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BBEJEHUE

Haubosee nonHoe pellieHUe 3a1a4yu O CTPye, BBIXOASIIEH U3 CTALlMOHAPHOTO MJIa3MEHHOTO IBUTa-
tens (CITMD), paccmaTpuBasioch B padotax [1] u [2]. TeomeTpuueckue acreKThl TOCTAaHOBKU 3TOi 3a1a-
9M IIpeAcTaBIeHbI Ha dur. 1.

W3 KonbLieBOTO OTBEPCTUS ABUTATENST, KOTOPBIN MoAenvpyetcs napauienenunenom ABCDA,B,C,D,,
BBIXOISIT B OKpY»XKalolliee MPOCTPAaHCTBO MOHBI M HEWTpasbl. DIEKTPOHbI UCITYyCKAIOTCS KaToaoM (OH
n3o0paxeH Ha ¢ur. 1) 1 mocTymaioT Yepe3 KOJIbLIEBOe OTBEPCTHE B IBUTraTeIb. B Ha3BaHHBIX BHIIIIE pa-




O MOJIEJTMPOBAHUU CTPYU PA3PEXKEHHOMU TTJIA3MBI 1985

60Tax IPUBOMIATCS Pe3yJIbTaThl paHee CAECIAHHBIX OLIEHOK, KOTOPHIE MOKA3BIBAIOT, YTO JBIKYILIASICS
cpeda ecTh KBa3MHENTpabHas ITula3Ma U IS €€ aJeKBaTHOIO OIMMCAaHUs HEOOXOMUM KUHETUYECKMIA
MOIXO/.

B [1] u [2] nnsg ormMcaHUs OABUXKEHUSI MOHOB U HEHTPAJIOB MCITOIb30BAJICS KWHETUUECKUI MTOIXO/,
T.€. BBOOWINCH (PYHKIIMU paclpele/icHUsI MOHOB U HEUTPAJIOB U (DOPMYJIMPOBAIUCH KMHETUYSCKUE
YpaBHEHMs, OTKYIa OHU HAaXOOWIUCh. JIJIsT onmMcaHus 3JIEKTPOHHOI KOMITOHEHTHI UCITOJIb30BAJINChH €€
ypaBHEHMS IBUKECHMS, OTKY/Ia C TTIOMOIIbIO BRIABUHYTOM A. 1. MOpPO30BBIM TMIIOTE3HI “TepMaT30BaH-
Horo TnoTeHlrana” (cM. [3]) moaydasoch BhIpaKeHUE IS DJIEKTPUUYECKOTO MoJjsi. DTO MO3BOJISIIO 3a-
MKHYTb CUCTeMY KUHETUYECKUX YpaBHEHU 1JISI MOHOB U HEHTPAJIOB.

B [1] ObUI MOCTPOEH YMCIIEHHBIN METOI IJisl PeIleHMs ITOJIYyYMBIICICS CUCTEMBl KMHETUYECKUX
ypaBHEHWI 1, UICTIOJIB3YS €r0, CASIaTh pacdeThl, pe3yJIbTaThl KOTOPHBIX ITpuBeaeHb! B [2]. Ha ¢wur. 1 na-
pautenenunen KLMNK,L,M N, o6o3HauaeT 061acTh (pacyeTHYIO), Il€ OCYILIECTBISJIUCH PACUETHI.
OHU IPOU3BOAMIIMCH KaK BBEPX, TAaK M BHU3 110 IIOTOKY.

B nanHoIi cTaThbe MpeajaraeTcs onucaHue IBUXKEHU 3JIEKTPOHHOM KOMITOHEHTHI BECTU Ha KMHETH -
YEeCKOM YPOBHE, YTO MO3BOJIUT ONPEACINTh JIEKTPUUYECKOE T10JIE U3 COBMECTHOTO PEIICHUSI CUCTEMbI
KWMHETUUYECKUX YPaBHEHUI U ypaBHEeHMIA MaKcBesia U, TEM CaMbIM, OCBOOOIUTHCS OT TUIOTE3HI “Tep-
MOJIN30BAaHHOIO MOTeHIIaia” .

1. TIOCTAHOBKA 3AJAYN

Ilycte f; = fi(t,x,E) — GyHKIMS pacnipenesaeHust MOHOB, rie § — ux ckopoctb, a D, ( € € D;) — cko-
POCTHOE NPOCTPAHCTBO MOHOB. COOTBETCTBEHHO, f, = f,(f,X,V) — (QYHKLMS pacipenesieHUs 3JIeKTPO-
HOB, a V, D, CyTb CKOPOCTb Y CKOPOCTHOE IPOCTPAHCTBO 3JIEKTPOHOB. AHAJIOTUYHO f, = f,(f,X, W) SIB-

nsgeTcs pyHKIMel pacipeneyieHnsI HEHTPaloB, TOTIAa KaK W — CKOPOCTh HEUTPaJIoB ¢ W € D, X CKO-
POCTHBIM TIpOCTpAaHCTBOM. [IpenmosoxmM, dYTO TaK BBeIeHHBbIE GYHKIIMUA paclpeaeacHUs
MOTYMHSIIOTCS CJIENYIONIEH CUCTeME KMHETUUECKUX YPaBHEHUIA:
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¢ = @(#,X) €CTb ITIOTEHLMAJI SJIEKTPUYECKOTO TOJIA, I OIIPENEIEHUS KOTOPOTO UCTIOIb3YeTCs ypaBHe-
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cTBeHHO. Purypupyoue B (2) n, U #; CyThb ITIOTHOCTH 3JIEKTPOHOB Y MIOHOB COOTBETCTBEHHO, U OTpe-
TEJISTIOTCS CIeAYIOMIUME (DOPMYJIaMMU:
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CYTb INTIOTHOCTHN MOHHOTO M COOTBETCTBEHHO 3JICKTPOHHOI'O TOKOB. BenuuuHbl u = L, u, = J—e ABJIA-
n; n,
I0TCA MaKpPOCKOIITMYECKMMM CKOPOCTAMU MOHOB U 3JICKTPOHOB. BprEDKeHI/IS{
3, i _ M 2 3, e _Mm 2
2kt =[G -w) fde, kT =" [(v—u,) fdv
2 24 2 25
g e

Oonpeacjad0T TaKUE€ BEJIMYNHDBI, KaK TEMIIEPATYPbl NMOHOB 1 2JICKTPOHOB. npaBbIC 4yacCTH II€pBOIo U Tpe-
Thero ypaBHeHUs (1) CyTh MHTErpajibl CTOJIKHOBEHUIT MOHOB C HEMTpajlaMu U HeiiTpajaMu ¢ MoHamu. B
LIMTUPYEMBIX BhILLIE pab0oTaX yKa3bIBaJI0OCh, YTO OCHOBHOI BKJIaJ B HUX AA€T pe30HAHCHas repe3apsiaka
(cM. [4]) — B3auMoaeiicTBYE, 3aKJIIOUAIOIIeeCs] B TOM, UYTO MOH OTOMpPAaeT AJSKTPOH y HeliTpajia, CTaHO-
BSICh TIPY 3TOM HEMUTpaJoM; a HeiiTpall, OTaaBast JIEKTPOH, CTAHOBUTCS MOHOM. B [1] ncnoiab3oBaiuch
IUISl UHTErpajoB CTOJKHOBEHUI cienyrolive BblpaxeHus J;, =V, f, —V,fis I = Vuifi = Vi S, TAE
V,, =1V, V,; =1V, aV ecTb GYHKLUS OT MAaKpOIIapaMeTPOB UOHOB U HEUTPAIOB (€€ BhIPAXKEHUE UME-
ercs B [1]). DT BeIpaxkeHUs OyIyT UCITOIB30BaThCS B JAaHHOM padoTte. B [2], mpuMeHss mpouenypy de-
HOMECHOJIOTMYECKOI'0 BbIBOJa YPaBHCHUA BOJ'lbLlMaHa, 6b[ﬂl/l ITOJTYYCHbI 60_]166 TOYHBIC BbIpa>XCHUA 1JIA
YacTOT CTOJIKHOBeHU. Kak moka3aau TeCTOBBIE pacyeThl, Pe3yabTaThl YMCIEHHBIX PEIICHUN CUCTEM
KWUHETUUYECKUX YpaBHEHUH B AUaITa30HE UCITOJb3yeMbIX BXOIHBIX TaHHBIX, CJIA00 3aBHCEIN OT BUAA Ya-
CTOTHBI B MHTEIrpajax CTOJIKHOBEHU.

IIpenmnosaraercs, 4To 3JEKTPOHHI B CTPYe IBUTAIOTCS B OECCTOIKHOBUTEILHOM pexume. OTMETUM
cpasy, uto B popmyiax (1), (2) 1 Tex, KOTopbie OyayT MPUBEAEHBI HUXE, T10 ITOBTOPSIOLIMMCS UHACK-
caM MIpoM3BOAUTCS cyMMupoBaHue. CTosIe BHU3Y UHIEKCHI i, e, 1 UCIOIb3yIOTCS UCKIIIOUNTEIIHHO
JUJTs1 0003HAYEHU ST TPUHAJIEXXHOCTU COOTBETCTBYIOIIEH BETMUMHBI K MIOHAM, 3JIEKTPOHAM WJIM HEWTpa-
JaM. OTMETUM TakxKe, YTO aHAJIOTUYHBIN TTOaX0Md K OIMCAaHUIO T1a3Mbl ObLUT npemioxeH A.A. Biaco-
BBIM B [3].

IMpuBenem ypaBHeHus (1) u (2) Kk 6e3pazMepHOMY BUAy. 3a MacIITa0 JUIMHBI TIPUMEM MOJYIIUPUHY
kBagpata ABCD — a (cM. ¢ur. 1). 3a maciurabHbIe 3HAaYeHUSI CKOPOCTHBIX IIPOCTPAHCTB IIPUMEM CJIE-
IYIOIINE BEJIMINHBI:

roe U, — paspsinHoe HanpstxkeHue (=300 B), Teo, 7710 — CYTb XapaKTepHbIe 3HAYCHUS TeMIIEpaTyphI

. a
2JIEKTPOHOB U HEHTPAIOB COOTBETCTBEHHO. TaK Kak m, < m;, TO, KaK MPaBwWiIo, v, > &, f, = ——, XOTS B

0
&
Yo
xomsieit u3 CI1/1, ocHOBHOI MHTepeC MPEACTaBIISIET ITOBEICHIE MOHOB. DJIEKTPUYECKOE MOJIe B IIa3-
Me (CaMOCOITIaCOBAaHHOE) OMpeaessieTCs IBKEHNEM €€ KOMITOHEHT, IIO3TOMY 3a €T0 MacCIlTad MPUHU-

kT, kT
ae

-2 o
HaleM ciydae =10 . Takoi BbI60p BPEMEHHOTI'O MaciuTada cBsi3aH C TEM, YTO B 3aaa4€ O CTPYEC, BbI-

MaeTcsl BeJIMYUHA @ = ,Ey = . Kak 00bI4HO, BETMYMHEI

rae 7}0 — XapaKTepHoe 3HaueH1e TeMIIepaTypbl MOHOB Ha BBIXOJIE U3 OTBEPCTHUS, TPUHUMAIOTCS 3a Xa-
paKkTepHbIe 3HAYeHUS COOTBETCTBYIOIIUX DYHKIUMUIMI pacripenesieHus. 3nech #, — MacliTabHOe 3HaUeHue
TUIOTHOCTHU TOHOB U 3JIeKTpOoHOB. OHa MPUHUMAETCS OMHOM U TOM e 111 000UX KOMITOHEHT. B 6e3pa3s-
MepHOM Buie cucrteMa (1) OyaeT ciaemyroleii:
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B (3) Sh, = E = me_Ug <1 — ectb a”azor yucia CTpyxais LI 2JIeKTPOHOB, a Sh, = Q JIS1 HeTpa-

Vo m1, Wo
0
eT,
JgoB, B=—%<1.Kn
Uy
CTBUIA, a CTOSIIIIME MEPEe] HUMU YWIEHBI CyTh 0€3pa3MepHbIe 3HAaUYE€HUSI UHTErpajioB CTOJKHOBEHU. OHU
omnpenensitores B [1] u [2].

be3pasmepHblii Bua ypaBHeHus (2) 3amaetcs hopmylioit (5)

Kn,; —uucna KHynceHa MOH-HERTPAIBHOTO M HEUTPAJI-MOHHOTO B3aUMOJEN -

in»

e’AQ = (n, — n,). 4)

7y kT . .
Ipuuem e =<, rner, = —— €CTb JUTMHA Hebaiis unu nedaeBckuii paguyc. B 3agade o cTpye ero Be-
a 4men,

JIMYWHA COCTaBJISIET IAe-To 3 X 1073, T.e. sIByIsIeTCST MaJIoiA.

2. METOJ PELHIEHWA

ManocTts € (AedaeBckoro pakTopa) co3maeT CIOXKHOCTD IS HAXOXKASHUST YUCIIEHHOTo pelueHus (3),
(4). OHa 3akiouaeTcsl B TOM, UTO 13 (4) clielyeT, 4To, eC/IM dJeKTpuieckoe nose B cTpye ecTb O(1), To

j 2

n —n° =0(). (5)
CootHortreHre (5) Ha3bIBaeTCA YCIOBHEM KBa3sMHEeHTpaTbHOCTH. Ero 06BIYHO MIPMHUMAIOT 3a OTIpene-
JIeHUE TUIa3Mbl — KaK CpPelbl, COCTOSIIICH M3 3apsisKeHHBIX YaCTUII, Ybsl 00beMHasl IUIOTHOCTD 3apsiaa
paBHa HY/TIO (KaK B MATHUTHOM rUApoAuHaMuKe (cM. [6])) wim “6am3Ka “ K HYJTIO.

SKCHGDI/IMCHT&]IBHLIC JaHHBIC CBUACTCIbCTBYIOT, UTO B INIa3M€, €CJIIN NCKITIOYUTD Z[e6a€BCKI/IC cJiou,
. 1
HECT CHUJIBHBIX JJICKTPUYCCKHUX ITOJICU (0 (—2 . Torma n3 YpaBHCHUA Maxkcaemna (4) HC OIIpCacIsdaCTCA
€
SJICKTPHUIECCKOC ITOJIC (OHO JacT TOJIbKO YyCIIOBHEC KBaSHHCﬁTpaﬂbHOCTH), 1 ITIO9TOMY BO3HMKACT 3aga4da
OIIpEACJICHUA IJICKTPUYECCKOIO ITOJIsA B XOO€ COBMECTHOI'O PCIICHUA MAaKPOCKOIMMYECKUX ypaBHCHl/Iﬁ
COXpaHC€HM, OITMChIBAIOIMX IJIAaSMEHHYIO Cpeay, 1 ypaBHeHI/Iﬁ MakcBeiia.

VroMmsHyTas BhIIIE, TUTIOTE3a “TepMaTM30BAHHOTO ITOTEHIIMAIA” SIBJISCTCS YaCTHBIM CIIyJaeM CITO-

coba orpeieIeH s SJIEKTPUIECKOTO OIS, KOTa MPEeAIoaramT, 4to @ = f(n') (cm. [7]).
B HekoTopbix paboTax mpoOeMy OINpeaeeHus eKTPUIECKOTO TOJs peLIaoT TaK: MoJaraioT, YTo
n; = n,. Iloncrasinsist 3T0 cooTHOLIEHME B (4), noy4yaroT, yTo AQ = 0. OTKyaa 1 IoJIy4yaroT 3JIeKTpruye-

cKkoe 1oJjie. B ocHOBe Takoro nmoaxonaa JIEXKUT HeITOHUMaHu1e TOro, 4to (5) €CTbh HC M3HA4YaJIbHO 3aJaH-
HbIN (I)aKT, a €CTb pE3yJbTaT IBMXKCHUSA JIa3MEHHOM Cp€anbl, TMOOYUHSIOLIENCS YpaBHCHUAM COXpaHE-

1 2
HUS ¥ ypaBHEHMSAM MakcBelula, B X0[e KOTOporo nojydaercs n' — n° = € g(t,x). [loacrasisis 30T pe-
3yabTaT B (4), monydnM AQ = g(t,X). DTO COOTHOILIEHNE U OyIEeT ONpenesTh JMEKTPUYECKOE MOJE B
IU1a3Me, KOTOpOe Ha3bIBAETCsI CAMOCOTTIaCOBAaHHBIM.

Llenbio naHHO pabOTHI SABSIETCS MOJTYYEHE KOHKPETHOTO BhIpaxKeHus g(f,X) B HallMCAHHOM BBbIILIE
cooTHolleHUU. M3 cucTteMbl KMHETUYECKUX ypaBHeHU# (1) moayduM ypaBHEHME HEepa3pbIBHOCTU U
YpaBHEHUS COXpaHEHUs UMITYJIbca JJIsl JIEKTPOHHOM U MOHHOUW KOMMOHEHT. JIJ1s1 3TOro mMpoOMHTErpu-
pyeMm 1epBoe U BTopoe ypaBHeHue (1) Kaxkioe o cBoeMy MPOCTPAHCTBY CKOPOCTEM, a 3aTeéM YMHOXUM
nepBoe &, BTOpoe Ha vV, U CHOBA IPOUHTETPUPYEM KaKI0€ 10 CBOEMY CKOPOCTHOMY MIPOCTPAHCTBY (CM.
[8]). [Tomyunm

.k .k
o di _o O, Do

=0, - = Oa
ot ox* ar  ox"
% + M —EnE’ = nvj —nNj, ©

1

aj—e+M§ +E&nE =0, s5s=123,
ot m,

roe
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S_i s_i sk
My =5 lj)&fd‘é M =S| [y sy,

D,
n, = J.f,,dw, Jo = J‘wsf,,w, s =1,23.
D,

n

O603HauuM yepe3 N= (n' — n°) v BbIYTEM U3 ypaBHeHm{ Hepa3pbIBHOCTH JIJIs MIOHOB ypaBHEHUE He-

EIA .
Pa3pbIBHOCTHU [JIs1 2JIEKTPOHOB. [Tomyunm aa—N + ]k = 0. BbiuteM U3 ypaBHEHUI COXpaHEHUST UMITYJIb-
t

X
ca MOHOB COOTBETCTBYIOIIME YpaBHEHMS ST 3JEKTPOHOB. I1ocae COOTBETCTBYIONIE MaHUITY/ISLIVN,

KOTOpasi 3aKJI04aeTcsl B IIEPEHOCE COOTBETCTBYIONINX YJICHOB M3 OMHOI YacTU ypaBHEHUS B IPYIYIO U
BBIYMTAHUIO BEJIMUMHBI 1,Vj, U3 00EUX YacTeil ypaBHEHMUsI, TIOIYIUM
aj N s _ ps s _ s s .§ .§
+nVvj ——FE =R, R =M,—-M —nVj +nvj,
ot m,
(7
_ m
+—=<n, s=123.

i

BosbMeM nuBepreHiuio oT JieBoii u rpaBoit yacteii (7). Bocnonab3oBasiuck TeM, 4to divE = 4meN, a

divj = —aa—N, ocJjie MEPEHOCa B IIPABYIO YaCTh HEKOTOPBIX YWIEHOB MOJTyYUM
t
2
a—N+ VN L amm € N =0,
or’ ot m,
rac

Q:

i) — (V) - j,) - (V [EJ . Ej
me

V() :{%}, s=1,23.

X
IIpuBenem mosydeHHYIO BhILIe POPMYITY K Oe3pa3MepHOMY BUAy. byneMm mncroib3oBaTh TOT (hakT, 4TO
¢urypupyromag B (1) BenuuuHa n,v ectb (cM. [1]) n,v = n,?éocﬁﬁ, I7Ie G €CTh CEYEHUE CTOJIKHOBEHU N

o -14 o
PE30HAHCHOI nepe3apsaaku (B pacueTax ¢ = 107 © ¢cM?), a BEJIMYMHBI C YEPTOil HABEPXY 0003HAYAIOT
6e3pa3MepHbIe epeMeHHble. YTOObl MMEeTh BO3MOXKHOCTh aHaJIn3a HanuboJjiee ObICTPO MPOTEKAIOIINX
MPOLIECCOB, TIPOUCXOMIIINX B IIa3Me, 32 BpeMEHHOM MacIuTab MpUMEM caMoe KOPOTKOE BpeMsl —

i = a4, PaccMmoTtpumM mogpo6OHee nepexon K 6e3pa3sMepHBIM TIEpEMEHHBIM B JIEBOM YacTH ypaBHEHUSI.
Vo
Nmeem
2 2 2= 2 2
a
J ]2\7 = Vgno—a_jg, n,,v—aN = V—gno a8 0 =000 |7, V—aN = V—gnolSheR, R =nlor, = L
o a ot ot a of a ¢ Kn,

rne Kn, ects uncino KHyncena, onpenesaeHHoe o 1e0aeBCKOMY Paguycy 7;,:

2 2 22 _ 2 2 V2 2
4nﬁe—N:v—gn0 41we2n0 ﬁdN:V_gnO az2ne370 N = 2%( J_dN:
m, a m,v; a kT, 2a 1y

ravo

—d
1n
ny—

€

legw

Ecii, Kak 9T0 IIPUHSITO, OIYCTUTH IUTPHXK B Ge3pa3MepHBIX IIePEMEHHBIX 1 MHIEKC y BEIMYUHBL 7° , TO
MpUBeIeHHOE Bhlllle ypaBHEHME B 0e3pa3MepHOM BUIe OyAeT UMETh CIASAYIOIINI BUI:

2 —
IN, RSh,, VON ., T §_o )
ot € or 2
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rac

_ 9 e w-in-(v(7).
Q_a (Sh) M — M; )+K m((V(n V) - D)+ (V) -Jo) = (V(ny) - §,) (V(2) E)
B nocrenneit dopmysne j = Sh,j; — j., Kn;, = ——.
n,ca

Hanuuue manoro mapameTrpa € B JIeBOii yacTu (8) yKa3blBaeT Ha TO, UYTO MAaKPOCKOIIMYECKOE TBUKE-
HHE 3apsAKEHHBIX KOMITOHEHT I1JIa3MbI 6y&eT IIPOUCXOAUTDH B IBYX BDEMEHHBbIX MaCU_ITa6aXZ a UMEHHO —

oN -0 aN _ON _
ot ot

cJieoBaHWSI BO3HMKAIOIIETO ABUKEHMSI BOCIIONb3yeMCsl pa3paboTaHHBIMU B [9] ACUMNOTOTUYECKUMU
METOIaMM.

B pexXKuMe “ OBICTPOTO BpeMeHU~, KOorjma — ( ) U B MaciuTabde, Korga —— = O(1). s uc-

« 2} C (t — tO)
Beenem “ObicTpoe Bpemsi” dopmynoil 7 = ~——L" HeTpyIHO BUIETh, YTO IO MOPSAKY BETUUMHEI

3TO — BpeMsi, KOTOpOe TpeOyeTcsl 3JIeKTPOHAM, UTOObI IEPEMECTUTHCSI Ha pacCTOSTHUE MOopsiiKa 1ebaeB-
ckoro paauyca. bynem uckatp peiieHue (8) B BUe pa3ioXeHUs 10 IapaMeTpy €:

N = N(7,x) + eN,(7,X) + € N,(7,X) + OE’). )
IToncraBum (9) B ypaBHEHUE

oN

28N+sRSh nv 4
ot

N=¢
or’ °

NIEI

VYunteiBag, 9To
n,(t, + €1, X)V(ty + €, X) = n,(ty, X)V(Z,y, X) + O(€),
nty + €f,x) = n(ty,x) + 0(€), O, +€f,x) = Oy, x) + O(€),
TTOJTyYUM
(E)z—ﬁ+a@+mﬁj+a([a N‘+ I, | n(tO’X)NID
2 o7’ or

—2
0 ot 2 (10)

or’ or 2

OTKyna MoIyIrM, 9TO

v [a St o aNz+"<fo,X>Nz)=SZQaO,x>, 0 = R 1, {1y, OVIX).

+ao B
07> or 2 07> o7

ON N FlpX) g o TN (N, )y
2 b

0’ N2 N aa 2, n(tO,X)N2
or’ or 2

IMycts N (%)) # 0, 4TO O3HAYAET OTCYTCTBUE KBAa3MHEHTPaIbHOCTH B MOMEHT BpeMeHH #,. Torna

Q(t07 X)-

Ae™ cos(a7 +¢), o = n_o sy,
NEx=| ) p— — (11)
Aeial[ + Be*azf 5 O(,l = g + (x_ - ﬂ, (X2 = g - (Xz_ - Q.
2 4 2 2 4 2
He orpannymBasich 0OIIHOCTHIO, MONoXUM N (7,x) =0, a N,(7,x) = 7 2 )Q(to,x). Torma ¢ TouHO-
n (%), x
CTBIO IO 0(83) peureHue (10) 3anmucbiBaeTcsl B BUIE
_ 2
N(T,x) = NT,x) + =& 0(1,,x). (12)
7 (ty,X)
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M3 (12) citemyeT, 4TO €ClIv B KAKOM-TO MOMEHT BpEMEHU HapyIlIaeTCd KBa3UHEUTPaTbHOCTh, TO B pEXU-
Me OBICTPOIO BpeMeHM KBa3MHEUTPaJIbHOCTh YCTAaHABIUBAETCS WU B pEeXXKMMe OObIYHOI SKCITOHEHIIN -
aJIbHOM pejlaKCalluu.

IMpu monyyeHUM pereHus (9) B pexxnMe BpeMeHU ! pellleHre TaKKe pacKJIaabIiBaeTCs B PsII IO Ma-
pameTpy €. OmycKast HeCJIOXXHBIC BBIKJIIAIKM, MOXKHO MOJIYIUTh, 9YTO B 3TOM CITyJae

220(t — t,,X 3
Nt —t,X)=¢ M+ o).
n(t —t,,x)
B [9] ykazaHo, 4TO pas3ioxeHus, IMOJyYeHHbIE B pa3HbIX MacllTadax, COMIacyloTCs TIPU MOMOIIHU
MpoLeaypsl cpalmuBaHus. Eciiu cpamuBaHue pa3IoXeHUA MOKHO OCYIIIECTBUTH, TO MOXKHO ITOCTPOUTh
paBHOMEPHO IIPUTOMHOE pas3jioXeHre. B HammeM ciydyae paBHOMEPHO IIPUTOTHOE pa3IOKEHUE €CTh

3 _ w(t=t 26 B 3 3
N (1= 1) N( . ,x)+ﬁ((t_t0)’X)Q((t 1).%) + 0E). (13)

W3 (13) cremyet, 4To, eciu BOPYT B IUIa3Me HAPYIINTCSl KBA3UHEUTPATBbHOCTD, T.e. N (f,) # 0(82), TO

B TeUeHUE BpeMeHU Af = (f — ;) = € BOSHUKHYT MPOLIECCHI, KOTOPbIE MPUBEAYT K YCTAHOBJIEHUIO KBa-
3UHEUTPATBHOCTH.

[MonyueHHBII pe3yabTaT SIBJIsIeTCI 0000IIeHeEM pPe3yIbTaToB, UMetoluxcesd B [7]. Tam, Korma pac-
CMaTpUBaJICSI BOTIPOC, CBSI3aHHBINM ¢ 3aTyxaHueM JlaHmay, Tociie psiia JOMyIIeHW ObLIO MOIYyYeHO, YTO

e

n

4me’m

YJIeH B 6e3pa3MepHoit hopMe oIIpenessieT YaCTOTy BO3HUKAIOIINX KoJjiebanuii. B [7] Takske oTMeuaeTcs,
YTO BO3HUKAMOIIME KoJiebaHUsI OyAyT 3aTyxalolluMU, U HAa mpuMepe Auddy3MOHHOTO TTPUOIMKEHUS
MOKa3bIBaeTcs, u4to eciau N(f)) # 0, To N(f) Oyner 3a BpeMsa Af = (f — 1)) > € OyneT NpuodIMXKaThCs K
KBas3uHeNTpaJibHOMY pexXumMy. B Halllem ciiydyae 3ToT pe3yjbTaT Takke IoJiydaercs. JelcTBUTENbHO,

o o 2
€CJIM KBa3MHEUTPAJIbHOCTH HET, TO BO3HUKAIOT KOJIEOAHMSI C YaCTOTOM (O = - B (8) umeHHO 3TOT

2 —
ecau B (11) % - % > 0, To pelieHue onpenesercs popmyioii (12), u o, OyAeT COOTBETCTBOBATH MOJTY-

YyeHHOI1 B [7] KOHCTaHTe B IToKa3aTeje SKCHOHEeHThl. Maess mpoBeleHHOTO BHIIIE aHa/IM3a BO3ZHUKIIA
MMEHHO TOTHA, KOIJIa aBTOPhl O3HAKOMMJIIMCH C TIPOBEIECHHBIM B [7] aHanmm30M 1uddy3MOHHOTO IIpH-
onvkeHUs1. COOCTBEHHO, IMPOBEAESHHBIN BhIIIE aHAJIU3 €CTh 0000IIEHNE U3JTOXKEHHOTO B [7] MeToma Ha
CUCTEMY YpaBHEHUIT COXpaHEeHMsI, KOTOPhIe ObLIM ITOJIyYeHBI U3 IIPUBEACHHBIX KWHETUYECKHNX YpaBHE -
Huii. HetpynHo BuaeTsh, yTo purypupymoiias B (9) o mponopiroHaibHa YMCIY CTOIKHOBEHMIA, KOTO-
pble UCTIBITAIOT HOCUTEJIU 3apsiaa Ha ajauHe ebalisi B eIMHUILY BpeMeHHU, TI03TOMY €€ BeJIMYMHa OyneT
onpeaenaTbest yncaoM Kn,,.

CnenyeT oTMETUTD, YTO (9) ObLIO MOJy4eHO 0€3 YCIOBUS TMTOTEHUIMATbHOCTHU 3JEKTPUUYECKOTO ITOJIS.
Kunernueckoe ypaBHeHUE IJIs1 3JIEKTPOHOB B C/Iy4yae ydeTa MOHM3aLMK OyIdeT IPyruM. DTO IIPUBEIET K
TOMY, UTO U3MEHSTCS BbIpaXXE€HUS IJISI YaCTOT CTOJKHOBEHMI B JIEBOW YacTW ypaBHEHMs, a TakKxke
0(t,x). Ho tum ypaBHeHuUs (8) He U3MEHUTCS, TOSTOMY BBIIIIE TIPUBEICHHBIN pe3yJibTaT UMEET A10CTa-
TOYHO OOIIMIA XapaKTep.

MOXXHO MPEMIOKUTh eCTECTBEHHYIO cXeMy YucaeHHOoro pemeHus (3), (4). IlycTe B MOMEHT BpeMe-
HM ; U3BECTHBI (DyHKLIMM pacIpeaesIeHUs U SJIEKTpUIecKoe rmoje. MeTonoM, OonucaHHbIM B [ 1], MOXHO
HalTh Bce QYHKIMU paclipefesIeH!s] B MOMEHT BPEMEHM [1;, 7, + Af], a 3HaYWT, BCe MaKpOIlapaMeTphI, B
ToM uucie N(t; + Ar).

IToTeHuunan SJIEKTPHUYECKOTIO ITOJIA OIIPEACINTCA TOrga N3 YypaBHCHUA HyaCCOHa

2
eAQ = N, + At,X). (14)
Tak n JEJIACTCAd BO BCEX pa60Tax, o€ pefluajach 3agadya O ABM2KCHHWMU IJIa3Mbl B KaHAJI€ YCKOPUTEIIA.

Tonbko B 3TUX pabdotax N (f; + At,X) HAXOMWJIACh METOIOM CTATUCTUYECKOTO MOJEIUPOBAaHUS (METON
bepna). lnsa monyyeHus peureHus ypasHeHus Ilyaccona (14) HeoO6XonrMmMo KOPPEKTHO ITOCTaBUTh Irpa-
HHWYHBIC YCJIOBUA, KOTOPbIC HUOTKYAdA HE CIICAYIOT (peqb NIET O TPaAaHUYHBIX YCJIOBUAX OJIA ITOTCHLIMAJIa
BJIEKTPUUYECKOTO MOJIS B IJ1a3Me). B ymoMSIHYTBIX BhIlIe paboTax ISl pELIeHUsI 3TOi Mpo6aeMbl IIPUXO-
JIWIOCh UATU HA PSi CYILIECTBEHHO OIpaHMYMBAIOIIMX TTOJlydeHHBIE pe3yJibTaThl gomylieHuii. Hampu-
Mep, TIPEIoarajaoch, 4To anekTpudeckoe nojie E = (z, @), rae z — a1MHa KaHaia, a ¢ — TOJSIPHBI
yroi (IBMXKEHHE B KaHajle TPearojaraioch 0CeCUMMETPUYHBIM), a A0 3TOro Aealluch adbCypIHBbIe
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IIPECAITOJIOXKEHUA, YTO MOACIMPOBAHUNEC ITPOUCXOAUT IJIA ITJIa3MbI C }IperfI ,I[HC—)HCKTDH‘iCCKOﬁ IIpOHMUIIA-
€MOCTBIO. Hy)KHO OTMETUTD TAKXKE, YTO BCJINMYMHA 1Iara MHTETpUpoOBaHUA OOJI2KHaA Bbl6l/lpaTbC${ Tak,

yToObl min{Ax, Ay, Az} < e’. TlocienHowo npo0aeMy yaaeTrcsi Kak-TO pellinTh, TaK KakK 3a MocjenHee
BpeMsI CYIIIECTBEHHO BO3pOCin Bo3MoxXHocT DBM. CiienyeT Takske OTMETUTD, UYTO B OITMCAHHOI BBIIIIE
cxeMe HUKAaK He YUUTBHIBAeTCs MPOILIeCC YCTAaHOBJIEHUSI KBa3MHENTPAJIbHOCTU B TJIa3Me, a 9TO MOXKET
MPUBECTH K BO3HUKHOBEHUIO B YHCIIEHHOM PEIlleHNH He3aTyXaroIINX IIa3MEHHBIX KOJIeOaHMIA.

YToOBI BBECTH B YUCJICHHYIO CXEMY YUET IMpoueccca YCTaHOBJICHUS KBaSHHCﬁTpaﬂLHOCTH, Ha I1po-

MeXyTKe [f;,7, + Af] Oynem pemiats ypaBHeHue (8). I moOmydeHUsT ero pelieHus 3aIluilieM SIBHYIO
CXeMmy, T.e.

) _
¢ aa—]zv + eRSh,m, (1, V(1 x)%—f 1Y N 20, x). (15)

4 2

Pewenne ypasuenus (15) ectb N (¢, + At,x) = g(4,x) + 82Q(t,», X), T1e

— 2
Acos(wA? + @) (02 = n(t;, X) — 1, (4, X)V(;, X)
’ 2 2Kn,

>0,
g(tiax) =

2 _
o , = nn(ti! X)V(tis X) i nn(tia X)V(tia X) _ I’l(t,-, X).
Kn, 2Kn, 2
OrtcyrctBue uncia Crpyxans Sh, o0bsICHsIETCSI TEM, UTO 1Iar Ar 6epeTcsl B peXXKUME pellleHUs] KWHETH-
YECKUX YPaBHEHMUIA.

-0, At —0LA!
Ae 7+ Be 7,

IToncrasnsaga HalineHHOE peleHE B IPaByIo 4acThb (14), moryuynm A = g(t,_;x) + 0(t;,x). OTKyna Ha-
€
XOIUTCS
t,
863 4 o1, y)
Ot + At,X) = 2 dy + Q,p- (16)

2 2 2
V475\/(J’1 —x) + (O —x%) (s x3)
B (16) uHTerpupoBaHue BeneTcs 1o Beeil cCYeTHO obactu V, a mapameTp ,,, €CTb 3HaUeHUE TOTEHIIU -
ajia 2JeKTPUYECKOTo MOoJjsi, B KOTOPOM HaxonuTcs auratenb. [Ipenmnosaraercs, 4To OH U3BECTEH, U
YIOBJIETBOPSET ypaBHEHUIO AQ,,, = 0. Takoil coco6 neiicTBus pemaer npodieMy rpaHUYHBIX YCIIO-
BUi1, KOTOPBIE TOJLKHBI OBITh YCTAHOBJICHBI, YTOOBI NOMy4YnTh pelreHue (14). C 3TuM 31eKTpUIECKUM

MOJIEM Ha LIare NpoMexyTKa [,z + At] HAXOAUTCS PELIEHUE CUCTEMbI KUHETUYECKUX ypaBHeHUIA. 1o

HalineHHBIM (DYHKIIMSM pacripefesieHus HaXOIsTcsl BCe MaKpoIiapaMeTpbl B MOMEHT BpeMeHH t; + Af,
U IPOLIECC, €CJIN HY>KHO, TIOBTOPSIETCS.

SAKITIOYEHHNE

ITpuMeHeHMe TTOJTHOCThIO KUHETUYECKOTO MToAX0Aa K UCCIIeIOBAHUIO TUIA3MEHHOI CTPYH TTO3BOJIN-
JIO MOJIYYUTh CUCTEMY YPaBHEHUI COXpaHEHMS, KOTOPHIM IOAYMHSIETCS 3TO ABMKeHue. [IpoBeaeHHbII
aHaAJIN3 YpaBHEHUM COXpaHEHUs MO3BOJIWUII U3YYUTh MPOLIECC YCTAHOBICHUSI KBA3UHEUTPATbHOCTH B
JIBVIKYLIECS TUIa3MEHHOM cpefie, YTO MO3BOJIUIO TTIOCTPOUTh YUCIEHHBIIT METOI COBMECTHOTO pellie-
HUSI KUHETUYECKUX YPaBHEHUI U ypaBHeHUs MakcBesuia. DTOT METO, OCHOBBIBAETCS HA TOM, UTO He-
KOTOpBIe MaKpoHnapaMeTpbl HAXOIATCS U3 PellICHUS YpaBHEHUI COXpAaHEHUS, 3aMKHYTBIX C TIOMOILBIO
COOTBETCTBYIOIINX (DYHKIIUI pactipeneneHus. Takoil MeTo pellieHUs KUHETUYSCKUX YPABHEHUI ObLI
paspa6otaH B [ 10] 1 moka3zai cBoio 3 deKTUBHOCTD. [1oaBOASI UTOT NPUBEASHHOMY BBIIIIE aHAIU3Y, Ha-
JI0 OTMETUTB, YTO OH ITO3BOJIMJI BCKPBLITh MEXaHU3M YCTAHOBJICHUSI KBa3UHEUTPAJIBHOCTHU B IJIa3Me U
YCTAHOBUTH BPEMEHHbIE MACIITAa0bl 3TOTO IMPOLIecca, YTO SIBJISIETCSI OCHOBHBIM pe3yJIbTaTOM JaHHOI
CTaThHU.

CremyeT OTMETUTh, YTO OIMMCAHHBIN BBIIIE METON MCCIIEIOBAHUS IIPEAIIoaaraeTcsi UCIOIb30BaTh
JIJIsI MOIEIMPOBAHUSI TIPOLIECCOB, IPOUCXOASIINX B YCKOPUTEIbHBIX KaHAIAX 3JICKTPOPAKETHBIX JBUTA -
tesieit. [1py 3TOM SICHO, YTO ABUKEHUE DJICKTPOHOB yXKe He OyIeT CBOOOIHOMOJIEKYJISIPHBIM, TaK KaK
HeoOXxoouM ydeT noHus3anuu. Heodbxoamumo Takske OyaeT KaKuM-To 00pa3oM, pacCMOTPEB 3a1a4y O B3a-
UMOJENCTBUM 3JIEKTPOHOB C TBEPIOI MOBEPXHOCTHIO, PEIINUTh MPOGIeMy (OPMYIUPOBAHUS TPAaHNY -
HBIX YCJIOBUM [IJ1s1 QYHKIMU pacIpeacaeHUs 3JIeKTPOHOB.
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