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BE.IJ:EHI1E 

Y )J:eJihHbiM 3api!IJ:OM Y:aCTIIIIbi Ha3biBaeTCi! rpii3li'leCKail BeJIIIqiiHa, 

paBHail OTHOIIIeHillO 3apH)J:a Y:aCTIIIIhi K ee Macce - q/m. CoOTBeTCTBeHHO, 

y)J:eJibHbiH 3api!ll: 3JieKTpOHa, 3TO rpii3li'leCKaH BeJIIIY:IIHa, paBHaH OTHOIIIeHillO 

3apH!l:a 3IIeKTpoHa K ero Macce - elm. 
QeJib pa6oThi - orrpe~J:eniiTh Beiiii'liiHY yll:eJibHoro 3apH!l:a :JneKTpoHa, 

IICIIOnh3YH MeTOIJ: MarHeTpOHa. 

1 KP A TKA5I TEOPIDI 

Tipii ll:BlDKeHII!1 3apmKeHHOH Y:aCTIIIIhi B 3neKTPHY:eCKOM H 

MarHIITHOM IIOJIHX TPaeKTOpHH ee IJ:BH)f(eHHH 3aBHCIIT KaK OT BeJIII'liiHbl 

HarrpmKeHHOCTeH )J:aHHhJX rronei1, TaK H OT B3aiiMHOH OpHeHTaiiHII BeKTOpOB 

CKOpOCTH Y:aCTIIIIbi II HaiipH)f(eHtiOCTeH 3neKTpiiqecKOrO II MarHIITHOrO 

IIOJieH. B OT)J:eiihHOCTII TpaeKTOpiiH )J:Bli)KeHHH qacTIIIIbl He 3aBIICHT OT ee 

3apH)J:a IIJIII MaCChi, a IIOnHOCTb!O orrpe)J:eJIHeTCH OTHOIIIeHHeM q/m. 3HaH 

CKOpOCTb H TpaeKTOpillO qaCTHIIhi, )J:BII)f(YUieHCH Oll:HOBpeMeHHO B 

3neKTpli'leCKOM H MarHHTHOM rronHX, CTpyKTypa KOTOpbiX 3a)J:aHa, MO)f(HO 

orrpe~J:eniiTh Benli'lHHY H 3HaK yiJ:eiibHoro 3apH!l:a, rronyqiiTh rreHHhre 

CBe)J:eHHH 0 Dpiipo)J:e Y:aCTHIIbl II 0 TeX rrporreccax, B KOTOpbiX OHa 

B03HHKaeT. Orrpe)J:eneHHe yll:eJibHoro 3apH!l:a IIMeeT 6oJihiiioe 3HaqeHIIe: ecmr 

O)J:Ha BeJIII'liiHa II3BeCTHa, TO ITO HaH)J:eHHOMY 3HaLJeHII!O q/m MQ)KHO 

orrpe)J:eniiTh H ll:pyryiO. l1MeHHO TaKIIM o6pmoM 6biJia orrpe~J:eneHa Macca 

3neKTpOHa. 

B HaCTOHIIIee BpeMH II3BeCTHhi pa3niiqHhre crroco6bi orrpe)J:eneHIIH 

y)J:eJihHOro 3apH!l:a 3JieKTPOHa: MeTO!l: MarHIITHOH rpOKYCIIpOBKH, MeTOIJ: 

MarHeTPOHa, MeTO)J: L[aHJI)J:a-fleHrM!Opa, OITTII'leCKIIe MeTOil:bl II T.)J:. 0)J:HIIM 

II3 rrpoCTeHIIIIIX HBnHeTCH MeTO)J: MarHeTpOHa, B KOTOpOM IIOTOK 3api!)KeHHbiX 

LJaCTIIII yrrpaBJIHeTCH O)J:HOBpeMeHHO 3JieKTPII'leCKIIM II MarHHTHbiM IIOJIHMII, 

HarrpaBneHHbiMII B3aiiMHO rreprreH)J:IIKynHpHO. 

B KaLJeCTBe MarHeTpoHa MO)f(HO rrcrronh30BaTb :JneKTpOHHYID JiaMrry c 

IIHIIIIH!l:piiLJeCKIIM aHO)J:OM II IIpi!MOJIIIHeHHbiM KaTO)J:OM, pacrrOJIO)f(eHHb!M Ha 

OCII aHO)J:a. Me)KIJ:Y aHO)J:OM II KaTO)J:OM DpiiiiQ)KeHO IIOCTOHHHOe 

HarrpH)KeHrre, C031J:aiOUiee paiJ:IIaiihHOe :JneKTpiiY:ecrwe none. Ha JiaMrry 

Ha)J:eBa!OT COJieHOIIIJ:, no KOTOpOMY npOTeKaeT nOCTOHHHb!H TOK, C03)J:a!OUIIIH 

nOCTOHHHOe MarHIITHOe none, HarrpaBneiiHOe Bll:OJ!b OCII aHO)J:a (piiC. 1.1). 



1 ~KaTon; 
2 ~aHoJJ:; 
3 ~ COJieHOHJJ:. 

3 

2 

0 y 

X 

PHcyHoK 1.1 ~ MameTpoH 

3JieKTpOHbi, HCIIYCKaeMble HaKaJieHHbiM KaTOJJ:OM, B OTCYTCTBHH 

MafHHTHOfO IIOJI5! JJ:Bl1)KYTC5! K aHOJJ:Y TaK, qTO rrpoeKIJ;l151 l1X rpaeKTOpHH Ha 

nnocKocTb XOY npencTaBJI5leT co6oD: oTpe3KH npHMhrx (np51Ma51 1 Ha 

pHCYHKe 1.2). 
Tip11 BKJIIoqeHHH TOKa B COJieHOHJJ:e, ero MafHHTHOe IIOJie 6yJJ:eT 

L(eHCTBOBaTb Ha JJ:BH)KyJUeHC51 3JieKTpOH C CHJIOH JiopeHu;a: 

Fn=e[u,.B], (1.1) 

rne e ~ 3ap51JJ: 3JieKTpoHa; 

V ~ CKOpOCTb 3JieKTpOHa; 

B ~ HHJJ:YKU!15! MarHHTHoro TIOJI51. 

HanpaBJieHHe BeKTopa HHJJ:YKUHH MarHHTHoro noJI51 B onpenen5leTC51 

no rrpaBHJIY 6ypaBqHKa. HanpaBJieHHe CHJibi JiopeHu;a onpenemreTC51 no 

npaBHIIY BeKTOpHoro npo!13BeJJ:eHH5! c yqeTOM 3HaKa 3ap5!JJ:a. BeKTOp CHJibi 

BCerna nepneHL(HKYII51peH BeKTopy CKOpOCTI1 3JieKTpOHa. 3TO 3HaqiJT, qTo 
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CHJia J1opeHI~a 5IBJHieTC51 IJ,eHTpocrpeMvJTe11bHOH CI1110H 11 rrp11 

311eKTpoHa B IIJIOCKOCTI1 XOY 6yJJ;eT crrpaseJJ;1111BO paseHCTBO 

mv2 e v 
e vB = -- 111111 

r m Br 

AB11)f(er-ml1 

(1.2) 

IToJJ: nei1cTBI1eM MarHI1THoro rro1151 TpaeKTOp1151 nBI1)f(eHI151 311eKTpoHa 

CTaHeT Kp11BOJII1HeHHOH. lb ypaBHeHI151 (1.2) C11eJJ;yeT, liTO paJJ;rryc Kp11BI13Hbl 

rpaeKTOpH11 3aBI1CHT OT CKOpOCTH 311eKTpOHa 11 OT BeJ111ql1Hbl MarHHTHOH 

HHAYKUHI1 rro1151 coneHOHJJ;a: 

mv 
r=--. 

eB 
(1.3) 

CneJJ;OBaTe11bHO, rrpn B03pacTaHI111 cKopocTI1 311eKTpOHOB rrpH 

rrp1161111)f(eHHI1 HX K aHony B03pacTaeT H paAHYC KpHBI13Hhi TpaeKTOpl111. B 
C11a60M MarHI1THOM IIOJie 311eKYp0Hbl 6ynyT ):(BHraTbC51 ITO KpHBOJ1!1HeHHb!M 

TpaeKTOpH5IM, JJ;OCTI1ra51 aHOJJ;a (Kp11Ba51 2 Ha pHCYHKe 1.2). 
ITp11 ysen11qeH1111 TOKa B coneHOHJJ;e B03pacTaeT 11HnyKU1151 

MarHHTHOrO IIOJ151 11 B03pacTaeT Kp11Bl13Ha TpaeKTOp1111 311eKTpOHa. 

YsenHIJ:I1Ba51 MarHI1THyr-o 11HAYKU!1I-O B, MOli<I-10 ):\OCTI1rHyTh TaKOro ee 

3HaiJ:eH!15! BKP' HaqnHaJI c KOToporo 311eKTpOHbi rrepeCTaHYT AOCTI1raTb 

aHoJJ;a (Ha pncyHKe 1.2 Kp11Ba5r 3 cooTBeTCTByeT B«p , a Kp11Ba51 4 - B > B1,p). 
AHOJJ;Hb!H TOK rrp11 3TOM CTaHOBI1TC5l 6ml3KHM K I-!YIII-0. 

Ec1111 KaTOA rrpHH51Th 3a 6ecKoHeiJ:HO TOHKYI-O HIITh ( ero paAHYC MHoro 

MeHbllle paCCT051Hl15! OT KaTOJJ;a ):(0 aHOAa), TO IIpH6nmi<eHHO MO)f(I-!0 

cqi1TaTh, LJTO rrp11 B = BKp 311eKTpOHhi JJ;BI1lKYTC51 rro oKpy)f(HOCTJIM paJJ;11yca 

R 
r = 2 , (1.4) 

rJJ;e R - paccTOJIHHe OT I<aToJJ;a AO aHoJJ;a. 

Ecn11 rrpeHe6peq& pacrrpeJJ;eneH11eM rro CKopocTJIM Bhi11eTesumx m 

KaTOJJ;a 311eKYpOHOB 11 IIp116JIHlKeHHO IIp11H51Tb 11X CKOpOCTh rrpH BbiJieTe 

paBHOH HY11I-O, TO ):(1151 orrpeJJ;eneHH51 3HaqeHH51 CKOpOCH! V B ¢opMy11aX 

(1.2) MO)f(HO BOCIIOJih30BaThC51 COOTHOllleHHeM: 

2 
eU = mv,llaKc 

a 2 
rne Ua - aHOAHOe Harrp5I)f(eHne naMrrhr; 

V.,taKc - MaKC11MaJibHa51 CKOpOCTb 311eKTpOHa. 

(1.5) 
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A- aHo.n; 

K- KaTo.n. 

1. B1 = 0; 2. B 2 > 0; 
B2<B3 <B4. 

PucyHoK 1.2- ITpoeKUHH rpaeKTOpui1 3JieKTpoHa Ha IIJIOCKOCTh XOY 
IIpll pa3Jil1L[HhiX 3HaqeHH5IX HH.L(YKUHH MarHHTHOrO 

IIOJI5I 

YpaBHeHHe (1.5), Bhipa)KaiOIUee paBeHCTBO KHI~eTuqecKoi1 3Hepnm 

3JieKTpOHOB B6JIH3l1 aHO.L(a l1 pa60Thi 3JieKTpli'IeCKOrO IIOJI5I, .naeT JIHillh 

rrpu6JIH)KeHHOe 3Ha<JeHue .L(JI5I cKopocTH v. qeM 6nmr<e KOHCTPYKUH5I r<aTo.na 

K 6eCKOHe<JHO TOHKOH HllTll, TeM C 60Jibiiiei:J. TOL[HOCTbiO BhiiiOJIH5IeTC5I 

paBeHCTBO V = V,,wKc· 

Yqi1ThiBa5I ypaBHeHH5I (1.2), (1.4) H (1.5), rrony<JaeM: 
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e 
(1.6) 

m 
MarHHTHoe none B .uocTaTwmo .unHHHOM coneHOH,Ue MOJKHO 

rrpH6nHJ:KeHHO C'lHTaTb O,UHOpO,UHb!M II MafHHTH)'IO HH,UYKUIIIO onpe,UeJU!Tb 

ITO cpopMynaM: 

B = flflonl Hnii B,w = flflonl"P, (1.7) 

f,Ue fl - OTHOCHTenbHaJI MarHHTHaJI rrpOHHUaeMOCTb cpe,Ubl (,Un5! BarcyyMa 

fl = 1); 
flo - MarHHTHaJI IIOCT05IHHa5! (B Cl1 flo = 4·n:·1 o-7 

fHIM); 

ll - 'IliCJIO BHTKOB, rrpiiXO,U5IIUHXC5! Ha e,UHHHuy ,UJIHHbl COneHOH,Ua; 

f"P - 3Ha<reHHe CHnbi TOKa B coneHOH,Ue, IIpH KOTOpOM HH,UYKUH5! 

MarHHTHOfO TIOnJI ,UOCTHraeT KpHTH'leCKOfO 3Ha'IeHH5!. 

IIo.ucTaBnJIJI 3Ha'lerrrre B"P B ypaBHemre (1.6), OKOH'laTenbHO 

rronyqaeM,'lTO 

e 

m 2 2 z12 Rz · 
f1 flon kp 

TarcrrM o6pmoM, .unJI Bbi'lHCneHHJI 

(1.8) 

elm He06XO,UHMO 3HaTb 

paCCT05IHHe R OT KaTO,Ua ,UO aHO,Ua, 'lHCnO BHTKOB Ha e,UHHHuy ,UnHHbl 

coneHOH,Ua 11 H CHny TOKa f"P B COneHOH,Ue, IIpH KOTOpOH HC'le3aeT TOK B 

arro.urroli uerm. 3Ha'leHH5! n n R ,UaHhi B onHcarrHH 3KcnepHMeHTanbHOli 

ycTaHOBKH. OrrhrT CBO,UHTCJI K CHJITHIO 3aBHCHMOCTH arro.urroro TOKa Ia OT 

TOKa B COJieHOH,Ue fc. Pe3Kllll CTia,U 3TOH KpHBOH COOTBeTCTByeT 

KpHTH'lecrcHM ycnoBHJIM pa6oTbi MarrreTporra (pnc. 1.3a). 

Ha caMOM .uene BepTHKMbHoro crra.ua arro.urroro TOKa rra6niO,UaTbCJI He 

6y,UeT. Ha 3KcrrepHMeHTMbHOH 3aBHCHMOCTH Ia = f(IJ (puc. 1.36) MOJKHO 

Bbi,UenHTb TPH npJIMOnHHeHHhiX yqacTrca. Ha rrepBOM yqacTr<e Bee 

:JneKTpomr, 3MHTHpoBaHHbie KaTO,UOM, ,UOCTHraiOT aHo,Ua. Ha BTopoM 

yqacTICe Ha6JIIO,UaeTC5! rrnaBHOe yMeHbiiieHHe aHO,UHOrO TOI<a C pOCTOM TOKa 

coneHOH,Ua. 3TO CBJI3aHO C TeM, 'ITO B 3KCIIepnMeHTaJlbHOH ycTaHOBKe KaTO,U 

ycTaHOBneH He TO'lHO ITO OCH aHO,Ua. KpoMe 3TOfO, pa,UHYC KaTO,Ua OTnW-IeH 

OT HynJI, T.e. KaTO,U He rrpe,UCTaBnJieT co6oil 6ecKoHe'lHO TOHKYIO HHTb. Orr 

5!Bn5IeTC5I UHJlHH,UpOM MMOrO ,UHaMeTpa. TaK )Ke Ha'laJlbHbie CKOpOCTH 

3JleKTpOHOB, BblJleTeBIIJIIX C IIOBepXHOCTH I<aTO,Ua, He paBHbl H)'niO, a HMeiOT 

pa3nH'lHbre 3Ha'leHH5! (cornacHo pacrrpe.ueneHIIIO MarccBenna). TpeTnli 

yqaCTOK o6ycnoBneH BbiCOK03HepreTWIHbiMH 3neKTpOHaMH (HX CKOpOCTH 

MHOfO 6onbiiJe cpe,UHeH CKOpOCTH). ,lJ;OAA HX HeBenHKa ( COrJiaCHO 
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pacnpe)l.erreHIDO MaKcBerrrra). Tiprr )l.aHHOM 3HaqeHrrrr ITH.ll.YKU:rrrr 

MarHrrTHoro nom1 B pa.ll.rryc Kprrmi3Hhi TPaeKToprrrr 3JieKTpoHa rr3MeH51eTc5! 

TaJc, qTo 6orree Me)l.rreHHhie 3JieKTpOHhi y}Ke He rrona)l,aiOT Ha aHO.ll., a 

6biCTpbie 3JieKTpOHhi eme )l.OCTrrraiOT aHo)l.a. Tio3TOMY c pocTOM ToKa 

COJieHOIT)l,a aHO)l.Hh!H TOK Me)l,JieHHO CTia)l,aeT (prrc. 1.36). 

B )l,aHHOH pa6oTe )l.JI5! onpe)l.erreHI15! 3HaqeHI151 I"P Ha norryqeHHOM 

rpacpHKe Ia = f(IJ npoBO.ll.51T )].Be np51Mhie: O.ll.H)' (ropH30HTaJihH)'IO, 
o6rracTb 1) qepe3 TOqKrr )l.O cna)l.a aHO)l.Horo TOKa, .ll.pyryiO - qepe3 ToqKrr, 

o6pa3yiOII.(I1e rrrrHeliHhiH yqacTOK B o6nacTrr 2 cna)l.a aHO)l.Horo TOKa. ToqKa 

nepeceqeHrr51 3Trrx np5!MhiX (KacaTeJihHhiX K o6nacT51M 1 rr 2) 6y)l.eT 

Harr6orree TOqHo COOTBeTCTBOBaTb 3HaqeHIDO [J(P (prrc. 1.36). 

1 

_ ... 

a) 6) 

PrrcyHoK 1.3 - 3aBrrcrrMOCTh aHO)l.Horo TOKa I a OT TOKa B o6MOTKe 

correHOIT)l.a Ic 

2 OTII1CAHI1E 3KCTIEPI1MEHTAJibHOM YCTAHOBKI1 

~aHHa5! rra6opaTopHa51 pa6oTa no onpe)l.eneHIDO y)l.eJibHoro 3ap51.ll.a 
3JieKTpOHa MeTO)l.OM MarHeTpOHa Bb!TIOJIH5leTC51 Ha yHrrcprru:rrpoBaH!-Ib!X 

na6opaTopHhiX MaKeTax (Brr)l. rrrru:eBoli naHenrr MaKeTa npHBe)l.eH Ha prrc. 
4.1). 
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B KaqecTBe MarHeTpoHa ucnonb3yeTC5! 3JieKTpOHHa5! JiaMna 3IJ.22C, 

KOTOpa5! HMeeT UHJIHH,UpWieCKHe aHO,U 11 KaTO,U. ,ZJ;naMeTp I<aTO,Ua paBeH 

1 MM. 

HecOOCHOCTh Me:>K,Uy OC5!Mll KaTO,Ua 11 aHO,Ua I10p5!,UKa 1 MM. Il03TOMY 

,UJI5! ,n:aHHOH JiaMmr paccT05!HHe OT KaTo,n:a .uo aHO,Ua MO:>KHO npHH5!Th R = (8 

± 1)MM. 

Ha JiaMny Ha,UeBaeTC5! COJieHOH,U C 60Jihilli1M qHCJIOM BHTKOB Ha 

e,UHHHUY ,UJIHHhi. fyCTOTa HaMOTKll COJieHOH,Ua ,UJI5! BCeX 

3KCIIepHMeHTaJihHhiX MaKeTOB, COBMerueHHhiX C nepcOHaJihHhiMH 

KOMIIhiOTepaMH, COCTaBJI5leT 218 ± 5 BHT.fCM. 

,ZJ;JI5I onpe,n:eJieHH5! 3aBHCHMOCTH aHO,UHOrO TOKa OT TOKa COJieHOH,Ua 

HCIIOJih3yeTC5! cne.uyroru;a5! cxeMa H3MepeHI15! (pnc. 2.1 ). 

) 
L~ 

1-------'r 
PrrcyHOK 2.1 - CxeMa 3KcnepnMeHTaJihHOH ycTaHOBKH 

B KaqecTBe 113MepHTeJih HhiX npn6opoB (MHJIJIHaMnepMeTpa, 

MHKpOaMIIepMeTpa H BOJlhTMeTpa) 11CIIOJih3YIOTC5! KOHTpOJIJiep, 

H3MepHTeJibHbie IIIKaJihi KOTOpOrO Bh!BO,U5!TC5! Ha 3KpaH MOHHTOpa, C03,UaBa5! 

cTeH,U (BH,U CTeH,Ua npnBe,UeH Ha puc. 4.2). 
3HaqeHne aHO,UHOrO TOKa 113Mep5!eTC5! MHKpoaMnepMeTpOM (uA). 

3HaqeHHe TOKa COJieHOH,Ua 113Mep5!eTC5! MllJIJIHaMIIepMeTpOM (mA). 
BonhTMeTp (V) H3Mep5!eT aHo,n:Hoe HanpmKeHne. PerynupoBr<a TOKa 

coneHon.ua ocyrueCTBJI5leTc5! c noMoruhiO pyqKn nOTeHu;noMeTpa RPJ. 
Pyqr<a nOTeHUHOMeTpa RP2 npe,UHa3HaqeHa ,UJI5! perynnpoBaHH5! aHO,UHoro 

Hanpl!:>KeHH5!. PyqKn noTeHUHOMeTpoB BhiBe,UeHhi Ha naHeJih na6opaTOpHoro 

MaKeTa. 
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4.1.3 8KJIIO'II1Tb III1TaHI1e KOMIIbiOTepa 11 ).l,Q)K).l,aThC51 3arpy3KI1 

«Windows». 

4.1.4 Ha pa6o'IeM CTOJle (Ha 3KpaHe MOHI1Topa, rrocne 3arpy3K11) 

IUeJlKHYTb ).l,Ba:!K).l,bl JleBOH KHOIIKOH Mb!IIIKI1 Ha 5Ipllb!Ke rraiiKI1 

«J1a6opaTop1151» D. B OTKphiBIIIeMC51 OKHe Bbi6paTb H3 crrucKa 

na6opaTopHbiX pa6oT «Orrpe).l,eneHue y).l,ell&Horo 3ap5I).l,a 3JleKTpoHa» H no 

HeH ).l,Ba>K).l,bl mellKHYTb JleBOH KHOIIKOH MbiiiiKH. Bo BHOBb OTKpb!BIIIeMC51 

OKHe II05IBI1TC51 CTeH).l, (naHeJih) ).l,aHHOH pa60Tbl (piiC. 4.2), Ha KOTOpOM 

pacnonmKeHbi llJKaJlhi II3MepHTellbHhiX rrprr6opoB II 3JleKTpOHHa51 Ta6nnua. 

2:00 300 

1.5 

<J [iJ 0 

~~""""'"""""'·'· 
11'1.0'<54 

14 01~:') 

14,1,)000 

~~~~~;~ """ 
200 300 1

138412 

I 0, \\~·wn:.~.m. :500rl 
0 ' [jJ]J OJ I 

I 

0 iUl 0 

67.'i5G7 

2\14e.:a 

315.538 

412.14:1 

411.36 

PrrcyHoK 4.2- BHeiiiHHH BII).l, CTeH).l,a Ha 3KpaHe MOHIITopa 

4.1.5 Y CTaHOBIITb Ha MaJCeTe py'IKII perynrrpOBKII IIOTeHUIIOMeTpOB B 

cxeMe B HYlleBoe IIOJlO)!<eHrre (rroBep.fiYTh )..1,0 yrropa rrpoTI1B qacoBoD: 

cTpenKrr). ITo).l,aTb Ha cxeMy Harrp5I)!(eHII51 «~3 B», «=15 B» 11 «=30 B» c 

IIOMOllJbiO COOTBeTCTBYIOIUIIX KHOIIOK, paCIIOJlQ)KeHHh!X p5I).l,OM C KHOIIKOH 

«CeTb». 

4.1.6 4epe3 1 - 2 MHHYThl c IIOMOllJblO IIOTeHUIIOMeTPa RP2 Ha 

MaiCeTe (piiC. 4.1) ycTaHOBHTb ITO BOJlbTMeTpy Ha CTeH).l,e aHO).l,HOe 

HarrpH)!(eHrre B rrpe).l,enax OT 6 B ).l,O 15 B. 
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4.1.7 ITposepHTh pa6oTocrroco6HOCTh cxeMhi. ,lJ)I5I 3Toro rrpn 

IIOCT05IHHOM aHOJJ:HOM Haiip5I)KeHIIH C IIOMOIIJ,biO IIOTeHII,HOMeTpa RPJ (pnc. 

4.1), yBeJIWIHBa5I TOK B COJieHOH).(e (Ha'fHHa5I C MHHHMaJibHOfO 3Ha'feHI15I), 

rrpOCJie).(HTb 3a I13MeHeHHeM aHO).(HOfO TOKa. Y CTaHOBHTb Ha Mai\:eTe pyqKy 

peryiiHpOBKH IIOTeHIJ:HOMeTpa RPJ B eyJieBOe TIOJIO)l(eHHe (nosepeyTh ).(0 

yrropa rrpOTHB 'faCOBOH CTpeJIKH) I1 npHCTYTIHTh K H3MepeHH5IM. 

4.2 ITposeneHne H3MepeHni1. 

4.2.1 CH5ITb 3aBHCHMOCTb aHOJJ:HOfO TOKa OT TOKa COJieHOH).(a npH 

qeTbipex 3HaLieHH5IX aHOJJ:Horo HanpH)l(eHI15I B rrpeneJiax oT 6 B no 15 B. 
I1pnqeM, Ha JIHHeHHOM yqaCTKe CTia).(a aHO).(HOfO TOKa (Ha BTOpOM 

yqacTKe 3KCTiepHMeHTaJihHOH 3aBHCHMOCTH CM. pHC. 1.3,6) IIOJlyriHTb He 

MeHee 8 - 10 3KcrrepnMeHTaJihHhiX ToqeK. Pe3yiihTaT Ka)KJJ:oro H3MepeHHH c 

IIOMOil(hiO KHOIIKH I 11 6 1 3aHeCTH B 3JieKTpOHJ:IYIO 
. 0 aBHTb Oe3VJibTaT . 

Ta6miUY Ha CTeH).(e. 3Ty KHOIIKY He06XO).(HMO Ha)l(HMaTh C IIOMOil(biO JieBOH 

KHOIIKH MbllliKH IIOCJie Ka)K).(OfO H3MeHeHI15I TOKa COJieHOH).(a. 

4.2.2 ITocJie 3asepiiieHH5I H3MepeHni1 rrpn OJJ:HOM aHOJJ:HOM 

Haiip5I)l(eHHH IIOTeHUHOMeTp RP] ycTaHOBHTb B eyJieBoe IIOJIOlKeHHe. 

Y CTaHOBHTb HOBOe 3HaqeHHe aHO).(HOfO Haiip5I)l(eHH5I H IIOBTOpHTb TI.Il. 4.2.1. 

,[(aJiee IlOBTOpHTh TI.TI. 4.2.1 eme ).(Jl5I JJ:BYX JJ:pyrnx 3HaqeHHH aHOJJ:HOfO 

Hai1p5I)KeHH5I. 

4.2.3 ITocJie 3asepiiieHI15I scex H3MepeHni1 naHHbie H3 3JieKTpOHHOi1 

Ta6JIHUhi rreperrncaTb B Ta6IIHUY 4.1 B pa6o'fei1 TeTpann. 

4.2.4 IJocJie 3aiiHCH ).(aHHblX B pa60'fyiO TeTpaJJ:b 3aKpbiTb BCe OKHa Ha 

3Kpaiie, ITOCTaBHB YKa3aTeJib MbllliKH Ha 3Ha'IOK «3aKpb!Tb OKHO» [8.1 B 

sepxHeM rrpaBOM ymy 3KpaHa I1 Il(eJIKHYTb JieBOH KHOITKOH MbllliKH. 

4.3 06pa6oTKa pe3yJibTaTOB H3MepeHHH. 

4.3 .1 ITo rroJiyqeHI-IbiM 3Ha'feHHHM Ha OJJ:HOM rpacjmKe Heo6xoJJ:HMO 

IIOCTPOHTb LJeTbipe 3aBHCHMOCTH Ia = f(IJ JJ:II5I Bbi6paHHbiX 3HaLJeHHH 

aHO).(HbiX HaTip5I)l(eHHH I1 rpacjJWieCICH orrpeJJ:eJIHTb 3HaLJeHH5I KpHTH'feCKOfO 

TOKa (J«p). 
4.3 .2 3Ha5I 3HaLJeHH5I KpHTH'fecKoro TOKa I«P' JJ:II5I Bhi6paHHhiX 

aHOJJ:HbiX Harrp5I)KeHni1, paccLJnTaTh 3Ha'feHnH elm. HaiiTH cpenHee 

3HaqeHHe IlOJiyrieHHbiX pe3yJibTaTOB H CHCTeMaTWiecKyiO, CJiyqaiieyiO H 

o6myiO rrorpeiiiHOCTH onpeneJieHI15I yneJihHOro 3ap5IJJ:a 3JieKTPOHa. 

4.3.3 ,[(II5I Bbl'fHCJieH!15I CJiyqaiiHOH rrorpeiiiHOCTI1 Ha 3KpaHe 

MOHHTOpa ycTaHOBHTb yKa3aTeJib MbllliKH Ha rrarrKy «CJiy'fai1Ha5I 
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rrorpell!HOCTb» n rueJIKHYTb JieBoii KHOTIKOH L(Ba pa:m. Paccqnrarb 

CJiyqaiJ:H)'IO rrorpell!HOCTb. 

4.3.4 KoHeqHbiH pe3yJibTaT 3arrncaTb B BH)J,e 

: ~ (:)±"''" { (:)} 

Ta6Jinua 4.1 - 3aBHCHMOCTb aHO)J,HOro TOKa Ia OT TOKa coJieHOM)J,a Ic rrpn 

pa3JinqHbiX 3HaqeHnax aHO)J,HOro Hanpa)J(eHI151. Ua 

HoMep U= a B U= a B Ua= B U= a B 

OITb!Ta 

fc, fa, fc, fa, fc, fa, lc, fa, 

mA f!A mA f!A rnA f!A mA ~LA 

1 
2 
3 
4 

11 
12 
13 
14 
15 

/Kp = mA /Kp = rnA I"P = mA /Kp = mA 

4.3.5 IlpoaHaJIH3HpOBaTb ITOJiyqeHHb!e pe3y1IbTaTbi ll C)J,eJiaTb Bb!BO)J,. 
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4.4 BbiKJUo<remre na6opaTopHoii pa6oTbi 
4.4.1 3aKpbiTb BCe OKRa Ha 3KpaHe MOHHTopa. 8biKniOLJHTb 

ICOMIIbiOTep. .IJ:n5! 3TOfO IIIeiTICH)'Tb neBOH KHOIIKOll MblliiKH no 
paCIIOITO>KeHHOH B neBOM HH)l{HeM yrny 3KpaHa KHOIIKe «IlycK». 8 

OTKpbiBIIIeMC5! MeHIO IIIeiTKHYTb neBOH KHOIIKOH MbliiiKH no CTpOKe 
«3asepiiieHne pa60TbD>, a 3aTeM ITO KHOIIKe «OK». 

4.4.2 BhiKniOLJHTb MaH:eT . .IJ:nn 3Toro rrocne,ll,oBaTenbHO BhiKniOYHTb 
KHOIIKH «~3 B», «=15 B» 11 «=30 B» 11 «CeTh». 

BHMMAHME! Br<niOLJeHne H BbiKITIOLJeHne nnTaHH51 Maii.:eTa npn 
BKITIOYeHHOM KOMIIbiOTepe MO)l{eT IIpHBeCTH K 3aBHCaHHIO KOMIIbiOTepa. 

5 KOHTPOJibHbiE BOITPOCbl I1 3A.IJ:A q11 

5.1 KaK YCTPOeHa MameTpOHHan cnCTeMa? 
5.2 OT LJero 3aBHCHT pa,ll,eyc KpHBH3Hhi Tpaernopnn 3neKTpoHa B 

MarHeTpOHe? 
5.3 Kar<a5! cwa Ha3hiBaeTC5! cwoi1 Jlopemra n KaK orrpe,ll,en5!eTc5! ee 

HanpaBneHne? 

5.4 IloYeMY cnna JlopeHira He H3MeHneT KnHeTmecr<oi1 3Hepnm 
3ap5!)l{eHHOll YaCTHUbi? 

5.5 Ilo KaKoMy rrpaBmry 11 KaK onpe,ll,enneTC5! HarrpaBneHne Bernopa 
MafHHTHOH HH,ll,YKUHH B coneHOH,ll,e rrpH 3a,ll,aHHOM HarrpaBneHHH TOKa B 
HeM? 

5.6 qTO 03HaLJafOT BeiTHLJHHhl, BXO,ll,5llllHe B <jJopMyny ,ll,IT5! 
onpe,ll,eneHH5! MafHHTHOHHH,ll,YKUHH? 

5.7 qTO IIpOHCXO,ll,HT C 3ITeKTpOHaMH, BhiJieTeBIIIHMH !13 KaTO,ll,a, ecnH 

BenHLJHHa MafHHTHOiJ.HHAYKUHH B 2': B"P? 
5.8 Kar<He H3 xaparnepHCTHK, H3MepeHHhiX H pacc<mTaHHhiX B 

,ll,aHHOH pa6oTe, 3aBHC5!T OT BenHYHHbl Hanp5l)l{eHH5I? 
5.9 8 KaKOM uenn TOKH 60ITbiiie: B aHO,ll,HOH UeiiH HITH B UeiiH 

coneHOH,ll,a? 
5.10 KaKHM crroco6oM B )l,aHHOH pa6oTe onpe,ll,en5!eTC5! BenHLJHHa 

r<pnTmecKoro TOKa I"P? 
5.11 TOK 3MHCCHH KaTO,ll,a IIOCT05!HeH IIpH nOCT05!HHOM TOKe HaKana. 

IloLJeMy npH yBenmeHHH TOKa B coneHOH,ll,e (/ > I«p) Ha6niO,ll,aeTC5! 
CHH)Kemre aHO,ll,HOfO TOKa? 
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5.12 TioiJeMy B 3KcrrepllMeHTaJibHOH 3aBHCHMOCTH Ia= f(IJ He 

Ha6JUO,UaeTC5I pe3KOrO CTia,[(a aHO,UHOrO TOKa rrpH BeJIHlJHHe MarHllTHOH 

HHJJ:YKUHH B 2 B Kp? 

5.13 )];sa 3JieKTpoHa c KHHeTHlJeCKHMH 3Heprll5!Mll E1 ll E2 

,[(BmKyTC5I B MarHllTHOM TIOJie, rrepneH,UllKY1I5IpHO HarrpaBJieHHIO TIOJI5I. 

Hai1Tll OTHOIIIemre llX nepllO,[(OB o6paru:eHll5l ll pa.ueycoB TpaeKTOpllH. 

5.14 Onpe.ueJillTb IJaCToTy BparueHH5! ( UllKJIOTpOHHYIO IJacToTy) 

lJaCTllUbl MaCChi m ll 3ap5I,UOM q B MarHHTHOM TIOJie llHJJ:YKUllll B. 
5.15 BbiTIOJIH5leTC5I Jill npllHUllTI He3aBllCllMOCTll JJ:BmKeHll5l JJ:JI5l 

3apmKeHHb!X lJaCTHU, ,[(BJ1)KYil(llXC5I O,[(HOBpeMeHHO B 3JieKTPlllJeCKOM ll 

Mari-IHTHOM TIOJI5IX? 

5.16 3JieKTpmr, o6Jia,UaiOil(HH CKOpOCTblO V, rrorra.uaeT B O,UHOpOJJ:HOe 

MarHllTHOe TIOJie, llHJJ:YKUll5l KOTOporo rreprreH,UllKY1I5IpHa CKOpOCTH V. 

0Kpy)KHOCTb, KaKOrO pa,Ullyca OTIHCbiBaeT 3JieKTpOH? 

5.17 3apmi<eHHa5l lJaCTHUa, rrpoJieTa5l HeKOTOPYIO o6JiaCTb 

rrpoCTpaHCTBa, He OTKJIOH5leTC5l OT nepBOHalJaJibHOrO HarrpaBJieHH5l 

JJ:Bmi<eHH5!. MmKHO 

Jill Ha OCHOBaHllH 3TOrO ¢aKTa YTBep)I<,UaTb, lJTO MarHllTHOe TIOJie B 3TOH 

o6JiacTH OTCYTCTByeT? 

5.18 I1yi.JOK rrpOTOHOB, TIOTia,Ua5l B HeKOTOpyiO 06JiaCTb DpOCTpaHCTBa, 

OTKJIOH5IeTC5I Ha HeKOTOpb!H yroJI. MmKHO JIH Ha OCHOBaHllll 3TOrO ¢aKTa 

orrpe,UeJIHTb, KaKHM TIOJieM Bbl3BaHO OTKJIOHeHlle, 3JieKTplllJeCKllM HJill 

MarHHTHbiM? 

5.19 TipOTOH ll 3Jiei<TpOH, HMeiOil(lle O,[(HHaKOBYIO CI<OpOCTb, 

TIOTia,UaiOT B O,[(HOpO,UHOe MarHHTHOe TIOJie, llHJJ:YKUH5I B KOTOpOrO 

rreprreH,UHKYJI5lpHa CKopocTH IJaCTHU. Kai< 6y.uyT pa3JIHlJaTbC5I HX 

TpaeKTopnn? 

5.20 TipOTOH ll 3JieKTpOH, ycKOpeHHbie O,[(HHaKOBOH pa3HOCTbiO 

TIOTeHUHaJIOB, BJieTaiOT B O,[(HOpOJJ:HOe MarHllTHOe TIOJie. Bo CKOJibKO pa3 

pa.UllYC Kp11BH3Hbl TpaeKTOpllH rrpOTOHa 6y.UeT 60Jibiiie pa,Ueyca KpllBH3Hbl 

TpaeKTOpHH 3JieKTpOHa? 

5.21 TipOTOH ll 3JieKTpmi BJieTaiOT B O,[(HOpO,UHOe MarHHTHOe TIOJie C 

O,[(HHaKOBOH CI<OpOCTblO. Bo CKOJibKO pa3 pa.u:nyc KpllBH3Hbl TpaeKTOpHH 

rrpoToHa 6y.ueT 60Jibiiie pa.ueyca I<pHBH3Hbi TPaeKTopllH 3JieKTPOHa? 

5.22 I1oKa3aTb, '-ITO KaKOH 6bi CKOpOCTblO V HH 06Jia,UaJI 3Jiei<TPOH, 

BJieTaiDIUllH B O,UHOpO,UHOe MarHllTHOe TIOJie C llHJJ:YKUHeH B, 11 KaKHM 6bi 

Hll 6biJI yroJI Me)I<JJ:Y BeKTOpaMH V II B, BpeM5I T, 3a KOTOpoe OH OTilliiieT 

BllTOK BllHTOBOH JIIIHllll, 6y,UeT O,UHHM ll TeM )!{e. 
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5.23 IIoKa3aTh, 'ITO pa.IJ:eyc KpHBl13Hhi Tpaernopuu 3ap5DKeHHOH 
<JaCTHI.(bl, .IJ:BI1}[<yJI:(eHC51 B O.IJ:HOpO.IJ:HOM MarHHTHOM IIOJie, 
rreprreH.IJ:HKYJI51pHOM ee CKOpOCTH, rrporropl.(HOHaJieH HMrryJihCY <JaCTHI.(bl. 
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