB — B TEOPHH rafbBAHOMATHUTHBIX K MHOTHX
Pa3MepHBIX SBJACHHI, B TEODHH AHOMAJBHOTO CKHH-3-
¢exTa, B TEOPHUH NOTJOIIEHHA YABTDA3BYKA S/IEKTPOHA-
MH TIPOBOAMMOCTH — MOXHO IPHMEHATH <[a30BOe»
onucanre. TeopHsa UHKACTPOHHOIO pe3oHanca, Hab/o-
JieHHe KOTOPOTO TPeGYeT BEIIOJIREHAA YCIOBHA AT >> 1,
MOCTPOEHHAS B NMPHOMIKeHUH (epMU-Tasa, He YyBCT-
BHTeJIBHA K NIEPEXOAY OT depMH-Ta3a K (hepMU-KUIKO-
cru. [IpruuHa B pOJIH BLIIENEHHEIX 3/JEeKTPOHOB, ABU-
KYIUXCA TapajieJbHO NOBEpxHOcTH Merasna (cm.
(21}, § 35).

Dopmybl, N0XYYEHHbBIE B PeayIbTaTe PacyeTa, Mpo-
BEeJICHHOFO Ha 6a3e (pepMH-Ta30BOTO NOAX0AA, RO BCEX
NEPEYMCACHHBIX CAYYafX COAEPKAT TEOMETPHYECKHE
XapaKTEPHCTHKW He rasosoft, a wucmunnod, dep-
MH-KHAKOCTHOHR NOBEPXHOCTH (DepMH — To#, KoTOpas
VUMTBIBAET B3aUMOMEHCTBHE MeXAY SJIEKTPOHAMH —
noeepxrocmu PepMu IRERMPOROG-KOAIUNGCIUY,.

Teopua epMH-KMIKOCTH TIPDH BEIMHC/IEHHH IEK-
TPOHHBIX XAPAKTEPHCTHK META/AA HCIOAb3YET TepMH-
HBI, KOTOPBIE OFHOCATCH K KBAINYACTHLAM ¢ SHepruelt,
6muskoit k depMueBckol (TONBKO Y HUX ZOCTATOYHO
BoabuIoe BpeMa SKUIHM) . [IHAMATHETUIM OIPeIeNseTcs
6CEMU DIEKTPOHAMH, ITO BHOCUT JOMOJHHTETHHEYIO
TPYAHOCTh, KaK MHE KaXKETCA, He NPEo/ONeHHYK J0
CHX TOp.

CTpyKTypa MCTHHHOTO 3JIEKTPOHHOTO 3HeprerHye-
CKOTO CIIEKTPa HOPMajbHbIX METAJNOB H €r0 reHeTHYe-
cKasd cB43b C 30HHOH TeopHeH noApo6HOo OHCAHA B I1a-
se VI gactu 2 <Cratucrudeckoil ¢uankus (IX tom
«Kypcas Janpay n JIudgwuua [26]).
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MATI'HWUTHBIN IIPOBOM

Ecuau Gbl BOCCTAHOBIEHHE DHEPTETHYECKOIC CIIEKTPA
3NEeKTPOEOE TMPOBOAWMOCTH MCIOAbI0BAN0 TOALKO JdH-
Huie sdiektos ae ['aaza—san Anbdena n Hlyonuko-
Ba— ae T'aaza, T0 He 6b110 Gbl BO3MOKHOCTH BHIACHUTS,
Kax PHCIONOKENDl OTAEABHBIE MOJOCTH hepMu-TIO-
BEPXHOCTEIt CTHOCHTENbHO JPYT APYTa B P-NPOCTPAHCT-
pe. MaruuTHbI nmpoGoi o6HapyxuBacT GJH3KO pac-
nonoMenHse Hogoctd. Marnutaniil npo6oift — KBaH-
TOBOE TYHHETUPOBAHUE BMCKTPOHOB IPOBOAUMOCTH B
MaTHHTHOM TI0JI€ MEXAY KBABHKJACCHIESCKHMMH TDACK-
TOPUAMHY, NPUHANEXKAITHMH PA3HLIM SHePreTHUeCKHM
aoHaM. OmuchIBad MarHUTHRIH Tpoboii, yaodHee NoJb-
30BaTbCA P-IPOCTPAHCTBOM, B KOTOPOM TPAeKTOPHM
(PEPMHUERCKMX JNEKTPOHOB PACHOAATAOTCH HEnocpen-
CTBEHHO Ha (epMH-TIOBEPXHOCTH,

CyniecTBoBaHMe MarHHTHOTO TTpo6od GBLIO IpescKa-
3ano KosHom u DanukoseiM B 1961 roxy [33]. Ilpa-
BUJBHOE 3HAYEHHE BEPOATHOCTH MATHHTHOrQ Npofos
W nomyveno Baaynrom [34] B 1962 rogy: W =
= exp (-Hy/H), rae koadpdunuent Hy, HasblBaeMbiii
nojtem npobos, HMEeT CPABHUTEIBHG HEGOMBIIOE 3HAYE-
e (pHy ~ Azf’s}:, 3fech 4 ~ eb/m*c, A — noTeHnHaNb-
HLIIt 6apbep, OTRe/BIONME OHY KAACCHYECKYH) TPAEK-
TOPHUK) OT APYro B MecTe HamGosbliero cO/IKEHH,
m* — a(dexkTHBHAA Macca; OIEHKH IOKA3BIBAIOT, 4T
wacto Hy ~ 10%-10° 9).

JKCIePUMEHTAMBHO MArHWUTHBIA NpoGoi Gblm OT-
xporr 8 1963 roay Ilpuctiu [55] npy usyuenns apdrex-
Ta Ae aaza—BaH AnbQeHa Ha MarHHH, KOTJAQ cpeay
HePHOAOB OCUMAAALHEA Obli DOHAPYXKEH <CTPAHHEBIH>
HEPHUOA: COOTBETCTBYIOMIAA eMy OpOUTa He IIOMENTANACH
B IIcpECH 30He Bpuamosta, Betao ouenuHo, YTO K-
TPOH /BMXKETCS BOKDYT MArHHTHOTO HOJISI, HE «3aMe-
uadg» HeOOJIbMINX IMedel, pasfiesioluX KIACCHYECKHE
opSuThl. IloBepxuocrs Mepmu Mg crpoures ¢ HCNob-
aoBamveM monenn Xappucoua (cu. Boune)}. B cooTser-
CTBMH € MOJEIbI0 GJIH3OCTL KJACCHUYECKUX opluT —
C/EJCTEME CHATHS BLIDOXKIEHUS 3a cvyeT caaoro me-
proguqeckore nond [56]. Marsutonpotoitnas op6ura,
oSHapyxenHaa IIpucriau, moayumaach Kak pesysabTar
nepecevenus cgeppl OepMH cBOGOANBIX 3JEKTPOHOB
TJIOCKOCTBIO, NEePIeHAUKYASPHONH MATHHTHOMY [TOJIIO,

MarnuTaeii npo6oit — focTaTouHo o6iee SBIEHHE.
On o6HapyskeH NMPAKTHHECKH Y BCEX [OJIMBAJICHTHBIX
METAMNoB. K c4acThio, Ha Hero 06paTUIM BHHMAHHE TO-
T4, KOria NpMpoAa OCHMJLISIMOHEBIX SBACHHH yiKe
Oblma xopelmo IoHATa. B npotHBHOM cayuae paso-
Gpartbcs Bo Beeit kapTuHE GbL10 6B 3HAYUTEBHO TPYA-
Hell.

Kax e nposasiser cefs MarHuTHBIN TpoGoii B oc-
HHJUTALUMOHHBIX ABJEHUAX?

IIpu H << Hj BepoATHOCTh NPoGos paBHA HYJIO,
KaptHHa 0COMITALHOHHBIX ABJEHHH ONUCAHA BBILIE.

Tpu H >> Hy Bepositnocts mpoboa W= 1, Kak 4 B Ma-
JIBIX MOJAX, JACKTPOHBL ABMXKYTCA TIO KJACCHYECKHM
op6KTaM, HO HE [10 TEM, N0 KOTOPBIM JABHTAJHCH B Ma-
aoM nede. MX TpaekTOpMM COCT4BJCHW H3 KYCKOB
NpeXRHUX TPAeKTOPUH.

CeoeolipasHas KapTHH2 BO3HUKAET B CAyuae INpoMe-
AKyTounpix noaeit, korga W{l - W) ~ 1, /lunamuxa
3MEKTPOHA NIPH 3TOM HMEET HE KBa3HKNACCHUECKHH, a
CYNECTBEHHO KBaHTOBHIH xapakTep. KBaHTOBLIH Xa-
PAKTED ABMMKEHMS SJCKTPOHOB B YCAOBUAX MATHUTHOTO
npoGos, o6yCAOBACHAB FHTephepeHINell KBa3uKaaC-
CHYECKUX 3JEKTPOHHBIX BOJH, BO3HUKAIOIME [IPU MHQ-
TOKPaTHOM DACCEARMH Ha LEHTPAaX MAarHHTHOTO Npo-
604, H3MEHAET 3HepPreTHYeCKHH CNEKTP 3JAeKTPOHOE H
xapaxrep GO/IBIOHHCTEA IBACHUA — WM3MEHSIET NIO CPaB-
HEHHIO € NTpeeNbHBIMH cayvuasaMe H << Hyu i >> Hy,
HMeHne aTe — spKoe IPOABIEHUE KBAHTOBBIX BOJ-
HOBBIX CBOMCTB 3JCKTPOHOB — INPHBJIEKAET K MarHUT-
HOoMy NpoGor BHUMaHWEe (H3HKCE, 3AHUMAMONIMXCS
CBOHCTBAMM HOPMAJbHLIX METAJUIOB [IPH HUSKHX TEM-
neparypax (3KCIepUMEHTATOPOE M OCOGEHHO Teope-
THKOB). JlO OTKPBITMA MarHMTHOTO NPOGOS HUSKO-
TeMIlepaTypHad 3MeKTPOHHasd (hHIUKA HOPMAABHBIX
MeTaanoB, oco0eHHo EepMHIOOTUA, KA3aN0Ch, IENH-
KOM NPHHAJIVIEKHAT KBAa3UKJ/IACCHKE,

TeopHst MAarHHTHOTO TPOGOA — B HACTOAIIEE BpeMs
HMHTEpecHas [aBa COBPEMEHHOH 3/IEKTPOHHOH TeopHH
MeTaanos. [lo cyTH HpAaKTHYECKH MQUIHOCTBI GCHOBBI
TeopHH MarHuTHOTO npofos cozgaHel ALA. Crynxu-
HBIM B €T0 JIOKTOpcKoH auccepranuu [57]. C usnoxe-
HHEM TEOPHM MAaTHHTHOrQ npofosd MOKHO IIO3HAKO-
Muthest no geyM raasaMm {111, IV} kounextneHoil
Monorpadin [58], Tam xe (B raape V) onHcaHb! sKe-
NEePHMEHTAbHBIE MCCAEAOBAHUA MATHUTHOIO NDOGOS.
[naBbl copepKaT cpaBHTE b0 NOMHYI0 (Ha BpeMA Ha-
nucanus 0630pos) 6ubmorpaduo.

OnucblBas BAMSHUE MarHYTHOrO npobosd HA OCIHI-
JAUHOHHBIE ABJEHMA, OTMETHM TOJBKO HECKOJABKO
obcroatenvcte. IIpu aroM OyAeM UMeTh B BHAY
HMEHHO cJIyyali pasBHTOrC MarHKTHOrO Tipofiod, Koraa
W{1 - W) ~ 1. Ecan MareutonpoSoftias KoHbHIypa-
IHMA JICCTATOMHO CAQMKHA, TO IMEKTPOH MOIKET COBep-
IUHTB MHOFC PasHBIX NEPHOIHYECKHX ABMKEHMI — Ta-
KMX, KOTOpble OBLTH HEBO3MOXKHHI B TpeaegbHbIX
crydaax. Kaxjaoff TpaeKropue cOOTBETCTBYET cCBoA
MAOIAAL, d IIOMaAH ¢ TOMOLIBIG YPABHEHHS KBAHTO-
Banua Jlndumna — Oucarepa (5) onpesensior nmabop
ypoBHe# Tpu ¢uKCHpOBAHHOM 3Ha4eHHH p,. Ecrect-
HEHHQ, [IPH 9TOM 3aMETHO BO3PACTAET YHCJQ TaPMOHME
B adpexte fe Taasa —ean Anbdena, Cronp xKe ectect-
BEHHC OHH DPOABIAIRTCE ¥ B 3ddekTe Illybfunkopa—je
l'aaza, XOTS He UCYEPIBIBAIOT BCEX MEPHONOB OCITHIIS-
1l KMHETHYeCKHX BeauduH. J[Ba kxpacussix sdidexra
YBEMUUBAIOT YHCAO rapMoruk B stdrexre ly6unko-
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pa—Je [aasa: OCOMJMALMK 3a CYET K8dHMOBOZO UH-
mepchepomempe U THIAHTCKHE OCLM/IISIUH 3a cuet 3g-
texra pere,

KpanTosbi unTepdepoMerp Co3AeTCA Ha MarHKTO-
npoBoHHoH KOHGUIYPalMH ABYMA YYAaCTKAMH, COCTH-
HAKIUMY ABA Y3Aa Ipolos, N0 KOTOPHIM SJAEKTPOH
JBHKETCA B OJHY CTOpOHY. BeposiTHOCTL NpOiTH Ta-
KYVI0 06/1aCTh OCHKJ/LTUDYET, IPHYEM NEPHOA B 3aBHCH-
MOCTH conporusaenns ot 1/ H onpegenserca dopmy-
aoit (4), XOTH BAEKTPOH He OMUCHIBaeT O6NACTS,
BXOMAIYI0 B ypaBHenue (4), ¥ TIOTOMY COOTBETCTBYIO-
it nepuog orcyrersyeT B adexte ge 'aasa-—BaH
AnbbeHa.

[Ton pere noHMMAT MadBiil YYaCTOK MarRUTONPO-
GoitHol KoHGMIypalumu, COBAHHAILMA ABa GOBIIMX
Y4acTKa. BeposaTHOCTE 9/eKTPOHY npoiiTd Maboi y4a-
CTOK OCHH/INDYET M BMECTE ¢ 3THM OCHMJLIKPYET, Ha-
pHEMEp, CONPOTHBJIEHME WK <KOHCTaHTa» XoaRa. AM-
IMTYAA TaKHX OCHUMAAUMH O4eHb BeJNKa, Tak Kak

" QUpenesseTes He KBAaHTOBHIM 3(deKToM, a H3MEHeHHU-
€M KJAaCCHYECKOTO ABMMEHUA 2AEKTPOHA: CKAXEM, NpH
BHIKJICUEHHOM peJe TPAeKTOPHH B3aMKHYTHI, a I[IpH
BK/OYEHHOM — OTKPBITBIE,

B cratee A.A. Cnyuxuna «IIpoGoli MarHHTHBIH B
Meraanaxsy {39] ecTs pUCYHKH, IOMOTAIOU{NE HATISHO
HOPEACTABKTE Cef€ OCOOEHHOCTH OCLMIALMOHHBIX AB-
JAeHUiT NP PA3BHTOM MATHHTHOM ripofoe.

3AKAIOMHUTEJBHBIE CAOBA

Ha stom gonuaerca usnoxeHre «Henpocroit nero-
puns. HMcroprsa paseuTia 3N1eKTPOHHONH TEOPHH MeTasl-
JOB, KOHEYHO, NPOJOJIKAETCHA. 72 Jer — Goablaoi
cpok. BOABIIMHCTBO M3 TeX, KTO CHLITpas B Hell orpe-
JAENEHHY pOJb, yuro u3 xu3Hi. [lo kakof 6b1 npuyH-
HE 3T0 HU NPOM3OULIC, CMEPTh KAsKJA0T0 BOCHPHHHMA-
NACH KAK IpesKeBpeMeHHad.

3a npoweauue roAs! ¥ sAeKTPOHHOH TEOPHH MeTal-
0B GbLIC MHOTO ZOCTHXXKeHMH, MeTajinl B HOPMANTb-
HOM COCTOSHIM M3ydeRH ¢ 60binoR nogpobaoctso. O
MeTaJUTax CTAJM0 K3IBECTHO MHOTOE K3 TOFO, 4Yero He 3Ha-
au pu3ukK 75 ser Hazan, BoJee Toro: MHTEPEC K TEM
ABJEHUAM, KOTODbIE MO3BOAHAH TOHATE, YTO M3 Cebn
TPEACTABAAIT NOBEPXHOCTY (DepMU IPAKTHYILCKH BCEX
METa/JIOB, HAYAI MCCAKATE, DJEKTPOHHAS TEOpHS Me-
TaN0B NepecTala 6HTh MogHolt. OcoleHHO TOT ee pas-
Jefl, KOoTopbii Hasean ¢Qepmuosoruei, Ho ¢uanka
TBEPAOTO TeJa NPojcakaeT GbITh OAHOH H3 AKTHBHO
passuBaromuxcs obnacreil duauku. Kpyr o6bexTo
(pu3MKY TREDADIO TEMA 34 NPOLIEIIHE IOABL HEOOBIYA-
HO pacmupHicad. Ha cMeHy NpHDOAHBIM MeTaaiaM
TIPMILAY PYKOTBOPHBIE 0GheKThbi: HH3KOPAIMEPHbIE CHC-
TEMBbI, OpPraHWYecKHe MATEPHAMBI, HPOABIAIOIIHE Me-
TaJMHUeCKHe cBoficTBA, MUHHEATIOPHBIE 31IeMEHThI, H3Y-
FeHHe KOTOPBIX COCTABHIO HOBYH 001ath $uankn —
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mezockonuxy. Ocuwnnsiuuonnsie agchbexTs! BO BCex
3THUX OOBEXTAX HMEIOT CBOIO CHELHQHKY, HO GO/IBUIMH-
CTBO U3 HUX — MoAudukanusa aubo spderra IIyOHu-
koBa — ge laasza, nubo adpderta ne Faaza —pan Aabde-
Ha. OTKPHBAIOTCA M COBEPLICHHO HEOXHAAHHBIE
apjaenud, Hacroamel cencannell 0Kasaaoch OTKPBITHE
xaaumoaozo apghexma Xonna. Keantopnil sdipext
Xoana — KBAaHTOBAHHE MOMEPEYHOH IIPOBOAMMOCTH H
CONpPOTHBAEHWA ABYMEPHOr0 3JEKTPOHHOro rasa. Ilpu
BCEM CBOEOODA3UM SABAEHUS [ePBONPHUMHA €r0 —
KBAHTOBaHHE SHEPTHM IJIEKTPOHOB B ILIOCKOCTH, [ep-
NeHAUKYAAPHOH MarHUTHOMY [OJIICG, TO €CTh BOCXOAUT
K pabore Jlanaay 1930 roaa.

MHorse CpaBHHTENBHO HOBBlE OOBEKTH (PHIMKH
TBEpAOLC TeAa TPYAHO HAa3BaTh TBEPABIMH: KHAKHE
KPHCTa/Abl, KHAHTOBBIE KUAKOCTH, MOIHMEPB W 6HO-
noauMepsl. Bee wame ¢huzuKy TBepAOre Tesa UMeHYIOT
usuxoli KoOHOEHCUPOGAHHO20 cOCMOAHUA. Bruan ®
paseurHe (DMIUKM KOHAGHCHUPOBAHHOTO COCTOAHHA
BCEX, KTO Ha3BaH, 4 HHOTAA MWL YIOMAHYT B 5TOH
¢TaThe, HE OTPAHWYEH TeM, 4TO OTMeveHO B <«Henpo-
cTo¥ uctopaus». Ho 3To yX TOUHO COBCEM ADYrad HCTO-
pHUA.

Koraa a mucan «HenpocTyo HcTOpHIO», A ¢ Ipy-
CTBIO H € HEXKHOCTBIO BCIIOMHEHAN npounoe. LuKeHpyA
cO6BITHA AAKEKHX JIET, A He TPETEHAOBANA Ha MCTO-
PHKO-Hay4#oe COqMEeHHNe: Gosics, 4TO 3aMHTEpeco-
BAHHEI B3CAAL aBTCPa HECKO/NBKQ MCKA3UT KapTHHY.
Hagewocs, noMoumbs, KoTopylo okadand MHe HO.A.
Mpeiivan 1 B.Jl. Haimk ceomMu coseTaMy, 110MOT/a
MHe H30eXaTh OIIAGOK.

Buipaxato 6naropapHocts KO.A. Dpefimany u B A,
Hamyxy 51 noguepkuBan: 3a OCTABUIMECH OUIKOKH HIIH
HETOUHOCTH OTBETCTBEHHOCTh HECY TOJBKO A,

51 énaronapen JI.H. Mapunyak, KOTOpag NOMOIJa
o(OPMHUTE TEKCT A1 TTYGIIHKALMH.

Bnarogapio B.B. Epemenko, 6ea nmogaepxKs KoTo-
poro ota crarks He Obljia Obl HalWCcaHa M OMyGIHMKO-
B2Ha,

P.S. Koraa cTaTha OBLIA MOJHOCTHI) MOATOTOBASHA
K MyGJINKAIMH, HPHILIA TPArK4eckKas BECTh O HPOMKH-
JanHo# cMepTn ApHoaeda Mapkoemua Kocermua., Hac
¢ AnukoM KoceBHYEM CBASBIBAKO HE TOJBKO TQ, 4TO
ofa Mp — yuenmku Maen Muxaitnosnya Jugumia,
HO W MHOroJeTHAA ApyxOa. [lpusnatocs, «Henmpoctyio
HCTOPHK}® 51 paccMatpuBan Kak nmogapok A .M. Kocern-
uy — eJHHCTBEHHOMY M3 XHBEIX aBTODPOB cTareli, w6u-
neit KoTopmX XoTesa oTMeTHTh. Onosgan. Ot aroro eme
TpYCTHeE.

JAATEPATYPA U IPUMEYAHUSA

f. L.D. Landau, Z. Phys. 64, 629 (1930), mepesoa Ha
pyccxuii Asbik B CobGpanus tpyaor JI. O, Jlannay, Hay-
xa, Mockpa, T. 1, ¢, 47 {1969).



Henpacmas ucmopus

2.

3.

4.

(¥4

6

7.

8§
9

10

12.

[Toan JTamwkesen {1872-1947) apokazan yumeepeanans-
HOCTB ATOMHOrO AuaMarieTsma B 1905 rogy.

B.M. Bepxun, C.A. I'pepeckya, JI.A. Tlactyp, 1Q.A
Mpeliman, Hemopus omepstmun spexma HlyGuuxo-
aa— Oe Taaza, ©HT 16, 1203 (1990). Cratea codep-
HHT Guéanorpadu u3 32 HETOUHHKOB., [ 5TOM e HO-
mepe Hexpoaor DBopuca Hepemuesnya  Bepknda
(1919-1990). B mepeune ABTOPOB HHHIMaNbl B paMu-
aus B.M. Bepxuda B yepnoli pamke.

W.J. de Haas and P.M. van Alphen, Nofe on the
Dependence of the Susceplibility of Diemagnetic
Metal on the Field, Leiden Comm. 280, 31 (1930).

. B M. fMudaunu, A.M. Kocesud, K meopuu maznumuot
SOCNPUNMUUBOCTIY MEMAAA0E NPU HUIKUX MEMNEDANLY-
pax, AITd 29, 730 (1953). Bucnpouasedena B KHATe
WM. Juduun, Hibpauuvie mpydot, IAexmpornan
meopus memaiioe. ITonumepw u Gupnorumepw, Hayka,
Mockpa (1994).

. 10.A. Xpamos, Duaunu, Suozpaghuneckutl cnpasounux,
Hayka, Mocksa {1983).

R. Peierls, Surprises in Theoretical Physics, Prinston
Uneversity Press, Prinston, New Jersey (1979), P.
Hatiepac, Copnpusst ¢ meopemuvecxoi usuxe, Hay-
Ku, Mocksa (1988). IMepesoa #a pycckuil savik M.M.
Karanoso# uoa peaakmueit M. Karanosa.

. JLA. Van Leeuwen, J. Phys, (Paris) 2, 361 (1921).

. Sunukzoneuueckuil cnosaps Pusuka maepdolo mend,
Haykopa nymka, Kues {1996).

. 3.1, ®penkeas, M.I1. Bpouurreis, Kyprar Pycckoze
usuro-yumuneckozo obwecmaa 62, 485 (1930). B
cGopike [11] p HEMHOI'D COKPaILEIIOM BRAE.

. Bonpocol meopemuneckoti chusuxy, ChHopHux cratedl K
100-netio co aux poskaeHus .M. @penkensa, Cankr-
lerepGypr (1994).

1. Rabi, Der freie Electron in Homogenen Magnet-
field nach Diracschen Theorie, Z. Phys. 49, 507
(1928). B tom xe roay estuna patora B.A. @oka (Z.
Phys, 47, 446 (1928)), 3 koTopoll moAYYeH CNEKTP
SAEKTPOIOE B MaTHHTHOM 110/1¢ M B napadoldieckod mo-
TEHUMAALHOM aMe. H3 1ee HeMeaneHHo CAeAyloT 3Haue-
s ypoenel Jlanaay. Pa6ora Doka e ynoMHHaeTcH
gn B paGore Jlaunay, 1u 8 pabore @penkensn n Bpon-
wrefina, A Gaaroaapen 3.3, Pawée, xotopeiit nan mue
ceplaky Ha pabory B.A. Qoka.

CJLAL Jlaspay, EM. JIngumn, Teopemuueckan ghuan-
ka, ToMm III, Keanmoean mexanuwa, Wananue tpetoe,
nepepadoransoe U onoanemoee npe yuactiu JLLIL Tlu-
Taenckoro, Hayxa, Mocksa (1974).

. EJI. Meftn6epr, Snoxe u Auunocms, Puzuxu, Dua-
sataut, Mocksa, ¢. 383~387 {(2003).

. Cunracres, YTo {HKJIOTPOHHMBIH pe3oHalc B NGAYIPO-
BOJAHNHKaX Hedapueumo npegckazamu ST Jdopibman,

HJAH CCCP 81, 763 (1951} u R.B, Dingle, Proc. Roy.
Soc, A242, 38 (1952). Pe3oHanc HEDIHOKPATIO HaGaD-

nancs (cm., Hanpumep, G, Dresselhaus, A, Kip, and C.
Kittel, Phys. Rev. 92, 827 (1933)) u cuirpan Baxuym
POJb B ONPCAC/ACHHE 3HEPIeTHYECKOr0 CHEKTPa 3AeKTpO-
HOB B IOJYTIPOBOAIIMKAX.

16.

17.

18.

19.

20,

21.

M., AaGenn, 3.A Kavep, Teopusa yuxiomponnozo pe-
souanca ¢ memannax, K3ATD 30, 811 (1956); JKITD
32, 896 (1957). Teopus AsGenn—Kanep-pesoHanca noj-
po6Ho HanoxeHa B yyeGuukax (cm., nanpumep, [21] u
[21a]).

P.L.. Kapitza, Study of the Specific Resistance of Bis-
muth Crystals and Change in Strong Magnetic Fields
and Some Applied Problems. 1-11l, Proc. Roy. Soc.
A119, 358 (1928).

W.J, de Haas, J.W. Blom, and L. Schubnikow, Uber
die Widerstandsinderung von Wismuteinkristallen im
Magnetfeld bei tiefen Temperaturen, Physica 2, 907
(1935).

I0.A. Mpeiiman, 3aexTponHce mucbMo oT 21 HoaGpsa
2005 r. 3 moit agpec (M.K.). 5l ovenn Gnaronapen KOpe
(DpeiimaHy 3a BaXXHOE Pa3bACHEHHE.

L. Shubnikov and van Alphen, A New Phenomenon in
the Change of Resistance in a Magnetic Field of
Single Crystals of Bismuth, Nature (London) 128,
500 (1930,

H.M. Mndumn, M.H. AsGean, M. W, Karanos, 3aex-
mponnan meopus memdanios, Hayka, Mocksa (1971).

21a. A A. A6purocos, Ocuoen meopuu memaaroe, Hayxka,

22,

23.

24.

23.

26.

27.

28,

29,

30.

31.

32.
33.

Mocksa {1987).

M. Koler, Ann. Phys. (Paris) 32, 211 (1938) wm
[21], § 26, c. 220,

H.M, Judumn, M.A. AsGenp, M.H. Karanos, K meo-
pUtl 2AABEAHOMUTHUNHWE RaAeHUl 6 Memariax, KITD
31, 63 (1936).

UM, Judnuny, B.I. IlecyaHcku#, anpBaHOMAarnut-
bl XADAKTEPHCTHKH METAMI0B ¢ OTKDLITHIME IIOBEpX-
noctamu  Depun, 1, XK3TE 35, 1251 (1938); II
JHKITD 38, 188 (1960)..

B.I'. Iecuauckmii, DHT 20, 694 {(1994), a Taxwe
|21a), § 5.5. .

JLJ. Manaay, E.M. Jiudunn, Teopemuuecxar pusu-
ka, ToM V, Cmamucmuyeckas ¢usuxa, qacre 1, § 60,
Hayxa, Mocksa (1995).

J.A. Jaupay, E.M. Jindmun, Teopemuunecxar usu-
xe, Tom 1X; EM. Judnawn, JI.II. [Inraesckuii, Cma-
mucmuseckas guauxa, dactb 2, § 63, Hayka, Mockpa
{1978).

H. Llenbepr, Maenumnuie OCUUAIAYUY 8 MEMAIAAX,
B.C. Jnemsmar u JI.I0. Hlapour {nep. ¢ anra.}, M.HM.
Karanos (pea.), Map, Mocksa {1985).

AWM. Axucsep, Bocnomumnanus o J.J. Jdanwday (x
85-nethwo co auA poxaenun), OHT 19, 106 {1993).
urupyo nmo kHure; A M. Axuesep, Quepru u socroMu-
nanus, Daxr, Xapekoe (2003), c. 48.

L. Landau, Z. Phys. 64, 629 (1930). [doGasietne
k cratee: D. Shoenberg, Proc. Roy. Soc. A170, 341
(1939).

A. AxMeacp, JAH CCCP. 23, 872 (1939); O. Pymep,
MITE 18, 1081 (1948); T. 3uasbepman, KITD 21,
1209 (195%); E. Sondheimer and A.A. Wilson, Proc,
Roy. Soc. A210, 173 {1951).

L. Onsager, Philos. Mag. 43, 1006 {1952).

HU.M. JIndmnn, A.M. Kocepuu, JAH CCCP 96, 650
(1954),

23



M. H. Kuaeanos

34.

33.

36.

37.

38.

39.

40.

41.

42.

43,

44,

.M. Jadwuu, A.B. Ioropenos, Onpedereue no-
sepraocmu Depait u CKOPOCMET INEKMPUROE & Memdl-
AE NG OCYWASIUUAM  MAZHUMHOL  G0CHpUUMMUgOCTIY,
AAH CCCP 96, 1143 (1954). B HM3bpannbix Tpyadax
H.M. Mndrwnna, Hayxa, Mocksa (1994}, . 19-22,
EN. Adams, Phys. Rev. 89, 633 {1953); M.B. Huuo-
By, DMM 7, 641 (19539); J.E. Hebborn, J.M. Lut-
tinger, E.H. Sondheimer, and P.J. Stiles, J. Phys.
Chem. Solids 23, 741 (1964); J. Ruvalds, J. Phys.
Chem. Solids 30, 305 (1969); H. Fukuyama, Prog.
Theor. Phys. 43, 704 (1971). A Gnarogapen H.B.
Cpeukapepy, KOTODBIT YKasan MHC MHOCAEAHHME TDK
CCDLAKE,

M.H. Karaios, M. M. JIndnunn, Suexmponnas meopun
memainos u 2eomempun, YDH 129, 487 (1979).

AM. Kocesnu, @HT 30, 135 (2004). [puBeneHHbiil
34eCh CNUCOK OPHTHHABHBIX CTATell COUEpPMUT HcYep-
ABIBAKIUE epeteHh WCTOUHHKOR.

V.G. Peschansky, Kinetic Size Effects in Metals in a
Magnetic Field, Sov. Scient. Rev./Section A, Phys.
Rew, 16, part I, I.M. Khalatnikov (ed.) (1992),

E.M. Jngumn, J111. [Iuraesckuli, DPuauveckan xune-
muxa, Hayka, Mocksa (197%). (J1./1. Jlangay u E.M.
Judbut, Teopemuneckan gusura, Tom X.)

W.M. Jdadumu, M.IA, Karanos, Hexomopue gonpocu
axexmponnoti meopuu memannos. I, Kaaccuveckas u
KBAHMOBAR MEXAHUKA ANEKMPOHos 6 Memdire, YDH
69, 419 (1959), 11, Cmamucmuueckans MeXGHuxa u
mepuodunamuxa srexmponos ¢ memdiie, YOH T8,
411 (1962). III. Kunemuneckue coolicmea IAexmponos
& memdaze, YOH 87, 389 (1965).

L. Van Hove, Phys. Rev. 89, 1189 (1933).

V.M. Jludmun, OF anomaIunx 3ReXmponnnby xapax-
mepuctux Mmemanria e ofrecmu Oorvwux Oasaenut,

JKITD 38, 1569 (1960); (8 Uszbpanunx Tpyaax
c. 98-107).
Ya. M. Blanter, M.I. Kaganov, A.V. Pantsulaya, and

A.A. Varlamov, The Theory of Electronic Topological
Transitions, Phys. Rept. 245, 160 (1994).

Jto ouesuaxo u3 puc. 1 B [42], xoropwii cran rpadm-
YeCKHM CHMBOJOM TOMOJIOTHMECKOTO 11EPEX0Ad M MHOTO-
KDATHO [OBTOPALCA B PA3MITIHBEX MYG/IMKALHSX.

45,

46.

47,

48.

49.

50.

St
52,

33.

54.
53.
56.

37.

38.

a9.

C.J1. Byavko, A.T. Tanotuenke, E.C. Huxeeny,
JKBT® 47, 106 (1988).

D. Shoenberg and I.M. Templton, Physica 69, 293
(1973).

M.HW. Karanor, K0.B. I'putrosa, Tonoaveuwecxue ne-
perodw @ Hopmdasnux Memantax, ©OHT 17, 907
(1991).

M. KaranoB, A. Hypmaramberos, JKITD 83, 2256
(1982).

H.A. 3usMbosckast, Joxaavuas zeomempus ROGeprHoc-
mu Depmu u swcokouacmomune coclicmea Memainog,
Exarepautypr (1996). N.A. Zimbovskaya, Local Geo-
metry of the Fermi Surface and High-frequency Phe-
nomena in Metals, Springer-Verlag, NY, Berlin, He-
delberg (2001).

WM, JIndumn, A.M. Koceeuu, Hagecmua AH CCCP,
Cep. dhuz. 19, 395 (1953).

J . Janpay, KT 30, 1058 (19563,

I0.A. Borukop, JIIY. lopskos, KITD 4,
(1962}

M.H. Cohen and L.M. Falicov, Phys. Rev. Lett. 7,
231 (1961),

E.I. Blount, Phys. Rev. 126, 1636 (1962).

M.G. Priestley, Proc. Roy. Soc. A276, 258 (1963).
Mpuposy MAAQCTH II0JIA, CHMMAIOUICTO BHIDOKJAEHUE,
Mbl He obcyxaaeM. Hacto MAanocTh CBS3aHd C TEM, 410
BBIDOKACHHE CHUMAETCH JHLIb CHHH-OPOUTATBHBIM B3ay-
mogedcredem (cm. § 10.7 8 [21a]),

AA. CayuruH, Junamura 3AEKmpoNoe npososumMocniu
U KUHEMUNECKUE RCACHUR 8 MEMAANAX 4 YCAOBURX MAZ
numuozo npobos, NoKropekaa pucceprauua, OTHHT
AH ¥YCCP, Xapokon {(1980), Ilepssie myGuuraiiuu
A.A. CnyukuHa no artoit Teme oteocarca k 1967 roay.
Qaexmponn  npogodupmocmu, MM, Karanoe, B.C.
Qnemsman (pen.), Hayka, Mockea (1983). Kaura
uoceAmieHa nmaMatH Mapx Muxaiinosuua Jiudmuua,
Fnasor 111 # IV uammcanor MM, KarauosniMm n AA.
CayuxembiM, raasa V. — H.E. Anexceencknm u B.H,
HukaHKOBCKEM.

Duzuneckan suyuraonedus, 1. 4, Boavwar Poccud
cxda anyuxaonedus, Mocksa (1994), ¢. 128,

1592



WNHpekc 71064




	Binder1.pdf
	a001.bmp
	a002.bmp
	a003.bmp
	a004.bmp
	a005.bmp
	a006.bmp
	a007.bmp
	a008.bmp
	a009.bmp

	Binder2.pdf
	a010.bmp
	a011.bmp
	a012.bmp
	a013.bmp
	a014.bmp
	a015.bmp
	a016.bmp
	a017.bmp
	a018.bmp
	a019.bmp
	a020.bmp
	a021.bmp
	a022.bmp
	a023.bmp
	a024.bmp


