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BBepeHue

OGHapyXeHo 1 JaHo TeopeTnyeckoe 06bACHEHME CaMOMNPOM3BOSIbHOrO BO3HUKHOBEHUS pa3HOCTMH
NOTEHUManoB M 3NeKTPUYECKOro ToKa B NPOCTPAHCTBEHHO OrpaHUYEHHbIX rerieBblX CUCTEMAX OKCU-
rmopaTtoB UTTPUS U LMpKoHUs [1].

MpoaHanuanMpoBaHbl U3MEHEHWST aMnAMTYabl U Nepuoda (4acToThbl) BLIOGPOCOB TOKa B 3aBUCUMOCTU OT
BpemMeHn Ans o6pasuoB okcuruaparta UTTpust U LUMpKoHUs. NonyyeHHble AaHHble NOATBEPXOAT YHUBEP-
carnbHble 3aKOHbl Nepexofa K XaoTU4eCcKoMy COCTOSHUIO (OTKpbiThle PenreHbaymom [2, 3]) reneBbix
cucTeM, NMpu yaBOEeHUM nepuoga «BblOpoca» WMOHOB B refieBbiX CUCTEMAX, MPOSABSAIOLLMXCA Kak ne-
pUoaNYECKMI BCNIECK 3NIEKTPOTOKA.

1. TeopeTuyeckume npeanochbIsIKn

PaccmoTpum gBuXeHue reneson cpedbl B none cun noteHuwana JleHHapa—[xkoHca. Onga aTtoro
BOCMOSb3yeMCH rMapOANHAMUYECKUM MPUONKEHNEM:
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roe Mcnonb3oBaHbl criegyrolmne 00603HadYeHns: m — macca OTAENbHOro reneeoro parmMeHTa, vo—
rmapoanHamMmmyeckas CKopocTb, t — BpeMs, r — cepudecknin paguyc, cepunyeckas koopamHara,
n — nnoTHoCTb doparMeHToB rens, U — noTeHuwan B3auMoaencTeus pparmeHToB rend. Bece nHte-
rpanbl B (1) NOHUMAKOTCA B CMbICIIE [MABHOMO 3HAYEHMWS, TaK Kak Bpsi4 Nu renesble oparmMeHTbl MOryT
cobnunanTbca vepecdyp «b6nNn3ko» B AMCNEPCUOHHON KOMMOWUAHOW cpeae, UMesl BBUOY OCHOBHOE MOSo-
xeHne Teopun AJ1P0O [4] 0 BO3HMKHOBEHUN PaCKMHMBAIOLWLErTO AABMEHNA TOHKOro Cros ANCNEepPCUOH-
HOW cpefbl Mexay refneBbiMU YacTuuamMu. 3aMeTuM, YTO COOTHOLUEHME ONiS MOCMNeAHero MHTerpana
cuctembl (1) 3anncaHo, NCXOAA U3 Criefyowmx coobpaXeHuin: ecnm NoTeHUnanbHas SHEPrus mMacchbl

m B noJjie To4e4yHOoro noTteHuunarna paBHa U Z—C/f'6 +B/I’12, TO ONA pacnpep,eneHHoﬁl MaccCbl 3Ta
BeJiM4nHa 6y,u,eT paBHa nHTEerpany no 06bemy, B KOTOPOM pacnpeperieHa 3Ta Macca, TO €CTb:
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B atom MHTEerpane BblpaXxeHune 32 nosiBNsAeTcs M3 anemeHTa obbema OOBLEMHOro MHTEerpana, oc-

TanbHaa — yrnoBada — 4acCTb yXe BblHUCIEHa, TO €CTb Mbl npeHe6pernM 3aBNCUMOCTbIO UHTEerpana
OT YIrnos. Hanee, 3ameHnm BEJIMYNHY r —S no d)opmyne r—S=p,Toraa ds= —dp, a npegernbl 6y/1yT

N3MEHATBLCS OT —o A0 r . [loTeHumnan nepenvwiem B Buge:
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PaccmoTpuM oTaenbHO npow3BodHytd —oU/dr, To ecTb cuny, AEWUCTBYIOLLYHO Ha Maccy
B noTeHumane JleHHapa—[koHca. 3anuwem 3Ty BEMUYUHY:
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BHeceM nponsBoaHyto ypaBHeHUs (3) BHYTPb MHTErpanos
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3ateM nomeHsieM OnddepeHUMpoBaHME C MPOU3BOAHOM MO r Ha NPOWM3BOAHYID MO P,
1 NPOVHTErpUpPYEM BbipaXkeHne Mo YacTsaM:
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Tenepb Gyaem cuutatb, 4To N(x,t)=0//dx, n3baBMMCS OT NMPOU3BOAHOI MO KOOpPAMHATE B 3TOM
BblpaxkeHuu. MNonyymm
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Mocne anddepeHUMpoBaHMA OCTaBMM TOMbKO BblpaXeHus, Coaepalime KBaapaTU4HOe Bblpa-
XeHue no (r — p), Nony4nMm:
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Mocne pagoa npeo6pasoBaHM171 nony4yum, ecnn B HavanbHblA MOMEHT BpeMeHN MIOTHOCTb rend
pacnpegeneHa oanHakoBso, TO C Te4eHNneM BpeMEHU NMITOTHOCTb rend nMeeT Bua: n = NO (E)r’/ar).
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2. KoMmnbloTepHble BbIYUCTEHUA

|_|pl/l6]'IVI)KeHHoe KOMMbIOTEpPHOE BblYUCIIEHME pacnpeaeneHnda NioTHOCTU N npuBedeHo Ha pUc. 1Tmn2.
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Puc. 1. N'padunk nsameHeHnss nnotHocTn rens (n) Puc. 2. NInHnm ypoBHSA ANs NNOTHOCTK,
B 3aBUCUMOCTU OT KOOPAMHATblI BpEMEHU npvseneHHon Ha puc.1:
Mo NNOTHOCTLIO MOHMMAETCS U3MEHEHME NITOTHOCTU renst t — Bpewmsi; X — koopauHara;
OTHOCUTENBHO (hOHA PABHOMO EAMHULIE; t 1 x B 6e3pasmepHbIX eanHMLEax

eauHuLa NNoTHOCTM — BenudmHa No; t — Bpemsi;
X — KoopauHara; t u X B 6eapasMepHbIX eanHULIaxX

Bug rpacmkoB, npegctaBneHHbiXx Ha puc. 1 u 2, onpegenseTca NyfbCaunoHHbIM CONMMKEHNEM
N pacxoxgeHnem YacTuu, hopMUpYOLLMX reflb BO BPEMEHN. IMEHHO 3TO 0OCTOATENBCTBO SABMSIETCS
OCHOBHOW MPUYMHOM NEPUOANYECKOrO «BbIMneckay MOHOB reneBoi (a3on B AUCNEPCUOHHYIO cpeay.

3. KnaCTepHaﬂ mMoAernb «BbiMNfiecKka» MOHOB

PaccmoTpyM crieytoLLyto o4eHb MPOCTYI0 KNacTepHy Moaerlb Hekoero COpbUUOHHO akTUBHOIO
LeHTpa rens: umeeTca noteHuManonpeaensiowmi LeHTp B refne, MmatemMaTnyecku onncbiBaeMblin no-
TeHuunanom JleHHapa—[xoHca. B none cvn gaHHOro LieHTpa nonagaeT renesas Yactuua, Kotopas Ha-
YMHaeT coBepllaTb OBUXEHUS, ONUCAHHbIE paHee, TO eCTb OHa NPUTArMBaeTCs, YMeHbLUIas paccTos-
HMA MeXdy 4YacTUuen W CUMAOBbIM LIEHTPOM (40 BeNUYMH YABOEHHbIX TMAPATHbIX MPOCHOEK,
HanpuMep), 3aTeM Mo Mepe TeYEeHUs BpeMEeHU, YacTuua yaanseTcs OoT LeHTpa Ha AoCcTaTo4yHo 60nb-
lwne pacctosiHusa. Kak M3BecTHO, ANCNEPCUOHHbLIE CUNbl MNPUTSXKEHUHA, CUibl OanbHOAENCTBYOLLME
N MOryT NPOSABNATECA Ha PacCTOSHUSAX A0 COTeH HM [4]. [pn 3ToM YacTuua B NpuHLMNE MOXeT nona-
JaTb BO BTOPOW MOTEHUManNbHbIA MUHUMYM, B KOTOPOM OHa MOXET MEHATb CBOE KOH(bopMaLMOHHOEe
OKpY)XXeHWe, TO eCTb CTPYKTypupoOBaThLCS.

B aTtom gBwmkeHun yactuua nogsepraeTcs agcopbumMOHHBIM aTtakam CO CTOPOHbI MOHOB gucnep-
CMOHHOWN cpefpbl, YTO CTepUYEeCKn BronHe OOBbACHMMO, Tak Kak pas3mMepbl 3TUX MMApPaTUPOBAHHbIX NO-
HOB MHOMO MeHbLUE BENNYUHbI «yberaHns» YyacTuubl OT NOTEHUMANbHOro LeHTpa ASIMHON B COTHU HM.
Mpu atom ybBerarowasa Yactmua ¢ agcopbupoBaHHbIMU MOHaAMW NpUOBpeTaeT HeKU anekTpocTaTuye-
CKUM noTeHuman.

Kak onpegensetca obwumn noTeHuman 3TOM 4YacTvubl C aacopbyMpoBaHHbIMKM - MOHaMU
W noTeHumanonpegensaowmnm LeHTpom? Obuwasa opmyna Ang aToro noTeHumnana nmeeT BUA:
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Mpu aTom Bygem cuutaTth, 4To G =Gy =1-exp(—t/100). Obe3pasmepum BCe MOTeHLMAnbHbIE

BENMYUHbI. Pasgenum uneHbl ypaBHeHus (4) Ha B 1 yMHOXUM Ha rg. Monyyaem cnegyoLlyto 3anmcb
ypaBHeHus (4)
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Puc. 3. [IBmkeHune yactuupl, Puc. 4. Yactuua gsmxetca
cofep)allien anekpocTaTuyecknin 3apsag, B noteHuuane JleHHapga—[xoHca, HO M3Ha4anbHO
B TOM e noteHumane JleHHapga—[xoHca nMeeT Apyryto NOTeHUManbHy0 SHepruto,

YeM Ha puc. 3

[aHHOe Bblpa)keHne No3BOMSET paccyuTaTb KONUYECTBO MOHOB ANEKTPOnuTa, aacopbupoBaHHbIX
renesoun YacTuuen, To ecTb NPUoBpeTEHHbLIN 3apsa.

Hac Gonblue BonHyeT gpyras 3agaya — nNpocrneanTb ABMXKEHWE reneBol YacTulbl, HACbILLEHHOM
NMoHamMmu anekTponuTta. Yactuua gBuxkeTca B TOM e noTeHumnane JleHHapg—[xkoHca. Ee anektpocTa-
TUYECKMIA 3apsad Bo3pacTaeT CO BPEMEHEM, HO HEe OCTATOYHO, YTOObI OHa oTopBanach M ywrna Ha
GeckoHeyHoCTb. Kak nokasbiBaeT KOMNbIOTEPHOE MOAENMPOBAHME XapakTep OBWIKEHUSI YacTuubl Npu
3TOM NpuobpeTaeT cneaywwmi Bua, puc. 3.

[lo momeHTa agcopbunmn MOHOB 3NEKTPONNTA, TO €CTb AN CUCTEMbI C APYTMMU SHEPreTUYECKUMM
XapakTepucTukamn, Yactuua asmxetcsa B none JleHapa—[koHca cneayowmm o6pasoM, kak 3To noka-
3aHO Ha puc. 4. [Ins Hee Obina xapakTepHa MNOCTOsIHHAs YacToTa KonebaHuiA.

OewxeHue vacTuubl B noteHumane JleHHapa—[>koHCa MOXET pesko U3MEHUTLCA CO BpPeMEHeM,
korga 4actuua npuobpetaeT OonbLUOW anekTpocTaTudeckun noTeHuman. OHa MoOxeT «ybexatby
B 6€CKOHEYHOCTb, OTOPBABLUMCH OT TArOTEIOLEro LeHTpa, Npu 3TOM YacToTa nynbcaunui yMeHbLuaeT-
Csl MHOIOKpaTHoO, B npeaene o 6eckoHeyHocTH, puc. 5.

OTOT crny4van n COOTBETCTBYET SBMEHUIO «BblAaBnMBaHUS» MOHOB N3 cnupaneobpasHbiX renesbix
yacTuy, (nemcmekepoB) U nocnegyolen KOHOPMaUWOHHOW nepecTponke rend. KoHewyHo, OaHHas
KnactepHasi MOA€enNb CIIULLIKOM YMPOLLEHHO TpaKTyeT 3TO0 MHOroobpasHoe siBfeHue, HO OCHOBHbIE ero
YepThbl NPOCEXMBAIOTCS.
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Puc. 5. [IBMXeHne YacTumubl, HAaCbILEHHOW 3MeKTpoCTaTUYECKN,
B noteHumane JleHHapa—[xkoHca

3apsag YacTuupbl Ans ynpoLeHns 4EMOHCTPaLMM B3AT Ype3BbivaiHo 6onbwmm (nopsigka 0,1 Kn)

3aknroyeHue

lMokaszaHo nynbcauMOHHOE COMMXEHME U pacxoXaeHue YacTul, hopMUPYIOLLMX refb, BO BpeMe-
HWU. VIMEeHHO 9TO 0BCTOATENLCTBO ABMASETCA OCHOBHOW NPUYMHON NEPUOaNYECKOro «BbIMfecka» NOHOB
reneson ¢a3on B ANCNEPCUOHHYIO Cpeay.

[BuxeHne vacTuubl B noteHuuane JleHHapa—[>koHCa MOXEeT pe3ko U3MEHUTLCH CO BPEMEHEM,
Korga dactuua npuobpetaeT OonblIOW anekTpocTaTuyeckunm noteHuuwan. OHa MOXeT «ybexaTb»
B 6ECKOHEYHOCTb, OTOPBABLUNCHL OT TArOTEOLLEro LieHTpa, Npyu 3TOM YacToTa NyfnbCcaumini MHOTOKPaTHO
nagaet, B npegene Ao 6eCKOHEYHOCTU. DTOT Cryyal M COOTBETCTBYET SABMEHUIO «BblAaBIMBAHUAY»
WOHOB M3 cnvpaneobpasHbix reneBbix 0bpa3oBaHMIi (NENCMEKEPOB), U oMNpeaensieT NocrneayoLLyio
KOH(pOPpMaLIMOHHYIO NEPeCTPONKY rensi.

Pa6oTta BbinonHeHa npu nogaepxke MuHuctepcTea o6pasoBaHms U Haykn PO,
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