JABOPATOPHAS PABOTA Ne Mox3-01
1O U3YYEHUTIO MOIEJIEA ®PUZNYECKUX
MPOLIECCOB U AABJEHUN HA KOMIIBIOTEPE

Jleuosicenue 3aparxceHHoll yacmuyvl 8 NEPREeHOUKYAAPHBIX
INEKMPUUECKOM U MACHUMHOM NOJIAX

Ilenv pabomobir: N3yyeHue IBHXKCHUS 3apsiKEHHOW YaCTHUIIBI B OJIHO-
POAHBIX CTAllMOHAPHBIX B3aWUMHO TMEPIEHIUKYISIPHBIX SJIEKTPUUYECKOM U
MarHuTHOM noJsix. Onpezenenre OTHOIICHUS 3apsijia YaCTHUIIbI K €€ Macce.

1. TeopeTnueckoe coaepRanmne

bonpiioit nHTEpEC, KaK ¢ TEOPETUUECKOM, TAK U C IMIPAKTUYECKON TOUEK
3peHUs, TPEJACTABISACT U3YUCHUE JBUKCHUS 3apsSIKCHHBIX YACTHI[ B CTAIMO-
HapHBIX OJHOPOIHBIX PJICKTPUUECKOM U MAarHUTHOM TIOJISIX.

Inekmpuueckoe nojie Ha3bIBACTCA 0OHOPOOHBIM U CHAUUOHAPHBIM,
€CIIA HaINPSHKEHHOCTh TMOJIS E Bo BCeX TOYKax MIPOCTPAHCTBA OJIMHAKOBA U
HE MEHSIETCS CO BPEMEHEM, KaK IO MOJYJII0, TaK U MO HampasieHuto. Mae-
HUMmMHOE noJjie HA3bIBACTCSI 0OHOPOOHBIM U CHIAUUOHAPHBIM, €CITU UHIYKIIHS
nosnst B Bo Bcex Toukax MPOCTPAHCTBA OJJMHAKOBA U HE MEHSETCS CO BpeMe-
HEM, KaK 110 MOJIYJIIO, TaK U 1O HAIPaBJICHUIO.

B kypce ob6mieit ¢puszuku moapoOHO paccMOTPEeHBI OCOOCHHOCTH JIBH-
YKEHUSI HEPEJISITUBUCTCKON YaCTUIIBI MAcCOM M | 3apsiioM ( OTIEJIbHO B OJ1-
HOPOJHOM CTAallHOHAPHOM JJICKTPUYECKOM TMOJIE U B OJHOPOJHOM CTallHO-
HAapHOM MarHWTHOM TOJIE.

Ecnu yacTuia ABWXKETCS U B DJICKTPUUECKOM, 1 B MAarHUTHOM T10JIE, Ha

—

Hee gaelictByeT cwia F,, = (QE co CTOpPOHBI 3JIEKTPUYECKOrO IOJS U CHIIA

F...=0[v B] co croponsl marautHOTO mMons (cuina Jlopenma). [Ipenmosno-

UM, UTO BJIMSIHUE JIPYTUX CHJI (TPABUTALIMOHHBIX, CUJI TPEHUS) HA YACTHILY
npeHedpexumMo mano. Toraa, cornmacHo BTopoMy 3akoHy HploToHa, n3mene-

HUE UMITYJIbCA YaCTHIIBI MU o0yciioBiieHo aerictBueM cuit Fu F

d . - -
—(mv)=F, +F,,..
dt( ) e/} mae

YuuTbiBasg HEPEISITUBUCTCKUNA XapakTEp IBWKCHUS, YPABHCHUE IBUKCHHUS
MOJKHO 3aIliCaTh B BUJIE



do — L=
m— = gE + q[v B].
ot qE +q[v B]
B nexaproBoii cucreme koopauHaT B npoeknusx Ha ocu OX, OY, OZ

JABHMXKCHHNEC 4aCTUILIbI OITMCHIBACTCA CUCTEMOM ypaBHCHI/Iﬁ

dv, _ g q _

o _mEX+m(vsz szy),
dvy ~q q

e —EEy+E(vZBX—vXBZ),
dv, ¢ q
WZEEZ-FE(UXBy—UyBX)

Tak xak u QJICKTPUICCKOC U MAarHUTHOC IIOJII CTAalMOHAPHBI, KAKAO0C

UX HUX XapaKTepU3yeTCs €IMHCTBEHHBIM HalpaBJIEHHEM BEeKTOpoB E u B,
COOTBETCTBEHHO. [loyueHHas cuctema ypaBHEHUI MOKET ObITh CYIIECTBEH-
HO YIIPOILIEHA CTIELMAIbHBIM BEIOOPOM CUCTEMBI KoopAHHAT XY Z, B KOTOpPOU
HaIlpaBJCHUE HAMNPSKEHHOCTH 3JIEKTPUYECKOTO0 W HANpaBICHHE WHIYKUIUU
MarHUTHOTO MOJIEN COBIAJAIOT C HAPABICHUAMM OCEH KOOPINHAT.

1.1. YpaBHeHusI ABUKEHUS 3aPSAKEHHOM YaCTUIIBI BO B3AUMHO
NEePHEeHIUKYIAPHBIX JJIEKTPHYECKOM M MATHUTHOM IOJIAAX

Ecnu wactuma nBrkeTcsl BO B3aMMHO TEPICHAUKYJISIPHBIX AJICKTpHYE-

ckom 1 MarautHoM nomsix (E L B), cucremy xoopamuat XYZ ymoGHO BBI-

Opath crnenyromumM oopa3zoM. HampaBum ock OZ B0k HampaBiIeHUS BEKTO-

pa MHIYKIHH MAarHATHOTO moisi B, a ocs OY — BOJIb HAMPABIICHUS HAIPS-

KEHHOCTH 2JekTpuueckoro nonisa E. Hauano koopauHaT coBMECTUM C TOJIO-
’KCHMEM YaCTHIIbl B HAUaIbHBIF MOMEHT BpeMeHH (puc. 1). B BeiOpaHHOI cH-

CcTeMe KOOpJAMHAT BEKTOP HanpsbKeHHOCTH dekTpudeckoro mois E(0O, E, 0)
MMECT TOJIBKO OJHY OTJIMYHYIO OT Hyns npoekuumio: E, =E, E, =E, =0.

Bexrop MaruutHoit mHaykunx B(0,0, B) mMeeT Toxe TOIBKO OAHY OTIHY-
HYI0 OT Hyid mpoexuuto: B, =B, B, = By = 0. KoopauHaTel 4acTHIIBI B
HayaIbHBIH MOMEHT BpeMeHH paBHbI Hym0: X(0) = y(0) = z(0) =0.

Torma cucrtemMa ypaBHEHHUI, ONWCHIBAIONIAS JBWKCHUE 3apsHKEHHOU
YacTHUI[bl MACCOM M U 3apsA0M (] BO B3aUMHO NMEPHEHIUKYISIPHBIX 3JIEKTPH-
YEeCKOM M MarHUTHOM MOJISIX, B JIEKapTOBOW cucteMe KoopauHat XYZ mpu-
MET BUJ]



N

dt

W3 ypaBHeHUs mis U, BUIHO,
9TO  CKOPOCTh  YacCTHIIBI  BJIOJb
HanpasiieHusi OZ He M3MEHsETCs CO
BpemeHeM. Eciyu B HadalbHBIA MO-
MEHT BpeMeHH Z-KOMIIOHEHTa CKO-
poctu dyactuisl 1,(0) Oblia paBHA
HYJIIO, TO JBIKEHHUE OYIET MPOUCXO-
muTh B Iockoctd XOY. Eciau B BuI-
OpaHHOW CHCTEME OTCuUeTa YacTHuIla
UMeeT OTJIMYHYyI0 OT Hyma Z-
KOMITOHEHTY  CKOPOCTH  YaCTHIIBI
1,(0), MOXXHO TepedTH K Jpyroi Puc. 1
WHEPIUAIIBHOW CUCTEME OTCYETA, JBHMXKYILEHCS OTHOCUTEIBHO MEPBOM C MO-
CTOSITHHOW CKOpOCThIO, paBHOU U,(0). Torma B HOBOM cucTeMe KOOpAMHAT

yacTuia OyieT uMeTh CKOopocTh B Hanpasienuun OZ v,(0) paBuyto Hymro. Ta-
KM 00pa3oM, ABI)KCHHE 3apsHKEHHOW YacTHIIBI BO B3aWMHO TEPIEHANKY-
JISIPHBIX AIEKTPUYECKOM U MarHUTHOM TIOJISIX SBJISIETCS TUIOCKUM.

Jlns nanmpHE#mero u3ydeHus: OyneM cuuTaTh, YTO CHUCTEMa OTCUeTa
BbIOpaHa TakuM 00pa3oM, 4To Z-KOMIIOHEHTa HayaJbHOW CKOPOCTU YaCTHULIbI
1,(0) = 0 paBHa Hy:;110. Toraa TpaeKTOPHUS YaCTHIIBI OYJIET JISKATh B IIOCKO-
cti XOY u onuchIBaThCsi CUCTEMOM YpaBHEHUH

dvx—ﬂvB 1 dvx:v
dd m ' (q/mB dt
NN <
v, _9g 9,4 dvy _ag_a,¢
dt m m dt m m

UtoObl pemuTh CUCTEMY YypaBHEHMH, mpoauddepeHuupyeM nepBoe
yYpaBHEHHUE N0 BPEMEHHU U MOACTABUM BO BTOPOE

2 dv
1 d l;x — y — g E _ ﬂvx B ’
(q/m)B dt dt m m
nosiyunM guddepeHnnanbHoe ypaBHEHUE BTOPOTO MOPSAKA JUISl OJHOM He-

U3BECTHOM Uy




2 2
I d zx = _(ﬂ Bj (vx —Ej
dt m B

E
BBenem 3amMeHy nepeMeHHBIX U, =V, g5 Torna nuddepenumanbuoe

2 2
dcu

YPaBHEHHUE NPUMET BUJ X =— ﬂB U,. 9TO ypaBHEHHE AHAJIOTUYHO
dt? m X

yYpaBHEHHIO, OMHUCHIBAIOIIEMY TapMOHHYecKue Kosiebanus. [loaTomy pere-

HHE MOXHO HCKaTh B Bujae U, = Asin(ot +06), roe A, ®, 6 — nckoMbie KOH-

ctanThl. [loacraBuB Uy B 1uddepeHimaibHoe ypaBHEHUE, TTOTyYUM

d? . ?
TL;X = —’Asin(ot + 0) = —o’u, = —(% B) u,.
CnenoBaTeipHO, o= a B.
m

. E
BepnyBuminch Kk mnepemMeHHOW U, =U, +— W YUWTHIBas, 4YTO
B

1 dv, zldvx S

., =
Y (q/m)B dt o dt

v, = Asin(ot +0) + % |

v, = Acos(ot +0).

3HaueHust KOHCTAaHT A 1 0 HaiileM U3 HadaJdbHBIX YCIOBUH. B MOMEHT
BpemenH t = 0 wactuia umena ckopoctu x(0) u vy(0):

v, (0) = Asin 9+E u v, (0) = Acoso,

WIH AsinezvX(O)—E u Acosd =v,(0).
E
UX(O) _E

Torna u3 oTHOIIEHUS ATUX ypaBHEHUN 10 = ———,

v, (0)
E)2
a U3 CyMMbI KBagpaToB A” = (vx 0) — Ej + (vy (O))Z.

[IponHTErpUpOBaB BBIPAXKEHUS I CKOPOCTH, MOJIYYUM 3aBUCUMOCTD
KOOPAUHAT X U Y OT BpeMeHH t
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x(t)=C, —ACOS((Dt +0) +Et,
o B

y(t)=C, +ésin(oat +0).
(V)

B HavyanbHBII MOMEHT BPEMEHU YaCTHIA HAXOJIWIACH B Ha4ajie KOOp-

muHat X(0) =0, y(0)=0, z(0)=0. Ilosatomy C, = éCOSG = 1vy 0) m
® ©®

A . 1 E
C :——sme:——(vx(O)—Ej.

y 0 0
A
Beenem o00o3Hauenne R = —. Torma 3aK0H ABUKEHUS YaCTUILBI MOXK-
0
HO 3aIMcaTh B CICAYIOIIEM BU/IC
1 E
x(t) =—v,(0) - Rcos(ot + 6) +—t,
Q) B

y(t) = —1(1))((0) —E) + Rsin(ot + 0),
) B

2(t) = 0.

1.2. AHAJIN3 ABUKEHUSA YACTHILI

Jlyist aHanmu3a xapakTepa TpaeKTOPHUH MPOBEAEM CIIEAYIOIIHe nmpeodpa-
3oBaHus. [lomydyeHHbIE 3aKOHBI JBUKEHUS YaCTHUIIbI

Xx=C, —Rcos(oat+6)+§t,

y=C, +Rsin(ot +0).

3alluiiaceM B BUAC
x—(CX +§tj =—Rcos(ot + 0),
y—C, =Rsin(wt +0).

O06a ypaBHEHHUs BO3BEIEM B KBaJIpaT U CIOKUM

[x—(cx+§tn +(y-C, F = R?(cos? (et + ) +sin? (ot +6)),
E ? 2 2 2 2 2
(x—(CXJrEtD +(y—Cy) =R*um (x—xz)° +(y—yg) =R?,

rue xR=CX+Et,yR=Cy.



[lonyuyeHHOE ypaBHEHUE SBIIS-
€TCsl ypaBHEHUEM OKPYKHOCTHU C IICH-
TpoM B Touke (Xr, Yr) ¥ pamuycoM R.
W3 sBHOrOo BHMJa KOOpAMHAT LIEHTPA
OKpY>KHOCTH (Xgr, Yg) CJEIyeT, dTO
HEHTP OKPY)XHOCTH  PaBHOMEPHO
asrxkercs Baoib ocu OX (puc. 2). To
€CTh O6UMCEHUE YACMUUbL MOXKHO
UHTEPIPETUPOBATH KaK 08UMCeHUE NO
OKpY)CHOCIU, YeHmpP KOmOopoil ne-
pemeuiaemcsa pagHOMEPHO U NPAMONUHENHO B TUIOCKOCTU OKPYXHOCTH
NEPHEHAUKYIIPHO M HANPSHXKEHHOCTH AJIEKTPUYECKOT0, U HMHIYKIWKA Mar-
HHUTHOTO TOJICH.

Takum oOpa3om, ABMKEHHE YACTUIIBI MPEACTABISET CYMEPIO3HUIINIO
JBYDKEHUS TI0 OKPY>KHOCTH (KpyroBasi COCTABJISAIONIAs JBMKEHHUS) B TIIOCKO-
ctu XOY u npsMoIMHEHHOTO paBHOMEPHOTO JABWMKEHUS B HAIIPABJICHUU OCH
OX (mpssMonuHEHHAS COCTABIISAIONIAS IBUKEHUS).

Ilpamonuneiinoe osusricenue (NPSIMONMHENHAS COCTABJISIONIAs) Xa-
paKTepu3yeTcs:

MMOCTOSITHHOM CKOPOCTBIO v, =—.

Jleuscenue no okpyyscnocmu (Kpyropas COCTABIISIOLIAs]) XapaKTepu-
3yeTcs:

o N q T
ITOCTOSTHHOM JIMHEWHOW CKOPOCTBIO o=—2~8 U nepuogom T = —,
m Q)]
1 E)
pannycoM R== (UX(O) — —) - (vy (O))2 :
® B
E
Uy (0) - E
HavyaJibHOM (hazoii 0, ag kotopon 190 = ———,
v, (0)
U TOJIO)KEHHUEM LIEHTPa OKPY>KHOCTH OTHOCUTEJIbHO Hadajla CUCTEMBbI KOOp-
muaat XOY: C, zlvy(O), C, :—E(UX(O)—E).
® ® B

JIuHeiHast CKOPOCTh IBUYKEHUS 10 OKPY>KHOCTH PaBHA

v,, =Ro= (vx (0)—%) +(v, (O)F = A.




Tpaektopust IBUKEHHUS] YACTHUIBI MPEACTABISAECT COOOM JIBYMEPHYIO
KpUBYI0, KOTOpPAasi MAPAMETPUUECKN OINKCAaHA MOJYyYEHHBIMU 3aKOHAMU JIBU-
’KEHHUs, U B OOLIEM CiTydae Ha3bIBAETCS MPOXOUOOIL.

B 3aBHCHMMOCTH OT HAmpsLDKEHHOCTH 3JIEKTpUYeckoro E m mHaykuum
MarHuTHOro B mosell COOTHOIIEHHE MEXYy CKOPOCTAMH HPSIMOJMHEUHOIO
IBWKEHHUSA U,, U JBWKEHHA IO OKPY)KHOCTH Uy MOXET OBITh pa3IM4HBIM

(puc. 3).
PaccMOTprM BO3MOXKHBIC CIyYaH.

y

X
4]
y
@) X
6
y
@) X
l
Puc. 3

Eciu cKOpoCTH NPAMOJIMHEMHOIO IBW)KECHUSA U,, U IBIKCHHA IIO
OKPY>KHOCTHU Uy, PABHBL. Uy, = U, TPACKTOPHUS IBMKCHHS HA3bIBACTCA WUK-
Jioudoii (4acTHBIN cirydait Tpoxouasl) (puc. 3a). Takoe IBHKEHHE BO3MOXK-
HO, HaIIpUMeEp, KOT/1a HadaJlbHasi CKOPOCTh YaCTHUIIbI paBHA HYJIIO:



w(0)=0,y(0)=0= E: (vx (0) —Ej + (vy(O))2 = Uypp = Ugpe

Ecin ckopocTh NpPSIMOIMHEMHOIO IBUXXEHMS U,, MEHBIIE JUHEHHON
CKOPOCTH JBIMIKEHHS II0 OKPYKHOCTU Uy Uy < Ugy, TPAEKTOPHS JBHIKEHUS
HA3bIBACTCS MPoxoudoil i nMeet netiu (puc. 36).

E E ? )
Uy <y = < (E—UX(O)) +(v,OF .

Takoe nABMXKEHUE BO3MOXKHO, HAPUMEpP, KOT/Ia HadajdbHAs CKOPOCTH
yacTunsl HanpasieHa Baoiab ocu OY (14(0) =0, y,(0) # 0) wim HavanpHas
CKOPOCTh HMEET HampaBieHue, mnpotuBononokaoe ocu OX (v (0) <0,
u(0) = 0).

Ecnn ckopocTh HPSAMONMHEHHOTO ABHXKEHUS U,, OOJBIIE JHMHEHHOU
CKOPOCTH ABHKCHHS IO OKPYKHOCTH Uyy,. Uyp > Uyp, TPAEKTOPUS IBHKCHUS
TaKXXe HA3bIBACTCS MPOXOUOOI, HO TICTEIIb HE UMeeT (pHc. 36).

E E ?
> Uy = = > (E —vX(O)) + v, O)F .

Takoe ABWKEHHE BO3MOXKHO, HAIpUMEp, KOTJa HadalbHas CKOPOCTh
YaCTHUIBl IMECT HalpaBJICHUE, COBIAAONICE C HAPABICHUEM PSIMOINHEH-
HOTO JIBWKEHHMS ILIEHTpa OKpYykHOocTH — Broab ocu OX: 1y,(0) >0, y(0) =0, a
MOJTyJIb CKOPOCTH HE3HAYHMTEIBHO OTIMYACTCSA OT MOJIYJISI CKOPOCTH MPSIMO-

. E
nuHeitHoTo nBIkeHus v, (0) = B’ HO HE PaBEH EMY.

Ecnu HavaabHast CKOPOCTh YaCTHUIBI MMEET TO )K€ HAIPaBJICHHE, YTO U
NPSIMOJIMHEHHOE BIKEHHE LIEHTpa OKpyxHOCTH — Bosb ocu OX: y,(0) =0,
a ee MOIYlb pPaBeH MOIYJII0 CKOPOCTH MPSIMOJMHEHHOTO JBUIKCHUS

E
v, (0) = B’ TO paZMyC OKPYKHOCTH OOpaIaercst B HOJIb. YacTHIla ABHIKETCS

pasnomepno u npamonuneiino Baonb ocu OX (puc. 32).

W3 npuBeaeHHBIX MPUMEPOB BUIHO, YTO B OOJIBIIMHCTBE CIIy4YaeB Tpa-
€KTOpHYs 4aCTULBI HOCHUT MOBTOPSIOIIMICA XapakTep. Haunmenpmmii monHo-
CTbIO TOBTOPSIIOUINICS (parMeHT KPUBOU (TPOXOUIbI, IUKIOWIbI) HA3bIBAIOT
BUMKOM MPOXOUObl (UUKTOUObL).

2. PaG6ouue ¢popmyJibl

1. /leusicenue uacmuunl aenaemcsa nepuoouueckum c nepuojom 1. B
HampaBieHUH ocu OX JBWKCHHE YaCTHIIBI OIMCHIBACTCS YpaBHCHHEM
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X(t) =C, —Rcos(wt + 0) + Et, rae X(0) = 0. 3a ogun nepuop t = T vacTuma
COBEpILAeT MOJHBIA 000poT M cMmemiaercss mo ocu OX Ha paccrosHUE
X(T) —x(0) = %T , IPOMIS TIPU 3TOM II€JIbIF BUTOK TPOXOUBI (I[UKIOUIBI).
3a N mepuogoB dYactuiia BAOAL ocu OX CMeCTHTCS Ha pPacCTOSHUE
Ax = x(nT) —x(0) = EHT , TIPU 3TOM Y-KOOpJMHATa YaCTHUIIBI OKAXETCS Ta-

KOM e, Kak N mepuoaoB Hazaj. M3mepuB cmenienne AX 4acTUlbl 32 N 1ie-
JBIX BUTKOB TPOXOUBI (IIUKJIOUBI) BIOJb ocu OX, MOKHO OTPEIEIUTh IIe-

o . AX B
pI/IOIL prFOBOI/I COCTaBJIAOICU ABMXKXCHUA 4AaCTHUIbI T = —E , a, CJIeaoBa-
n

21
TEJIBHO, YACTOTY (© = T Y OTHOIIICHHUE 3apsjia YaCTHIIBI K € Macce a_
m

®
B
(ynenbHbI 3apsin).

2. B nanpasnenuu ocu OY JBMKECHHE YaCTHIIBI OMIMCHIBACTCS YpaBHE-
muem Y(t) =C, + Rsin(ot +0) n sBusercs orpannvennbiM. Koopaunara y

MPUHUMAET 3HAYCHUS OT Ymin = C, — R (korga sin =—1) 1o Ymax = C, + R (ko-
ria Sin = +1). U3MepHB Ymin U Ymax,» MOKHO OIPEICIIUTh PAINyC KPYrOBOM CO-
CTaBJISIONICH ABMKEHHUSI R = %(ym — Yrin ) -

3. 3aBHCHMOCTh paaunyca KPYFOBOﬁ COCT&BHHIOHIGﬁ JBHMOKCHHSA 4aCTHU-
IIbI oT HayaJbHOU CKOpPOCTH HOCHUT CIIOKHBIN XapaKTep

2
R= 1 (vx (0) — Ej + (vy (0))2 . OntHaKo, BO3MOKHBI J[Ba CTy4asi, KOrja 3Ta
®

3aBHCHMOCTD 3HAYUTEIHHO YIIPOIIAETCS:
e HayajbHas CKOpocTh HampasieHa Bmoiab ocu OX (u(0) =0, vy(0) =0),

torga R = 1 v, (0) —%

(Q)

. E
® X-KOMITOHEHTa Ha4aJbHOH cKopocTH paBHa otHouenuto E/B (v, (0) = B’

1
v, (0) #0), Torma R = 6\uy(O)\ :

B o0oux cnydasx 3aBUCMMOCTH pajaWyca KpPyroBOW COCTaBJSIOLIEH
ABIDKEHUS OT HadanbHOM ckopocty uactuisl R = R(1(0)) u R = R(vy(0)) =Ho-
CAT KYCOYHO-JIMHEWHBIN XapakTep. Moaynb TaHI€HCa yIiia HaKJIOHa KaxKJI0Tro
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. 1
OTpe3Ka MpsIMO 00paTHO MPOMOPIIMOHATIEH ! ‘tg a‘ = —. Uto Takxe 1mo3Bo-
Q)

JISIET OMPENIeINTh OTHOLICHHE 3aps/ia YaCTHUIIBI K €€ Macce
q o 1

m B Blgal

3. Moaeanb d3kCniepuMeHTAJILHON YCTAHOBKH

B nanHOI paboTe ¢ MOMOIIbIO CPEACTB KOMIBIOTEPHON I'pauKu MO-
JEJINPYyeTCsl IBUKEHUE 3apsHKEHHOM YacTHIBI BO B3aUMHO MEPIEHAMKYJIISP-
HBIX OJIHOPOJHBIX CTallMOHAPHBIX AJIEKTPUYECKOM M MArHUTHOM IOJISIX.
HanpsikeHHOCTh 3JEKTPUUYECKOTo MOJIsi MOKHO U3MEHATh B MHTEpBAJE OT —
200 mo 200 B/cM, MHIYKIIMIO MarHWTHOrO IMOJII — B HMHTepBayie oT 0 10
200 MTn. HauanbHast CKOpOCTh YaCTHIIBI 3a/1a€TCS TyTEM U3MEHEHUS €€ TPO-
exmmit Ha ocu OX u OY. Ilpoekius HavamsHO#M ckopocTH Ha ock OZ Bcerna
cuntaercs paBHOW Hym0. Ock OZ u MarHUTHOE TOJIe HApPaBIIEHBI MEPICH-
JUKYJSIPHO 00JIaCTH SKCIEPUMEHTa, MNPECTaBISAIOMIE COO0OW IMIOCKOCTh
XOY.

Yactuia HauMHAeT CBOE JIBUJKEHUE U3 Hadalla CUCTEMbl KOOpIMHAT,
PacrojIoKEHHOTO B LIEHTPE 00JIacTh SKcIepuMenTa. Bo Bpems ABMKeHUs ya-
CTHIIa OCTaBJIAeT ciel Ha miockoctd XOY B 00sacTu 3KCHEPUMEHTA, YTO
MO3BOJISIET MPOBOJUTH U3MeEpeHHUs. JJis MOBBIIIEHUS TOYHOCTH U3MEPEHUM B
paboTe CyLIEeCTBYET BOZMOXHOCTh YBEIMUYEHUS MaciiTaba 0ToOpaxeHust 00-
JIACTH SKCIIEPUMEHTA.

Jlis u3MepeHust KOOpAMHAT YacTHUIlbl B pa00Te UCHIOIB3YIOTCS IBE JIH-
HEHKH, I[eHa JeNIeHUs] KOTOPHIX B 3aBUCUMOCTH OT MaciuTada OTOOpaKeHHs
00JacTH dKCIEPUMEHTa MOXKeT U3MeHAThCs oT 1 10 0,2 cm. [Ipu ykazaHHBIX
YCIIOBUSIX TIOTPEIIHOCTh OIpEeIeCHHs] OTHOIICHUS 3apsia YacTHIBl K ee
Macce B dkcriepuMente He npesbimaet 0,3-0,9%.

Pabota BrimonHsieTcs Ha |BM-coBmMecTuMOM nepcoHaIbHOM KOMIIBIO-
Tepe B BUje camocrosteiabHoro Windows-npunoxenus. Jlns ymodcTBa BbI-
HOJIHEHUS paboThI B IpOrpaMMe MPeayCMOTPEHbI TPU pa3jiena: KpaTKoe Omu-
caHue paboThl; MOPSAJOK BBIOJHEHUsI PabOTHI U 3KcrepuMeHT. [lepextoue-
HUE MEX]y pa3esiaMi OCYIIECTBIISETCS C MOMOILBI0 KHOTIOK «X0J1 paboThD)
1 «OkcnepuMeHT». HaxkaTue 3TUX KHOMOK B 3aBUCMMOCTH OT KOHTEKCTa pa-
OOTBI MPOrpaMMbI MPUBOAUT JHOO K BBI30BY COOTBETCTBYIOIIMX Pa3JEioB,
100 K BO3BPAIIICHHUIO B Pa3/iesl OMUCAHUS.

Paznen mporpammbl «DKCHEPUMEHT» COACPKHUT PACKPHIBAIOIIUINCS
CIHUCOK I BbIOOpA YaCTHUIIBI, CUCTYMKHU TSI M3MEHEHHUs 3HAYCHWN Harmpsi-
KEHHOCTH DJIEKTPUUECKOTO TMOJISA, MHAYKIIMA MarHUTHOTO TOJISE U TIPOCKITHA
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HavyanbHOU cKopocTu YacTuIlel Ha oc OX u OY, a Takke BCIOMOTaTeIbHbBIC
KHOIIKH, TTO3BOJISIFOIIME YITPABJISIT SKCIIEPUMEHTOM.

BapuaHTbl BbloJIHEHNs pad0ThI
Bapuanr YacTuna
1 ITpoToHn

SIapo remns (5 He)

Sapo maras (4Li)
Snpo 6opa (L B)
SAnpo 6epummms (;Be)

SInpo amomunrns (5 Al)

OtpunarensHblil HoH yriepoaa (C*7)

OrpuratenbHsIii HoH a3ota (N37)

OO N O O | WO DN

OrpuratenbHbIi HoH Kucnopoga (027)

[EN
o

OtpunaTenbHblil HoH kpeMuus (Si®)

4. TlopsinoK BHINOJIHEHHSI PA0OTHI

4.1. KpaTtkoe onucaHue xoaa padorTsbl

1. Beibepute yactuily (10 yKa3aHUIO IPENo aBaTes).

Yupaxnenue 1. Uzyuenue 3apucumoctu IIEPUOAA kpyrosoi co-
CTABJIAIOLIEH IBMKEHUS YACTHIBI OT HANPSKEHHOCTH 3JIEKTPHYECKOI0
1oJIs.

2. 3ajaiiTe X- U Y-KOMIIOHEHTHI Ha4aJIbHOW CKOPOCTH YaCTHUI[bl PaBHBIE
HYJIIO.

3. 3ajailiTe MaKCUMaJIbHOE MOJOKHUTEIBHOE 3HAUCHUE HANPSHKEHHOCTH
JIEKTPUYECKOTO T10JIA.

4. IlonOepute 3HAYEHUE MHIYKUHUA MArHUTHOTO MOJIsS, YTOOBI TpPaeK-
TOpHUSI IBUKEHUS YACTUIbl HE BBIXOJMJIA 332 TPAHMIIBI OOJACTH SKCIIEPUMEH-
Ta.

5. BeImonHATE IKCHEPUMEHT Al 8 3HaYeHWH HAIpsSHKEHHOCTH DJICK-
TPUYECKOTO MOJIS.

6. JI1st Ka)XKaoro 3KCIEepUMEHTA MOJACUUTANTE KOJIMYECTBO LIENIBIX BUT-
KOB LIUKJIOW/BI.

7. I3MepbTe X-KOOpAWMHATHI YACTULBI, COOTBETCTBYIOIIME KOHILY I10O-
CJIEAHETO LEJIOr0 BUTKA LINKIJIOUBI.
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8. Bpruncinre nepuoj KpyroBOM COCTABIIAIONICH IBHXKEHHS U OTHO-
LIEHHE 3apsia YaCTULBI K €€ Macce.

9. Iloctpoiite rpaduk 3aBUCUMOCTH NEPHOJA KPYTrOBOM COCTABIISIO-
1IeN JBUKEHMS YaCTULBI OT HANPSKEHHOCTH JJIEKTPUYECKOTO MOJIA.

Ynpaxkuenue 2. U3yyenue 3apucumoctu IIEPUO/IA kpyrosoi co-
CTABJIAIOLIECH IBUKEHUS YACTHLBI OT MHAYKIUM MATHUTHOIO IOJIS.

10. 3apmaiite X- U Y-KOMIIOHEHTBI HAYAJIbHOW CKOPOCTH YaCTHIIbI PaB-
HbIE HYJIIO.

11. 3apaiiTe 3HaU€HUE UHIYKIIMA MarHUTHOTO MOJIsl paBHBIM 25 MT1L.

12. [lonOepute 3HaYEHUE HAMPSKEHHOCTHU DJIECKTPUUECKOTO MOJIS TaK,
YTOOBI TPACKTOPHUS ABUKEHUS YACTUIIBI HE BBIXOAMIIA 3a TPaHUIBI 00JaCTH
AKCIIEPUMEHTA.

13. BeImoaHATE KCHEPUMEHT I 6 3HaYCHUH MHAYKIIUA MarHUTHOTO
TTOJISL.

14. [Jnga Kaxaoro SKCIEPUMEHTa MNOACYUTANTE KOJWYECTBO LEIBIX
BUTKOB LIUKJIOUIBI.

15. 3mepbTe X-KOOPAWHATHI YaCTHUIIBI, COOTBETCTBYIOIIAE KOHILY MO-
CJIIEAHETO LEJIOr0 BUTKA [IUKIJIOUIBI.

16. Bprunciure nepuos KpyroBou COCTABIISIIOIIECH JBUKEHUS U OTHO-
LICHUE 3aps/a YaCTULIBI K €€ Macce.

17. Tloctpoiite rpaduk 3aBUCUMOCTH TMEPHOJIa KPYrOBOM COCTaBIISAIO-
1€l ABUYKEHUS YaCTUIbI OT MHIYKIIUM MarHUTHOTO TOJIS.

Ynpaxxkuenue 3. U3yuenue 3aucumoctu PAJIMNYCA kpyrosoii co-
CTABJAKOLIECH BUKEHUS YaCTHLUbI OT TOPU30HTAJBLHOM KOMIIOHEHTHI
HAYAJIbHOU CKOPOCTH.

18. 3agaiiTe Y-KOMIMOHEHTY HauyaJbHOW CKOPOCTH YaCTUIIBI PABHOW HY-
JI10.

19. ITonGepuTe 3HAYEHUS MOJEH W X-KOMITOHCHTHI HAa4aJIbHOW CKOPO-
CTH, YTOOBI TPAEKTOPUS JBUKEHUS YaCTULIBI HE BHIXOJIMJIA 3a TPAHULbI 00J1a-
CTH DKCIIEPUMEHTA.

20. Bemomnute skcrepuMeHT it 9—10 3HaYeHMI X-KOMITOHEHTBI
HAYJILHOU CKOPOCTH.

21. JIns KaxJI0TO SKCIEPUMEHTAa U3MEpPbTe MaKCHUMAalbHOE U MUHU-
MaJIbHOE 3HAYEHUE Y-KOOPAUHATHI YaCTULBI.

22. BeaucinuTe pajinyc KpyroBoi COCTABJIAIONICH IBH>KCHHS YaCTHUIIBI.

23. Tloctpoiite Tpaduk 3aBUCUMOCTH pajryca KpPyroBOW COCTaBIISIO-
IEW JABMYKEHUS YAaCTULBI OT TOPU30HTAIBHONM KOMIIOHEHTHI HAYAJIIBHOM CKO-
POCTH 4aCTHULIBI.

24. Tlo yrny HakyioHa rpaduka onpeenuTe OTHOIIEHUE 3apsjia YacTH-
bl K €€ Macce.
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Ynpaxuenue 4. Uzyuyenue 3apucumoctu PA/IMYCA kpyrosoii co-
CTABJIAIONIEH JBHJKEHHS YACTHIBLI OT BePTHKAJIBbHOH KOMIIOHEHTbI
HA4YaJIbHOM CKOPOCTH.

25. 3agaiiTe X-KOMIOHEHTY Ha4aJIbHOM CKOPOCTU YacTHllbl paBHO# 100
KM/C, a Y-KOMITOHeHTY — paBHoi 1000 km/c.

26. IlonGepuTte 3HAYEHUS TMOJIEH, YTOOBI TPACKTOPHUS IBIKEHHUS dYa-
CTHUIIbI HE BBIXOJIMJIA 32 TPAHUILIBI O0JIACTH SKCIIEPUMEHTA.

27. Bemonnute skcniepuMeHT i 9-10 3HaueHUi Y-KOMITOHEHTHI
HaYaJIbHOW CKOPOCTH.

28. Jlns KaxI0TO SKCIEpUMEHTa U3MEpbTe MaKCHUMaJlbHOE U MUHU-
MaJbHOE 3HAYE€HHE Y-KOOPAMHATHI YACTUIIBI.

29. Beruucnure painyc KpyroBoi COCTABIIAIONICH IBHXKEHHS YaCTHUIIBI.

30. [Moctpoiite Tpaduk 3aBUCUMOCTH paguyca KPYroBOW COCTaBIISIO-
I JTBUKEHHS OT BEPTUKAIBHOW KOMIIOHEHTHI HA4aJIbHOW CKOPOCTH YaCTH-
IT6I.

31. o yrimy HakioHa rpaduka ONpeaeTnuTe OTHOIEHUE 3apsiaa YacTh-
1Bl K €€ Macce.

32. o pe3ynbraTtam yrpaxHeHU# | ¥ 2 BBIUUCIUTE CpPEeIHEE 3HAUCHUE
OTHOIIICHUS 3apsiia YaCTHIIBI K €€ Macce.

33. BeluucanTe TeOpeTUYECKOE 3HAaU€HNE OTHOIICHUS 3aps/ia YaCTHUIIbI
K €e Macce.

34. Cnemnaiite BBIBOIBI.

4.2. IlonpodHoe onucaHue X0/1a padoThI

IIpu BBIONIHEHUU PAOOTHI PEKOMEHIYETCS CIEeaylolas IOCIeN0Ba-

TEJILHOCTH JCHUCTBUU:

1. PackpsiBatomuiics crimcok « Yacmuya» conep>Xxut HaOOp sep U MOHOB, 00Ja-
JAIOIINX Pa3HBIMU MaccaMU U 3apsiiaMu: MPOTOH, Ao renus (anbda-yacTuia), sapa Ju-
THsi, 60pa, OepWIIIUs, aTIOMHUHUS, OTPUIIATENIbHBIE WOHBI YIIEpoja, a30Ta, KUCIOopoaa,
KpeMHus. Beibepute yacTHily, ¢ KOTOpoil OyaeT MpOUCXOIUTh HKCIEPUMEHT (M0 yKa3a-
HUIO Tpenoaasarens). [y BBIOpaHHONW YacTUIIBI MOJ] CIIUCKOM aBTOMATUYECKU YKa3bIBa-
IOTCSI €€ 3apsi] U Macca, HeOOXOAUMBIE JIJIsl pacueTa TEOPETHUECKOTO 3HaYEHUs YIeIbHOTO
3apsa.

VYnpaxnenue 1. U3yuyeHue 3aBHCHMOCTH MepPHOIA KPYroBOii COCTaBJISIOLIEH
ABMKEHHUS YACTHLBI OT HANIPSAKEHHOCTH 3JIEKTPHYECKOI0 TO0JIs.

I[BI/I)KGHI/IC YaCTUIbl B CTAIITMOHAPHBIX OAHOPOJAHLIX B3aWMMHO NCPHCHAUKYIIAPHBIX
AIEKTPUUECKOM U MarHUTHOM TOJISIX MPOUCXOTUT MO ABYMEPHOM TPACKTOPUH — TPOXOUJIE
(uMKIOuAe), KOTOPYIO MOKHO IMPEACTABUTh KaK CyHepIO3HMLIHI0 IBHKEHUS] M0 OKPYIK-
HOCTH (KpyroBasi COCTaBIsifolasi ABMKEHUs) B TuiockocTd XOY, mepneHAuKyIspHOR
BCKTOPY MHAYKIOHWHW MAarHUTHOI'O IIOJIsA, M HpﬂMOJIHHCﬁHOFO PABHOMEPHOI'0 ABUKCHUA
(mpsiMONTMHEWHAsT COCTABIISIIOIIAs JBUKECHHsI) B HarpaBieHuu ocu OX, mepneHIuKymsip-

15



HOM ¥ BEKTOPY HAMPSHKEHHOCTHU AJIEKTPUIECKOTO MO, M BEKTOPY MHAYKIIUA MarHUTHOTO
TTOJISI.

B aTrom ynpakHeHHH HEOOXOAUMO TTOCTPOUTH rpaduK 3aBUCUMOCTH MEPHOA KPY-
TOBOM COCTaBJISIONICH (COCTaBISAIONICH, ONUCHIBAIOIIECH ABMKCHHUS 10 OKPYKHOCTH) JIBH-
JKCHHS YaCTHIIBI OT HANPSHKEHHOCTH 3JICKTPHUCCKOTO IMOJISI IPH HEM3MEHHOW WHIYKIIUU
MAarHUTHOT'O TOJIS.

TpaekTopust 4acTHUIBI HOCHT IOBTOPSIONIUICS xapakTep. HanMeHbIIUH MOIHO-
CTHIO TOBTOPSIIONIMICS (PparMEHT KPHUBOW (TPOXOWIBI, ITUKIOH]bI) HA3BIBAIOT BHUTKOM
TPOXOUBI (ITUKIIOUIBI).

2. Tpaektopusi YacTHIIBI OyIET MPEACTABIATh COOOM UKIONU Y, KOTJIa HaYaIbHAS
CKOPOCTh 4YacTHIbl paBHa HyJ0. C IOMOIIBIO CUETYUKOB «X-KomMnowenma» w «Y-
KOMRnOHeHma» Ha NaHeu MHCTPYMEHTOB «HauanvHas ckopocmb) yCTaHOBUTE HYJICBBIC
3HAYEHUS KOMIIOHEHT HavyajIbHOW CKOPOCTH.

3. HanpspkeHHOCTD AIIEKTPUYECKOTO MOJIsi MOKHO U3MEHATH B auanazone ot —200
10 200 B/cm. C nomonsio cuetunka «Hanpsowcennocmo nekmpuueckozo nois» Ha na-
HEJIU UHCTPYMEHTOB «Ilo/15» YCTaHOBUTE MAaKCUMAIIbHOE 3HAYCHUE HANIPSHKCHHOCTH.

4. NHayKIIMi0 MarHuTHOTO TOJIST MOXKHO M3MEHSTh B auamnaszone ot 0 go 200 mTo.
C nomotpio cuetynka « AHOYKYUA MACHUMHO20 NOJIA» HA TIAHETU UHCTPpYMEHTOB «l1o-
J1A» yCTaHOBUTE 3HaueHHe MHAYKIWU paBHOEe 10 MTn. C momoIpio pacKphIBAIOIIETOCS
cnucka «Macuima6y BpIOepUTE MacTad OTOOpaKEHUST 00JIACTH PKCIIEPUMEHTA PaBHBIN
100%. Haxxmute kHOTKY «Hauamsb sxcnepumenmy — 4acTulla HAYHET JIBUTATHCS B 3a-
JaHHBIX ycioBusX. HaOmomaiiTe 3a TpaeKTOpHEH 4YacTUIbl. DKCIEPUMEHT 3aKOHYMTCS,
KOT'/Ia 9YaCcTUIIa TOKUHET 00JIaCTh IKCIICPUMEHTA.

Heo0xoauMo 1momo0path 3HaYCHUE WHIYKIIMM MAarHUTHOTO TOJISL TaK, YTOOBI MpH
HanpspkenHoctd 200 B/cm B oGmactu skcriepumenta B macmradbe 100% wnaGmromancs
OJIMH LIEJIbIA BUTOK IUKJIOUIBI (MM HeMHOro Oosbine). Eciu B 00JacTH 3KCIIEpUMEHTA
HaO0JII0JTaeTCS MEHEE OJJHOTO BHUTKA ITUKJIOW]IbI, U3MEHUTE HHIYKIIUIO MArHUTHOTO TOJIS
MIPOU3BOJILHBIM 00Pa30M M BHOBB BBITIOJTHUTE IKCIICPUMEHT.

[Tocne Toro kak UCKOMOE 3HAYeHHE WHIAYKIIMM MarHUTHOTO TOJISI HalIeHO, 3adUK-
CUPYHTE €ro ¥ OYHUCTUTE 00JIACTh IKCIIEPUMEHTA C TIOMOIIbIO KHONIKH « Quucmums u3oo-
Ppadicenuey.

Hatinennoe 3Ha4eHUE WHAYKIIMA MAarHUTHOTO TIOJIS 3alTUIIATE B Ta0ymIy 1.

5. Paznmenute nuama3oH W3MEHEHUS HAMPSHKEHHOCTH AJIEKTPUYECKOTO TOJIS
[-200 B/cm; 200 B/cm] Ha 8 paBHBIX dacTedt v mojy4yuTte 9 3HaueHHi (Hampumep, depes
50 B/cm: 200, 150,...—200). JInst kaaoro 3HAYEHHs HAMPSHKEHHOCTH BBIMOJIHUTE KCITe-
PUMEHT, HE ouuIas o0iacTu KcnepuMenTa (ans 3HayeHus E = 0 sxcrepuMeHT BBHINOI-
HATh HE HYXHO). [Ipy 3TOM WHIYKIIMS MAarHUTHOTO TIOJS JOJDKHA OCTAaBAThCS TOCTOSH-
HOM, paBHOI 3HAYEHUIO, TOAOOPAHHOMY TIPH BBHITTOIHEHUH MTYHKTA 4.

6. Bo BpeMst TBMKEHUS YaCTHUIIBI CUUTANTE KOJIMYECTBO MEIBIX BUTKOB ITHKJIOU/IBI.
Ecnu BUTKM MMEIOT Mallyl0 aMIUTMTYAY U MOJCUYUTATh KOJTMYECTBO BUTKOB BO BpeMs JIBH-
KEHUS HE YIaeTCs, M0 OKOHYAHUU IKCIICPUMEHTA YBEIMIbTEC MACIITA0 00JaCTH dKCIIEPH-
MEHTa ¢ MOMOIIBIO pacKphIBaroIierocs crnucka «Macuimao» Tak, 91006l yIOOHO OBLIO
MOJICYUTATh KOJIMYECTBO BUTKOB. J[JIs IMepeMeneHust yBEeIMYeHHOW 00JIaCTH IKCIIEPUMEH-
Ta UCTOIB3YUTE BEPTUKATBHYIO U TOPU30HTATBHYIO MOJIOCHI TPOKPYTKH.

7. Macmtad oToOpaxeHus 001acTH IKCIIEPUMEHTa MOKHO M3MeHATh oT 50% 10
500%. IIpu u3mMeHeHHH MaciiTaba U3MEHSETCS 1IeHa JENCHUS HU3MEPUTEIbHBIX JTUHEEK,
KOTOpBIE PACIOJIOKEHBI CBEPXY M ClieBa OT 00JIaCTH dKcrepuMeHTa. [[isi BRIOpaHHOTO
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MacmiTaba IeHa JeNCHUs JIMHEEK YKa3bIBaeTCs psAaoM co cruckoM «Macuimaéy. C tio-
MOIIIBIO pacKphiBarolerocs crnucka «Macuwmaoy maxcumanbio (500%) yBenuubTe mac-
mTad 00J1acTH SKCIIEPUMEHTA.

Jlns mepeMeneHnsi yBEJIWYSHHOM 00JacTh AKCIEPUMEHTa HCIONIb3YHTE BEpTH-
KaJIbHYIO ¥ TOPU30HTAIIBHYIO MOJOCKHI IPOKPYTKHU.

Hapn obnacThio 3KCHiepUMEHTa pacrojioKeHa rOpU30HTAIbHAS U3MEpPUTENbHAS JIH-
HelKa, KoTopast 000py/oBaHa MONI3yHKOM «HM3mepenue koopounamsl X» 1 CHHXPOHU30-
BAaHHOM C HUM BEPTUKAIBHON M3MEPUTENBHON NuHUEH. [lepememas nonsyHok «HM3mepe-
Hue Koopounamul X», COBMECTUTE U3MEPUTENIbHYIO JTUHUIO C KOHIIOM MOCJIEIHEro IeJIo-
ro BUTKA IEPBOM TPACKTOPUM 4YacTULbL. [10 rOpU30OHTaIBHON JMHEHKE, YYUTHIBAs LIEHY
JIeJIeHUs], OINpEIeIUTe UCKOMYIO KOOpJIMHATy — CMEIICHHE YacTULlbl AX B HalpaBiIeHHUU
ocu OX 3a 1enoe KoiauuecTBo nepuooB. [loBTopuTe u3MepeHus g KOHIA MOCIETHETO
L[EJI0I'0 BUTKA KayKJJOW TPAEKTOPUH.

PE3VYJIbTATHI UIBSMEPEHWU 3AIUIINTE B TABJIULLY 1.

[locne okOHYaHMSI WM3MEPEHUN OYMCTUTE O0JIACTh 3KCIEPUMEHTa C IOMOLIBIO
KHONIKU «Quucmums u3o0pajcenue» U BEPHUTECh K MEPBOHAYAIbHOMY MacuITady
(100%).

W3 mpoBeneHHBIX OMBITOB BhIOepUTEe 3—4 Tak, 4TOOBI M3y4aeMble 3aBHCHMOCTH
BEITIIsIICNI Hanbouee sipko. Hampumep, mns —200, —100, 100, 200 B/cm. IToBTopute 311
onbIThl. [ToydeHHBIC TPACKTOPHUH 3aPUCYITE WIIM COXPAHUTE B BHIE bMp- wiu jpg-daiina
(8 macmtadbe 100%) c momomnibio KHONIKU «Coxpanums uzoopaicenuey, pacronoKeHHON
Ha/ 00JacThio dKcnepuMeHTa. COXpaHUTh TpapuK 3aBUCUMOCTH X-KOOPJMHATHI Te€a OT
BpeMeHH. [ 3Toro Haxkmute KHOMKY «I pagpuk x(¥)», a 3aTeM B MOSIBUBLIEMCSI OKHE —
KHONIKY «Coxpanumb 2pagpuxy. C NOMOLIBI0 KHOIIKU «3aéepuiums npocmompy BEPHU-
TE€Ch B OCHOBHOE OKHO MPHJIOKEHUA. AHAJIOTMYHO COXpaHUTE TpaduK 3aBUCUMOCTHU Y-
KOOpJMHATHI TeJIa OT BPEMEHH.

BHOBB ouncTuTE 00J1aCTH IKCIIEPUMEHTA.

8. Kaxxnprit 11esplii BUTOK IIMKJIOU]IBI COOTBETCTBYET MOJIHOMY MEPUOY TIPH JIBU-
’KEHUHM YaCTHIIbI MO0 OKPYXHOCTH (KpyroBas cOCTaBisiolias aBmwxkeHus). CmemieHne
AX = X — 0 gacTHUIBI U3 HAYAILHOTO MOJIOKEeHHS BIIoJIb ocu OX 3a BpeMsi, paBHOE TIEJIOMY

E
KOJIMYECTBY MEPUOJIOB, MPOMOPLMOHAIBHO KOJIWYECTBY IEPUOAOB. AX = EnT . Orcrona

HaWJUTe MEepPHOJ JABHKEHHUS YAaCTHUIbI 110 OKPYKHOCTH JIBMKEHUS JJI KaXKIOro SKCIIEepH-
MeHTa. /[J11 MOBBIIEHUS TOYHOCTH PE3YJITaTOB B pacdyeTax PEKOMEHIYETCS HCIOJIb30-
BaTh CMEIICHHE 3a MAaKCHUMAaJlbHO BO3MOJKHOE€ JUISl KaKJIOTO 3KCIEpHUMEHTa KOJINYECTBO
MIOJTHBIX MEPHOJIOB (LIEJIBIX BUTKOB IIUKION bI). PekoMeH TyeTcsi BEIpa3uTh NEpUO]l B MUK-
POCEKYyHaX ¢ TOYHOCTBIO IO YETHIPEX 3HAYAIIUX LHUPP.

27
[Tepuon T cBsi3aH C YII0BOH CKOPOCThIO ®: T = ——. YTJI0Bas CKOPOCTh ONPEEIIsi-
o)

€TCAd OTHOLICHUCM 3apAda 4aCTULbI K €€ MacCe: M = g B . 3Has nepuon Tu HHAYKIHUIO
m

MarHUTHOTO 1oJis B, HaliiuTe oTHOMIEHHE /M — SKCIIEPUMEHTAIbHOE 3HAYCHHUE.

9. IToctpoiiTe rpaduk 3aBUCUMOCTH NEPUOJIa KPYTOBOM COCTABISIONIEH TBUKESHUS
YaCTHUIbl OT HAIPSHKEHHOCTH JJIEKTPUYECKOro mnojs. IIpoaHanusupyiite xapakrep IMoiy-
YEHHOU 3aBUCUMOCTH. COOTBETCTBYET JIM OH TEOPUU?
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Ynpaxknenue 2. U3ydyeHne 3aBHCHMOCTH MEPHOAA KPYIrOBOH COCTABJIAIOLICH
JABHKEHHUS] YACTHLbI OT HHAYKIMH MATHUTHOIO IOJIS.

JIBMKEHME YaCTHUIbl B CTALIMOHAPHBIX OJHOPOJHBIX B3aUMHO MEPIEHIUKYIISPHBIX
ANEKTPUYECKOM U MATHUTHOM IOJISIX [IPOUCXOTUT MO0 JBYMEPHOM TPAEGKTOPUHU — TPOXOUE
(LMKIIOUJE), KOTOPYIO MOKHO NPEACTaBUTh KaK CyNepHO3ULMI0 ABHKEHUS N0 OKPYIK-
HOCTH (KpyroBasi cocTapistomas ABrKeHUs) B 1uiockoctd XOY, mepneHIuKyaspHOi
BEKTOPY MHIYKLIMU MarHUTHOTO MOJIS, U NMPSAAMOJMHENHHOr0 PABHOMEPHOI0 JIBM:KeHUS
(mpsiMONMHEHHAsT COCTABIIAIONIAs IBM)KEHUS) B HampasieHun ocu OX, meprneHauKysp-
HOW U BEKTOPY HAIIPSKEHHOCTH 3JIEKTPUUECKOTrO MO, U BEKTOPY MHAYKLIUU MAarHUTHOTO
OIS

B sTOoM ynpakxHeHUH HEOOXOIUMO MOCTPOUTH IpadUK 3aBUCUMOCTH NIEPUOJA KPY-
IOBOM COCTAaBIISAIOLIEH (COCTABIAIOLIEH, ONUCHIBAIOLIEH ABM)KEHUS 110 OKPYKHOCTH) JIBU-
KEHUS YaCTULbl OT MHAYKIUM MAarHUTHOTO TOJISI P HEM3MEHHOM HaNpsHKEHHOCTH dJIeK-
TPUUECKOTO TOJIS.

10. TpaexTopus yacTulbl OyJIET NMPEICTaBIATh COOOM LIUKIONY, KOTJja HayaabHast
CKOPOCTb YacTHIbl paBHa HyJ0. C IOMOIIbIO CUETYUKOB «X-Komnonenma» u «Y-
KOoMnonenmay Ha TaHeNnu UHCTpyMeHTOB «Hauanvnas ckopocmuy ycTaHOBUTE HYJIEBbIE
3HAYEHUS! KOMIIOHEHT HauyaJlbHOW CKOPOCTH.

11. C nomoursto cuetunka « MHOYKUUA MACHUMHKO20 NOJA» HA NAHETU UHCTPY-
MeHTOB «Ilo1» yCTaHOBUTE 3HAYCHHUE MHAYKIMH paBHOe 25 MTIL.

12. Hampsi>keHHOCTH 3JIEKTPUUECKOr0 TOJIsl MOKHO U3MEHSATH B 1uamnazoHe ot —200
1o 200 B/cm. C nomousto cuetunka «Hanpaxcennocms 31eKmpuiecKo2o nouay Ha mna-
HeJ UHCTPpYMEHTOB «llons» ycTaHoBUTe 3HaueHne HanpspbkeHHocTH paBHoe 200 B/em. C
IIOMOILBIO pacKpbiBatolierocsi cnucka «Macuwimaéy» BeiOepuTe MacmitTad OTOOpa)KeHUs
obmactu skcriepuMenTa paBublii 100%. Haxwmure xnonky «Hauwamv sxkcnepumenmy —
YacTUlla HaYHET JABUraThcs B 3a/laHHBIX ycioBusx. HaGmionalite 3a Tpaekropueil yacTu-
1bl. DKCIIEPUMEHT 3aKOHUUTCS, KOTJ]a YaCTUI[a IOKUHET 00JacTh SKCIIEPUMEHTA.

Heo6xoauMo nogo0paTh 3HaYeHHE HAIPSDKEHHOCTH 3JIEKTPUYECKOIo MOoJIs Tak,
YTOOBI IPH UHAYKIIUU MarHUTHOTO o 25 MTn B 06s1acTu SKCepUMEHTa IpHU MaciuTade
100% nabmromancss OJMH IENbId BUTOK ITUKIOWABI (MM HEMHOTO Oosbiie). Eciu B o6:a-
CTH SKCHEpUMEHTa HaOJII01aeTCsl MEHee OJHOTO BUTKA LIUKJIOWU/bI, U3MEHHUTE HaNpsKEeH-
HOCTb 3JIEKTPUUYECKOTO MOJIs IPOU3BOJIBHBIM 00pa30M U BHOBb BBIITOJIHUTE SKCIIEPUMEHT.

Ilocme TOro Kak HMCKOMOE 3HAYEHHE HAINPSHKEHHOCTH D3JIEKTPUYECKOTO OIS
HalJIeHO, 3a(UKCUPYUTE €ro U OUYUCTUTE O0JACTh HKCIEPUMEHTA C TOMOIIBIO KHOIKH
«Oyucmumo uzoopasrxcenue.

Haiinennoe 3HaueHHe HANPSDKEHHOCTH AJIEKTPUYECKOTO IMOJISl 3alMIIUTE B TaOJIH-
my 1.

13. Jlnana3oH 3HAYCHHUI WHIYKIIMK MarHuTHoOro moust [25; 125 mTn| pa3znenure Ha
5 paBHBIX yacTell ¥ MoJyduTe 6 3HaYCHUI (Hanmpumep, yepes 25 mTi: 25, 50,... 125). lis
Ka)KJI0TO 3HAYEHUS] MHIAYKIMM BBIIOJHUTE HKCIEPUMEHT, HE Oouumias o0JacTu SKCIepu-
MeHTa. [Ipy 3TOM HampsKEHHOCTh AJIEKTPUUYECKOTO MOJIS JAO0JKHA OCTAaBaThCS MOCTOSH-
HOM, paBHOM 3HAYEHUIO, M0J00paHHOMY IPU BBIITOJHEHUH TyHKTa 12.

14. Bo BpeMsl ABMKEHHS YACTHUIIbI CYATANTE KOJUYECTBO LIEJIBIX BUTKOB IIUKIIOU-
abl. Ecii BUTKM MMEIOT Malyl0 aMIUTUTYAy U MOJCUYUTATh KOJIUYECTBO BUTKOB BO BpeMs
JBUKEHUSI HE YAAeTcs, M0 OKOHYaHHH SKCIIEpUMEHTa YBEINYbTe MaciTad o0JacTH 3Kc-
NEpUMEHTa C TIOMOIIBIO pacKpbIBaloLerocs cnucka «Macuimaéy Tak, 4ToOBl YIOOHO
ObLIO MOJCUYNUTATh KOJUYECTBO BUTKOB. JlJisl mepeMelieHrs yBeIn4eHHON 00J1acTH dKCIie-
PUMEHTA UCIIONB3YHTE BEPTUKAIBHYIO U TOPU30HTAIBHYIO TOJIOCH IPOKPYTKH.
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15. C nomompto packpeiBaromierocs cnucka «Macuimao» maxcumanbHo (500%)
yBeauubTe MacTad objgacTu sKkcnepuMeHTa. i nepeMerieHus yBeau4eHHoW obiaacTu
SKCIIEPUMEHTA UCIIOJIb3YHTE BEPTUKAIBHYIO U TOPU3OHTAIIBHYIO I10JIOCHI TPOKPYTKH.

Hazn obnacThio 3KCnieprMeEHTa pacrojioKeHa FOpU30HTaIbHASI U3MEPUTEINIbHAS JIH-
Heilka, KoTopas 000py0oBaHa NOI3YHKOM «HM3mepenue Kkoopounamst X» 1 CUHXPOHU30-
BAaHHOM C HUM BEPTUKAIBHON M3MEPUTENBHON NuHUEH. [lepememas non3yHok «HM3mepe-
Hue Koopounamul X», COBMECTUTE U3MEPUTEIIBHYIO JIMHUIO C KOHIIOM IOCJIEIHErO LEeJ0-
ro BUTKA MEPBOM TPACKTOPUM 4acTULbl. 110 rOpU30HTAILHON JIMHEWKE, YYUTHIBAs LICHY
JICJICHUs, ONPENEIUTE UCKOMYIO KOOpIMHATYy — CMELICHHE 4acTULBI AX B HAlpaBICHUU
ocu OX 3a 1enoe KoiauuecTBo nepuooB. [loBropute usmepeHus i KOHIA MOCJIETHETO
L[EJIOr0 BUTKA KAKJOW TPACKTOPHH.

PE3VJIbTATHI UIBMEPEHUM 3AIIUIINUTE B TABJIMITY 1.

Ilocne oOkOHYaHMSI WM3MEPEHUN OYMCTUTE O0JIACTh 3KCIEPUMEHTa C IOMOUIBIO
KHONKU «Quucmums u3o0pasrxicenue» W BEPHUTECh K IE€PBOHAYAIBHOMY MaciuTaly
(100%).

16. Ilo Tem ke GopmyiiaMm, 4TO ¥ B ITyHKTE 8, BEIYMCIUTE MEPHOJ | U OTHOIIEHUE
3apsijia YacTHIIbI K ee Macce g/m.

17. TloctpoiiTe Tpadguk 3aBUCUMOCTH MEpPHOAAa KPYrOBOW COCTaBIISAIOIIEH IBIKE-
HUS 4acTULbl OT MHAYKIMHU MarHUTHOTO nojs. [Ipoananusupyiite xapakTep NOay4YeHHOU
3aBUCUMOCTH. COOTBETCTBYET JIU OH T€OpUN?

Ynpaxuenue 3. 3ydyeHue 3aBUCMMOCTH pajuyca KPYroBoil cOCTaBJIAIOLIEH
ABUKCHHUS YACTHIBI OT FTOPU30HTAJIbHONH KOMIIOHEHTHI HA4YAJbHOH CKOPOCTH.

JIBM>KEHHE 4acTULBI B CTALIMOHAPHBIX OAHOPOJHBIX B3aUMHO NEPIEHIUKYJISIPHBIX
ANEKTPUYECKOM U MATHUTHOM IOJISIX IPOUCXOJTUT 10 JBYMEPHOU TPACKTOPUU — TPOXOUE
(uMKIIOUJE), KOTOPYIO MOYKHO MPEACTaBUTh KaK CyHepHO3ULMIO ABHKEHUS N0 OKPYIK-
HOCTH (KpyroBasi cocTapistomas ABkeHHs) B 1uiockoctd XOY, mepneHIuKyaspHO
BEKTOPY MHIYKIIMM MAarHUTHOIO IOJS, H NMPSIMOJIMHEIHOI0 PABHOMEPHOI0 IBHKCHUS
(mpsiMONMHEHHAsT COCTABIIAIONIAs IBM)KEHUS) B HampaBieHun ocu OX, meprneHauKysp-
HOM M BEKTOPY HANPSKEHHOCTU MIEKTPUUYECKOTO MO, M BEKTOPY UHAYKIIUA MarHUTHOTO
OIS

B sToM ympakHeHHMM HEOOXOIMMO TOCTPOUTH TIpadUK 3aBUCUMOCTH pajguyca
OKPY’KHOCTH, JABIXKYIIEHCS paBHOMEPHO U MPsAMOJUHENHO Baoib ocu OX U sBIstonIeiics
KpYroBOM COCTaBJISIOLIEH ABMKEHHS YaCTHULBI, OT TOPU30HTAIBHON KOMIIOHEHTHI Hadallb-
HOM CKOpPOCTH NpPU HEM3MEHHBIX HANPSKEHHOCTU AJIEKTPUYECKOTO M MHAYKLIMU MarHuT-
HOTO ITOJIEH.

Ecnu HayanpHast CKOPOCTh YAaCTHUIIbI OTJIMYHA OT HYJISL, TPAEKTOPHS YaCTHUIbI OyJeT
MPEJCTABIATH COO0M TpOXOuIy.

18. T'opu30HTAIbHYIO U BEPTUKATHHYIO KOMIIOHEHTHI Ha4aJdbHON CKOPOCTH YacTH-
bl MOXHO M3MeHATh B auana3one or —1000 mo 1000 xkm/c. C mmoMoOIIbI0 cueTynKa « Y-
KOMnoHenmay Ha TIaHEIW UHCTPpYMEHTOB «Hauanvnasa ckopocmu) yCTaHOBUTE HYJIEBOE
3HaYEHUE BEPTUKAIIbHOM KOMIIOHEHTHI HauaIbHOW CKOPOCTH YaCTHIIBI.

19. C nomomplo cueTunka «X-KOMHOHeHma@» Ha TaHEIU WHCTPYMEHTOB
«Hauanvhasa ckopocmspy yCTaHOBUTE OTPULIATEIbHOE 3HAUEHUE FOPU30HTAIBHON KOMIIO-
HEHTHI HayaJibHOM ckopocTH paBHoe —1000 km/c.

HanpspkeHHOCTD 3JIEKTPUYECKOrO OISl MOXKHO U3MEHSTh B quana3one ot —200 o
200 B/cM. MHayKiuo MarHUTHOTO TOJIS MOKHO M3MEHATH B tuana3zoHe ot 0 go 200 mT.
C nomomupto cueTunkoB «Hanpasxcennocms 3nekmpuieckozo nonay U « Mnoykuyus maez-
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HUMHO20 NOJIA» HA TIAaHETU WHCTPYMEHTOB «llo12» yCTAaHOBUTE MAaKCHUMAaJbHBIC 3HAUe-
HUS 00€UX BEJTUYHH.
C nmoMoIpio packpeiBaromerocs crnucka «Macwmaoy Beioepute Macmtad oToo-
paskeHust obsactu skcriepuMenTa paBublidi 100%. Haxxmute xHonky «Hauamo 3kcnepu-
Menm) — 4acTULa HaYHeT JBUraThCs B 3a/laHHbIX ycinoBusax. Habmonaiite 3a Tpaekropu-
el yacTuIpl. DKCIEPUMEHT 3aKOHYUTCS, KOT/1a YaCTHIIa TOKMHET 00JIaCTh SKCIIEPUMEHTA.
Heo6xoanMo nogo6path 3Ha4eHUs HAMIPSHKEHHOCTH 3JIEKTPUYECKOT0 U MHIYKIIUU
MarHUTHOTO TOJIEH M X-KOMIIOHEHTBHl HAYaJbHOW CKOPOCTH TaK, YTOOBI TPACKTOPHS Ya-
cruubl pu Macmrtabe 100% 3aHuMana B 006JaCTH SKCIEPUMEHTAa MAKCUMAJIBHO BO3MOXK-
HO€ IIPOCTPAHCTBO, HO HE BBIXOJIMJIA 3a €€ IIPEIEbl 10 BEPTUKAIH.
st 3TOr0 (peKOMEHIAMH):
® CCIIM TPAGKTOPUS YACTHUIIBl «CIUIIKOM OOJbINas (BBIXOAUT 3a MPEIeibl 00IacTH IKC-
IIEPUMEHTA 110 BEPTUKAJIN) — U3MEHSNTE 3HAaUEHHUE X-KOMIIOHEHThl HA4aJbHOU CKOPO-
CTH;

®  €CJIM TPAeKTOPHS YaCTHIIbl «MaJeHbKas» (3aHUMAaEeT HE BCE JIOCTYIHOE IPOCTPAHCTBO
B 00J1aCTH SKCIIEPUMEHTA) — OJIHOBPEMEHHO M3MEHSITE HaINPSHKEHHOCTb 3JIEKTpUYe-
CKOT'0 M MHIYKIMIO MarHUTHOTO MOJIEH Tak, 4ToObl oTHOIEeHHe E/B ocraBanoch Hews-
MEHHBIM.

HaiinenHble 3HaYeHUs HANIPSDKEHHOCTH 3JIEKTPUUYECKOT0 U MHIYKIIMU MAarHUTHOTO
0JIeH, a TaK)Ke TOPU30HTAIBHON KOMIIOHEHTBI CKOPOCTH 3alUIINTE B TAOIUILY 2.

HalineHHoe 3HaueHHE X-KOMIIOHEHTBbI HauyallbHOH CKOpPOCTHM 00O03HAa4YuM Uy,. B
9TOM YNPaXHEHUM MAna3oH U3MEHEHHs] TOPU30HTAIbHON KOMIIOHEHThI HayalbHON CKO-
POCTH CllelyeT BBIOPATh B IIPEAEIax OT —Ump 0 Utp.

[Tocne TOoro Kak MCKOMbIE 3HAYEHUsI HAIIPSHKEHHOCTH 3JIEKTPUYECKOTO0 ¥ UHYKIIUH
MarHuTHOTO MOJIEH W JMana3oH H3MEHEHHMs TOPU30HTAIbHOM KOMIIOHEHTHI CKOPOCTH
HaiiieHpl, 3aQUKCUPYHTE MX W OYHUCTUTE O0JACTh KCIIEPHUMEHTA C MOMOIIBI0 KHOIKU
«Ouucmumo uzoopasicenue.

20. Pa3nenuTe nuana3oH M3MEHEHUS TOPH3OHTAJIBHOW KOMITOHEHTHI HAYaJIbHOU
CKOPOCTH [—Urp; Urp] Ha 9-10 paBHBIX 4acTeil. s KaxI0ro 3HaYeHHs TOPU3OHTAIBHOM
COCTABJISIOLIEH BBIMOJHUTE SKCIIEPUMEHT, HE OuHILas objaacTu skcrnepuMeHTa. [lpu stom
HaIpsDKEHHOCTh  AJIEKTPUYECKOr0, MHIYKIUS MAarHUTHOIO TMOJe U Y-KOMIIOHEHTa
Ha4YaJIbHOM CKOPOCTHU JOJKHBI OCTaBaThCsl PUKCUPOBAHHBIMH.

21. C nomoIpio packpsiBaromierocst cnucka «Macuimaéy maxcumanbHo (500%)
yBeJIMYbTE MacmITad 00JacTH AKcrepuMeHTa. Jljig nepemerienrs yBeIU4eHHON 00JIacTH
HKCHEPUMEHTA UCTIONIb3YHTE BEPTUKAIBHYIO M TOPU30HTAIBHYIO I10JIOCHI IPOKPYTKH.

CneBa or o0nacTu SKCIEPUMEHTa DPACIIONIOKEHA BEPTHKAIbHAs W3MEpUTENIbHAS
JMHEWKa, KoTopast 000pyZ0BaHa NOJI3YHKOM «HM3mepenue koopounamol Y» N CUHXPOHU-
30BaHHOM C HUM TOPU3OHTAIBHOM M3MEpUTENbHOM nuHuen. [lepememas non3yHok «M3-
mepenue Koopounamut Y», COBMECTUTE U3MEPUTENIbHYIO JIMHUIO C TOYKaMH HEpBOM Tpa-
€KTOpUHU YaCTHULbI, UMEIOIUMH MaKCUMaJIbHOE 3HaUeHHE Y-KoopAuHatThl. [lo BepTHKaib-
HOW JTMHEWKe, yYUThIBas LEHY JeJCHHs, ONPEAeTUTe HCKOMYIO KOOpAUHATY. AHAJIOIMYHO
OTpeieIuTe MUHUMAIbHOE 3HAUE€HUE Y-KOOpAUHATHI epBoil TpaekTopuu. [loBTOpUTE M3-
MEpEeHUS JUIsl KaKIO0H TPaeKTOPUH.

PE3VJIbTATBI UIBMEPEHUI 3ATTUIINTE B TABJIMILY 2.

[Tocne okoHYaHMSI W3MEpPEHUI OYMCTUTE O0JIACTh 3KCIEPUMEHTa C MOMOUIBIO

KHOIIKHN «0!mcmumb u306paofcenue» H BCPHUTECH K IICPBOHAYAJIBHOMY Macuna6y
(100%).
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W3 npoBeneHHBIX B 3TOM YIPaXHEHUH OIBITOB BbIOepUTEe 3—4 U coxpaHute (Win
3apucyiite) s Hux rpaduku 3aBucuMocteii X = X(t), y = y(t) u TpaekTopmii y = y(X) kak
OIMCAHO B ITyHKTE 7.

BHOBB ouncTHTE 00JIACTH IKCIIEPUMEHTA.

22. Pa3znuna Mexay MaKCHUMajJbHOW M MHUHHMAIBHOM Y-KOOpIMHATAMU TPAEKTO-
pUM yacTHUIbl (TPOXOMJIBI) paBHA JBYM paauycaM R okpyxHOCTH, IBHXKYLIEHCS paBHO-
MEpPHO U IPSAMOJIMHEUHO BA0JIb Oc OX U SABJISIONICHCS KPYrOBOM COCTABJISIONICH JIBUMKE-
HUS 9aCTULBL: Ymax — Ymin = 2R. YUHUTBIBas, 9TO TOYHOCTh U3MEPECHHSI KOOPIMHAT B Mac-
mrade 500% paBna 0,2 cM, paccuuTaiiTe paguyc KpyroBoil COCTaBIISIONICH IBHXKEHUS AJIs
Ka)KJJ0M TPAEKTOPUH C TOUHOCTBIO JIBA JECSITUUHBIX 3HAKa I10CJIE 3aIATOM.

23. Tloctpoiite Tpaduik 3aBUCHMOCTH Paanyca KPYyroBOH COCTaBJISIOMICH IBHXKE-
HUS YaCTHUIbI OT TOPU3OHTAIBHON KOMIIOHEHTHI HAYaJIbHOM CKOPOCTH YaCTHIIBI.

24. Ecin BepTHKallbHas KOMIIOHEHTA HayallbHOM CKOPOCTU Uy paBHA HYJIIO, TO pa-
JINYC KPYrOBOW COCTABJISIIOLIEH JBMKEHHUS R 3aBUCHUT OT TOPU30HTAIBHOM KOMIIOHEHTHI

< . I'paduk Takoii 3aBHCH-

. 1 E
HayalbHOM CKOpPOCTH Uy cienayrooumum obpazom: R =—Jv, — B
)

MOCTH TPEJICTaBIIsIeT COOOM JABa OTpPE3Ka MPAMBIX C OAMHAKOBBIM IO MOAYJII0 TAHT€HCOM
yria HaksioHa tg o, paBHBIM 1/®.
JUia Kaxkaoro orpe3ka rpaduka onpeaeauTe MOIyJb TaHI€HCA yria HakJIOHa,

y P —_1 y
HanauTeC CPCAHCC 3HAYCHUC ‘tg OL‘ " N3 COOTHOIICHUA ‘tg OL‘ = — pacCUUTAUTC OTHOIICHHC
Q)

3apsijia YacTHIIBI K ee Macce ¢/m.

Ynpaxnenue 4. U3ydyenne 3aBUCMMOCTH PaJnyca KPYroBoil cocTaBsiiOLIeH
ABHKEHUS] YACTHLBI OT BEPTHKAJIbHONH KOMIIOHEHTHI HAYAJILHON CKOPOCTH.

JIBMKEHHME YacTHUIlbl B CTAlIMOHAPHBIX OJTHOPOJHBIX B3aHMHO MEPHEHIUKYIISIPHBIX
ANEKTPUYECKOM U MATHUTHOM IOJISIX IPOUCXOUT 10 JBYMEPHOU TPACKTOPUU — TPOXOUE
(uMKIOUJE), KOTOPYIO MOYKHO MPEACTaBUTh KaK CyNHepHO3ULMIO ABHKEHUS N0 OKPYIK-
HOCTH (KpyroBasi cocTapistomias ABrKeHHs) B 1uiockoctd XOY, mepneHIuKyaspHO
BEKTOPY MHIYKIIMU MarHUTHOTO MOJIS, U NMPAMOJIMHEHHOr0 paBHOMEPHOI'0 IBHKEHUSI
(mpsiMONMHEHHAsT COCTABIISIONIAs BM)KEHUS) B HampaBieHnd ocu OX, mepreHauKysp-
HOW U BEKTOPY HAIPSDKEHHOCTH 3JEKTPUUECKOTO MO, U BEKTOPY WHAYKIIUU MarHUTHOTO
OIS

B sToM ynpaxxHeHnn Heo0X0AUMO MOCTPOUTH I'paduK 3aBUCUMOCTH pajguyca Kpy-
TOBOM COCTaBJISIONIEH (COCTaBISIONIEH, OMUCHIBAIOIIEH ABM)KEHNE IO OKPYKHOCTH) JIBH-
KEHHUS YacTUIbl OT BEPTUKAIBbHOM KOMITIOHEHThI HauyaJlbHON CKOPOCTH NPU HEM3MEHHBIX
HaNPsHDKEHHOCTH JIEKTPUYECKOTO M MHIYKIIMM MAarHUTHOTO IMOJIEH.

Ecnu HayanpHas CKOPOCTh YaCTUIBI OTIMYHA OT HYJIS, TPAGKTOPHSI YacTUII Oy/AeT
MIPEACTABISATH COOOM TPOXOUTY.

25. I'opu30HTaNbHYIO U BEPTUKAJIBHYIO KOMIIOHEHThI Ha4aJIbHON CKOPOCTH YacTH-
Bl MOYXKHO M3MeHATH B muarna3oHe or —1000 mo 1000 km/c. C momomp0 cueTunka « Y-
Komnonenmay Ha TIaHEIW UHCTPYMEHTOB «Hauanvnaa ckopocmey yCTaHOBUTE 3HAaUCHUE
BEePTHKAITBHONW KOMIIOHEHTHI Ha4aJIbHOH ckopocTr paBHoe 1000 km/c.

26. C mnomouiplo cyeTyuka «X-Komnonenma) Ha TAaHEIHM WHCTPYMEHTOB
«Hauanvhasa ckopocms) yCTaHOBUTE 3HAUEHHE TOPU3OHTAJIHLHOW KOMIIOHEHTHI Hadallb-
HOM ckopocTu yactuiisl pasHoe 100 km/c.

HanpsikeHHOCTD 3JIEKTPUYECKOro OIS MOXKHO U3MEHATH B quana3one ot —200 no
200 B/cM. MHayKiuio MarHUTHOTO TOJIS MOKHO M3MEHATH B tuana3zoHe ot 0 go 200 mT.
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C nomotupto cueTunkoB «Hanpascennocme 3nekmpuieckozo nonay U « Mnoykuus maez-
HUMHO20 nOJA» HA TIAaHENIW UHCTPYMEHTOB «llonsa» yCTaHOBUTE MaKCHUMAaJlbHbIE 3HaYe-
HUS 00EUX BEJIMYHH.

C nmomotpio packpbiBarolierocs crnucka «Macwmaéy Bbibepute macmtad 0To0-
pakeHus obnactu skcrepumenTa paBHbiil 100%. Haxxmurte kHonky «Hauams sxcnepu-
MeHnm) — 4acTHUIla HAUYHET JIBUTAThCs B 3a/IaHHBIX ycioBusx. HabmogaiiTe 3a TpaekTopu-
el yacTHUIIbl. DKCIIEPUMEHT 3aKOHUUTCS, KOTJ]a YACTHIIA TOKUHET 00J1acTh AKCIIEPUMEHTA.

HeobOxomuMo momo0paTh 3HaAUEHUST HAMIPSKECHHOCTH AJICKTPUICCKOTO U HHTYKITUU
MarHMTHOTrO MoJiei Tak, 4yToOsl npu macirade 100% TpaekTopus YacTHUIIbI 3aHUMajIa BCIO
MaKCHUMAaJIbHO JIOCTYIHYIO O0JIACTh AKCIEPUMEHTA, HO HE BBIXOJMJIA 32 €€ IPEeJebl 10
Beptukayi. Eciim Tpaekropus yactunbl 3anuMaeTr HE BCIO oGnacte skcnepumeHTa 1mo
BEPTUKAIA, OJIHOBPEMEHHO YMEHBIIUTE HAMPSIKEHHOCTh SJIEKTPUYECKOTO0 M HMHAYKIIMIO
MarHMTHOTO IMOJICH MPOU3BOJIBHBIM 00pa3oM, HO Tak, yToObI oTHolIeHHe E/B ocraBamoch
HEU3MEHHBIM, U BHOBb BBIMIOJHUTE YKCIICPUMEHT.

Y 10BNIETBOPAIONINE STUM TPEOOBAHUSIM 3HAYCHHS HAMPSIKEHHOCTHU AJIEKTPUUYECKO-
T'0 ¥ MHAYKIIMA MarHUTHOTO TTOJICH 3aIUIUTE B TAOJHITY 2.

[Tocne Toro kak MCKOMbIE 3HAUCHUS HAMPSXKEHHOCTH AJIEKTPUUECKOTO M MHIYKIIUH
MarHMTHOTO ToOJIel HaljeHbl, 3aUKCUPYIHTE WX U OUUCTUTE O0JACTh HKCIIEPUMEHTA C
MIOMOLUIBI0 KHONIKU «Ouucmumeo uzoopaicenuey.

27. Pa3nenute Auana3oH U3MEHEHHS BEPTHKAIbHON KOMIIOHEHTHI HAYaJIbHON CKO-
poctu [-1000; 1000 km/c] Ha 9-10 paBHBIX uactel (Hampumep, depe3 250 km/c: 1000,
750,...). [Ans xaxaoro 3Ha4YEHUS Y-KOMIIOHEHThI CKOPOCTH BBIMOJIHHUTE SKCIIEPUMEHT, HE
ouuIIasi 00JIaCTH dKCTIepuMeHTa, B Macinrade 100%.

28. C moMompio packpeiBaromerocst cnucka «Macuimaéoy maxcumanbsHo (500%)
yBeJINYbTE MacITad 00JIaCTH SKCIIEPUMEHTA.

[lepememias non3yHok «HM3zmepenue koopounamut Y)», COBMECTUTE U3MEPUTEINb-
HYIO JIMHUIO C TOYKaMH TMEePBOI TPACKTOPHH YaCTHUIIbI, UMEIOIIMMU MaKCUMaJIbHOE 3HAUe-
HUe Y-koopauHathl. [lo BepTUKAIbHOW JMHEHKE, YUYUTHIBAs LEHY JEJICHUS, ONPEaeInuTe
HMCKOMYIO KOOPJIMHATY. AHAJIOTMYHO ONPEAEINTE MUHUMAIbHOE 3HAUEHHUE Y-KOOPAUHATHI
nepBoy Tpaekropun. [loBropuTe H3MEpEeHUs I KaXX10H TPACKTOPHH.

PE3YJIbTATHI UBMEPEHWI 3AITUIINTE B TABJIULLY 2.

[Tocne oxoHYaHUS W3MEPEHUM OYHMCTHTE O00JIACTh IKCIEPUMEHTA C IMOMOIIBIO
KHOTIKU «Quucmums u3o0pajcenue» U BEPHUTECh K IMEPBOHAYAILHOMY MacuITady
(100%).

29. Paccunraiite paanyc KpyroBOil COCTaBISIONIEH MBUKEHUS U KaXaA0H Tpaek-
TOPUHU KaK ONUCAHO B MyHKTE 22.

30. IMocrpoiite rpaduK 3aBUCUMOCTH pajyca KPYroBOH COCTABIISIONICH JIBHIKE-
HUS YaCTHULbI OT BEPTUKAJIIBHONW KOMIIOHEHTHI HAYaJIbHOM CKOPOCTU YaCTHUIIBI.

31. Ecnu ropu3oHTaNbHAS COCTABISIONIAs HAYaTbHOW CKOPOCTH Uy paBHA OTHOIIIE-
uuto E/B, To paanyc KpyroBoi COCTaBISIONICH JBMKCHHS R 3aBUCHUT OT BEpPTHKAIbHOU

y y 1 y
COCTaBJIAIOIIEN HAYAIIBHOU CKOPOCTHU Uy CIIEAYIOIIUM O6p8.30MZ R=— ‘Uy‘ . Fpa(I)HK TaKOHu
(V)

3aBHCUMOCTH TpECTaBiIsieT co00i /1Ba OTpe3Ka MPSIMBIX, BBIXOAIIMX U3 Hayalla KOOPAH-
HaT, C OIMHAKOBBIM IO MOJIYJIFO TAHT'€HCOM YTJIa HakJIoHa tg o, paBHBIM 1/®.
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JUist KaxJIoro oTpe3ka rpaduka oIlpeneNuTe MOAYNIb TaHTeHCa yrja HAakKJIOHA,
y — — 1 y
HailiuTe cpeHee 3HaYeHHE ‘tg a‘ U U3 COOTHOLICHUS ‘tg oc‘ = — paccyuTaiiTe OTHOILIEHHUE
()

3apsiia YacTHIIbI K ee Macce g/m.

32. Ilo pe3ynpTaramM ynpaxxHeHUd 1 ¥ 2 BBIYMCIUTE CpeIHEE 3HAUCHUE OTHOIICHUS
3apsija 4acTUIsl K ee Macce. [t 3T0oro Heo0X0MMO CI0XKUTh BCE MOTy4YEHHbIE 3HAUCHUS
g/m, a cyMMy MOJICJIMTh Ha KOJMYECTBO 3HAUCHHUH.

33. Beruncnaute TeopeTuyecKoe 3HaYeHHE OTHOILCHUS 3aps/ia YacTUIIBI K ee Macce
g/m.

34. CnenaiiTe BHIBOJIBI:

SBnsieTcs AU ABMKEHUE 3apsSKEHHOM 4YacTHLBI BO B3aUMHO INMEPHEHIUKYJISIPHBIX
ANEKTPUYECKOM U MarHUTHOM MOJISX IIOCKUM?

Kaxk Ha3pIBatoTCs KpUBBIE, IO KOTOPBIM MOXET JIBUTAThCS 3apsyKEHHAs YaCTULIA BO
B3aMMHO NEPIEHAUKYIISPHBIX SJIEKTPUUECKOM U MAarHUTHOM TOJISX?

[Ipu kakux yCIOBHUSX TPOXOU/A BBIPOKAAECTCS B UKIOUAY?

MoOXHO 1M onMcaTh ABMKECHHE 3apsIKEHHOM YacCTHIbl BO B3aMMHO MEPIEHIUKY-
JIIPHBIX JIEKTPUYECKOM M MArHUTHOM IOJISX CYNEPIIO3UIUEN IBHXKEHUS 110 OKPYKHOCTHU
U TPSMOJIMHEUHOT0 PAaBHOMEPHOTO JIBMKEHHUSI B IJIOCKOCTH OKPYKHOCTH IEPIEHIAUKY-
JISIPHO Y HAMPSHKEHHOCTH JICKTPUYECKOT0, ¥ HHTYKITUH MAarHUTHOTO TOJICH ?

Kak nepuosa kpyroBoil cocTaBistoLEN IBUKEHHS YACTULIbI 3aBUCUT OT HAIPSKEH-
HOCTH 3JIEKTPUYECKOTO MOJIS?

Kak nepuon IBHXKEHHS 110 OKPY>KHOCTH, SIBJISIIOLLEHCS KPYTOBOW COCTaBIISIFOLIEH
JBKEHUS YACTHUIIbI, 3aBUCUT OT MHAYKIIMH MAarHUTHOTO T1OJIs1?

Kak pagumyc okpyHOCTH, SIBJISIOIICHCS KPYTOBOW COCTaBIISAIOIICH ABUKEHUS ya-
CTHIIbI, 3aBUCUT OT HA4YaJIbHOW CKOPOCTHU YaCTUIIbI?

CpaBHUTE CpellHEe 3HaUEHUE YACIbHOIO 3apsja, MOJIYyYEeHHOE U3 yNpakHEeHHU | u
2, C yAETBHBIM 3apsI0M, TTOIYYeHHBIM U3 rpadrKa, 1 TEOPETHUECKUM 3HAUYCHUEM.

Taoauna 1
HauanpHast CKOpOCTh 9acTHITHI (KM/C):
W= y = v, =0

-] Q
H S < =
223 = 2 0 2 - |go§ = = g
T 5 M S S s Em 2 | EXZ - 7
= o A = = O o H R — T o g
SR X B Sy Z28kx° Lo =
% = W > S Ec |59 &« = EHE
R O w H T w = x5 Q8- F © v ] <
g g 8 ggg g ®E | 255 = =S
5 8 B s = 2 5 |V a3 0 > 9
aniiyel a =
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Taoauma 2

HanpsixeHHOCTh Nuayknuust MAarHUTHOTO
aneKTpudeckoro nojs E, B/cm nonst B, mTn
HavanpHas Y-KOOpIMHATHI E o o = o
CKOPOCTh YaCTHUIIbI YJaCTUIBI p > 25 5
wnye | 9 82| TS
Roem | B 28| 82
Us, KM/C | Uy, KM/C | Ymax, €M | Ymin, CM = EE oS
=

=
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5. KoHTpoJ/IbHBIE BONIPOCHI

Kaxkue nosig Ha3pIBaroTCs CTAlMOHAPHBIMU, OJTHOPOIHBIMU?

Kakxum nuddepennmaibHpIM ypaBHEHUEM OMUCHIBAETCS JBIKEHUE 3apsi-
KEHHOW YacTULBl BO B3aUMHO NEPHEHIAUKYJISPHBIX SJIEKTPUUECKOM U
MarHuTHOM MOJsA?

Kaxkoli kprBOi#1 ONKUCHIBAETCS JBWKEHHUE 3aPSKEHHOW YaCTHUIIBI BO B3aHUM-
HO NEPHEHAUKYISPHBIX SJIEKTPUUYECKOM U MArHUTHOM IOJISX?

B Buge cynepno3unny Kakux JBUXEHUN MOXKHO MPEICTABUTH JBHKCHUE
3apsYKEHHOM YacTUIBI BO B3aUMHO NEPHEHANKYJIAPHBIX 3JIEKTPUYECKOM H
MAarHUTHOM MOJISIX?

Kax BuI TpaeKTOpHuH 3aBUCHUT OT COOTHOIIECHHS MEX1Yy Ha4aJIbHON CKOPO-
CTBIO YaCTHI[bl, HAIPSHKEHHOCTU AJIEKTPUUYECKOTrO MOJISI U UHAYKIUU Mar-
HHUTHOTO MOJIA?

Kak mepuon nBmXeHUs MO OKPYKHOCTH, KaK KPYrOBOW COCTaBIIIOLIEH
JBUYKEHUS YaCTHULIbI, 3aBUCUT OT HANPSX)KEHHOCTHU 3JIEKTPUUECKOTO TOJIA U
OT UHAYKIUA MArHUTHOTO TIOJISI?

Kak pamgnyc OKpy»KHOCTH, BBICTYHNAIOIIEH B Ka4eCTBE KPYrOBOW COCTAB-
JISAIOIIEN ABUYKEHUS YaCTHUIIbI, 3AaBUCUT OT €€ Ha4aJIbHOW CKOpOCTU?
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