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AHHOMAauyus

PaccmompeHo noHsmue "“anekmpudeckuli 3apsd”, rnokazaHo, YmoO OHO S8/I9emcs 8criomMo2amersibHbIM,
8PEMEHHbIM.

ITpu pa3paboTke HOBOW MapaurMbl, a COBpEMEHHAs Hayka BCTYNWJIa B 3Ty (a3y pa3BHUTH,
HE0OXOIMMO TEPECMOTPETh M Ppa3o0paTbcs B TakuUX (PyHAAMEHTAJIbHBIX MOHSTHUSX KaK Macca,
TATOTEHUE, 3apsii U JIp.

[ToHuMmas 3Ty HEOOXOAMMOCTb, Psi M3BECTHBIX y4yeHBIX, Takux kak Kmrommun S.I'., Pynues
A ., Mansnun A.JL., Koran WN.II., Otkun B.A., [lInenskoB I'.I1., FOxumen A.K., Kanape @.M. u
ap. [1,2,3,4,5,6,7,8lnpuctynuian K mepecMOTPYy TOHATHS DIICKTPUYCCKHA 3aps (MpUBEICHHBIN
CITUCOK paboOT HE SBIISICTCS TOJIHBIM, UCTOPUKAM HAYKH €IIe MPEACTOUT JOTIOJHUTh U PACIIUPHUTH
ero).

Yro mpencTaBiseT co00# AIMEKTPUUCCKUI 3apsi/] ¢ O3UIUM 001ei nuHamuku [9]?

B [9] noka3aHo, uTo MHpoBas cpena — GU3NIECKUI BAKYYM COCTOHT U3 AJIEKTPOHOB. M3BecTHO,
YTO B OJTOHM CpeAe pPACHPOCTPAHSIOTCS DJIEKTPOMAarHUTHBIE BOJIHBI, KOTOpBIE SBISIOTCS
nonepeyHsiMU. Clie10BaTeNbHO, 3Ta Cpefa JOJDKHA OBITh CIUIONIHOM HENpephIBHON cpenod B
OYKBaJIbHOM CMBICJIE€, B KOTOPOH 3JIEKTPOHBI COXPAHAIOT OMMKHUN mopsnok. Ho ecnu anekTpoHsbl
00JIaZlal0T OTPHULIATENILHBIM 3apsAOM, TO BO3HHMKAET BONPOC. MOYEMY STOT OTPUIATEIbHBIN 3apsin
BHEIIIHE HUKAK HE MPOSIBIISIETCS M YTO, BOOOIIE, MPECTaBIsAeT cOO0H 3apsn?

[Tox »SneKTpUYECKUM 3apsiioM B COBpeMeHHO# ¢usuke mnonuMaetrcs [10]: "ucrouHuk
3JIEKTPOMArHUTHOIO IOJIS, CBA3AaHHBIN C MaTepUaIbHbIM HOCUTEJIEM; BHYTPEHHSS XapaKTepUCTHUKA
AJIEMEHTApPHOMN YaCTHUIIbl, ONPEEIIAIONIAs €€ JEKTPOMAarHUTHOE B3aUMOAECHCTBHE" .

Makcsemn [11] onpenenser OOBEMHYIO IUIOTHOCTH OJJIEKTPUYECKOrO 3apsaa [ depes

COCTAaBJIAIFOIIHEC SJICKTPUYCCKOT'O CMCIICHUSA

p =divD, (1)

rme p — 00beMHAas MIOTHOCTh SJICKTPHUYCCKOIO 3apsaa, D- SJICKTPHUYCCKOC CMCILICHUC,

U paccMaTpHBaeT BOMpPOC O mpupoje snmekrtpuuectBa. On mumer [11]: "Bce 3apsasl — 3TO
OCTaTOYHBIN 3((HEeKT MOIIPU3ALIH JUITICKTPUKA'.

B [9] anexTpudeckuii 3aps 31€KTPOHa OTOKAECTBISIETCS C €r0 00bEMOM
eKn=V,_m° (2)
rae €=1602189246) (10 K. — snementapHblit 3apsa snekrpona; V., =3,76[10% m° — o6nem
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AJIEKTPOHA;

TO ecTh 3apsaa B 1 Kit coorBeTcTBYeT 00bEMY MUPOBOIA Cpe/Ibl

—47
ko =e = 37000 ©_ 53510 w3 /Ko, (3)

Paznuyaror 1Ba BUIa 31eKTpryecKuX 3apsaaoB [10], ycIoBHO Ha3bIBAEMBIX MOJIOKUTEIBHBIMU H
OTpULIATENbHBIMU. OJJHOMMEHHO 3apsHKEHHBIE Tela OTTATKUBAIOTCS, PA3HOMMEHHO 3apsiKEHHbIE —
MPUTSTUBAIOTCA. 3apsii dJEKTPOHA MPUHAT B KauyecTBE OTpHIATeNbHOro. B uem 3akirovaercs
MPUPO/IA, CYIIHOCTh OTPHUIATENLHOTO M TOJOXKUTEIbHOTO 3apsanoB? "Mexny dusndeckumu
BEJIMYMHAMHU €CTh TaKHe, — Kak oTMevaeTcs B [12], — KOTOpble CIOCOOHBI M3MEHSTh CBOM 3HAK, H
€CTh TaKue, KOTOPhIE HE MOTYT U3MEHSATh 3HaKa. TaK, mepeMelieHue B OJHY CTOPOHY COBEPIIECHHO
MIPOTUBOIMOJIOKHO PABHOMY IE€peMEUIEHUI0 B OOpaTHYI0 CTOpoHY. Takue BeIMYMHBI CIIyXat
MepaMu HE BEIIECTBa, a BCErja MpoLEeccOoB, UMEIOIIUX MECTO B BemlecTtBe'. UTO ke 3a mpoiiecc
MPOMCXOJUT TPH 3apsDKaHUU Ten? DTOT MpOLEcC CBsI3aH C HM3MEHEHHEM YAENbHOTro o0beMa
(MII0THOCTH) MUPOBOM CPEJIbI B 3apsiHKacMOM Telle.

PaccmorpumM, uto mpencraBisier coOol 00beMHAas TUIOTHOCTBH SJEKTpuUYecKoro 3apsaa. Ilo
OIIpEAEIICHUIO

dQ _ dv dv dn
do=—= = =- .
PV TV kv ko @)

3nech P — oObEMHAas IUIOTHOCTD JEKTPUUECKOro 3apsana, Q — 3apsazn, V, V, N— o0beM, yaenbHbINH

O6’beM, IIJIOTHOCTB MHpOBOﬁ Cpcabl COOTBETCTBCHHO.

YMeHBIIICHHE YIENbHOTO 00BheMa CBS3aHO C YBEIMYECHHEM IUIOTHOCTH MHUPOBOU CPEIbl B TElE H
HaJIM4YMeM U30BITKA AJIEKTPOHOB, YTO COOTBETCTBYET OTPULIATEILHOMY 3apsiy.
YBenuueHue yaenpHOro 00beMa CBsI3aHO C YMEHBIIICHHEM TUIOTHOCTH MUPOBOM CpPEbl B TENE, U4TO
COOTBETCTBYET MOJIOKUTEIHHOMY 3apsy.

MupoBasi cpega ckuMaeMa, M H3MEHEHHUE €€ IUIOTHOCTH NPHUBOAUT K BO3HUKHOBEHUIO
HAINpPsDKEHHH, OTPENICNIIEMbIX U3 YETBEPTOTO ypaBHEHUsI JMHAMUKH Bakyyma [9] kak

d¢ = c’dn. (5)
rae ¢ — CKaSAPHBIA AIEKTPUYECKUN MOTEHIHAN; C — CKOPOCTh CBETA; Il — IUIOTHOCTh MHUPOBOU
CpEIbl.

3HaK H3MEHEHHs DJIEKTPUYECKOrO IOTEHIMANa ONPENENAeTCs 3HAKOM HW3MEHEHHUs IUIOTHOCTH
MHPOBOU CpPEJIBI.

Ponp Becomoro rtema COCTOUT B IOAAEPKAHUU M3MEHMBLICHCS IUIOTHOCTM MHUPOBOM CpPEIbI
BHYTPH HETO.

Korna mMbl HaTHpaem HIEPCTAHON TPANOYKONW CTEKJISIHHYIO MAJIOUKY, YacTh AJIEKTPOHOB CTEKAET
C MAJIOYKH, ITIOTHOCTh MUPOBOM CPeibl YMEHBIIAETCS — IIOJy4aeTCsl MOJIO0KUTEIBHBIN 3apsil.

[Ipyu HaTUpaHWUU SHTApHOW MAJOYKM HA HEH BO3HUKAET W30BITOK 3JIEKTPOHOB, IUIOTHOCTh
MHUPOBOH CpeJibl YBEIINYMBACTCS —YTO BOCIPUHUMAETCA KAK OTPULIATEIbHBINA 3apsi.

AHanorusi Mexzay 3JeKTPOJUHAMHUKON M THAPOAMHAMUKOW MOJCKA3bIBAET, YTO IMOCTOSIHHBIN
JIEKTPUUECKUI TOK B MPOBOJHHUKE TOXKJIECTBEH 00BEMHOMY PACXOAYy MHPOBON Cpebl 4epe3 3TOT
NpOBOJHUK. [leificTBUTENbHO, 3Has 3apsin Q, mpoIIeqmuii uepes cedeHne MpOBOJHMKA IIJIOMIAbI0 S,
¢ yaetoM (3), 00beM MUPOBO#A cpesl V OnpeaeTuTCs

V =k, @ (6)

C. C. BopoHkoB
[MoHATME aneKkTpuyeckoro 3apsaa
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Paccmatpusast 3apsan Q, mpoueAmnii yepe3 ceueHne MpoBOAHUKA B €IMHUILY BPEMEHH, MOITYYUM

V =kl (7)

rae | — cuna Toka, V. — 00BEMHBIN pacxoa MUPOBOK CPEJIbI.

JIJIss yIOeNbHBIX BEJIMYMH, OTHECCHHBIX K IUIOIIATU S CeYeHHs MPOBOJHHKA, YYUTHIBAs, YTO
NpPUHATOEC HampaBieHue Toka [13] mpOTHMBOIONIOXKHO HANpPABICHUIO JBHIXKCHUS DIIEKTPOHOB, B
oOmeM ciydae 0y/1ieM UMETh

V=-ko (8)

rae V — cpeHepacxoiHasi CKOpOCTh MUPOBOM Cpe/Ibl B TPOBOIHUKE, | — IMIIOTHOCTh TOKA.

HaiineMm, kakoit pa3mMepHOCTH OyAET COOTBETCTBOBAThH CKAJSPHBIM JICKTPUUECKHUIN MOTEHIIHAI,
u3mepsiemslii B cucreme CU B Bonbrax

ol=[p=| B0 = 220e = 22 |= 2 1= ) ®

Kn/c Kn 0 0

CootHomienne (9) ycTaHaBIMBAeT CBSI3b MEXKIY HANpsDKCHUEM, BBIPAKCHHBIM B Bonbrax, u
MEXaHHYECKUM JaBJICHUEM, BBIPAXKCHHBIM B [lackasix.

[pusnekas ko>pduuuent K, BbIpakeHue (3), MOXHO TEPEBECTH BCE DJIEKTPHYECCKHE

BEJIMYMHBI B MEXaHUYECKHE €TUHUIIBI U3MEPEHHUS.

Crenyer HECKONBKO CIIOB CKa3aTh 00 wuAeHTU(UKauM, OOHApYKEHUH, DPaCHO3HABAHUU
MHPOBOM CpeJibl, COCTOSIIIEH U3 JIEKTPOHOB. [loueMy MbI HE 3amMeyaeM 3TOW Cpelibl, BE/lb OHA BE3JIE
U BO BceM? DTOT (peHOMEeH OOBACHSAETCS OCOOBIMH (PU3MUECKUMH CBOMCTBAMH MHPOBOI Cpellbl,
MMCIOIIMMH CHUJILHO BBIPKEHHBIH HEITMHEWHBIN XapakTep. JTa cpeaa BeJeT ceds Mo pa3HOMY Ha
MaKpO U MUKPO YPOBHSX U ONHCHIBACTCS YPaBHEHHSIMHU TUHAMHUKHU BaKyyMa, MOJIy4CHHBIMHU B [9)].
Ecnu onuceiBaTh 3TH CBOICTBA OOBIYHBIM SI3BIKOM, TO Ha MAaKpOYPOBHE 3Ta cpena BeleT celsl Kak
MOJIBMIKHASL KHUJIKOCTb, MPOSBISIONIASACS B MHEPILIMOHHBIX CBOIMCTBax MakpoTen. Ha MukpoypoBHe
3Ta cpela BeAeT celsi Kak IUAJIEKTPUK C OTPAaHMYEHHOM MOJBMKHOCTBIO 3JIEKTPOHOB U SIPKO
BBIPQ)KEHHBIMH KBAaHTOBBIMHM CBOMCTBaMHM U OoJibllle HamoMuHaeT TBepjoe Teno. Ilpu
OTIpeIeNICHHBIX MTPOMEKYTOUHBIX pa3Mepax MPOUCXOIUT OU(ypKalus — pa3BeTBICHUE PUINIECKUX
CBOHCTB, TO €CTh MUPOBasi Cpeia BeAeT ceOsl KaKk TUIMYHAs HeJIMHEHHAas CUCTeMa.

Jlornueckasi HETOYHOCTh B (u3uKe Obuta gomyineHa B padorax I'. Jlopentma [14], koTopsrii
OTHEC JIEKTPOHBI K BECOMOM MaTepUu U MPOTUBOINOCTABUI BecoMoil marepuu 3¢up. Ho cam >dpup
— MupoBas cpefa — GU3MYECKUH BakyyM, Kak ycraHoBieHo B [9], cocTouT u3 anmekTpoHoB. He
MOHMMAaHKE 3TOTO MPUBEJIO K TEM MpoOJieMaM U TPYAHOCTSIM, C KOTOPBIMH CTOJIKHYJACh (PU3UKA B
XX Beke. Otu mpobiemMbl emie Oojee yrayomsimch Tocie OTka3za OT 3dupa B TEOPUHU
OTHOCUTENBHOCTU A. DUHIITEHHA.

PaccmoTtpuM, uTO MpencTaBisioT cO00M MOJIOKUTEIBHO 3apSKEHHBIE dJIEMEHTApHbIE YaCTUILIBL:
MO3UTPOH U MPOTOH.

[o3utpoH. [1o3UuTpoH —aHTUYACTHIIA 110 OTHOLIEHUIO K AIEKTPOHY, UMEIOIIasl TAKYIO ke Maccy,
TaKOM ke 3apsiji, HO MPOTUBOIIOJIOKHBIN 10 3HaKy. Ilo3utpoH, npeackasannsiii Jupakom, B 1932
rOAy OSKCIIEpUMEHTAIbHO ObLT OOHapyxkeH Amnaepconom [10]. Ha puc. 1 mpuBeeH CHHUMOK
00pa3oBaHMs Maphbl MO3UTPOH-IEKTPOH MO/ ICHCTBUEM Y-KBaHTA.

C. C. BopoHkoB
[MoHATME aneKkTpuyeckoro 3apsaa
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Puc. 1. O6pa3zoBanue napsl NO3UTPOH-3JIEKTPOH B KamMepe Buibcona. BunHel ciepl mo3uTpoHa
U 3JIEKTpOHA, 00pa30BaBUIMXCS NMpPHU B3aUMOJECHCTBUU Y-KBaHTa C sIPOM CBUHIIA B CBHUHIIOBOM
JKpaHe, eperopaxusaroniemM kamepy. Mroctpanus 3sita u3 bCO.

Ecnu He yuuThIBaTH CYIIECTBOBAHUE MHUPOBOM CpEAbl, COCTOSIIIEH W3 DJIEKTPOHOB, TO
€CTECTBEHHO HMHTEPIIPETUPOBATh 3TOT CHUMOK KakK JOKa3aTeIbCTBO CYIIECTBOBAHHUS IMO3UTPOHA.
Kak MOXHO MHTEPIPETHPOBATH 3TO CHUMOK C MO3UIMiA 00miei nuaamuku [9]? Muposas cpema 31o
CIUIONIHAS HEMpPEpBIBHAS Cpea, COCTOSIIas U3 DJIEKTPOHOB, COXPAHSIONIMX OMMKHHUNA TOPSAOK.
[Ton neiicTBUEM Y-KBaHTa OJMH M3 AJIEKTPOHOB BHIOMBAETCS M ABHXKETCS B Moje ceOe MOJ0OHbIX.
[Ipu 5TOM B CIUIOIIHOM Cpeie BO3HUKAET JbIPKa, paBHAs 10 00bEMY 3JEKTPOHY U BOCIIPHHUMAaeMast
KaK TIO3UTPOH, TO €CTh C MO3UIUN O0IIeH THHAMUKY MTO3UTPOH SIBISIETCS KBA3UYACTULICH.

[IpotoH. [IpoToH — cTrabunbpHas saeMeHTapHas yactuia. Macca mpoToHa

m, =1836Ln,, (10)

rac mp —Macca IMpOTOHa, me —Macca 3JICKTpPOHa,

TO €CTh Macca MPOTOHA 3HAUUTEIBHO OOJIbIIE MACChl 3JEKTPOHA. 3apsij MPOTOHA IMOJIOKUTEICH U
paBeH +€,TO eCTh COBIMAJAET M0 BEJIMYUHE C 3apSAO0M DIIEKTPOHA, HO MPOTHUBOMOIOKEH 1O 3HAKY.
Kak M0xHO mpeIcTaBUTh MTPOTOH € TTO3UIIUNA 001IIel TUHAMUKH ?

Macca Tena ecth Mepa B3aMMOJICHCTBHS BEIIECTBA C MUPOBOU cpemnoii [9], HykinoH (IPOTOH U
HEWTPOH — J[Ba 3apSOBBIX COCTOSHHS OJHON YaCTHIIBI — HYKJIOHA) CO BCEX CTOPOH OKPYXKEH W
KOHTaKTUPYET C DJJCKTPOHAMH, KOTOPBHIE COXPAHSIOT OJIMKHUN TOpAIOK. Tak Kak 3JIEKTPOHBI
HaXOJATCS B IOCTOSTHHOM KOJ1e0aTelbHOM JABUKEHHUH, €CTh BEPOSTHOCTh TOTO, YTO OJHO BaKAHTHOE
MECTO JIEKTPOHA OyJeT He 3aHATO (BaKAHTHOE MECTO HECKOJIBKO MEHBIIE, UeM CaM JJIEKTPOH, TaK
KakK JJICKTPOHBI CKMMaeMbl). B 3ToM citygae MBI TojydaeM OpOTOH, puc. 2. MupoBas cpexaa
MPENICTaBIseT COOOW CIUIONIHYIO HEMPEPHIBHYIO Cpely, B KOTOPOH JJIEKTPOHBI COXPAHSIOT
ONMMKHUI TOPATOK M OTCYTCTBYIOT Kakue JnOo mycToThl. [lo ¢dopmMe 5IeKTpOHBI JTOJIKHBI
COOTBETCTBOBATh JTHUM TpeOOBaHHSIM. OTUM TpeOOBAaHUSM COOTBETCTBYIOT — BBITYKJIbIC
napajyuieNnodIpbl, KOTOPHIMH MOKHO 3allOJIHUTh BCe OECKOHEYHOE MPOCTPAHCTBO, HE OCTABIIAA
MyCTOTBI U O€3 TOTO, YTOOBI UX BHYTPEHHHE 00BEMBI TIepeceKauch. [IpocTeluM U3 HUX SBISICTCS
Ky0, KOTOPBII MOXKET AehOpMHUPOBATHCS.

C. C. BopoHkoB
[MoHATME aneKkTpuyeckoro 3apsaa
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Puc. 2. Mozens npotoHa: 1 — HYKJIOH; 2 — 3JIEKTPOHBI;, 3 — HE3aCEJICHHOE BAaKaHTHOE MECTO
AIIEKTPOHA.

Ecnin Bce BakaHTHBIE MeCTa JJIEKTPOHOB HA IOBEPXHOCTH HYKJIOHA 3aHATHI — IIOJIy4acM
HEHTPOH, 2JIEKTPUUECKU HEUTpabHas YaCTULIA C MACCOM, HECKOJIBKO OOJIbIIEH MacChl TPOTOHA.

BrIBOabI.

— TI0Ka3aHO, YTO TIOHSATHE DIICKTPUUYECKHI 3apsii HOCUT BCIOMOTATEIbHBINM, BpPEMEHHBIN
XapakTep, ONMPEIC/IIONHA YBEIUUCHNE HIM YMCHBIIECHHE YACIbHOr0 oObeMma (IIOTHOCTH)
MHUPOBOM Cpejibl BHYTPU BECOMOTO TEIIa;

— 3apsJ AICKTPOHA TOXKACCTBEHEH €ro 00beMy,

— C TO3UIIMNA OOIIEeH TMHAMHUKHU TTO3UTPOH SIBJISICTCS KBa3WYaCTHUIIEH;

— TPOTOH MMEET MOJIOKHUTEIbHBINA 3apsi, 00yCIOBICHHBIN HAJIMYMEM HE3aCEICHHON BaKaHCHUU
AJIEKTPOHA HA MOBEPXHOCTU HYKJIOHA.
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