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IepBbiii IxkcnepuMeHT: M3Mepsiack CKOPOCTh AIEKTPOHOB, YCKOPEHHBIX JTHHEHHBIM YCKOPHTEIEM, YTOOBI
BBISICHUTB, 3aBUCHT JI 3()()EKTUBHOCTH YCKOPEHUS JIMHEHHOTO YCKOPUTENS OT CKOPOCTH JIEKTPOHOB WJIH HET.
Brtopoii 3kcrnepuMeHT: OJIEKTPOHBI C BBIXOJAa JIMHEHHOTO YCKOPUTENsI, MMEIOIINE BBICOKYIO CKOPOCTb,
OoMOapIMpoOBaNny CBHHIIOBYIO MHUINEHb, M H3MEPSUIOCh YBEIMUYCHHE TeMIeparypsl MuiieHH. Tperwii
JKCIepuMeHT: lmeromme BBICOKYIO CKOPOCTb 3JE€KTPOHBI C  BBIXOAA JIMHEHHOTO  yCKOPHUTEIS
HMH)XEKTUPOBAJIUCH TMEPNEHAUKYISIPHO B OJHOPOAHOE MArHUTHOE IOJNE, U HM3MEPSUICS PajHyC KpPYroBOTO
JIBUKEHUS AJIEKTPOHOB MOJ ACUCTBUEM OTKJIOHSOMEH cuibl JlopeHna. AHanu3 BceX TPeX HKCIEPUMEHTOB
nokasbiBaet: (1) DdhexTHBHOCTL YCKOPHUTEINST YMEHBIIACTCS 10 MEPE YBEJIIMUEHHSI CKOPOCTH JJIEKTPOHOB U
U3MEpPEHHAasl CKOPOCTb 3JIEKTPOHOB 3HAUUTEIbHO MEHBILE, YEM PACcCUMTaHHAs MO TPAJULMOHHON Teopuu
YCKOpPEHHUS 3JIEKTPOMAarHUTHBIM 1ojieM. (2) Pe3ynbrarsl SKCHEPHMMEHTOB HE COIIACYIOTCS ¢ (QopMylamu
OHHIITENHHA JUIS JBMOKYLIEHCS MacChl M KMHETHYECKOH SHEPrHH, HO COIIacyloTcst ¢ (opMylnaMH BHOBb
pa3paboTaHHOW TalMICeBCKOM DPENATUBUCTCKOW MexaHukH. (3) TpeTuil SKCIEpHMEHT IMOATBEPXKIAET, 4TO

3(1)(1)6KTI/IBHOCTL OTKJIOHSIIOIIIGﬁ CHJIBI J'IopeHua TAKKE 3aBUCUT OT CKOPOCTHU OTKIIOHACMBIX 3JICKTPOHOB.

§1. Beenenue
B cooTBETCTBUY ¢ PENSATUBUCTCKON MEXaHUKON DUHINTEHHA, eclTi 0OBEKT ¢ MAaCCOU MOKOS My

m
J1-72/c?

SHEprus papHa FE, = (m —mo)cz. VYyenble npojaenanu SKCIIEPUMEHTHI C BHICOKOW CKOPOCTHIO, YTOOBI

ABWIKETCA CO CKOPOCTBIO V, TOrJa €ro ABMIKYIIasaCsa MacCa paBHaA m = , 4 KHHCTHYCCKasa

uccinenoBate 3T (opMynbl DWHIITEHHA. bBOJBIIMHCTBO SKCHEPUMEHTOB OCHOBBIBAJIUCH HA
TPaJMLIMOHHON TEOPUU YCKOPEHHS  DJJIEKTPOMATHUTHBIM  IIOJIEM, KOTOpas paccMarpuBacT
ANIEKTPOMarHUTHYIO CHIIy, JEHCTBYIOIIYIO Ha JABIKYIIMECS IEKTPOHBI, HE 3aBUCSILEH OT CKOPOCTU
ANIEKTPOHOB. HEKOTOpBIE yueHbIE B 9TOM COMHEBAIOTCSI.

UroObl mpoBepuTh OSTH (popMynsl DHHIITEWHA M TPAJUIMOHHON TEOPHUH yCKOPEHHS
ANIEKTPOMAarHUTHBIM II0JIEM, MBI MCIIOJIb30BajM BBICOKOCKOPOCTHBIE 3JIEKTPOHBI, HCIyCKacMble M3
JTMHEHHOTO YCKOPHTEIS JUIS OCYIIECTBIICHHS TPEX BHIOB dKCIIEpUMEHTOB: )

(1) H3mepeHune CKOpPOCTH YCKOPEHHBIX JJIEKTPOHOB, YTOOBI BBIYMCIUTH KHHETHUECKYIO
DHEPIruI0, IOJIYy4YaeMyl0 JJIEKTPOHAMHM, U CpPAaBHUTH €€ C DJHEPIrHEH, 3aTpaurBacMOl JIMHEWHBIM
YCKOPUTEIIEM.

(2) bomGapaupoBKa BBICOKOCKOPOCTHBIMHU 3JIEKTPOHAMH CBUHIIOBOW MHILIEHH U H3MEPEHUE
YBEJIMYEHHUSI TEMIIEpaTypbl MHIIEHW BCIIEACTBUE KHHETUYECKOM »HHepruu OoMOapaupyromux
AIIEKTPOHOB.

(3) HuxexTupoBaHUE BBICOKOCKOPOCTHBIX 3JEKTPOHOB MEPIEHAMKYISIPHO B OIHOPOIHOE
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MarHUTHOE TI0J€ M U3MEpPEHHME paJuyca KpyroBOro JBM)KEHHS 3JIEKTPOHOB IIOJ JE€HCTBHEM
OTKJIOHSIOWIEN cuiibl JIopeHua.

Bce Tpu Buaa SKCIepuMEHTOB OBLIH MPOBEACHBI HA (EMTOCEKYHIHOM JIMHEHHOM YCKOPHUTETIE B
[TanxaiickoM WHCTUTYTE NPUKIATHOW (U3MKU. DKCIEPUMEHTHI MPEIOCTABMIA YETKHUE JAaHHBIC IS
NPOBEPKU TPAIULIMOHHON TEOPHH YCKOPEHHs SJIEKTPOMATHUTHBIM TOJEM W (OpPMYJ JIBHKYIIEHCS
Macchl U KMHETHYECKOW PHEPruM. AHANM3Upys JaHHBIE 3TUX TPEX IKCIEPHUMEHTOB, B HACTOSILEH
CTaTbe JJOKA3bIBAETCS CIEIYIOIIEE:

(1) ®aktuyeckum [EHCTBYIOIIAs CO CTOPOHBI YCKOPHUTENsl Cuia, BO3AEHUCTBYHOIIAs Ha
JBUKYLIUECS 3JEKTPOHBI, 3aBUCUT OT CKOPOCTH V 3nekTpoHOoB. CymiecTByeT “aBieHue ¢ - V (unm
“SBIIGHHE BETPOBOIO KpbUIa”) TaK 4YTO YeM OONbIIe CKOPOCTh J 3JIEKTPOHOB, TEM MEHbIIE
3 PEKTUBHOCTh JIMHEHHOTO YyCKOpUTENd. TpajuIMOHHas TEOpUs 3JIEKTPOMATHUTHOTO YCKOPEHUS
omnboyHa. beckoHeuHOoe  yBEIMUYEHHE  MOIIHOCTH  yCKOPUTENs, BKIOYas  COOPYXKEHHUE
noporocrosimero EBpomneiickoro 6omnpimoro aaponHoro komnaiinepa (BAK), ectp OGecrnone3nas tpara
JICHET.

(2) DddexTuBHOCTD OTKIOHSIONICH cHIbl JIOpeHIIa B OHOPOAHOM MarHWTHOM II0JIE, KOTOpast
NEHCTBYET Ha JBUXKYILIUECS DJIEKTPOHBI, 3aBUCUT OT CKOPOCTH V' DIEKTPOHOB. 31€Ch TaKXkKe
CyLIeCTBYyeT “sBI€HHME ¢ - V7 U HEoOXOOUMO BBOIUTH KOI(PUIMEHT, 4YTOOBI COINIAcOBATh
TEOPETUUECKUE U IKCIIEPUMEHTAIIbHBIE JTaHHBIE.

(3) PesynbraThl Bcex Tpex SKCHEPUMEHTOB HE coriacyrorcs ¢ ¢opmynamMu DHHIITEHHA A
JBIDKYIIEHCST MacChl M KHHETHYECKOM DSHEpruM, HO coracylorcs ¢ (opMmyilaMu M3 BHOBb
pa3paboOTaHHONM TalMIeeBCKOH pensaTMBHCTCKOM Mexanmku 'Y | koropas ocHoBbIBaeTcs Ha
raJInIeeBCKUX MPeoOpa30BaHUsgX U ONPOBEPraeT dHIICHHOBCKUE Tpeodpa3zoBanus JlopeHua.

§2. DKkcnepuMeHT N0 YCKOPEHHIO YJIEKTPOHOB B OTHOPOJIHOM YJICKTPHYECKOM IO0JIe
§2.1. MeToauka u pe3ybTaThbl IKCIIEPUMEHTA

@®pOHT EKTPOHOB, UCIYIIEHHBIX U3 JIMHEHHOIO YCKOPUTEINS, MPOJOKAET CBOE NPSIMOJIMHEWHOE U
paBHOMEpHOE JBIDKEHHE yepes MmpsMyto TpyOy amuHoit S = 1.43 M. JlaTunku ObUIM yCTAHOBJICHBI Ha
000MX KOHIIAX CEKIMU TPyOBl, 4TOOBI U3MEPUTH BpEMs BIIETa f; U BpEMs BBUIETA f; SJIEKTPOHHOTO
ny4yka B CEKUMI0O M W3 cekuud. CKOpOCTb, TONyYeHHas 3JIEKTpOHaMH Onaromapsi JUHEHHOMY

YCKOPUTEITIO, BBIYUCISUIACH IO GOpMySIe = S Pe3ynbTarhl 5KCIepUMeHTa MOKa3aHbl B Ta0MI. 1:

t2 tl

Tabmumna 1
Pabouass smeprus £ | 0.025MsB | 0.035MaB | 0,045 Ma>B | 0.055 MaB | 0.065 M»B
JINHEMHOTO yCKOPUTEIIS
N3mepennas ckopocts | 0.313 ¢ 0.369c¢ 0.412c¢ 0.449 ¢ 0.480¢

V' 3nexkTpoHOB

§2.2. Anaau3

"3 SUHIITETHOBCKUX dbopmy m=——— u E, = (m -m, )c2 , HMEEM



2 1

J1=-V?/c?

SHEPTUIO Ej, MOTYUYCHHYIO 3JIEKTPOHAMU, U 3PPEKTUBHOCTD JTUHEHHOTO YCKOpHUTENs Ey/E:

E, =m, —1| Tak 4TO, U3MEPUB CKOPOCTH V, MBI MOXEM BBIYUCIUTh KHUHETHYECKYIO

Tabmuna 2
PaGouas sneprust E 0.025 M»aB 0.035 MaB 0,045 M»>B 0.055 M»aB 0.065 M>B
JIMHEWHOTO YCKOPHUTENS
Usmepennas ckopocts V' 0.313c 0.369¢ 0.412¢ 0.449¢ 0.480c¢
3IIEKTPOHOB

Kunernueckas sneprus Ej
0.0270 M»B | 0.0388 MaB | 0,0498 MsB | 0.0609 M»>B | 0.0715 MaB
3JIEKTPOHOB

A¢ddexruBHOCTH
JIMHEWHOTO YCKOPUTENS 108% 111% 111% 111% 110%
EvE

BeI3biBaeT ynuBIEHHE, YTO KHMHETUYECKHUE SHEPTUU YCKOPSIEMBIX 3JEKTPOHOB OKAa3bIBAOTCS
OOJBIIMMU, YeM JIMHEHHBIA YCKOPHUTETh MOXKET MM Jarh U 3(PPEKTUBHOCTD JTHHEHHOTO YCKOPHUTEIS
okaspiBaeTcst Oombmied, wem 100%! Haxe 100% 3¢QeKTHBHOCTh HEBO3MOXHA, IOCKOJIBKY 3TO
HapyIIaeT BTOPOIl 3aKOH TEPMOAMHAMUKU. BeposiTHO, UTO KaK PEISITUBUCTCKAs MEXaHUKa DUHINTEHHA,
TaK ¥ TPAJULMOHHAS TEOPHS AEKTPOMArHUTHOIO YCKOPEHUS  BbI3BIBAIOT COMHEHHUE.

B coorBercTBHM C BHOBBH DPa3paOOTaHHON TalUIEEBCKON PENSTUBUCTCKOW MEXaHHMKOM Bl
KOTOpast 0a3upyeTcsi UCKIIOUUTEIFHO Ha TAIMJICEBCKOM IMPUHIIUIIE OTHOCUTEILHOCTH 0€3 mocTyiaTta
DWHIITEeWHA O MOCTOSTHCTBE CKOPOCTH CBeTa M 0e3 mocrtynara JlopeHia o COKpalieHuH JJIUHBI, €CITU

TCJIIO M3 HCIIOABHUKHOI'O COCTOsSHHA (V = 0) YCKOpACTCA OO0 CKOPOCTHU U, TOraa OHO an06peTaeT

2 2 2 o
KUHETUYECKYI0 JHepruroo £E, =mgc («/1+V / c —1). ITo »310if ¢opmyne MbI MOXEM HOIYYUTh

CJIEYIOIINE PE3YNbTaThI:

Tabmuma 3

Pabouass sueprus | 0.025 MbB | 0.035 MbsB | 0,045 MsB | 0.055 MsB | 0.065 MsB
E JIMHEWHOTO
YCKOPHUTEIS
Nsmepennast 0.313¢ 0.369c¢ 0.412¢ 0.449 ¢ 0.480¢
CKOPOCTh V
AIIEKTPOHOB
Kunernueckas

0.0244 0.0337 0,0417 0.0491 0.0558
JHEPIrus E,

M>»>B M>»>B M>»>B M>»>B M5B
AIIEKTPOHOB
DddexkTuBHOCTH
FIHHCEHHOTO 97.8% 96.2% 92.6% 89.4% 85.9%
yckopurens E, /E

[lo Mepe yBelnMYEHHMS CKOPOCTH 3JIEKTPOHOB 3(P(PEKTUBHOCTH JMHEWHOTO YCKOPUTEIS

YMCHBIIACTCA. 9T0 TIOHATHO, IMOCKOJIbKY 3JICKTPOMAIrHUTHAA CHUJIa HEC MOXKCT Pa30THATh 3JICKTPOHBI 10O
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CKOPOCTH CB€Ta ¢, KOTOpas SBJIAECTCA CKOPOCTBIO NEpeAadu IEKTPOMATHUTHBIX BO3AEHCTBUH. JTO
IIOXOXKE Ha Clly4al MeXIy CHUJIOM BETpa M JIOAKOHM IO IapyCcaMH: CKOPOCTb JIOAKHU IIOJ Iapycamu
HHUKOI/Ia HE MOXET OBITh paBHAa CKOPOCTH BeTpa. IIOCKONBKY, €clii CKOpOCTb JIOJKM JOCTUTAET
CKOPOCTH BeTpa, 3¢ (eKTUBHASI cujla BETpa, JeHCTBYIONas Ha JIOAKY C apycaMu, pe3KO YMEHbIIAETCs.
bonpuioe KoaM4eCTBO CHIIBI BETpa pacxomyercs 3ps. B ciaydae 2J€KTPOMAarHUTHOIO YCKOPEHUS
JaBalTe HA3bIBATh OTO “IBJIEHHEM ¢ —V .

§3. Kajopumerpuyeckn 3IKCIHEPMMEHT ¢ 3JJIEKTPOHAMH 0OJBIION  CKOPOCTH,
00MOApAUPYHOIIMMH CBUHIIOBYI0 MUIIIEHb

§3.1. MeToauka u pe3yabTaThbl IKCIIEPUMEHTA

DNEeKTPOHBI ¢ OOJBIION CKOPOCTHIO M3 JIMHEHHOIrO YCKOpHUTEIs 60oMOapaupoBaay CBHHIIOBYIO
MUILEHb. YPOBHU paboueil SHepruu JTMHEWHOTO YCKOpUTENe ObIIIM YCTAaHOBJICHBI Ha 3HaueHust 6 M»aB,
8 MsB, 10 MaB, 12 M»3B u 15 M»3B. Cuna Toka 31ekTpoHoB ObU1a paBHa 1,26 A mpu IIUTEIBHOCTH
UMITyJIbca B 5 He 1 yactoTe 5 ' DnexTponsl 0oMbapaupoBaiu MulieHs B Tedenue 120 cexynn, Mrak,
BpEMS  HAKOIUIEHMsS  DHEPruuM  Kaxaou 60oMOapIMpPOBKU ObUIO  paBHBIM  TOJBKO

120x5x107° x5 =3x10"°[cexynn]. HakoreHHBIH 1eKTPUYECKUIA 3apsi, TOMyYEHHBIH MHUIICHBIO,
o1 paBeH 1,26x3x107° =3,78x107° [Kynon]. IMockombky 1[Kymon]=6,2415x10" snexrponos, To
MHIIICHb TIONyuHIa 3,78x107°x6,2415x10" =2,36x10”  31mexTpoHOB. T[ToCKONbKY

1 [MaB] =1,602x107" [JIxoyneii], To xaxaerii 1 MaB m3 2.36x10"” smekTpoHOB SKBHBANCHTEH
2,36x10"%x1,6021733x107"°=3,78 [[Ixoyneit]. Macca mumenu paBHa 70 [r]. [lockonbky ynenbHas
teruioeMkocTh cBuHIA paBHa 0,13 [[x/r-° C], To HyxHO 70x0,13=09,1[/Ix0yneii] nns Harpesa

cBuHnoBor mumieHn Ha 1°C. Temneparypa usmepsuiack TepMonapoi. [IpumeHnenHas B SKCiepuMeHTe
arnmaparypa U U3MEpPEHHBIE 3HAaYEHUS YBEIUIECHU TEMIIEPATYPhI IIOKAa3aHbl HIDKE:

g - TepMonapa
/4
n

oToK sneKT

/,

’/, l« BakyymHas Kamepa

\ CBMHUOBaA MULWIEHb
Tabmua 4

Pabouas sneprus nuneitHoro yckopurens [MasB] | 6 8 10 12 15
N3mepennoe yBenuuenue remmeparypsl [ C] 0,25 0,30 0,32 0,34 0,35

Temmeparypa MUIIEHH MEHSETCS OYE€Hb HE3HAYUTENIBHO, XOTS YPOBHHM paboueil sHepruu
JMHENMHOT0 YCKOPUTEIS U3MEHSIOTCS B IHUPOKUX Mpeesiax.

§3.2. Ananus
TpanuirioHHast TEOpUsl YCKOPEHHS AJIEKTPOMATHUTHBIM TTOJIEM YTBEPXKAAET, uTO (haKTHUeCKast
s deKTHBHAS CUIIa BO3JCHCTBUS YCKOPHUTENS HA JIEKTPOH HE 3aBHCUT OT CKOPOCTH JIEKTPOHA M BCS
4.



pabouas sHepruss E yCKOpUTeNs NPEBPAIIAETCs B KHHETUYECKYIO dHepruo E, , T.e., E, = E. Ecau
AIEKTPOHBI JIEHCTBUTENBHO IOMYYWIN BCHO pabOuyr0 SHEPrui0 JMHEHHoro yckopurens (E, =E),

. . 1
TOrJIa TTyTeM MCTONb30BaHus hopMyiibl DitHimteitna E, = m,c’| —————=—1| uX CKOPOCTH MOTYT

1/1—V2/02

OBITH TIOACYUTAHBI TIO (hOpMyIIE:

R | (3.1)

¢ E
1+

Kunernyeckas osHeprus £E, = E DJICKTPOHOB BBI3BIBACT YBEIMYEHUE TEMIICPATypbl CBHHIIOBOU

3,78 ..
[C]

MUIIICHU. YBEIUYCHUE TEMIICPATYPbl MOKCT OBITE paccunuTaHoO 1o (I)OPMYJ'IG Ek X o1
b

Ecorm E, =E , 10 myteM wucnoib3oBaHus (opmyiasl OWHmrelHa (3.1), pacyeTHble 3HA4YEHUS

YBEJIMYEHUS TEMIIEPaTypbl CBUHIIOBOM MUIIIEHU OyIyT paBHBI:

Tabnuua 5
Pabouass sHeprus JuHEHHOTO YyCcKopHUTens | 6 8 10 12 15
[MsB]
Pacuetnast ckopoCTh V' 37€KTPOHOB 0.9969¢ | 0.9982¢ | 0.9988¢ | 0.9992¢ | 0.9995¢
PacuetHoe yBennuenue temnepatypsl [ C] 2.52 3.36 4.20 5.04 6.35

PacuerHble 3HaueHMs YBEIMUYEHHUs TEMIlEpaTypbl B TaOmule 5 3HAUUTENbHO OOJIbIIE, YeM
COOTBETCTBYIOLIIME H3MEpPEHHbIE 3HadeHuss B Tabnuue 4. bornee Toro, pacuerHble 3HauEHUS
U3MEHSIOTCS MPONOPLHUOHANIBHO padoyell IHEPrHM JIMHEHHOrO YCKOPUTENS, TOrda Kak HW3MEpEHHbIE
3HAYEHMsI U3MEHAIOTCS OYEHb Maslo. DTO MOTOMY, C OJJHOM CTOPOHBI, YTO KOIJa CKOPOCTh JIEKTPOHOB
JIOCTUTaeT CKOPOCTH CBETA, UX KMHETUYECKasl YHEPTUsl HE YBEJIMYUBACTCA TAaK PE3KO, KaK PACCUUTAHO

1

—_ 1
w/l—Vz/c2

3¢ (HEKTUBHOCTh JIMHEWHOTO YCKOPUTEIIS PE3KO YMEHBIIACTCS TI0 MEPE TOT0, KaK CKOPOCTh AIIEKTPOHOB
JOCTUTAeT CKOPOCTH CBeTa (T. €., u3-3a “sBleHus ¢ —V 7, moKa3aHHOTO B §2), TaK YTO AJIEKTPOHBI HE
JIOCTUTAJIA TAKOH BBICOKOM CKOPOCTH, KOTOpasi pacCYMTaHa BhIIIE B TAOIHIIE S.

IpM  MCHONMb30BaHMM  (opMyisl Ditnmreiina E, = m,c’ C npyroil CTOPOHBI,

JlaBaiiTe mpuMeM BO BHUMaHHE “sBieHue ¢ —V 7. PaboTta yckopuTens COCTOUT B TOM, YTOOBI
3aCTaBUTh MOTEHIHAIbHYIO 3HEPTUI0 3JIEKTPOMArHUTHOTO IOJS MPEBPATUTHCS B KHUHETHYECKYIO
SHEPrUI0 3JEKTPOHOB, T. €.,IPEBPATUTh MOTEHIMAJIBHBIM HANoOp JMHEHHOTO YCKOPUTENs B HaIop
CKOPOCTH JIEKTpOHOB: Fdx =mudv . BenenctBue KBaJpaTHUHONW 3aBUCUMOCTH MEXAY SHEpruei u
cwiIoH, ¢akrtudeckas pabora APQPEKTUBHOM CHIBI F  yCKOPHUTEIS MOXET OBITh BBIpAXKCHA Kak

2
c—0

F :FO( j , TI€ U €CTb CKOPOCTb JJIEKTPOHOB, a [, €CTb HOMHHAJIbHAs CHUJA BO3ICHCTBUS
c

yckopurens. tak, Mbl umeem:



2 2
FO(C_UJ dx = mvdv UIIH Fodx=m( < J udv .
c c—v

Homunanenass paboTa, npoaenbiBaeMasi YCKOpPHUTENEM, MOTpeOIsIomuM 3Hepruto £ , paBHa

jFde = E, KoTOpasi yCKOpsIeT AEKTPOH OT ckopocTt v =0 110 ckopoctn v =V":

E=IF0dx==Im(cinzudu. (3.2)

CornacHO TrajMeeBCKOM pEJSITUBUCTCKOM MexaHuke, (opMmyna JBHXKYIIEHCS MacChl paBHA

m
m=—- 9
w/1+1)2/c2

. Iloncrasnss e€ B (3.2), Mbl oyyaem:

L2077 /) +2 |
E=j m_ [ ¢ j20d0=m°cz Levifet L=V . (33)
3 10?2 \e—v 2 | 1-V/e V2 V2 +1

Ucnionb3ys (3.3) MBI MOXKeM paccuuTarh (AKTHYECKYIO CKOPOCTh J 3JIEKTPOHOB, YCKOPSEMBIX
olpeieIeHHON paboueit sHeprueil £ JTUHEWHOTO YCKOPHUTEIIS.

B ranuiieeBckol peasiTUBUCTCKONM MEXAHUKE, €CJIM YacTUIA IBUKETCSA CO CKOPOCThIO V', Torna
eé JIBYDKYILASICS Macca m oOmanaer PpETATUBUCTCKOMN KUHETUYECKOHU SHEprueu

2
myV

J1+72/c?

paccunTarb YBCIUYCHUC TEMIICPATYPhI CBHHHOBOﬁ MHUIIICHU Ek X

E, = mV? = OTHOCHUTEJILHO HETOABMXHOTO OO0BekTa. [lodToMy MBI MOXEM TaKxke

3,78
91

[*C], 3aTpayeHHYyI0 SHEPTUIO

nuHeitHoro yckopurenst AE = E— E, u ero sa¢pdpexrusaocts E, /E:

Tabnuma 6
Pabouas osmeprus E [MbdB] 6 8 10 12 15
JIMHEHHOTO YCKOPUTEIIS
PaccuuranHas ckopocth | 0,9488 ¢

0,9603 ¢ 0,9676 ¢ 0,9726 ¢ 0,9777 ¢
V' anexkTpoHOB

Kunernueckast  dHe E
MHETHECKL - OHEPT Rl 03337 | 03399 | 03438 | 03442 | 0,3493

AIIEKTPOHOB

Pacuetnoe YBEITUYCHHUE 0,130 0.141 0.142 0,143 0.145
temneparypsl [ C]

3arpadyeHHast sHeprus | 5,6663

JIMHENHOTO YCKOpUTETIS 7,6601 9,6562 11,6558 14,6507
AE [MaB]

O dexTHBHOCTH JTUHEHHOTO

yckopurenst E, [E 5,89% 4,44% 3,56% 2,95% 2,38%
k




Paccunrannbie 3HaYeHUSA YBCIIMUCHUA TCMIICPATYPhI CBHHHOBOﬁ MHUIICEHU U3MCHSKTCA MaJIo U
COITIACYROTCA C H3M€Hﬂl0HlCﬁCﬂ TGHIICHL[I/IGI\/'I N3MCPCHHBIX 3HAYEHUU U3 TaGJII/II_UJI 4, X0TdA TOYHOTIO
3HAYEHUS DTUX BEJIIMYUH U HET. DTO MPOUCXOOUT BCJICACTBHUC TOT'O, UTO BJICKTPHUYCCKAA SHECPrus OT
3aMEeIJICHHsI SJIEKTPOHOB B CBHUHIIOBOM MUIIIEHU MOXKET A00ABUTH OMpPEICICHHYIO TeMIEpaTypy Uis
MUIICHU.

OueBUAHO, TaUJICeBCKasl PEIATUBUCTCKAs MEXaHMKa BMECTE€ C y4eToM ‘‘sBiaeHus c—V 7
MOTYT OOBSCHHUTD, IOYEMY TEMIIepaTypa CBUHLIOBON MHILIECHH yBEIUYHUBACTCS TaK MaJIo.

§4. OKcnepuMeHT 10 OTKJIOHEHHIO JJIEKTPOHOB BBICOKOH JHEPIMH B OJHOPOIHOM
MATHUTHOM I10J1e

§4.1. MeToauka u pe3ybTaThbl IKCIIEPUMEHTA

[IoTOK 37€KTPOHOB BBICOKON CKOPOCTH W3 JIMHEHHOTO YCKOPUTENSI MHXKEKTUPYETCS B KaMepy
yepe3 NPSAMOIUHEHHYI0 KOPPEKTHPYIOLTYI0 TpyOy TommuHoi 10 ¢M, H3rOTOBICHHYIO U3 COCTUHEHHBIX
BMECTE CBHHIIA M KeJe3a, NepHeHIUKYISIPHO OAHOPOJHOMY MAarHHUTHOMY MOJI0. YTOOBI MCKIIOUNTH
Jr00ble BHEIIHUE JIEKTPOMArHUTHBIE TOMEXH, MAarHUTHOE TI0JI€ CO3Ia€TCsl TOCTOSHHBIM MarHUTOM, a
HE JIEKTPOMAarHUTOM. 3a30p MEXIY AByMs IOJIOCAMH MarHuTa MUMeeT LIHMpUHY B 2,5 [cM], 4yTOOBI
c/eNaTh MAarHUTHOE IOJIe MEXIy IBYMS IOJIOCaMU Kak MOXKHO Oojee OJHOponHbIM. Tpu cepum
IKCIIEPUMEHTOB ObLTU mpojenanbl ¢ Tpems marautamu 0.121[Tecna], 0.081[Tecna] u 0.063[Tecna]
COOTBETCTBEHHO. YPOBHHU pabouell PHEPruu JIMHEHHBIX YCKOPHUTEJCH yCTaHABIMBAJINCh PaBHBIMH 4
M5B, 6 M»aB, 9 M»aB, 12 M»sB, 16 MaB u 20 M»3B. [IpumeHenHast B dKCIIEpUMEHTE ammaparypa
NOKa3aHa HUKE:

OgHopoaHOe MarHWTHOE none

MpAaMonnHeAHan Koppek-
TUpyowan Tpyba MoToKk 3NeKTpoHOB

B tabnune 7 BHU3Y MOKa3aHbl U3MEPEHHBIE 3HAYCHHS PAJNYCOB KPYTOBBIX TPACKTOPHUN 3JIEKTPOHOB,
JBIKYIIMXCS IIOJ ACHUCTBUEM OTKJIOHSIOUIEH cuibl JIopeHma:

Tabnuua 7
OHeprus nuHeHoro yckoputens E [ MaB] 4 6 9 12 16 20
0,121[Tecna] | U3mepenHslii paguyc R [cMm] ~18 ~18 ~18 ~18 ~18 ~18
0,081[Tecna] | U3mepennslii paguyc R [cM] ~27 | ~27 | ~27 | ~27 | ~27 | ~27
0,063[Tecna] | Usmepennslii paguyc R [cM] ~35 ~35 ~35 ~35 ~ 35 ~ 35

W3mepennsle 3HaueHus paauyca R Ul IIECTH Pa3JIMYHbIX YPOBHEN 3HEPIUU JIMHEMHOIO YCKOPUTEIISA
OCTAIOTCSl TOYTH MOCTOSHHBIMH. IllecTh HEOONbUIMX MATHBIIEK pa3MEpOM C 3€pPHO KyHXKYTa,
00pa30BaHHBIX CIMBLIMMHUCSA BMECTE Ha SKpaHE CIEAaMU DJICKTPOHOB, 00pa3yloT OAHO pa3MepoM C

36pHO ropoxa ISTHO C MmUpuHOW okono 0,5[cM], Tak, yto wuMmerorca okono R ~17,75 [em],

26,75 [cm], 34,75[cMm] s ciydast camoii HU3Koi sHeprun B E =4[ MaB] u okoio R = 18,25 [cm],



27,25 [em], 35,25[cM] anda cioydas camoi Belcokou sHepruu B £ =20 [ M»aB].

§4.2. Ananus

TpaguunonHass Teopusi cuumraer, uyTo cuiaa JlopeHua, KoTopas OTKJIOHSAET 3JIEKTPOH
JBYDKYIIUICS B CTATUYECKOM OJHOPOJHOM MAarHUTHOM IIOJI€, HE 3aBUCHUT OT CKOPOCTH V 3leKTpoHa.
Ecan HUHAYKIOUA CTATUYCCKOTO OAHOPOAHOI'0 MArHuTHOTO IIOJISI paBHA B , TOrga TCOPCTUYCCKaA

oTkJoHsomas cuna JlopeHua pasHa Fy =eVB. Otkionstomas cuia JlopeHua ypaBHOBEUIMBAETCS

LEHTPOOEKHOW CHJION, JACHCTBYIOIIEH Ha SIIEKTPOH, IBHXKYIIMHCS IO OKPYXHOCTH BCIIEACTBUE
OTKJIOHEHHUs. [I09TOMYy KMHEMATUYECKOE YPABHEHUE KPYTOBOIO JIBUKEHHUS DJICKTPOHA UMEET BUJL!
2
mV mV

=elB WIn R , (4.1)
eB

[Ie m ecTh JIBIKYILNAsCA Macca JJIeKTpOHa, a R ecTh paauyc KpYroBOW TPAeKTOPUH JBUKCHUS
AIIEKTPOHA.

o . m,
OiHIITEiHOBCKas popmyna m = ﬁ npeBpauiaeT ypasHeHue (4.1) B ypaBHeHue:
1-V7/c
%
R=—" oy R=e. Ve (42)

J1-V?/c?eB eB \J1-1?/c? ‘

TpanuioHHast TEOpHUs YCKOPEHHS B JIEKTPOMArHUTHOM TIOJI€ YTBEPKAAET, YTO BCA paboyasi SHEprust
E nMHEMHOro yCKOpHTENs NMEpeNacTcsl yCKOPSIEMOMY IEKTPOHY U NPEBPAILAETCS B KMHETUYECKYIO

3Hepruto E, saekrpoHa, Tak yro E, = E. Kak ynomsaHyto Beimie B §3.2, TpaguLIMOHHAs TEOpUs

YCKOPEHMsI B DJIEKTPOMArHUTHOM II0JI€ M SHWHINTEMHOBCKAs pPEJNATUBUCTCKAs MEXaHMKA BMECTE
npuBomaT kK Qopmyne (3.1). Ilpum wucnoms3oBanmm (3.1) MBI MOXEM paccyuTarh CKOPOCTh V'
ANIEKTPOHA U 3aTEM C UCIOJIb30BaHUEM (4.2) MBI MOXEM PAacCUMTATh paiuyc R KpyroBOIO ABMXKEHUS
ANeKTpoHa. PaccunTanHble 3HaYeHUsT R TIOKa3aHbl HAXKE:

Ta0Omuua 8
E[M»3B] | 4 6 9 12 16 20
V 0,9919¢ | 0,9969¢ | 0,9986¢ | 0,9992¢ | 0,9995¢ | 0,9997 ¢

0,121]tesla] | R[em] |11,00 [17.85 [26,59 |3520 |44,53 [57,49
0,081[tesla] | R[em] |16,43 |26,66 [39,72 |52,58 |66,52 |85,88
0,063[tesla] | R[em] |21,13 |3428 |51,07 |6761 8553 |11042

PaccunranHoe 3HaueHue R yBEIMYUBAETCS MOYTH MPOMOPLHMOHAIBHO YPOBHIO £ paboueil sHepruu
JMHEMHOT0 YCKOPUTEJIsl, KOTOPBIH HE COOTBETCTBYET pe3yJibTaTaM dKCIepuMeHTa. Takum o0pa3oM, Kak
TPaAULMOHHAS 3JEKTPOMATHUTHAs TEOpPUsl YCKOPEHHWs, TaK W DSUHINTEHWHOBCKAas PEISATUBHUCTCKAs
MEXAHUKA SIBJISFOTCS] CHOPHBIMHU.

VYHNOMSIHYTBIN BBIIIE KAJIOPUMETPUUECKANA IKCIIEPUMEHT C BBICOKOCKOPOCTHBIMM 3JIEKTPOHAMH,
OOMOapANPYIOIIMMH CBUHIIOBYIO MUIIICHB, BBISIBII “sBieHue ¢ —V > (cm. §3.2). Ilpu ucnonbp3oBanuu
dopmynsl (3.3), koTOpass MPUHUMAET B pacueT “sSBICHHE C—0U°, Mbl MOXKEM BBIYUCIUTH CKOPOCTH
V' 3neKTpOHOB, BIETAIOIIMX B MAarHUTHOE NOJE W3 JIMHEHHOro yckoputens. C Opyroil CTOpOHBI,
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m o .
noAcTaBisas Gopmyiny m :ﬁ rajguIeeBCKOW pPEISITUBUCTCKON MexaHuku B (4.1), Mbl
1+V?/c?

MOy 4YaeM:

R myV o R = M Vie

J1+V?/c?eB eB  1+V?/c? .

[Ipu ucnonp3oBanuu (3.3) u (4.3) MBI MOKEeM paccuuTarh (GAKTUUECKYI0 CKOPOCTh } 3JIEeKTpoHa U
ero paauyc R:

(43)

Ta0uuua 9
E[M»3B] | 4 6 9 12 16 20
14 0,9299¢ | 0,9503¢ | 0,9652¢ | 0,9730¢ | 0,9793¢ | 0,9832¢

0,121[Tecna] | R [eMm] 0,959 0,970 0,978 0,982 0,986 0,988
0,081[Tecna] | R [cMm] 1,433 1,449 1,461 1,467 1,473 1,476
0,063[Tecna] | R [cMm] 1,842 1,863 1,878 1,886 1,894 1,898

Paccuurannbie 3HaueHust R B Tabmuie 9 3HaYUTEIHHO MEHBIIE, YeM HU3MEPEHHbIE B 3KCIIEPUMEHTE.
OpHako M3MEHSIOIIAsACS TEHACHLMS 3HaUeHUH R MOX0)Ka Ha M3MEHSIIONIYIOCS TeHACHUUIO 3HaYeHUN
R , uBMepeHHbIX B SKCIIEPUMEHTE.

Otknonenue JlopeHla €cTh B3aUMOJIECHCTBHE MEX]y CTAaTUYECKUM MAarHUTHBIM IOJIEM U
JOBUKYLIUMCST MarHMTHBIM TOJIEM JBMXKYLIETOCsl AJIEKTPOHA. OJTO €CTh B3aUMOCICTBHE MEXITY
CHWJIaMH, a HE MEXJAy DJHEpPrusMH, MOCKOJIbKY KHHETHYECKash JHEprusi JSJIEeKTpOHa B KpPyroBOM
JIBUKEHUU OCTaeTcs MOCTOSIHHOM. [1o ToM ke mpuyMHe, Y4TO U JIOAKA MO MAapyCOM HHMKOTA HE MOXKET
JOCTUTHYTh CKOPOCTH BETpPA, Mbl MOKEM PAacCMOTPETh APYro Bup “saBieHust c¢—V” B AeicTBUM
OTKJIOHSIIOIIEeH cuiibl JIopeHIia cTaTHueckoro MarHuTHOTO MOJISl Ha 3JIEKTPOH, ABMXKYIIMNCS 110 KPYTy ¢
MIOCTOSIHHOU CKOPOCTBIO V.

OpHako TOYHBIM MEXaHM3M 3TOTO BHJAa MarHUTHOTO B3aUMOJCHCTBUS €IlI€ IMOJHOCTHIO HE
MOHAT U TpeOyeT AaibHEeNIIero n3ydyeHus. Mbl mpejaraemM coracoBaTh TEOPETUYECKH PACCUUTAaHHBIN
panuyc R € 3KCHEPUMEHTAJIbHO U3MEPEHHBIM PaguycoM R .

B ciyuae 0,121[Tecna] mbl paccuutanu cpeaHee 3Hauenue R, paBHoe 0,9735[cMm], Torma kak
SKCIEPUMEHTAIBHO M3MEPEHHOE cpenHee 3HadyeHue R paBHo 18[cM]. Pa3pwiB  paBeH

=—0 91;335 ~18,5. B cimyuae 0,081[Tecna] paccuutanHoe cpeanee 3HaueHue R paBHO 1,4545[cm],
27
TOTZIa KaK MU3MEpPEHHOEe cpefiHee 3HaueHue paBHO 27[cm]. Pa3peiB paBen K = 14545 ~18,6. B ciyuae

0,063[Tecna], paccuntanHoe cpenHee 3HaueHue R paBHO 1,87[cMm], Torma Kak 3KCIEPUMEHTAJIBLHO

35 .
U3MEpPEHHOe cpenHee 3HaueHue paBHO 35[cm]. PaspeiB paBen K =——=18,7 . [loaronounsi

b
ko3pdummenTr K W3MEHsSEeTCS OYCHb Majlo, KOTJIa CKOPOCTh JICKTPOHA U3MEHSETCS OT 3HAYCHHS V=
0,9299¢ gno smauennst V =0,9832c.

[TosTromy, ayig  coriacoBaHUS  TEOPETHUYECKHM  PACCUMTAHHOTO  3HAYeHHs R ¢

OKCIICPUMCHTAJIbHO U3MCPCHHBIM 3HAYCHHUEM R . HCO6XOI[I/IMO YBCIIUYUTH PACCUUTAHHBIC 3HAUYCHUA B
-9.



K pa3s:

_me Ve
eB  1+7?/c?

rme K=18,5, 18,6 u 18,7 nna B =0,121[Tecna], 0,081[Tecna] u 0,063[Tecna] coorBercTBeHHO. C

R

K, (4.4)

UCTIOJIb30BaHUEM (opMyIibl (4.4) MBI TTOJTydaeMm:

Tabmuma 10
E [ MaB] 4 6 9 12 16 20
V 0,9299¢ | 0,9503¢ | 0,9652¢ | 0,9730¢ | 0,9793¢ | 0,9832¢
0,121[Tecna] | R[cm] 17,74 17,95 18,09 18,17 18,24 18,28
0,081[Tecna] | R[cMm] 26,65 26,95 27,17 27,29 27,40 27,45
0,063[Tecna] | R[cMm] 34,07 34,47 34,74 34,90 35,03 35,11

TeopeTndecku paccuuTaHHble cpeHue 3HadeHus: R B Tabmuie 10 paBabl 18[cMm], 27[cMm] and 35[cMm]
COOTBETCTBEHHO.

§5 Bomnpocsl no EBponeiickomy 0obmomMy aapoHuomy kosuiaiiiepy (bAK)

Coo0manock, 4To camblii MomHbi B Mupe EBpomerickuit BAK moctur yckopeHus: mpoOTOHOB 10

ypoBHs dHepruu B 3,5 [TAB] u mpoToHBI ocTUTAIN CKOPOCTH, paBHOH V = 0,99999995¢ . OueBntHO,

yto yueHnble ILIEPH npunepxuBanuch pensiTUBUCTCKOM MEXaHUKW OWHIITEHHA W TPaAUIMOHHON
TEOPUU YCKOPEHUS JJIEKTPOMATHUTHBIM TIOJE€M IPU BBIYUCICHUH CKOPOCTH CBOMX MPOTOHOB.
HerictButenbHo, cornmacHo ¢dopmyne (3.1), koTropas BBITEKaeT W3 PEISITUBUCTCKON MEXaHHKHU
OWHIITEeHA U IPENOJAaraeT, YTo YCKOpEHUe 3eKTpoMaruuTHeIM nosieM umeeT 100% sddexTuBHOCTS,

ecmn E =3,5[T3B], rornra V =0,99999995¢ , uro ToibK0 Ha 15 M/C MeHbIIIe, YeM CKOPOCTh CBETA.

VYuenbie I[EPH Bepsar, uto mpu V =0,99999995¢ xaxaplii NpOTOH HMEET TPOMAJTHYIO
m,
JBIKYIIYIOCS MacCy m =-————=~ 2,967 [T3B] u xkunernueckyro sHepruto E, =3.5 [T3B].
J1-v?/e? ‘

HakoruieHHas »Heprus [IByX CTaJKUBAIOIIUMXCA HOpoToHOB paBHa 2FE, =7 [TaB]. Ckopoctb

CTOJIKHOBEHMS COITIaCHO 3aKOHY CJIO’KEHHUS CKOpoCTEen DiHImTEeHA paBHa
V+V
V; = VXV - 0,9999999999995¢c . CronKHOBEHHME MOXKET IPUBECTH K HEKOTOPHIM HOBBIM

1+

2
C

(Gu3NYECKUM OTKPBITHSIM TJIABHBIM 00Opa3oM BCJEICTBHME OTPOMHON IBMXKYILEHCS Macce IMPOTOHa,
JIBUOKYILIETOCS C OTPOMHOM SHEPTUEH.

Opnako cormacHo Hame ¢opmyne (3.3), KoTopas OCHOBBIBaeTCs Ha [ anmieeBcKon
PEIIATUBUCTCKOM MEXaHHKE W YUYHMTBHIBACT “‘SBICHHE C—U~, MPOTOHBI OBUIM YCKOPEHBI TOJBKO [0

ckopoct V= 0,99981c. IIpoToH, IBMXKYIIUHCSA C TaKOH CKOPOCTBIO MMEET JBHIKYIIYIOCS MAaccy

- 10 -



m . . .
TOJBKO M =ﬁ ~ 663,52 [MaB] < m,u obOnagaer TONbKO KMHETUYECKOM HJHEpruel, paBHOU
1+Vi/c

m,V’

e vi/e
E, 66327x10°°

O¢pdextuBHocte BAK 1mo3ToMy coOCTaBisieT TOIBKO OKOJIO E Tz0,019%. IIpn

E ~ 663,27 [M»sB], 3HaumtenbHO wMeHbIed, udem osHeprus BAK E =35 [T?B].

YBEIUYCHUH } yCKOpEHHE CTAaHOBUTCSA BCE MEHee W MeHee A((EKTHBHBIM W3-3a “sBICHUS C—V 7.
9T0 MMPOUCXOAUT HC BCJICACTBUC TOr'0, YTO ABWIKYIAACA MaCcCa YaCTHUILIbI CYIICCTBCHHO YBCIMYNBACTCA
0 MEpPE TOTO, KaK €€ CKOPOCTh MPUOJIMUKAETCSA K ¢, COTJIACHO PEJIATUBUCTCKOM MEXaHUKe DWHINTEIHA,
TaK 4TO YCKOPEHHE CTAaHOBUTCS BCE TPYAHEE U TPYyIHEE.

Tem He MeHee, COIVIaCHO TaJMJICEBCKOMY 3aKOHY CIIOKE€HUS CKOPOCTEH, CKOpPOCTh

CTOJKHOBEHMsSI BbIcOKa: V +V =2x0,99981c =1,99962c . CTONKHOBEHHE MOXET NPHUBECTU K

HEKOTOPBIM HOBBIM (PU3UYECKUM OTKPBITHSIM, TJIABHBIM OOpa30oM BCIEICTBUE OTPOMHBIX CKOPOCTEH
CTOJIKHOBEHHMSI, @ HE BCIICACTBHE OONBIINX ABMKYIICHCS MAcChl MPOTOHA U KUHETHUYECKOW DHEPTHH,
KOTOpPbIE OCTAIOTCSI MAJIBIMHU.

HEPH cobupaetcst yasouts moutHocTh cBoero BAK o 7 [TsB], 4T00b! yCKOPSATH MPOTOHKI 0

ckopoct V =0,999999991c (Tonpko mpubnusutensHo Ha 12,3 M/c BbIlle, 4eM B ciyyae, KOTIjaa

sHeprus BAK Ospina pasHa E = 3,5 [TaB] u Tonbko Ha 2,7 M/c MEHbIIIE, Y4€M CKOPOCTh CBETA.) TaK YTO

V+V

Vv
1+ 5
C

VZ = cC, m~rxX H Ek ~ o0 . BOIBIIMHCTBO YYUCHBIX CYHHUTACT, YTO TaKHUC CTOJKHOBCHUA

MOTYT IIpUBECTHU K bonbmomy B3peiBy 1 moMoryT uM y3Hars cueHapuil Poxaenus BeeneHHOM.
Opnako commacHo Hamieir ¢opmyne (3.3) sneprust BAK, paBnas 7 [TrB] MoxeT ycKopuTh

IOPOTOHBI TOJNBKO a0 ckopoctd V ~0,999905¢c . Ilpu Takoii CKOPOCTH KaKABI HPOTOH HMEET

m,

m=—
J1+V2/e?
m,V’

E, =——==663,36 [M>B]. Pe3ynbrarsl no4yTu T€ *€ camble, 4TO U B ciiyyae sHepruu BAK,
e vie

JBIKYUIYIOCS ~ Maccy ~ 663,49 [M»1B] U KHHETHYECKYK)  DHEpIHIo

paBHoii E =35 [ThB]. D10 mnpoucxXonauT BCIEACTBUE TOrO, 4TO ‘‘sBIeHHE c—)V 7 CHUKaer

E . -
spdexruBHOCTs  BAK 10 3HaueHus ?"=wz0.00948%. CKOpOCTh CTOJIKHOBEHMS

paBHa V +V =2x0,999905¢ =1,99981c. Kaxkoii 661 0onbIION MOITHOCTHIO HU OOManan Koulaiaep,

CKOPOCTb CTOJIKHOBEHHS BCera OyJIeT MEHbIIEH 2c¢.
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He oOpamas BHuMaHus Ha “seiueHue c—V 7, poporoctosimuii BAK Tparutr orpomuoe
KOJIMYECTBO DSHEPTUM W JCHEr BIYCTYIO [UIsl OCYIIECTBICHUS HEIPPEKTUBHOU AESITETHLHOCTH.
Heticteurensrno, yto LIEPH nomxen nenars — 310 He yaBaumBarh MoliHOCTh BAK, a yBennuuBath
IUIOTHOCTh TOKA JUIsl CBOEr0 MOTOKAa MPOTOHOB. [10TOMYy 4TO HE BCsIKME BBl CTOJKHOBEHUH ABYX
NPOTOHOB MOTYT BBI3BaTh HOBbIE (Qu3nueckue sBieHUsA. CTOJIKHOBEHHS IO KacaTelbHOW He
a¢dextuBHbL. TONBKO TOYHBIE JTOOOBBIE CTOJIKHOBEHHS, BEPOSTHOCTH KOTOPHIX UYPE3BBIYAMHO Maja,
SABISIOTCS 9(PPEKTUBHBIMU M YPE3BBIYAITHO HEOOXOAUMBI ISl OTKPBITHSI HOBBIX (DU3UYECKUX SIBICHUM.
WU eme, npu sneprun BAK pasnoit 7 [T3B], cymmapHas kMHETHYECKasi SHEPIHsl AByX IIPOTOHOB IIPU

TOYHOM JIOOOBOM CTOJIKHOBEHMM paBHa Toibko 2FE, ~1,327 [ M»3B]. Tam He Oyner HHMKakoro

bonpmioro B3peiBa win Poxxienus BeeneHHoM.

§6. 3akouenue

(1) Bce Tpu »SKCIepUMEHTa [OKa3bIBAIOT, YTO TPAIAMLMOHHAS TEOPUS YCKOPEHUS
AIIEKTPOMAarHUTHBIM TOJIEM M PEISATUBUCTCKAs MEXaHWKa DWHIITeHa BBOJAT HAc B 3a0iy)KICHHE.
VYckopeHHue IeKTPOMArHUTHBIM I0JIEM HE MOXKET pa3orHaTh 4acTHllbl 10 ckopoctu V ~c. U 310 He
IIOTOMY, YTO 3HAYUTEJIBHO YBEIMYMBAETCS Macca JBU)KEHHSI YaCTHULIbI 110 Mepe NMPUOIMKEHHS K €, TaK
YTO YCKOPEHHE JIETIAeTCsl BCE TPyAHEE W TPYyAHEE. DTO MPOUCXOIUT U3-3a “siBjeHust ¢ —V ”, koTopoe
JIeNIaeT yCKOpeHHe Bce MeHee U MeHee 3(h(EeKTUBHBIM.

(2) PenstuBuCTCKas MeXaHMKa DWHINTEHHA HE MOXET OOBSCHUTH PE3yJbTaThl BCEX TPEX
HKCIIEPUMEHTOB, a TAJIMJIEEBCKAsl PEISITUBUCTCKAsI MEXaHUKA MOXKET.

(3) Orwinonsromass  cuna JlopeHna, KoTopas OOyCIOBJICHa B3aUMOACHCTBHEM MEXKIY
CTaTUYHBIM 3JIEKTPOMArHUTHBIM IIOJIEM U JIBHXKYIIMMCS MarHUTHBIM II0JIEM JIBUXKYILErocCs MPOTOHA,
3aBUCHUT OT CKOPOCTH ABMXKyLIErocs aeKTpoHa. CoracoBaTh TEOPETUUECKU PACCUMTAHHbBIE JAHHBIE C
HKCIIEPUMEHTAIBHO M3MEPEHHBIMHM JaHHBIMH YIA€TCs MPUMEHSS MOYTH HMOCTOSHHBIA KO3 UIMEHT
K . OHako TOYHBIM MEXaHU3M OTKJIOHSIOIIEH cuiibl JIopeHia TpeOyeT JalbHEeHIero n3yyeHus.

(4) YUtoOw1 uccnenoBath “sBICHHE C—V ~ W MPOBEPUTH, KAKOH PEISATUBUCTCKUNA MEXaHU3M
npaBWiIeH, OWHIITEHHOBCKUM wiu [anmuneeBckuil, Mbl mpemyaraeM (¢U3UKaM IOBTOPUTH 3TH
HKCIIEPUMEHTHI 060JIee TOYHO U C UCTIOJIBb30BaHUEM 00JIee MOIIIHOTO JTMHEHHOTO YCKOPHTEIIS.
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