P®OTOH - YACTUIA UJIK BOJIHA?

Ha oonom uz KC paccmampusanace emopas wacms cmamvu «/{uanekmuxa, Kax
kmoy llosnanusy Kounopaxosa HU.M. u Illapunosoni C.H. «Bonnosas mooens
agosoyuu cucmemy. [ ayuuieco nonumanus ececo mamepuana, yyacmuukam KC
ObIIO NPeoNoHceHO OoMauiHee 3a0aHue, peuums Komopoe HeoOX00uMo Obllo ¢
NOMOWbIO NPEOTIONCEHHO20 8 CINAMbe Al0PUMMA AHAIUZA PAZBUMUSL CUCTNEM.

Jomamnee 3aganue: OOIICTIPUHATO, YTO CBET - 3TO AJNEKTPOMArHUTHAsS BOJIHA,
U B TO JX€ BpeMs — 3TO KBaHT, YacTHIla, CTyCTOK 3Hepruu. lIpeacraBpTe cede, uTo
ANIeKTpoH "mepemien" ¢ oxHOM opOuUTH Ha Apyryio. [Ipu 3TOM OH W3Iy4Ws KBaHT
cBeTa (MOPUMIO 3JIEKTPOMAarHUTHOM B3HEPIrHM) - OAHOpa3oBbIM akT. Bce: ¢doTon
IoJieTesl, Kak "mapuk" - HUKAaKOM BOJIHBI HET. MIn: 3JIEKTPOH «IIOTJIOTHII» OIUH
KBaHT cBeTa. OT 3TOro OH HECKOJIBKO «pacIyX». JTO TaK)KE Pa3oBbIi akT. A Tenepb
IpecTaBuM cebe, 4TO AJIEKTPOH OeraeT ¢ OpOUTHl Ha OPOUTY U H3JIydaeT KayKIbli
pa3 KBaHT cBeTa. Beck 3TOT nporecc BO BpeMEHH MOKHO ITPEACTABUTH B BUJIE BOJIHBI
(c Touku 3peHuss MareMatukH). lIpencraBneHue o cBeTe — BOJHE U €CTh €ro
MaremaTuyeckas Mojenb. [lomygaercs, 4To B OqHOM cilydae KBaHT CBETa - "MIAPUK',
a B apyrom - BosiHa. [lo Jlyuuny A.A. poToH — 3TO 4HacTHIla U3 DIAEKTPUUECKOM
MaTepuy, UMEIOIIAsl CKOPOCTb, PaBHYI CKOpocTH cBeTa. DOTOH B HEHTPUHHOM
MUKPOCKOIIE MTPEACTABIIAECTCS TAKUM, KaKk Ha QOTO:

A Ha camMoM Jeie, 4To
MOXET MPEACTABIATh COOOM
kBaHT cBera? lcnonb3ys
aJICOPUTM, IIOIBITAUTECH
HAWTH OTBET.

®DOTOH B HEUTPUHHOM MUKpPOCKONe
KTEAIIAAAIAAIAIAAIAIAIAIAIAIAIAAIAIAIAIAAAAIhhAdrAhAhhodhhodhhhhhhhhhhhiihkikiiix

Bor kak st0o nosicieHo B «Heomnoponnoit Bcenennoit»: ['mbpuanas matepus
ABCDEFG—du3udecku IIOTHOE BEIISCTBO—HAXOIUTCS B COCTOSSHUHM MEPIIaHHS,
KOTOpPOE SIBIISICTCS MOTPAHUYHBIM COCTOSTHUEM (DU3UYECKU TIJIOTHOW MAaTEpPHH W €CTh
HU YTO MHOE, KaK TaK Ha3bIBAEMBIH, JIEKTPOH. IMEHHO MO3TOMY 3JIEKTPOH 00IagaeT
NyaJbHBIMU  (IBOWCTBEHHBIMHU) CBOWCTBaAMH, KaK BOJIHBI, TaK W 4YacTHIbl. B
TIPUHITUIIE AJIEKTPOH HE SIBJIAETCS HU OJTHUM, HH JPYTUM, a SIBISIETCA MOTPAHUYHOMU
dbopmoii Matepuu.

JIemo B TOM, YTO HaJW4KE€ DJIEKTPOHA CO3MAET 30HY CTOAYEH BOJIHBI HA JAHHOU
ANIEKTPOHHOM (pa3peimieHHoi) «opbute» atoma. [locme «cmepTw» aJIeKTpoHa, dTa
30Ha CTAHOBUTCS HEYCTOMYMBOW aKTUBHOM, TaK KaK YPOBEHb COOCTBEHHONW MEPHOCTH

ATOM 30HBI CTAHOBUTCS BBIIIIE YPOBHA COOCTBEHHOM MCPHOCTH aTOMa B LCJIOM.
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Bo3nukmmii TakuM 00pa3zoM MUKPOCKONHWYECKUH Tepena MEPHOCTH CO31aéT
«JIOBYHIKY JUIsl (DOTOHOB» PEIMKTOBOIO M3JIy4E€HHs. A Teneph NpOaHATUZUPYEM
CUTYALMIO C TIOMOLIBIO aJITOPUTMA aHAJIM3a PA3BUTHUS CUCTEM.

AJIFOpI/ITM aHa/Iu3a pasBUTHUA CUCTEM C ITIOMOIIBIO 3AaKOHOB

THAJIEKTHKH
1. Boiopamo 06vekm ucciedoeanus 011 AHAIU3A €20 PAZGUMUAL.
@®0TOH — KBAaHT CBETAa: OH M YacTHIAa — INAPUK C pagmycoM Iy ~ 1078w, or
KOTOPOTO PacXoMATCs BO BCE CTOPOHBI JKI'yTHKH Ha paccrosHue 1073m, m BonHa,
auHON A = ¢/v. DOTOH COCTOUT M3 ICKTPUIECKON MaTepUu.

2. Boiagums ceésazu c
OKPYHCAIOUWUM e20
mupom: oOauxcantuue (C
CHUCTEMHBIX TIO3MIUN) U

LNUHA BONHGI
oanbHue cesa3u
; afs (yObIBaromue WIIN
KBaHT cBeTa Ceer - BONnHa YCHIINBAIOIIHECS c

nepexoaoM Ha  Ooree
BBICOKHI WK 00Jiee HU3KUM YPOBEHb).

[To koHuenuuu A.A. JlyunHa (QOTOH SBISIETCS «COIEPKUMBIMY» 3JIEKTPOHA U
IIPOSIBIIACTCS NPU IIEPEXOAE TEKMPOHA C OIAHOTO IHEPIETHYECKOIO YpPOBHSA Ha
IPYroM, oTpaxasi OJHOAKTHBIM IIPOLIECC: MPOUCXOAUT TOPMOKEHUE DJIEKTPOHA U 3a
CYET CHJI HMHEPUMM MArHATHBIE M DSJIEKTPUYECKHE 4YacTULBl — KBaHTa CBETa
BBIOPACHIBAIOTCST U3 HETO B BUE (POTOHA (DIEKTPUYECKAss MATEPHs) CO CKOPOCTHIO
CBETA M MAarHMTHOM YacCTHLBI CO CKOPOCTBIO, 3aBUCAILIEH OT €€ maccel. [Ipm sTom

/ ANEKTPOH CBSI3aH C MArHUTHBIM SIPOM aTOMa XI'yTHKaMH

i) Eae (uenouka w3 yepenyrommxcss (HOTOHOB M MarHUTHBIX

- l\' J" w
e '; e YaCTHII), YACP>KUBAIOIINMH €T0 Ha «OpouTe» (pa3peieHHoM
am.flﬁﬁ ypoBHE). I B caMOM 3JIEKTPOHE 3JIEKTPUUECKHAE YACTULBI —

-~ b

e ,.r; \ T~_  GOTOHBI — CB3aHBI C OWNOJAPHBIMH MATHUTHBIMH
) ix Ry YaCcTHUIAMH, HaXOIAIIMMHUCS B €r0o sgApe U Ha HECKOJIBKO
JARKIPOI 8 CROGINOM cocTOamIN MOPSIIKOB UX Macca Oouibliie Maccbl PoToHOB. KoHCTpyKIus

¢boTOHA BHEIIIHE MMOX0/1a HA KOHCTPYKIIUIO JICKTPOHA.

Ecnu anexktpon «Oeraer» ¢ opOUTHI HA OpOUTY TyAa-ciofa, OH BbIOpAChIBAET
AJIEKTPUUYECKUE U MAarHUTHBIE YaCTUIIbI U3 Ce0sl B MEPBOM YACTH aKTa U3IYUYCHUS U
MOTJIONIAET APYTHE — BO BTOPOW YACTH 3TOr0 akTa. JlaHHBIA NpOLIECC MOKHO OIUCATH



KaKk  KojeOaTenmpHBIN,  WCIOJB3ys  Hambojiee  ymoOHyH  JJIi  3TOTO
MATEMATHYECKYIO MOJAEJIb rapMOHMYECKOrO Ipolecca, KOTopas B
mo0oM ciyyae Oyner naneka oT peanbHoM. CornacHo mapagurme, JlyunHa A.A.
AJIEKTPOH JIOJDKEH OBITh CBSI3aH JKIYTUKaMHU C SIIPOM aToMa, TOPMO3SAIIMMU €ro
nBkeHue. [lpu 3TOM OH CyIIeCcTBYeT Kak IelbHOe oOpa3oBanue. Torma kKak 1o
koHuenmuu H.B. JleBamoBa, 3M€KTPOH NpH MPOXOKICHUU BOJIHBI PEITUKTOBOTO
M3IIYYCHHS «POXKTACTCS» M «IMOTHOAeT» B OJHOM MeECTe, a Jajiee MOXET BHOBb
«POJUTHCS» B HOBOM MECTE IPHU OMPEACIICHHBIX YCIOBUSX. A 1o KoHrenuuu A.M.
Xarpl0OBa MOXHO CYUTATh, YTO OJJIEKTPOH TIEpell «POXKIACHHEM» HaXOJIUTCA B
HEMHEPIIMOHHOM COCTOSIHHH, a MOCJIE «POKACHUSI) - B UHEPIIUOHHOM.

3. Boiagums 2nasenyto (TMONE3HYIO IS UCKYCCTBEHHBIX CHUCTEM) (DYHKUUIO
pazeumus (Cyuiecmeosanus) AaHAIUIUPYEMO20 00beKmaA.

KBaHT cBeTa wW3JIy4aeTcss WM TOTJIOMIACTCS IS CTaOWMIM3aluud  anb0emo
CUCTEMBI M «COOJIIOJICHUS» TpeOOBaHUN 3aKOHA COXPAHEHUS HHEPruu, T.e. IS
rapMOHU3AIMHU CUCTEMBI. [IponucxoauT nepepacnpeiesieHle Hepruil B CUCTEME, HO B
[EJIOM OHA HAXOJIUTCSl B PABHOBECHHU C OCTAJIbHON YacThIO - HAJICUCTEMOM.

4. Onpedenumsb TOXKIECTBEHHOE («CTapbIe» €r0 CBOWCTBA) U OTJIUYUTEIbHOE
(TO HOBOE, UTO HEOOXOIMMO BHECTH B €TI0 CBOMCTBA MJIM Ka4eCTBA, YTOOBI OOBSICHUTH
ero TMOBEICHHE B TEX WM HWHBIX YCIOBUAX) 6 00beKkme, m.e. 6blAGUNb
NPOMUBONOSIONHCHOCIMU, MEHOECHYUU PA36UMUA U M.N. 8 00beKme.

31ech MOTYT BOHHKHYTh HECKOJIBKO 3aja4, pa3doepeM JIBe U3 HUX, CBI3AHHBIC C
napagurmamu Jlesamosa H.B. n JIyunna A.A.:

1.Ilo Jlyunny A.A. ¢otoH — wyactuna wu3
AIEKTPUUYECKOU MaTepuH, KOPITyCKYJIa,
JIOKAJIM30BaHHAS B OTIPE/ICIICHHOM o0beme
BHYTPEHHETO MPOCTPAHCTBA AJIEKTPOHA, MO3TOMY OH
MOIJIOMIAETC WA H3JIy4yaercs «uejnkomy». DoToH
BXOJUT B «COCTaB» JJICKTPOHA, UX B HEM IMPUMEPHO
3*10'° mTyk, NDOMMMO TaKOro k€ KOJMYECTBa
MAarHUTHBIX 4acTull. MOTOH MPUTATUBACTCS K JIFOOOMY
MOJIOCY MArHUTHOM YaCTHUIbI, HO OTTAJIKHWBAECTCS OT
cebe momoOHBIX dacTull - (oTtoHOB. Ecmu doron

MPUTSITUBAETCA K MAarHUTHOW YacCTHUIIE, TO 3TO 3HAYMT,
YTO OHU UMEIOT OOIIYI0 TPUPOY U HEUYTO CITOCOOCTBYIOIIEE UX MPUTSKEHHUIO.



2. W3 xonnernmuu JleBamoBa M3BECTHO, YTO DJIEKTPOH MaTEPUATTUZYETCS TPH
MIPOXOKJICHUU BOJHBI PEIMKTOBOTO raMMa-U3NyuyeHHUs], KOrja ero MepHOCTh OyjeT
TOXIECTBEHHA MEPHOCTH OKPYXKAIOLIETr0 IMPOCTPAHCTBA WM MPU NOTJIONIEHUU
KBaHTA CBETA COOTBETCTBYIOIIEH JJIMHBI BOJIHBI.

M'amMMa-u3nyueHns: KpaTKOBPEMEHHO CO3HAl0T JIOMOJHUTEIBHOE HCKPUBIICHUE
MUKPONPOCTPAHCTBA, MPU KOTOPOM BO3HHUKAIOT YCIOBUSA JJISI CIUSHUS CEMHU
MIEPBUYHBIX MAaTEPUI HAIIIETO TUMA U CHHTEe3a dekTpoHa (Puc. 3.2.9).

6vi<AL +h

DTO KpallHe HEYCTOMYHMBOE TPAHUYHOE COCTOSHUE TMPOSIBISICTCS B IEPBYIO
odepenb B IMMOCTOSTHHOM TIEPEX0J/I€ MAaTEPUHA M3 OJHOTO KAYECTBEHHOTO COCTOSIHHS B
JIpyroe u HaoOOpoT, TroBOpsA s3bIKOM XaTbiOoBa A.M., W3 HEHHEPIMOHHOIO
COCTOSIHUSI B MHEpIMOHHOE. [IpyM 3TOM 3TH Ka4yeCTBEHHBIE COCTOSIHUS CBSI3aHHBI C
MOCTOSIHHBIM noznowenuem u usiyyenuem GotoHos (Puc. 3.2.12 u Puc. 3.2.13) ¢

JUTMHOU BOJIHBI A.

A L ‘Puc. 3.2.12 Puc. 3.2.13

3anoJHsoIEee IIPOCTPAHCTBO
PEIUKTOBOE U3IyUYEeHHE, KaK
JIEKTPOMAarHuTHOE, COCTOALLEE U3
BJIEKTPUUYECKOMN u MarHUTHOM
MaTepuil, KOTOPbIE TaKXe JIOJKHBI
ObITh YaCTHIIAMM, KaK KBaHTBI CBETa,
(u mo mapamurme JlyunHa A.A.) wu

BbIOpAChIBATbCS U3 JJIEKTPOHA TMpHU

Puc.K-®-0.Mpouecc maTepnanusaumm W3JIyYE€HUU aTOMa WJIN BTATMBATHCI B
3JIEKTPOHa. DJIEKTPOH TIIpU MOIVIOIIEHWH KBaHTa
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ceera. [lo xonuenuuu JlyunHa A.A. J0MyCKaeTcsi HENPEPHIBHOE CYLIECTBOBAHUE
AJIIEKTPOHA B HMHEPLUUOHHOM COCTOSIHMM. JTOT Mpouecc, cylsd no pucyHkam H.B.
JleBamoBa, NPOUCXOOUT IIABHO, C HApacTaHWEM AMIUIATYABI BOJHBI TaMMa
U3IydeHHs (MEPHOCTH), B TI0JIe KOTOPOTO CUHTE3upyeTcs AekTpoH (puc. K-@-0).

Kak mumer H.B. JleBamos!: «IIpy HanMumy TrOPH30HTANLHOTO IIE€PENaja
MEPHOCTH, BBICBOOOJMBINMECS TpPU pacmaje 3JICKTpOHAa NepBHYHbIE MaTepPHH,
norJa0TuB OTOH APYroil NITUHBI BOJHBI, MOTYT MATE€PHAJN30BATHCHA B KAKOH-JINO0
coceqHeil 30He nedopManyd MHKPOIMPOCTPAHCTBA, CYIIECTBYIOLIEH BOKpYT sjapa
aroMa. [Iponcxoaur, Tak Ha3bIBa€Mblii, KBAHTOBBIH IEPEXo 3JIEKTPOHA C OJHOU
op6utsl Ha Apyryto. [Ipy mogoOHBIX NEepexoaax IEKTPOHBI MOIJIOUIAIOT U U3IyYaroT
(OTOHBI C pa3IUYHBIMU JJIMHAMHU BOJIH. DTO CBA3aHO C TE€M, YTO KaXKJas 30Ha
OTJIMYAETCS OT COCEIHEW YMCIEHHOW BEMTMYMHONU nedopMaliii MUKPOIIPOCTPAHCTBA.
[ToaTOMY HM3-3a 3TOrO pa3inuuus «TrIyOWHBD» 30H JeopManuu MUKPOIPOCTPAHCTBA
AJs  BO3MOXKHOCTM  MATEPHAJIM3ALMM  JIEKTPOHA  HEOOXOOUMBI  pa3HbIE
JOTIOJTHUTENbHBIE HMCKPUBJICHUS MHUKPOIPOCTPAHCTBA, YTO MW OCYIIECTBIIAETCA
MOCPEACTBOM IOIJIOIIeHUs1 (OTOHOB, HWMEKOIIMX pa3HblE [JIMHBI BOJIH W
aAMILITUTYIBI».

WNHauye roBopsi, €cau B 3TOT MOMEHT AJIEKTPOH IOJIYYaeT JONOJHUTENbHYIO
SHEPIUI0 («IMMHKA»), YMEHbIIAs CBOW YPOBEHb MEPHOCTH, OH NEPEUIET Ha APYTrou -
HWKHUN YpPOBEHb, TIJ€ MEPHOCTh NPOCTpaHCTBA OyAET MEHbIIE COOCTBEHHOU
MEPHOCTH 3JIEKTPOHA Ha BEJIMYMHY aMIUIMTYIbl (DOTOHA, U pacmanaercs, UCIycKas
npyu 3TOM KBaHT cBeTa. llpu mnornomeHun (oToHa, SIEKTPOH NEPEXOAUT HA
BEPXHIOIO OpPOMTY, TJIe MEPHOCTh OyJET BBIINIE €ro COOCTBEHHOH, IOATOMY OH
CTAaHOBUTCSI HEYCTOMUMBBIM M pacnaaaercs Ha oOpa3yroliue ero NepBUYHbIe MaTepUU
(ITM). DTOT MpolIeCC MOKHO MPEACTABUTh TaK: Macca KBaHTa CBETa HAPACTAET [0
CBOEr0 MAaKCHMAaJIbHOTO 3HAYEHMsI, a 3aTeM TepsieT €€, BHaydaje IUIaBHO NEPEBOJIS
ANIEKTPOH W3 HEWHEPLMOHHOIO COCTOSIHMS B WMHEPLUMOHHOE, U Jajnee oOpaTHo. B
JAHHOM cilydae, OTOH — BeeT ce0s Kak BOJHA: MOJIOBUHA MEpUOJia KoJeOaHusl OH
HapacTaeT B CBOEH Macce, a OTOM - MOJIOBHHA MEpHOJa - OH u3nydaerca. OmHako
3TO BCEro JIMIIb OYEHb HAIVSAHBIA Mamemamuyeckuii npuém TpeacTaBICHUS
mpoiiecca M3MydeHus, W He Ooiee, modToMmy ero u BoiOpanm H.B. JleBamoB ms
HaIJISITHOCTU IPOUCXOIAILETO MpoLiecca.

Mexnay KOHUENUMSMH BO3HHMKA€T HEKOTOPOE NPOTUBOPEUHE:  UmooObl
coomeemcmeosamv Kouyenyuu Jlyuuna A.A., pomon odonducen b6vimv uacmuyeu u
UBTYUAMbCA UMY NO2IOWAMbC  IIeKMPOHOM  CpaA3y  YeNukoM, Ho, UmooObl
coomeemcmeosamv Konyenyuu Jlesawosa H.B., homon oondcen b6vimv 60aHOU 05

1 H.Nesawos. HeogHopoaHasa BceneHHas.



KOMReHcayuu Heoocmaroujell pasHuybl MEPHOCMU NpU cCuHmese Quauiecku niomHoll
mamepuu 2JeKmpoHa UNU €20 Macca OOINCHA HApaAcmams NIA6HO, m.e. He
«YETUKOMN.

[Ipu mornomnieHNy KBaHTa CBETa B BUJAE YACTHIIBI M HU3JIYYEHHUH €ro, JJIEKTPOH
MIEPEXOJIUT B CBOE HOBOE cocTosiHue (puc. K-d-1 u K-D-2).

3neKTpoH € y 3neKkTpoH €

KBaHT 3MU s

Puc. K-®-1. lMornouweHne KBaHTa 3NeKTPOMarHUTHOro U3rny4YeHus

MarHuTHbIe YacTUMLbI ll
®otoH &P =

OneKkTpoH € SR
, B E 3neKTpoH €' ) —_—
S ~. & X Vi i

daextpon » crobon0M cocToummN

Puc. K-®-2. UsnyyeHue 3neKTpoHOM (POTOHOB U MarHUTHbIX YacTul.

Takum o00pa3om, (oTOH yacTUna («ILIAPUK» - KaK «4EPT», BBICKOUMBIIUNA U3
Tabakepku), M, B TOXKE BpeMs, BeAET cels, Kak BoiHa (y KOTOpPOW aMIUIMTyJa
HapacTaeT, a OTOM cmajaeT). Torma Mbl BRIHY)XJIEHBI MPU3HATH C OAHOW TMO3UINH,
910 (OTOH, KaK CHUCTEMa, COCTOMT M3 OOJILIIOI0 YHCJIA YACTHUI[ YIEKTPHUYECKOH
maTtepuu (Hanpumep, B 371eKTpoH BxoauT 3*10° poroHOB), 4T0OB 0OPA30BHIBATEH
Bce MHOTOOOpaszue (OTOHOB C pa3HOW JJIMHOW BOJHBI (KBAHTYSICh IO TMOPIUSM
SHEPruM), T.€. OH B CBOIO ouepes aeuM. Viu: GoToHBI ¢ pa3HBIMU MaccamMH BXOMST
B COCTaB DJJICKTPOHA, IOATOMY M3JIy4alOTCsl KBaHThl C Pa3HbIMU YacTOTaMH.
CrnenoBaTenbHO, B TEPBOM CIydyae OH MOXET 102710uamb T€ KBaHTBI, KOTOpBIE
MOMOTYT €My MaTepHaIU30BaThCs, WU mepsimb 4acTh CBOMX YacTUIl (KBAHTOB) C TOM
KE TEJBI0 — TOTJa TOBOPAT O €ro «crapeHum» (AOQPEeKT KpacHOTO CMEIICHUS
cnekrpa). B o3ToM acnekrte (OTOHBI ONTHYECKOTO JMala3oHa — OCOOEHHO



MHTEPECHBI, TaK KaK OHU SABJISIIOTCS HA YPOBHE MUKPOIPOCTPAHCTBA OCHOBOM HaIllIeH
Bcenennoin.

Toorcoecmeennvie ceoticmea u Kayecmea: 3IEKTPUUECKUE YACTHULBI, 0Opa3yrolue
(OTOH, HMMEIOT TEHJCHIMI0 K B3aUMHOMY OTTAJKUBAaHUIO. OJEKTPUYECKUE U
MarHUTHBIE YacTULbI 00Ja/1al0T CBOMCTBAMM B3aMMHO NPUTATUBATHCA APYT K JIPYTY,
HE3aBUCUMO OT IMOJI0Ca MArHUTHOM 4YacTuilbl. [Ipr 3TOM MarHUTHBIE YaCTHULBI
MPUTATUBAIOTCS APYT K APYTY Pa3HbIMU MOJIFOCAMMU.

OmauuumenvHuvle  ceoticmea u kawecmeéa: Poct QoroHa w3 yacTuil
AIIEKTPUYECKON MaTEepUH MPOUCXOTUT IUIABHO, BOJHOOOPA3HO 10 CIIEIYIOIIETO aKTa
M3ITyYEHUs] WIM MOTJIOIIEHUsI (HAKOIUIEHUS! HYKHOTO KOJIMYECTBA U NEPEX0Jia €ro B
HY’)KHO€ KaueCcTBO) HE3aBHCHUMO OT CHJl B3aUMHOIO OTTAJKHUBAHMUS YacTHUIL
JNeKTpUUecko Marepuu. IIpm HapacTaHMM Macchl 3JEKTPOHA BO  BpeMs
INPOXOXACHUS  PEIUMKTOBOro  (3KeCTKOro) um3myuyeHus, Hecymero IIM G
MPEUMYILIECTBEHHO U3 MATHUTHBIX YAaCTHII, KOTOPbIE U (POPMUPYIOT SAPO JIEKTPOHA,
MPUTATHBAs K ce0e AIEKTPUUECKUE YACTHUIIBI — (POTOHBI, CHHTE3UPOBAHHbIE U3 6-TH
pasueix [IM, BXOOAImKMX B JJIEKTPOMATHUTHBIA CHEKTP C COOTBETCTBYIOIIUM
K03(p(UIMEHTOB KBaHTOBaHUA. HO MarHUTHbIE YacCTHIbI, KaK UMEIOUINE OOJIBIIYIO
Maccy U CBOWCTBO NPOHMKATh 4Yepe3 J0ObIe Mperpajpl, IO MHEPLUUU IPOAOIKAIOT
CBOE JBIKEHUE JANbIIIE, «pa3pyIlas» TEM CaAMbIM HAPOAUBLIMICS IEKTPOH. MOXKHO
MIPEANOJIOXKNTD, YTO MAZHUMHbIE YACMUYbL B CBOEH OCHOBE MAKJCE COCMOAM U3
INIEKMPUUECKUX, 00paA3yIOMUX Ounonapuyro yacmuyy. 3AeChb MOSABISIETCS €IIE OJTHA
3ajaya, CBsi3aHHasg C (POPMUPOBAHUEM OUIOJSIPHBIX YAaCTHI[ W3 AJIEKTPHUUECKOU
Marepuu. MOXHO MPOCIEIUTh U 3TY JIMHUIO PAa3BUTHSA OUIOJISIPHBIX YACTHUI, MOKa
MPE/ICTAaBICHHYIO B BUJIE pabouell TUIIOTE3HI.

5. Boiagums npuyunst, m.e. mo, UMmo meuiaem RNPOMUBONOTONHCHOCHIAM
(mostcoecmeeHHbIM U OMIAUYUMEIbHBIM C8OUCHEAM) OblMb 8 2APMOHUU?

1. dotoH — dyacTuma — JIOKQJIW30BaH B
OTPAaHUYECHHOM TMPOCTPAHCTBE, OH HMEET «SApPO», OT
KOTOPOTO BO  BCE  CTOPOHBI  HUCXOASAT  KTYTHKH,
o0ecCIeunBaIIfe CBONCTBO OTTAJKMBAaHUA, a (OTOH -
BOJJHA —  «pa3MaszaH» MO0  MPOCTPAHCTBY  MEXIY
SHEPreTHYEeCKUMHU YPOBHsAMH atoma (puc. 3.2.12 u 3.2.13.).

2. UYtoObl OBITH YacTUlIeH, POTOH NOHKEH OBITh JIOKAJTU30BaH B OrPaHUYECHHOM
MpOCTpaHCTBA (OBITh «IIAPUKOMY» C IIYMaJbllaMU) U TIPU ATOM CUJIbI OTTAJIKWBAHUS
MEXK]ly YaCTUIIAMU JOJDKHBI OBITh HAMHOTO ciliabee, CHIl, 00OBEAUMHSIONINX UX B PO
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¢otona. Ho, 9ToObI OBITH BOJHOW, OH HE JODKEH OBITh JIOKAJIM30BaH B
OTpaHUYCHHOM IPOCTPAHCTBE, T.C. JIOJDKCH OBITh KaK ObI «pa3Ma3aH» MEXKIY JBYMS
SHEPTreTUYSCKUMH YPOBHSAMHU aTOMa, IIPH 3TOM JOJDKHO OBITh He4YTO (Ha30BEM €ro X-
3JIEMEHTOM), YAEpPXKHBAIOIICe JICKTPUUCCKUE YaCTHIBI B JTOM IPOCTPAHCTBE
MPOTHB CHWJI OTTAJIKWBaHUA. [Ipu 3TOM HYXHO TIOMHUTH, YTO IIyHaJbIIBI
SIEKTPHYIECKOTO OIS COCTOAT M3 ()OTOHOB M MATHHMTHBIX 4YACTHUI, IPHYEM
3HAYUTETFHO MEHBIINX IO pa3MepaM W Macce, YeM caM «IEHTPAJIbHBIN» (OTOH, OT
KOTOPOTO MCXOJAT OTH IMyHanbllpl. Mimm: eciam Bce YacTHIBI MPUMEPHO OJHOTO
pasmepa, TO (OTOH JOJDKEH IIPEACTABIATh CO00H 00pa3oBaHHE, B KOTOPOM
IIOCTOSIHHO ~ NPOMCXOIAUT  TepepaclpeeiCcHHe  YacTHI  (DJIEKTPUYSCKHX U
MarHuTHBIX), COXpaHstoIiee GopMy «IIapuKay.

6. Cpopmynuposame Hoeanvuvtii Koneunwtii Pezynomam (HKP) ona
0aHHO020 00beKma nocie eOUHEHUA MOHCOECMEEHHO20 U OMJAUYUMENbHO20'
uccneoyemwviit. oovekm CAM  ycmpansem  npomueopeduevie  Ce0lCMEa,
npuoopemasn mpebdyemovle, U COXPAHAA NPU IMOM 603MONHCHOCHIb GLINOJIHAMD
npexcHue nose3nwle ceoiicmaea (Oeicmeus).

1. UKP: ®oron CAM ycrpanser cBoiictBo orrankuBanus (/1) apyr ot apyra
ANEKTPUUECKUX YACTHI] P CBOEM OOpa30BaHUU, COXPaHSSl CBOWCTBA OTTAJIKMBAHUS
(12) oT cebe momoOHBIX Mociie 00pa3oBaHus (POTOHA.

Hon:

2. HUKP: X-3nement B potone CAM ycTpaHsSeT B3aUMHOE OTTaJIKHWBAHHE
yacThil ayekTpudeckoir Matepuu ([I1) mpu oOpasoBanmm (OTOHA WM BOJIHBI,
COXpaHsisi UX CIIOCOOHOCTDH MPOSIBIATH OTTAJKUBAIONIUE CBOMCTBA CHOPMHUPOBAHHBIX
(oTOHOB (KOPIYCKYJISPHBIC WM BOJHOBBIE CBOMCTBA) (12).

7. Bovioenums npomueononodcnocmu u cgopmyrupoeamev u3 HuUXx
npomueopeuue (Hayunoe IIpormBopeune, Texuudeckoe IIpoTuBOpeune wuim
®uznueckoe IMportuBopeune, win Dusznueckyro HecoBmectumocts): Ymoowt
uccinedyemulii 00vekm 6vlnoanun oeiicmeue /[1, OH 00713iceH 001a0amp CE0UCHE0
C, HOo, umooObl oH ebinoaHuUN Oelicmeue unu mpeoosanus /[, OH 0071)CeH
oonaoamps ceoiicmeom ne-C.

1. ®II: YtoObI GoTOH caMm yCTpaHsI OTTalKMBaromye cBoiicta (/1) npu
ero o0Opa3oBaHUU, OH JOJIKEH OBbITh dNeKTpruyecku HeUTpasibHbIM (C), HO, 4YTOOBI OH
nocie oOpa3oBaHUS WMeEN CBOWMCTBAa oTTankuBaHus (/I2), OH HE JOJDKEH OBIThH
ANEKTpUYECKU HEeUTpanbHbIM (He-C).

2 lyumn A.A. dusmnyeckne nona: MatepuanmncTmueckas KoHUenumua Knaccuueckoi dpusmkun. JIEHAHZ. 2012, C. 14.
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3nech MOXKHO CGHOPMHPOBATH IEIYI0 IEMOYKY MPOTUBOPEUUiA, HAMPUMED,
9TO00bl (OTOHY OBITH DSJEKTPUYECKU HEUTpPAIbHBIM, COCTaBIIIONIME €ro YacTH
JOJKHBI KOMIIEHCUPOBATh 3JIEKTPUYECKUE TMOJS Apyr Apyra (Hampumep, GOTOH U
aHTU(OTOH), U HE JOHKHBI KOMIIEHCUPOBATH IMOJS APYT Apyra, 4ToObl IPU CUHTE3E
(doToOHA UMETHh CBOWCTBO OTTAJIKUBATHCS OT ce0e moao0HbIX yactuil. U T.4., co3naBas
buszrgecKue MOJIEH, YAOBICTBOPSIONME TPEOOBAHUSIM TIPOTUBOPEUHS.

2. UYrtoObl X-371eMEHT ycTpaHWI B3auMHOe otTankuBanue ([l1) wacTur
ANEKTPUYECKOW Matepuu Tpu (popmupoBaHuu (GoToHA, OH JOHKEH 001a1aTh
CWJIbHBIMU TPHUTATHBAKOIIUMHU (00BbeTUHHUTEIbHBIME) cBoiicTBaMu (Ci), HO, YTOOBI
nocie GopmupoBaHus (HOTOHA MPOSBISUIUCH CBoOWMCTBA OoTTankuBaHus ([2), oH He
JIOJKEH TPOSIBJISATh CBOWCTBA NPUTITUBATH (OBITh HEUTPATBHBIM) JJICKTPUUECKHE
gactuibl (He-Cy).

8. Haiimu npuem unu 3aKOHOMEPHOCHU DPA3BUMUA, C HOMOWbIO KOMOPHIX
npomueopeuue 0yoem ycmpaHeHo.

@OTOH CYIIECTBYET OT BPEMEHHU €0 M3IIyYEHHs 10 BPEMEHHU €ro IMOTJIOLICHUS.
[IpuayMbIBaTh €I€ KAKWEe-TO YacCTULbl CHEIUAIbHO JUIsl PELIEHUs IMOCTaBIECHHOM
3a1auu, u3nuiiHe. Hy’)KHO MCoab30BaTh MPUPOJHBIE PECYPCHI, KOTOPBIMU O0JaAaeT
OKpYXarolllee MPOCTPAHCTBO. A B HEM MMEIOTCS Pa3IMYHbIE TIEPBUYHBIE MATEPUU B
BUJIE€ DJIEKTPUYECKUX W MAarHMTHBIX YacTUL. 3]1€Chb MOXKHO HCIOJIb30BaTh MPUEM:
Pa3neneHne HeCOBMECTHMMBIX CBOMCTB CHCTEMHBIM IepexoaoM-1: mycts cucrema
oOxnanaet cBoiictBoM C, a HaJicUCTEMA, BKIIIOYAIOIIAsl IaHHYIO CUCTEMY — CBOMCTBOM
ne-C. nu xe mycTh B LEJNOM cuctema Oyaer oOsanath cBoiictBoM C, a MOJCHUC
HTEMBbI - CBOUCTBOM He-C. IlycTh (pOTOH, BepHEE €ro JIeKTpUuyecKas MaTepusi, mpu
dopMupoBaHMK 00JIaJa€T CBOMCTBOM NPUTSATMBAaHUS K €ro sapy, a Imocle
oOpa3oBaHUsI MPUOOPETaET CBOMCTBO  OTTaJIKWMBaHus. lIpuTsaruBanue mnpu
oOpa3zoBanuu (HoTOHA OOECTeUnBAET MAarHUTHAs YacTHIA (IPYrHUX HET), K KOTOPOW
MPUTATUBAIOTCS YAaCTHIbI JJIEKTPUYECKOW MaTepuu. Pa3Hble MarHUTHBIE YacCTHUIIbI
dopmupyroT pasnbie (oToHsl (o macce). OTCloga W IIKajda AJIEKTPOMAarHUTHBIX
BOJIH, peutoxkeHHas A.A. JIydruHbIM.

Cuctema HapcucTtema
®H:C-He-C | = [Cucrema] He-C
Cc

AHAJIOTUYHOE PEILICHHUE TAET U CICIYIOMINN IPHUEM.



1. PaznenieHne HeCOBMECTUMBIX CBOWCTB CHCTEMHBIM IepexoaoM-1: mycTs
cuctema obOiamaeT cBoiicTBoM C, a HaJCHCTEMa, BKIIIOYAIOIIas JAHHYIO CUCTEMY —
cBOMCTBOM He-C. Vnu e MycCTh B 1IEJIOM cUcTeMa OyneT o0nanatrhk cBoiictBoM C, a
IIOJICUCTEMEI - CBOUCTBOM He-C.

Cuctema HapcucTtema
®H:C-He-C | = [Cicrema] He-C
Cc

DOTOH SBIISICTCS JEKTPUUECCKON YacTUIlek, 00J1aaroIiei CBOMCTBOM OTTaIKUBATHCS
oT cebe Mo0OHBIX, a MmojicucTeMa - €€ sIpo (M3 MarHUTHOM YacCTHUIIbI) — CBOMCTBOM
IMPUTATUBATH K ce0€ IICKTPUUSCKUES YACTHUIIBI.

9. 3anucams nonyuennoe pewenue.

@OTOH mpeacTaBisieT co00il cUCTEMY, B KOTOPOW SIAPO COCTOUT M3 MArHUTHOM
YacTHUI[bl, TPUTATUBAIONIEH K ceOe 3nexkTpuueckue. Kak HM3BECTHO W3 MHapaurMbl
JIlyunHa A.A., MarHuTHbIE YacTULbI MOTYT OBITh pa3HBIMHU IO Macce M pa3Mepam,
OTCI0JIa U pa3HbIil HAOOP AJIEKTPOMATHUTHBIX U3IYYEHHUH B CIEKTpe: MPOSBICHUE
3aKOHa Iepexoja KOJWYECTBEHHBIX M3MEHEHMH B KadecTBeHHble. Hano mosarats,
YTO W MAarHUTHBIE YACTHIBI JOJDKHBI OBITh C(OPMUPOBaAHBI M3 3J. MATEpUH, T.K.
MIPUPOJIA UCIOJB3YET T€ PECYPCHI, KOTOPbIE UMEIOTCS B KOHKPETHOM IIpOILiECCE, T.€.
OHa HE W300WIyeT HW3JIMIIECTBAMHM, K TOMY K€ 3aKOHbBl MHUKPO- U MaKpOYpPOBHS
equubl. [lpu sTOM Oo0Jiee BBICOKMM HEpPApXUUYECKUM YpPOBEHb OpPraHU3yeTCs U3
AJIEMEHTOB 00Jie€ HU3KOTO HEepapXUUYeCKOro YpOBHA (CM. BOJIHOBYIO MOJEINb
CUCTEMBI).

[Ipy OOJBIMIMX CKOPOCTSAX OJJIEKTPOHA U €ro TOPMOXKEHUH, OH HCITyCKaeT
aJIeKTpOMarHuTHoe wu3iaydenue (OMU), mpu 3TOM U3 HEro BbIOPACHIBAOTCS
MAarHuUTHBIE YAaCTHULIBI, XapaKTEPU3YIOIIHE >KECTKOE, HanpuMep, PEHTTE€HOBCKOE
u3llydeHue, a ocrarorcs (oToHbl. Jla u caMu (QOTOHBI MpU BCTpeye € MPErpajou,
OTTAJIKUBAIOTCS OT 3JIEKTPUUECKOTO CJI0SA, CO3/IaBAEMOI0 MOIJIONIEHHBIMU (POTOHAMH,
MOKPBIBAIOIETO JIF000E BEIIECTBO, & MATHUTHBIC YAaCTHUIIbl, KAaK UMEIOILINE OOJIBIIYIO
Maccy W, CJIEOBaTEIbHO, UHEPLMIO, IPOHUKAIOT CKBO3b 3Ty IMPErpajay, YTO MOKET
ObITH OOHAPYKEHO AKCIEPUMEHTANIbHO. Pa3enuB 3JeKTpOMarHUTHOE M3ITy4CHHE Ha
NOTOK (OTOHOB (OpraHU3ysl Nperpaay) U IOTOK MArHUTHBIX YaCTHUI, MOYHO
HanpaBUTh €ro Ha CBOOOJHO TOJBEIICHHBbIH HAa HUTU MAarHUT, KOTOPBIM JTOJKEH
Oyzmer mpuTsaruBatbcs K 3ToMy moToKy (puc. K-®-3). Jlns mpoBemeHust 3TOro
AKCIIEPUMEHTA HY)KHO J)KECTKOE U3IIYUEHHUE, T.K. «MATKOE» HE MO3BOJISIET OHO3HAYHO
CHEJIaTh BBIBOJ.
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Mperpana 2

) ®OTOHBI
Mperpana 1
¥4

OneKkTpoHbl €

MarHuTHble
/
/"

KsaHTb1 MU yacTinubl |

|

3neKTpoHbI €' C&
—" SRS ' ‘--\"\

Marnur

Puc. K-©-3. Pasgenenne 3MW Ha noTok hOTOHOB M MarHUTHbIX YacTuy

MoryT ObITh U APyTHE CIIOCOOBI TPOBEPKH paboueii TUIOTE3HI.

10. «lIponycmumpu» nojiyueHHOe peuieHue HO «BOJIHE» MOHO-OU-NOJIU-
CJLOMCHbBIE CUCIEMDBL, PACCMOMPEE C1edyiouiue TUHUN PA3GUMUAL.

emono-C— ou-CH nonu-C cnoscnole cucmemul'™ ...

emono-C— C1— 2P Cs....

emono-C— IIC(mono-C) — BAIC)— II(B)— ...

Hanpumep, nponycTumM noxy4yeHHOE pelieHUe MO LEeNoYKaM Pa3BUTHS:

o ¢poron (1. mMartepusi) — (OTOH + MATHHTHAsi 4YACTHIA =
>IeKTpoMarautHoe u3iaydenue — 3*10° ¢oToHoB M MArHMTHBIX wYacTHl =
3JIEKTPOH — aTOM (MHOTO MAarHUTHBIX YacTHI[ — SIAPO + MHOTO 3JIEKTPOHOB +
KT'YTUKH (MarHUTHBIE YaCTULIBI + (DOTOHBI) — ...

e ®oroH — ¢oroH’— ¢(OoTOH’> + pa3Hble MArHUTHBbIE YacTHUbI (110

Macce) —...

e d0TOH — YaCTHIA IEKTPUUECKOH MaTepum co cBolicTBamu (HOTOHA —

3JIeMEeHTAPHbIE YACTHIIbI, U3 KOTOPBIX COCTOUT (POTOH— ...

11. YuuTeiBas, 4TO C MO3WLIHUM JTUATEKTUKH KaXKIOMY OOBEKTY OJKEH
COOTBETCTBOBATh AHTUOOBEKT, T.C. paccmompema moosicoecmeo
NPOMUBONOI0HCHOCM I (CAPMOHUIO), KOMOPAA 8bIPANHCACMCA 00Ouell opmynoi.

A ecTb He-A
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r7i€ MPOTUBOIOJOXKHOCT A oOTHOocUTC K Cucmeme, a He-A — K anmu-
Cucmeme.

[Tpoananu3upoBaTh TPOTUBOMOJIOKHOCTH He-A TI0 BBIIICTIPUBEICHHON CXeMe.

CnenoBaTesibHO, B paMKaxX MPUBEACHHBIX PACCYXACHUM CIIEAYET, UTO KKIOMY
($hOTOHY TOJDKEH COOTBETCTBOBATH, HA30BEM YCIIOBHO, AHTH()OTOH. ITO MOXKET OBITH
TaKKe MPeMETOM aHaIn3a aHTH(OTOHA C TIO3UIINI, IPUBEACHHBIX BHIIIIC.

12. Cohopmynuposams noevie npedcmasieHus o cucmeme.

@OoTOH — KBaHT CBETa: OH

\k\\‘ / // \\\\l / /// 4acTHUIA — «ILIAPUK» C PATAYCOM [ ~

\ / 108y, or KOTOpPOro pacxomarcs BO

BCE  CTOPOHBl  XIYTHKM  Ha

7/ \\ / \\ paccrosane 103m., cocrout wu3
,

/// / '\\\\ // / '\\\ YacTHUL] DJJIEKTPUYECKOM MaTepuH,
IIPUBS3aHHBIX K Py U3 MArHUTHOMN
gacTuipl. DOTOH JENMM TaK XKe, KaK
u 21eKkTpoH. Kaxxpiii poToH npencraBisieT co00i MUKPOCKONMMYECKOE UCKPUBJICHHE
MIPOCTPAHCTBA, HACBIIIEHHOE KAaKOW-IMOO OJHO# mnepBHYHON Marepuel. OH, Kak

DOoTOH KBaHT cBeTa

LENbHBIA OOBEKT, IUJIABHO TMOIJIOMIAeTCs (BBIOpAChIBAETCS) MPOCTPAHCTBOM, TIJE
MEpPHOCTh TAKOBA, YTO MNpPU MOSABIEHUU (UCXOAE M3 Hero) B HeM (oToHa, Oynmer
CUHTE3UPOBAH 3JIEKTPOH C HOBBIMHU MapameTpamu. 3JEeCh caM MPOLIECC MOXKET ObITh
OMHCAaH MAaTeMAaTHYECKH, KaK TapMOHUYECKUH, BOT C ITUX MO3HUIMI (POTOH Kak Obl
MIPOSIBJISIET BOJHOBBIE CBOMCTBA. DOTOH, KaK MaTepuadbHBI OOBEKT, UMEET CBOM
aHTuno B Bune antudorona. Takum oOpazoM, MPOTUBOPEUUIN MEKTY KOHIEHIUIMU
H.B. JleBamoBa, A.A. Jlyuuna u A.M. XaTeiO0Ba HeT.

Konnpakos .M.
18.06.2017 r.
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