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1. BBEAEHUE

[TosiBjileHHE MCTOYHUKOB 3JIEKTPOMATHUTHBIX M-
IIyJIbCOB C HHTEHCUBHOCTBIO U JJIUTEIbHOCTHIO COTIOCTA~
BUMBIMU C COOTBETCTBYIONUMU ATOMHBIMY 3HATECHUSIMU
OTKPBLIO BO3MOXKHOCTH JIJIsl UCCJIE/IOBAHUS U yIIPaBJIE-
HUsI COCTOSTHUSIMEU OJIMHOYHBIX ATOMOB W MOJIEKYJ, a
Takke ux ancamoJseit. Takme Bo3MOKHOCTH BOCTPEOO-
BaHbI KaK B KBAHTOBO-UH(DOPMAIMOHHBIX [IPUJIOXKEHU-
sIX, TaK W IPU UCCJIeJOBAHUU HOBBIX PEXKUMOB YIIPaB-
JIeHHsI Ha aTOMapHBIX Macmrabax [1-10].

OsHUM U3 HeTPUBUAJIBHBIX (P (MEKTOB IIPU BO3IEii-
CTBHU HA aTOM JIA3€PHOTO UMITYJIbCA JJINTEIHHOCTHIO
BCEr0 B HECKOJIBKO ATOMHBIX €UHUI] BPEMEHU SIBJIs-
eTCsl TMOSIBJIEHHE BUXPEBBIX CTPYKTYP B 3JIEKTPOHHOM
mwrotHoCcTU. [lepBoe Teopermdeckoe mpeCcKa3aHue Ta-
KHUX CTPYKTYD 66110 caestano B 2010 rogy B pabore [11].
ITosxxe B paborax [12,13] Buxpesbie CTPYKTYDBI ObLIN
BBISIBJICHBI B PACIIPEIECHUN 110 UMITYJIbCAaM it (ho-
TOJIEKTPOHA, BEIPBAHHOI'O B IIPOIIECCE MOHUIAIIMH ATO-
Ma TeJIusl JIA3€PHBIM UMITYJIBCOM. DKCIEPUMEHTAJILHOE
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MOJTBEPKJIEHNE BUXPEBBIX 00PA30BaHUIl MOSBUIOCH B
2017 romy B pabore [14]. B sTom skcunepumenTe pac-
cMaTpuBaJach MHOrO(OTOHHAS HOHU3AIUSA ATOMOB Ka-
JIUSL TIOC/IEIOBATEILHOCTBIO (DEMTOCEKYHIHBIX JIa3ep-
HBIX MMITYJIbCOB.

B macrosimee BpeMsl TEOPETHIECKUE UCCJIETOBAHUS
MOJOOHBIX BUXpPeil BeAyTCsS BO MHOI'MX HAy4HBIX I'PYyII-
nax [15-31]. Toaxo/as! K UCCIIeI0BAHNUIO STUX 06PA30Ba-
HUIl IPeICTABIEHBI KAK Pa3spabOTKAMI OPUTHHAJIBHBIX
YUCJIEHHBIX METOJIOB PENICHUS HECTAIIMOHAPHOIO ypaB-
nenns IlIpenunrepa WM SKBUBAJCHTHBIX €My ypaBHe-
HUI KBAHTOBOI I’UAPOAMHAMUKY (CM., K IIpUMepY, [32]),
TaK U OTBICKAHHEM ACHMIITOTHYECKHX PEIICHHUI.

B pa6orax [16-19] HaMu rCCIIeI0BAINCH TAKUE BAX-
peBble 00pa3oBaHus, KaK KBAHTOBbIe BUXpH [24], BO3-
HUKAIOITIE TIPH HA16aphepHOil HOHU3AIAN TBYMEPHOTO
BOJIOPOJIOIOOOHOI0 ATOMA CBEPXKOPOTKHUM JIA3ePHBIM
UMITyJIbCOM. DTU BHUXPHU IIPOSBJISIOT cebs KaK CIenu-
dudecKne HEOTHOPOTHOCTH B IIPOCTPAHCTBEHHOM Pac-
npejiesieHn (POTO3IEKTPOHA: IICHTP BHUXPS 3TO HYJIb
BOJIHOBOH (DYHKIINH, BOKPYT KOTOPOI'O BEKTOPHOE HOJIe
CKOPOCTH 3aKpy4YUBaeTCsl (OTMETHM, YTO MEPBbIH, KTO
CBSA3aJ1 NOABJICHUE HyJIell BOJIHOBON DyHKINHA C BOSHHK-
HOBeHMeM Buxpel, O6b11 qupaxk [33]).

Hcnonb3ys HecTaIMOHAPHYIO TEOPUIO BO3MYIICHHIA,
MBI HOJIYYHIM AHAJTMTUYECKOE BLIPAsKEHHE IIJIS BOJI-
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HOBO# (pyHKIUU (POTOIIEKTPOHA, KOTOPas MO3BOJIIIIA
YBHIIETh HHTePMEPEHITMOHHY IO TPUPOY BUXPeE U Ipo-
AHAJU3UPOBATh UX 3aBUCUMOCTH OT HEKOTOPBIX I1apa-
METPOB MMILYJIbCa. Pe3yJibrarsl aHAJIUTUYEeCKOrO II0/I-
X0/1a MOITBEPIUINCH IUCIEHHBIMI PACIETAMI.

B ymomsiayTBIX paboTax moJie JIa3epHOrO UMILYIbCA
MOJIEJIMPOBAJIOCh KOCUHYCOUJIAJIBHO 3aBUCUMOCTBIO Ha,
BpementroM nnrepsaie [0,7] (1 < T < 10oTH. e11.), co-
JeprKaIeM BCEro HECKOJIBKO ePUoI0B Kostebanuii. [1pu
9TOM B MOMEHTBI BKJIFOUEHWS U BBIKJIFOUEHUS WMILYJIhb-
ca BCerjia 3a/1aBajioCh MAKCUMAJIbHOE 3HAYCHIE aMILIU-
TYIbI, T.€. PEAIN30BBIBAJIACH BapPUAIUA ITPEIETHHOTO
cilydasi BHE3AIHOro Bo3Mmymlenusi [34]. dpyrue sapu-
Ay BO3JEUCTBUS JIA3€PHOIO MMIIYJIbCA UCCJIEI0BAHBI
He OBLIN.

B nammnoit pabote, ocTaBasich B paMKaX PENIeHUi,
nostyueHHbIX B [17-19], Gymer wmcciemoBaHO BiMsiHUE
HaYaJbHON Das3pl MOJsT UMIYJIbca Ha 00pa3oBaHME
KBAHTOBBIX BHUXPEl.

Bce Bbrunciienusi OyJyT NpPOBEIEHBI B UMILYJIBC-
HOM mpocTpaHcTBe. B wactHocTn, 1y uueHTHdUKA-
[ KBAHTOBBIX BUXPEil B 9TOM IIPOCTPAHCTBE OYIET nc-
[TOJIb30BAH TaK HA3BIBAEMBINl «CHMMETPHUYHBIN» IIOTOK
BeposiTHOCTH [19, 35|, uyBCTBUTENBHBIN K (base BOJIHO-
BOM (PYHKITHM.

Taxkke OyzIeT yejeHO BHUMaHUEe HHTep(EPEHIMOH-
HBIM 3 deKTaM, OTBETCTBEHHBIM 38 00pa30BaHKe KBaH-
TOBBIX BHUXDeEil: B pacipeieieHnn (DOTOIIEKTPOHA IO
HMMILYJIbCAM BBIJIEJINM COOTBETCTBYIOIINT HHTEPGhEPEH-
IMUOHHBIN YJIEH.

OtnenpHO HyIET PACCMOTPEH BOIIPOC O BHIGOpPE Ka-
JIMOPOBKYU TIPU HAXOXK/EHUU MPUOJIMAKEHHOTO perlre-
Husi ypaHenusi 1llpemunrepa st paccMarpuBaeMoi
MOJIEJIN.

Cratbs mocTpoeHa ciemyoomuM obpasom. B paz. 2
KOPOTKO IIPUBEJEH BBIBOJ BOJHOBOW (BbyHKIUU (HPOTO-
9JIEKTPOHA ¥ OOCYXKJIEHBI HCIIOJIb3yeMble IPUOJIMKe-
Hus. JlaHbl BbIpaXKeHus [JIsi IOTOKOB BeposiTHOCTEl. B
pa3j. 3 UpuBeIeHbl PE3Y/ILTATHI PACUETOB U X aHAJINS.
B pa3zz. 4 obcyxknaeTcs UCIoIb30BaHNE PA3IUIHBIX Ka-
JITOPOBOK IIPU ONMCAHUHU B3AMMOIEHCTBUSA SJIEKTPOHA C
mosiem. [locimenuuii pasmesr MOABITOKUBAET TPOJIEIAH-
HYIO paboTy.

B pabore ucmnosip3yercss aroMHas CUCTEMA € IAHUIL:
h=1,me.=1,e=1.

2. TEOPETUYECKUII IIOIXO0/I

Omneparop lammibrona H aByMEpHOTO aroma BO-
JIOPOJIa, B3aUMOJIEHCTBYIOIIErO C MOJIEM JIa3epa, UMeeT
CTAHJIAPTHBIA BUJI;

H=Hy+V = Hy—dF(t), (1)
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rne Hy — HEBO3MYIIEHHBIH raMUJIBTOHHAH aToMa, a
omneparTop B3auMOeicTBus V' 3amucaH B JUIIOJIBHOM
npubsmkennu, rae d

ro mMomeHTa aroMa u F(t) — BEKTOp HAIPSKEHHOCTH

= —I' — omepaTop JIUIOJbLHO-
JIEKTPUIECKOTO TOJIS JIA3ePa.

Pemenne mecrammmonapuoro ypasuenus [1Ipeaumre-
pa MIEeTCs B BUJE CJIEAYIOMIEN CYyIIePIIO3UIIAN:

(W (t)) = [T Q)e " Et 4

+Z/bk,m(t)|\p
™m0

31ech mepBoe CIaraeMoe COOTBETCTBYET OCHOB-
HOMY (HAYAJLHOMY) COCTOSIHHIO aTOMa C 3JHeprueii
E4 —1/2 [36, 37] (monaraem 3apsmOBOE TUCIIO
Z = 1/2). Huxuue ungekco «1,0» y BekTOpa |\I/§%>
yKa3blBalOT Ha IJIABHOE KBAHTOBOE HHUCJIO T 1m
IpoeKImIo MoMeHTa 1 = 0 Ha ochb z. BTopoe ciaraemoe
OIIACHIBAET COCTOSAHNE (POTOITEKTPOHA U IPEACTABICHO

CyHepHOSI/IHI/Ieﬁ TUJINHAPUYIECKUX BOJIH. I/IHﬂeKCBI y
(0)
k,m

(0)

k,m

Ve tErlkdk.  (2)

COOTBETCTBYIOIUX BEeKTOPOB |V, ) ) XapakTepusyior

SHEPIHUI0 (POTOIIEKTPOHA
By =k/2= (k2 +k.)/2

u npoeknuio momenta m = 0, +1,+2, .... Heuzsectunie
aMIUIATY B! by, b, (1), Takue 910 by 1, (0) = 0, V k, m.

3ammch ICKOMOTO COCTOSTHUSA B BUJIE (2) aHAJIOIHYHA,
zanmcu, ucnosb3yemoii B reopun Kespimia [38,39], 3a
UCKJIIOYEHUEM TOI'O, YTO BMECTO BOJKOBCKHUX (DYHKITHIA
CTOAT TWINHIPUIECKHE BOJHBI. Takas 3amuch mojpa-
3yMEBAET, 9TO MHTEHCUBHOCTD JIA3€PHOTO TOJIsI JIOJIZK-
Ha OBITH MEHBIIIE ATOMHOM, TaK YTOOBI BEPOSTHOCTD
roHM3aImu aroMa 6puTa Maja. Takzke moIpa3yMeBaeT-
¢, 9TO BO3JEHCTBHE KYJIOHOBCKOIO MOTEHIIHAJIA OCTa~
TOYHOI'O MOHA Ha (DOTOIIEKTPOH IPEHEOPEKUMO MAJIO.

WccnenoBanne KBaHTOBBIX BUXpeil B padbore Oyiaem
MIPOBOJUTH B UMILYJILCHOM IpocTpancTBe. s sToro
cripoerpyeM uckomoe cocrosiaue | (t)) (2) Ha cob-
cTBeHHBbIE BeKTOPHI |K) omeparopa uMirysbea k. Torza,
HCTIOJIb3Ysl SABHBIN BUJ HEOOXOAUMBIX BOJTHOBBIX (DYHK-
it [40]

) B 2P0 (¢r)
Violk) = Gy 3)
A —
‘I/g??m(k) = (—z)l ‘%q)m(‘pk)a
rie i
eimer

q)m(cpk) = ﬁa

(k, pr) — mossipHBIE KOOPJMHATHI UMILyJIbca K, ToJIy-
qaeM
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Puc. 1. an b — MNnoTtHocTb pacnpegenenus poToanekTpoHa no umnynscam In(p). ¢ u d — 3aBrcumocTn abcontoTHbIX 3Ha4EHWT
BOJIHOBOW byHKLMN by, , bky OT KOMMOHEHT kg, k, cooTBeTcTBeHHO. [TapameTpbl umnynbca: Fop =04, w=m, a=0,T =4

U(k,t) = (k|¥(t)) =
2% (k)
k24 1)32°

3 bt (8) (=) ™ Dy (i)e PR (4)

_ —i1Eqt +

Hautee, mosicransisist pasioxkenue (4) B ypasaenue [pe-
JIMHTEpa, TOJIyIaeM CUCTEMY yPABHEHUIT JIJIsT HAXOXK J1e-
HUSI HEU3BECTHBIX AMILIATY Dj pm (1):

Obrm(t) _
ot :
= _71 (F-(t)0m,+1 4+ Fy (t)0m,—1) %—F
. WFN) (% — ikt + mTH) brm+1(2),

()
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rie w1 = (k% + 1)/2 — gacrora nepexona By — Ej u
BBEJICHO 0003HAYCHIE

Fi(t) = Fu(t) £ iF,(t).

ITpu BeiBOzE (5) GBIIO UCIOIBL30BAHO SIBHOE BEIPAYKEHIE
JJIsl OTIEPATOPa B3AWMOJEHCTBAA B UMILYILCHOM IIPEI-
CTaBJICHNN:

V =F(t)iVi, Vi=0/0k.

Omimane cucremsl (5) OT COOTBETCTBYIONIEH CH-
cTeMbl ypPABHEHUil, MCIOJIb3yeMOll HamMu paHee (CM.
[17-19]), cocTouT B y4ere NpOU3BOIBHOM HOJISPU3AIAL
noss F(t).

Pemienue cucremsl (5) uieM B BUE UTEPAIIHOHHOIO
pazna

(oo}
bie,m (t) = Z bl(gsvgz,w(t)v
s=0

(s)

s ., .,
rJie bkm,lo ~ F* a mobaBiieHHBIN HIKHAN HHIAEKC «10»
YKa3bIBAET Ha HAYAJIBHOE CBI3aHHOE COCTOSHUE IJIEK-
tpona. Orcroa BojiHOBas GyHKIMs (POTOIJIEKTPOHA BO
BTOPOM IIOPsiJIKE TEOPUHU BO3MYIIEHUI paBHA
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Puc. 2. an b — MNnoTtHocTb pacnpegenerus ¢potoanekTpoHa no uMnynscam In(p). ¢ u d — 3aBncrmMocTn abcoNtOTHBIX 3HAYEHNA
BOJIHOBOW byHKLMN by, , bky OT KOMMOHEHT kg, k, cooTBeTcTBeHHO. [TapameTpbl nmnynbca: Fop =04, w=m, a=0,T =3

(k,t) = —iy/ gb(l) (t) cos(gpy)e Frt 4
0
(t) cos(2¢py ) e Ert,

k1,10
2 i 2 (2
@ (t)e Ekt_\/;bl(cz),m
(6)

k0,10
rie Tuiabga Hag W yKasblBaeT, UTO CBSI3AHHOE COCTO-
SIHUE OILYIIEHO, T.€. MHTepdEpEHIell MeXK Ly HATAb-
HBIM ¥ KOHEIHBIMU COCTOSIHHUSIME 9JIEKTPOHA IpeHeGpe-
raercst. OTMETHM, YTO B IPEABLAYIINX HAIIUX PaboTax
[17,18] ucnosb3oBasocs 0bo3HaUEHNE

b
V2T

(k,t) = b(k, t)e Frt,
Taxke npu 3anucu (6) GBUIO yUITEHO, UTO

(t) (), (®)-

Jsist HATJISAHOCTH BBIMAIIEM SIBHOE BBIPAXKEHUE
JIJTsI TUIOTHOCTH pacupe/iesiennst (pOTO3IEKTPOHA 110 UM-
IyJIbCaM, KOTOPOE MTOHAI00UTCS HAM IIPH O0CY 2K /ICHIH
UHTEPPEPEHITNOHHBIX 3D HEKTOB

b(l)

_ (D)
k1,10 =b

(2)
k—1,10 b

k2,10

(2)

(t) =b3"510
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plk,t) =[P (k, 1)

1 1
{208 (u) b 10 (1) +

1 2 2
+ 30810 (O + 208 200)Ib(3 10 (DI -

oy

(1
— 2Re |:Zb](91)’10(t) k0,10

(1)) cos(ipn) +
10(0)] cos(on) cos(2)

(D63 10(1)| cosen)}, (7)

+ ARe [ibf})1 ()b}

(2)
k0,10

~2Re [y
rie Re(z] o3Hagaer neficTBUTEIBHYIO 9acThb 2.
Temepp BBIMIIEM W OOCYINM IPEUMYIINECTBA TaK
HazbiBaeMoro [19,35] «CcHMMETPUYHOrO» MOTOKa BEpO-
ATHOCTHU

ke, t) = = [0 (k, ) Vi (k, 1) —

Sl

Sk, )V (kD). (8)

Banuiem HaiijeHHy0 BoJHOBYIO dynkuuio (6) B

BHJIE
\i/(k, t) = v/ p(k, t)e_iX(k’t),
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Puc. 3. BekTopHoe none ansi «CUMMETPUYHOroy» notoka j. T’ = 4 (a, ©),

nons (KpaCH bl€ NPAMOYroJibH I/IKVI),

e x(k,t) — daza. Torma, nopcrasmss ¥(k,t) B (8),
HoJLyJaeM

j(ka t) = —p(k, t)ka(ka t)'

Taxum obpasom, norox j(k,t) uyscrBuTenen K dase
BosHOBO# by W(K, 1), B TO BpeMst KaK CTaHIapT-
HBIii TIOTOK B MMITYJIbCHOM IIPOCTPAHCTBE JIaeTCs BbIpa-
JKEHHEM

ik, t) =kp(k,t).

Takke OymeM HUCHOJB30BATH HOPMHUPOBAHHBIHN

<<CthMeTquHbIﬁ>> IIOTOK
v(k,t) = j(k,t)/p(k, t) = =Vix(k, ),

KOTODBI Oy/1eM HA3BIBATH IIOJIEM CKOPOCTEA.

3. PE3VJIBTATHI 1 OBCY2KJEHWM A

JIByMepHBIIT aTOM BOJIOpPO/ia OOJIydaeTCs JIMHEITHO
MIOJITPU30BAHHBIM BJIOJIb OCU I JIA3€PHBIM HUMIIYJIBCOM,
HAIIPSAKEHHOCTD JIEKTPUUECKOI0 1101 KOTOPOT'O NMeEeT
BU/,

F(t) = e, Fycos(wt — ) [0(T —t) — 0(—t)].  (9)

2 KIT®, b 3
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T = 3 (b.d). b, d — YBenuyeHHble 0bnactu BEKTOPHOrO
cofepKalljue KBaHTOBbIE BUXPH

rje e, — ¢AMHAYHBI BeKTOp B HAIIpABJICHUN OCH I, F
— IIOCTOSIHHAS AMILIUTY/IA, W — YaCTOTa, (¢ — HAYa/Ib-
Hast daza, 0(t) — dyukius Xesucaiina, T — 1yuressb-
HOCTH UMITYJIbCA.

ITnoraocTs pacupesesnenus (7) U «CUMMETPUYHBIN»
noToK (8) (mastee IpocTo OTOK) GyJIeM pacCMaTPUBATh
Ha BpeMmeHax t > T

p= p(kmakyat > T), J= (]xa]y)a
rie

ﬁ:ﬁ(km7ky7t>T)v i=ux,y.

3.1. NurepdepeHIInOHHBIN BKJIAT,

BrauaJie mposepuM, Kaxoii n3 nHTepdEePEHIMOHHBIX
WIEHOB B BbIpaxkeHHn (7) oTBeYaeT 3a 0OpasoBaHHE
KBaHTOBBIX BuXpeil. Boibepem mapaMeTpbl UMITYIbCA
6JIn3KMEe K TeM, JJIsi KOTOPBIX paHee yxKe UIeHTUdH-
uposasiuch Buxpu [16,17]: Fy = 0.4, w = 7, a = 0,
T=4.

Ha puc. 1 npesncrasiens! rpaduku MIOTHOCTA Pac-
upejsiesieHnss POTOIEKTPOHA 10 UMITyJIbcaM p (st
6oJiee IETKOTO OTOOpaXKeHUsT IPaPUKU CTPOSTCI JIJIs
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Puc. 4. Bektoptoe none gnst v. a = 0(a), /10 (b), /3 (c), w/2(d). Ans Bcex rpacpukos Fp = 0.4, w =7, T =4

In(p)), a TakKe HOPMUPOBAHHDBIE HA CBOU MAKCUMYMbI
CJIe Iy OIIHE 3aBUCHMOCTH MO/LYJIsl BOJHOBOM (DyHKIMN:

br, = |9 (ke 0, > T)|/|Winacl,

x

by = |90, ky, t > T)|/| W)

Y

111 BBIODAHHBIX TAPAMETPOB UMITYJIbCa 00PA3yI0T-
Csl JIB4 CUMMETPUYHBIX BUXPsI C IEHTPAMU B TOYKAX
kwy = 0, kyy = £271 — 1 = £2.3 (yxa3ausl cTpesKa-
mu, puc. la,c). Teneps, cpasauBas wiornocts p (7) ¢
TOI 7K€ IJIOTHOCTHIO, HO B KOTOPO OTOPOIIEH OJUH U3
Tpex MHTEP(EPEHIINOHHBIX YJEHOB, HAXOJUM, YTO 33
obpazoBaHue BUXPEl OTBeYaeT MOCeHee CIaraeMoe B
(7). D10 caraemoe ONUCHIBAET UHTEPMDEPEHIUIO COCTO-
SIHUH (DOTOJIEKTPOHA COOTBETCTBYIONIUX [MJIMHIPUYE-
0, £2.
ODTU COCTOsIHUS €CTh PE3yJIbTaT JBYX(MOTOHHOTO IIepe-
XOJ[a 9epe3 MPOMEKYTOUHbIE COCTOSHUS HEITPEPBIBHOTO

CKHM BOJIHaM C KBaHTOBbBIMU 4YHCJJIaMH 1M =

CIIeKTpa:
0 0 0
U0 o) = ST ) = e L),
k

Ha puc. 1 b, d mocrpoens! rpadukn 6€3 yuera 3TOT0 UH-
TepdEePEHITMOHHOTO YjleHa. BUJIHO, YTO BUXPH OTCYT-
CTBYIOT.
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AnaylorngHbIil  Pe3yaIbTAT 10 BJIUAHUIO HHTEpdE-
PEHIIMOHHBIX YJIEHOB MOXKHO IOJIyYUTH U JUJIsl JPYTUX
3HAYEHUN JJINTEJIbHOCTH UMILYJIbCA, K IIPUMEPY, KOI/a
T HeveTHO M HADJIONAIOTCH JIBE Mapbl CHMMETPUIHBIX
Buxpeit [16,17].

Ha puc.2 g T = 3 (ocrajbHble HapaMeTphl Ta-
K€ 2Ke, KaKk Ha PHUC. 1), IOCTPOEHbI p U by, b, -
Uckmogenne mocseaHero nHTEpOEPEHIMOHHOTO CJia-
raemoro B (7) TPHBOAUT K HCYE3HOBEHUIO BUXDEil
(puc. 2b,d), NEHTPBI KOTOPBIX JAKTCS KOODIMHATA-
M kg, = 0, ky, = £y/47/3 -1 =~ £1.78, kg, = 0,
ky, = £/871/3 — 1 ~ £2.71 (puc. 2 a, ).

3.2. «CuMmMeTpuIHbIN» HOTOKJT

Kaxk nokasano B [19], KBaHTOBBIE BUXPU B UMITYJIbC-
HOM IIPOCTPAHCTBE YA00HO UICHTU(PUIUPOBATH C IIO-
MOIIBIO «cUMMeTpudHOro» noroka (8). Ha puc. 3 mis
JIByX PACCMOTPEHHBIX BBIIIIE JJINTEIbHOCTEH UMITYJIbCA
T = 3,4 noctpoeno BekTopHOe Mo j = (jz, jy )-

Ha puc. 3a,¢ BugHO, 9T0 B 060X CIIydasx Ioje j
pacxXoauTcs U3 MEHTPa U HA OOJBIINX MACIITabaX 3TO
pacxox/ieHune 6JIM3K0 K pajuaabHoMy. OnHako B 00sa-
CTH, TJie HAOJIIOAI0TCS KBAHTOBBIE BUXPH, JTUHUA TOKA
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UCKPUBJISIOTCS (BBIJEIEHO KPACHBIMU MPAMOYTOJIbHU-
kamu). Ha puc. 3b,d 11 obsractu yBeaudeHsbl.

JLjist OIMHOYHOIO M30JIMPOBAHHOTO BUXPsl, KOTOPDII
umeer MecTo npu T = 4, OTYETIMBO BUIHO HAJIAYUE
BpAIATETHLHON KOMIIOHEHTHI MOJI BOKPYT IIEHTPA BAX-
pst (em. rakxke [19]). Jusa caygas T = 3 takoil Kpa-
CHUBO}l KAPTUHBI HET, HO BUJHA O0JIACTH CJOMa JIMHUH
rToka. VIMeHHO BI0JIb 9TOM y3KOit obiactu (cBeTias jy-
ra), Kak 9To ObLIO [OKAa3aHO Hamu paHee (cM. puc. 4 B
[16]), u mOKAIU3YIOTCS ABA BUXPSI.

3.3. UyBCTBUTEJIBHOCTh KBAHTOBBIX BUXPEl K
HavaJIbHOU ¢raze moJis

Ha puc. 4 npezcraBiieHO BEKTOPHOE I10JI€ CKOPOCTEi
vV = (Ju/p,Jy/p) s gerbipex cayuaes: o = 0(a),
w/10(b), 7/3 (¢), w/2(d). OcrasbHble TAPAMETPHI UM-
IIyJIbCa TaKWe Ke, KaK Ha puc. 1.

Buzano, uro npu yBesmunuennn dhasbl BUXPh CMEAET-
ca. s o 6im3KuX K /2 XapaKTepHoe BUXPEBOe [I0Be-
JieHue T0JIst V HaOJIIoIaeTcs B CyIeCTBEHHO Gotee y3-
KOM WHTepBaJjie 3HadeHuil k,, HeXKeju YeM B ciydae,
korga « = 0. Jljis cunycongaabHoil 3aBUCUMOCTH, T. €.
KOTJIa BKJIFOUEHME U BBIKJIIOUEHUE UMILYJIbCA [IEPECTA0T
OBbITH BHE3AITHBIMU, UIEHTUMUINPOBATH BUXPb yXKe HE
yIaeTCs.

Ha puc. 5 nmocTpoeHa 3aBUCUMOCTD MOJLYJIsI BOJTHO-
Boit pyHKIHI bk, min |V (ks min; Ky, t > T)| ot ky
IIPY PA3HBIX 3HAYEHUSIX IPOEKIUN Ky iy, COOTBETCTBY-
[OIIKX JIOKaabHoMy MubnMyMmy W. Ha rpaduke o
CMelleHre [eHTPa BUXPsl IIPU yBeJmdeHnn (pasbl .

bky,min

0.00061
0.0004~

0.0002-

0.0

Puc. 5. 3aBucumocts Mogynst BOJIHOBOW (hyHKLMM bky,mm oT

npoekunn ky B6nm3n ueHtpa Buxps: @ = 0, kg min = 0 —

cnnowHast Hus, « = 7/10, kzmin ~ 0.04 — wTpuxm,

a = /3, kgmin ~ 0.09 — wrpuxnynktup. Ons Bcex rpa-
dukos Fo =04, w=m, T =4

Baxxno ormeruTrh, UTO CTpOrHMil Hy/JIb HAMIECHHOI
BosHOBOH dyHKIMu ¥ (6), ykasbBaromumii HA HEHTD

BUXpPsI, ©MeeT MecTo ToJbKo mpu o = 0. lna apy-
IUX PaCCMOTPEHHBIX « # () COOTBETCTBYIONIUE 3HA-
qeHus Ky pmin XapakTepHU3yIoT JOKaJbHbIe MUHUMYMBI,
apu 3TOM bky,nbin 7é 0.

4. BBAHMOZ[EfICTBHE QJIEKTPOHA C
ITOJIEM B «KAJINBPOBKE CKOPOCTN»

Kak usBecTHO, TOuHBIE perenus ypasHenus [1Ipe-
JWHTEepA, MOJYyIeHHBIE B ABYX PA3HBIX KAJHOPOBKAX —
B «KaJIMOPOBKE JIJTUHBI» U B <«KAJHOPOBKE CKOPOCTH,
JIAIOT OJIMHAKOBBIE IIPEJICKA3aHUsI JjIsl BEPOSTHOCTEN
[IEPEXO/I0B B ATOMHBIX cucTeMax. KOHeIHO, 9TO mMeer
MECTO TOJIBKO B TOM CJIy4ae, KOT/Ia HEPEJsITUBUCTCKAS
cucTeMa B3aUMOJEHCTBYET C TON 4aCTbhIO MO/, 3JIEKTPO-
MAarHUTHOTO TIOJIsl, JJIMHA BOJIHBI KOTOPBIX CYIIECTBEH-
HO IPEBBIIIaeT pasMep cucreMbl (cM., Hanpumep, [41]).

B cayuae ke npubJIMKEHHBIX pelieHuil, HaiijeH-
HBIX, K [IPUMEPY, C UCIIOJIH30BAHNEM TEOPHUH BO3MYIIIE-
HUU, PE3yIbTATHI, IOy Y€HHbIE B PA3HBIX KATUOPOBKAX,
He 00s13aHbl coBnajaTh [38]. IlosTomy mpescrasiser
WHTEPEC PACCMOTPETH PEIIaeMyIo 3/1eCh 3aJady B «Ka-
JMOPOBKE CKOPOCTH>.

BeimuiiemM cooTBETCTBYOIIUN OIIEPATOP BO3MYIIIE-
HUSI

V= LAMD + 55 A%0), (10)

e BeKTOPHBII IIOTEHIIAAJ
t
At) = —cez/FI (t"at',
0

F.(t) = e, F(t),

(cM. (9)). BasiB HCKOMYIO BOJHOBYIO (DYHKIMIO B BUJIE
(2) 1 npozesbIBas Te XKe MAHUILYIISIIIAN, 9TO U B CILy1ae
¢ «KaJUOPOBKOII JIJINHBI», IIOJIydaeM CJIEJYIONUe yPaB-
HEHUs /ISl HEU3BECTHBIX aMILIATY/IL:

abk’m(t) Ax(t) 2ketwrit
Y = 2 (6m,+1 + 6””7_1) m a
Ay
( )|m\+1 |m—1 2( )k’ br,m—1 ( ) —
—|m A
— (4)mIH1=lmt1] 2i )k bre,m+1(t) —
JA2(t
! 20(2)b’“’m(t)7
Ai(t) eiwmt
—1

5 5”70(1@2“)3/2' (11)

Bunno, uro cucrema (11) nmeer Gosiee IpocToit BH, 110
CPaBHEHUIO C CUCTEMON (5), TIOJTyI€HHON B «KaJIMOPOB-
Ke JJIMHBI»: OTCYTCTBYIOT IPOU3BOJHBIE 1O Kk, T. €. 9TH

2*
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YPABHEHUSI OTHOCUTEJIBHO IIPOCTHI JIJIsl YACJIEHHBIX BbI-
IUCJICHUIL.

Kak nokazaJsin mpenBapuTesbHbIE PACIETHI, TIPUMe-
HeHMe Teopur Bo3MyIleHnil K cucreme (11), BuioTs s10
BTOPOTO MOPSIIKA BKJIIOYUTEIHLHO, [TO3BOJIAET OOHADY-
JKATh KBAHTOBBIE BUXPHU, MCCJIEIOBAHHBIE B JAHHOMN pa-
6ore. Pe3yiabraThl, MOJIydaonuecs B IBYX Pa3HbIX Ka-
JMOpOBKax, 6/iu3Ku Jpyr Apyry. Umeromnuecs HEOOb-
e PACXOXKIEHUS HE 3aTPArMBAIOT OCHOBHBIE BBIBOJIBI
paboThl U MOTYT OBITH UCCJIEIOBAHBI OTIE/IBHO.

OrmeruM, uro npu mosyvenun (11) wmcnosnbzosa-
JINCh Te Ke Oa3ucHble (PYyHKIUU HEBO3MYIIEHHON 3a-
Jagu, 9ro u upu BbiBoJe cucrembl (5). Takoil BbIGOD
OIpaBIaH CIeJaHHBIM B paboTe NpUOJIMKEHHEM BHe-
3AIHOTO BKJIIOYEHHUS] U BBIKJIIOUEHUsT BO3MyIeHus [41].

5. SAKJIFOYEHUNE

B mamHO#l cTaThEe TEOPETUYIECKU HCCIIEI0BAIIOCH
BJIMSIHUE HAYAJIBHON (has3bl MOHU3UPYIOIIErO TIPEIEITh-
HO KOPOTKOI'O JIA3€PHOI0 HMITYJIbCa Ha 00pasoBaHUe
KBaHTOBBIX Buxpeii. [lokazaHo, 4ro BapbupoBanue a-
3bI MOYKET MPUBOJIUTH KaK K JIOKAJIU30BAHHOMY BUXPIO
C XOPpOIIIO OIpEEISIeMbIM [EHTPOM, TaK U K «pa3Ma-
3aHHOI» BUXPEBOil cTpykType. IIpyn 3T0M BaskKHBIM ac-
[IEKTOM 3]1€Ch SIBJISIETCSI PeaT3allysl IPEIeIbHOTO CITy-
4gasi BHE3AITHOTO BO3MYIIEHUs, MPEJICTABJISIONETO CO-
00l Pa3HOBUIHOCTD <«BCTPSCKU» TUIA <«BKJIIOUCHUSI»
[34].

Boienen narepdepeHIInOHHbIH BKIa B TIJIOTHOCTH
pacupeesieHnst (OTOITEKTPOHA, OTBEIAIONN 38 00pa-
30BaHMe BUXPeEil. ITOT BKJIA 06yCI0BJIEH HHTEPgEpEH-
nueit cocTosiHuit POTOIEKTPOHA, 0OPA30OBAHHDBIX IPU
JBYX(OTOHHOM TIEPEX0Jie depe3 MPOMEXKYTOIHBIE CO-
CTOSTHUSI HEIIPEPBIBHOI'O CIIEKTPA.

IToareep:KieHa  BO3MOXKHOCTH — HIAEHTU(DUKAIII
KBaHTOBBIX BUXPeEll B UMITYJIbCHOM IPOCTPAHCTBE C TO-
MOIIIBIO «CHUMMETPUYHOr0» 1moroka (8). B ommume or
pa6otsl [19], B KOTOPO# paceMoTpeH ciydaii uernoro T,
B JIAHHO paboTe TaKXKe UCCIIEIOBAH CJIydail HeIeTHOTO
T, Korja MOsIBJISIOTCS JIBE MAaphl KBAHTOBBIX BUXPEH.

[IpoBemeno obcyxkieHne BbIOOpA KAJIUOPOBKU IIPH
OIMCAHUU B3aUMOIENCTBUS JIEKTPOHA C IIOJIEM.

VpaBHeHUsT Jijisi aMILIATYZ, BEPOSITHOCTEH B <«Ka-
sbpoBke ckopoctu» (11) umeror GoJiee IPOCTOR BU,
YeM B Cilydae «KaJuOPOBKU JJIMHBIY (5) 1 OTHOCHTEJ b
HO IIPOCTHI JIJIsI YUCJIeHHBIX pacueToB. OOHApYKEeHHbIE
HEOOJIBINNE PA3JINIUS MEXKJTY PE3YILTATAME [IPEIBAPU-
TEJIbHBIX BBIYUCIEHUHN, IOy 9€HHBIMU B PA3HBIX KaJIHO-
POBKaX, He CKa3bIBAIOTCsl Ha OCHOBHBIX BBIBOJAX CTa-
THH.
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BaarogaprocTu. ABTOpP BhIpazkKaeT CBOIO IIPU3HA-
tenpaOoCTh C. B. Boxokuny 3a nenmble 3aMedaHus u
00CyXKIeHUS TIOJIyY€HHBIX aBTOPOM PE3YJIbTATOB.
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