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1. BBEAEHUE

XOopoIo U3BECTHO, YTO BHEIIHEE I10JIe IIPUBOIUT K
MTOSIBJIEHUIO TIOJISTPU3AIIMOHHBIX 3(D(MEKTOB B MaTepua-
se. Tak, B 1mojie mpuMecu BO3HUKAET IJIOTHOCTH WH/LY-
[UPOBAHHOI'O 3aPSINIA Ping (T ), BHEIITHEE MATHUTHOE T10J1e
WHJIYIIUPYET TOK, a TAKYKe MOYKET MPUBOIUTH K 3 dek-
1y Boma— Aaponosa. Takoro Tuma gBjaeHUs] ONUCHIBA-
FOTCsT KakK 3 PEKThI HOJISIPU3AIMY BAKyyMa, T. €. OCHOB-
HOI'O COCTOSIHUSI CUCTeMbI. DM@PEKTHI MOJISIPU3AIUN Ba-
KyyMa BO3HUKAIOT B Pa3JIMYHBIX cucTeMaX. Tak, B pam-
KaX KBAHTOBOI 3JIEKTPOJUHAMHUKHN HUCCJIELYeTCsl ILIOT-
HOCTb 3apsijia, MHIYIIUPOBAHHOIO KYJIOHOBCKHUM IIOJIEM
uona [1-4]. B rpadene mwiorHOCTb 3apsiia, UHILYIUPO-
BAHHOI'O ITOJIEM KYJIOHOBCKOU MTPUMECH, UCCJIEI0BAIACD
B paborax [5—16]. IIIoTHOCTH MHIYIMPOBAHHOIO 3apsi-
Ja B rpadene B cIydae JIOKAJIU30BAHHOIO TOTEHINAIA
opo6HO paccMaTpuBasachk B [17].

B macrosmeit pabore MBI mCCIeIyeM ITOBEIEHUE
IJIOTHOCTH 3apsijia, UHIYIUPOBAHHOIO JIOKAJIM30BAH-
HBIM IIOTEHIIMAJIOM, B JIBYMEPHBIX JIHXAJIbKOM€HUIAX
nepexogaubix Merasuos (JITIM). D1u marepuasbl 0THO-
CATCS K TaK HA3BIBAEMBIM I'PaheHONOI00HBIM, WIH JTU-
PaKOBCKUM MaTepuajiaM, [MOCKOJIbKY IBUMKEHHE 3apsi-
JKEHHBIX OJITHOYACTUYHBIX BO3OYIKIEHUI 3JIEKTPOHHOI'O
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raza onucbiBaercs (2 + 1)-mepubiM ypasaenueMm lupa-
ka [18]. Ormerum, uro Ge3pa3MepHasi KOHCTAHTA B3a-
UMOJIEHCTBUSA MEXKIY 3JIEKTPOHAMU (AHAJIOT MOCTOSAH-
HOIl ToHKOI cTpykTypel) B JAIIM He masa, mosromy B
JIIM peasusyercs HekoTopbit BapuadT (2+ 1)-mepHoit
KBAHTOBOH 3JIEKTPOJIMHAMUKY C CUJIbHOM CBsi3bi0. Kpo-
Me TOrO, B 9KCIIEPUMEHTaX MOXKHO CO3aBaTh Pa3JIdd-
Hble BHEIHUE T0JIsl, B TOM YUCJIe U JOCTATOYHO CUJTh-
woeie. [ToaTomy ucciaenoBanue 3¢pdekTOB MoOIApU3aIIAN
Bakyyma BHemmHuME mogmu B JIIIM Tak:ke mo3Bosis-
€T u3yJarhb u HerepTypOaTuBHbIE 3DDEKTHI, AHATOTHI-
Hble 3 deKTaM KBAHTOBOU 3JIEKTPOJMHMUKY, HAIIPU-
Mep, POJIZKEHUE JIEKTPOH-TIO3UTPOHHBIX 1aP CUJIBHBIM
mojieM u napaokce Koeitaa.

B jaByMepHBIX JUPAKOBCKHUX MaTepHaax ILIOT-
HOCTb 3apsijia, WHIYIIUPOBAHHAS KYJIOHOBCKUM IIOJIEM,
a Takxke HenepTypbaTuBHBIE 3(MMEKTHl UCCIET0BA~
Juch B paborax [19, 20]. Mbr paccmarpuBaeMm IJI0T-
HOCTb 3apsJa Pind(r), MHIYIAPOBAHHOIO AKCUAIBHO-
CUMMETPHUYHON IMOTeHIINAIbHOM MOl riryounbl U ¢ xa-
pakTepHbIM paguycoM R. Mbl BbramcisieM QyHKIIIO
Pind () AHAJMTUYIECKHN HA PACCTOSIHUSAX * 3> R 1pu pas-
JINYHBIX 3HAYEHUSIX IIUPUHBI 3AIIPENIeHHO 30HbI U TJIy-
OUHBI OTEeHITHAJIA. [IJ1s1 BBIYUC/IEHUST aCUMIITOTUKA MBI
ucnob3yeM Metos, dyakiun ['puna s 3/IeKTpoHa BO
BHEIIIHEM II0JIe, pa3BUTHI B pabote [21]. MbI nmokass-
BaeM, 9TO B MIKPOKOH 00JIACTH M3MEHEHWIl HapamerT-
POB TOTEHIHMAJIA TJIOTHOCTh WH/YIIMPOBAHHOIO 3aPsijia
MOXKHO IIPEJICTABUTD B BUJIE Pind(r) = F(r)Ly, rie xo-
a¢ddurment Ly 3aBUCAT OT KOHKPETHOI'O BU/JIA, IIOTEH-
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[MaJIa 1 He 3aBUCUT OT PaccTosiuust r, a dbynkuus F(r)
HE 3aBUCHUT OT MOTEHIINAJIA.

CraTbsi MMeeT CJIEILYIONIYI CTPYKTYpPY: B pas. 2
MBI IPUBOTUM OOITee BhIPAXKEHUE JJIsI TIJIOTHOCTY UH/TY-
IIUPOBAHHOTO 3aps/ia; B pas/l. 3 UCCJelyeM ypaBHEHUE
st pyHkimn ['puna; B pas3i. 4 paccMaTpuBaeM BOJIHO-
Bble (DYHKIUU U [IOBEJIeHNE YPOBHEN SHEPIUU JIJisl CBsi-
3aHHBIX COCTOSTHUI 3JIEKTPOHA B IIOTEHITUAJIBLHON siMe; B
pas/. 5 BbIYUC/ISAEM ACUMITOTUKY ILIOTHOCTU WHLYITH-
poBaHHOIO 3apsja. B 3ak/roueHnn 00OCyK1aeM I0JIy-
YeHHbIE PE3YJIbTATHI.

2. OBIIEE PACCMOTPEHUE

[LiorHOCTE 3apsijia, UHIYIUPOBAHHOTO IOTEHIMA-
soM V (1), MOXKHO NPEJICTABUTE B BUJIE KOHTYPHOTO MH-
Terpasa ot dyHknun ['puHa 371€KTpOHA!

Pind(T) = —ieN/ ;—; Tr{G(r,rle)}, (1)
C

re e — 3apsj IeKTpoHa, Kodbdunuent N = 4 cBg3aH
C BBIPOXKJICHUEM II0 CIIMHY 3JIEKTPOHA U 10 KOJUIECTBY
nomud B OIIM, dysknusa Tpuna G(r,r'|e) ynosaerso-
pser cieiyiomeMy ypasaenuio [18]:

e—=V(r)—vpo-p—Ac,]G(r,r'|e) =6(r—1'). (2)

Baecs o = (04,04), 0q curMa-mMaTpunbl Ilaysmn,
o) —ih (0/0x,0/0y) — ouneparop uMmiyiabca, A —
HOJIOBHHA IMUPUHBI 3allpellieHHO 30Hbl, U — IOCTO-
SHHAS pasMepHOCTH cKopocTu. CurMa-MaTpHILI OTBe-

9aioT TCEBIOCIMHOBLIM CTEMEeHsSIM CBOOOIbI. B ypas-
HeHMH (2) OIYIIEHO CJIAraeMOe, OTBEYAOINee CIIMH-
OpOUTAILHOMY B3AUMOJIEACTBHUIO, IOCKOJIBKY KOHCTATY
CIMH-OPOUTATHHOTO B3aWMOJIEHCTBUST MOYKHO CUHTATD
MmaJsoit [18]. Mer paccmarpuBaem noreHnmassr V(r),
JIOCTATOYHO OBICTPO yOBIBaIOIINE HA PACCTOSHUAX R,
e V(r) 0 mpu r > R. Hmxe Mbl mosmaraem
h VR 1. Oysrnus ['puna saexTpoHa, HAXOISI-
Ierocsi B T0JI€ TOTEHIUAIBHON sSIMbI, UMEET Pa3pe3bl
OTBEYAOINE COCTOSIHUSIM HEIPEPHIBHOTO

~
~

U TIOJIIOCHI,
CIIEKTPa W CBA3aHHBIM COCTOAHUAM 3JIEKTPOHA COOT-
BercTBeHHO. Ha puc. 1 cxemMaTnvHO M300parkeHbI pas-
pe3bl 1 moJTIochl. Paspesbl n306pazkeHbl TOJICTBIMU JIU-
HUSIMU, TIOJIIOCHI — KPECTUKaMu. Pa3pe3bl pacosoxke-
Hbl Ha JIEHCTBUTEJIBbHOI OCHM W HAXOIATCA B MHTEpBa-
aax (—oo,—A] u [A,00). Iomock! exkaT B MHTEPBa-
ae (—A, A). Konryp unrerpupoanus C' IpOXOAUT HU-
ZKe HNelCTBUTEJIbHON OCH B JICBOH IIOJIYIIJIOCKOCTH, IIe-
pecekaeT HeUCTBUTEJIBHYIO OCh MEXKJy JIEBBIM pa3pe-
30M (yHKIMU ['prHa U IOJIIOCOM, KOTOPBI OTBEYaeT
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CBSI3aHHOMY COCTOSIHUIO C MUHUMAJILHOM SHEprueii, 3a-
TeM KOHTPYD MPOXOJUT BBIIIIE JEHCTBATEIHLHOM OCH, CM.
puc. 1. Takoii BEIOOp KOHTYpa HHTEIPUPOBAHUS O3HAYA-
€T, YTO BCE COCTOSIHMS C HeprusiMu € < —A 3aHsTHI.
Vcnonb3ysa anasurudaeckue cBoiicrBa dyukimu ['puna,

Im{e}

>

Re{e}

(j/

Puc. 1. AnanuTtuyeckue coiictsa dyHkuum [ puHa no npemen-
HOIA € N KOHTPYPbI NHTerpupoBaHus. Paspesbl n nontocs n306-
pa>keHbl TONCTBIMU JIMHUAMU U KPECTUKAMU COOTBETCTBEHHO

MbI JiebopMuUpyeM KOHTYDP MHTEPUPOBAHUS 10 € TaK,
9TOOBI OT COBIIAJIAJ C MHUMOUN OCHIO, BBIIIOJTHSIEM 3aMe-
HY MIEPEMEHHBIX € — 1€ U HOJIydIaeM

pina(r) = p(r) —eN Y [ihn(r)[%, (3)

€n<0
riae oo
. de .
plr) =eN [ o Tr{G(r,rlie)}, (4)
T
Yn(r) — BoOJHOBast DYHKIUS SJIEKTPOHA, UMEFOIIETO

9Hepruio €, < 0. [IoaToMy s BEIYHC/ICHNS TVIOTHOCTH
UH/Iy[IIPOBAHHOTO 3apsiia HEOOXOAMMO HalTH (DYHK-
o [puHA M BOJIHOBBIE (DYHKIMHU CBSI3aHHBIX COCTO-
AHUIA.

JIJ1st BBIYUCJIEHUST ACHMIITOTHKY IUIOTHOCTH HH/LY-
[MPOBAHHOI'O 3apsijia HA PACCTOSIHUAX T 3> R ymo6HO
peJICTaBUTh ypaBHeHue st byHKImu [puHa B Cey-
omeM suge [21]:

G(r, ' |ie) = GO (r,1" |ie) +
+ /dr1 dry GO (r, vy li€) [V (r1)8(r1 —ra) +
V()G mliV ()] GO e, Flic), (5)
rme GO (r,r'|ie) — pemenne ypasmenns (2) mpn

V(r) = 0. B ypasrennn (5) macmrabbl paccTostHuUi
r u R pasienmiuch, IOCKOJBKY B NpaBoil dacTu
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ypaBHeHnst OoT r 3aBucuT TosbKo dynkmms GO a
apryMeHTsl 'y u ro dyskiun G JIOKAJA30BAHBI HA
Macmrabe I, T.e. 712 ~ R, HOCKOJLKY IOTEHIHAJ
oTiIM4YeH OT Hysid Ha MacmrTabe R. Takoe pasnese-
HUEe MACIITAa0OB MO3BOJISET BBIYUCIUTH ACHMITOTHKY
[JIOTHOCTHU WHLYIIUPOBAHHOIO 3apsja [21].

Ucnonbays eeipazkennst (4) u (5), MbI IIpeJicTaBIs-
em dyuknuio p(r) B BUIE

p(r) = AV (x) + 5O (). 6)

Baecw pV) (r) — mumeitmnrit o morentany V(1) Bria,
52 (r) — BKJIaJT Goslee BHICOKHX 110 TIOTEHIHAY TTOPS/I-
KOB:

de
5D (r) = il (
A (r) eN/ 271_/dr1 Tr{G

x GO (r1,1"|ie)}7

0 (r,r1|ie)V(ry) x

(7)

[ d
ey :eN/ Q—G/dl‘lmer{G(O)(r,rﬂie) X
™

x V(rl)G(rl,r2|z'e)V(r2)G(0)(r2,r|ie)} L @®)
Takum obOpa3oM, HEOOXOJMMO BBIMUCIUTH (OYHKIIAN

GO (r,r'|ie) u G(r,r'|ie).

3. PYHKIIN A 'PUHA 9JIEKTPOHA B IIOJIE
HOTEHHHAJ’IBHOﬁ AMBI

Pemast ypaBHeHue (2) mpu HyJIe€BOM IIOTEHIHAJE,

oIy IaeM
GO (r,r'|ie) = 7% (e —io. A)Ko(kp) +
+ K (kp)|, (9)
rmep=r—r, k= Ve + A2, K,(b) — dynkius Max-

JIOHAJIBJIA.

g a3uMyTaaIbHO-CHMMETPUIHOTO — TOTEHITHATIA
yA00HO TpejcTaBuTh (GyHknumio ['puna B cieyronieM
BU/JIE:

G(r,r'|

Z eim(6=6) 5

AN (rr'e)  —ie= i B (r,
X
iei‘i’C,(nA)(r, r'|€) eilo=¢")plA)

m

r'le)
(r;7"l€)

). (1)
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Tozcrapisist JaHHOE [IPEJICTABJICHNE B ypaBHeHHUe (2) u
YUIUTBIBAsI CJIEYIONIEe IPeICTABIeHNe JJIst §-DYHKITIN:

5(1‘ _ r/) _ 27:\;7; Z el’m(¢ ¢) (11)
HoJy4aeM ypPaBHEHUS
acsy  m+1 5(r —1')
_ (a) m (a)
(€= V(r) =D)AL = — — —Cn —
(e —V(r)+A)CH) + 6“4’” Sy} (12)
T

OyHKIIN DgnA) u BT(nA)
A el

BBIpaXKaIOTCs 1depe3 pyHKIUU

CJIEJIYIOIIIM 00Pa30M:

D)

—A —A
= A(—TTL—)l’ B'EnA) = _C(—m—)l

(13)
TlosTomy sutst Beraucienus dyHkimn ['puna Heobxou-
MO peruTh JBa ypaBHeHus (12).

4. BOJTHOBAZf ®YHKIINS SJIEKTPOHA B
I1OJIE IIOTEHIIMAJIBHOM SIMBI

g HaxoXKAeHUsT WHIYITUPOBAHHOTO 3apsiaa Heoo-
XOJIUMO 3HATh BOJHOBYIO (DYHKIIHIO 3JIEKTPOHA Yy, (T) B
norenmae, cM. (3). YpasHenue il BOJHOBON (DyHK-
un uMeet Bu (18]

[e—V(r)—o-p—Ac.]¢(r)=0. (14)
SIBHBIA BUI BOJHOBON (DYyHKIMU U CIHEKTP 3aBUCAT OT

KOHKDPETHOI'O BUJA IOTEeHNHaaa. PaccMoTpuM mompob-
HO PEIIeHNs B CJIy9ae MOTEHIINAIbLHON sIMbI BAIA

Vir)=-U6(R - (15)
rae 0(x) — dynxnus Xepucaima, R u U — paauyc
7 TyiyOWHA MTOTEHINAJBHON AMbl. BOTHOBBIE DyHKITHH
B TAKOM IIOTEHIHaJIe XOpomlo uccienosansl [22]. Ilox-

CTaBJIdd BOJTHOBYIO (l)yHKL[I/IIO B BU/JIE

U (1) _
Pn(r) = ] eme (16)
idy, (r)e'®
B ypasrenue (14) u pemas ero, Haxomum [22]
J\m| (Nnr), r < Ra
un(r) = (17)
9K ) (finr), 7> R,
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Olin
7Jm a\Mnl ), < Ra
o U LA mite ) T
dn(r) =h gii (18)
—nKm o ~’rl ) >Ra
o 1 A Kiml+o(nr) r
reoc=1lupum > 0uoc=—1upum <0, €, — 3HEDP-
IUsl CBSI3QHHOTO COCTOSIHUSL, [, = +/(€n + U)% — A2,

fn = /A% — €2, J,(b) — byuxiua Beccensa. Dueprus
€, 3aBucuT or m. Kosaddunuentsr g u h Moryt ObITH
HafiJIeHbI U3 YCIOBUsI HEIIPEPBIBHOCTH (DYHKIM Uy, (1) 1
dp,(r) B TOUKE r = R ¥ yCJI0BUsI HODMUPOBKY BOJIHOBOIA

byukuun [22]:

g = Jmlint) 19
K|7rL\(MnR) ( )
p2 = &n FU+A AT (unR) | AJZ (1 R) 4
27TUR2 A + €n A — €n

AU +2¢,) — 2m + 1) (A% + €,(U + €,))
+ =3 X
Ry i,

X Jm(MnR)JnL-i-l(,unR)) . (20)

YcioBue HeNpepbIBHOCTH (PYHKIUN PUBOJUT K ypaB-
HEHUIO JIJIsl SHEPTUil €,, CBI3aHHBIX COCTOSHUIA:

UUn(en + A) J‘m|+a'(unR) _ K\m|+a(ﬂ7LR)

(21)

MO2KHO IPOBEPUTH, YTO KazKJblil YPOBEHb SHEPIUM €,
IJIABHO yMeHbInaercst ot A 1o —A npu yBeaunaenuu U
OT HyJIA JI0 HEKOTOPOIO KPUTHYECKOTO 3HAYCHUSA TJLy-
6unbl norenimala U., IpU KOTOPOM ypOBEHL SHEpIUH
JIOCTHATAET 3HAYeHUsT —A W MCYe3a€T U3 JUCKPETHOTO
crekrpa. IIpn TakoM 3HAYeHUHM IOTEHIMAJIa BO3HHUKA-
IOT IIPOLECCHl POXKICHHS I1ap JEKTPOHIbIPKa (aHa-
JIOT POXKJIEHUS SJIEKTPOH-TIO3UTPOHHBIX NAP B KBAHTO-
BOIi aekTponunamuke) [22,23|. B kauecrse upumepa
Ha pHC.2 M300parkeHa 3aBUCHMOCTH IHEPIUU HUIIIE-
IO CBSI3QHHOTO COCTOSTHASI OT TJTyOWHBI IOTEHINAJIA TIPA
RA = 1. 3nauenne KpUTUIECKON TVIYOUHBI TIOTEHITHATIA
U, pa3HOe JJIsl pa3HBIX ypoBHeil sHepruu. MuHnMAa/Ib-
Hoe 3HaueHue U, COOTBETCTBYET UCUE3HOBEHUIO HU3IIE-
T'O CBA3AHHOTO COCTOSTHUA. [Ipy KpUTHYIECKOM 3HAYECHAN
[OTEHIUAJIA BO3HUKAIOT OCOOEHHOCTH ILJIOTHOCTHU HHJLY-
[MPOBaHHOIO 3apsiia [17].

JI71s1 BBIYMCJIEHUST JIOTHOCTU WH/LY TAPOBAHHOTO 3a-
psAla HEOOXOAMMO BBIYUC/IUTD 3HAYEHHUS TJTyOWHBI I10-
rennuasa Uy, IpU KOTOPBIX 9HEPIUH CBA3aHHBIX COCTO-
SHUI CTAHOBATCH PaBHBIME HYJII0, cM. (3). s uccie-
JIOBAHWS MTOBEICHNs] MHIYIMPOBAHHOTO 3apsiia BOJIN3H
KPUTHIECKOrO 3HAYEHHUsI TTyOUHDI IOTEHIIUAIA HeOOX0-
JIAMO TaKyKe BBIMHACINTH 3HaueHue U,.
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Benuuunwt Uy u U, MOTYT OBITH HaMIEHBI TUCIEHHO
JITsT TPOU3BOJIbHBIX 3HadeHuit A u R. s sroro dwuc-
JIeHHO perriaercsi ypasaenue (21) mpu e, = 0ue, = —A
coorBercrBeHHO. OJIHAKO B Cily4yae, KOTJa IapaMeTpbl
R u A ynoBjierBopsior cooTHommenusM RA < 1 win
RA > 1, snauenus Uy u U, HaXoasaTCs aHATUTAIECKH.
Taxk, nosaras €¢g = 0 B ypasuenuu (21), Haxomum pe-
[IIEHUS B TVIABHOM U CJIEIYIOIIEM 38 TJIABHBIM MOPSIIKAX
o mapamerpam masioctu. [Ipuy RA < 1 moxyuaem

Uoz%fAlnRLA. (22)
IIpu R A > 1 Haxomgum
g2
UOzA+2R§A, (23)

rje g, — HauMeHbIIIee MOJIOXKUTEILHOEe pellleHne ypaB-
uerus Jo(g.) = 0 (9. = 2.4). Homarag ¢¢ = —A B
ypasaenuu (21), nias U, mojydaeM BbIparkeHue

U,

A =

g2

L+ R2A2’

1+ (24)
KOTOpOE B IPeJIEJbHBIX CIydasx napamerpa RA mpu-
HUMaeT BU]T

mz%+A (25)
mpu RA<K1mu
U, ~2A 4 Y (26)
2R2A

npu RA > 1. Ormerum, uro B ciayuae RA <« 1 3nade-
unsa Uy m U, coBOamaoT B TVIABHOM MPUOIMIKEHUN 10
MaJIOMy [apaMeTrpy, T.e.

UQ%UC. (27)

1.0F T T T 3

0.51 ]
<

0.0 7
g

-0.51 7

—1 .0k e e 1Y

0.5 1.0 1.5 2.0 2.5 3.0 3.5

U/A

Puc. 2. 3aBucumoctb otHowenust €g/A ot U/A npn RA =1
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5. ACUMIITOTUKA IIJIOTHOCTU
VMHAYIINMPOBAHHOTI'O 3APAIA

AcuMnTOTHKA TIJIOTHOCTH WHJIYIIUPOBAHHOIO 3apsi-
Ja 3aBUCHT OT COOTHOIIEHWI MEXKIy PaCCTOAHUEM
7, XapaKTepHOW MmMupwHOi R MOTEeHINAIBLHON SIMBbI
V(r) um KOMITOHOBCKOH JIMHOI BOJIHBI 3JIEKTPOHA
1/A. Mbr paccmorpum jBa ciydas. Llepsblii ciydaii:
R < r < AL, Bo Bropom ciiygae 7 > Rur > A~
a cooTHomenue Mexxay R u A npoussosibHO. B nepsom
ciayuae (R < 7 < A1) npu BBIYHCIEHUE aCUMIITOTH-
KJ WHIYIMPOBAHHOTO 3apsia B MHTErPAJI 110 SHEPIUHU
€ OCHOBHOI BKJIaJ, narorT Macmradbl € ~ 1/r. Ilpu Ta~
KIX SHEPTUAX MOXKHO [IPEHEOPEIb BEJTMIMHON IITUPUHBI
BAIPEIIEHHON 30HbI, TOCKOIbKY rA < 1. [Toatomy pe-
3yJIbTAT JIJI ACUMIITOTHKM ILIOTHOCTU WHILYIIUPOBaH-
HOI'O 3apsfia Ping(r) OyZer coBHaIaTh ¢ pe3ysbTaToM
paborsl [17], rue uccaenoBasics MHIYUUPOBAHHBIA 3a-
psan B rpadene. Hmke MBI TOPOOHO PACCMOTPUM BTO-
poil ciryyaii.

Jlnst soraucenns p) (r) ma paccrosmusx r > R,
noycrasisteM dyaknmio I'pura (9) B Beipazkenue (7) u
IOy 9aeM

p(1 :feN/de/drV

J{(€— A%) K2 (xp)

— w2K(rp)}, (28)
rae p = |r — r’|. aTerpasn mo nepeMeHHOMN 1/ CXOAUTCsE
Ha Macirabde Jiokaaumsanun norennuaia R. Ilockonbky
r> Rur> Al apryment dbynkmmm Makgonainaa
kp > 1. [lopcrasisas acumnroTuky Gyukmu Maxio-
HaJIbJa JyIst GOJIBIINX apryMeHTOB [24],

Km(z) (29)

B BbIpaxkeHue (28), ucmosb3yst Mero1 Jlammaca, BbIYIC-
JIseM MHTerpaJi 1o €. Pe3yabraT umeer BU
eN

2 (5) ]

Huzke MBI IpearoJiaraeM TakK>Ke, 9TO BBIIIOJIHEHO CJie-

dr’

w N ,—2pA
5 V(re )

P (r) =

(30)

Ayromee COOTHOIIIECHUE:

R2A
r

< 1. (31)
B 3TOM Ccityyae MbI HHTErpUpyeM 10 HAIIPaBJICHUIO BEK-
Topa r’, m mosrygaem

pV(r) = F(r)L), (32)

846

re
eNVAe—2ra

Fr) =~ = (33)

LS) = —A/dr’r’V(T/)IO(2T/A)a (34)

0

I, (z) — momudunuposannas dyskims Beccess nep-
BOro poja. BuaHo, 9TO JMHEHWHBI MO MOTEHITHALY
BKJI&JI B INIOTHOCTH MHIYTAPOBAHHOTO 3aps1a yObIBAET
9KCIOHEHINAIBHO Ha OOJIBIINX PACCTOSHUSX.

Jlnst Berancienns acummroruku p) (r) mojcrasis-
em dyuxnun I'puna B Buge (9) u (10) B Beipazkenue (8),
zareM noyiaraeM 11 = 0 u ro = 0 B aprymenTax (pyHK-
it G0, ucnosp3yem acuvmnroruky dbyskmm Maxto-
Hasbaa (29), *HTErpUpyeM 110 HAIIPABJIEHUSIM BEKTOPOB
Iy ¥ Iy, yaurbiBaeM ycsosue (31), UCIoIb3yeM COOTHO-
wenus (13) u nosydaem

~ ENA —2KT
p(2)(r) = 2 —e2 //drldrg rir2V (r1)V (ra) x
X Z Z Im IiTQ { (lirl)A(s )(T17T2|Z€)
s=—1,1m=—oc0

)

— 8Imi1(kry) C,(,fA) (ri,m2 |ze)} (35)

31ech A%A)(rl,rﬂie) u CS,LiA)(rl,rgﬁe) — pelreHus

cucreMbl ypashenuii (12).
Cuentyst pesysibraram paborsl [17], BBoguM byHK-
1982071

= farvv
0

C%M@J@:/’ V() L (') CSE (1, i), (37)
0

G%A) 7" Z€

L (k1 )A(iA)(r ' lie), (36)

KOTODBIE YJOBJIETBOPAIOT CJIEIYIONIUM YPDABHEHUAM:

0 m

2B &EDA) .
(67‘ " >am (ryie) +

+ (ie — V(r) £ A) FB) (r ie) = 0,

(38)
(ie = V(r) F A) alF?) (r,ie) —
0 m+1
R S WEON PR
(87" " )cm (ryie) = V(r) Im (k7).

Jljist moJIydYeHus 9TUX ypaBHEHUIl Mbl YMHOXKUIH 00e
vyactu ypasrenust (12) uwa ' V(r') I, (k') u npounre-
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rpupoBasu 1o r’. I'panuunbie ycioBus s pyHKIMI
UMEIOT BHU/L

alF2)(0, 7€) < 0o, FA)(0,i€) < oo,

(39)
lim a(F2) (r i) = lim T2 (r,i€) = 0.
r—00 r—00
Boipazkas 5 (r) gepes a%A)(r, i€) u C%A)(T, i€), mo-
JydaeM
] eNA [ de . [
pA(r) = o /%e 2 /dT1 1V (r1) x
—00 0
X Z Z { (kr1)als®) (1, ie) —
s=—1,1m=—o0

— sIm+1(m“1)c( A)(rl,ze)} (40)

()()

Takum ob6pa3oM, sl BBIYUC/ICHUS (PYHKIUU P

ind
HEOGXOIUMO HafiTi byHKIMH aby )(r, ie) u e )(r, i€).
[Ipeanosokum, uro  GyHKIUHA o' )(7’, i€) wu
(A

)(r, i€) He UMEIOT OCODEHHOCTEH 0pU MAaJIbIX €,
TOrJa HMHTErpaj II0 SHEPTHU MOXKHO BBIYUCIIUTD,
ucno b3ys Merox Jlamaca:

Cm

() = F(r)L?, (41)
rie
£§/2 - _= Z Z /d?‘l 7“1V 7“1){[7”(/@7“1) X
s=—1,1m=—oc0 0

(sA)
X Ay,

o(s8)

(r4,0) = sTsa (k1)) (r,0) . (42)
BugHo, 9TO 3aBHCHMOCTDH OT PACCTOSHHUNA W 3aBHCH-
MOCTH OT NOTeHIHuasa (hakKTOpU30BaIUCh. Huxke, Ha
puMepe KOHKPETHOIO BHJa IHMOTEHIMAJA, Mbl IOKa-
JKEM, ITO IpeHebpeskeHne 3aBUCUMOCTBIO OT SHEPTUU B
PyHKIIAX o' )(T, i€) u 8 )(7’, i€) olpaBIAHO JJIsl [IH-
POKOIi 00JIACTH M3MEHEHUs MapaMeTPOB MOTEHIHAJIA.
Oxnako Boipazkenue (41) He BepHO IpU 3HAYEHUAX 110-
reanuasa U, 6imskux Uy, T. e. TAKUX, 9TO MOJTIOC DYHK-
1 ['puHa, OTBeYaomuii CBA3aHHOMY COCTOSHUIO, PAC-
II0JIO?KeH OJIN3KO K KOHTYPY MHTerpHpoBaHus. B sToM
CJIy9ae BBIYHCJIEHUE 110 TIEPEMEHHON € HEOOXOIUMO BbI-

INVIP
HOJIHATH aKKypaTHee, IIOCKOJIbKY (PyHKIUH als )(r, i€)

(A)

U Gy (1, 1€) comepKaT 0COOEHHOCTDb, CM. HUKE.
. Ay,
SBnpIt Bun dyHKIMin o' )(7’, i€) u c )(T, i€) 3aBU-

CHUT OT BHJA noTeHnuana V(r), mosroMy Jajgee Mbl UC-
cJielyeM IJIOTHOCTD 3aps/ia, WHJIYIIMPOBAHHOT'O MTOTEH-

847

mmasoM (15). Perennst ypasuennii (38) ayist moTeHmm-
ana (15) mmeror BU

alEA) (1, ie) =
U+A+i
H,(,Li)J‘m|(m“) - 7+,Z€Im(m“), r <R,
_ U + 2ie (43)
Gg,ﬂf)Km(/@r), r> R,
C%A)(T, i€) =
+
B %O’H»,(n )J|m‘+g(%r) Ky | 1o (KT) r <R
o (£)
et AGm K|m‘+g(l‘$7"), r> R,

e »x = /(U —ie)? — A2, KosbdunueHrst HS u

+ o o

el MOTYT OBITH HAWUJIEHBI U3 YCJIOBUIT HEMPEPBIBHO-
. (£A), . (&), .

ctu QYHKIWH am (7, i€) u ¢ (7, i€) B TOuke 1 = R.
Mpbr HE TpUBOIUM SIBHOTO BU/1a KOIMDMUITUEHTOB B CHITY
X TPOMO3JIKOCTH.

IMoxcrapisist Boipaxkernus (43) u (44) 8 (40), BbIIOI-
Hslsl TIPOCTBIE MPEOOPa30BaHUs W MHTErPUPOBAHUE 110

IIEPEMEHHOIt 71, IOJIydaeM CJeJIyIoNlee BbIpakKeHue:

S(2) () _ eN URA/E U + ie ~2mr (o _
po) 2r 2 (U + Qie)ne 12k )
ENA Nt T d€ 6_2KT(MWL'Y"L + PnL'YnH—l)
- — 4
r m,Z:O / ™ kR(U + 2i€)2D,y, , (49)
rue
Y = Yl 1(Y)Im () + 2L (Y) St (), (46)
M, = By, (fe[(U Vie)k — UA] +
+ Uy[ (/@ — zeU) A, + IQAA"L])
+ (ie/{ + Uy {HAm + AAmD B, (47)
Py = By, (n[(U +ie)k — UA] +
+ Uy[ (k* — ieU) A+ IiAAm]) -
— x (ieli + Uy [mzlm + AA"LD B (48)
Dy = i3 (Bfn - Bfn) + 2By By, (K2 — iU, (49)
AT}'L - Inb(y)Km—f—l(y)a lenb = 7rL+1(y)K’m(y)7 (50)

B = Jmsr(2)Km(y), (51)

T xR, y = kR. B nepBomMm cJjlaraeMoM B IpaBoOi
gactu (45) BBIYMCIAAEM HHTErpaJ MeroxoM Jlamaca,

Bm = Jm(l')Kerl (y)a
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mpejroJarast, 9o r > Rur > 1 / A, CKIaJIbIBAEM II0-

gydenubii pesyabrar s ) (r) ¢ bdynxmaei s (r),

cM. (32), BbrumcieHHOM Jyist noreHnuasta (15), u mosy-
—2KT

qaem
/ de e »
27 k(U + 2ie)?

eNA
Rr

p(r)

m7m + Pm7m+1

’H’L

X E (52)
Uccaenyem 3aBucumocTb GyHkimu H(r) or riyOuHbI
[OTEHIUAILHON SIMBI.

IIpu r» > 1/A skcronenra e~ U3MEHsIETC Ha

macmrabe € ~ A/vVrA, 1.e. npu € < A. Ipenmnona-
rasi, 4TO BeJUIUHBl D, He UMEIT 0COOEHHOCTEH IpH

2KT

MaJIbIX €, BBIYUCJ/IAEM HMHTErpaJl u II0JIyvdaeM

(r) = F(r)Ly,

p (53)

rje

T)’L (l‘)JnH-l (.I')
> ) +2yBy By

(54)

.
R

Taxkum 06paszom, GyHKIWs P(r) sSBISETCS IPOU3BEIE-

HueM (QYHKIUE OT T U Koddduiumenra Ly, KOTOPHIT

3aBUCUT OT ITAPAMETPOB ITOTEHIINAJIA U HE 3aBUCUT OT 7.
[Tpu mastoit rrybune moreHuada, T.e. npu U < A,

IOy 9aeM

URI(2RA)

Ly = 5

(55)
Dror pesyabTaT coracyercs ¢ BraagoM pt) (34) s
norennuaia (15). 3Hamenarens B Boipaxkenun (54) 06~
paraercd B Hy/Ib pu 3HaveHusx noreanuaaa U = Uy,
KOTOPBIE YJIOBJIETBOPAIOT ypasuenuto (21) mpu ¢, = 0.
Ilostomy mpu U Uy dbyskiusa Ly umeer ocobeH-
HOCTD. JIj1s1 TOro 9To0bI MPABUILHO BBIYUCIUTH (DYHK-
o A(r) (52) npum 3nadennsax U, 6amskux K Uy, MBI
BBIJIEJISIEM 3aBUCUMOCTD 3HaMeHaTesst D, pu MaJbIX
3HAYEHUsIX €. st 9TOro pack/agpiBaeM 3HAMEHATEhb
D,,, o sHepruu, yiepKuBaeM WIEHBI JI0 JIMHEHHOTO 10
€ TIOPSIJIKA, BKIIIOYUTEIHHO U MOJIyIaeM CJIE/YIOIee Bbl-

> de Jp,
EWES

rae ro — R\/ U2 - A27 ﬂm = Dm|6:07

paKeHmue:

_eNU 20) Jm1 (wg) e~ 2R"

Bm + i€,

(56)

p(r)

2U%2RA

Q= —

848

< (meo) F (o) +
U-(2m+1)A

+ ZL‘QA

Jm(xo)Jerl(l'o)) . (57)
Wccnenyem moBejieHne OIHOTO U3 WJIEHOB CYMMBI BbI-
paxenus (56) npu usmenenun U. Paccmorpum, Hanpu-
Mmep, ciaaraemoe ¢ m = 0. s ynobcrea 0603HaAINM €ro
Kak po(r). VIHTerpan mo sHeprun coaep:KuT GOJIBIIOL
napameTp rA B 9KCIIOHEHTe, TapaMeTp [y B 3HAMEHaTe-
Jste, KoTopsiii ipu U, 6uin3kux K Uy, CTAHOBATCS MAJIBIM.
W3 HUX MOXKHO MOCTPOUTH OE3pa3MEpHBIN Iapamerp
A = r|fo/ao|. Ecim A > 1, To B 3HAMEHATENE MOXK-
HO TOJIOXKUTE € = (), OCKOJIBKY CXOJMMOCTb WHTErpa-
JIa OTIPEJIENISETCS SKCIIOHEHTOW, & WHTErpajl CXOIUTCS
Ha MaciTabax € ~ A/\/E B sToMm ciyuae oTBet st
JIAHHOTO CJIATAEMOTO COBIIAJIAET C TIOJIYyY€HHBIM DAHee.
Ecmu xe mapamerp A < 1, TO cXOIUMOCTH HHTErpPAJIA
OIIpe/IesIsAeTC s 3HAMEHATeIeM, [IO9TOMY MblI IpeHebpe-
raeM 3aBHCHMOCTBIO IKCIOHEHTBI OT JHEPruu. Borawmc-
JIsist MHTErPAJI, HAXOIUM

eN
—e

—_orA sign(Uo — U)JQ(ZL‘Q)Jl (.1'0)
Rr '

(58)
2|ag
Ormerum, 9ro npu A < 1 3aBucumocts GyHkmu fo(r)
OT 7 OTJIMYaeTcs OT ee moBedenus: npu A > 1. Ogna-
Ko 1ipu pukcupoBanuoM 3uadenuu U, orauanoMm ot Uy,
1. e. nupu duxcupoBanuoM [y /g, Beerga MOXKHO HafiTu
JOCTATOYHO OOJIBINYIO BEJUYIUHY T, TAKYIO UTO CIIpa-
BeJIMBA acUMITOTUKA (52), KOTOpasi BepHa npu A > 1.
Hecmotpst Ha 10, uT0o byHKIUSA Po(r) MeHseTcs ckad-
koM ripu U = Uy,

r)‘U:Uofo - _ﬁo(r)‘U:UoJrO’

ILUIOTHOCTDh UHIYIUPOBaHHOTO 3apsma upu U = Uy Hu-
KaKUX OCODEHHOCTEH He HMMeeT, IMOCKOJIbKY B Ciydae,
Korjia 1oJiroc (pyHKImU ['puHa OKa3bIBaeTCs B JIEBOM
MTOJIYIIJIOCKOCTH, MBI JIOJIKHBI TIPUOABUTH BKJIAJ] 9TOTO
nommoca K dyuxmun p(r), eM. (3). Ilogcrasnsas Bbipa-
xeuust (17)—(20) B (16) u monaras m = 0, ¢¢ = 0,
nosry<daeM BKJral nostoca ipu U = Uy + 0:

—eNJpo(r)l?| = 2p(r)sign (Uo = U).  (59)

Takum 006pa3oM, IOTHOCTD WHIYITUPOBAHHOTO 3aPsIa
uHenpepbiBaa 1pu U = Uy.
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IIpu 3HaveHUsAX TIyOWHBI MOTEHITUAIA, OJU3KUX K
U,, 1. e. B caydae, KOIJia SHEPTUsT OCHOBHOTO COCTOSTHUST
6imska K — A, dbynxius j(r) yopBaer kak e~ 28 /132
cum. (53), Torga Kak KaJapaT BOJIHOBOH dbyHKIUM yObI-
Baer kak h2g? K2 (rv A2 — €2), em. (17), (18). o o3na-
49aer, 9To Ha OOJIBIUX paccTodHusX v deA >> 1 BRtas,
BOJIHOBO# (DYHKIIMM, OTBEYAIOIIEH COCTOSIHUIO C JHEp-
rueit € = —A + d¢, B IJIOTHOCTb WHJYIIMPOBAHHOTO
3apsia sSBJgeTcs IVIaBHBIM. 3uech de < A. OxHako
ko3 dument hZg? cTpeMuTCS K HYJIIO IPU HPHOJIH-
JKEHWU yPOBHs SHEPrUM K BaJeHTHOH 3ome (de — 0).
Tlosromy cyrmmecTByeT 06/1aCTh PACCTOSHU, B KOTOPOH
Ip(r)| > |e|ltbo(r)|?. peamonaras de mocTaTodHO Ma-
JIBIM, TIOJIyYIaeM YCJIOBHE Ha 3Ty 0DJIaCTb:

max (A7 R) < r <1y, (60)
o L [A% (R\/éeA)‘ (61)
A Vrde -

Ha Ttaxmx paccTOSIHUAX ILUIOTHOCTH WHIYIUPOBAH-
HOTO 3apsizia coBmagaer ¢ dynknueir p(r), T.e.
pina(r) = p(r). llpu r = r, NOBeJEHWE MNJIOTHO-
CTH WHIyTIIMPOBAHHOTO 3apsijia ONPEJIENeTcs MOBeIe-
HUEM BOJIHOBON (DYHKIUH, MOITOMY pPinq(r) yObiBaer
kak exp{—2rv20eA}. Ilpu U = U, cBA3aHHOE COCTOsI-
HUE MCYE3a€T U3 JUCKPETHOTO CIIEKTPA. DTO MPUBOJIUT
K CKa4Ky IUIOTHOCTH HHIYIMPOBAHHOTO 3apsija IpPH

U=U.:
Pind (r)’U:Uc+O - pind(r)‘U:Ucfo = €N|’¢)0(r)|2' (62)

IIpu U = U, 4+ 0 mpoucxoauT mporecc POoKICHUS Tap
JIEKTPOH—IBIPKA. DJIEKTPOHDI JIOKAJTUIYIOTCST Ha, Mac-
mrrabax, MHONO MEHBINUX, YeM T, & JIbIPKH YTEKAIoT
Ha OECKOHEYHOCTb. 1103TOMYy IOJIHBI WHIYIIUPOBAH-
HBIA 3apsi/i CTAHOBUTCS OTIMIHBIM OT HY/IsT ¥ PABHBIM
eN, em. [17,23].

Paccvorpum moBesiene mIOTHOCTU WHIY ITAPOBAH-
HOrO 3apsaa B ciaydae RA < 1. Ilpu U < A noxcras-
asieM B (54) acumnroTuky dyHKIun Mak0HaIb1a 1015
MAaJIBIX apryMeHTOB,

27n—1r m
- 67n,0)#7 (63)

KTTL(y) ~ = ln(y)ém,o + (1 Y

rue I'(z) — ramma-dyuaxnus Ditiepa, UCoab3yeM aHa-
JINTUYECKOEe IPOoIoJIzKeHrneM byHKImn Beccess u moury-
qaeM

Ly ~UR*A/2. (64)

6 2KIT®, oI 6

OcuoBuoit Bkiaj B Ly maer ciaraemoe ¢ m = 0,
OCTaJIbHBIE CJIATaeMble MOJABJICHBI CTEICHSIMH IIapa-
merpa RA. Toncrasasist (64) u (33) B (53), noaydaem
_ eNURZe 22 ( ANY?
Pind (r) = Tk <7) : (65)
10T pe3ysbTaT COBHAJAET C BbIpaxkeHueM (32) njist
PV (r), Borauciennbiv 1is notenmmata (15) B crydae
RA < 1. IlonpaBgu no napamerpy U moryT ObITH
JIETKO BBIYHCJICHBI. 1T 9TOr0 HeoOXOAUMO PA3I0KUTD
dyukimn Beccenst B Boipazkennn (54).
B cayaae U > A BbijessieM IVIABHBIH 110 TApaMeTpy
RA Britaj u nosryuaem

URA  J;(RVU? — A?)
VUZ A2 Jo(RVUZ = A?)

Dyuknus Ly perynsipa upu U = A u pasha (64). ITpu
U > A nosygaem

N J1(UR)
Ly ~ RATE G (67)

Bunno, uro dbymkmms Ly mmeer 0cOOEHHOCTH TPHU
U = g./R. JauHoe 3HAUYeHHE NOTEHIUAJA IOJYIEHO
B IVIABHOM Mopsijike o napamerpy RA. Kak onwmcano
BhIIe, ocobeHHOCTh BozHUKaeT npu U = Uy, ogHAKO €
Hameit Tognocreio U = Ug, em. (27). IlockosbKy nBa
3HavYeHust coBnaJH, a upu U > U, cBI3aHHOE COCTOsTHUE
C MIHUMAJIbHOU 3Heprueil ucuesaeT u3 CIeKTpa, HHIY-
[UPOBAHHBIN 3apsy coBnamaeT ¢ dyukiueil p. Takum
obpasom, pu RA < 1 nmosydaem

Pind (I’) = /3(1')

TlomuepkHeMm, 9TO HaHHOE BBIPAYKEHUE I IJIOTHOCTU
WHIYITAPOBAHHOTO 3aPsi/ia HE CIPABEJINBO IPHU 3HAME-
HUSIX TOTeHInasa, 6ym3kux K U.. OTMeTnM Takke, 9T0
3HaK IJIOTHOCTH WHIYIITPOBAHHOTO 3aPsIa NU3MEHIETCS
ckaukoM tipu U = U,.

Uccireyem moBefieHne MHIYIUPOBAHHOIO 3apsa,
HaXOJIAIErocst Ha 60JIbIINX paccTostHusX mpu RA < 1:

o0

Q-(r) = 27r/dr’r’pmd(r’). (68)

r

o Boraucsienust Qs (r) B IVIABHOM IPUOJIMMKEHUU 110
RA wmbr nofcrasiseM p(r'), M. (56), BMECTO ping (')
B (68), ocrasisieM TosBKO caaraemoe ¢ m = 0. 3arem
BbIUHCIIsIEM [y U (g B [VIABHOM IPUOJIMKEHNH I10 Hapa-
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MeTpy RA, BBIOJIHSEM HHTEIPUPOBAHHE 110 1, J1e1aeM
3aMeHy IIePEMEHHBIX € — €/A U 10JIydaem

Qs (r) = —eNRAJy(UR)J1(UR) x
o 6727’A'\/1+62
x / de ' . (69)
J JE(UR) + 4€2(RA)? In*(RA)JZ(UR)
Ecmm VA
RVA|In(RA)|
|Jo(UR)| > s
TO
eNVTARJL(UR) _,,
Qx(r) = - W) -2ra (7o)
2y/rJo(UR)
Ecmm VA
RVA|In(RA)|
UR—ge| < ——F——,
| ge| < NG
TO
 eNrsign(g. — UR) _pa
Takum obpa3om, 3apsia, HAXONAMMWIACA CHAPYKH

OKPYYKHOCTH PAJIAYCa 7', U3MEHSETCHA CKATKOM TIPH ITPe-
BBINICHUN KPUTHYECKO TIyOMHBI IIOTEHIINAIA.
PaccMoTpuM TOBeZieHME WHJIyIMPOBAHHOTO 3apsi-
na Q< (r), KOTOPBIl HAXONUTCSI BHYTPHU OKDPYKHOCTH
paguyca r. llpu UR < ¢. TOJHBIH WHIYIIUPOBAaH-
HBIl 3apsan Qi = Q<(r) + Qs (r) = 0. Iosro-

My Q<(r) = —Qs(r). B cayuae, korga UR Gosbiie
MHUHUMAJIBHOIO (., IOJIHBII WHJyIMPOBAHHBIN 3apsiil
Qiot = eNM, rme M — 49uciao KPpUTUYIECKUX 3HaYE-

HOl g., MeHbIuX U R, T. €. YuCja0 ypoBHEH, NCIe3HYB-
MUX U3 JUCKPETHOTO CIEKTPa. DTO CBA3AHO C MPOTIEC-
CaMy, aHAJIOTUIHBIMU IIPOIECCAM POXKIEHUSI JIEKTPOH-
no3urponsbix map [23]. [Tosromy B ciayuae RA < 1 u
npu ycsoBud, uTo mapamerp U R 6oJibille MUHAMAJIb-
HOTO 3HAYeHUs g, noydaeM Q< (r) = eNM + Qx(r).
TTocKOIbKY MHJLyIIMPOBAHHBIN 3apsii Qs () SKCIOHEH-
UAaJIbHO mojaBseH, uMeeM Q«(r) ~ eNM.

OTMeTuM, 94TO pacCMaTPUBATH 33149y IIPH IJIyOUHE
noTeHnuana, dosbiel eM g./R, rje g. — HaMMeHb-
niee MoJIOXKUTeJIbHOe penienue ypasuenus Jo(g.) = 0,
He MMeeT CMBICJa, HOCKONIbKY 1pu U > g./R 3anada
cranoBuTcsd MHoroudactuunoi. [Ipu U, Gosbiiem mu-
HAMAJIbHOTO KPUTUYECKOIO 3HAYEHUsI, MOJIE POXKJIAET
YeThIpe JIEKTPOH-IBIPOYHBIE Tapbl. [IbIpKE yXOasaT Ha
OECKOHEYHOCTDb, & 3JIEKTPOHBI, B 3aBHCHUMOCTH OT Be-
guanabl R, jiokanu3yiorcs aubo Ha Macimrade MOTeH-
nraja R, gubo Ha Macmrrabe KOMIITOHOBCKON JJTMHBI
BOJIHBI 9JIEKTPOHA B MaTepuate, 1/A, em. [23,25]. ITo-
9TOMY IIPU BBIYUCJICHUY WH Ly TAPOBAHHOTO 3apsijia IPH
U > U, 1eo0X0anMO TaKKe yIeCTh IMOTEHINAJ, CO3Ia~
BaeMbIli POXKJIEHHBIME 3JIEKTPOHAMU.
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6. SAKJIFOUYEHUE

B macrogmeit pabore MBI HCCIEIOBAIA TIOBEICHIE
IJIOTHOCTH MHJYIIMPOBAHHOIO 3apsijia B IOJI€ IOTEHIU-
aJIbHOM siMbl. MBI TIOKa3a/#, 9TO B MUPOKOI obacTu
3HAYEHUS] [TAPAMETPOB JIOKAJM30BAHHOIO MOTEHIIHAJIA
[JIOTHOCTh UH/LYIIMPOBAHHOTO 3apsI/ia IPEJICTABIIAETCS
B BUJIE IIPOU3BEIeHUsT (DYHKIINU, 3aBUCIIEN OT paccTo-
sSHUsA, U YHKIUH, 3aBUCAIINEH OT MapaMeTpoB MOTEH-
[HaJIa, T. €. 32aBUCUMOCTH OT PACCTOSHUS U MOTEHIINAJIA
daxTopusyitorcs. [Ipu npubnmkennu riyOUHBI TOTEH-
[HaJia K KpUTHIECKOMY 3HAYEHHUIO CYIIECTBYET 00IaCTh
paccrostauii (60), HA KOTOPBIX ILIOTHOCTH UHJLYIUPO-
BAHHOI'O 3apsJia [IPEJCTABISIETC B (haKTOPU30BAHHOM
Buze. B ciyuae, korja riryOnHa MOTEHIIAAIA TPEBDIIIA-
€T KPUTUIECKOe 3HAYCHNE, TNIOTHOCTH HHLY THPOBAHHO-
ro 3apsijia M3MEHSIeTCsl CKAYKOM Ha BEJIUYUHY, [TPOIOP-
[IHOHAJIBHYIO KBAJIPATY BOJHOBOH (DYHKIIUU COCTOSTHUSI,
UCYE3aI0IIEero u3 AuckperHoro cuekrpa (62). st no-
rerimada (15) B ciaygae RA < 1 Mbl HAIIIN AHAJIUTH-
9ecKOoe BbIpakKeHHe JJIsl IJIOTHOCTU WHLyITUPOBAHHOI'O
zapsaga (53) (em. Takxke (33) u (66)). Mbr uccoemoBa-
JI TIOBEJIeHUE MHIYITUPOBAHHOI'O 3aPsiJia, HAXOISIIEero-
Csl BHE OKPY2KHOCTH OOJIBINIONO Painyca U BHYTPU STOMN
OKPY?KHOCTH.
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