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IHepeamoBa
MertoauuHi peKoMeHJallli MATOTOBICHO BIAMOBIIHO 3 MPOrPaMolo
kypcy «Dizuka» s arpapHUX BUIIUX 3aKjIajiB OCBITU 3a CIEII1aIbHICTIO
141 «EnekTpoeHepreTuka, eIeKTPOTEXHIKA Ta €IEKTPOMEXAHIKa»

VY nmporueci 3aHATH 3700yBadi BWINOI OCBITM BYaThCs 3aCTOCOBYBATHU
HaOyTi TEOpETUYHI 3HaHHS. BUBUEHHA Teopii HA MPUKIIAIax, B3ATUX 13 KUTTA 1
JIOCSITHEHb HAYKHM Ta TEXHIKW, YITKAa OpraHi3ailisi IpaKTUYHUX 3HAHb, BHUCOKI
BUMOTH CHPUSIIOTh BHUXOBAaHHIO SIKOCTEH, fAKI TOBMHEH MaTH MalOyTHIH
CITIELAJIICT.

3100yBay BHUILOI OCBITM Ma€ IPYHTOBHO ONpPallbOBYBATU BiANOBIIHUN
JIEKIIAHUNA MaTepiai, BU3HAYATH HE3PO3YMUIl MUTAHHS 1715 3'SCYBaHHS I1]1 Yac
3aHATh T4 BUKOHYBATH JOMAIIHE 3aB/IaHHS.

JInst 3acBO€HHS Marepiaidy, pPO3LIMPEHHS Ta TMOMIMOJICHHS 3HAaHb,
3'siCyBaHHS (PYHKIIIOHAJIBHOI 3aJI€KHOCTI (PI3MYHUX BEJIMYMH, BCTAHOBJICHHSI
3B'A3KYy TEOpii 3 MPAKTUKOI, PO3BUTKY CAMOCTIMHOIO MHCJEHHS 1 HaBUYOK
CaMOCTINHO1 pOOOTH - pO3B'sI3yBaHHS 3a7a4 Ma€ MepIIopsiHe 3HaueHHs . OTxke,
IUIsL  pO3B'SI3yBaHHA 3a/lad HEJOCTaTHHO (POPMAIBHOTO 3HAHHS (PI3MYHHUX
3aKOHIB. [[7s 1poro HeoOXiJgHE BMIHHS MIPKYBAaTH, AHAIITHYHO MHCIIWTH,
3HAXOJIUTH CIICIiallbHI METOJIU PO3B’A3yBaHHS 3a/1ady.

Ilepen Tum, sSIK BUKOHYBAaTH CaMOCTIHHE 3aBAaHHS, 3/100yBayl MMOBUHHI
BUBYUTHU BiJMOBIIHUHN JIEKIIIHHUI MaTepiall 3a JiTepaTyporo, peKOMEHI0BAHOIO
BUKJIaJlauyeM, 3pO3yMITH 3ajadi, po3B's3aHl 10 TEMHU 3aHSITTS, BiAMOBICTH Ha
3aMUTaHHS, IOCTABJICHI 10 JaHOI TEMHU.

3aia4di peKOMEHAYETHCS PO3B'A3yBaTH y TaK1id MOCI1JOBHOCTI:

a) 03HAMOMJICHHSI 3 YMOBOIO 33/1a4l Ta ii KOHKPETHU 3aI11C;

0) aHai3 3a/1a4i;



B) PO3B’A3yBaHHs 3a]1a4i;

I') NepeBipka HaMEHYBaHHS OJUHUIb BUMIPY (PI3MYHUX BEJIMYMH;

1) 0OYKCIIEHHS MOTPIOHO1 BETMYNHU;

€) aHaJI13 OJIEP>KAHOTO PE3YJIbTATY.

Y MeToAMYHUX PpEeKOMEHJAlIAX HaBEJACHO TEOPETUYHUM Marepial 3
po3ainy "Enexkrpocratvka. [1ocTiiHMIA €NEKTPUYHUN CTpyM "., IO YUTAETHCA
3T1IHO 3 HABUYAJIIBHUM IUIAHOM. 3ajadi miiopaHo Tak, 11100 BOHU CTOCYBAJIUCS
OCHOBHUX MHUTaHb KypCy 1 00 1X OyJI0 AOCTaTHBO ISl PO3B'SI3yBaHHS MiJ] Yac
3aHATHh B ayAauTopii Ta BAoma. J[Jii BUKOHAHHS CaMOCTIHHOTO 3aBAaHHSA
BUKOPHUCTOBYIOTh OKpPEMI 3a/1aul.

Jlns 3amaHoro BUKJIaJadeM HOMepa BapiaHTa 3700yBad BUKOPUCTOBYE
TaOJIUIII0 Bapi1aHTIB.

VYci BenmMuUMHM B 3aJadyax MalOTh OyTH BUpaxeHl 3a MiXKHapOIHOIO
cuctemoro oauHullb.(CI)

@i3u4Hl BeIMYMHU (YHKIIIOHAIBHO 3B'3aHI MIDXK CO0OI0, a TOMY
HEpallOHAIBHO JJI1 BCIX BEJIWYMH JOBUILHO BCTAHOBIIIOBATH OJIMHMIII
BUMIPIOBAHHS. Y Haylll Ta TEXHIIl JOBIIbHO MPUNHATO OJAWHUILI JHUIIE IS
KUIBKOX BEJIMYMH, 1110 HA3UBAIOTHCS OCHOBHUMM. J[JIs1 pEIITH BETUYUH OAUHUIII
BUMIPY BCTAaHOBJIEHI Ha OCHOBI ()OpMYyJ, IO 3B'A3YIOTh JIaHy BEJIMYHMHY 3
BEJIMYMHAMH, I SKUX BCTAHOBJIEHO OCHOBHI OJWHUII: III HOBl1 OJHHHIII
HA3UBAIOTHCSA NMOXITHUMHU. CYKYMHICTh OCHOBHUX 1 MOXIAHUX OAUHUIL BUMIPY
(13UMYHUX OJIMHULIb CTAHOBJISITH CUCTEMY OJIMHUII.

[lepenbaueno psj 3aaad Jyisi CaMOCTIMHOTO PO3B'A3yBaHHS , a TaKOX

NUTAHHS JIJI1 CAaMOTIEPEBIPKU TEOPETUYHOI YACTUHH 3 KYPCY €JIEKTPOCTATHKH.



3arajibHi MeTOAUYHI peKOMeHalil 10 PO3B’A3KY 3a1a4 i
BHKOHAHHS KOHTPOJbHUX POOIT

1. Po3B’s13yBaHHS 3alady BapTO CYNPOBOKYBaTH KOPOTKHMH, aje
BUYEPIHUMHU MOSICHEHHSAMH; Y Pasi, KOJIU 11€ MOKJIMBO, JaTH PUCYHOK.

2. Po3B’s3yBaTu 3ajady MNOTPIOHO B 3arajJilbHOMY BHUIJISIAL, TOOTO
BUPA3UTH LIYKAHY BEIMYUHY B JITEPHUX MO3HAUYCHHSIX BEJIWYWH, 33JJaHUX B
ymoBl 3agaui. IIpm TakoMy cmoco0i po3B’A3yBaHHS HE BHUKOHYIOTHCS
OOYHMCIIEHHS MPOMI>KHUX BEJIMYKH.

3. Ilicna opepxkaHHS PpO3paxyHKOBOI (OpMYIH [JIsl TEPEBIPKU
NPaBWIBHOCTI, ii BapTO MIACTABUTH B MpaBy YacTUHY (HOPMYJIH 3aMiCTh
CHUMBOJIIB TIO3HAYEHHSI OJIMHUIIb IIUX BEJIWYMH, MPOBECTH 3 HUMU HEOOXITHI
i1 1 IEPEeKOHATUCA B TOMY, 10 OTPUMAaHA MPY LIbOMY OJUHUIS BUMIPIOBAaHHS
BIJINIOBIJIA€ IIyKaHIA BeTWYMHI. SIKIO Takoi BIiAMOBIAHOCTI HEMae€, TO II€
O3HAYae, 1110 33/1a4y pO3B’sA3aHO HEBIPHO.

4. YucnoBl 3HAYEHHS BEIWYMH NP MIJCTAHOBLI iX y PO3PaXyHKOBY
dopmyny BapTOo BHpaxkath TUIbkM B oauHuisix CIL Sk BHHATOK
JOMYCKAEThCA BUPAXaATU B Oylb-SIKUX, aj€ OAHAKOBUX OJIMHUIIIX, YUCIIOBI
3HAQUYEHHS OJHOPIAHUX BEIWYWH, II0 MepeOyBalOTh Yy YHCEIbHUKY 1
3HAMEHHUKY Ta MalOTh OJJHAKOBUH CTYIIIHb.

5. Ilpu miacTaHOBLI B pPO3paxyHKOBY (HOpMysy, a TaKOX Yy
BIZIMOBIJII YMCJIOBI 3HAYEHHSI BEJIWYHWH BapTO 3aMHCYyBaTU SIK JOOYTOK
JIECATKOBOTO JIpOOY 3 OJIHIEIO 3HAYYIIOI HU(POI mepesl KOMOK Ha
BIINOBIJIHY CTYITIHb JIECSITH.

Hanpuxnan, 3amicts 3520 TpeGa 3ammcatu  3,52'10°, 3amictb

0,00129 sarmmcaru 1,29107 i T.11.



6. OO4uClIeHHS 3a PO3PaxyHKOBOKO (HOPMYJIOIO CJif MPOBOJIUTH 3
JOTPUMAHHSM MPaBUJI HAOMMKEHUX 004YHuCiieHb. OCTaTOUHY BIJIMOBiAL BapTO
3alMCyBaTH 3 TpboMa 3HauymuMu Idpamu. Lle cTocyeThcs 1 BUMAIKY,

KOJIM PE3YIBTAT OTPUMAHO 3 BUKOPHUCTAHHSAM KaJIbKYJIATOPA.
HagpuyasibHi MaTepiaim 3 po3aiiy Kypey ¢izuku

1. EnekrpocTaTuKa. NOCTIHHUN eJIEKTPUYHUN CTPYM
1.1. OcHoBHI ¢popmysin

3akoH Kynona

o 00,

4n808r2 ’
ne F — cuna B3aemoii ToukoBux 3apsiaiB Q) O;
r—B1JICTaHb M1 3apsAJIaMH; €— MPOHUKIIUBICTD; ) — €JIEKTPUYHA MOCTIiiTHA.

HanpyXeHiCTh eeKTPUYHOIO MO 1 OTEHITial

E=F/Q, o=11/0,

ne [I—rmoTeHiiiliHa eHepris TOYKOBOro J0AaTHOTO 3apsaay Q, sKui € B AaH1|
TOYIll TOJS (32 YMOBHM, IO MOTEHIIMTHA €Hepris 3apsay, BiIJaJ€HOrO0 B
HECKIHYEHHICTb, IOPIBHIOE HYIIIO).

Cuia, gka Jl€ HA TOYKOBUM 3apsif, IO € B EJIEKTPUYHOMY IO, i
NOTEHIIAHA €Heprisd LbOTo 3apsTy

F=0F I1=0p,
HanpyskeHicTb 1 MOTEHIiald MOoJjs, CTBOPEHOTO CHCTEMOI TOYKOBHUX

3apsiiB (IPUHIUI CYTIEPIIO3UIlT €IEKTPUYHUX TTOJIB),

N N
E:ZED p=2x 0,
=1 i=1

1=
ne E, ¢; — HanmpyXeHICTb 1 MOTEHIlaN y aHii TOYIl MOJisl, CTBOPEHOTO i-M

3apsJIOM.



Hamnpy>XeHicTh 1 MOTEHLIAJI MO, CTBOPEHOT0 TOYKOBUM 3aPsJIOM,

o 0 0

4 er’ - Argger’
1ie r — BiACTaHb Bij 3apsiay O N0 TOUKH, Y SKii BUZHAYAETHCS HANPY>KEHICTh
1 TIIOTEHI[AT.
HanpyskeHicTb 1 moTeHIiand moJisi, CTBOPEHI MPOBIAHOIO 3apsiIKEHOIO

cheporo paaiycom R Ha BijicTaHi r BiJ IeHTpa chepu:

a). E=0;, ¢= _Q (mpu r-R)

47e R
i i pe @ (purR)
AreyeR 4reoeR
Q Q
E = ; = ) _
) 4me er’ ® e, er (mpr -R)
ne O — 3apsia chepu.
JIiniiiHa rycTUHA 3apsany
T=0/1.
IToBepxHeBa ryctuHa 3apsaay
o=0/8S.

HamnpyxeHicTb 1 NOTEHIIal TMOoJiA, CTBOPEHOIO PO3MOAIIEHUMHU
3apsgaMu. SKIIO 3apsi/i pIBHOMIPHO PO3MOAIICHUM Y3/I0BXK JIiHIi 3 JIIHIHHOIO
TYCTUHOIO, T TO Ha JiHII BUAUISETHCS Maja AUISTHKA JoBXuHOKO d/ 13
3apsgoM dQ =tdl/, 1 Takuil 3apsa MOXKHA PO3TJISJAaTH SIK TOYKOBUM Ta

BUKOPUCTOBYBAaTH (pOpMyIIu:

dE=—"1 T gy T
Argger™ 1 4reyer

Jie 7 — pajJilyC-BEKTOp, CIPSIMOBAHUM BijJ BUIIJICHOTO €JeMEeHTa d/ 10 TOYKH,
B SIKI BU3HAYAETHCS HANPYKEHICTh.

BUKOpPUCTOBYIOUM TPUHLMUIN  CYNEPHO3UIl  E€IEKTPUYHUX  TIOJIIB



3HAXOJUMO I1HTErpyBaHHSIM HampyxeHictb E 1 moreHmian ¢ 1o,

CTBOPEHOT'O PO3IOIIJICHUM 3aPsIOM:

et d
dnege; r

E= >
dnege r- r

[HTEerpyBaHHs BEACTHCS B3JIOBXK YCI€i MOBXKUHU [ 3apsJKEHOI JIiHIL
(muB. ipukiIagu 51 8).
HamnpyXeHicTh moJisi, yTBOPEHOT0 HECKIHYEHOIO MPSAMOI0 PIBHOMIPHO

3apsHKEHOIO JIIHIEI0 YA HECKIHYEHHO JOBIUM LIMTIHIAPOM,

T
E=—r,
2reyer

1€ ¥ — BIJICTaHb BiJl OPsIMOi YK OC1 IWJIIHJpA 10 TOUKH, B SIKI BUZHAYAETHCS
HaIPY>KEHICTh MOJIS.
HamnpyxeHicTb  1oyisl, yTBOPEHOTO  HECKIHYEHHO  PIBHOMIPHO

3apsHKECHOIO TUIOITHMHOIO,

E=—
2¢g4¢

3B 430K MiX MOTEHIIAJIOM 1 HAIIPY>KEHICTIO:

a) E=-gradp, uyn E-= —(z’ Z—(P +J % + ké—q)j B 3arajbHOMY

X oy 0z
BUIIAJIKY;

0) E= @ y BUITQJAKY OJTHOPITHOTO TOJIS;

d
B) E-= —d—(p y BUNAJKY MOJISA, K€ MA€ LEHTPAIbHY YU OChOBY
r

CHUMETPIIoO.
EnexTpuyHuil MOMEHT JUIIOJIS
p=lq|l,

ne [ — mede aunosisi (BEeKTOpHa BEJIMYMHA, 110 COpsIMOBaHa BiJ BiJl'€MHOIO



3apsay 10 JOJATHOTO 1 YHCENIbHO JOPIBHIOE BIJCTAHI MDK 3apsigaMu), q —
3apsijl.

Po6oTa cui eNeKTpUUYHOro MoJjis MepeMillieHHs 3apsay 3 TOYKHU MOJIs
3 MOTEHIIIAJIOM ¢, Y TOUKY 3 IMOTEHIIIaJIOM ¢,

A1y =q(9; — 0y).
EnextpoeMHICTD
C=q/pua C=q/U,

7€ -( TIOTEHIIIa] MPOBIAHMKA (TIPU YMOBI, 110 Y HECKIHYEHHOCTI MOTEHIIIAJ
NpOBIIHMKA JOpiBHIOE HYyM0); U - pi3HUIM TOTEHIaliB  IJIaCTUH
KOHJICHCATOpa.

EnexTpoeMHICTh MIIOCKOTO KOHEHCATOpa

C=¢ye-S/d,

ne S - mmioma rmiacTuHU (oaHi€T) KoHAeHcaTopa, d - BIJACTaHb MIX

IJ1aCTuHaMu.

EnextpoemHicTh OaTapei KOHIEHCATOPIB:

1oy

a) ol ZF IIPH [TOCJIIJOBHOMY 3’ €JJHaHI;
=14y
N

i=l1
ne N — KUIbKICTh KOHJIEHCATOPIB y OaTapei.
Enepris 3apsiipkeHoOro KoHaeHcaTopa:
W=qU/2, W=CU?*/2, W=gq*/20C).
Cua moCTIHHOTO CTPYMY:
I=qlt,
1€ q — 3apsi, 110 MPOMIIIOB Yepe3 MOoNnepeyHuil MepeTuH MPOBiJHUKA 3a Yac

t.

10



['ycTuHa MOCTIMHOTO CTPYMY:
j=1/8,
ne S — IIo1a NONepPeYHOro MePETUHY MPOBITHUKA.
3B’S130K TYCTUHU CTPYMY 3 CEPEIHBOIO MIBUJIKICTIO -V}
Jj=qn<v>,
1€ q — 3apsi]l YaCTUHKH; N — KOHIIEHTpPAIIisl 3apsiKEHUX YaCTUHOK.
3akoH Owma:

a) I= 14 ;% =% 1718 JiISTHKY Kouia B sikoMy HeMae EPC, e -

©, —@, =U - pI3HUL TOTEHIaliB (HaNpyra) Ha KIHISLX IUISTHOK

naHirora; R — omip AuUIsTHKY;

_ + )
0) I= (¢ (Iiz)_ ® st mimsHKH kona, mo mMae EPC; nee - EPC

oKepena cTpymy; R — moBHME omip IIISHKA (CyMa 30BHIIIHIX 1

BHYTPIIIHIX OMOPIB);

B) I=

P 3aMKHyTOro (IOBHOr0) JjaHupora, ae R -
+

i
30BHIIIHIHM OMIp JIAHIIOTA; R; - BHYTPIIIHIN OMip JIAHITOTA.
3akonu Kipxroda:
a) Y I, =0 - nepmui 3aKoH;
0) > IR, =Y ¢; - ApYTUil 3aKOH,
e Y I, - anreOpaiyHa cyMa CUJ CTPYMIB, IIO CXOIAThCS Y BY3idl; Y I;R; -
anreOpaiyHa cyma JOOYTKIB CHJI CTPYMIB Ha ONOPH JUISHOK; . ¢&;
anreopaiuna cyma EPC.

Omip R 1 npoBianHicTe G NpoOBiTHUKA

Rzpi, G=)5/1,
s

1e p - MUTOMUH OIIp; y - MUTOMA IIPOBIJIHICTE; /- TOBKMHA MPOBIAHUKA; S -

11



UIOIA MOMIEPEYHOro nepepiza MpoBIIHUKA.
Ormip cucTeMH NpOBiAHUKIB:

a) R =) R, py NOCIIAOBHOMY 3'€JHAHHI;

1 1 , .
0) e ZR— IIpH MapajieIbHOMY 3'€ THaHHI;

i
1€ R, - omip i-ro IpOBIAHUKA.

PobGota ctpymy:

A=1Ut, A=I’Rt, A=U’t/R;

ITepmia dhopMyna cnpaBenauBa st Oy[b-AKOi JUISHKH JIAHIFOra, Ha
KiHIAX SIKOTO MATpUMYeThCsl Hanpyra U, ocTaHHI1 JBi - IS JUISHKH, 0 HE
mictuth EPC.

[TOTYy>KHICTBH CTPYMY:
P=UI, P=I*R, P=U?/R.
3akoH Jxoyns— Jlenna
O=1"Rs.
3akoH OMma B nudepeHianbHii popmi:
J=VE,
1€ y - NMUATOMa IPOBIAHICTH, £ - HaANpPYKEHICTh E€JIEKTPUYHOTO MOJs; j -
IryCTHHA CTPYMY.

3B'A30K MUTOMOI MPOBIIHOCTI ¥ 3 PYXJMUBICTIO b 3apsIKEHHX YaCTOK

(10H1B)
y=qnlb. +b_),
7€ q - 3apsA] 10HA; N - KOHIIGHTpAllisl 10HIB;, b, i b_ - PYXJIUBOCTI

IMO3UTUBHUX 1 HErATUBHUX 10HIB.

12



1.2 Ilpukyiaau po3B’si3aHHA 32124

L G Ipuknan 1. /[Ba ToukoBux 3apsau 9q i
i on
4 L —  3aKkpivieHi Ha BijcTaHi /=50 ¢cM OJuH Bif
)
——————— @%-—ﬁ@i-;—'—— ogHoro. Tpetiii 3apsi ; MOXKe IMePEMIIIaTHCS
6) I——"J\’—-\ .
______ _Glgg____ 48, JIMIIE B3IOBXK IPSIMOI, IO IPOXOAUTH 4YEPE3
i a7
{+x
= 3apsiad. Bu3HAuMTH TOJNIOKEHHS 3apsaay (
Puc.1(a,0,B) npyd sSKOMy BIH OyJe 3HAXOJIUTHCS B

piBHOBa31. [Ipu ssikomy 3HaKY 3apsay (; piBHOBara OyJe CTIHKOIO.

Po3B’s130k . 3apsaa q; nepeOyBae B piBHOBa3l B TOMY BUIAJKY, KOJIH
reOMETPpUYHA CyMa CHJI, IO J1I0Th Ha HHOTO, JAOPIBHIOE HYIO. Lle 3HaunTh,
10 Ha 3apsij q; MOBUHHI JiSITH JBI CHJIM, PIBHI 32 MOAYJIEM 1 MPOTHIICKHI 3a
HanpsiMKoM. PosrisineMo, Ha skiil 3 Tppox auisiHok I, 11, IIT (puc. 1) moxe
OyTu BUKOHaHa 115 ymoBa. J[Jisi BU3HaUY€HOCTI OyJAeMO BBaXKaTH, 110 3apsi
- IO3UTUBHUU.

Ha nutanami I (puc.. 1a) Ha 3apsg q; OyAyTh HisiTU JIBI NPOTUIIEKHO
cupsimoBaHi cuiu: Fy 1 F,. Cuna Fy, mo nie 3 0oky 3apsny 9q, y Oyab-sikii
TOYIN 1€ MUIAHKKA Outbiie cwin F,, mo aie 3 OOKy 3apsaay - ¢, TOMY IO
OuIbIIMK 3apsia 9q 3aBXKIU € OMMKYUM J0 3apsiay (;, YUM MEHIIUH (1o
MOJYJIIO0) 3apsij - . ToMy piBHOBara Ha Iiil JUISIHIII HEMOKJIUBA.

Ha ninsam IT (puc. 1,60) odunsi cunu Fy 1 F, crpsimoBani B oaHy
CTOPOHY - 710 3apsay - q. OTxe, 1 Ha Ipyrii AUISHIN piBHOBAara HEMOXKJIMBA.

Ha nginsami 1T (puc. 1, B) cumm Fy 1 F, cripsiMmoBaHi B NpOTUIIEKHI
CTOPOHM, TaK caMo sIK 1 Ha IUIAHIN I, aje Ha BIAMIHY BiJi HbOIO MEHIIUMN
3apsij - q 3aBXKAM € OMMKYMM JI0 3apsiay (;, 4uM Outeiuit 3apsan 9q. Lle
3HAYUTh, IO MOYKHA 3HANTHU TaKy TOUYKY Ha mpsmii, ne cunu F; 1 F, OynyTh

OJIHAKOBI1 32 MOJYJIEM, TOOTO
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b =F, (1)

Hexaii x 1 / + x - BigcTaHb BIJ MEHILIOTO 1 OUIBIIIOTO 3aps/IiB A0 3apsy

q;. Bupaxaroun B piBHocTi (1) F; 1 F, BignoBimHo no 3akoHy Kymona,
0JIEPIKUMO

994 —4°% , YA [+x=13x 3BLOKHU xlz%l,xzz_jl.

(1 + x)2 x?

. 2 . ‘o . . ‘o .
Kopinb x° He 3a10BoNbHSE (Di3nyHIi yMOBI 3a1a4i (y wiil Toumi cuu Fy

1 F; Xoua 1 piBHI 3a MOAYJIEM, ajie MalOTh OJIHAKOBUI HAMPAMOK ).

Busznauumo 3HaK 3apAny ¢, 3a AKOro piBHOBara OyJe CTIHKOIO.
PiBHOBara Ha3MBA€ThCS CTIMKOIO, SIKIIO MPHU 3CYB1 3apsay BiJ MOJOKEHHS
pIBHOBarv BUHUKAIOTh CUJIU, [0 MOBEPTAOTh MOTO B MOJIOKEHHS PIBHOBATH.
PosrisiHeMo 3CyB 3apsiiy ¢;y JIBOX BUIIAJIKax: KOJW 3apsij MO3UTUBHHM 1
HETaTUBHUM.

ko 3apsia g, TO3UTUBHUM, TO MPHU 3CYB1 KOTO BIiBO 00MAB1 cuiu Fy 1
F, 3pocratots. Uepes te, 1o cuna Fy 3pocTae moBUIbHiIIE, TO pe3yybTylOoUua
cuia, o Jl€ HAa 3apsa g¢,, Oyle copsiMOBaHa B Ty X CTOPOHY, B SIKY
3MIlIEeHUI 11ed 3apsana, To0To BiiBo. Ilim miero miei cuwim 3apsan g, Oyne
BIJIAJISITUCA Bl TOJOKEHHS piBHOBaru. Te »k BiOyBaeThbcs 1 mpu 3CYBI
3apsay g, Brpapo. Cuna F, yoyBae mBuaiie, Hix F;. 'eoMmerpuuna cyma cui
y IbOMY BHUIIQJIKy CIPSIMOBAaHA BIIPABO. 3apsia MiJ JI€I0 L€l CHUIU TaKOXK
OyJe mepeMilaTucs BIpaBo, TOOTO BIAJAJATUCS BiJl MTOJ0KEHHS PIBHOBArH.
Takum 4MHOM, y BUIMAJIKY MIO3UTUBHOIO 3apsiy pPIBHOBAra € XuTKOIO.

K110 3apsii g, HETaTUBHUM, TO MOTO 3CYB YJI1BO BUKJIMKA€E 301IbIIEHHS
cun F; 1 F,, ane cunma F, 3pocrae moBuibHime, Hix F,, To0TO |F,[;|F|.
PesynbTytoua cuna Oyzae crpsmoBaHa BrpaBo. [lin ii miero 3apsan ¢

MOBEPTAETHCS JI0 MOJOXKEHHs piBHOBaru. Ilpu 3cyBi ¢,BmnpaBo cuia F,
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yOyBae mBuaule, Hixk F;, To0TO |Fy;|F,|, pe3ynbpTytoua cuna crnpsmoBaHa

BJIIBO 1 3apsii g, 3HOBY OyJ€ MOBEPTATUCS IO IOJOKEHHS pIBHOBAru. 3a

HEraTUBHOIO 3apsijly piBHOBara € cTiiikoro. BenmumumHa camoro 3apsay g,

HECYTTEBA.
7
Hpuxkiaaxg 2. Tpu TOUYKOBUX 3apsaau AN
. " N
Q=0Q,=Q;=1 vKu posramosani y BepmmHax A TN

PIBHOCTOPOHHBOTO TPUKYTHHUKA. KU 3apsn

Qs 1oTpiOHO  MOMICTUTH B  ILEHTPI

TPUKYTHHUKA, 100 3a3Ha4Y€HA CUCTEMA 3apsi/iiB

Puc.2

3HaXO0JIWJIacsl B PIBHOBA31?

Po3B’s130K. Yci Tpu 3apsiau, po3TalloBaHl MO BEpUIMHAX TPUKYTHHUKA,
3HaXOJAThCS B OJIHAKOBUX yMOBaxX. ToMy JIOCUTH 3'iCyBaTH, KWW 3apsn
BapTO MOMICTUTU B LUEHTPI TPUKYTHHUKA, 1100 SKUI-HEOYIb OAMH 13 TPHOX
3apsaiB, Hampukiaa (Qp, 3HaxoauBCs B piBHOBasi. 3apsia Qp Oyne
3HAXOJUTUCS B PIBHOBA3l, SIKIIO BEKTOPHA CyMa JIIOUYMX HA HHOTO CHII
JOpiBHIOE HYIIO (pHUC.2).

F,+F+F,=F+F,=0, (1)
ne F,, F3, F4 - cunm, 3 sskuMu BIAMOBIAHO J10Th Ha 3apsan Q 3apsaau Q,, Qs,
Qg; F - piBHOAItOuMX cui F, 1 F;.

Tomy mo cumu F 1 F4 cipsimoBaHi mo ofHild mpsMmiil y TPOTHIIEKHI
CTOPOHH, Ta BEKTOPHA PiBHICTH (1) MOkHA 3aMiHUTH cKajsipHuM: F — F,= 0,
3Biaku F,=F. Bupasusmmu B octanuiii pisHocTi F uepe3 F, 1 F;3 1 3 ornsigy Ha
Te, o F3=F,, onepxkumo

Fy = Fy\J2(1+ cosa).
3actocyBaBim 3akoH Kymona 1 maroun Ha yBaszi, mo Q,=Q;=Q,

3HANUIEMO
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2
Q0s _ O 21/2i1+cosoci,

3BIIKHU
Ql’”l2
0, =—21/2il +cosar). (2)
r
3 TEOMETPUYHUX TMOOYJOB Yy PIBHOCTOPOHHBOMY TPHUKYTHUKY
BUXOAUTH, IO

r/2 r r
= = =—; cosa =cos60°=1/2.
' cos(a/2) 2c0s30° 43 /

3 ypaxyBaHHSAM Lboro Gpopmyina (2) Habupae Bursany O, =0, /3.
3poOUMO OOUYHCIICHHS:

-9
Oy = 10 =5,77-10""° K2 = 0,577uKn

V3K

Ciij 3a3HaYUTH, 110 pIBHOBAara CUCTEMH 3apsJiiB Oy/1€ XUTKOIO.

Hpuxaax 3. Ha ToHKOMY CcTepkH1 JOBXKUHOIK [=20CM 3HAXOAUTHCS €
PO3MOJUICHUN eNeKTpUYHUN 3apsa. Ha mnpomoBkeHHI OCi CTepXkKHS Ha
BijicTaHl a=10cM Bij HAWOIMKUOTO KiHIS € ToukoBUM 3apsa Q=40uKu, mo
B3aeMoJi€ 31 crepxkHeM 13 cwiow F=6mxkH. Buznauutu niHiliHY T'yCTUHY T
3apsiiy Ha CTEPKEHb.

Po3p’si30k. Cuiia B3aemonii F 3aps/sKeHOro CTEpkHS 3 TOYKOBUM
3apsiioM QQ 3aJIeKUTh BIJI JIIHIMHOI TYCTUHHU T 3apsiiy Ha CTEPKEHb. 3HAIOUU
I}0 3aJIEKHICTh, MO’KHA BU3HAYUTH T. 32 00YMCIIEHHs cwiM F BapTO MaT Ha
yBa3i, IO 3apsj Ha CTEpXKHI HE € TOYKOBUM, TOMy 3akoH Kymona
0e3nmocepeIHbO 3aCTOCYBaTH HE MOXKHA. Y LIbOMY pa3l MOXKHa BUKOPHUCTATH
Takui cnoci0o. Buminumo 31 ctepxkHs (puc. 3) Many OUISIHKY dr 13 3apsijioM
dQ=1dr. 1lel 3aps MOXHa pO3TJIsIaTh SIK TOYKOBUM. Toji, BIAMOBIIHO 10

3akoHy Kymona,
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o= Q5
drgyr

[HTerpytouu 1eit Bupa3 y Mexax Bif a 10 at/, o1epKyeMo

F= Ot a”ﬂ_ Ot (l 1 j_ Oyt

dme, o 12 Ameg\a a+1) A4megala+1)
3BIOKHU
. 4reyala +Z)F‘
O\l
ar r
- ! J_a |

Punc.3

IlepeBipuMo, uuM jgae po3paxyHkoBa (opMysna OJUHMINO JIHIKHOI
TYCTUHU EJIEKTPUYHOTO 3apsiay. s 1mporo B mpaBy 4YacTUHY (HOpMYiu
3aMI1CTh CUMBOJIIB BEJIUYHUH H1CTABUMO iXH1 OJUHUILI:

leo lalla+F] 1gp/m-1n-1n-1H 1p-1H 1Ka/B-1H 1H
o/l = 1Kzi-w  1Kx 1Kz 1B
=1H /(1 o/ 1Kn) = (1H -1Kn)/1H - m=1Kn/1m

3HaiifieHa OMHUIL € OJIMHMIICIO JIIHIMHOI TYCTHHH 3apsy.
3poOKMMO OOUYHUCTICHHS:

6
= 0,1(0,91+0,2) 6 XS 10 :2,5)(10 9 =2,5HKH/M
9x10"x 4 x10 °x 0,2

Hpuxkiaaxg 4. /[Ba TOYKOBHUX EINEKTPUYHUX

sapsu Q=1 vKn 1 Q,=-2 HKn nepebyBawTh y

NoBITp1 Ha BijAcTaHi d=10cM oOIMH BiAg OJHOTO.

Busnauutu HanpyxeHicte E 1 moreHmian ¢ mosns,

Puc.4

CTBOPEHOTO UMMM 3apsjaMu B Todlll A, sKa
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nepedyBae BiJ 3apsiay Q; Ha BijcTaHi 1;=9 cM 1 Bij 3apsiay Q, Ha ;=7 cM.
Po3B’s130Kk. BiANOBIIHO 10 NPUHIMIY CYNEPHO3ULII EIEKTPUUYHUX
MOJIIB, KOXKEH 3aps]l CTBOPIOE IMOJIE HE3AJIEKHE BIJl IPUCYTHOCTI B ITPOCTOP1
1HIMX 3apAaiB. ToMy HanpyXeHICTh E eleKTpU4HOro noJsis B IIyKaHiid TOYIl
MOXKe OyTH 3HailfieHa sk reoMeTpu4Ha cyMa HanpyxeHocted E; 1 E, momnis,
YTBOPEHUX  KOXHUM  3apsaoM  okpemo: E=E;+E,. Hanpyxenocrti

€JIEKTPUYHOTO TOJIsI, YTBOPEHOTO B MOBITpi (e=1) 3apsgamu Q1 Q,

2|
E, =—=1_ 1
: 47r<90r12 M
0,]
E,=———. 2
’ 4reyrs @)

Bekrop E; cipsiMmoBaHuii o CUIIOBIM JIiHIT BiJ 3apsay Qg, TOMy IIO L
3apsii HO3UTUBHUIL; BEKTOp E, cripsiMOBaHMIA TaKOX MO CUJIOBIHM JIiHIL, aje 10
3apsany Q,, TOMy IO LEH 3apsi]l HETATUBHUM.

Mopyns BekTopa E 3Hali1eMo 3a TeOpeMO0 KOCUHYCIB:

E=\E} + E} +2E,E, cosa, (3)
ne a - Kyr Mk Bektopamu E; 1 E,, mo Moxe OyTu 3HalaeHH#l 13
TPUKYTHHUKA 31 CTOPOHAMHU 7}, ¥>1 d:

22 2
d°—n" —-r;

2]’1]"2

cosa =

VY na"omy pasi, 100 YHHUKHYTH TPOMI3JIKUX 3allMCIB, 3pY4HIIIE 3HAYCHHS

oS OOUYUCIIUTH OKPEMO:

2 2 2
cosa = (0’1) _ (0’09) — (0’07) =—0,238.
2-0,09-0,07

ITincraBnsaroun Bupas E; 3 (1) 1 E; 3 (2) y (3) 1 BUHOCSUM 3arajibHUM

MHOXHHUK 1/(47€y) 3a 3HaK KOPEHs, OTPUMAEMO
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2 2
E= ! \/Ql +Qi+2‘Q12HQ22‘cosa. 4)

e\ At n nn
BianoBigHO 10 TOPUHIUIY CYNEPHO3UIIi  €JIEKTPUYHUX  TOJIIB
MOTEHIal (@ PE3yJbTYIOUOro MoJisl, YTBOpEeHOro aBoma 3apsgamu O 1 O,
JOPIBHIOE aNreOpaiuHiil CyMi MOTEHIIIATIB:
Q=1+ )
[ToTeHuian €IeKTPUYHOIO TMOJsi, YTBOPEHOTO y BaKyyMl TOYKOBUM

3apsiioM () Ha BIJICTaHI 7 BiJ HbOT0, BUPAXaEThCA (POPMyIIOO:

Q

27e or

(6)
VY HamoMy BUNIAJIKy BIAMOBIAHO 10 Gopmyi (5) 1 (6) ogepkuMo:

O + O yu ¢=L[&+&}

dnegry  4megr, dreg\nn 1

3poOUMO OOUYHCIICHHS:

9\ 9\ 9 10 9
o L (10 )4+(2 10 4) 1072 10
arlar 9 10°) V(0,09  (0,07) (0,09 - (0,07)

=3,85- 10° B/m =3,58 kB/ x;
1 10 ° 2. 10°
4 flaz- 9. 10°) (0,09 007

0 jB: 157B.

Ipukaaxg 5. Ilo TOHKOMY KUIbLIO PIBHOMIPHO

posnonuieHuit  3apsn  Q=40uKn 13 JiHIMHOIO

ryctuHoro t=50 HKi/M. BuzHauutu HanpyxeHicTh

E emekTpuyHOro mosisi, yTBOPEHOIr0 UM 3apsiJioM Y

TOYIll A, IIIO JICKUTH Ha OC1 KUIBIA 1 BIAJAJICHOI BT

MOro 1eHTpa Ha B1JICTaHb, PIBHY MOJOBHUHI pajiyca.

Puc.5

Po3B’sA30K. 3’eHAEMO KOOPJAWHATHY

momuny xOy 3 MIOHIUHOK KUIbIS, a Bick Oz - 3 Biccto kublg (puc. 5). Ha
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KUJTBIII BUIALIUMO Maly AUISTHKY JoBxkuHOW d/. Tomy 1o 3apsan dQ=td/, axuii
nepedyBae Ha il AUISTHII, MOKHA BBOXKATH TOYKOBUM, TO HampyxeHicTh dE
€JICKTPUYHOTO TI0Jsl, YTBOPEHOIO IIUM 3apsiAoM, MOXE OyTH 3amucaHa y
BUTJIA1

ag=_"_.r
r

47t80r2
1€ ¥ - pajilyC-BEKTOp, CIIPSIMOBaHUM BiJl ejeMeHTa d/ 70 Touku A.
Posknanemo Bektop dE Ha aBi ckianosi: dE;, mepneHIuUKysIsipHO
IJIOMIMHI KUIbI (110 301iraetbest 3 Biccto Oz), 1 dE,, mapanenbHy miomuH1
Kb (Totomuuu xOy) , TOOTO
dE =dE| + dE,.
Hanpyxenicte E enexkrpuuHoro mnojs B Todll A 3HailgemMo

IHTErPYBAHHSIM:
E = IEI + IE2>
L L

JIe IHTETPYBaHHS BEACTHCS MO BCIX €JIEMEHTaX 3apsIKEHOTO KIIbII.
[TomiTMO, 1110 1J1s1 KOKHO1 T1apu 3apsaaiB dQ 1 dQ' (dQ=d(Q'"), po3TanioBaHux
CUMETPUYHO HABKOJIO LIEHTPpa KUIbIIS, BEKTOpU dE, 1 dE,' y Tou1li A piBHI 3a

MOJYJIEM 1 IPOTUIIEXKHI 3a HanpaMKoM: dE,=-dE,'."ToMy BekTOpHa cyma
(iHTerpan) [dE, =0. Cxnanosi dE| U1 BCiX €IEMEHTIB KUIbLIS MAalOTh
L

CIIUIbHUHN HanpsiMOK 3 BicCto Oz (OAUHUYHHUM BEKTOPOM k), ToOTO dE 1= kdE/

Toni
L
Tomy, 1m0
dE = y wl ~, r=yR*+(R/2)* =5R/2, cosa=(R/2)/r=1/5, 1O
TE ¥
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1 4t wdl
dE, = : dl = .
"ame, SRS 545me R

Takum ynHOM:

27R
E—k I dl : k. 2T .

31 CHIBBIIHOIIEHHS Q = 27Rt BU3HAYMMO PaAlyC KUIBLS: R =Q/277 -

Toni

212nt drr?

Moynb HanpyKEHOCTI:
2
B=T
55800

IlepeBiprMoO, 4M Jla€ MpaBa YacTUHA OTPUMAHOI PIBHOCTI OJIUHUIIIO

HarpyxeHocti (B/m):

2] kP 1K B/
e ][0] 1@/m 1Kn 10 1w '

Bupazumo @¢i3uuHi BenWyWHU, 1O BXOAATH 10 (opmymu (1), B

omnauirax CI
(= 510° Kn, 0=410° Kne =88510" @/Mm) i 3pobumo
OOYMCIIEHHS:

-8
_ 4><3,14><(51;<10 )Z 8(B/M):7’92 (kB / m).
5/5x 8,85 x10 72 x  4x10°

E

Ipuxknax 6. JIBI KOHUEHTPUYHI MPOBIIHI

chepu pamiycamu R;=6 cm 1 R,_10cM HecyTh

BianoBiaHo 3apsaau Q=1 vKn 1 Q,= -0,5 uKu.
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3HaliTh HanpykeHicThb E mojs B Toukax, 110 BIJICTOSITH BiJ LIEHTpa cdep Ha
BiICTaHAX r=35 cM ,1=9 cMm, r3= 15 cm. [loOynyBatu rpadik E(7).

Po3p’sizok . IlomiTuMO, 10 TOYKH, y SKHUX TMOTPIOHO 3HANUTH
HAIPY>KEHOCTI E€JIEKTPUYHOIO TOJIs, JIeXaTh Y TpboX obnactsax (puc. 6)
obumacti I(r; - Ry), obnacti II (R, - r;- R,), obnacti Il (75 - R,).

1. dns Bu3HaueHHa HanpyxeHocTl E; B o0nacti I mpoBeneMo rayccoBoi
MOBEPXHI S; pajJilycoM 7| 1 CKOpUCTaeMOcCs Teopemoro OcTporpaichbkoro-
l"aycca:

§E,dS =0,
S2

(ToMy, IO CyMapHUM 3apsij, SKUM € BCEpPEuHI TIayCCOBOI TMOBEPXHI,
JOPIBHIOE HYJIO). 3 pO3yMiHb CUMETPIl E, = E; = const. MAEMO,

S

ne E; (HanmpyxeHicTh moJisi B obJsiacTi /) y BCiX TOYKax, IO BiANOBIJIAIOTH
yMOBI 7; - R;, Oy/ie IOp1BHIOBATH HYIIIO.

2. B o6nacTi II rayccoBy MOBEPXHIO TPOBEAEMO PAAIYCOM 75, Y LIbOMY
pasi

§EndS :Q1/809
S

(TOMy, 110 yCEpEANHI raycCcoBOi MOBEpXHi € jutie 3apsia Q).
Tomy, o E, = E = const, TO MOKHA BUHECTH 3a 3HAK 1HTErpaja:

E§dS=Q, /gy, un ES, =0, /¢,
AYS

[To3naunBum HanpysxkeHicTh E g oomnacti 11 uepes E,, onepkumo:
Ey =0,/(¢052),

ne S, =4mws - Iiolma rayccoBoi mosepxHi. Tomi
2 2

By =2 ()

>
4dreor;

22



3. B oOnacti IIl rayccoBa TOBEpPXHS MPOBOJUTHCS PaIlyCoOM 73.
[Toznaunmo HamnpyxeHicTs E obnacti 11T uyepe3 E; 1 Bpaxyemo, 110 B LIbOMY
pa3i rayccoBa MOBEPXHS OXOILIIOE 00MABI cepH 1, OTKE, CYMapHUM 3apsnl
OyJe TopiBHIOBATU
0; + 0. Tomi

4dregr;

[TomiTuBIM, W0 Q; - (), Uek BUpa3 MOKHA MEPENUCaTH y BUTIIAII

_ Ql + ‘Qz‘ ‘ (2)

Ej 5
47[80]"3

ITepexkoHnaemocsi B TOMy, 110 IpaBa yactuHa piBHocTed (1) 1 (2) mae

OJIMHUITIO HAMIPY>KEHOCTI:

o W,

[80] |_r2J_ 1D/ ux1n® 1@x1m

Bupasumo Bci BenuunaM B oguHUIsx CI (Q1=10'9 K, QQZ—O,S‘IO'9 K,
r1=0,09 M, ,-0,15 M, 1/(47580)=9‘109M/(b) 1 3pOOMMO OOYHUCIICHHS:

10 °
(0,09)*

E,=9-10° B/m=111B/ u;

Exgm A

. 1-0,5)107
E.=9-.10° (9—
! ’ (0,15)

L [Tooynyemo rpadik E(r). B obnacTi
¢ Rk r I(r; - R)) E=0, B o6macti I (R, - r>- R»)

B/ m=200B/ m.

. 2 .
E,(r) 3miHIO€TBCS 3a 3akoHOM 1/ 7°. ¥V Touli

r=R, Hanpy>XE€HOCTI
Ex(R)=E,(R) =0,/ 4msyR} =2,5¢B/ m.
VY Touui =R, (r nparue 10 R, 1iBopy4)

E,(R,) =0, /4ne R5 =0,9(kB/ m).
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B o6macri III (75 -R,) Es(r) 3MiHIOETBCSE 32 3aK0HOM 1/ 77, IpUUOMYy B

Toulll =R, (r nparue A0 R, mpaBopyy)

Es(R) =0, |0,|/4meyR5 =0,45kB/ m..
Takum unHoMm, QyHkuig E(7) y Toukax »=R; 1 =R, TepIuUTh pO3pPUB.
I'padik 3anexnocti E(r), mogano Ha puc. 7.

Hpuxaang 7. ToukoBuit 3apsgy (O=2582Kn nepebyBae y 1o,
CTBOPEHOMY TPSIMUM HECKIHUCHHMM LWJIIHAPOM paalycoM R=lcwm,
pIBHOMIPHO 3aps/UKeHMM 3 MOBEPXHEBOI ryctuHol 0=0,2 nK/cm .
Busnauutu cuty F, 110 Jii€ Ha 3apsij, KO HOTo BIJICTaHb Bij BiCl HWJIIHAPA
r =10 cm.

Po3B’s130K. 3HaueHHs cuid F, 10 Ai€ Ha TOYKOBUM 3apsia O, 10 € Y
M0JTi, BU3HAYAETHCS 32 (OPMYJIIOH0

F =QE, (1)
ne E - HanpyXeHI1CThb MOoJsl.

Ak BiIOMO, HaANpPYXKEHICTh MOJS HECKIHYEHHO JOBIOTO PIBHOMIPHO
3apsHKEHOTO HWTiHApPA

T

E= ,
2reyr

(2)
7ie T — JIIHIHA TYCTHUHA 3apsay.

Bupaszumo IiHIHY TYCTHHY T 4Yepe3 IMOBEpXHEBY T'yCTUHY G. s
IIOI0 BUIIJIUMO €JIEMEHT IUJIIHApPA JOBXKUHOK [ 1 BUpa3umo 3apsia O, 1o €
Ha HbOMY, JaBoMa criocobamu: Q=o5=o27nRl, Q=1l. TlopiBHSABIIM MpaBi
YaCTUHU IUX (OpMyJ 1 CKOPOTHUBIIM OTPUMAaHy PIBHICTh Ha [/, 3HailIeMO
1=627R. 3 ypaxyBaHHAM 11b0ro Gopmyia (2) npuiiMae BUrsin E = Ro/(gyr).
[TincraBuBim Bupas E'y (1), onepxxumo

F =QRo/(gyr).
3poOuMO OOUYUCTICHHS:
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-8 -6
F:2’5 107 -2-10

2.85.102 .10 (H)=5,65-10"(H) = 565(uxH).

Cuna F 30iraetbcd 3a HaAOmpsIMKOM 3 HaNpyXeHICTIO F, 10 4epes
CUMETPII0 (LWIIHAP HECKIHYEHHO JOBIMH) NEPHNEHIUKYJSIpHA IOBEpPXHI
UJITHIpA.

Ipuxnan 8. I[lo TOHKINA HUTI, BUTHYTIH MO y31 KOja, PIBHOMIPHO
PO3MOJUICHUHN 3apsaa 3 JiHINHOK TycTHHOIO T=10
HKI/M. BuzHaunt HanpyxeHicTh £ 1 mOTeHI1al ¢
EJIEKTPUYHOTO noJI, CTBOPEHOTO TaKuM

PO3MOJIICHUM 3apsiIoM y TOYIll, 10 301raeThecs 3

[IEHTPOM KpUBU3HU JyTru. JloBkWHA [ HUTKH

CTaHOBUTH 1/3 MOBX)WHM KoOJIa 1 JOPIBHIOE 15 cMm.

Puc.8

Po3B’s130k. Bubepemo oci koopauHAT Tak, 1100
MOYaTOK KOOPJAMHAT 30iraBcs 3 LIEHTPOM KPUBHU3HU AyTH, a Bick Oy Oyna 0
CHMETPUYHO PO3TAIllOBaHA IIOAO0 KiHIIB Ayrd. Ha HUTIIl BUAUIMMO €JIE€MEHT
noBxkuHu dl (puc. 8). 3apsia dQ=1d/, 0 € Ha BUAUICHINA AUISHII, MOXHA
BBa)KaTH TOYKOBUM. BU3HAUMMO HAIPYy>KEHICTh €JIEKTPUIHOTO IO B TOYIT
O. lng uporo 3HAWIEMO CIOYATKy HaNpyXKeHICTb dE 1ojsi, CTBOPEHOIO
3apsizioM dQ:

ag——_.r
r

4rg 1’
1€ r - paalyC-BEKTOp, CHPSIMOBAHUU BijJ eleMeHTa d/ 10 TOYKH, y SKid
OOYHMCITIOETHCS HATIPYKEHICTh.
Bupasumo Bektop dE 4yepes npoekuii dE, 1 dE, Ha 0C1 KOOPUHAT:
dE =1idE, + jdE,,
1€ 1, j - OAMHUYHI BEKTOpU HamnpsMKiB (optH). HanmpykeHicTs E 3HaiiieMo

IHTETPYBAHHSIM:

25



E=[dE =i[dE, +j|dE,.
/ / /

[HTerpyBaHHs BeIEThCS Y3J0BX AYyrM AOBXHHOIO /. Uepe3 cuMerpiio

[dE. =0.Tom
!
E=j[dE,, (1)
!

e

dEy=dEcoc =dllcos /(471(%7"2 ) Tomy, 110 r =R =const, dl=Rd9, TOAI:

3 -c0s 8.
Are R dreyR

ITincraBumo Bupas dE, B (1) 1, Oepydyun 10 yBaru CHMETpUYHE
po3ramyBaHHs qyru mona0 oci Oy, Mexi iHTerpyBaHHs Bi3bMeMo Big 0 g0

7/3, a pe3yabTaT HOABOIMO:

E=j—Af3. (2)

3 wmiei ¢opmMynu BHAHO, IO HANPYKEHICTh MOJS 3a HANPSIMKOM
30iraeThes 3 Biccro Oy.
3HaliieMo moTeHIian enekTpuuHoro moyisi B Touli O. Croyatky
3HalIeMo noteHiian dg, CTBOpeHUu TOUKOBUM 3apsijioM dQ y Tourli O:
do =1dl/(4meyr).
3aMiHUMO 7 Ha R 1 MPOBEIEMO 1HTETPYBaHHA:

T ! 7l

= dl = .
v 47r80R£ 4me o R

Tomy, mo /=2zR/3, TO
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¢ =1/6¢. 3)
3pobumo obuucieHHs 3a popmynamu (2) 1 (3):

101,73

k= 12
6-855-100°-0,15

B/ m=2]18xB/ m.

1078

= 6885107 B =188B.

¢

Ipuxknax 9. Ha ToHKOMY cCTepxHI JOBXUHOW [ € PIBHOMIPHO
po3noAUIEHUH 3apsij 3 JiHIHHOW rycTuHO T=108Ki/M. 3HalTH moTeHian
¢, YTBOPEHHI PO3MOAUICHUM 3apsAJIOM y TOYlll A, pO3TallOBaHOI Ha OcCi
CTEp HS 1 BIJIJIaJICHOI Bl HOro HalOJIMKYOTO KIHIIS Ha BIJICTaHb /.

Po3B’s130K. Y 3a7a4l po3IISLIAETHCS T0JI€, YTBOPEHE PO3MNOJILICHUM

3apsIOM. v IbOMY pasi
o . x ; _dx
BUKOPHUCTOBYIOTh Takuii croci6. Ha = o
T
CTEpKHI BUAUIAIOTE Majly IUISHKY A7 = >
JIOBXXUHOIO dx. Toml Ha MKW AUISHIN { - ! N
Oyne 3ocepemxeHuit 3apsia dQ=1dx, Prc.9

AKAA MOYKHA BBaXaTH TOYKOBUM.
[Torenuian d@, yrBOpeHH LM TOYKOBUM 3apsiaioM y Toull A (puc. 9)

MOKHA BU3HAYUTH 3a (OPMYJIOIO

J - dQ  wx
dregx  Ameyx

BignoBigHo A0 NOPUHIMIY CYNEPHO3ULIi  E€JIEKTPUYHUX  IOJIIB,
NOTEHI[1aJl €JEKTPUYHOTIO OIS, YTBOPEHOTO 3aPSIIKEHUM CTEPKHEM Y TOUII
A, 3HailIeMO IHTErPyBaHHS L[LOTO BUPA3Y:

_21 wdx r Ay

g0_147&90x_47rg0 ] x|

BukoHaeMo iHTErpyBaHHS:
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T T

2/
Inx|= In2.

- drey 1 4mg,
IlizcTaBuMO 4McIOBi 3HaueHHs ¢isuunnx Bemmund y CI (t =10107
Ki/m 1/(41e)=9" 10°M/®), i 3p06uM0 0GUnCICHHS:
©=9-10°-10-10" - 0,693B = 62,4B.

Hpuxkaaxy 10. Ha mractunax

IJIOCKOTO KOHJIeHcaTtopa € 3apsag (O=10 fE } | A
_0 — — — —_——— —
K. Ilnoma S KOXHOI IUIACTUHH *F
a 1 ]+ F1F]F
KOHIeHcaTopa jopiBHioe 100 o, Y +E * t Y

TIEIEKTPUK - MOBITpA. BuU3HauuTu cumy
F, 3 $KOIO MPUTATYIOTHCS IUJIACTUHHU.
[Tone MK MJIACTUHAMH BBaXKaTU OJTHOPI1THUM.
Po3p’si3ok. 3apsg () onHi€l UIACTMHM TiepedyBae B MOJi
HaIPY>KEHICTIO E, CTBOPEHOMY 3apsJIOM 1HINOI IUIACTUHU KOHJAEHCAaTOopa.
OTtxe, Ha nepimuii 3apsia aie cuia (puc. 10)
F = Q /| E. (1)
Tomy, 110
E=0/(2¢y)=0/(2¢,9),
1€ O - MOBEpXHEBa I'yCTUHA 3apsiy IUIACTUHHU, TO dopmyna (1) mpuiime
BUTJISL;
F=0%/(2¢,9).
BukoHaemMo 00UMCIICHHS:

1016
2.885.10712.1012

F H=56510"(H)=5650¢é[ ).

Hpuxaang 11. EnexkTtpuuHe 1o0j€ CTBOPEHE JMAOBIHUM LIJITHIAPOM
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pagiycom R=1 cM, pPIBHOMIPHO 3apsAKEHUM 3 JIHIMHOI TYCTHHOIO
1=20uKn/M. Bu3HauuTH Pi3HUIIO MOTEHINIAIIB ABOX TOYOK I[HOrO MOJISI, 1110
nepedyBaroTh Ha BiacTaHl @;=0,5 ¢cM 1 @,=2 cM BijJ MOBEpXHI LWIIHJpA, Y
CepeHIN Moro 4acTHHI.

Po3B’s130k. JJisi BU3HAYEHHSI PI3HUII TOTEHIIATIB CKOPUCTAEMOCS
CIIBBITHOIIEHHSM MIK HaIPY>KEHICTIO IOJISt 1 3MIHOIO
noteHuiany: £ = —grad ¢ . JI5is 110751 3 OCbOBOIO CUMETPI€I0, SIKHUM € TOJIe
IWJIIH/IPA, 11€ CHIBBITHOIIIEHHS MOXHA 3allUCaTH Yy BUTJISIL

g-.49
dr

b

ne do=-FEdr.
[HTerpyroun 1ei Bupas, 3HaANUAEMO PI3HUIIO MOTEHIIATIB JIBOX TOYOK,
10 nepedyBaroTh Ha BIJICTAHSIX 7 1 7, B1JI BICI LIMUTIHApA:
)
@ — ¢, == Edr. (1)
n
Tomy, 10 HUIIHAP AOBIMM 1 TOYKHM B3SITI MOOJM3Yy MOro cepeaHboi
YaCTUHHU, TO JUISI BHUpa3y HANPYXKEHOCTI IMOJsS MOXHAa CKOPHUCTATUCS
GbopMyJIOI0  HANPYKEHOCTI TMOJig, CTBOPEHOr0 HECKIHYEHHO JIOBTUM
IUAJITHIPOM:
E =7 /Q2negyr).

[TinctaBuBiu Bupas E B (1), ogepxumo

1 2dr T 7y
?P1 =0 :_2 _:_2 -
TCSO " r TCSO I"l
qnu
T 7
O =Py =— -in—
27[80 1’1

3poOuMO OOYMCIICHHS, 3 OIISIAYy Ha T€, IO BEIWYUHHU 7| 1 7p, IO
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BXOAATh 10 (opMmynu (2) y BUIUISAL BIIHOUIEHHS, MOKHAa BHUPa3UTH

cantumerpax (=R + a;=1,5 cm, =R + a,=3 cm):

o -, =210%.18-10°.1nG/1,5 =3,6-107- 23-In2B=250B.

Hpuxknaxy 12. EnektpuuHe
MOJIE CTBOPIOETHCS JIBOMA 3apsijiaMu
O=4mxkKn 1 O,=-2mMxKn, 1o
nepeOyBaroTh Ha BijacTtadi a=0,1 m
OJIMH Bij ogHOr0. Bu3Hauutu podoTy
A;, cul moias MO TEPEMILICHHIO
sapsay O=50 K 13 Touku 1 y Touky
2 (puc. 11)

Po3B’si30k. J[J11 BU3HAYEHHS poOOTU A;, CHUI TOJA CKOPUCTAEMOCS

CHIBB1IHOIIECHHAM

Al,z =0(p, — ;)

3aCTOCOBYIOUM  NPUHIUIT ~ CYNEPHO3ULIl  E€JIEKTPUYHUX  TOJIIB,

Puc.11

BU3HAYUMO MOTEHIIATIN @ 1 ¢, TOUOK | 1 2 mosst:

0, 20+ 0))

= + =
i drega2  4megan2 4nega

b

O, :Ql\/E“LQz

= + .
47r60a\/§ Arnega  4megal?2

4, =2 (0 +0,)-(0/v2+0,)]

o,
o O
Toni
4drega
qu

Al,z =

2—%)+Q2}

[TepeBiprmo, uu Ja€ MpaBa YaCTUHA PIBHOCTI OAUHUIIO podoTH ([xk):
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lollo] _ 1Kax1Kn _ 0 o
ey l[a] 10/ mxiy X 1B =1

IligcraBumo 4ucioBi 3HaueHHs bismunnx BeamunH y CI (0=5010" K,
0,=410°Kn, 0,=210° Ku, a=0,1 m, 1/(4ney) =910° m/®) i 3pobumo
OOYHMCIICHHS:

A, = 50'10_;1'9'109 l4-(2-1/42)- 2] 107 Zwe =14 330 100c.

b

Hpuxnan 13. BuzHauntii pUCKOPIOIOYY PI3HULIIO TOTeHUIamB U, sKy
NOBMHEH MPONTH B €IEKTPUUYHOMY MOJII €IEKTPOH, 110 Ma€ MBHAKICTb L=
10° m/c, 1106 MBHAKICTH fOro 3pocia B n=2 pasH.

Po3B’s130K. Pi3HMIIO TOTEHIadiB, 10 MPUCKOPIOE, MOXXHA 3HAWUTH,
oOuncnuBIIA  po0OTY A cun  enekrpocrtatuyHoro mnois. L poOora
BU3HAYAETHCA JOOYTKOM €JIEMEHTAPHOTO 3apsily € Ha PI3HULIIO MOTEHIialiB
U:

A=e-U (1)

Po6oTta cui eaeKTpoCTaTUYHOTO MOJs B JAHOMY pasi JOPIBHIOE 3MiHi

KIHETUYHOI €HEPrii eJIEKTPOHA:
2 2

ne Ty 1 T, - KIHETUYHA €HEPTis €JIESKTPOHA JI0 1 MICHs MPOXOKEHHS MOJIA, 1110
OPUCKOPIOE; m - Maca €JIEKTPOHa; Ly 1 L, - MOYATKOBA 1 KIHIIEBA HOro
IIIBUJIKOCTI.

[TopiBHsIBIIM TIpaBi yacTuHU piBHOCTEH (1) 1 (2), oTprMaemo

2 2 2.2 2
n’le n’lUl _mn Ul n’lUl

2 2 2 2

eU =

b

e n=0,/v;.

3BIJICH LIYKaHY Pi3HULIIO TOTEHI1aJIIB OTPUMAEMO:
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_inuf-(nz—l)

2-e
3poOUMO OOUYHCIICHHS:
Ix1 -31 1 6,2
p = 2107 x( ?9) (22 1) = 8,53(B).
2x1,6x10°
[ .
] |
| |
Ipukaan 14. 3 MIOBEPXHI N A — g
| A
HECKIHYEHHOTO PIBHOMIPHO 3apsi>KEHOTO ﬁ;ﬁl — '

(=50 uKn/M) npsiMOro uuiIiHapa BUJIITAE L
o - yacTuHKa (Vy=0). BU3HauUTH KIHETUUHY Puc.12

eHeprito 7, o- yactuHku (keB) y Toukax 1 1 2 Ha BijgcTani 8R BiJ MOBEPXHI
nuiiHapa (puc. 12).

Po3p’si30k. ToMy, 1m0 CHIH €IEKTPOCTATUYHOIO TMOJSA €
KOHCEPBATUBHUMHM TO, JiIsi BU3HAYCHHS KIHETUYHOI €HEprii o.- YaCTUHKHU B
TOUIll 2 CKOPUCTAEMOCS 3aKOHOM 30€pEeXEHHsS €HEprii, 3anucaHoMmy Yy
Buriisial £,=FE,, ne E| 1 E, - CIOBHEHO1 eHeprii o.-4acTUHKHU B Toukax 11 2.
Tak sixk E;=T,+U,; i E;=T,+U, (T} 1 T, - KIHETU4H1 €HEPrii o, -4acTUHKU; U 1
U, — moTeH1iitH1), Toa1, 3 oryisiay Ha Te, mo T;=0 (vy=0), MmoxxHa 3anucaTu
U;=T,+U,, 3Bigku T,=U, —U, =0(p, —¢,) (O - 3apsan - YaCTUHKH; @) i @; -
MOTEHIlIaJIM TOYOK 1 1 2).

BukopucrtoBytouu pimeHHs npukiany 11, 3anumemo:

T 1% T
qn’2 =

=Py = -In9.

2, R 27E,

Bupasumo Bci Bemnunnau B oauHULsX CI
(Q=21,6010" Ku, 1=5010" Kn/m, 1/Q2meg)= 1810° m/®) i 3pobumo
O0OUYUCIICHHS

(1/(1,60'10"") — koeoirient nepexnany 3 Ik B eB):
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2:1,60-107.50-107°
1,60-107"

T, =18-10° x x 2,20 = 3696(keB).

Hpuxnan 15. Kounencatop emuictio C1=3 Mx® OyB 3apsKE€HUN 10
pizHuil noreHuiamiBs U;=40B. Ilicns BIAKIIOYEHHS BiJ JKepena CTPyMy
KOHJICHCATOP 3'€/IHAIM MapajesbHO 3 1HIIUM HE3apsKEHUM KOHJIEHCATOPOM
emHicTIO C,=5 MK®D. fka eHepris W BUTpaTUThCS Ha YTBOPEHHS ICKpHU B
MOMEHT NIPUETHAHHSA IPYTrOro KOHIeHcaTopa?

Po3B’s130k. EHepris, BuTpaueHa Ha yTBOPEHHS ICKpHU

W =W, —W,, (1)
ne W; - eHepris, Ky MaB MEepPIINM KOHAECHCATOP A0 MPUEIHAHHS JO HHOTO
ApYroro KoHjaeHcaropa; W, - eHepris, mo Mae Oartapes, CKJIaJeHa 3 JABOX
KOHJICHCATOPIB.

EHepris 3apsa15KeHOro KOHIEHCATOpa BU3HAYAETHCS 3a (DOPMYJIIOIO

_CU?
2

/4 : (2)

ne C - eMHICTh KOHAEHCATOpA YM OaTapei KOHIEHCATOPIB.

Bupasusiiu 3 popmynu (1) eneprii W, 1 W, 3a ¢popmyioro (2) 1 6epyuu
70 yBarv, II0 3arajbHa €MHICTh MapajelIbHO 3'€IHAaHUX KOHACHCATOPIB
JIOPiBHIOE CYM1 EMHOCTEN OKpPEMUX KOHJIEHCATOPIB, OACPKUMO

1 1
W=—CUF =—(Ci+ Cy)Us, 3)

ne U, - pi3HUIIA MOTEHITIAIB Ha 3aTUCKaX OaTapei KOHACHCATOPIB.

3 ypaxyBaHHSIM TOro, IO 3apsii IMICAsA TPUETHAHHS APYroro
KOHJICHCATOpa 3IUIIMBCS TaKUM K€, BUPA3UMO PI3HUIIIO MOTeHIaniB U, y
TaKui c1ocio:

0 _ qu

- o= . 4)

U,
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[TincraBuBim Bupazu U, y (3), 3HaitaemMo

:ClUlz_(C1+C2)C12U12 - W—l GG, U12

W , =
2 2(C +C,)? 2C, +C,

3poOUMO OOUYHMCIICHHS:

-6 -6
w=L3 106 >-10 = +1600 = 1,5(1 orc).
23.10°+5-10"

Hpuxaan 16. IloreHmiomerp omopom L\

L — B

R=1000M miakmroueHuit no Oartapei 3 EPC

{]--1—

Puc.13

&=150B 1 BHyTpimHIM omopoM R=500m.
Busnauntu:

1) mokazanHsi BojibT™METpa onopoM R;=5000mM, 3'€THaHOTO 3 OJIHIEIO 3
KJIEM TOTEHI[IOMETPa 1 PYXJIMBUM KOHTAKTOM, YCTAHOBJIEHUM IOCEpPEANHI
MOTEHIIIOMETPA;

2) pI3HULIIO MOTEHIAJIB MK THUMH X TOYKaMM IOTEHIIIOMETpa MpH
BIJIKJIFOUCHH1 BOJIbTMETA.

Po3B’s130k. 1. [lokazaHHs BOIbTMETpA, MIAKIIOUYEHOTO 10 TOUoK A 1 B
(puc. 13), Bu3Hauumo 3a Gopmysioro

Uy = I5LiRy,
1e R; - onip napasnenbHO 3'€JHAaHUX BOJIBTMETPA 1 MTOJIOBUHU MOTEHIIOMETPA;
[, - cymapHa cuia CTpymy B Taily3siX IbOrO 3'€JHaHHS (BOHA JOPIBHIOE CHUIII
CTPYMY B HEpO3Tay>KEeHI1! YaCTHHI JIAHIIOTA).
Cuny ctpymy /; 3HaiiaemMo 3a 3ak0HOM OMa T TOBHOT'O JIAHITIOTA:

Ii=¢/(R,+R), (1)
ne R. - omnip 30BHILIHBOTO JaHIora. I{ei omip € cyma 1BoX OIMopiB:

R, =R/2+R,. (2)

Omip R, 3HaiiemMo 1o GpopmyJii mapajiebHOro 3'€JHaHHS TIPOBIIHUKIB

34



1 1 1 . R-Ry,
—=—+—-,3BLATH  Rj=———.
R, R, R/2 R+2Ry,

[TincraBuBim B (1) Bupa3 R, no (2), 3Haiiaemo

&
R/2+R+R

I

Y naHoMy pasi po3B’S30K 3ajayl B 3arajJlbHOMYy BUIISAI Oyio O
rpoMi3akuM. ToMy 3py4HO OOUHMCIIEHHS BETUYUH 3pOOUTH OKPEMO:

500-100

| =————=45,5(0m);
100+ 2-500
50+45,5+50

U,=1,03-45-5=46,9(B).

2. Pi3HULS TOTEHIIANIB MDK TouykamMu A 1 B mpu BiakiItoueHOMY
BOJBLTMETP1 JOPIBHIOE JOOYTKY CWIM CTpymMy [, Ha TMOJOBUHY OMOPY
MOTEHIIIOMETpa:

Uy,=1,-R/2, 3)
ne I, — cuma cTpyMy B JAHIO31 IIPU BiAKIIOYEHOMY BOJIBTMETpi. Ii
BU3HAYUMO 32 (POpMYJI0I0
I, =¢/(R+R).
[TincraBuBium Bupas I, y (3), 3HaiinemMo
U,=¢/(R+R;)-R/2.
3poOUMO OOUYHCIICHHS:

_ 150 100
100+50 2

U, =50(B).

Hpuxnan 17. Cuna ctpymy B npoBigHUKY onopoM R=20 Om 3pocTae
npoTsrom 4vacy Ar=2c 3a miHiIAHUM 3akoHOM Bia [p=0A no [,-6A (puc.14).
Busnauutu Temnory (), Mo BUALIWIACA B I[bOMY MPOBITHUKY 3a MEPIIY

CEKYHIY, 1 0> - 3a IpyTY, a TAKOX 3HAUTH BiAHOMEHHS Q0.
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Po3p’s30k. 3akon Jixoyms-Jlenna y Burmami O=IRf crpaBeuInBHit

JUIsl TIOCTiMiHOTO CTpymy (/=const). Skmio x

1,4 : :
cuja CTPyMY B IPOBIJHUKY 3MIHIOETHCS, TO
6
3 3aKOH 3a3HAYEHUM HECKIHYEHHO Malui
0 7 7 i c 1HTEpBANl 4acy 3alMCYETHCS Y BUTIIAL

Puc.14 dQ = I’Rdt, (1)

ne cujia ctpymy I € nesikoro (pyHKIIi€er yacy. Y gaHoMy pasi
I =kt, (2)
ne k - xoe(dilieHT TpPOHOPUIMHOCTI, L0 XAPAKTEPU3YE IIBUIKICTH 3MIHU

CUJIM CTPYMY: k :% :gA/C =34/c.

3 ypaxyBaHHsM (2) dopmyna (1) maTumMe BUTIIS
dQ = k*Re*dt . (3)
JI1s1 BU3HAUCHHS TEIJIOTH, 1110 BUAUIMIIACS 3a KIHLIEBUM IHTEPBAJ 4acy
At, Bupa3 (3) Tpeba npoiHTErpyBaTH B MeXax BiJ ¢ 110 f,.
2 1 33
O=k2R [t2dt = Esz(zf2 —17).
g

3poOUMO OOUYHCIICHHS:
0, = % -32.20(1 = 0) Jorc = 60 [Jore.

0, = % -32.20(8 — 0) [oic = 420 [nc.

BIJIMIOBIIHO 3a JAPYTY CEKYHAY BUIIIUTHCS TEIUIOTH B CIM pa3iB OljbIIeE,

42
Q2_ 0_7

HDXK 3a [epury. —==—=
pury 0~ 60

1.3. 3agauvi Aj1s1 CaMOCTIMHOTO PO3B’SA3KY
1. JIB1 KyJbKM Macor m=1 T KOXHa MiABIIICH] HA HUTKaX, BEPXHI KiHIII

aKkux 3'eqHaHl pazoMm. JloBkuHa KokHOI HUTKM |=10 cM. SIki oJHaKOBi

36



3apsiU CIIJT HAJATH KyJbKaM, 1100 HUTKHU po3idnuiucsa Ha KyT a=60°? [79
HK1]

2. Bigcranps Mixk 3apsgamu Q;=100uKu 1 Q,=-50 uKin nopiBnroe d=10
cM. Busnauutu cuny F, mo nie Ha 3apsa Q;=ImkKun, skuii nepeOyBae Ha
BijicTaHl Ha r1=12 cM Bif 3apsanay Q, 1 Ha r,=10 cM Bifg 3apsay Q,. [S1mMH]

3. ToHkuN NOBruil CTEp>KEHb PIBHOMIPHO 3apsIKEHHUN 3 JiHIHHOIO
ryctuHoro 1=1,50Ki/cm. Ha nipoioBkeHH1 Oci CTepkHS Ha BijcTaHl d=2 cM
B1J1 HOTO KiHIIA 3HAXOAUThCA ToukoBUM 3apsaa Q=0,2MkKi. Buznauutu cuiny
B3a€EMO/I11 3apSAJIKEHOT0 CTEPAKHS 1 TOUKOBOTO 3apsay. [2,25MH]

4. JloBruil npsiMHil TOHKHUI IPIT Ma€ PIBHOMIPHO PO3MOIIJICHUN 3apsil.
OO0uMCAUTH JHIMHY TYCTUHY T 3apsay, SKIIO HAMpYKEHICTh MOJid Ha
BizacTani 7=0,5 M Bi1 ApoTy npotu Koro cepeaunu E=2 B/cM. [5,550K/M]

5. 3 sKOW CWIOW, 10 NPUXOAUTHCA HA OJUHHUIIO IUIOINII,
BIIIITOBXYIOTHCSL JIBI OJIHOMMEHHO 3aps/IKCHI HECKIHYEHHO MPOTSIAKHI
IJIONIMHU 3 OJIHAKOBOIO ITOBEPXHEBOIO T'YCTHMHOKO 3apsaay G=2 MKKi/m™?
[0,23 H/m’]

6. SIky mpucKoprovy Pi3HULIIO NoTeHIIaniB U Mae MpoONTH €IEKTPOH,
00 ojepxkaTu MBUAKICTE V =8 Mm/c? [182 B]

7. 3apsia pIBHOMIPHO PO3MOAIICHUN 1O HECKIHYEHHIM IUIOMIMHI 3
OBEPXHEBOI0 IycTHHOK o=10HKn/M°. BH3HAUMTH DIi3HHIIO MOTEHIATIB
JIBOX TOYOK IOJIS, OJIHA 3 AKUX TepeOyBae Ha IUIOLIMHI, a 1HIIA BiJJajieHa
B1J1 Hel Ha BiAcTaHb a=10 cm. [56,6 B]

8. EJeKTpOH 3 MOYaTKOBOIO MIBUKICTIO V=3 MM/C BIIETIB Y OJHOPIJIHE
eJeKTpUUHe moJjie HamnpyxkeHicTio E=150B/m. BekTop moyaTkoBoi
IMIBUJKOCTI MEPIEHIUKYISIPHUNA JIHISAM HAMPY>KEHOCTI €JIEKTPUYHOTO MOJIA.
Busznauntu: 1) cuwiy, mo Jl€ Ha €JIEeKTPOH; 2) MNPUCKOPEHHS, IO
3100yBa€ThCA €IEKTPOHOM; 3) MIBUJAKICTH elieKTpoHa uepe3 t=0,1 mkc. [24
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aH; 26,4 Tm/c*; 4 Mwm/c]

9. 1o 6artapei 3 EPC ¢=300 B miak:1toueHo JiBa IJIOCKUX KOHAEHCATOPU
emHocTsiMU C;=2 n® 1 C,=3 n®. Busznauutu 3apsg Q 1 Hanpyry U Ha
IUIACTUHKAaX KOHACHCATOPIB IIPU MOCIIIIOBHOMY 1 NapajeibHOMY 3'€ THAHHSX.
[1) 0,36 uKu; 180 B; 120 B; 2) 0,6 uKo; 0,9xKut; 300 B]

10. Kounencatop emuictio C=600 nd® 3apsauiau 10 pi3HUII
noteHmianie U;=1,5 kB 1 Biakmouwnu Bia jxepena Hanpyrd. Ilotim 1o
HbOIO TMapajelbHO NPUEAHAIA HE3aPSHKEHUN KOHIEHCATOp €MHICTIO
C,=400 n®. BuszHauWTH €HEPri0, BUTPAUYECHY Ha YTBOPEHHS I1CKpH, IO
MPOCKOYMJIA MPpH 3'€JHAHHI KoHieHcaTopiB. [0,27 M/[x]

11. Ha KiHIX MIZHOTO APOTY JMOBXKHHOKW [=5 M MIATPUMYETHCA
nanpyra U=l B. BusHauuty ryctuny crpymy B apori. [1,18107 A/m’]

12. Pe3suctop onopoM R;=5 OM, BOJIBTMETP 1 JHKEPEIIO CTPYMY 3'€JHAHI
napanenbHo. Bonetmerp mnokaszye nHampyry U;=10 B. Skmo 3aminutu
PE3UCTOP IHIIKUM 3 ONOpPoM R, =12 OmM, To BoabTMETp mokaxe Hamnpyry U,
=12 B. Busnauutu EPC 1 BHyTpimHii omip mkepena ctpymy. CTpymoMm
yepes BOJIBTMETP 3HeXTyBaTu. [ 14 B; 2 Om]

13. Bu3HaunTH €NEKTPUYHUM 3apsif, 110 IPOUIIOB YEPE3 MONEPEUHUN
nepepi3 apoty onopom R=30M npu piBHOMIPHOMY HapOCTaHHI HANpPyru Ha
kiHigx nposigauka Big U;=2B no U,=4B npotsirom t=20 c. [20 K]

14. BuzHauuTu Ccuiay CTpyMy B JIaHIIO31, IO CKJIAJAETHCS 3 JIBOX
enemenTiB EPC: €,=1,6B 1 &=1,2B 1 Bayrpimnimu onopamu R; =0,60m 1 R
»=0,40m, 3'eqHaHKX OJJHOMMEHHUMHU T1oJirocaMu. [0,4 A

15. TanbBaHIYHUN €JIEMEHT Ja€ Ha 30BHIMHIN omip R;=0,50M cumy
ctpymy 1;=0,2A. k1o 30BHINIHIN omip 3aMiHUTH Ha R,=0,80M, TO €leMeHT

nae cuiry ctpymy 1L,=0,15A. BuzHauntu cuity CTpyMy KOPOTKOIO 3aMUKAHHS.

[0,45 A]
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16. Jo mxepena crpymy 3 EPC=12B npuennane HaBaHTaXCHHS.
Hanpyra U Ha kiieMax Jpkepena crajga npu 1bomy piBHOI 8B. Buznauutu
KKJI mxepena crpymy. [68%]

17. 30BHINHINA JAHIIOT JKEpenaa CTPyMy CHOXKHUBA€ MOTYKHICTb
P=0,75BT. BuzHauutu cuiy ctpymy B JiaHito3i, sikimo EPC mxepena ctpymy
€=2B 1 BHyTpimHi# omip R=1 Om. [0,51 1,5 A]

18. Ska HaliOlIbIIAa KOpPHUCHA MOTYXHICTh Py, MOXe OyTM oTpuMaHa
B111 ;okepena ctpyMy 3 EPC e=12B i BayTpiniHiM onopoM R=1 Om? [36 BT]

19. Tlpu BUMHMKaHHI JKepesia CTPyMY CUJia CTPyMY B JIaHI[I031 YOyBae
3a 3akoHOM I=Ie™ ([=-10 A, o =5107 c'l). Bu3HauuTH KiABKICTH TEIJIOTH,
0 BUIUIMTBCA B pe3uctopi onopoM R=5 OM miciid BUMHKAHHS JKepera
ctpymy. [0,5 JIx]

1.4. Ilpukiaaau TeCTOBUX MUTAHD IS 3aXUCTY TEOPETHYHOI YACTUHH
3MICTY MOIYJIsI
1). lllo HazuBaeThes "EnekTpocTaTukor":
-HayKa, 110 BHMBYA€ BJIACTUBOCTI HEPYXOMHX 3apsiiB Ta iX B3a€MOJAIIO, a
TaKO0>X BJIACTHUBICTH IXHIX ITOJIIB ;
-HayKa, 1110 BUBYAE BJIACTUBOCTI 3aps/IiB Ta X B3aEMOJIIO ;
-HayKa, 110 BUBYAE B3aEMO/III0 €JIEKTPUUYHUX Ta MArHITHUX MOJIIB ;
-HayKa, 1110 BUBYA€E BJIACTUBOCTI PYXOMHUX 3apsAJIiB Ta iX B3a€EMO/IIIO0, a TAKOX
BJIACTUBICTH 1XHIX IOJIB.
2)B3aemo/ist MiXk 3apsjaMu BiJIOYBA€ThCS YEPE3:
- edip ;
- TIOBITPA ;
- BaKyyM ;
- TOJIe.

3).5Ix Ha3uBa€THCS HEraTUBHA €JIEMEHTapHA 3apsiKeHa YaCcTHHKA?:
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- IPOTOH ;
- HEUTPOH ;

- €JIEKTPOH ;

-TIO3UTPOH.

4).51x mo3HAYa€THCSI MUTOMUM 3apsi]l eJIeKpoHa?:

- e/m;

5).5Ix Ha3uBa€ThCS MO3UTHBHA €JIEMEHTapHA YaCTUHKA?:

-TIPOTOH ;

-HEUTPOH ;

-€JIEKTPOH ;

- IO3UTPOH .

6). Bubepu npaBuiibHE TBEPAKEHHS 3aKOHY 30€pEKEHHS 3apsly:

- IOBHUU €JEKTPUYHUHN 3apsii € HEMOAIBHOIO BEIMYUHOIO ;

- IOBHUI €EKTPUYHUM 3apsi B 3aMKHEHIN CUCTEMI € BEJIMYMHA MOCTIMHA 1
JOPIBHIOE AJIT€OPUYHIM CyMi 11 TO3UTUBHUX Ta HETAaTUBHUX 3apsiiiB ;

- IOBHUM €JEKTPUYHUN 3apsii B 3aMKHEHIN CHCTEMI € BEJIMYMHA TMOCTIHA 1
JOPIBHIOE alreOpUUHIi CyMi 11 TO3UTUBHUX 3apsiAiB ;

- IOBHUI €EKTPUYHUN 3apsi B 3aMKHEHIN CUCTEMI € BEJIMYMHA MOCTIMHA 1
JOPIBHIOE alIr€OpUUHIM CyMi 11 HEraTUBHUX 3apsi/IiB.

7).Bubepu npaBuiibHE TBEPAKEHHS 3aKOHY 3aKoHY KyroHa:

- CHJa B3a€EMOJIII JBOX HEPYXOMHUX TOYKOBUX 3apsiiiB y BakKyyMi
OpSIMOMIPOMNOpPIIHA JTOOYTKOBI MOAYJIIB JBOX 3apsaiB 1 0OEpHEHO

IpoNopIliiHa KBaJAPATOB] BiACTaHI MK HUMH ;
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- CWJIa B3Aa€MOIIi JIBOX HEPYXOMHUX TOYKOBHMX 3apsiAiB y BaKyyMi MpsiMO
OponopuifHa cyMmi MOAYJIB JBOX 3apsfiB 1 OOEpHEHO MpOIOpIiiHa
KBaJIpaTOBI1 BiJICTaH1 MI’)K HUMU ;

- CHJa B3a€EMOJIII JBOX HEPYXOMHX TOYKOBUX 3apsifiB Yy Bakyywmi
OpSMONPOMNOpPIIfHA JTOOYTKOBI MOAYJIIB JBOX 3apsaiB 1 OOEpHEHO
IpONopIiifHA BIICTaHI MI>)K HUMH.

8).®opMmyina 3akoHy Kysona:

“11“‘12\ )
I"2 ’

A)F=—C 5. 6) F=k
2

B) F =mgh.

9). IlpuHuun cynepno3uilii:

-cuja, 10 Ji€ Ha JaHWM TOYKOBHUMW 3apsif 3 OOKYy JBOX I1HIIMX TOYKOBUX
3apsjiiB, JOPIBHIOE BEKTOPHIM CyMl CHUJI, IO JIIFOTh HA HBOTO 3 OOKY JIBOX
THIIUX 3aps/IiB ;

-cuja, 10 Ji€ Ha JAHWM TOYKOBUU 3apsig 3 OOKYy JBOX I1HIIMX TOUYKOBUX
3apsijIiB, TOPIBHIOE BEKTOPHIN PI3HMII CUJI, 11O JIIFOTh HA HBOTO 3 OOKY JIBOX
THIIUX 3aps/IiB ;

-cuja, 10 Ji€ Ha JAaHWM TOYKOBUU 3apsif 3 OOKYy JBOX I1HIIMX TOUYKOBUX
3apsjiB, JOPIBHIOE BEKTOPHOMY JOOYTKY CHJI, IO JIIFOTh Ha HHOTO 3 OOKY
JIBOX 1HILIMX 3apsi/IiB .

10).EnexkTpuyne mosie 1e:

- BUJ Marepii, sSIKe ICHy€ He3aJeXHO B1JI HAC, ICHY€ HABKOJO HEPYXOMOIO
CJICKTPUYHOTO  3apsily, Ta TPOSBIAETbCA MPU BHECEHI IPOOHOTO
HETaTUBHOTO 3apsay ;

- BUJ MaTepili, AKe ICHYE HE3aJIeKHO BIJI HAC, ICHY€ HABKOJIO PYyXOMOIO

CJIEKTPUYHOTO  3apsily, Ta TPOABISIETBCA TMPU BHECEHI MNPOOHOTO

HCTATUBHOI'O 3apsay .
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- BUJ Marepii, iK€ ICHy€ HE3aJIeKHO BiJl HAC Ta YTBOPIOETHCA HABKOJIO
HEPYXOMOI'0 E€JIEKTPUYHOTO 3apsily, a TAKOX 3MIHHUM y 4aci MarHiTHUM
MOJIEM, Ta MIPOSBIISIETHCS MPU BHECEH1 TPOOHOTO HETATUBHOIO 3apsily.
10).5Ik1 13 mepepaxoBaHUX BEJIMYMH € XAPAKTEPUCTUKH €IIEKTPUUHOTO MOJIS:
-Hampyra, MoTeHIlan ;

-Hanpyra, Halpy>KeHiCTh ;

-HaANPYXEHICTh, MOTEHIIIA ;

- IIOTEHIIIaN ;

- HATIPYXEHICTb .

11). Hampy»xeHicTh 1e:

- BEKTOpHA BEJIMYMHA SIKa YHCEJIbHO JOPIBHIOE CHIII, IO Jii€ 3 OOKY IOJIs Ha
OJIMHUYHUM MO3UTUBHUM 3apsi]l BMIIIEHUM Y 11€ MOJIE

- BEKTOpPHA BEJIMYMHA SIKa YUCEJIBHO JIOPIBHIOE CHJIL, IO JIi€ 3 OOKY IO Ha
OJIMHUYHUM HEraTUBHUH 3apsi BMIIIICHUHN Y 11€ MOJIE ;

- BEKTOpHA BEJIMYMHA SIKa YHUCEJIHHO JOPIBHIOE MOTEHIIATY, 110 J1€ 3 OOKY
MOJIsl HA OJMHUYHMI TTO3UTUBHUM 3apsl BMIIICHUH Y 1€ TIOJIE.

12). ®opmyia HaNpyKEHOCTI:

2
a)d =3 6) £ =mgh; B)E =Lk
q

13). Hanpy>keHiCThb MIIKOPAETHCS NPUHIUITY CYIEPIIO3UILIi?:
- Hi;

- TaK ;

- MPAaBUJILHOI BiJITIOBiIl HEMAE.

14). ®opmyiia noTeHIIATY:

U
a)l =—; 0)o="; B)o="1.
R q

15). IToTenmian 1ie:

- po0OTa CTOPOHHIX CHJI IO PO3MOALTY 3apsny ;
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- po0OoTa ENEeKTPUYHOTO TOJISI MPU TMEPEMIIICHH] 3apsay 3 TOYKH B
HECKIHYCHICTD ;

- po0OTa €NEKTPUYHOIO MO IPU NEPEMIIEHHI 3apsiAy 3 TOUYKHU B TOUKY.

16). Hanpyra 11e:

- po0OTa CTOPOHHIX CHJI IO PO3MOALTY 3apsay ;

- po0OoTa ENEeKTPUYHOTO TOJISI TMPU TMEPEMIIICHH] 3apsay 3 TOYKH B
HECKIHYCHICTD ;

- po0OTa ENEKTPUYHOIO MO IPU NEPEMIIEHHI 3apsiAy 3 TOUYKU B TOUKY

- MPAaBUJILHOI BiJITIOBiIl HEMAE.

17). ®opmyna Hanpyru:

2
a)E =mgh; 6) U="; 8) A="
q

18) ®opmyna eMHOCTI:

E
a)e=":6) e=L0. pyc=4,
q E u

19). EnexTpuyHa €MHICTb:

- YHCEJIbHO pIBHA 3aps/ioBi, KUK MOTPIOHMM Mg 3MIHM TOTEHIIATy Ha
OJIMHUIIIO ;

- YHCEJIbHO PIBHA MHUTOMOMY 3aps/IOBl, SIKMM TOTPIOHWUNA Il 3MiHU
MOTEHI1aTy Ha OJIUHUITIO ;

- YHUCEJIbHO pIBHA CUJIl CTPYMY, SIKMM MOTPIOHUM AJig 3MIHM MOTEHIIaTy Ha
OJIMHUIIIO .

20). ®opMyna EMHOCTI IPU MOCTIJOBHOMY 3’ €/IHaH1 KOHJEHCATOPIB:

21). ®opmyna eHeprii eNeKTPUYHOTO MOJIS:
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cU? I’L q*

a)Ww = ;6)W=T;B)W=—

22).EnekTpuyHuil CTpyM II€:

- YIOPSIAKOBAHUM PyX €JIEKTPOHIB ;

- YIOPSAJIKOBAHUHU PYX MOJIEKYII ;

- YOOPSIAKOBAHUM pyX MPOTOHIB ;

- YOOPSIAKOBAHUM pyX HEUTPOHIB.

23) Cuna cTpymy 11e:

- KUTBKICTh YIIOPSAJIKOBAaHUX €JIEKTPOHIB, 110 MPOUIIUIH MO MPOBITHUKY ;
- KUTBKICTh YTOPSAJIKOBAaHUX MOJIEKYJI, IO MPOMIIOB MO NPOBIAHUKY ;

- KUTBKICTb 3aps1y 3a OJIMHUIIIO Yacy, 1110 MPOMIIOB MO MPOBIAHUKY.
24) dopmyna CUIIA CTPYMY:

=L 6 =Y. Y,
q dt q

25).®opmyna 3akony Oma Juist AUISTHKA KOJIa:

ay1=Y. 6y1=%. gy L
R dt q

26). ®opmyna 3akoHy Oma AJisi HOBHOTO KoJja:

L
a) 1= 6)1=—5: B)I= .
R R+r q,+ 9,

27). ®opmyIa onopy JAOBIOro MpoBIIHUKA:

S [ S
a) R=—; O)R=p—; B) R=p— .
) R="; O)R=p; B) R=p-

28).dopmyna eMHOCTI TpH NapajiebHOMY 3’ €IHaH1 KOHAEHCATOPIB:

6)l:i+i+...i;
c ¢ ¢ C

B) C=(n+1)C,.

29).1Tpu4uHu onopy:
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- 11€ TEMJIOBUM pyX Ta B3a€MOJIIS ;

- 1€ YHOPAAKOBAHUN PYX MOJIEKYII ;

- 11€ YIOPSIAKOBAHUM pyX MPOTOHIB ;

- 11€ YIOPSIAKOBAHUM pyX aTOMIB.

30). EnexTpopyuriiina cunia 1e:

- po0OTa CTOPOHHIX CHJI ITO PO3MOALITY 3apsay ;

- po0OoTa ENEeKTPUYHOTO TOJISI TMPU TMEPEMIIICHH] 3apsay 3 TOYKH B
HECKIHYCHICTD ;

- po0OTa €NEKTPUYHOIO MO IPU NEPEMIIEHHI 3apsiAy 3 TOUYKH B TOUKY.
31). ®opmyia eNeKTpOPYIIIHOI CUIIU:

( M
a)e=2: 6yr=—% . g
q R+r 1

32). Ilepinii 3akoH Kipxroda:

a§1:0;6 §U:0;B S &, =0,

)k=lk )k=1 g )k=1 g

33). Hpyruii 3akon Kipxroda:

a§1:0;6 §U:0;B S &, =0,

)k=lk )k=1 g )k=1 g

34).®opMyia onopy IpH MOCI1IOBHOMY 3’ € THAHHI:

-1
1 1 1

a) R=R,+R,+..R,; 0) R=| —+—+..—| ; B) R=R-n.
R, R, R

n

34). ®opmyia onopy npu napajeabHOMY 3’ €THAHHI:

a) R=R, +R, +..R; 6)l:_+_+'”RL; B) R=R-n.

35).@opmynna poOOTH €IEKTPUIHOTO OIS
a) A=I*R; 6) A=1°Rt; B) A=1°RU .
36). ®opMyIa NOTYKHOCTI TOCTIHHOTO CTPYyMY:

a) P=IR; 6) P=1IU; B)p=é.
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37).IloTyXHICTb 11€:

- BEJMYMHA, IO YMCEIHLHO JOPIBHIOE POOOTI, Ky BUKOHYE CTPYM 3a
OJIMHULIIO Yacy ;

- BeM4YMHA, 10 YrcenbHOo aopiBHIOe EPC, ska BUHUKaE TpU MPOXOMKEHH1
CTPyMY 3a OJUHHUIIIO Yacy ;

- BEJIMYHMHA, 110 YHCEJIbHO JOPIBHIOE TEIUJIOTI $Ka BUAUISETHCS TIPU
IPOXOKEHHI CTPYMY 32 OJUHHUIIIO Yacy ;

- MPAaBUJILHOI BiJITIOBiA1 HEMAE.

38). 3akon [[>xoyins - JIeHna:

a) Q=1°R; 6) O=I°Rt; B) Q=1°RU.

39). Bubepith npaBuibHe TBepAKEeHHS [-ro 3akony Kipxroda:

- asire0paivyHa cymMa CuJjl CTPYMIB, 1110 CXOASITHCS Y BY3JIi, JOPIBHIOE HYIIIO ;

- anireOpaivyHa cyma crhajiB Harpyr Ha JUISHIN KoJia, TOPIBHIOE ainreOpaiuHii
cymi EPC Ha mux ainsiHkax ;

- aireOpaivyHa cyma CraJiiB HaIrpyr y BY3JIi, JOPIBHIOE HYIIIO ;

- anreOpaiuHa cyma CWJI CTPYMIB, IO CXOJATbCA Y BY3Ji, JTOPIBHIOE
anreopaiuniii cymi EPC Ha 1iux aiisHKax.

40). Bubepits npaBuibHe TBepxeHHs [I-ro 3akony Kipxroda:

- asireOpaivyHa cymMa CuJl CTPYMIB, 1110 CXOASITHCS Y BY3JIi, JOPIBHIOE HYJIIO ;

- anireOpaivyHa cyma crhajiiB Harpyr Ha JIJISHII KoJia, TOPIBHIOE ainreOpaiuHii
cymi EPC Ha mux ainsiHkax ;

- asire0paivyHa cyma CrajiiB Harpyr y BY3Ji, JOPIBHIOE HYIIIO ;

- anreOpaiuHa cyma CWJI CTPYMIB, IO CXOJAThCA Y BY3Ji, JTOPIBHIOE
anreopaiuniii cymi EPC Ha 1iux aiisiHKax.

55).0OauHul BUMIPY TUTOMOTO OIOPY:

a) OM'M; KI'CM; KM/Y.

56). 3aneXuTh OIip NPOBIAHUKA BT JOBKUHU HOT0?:
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- HI;

- TaK;

- 3aJICKUTH TUIBKH B pOJy PEYOBUHU;

- MPABUJILHOI BiJITIOBiI1 HEMAE.

57).11pu nmapanenbHOMY 3’€HaHI CUjia CTPYMY 3aJTUIIAETHCS CTAJIO?:
- 3QJIMIIAETHCS;

- HI;

- 3aJICKUTH TIIBKH BiJ] OTIOPY MPOBIIHUKA;

- MPAaBUJILHOI BiJITIOBiIl HEMAE.

58).IIpu nocnioBHOMY 3’€HAH1 HAMPyTa 3aJIMIIAETHCS CTAJIOW?:
- HI;

- TaK;

- 3aJICKUTD JIMILIE BiJ] OTOPY MPOBIIHUKA,;

- MPABUJILHOI BiJITIOBiA1 HEMAE.

1.5. KonrpoJubHa podora Ne3

TaOyuus BapianTis

BapianT Homepa 3aaa4
1 1 31 41 61
2 2 32 42 62
3 3 33 43 63
4 4 34 44 64
5 5 35 45 65
6 6 336 46 66
7 7 37 47 67
8 8 38 48 68
9 9 39 49 69
10 10 40 50 70
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11 11 41 51 71
12 12 42 52 72
13 13 43 53 73
14 14 44 54 74
15 15 45 55 75
16 16 46 56 76
17 17 47 57 77
18 18 48 58 78
19 19 49 59 79
20 20 50 60 80
21 21 51 61 81
22 22 52 62 82
23 23 53 63 83
34 24 54 64 84
25 25 55 65 85
26 26 56 66 86
27 27 57 67 87
28 28 58 68 88
29 29 59 69 89
30 30 60 70 90

1. Toukogi 3apsau Q=20mkKin, Q,--10MkKi nepedyBaroTh Ha BiJICTaHi
d=5 cM oauH a0 oAHOro. BH3HAUWTH HANpPYXKEHICTh MOJA B TOMII,
BIIIaJICHIH Ha 7=3 CcM BIJ IepuIoro 1 Ha 7,=4 CM BiJ JAPYyroro 3apsuay.
Busznauut Takoxx cwiy F, mo gi€e B i TOYIll Ha TOYKOBHUW 3apsij
Q=1mxkKi1.

2. Tpn omHakoBux TOukOBUX 3apsamn Q=0Q,=Q;=2HKn € y BepmmHax
PIBHOCTOPOHHBOT'O TPUKYTHHUKA 31 cTopoHaMu a =10cM. BuzHauntu MoayJib
1 HanpsiMOK cvutd F, 1110 J1i€ Ha OJIMH 13 3apsi/iiB 3 OOKY JBOX 1HIILIKX.

3. JIBa mo3uTUBHUX TOYKOBHUX 3apsau Q 1 9Q 3akpimseHi Ha BiJICTaHi
d=100 cMm oauH Bixg ojaHOro. Bu3zHAuWTH, y SIKiil TOYIl HA MPSIMINA, 110
IPOXOAUTH YEPE3 3aps/Iv, BAPTO MOMICTUTH TPETIil 3apsi/l TaK, 1100 BiH OyB y

piBHOBa3i. BkazaTu, sSIKuii 3HaK MOBMHEH MaTW IIeW 3apsii JJisl TOTo, 1100
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piBHOBara OyJjia CTIWKOIO, SIKIIO TEPEMIIEHHSI 3apsJilB MOXJIMBI JIUIIE
B3I0BXK IPSMOI, 1110 IPOXOIUTH YEPE3 3aKPITICH] 3apsiu.

4. JIB1 OAHAKOBO 3aps/PKCHUX KYJIbKM MiJBIIIEHI B OJHIM TOYIll Ha
HUTKaxX OJHAKOBOI JOBXKWHM. IIpu 1IbOMYy HUTKM PO3IMILIMCS Ha KyT .
Kynbku 3aHyprooTh B OJiit0. SIKka TycTHHa p OJii, SIKIIO KYT PO30IKHOCTI
HUTOK MPH 3aHYPEHHI B OJIII0 3aJIMIIAE€ThC He3MIHHUM? ['ycTrHA MaTepiany
KylbOK pg=1,510" Kr/M’, AieneKTpuyHa IPOHUKHICT oii £=2,2.

5. YHorupu oxanakoBux 3apsgu Q=Q,=Q;=Q,=40uKn 3akpimieHi y
BEpIlIMHAX KBajipaTa 31 cTopoHowo a=10 cMm. 3Haltu cuny F, mo aie Ha oquH
3 [IUX 3apsAaiB 3 00Ky TPbOX 1HIIIMX.

6. ToukoBi 3apsamm Q=30MxKn i1 Q,=-20mxKn mnepeOyBaioTh Ha
Biictani d=20 c¢M oauH BIA OJHOro. Bu3HAYMTH HaANPYXEHICTh
€JIEKTPUYHOrO 1ojisi E B TouIll, BigaJIeH1| B1Jl MEPIIOTO 3apsaay Ha BiJICTaHb
r1=30 cMm, a BiJ apyroro Ha r,=15 cMm.

7. Y BepmMHax MPaBWIBHOTO TPUKYTHHKA 31 CTOPOHOK a=10 cm €
sapsau Q;=10MkKn, Q,=20MkKn 1 Q;=30mkKi. Buznauutu cuny F, 1o nie
Ha 3apsan Q, 3 OOKy JBOX 1HIIUX 3apsiiB.

8. YV BepmmHax kBajapara € ojaHakoBi 3apsau Q;=0Q,=Q; =Q4=8‘10'10
Kn. Sxwuit HeratuBHui 3apsig Q mMOTpiOHO MOMICTUTH B IIEHTP1 KBajparta,
mo0 Ccujga B3aEMHOTO BIJIITOBXYBAaHHS MO3WTUBHUX 3apsiiB Oyna
BPIBHOBA)KEHA CUJIOIO MPUTATAHHS HETATUBHOTO 3apsiay?

9. Ha Biacrani d=20 cm € nBa ToukoBux 3apsau: Q;=-50 uKmn 1 Q,=100
HKn. Busnauntu cuny F, mo aie Ha 3apsg Qs;=-10 uKu, BigganeHuil Bin
000X 3aps/1iB Ha OJIHAKOBY BiJICTaHb, pIBHY d.

10. Bigcrans d Mixx 1Boma ToukoBuMU 3apsiaamu (Q;=2uKi 1 Q,=4uKn
nopiBHioe 60 cM. BuszHauutu TOYKY, B SIKy MOTPIOHO MOMICTUTU TPETIH

3apsa Qs Tak, mo0 cucTeMa 3apsiB OyJa B piBHOBa31. Busnauutu 3apsa Qs i
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rioro 3Hak. Criiika un XuTiIMBa Oyjie piBHOBara?

11. ToHkuil cTepKeHb JOBXKHUHOKO [=20cM Hece pPiBHOMIPHO
posnonuienuit  3apsaa t=0,1MxKn.  Busznauutu  HampyxkeHicth  E
CJICKTPUYHOTO TIOJIsl, CTBOPEHOI'O PO3IMOJUICHUM 3apsiioM Yy Toulli A, 10
JICKUTh HA OC1 CTEP KHSI Ha BijcTaH1 a=20 cM BijJ HOro KiHIIA.

12. Tlo ToHkoMy mMiBKUIbIIO pagiyca R=10cm piBHOMIpHO
pPO3MOJUICHUN 3apsini 3 JiHiMHOW TrycTuHOW T=IMkKn/M. BusHauutu
HaINpyXeHICTh E eNeKTpUYHOro mnojs, CTBOPEHOIro pO3MOAIJICHUM 3apsiioM Y
Toutll O, 110 301raeThCs 3 EHTPOM KJIbIIS.

13. Tonke kinble Hece po3noaineHui 3apsia Q=0,2mxKin. Buznauutu
HanpyXeHICTh E eNeKTpUYHOro mnojsi, CTBOPEHOIro pO3MOAIJICHUM 3apsioM Y
TOYIll A, PIBHOBIJAJICHINH BIJI YCiX TOYOK KUIbII Ha BijcTaHb 7=20cCM.
Paniyc xuibis R =10cMm.

14. TperuHa TOHKOro Kijblsg paaiyca R=10 cm Hece po3MOiICHUM
3apssn Q=50uKn. Busnauutun HamnpyxkeHictb E  enekTpuyHOro moss,
CTBOPEHOr'0 PO3MOALICHUM 3apsjioM y Toulll O, 1mo 30ira€Tbcs 3 IEHTPOM
KUIBIIA.

15. HeckiHueHHMI TOHKHI CTEpKEHb, OOMEKEHUI 3 0OTHOTO OOKY, HEce
PIBHOMIPHO PO3NOAUICHUN 3apsAl 3 JiHIMHOI TycTuHOK T=0,5MKKi/M.
BuszHauutn  HampyxkeHicTh E  €JIeKTpUYHOro  moJii, CTBOPEHOTO
PO3MOJIICHUM 3apsiloM Y TOYIll A, IO JISKUTh HA OCl CTEPHS Ha BIJCTaHi
a=20cM Bij 10TO MOYATKY.

16. ITo ToHKOMY KUIBLIIO pajitycoM R=20cM pIBHOMIPHO pO3MOA1ICHUI
3 nmiHidHOKW rycTtuHo 1=0,2 MKKn/Mm 3apsa. BusnHauuTtu HampyxeHicts E
CJICKTPUYHOTO TIOJIsl, CTBOPEHOI'O PO3IMOJUICHUM 3apsiioM Yy Toulli A, 10
nepedyBae Ha OcCl KUIbIS Ha BijcTaHi h=2R BiJ oro neHTpa.

17. Tlo TOHKOMY TIBKUIBIIO PIBHOMIPHO pO3MNOJUICHUN 3apsij
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Q=20MkK1 13 niniiiHO0O TycTUHOW T=0,1 MKKI/M. BU3HaUUTH HANIPYKEHICThH
E enekTpuyHOro mosisi, CTBOPEHOr0 poO3MOAUICHUM 3apsaaoM y Touii O, 110
301ra€eThCs 3 EHTPOM KiJIbIIS.

18. UBepTh TOHKOTO Kinbl paaiycoM R=10cM Hece pIBHOMIPHO
posnonuienuit  3apsa Q=0,05mMxKn.  BusHauutu  HampyxkeHicth E
€JIEKTPUYHOTO TMOJIs, CTBOPEHOTO PO3MOJUICHUM 3apsaoM y toull O, 1o
301ra€ThCs 3 EHTPOM KiJIbIIS.

19. ITo ToHKOMY KUIBLIIO pIBHOMIPHO po3noauieHuit 3apsaa Q=10 uKi 13
miHiHOW ryctuHOoro T =0,01 MkKn/m. BusHauutu HanpyxkeHictb E
€JIEKTPUYHOTO TMOJIs, CTBOPEHOTO PO3MOJUICHUM 3apsioM y TOoYlll A, 110
JICKUTh Ha OC1 KUIbLS 1 BiJJAJIEHOIO BijJl MOro IIEHTpa Ha BiACTaHb, PIBHY
pajilycy KuIbIIS.

20. JIB1 TpeTMHU TOHKOTO Kuiblld paaiycom R=10 cM HecyTb
PIBHOMIPHO pPO3NOAUICHUN 3 JHiHIAHOW rycTtuHoo Tt=0,2MKKi/M 3apsa.
BuszHauutn  HampyxeHicTh E  €JeKTpUYHOro  moJig, CTBOPEHOTO
PO3MOIICHUM 3apsaoM y Toulll O, 1110 301ra€Thesl 3 HEHTPOM KUIbIIS.

21. Ha nBox KOHUEHTpUYHUX cepax paaiycoM R 1 2R piBHOMIPHO
PO3IOJIUICH] 3apsiiy 3 TOBEPXHEBOIO TYCTUHOIO G| 1 G, (puc. 24). IlotpidOHo:
1) BukopucroBytouu Teopemy OcTporpajacskoro-lI'aycca, 3HalTH 3aJI€KHICTb
E(r) Hanpy»X€HOCT1 €EeKTPUYHOIO MOJIA BIJ BIACTaH1 Il TPhOX oOJjacTei: 7,
Il 1 I1I. Tlpuiiaat 6,=40, G,=C; 2) 00UMCIUTH HamnpyxkeHicTh E B TouIl,
BWJIyYEHIM BiJ IIEHTpa Ha BIJACTaHb 7, 1 BKa3aTuh HampsMok BekTopa E.
Hpuitasita 6=30 aK/M?, r=1,5R; 3) noGyxnysaru rpadix E(r ).

22. JuB. ymoBy 3anaui 21. B n. 1 npuithatu 6,=6,=-c. B m. 2
npuitasta 6=0,1 MxKi/m®, r=3.

23. JuB. ymoBy 3amaui 21. B n.l1 npuiinaru 6,=-4c, 6,= . B . 2
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OPUNHATH G=50HKJI/M2, =1,5R.

24. lus. ymoBy 3agaui 21. B n. 1 npuitnstu 6,=-26, 6,= c. B . 2
npuitasta 6=0,1 MxKi/m®, 7=3R..

25. Ha 1BOX HECKIHYEHHUX TNapajelibHUX IUIONIMHAX PIBHOMIPHO
PO3IOJIUICH] 3apsiiy 3 TOBEPXHEBOIO TYCTUHOIO G| 1 G, (puc. 15). IloTpidOHo:
1) BuxopuctoByroun TteopeMy OcTporpaiacekoro-I'aycca 1 mOpUHIUI
CyHEepHo3uIlii EJeKTPUYHUX TOJIB, 3HaWTH BuUpa3d E(x) HampyXeHOCTi
EJIEKTPUYHOTO N0JI B TpboX obnactax: I, I1 1 I11. Tlpuitnsatu 6,=26, 6,=G;

2) o0uucauTu HampykeHicte E mosis B TOuYlll, pO3TalllOBaHiil JIBOPYY Bij

IJIOIIMH, 1 BKa3aTu HanpsiMok BekTopa E; 3) moOynysatu rpadik E(x).

Puc. 15 Puc. 16 o)

6. JIuB. ymoBy 3aaaui 25. Y 1. 1 npuiiHatd 6,=-4G, 6,=2G. Y 1. 2 IpUUHATH
6=40 uKi/M" i TOUKy pO3TalTyBaTH MiX IIOMKHAMY (pHC.16)
27. luB. ymoBy 3amaui 25. YV n. 1 npuitHatu 6,=c, 6,=-2G6. Y 1. 2
npuitasta 6=20 HK1/M° i TouKy po3TarnyBaty cipasa Bif miommH (puc.16).
28. Ha pnBox KoakclaJbHHUX
HECKIHYEHHUX AJIIHAPAX e
pagiycamu R 1 2R piBHOMIPHO
PO3IOIICHI 3apsiau 3
MOBEPXHEBOIO T'YCTUHOIO G| 1 G

(puc. 17). [ToTpi0HO: 1)

Puc. 17



BUKOPUCTOBYIOUM TeopeMy OcTporpajicbkoro-I'aycca; 3HalTH 3aJIe’KHICTh
E(r) Hanpy»X€HOCT1 €EeKTPUYHOIO MOJIA BIJ BIACTaH1 JIJIsl TPhOX oOJlacTei: 7,
11, I1I. 1Tpuiinsatu ©;=-20, G,=C; 2) 00YMCIUTU HampyXeHicTb E B Touili,
BWJIYYEHIM BiJ OCl HWIIHJPIB HA BIJICTaHb 7, 1 BKa3aTH HanpsiMOK BekTopa E.
ITpuitasatu =50 uKi/M?, r=1,5R;

3) nobynyBartu rpadik E(r).

29. uB. ymoBy 3anaui 28. YV n. 1 npuliHiTd 6,=0, G, =- . Y 1. 2
npuitasta 6=60 uK1/M°, r=3R.

30. Jlu. ymoBy 3anaui 328. ¥V n. 1 npuitHatu c,=-0, 6,=4c. Y 1. 2
npuitasta 6=30 uK1/M°, r=4R.

31. JIBa TouxkoBux 3apsau Q=6 #HKn 1 Q,=3 #HKi nepeOyBaroTh Ha
BijicTani d=60 cM oauH BiJ ojHOro. fKy poOOTYy HEOOXIJTHO 3pOoOUTHU
30BHIIIHIM CHJIaM, 11100 3MEHIIUTH BIJICTaHb MK 3apsiilaMH BJIB14i?

32. EnexTpuyHe Tm0JIe CTBOpPEHE 3apsKEHOI MPOBITHOI KYIICIO,
notexiian ¢ sikoi 300B. Busnauutu poOOTy CHII 1IOJIS 3 IEpEMIILICHHA3aPSIAY

¢©=0,2MkK1 13 Touku 1 y Touky 2 (puc. 18).

ZT_AI
| o
I N
I
é__‘[
ozl A
]
o ]
T: 2a &
Puc. 19

Puc. 18

33. Enextpuune nosie ctBopene 3apsaaamu Q=2mkKin, Q,=-2MkKun, mo
3HAXOMSIThCS Ha BifcTaHi a=10cMm oauH Bif ojHOro. BusHauutu poOOTy cui

noJis, npu nepemiienHi 3apsaay Q=0,5mMkKu 13 Touku | y Touky 2 (puc. 19).
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34. JIBi mapanenbHO 3aps/IKEHI MJIOMIMHY, 3 TOBEPXHEBOIO T'YCTUHOIO
3apsy 61=2MI<KJI/M2 1 62:-0,8MKKJI/M2, 3HaxXOIAThCS Ha BiactaHl d=0,6 cMm
OJIHa B1J1 0JIHOI. BuzHauuTy pizHuUIlo noteHuiaiiB U MiXK IJIOIMHAMM,.

35. Jlunonb 3 eneKTpuyHUM MoMeHTOM p=100nKiM BiIbHO
YCTAaHOBUBCS Y BUIBHOMY €JIEKTPUYHOMY MOJi HampyxkeHicTio E=200kB/m.
BusHauutu poOOTy 30BHIIIHIX CUJI, IKY HEOOXIHO 3aTpaTd AJisl IOBOPOTY
nunotist Ha KyT o=180°.

36. Hotupu OAHAKOBUX KpaIull PTYTi, 3apAKEHUX [0 MOTEHIaTy
¢=10B, 31uBat0THCs B OJIHY. SKUM NOTEHITIAJ (P KpaIlIi, 1110 YTBOPHUJIACS?

37. ToHkHil CTEpKEeHb 3ITHYTHH y Kuiblle paaiycoM R=10 cm. Bin
PIBHOMIPHO 3apsiDKEHUl 3 JIHIAHOI TrycTUHOIO 3apsagay t=800uHKi/M.
BusHauuTy moTeHIian ¢ y TOYIll, po3TallloBaHIi Ha OC1 KUIblSg Ha BiACTaHI
h=10cwM Bix fioro eHTpa.

38. Ilone yTBOpEHE TOYKOBHUM JUIIOJEM 3 EICKTPUYHUM MOMEHTOM
p=200n0KmM. BusHauuTu pi3Hun0 noteHmiadiB U ABOX TOYOK MO,
PO3TAIIOBAaHUX CUMETPUYHO J0 JUIIOJS Ha Horo oci Ha BijcTaHi =40cM Bif
LEHTpa JUIOJIS.

39. EnexkTpuyHe MOje YTBOPEHE HECKIHUYEHHO JIOBTOIO 3apsIKEHOIO
HUTKOIO, JIIHIIiHA TycTUHY 3apsany sikoi t=20nKn/m. BusHauuTu pi3HULIIO
rmoTeHIianiB U IBOX TOYOK MOJIS, IO 3HAXOIATh B1J HUTKH HA BIJICTaHI =8
cM 1 7,=12 cm.

40. Tonka KBagpaTHa paMKa PIBHOMIPHO 3apsK€Ha 3 JIHIKHOIO
ryctuHoro 3apsany t=200n0Ki/m. BuzHauuTtv MOTEHINAn ¢ IMOJs B TOYIII
NEPETUHY Jl1arOHaJeH.

41. ITopommHa macoro m=200Mkr, 1110 Hece Ha coO1 3apsa Q=40uKo,
BJETIJIa B €IEKTPUYHE TI0JI€ B HAOpsIMKYy cuioBux JiHik. Ilicas

npoxo/KeHHs pi3Hull noteHuian U=200 B mopoiirHa Mana MBUAKICTh
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v=10M/c. BU3HauUTH MBUAKICTh Ly MOPOIINHHU JI0 TOTO SIK BOHA BJIETLIA B
noJie.

42. EnexkTpoH, 1O MaB KiHeTHMYHY eHeprielo 7=10eB, BieriB y
OJIHOPIJIHE €JIEKTPUYHE M0JIE B HANPSIMKY CHJIOBHX JiHIW. SIKy IIBUIKICTh
Oylne MaTu €JIEKTPOH, MPOWIIOBIIM B IbOMY IOJI PI3HUIIO MOTCHIIIAJIB
U=8B?

43. 3HalTH BIOHOIICHHS NIBUIKOCTEU 10HIB Cu’’ i K", mo P OUIILIH
OJIHAKOBY P13HHUIIIO MOTEHITIaIB.

44. EnextpoH 3 eHeprieto T=400 eB (y HECKIHUEHHOCTI) pyXa€eThCs
y3J0BX CHJIOBOI JiHII B HaNpsMKYy J0 IOBEPXHI METAJEBOI 3apsIKEHOI
chepu pamiycom R =10 cm. BuzHauuTtu MiHIMaJbHY BIJICTaHb @, Ha SIKY
HAOJIM3UTHCS EIEKTPOH J10 TOBEpXHi cdepHu, ko 3apsan it Q=-10 uKo1.

45. EnexkTpoH, NpOWIIOBIIM B IUIOCKOMY KOHJEHCATOpl NUIAX BiJ
OJIHI€T TIJIACTUHM JI0 1HIIOI, HAOyB mBuUAKOcTI L=105 M/c. Biacranb MK
mwiactTuHaMu d=8 MMm. 3HaiiTu: 1) pi3auito noteHmianie U Mk IJTACTUHAMY;

2) NOBEPXHEBY I'YCTUHY 3apsy G Ha IUIACTHHAX.

Puc. 20 Puc. 21 -

46. IlopommHa Macorw m=>5Hr, mo Hece Ha cobi N=10 enekTpoHiB,
npoiiia y BaKyyMi HPUCKOpIOIOYy pidHuLio noteHuianie U=1MB. fka
KiHeTu4Ha eHepris T nopommHu? kol MBUIKOCTI L HAO0yJa MOPOIIHA?

47. SAxy MiHIMaJdbHY IIBUJKICTh Vi, HOBUHEH MATH MPOTOH, 100 BiH
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MIT IOCATTU MOBEPXHI METaIEBOI KYJIi, 3apsipkeHo1 10 noTeHiiany ¢ =400 B
(puc. 20)?

48. Y opHopigHe enekTpuuHe mnoje HampyxeHictio E=200B/M Biitae
(B3OBX CHWJIOBOI JIIHI1) €JIEKTPOH 31 MIBHUIAKICTIO L=2MM/c. Busznauutu
BIJICTaHb [/, 110 MpOWJIe €IEeKTPOH 10 TOYKH, B SKil HOTro MIBUAKICTH Oyje
JIOPiBHIOBATH MTOJIOBHHI MTOYATKOBOI.

49. EnekTpuuHe MoJie CTBOPEHE HECKIHYEHHOIO 3apsKEHOI0 MPSMOIO
JiHIED 3 PIBHOMIPHO po3noauieHuM 3apsaoM (t=108Ki/m). Busnauutu
KiHETUYHY €Heprito 7, eIeKTpOoHa B TOUIll 2, AKIIO B ToUIll | 10oro KiHETHYHA
eneprisa 77=200 eB (puc. 21).

50. ENeKTpoH pyxaeTbCcsi B3JOBXK CHJIOBOiI JIiHII OJHOPIIHOIO
CJICKTPUYHOTO moJisg. Y Jeakid Toduri mnoyist 3 mnoTteHmiasioM ¢;=100 B
€JIEKTPOH MaB MBUAKICTh V1=6MMm/c. BU3HauuTH MOTEHIIIaN (P, TOYKHU MMOJIs,
JUHIIOBIIM J0 SKOTO €JIEKTPOH BTPATUTH MOJIOBHUHY CBOEI IIIBUIKOCTI.

51. Kongencatopu emuictio C;=5 Mk® 1 C,=10 Mx®D 3apskeHi A0
Hanpyr U;=60B 1 U,=100B BianosigHo. Bu3HaunTu Hanpyry Ha oOKJIaJKax
KOHJICHCATOPIB MiCis iXHbOro 3'€HAHHS OOKJIaJgKamMu, 1[0 MAarTh
OJIHOMMEHHI 3apsi/iu.

52. Kongencatop emuictio C;=10 mMx® 3apsmxeHuil 10 Hapyru
U=10B. BuznaunTu 3apsj Ha 0OKJIaJKax IIbOr0 KOHJEHCATOpa IiCis TOro,
AK TMapajeibHO HoMy OyJI0 MIAKIIOYEHO IHIIWH, He3apsIKCHU,
KoHjieHcaTop eMHICTIO C,=20 MKD.

53. Kongencaropu emuoctsiMu C;=2 MK®, C,=5 Mk® 1 C5=10 mxd
3'elHaHI TMOCHII0BHO 1 mepeOyBaroTh mij Hanpyrorw U=850B. Buznauutu
HaIpYyTYy 1 3aps]i Ha KOKHOMY 3 KOHEHCATOPIB.

54. JIBa xonaeHcatopu eMHOCTAMU C;=2MKD 1 C,=5Mk®D 3apsxeHi
no Hanpyr U;=100B u U,=150B BianoBigHo. Bu3HauuTtu Hampyry Ha
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oOKJIaJIKaX KOHJIEHCATOPIB IMICIs iXHBOrO 3'€THAHHS OOKJIaKaMH, 110 MalOTh
PI3HOMMEHHI 3apsiau.

55. [IBa OJHAKOBUX IUIOCKMX MOBITPSIHUX KOHJIEHCATOPU €MHICTIO
C=100n® xoxxHuii 3'enHaH1 B 0aTapero MoCaiJ0BHO. BU3HAUNTH, HA CKUIbKHU
3MiHUTBCS €MHICTH C Oartapei, AKI0 MPOCTIp MDK IUIACTUHAMHU OJHOTO 3
KOHJICHCATOPIB 3alIOBHUTH MapadiHOM.

56. JIea xonuencatopu e€MHOCTIMH C;=5SMKk® 1 C,=8Mk®d 3'egHaHi
nocaiIoBHO 1 npueaHadi g0 6arapei 3 EPC ¢=80B. Buznauutu 3apsau Q; 1
Q, xonaeHcaTopiB 1 pi3Huill noTeHiamB U; 1 U, MiXk iIXHIMU 0OKJIaIKaMHU.

57. TImockui KOHAEHCATOP CKIANAETHhCA 3 JBOX KPYIVIMX IUIACTUH
paxaiycom R=10cMm koxkHa. Biactanp Mk miactuHamu d=2mM. KoHzieHcaTop
npuegHanuii g0 Jpkepena Hanpyru U=80B. Busnauutu 3apsg Q i
HanpyxeHicTh E moJisi KoHJeHcaTopa B JIBOX BHUMAJKaX: a) JICJIEKTPUK -
MOBITPsI; 0) MIENEKTPUK - CKJIO.

58. JIB1 MeTaneBi KyibKu pajaiycamu R;=5cM 1 R,=10cm maroTh 3apsu
Q;=40uKn 1 Q,=-20uKn BignmoBigHOo. 3HaiTH eHeprito W, 10 BUIUIUTHCS
pHU PO3Psil, KO Kyl 3'€ THATU MPOBITHUKOM.

59. Ilpoctip MK IUIACTUHAMM IUIOCKOTO KOHJEHCATOpa 3allOBHEHO
JBOMA IlIapaMH JieJeKTprKa: ckja ToBIKUHOW d;=0,2 cM i mapom napadiny
toBHOK d,=0,3cMm. PisHmig noreHmiamBs MK oOkimagkamu U=300B.
BusHauutu HanpyxeHicTh E mosig 1 magiHHSA MOTEHLIaTy B KOXHOMY 13
mapis.

60. Iliockuii KOHAEHCATOp 13 IUIOMICHD IUIACTHH S=200cM’ KOXHa
3apsijpkeHud 0 piHuil norteHmianie U=2kB. BiacTtanb MiX IJIacCTUHAMU
d=2 cm. [ienexktpuk — ckiio. Buznauntu enepriro W nosiss KOHeHcaTopa 1
T'YCTUHY €HEprii o MoJIs.

61. Korymka 1 ammnepmerp 3'€lHaHI TOCIIJOBHO 1 MIJKJIIOYEHI 0
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mkepena crpymy. Jlo KjeM KOTYIIKM TNPUETHAHO BOJBTMETP 3 OMOPOM
r=4xOm. Amniepmerp nokasye cuiy crpymy [=0,3A, BOJIBTMETD - HaApPyTy
U=120B. Buznauutu omip R KOTymku. BusHauuT BiIHOCHY IOXUOKY €, AKa
OyJe MomylieHa 3a BUMIPY OMOPY, SIKIIO 3HEXTYBAaTH CHJIOK CTPyMY, IO
TEYe Yepe3 BOJIbTMETP.

62. EPC Oarapei €=80 B, BuyrpimHiid omip R=50M. 30BHIILIHIHI
JAHUIOT crokuBae notyxHicTh P=100Bt. Busnauutu cuny crpymy [ y
naHiory, Hanpyry U, mia skuMm repeOyBae 30BHINIHIN JIAHIIIOT, 1 i1 omip R.

63. Bix Oartapei, EPC skoi €=600B, noTpiOHO mepenaTtd €Hepriro Ha
BijicTanb [=1kMm. CrnoxkuBaHa NOTYXKHICTh P=5kBT. 3HailTu MiHIMalbHI
BTPATHU TOTY>KHOCTI B MEPEXI, SKIIO JIaMEeTp MiJABIIHUX MITHUX IPOBOMIB,
d=0,5¢cm.

64. 3a 30BHIIIHBbOrO onopy R;=80m cuna crpymy B aaHio3l /;=0,8A,
3a onopy R,=150m cmima ctpymy [L,=0,5A, Busznauutu cuny ctpymy I
KOpPOTKOT0 3amukanHs Jixepena EPC.

65. EPC Oartapei €=24B. Haiibinbpma cuia cTpymy, IO MOXE JaTh
Oatapes, I, —=10A. Bu3HauuTu MakCUMaJIbHY MOTYXHICTh Py, 110 MOXKE
BUIUISITUCS B 30BHIIITHBOMY JIAHIIIO31.

66. Axkymynstop 3 EPC €=12B 3apskaeTbest Bii MEpexki MOCTIHHOTO
cTpymy 3 Hanpyrorw U=15B. BuzHaunTtu Hampyry Ha KiIemMax akyMyJsaTopa,
AKII0 Moro BHYTpimHii omip R=10 Owm.

67. Big mxepena 3 Hampyroro U=800B HeoOximHO mnepenatu
CriokuBady noTyxHicTh P =10kBT Ha aesky BijacTaHb. kvl HaO1IbIIUN
omip MOXK€ MaTdh JiHisS [epenadi, o0 BTpaTH €HEprii B HIA He
nepesuiyBaiu 10% Big nepeaaHoi MOTYKHOCTI?

68. 3a BKIIIOUEHHS EJIEKTPOABHUIYHAa B Mepexy 3 Hampyrow U=220B
BIH CIIOKUBA€ CTpyM /=5A. BU3HAUUTH MOTYKHICTh, CIIO)KUBAHY JIBUTYHOM,

58



1 tioro KIIJI, sixto omip R 0OMOTKHU JBUT'YHA A0pIBHIOE 6 OM.

69. ¥ Mepexy 3 Hanpyroro U=100 B miakirounian KOTYIIKY 3 OMOPOM
R;=2xOM 1 BoOJAbTMETp, 3'€qHaHI MOCHiAOBHO. Iloka3zaHHS BOJBLTMETpa
U,=80B. Koau KOTYIIKy 3aMIHWJIM 1HIIOK, BOJbTMETp mnokazaB U,=60B.
Buznauutu onip R, 1HIIOI KOTYIIKH.

70. EPC 6artapei e=12 B. 3a cunu ctpymy /=4A KKJI 6atapei - n=0,6.
BusHaunutu BHYTpilIHIN omip R; 6aTapei.

71. 3a yac t=20c npu piBHOMIPHO 3pOCTAIOU1il CHIII CTPYMY Bl HYJISI 10
JESIKOT0 MaKCUMyMy B IPOBIJIHUKY onopoM R=50M Bujaiauiacs KiJbKICTb
teriotn Q=4k/[>x. BusHauuTH MIBUAKICTH HAPOCTAHHS CUJIM CTPYMY, SIKILIO
omip npoBigHrka R=50Mm.

72. Cuna cTpymy B IPOBIAHUKY 3MIHIOETHCS 3 YacOM 3a 3aKOHOM
I=1,e", ne I,=20A, o=10°c"'. BusHAuuTH KUIBKICTH TEIUIOTH, IO
BUJIUTMITIACS B POBIHUKY 3a Yac t=10"c.

73. Cuna ctpymy B mpoBigHuKy omopoM R=100M 3a wyac t=50c
piBHOMIpHO HapocTae Bia [1=5A no LL,=10A. Bu3HauuTu KUIbKICTh TEIJIOTU
Q, 110 BUALIMJIACS 32 1I€H Yac y MPOBIAHUKY.

74. YV mpoBigHuKy 3a vac t=10c 3a pIBHOMIPHOTO 3pOCTaHHSA CHIIU
ctpymy Big [;=1A no L=2A Buaiiunacs KuUibKicTh Teroth Q=5k/[x.
3HaiiTu omip R NpoBIIHUKA.

75. Cuna cTtpymy B TPOBIIHUKY 3MIHIOETBCS 3 YacOM 3a 3aKOHOM
[ =1,sinwt  3uaiitu 3apsa Q, MO MPOXOAUTH Yepe3 HOMEPeUHuil mepepis
MPOBIJIHMKA 3a Yac f, pIBHUHN MOJOBUHI mepioay 7, SKIIO MOYaTKOBA CUJIA
ctpymy Ip=10A, ruxiiuna vactota ©=507c".

76. 3a yac =10c 3a piBHOMIPHO 3pOCTaIOYO0i CUJIM CTPYMY BiJ HYJIA A0

JIESIKOTO MaKCUMyMy B TMPOBIAHUKY BHUIUIWJIACA KUIBKICTh TEIJIOTH

Q=40k/[>x. BusHauutu cepeHo CUily CTpymy -/; y POBIAHUKY, AKIIO HOTO
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omip R=25 Owm.

77. 3a yac =8¢ 3a pIBHOMIPHO 3pOCTAI0Y01 CUJIU CTPYMY B IIPOBITHUKY
onopoM R=80M Buainmiacs KuibKicTh TermiaotTu Q=500/x. Buznauutu
3apsi ¢, WO MPOXOJAUTh y MPOBIIHMKY, AKIIO CHJIA CTPYMY B MOYATKOBUM
MOMEHT 4acy JIOPiBHIOE HYJIIO.

78. Bu3zHauuTH KiJIbKICTh TermaoTu Q, 1o Buaiauiaacs 3a yac =10c y
npoBIAHUKY omopoM R=100M, sKIIO cuia CTpymMy B HbOMY, PiBHOMIPHO
3MEHIITYIOUNCH, 3MiHuWIacs Bia 11=10 A go 1,=0.

79. Cuna cTpyMmy B JIAHIO31 3MIHIOETHCA 3a 3aKOHOM [ =1 sin of.
Bu3zHauuT KUIBKICTH TEIUIOTH, IO BUJAUIUTHCA B IPOBIIHHUKY OIOPOM
R=100wm 3a yac, piBHu# uBepTi nepiony (Bia ;=0 no ©,=T/4, ne T=10 c).

80. Cuma cTpyMy B JIaHII031 3MIHIOETBCS 3 YacOM 3a 3aKOHOM
I=1ye™™. BusHAuuTH KiNbKiCTh TEMJIOTH, IO BHUJUIUTLCS B HPOBITHUKY
onmopoM R=200M 3a yac, INPOTITOM SIKOT'O CTPYM 3MEHIIUTHCA B € PasiB.
KoeiuieHT o npuiiasta pisaum 2'107¢,

81. Bincranp Mixk 3apsaamu Q=100uKi 1 Q,=-50 uKn nopisnioe d=10
cM. Busnauutu cuny F, ska nie Ha 3apsg Qs;=1mxKi, mo nepeOyBae Ha
BijicTaHl Ha r1=12 cM Bif 3apsany Q; 1 Ha r,=10 cM Bixg 3apsany Q,.

82. ToHKMI NOBrui CTEPKEHb PIBHOMIPHO 3apSA/KEHUN 3 JIIHIHHOIO
ryctuHoro 1=1,58Ki/cm. Ha nipooBkeHH1 0ci CTepkHS Ha BijcTaHl d=2 cM
B1J1 Mloro KiHIs € ToukoBui 3apsan Q=0,2MxKi. Buznauutu cuiny B3aeMoli
3apsIIKEHOr0 CTEPKHS 1 TOUKOBOTO 3apsiy.

83. JloBruii mpsIMUIA TOHKHH JIpIT HECE PIBHOMIPHO PO3MOIITICHUN
3apsia. OOUMCIUTH JTIHIWHY TYCTUHY T 3apsay, AKIIO0 HANPYKEHICTh MOJIA Ha
BizcTani 7=0,5 M BiI ApoTy npoTu Koro cepeaunu E=2 B/cwm.

84. 3 siKOo0 CUJION0, 110 BUMAJA€ HA OJMHUIIIO TUIOIII, BIIITOBXYIOThCS

7Bl OTHOMMEHHO 3aps»KE€H1 HECKIHUCHHO MPOTSIKHI IUIONIMHU 3 OJHAKOBOIO
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IOBEPXHEBOIO TYCTHHOIO 3apsiay 6=2 MKKi/m*?

85. SIky mpuCKOpPIOIOYY Pi3HUINIO NMOTEeHIaliB U Mae MpOUTH €IEKTPOH,
11100 MaTH MBUAKICTE V =8 Mm/c?

86. 3apsii pIBHOMIPHO PO3MOAIICHUN IO HECKIHYEHHIN IUIOLIMUHI 3
OBEPXHEBOI0 IycTHHOK o=10HKi/M°. BH3HAYMTH pIi3HHIIO MOTEHIATIB
JIIBOX TOYOK MOJI, OJTHA 3 SKHUX € Ha IUIOIIMHI, a 1HIIa BlJJajcHa BlJ HEl Ha
BiacTaHs a=10 cMm.

87. EnekTpoH 3 IMOYaTKOBOK IIBUJKICTIO V=3 MM/C BIETIB B
OJIHOP1/IHE eJIEKTpUYHE ToJie HanpyxeHicTio E=150B/m. BekTop nmouatkoBoi
MIBUJKOCTI MEPHEHAUKYISPHUN JIHIIM HAIPYKEHOCTI €JIEKTPUYHOTO IMOJIS.
Busznauutu: 1) cuiny, mo 1€ Ha €JIeKTPOH; 2) MNPUCKOPEHHs, IIIo
3100yBa€THCA €EKTPOHOM; 3) MIBUAKICTH €JIEKTpoHa uepes3 t=0,1 MKc.

88. Jlo ©Oarapei 3 EPC &=300 B miakmodeHi [ABa IJIOCKHUX
koHjaeHcatopu eMHocTsiMU C=2 n® i1 C,=3 n®. Buznauutu 3apsg Q 1
Harnpyry U Ha MIaCTUHKAaX KOHAEHCATOPIB 3a MOCIIJOBHOIO 1 MapaneabHOTO
3'e THAHHSIX.

89. Kongencarop emuictio C;=600 nd 3zapsawim g0 pi3HUILI
noteHmianie U;=1,5 kB 1 Biakmouwnu Bia jxepena Hamnpyrd. Ilotim 1o
HbOIO TMapajelbHO NPUEAHAIA HE3aPSHKEHUN KOHIEHCATOp €MHICTIO
C,=400 n®. BuszHauWTH €HEPrii0, BUTPAUYECHY Ha YTBOPEHHS ICKpH, IO
POCKOYMIIA MPU 3'€IHAHHI KOHJIEHCATOPIB.

90. Ha xiHIfAX MiZHOrO APOTY JOBXKHHOK [=5 M MIATPUMYETHCA

Harnpyra U=| B. BusHauuT ryCTuHy CTpyMy B JIpOTI.
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JOJATKH
1 . OcHoBHI (i3n4HI NOCTiHHI (OKPYIJIeHi 3HAYECHHS)

d13UYHa OCTiHA ITo3HaueHHS 3Ha4YCHHS

HopMaane NPUCKOPEHHS g 9.81 m/c?
BUIBHOTO I1aIIHHS

Ty, 202
I'paBirtariiina nocriiina G 6,67-10" H-M"/kr

73 T
ITocriitHa ABoraapo Na 6,02 10~ Mo
MomnsipHa razoBa crajia R 8,3 1]1x/(mons K)

33
CranjapTHuii 06’eM Vi 22,4 107m"/mo1b

73
ITocTiitna bonpiMana k 1,38 107 w/K

19
EneMentapHuii 3aps € 1,60 107"Kn
LHBI/I)IK%CTB CBITVIa Yy c 3,00 10%m/c
BaKyyMi
[Toctiitna  Ctedana — - 5,67 10°Br/(M2K?)
boapmana
ITocrtiiiHa 3aKOHY 3CYBY b 2.90 10° MK
Bina

34
ITocritina Ilnanka h 6,63 107" [k c

1
Iocriiina Punbepra R, 10973731,77 m
Paziyc Bopa a 0,529 10" m
KOMI'.ITOHIBCBKa JIOB)KMHA )“e 2.43 102
XBUJI1 €JICKTPOHA
Marueton Bopa Hy 0,927 10° A m’
C e 2,18 107
Eneprig 1oH13amii aroma E,
BO/JIHIO "% x(13,6eB)
2

ATOMHA OJJMHUL MacH a.0.M 1,660 10" "®/m

T2
EnexTpuyHa mocTiiina € 8,85 10" "®/m

=7

MaruiTHa nocTiiiHa Ho 4w 10" T/m
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2 . Iesski acCTpPOHOMIiYHI BeJIMYNHHU

HalimenyBannst 3HAYCHHSI

Paniyc Semi 6,37 10°m

Maca 3emi 598 10” kr

Paniyc CoHrrs 6,95 10° M

Maca CoHris 1,98 10 kr

Panjyc Mics 1,7410°m

Maca Micstus 733 107 kT

Bincranb Bz 1ieHTpY 3emill 10 LIEHTPY 1.49 10"y
Comrg ’

Bincranb Bz 1ieHTpY 3emill 0 LIEHTPY 3.84 10%m
Micsis ’

3.I'ycTuHa TBepauX TiJj

TBepae Tio I'ycTuHa, KI/M> TBepae Tino ['ycTuHa, KI/M
AToMiHi 2,70 10° Minp 8,93 10°
Bapiii 3,50 10° Hixenb 8,90 10°
Banaiii 6,02 10° CBHHEI[b 11,3 10°
BicmyT 9,80 10° Cpi60 10,5 10°
3aizo 7,88 10° Le3iii 1,90 10°
JTiTiii 0,53 10° LMHK 7,15 10°

4 .T'ycTuHa piguH

Piguna I'ycTuHa, KI/M Piguna I'ycTuHa, KI/M

Boxa (ipu 4°C) 1,00 10° CipKOBYTJIeLb 1,26 10°
I ninepuH 1,26 10°

PTyTh 13,6 10° Crupt 0,80 10°

5 .T'ycruHa rasis (3a HOpMaJIbHUX YMOBX)

I'a3 ['ycTuHa, KI/M I'a3 ['ycTuHa, KI/M
Bonenb 0,09 I'emi 0,18
[ToBiTps 1,29 Kucenb 1,43

63




6. E¢pexTuBHMH JilaMeTp MOJIEKYJIH

I'a3 Hiametp, m I'a3 Hiametp, m
A3oT 3,010 [emiit 1,910
BozeHb 2,310 KuceHs 2,710
7. Macu aToMiB JIerKHX i30TONIB
[30TOI CuMBoOI Maca [30TOm CuMBoOI Maca
a.0.M. a.0.M.
Helitpon | n 1,00867 | bepumiii }ii g:g }g?g
Bojiens H 1,00783 Bop 5B 10,01294
*H 2,01410 UB 11,00930
Cexiii > He 3,01605 Byrieis pe 12,00000
*He 4,00260 e 13,00335
A3oT uy 14,00307
Tiriit JLi 6,01513 ‘:"0 15,99491
1Li 7,01601 Kucens "0 16,99913
8. Ilepiogu HanmiBpo3nmaay pagioaKTUBHUX i30TOMIB
[3oTon CumBoi ITepion
HaIBpO3Maay
AKTUHIN o Ac 10 m10
Non o 8 1m0
KobGansT » Co 5,3 poky
Marsiit T Mg 10xB
Pami o Ra 1626 pokiB
Panon 2 Rn 3,8100u
CrtpoHiiit ST 27 poKiB
dochop 5P 14,3 nobu
Lepiit ' Ce 285 mib
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HapuanbHe BUAAHHA

PI3NUKA

MetoauyHi pekoMeHaIii

Vxnagaui: Baxonina Jlapuca BonoaumupisHa
Maprusaenko Bononumup OsekcanIpoBud
Pynenxo Annpiii FOpiitoBuu
MapazsBka Bitaniit AnaromniiioBuy
Baacenko Jlapuca CepriiBHa

®opmar 60x84 1/16. YMm. npyk. apk. 3,37.
Tupax 20 npum. 3am. Ne

HanpykoBano y BuaBHU4OMY BIUTI
Mukos1aiBChKOTO HalllOHATBHOTO YHIBEPCUTETY

54020, M. Mukomnais, Byin. ['eopris ['onranse, 9

CeimoutBo cy0’ekra BugaBHu40i cipaBu JIK Ne 4490 Big 20.10.2013p.

66



