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ATomHas n sgepHas pumsuka
BeoOHbIe akcriepumeHmbI
YOernbHbIl 3apsi0 arnekmpoHa

OOBbeKTbl 3KCNepuMeHTa

OnpepeneHune
yaenbHoro 3apsiga
9IEeKTpoHa

ViccnegoBaHme OTKITOHEHNS 3NIEKTPOHOB B MarHUTHOM Nosie Ha Kpyrnyw op6|/|Ty.

OnpepeneHne MarHMTHOrO nonsi B kak dyHKums yckopstoLero noteHumana U anekTpoHOB B MOCTOSIHHOM paaunyce r.
OnpepeneHune yaenbHoro 3apsiaa arekTpoHa.
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OCHOBHbIe npUHUUNLI

Maccy anekTpoHa TPYAHO OMNpeaesinTb 3KCNepUMEHTanbHbIM MyTeM.
Mpolue onpeaennTb yaenbHbIn 3apsia 3MekTpoHa

e=_% (),
me

N eCnv U3BECTHO 3NIeMEeHTapHbIN 3apsifi, C NMOMOLLIbIO d’)OpMyJ‘IbI

(1) MOXXHO BbIYMCMIMTBL MaCcCy AfEKTPOHa Me .

SJ'IeKTpOH, nepemeLlaoLLnNCca Co CKOPOCTLIO V nepneHguKynapHo K
OAHOPOAHOMY MarHUTHOMY MOS0 B, nogsepraetcs cune JlopeHua

F=elNB (I
KoTOpasi HanpasneHa NepneHanKynNsPHO CKOPOCTU U
MarHMTHomy nomto. LleHTpocTpemuTenbHas cuna

v 2
F=mg I]r— (1
OeNCTByeT Ha 3NeKTPOoH Ha opbuTte ¢ paguycom r (Puc. 1), ©
e \Y
—_— = (Iv)
me rB

B aKkcnepnmeHTe aneKkTpoHbl YCKOPSTCS B 3MEKTPOHHO-Iy4YeBOoM
Tpybke noteHumanom U. MNonyyarowascs KnHetTuyeckas aHeprus

m
el =—2? V)
2
YnoenbHbIN 3apsg anekTpoHa, Takum obpasom
e 20 (V).
2
Me (I’ DB)

Puc. 1: OTknoHeHne anekTpoHOB B MarHUTHOM none B cunown
NopeHua F Ha kpyrnyto opbuty ¢ paguycom r
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TexHUKa 6e3onacHoOCTH

BHUMaHue: anekTpoHHO - nyyeBasi Tpybka TpebyeT BbICOKbIX
HanpshkeHun koHTakta Ao 300 B pAns ycKopeHus 3neKTpOHOB.
[pyrne HanpspkeHWUsi, CBsI3aHHbIE C 3TUM OMACHbIM HampsXEHUWEM
KOHTaKTa Takke, NpeAcTaBnsoT onacHoCTb. OnacHble HanpsKeHNs
KOHTaKTa Takum 06pa3oM MpUCYTCTBYIOT Ha MNaHenmum CBSA3M
gepxaTtenss UM B KaTylwkax [enbmronbua, Korga SMeKTPOHHO -
nyyeBasi Tpybka B OeNCTBUM.

u CoevHnTe NaHenb TOMbKO C MOMOLLbI0 6e3onacHbIX
coegnHUTEeNbHbIX NPOBOAOB.

Bcerga ob6s3aTenbHO BbIKIOYMTE BCE 3]'IeKTpOCHa6)KeHVIe npexae,
4YeM coeaNHUTb U USBMEHUTb YCTAHOBKWU SKCrNepuMeHTa.

B He sromovaiiTe aneKTpocHa6XeHme, ToKa BrI He
3aKOHYNUTE COOPKY CXeMBI.

M He kacaritecs YCTaHOBKM 9KCNEpPUMEHTa, 0CO6EHHO
KaTywwku enbmronsLa, BO BpeMsi paboTbl.

OnacHocTb B3pblBa. 3NEKTPOHHO-Iy4YeBas pr6Ka ABNAETCA
BaKyyMNPOBaHHbIM CTEKNAHHbLIM COCYJOM C TOHKMMW CTEHaMM.

M He nonsepraiite snekTponHo-mydesoit Tpy6ku (JIT)
MeXaHWYIeCKUM YCHTUAM

M Ynpasnsitte 3J1T Tonbko B Aepxatene (555 581).

| CoenuHNTE 6-TIOTIOCHBIN IITETICETb AePIKaTes TIATEIbHO K
CTEK/ITHHOI OCHOBE.

u ITpounTaiiTe MICT MHCTPYKIWM, ocTaBngeMbrr K JIT .

-2- LD Physics |eaflets
OneKTpOoHHO-MNy4YeBas TpybKka coaepXut BOAOPOAHbIE MOMEKYIbl Mpu
Ap paratus HWU3KOM [AaBrieHUN, KOTOpble MNPW CTOMKHOBEHUW C 3rieKTpoHamMu
Mn3ny4varT CBeT. 310 aenaet Op6VITy ONIeKTPOHOB KOCBEHHO BUONMOW,
1 aneKTpOHHO-Ny4eBast TPyOKa  .....occoovvcvcenee, 555571 M WX opbuTanbHbIf pagnyc r MOXeT OblTb HEenocpeacTBEHHO
1 KaTywkm NenmMronbua ¢ gepxatenem M3MePEH C NUHENKON.
N N3MEpPUTENBHBIMU MPUOOPAMM ... 555 581
MarHuTtHoe none B reHepupyeTca B nape Katyllek [enmronsua n
1 WcTouHuk nutaHune Tpy6kn 0 4o 500 V.............. 521 65 NPONOPLMOHANBHO Toky | B KaTyLLKax MenbMronbLa:
1 DC WcTovHuKk nutaHme 0...16 V, 0..5A......... 521 545
B=k0 v
2 MynbtumMeTp LD analog 20..........oocveeieeeininneenen. 531120
3aBucumocTb  yckopsiowlero noteHumana U ot toka | B
1 NameputenbHas pyneTka, | =2 m/78" .............. 31177 MarHUTHOM Morne, B KOTOPOM  OopbuTanbHbIN  pagunyc
3 besonacHble coeguH. npoBoda, 25 cM.............. 500 614 ﬁgiK:z?tonBociieﬁsHe;Tal:i%(;l?/lﬂHH:BMH);H?AH;F\(/%IF)W;D(V“) MOXHO
3 besonacHble coeguH. npoeoaa, 50 cm.............. 500 624 y P yp
7 BesonacHble coeguH. npoeoaa, 100 cm............ 500 644 U= i%mz K2 02 (Vi)
m
HononHumensHo pekoMeHdyemcs: €
1 YHuepcan/ nameputenbsHbii npubop"Physics".. 531 835 KO3(OULIMEHT MPOMOPLIMOHANBHOCTH
1 Axial B-Sensor S 524 0382 2z
1 PacwmpuTenbHblin kabenb, 15-NomtocHbIii 50111 k =Ho EEEJ D:T (IX)

-7 Vs
Hg =410 ! A—: MarHuTHast NoCToAHHas
m

MOXeT ObITb BbIYMCIIEH UNK OT paguyca KaTtylwkn R = 150 mm
n dakropa n = 130 kaTywku, unuM onpegeneH nytem
n3MepeHns KanmbpoBOYHOW KPUBOW B = f (). Bce
onpegensiowme akTopbl ANA YAENbHOro 3apsga dnekTpoHa
Tenepb N3BECTHbI.

YcTaHoBKa

lMNpumeyaHue:
BbinonHume u3mepeHusi 8 meMHoU Kamepe.

Kamywku lenmeonsuya moaym 6bimb cO€OUHEHbI C MOKOM
bornbwe yem 2 A, monbKo 8 meyeHue KOPOmMKo20 8PEMEHU.

JkcnepuMeHTanbHasi yCTaHOBKa Ans onpeaeneHns yaenbHoro 3apsiga
AneKkTpoHa nokasaHa Ha Puc. 2, anektpuyeckme cxembl Ha Puc. 3.

- PasbegunHuTe anekTpocHabxeHne TpyoKku U NOBEPHUTE BCE
py4YkM MOTEHUMOMETPA K NEBOW NO3NLIMK.

-CoeguHnTe 6,3-BONbTOBbIN BXOLHOW KOHEL, 3NIEKTPOHHO-
nyyeBow Tpyobku K 6,3-BONIbTOBOMY BbIXOAY UCTOYHMKA
3NEKTPUYECKON SHEPrnm TpyoKu.

-3akopoTuTe NONOXUTENbHBIN Nontoc 50-BoNbTOBOrO BbiXxoAda
WCTOYHMKa NTaHue Tpybku ¢ oTpuuateneHeiM nomtocom 500-
BOJIbTOBOrO BbIXO4a U COEAMHUTE C THE3O0M «-» 3JIEKTPOHHO-
ny4yeBoi Tpybkn (kaToa).

- CoeaunHnTE rHe3no «+» 3NEeKTPOHHO-JTy4YEBOW TPYOKK
(aHop) c nonoxuTenbHbIM nontocom 500-BonbTOBOrO
BbIxoAa, rHe3no W (Wehnelt-uunuHap) ¢ otpyuuaTensHbiM
nontocom 50-BoNbLTOBOrO BbIXOAA.

-[ins uamepeHuns yckopsiowero noteHumnana U coeamHnte
BOnbTMETp (M3mepstowmii gnanasoH 300 B) k 500-
BOITbTOBOMY BbIXOZY.

- 3aKopoTWTE NNACTUHbI OTKMOHEHWS 3MEKTPOHHO-ITy4YEBON
TpyOKM K aHoAay.

- CoegunHute DC MCTOYHUK NUTaHWE MOCTOSHHOMO TOKa U amnepmeTp

(amanosoH nsmepenus 3 A) nocnegoBaTternbHO C KaTyLuKaMu
[enbmronsua.
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Puc.2 .OkcnepuMMeHTanbHasa ycTaHoBKa A1 OnpeaeneHvs yaenHoro
3apsiga anekTpoHa
a Katywku lenbmronsua
b OnekTpoHHo-nyyYeBas
TpyOka ¢ N3mepuTenbHbIin
npuoéop
Puc. 3. Onektpuyeckoe coegnHeHve

- BkntounTte anekTpocHabxeHne Tpybku n yctaHoBUTE
yckopsitowmin noteHuyman U = 300 B

TepMOSJ'IeKTpOHHaFI AMUCCHA 3anycKaeTcd nocne
HarpeBaHuA B Te4eHne HECKOJTbKUX MUHYT.

- ONTUMU3MPYWiTE HOKYCMPOBKY 3NIEKTPOHHOTO Nyya nyTem
BapbupoBaHua HanpsxeHue B Wehnelt-umnuugpe ot 0... 10 B, noka
3TO HE NPMBOAWT K Y3KOMY, XOPOLLO onpeAeneHHOMY Nyyy C ICHbIM
onpeaeneHnem kpas.

- CoeiMHNTE NCTOYHMK MUTAHME NOCTOSIHHOIO TOKA KaTyLlek
lenbmMronbLa 1 HabnoganTe Tok |, B KOTOPOM 3NEKTPOHHbIN JTyYy
OTKIOHSIETCSA MO 3aKpbITON opbuTe.

Ecnun anekTpoHHbIV Ny4 nocne oTpbiBa OT aHOAA OTKIIOHSAETCA
Nno HeNpPaBWbLHON (NEBOWN) NNHUK:
- pasbeanHuTe 06a CTOYHMKa NUTaHKe.

- NOMEHANTE KOHTaKTbl HA MCTOYHUKE MUTaHUSA NOCTOAHHOIO
TOKa Ana nameHeHunda nonapHoCT MarHMTHOro nons.

Ecnv anekTpoHbl He ABMraloTCsl Mo 3aKpbITO KPYriow
opbuTe, a ABMraloTCs Mo CNUpanbHON NUHUN:

- OcnabbTe MOHTUpYtoLWMecst 6onTbl 060MX AepXKaLimX KPOHLITERHOB
(npounTaiTe MHPOPMaLMOHHOE PYKOBOACTBO AMS 3NEKTPOHHO-
ny4yeBou TpyoKn).

- BHumaTenbHO noBepHWTe 'aneKTpOHHO-My4YeByto TPyOKy BOKpYr ee
NPOAONbHOM OCK, NOKA 3NEKTPOHHBIN yY He ByaeT NosiBAATCA Ha
3aKpbITON Kpyrnomn opbuTe.

- 3akpenuTte MOHTUpYtoLme 6onThl.

BbinonHeHue JKCNnepumMeHTa

- MepemecTuTte neBbIi cnaig N3amMepuTenbLHOro Npuéopa Tak, YTobbl
€ro BHYTPEHHbIN Kpal, 3epkaribHoe oTobpakeHue 1 anepTypa
3MEKTPOHHOTO Nyya NpuUGLIBaNu ANst HANOXKEHUS! HA OOHOM YrIy.

- YcTaHoBUTE NpaBblii cnaga ans o6oux BHYTPEeHHWX Kpaes Ass
Nosly4YyeHUs: paccTosiHus 8 cM.

- Habnogante BHyTpeHHUI Kpai npaBoro crnanga,
BbIPOBHANTE €ro 3epKkanbHoe 0TOOpaxeHNe 1 KOpPEKTUPYITE
06MOTOYHBIV TOK |, NOKa 3NEKTPOHHbLIV Nyd He BexuT
MMMOXOZOM BOOJIb Kpasi MOHWKEHUS, NMOKPbIBAKOLLIETO
3epkanbHoe otobpaxeHue (cm. Puc. 4)

- YMeHbLunTe yckopstowmn noteHuman U no 10 B go 200 B n
BblOMpariTe 06MOTOYHbIN TOK | Tak, YTOObLI OpbUuTa
3NEKTPOHHOrO fy4a umena agnameTp 8 cm.

- NamepbTe yckopstowmin noteHuman U n o6MOTOYHBIN TOK .

Puc. 4. NamepeHune anametpa opbuTbl C U3MEPUTENBHBLIM
npubopom
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KanubpoBka marHutHoro nons lenbmronbua:
YcTaHoBka Anst kanubpoBKM MarHWTHOrO Nonsi nokasaHa Ha Puc. 5.

[lononHnTensHO pekoMeHayemble YCTpPOMCTBa, YMNOMsHYyTble Bbille,
TpebytoTcs Ans Toro, YTobbl caenaTb U3MepeHust.

- Ecnn NPUMEHNMO pa3beanHuUTe Bce 6nokn NuTaHus.

- eMOHTUpynTE N3MepUTENbHBIA NPUGOP U KaTyLKy enbmronbLa B
nepeaHen CTOpoHe, ocnabbTe CBA3b C 3NEKTPOHHO-NYy4eBOW TpybKon
1 MOHTMpYIOLLME BONTbI ABYX AepXaLlUyX KPOHLLTENHOB

(NpounTanTe UHCTPYKLMK NS 3MEKTPOHHO-MYy4eBON TPYOKK)

- BHUMaTenbHO yaanuTe anekTpoOHHO-Ny4YeBYO TPYGKY U
NMoMecTuTe ee, Hanpumep, B NepBOHaYansHoOe MecTo.

- MNoBTOpHO cobepuTe KaTyLwkn FenbMronbLa B NepeaHen CTOPOHe U
coeguHuTe.

- CoeaunHuTe oceBor B-3oHa ¢ TecnameTpom (nano3oH namepeHust
20 ™mT), 1 KannbpywTe HyneByt To4Ky (cM. MIHCTpyKuuio no
akcnnyaTaumn ana TecnameTpa).

- MNepemecTtute oceson B-30HA, napannensHO MarHMTHOMY MOS0
KaTylwku MenbmronbLa B LEHTpe napbl KaTyLuek.

- YBenuubte TOK | KaTtywknc 0 0o 3 A no 0,5 A,
n3MepbTe MarHMTHoe nore B 1 3anuwnTte nsmepeHHble
3HaYeHus.

[Nocne 3aknoyeHns KaJ'II/I6pOBKMZ

- NMoBTOpPHO cobepuTe 3NEKTPOHHO-NyYEBYHO TPYOKY
COrNacHO MHCTPYKLMW.

Mpumepbl 3MepeHusi
Tabnuua 1: Tok | kaTyLwKn Kak yHKLNS YCKOPSOLLLErO
noteHumana U npu noctostHHoOM pagnyce opbutsl r = 0,04 m.

U |
v A
300 2.15
290 2.10
280 2.07
270 2.03
260 2.00
250 1.97
240 191
230 1.88
220 1.83
210 1.79
200 1.75

Tabnuua 2: MarHuTHoe none B kaTywek enbMronbua kak yHKUms
Toka | KaTywku (3T0 M3mepeHne TpebyeT BbILLEYNOMSHYTbIX
OOMOMNHUTENBHO PEKOMEHAYEMbIX YCTPOWCTB),

| B
A mT
05 0.35
1.0 0.65
15 0.98
2.0 134
25 1.62
3.0 2.05

531835

Puc. 5 YcraHoBka anst kanubpoBku MarHuTHoro nons enbmMronsua

OueHKa u pe3ynbTaTthbl

Ha Puc. 6 namepeHHbie 3HavyeHus ot Tabnuubl 1 nokasaHbl B
ux nuHenHon copme U = f (12), - cormacHo (VIII). HaknoH
nonyyarLLencs NMMHNM Yepes Hayarno KOOpAnHaT
a=653VA~Z
CornacHo ypasHeHuu (VIII), yaenbHbIn 3apsa, aneKkTpoHa

e 2

me 2 [k2
HanbHenwas oueHka Takum ob6pasom Tpebyet
KoadhpuLmeHTa NponopLmMoHanbHOCTU K.

Ecnu nyykun cBeTa nagatoT nepneHAnKynspHo (a = 3), oHu
oTpaxatloTcs Hasag no Nyt NageHust

Ecnv nyykv ceeTa nagatoT KOCO, OHW OTPaXKaloTcs Mo
APYromy HanpasneHuto, HO OCTaloTCs napansenbHbIMU.

Puc. 6. lMNMpeacTtaBneHne namepeHHbix pesynbTtaToB 13 Tabnuupl 1.

350

3001
2501
200+
> 1
S 150
100

50 1
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OnpepeneHune KoacduumeHTa nponopumoHanbHocTU k

OT KanMbpoBKM MarHUTHoro nons NenbMronbua: 25

I'Ipose,qume I'IpﬂMOIZ NMHUK Yepes Ha4vano KoopaunHat no

N3MEepPEeHHbIM 3Ha4YeHUAM n3 Ta6J'IVILI,bI 2, unn ns Puc. 7 npueoaunTt 204

k=0,67 mT A"

v ganee 1,5
e As =

—=180101 =2 £

Me kg m 1,04

Bbluncnenue koacpdpumumeHTa nponopumoHansHocTu k:

Mcnonb3ays (IX) MOXHO BbIYMCINTL 0,54

k=078 mT A*

1 panee 0,0 T T T T T T

A 00 05 10 15 20 25 30 35

e (S

—=1300" = 1A

Mg kg

nMTepaTypHoe 3Ha'enue. Puc. 7. KaHM6pOBO‘-{Haﬂ KpuBaa ona MarHMTHOrO NonsA KaTtylwek
e As Fenbmronbua

— =17600" 2

Mg kg
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