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BCTVYII

VY mnporieci 3aHATh CTYJIEHTH BUYATHCSl 3aCTOCOBYBATHU HAOYTi TEOPETUUHI
3HaHHA. BUBUEHHS Teopli Ha MPUKIIAJIax, B3ATUX 13 )KUTTA 1 JJOCATHEHb HAyKHU
Ta TEXHIKM, YITKa OpraHizallii MNPAaKTUYHUX 3HaHb, BUCOKI BHUMOTH JIO
CTYJCHTIB CHPHUSAIOTh BUXOBAHHIO SKOCTEH, SIKI MOBHMHEH MaTH MaWOyTHIH
CIeL1aiCT.

CTyieHT Mae TIPYHTOBHO OIpallbOBYBaTH BIAMOBIAHUN JCKIIHHUN
Marepiall, BU3HAYaTH HE3PO3yMUII MUTAHHS JIs 3'ACYBaHHSI MiJ] 4ac 3aHSATh Ta
BUKOHYBATH JIOMAIITHE 3aBJIaHHS.

JInsi 3acBO€HHST Martepiany, pO3IIMPEHHS Ta TOIIMOJICHHST 3HaHb,
3'sicyBaHHS (DYHKIIIOHAJIBHOT 3aJ€KHOCTI (PI3MYHMX BEJIUYMH, BCTAHOBJICHHS
3B'SI3Ky TEOpii 3 MPaKTUKOI, PO3BUTKY CAMOCTIMHOTO MHCJICHHS 1 HaBUYOK
CaMOCTIHHOI pOOOTH - PO3B'A3yBaHH 3a7a4 Ma€ NepuIopsiHe 3HaueHHs. OTxe,
JUIsL PO3B'SI3YBaHHSI 3ajad HEJIOCTaTHHLO (OPMAIbHOTO 3HAHHA (PI3UYHUX
3aKoHIB. JIJisi 1[bOrO HEOOXiAHE BMIHHS MIPKYBaTH, AHAINITUYHO MUCIIUTH,
3HAXOJIUTH CHELiabHI METOJIN PO3B’ A3yBaHHS 3a/1a4.

[lepen Tum, sSIK BUKOHYBaTH CaMOCTIMHE 3aBJaHHS, CTYJCHT IOBUHEH
BUBYUTH BiANOBIAHUN JICKIIIMHUN MaTepiall 3a JITEPaTypor0, pEKOMEHI0BaHOIO
BHUKJIaJlaueM, 3pO3YMITH 3ajJadi, po3B's3aHl 10 TEMM 3aHATTS, BIJAMOBICTH Ha
3aMUTaHHS, TOCTABJICH] 10 TAaHOI TEMHU.

3agadi peKOMEHAY€EThCS PO3B'A3yBaTH Y TaKii MOCIIIOBHOCTI:

a) 03HAHOMJIEHHSI 3 YMOBOIO 3a/1a4i Ta 1i KOHKPETHUH 3a1uC;

0) aHai3 3a/1a4i;

B) PO3B’sI3yBaHHs 3aj1aui;

I) nepeBipka HalMEHYBaHHS OJIMHUILIb BUMIPY (PI3UUHUX BEJIUYUH;

1) 00YMCIEHHS NOTPIOHOI BEJIMYUHU;



€) aHaJ13 OJIEP’KAHOTO PE3YIIbTATY.

Y METOAMYHUX PEKOMEHJAIlISIX HABEJACHO TEOPETUYHUN MaTepian 3
posnuty "Enexktpocratuka. ITocTiiiHUN eleKTpuYHUM CTpyM "., IO YUTAETHCS
3r1IHO 3 HABYAJIBHUM IIJIAaHOM. 3ajadl migiopaHo Tak, 100 BOHU CTOCYBAJIHCS
OCHOBHUX MUTaHb KypcCy 1 100 iX OyJI0 TOCTaTHRO I PO3B'sI3yBaHHS IiJl Yac
3aHSATH B ayAuTOpii Ta Baoma. sl BUKOHAHHS CaMOCTIMHOTO  3aBJaHHS
BUKOPUCTOBYIOTh OKpEMI 3a/1aui.

Jlns 3agaHoro BUKJIaJadyeM HOMEpa BaplaHTa CTYJACHT BUKOPUCTOBYE
TaOJIUIII0 BapiaHTIB.

VYci BenmuuuMHM B 33jjladyax MaroTh OyTH BUpakeHl 3a MIKHapOJHOIO
cucrtemoro oauHullb.(CI)

@i3uyH1 BEeJIMYMHU (YHKIIOHAIBHO 3B'i3aHI MDX CO00I0, a TOMY
HEpallOHAIBHO JIJIi BCIX BEJIWYMH JOBUIBHO BCTAaHOBJIOBATH OJMHHUII
BUMIPIOBaHHs. Y HayIll Ta TEXHIIl JIOBUJIBHO NMPUMHATO OJUHMII JIUIIE IS
KUIBKOX BEJIMYMH, 10 HA3UBAIOTHCSI OCHOBHUMHU. JIJ1s1 peIITH BEIMYUH OJUHUIII
BUMIPY BCTaHOBJICHI Ha OCHOB1 (OpMyJ, IO 3B'SI3YIOTh JaHy BEJIUYUHY 3
BEJIMYMHAMHM, JJII SKUX BCTAHOBJIEHO OCHOBHI OJWHHII: III HOB1 OJWHHIIL
HA3UBAKOTHCS NOX1AHUMHU. CyKYIHICTh OCHOBHUX 1 MOX1HUX OJMHUIIL BUMIPY
(G13UYHUX OJUHUIL CTAHOBIISITH CUCTEMY OJIMHUIIb.

[lepenbaueHo psia 3aaad Jyisi CAMOCTIMHOTO PO3B'A3yBaHHS , @ TAKOXK
MUTAHHS JJIs1 CAMOMEPEBIPKU TEOPETUUHOI YACTUHU 3 KYPCY €JIEKTPOCTATUKHU.

VY KOHTPOJIBHUX poOOTaxX AJisl CTYACHTIB IEHHO1 (DOPMU HABUYAHHS
nepeadayeHo YoTUPH 3a/1adi. BUKOpUCTOBYIOUM TAaOIUIIO BAPIaHTIB, CTYJICHT

BHU3HAUYA€ 32 HOMEPOM BapiaHTa BiJMOBIAHI HOMEpHU 3ajay.



3araJjibHi MeTOAUYHI peKOMeH1allil 10 PO3B’A3KY 3a1a4 i
BUKOHAHHS KOHTPOJIbHUX POOIT

1. Po3B’si3yBaHHS 3a7ay BapTO CYHPOBOJKYBAaTH KOPOTKUMH, ajie
BUUCPIIHUMU TOSICHEHHSIMU; Yy pas3l, KOJM II€ MOXJIMBO, JIaTH MAJIOHOK,
BUKOHAHUI KPECISIPCHKUM CITIOCOOOM.

2. Pos3p’s3yBaTu 3ajauy MOOTPIOHO B 3arajibHOMY BUIJISAI, TOOTO
BUPA3UTU IIyKAaHY BEJIIMUYMHY B JITEPHUX MO3HAUYCHHSX BEJIWYWH, 33/IaHUX B
yMoOBi 3agaui. [lpu TakoMy cmoco0i po3B’si3yBaHHS HE BUKOHYIOTHCS
OOUYHUCIICHHSI TPOMDKHUX BEJIUYUH.

3. Ilicnma opdepkaHHs pPO3paxyHKOBOI (GoOpMysid JUisl TMEPEBIPKU
MPaBUJIBLHOCTI, 11 BapTO MIJCTABUTH B MpaBy 4YacTUHY (OpMynH 3aMiCTh
CUMBOJIIB TIO3HAYEHHSI OJIMHUIIb IIUX BEJIMYMH, MPOBECTU 3 HUMHU HEOOXIHI
i 1 MEpEeKOHATUCS] B TOMY, 1[0 OTPMMAaHAa MPHU 1[IbOMY OJIMHULISI BUMIPIOBAHHS
BI/IMOBIZIA€ ITyKaHIM BeaW4uHI. SIKIIO Takoi BIJAMOBIJHOCTI HEMAae, TO II€
O3Hauae, 110 33/1a4y PO3B’s13aHO HEBIPHO.

4. YucnoBi 3HAUYEHHS BEJIMYMH MPHU MiJACTAHOBIN 1X Y PO3PaxyHKOBY
dbopmyny BapTo Bupaxatu Tulbku B oauHulgX CI. Sk BUHSTOK
JIOTTYCKAEThCA BUPAXKATH B OY/Ib-SIKUX, aj€ OJHAKOBUX OJIMHUIIAX, YUCJIOBI
3HAQYEHHS OJHOPIAHUX BEJIWYUH, W0 IMepeOyBalOTh y YHCEIBHUKY 1
3HAMEHHUKY Ta MalOTh OJIHAKOBUH CTYIiHb.

5. Tlpu miACTaHOBIII B PO3pPaxyHKOBY (opmylly, a TakKoxX Yy
BIJITIOBiZIl YMCJIOBI 3HAYEHHSI BEJIMYMH BapTO 3aIllMCyBaTH SIK JOOYTOK
JIECSITKOBOTO ApoOy 3 OJIHIEIO 3HAYYHIOK IM@POro Iepes KOMOK Ha
BIAIOBIAHY CTYMIHb JECSITHU.

Hanpuxnan, 3amicte 3520 tpeba 3ammcatm  3,52:10°, 3amicTs

0,00129 3armcatu 1,29-107 i T.11.



6. OOuMCIIEHHS 3a PO3PaXyHKOBOIO (hOPMYJIOK CHiJl IPOBOAUTH 3
JOTPUMAHHSIM MPABUJT HAOJIMKEHUX oO0umciieHb. OCTaTOUHY BIJNOBIAL BapTO
3aMUCyBaTH 3 TpboMa 3HauymuMmu nudpamu. lle cTtocyeTbcs 1 BUNAIKY,

KOJIK pE3YyJIbTaT OTPUMAHO 3 BUKOPUCTAHHAM KaJIbKYJISATOPA.

HABYAJIBHI MATEPIAJIA 3 PO3JILTY KYPCY ®I3UKHU
1. EIEKTPOCTATUKA. MOCTIMHUM EJJEKTPUUYHUN
CTPYM

1.1. OcHoBHi popmyin
3akoH Kynona

o 29

47[505,72 ’

ne F — cuna B3aemosii ToukoBux 3apsaiB Q1 Or;
r—BIJICTaHb M1XK 3apsiJlaMH; €é— MPOHUKIIUBICTD; €) — EJIEKTPUYHA MTOCTIiTHA.

Hanpy>keHiCTh eTeKTpUYHOTO MOJIs 1 TOTEHITIA

E=F/0, p=11/0,

ne [I—moTeHnItiiHa eHeprisi TOYKOBOTO JOAATHOTO 3apsiay Q, sKuii € B gaHIM
TOYIl TOJS (32 YMOBH, IO TMOTEHIIMHA €HEepris 3apsamay, BIIJAJICHOTO B
HECKIHUYCHHICTb, IOPIBHIOE HYJIIO).

Cwta, sika jJi€ Ha TOYKOBUU 3apsjl, M0 € B CICKTPUYHOMY MO, 1
MOTEHIIIITHA EHePris I[LOT0 3apsay

F=0F I1=0p
HanpysxeHicTh 1 MOTEHIiaa I10Jis, CTBOPEHOI'O0 CHCTEMOK TOYKOBHX

3apsiAiB (MIPUHIIMI CYNIEPIIO3UIIIT IEKTPUYHUX TOJIB),

N N
E=3E, o=X0¢,
=1 i=1

1=
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ne E, ¢; — HanmpyKeHICThb 1 IIOTEHIla]l y JaHIi TOYIl MOJIsl, CTBOPEHOTO i-M
3apsIIOM.
Hamnpy>keHicTh 1 MOTEHIT1aJ OIS, CTBOPEHOTO TOYKOBHUM 3apsiioM,

o0 0

4ryer’ - 4rsyer’
Jie T — BIICTaHb BiJ 3apsay O 10 TOUKH, Y SKili BUSHAYAETHCS HANPYKEHICTh
1 MOTEHIIAII.
Hanpy>keHicTs 1 moTeHIana mojsi, CTBOPEH1 MPOBIIHOIO 3apsIKEHOIO

cdeporo paaiycoMm R Ha BifcTaHi r BiJ IeHTpa chepu:

0
. E = 0, = — _R
a) ¢ 4re (R (HpI/I r )

0) E:L' (p—L (mpm 7-R)

47eyeR* T dreqeR
0 0
E = , = 9 -
C) dme e ) Imeer (mpu -R)

ne O — 3apsn chepu.
JliniitHa TycTUHA 3apsiay
r=Q/L
IToBepxHEBa ryCcTUHA 3apsiay
o=0/8S.

HampyxeHicTp 1 TMOTEHIiad ToJds, CTBOPEHOTO PO3MOAITICHUMH
3apsigaMu. SIKIo 3apsi pIBHOMIPHO PO3MOIIICHUM y3/I0BXK JiHII 3 JIHIHHOIO
TYCTHHOIO, 7 TO Ha JiHII BUAUISETbCS Maja AUITHKA JoBxuHOIO d/ 13
sapsagoM dQ =rdl, 1 Takuil 3apsj MOXKHA PO3IMJISJIATH SIK TOYKOBUM Ta

BUKOPUCTOBYBATH (hOPMYIIH:

dE:_zﬁjz;d¢:_ﬂL3
drgger= r 4dreyer



1e ¥ — paJlyc-BeKTOp, COPSMOBAHMI BiJl BUIALJICHOTO eJieMeHTa dl 10 TOYKH,
B sIKiii BUBHAYAETHCSI HAIIPYKEHICTb.

BukopucTOByIOUM MOPUHIUI ~ CYNEPHO3UIIll  E€IEKTPUYHUX  TOJiB
3HaXOJIUMO 1HTErpyBaHHSIM HampyeHictb E 1 moTeHmian ¢ modus,

CTBOPEHOTO PO3MOALIEHUM 3aPSI0M:

v ogdr g v d
drege; r

E= >
dnege ro r

[HTErpYyBaHHsS BEACTHCS B3JOBXK YCI€l MOBXHHU [ 3apsKeHOi JiHI
(muB. mpukIaau S 1 8).
Hamnpy>keHicTh MmMoJisi, YTBOPEHOTO HECKIHYCHOIO MPSIMOI0 PiBHOMIPHO

3apsIHKEHOTO JITHIEIO YW HECKIHYCHHO JOBTUM ITHIIHAPOM,

r
E=—,
2reyér

Jie ¥ — BIJICTaHb Bl MPSIMOi UM OC1 ITUJIIH/pA 10 TOYKH, B SIKI BUZHAYAETHCS
HaIpPYKEHICTh TOJI.
HanpyeHicTe  1Mojs, yTBOPEHOTO  HECKIHUYEHHO  PIBHOMIPHO

3apsIHKEHOIO TUIOMIUHOIO,

o

E= .
2g€

3B’S30K MK OTEHIIIaJI0M 1 HAIIPYKEHICTIO:

a) E=-gradp, 4u E:—ia—(P+ja—(P+ka—(P B 3arajJiLHOMY
ox oy oz

BUIIAJIKY;

0) E= M y BUMAAKY OJHOPITHOTO TOJIS;

d

d
B) E :_d_(p y BUIIAJKY TOJIS, SIKE MA€ LEHTPAJIbHY YU OCbOBY
r

CHUMETPIIO.



EnextpuyHnii MOMEHT JUMIOSA
p=la|l,
ne [ — miede aumnojs (BEKTOpHA BEIWYMHA, IO CIPSMOBaHA Bij BiJI EMHOIO
3apsiy N0 AOJATHOTO 1 YUCENBbHO JIOPIBHIOE BIiJACTaHI MIXK 3apsiiamu), q —
3apsii.
Po6oTta cuit eeKTpUIHOro MoJis MepeMIIIeHHs 3apsaay ( 3 TOYKH IO
3 MMOTEHIIAJIOM @, Y TOYKY 3 MIOTESHIIAJIIOM ¢,
A =q9(¢) — @)
EnexkTpoeMHiCTb
C=q/ouu C=q/U,
7ie - TIOTeHIlia] MPOBIAHUKA (TP YMOBI, IO Y HECKIHYEHHOCT1 TOTEHITIaT
NPOBiAHUKA JIOpIBHIOE HyNIw0); U - pI3HUI TOTEHINaNIB  IUIACTUH
KOHJICHCATOpA.
EnexTpoeMHICTh MIOCKOTO KOHJEHCATOpA
C=¢ye-S/d,
ne S - miom@a rmiacTuHU (onHi€l) KoHAeHcartopa; d - BiACTaHb MiX

IJ1aCTuHaMMU.

EnextpoemHicTh OaTtapei KOHIEHCATOPIB:

N

a) é = ZF npu HOCJIiI[OBHOMy 3’€JIHaHI;
=14
N

6) C= Z Ci ’

i=1
ne N — KUIbKICTh KOHAEHCATOPIB Y OaTapei.
Enepris 3apsmkeHoro KoHaeHcaTopa:

W=qU/2, W=CU?*/2, W=q*/20C).

10



Cua ocTiiHOrO CTPYMY:
I=qlt,
1€ q — 3apsij, 110 TPOUIIOB Yyepe3 MOonepeyHuil MePeTHH MPOBIIHUKA 3a Yac
t.
I'ycTrHa OCTIMHOTO CTPYyMY:
j=1/8,
Je S — miolia MorepeyHoro NepeTUHy MPOBITHUKA.
3B’S130K T'YCTUHU CTPYMY 3 CEPEIHBOIO MIBUJIKICTIO -V;
J=qn<v>,
7€ q — 3apsl YaCTUHKU; N — KOHIIEHTPAIIis 3apsHKEHUX YaCTUHOK.
3akoH Oma:

— U .
a) I= % = JJ1s TUISTHKY Kouia B sskomy Hemae EPC, ne -

@, —@, =U - pi3HMIL TOTEHLIATB (HAImpyra) Ha KIHISX JUISHOK

naHmora; R — omip ninsakw;

— + .
0) I= (¢ 22)_ ¢ nns minsHKy xona, mo mae EPC: nee - EPC

mwKepena ctpymy; R — moBHME omip AUISHKHA (CyMa 30BHINIHIX 1

BHYTpIIIIHIX OIOPIB);

&
B) [ =R JUIsl 3aMKHYTOTO (IOBHOTO) jdaHupora, ae R -
+

i
30BHIIIHIA OMIp JIaHIora; R; - BHYTPILIHIN OMIp JaHIIOra.
3akonu Kipxroda:
a) Y. I, =0 - nepuumn 3aKoH;
0) Y IR, =X ¢; - Apyrui 3aKOH,
ne Y I, - anreOpaiuHa cymMa CUJI CTPYMiB, IO CXOIAThbCS Yy By3Mi; Y. I;R; -

anreOpaiuHa cyma JOOyTKIB CHJI CTPYMIB Ha ONOPU JUISHOK; . &

11



anreopaiuna cyma EPC.
Omip R 1 mpoBignHicTh G NPOBITHUKA

Rzpi, G=)5/1,
s

1e p - MUTOMUH OIIp; ¥ - MUTOMA IPOBIIHICTh; /- TOBXWHA MPOBITHUKA; S -
ILJI0IIA MOMEPEYHOro Iepepi3a MpoBIIHUKA.
Omnip cucTeMHU NMPOBITHUKIB:

a) R=73 R, npu MOCIiI0OBHOMY 3'€/IHAHHI;

1 1 , .
0) e ZR— IIpHY MapajeaIbHOMY 3'€THAHHI;

i
1€ R; - Omip i-T0 MPOBITHUKA.

PoGora cTtpymy:

A=1Ut, A=1I1°Rt, A=U?t/R;

Ilepma gopmyna crpaBeyiuBa JJis OyJb-SIKOi JUISHKH JIaHIIOTa, Ha
KIHIAX SIKOTO MiATpUMYyeThbcsl Hanpyra U, ocTaHH1 JBi - Ui JUISHKY, IO HE
Mmictuth EPC.

[ToTyXHICTH CTPYyMY:
P=UI, P=I*R, P=U?/R.
3akoH /[xoyns— JleHna
O=1I*Rt.
3akon Oma B nudepeHiiianbHii popmi:
J=1E,
1€ y - NMUTOMA MPOBIAHICTH, E - HANPYXKEHICTh €JIEKTPUYHOTO MOJS; j -
TyCTHUHA CTPYyMY.
3B'A30K MUTOMOI MPOBIAHOCTI y 3 PYXJMBICTIO b 3apsiKEHUX YaCTOK

(ioH1B)

12



y=qn(b, +b_),
7€ q - 3apsAa 10HA; N - KOHIIEHTpAIlls 10HIB;, b, ib_ - PYXJUBOCTI

MO3UTHUBHUX 1 HEFTATUBHUX 10HIB.

1.2 Ilpuxaau po3B’A3aHHA 327124

LI G Ipukaaa 1. /[Ba ToukoBuX 3apsau 9q i
NP Y X
4 L —  3aKpiryieHi Ha BifcTaHi /=50 cM oauH BiA
o)
9 = . co .
------- @L—é’gﬁ@"l";‘“ oaHoro. TpeTiii 3apsaa i MOKe IepeMIIaTUCs
b " .
_ & 5450 JIMIIE B3IOBXK MPAMOL, WO NMPOXOIUTL 4ePes
X )
L+x
= 3apsigu. BuzHauuTH MONOXKEHHS 3apsay (|
Puc.1(a,0,B) pu SKOMy BIH OyJe 3HAXOJUTHUCS B

piBHOBa31. [Ipu axoMy 3HaKY 3apsiay i pilBHOBara Oyje CTIHKOIO.

Po3B’s130k . 3apsg i nepedyBae B piBHOBa3l B TOMY BUIIAJIKy, KOJIU
reoMeTpUYHa CyMa CuJ, 110 JII0Th Ha HbOTO, JOpiBHIOE HYO. Ile 3HauuTh,
10 Ha 3aps (i MOBUHHI JisITH JBI CUJIU, PIBHI 32 MOJYJIEM 1 TPOTUJIEHKHI 32
HanpsMKoM. Posristnemo, Ha sikiid 3 Tphox auisHok I, 11, IIT (puc. 1) Moxe
OyTH BUKOHaHa 1151 yMoBa. JlJisi BU3Ha4Ue€HOCTI OyJIeMO BBaXKaTH, 1110 3apsl qi
- TIO3UTHUBHUMU.

Ha nminsaui I (puc.. la) Ha 3apsng qp OyAyTh JiATH ABI TPOTHIICKHO
cupsimoBaHi cwin: Fi 1 Fo. Cuna Fy, mo nie 3 6oky 3apsany 9q, y Oyab-saxii
TOYIll I€T TUISHKM OuIblie cuiu Fp, mo aie 3 00Ky 3apsay - q, TOMY IO
OlnpIInUM 3apsa 9q 3aBXaAM € OMMKYMM 70 3apsay (i, YUM MEHIIHM (110
MOJIYJII0) 3apsiji - . ToMy piBHOBara Ha Il IUISTHIII HEMOKJINBA.

Ha ninanam II (puc. 1,6) odunsi cunu Fi 1 Fo copsimoBani B ogHy

CTOPOHY - 70 3apsany - q. OTxe, 1 Ha APYTiil AUISHIN PIBHOBAra HEMOXKJIMBA.

13



Ha pginsumi I (puc. 1, B) cunm Fy 1 F, crnpsimoBani B MpOTHIIEKHI
CTOPOHM, TaK CaMO SK 1 Ha JUIsHIN [, ame Ha BIAMIHY BiJf HOIO MEHIIUHN
3apsaj -  3aBXKJAM € OJMMKYMM JI0 3apsay (i, YuM Oiaemuil 3apsg 9q. Lle
3HAYUTh, 1[0 MOKHA 3HAWTHU TaKy TOUKY Ha mpsiMiid, 1e cunu Fi 1 F, OynyTh
OJTHAKOBI 3a MOJIYJIEM, TOOTO

=5 (1)

Hexaii x 1 / + x - BIICTaHb BiJy MEHIIOTO 1 OUIBIIIOTO 3apsiIiB 0 3apsiay

qi. Bupaxarouu B piBHocti (1) Fi 1 F» BignoBimHo no 3akony Kymona,

OJCPIKUMO
9c]-c]12:q-2ql , 4d [+x=13x 3BLOKH x1:+—l,x2:_—l.
(I +x) X 2 4

Kopinb x? He 3a10B0abHsAe GiznuHili yMOBi 3ama4i (y wiit Toumi cumu Fy
1 F» Xoua 1 piBHI 32 MOJyJieM, aji€ MalOTh OJHAKOBUM HAIIPSIMOK ).

Busznaunmo 3HaK 3apsgy ¢, 3a SKOro piBHOBara OyJe CTIMKOIO.
PiBHOBara Ha3MBAa€ThCS CTIMKOIO, SKIIO MPHU 3CYBI 3apsAay Bij MOJOXKCHHS
pPIBHOBarv BUHUKAIOTh CUJIHU, 1[0 TTOBEPTAIOTh MOT0 B MOJIOKEHHS PIBHOBATH.
PosrnsinemMo 3CyB 3apslly ¢;y IBOX BHUIAJKaxX: KOJW 3aps] MO3UTUBHHM 1
HETATUBHUM.

k1o 3apsizl ¢; MO3UTUBHUM, TO MPU 3CYB1 KOTO BI1BO 00U Bl cuiin F 1
F» 3pocrarots. Uepes te, mo cuna F; 3pocTae moBiIbHIIIE, TO pe3yabTyoUua
cuia, IO i€ Ha 3apsan ¢,, OyJe cOpsiMOBaHa B Ty X CTOPOHY, B SIKY
3MIIEHU 1iel 3apsan, ToO0To BmiBo. Il miero miel cunmu 3apsan ¢, Oyne
BIITAJIATUCS BiJ TOJIOKEHHS piBHOBaru. Te >k BigOyBaeThCs 1 MPH 3CYBI
3apsany ¢, BrpaBo. Cuna F, yOyBae mBuamie, Hix Fi. ['eomerpuuna cyma cui
y LIbOMY BHIIQJIKy CIpsSIMOBaHa BIIpaBO. 3apsj MiJ JI€H0 €l CHIU TaKOX

Oyje nmepeMilaTyucs BIPaBo, TOOTO BIAJAIATUCS BiJ MOJI0KEHHS PiBHOBArHU.
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Takum yuHOM, Y BUNIAJKY MO3UTUBHOTO 3apsily piBHOBAara € XUTKOIO.

k110 3apsis ¢, HETaTUBHUI, TO MOTO 3CYB YJIIBO BUKJIMKAE 301IbIICHHS
cun Fi 1 Fp, ane cuna F; 3pocrae moBuibHilIe, HIX Fz, TOoOTO |F2f;|F1].
PesynbTytoua cuna Oyjae copsiMmoBaHa BropaBo. Ilig ii miero 3apsn ¢
MIOBEPTAEThCS JI0 TOJOKEHHsS piBHOBaru. Ilpm 3cyBi ¢ BmpaBo cuna F»

yoyBae mBuame, HixK Fi, Tooto |Fi[;|F2|, pe3yabryroua cuia crpsiMmoBaHa

BJIIBO 1 3apsii ¢, 3HOBY OyJie MOBEPTATUCSA JO MOJOKEHHS PiBHOBAru. 3a
HETaTUBHOTO 3apsy piBHOBara € cCTilikoro. BemwmumHa camoro 3apsay g,

HECYTTEBA.

Hpuxkaaxy 2. Tpu TOUKOBUX 3apsau
Q=0Q:=Q3=1 uKn posramoBaHi y BepiirHax
PIBHOCTOPOHHLOT'O TPUKYTHHUKA. KUl 3apsij

Q4 TmOTPIOHO  TOMICTHTH B  IEHTPI

TPUKYTHUKA, 1100 3a3HAYEHA CUCTEMa 3apsiiB

3HAXOJuJacs B pIBHOBa31?

Po3B’s130K. VYei TpH 3apsiu,
pO3TaIOBaHi MO BEPIIMHAX TPUKYTHHKA, 3HAXOATHCS B OJJHAKOBUX YMOBAaX.
Tomy mocuTs 3'sicyBatu, SIKAA 3apsij] BAPTO MOMICTUTH B IIEHTPl TPUKYTHHKA,
o0 sSKui-HeOyab OJMH 13 TPbOX 3apsjiiB, Hampukiaa Qi, 3HAXOAUBCS B
piBHOBa3l. 3apsia Q1 Oyje 3HaxXOAUTHCS B PIBHOBA31, SIKIIO BEKTOpHA cyma
JII0YMX Ha HHOT'O CHJI JJOPIBHIOE HYIIO (pHC.2).

F,+F,+F,=F+F,=0, (1)
ne Fa, F3, F4 - cum, 3 sskumu BIAMOBIAHO M10Th Ha 3apsa Qi 3apsaau Qa, Qs,
Q4; F - piBHOmit0unx cui Fs 1 Fs.

Tomy mo cunu F 1 F4 cripsmoBaHi 1o OfHIA OpsAMIM y TMPOTHUIICKHI
CTOPOHHM, Ta BEKTOpHA PIBHICTH (1) MoxkHA 3aMiHUTU CKAsIpHUM: F — F4= 0,

15



3B17ku F4=F. Bupazusimiu B octanHiii piBHOCTI F uepe3 F» 1 F3 1 3 orsigy Ha
te, 1o F3=F>, onepxxumo
F, = F,2(1+ cosa).
3actocyBaBimu 3akoH KyioHa 1 Maroun Ha yBaszi, 1o Q=Q3=Q,

3HANUEMO

2
g1e = O 2w/2i1+cosai,

472'6‘07”12 4reyr
3BIAKA
Ql’”l2
0, =—21/2i1 +cosa). 2)
r
3 TreoMeTpUYHHX TMOOYJ0B y PIBHOCTOPOHHBOMY TPHUKYTHHUKY
BUXOJIUTh, 1110

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

3 ypaxyBaHHSAM LbOro GpopMyia (2) Habupae Burisany O, =0, /3.
3poO6uMO OOUYUCTICHHS:

107

Q4 \/g K

Crnij 3a3HAYUTH, 11O pIBHOBAra CUCTEMH 3apsaiB Oyae XUTKOIO.

=5,77-107"° K2 =0,577uKn

Ipukaan 3. Ha TOHKOMY CTEp>KHI JTOBXKHHOIO /=20CM 3HAXOIUTHCS €
PO3MOUICHUN eNeKTpuIHui 3apsna. Ha mpomoBkeHHI oci CTEp)KHS Ha
BijicTaHi a=10cM Bij HalOIMXKUOrO KIHIl € ToukoBui 3apsa Q=40uKi, mo
B3a€EMOJII€ 31 CTepKHEM 13 cuwioto F=6mkH. BuznHauutu niHIHY TYCTUHY T
3aps/ly Ha CTEP>KCHb.

Po3p’si30k. Cunia B3aemonii F 3apspkeHOro CTEp)KHS 3 TOYKOBUM
3apsanoM Qg 3aJeXuTh BiJ JIHIKHOI TYCTUHHU T 3apsA/ly Ha CTEPKEeHb. 3HAIOUU

1[I0 3QJICKHICTh, MOKHA BU3HAYUTHU T. 3a 004YuCIeHHs cuid F BapTo Matu Ha

16



yBa3l, IO 3apsij Ha CTEpPKHI HE € TOYKOBUM, TOMY 3akoH KylioHa
0e3MmocepeIHbO 3aCTOCYBAaTH HE MOXKHA. Y 1IbOMY pa3i MOKHA BUKOPHUCTATH
Takui croci6. Bunainumo 31 ctepxkHs (puc. 3) Maly OUISHKY dr 13 3apsjioM
dQO=1dr. le# 3apsa MOKHA PO3TJISIAATH SIK TOYKOBUM. To1i, BIIMOBIIHO 10
3akoHy KyioHa,

dF =2
dreqr

[HTErpyroum 1€ BUpa3 y Mexax BiJ a 10 a+l, 0IepKyeMO

F= O a”ﬂ_ O (l_ 1 j_ Od

Cdmey ot dmeg\a a+l) 4megala+1)
3BIJIKH
L 4ngyala+1)F
Oyl '
ar, . r
| %a
/ _ a f
Puc.3

[lepeBipuMo, uuM ga€e po3paxyHKoBa (opMysa OIWHHINO JIHIHHOI
TYCTUHU €JICKTPUYHOTO 3apsay. [[ns mporo B mpaBy dactuHy (opmynu

3aMICTh CUMBOJIIB BEJIUYHUH MIACTABUMO 1XH1 OTUHUII:

lsoJala +1]F]_1p/m-1m-1u-1H _1p-1H _1K2/B-1H _1H
[o]i] 1K - Lu 1K1 1K 1B
=1H /(1 donc/1Kn)=(1H -1Kn)/1H - m=1Kn/1m

3HalijieHa OJMHMIIS € OJIMHUIICIO JIIHIMHOT I'YCTHHHU 3apsy.

3po6uMo 00UNCTICHHS:
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6
- 0,1(0,91+0,2) 6 Xg 10 =2,5x10 ° =2,558K1/M
9%x10°x 4 x10 °x 0,2

Hpuxkaax 4. J[Ba TOYKOBHX €JIEKTPUYHUX
sapsian Q1=1 vKn 1 Q,=-2 vKn mnepebOyBaroth y
noBiTpi Ha BiactaHi d=10cM oOaWH BiJ OJHOTO.
Busnauntu Hamnpyxenicte E 1 moTreHmian ¢ mois,

CTBOPEHOIO0 IHUMHU 3apsjaMu B To4Ylll A, sKa

nepeOyBae BiJ 3apsay Qi Ha BijcTaHl 11=9 cM 1 BijJ

Puc.4

3apsany Q2 Ha 7>=7 CM.

Po3B’s130k. BianoBigHO 10 NOPUHIUIY CYHEPHO3UIlT E€ICKTPUUHUX
MOJTIB, KOXKEH 3apsiji CTBOPIOE IMOJIE HE3aJEkKHE Bl MPUCYTHOCTI B MPOCTOPI
1HIMX 3apsAiB. Tomy HanpyXeHICTh E eIeKTpUYHOro MoJjs B IIyKaHiil TOYIl
MOXxe OyTH 3HalifileHa K reoMeTpuyHa cyma HampyxkeHocteu Ej 1 E; momnis,
YTBOPEHUX  KOXHUM  3apsajgoMm  okpemo: E=E;+E;. Hamnpyxenocrti

€JICKTPUYHOTO TOJIs, YTBOPEHOTO B MOBITP1 (€=1) 3apsaamu Qi 1 Qy,

2
E == 1
1 47zgor12 )
[
Ey=—"75—. 2
? 47750r22 @)

Bexkrop E; cipsimoBanuii 1o cuiioBiil JiHii BiJ 3apsany Qi, TOMy 110 Liei
3apsii TO3UTUBHUI; BEKTOp Eo cipsiMOBaHUiA TaKOK MO CUJIOBIN JIiHIT, ajie 10
3apsany Q2, TOMY IO 1IEH 3apsi]i HETATUBHUM.

Monayns BekTopa E 3HaiigeMo 3a TeopemMoro KOCUHYCIB:

E=\E} + E} +2E,E, cosa, 3)

ne a - KyT MbK Bektopamu E; 1 Es, mo Moxe OyTu 3HalaeHUM 13

18



TPUKYTHUKA 31 CTOPOHAMM ¥, F21d:

VY naHomy pasi, 00 YHUKHYTH TPOMIZIKUX 3aMKCIB, 3pYUHIIIEe 3HAYCHHS

COS & OOUUCIIUTH OKPEMO:

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

[TincraBnstouu Bupasz E; 3 (1) 1 E2 3 (2) y (3) 1 BUHOCSYM 3arajibHU

MHOXHUK 1/(47ep) 32 3HAK KOPEHsI, OTPUMAEMO

2 2
Fo Qz +Qi +2‘Q12HQ22‘00305. 4)
dmeo \ Rt nr

BianoBimiHO 10 TPUHIMIY CYNEPIO3UIli  EJIEKTPUYHUX  TOJIIB
MOTEHIIaT (@ PE3YJbTYHYOro MOoJisi, YTBOPEHOTO JABoMa 3apsaamu (1 1 (s,
JOPIBHIOE ajreOpaiyHiii CyMi MOTEHITIATIB:

P=¢+ P (5)

[ToTeHIian eIeKTPUYHOTO IMOJs, YTBOPEHOTO Y BaKyyMi TOYKOBUM

3apsiioM Q Ha BiACTaHi 7 BiJl HhOTO, BUPAXKAETHCS (POPMYIIOLO:

p=—2 (6)

27e o1

VY namomy BUNIAJKY BiAMOBIAHO 110 hopmyi (5) 1 (6) oaepKuMo:

O + O yn (sz(ng&}

dnegry  4megyn, dreg\1n 1

3poOUMO OOUYHUCIICHHS:
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9 9 9 9
o L (10 )j+(2 10 4)2+21o 2 10
arflar 9 10°) V(0,09  (0,07) (0,097 - (0,07)

=3,85- 10° B/m=3,58 kB/

9 9
0= ! 5 107, 22 1071 1s7p,
azilaz- 9- 10°) | 0,09 0,07

Ipukaaa 5. Ilo TOHKOMY KUIBIIO PIBHOMIPHO

posnoauieanit  3apsany  Q=40uKn 13  miHIMHOIO

ryctuHoro 1=50 HKin/M. Bu3HauuTH HampyKeHiCTh

E enekTpudHOTO MOJIsi, yTBOPEHOTO IIUM 3apsiJIOM Y

TOYIll A, IO JEKUTH HAa OC1 KUIBIA 1 BIJTaI€HOI B1JT

Horo 1eHTpa Ha BiJICTaHb, PIBHY IIOJOBHHI pajiyca.

Puc.5

Po3B’s130K. 3’eHAEMO KOOpJIMHATHY
momnuHy xOy 3 MIOMIMHOK KUIbI, a Bick Oz - 3 BicClo Kbl (puc. 5). Ha
KUTBI BUAUTMMO Maiy AUISHKY JoBxuHO0 d/. Tomy mio 3apsa dQ=1d/, skuii
nepeOyBae Ha IMid JUISTHIl, MOKHA BBOXKATH TOYKOBUM, TO HamnpyxeHicTh dE
CIICKTPUYHOTO IIOJISl, YTBOPEHOT'O IIMM 3apsioM, MOKe OyTH 3amucaHa y

BUTJISIL

ag=__r
r

47zgor2
1ie 7 - pazilyc-BeKTOp, CIIPSMOBaHUM BiJ eleMeHTa d/ 70 Touku A.
Poskmanemo Bektop dE Ha naBi ckmamoBi: dE;, mepneHaukymsipHO
mIomuH1 Kbl (mo 30iraetbes 3 Biccto Oz), 1 dE, mapanenbHy momniuHi
KutbIl (torornuau xOy) , TOOTO
dE =dE, + dE,.
Hanpyxenicte E enexkrpuuHoro mojs B Toulli A 3Haiinemo

IHTETrpyBaHHSIM:
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L L

7ie IHTeTPYBaHHS BEACTHCS 0 BCIX €JIeMEHTaX 3apsKEHOTO KIJIbIIS.
[TomiTumo, 110 1171 KOkHOT T1apu 3apsaaiB dQ 1 dQ' (dQ=d(Q'"), po3TanoBaHux
CUMETPUYHO HABKOJIO IIEHTPA KUIbIIS, BEKTOpHU dE> 1 dE>' y Tourli A piBHI 3a

MOYJIEM 1 IPOTUJICKHI 32 HANPSIMKOM: dE>=-dE>'."ToMmy BeKTOpHa cyMa

(iHterpan) [dE, =0. CxiagoBi dE| [Uisl BCIX €1€MEHTIB KUIbLIS MatOTh
L

CHUIBHUNA HaNpAMOK 3 Biccio Oz (OMHUYHUM BEKTOPOM k), TOOTO dE1= kdE].

Tom
L
Tomy, o
dE = 47;:* . r=+R*+(R/2 =5R/2, cosa=(R/2)/r=1/45, To
1 4t dl
dE = . dlz .
: 4rey SR>3 5\/§7T£OR2
Takum unHOM:
27R
E—tk wdl 27

(j) 5\/§7zgoR2 5\/_ 5eR
31 CMIBBIHOWIEHHS Q =27zR7 BU3HAYMMO PAJlyC KUIBLS: R =Q/2xr -
Tom

212nt drr?

| 5\/§EOQ o 5\/§‘9le

Monaynb HalpyKEHOCTI:

E
5= WOQ

21



[lepeBipuMoO, uM Jla€ MpaBa YaCTUHA OTPUMAHOI PIBHOCTI OJIMHUIIIO

HarnpyxeHocTi (B/m):

2| _ (Ki/af ik

~1B/n.
s, ]l0] 1q>/M 1}@ @

Bupazumo ¢iznuni BenwmuuHU, MmO BXoAATH A0 dopmynau (1), B
oxuanIrtx Cl

(= 510°% Kn, QO=410° Kne =88510"7 @/m) i 3pobumo
OOYUCIIEHHS:

-8
£ 4><3,14><(51;<10 )Z <(B/m) =792 (kB | m).
5+/5x8,85x1072 x  4x10°

Hpuxaang 6. JIBI KOHIGHTPUYHI TPOBIJHI
chepu pamiycamu R;=6 cMm 1 Ry=10cm HecyThb
BianoBigHo 3apsan Q=1 vHKx 1 Q= -0,5 =K.
3HaiiTh HampykeHicTb E mons B Toukax, IO

BIJICTOSITH BIJI IIEHTpa cep Ha BIACTAHAX F1= 5 cM

,2=9 cMm, r3= 15 cm. [loOyayBatu rpadik E(r).

Po3B’si30k . [lomiTHMO, IO TOYKH, y SIKMX

Puc.6

MOTPIOHO 3HAWTH HAIMPYXEHOCTI EJIESKTPUIHOTO
MoJIs, JIeXKaTh y TPhoX o0macTsax (puc. 6) obmacti /(71 - R1), obmacti I (R -
- Rz), O6J1aCTi yisi (7’3 - Rz).

1. lns Bu3HaueHHs HanpyskeHocTl E| B o06acti I mpoBeaemMo rayccoBoi
noBepXH1 S; pamiycom r; 1 ckopucTaemMocs TeopeMoro OcCTporpaachbKoro-
["aycca:

§E,dS =0,
S

(ToMy, 1O CyMapHHMM 3apsij, SKAM € BCEpPeAWHI TayCCOBOi TMOBEPXHI,
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JIOPIBHIOE HYIIO). 3 PO3yMIHb CUMETPIl E, = E| = const . MAEMO,

S

ne E; (manmpyxeHicTh mojis B objacTti /) y BCiX TOYKax, IO BiAMOBIIAOTH
yMOBI 77 - R;, Oye JOPIBHIOBATH HYIIIO.

2. B obnacti I rayccoBy MOBEPXHIO MPOBEIEMO PAJIlyCOM 72. Y LIbOMY
pasi

§EndS=Q1/50>
Sy

(ToMy, 1110 yCeperHI rayCcCcoBO1 MOBEPXHI € auiie 3apsa Q1).
Tomy, mo E, = E = const , TO MOKHA BUHECTH 32 3HAK IHTETpaa:

E §dS =0, /g, un ES, =0, /&,
S

[To3nauuBmm HanpyxeHicTh E st obnacti I1 uepes E,, onepkumo:
Ey =0 /(6052),

ne S, =4m - maoma rayccoBoi nosepxsi. Tosi

Ey=—9 (1)

47r50r2 '

3. B oGnacti III tayccoBa TOBEpPXHS MPOBOJMUTHCA PaAIIyCOM 73.
[To3znauumo HanpyxeHicTh E o6nacti 11 uyepe3 E3 1 BpaxyeMo, 1110 B LIbOMY
pasi rayccoBa MOBEPXHSI OXOIUTIOE 00UABI chepu 1, OTKE, CyMapHUM 3apsij
Oyjie JOpiBHIOBATH
O; + 0. Toni

47z50r32
[TomiTuBiH, 110 Q> - 0, 1Iel BUpa3 MOKHA EPENUCATH Y BUTIISIL

O +1Q
-0l @)

15
4reqr;
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IlepexoHaeMocst B Tomy, 1[0 IIpaBa 4dacTuHa piBHocTer (1) 1 (2) mae

OJIMHUIIIO HAIIPYKEHOCTI:

o] 1Ka 1K7

= = =1B/ m.
[80]|_r2J 1D/ ux1u? 1O x1u "

Bupasumo Bci Benmuuunn B oguannsax ClI (0;=107 Kn, 0,--0,510" Ko,
r1=0,09 M, 12-0,15 M, 1/(41t0)=9-10°M/}) i 3po6HMO 0GUMCIIEHHS:

10 °

5 B/ m=111B/ m;
(0,09)

E,=9-10°

20p ——— (1-0,5)107

E;=9-10° -— B/ =200B/n.
(0,15)

|
|
|
090 ———— F—- : .
Ji' L [To6yayemo rpadik E(r). B o6nacti
’ T ’ I(r; - R;) E=0, B o6macti II (R - r2- R»)

E2(7) 3MmiHIO€TBCS 3a 3aK0HOM 1/ 2. 'V Toumi
r=R| HaMpyKEHOCTI
Ex(R)=E,(R) =0,/ 4nmeyR} =2,5kB/ m.
v TOYIT r=R2 (r nparHe 10 R> JBOPYY)
E,(Ry) =0, /4ne R7 = 0,9(kB/ m).
B o6mnacri III (r; -R>) E3(r) 3MmiHI0€ThCA 3a 3aK0HOM 1/ 72, mpudomy B
TouIll =R, (r iparue 10 R, npaBopyy)
E;(R) =0, |0,|/47eyR; =0,45kB / m..
Taxkum ynnoM, Pyskuis E(r) y Toukax r=R 1 =R, TepnuTh pO3pUB.

I'padik 3anexxnocti E(r), mogano Ha puc. 7.

Hpuxaan 7. ToukoBuit 3apsgy (QO=258Kn nepeOyBae y moil,
CTBOPEHOMY TIPSIMUM HECKIHUCHHUM UWIHAPOM pajiycoM R=lcwm,

PIBHOMIPHO 3aps/DKEHMM 3 MOBEPXHEBOI rycruHor o0=0,2 nKi/cm?.
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Buznauntu cuiy F, 1110 Jii€ Ha 3apsij, SKIIO HOro BiJICTaHb BiJ BICI HUJIHAPA
r =10 cm.

Po3B’s130k. 3HaueHHs cuiu F, 10 Jii€e Ha TOYKOBUM 3apsaa (O, 1o € Y
10J11, BUBHAYAETHCA 3a POPMYII0I0

F =QE, (1)

ne E - HanpyKeHICTh MOJIs.

Sk BiIOMO, HANPYKEHICTh MOJS HECKIHYCHHO JIOBIOr0 PIBHOMIPHO
3apSHKEHOTO HWIIHIpa

T

E= ,
27y

2)
1€ T — JIiHIHA T'yCTHHA 3apAy.

BupasuMo 1iHiIiiHY TyCTHHY T 4Yepe3 IMOBEpXHEBY TyCTHHY G. s
IIOT'O0 BUIITUMO €JIEMEHT IUJIIHAPa JOBXKUHOK [ 1 BUpa3umo 3apsa (O, 1o €
Ha HbOMY, ABoMa crnocobamu: Q=oS=o027RIl, Q=1. llopiBHsABIIK TpaBi
4acTUHU 1MX (OPMYJ 1 CKOPOTHBIIM OTPUMAaHy PIiBHICTh Ha [, 3HAWJIEMO
1=621R. 3 ypaxyBaHHAM 11b0T0 (opmyina (2) npuiimae Burisn E = Ro/(g,r).
[TincraBuBmm Bupas E'y (1), onepxumo

F =QRc/(gyr).
3poOUMO OOUYHNCIICHHS:

- 2,5-10%.2-10°
8,85-10" .10

F (H)=5,65-10%(H) = 565(mxH).

Cuna F 30iraetbcs 3a HANpSIMKOM 3 HamNpy»KeHicTio F, 1o uepes
cuMeTpito (IIIHAP HECKIHYEHHO JOBTHH) TMEPICHAUKYJIpHA TOBEPXHI
IUJIHIpA.

Hpuxaaa 8. [lo ToOHKIM HUTII, BUTHYTIN MO Iy31 KoJia, piIBHOMIPHO
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PO3MOIICHUH 3apsia 3 JIHINHOW TycTHHOW T=10
HK1/M. BuzHaunTu HanpyXeHICTh £ 1 MOTEHINal @

CIICKTPHUYHOT O I10JI41, CTBOPCHOTO TaKUM

PO3MOAUICHUM 3apsioM y TOYIl, IO 301raeTbes 3

HEHTPOM KpUBU3HU Jyru. JloBxkuHa [ HUTKHU

CTAHOBUTH 1/3 MOBKHUHU KoJia 1 JOpiBHIOE 15 cMm.

Puc.8

Po3B’s130k. Bubepemo oci koopauHaT Tak, HI00
II0YaTOK KOOpJMHAT 30IraBcs 3 IIECHTPOM KPHUBU3HU AYTH, a Bich Oy Oyia 0
CUMETPUYHO PO3TaIlIOBaHa 010 KiHIIB Ayrd. Ha HUTI BUALUTUMO €JI€MEHT
noBxuHu dl (puc. 8). 3apsaa dQ=1dl, 1m0 € Ha BUAUICHINA IJISHIN, MOXKHA
BBa)XaTH TOYKOBUM. BU3HAUMMO HaIpy>KEHICTh €JIEKTPUYHOTO TOJIS B TOYIII
O. Jlnsg nporo 3HAWAEMO CIOYATKY HaIpyXeHICTh dE TOojsi, CTBOPEHOTO
3apsiaom dQ:

ag=—"_.r
r

47zgor2

Je r - paalyC-BEeKTOp, CHPSIMOBAHUM BiJ €JIeMEHTa d/ 10 TOYKH, y SKIA
OOUYHCITIOETHCS HATIPYKEHICTh.

Bupasumo BekTop dE depes npoekilii dEx 1 dEy Ha 0ci KOOpIUHAT:

dE =idE, + jdE,,
1e 1, j - OMMHUYHI BEKTOpPU HampsMKiB (optH). Hampykenicts E 3HalgeMo
IHTETPyBaHHSIM:
£ =[dE =i[dE, + | dE,.
[HTeTpYyBaHHS BEIETHCS Y3J0BX NYyrH JOBXHHOIO [. Yepe3 cuMmerpiro

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

ne
dEy=dEcoc =dllcos /(47&61’2 ) Tomy, o r =R =const, dl=Rd$,Toni:

TRd 9 08—

5 -cos9d 9.
AreyR 4rggR

E=j

[TlincraBumo Bupas dE, B (l) 1, Oepyun 10 yBaru CHUMETPUYHE
posTtainryBaHHs 1yru 1moj0 oci Oy, Mexi 1HTerpyBaHHsl BisbMeMoO BiJ 0 110

7/3, a pe3yabTaT mHoABOIMO:

Bupaszusiiu paaiyc R uepe3 nosxuny [ Hutku (3/=27R), onepKumo

T
E=j—4/3. 2
168()[\/_ 2)

3 mi€i (QopMmynd BUIHO, IO HAMPYXKEHICTh TMOJS 3a HAMPIMKOM
30iraeTbcs 3 Biccro Oy.
3HaliileMo mnoTeHIian ejlekTpuyHoro mosst B Touli O. CrnoyaTtky
3HalIeMo noTeHIan dg, cTBopeHuit ToukoBUM 3apsiaoM dQ y toui O:
do =dl/(4ne,r).

3amMiHMMO 7 Ha R 1 IpOBEJAEMO IHTETPyBAHHS:

I
0 = T Jl = 7l .
4reoR 4reoR

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

10%.1,73

E= 12
6-8,55-107°-0,15

B/ m=218xkB/ m.
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1078

= 6.885.107 B =1885.

%

Hpuxkaang 9. Ha ToHkOoMy CcTepkHI MOBXHHOI [ € PIBHOMIPHO
po3MoAUICHUH 3apsy 3 JiHIHHOW TycTuHO0 T=10uKn/M. 3HaliTin moTeHmian
@, YTBOPEHUM PO3MOAIIECHUM 3apsAJoM Yy Toulll A, po3TalloBaHOI Ha OCI
CTEP>KHS 1 BIAAJICHO1 BT HOTO HaMOJMKIOTO KIHIIS HA BIJICTaHb /.

Po3B’s130k. Y 3amaui po3MIsAA€ThCS MOJIE, YTBOPEHE PO3MOALICHUM

3apsJIOM. v IbOMY pasi
o . " x o _dx
BUKOPHCTOBYIOTh Takuii croci6. Ha <
T
CTEP)KHI BUIUISIOTE Majly OUISHKY 47 ' f-s."jg . =
JIOBXHUHOK dx. Toml HA 1WA JiIgHI B i 1 ,
Oyne 3ocepemxenuid 3apsa dQ=r1dx, Puc.9

KM MOXHa BBa)XaTH TOYKOBUM.
[Torenmian d¢, yTBOpeHUH UM TOYKOBUM 3apsjoMm y Toulll A (puc. 9)

MOHa BU3HAYUTH 32 (HOPMYIIOI0

dQ wdx

d = = .
dregx  Admeyx

BignmoBimiHO [0 TPUHIOMIY CYINEPIO3UIi eJeKTPUIHUX  TOJIIB,
MOTEHITIaJ €JISKTPUYHOTO IOJIs, YTBOPSHOTO 3apsAKCHUM CTEPKHEM Y TOYIT
A, 3HaiiIeMO IHTETPYyBaHHS I[LOTO BUPA3y:

_21 wlx v 2dx

¢_147Z'6‘0x_47[€0 X

BukoHnaemo iHTErpyBaHHS:
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I[TincraBumo umciioBi 3HadeHHa (ismunmx BenmumH y CI (t =10107

Ki/m 1/(4mep)=9- 10°M/D), i 3poOUMO 0OUUCTIEHHS:
0=9-10"-10-10"-0,693B = 62,4B.

Hpuxkaax 10. Ha mmactuHax

E
IUIOCKOr0 KOHJEHcaropa € 3apan Q=10 +_1l_llh+

HKn. Ilmoma S KOXHOI IUIACTUHU

KOHZEHcatopa jgopiBHoe 100  cm?,

TIENEeKTPUK - MOBITps. BuzHauutu cuiy
F, 3 sKOW TNpUTITYIOTHCS IUJIACTHHMU.
[Tone MiXx IJIaCTUHAMU BBa)KaTHU OJTHOP1THUM.
Po3p’si30k. 3apsing (O  OnHIEl TJIAcTHMHU riepeOyBae B MOJII
HaIMpYXEHICTI0O E, CTBOPEHOMY 3apsijoM IHIIOI TJIACTUHU KOHJEHCATOpA.
Otxe, Ha niepimuii 3apsf aie cuia (puc. 10)
F = Q / E. (1)
Tomy, 110
E=0/(2¢&y)=0/(2¢,9),
7€ O - TMOBEpPXHEBa T'yCTHMHA 3apAny IutacTuHuU, To dopmyna (1) mpuiime
BUTJISAL;
F=07%/2¢,9).
Bukonaemo oOUYHCIICHHS:

10—16

F =
2.885-1012.1012

H=56510"*(H)=5650i¢é[ ).

Hpuxaaxg 11. EnexkTtpuyHe 10ji€é CTBOPEHE JMJOBIUM IMIUTIHAPOM
pamiycoM R=1 c¢M, pIBHOMIPHO 3apsKEHHM 3 JIHIMHOIO TyCTHHOIO
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1=208K11/M. BU3HauuTH PI3HUIIO MOTEHIIIaIIB ABOX TOYOK IIbOTO IOJIs, 1110
nepeOyBarTh Ha BijacTaHi a1=0,5 ¢cM 1 a»=2 cM BijJ NOBEPXHI IWIIHApPA, Y
cepeaHiid Moro YacTHHI.

Po3B’s130k. J[71s1 BU3HAYEHHSI PI3HUII TOTEHIATIB CKOPHCTAEMOCS
CITIBBITHOIIICHHSIM MDK HaIpPYy>KEHICTIO OISt 1 3MIHOIO
noteHmiany: £ = —grad ¢ . JIng 1oas 3 OCbOBOIO CHUMETPIE€I0, IKUM € TIOJIC
HAJIIHAPA, 1€ CHiBBIIHOIICHHS MOYKHA 3allUCaTH y BUTIISIAL

E =29
dr

2

ne do=-FEdr.
[HTerpyroun 1ei Bupas, 3HaiIeMO PI3HUIKO MOTEHIIAIIB JIBOX TOYOK,
110 epeOyBaroTh Ha BIICTAHSIX 71 1 72 B1JI BICI ITWJIIHApA:
)
¢1—¢2:_1Ed’”- (1)
n
Tomy, 10 IMUIIHAP AOBTHH 1 TOYKH B3SATI MOONHM3Yy HOTO CepelHbOI
YaCTUHHM, TO JUISI BHUpa3y HAMNPYKEHOCTI IO MOXHAa CKOPHUCTaTHCS
GbopMyI0K0 HANPYKEHOCTI TOJIs, CTBOPEHOTO HECKIHYEHHO JOBIUM
IATIHIPOM:
E=1/Q2meyr).

[TincraBuBium Bupas E B (1), onepxxkumo

1 Z2dr T r
@1_@2:_2 _:_2 S
TE " r e n
qn
T 5)
P =P =~ S
2rey 1

3poOuMO OOYMCIICHHS, 3 OISy Ha T€, IO BEIWYUHHU 7 1 r2, IO
BXOJsTh A0 ¢dopmynu (2) y BUIJIAAI BIIHOIICHHS, MOXKHA BHUPA3UTH B
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cantumerpax (=R + a;=1,5 cm, =R + a>=3 cm):

g - =210°-18-10°-1n3/1,5) =3,6-10*- 23-In2B=250B.

Hpuxkaax 12. Enektpuune
IIOJIE CTBOPIOETHCS JIBOMA 3apsIaMu Zo—

Or=4mMxKn 1 O»=-2MxKin, 110

nepedyBatoTh Ha BijactaHi a=0,1 m )
: a/2
OJIMH Bia oHOTO. Bu3Hauntu poboty
|
Aj2 cun mons MO NEPEMIIIEHHIO & ) G
: Q f
3apsany O=50 HKx 13 Touku 1 y Touky ﬁ'i- a <
2 (puc. 11) Puc.11

Po3B’s130k. J[s1s1 BU3HAUYEHHS POOOTH A;, CUI TOJNS CKOPUCTAEMOCS
CITIBBIIHOIIICHHSM
4, =0(p —9,)
3aCTOCOBYIOUM  TMPHUHIMI  CYNEPNO3ULil  €JEKTPUYHUX  MOJIB,

BU3HAYUMO MOTEHIIAIN (@) 1 ¢ TOYOK | 1 2 monsi:

0 = 9 n O _2A%+0))
: 4n80a\/§ 4n80a\/§ 4drega

b

O n 0, _Ql\/a"’_QZ

"= 47zgoa\/§ dreqa - dregal2
Tom
o= 2o +0)-lov2+0,)
TTEYa
qu

_ 9 (o[- L
4, _47z50a |:Ql (2 \/EjJer}

[TepeBipuMoO, YU Ja€ mpaBa 4acTUHA PIBHOCTI OAUHUIIIO poboTH (J[XK):
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Rllo] _ 1Kixikn o
le0][a] =10 mx Ly Kx1B =1/

ITincraBumo uuciosi 3HaYeHHs (Gisnunnx BenmmunH y CI (0=5010" K,
01=4'10°Kn, =210 Ku, a=0,1 ™, 1/(4rnep) =910° mM/D) i 3podmumo

00YMCIICHHS:

A, = 50'10_;1'9'109 [4- (2= 1/+2)-2] 107 Jpore =14 330/

b

Hpuxaaa 13. BuzHaunuTu nprcKOpIOOUYy pi3HULIIO NOTeHIIamB U, Ky
MOBMHEH MPOUTH B €JIEKTPUYHOMY TIOJII €JEKTPOH, 10 MA€ MBHIKICTh U=
10% m/c, 1106 mWBUAKICTL HOTO 3pocia B #=2 PasH.

Po3B’s130k. Pi3HMITIO TOTEHIAMIB, IO MPUCKOPIOE, MOKHA 3HAWUTH,
o0uHuCIUBII  po0OTY A CHJ  eleKTpocTaTuuHoro mojsa. Ilg pobota
BU3HAYAETHCS JOOYTKOM €JIEMEHTAPHOIO 3apsly e Ha PI3HUIIO MOTEHITIaiB
U:

A=e-U (1)

PoGoTa cun enekTpocTaTUIHOTO TOJIsl B JAHOMY pa3l JOPIBHIOE 3MiHI
KIHETUYHOI €HEePrii eJIeKTPOHA:

A:TZ_TI 9 9 > (2)

ne 711 T - KiHeTHYHA €HEPTis eeKTPOHa A0 1 MICI MPOXOKEHHS TOJIs, 110
NPUCKOPIOE; m - Maca €JEKTPOHa; U; 1 U - MOYATKOBA 1 KIHIIEBA HOTO
IIIBUJIKOCTI.

[TopiBHsiBIIM mpaBi yacTuHU piBHOCTEH (1) 1 (2), oTpuMaemo

_mz)z2 mulz_mnzulz muof

2 2 2 2

eU

b

e n=uy/vy.
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3BIJICH IIIYKaHy Pi3HUIIO MOTEHIIAJIIB OTPUMAEMO:

B mul2 -(n2 -1)

U
2-e
3poOUMO OOUYHNCIICHHS:
-31 612
y = 21x10 X(l?g) (2% -1)=8,53(B).
2x1,6x10°

]!
S=
7| |

Ipukaan 14. 3 TIOBEPXHI } T’_ _________ 3

AR

HECKIHYEHHOTO PIBHOMIPHO 3apsiA»KEHOTO

~{-

(t=50 uKi1/m) npsiMoro uIiHIpa BUIIITAE
o - yacTUHKa (Vo=0). BuzHaunTu KiHeTUYHY Puc.12

eHeprito 7> o- yactudku (keB) y Toukax 1 1 2 Ha BijcTaHi 8R Bij MOBEpXHI
nuiaapa (puc. 12).

Po3p’si30k. Tomy, 10 CHJIM  €IEKTPOCTAaTUYHOTO TOJNSL €
KOHCEpPBATUBHUMHM TO, JIJIl BUSHAUCHHS KIHETUYHOI €HEprii o.- YaCTUHKU B
TOYI[l 2 CKOPUCTAEMOCS 3aKOHOM 30€pEKEHHS €HEprii, 3alucaHoMy Y
Burisigl E1=E», ne E; 1 E> - CIIOBHEHOT €Heprii o.-4aCTUHKHU B Toukax 11 2.
Tak ax E;=T;+U; i E;=T>+U; (T1 1 T> - xiHeTU4H1 eHeprii o -4yacTuHku; U 1
U, — moTeH1iitHi), ToAl, 3 oAy Ha Te, mo T1=0 (Lo=0), MoXXHa 3anucatu
U;=T>+U,, 3Binku T,=U, -U, =0(p, — 9,) (O - 3apsn a- 4acTHHKYU; @1 1 @ -
MIOTEHITIaIM TOYOK 1 1 2).

BukopucroByrouu pimieHHs npukiany 11, 3amummemo:

T r T
In-2= -In9.

A 2rey, K 27s,

Bupazumo Bci Benuuunu B oquHUIX Cl
(Q=21,60-10" Ku, t=5010° Ku/m, 1/(2meo)= 1810° m/®) i 3pobumo

004YnCIICHHSI
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(1/(1,60107"%) — xoedinienT nepexnany 3 JIx B eB):

2-1,60-107".50-107°
1,60-107"

T, =18-10° x x 2,20 = 3696(xeB).

Ipuxaang 15. Konnencarop emuictio C1=3 Mx® OyB 3apsKeHUM 110
pi3uuni moteHmianie U;=40B. Ilicis BiAKIIOYEHHS BiJ JDKEpelia CTPyMy
KOHJICHCATOP 3'€THAJIN TapajIeIbHO 3 IHITUM He3apsHKCHUM KOHJICHCATOPOM
emHicTiIO Co=5 MK®D. Slka enepris W BUTpaTUThCS Ha YTBOPEHHS ICKpHU B
MOMEHT TIpUETHAHHS IPYroro KoHaeHcaropa?

Po3B’s130k. EHepris, BUTpaueHa Ha yTBOPEHHS ICKpH

W =W =W, (1)
ne Wi - eHepris, Ky MaB NEPIIMA KOHJASHCATOP J0 MPHUEIHAHHS 10 HHOTO
Ipyroro KoHjeHcatopa; W2 - eHepris, o Mae Oarapes, CKJIaJeHa 3 JBOX
KOH/ICHCATOPIB.

Enepris 3apsmkeHoro KoOHAeHCaTOpa BU3HAYAETHCA 32 (HOPMYJIIOI0

_CU?
2

/4 : (2)

ne C - eMHICTh KOHJIEHCATOpa YM 0aTtapei KOHICHCATOPiB.
Bupaszusiu 3 popmynu (1) eneprii W11 W 3a popmynoro (2) 1 6epyun
0 yBarwW, IO 3arajbHa €MHICTh IapajeibHO 3'€JHAHUX KOHJICHCATOPIB

JOPIBHIOE CyMI EMHOCTEN OKpPEMUX KOHJICHCATOPIB, OJACPKUMO

1 1
W:EC1U12 _E(Cl +C))U3, 3)

ne U, - pi3HUIS NOTEHIlaliB Ha 3aTUCKaxX OaTapel KOHIEHCATOPIB.
3 ypaxyBaHHSIM TOTrO, IO 3apsii TMICAS TPUETHAHHS APYroro
KOHJEHCATOpa 3AJIMIIUBCS TaKUM K€, BUPA3UMO PI3HUIIIO MOTeHIamB U, y

TaKHI CIIOC1O:
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Q _ Cl Ul

- - . (4)

U,

ITincraBuBim Bupasu U, y (3), 3HaiigemMo

W:C1U12_(C1+C2)C12U12 - W—l GG Uz,

2 2C +Cy)?* 20, +C,

3poO6uMO OOUYUCTICHHS:

-6 -6
=l 106 > 10 1600 =1,5(x/Jorc).
23.107°+5-10"

Hpuxaaag 16. IloteHmiomeTp omopom ,_IA

—— $8

AR S—

Puc.13

R=1000m migkmroueHuit go Oatapei 3 EPC

&=150B 1 BHyTpimHIM omnopoM R=500wm.
BusHauutu:

1) mokazanusa BosibT™METpa onopoM Ry=5000M, 3'€THAHOTO 3 OJHIEIO 3
KJIEM IIOTEHIIIOMETpa 1 PYXJIMBUM KOHTAaKTOM, YCTaHOBJICHHUM IIOCEpEIAMHI
MIOTEHIIIOMETPAa;

2) pI3HUIIO MOTEHIaJiB MK TUMM ) TOYKAMHU MOTEHIIIOMETpa MpH
BIIKJIFOYEHH1 BOJIbTMETpA.

Po3B’s30k. 1. [TokazanHs BoJbTMETpA, MIAKIHOUYEHOTO 0 TOUOK A 1 B
(puc. 13), Bu3HauYUMO 32 (HOPMYJIIOIO

Uy = 1Ry,
ne R - omip napajeiabHo 3'€ JHAHUX BOJIbTMETPA 1 MOJIOBUHU MOTEHIIIOMETPA;
[ - cymapHa cuiia CTpymy B raiy3six IIbOTO 3'€JHaHHA (BOHA JOPIBHIOE CHUIII
CTPYMY B HEpPO3TallyKEHIM YaCTHHI JIAHITFOTA).
Cunty ctpymy /1 3HaitaeMo 3a 3akoHoM OMma J1J1sl TOBHOTO JIAHI[FOTA:
I,=¢/(R,+R), (1)

ne R. - omip 30BHINIHKOTO JaHIora. L{ei omip € cyma I1BOX OIMOPIB:
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R,=R/2+R,. )

Omip R; 3HaiiaemMo no ¢hopMyJii mapaieabHOro 3'€JHaHHS MPOBIIHUKIB

! L+L, 3BIATH R,

L R'RV
R, R, RJ/2

" R+2R,
[TincraBusmiu B (1) Bupas R 110 (2), 3Haii1eMo

&
" R/I2+R +R;

1

Y naHomy pasi po3B’S30K 3ajadi B 3arajbHOMY BUIJIsAA1 OyJjio O

rpomizakuM. ToMy 3pydHO OOUYUCIIEHHS BETUYUH 3POOUTH OKPEMO:

500-100

R =—————=45,5(0m);
100+ 2-500
I, = 150 =1,03(A);
50+45,5+50

U, =1,03-45-5=469(B).

2. Pi3Hung moTteHIiamiB MDK TodkamMd A 1 B mpu BiaKIOuYeHOMY
BOJBTMETP1 JOPIBHIOE TOOYTKY CHJIM CTpyMy [l» Ha TOJIOBHHY OIOPY
MOTEHIIIOMETpa:

Uy=1I,-R/2, 3)
ne I, — cuna cTpyMy B JIaHIIO31 IpM BiJKIIOYEHOMY BOJIBTMETpi. Ii
BU3HAYUMO 32 (POpMYII0I0
I, =¢/(R+R).
[TincraBuBmu Bupas > y (3), 3Haitnemo
Uy,=¢/(R+R;)-R/2.
3poOrMO OOUYHUCIICHHS:

_ 150 100
100+50 2

U, =50(B).
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Hpuxaax 17. Cuna ctpymy B npoBiIHUKY oropoM R=20 Owm 3poctae
IpoTAroM 4acy Ar=2c¢ 3a miHIMHUM 3akoHOM Bin [o»=0A no [1-6A (puc.14).
Buznauutu teriory (J;, 1O BUIIIWIACS B IIbOMY IPOBIIHUKY 3a TEPIILY
CEeKyHIY, 1 (> - 3a IpyTY, a TAKOX 3HAUTH BigHOMIEHHS Q0.

Po3p’s130k. 3akon J[xoyns-Jlenua y Burasgi Q=I°Rt cripaBeIuBHii

JUISl TIOCTiMHOTO CcTpyMmy (/=const). Skmio x

I’l cuja CTpyMy B TNPOBIIHHUKY 3MIHIOETHCS, TO
3 3aKOH 3a3HAYE€HUM HECKIHYEHHO Majui
0 1 7 ¢ 1HTEpBaJ YacCy 3alHUCY€TbCA y BUIIIAI

Prc. 14 dQ = I*Rdt, (1)
ne cuiia cTpyMy / € nesaxoro QyHKIi€er yacy. Y g1aHoMy pasi
I =kt, (2)

ne k - KoedIIEHT MPOIMOPIINHOCTI, M0 XapaKTepHU3y€e MIBHAKICTh 3MIHH

CHUJIU CTPYMY: k :% =§A/c =34/c.

3 ypaxyBanHsM (2) dopmyna (1) maTume BUrIIsig
dQ = k*Rt*dt . (3)
JIns1 BU3HAYEHHS TEIJIOTH, IO BUALTMIIACS 3a KIHIIEBUM 1HTEPBAJ Yacy

At, Bupa3 (3) Tpeba mpoiHTETpyBaTH B MeXax BIJI ¢1 J0 f>.

2 1 3.3
O =k2R [12dt = k2R(t; ~17)

4l
3poOUMO OOUYHUCIICHHS:

0, = % .3%.20(1 - 0) Jore = 60 Jorc.

0, = % .3%.20(8 — 0) [T = 420 [Tne.

BIJIMIOBITHO 3a APYTY CEKYyHIy BUJIUINTHLCS TETJIOTH B CiM pasiB OlIbIIIE,
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HDK 3a TIepIy. 9 _420_ 7
0O 60

1.3. 3agayi st CaMOCTIHHOTO PO3B’A3KY

1. JIB1 KyJIbKHM Macor m=1 r KOXHa MIiJIBIIIICH] Ha HUTKaX, BEPXHI KiHII
SKUX 3'€eqHaHl pa3oM. JlopkmHa KOXKHOI HUTKH 1=10 cM. Ski ojHaKoBi
3apsAad CHiJl HAJATH KyJbKaM, 00 HUTKHM po3idnuiucs Ha KyT o=60°? [79
HK1]

2. Bigcrans mix 3apsgamu Q=1008K 1 Q,=-50 aKn mopisaroe d=10
cM. Busnauntu cuny F, mo mie Ha 3apsa Q;=1MkKn, sxuii mepebyBae Ha
BijicTaH1l Ha 71=12 cM Bif 3apsay Qi 1 Ha =10 cM Big 3apsiay Q. [S1MH]

3. ToHKMI1 JOBrUM CTEpKEHb PIBHOMIPHO 3apsKCHHM 3 JIHIMHOIO
ryctuHoro 1=1,5uKn/cM. Ha npoioBkeHH1 oci cTepkHs Ha BijcTaHi d=2 cM
BiJ] Or0 KIHIIA 3HAXOAUThCs TOUKOBUM 3apsaa Q=0,2mkKi. BuzHauutu cuiy
B3aEMO/I11 3apsJIPKEHOT'0 CTEPKHS 1 TOYKOBOIO 3apsay. [2,25MH]

4. MoBruii mpsiIMUI TOHKUAM JPIT Ma€ PIBHOMIPHO PO3MOIIICHUN 3apsij.
OO0uucauTU JiHINHY TYCTUHY T 3apsiiy, SKIIO HANpY>KEHICTh MOJs Ha
Bijgctani =0,5 M Big a1poTy npotH Woro cepeanan E=2 B/cM. [5,550Kn/M]

5. 3 4KOW0 CWIOKW, II0 TMPUXOJUTHCA HA OJWHHUIIO TUIOII,
BIIIITOBXYIOTHCSI JIBI OJHOWMEHHO 3aps/KCHI HECKIHUYEHHO MPOTSKHI
IJIOIIMHY 3 OJHAKOBOK IMOBEPXHEBOK TI'YCTHHOI 3apany o=2 MKKin/m??
[0,23 H/M?]

6. Ky NpuUCKOPIOIYY Pi3HUIIO MOTeHIianiB U Mae NpONTH €IeKTPOH,
060 ojepkaTu mMBUJAKICTE V =8 Mm/c? [182 B]

7. 3apsaja pIBHOMIPHO PO3NOAIICHHN MO HECKIHYCHHIM IUIOIIMHI 3

NOBEPXHEBOK TycTHHOI 6=10HKi/M?. BU3HAYUTH DI3HUIIO ITOTEHINANIB
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JIBOX TOYOK II0JIs, OJHA 3 SIKHMX IepeOyBae Ha IUIONIMHI, a 1HIA BijjajaceHa
Big Hel Ha BigcTadb a=10 cm. [56,6 B]

8. ENeKTpOH 3 MOYaTKOBOO MIBUAKICTIO V=3 MM/C BJIETIB y OJHOPIIHE
eleKkTpuyHe moJie  HampyeHictio E=150B/m. Bektop mnodaTkoBoi
IIBUJIKOCTI MEPHEHIUKYISIPHUN JIIHISIM HANPY>KEHOCT! €JIEKTPUUYHOTO MOJIS.
Busznauutu: 1) cuiy, 1o Ji€ Ha €JIeKTPOH; 2) MPUCKOPEHHS, IO
3100YBA€ThCSl €IESKTPOHOM; 3) IIBUAKICTh ejekTpoHa uepe3 t=0,1 Mxc. [24
aH; 26,4 Tm/c?; 4 Mwm/c]

9. Ho 6atapei 3 EPC €=300 B nigkitoueHo J1Ba MIOCKUX KOHAEHCATOPHU
emHocTsIMU C1=2 n®d 1 Co,=3 n®. Busznauutu 3apsan Q i1 nampyry U Ha
MJJACTUHKAX KOHACHCATOPIB MPH MOCTIJOBHOMY 1 MapayieIbHOMY 3'€THAHHSX.
[1) 0,36 uKu; 180 B; 120 B; 2) 0,6 uKu; 0,9xKut; 300 B]

10. Konmencatop emuictio C1=600 nd 3apsguiau 10 PpI3HUII
notenmanis U;=1,5 kB 1 Biakmroumnmm Big mxepena Hampyrd. Ilotim mo
HBOTO TMapajeiabHO TNPHUEIHAINA HE3aPSTKEHUN KOHACHCATOpP €MHICTIO
C,=400 n®d. BuszHauutu eHeprito, BUTPAuyCHy Ha YTBOPEHHS ICKpH, IO
MPOCKOYHMJIA TIPpH 3'eAHAHHI KOoHAeHcaTopiB. [0,27 M/Ix]

11. Ha KiHIIIX MIZHOTO JPOTY AOBXKHHOI [=5 M MIATPUMYETHCS
nanpyra U=l B. Busnauutu ryctuny ctpymy B apoti. [1,18:107 A/m?]

12. Pe3uctop onopom R;=5 OM, BOJBTMETP 1 KEPEIO CTPyMY 3'€/IHAHI
napaienbHo. Bonbtmerp mnokaszye Hampyry U;=10 B. Sfkmo 3aminutu
pPE3UCTOp IHIIKUM 3 onopoM R; =12 OM, TO BoJbTMETp mokaxe Hampyry U,
=12 B. Busnauutu EPC i BHyTpimHiil omip mxepena ctpymy. Ctpymom
yepes BOJIbTMETP 3HEXTYBaTH. [14 B; 2 Om]

13. Bu3HauuTH €IEKTPUYHHUM 3apsij, O MPOMIIOB YE€PE3 MONEPECUHUN

nepepi3 Apoty onopoM R=30M npu piBHOMIPHOMY HapOCTaHHI HampyTru Ha
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kinusgx nposiaHuka Big U; =2B no U=4B npotsarom t=20 c. [20 K]

14. BuzHauuTu Ccuiy CTPpyMy B JaHIIO31, IO CKJIAJA€THCS 3 JBOX
enemenTiB EPC: €1=1,6B 1 &=1,2B 1 BHyTpimHiMu onopamu R; =0,60M 1 R
»=0,40mM, 3'eqHaHUX OJJHOMMEHHUMH ToJirocaMu. [0,4 A]

15. TanpBaHIuHMI eneMEHT aa€ Ha 30BHIlIHIA omip R;=0,50M cumy
ctpymy 11=0,2A. SIkuio 30BHIiHIN omnip 3amMiHUTH Ha R>,=0,80M, TO enemMeHT
nae cuity ctpymy L=0,15A. BuzHaunTtu cuiny cTpyMmy KOPOTKOIO 3aMUKaHHS.
[0,45 A]

16. o mxepena ctpymy 3 EPC=12B mnpuegnane HaBaHTaKEHHS.
Hampyra U Ha kneMax Jxepena ctaja Mnpu 1boMmy piBHOO 8B. Busnauutu
KK/ mxepena ctpymy. [68%]

17. 30BHIMIHINA JAHIIOT JKepena CTPyMy CIHOXKHBA€ TOTYXKHICTh
P=0,75BT. Buznauutu cuiny ctpyMy B JiaHio3i, sikio EPC mxepena ctpymy
€=2B 1 BHyTpimHii omip R=1 Om. [0,51 1,5 A]

18. SIxka HailOLIbIIA KOPUCHA MOTYXKHICTh Pmax MOXeE OyTH OoTpuMaHa
Bi11 Jkepena ctpyMy 3 EPC €=12B 1 BuyTpimHiM onopom R=1 Om? [36 Br]

19. [Ipu BUMHMKaHHI JpKepeaa CTPyMy CHJia CTPyMY B JIaHII031 yOyBae
3a 3akoHOM [=lpe™ ( [-10 A, o =5-10% ¢’!). BusHaunTu KibKiCTh TEMIOTH,

0 BUJUIUTHCA B pe3ucTopi omopom R=5 OM micias BUMHUKAHHS JIKepelia

crpymy. [0,5 JIxk]

1.4. Ilpukyaaam TeCTOBUX MUTAHD JJISl 3AXHUCTY TEOPETHYHOI YACTHHH
3MICTy MOIYJISI
1). Illo Ha3uBaetwcs "EnexkTpocTatukoro':
-HayKa, 110 BUBYAE BJIACTHUBOCTI HEPYXOMHX 3apsJliB Ta iX B3a€EMOJIIO, a

TaKO0>K BIIACTUBICThH 1XHIX ITOJIB ;
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-HayKa, 110 BUBYAE BJIACTUBOCTI 3apsi/IIB Ta X B3aEMOJIIIO ;

-HayKa, 1[0 BUBYAE B3AEMO/III0 €JIEKTPUUYHUX Ta MATHITHUX MOJIIB ;
-HayKa, 1110 BUBYA€ BJIACTUBOCTI PYXOMHMX 3aps/IiB Ta iX B3a€MO/IiI0, a TAKOXK
BJIACTUBICTb IXHIX ITOJIIB.

2)BzaemMoia Mixk 3apsiiaMu BiIOYBa€eThCS Yepes:

- edip ;

- TIOBITPA ;

- BAKyyM ;

- ToJIe.

3).5Ik Ha3UBA€ETHCS HETATUBHA €JIEMEHTApHA 3apsiKEHA YacTUHKA?:
- IPOTOH ;

- HEUTPOH ;

- CJICKTPOH ;

-[IO3UTPOH.

4).5Ix mo3HavYaETHCS MUTOMUM 3aps1 eJIeKpoHa?:

- e/m;

-m/e;

-4

-€.

5).5Ix Ha3UBaAETHCS TO3UTUBHA €JIEMEHTAPHA YaCTUHKA?:

-IIPOTOH ;

-HEUTPOH ;

-€JICKTPOH ;

- TIO3UTPOH .

6). Bubepu npaBujbHe TBEPIKCHHS 3aKOHY 30€peKEHHS 3apsiay:

- IOBHUM €JIEKTPUYHUM 3aPs]l € HETIOIUIBHOIO BEJIMYUHOIO ;
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- MIOBHUM €JIEKTPUYHUHN 3apsi/i B 3aMKHEHIM CUCTEMI € BeJIMUMHA TMOCTiiHA 1
JOPIBHIOE aNTeOpUYHIN CyMi 11 TO3UTUBHUX Ta HETAaTUBHUX 3apsi/IiB ;

- MIOBHUM €JEKTPUYHUHN 3apsi/i B 3aMKHEHIM CUCTEMI € BeJIMUMHA TMOCTiiHA 1
JIOPIBHIOE aNTeOpUYHIN CyMi 11 TO3UTUBHUX 3aPS/IIB ;

- MIOBHUM €JIEKTPUYHUHN 3apsi/i B 3aMKHEHIM CUCTEMI € BeJIMUMHA TMOCTiiHA 1
JOPIBHIOE aNTeOpUYHil CyMi 11 HEraTUBHUX 3apsiiB.

7).Bubepu npaBuiibHE TBEPIXKEHHS 3aKOHY 3akoHy KyrnoHa:

- CWJIa B3aeMOJIl JBOX HEPYXOMHUX TOYKOBHX 3apsiiiB Yy BaKyyMi
NpSIMOTIPOTIOpPIIIfHA AOOYTKOBI MOJYJIB JIBOX 3apsifiB 1 OOEpHEHO
MPOIIOPIIiiiHAa KBaAPATOB1 BIICTaHI MI>)K HUMH |

- cuja B3aeMO/Ili JBOX HEPYXOMHUX TOYKOBHUX 3apsiiiB Y BaKyymi HpsSMO
OpomnopIliiHa CcyMi MOJYJIB JBOX 3apsiAiB 1 OOEpHEHO MpomopiliiiHa
KBaJIpAaTOBI BIJICTaH1 MiK HUMH ;

- CWJIa B3a€EMOJIl JBOX HEPYXOMHUX TOYKOBHX 3apsi/iB Yy BaKyyMi
NpSIMOTIPOTIOpPIIifHA AOOYTKOBI MOJIYJIB JIBOX 3apsifiB 1 OOEpHEHO
MpONOpIliiHA BIJICTaH1 MK HUMH.

8).®opmyiia 3akony Kynona:

aF=_2 5. 6) poi el

; B) F =mgh.

2##0
9). [Ipuniun cyneprno3uiii:
-cujia, 10 /i€ Ha JaHWM TOYKOBUU 3apsig 3 OOKYy JBOX IHIIMX TOUYKOBUX
3apsJiB, TOPIBHIOE BEKTOPHIM CyMi CHUII, IIIO JIIFOTh HA HBOIO 3 OOKY JIBOX
THIINUX 3apsJIiB ;
-cujia, 10 /i€ Ha JJaHWM TOYKOBUU 3apsig 3 OOKYy JBOX IHIIMX TOUYKOBUX

3apsIiB, JOPIBHIOE BEKTOPHIN PI3HMII CHJI, IO JIIFOTh HA HBOTO 3 OOKY JBOX

THIINUX 3aPsJIiB ;
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-cujia, 10 /i€ Ha JJaHW TOYKOBUU 3apsij 3 OOKYy JIBOX I1HIIMX TOYKOBHUX
3apsiiB, JOPIBHIOE BEKTOPHOMY NOOYTKY CHII, IO JIIFOTh Ha HHOTO 3 OOKY
JIBOX 1HIIIUX 3apsIiB .

10).Enextpuune nose 1e:

- BUJI MaTepii, sSIKe ICHY€ He3aJe:KHO B1JI HAC, ICHYE HAaBKOJIO HEPYXOMOTO
CJICKTPUYHOTO  3apsily, Ta MPOSIBISETbCS MPU BHECEHI MPOOHOTO
HETaTUBHOTO 3apsiy ;

- BUJI Marepii, SKe€ ICHye He3aJe)KHO BIJI HAC, ICHy€ HABKOJIO PYyXOMOTO
CJICKTPUYHOTO  3apsily, Ta MPOSIBISETbCS TMPU BHECEHI MPOOHOTO
HETaTUBHOTO 3apsy ;

- BUJI Marepii, SIKE€ ICHYE€ HE3aJEXKHO BiJ] HAC Ta YTBOPIOETHCS HABKOJIO
HEPYXOMOI'0 €JICKTPUYHOTO 3apsiay, a TaKoX 3MIHHMM Yy 4Yacl MarHiTHUM
MOJIEM, Ta MPOSIBIISIETHCA MPU BHECEH1 MPOOHOTO HETAaTUBHOIO 3apsIy.
10).51ki 13 mepepaxoBaHUX BEJIIMUYMH € XaPAKTEPUCTUKH €ICKTPUUHOTO MOJIS:
-Hampyra, MoTeHIla ;

-HaTnpyra, Hanpy>KeHICTb ;

-HaIpy>KEHICTh, MOTCHIIA ;

- IIOTEHIIIAN ;

- HAIIPY>KEHICTH .

11). Hanpy>eHicts 11€:

- BEKTOpHA BEJIMYMHA sIKa YHCEIbHO JOPIBHIOE CHJIl, IO Ji€ 3 OOKY IOJIs Ha
OJIMHUYHUI MMO3UTUBHUH 3apsi]i BMIILICHUM Y 1€ TIOJIE ;

- BEKTOpHA BEJIMYMHA KA YHCEIBHO JOPIBHIOE CHIIL, IO JIi€ 3 OOKY IOJIs Ha
OJIMHUYHUIN HETaTUBHUM 3apsi BMIIIIEHUH Yy 11€ MOJIE ;

- BEKTOpHA BEJWYMHA sIKa YHCEIbHO JOPIBHIOE MOTEHIIATY, IO 1€ 3 OOKY

110JIs1 Ha OJIMHUYHUI MMO3UTUBHUH 3apsi]l BMIIIEHUH Y 1€ TOJIE.
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12). ®opmyna HAIPYKEHOCTI:

2
F
a)/fz’”; - 6) E =mgh; B)E="%.
q

13).HanpykeHicTh MAKOPAETHCSI TPUHIMUITY CYTEPHO3HUIIii?:
- Hl;

- TaK ;

- MPaBUJILHOI BIJTIOB1/I1 HEMAE.

14). ®opmyna moTEHITIATY:

U A F
a)l=—; 0)o==; B)o=—.
R q

15). IloTenmian 1e:

- po0OTa CTOPOHHIX CHJI IO PO3MOILITY 3apsay ;

- poboTa EJEKTPUYHOTO TIONS TIPU TepeMIIleHHI 3apsAay 3 TOYKH B
HECKIHYEHICTD |

- po0OTa EACKTPUUHOTO TIOJIS TP TIEPEMIITICHHI 3aps1y 3 TOUYKU B TOUKY.

16). Hampyra 1ie:

- po0OTa CTOPOHHIX CHJI TIO PO3MOILITY 3apsay ;

- poboTa EJIEKTPUYHOTO TIONS TIPU TepeMIIeHHI 3apsAay 3 TOYKH B
HECKIHYEHICTD |

- po0OTa EACKTPUIHOTO TIOJIS TIPHU TIEPEMIITICHHI 3apsAay 3 TOUYKH B TOUKY

- MPAaBUJILHOI BIJTIOB1/II HEMAE.

17). ®opmyiia HaNIpyTu:
A

Q)E=mgh;0) U="—;B) A=—-.
q

18) ®opmyna eMHOCTI:

E
a)e=C:6) e=L0. pyc=9
q E u
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19). EnektpuiHa €MHICTb:

- 4YHMCEJIbHO pIBHA 3apsA/IOBl, SIKMU MOTPIOHMI Il 3MIHM TOTEHIaTy Ha
OJIMHUITIO ;

- YHCENbHO pIBHA NUTOMOMY 3apsJIOBi, SKUN MOTPIOHUN JIsI 3MiHU
MOTEHIllaJTy Ha OJIMHUILIIO ;

- YUCEJIBHO PIBHA CWJII CTPYyMY, SIKUWA MOTPIOHUHN i1 3MiHU MOTEHIaly Ha
OJIMHUIIIO .

20). dopmyna eMHOCTI IIPU HOCTIJOBHOMY 3’ €IHAH1 KOHJICHCATOPIB:

a) N=N,+N, +N; +..N;

6)l:L+L+...L;
c ¢ ¢, 'C

B) C=(n+1)C,.
21). ®opmyna eHeprii eIeKTPUYHOTO MOJIA:

2 2 2
2 2C

Q)W =

22).EnekTpuyHuii CTpyM Ii€:

- YIOPSAJIKOBAHUM PYX €JIEKTPOHIB ;

- YIIOPSIIKOBAHUU PyX MOJIEKYI ;

- YIOPSAJIKOBAaHUI PyX MPOTOHIB ;

- YIIOPSAJIKOBAHUHN PyX HEUTPOHIB.

23) Cuna cTpyMy 1Lie:

- KUTBKICTh YTIOPSIKOBAHUX €JIEKTPOHIB, 110 MPOUIILIN MO MPOBITHUKY ;
- KUTBKICTh YTIOPSIKOBAHUX MOJIEKYJI, IO MPOMIIIOB MO MPOBIIHUKY ;

- KUIBKICTb 3apsay 3a OJUHUIIIO Yacy, 110 IMPOMIIIOB IO MPOBiIHUKY.
24) ®opMyna CUd CTPYMY:

a) 1:3; 0) I=%; B) ng.
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25).®opmyna 3akoHy Oma aJist AUISTHKY KOJa:

a) ]:Q; 6)I:ﬂ; B)]=£.
R dt q
26). ®opmyna 3akoHy Oma 1Jisi TOBHOT'O KOJa:
L
91+ 42

U £
a) [=—; 0)] = ; B)I =
) R ) R+r )

27). ®opMmya onopy JOBrOro MpoBigHUKA:

S [ S
a) R=—; 0)R=p—; B) R=p— .
) R="3 O)R=p-; B) R=p-

28).dopmyna eMHOCTI MPU HapajebHOMY 3’ €IHaH1 KOH/IEHCATOPIB:
a) N:NI +]\~,2 +N3 +Nn;

6)l:L+L+...L;
c ¢ ¢, 'C

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

29).I1lpuunHu onopy:

- 1€ TeTUIOBUM PyX Ta B3aEMO/IIA ;

- 1€ YIIOPSAKOBAHUM PYyX MOJIEKYII ;

- 11e YHOPSIIKOBAaHUM PyX MPOTOHIB ;

- 11€ YIOPSIIKOBAaHUM PyX aTOMIB.

30). EnextpopyiiiiiHa cuiia 11e:

- poOOTa CTOPOHHIX CHJI IO PO3IOJILTY 3apsay ;

- poboTa EJIEKTPUYHOTO TOJs TpU TEpPEeMIllleHHl 3apsly 3 TOYKU B
HECKIHYCHICTD ;

- po0OTa EAEKTPUYHOTO OIS TPU MEPEMIIIEHHI 3apsly 3 TOUKU B TOUKY.
31). ®opmyia eIeKTPOPYIIIHHOI CHIIH:

&
R+r

a)gzé; 0)I= ; B)5=M.
q 1
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32). [lepwuii 3akoH Kipxroda:
a) »1,=0; 6) U, =0; B) > & =0.
k=1 k=1 k=1
33). Apyruii 3akon Kipxroda:
a) »1,=0; 6) U, =0; B) > ¢ =0.
k=1 k=1 k=1
34).®dopmyna onopy IpH MOCIIIOBHOMY 3’ €JTHaHHI:

-1
a) R=R,+R, +..R,; 0) R:(LJFLJF'"RLJ ; B) R=R-n.

1 2 n

34). ®opmyiia onopy Npu napajeibHOMY 3’ €IHAHHI:

a) R=R +R, +..R,; 0) l:_+_+'"RL; B) R=R-n .

35).®opmyna poOOTH €IEKTPUUHOTO TTOJIS:
a) A=1°R; ©) A=1°Rt; B) A=I1*RU.
36). ®opmyia IOTYKHOCTI TOCTIMHOTO CTPyMY:

a) P=IR; 6) P=1IU; B)pzé.

37).I1oTyXHICTB 11€:

- BEJMYMHA, 10 YHCEIBHO JOPIBHIOE POOOTI, Ky BHUKOHYE CTPyM 3a
OJIMHHUIIIO Yacy ;

- BeJIMYMHA, 110 uKcenbHo aopiBHIOE EPC, skxa BUHUKae pU MPOXOHKEHH1
CTPYMY 32 OJMHULIIO Yacy ;

- BEJIWYMHA, IO YHCEIBHO JOPIBHIOE TEIUIOTI $Ka BHUAUISETHCS TIPU
MPOXOKEHH1 CTPYMY 3a OJIMHUIIIO Yacy ;

- MPAaBUJILHOI BIJTIOB1/II HEMAE.

38). 3akoH [[xxoyns - JIenna:

a) O=I°R; 0) O=I°Rt; B) O=I°RU.

39). Bubepits npaBuibHe TBepkeHHS [-ro 3akony Kipxroda:
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- anireOpaiyHa cyma CHJI CTPYMIB, IO CXOASATHCS y BY3II1, JOPIBHIOE HYIIIO ;

- anreOpaivyHa cyMa CIaJiiB HaIpyr Ha AUISHIN KoJja, JOPIBHIOE ajare0paiuHii
cymi EPC Ha nux aiasHkax ;

- aireOpaiyHa cyma CIajiB HaIpyr y By3.i, JOPIBHIOE HYIIIO ;

- anreOpaiyHa cyMa CHJI CTPYMIB, IO CXOJSThCS y BY3Jl, JOPIBHIOE
anreopaiuniit cymi EPC Ha 1iux auistHKax.

40). Bubepith npaBunibHe TBepKeHH [I-ro 3akony Kipxroda:

- anireOpaiyHa cyma CHJI CTPYMIB, IO CXOASATHCS y BY3II1, JOPIBHIOE HYJIIO

- ajnreOpaivyHa cyMa CIaJiiB HaIlpyr Ha AUISHIN KoJja, JOPIBHIOE ajareOpaiuHii
cymi EPC Ha nux aiasHkax ;

- aireOpaiyHa cyma CIajiB HaIpyr y By3.i, JOPIBHIOE HYIIIO ;

- aireOpaiyHa cyMa CHJI CTPYMIB, IO CXOJSThCS y BY3Jl, JOPIBHIOE
anreopaiuniit cymi EPC Ha 1iux auistHkax.

55).0OuHuIl BUMIPY TUTOMOTO OHOPY:

a) OM'M; Kr-cM; Km/4.

56). 3anexuTh OIip NPOBIIHUKA B1J TOBKUHHU HOro?:

- Hi;

- TaK;

- 3aJICKUTh TUIBKH BIJl pOJY PEUOBUHU;

- MPABUJILHOI BiJIMIOB1/Il HEMAE.

57).I1pu napanenbHOMY 3’€qHaH1 CHJIa CTPYMY 3JIMIIAETHCS CTAI0I0?:

- 3aJTUIIAETHCS;

- Hi;

- 3aJICKUTh TUIBKH B1Jl ONIOPY MPOBITHUKA,;

- MPAaBUJILHOI BiJIMIOB1/I HEMAE.

58).I1pu moca110BHOMY 3’€HAH1 HAMpyra 3aJUIIAETHCS CTaI0?:
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- Hi;
- TaK;
- 3QJICKUTH JIMIIIE BIJl ONIOPY MPOBIHUKA;

- MPAaBUJILHOI BiJINIOB1/Il HEMAE.
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1.5. KonTpoJsbHa podora Ne3

Ta0auus BapianTiB

BapianTt Homepa 3amau
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
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. Toukosi 3apsau Q=20MkKi, Q,--10MkKi nmepeOyBaroTh Ha BijCTaH1

d=5 cM omuH 10 oaHOro. BH3HAUWTH HANPYXXEHICTH IOJS B TOMYII,
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BijajieHI Ha 71=3 CM BIJ IEPIIOro 1 Ha =4 CM BiJ APYroro 3apsmay.
Busznauutu Ttakox cwiy F, mo mie B 1 Todli Ha TOYKOBUM 3apsij
Q=1mxKi.

2. Tpu ognakoBuX TOYKOBUX 3apsan Q1=Q,=Q3=2HKi € y BepmmHax
PIBHOCTOPOHHBOT'O TPUKYTHHUKA 31 cTopoHaMu a =10cM. BuzHauntu Moynb
1 HanpsIMOK cuJiu F, 1110 7€ Ha OJIMH 13 3aps/iB 3 O0OKY ABOX 1HIIMX.

3. JIBa mo3uTUBHUX TOUKOBUX 3apsaaud Q 1 9Q 3akpiruieHl Ha BiACTaHI
d=100 cm oauH Big oaHOro. BusHauuTH, y sKiii Todlll Ha HOpsAMIiH, IO
MPOXOJIUTh YEePe3 3apsiiv, BApTO MOMICTUTH TPETIH 3apsij Tak, 1100 BiH OyB y
piBHOBa3l. Bkazartu, sikuii 3HaK MOBHMHEH MAaTH LIEW 3apsij Il TOro, 1ioo
piBHOBara OyJia CTIMKOI, SIKIIO MEPEMIIICHHS 3apsjiB MOXKJIMBI JIUIIE
B3I0BXK MPSAMOI, 1110 TPOXOAUTH YEPE3 3aKPITUICH] 3apsiau.

4. JIB1 OJIHAKOBO 3apsKCHUX KYJbKHU MiJBIIIIEHI B OJHIM TOYIll Ha
HUTKAaX OJHAKOBO1 JOBXUHH. [Ipu 1bOMYy HUTKH pO3IMIUIKCS HAa KyT .
Kynbku 3aHyproroTh B Odit0. SIka TycTHHa P OJli, SKIIO KYT pO301KHOCTI
HUTOK TPHY 3aHYPEHHI B OJI1I0 3aJIUIIA€ThCS HE3MIHHUM? ['ycTHHA MaTtepiany
KyJBOK Po=1,510° xr/M>, mienekTpr4Ha MPOHUKHICTH OJIii £=2,2.

5. Yorupu omnakoBux 3apsaan Q1=Q,=Q3;=Qs=40uKn 3akpimieHi y
BEpIIIMHAX KBajpaTa 31 cTopoHor a=10 cM. 3HaiTu cuny F, mo aie Ha oquH
3 WX 3aps/IiB 3 00Ky TPhOX IHIIIHX.

6. Toukomi 3apsaan Q;=30MxKnm 1 Q,=-20mxKn mnepebyBaroTh Ha
Bigctani d=20 c¢M oauH BiOA OJHOTO. BuW3HAUYUTH HaMNPYKEHICTH
CJIEKTPUYHOTO ToJs E B ToduIll, BigganeH1i BIJ MEPIIOTo 3apsay Ha BiJACTaHb
=30 cMm, a Big aApyroro Ha =15 cMm.

7. Y BepmMHaX MPaBWIBHOTO TPUKYTHHKA 31 CTOpoHOIO a=10 cMm €

sapsian Q=10mMkKi, Q,=20MkKi 1 Q3=30mkKn. Buznauutu cuy F, mo mie
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Ha 3apsa Q2 3 00Ky IBOX 1HIIMX 3apsi/iiB.

8. V BepmmnHax kBajgpara € oxHakosi 3apsagu Q1=Q,=Q; =Qs=8101°
Kin. Sxuit HeratuBHMi 3apsaa Q mOTpiOHO MOMICTUTH B ILIEHTPl KBajpara,
o0 Ccuja B3aEMHOrO BIAIITOBXYBaHHS IIO3UTUBHMX 3apsjaiB  Oylia
BPIBHOBA)KEHA CUJIOIO MPUTSTAHHS HETATUBHOTO 3apsiay?

9. Ha Biacrani d=20 cM € aBa ToukoBux 3apsau: Q1=-50 uKmx 1 Q>=100
HKn1. Busznauntu cuny F, mo nie Ha 3apsg Q;=-10 vKn, BigmaneHuid Bij
000X 3aps/iB Ha OJIHAKOBY BiJICTaHb, piBHY d.

10. Biactanp d Mixx ABoMa ToukoBuMH 3apsaamu (Q=2uKn 1 Q,=4uKn
nopiBHioe 60 cM. BuzHauutu TOUKy, B SIKY HOTPIOHO MOMICTUTH TPETIiid
3apsaa Q3 Tak, 100 cucTema 3apsaiB Oyia B piBHOBa3i. Buznauutu 3apsaa Qs i
rioro 3Hak. Criiika 4u XuTiauBa Oyjie piBHOBara?

11. ToHkuii cTepXeHb JOBXHHOW [=20cM Hece pPiBHOMIPHO
posnoauienudt  3apan  1=0,1MxKn. Busnauutu  HamnpyxeHicth  E
CJIEKTPUYHOTO TOJISl, CTBOPEHOTO PO3IOIIICHUM 3apsoM y Todil A, 110
JICKUTh Ha OC1 CTEPKHA Ha BijcTaHl a=20 c¢M Big MOTO KIHIIS.

12. Ilo ToHkoMy MIBKUIBIIIO pamiyca R=10cm piBHOMIpHO
po3noaiieHui 3apsn 3 JiHiMHOIO ryctuHo T=1MkKi/M. Busnauutu
HaIMpPYyXEHICTh E eIeKTpUYHOro MoJjisi, CTBOPEHOIr0 PO3IOIIJICHUM 3apsijioM Y
toulli O, 110 301ra€ThCs 3 HIEHTPOM KLIbIIA.

13. Tonke kinblle Hece po3noauneHuit 3apsa Q=0,2MxKn. Busznauutu
HaIMpyXEHICTh E eIeKTpUYHOro MoJjisi, CTBOPEHOI0 PO3IOIIJICHUM 3apsijioM Y
TOYIll A, PIBHOBLIJAJICHIN BIJ YCiX TOYOK KUIbISl Ha BiJcTaHb r=20CM.
Paniyc kiunbiist R =10cMm.

14. TperuHa TOHKOro Kuiblig pajaiyca R=10 cMm Hece po3moauIeHUi

apsin Q=50uKin. BusHauutu HanpyxeHictb E enexkTpuyHOro moss,
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CTBOPEHOTO PO3MOALICHUM 3apsjioM y Touli O, 110 301ra€Tbest 3 LEHTPOM
KiJTBIIS.

15. HeckiHueHHUM TOHKUM CTEPKEHb, OOMEKEHUM 3 OJTHOTO OOKY, HECe
PIBHOMIPHO PO3MOJUICHUIN 3apsia 3 JdiHIHHOIW TycTuHOW T1=0,5MKkKi/m.
Busznauntu  HampyxeHicTh E  elekTpuyHOro - moiisi,  CTBOPEHOIO
PO3MOAUICHUM 3apsiIOM Y TOYIll A, 110 JISKHUTh Ha OCl CTEPKHS Ha BIJCTaHI
a=20cM Bij #10TO MOYATKY.

16. Ilo ToHKOMY KUIBITIO pagiycoM R=20cM piBHOMIPHO PO3IOIIICHUM
3 niHiitHOIO rycTuHOolo 1=0,2 MxKi/m 3apsn. Buznauutu HamnpyxeHicte E
CJICKTPUYHOTO TOJIs, CTBOPEHOTO PO3MOJAUICHUM 3apsjoM y Toulll A, 110
nepelyBae Ha OcCi KUIbIS Ha BifcTaHi h=2R BiJ Horo meHTpa.

17. Ilo TOHKOMY TIBKUIBLIIO PIBHOMIPHO PO3MOJICHUN 3apsj
Q=20MxkKn 13 niniitHOtO ryctunoro 1=0,1 MxKi/M. BuzHauntu HanpyxeHicTh
E enexTpuyHOTO MOJsi, CTBOPEHOI'0 PO3MOAUICHUM 3apsaaoM y Ttoull O, 110
301ra€ThCs 3 IIEHTPOM KiJIBIIA.

18. UBepTh TOHKOrO KUIBII paaiycoM R=10cM Hece piBHOMIPHO
posnoautenudt  3apsa Q=0,05mMxKn.  BwusHaumTtu  HampyxkeHicTh  E
CJICKTPUYHOTO MOJIs, CTBOPEHOTO PO3MOJAUICHUM 3apsiaoM y toull O, 1o
301ra€ThCs 3 IIEHTPOM KiJIBIIA.

19. [To ToHKOMY KUJIBITIO piIBHOMIpHO po3noauieHu# 3apsg Q=10 uKo i3
miHidHOWO TyctuHOoro T =0,01 mkKn/m. Busnauutu HanpyxkeHictb E
CJICKTPUYHOTO TOJIsl, CTBOPEHOTO PO3MOAUICHUM 3apsjoM y TouIlll A, 110
JeKUTh HA OCI KUIbLS 1 BiAAAJIEHOTO BiJ MOro IEHTpa Ha BiJCTaHb, PiBHY
pajilyCy KUIbIIS.

20. Bl TpeTMHHW TOHKOrO KuIblll pagiycoM R=10 cM HecyTh

PIBHOMIPHO pPO3NOJUICHUI 3 JiHiliHOWO ryctuHoro t=0,2MxKn/M 3aps.
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Busznauntu  HamnpyxeHicTh E  eleKkTpuyHOro  moiis,  CTBOPEHOIO
PO3NOAIICHUM 3apsioM Yy Toulli O, 1110 301ra€ThCs 3 EHTPOM KiJIbIIA.

21. Ha ngBox koHUEHTpUYHUX cdepax pajiycoM R 1 2R piBHOMIpHO
PO3MO/IITICH] 3apsiv 3 MOBEPXHEBOIO I'YCTHUHOIO G 1 G2 (puc. 24). IlotpidHo:
1) BuKopuctoBytouu Teopemy OcTporpagcskoro-l'aycca, 3HalTH 3aJI€KHICTh

E(r) Hanpy’XeHOCTI1 €IEKTPUYHOTO OIS Bl BIACTaHI JJIsI TPhOX 0oOacTel: 7,
11 1 I1l. Nlpuituatu o1=40, G>=G; 2) o0uKMCIUTU HamnpyxeHicTh E B Touil,
BWIyYEHIN BijJ IIEHTpa Ha BIJACTaHb 7, 1 BKa3aTW HampsMok BekTopa E.
[Tpuiinsatu 6=30 aKn/m?, 7=1,5R; 3) no6ynysatu rpadik E(r ).

22. JluB. ymoBy 3agaui 21. B m. 1 npuitHatu 6i1=c=-c. B m. 2
npuiinatu 6=0,1 MxKn/m?, =3,

23. Jus. yMoBy 3aaaui 21. B n.1 npuiinaru c1=-40, 6= ¢. B m. 2
npuiinsaTi 6=50aK/m2, 7=1,5R.

24. MuB. ymoBy 3amaui 21. B n. 1 npuiiastu c1=-20, 6= ¢. B . 2
npuiinsata 6=0,1 MxKn/m?, r=3R..

25. Ha 1BOX HECKIHUEHHUX TMapajielbHUX IUIOMIMHAX PIBHOMIPHO
PO3MO/IITICH] 3aps/iv 3 MOBEPXHEBOIO I'YCTHHOIO G 1 G2 (puc. 15). IloTpidHo:
1) BuxopucrtoByroun TteopeMy OcTporpaacekoro-I'aycca 1 mOpuHIUI
CYyHEepHo3uIlii EJIeKTPUYHUX TOJIB, 3HAWTH BHUpa3 E(x) HampyXeHOCTI
CJICKTPUYHOTO T0JIA B TpboX obnactsax: /, 11 1 I11. llpuitHsatu 61=206, 6,=0;

2) oOuucauTu HanpyxeHicTh E mosis B TOYIll, pO3TaIloBaHiil JiBOPYY Bijl

IJIOIIMH, 1 BKa3aTu HanpsaMok BekTopa E; 3) moOyayBatu rpadik E(x).
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Puc. 15 Puc. 16

26. Jlu. ymoBy 3agaui 25. ¥V 1. 1 npuiihatu c1=-40, 6,=2c. Y 1. 2
npuiinatd 6=40 uKi/M? i TouKy po3TainyBaTH MiX IuionmaaMu (puc.16)

27. JluB. ymoBy 3anaui 25. YV n. 1 npuiiHaty ©;=06, 6>=-20. Y m. 2
npuiinatd 6=20 uKi/M? i Touky posrainyBaTH cripasa Bij momuH (puc.16).

28. Ha nBoX KoakciaJbHHUX
HECKIHYCHHMX HUITHApaX
pamiycamu R 1 2R piBHOMIPHO
PO3MIO/IIIeH] 3apsaau 3
MOBEPXHEBOIO T'YCTHUHOI G| 1 G2
(puc. 17). [ToTpi6HO: 1)

BUKOPHUCTOBYHOYH TEOpeMy

Octporpaacekoro-I'aycca; 3HalTH Puc. 17
3aJIeKHICTh  E(r) HampyKeHOCTi
CJIEKTPUYHOTO TOJIS BiJ BiACTaH1 JIsl TphoX obmacteit: 1, 11, I11. IlpuitHsATu
G1=-20, G2=G; 2) OOYMCIUTH HampyxeHicTb E B Toulll, BUIy4YeHil Bia oci
WJIIHAPIB Ha BiJCTaHb 7, 1 BKa3aTu HapsaMok Bektopa E. Ilpuitnaru c=50
aKn/m?, r=1,5R;
3) mob6yayBatu rpadik E(r).

29. luB. ymoBy 3azgaui 28. Y mn. 1 npudHITH G1=G, G2 =- G. Y 0. 2
npuiinatu 6=60 uKn/m?, r=3R.
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30. luB. ymoBy 3amaui 328. ¥V n. 1 npuiiHaTH G1=-0, G2=40. Y 1. 2
npuiinatu 6=30 aKn/m?, r=4R.

31. JIra ToukoBux 3apsau Q=6 K 1 Q=3 uKn mepeOyBaroTh Ha
Bigctanl d=60 cM omauH Big oaHOro. SIKy poOOTY HEOOXIAHO 3pOOUTH
30BHIIIHIM CHJIaM, 11100 3MEHIIIUTH BIJICTAaHb MIXK 3apsjaaMu BABIY1?

32. EnexTpuuyHe II0jJi€ CTBOPEHE 3apsIKEHOI IPOBITHOIO KYJICIO,

noteHmian ¢ sikoi 300B. Busnaunutu poOOTy Cuil HoJisl 3 EPEeMIIEHHSI3aAPSIAY

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

Zi:—n

I

: N

i

S

2: =
L, 1
S

Puc. 19

Puc. 18

33. Enextpuune nojie crBopene 3apsaamu Q=2MkKi, Q,=-2mMkKu, mo
3HAXOAAThCS Ha BijcTaHi a=10cM oauH BiJ ogHOro. Bu3HauuT podOTy CHII
noJisi, mpu nepemitenHi 3apsay Q=0,5mkKi 13 Touku 1y Touky 2 (puc. 19).

34. ]JIB1 mapaienbHO 3apsKEHI IJIONIMHU, 3 TTOBEPXHEBOK T'YCTHHOIO
sapsany o1=2MkKi/m? i 6,=-0,8MxKn/M?, 3Hax0aaT6Cca Ha Bifcrani d=0,6 cm
OJIHa BiJl oHO1. BuzHaunTu pizHUIIO noTeHiamB U MiX TIJIOIIMHAMH.

35. Humons 3 enekTpudyHuM MoMeHToM p=100nKim BiIbHO
YCTAHOBUBCS Y BUTBHOMY €JIEKTPUYHOMY MOJII HampykeHicTio E=200kxB/wm.
Buznauntu po0OOTy 30BHINIHIX CHJI, Ky HEOOXITHO 3aTpaTH JJjisi TTOBOPOTY
aumnoJist Ha KyT o=180°.

36. HoTupu OAHAKOBUX Kparlll PTYTi, 3apsA/PKEHUX JI0 MOTEHIIATY
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¢=10B, 31uBarOTHCS B OJHY. KW MOTEHIIAI (1 KpaIlIi, 1110 YTBOpUJIACS?
37. ToHkuii cTepKeHb 3ITHYTUM Yy Kuiblle pagiycom R=10 cm. Bin
PIBHOMIPHO 3apsDKEHHM 3 JiHIAHOW TrycTuHOI0 3apsaay t=800uKi/M.

BuznaunTu moTeHIiana ¢ y TOYIll, pO3TalloBaHI Ha OCl KUTbIA Ha BIJACTaHI
h=10cwm Biz #ioro neHrpa.

38. Ilone yTBOpeHE TOUYKOBHUM JUMOJEM 3 €JICKTPUYHUM MOMEHTOM
p=200nKnM. BwusHauntu pizHuIo mnoreHmianiB U JBOX TOYOK ITOJS,
PO3TAIIOBAaHUX CUMETPHUYHO JI0 JUIIOJIS Ha Horo oci Ha BifacTadl ¥=40cM Bif
IIEHTpa JTUATIOJI.

39. EnexTpuyHe moje yTBOPEHE HECKIHYEHHO JIOBTOIO 3apsIKEHOIO
HUTKOIO, JIIHIMHA TycTUHY 3apsany sikoi t=20nKn/m. BusHauuTu pi3HUIIO
roTeHiamiB U ABOX TOYOK IOJIS, IO 3HAXOIATH BiJl HUTKHM HA BIJICTaHI 71=8
cM 17=12 cm.

40. ToHka KBajgpaTHa paMKa pPIBHOMIPHO 3apsiKeHa 3 JIHIHHOIO
ryctudoro 3apsany t=200nKin/m. BuzHauuTH mOTEHIiaa ¢ MoJs B TOYII
MIEPETUHY Jl1arOHAJICH.

41. Iopommnaa Macoro m=200Mkr, 1110 Hece Ha coO1 3apsa Q=40uKo,
BJIETUJIa B €JIEKTPUYHE TI0JI€ B HampAMKy cujgoBux JiHIA. [licas
npoxopkeHHs pizHuil noteHmianie U=200 B mopommHa Mana mBUIKICTH
v=10m/c. Bu3HaunTH MBUIKICTh Lo TOPOIIUHHU O TOTO SK BOHA BJIETLIa B
noJie.

42. EnextpoH, mo MaB KiHeTHMYHY eHepriero 7=10eB, BiertiB y
OJIHOPIJIHE €JICKTPUYHE MOJI€ B HANPSIMKY CHJIOBHUX JiHIN. SIKy HMIBUAKICTH
Oyjae MaTd €JIEKTPOH, MPOMINOBIIM B LILOMY MOJI PI3HMUINO IOTEHIATIB
U=8B?

43. 3pakityn BimHOmeHHs mBHakocTed ioniB Cu’’ i KY, mo mpoimm
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OJIHAKOBY PI3HHUIIIO MOTEHITIAIB.

44. Enextpon 3 enepriero T=400 eB (y HECKIHUEHHOCTI) pyXa€eThCs
y3JI0BX CHJIOBOI JIIHIT B HaNpsAMKY JO TMOBEPXHI METAJEBOI 3apsKEHOI
chepu pagiycom R =10 cM. BuzHauuTu MiHIMaJbHY BiJICTaHb 4, Ha SKY
HaOJIU3UTHCS €JIEKTPOH JI0 OBEpXHI cepu, ko 3apsas ii Q=-10 uKi.

45. EnexTpoH, NpOMIIOBIIM B IUIOCKOMY KOHJEHCATOpl NUISIX Bif
OJIHI€T TUIACTUHU JI0 1HIIO1, HAOyB mBUIKOCTI L=105 M/c. Bigcrans mixk
miactTuHamMu d=8 mm. 3Haiitu: 1) pizHuIo noteHmanis U MiX MIacTHHAMU;

2) MOBEPXHEBY T'YCTUHY 3apsily G HA MUIACTUHAX.

Puc. 21

46. IlopommHa Macow m=5Hr, 1Mo Hece Ha cobi N=10 enexTpoHiB,
npoiuia y BakyyMi OpHUCKOprolouy pisHuito nortexHmianie U=1MB. Sxka
KiHeTnyHa eHepris T nopommHu? SKoi MBUAKOCTI L Ha0yJa MOpoIINHA?

47. Sxy MiHIMaJbHY HIBUIKICTH Lmin MOBUHEH MATH MPOTOH, 00 BiH
MIT' IOCST'TH MOBEPXHI METaleBO1 KyJIi, 3apsikeHoi 10 noTeHiiany ¢ =400 B
(puc. 20)?

48. Y omHopiaHE eneKkTpuuHe mnose HanpyxeHicTio E=200B/M BiiTae
(B3MOBK CHJIOBOI JIiHIT) €JIEKTPOH 31 MIBHAKICTIO Lo=2MM/c. Buznauutu
BIJICTaHb /, 110 MPOIiJIe €JIeKTPOH /0 TOYKH, B SIKiil MOTO MBUIAKICTH OyJie

JTOPIBHIOBATH ITOJIOBHHI ITOYATKOBOI.

58



49. EnexTtpuyHe Moji€ CTBOPEHE HECKIHUCHHOIO 3aPSIKEHOI0 MPSIMOIO
JiHI€EIO0 3 PIBHOMIpHO po3nojuieHuM 3apsgoM (t=10uKn/m). Buznauutu
KIHETUYHY €Heprito 72 eeKTpoHa B TOYIN 2, SIKIIO B TOYIl | HOro KiHETUYHA
eneprisa 71=200 eB (puc. 21).

50. EnexTpoH pyxaeTbcs B3AOBX CHJIOBOI JIiHIT OJHOPITHOTO
CICKTPUYHOTO TMOJiA. Y JAeskid Touri mois 3 morteHmiaioMm ¢;=100 B
€JICKTPOH MaB MIBUJKICTh L1=6MM/c. BU3HAUUTHU OTEHIIAT (2 TOYKH TOJIS,
JUMIIOBIIHN 0 SAKOTO €JIEKTPOH BTPATUTh MOJIOBUHY CBOET IIBUIKOCTI.

51. Kongencaropu emuictio C;=5 MK® 1 Co=10 MxdD 3apsmpkeHi 10
Harpyr U;=60B 1 U,=100B BianosinHo. Busnauutu Hanpyry Ha oOKJagKax
KOHJICHCATOPIB MiCas iXHBOTO 3'€AHAHHS OOKJIagKamMu, 10 MAaroTh
OJTHOMMEHHI 3apsiv.

52. Konpencatop emuictio Ci=10 mx® 3apsmkeHuil 10 Hampyru
U=10B. BuzHnauutu 3apsg Ha OOKJIaJKax IOTO KOHJEHCATOpa MICJs TOTO,
AK TapajelbHO #Womy OyJo MIAKIIOYEHO I1HIIWK, He3apsIKEeHHH,
KoHaeHcaTop eMHICTIO C2=20 MKD.

53. Kongencaropu emuoctsimu C;=2 MK®D, Cr=5 Mk® 1 C3=10 mMxd
3'€elHaHl MOCIIAOBHO 1 mepedyBatoTh mija Hampyroo U=850B. Busnauutu
HaIpYyTYy 13aps]l Ha KOKHOMY 3 KOHJICHCATOPIB.

54. JIea xouaeHcatopu eMHOCTAMH C=2MKD 1 Co=5Mk®D 3apsmxeHi
no Hampyr U;=100B u U,=150B BianoBigHo. Busnauutu Hampyry Ha
oOKJIaJKaxX KOHACHCATOPIB MICIsI IXHBOTO 3'€THAHHS OOKJIaJKaMH, [0 MalOTh
pI3HOWMEHHI 3apsiau.

55. JIBa OJHAKOBHX IIJIOCKMX TOBITPSIHUX KOHIEHCATOPU EMHICTIO
C=100n® koxHHU# 3'€eqHaHI B 0aTapero MOCHiI0BHO. BU3HAUNTH, HA CKUJIBKU

3MIHUTBCA €MHICTh C 0aTapei, SKIO0 MPOCTIP MDK IUIACTUHAMU OJIHOTO 3
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KOHJIEHCATOPiB 3aIIOBHUTH TTapadiHOM.

56. JIa xonueHcatopu €eMHOCTAMU C;=5MK®D 1 C,=8Mk®dD 3'eHaHI
ocyiIoBHO 1 npueaHaHi o Oarapei 3 EPC ¢=80B. Buznauutu 3apsau Qg 1
Q2 xoHzeHcaTopiB 1 pi3uui noteHiiamB Uy 1 Uy Mixk IXHIMH OOKJIagKaMHu.

S7. Tlmockuil KOHIEHCATOP CKJIAMAEThCA 3 JIBOX KPYIVIMX IUIACTHH
paniycoM R=10cMm koxkHa. Bigctanp Mk mmactuHamu d=2mm. Kongencarop
npuenHanuit a0 pkepena Hanpyru U=80B. Busnauutu 3apsag Q 1
HaMpyKeHicTh E mojs KoHJeHcaTtopa B JIBOX BHUIIAJKaxX: a) AIEIEKTPUK -
MOBITPsI; 0) MIEIEKTPHUK - CKJIO.

58. JIB1 meTaneBi KyabkH pagiycamu Ri=5cMm 1 Ro=10cMm maroTh 3apsau
Q:=40uKn 1 Q,=-20uKn BigmoBigHo. 3HaiTH eHepriro W, 110 BUIUIUTHCS
IIPHU PO3PSIl, KO KyJIl 3'€THATH MPOBITHUKOM.

59. IlpocTip MK IUIaCTHHAMH IUIOCKOTO KOHJIEHCATOpa 3allOBHEHO
JIBOMa IIapaMH JieJIeKTpuKa: ckja ToBiHow d;=0,2 cM 1 mapom napadiay
toBuMHOIO dr=0,3cMm. Pisnmig mnorenmaniB MpK oOkimagkamu U=300B.
Buznauntu HampykeHicTh E moss 1 magiHHA TOTEHIlAy B KOXXHOMY 13
mapis.

60. Ilnockmii KoHmeHcaTop i3 momero rmiactud S=200cM? KoXKHa
3apsypKeHuid 1o pisHuUll noreHmianiB U=2kB. Bixcrane MK IacTUHaAMU
d=2 cm. Jlienextpuk — ckio. Buznauntu eneprito W mnosis KoHjaeHcaTopa 1
TYCTHUHY €Heprii @ mos.

61. Korymka 1 ammepmeTp 3'€lHaHI TOCIIJOBHO 1 MIAKIIOYCHI 10
JoKepena crpymy. o KieM KOTYIIKM NPUETHAHO BOJIBTMETP 3 OMOPOM
r=4xOm. AmrepmeTp nokaszye cuiny crpyMmy /=0,3A, BOJBTMETp - HANpPYTy
U=120B. Buznauutu onip R KoTyuiku. BusHauuTu BiTHOCHY TTOXUOKY €, sIKa

Oyje JoIylleHa 3a BHUMIPY OIOPY, SKIIO 3HEXTYBAaTH CHJIOI CTPyMY, IO
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Teue Yepe3 BOJIbTMETP.

62. EPC Oarapei €=80 B, BuyTpimmiid omip R=50M. 30BHIilIHIA
JAHIIOT crnoxkuBae TOTyxHICTh P=100BT. Buznauutu cuiny ctpymy [ y
nauiory, Hanpyry U, mig sskum nepeOyBae 30BHILIHINA JAHLIOT, 1 ii omip R.

63. Bin 6atapei, EPC skoi €=600B, noTpiOHO nepenaTtd eHeprito Ha
BiicTanb [=1kM. CHnoxxuBaHa MOTYXHICTb P=5kBT. 3HaillTH MiHIMaJbHI
BTPATH MOTY>XKHOCTI B MEPEXKIi, SKIO JAlaMeTp MIABIIHUX MIJTHUX MPOBOJIIB,
d=0,5cm.

64. 3a 30BHIIIHBOTO Oonopy R1=80M cuia ctpymy B JaHIro3i /1=0,8A,
3a onopy R,=150M cuna ctpymy £=0,5A, Buznauutu cuiy ctpymy Igs,
KOPOTKOT0 3aMuKaHHs jxepena EPC.

65. EPC Oarapei €=24B. HaiiOinpmia cuna crpyMy, IO MOXE JaTu
oarapest, Imax=10A. BU3HaUNTH MaKCHUMAIIBHY IMOTYXHICTb Pmax, IO MOXE
BUJIUISITUCS B 30BHIIITHBOMY JIAHITFO31.

66. Akymynsarop 3 EPC €=12B 3apsamxkaerscsa Bl Mepexi MOCTIHHOTO
ctpyMy 3 Hampyroro U=15B. Buznauutu Hanpyry Ha KJIeMax aKkyMyJisiTopa,
SKIIO Horo BHYTpinHIK omnip R=10 Om.

67. Bin mxepena 3 Hampyroro U=800B HeoOXxigHO TmepenaTu
CIOKHUBauy MOTYKHICTb P =10kBT Ha nesky BijcTaHb. SIKWiM HaWOUIBIIUN
omip MOXE MaTu JiHig nepeaadi, 00 BTpaTH €HEpPrii B HIM He
nepepuiyBaiu 10% Bija nepegaHoi MOTYKHOCTI?

68. 3a BKJIIOUECHHS E€JIEKTPOJABUTYHA B Mepexy 3 Hampyrow U=220B
BIH CMIOKHUBA€E CTPyM [=5A. BU3HAUUTH NOTYXKHICTh, CIIO)KUBAHY JBUTYHOM,
1 fioro KIIJI, sixito omnip R 0OMOTKM ABUTYHA JOPiBHIOE 6 OM.

69. Y Mmepexy 3 Hanpyroto U=100 B migkiItoumiv KOTYIIKY 3 OIIOPOM

R/=2xOm 1 BoabTMETp, 3'€qHaHi mnocaioBHO. I[loka3zaHHs BOJIBLTMETpa
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U1=80B. Konu KOTyIIKYy 3aMIHWJIM 1HIIOIO, BOJBTMETp mokazaB [>=60B.
BuznauuTu onip R 1HIIOT KOTYIIKH.

70. EPC 6Garapei e=12 B. 3a cunu ctpymy I=4A KK][ 6arapei - 1n=0,6.
BuznaunTu BHYTpimHii omip R; 6aTapei.

71. 3a yac t=20c npu piIBHOMIPHO 3pOCTaIOUiil CHIIl CTPyMY BiJ HYJIS 10
JESIKOTO MaKCUMyMY B MPOBIIHUKY onopoM R=50M BualIuiIacs KUIbKICTb
teroth Q=4k/[x. BusHaunTh MBUIAKICTh HAPOCTAHHS CHUJIM CTPYyMY, SIKIIO
omip npoBigHuka R=50m.

72. Cuna cTpyMy B MPOBIAHUKY 3MIHIOETBCS 3 4YacOM 3a 3aKOHOM
I=1,¢e*, ne [=20A, o=10’c'. BusHauuTu KiIBKICTb TEIUIOTH, IO
BUIIMIACS B IPOBiTHMKY 3a yac t=10"2c.

73. Cuna ctpymy B mpoBigHuKy omopoM R=100mMm 3a wyac t=50c
piBHOMIpHO Hapoctae Bif [1=5A no [L,=10A. Bu3HauuTu KUIBKICTh TETUIOTH
Q, o0 BUALIMIIACS 32 [IEH Yac y MPOBITHUKY.

74. Y mpoBigHuKy 3a yac t=10c 3a pIBHOMIPHOTO 3pOCTaHHS CHJIU
ctpymy Bix [1=1A no L=2A Buainuiaca KUIBKICTh TeriotH Q=5k/[x.
3HaiiTu omip R NpOBiIHUKA.

75. Cuna cTpyMy B MPOBIIHUKY 3MIHIOETHCS 3 4YacOM 32 3aKOHOM
I =1sin @t 3uaiitn 3apan Q, MmO MPOXOIUTH Yepe3 MOMEPEUHHil Tepepis
MPOBIJIHUKA 3a Yac f, pIBHUH MOJOBUHI mepioay 7, SKIIO MOYaTKOBa CHJIA
crpymy lo=10A, nukniuna yacrora m=50mnc.

76. 3a yac =10c 3a piIBHOMIPHO 3pOCTAIOYO01 CUJIM CTPYMY BiJl HYJS J10
JNEAKOT0 MaKCUMyMy B MPOBIJHUKY BHJAUIMJIACS KUIBKICTh TEIUIOTH
Q=40k/I>x. BuzHauutu cepesiHIio crity CTpymy -I; y IPOBIIHUKY, SIKIIIO HOTO
omip R=25 Owm.

77. 3a yac =8c 3a piBHOMIPHO 3pOCTaIOY0i CUJIU CTPYMY B MIPOBIIHUKY
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ormopoM R=80M Buaiauiaacs KuibkicTh TermioTu Q=500][x. Busnauutu
3apsi ¢, 1O MPOXOJAUTH Y MPOBIAHUKY, SKIIO CHJIA CTPYMY B MOYaTKOBUU
MOMEHT 4acy JIOPIBHIOE HYJIIO.

78. BuzHauuTH KUIBKICTh TerioTu Q, 110 BuaUIMIacs 3a 4ac =10c y
npoBiIHUKY omopoM R=100M, sKno cwia CTpymMy B HbOMY, PIBHOMIPHO
3MEHITYIOUUCH, 3MiHumacs Bia [1=10 A no L=0.

79. Cuna cTpyMy B JIAHIIO31 3MIHIOETBCS 32 3aKOHOM [ =1, sin wf.

BuszHauuTH KUIBKICTh TEIJIOTH, IO BHUIUIUTHCS B MPOBIIHUKY OIIOPOM
R=100wm 3a gac, piBHuit uBepti nepioay (Bix #1=0 no ©,=T/4, ne T=10 c).

80. Cuna cTpyMy B JIaHIFO31 3MIHIOETBCS 3 YacOM 3a 3aKOHOM
I = ]Oe_“t. Bu3zHauuTH KUTBKICTH TEIUIOTH, IO BUAUIMTHCA B TPOBITHUKY
ormopoM R=200M 3a 4ac, NPOTATOM SKOTO CTPYM 3MEHIIMTLCS B € pasiB.
Koediuient o npuiiaary pisaum 2:102¢!,

81. Bigcranp mix 3apsaaamu Q=100uKu 1 Q>=-50 uKn nopiBaroe d=10
cM. Buznauutu cmny F, ska mie Ha 3apsg Qs:=1mkKi, mo mepeOyBae Ha
BijicTaH1 Ha 71=12 cM Big 3apsany Qi 1 Ha =10 cM Bixg 3apsay Q.

82. ToHKWI JOBrUi CTEPKEHb PIBHOMIPHO 3apsS/DKCHUN 3 JIHIMHOIO
ryctuHoro 1=1,5uKn/cM. Ha mpoioBkeHH1 oci cTepkHs Ha BijicTaHi d=2 cM
Bij Horo kiHus € ToukoBui 3apsa Q=0,2mkKi. BuzHauutu cuiny B3aemMoli
3apsIKEHOTO CTEPIKHS 1 TOYKOBOTO 3apsay.

83. JloBruii mpsiIMHIl TOHKHUM NPIT HECE PIBHOMIPHO PO3MOAIICHUMN
3apsiA. OOUYKCIUTH JIIHINMHY TYCTUHY T 3apsly, SIKIO HAMPYyKEHICTh MOJI Ha
Bijactani 7=0,5 M Bia IpoTy OpoTH Moro cepeanan E=2 B/cwm.

84. 3 KO0 CHJIOI0, IO BUIMAAAE HA OJMHUIIIO TIOIII, BIIITOBXYIOTHCS
JIB1 OJHOMMEHHO 3apsKeH1 HECKIHUCHHO MPOTSDKHI IUIONMHUA 3 OJHAKOBOIO
IIOBEPXHEBOIO T'yCTHHOIO 3apsany 6=2 MKK/M??
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85. SAky nmpucKkoprowuy pi3HUIIO noTeHIiaaiB U Mae IPOUTH €IEKTPOH,
1100 MaTu MBUAKICTE V =8 Mwm/c?

86. 3apsi pIBHOMIPHO PO3MNOAIICHUN 110 HECKIHYEHHIN IUJIOIIWHI 3
NOBEPXHEBOK T'ycTHHOI 6=10HKi/M?. BU3HAYUTH DI3HHUIIO ITOTEHINANIB
IIBOX TOYOK MOJI, OJHA 3 SKHUX € Ha IUIOIIMHI, a 1HIIA BlaaajaeHa Bl Hel Ha
BiacTaub a=10 cMm.

87. EnekTpoH 3 IMOYaTKOBOIO IIBHUIKICTIO V=3 MM/C BIETIB B
OJTHOPIJIHE €JIEKTpUUHE Tosie Hanpyx)eHicTio E=150B/m. Bektop mouaTtkoBoi
IIIBUJIKOCTI TEPIEHIUKYISPHUN JIIHISIM HAIPY>KEHOCT! €JIEKTPUYHOTO TOJIS.
Buznauntu: 1) cuiay, mo i€ Ha eJeKTpoH; 2) MNPHUCKOPEHHS, IIo
3100yBa€THCS €EKTPOHOM; 3) MIBUAKICTH elleKTpoHa uepes t=0,1 MKc.

88. Jlo ©Oarapei 3 EPC &=300 B migkmiodeHi aBa TIJIOCKHUX
koHaeHcaTopu eMHOCTAIMU C1=2 nd 1 C,=3 nd. Busznauuru 3apsg Q i
Hanpyry U Ha mIacTUHKaxX KOHJEHCATOPIB 3a MOCJIIOBHOIO 1 MapajaeabHOIO
3'€ THAHHAX.

89. Kongencarop emnictio C;=600 nd 3apsawim 10 pi3HULI
noreHmiamB U;=1,5 kB 1 BiAKIOYWINA BiJ JoKepena Hamnpyru. IloTiM 1o
HbOI'O TapajeIbHO TMPUETHAIM HE3aPSKEHUM KOHJIEHCATOP €MHICTIO
C,=400 n®. BuzHauuTH €HEPril0, BUTPAYCHY Ha YTBOPEHHS ICKpH, IO
MPOCKOYMJIA TP 3'€THAHHI KOHJICHCATOPIB.

90. Ha KIHIIIX MIJHOTO JPOTY JAOBXKHHOI [=5 M MIATPUMYETHCS

Hanpyra U=| B. Busnauutu rycTuHy CTpyMy B JIPOTI.
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JOIJATKHU
1. OcHoBHI Qi3u4Hi noCTiHI (OKPYIJIEHi 3HAYEHHS)

®d13uyHa NOCTIHHA ITo3HaueHHs 3HaYCHHS
HOpMaHBHe NPUCKOPEHH g 9.81 m/c?
BIILHOTO IMa{iHH
I"pasiTariiina nocriiina G 6,67-10 ""H-m%/kr?
[ocriiina ABoraupo Na 6,02 10**momp™
MorsspHa razoBa crana R 8,31/1x/(moxs K)
CranpapTHHi 06’ €M Vi 22,4 10~m>/monb
[MocTiitna BonbimMana k 1,38 102 [1x/K
EnemeHTapHuii 3apsn € 1,60 10"°Kn
]_HBI/IHKi.CTB cBiTIA Yy c 3,00 108Mm/c
BaKyyMi
[Toctiiina  Credana — . 5,67 10°Br/(M2 K*)
bonrimmana
[locTiiiHa 3akOHY 3CYBY b 2.90 103 MK
Bina
[Tocriitna ITnanka h 6,63 107 ¢
ITocrilina Punbepra R, 10973731,77 m!
Paniyc Bopa a 0,529 101% m
KOMI"ITOHiBCBKa JOBKUHA A 2.43 10"
XBHJII €JIEKTPOHA
MarneTon bopa He 0,927 10~ A m?

C e 2,18 10"

Enepris 1oH13amii  aroma E;
BOJTHIO 8 11x(13,6eB)
ATOMHA OMHHMIIS MacH a.0.M. 1,660 10°'®D/m
EnexTpudHa nocriiina €0 8,85 107*D/m
MarsiTHa nocriiina Ho 4m 10TH/M
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2 . Jlesiki acTPOHOMIYHI BeJIMYUHH

HaiimMenyBaHHs 3HAYEHHSI

Pamiyc 3emi 6,37 10°m

Maca 3emi 5,98 10% kr

Panjyc Conrisa 6,95 108 m

Maca CoHrg 1,98 10k

Paniyc Micss 1,74 10°m

Maca Micsist 7,33 1072kt

Biyicrass Bij LIeHTpyY 3emiTi JI0 IICHTPY 1.49 10"y
Conrs ’

Bincrans Bi rieHTpY 3eMii J10 TIEHTPY 384 108n
Micsis ’

3.T'ycTuHa TBepauX Tij

Trepae Tino I'yctuHa, Kr/m?> Teepae tino | I'ycruna, kr/m?
AJTIOMIHIN 2,70 10° Mins 8,93 10°
Bapiii 3,50 10° Hikenn 8,90 10°
Banapiit 6,02 10° CBHHEIb 11,3 10°
BicmyT 9,80 10° Cpi6io 10,5 103
3aiizo 7,88 103 [e3iii 1,90 103
JIiTiit 0,53 10° [uHK 7,15 103
4 .I'ycTuHa piguH
Pinuna I'yctuna, Kr/m?> Pinuna I'yctuHa, Kr/m°>
Boga (pu 4°C) 1,00 10° CipKoByTJI€elb 1,26 10°
[ ninepun 1,26 10°
PryTh 13,6 10° Cnupr 0,80 10°
5 .T'ycTuHa rasis (3a HOpMaJbHUAX YMOBX)
a3 ['ycTuHa, Kr/m> a3 I'ycTunHa, Kr/m>
Bonenn 0,09 Iemi 0,18
IToBiTps 1,29 Kucensn 1,43

66




6. EdpexTuBHM 1iaMeTP MOJIEKYJIH

["a3 JliameTp, M I'a3 JliameTp, M
A30T 3,0 10719 ["emiit 1,9 10°1°
BozeHb 2,310°10 Kucens 2,7 10710
7. Macu aToMiB JIErKHX i30TOIIB
[30TON CumBon Maca [30TON CumBon Maca
a.0.M. a.0.M.
Heiftpon | in 1,00867 | Bepuuiii jZZ ;:813?3
Bosets H 1,00783 Bop 5B 10,01294
TH 2,01410 $B 11,00930
Ceniii , He 3,01605 Byrews sC 12,00000
4He 4,00260 e 13,00335
A3oT N 14,00307
TiTiis JLi 6,01513 00 15,99491
1Li 7,01601 Kucenp 0 16,99913
8. Ilepioan HanmiBpo3naay pagioaKTUBHUX i30TOIIB
[3oTom CuMBoI Ilepion
HaIiBPO3Maay
AKTHHIN e Ac 10 ni6
Woxn Sl 8 1ib
KobanbT 27 Co 5,3 poky
Maruiit Mg 10xB
Paiii 6 Ra 1626 pokis
Panon e Rn 3,8m06u
Crponuiit w57 27 pokis
dochop 2P 14,3 nobn
Lepiit s Ce 285 ni6
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