MopenupoBanue ra3a JlopeHua: TeopeTuieckoe 000CHOBaHHe
1. O npoekTte

Llenp maHHOTO MCCIENOBAHMS COCTOMT B 3HAKOMCTBE C MAaT€MaTUYECKOW MOJENbIO
raza JlopeHua u B pa3paboTke MPOrpaMMHOI0 MPOAYKTA, MO3BOJISIIOIIETO CUMYJIHPOBATH
MUKPOCKOIIMYECKOE TMOBEACHUE ra3a M 3aMepsITh HEKOTOPBhIE €ro MaKpOCKOIMHYECKHE
napaMeTpbl B peajbHOM BpemeHu. Hampumep, pacnpeneneHue 4acThll MO CKOPOCTSIM B
3aJlaHHON 00ylacTu mpocTpaHcTBa. KiroueBoit 0COOEHHOCTHIO HAIIETO TMPOEKTA SBIISICTCS
Moaudukanms raza JIopeHma: MoaemupyeTcs TeII0BOE ABUKCHUE ITyTEM TapMOHHYECKOM
MyJIbCAllUU PAJUyCOB YaCTHUI-UOHOB.

2. Uctopus Bonpoca: ra3 Jlopenna

lNomnanackuit Gusuk Xenapuk AHTOH JlopeHir poawics B ApHXEME B CEMbe
I'eppura ®penepuka Jlopenua u eprpynbl (Ban I'mukens) Jlopenm. JlopeHi yduics B
cpenHei mKkojae ApHXxeMa U UMeJ OTJIMYHbBIE OLICHKHU M0 BCEM MPEIMETaM.

B 1870 r. on moctynun B JleWaeHCKHII YHHUBEPCUTET, TJI€ ITO3HAKOMMUIICS C
npodeccopom actpoHomun Dpenepuxom KaiizepoM, 4bM JIEKIIMM MO TEOPETHUECKOU
aCTPOHOMUH 3aMHTEpecoBan ero. MeHee uem 3a aBa rona Jlopenil ctan 0akagaBpoM Hayk
1o (U3HUKE U MaTEeMaTHKE.

B 1880 r. nayunsle uHTepechl JlopeHma ObuiM CBA3aHBI TJIABHBIM 00pa3oM C
KMHETUYECKOW TEOPUEH Ta30B, OIKCBHIBABIIEH JBUXCHHE MOJIEKYJ W YCTAaHOBIICHUE
COOTHOIIEHUSI MEXAY UX TEMIEpaTypoil U cpenHed KMHeThueckoil sHeprueit. B 1892r.
Jlopennr mpuctynui K (GOpMYIHPOBAHUIO TEOPUHU, KOTOPYIO KaK caM OH, TaK U APYTHE
BIIOCJICZICTBUM HAa3BaJlM TEOPHUEW SJIEKTPOHOB. ODIEKTPUYECTBO, yTBepknaan JlopeHi,
BO3HMKAET MpPHU JBMKEHUU KPOXOTHBIX 3aPSIKEHHBIX YACTUIl — IMOJOXKUTEIbHBIX U
OTpULIATETILHBIX 3JEKTPOHOB. Ilo3gHee OBLIO YCTAaHOBIEHO, YTO BCE DJIEKTPOHBI
OTPULIATENILHO 3apshKEHbl. JIOpeHI] 3aKiroumil, YTO KOJIeOaHUS HTUX KPOXOTHBIX
3apSOKEHHBIX YACTHUI TIOPOXKIAIOT JEKTPOMArHUTHBIE BOJIHBI, B TOM YHCJIE CBETOBBIE U
PaZaMoOBOJIHEI, MpeacKa3aHHble MakcBesioM U oTKpbIThie ['eHpuxom ['epuem B 1888r. B
1890« rr. JlopeHil mpOAOKUI 3aHATHS TeOpUel 31eKTpoHOB. OH HCIOIB30BAN €€ IS
yHU(UKAIIMM ¥ YIOPOINECHUS DJISKTPOMATHUTHONW Teopurn MakcBemia, OmyOJIMKOBal
cephe3Hble pabOThl MO MHOTUM TMpoOjemaM (U3UKH, B TOM YHCIE O PACHICTUICHUH
CIIEKTPATbHBIX JTUHUN B MATHUTHOM IIOJIE.

Jlopenn B 1905r. BriepBbIe Hccaen0Bal NPEACTABISIIOMINNA 0COOBIM HHTEPEC, XOTS U
OUEHb CIeUUaTbHBIN, Cly4dail OMHapHOW Ta3oBoi cmecu. Moxens raza Jlopenua Oblia
IpejIokKeHa UM B TOT K€ TOfl, KaK MOJIEJIb 3JEKTPOIPOBOIHOCTH METAIIOB U € TeX MOpP
HOCHT €T0 WM.

'azom Jlopenma Ha3bIBaeTCsl JMHAMHUYECKash CHCTeMa, KOTOpash OIMHUCHIBAET
MOBEJEHUE CYETHOTO YHCJA YacTUI, CBOOOJHO MABMXKYIIHUXCA MEXIYy XaOTUYECKU
pa3OpOCaHHBIMU HETIOABUKHBIMHU CEPUUECKUMHU pACCEUBATENIIMH, OT KOTOPBIX YACTUIIbI
OTPKAIOTCS 10 3aKOHY YIPYroro ynapa (TaHreHIMajdbHas COCTaBJISIONIAs OCTA&TCS
HEM3MCHHO#, a HOpMaJIbHasi MCHSIET 3HAK).

B Mopenu JlopeHna cuurtaercs, 4To MOJEKYJIbl OJHOIO KOMIIOHEHTa 3HAYMTEIILHO
Jerde MOJEKyJ Apyroro koMmmoHeHta. Kpome toro, mpeanonaraercs, 4YTo KOHIIEHTpAIUsS
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JErKOro KOMIIOHEHTa MHOIO MEHBUIE TSDKEJIOro; 3TO IMO3BOJSIET IpeHeOpeyb
CTOJIKHOBEHUSIMH MEXKIY JIETKUMU MOJIEKylaMU. JIOpeHI| Hanesicss UCIoIb30BaTh CBOXO
MOJEb IS ONKUCAHUA JJIEKTPOHOB B TBEPAOM TeJle, HO JUIA DTOM L€ OHA OKa3alach
HEIPUTOJHON U3-3a NAJIBHOJEHUCTBYIOIIEr0 XapakTrepa KyJIOHOBCKOIO B3aUMOJICHCTBUS U
CYLIECTBEHHOT'O BJIMSIHUS KBAaHTOBBIX 3PdekToB. OnHako Onaromaps TOMy, YTO MOJEIb
JlopeHnia JOmycKaeT TOYHOE pEIIEHUE, OHA MOXKET OBbIThb MHCIIOJIb30BAHA B KAaueCTBE
3TalOHA, T. €. KpUTEpHs AJii MPOBEPKH MPUOIMKEHHBIX MeToaoB. Kpome Toro, mms
HEKOTOPBIX (PU3NYECKU MHTEPECHBIX CIIy4aeB MOYXHO MOCTPOUTH TEOPHUIO BO3MYIIECHHUH,
UCIIOJIB3YS B KaUeCTBE MEepBOro npuomxenus ras Jlopexma.

3. MoanduuupoBanHas MoJe/ib. MyJdbcallisi HOHOB

B namem npoexte ucnonsiyetcs Mmoaudukarnus raza Jlopenmna. Mbl npeanonaraem,
YTO paguychl MOHOB IMYJbCUPYIOT MO TAPMOHMYECKOMY 3aKOHY. YacToTa Mmynbcaluu y
BCEX MOHOB OJIMHAKOBA, OJIHAKO HaYaJbHbIE (Pa3bl pa3IuyHbI.

duznueckass MHTEPHpPETALMsT U3MEHEHUs pa3MEepOB HMOHOB, a TAKXKE HEKOTOPBIX
O0COOEHHOCTE MOBENEHUS DJIEKTPOHOB MOXKET ObITh HeogHo3HayHa. [losTomy
TEPMUHOJIOTHS JOMYCKA€T HM3MEHEHHMs. pellleTKa HOHOB — 3TO CHUJIOBBIE IIEHTPHI,
pacceuBaresnu, JIETAIOME B HEW JJIEKTPOHBI - HEKUE Jierkue yactuibl. OJHAKo aanee
OyzaeM JIsl KpaTKOCTH MO-TIPEKHEMY TOBOPUTH O MOHAX U 3JIEKTPOHAX.

4. AITOPUTM pellleHHsI: KOMIIbIOTEPHAsl peajn3anus

Jnsg BusyalM3aluyd MOJEIM MBI HCHOJIB30BAIM CICAYIOIIMKA aIroputM. Jlims
KaXJ0TO JIEKTPOHA PACCUUTHIBAEM BPEMS U KOOPAUHATHI €r0 CTOJIKHOBEHUSI C HOHOM WJIU
CO CTEHKOH, KOTOpOE€ MOXXET MPOU30MTH 3a HEOOJBIIOW MPOMEXYTOK BpeMmeHu. Ecmu
CTOJIKHOBEHHE OBLIO, M3MEHSIEM COOTBETCTBYIOIIUM OOpa3OM IMOJOKEHHUE U CKOPOCTh
anexkTpoHa. OOHOBIsIEM U300paKEHHE.

B nporpamme XxpaHuTCsi HA0OpP MOHOB CO 3HAYEHUSIMU [TAPAMETPOB KAXKIOTO U3 HUX:
neHtp umona C (B BEeKTOpHOM BHJE) W HavaidbHas ¢asa KoynebaHus b, ocrajbHbIC
napameTpbl CYUTAIOTCS PABHBIMU JJIs1 BCeX MOHOB. Taxxke XpaHuTcs HabOp 3JIEKTPOHOB CO
3HAUYECHUSIMU TTApaMETPOB KaXKI0r0 U3 HUX: TEKyIIas KoopauHata P 1 ckopocTh IBUKEHUS
V (0o6a mapamerpa B BEeKTOpHOM BHje). [lociae odepeHOrO CTONKHOBEHHS IS KaXKIOW
YaCTULBl MEPECUYUTHIBAETCA MOMEHT BPEMEHU €€ CIEAYIOIIETO CTOJKHOBEHHS C MOHOM
WJIA CTEHKOM CoCya.

JIns moacyeTa pacnpeaeaeHus YacTUIl IO CKOPOCTSAM JOCTaTOYHO NPOCMOTPETH BCE
YaCTULbI B IPOCTPAHCTBE U BBIYUCIUTh UHTEPECYEMBIE BEIIMUUHBI.

5. AJITOPUTM pelleHHs: TeOpeTHYeCKHe BhIKIAAKH

3a0aua: HAWTH KOOpPAWHATHI TIEPBOM TOYKH CTOJKHOBCHHS S 3JICKTPOHA,
JIBIDKYIIIETOCS M3 TOYKH P co CKOpOCThIO V, ¢ MOBEpXHOCThIO MOHa pamuyca R(t) c
1eHTpoM B Touke C Ha BpemenHowm otpeske [0, t].

Pagunyc mona R(t) m3aMeHsieTcs mo rapMOHHYECKOMY 3aKOHY. VI3MeHEHHE MOKHO
IPEICTABUTD CICAYIONUM YPaBHEHUEM:



R(t) = Ry + AR sin(wt + @)

riae RO —MuHUMAanNbHbBIN paguyc HoHa, R —pa3HOCTh MEXKIy MaKCUMaJIbHBIM U
MUHHMAaJIbHBIM paJrlycamMu HOHA.
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I[JI}I HaXO0XICHHUA CTOJIKHOBCHHUA C ONMKAMIIIIM  HOHOM HCO6XO,Z[I/IMO PCUIUTD
CJICAYIOLICEC BEKTOPHOC YPABHCHHUE JIsI KaXKI0I0O MOHA.

(B 4+ ot— )" = B(t)

[TonyyeHHOE YUCIIEHHO 3HaYeHue T —HUCKOMOE BpeMsi CTOJIKHOBEHHS.
KoopauHathl TOUYKH CTOTKHOBEHUS S HAXOSTCS CICTYIONTUM 00pa3oM:

S=p+ 0T

6. HayuyHasi HeHHOCTHh U MPUJI0KEHHS TPOEKTA

['a3 JlopeHia siBAsieTCss OAHOM M3 OCHOBHBIX M HamOoJIee MOMYJSAPHBIX MoOJemei
HEPABHOBECHOM CTATHCTUYECKOM MEXaHUKH. bpUIO MMPOBENEHO MHOXKECTBO MCCIEAOBAHUMN
Ha 3Ty TeMy, MHTEHCHUBHOC HM3ydYeHHE MPOJO/DKACTCS M B HacTosiee Bpems (IaHHOMY
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00BEeKTYy TMOCBsIIEeHb  Martematudeckue pabotel  S.I.Cunas, JI.A.byHumoBuua,
I''TanaBortr, [[.OpHcreiina, Il.I'onacreiina, m MHOrMX apyrux). HeoOXxoaumocTh
uccinenoBanusi Traza JlopeHna OOBACHSETCS TEM, UYTO JTa JAMHAMHUYECKas CHCTeMa
€CTECTBEHHO BO3HUKAET MPU MOJCIMPOBAHUU HEKOTOPBIX (u3Mdeckux mpoieccoB. K
TaKOBBIM, HaIPUMEP, OTHOCUTCA JBUXKEHHUE MEJICHHBIX HEUTPOHOB B TSXKEJIOW KUJIKOCTH
MOBEJICHUE CMECH JIBYX T'a30B, OJIUH M3 KOTOPBIX COCTOUT U3 JIETKUX MOJIEKYJI, a IPyrou -
U3 TSKEIIBIX.

Uccnenoanme rtaza JlopeHmna CHIBHO 00JIETYaeTCS BO3MOXHOCTBHIO IPOBECTH
MOJICIMPOBAaHUE Ha KOMMbIOTepe. Ham mpoekT OB MOCBSIIEH MPOBEACHUIO TaKOTO
MojenupoBanud. [lonb3oBaTens mporpaMMbl MOKET YBUIETh MPOTEKAIOIIME ITPOLECCHI
COOCTBEHHBIMH TJ1a3aMd. MBI BU3YAIH3UPYEM JBIKCHHE DJIEKTPOHOB CPEI TSHKEIBIX
WOHOB, 3aKPEIUICHHBIX B pemeTky. MoXHO HaOMI0AaTh 3a COYJIApEHUSIMU JIEKTPOHOB C
VOHAMHU, CJIEAUTh, KaK U3MEHAECTCA UX CKOPOCTh M Tpaektopus. [loMuMo 3puTENbHOTO
o0pasza MOJIeIMPYEMBIX IPOIIECCOB, MpOorpaMMa MO3BOJISAET PACCUMTATh MHTEPECYIOIINE
HAaC TMapaMeTphl, MPOCICIUTh 3aBUCHMOCTh KJIIOUEBBIX XapakTepuUCTHK. C MOMOIIbIO
MIpOTrpaMMBbl pelIaeTcs cleayromas 3aj1ada; (GUKCUpyeM 3aJaHHyI0 00J1acTh TPOCTPAHCTBA
Y TIOJICYMTHIBAEM IIJIOTHOCTh PACHpEICICHUS YaCTHUIL], U TAKKE paCIpEeCICHUE CKOPOCTEN
YacTHIl B 3aJJaHHON 00JIaCTH MOANPOCTPAHCTBA.

JlaHHBI MPOEKT MOKET HCIOJB30BaThCS B KAayeCTBE HAIISIAHOTO IOCOOMS st
u3ydJaronmx wmojens raza Jlopenma, mayis Oosiee MOTHOTO W JIETATLHOTO TMOHUMAaHUS
MPOUCXOAIINX MMPOLIECCOB.



