3adauu

3axon Kynona. IIpunyun cynepnoduyuu
1. Ha wenxo60ii Humu nodéeuier uiap mMaccol m, 3apso Komopozo q; .
Paccuumamv Ha kakoe paccmosiHue Heo0X00UMO NOOHeCMU NOJIOHUMETLHO
3apAHceHHbLIL Wap, ¢ 3apsooM Gy , umobbl CUTIA HAMANCEHUS HUMU
YMEHbUWUTIACH 8060e.

Pemmrenue:
Ha 1map meiicTBYIOT ciieQyIOILIe CUJIBI:

» Cuna tsoxecti: Fj, = mg (meiicTByeT BHI3)

« Cwra HaTsoKeHMs HUTH: 1’ (meiicTByeT BIOJIb HUTM)

« Cuura anexrpudeckoro orrankusaunsa F, = k332 (neiictByer
TOPM30HTAJIBHO, €CIIN IIap ¢, IIOTHOCAT COOKY)

Terepb HUTH OTKJIOHWJIACH Ha YTOJ § ¢ BEPTUKAJIBIO (1101 AeICTBIEM
9JIEKTPUUECKOI CIIIBI).

HaiimeM KOMIIOHEHTBI:

« Beprukansuas: T cos 0 = mg

 T'opmsonranbnas: T'sinf = F, = kq%gg

Tak Kak HaTsKeHMe HUTU YMEHBIITIIOCH BOABOE:! T = %

[TogcTaBUM B BEPTUKAIBHYI0 KOMIIOHEHTY:
mg
T cosf =mg = 70059 =mg = cosf = 2

Taxk kak cos 6 He Mo>XeT ObITh OOJIbIIIE 1, MBI IIOHIIMAEM, UTO UTO-TO HE
Tak...

Hcnons3yem teopemy IIndaropa qius cur:

T = y/(mg)? + F2

« Nsnavanpro F, = 0= T, = mg
« Temeps T' = =4



mg mg 2
T = /(mg)? + F2 = 57 = 2+ (mg)* = ()
mg\ 2 m2g> 3m2 g2
2= () —mg)? = = —me? = ==
[onyumiocs OTpUIIATEIbHOE YKCIIO. ..
To ects:
mg _ mg
Fe=To—T=mg——"=="
d192 _ Mg
fe=tp =%
Orcrona:
2 — 2kq, q, Ny 2kq, 95
mg mg
Otger: | = |/ 2%
mg

2. K nomonky 6 00HOUi mouKe Ha WeTKO8blX HUMAX 0JTUHbL | nodeewenvl 06a
00UHAKOBBLX WaAPa 0651adaruwux 00UHAKOEbIM 3aPA0OM ¢ U MACCcoli M.
Paacmosanue mexcoy wapamu z < l. Paccuumampv ckopocmv ymeuku 3apsaooe
% C Kasx0020 wiapa, eciu cKOPoCcmby ux cOmuiIceHuUs, Kak GyHKYus om x umeem

6uobL: v(x) = % (o - HeKOMOpast NOCMOSHHASL).
Pemenue:

[ omHOTO IIapUKa BepTUKAJIbHAS ¥ TOPU30HTAIBHAS COCTABIISIOIINE CIII
IIaroT:

« BepTuKanpHasi: 1 cos = mg
« ropmsoHTaNbHadA: 1'sinf = F,
rae F, - KyJIOHOBCKas CUJIa OTTANIKMBAHMS MEXAY IIapMKaMIL:

2
q
Fe=k 3



N|MIH

[Ipu manom oTkioHeHNN sin § ~ tanf ~ 2 = % (cMelleHIIE OTHOTO
II1apuKa 1o ropusoHTtanyu pasHo ). Iloxcrasum T' ~ mg (OCKOTbKY
cos § ~ 1) B ropusoHTaIBPHOE YpaBHEHNE:

. 2

q
mg'gl%ﬂ:kﬁ

OTCIO,Ha HaﬁﬂeM 3aBMICMMOCTD q OT XI:

2

k% = % = ¢° = %mﬁ’
3Hauur
q(z) = \/?:,ng
ITo nenmHOMY IpaBuUILy:
dg _ dq dv
dt  dx dt

Berunciaum IIPOM3BOOHYIO IO X

dg _ |mg 3 :
der 2kl 27

Tereps ucronb3yeM 3aJaHHYIO CKOPOCTh. [I0CKONBKY v () JaHa Kak MOLYJIb
CKOPOCTU CONVDKEHMSI, CKOPOCTh M3MEHEHNUs PACCTOSHUS T paBHA

dx 1o

dat o

Iloncrasnsgem:
dgq 3 /mg 1 « 3 mg
_— = = —X2 _—— = ——( -
dt 2\ 2kl NZ 2 2kl
OTser: % = 370‘ 5

3. Paduyc éexmopui 06yx NOJIOHUMETILHBIX 3aPS006 ¢ U @5 COOMBEMCMBEEHHO
71 U 7. Paccuumamos ompuyamenvhviii 3apao0 q5 u e2o paouyc-6eKmop 74



MouKU 6 KOMopyi ezo Hado noMecmump, 4moObl CULA, OelcmseywWas Ha
Kaxovltl u3 3aps006 Oviia pasua 0.

Perrenue:

Yro6b! ciita Ha ¢ ObLIa HyJIb, BEKTOPHAsI CYMMa CILJI OT gy U g5 Ha ¢
IOJKHA OBITh HYJIEM. TO 3HAUNT, UTO CUJIBI OT @y U G5 JEVICTBYIOT BOJIb
OHOJI JIMHIY ¥ IIPOTUBOIIOJIOKHEI 110 HanpasieHnio. OTCIof1a cieayer, uto
T'3 JIKUT Ha IPSIMOIL, IIPOXOSIIEIL uepes 7'y U I'y. AHAJIOTUYHO [JIs
paBHOBECUA (. [I03TOMY 75 JIEXKUT Ha OTpe3Ke MEXKIY 7'y U T.

[ycrs L = |Fy — 7;| — paccTossHUE MeKIy MEPBBIMU JABYMS 3apsOaMIL.
O6o3HauNM

diz = |3 — 71|, dog = [F3 —7s].
TOI‘I_Ia d13 + d23 == L
YPaBHeHI/IH paBHOBCCI/IH

Cuna KysoHa 1o Moy o MeXay Toukamu ¢ u j (B maciirrabe k):

19,9
F. = k20

Ja 3apana qq: CUIJIBL OT gy U G5 TOJKHBI KOMIIEHCUMPOBATh IpPYyT ApYTa,
3HAUUT II0 MOLAYJIIO

d192 51 ‘Q3‘
k =k .
L2 d,

Otcrona (cokpaas k u g1, g; > 0):

43 _ g
2 7 g2 ¢
HOMHH, qTo q3 OTpI/IHaTeJIeH, MOKHO 3aIInncCaThb
2
d13

43 = —QQﬁ~ (1>

AHaAJIOTUYHO AJIA 3apdaa go:



leQQ _ k(h ’(13‘

L2 7 dy
oTKyna (cokpaTus k u q,):
4 a3 _ d%:a
ﬁ—d—gg = 3= "N72- (2)

[IpupaBusieM npassle yacti (1) u (2) — obe paBHEI ¢5:

2 2
d13 _ d23

—Q2ﬁ = —Q1ﬁ = Q2d%3 = Q1d§3-

BosBpairaemcs K mapaMeTpusaliy pacCTOSHUIL: MOJI0XuM d;; = t. Torma
dys = L — t. [lopcraBum:

0t = g, (L —1)*.
BospméMm kopHI (TTONIOKKUTENBHBIE, TaK Kak t > 0, L —t > 0):
V2,1 = \/Q1<L - t)-

Peuraem orHOCUTENIBHO t:

t:LL,
Vi + Va2

Terepb BepHEMCS K BEKTOPHOI (opMe: TOUKA T3 HAXOAUTCSI Ha OTpe3Ke

tVE +v&) = val =

7] — T9 Ha pacCTOIHMUM ¢ OT 7;. FHAUUT

— — t — \/ﬁ

F3 =71+ —(Py —71) =7 + ————=(Ty — 71).
V@ /4

PasBopaunsas:

2 V@iTe + /G271
5 Va4 T /9
t Va1

Hakonen, mopcrasum 1 = NCEN R (1) nng g5:

_ (VL Vi 2:_ 9192 .
w=u(z) ‘”(wﬁw@) (Vi + V&)’



9192 S /Tt /AT

OTBeT: 43 =~ arey@)™ '8 = vartva

4. Toueunwii 3aps0 ¢ = 50 mkKn pacnonosicen 6 mouke ¢ paouyc-6eKmopom

To = 21 + 37. Hatimu HanpssicenHocmb E anexmpuueckozo nons u ee MOJynb 6
mouke c paouyc-éexkmopom 7 = 8% — 5J. Koopounamul 6exmopos 3a0anbl 6
Mempax.

Pemrenmne:

Haiiném BexTOp R — pagmyc-BeKTOp OT 3apsAaa KO TOUKY HaOIIOdeHU:
R=7—7,=(8—2,—5—3) = (6,—8)m.

HnmnHa BeKkTOpa

R=|R| = /62 + (—8)2 = v/36 + 64 = V100 = 10m.

[Tocrosunas Kynona (8 CN):

H - M2
5

~ 8.9875517923 x 10°
TEQ Kn

k=

ITone Toueunoro 3apgana:

Berunciaum 1o miaram.

1. kg = 8.9875517923 x 10% - 50 x 1076 = 449377.589615.
2. R3 =103 = 1000.

3. MHOUTEJb IIepe] BEKTOPOM R:

kq  449377.589615
R3 1000

= 449.377589615.

4. KoMIIOHEHTHI I1OJIA:
E, =449.377589615 - 6 = 2696.26553769 B/m,

E, = 449.377589615 - (—8) = —3595.02071692 B/m.

5. Mopgynp nond:



|E| = \/E2 + E2 = /2696.2655% + (—3595.0207)2 = 4493.77589615 B/m.

Orser: E = 4.5 xB/m; E = 2.7i — 3.6

5. Toueunwvie 3apsov. ¢V u ¢\~ pacnonoxenvt no yenam xeadpama, duazonans
Komopozo pasHa 2l. Hatimu Mo0yv HanpsijxeHHOCmu 3IeKmpPuuecKozo noJis 6
mouke, omcmosiujeti Ha paccmosHue T 0m NI0CKoCmu Keaopama,
CUMMEMPUUHO OMHOCUMETTLHO €20 6ePULUH.

Pemrenue:
ITososkeHMe BEpIINH U ITapaMeTphl

Huaronans kBaapata = 2[. [IycTs 11eHTp KBagpaTta — Ha4aJI0 KOOPIOMHAT,

CTOPOHBI IIapaJUIE€JIBbHbI OCAM I, Y. TOFII& KOOpANMHATHI BEPIINH MOKHO
B34Tb KaK

(iaﬂ :I:a'a 0)7

-7 -



roe

Sl =

IIycts 3apansr:

+ B BepxHUX BepunHax (—a, +a,0) u (+a, +a,0) — o +gq;
B HIDKHUX BepiunHax (—a, —a, 0) u (+a, —a,0) — mo —q.

Touka HaOmIOAeHNS (BepIINHA «ITMPAMIIbI») HAXOMUTCS Ha OCH,
MIPOXOAAIIEN Uepes3 LEeHTP U NepIeHAMKYJIIPHO IIJIOCKOCTM KBagpara:

P(0,0,x).
PaccrosHue oT 1106071 BEPIIMHBI 10 TOUKM P:
R = \/a2+a2—|—x2 = \/2a2+x2 =12+ z2.

[Tone ot ogHO BepIIMHBI — BeKTOpHas popma

ITone Toueunoro 3apgpaa g; B Touke P paBHO

- qZ -
Ei — ﬁRz,

rane R, — BEKTOp OT BepIIMHEI K Touke P.

BossMmém, HaipuMep, Bepiinny (+a, +a, 0) ¢ 3apsagom +q. Torma
R=(0—a,0—a,z—0)=(—a,—a,z).
KOMIIOHEHTHI ITOJISI OT 9TOV BEPIIMHBIL:

1) _ q(—a) 1) _ q(—a) 1) _
Ei,)_kF, E§>_kT, EWY = =

AHaAJIOTUYHO AJIA OCTAJIBHBIX BEPIINH — 3alIMIIEM BKJIAAbI I1O
KOMIIOHEHTAaM M IIPOCYMMUPYEM, YUUTHIBAA 3HAKU 3apAOOB.

CyMmMupoBaHMe BKIaJ0B — CUMMETPUS
N3 cumMmeTpuu BUIHO:

+ X - KOMIIOHEHTHI OT BEPIINH ITOITApHO OTMeHAt0TCA (r1apsl (+a, +a) un
(+a, —a) maroT MPOTUBOIIOIOKHBIE T-KOMIIOHEHTHI C O{MHAKOBBIMI



K02 PULIMEHTaMY U OJUHAKOBBIMY 3apSAAaMI 10 MOAYJII0 — CyMMapHO
HOJIb).

* BepTUKAIbHbIE (Z) KOMIIOHEHTBI: BEPXHIE BEPIIMHBI TAIOT BKIaT +k &3
KasKMast, HIDKHIE — JaloT BKJIAJ —¢ KaKI0€e, TO €CTh BKJIAI HUDKHIX
paBeH —k%y Ui Kaxpgoir; cymmapHo B, = kds + kis —kis —kds = 0.
Wnaue r0Bop;1, BEPTUKAJIbHBIE KOMIIOHEHTHI KOMHeHCI/IpYIOTCH, HIOTOMY
UTO CyMMAapHBIII 3apsifl paBeH HyJIO (IBe + U [BE —).

* Y - KOMIIOHEHTBI He KOMIIEHCUPYIOTCS, a CKJIAIBIBAIOTCS C OJMHAKOBBIM
suakoM. [locunraem ux.

BosbpméMm mo ouepenu Bce uethbipe yria. [ns Bepiussl (+a, +a) c +q eé y -
KOMIIOHEHTa paBHa

a,+a) __ q(_a’)
E{tate) _kF.

s BepunHs! (—a, +a) ¢ +q: E( ata) — k’q ) Mx cyMMa naér 2 - k’q
JI711 HYDKHUX BepIINH C 3apSIaoM —q:

« BepuuHa (+a, —a): Bekrop B = (—a,+a, ) (3amernm: eé y -
KOMIIOHEHTa paBHA +a), ¥ 3apsa] —q OAéT BKIAN El(f“’_a) = (—q) - k% -
—k

» BepIINHA (—a, —a): aHAJOTMYHO HAET —kH3

CyMMa BKJIQAOB OT HIDKHUX BEPILNH: —2k . Ho o6paTtum BHMMaHMe: IpU
3aIlVICY BBILIE 3HAKM «MUHYC» B KOOp,[U/IHaTaX I 3HAK 3apA1a JaloT ILIIC B
pe3yJbrare (ClIeyeT BHMMATEIbHO IIPOCIeqUTh HallpaBjIeHie BEKTOPOB).
Ecyit akkypaTHO IIPOIITH IO BCEM YETBIPEM, TO UTOTOBasA CyMMa Y-
KOMIIOHEHT paBHa

= 4k R3
(KopoTkast mpoBepKa 3HAKOB: [AJIsI BEPXHUX BEPIINUH Y-BKJIaJ HAIIPABJIeH B
OTPULIATEJIBHYIO CTOPOHY ¥ (T.K. BEKTOP OT BEPILNHBI K TOUKE VIMeeT Y-
KOMIIOHEHT —@), & JJIsI HVDKHIX BepIUVH 3aps]] OTPULIATeIbHbII, I
OTPULATEJILHBIN 3apa]l YMHOKEHHBIN Ha IT0JIOKUTEIbHYIO
reOMeTPUUECKYI0 Y-KOMIIOHEHT OA€T TOXKe OTpULIATEIbHbBII BKJIAL; BCE
JeThIpe BKIIa[la OPMEHTIPOBAHbI B OJTHY CTOPOHY — II03TOMY
CKJIAIbIBAIOTC. )



KomnoneHTHI  cymmapHo 0, 2 cymMmMapHO 0, ocTa€Tcsa e JMHCTBEHHAs
HEHyJIeBagd KOMIIOHEHTA Y.

[ToncraBnsgeM a = % uR =12+ z2

qa q [ 4 ql
F=|F | =4k— =4k— - — =k :
‘ y| R3 R3 \/5 \/5([2 +x2)%

Ynpoctum xoapPunmeHT:

= 2V/2.

B

OtBer: F = k;&qlg
(124+x2)2

Pacuem nanpsicennocmu HenpepviéHOz0 pachnpedesieHUs 3aPpsoa HA
ocHoee meopemvt I'aycca
1. Hanpsxernnocmy a/iekmputeckozo noJis, KaKk PyHKYus KoopouHam umeem
6uo: £ = 255 o0e o = const, a7, ] - opmui koopdunamuwix oceti OX u
m2+y2 9
OY coomeemcmeenno. Haiimu nomoxk eekmopa E uepes cgepy paouyca R c
YeHmpom 6 Hauae KOOpOuHam.

OtBet: P = 4maR.

2. ObveMHas NITOMHOCMb NOTIOHUMETTbHO 3aPAxceHH020 wapa paouyca R
3A6UCUM TWOIbKO OM PACCMOsTHUs 00 yenmpa wapa: p(r) = p, ( 1— %) 20e
po = const. Hatimu:

¢ MOOYJIb HANPSHEHHOCMU ITTEKMPUUECKO20 NOJISL BHYMPU U 6HE Wapad, KaK
PyHKyur T;

* MAKCUMATbHOe 3HaueHue MOOYst HanpsxeHHocmu B u
coomseemcmesyujee emy 3HAUeHUe T, .

[lusmekmpuueckas npoHuyaemocmy 6ctooy € = 1.

R3
R%:( - %)7 ET(T 2 R) = 1320727 Tmax =
— Po

max) 9¢q °

Orser: E.(r < R)
2R, E.(r

i)

3. Cucmema cocmoum u3 pasHOMePHO 3apaxceHHo20 wapa paduyca R =
0.2 M, 06vemHas nnomruocms komopozo p = 20 nKn/m3. Paccuumamp
MOOYITb HANPAHEHHOCMU ITeKMPUUECKO20 NOJIA:

-10 -



e Ha paccmosnuur = 0.1 M om yenmpa wapa;
« Ha noéepxHocmMu wWapa;
o Ha paccmosanuur = 0.25 M om yenmpa wapa;

[lusnexmpuueckas NPoHUUAEMOCTb MAMEPUATA U3 KOMOPO2O COCIOUM WLap
e =Dh.

Otrser: £(0.1) ~ 15 B/m, E(0.2) ~ 30 B/m (r < R), E(0.25) ~ 96 B/m,
E(0.2) ~ 151 B/m (r > R).

4. lllap paduyca R 3apsxcennbvlil pasHOMEPHO NOMeW,eH 6 HEKOMOopYH cpedy
ouarmekmpuueckas npoHuyaemocmy komopoti € = 1. Cpeda 3anonHeHa
3aps0oM, 06vbeMHAS NIOMHOCMb KOMOPOo2o p = <, 20e (v - NOCMOAHHAS, A T -
paccmosiHue om yenmpa wapa. Paccuumamov 3aps0 wapa npu Komopom
MOOYITb HANPANEHHOCMU ITEKMPULECK020 NOJISL 6He WAPa He 3a6UCUM OM T

Otser: ¢ = 2maR?.

5. Cucmema npedcmasnena obnacmuto npocmparcmea. Ilo npocmparcmsy
pacnpederner 3aps0, NIOMHOCMb KOMOPO2O 3a6UCUM OM PACCMOTHUSL 00
yenmpa no saxony p = p, exp(—ar?), 20e o nexomopas nocmosnnas. Haiimu
MOOYITb HANPANKEHHOCMU, KAK PYHKYUIO T.

Otset: E, = =22 (1 — exp(—ar?)).

— 2
3eqar

6. Paccuumambv HanpsjceHHOCMb TeKMpuueckozo noys 6eCKOHeUHO
naocKkocmu, 3apsijceHHotll pasHomepHo. [logepxHocmHas ntomHocmy 3apsoa -
o. Pacuem npouseecmu 2-ms cnocobamu:

e C UCNOJIb306AHUEM 3AKOHA Ky]IOHa,'
* C UCNOJIb306AHUEM Mmeopembl Faycca.

OtBeT: F = 2Lﬁ
€0

7. Paccuumamu HanpsaxceHHoCmb 3JIeKmMpocmamuueckozo noss co30a6aemozo
beckoHeuHo OTUHHOU HUMDIO, 3apsxeHHOU pagHomepHo. TlosepxHocmHas
nmomuocmy 3apsoa - A. Pacuem npouszeecmu 2-ms cnocobamu:

e C UCNOJIb306AHUEM 3AKOHA KyJIOHa,'
* C UCNOJIb308aAHUEM MmeopemMbl Faycca.

OtBeT: F = %ﬁ
TEYT

8. Paccuumamp 6eKMOP HANPANEHHOCMU ITTeKMmpPocmamuuecKkozo nouasd 6
obnacmu nepeceueHusa aeyx wapos, pa6HOMePHO 3aNOTHEHHbIMU

-11 -



DPA3HOUMEHHVIMU 3aPA0AMU ¢ 00DeMHOU nTomHocmbio p u —p. Paccmosnus
MeN0y YeHmpamu wapos xapakmepusyemcs 6eKmopom a.

OtBeT: F = 3L6.
€0

9. HanpsicéHHOCMb AKCUATTbHO CUMMEMPUUHO20 ITTEKMPOCMAMUUECKOe NOTIS
3a6ucum om paccmosHus 00 UCmouHuka no sakony B = 57 (a -

nocmosHHas). Paccuumamou 3aps0 snympu cgpepvr paouyca R, yenmp komopoii
PACNOTIONEH HA UCMOUHUKE.

-12 -



	Задачи
	Закон Кулона. Принцип суперпозиции
	Расчет напряженности непрерывного распределения заряда на основе теоремы Гаусса


