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B cratee aBTOpa [1] OBUIAa TIpeaIOKEHA MOJENIH JABIDKCHUS
aieKTpoHa B 3¢upe. B 1aHHON cTaThe pa3BUBAIOTCA HEKOTOPHIE BBIBO/IHI,
CIICAYIOUINUE U3 3TOM MOJICIIH.

1. OcHOBHOE ypaBHEHHE.

JIJ1 DEKTPUYECKH HEUTPAIIbHOI'O TEJia BBIIIOJIHAETCS BTOPOU 3aKOH
HeroroHna: cuna F paBHa macce Tella m, yMHOKEHHOM Ha €ro YCKOPEHHUE a:
F =ma (1.1)
Kak wu3BecTHO, €ro, ¢ OJHON CTOPOHBI, MOKHO paccMaTpuBaTh Kak
onpenenenue cwibl. C apyroil CTOpOHBI B (DU3UKE HCIOIB3YIOTCS
3HAUYUTEJIbHOE YHKCIO MHBIX MPEJICTABICHUN O CHUJIE: CHJIa KaK TPaJUEHT
NOTEHIMAJa, JEKTPOJUHAMHYECKUE CWIbl U T.aA.. [lo3TOMy BO MHOTrMX
Ciy4yasix yJI0OHO CYUTaTh, YTO MbI 3HAEM, YTO TAaKO€ CHJIA, 9TO TMOHITHUE
JaHO HaM B MHTYMIMU KaK TMPEACTaBICHHUE O HEKOTOPOM BHEIIHEM
BO3JICHCTBUU Ha paccMmaTpuBaembiii npeaMmer. Torga cootHomieHue (1.1)
€CTECTBEHHO pacCcMaTpuBaTh KaK OINUCAHUE PEAKIHUH SICKTPUUECKHU
HEUTpAJIbHOW Macchl M Ha BHelHee Bo3uaeucrsue F: 3ra Macca

MPUOOPETAET YCKOPEHUE .
CoBpemenHasi (u3uMKa MOpUILia K T[OHUMAaHUIO HEOOXOJAUMOCTH
0000muTH cooTHOEHUeE (1.1), KOTOpoe B HACTOsAIIEE BPEMSI BBIITUCHIBAIOT

B CIJICIYIOIIIEM BHJIE.

in(mv)zma+d—mv (1.2)

dt dt

rae vV — ckopocTth Tena. IlponsBomHas dm/dt B pa3HbBIX 3aJadyax HUMEET
pa3Hblii  pusznueckuii cmpicia. CorylacHO KOHIEMIIMM TpaBUTAIUU,
MIPEJINOJIOKEHHOM aBTOpOoM B padotre [1], B 3amauax aaeKTpOAMHAMUKHU
dm/dt UMEET CMBICH 3apsza AeKkTpoHa (. [loagpoOHOCTH MOKHO HaWTH B
.10 pabotsl [2]. Takum oOGpa3oM Tpu aHaNIM3€ ABMIKEHUS DJIEKTPOHA
cootHoueHue (1.2) mpuoOperaer BuUa:

F=ma+4V, (1.3)



rA€ q — 3apsj AJIEKTpoHa, a V — €ro CKOpPOCTh. 3€Ch MEPBOE ClIAracMoe
CIpaBa OT 3HAKA PABEHCTBA OIMCHIBACT PEAKLUIO HEUTPAIBLHOW MACChI
TEJIa, a BTOPOE ClaraeMoe — 3apsaa Tena, €ro DIEKTPUYECKYIO
MOJATIMBOCTh . BU 3TOro ciaraemMoro onpeaensieTcss BI3KOCTbIO CPEbl,
B KOTOPOUW MPOUCXOJUT ABMKEHHUE. DTy cpedy OyJieM Ha3biBaTh 3(QUPOM.
Onnako peaknusa 3apsija Ha BHemHee BosaeucTtBue K He Moxker
OTpaHUYUTHCA ATUM. BcTaer Bompoc: a He OyAyT Ju NpH JIBUKEHUHU B
aupe NposIBISETCS UHEPLIMOHHBIE CUJIBI CPEJIbl, KAK 3TO UMEET MECTO TIPU
JABWKEHUM B TIPUBBIYHBIX )i Hac cpepax? Kak u3BectHo, adpup obnamaer
OMHUYECKUM  CONPOTHBICHHUEM: l/gyc, Tme €&, - DIEKTpHYECKas

MOCTOSIHHAS, & C - CKOPOCTh CBETA.

Cama uzmest o ToMm, 4To 3GUp AOMKEH OKa3bIBaTh COMPOTHBIICHHUE
JIBW)KCHUIO 3apsOKEHHBIX Tell (M CBeTa) BBICKA3bIBAJIACh MHOTMMU
aBropamu. Cpenu Hambosiee MOCIE0BATEIIbHBIX U3 HUX YIOMSIHEM 3]I€Ch
IT. 1. IIpyccosa [3] u I'. A. [lIneHosa [4]. OnqHako HBIHE BCTAaE€T BOMPOC O
MOJYYCHUH  KOJMYECTBEHHOW  (POpMYyJIHI, ONHUCHIBAIOIIEH  3TO
COITPOTUBJIEHHUE. DTO MBI CEUYAC U MOMBITAEMCS CJIENIATh.

bynem mpeanonararb, 4T0O MHEPUUOHHBIE CHIIBI MPOMOPIHUOHAIBHBI
3apsiay q, UMIeaancy 3¢upa 1/€,c 1 MOCTOSHHOM €y, KOTOpasi, COTIACHO

[5] u [7], umeeT cmbIc MmIOTHOCTH 3dupa. Jlamee Mo coodpakeHUsIM
pa3MEpHOCTH 3Ta CHJla JIOJDKHA OBITh IPOTNOPIHOHANIbHA KBaApaTy

2
CKOpOCTHU V. I[J'IH COIIACOBAHHOCTHU C SKCIICPUMCHTAJIbHBIMU AaHHBIMHA

KO3(QUITMEHT  MOPOMOPIHUOHAIBHOCTH  BO3bMEM  PaBHBIM 1/2.
OKOHYATENBHO MOIYYHUM:
gV’
F=ma+qV—2—e (14)
c

r7I€ € — €AUHUYHBIA BEKTOP CKOPOCTH.

Jlns yopolieHus: 0003HAYEHUN NAJbHEHMIINE pacCyXICHUs Oyaem
IPOBOJINTh B CKAJIPHOM BHUIE JUISI OJHOW M3 IPOEKUUN BEKTOPHOIO
cootHomieHuss (1.4). VYpaBHeHuss il JIPyTUX MPOEKIUNA TOTydaeTcs
ananornyHo. [lociie oueBUIHBIX Pe0OpPa30BAHUI OTYUUM

v _F _qV g’

(1.5)

da m m 2mc



(1.5) sBnsiercst ypaBHEHHUEM MEPBOTO MOPSAKA C Pa3IeisSrOIIUMHUCS
kodbduuuentamu. JlJIg CokpalieHus 3alldcu  BBEJIEM 0003HAUYSHMS:

F 1

—=a,—-1=5, % = p. Toraa ypaBHenue (1.5) npumer Buj

q c
d
Y _arpy 1 pr?] (1.6)
dt m

OHo, kak u3zBectHo (cM. Kamke [5], n. 4.10), umeer pemenue. Eciu
a+bly+ pV02 # (0, TO MHTErpajgpHas KpuBas, MPOXOIALIAS YEpe3 TOUKY
(to Vo ), ony4aeTcs peleHneM OTHOCUTEIBHO V ypaBHEHHS

V t
[— 2 =4 [ (1.7)
Vo(a+bV+pV ) m;
Ecnn
a+bVy+pVi =0 (1.8)
TO IIpsaAMad
V=V, (1.9)

€CTh peIlICHHE.
HaunewMm ¢ ananusa pemenus Bujaa (1.9). Pemenne ypaBHenus (1.8)

Vo —bi\/b2—4ap
0 — ’

2p

a C YYCTOM IIPHUHATBIX 0003HaUEeHUH

Vo = cll £1-2F/qc) (1.10)

BeliecTBEHHOE PEIIEHUE 3TOTO YPABHEHUS CYIIECTBYET, €CIIH
1-2F/qc >0, (1.11)
T.e. eciu F pgocratoyHo Mana. [lo ¢usnmdyeckum cooOpakeHHUsIM B
paBeHctBe (1.10) u3 IBYX 3HAKOB «IUIIOC» MU «MHHYC» HAJ0 B3STh
«vunyc». «Ilmoc» o3Hayan Obl, YTO MbI TEPEIIArHYJId CBETOBYIO

CKOPOCTb, & BHELTHSA CUJIA 3aMEUISIET ABUKEHUE BJIEKTPOHA.

Hapa (V,,F), sensiomasics peunienueM ypaHenus (1.10), umeer

npo3pauHblii pusnyecknid cMbici: F — 310 cuna, coxpansmomas V,, T.e.

MOJ1 ICUCTBUEM 3TOU CHUJIbI JIEKTPOH JABUKETCS C MOCTOSSIHHOW CKOPOCTBIO
Vy. TakuMm oOpa3soM ABMKEHHE DJIEKTPOHA HE YIOBJIETBOPSET HMEPBOMY

3akoHy HploTOHAa. DTO JBM)KEHHE CKOpee HalOMHHAET JBIKCHHUE
aBTOMOOMJIS 1O 3eMJI€ UJIM caMoJjIeTa B BO3yXe€.



Beimumem Buj perieHus ypaBHeHus (1.7) mis ciaydasi OTCYTCTBUS
BHemHen cuibl, F' = 0. Torma ckopocThb

2cV,
[V —explg/m(t—1,))2c-7,)] (1.12)

[Ipu orcyTcTBUM BHemIHEH cuiibl F nMmeromascs ckopoctsb V yObIBaeT
CO BpPEMEHEM OJKCHOHEHIHManbHO. OTCIOAa, B YAaCTHOCTH, CIIEAYET, YTO
€CII K AJICKTPOHY HE MPHUKJIAAbIBATH CUJY, TO OH OCTAHOBHUTCS M Oyner
MOKOUTBHCSI OTHOCUTENBHO 3(Hpa Tak ke, KaKk aBTOMOOWIIb C 3arJIOXIIUM
JBUTATEJIEM ITOKOUTCS OTHOCUTEIIBHO 3€MJIH.

2. Cayuaii 1 —2F/qgc > 0. JlocBeTOBO€ ABHIKEHHE.

BepneMcst k pemieHuto, 3amaBaeMoMmy uHTerpanamu (1.7). Ecim
HepaBeHCTBO (1.11) BeIMOJIHSETCS CTPOTO, TO PELICHUE UMEET BU/T

{c exp{q 1= }jF 19 (. }(V0 —c—c1=2Fqc \J1-2F/qc —1)}
V —_

{Vo—c+cq/1—2F/qc—exp{q /1=2F/q¢ (t—1, }(Vo—c—cq/l—ZF/qc)}
c(JT=2F/qc + 1)(V0 —c+ey1-2F/qc) 2.1)
{VO —c+cyJ1-2F/qc —exp{q /1=2F/qe (t—to)}(Vo —c—cq/1—2F/qc)}

Bripaxxenue (2.1) craHoBuTcs Oosiee O0O3pUMBIM ISl HYJICBBIX
HaYaJIbHBIX JaHHbIX V) =0, 7, =0.

2F {exp{q 1=2F/qe t} — 1}
" (2.2)

qu(—1+q/1—2F/qc)+ exp{q 1=2F/qe t}(1+4/1—2F/qc)}

F — mpou3BosibHO, OHO 3aBUCUT OT Hamiero BbiOopa. Ho B xoxe
UHTErpUpOBaHus cuiay F Mbl cuntanu moctosHHou. BweiOpaB F, Mbl Tem
caMbIM BBIOMpaeM ckopocth U = 2F/q.

Kak cnegyer u3z (2.2), mpuoOperaeMas 3apsjoM ( CKOPOCTh
MPOIIOPUHMOHATbHA 3TOM cKopocth U, omnpenenseMor MNPUIOKEHHOU K
3apsiny cwiiond F. ITpu ¢ = 0 apoOb U3 KBaJpaTHBIX CKOOOK B UHUCIIUTEINIC U B
3HAMEHATEJE UMEET BU/T

+

_|_

V =




e’ —1

2J1-2F/qc

T.e. oHa paBHa Hymto. C poctoM t 3Ta APOOL pacTeT U CXOAMUTCS K
€QUHULIE, TIOCJIE YETrO SJEKTPOH COXPAaHSET MOCTOAHHOM CKOpocTh U,
ONPENECIAEMYIO MPUIOKEHHOU criton F. [IpoMexxyTok BpemMeHn OT Havasa
ABVKEHUSI 10 TipuoOpereHusi ckopoctd U ecTh BpeMsi pa3roHa, Bpems
YCKOPEHHOTO  JBWIKEHUS ~ BJEeKTpoHa. B Xxome — paccykIeHuu
MPENOJIATAIOCH, YTO

1-2F/gc >0 (2.3)
WJIU, YTO TO K€ CaMOE, YTO CKOPOCTh
U=2F/g<c (2.4)
(OTHOCUTEIBLHO Pa3MEPHOCTEM AIEKTPOJUHAMUYECKUX BEIUYUH CM.
padoTsl aBTOpa [S] U [7])
Opnako, BbIpakeHue (2.2) uMeeT CMBICI M B cliydae, Korja B
HepaBeHCTBE (2.3) gocTuraercs paBeHCTBO, T.€. B CIydae, KOrjaa

2F/q=U=c (2.5)

B 5T0OM cityuae o4eBUAHO OYIEeT JOCTUIHYTa CKOPOCThH CBETA
V=c (2.6)
(3aBHUCsIIHE OT BPEMEHH COMHOXHTEIM B YHCIUTEIE M 3HAMEHATEIE

COKpAIILIAtOTCs).

JlaHHbIll pe3ynbTaT corjacoBaH W ¢ cooTHomeHueM (1.10).
OTMeTUM, HAKOHEI], YTO ISl JIOCTHXKEHHUS OIPEACIICHHOM CKOPOCTHU
CYIIECTBEHHA UMEHHO CWJIa, a, HalpuMep, He UMITYJIbC CHIIbL. J{JuTenbHOe
BO3JICHCTBUE C TTOCTOSTHHOW CHUJION JJOBOJIBHO OBICTPO MPUBOJUT PEIICHUE
(2.2) x Buny (1.10). CxopocTh cTaHOBUTCSI TOCTOSTHHOM. Takum oOpazom,
OOJIBIION HWMMYJIbC CWJIbl YBEJIUYUBACT TMPOUACHHBIA IyTh, HO HE
rapaHTUpPyeT YBEJIUUYEHUSI CKOPOCTH caM 1o cebe. To ke camoe 0THOCUTCS
K DHEpPIruu, 3aTPauy€HHON Ha Pa3roH AJIEKTPOHA: BAXKEH €€ IPAJUEHT, a He
coBepuiaemasi pabota. IIpuBeaeM HECKOIBKO YHCICHHBIX TMPUMEPOB,
MOSICHSIOIINX MOJIYYEHHBIA PE3yJIbTAaT.

[IpenBaputenbHO yKaXKeM, 4YTO IO OIll€HKaM aBTopa [l] 3apsin

amektpora g =7.3-107" x2/c, coorBercrBenHO ¢/m=w=8.1-10""2y

MIMEET CMBICJ YIJIOBOW CKOPOCTH BPALLICHUS MACChl, CO3AAI0IIEHU JIEKTPOH.
ITpumep Nel
[Tycts 1 —2F/qc =1/4, 1.e. F =0.082 uptoToHa Ha 31MeKTpoH. Toraa



_4-0.041-10)e® 1]
73pe? 1]

~1.5-10% m/c.

[Tpumep Neo2
[Iycte 1-2F/qc=0.0137, 1.e. F=0.108 HbIOTOHa Ha Ka)Iblii
3JIeKTpOH. Toraa
V =2.06-10% m/c.
[Tprmep Ne3
Mycts 1-2F/qc=10"° .. ¥ =0.10948 HbIOTOHA HA SIEKTPOH.
Torna
V' =2.99-10% m/c.
[Ipu F =0.1095 HBpIOTOHA 3JIEKTPOH JOCTUTHET CKOPOCTH CBETA.
CuiioBoii KopeHb /1 —2F/qc B mpemiaraeMoil TEOpUH B HEKOTOPOM

CMBICJIE AHAJIOTUYEH PEIIITUBUCTCKOMY KOPHIO. OJHAKO OTIMYAETCS OT
MOCIIETHETO O KPallHEW MEpe B OHOM CYILIECTBEHHOM OTHOIIEHHH: €T0
PaBEHCTBO HYJIO HE TMPUBOIUT K (usnyecku OeCCMBICICHHBIM
OCCKOHEYHOCTSIM, a MepeMeHa 3HaKa IMoJ KOPHEM, KaK Mbl YBUJIUM HUXKE,
MIPOCTO U3MEHAET XapaKTEP ABUKEHHUS 3JICKTPOHA.

3. Cayuaii 1—2F/qc < 0. CBepXxcBeTOBOE ABHKEHHE,

Hns storo cnydas ypaBHenue (1.10) yxe He OyAeT HMETh
BEIIICCTBEHHBIX PEIICHUM, M, CIEI0BATEIbHO, I JII000OM HadaibHOU
cKopocTH ¥V, He OyAeT CyLecTBOBaTh CHJBI, €€ coxpasstomed. OnHako

ypaBHeHue (1.7) Oyaet umets perieHue. Ero jgeBas 4acTs.
14
f dv 2 V-c |
J = arctg (3.1)
i \Elg=v+@W2eW?) 2F/ge—1"""c|2F/ge~1|,
[Tociie COOTBETCTBYIOIIMX npeo6pasoBaHHﬁ HOJTYYHM
V—c ‘ gJ2F/gc—1 (—1,) (32)
c\J2F [qc - \VO 2m

arctg

Otcrona

V=7, +cq/2F/qc—1tgq“2}27/qc_1(t—t0) (3.3)
m

Jl1g HyI€BBIX HAYaJIBHBIX NaHHBIX V) =0, #;, =0 noiryuum



2F/gc—1
V:cw/2F/qc—ltgq 2/qc t (3.4)
m

CepxcBeToBasi CKOPOCTh V KoJeOieTCsl BO3JIe BIOpaHHOM CpenHei
CKOpOCTH +/2F /qc—1, ipr TOM TOYKH pa3pbiBa TAHI€HCA COOTBETCTBYIOT
MOMEHTaM U3JIy4EHUs, KOI1a CKOPOCTh CKAYKOM yMeHbluaerca. Ecnu npu

ATOM Ha AJIEKTPOH MPOJ0JKAET JIEMCTBOBATH CHJIA, TO YE€PE3 BpEMS
2nm

- g+2F/qc—1

Jlis HayanpHBIX JaHHBIX V) =c, t; = 0. Umeem

2F/gc—1
V=c+c2F/qc—1tg 9 2/qc t (3.5)
m

OTMeTuM, 4YTO, €CIIM CUJIOBOM KOPEHb PAaBE€H HYJIIO, T.€. aKTUBHAs
ckopocTh 2F/q = ¢, TO CKOpPOCTH BIIeKTpoHa V = .

Takum 00pa3om, JOCBETOBOE U CBEPXCBETOBOE JBMKCHHE DJICKTPOHA
COTJIAaCOBAHO IPH MEPEXOJIE CBETOBOIO Oaphepa.

MaremaTuuecKky TaHT€HC TEPIUT Pa3pbiB BTOPOTo pojaa. dusnuecku
TOYKAM pa3pbiBa COOTBETCTBYIOT MOMEHTHI U3JTy4eHHUsl. Tak 4To JBHKEHUE
C «OKOJIOCBETOBOW CKOPOCTBIO» BBITVISIAUT CIEAYIOIIUM 0Opa3oMm:
ANIEKTPOH TMPOCKAKUBAET CBETOBOW Oapbep, M3Iy4aeT M CBAJIMBACTCA Ha
JIOCBETOBYIO CKOpPOCTh. [Ipu 3TOM cpenHssi CKOPOCTh MOXKET OBITh CKOJIb
YTOJIHO OJIM3Ka K CKOPOCTH CBETA CHU3Y WJIU JIaXKe CBEPXY, KaK, HaIpuMep,
B addekre YepenkoBa. OTcrojjla U TUIOTE3a O HEMPEOAOJIUMOCTH
CBETOBOTO Oappepa M CTpPEMJICHHE TaK WM WHaye OOOWTH B TEOpPHUU
AKCIIEPUMEHTAIbHBIC (DAKTHI 3TOMY ITPOTHUBOPEUAIIIHE.

CkazaHHOMY MOKHO J1aTh THAPOJWHAMUYECKYIO HHTEPIPETAIIHIO.
CKopoCcTh CBeTa €CTh KpPUTHYECKAas CKOPOCTh oOOTeKkaHus 3Upom
IBIKYILETOCA 3JeKTpoHa. [Ipu ATOM CKOpOCTH JlaMUHApHOE OOTEKaHHUE
cMeHsieTcst TypOyieHTHbIM. Co3zliaroniuecs: k€ BUXPU BOCHPUHUMAIOTCS
HaMHU KaK U3JIy4YeHHUE.

Haiinem kuHeMaTHYECKYIO BA3KOCTh A(upa. 3a XapaKTepHbIA pazMep
BO3bMEM PAJNYC AJIECKTPOHA, HalJIeHHBIN B paboTe aBTOpa [2]

7, =3.8-10" m

Torna uncio PentHonbaca

_

R, (3,6)
Vv



['me v — kuHeMmaTu4ecKkas BS3KOCTh dupa mis daekrpoHa. Cauras,
4YTO TYpOYJIEHTHOCTh HaUMHAETCs NpH unciax PeliHonbica nmopsaka 2000
MOJTyYUM

v=57-10"%n/c (3,7)

Cuurasi, 4TO MJIOTHOCTb IPUpPaA £, MOJYUYUM CIEAyIOLIee 3HAUCHHE

TSI BSI3KOCTH
n =ve, =10.66k2/ mc (3,8)

[loguepkHeM, YTO BCE€ CKa3aHHOE OTHOCHUTCS K JIBHUKEHUIO
ANEKTPUYECKOro 3apsiaa. 1o OTHOIIEHUIO K AJIEKTPUUECKU HEUTpATbHOMY
Teny 3pup BeaeT ceOsi Kak ujeaqbHas XKUAKOCTh (WM OJU30K K 3TOMY).
JInst  DJIEKTPUYECKU HEUTPANIbHBIX TeEJ, IMO-BUIMMOMY, CIIpPaBejINB
napajokc ODiepa: 3(GUp HE OKas3bIBaCT CONPOTUBJICHUS PAaBHOMEPHO
IBrxKyueMmycs teiry. OTcroaa v nepBbii 3akoH HproToHa.

[IpaBna, M3BeCTHBIE HKCIIEPUMEHTHI, HBIHE MHTEPIPETUPYEMBIE KaK
pPOCT MacChl C POCTOM CKOPOCTH, BO3MOXHO, IIOCTaBAT BOMIPOC O
COMPOTHUBIICHUH 3PUpa U JIBIKCHHUIO AJICKTPUUECKH HEUTPATbHOTO Tea,
HO 3TO OTAEIbHBIA Pa3roBoOp.

Bepnaemcst k dopmyne (1.12). M3 Hee ciemyer, 4TO €ciu Obl MbI
JOCTUTIIA B JIAMHUHApPHOM O0O0JAaCTH YJIBOCHHOM CKOPOCTH CBETa, TO
AJIEKTPOH ABUTANICS OBl 0€3 CONMpPOTUBIIECHUS, T.€. dPup 00TEKa OB €T0 KaK
ujeanbHas >KUAKOCTh. I[IpoOimema B ToM, 4TOo B CBOOOJHOM 3dupe,
Ha4YWHas CO CKOPOCTH CBETa, MPOUCXOUT TypOynu3aius noroka. OaHako,
JTOCTHKEHUE TaKOW CKOPOCTH, MO-BUIMMOMY, BO3MOKHO TIPH MEPEX0JIe U3
Cpellbl ¢ 0OoJIbIIIeH CKOPOCThIO CBETA B CPEy C MEHBIIIEH CKOPOCTHIO CBETA.
CkopocTh CBeTa B Cpejlie 3a[aeTCsl MIOTHOCThI0O € M CXKUMAeMOCTBhIO U

o 2
>dupa B 3T0i cpene ¢ =1/€U . Eciau snekTpoH U3 Cpeasl CO CKOPOCTBIO

CBeTa ¢| MEPEXOIUT B CPELY CO CKOPOCTBIO C, TaKylo, uto € = 2C,, To
€ro JBIKEHHUE B ATOM HOBOU cpenie OyAeT YIOBICTBOPATH IEPBOMY 3aKOHY

Hpl0TOHA, eciu OH JBMrayics B MEPBO Cpejie cO CKOpOCThIo 2C,. Bemp
TaKoe ABIDKCHHUE B MEPBOM cpejie ObLIo Mg Hero JJamMmuHapHbeIM. Cyas 1Mo
BCEMYy, MMEHHO JTO SBJICHHE MBI HaOII0/aeM B H3BECTHOM JddekTe
CBEPXIPOBOJIUMOCTH: OH TPOSBIISIETCSA, KOTJa CKOPOCTh JJICKTPOHOB B
M0IaBAa€MOM TOKE JIOCTUTAET YJIBOCHHOW CKOPOCTH CBETa B OXJIAXKICHHOM
KOHTYPE.



3amMeTUM, YTO  CONPOTUBICHHE KOHTypa  YMEHBIIACTCA C
MIOHM>KEHHEM TeMIIepaTyphbl, UTO TaKXKe CleAyeT U3 paBeHcTBa (1.12).

IHoaBenem urorm.

[Ipeyoxena Mozienp IBUKEHUS JIEKTPOHA B CPEJE, 3alOIHSONICH
MMPOCTPAHCTBO. JTOW CPEANE HE NPHUIMCHIBAIOTCS KAKUE-TO AlPUOPHBIE
cBoicTBa. OO 3TUX CBOMCTBAX MbI Y3Ha€M uUepe3 ACHCTBUE ITOU Cpe/bl Ha
JBWOKYIITUNCS OOBEKT.

Tak mpu paBHOMEPHOM JBH)KEHWHM MAaCCHBHOI'O TEJIa 3Ta Cpela He
OKa3bIBAE€T €My CONMPOTUBJIEHUS (TIepBbIid 3aKk0H HploTOHA). DTO 0O3HAYaAET,
YTO MO OTHOIIEHHUIO K Macce 3Ta cpejia, Mbl Ha3Bajau ee 3pup, BeneT ceds
KaK HEeBA3Kas KUJAKOCTh (mapagokc Disepa). Cuna Tpedyercs TOJIbKO s
YCKOPEHHUSI MACCUBHOTI'O TEa.

A BOT 3JIEKTPOHY 3Ta Cpela OKa3bIBAET COINPOTHUBJIEHUE YK€ IMpPHU
paBHOMEpHOM JIBH>KeHUHU. CorlacHO KOHIENIUKU aBTopa (padota [2]) 31O
MPOUCXOJAUT TMOTOMY, YTO DJEKTPOH — 3TO TOPOHWIAIBLHOE BpaIllCHUE
Maccbl. MareMaThuyecku 53TO O3HadaeT, 4YTOo Macca Yyxke oOJagaer
HEHYJIEBOM IPOU3BOJHOW IO BpeMeHHU. WMim 1mo-apyromy: paBHOMEPHO
ABVKYIIUICS 3JIEKTPOH — 3TO YCKOPSIOIIAsICS Macca, a TAKOW Macce cpefia
yKe OKaspiBaeT compoTuBieHue. [lomydenHoe muddepeHunanibHoe
YPaBHEHUE MUMEET PEIICHUE, KOTOPOE OMUCHIBAET HE TOJIBKO JOCBETOBOE,
HO U CBEPXCBETOBOE JIBMKeHUE. [IpeioxkenHas Moeib 1aeT 00bsICHEHUE
W3JIYYEHHIO 3JIEKTPOHA MPH MEPEXOJIE UM CBETOBOro Oapwrepa. OTaenbHas
CTaTbsl OyJET TOCBSIEHa OOBSICHEHHIO KBAaHTOBBIX A((PEKTOB B paMKax
JAHHOTO MOAXO0/a.
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