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TlpoaHaH3NpOBAHO PaCNPOCTPaHEHHE TEMNa 10 IMEKTPOHHOMN CUCTEME PH BO3ACHCTBHM Ha HEE C NOBEPXHOCTH
NOTOKOB SHEPTHM # U3YdCHBI NIPOUECCH ¢ 06OCTperUeM. IIpH BBINOMHEHHH HEKOTOPLIX YCJIOBHIT HA NOTOKH 3nek-
TPOHOB M HOHOB B CHCTEME ypasHenHs MakcBemna u ypasHeHuit Cpefb! C WHIMHAPHUECKOH H ChEPUIEcKofi cuM-
MeTpHell BO3HHKAIOT KBA3HCTAUHOHAPHBIC IUIA3MEHHO-NONCBbIE CTPYKTYPbl C TIPOCTPAHCTBCHHBIM MacwiTaGoM,
YMCHBLIAIOUIMMCA OT nepudepun k uentpy. Takoe Apobnenue MaciuTaboB APHUBOAMT K CYUICCTBEHHOMY yBENHue-

HUIO TMOJIA H €50 HCOAHOPOAHOCTH.

1. BBEAEHHE

[nasMenHO-nONEBBIE CTPYKTYPH  BO3HMKAIOT npu
BO3NICHCTBHH MOILHbIX HCTOUYHMKOB JHEPIHH Ha Maxpo-
CKOMHIECKHE MnasMeHHble oGbekTul. [Ipumepamu no-
R06HbIX HU3HIECKHX 06BCKTOB ABNAIOTCA: MNASMEHHbIi
dokyc, nuuuessie miaMeHHbIE  OfpasoBaHms, CTpyK-
TyPbl B ILIA3ME [UIA3MEHHLIX pa3Mbikatenedl, ConUTON-
HBle 00pa30BaHUs B MnaMe M T.j. Ipu paccmotpennn
MaKpOCKONIHHECKHX NOTOKOB B TakMX CHCTEMaX Cylue-
CTBCHHEI HENMHEHHBIC ABNCHUA, BOIMOXKHEI MPOLECCH ¢
oboctpennem.

Kax wssectHo, oaHol U3 BaxHLIX npoGnem B dizu-
&C [I23IMBI ABNAETCA CO3AAHHE IKCTPEMATBHO GONBIIHMX
KOJLICKTHBHBIX 3SEKTPHYECKHX noneit B niaMe, Heob-
XOJMMEIX 1A LEIOr0 pAaa npHioxKenuii. B 4aCTHOCTH,
RTa npobnema cymecreHHa s OCYLUECTRIICHHA KO-
BCKTHBHEIX METO/I0B YCKOPEHHA 3apAKEHHBIX 4ACTHL[
[1] CymectsytoT mHOrHE METONb! CO3naHHA GonbUINX

CKTHBHBIX MOACH B u1a3me. OBbIYHO OHM CBA3AHLI
€ BOIGYXIeHHEM perynapHbIX AUHeHHoX H Henuuel-
BIMX MnasMeHHbIX KOseGaHuIl. Uensio nawreit paGorsi
Merzercs H3y€HHE HCKOTOPBIX HOBBLIX BO3MOXHOCTEH
XOMyueHus 3KCTPEMANLHO BLICOKWX noseil B naiMe,
XOTOpLie BO3HUKAIOT B PE3yNbTaTe Pa3BHTHA Henuueli-
B npoyeccos.

Cpenn HENUHEHHBIX NPOLCCCOB, NPUBOAAWMX K

ECTPEMANBHLIM 3HAUE HUAM NapaMeTpOB Mia3Mul, oc-

HhMY  ABAsIOTCA npoueccs: ¢ oboctpeHnem gns
:z:oﬂﬂﬂaumecxux fNapaMeTpos ruiasmsl {2-3] u 06-
m::;uc HENUHeHHbIX cTPpyKTYp [4]. [lpw obpasosa-
mcﬂpom B TIa3Me CyWECTBEHHYIO pofth Hrpaior
~~ Hyeckue npouecest.

HOBHOM cMbIch pexumos ¢ obocTtpenueM 3akio-
%M; TOM, 4TO noCTynneH e JHEPrun 1 BewecTsa o
By,mml::polrxcxomn ObicTpee, yem ux auccunauus. B

npoucxoant KOHUCHTPaUUs HEPTruM M Be-
R, H.l'lnx aHAIM32 NpoueccoB ¢ 060CTpeHHeM &

NMHAMKHECKUX MApaMETpoB (TaKWUX Kak [IOTHOCTH
3HEPTHH M BEUIECTBA) PACCMATPHUBATL U 3IBOMOLMIO
INEKTPORMHAMHYECKHX napaMeTpoB (lianpumep, no-
TeHuHanos noseif). Takoe onHcanue paccmaTpuBacMbix
TIPOLECCOR U MPHUBOAHT K BOIHUKHOBEHHIO TUIA3MEHHO-
NOMEBLIX CTPYKTYP, COCTaBAEHHLIX M3 BHPTYAbibiX
KATOAOB M 2HOAOB C MPOCTPAHCTBEHHBIM MacurTabom,
YMEHBLIAIOWMMCA OT NepHPEPHH K UEHTPY HAM OCH
cucremsl ([5-7]). Taxkoe apobnenue macuirabos npuso-
OUT K CYMICCTBCHHOMY YBCIHYEHHIO NOJIS M €r0 HEON-
HOPOAHOCTH.

OtMeTHM, 4TO 3PPEKThI, CBAZAHHBIC C BOIHHKHOBE-
HHUEM. CTPYKTYP BHPTYaNbHbIX IMEKTPOAOB, HACTOABKO. .
CYWECTBEHHbI, YTO YXE€ C CEPEAHHBI NPOLNOI0 Heka
MPOBOAATCA COCUHANbHBIC HAWHOHANbHbLIE MPOIPAMMBI,
KaK JAA HCCACAOBaHHMA QHIUKH NPOLECCOB, Tak ¥ AAA
HX pakTHYeCcKkoro ucnonslosauua. Hanpumep, 8 " ITT
Famsworth Research Corporation, B pesynbrare Bbi-
nofiHeHHs nporpaMMet “fuzor”, cneuHansHO OTKpPLITOR
B 1966 r. mna fOKa3aTenbCTBa CYWECTBOBAHUA CTPYK-
TYPbl BUPTYAIbHBIX KAaTOAO0B W aHONOB B MIA3MC, TAKHE
CTPYKTYpbi ObITH 3apPErHCTPHPORAHD!.

Ha ocHose ycranoBku “fuzor” 6buUt cO3aaH HCTOY-
HUK HeiTpoHoB. CTaLlHOHAapHas YCTaHOBKA NPH NMPHIO-
XeHHOW pa3HocTH noteHuuanos 8 90 kB u Toke 40 MA
nasana cTabuMbHbIH M YNPaBAsEMbiif BbIXOJL HEATPOHOB
10" B cexynny 8 Teuenue Gonee oaHoH MuyTsi [S).
Crano ACHO, YTO K/IIOYEBbLIM BONPOCOM ML TAKHX CHC-
TEM CTAHOBHTCA HE OCYLIECTBACHHE TeHEPAUHH Heil-
TPOHOB, @ HHIHYCCKAA OCHOBA ABACHUA.

DU3UYECKHE NPOUECCH, COMPOBOXKUAOUIAECH pe-
Kumami ¢ obocTpeHueM u apobaexuem macwtabos,
MOryT OLITL peanH3oBaHLl B OHOAAX C HIONALYATLIMH
anektpopamu (9]. Jns uccnenosaHua ocobeHHOCTEH
JAHAMMKH My4KOB 3APAKCHHBIX HaCTHLl B AMOAAX C
OCTPHIHBIMU 3MICKTPOAaMHU HaMHu pa3paboTaisl CrieuH-
aNbHbIE YHCNCHHLIE U YMCACHHO-AHANHTHUECKHE METO-
avt ucenenosanus [10-12]. B HacroswceH pabore nmpu-

€06xoauMo cosmecTHO ¢ IBOMOUMCH TEpMO-
ggm’oCbl ATOMHOA HAYKH 1 TEXIHUKH. 2003. Ned. !

* HHla3Menan anckTponiKKa 1 1onLIc METOAW yekopeuss (3), c.171-176.



BCHCHL! NCKOTOPHIE PCIYALTATHLL APUMCHCHHN ITHX MC-
TOAOD LIS AHATHIA APOLCCCOB B ANOAX € OCTPIITIBIMK
MICKTPOAAMMU.

Hanec pacemoTpena CIPYKTYPa HONCH H NAUTHOCTEH
B (IPHOCCBOR OGAACTH (ANA CHCTEM ¢ UHIIHAPHYECKOT
U CepuiIecKoii cummeTpram), CACHYR METONY QHANKN-
FL CTPYKTYPBI NONCH M, NAOTHOCTCH 3APAKCHHLIX Hac-
THUL pIBHTOMY IS AROCKOH reoMeTpHuy B paGoTe [8].

2. 9BOJIOUMSA NAOTHOCTH BELIECTBA
AHOJA 1IPHU OBJIYYEHUU EFO
QJEKTPOHHBIM INYYKOM

PaccmoTtpum pusuicckue npoueccs! o UHAKHAPHYE-
CKOM QHOAE AHOAA NPH MPHAOXKCHHH K Cro Katos-
AHOAHOMY [POMEXYTKY BHICOKOROALTHOrO MMITYALCHO-
70 HALIPIKCHUA HAHOCEKYHAHOM ANHTENLHOCTH, Xapak-
TCPHLIE 3ABHCHMOCTIY PAJHOCTH NOTEHUHANIOB B KATOA-
ANOMIIOM NPOMEXYTKE M TOKA Yepel AHOR OT BpeMeHH
H30Bp@KEHLI Ha puc. 1.
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Puc.l. Hmnyrocer nanpasicenus u moxa e 3agucumocmu
om epemenu

Mpn  dokycuposke anexTponsoro fiyuxa BOAN3M
3HONA BOIHHKACT MOTCHUMANLHAA %SM3 [N HOHOB, B
KOTOpYI0 HOHBE H 3aTArWBAlOTCH, 00palys MIOTHLI
MNasMeHHbil crycrok. [lnoTHocTs MOHOB B crycrke
OpANKa NIOTHOCTH CHOKYCHPOBABILMXCA IEKTPOHOB
my4ka. TIpH NOBBILIERUH TOKAa B CHCTEME NPOHCXOAMT
$oxycHposka mytika u CTArHBaHHE ero K ocH.

NEKTPOHHBE MyHOK, RNETAIOWMA B aHOA M npH-
AHOAHYIO NRA3MY BMECTE C HOHAMH OTHAYM, BHI3LIBAET
Aasnenne Ha aHon (cm. puc. 2). 3a BpeMs UMITynbca Ha
NOBEPXHOCTL AHOAHON MINBI NMamaeT NOCTATOYHOE KO-
SIMMECTBO JHEPrHM, 4TOGbl OCYIICCTBHTL HCNapeHHC
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BCPXNEro cnon MATCPIRULE 1 COYTATL janncipe lloDﬂnn
HCCKOJILKHX MCI‘U()HP HA HOBCPXIOCTH,
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Puc. 2. Hunynoe nomoxa MOouocmie Ha 6oKoaot pe-
BEPXHOCIN (NOAG 6 3UGUCUMOCHILE Om Bpemeny

310 Aapaeive, Npexae BCCro W3-3a CKOPOCTH npo-
Lccca, nepeaacTes INCKIPOHHOR noacucTeme. B apey.
TPOHHOH  noncucteme  BO3GYyXRaeTca INEXTPOHHO-
3BYKOBas BOJTHA, HBONIOUHOHUDYIOLIAA MO MEPE ABMNe-

. HHA K LEHTDY B yNapHYIO NEKTPOHHO-3BYKOBYIO BOj-

Hy. Umnynsc notoxa MOWHOCTH. Ha Sokosyro nosepx-
HOCTb 2HON2 B 32BHCHMOCTH OT RPEMCHM. ABNAETCA He-
TOYHHKOM B YPABHEHMAX JIH IACKTPOHHOMH Temnepary-
pbi.

 Cucrema YP2BHEHH, OMHCHIBAIOLLAA ITH npouecc,
COCTOMT B MpocTeiwemM H30TPONHOM -CllyMae M3 ypas-
HEHMUA COXPAHECHUR JHEPIruUU A ‘3JleKTp0HHOﬁ NOACHC-
TEMbI!

pc‘.%:—dfvm “ValTe =T+ Gpeam - (1)
!

YPaBHCHMS JUi DEAAKCAUMM  TEIIOBOIO NOTOKZ No
INEKTPOHHOH NOACHCTEME

T aaW" + Wc =-Kk,gradT_, 2
/4

e T=1,7“p" _ spems penaxcauun - Tennosoro
10TOKa, paBHOE o NOPAAKY BENUYMHbI BPEMEHHU CBO-
SEe . b

_Gonnoro npoGera uactuipl; X =:K0T" P — xkoapdu-

LUHEHT TENNONPOBOAHOCTH; O — IUIOTHOCTHL BELIECTBA;
VY, — CKOPOCTb 3ByK2, @ — k0IhuLMEHT NHHEHHOIO

pacwmpenus; 4 - xospduurent [lyaccoHa, C, -

TennoeMkocTs Relectra. lokaszarenu crenexu & 3a8H-
CHMOCTAX KOJPPHUHEHTOB NEPEHOCA OF TEMIlEpaTypH!
ONpEACAftOTCA COCTOAHMEM BewlecTsa. Jlna cnyuas
wiasmbt b=b, =0, a=5/2, a, =3/2.

llepenaua sxeprum or NEKTPOHHON noacHcTeMb K
HOHHOMN 06eCneYHBaeTC BLICOKOA 4acTOTOMH MEKTPOil-
HOHHBIX cTONKHOBeHHH. JIna vorHOH nmopcucTeMbl Bbl-
COKaA MCKTPOHHAA TEMIEPATYPa M MIOTHOCTh IHEPFHH
SNEKTPOHHONW NOACHCTEMBbE B 061aCTH aHOAHOTO KEpPHE
ABAACTCA HCTOUMHHKOM, H B PE3y/InTaTe HOHHas TeMMe-
PaTypa ONHCHLIBACTCA YPABHEHHAMM:

W,=-x gradT, €)
pC. St ==, v, (T, -T). "



Ypasuenus coxpaneHus nepruu u ypaBHCHHE pe-
NaKCauHMu noToka 3HepruH OyAcM aHanuIMpoBaThH B
UHTHHIPHICCKOR CHCTEME KOOPAMHAT C YYETOM TONBKO
AHHAMHKKM B pagManbHOM HampasicHuy. Cnpascaiun-
BOCTE 3TOro noaxona ofecneyMBAETCS Tem, 4TO none-
PCHHBIC palMepbl CHCTEMBI MHOrO MeHbiIe NPOAOAL-
HbIX, H UMIOYNLC NABACHHA KBA3HOAHOPOZEH BHOJb
MOBEPXHOCTH aHOAA.

YpaBHCHUA JUIS 3NEKTPOHHON NOACHCTEMb! npHo6-
PETAOT BUA:

oW or

ZiweZco,

T = + +xar 0; )
or ow w

oC, —+—+4— = 6
o or r ©)

Jina ynpouteHus ananu3a atux YPaBHECHHIA B LIWAHH-
HpHUHECKON CHCTEME KOODAMHAT BBENCM 3aMeHbl mepe-
MEHHBIX

Plx,t)y=rW(r,t) , T(r,t)=T(x,1) ,

riry=e™*, )
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Beenem Ge3pasMcpHBie BemMuMHBLI LA OCHOBHBIX
$3ueckux napamerpos. Iotok 6ynem U3MEPSATh B
CAMHMLAX MAKCHMALHOTO NOTOKA 3JIEKTPOHHOTO Myy-
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ka [ = , TeMnepatypy - B Xa-
PAKTEPHBIX TCPMOANEPHBIX Bemuuuiax Iy = 10°°K,

WIMHBL B pafiHycax aHONA, a BPEMA — BO BpEMEHAX

fae C, — ckopocTb 3Byka. bespaimepHuie BeAH4HHbI
hanee Symem 0003HAYaTh TaKk ke, KaK K pa3MepHble.
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B navane npouecca, KOrna TonbkO HaYHHAET PacTH
NoTok mowHocTH Nyuka, cnaraeMoc ¢ NPOH3BOAHOH OT
I0TOKa NO BpeMEHH O4EHb Mano, H paboTacT TpagUuu-
OHHOE npUbAMxKeHHKE.

Cnenyer oT™MeTHTB, 4TO TIpH ManbiX TeMnax pocra
MOTOKa MOLIHOCTH 3TO NpHONMXKEHHE HETHHERHOMO
YPABHCHHA TCIUIOMPOBOAHOCTH OCTACTCA crnpapesiu-
BbiM B TeyeHue scero fipouecca.

Puc.3. Pewenue nenunetinozo ypaauenus menno-
npogodnocmu OnR HAYANLHO20 2ayccosa pacnpedenenus
memnepanypo:

Camo YPaBHCHHC TEIUIONPOBOAHOCTH B 3TOM Ciyyae
HMEECT BHA:

QT_..QCLehi 7'5/1_8._1:
a &  om\ o

370 ypaBHEHHE, HECMOTPA Ha CBOIO BHAHMYIO Mpo-
CTOTY, COREPXHUT MHOrHe ¢uiuucckue 3ddextni. Ero
pewenne nokanusyerca (cm. puc. 3). Ha PHCYHKE H30-
OpaxeHO pellieHue HEMMHEAHOTO ypaBHEHUA Tennonpo-
BOJHOCTH U TayCCOBOTO MMNy/bca BO3MYylueHud. B
ITOM XK€ HanpaBNeHHW NEHCTBYET M HEOAHOPOAHOCTDL
COBMECTHO C HEAHHEHHOCTHIO.

Koraa Temn pocta nAOTHOCTH NOTOKA 3HEPTHI flyy-
Ka BE/IMK, Caraemble C MPOM3BOMIBIMH OKA3bIBAIOTCA
ONPENENAOUMNMH, H Mbl HMEEM HENHHENHYIO CHCTEMY
YPaBHEHHH B CNEAYIOUICM BHAE:

.?E:/CIT——_ —— 2e
o . o ox

U3 sTo CcHCTEML! ypaBHEHHH MOXHO HOAYMHTL
ypaBHeHHe rHNepbOTHHECKOro THNA [UTA TEMNIEPATYPb! |

2 2
T Kk 5, 0T
= e . .
2 2
ot 2 Ox
JTo ypaBHeHHE MOXET ObITh PEWIEHO METOAOM pa3-
Jeneus nepeMentsiX. 3anuieM TEMNEPaTypy B BHaE:

T(x,)=u(t)v(x). (15)
MMoacTasnAs B ypaBHEHHE W Pa3fieNan nepeMeritble,
nosTyuuM ypasHenus ans gyrkumit 4(f) u v(x):

(12)

(13)

(14)

2 22
d—;i:suz; E—'!—(le“-‘i—‘;—:sv. (16)
dt 2 dx

T(x,1) ~ 0.26(s* (12 + 211, +2))'

2
« | sV, s(d4v, - Q,) ;
~ 136V} +30,x +18=2x? —3————————( o o o7
[
s k [t
o 3ToMy peleHMIO IEFKO BOCCT2aHABIMBACTCR Bbi-
paxueHHUe MIOTHOCTH NOTOKA MOLHOCTH.
[Tpu 2BOROUMH TCMNCPATYPLI AOCTHACTCA APCACH
cybnumaumn Ha HEKOTOPOM pajiHyce r, M NpH AANb-
Heliwed asosounu BHYTpH 3TOH o6nactu pacnpocTtpa-

HACTCA yjapHas BOsHA nO cy6numupoaauuomy BeutecT-
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ny. Temueparypa semecrsa W €ro IIOTHOCTL MOTYT
OLITL BLIPDKCHLE AAIOTHHIILIMKH COOTHOICHIAMMU (110 €
JAMEHON DACKTPONNBIX XAPAKTEPHBLIX BPCMCH H KO-
QUIHCINOB TCANONPOBOAHOCTH HA COOTRCTCTBYIONINC
BCIHYHHLL [UTA BCLUECTBA).

B pesynsrate peutenus npusepcnioft ssine cHcTe-
MLl ypaBlCHHil MOXHO ROAYWHTH AHHAMIIKY paanyca
3TOTO NAAZMEHHOTO KCPHa. 3aBUCHMOCTDH CrO BCIHUHHLI
OT BpeMEHn noka3ana Ha puc. 4. TloTox CiIbHO KOH-
UCHTPHPYETCH Y OCH CHCTCMbI, BOAH3N KOTOPO# Cyuie-
cTByeT ¥ 06NaCTL C BLICOKOH TEMNEPATYPOIl KHAOINEK-
TPOHBOLTHOIO AHANA30HA. |

Pazorpen anexkTpOHHON noACHCTEMBl B obnacTu
KCPHA dHOMA, KAK YKA3bIBANOCH YXKE BbIlUE, ABNRETCS

HCTOUHHKOM JHEPTHH ANA HOHHOM noacHcTeMs! aHOAA.
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Puc.4. 3agucumocms paduyca cybrumayuu om gpeme-
Hu

Janbueitiuas IBOIOLNSA MIA3MEHHOTO KEpHa CBA3a-
Ha C Pa3sUTMEM HEYCTORUYMBOCTH, NpuBOUSWEN K Npo-
CTPAHCTBEHHOH HEOLHOPOAHOCTH BO3HHMKILErO [11a3-
meunoro obpajopania. Ha nennneio cranuy Bo3Hu-
KalOT [L1a3MCHHO-NONEBbIE CTPYKTYPBI.

3. HCCJEXOBAHUE
- QJEKTPOJAUHAMMYECKHX CTPYKTYP

Jina cTpykTYpbt nonielt B IIa3MEHHO-NYYKOBBIX CHC-
TEMaX CYUIECTBEHHBIM ABAAIOTCA OCOBEHHOCTH COBME-
CTHOM AWHAMMKH 3NEKTPOHHbIX Y. MOHHBIX [OTOKOB.
Hafipumep, B [11] noka3aHo CyIECTBEHHROE BAHAHHE HA
CTPYKTYpY nojieH THAPOAHHAMHYECKOrO NMOTOKa HOHOB,
‘B3aHMOACHCTBYIOILCIO € 3NEKTPOHHBIM PENSTUBMCT-
CKHM MOTOXOM, KOTOpLIH HMMEN XaoTHYecKylo (Temme-
PaTypHYI0) KOMNOHEHTY. BO MHOrMX cmyyasx, Hampu-
Mep, B [UIa3MEHHO-TTYYKOBBIX pa3psafax, Heobxomumo
paccMarTpMBaTh TeMIEpaTypHble KOMIIOHEHTLI KakK ¥y
3MEKTPOHOB, Tak ¥ y HoHoB. OT TOro, Kako# BKjan B
AHUHAMHUKY 3apHXEHHBIX HacTHL Oosee CymecTBeHeH —
FMAPOAHHAMMMECKHA WHWIK KHHETHYECKHH, 3aBHCHT
THN BO3HHKAIOWIEH fUIA3MEHHO-TIONEBOH CTPYKTYphl. B
YACTHOCTH, fIPH YUETE MAKPOCKOMHYECKUX NapaMeTpoB
(TemnepaTypa, TOK, AaBNEHHE U.T.A.) MOTYT MMETH Me-
CTO CHUCTEMBbl BOMHBIX CNIOEB: HOHHO-3BYKOBOH, JJi€K-
TPOHHO-3BYKOBO# WAM MarHMTHO-3BYKOBOW MPHUPOAS!
[7-8]. B uekoTopsix cayyasx 3TH ABOWMHBIE CIOH MOFYT
APEACTABAATE COGOM CHCTEMY BHUPTYalbHBIX EKTpPO-
o8, obpasyromuxcs Ha poHe pexHMOB ¢ 060CTpeHUEM.

Ipu obpaloBanuu HenuHeRHLIX CTPYKTYp B pac-
CMaTpHBaCMOR 3AECh JNEKTPOAHHAMHYECKOH CHCTEME
BAXKHYIO POJib HIPAIOT HE TONbKO JICKTPHUECKHUE ABJIE-
HWA, HO ¥ MarhuTHble. [IpoTekaHHe Toka ROCTATO4HO
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GoAnUIoH BEAMUMILL NPUBOAUT, B obmem cayuae, K
CROUNMON TPCXMCPHOIT AKHAMHKC, KOTOPas 8 NPoCIcil-
UIMX CRYUANX [POABAACTCA B NHHUCBAINAN H 00pasona-
HHH BUXPCHBBIX CIPYKTYP. DTH HPOUCCCHI OKAMINMOT
pAKARKE K HA (PABOBLIC NCPEXOALI B BCUICCTBE anoj. 13
tacTosuiefl paboTe Mbl NPHBOAKM PEIYNLTATHE TOALKO
JHHAMUKH B PALHANBHOM HAMPABACHHH, YTO 1HO3BOAACT
B YPABHEHHAX HUBIKCHHA HE YUMTLIBATL MarHTHYIO
COCTABARIOWYIO CUIthL U NPOAEMONCTPUPOBATYL 1ibO-
nee ACHO BOBHUKHOBEIIHE CTPYKTYP H 6oanLuiux noneit g

‘nnasme.

Takum obpazom, Oynem paccmatpusatTs 0o0nacTs,
3AHATYIO MNAIMON, ofpaioRasileiica B HEHTPE aHOAQ, ¢
1IOTOKaMM 3AEKTPOHOB U MOHOB. PaccMOTpHM HOHHbIi
Ny4OK € TENNOBOH KOMAOHEHTON W INEKTPOIIHLIH ny-
4ok 6e3 TemnepatypHbix aobasok. Ksaszncrauunonapiuie
COCTOAHHA fUIa3Mbl ONMUCLIBAIOTCA CHCTEMOIi Yypasne-
HUi, cocTORWENR B r’HAPOAMHAMHUYECKOM NPUBAMKEHIN
M3 YPaBHCHMUil HENPEPHIBHOCTH

div(n,v.)=0, div(n¥,)=0 (18)
M YPaBHEHHS ABWXEHHMA IUIA JNICKTPOHOB H HOHOB. DTH
YPABRHEHHA ABHXEHHA MPH PACCMOTPEHHH .TOMLKO pa-
LHANBHBLIX - ABHKEHHH MOMCHO OAMH pa3 NPOMHTEIPHPO-
BATHb M NONYUUTH YPABHEHHA COXPAHEHHA JHEPTUM:

m, m, 5
v, —ep=—"v;

19
2 ¢ 2 %

Cuctema 3aMLIKAeTCA ypaBHEHHEM ANA Nofiel B BH-
ne ypasuernn [lyaccona:

Ap=4rxe(n,-Zn,). (20)

Haubosbtunit uuTepec npeucrasasiorT nuasMeHHbie
06pa3oBaius ¢ BLICOKOH CUMMETpHEH.

3.1. APOBJIJEHHE MACLUTABOB B 3JIEKTPOH-
HOHHON CUCTEME
Huxe paccMOTpHM ciyuan UMAMHAPHYECKOR CHUM-
metpun. B orom cayuae cuctema ypasHenuit (18-20)
YNPOW@ETCA H NPUBOAUTCA K OJIHOMY YPaBHEHMIO JUIA
noreHuMana:

%;,%zw:n.

i(,_‘i_‘ﬁ)zL__L 1))
ar\ dr) 1a¥ f1-p¥’
2eg Zm, v} 2ef
e W= “2’ , p=l0R, g Te
mVeo mVio m, veoln Yeo
2el; -
) =————» 1., /; — dNEKTPOHHBIA U HOHHbI TOK,
mViolaVio

!, — LnuHa aHona.

B a3tom ypasuenuu cyuwectsytoT kosnebaTenbHbie
pewenus. [Ipu onpeneneHHsIX COOTHOWEHNAX IHEPrUM
H TOKOB B 3/IEKTPOHHOM M WOHHOM KOMNOHEHTax KkoJne-
baTensHple peweHHA npeacTasBastor cobof cHucTEMy
BUpTYansHeix anextposos {11]). TunuuHoe pewenue
ypaBHenua (21), umeoutee konebatenbHslii xapaktep,
NPHBEACHO Ha PHC. 5.



Puc.5. Cmpyxmypa nomenyuana ¢ omnocumenbHulx
eQuHuyax 8 YURUHOPUYECKOH obracmy namMul ¢ sup-
MYaReHbIMU INEKMPOOAMU

Puc.6. Cmpykmypa nomenyuana 6 GmHoCuntenbHotx
edunuyax ¢ chepunecxoti obracmu niasmel ¢ gupnty-
ANBHBIMU INEKMPOOamy

3.2. OCOGEHHOCTHU COEPHYECKOH
CHMMETPHH
B ofpalosauuax co chepuieckoli cumMcTpuci
ypasHeHHs (18-20) umciotca OCOBEHHOCTH, npHBOAR-
wne k Gonce peskoMy, HeM B LHTHHAPHUECKOM ChyYiae,
yMeHblcHo Macurraba noTeHuuana B6nnIM ucHTpa.
Henunelivoe ypaBHenue HAf MNOTCHUMANA B ITOM

CHy4ae MMEET BULL
i(,l d_wjzi.,m_@.____ (22)
2 Uy B iy e
PeiueHue ypasHeHHe NPH TEX KE [APAMETpax, KaK H
peleHHe Ha prc.5, H3obpaxeHo Ha pHc. 6.
Ina uewrpansHoi obnactv r=0 u ¥=-1+y 310 ypas-
HeHye NPUBOAHTCA K ypaBHeHuo DmaeHa-Daynepa

d -
;(r2 %}ﬂey(r) ", (23)
KOTOPoe MOXeT ObiTh NPOAHANUIMPOBAHO OUYEHE II0A-
pobuo {13]. Acummrotuxa npu r —> 0 umeer Aun
y(r)= arf'_. CorniacHo o6UIMM TeopeMam, npuseieH-
m,m_f 8 [13], xapakrepHnie Mactutabul xonebaunit npu
npHGAIKEHHK K UeHTpY yMeHbwaworea. Crpykrypa
BHPTYAN5HEIX EKTPOACB (CM. pic. 6) obnadact cpoii-
crsamit nofobus (o6pasyer GppaKranbHyO CTPYKTYPY).
it

T000
$000

5000

1000

N T AT
0.0085 0.0815 9.002 . L. 002§
a
11
000
$90¢
5000
4000
3009
2000
1000
. Pt v T W e
0.000% 9.9018 9.000 .. 800

Puc.7. 3asucuwocmes xapaxmepuoco macumaba
cmpyxmypu (4} u anexmpuyeckozo noaa (b} om paduyca

Ha puc. 7.3 w306paeHa 3aBUCHMOCTb XapaKTEPHOIo
maclutaba cTpyxTyput OT pasuyca, a ua puc. 7.b uio0pa-
WCHA 3aBHCHMOCTH IACKTPHUCCKONO NMONA OT PalHyCa.
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Puc.8. Cmpysmypa nromiocmu uoHO8 u 311ekmponos 8
OMHOCUMENbLILIX eQUHUYax 6 chepueckol vbnacmu
nAAIMBE C GUPMVANbHHIMU 2NEKMPOOUMU

3a cuer yMeEHbIIEHMS MacHITaboB # YBENHYEHHR

aMnAHTYau koneGauuii npn NpHONIKEHHH K OCH CHC-
TEMBI, INEKTPHYECKHE TIORS B MUIa3Me MOTYT AOCTHIraTh
oueHs GONBINX BERMuKKH. TINOTHOCTD JNEKTPOHHOIO M

HOHHOTO KOMMOHEHTa Takxke ofpazyer CTpyxTypy ¢

YMENGIWAWMMCA K ueHTpy Macirabom. CTpyxTyphi
3IEKTPOHHOTO, HOHHOrO KOMMOHEHTA M TOTEeHUWana
HECKOILKO CABHHYTHl OTHOCHTESIbHO APYr Apyra 0o
dase. Kak BuaHO, 13 puC. 8, IIIOTHOCTH HOHHOTO KOM-
noHexTa Bo3pacTaeT 86nusu ocu Gonee uem Ha ABa no-
PALKA, 3 aMTLAMTYAA NOMA NMOYTH HA YETHIPE NOPA/KA MO
CPABHEHHNIO € NAOTHOCTLIO H MOASAMH Ha nepHpepuH.

3AKJIIOYEHHE

B pabore paccmorpesbl HEKOTOphie 0COOGEHHOCTH
BO3IHHKHOBEHHUS W 3BOJNIOLMH FUIa3Mbl B aHOMlE AHONA C
ocCTpHitHbIMH  3siekTposamMu. [lpoanann3nposano pac-
NPOCTPAHEHHE TEMNAa MO 3CKTPOHHOH CHCTEME -NpPH
BO3ACHCTBHM Ha HEE C NTOBEPXHOCTH NIOTOKOB IHEPIHY H
M3YYeHB TIpoLEcesl © 0BOCTpEHHEM.

Toka3aHo, YTO MPH BLINOJHEHWH ONPEACNCHHBIX

YCOBHIA Ha JNEKTPOHHBIE H HOHHBIE NOTOKH, BO3HMKA-. - .
o' YECKHe CTPYKTYpsl Mpu TpaHcrmopTuposxu POIT o

€T C&MOCO[‘H&COB&HHM CTPYI(Typa C YMCHbLIICHHC

NPOCIpAHCTBEHHOrO Macwraba NpH MPUGIHIKEHHH: K

ocH. YMmeHsmienue MacwmTaba obecrieuwBacT pe3K

pocT noseit W TAOTHOCTEH B 3TOM Hconnoponﬁo_uf
ctpykrype. IlonydeHHble COOTHOLIEHHS YCTAHABIHBAKOT

CBA3b MEXIY MIOTHOCTAMH, NOJAMH W ADYTHMH MaKpo-
CKOMUMECKAMM  XAPAKTEPHCTHKAMM CHCTEMBI. 3TH CO-
OTHOWICHWA TO3BOJISIOT YMPARIATH XApPaKTEPHCTHKAMH
obpasyrommxca crpykryp. OTMETHM, HTO BRXHLIM ANA
HEKOTOPBIX MPHIOKEHHUI ABAAETCA TO, YTO B Npeaenax
KaXAOTO NEPHOLA YBEAWYEHHE IUIOTHOCTH COITPOBOX-
LaETCA ! YBEAHYEHHEM IACKTPHYECKOrO NOJIA.
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