JABOPATOPHAS PABOTA Ne Mox3-02
1O U3YYEHUTIO MOIEJIEA ®PUZNYECKUX
MPOLIECCOB U AABJEHUN HA KOMIIBIOTEPE

ﬂeu;)fceuue 3apﬂafceuuoz7 uacmuysl 6 napaiieibHblx

IIEKMPUUECKOM U MACHUMHOM ROJIAX

Ilenv pabomobi: N3ydeHue IBHXKCHUS 3apsiKEHHON YacTHUIIBI B OJIHO-
POAHBIX CTAIIMOHAPHBIX MAPaJUICIbHBIX AJEKTPUUECKOM U MATHUTHOM MOJISIX.
Omnpenenenre OTHOIICHUS 3apsi/ia YACTHUIIBI K €€ Macce.

1. TeopeTnueckoe coaepRanmne

I/I3y‘-IGHI/Ie ABHIKCHUS 3apsA’KCHHBIX YdaCTHUI B CTAHMOHAPHBIX OOAHOPOI-
HBIX JJICKTPHUYCCKOM W MAIHUTHOM IIOJIIX IIPCACTABIIACT OOJIBIIION HHTCPCC,
KakK C TGOpGTPI‘lGCKOfI, TaK 1 C HpaKTPI‘leCKOﬁ TOUYCK 3pCHUAI.

3J1el<mpuuecxoe noJie Ha3bIBACTCsA 00H0p00HblM, CCJIM HaIIPAKCH-

HOCTb TIoJisi E BO BCceX TOYKax MpPOCTPAHCTBA OJMHAKOBA KaK MO MOYJIIO,
TaK Y MO HampaBlIeHUI0. MacHumHuoe nose Ha3bIBaCTCs 0OHOPOOHBIM, €CIU

MHAYKUUA 1osisi B BoO Bcex TOYkax MpOCTpaHCTBA OJIMHAKOBA KaK MO MOAY-
JI0, TaK ¥ MO HaIpaBieHUI0. B MpOTUBHOM ciyyae MoJis Ha3bIBAIOTCS HEO-
HOPOJHBIMH.

dnekmpuueckoe none Ha3bIBACTCS CHIAUUOHAPHBIM, €CIIA B JIHOOON

TOYKE MPOCTPAHCTBA HANIPSKEHHOCTH MOJIE E He MeHsieTcs co BpeMEeHEM HU
110 MOJYJI0, HU 1O HarpasieHUuw. Mazunumnoe none Ha3bIBaCTCs CMauuo-

—

HApHbIM, €CIIA B JIIOOOM TOUYKE MPOCTPAHCTBA MHAYKIIUS 1o B He MeHseT-
Cs1 CO BpEMEHEM HU 0 MOJYJII0, HU MO HAMPABJICHUIO.

B kypce obmieit pusuku nmoapoOHO paccMOTPEHbl OCOOEHHOCTH JIBH-
YKEHUSI HEPEIISITUBUCTCKOM YaCTUIBI MAacCOd M W ¢ 3apsaoM (| OTAEIBHO B
OJIHOPOJHOM CTAIIMOHAPHOM 3JIEKTPUUECKOM IOJIe U B OAHOPOIHOM CTaIHO-
HapHOM MarHUTHOM IIOJI€.

Ecnu yactuia nBuXeTcs U B SJIEKTPUYECKOM, U B MArHUTHOM I10JI€, Ha

Hee neicTtByeT cuia F,, = (E co CTOpOHBI 3JEKTpUYECKOro MHOJS U CHIIa

F...=0q[0B] co cropoust maraurHOro monst (cuna Jlopenma). IIpeamomno-

M
UM, UTO BJIMSIHUE JIPYTUX CHJI (TPABUTALIMOHHBIX, CUJI TPEHUS) HA YACTHUILY
npeHeOpexuMo Mano. Torjga corjacHO BTOpoMy 3akoHy HbproToHa n3meHe-

—

HUE UMITYJIbCa YaCTUIILI MU o0ycioBieHo aeiicTBuem cun Fu F

o mae



d . . = =
—(mv)=F,+F
dt( ) o]l mae

YuuThIBasi HEPEIATUBUCTCKUN XapaKTEP IBW)KCHUS, YPAaBHEHUE IBHUKCHUS
MOYKHO 3aIMCaTh B BUAE

do — L=
m—=0gE + Bl.
ral q[v B]

B nexapToBoii cucreme koopauHaT B npoeknusx Ha ocu OX, OY, OZ
JIBDKEHUE YaCTHIIHI OTIMCHIBACTCS] CHCTEMOW YpaBHEHUH

dv, _ g 9 _

o —mEX+m(vsz szy),
dv

Yy _ 9 a9 _

" m%+m@ﬁxvﬁJ
dv, ¢ q
W:EEZ-FE(UXBy—UyBX)

Tak xak u QJICKTPUICCKOC U MAIrHUTHOC IIOJII CTAIMOHAPHBI, KaKJ10€

MX HHX XapaKTepH3yeTcsl eIMHCTBEHHBIM HAIpaBIeHHEM BeKTopoB E u B,
COOTBETCTBEHHO. [loyueHHas cuctema ypaBHEHUI MOKET ObITh CYIIECTBEH-
HO yIPOIIEHAa CIIEUAIbHBIM BBIOOPOM cHCTeMbI KoopanHaT XYZ, B KOTOpOH
HaIlpaBJICHUE HANPSHKEHHOCTH JJEKTPUYECKOTO M HAINPABICHUE WHAYKIUU
MarHUTHOTO MOJIEN COBIAJAOT C HANPABICHUSIMHU OCEH KOOPIHUHAT.

1.1. YpaBHeHNs1 ABMKEHU S 3aPSAKEHHOM YaCTUIbI
B IapPaJLJIeJbHBIX JJIEKTPUYECKOM U MATHUTHOM IOJIAX
Ecin gacTtrma aBukeTCsl B MapauIeIbHBIX 3JIEKTPUISCKOM U MarHHT-
nom mosix (E || B), cucremy xoopausat XYZ yaoGHO BEIOPATh CIEAYIOLAM
o0Opazom. HanpaBHM ocb OY B0 HampaBlieHUs BEKTOpa MHIYKIIMA Mar-

HUTHOTO 1oJIsi B ¥ HanpaBlIeHNs HANPSHKEHHOCTH 3JIEKTpHYecKkoro mois E .
Hayano xoopauHaT COBMECTHM C MOJOKEHHEM YacTUIbl B HAYaJIbHBIA MO-
MeHT BpemeHu (puc. 1). B BbIOpaHHOI cucCTeMe KOOpIUHAT BEKTOp HAIps-

JKEHHOCTH 3i1ekTprdeckoro most E(0, E,0) mMeeT TOIBKO OAHY OTIHYHYIO
or Hyims npoekumto: E,=E, Ey=E,=0. Bekrop MarHMTHONM HHIYKLIUU
I§(O, B,0) mMeer ToXe TOJIBKO OAHY OTJIUYHYIO OT HYJIS HMPOEKIIHIO: By =B,
By = B, = 0. KoopauHatel 4acTHIBl B HAYaJIbHBIHK MOMEHT BPEMCHH pPaBHBI

nyio: X(0) =y(0) =z(0) = 0.
HauayibHy10 CKOPOCTh YaCTHIIBI MOXKHO Pa3JIOKUTh Ha JIBE COCTABIIS-
IONIME: MAapAIUIENbHYI0 TIONK0 Uy, paBHyo mo moayio U,(0); nepnennuky-

JSAPHYIO NOJS U, , MOZYJIb KOTOPOH PaBeH U, = \/ v, (0)) + (v,(0))
4



Torma cucrtema ypaBHEHWI, ONMCHIBAIOLIAS JIBMYKCHUE 3aPSIKEHHOU
4acTULBI Maccod M M 3apsaoMm ( B

MAPAJUICIIBHBIX  JJICKTPUYECKOM U y
MAarHUTHOM MOJISIX, B JI€KapTOBOU E A_> =
cuctreme koopauHat XYZ mHOpuMmer vy(Oj = N
BU/]I - U(0)
(dv
X = — g UZ B, >
dt m UX()O)
dv »
o4 E, ’ X
dd m
dv
. 9,
dd m

Puc. 1

N3 nomydeHHOW  CUCTEMBI
YPaBHEHMI BUJIHO, YTO MPOEKIUSA CKOPOCTU YacTHIBl HA ock OY v, u3MeHs-
€TCSl HE3aBUCUMO OT JIBYX JIPYTUX MPOEKIHMI. ITO ypaBHEHHUE MOXKHO periaTh
oTzeNnbHO. IIpouHTErpupoBaB ypaBHEHHE Ul Uy, U YYUTHIBAs, YTO B HA4aJlb-
HBII MOMEHT BPEMEHH YacTHIla UMeJia Y-KOMIIOHEHTY CKOPOCTH, PaBHYIO
w(0), momyunm

q
v, =v,(0)+— Et.
IO

OcranpHbIe ABa YPaBHCHUA HCO6XOI[I/IMO pemaTrb COBMCCTHO

dvx q 1 dl)x __v
d¢ m ° L @/m)B dt 2
dv, :gva’ do, _9,5

dt  m d¢t m *

UtoOBbl pemuTh CUCTEMY ypaBHEHUM, mpoauddepeHnpyemM MepBoe
ypaBHEHHE IO BPEMEHU U MOJCTAaBUM BO BTOPOE
1 d, dv, q
> == =—-——0,B,
(q/m)B dt dt m
noiayuyuMm auddepeHmanbHoe YpaBHEHHE BTOPOro MOPsAKA sl OJTHOW He-
HU3BECTHOM Uy

2 2
d 1;" :—(EBJ Uy
dt m

9T0 YPAaBHCHUC aHAJIOTUYHO YPAaBHCHHIO, OIMHMCBIBAIOIICMY T'apMOHHNYCCKHC
KoJIcOaHus. HOBTOMy PEIICHUC ITOJIYYCHHOI'O YPABHCHUS MOKHO HMCKAThb B

Bune v, = Asin(ot — ), rae A, ®, @ — UICKOMBIE KOHCTaHTHL. [1ocTaBUB 3TO
BhIpaXXCHHE TS Uy B T dHepeHIMaTIbHOE YpaBHEHHE, TIOJYyYUM




dv . ) q.Y
dt2X =—-0"Asin(ot — ) = -ov, = - - B|v,.
CrnenoBaTeibpHO, o= a B.
m
1 do, 1 dvu,
VYuureiBas, 4to vV, = — =—— , TIOJTy4YUM

(q/m)B dt o dt
v, = Asin(ot — ),
v, =—Acos(®t — ).
3HaueHHs KOHCTAaHT A U ¢ HallieM U3 Ha4aJbHbIX yCIOBUN. B MOMEHT
Bpemenn t = 0 gactuia umena ckopoctu 1 (0) u 1,(0):
v,(0) =—Asinp u v,(0) =—-Acoso,
WITN Asinp =-v,(0) u Acosep =-u,(0).
UX (O)
UZ (0) ’
a m3 cymmsr kBaapatoB: A2 = (v, (0)) + (v,(0)F = (v, ).
Takum 00pa3zoM, 3aBUCUMOCTH MPOCKI[HI CKOPOCTH OT BPEMEHH OITH-

CBIBAIOTCS CIICAYIOIIMMHU BBIPAKEHUSIMH
v, = Asin(ot — @),

Torna u3 OTHOLIEHUS 3TUX YPaBHEHUH moyyuM: tg ¢ =

q
v, =v,(0)+— Et,
=@+

v, =—Acos(®t — ).

[IpouHTErpUpPOBAB ATU BBIPAXKEHUS ISl IPOEKIUN CKOPOCTH, TIOJIYUYUM
3aBUCUMOCTb KOOPAMHAT X, Y ¥ Z OT BpeMeHH t

X(t)=C, — A cos(ot — ),
()]
Y = y(0) +v, Ot + = L 2,
2m

A .
2(t) =C, — —sin(ot —¢).
@
B mavanbHBIN MOMEHT BPECMCHH YaCTHIa HAXOJWJIAChb B HA4YaJIC KOOP-

unar x(0)=0, y(0)=0, 2(0)=0. Tosromy C, = 2cosp=—2v,(0) u
() ()

C, :—ésincpzivx(O).
(Q) Q)



A
BBenem oOo3nauenne R = —. Torma 3aKkoH ABMXKEHUS YaCTHUIIBLI MOXK-

Q)
HO 3aImmcaTthb B CJICAYIOIIEM BHAC
1
x(t) = C, — Rcos(wt — o), X(t) = PN (0) —Rcos(wt ),
) =v. O+~ 9 Er? o O+ L 9
yt) =v, (0)t + t°, WIH y(t) =v,(0)t + t°,
2m 2m

z(t) =C, — Rsin(ot — ¢), 2(t) = lvx(o) — Rsin(ot — ¢).
(Q))

1.2. AHajau3 IBHKEeHUS YACTHIBI
Jlns aHanm3a xapakTepa TPaeKTOpUHU MPOBEIEM ClEAyrolue mpeoodpa-
30BaHUA. BaKOHBI JABWXCHUSA YaCTUIIBI BIOJIb oceﬁ OX n OZ
X =C, —Rcos(ot — ),
z=C, —Rsin(ot — ).
3aIIUIIIEM B BHAC
x—C, =—Rcos(ot — @),
z—-C, =-Rsin(ot — ).
O06a ypaBHEHHUs BO3BEAEM B KBaJIpaT U CIOKUM
(x—C, ¥ +(z—-C,) = R*(cos? (ot — @) +sin’(wt — ¢)),
(x—C, ¥ +(z—C,f =R? uma (x — x5 ) +(z— 2z ¥ = R?,
rue Xg =C,, g =C
[lonydyeHHOE ypaBHEHHE SIBISIETCS YPABHEHHEM OKPYXHOCTU C LIEH-

TPOM B TOUKe (Xg, Zr) ¥ paauycoM R B mtockoctr XOZ.
OmHOBpPEMEHHO YacTHIIA IBMKETCS paBHOYCKOPEHHO BI0Jh och OY':

Yy =v, Ot + = L Et.
2m

z"

Takum 00pa3oM, ABHKEHHE YaCTULIBl NPEJICTABISIET CYNepPHO3UIUI0
PABHOMEPHOI'0 JBUKEHHMS MO OKPYKHOCTH (KpyroBas COCTaBIISIIOIIAs) B
wiockoctd XOZ, nepneHauKyIapHO BEKTOPY UHAYKIIUU MarHUTHOTO TOJI,
U MPSMOJIMHEHHOI0 YCKOPEHHOI0 ABHKeHUsl (JIMHEWHas: COCTABIIAIOIIAs) B
HanpasieHun ocu OY, mapanienbHON BEKTOPY HANpPsSKEHHOCTH AJIEKTpUYe-
CKOTO MOJIS.

Ilpamonuneiinoe osuricenue (TUHEHHAs COCTABIISIIOLIAs) XapaKTepH-
3yeTcs:

IIOCTOSIHHBIM YCKOPEHUEM a,, = 9
m



1 PaBHOMEPHO MeHstolekcs ckopocteio v, =v, =0, (0) + a Et.
m

Jeuscenue no okpyyicnocmu (Kpyropas COCTABJISIONIAs]) XapaKTepH-
3yeTcs:

. . q T
MOCTOSIHHOM yTJIOBOM CKOPOCTBIO o=—B wunepuogom T =—,
m ()
1 \/ 2 2
paznycom R= . (Ux (0)) + (Uz (0)) ,
0
HavyaJIbHOM (ha3oil @, 111 KoTopor tg ¢ = vx(0) :
v,(0)
U TOJIO)KEHUEM LEHTPA OKPYKHOCTH OTHOCHUTEJIBHO Hayajga CHCTEMBI KOOP-
1 1
nuHat XOZ: C,=-—1,(0)),C, ==v,(0).
® ®

JluHeliHas CKOPOCTH JIBMXKCHUS YACTHIIBI TI0O OKPYKHOCTH (KPYroBOI'O

JBUKEHUA) paBHa U,, = Rw= \/(UX (0))2 +(vZ (O))2 =V, W HE 3aBHCUT OT

BHEIIIHUX IOJICH.

Takum oOpa3om, IBUXke-
HUE 3apsDKEHHOW YacTHUIbI B Ta-
paUIETBHBIX TOJIAX MPEICTaBIIA-
€T CcOoOOM JIBIIKEHHE TI0 OKPYXK-
HOCTH B muiockoct XOZ, 1ieHTp
KOTOPOH PaBHOYCKOPEHHO JBU-
xeTcsi B Hampaiienun ocu OY
(puc. 2). Tpaekropusi JBUKEHUS
YacTHUIbl TPEACTaBIsIET CcOO0M
TPEXMEpPHYIO KPHUBYIO, KOTOpas AT X
rapaMeTPUYECKH OMUCaHa IOJY- e
YCHHBIMHM 3aKOHAMHU JIBUKCHUS,
Y HA3bIBACTCSI 6UHMIOGOU JIUHU-
eti. OTpe30K KPUBOW, KOTOPBIN Puc. 2
YacTHUIAa MPOXOJUT 32 OJUH TMOJHBIM 000POT MO OKPYKHOCTH B TUIOCKOCTH
XOZ, Ha3pIBaIOT BUTKOM BUHTOBOU JIMHUH.

Anekmpuueckoe u MAZHUMHOE NOA OKA3bIEAIONM HE3ABUCUMOE 6/1U-
AHUE HA XAPaKmep 08UNCEHUA YACMULDL.

N3menenne WHAYKIIMM MarHATHOTO TOJsi B Oka3bIBaeT BIUSHHUE TOJb-
KO Ha KPYroBOE JIBI)KCHHE YACTHUIIbI, MEHSSI €70 YTJIOBYIO CKOPOCTh ® U pa-
muyc R. V3MeHeHHMe HampsDKeHHOCTH 3JICKTPUYECKOro monst E okasbiBaer
BJIMSIHUE TOJIBKO Ha NPSMOJIMHEWHOE JBMKEHHE, MEHSSl YCKOPEHHE a,,. Eciu
IPOEKLUs HAPSHKEHHOCTH 3JIeKTpudeckoro noist Ey = E u 3apsaa yactunst (

8
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UMECIOT OJIMHAKOBBIC 3HAKH, TO MPSAMOJHMHEHHOE JBMKEHUE OyIET MPOUCXO-
IUTH C TOJOKHUTEIBHBIM yCKOpeHueM a,, > 0. Torga y-koMHnoHeHTa CKOpPO-
cTu OyJeT Bo3pacTarh CO BpeMeHeM. PaccTosHue MexX 1y BUTKAaMU BUHTOBOM
JIMHUY OYJIeT CTAHOBUTHCS BCE OOJIbINE M OOJIBIIIE — BUTKU «PACTITHBAKOTCSY.
Ecmm npoexunst HanpspkeHHOCTH dieKTpudeckoro nois Ey = E u 3apsan ga-
CTHUIIBI (] UIMEIOT Pa3HbIC 3HAKHU, TO MPSIMOJIHHEHHOE ABIKCHUE OYIET IpOuUC-
XOJHUTh C OTPHULATENILHBIM yCKOpPEHHEM a,, < 0. Toraa y-koMHnoHeHTa CKOpo-
cTU cHavasna OyneT yObIBaTh JI0 HYJIs, a 3aTEM TEJIO HAYHET JIBUTAThCS B MPO-
THBOIOJIO)KHOM HAarpaBleHUU. PaccTosHre MeXay BHUTKaMU BHHTOBOM JIH-
HUM OyIeT cHayalla yMEHBINAThCS (BHTKU «CKUMAIOTCS»), a 3aTeM HaYHET
YBEIIMYMBATHCS (BUTKH «PACTATHBAIOTCS») MPH JIBIKEHHU B OOPATHYIO CTO-
pOHY.

Ecnu HanpspkeHHOCTh DJICKTPUYECKOro Mot E, HHAYKIMsS MarHUTHO-
ro moyisi B u meprneHauKyIspHAs COCTaBNAONIAsS HAYAIbHOW CKOPOCTH OT-
JIMYHBI OT HYJISA, BMOKEHHE SIBISICTCS TpexMepHbIM. YacTuiia 0e3 HavaibHON
ckopoctu U(0) =0 Oyzmer nBuratbes paBHOYCKOpeHHO BIoib ocu OY (ox-

HOMEpHOE ABWKEHHE). EcliM JyacTuila UMEET OTIMYHYIO OT HyJsl MEepIeHIH-
KYJISIPHYIO COCTaBIISIONIYI0 HadaidbHOU ckopoctu (v, # 0), ona Oyner aBu-

raTbCs M0 BUHTOBOM JIMHUU. Paguyc BUHTOBOM JIMHUU (€€ KPYTOBOM COCTaB-
JSIOIIEH) 3aBUCUT OT MOJYJIS MEPHEHIUKYISIPHOM COCTaBIISIOLNIEH Hadallb-
HOM CKOPOCTH M OT UHAYKIIUA MAarHUTHOTO ITOJIS.

2. PaGouue ¢popmyJibl

JIBVMOKEHUE YaCTUIIBl SIBISIETCS TEPUOAMYECKUM C IepuoaoM 1. 3a
OJMH TOJIHBIM NEPUOJ YaCTULIA COBEPIIAET OJMH LIEIBIM BUTOK 110 BUHTOBOU
nuHUK. PaccTosHre MeXy TOYKaMH BHUHTOBOU JIMHUU, UMEIOIIUMU OJAWHA-
KOBYIO (pa3y JIBIKEHHUS MO OKPY)KHOCTU (OTCTOSIIIIUE MO BPEMEHH Ha TEpH-
0J1), Ha3bIBACTCS WiA20M 6uHmMOeou aunuu. lllar BUHTOBOW JIMHUU — 3TO
npupanieHue Y-KoOpANHAThl YaCTUIIbI 3a TOJIHBINA Mepruoj T KpyroBoro ABHU-
xenus. [IpupameHue Y-KOOpJAWMHATHI YacTHIBI 3a IMOJIOBUHY mepuona /2
KPYTOBOT'O JBH>KEHUS HA3BIBACTCS HOJIYUIA2OM 6UHM OGO TUHUU.

1. Ecnu mapanienbpHas COCTaBIISIONIAsl HayaJdbHOM CKOPOCTHM paBHA
Hymo (v(0)=0), To Yy-koopauHAaTa 4YaCTHUIBI MEHSAETCS IO 3aKOHY

1 .
y(t) = Eﬂ Et®. 3a xaxxaplii monynepros T/2 4acThia coBEpIIaeT MoIyo6o-
m
poT B mutockoct XOZ u cmemtaercs o ocu OY Ha HEKOTOPOE PacCTOSHUE.
Torma 3a N-prit osynepuo 1 (MOJyBUTOK) Y-KOOpIUHATA U3MEHUTCS Ha BEJIH-

YUHY



( j y( _1)— j ;qE(Z n—1)T?

W d=———-(2n-1),

2 (q/ m)B2
PO IPH 3TOM IOJYBUTOK BUHTOBOM juHuH. CiaemoBaTenbHo, d — moiy-
I1ar BUHTOBOM TMHUH. ECin HapsHKEHHOCTh 3JEKTPHYSCKOTO MOJIST OTIHYHA
OT HyJIs, TO JUTMHA TIOJIyIlIara BUHTOBOHM JIMHUHU pa3jiMyHa JJIs Pa3HbIX MOJY-
BUTKOB (TIPSIMO MPOIOPIIMOHATIbHA HOMEpY BUTKa 2N — 1). 3Has Homep N 1o-
JYBUTKA, U U3MEPUB JUIMHY moJymara d, MO)KHO HalTH OTHOIICHHE 3apsjia

2
n° E
YaCTHIIBI K €€ Macce a_r (2n-1).

m 2 d.B?

2. B mpoekiyu Ha mnockoctsh XOZ ABMKEHHE YaCTHUIIBI ITPEICTABIIACT

co00I ABMKEHHE IO OKPYKHOCTH. ClieI0BaTEIbHO, SIBISIETCSA OrPaHUYEHHBIM
KaK I10 X- TaK U 10 Z-KOOPIUHATE.

Koopaunara X(t) =C, —Rcos(owt —¢) mnpuHHMaer 3Ha4YeHUS OT

Xmin = Cx — R (korma €0S = +1) 10 Xmax = Cx + R (korma cos =-1). M3mepus

Xmin X Xmax, MOXKHO OIPEICIUTh PaANyC BHHTOBOH JIMHUU (€€ KPYroBOU CO-

cTaBystome): R = %(erx Xpvin ) -

Koopmunara z(t) =C, — Rsin(ot —¢) Toxxe mpuHUMAET 3HAYCHUS OT
Zmin = Cx— R (xorma sin=+1) mo Znx = Cx+ R (korma sin =-1). IToatomy
paanuyc BHHTOBOW JMHHUHU TaK)K€ MOXKHO ONPEACIUTh U 10 3HAYCHUSIM Zpin U
Zmax: R = %(Zrmx - Zmin)'

3. 3aBUCUMOCTh pajnyca BUHTOBOM JIMHUH OT MEPICHANKYIJISIPHON CO-
CTaBJISIIOIICH Ha4daJabHOM CKOpOCTI/I YaCcTUIIBI HOCUT JIMHEWHBIA XapakTep

R= 1\/ (v, (O))2 @ (O)) ~L (0T mapamnenbHON COCTaBISIONIEH CKOPO-
® ®

CTH paanyc He 3aBHCUT). Eciaum moctpouts rpaduk 3aBucumoctd R = R(v)),
TO TaHTEHC yrJjia HakioHa tg oo ATOM mpsaAMor OymeTr oOpaTHO MPOIOPIIMOHA-

. 1
JICH YITIOBOU CKOPOCTH (. tg o = —. YUTo Takxe Mmo3BOJISCT OIIPCACIINTL OT-
Q)

q 1

HOIIICHHE 3apsiia YACTHUIIBI K €€ MacCe — = ————
m B-tga’

3. Moaeanb JKCnepuMeHTAJILHO YCTAHOBKH

B nmanno# paboTe ¢ MOMOIIBIO CPEACTB KOMITBIOTEPHOUN TpaduKu MO-
JEUPYETCS IBIKCHHUE 3apsHKEHHOMN YacTHUIIBI B MapajlIeIbHBIX OJTHOPOIHBIX
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CTAIllMOHAPHBIX AJIEKTPUUECKOM U MArHUTHOM MOJsiX. HampshkeHHOCTh 3rek-
TPUYECKOTO TOJIST MOXKHO M3MeHsTh B nHTepBaie ot —200 no 200 B/cm, un-
TYKIIMIO MAarHUTHOTO 1oJisg — B uHTepBaie ot 0 go 200 mTn. HayaneHas cko-
POCTh YaCTHUIIBI 33J]a€TCsl MMyTeM M3MEHeHus ee npoekiuii Ha ocu OX, OY u
OZ. Ob6nacTp 3KCHEPUMEHTa MOXKET OBbITh MPEACTaBICHA KaK B TPEXMEPHOM
BHJIC, TaK U BHJe poekiuii Ha iockoctu XOY, XOZ u YOZ.

Yactuia HauMHAET CBOE JIB)KEHUE M3 Hadajla CUCTEMbl KOOpAMHAT,
PacroJIOKEHHOTO B LIEHTPE 00JIacTh SKCIiepuMenTa. Bo Bpems qBUKEeHMs ya-
CTHIIA OCTABJISIET CJIEN], YTO MO3BOJIIET IPOBOAUTH U3MEpEHHUsI. [ moBbILIe-
HUSI TOYHOCTU M3MEPEHHUI B paboTe CyIIECTBYET BO3MOKHOCTb YBEIMUYEHUS
MaciiTaba oToOpakxeHus: 00JaCTH IKCIIEPUMEHTA.

JUis u3MepeHns KOOpAMHAT YacTHUIlbl B pa00Te UCIOIB3YIOTCS IBE JIU-
HEWKH, [IeHa JEJIEHUS] KOTOPHIX B 3aBUCUMOCTH OT MaciuTada u300pakeHus
MOKeT u3MeHThCs oT 1 10 0,2 cM. [Ipu yka3aHHBIX YCIOBUSAX MOTPEIIHOCTD
OTIpe/IeTICHUs] OTHOIICHUS 3apsa YacTHIBl K €€ Macce B DKCIEPUMEHTE He
npesbimraet 0,2—1,2%.

Pabota BrimonHsiercs Ha |BM-coBmMecTuMOM nepcoHaIbHOM KOMIIBIO-
Tepe B BUje camocrosteiabHoro Windows-npunoxkenus. s ymodcTBa BbI-
MOJIHEHUS! PabOTHI B IPOrpaMMe MPEAYCMOTPEHBI TPH pasjiena: KpaTkoe Omu-
caHue paboThl; MOPAJOK BBINOJHEHUsI pabOThl M 3KcnepuMeHT. [lepexntoue-
HHUE MEX]y pa3iesiaMi OCYIIECTBISETCS C MIOMOIIBIO KHOTIOK «X0J1 pabOoThD»
1 «OkcnepuMeHT». HaxkaTue 3TUX KHOMOK B 3aBUCMMOCTU OT KOHTEKCTa pa-
OOTBI MPOrpaMMbl MPUBOAUT JHOO K BBI30BY COOTBETCTBYIOILMX Pa3JEloB,
100 K BO3BPAIICHHUIO B Pa3/iesl OMUCAHUSL.

Paznen mporpamMmbl «DKCHEPUMEHT» COACPKHUT PACKPHIBAIOLIUICS
CIHUCOK I BbIOOpA YaCTHUIIBI, CUCTYMKHU ISl N3MEHEHHUs 3HAYCHHWN Hampsi-
KEHHOCTHU JJIEKTPUUECKOTO TMOJISA, MHAYKIIMA MAarHUTHOTO TOJIS U TPOSKIIUN
HavyanbHOU ckopoctu dactuibl Ha ocu OX, OY u OZ, a Takke BcroMora-
TEJIbHBIE KHOTIKH, TTO3BOJISIFOIINE YIPABISATH SKCTIEPUMEHTOM.

BapuaHTbI BbIOJIHEHHS Pad0ThI

Bapuaunr YacTuna
1 [IpoToH
2 Snpo remns (5 He)
3 Snpo murus (4Li)
4 Snpo 6opa (5B)
5 SAnpo Geprmms (; Be)
6 Snpo amomunns (2 Al)
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7 OrpunatensHblii noH yriaepoga (C*7)
8 OrpuriatenbHbIi 1oH azota (N*7)

9 OtpuriaTenbHbIi HoH kuciopoga (027)
10 OrpuriatensHbIi HoH KpeMans (Si®)

4. TlopsinoK BHINOJIHEHHSI Pa0OTHI

4.1. KpaTtkoe onucaHue xoaa padorsbl

1. Beibepute yactuily (10 yKa3aHUIO IPENoaBaTes).

Ynpaxxkuenue 1. U3zydenue 3aBucumoctu IIAT'A BUHTOBOM
JIMHUMU oT HANPSAKEHHOCTH IJICKTPUYECKOI0 OIS,

2. 3apganTe Y- U Z-KOMITIOHEHTHI HAYaJIbHOW CKOPOCTH YaCTULBI PABHBIC
HYJITI0, a X-KOMITOHEHTY paBHO 800 km/c.

3. 3ajmaiiTe MaKCUMAaJbHBIE IOJOKUTEIIbHBIE 3HAYCHHS HAIPSIKEHHO-
CTH DJIEKTPUYECKOIO MOJISI U MHIYKIIMA MAarHUTHOTO TIOJIS.

4. BpimonHuTe sKcnepuMeHT sl 8—10 3HaUeHHWl HANPSKEHHOCTU
AIEKTPUYECKOTO MOJIS.

5. JIns KaxKJI0T0 3KCIEpPUMEHTA U3MEPBHTE Y-KOOPAUHATHI YaCTHUIbI, OT-
JMYAIOLIUECS Ha TOJIEPUOIA.

6. Beruncinure 1IuHy NoJIyliara BUHTOBOM JIMHUY M OTHOILLEHUE 3apsi-
Jla YaCTHLIBI K €€ Macce.

7. IMoctpoiiTe rpaduky 3aBUCUMOCTH JIJIMHBI MOJyIlIara BAHTOBOM JIN-
HUU OT HANPSYKEHHOCTH 3JIEKTPUYECKOTO MOJIS.

Vnpaxuenue 2. Wsyuenue 3aBucumoctu IIIATA BUHTOBOM
JIMHUMU oT MHAYKIMH MATHUTHOIO MOJISI.

8. 3aganTe X- U Y-KOMIIOHEHTHI HAa4aJIbHOM CKOPOCTU YaCTHIIbI PABHBIE
HYJIIO.

9. 3anaiiTe 3HaYeHHE HANPSHKEHHOCTH 3JIEKTPUYECKOTO IOJISI PABHBIM
10 (30 uu 50) B/cwm.

10. 3apaiiTe 3HaU€HUE UHIYKIIMA MarHUTHOTO MOJst paBHBIM S50 MT L.

11. TlonGepute 3HaUYEHHE Z-KOMIIOHEHTHI HAYaJIbHON CKOPOCTH YaCTH-
1bl, YTOOBI TPAEKTOPHUSI ABMXKEHUS YaCTUIbl HE BBIXOAMJIA 3a TpaHUIlbl 00Ja-
CTH 3KCIIEPUMEHTA.

12. BpinmosHUTE 3KCOEPUMEHT MJIs S—7 3HAUCHUN WHIYKIIUA MarHuT-
HOTO TIOJIS.

13. JIma kaXaoro 3KCIEpUMEHTa M3MEPBTE Y-KOOPAWHATHI YaCTHIIBL,
OTJIMYAIOLIUECS HA TOJINEPUO/IA.

14. Boluucnure AJMHY MOJyIIara BUHTOBOW JIMHUM M OTHOIICHHE 3a-
psiJia 4acTULIBI K €€ Macce.
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15. IlocTpoiiTe rpaduk 3aBUCUMOCTH JIMHBI TOTylIara BUHTOBOU JIH-
HUW OT UHIYKIIMM MarHUTHOT'O MOJIS.

16. IToctpoiite rpaguk 3aBUCUMOCTH JUIMHBI MOJIyIIara BUHTOBOM JIN-
HUU OT HOMEpa BUTKA BUHTOBOW JIMHUU.

VYupaxkuenue 3. Mzyuenne 3apucumoctn PAJIMYCA BUHTOBOM
JIMHUM ot Moyl NEePHEHIMKYJISPHOUM COCTABJIAIOIIECH HAYaIbHOMN
CKOPOCTH YACTHUBI.

17. 3apaiiTe Y-KOMIIOHEHTY HaudajJbHOW CKOPOCTH YacTHUIIBI PABHOM
+100 xm/c.

18. 3agaiiTe 3HaUCHHE HAMPSHKEHHOCTH AJIEKTPUUYECKOTO TOJIST PaBHBIM
10 B/cM u nuHAYKIIMK MarHuTHOTO 1osist paBHeIM 100 mT.

19. IloxOepute 3HAUEHUS X- U Z-KOMIIOHEHT HA4YaJbHON CKOPOCTH,
YTOOBI TPACKTOPHS ABUKEHUS YACTULBI HE BBIXOAMJIA 33 TPaHUIbl 00JaCTH
DKCIIEPUMEHTA.

20. Bpimoanute skcnepuMeHT it 9—11 3HaueHui X- U Z-KOMIIOHEHT
HA4YaJIbHOW CKOPOCTH.

21. Jlns Kaxkaoro 3KCHEPHUMEHTa M3MEpPhTe MaKCHMajlbHOE U MHHH-
MaJIbHOE 3HAYEeHUS X- (UJIU Z-) KOOPAUHATHI YaCTHUIIBL.

22. Beluncnure paguyc BUHTOBOM JIMHUH.

23. Iloctpoiite rpaduk 3aBUCUMOCTH pajuyca BUHTOBOH JUHUH OT
MOJIyJIsl IEPIEHINUKYIISIPHOM COCTABISIONIEN HAYAIbHOM CKOPOCTH YaCTHUIIbI.

24. Tlo yrny HakJioHa TpaduKa onmpenenuTe OTHOIICHNE 3apsaa 9YacTH-
Bl K €€ Macce.

25. Tlo pe3ynpTaTaM yrnpakHeHHH | ¥ 2 BRIYUCIUTE CpeIHEe 3HAUCHUEC
YAENBHOTO 3apsiia YaCTUILIBI.

26. Brruncnure TeopeTuueckoe 3HaU€HUE YISIBHOTO 3apsiaa YaCTHIIBI.

27. ChemnaiiTe BBIBOIBL.

4.2. IlonpodHoe onucaHne X0/1a padoThI

[Ipu BbIMONIHEHUH PaOOTHI PEKOMEHAYETCS CIEAYyoIIas MOCien0Ba-

TEJIBHOCTH JEUCTBUU:

1. PackpeiBaromuiics criucok « Yacmuya» conepxut Habop sjep U HOHOB, 00a-
JAIOIIMX pa3HbIMU MaccaMu M 3apsiiaMu: MPOTOH, sIpo renud (anbda-yacTuna), sapa Jiu-
THA, 60pa, 6epI/IJ'IJ'II/I$I, AJIFIOMHWHUA, OTPpULATCIIBHBIC MOHBI YIUJICPpOAd, a30Td, KHCJIOpPOJa,
KpeMHus. Boibepute yacTuily, ¢ KOTOpoi OyJeT MpPOUCXOIUTh SKCIIEPUMEHT (10 yKaza-
HUIO npenoz[aBaTenﬁ). ﬂHH BLI6paHHOfI YaCTHULIBI 11O CIIMCKOM aBTOMATUYCCKHN YKa3bIBa-
IOTCA €€ 3apAd U Macca, HCO6XOJII/IMBIC AJId pacdye€Ta TCOPETUYCCKOTO 3HAYCHUA YACIBHOT'O
3apsja.
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Vupasxkunenue 1. Usyuenne 3apucumoctu IIIAI'A BUHTOBOM JIMHUM ot
HANIPSIZKEHHOCTH 3JIEKTPUYeCKOro MoJis.

[Ipu ABM>KEHUH B CTAllMOHAPHBIX OJHOPOIHBIX MApaUIEIbHBIX AJNEKTPUYECKOM U
MarHMTHOM TIOJISIX TPACKTOPUEH YaCTHUIIBI SIBIISCTCS BHHTOBASl JIMHUSA — TPEXMEpHAS
KpHUBas, KOTOPYI0 MOXHO HHTEPIPETUPOBATH KaK CyNepPNoO3MLHI0 PABHOMEPHOIO BM-
JKeHHsl 0 OKPYKHOCTH (KpyroBas cocTapisitoinas) B uiockoctu XOZ, nepreHuKyIsp-
HOM BEKTOPY MHIYKIIMM MarHUTHOTO IOJIS, U MPSIMOJIMHEITHOT0 YCKOPEHHOI'0 JBH:Ke-
HUA (JTUHEWHas cocTaBisomas) B HanpasieHun ocu OY, mapaiensHON BEKTOpY Harpsi-
KEHHOCTH 3JIeKTpUUecKoro noiiga. OTpe3ok KpUBOW, KOTOPBI YacTHIla MPOXOJIUT 32 OJIUH
TMIOJIHBIN 00OPOT MO OKPYKHOCTH B TUIOCKOCTH XOZ, Ha3pIBalOT BUTKOM BUHTOBOM JIMHHH.
IMosrymiar BUHTOBOM JIMHHUM OIpelessieTcss CMEIIeHHeM YacTullbl B HampasieHuu OY,
NEePIEeHAUKYISIPHOM MI0cKocTH XOZ 3a oJI0BUHY 000p0Ta (TIOJTYBUTOK).

B sTom ynpakHeHUH HEOOXOIMMO MOCTPOUTH IpaUKU 3aBUCUMOCTEH MmoyIiara
BUHTOBOW JTMHUH OT HAMPSHKEHHOCTH JIEKTPUIECKOTO TOJIS MPH HEM3MEHHON WHIYKIIUU
MarHMUTHOTO MOJIsA, COOTBETCTBYOmMX 1, 2 u 3 moaynepuomam T/2 (HonyBHTKam) OT
Hayvaa JABMKEHHUS.

2. Ecnu Z-koMITOHEHTa Ha4aJIbHOM ckopocTu U; = 0, To HavanbHas ¢asa ¢ JBHKe-
HUS 110 OKPY)KHOCTH B 1utockocTi XOZ Oyner paBHa 1/2. Torma X-KoopanHAaTa YacTHIIBI
Oynet u3MensaThes 1o 3akoHy X(f) = —R cos(wt — @) = R sin(wt). B miaockoctu XOY mpo-
€KLHs TPACKTOPUU OYJeT MPEACTaBIATh COOO0M CUHYCOUY C TIOCTOSIHHO PAcTYIIUM MEpHU-
OJIOM.

Ha manenu unctpymentoB «Hauanvnasa ckopocms) pacnoiioKeHbl CUCTYUKHU «X-
Komnonenma», «Y-Komnonenma» v «Z-KOMROHEHMa», KOTOPBIE TIO3BOJISIIOT H3MEHSTh
MPOEKIIMM HAYallbHOM CKOPOCTHM Ha COOTBETCTBYIOIIME OcH B mpeaenax ot —1000 mo
1000 km/c kaxayro. C MOMOIIBIO 3THUX CYETYMKOB YCTAaHOBHTE 3HAYCHHUS KOMITOHEHT
HayaJabHOU CKOpOCTH paBHbIMU Uy = 800 km/c, vy =0, v, = 0.

3. HanpskeHHOCTh 3JEKTPUUECKOro MO MOKHO U3MEHATh B Auana3zone ot —200
1o 200 B/cm. C momoinsio cuetunka «Hanpsacennocms 31eKkmpuyueckozo noisy» Ha mna-
HeMH UHCTPYMEHTOB «Ilon1a» ycTaHOBUTE MaKCHMajlbHO BO3MOXKHOE 3HAUEHUE Harps-
KEHHOCTH.

WNHIyK1IMI0 MarHuTHOTO TOJIS MOKHO M3MEHATh B Auana3zone ot 0 go 200 mTa. C
MOMOIIIBIO cueTunKa «MHOyKUUA MAZHUMHKO20 NOA» HA TIAHETTU UHCTPpYMEHTOB «ITon1a»
yCTaHOBUTE 3HaYeHHe UHAYKIUKU paBHoe 200 mT.

4. C moMomiplo packpbiBarolerocsi cmnucka «Macuwimaé» BbiOepuTe MaciTad
oTtoOpaxeHust obnactu ’kcnepuMenTta paBHbli 100%. Haxwmure xHonky «Hauame xc-
nepumenmy — 4acTHIla HAYHET JABUTATHCA B 3aJlaHHBIX ycloBusx. Habmonaiite 3a Tpaek-
TOpPHUEH YaCTHIBI B PEXKHME TPEXMEPHOTO M300pakeHHs. DKCIEPUMEHT 3aKOHUHTCS, KO-
I/la YacTUIla TOKUHET 00JIaCTh SKCIIEpUMEHTA.

Paznenute nuana3zoH W3MEHEHHsS HANPSIKCHHOCTH 3JeKkTprueckoro mois [—200
B/em; 200 B/em] Ha 8-10 paBHbIX yacteil (Hanmpumep, yepe3 50 B/em: 200, 150,...). dus
KaXX/I0TO 3HAUEHUS HANPSDKEHHOCTH DJICKTPUYECKOTO TIONIS, HE M3MEHSSI HHIYKIIUIO Mar-
HUTHOTO TOJS M HauaJdbHYI0 CKOPOCTb YACTHIIbI, BBIMIOJHUTE DKCIEPUMEHT, HE OUYHUIIas
obnactu skcniepuMenTa (s 3HadeHus E = 0 skcmepuMeHT BBITIOJIHATH HE HYXKHO).

5. C moMonipr0 pacKpbIBAIOIICHCS IMaHEIW KHOMOK HA MaHEJIW WHCTPYMEHTOB
«Tpaekmopusy» nepeiinute ot pexuma «Ipexmepnoe uzooparxcenue» x pexumy «llpo-
exkyusn na XOY».
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PackpsiBatommuiicst criucok «Macuimaéy no3BOJISIET U3MEHATh MaciTad oToOpa-
xKeHus: obiacTu s3kcnepuMenTa B npeaenax ot 50% mo 500%. IIpu paznuynom maciutabe
U3MEpUTENIbHbIE JTHUHEWKH, PACIIOJIOKEHHBIE B O0JIACTU JKCIEPUMEHTa, UMEIOT Pa3HYIo
ueny aenenus: ot 2 10 0,2 cM cooTBeTcTBeHHO. C MOMOIIBIO PACKPBIBAIOLIETOCS CITHCKA
«Macwma6» maxcumansto (500%) yBennubTe MacmTad 00J1acTH SKCIIEPUMEHTA.

Hapn obnacThio 3KCHieprMEHTa paciojioKeHa TOpU30HTAIbHAS U3MEPUTENIbHAS JIH-
Helika, 000pyI0BaHHAs TOJI3YHKOM «HM3mepenue koopounamul X» 1 CAHXPOHU30BAHHOU
C HUM BEPTUKAJIbHOW M3MEPUTENBHOM JInHUEH. [lepememias nonsyHok «M3mepenue ko-
opounampul X», COBMECTUTE U3MEPUTEIBbHYIO JIMHHIO C OChI0 KoopauHat OY.

CrneBa oT 00MacTH SKCIEPUMEHTA PACHOJIOXKEHA BEPTUKAIbHAS WU3MEPUTEIIbHAS
TUHelKa, 000py0oBaHHAs MON3YHKOM «HM3mepenue koopounamut Y» M CUHXPOHU30BaH-
HOW C HUM TOPU3OHTAJIBHOM M3MEPUTENbHOM JiMHUEH. [lepemeras nomsyHok «HM3mepe-
Hue Koopounamul Y», COBMECTUTE U3MEPUTEIbHYIO JIMHUIO C OMIKAUIIMM K Hadaly Ko-
Op/AMHAT MEPECeYCHUEM TEepPBOM TPaeKTOpUH YacTHUlbl ¢ ocblo OY — 3Ta TOUKa COOTBET-
CTBYET OJHOMY TOJNyNnepuoay T/2 oT Hayana JBUXKEHUS WU OJHOMY IMOJYBUTKY: N = 1.
[Io BepTUKaNbHON JIMHENKE, YYWUTHIBAs LIEHY JACJIICHUS, ONPEACIUTE KOOPAUHATY ITOH
Touku. TpaekTopusi nepecekaer ocb OY yepe3 0AMHAKOBBIE IPOMEXYTKHA BPEMEHH, PaB-
HBIE TTOJIOBHHE MEPHO/IA, TaK KaK HavyajabHas (asa IBHKECHHS 110 OKPYKHOCTH paBHa 1/2, a
X-KOOpJIMHATA TeJla M3MEHSETCS Mo 3akoHy cuHyca X = R sin(wt). TToaTomy moBTopuTe
M3MEPEHUs IJIsl BCEX MepecedeHuil IepBOi TpaeKTOpuu 4acTHIbI ¢ ockio OY — oHm OyayT
COOTBETCTBOBATh BTOPOMY, TPETbEMY H T.J. MOJYBUTKY (IIOJIYIIEPUOAY).

[ToBTOpUTE M3MEPEHUS VISl BCEX IOTYYEHHBIX TPACKTOPHUH.

PE3YJIbTATBHI UIBMEPEHWI 3AITUIINTE B TABJIULLY 1.

[locne okOHYaHMSI WM3MEpPEHUN OYMCTUTE O0JIACTh 3KCIEPUMEHTa C IOMOUIBIO
KHONIKU «Quucmums u3o0pajxcenue» U BEPHUTECh K IEPBOHAYAIbHOMY MacuITady
(100%) u TpexmMepHOMY U300PaKEHHIO.

W3 mpoBeneHHBIX OMBITOB BHIOEPUTE OJMH TaK, YTOOBI M3ydaeMble 3aBUCHMOCTH
BeINIIe Hanbonee sipko. Hampumep, mms —200 B/cm. TloBTopure stoT ombiT. [omy-
YEHHYIO TPEXMEPHYIO TPACKTOPUH 3apHCYHTE WIIM COXPAHHUTE B BUze bmp- uiu jpg-daiina
(B macmtabe 100%) ¢ momompto kHOTIKH «Coxpanumsy Ha nanenu «Tpaextopusi». Co-
XpaHuTe rpaduk 3aBUCUMOCTH X-KOOPAMHATHI YaCTUIIBI OT BpeMeHH. J[JIs 3TOro HaXXMHTe
KHONIKY «I pagpuk x(¢)» Ha pacKpblBarollelcs NaHenu KHONOK «I paghuky, a 3aTeM B 1O-
SIBUBIIEMCS OKHE — KHOIIKY «Coxpanums 2paghux». C IOMOIIbIO KHONIKU «3agepuiums
npocMOompy BEPHUTECh B OCHOBHOE OKHO NMPHJIOKEHHs. AHAIOTUYHO COXPAaHUTE rpaduKu
3aBUCHMOCTH Y- U Z-KOOPAWHAT YaCTHUIbI OT BPEMEHHU.

BHOBB ouncTuTe 00:1aCTh 3KCIIEPUMEHTA.

6. Kaxnaplii 11eplii BUTOK BUHTOBOM JIMHHUH COOTBETCTBYET MOJHOMY MEPHOIY
JBUKEHHS YaCTHIIBI TI0 OKPYXKHOCTH. HauanbHas asza nBHKEHUS MO OKPYKHOCTH paBHa
7/2, X-KOOpJMHATAa Teja U3MEHSETCS IO 3aKoHy cuHyca X = R sin(ot), a y-koopauHarta

. 1
(JIuHelHas cocTaBisioNIas IBUKEHUS) MO KBaJpaTUUYHOMY 3aKOHY Y = Eﬂ Et®. IooTo-
m

MYy pa3HHIA MEXAY Y-KOOPAMHATAMM, OTIMYAIOUIMMHUCA MO BPEMEHHM Ha IOJNEPHOJA
At =T/2, coorBercTByeT mmHe nmonymara d BuaToBod ymHMK: d = Ay. Ilo u3MepeHHBIM
KOOpJMHATAM pacCYMTANTE JUIMHY MOJyllara BUHTOBOM JIMHUM JUIS BCEX IPOBEICHHBIX
ONBITOB. Tak Kak Y-KOOpAUHATa HEJIMHEHHO 3aBUCUT OT BPEMEHH, TO ITOJIYLIAr Ha KaXI0M
MIOJIyBUTKE JOJKEH BO3PACTaTh.
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JUlnHa mnonymiara NpPONOPLHMOHANIbHA COOTBETCTBYIOIIEMY HOMEPY IIOJYBHUTKA
y n’E y
BUHTOBOH JuHuK N. d = —————(2n—1). Orcioga paccuuTaiite OTHOIICHHE (/M s
2(q/m)B?
Ka)KJJ0T0 3Hau€HUs NOJyllara BUHTOBOM JIMHUM BO BCEX IMPOBEACHHBIX SKCIIEPUMEHTAX.

VY4uTeIBas, 4TO 1I€HA JIeJIeHUs JIMHEHKU IpU U3MEPEHUH y-KOOPJMHAT B MaciuTade
500% cocrasisina 0,2 ¢M, BRIYHCICHHUE MOTyIIara BUHTOBOM JIMHUU CJIEYET BBITOJHSATH C
TOUYHOCTBIO /10 OJIHOTO JIECATUYHOrO 3HaKa nocie 3amsatoi. KonuuectBo 3Havamumx nudp
B BBIUMCIICHHBIX 3HAYCHUX (/M JOIDKHO OBITh TAKUM JK€, KaK B JaHHBIX, UCIIOJIB3YEMbIX
U1 pacyeTa.

7. IlocTpoiiTe 3aBUCUMOCTH JUIMHBI ITOJIylIara BUHTOBOM JIMHUM OT HAIPSKEHHO-
cru anekrpudaeckoro nois d = d(E). Ha ogHom prcyHke mocTpoiite Tpu rpaduka: 3aBu-
CHUMOCTb JJIMHBI [TOJTylIara BUHTOBOM JIMHUU Ul IIEPBOTO, BTOPOTO U TPETHETrO MOJYBUT-
ka. [Ipoananusupyiite mosydeHHble 3aBUCUMOCTU. CaenaiiTe BBIBOJA: KaK H3MEHSETCS
JUIMHA TOJIyIllara BUHTOBOM JIMHUM JUISl pa3IMYHBIX [TOJIyBUTKOB OT HAIIPSXKEHHOCTH JIEK-
Tpuueckoro nosisi. CoraacyroTcs JIM MOJIy4€HHbIE 3aBUCUMOCTHU C TEOPETUYECKUMU.

Vupasxnenue 2. Usyuenue 3apucumoctu IIIAI'A BUHTOBOM JIMHUM ot
HHIYKIUH MATHUTHOIO MOJIA.

[Ipu nBUKEHUU B CTAllMOHAPHBIX OJHOPOAHBIX MapaICNIbHBIX AJIEKTPUYECKOM U
MarHMUTHOM TOJISIX TPAEKTOPUEH YacTHUIbl SBJISETCS BHUHTOBAsl JIMHMSA — TPEXMEpHas
KpHUBasi, KOTOPYIO MOXXHO MHTEpPIIPETUPOBATh KaK CyNepIo3MIHI0 PABHOMEPHOIO [BH-
JKeHHS MO OKPY:KHOCTHU (KpyroBasi cocTamisitomias) B miockoctu XOZ, nepneHaAuKysp-
HOW BEKTOPY MHAYKIUU MAarHUTHOIO IOJIs, H MPSIMOJUHEHOI0 YCKOPEHHOI0 IBMIKe-
HUA (JTMHEWHas cocTaBisromas) B HanpasieHnu ocu OY, mapaienbHON BEKTOpY Harpsi-
KEHHOCTHU 3JIEKTpHUecKoro nois. OTpe3ok KpuBOH, KOTOPBIN YacTUIa IPOXOIUT 33 OAUH
TMIOJIHBIN 00OPOT MO OKPYKHOCTH B TUIOCKOCTH XOZ, Ha3pIBalOT BUTKOM BUHTOBOM JIMHHH.
IToaymar BMHTOBOI JIMHUHU OIpeNeNsIeTcsl CMelleHueM 4acTullbl B HamnpasieHuu OY,
NepIeHIuKYJIIpHOM ockocTd XOZ 3a nonoBruHy 060poTa (MOIyBUTOK).

B sTOM ympakHeHHH HE0O0X0AUMO MOCTPOUTh IpaUKH 3aBUCHMOCTEH MOJIyIlara
BUHTOBOH JIMHUM OT MHIYKIMM MarHUTHOTO IOJIi MpPHU HEU3MEHHOW HampsKEHHOCTU
ANEKTPUYECKOTO TOJIsA, cOOTBeTCTBYIomMe 1, 2 u 3 momynepuoaam T/2 (mosyBUTKam) OT
Hayasa JABM)KEHHS.

8. C moMoIIIbI0 CUETYUKOB «X-KoOMnonenma» n «Y-Kkomnonenma» Ha aHEIN WH-
cTpymMeHTOB «HauanbHasi CKOPOCTb» YCTAaHOBUTE HYJIEBBIE 3HAYEHMsI 3TUX KOMIIOHEHT
HaualbHOM ckopoctu: = 0, vy, = 0.

Korma X-xommoHeHTa HadanbHOU cKOpocTH Uy = 0, To HavayibHas (aza ¢ JBUKE-
HUS 110 OKPYXHOCTH B TutockocTu XOZ O6yzaeT paBHa Hy 0. Toraa Z-koopAnHaTa 4YacTUIbI
Oynet maMeHsThes 1o 3akoHy Z(t) = —R sin(wt — ¢) = R sin(wt). B maockoctn YOZ nipo-
eKIUS TPACKTOPHU OyJeT MPeACTaBIATh COO0M CHHYCOUY C MOCTOSHHO PACTYLIUM Iepu-
OJIOM.

9. C nomoupto cuetunka «Hanpasxcennocmsy 31eKmpuuecko2o noJisa» Ha IaHeIu
UHCTpYMEHTOB «llonsa» yCTaHOBUTE 3HAUEHUE HAINpsHKEHHOCTH paBHbIM 10, 30 wim
50 B/cM B 3aBHCHMOCTH OT YacTHIIBL: JUIS TpoToHa ycraHoBute 50 B/cm; mis sgep —
30 B/cMm; ans otpuniatenbHbx HoHOB — 10 B/ewm.

10. C nomMomipro cuetunka «MHOyKyUuA MAZHUMHOZ0 NOJA» HA TIAHEIN UHCTPY-
MeHTOB «Ilonsa» ycTaHOBUTE 3HaUeHHE MHAYKIUHU paBHOe 50 MTo.

11. 3naueHHe Z-KOMITIOHEHTHI HauyalbHOW CKOPOCTH MOXKHO M3MEHSTH B Mpejaesax
ot —1000 o 1000 km/c. C mOMOIIBIO CUETUYUKA «Z-KOMHOHeHma» Ha TaHEIU HHCTPY-
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MeHTOB «Hauanvnasa ckopocms» ycranosure makcumaibHoe (1000 xkm/c) 3HaueHue z-
KOMIIOHEHTHI HAYaJIbHOM CKOPOCTH.

C nmoMoIpio packpeiBaromerocs crnucka «Macwmaoy Beioepute Macmtad oToo-
paskeHust obsactu skcriepuMenTa paBublidi 100%. Haxxmute xHonky «Hauamo 3kcnepu-
MeHm» — 4acTHIIa HAuYHEeT JBUTAThCs B 3aJaHHbIX ycioBusx. HaOnromaiite 3a TpaekTopu-
€il 4acTuLbl B peKUME TPEXMEPHOI0 N300paXeHHsI. DKCIIEPUMEHT 3aKOHUMUTCS, KOT/1a Ya-
CTHIIa MOKWHET 00JIaCTh IKCIIEPUMEHTA.

Heo6xoanmo nogo0paTth 3Ha4eHUE Z-KOMIIOHEHTHI HAYaJIbHOM CKOPOCTH TaK, YTO-
Obl B oOacTu sKkcriepuMenTa yactunia cosepimaia HE MEHEE ognoro Butka. Ecin ya-
CTHIIA 32 BPEMsI SKCIIEPUMEHTAa COBEPIIMJIA MEHEE OJJTHOTO BUTKA (BbUIETENA 3a IPEIEIIbI
o0JacTu SKCIepUMEHTa paHblle, YeM COBEpIIMJa LEeIbli BUTOK BUHTOBOM JIMHHH),
YMEHBIINTE 3HAYEHUE Z-KOMIIOHEHThl HAa4aJlbHOW CKOPOCTH MPOHM3BOJBHBIM 00pa3oM M
BHOBb BBIIOJIHUTE SKCIIEPUMEHT.

ITocne TOro kak UCKOMOE 3HaUEHUE Z-KOMIIOHEHThI Ha4aJIbHOM CKOPOCTH HalJIEHO,
3aUKCUPYITE €ro U OUUCTUTE 0OJACTH IKCIIEPUMEHTA C MTOMOIIBI0 KHONKU «Quucmums
uzoopasicenuey.

Hailinennoe 3HaueHue Z-KOMIOHEHTHI HAyalbHOW CKOPOCTH 3alMIIUTE B TaOIU-
my 2.

12. JInama3on 3HaueHnit mHAYKIUU MarautHoro nodis [50; 150 mTn] pasnenure Ha
5-7 paBHBIX YacTel (Hanpumep, uepe3 25 mTi: 150, 125,...). Jlyig Kaxa0ro 3HaYCHHUs UH-
JOYKIUH, HE U3MEHSS HANPSYKEHHOCTU AJIEKTPUYECKOIrO OISl U HaYalbHOM CKOPOCTH 4a-
ctuibl, B Macitadbe 100% BBIMOIHUTE SKCIIEPUMEHT, HE OYHINas 00JaCTH SKCIIEPUMEHTA.

13. C nomo1uplo packpbIBaroLleiicss MaHeNId KHONOK Ha MaHEId UHCTPYMEHTOB
«Tpaekmopusa» nepeiinure ot pexuma « Ipexmeprnoe uzoopaxncenuen x pexumy «llpo-
exuusn na YOZ».

C nomo1pto packpbiBatolerocs cnucka «Macuimaéy maxcumanbio (500%) yBe-
JTUYbTE MacTad 00J1aCTH SKCIIEPUMEHTA.

B oT0il mpoekiuu Haa 00JaCThIO AKCIIEPUMEHTa PACIONIOXKEHa TOPU30HTATbHAS
U3MEepUTeNbHas JIMHEWKa, 000pyloBaHHAs MOI3YHKOM «HM3mepenue Koopounamol Z» 1
CUHXPOHN30BaHHOW C HUM BEPTHUKAIbHOW U3MEPUTENBbHON IMHUEH. [lepemenias mon3yHok
«H3mepenue koopounamot Z», COBMECTUTE U3MEPUTENBHYIO JIUHUIO C OCBIO KOOPJAUHAT
oY.

CneBa oT 00nacTH 3KCIEPHUMEHTA PACHOJIOXKEHA BEpTUKAJIbHAA H3MEPUTENIbHAS
JuHelKa, 000pyJoBaHHAsI MON3YHKOM «HM3mepenue koopounamet Y» N CUHXPOHU30BaH-
HOM C HUM TOPU30HTaJIbHOW M3MepUTENbHOU JnHHUEH. [lepememnas nonsyHok «HMs3mepe-
Hue Koopounamut Y», COBMECTUTE U3MEPUTENBHYIO JIMHUIO C OMMKalUIIMM K Hayaly Ko-
Op/AMHAT MepecedeHrneM MepBOi TpaeKTOpuH yacTHlbl ¢ ocblo OY — 3Ta TOUKa COOTBET-
CTBYET OJHOMY IOJYyNEepuoAy /2 OoT Havasia JIBMXKCHHUS MW OJHOMY MOJYBUTKY: N = 1.
Ilo BepTMKanpHOM JMHEWKE, YYWUTBHIBas LICHY ACJIEHUS, ONPENEIUTE KOOPAMHATY ITOU
touku. TpaekTopus nepecekaer ocb OY uepe3 0JMHAKOBBIE TIPOMEKYTKH BPEMEHH, PaB-
HbIE MOJIOBUHE MIEPUO/A, TaK KaK HaudaibHas ¢a3a JABMKEHHUS MO OKPY>KHOCTH paBHA HY-
JI10, @ Z-KOOpJIMHATA Telia U3MEHseTCs Mo 3aKoHy cuHyca Z = R sin(wt). [Toaromy noBTo-
puUTE U3MEpEHHs ISl BCEX MEpecedeHuil mepBoi TpaeKTopuu JacTuIlsl ¢ ockio OY — oHM
OyayT COOTBETCTBOBATh BTOPOMY, TPETHEMY H T.J. HOTYBUTKY (HOIYHEPUOLY).

[ToBTOpUTE M3MEPEHUS ISl BCEX MOTYYEHHBIX TPACKTOPHUH.

PE3YJIbTATHI UIBSMEPEHHWI 3AITUIINTE B TABJIULLY 2.
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[Tocrne okoHYaHWSI W3MEPEHUN OYHCTUTE O0JIACTH JKCIEPUMEHTa C TOMOIIBIO
KHOTNIKU «Quucmums u300pajrceHue» W BEPHUTECh K IEPBOHAYAIBHOMY MaciuTaly
(100%) u TpexmMmepHOMY U300pAKECHHIO.

14. Kaxnplii 1enbplii BUTOK BUHTOBOW JIMHMHM COOTBETCTBYET IMOJHOMY MHEPUOTY
JIBYDKEHUS YaCTHIIBI TT0 OKpY>KHOCTH. HavanmpHast (a3a ABMOKEHUS 1O OKPY)KHOCTH paBHA
HYJIIO, Z-KOOpJMHATA Tella U3MEHSETCs Mo 3aKoHy cuHyca Z = R sin(wt), a y-koopauHara

(TuHelHas cocTaBisAIoNIas IBUXKEHUS) MO KBaJIPaTUYHOMY 3aKOHY Y = %% Et®. IoosTo-
My pa3HHIIA MEXIY Y-KOOpAWHATaMM, OTJIMYAIOIIMMHCS 10 BPEMEHH Ha MOJIepuoja
At =T/2, coorBercTByeT uynHe monymiara d BuaToBo ymHuK: d = Ay. 1o u3MepeHHBIM
KOOp/AMHATaM PACCUMUTANTE IJIMHY MOJyIIara BUHTOBOM JIMHUHU JUISL BCEX MPOBEACHHBIX
omnbITOB. Tak Kak Y-KOOpAMHATA HEJTMHEWHO 3aBUCUT OT BPEMEHH, TO MOJIyIIAr Ha KaXI0M
MOJTYBUTKE JOJDKEH BO3PACTaTh.

JliiHa mosnymiara MpONOPIHOHANbHA COOTBETCTBYIOIIEMY HOMEPY IOJYyBHUTKA

. n’E y
BUHTOBOM uHuK N: d = —————(2n—1). Orcroga paccuuTaiite OTHOIICHHE (/M s
2(q/m)B?

Ka)X/I0TO 3HAYSHHMSI MOJTyIIara BAHTOBOW JIMHUY BO BCEX IMPOBEICHHBIX IKCIICPUMEHTAX.

YuuTeIBasi, 4TO [eHa AeNeHUs JTUHEHKU MPU U3MEPEHUHN )-KOOpIUHAT B MaciiTabe
500% cocraBmsina 0,2 cM, BBIYUCIICHHE TIOJIyIlIara BAHTOBOM JIMHUM CJIEYET BBIMOJIHSATD C
TOYHOCTBIO /IO OJTHOTO JIECATUYHOTO 3HaKa mocie 3amsaToi. KomnmuecTBo 3Havammx mudp
B BBIYMCIICHHBIX 3HAYECHHUSX (/M AOJDKHO OBITh TAKUM K€, KaK B JaHHBIX, HCIIOJIb3YEMbIX
ISl pacyeTa.

15. TlocTpoiiTe 3aBUCUMOCTH JJUHBI MOJYyIIara BUHTOBOHM JIMHUU OT HHIYKIUU
marautHoro noiisi d = d(B). Ha ogHoM pucyHke moctpoiite Tpu rpaduka: 3aBUCHMOCTh
JUIMHBI TIOJylIara BUHTOBOM JIMHUU JUIS TIEPBOTO, BTOPOTO U TPEThEro moiayBUTKa. [Ipo-
aHATM3UPYHTE MOCTPOEHHBIE 3aBUCUMOCTH. CrenaiiTe BBIBOM: KaK U3MEHSETCS JITHHA T10-
Jylara BUHTOBOW JIMHUM JJISl PA3IMYHBIX MOJYBUTKOB OT MHAYKUIHUH MarHUTHOTO TIOJIS.
COOTBETCTBYIOT JIM TTOJTy4YEHHBIE 3aBHCUMOCTH TEOPETHIECKUM.

16. ITocTpoiiTe rpaguKu 3aBUCUMOCTH JUIMHBI NOJTyIIara BUHTOBOM JMHUU OT HO-
Mepa moiyBuTka BuHToBOMU JHMK d = d(n). Ha omHOM pricyHKe mocTpoiite Tpu rpaduka:
1) U1 TTOOXKUTENBHOW HANIPSKEHHOCTH DIIEKTPUYECKOTO OIS U3 yIpaKHeHHs 1; 2) ams
OTPULIATENILHONW HAIPSKEHHOCTH 3JIEKTPUYECKOTo MOJIs U3 yInpaxHeHus 1; 3) ans Makcu-
MaJIBHOTO 3HAY€HUsS MHIYKIIMA MAarHUTHOTO TOJI W3 ynpaxHeHus 2. [lpoananmsupyiite
MOCTpOEHHbIE 3aBHUCcUMOCTH. CrenaiTe BBIBOJ: KaK U3MEHsETCs JJIMHA MOJdyIlara BUHTO-
BOI JINHUH B 3aBUCUMOCTH OT HOMepa rmoyryBuTKa. COOTBETCTBYIOT JIM TIOTyUYEHHBIE 3aBH-
CHUMOCTH T€OPETUYECKUM.

Vnpaxuenne 3. M3yuenne 3apucumoctn PAJIIMYCA BUHTOBOM JINHUN
OT MOAYJIfl NEPIEHAUKYJIAPHON COCTAB/IAIOIIECH HAYAJbHON CKOPOCTH.

[Ipu nBUKEHUU B CTAIIMOHAPHBIX OJHOPOJHBIX MapaJICNBHBIX AJIEKTPHYECKOM U
MarHUTHOM TIOJISIX TPACKTOPHEW YaCTHIIBI SIBIISICTCS BHUHTOBAasl JUHHMSA — TpEXMEpHas
KpHUBasi, KOTOPYIO MOXXHO MHTEpPIPETUPOBATh KaK CyNepro3MIHI0 PABHOMEPHOIrO BH-
JKEHHSI 0 OKPYKHOCTHU (KpyroBasi cocTamistomnias) B mockoctn XOZ, nepneHauKysp-
HOW BEKTOPY MHAYKLMU MArHUTHOTO IOJIs, M MPSMOJHUHEHHOI0 YCKOPEHHOI0 IBMIKe-
HUA (JTUHEWHas cocTaBisromas) B HanpasieHnn ocu OY, mapaiensHON BEeKTOpy Harpsi-
KEHHOCTHU HJIEKTPUYECKOTO TOJIS.

B sTOoM ynpaxHeHHH HEOOXOAUMO TTOCTPOUTH TpadUK 3aBHCUMOCTH paguyca Kpy-
TOBOM COCTaBIAIONIEH MBM)KEHUS YacTUIbl B IIIockocT XOZ 0T MOAyIsl COCTaBIIsIOIIEH
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CKOPOCTH V), MEPHEHAUKYISIPHON HAMpaBICHUIO BEKTOpAa MHAYKIIMU MArHUTHOTO MOJIf,

v, = \/(vx (O))2 + (vZ (0))2 pY HEU3MEHHBIX HAIMPSHKCHHOCTH 3JEKTPUYECKOTO MO |

WHIYKIIMA MarHUTHOTO TIOJIS.
[lepen HayasOM BBIIOJHEHUS TOTO YIPAKHEHUS OMNpeaeuTe 3HAK YCKOPEeHHs
yacTuibl BA0Jb ocH OY ISl HANPAKEHHOCTH JIeKTpuyeckoro mous 10 B/cm. B 06-

1
LIEM CIlydae Y-KOOpJMHATA YaCTHIbI MeHseTcs mo 3akony Y(t) =v, (0)t + Eﬂ Et®. Cie-
m

2

y

JIOBATEIBHO, YCKOPEHHE YacTullbl B1osib ocu OY pasHo a, = _4a E = a,,. Torna
m

dt?

MIPU HAIPSDKEHHOCTH dJIeKTprudeckoro moist 10 B/cum:

® TIPOTOH U sJ[pa, UMEIOUINE TOJIOKUTEIbHBINA 3aps/], OyAYyT ABUTaThCS € MOJI0KUTEb-
HBIM YCKOPEHHEM.

e OTpHULIaTeIbHbIE WOHBI, UMEIOIINE OTPHUIATEIbHBINA 3apsiyl, OyAyT JBUTATHCS € OTPHU-
HATEJbHbIM YCKOPEHUEM.

17. C nomoulpto cuertunka «Y-komnonenma» Ha TaHENM WHCTPYMEHTOB
«Hauanvhas ckopocmsy ycranosute 3Hauenue pasHoe 100 km/c mnu —100 km/C B 3aBU-
CUMOCTHU OT 3HaKa yCKOPEHMsI, OIIPE/IeIEeHHOro panee. Ecnu yckopeHue yacTuils! (BAOIb
ocu OY npu HaNpsKEHHOCTH AekTpudeckoro nois 10 B/cm) orpunarensHoe, yCTaHOBH-
T€ IOJIOKUTEIBHOE 3HAU€HUE CKOPOCTH. V1 HAa00OpOT, eciiu YCKOpEHUE IMOJIOKUTEIbHOE,
YCTaHOBUTE OTPHIIATETIbHOE 3HaYeHUe ckopocTu. [Ipu Takom BeIOOpE HAYaIbHBIX CKOPO-
CTe¥ BUTKU BUHTOBOH JINHUU CHauana OyJIeT C)KUMAThCA, 3aTEM HAUHYT PacTATUBAThCS.

18. Hanpsi>KeHHOCTB 3JIEKTPUYECKOTO OISl MOKHO M3MEHSTH B quana3one ot —200
no 200 B/cm. MHaykuuio MarHUTHOTO TOJSL MOXXHO H3MEHATh B auamnazoHe ot 0 1o
200 mTan. C momomnipio cuetunka «Hanpasxcennocms 31eKmpuyeckozo nons» Ha NaHeTu
UHCTpYMEHTOB «llon1a» yCTaHOBHUTE 3HAUYEHUE HAMPSDKEHHOCTH SJIEKTPUUYECKOTO OIS
paBuoe 10 B/cm. C noMomibio cuetunka « AHOYKUUA MACHUMHO20 NOJIA» HA TIaHEIHN WH-
CTpyMeHTOB «llonsa» YCTaHOBUTE 3HAUYEHWE HWHAYKIMHM MAarHUTHOTO IIOJS pPaBHOE
100 mT.

19. Bce KOMITIOHEHTHI HAYaIbHON CKOPOCTH YaCTHIIBI MOYKHO U3MEHSTH B TPEIEIax
ot —1000 mo 1000 xm/c. C mOMOIIbIO cUeTUYHUKA «X-KOMHOHeHma) Ha TIAaHENIU HHCTPY-
MeHTOB «Hauanvnasa ckopocmey ycranoBute 3HadeHue, papHoe 1000 km/c, a ¢ MOMOIIbIO
CueTuuKa «Z-Komnonenmay — 3HaueHue, papHoe —1000 km/c.

C nomoIupto packpeiBaronierocs cnucka «Macwmaéy Boioepute Maciitad oToo-
paxeHus obnactu skcriepumenTa pasHbiil 100%. Haxwmure xkHonky «Hauamwb sxcnepu-
MeHm» — 4acTHIIa HAuYHEeT JBUTAThCS B 3aJaHHBIX ycioBusix. HabOnromaiite 3a TpaekTopH-
eil yacTULIbl B TPEXMEPHOM M300pakKeHNUU. DKCIEPUMEHT 3aKOHUUTCS, KOI'/la YacTHIla 1o-
KHHET 00J1aCTh SKCIIEpUMEHTA.

HeoOxonuMo nompo0parh 3Ha4eHHUsI X- U Z- KOMIIOHEHT HAYAJIbHON CKOPOCTH
TakK, 4TOOBI X- U Z-KOOPJIMHATHI YaCTHIIbI HE BBIXOAMIIM 3a Mpeaessl 001acTH IKCIIepUMEH-
Ta ("dactuua copepiiaia Obl HECKOJIbKO BUTKOB). Eciam dacTuna 3a Bpemsi SKCIIEpUMEHTa
COBEpIINJIA MEHEE OJHOIO BUTKA, YMEHBIINTE X-KOMIIOHEHTY U YBEJIMUBTE Z-KOMIIOHEHTY
HayaJlbHOM CKOPOCTM Ha OJMHAaKOBYIO BenuuumHy (Hampumep, Ux=800kmM/c u
v, = —800 KM/C) ¥ BHOBB BBHITIOJTHUTE SKCIICPUMEHT.

Ilocne TOro kak MCKOMBIE 3HAYEHMsI X- U Z- KOMIIOHEHT Ha4daJlbHOM CKOpPOCTHU
HalJeHbl, 3aQUKCUPYITe UX M OUUCTUTE O0JACTh SKCHEPUMEHTA C MOMOIIBI0 KHOIKHU
«Ouucmumo uzoopasxcenuey. [lonoOpanHbie 3HAYCHUS 3aMUIINATE B TAOIHITy 3.
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B kxauecTBe MakCHMMaJbHOTO 3HAYEHHUS X-KOMIOHEHTBI CKOPOCTH (Umax) B Mallb-
HEWIIMX 3KCIIEPUMEHTAX UCITOIb3YUTE HAMAEHHOE 3HAUEHUE Uy.
20. Vcnonb3ys HailIecHHOE B MPEAbIAYIIEM IMYHKTE Umax MAKCUMaJIbHOE 3HAYEHUE

o 1
X-KOMITOHEHTBI Ha4aJIbHOH CKOPOCTH, B IIPEeax OT Umax 10 - Umax BeIOepuTe 9—11 3Ha-

YEHU X-KOMIIOHEHTBhl HAuYallbHOW CKOpocTH. JlIs 3TOro pasfaenure HWHTEpBal

1 o o o
[—E Umax» Umax] Ha 8—10 paBHBIX yacTell M paccUuTaiiTe 1Iar WU3MEHEHUs 3HAYCHUU X-

KOMIIOHCHTBI CKOPOCTH. I/ICHOJ'IIBYH BBIYMCJIICHHOC 3HAYCHUC IIIara, pacch/ITaﬁTe BCC 3Ha-
YeHUS X-KOMIIOHEHThI HadaJIbHOM CKOPOCTH, KOTOPEBIC 6y,HYT HCIIOJBb30BaThCA OaJI€C B

1
AKCIIEPUMEHTE, HayWHasi C Umax, UM 3aKaHYUBAS - Umax. Hampumep: wvx = 800 kwm/c,

U = 650 kM/c, ... vy =—-250 km/c, vy =—-400 km/c (eci MPpU BHITIOJIHEHUH TPEIBITYIIETO
MYHKTA Umax MTOJTYYHIIOCH paBHBIM 800 KM/C).

3HaueHusl Z-KOMIIOHEHThI HAYaJIbHOM CKOPOCTH BBIOMpANTE TaK, YTOOBI B KaXKIAOM
IKCIIEPUMEHTE X- U Z- KOMIIOHCHTHI OBUTH PaBHBI JAPYT IPYTY 11O MOAYJIIO, HO UMEINH MPO-
TUBOMIONIOKHBIE 3HakW. Hampumep: vy =800 km/c, v, =-800 km/c; ... v, =200 km/c,
v, = -200 xkm/c; ... vy =-100 km/c, v, = 100 xm/c; u T.40. mo vy = —400 xm/c, v, = 400 xm/c
BKIJTFOUUTENBHO (€CTTU Umax = 800 kMm/c).

PaccuuraiiTe 3HaueHHs X- U Z- KOMIIOHEHThl HAYAJIIbHON CKOPOCTU U I Ka)XI0i
napbl 3HayeHuii B macimrade 100% npu HEeM3MEHHOUM HaMPSKEHHOCTH 3JIEKTPUUYECKOTO U
WHIYKIIMA MarHUTHOTO IOJICH BBIMOJIHATE SKCIIEPUMEHT, HE OUYHWIIas 00JacTH IKCIIepPH-
MEHTA.

21. C moMompi0 pacKphIBAIONIICHCS TaHEW KHOMOK Ha IMaHeIN WHCTPYMEHTOB
«Tpaexmopus» niepeiinute ot pexxuma « Ipexmepnoe uzoodpasricenue» x pexumy «llpo-
exyusa na X0Z».

C momomkto ciivicka «Macuimaoy maxcumanbao (500%) yBenmubte macmTabd 00-
JIACTH SKCIIEPUMEHTA.

B »TOM mpoeknuu BepTUKaIbHAs W TOPU3OHTAIBHAS JMHEHKH, PaCIIOIOXKEHHBIE
CBEPXY U CI€Ba OT 00JACTH SKCIIEPUMEHTA, MO3BOJSIOT U3MEPATH Z- M X-KOOPJAUHATHI Ya-
CTHIIbI, COOTBETCTBEHHO. Tak kak B npoekiuu XOZ TpaeKTOpHUs 4acTULbl UMeeT hopMy
OKPYKHOCTH, JUIS OTpefeNieHusl paanyca 0e3pa3inyHO, MUHHUMAIbHOE U MaKCHMAalIbHOE
3HaYEHHUE KaKON KOOPAMHATHI (X WU Z) U3MEPSITh.

[Tpu u3MepeHN X-KOOPAMHAT YACTHIIBI, MepeMeniasi Mmoia3yHok «HM3mepenue Ko-
opounamsl X», COBMECTUTE TIOOYEPEITHO BEPTHKAIBHYIO MU3MEPUTEIBHYIO JTMHHUIO C TOY-
KaMH TPAaeKTOPHH, UMEIOIIMMH MUHUMAIbHYIO U MaKCUMAalbHYIO KoopAuHATHL. [1o ropu-
30HTAIBHOM JINHEHKE, YIUTHIBAS [IEHY JCJICHUS, ONPEACITUTE X-KOOPMHATHI 3TUX TOYCK.

[ToBTOpUTE M3MEPEHUS VISl BCEX MOTYYEHHBIX TPACKTOPHUH.

W3mepeHus Takyke MOXHO TPOBOJUTH M MO BEPTUKATBHOW JHHEHKe (MUHHMATb-
HOE U MaKCHMAJIbHOE 3HAYCHUE Z-KOOPIUHATHI) TI0 CBOEMY YCMOTPEHHIO.

PE3YJIbTATHI UBMEPEHWH 3AITUIINTE B TABJIULLY 3.

[Toce okOHYAaHWSI W3MEPEHUH OYHCTUTE O0JIACTH JKCICPUMEHTa C TTOMOIIBIO
KHOTIKU «Quucmums u3o0pajcenue»y W BEPHUTECh K MEPBOHAYAILHOMY MacuITady
(100%) u TpexmMepHOMY U300PAKEHHUIO.

22. B npoekunu XOZ pacCTOSHUE MEXIYy TOUYKaMU, UMEIOIMMHA MaKCUMAIbHYIO U
MUHUMAJTBHYIO KOOPJMHATHI MO0 OJIHOM W3 Ocei, paBHA JIBYM paauycaMm R OKpyXHOCTH:
2R = Xmax — Xmin WK 2R = Zmax — Zmin. 711 KaXK10M TOTYy4eHHON B 9TOM YIPaKHEHUH Tpa-
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€KTOpUHU PACCUUTANTE paJuyCc BUHTOBOW JMHMU B npoeKuuu XOZ ¢ TOYHOCTBIO 10 ABYX
JECSITUYHBIX 3HAKOB ITOCIIE 3aITOU.
JUIg Ka)Kaoro SKCIEpUMEHTa pacCYMTANTe MOIYJIb NEPIECHIUKYIIPHONU COCTaBIIA-

IOIel HAYaldbHOH CKOPOCTH: U, = \/(vx (0))° +(,(0))° ¢ TouHOCTHIO 10 OXHOIrO mECSH-

TUYHOTO 3HAKA MTOCJIE 3aMSATOM.

23. Ilo momyueHHBIM JaHHBIM MOCTPOMTE rpaduK 3aBUCUMOCTH paauyca R BUHTO-
BOHM JIMHUM OT MOAYJIS MEPIEHIUKYISIPHONW COCTABIISIIONICH HAyalbHOM CKOPOCTH U, Ya-
CTHUIIBI.

24. CornacHO TEOpHH PaAJANYC KPYroBOH COCTAaBJISIONICH BUHTOBOW JMHUM R -
HEHHO 3aBUCHUT OT MOZYJS MEePHEHINKYISIPHONU COCTABISIONIEH HaYalbHONW CKOPOCTH V!

1 . .
R =—v, . I'paduk Takoi 3aBUCHUMOCTH JIOJKEH MPEACTaBIATh COOOM MPSAMYIO C TaHI€H-
®

coM yria HakioHa tg o paBHbIM 1/®. [1o rpaduky onpenenuTe TaHTeHC yria HaKIoHA tg o
rpaduka. [To TaHreHCy yriia HaKJIOHa PacCUMTalTe OTHOIICHHE 3apsia YaCTHIIbI K €€ Mac-
ce g/m.

25. Tlo pe3ynbTaraM ynpakHeHUH | ¥ 2 BBIYUCIIHTE CPEIHEE 3HAUCHUE YACIBHOTO
3apsiaa 4acTHIbl. [ 3T0ro He0OXOAUMO CIIOKUTH BCE TOTYyYEHHbIC 3HAYCHHUS], & CYMMY
MOJICTIUTh HAa KOJUYECTBO 3Ha4YeHHH. KomndecTBo 3HaUammx mudp B CpeaHEM 3HAYCHHUH
yIeIBHOTO 3aps/a I0OJDKHO OBITh TAKUM K€, KaK B JaHHBIX, UCIIOJIb3YEMbIX IS pacyera.

26. PaccunTaiite TeOpeTHUECKOE 3HAUYCHUE YACIBLHOTO 3apsi/ia KaK OTHOIICHUS 3a-
psiia 4acTUIbl K ee Macce /M. BeIYuCiIeHHsT TEOPETHUECKOTO 3HAUCHUS PEKOMEHIYeTCs
BBITIOJTHATH C TaKOM K€ TOYHOCTHIO, KaK M BBIUUCICHUS CPEAHEr0 IKCIHEPUMEHTATbHOIO
3HAYEHMSI, IOJTYYEHHOTO B MPEABIAYIIEM ITYHKTE.

27. Cnemaiite BHIBOJIEL.

MosKeT U JBHKEHHE 3apsOKEHHOW YaCTUIIBl B MApPaUICNbHBIX AJIEKTPUUYECKOM U
MarHMUTHOM MOJSX OBITh IUIOCKUM (ABYMepHBIM)? [Ipu Kakux ycaoBusix?

Kaxk Ha3pIBatOTCSl KpUBBIE, IO KOTOPBHIM MOXKET JIBUTAThCS 3apsDKCHHAsT 4acTHIla B
MapajuieNbHbIX AIEKTPUIECKOM U MAarHUTHOM TOJISX ?

[Tpu kakux yCIOBHSIX BUHTOBAS JTMHUS UMEET MOCTOSHHBIN 11ar?

MOo’XHO M OmucaTh ABIKEHUE 3apSKEHHOW YaCTUIIBI B MapaJUIeNbHBIX AJIEKTPH-
YECKOM M MarHUTHOM TOJISIX CYNEPIO3UIIMEN pABHOMEPHOTO JBUKEHUS 110 OKPY>KHOCTH U
PaBHOYCKOPEHHOTO MPSIMOJIUHENHOTO JBUKEHUSA?

Kax mar BUHTOBOM JTMHUY 3aBUCUT OT HAIPSYKEHHOCTH 3JIEKTPUUECKOTO MOs?

Kak mar BUHTOBOM JTUHUY 3aBUCUT OT MUHIYKIIMA MAarHUTHOTO T0JIs1?

Kak pagmyc BUHTOBON JMHUHM, MO KOTOPOM ABMXKETCS 4YacTULA, 3aBUCUT OT
Ha4yaJIbHOM CKOPOCTHU YaCTUIIBI?

CpaBHHTE CpeliHEe 3HaYEHUE YACIBbHOIO 3aps/a, MOJIYyYEeHHOE U3 yNpakHEeHHu | u
2, C yACIBbHBIM 3apsJIOM, TIOJIYYEHHBIM U3 rpadrka, U TEOPETUIECKUM 3HAUCHHUEM.
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Taoauna 1

QJICKTPHUYICCKOTO I10JIA E,

B/cm

I/IHIIYKI_II/ISI MAarduTHOTI'O ITOJIA

B, MTn

oY Nunykius X-KOMIIOHEHTA Y -KOMIIOHEHTAa Z-KOMIIOHEHTA
A 2 MarHUTHOTO MOJIS HavYaJbHOMU HadaJIbHOU HadaJIbHOU
é ° S B, MmTn CKOPOCTH Uy, KM/C | CKOPOCTH Uy, KM/C | CKOPOCTHU Uy, KM/C
T 205
O o =
£ o4
§ = u Howmep n nostyBuTKa BUHTOBOW JIMHUU
< B
T 3
2 0|1 |2|3|4|5]6
Koopaunaray, cm| (Q
[Monymar BUHTOBO# nuHUM d, cM|  —
g/m, Kn/kr| —
Koopaunaray, cm| (Q
[Monymar BuUHTOBO# nMHUM d, cM|  —
g/m, Kn/kr| —
Taoauna 2
o HamnpsbkeHHOCTB X-KOMIIOHEHTa Y-KOMIIOHEHTa Z-KOMIIOHEHTA
- 3JIEKTPUYECKOTO HavyaJIbHOM HavaJabHOH HavaJabHOH
= é o E, B/em CKOPOCTH Uy, KM/C | CKOPOCTH Uy, KM/C | CKOPOCTHU U;, KM/C
=
o =
255
= E Howmep n nostyBuTKa BUHTOBOW JIMHUU
=
<
= 0 1 2 3 4 5 6
Koopaunaray, cm|
[Monytuar BuHTOBOM NMUHUK 0, cM|  —
g/m, Kn/kr| —
Koopaunaray, cm| (Q
[Monymar BuHTOBO# MMHUY d, cM|  —
g/m, Kn/kr| —
Taoauna 3
HanpsoxeHHocTh

Y -KOMITOHEHTA HAYAITBHON
CKOPOCTH Uy, KM/C
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IlepnennukynspHas <

PHCHAUKYIAD . Koopaunatsi = =
COCTAaBJIAIOIIAs HAaYaJIbHOMN SR ZE .
CKODOCTH HaCTHLIBI PamuycR,| o ©c E | T T &
p T 55| B R
CM O X < o X <

- EER| 2g

Uy, KM/C | 1y, KM/C | v, kM/c | Max, cM | min, cm 3 > 8

5. KoHTpoJ/IbHBIE BONIPOCHI

1. Kakwue nosist Ha3bIBaIOTCS CTAIIMOHAPHBIMU, OJTHOPOIHBIMU?

2. KakuMm nuddepeHnalIbHBIM ypaBHEHUEM OIHUCHIBACTCS JABWKCHHE 3apsi-
YKCHHOM 4aCTHUIIbl B TAPAJIICTBHBIX 3JIEKTPUYECKOM U MATHUTHOM IOJISIX?
3. Kakoit kpuBol OMHUCHIBACTCS JBM)XCHUE 3apsHKCHHOM YacTHIIBI B Tapal-
JICTIbHBIX JICKTPUUYECKOM W MAarHUTHOM MOJISIX?

4, Kak BujJ TpacKTOPUH 3aBUCHT OT HAYaJdbHON CKOPOCTHIO YaCTHIIHI,
HaMpsHKEHHOCTH AJIEKTPUYECKOTO OIS U MHAYKIIMM MarHUTHOTO TOJISI?

5. Kak nepuon ABMKEHMS YaCTUIIBI TTI0 BUHTOBOM JIMHUU 3aBUCUT OT Harpsi-
YKEHHOCTH 3JIEKTPUYECKOTO IMOJIA U OT UHAYKIIMU MAarHUTHOTO TOJISA?

6. Kak pamgnyc BHHTOBOW JIMHWH, TIO KOTOPOH JBIJKETCS YAaCTHIIA, 3aBUCUT
OT €€ HAa4aJIbHOU CKOPOCTH?
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YyebHoe n3gaxue

PEBWMHCKAA Onbra NeHHagbeBHa
KPABYEHKO Hapexna CtenaHoBHa

OBWXEHUE 3APSXXEHHOMW YACTULbI B MAPANNENbHbIX
ANEKTPUYECKOM U MATHUTHOM NOMAX

YuebHo-MeToanyeckoe nocobue no n3yvyeHnto Moaenen
(OM3NYECKMX NPOLIECCOB U ABSIEHWIA HA KOMIMbIOTEPE
C nomoLLbto nabopatopHoi padbotsl Ne Mogd-02
ONS CTYAEHTOB BCEX CreuuanbHOCTel
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