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IlepeamoBa

Hema cymHIBY B TOMYy, IO KOXEH 3 HAC B IPOIeCl HAaBUaHHS MaB
npoOjeMy, sika mojsraia B TOMY, 0 MU 3MYIICH] YUTaTH SKUICh TEKCT,
ajie HeB1JIOMO 3 SIKOIO METOIO, @ TOYHIIIIE BIIOMO, — 3 IKOIO — 3 METOIO HOT0
BHUBUYCHHS, MPOTE ISl METa 3[aBajiacsi HaM HaATO HempupojaHoro. JliiicHo,
YUTATH 1IOCh TUIBKKA TOMY, IO II€ «IIIOCh» CJIiJI BUBUUTH — JIyKE HYIHE
3aHATTS. 3HAYHO ITIKABIIIE NTyKAaTH BIAMOBII HA KOHKPETHI TUTaHHS.

CaMe 3 METOXO 3MIHM MI3HABAJIbHOI YaCTMHHU MOTHBAIl] HaBYAHHSI
¢13ukn, MU 3poOMIM CrpoOy YKIACTH TPOTpaMHUM MaTepial 3 Kypcy
€JIEKTPOMArHeTU3MYy 1HAKIIIe, a caMe, PO3JUIMBIIN HOTO0 HAa KOHKPETHI 3a-
navi. ba3zoro miig po3B’A3aHHS WX 3a7a4 CIY>KaTh O3HAYCHHS, TOCTYJIaTH
Ta mornepeaHi 3anayl. CBO€EW 4eproro, BCl O3HAYEHHS MO KJIacU(IKOBaHI
Ha: 1) o3HaueHHS (PI3UYHUX SBUI YU MPOIECIB; 2) O3HAYEHHSA (I3UUHUX
NOHAThH; 3) O3HAUCHHS (I3UYHUX BEIWYMH Ta 4) O3Ha4YeHHS (PI3UUHUX
CUCTEM YW IpuiaiiB. 3ajadl MaloTh CyLUIbHY HyMepaiito. Kpim toro, B
KIHI[I MIJIPyYHUKA JAHO MEPEIK yCiX O3HAY€Hb Ta 3a7ay 1 BKa3aHO CTO-
piaky. Tomy, SIKIIIO BU IIyKaeTe BIANOBIAL HA SIKECh MUTAaHHS, TO 30pI€H-
TYyBaBIIUCH JI0 SIKOT TEMH IIs1 TpobiieMa Morjia O HalexaTu, UIyKAETe BIJI-
NOBIJIHY 3ajady 3 Hepeniky 3agad. Tak camo MOKHa 3HAUTH 1 Oylb-siKe
O3HAYCHHSI.

Cawme 3a1a4l CKJIaJIal0Th OCHOBHUM Martepian nocionuka. Tyt 3amadi —
e Te, WO TPAAMUIIAHO HA3UBAIOTH (DAKTUYHUM MaTepiajioM, MPUYOMY
MOHATTSA 3a/Ja4l € JOCUTh IIMPOKUM — IIe 1 BUBEACHHS (HOPMYJIH, 1 T0BE-
JICHHSI TIEBHOTO TBEPJKEHHSI, OTPUMAHOI0 K TEOPETUYHHM, TaK 1 €KCIe-
PUMEHTAJIBLHUM IUJISAXOM, 1 JOBEJICHHS ICHYBaHHS SIKOTOCh SIBUIA YU
MPOIIECY, a TAKOK PO3’ICHEHHSI METOJUKN KOHKPETHOT'O €KCIIEPUMEHTY.

CyliibHOI0 HYMEpAaII€ 3aa4 MU MIJIKPECITIOEMO YMOBHICTh MOALTY
€JICKTPOMArHeTu3My (K 1 Bci€l (I13UKM 1 Oylib-sIKOI HayKW) HAa YaCTUHH,
po3nuiu Ta Temu. HacripaBi, e1eKTpOMarHiTHi SIBUIA YU OYy/Ib-5IK1 SIBUILA
OPUPOAM HE CIIAYIOTH LIbOMY HAIIOMY MOJUTY, SIKUH MU 3pOOUIIA JEHIO0
MTYYHO JJis TOr0 MO0 MOJErmIUTU iX CHPUUHATTI. Byab-ike sBuie
OPUPOM — 1€ CYKYIHICTh (YU cUCTEMA) 0aratboX, a MOKJIMBO 1 BCIX SIBUII
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3 I[OT'O HAIIOTO IITYYHOTO Mepeniky sBull. Hanpukiaj, OiuckaBka — 1€
SBUIIE ONTUYHE, €JIECKTPOCTATUYHE, MAarHETHE, TEIJIOBE 1 MEXaHIYHE BO/I-
Houac. HacnipaB/i Hayka HE TOAUISETHCS HA YaCTHUHU, PO3/ILIU, aparpadu
1 T. 1., BOHA €JIMHA 1 BCEOXOIUII00YA, a 1IeH MOJILJI, OUeBHIHO, BUHUK Yepe3
T€, 110 JIFOJJMHA HECITPOMOKHA OCATHYTH HAYKy BCIO 1 0ipa3y.

VY nociOHUKY JyKe piIKO TpaIUIIeThCs Hymepalis gopmyi. Bussise-
ThCH, 1110 BOHA 1 HE NOTPi1OHa, 00 GopMyIia, Ha SIKY CIIMPAEMOCH, € Pe3yJib-
TaTOM OJIHIET 3 MOMEPEeHIX 3a7a4, TOMY IIOCUJIaHHS BiJIOYBA€ThCS Ha Iiei
pe3ynbTart, TOOTO Ha 3ajady.

3BepTaeMo Ballly yBary i Ha Te, 1110 He 000B’SI3KOBO MEBHY TEMY MMOYH-
HATU YUTATH 3 TIOYATKy, TOOTO 3 O3HAYEHb, MOXKHA TTOYMHATH 1 3 3aJ]a4, a
710 0O3HAYEHb YU MOCTYJATIB MOBEPTATUCH MpU NOTpeOi. Jleski 3agadi MOXK-
Ha YUTATH BUOKPEMJICHUMM 3 KOHTEKCTY, a JIesIKi — Hi, OCKIJIbKHM BOHU
0a3yl0ThCs Ha pe3yibTaTax MoIMepeIHIX 3a/1ad.

VY 1pbomMy MOCIOHHMKY BH TaKOX MOYKET€ 3HAXOJWUTH BIAMOBiAI Ha Ti
MUTAHHSA, K1 Y BaC BUHHKJIM B XOJ1 YATAHHS MMJAPYIHUKIB, HAIIPHUKJIA] BU
HE 3MOIVIM 3’SCYyBaTh YOMY JAPiOHI MPEIMETH MPUTATAIOTHCS O HACJICKT-
pu3oBaHUX TiA. TOJMI MPHUITYCKaIO4H, IO II€ SIBUIE €JIEKTPOCTaTUYHE B
nepesiky 3agad po3auny | 3HaxoauTe 3aady mij HOMEpoM 17: «IOSICHITH
SABUIIE MPUTATAHHSA APIOHUX YAaCTHHOK JO HAEJNEeKTPU30BaHUX TUD». TyT
K€ BKa3aHa CTOPIHKA Ha sIKiil € pO3B’A30K IIi€T 3a/1aui.

OueBUAHO TaKOXK, 110 HE BApTO MPOMYCKATH SKICh 3a7adi, ajie, sKIIo
BXKE II¢ poOuTe, TO CHiJ 1€ POOUTH PO3YMHO, TOOTO JOTIYHO YH
IHTYITUBHO MEPEKOHATHCS, IO I 3a7a4a € «TYMUKOBOIY», TOOTO TaKoOIo,
Ha K1 He 0a3yI0ThCA 1HIII 33/1a4l B MEKaxX 1bOT0 MOCIOHMKA.

3BepTaeMo Ballly yBary Ha Te€, III0 B Il KHW31 HAIMCaHHS IESKUX
(G13UYHUX TEPMiHIB MOXE OyTH HE 3BUYHUM MPOTE, OYEBUIHO, L0 SKIIO €
«MarHeTU3M», «MarHeTUK», «KMarHeTUT» TO Ma€ OyTH 1 «MarHeTHE IMOJey,
a00 SIKIIO € «MaTePis» UM «IIOTEHLISH» TO MAa€ OYTH «MaTEPSII» YU «IIOTEH-
s, s HanucanHs (iI3MYHUX TEPMIHIB MU MOCITYTOBYBAJIUCS CIOBHHU-
KoM (¢13u4HOi Jekcuku 3a aBTopcTtBa B. Kosupcrkoro ta B. IllennepoBchb-
KOro, Buganomy B 1996 poiri.




Po3ain 1. EaexkrpocraTuka

Tema 1. EnekTpuyHuid 3apsijg

Di3uuni nonamms

e EnnekTpuuHuii 3apsia — 1€ €JIEKTPUYHA BJIACTUBICTh PEYOBUHU (TaK
K Maca € TpaBITAI[IHHOIO Ta IHEPIIHHOI BIACTUBICTIO pEYOBUHM ). [ToHST-
TS €JICKTPUYHOIO 3apsily € OJHUM 3 (QYHIaMEHTAIbHUX MOHATH €JIEKTPO-
MarHeTu3My.

e EsleMeHTaApHMII 3apsii — 1€ HaMEHIIUN BIIOMUM Ha HUHIIIHIN
JI€HB 3apsi] y IPUPO/IL.

Dizuyni genuvUHU

e EnexTpuunuii 3apsa, Oyayun (Qi3MUHUM TOHSATTAM, BOJAHOYAC €
b13uuHOI0 BennunHO0. [lo3HavaeThes OykBOO q 1 BUMiproeThesi B Kyio-
Hax (Ki). 3micT 1i€i BeIMYMHU BUMIPIOBaHHS OyjA€ 3pO3YMUIMM MICHs
O3HAWOMJIEHHA 3 TaKOK (I3UYHOI0 BEJIUYMHONO, SIK CHJIA €JIEKTPUYHOIO
CTPyMyY.

o JliniiiHa, moBepxHeBa 4N 00’€MHA TyCTHHA 3apsily — 1€ BiJHO-
IIEHHS 3apsly BIANOBIIHO JI0 BIJICTaHI, IJIOMI YU 00’€My, B IKOMY BIH €
(Mo3HAaYeHHS BIAMOBIAHO A, T, p).

Ilocmynamu
> 3aKkoH 30epeskeHHsI eJeKTPUYHOIro 3apsiay: anreOpaiuyHa cyma
3apsiAiB, sIKI BAHMKAIOTh Ha BCIX Tijax, M0 OEpYyTh y4acTh y IEBHOMY IPO-




1eci, JOpiBHIOE areOpaidHii cyMi 3apsiiB, sika OyJia Ha IUX Tijgax JIo0 Io-
Y4aTKy 1OTO MPOIIECY.

[TpuknagaMu Takux MPOILIECIB €: TEPTS OYPIITUHY JI0 MIEPCTi, 3apsii-
KEHHSI eJIEKTPO(POPHOI MaITMHU, XIMIUHI Ta SAECPHI PEaKIIii.

» [IpuHuMI iHBaAPiTHTHOCTI 3apsiy: BEJIMUMHA 3apsy HE 3aJICKUTh
BiJl TOrO, y SIKif 1HEPI[iHIN cUCTEeM1 BIJUTIKY BiH BUMIpSIHUM (1HAKIIIE Be-
JIMYWHA 3apsy HE 3aJIeKUTh BiJ HOTO MIBUIKOCTI).

» [IpyHIMII KBAHTOBAHOCTI 3apsiAy: OyIb-IKUN 3apsi] CKIaIacThCs
3 I[JIOTO YKUCIa €JIEMEHTapHUX 3apsiiB.

3aoaui

(1) BkaskemMo HA OJIMH 3 MeTOAIB NMepPeBipKU MPUHIMITY iHBaPiTHTHOCTI
3apsay.

Jist Toro, o6 nepeBipyuTy 1e NPUHLINIL, MOXKHA MOPIBHATH BEIUYU-
HY 3apsjy €JIEKTPOHA B aToMax, /€ BOHU PYXalOThCA 3 PI3HUMH IIBUIKO-
cTsAMU. JJI1 bOr0 BUMIPIOIOTH CTYMiHb €JIEKTPOHEHUTPANIbHOCTI LUX aTO-
MiB. JlificHO, SIKIIO O 3apsij] eJeKTpOoHa 3ajekaB BIJl MOTO IMIBUIKOCTI,
HaIpuKiaj, 301IbIIyBaBcS O 31 30LIbIICHHSM MIBUAKOCTI, TO B TUX aTO-
Max, JIe €JIEKTPOHU pyXaroThbCsl 3 OUIBIIOI MIBHUJKICTIO, €IEKTPOHEUTpa-
JBHICTh NOpYLIyBajacs O CUJIBHIIIE, HIXK Y THUX, 1€ €JIEKTPOHHU PYXalOThCA
noBuUIbHINIE. OCKUTBKU MOAIOHOT YU OyAb-SKOi 1HIIOI 3MIHU €JIEKTPOHEMH-
TpaJIbHOCTI HE 3a(pikcoBaHO (MPUHAWMHI 10 MBUJKOCTEMH, 1110 JOPIBHIOIOTh
MOJIOBHHI IIBUJIKOCTI CBITJIA Y BaKyyMi), TO MOKHa CTBEpJKYBaTH, IO
BEJIMYMHA 3apAly €JICKTPOHA HE 3aJIeKUTh Bl MOr0 MIBUAKOCTI.

(2) IokaxkemMo, MO CHJIAa TPABITANIIHOI0O MPUTATAHHS €JIEKTPOHA /10
siipa B aTOMi BOJHIO He CIIPOMOKHA BTPUMATH €JIeKTPOH B aTOMI,
TOMY IOBMHHA iCHYBATH 1lle OJJHA CHJIa HerpaBiTaliiiHOI NPUPOIN.

CnpaBi, OCKUJIBKH SIAPO aToMa BOJHIO — II€ MPOTOH, TO CUja Ipasi-
TalHOT B3a€MO/I11 MiXK IMTPOTOHOM 1 €JIEKTPOHOM




3HaliieMo eHeprio MoHi3aili atoma E sk poOoTy, SIKYy CJiJ] BAKOHATH
IPOTH CUJI IPUTATAHHS JI0 S7pa, 00 MEPEHECTU €JIEKTPOH 3 TOUKH, 110 Ha
BiJICTaHl I' BiJ s/1pa, Y HECKIHYEHHICTh. OCKUIbKHU 11€ poOOTa 3MIHHOI CU-
JM, TO

Me

E - AszAzTFdrzTG 0 dr :Gmemp(%joo _
r r r r

r

oMM _ oo gt 911.107.167 107

r 53-107° =19-107% (Jpowe).

[Topaxyemo, 3a siKOoi TeMmmepaTypu aTOM BOJHIO OyJe MOHI30BaHUM,
. : : 3 :
TOOTO MOTO €HEPris TEIIOBOTO PYXY, IO JOPIBHIOE > kT, nopiBHIOBaTHME

eHeprii MoH13arii

3BIJIKA

_2E 2:19.107%

_ =92.107% K,
3k 3.138.107%

T

10 03HAYae, 10 MPAKTUYHO 3a BCIX TEMIIepaTypax BOACHb MMOBUHEH OYTH
HOHI30BaHUM, YOT'0, HACTIPAB/1, HEMAE.

[{st cynepeuHiCcTh CIIOHYKA€ HAC AyMaTH, 110 KPiM I'paBiTaAlIHOT CHIIH
MYCHUTB ICHYBATH III€ IKaCh, 3HAUHO O1JIbIIIa CUJIA, SKa MPUTATA€E ICKTPOHA
1o sanpa. Lle cuna enekTpudHOro npuTsaraHHs. [ ICHye BOHa 3aBASIKH TOMY,
[0 €JICKTPOH 1 MPOTOH, KpIM MacH, MarTh IIIe¢ OJHY BJIACTHUBICTH, SKa
HA3UBAETHCS CICKTPUUHUN 3apsi/l, 00 KOPOTKO — 3apsi.
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(3) YcranoBumo, sikuii 3apsii Ha CHOTOIHI € eJIeMEHTAPHHUM.

OCK1IbKY HaMEHIIIUN €KCTIEPUMEHTAIbHO BCTAHOBJIEHUM (Ha ChbOTO/-

. . -1 .
H1) 3apsg y ONpHpoi — Iie 3apsan enekTpona (e=1,6-10 o Ki) To € Bci
MiJICTABU BBAXKaTH MOTO €JIEMEHTAPHUM EJICKTPHUYHHUM 3apsI0M. 3 1HIIIOTO
OOKy, Teopis KBapKiB CTBEPJIKY€E, IO EJIEKTPOH CKIIAIA€ThCS 3 JIBOX

: 2 1
KBapKiB 3 3apsgaMu —g\e\ Ta —é\e , laroun cymapso 3apsz —|e|. IIpore,

JOKH 1I€ HE BCTAHOBIICHO €KCIIEPUMEHTAIbHO, MU HE MOYKEMO CTBEPIIKY-
BaTH, 10 3apsij KBapKa € €JIEMEHTApHUM 3apsAioM. Takum 4nHOM, OyAeMo
BBAXKaTH, 110 €JIEMEHTAPHUM 3aPSIOM € 3apsij] EJIEKTPOHA.

Tema 2. 3akon KyJjiona

Dizuuni nonamms
eTouxkoBuUil 3apsii — L€ 3apSAHKEHE TLI0, PO3MIpAMH SIKOTO MOYHA
3HEXTYBaTHU B YMOBaX MEBHOI 3a/1aui.

Ilocmynamu

» 3akon KyJioHa: 1Ba TOYKOBI 3apsIy B3a€MOJIIOTh 3 CHIIOIO MPSIMO
IPOTMOPIIAHOIO 10 BEJIMUUHU ITUX 3apsA/IiB Ta 00EPHEHO MPOMOPIIITHOIO 10
KBaJparTa BIACTaHI MK LIMMH 3apsAiaMHU, 1 CIIPIMOBAHOIO B3JIOBXK MPSMOI,
10 1X 3’ €JIHY€

c Gid2 ® 0 ® a)
F=k==2%1,. (1)
r3 a4, a,
VY 1poMy aHAMITUYHOMY TIyMadeHHI . 6)
— r
3akoHy Kyiona Iy — e OIMHUYHUHN BEK- ‘ql q‘
2
TOp, CIIPIMOBAHUMN B1Jl OJHOTO 3apsLy A0 Man. 1

iHmoro (man. 1 (a)).
3akoH KyJsioHa MOKHa OJaTH 1 Tak:
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Fokd2y, )
r

ner — BEKTOP, 110 3’eaHye 3apsau (Man. 1 (0)).

OueBuaHo, mo 3akoH Kynona y gopmi (1) miJIkoM TOTOXKHUN 3aKOHY
Kynona y dopwmi (2). CrpaBai HanpsiM BeKTOpa F y MEpUIOMY Ta APYro-
MY 3aIUCl OJIHAKOBUM: BiH CHPSIMOBAHUN TYAH K, KyJH 1 BEKTOP 6 an T,
SKIO 3apsAad OJHOMMEHHI, 1 MPOTUJICKHUIN 10 HBOTO, SKIIO 3apsad pi3-

_—

HovimenHi. [1{omxo Moayms Bektopa F', To BiH 0gHaKOBHI B 00HIBOX (HOP-
MyJiax 3aIucy 1 CTAHOBUTb:

L, %o
F—kr—2

3aoaui
(4) YcranoBumo oauHuIio ¢gizuuHoi BesuunHM K.

I3 3akony Kynona maemo

2
K = F-r |
012
TOMY
H-M2
k=
[k] o2

Yacro crany K mpeacTaBisroTh uyepes iHITy cTaly, a caMme

k= L
472'80

11



A€ &p — CIICKTPHUYHA CTalla.
0

baunmo, 110 OJUHMI E€IEKTPUYHOI CTaIoi OOEpHEHA A0 OJWHHUII
craioi kK, Tooto

eol=| 275 12

H - m? M
(5) BkaxeMo Ha iiel0 BU3HAYEHHS eJIEKTPUYHOI CTAJIO0I &).

EnexTpuuny cTtany MOKHa BU3HA4YUTH 13 3akoHy KyioHa, ekcrepu-
MEHTaJbHO BUMIPSABIIM CHJIy B3a€MOJIIi MK JABOMa TOUYKOBUMH (00 Ky-
JsicTUMHK) 3apsgamu. Lle MokHa 3poOUTH 3a JOTIOMOTOI0 THUX CaMHUX KpYy-
TUJIBHUX Tepe3iB, sskuMu ['eHpi KapeHgim BUMIpsIB IpaBiTallliiHy cTaiy.
Ha man. 2 cxeMaTu4HO MOKa3aHO BUJ 3rOpU Ha KPYTUIbHI Tepe3u. SKIo

70 3apsay (p MIJHECTH 3aKpIIJICHUN

3apsq (, TOrO X 3HAKy, TO HUTKA Te- q. @
pe3iB 3aKpPYTUTHCSA HAa KyT «, SIKUM, q & (@ | o
. [ XY :r \\\\*\
K BIJOMO, € MPOMOPUIAHUM JI0 MO- 0, ®
2 o
MeHTy cuid kpydyeHHss M =Dea, ne
Mani. 2

D — Koe(illeHT MOPONOPIIHHOCTI,
AKUHN JJIs1 KOKHOTO TIPUIIANLY € BITOMUM.

Konu MOMEHT cuiii Kpy4eHHS HUTKHU 3PIBHSETHCS 3 MOMEHTOM CHJIM
BIJILITOBXYBaHHS 3apAJiiB, KyJbKa 3yIMUHUTHCS. YMOBa PIBHOCTI IIUX MO-

MEHTIB CHJI
1
- . @ I = D . a_
472'50 r
3 111€1 pIBHOCT1 OTPUMAEMO:
R
80 = —2 .
4D«

12



VYci BeIMYMHU y TpaBiil 4acTUHI PIBHOCTI MOXHA BUMIPSATH €KCIIEPU-
MEHTAJIBHO.

Tema 3. EekTpuyHe moJie i HOro HANPY KeHiCTh

Di3uuni nonamms

e EjiekTpuuHe moJie — 11e CyOCTaHIlisl, IKa CTBOPIOETHCS €JIEKTPUIHU-
MU 3apsiiaMHu 1 BUSBIISIE ce0e 3a JII€I0 Ha €ISKTPUYHMM 3apsi/l.

Sk 6aunmo, 3aps € BOAHOYAC 1 JHKEPEIOM I10JIs, 1 TUM IHCTPYMEHTOM,
KWW BUSBJISIE IPUCYTHICTh €JIEKTPUYHOTO TTOJIS.

e [IpoOHmMii 3apsa — 11€ TO3UTUBHUN TOUYKOBUH 3apsifl, IKUH CIYKUTh
JU1s1 BUSIBJICHHS T4 BUMIPIOBAHHS €JIEKTPUYHOTO TTOJIS.

OdyeBUHO, 10 peaTbHUM MPOOHMI 3apsid, KpIM TyXe MalluX po3Mi-
piB, MIOBUHEH MATH 1 Ay’K€ Maly BEJIMYHHY, 00 1HAKIIE, OYIy4H JKEpesioM
1€ OJTHOTO TOJIsl, BIH CHOTBOPIOBATUME JOCIIII)KYBaHE MOJIE.

o JliHisi HANIPYKEHOCTI eJIEKTPUYHOIO MOJIA (YU CUJIO0BA JiHIA) — 11e
JIHISA Y KOXKHIMA TOYI SIKOT BEKTOP HAMPY>KEHOCT1 MOJIS JOTHUYHHUM A0 1€l
JIiHi1, 200, 1HaKIIIe, — 11 JIIHis, B3JI0BXK SKOI PyXa€ThCs MPOOHMUH 3apsi, Ha
KWW HE MII0Th KOJIHI CUJIU, KPIM CUJI €JIEKTPUYHOTO TOJIS.

Dizuyni eeruyunu

e Hanpy:kxeHicTh eJIEKTPUYHOI0 MOJISI B 3aJaHid TOYLI MPOCTOPY
— 1I€ BIAHOILIECHHS CWJIW, SIKa Ji€ 3 OOKYy IbOro MOJIsI Ha MPOOHUM 3apsij,

TOMIIIICHHUH B IO TOYKY JI0 BEJTUYHHHM IIHOTO 3apsay (MMo3HaueHHs F )

3 IbOTO O3HAYEHHS 0auMuMO, 110 OCKUIBKH CHJIa € BEKTOPOM, TO 1 Ha-
NPY>XEHICTh € BEKTOpoM. Kpim Toro BekTtop E CHpPSAMOBaHHMI TYIH K,

Ky 1 BEKTOp F.

13



3aoaui

(6) 3naiimemMo 3apsa eJeKTPOHA B XOAi MUCJIEHHEBO NMPOBEIEHOr0 10-

cainy Mijnikena (1909 p).

Ines mocnixy MisikeHa mojsirae B TOMY, 1100 3HAWTH B
3MiHY 3apsiy MOIMEPEeIHbO 3aPSKEHOT Kparuli 0JIMBU B HO- T Fon
HI30BaHOMY IOBITPI. =

JIJ1s1 1bOTO CIOYATKy BUMIPSEMO 3apsjl KparJil B 3BU- e
YallHOMY MOBITP1 (, a MOTIM — B HOHI30BAHOMY q' :

{06 BUMIpSATH 3apsij Kparuil, CIi[ BUMIPSITH Koeii- -
€HT OMOPY IPHU pycCl Kparull B MOBITPI 32 BIIOMOIO METO- \
JTUKOIO. Mau. 3

Ha xparutio, sika nmajgae y noBiTpi, Ail0OTh TPU CHIIH: CHU-
Ja TsoKIHHS Mg, cuna Apximena F,=pgV T1a cuna onopy mnosiTps
F, =rv, ne r — koediuieHt onopy (maiu. 3). JIBi nepiun 3 HUX CHJI IOC-
TIAHI 1 JJUIIE TPETS 3pOCTa€ 31 30UIBLICHHSIM IIBUJKOCTI, TOMY B MIpY il
30UIbIIIEHHS OyJie 3pOCTaTH 1 cuiia onopy. Yepes MeBHUM Yac MicJisl oyar-
Ky TaJIHHS 151 CUJIa Pa3oM 13 CUJIOK ApxiMena, Kl JiF0Th Bropy, 3piBHO-
BaXKaTh CHJIy TSDKIHHS 1 pyX mepeiae B piB-

HOMlpHI/Iﬁ + 4+ 4+ 4+ 4+ 4+ 4+ 4
qE
FA + Fon =mg,
Fa
abo . (—5_}
\ FOI’l
AV +rvo=mg, mg
3BIJIKM 3HAXOJIUMO KOE(DIIIEHT OMOPY - - - - - = — -
Mar. 4.
mg — pgV
r="9 A% 1)
v

14



Jani 3poOuMo Takuili caMuil €KCIIEPUMEHT, aJie B €JICKTPUYHOMY TOJII,
HampsMJieHOMY BHH3. Temep HEraTMBHO 3apskKeHa Kparuisl Oyjae pyxa-
TUCSI PIBHOMIPHO Bropy 3i mBHUAKICTIO u (Main. 4). HanuimemMo OCHOBHE
PIBHSHHS JUHAMIKH 1 JIJIs IbOTO BUITAIKY

gE + o9V =mg + ru.

3 wmi€ei piBHOCTI Ta piBHOCTI (1), BpaxoByroun, mo m= pgV, ne pg —

I'yCTHUHA OJIMBH, JIICTAHEMO
Vv u
q= gE(Po - ,0)(1+ —j-
v

VYci BeMuMHYU B MIPaBiil YaCTHHI I[1€i PIBHOCTI IOCUTH JIETKO BUMIPIO-
IOThCSI €KCIIEPUMEHTAIIBHO.

Jani ciig WOHI3yBaTH OPOCTIp MiX IUIACTUHAMH SIKUMOCH HOHI3aTO-
pOM, Hampukiaa, X-MpOMEHSIMH, MPOBECTU TAKUN CAMHIl €KCIEPUMEHT 1

3HOBY 3a Ti€l0 X (HOPMYJIOK OOYMCIUTH 3apsa (. 3ayBakumo, 110 1 B

NEepIIOMY 1 B APYroMy BHUIIAJIKaX 3apsiji CJiJl YCEPEIHIOBATH 33 BEIUKOIO
KUIBKICTIO Kparmelb. Tenep MOXHa NEePeKOHATUCS, IO 3MiHa 3apsay Kpari-

0—19

71 AQ CTaHOBUTS ITiJIe YKCIo 3apsiaiB 1,6-1 Ki1, To6TO

AQ = (1,6 1071 K/z)n =en,
JIe n — IJIE YUCIIO.

(7) Ha ocHOBi 03HAYeHHSI HANIPY’KE€HOCTi €JIEKTPUYHOIO0 TOJIsI TA 3aK0-
Hy KyjioHa ycTaHOBMMO BHPA3 /ISl HANPYKEHOCTI MOJIA TOYKOBOT0
3apsay.

Hexaii mone cTBOpeHe TOUYKOBUM 3apsAaoM (. AKIIo B i€ MOJIE BHECTH

npoOHUM 3apsan (g, TO HA HBOTO 3 OOKY moJs AisituMe cuna F =(qgE. Ane

15



1 CWJIa — 1I€ CWJIa KYJIOHIBCBKOI B3a€MOJIT MIX 3apsiaamMu ( Ta (g, TOMY

—

3riJiHO 3 3akoHOM KyrnoHa mifctaBumo 3a F BHpa3 IbOTO 3aKOHY

g-F_1 1 4%y
Qo Jo 47g r

OTrxe,

abo

a BEJIMYMHA HAIIPYKEHOCTI

E=-—9_
Argyr

(8) YcTaHoBUMO KapTHHY CHJIOBHX JIiHIH MOJIsI TOYKOBOTO 3apsiy.

Hexait neit 3apsan no3utuBHui. Po3mictu-
MO Oyzb - ne nmpoOHuii 3apsin gy (man. 5). Han-
PY>XEHICTh TOJISI B 111M TOYII : y

E E’ .\qo E
Jo

—

Man. 5

ne F — cuia, sika gie 3 OOKy moJig 3apsty ( Ha

—_

3apsan (. Ane F — 1e cuiia B3aeMOZll MK IIUMH 3aps/iaMy, 1 32 3aKOHOM

Kynona BoHa crpsiMoBaHa B3JIOBXK MPSMOI, 110 MPOXOJIUTH uepe3 Il JBa

16



—

3apsiAu. A OCKUIbKM BEKTOp E oTpumanuii nineHHsM Bektopa F Ha mo-

JATHIN CKaJsip, TO BIH HaNpaBJeHUM TyAu XK, Kyau 1 Bektop F. Takwuii ca-
MU pe3yabTat OyJie B Oyab-sKil 1HIIH ToYIll mpocTtopy. OTxe, moje To4-
KOBOT'O 3apsiy pajiajibHe.

(9) Moxazkemo, IO TYCTOTA JIiHIH HANPYKEHOCTi eJIEKTPUYHOTO MOJIS
TOYKOBOI'0 3apsily B MEeBHil 00J1aCTi MPOCTOPY BKA3y€ HA BeJIMYHU-
HY HANPYKEHOCTi eJIEKTPUYHOIO MOJIA B Li 00J1aCTI.

3 BUpaszy JJId HAPY>KEHOCT1 MOJISI TOYKOBOTO 3apsiy BUILIMBAE, IO
BOHA 3aJICKUTh JIMILIE BiJ BiJACTaH1 BiJ 3apsay, TOOTO € BCIOJM OJHAKOBA
Ha cdepi paaiycom r. [IpencraBumo 11eii Bupas Tax:

e-_ 49 _ @G
Argyr

ne S — mioma chepu paaiycom I,
I ycmoma cunosux niniti — 11€ KUIBKICTh CHJIOBUX JIIHIM HAa OJWHUIIIO
IUIOLLI TOBEPXH1, HOPMAJIBHOI 10 IUX CUJIOBUX JIIHIM

N N

n=—= :
S, S-cosa

[lincraBuBIIKM S 3 ILOTO BUpaA3y B OCTaHHIN Bupas 1 E, mictanemo

EZQ'COSCZn,
€O'N

3BIJIKM 0a4MMO, 110 BEJIMYMHA HAIIPY>KEHOCTI MPOIOpIIiiiHa 10 I'YCTOTH CH-
JIOBUX JIiHIA n, TOOTO, TaM A€ OuIbIlla TYCTOTa CUJIOBHUX JIHINA, TaM 1 Oi-
JbIIa HAIPYKEHICTh MOJIS.

3ayBa)KMMO, 110 JJISI BUIAJKY IMMOJII TOYKOBOTO 3apsiAy 1€ BUCHOBOK
HE Ma€ 3HA4YHOI I[IHHOCTI, 00 3 aHAJITUYHOTO BHUpPa3y 1 TaK BHUIHO, IO
OMmK4Ye 110 3apsay, TO cuibHIIIE rojie. [IpoTe B TMX BUMaakax, e HEMae

17



aHATITUYHOTO BUpa3y JIJIs BEIMUYMHU BeKTOpa E, 1el MeTo1 1ae MOXKIIUBI-
CTh Ha OCHOBI I'padiyHOT KAPTUHU CUJIOBUX JIIHIM MOPIBHATH HANPY KEHI-
CTb MOJISI B PI3HUX 00JaCTAX 1IBOTO OIS,

Tema 4. IIpuHIUn Cynepno3uii eJIEKTPUYHUX MOJIIB

Ilocmynamu

» [IpuHoun cynepno3uuii eJJeKTPUYHUX MOJIB: CUCTEMa TOYKOBUX
3apsiAiB CTBOPIOE Y KOXKHIN TOYIll MPOCTOPY TOJIE, HANPYKEHICTh SKOTO
JOPIBHIOE CyM1 HAMPY>KEHOCTEN, CTBOPEHUX KOKHUM 13 IIUX 3apsi/IiB

n
E = ZE,-.
i=1
3aoaui

(10) BkaxxeMo Ha MeTO] 3HAXOIKEHHSI HANPYKEHOCTi eJIeKTPUIHOTIO
NMOJIsl 3apsiI’KEHOr0 Tijia, sike He MOKHA BBAKATH TOYKOBUM
3apAI0M.

bynp-ske 3apsAlKeHe TUIO NPEACTABUMO SIK CUCTEMY HECKIHUEHHOI
KIJTBKOCTI HECKIHYCHHO OJIM3BKHMX OJWH JI0 OJHOr0, HECKIHUEHHO MajnuX
TOYKOBHX 3apsaiB BenumuuHO dg. OueBUAHO, IO KOXKEH 3 IUX 3apsIiB
OyJe CTBOpIOBAaTHM B TEBHIM TOYLI MPOCTOPY HECKIHUEHHO Majie eJeK-

TPUYHE T10JI€ HAMPYKEHICTIO:

3riIHO 3 IPUHIUIIOM CYIEPIO3UIlii, HAPY>KEHICTh €IEKTPUYHOTO MO-
a5y 1l Touni Oyjie MOpIBHIOBAaTH CyMi 3rajlaHux HampyxeHocteil. Oue-
BUJIHO, 10 MU MA€EMO CIIPaBy 3 CyMOIO HECKIHYEHHOI KUIBKOCTI HECKIH-
YEHHO MaJiMX BEJIMYHH. A 1€ € He 10 iHIe, K iHTerpai. OTxe,

18



E:jdE:jkf_g, E:kjf_gf.

3 i€l hopmynu 6a4UMO, 110 IHTETPYBAHHS CII1J] MPOBECTH MO BCHOMY
3apsaay TUIa, 10 Ba)XXKO 3pOOUTH MPaKTHUYHO. TOMy BiJ 1HTETpYyBaHHS 3a
3aps/IoM MEepPenIeMo 10 IHTerpyBaHHA 3a 00’ eMoM. {71 IbOTO 3aCTOCYEMO

dg

MOHATTSI 00’ €MHOI TYCTHHHU 3apsify O = v Hictanemo

E’:kj%ﬁ

TOOTO, TPUHIMIIOBO MU MOXEMO OOYMCIUTH HANPYXKEHICTh MOJIsA, CTBO-
peHy OyIb SIKUM 3apsIIKEHUM T1I0M.

(11) YcranoBuMO BHpa3 JJisi HANPY’KEHOCTi €JIeKTPHUYHOIO TOJIA PiB-
HOMIPHO 32pPSI/IZKEHOr0 Kiibls paaiycoM R i JIiHIHHOI T'yCTHHOIO
3apsiay /A Ha oci KUibId Ha BincTani L Bix iloro nenrpy.

3riIH0O 3 TMPUHITUIIOM CYHEPIO3UINi

E:Idﬁ. Po3kiiazieMo BEKTOp dE mHa IIB1 y _

CKJIaZ0B1 (MaJ. 6):

dE =dE, i+ dEy].
Tomi:

E=ifdE, +][dE,.

3 MadroHKa 0aunMo, IO IUII KOXKHOIO Mau. 6

BekTOpa dE, 3HAWIETHCS O HBOTO IMPOTH-

JTeKHUU 1 TaKMM YUHOM CyMa BCiX X—OBHX CKJIaJoBUX BekTopa dE
JOPIBHIOE HYJIEBI, TOOTO

19



3amaya cripocTriiacs i

SIk BUIHO 3 MaJIIOHKa
dEy =dEcose,

TOMY

E =]jdEcosa :]jk(:—gcosa.

Bpaxosytoun, mo dq = Adl, ne dl — enemenT nOBXHMHM KiJIBLIA, MAEMO

—

|
E :]JKL(ZHCOSa.
5 T

OTtxe, iHTerpyBaHHs Oyae ¥Wtm mo Bciii momxkwHi Kutelld | (I y Hac
BOJHOYAC 3MIHHA IHTETPYBAHHS 1 IOBKHUHA KIJIbLIA).

[I[o6 oOGuucauTu 1eH 1HTErpall, CJiJi KOXHY BEJIMUYMHY y MiTiHTErpa-
JHHOMY BUpa3i MojaTw uepe3 3MiHHY iHTerpyBaHHs | abo BHHecTH 3a 3HaK
iHTEeTrpaia, SKIo BoHa He 3ainekuTh Bif | . [1o 1 3pooumo:

|
E= kizcosaj‘dl = kizlcosa.
r r
0

[IpencraBuMo Tenep BCI 11 BETUYUHU Yepe3 BIIOMI

20



A 1 L-27R ALR

Argy R2+12 Jp2.12 3
° AL g (R2+12)
I nnst BEKTOpa E
E_ ALR ' ]
260(R2 + 122

OcraHHs PIBHICTh TOBOPUTH MPO TE, 110 IIyKaHAa HAMU HANPY>KEHICTh
CJICKTPUYHOTO TIOJISI — II€ BEKTOP, CIPSIMOBAHUN B3JIOBXK OCI ), BEIUYMHA

SAKOI'O

£ ALR

260(R2 + Lz)z |

a00 OCKUIbKM KiJIbII€ PIBHOMIPHO 3apsKCHE, 3aMIHMBIIN A :%:%,
OTPUMAEMO
_ qL
E= 7
260(R2 + 122

(12) 3uaiizemo BuUpa3 AJs HANPYKEHOCTI

mi

MOJII PIBHOMIPHO 3apsiI’KEHOr0 II0-
BEPXHEBOIO I'YCTHHOIO 3apsily O JAUCKA Td
paaiycom R Ha oci aumcka Ha BiACTaHI

L Bix ioro menTpa.

Po3ainmumo JUCK Ha HECKIHYEHHY KIJIbKi- o

CThb KUJICIb 1 CKOPUCTAEMOCS PE3YJIbTATOM I10-
nepennboi 3agaui. OaHe 3 TaKUX KiJlelb TOB-
muHOo0 dr 1 pamiycoM I MOKa3aHO Ha Maj. 7. Maun. 7

21



OcK11bpKH HWOTr0 TOBIIMHA HECKIHYEHHO Malia, TO Ha HbOMY PO3MIILICHUN

HECKIHUECHHO Majuii 3apsan dg. Tomy HampyKeHICThb MOJIS, SIKy BOHO CTBO-

PIOE B TOYUII HA OC1 KUIBIIA, 3T1THO 3 PE3YyJbTaTOM MONEPEIHBOI 3a/1aul, €

Ldq

E= 3

20 (rz + L2 )2

3BEpHITH yBary, 110 3aMiCTh CTAJIOr0 pajiyca Kbl R MiJCTaBJICHO
paziyc I Oyab-sSKoro KUIbIl (R Terep y Hac € pajilycoM JMCKa).
Bupaszumo dg yepe3 noBepxHEBY I'yCTUHY 3apsny. Jlicranemo

dE — LodS

Argy <r2 + 12 )2 |

ne dS — mIoma BUOIIEHOr0 HECKIHYEHHO MaJIOro Kinpls. OueBHUIHO, IO
dS = 2zrdr, Tomy Maemo

dE — Lordr .
Zgo(rz + L2)2
[HTEerpyemo
E_K Lordr Lo d(r2+L2)_
_J. § - 280 3
0 265(r2 + 12 )2 09(r2 + 12
_ Lo 1 \R:La 11
260 \Jr2 2], 260l r2402
OcraTtouHno,
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E—G(l— L ]
260\ Ar?+12

(13) 3naiizeMo cepeaHE 3HAYEHHSI HANMPY/KEHOCTi €JIEKTPUYHOIO TOJIS
TOYKOBOI0 3apsily B Me:KaX MaiJaH4YMKa y BUIVISIAI JUCKA, KO
3aps/l € HA OCi HbOI0 JUCKA.

Mamemamuunuu  8iocmyn:  CEpEIHE
3Ha4YCeHHS (YHKIII. ()
Hawm cnig oOuuciuTy cepeHe 3HA4YCH-
Hs QyHkii Ha npoMikky [a, b]. OdyeBuaHo,

10 HAOMKEHO 1€ MOXHa 3pOoOUTH, PO3i-

JIMBIIH 1I€M MPOMIKOK Ha # MPOMIXKKIB IIIH-
puHo AX (Mman. 8). Tomi

- f(x )+ f(Xp)F ot f(xn).

a—bh Mai. 8

a00 mpeaCTaBUBIIU N =
AX

o F0)+ f0)+ ot (%) 2 Zn:f(xi)Ax.

a—b) ~|a-bl4

[Ipu N —> oo (mpu nboMy AX — 0) cyma mepexoauTh B iHTErpas 1 fi-
CTAaEMO TOUYHY HOPMYITy

b
3 1
f =——| f(x)dx.
\a—b\.‘- (ax
a

IToBepHemocs 10 Hamoi 3aj1a4i (Maj. 9). 3 MipKyBaHb CUMETPIi MOXKe-
MO 3pOOHTH BUCHOBOK, IO CEPEIHE 3HAUSHHS HAMMPYKEHOCTI OIS B3J0BXK
OyIb-SIKOTO pajilyca JHUCKa OJHAKOBE 1 TOMY JOPIBHIOE CEPEIHHLOMY 3Ha-
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YEHHIO Ha BChbOMY IHUCKY. OT)Ke, HaM JIOCUTh OOYHCIUTH CEPEaHE 3HAUCH-
HS B3JIOBXK OyJb-SIKOTO pajiiyca

R
R ; 47rgor 47r£OR .
R R
. q dx g J- dx >
- 2 2 2 2 B
472'80R0X +L° 4rgRL 0(xj 1
L
R |
__ 9 arctg X__ 9 arctg R :
4reyRL Llg 4mgRL L i
OcratouHo,
o
E:Larctg E Mau. 9.
47 RL L

Tema 5. /Tunouanb

Di3uyHi noHammsi
elliieue auMmoOJsi — BEKTOp, NMPOBEJACHUM BIJ HETaTUBHOTO 3apsiiay
JTATIONISE 10 MTO3UTUBHOTO (IMMO3HAYCHHS i).
o KopcTKMil AMNOJIb — JUTIOJIb, TUIEYE AKOTO 3aJIUIIAETHCA CTAIINM.
eToukoBMIl AMIOJAbL — JMIOJb, IJICUE SKOTO 3HAYHO MEHIIE 3a

B1JICTAHb B1JI IMIIOJIS 10 TOYKH CIIOCTEPEKECHHS.

Dizuyni eeruyunu

o JIMNOJIbHUA MOMEHT — 1€ JTOOYTOK OJHOTIO 13 3apsjiB AUIIOJS Ha

fioro rieue (MO3HAYCHHS p )

A
Il
=2,

Dizuuni cucmemu 1 npUIAOU
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.I[I/IHOJII) — ¢ CUCTCMaA JIBOX OJHAKOBHUX 34 BCIMYHMHOIO Ta IIPOTHU-
JICKHHUX 3a 3HAKOM TOYKOBUX 3ap>miB.

3aoaui

(14) YcranoBuMO, SIKHIi CTaH 3aiiMe BiJIbHUH THNOJIb, AKUi MOTPANUB

B O}]HOpi}]He CJICKTPUYHE IT0JIC.

ITixg BiTbHUM JIUIOJIEM OYEBHIHO PO- N
3yMi€EMO BiJIbHE TiJI0, TOOTO TillO, Ha SIKE F ;‘,&?/
HE JIIFOTh >KOJIHI CHIIH. ]

Ha xoxeH 13 3aps/iB QU0 1€ CH- / -
na BennuuHor F =qE. Hanpsmu nmx +q % E
CUJI pOTUIekKH1. OCKUIBKHU JUIOIb KOpP- I
CTKHH, TO Il CHJIH CIPUINHSIOTh BUHHK- Mai. 10

HCHHA MOMCHTY IIapH CHUJI:

BCJIIMYMHA AKOT'O

M =qElsina = pE sin«,

e a — Kyt Mixk Bektopamu | 1 E. 3 mai. 10 6aurmo, 1110 JUIIOJIb TTOBEPTa-
TUMETHCS JIOTHU, JIOKU KYT « HE JOPIBHIOBATUME HYJIEBi1, TOOTO JUIIOJb
PO3TAIIYETHCS TaK, 0 MOTO JUMOJBHUN MOMEHT Oyjie MapayiebHUM 10

—

BekTopa E. Ilicis niboro Ha 3apsia + (| Oyjae a1t cujia BeauunHow (E B
HaAIPsAMKY CHJIOBHX JIiHIN, a Ha 3apsa —( — Taka X CHjia IPOTH CHIIOBUX

JHIM, TOOTO ToJIe OyJie HamaraTucs po3ipBaT AUNOJNb (TOAl SIK piBHO M-
HA CWja Ha JUIIOJb 3arajioM JOPIBHIOE HYJIEBI, 110 O3HA4a€, M0 JUIMOIb
OyJie B CTaH1 CIIOKOIO).
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(15) YcranoBuMoO BHPA3 IS HANIPYKEHOCTi €JIEKTPUYHOTO TOJISI TOY-

KOBOI'0 JUIOJIA 3 IuledeM | B TO4YNI HA BiJACTaHi I' BiI cepeanHH
mjie4a JUMoJisi, IKy BUAHO il KYyTOM « 10 IJje4a JUIoJIsi.

3riIHO 3 MPUHLMUIIOM CYNEPIO3UILT EIEKTPUIHUX MOIiB (Mai. 11)
E=E1+E>, (1)

ne E1 — HanmpyskeHICTb MoJs B MEBHINM TOYIll, CTBOpPEHa 3apsaoMm +(, E2 —
HAIPY>KEHICTh TOJISI B 111} K€ TOUIll CTBOpPEHA 3apsiioM — (.

3 man. 11 6aummo, mo 3rigHoO 3
GbopMyII0I0 HAMPYKEHOCTI TOYKOBOTO

3apsany

Ei=kh h Ep= k%E (2)
r1 )

7€ 3HaK «—» BKa3ye Ha Te€, 110 BIIO-

BIJIHUMA 3apsiji HETaTUBHUM 1 BEKTOPH

I, 1 £, € IpOTUJIEKHO HANPSMIICHI.

—_—

Bupasumo BekTopu I 1 I, 4epes

H
q
Ql
N
Il
-
I
Q|

(3)

a TaKOX JOBXXMHM BEKTOPIB I i I, dYepe3 NOBXKHHM BEKTOpiB I i d

(BpaxoByrouH, mo d <<r):
r-r,=dcose, h—r=dcose,

3BIIKHU
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r,=r—dcosa, h=r+dcosa. (4)

[ToBepratounch 110 piBHOCTI (1) 1 miacTaBiusitoun B Hel (2), (3) 1 (4),
MaTHUMEMO

— kg r-d  r+d _
(r+dcosa) (r-dcosa)®

— —_ — —

kq r—d r+d

3 3 3
' (1+Cr1005aj (1—?00505}

IligHsBIIM BUpa3u B 3HAMEHHUKax 10 KyOy W 3HEXTYBaBIIM J0JaH-

2 3

. : : d
KaMH, AK1 MICTATb MaJll ITIOPIBHAHO 3 OJUMHHUIOCIKO BCIIMYUHHA (—j Ta (— )
r r

ICTAaHEMO:

o kg i-d _ r+d
r.3

1+ 39c03a 1—3900305
r r

2
. . . d .
3BIBIIIM J0 CHIJLHOTO 3HAMEHHUKA, sikuii Oyne 1—-| 3—cosa | =1, mi-
r

CTaHCMO

r r

E= k—g((l—?ﬂcos aj(? —H)—(H 39cos aj(? + a)j
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>

[Ticns mepeTBOpeHb 1 BpaxyBaBIH, o d = EI

E zm(i—3lCOSaFj,

r r
1
a00, BpaxyBaBIIH, 1[0 K = ——
Argy
— q . I .
E=——| I-3-cosar |. (4)
Argyr r

3Haiizemo 1ie Bupas3 s MoyJis BeKTopa k.

2 2 2 2
E=Ey+E) = (k_g) (IX—BIFcosarxj +(%) (Iy—3%cosaryj =

r

" 2 .
:r_g\/(l -3l cos? a) +(3lcosasina) .

[Tlicns mepeTBOpPEHHS IICTAHEMO

E :q—|3\/1+3cosza. (5)
Argyr

Dopmynu (4) i (5) 3a1a10Th HANpPSAM 1 BETMYUHY BEKTOpa E B OYb-
AK1A TOYIll IPOCTOPY.

(16) IMokaxemo, 0 B HEOAHOPITHOMY €JEKTPHUYHOMY TOJi BijbHUI
AMIOJIb He Oy/e B CTaHI CIOKOI0 (HA BIAMIHY BiJl BUIIAJAKY OJHO-
PiAHOTO MOJIsL, /i€ QUIO0JIb € B CTAHI CIIOKOI0), 2 PYXaTUMEThCH B
HanpsiMi 3pOCTAHHS MOJIA.

OueBUAHO, IO SIK TIABKU JAUIOJb MOTPANUTE B EICKTPUYHE IMOJIe, BIH
PO3TAIIY€ETHCS B3J0OBXK OJHIET 13 1OTO CHJIOBHUX JIIHIN Tak, 110 HOTro JUIIO-
JHLHUNA MOMEHT Oyie mapayiesibHuii 10 Hei (Man. 12).
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bins 3apsigy — ( HanpyKeHICTh €JIEKTPUYHOTO MOJIs OibIla, HIXK OIS
3apsiay + (, 00 Tam Ouibllia rycTOTa CHJIOBUX JIiHIN. ToMy piBHOIMHA CU-
na

F=F ~F, =qE-q(E - 4E)=0q4E, E

ne AE — 3MiHa Hampy»XEHOCT1 TMOJs Ha Bij- /
crani |. IlpemctaBumMo 1m0 3MiHY Tak: _ i =

. 1
AE =NdE, ne dE — myxe Mana 3MiHa BeEJIH- Fp< Ry 38] -

yuHU BekTopa E, sika BinOyBaeThcs Ha Mamii \

Bigctani OX. Toxl B3sABIIM [0 yBaru, IO
N =1/dx, maemo Mau. 12

dE
F=qg—I.
qu

Otxe, pIBHOJIMHA CUJIa, KA JII€ HA JIUMOJb, HE JOPIBHIOE HYJIEBI, 1
JIATIOJIb OyJie pyXaTucs Y HalPSMKY 3pOCTaHHS MOJIS.

(17) IMosicHuMoO SIBHIINEe MPUTSATAHHS APIOHUX YACTHHOK 10 HaeleK-
TPU30BAHUX TLI.

Hanpuknan, e MOXXyTh OyTH IIMAaTOYKH MAnepy, skl MPUTATal0ThCs
710 HACJIEKTPU30BAHOI MJIACTMACOBOI KYyJIbKOBOI pydku a00 MUJI 10 €KpaHa
TeJIeB130pa.

B enekTpuyHOMY TOJII HAEIEKTPU30BAHOIO Tija MaJEHbKI YACTHUHKH
CTaIOTh JUIOJSIMU (MOJISIPU3YIOTHCA), & OCKUIBKH 1€ TT0JI€ HEOJHOPIAHE, TO
K MM BXK€ 3’SICyBajid, TO BOHU PyXaloThCsl y OIK MOro 3pocTaHHs, TOOTO
70 T1JIa.

(18) IosicHUMO MPUHIIAN POOOTH HOHHOI0 MiKPOCKOIA.
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VYV kamepi (Mai. 13) CTBOPIOIOTH BHCOKHM BaKyyM, a MiX 3pa3KoM 1
CTIHKOIO KaMepH MPUKJIAJIat0Th BUCOKY Harpyry. [loTiM B kamepy 3amyc-
KalOTh aTOMU T'eJIII0 YU HEOHY. Y CUJIbHO-
My EJIEKTPUYHOMY TIOJi aTOMH CTaroTh
JTUIOJISIMUA 1 BHACJIJIOK HEOJIHOPIAHOCTI
IOI'0 TIOJISI PyXaroThbCsi B OiK #loro 3po-
CTaHHs, TOOTO J10 3pa3ka. bins moepxHi

3pa3Ka I0JI€ CTa€ HACTIJIbKU CUJIBHUM, 110
BOHO MOHI3y€ aTOM, BIJIIpBaBIIU BiJ] HbO-

ro eJekTpoH. ITo3uTuBHI oHU Temito (uu
HEOHY) PYXalThCs A0 €KpaHa JaloyuM Ha
HbOMY 300paKEHHS 3pa3Ka.

Tema 6. IloTik eJIeKTPUYHOI IHYKIIIL.
Teopema Octporpaacskoro —I'ayca

Dizuyni eeruyunu

e EjlekTpHYHA IHAYKIIA — 1€ BEKTOP
D= 200 E.

e [loTik ejleKTPUYHOI iHAYKUIII OXHOPIIHOIO €JECKTPUYHOIO IOJIS
yepe3 IJI0CKY MOBEPXHI0 — 1€ CKAISIPHUN T00YTOK BEKTOPa €IEKTPUUHOT
IHIYKIII Ha TUIONIY IIi€l MOBEpXHi (TO3HAYEHHS

Pp)
e s
@ =DS =DS cosa =D,S,
- D

L - 5 . N o

e S=3SN, 1e N — OOWHUYHUN BEKTOp HOpMai >/
. a

10 noBepxHi (man. 14).

AHQJIOTIYHO O3HAYA€ETHCS MOTIK HAMPYKEHO-
T1 €JICKTPUYHOTO TOJIS.
CT1 CHICKTIPHAHROTO 110 Mai. 14
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3aoaui

(19) Ha ocHOBi 03HAYeHHS MOTOKY €JIEKTPHYHOI iHAYKIIii 0 THOPiTHOTO
oJIsl Yepe3 IUVIOCKY IMOBEPXHIO BUBeAeMO (OpPMYJY sl MOTOKY
CJICKTPUYHOI IHAYKUIL OyAb-KOI0 M0JIA Yepe3 0yb AKY OBEPXHIO.

Po3aiuMo 1110 MOBEPXHIO HAa BEJIUKY Kijb-
KICTh HECKIHUCHHO MAaJIMX MOBEPXOHb ILIOIICIO
dS, ski, oueBHIHO, MOKHA BBaXKaTH ILIOCKUMU n
(mam. 15). A
KpiMm TOro, B Mexax i€l MOBEpPXHI MOJIE
MOYKHa BBa)KaTH OJHOPIAHUM. TakuM 4MHOM J0
111€] HECKIHYEHHO MaJiol MOBEPXHI MOKHA 3aCTO-

) Mau. 15
CyBaTH O3HAYCHHS IOTOKY OJHOPITHOTO IIOJIS

yepes MI0CKY MOBEPXHIO

E
OueBUAHO, IO TOTIK YE€pe3 BCIO
NOBEpPXHIO Oye IOpPIBHIOBAaTH CyMi
NOTOKIB Uepe3 BCl MOBEPXHI MIOUICIO
dS. Tomy

S

3 1bOr0 BUBEJCHHS BUIUIMBAE TAKOX BUCHOBOK MPO TE, IO MOTOKH
MOXXHa JI0JjaBaTH, TOOTO OCKUIbKM IUIOLIA MOBEPXHI S JOPIBHIOE CyMi
TUTOL CKJIAJIOBUX MOBEPXOHB, TO MOTIK Yepe3 IO MOBEPXHIO JOPIBHIOE Cy-

M1 TIOTOKIB 4epe3 11 CKJIaloB1 MOBEpXHI: @ =D + D, + ...+ Dy, (mai. 16).
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(20) ToBenemo, mo moTiKk iHAYKIII eJIEKTPHYHOTO MOJIsI Yepe3 MeBHY
NMOBEPXHI0 NMPONOPUWIHHUN 0 KIJIBKOCTI CHJIOBHMX JIiHiH, fAKi Ti
NPOHU3YKOTh.

JInst TOBEIEHHSI CKOPUCTAEMOCH TUM (DaKTOM, 1[0 BEJIMYMHA BEKTOpA
CJICKTPUYHOI 1HAYKIIIT IPONOPIliiHA 10 T'YCTOTH CUJIOBUX JIiHIN (3a7a4a 8),
to6TO0 D ~ n.

3riIHO 3 O3HAYEHHSIM IMOTOKY, MPOMOPILINHICTIO MK D 1 n Ta O3Ha-

YEHHSIM TYCTOTH CUJIOBHUX JIIHINA, MAa€EMO:

Dp :IDCOSadS ~jncosad8 =J‘dsi%c05ad8 :IdN =N.
S S S

OTtxe,
@D -~ N,

10 03HAYaE, N[0 KUIbKICTh CUJIOBUX JI1HIH, SIKI TPOHU3YIOTH LII0 TOBEPXHIO,
BKa3y€ Ha BEIIMUMHY MOTOKY €JIEKTPUYHOI IHAYKIII yepe3 Hel. 3raaaiiMo,
10 B riJipoacpoAuHaMIIll € TOAI0HA CUTYalllsl: TYCTOTa JIIHIA MOTOKY BKa-
3y€ Ha BHUJAKICTh MMOTOKY, a KUIBKICTb JIIHIN MOTOKY — Ha BEJIMYMUHY MOTO-
Ky, SKa JIOPIBHIOE 00’ €My PIAMHU YU rasy, 0 NepeTHHAE eBHUMN mepepis

3da OAWHHUIIIO HaCy.

(21) doBenemo Teopemy OcTporpaacbkoro—I'ayca: morik ejJeKTpuIHOI
iHAyKuii Yepe3 0yAb-sIKy 3aMKHEHY NOBEPXHIO JOPiBHIOE 3apsAay,
SIKMH € B 00’ €Mi, 00MeKeHOMY II€I0 MMOBEPXHEI0, TOOTO

Dp =10, (1)

a00, 3aCTOCYBAaBIIM O3HAYEHHS NMOTOKY Ta 00’€MHOI TyCTHHHM
3apsny,

j6d§=jpdv. 2)
S \
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Cnouarky AoBeIeMO IIe JJIT TOYKOBOTO 3apsmy. Oxomumo ioro cde-
PUYHOIO TTOBEPXHEIO 3 IIEHTPOM B MICIII 3HAXO/KEHHA 3apsaay (Man. 17) 1
00YMCIUMO TIOTIK €NIEKTPUYHOI IHIYKIIIT Yepe3 110 chepy.

Dp zjﬁdgszdSCOSaszdSZDS =
S S S

. 4ar? = g.

=& ES = )
47zgor2

Mu Bunecniu D 3a 3Hak iHTerpana

3aBJSIKK TOMY, 110 MOAYJIb BEKTOPA D e

OJIHAKOBUM B YCiX TOYkKax cQepudyHoi

TIOBEPXHI. D
3 man. 17 6auumo, mo yepe3 Oy/b- %

S

Ky TTIOBEpXHIO (HE 000B’A3K0BO chepuu-
HY), IKa OXOIUTIOE 3apsii MPOXOJIUTh TaKa
K cama KIJIbKICTh CUJIOBUX JIIHIM, TOMY 1
MOTIK Yepe3 L0 MOBEPXHIO Oyae Takui

camuii (3amaua 20), TOOTO JOpiBHIO- Man. 17

Batume 3apsany (. Kpim toro, 3 nux mip-

KyBaHb BUILIMBAE, M0 MOTIK 4yepe3 OyAb-iKy 3aMKHEHY MOBEPXHIO HE 3a-
JIEKUTH B1Jl pO3MIILICHHS 3apsy B 00’ €M1, 0OMEKEHOMY I[1€I0 TTOBEPXHEIO.
[le o3Hauae, MO SKIIO € HE OJUH TOYKOBUU 3apsjl, TO MOTIK OyAe AOpiB-
HIOBATH iXHIU cyMi (IHTETpally, SIKIIO X HECKIHYEHHO 0ararto), To0To

@Dszdv.
\Y

(22) IlepeBenemo Teopemy OcTporpaacbkoro—I'ayca 3 iHTerpajbHoi B
au(epeHuiaabHy popmy, TO0TO B Taky (popmy piBHSIHHA, Y AKY 0
BXOAWJIN M epeHIiaIbHI XapaKTePUCTUKH, 0 03HAYAE: XapaK-
TEPUCTUKHU MEBHOI TOYKH MOJIA.
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Oxommmo 3apsn dg, 00’eMHa TyCTHHA SKOTO 0 KyOOM 3 peOpamu
dx, dy, dz, i 3HaligeMo MOTIK €ICKTPUYHOI IHAYKIIT yepe3 mei Kkyo (Mad.
18).

[ToTik uepes miBy rpanb Oyzae piBauii — D,dydz (Minyc Tomy, 1o mpo-
eKILlisl BEKTopa D Ha 30BHINIHIO HOpMaib Bijg emHa). [loTik depe3 mpaBy
rpanb: (D, +dD, )dydz. IToTix yepes 1i ABi rpani

@p =—Dydydz + (D, +dD, )dydz = dD,dydz.

AHaJIOT14HO JJ11 TTOTOKIB Yepes y
HUKHIO — BEPXHIO TpaHi Ta nepes- ;
HIO — 3aJ[HIO 5 D/+0ID
' D
p, = dD,dxdz. NN o
y E dy
&p, =dD,dxdy. R B —
’ dz
IToBHUI TMOTIK 4Yepe3 MOBEpX- dx
HIO Ky0a : Mau. 18

®D :®Dx +@Dy +®Dz =
= dD,dydz + dDdxdz + dD, dxdy.

3a Teopemoro Octporpaacekoro—I ayca

@p =dqg = pdV = pdxdydz.

ITincTaBUBIIM CIOAM 3HAWMAECHUM BUpa3 JJIs MTOTOKY, 1 MOJUIMBILIU JiBY

it mpaBy yactunu Ha dxdydz, gicranemo

dD, , dDy dD,
dx. dy dz
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OueBUAHO, 1110 11€ YaCTUHHI MOX1IHI, TOMY

oD, Dy D,

x oy a U

a00 B3SBIIM J0 yBaru, II0 Taka CyMma IOXIJHHMX BiJl KOOpJUHAT BEKTOpa —
11e TUBEPIreHIlis [IbOI'0 BEKTOPa, MOKEMO HalucaTH

divD = p.
Bpaxysasiu, 110
B = 80E

divE = 'O
50

Tema 7. O0UNCICHHS HANIPYKEHOCTEHN eJICKTPUYHHUX MOJIiB HA
ocHOBi Teopemu Octporpaacskoro—I'ayca

3aoaui

(23) Ha ocnoBi Teopemu OcTporpaacbkoro—I'ayca BcTaAHOBUMO BHPa3
JUISI HATIPY?KEHOCTi eJIEKTPUYHOTO TOJIsI TOUYKOBOTO 3apsiy.

OxomnuMo 3aps1 yABHOI c(hepUyHOIO I0-
BEPXHEIO, sIKa MPOXOJAUTh Yepe3 TOUKY, B SIKiif
MU IIYKA€EMO HaIpPYy>KEHICTh MOJiA. 3HailgemMo
NOTIK EJIEKTPUYHOI IHAYKIII 4epe3 IIfo
MOBEPXHIO.

Dp = IDdS DdS cosa =
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:des - Djds —47r°D.
S

3rinHo 3 Teopemoro Octporpajacbkoro—I'ayca, mpupiBHIEMO OTpHUMa-
HUUW pe3yJIbTaT A0 BEJIUYUHU 3apsay (

Am®D =q,
3BIJIKU
g

D=—-.

Aar®
- D
A nns Bexktopa E =—
€0

E=—d
47r50r2

(24) Ha ocnoBi Teopemu OcTporpaacbkoro—I'ayca BcTaHoBUMO BHpa3
JJIS HANPY’KEHOCTI eJIEKTPUYHOIO NOJIA PIBHOMIPHO 3apsiIzKeHOI
IVIOLIUHU 3 MOBEPXHEBOK I'YCTUHO 3apsAay O.

CnoyaTKy BCTaHOBHMO HaIlpsiM BEKTOpa _
D B goBinbHIN 3amaniil TOUL IPOCTOPY,
TOOTO 3’5ICYyEMO KapTUHY CUJIOBHUX JIIHIN TO-
Js. 3riAHO 3 TMPUHIUMIIOM CYIEPIIO3HUIIIT efe- dD < > dD

KTPUYHHUX TIOIIB, BeKTOp D Oyzae pesynbTa-

TOM jAojaBaHHsS ycix BekTopiB dD, ctBope- ™

HUX HECKIHYEHHO MAaJIMMHU IUISHKAMH ILIO- .- S

muHY. OCKUIBKM IUIONIMHA HECKIHUYEHHA, TO
Wi OyIb-sIKOTO elieKTpuyHoro 3apsmy dq Man. 20

3HAMAEThCS CUMETPUYHUHN, KU a€ MPOTUIICKHY MPOEKIII0 HA TOPU30H-
TanbHy Bich (Man. 20). OTxe, BCl TOpU30HTAJIbHI MPOEKIIl OYyIyTh
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CKOMIICHCOBAaHI1, 3aJIMIIAThCA TUIBKM BEPTUKAIbHI, 110 O3HAYa€, IO JIHIi
THIYKIT €IEKTPUYHOTO MOJIs 1€ MPSIMI MapalieNibH1 A0 IUIOIUHH.

OxonuMMO YacTHUHY IUIONIMHU Tapaliesiemine/ oM, MOBEPXHS SKOTO
IPOXOJUTh Yepe3 3a7aHy Touky (Mai. 21) i1 3HalieMo MOTIK uepe3 Moro
noBepxH0. O4eBUIHO, 110 TOTOKU Yepe3 I'paHi, HOpMaJIbHI JIO0 TUIOIIUHH,
JOPIBHIOIOTH HYJIEB1, 00 KYyT & MiX BEKTOPOM D i HOPMAJLITIO /10 TTOBEPX-
Hi napaneneninesa gopisuioe 90°. 3anMIIAIOTLECA HOTOKH Yepe3 TpaHi, ma-
pasiesibH1 A0 MIOMMHU. 3riIHO 3 TeopeMoto OcTtporpaacskoro—l ayca, Bpa-
XOBYIOYH, 1110 TI0JIE OJJHOPIAHE BCIOJIU HA TpaHi, MAEMO:

2DS =g =08,
S
3BiIKU: I Y A ¥
D=7, S 5
2 Pk e
1 i \ S\ E
E= 2
2&0 Man. 21

3ayBaxkTe, 110 HANPYKEHICTh IMOJIs HECKIHYEHHOI TIJIONMIMHU — 1€ CTa-
JIa BeJIMYMHA, SKa HE 3aJ€KUTh B1J BIACTAHI Bl IUIOIIUHU. SIKIIO IJIOIIH-
Ha OOMEXeHa, TO OYEBHIHO I opmylia MpaBWIbHA TUIBKHU JJISI TOYOK
PO3MIIIEHUX Jy>Ke OJIM3bKO 10 Hel.

(25) Ha ocHoBi Teopemn OcTporpajacskoro—I'ayca BcTaHoBUMO Bupa3
JJISI HATNIPYKEHOCTi eJIEKTPUYHOI0 MOJISI HA NMOBEPXHIi 3apsAaKeHO-
ro NMpoBiTHUKA.

Jns po3B’si3aHHS 111€1 3aJa4l CKOPUCTAEMOCS TUM (akToMm, IO
CJICKTPUYHE TI0JIE€ BCEPEMHI MTPOBITHUKA BIICYTHE (HaJaal MU TOCTaBUMO
nepea co001o 3a1a4y JOBECTH 1IE).
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OueBuaHO, IO JJIs BCIX TOYOK, SKi JIEXKaTh OyKe OJM3BKO J10
MOBEPXHI MPOBIHUKA, POBITHUK MOKHA BBaKaTH HECKIHUEHHOO ILJIOIIH -
HOI0, K01 O hopMu BiH He OyB. OTxKe, 3a7a4a 3BOAUTHCS A0 MONEPEIHbOT
3 TI€IO PI3HULICIO, IO MOJIE ICHYE JIMIIIE T03a MPOBIAHUKOM (Mai. 21).

3a TeopeMoro Octporpajacbkoro—Iayca

DS =08,

3BIAKHA

(26) Ha ocHoBi Teopemn OcTporpaacbkoro—I'ayca BcTaHOBHMO BHpa3
JJIS HANPYKEHOCTi €JIEKTPUYHOI0 MOJIs1 PiBHOMIPHO 3apsizKeHOl

HECKIHYEHHO JOBIOI MPAMOI HUTKH 3 JIIHIHHOK T'YCTHHOIO 3apsiay

A.
a)

3 MIpKyBaHb CUMETpIi, TOAI0OHUX
0 MIpKyBaHb IIOJO MOJISI HE CKiH- \ \

YEHHOI INIOIIMHKY, 3HaxXxO0AWMMO, IO r

BEKTOP €JIEKTPUYHOT IHAYKIII y Oy Ib- .
e . +++ +1++++++ A+ +++
AKIA TOYIl € HOPMAJIBHUM JI0 HUTKHU :

1
1
1
(man. 22, a, 6). OXomUMO YacCTHHY R R L
HUTKU YSIBHUM IUJIIHJIPOM MOBEPXHS

SKOTO MPOXOJHUTh Yepe3 TOUKY B SIKIH

MU IIYKAEMO HAMPYXKEHICTh MOJIS.
3Hal1eMO MOTIK €JIEKTPUYHOI 1H- 5
YK yepe3 e mumnHAp. 3 MaltoH-

Ka BUJHO, IIO MOTIK YE€pe3 OCHOBHU

UJIIHJIpa JIOPIBHIOE HYJIEBI, 00 KyT

MK BekTopamu D 1 N mpsimuii.

[ToTik yepe3 OiUHY MOBEPXHIO
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@y = DS = 22rhD.

Bceepenuni nutiHapa 3HaX0IUTHCS 3apsij
q=4h,

ToMYy 3a Teopemoro Octporpaacekoro—Iayca
27hD = Ah,

3BIIKU

E= A :
2yl

(27) Ha ocHoBi Teopemu OcTtporpaacskoro-I'ayca BcTaHOBUMO BHpPa3

JJIS1 HATIPY’KEHOCTi eJIEKTPUYHOI0 MOJIsI PiBHOMIPHO 3apsiAyKeHOl

chepu.

3 MIpKyBaHb CHUMETpii poOMMO BHCHOBOK, IO BEKTOp D B KOXHIiH

TOYI[l TPOCTOPY 3a c(epor CHpsIMOBaHUUN
pajiiaibHoO.

Hexait Ha cdepi € cymapuuii 3apsg (.
OxonuMo 3apsikeHy cdepy Ie oaHier cde-
poOI0, sIKa TPOXOJIUTH Yepe3 3aJaHy TOUKY (Mall.
23). 3riaHo 3 TeopeMmoro OcTporpaacbkoro—I a-
yca:

DS =q,
47zr2D:q,
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p-—_, E-—4
Ayl

Baunmo, 1110 HaPY>KEHICTh MOJIA chepH 3 3apsAIoM ( Taka Xk, K 1 Hall-

PYKEHICTh TIOJIsI TOYKOBOTO 3apsiy (| MOMIIIIEHOTO B LIEHTPI III€i cepu.

(28) Ha ocHoBi Teopemn OcTporpajacskoro—I'ayca BcTaHoBUMO BHpa3
JJISE HANIPYKEHOCTI eJIEKTPUYHOI0 IO0JIsl PiIBHOMIPHO 3apSA/AKEeHOr0
He CKiHY€eHO JOBIroro HuJIiHapa.

OxonuMo 3apsKEHUN TUIHIP 1€ OJJHUM YSIBHUM LIHJIIHIPOM, IIPOTE
TaKuM, KWW MPOXOJUTh Yepe3 TOUKY, B SIKIA MU IIYKAEMO HANPY>KEHICTh
noJisi. 3 TUX € MIPKYBaHb, 110 1 JJIsl IOl HUTKU, POOMMO BHUCHOBOK, 11O
JiHIT HampyXEHOCTI € TpsAMI HOpPMaJbHI 70 OIYHOI MOBEpPXHI IMJIIHIpA
(mai. 24, a, 6).

OCKUIbKM BCIOM Ha TOBEPXHI YSIBHOTO
HAIIHApPaA TO0JE€ OJHAKOBE 3a BEJIMYMHOKO 1

CIpSIMOBaHE B3JI0BXK HOpMall A0 MWIIHAPA,
TO TOTIK MaTUME HaWMNPOCTIINA BUIJIS

@ =DS 1 3TOHO 3 TEOPEMOIO

Ocrporpancskoro—I ayca
DS =q,
abo
DS =05,

ne ( — 3apsi, KUl € BCcepelMHl YSIBHOTO IIH-

JiHJApa, O — MOBEpPXHEBa I'yCTHHA 3apsay Ha

LUTIHPI, S - moma 6iuHO MIOBEPXHI pe- Mai.24
aJILHOTO LWIIHIpA.
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3 MajroHKa 0a4yuMo, 10 MOTIK Y€PEe3 OCHOBU HITIHApPA JHOPIBHIOE HY-
JIeB1, TOMY OCTaHHS (hopMyJjia HaOyBa€ BUTIISAILY:

D2arh = 627Rh,
3BIAKHA
D= O'E,
r
E= Gi.
gor

(29) loBenemo, mo B 00’€Mi, 00MeKEHOMY 3apsiI?KEHOI0 IOBEPXHEIO,
HANPYKEHICTh eJIEKTPUYHOIO 01 IOPiBHIOE HYJIEBI.

[IpoBenemo BcepeavHI MOBEPXHI YSIBHY IO-
BEPXHIO HECKIHYEHHO OJU3BKO 10 3apsKEHOI
nmoBepxHi (Mai. 25). Y oMy 00’emi Hemae 3apsi-

Il1B, TOMY 3T1JTHO 3 TeopeMoro OcTporpajacbkoro—
["ayca

divD =0,

3BIJIKU:

(30) 3’sicyemo, nJisi po3paxyHKy SIKHX eJeKTPHYHHUX MOJIB MOKHA
epexTUBHO 3acTOocOBYBaTH Teopemy Octporpaacskoro—Iayca.
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ITo-mepiie, o4eBUAHUM € Te, 10 HaM Mae OyTH Bijoma rpadiuHa
KapTUHA CUJIOBUX JIHIM I[LOTO MOJIA.

[To-napyre, OCKIIbKY IHAYKIIS (UM HAMPYXKEHICTh) €IEKTPUYHOTO MOJIS
BXOJUTh Y BHpa3 JyIsl MOTOKY, TO B 3arajbHOMY BHIIQJIKy BOHA € TIiJI
3HAKOM BHM3HAQYEHOI'0 I1HTErpajia B MiAIHTErpajibHOMY BHUpasl. Jis Toro,
100 MPOIHTErpyBaTH, CJIiJ BCTAHOBUTH 3aJI€AKHOCTI BCIX BEJIUYUH (OYKB)
MIIIHTETPAJIBHOTO BUpa3y BiJ 3MIHHOI IHTETPyBaHHS 1 BUHECTH 3a 3HAK
1HTerpaja T1 BEJIWYMHU, SIKI BIJ HEi He 3aiexaTb. CTOCOBHO BEKTOpa
CICKTPUYHOI 1HAYKINI, 1€ O3HAyae, M0 SKIIO BIH 3aJICKUTHh B1JI 3MIHHOI
IHTErpyBaHHSA S, TO, BCTAHOBHBIIHM IO 3aJICKHICTh, MU BTPATHUMO IO
BenuuuHy (OykBy D), a mo0 BoHa 30eperyiacsi y BHpa3si MOTOKY, TO Mae
OyTH HE3aJIe)KHOKO BiJl 3MIHHOI 1HTerpyBaHHs S. TakuM 4MHOM, pOOUMO
BHUCHOBOK, 1110 TeopeMy OcTporpajichbkoro—I'ayca BapTo 3aCTOCOBYBATH 10
TUX TIOJIB, IJI SIKUX MM MOXEMO BIJHAWTH Taky YsSBHY 3aMKHEHY

NOBEPXHIO, Ha sKiil BennunHa D, = DCOS«a € BCrou 01HaKoBa.

Tema 8. IloTeHIiAT €JIEKTPOCTATHYHOTO MOJISI

Di3uyni eUyUHU

elloTeHIisAJT €JIEKTPOCTATUYHOIO 110JIS1 B IEBHIM TOYII MPOCTOPY —
11 BIJIHOILIICHHS pOOOTH, SIKY CJI1Jl BUKOHATH TIPU TIEPEMIIIIEHHI TOYKOBOTO
3apsiAy 3 i€l TOYKW Y HECKIHYEHHICTh /10 BEJIMYMHHU I[HOTO 3apsiay (Mo3Ha-

YCHHS @):

p=—.
Jdo

Agne 3rajjana po0oTa € MOTEHIISUIBHOIO €HEPri€lo 1€l TOYKH mojs W,

TOMY TTOTEHIIISITT MOXKHA 3aMUCaTH 1 Tak:
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ePizHMIISI MOTEHUIsIIB — PI3HULS MK IOTEHIISUIAMHU JIBOX TOYOK

oS (MO3HAYCHHST AQ):
Ap=p,— 1.
3aoaui

(31) ITokaskemo, 0 AKINO B 3aJaHiii TOUYLi MpPoCTOPY € He OHE, a 0a-
raTo moJiiB, TO MOTEHUisVI B Wil TOYIi JOPiBHIOBATHUME CYMI IO-
TEeHIiSIJIiB, CTBOPEHUX KOKHUM i3 MMOJIiB.

3TigHO 3 IPUHILIMIIOM CYNEPIIO3UIIIT OB, MOKEMO BBaKaTH, 1110 B 111

TOYIIl MPOCTOPY MPUCYTHE JIUIIE OJHE IOJIE, AK€ Ma€ BIAMOBIIHI XapaKTe-

PUCTHKHU — HAIMPYKEHICTh Ta NOTEHIIsUI. [lel moTeHuis1 3riTHO 3 O3HAYEH-

HAM

p=—.
Jdo

Ane po0oTy A pe3yJdbTaTUBHOIO IMOJII MOXHA MPEJACTABUTH SIK CYyMY

pO6iT, BHUKOHAHUX OKPpEMHUMHU IT1OJIIMH, TOMY

A AT Tt A =ﬁ+&+...+i.
Jdo Jdo Qo Qo Jdo

@

KoseH 3 nofgankiB B OcTaHHINA (OpMYIIl — 1€ MOTEHI[IST BIAMOBIAHOTO

T10JIsI, TOOTO

n
=0 +pr+ .t P =D 0.
i=1

OTKe, MOTEHIIISUT B TMEBHIN TOYIll JAOPIBHIOE CyMI MOTEHIISIIB, CTBO-

PEHUX KOKHUM 13 TOJIIB:

n
€0=Z¢’i-
i=1
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(32) Ha ocHoBi 03HAYeHHSI MOTEHIlisITy BCTAHOBHMO BHPA3 IJIsl MOTEH-

Wis1y MOJIsi TOYKOBOIO 3apsiy (] B TO4li, IKA € HA BiICTaHi ' Bij

bOTO0 3apsay.

CnouaTky 00YHCIUMO POOOTY, SIKY BUKOHYE CHJIA TIOJISI (UM 30BHIIIHS
CHUJIa IIPOTH I0JIs1) IIPU MEPEMIILEHH] TPOOHOTO 3apsiny (p 3 3a1aHOI TOUKH
B HECKIHUEHHICTh. OCKIJIBKH CUJIa 3MEHIIYEThCS 1] Yac nepemMiiieHHs (6o
I[e CUJia KYJIOHIBCHKOI B3a€MOJIII MIXK 3apsiiaMu ( Ta (), TO 3aCTOCYEMO

dbopMmysty poOOTH 3MIHHOI CUJIN:

o0

A=!Ed T Fdrcosa = der_I4:jOOr — M0 gr=

_ qdo dr _ qd (_1)‘” _ qdo
Amep r2 drgg\ ), Amgr’
e CoSa =1, 60 a 1e KyT MK BEKTOpa-
mu F idr (mam 26). o eemee Mo odrs F o
3rigHO 3 O3HAYEHHSIM MOTEHITISLTY 4 %o
Maui. 26

A_1 9% _ ¢ .

(33) Ha ocHOBi mpuHIMIIY 10IaBaHHS MOTEHIlisSIJIIB Ta BUPAa3y /s 10-
TEeHUisJIy MOJIA TOYKOBOI0 3apsily BCTAHOBUMO BHPA3 ISl OTEH-

WislJIy MOJISE TOYKOBOTO IUIOJIA.

ITorenuism mojs 3apsaiB +( 1a —(

BIAMOBIIHO €:

__ 49
47 ol ’

Ta
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g

Py=—"—,
472'€0I’2

ae I 1 I, — BIACTaHl B1A BIANOBIIHUX 3apsiiB 10 3aJaHOi TOYKH. Tomy

MOTEHISIT TIOJIST TUTIOJIA:
q (1l 1} g rn-n

= —+ = | ——— | =
AR 472'80 r]_ I’2 472'50 r2r1

JI71s1 TOYKOBOTO JUIIONS MOTEHIIST MOKHA BUPA3UTU Yepe3 KyT o Ta
BiICTaHb I BIJ 3aJaHOl TOYKH 10 JWUIONSA. 3 Majl. 27 BHIHO, IO
rL—n=lcosa, nr, = r2, TOMY BHpa3 JIsi NMOTEHIISUTY IO TOYKOBOIO
JUTIONS Oy/ie MaTH BUTIIS!

I
(ozq—ZCOSa.

Ayl

(34) 3naiizeMo MeTOA OOYHCJIEHHS MOTEHIlisLIy, CTBOPEHOro OyIb-

KM HETOYKOBHUM 3apAIKCHUM TiJIOM.

Po3ainuMo 3apsiakeHe TII0 Ha HECKIHYEHHY Ki-
JBKICTh HECKIHYEHHO MaJIMX YacTHH 1 OyJieMO BBa-
’KaTH 1X TOUKOBUMU 3apsaamu d(g. Toxai moTeHIisI B
NIEBHIM TOYIN HA BiacTaHi I Bix 3apsmy dq, cTBO-

PEHHI ITUM TOYKOBUM 3apsijioM, Oyjae (man. 28)

dregr

do dg

' Mann. 28
st Toro, 1006 OOYMCIMTH MOTEHINsI, CTBOpPE-

HUW YCIM TIJIOM, CJiJl, OMUPAIOYUCh HA MPUHIIUI JOJAaBaHHS MOTEHIIISIIIB,
J0JaTH BCl MOTCHIIISUIA, CTBOPEHI OKpeMUMH 3apsaamu d(, 110 B Iid CH-

Tyallli 03Hayae: MPOIHTErpyBaTH Mo BChoMy Tity. Tomy
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_ [ dq
¢_—(.;47zgor'

[IpoTe iHTErpyBaTH 3a 3apsiaMH Ba)KKO, TOMY TNEpereMo 0 iHTer-
pyBaHHS 3a 00’eMom, mpeactaBuBim dq sk pdV, ne p — 00’emHa TyC-

TUHA 3apsaay. Toxdl

pdV
47rgo I

(35) 3naiinemo BUpa3 AJs1 MOTEHIlisLLIY 1MOJIsI, CTBOPEHOI0 PiBHOMIpHO

3apS/AKEHUM JMCKOM Y Oyab-SIKiil TOYIi HA HOT0 OCi.

Po3ainuMo auck Ha HECKIHYEHHY KUTBKICTh MaJuX TOUYKOBHX 3apsi/liB
dg. Toxi koKeH 3 HMX B 3aAaHiil Toumi P

OyJie CTBOPIOBATH I0JI€ 3 TTIOTCHIIISIIIOM

do = a9 :
Argyr

3acTOCyBaBIIM TPUHIMN JOJaBAHHS
MOTEHIIISUTIB, Ta BUPA3UBIIU 3apsij 4epes
HOro TMOBEpPXHEBY TyCTHHY, IOTEHIISI,
CTBOPEHUM TUCKOM, IIPEJCTABUMO

d 1 (odS
_I4ﬂjor_4ﬂgo-[ r

Bubupaemo OBIIbHUI €JIEMEHT I1JI0-
i dS, sk mokasano Ha mai. 29. Toxi

4ﬂ€0 ”dldp'
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BiacTanp r Bij €JI€eMEHTapHOI IO 0 3aJaH01 TOUKHU MPEJCTaBUMO

yepe3 p 1 L sk 4/ p2 +12, a enement mosxunn dl — yepe3 Kyt do sk

ode . Maemo
27 R

_ ” pdpde f
g i meareg (| sl i
i Rl_)dp )by (fREr 2 -1

4”‘90 o+ L €0

Tema 9. IToTeHUIAJIBHICTD €JIEKTPOCTATUYHOIO MOJIA

Dizuuni nonamms
e [loTeHuislibHe MoJie — 1€ Tojie, poOoTa
CHJIM SKOT'O Ha 3aMKHEHIM TPa€eKTOPii TOPIBHIOE

Hysesi (Mai. 30):

Ay + A4y =0, (1) 1
Man. 30
ne Ajp — poboTa CHJIM TOJI IPH MEPEMILIEHHI 3

TOUYKH | B TOUKy 2, A5q — Te caMe 3 TOYKU 2 B TOUKY 1.

o llupky.asnis 0yab-KOro BEKTOPa ¢ B3J0BK 3AMKHEHOI'0 KOHTY-
pa L — ue iHTerpan B3A0BXK 3aMKHEHOTO KOHTYpa Bl CKAISIPHOTO A00YT-
Ky IIbOT'O BEKTOpa Ha €JIEMEHT JIOBKUHHU 1IbOTO KOHTYpA:

Uzi‘;adi.
L

e PoTop Oyab-sikoro Bekropa a — e BEKTOP
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ik

- |0 0 0
rota=— — —|

ox oy oz

ay a, &

3aoaui

(36) Ha ocHOBi 03HAYeHHSI MOTEHIIAJIY J0BeIEeMO, IO €JIEeKTPOCTa-
THYHE 110J1€ € NOTEeHIisIbHE.

Ham cnig nmoBecTd, 10 B €IEKTPOCTATUYHOMY TIOJII BUKOHYETHCS
ymoBa (1). CkopucraemMocsi 03Hau€HHSIM MOTEHIsUTY. JlicTaHemMo

A2 =040 =0 (p2 —91)=do@, — o1 =
= Ay~ A =—(A - Ay)=—Ay,.
(37) Ha ocHOBi 03HAaYeHHSI pOOOTH MOKAaKEMO, II[0 YMOBOIO MOTEHILisI-

JIbHOCTi €JIEKTPOCTATUYHOIO MOJIA € PiBHICTh HYJIEeBi HMPKYJIALIl

BEKTOPAa HOr0 HAINPYKEHOCTI B3A0BXK OyIb-KOr0 3aMKHEHOIO
KOHTYpA.

3a 03HauYCHHSIM POOOTH YMOBA MOTEHITISIBHOCTI (1) MaTuMe BUTIISIA

Fdl+ | FdI =0,

 C— N
N e

abo

§Edi=o.
L

CTOCOBHO €IEeKTPOCTATHYHOTO MOJIA, miacTaBuBmn F =(QgE, ymoBa

(1) BurnsimaTuMe Tax:
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§Ed*=o. 2)
L

bauumo, 1110 J1iBa yacTUHA PIBHOCTI — HE 1110 1HIIIE K HUPKYJISIIS BEK-
TOpa HAMPYXKEHOCTI €JIEKTPOCTATUYHOTO MOJis1. TOMY YMOBOIO MOTEHIISIb-
HOCTI €JIEKTPOCTATUYHOTO MOJISI € PIBHICTh HYJIEBI HUPKYJIALII HOro Ham-
PY>KEHOCTI B3JIOBXK OYJIb-IKOT'0 3aMKHEHOTO KOHTYpa.

(38) Ha ocnoBi Teopemu CTOKCa IMOJAMO YMOBY HOTEHUisIJILHOCTI
€JIEKTPOCTATUYHOI0 0JIA B JM(epeHUisiIbHIN ¢opMi.

3mict Teopemu CTOKca: HMPKYJALiS OyIb-sIKOro BekTopa (B TOMY
YHCIIl 1 BEKTOPA HAIIPY>KEHOCTI €JIEKTPOCTATUYHOIO MOJIs) B3JJOBXK 3aMKHE-
HOI0 KOHTYpa JIOPIBHIOE MOTOKY POTOpPA LIbOI'O BEKTOpA Yepe3 MOBEPXHIO,
OOMEKEHY IUM KOHTYpPOM, TOOTO

j;Edi :jrotﬁd§.
L S

Ha ocHoBI 11i€i TeopeMu yMOBa MOTEHIISIILHOCTI (2) MoXke OyTH Ha-
MYcaHa TakK:

I rotEdS =0,
S
3BIKH, OCKIJIBKH S #0
rotE =0. 3)

Mu otpumany 1ie OAWH 3alKC MOTEHIISIIBHOCTI €IeKTPOCTATUYHOTO
moJisi, a caMe IudepeHIisIbHY ii popmy.
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Tema 10. 3B'A30K Mi’k HANPYKEHICTIO | MOTEHUiSATIOM

Di3uuni NOHAMMS

e['pajieHT JaHOI CKAJAPHOI BEJUYMHU (@ — 1€ BEKTOP, CIIPSIMOBa-
HUN y 01K HalO1IBIIOTO 3pOCTaHHS 1€l (PI3UYHOT BETUUYMHU, MOJYJIb KO-
ro JIOPIBHIOE BIJHOIICHHIO 3MiHU IT1€1 (PI3MYHOI BEIMYMHU 10 BiJICTaHI B
IbOMY HampsiMi HalOUIBIIOrO 3pOCTAaHHS, HA AKIM BigOynacs 1 3MiHA
(mo3HaueHHs grade):

gradgosa(pi+a(p]+a¢ﬁ.
ox oy

0z

e ExBinoTeHuisJibHA MOBEPXHSI — TMOBEPXHs, Y KOXHINA TOUIll SKOT

ITIOTEHIISJI OHAKOBUIA.
3aoaui

(39) YcranoBMMO 3B'SI30K MiK HaNpY:KEHICTI0 €JeKTPOCTATHYHOIO
MOJIsI TA HOT0 MOTEHIIiSIJIOM.

3r1IHO 3 0O3HAYECHHSMH MOTEHIIISUTY Ta pOOOTH

A 1 1 =, 1 =\,
(0:%:% dA:% Fdr:—j(—qu)dr:

I(E dx+E,dy +E, dz IE dx — IE dy — IE dz,

1€ 3HaK «—», IKUH 3’sBUBCS IpH 3aMiHl F Ha (pE, Bka3zye Ha Te, 110 BEk-

—_—

Top E € mpoTtmnexxHuM A0 BEKTOpa 30BHIIIHLOI cuiu F (060 mpoOHuit

3aps (p MO3UTUBHUMN).

3HaliIeMO YaCTUHHY TOXIAHY BIJl ¢ 32 x

2—(5:— 6;(Xd I yj —*%dz.
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: ok, oE
Ockinbkn — =0 1a —2% =0, oTpuMaEMo 110
OX OX
o
9@ __E. 1
x X (1)
AHaJIOT1YHO
9%__f, )
oy
Ta
o
T =_F_, 3
-, ®)

—_—

Ane BekTtop E, sk 1 Oyap-sKuil 1HIIWNA, MOXHA TOJATH SK JIHIAHY

KOMOIHAIIIF0 OJUHUYHUX BEKTOPIB
E=E+Ey]+Ek

B3saBmu 1o yBaru pisHocri (1), (2), (3), nictanemo

E=_|92;,925, 9% | = _grado.
ox oy 0z

3 miei popmysr 6aunuMo, 0 OCKIIBLKK BeKTOp grad¢ cripsMoBaHH y

01K HalOLTBIIOTO 3pOCTaHHA MOTEHIIIsTY, TO BeKTop E — y Oik ioro Haiibi-

JIBIIIOTO CITaJIaHHS.

(40) 3 dopmyan 3B’A3KYy HANPY/KEHOCTi i MOTEHIisIy Ta TeopeMH
Octporpaacskoro—I'ayca orpumaemo piBusiHas Ilyaccona.

o1



[TincraBumo popmyiy 3B’SI3Ky MiK HAMPY>KEHICTIO Ta MOTEHIISIIOM Y

dhopmyity, sika BUupaxkae Teopemy Octporpagacekoro—I'ayca B qudepeHriis-

IpHIN popMi (divE = ﬁ} Jlictanemo
€0

div(grade)=—~,

)

abo

. (Op: Op- Opr
div| i+ (pj+ Pr|=-L.
OX (9y 0Z &o
OCKUIbKM Omeparlis JUBEPTeHIIii mo-
JsiTa€ B TOMY, IO CHIJ B3SITH MOXIJHI 32
X,y 1 Z BII KOMIIOHEHTIB BEKTOpa 1

J0AaTH iX, TO OCTaHHS PIBHICTh HaOyBae

BUTJISITY
82(0 82(0 82(0
I N T
ox® oy® oz
a00 CKOPOUYEHO
Vz(p=—£
€0

e V2 - ornieparop Jlamnaca.

@ =const

0

80’

Pyl

<

Man. 31

OcrtaHHe pIBHAHHS HA3WBAIOTh pisHsAHHAMU [lyaccona. 3a yMOBHU

o = 0 1ie piBHIHHS HA3UBAIOTH pigHAHHAM Jlannaca:

2
Vop =

(41) doBeneMo, 1110 BEKTOP HATIPYKEHOCTi €JIeKTPOCTATHYHOTO MOJIS

3aBKIM HOPMAJIbLHUH 10 eKBIMIOTEHUiSIILHOI IMOBEPXHi.
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BubepeMo CHCTEMY KOOPAMHAT TaK, 1106 BEKTOPH i Ta ] Oynu no-

THYHI JI0 €KBIMOTEHIIISUThHOT ToBepxHi (Maut. 31). Toxi B 111 TOYII TOTUKY

a—(D:O i a—(p:O.
OX oy

(ITam’aTaemo, 110 moxigHa B Oyab-sKil TOUIll — 11€ KYTOBUN KOE]ILIEHT
JOTUYHOI B IIIMl TOYIl, & OCKUIBKM IIe KyTOBHMM KOE(IIIEHT JOPIBHIOE
HYJIEBI, TO 1 [TOXiJ{HA TOPIBHIOE HYJIEBI).

Tomy, 3riiHO 3 POpPMYIIOLO 3B’ SI3KY HAIPY>KEHOCTI 1 MOTEHIIISUTY

E=-99%
dz

1o o3Hayvae, mo E//K, To0To BekTop £ HOpMajabHUM 0 I1i€i TOBEPXHI.

(42) JloBenemo TeopeMy NMpo cepeaHE 3HAYEHHSI TMOTEHIliSIIY: MOTEH-
HisJ1 y Oyab-Kiil TOYIi MPOCTOPY AOPIBHIOE CEPETHHOMY 3HAYECH-
HI0O NMOTEHUIsJIy HA Oyab-fiKiil ysBHIN cdepi 3 HEeHTPOM B Wil
TOYIIi, IKA HE 0XOILTIOE eJIEKTPUYHMX 3aPs/IiB.

Hanumemo dbopMyny aiist cepeHbLOT0 3HaUYE€HHS TOTEHIIISUTY Ha cdepi

S|
Il
w|lkF

Jos
S
i 3HaiieMo MOXiaHy Bin ¢ 3a pagiycoM cohepu r

de_1rdeq
dr S . dr

3rigHo 3 (Qopmynorw 3B’SA3KYy MDK HANpPY>KEHICTIO 1 TMOTEHIISIIIOM
de/dr, e npoexiis BEKTOpa HAMpy»)eHOCTI Ha pajaiyc E,, Tomy
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d(p 1jEds

a 3a TeopeMoro OcTtporpaacbkoro—I ayca, oCcKiIbKH B 00J1aCTI 0OMEKeHii
cheporo eIeKTpUYHI 3apsau BIJICYTHI, OCTaHHIA BHpa3 JOPIBHIOE HYJICBI.
OTrxe,

dgo:O’
dr

10 O3HAYae, 10 (@ HE 3aJeKUTh BiJ pajiyca chepu, TOOTO cepeHe 3Ha-

YeHHs MOTEHINSUTY OJHAKOBE Ha BCiX cdepax, B TOMYy 4YMcCli 1 Ha cdepi
HECKIHUYEHHO MaJoro pajlyca, sika 30iraeTbCs 3 3a1aHO0 TOYKOIO.

(43) MosicHUMO METO €JIEKTPOCTATHYHOI0 OYHIIEHHSI Ira3iB.

Jlns ounineHHs ra3iB OepyTh Be-

JUKY METajeBy O0YKY 3 MPOBITHUKOM
cose . o . o . ™
y 1i LEeHTpl, SKUWA 130JbOBAHUN Bij Il 8
.o < °3
camoi 0ouku (mai. 32). 1 i — > 3
[leit nmpoBixa nepeOyBae i BUCO- = —> < §
: S
KOIO HEraTUBHOI Harpyror. OCKuIb- S -
KM NOOJM3y MPOBOAY BUCOKA HAMpPYy- S <
%) —>
. S
KEHICTh NOJIsl (BEJIMKa yCTOTa CUIO0- O <
'3 — ¢ — 7 <
. - o . (] . b N °o
BUX JIIHINA), TO MOBITPsI MOHI3Y€ETHCA 1 3 ﬁ—i SO
%S I Sote e
TMOTIK €NeKTPOHIB Ta HoHiB O, enek- &
S
. . ™~
TPU3Yy€ YACTUHKH JIOMIIIIOK, SIK1 € B 3a- Mau. 32

OpyAHEHOMY Tra3i, HETaTUBHUM 3apsi-

JIOM.
[li HeraTMBHO HaEJICKTPU30BAHI YACTUHKU TMOYUHAIOTH PyXaTHUCS

IPOTH MOJIS 1 MPUIUNAIOTH 10 CTIHOK. TOA1 1X CTPYIIYIOTh Ha THO OOYKH.
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Tema 11. IIpoBiTHUK B eJICKTPUYHOMY MOJIi

3aoaui

(44) ITokakemo, 0 B MPOBITHUKY, MOMIILIECHOMY B eJIEKTPUYHE I0JIe,
BOHO JOPIBHIOBAaTHMeE HYJIEBI, a 32 MeKaMHU NMPOBIITHUKA — 3MiHM-
ThCH.

BizbMeMO KOHKpETHUW MPOBITHUK — MeTald. Bimomo, 110 B HbOMY €
BUIbHI HOCIT 3apsany — enekTponu (Mai. 33, a), Kl pyXarThCsi XaOTHUYHO.

SIK TIIBKM MM BKJIIOYHMO CIICKTPOCTATUYHC IIOJIC,

BOHO TOYHE JiSITM Ha BUIbHI €JICKTPOHM, 1 BOHHU, ©> 92\% <
Mar4Yd HETaTUBHUM 3apsji, IMOYHYTh pPyXaTHUCS QgOQ

OpOTU CHUJIOBUX JiHIM. Y pe3ynbTari iX Harpo- e 2
MaJP)KEHHSI Ha OJIHIM 3 MOBEPXOHb, HA MPOTUIIEHK- 0)
Hil TIOBEpXHI (a TOYHIIIE B YCbOMY 00’ €Mi) BUHUK- \@ — /
HE HECKOMIICHCOBAaHMM IO3WUTHUBHHUM 3apsj, IO o >5 i
CTaHE MPUYUHOI BUHHUKHEHHS BHYTPIIIHBOTO oO—< .
€JIEKTPUYHOIrO MOJIsl, COPSIMOBAHOTO MPOTHIIEKHO ~

10 30BHIIIHBOrO (Man. 33, 6). Ilpore B Mipy Ha-
rPOMaKEHHSI €JIEKTPOHIB HA TMOBEpPXHI, BHYTpI-
IIHE 1ojie  Oyae 3pocTtatd 1 Bce  Ouiblie N

rajpbMyBaTH 1HIIII €JIEKTPOHU B IXHBOMY pYCI

€]

—>
: , ©
IPOTH 30BHIMIHBOTO MOJA. Koiau BHYTpillIHE TIoe  —> o
3pOCT€ HACTUIBKH, III0 BOHO 3PIBHSETHCS 3a +©

BEJIMYMHOI0 3 30BHIIIHIM, PyX €IeKTPOHiB MpH- 2 — > —
nuHUTBCA.  OCKIIBKM  HampsiMU — 1UX  TOJIB

MPOTUJICKHI, TO TO0JIE BCEPEAWHI IPOBITHUKA Man. 33

3HUKHE (Mall. 33, 8). 3a MexaMu TPOBITHUKA 3J11Ba

1 cipaBa MoJe 1HAYKOBaHUX 3apsjiiB OyJie CIiBHANpPaBJICHE 13 30BHINIHIM
nojieM, TOMY MiACWINTh Horo. [Ipote 3BepXy 1 3HHM3Yy CHJIOB1 JIiHIii
31e()OPMYIOTHCS 1 TYCTOTA iXHS CTaHE MEHILIOK0, 10 03HAYAE, 10 TaM I0Jie
OCJIA0IOETHCS.
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OueBUIHO: SAKIIO IMPOBIIHUK MOPOKHUCTHUH, TO HIYOTO BIiJl IIbOTO HE
3MIHUTHCS, TI0JIE€ BCEPEANHI TaKO1 IPOBITHOI MOCYIUHU BIJICYTHE.

Ile sBUIIIE BUKOPUCTOBYIOTH JIJISI 3aXUCTYy €ICKTPUYHUX MPHUIAIIB BiJI
30BHIIIHBOIO EJIEKTPUYHOTO IMMoJsd. o 1mporo mpuiaay MHOMIMIAKOThH Y
MeTajeBi KOPITYCH.

(45) MokaxeMo: SKIIO MPOBIAHMKY HAJAATH 3apsiAy, TO BiH po3Mi-
CTHUTHCS HA 1i0T0 MOBEPXHi.

[Ipunyctumo, 110 3apsij pO3MOJUIMBCS B
00’emi mpoBigHuKa. Toal Ha Oynb-sSKHil 3apsa 3
OOKy IHIIMX OJHOMMEHHHX 3apsaaiB Oyae HIATH
cuJja, fKa COpsIMOBaHa JI0 MOBEPXHi. A OCKIJIbKHU
BIH MOJK€ BUIBHO MEPEMIIYBATUCA, TO TIOYHE PY-
xatucs 1o noBepxHi (Man. 34). Te came cra-

HEThCS 1 3 IHIIMMHU 3apsigamu. B pesynbrati Bei
3apsiAv PO3MICTSTHCS HA MMOBEPXHI MPOBITHUKA.

(46) Ilokaxkemo, IO SIK 3apsi/uKeHHil TakK i eJeKTPOHeHTpaJbLHUI

NMPOBITHUK € eKBIMOTEHiSIIHUM.

OCKUIBKM 3apsii pO3MIIIYETHCS HA TMOBEPXHI MPOBIJHHMKA, TO MOJE
BCEpEIMHI MPOBITHUKA BiACYyTHE. J[11iCHO, BHOEpEMO 3aMKHEHY MOBEPXHIO
BcepennHi mnpoBiaHuka (main. 35). Tak sk B o0nacTi, OOMEXEHINH M€
MOBEPXHEI0, HEMAa€ 3apsjiiB, TO 3TiAHO 3 Teopemoro OcCTporpajachbKoro—
["ayca

[ Ees-o
S

3B1JIKM, OCKIIIBKH S # 0

—_—

E=0.
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3 OCTaHHBO1 PIBHOCTI BUILIMBAE, 1110

3 opMy:H 3B’SI3Ky HAMPYKEHOCTI 3 MOTEHIUISIIOM

0¢_8¢_8¢_0
ox oy oz

3BIJIKM pOOMMO BUCHOBOK, IO () HE 3aJICXKUTh BlJ KOOPAHHAT, TOOTO BCIO-

T BCEPEIMHI 3apsIPKEHOT0 (UM HE 3aps/PKEHOT0) MPOBITHUKA ¢ = CONSt.

(47) ToBenemo, 1m0 eJeKTPHYHE TOJI€ MK TOUKOBHM 3apsiioM Ta He-
CKiHYEHHOK NPOBITHOK IUIOIIMHOK 30ira€Trbcad 3 MmoJieM, CTBO-
PEHNM UM 3apsi/iOM, Ta MOr0 A3epPKAJbLHUM 300paKeHHAM y il
TJIOLIIHAHI.

bynemo noBoAWTH HaBNaKH, IO MOJIE IBOX TOYKOBUX PI3HOMMEHHUX
3apsiAiB (ToJie AWMOJSl) MOXKHA 3aMIHUTH Ha TIOJ€ OJHOTO 3apsiay Ta
MPOBIJIHOI HE 3aPAIKEHO]T TUIOIINHHU.

[IpoBenemMo oAHY 3 €KBIMOTEHIIISJIBHUX MOBEPXOHb, a caMe€ Ty, sKa
MPOXOJIUTh Yepe3 CEepPeuHY IUIeua JUIOIS, IKa SK BIJOMO, € TIOIIMHOIO
(man. 36). 3aMiHMMO Temep IO €KBIIMO-

TEHUISUIbHY TUIONIMHY Ha peajbHy Ipo-

BIIHY TUIOLIMHY 3 MOTEHLISJIOM, L0 J10- e S~ 0\

PIBHIOE TIOTEHIISUTY E€KBIMOTEHUISUIBHOT i ‘>““~\\\\/,:\ 4"

wionHU. O4eBUIHO, 110 BiJ LBOTO Hi- > —>—————:§-’-:::\

YOro HE 3MIHHTBCS, MOJIE 3ATUIIUTHCS —> ‘\Y\\\

TaKUM CAMHM. el :
baunMo, mo TakuM CIIocoO0M MOXK- !

Ha BCTAHOBUTH KApTUHY CHUJIOBUX JIHIN Mai. 36

T0JIsI, CTBOPEHOTO TOYKOBUM 3apsIOM Ta
HE3apsIPKEHOI0 MPOBIAHOW TuionuHo0. Lel crmocid Mae Ha3By: MeTOA
J3epKATbHUX 300paKCHb.
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Tema 12. JlieJIeKTPUK B €JICKTPUYHOMY MOJII

Dizuuni aeuwa

e [lonsipusanis aAieieKTPUKA — SIBUILE BAHUKHEHHSI CYMapHOTO HEHY-
JHOBOTO JUIOJBHOTO MOMEHTY B KpPHUCTaNl MJI€JIEKTPUKa i BIUIUBOM
30BHIIIHBOTO TOJISL.

eIl’e30ennekTpuuHmMii epekT — SIBUIE BUHUKHEHHS PI3HUILI MOTEH-
[ISUTIB MK TTIOBEPXHIMHU JleJEKTpUKa Micis oro aedopmaiii.

e EjlexkTpocTpuKiiss — sBumie aedopmaliii TieIEKTpHKa BHACIIIOK
MPUKJIaJaHHs 10 HbOTO PI3HUII MOTEHIsUIB. [le sBule € obepHeHUM 10
1’ €30€JIEKTPUYHOTO €EeKTYy.

eEjexTpeTHnii edekT — SBHINEC HE3HUKHCHHS IMOJSPHU3AIi JICICKT-
pUKa IMPU BUKJIIOUCHHI €JICKTPUYHOTO TIOJIA.

Dizuuni nonamms

o JlielekTpUK — 1€ pPEYOBHMHA, Yy SKIA BIACYTHI BUIbHI HOCII
€JIEKTPUYHOTO 3apsy.

o [lonsspHuii aiesIeKTPUK — 1€ JICJIEKTPUK, MOJIEKYJIU SIKOTO MarOTh
nunonbHUKA MoMeHT (Hanpuknan H,O, HCI, NH5, CH,CI).

e HemouisipHuii JiesieKTPUK — 1€ JICIEKTPUK, MOJIEKYJIH SKOTO HE
MaroTh JUIOJIBHOTO MOMEHTY (Hanpuknan H,, N, O,, CCI).

e CerHeToeIeKTPUK — JICIEKTPUK, y AKOMY € BEJIUKI (ITOPiBHSHO 3
po3MipaMu MOJEKYJ) o0nacTi (JOMEHH), y SIKMX CyYMapHH TUMOJbHUN
MOMEHT YyCIX MOJIEKYJ He JOpiBHIO€ HyJeBl. IIpoTe, OCKIIbKH, CyMapHi
JATIOJIbHI MOMEHTH OKPEMHX JOMEHIB COPSIMOBaHI XaOTUYHO OJIUH BI1JIHO-
CHO OJTHOTO, TO JUIOJbHUI MOMEHT BChOTO MaKPOKPHUCTATy CETHETOENCK-
TpUKa JOPIBHIOE HYJIEBI, AK 1 B Oy/Ib-SIKOTO 1HIIOTO JienekTpuka. [Ipukia-
JTaMU CETHETOEJIEKTPUKA € CETHETOBA ClIb, TUTAHAT Oapito.

Dizuyni eeruyunu

o [Tlos1sipU30BaHiCTH OKPEMOI MOJIEKYJIN — 1€ KOE(DIIIEHT TPOMop-

LIAHOCTI M1X 11 HAB€ZIEHUM JAUIOJIBHUM MOMEHTOM P; Ta IHIYKUIEO eJeK-
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Tpu4yHOTO MoJisi D BcepenuHi AieNeKTpPUKA, SIKE COPUYMHUIIOCH JO MOTo

BUHUKHCHHS (MIO3HAYCHHS f3)

—_— —_—

R =pD. (1)

.. . 3
3 i€l GopMynu OTPUMAEMO, 1110 OJJUHUIICIO BUMIPIOBaHHSA [ € M.
o [losisipu30BaHicTh JieIeKTPUKA — [I€ JUIOJIbHUI MOMEHT, SIKUU

NPHITaJIa€ Ha OJMHUIII0 00’ €My AieIeKTpHKa (mmo3HauYeHHs P)

(2)

[{ro BeMWUYMHY 1€ HA3UBAKOTh BEKMOPOM NOJApu3ayii. 3ayBaxxuMo,
10 MOJIIPU30BAHICTh MOJIEKYJIM — 1I€ CKaJsipHA BEJIMYMHA, a MOJSPU30Ba-
HICTb JIICJIEKTPUKA — 11€ BEKTOP.

e BinnocHa niejieKTpyYHA CHPUIHATIMBICTL — 1€ JOOYTOK MOJIS-
PU30BAHOCTI MOJIEKYJM Ha IXHIO KOHIIEHTpaIlil0, ad0 1HIIMMHU CJIOBaMU

TOJIIPU30BAHICTh YCiX MOJIEKYJ B OJUHUII 00’ €My (ITO3HAYEHHS )

X =pn. (3)

3 1i€i popmMyn BUILTMBAE, O ¥ € 0€3p03MIPHOIO BETUYMHOIO.

e BinHocHa niejieKTpUYHA MPOHUKHICTH JAleJIeKTPUKA — 1€ 30171b-
IIICHA Ha OJIMHMITIO BITHOCHA Ji€JEKTPpUYHA CIIPUUHATIUBICTE (ITO3HAYEH-
HS &)

e=1+y.

3aoaui
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(48) BupazuMo nmoJisipu30BaHIiCTh MOMIIIIEHOT0 B eJIeKTPUYHE 10JIe He-
MOJIAPHOTO JlieJIeKTPUKA Yepe3 HAMPYKEHIiCTh eJIEKTPHYHOIO T10-
JISl BCepeMHI JieJIeKTpHKA.

OCKITbKM B HEMOJSIPHOMY JIEJIEKTPUKY JUMOJIbHI MOMEHTH 3’SB-
JSIFOTHCS JIUIIIE MMif] AI€I0 €IEKTPUYHOIO MOJisA, TO BC1 BOHU MapaliesibHi 10
T10J1s1 1, BIIMIOBIJTHO, OJIUH 10 OJTHOTO, TOMY

N
D Pi=NP;, (4)
i=1

ne N — KUIBKICTb MOJIEKYJI Y A1E€IEKTPUKY.

3riIHO 3 03HAYECHHSM MOJISIPU30BAHOCTI (2), 1 OCTAaHHBOIO PIBHICTIO

n p—

R
i—1 :Npi:nﬁ,
V V

B

1€ n — KOHIEHTpAIIisl JUIIOJIB (MOJIEKYN).
[Tonsipu30BaHICTh I-TOI MOJIEKYJIM MPEICTAaBUMO 3T1JIHO 3 ii O3HAYEH-
HsaMm (1). dicranemo

EZHﬁZﬂﬂBZ}(BZ){é‘OE, (5)
ne y =nf3 3rigHO 3 O3HAYEHHSM J1€JIEKTPUYHOI COPUHHSATINBOCTI.

(49) IMokaxkemo, 0 B JieJJeKTPUKY 30BHIIIHE eJIEKTPUYHE MOJ€ TO-
C120/1HI0€ThCS.

[TomicTuMo mienekTpuk (Maj. 37, a) y 30BHINIHE €JIECKTPUYHE TOJIE 3
HANPYXEHICTIO Ej. SIKIO el AleNeKTPUK NOJSIPHUM, TO MOJIE€ «BUILNKYE€»

yCl MOJICKYJIU-AUION B30BX MOJIsI. SIKIO JieeKTPUK HEMOJSIPHUM, TO
edekT Oyle Takui camuil, oJie CIOYaTKy MOJIIPU3Y€E MOJIEKYJIH, a MOTIM
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«BUIIUKY€E» X Y3JI0BXK JIIHIM HANPYKEHOCTI, SIK MTOKa3aHo Ha mai. 37, 6. 3

ObOI'0 MaJIOHKa TaKOK BHUAHO, IO BCGpGI[I/IHi I[ieJ'IeKTpI/IK 3aJIMIIAa€ThCA

CJICKTPOHEUTPAJIbHUM, a Ha TOBEPXHI BUHU-
KalOTh HECKOMIICHCOBAH1 3apsii MPOTUIICK-
HUX 3HaKiB. lle CHpUYMHUTHL BUHUKHEHHS

BHYTPIIIHBOTO €JIEKTPUYHOTO MOJIS E, crps-
MOBAHOT'0 TTPOTH 30BHIIMIHBOTO MO (Man. 37,
g), MpPOTE€ Ha BIAMIHY BIJ CHUTyalii Yy
MPOBIAHUKY, JI€¢ BHYTPIIIHE IMOJE 3POCTaJIo
JIOTH, JOKM BOHO HE 3PIBHSIOCS 3 30BHIIIHIM,
y JIEJEKTPUKY 1€ 3POCTAaHHS BHYTPIIIHBOTO
noyiss Oyne oOMeXeHe 3JaTHICTIO I[bOTO
JIETIEKTpUKa JO OpIEHTYBaHHS MOJIEKYJI-
JTUIOJIIB B3JOBXX MOJIA.

HacnpaBal kapThHa, MokKazaHa Ha Mall.
37, 6, myxe iaeanizoBaHa, YHOPSAKYBaHHS
oUIoaiB - Oyae  dJacTkoBHM, 00  Homy
MEPEIKOIKATUME XAOTUYHUIN TEIUIOBUU PyX

MOJIEKYJl. TaKUM YMHOM, BHYTPIIIIHE TOJI€ E
Oyzle MaTH NEeBHY BEJIMYMHY, MEHINy 3a E,,
IPUYOMY B KOKHOMY JI€JIEKTPUKY — CBOIO.

Y pe3ynbrari HakJIaJaHHS LUX JBOX
MOJIIB pe3yJIbTATUBHE IMOJE€ B MJICJIEKTPUKY

S

<
0 o

&

> O

&
< ()
<

&
S
&>
&

a)

<3
S © &0
€» €» 3
€» €3 » 50
€® €» >»
€» € €3
+>6)
< +7
N +
E_ . i
+
+%
< +
Maumn. 37

nOCIA0II0ETHCS, TPUUOMY B KOKHOMY JI€JIEKTPUKY Ha 1HIILY BEJIUYUHY.

(50) TMokakemo, M0 MOJSIPU30BAHICTH JieJIeKTPUKA TOPiBHIOE TO-

BEPXHEBIll T'yCTHMHI IHAYKOBAHUX Ha #Or0 MOBEPXHSAX 3apsliB

(mosipu3amiiHUX 3apsiiiB).

VYaBIMO €001 JIIENEKTPUK SK OJWH BEJIUKUN JTUIMOJb, 3apsl SKOro ( 1

wieue | (man. 37, ¢). Toxi fioro aumonbHui MoMeHT Oyae (l 1 momspuzo-

BaHICTH 3T1HO 3 O3HAYECHHIM
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5 Al _g

—=—=0.
V S
(51) MokaskeMo, 10 eJIEKTPHYHE 1M0JIe MOCTADTIETHLCS B TieJIEeKTPHKY

B £ pasiB.

3 main. 37, 6 6auuMo, 110 HAMPYKEHICTh PE3yJIbTaTUBHOTO MOJIS B Jie-
JEKTPUKY

E=E,-E.

Ane, ockinbku Tosie E  cTBOpeHe mosisipu3aiiiHuMu 3apsijaMu 3 T0-
BEPXHEBOIO T'YCTUHOIO O, TO L€ MOJI€, CTBOPEHE ABOMA 3apsI>KEHUMHU I1J10-

muHamu. Tomy

[Tonsipu30BaHICTh Ai€NEKTPUKA P MU BHUPA3UMO 4Y€pe3 CyMapHy Ha-
PY>KEHICTh MOJIA BCEPEANHI AleNeKTpUKa 3riHO 3 piBHICTIO (5) 1 mijacTa-

BUBIIIH 1110 PIBHICTh B OCTAHHIO, JIICTAHEMO:

E-E, - _E _E,
€0
3BIJIKH
- Fo _Eo (6)
1+ y ¢

OTxe, BIIHOCHA JII€JICKTPUYHA TPOHUKHICTh MTOKA3Y€, Y CKIJILKU Pa3iB

CJICKTPUYHE TOJIE MOCHA0IIOETHCS Y T1CIEKTPUKY.

(52) YcTraHoBuMO 3B'SI30K MiK BEKTOPOM MOJISIpU3aNili Ta BEKTOPOM
€JIEKTPUYHOI IHAYKIIIi.
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3riHO 3 PIBHSAHHSAM (5), BEKTOP MOdsipU3allii

—

P:;(goE,

—_—

ne E — HanpyxeHICTh TOJIs B AIEJEKTPUKY, a BOHA, SIK BIJOMO, TIOB’si3aHa
3 BEKTOPOM €JIEKTPUYHOI IHAYKIIIT PIBHICTIO

-~ D
E=—.
808
JlicTanemo MmiciIs miCTaHOBKH
— D — ¢+l=
P=yg—=%4D="""D.
EE & &

(53) YcranoBUMO, SIKHIl BHTJISI MAIOTh CIIBBiTHOIIEHHSI €JIEKTPOCTA-

THUKH B JieJIEKTPUKY.

BekTop enekTpu4HO1 1HAYKIII1 3 BpaxyBaHHIM (6)

5 ZEEO :6'08E,
3akoH Kymona:
F=gE=0p—2= o 3F-
€  Armegyr

Teopema Octporpaacekoro—layca s Bakyymy:

divE, =~
€0

Toml B mieIeKTPUKY
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abo

divE = 2.
6'80

OT1xe, 00 13 CMIBBIIHOUIEHD €JIEKTPOCTATUKU JJIsI BAKYYMY OTpHUMa-
TH CIIBBIJHOIIEHHS IS A1€JIEKTPUKA, CII1J (pOpMaIbHO 3pOOUTH 3aMiHY &g

Ha 808.

Tema 13. EnekTpudHe moJie Ha MexXKi cepe10BMIIL

3aoaui

(54) Ha ocHOBi BJacTHBOCTI MOTEHIiSITILHOCTI €JIEKTPUYHOTO MMOJIA J10-
BeJIeMO, 1110 NPH Mepexo/li 3 OHOr0 JieJJeKTPUKA B iHIIUNA TAHT€H-
niajibHA (IOTHYHA) CKJIAI0BA BEKTOPA HAINPYKEHOCTI He 3MIiHIO-
€ThCSl, 2 TAKA K CKJIAJ0BA BEKTOPA iHAYKIII 3MIHIOETHCS MPONOP-
HiAHO 10 JieJJeKTPUYHOI IPOHUKHOCTI.

[ToOynyeMo Ha Mexi AleJIEKTpUKa Mps-

. S
MOKYTHUM 3aMKHEHHMH KOHTYpP HECKIHYEHHO Vg
.. . dx .
MaJiux po3MipiB (Mai. 38) 1 3aCTOCYEMO yMO- o >
. . A |
BY TIOTCHITISIILHOCTI €JIEKTPUYHOTO TTOJIS 0! O
! i
i v
f E,dl 0. by =
.............. <_......-........
&
[Tounnaemo iHTerpyBaHHs 3 Touku O.
X
OCKUTbKH IPSIMOKYTHHUK HECKIHUCHHO MaJIui, Mar. 38

TO iHTGFpYBaHHSI 3BOJUTHCA 0 AOJdaBaHHIA

CKIHYEHHOI KIJTbKOCTI JoAaHKiB. OcTaHHA PIBHICTh Oy/l€ BUTJISIAATH TaK:

E; dy + Eqxdx — By dy — By dy — EpydX + Eyydy =0,
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JIe 3HaK IUIIOC CTaBUTHCS TOMA1 KOJIM HAIpsM 00X0Jy KOHTypa CITIBIIQJa€ 3
JOAATHIM HaMpsMOM OCi 1 MIHYC — KOJIM BOHM TpoTuiexHi. Ilicnsa crpo-

IICHb
E,,dx —E,,dx =0,
abo
Eix = Eo-
Ane Ej, 1 E5y — 1le TOTUYHI (TaHT€HUIUIbHI) CKJIAIOB1 BEKTOPA E B KOX-

HOMY 3 JI€JIEKTPHKIB, TOMY IO3HAYMUMO IX BIANOBIOHO Ey 1 Ey 1 OCTaHHIO

PIBHICTh HANUIIIEMO TaK:

Eq = £y (1)

31 crBBinHOWmEHHA D = g3¢E maemo

Dy _ Dy
=2t 2
6 o (2)
abo
g
Dy = — Dy
&

(55) Ha ocHoBi Teopemu Octporpaacbkoro—I'ayca qoBeaemMo, 1o npu
nmepexoai 3 OJHOIrO JAieJIEKTPUKA B IHIIUI HOPMAJIbHA CKJIaJZ0BA
BEKTOPa €JICKTPUYHOI IHAYKIII PAaNTOBO 3MiHIOETHCS HA BeJIMYH-
HY NOBEPXHEBOI 'YCTUHM BUIBHHUX 3apsiAiB HA MeXKi cepeI0BHIIL.

BuainumMo Ha Mexi cepefoBuIll 00JacTb, oOMeXeHy KyOoM, rpadi
skoro dS. OueBHIHO, IO B MEXKaX I[bOT0 HECKIHYCHHO MaJIoro KyoOa moJjie

MOHa BB)KAaTH OJTHOPITHHUM.
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3HaliIeMO TOTIK BEKTOpa I1HIYKIIii
yepe3 IMOBEPXHI0 Ky0a SIK CyMy MOTOKIB
yepes oro rpasi.

3 mai. 39 6auuMo, 1110 TOTOKHU Yepe3
Ol4H1 B3a€EMHO-IIPOTHJICXKHI T'paHi OJIHA-

KOBI 3a BEJIMYMHOI 1 IPOTUIICKHI 3a
3HAKOM, TOMY TIOTIK 4Ye€pe3 MOBEPXHIO
Ky0a — 11e MOTIK 4epe3 Moro ocHoBH. Ili
MOTOKM TaKOX MPOTHJICKHI 3a 3HAKOM,
ajie BOHHU PI3HI 3a BEJIMUYHUHON. 3a Teope-

MORO OCTporpaI[CLKoro—Fayca
— DlndS + DzndS = Gods,

A€ On — IIOBECPXHECBA I'YCTHHA BUJIBHUX 3ap;miB Ha MEXI1 CCPCAOBHUIILI.

3 111€i piBHOCTI
D, — Dy, =09
abo

D5, = Dy, + 0y, (3)

0 O3Hayae, M0 Ha MEXI CepeJoBUI HOpMaJbHA CKJag0oBa BekTopa D

palToBO 3MIHIOETHCS Ha BCIIMYUHY Oj. HKHIO BUJIBHUX 3ap$[z[iB HEMaAe€, TO,

JK BUJHO 3 OCTAHHBOI'O piBHSIHHSI, HOPpMaJIbHA CKJIaJJOBAa BCKTOpa D mHe

3MIHIOETBCS, TOOTO
D,, = Dy. (4)
VY 1poMy BUIAJIKY JIJIs1 BEKTOPIB HAIIPY>KEHOCT1 MAEMO CITiIBB1IHOILICHHS

&k = e2E,,
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TOOTO HOpMajbHa CKJIaJ0Ba BEKTOpPA HAMPYKEHOCTI 3MIHIOEThCI 0OEpHE-
HO IIPOMOPIIIIHO A0 1€JIEKTPUYHOI MPOHUKHOCTI. [iiicHO

&
E2n = _1E1n . (5)
)

(56) /loBexemMo, 110 BEKTOP HAMNPYKEHOCTi 3aB)KIM HOPMAJIbHHIA 10

MeKi IPOBITHUKA 3 JIieJIEKTPUKOM.

Hexait mepiie cepegoBuile — 1e Ai€IEKTPUK, a APyre — MPOBIJIHUK.
OCK1IbKH B IIPOBIIHUKY MOJIE BIACYTHE, TO Eoy =0 1 Dy, =0. 3 piBHOCTEH
(1) 1 (3) BignoBigHo Maemo: Ey =01 Dy, =—0(, mo o3Hayae, 0 BEKTOP
HaIMpPYKEHOCTI B MEPIIOMY CEPEIOBUIII (J1€IEKTPUKY) € HOPMAJIBHUM J10
MEXI1 CepeloBUl. 3ayBaXUMO, 10 Oy B LbOMY BHIIAJIKy HE MOXE J10PiB-
HIOBaTH HYyJeBi, 00 Ha MOBEPXHI MPOBIJHHKA B EIEKTPUYHOMY IOJII

00O0B’SI3KOBO € 1HIYKOBAaHUM BIJILHUU 3apsijl.

(57) BuBenemo 3aKOH 3aJJOMJIEHHSI CHJIOBHX JIiHIii Ha MeXi IBOX mie-

JIEKTPUKIB.

3 piBHOCTI (5) BUOHO, WO MpHU Ey
& <&, E,,<Ep, a 3 piBHOCTI (1)
Ejt = £y, IO CBITYMTH MPO T€, IO BEK-

Top E y IBOX cepelloBUIIaX MAa€ PI3HUIMA
HaIpsiM, TOOTO CHJIOB1 JIHII 3aJIOMJIFO- L1\, E,,

I0TBCSI HAa MeEX1 cepenoBuil (Man. 41).

Y CcTaHOBHMO 3aKOH IILOTO 3aJJOMJICHHS. c E2
2

3 MaJloHKa BUJIHO, 1110 E>

9a _ Ey Eon .
tgﬂ E2t E1n

BpaxoByroun, mo Ei; =Ey, a

67



Ein &
MAa€EMO:
tgr_ s
t9gs &

[TopiBHIOIOUM TIeH 3aKOH 3aJOMJICHHS
CHUJIOBUX JIIHIM 3 BIJIOMHUM 3aKOHOM 3aJIOM-
sina_n,
sing
BIZIMIHY BiJl CBiTJa, SIKE€ 3a MEPEXoAy B ce-

JICHHS CBITJNA: , OaumMmo, 10 Ha

pelloBuIlle 3 OUIBIIMM ITOKa3HUKOM 3aJIOM-
JIEHHSI 3aJIOMJIFOETHCSI 10 HOpMaJi, JIHII Hall-
PYKEHOCTI 3a Mepexoay B cepeqoBuile 3 Oi-
JBIIOK JIEEKTPUYHOIO MPOHUKHICTIO 3a-
JIOMITIOIOTHCSI B1JT HOPMAJIL.

(58) IMosicHuMO NPUHOHMI eJIeKTPodoTO-
rpadyBanus (kceporpadis).

[Ipouec enekTpodoTorpadyBaHHs MOXK-

Ha MOJIJIUTUA HA YOTUPHU eTanu (Mma. 42).

1. 3apsamxanus goronpoBiaHuka. [IpoBia mia
Harnpyroto npubnuzHo +5000 B 3apsimxae
(OTONPOBIITHUK-PEYOBUHY, SIKA B TEMHOTI
€ JIICJICKTPUKOM, a TPU OCBITICHHI CTa€
npoBigHukoM. Ha Mexi Mmerany i ¢oto-
NPOBIJHUKA BUHUKAE 1HAYKOBAaHMM Hera-
TUBHUU 3apsil.

2. OcBiTaeHHs1 (HOTONMPOBITHUKA BIAOUTUM
Bi TekcTy cBiTiaoMm. [Ipu nbomy y ¢doto-

e

++++++++++I

($hOTOMPOBITHUK

2
z
il

Biobume 6io 06 ’exkma 2
c8imio

¥ +\l/\l/+ +\l/\l/\l/+ 4\-1/\1/

Mai. 42
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MPOBIIHUKY BHUHHUKAIOTH BUIbHI €JIIEKTPOHU 1 MIPKH, SIKI PyXalOuuCh Y
MPOTUJICKHUX HaINpsiMax, HEUTPaII3yIOTh 3apsId B MICI[I OCBITJICHHS.

3. HanecenHnss Ha (OTONMPOBIJIHUK HEraTUBHO 3apsijpkeHoi ¢apou. Ilpu
oMy hapbda IpUTIATYEThCS 0 OOJIaCTeM, Jie 3aJUIIMUBCS MO3UTUBHUM
3aps] (HEOCBITIICHI 001aCT1).

4. TlpukinagaHHs MO3UTHUBHO 3apsPKEHOTO marepy a0 po3dgapOoBaHOTO
dboTONpOBITHUKA.

[eit coci6 komiroBaHHS BUHANIIOB B 1937 polii aMepuKaHCHKUN BU-

HaxigHuk Yecrep Kapiscon. HasBa «kcepokormisi» MOXOAUTH BIJl HA3BU

koMmmnaHii “Xerox”, sika OJlHA 3 MEPIIUX PO3I0Yaja MacOBE BUTOTOBJICHHS

KOITIIOBAJILHUX MAIIIHH.

Tema 14. EneKTpo€eMHICTH

Dizuuni eruyUHU

e EjleKTpo€MHicTh BiJOKpPeMJIEHOT0 NMPOBIAHUKA — 1I¢ BIIHOIICHHS
3MIHM 3apsily MPOBIIHUKA 0 3MIHM HOTO MOTEHINsUTY, SIKa CIPUYMHEHA
1i€ro 3MiHO0 3apsaay (mo3naueHHs C).

A9
C=—. 1
10 (1)

Sk11o mpoBITHUK OYB HE3apSIKEHHM, TO MOr0 €MHICTh OYEBHUIHO O-

3HA4Ya€ThCA TaK

(2)

S o

Di3uyni cucmemu U npuraou
e KongeHncarop — cucrema JBOX €JIECKTPUYHO 130JIbOBAHUX OJWH Bif
OJIHOTO TIPOBITHUKIB.

3aoaui

69



(59) MokaxkemMo, 1110 MOTEHUIsAJT BiIOKPEeMJIEHOTO MPOBiTHMKA MPOMOP-
HiliHU# 10 HOTO 3apsay.

BinoMo, 1m0 Oyab-sKuil MpOBIIHMUK, 3apsSAKEHUM YU Hi, € €KBIIIOTCH-
IISUTBHUM, 1110 O3HAYa€, M0 IMOTEHIST Y BCiX MOro TOYKaX OJHAKOBHUM
(3amauya 46). Kpim TOro Bigomo, IO 3apsj PO3MIIIYEThCS JIUINE Ha
MOBEpXHI NMPOBiAHUKA (3a71a4a 44).

Ha ocHOBI NpUHIUITY JOAaBaHHS MOTEHIISUIIB, TOTEHIIST Y Oy Ib-sIKiii
TOYIll MPOBIAHUKA OyJe JOPIBHIOBATH CyMi MOTEHIISUIIB, CTBOPEHUX €Jie-
MeHTaMu 3apsaay dq:

d 1 odS
J‘47Z'6:8r B 47&905-! r

S

7€ o — MOBEpXHEBA I'YCTHHA 3apsAy Ha MPOBIAHUKY, S — IUTOIIA TOBEPXHI
IPOBITHHKA.

AJte moBepXHEBA T'YCTHHA 3apsiay MPOIOPIiiiHA 10 BEIUYUHHU 3aPSIy
q, Todto o~ abo o =Kq, ne kK — koedimieHT, sikuii He 0OOB’I3KOBO €

CTaJINM, a MOKe 1 3anexaru Big S. Tomy

. q (kdS
Argye . '
: 1 kdS
OCKUIbKH BHpa3 I — II€ YUCJIO, TO @ ~ (.
Argye s T

(60) IMokakeMo: IKIIO MOOJU3Y MPOBITHMKA PO3MICTHTH iHIIUIA MPO-

BIJTHMK, TO HOIr0 €EMHICTD 3011LIINTHCS.

Ha man. 43, (a) noka3zaHo BiAOKpPEMJICHUH 3apsI>KEHUI TPOBIIHUK 1
fioro mose. Akmo mo6au3y IIbOr0 MPOBIJIHMKA PO3MICTUTH I1HIIUM He-

3apsiHKEHUN MPOBIAHUK, TO BHACIIJIOK BUHUKHEHHS Ha HHOMY 1HIYKO-
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BAHOTO 3apsay I0Je MIX MPOBIIHUKAMM IIJICHUIIOETHCS, a 32 HUMH I10-
Ca0JI0EThCS, TOMY 3apsiji Ha MEPIIOMY MPOBITHUKY TEPEPO3NOIITUTHCS
(man. 43, (0)). lllono nmoteHisuly B OyAb-sKiH TOYIll HEPIIOTO MPOBIAHUKA
(mam’siTa€MO, 1110 BiH BCIOJW OJHAKOBHI), TO OAYUMO, 1110 3T1AHO 3 MPHUH-
IIMIIOM JOJaBaHHS IMOTCHIISAIIB, HOro ajre-

OpaiuHa cyma 3MEHIIUTHCS 1 EMHICTb 3T1THO a)
3 1i 03Ha4YeHHAM 3pocTe. OU4eBUAHO, IO LEH

e(eKT 30UIBIIIEHHSI €EMHOCTI IIPOBIAHUKA i \\

BILUIMBOM 1HIIOTO MPOBiIAHUKA Oyje TUM Oi- G

JBIINN, 1110 OJIMK4Y€e OYIyTh OJIUH JJO OJHOTO
Il TPOBIAHUKHA 1 IO OUIBII iXHI IUIOII

OyAyTh pO3TallOBaHi OJHI HABIPOTH OJHUX.

OCK1JIbKHM TaKa CUCTeMa JBOX MPOBITHUKIB — ‘

1€ KOHJEHCATOp, TO 0a4yMMo, M0 €EMHICTh “g

KOHJICHCAaTOpa MOXe OyTH 3HaYHO OUIBIIO0 “

32 EMHICTh BIJIOKPEMJICHOT'O MPOBIIHUKA. v
Mar. 43

(61) YcranoBumMO BHpa3 sl €JeKTPOEMHOCTI MPOBiTHOT KyJi Ta

chepu i 009HCIUMO EMHICTH 3emuti.

Skimo Kyni HagaT 3apsany (, TO il HOTEHIsa Oyae ¢, NpUuYOMy BiH
OyJZle OJHaKOBUM B yCiX TOYKax KyJi (3amaya 45). Haiinerme Ham 3HaWTH
HNOTEHLIST y HEHTP1 Kyial. OCKIIBKY 3apsii pO3MICTUTHCS Ha MOBEPXHI KYJIi
(3amaua 44), To MOTEHIISUT y 1l UEHTP1 CTBOPIOETHCS 3aPAJIOM ii MOBEPXHI.
Koxen eneMmeHTapHuil 3apsa moBepxHi d(Q CcTBOprOE y IEHTPI Ky

noTeHmisur do = d—q, ne R — pamiyc kymi, a Bech 3apsi KyJil CTBOPIOE
ArggR
TMOTEHI ST
o= I dg _ q
. drggR  drgyR

3rigHo 3 O3HAYEHHAM €MHOCTI
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== 4zgR.
¢

[omo cdepu, To 3apsn Ha chepl pO3MICTUTHCA TaK camo, sIK 1 Ha KyJi
1 TOTeHIIsT BecepeauHi cepu Oyae Takuil camui, sSIK 1 BCepeAuHl Ky,
TOMY €EMHICTb c(pepu Taka K, sIK 1 EMHICTh KyJI1 TAaKOTO X pajaiyca.

Sxmo cdepa 3anmoBHEHA MICIEKTPUKOM 3 JICICKTPUYHOIO MPOHUKHI-
CTIO &, TO OYEBUIHO 11 EMHICTD:

C =4rgeR.
3a i€ GopMyIJIOK EMHICTh 3EMHOI KYJIi

C=4-314-885-10"12.64-10° ~7-10™* @ =700 (mx®@ ).

Tema 15. Konaencaropu
3aoaui
(62) YceraHoBuMO BHpa3 AJ1sl EMHOCTI IJIOCKOT0 KOHAEHCATOPA.

3rigHo 3 O3HAYEHHAM €MHOCTI

ne A@ — pi3HUIA MOTEHINaIIB MK 0OKJIagKkaMu KOH-

neHcaropa (man.. 44), saxa 3a GopMyJoro 3B’SI3KYy MIXK

HAIPYXKEHICTIO 1 MOTEHIISIOM MOX€E OyTH HpejCcTaB-

aena sk Ed. CBoero ueproro HalpyKeHICTh €ICKTPH-

+ + + + + + + +

yHOro 1mojsi E Mk oOkJiajkamMu KOHJEHcaTopa J10-

. o . i Maui. 44
PIBHIOE —— SIK HAIIPY’>KEHICTH ITOJIS BOX HECKIHUYCH-

580
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HUX To1omuH. OTXKe

g 0 Qe  0SgpE  &gES
Ap Ed od od d

ne S — miora ogHi€el 3 00KIaa0K.

(63) YcTanoBMMO BHpa3 Ui €EMHOCTI IUJIIHIAPUYHOIO KOHAEHCATOpPA
JTOBKMHA SIKOT0 3HAYHO OlIbIIIA 32 paaiycy HUJIiHAPIB.

CnouaTKy BCTaHOBMMO BHUpa3 JJIsl MOTEHIISUTY OyJb-IKOT TOUKUA MiX
nBoMa IuiiHapaMu (mai. 45). s uboro BCTAaHOBUMO BHUpa3 ISl HAIPY-
AKEeHOoCT1 nosisi. HanpyskeHicTh moJist B 11i
TOYI[l, CTBOPEHA 30BHIIIHIM LWIIHAPOM
3riHO 3 TeopeMoro OcCTporpaacbKoro—
["ayca mopiBHIOE HYJEBl, 00 MOTIK HaMpy-
KEHOCTI EJIGKTPUYHOI'O TIOJisi 30BHIII-
HbOT'O LIIIHApPA JTOPIBHIOE HYJEBI TOMY,
IO MiJ] LI€0 MOBEPXHEI0 HEMAE EIIEKTPU-
YHUX 3apsAliB. Y pe3ysibTaTl HaMpyXKEHi-

CTb TOJIA MK LIWJIIHJApPAMHU — 1€ HalpykKe-

Mau. 45

HICTh, CTBOPEHA BHYTPIIIHIM LUIIHIPOM, 1
3a Ti€ro xk Teopemoro Octporpaacekoro —l'ayca (3amaya 28)

3 dhopMyu 3B’ 3Ky HAMPY>KEHOCTI 1 MOTEHIIISTY 3HAHEMO MOTECHITISLT
y II1H K€ TOYIIi:

dp=—Edr =— A gr,
€O&T

3BIIKHU
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o(r)= _90 4K
808

Crany i"TterpyBanHs K 3HaiigemMo 3 yMoBU I=1I,, ¢@=0, T00TO

IpUMMAEMO ITOTEHIIIST OAHOIO 3 HMIIHAPIB, & CaM€ 30BHIIITHBOIO 3a HYJIb.

. . O'lrl . .
Iliciaa M ICTAHOBKHX Ma€EMO K=—= Inrz 1 BUpa3 i1 MIOTCHIIAITY Ha6Hpa€
808

BUTJISY:

q)(r): iﬁ- In r_2 ’
&oé r

3BIJIKA MOTEHIIISI 30BHIIIHBOTO IAJIIHAPA 010 BHYTPIIIHHOIO:

o111 I
p="Mn"2,
808 rl

Tenep MO>KEMO HAITMCATH 1 BUpPAa3 aJIsd €MHOCTI:

c_d_ &M _ £080S,  gge2mh  2rmegyen
o r, r, b, .
? orin?2 grin2 iz In2
1h 1 1
I I I I

OueBuaHO, 110 1S opMyJia IpaBUIIbHA 1 JJIs1 KOAKCIAIIbHOTO Kaoesl.

Po3rnsHeMO BWITAJOK KOJM BiJICTaHb MK LWIHApamMua I, —h =d

3HAYHO MEHIIA 3a 1XH1 pajilyCHu.
CkopucTaBmIuCh 3 HaOMMKEeHOiI (GOpMyJn i OOYMCIEHHS Jiora-

. r I — T
pHTMa, a caMe, IO 3a GIM3BKHX 3HAUEHb Iy i f,: IN-2 ~ 21 MaTumemo

I 0]

C=2mgeh—1 .

h—n
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BpaxyBaBmmu Te, mo 2zhf; me miom@a S oAHi€i 3 OOKIAAoK i

I, —; =d, 0OCTaTOYHO MAEMO:

SIK 1 I TJIOCKOTO KOHJIEHCATOpa.

(64) loBenemo, 110 3a MapajieJJbHOr0 3’€IHAHHS JBOX YH OlIbIle KOH-
JEHCATOPIiB €EMHICTH Hi€l TUISHKHM KOJIa JOPIBHIOE CyMi €MHOCTeil
OKpPEeMHX KOHJAECHCATOPIB.

Bynemo po3risigaTyu 10 JUISHKY KoJia SIK OJIMH BEJIMKUM KOHJIEHCATOP
3 JIBOMa 130JIbOBAHMMHM OJIMH B1J OJHOTO MpoBIAHMKaAMU A 1 B (111 mpo-
BIJIHMKH OOBe/IcH1 Ha MaJl. 46 3aMKHYTUMU IITPUXOBAHUMH JIIHISIMH ).

3riIHO 3 O3HAYECHHSIM €MHOCTI, €MHI-

______ C
CTh IILOT'0 KOHJICHCATOpA: T T
' Gof +
oG ||
Ap A LB
e ( — 3apsjg Ha OJIHIM 3 OOKJIAJ0K I[LOTO L
BEJIUKOTO KOHAEHcaTtopa, A — pPI3HUI 21
NOTEHIISUIIB MK Horo oOkmagkamu. Bpa- 7777 sz """" ’
XOBYHOYM OueBUAHI (pakTH, MO =0 + 0,
Mau. 46

1 Ap = @p — g, AICTAHEMO:

c-0tl _ G4 %@ =C,+C,.
Ap  Ap Agp

3a OUIBIIOT KUIBKOCTI KOHAEHCATOPIB HIYOTO HE 3MIHUTHCS, TOMY

C:ancl..
i=1
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(65) ITokaxkemo, 110 EMHICTH KOHIEHCATOPA OYAb-1KOi (POPMHU 32 yMO-
BH, 1[0 BiICTAHb MiK Hi0ro 00KJIaJKaMH € 3HAYHO MEHIIO0IO 32 IXHi
PO3MipH, JOPIBHIOE EMHOCTI MJIOCKOT0 KOHJIEHCATOPA 3 TAKOI0 K
IUIOHIEI0 OOKJIAJOK i BIACTAHHIO Mi’K HUMH.

VY4BIMO KOHJIEHCATOP OyAb-siKOi opMuU sIK
CHUCTEMY TapajebHO 3’€qHAHUX IUJIOCKUX eJle-
MEHTApHUX KOHJIEHCATOPIB 3 TJIOIICI0 00KIIaI0K
dS (man. 47). OckilbKH BiACTaHb MiXK OOKIIa-
KaMH MaJjia, IoJjie B MEKax OJHOTO eJIeMEHTap-
HOTO KOHJICHCAaTOpa MOJKHa BBa)KaTH OJHOPIA-
HUM. TOMY €MHICTh KOXHOTO €JIEMEHTApHOTO
kongeHcaropa dC — 11¢ eMHICTh INIOCKOTO KOH-

ACHCATOpa

. &€

d

dC ds.

3a mapajienbHOro 3’ €JHAHHS EMHOCTI JI0JJaI0ThCS, TOMY

o€ Eo€
C=[*ds =5,
d d
S
(66) JoBeaeMo, 10 32 MOCTiZOBHOIO 3’€IHAHHS ABOX YH OLIbINE KOH-
JAEHCATOPIB 00€epHEHA €MHICTh Li€l IIISHKH KOJIa JOPIBHIOE CyMmi
00epHEHUX EMHOCTEH OKpeMHUX KOHICHCATOPIB.

C.
Skmo B IIbOMY BHUIAIKy OJHOMY  +|—f—>+ G > 1 Gy
+ _ +
KOHJCHCATOPY HAIaTH 3apsfny (, TO Ta- (> 4[> [ :
KU camuil 3apsig OyAe 1HAYKOBaHUW Ha [ - -+ |
. + > = + — 7 - FI— _
BCiX KOHJeHcaTopax (main. 48). batapero | . +
. . —>— —>t—H—=>
MOCJIJIOBHO 3 €JJHAHUX KOHIAEHCATOPIB
A a A P < Ap Ag, Ap;
pPO3TISAIATUMEMO SIK OJIMH KOHJIEHCATOP R
. gl ¢ B .
13 3apsgamMu oOKnagoK +(q ta —(q (monst | g
Mau. 48
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3apsJIIB YCIX IHIIMX 0OKJIaJ0K KOMIIEHCYIOTh OJTHE OJIHOTO).
3a 03HAYCHHSIM €EMHOCTI, EMHICTh OaTapei

_ a9 _ 9
Ap  Ap + Ay + ...+ Ap,,

3a TUM CaMHM O3HAYEHHSIM €MHOCTI

q q q
Aoy =—, Ap, =—, Ap, =—,
%] C, %) c, Pn C,
1 TOMI
C= : 1 1:L ’
i+i+ +i —
Cl CZ Cn Cl CZ Cn
3BIJIKM MA€EMO
1 1 1 1
= — 4.+ —
c C G C,

(67) YcTanoBMMO BHpa3 AJsl €MHOCTI ABOXIPOBiAHOI JiHii, TOOTO cHc-
TeMH IBOX MapajeJJbHUX MPOBOAIB TOBXKWHOKW | pamiycamm T,
BiICTaHb MiK ociMH sIKHX (, MpUYOMY PO3IJIsIHEMO MPAKTHYHUI

BUNAAOK KoM d >>1.

Cnouarky 3HaleMO BUpa3 IJid HANPY>KEHOCT! €IEKTPUYHOTO TOJIs,
CTBOPEHOI'0 OJIHUM 3 MPOBOJIB Yy OyAb-sKil
TOYI[l Ha MPsIMIi, 10 3’ €HY€E JBa MPOBOJIH,
0 Ha BIJCTaHl X BiJ OJHOTO 3 HUX (Mal.
49). JIng LbOr0 CKOPUCTAEMOCS BHPA3OM o T""@
JUTSl HANpy>KEHOCTI1 MOJIsi pIBHOMIPHO 3apsij-

KEHOTo IuiIiHapa (3amgada 27) (3ayBaxuMo, d
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0 MpakTU4YHA PIBHOMIPHICTh PO3MOJALLY 3apsjly Ha MPOBOJII 3abe3re-
qy€eThCs yMOBOIO O >>T), sika B HaIlIOMY BHIAJAKy OyJie MaTH BHTJIS:

E, =2,
* 80)(

[lincTaBUBIIM B OCTAHHIO PIBHICTh BHUpA3 JJIsl MOBEPXHEBOI I'YCTUHHU

9

3apsiAy Ha IMWIHIPL O = pyg ne | — Bucora muiiHApa, a B HAIIOMYy BU-

arl

NajKy JOBUIbHA JOBXKUHA AUISTHKY ABOXITPOBIIHOI JI1HI1, JICTAHEMO

= q .
21 gylX

+

Hpyruii mpoBij, OYEBUIHO, CTBOPIOE Y I11i TOUI[l HANPYKEHICTh MOJIS

= q .
~ 27mgl(d —x)

Tomy cymapHa Hanpy>KEHICTh MOJIS B 1M TOYI

E=E, +E =1 (3+ 1 }
2rggl \x  d =X

: y d :
[lincraBuBIIM y 11eW BUpa3 E = d_¢ , JICTAHEMO
X

dp=_ 1 (3+ 1:%m
2ol \ X d =X

3BIJIKM 1HTETPYBAaHHSIM YCTAHOBHMMO 3aJI€KHICTh MOTEHIIISLUTY BiJ BiACTaH1

X.




Crany K 3naiinemo 3 ymoBu X=I ¢ =0, 1110 03Ha4ae, 110 3a HYJIb MO-
TEHIIISUTy MPUMUMEMO MOTEHIIISI Ha MOBEPXHI OJHOrO 3 mpoBoiB. JlicTa-
q d—r

Y In , @ ITCJIs I1JICTAaHOBKH IIbOI'0 BUpPa3y B OTPHUMaHy
ey r

Hemo K =

3anexHicTh @(X):

Marouu IIrO 3aJIE)KHICTh MOXKEMO BHU3HAYUTH HOTeHI_[iSIJI (@ Ha IIOBCp-

XHI JPyroro mpoBojay, TOOTO MOTEHITIsI 32 YMOBU X =0 —r

o(d—r)=—13 In(d_r)~ 4 9.

~

&l r gl

OCK1IbKY HOTEHIISUT MEPIIOTo MPOBOY MU MPUNHSIIN 32 HYJb, TO 15
BEJIMYMHA € PI3HUIICIO MOTEHI[1AJIIB MK MPOBOJIAMHU, TOMY 3T1JIHO 3 O3Ha-
YEHHSIM €MHOCTI

€MHICTB, 110 NIPUIAAA€ HA OJIMHULIIO IOBXXUHHU JITHIT

N

&

¢
IIn

= |

(68) YcranoBuMo BHpa3 IJIA EMHOCTI OJTHONPOBIIHOI JIiHIi TOBKHHOIO
| i pamiycom mpoBoay I, mo 3HaAXOAMTHLCI Ha BHcOTi h Hajg
3eMJIe10.

3acToCyeEMO METOJ M3EPKATbHUX 300pakeHb. 3T1AHO 3 IUM METOJIOM,
CJICKTPUYHE TI0JIe, CTBOPEHE 3aps/PKCHUM IPOBOJIOM Ta 1HIYKOBAHUM
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3apsiIOM Ha MOBEPXHI 3€MJIl, CHIBNAJAE 3 CIIEKTPUYHUM T0JIEM, CTBOPEHUM
JBOMa TMPOBOJAMH 3 OJHAKOBUMH 32 BEJIMYMHOIO Ta MPOTUJIC)KHUMHU 3a
3HaKaMH 3apsaaMu (maj. 50).

ToMy 3acTocyeMo Bupa3 [Jjis PI3HHUII
MOTEHITISUIIB MK JIBOMa IMPOBOJAaMH (3a1a4a
67):

d
7Z'80| r
L Ll - 1 -
\ \ | 1 | I 1
: : . [ T !
AJle HacC IIKaBUTh PI3HUILI HOTSHITISIIIB U N Y /!
) \ 1 4
: : \ /
MDK IIPOBOJIOM Ta 3€MJICIO 1 BOHA, OYCBH]I- NN ‘\}(Ej Lol
HO, JIOPIBHIOE TOJIOBUHI Pi3HHUIIl MMOTEHIIIs- e
JIB MK MOPOBOJIOM 1 MOTro 300pa’KEHHSIM. Maﬂ 75‘0

Toni, BpaxyBaBIIIH 1IC 32 O3HAYCHHSAM €MHO-
CTIl,
27 6‘0|

c=29_ |
Q |n27h

€MHICTb OJUHUIT JOBKUHHU IPOBOAY:

272'80

2h”
In=—
;

¢
|

Tema 16. IloTeHUifAJIbHA eHEPris B3a€MO/il TOYKOBHUX 3apsAiB.
EHeprist eJIeKTPUYHOTO MOJIA

Di3uuni NOHAMMA
e [loTeHUislIbHA eHeprisa 3apsiay B 3aJaHid TOYLi €JIeKTPUYHOIO
noJisi — 11¢ podoTa, sIKy CJiJl BUKOHATH, 00 MEPEeHECTH el 3apsia 3 i€l

TOYKH Y HECKIHUCHHICTh (rmo3HaueHHs W ).
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Di3uuni eeauyUHU
¢(00’eMHA I'yCTHHA eHePril eJIEKTPUYHOI0 MOJIA — CHEPTis, po3pa-
XOBaHa Ha OJMHMINIO 00’ €My 3alHATOrO 1ojieM (TIO3HAYCHHS W ).

3aoaui

(69) YcranoBuMo BHpa3 AJsl NOTEHIisSUILHOI eHeprii B3aeMoaii N Tou-
KOBMX 3apA/iB.

CrioyaTtky po3IJIIHEMO CUCTEMY 3 ABOX 3apsaiB. llepmmii 3apsg ¢y

OylieMO BBaXaTH JKepesoM Mojisa. ToJil MOTeHIsUIbHA €HEPTis APYroro

3apsay (, B IOJII IEPIIOro, 3T1IHO 3 O3HAYEHHSAM NOTEHLIsITy, Oye

%hd2
W =p0, = ’
Argyr
7€ 3aMICTh (?; MM IIICTaBWIN BIJIOMUHM BHpa3 JUlsl MOTEHLISUTY IOJSA TOY-
KOBOT'O 3apsiy. 3 1HIIOTO OOKY, OCKUJIBKH 3apsiiu y Ta (, PIBHONPABHI, TO
BBa)KAlOUM HABIAKU JPYTUN 3apsij JHKEPEJIOM I0Jisg, OTPUMAEMO TaKHUi

CaMHu# BUpa3

2
Argyr

OTxe, MOTEHUISUIbHA €HEPTis JIpyroro 3apsay B MOJI MEepUIoro Ao-
PIBHIOE MOTEHUISUIBHIM €HEprii Mepuioro 3apsay B MOJl APYroro, ToMy ii
MU MOXEMO TpaKTyBaTU SIK NOTEHUISUIbHY EHEPril0 B3aeMOJi JABOX
TOYKOBUX 3apsiiB. [{t0 eHeprito MokHa oAaTH 1IE TaK:

1
W = E(%Qz + 20),

A 1uist cucTeMu N TOYKOBUX 3apsi/IiiB

81



1 < .
W = > 'gl(PiCIk (' # k)-

(70) YcranoBuMo BHpa3 1Jisl TYCTHHH NMOTEHIISIBHOT eHepTii eJIeKT-

PUYHOTO MOJIsI.

Cnouarky 3poOUMO Iie JIJIT OJHOPIAHOTO MO (TMOJIs TIOCKOT0 KOH-
neHcaropa). s 1mporo 3acTocyeMo MOCHiI0BHO (OpMyJy €Heprii Iioc-
KOro KOHAEHcaTopa, (QopMyiay 3B’SI3Ky HANpPY>KEHOCTI 1 Hampyrud Ta
dbopMyIy i EMHOCTI IIOCKOTO KOHAeHcaTopa. OTpuMaeMo

2 242
QU _CE S 1, e

W
2 2 2d

e V =Sd — 00’em KoHIEHCATODA.

SAKIo 1mosje HEOJAHOPITHE, TO BUILIN-
MO B HBOMY HECKIHUYCHHO Majuid 00’em,
0OMEXEHUI JIBOMAa HECKIHUEHHO OJIM3bKH-
MU €KBINOTEHIISJIbHUMHM ITOBEPXHSMHU Ta
IJIOIMHAMUA HOPMAJIbHUMM JO HHUX, SKi
OpPOXOJATh 4Yepe3 CUJIOBI JHIT (Man. 52).
Takuii 00’€eM MOXHAa BBa)KaTH ILJIOCKUM
KOHJEHCATOPOM 3 OOKJIaJKaMH Ha €KBIIO-
TEHIIISUTbHUX MMOBEPXHSIX, 00 OyIb-sIKYy €K-
BIMOTEHIISUIbHY MMOBEPXHIO MOXHA 3aMIHHU-

TH Ha peajbHy MPOBIJHY MOBEPXHIO 3 TUM
caMHM TIOTeHIIisi7IoM. EHepris boro KoHAeHcaTopa

dw :%gogEde,

a EHEepris eJIEKTPUYHOTO 1oJid B 00’ emi V
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W = %505I E2dV.
Vv

JliTeHHsAM TepeoCcTaHHbOro PiBHSAHHSA Ha OV oTpumaemo dopMmyiry
IUTs1 OOYUCIIEHHS 00’ €MHOI TYCTUHU €Heprii

w:dﬂzlgogﬁz _lep-lEb.
v 2 2 2

(71) YcranoBuMo BHWpa3 I NMOTEHUISUILHOI eHeprii 3apsaIKeHoro
NPOBITHMKA Ta KOH/IEHCATOPA.

{06 mepeHecTu 3apsa dQ 3 MPOBIAHMKA B HECKIHYCHICTb, CII,

3T iI[HO 3 O3HAYCHHAIM HOTGHHiHJ’Iy, BHUKOHATH pO6OTy

dA = ¢dq,

9

a0o0 MPEeJICTaBUBILIU ¢ 3T1AHO 3 O3HAYEHHAM €eMHOCTI C = —,

o6 nepenecTu Bech 3apsia (, CIiJl BAKOHATH pOOOTY:

G q°
Azgadq 2’

sAKa 32 O3HAUYCHHSM IOTEHIIISTILHOI €Heprii 1 € MOTEHIISILHOI SHEPTi€r0
3apsIKEHOTr0 MPOBITHUKA!

w=2_ (5)
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a00, B3SIBIIIM JI0 yBaru o3Ha4eHHs eMHOCTI C =

9
¢

1
W="ap="2", (6)
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