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KBaHTOBO-MeXaHI9YHMIT PyX €JIeEKTPOHA B CXPENIeHUX
O/THOPIHUX €JIEKTPUIHOMY Ta MArHiTHOMY MOJISAX

Poss’azyemvesa kK6aHmMOBO-METAMIUHA 300044 NPO PYT CACKMPOHG 6 306HIWHIT 00HOPIOHUX
CTPEWEHUT EACKMPUNHOMY A MAZHIMHOMY NoAAT. LIrszom pose’asanna pienanns Lpedin-
2epa 3HalideHo 8UPa3 OAf TEUABLOBOT PYHKUIL eACKMPOHA, WO PYTAEMBCA 6 MAKIU CYNepnodu-
UL eNEKMPOMAZHIMHUT ToA6. TacmuHa TeUAb0601 GYHKUTL eAekmPOHaG, U0 ONUCYE 1020 PYT
Y NAOWUMHT, NEPNEHIUKYAADHIT 00 HANPAMEY MAZHIMHO020 NOAA, BUPAHCAEMBCA “epes 6idomi
dpynxuii Epmima. Y nanpamry maznimnozo noas esexkmpor 30iticwioe sinvhut pyx. Kpim mo-
20, 8 CIPEWEHUT EAEKMPULHOMY M MAZHIMHOMY NOAAT SUHUKAE OPeldosull PYT eAeKMPOHa
6300601C 0Cl, HOPMAALHIT 00 NAOULUHU, YMBOPEHOT BEKMOPAMU EACKMPUUHO20 A MAZHIMMH020
Nn0AI6. SHATIEHO CEKMD MONHCAUBUT 3HAUEHD EHEP2il eAeKMPOra, AKULT CKAGIAEMBCA 3 YOMU-
PLOT UACTUH! KBAHMOBAH020 CNEKMPA eHeP2it Y NAOWUNT, NePneHUKYAAPHIT 00 MaA2HIMH020
NOAA, HENEPEPBHO20 CNEKMPG EHEP2IT 83006I1C MAZHIMHO020 NOAA, EHEP2I OPEtiho6020 PYIY, U0
BUBHAUAEMBCA HANDYHCEHOCTNAMY EAEKMPUYHO20 A MA2HIMH020 NOALE, MG NOMEHUIAALHOT
enepP2li enekmpora 6 308HIUHLOMY EAEKMPULHOMY TOAL.

Y psizi pobir [1-8], npucBsideHnX IOCII/IZKEHHIO BIUIUBY 30BHIIIHBOIO MATHITHOIO HOJIsI HA I'yCTH-
HY CTPYMY IIOJIbOBOI eMicii eJIeKTPOHIB 13 MOBEPXHiI MeTaJsIiB abO HAIIBIPOBIIHUKIB, IPUILYCKAJIOCDH
ad hoc, 1m0 ofun i3 HaliBaxkuBinux (HakToOpiB IpHU PO3B’sA3aHHI 1iel 3a1adi — KoedillieHT mpo-
XOJIZKEHHsI €JIeKTPOHOM MeTaJIy YU HAIliBIPOBIIHUKA ITOTEHIHAJLHOrO Oap’epa Ha MeXKi OCTAHHIX,
He 3aJIeKUTHh BiJl BEJIUYNHUA 30BHINTHLOTO MArHITHOTO IOJISI B PO3IVISHYTOMY aBTOPAMHU IUX PO-
6iT BuIaJKy KOJIIHEAPHOCTI €JIEKTPUYHOrO Ta MarHiTHOro nosis. Y pobori [9] noBeseHo crporo,
IO Ile UPUILYIIEHHd JIificHO Ma€ Micle, ajie TIIbKU IS PO3IJIAHYTOI'O0 BUIIQJIKY KOJIIHEApHOCTI
30BHIIHIX €JIEKTPUYHOIO Ta MATHITHOTO IOJIB.

Y 3B’43Ky 3 UM IIOCTa€ MUTAHHS IIPO BIUIUB 30BHINIHBOIO MArHITHOIO IO/ HA TyCTUHY
CTPYMY IOJIOBOI eMicCil eJIeKTPOHIB y OiJIbIN 3arajbHOMY BHIAJIKY, KO BEKTOPU HAIIPYKEHOCTI
€JIEKTPUYIHOTO Ta MarHiTHOrO MoJiB HekojiHeapHi. Ls curyarist mae miciie B OiibmiocTi mpose-
JeHnx exkcrnepuMenTiB. HafimpocTimmm i3 1inx BUMAIAKIB € BUMAI0K CXPEIEHNX eJeKTPUTIHOTO Ta
MAarHITHOT'O TIOJIB, KOJIM KyT MiK BEKTOpAMH HAIPY2KEHOCT1 eJIEKTPUYHOIO Ta MAarHiTHOTO IIO-
JiB cranosuTh 90°. Bupimlenns nporo nUTaHHS IPUBOAMTL HAC O HEOOXIZHOCTI HONEPESHBOTO
PO3IJIsIy KBAHTOBO-MEXAHIUIHOTO PYXY €JIEKTPOHA B TaKiil KOH(MIryparil eJIeKTPUIHOIO Ta Mar-
HITHOI'O IIOJIIB.

[Tepmm KpoKOM 110 pO3B’si3aHHS i€l 3a/1a41 € PO3IJIsL KBAHTOBO-MEXAHITHOTO PYXY BlIBHOIO
€JIEKTPOHA Y BUINE3raJlaniii KoHMIryparil eJeKTPUIHOrO Ta MAarHiTHOIO OB, KOJIM Il ITOJIS
OJTHOPI/THI.

BuxignuM piBHAHHSM JIJIsl pO3B’sI3aHHSI IHET 3aa4l € PIBHSHHS JJIsT XBUJILOBOI (DYHKIIIT €/IeKT-
poHa

DU -

h——"" = HU(F, 1
ih—, (7 1), (1)
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Puc. 1

ne oneparop laminbrona H mpu pyci eJleKTPOHA B TaKUX II0JISIX Ma€ Bigomuil Burisy [10]

= <A+6/Y>2+U(*) 2)
= — - 7
2m c
. . . . . .0 .
i 7e BBeJIeHI Taki IHO3HAYEHHS: D = —zha—, —zha—, —zha— — OIIEPaTOp IMILYJIbCY €JIEKTPOHA;
T Y z

—

A — BekTOpHUil nmorewmiaa MaruiTHoro noss; U(7) — HOTeHIiaJlbHa eHeprist eJIEKTPOHA B TAKOMY
nosti; b — nocriitna Ilnanka; —e— 3apsi/| eJIeKTPOHA; M — Maca eJIEKTPOHA; ¢ — IIBUJKICTH CBIT/IA
Y BakyyMi.

st po3B’si3anms 3a1axi BUbepemMo JeKapTOBY CUCTEMY KOOPJMHAT, 1110 300parkeHa Ha puc. 1,
Ta BiJNOBIAHI HANPAMKH BEKTOPIB HaIPYyKEHOCTi ejleKTpudHoro Fy Ta marmitTHoro Hy mosis,
a TAKOXK BHUIJISAJ, BEKTOPHOTO IMOTEHIATY MATCHITHOTO TIOJIS fT, AKUI BU3HAYAETHCS 3 TOYHICTIO
JIO TPaJIi€HTa JOBUIBHOI CKAJSAPHOI (PYHKII:

E—b> = (_E07070)7

—

HO = (07H07O)7 (3)
A= (0,0, —Hpx), U(7) = —eEpx.

Ockinbku oneparop [amijibroHa y po3risiyBaniil 3a1a4i He 3a1eKuTh BijJl acy t, NIyKaeMo
crarfioHapHuii po3B’si30K piBHsiHHs (1) Jyist xBusIboBOI (byHKIGT W (7)) v BUrUIs i
1€
5y

U(7,t) :eXp< - )\IJ(F), (4)

Jle € — eHepris eJIeKTPOHA, 110 PYXAEThCst B JaHiil koudiryparii nosis (3).
[Ticst migcranoku (4) B (1) orpumyemo Take judepeHiiaibHe DIBHAHHS B YaCTHHHUX 110~
XIJIHUX JIJIs XBIJIBOBOT (DYHKINT €JIEKTPOHA, KA 3AJIEKUTH BiJl IPOCTOPOBUX KOOPIUHAT:

1 5 02 5,02 9 eHy \? _
{%[_h@_ha—gﬂ_ —zhg—?:c —eFEgr ;¥ = eW. (5)

Ak Bugno 3 (5), y siBHUI BUIIsiy oniepaTopa [aMiJIbTOHA HE BXOJSATH KOODIUHATH Y, Z, TOOTO
MH MaeMO CHUTYAIIiI0, KOJIA OIIePaTOPU KOMIIOHEHT IMITYJIbCY 15;/ Ta P, KOMYTYIOTb 3 OIEPATOPOM
Taminbrona:

{H,p,} = Hpy —pyH =0, {H,p.}=Hp. —p.H =0, (6)

3Bakaroun Ha cuiBsigHoIIeHHs (6), IPUXOJAUMO JI0 BUCHOBKY, 1[0 KOMIIOHEHTHU IMILYJIbCY Dy,
P, € IHTerpasiaMu pyXy i XBUJIbOBY (DYHKIIIO €JIeKTPOHA IIYKAEMO Y BUTJISIII

U(x,y,2) = exp [%(pyy -+ pzz)} X(x), (7)
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ne X(r) — criagoBa XBUIBOBOI (DYHKINI €IeKTPOHA, IO OIHCYE PYX €JEKTPOHA B3/IOBXK Ha-
HPSMKY €JIEKTPUIHOI'O ITOJIS.

[Tigcrasnsoun xsuwiboBy dbyskiio ¥y sursii (7), orpumyemo nudepeHifiaibHe piBHSIHHI
st dysknil X (z):

{% [_hzdd_; )l <pz - e—f‘)x> T - eEOx}X(x) — eX(x). (8)

[lnaxom ajrebpaldHuX IepeTBOPeHb Ta BBeJEHHd 0e3pO3MipHOI KoopamHaTH {~T DPiBHAH-
Hs (8) Moxke OyTH 3ammcaHe y BHIVISAIL

X
X =0, )
Jle BBEJIeHI MO3HAUEHHsSl BEJMYHMH 3 TakuM (bisudHuM 3Mmicrom: © — xg = a, 9 = 1/(mwp) X
X (pr + eEp/wp) — r-KOOpAMHATA IIEHTPa KOojla 0OepTaHHS eJIEKTPOHA IPU KJIACHIHOMY OIHCI;
a = +/h/(mwpg) — onnanng macinraby B310BK oci x; wy = eHy/(mc) — napmopiBebka gacToTa
2 2 2,2
obepTaHHs €JIEKTPOHA B MArHITHOMY OJ; A = —— <6 Py P | TR0 ) — napamerp
hwg 2m  2m 2
mudepenniagbHoro piBHsHHs (9).
PiBusnusa (9) sBiste coboro Bimome piBHsiHHs juta dyskuiil Epmita [11] 1 mae obmerxeHuit
PO3B’SI30K IPHU TAKMX 3HAUYEHHAX [MapamMerpa A:

r=(2n+1), n=0,1,2,.... (10)

Bukopucrosyoun (9) ra (10), oTpuMyeMo CIIEKTD MOXK/IMBUX 3HAYEHb €HEPril eJIeKTPOHA, 110
PYXa€TbCsl B CXPEIEeHNX OJHOPIIHUX €JeKTPUYIHOMY Ta MAIHITHOMY IOJIAX:

2

1 py’ | pt mwy’ny®
— ZVhw vy g2 A 11
en <”+2> 1t o T o 2 (11)

3 MeTor0 (hi3UYHOI IHTEepIpeTalil CleKTpa MOXKJJIUBAX 3HAYMEHb €HEPril eJIeKTPOHA B PO3TJIs-

HyTOMY BUIIQJIKy Hajamo (11) iHImoro BUIIsily, JICTABISIONN B HBOIO sIBHUI BUpa3 Jyisl X(.
[Ticis npocTux ajredbpaldHuX MEPETBOPEHL OTPUMYEMO

1 2 2
En = <n + §>th + Py + m;d — eEyx, (12)

2m

ne vg = cEy/Hy — mBuIKicTb ApeiichoBoro pyxy IeHTpa Kojia obepTaHHsI €JIeKTPOHA [IPH KJla-
CHYHOMY ommci HOro pyxy.

Matouu Bupas (12) mist ciekrpa eHeprii eJIeKTpOHa, 10 PYXae€ThCsl B CXPEIIEHUX OJHOPIJI-
HUX €JIEKTPUIHOMY Ta MATHITHOMY HOJISIX, MAEMO TaKy (DI3UUHY iHTEPIIPETAII0 OKPEMUX JI0/IAH-
kiB Bupasy (12): (n + 1/2)hwy — nuckperHuii CleKTp 3HAUYEHb eHeprii eJIeKTPOHA, 1I0B’s3aHuil
3 MOIEPEYHUM J0 HAITPSAMKY MATrHITHOTO IOJIS PYXOM €JIEKTPOHA, pr /(2m) — HenepepBHUii psij
3HaYeHb €HEpril eJIEKTPOHA, OB SI3aHU 3 MO3I0BXKHIM B30BXK MarHITHOIO IIOJIS PYXOM €JIeKT-
pona; mug> /2 — eHeprist eJleKTpOHa, OB si3aHa 3 JIpeiipoM HOro KJIacHIHOro MeHTpa Kojia obep-
TaHHs 3 APeiipOBOIO MIBUIAKICTIO, M0 BU3HAYAETHCS 3HAUECHHSIME 30BHINTHBOTO €JIEKTPUIHOTO Ta
MAar”iTHOrO TOJIB; —eFpxy — MOTeHIiaJbHA €Heprisd eJIEKTPOHA, IO PYXaE€ThCs B MOCTiHHOMY
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OJTHOPIJTHOMY €JIEKTPUYHOMY TIOJ/I 1 BUSHAYAETHCA KOOPJIWHATOIO IEHTPA KOJIa JIAPMOPIBCHKOTO
obepTaHHs eJIeKTPOHA B MATHITHOMY IOJI.

VYMOBOIO CIIPaBEJIMBOCTI OTPUMAHOI (DOPMYJIH JIjIsi €HEPreTUYHOI'O CIIEKTPa €JIEKTPOHA, IO
PYXa€ThCS B CXPEIIEHUX OJHOPIIHUX €JIEKTPUIHOMY Ta MArHITHOMY IIOJISIX, € 00JIaCTh HEPEISATH-
BICBKOT'O PyXy €JIEKTPOHA, SIKa HAKJ/IAIa€ OOMEXKEHHs Ha CIIiBBiIHOIIEHHS MiXK HAIIPYKEHOCTSIMU
€JIEKTPUYHOI'O Ta MAarHITHOI'O IIOJIB y BUIJIS/Il HEPIBHOCTI

vy K ¢ = Fy < Hy. (13)

Hageiemo kiHieBuil pe3yapTar 3HaIEHOTO BUIVISIY XBUJIBOBOI (DYHKIIT €JIeKTPOHA TIPU HOro
PYCl B CXpEIIEeHnX OJHOPIIHUX eJIeKTPUYHOMY Ta MArHITHOMY TOJIAX:

1 2 i(pyy + prz — et
Uy (2,y,2,t) = N exp <—%>Hn(§) eXp[ By hz ) ; (14)
/ E
ne H, (&) — noninom Epwmira n-ro nopsiaky; £ = (%) [m — ZL_{_;O .
h mwy

Orpumani dopmyin (13)—(14) ysaranpuoors pesyisrar JI. . Jlanmay [10] BignocHo xapax-
TEPUCTUKU KBAHTOBO-MEXAHIYHOIO PyXy €JIEKTPOHA HA BUINAIOK, KOJIM KPIM MOCTIHHOTO OJHO-
PIJHOrO MArHITHOIO TI0JIsi IPUCYTHE TIOCTIHHE OHOPIIHE eJIEKTPUIHE 0JIE, Ta IEPEXOIITh B Pe-
syabraru [10] npu BifgcyTHOCTI OCTAHHBOTO.

Poboma suxonana npu ginarcosit niompumui Jlepocasrozo gordy dyndamenmarvHuz docaidxrcer,
axa 30iicH106a.0ac J[EPIAHCABHUM A2EHCMEOM 3 NUMAHL HAYKY, THHOBAULT ma tHPopmamusauti Yxpainu,

dozogip N D58/383-2013.
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KBanToBo-MexaHm4ieckoe ABHU2KE€HHNE 3JICEKTPOHA B CKPEIIeHHbIX
OJHOPOJHBIX JJIEKTPUYIECCKOM U MAarHmMTHOM IIOJIAX

Pewaemca xeanmoso-meraruveckan 3a0ava 0 08UNCEHUU IAEKMPOHA 60 GHEWHUT OOHOPOOHBIT
CKPEWEHHBIT IAECKMPUYECKOM U MA2HUMHOM noasx. TTymem pewenus ypasnwenus Llpedunzepa
HATIEHO BBIPANCENUE ONA BOAHOBOT PYHKUUU INEKMPOHA, KOMOPBIT J6UNCEMCA 8 MaKol Cynepno-
BUYUL INEKMPOMAZHUMHBIE Nosel. dacmd 60410680 GYHKUUYL IAEKMPOHA, KOMOPAA ONUCHIEBAEM
€20 deuoicenue 8 NAOCKOCTAU, NEPRERIUKYAAPHOT K HANDPABACHUIO MAZHUMHOZ0 NOAS, BLLPAIHCALTNCH
yepes usgecmuvie GYHKEUUY Ipmuma. B HANPABAEHUU MAZHUMMHO20 NOAA IAEKMPOH COBEPUWAET
€60600H0€e dsudicerue. Kpome mozo, 8 CKpeweHHuT INEKMPULECKOM U MAZHUMHOM NOAAT G03HU-
xaem dpetihosoe deustcerue INEKMPoHa 800Ab 0CU, HOPMAALHOUT K NAOCKOCTU, 00pa3068aHHOT GeK-
MOPAMU INEKMPUYECKO20 U MA2HUMMH020 noset. Hatiden cnexmp 603MONCHBLT 3HAMENHUT IHEP2UL
INEKMPONA, KOMOPBIT COCMOUM U3 YEMBLPET CAGRGEMBIT: KEAHMOBAHHO020 CNeKmpa snepeutl d6u-
IHCEHUA 6 MNAOCKOCTIU, NEPNEHOUKYAAPHOT K MAZHUMHOMY NOAI0, HENPEPOIBHO20 CNEKMPA dHepeul
6004 Ma2HUMH020 NOAA, IHEpeul dpetighoo20 deudicenus, KOMOPaA ONPEJeAAEMCA HANPAHCEHHOC-
MAMYU INEKMPUNECKO20 U MAZHUMHO20 NOACT, @ MAKIHCE NOMEHUUAALHOT IHEP2UL INEKMPOHA B0
BHEULHEM INCKIMPULECKOM NOAE.

Corresponding Member of the NAS of Ukraine V.I. Miroshnichenko,
S. O. Lebedynskyi

The quantum-mechanical movement of an electron in crossed uniform
electric and magnetic fields

The quantum-mechanical task on the electron movement in external crossed electric and magnetic
fields is considered. The solution of the Schridinger equation has been found for the electron wave
Sfunction in such electromagnetic field configuration. A part of the electron wave function describing
the electron movement in a plane normal to the magnetic field is expressed by the well-known
Hermite function. The electron moves as a free particle along the magnetic field. The electron drift
movement along the axis normal to the plane formed by the electric and magnetic field vectors
arises in the crossed electric and magnetic fields. The possible electron energy spectrum has been
found. It consists of four parts, namely: a quantified electron energy spectrum related to the electron
movement energy in the plane normal to the magnetic field direction; the electron movement energy
along the magnetic field; the energy of the electron drift movement defined by the electric and
magnetic field strengths; and the potential energy of an electron in the external electric field.

ISSN 1025-6415  Reports of the National Academy of Sciences of Ukraine, 2014, Ne11





