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BCTYII

VY mpouect 3aHATh CTYJIEHTH BYAThCSA 3aCTOCOBYBAaTH HAOYTI TEOPETUYHI
3HaHHA. BUBYeHHS Teopii Ha MpHKIaaaxX, B3ITUX 13 KUTTA 1 IOCATHEHb HAYKU
Ta TEXHIKM, 4YITKa OpraHizaiis MNOpakTUYHUX 3HAaHb, BUCOKI BUMOTHU [0
CTYJCHTIB CIPHUAIOTh BUXOBAHHIO SKOCTEW, SKI TMOBHHEH MaTW MalOyTHil
CITEL1AJIICT.

CTyneHT Mae TIPYHTOBHO ONpallbOBYBaTH BIJAMOBIAHUNA JICKLIMHUN
Martepiaj, BU3HaAYaTH HE3PO3yMijll MUTAHHS JJI 3'ICYyBaHHSA MiJ Yac 3aHSITh Ta
BUKOHYBATH JOMAIITHE 3aBJIaHHS.

JIns 3acBOEHHS MaTepiandy, PO3IIMPEHHsS Ta TOIIMOJICHHS 3HaHb,
3'sicyBaHHS (PYHKIIIOHAJIBHOI 3aJI€KHOCTI (PI3UYHUX BEJIMYMH, BCTAHOBJICHHS
3B'I3Ky Teopii 3 MPaKTHKOI, PO3BUTKY CAMOCTIMHOTO MHCJICHHS 1 HaBUYOK
CaMOCTIMHOI poOOTH - pO3B'sI3yBaHHS 3a/1a4 Mae nepuiopsaaHe 3HaueHHs. OTxe,
JUISL pO3B'SI3yBaHHA 3a/7ad HEJOCTaTHHO (POPMAIBHOTO 3HAHHS (PI3MYHHUX
3aKkoHIB. [l 1boro HeoOXiJHE BMIHHS MIPKYBAaTH, AHAJIITUYHO MUCIIUTH,
3HAXOJUTH CIELiaIbHI METOIU PO3B’sI3yBaHHS 3a]1ay.

[lepen TuM, sSIK BUKOHYBaTH CaMOCTIMHE 3aBIaHHS, CTYACHT TMOBHUHEH
BUBYMTH BIJIMOBIIHUM JICKIIAHUM MaTepiai 3a JiTepaTyporo, peKOMEH10BaHOIO
BHUKJIaJIauyeM, 3pO3yMITH 3ajadi, po3B's3aHl JO TEMHU 3aHATTS, BIAMOBICTH Ha
3aMUTaHHs, IOCTaBJICHI /10 JAHOI TEMH.

3aiadi peKOMEHIYETHCS PO3B'A3yBaTH Y TaKii MOCIIJOBHOCTI:

a) 03HaMOMJICHHSI 3 YMOBOIO 33/1a4i Ta 1i KOHKPETHUH 3aIluc;

0) aHami3 3aa4i;

B) pO3B’A3yBaHHs 3a]1a4i;

I') NepeBipka HaAWMEHYBaHHS OJUMHUIIb BUMIPY (PI3UYHUX BEJIMYUH;

1) o0YKCIIEHHS MOTP1OHOT BETUYNHU;



€) aHaJI13 OJIEP’KAHOTO PE3YIIbTATY.

Y MeToauyHUX PEKOMEHIAIlSX HABEACHO TEOPETUYHWUN MaTepial 3
po3nuty "Enexktpoctratuka. [TocTiiiHUN €NeKTpUYHHN CTpyM ., IO YMTAETHCS
3T1IHO 3 HAaBYAJIBHUM IUIAHOM. 3ajadi miai0paHo Tak, 100 BOHU CTOCYBAJIUCS
OCHOBHUX MHUTaHb Kypcy 1 m00 iX OyJ0 JOCTAaTHHO JIJIsl pO3B'A3yBaHHS 1] Yac
3aHATH B ayauTopii Ta BAoma. s BUKOHAHHS CAMOCTIMHOTO  3aBJaHHS
BUKOPHUCTOBYIOTh OKpPEMI 3a/1aul.

Jlns 3amaHoOro BUKIIaJadueM HOMEpa BapiaHTa CTYJIEHT BHUKOPHUCTOBYE
TaOJIUIII0 Bapi1aHTIB.

VYci BenuuMHM B 3ajjadyax MaroTh OyTH BHUpakeHi 3a MIKHApOIHOIO

cuctemoro oauHuIlb.(CI)

®di3uuHI BENMYMHM (PYHKIIOHAIBHO 3B'Si3aHI MDK CO00I0, a TOMY
HEpalioOHAJbHO JUISl BCiX BEJIMYMH JOBLIBHO BCTAaHOBJIIOBATH OJMHMII
BUMIPIOBAHHS. Y Haylll Ta TEXHIIll JOBIJIBHO NPUNHATO OAWHHUIN JIUIIE IS
KUIBKOX BEJIMYMH, 1110 HA3UBAIOTHCA OCHOBHUMHU. JJI pelITH BEIMYMH OJUHUILII
BUMIPY BCTaHOBJICHI Ha OCHOBI (OpMYJ, IO 3B'SI3YIOTh JIaHy BEJIWYHUHY 3
BEJIMYMHAMHU, 11 SKUX BCTAHOBJIEHO OCHOBHI OJWHUII: III HOBI OJUHHIII
HA3UBaIOTHCS MOXiAHUMU. CyKyIHICTh OCHOBHUX 1 MOX1THUX OJWHUIL BUMIPY
(13UYHUX OJIMHULIb CTAHOBJISITH CUCTEMY OJIMHUIL.

[lepenbaveno psia 3amay Jyisi CaMOCTIMHOTO PO3B'SI3yBaHHS , a TaKOXK
MATAHHS JJIS1 CAMOIIEPEBIPKUA TEOPETUUHOI YACTUHU 3 KYPCY €JIEKTPOCTATUKHU.

VY KOHTpOIBHUX pOOOTaX JJIsl CTYICHTIB JEHHOT ()OPMU HABUAHHSI
nepeadaveHo YoTUpH 3a1adi. BukopuctoByroun TabIUIIO BaplaHTIB, CTYICHT

BU3HAYAE 32 HOMEPOM BapiaHTa BIAMOBIIHI HOMEPH 3a]1ay.



3arajibHi MeTOAUYHI peKOMeHaalil 10 PO3B’A3KY 3a1a4 i
BUKOHAHHS KOHTPOJbHHUX POOIT

1. Po3B’s3yBaHHSI 3a/Jay BapTO CYINPOBOKYBAaTH KOPOTKUMH, ajie
BUYCPITHUMH TIOSICHEHHSIMH; y pasl, KOJH € MOXJIMBO, JaTH MAaJFOHOK,
BUKOHAHUM KPECIIPCHKUM CIIOCOOOM.

2. Po3B’s3yBatu 3ajmadyy MOTpPIOHO B 3arajibHOMY BHUIJISIAL, TOOTO
BUPA3UTH IIyKaHY BEIMYMHY B JITSPHUX MO3HAUYCHHIX BEJIUYWH, 3aJJaHUX B
ymoBl 3agaui. Ilpum TakoMy cmnocoO1 po3B’sI3yBaHHS HE BUKOHYIOTHCS
00U CIIeHHS MPOMI)KHUX BEJIMYHH.

3. Ilicns opepxaHHS PO3PaxyHKOBOiI (OpMyiM Il MEPEBIPKU
NPaBWIBHOCTI, ii BapTO MIACTaBUTH B MpaBy 4YacTUHY (OPMYIH 3aMiCTh
CHUMBOJIIB TIO3HAYEHHSI OJIMHUIIb ITUX BEJIMYWH, MPOBECTU 3 HUMHU HEOOXIIH1
i1 1 IEpEeKOHATUCA B TOMY, 110 OTPUMAaHa MPHU IbOMY OJMHUIIS BUMIPIOBAHHS
BIJITIOBIJIA€ ITyKaHIA BeaWYMHI. SIKIO Takoi BiAMOBIAHOCTI HEMae, TO IIe
O3HAYae, 1110 33/1a4y pO3B’sA3aHO HEBIPHO.

4. YucnoBi 3Ha4Y€HHS BEJIWYUH MPU MIiJACTAHOBIN iX y PO3PaXyHKOBY
dbopmyny BapTo BUpaxkath TuUIbkM B oauHuipix Cl Sk BUHATOK
JIOMYCKAETHCA BUPAXaTU B OYyJIb-SIKUX, ajieé OJHAKOBHX OJMHMIISX, YUCIIOBI
3HAQYCHHS OJHOPIAHUX BEJIWYWH, 10 MepeOyBalOTh Yy YMCEIbHUKY 1
3HAMEHHUKY Ta MalOTh OJJHAKOBUH CTYITiHb.

5. Ilpu miacTaHOBILI B PO3paxyHKOBY ¢(HOpMyJTy, a TakOX Yy
BIZIMOBIZII YMCIIOBI 3HAYCHHSI BEIWYHWH BapTO 3alHCyBaTH SIK JOOYTOK
JIECATKOBOTO JIPOOYy 3 OJHICI0 3HAYYIOK HU(POI mepes KOMOK Ha
BIINOBIJIHY CTYITIHb JIECSITH.

Hanpuxnan, 3amicte 3520 Ttpeba 3ammcatn  3,52'10%, 3amicts

0,00129 3anucaru 1,291031 1.11.



6. OOuunciaeHHS 3a PO3PaXyHKOBOIO (POPMYJIOI CIiJiT TPOBOAUTH 3
JOTPUMAHHSAM MPABUJI HAOIMKEHUX 004MciieHb. OCTaTOUYHY BIJMOBIAL BapTO
3aluCcyBaTU 3 TpbOMa 3HauyluMH Iudpamu. Ile crocyeThes 1 BUNAJKY,

KOJIM PE3YJIBTAT OTPUMAHO 3 BUKOPHUCTAHHAM KaJIbKYJIATOPA.

HABYAJIBHI MATEPIAJIA 3 PO3JILTY KYPCY ®I3UKH
1. ENEKTPOCTATHUKA. IOCTIMHUM EJJEKTPUUYHUN
CTPYM

1.1. OcHoBHi ¢popmysin

3akoH Kynona

Fo @ Q

472'8061’2 ’

ne F — cuna B3aemoii ToukoBux 3apsiaiB Q1 Qo;
r—B1JICTaHb MIXK 3apsiiaMu; €— IPOHUKIIUBICTh; €9 — €JIEKTPUYHA MOCTIMHA.

Hanpy>keHicTb eeKTpUYHOI0 MOJIs 1 MOTEHITIA

E=F/Q, ¢o=T11/Q,

ne [I—mnoTteHiiiiina eHeprisi TOYKOBOTO TOAATHOTO 3apsaay Q, KUl € B JaHii
TOYIll MO (32 YyMOBH, IO TMOTEHIIMHA €Hepris 3apsaay, BiIJajIeHOTO B
HECKIHUCHHICTb, JIOPIBHIOE HYIIIO).

Cuna, sika Ji€ Ha TOYKOBUHU 3apsij, 10 € B €IEKTPUYHOMY MOJI, 1
MOTEHIIIMiHA €HEePris I[bOTr0 3apsIy

F=QE, I1=Qgp,
HamnpyxeHicTb 1 MOTEHINaA TMOJsl, CTBOPEHOTO CHUCTEMOIO TOYKOBUX

3apsiiB (MPUHITUI CYTIEPIIO3UIlT eIEKTPUYHUX TTOJIB),

N N
E=XE, ¢o=2¢,
i—1 i—1
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ne E, ¢; — HanpyXeHICTh 1 MOTEHIlial y JaH1d TOYIll MOJIsl, CTBOPEHOTO I-M
3apsIIOM.
HanpyskeHicTb 1 HOTEHII1AJI MOJIs1, CTBOPEHOTO TOUKOBHUM 3apsIIOM,

el Q . 0Q

Argger?’ Arger’
7€ T — BIJACTaHb BiJ 3apsaay Q 10 TOUYKkH, y SKii BU3HAYAETHCS HAINPYKEHICTh
1 TIOTEHINAT.
HanpyskeHicTb 1 moTeHIiand moJisi, CTBOPEHI MPOBIIHOK 3apsiIKEHOIO

cheporo paaiycom R Ha BijicTaHi 1 BiJl IeHTpa chepu:

Q
a). E=0; =——= —  (mpur-R
) b= (mpu r-R)
Q Q
0) E=—~—; ¢o=—7+— (mpur-R
) iral R (mpu 1-R)
Q Q
E=——; ¢g=—"— , i
) 4 jer® i 4me jer (npu r-R)
ne Q — 3apsia cdepu.
JIiniifHa rycTuHa 3apsany
r=Q/l.
IToBepxHeBa rycTtruHa 3apsay
o=Q/S.

HamnpyxeHicTp 1 TOTEHIIadl T0Jig, CTBOPEHOIO PO3MOAIICHUMU
3apsiiamMu. SIKIo 3apsii piIBHOMIPHO PO3MOALICHUHN Y3/I0BXK JIiHIT 3 JIIHIHHOIO
I'YCTHHOIO, 7 TO Ha JiHIl BHAUIAETBCS Maja JAUITHKA JoBxuHOMO dl i3
sapsgomM dQ =7dl, 1 Takuii 3apsm MOXHa PO3IJIAAATH SK TOYKOBUH Ta
BUKOPUCTOBYBATH (HOPMYJIH:

47z'gogr r 47[806T



7€ I' — pajilyc-BeKTOp, CIIPSIMOBAaHMI BijJ BHaLIcHOrO eneMenTa dl 10 Toukw,
B SIKIM BU3HAYAETHCS HAMPYKEHICTh.

BukopucTtoBytouM OpUHIUI  CYNEPHO3UIIl  E€IEKTPUYHUX  TIOJIB
3HAXOJUMO IHTErpyBaHHSAM HalpykeHicTh E 1 mnoTeHwmian ¢ 1o,

CTBOPEHOT'O PO3IOIIJICHUM 3aPsIOM:

t .dr, £ © . d

E- r.
Amegeir?r

T 4n el I

[HTerpyBaHHsI BeIeThCS B3JIOBXK Yyciei moBkuHU | 3apsmpkeHoi JiHii
(muB. ipukiIagu S 1 8).

Hanpy:xeHicTh MmoJjsi, yTBOPEHOT0 HECKIHYEHOIO MPSMOI0 PiIBHOMIPHO

3apsHKEHOIO JIIHIEI UM HECKIHYEHHO JOBIUM HIMTIHAPOM,

T
27[8061’

1ie ' — BIJICTaHb BiJl MPSIMOi YK OCI ITWJIIH/pa A0 TOYKH, B SIKiM BUBHAYAETHCS
HaIPY>KECHICTh TOJIA.

HanpykeHicTb  1MOJsg, yTBOPEHOIO  HECKIHYEHHO  PIBHOMIPHO
3apsHKEHOI0 TUIOIIUHOIO,

E=_2
2€,€

3B’S130K M1 MTOTEHI1AJIOM 1 HAIIPY>KEHICTIO:

a) E=-gradep, uu E:—Lié—@+ja—@+k8—(pj B 3arajbHOMY

OX oy 0z
BUNAJIKY;

6) E-\2=92)

r y BUIMAAKY OJJHOPITHOTO TTOJIS;

d
B) E-= —d—(p y BUIIAJKY MOJIS, IK€ MA€ LUEHTPAJIbHY YA OCHOBY
r

CHMETPIIO.



EnextpuyHuii MOMEHT JUNIONSA
p=lall,
ae | — mneue gumons (BeKTOpHA BEIMYMHA, IO CIPSIMOBaHA Bij BiJ’ €MHOIO
3apsay 10 JOJATHOTO 1 YMCENIBHO JIOPIBHIOE BIJCTaHI MiX 3apsiaamMu), ( —
3apsi.
PoGoTa cui eeKTpUYHOro MoJisd MEPEMIICHHS 3apsiay ( 3 TOUKHU OIS
3 MOTEHIIAJIOM ¢; Y TOUKY 3 MMOTEHIIAJIOM ¢,
A =q(1 — 92)-
EnextpoeMHiCTh
C=q/p un C=q/U,
1€ - TOTEHI[ia] MPOBIJHUKA (TIPU YMOBI, 110 Y HECKIHYEHHOCTI MOTEHIIAJ
OpOBIJHUKA JOpIBHIOE HYM0); U - pi3HULS MOTEHIIaliB IJIACTUH
KOHJIEHCATOpa.
EJNeKTpOoeMHICTD MJIOCKOTO KOHAEHCaTOpa
C=¢q9e-S/d,
ne S - mioma riacTuHU (onHi€l) KoHAeHcaTtopa; d - BIACTaHb MiX

IJIaCTUHaMU.

EnexTpoemMHICTh OaTapei KOHIEHCATOPIB:

1 N1 . : .
a) — =) -— NpH NOCIIJIOBHOMY 3’ €JHAHI;
C i=1Ci
N
0) C=>¢C;,

i=1

ne N — KiabKiCTh KOHJIEHCATOPiB y OaTapei.
Enepris 3apskeHoro KoHaeHcaTopa:

W=qU/2, W=CU?/2, W=qg?/(2C).

10



Cwuna noCcTIMHOTO CTPYMY:
| =q/t,
ne ( — 3apsj, 10 NPOMIIOB Yepe3 MONEePEeYHUN NEPETHH MPOBITHUKA 32 4ac
t.
['ycTuHa MOCTIMHOTO CTPyMY:
j=11/8S,
ne S — IIoIa NoNepeyHOro MNepeTUHy MPOB1THUKA.
3B 130K TYCTUHHU CTPYMY 3 CEPEAHBOIO MIBUJIKICTIO -V);
j=gn<v>,
1ie ( — 3apsiJl YaCTUHKH; N — KOHIIEHTPAIIis 3apsKEHUX YACTUHOK.
3akoH Owma:

a) |I= LR(DZ :UE JUIsL IJISTHKY KoJia B sikomy Hemae EPC, ne -

@ — @, =U - DI3HUI TOTEHILiaTiB (HAmpyra) Ha KIHIHMX JUISTHOK

naHirora; R — omip AUISTHKY;

— + .
0) |I= (21 (22) ® ana minsmku xoma, mo mae EPC; nee - EPC

oKepena cTpymy; R — moBHuME omip OUISHKH (CyMa 30BHINIHIX 1

BHYTPIIIHIX OMOPIB);

B) |=

U1 3aMKHYTOro (IIOBHOTrO) JaHIora, ae R -
i

30BHIIIHIN OMip JIaHItora; Rj - BHYTPIlIHIN OMip JIaHIIora.
3akonu Kipxroda:
a) Y l; =0 - nepuuii 3aK0H;
0) > IR, =X ¢ - Ipyruii 3aKoH,
ne Y l; - anreOpaiuyHa cymMa CuJI CTPYMIB, IO CXOIATHCS y By3mi; Y IiR; -

anreOpaiuHa cyma J0OYTKIB CHJ CTPYMIB Ha OINOPH JUISHOK, Y &

11



anreopaiuna cyma EPC.
Omip R 1 mpoBignHicTh G NPOBITHUKA

R=pt, G=y51l,
S

1€ p - MUTOMHH OMIip; y - MUTOMA MPOBIIHICT; | - TOBXKKHA MPOBITHUKA; S -
1101112 TONEPEYHOTO Mepepi3a MPOBIAHUKA.
Ormip cucteMH NpOBiAHUKIB:

a) R=3Y R, npu NocjiiI0OBHOMY 3'€/THAHHI;

1 1 , .
0) R ZR— MpU NapajneabHOMY 3'€IHAHHI;

i
ne R; - ormip i-ro MpOoBITHUKA.

Po6ota ctpymy:

A=IUt, A=1%Rt, A=U?/R;

[lepma gopmyna crpaBensivBa sl OyIb-SIKOI NUISHKM JIAHIIOTa, Ha
KIHIIAX SKOTO MATpUMYyeThCsl Hanpyra U, ocTaHHI JBi - JJIsSI JIUISHKH, IO HE
mictuth EPC.

[ToTyXHICTh CTPYMY:
P=UI, P=1%°R, P=U?/R
3akoH Jxoyns— Jlenua
Q=12Rt.
3akon OMa B nudepeHIianbHii Gopmi:
i=7E,
A y - TMUTOMAa TPOBITHICT, F - HANPYXCEHICTh EICKTPUYHOrO TOJS; | -
I'yCTHHA CTPYMY.
3B'130K MUTOMOI MPOBITHOCTI ¥ 3 PYXJMBICTIO D 3apsKEHUX YacTOK

(1oHiIB)

12



y=qn(b, +b_),
e ( - 3apsA] 10Ha; n - KOHIIEHTpalis 10HIB; b, ib_ - pyxjmBocCTi

IMO3UTUBHUX 1 HErATUBHUX 10HIB.

1.2 Ilpukiaaau po3B’si3aHHsA 32124

L SR Ipuxaan 1. /[Ba ToukoBux 3apsau 9q i
T Ve -4
“ L — ( 3akpiruieHi Ha BijgcraHi 1=50 cMm oxmH Bif
0
——————— @&-—ﬁ@i";'“ onHoro. TpeTiii 3apsa (1 MOXKe epeMIIIaTUCS
[ — .
______ n____ %—g S5 JMIIC B3JOBXK MPAMOI, IO HPOXOIHUTH depes
_G?- Ltx L Jb
= 3apsigu. BuzHauuTh MOJIOKEHHS 3apsay (i
Puc.1(a,0,B) npyd SKOMy BIH OyJe 3HAXOJIUTHUCS B

piBHOBAa31. [Ipu KoMy 3HaKy 3apsay (1 piBHOBara Oyje CTIHKOIO.

Po3B’s130k . 3apsa (1 nepeOyBae B piBHOBa3l B TOMY BHUIIAJKY, KOJHU
reOMEeTPUYHA CyMa CHJI, IO JiI0Th Ha HHOTO, JAOPIBHIOE HYIO. Lle 3HauuTh,
10 Ha 3apsija (1 MOBUHHI JiSITUA JABI CHJIM, PIBHI 32 MOAYJIEM 1 IPOTUJICKHI 32
HanpsMkoM. PosrisHemo, Ha sikiit 3 Tppox auasHok I, II, IIT (puc. 1) moxe
OyTu BUKOHaHa 11 yMoBa. JlJisi BU3HAYEHOCTI Oy/1eMo BBaXKaTH, 110 3apsij (1
- IO3UTUBHUU.

Ha ninanmi I (puc.. 1a) Ha 3apsa (i1 OyAyTh AisiTW JIB1 MPOTUIICKHO
cupsiMmoBani cwid: F1 1 Fo. Cuna Fq, mo aie 3 6oky 3apsany 9q, y Oyap-skii
TOYINl 1€ MUISHKKM Outbmie cvd Fo, mo aie 3 00Ky 3apsiay - (, TOMY IO
OuTbIIMK 3apsia 90 3aBXKIU € OMMKYUM JI0 3apsiay (i, YMM MEHIIUH (I10o
MOJYJII0) 3apsia - . ToMy piBHOBara Ha Iiil IUISHIII HEMOXKJIUBA.

Ha ninsuui II (puc. 1,0) obunsi cunu F1 1 Fo cripsiMoBani B oniHYy

CTOPOHY - JI0 3apsany - (. OTxe, 1 Ha APYTii AULHIN piBHOBAara HEMOXJIMBA.

13



Ha minsami 1T (puc. 1, B) cum F1 1 F2 copsiMoBaHi B MpOTUIICKHI
CTOPOHHU, TaK caMoO fIK 1 Ha JIsHLI I, ase Ha BiAMIHY BiJl HbOTO MEHIIUMN
3apsi - ( 3aBXKAU € OMMKYMM J10 3apsiay (i1, yuM Outemmil 3apsa 9. Lle
3HAYUTh, IO MOYKHA 3HAWTH TaKy TOUYKY Ha Opsmii, ae cunu Fi1 1 Fo OynyTth
OJIHAKOBI1 32 MOJYJIEM, TOOTO

F=F 1)

Hexait x i | + x - BiACTaHp BiJl MEHIIIOTO 1 OUIBIIIOTO 3apsIiB A0 3apsay

q:. Bupaxatoun B piBHOcTi (1) F1 i F2 BigmoBimno mo 3akony KysoHa,

OJEPIKIMO
9Q'q12:q-gl , 4ud |+x=23x 3BIAKH X1:+—I,X2=_—I.
(I +x) X 5 4

Kopius x? He 3a10B0bHsAE (i3uuHii ymMoBi 3amaui (y wiit Touni cum Fq
1 F2> Xoua 1 piBHI 3a MOAYJIEM, ajie MalOTh OJTHAKOBUI HAMPSIMOK).

Busznauumo 3HaK 3apsany ;, 3a SKOro piBHOBara OyJe CTIHKOIO.
PiBHOBara Ha3MBAa€THCS CTIMKOIO, SIKIIO MPHU 3CYB1 3apsiiy BiJ MOJOXKEHHS
pPIBHOBarv BUHUKAIOTh CUJIH, 10 MOBEPTAIOTh MOT0 B MOJIOKEHHS PIBHOBATH.
PosrisiHeMo 3CcyB 3apsiy Q;y JIBOX BHUIIaJIKaxX: KOJW 3apsij MO3UTUBHHM 1
HETATUBHUM.

Skimo 3apsia g, TO3UTUBHUM, TO MPH 3CyB1 Horo BiiBo o0uBi cuiu F1 1
F2 3pocratote. Uepes te, o cwia Fi1 3pocTae nmoBuIbHIlIE, TO pE3yJbTyIOUa
cuia, 1o Jl€ Ha 3apsa ¢, Oyae chpsiMOBaHa B Ty * CTOPOHY, B SIKY
3MIIIeHU# 1Ie 3apsa, ToOTo BmiBo. Ilig miero miei cwim 3apsa g, Oynae
BIITAJIATUCS BiJ TIOJIOKEHHS piBHOBaru. Te X BIIOYBAa€ThCSA 1 MPU 3CYBI
3apsiny @, BrpaBo. Cuna F, yoyBae mBuaiie, Hixk Fi1. ['eomerpuuna cyma cui
y IIbOMY BHUIMAAKYy CHpsIMOBaHA BMIpPaBO. 3apsj Mijd JI€I0 €l CHIM TaKOX
Oyae mepeMilaTrics BIpaBo, TOOTO BIIJAIATUCS BiJ MTOJ0KCHHS PIBHOBArH.
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TakuM YMHOM, Y BUIIQJKy MO3UTUBHOTO 3apsily piBHOBAra € XUuTKolo.

Skmio 3apsn g, HEraTUBHU, TO MOTO 3CYB YJI1BO BUKJIMKAE 30LJIBIICHHS
cun F1 1 Fz, ane cuna Fi 3pocrae moBiibHimme, Hixk F2, ToOTO [F2l;|F4).
PesynbTytoua cuna Oyjae copsMmoBaHa BrpaBo. [l ii miero 3apsg g
MOBEPTAETHCS J10 MOJOXKEHHsI piBHOBaru. Ilpu 3cyBi g;BmnpaBo cuna F»
yoyBae mBuame, Hix F1, T00TO |F1|;|F2|, pe3ynpTyroua cuna crnpsmMoBaHa
BJIIBO 1 3apsii ¢; 3HOBY Oy/ie MOBEPTATUCS 10 MOJIOKEHHS pIBHOBaru. 3a

HEraTUBHOI'O 3apsily piBHOBara € CTiiikoro. BenuuwHa camoro 3apsny (

HECYTTEBA.
Hpuxkaaxy 2. Tpu TOUYKOBUX 3apsau /%ij
Q=Q2=Qs3=1 uKi po3ramoBaHi y BepIIMHax AN

PIBHOCTOPOHHBOTO TPUKYTHHUKA. KU 3apsn

Q4 mOTPIOHO  MOMICTUTH B ILEHTPI

TPUKYTHHKA, I_I_[O6 3da3Ha4YCHa CUCTCMaA 3ap5miB

3HaXOJIMJIacsl B PIBHOBAa31?

Po3B’s130K. VYei TpHU 3apsiu,
pO3TalIOBaHI MO0 BEPIIMHAX TPUKYTHUKA, 3HAXOASATHCS B OJJHAKOBUX YMOBaXx.
Tomy nocuTh 3'1CyBaTH, SIKMI 3aps]] BAPTO MOMICTUTH B LIEHTP1 TPUKYTHHUKA,
o0 SKU-HEOYIb ONMH 13 TPHOX 3apsAiB, Hampukian Qi, 3HaXOAUBCA B
piBHOBa31. 3apsan Qi Oyae 3HAXOAUTHUCS B PIBHOBA31, SIKIIO BEKTOPHA CyMa
TII0YMX HA HHOTO CHJI JIOPIBHIOE HYJIIO (pHC.2).

F,+F+F,=F+F,=0, (1)
ne Fo, F3, Fa - cum, 3 skumu BiAmoBigHO A1F0Th Ha 3apsan Q1 3apsaau Q2, Qs,
Qgs; F - piBHOAITOunX cui F2 1 Fa.

Tomy mo cunu F 1 F4 cnpsimoBaHi mo ofH1M mpsiMiid y TPOTHIICKHI
CTOPOHH, Ta BEKTOPHA PiBHICTH (1) MOkHA 3amMiHUTH cKaasipHuM: F — F4 =0,

15



3B1iku F4=F. Bupasusiuiu B octanHiil piBHOCTI F uepe3 F2 1 F3 1 3 orisiny Ha
Te, o F3=F2, onepxxumo
F, =F,/2(1+cosa).
3acTocyBaBimm 3akoH Kymona 1 maroum Ha yBasi, mo Q2=Q3=Qq,

3HAUIEMO

2
QQy _ Qi _J2(i+ cosar),

47r80r12 Argyr
3BIIKHU
Q= i+ o), @
3 TreoMeTpUYHUX TMOOYJOB y PIBHOCTOPOHHBOMY TPUKYTHUKY
BUXOIUTh, 1110

r/2 r r
= = =—; COoSa=c0s60°=1/2.
' cos(e/2)  2c0s30° 43 Y

3 ypaxyBaHHAM 1150r0 Gopmyna (2) Habupae Burnsaay Q, =Q /+/3.
3poOuMO OOUYUCTICHHS:

107°
Q4 - \/§KJZ

Crnij 3a3HaYMTH, 110 pIBHOBAra CUCTEMH 3aps/iiB Oy/1€ XUTKOIO.

=577-10°Kn=0577uKn

Ipuknax 3. Ha ToHKOMY CTepHI JOBXKUHOIO |=20cM 3HAXOJIUTHCS €
pPO3MOAUICHUN eNeKTpUYHUM 3apsa. Ha mnpoaoB’KeHHI OCi CTEp)KHS Ha
BijicTanl a=10cM BiJ HAWOIMIKIOTO KiHIA € ToukoBuM 3apsaa Q1=40uKi1, mo
B3aeMojIi€ 31 crepxkHeM 13 cwiow F=6mxkH. BuszHauutu niHiHY T'yCTUHY T
3apsiiy Ha CTEPKEHb.

Po3p’si30k. Cuiia B3aemopii F 3aps/pKeHOro cTepxkHsS 3 TOYKOBUM
3apsiioM Q1 3aJIeKUTH BIJI JIIHIMHOI TYCTUHHU T 3apsiAy Ha CTEPKEHb. 3HAIOUU

ITI0 3aJICKHICTh, MOJKHA BU3HAYUTH T. 32 00YUCIIeHHS cwiM F BapTo MaTH Ha

16



yBa3l, IO 3apsj, Ha CTEpPKHI HE € TOYKOBUM, TOMYy 3akoH KyroHna
0e31ocepe/IHbO 3aCTOCYBATH HE MOXHA. Y 1IbOMY pa3l MOXKHA BUKOPHUCTATH
Takuii croci0. Bumiaumo 3i cTeprkus (puc. 3) Mainy autsHky dr i3 3apsaoM
dQ=1dr. Lle#i 3apsin MOKHA PO3TIIAIATH K TOYKOBUK. ToJIi, BiIIMTOBIIHO JI0

3akoHy Kymona,

dF = "
Argyr

[HTerpyroun 1ei Bupa3 y Mexax Bija a jo atl, ogepxxyemo

= Qz af'ﬂ_ Qz (1 1 j_ Qd

Argy 3 r2 dmg\a a+l) 4drgala+l)
3BI1OKHU
e 4rreya(a+1)F .
Ql
ar r
- ! 1o J

Puc.3

[lepeBiprMo, uM J1ae po3paxyHKOBa Qopmyrna OJAUHUIO JIIHIHHOT
TYCTUHU EJIEKTPUYHOTO 3apsiay. s 1mporo B IpaBy 4YacTUHY (OPMYITH
3aMICTh CUMBOJIIB BEJIMYMH IT1ICTABUMO 1XH1 OJJHHUILI:

leolalla+1]F] 1p/m-v-1u-1H 1p-1H 1K2/B-1H 1H
eIl = 1%krilw 1Kz 1Kn 1B
=1H /(10oc 11Kn) = (LH -1Kn)/1H - m =1Ka/1m

3HaliIecHa OIMHUIIA € OAUHHUIICIO JIIHIMHOT TYCTHHHU 3apsiay.

3poOrUMO OOUHMCICHHS:
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__ 01(01+02) 6-x 10 6

— : - = 25x10 ° = 25uKi1/Mm
9x10°x 4 x10 "x 0,2

Hpuxkiaaxg 4. /[Ba TOYKOBUX EJIEKTPUYHHUX £
A \

= 1 —_- \

3apsaun Q=1 HKn 1 Q2=-2 vKxa mnepeOyBaroTh y AV N

7
noBiTpi Ha Bigcrami d=10cM omuMH Bix OmHOrO. 5/ s
s E;

: : : / \7

Busnauntu Hanpyxenicte E 1 moTeHIiaim ¢ IoJs, // \\2
: P N Sy S

CTBOPCHOrO ILHMMHU 3apsiamMu B Toull A, ska 2~ 0,

1

nepedyBae Bij 3apsany Qi1 Ha BijcTaHi 1=9 cM 1 Bif

3apsany Q2 Ha =7 cM. Puc.4
Po3B’s130k. BIINOBIIHO [0 NPUHIMIY CYNEPHO3ULII EIEKTPUUHUX

MOJIIB, KOXEH 3apsJl CTBOPIOE MOJIE HE3AJIEKHE BiJl MPUCYTHOCTI B IIPOCTOPI

1HIIMX 3apAaiB. ToMy HanpyXeHICcTh E eleKTpU4yHOoro moJsis B IIyKaHiid TOYIl

MOKe OyTH 3HalijieHa K reoMeTpuyHa cyMa HampyxkeHoctedd E1 1 Eo momis,

YTBOPEHUX  KOXHUM  3apsjoM  okpemo: E=Ei;+E;. Hampyxenocrti

€JIEKTPUYHOTO MOJIsA, YTBOpeHOro B moBiTpi (£=1) 3apsaamu Q11 Qo

Q|
E, =——_, 1
' Aregr 1)
Q,|
E, —_1%2l 2
2 47[80r22 ( )

Bekrtop E:1 cipsimoBaHuii mo cuiioBiit JiHiT Bijg 3apsaay Q1, ToMy 110 1ei
3apsii MO3UTUBHUI; BEKTOp E» cipsiMoBaHMiA TaKOX IO CUJIOBIHM JIiHII, ajie 10
3apsany Q2, TOMY IO LIEH 3apsii HEraTUBHU.

Monyns BekTopa E 3HalieMo 3a TeopeMor0 KOCUHYCIB:

E =E2+EZ +2EE, cosa, 3)

oe a - KyT MiX Bektopamm Ei1 1 Ep, mo Moxe OyTu 3HaWaeHHit 13

18



TPUKYTHHUKA 31 CTOpOHAaMH [1, 21 d:

2 2 .2
d°—-n"—r;
2nr,

CoOSo =

VY na"omy pasi, 100 YHUKHYTH TPOMI3JIKHUX 3allUCiB, 3pYy4HIIIE 3HAYEHHS

COSQ OOYHUCIIUTH OKPEMO:

2 2 2
COSa:(O’l) —(0,09)"(0,07) = -0,238.
2.0,09-0,07

ITincraBnsatoun Bupa3 E1 3 (1) 1 E2 3 (2) y (3) 1 BUHOCSYM 3arajibHUM

MHOXHHUK 1/(47ep) 3a 3HAK KOPEHsI, OTPUMAEMO

2 A2
E__1 Qﬁ + Qf +2‘Qll‘32‘c03a. (4)
Arg n

BianoBigHO 10 TOPUHIUIY CYNEPHO3UIIi  €IEeKTPUYHUX  TIOJIIB
MOTEHIIal ¢ Pe3yJbTYIOUOro MoJisi, yTBOpeHoro jaBoma 3apsgamu Qi1 1 Q,
JIOPiBHIOE anreOpaiyHiii cyMi MOTEHITIANIB:

Q=01+ ()

[ToTeH1ian €IEeKTPUYHOIO TMOJsl, YTBOPEHOTO y BaKyyMl TOYKOBUM

3apsiioM Q Ha BiACTaHI1 I BiJ HHOTO, BUPAXKAETHCA (POPMYIIOIO:

__Q
B 27 gr (©)

VY namomy BUNIaKy BiAMoBiAHO 10 hopmyd (5) 1 (6) ogepKkumo:

_ @ + Q yu (p:—l %+&
Anggy  Amgl, drg\ N I

¢

3poOumMo OOUYHCIICHHS:
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E= +2 ( 0,238)B/m=
axilar 9 10°) V(009  (007)" (0,097 (007)

—385- 10° B/ m =358 xB/ m;

1 _J(109)2+(2 10 °f . 10°. 2 10°

9 9
Q= - 5 02, 2 0" \g_ 1578
arllaz- 9. 10°) (009 007
2 di
Hpuxaaxg 5. [lo TOHKOMY KUIBIIO PIBHOMIPHO o€ dg:,.I—’;}df
&

|
. o . C oo ! dE
posnonuteann  3apsn  Q=40uKn 13 JiHIMHOIO / i D 2 /
| R I

ryctuHoro t=50 HKn/M. BuzHauutu HanpyxeHiCTh

E enekTpuyHOro mossi, yTBOPEHOIr0 UM 3apsiJioM Y

TOYIll A, IO JIEKUTH HAa OC1 KUIBIIM 1 BIJUTaJI€HOI Bl

MOro 1IeHTpa Ha B1JICTaHb, PIBHY MOJOBHUHI pajiyca.

Puc.5

Po3B’sA30K. 3’eTHAEMO KOOPAUHATHY
momuHy xOy 3 MUIOHIMHOK KUIbI, a Bick OZ - 3 Biccto Kbl (puc. 5). Ha
KUTBII BUAUIAMO May AUISHKY goBxuHOI0 dl. Tomy 1o 3apsn dQ=tdl, sxuii
nepeOyBae Ha il AUISTHII, MOKHA BBaXKaTH TOYKOBUM, TO HampyxeHicTh dE
CJICKTPUYHOTO TI0JS, YTBOPEHOIO IIMM 3apsjaoM, MOXe OyTH 3alucaHa y
BUTJISI
gE= AT
47zgor2 r
ae I - pagiyc-BeKTop, cupsiMoBaHuii Big enementa dl 1o Touku A.
Poskmanemo Bektop dE Ha naBi ckimamoBi: dEi1, mepneHIUKyIspHO
IUTOIIHMHI KibIl (110 30iraeTbes 3 Biccto OZz), 1 dE2, mapanensHy TurommHi
KinbIg (momtuau xOy) , ToOTO
dE =dE; + dE,.
Hanpyxenicte E enexkrpuuHoro moss B Toulll A 3HalgEMO

IHTETPYBAHHSIM:
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E=[E +]E,,
L L

1€ THTETPYBAHHS BEJIETHCS IO BCIX €JIEMEHTaX 3apsAIKEHOTO KiJIbIIA.
[TomiTumo, mo ais koxHoi mapu 3apsaaiB dQ i dQ' (dQ=dQ'), po3ramoBanux
CUMETPUYHO HABKOJIO IIEHTPA KUIbLISL, BEKTOPU dE> 1 dE?' y Toulll A piBHI 3a

MOJYJIEM 1 MPOTUIIEXKHI 3a HanpAMKoM: dE>=-dE>'."ToMy BekTOpHa cymMa

(irTerpan) [dE, =0. CxnanoBi dE1 1 BCIX €1EMEHTIB KUIbLSI MAlOTh
L

cHiapbHUN HanpsMok 3 Biccio Oz (oguHunyHUM BeKTOpOM K), ToOTO dE1= KdE1.

Ton1
L
Tomy, 10
dE = . s >, r=yR*+(R/2f° =5R/2, cosa=(R/2)/r=1/,/5, To

1 A7 dl

dE; = : dl = .
! 4rgy 5R2/5 5\/§7z50R2

Taxkum ynHOM:

27R
E=k | =dl =k 2T |
0 5\/§7T(90R 5\/§€oR

31 CIiBBIHOIICHHS Q = 27R7 BU3HAYUMO PAAlyC KUIBIS: R =Q/2x7 -
Tomi

2121wt Arr?

== k'sﬁgoq T BJBe,Q

Mopynbs HanpyXeHOCTi:
Arg?
‘ E‘ T

B 5\/650(? l
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IlepeBipuMoO, 4K Ja€ IpaBa 4YacTMHA OTPUMAHOI PIBHOCTI OJMHHIIIO

HarnpyxeHocTi (B/m):

[ ] 1KJZ/M 1Kz

[%][Q] 10/ x 11<ﬂ_1q> LBl

Bupazumo (i3uuHi BEeIWYMHU, 1O BXOAATH 10 Qopmynu (1), B
omnaunirax CI

(= 5108 Kn Q=410% Kne& =8,8510'? @/m) i 3podbumo
OOYHCIICHHS:

4x314x(5x1078f

E=
5\/§><8 85x1012 x 4x1078

(Bl m) =7,92 (kB | ).

Ipuxknaxg 6. J[BI KOHIEHTPUYHI MPOBIIHI
chepu pamiycamu R1=6 cm 1 Rz=10cMm HecyThb
BianoBiaHO 3apsau Q=1 vKn 1 Q= -0,5 =KL
3HaiiTu HampyXkeHicTb E mons B Toukax, IO

BIJICTOSITH BiJI IIleHTpa c(ep Ha BIICTaHAX F1=5 cM

,12=9 cMm, 3= 15 cm. [looynyBaru rpadik E(r).

Po3B’s130k . [lomiTUMO, 110 TOYKH, Yy SIKHX

Puc.6

NOTPIOHO 3HAWTH HAMPYKEHOCTI EJIEKTPUUYHOTO
TOJIsI, JISKATh Y TPHOX oOsacTsax (puc. 6) odmacrti I(r1 - R1), odmacti I (R -
Iz - R2), odnacti 11 (r3- Ry).

1. Jlnsa Bu3HaueHHs HanpykeHocTi E1 B o0macTi I mpoBeieMo rayccoBol
moBepXH1 S1 pagiycom 1 1 ckopucTaemocsi TeopeMoro OcCTporpaachbKoro-
I'aycca:

fEndS =0,
S»

(ToMy, IO CyMapHHM 3apsj, SKHM € BCEpPeIrHI TayCCOBOI TMOBEPXHI,
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JIOPIBHIOE HYIIO). 3 pO3yMiHb CUMETPIi E, = E; = const. Maemo,

Sy

ne E1 (HanmpykeHicTh mojst B oOiacti |) y BCiX Todukax, IO BiJIITOBIIAIOThH
yMOBI I'1 - Ry, Oyzie IOp1BHIOBATH HYIIIO.

2. B o6nacTi II rayccoBy MOBEPXHIO MPOBEAEMO PAIIyCOM I2. Y 1bOMY
pasi

fEndS = Ql/gO ’
S2

(ToMy, IO YCEPEIUHI raycCOBOi IMMOBEPXHI € juiire 3apsa Q1).

Tomy, mo E, =E =const, TO MOXHa BUHECTH 3a 3HAK 1HTErpaja:

E§dS=Q/&, un ES, =Q;/¢
S2

[To3naunBM Hanpy>keHicTh E miia obnacti IT uepes Eo, onepkumo:
E, =Q;/(£0S2),

ne S, = 47zr22 - TUIOIIA rayccoBoi moBepxHi. Toxmi

£ -y (1)

- 4Arg, r22 .

3. B oOnacti IIl rayccoBa TOBEpPXHS MPOBOJIUTHCS PaJlycoM [3.
[Toznaunmo HamnpyxeHicte E obxacti 111 uepes E3 1 Bpaxyemo, 110 B ibOMy
pasi rayccoBa MOBEPXHS OXOIUTIOE 00UABI chepu 1, OTXKE, CYMapHUM 3apsin
Oyze Aopi1BHIOBaTH
Qi+ Q2. Tomi

E, = Q + Q22 .
Argyls
[TomituBmm, mo Q2 - 0, e BUpa3 MoXKHA MEpEeNKUcaTH y BUTIIAII

_ Qu+[Qq]

E
3
4Arg r32

(2)
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ITepexkonaemocsi B ToMy, 110 IpaBa yactuHa piBHOcTed (1) 1 (2) mae
OJIMHULIIO HAMPYKEHOCTI:

Q] 1Kz 1K

_ _ ~1B/ .
[eo]|r?| 1@/ mx1n? 10 xLu "

Bupasumo sci Benmmunad B oguaungx Cl (Q1=107° K, Q,--0,510° Ku,

r1=0,09 M, r2=0,15 M, 1/(471e0)=9-10°M/}) i 3po6UMO 0OUMCIIECHHS:

9 10 ° .
E,=9-10 2B/M:l,llB/M,
(0,09)
Ex8/m |
I
250\~~~ _ 9
\ 1 E3=9-109%B/M=2003/M.
1 (0,15)
|
ijﬁ'::i;: I [Tooynyemo rpadik E(r). B o6nacTi
’ i R i I(r1 - R1) E=0, B o6nacti II (R1- r2- Ry)
. 2 .
Puc.7 E2(r) 3MiHrOETBCS 3a 3aK0HOM 1/ r<. Y TOUII

r=R1 HanpyXeHOCTI
E2(R1)=E,(R) =Q,/47R’ = 2,5¢B/ m.

Y TOUIII r=R: (r IparHe hi (o R2 JBOpYY)
E,(R,) =Q,/4ng,R3 =0,9(xB/ m).

B o6nacri IIT (r3 -Rz) E3(r) sminroeTscs 3a 3axkoHoM 1/ 1?2, mpudomy B
Toutli I=R; (r mparae no Rz nmpaBopyu)

Es(Ry)=Q, ‘Qz‘M”goRzz =0,45¢B [ m..

Takum unHoMm, QyHskitis E(r) y Toukax r=Ri1 r=R, Tepnuth po3pus.

I'padik 3anexnocti E(r), momgano Ha puc. 7.

Mpukaag 7. ToukoBuit 3apsan Q=25Kn mnepebyBae y momni,

CTBOPEHOMY TIPSMHM HECKIHUCHHMM IIJIIHAPOM pajiycom R=lcwm,

PIBHOMIPHO 3aps/UKEHUM 3 IOBEPXHEBOK ryctuHon o0=0,2 uK/cMm?,
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Busnauutu cuiny F, mio aie Ha 3apsij, SIKIIO HOro BiACTaHb Bij BICI LIMIIIHAPA
r=10 cm.
Po3B’s130k. 3HaueHHs cwiM F, 1m0 aie Ha TOYKOBUM 3apsn Q, 1o € y
MOJTi, BU3HAYAETHCS 32 (HOPMYJIOIO
F =QE, (1)
ne E - HanpyXeHICThb MOoJsl.
Ak BiIOMO, HANpPYXEHICTh MOJS HECKIHYEHHO JOBIOro PiBHOMIPHO

3apsHKEHOTO HWTIHApPA

T
E= , 2
2 &yl )

1ie T — JIIHIHHA TYCTHHA 3apsay.

Bupasumo IniHIHY TYCTHHY T 4Yepe3 IMOBEpXHEBY T'YCTHHY G. Jlns
IILOTO BHJILIMMO €JIEMEHT IFIIIHIpa JOBXKHHOM | 1 Bupasumo 3apsn Q, 1o €
Ha HBOMY, ABoMa crnocobamm: Q=05=027RIl, Q=1. [lopiBHsBIIM TpaBi
YaCTHHHU IUX (OPMYJ 1 CKOPOTHBINM OTPUMaHy piBHICTH Ha |, 3Halimemo
1=027R. 3 ypaxyBaHHsaM [0ro Gopmyia (2) npuiiMae Burisn E =Ro/(sqr)
[TincraBuBim Bupas E'y (1), ogepxxumo

F =QRo/(g,F).
3poOUMO 0OUNCIIEHHS:

-8 -6
F 2,5-10"-2-10

8851022 10 (H)=5,65-10"%(H) = 565(uxH ).

Cuna F 30iraetbcs 3a HampsIMKOM 3 HampyXeHICTIO E, 10 4Yepes
cuMeTpiio (IWIIHAP HECKIHUCHHO JOBTHH) MEpHEeHIUKYISpHA TOBEPXHI
UJTIHpA.

Ipuxknan 8. Ilo ToHKINA HMUTIN, BUTHYTIA MO Ay31 KoJjia, PIBHOMIPHO

25



PO3MOAIICHUHN 3apsa 3 JHIHHOK TycTuHON T=10
HK1/M. BuzHaunTu HanpyxeHicTh E 1 TOTEHLian ¢
CJIICKTPUIHOTO TOJI, CTBOPEHOTO TaKuM
PO3MOJIUICHUM 3apsiloM Yy TOYIIl, 11O 301raeThCcs 3

IIEHTpOM KpuBu3HU J1yru. JloBxkmuHa | HuTKH

CTAHOBUTH 1/3 NOBXKWHM KoOJIa 1 JOPIBHIOE 15 cMm.

Puc.8

Po3B’s130k. Bubepemo oci KOOpAMHAT Tak, 1100
MOYaTOK KOOpJAMHAT 30iraBcs 3 LIEHTPOM KPUBHU3HU JIyTH, a Bick Oy Oyna 0
CUMETPUYHO PO3TAIlIOBaHA IIOA0 KIHIIB AYrd. Ha HUTI BUILIUMO €1EMEHT
nopxuau dl ( puc. 8). Bapsg dQ=rdl, uo € Ha BuAiNCHIN AUISAHIN, MOXKHA
BBa)KaTU TOYKOBUM. BH3HAUMMO HamnpyXeHICTh €JIEKTPUYHOTO MOJIsl B TOYIII
O. Ins uporo 3HAWAEMO CIIOYATKy HANpyXKeHICTb dE 1ojsi, CTBOPEHOro
3apsom dQ:

e v
:

47zgor2
ae I - pamiyc-BeKTop, crnpsiMoBaHWM Bix enemeHnta dl mo Touku, y sKiid
OOYHUCITIOETHCS HATIPY>KEHICTh.

Bupazumo BekTop dE depes mpoekii dEx i dEy Ha oci KOOpAUHAT:
dE = idE, + jdE,,

ae i, ] - OMMHWYHI BEKTOpH HampsMKiB (opTH). HampyxkeHicTs £ 3HaIEMO

IHTETPYBAHHSIM:
E = [dE =i[dE, + jJdE,.
| | |

[HTerpyBaHHs BEACTHCS Y31I0BX Oyru noBxuHoo |. Yepes cumerpiro

[dE, =0. Tomi
|
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E = j[dE, (1)

ae
dEy=dEcoc =dlcos /(47rgor2) Tomy, mo r=R=const, dl=Rd$, Toxi:

Eoj Rd 3

-C0S 9 = -c0s9d 9.

ArreyR? AR

[Tinctaumo Bupaz dE, B (1) i, Oepyum g0 yBaru CHUMETPHYHE
po3ramyBaHHs Iyrd monao oci Oy, Mexi iHTerpyBaHHs Bi3bMeMo Bia 0 g0
7/3, a pe3yabTaT NOABOIMO:

7l3
E=] 2 fcos9d 9= ] 27 \/é
47zgoR 472'80R 2

BupasuBmu pagiyc R uepes nosxuny | autkn (31=27R), onepxumo

E-i " /3. 2
e (2)

3 wmiel ¢opmMyaud BHAHO, IO HAMNPYXKEHICTh MOJsA 32 HAMPSIMKOM
301iraetbest 3 Biccto Oy.
3HaiigeMo moTeHIian enekTpuyHoro moyigs B Toumi O. Cnouatky
3HaleMo ToTeHmialn dg, cTBopeHuid ToukoBHM 3apsoM dQ y Touri O:
do =dl/(4rzeyr).
3aminuMo I Ha R 1 mpoBe1eMO 1HTerpyBaHHA:

T Idl— 1
ArgR ArgyR

¢:

Tomy, mwo | =22R/3, TO

¢ =1/6s . (3)
3pobumo obuuncnenns 3a popmynamu (2) 1 (3):
8
E= 107-173 B/l m=218«B [ m.

6-8,55-1012.015
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10

4 6-8,85.1012

Mpuxaag 9. Ha Ttorkomy crepxkHi AoBXHHOWO | € piBHOMIpHO
PO3MOJUICHUH 3apsij 3 JiHIHHOW TycTuHO T=10HKn/M. 3HaiiT moTeHmian
@, YTBOPEHUI PO3MOJIUICHUM 3apsoM y TOYll A, pO3TalllOBaHOI Ha OCi
CTEPIKHS 1 BIIJIAJICHOI Bil HOTO HAHOIMKYOro KiHIIS Ha BiJCTaHb .

Po3B’s130Kk. Y 3a5aui po3MIAAA€ThCA T0JIE, YTBOPEHE PO3MOAIICHUM

3apsIoM. Y IbOMY pasi

o . = x _q . 0xr
BUKOPHMCTOBYIOTh Takuii croci6. Ha = o B

T

CTEpKHI BHUIIAIOTH Maly JTUITHKY AJ' = >
noxuHoro dX. Tomi Ha Wil AIAHIN - { - ),
oyne 3ocepemxenuil 3apsan dQ=1zdx,
Y P P Q Puc.9

KU MOXKHAa BBaXKAaTH TOYKOBUM.
[Totenmian de, yrBOpeHHH ITMM TOYKOBHM 3apsjaoM y Toumi A (puc. 9)

MO>KHa BU3HAYUTH 32 POPMYIIOI0

dQ dx

d = = :
ArggX  ArgyX

BiamoBiiHO 70 TNPUHIOMIY CYNEPIO3UIN  €JISKTPUYHUX  IOJIIB,
MOTEHIIa] €JIEKTPUYHOTO IOJIs, YTBOPEHOTO 3apsPKEHUM CTEP)KHEM Y TOYIII

A, 3HailieMo 1HTErpyBaHHS 1[OT'O BUPA3Y:

2 dx r 2dx
p=] = —

|47Z'€0X_47Z'80 I X .

BukoHaeMo iHTerpyBaHHS:

2l
go:Lln XJ:LIn 2.
472'80 I 472'80
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I[TinctaBumMo umcioBi 3HaueHHs (ismunmx BenmumH y Cl (t =1010°

Ki/m 1/(4me0)=9 10°m/®D), i 3p06HMMO 0OUHCIICHHS:

¢=9-10°-10-107 - 0,693B = 62,4B.

Hpuxaax 10. Ha mractunax

IJIOCKOTO KOHjJeHcaTopa € 3apsg Q=10 A 4 *E } 4
.—0 — —— — —— — —
aKn. Ilmoma S KOXHOI IJIACTHHH '}F
a I+ F] [ F1F
KOHEHcaTopa JopiBHioe 100  cm?, * * +E Y 7

TIENEKTPUK - MOBITpA. BuU3HauuTH cuimy
F, 3 SKOI MPHUTATYIOTHCS IUIACTHHH. Puc.10
[Tosie MK TIITaCTUHAMU BBAXKATH OJTHOP1HHUM.

Po3p’si3ok. 3apsng Q oxaniei 1mactuHU niepeOdyBae B Mo
HAIPY>KEHICTIO E, CTBOPEHOMY 3apsJIOM 1HINOI TUIACTUHU KOHJEHcaTopa.
Otxe, Ha iepiuuii 3apsa Aie cuna (puc. 10)

F =Q/E. (1)

Tomy, o

E=0/(2¢7) =Q/(2¢,S),
1€ O - TOBEpXHEBa T'yCTHUHA 3apsay MacTuHU, To dopmyna (1) mpuitme
BUTJISIL;
F =Q%/(25,9).
BukoHaemo 00UMCIICHHS:

10716

F=
2.8.85-1072.10™%2

H =5,65-10"*(H) =565 (iél ).

Mpukaag 11. EnexktpuuyHe o€ CTBOPEHE [OBIUM IUJIHIPOM
pamiycom R=1 cM, pIBHOMIpDHO 3apsA/PKEHUM 3 JIIHIMHOI TYCTHHOIO

29



1=208K/M. BU3HauUTH PI3HUIIO TOTEHIIAIIB JBOX TOYOK I[bOT'O IO, IO
nepedyBaroTh Ha BifacTaHl @1=0,5 ¢cM 1 a2=2 cM BIJl TIOBEPXHI LWIIHIpA, Y
CepeliHIi MOoro 4acTHUHI.

Po3B’s130k. JlJisi BU3HAYEHHS PI3HUL NOTEHI1AJIB CKOPUCTAEMOCS
CITIBBITHOIIEHHSM MIXK HaIPY>KEHICTIO TTOJISt 1 3MIHOIO
noteHuiany: E = —grade. i monst 3 oCbOBOIO CUMETPIEI0, SIKUM € TMOJIE
WJIIHPA, 11€ CHiBBITHOIIEHHS MOXHA 3alUCaTH y BUTJISIL

E__de
dr

ne de=—Edr.
[HTerpytoun el Bupas, 3HANACMO PI3HUIIO MOTCHINANIB JIBOX TOYOK,
110 mepedyBaroTh Ha BIJICTAHSIX 1 1 )2 B BICI LIWUTIHApA:
p)
oL — @, =— [ Edr. (1)
n
Tomy, 10 IUIIHAP AOBTHM 1 TOYKHM B3STI MOOJM3Yy MOro cepeaHboi
YaCTUHHU, TO JUIS BHUpa3y HAMNPYXEHOCTI IO MOXHAa CKOPHUCTATHUCS
GbopMyJIOI0  HANPYXKEHOCTI TMOJISl, CTBOPEHOTO HECKIHYEHHO JIOBTUM
IUAJITHIPOM:
E =7/(27gyr).

[TincraBuBmm Bupas E B (1), onep:kumo

- - — 1 rzg—_ T ,Inr_z
PP 2meg p T 2me, n
qHn
T I
— @y =— In -2,

3poOumMo OOYMCIICHHS, 3 OIISAYy Ha T€, IO BEIWYMHHU 1 1 2, IO
BXOAATh 10 dopmynn (2) y BUIVISAI BIAHOIICHHS, MOYKHA BHUPA3UTH B
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cautumerpax (ri=R + a1=1,5 cm, =R + a2=3 cm):

o —0,=210°.18-10" - In(3/1,5) =3,6-10° - 2,3- In 2B = 250B.

Hpuxnany 12. Enextpuune
MOJIE CTBOPIOETHCS JIBOMA 3apsjiaMu 20—
Q=4mMxKn 1 Qy=-2mxKn, 110
nepeOyBaroTh Ha Bijactadi a=0,1 m
OJIWH BiJ ogHOro. Busnauutu podoTy
A12 culn HONA MO IEPEMIIECHHIO @E’_____I! _ |

zi

3apsiny Q=50 K 13 Touku 1 y Touky

2 (puc. 11) | Puc.11

Po3B’si30k. )11 BU3HauUeHHS poOOTH A12 CHII TOJISI CKOPHUCTAEMOCS
CITIBBIJHOIIIEHHIM
A, =Qp —9))
3aCTOCOBYIOUM  TIPUHIMIT  CYIEPIIO3UIII  €JIEeKTPUYHUX  IOJIB,

BU3HAYUMO MOTEHIIATU @1 1 ¢ TOUOK | 1 2 moss:

Q Q; ~2(Q+Qy)

"= Arggan/2 " Anggay/2  4nga
oo A Q _QV2+Q,
ArggaN2  Amga  Ameyal2
Tomi
A= 2 p@e)-01V2 0]
qu

_Q (5 1
Ao _47zgoa{Q1 (2 ﬁ)+Q2}

[TepeBiprmo, uu Ja€ MpaBa YacTHUHA PIBHOCTI OJAUHUIO podoTu (IIxk):
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QIlQy] _ 1Knx1Kn _ 0 o
olla] ~ 100/ mixiy B =1

ITigctaBumo umciosi 3HaueHHs (iznunux BemmuuH y CI (Q=5010° Ku,
Q:1=410°%Kn, Q,=210° Kn, a=0,1 m, 1/(4nge) =910° m/®) i 3pobumo
OOYHMCIICHHS:

50-107°-9-10°
01

A, la-(2-1/42)- 2] 107 ziore =1433/101c

Hpuxnan 13. BuzHaunt IpUCKOPIOIOYY PI3HULIIO TOTeHIIamiB U, Ky
MOBMHEH TMPOUTH B E€JIEKTPUYHOMY IIOJII €JICKTPOH, IO MAa€ MIBHIAKICTh U=
108 m/c, 06 mWBUAKICTS HOro 3pocia B N=2 pasu.

Po3B’s130Kk. Pi3HMINIO TOTEHIIadIB, 110 MPUCKOPIOE, MOXKHA 3HAWUTH,
obuncnuBIId PoOOTYy A CHl eleKTpocTaTuyHoro nmojs. Ilg pobota
BU3HAYAETHCA JOOYTKOM €JIEMEHTAPHOIO 3apsily e Ha PI3HUIIO MOTEHIlaliB
U:

A=e-U (1)

Po6oTta cui eaeKkTpoCTaTUYHOTO MOJs B JAHOMY pasi JOPIBHIOE 3MiH1
KIHETUYHOI €HEPTrii eJIEKTPOHA:

2 2
A=T2—T1=sz2—m;1, (2)

ne T11 1> - KiHeTUYHA €HEepris eJIeKTPOHa J0 1 MICHS MPOXOIKEHHS OIS, 1110
IPUCKOPIOE; M - Maca €JIeKTpOHa; U1 1 U2 - TOYATKOBA 1 KIHIIEBA KOro
IIBUIKOCTI.

[TopiBHsiBIIM TipaBl yacTUHU piBHOCTEMH (1) 1 (2), oTpuMaemo

mo; mof mn?uf mof
eU = — = - ,
2 2 2 2

e N=uo/ L1.
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3BIJICH IIYKaHY Pi3HULIIO TOTEHI1aJI1B OTPUMAEMO:

_mof-(n*-1)
2.e '

U

3poOUMO OOUYHUCIICHHS:

91x1031x (10%)2 _,
U=2 (22 -1) =8,53(B).
2><1,6><1O'19

L

| |
ITpukiian 14. 3 OBEPXHI N A — 3
| A
HECKIHUEHHOTO PIBHOMIPHO 3apsiKEHOI0 ;J‘rRI &£ !

(t=50 uKi/M) nipsiMoTO IMUTIHpA BHITITAE bl
o - yacTuHKa (Vo=0). BU3HauUTH KIHETUYHY Puc.12

eHeprito 72 o- yactuHku (keB) y Toukax 1 1 2 Ha BijgcTani 8R Bij moBepxHi
nuiiHapa (puc. 12).

Po3p’si3ok. Tomy, 10 CHIM  €IEKTPOCTATUYHOTO  TOJSI €
KOHCEPBATUBHUMHM TO, NI BU3HAYEHHS! KIHETUYHOI €HEprii o.- YaCTHUHKU B
TOUIll 2 CKOPUCTAEMOCS 3aKOHOM 30€peXEeHHS €Heprii, 3anucaHoMy Yy
Buriisial £1=FE>, ne E11 E> - cIOBHEHO1 eHeprii o.-4acTUHKHU B Toukax 11 2.
Tak six E1=T1+U1 i Ex=T>+U; (T1 1 T» - xiHeTH4HI eHeprii o -gacTuHKH; Uy i
U2, — moren1iiini), Toxi, 3 orasay Ha te, mo T1=0 (v=0), MOoXHa 3amucaTH
U1=T2+Uy, 3Bimxu T,=U; U, =Q(¢, —¢,) (Q - 3apsan o- yacTuHky; ¢1 i ¢ -
MOTEHIIaau TO4oK 1 12).

BukopucrtoByrouu pimeHHs npukiany 11, sanumemo:

T I T
nk2_

-y = -In 9.
A= 2rgy N 27

Bupaszumo Bci BennunHu B oauHUIX Cl
(Q=21,6010"° Kn, t=5010° Ka/m, 1/(2meo)= 1810° m/®) i 3pobumo

o0UYHCIIEHHS
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(1/(1,60101°) — xoedimienT nepexnany 3 JIx B eB):

2.1,60-1071°.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
pi3Huil noreHuiams U;=40B. Ilicns BIAKIIOYEHHS Bl JKepena CTPyMy
KOHJICHCATOP 3'€/IHAIM MapajesibHO 3 THIIUM HE3apsKEHUM KOHJIEHCATOPOM
emMHIcTIO Co=5 MK®D. fka eHepris W BUTpaTUThCS Ha YTBOPEHHS ICKpPU B
MOMEHT IIPUETHAHHA IPYTrOro KOHAeHcaTopa?

Po3B’s130k. EHepris, BuTpaueHa Ha yTBOPEHHS 1CKpHU

W =W, —W,, (1)
ne Wi - eHepris, SiKy MaB HEPIIMM KOHAEHCATOP A0 MPUEIHAHHS JO HHOTO
Apyroro KoHjeHcaropa; Wz - eHepris, o Mae OaTapesi, CKJIaJeHa 3 JBOX
KOHJICHCATOPIB.

EHepris 3aps1KeHoro KOHIeHcaTopa BU3HAYAEThCA 32 (DOPMYJIIOI0

CcCu?
W==—""- (2)

ne C - eMHICTh KOHAEHCATOpA Yr OaTapei KOHIEHCATOPIB.
Bupasusiiu 3 popmynu (1) eneprii W1 1 W 3a dpopmynoro (2) 1 6epyun
70 yBaru, IO 3arajbHa €MHICTh TMapajelibHO 3'€JHAHUX KOHJEHCATOPIB

JIOPIBHIOE CYM1 €EMHOCTEHM OKPEMHX KOHJIEHCATOPIB, OJIEPKIUMO

1 1
W :EC1U12 —E(C1+C2)Ué21 3)

ne U, - pi3HuIg MOTEHII1aliB Ha 3aTUCKax Oarapei KOHACHCATOPIB.
3 ypaxyBaHHSIM TOro, IO 3apsj MICAS TNPHUEIHAHHS JPYTrOro
KOHJIEHCATOpa 3aJIMIIMBCS TaKUM K€, BUPA3UMO PI3HUI0 nmoTeHmiamB Uy y

TaKUH Cocio:
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u,=— 2 - &Y (4)
7 C,+C, C.+C,

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

_CUE CrC)GUE L GG 2

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

3poOUMO OOUYHUCIICHHS:

1 3.10°%.5.107°
W == -1600 =1,5(m/Jorc).
23.10°%4+5.107°

Ipukaax 16. IloreHuiomerp omopom L 8

R=1000m migkmrouenuit go Oartapei 3 EPC

&=150B 1 BHyTpimHIM onopoM R=500m.
Busznauntu:

1) mokazanHs BoibT™MeTpa ornopoM Ry=5000m, 3'€1HaHOTO 3 OJIHIEO 3
KJIEM TOTEHI[IOMETpa 1 PYXJIMBUM KOHTAKTOM, YCTAaHOBJIEHUM IOCEPEANHI
MOTEHIIIOMETPA;

2) PI3HUINKO TMOTEHIaIiB MDK THMH K TOYKaAaMU TOTEHIIIOMETpa MpHU
BIIKJTFOUCHH1 BOJIbTMETPA.

Po3B’s130k. 1. [Toka3aHHs BOIBTMETPA, MIAKIIOYEHOTO 10 TOUoK A 1 B
(puc. 13), Bu3HaunMo 3a GopmMysioro

U; =11Ry,
ne Ri - omip nmapanenbHO 3'€JHAHUX BOJIBTMETPA 1 MOJOBUHU MOTEHIIIOMETPA;
11 - cymapHa cuia CTpyMy B Taly3sX IIbOTo 3'€JHaHHS (BOHA JOPIBHIOE CHI
CTPYMY B HEpO3Tady>KEeHiil YaCTUHI JaHI[IOTa).
Cuny ctpymy [1 3HaliiemMo 3a 3akoHoM OMa /1151 TIOBHOTO JIAHITIOT A
I, =¢/(R, +R)), (1)

ne Re - omip 30BHINIHBOrO JaHIora. Llei omip € cyma 1BoX Onopis:
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Omnip Ry 3HaliemMo no Ggopmyiii mapanesibHOTO 3'€ JTHAHHS TPOBIIHUKIB

1 1 1 . R-Ry
— =—+——, 3BIITH Ri= .
R, R, RI/2 R+ 2Ry

ITincraBuBim B (1) Bupa3 Re o (2), 3Haiiaemo

B £
R/I2+R +R;

ly

Y naHoMy pasi po3B’SI30K  3ajayl B 3arajJibHOMY BUIJISAI Oysio O

rpoMi3akuM. ToMy 3pydHO OOUKCIICHHS BEITUYUH 3pOOUTH OKPEMO:

= _900-100 _ 155000
100 + 2 - 500
|, = 10 _1030a):
50 + 45,5 + 50

U, =1,03-45-5=146,9(B).

2. Pi3HuIg mOTEHIIANIB MDK TOYKamMu A 1 B mpu BiAKIIOUEHOMY
BOJIBTMETP1 JOPIBHIOE JOOYTKY CHJIM CTpyMy [2 Ha IIOJOBHHY OIOPY
MOTCHITIOMETpa:

U,=1,-R/2, 3)
ne I — cunma cTpyMy B JIaHIIO31 IPH BiJKIIOYEHOMY BOJBTMETpi. i
BU3HAYUMO 32 POPMYJIIOIO
I, =¢/(R+Ry).
[TincraBuBiu Bupas > y (3), 3HaitnemMo
U,=¢/(R+R)-R/2.

3poOuMO OOUYHCIICHHS:

_ 150 100
100+50 2

u, —50(B).
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Hpuxaax 17. Cuna ctpymy B npoBiiHUKY onopoM R=20 Owm 3poctae
npotsaroM vacy At=2c¢ 3a miHiiiHEM 3akoHOM Bing lo=0A 1o 11=6A (puc.14).
Busnauntu Temory Qi, Mo BUAUIMIACA B IIbOMY IPOBITHUKY 3a TEPIILY
cexkyHay, i Q2 - 3a 1pyry, a Takox 3HalWTH BigHOIICHHS Q2/Q1.

Po3B’sa30k. 3axon Jxoynsa-Jlenna y surnsagi Q=I?Rt cnpasemmupuii

JUIs IOCTiHOTO cTpymy (/=const). Skio x

I'AG Cuja CTpyMy B IPOBIJHHUKY 3MIHIOETHCS, TO
3 3aKOH 3a3HAYCHUM HECKIHYEHHO MaJui
0 1 7 ic 1HTEpBAJ Hacy 3alMCYETbCS Y BUTIIAII

Puc.14 dQ = IR, 1)
ne cujia ctpymy I € aesikoro (pyHKIIi€ro yacy. Y gaHoMy pasi
| =kt, (2)

e k - koedimieHT MpONMOPLIMHOCTI, IO XapaKTepU3y€e IIBUIAKICTH 3MIHU
) Al 6
CHJIU CTpYyMY: k=—=—A/c=3A/c.
At 2
3 ypaxyBaHHsaM (2) ¢popmyna (1) Matume BUTIISA
dQ =k*Rt?dt . (3)
JI1s1 BU3HAUCHHS TEIJIOTH, 110 BUAUTMIIACS 3a KIHIIEBUU IHTEpBAJ 4acy

At, Bupa3 (3) Tpeba npoinTerpyBaT B Mexax BiJ ty g0 to.

t
Q =k2R [t2dt :%sz(tS -t7).

ty

3poOuMO OOUYHCIICHHS:
Q = % .32 .20(1— 0) JTonc = 60 orc.
Q, = % .32.20(8 - 0) e = 420 JTnc.

BIJIMOBIIHO 3a JPYTY CEKYHAY BUIITUTHCS TEIUIOTH B CIM pa3iB OijbIIle,
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HIXK 3a Mepiy. Qp 420 _ 7
Q 60

1.3. 3agaui x5t caMOCTIHHOTO PO3B’A3KY

1. JIB1 KyJibKH Macoro M=1 T KoXHa MiABIIICH] HA HUTKaX, BEPXHI KiHIII
skuX 3'emHaHi pa3oMm. JloBxkuHa KokHOI HUTKH |=10 cm. SIki ojHAKOBI
3apsId CIIiJl HAaJaTH KyjbKaMm, 1100 HUTKH pO3iMILIucs Ha Kyt o=60°? [79
HK1]

2. Bigcrans Mk 3apsgamu Q1=1008Ku 1 Q2=-50 uKn gopiButoe d=10
cM. Busnauutu cuny F, mo nie Ha 3apsa Qs=ImkKn, skuili nepeOyBae Ha
BijicTaHl Ha =12 cM Bifg 3apsay Q1 1 Ha =10 cM Big 3apsiay Q2. [S1MH]

3. ToHkui NOBruil CTEp>KEHb PIBHOMIPHO 3apsiIPKEHHUN 3 JIHIHHOIO
ryctuHoro 1=1,50Ki/cm. Ha nipoioBkeHH1 Oci cTep>kHS Ha BiacTaHl d=2 cM
B1J1 OTO KiHIIA 3HAXOAUThCA ToukoBHil 3apsaa Q=0,2MxKi. Buznauntu cuny
B3a€MO/IIT 3aps/PKEHOT0 CTEPHKHS 1 TOUKOBOTO 3apsay. [2,25MH]

4. JloBruii mpssMUN TOHKHUM JIPIT Ma€ piBHOMIPHO PO3IOJICHUI 3apsi/l.
OO0uucAUTU JHIMHY TYCTUHY T 3apsay, SKIIO HAMpYKEHICTh TOoJid Ha
BijcTaHi r=0,5 M Bij IpoTy npotu voro cepeaunn E=2 B/cM. [5,550Kn/Mm]

5. 3 SKOW CWIOI, [0 NPUXOAUTHCA HA OJUHULIO IUIOIII],
BIIIITOBXYIOTHCS JIBI OJHOWMEHHO 3apSJ/IPKEHI HECKIHYEHHO MPOTSIAKHI
IUIOIMHA 3 OJHAKOBOK IMOBEPXHEBOK TYCTUHON 3apany =2 MkKi/m??
[0,23 H/Mm?]

6. SIky mpuckoprody pi3HUIIO noTeHIiamB U Mae MporuTH eIeKTPOoH,
00 ofepxkatu MBUAKICTE V =8 Mm/c? [182 B]

7. 3apsa pIBHOMIPHO PO3MOAUICHHUN 1O HECKIHYCHHIM IIIOIMIMHI 3

MIOBEPXHEBOIO TI'ycTHHOI &=10HKi/M?. BH3HAUMTH DI3HULIO NOTEHIANIB
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JIBOX TOYOK IMOJIS, OJIHA 3 AKUX IepeOdyBae Ha IUIOLIMHI, a 1HIIA BIJJIaJiCHA
Bij Hel Ha BiacTadb a=10 cm. [56,6 B]

8. EJIEKTpOH 3 MOYaTKOBOKO MIBHUJKICTIO V=3 MM/C BIIETIB Y OJHOPIAHE
CJICKTpUUHEe TmoJie HampyxeHicTio E=150B/mM. Bektop mnoyaTkoBoi
MIBUJKOCTI MEPIEHAUKYISIPHUN JIIHISIM HAIPYKEHOCTI €JIEKTPUYHOrO IMOJIS.
Busznauutu: 1) cuimy, mo 1€ Ha €IeKTpOH; 2) NPUCKOPEHHS, IO
3100yBa€ThCA €IEKTPOHOM; 3) MIBUIAKICTH elliekTpoHa uepe3 t=0,1 mkc. [24
aH; 26,4 Tm/c?; 4 Mm/c]

9. 1o 6arapei 3 EPC =300 B miakiroueHo JiBa MIOCKUX KOHJEHCATOPU
emHOCTIMH C1=2 n® 1 Co=3 n®. Buznauutu 3apsan Q 1 Hamnpyry U Ha
IJIACTUHKAX KOHJACHCATOPIB IIPH TOCIIIIOBHOMY 1 MapajeibHOMY 3'€ THAHHSX.
[1) 0,36 uKu; 180 B; 120 B; 2) 0,6 uKu; 0,9xKit; 300 B]

10. Konuencatop emuicTio C1=600 nd 3apsauiaud 0 pi3HUII
notenmianie Ui=1,5 kB 1 Biakmounnu Bij pkepena Hanpyru. [lotim 1o
HbOTO TMapajelbHO NPUEAHAIM HE3aPSIKEHUA KOHACHCATOp €MHICTIO
Co=400 n®d. BuszHauuTu €HEPrito, BUTPAYCHY HAa YTBOPEHHSA ICKPH, IO
POCKOYMJIA MpH 3'eqHaHHI KoHIeHcaTopiB. [0,27 M/[x]

11. Ha XiHIOSX MiJHOTO JIPOTY JOBXKHHOK |=5 M miarpumyeTbcs
nanpyra U=1 B. BusnaunTu ryctuny crpymy B apori. [1,18107 A/m?]

12. Pe3uctop onopom R1=5 Om, BOJIBTMETP 1 JIKEPEIO CTPyMY 3'€/IHAHI
napaienbHo. BombrMmerp mnokaszye Hampyry U;=10 B. Sfkmo 3aminuTi
pe3ucTop 1HIKUM 3 ornopoM Rz =12 Om, To BosbTMETp NoKaxke Hampyry Uo
=12 B. Buznauntu EPC 1 BHyTpimHINA omip mxepena crpymy. CtpymoMm
yepes BOJbTMETP 3HeXTyBaTu. [ 14 B; 2 Om]

13. Bu3HauuTH €NeKTpUYHUMN 3apsijl, 10 MPOMIIOB Yepe3 MONEPEeUHUN

nepepi3 apoty onopom R=30m npu piBHOMIpHOMY HapOCTaHHI HANPYyrd Ha
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kiHIgx mposigauka Bix U1 =2B mo U=4B mpotsarom t=20 c. [20 Ki]

14. BuzHauuTu cuiay CTpyMy B JIaHIIO31, IO CKJIAJAETHCS 3 JIBOX
enemeHTiB EPC: €1=1,6B 1 £=1,2B 1 BHyTpimHiMu onopamu R; =0,60M 1 R
2=0,40Mm, 3'eqHaHNX OTHOMMEHHUMU Torocamu. [0,4 A]

15. T'anpBaHiuHMI eneMEHT Jae Ha 30BHIWHIA omip R:1=0,50m cuiy
ctpymy 11=0,2A. k1o 30BHIIIHINA omip 3amMiHUTH Ha R,=0,80M, TO enemeHT
nae cuiny crpymy 1=0,15A. BuzHauutu cuity CTpyMy KOPOTKOTO 3aMUKaHHS.
[0,45 A]

16. o mxepena ctpymy 3 EPC=12B npuennane HaBaHTaXEHHS.
Hanpyra U Ha kiemax Jpkepena craia npu 1pbomy piBHOo 8B. Buznauutu
KKJI mxepena ctpymy. [68%]

17. 30BHINHIA JNaHIIOT JKEepena CTPyMy CHOKHUBA€ MOTYXKHICTb
P=0,75BT. BuzHauuTul cuity ctpymy B JiaHIto3i, sikio EPC mxepena ctpymy
€=2B 1 BHyTpimHiii omip R=1 Om. [0,51 1,5 A]

18. SIka HaitO1IbIIIAa KOPHUCHA MOTYXHICTh Pmax MOXe OyTH OTpuMaHa
Bi1 Joxepena ctpymy 3 EPC €=12B 1 BHyTpimHiM ontopoMm R=1 Om? [36 Br]

19. Ilpu BUMUKaHHI JKepenia CTpyMy CUJia CTPYMY B JIaHI[I031 yOyBae
3a 3akoHOM |=loe™™ (10=10 A, o0 =5:10% ¢!). Bu3HAUUTHU KiNBKICTH TEILIOTH,

10 BUIUIUTHCA B pe3uctopi onopoM R=5 OM micisi BUMHUKaHHS JKepesa

crpymy. [0,5 JDx]

1.4. Ilpukaaau TeCTOBUX NMUTAHD JJISI 3aXUCTY TEOPETHUYHOI YACTUHH
3MICTy MOAYJIsl
1). IIlo Ha3uBaeTbcs "EnekTpocTaTKoO':
-HayKa, 110 BHBYA€ BJACTUBOCTI HEPYXOMHX 3apsiIiB Ta iX B3a€MOJiI0, a

TaKO0’X BJIACTHUBICTH IXHIX ITOJIB |
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-HayKa, 1110 BUBYA€E BJIACTUBOCTI 3apsi/iB Ta iX B3aEMO/IIIO ;

-HayKa, 1110 BUBYAE B3AEMOJIII0 €JIEKTPUUYHUX Ta MArHITHUX IOJIIB ;
-HayKa, 1110 BUBYA€E BJIACTUBOCTI PyXOMHUX 3aPsJIiB Ta iX B3aEMOJII0, @ TAKOX
BJIACTUBICTH 1XHIX IOJIB.

2)BzaeMoisa Mix 3apsiiaMu BiIOYBa€ThCs Yepes:

- edip ;

- TIOBITPA ;

- BaKyyM ;

- ToJIe.

3).5Ik Ha3MBa€ETHCS HETaTHBHA €JICMEHTapHA 3apsiKeHa YaCcTHHKA?:
- IPOTOH

- HEUTPOH ;

- €JIEKTPOH

-TIO3UTPOH.

4).5Ik TO3HAYAETHCS TUTOMUH 3apsl eIeKpOHa?:

- e/m;

-m/e,

-0;

-€.

5).5lk Ha3WBa€ETHCS MMO3UTUBHA CIIEMEHTapHA YaCTHHKA?:

-IPOTOH ;

-HEUTPOH ;

-€JICKTPOH ;

- O3UTPOH .

6). Bubepu npaBHiIbHE TBEPHKCHHS 3aKOHY 30CPEKCHHS 3apsITy:

- IOBHUM €JEKTPUYHUHN 3aps]l € HETIOAUTHHOIO BEIMYHHOIO |
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- TIOBHUU €JIEKTPUYHUHN 3apsi/i B 3aMKHEHIM CUCTEMI € BEJIMUYMHA TOCTIMHA 1
JIOPIBHIOE aNTreOpUYHIN CyMi 11 TO3UTUBHUX Ta HETaTUBHUX 3aps/iiB ;

- TIOBHUU €JIEKTPUYHUHN 3apsi/i B 3aMKHEHIM CHUCTEMI € BEJIMUYMHA IOCTIHA 1
JOPIBHIOE AJITEOPUUHIM CyMi 11 TO3UTUBHUX 3aPSIB |

- IOBHUI €JIEKTPUYHUN 3apsii B 3aMKHEHIN CHUCTEMI € BEJIMYMHA TOCTINHA 1
JOPIBHIOE alr€OpUUHI CyMl 11 HETaTUBHUX 3aps/IIB.

7).Bubepu npaBrIIbHE TBEPHKCHHS 3aKOHY 3akoHy Kyitona:

- CHJla B3AaEMOJIII JBOX HEPYXOMHUX TOYKOBUX 3apsiiiB y BaKyyMi
OpSIMOIIPONOpPIIfHA TOOYTKOBI MOAYJIIB JBOX 3apsliB 1 OOEpHEHO
MpoMNopIliiHa KBaAPATOB] BIICTaH1 MK HUMH |

- CWJIa B3a€MOJIIi JBOX HEPYXOMHUX TOYKOBHMX 3apsiAiB y BaKyyMi MIpPsIMO
OponopuiifHa cyMmi MOAYJIB JBOX 3apsfiB 1 OOEpPHEHO MPOIMOpPIIiHA
KBaJIpaTOBI BIJICTaHi1 M1’)K HUMH

- CHJla B3a€EMOJIIi JBOX HEPYXOMHUX TOYKOBUX 3apsiiiB y Bakyywmi
IPSMOMNPOIIOpPITiHA AJOOYTKOBI MOJYJIB JBOX 3apsiaiB 1 0O0epHEHO
ponopIliiiHa BiJICTaH1 Mi)K HUMH.

8).®opmyiia 3akony Kyiona:

a)F:—B S; 0) F=k—‘qlugz‘;3) F =mgh.
r

21
9). IlpuHIUI CYNEPITO3HITii:
-CWJIa, 10 Jl€ Ha JaHUW TOYKOBHH 3apsj 3 OOKYy JIBOX I1HIIMX TOYKOBUX
3apsi/iiB, JOPIBHIOE BEKTOPHIM Cymi CHJI, IO JIFOTh HA HBOTO 3 OOKY JABOX
1HIIIAX 3apSIiB |
-CWJIa, 10 Jl€ Ha JaHWUW TOYKOBHH 3apsj 3 OOKYy JIBOX I1HIIMX TOYKOBUX
3apsi/iiB, JOPIBHIOE BEKTOPHIN PI3HUII CHUJI, IO JIFOTh HA HBOTO 3 OOKY JABOX

1HIIAX 3apSIiB |
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-CWJIa, 10 Jl€ Ha JaHWUW TOYKOBHUH 3apsg 3 OOKYy JIBOX 1HIIMX TOYKOBHX
3apsijiB, JTOPIBHIOE BEKTOPHOMY JTOOYTKY CWJI, IO AiOTh HA HHOTO 3 OOKY
JIBOX 1HIIIKX 3apsi/IiB .

10).EnexTpudse 1osne 1e:

- BUJI MaTepii, sSIKe ICHY€ HE3aJIeKHO B1J HAC, ICHy€ HABKOJO HEPYXOMOIO
CJICKTPUYHOTO  3apsily, Ta MPOSIBISETbCS TMPU BHECEHI MPOOHOTrO
HETaTUBHOIO 3apsy ;

- BUJ MaTepii, AKe ICHYE HE3aJIeKHO BIJI HAC, ICHY€ HABKOJO PYXOMOIO
CJICKTPUYHOTO  3apsily, Ta TPOSIBISETbCS TPU BHECEHI MPOOHOTO
HETaTUBHOTIO 3apsay ;

- BUJl MaTepii, SIKE ICHY€ HE3aJIEKHO BIJI HAC Ta YTBOPIOETHCA HABKOJIO
HEPYXOMOI'0 E€JIEKTPUYHOTO 3apsly, a TaKOX 3MIHHUM Yy 4Yaci MarHiTHUM
MOJIEM, Ta MPOSBIIAETHCS IPU BHECEHI MPOOHOTO HEraTUBHOIO 3apsiy.
10).51Iki i3 mepepaxoBaHUX BEITUYHH € XaPAKTEPUCTUKH SICKTPUIHOTO TTOJISA:
-Hanpyra, NOoTeHIlian ;

-Hanpyra, Halpy>KeHICTh ;

-HaIPYy>KEHICTh, MOTCHITIA |

- IOTEHIIAT |

- HaMPYKEHICTh .

11). HanpysxeHicTs 11e:

- BEKTOpHA BEJMYMHA sIKa YUCEJIbHO JIOPIBHIOE CUJIl, IO Ji€ 3 OOKY MoJisd Ha
OJMHUYHUM MO3UTUBHUM 3apsi]l BMIIIIEHUH Y 1I€ MOJIC |

- BEKTOpHA BEJIMUYMHA KA YUCEJIbHO JOPIBHIOE CHJIi, IO i€ 3 OOKY IO Ha
OIMHUYHUM HETATUBHUH 3apsi BMIIICHUHN Y 11€ TTOJIC |

- BEKTOpHA BEJIMYMHA SIKa YHMCEJIbHO JIOPIBHIOE MOTEHIIaTy, 10 Ji€ 3 OOKYy

IOJISI Ha OJUHUYHHM TTO3UTUBHHM 3apsi BMIIICHUH Y 1€ TIOJIE.
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12). ®opmyna HapyKEHOCTI:
2
a)A:mTV; 0) E=mgh; B)E _ R
q

13).Hanpy>keHicThb MMiIKOPSIE€THCS IPUHIIAITY CYTEPIIO3HUITii?:
- |1

- TaK ;

- MPABUJILHOI BIJITIOBiA1 HEMAE,

14). ®opmyna nmoTeHIiany:

a)l =UE; 6)<p=§; B)o=-

15). IloreHnmian 1e:

- po0OTa CTOPOHHIX CHJI TT0 PO3IOLITY 3apsay ;

- poboTa eNeKTPUYHOTO TIOJISI TMPHU TEePEeMIIIeHH] 3apsay 3 TOYKH B
HECKIHYEHICTD |

- poOoTa eNEeKTPUYHOTO TOJIS TIPH TIEPEMIIIIEHH] 3apsTy 3 TOUYKH B TOUKY.

16). Hampyra 11e:

- po0OTa CTOPOHHIX CHJI 11O PO3MOALTY 3apsy ;

- poboTa eJeKTPUYHOIrO TOJISI TMPU MEpPEMIIICHH] 3apsAay 3 TOYKH B
HECKIHYEHICTD |

- po0OTa €NEKTPUYHOIO MOJIS IPU TIEPEMIIIIEHH1 3apsiAy 3 TOYKHU B TOUKY

- MPaBWJIHHOI BIMIOBI/II HEMAE.

17). ®opmyna HalpyTH:

2
a)E =mgh; 6) U :2; B) A:mTV.

18) dopmyna eMHOCTI:

uU. E, . q
=—;0 =: B)C=",
a)c ; ) € = B) '
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19). EnexTpuyHa €eMHICTb:

- YMCEJIbHO pIBHA 3apsJ0Bl, SIKMH MOTPIOHMIN Jisi 3MIHM TOTEHIlaly Ha
OJIMHUIIIO ;

- YHCEIbHO PIBHA MHTOMOMY 3apAJIOBl, SKWW MOTPIOHUN ISl 3MIHU
MOTEHII1aTy Ha OJTUHUITIO ;

- YHUCEJIbHO pIBHA CUJIl CTPYMY, SIKM MOTPIOHMUI AJis 3MIHM MOTEHI1aly Ha
OJIMHUITIO .

20). ®opmyna eMHOCTI TIPY TIOCITiIOBHOMY 3’ €THaHI KOH/ICHCATOPIB:

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

6)£:i+i+...i;
c c, C, C,

B) C=(n+1)C,.
21). dopmyna eHeprii eSKTPUIHOTO OIS

2 2 2
ow=LEpw-L
2 2C

a)W =

22).EnexTpudaHuil CTpyM Iie:

- YIOPSIAKOBAHUM PyX €JIEKTPOHIB ;

- YIIOPSIAKOBAHUM PYyX MOJIEKYII ;

- YIOPSIAKOBAHUM pyX MPOTOHIB

- YIOPSIAKOBAHUM pyX HEUTPOHIB.

23) Cuna cTpymy 1ie:

- KUTBKICTh YTIOPSIKOBAHUX €JIEKTPOHIB, 110 MPOUIIUIH MO MPOBITHUKY ;
- KIJTBKICTh YTIOPSAIKOBAHUX MOJICKYJI, III0 MPOMIIIOB IO MPOBIHUKY ;

- KIJTBKICTh 3apsAly 32 OAMHUIIO Yacy, 10 MPONIIOB MO MPOBIIHUKY.
24) dopmyIia CUITH CTPYMY:

a) I:E; 0) I:d—q; B)C:E.
q dt q
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25).®opmyna 3akony Oma i JIISHKA KOJa:

U dq L
l=—; 0)I=—3 B)I=—.
D 1=ps O =g B =
26). ®opmyna 3akoHy OMa JJIs1 TOBHOTO KOJIa:
U g L
a)l=—; 0)l = ; B)l = :
) R ) R+r ) d; +05

27). ®opmyna Omopy JTOBroro MpoBiTHUKA:

S | S
a) R=2: 6)R=p—: B)R=p> .
) | ) P ) Py

28).DopMyIia EMHOCTI TIPH MTapaJISTbHOMY 3’ €THAHI KOHJICHCATOPIB:

6)£:i+i+...i;
c c C, C,

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

29).Ilpuuunu omnopy:

- 1€ TETUIOBHM pyX Ta B3aEMOJIIA |

- 1€ YIOPSAIKOBAHUM PyX MOJIEKY ;

- 11€ YIOPSIAKOBAHUM pyX MPOTOHIB ;

- 11€ YIOPSIAKOBAHUH PyX aTOMIB.

30). EnexTpopyiiiiaa cuia 1e:

- pobOTa CTOPOHHIX CHJI IO PO3MOALTY 3apsy ;

- poboTa ENeKTPUYHOIO TOJISI TMPU MEPEMIIICHHI 3apsay 3 TOYKH B
HECKIHYEHICTD |

- poOOTa eNEKTPUYHOTO OIS IPU NEPEMIIIICHH1 3apsiay 3 TOYKH B TOUKY.
31). ®opMmyiia eNEKTPOPYIIIHHOT CHIIH:

&
R+r

a)gzg; 0)l = ; B)e=¥.
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32). Ilepmmii 3akon Kipxroda:
n n n
a) )y Ik :0, 6) )y Uk :O, B) )y Ex =0.
k=1 k=1 k=1
33). Apyrwuii 3akon Kipxroda:
a) ¥ 1,=0; 6) > U, =0; B) ¥ & =0.
k=1 k=1 k=1
34).dopmyna ormopy Mpu MOCIiIOBHOMY 3’ € THAHHI:

-1
a) R=R;+R, +..R; 0) R= i+i+i ; B) R=R-n.
1 2 Rn
34). ®opmyra oropy IpH MapajaeIbHOMY 3’ € THAHHI:

a) R=R, +R, +..R;; 6)1:i+i+...i; B) R=R-n.
R R R, 'R,

35).®opmyia poOOTH €ISKTPUIHOTO MOJIS:
a) A=1?R; 6) A=1°Rt; B) A=I°RU.

36). ®opmya IOTYKHOCTI IIOCTIHHOIO CTPYMY:
a) P=IR; 0) P=1U; B) P=UI—.

37).I1oTyxHICTb 11€:
- BEIMYHMHA, II0 YHCEIbHO JOPIBHIOE POOOTI, 5Ky BHUKOHYE CTPyM 3a
OJIMHUITIO Yacy ;
- BeJIMYMHA, 110 4KcenbHO aopiBHIOE EPC, ska BUHUKae TpU MPOXOMKEHHI
CTPYMY 32 OJMHUIIIO Yacy ;
- BEJIMYMHA, IO YHUCEIBbHO JOPIBHIOE TEIIOTI SKa BHUIUIAETHCSA IIPU
MPOXOXKEHHI CTPYMY 32 OJIMHUIIIO Yacy ;
- MPaBUJIHLHOIT BIJMIOBI/II HEMAE.
38). 3akon [[xoyis - Jlenna:
a) Q=1%R; 6) Q=1°Rt; B) Q=1%RU.
39). Bubepith npaBuibHe TBeppkeHHs [-ro 3akony Kipxroda:
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- aire0paivyHa cyma CUJjl CTPYMIB, 110 CXOASATHCS Y BY3JI1, TOPIBHIOE HYIIIO |

- anireOpaiyHa cyma criajiiB HalpyT Ha JUISHII KoJia, JOPIBHIOE anreOpaidHii
cymi EPC Ha 1iux ginsiHKax ;

- ayire0paivyHa cyma CrajiiB Harpyr y By3ii, JOPiBHIOE HYIIIO ;

- anreOpaiuHa cyma CHJI CTPYMIB, IO CXOIAThCA Y BY3Ji, JOPIBHIOE
anreopaiuniii cymi EPC Ha 1iux JiisiHKax.

40). Bubepits npaBuiibHe TBepKeHHS [I-T0 3akony Kipxroda:

- asire0paivyHa cyma CUJjl CTPYMIB, 1110 CXOASTHCS Y BY3JIi, TIOPIBHIOE HYIIIO |

- anireOpaivyHa cyma criajiiB Harpyr Ha JUISHII KoJjla, JOPIBHIOE ajnredpaidHii
cymi EPC Ha 1ux ginsHkax ;

- aireOpaivyHa cyma CraJiiB Harpyr y By3ii, JOPiBHIOE HYIIIO |

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

55).OtuHUII BUMIPY TUTOMOTO OTIOPY:

a) OM'M; KI-CcM; KM/Y.

56). 3aJ1eKHUTh OIIip MPOBIIHUKA BiJl TOBXUHU HOro?:

- |1,

- TaK;

- 3aJICKUTH TIIBKU B pOAY PEUOBUHU;

- MPaBWJIHHOI BIMIOBI/II HEMAE.

57).IIpu mapanensHOMY 3’€JIHaHI CHJIa CTPYMY 3QIUIIAETHCS CTAIO0?:

- 3QJIUIIAETHCS;

- "I,

- 3QJICKUTH TIJIBKH Bij] ONOPY MPOBITHUKA,;

- MPaBUJIHLHOIT BIMIOBI/II HEMAE.

58).11pu moc:1ioBHOMY 3’€JIHaHI HAIIPyTa 3aJIMIIAEThCS CTAI0I0?:
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- |1,
- TaK;
- 3aJICKUTH JIMIIIE BIJl OMOPY MPOBITHUKA,

- MPABUWJILHOI BIJITIOBiA1 HEMAE,
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1.5. KonrpoJsbHa po6ota Ne3

Ta0auus BapianTiB

Bapianrt Homepa 3axa4
1 1 31 41 61
2 2 32 42 62
3 3 33 43 63
4 4 34 44 64
5 3) 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 ol /1
12 12 42 52 72
13 13 43 53 /3
14 14 44 o4 74
15 15 45 55 75
16 16 46 56 76
17 17 47 57 77
18 18 48 58 /8
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 95 65 85
26 26 56 66 86
217 27 S7 67 87
28 28 58 68 88
29 29 59 69 89
30 30 60 70 90

1. Toukosi 3apsau Q1=20MkKi, Q2=-10MkKi nepeOyBatoTh Ha BiJICTaHI

d=5 cMm oauH 10 oOnHOTO. BH3HAYMTH HANpPyXEHICTh MOJS B TOYII,
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BIIIAJICHIH Ha F1=3 cM BIiJ Hepuioro 1 Ha =4 cM BiJ APyroro 3apsay.
Busznauutu Takox cwiy F, mo jgi€ B i TOYIll Ha TOYKOBUH 3apsij
Q=1mxkKu.

2. Tpu ognaxoBux ToukoBux 3apsan Q1=Q>=Qs:=2uK1 € y BepmHax
PIBHOCTOPOHHBOTO TPUKYTHHUKA 31 cTopoHamMu a =10cMm. Buznauntu Moyib
1 HanpsiMOK cvuid F, 1110 J1i€ Ha OJIMH 13 3apsi/iiB 3 OOKY JBOX 1HILHUX.

3. JIBa mo3uTUBHUX TOYKOBHUX 3apsian Q 1 9Q 3akpimieHi Ha BIACTaHI
d=100 cm ommH Big omHOro. BU3HAYWTH, y SKIM TOYIl HAa MPSMIH, IIO
IPOXOAUTH YEPE3 3apsiiv, BApTO MOMICTUTH TPETiH 3apsA]l Tak, 100 BiH OYB Yy
piBHOBa3i. BkazaTu, KMl 3HaK MOBMHEH MaTH ILIeW 3apsia Jjs TOro, Iod
piBHOBara OyJjia CTIHKOIO, SIKIIO MEPEMIIICHHS 3apsaiB MOXJIMBI JIUIIE
B3JI0BK MPSIMOT, 110 TPOXOAUTH Yepe3 3aKPIIUICHI 3apsJIH.

4. JIB1 OAHAKOBO 3aps/KCHUX KYJIbKHM MiJBIIICHI B OJHIA TOYIl Ha
HUTKaX OJHAKOBOi JOBXHWHHU. [Ipy 1IbOMy HHUTKHM pO3IMILIACS HA KYT O
Kynbku 3aHyproioTh B OJ1i10. SIka TyCTHHa p OJli, SIKIIO KYT PO301’KHOCTI
HUTOK TIPYU 3aHYPEHHI B OJIII0 3aJIMIIA€ThCs HE3MIHHUM? ['ycTHA MaTepiany
KynboK po=1,5-103% kr/m3, gienexTpruna npoHMKHICTE o1ii £=2,2.

5. Yotupu onnHakoBux 3apsamu Q1=Q>=Q3=Qs=40uKn 3akpimieni y
BepIIIMHAX KBajipaTa 31 cTopoHow a=10 cm. 3Haiitu cuny F, mo aie Ha oguH
3 IIUX 3apsiAiB 3 OOKY TPHOX 1HIIIMX.

6. ToukoBi 3apsau Q1=30MkKn 1 Q.=-20mxKn mepeOyBaroTh Ha
Bigictani d=20 c¢M oauH BIA OAHOro. Bu3HAYNTH HAMPYXKEHICTh
enekTpuuHoro noss E B Tourll, BiAnaaeHii BiJ MEPUIOTO 3apsiAy Ha BiJICTaHb
r1=30 cm, a Big apyroro Ha =15 cm.

7. Y BepmMHax MNPaBWIBHOTO TPUKYTHHUKA 31 CTOPOHOIO a=10 cM €

sapsau Q1=10MxKn, Q:=20MmkxKn 1 Q3:=30MkKi. Buznauntu cuny F, 1o mie
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Ha 3apsa Q2 3 00Ky JIBOX 1HIIMX 3aPsi/IIB.

8. V BepmmHax kBajapaTa € ofHakosi 3apsamu Q1=Q,=Qs; =Q,=810"1°
Kn. Sxuit HeratuBHuii 3apsia Q moTpiOHO MOMICTUTH B LIEHTP1 KBajpara,
mo0 cujga B3a€EMHOTO BIJIITOBXYBAHHS MO3WTUBHUX 3apsaiB  Oyna
BpPIBHOBaK€HA CHJIOIO IIPUTATAHHS HETaTUBHOTO 3apsiay?

9. Ha Biacrani d=20 cMm € aBa ToukoBux 3apsau: Q1=-50 uKin 1 Q2=100
HKn. Busnauntu cuny F, mo aie Ha 3apsia Qsz=-10 uKu, BignaneHui Bin
000X 3aps/iB Ha OJIHAKOBY BiJICTaHb, pIBHY d.

10. Bigcrans d Mixk n1Boma ToukoBuMu 3apsaamu (Q1=2uKu1 1 Q=4uKn
nopiBHioe 60 cM. BuszHauutu TOYKY, B $IKYy MOTPIOHO MOMICTUTH TPETIH
3apsa Q3 Tak, mo0 cucTeMa 3apsiB OyJa B piBHOBa3i. Busnauutu 3apsan Qs i
fioro 3Hak. Criiika ui XuTiKMBa Oyje piBHOBara?

11. ToHkuii cTepkeHb JOBXUHOK [=20cM Hece pPIBHOMIPHO
posnoainenuit  3apsng  t=0,1MxKn.  Busnauutu  HampyxkeHicte  E
CJICKTPUYHOTO TOJII, CTBOPEHOTO PO3MOAIJICHUM 3apsA/ioM y TOYlll A, IO
JICKUTh HA OC1 CTEeP KHS Ha BijcTaHl a=20 cM Bij HOro KiHIIS.

12. TIlo TtoHkomy miBKUIbIIO pagiyca R=10cm piBHOMIpHO
PO3MOJUICHUN 3apsin 3 JHIMHOW TrycTuHO T=1MKKn/M. BusHauutu
HaIpPY>KEHICTh E eNeKTpUYHOro mosisi, CTBOPEHOTO PO3MOIIJICHUM 3aPsIOM Y
Toutll O, 110 301raeThbCs 3 EHTPOM KiJIBIIA.

13. Tonke kinbie Hece po3noaiaeHu 3apsa Q=0,2mxKn. Buznauntu
HaIPY>KEHICTh E eeKTpUYHOro mosisi, CTBOPEHOTO PO3MOIJICHUM 3aPsIOM Y
TOYIll A, PIBHOBLIJAJICHINM BIJ yCiX TOYOK KUIBII Ha BifacTaHb I=20cMm.
Paniyc kb1t R =10cMm.

14. Tperuna toHkoro Kinblig pagiyca R=10 cm Hece pos3momisieHHi

3apsin Q=50uKn. Busnauutu HamnpyxkeHictb E enexkTpuuHoro o,
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CTBOPEHOT0 PO3MOAUIECHUM 3apsjioM y Toulll O, 1o 30ira€Tbcs 3 HEHTPOM
KUTBIIAL.

15. HeckiHueHHMIT TOHKHI CTEPAKEHb, OOMEKEHUI 3 OJTHOTO OOKY, HECe
PIBHOMIPHO PO3NOAUICHUN 3aps] 3 JIHIAHOK rycTuHO T=0,5MKKi/M.
BuszHauntn  HampyxkeHicth E  enekTpuyHOro - mosis,  CTBOPEHOIO
PO3MOJIUICHUM 3apsiIOM Y TOYIll A, IO JIGKUTh Ha OCI CTEPHS Ha BIJCTaHI
a=20cM Bij 10TO MOYATKY.

16. ITo TonkOoMy KUIbLIIO pajitycoM R=20cMm pIBHOMIPHO pO3MOA1ICHH
3 nmHiiHOK ryctuHoo 1=0,2 MkKn/m 3apsn. BuznHauntu HampyxeHicts E
CJIEKTPUYHOTO TOJIsl, CTBOPEHOTO PO3MOJAUICHUM 3apsoM y Todlll A, III0
nepedyBae Ha ocl KUIbIl Ha BijcTaHi h=2R Bij ioro neHTpa.

17. Tlo TOHKOMY TIBKUIBIIO PIBHOMIPHO PpO3MNOJUICHUN 3apsij
Q=20MkK1 13 miHiiiHO0O TycTHHOO T=0,1 MKKI/M. BU3HauuTH HANpy>KEeHICTh
E elexkTpuyHOro moJjsi, CTBOPEHOr0 pO3MOJAUICHUM 3apsanoM y toui O, 1o
301ra€eThCs 3 HEHTPOM KiJIbII.

18. UBepTh TOHKOTO KiNbI paaiycoM R=10cM Hece piBHOMIPHO
posnoauienuit  3apsan  Q=0,05mMxKin.  BusHauuth  HampykeHicTh E
€JICKTPUYHOTO MOJIsi, CTBOPEHOTO PO3MOJAUICHUM 3apsifoM y toull O, 1m0
301ra€ThCs 3 EHTPOM KiJIbIIA.

19. I1o TOHKOMY KUIBIIIO pIBHOMIPHO po3noauieHuit 3apsg Q=10 uKi 13
miHiHOWO ryctuHOO T =0,01 MxKin/m. BusHauntu nHampyxkeHicth E
CJICKTPUYHOTO TOJIsi, CTBOPEHOTO PO3MOJIICHUM 3apsiioM y TOYIll A, IO
JISKUTH HA OC1 KUJbIA 1 BIIJAJICHOTO BiJ MOro IIEHTpa Ha BiJICTaHb, PIBHY
paziycy KijbIIs.

20. JIBl TpeTMHM TOHKOrO Kuiblid pamiycom R=10 cM HecyTh

PIBHOMIPHO pO3MOAUICHUN 3 JiHIWHOW rycTuHO T=0,2MKkKi/M 3aps.
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Busznauutu  HamnpyxeHicTh E  eJleKTpUYHOro  moJis, CTBOPEHOTO
PO3MOIUICHUM 3apsoM y Toulll O, 0 301ra€Thesl 3 HEHTPOM KUIbIIS.

21. Ha nBox koHueHTpuuHHX cepax pamaiycom R 1 2R piBHOMIpHO
PO3IOJIUICH] 3apsiiy 3 TOBEPXHEBOIO I'YCTUHOIO G1 1 G2 (puc. 24). IlorpidHo:
1) BukopucroBytouu teopemy OcTporpajacbkoro-I'aycca, 3HaliTH 3a1€KHICTh
E(r) Hanmpy>keHOoCTi eNeKTPUIHOTO TOJIS Bi/T BiJICTaHi JJIsl TPhOX o0JyacTeit: /,
11 1 I1I. Tlpuiiaaty 61=4G, G2=C; 2) 00UMCIUTH HamNpyxeHicTh E B Toull,
BWJIYYEHIM BiJ IIEHTpa Ha BIJACTaHb I, 1 BKa3aTh HamnpsMok BekTopa E.
[puiinatu 6=30 uKn/m?, r=1,5R; 3) moGyxysaru rpadix E(r ).

22. JluB. ymoBy 3amaudi 21. B n. 1 npuitHath ©1=c=-c. B n. 2
npuitaatu 6=0,1 MxKn/m?, r=3.

23. [us. ymoBy 3aznaui 21. B n.l npuitnatu 61=-4c, 6= c. B . 2
npuiiaaty 6=50uKi/m?, r=1,5R.

24. JluB. ymoBy 3aaaui 21. B n. 1 npuiinaru 61=-2c, 6>= 6. B 0. 2
npuiinatu 6=0,1 MxKn/m?, r=3R..

25. Ha 1BOX HECKIHYEHHUX NapajieIbHUX IUIONIMHAX PIBHOMIPHO
PO3MOAIEH] 3apsiu 3 MOBEPXHEBOIO I'YyCTUHOIO G1 1 G2 (puc. 15). [ToTpibHO:
1) BuxopuctoByroun TteopeMy OcTporpaicekoro-I'aycca 1 OpUHIUI
CYNMEepro3uIllli eNeKTPUYHUX TMOJiB, 3HAWTH BUpa3 E(x) HampyXeHOCTI
EJICKTPUYHOTO T0JIA B Tpbox obnactax: I, 111 /1. TlpuitHatu 61=2G, 62=0;

2) obuucauTH HampykeHicTh E mons B Toulll, po3TanioBaHii JIIBOPYY BiJ

TUTOIIIMH, 1 BKa3aTH HaNpsIMOK BekTopa E; 3) moOyaysaru rpadik E(x).
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Puc. 15 Puc. 16

26. JIuB. ymoBy 3amadi 25. Y n. 1 npuiinatu c1=-4c, c62=2c. Y 1. 2
npuitaati 6=40 uKi1/M? i TouKy posrainysaTu Mix mionmHaMu (puc.16)

27. dus. ymoBy 3anadi 25. Y m. 1 npuitHatd ©1=0G, 02=-2G6. Y 1. 2
npuitaati 6=20 uKi1/M? i TouKy posrainysaTu crpasa Bij miomuH (puc.16).

28. Ha nBox KoOakcClaJIbHUX
HECKIHYEHHUX UJITHIpax
pamiycamu R 1 2R piBHOMIpHO
PO3IO/ILICH] 3apsiau 3
MOBEPXHEBOIO T'YCTUHOIO G1 1 G2
(puc. 17). [ToTpiOHO: 1)

BHUKOPUCTOBYIOUH TEOPEMY

Octporpaacekoro-I'aycca; 3HalTH Puc. 17
3alexHIcTh  E(r) Hampy»KeHOCTI
CJICKTPUYHOTO TOJIS BiJ BIACTaH1 JJIsl TphoxX oOnactei: [, 11, I1l. TlpuitHsatu
G1=-20, G2=G; 2) O0YMCIUTH HanpyxeHicTb E B Toull, BuiIydeHiil BiJ oci
UJIIHIPIB HA BIJACTaHb I, 1 BKa3aTu HanpsiMok Bektopa E. Ilpuitnsatu =50
aK/M2, r=1,5R;
3) nobynyBatu rpadik E(r).

29. Mus. ymoBy 3amadi 28. ¥V 1. 1 npuitHITH G1=C, G2 =- G. Y 1. 2
npuitaati 6=60 aKn/m?, r=3R.
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30. lu. ymoBy 3anaui 328. Y n. | npuitHatu 61=-G, 62=4c. Y m. 2
npuitaati 6=30 aKn/m?, r=4R.

31. JIBa ToukoBux 3apsaun Qi1=6 HKn 1 Q=3 nKn nepeOyBaroTh Ha
BigcTtani 0=60 cMm omuH Big omHoro. SIky poOOTy HEoOXigHO 3poOHUTH
30BHIIIHIM CHJIaM, 11100 3MEHIIUTH BIJICTaHb MIXK 3apsilaMH BB14i?

32. EnexkTpuyHe TmOJIE CTBOPEHE 3apsiHKEHOI0 MPOBIJHOI KYIJICHO,
notexian ¢ skoi 300B. Busnauntu poOOTy CHII OIS 3 NEpEMIIIEHHA3aAPSLY

¢=0,2MkK1 i3 Touku 1 y Touky 2 (puc. 18).

Puc. 19

Puc. 18

33. Enextpuune noiie ctBopene 3apsaamu Q1=2mkKun, Q2=-2mxKu, 1o
3HAXOMIThCS Ha BifacTaHi a=10cM oauH Bij ogHOro. BuzHaunTu po0OoTy CcHil
noJisi, mpu nepemimnieHHi 3apsmy Q=0,5MkKi i3 Toukn | y Touky 2 (puc. 19).

34. JIBi mapajienbHO 3apsJKEHI IUIOMIMHM, 3 TTOBEPXHEBOI T'YCTHUHOIO
sapany 1=2MkKi/M? 1 6,=-0,8MxKn/M?, 3HaX0aaThCS Ha Bigcrani d=0,6 cM
oJIHa B1J oJiHOI. BuzHauuTy pizHuUIo noteHmiagia U MiXK IJIOITUHAMH.

35. Jlunosb 3 enekTpuyHuM MoMeHToM P=100nKmm  BigbHO
YCTAaHOBUBCSl y BUILHOMY €JIEKTPUYHOMY MoJii HampyxeHicTio E=200xB/m.
BuzHauutu poOOTy 30BHIIIHIX CHJI, Ky HEOOXIJHO 3aTpaTd AJid MOBOPOTY
aunoJist Ha KyT o=180°.

36. YoTupu OAHAKOBHX KpaIuil PTYTi, 3apsA/HKEHUX 10 MOTEHIaTy
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¢=10B, 3muBatoTbcs B OIHY. JKWI MOTEHIIA (1 KPaIUIi, [0 yTBOpHIIACs?

37. ToHkuil CTepKeHb 3ITHYTHUH y Kuible paailycom R=10 cm. Bin
PIBHOMIPHO 3apsi/UKEHUM 3 JIiHIMHOKW TycTUHOW 3apsay T1=800uKi/m.
Bu3HauuTy moteHIyian ¢ y TOYIll, pO3TalloBaHIi Ha OCl KiJblis Ha BiACTaHI
h=10cwM Biz fioro eHTpa.

38. Ilone yTBOpEHE TOYKOBUM JMUIIOIEM 3 EICKTPUYHUM MOMEHTOM
p=200n0KnM. BuzHauuTtu pizHuIro noreHmianie U JBOX TOYOK TIOJS,
PO3TAIIOBAaHUX CUMETPUYHO J0 JUIOJS Ha Horo oci Ha BijacTaHl I=40cwm Bij
IIEHTpa JUIIOJIS.

39. EnexTpuyHe 1oJIe YTBOpPEHE HECKIHYEHHO JOBTOI0 3apsKEHOIO
HUTKOIO, JIIHIMHA TycTUHY 3apsany sikoi t=20nKn/m. BusHauuTu pi3HHUILIO
roTeHIiaaiB U IBOX TOYOK MOJIS, IO 3HAXOAATh Bl HUTKH Ha BljacTaHl =8
cM 1 =12 cm.

40. Tonka kBaJapaTHa paMKa pPIBHOMIPHO 3apsypKeHa 3 JIHINHOIO
ryctudoro 3apsanay t=200nKn/m. BuszHauntu noTeHuian ¢ mojis B TOUYIII
NEPETUHY JllaroHajeH.

41. ITopommHaa Macoro m=200MKT, 1110 Hece Ha cobi 3apsa Q=40uKo,
BJIETIJIa B CJIEKTPUYHE T0JIE€ B HaOpsMKYy cuwioBux JiHik. Ilicas
npoxo/pKeHHs pi3Huil noTteHmiamie U=200 B moporrHa Mana MBUAKICTh
v=10m/c. Bu3HauuTH MIBUAKICTh Lo MOPOIIMHHU JO TOTO SK BOHA BJIETLIA B
noJie.

42. EnexkTpoH, 10 MaB KiHETHMYHY eHepriero 7=10eB, BieriB y
OJIHOPIJIHE €JICKTPUYHE T0JIE B HAMPSIMKY CHJIOBHX JiHIN. SIKy HIBHUIKICTH
Oyne MaTh €JICKTPOH, IPOWIIOBIIM B IIHOMY IIOJI PI3HUIO MOTCHITIAJIB
U=8B?

43. 3HaiiTn BigHOMmIEHHA mBHAKOcTel iowis Cu?" i K*, mo npoimm
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OJIHAKOBY P13HHUIIIO MOTEHI[1AIIB.

44. EnektpoH 3 eHepriero T=400 eB (y HECKIHUEHHOCTI) pyXa€eThCs
y3JI0BJK CHJIOBOI JIIHIT B HANpSMKY J0 MOBEPXHI METaJeBOi 3apsiIKEHOI
chepu pamiycom R =10 cm. BuzHauutu MiHIMalbHy BIJICTaHb @, Ha SIKY
HaOJU3UTHCS €IEKTPOH J0 MOBEpxHI cepu, sikiio 3apss ii Q=-10 K.

45. EnekTpoH, NpOWIIOBIIM B INIOCKOMY KOHJEHCATOpl NUIAX BiJ
OJIHI€T TJIACTUHM N0 1HIIOI, HAOyB mBUAKOCTI L=105 M/c. Biactanb Mix
miactuHaMu d=8 MM. 3HaiiTu: 1) pi3auito noteHmianis U MiXk IJIAaCTUHAMY;

2) MOBEPXHEBY TYCTUHY 3apsiy G Ha IJACTUHAX.

r
P g /
<2 I 2a _j
I
|

Puc. 20 Puc. 21

46. IlopommHa Macoro M=5Hr, mo Hece Ha cobi N=10 enekTpoHiB,
npoiia y BakyyMi IpPHUCKOpIOwYy pidHuLio mnoteHuianie U=1MB. fka
KiHeTu4Ha eHeprist T nopomuHu? SKoi MBUIKOCTI L HA0yJa MOPOoIIHA?

47. SAxky MiHIMaJbHY IIBUJKICTH Umin TOBUHEH MaTH MPOTOH, 00 BiH
MIT JOCSTTH TIOBEPXHI METaJIEBOI KYJIi, 3apsKeHo1 10 noteHuiany ¢ =400 B
(puc. 20)?

48. Y onHopigHe enekTpuuHe mnosie HanpyxkeHicTio E=200B/Mm BiiTae
(B370BXK CHJIOBOI JIiHIT) €JICKTPOH 31 MBHAKICTIO Lo=2Mwm/c. Busnauwmtn
BiJICTaHb |, 110 Mpolae eIeKTPOH JO TOYKH, B SKiM HOro MIBHUAKICTH OyJie

JOPIBHIOBATH TTOJIOBHHI ITOYATKOBOI.
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49. EnexTpuuHe 1MOJI€ CTBOPEHE HECKIHUEHHOIO 3aPSIKEHOI0 MPSIMOIO
JHIED 3 PIBHOMIPHO po3nojuieHuM 3apsaoM (t=10uKi/m). Busnauutu
KIHETUYHY €HEprito 72 eIeKTpOHa B TOYIl 2, SIKIO B TOYIl | HOro KiHeTUYHA
erepris 71=200 eB (puc. 21).

50. ENeKTpoH pyxaeTbCcsi B3JIOBXK CHJIOBOI JIHIL  OJHOPIAHOTO
€JIEKTPUYHOr0 MoJjs. Y JesAKid Toull moyig 3 mnoreHuianmom ¢1=100 B
CJICKTPOH MaB MIBUAKICTh V1=6MM/c. BU3HaunTH NMOTEHIIIaT (P2 TOUYKH IMOJIs,
JIATIIOBIIHN J0 SKOTO €JIEKTPOH BTPATUTh MTOJOBUHY CBOET IIBUIAKOCTI.

51. Kongencatopu emHicTio C1=5 MK®D 1 Co=10 Mx®D 3apsijxeHi a0
Hanpyr U1=60B 1 U=100B BianoigHo. Bu3HaunTu Hampyry Ha OOKJIaJKax
KOHJICHCATOPIB IMCJI 1XHBOrO 3'€qHAHHS OOKJIAJKaMH, IO MAaroTh
OJTHOMMEHHI 3apsiJIH.

52. Kongencatop ewmuictio Ci1=10 MK®D 3apsypKeHHl 10 Hamnpyru
U=10B. Busnaunutu 3apsa Ha OOKJIaJgKaxX IIbOTO KOHAEHCATOpa MICIsl TOro,
AK TapajelbHO HoMy OyJ0 MIAKIOYEHO 1HIIWMK, He3apsKeHUH,
KoH eHcatop eMHicTIO Co=20 MKD.

53. Kongencaropu emuoctsiMu Ci1=2 MK®, Co=5 Mk® 1 C3=10 mxd
3'€elHaH] MOCTIIOBHO 1 nepedyBatoTh mia Hampyroro U=850B. Busnauutu
HAIpYTy 1 3aps]l Ha KO)KHOMY 3 KOHJICHCATOPIB.

54. JIBa xouaeHcatopu eMHOCTAMHU C1=2MKD 1 Co=5Mk® 3apsmxeHi
no Hampyr Ui;=100B u U,=150B BignoBigHo. Bu3HauuTh Hampyry Ha
oOKJaKax KOHJICHCATOPIB IC/IA iXHBOTO 3'€THAHHS OOKJIaIKaMH, 110 MaOTh
pI3HOMMEHHI 3apsiau.

55. [IBa OJHAKOBUX IUIOCKMX TMOBITPSIHUX KOHJEHCATOPU €EMHICTIO
C=100n® xoxxHU# 3'eqHaH] B OaTapero MOCiiA0BHO. BU3HAUMTH, HAa CKUJIbKU

3MIHUTBCS €MHICTh C Oartapei, SKI0 MPOCTIp MDK IUIACTUHAMHU OJIHOTO 3
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KOHEHCATOPIB 3alIOBHUTH ITapadiHOM.

56. JIBa xonueHcatopu €MHOCTIMU Ci1=5SMK®D 1 Cr=8MKkD 3'enHaHI
MOCJ11I0BHO 1 npueaHani a0 Oatapei 3 EPC ¢=80B. Buznauutu 3apsau Q1 1
Q2 konaeHcaTopiB 1 pizHUI noTeHianiB Uz 1 Uz Mixk IXHIMU 0OKJIaAKaMH.

S7. TIIoCKUM KOHAEHCATOP CKIANAETHCA 3 JIBOX KPYIVIMX IUIACTUH
paniycom R=10cm koxkna. Bigctanp Mk mactuHamu d=2mm. KoHzieHcaTop
npueaHanui g0 oxepena Hanpyrn U=80B. Bwusnauutu 3apsag Q 1
HanpyxeHicTh E moJsisi KoHJeHcaTopa B JIBOX BHUMAJKaxX: a) JICJIEKTPUK -
MOBITPsI; 0) MIENEKTPUK - CKJIO.

58. JIB1 MetaneBi Kyibku paaiycamu Ri=5cm 1 R>=10cM maroTh 3apsiau
Q:=40uKn 1 Q2=-20uKn BigmoBigHO. 3HaWTH eHeprito W, 10 BUIIIUTHCS
IPU pO3PAL, SKIIO KYJIi 3'€AHATH TPOBIIHUKOM.

59. IIpoctip MK MJIaCTUHAMH ILJIOCKOTO KOHJIEHCATOpa 3allOBHEHO
JIBOMa IIapaMH JieJIeKTpuKa: ckjia TopimHow d1=0,2 cM 1 mapom napadiny
toBHOKO d2=0,3cMm. Pi3nmng noreHmiamiB Mpk oOkimagkamu U=300B.
Busnauuty HampykeHicTb E mons 1 magiHHA MOTEHIIAy B KOXXHOMY 13
mapis.

60. TInockuii KoHAeHCATOp i3 momer miactuH S=200cM? KOXHa
3apsipKeHud 10 pi3Huil norteHmianie U=2kB. Bijctanb MK IJTacCTUHAMU
d=2 cm. [dienexktpuxk — ckiio. BuzHauntu enepriro W nosist KoHaeHcaTopa 1
T'YCTUHY €HEeprii ® MmoJsl.

61. Korymka 1 ammepMmerp 3'€HaHI MOCHIAOBHO 1 MIAKJIIOYEHI 0
mwkepena crpymy. Jlo KjaeM KOTYIIKM MPUETHAHO BOJBTMETP 3 OMOPOM
r=4kOm. Amnepmerp nokazye cuity ctpymy /=0,3A, BOJIBTMETpP - HAPYyry
U=120B. Buznauutu onip R koTymiku. BuzHaunTu BiTHOCHY MOXUOKY €, sKa

Oyze JMomyllleHa 3a BUMIpPY OIOPY, SKIIO 3HEXTYBAaTH CHUJIOK CTPyMY, IO
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T€Ye Yepe3 BOJIbTMETP.
62. EPC oOarapei €=80 B, BHyrpimHiid omip R~=50M. 3oBHimHIA

JAHUIOT croxkuBae notyxHicTb P=100Bt. BusHauutu cuny ctpymy [ y

naHirory, Hanpyry U, i sskuM repeOyBae 30BHIITHIN JIAHITIOT, 1 ii omip R.

63. Bix Oartapei, EPC skoi €=600B, noTpiOHO nepenaTtv €Hepriro Ha
BincTanph |=1km. CrnoxxuBaHa MOTYXHICTP P=5kBT. 3HaiiTh MiHIMaIbHI
BTPATU MOTY>KHOCTI B MEpEXi, AKIIO AlaMeTp MiABIAHUX MIJHUX MPOBOIIB,
d=0,5¢cm.

64. 3a 3oBHimHbOrO onopy R1=80m cuna ctpymy B nanmro3i 11=0,8 A,
3a onopy Ro=150m cuna ctpymy [=0,5A, BusHauutu cuiny ctpymy Igs.
KOpPOTKOT0 3amMukanHs Jixepena EPC.

65. EPC Oarapei €=24B. Haii0inpina cuna cTpymy, 0 MOXE JaTH
Oarapest, Imax=10A. BU3HauUUTH MaKCUMAJIbHY MOTYXKHICTb Pmax, 110 MOXE
BUIUTSITUCS B 30BHIIITHBOMY JIQHIIFO31.

66. Akymynstop 3 EPC e=12B 3apsamxaersest Bl Mepexi MOCTIMHOTO
cTpymy 3 Hanpyrorw U=15B. Bu3zHauntu Hanpyry Ha KJemMax aKkyMyJsiTopa,
K110 oro BHYTpimHi# omip R=10 Owm.

67. Bin mxepena 3 wHampyroto U=800B HeoOXinHO mnepenatu
criokuBauy notyxHicte P =10kBT Ha nedky Biactanb. Skuil HaWOiIbIIMI
OMmip MOK€ MaTH JiHIA Tepedadi, mooO BTpaTH e€Heprii B HIA He
nepesuityBainu 10% BiJ nepeaaHoi NOTYKHOCTI?

68. 3a BKIIOYEHHA €JEKTPOJBUTYHA B Mepexy 3 Hampyrowo U=220B
BiH CIIOKUBA€ CTpyM /=5A. BU3HAUUTH MOTYXHICTh, CIIOKUBAHY JBUTYHOM,
1 tioro KIIJI, sixmro omip R oOMoTku nBuryHa aopiBHIOe 6 Om.

69. ¥ Mmepexy 3 Hanpyroro U=100 B miakmrounian KOTYIIIKY 3 OIMIOPOM

Ri=2kOM 1 BoabTMETp, 3'€qHaHl TOCHIAOBHO. I[lokazaHHS BOJIBTMETpaA
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U;=80B. Koiu KOTyIIKYy 3aMiHWJIM 1HIIOIK, BOJILTMETp Moka3zaB U;=60B.
Busnauutu onip R» 1HIIIOT KOTYIIKH.

70. EPC 6arapei =12 B. 3a cunu ctpymy [=4A KKJI 6arapei - n=0,6.
Busnauutu BHyTpimHIi omip Ri 6aTapei.

71. 3a gyac t=20c npu pIBHOMIPHO 3pOCTaIOYili CUJIl CTPYMY BiJ HYJS A0
JEAKOT0 MaKCUMyMy B TPOBIIHHUKY omopoM R=50M Buainuiacs KiJbKICTbh
teriotn Q=4k/[>x. BusHaunT mBUAKICTh HAPOCTAHHS CHUJIM CTPYMY, SIKIIIO
omip npoBigHrka R=50Mm.

72. Cuna cTpymMy B TPOBIJIHUKY 3MIHIOETHCS 3 4acOM 3a 3aKOHOM
I=1,e®, ge [I=20A, o=10°c!. Bu3HAUUTH KiNBKICTb TEMIOTH, IO
BHJIIMIIACS B IPOBIJHUKY 3a 4ac t=1072c.

73. Cuna ctpymy B mnpoBigHuky omopoM R=100M 3a wyac t=50c
piBHOMIpHO Hapoctae Bi [1=5A 1o L=10A. BuzHauuTH KiJIbKICTh TEIJIOTH
Q, mo BuALIMIIACS 32 LIeH Yac y MPOBITHUKY.

74. Y mpoBigHuKy 3a yac t=10c 3a piBHOMIPHOTO 3pOCTaHHSI CHJIH
ctpymy Big I1=1A no DL=2A Buaimmnacs KubKicTh Temiotu Q=5k]x.
3HaiiTu onip R npoBiHUKA.

75. Cuna cTpyMy B MPOBIAHUKY 3MIHIOETHCA 3 4YacOM 3a 3aKOHOM
| =1,sinwt . 3paiiti 3apsx Q, MmO MPOXOAUTH Yepe3 MOIepedHHil mepepis
NpoBIHUKA 3a Yac 1, piBHUN MOJIOBUHI Tiepioay 7, SIKIIO MOYaTKOBa CHUJia
crpymy lo=10A, nuxiiuna gactora »=50mc™.

76. 3a yac t=10c 3a piBHOMIPHO 3pOCTaIOYOi CUJIU CTPYMY BiJl HYJIA J0
JIESKOT0 MaKCUMyMy B TMPOBIAHUKY BHUIUIWJIACA KUIBKICTh TEIUJIOTH
Q=40x/[>x. BusHauuTu cepeHio cuily CTpymy -/; y IpOBIAHUKY, SKIIO KOO
omip R=25 Owm.

77. 3a yac t=8c 3a pIBHOMIPHO 3pOCTAaI04Y01 CUJIK CTPYMY B MPOBITHUKY
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onopoM R=80OM Buaumuaacs kiabkicth TemiaoTtu Q=500][x. Busnauutu
3apsia (, M0 MPOXOJIUTh y MPOBIIHUKY, SKIIO CHJIa CTPYMY B MOYATKOBHUH
MOMEHT 4acy JIOP1BHIOE HYIIO.

78. BuzHauutH KigbKicTh TermaoTu Q, mo Buaiauiacs 3a yac t=10c y
npoBiIHUKY ormopoM R=100M, siKmo cujia cTpyMy B HbOMY, PiBHOMIPHO
3MEHIITYIOYHCh, 3MiHuIacs Bia [1=10 A no »=0.

79. Cuna cTpyMmMy B JIaHIFO31 3MIHIOETBCS 3a 3aKOHOM | =1, sin ot .
Bu3zHauuTu KUIBKICTH TEIUJIOTH, IO BUJAUIUTHCA B TMPOBIIHUKY OIOPOM
R=100wm 3a yac, piBHui1 uBepTi nepioay (Bia t1=0 no t.=T/4, ne T=10 c).

80. Cwma cTpyMy B JIaHIIO31 3MIHIOETBCS 3 YacOM 3a 3aKOHOM
| =l,e™'. BU3HAUNTH KibKiCTh TEIUIOTH, IO BHILTHTHCS B MPOBIIHUKY
onmopoM R=200M 3a yac, mpoTIroM SIKOrO CTPyM 3MEHILIUTHCS B € pasiB.
Koediient o npuiinsty pisaum 2-102%¢,

81. Bincranp Mix 3apsaamu Q1=100uKu1 1 Q2=-50 uKn nopisHioe d=10
cM. Busnauutu cuny F, sika nie na 3apsg Qs=1mxKi, mo nepedyBae Ha
BijicTaHl Ha =12 cM Bifg 3apsaay Qi1 1 Ha r>=10 cM Bif 3apsay Q.

82. ToHkuIl NOBruil CTEP>KEHb PIBHOMIPHO 3aps/KEHUN 3 JIIHIHHOIO
ryctudoro 1=1,5aKn/cM. Ha nipoioBkeHH1 oci cTepKHA Ha BijacTaHi d=2 cMm
B1J ¥oro KiHMs € ToukoBui 3apsan Q=0,2MxKi. Buznauntu cuiay B3aeMoli
3apsIKEHOr0 CTEPKHS 1 TOUKOBOTO 3apsiy.

83. JloBruii mpsMHUI TOHKHM JpIT HECE PIBHOMIPHO PO3MOIICHUN
3apsia. OOUHMCIUTH JTIHINHY TYCTUHY T 3apsay, SKIIO0 HAMPYKEHICTh MOJIA Ha
BijacTani =0,5 M Bia apoTy npotu ioro cepeaunu E=2 B/cwm.

84. 3 KO0 CUJIOIO, 1110 BUMAJA€ HA OJUHUIIIO IJIOII, BIIIITOBXYIOTHCSA
7Bl OJHOMMEHHO 3aps»KeH1 HECKIHUCHHO MPOTSDKHI IUIONTMHA 3 OJHAKOBOIO
IIOBEPXHEBOKO I'YCTHHOIO 3apany 6=2 MKKi/m??
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85. SIKy mpuCKOpPIOHYY PI3HHUIIIO MOTeHIianiB U Mae NpOMTH €IEKTPOH,
1100 MaTy MBUAKICTE V =8 Mwm/c?

86. 3apsii pIBHOMIPHO PO3NOALICHUN II0 HECKIHYEHHIN IUIOIIMHI 3
IIOBEPXHEBOIO TI'ycTHHOW 6=10HK/M?. BH3HAYNTH Pi3HHIFO MOTEHIANIB
JIIBOX TOYOK MOJII, OJTHA 3 SKHUX € Ha IUIOIIMHI, a 1HIIA BlJJajcHa BlJ HEl Ha
BiacTaHb a=10 cMm.

87. EnekTpoH 3 IMOYaTKOBOK IIBUAKICTIO V=3 MM/C BIIETIB B
OJIHOpI1/IHE eJIeKTpUYHE Tose HanpyxeHicTio E=150B/m. BexkTop nmouatkoBoi
MIBUJKOCTI MEPIEHAUKYISIPHUN JIIHISIM HAIPYKEHOCTI €JIEKTPUYHOrO IMOJIS.
Busznauutu: 1) cuny, mo Ji€ Ha €IeKTpPOH; 2) MNPUCKOPEHHS, 110
3100yBa€THCA €IEKTPOHOM; 3) IIBUJIKICTH €JIeKTpoHa yepes t=0,1 Mkc.

88. Jlo ©Oarapei 3 EPC &=300 B miakmioueHi [ABa TUIOCKUX
koHjaeHcatopu eMHocTsIMH C1=2 n® 1 Co,=3 n®. Buznauutu 3apsag Q 1
Hanpyry U Ha MIaCTUHKaX KOHJEHCATOPIB 3a MOCIIAOBHOIO 1 apaieabHOIO
3'eTHAHHAX.

89. Konunencatop emuictio C1=600 nd 3zapsaunm 10 pi3HUII
notenmianie Ui=1,5 kB 1 Biakmounnu Bia mxepena Hanpyru. [lotim 1o
HbOTO TMapajelbHO NPUEAHAIA HE3apSHKEHUNW KOHIEHCATOp €MHICTIO
C>=400 n®d. BuzHauutu €Hepriro, BUTPAYCHY HA YTBOPEHHSA ICKpH, IO
IPOCKOYMJIA TIPH 3'€ JTHAHHI KOHICHCATOPIB.

90. Ha KiHIOX MITHOTO JPOTY JOBXHHOK |=5 M miaTpuMyeTbcs

Harpyra U=1 B. BuzHauuTu ryCTUHY CTpyMy B JIpOTI.
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JOJATKH
1. OcHoBHI pi3n4Hi MOCTiHHI (OKPYIJIeHI 3HAYEHHS)

di3uyHa NOCTIHA [To3HaueHHA 3Ha4YCHHS
HOpMaﬂBHe PUCKOPEHH g 9.81 m/c?
BUILHOTO TaAiHHS
["paBitauiiina nocTiiina G 6,67-10 1tH-m?/kr?
ITocTiiiHa ABorajapo Na 6,02 10%mous
MogsipHa razoBa craja R 8,3 1]1x/(moms K)
CrangapTHuii 06’eM 0 22,4 10°°m*/monb
ITocriitna Bonbimana k 1,38 10 1a/K
EneMenTapHuii 3apsn € 1,60 10°Kn
[IBuakicTh  cBITIA Y c 3,00 108m/c
BaKyyMi
ITocriina  Credana  — - 5,67 10°B1/(M2K%)
bonrnimmana
[locTiiiHa 3aKOHY 3CYBY b 290103 MK
Bina
[Mocriiina IT1anka h 6,63 10/ c
Iocriiina Punbepra R, 10973731,77 m*
Paniyc bopa a 0,529 1019
KOMI'.ITOHIBCI:Ka IOBKMHA 2, 2 43 1012y
XBUJI1 €IEKTPOHA
Marseron Bopa Hs 0,927 10 A m*

C 2,18 10

Enepris ionizamii aroma Ei
BOJIHIO 1811x(13,6eB)
ATOMHA OJJUHMI MACH a.oM. | 1,660 10%°dD/m
EnexTpu4Ha nocTiiiHa €0 8,85 10?d/m
MarniTHa nocriiina Ho 4 10 TH/Mm
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2 . JlesiKi aCTPOHOMIYHI BeJIMYUHU

HaiivenyBaHHs 3HAYCHHS

Paniyc 3emi 6,37 10°m

Maca 3emmi 598 10% kT

Pamiyc Conng 6,95 10° m

Maca Comutist 1,98 10¥kr

Paniyc Micsiis 1,74 10 m

Maca Micsitrst 7,33 10%kr

Bincrans Bin 1ieHTpY 3emili 0 LIEHTPY 1.49 10ty
CoHust ’

Bincranb Bij 1ieHTpY 3eMill 10 LIEHTPY 384 10fu
Micstiigt ’

3.T'ycTHa TBepaMX TiJ

TBepae Tino I'yctuna, Kr/m° Tsepae Tisio I'ycruna, Kr/m°
ArOMiHii# 2,70 103 Mins 8,93 103
Bapiii 3,50 103 Hikenb 8,90 103
Bananiii 6,02 103 CBuUHEIb 11,3103
BicmyT 9,80 103 Cpibio 10,5 103
3aiizo 7,88 103 Lesiit 1,90 108
JITin 0,53 103 HwuHk 7,15 103

4 .I'ycTuna pizuH

Pinuna ['yctuna, kr/m3 Pinuna I'yctuna, kr/m3

Bona (npu 4°C) 1,00 10° CipxoByrienp 1,26 10°
[minepun 1,26 103

PryTh 13,6 103 Crupr 0,80 103

5 . I'ycTuHa rasiB (3a HOpMaJbHUX YMOBX)

a3 I'yctuna, kr/m> a3 I'ycruna, Kr/m°
Bonens 0,09 [emit 0,18
IToBiTps 1,29 Kucenn 1,43
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6. EpexTuBHMI 1iaMeTp MoJIeKy.IH

I'a3 Hiametp, M I'a3 Hiamerp, M
A3zor 3,0 1010 TCemiii 1,91010
Bojens 2,31010 Kucenb 271010
7. Macu aToMiB JIerKHX i30TOIiB
[30TOM CumMBoI Maca [30TOMI CumMBoII Maca
a.0.M. a.0.M.
Heittpon | on 1,00867 | Bepuuiii }Ez g:gigig
BoeHs H 1,00783 Bop 5B 10,01294
’H 2,01410 up 11,00930
Ceniit > He 3,01605 Byrsens sC 12,00000
*He 4,00260 N® 13,00335
A3zoT 1 14,00307
Tivis sLi 6,01513 1;60 15,99491
Li 7,01601 Kucens vo 16,99913
8. Ilepioan HamiBpo3naay pagioaAKTHBHHUX i30TOMIB
[3oToN CumMBon [lepion
HaIIBpO3Naay
AKTHHIHI s Ac 10 116
Hon 1 8 16
KobGanbt 27CO 5,3 poKy
MarHii 5 Mg 10xB
Pamiii s Ra 1626 pokis
Panon Z2Rn 3,8 1001
CtpoHriit 35 ST 27 pokiB
docdop 5 P 14,3 nobn
epii 5 Ce 285 mb6
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