Pozain II1. MaruerHne moJie

Temal. 3akon Amnepa. IHAyKIisI MATHETHOT'O MOJISI.
IIpoBigHMK 31 CTPYyMOM y MarHeTHOMY IOJIi

Di3uuni nonammsi

eMarseTHe noJie — 1e CyOCTaHIIis, SIKa CTBOPIOETHCS CICKTPUIHUMHU
CTPYMaMH ¥ BUSIBIIAE ce0e 3a Ji€r0 Ha eEKTPUUHUN CTPYM.

eEjiemMeHT cTpyMy — 11 100yTOK CHJIM CTpyMy | Ha eJIeMEHT JOBXKU-
HU MPOBITHUKA di.

eCujia AMnepa — 1e cwia, sika Jii€ 3 OOKy MarHeTHOTO TOJIS Ha
IPOBIJTHUK 31 CTPYMOM.

eCuiioBa JIiHisi MATHETHOIO MOJISI — II€ JIIHISA, B3JIOBXK SKO1 BUCTPO-
SAThCSL JYXKE€ Majii MarHeTHI CTPUIKH, SKIIO HUMHU UIUTBHO 3alOBHUTH
IPOCTip, € € MarHeTHe mnoJie (1HaKIle Kaxyyu, 1Ie JIiHis, Y KOXHIA TOYIIi
SIKO1 BEKTOP MarHeTHOI 1HAYKIIIT € TOTUIHUM JO ITi€T JTiHii).

Dizuyni eeauyunu
¢ [HaAYKIisE MATHETHOTO MOJIA — 1€ BEKTOP B, MOJyJIb SIKOTO
dF _
B=——-—, P
| -dlsina
ne dF — Momynb cuiy, 3 SKOK MarHeTHE MoJie

nie Ha enement ctpymy ldl, o — kyT Mixk Bek-

topamu dl i B, a Hampsim BekTopa B Takwuii,
o BekTopHuii 100yTok dl x B crmiBHampsimite-
Hui 3 Bekropom dF .

. Mai. 92
e MarHeTHHii MOMEHT 3aMKHEHOT'0 CTPY-

MY — II€ BEKTOP

P, =1Sn,
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ne S — mioma oOMeXeHa CTpyMoM, N, — OJUHUYHUN BEKTOP HOPMAJi /10
S, HampsIM SIKOTO BU3HAYAETHCS MMPABUIIOM MTPABOro TBUHTA (Mail. 92).

Dizuuni cucmemu U npuIaou
e MarHeTHa CTpijiKka — 1€ CTPIJIKa 3 MATHETHUM MOMEHTOM, CIIPSIMO-

BAHUM Y3I0BX Hel.

Hocmynamu
» 3aKkoH AMmnepa: cuia, 3 IKOI0 MarHeTHe IoJie 3 IHAYKIli€o B, i€

Ha eJIeMeHT cTpymy | di;

3akoH AmIiepa BOJHOYAcC € 03-

HAQYEHHSIM 1HJAYKLII MarHeTHOro
. Mau. 93
mons (Tak K apyruid 3akoH Hero-
TOHA € O3HAYCHHSIM CHJIH).

OuyeBugHO, 1O 5K 1 OyAb-SKHI MOCTYyJaT, 3aKOH AMIiepa BCTaHOB-

JICHUH eKCTICPUMEHTATBHO.
3aoaui

(150) 3naiimemMo MeTOX OOUYMCIECHHS CHJIM, SIKA JIi€ 3 60Ky MarHeTHOI 0
10JIS1 HA MPOBIAHUK 31 CTPYMOM JOBLIbHOI hopMu.

3akoH Amriepa J1a€ HaM MOKJIUBICTh OOYMCIIUTH CHUITY, sIKa Ji€ 3 00-
Ky TI0JIs1 JIMIIE Ha OJIUH €JIEMEHT cTpyMy, ToOTo crry dF , sika jie Ha Hec-

KIHYEHHO MaJIiii eJIEMEHT JOBXHMHHU MPoBigHuKa 31 ctpymom dl (man. 93).
OueBuaHO, 1O JJIS1 TOTO, 1100 OOYUCIUTU CUIY, 3 SKOK MarHeTHE IoJje
Jli€ Ha BECh MPOBITHUK YA MOTO YaCTHHY CKIHUEHHO1 JTOBXHWHU, CIIiJ J0a-

TH BCi enleMeHTapHi cuiin dF , ToOTO mpoiHTerpyBaTH 3a BCI€IO TOBKHUHOKO
MPOBITHUKA
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F= J.dT: = J. IdxB.
(151) YcranoBumo, siK 30pi€HTYETHCSI BUIBHUH KOHTYP 3i cTpyMoM B

OTHOPITHOMY MATHETHOMY TOJIi.

Ha man. 94 (a) mokazanuii mpsimMo-
KyTHUH 9 KPYIJIMA KOHTYp 31 CTPyMOM a)

(mpoMiHb 30py HapajieabHUM 10 TUIONIH-

. : dl»«
HHAU KOHTypa), KU OOBUIBHO 30P1€HTO-

BaHUU MION0 CWJIOBUX JIIHIA MAarHeTHOI'O

10JIs. 3 IbOTO MaJIOHKA BHIHO, IO 3Tif-

HO 3 3aKOHOM AMIIepa, HampsM CHIIH, 3 /
SIKOIO TIOJIE JIi€ Ha KOKHY CTOPOHY KOH- di

Typa, pi3HUHN, IPUUOMY CHJIH, SIKI JIIOTh

Ha CTOPOHY, Ky MH 0a4yuMO 1 MpOTHIIe- . 6)
.. . dF
JKHY 10 HEl, P1BHI 3a BEJIMYUHOIO 1 MPO- g di

TUJICKHI 32 HAmpsIMOM — BOHU CTHCKa-
I0Th KOHTYP.
Cwuin, sKi JiFOTh Ha JBI CTOPOHH, dF @——>Pm

napajenbHi JI0 MPOMEHs 30py CTBOPIO- dl

I0Th 00epTabHUN MOMEHT. ToMy KOHTYD
Oyne oOepraTucs NPOTU TOJUHHUKOBOL Q—F

CTPUIKH, JOKH HOTO ITUJIOIIMHA HE CTaHE
HOPMAJIBHOIO IO JIIHIM 1HAYKIIIT 1, BIIO- Man. 94
BIJTHO, BEKTOp MarHeTHOro MOMEHTY P,

napaneinbHuM 70 HuX (Man. 94 (0)). Y 1mpomy CTaHi Ha KOHTYp AISITUME
JUIIE CHUIIa, SKa Woro po3rsarae. [Ipuyomy 1eii cTaH piBHOBAru € CTIMKHUM,
TOOTO 3a HAaWMEHIIOr0 BIAXWIEHHS BiJ HBOIO BHHHMKAIOTH CHJIHU, SKI
HOBEPTAIOTh KOHTYP y CTaH PIBHOBArU.

OTxe, MACYMOBYIOYH, MOKHA CTBEPKYBATH, IO SIK Ou HE OYB 1MO-
YaTKOBO PO3MIIICHUN BIIBHUI KOHTYp 31 CTPYMOM B OJIHOPITHOMY Mar-
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HETHOMY TIOJIi, BiH MTOBEPHETHCS TakK, IO HOTO MarHeTHUH MOMEHT Oyne
CIIBHAMPSIMJICHUM 3 BEKTOPOM MarHeTHoi iHaykiii. Kpim Toro, 3 man. 94
(a) 1 3akoHy AMIepa BUILTUBAE, 1110 MOMEHT CHUJI, IKHI TOBEPTA€E KOHTYP, €
HAOLIBIIUM TOJI, KOJM IUJIOUIMHA KOHTypa mapajeibHa 10 BEKTOpa
IHAYKII1 (MarHETHUI MOMEHT KOHTYpa HOPMaJIbHUN 710 BEKTOpa 1HAYKITIT).

(152) 3naiinemo BHUpa3 s MOMEHTY CHJIH, SIKHH 00epTae KOJIOBHIi
KOHTYP 3i CTPYyMOM y BHNAAKY, KOJIH IUIONIMHA KOHTYpa mapa-
JieJIbHA 10 JIiHili MArHeTHOI IHAYKIILil.

Bubepemo Ha KOHTYpi JIOBIIbHUUN

€JIEMEHT CTPYyMY Ldl (man. 95). 3rigno 3

3aKOHOM AMIIepa, MOJYJb CUJIH, SIKa JI€ 3 § —>
OOKY IOJIS Ha LIE €JIEMEHT CTPYMY

dF = IBdI sin «.

L{s enemeHTapHa CHia CTBOPIOE MOMEHT

dM =dFr = IBr sin ¢dl.

JlonaBuiu BCi eI€eMEHTapHI MOMEHTH,

JICTAHEMO MOMEHT, KM IOBEpPTAE KOH-
Typ

M:J‘IBrsinadI,
L

ne L — moBxuHaA KOHTYpA.
Bix inTerpyBaHHs 3a JOBXKHHOIO TEpEHIEMO JI0 IHTEIPYBaHHS 3a Ky-
TOM ¢. 3 MaJIfOHKa BUJIHO, o SN =Sing, r=Rsing i dl =Rde. Iix-

CTaBUBIIIH 111 BUPA3U B OCTaHHIN 1HTErpal, JICTAHEMO
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2r 27
M = IIBRZ sin2 pdg =IBR? Isin2 odop =
0 0

1

2z
= IBR? [@-cos2p)dp = 71BR* = 1B,
0

OCKiTbKH BEKTOP MOMEHTY criid M cripsiMmoBaHwMiA B3OBXK 0Ci 00ep-

TaHHS (32 MPaBWJIOM MPABOrO IBUHTA), TOOTO TYyAM K, KyAH 1 BEKTOPHUN

T00yTOK SxB, To

M =1SxB,

abo BpaxyBaBIIN O3HAYCHHA MAaIrHCTHOI'O MOMCHTY

M =P, xB.

(153) 3naiinemo cuiy, sika po3Tsira€ (CTHCKA€E) KOJOBHMil KOHTYp 3i
CTPYMOM, MAarHeTHUI MOMEHT SIKOI0 NapaJjejbHU (aHTHUIIapa-
JIeJIbHUH) 10 BEKTOPA IHAYKIiI OAHOPIIHOr0 MArHETHOTI'O IOJIA.

Mu Bxe 3’scyBanu (3ana- 4 E

ga 151), oo BUTbHUHN KOHTYD 3i
CTPYMOM B OJHOPITHOMY Mar-
HETHOMY TIOJII MOBEPTATUMETh-
Csl 10TH, IOKM HOr0 MarHeTHUH ,
MOMEHT He Oyzae mapajieabHUM —
JI0 BEKTOpa MArHeTHOi iHJyK-
ii, Mmicas 4Yoro oOepTajibHHI
MOMEHT 3HHMKHE 1 3aJIUIIUTHCS

JMIIE CWIA, SIKA PO3TAra€ KOH-
TYP.
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Ha man. 96 mokasaHa 1151 CUTYyaIlisl Tak, 1[0 BEKTOP 1HAYKIli HOpMa-
JBHUHN J10 TUIOIIUHYA MaJTFOHKa. baunMo, 1110 B KOXKHINM TOYIl KOHTYpa Cujia
AwMriepa cripsMoBaHa B3I0BX paJilyca Ha30BH1, TOOTO BOHA pO3TArae Horo.
Bennuuna 111€i cunum po3paxoBaHa Ha OJMHUINIO JIOBXKHHH, 3TITHO 3
3aKOHOM AMIiepa

d—F = IBsin«,
dl

OCKUIBKM KyT « MIX

BekTopom dl i B mpsimuii, To

dF
—=1B.
di
Cuta HaTSTY sIKa
pO3TATYE KINbIIE B OYIb-sAKii
roro Tourll (B Toumi A) — 11e

OpOeKIis BCiX cuil Ammepa
MPUKJIAJICHUX JI0 TMIBKUIBI, HA
BiCb HOPMAJIbHY JI0 HampsMy

AB.
z z z
2 2 2
F= ZIdF cos@ :ZI IBdl sin @ cos ¢ :2_[ IBR cospdo =
0 0 0
z
2
- 2IBRIcos(pd(p ~2IBR.
0
R =
(154) Iokaxkemo, M0 MOXKJIWUBHII CTaH PiB- K—>B
HOBAaru KOHTYPA 31 CTPYMOM 32 aHTHIIA- N e

pPaJieJIbHOT0 HANPSIMY Or0 MarHeTHOIO
186 " .




MOMEHTY 111010 HANPSIMY 30BHIIIHHOT0 OTHOPiTHOT0 MATHETHOI 0
M0JIs, MPOTe, el CTAaH PIBHOBATH HE € CTIMKNM.

JliticHO, SKIIIO PO3MICTUTH KOHTYpP TakK, IO
Horo MarHeTHHM MOMEHT OyJe aHTHUMapajelb- >

HUM JI0 BeKTOpa 1HAyKLii (Man. 97), To cuiia Awm- l X
nepa Oyne JMIle CTUCKAaTH KOHTYp 1 BiH Oyze N

HepyxoMmuM. [IpoTe 3a HaliMEHIIIOro BIIXUJICHHS <«

KOHTYpa BiJl I[bOTO CTaHy BHHUKHE MOMEHT CHII S
Awmmepa, skuil Oyje juine 301IbIIYBaTH 1€ BiJl- N

-7
XWJICHHS, TTOBEPTAlOYM KOHTYp, SIK BXKE HaM Bi- o—>
noMo (3amava 151), y cTifikuii cTaH 3 mapasnesb-
HUM HaNpsMOM HOT0 MarHETHOTO MOMEHTY IIOJI0

30BHIIIHHFOTO MATHETHOT'O T1OJIS.

(155) IToxaxkemo, 10 B HEOJHOPITHOMY MATHETHOMY MOJIi KOHTYp 3i
CTPYMOM He Halyae CTaHy CIIOKOI0, a Oyae mepemillyBaTHCH B
00J1acTh CWJIBHIIIOTO MOJIS.
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PosrmstHemMo Bumagok MarHeTHOTO TOJIS, JUISl SIKOTO BEKTOP 1HIYKINT
BCIOJIM OJIHAKOBHMM 3a HAmpsMOM, aje pi3HUN 3a BeJMYuHOWO. ['padiuHo
Take IM0JIe 300paXyeTbCs MNapalieIbHUMHU
NPSIMUMH, TYCTOTA SIKMX Pi3Ha B Pi3HUX 00- — > 9

jactsax mnpoctopy (Man. 98 (a)). bauumo,

IO KOHTYp, K 1 y BUOAAKY OJHOPIIHOTO
10JIs1, IOBEPTATUMETHCS, JOKH HOro BEKTOP
MarHeTHOTO MOMEHTY He OyJie CIiBHAIMpPSM-
JIeHUHW 3 BEeKTOpoM iHAYKIii (Mam. 98 (0)).

[IpoTe HacTyHa HOTrO MOBEIHKA BiIPi3HSI-

TUMETbCS BiJ] TOBEIIHKH B OJIHOPIAHOMY i 0)
T10J11, a
caMme, o —>B
_ - Fr - 5
: d - X—>F
BHACJIIJIOK VNG
= e
pi3HOT N e —
THTYKIT dRYN L
- K 7 —>
OJISt y Py €—
pi3HUX : . B
MICIISIX %
dF
KOHTYypa
Mai. 98
cuiia
Ammiep a. Man. 97
Oyne pi3-

HOIO (OLIBIIOK B 0O0JACTl CHUJBHINIOTO TMOJs), iXHS pPIBHOJIWHA HE
JOPIBHIOBAaTUME HYJIEBI 1, SIK HACTIJOK, KOHTYp Oyje mepeMilryBaTuCs B
00J1aCTh CHITBHIIIOTO TTOJIS.

L{s moBeniHKa KOHTypa 31 CTPYMOM B HEOJHOPITHOMY MarHeTHOMY
MOJIi HaraJly€ HaMm TIOBEIIHKY IHUIOJS B HEOAHOPIAHOMY CIICKTPUIHOMY
noi (po3ain 1, 3agaya 16).

(156) 3unaiimemo Bupa3 AJs BeJUYHHU OPOITAJIHLHOIO MATHETHOIO MO-
MEHTY €JIEKTPOHA B aTOMI.
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CrpaBni, opOiTadTbHUN PyX €JIEKTPOHA B aTOMI MOKHA TPAKTyBaTH SIK
CTPYM, TOMY LI€¥ pyX CTBOPIOE MarHETHU MOMEHT, BEJIMYMHA SIKOTO

ne T — mepion oGepTaHHs eNeKTPOHA HABKOJO sjpa (3a yac T uepes morie-
peUHMIl mepepi3 ySBHOTO MPOBIAHHUKA MPOXOJIUTH 3apsll, SIKUM JOPIBHIOE
3apsay €JEeKTPOHa).
3 ocTaHHIX ABOX (GopMya Ta GOopMyIH 3B’ 3Ky MK TIEPIOJOM Ta ITUK-
JIYHOIO YaCTOTOIO J1ICTAHEMO
e _ew. _eo

P, =—S= —mrzzlea)rz,
T 27 27 2

a00 Ha O0CHOBI (HOPMYJIH 3B’ SI3KY MK KyTOBOIO Ta JIIHIHHOO IIBUAKOCTSIMHU
1
Py, =-eur,
2

Je I — pajaiyc opOiTH eJIeKTpOHa.

(157) YcranoBuMoO BHpa3 1Jisi MATHETHOTO MOMEHTY PiBHOMIpPHO 3apsi-
JKEHOT0 3apsA/IOM ( CTep:KHS JOB:KMHOK L, sikuii o0epTaerbes 3

KYTOBOIO IBHAKICTIO ©.

Koxen enemenrapuuii ctpym dl CTBOpHO€ MarHETHUM MOMEHT (Mal.

99)

dP,, = SdI = zrdl.
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Ockinbku merd ctpyMm dl  CTBOPIOETHCSI 00EPTAILHUM PYyXOM 3apsiay
dg, skuii € Ha emeMeHTi pamiyca ctepxHs dr, TO 3 O3HAYEHHSAM CHIIH

CTpyMY

:dj_@_mldr

_ oMr a7 !
T 2 2 ?_ — :
V4 V4 r\\ : Zl

dl

ne T — mepioa obepTaHHs CTepkKHA, A = jq -
r

JiHifHA TYCTUHA 3apsTy CTEPIHKHSL. Mai. 99
Tenep eneMeHTapHUM MArHETHUM MOMEHT

dp,, = 7r? O 4r = L war?r,
27 2

1 IOBHUM MAarHETHUI MOMEHT

JI€ 3aMICTh A MU IiCTaBUINA E

Hezapsixennil ctep:keHb, HaBITh METAJIEBUM, HE CTBOPIOE MPU 00€ep-
TaHHI MarHeTHOr0O MOMEHTY, XO4a, Ha MEepLIMiA MOIJIsA, BUJAETHCA, 11O
CTPYM, CTBOPEHHI YMOPSAKOBAHUM PYXOM €JEKTPOHIB, MaB OW CIIPHYH-
HIOBaTU MAarHeTHUM MOMEHT. lIpoTte 1en cTpym € CKOMIIEHCOBAHUN TaKUM
K€ 3a BEJIMYMHOIO 1 MPOTUIIEIKHO CHPSIMOBAHUM CTPYMOM IMO3UTUBHUX HO-

HIB.

Tema 2. 3axkon bio-Casapa-Jlaniiaca
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Di3uyHi cucmemu 1 npuIAOU

e HopmaabHM# COJICHOIZ — IpOTSHA KOTYIIKA, BUCOTA SKOI 3HAYHO
OlsbIIa 3a pajilyc BUTKIB.

e [Inockuii coseHoOin — ApPOTSIHA KOTYIIKA, BHCOTA $KOi 3HAYHO
MEHIIIa 3a PajilyC BUTKIB.

e TaHreHc-raJIbBaHOMETP — IUIOCKHI COJICHOIN, y MLEHTPi SKOTO
pO3MillleHa MarHeTHa CTPiIKa.

e Topoin — ApoTsiHA KOTYIIIKA, BICh SIKOT Mae (opMy KoJa.

locmynamu

» 3akon bio-CaBapa-Jlanjiaca: KOXEH €JIEeMEHT CTPyMy Idl B Oyb-
AKIA TOYIl MPOCTOPY, fAKa pO3MilIEeHa Ha
BiJICTaHi I' BiJl HbOT'O, CTBOPIOE MAarHETHE TOJIE,
THIIYKITiSL IKOTO

dE::lﬂgmixi
Anr Maut. 100

mer — paziyc-BeKTOp, IPOBEJACHUM BiJl €JIEMEH-
Ta CTPYMY JI0 3aJaHOI TOYKH, sy =1.257 107° I'n/m — MarHeTHa crtana (Mai.
100).

OueBuAHO, 1110 MOZYJIb BEKTOpA dB

dng@EMHMa,
Anr

1e o — Kyt Mix BekTopamu dl ir.
» IpuHmun JiHiliHOT cynmepno3nnii MArHETHUX MOJIB: SKIIO B 3a-
JMaHIA TOYIll MPOCTOpPY i€ 0arato MarHeTHUX IIOMIB 3 1HIYKIISIMHU

B,, B,....B,,, To BexTOp 1HAYKLIi B L1l TOYILI B JIOPIBHIOE CyMi1 BEKTOPIB

THTYKITIT KO’KHOTO 3 TIOJIiB

191



B_B 4B, +.+B.

3aoaui

(158) ¥YcraHOBHMO KApTHHY €HAOBHXJIHIl IHIVKIIi Mar{HeTHoro

M0JIsl PSIMOIo, KOJIOBOT'0 Ta COJICHOITHOT0 CTPYMiB.

Hexalt mpsMuii cTpyMm cHpsiMOBaHHU B
iomuHy Mamonka (Man. 101). Y moBiibHO
BUOpaHiil Toulll OyJb-SKHI €IeMEHT I[bOro
CTpyMy OyJie CTBOPIOBATH, 3T1JIHO 3 3aKOHOM
bio-CaBapa-Jlamiaca ta mpaBHIIOM 3HAaXOJ-
KEHHSI HaIpsMy BEKTOPHOTO JOOYTKY, mar-

HETHE TI0JIC dg, dke Oyle CIpsMOBaHEe
B3/JI0BK JIOTUYHOI JI0 KOJIa 3 LEHTPOM, SKUU
JeXUTh Ha CTPyMi, TOMY, BIAMOBIAHO A0
O3HAYCHHS €HAOBOI—IIHIA IHAVKIUIT, 114
JIOTHYHA 1 € CHJIOBOIO JIIHIEIO.

Omxe, ewpoB—IIHIL
IHAYKIT  T[OJisE  TPsIMOTO
CTPYMY — II¢ KOHIICHTPHUYHI
KOJIa HaBKOJIO CTPYMY.

Bi3zeMemo OyIb-sKy
TOYKY Ha OCI KOJIOBOTO
ctpymy (man. 102). Koxen
€JIEMEHT  CTPYMY Ldl
CTBOPUTH B Il  TOWII],
3rIIHO 3 3aKOHOM  bio-

Mai. 101

Mai. 102

Cagapa-Jlannaca, enemenrtapue nosie dB. Yci Bekropu dB yTBOpSTH KO-

HYC, BICh SIKOTO 30ira€Tbcs 3 BICCIO KOJIOBOTO CTPYyMY, TOMY CyMapHUU

BeKkTOp B Oyne crpsimoBanuil B310BXK 1€l oci. OTke, OHA 3 EHAOBHXII-

HIM 1HJIYKIIi KOJIOBOTO CTpyMYy 30Iiraerbes 3 ioro Biccro. OueBHIHO, 110




Tl BiJ OCl CyMapHHI BEKTOp TOJIA OyJe BIAXWICHUH BiJ oci, 60 pi3Hi
€JIEMEHTH CTPYMY AaBAaTUMYTh PI3HUW BKJIAJ 1 e€H#oBa—JIIHIA I1HIYKII]
HaOyze BUTJISAY 3aMKHEHOI KPUBOI.

3BepHEMO YyBary, IO KapTHHA €HHOBHX—JIIHIA 1HJIYKIII KOJOBOTO
CTpyMy Taka J, SK 1 KapTHHA CeKBIMOTCHIISUIBHUX ITOBEPXOHb
CJIEKTPUYHOTO  TOJS M-
nosiss. Came TOMYy KOJIOBUIA
CTPYM Ha3UBAIOTh MdAcHem:- T
HUM OUNOJIEM.

[Ilomo mons comneHoina,
TO BOHO, Oyayuu pe3ysbTa-
TOM HakJIaJaHHS TMOJIB KO-

JIOBUX CTPYMIB, OyJie mo1i0-
HAM JO IIOJs KOJIOBOT'O Mazn. 102

CTpyMy, MpPOTE€ BUTATHYTUM

B3JI0OBX OCI COJIEHO1/1A.

KaptTuau 1mux MarHeTHUX TMOJIIB MOXKHA 3pOOMTH BUAMMUMHU 32
JIOTIOMOTOI0 3aJII3HUX OMIYPKIB, SIKI BUIIMKOBYIOTHCS Y3JOBXK CHIIOBHX
niHii. [lomiOHI exkcriepuMeHTH MIATBEPIKYIOTh 3’SICOBaHI HAaMU KapTHUHU
CUJIOBHUX JIIHIH.

(159) YcranoBumMo BHpa3 AJs iHAYKIIIl MATHETHOTO MOJIsI, CTBOPEHOTO
B JOBiJIbHi TOYIi MPOCTOPY NMPSIMMM HECKiHYE€HHO JOBIUM IpO-
BIITHMKOM 3i CTPyMOM.

OCKUTbKM Mar{eTHa iHIYKITiSI — 11e
BEKTOp, TO HaM CJiJ YCTAaHOBUTHU SK R 4B

MOJYJIb IILOTO BEKTOpa, TaK 1 HOro >
I ’/,
HAIPsM. 2 Na
OueBUHO, WIO0 IS TOro, OO Ry
3HAWTH MarHeTHY 1HIYKIIIIO B 3aJIaHii

TOULll, CTBOPEHY I[IIUM MPOBITHUKOM, di

CHiJ AOJATH MarHeTH1 1HJYKIii, CTBO-

133 Mau. 103



peHi B Il TOYIIl BCiMa €IEMEHTaMHU CTPYMY, a, OCKIJIbKH IIUX €JIEMEHTIB
CTpyMYy € Oe3:1i4, TO 1151 CyMa — 1€ He IO 1HIIIEe, K IHTerpal.

CrouaTKy 3’4Cy€EMO HampsiM IIbOTO CYMapHOTO BEKTOpa iHIYKIIIi.
3riIHO 3 MPaBWJIOM 3HAXOJ/DKECHHS HAIpsAMYy BEKTOPHOro A00YTKYy (Ipa-
BUJIOM IIPAaBOr'O TBHHTA), BEKTOP dB, CTBOPEHUH €IEMEHTOM CTPYMY dl,
€ CIIPSIMOBAaHUM Y IUIOLIMHY MaJlFOHKa

(man. 103).

3 MaJIOHKAa TaKOXX BHUIHO: SAKIIIO R -
BUOpaTH OyAb-SKUM 1HIIMKA eleMEeHT dB
CTpyMy, TO CTBOPEHUH HHUM BEKTOp [ N'\d
_ . o
dB MaTwMme iHIIY BEIHYWHY, MPOTE 5
TaKUil caMuil HampsiM, TOMY 1 cyMap-

HUW BEKTOP B Oyae cupsMOBaHUU y di a
IUIOLIMHY MaJIOHKA.
OCKITBKH BC1 BEKTOPH dB martoTb
- . Man. 103
OJIUH 1 TOM camuii HampsiM, TO MOAYJb
BEKTOpa B JOPIBHIOE CyMi MOJIYJIiB
BEKTOPIB dB, 10610
0 I o,
. SInx
B=[dB= [ -H0; 1 sinadl =20~ [ 2%,
4nar 4 r
—00 —00
: R
3 mai. 103 BugHo, mo dIsine = rda = —— da, Tomy
Sina
| T sin I I
a
B =0 J. dor =20 cos g = £0°
Az ] R 47R 27R

(160) BcranoBuMoO BUpa3 s iHAYKIIl MATHETHOTO MMOJIsI HA OCi KOJI0-
BOT'0 CTPYMY.
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[[{o6 3HalTH IHIYKIO y OyIb-sIKiiH TOYIl Ha OCl KOJOBOTO CTPYyMY,
CIiJi JomaTH Bci ejeMeHTapHi moyisi OB, cTBopeHi BciMa eneMeHTamu

CTpyMy ldl uporo kimbus. 3 Man. 104 6adumo, mo PI3HI €JIEeMEHTH CTPY-
My, 3T1IHO 3 3akoHOM bio-CaBapa-Jlamiaca, OynyTh CTBOpIOBAaTH B 3ajia-
Hil TOYIN OCI MarHeTHI TMOJIsI, OJJHAKOBI 3a BEJIMYMHOIO, aJie Pi3Hi 3a Hal-
pAMOM.

Sxmo mepeMinryBaTH €JIEMEHT CTPYMY B3IIOBXK KiJIbIA, TO BEKTOP
dB onmme KOHYC HaBKOJIO OCi ).

Yepes Te, MO BEKTOPHU dB marots pi3HUI HampsiM, MA HE MOXKEMO
0GYHCIINTH MOTYIIb CyMapHOTO BEKTOpa B sk cymy

Moyl Bektopie 0B, To6TO piBHiCTE B = j dB,

Ky MU 3aCTOCYBAJIM ISl IPSIMOTO CTpyMy (3a7a4a

159), B 11bOMY BHUIIAJIKY 3aCTOCOBaHA OYTH HE MOXKE
1 IPaBUJIBHOIO € JIUIIIE BEKTOPHA PIBHICTh

Ei:jd@.

Po3knaBim Bekrop 0B Ha ckiazoBi 1o ocsix x
Ta y, OCTAHHIO PIBHICTb MPEJICTABUMO

B=[dB=[(aB,i+ds, j)=i[dB, +j[dB,.

[Tepmmii iHTETpaAN — 1€ CyMa MPOEKIIH BEKTO- :
pa dB Ha Bich x. 3 MayIfOHKa 0AYMMO, IO JIJISL KOK- T
HO1 TaKkoi MPOEKIIi € MPOTHIICKHA A0 HEel, ToMy el _. ,

: : . di,
IHTErpaj AOPIBHIOE HYJIEBI 1 M

B= J'dey’ Man. 104
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10 O3HAYae, 10 CyMapHUM BEKTOp B crpsiMoBaHMil B3OBXK OCi y, TOOTO
B3JIOBXK OC1 KUIbLIsl. MOJTyJIb IBOTO BEKTOpA

8= [dy,

00 MOJIyJb BEKTOpa ] JOPIBHIOE OJMHMIN. 3 MajloHKa 0adyumo, IO
dB, = dBcos S, tomy

R
B:IdBcosﬁz J- fozcosﬂdl.
ar

) R . ) ) ..
[lincraBuBIM ctogu COSf=— 1=+ R? +h? i Bumicimm He3amexHi BiJI
r

3MIHHOI IHTErpyBaHHS | BEIWYMHM 32 3HAK IHTErpajia, JiCTaHEMO

5 HolR Id' ClR?
47z(R2+h22 0 2[r? +h2T

(161) YcranoBumo Bupa3 MJisl iHAYKIII MATHETHOTO MOJIsSl HA OCi MJI0C-
KOI'0 COJICHOI/1A.

OCKITBKHM BIJICTaHb BIJl 3aJJaHOI TOYKH OCl IIJIOCKOI'O COJICHOIIA JI0
OyIb-sIKOTO BUTKa (KIJBI) TIOCKOTO
COJICHOIJIa € TPAKTUYHO OJIHAKOBOIO, TO B
THYKIIIO TIOJI B 1[I TOYIIl MOXKEMO pO3- T
MISJaTd SIK 1HAYKIi0, cTBOpeHy N Kijib-
1eBUMH cTpymMamu, ae N — KiJTbKICTh
BUTKIB TUIOCKOTO cosieHoina (mai. 105).
Tomy
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2
__ MR
B-—"——

Z(R2 +h2)5

N,

a crpsIMOBaHUM BeKTOp B, ik 1 y BUNAAKy KUIBLIEBOIO CTPYMY, — B30BXK

oci. 3 ocTaHHbOi (HOPMYIIH JIJIs TIOJISI B LIEHTP1 COJICHOIa, TOOTO 32 YMOBH
h=0:

ol .
2R

(162) YcranoBumMo BHpAa3 AJsl iHAYKIil MATHETHOTO TOJIsI HA CepeInHi
0Ci HOPMAJIBHOTO COJICHOIIA.

JlJis IbOTO B COJICHOII BUIUTMMO BY3bKY CMYKKY BUTKIB (Mai. 106)
BUCOTOIO 0N 1 BBeZIeMO MOHATTS T'YCTOTH BUTKIB N SIK KiJTbKOCTI BUTKIB Ha

OJIMHUIIIO JOBXKHHH COJIECHOIIa, TOOTO

N
dh

n

[Haykuiro monst B LIEHTPl CojieHoina
OyIemMo LIyKaTH sIK CyMy 1HAYKIIiH, CTBO-
PEHHX IJIOCKUMHU COJICHOIaMU BHCOTOIO
dh, axi marorp AN BuTKIB, a mo3asaK BCi

BEKTOPH 1HIYKII1, CTBOPEHI IIUMH ILIOC-

KNMHU COHCHOIL{&MI/I, CHiBHaHpHMHCHi, TO

MOJYJIb CYMapHOTO BEKTOpa JOPIBHIOE
CyMi MOJIYJIiB BEKTOPIiB CyMH, TOOTO

Ma. 106
B:jd&

ne dB — iHAyKIlis [OJIsA, CTBOPEHA €JIEMEHTAPHUM IUIOCKAM COJICHOIIOM,

sKa, 3T1JIHO 3 OTPUMaHUM paHillIe pe3ynbTaToM (3agada 161) €
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#oIR?
ofR? + n2)

dB = dN.

3aCTOCYBaBH_II/I O3HAYUCHHA I'YCTOTH BI/ITKiB, ZIiCTaHeMO

2
=R ah

Z(R2 + hzﬁ

B:yORZIn dh
2 J‘(R2+h2ﬁ

Jie BC1 He3aJIeKH1 Bif N BeIMYMHN BUHECEHI 3a 3HAK IHTErpasa.
{06 mpoctime oOYMCIUTH 1Ieil 1HTerpaj, nepeneMo Bija JiHIHHOT
3MiHHOT h 10 3MiHHOI ¢.

3 man. 106 OGaummo, mo dhsing=rde, ne r:_i, 3BiAKU
sing

2
dh = _RZ . Kpim toro, RZ +h? =r2 = _R2 :
sin“gp sin“g

[TimcraBuBIIM B OCTaHHI pPIBHOCTI B MiAIHTETpadbHUN BHUpa3

IICTAaHEMO

T
Bzﬂozmj‘singodgoz,uonl.
0

(163) YcranoBuMo BMpa3 JUIs iHAYKIiI MATHETHOTO M0JIsI, CTBOPEHOT0

TOYKOBHMM 3apsiioM ( , SIKHH pyXaeTbes 3i BUAKICTIO U .
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Posrnsinemo ctpym, cTBO-

pennii N TOYKOBUMH 3apsaaMu q di B I
BEITMYMHOIO (. 3TiIHO 3 3aKO- .
HoMm bio-CaBapa-Jlamraca, BiH r
cTBOproe mnoJie (Mai. 105)
*B
dB:’u—OIdI sinc. Man. 105

Anr?

[IpencraBuBIIN CUILY CTPYMY, 3T1JIHO 3 1i O3HaYEHHSM, J1ICTAHEMO

dB = 099 gicin g =

Anr? dt
_ Ho vdasi
=20 udgsine,
Anr?

e v = i HMIBHJIKICTB 3apsamiB (. 3apsn dq npeacraBumo sik dN i, mo-

JUTUBINY JIIBY i mipaBy yacTunu piBHOCTI HAa AN , TicTaHemMo

diB:&quina’
dN 472

B ) ) )
ne — = B — inaykuis, ctBopeHa oiHUM 3apsiioM. Toi

dN

Ho ;
B= gqusina.
dar?

3 maytoHKa 6adyrMo, IO HAINpsIMU BEKTOpiB B, vir 1 IKOPAIOTHCS
MIPaBUITy BEKTOPHOTO TOOYTKY, TOMY
B= 40 qoxr.
Anr
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[lincTaBUBLIM CIOAM pajilyc-BeKTOp I' 3 (OpMyIU AJid HANpPY>KEHOCTI
€JIEKTPUYHOTO IOJISl TOYKOBOTO 3apsily, a came

IICTaHEMO

g:goﬂoaxﬁzclzaxﬁ,

jec——t —3.108 M

VéoHo c

(164) 3naiinemo cnocié BU3HAYEHHSI TOPH-
30HTAJBHOI CKJIAJI0BOI MATrHETHOIO

noJyist 3emuli 3a JIONOMOIOK TaHIEHC- B, T a)
rajbBaHoOMeTpaA. B

/ ’
YcraHoBuUMO IUIOMIWHY IIJIOCKOTO COJIC-

HOIZa TaHTEHC-TaJlbBAaHOMETpPAa B IUIONIMHI _
—>B

C

MarHeTHOTO MepujiaHa, TOOTO B TUIOIIMHI,
sIKa TPOXOAUTH Yepe3 BEKTOP T'OPHU30HTAIIb-

HOI CKJIaJI0OBOi MarHeTHoro mons 3emni B, 1

neHTp 3emunl. Ha HanpsiM MarHeTHOro Mepu-
JllaHa BKa)K€ MarHeTHA CTPUIKA, sIKa BCTAHOB- 6)

JeHa B IEHTPl IUIOCKOTO coJieHoina. Ko B, B
BKJIFOYUTH CTpyM [ 4epe3 COJEeHOid, TO BiH
CTBOPUTbH CBOE MAarHeTHE I10JIE Bj (man. 106
a) 1 MarHeTHa CTPIJIKa 30PIEHTYETHCS B3OBX
BEKTOpa §=3—0+B—2. [TomipsiBm KyT o
B.
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MK HampsMOM MAarHeTHOi CTPUIKM 1 TUIONIMHOIO CoOJieHoina 1
3acTOCYBaBIIM (HOPMYITY JJISl THAYKIIIT MMOJISL B LIEHTP1 TIOCKOTO COJICHOi1a

I :
(3apaua 161) B, = ZCIJQ N 3 BekTopHOi aiarpamu (man. 106 (6)) 3Haiigemo

TOPHU30OHTAJIBbHY CKJIAA0OBY MAaro€THOT'O ITOJIA 3emul.

_Bc _ uoIN

e_tgia_ZRtga'

(165) Ha ocnoBi 3axkoniB Ammnepa ta bio-CaBapa-Jlaniaca noBeaemo,
0 IBa TapajieJibHi MPOBOAU 3i CTPyMaMH OIHOr0 HANPSMY
NPUTATaTHCS, a MPOTWIEKHUX — BiAIITOBXYHOThHCS.

Opue mpoBia OyaeMo TpakTyBaTH SK JDKEPEIO MAarHETHOTO TOJIS, a
OpYTUid — SIK TaKWi, M0 PO3MIIICHUH B
npomy nodi (mai. 107).

Bubepemo Ha mnepmomy mpoBoml [ I,

enemeHT ctpymy |, dl i 3Haiimemo #iim.- di

110 T10 d—B,c ope OJTH1H — —
JYKIIIO TIOJIs TBOPCHY HUM B OJTHIN = i

3 TOYOK IPOCTOPY, JI€ 1 € TPy IPOBII.

3rinHo 3 3akoHOM bio-Casapa-Jlamnaca 1 r
IPaBUIIOM BU3HAYCHHS HALPAMY i
BEKTOPHOI'O I00YTKY (mpaBusIOM ¢

MPaBOro TBHUHTA), BIH CIPSIMOBAaHUHN Yy

IIoIKHY MamtoHka. lle mone, 3rigHo 3

3aKOHOM AMIiepa, Jli€ Ha €JIEMEHT CTpY- Main.107

My |2a 3 cunoro dF , sika, 3riHO 3 MM XKe MPaBWJIOM IIPABOTO T'BUHTA,
copsiMOBaHa B OIK NepIIOro NpoBoay. Bcl 1HINI e€leMEeHTH CTpyMy
HEPLIOro MPOBOAY B Iiil TOYIl CTBOPIOIOTH TaKE K IOJIE 32 HAIPSIMOM,
TOMY BHKJIMKAIOTh CWIy AMIepa TOTO X HampsAMmy, SKi, JOJAI0YKCh,
YTBOPIOIOTh CYMAapHUN BEKTOP CHUJIM MPHUTSTAHHS 10 MEPIIOTo MpoBoay. B
yCiX IHIIMX TOYKAX APYroro MpoBOAY CUTYyallisl Taka cama.
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SIKII10 TIPOBOAM TIOMIHATH POJIIMH, TOOTO IPYTHil BBAXKATH JHKEPEIIOM
MOJIsI, @ TIePIINI K TaKuil, SKUH PO3MIIIEHUNH B IIbOMY IOJi, TO, OYEBHU-
JTHO, HIYOT'O HE 3MIHUTBCS: TEPIINi MPOBLJ Oy/e 3 TAKOIO XK CHIIOK IIPUTSI-
raTucs J0 Ipyroro, TOOTO MiX MPOBOJaMH BUHHKHE B3a€MHA CHUJIa TPUTS-
TaHHS.

AHaJOTIYHUMH MIPKYBaHHSIMH Ta MOOYJOBaMHU MOXKHA MOKa3aTH, 110
y BHUINAJKY CTPYMIB HPOTHJICKHUX HAMpsIMIB MK MPOBOJAMU BUHHUKHE
TaKa ’ CHJIA BIJIITOBXYBAHHS.

Tema 3. HHupkyasinida i moTik BeKTOPa iHAYKIIl MATHETHOT' O
10JIst

Di3uuni nonammsi
o [[upkyJsinis BeKTOpa MarHeTHOI iHAYKIii B310BXK 3aMKHEHOI0
KOHTYpa A0B:KMHOI0 L — 11e Bupas

j:Edi, B
L

ds
ne dl — enemMeHT DOBKUHM KOHTYpa. n 7
elloTik BeKTOpa MarHeTHoi iH- /
AYKIii Yepe3 MOBEPXHIO IJIOLIEI0 S —
1€ BeJIMYMHA
® = ﬁd i,
L Mazn. 108
(mam. 108).
Iocmynamu

» Teopema mpo NMPKYJISIiI0 BEKTOPA MAarHeTHOI iHAYKIIii: IUPKY-
JISIIST BEKTOpPAa MarHeTHOI 1HIYKITIT B3IOBXK Oyab-SKOTO0 3aMKHEHOTO KOH-
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Typa IPONOPIIiiHA 10 TOTOKY BEKTOpA I'YCTHHH CTPYMY Yepe3 IMOBEPXHIO,
oOMeXeHy UM KOHTYpOM

§§di :,uojjdg,
L S

I€ [y —MAarHeTHa craja.

» Teopema OcTtporpaacbkoro-I'ayca aJjisi MarHeTHOTO TOJISI: TIOTIK
BEKTOpa 1HYKIlIi MAarHETHOTO MOJIS Yepe3 Oyab-sSKYy 3aMKHEHY MOBEPXHIO
JOPIBHIOE HYJICBi, TOOTO

§§d§=o.
L

OcHosHi 00uHUYI PI3UYHUX BETUYUH

e OnuH aMmep — 1€ CHJIa TaKOTO MOCTIMHOTO CTPyMYy, SIKUHM, MPOTI-
Kalo4d y JBOX IMapajelbHUX HECKIHYEHHO JOBIUX Ta HECKIHYEHHO TOHKHX
OpsIMUX MPOBOJAX, IO € Y BaKyyMl Ha BiJcTaHl | MeTp OJIMH BiJ OAHOTO,
o7

M

CIIPUYMHSIE CHITY TXHBOI B3a€MO/I1i Ha OJAMHUITIO JOBXKUHU 2-1

3aoaui

(166) Ha ocHoBi o3HaueHHs oquHNIi Qi3HIHOI BeJIMYUHN amMIiepa BH3-
HAYUMO YMCJIOBE 3HAYEHHS] MATHETHOI CTaJIOl.

Mu Bxke mokazanu (3amada 165), mo aBa napajielibHi HECKIHYEHHO
JIOBT'1 TIPOBITHUKH 3 CTPYMaMH IPHUTITYIOTHCS 200 BiMTOBXYIOThCS.

Jl1g Toro, mo0 3HAWTH BEJIMYHUHY II€] CHIIN, PO3PaXOBaHy HAa OJMHU-

X0 NOBXXWHU IMPOBIAHUKIB, HAMMIIIEMO BUPA3 1HAVKINI OIS OPSIMOTrO HE-

CKIHYEHHO JIOBIOro CTpyMy [; B TOull, 1110 po3MillieHa Ha BiacTaHi R Bij

HBOI0 (3a7aya 159)
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ﬂo|1_
27R

Tom cuna AMrnepa, sika ai€ 3 00Ky [bOTr0 MOJIsT HA APYIAN IPOBIT

dF = 1,Bdl sin = #0112 ).
2R

3BIJIKH

27R dF

A= dre

3 O3HAYEHHs OJIHOTO aMIepa BUIUIMBAE, Mo 3a yMoBH |y =15, =1 4,

R =1 m, — cwia B3aemMoail, 110 OpuOagae Ha OAUHUINO JTIOBKHUHU Mac OVTH

(ii_ll: =2.10"" H/m, Tomy
Lo = 2r-dmy o1 H —1257.107° In
14-14 M M

SIk 6ayMMoO, YMCJIOBE 3HAUYEHHS MAarHeTHOI cTaysioi Oyae pI3HUM Y

pI3HUX CHCTEMAX OJAMHMIL, 00 BOHA 3aJIEKUTH BlJ OCHOBHHUX OJWHHIb:

OJIMHMUII CHJIN CTPYMY, JOBKHHH, MACH Ta 4Jacy.

(167) TIlepeBipuMoO TeopeMy NP0 NHUPKYJIAIMIID BEKTOPa MATHETHOL

IHAVKIIL U1 IPAMOT0 CTPYMY.

CrooyaTky pO3[JISHEMO 4YacTKOBUU

BHUIAJA0K 3aMKHEHOI'0 KOHTYpA, IKUU 301-

raeTbCsl 3 ONHIEID 3 CUJIOBHUX JIHIA Mar-

HETHOrO moJisg np0oro crpymy (mai. 109).
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O0YHCIUMO IUPKVYJIALII0 MArHETHOI 1HAVKINT B3I0BXK OO KOHTYDA.

Panime mu 3’sacyBanm (3amada 158), mio Ovyiab-gka CHiIoBa JIHIA

opiaMoro CTpymy — Ii€ KOJIO 3 IICHTPOM Ha HDHMiﬁ, B3JOBXK SIKOI TEue

CTPYM 1, BIINOBiAHO, BeKTOp B € notmyHuM 10 Hboro. OCKiNBKKA BEKTOP

eineMenTa noBxUMHU Koja dl  Takok DoTWMYHME 10 1LOTO KOJA, TO

ckasipauii nooyrok Bdl = Bdl i 3actocyBaBmu dhopmyny iHAYKINT OIS

npsIMOro cTpymy (3aada 159), mictaHeMo

fﬁdi:inl=§;‘;;d|=g‘;;2m=%|;

Mu oTpumany, 1o LUPKYJIS-

sl BEKTOpAa MArHeTHOI 1HIVKINL

IPSIMOr0 CTPYMY B3A0BXK 3aMKHE-

HOI'O KOHTVYDA, SIKMU 301raerbcs 3

OVIb-SIKOIO 13 CHJIOBMX JIHIN, IIPO-

IOPILIMHA 0 CWJIH CTPYMY, a OC-

KUIBKH CHJIA CTPYMY — II€ HOTIK

BEKTOpa TYCTHHU CTPYMYV (3amgaua

72 3 po3ainy 2), TO U HUPKVYIISIIS

[IPOIOPIIMHA JI0 IIOTOKY T'YCTUHU

CTPYMY., OPUYOMY 3 KOE(hIIIEHTOM Man. 110

IOPONOPLIMHOCTI 4 B NOBHIN BlJI-

IMOBIHOCTI JIO TOCTVJIATY PO HUPKVYJIAIIK BEKTOPA MArHETHOT 1HIIVKIII].

Tenep po3riasiHEMO OUIBII 3arajJbHUM BUIAAOK, TOOTO KOJU IIPSIMUMN

CTPYM OXOIUIEHO OYIb-IKHM OPOTE IJIOCKUM KOHTYpoM (Maj. 110).

[IpencraBuMo 11€M KOHTYP SIK ITOCJIIIOBHICTH, HECKIHUEHHOI KUILKOCTI

KOJIOBUX JOVI Ta pamlaJbHUX BiApi3KiB. OUYEBHIHO, M0 IMUPKVIISIIS

BEKTOpa B B3J0BXK pajialbHUX BIIPI3KIB IOPIBHIOE HYJIEB1, 00 CKaNApHUI
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nooyrok Bdl Tam nopiBHIOE HVIIEBI SIK CKAIAPHUN HOOYTOK B3a€EMHO-

HOPMaJIBHUX BEKTOPIB. JUId KOJOBUX JIYT Bdl = Bdl = Brd @, TOMY

o 2z Zﬂﬂol #0|27r
§Bd|= jBrdq): jgrdgozz Id(pzyJ.
L 0 0 0

SIKII0 KOHTYP HE IUIOCKUU, TO Pe3yabTaT Oyae Takuil cCaMUil — VCl BlJI-

DI3KH, HapaJIeJIbHI 10 CTPYMY, OVAYTH HOPMAJIBHUMH 10 BEKTOPA 1HAVKINT

1 HC BHOCUTUMYTb BKJIaJy B 1HTErpaj, TOOTO HUPKyJALIA BeKTOpa B B3-

JIOBK TaKOTr0 KOHTYpa Taka K SK 1 B3AOBXK HMOI0 OPOEKINi Ha IUIOLIMHY

HOPMAJIBHY 10 CTPYMY.

ODKe, MA JIOBEJH, 10 JUIA MPSAMOIL0 CTPYMY TEOpPEMa PO MArHETHY

LUPKVYJIAINIO JHWCHO Ma€ Micie. 3ayBaXKMMO, 110 I TeopeMa HacCIIpaBli €

INOCTVYJIATOM, BOHA III€ MA€ HA3BY:. 3dKOH AMHGDa.

(168) Ha ocHOBI TeopeMH PO MATHETHY HMPKVJISUIK MOKAXKEMO, 110

JJISI BUNIAAKY CTPYMIB OY/IL-1KO0I (DOPMHU, SIKi TEUYVTh V MPOBOAAX

n
§Bd| =) 1,
L i=1

n
ae Z |,,_— anreGpaiyHa cymMa CTpPyMiB, SIKa 0XOIIEHA OYAb-SIKHM
i=1

KOHTYPOM JOBKHHOIO L.

JIiicHO, JUIsl CKIHYEHHOI KIIbKOCTI cTpyMiB (Mas. 111) igTerpan mepe-

XOJIUTH B aJireOpaidyHy cymy, TOOTO

J.]dgzzn:]igi :anli ING A Ly,
i=1 i=1
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1 TEOpEMA IIPO MATHETHY NUPKVIIIII0 HA0OYBAE BUTIISAAY

Bl =31,
L i=1

(169) MpeacraBuMo TEOpeMy PO MATHETHY HMPKVJIALI0 V q1udepeH-

HisILHiN dopmi.

JUISL IIbOTO 3aCTOCYEMO TE€OPEMY CTOKca, JKa CTBCPIKYE, IO ITNPKY-

Jsiis OyAb-IKOr0 BEKTOpPA B3I0BXK 3aMKHEHOI'0 KOHTYpa JOPIBHIOE II0TO-

Ky pOTOpa IIhOI'0 BEKTOpA Yepe3 IMOBEPXHIO, OOMEKEHY IIMM KOHTYPOM.

Jlicranemo

§§di=jrot§d§.
L

S

3BiJICH TA 3T1JIHO 3 TEOPEMOIO PO MATHETHY IIUPKVIISLIIO

jrot§d§ - ﬂo_ﬁdg-
5 5

OCKUIbKM B O0OMIBOX YaCTHHAX DIBHOCTI € MOBEPXHEBI 1HTErPAIU 10

OJIHIH 1 TIM K€ MOBEPXHI, TO MAIOTh OYTH PIBHUMH M OIIIHTErPAIbHI BH-

pasu, To06To

rotB = s, j.

Ile piBHAHHS € audepeHIIsIbHOK GOPMOI TEOPEMHU OPO MATHETHY

LUPKYJISAIIIO.

(170) 3a 1omOMOroN0 TeopeMu NP0 MATHETHY HHUPKVJSIIK 3HAWIEMO

BHPA3 LIS IHAVKIIT MATHETHOT'O MOJIFA TOPOiAA.
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Hexaii topoin mae paagive R 1 ki-

abKicTh BUTKIB N (mai. 112). Bube- 1 1
pPEMO 3aMKHEHHMM KOHTYD Tak, 1100 4it: B
BiH 30ircsi 3 OCHLOBOKO JIHIEID TOPO- \L 4
iga. OCKIIbKU BEKTOP E B yCIX TOY- ) \ -w
Kax BHOpaHOIro HaMH KOHTYpa OJIHA- 1
Man. 112

KOBUU 1 COPSIMOBAHUM B3JIOBXK JIOTHU-

4ynoi 10 nporo, To Bdl =Bdl i

ﬁdi =§ Bdl = B§d| — 27RB.

L L L

Ie# kouTYp Ooxo1utroe N cTpyMiB OHAKOBOIr'O HAIIPSAMY 1 BEIUYUHH I,

TOMY, 3Fi,Z[HO 3 TCOPEMOIO ITPO MArHeTHY III/IDKVJISIIIiIO,

27RB = 1, NI |
3BIIKH
B NI ’
27R

abo BpaxXOBYIOYH, 1110 ﬁ — II€ I'yCTOTa BHUTKIB N

B = yynl.

BaunMo, 110 Mar"geTHe I10Jie BCEPEAMHI TOPOia TaKE XK 3a BEIUYH-

HOIO, SIK 1 BCEpEeINH1 HOPMAIBbHOI'0 COJIEHOIIa 3 TAKOKO K I'YCTOTOK BUTKIB

(3amaua 162). Ile i He mauMBHO, 00 TOPOIA MOKHA CKOHCTDYIOBATH 3TH-

HAHHAM HOPMAJIBLHOI'O COJIEHOI/1A TaK, 100 Woro Bick HaOyia hopMu KoJia.
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[Hlogo HampsiMy BEKTOpa I1HAVKINI, TO BCEPEIWHI COJIEHOIa BOHO

NPAKTUYHO OJHOPIIHE (OMHAKOBE SK 34 BEJIMYMHOIO TAK 1 324 HAIPSIMOM) a

B TODO.I'I[i OJHAKOBC JIMIIIC 3a BCJIMYHUHOIO.

(171) Ha ocHOBI TeopeMH PO MATHETHY HMPKVJISLII0 3HAWIEMO BUPA3

IS IHAVKIIT MATHETHOI'0 MOJISI BCepearHi HOPMAJLHOT0 COJICHOI-
na.

Mu Bxe orpuMaiy GopMyiy I 1IHAVKIOL IO Ha 0C1 HOPMAJILHOTO

coJieHOina Ha oOcHOBI 3akoHy bio-Casapa-Jlamiaca (BOHO IIpaKTHYHO

OJHAKOBC BCIOAM BCCDGI[I/IHi COJICHO'I'I[a). [lokaxkemo, 110 11€  MOXKHA

3pOOUTH 3a JOHNOMOIOK TEOPEMHU IIPO MATHETHY ILMUPKYIALNIO, IPUUOMY

npoctime. [Ilo0 3acrocyBaTé 3rajjaHy TEOpPEMY, HaM CJIIJI BUOpATH

3aMKHEHUN KOHTYD, SKWU OXOIUIIOE BCl CTPYMH BeJIM4uHOK /. Y poi

1I5Or0o KoHTYpa BizbMeMo KOHTYp ABCD (man. 113) 1 00YHCINMO ILIUPKY-

NALI0 BEKTOpa B_B310BXK HHOro. OCKUILKM B 00J1aCTI BiIPI3KiB BC i DA

BEKTOD 1HAVKIII € IPAKTUYHO HOpMAILHUM 110 0|, TO BiAIOBiAHI CKAISAPHI

n00yTku Bd| nopiBHIOIOTE HYJEB] 1 TOMY IIUPKYIISLIS BEKTOPA E B3J0BXK

LIMX Biapi3KiB gopiBHio€ Hyiesl. [Ilono mupkynaidi 83108k Biapizka CD,

TO BOHA 3HAYHO MEHIIA 33 HUPKVYIAINID B3JI0BXK BlApizka AB, 60 mose 3a

MEKaMHU COJIEHOIIa 3HAYHO cjalIie, HYK BcepearHl. ToMY IIUPKVYIISIIS 10

BCbOMY KOHTYPY 3BOJUTHCA A0 HI/IDKVJIHIIi'l' B3J10BX

Biapizka AB 1 32 TeopeMOIO0 OPO MArHeTHY ILUPKY-

ITo3ask Ha Biapizky AB BekTOpu Eidl napaie-

B al’c

i Eg
JISILIIEO !
X

. X

IBdI:yoNI. X |
AB dip 5 i

X

X

X

X

X

X

><I

=
>

>
@_

nepHl, To Bdl =Bdl i Bpaxorvioum onHODIIHICTH

—_ 0
(98]

I10JIs. BCEPEAMHI COJICHOIAa MAEMO Man. 1
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BjdlzyONl,

AB

abo

BL = s4,NI,

ne L — nosxkuHa cosieHoina, N — KiIbKICTh MOI'O BUTKIB. 3 OCTaHHBLOI PIiB-

HOCTI
N

abo

B = y,nl,

JIe N — I'YCTOTA BUTKIB COJIEHOI/1A.

(172) MpeacraBumo Teopemy OcTporpaacbkoro-I'ayca aisi MarHeTHo-

ro noJis B nudepeHuisanLHili dopmi.

JUIST 1IbOr0 3aCTOCYEMO MATEMATHYHY TECOPEMY, SIKA TAKOK Ha3WBa-

eTbes TeopeMoro Octporpazacekoro-I'ayea 1 sika, mo CyTi, IEPEBOAUTH MO-

BEPXHEBUU 1HTErpaJI B 00’ EMHUIA.

«_f ads = j divadV,
\Y

S

TOOTO MOTIK OV/IL-IKOTO BEKTOPA a Yepe3 3aMKHEHY MMOBEPXHIO JIOPIBHIOE
IHTErpaJy BiJl AUBEPTrEeHI] OO BEKTOPA 32 00’ €MOM, OOMEKEHUM I[1€I0

IMOBCPXHCIO.
3Fi}1H0 3 HiCIO TCOPEMOIO, TCOPEMA OCTDOFD&,Z[CBKOFO-F&VC& JJIA Mar-

HETHOTO I10JI1 HA0YBAa€ BUIIAAY
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ifﬁE:O:Idivﬁdvl
S \

3B1AKHU, OCKUIBKU V # 0,

divB =0.

OcTaHHs PIBHICTHL NPEACTABISIE TY X camy teopemy OcTporpai-

chKoro-l'ayca Juisg MAarHeTHOTO 1oJist, IPoTe B IUdEpeHIIsIBHIA hopMi.

(173) Hoxaxemo, 1o Teopema Ocrporpaacbkoro-I'ayea ajass MartHer-

HOI'0 MOJISI CBITYUTH PO 3AMKHEHICTh CUJI0BMX JiHIH MATHETHO-

ro moJsi, 1o, CBO€10 4€proi, MokKe¢ TPAKTYBATUCH AK BiI[CVTHi-

CTh V IPUPOJIi MATHETHUX 3aPAIIB.

JIi1icHO, PIBHICTH HVYJIEBI NOTOKY BEKTOpPA MAarHETHOI IHAVYKINI yepes

OVIb-SIKY 3aMKHEHY ITOBEPXHIO TOBOPUTH MPO TE, 110 KOXKHA CHUJIOBA JIHIS,

SIKA BXOJIUTH B 00JIACTh, OOMEXKEHY I[1€I0 MTOBEPXHE, MYCUTH BUUTH 3 IIET

00J1aCcTl, TOMV I CAJIOBA JIIHISI Ma€ OYTH 3aMKHEHOIO, 1110, 31 CBOIO OOKY

0O3Ha4ae, 1110 Hije HeMac 1i JpKepeia, TOOTO HeMae MAarHeTHOrO 3apsiay.

Tema 4. Cuiia Jlopenua

Dizuuni asua

eEdexTt I'oss1a — 11e gBuile

BUHUKHEHHS PI3HULI HOTEHIUSIIB

MIXK ABOMaA IPOTHICKHHUMHU I10- =y

|7 B
> |

BEPXHSIMHU OPOBIIHMKA UM HAIIIB- /

NPOBIJIHUKA 31 CTPYMOM Iiapalie- U

JIbHUM JI0 [IMX ITOBEPXOHL YV Mar-

HETHOMY II0JI1 SIK€ HOpMaJILHE 10 Mar. 114

CTPYMV 1 IMapajejbHE JI0 IHUX
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OBEPXOHBL (MaJy1. 114).

e Marueroonip (MarHerope3sucTuBHMii edeKr) — e IBUIE 3MIHU

OnoOpY NPOBITHUKA UM HAMMIBOPOBUIHUKA B MATHETHOMY ITOJI.

o [luKJOTPOHHMM PE30HAHC — II€ PAIITOBE 3POCTAHHSI MarHeTOONOpY

POBITHUKA YM HANIBIPOBIAHUKA 34 YMOBH 301y HMUKJIOTPOHHOI YaCTOTH

HOCIIB CTPYMY 3 4YaCTOTOK (hOTOHA.

Dizuyni nonammsi

e Cunia JlopeHnna — 1ie cuja, sika i€ Ha TOYKOBHUH 3apsa 3 OOKY eIeK-* | @opwar: Crnco

TPUYHOT'O Ta MAarHETHOTO IOJIiB (mo3HaueHHs Fj ).

o [TuTtoMuii 3apsil YACTHHKM — 1€ BUITHONIEHHS 3apsily YACTUHKH JIO

11 Macu.

o [IMKJIOTPOHHA YACTOTA — 1I€ YacTOTa O6CDT3.HH}I 3apsKEHO1 Jac-

THHKH HaBKOJIO BEKTOpa 1HAVKIII MAarHETHOT'O I1OJIS.

Dizuyni cucmemu 1 npUIAOU

o Cencop Tosuta — npuiajg, sKuil [PALIOE 33 MPUHUMIOM edeKTy  [Popmar: Crucox

T"ota 1 npu3HAYESHUN JUIS BUMIPIOBAHHS 1HIVKIIT MArHETHOTO ITOJIS.

e Mac-CieKTPOMETP — NPpWiIaj, SKUU OPAIO€ HA OCHOBI 3aKOHOMIP-

HOCTEHM PYXY 3apsiDKEHMX YAaCTMHOK B CJIEKTPUYHOMY M MAarHeTHOMY

MOoJIsIX 1 IMPU3HAYEHWUN JUII BUMIDIOBAHHS MAac MOHIB 3 METOIO

YCTAHOBJICHHSI XEMIYHOT'O CKJIQJIy IIEBHOIO 3pa3Ka.

® Hpncxomeaqi 3APAJGKCHUX YACTHHOK — ITpHWJIaa, 34 JOIIOMOI'OXO

SIKUX  3apsDKEH]  YACTUHKUA IIPUCKOPIOIOTHCS B EJIEKTPUYHOMY Ta

MAarde€THOMY ITOJISIX JIO BEJIMKHUX IBUIKOCTEN.

e Marderoriapoauuamiuauii (MI'JI) regeparop — reHeparop moc-

tiiaoi EPC, mis gxkoro 0a3verscs Ha PO3AUIEH] EINEKTPUYHHUX 3apsadaiB

MAardaC€THHUM IIOJICM.

3aoaui

(174) YeranoBumo BUpa3 aiast cuiau JlopeHua.
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3 o3HayeHHs cviau JIOpEeH1Ia Ta NPUHIIMIY CYIIEPIIO3UIIT CUJT BUILJIU-

Bac, 110 BOHA JOPIBHIOE CYMI CHJI, Kl JIIOTh HAa TOYKOBHUH 3apsa 3 OOKY

enektpuyHoro F, ta marnersHoro F, modmis.

Bupas s cunu 3 60Ky eeKTpu4yHoro moss Ham Bigomuit: F, =qE,

TOMY HaM EMHHHHHOCB]MHHaﬁTH BHUpa3 AJIsi CHUJIHU 3 6OKV MAarda€THOIro

I1OJI.

Po3risiHeEMO KOHKPETHHI TOUYKOBHH 3apsa — exekTpoH. Cuiry, sgka Jie

3 OOKY MAardHeTHOro I10JIs HA [Eei €JIEKTPOH, 3HANIEMO K CHIIY, sIKa JI€ 3

OOKY IIOr0 IIOJIA HA BCI PYXOMI €JIEKTPOHH, SIKI € B 3aJaHOMY BIAPI3KY

IPOBIIHUKA, [TOJJIEHY HA IXHIO KUIbKICTB.

Cuia, gka i€ 3 O0OKY MarHeTHOrO MHOJisg Ha BCl €JIEKTPOHU BIAPI3KA

npoBiaHuka 31 crpymom dl, — e criia Amnepa, Bupas skoi, sk HaM BiJIOMO,
Ma€ BUIJISJT

dF = IBdI sin «.

dg

[IpeacTaBUBIIKU CHIIY CTPYMY 3TLIHO 3 11 O3HAYEHHSAM SIK d— a 3apsan

dg_sx edN , ge dN — KiJgbKICTh €JIEKTPOHIB B €JI€MEHTI JTOBKUHHU IMPOBII-

muka dl, micranemo

dF :d_q Bdl sin « =ed—NBdI sin .
dt dt

BpaxosByrouu, 1110 a — 11e aperidoBa MBUAKICTH €JIEKTPOHA, MAEMO

dF =edNuBsin ¢.
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IMoxinuBium aiBY 1 npaBy yactuHy 1€l dopmynu Ha AN, micranemo

CUJy, siKa I[i€ Ha OJHH CJICKTPOH

d—F =euvBsina.
dN

abo

F, =euBsina.

OCKIIbKM BEKTODP AperdOBOi MIBUIAKOCTI €JIEKTPOHA U € IIPOTHIIEHK-

HUM 10 exeMmenTa crpymy dl ., To

F =—e5><§.

M

J1g OYIb-SIKOT0 TOYKOBOI'O NO3UTHUBHOTO 3apsity (

_

F., =q5x§

1 Bupa3 s cuim JlopeHia

F, —q(E+oxB)

(175) BkaxxeM0 HA BiTHOCHICTH MATHETHOI'O MOJIS.

Hexall OO3WTHBHUNA TOYKOBHH 3apsi/i PYXa€TbCs 31 IMIBUIAKICTIO U

BIIHOCHO crmocTepiradya B Ja0OpaTopHill CHCTEMI BUUIIKY B MarHETHOMY

1oJii (Juis OpOCTOTH HOPMAJIBLHO 10 criioBuX JiiHiM (Mai. 115)). OueBunHo,

110 Ha HEOT'O JIATHME CHJIa ILOT0 Mo B

F =quxB.
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Coocrepiray, sKkuii pyxaeTbes 13 3apsaioM, 3adikKCye Ty K caMy CHIY,

IPOTC 3apsial BiI[HOCHO HBOI'O 6VI[G HCPYXOMHUM, TOMY, 3 TIOIVIAAY HIbOI'O

CHOCTeDiFa‘{a, e CuJjia CIACKTPUYHOI'O I10JI4, HaHDV)KeHiCTB SAKOTI'O

E:E:M:UXB
q

q

1 CHJIOBI JIIHIT SKOTO0 € HOPMAJIbHUMHU 0 CAJIOBUX JIIHIM MAarHeTHOTO ITOJIS,

siKe 0aUUTh coocTepiray y 1a00paTopHIA CUCTEMI.

Omxe, coocTepiray y 1adopaTopHii CUCTEMI CIIPUMMAE T10JIE SIK Mar-

HETHE, TOJl SK CIIOCTEpIrady Vy CHCTEMI, 3B’si3aHiii 3 3apsioM, SK
CICKTPUYHE.

(176) IMopiBHAEMO CHJIY EJEKTPUYHOI TAa MATHETHOI B3a€EMOIIl MikK

JIBOMA TOYKOBHUMM 3aPAIAMMU.

PosrngHeMo J1Ba TOYKOBI TO3WTUBHI 3apsad, SIKI PYXAOTHCS 31

[IBUIKICTIO L_B jabopatopHii cuctemi BUUIKY (Man. 116). Ha apyruit

3apsaa, 3 00Ky MarHeTHOI'O HOJIsI, CTBOPEHOI'0 HNEPIIUM 3apsIoM, JI€ CHIa

F, =quxB,
Je B _— iHAyKIlig MarHeTHOro moJid Nepuoro 3aps- ET
Iy, sIKa, SIK BUTOMO (3a1a4da 163)
FE
—~ 1 - —
B=—uxE,
02 02 v
S— B X—>
ac E_— HanpyKeHICTb €JIEeKTPUYHOIO IOJs LBOro =
M
3apsy. q -
ten U
Omxke, cuiaa MarHeTHOI B3aeMoJil IHX JIBOX - >
3apsiiiB Main. 116
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a 11 MOAyJIb

111 MOAYJIb
[TopiBHIOIOYH 11 AB1 CHJIH, MAEMO

i_(zf
F (c)°

10 O3HAya€, NI0 32 MAJIUX MOPIBHAHO 31 MIBUJIKICTIO CBITJA HNIBUIKOCTEN

CHJIa eJIEKTPUYHOI B3aemMo i HabaraTo OlIbIa 3a CHJIY MAarHETHOI B3a€EMO-

i, 1 JUIg TOrO, 11100 Il JIB1 CHJIM 3PIBHSUINCA, 3apad MaJayd OU pyxaTucs 31

[IBUIKICTIO CBITJIA.

Kpim Toro, 6aynmMo, 1o criocrepirad y CUCTeM1 BLUTIKY, 3B SI3aHIN 3

3apsaaamMu, GIKCYE TIIbKM E€JIEKTPUYHE I10JIE€ 1, BIAIMOBIAHO, E€JIEKTPUYHE

BUIIITOBXYBAHHA MDK 3apsiaMH, TOJl K CIOCTepirad v JiabopaTopHii

CUCTEMI — SIK €JIEKTPUYHE, TAK 1 MATHETHE MOJIE 1, BUITOBIIHO, CUIIY E€JIEK-

TPUYHOI'0 BIAIITOBXYBAHHS Ta CHJIY MardHeTHOI'O IIPUTATaHHs, TOOTO PiB-

HOJIMHY [IMX CHUJI, MOJIVIb SKOI 3 JIBOX OCTAHHIX DIBHIHB
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2

F=F -F =qg1-

c

(177) 3naiineM0 NUKJIOTPOHHY YACTOTY TOYKOBOIQ 3apsay, AKHI IM0-

TPANUB Y MATrHETHE 110Jie HOPMAJIbHO JI0 1i0r0 CHJI0OBHX JIiHiM.

SIK TUIBKM 3apsypKeHa YacTHUHKA I10-

TpAIlMTh Y MAarHeTHE I10JIC, HA HEl MOYHE

ATA criaa 3 O0OKY OO MO fKa, 3T~

HO 3 IMpaBHWJIOM IIPABOI'O 'BUHTA AJIS BCK-

TOPHOTO A00VTKY, Oyae crapsMoBaHa

HOPMAQJIBHO SIK JI0O BEKTOpA IHAYKINI, Tak 1

10 BekTopa mBuakocTi (man. 117). Ile

CIOPUYMHHUTE 3MIHY TPAcKTOpli YaCTUHKH,

110, CBOCI0 YEPror0, CIPUYMHHUTHL 3MIHY

HAIIPSIMY IIBUIKOCTI 1, BIIMOBIIHO, HAI-

pAMY CHUJIN.

Tax yacTrHKa Oyae pyxaTHUcs JYrol KoJia, paalyc SKOr0 3HANIEMO 3

G
Main. 117

X @l

VMOBH DIBHOCTI BUIIIEHTPOBOI CHJIX 1HEPLII, SIKA IPH [ILOMY BUHHUKJIA, CHJIL

MAr"d€THOI'O I10JIA.

m02

——=quBsina,
R q

3BIJIKH, BDaXOBVIOYH 10 & = 90°

R Mo
gB

1 Ha OCHOBI (hopMVJIH 3B’ SI3KY JIHIWHOI 1 KYTOBOT NIBUIIKOCTENH U = @R
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SIk 0aynMoO, IMKJIOTPOHHA YacTOTa HE 3aJIEKUTH B IIBUIKOCTI, 3

SIKOK0 YAaCTHHKA BJIET1JIA B MArHETHE I10JI€, a JIMIIE B i1 MAacH Ta 1HIYKIUL

MAr"d€THOI'O I10JIA.

(178) 3uaiimemo paaive i KpOK rBUHTOBOI JIiHil, B3JIOBK SIKOI Oyie py-

XAaTUCH 3aAPAJKCHA YAaCTHUHKA, SIKA IMOTPAIINJJIA B MATrHETHE I10J1€

i J0BiJILHUM KVYTOM ¢ /10 MOr0 CUJIOBHX JIiHiM.

CHO‘IaTKV ITOKaXKXEMO, 1110 CHJIa MArHETHOI'O IT1OJI BU3HAYAETHCA JIUIIIC

HOPMAJIbHOIO J0 MArd€THOro II0Jid CKJIaJAOBOIO BCKTOpa HIBI/II[KOCTi

3apsy. JUig 1s0ro po3kiaaaeMo BEKTOD IIBUAKOCTI HA AB1 CKJIAJIOBI (MaJl.

118): HOpMabHY ¥ mapajaeiabHy A0 IOJ Ta HAOWIIEMO BUPA3 JUIS CHUIIHU

MAr"d€THOI'O I1OJIs

§=q5x§=q(ﬁ+q)x§:

~ oy xB+0, xB)=quy xB.

AHaJIOTIYHO MOKEMO I10Ka3aTh, IO

cujga MAr”HeTHOI'O IIOJIsI BU3HAYA€THCA

o]

HOPMAJIBHOIO 10 BCKTOpPA IJ_IBI/IZ[KOCTi CK-

1aJI0BOKO BeKTOpa B. R

_

F, =q5x§=qS(B—“+E)=q5xB—ll

Paaiyc rBUHTOBOI JIiHII 3HAMIEMO 3

YMOBH PIBHOCTI CWJIM MAarHeTHOT'O I1OJIS

!‘_:t

BIILIEHTPOBIH cyIl 1HepIil

<4

i
s

218

< <

g 8

— ":

o &
S




mo
qu, B=—-,
R
3B1JIKU
R.MuL
eB
a0o, mijcrapupiiy 0, =vSiNa,
mo .
R=——sIna.

eB

Kpok h rBuHTOBOI JiHIT 3HAWAEMO 3 YMOBH, 1110 34 OJIMH MEPIOJ 3apsil,

PYXAa4YMCh B3J0BX II0JIA 31 HIBI/IIIKiCTIO U L IPOXOANTHL B3JAOBIK I10JIS

caMme IO BIJICTAaHb, TOOTO

2r 2R 2zmo
h=v, T =vcosa—=vc0sa— =
W v eB

COoS .

(179) BusHauumMo NUTOMUM 3apsi/I eJEKTPOHA, AKIIO0 BiH, OYVYH NPH-

CKOPEHHMM PpiZHHIeI NoTeHUis1iB U nmorpanuBiid B HOpMaJabLHe

0 WOro MBWJIKOCTI MAarHeTHe moJie 3 iHavKkuicw B, Bixxuiauscs

Ha BicTanb d, npoiimoBimM Bixcrans | (maJj. 119).

HOTDaHI/IBH_II/I B MAardu€THC MOJC, CIICKTPOH PYXATUMCTLECA AYI'OI0 KOJId

TaK, IO BUINEHTPOBA CHja 1HepIli AOPIBHIOBATHME CHJII MAarHETHOTO

I1OJIA.
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2 —
R

3BIJIKM HUTOMHUH 3apsil €JI€KTPOHA

e v
m RB’
[IIBUAOKICTE €JEKTPOHA U BH3-
N pars X X
HAYa€ThCA MIPUCKOPIOBAJILHOIO HAaIl- e
DHEEOD Man. 119
PYTo1o R 3 PIBHOCTI L
Mai. 119
2
mo
—=eU,
R
3BIJIKH

2eU
0:1/—,
v m

a paaive koJia R 3 piBHOCTI

RZ=(R—d)*+I2,

3BIJIKH

12 +d?
2d

R =

IlifcTaBuBINM 3HAKIEH] BUpasu Juid v_1 R_y BHpa3s Juld IMHTOMOrO

3apsaay, JICTaHEMO
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e 8dU
m o (12+42fB?

(180) BuzHauumo nuTOMHUIE 3apsii eJeKTpoHa MeroaoM TomcoHa, a

caMe. KO0 BiH, PYXAaIOYUCHh HOPMAJIBHO 10 CUJI0BHUX JiHiH B3a€-

MHO-HOPMAJIbHUX Ta OIIHODiI[HI/IX CJACKTPUYHUX TAa MArHETHHX

MOJIiB, He 323HAB BiAXWUJICHHS.

Toii daxT, 1110 eIEKTPOH, HE3BAKAIOYHN HA IPUCYTHICTH EJIEKTPUYHOTO

Ta Mar"deTHOI'O0 IIOJ1B, HE 3a3HaB IXHBOI Ail, 03HAayae€, IO CWJIM, Kl Ha

HBOT'O JIIOTH 3 OOKY IIMX ITOJI1B, OJHAKOBI 3a BEJIMYMHOIO Ta OPOTIJIEHKHI 3a

HAIPSIMOM, TOOTO

a00, BpaxOBYIOYM BUPA3HU I1IMX CUJI

evB=¢eE,

3BIAKU IIBUJIKICTD, 3 SKOK €JIEK-

TPOH Ma€ NPUUTU B 00JIACThH Mil

C

[IMX JIBOX HOJIB <>

\

E
U:E.
Mai. 120

s mBUAKICTH  3a4a€THCA

IIPUCKOPIOBAJILHOIO HANpyrow U,,.

2
mTuzeUn.

3 ABOX OCTAHHIX PIBHOCTEN
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e _E*
m 2B,

SIKI10 €JIeKTpUYHE MO0JIE CTBOPIOETHCSI KOHJIEHCATOPOM, BiI[CTaHI) MK

IIJIACTHHAMU IKoro d i Halipyra Ha HUX U, a MarHeTHE MoJ€ — COJICHOIAOM

3 I'VCTOTOK BHUTKIB N 1 CWJIOK CTpymMy |, TO OIACTABUBIIM B OCTAHHIO

!l}O[ZMYJ'Iy

U
d
B = Il,lonl
ICTAaHEMO
2
u? 1 U

e
M 248n?12d20, 22U, | gynid

[IpakTyHO 1€ POOUTHCI TaK: B EJIEKTPOHHO-IIPOMEHEBIN TPVYOILI

(Mas1. 120) 3a BIICYTHOCTI €JIEKTPUYHOIO Ta MArHETHOIO IIOJIB ITYYOK

€JIEKTPOHIB NMPUCKOpeHUH Hampyrowo U, moTparuise, 04eBUIHO, B IIEHTP

ekpasa (touka 0O). /laml BKIOYAOTh MAarHeETHE MOJE 1 OYYOK E€JIEKTPOHIB

BIIXWIAETHCS YV TOUKY 4. Ilicas TOoro BKIIOYAIOTE €IEKTPUYHE I10J€ TaKOl

HAIIPY)KEHOCTI, MO0 NVYOK EJIEKTPOHIB 3HOBY IIOBEPHVBCS V IIEHTD

exkpana. Ile Oyime o3HayaTH, 1O CHWIM, K1 JUIOTH HA E€JIEKTPOHU 3 OOKY

00MIBOX ITOJ1B, KOMIIEHCYIOTh OJHA OJHY. BUMIpSBIIN OPUCKOPIOBAILHY

Hanpyry U, BicTaHb MiK IUIACTUHAMH KOHjeHcaTopa d Ta Hampyry Ha

aux U, cuy ctpyMy B costeHoiml | Tta ryctory MOro BHUTKIB N 3a OCTaH-

HBHOIO (DOPMYII0I0, MOKEMO OOUYMCIMTHA NUTOMHUM 3aps1 €IEKTPOHA.
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(181) 3naiigemMo Macy OJHO3APSIHOTO MOHA, AKU OTpanuB HA GOoTo-

IJIACTHHKY V Macc-cnekTporpadi beitHOpinka Ha Bigcrani L Bix

HIJIUHA.

Ha man. 121 cxemMaTW4yHO IMOKa3aHO Macc-crekTpoMerp belnHOpimKa.

EnexTpuune nmose E Ta MardHeTHe II0Jie E BIAIPAIOTH POJIb CEJIEKTODA,

IKUU BiaOupae (mponyckae B OTBIP) JIMIIE Ti

MOHHU, NIBUJIKICTE SIKUX 33J0BOJIBHSIE YMOBY —

X X X B
F,=F.
X m\
L
abo ‘H
E
euB =eE. —
- B
X |x
Yeci iHmi WoHd OVAYTh BUIXWJICHI ITMMH H o [T
[IOJISIMH.
. . . x| x
OTxe, HOHHU 31 IIBUIKICTIO <
0(
I
E <
v=—
B Man. 121
[IOTPAIUIAIOTh, B MardHetHe mnojge B, ne Ha X X X B

HHX JII€ CUJIA [IbOI'O0 MArHETHOI'O MOJIS, 1 I ///LA m\
X
JI€I0 SKOI BOHH OIMCYIOTh JYI'Y KOJa,

paJilyc SIKOro 3HaXOAWMO 3 YMOBH PIBHOCTI
i€l CUJIM BUIIIEHTPOBIN CHIIL 1HEPIIT E
8 s
2
mo '

x| x

3BLIKH, a TAKOXK 3 HOpMYIH ISl U Se
o I

<
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_ReB ReBB_LeBB

v E 2E

3a HanpsaMoM Ayru (BJIBO YK BIIPABO), 3T1JAHO 3 MPABWIOM HPABOrO

I'BUHTA AJIS1I BEKTOPHOI'O I[OGVTKV BeKTODiB, BHU3HAYAEMO TAKOK 3HAK MOHA.

(182) INosicHuumMo MexaHizM BHUHUKHeHHs edexty [osuia i BUpasumo

ganpvyry I'ojuia yepes iHAVKIII0 MATHETHOrO MOJS i CHJIY CTPYV-
MYy.

[ToMicTHMO MeTaJl YW HAMIBIPOBIIHUK 31 CTDYMOM Y MAarHeTHe I10JIE,

JHIT 1IHAVKIOT SKOTO HOPMAJIBbHI 10 cTpyMy (Mait. 122).

Hexaii ocHOBHI HOCI1 3aps1y B IIbOMY MaTepisii — enekrpoHu. Ha Hux

IIOYHC ,Z[iHTI/I cujia MAar"i€THOro

o fAKa BUIXWIATHAME iX 0

BCDXHLOI FDaHi 110 MMOPVIIWUTD

€JIEKTPOHENUTPAILHICTh B YCHOMY

00’eM1 3pa3ka 1 COPUYMHUTEL BU-

HUKHCHHS CJIICKTPHUYHOI'O I10JIA,

CIPSIMOBAHOI'0 BiJl HWKHBOI J0

BepxHBOI rpadi. lle mose misitu-

MC Ha CJICKTPOHHU 3 CHJIOKO IIPO-

THJIC)KHOIO 34 HAIIPAMOM A0 CHUJIM MAIrHCTHOI'O ITOJA, IPUYOMY BOHO 3POC-

TaTUME B MIPY HarpoMa/DKEHHs €JEKTPOHIB HAa BEPXHIN rpadHi. 3a YMOBH

PIBHOCTI IIMX CHJ IIPOILIEC PO3MUIEHHS 3apsaiB OPUINHUTHECA. Hamumemo
1[I0 YMOBY

euB =¢eE,

a0o, npeacrasusiy E yepes Hanpyry ['omuta Uy, aictanemo

Uy

B =—+
a
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3BIOKH

UH :CIUBl

IIpencraBuBur  apeiidoBY IBUAKICTH EJIEKTPOHIB 4Yepe3 T'YCTUHY
CTPYMY ¥ KOHIIEHTPAL0, 4 TYCTUHY CTPYMY 4Yepe3 CUIY CTPYMY Ta DPO3-
MIpH 3pa3Ka, JICTAHEMO

I
Uy, =—B.
H ™ ebn

(183) MokakemMo, 10 BUMIPABIIM €KCHEPUMEHTAJILHO HANPYryY [osia

MOKHA BU3HAYHMTH KOHIECHTPAIII0 TA PYXJUBICTL HOCIIB CTPYMY

B MeTAJi Y¥ HANIBIPOBITHUKY.

3 dhopmynu Ui Hanpyru [ ojuia

I
Uy =—
H ebn

0auuMo, 10 BUMIPSBINK cuay cTpyMy |, 1HaOyKINO noas B, po3mip 3pa3ka

b_B Hanmpsmi MarseTHOro Mo Ta Hanpyry ['omna Uy , MokHa 0GUUCIUTH

KOHIIEHTPALUIO HOCIIB CTPYMY

IB
n= ,
ebUy

a TaK0 IXHIO PYXJIUBICTD

e U — ganpyra Ha #oro KiHIAX.

(184) MosicHUMO PoOOOTY MNPUCKOPIOBAYA 3APS/KEHHUX YACTHHOK —

IUKJOTPOHA.
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B ocHOBI npuHIMITY POOOTH IIMKJIOTPOHA JIEKUTH TOW (hakT, 1110 yac-

TOTa O6CDTaHHH 3apsPKEHO1 YACTMHKM HaB-

KOJIO BEKTOpa I1HAYKIII MarHeTHOrO HOJIsI, a

e, K BIJIOMO, IUKJIOTPOHHA YacTOTa, HE 3a-

JIEKUTH BiJ 11 mBuakocTi (3axaya 177).

Huknorpon (man. 123) ckiamaeTbCs 3

ABOX MCTAJICBUX I1IBKOJIOBUX IHOCY/JIMH 3 Ba-

KYYMOM, SIK1 Ha3UBaIOTh JayaHTtaMu. OnHopia-

HC MAr"dc¢THC I10JIC HOPMAJIBbHC J0 INIOIINHH

nyaaTiB. JKepeno 3apsa/uKEHHUX YAaCTHHOK

pO3MIIlIEHE B LIEHTPl IUKIOTPOHA. JKIIO 10

JIVaHTIB npueaHati jorepeno 3MiHHoI EPC 3

YaCcTOTOI0, SIKA 301ra€ThCsl 3 IUKIOTPOHHOK

Man 123

YaCTOTOI0, TO YaCTUHKA IIOYHE CBIM PYX B €JIEKTPUYHOMY HOJI, siKe Oyie Ti

[IPUCKOPIOBATH HE3aJEKHO BIJ TOr0, JIE BOHA €. 3 KOXHUM 00epTOM

JaCcTOTa 3aIMIIAECTLCSI CTAJO0I0, a IMBHJIKICTH Ta paJilyc OpOITH 3pOCTAIOTh

(zamaua 177). Y pe3yapTaTi YaCTMHKA 3 BEJIMKOIO IIBUJIKICTIO BUJITAE 3

OHUKJIOTPOHA.

(185) IMosicHUMO POOOTY MATHETOLIAPOAMHAMIYHOIO TeHepaTopa

(MI'I-renepartopa).

Y xamepi (man. 124) pobOoye TUIO HArpiBA€THCA N0 TEMIEPATYPH

mprosm3Ho 3000 K, To0TO 10 cTaHV IJIa3MHU, 1 YEPE3 COIIO BUPUBAETHCS V

KaHaJ, V IKOMY € MardeTHe IoJie, HOpMaJIbHE JI0 HAPIMY PVXV IJIa3MU.

ITix mi€ro CMJIM MAarHETHOr'O IOJISL O3UTHUBHO 3apS/UKEH] YaCTUHKU BlJIXU-

JIATUMVTBECS IO BEPXHBLOT'O €JIEKTPOJia, a Hera-

THBHO 3aps/UKEHl — JI0 HWKHBOTO0. SIKIO 10

€JEKTPOIIB OPUEAHATHA CIIOKMBA4a, TO B KOJI

HOTCYC CTPYM, IPHUYOMY, OCKIJIBKH IIPOLECC

pPO3AUIEHHS 3apsaiB Oe3lepepBHUI, TO Ha MicC-

1I€ HOCIIB CTPYMYV, SIK1 BTPATHJIN HA CHOOKUBa4l

AN
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CBOIO €HEPrilo JApeii-

dhoBoro PYXY,
[IPUXOJIITh HOBI, TOOTO

3apsioocena
YACMUHKA

MU MaeMO  JDKEPENo
EPC.

ABuiie posiseHHs Bicb obepmanns
3apsgmiB v MI'JI- rene- Mai. 125

patopl  momiOHE  JIO

ebexty ['omna 3 Ticro pisHuIEe, o B MI'JI- reHepaTopi SIK MO3UTUBHHUIA,

TaK 1 HETaTUBHUM 3apsay PYXArOTHCS B OJIHOMY HApsiMi, a B IIPOBIAHUKY

31 CTPYMOM — B NPOTHJICKHMX. Lle MpUBOAUTE 10 TOrO, IO Di3HOI>iM€HHi

3apsaau B MI'JI- reHepaTopl BIAXMISIIOTBECS JI0 OPOTHIEKHUX E€JIEKTPOIIB,

TOJI SIK V OPOBLIHUKY 31 CTPYMOM B MAardHeTHOMY IOJI1 — JIO OJHOTO 1 TOTO

K CJICKTpOoJa.

(186) IMosscHUMO, SIK BUHUKAE IBHIIE “HiBHIYHE CAHBO”.

Bigomo, mo CoHile, KpiM CBITJIa Ta IHIIOIO €JIEKTPOMAarHeETHOI'O

BUIIPOMIHIOBAHHSI, BUIIPOMIHIOE IIOTIK YaCTUHOK — E€JIEKTPOHIB, IIPOTOHIB

Ta HWOHIB, — KWW JICTaB Ha3BY ‘“‘coHA4YHHMU BiTep’. BimOyBaeThbes Ii€

BHACJIJIOK BHCOKOI TeMmrieparypu COHISI — KIHETHYHA €HEPTrisl YACTUHOK

HACTIJIBbKH BEJIMKA, 110 BOHA IIEPEBUIIYE POOOTY BUXOIY 3a MEXKI TSHKIHHS

CoHirs (1ie Ta camMa TEpMOEMICIS 3 TIEK PIZHUIECIO, 10 YACTHHKA MYCHUThH

dOJIaTH HEC TUIBKH CHUIy

3aTPUMYVIOUOT0 EJIEKTPU- ~ Maenemna sico

YHOTO TIOJISI, & M CHITY TSi- L

JKIHHS).

ko 6 ueit “coHsy-

3apsooicena

o . YacmuHKa
HUl BiTep’ HOPOHUK IO

HAC, TO KUTTI Ha 3eMJll

OyJiI0 O HEMOXJIMBUM, a

3aXHMIIA€ HAC BiJ IbOTO N\
yOMBYOr0 TIOTOKY KOD.- Bico obepmansi
Man. 125
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IIYCKYJI MardeTHe moJse 3emin. JicHO, 3aps/pKeHa YaCTHHKA, HAIIPUKIIA,

€JIEKTPOH IMOTPANMBIIM B MardeTHe noJjie 3emual (Maji. 125) mijag KyToM 10

CWJIOBOI JIiHII, HOYHE PYXATHCSA T'BUHTOBOIO JIHICIO HABKOJO II€l CHIOBOIL

mHali (3agaya 178). Konu BoHa nocsirae atmocdepu 3emitl, a 1€, Ik BUJIHO

3 MQJIIOHKA, BIAOYBAacThbCA Ol MarHeTHHX MOJIOCIB, TO, OOMOapayrodu

ATOMM, COPUYHHSIE TX CBITIHHSL.

Tema 5. EJdekTpoMaraera inaykuis

Dizuuni asua

e EjlekTpOMAarHeTHa iHayKuisi — 11¢ siBuiine BUHUKHeHHs EPC B 3amM-+ | @opwmar: Crincor

KHCHOMY KOHTVDi, SIKUM O6M€)KV€ INOBCPXHIO, IO IIPOHU3VETHCA 3MIHHUM

MAaru€THHUM IIOTOKOM.

e Camoinaykuisi — sisunie BuHukHeHHs EPC B 3aMKHEHOMY IIpOBiI-

HOMY KOHTYPI1 BHACIIAOK 3MIHUA CHWJIH CTPYMY B IILOMY K KOHTVYDI.

e Bzaemoinaykuisa — ssuime BunukaeHHas EPC B npoBigHUKY BHACIHI-

JIOK 3MIHU CHJIM CTPYMY B 1HIIIOMY IIPOBIIHUKY.

o CkiH-eeKT — 1€ ABUIIE TEHIECHIN] OPOTIKAHHI 3MIHHOTO CTPYMY

OJIMKY€e 10 HOBEPXHI MPOBIIHUKA.

Dizuyni nonammsi

e Buxpoei crpymu (crpymu @yKO) — CTPYMU, SIKi BUHHKAIOTD y IPO-+ L ®opMar: Civeok

BUIHMKAX HeIpoTonomiOHol GopMH BHACIIIOK SBUINA €JIEKTPOMATHETHOI
1HTYKIIi.

Dizuyni seauyunu

o [HAVKTHBHICTHL NPOBITHNUKA — 11€ BITHOMIEHHSI MArHETHOTI'O ITOTOKY* | @opmar: Crucox

yepe3 HOBEPXHI0, 0OMEXEHY MMPOBITHUKOM, 10 CHJIU CTPYMVY B IIPOBIIHU-

KV, 1110 CIIPUYMHUB 1I€M MarHeTHUM norik (rmo3nauenns L)




Dizuuni cucmemu U npuiaou

e DIIOKCOMETP — MAJIEHLKUI TUIOCKUUA COJICHOI (iaMeTpoM mpuo-+«  @opmar: Crucor

nIu3Ho lcM) mpuenHaHwii n0 rajpBaHomerpa. [lpwiaa npusHauyeHUH JUIS

BUMIPIOBAHHS 1HAVKII] MATHETHOTO TTOJIS.

Iocmynamu

> 3aKkoH eJekTpoMardeTHol imnykuii (Papajgest): KO MAarHETHUNA+ { @opwmar: Crvcox

HOTiK, I(Di3b ITIOBCPXHIO, SIKa 00MEKeHa 3aMKHEHHUM HDOBiI[HI/IM KOHTYPOM,

3MIHIOETHCS V 4aci, TO B IbOMY KOHTYp1 BuHHKae EPC. 1110 1opiBHIOE TEM-

Iy 3MIHM IILOTO MAarHeTHOI'O IOTOKY, OPHUYOMY 1HJIVKOBAHHWN B KOHTYDI

CTPYM Ma€ TaKWil HaAmpsM, 10 CTBOPEHWN HHUM MarHeTHUW HOTIK IIparHe

KOMIICHCYBATHU TY 3MiHV MarHeTHOIr0 MOTOKY, sIka MOT0 CIIPUYMHUJIA.

g%
dt

> 3akoH ejiekTpoMarHeTHol imaykmii (MakcBes1a): 3MiHHE Mar-+ { @opwmar: Crvcox

HCTHC I10JIC CIIPUYMHAEC BUHUKHCHHIA BUXPOBOI'O CIICKTPHUYHOI'O ITOJIA, ITHMP-

KVJISIS HAIPYKEHOCTI SIKOTO B3JA0BX OVAb-SIKOI0 3aMKHEHOr0 KOHTYpa

(YSIBHOTO YH pPEAJLHOr0) JIOPIBHIOE TEMIIY 3MIHM MArHETHOTO IIOTOKY

Kp13b JIOBUILHY MTOBEPXHIO, IO OOMEXKEHA [TUM KOHTYPOM.

Fa:—%iﬁﬁ.

3aoaui

(187) IHepeBipuMo 3aK0H ejeKTpOMArHeTHol iHayvkuii Dapanxes ais

Bi/Ipizka MpoBOAY, AKHHA PVXAECTLCH B OJHOPIIHOMY MATHETHOMY

M0JIi HOPMAJBLHO 10 HOr0 CUJIOBMX JIiHiM.
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[lepeBipka 3aKOHY EJIEKTPOMArHeTHOI 1HAVKINI B IIBOMY BHIIAAKY

3BOAUTHLCS JIO TOTO, IO CJIIJ MOKa3aTu, o B npoBoai BuHUKHE EPC, ska

,[[ODiBHIOG TCMILY 3MIHA MarHETHOT'O IIOTOKY.

SIK TUILKM OPOBIJ IMOYHE DPYXATHUCS B MAarHeTHOMY I10J1 3 HEBHOIO

mWBUIKICTIO U (Max. 126), To 3 OOKY LILOTO MHOJSI HA EJIEKTPOHU IT0YHE

nistu cuna F =evx B, HanpsaM sKoi, 3riIHO 3 IpaBUJIOM IPAaBOro I'BUHTA,

Oyae BHM3, IO CIPUYHMHUTEL PYX E€IEKTPOHIB JI0 HHOI'0 KIHII IIPOBOIY.

Ilell pyx, CBOEK YeProw, MPU3BEJAE A0 IMOPVIIEHHS €IeKTPOHEUTPAIbHO-

CT1 B IIPOBOJI 1, IK HACIIJIOK, JO BUHHUKHEHHS €JIEKTPUYHOIO I1OJISI, CIIPSi-

MOBAHOI'O Bi,[[ BCPXHBOI'O KiHI_[H IIPOBOAY JO0 HHXKHBOI'O. Komm HAaIIpy>Ke-

HICTh E€JIEKTPUYHOI'O IOJs 3pOCTE JO TakOl BEIWMYWMHM, IO MOro cuia

F =eE _3piBHsAETbCS 3 CHIIOI0 MarHeTHOrO

[OJISI, PYX E€JEKTPOHIB 0 HWKHLOI'O KIHIISI

OPOBOAY IIPUOUHUTHCS.

YMoOBa IbOro CTa”Hy

abo

evx B =—¢E,
a JUIS MOJIVJIIB IIMX BEKTOPIB
euB =—¢eE,
3BLIKU
E =-uUB,
abo

%

+]

% % * B
A AL %
|3
ox
% *oL K
«— >
X L
% % %
Man. 126
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£:—z)B,
T
& =—-uIB.

3a3HauynMoO, 110 OCKUIBKHA MOPOLEC PO3AUICHHS 3apsaiB y IPOBOJII

Oe3nepepBHUN TO DIZHUIL IMOTEHIISUIIB MK MOr0 KIHISIMHA € HACIpaBIIl

EJIEKTPOPVYINIHOK CUIOK, TOOTO

& =—ulB.

HDG,Z[CTaBI/IBHH/I JaJ1 MBUAKICTh U K — 1 BHICIHIHM IT1J1 3HAK ITOX1JIHO1

cram | 1 B, nicranemo

8:_%8 :_d(xlB):_d(SB):_quB |
dt dt dt dt

3acrocyBaBiu o3HaueHHsT EPC Tta MarHeTHOro moToKy, OCTAHHIO DIB-

HICTb MOKEMO MPEACTABUTH

(188) 3’sicyeMo, Vv 4OMY MHOJATra€ PisHUUA Mix (OPMYJIOBAHHIMHA

3aK0HY eJIeKTpoMarueTHoi inaykmii @apaages ta MakcBeJLia.

3aKkoH ejekTpoMarHeTHol 1Haykiii Papajes nependadyae iICHYBAHHS

HDOBiI[HOFO KOHTYpPA, V AKOMY MAa€ BUHHUKHYTH CTPYM BHaCHi,[[OK BHUHHK-

HeHHa B HboMY EPC 1Haykmii, Tom gK 1€ W ke 3aK0oH vy hOpMYIIIOBAHHIL

MakcBemna CTBEPKYE, 1110 HASIBHICTE IPOBLIHOIO KOHTYpPA HE 000B’A3KO0-

Bd, BUXPOBC CIACKTPUYHC I10JIC BUHHUKA€ HC3AJICKHO BiL[ Horo iCHVBaHHH, a

LIMMH KOHTYPAMH € 3aMKHEH1 CUJIOBI J1HIT BUXPOBOIr'O €JIEKTPUYHOIO IT0OJIA.
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(189) Ha ocHOBI 3aK0HY eJieKTpoMarHeTHol inavkuii dapajgess Ta 03-

HAQYCHH MArde€THOI'o INOTOKY npoaﬂaﬂi:weMo CHOCOﬁl/l, AKUMHU

moxkHa orpuMatu EPC ingykuil.

3rilHO 3 3aKOHOM €JIEKTPOMArHeTHOI 1HAYKIII Ta O3HAYEHHSIM Mar-

HETHOr'O MOTOKY JUIS BHUIIAJKY OJHOPIAHOrO (He 00O0B’SI3KOBO CTAIllOHAD-

HOI'0) MArHETHOT'O TTOJIS

g-_9% _ —E(BS cos ),
dt dt

e S — mromna 0OMeXXeHa KOHTYPOM, & — KYT MK BEKTOPOM THAVKIIIT Mar-

HeTHoro nond B Ta Hopmaumo fo miei nosepxHi N.

3 octa”HHBOI GopMysI GaduMoO, 1110 € IPUHAWMHI TPU CIIOCOOU OTpH-

madusa EPC:

1) 3MIHIOBATH B Yaci IHIYKII0 MArHETHOT'O MOJISI El

2) 3MIHIOBATH IUIONLY S, 0OMEXKEHY KOHTYDPOM,

3) 3MiHIOBaTM KYT ¢ _MiX BekTopamu B 1 N, Hampuknan, obeprarouu

KOHTYD.
HaiOuIpln mpakTHYHUM € TpeTid croci0. Came npuHIMI 00epTaHHS

KOHTYpa B MAarHeTHOMY I10J1 MICTUTHCSI B OCHOBI POOOTH T€HEpaTOpiB

3MmiHHOI EPC, K1 reHepyIOTh €JIEKTPUYHHN CTPYM Ha TEIUIOBUX, BOJHUX,

aTOMHHX, BITPOBHX Ta OPUILUIMBHUX €JIEKTPOCTAHINAX, 1 3a0€3I1€YYIOTh Ha

HUHIIIHIA J€Hb OCHOBHY YaCTKY €JIEKTPOEHEPT i, IKY CIIOKHUBAE JFOICTBO.

(190). 3HaliteHO0 HANPSAM IHAVKOBAHOIO0 CTPYMY V TAKHUX BHIIAJIKAX

eJIEKTPOMATrHETHOI IHAVKIII: a) NPOBITHUN KOJOBUH KOHTYDP €

B OJTHOPITHOMY MATHETHOMY NOJi, IHAYVKIIf AKOT0 3MEHINVCTh-

cod (Masn. 127, (a)): 0) NpoBiTHUI KOJOBUIT KOHTYP 1ehopMVIOThH

B NOCTIHHOMY OIHOPIAHOMY MAarHerHomMy moJi (manx. 127, (0));

B) NPOBIIHUI KOHTYDP PIBHOMIPHO 00ePTAETLCH B MOCTIHHOMY

OTHOPIIHOMY MarHeTHomy moJji (maix. 127. (B)).
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a) BHacautok 3MIHM MarHeTHOT'O MOTOKY Yepe3 NOBEPXHIO, OOMEKEHY

KOHTYPOM vV HbOMY BUHUKAE EPC 3riyiHO 3 3aKOHOM €JEKTPOMATHETHOI

1aykidi. CtpyMm, SIKHHA MOT€YE B HBOMY, Ma€ Ba MOYKJIMBI HAIIPSAMHU — 3a

TOAMHHUKOBOIO CTPUIKOIO YH IPOTH. [IpHOycTUMO, 1110 BiH T€YE 3a T'OAUH-

HUKOBOIO CTPUIKOI0. Toal CTBOPEHE HUM Mar"HeTHe I1oJie B 00Jacti, ooMe-

JKEHIM KOHTYPOM, OV/ie CIliBHAPAMIIEHE 3 30BHIIIHIM I10JIE€M, IKE CIIPUYHU-
HIJIO IIEH CTPYM, TOOTO MardHeTHUM HOTIK 1HAYKOBAHOT'O CTPYMYV IMJITPH-
MYBAaTHME MAardHeTHUM MOTIK 30BHIMIHBOIO I10JIsI, KOMIEHCYIOYH HOTO Bi-

JI’EMHY 3MIHY, 110 IIJIKOM BIIIOBIIA€ 3aKOHY €JIEKTPOMATHETHOI 1HIYKIN].

Omxe, HaAnpsAM 1HAYKTHBHOIO CTPYMY BHOpaHO ImpaBwibHO. Oue-

BUJIHO, SIKIIO O 30BHINIHE MArHETHE MMOJIE 3POCTAJIO, TO CTPYM IOTIK OU B

[IPOTUWJIEKHOMY HAIIpsAMI. 3a3HAYNMO, [II0 TY YACTHUHY 3aKOHY €JIeKTpOoMar-

HeTHOI 1HAVKINI Papaaest, sKka TOBOPUTEL PO HAMPSAM 1HJIYKOBAHOI'O CTPY-

MY, HA3Usawoms npasuiom Jlenya.

0) OCKUILKM IUIONIA KOHTYPA 3MEHIIVETHCS, TO MATCHETHUI ITOTIK

Kp13b ITOBEPXHIO, OOMEKEHY HUM, TAKOXK 3MEHIIYVETHCS 1 3MIHA MArHETHO-

ro MOTOKY Bl €éMHA (HACTYIHE 3HAYEHHS MArHETHOI'O MOTOKY € MEHIIUM

3a nmonepeae). 3riiHo 3 npaBwiioM JIeHa, MAarHETHUHN NOTIK 1H.TYKOBAHO-

0 CTPYMVY IIOBUHEH KOMIOEHCYBATH 1[I0 BT’ €EMHY 3MIHY MarHeTHOI'O IIOTO-

Ky, TOOTO MAar"HeTHe MoJie 1HAYKOBAHOT'O CTPYMY MMOBUHHO OVTH CIIIB-

HapsMJICHE 13 30BHIIIHIM MardHeTHHUM IOJIEM, a Ui IILOIO CTPYM, 3rLIHO

3 3aKOHOM Bio-CaBapo-JIaHnaca, Ma€ TCKTH 34 TOAMHHUKOBOIO CTDiJIKOIO.

B B B
X% AR TS S % o T %
I I g
* * * * * *
* % * % % *
* * EOERSEES S S KA TA K
(a) (6) ()
Man. 127




B) 3a oOepraHHs KOHTYpa B MarHetHomy moui (main. 127, (0)) 3a

[eply YBepTh Nepioay 00epTaHHss MArHETHUN NOTIK OVIIE 3MEHIITYBATUCS

BHACJIJIOK 3017bIIIEHHS KyTa MDK BEKTOPOM I1HAVKINI Ta BEKTOPOM

HOpPMaJIl 10 IUIOIIMHH KOHTYpa. IIpM IbOMY, OYEBHUIHO, 1HIYKOBAHUU

CTPYM IIOTE€YE 3a TOJMHHUKOBOI CTPUIKOK, TOOTO TakK, 1100 WOro

MArHETHUH MOTIK NIATPUMVYBAB MArHETHUU ITOTIK 30BHIIIHBOTO 110Js (200

1HAKIIE KOKYYU POTHIIAB BT €MHIN 3MiHI MAarHETHOI'O MOTOKY 30BHIIII-

HBOT'O I10JI4).

VY npvyriit yBeprTi mepioay 00epTaHHs KOHTYpa MArHETHUU MOTIK 3HOBY

3pOCTATUME 1 CTPYM MOTEYE B NPOTHIEKHIN O1K, TOOTO IMIPOTH I'OJMHHUKO-

BO1 CTDiJ’IKI/I, KOMIICHCVYIOYH, 3FiI[HO 3 OpaBWJIoM JIEHIIa, JOJATHY 3MiHV

MAardeTHOIr'0 IMOTOKY. Y HACTYIHHUX YBEPTAX IEPIOAY CTPYM 3HOBY 3MIHIO-

BaTUME CBIM HAIMPSIM.

(191) HosicHUMO, SIK BUMIPIOIOTH IHAVKIIK MATHETHOT0 M0Jsi QJIoK-
COMETPOM.

[ToMicTUMO TUIOCKUH cOJieHO11 dJirrokcoMeTpa, SKuii Mmae N BUTKIB, B

Ty 00JaCTh MArHeTHOrO MOJs, J€ MH XO0YEMO BUMIPATH HWOT0 1HAVKINIO

HOPMAJILHO J0 MOro CHJIOBHX JIHIW, TOOTO Tak, 1100

MarHeTHHUM IIOTIK 4Yepe3 HBOI0 OYB MAaKCUMaJbHUM % % X E

(man. 128). Jlami caij 3poOMTH Tak, 100 MarHETHHI 2 N

IIOTIK 3MEHIIMBCI a0 Hyad. Ile, o4eBHIHO, MO’KHA

3pOOMTH, BUKJIIOUMBIIN CTPYM, SKHH CTBOPIOE IIE IIO- * s

e, a6o mosepuysmm conenoin na 90°. TIpu mpomy  *  *{ % %

BHACJIJIOK €JIEKTPOMArHETHOI 1HIYKINI 4epe3 rajibBa-

HOMETD IIPOMAEC 3apsiI @
Mai. 128
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& 1 rdo
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:_ljd@zgzis
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VHaAcIIoK OpOXOHKEHHS I[LOrO 3apsaay CTPUIKA TrajJbBaHOMETPA

BIIXWINTHECA HA KYT & , AKUU IPOHOPIINHUN JI0 1ILOTO 3apsiay, TOOTO

a=bq=—-B=daB,

e b — xkoedinieHT NPONOPLINHOCTI MK & 1 0, a — KoedillieHT mponop-

LIWHOCTI MK & 1 B.

3 octaHHbOI HOPMVIIM BUIHO, IO KYT BIAXWJIEHHS CTPUIKUA raJILBAHO-

MeTpa IPONOPINUHNNI 10 1HAYKINTI MArHETHOTO IO 3 KOe(MI1IEHTOM IIPO-

MMOPIIMHOCTI @, SKUI HA3UBAIOTH CTAI0K (urokcoMmerpa (KoedIillleHT Ipo-

nopIiHoOCTI b HAa3uBaKTL CcTAI0K0 rajgbBaHomerpa). Crany dirrokcoMeTpa

3HAXOSATh EKCHEPUMEHTAIBHO, BUMIPSABIIN KYT @ BIAXWICHHS CTPUIKUA

TaJJbBAHOMECTpPA, B XOI[i OMMMCAHOI'0 BHIIC CKCIICPUMCHTY B MAIroCcTHOMY

[10JI1 3 BIIOMHUM 3HAYEHHSIM B.

3 ocTaHHbOI (HOPMYIIM TAKOXK BUIHO, 1110, 3HAIOYH CTAIy (DIIOKCOMET-

pa, KAy TaJlbBAHOMETPA MOKHA IPOrPAAVIOBATH B OJMHUILIX 1HIYKINT

MAar"d€¢THOI'O 1o, TOOTO B TECJIaxX.

(192) MosicHUMO MeXaHi3M BUHUKHEHHS BUXPOBHX CTPYMIB (CTPyMiB

DyKo).

Pozriasinemo MCTAJICBY IINIACTHMHY B MAarH€THOMY

o (mai. 129). Hexail MarHeTHUN MOTIK KPI3b 1[I0

IUIACTUHY 3MIHIOETECS B Yacl. Toal B KOXHOMY

VIBHOMY KOHTYPI €]l IUIACTWHH, 3TUHO 3 3aKOHOM
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enekTpomardeTHol imaykiii, BuHukac EPC, a OCKUIBKM Il KOHTYDH

NPOBIJIHI, TO B HHUX BUHUKAIOTH CTPYMHU, SIKI OVIVTH ce0e BUSIBIISITH

epeaoBCiM HarpiBaHHsaM IiacTUHU. KpiM TOro, SKmio riactuHa Ovyiia

HepyxoMa (3MiHA MArHeTHOIO MOTOKY 3a0e31e4yyeThes, HAIpPUKIAL,

3MIHOIO 1HAVKINI MarHeTHOrO MOJs), TO BOHA MOYE IOYATH PYXATHUCS ITiT

mero cuia Ammepa, sSKi IIOYHYTh JUSATA HA BUXPOBlI CTPYMH 3 OOKY

MarHeTHOro I1oJjs. Skmio x 3MIHA MAarHeTHOIro IIOTOKY 33663H€“IV€TECH,

HAOpUKIJIad, OO0epTaHHSAM IUIACTUHU B MArHeTHOMY IIOJ1, TO BOHA Ovie

raJILMYBATHCE 1 T.II, TOOTO KpiM edeKTyY HarpiBaHHs MOKYTb BHHUKATH

pi3Hl MexaHiyHl edeKTH, I10B’A3aH] 3 JI€0 MAarHETHOrO HOJIsI Ha BUXPOBI

CTpYMH. SIKIO B IUIACTHHI 3DOOUTH IIPOPI3H, HANIPUKIAL, V pATIATILHOMY

HApsIMi, TO BUXPOBHUX CTPYMIB Oyi€ 3HAYHO MEHIIIE.

BuxpoBi CTpYMH € MIKIJUIMBUMHU B OCEPJSIX €JIEKTPOMATrHETIB TA TPAH-

chopmaropiB. IIlo0O X 3MeHIIUTH, 11 Ocepas POOJISTE HE 3 CVIIILHOTO

KYCKa CTaJ'Ii, d 3 IJIaCTHH, DO3MiI_I_[eHI/IX apajJcJbHO A0 MArHETHOI'O I10JIA 1

CKJIEEHUX MIYK COOO0 JIIEJIEKTPUKOM.

BuxpoBi CTpyMH BHKOPHCTOBVIOTH YV POTOPaX aCHHXPOHHHX E€IEKTPO-

JIBUT'YHIB Ta B IHAYKIIHHAX e4ax JUlsd HarpiBaHHS YU IUIABJICHHS METAJIB,

a TakoX v (isioreparni JUist HarpiBaHHs OpraHiB Ta TKAHUH Jroaen (1HIVK-

TOTEpMis).

(193) MosicHUMO MeXaHi3M BUHUKHEHHS CKiH-eeKTy.

Po3srisiHeMo 3MIHHHUA B Yacl CTPYM, AKHHA Tede

B IPOBIIHHUKY, 1 B SKUICh MOMEHT Yacy BIiH JUIA a)
npukiany, 3spocrae (man. 130, a). Toxi 3pocrae i B
Mar"geTHe I1oJie 15oro crpymy. lle 3pocraroue I

_
MAr"ac€THC I10JIC CIPUYMUHAE 10 BUHUKHCHHSA EPC B @
A

OVAb-IKOMY KOHTYPI, IO TPOHU3VETHCA IIUM

MarHeTHuMm nojeM (koHtypu A4 1 B). 3rimHOo 3

. . 0)
npaBwioM JIeHna, 1HAYKOBaHWW CTPYM HOTEYe

TakK, [0 BIH IMJCWJIOBATAME CTPYM MO Kpagx 1 B
1
>

moca0JIr0BaTUME HOTr0 BCEPEANHI.
2N
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Komu ctpym B mpoBimHuky cnagae (Mmain. 130, 6), BUXPOBI CTPYMH

MOTEYVYTh TAK, N0 IMJICUIBATUMYTH CTPYM BCEPEJIMHI, TOOTO HE JIaBATH-

MVTh HOMY CIIJIaTH 1 IIOCIA0IOBATUMYTH IO KpasX, TOOTO COPUATUMYTH

MOro CoaJaHHIo.

Omke, SIK V BHNAAKY 3pPOCTAHHSI CTPYMYVY, TaK 1 V BHIAAKY HOro

CIIAJIAHHS, OIP OPOBIIHUKA Oyae OUILIIMM BCEPEIMHI 1 MEHIIIUM I10 WOTr0

kpagx. OueBumHO, 1m0 He edexr Oyae OUILIIKMM, IO OlIbIIa Ovie

qacToTa 3MIHU CTpyMy (00 TOal OUIBIIMM OViae TEMO 3MIHU MArHETHOT'O

10JI 1, BIAMOBITHO, OUIBIIMMHU BUXPOBI CTPYMHU).

(194) MMosicHUMO NPUPOAY SIBMINA CAMOIHAVKIIIL i BCTAHOBUMO BHPA3

g EPC camoinaykiiii.

VaBuMo c001 3aMKHEHHUN KOHTYD (YU COJICHO1), V SKOMY T€UYe 3MiH-

HUil ctpyM. OCKUIBKHM CTPYM 3MIHIOETHCS 3 4YaCOM, TO HOBEPXHs, 0OMe-

KE€HAa IIMM KOHTYPOM, IMPOHU3YETHCA 3MIHHUM MardeTHHUM IIOTOKOM, IIIO

cupununase sBuHukHeHHs EPC 1, sk Hacainok, crpymy. el HOBUI cTpym

3aJICKUTH HE BiJl BEJUYUHU CTPYMY, IKHAI Tedye B KOHTYPI, a BIJI TEMITY KO-

ro 3Mmigu. JIIMiCHO, MAarHETHUH IIOTIK KPi3b IMOBEPXHIO, OOMEKEHY KOHTY-

pOM, IPOIMOPIIHHUN IO THAYKIUI ITOJS CTPYMY, SIKE, CBOEK UEPTOI0, IPO-

[MOPIIHHE JI0 CHJINA CTPYMY.

(DB"“B"'I,

TOOTO

(DB“"I.

KoedimieHT mpomopiiiiHOCTI MK [AMH BEJIAYMHAMH ITO3HAYAKOTH

OVKBOIO L 1 Ha3MBAIOTh IHOVKMUBHICIIO, TOOTO

@BZLI.

3riIHO 3 3aKOHOM €JIEKTPOMArHEeTHOI 1HAVKIIT
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g dop__d(U)  di
dt dt dt

(195) IpeacTaBUMO 3aKOH €JEKTPOMATrHETHOI iHAVKIIl v audepeHii-

sAJILHIN popMi.

Buxoaumo 3 iHTErpajpHOoi  (HOpMH  3aKOHY €JIEKTPOMArHETHOIL

1H 11:

Iupkyisimiro, v JIiBiA YacTHUHI Ii€l piBHOCTI, IPEACTABUMO 3TLIHO 3

teopeMor0 CTOKCAa, SKa CTBEPJDKYE, M0 HUPKVISIIS SIKOTOCH BEKTODA

B30BX OYIb-IKOTI0 3aMKHEHOI'0 KOHTYPA JIOPIBHIOE IIOTOKY POTOPA OO

BEKTOPA KP13b OVIb-SIKY HOBEPXHIO, SIKa CIUPACTHCS Ha 1€l KOHTYP, TOOTO

Ea 3aMIHUMO Ha I rot Ed—g JlicTaneMo
L S

[rot Eds -9 [Bas.
dt

S

[lepecTaBuBIIK MICIIIMH onepalli 1HTErPYBAHHSI Ta AUMEPEHTIHIO-

BaHHS B IPABIN YAaCTHHI 1€l pIBHOCTI, MAEMO

_!rot Ed—s':_j‘jj_f@

OCKUIBKM Tenep 00MABa IHTErpaIU — [€ IHTErpaau 3a OAHIECIO 1 TIEK

K TIOBEPXHEI S, TO TXHSA DPIBHICTH O3HAYA€ PIBHICTH HIMIHTErPAIbHUX

BHUPAa3iB, a caMe
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ot E=_ 28

Mu orpuManu audepeHIisIbHY GOPMY 3aKOHY €JIEKTPOMATHETHOI

1H 11.

(196) 3HaiinemMo BUpA3 IS iIHAVKTHBHOCTI HOPMAJBLHOI0 COJICHOINA,

TOOTO BUPA3MMO 10 BCJHUYMHY 4YeEpe3 FGOMeTDl/I‘IHi DO3MiDI/I

COJICHOIIA TA I'VCTOTY BUTKIB.

3riiHo 3 O3HAYEHHSIM, IHIYKTUBHICTL — II€ BUIHOIIEHHS MAarHETHOI'O

HOTOKY JI0 CHJIHM CTPYMYVY, SIKA € MPUYMHOIO I[LOI'O0 MAarHeTHOIr'0 NIOTOKY,
TOMY

@, BSN INSN N2
IB: I :ﬂoj =Ho S = un*V,

L=

e MH, KpIM O3HAY€HHS 1HIYVKTHBHOCTI, 3aCTOCYBAJM IMOCJIIOBHO O3HAa-

YeHHS MArHeTHOrO MOTOKY, (OPMYIYy MArHeTHOI 1HAVKII] HOPMAaJIbHOI'O

COJIEHOI1a, Ta O3HAYEHHS I'YCTOTH BUTKIB HOPMAJIBLHOI'O COJIEHOI/IA.

(197) Po3kpMeMO NPUHUUI POOOTH NPHUCKOPIOBAYA 3aAPSIMKEHUX

YACTHHOK 0TATPOHA TA BCTAHOBUMO VYMOBY., 32 IKOI 3apA/IKEeHA

JACTHHKA Oy1e YTPUMYBATHCH B 0eTATPOHI HA CTAJIM OpOiTi.

Y GerarpoHi 3aps/PKEHI YACTHHKUA OPUCKOPIOKTHCS V IMTOPOKHUC-

TOMY BUIITOMIIOBAHOMY TOPOIdl, IKHI ITOMIIIEHUN B HEQIHODIAHE 1 3MIHHE

B yacl MardHeTHe IoJie, 110 cialdmae Bia neHTpy a0 kpaiB (man. 131). He-

OJIHOPIJIHICTH MATHETHOT'O I10JIs 3a0€3I1€UYEThCS 3pi3aHHsAM KpaiB ITOJIOCIB

CJICKTPOMArHeTa.
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3MiHHE Mar"HeTHe I10JI€, 3TTHO 3 3aKOHOM €JIEKTPOMArHeTHOI 1H.JIVK-

i, CIPUYUHAEC BUHUKHEHHS BUXPOBOI'O

EJIEKTPUYHOIO IO, JiHIT HampyKeHO-

CTI1 SIKOT'O 3aMKHEH1 ¥ HOpMaJbHI JIO CHU-

JIOBUX JIIHIA Mar"geTHoro nois. OnuHa 3

TAKUX CHWJIOBHUX JIHIN V BUMOAJAKY CIa-

JaHHI MAar"dC€THOI'O IIOJIA IIOKAd3dHa Ha

mai. 131. Ile BUXpOBE eneKTPUUHE T10JIE

1 IPUCKOPIOE 3apSUDKEH] YaCTUHKH.

[Tokaxxemo, 110 JJIsI TOrO, IIIO6 3a-

DH,[[)KCHi HYaCTHHKH O6€DT3.J'II/IC5I Ha CTa-

W opOITl, MAarHETHE MOJIE AIICHO Mae

Man.131

OyTH HEOAHOPLIHUM, 1 BCTAHOBUMO HacC-

KUIbKA. OQUYeBHIIHO, IO JUIS CTAJIOrO

o0epTraHHs YacTWHKH BIIIIEHTPOBA CHia 1HepIli Mae KOMIIEHCYBATHCH

CHUJIOKO MAar"dCTHOI'O I1O0JIA, IKa BUHHMKHC, AK TUILKHA BOHA IOYHE PYXATHUCh,

TOOTO
Qoo _ mo?
0 r )

3BIAKH

rqBy = mo,

ae By — 1HJyKIlis MarHeTHOro noJid B 00acTi Topoija, I — paaiyc Topoiza.

[poandepeHIirneMoO OCTAHHIO PIBHICTH 34 YaCOM

dBo d'l)
—=M—.
dt dt

3riIHO 3 OCHOBHHUM DIBHAHHAM AWHAMIKHA
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= _OE

dt q
TOMY

dBy
q——= '
q at q
3BIIKH
E - dd%, 1)

11e £ — HanpyKEHICTh NPUCKOPIOBAIBLHOIO BUXPOBOI'0 €JIEKTPUYHOIO ITOJIA,

SIKY 3HAMJIEMO 13 3aKOHY €JIEKTPOMArHETHOL 1HAYKINT

!EHE:-%!E&

Inrerpan 3niBa gopiBHioe EL, ne L — nosxuna kona, a cripasa BeS,

ne S _— muoma kpyra, a Be — cepeane 3HaueHHs iHAYKIIi MarHETHOTO 110~

JII B MEXKaX IILOT0 Kpyra, TOOTO HEOAHOPIIHE MOJIE MU VIBHO 3aMIHWIA HA

OJIHODIZIHE, SIK€ CTBOPIOE TAKWUWM CAMHU IMOTIK 1 MAa€ 1HAYKIIIO BC. OT1xe,

OCTaHHS PIBHICTH BUIJISIAE TAK:

dB.
dt '’

EL=S

3BIOKH

E—EdBC—nTZdBC—LdBC
L dt 2z dt 2 dt
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[TigcraBuBim orpuManuii Bupa3s g E v dopmyay (1), micranemo

rdBC dB0
2 dt  dt
3BiIKH
1
By = =B,
0 2 C

10 O3HAyae, 1o Juid 3a0e3nmeyeHHs] CTa01IbHOCTI OPOITH 3aps/HKEHO]T Yac-

THHKHU 1HAYKIIS MarHEeTHOTO 110y B 00acTi opOITH YaCTHHKU MAa€ JOPIB-

HIOBATH IIOJIOBHHI CEPENHBLOT0 3HAYEHHS MArHETHOrO IoJs 110 00JacTi,

00MEKEHIN LIE€0 OPOITOIO.

3BEpHITEL YBary TaK0XK Ha T€, IO JJIS TOr0, 00 MPUCKOPIOBATH HE-

TaTUBHO 3aps/UKEeH] YACTUHKHU, MAarHETHE 110JIE Ma€ OYTH CIIaJHUM, 00 IIpU

IILOMY CHJIa 3 OOKY MAarHETHOI'O ITOJIsI OyIe OPOTHIISTH BIIIEHTPOBAHIN

CHIII. I[JBI IIPUCKOPCHHSA ITO3MTHUBHHUX YACTHMHOK, HABIIAKHW, MAI'HCTHC II0JIC

Mac€ 3pOoCTaTu.

(198) YcTaHOBHMO 3aKOH CHAJaHHA CHJIM CTPYMYV IiCJisi PO3MHUKAHHS

K0J1a MOCTIHHOT0 CTPYMY.

SIKIIO PO3IMKHYTH KOJIO ITOCTIHHOIO

CTPYMYV, TO CTPYM, CIIAJAI0YU, CIPUUYMHUTH

punrkHeHHss EPC camoigaykildi Bupas gKoi
dl

—L—, ne L — 1HAYKTUBHICTH KoJia (Mal.

dt
132).

3rigHo 3 apyruM npasuiom Kipxroda,

.\C

of

SAKC, OUYCBUAHO, MOXXHA 3aCTOCOBYBATH HEC Ti- Man. 132

JILKM 10 NOCTIMHOIO CTPYMVY, 4 M 10 OVIb-

SIKOTO MHTTEBOI'0 3HAYECHHS 3MIHHOT'O CTPpYMY
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ne IR — garrpyra B KoJIl.

P03B 30K 0CTaHHBOI'0 AHUGEPESHIISIILHOTO PIBHIHHS

Inl =—Et+C,
L

e C - cTrajla, KV 3HAXO0AMMO 3 YMOBH, IIIO B MOYATKOBUN MOMEHT qacy

t=0, ToOTO B MOMEHT PO3MHUKAHHS KOJa, CHJa CTPYMY Maja HEeBHE HOo4aT-

koBe 3HadyeHHsA [j. IlincraBUBINM I 3HAYEHHA B PO3B 30K, JICTAHEMO

C =Inly_i ocraTounwmii po3B’s30k

R
Izloe L,

abo BpPAaXyBaBIIIH 3dKOH Owma JJI 3aMKHCHOI'O KOJIa

R
E —t
L .

I=—e
R

SIk_O0aummo, TEMI IMAAIHHSI CHWIHA CTPYMYV 3aJE€KHTh BUI IapaMeTpiB

kona R i L — 3i 30ipmeHHsM R cuiia ctpyMy criafae mBUIIIE, a 31 301J1b-

meHHs L — nmoBUIBHIIIE.

3ayBaXuMoO, 110 K omip R, Tak 1 IHIYKTUBHICTE L, HE 000B’I3KOBO

MarOTh OYTH BUIOKDEMJICHUMH B SIKOMYChH €JIE€MEHTI KOJIa, a MOXKYTh OYTH

PO3MOJJIEH] 10 KOJII.

(199) YcTaHOBUMO 3aKOH 3POCTAHHS CHJIM CTPYMY IiCJS 3aMHUKAHHSA

K0J1a MOCTIHHOT0 CTPYMY.
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ITicisg 3aMHKaHHS KOJa HOCTIMHOro ctpymy (Masi. 133), sk 1 micid
rioro suMukanus (3axaya 198), suaukae EPC caMmoidayKitii, 1 TOMY B KOJIl
oyne n8i EPC — EPC camoignykmii ta EPC mxepena. 3ri{HO 3 APYLHM

npaswioM Kipxroda

dl R
IR=& —-L—,
0 dt
a6o L
dl [y
IR+L—=¢&.. |
dt 0 &,
Main. 133

Po03B’530K 1ILOTO HEOIHOPIAHOrO JIH-
(bepeHIlsUILHOrO DIBHAHHS IEPIIOT0 MOPSJIKY CKIAJAETHCS 3 DPO3B SI3KY

BUAIIOBIHOIO OAHOPIIHOIO DIBHAHHS Ta CBOI'O YAaCTUHHOI'O PO3B SI3KY.

YacTUHHUI PO3B 30K IILOT0 PIBHAHHS 3HAXOIMUTHCS JIETKO, 00 IIYKAEMO

HOr0 K CTaJly BEIWYMHY JUIA SIKOI, OYEBUIHO, a =0. 3 miei ymoBH 3 oc-

80

R

TAaHHBLOI'O DIBHIHHSI YaCTUHHUMN PO3B’A30K — II€ cTaja . OTxe, 3arajb-

HUU PO3B SI30K

R
£ A
l=—+Cel.

[TircTaBuBiIn moyaTtkoBl yMoBH, a came t=0 ta 1=0, BusHaumBImu 3a

nx OB

J1CTAHEMO
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I= 2|lel

(200) BupazumMo eHeprio MAarHeTHOro MmoJisi Yepe3 CHJIY CTPYMY, AKHI

€ JKEPEJIOM IIHOI0 IOoJIA.

EHepriro MarHeTHoro mojsg OyaeMo HIYKATH, SK POOOTY CTOPOHHIX

CHJIL, SIKY BOHHM BHUKOHVIOTH, 11100 mojosatu EPC camMoiHaykili, sika BUHH-

Kac Ip¥ BMHKaHHI JpKepena mocTirinoi EPC.

3a 03HAYEHHAM ITOTYKHOCTI €JIEMEHTapHa podoTa

dA = Pdt,

ne P — nmoryxuicTs jurepena EPC camoignykini. [lincraBuBnium B 1ieii Bu-

. dl .
pa3 P =&l i BpaxoBywouu, 1o & = —La TICTAHEMO

dA=eldt = —L W 1dt = —Lid1,
dt
| 2
LI
A—_([—lel =

(201) Bupa3umo rycTHHY eHeprii MArHeTHOIr0 MoJIs 4Yepe3 iHAVKII
I[bOI'0 IOJISI.
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3poOrMO 11€ [UTS I10JIsI HOPMAIBHOTO COJIeHOifa. B ocraHHil BUpa3

JUIS €HEPrii MAarHeTHOI'O MOJIs IIIICTABUMO BHpa3 JUIA 1HJIYKTUBHOCTI HOD-

MaJILHOT'O COJIEHOINA 1 OTpUMAaEMO 3 i€l dopMyIHu BUpa3 JUld eHeprii mar-

HETHOT'O I10JIA ILOI'0 COJIEHOI/IA.

2 2712
2 2 2,1

W

3BLIKH, MOAUIMBIIH JIBY H IIpaBy YaCTHHY I1i€i pIBHOCTI HA 00’ €M COJIEHO-

ima V, nictaHeMO I'YCTUHY €Heprii MarHeTHOI'O MOJIst

sziBZ,
2 g
a6o
w=—1 BuH =1BH.
2/10 2

Ockinpkn Bekropu B i H cniBHampamMieHi, 1o

w=1BH.
2

Tema 6. MarmerHe moJie B pe40BHHI

Dizuyni aeuwa

e Mexanomardernuii edbekr (Edextr bapuera) — e asuiie Hamar-+

HEUYEHHS Tija BHACIIIOK MOT0 00EpTaHHS.

eMarneromexaniuuuii epekrt (edbexr Eiinimnreiina-ne-I'aaza) — e

SIBUILIE 00epTaHHS T1Ja BHACIIIOK MOr0 HAaMarHe4eHHs.
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e Enexrponnnii nmapamMarneTnuyauii pesoHanc(EIIP) — ne sasuie

HNOTJIMHAHHSA ITapaMarH€THKOM B MArHCTHOMY 110J11 GHCKTDOMaFHeTHO.l' XBH-

J11 3 YaCTOTOIO, KA JOPIBHIOE 4acTOTI JIapMopa BCiX €JIEKTPOHIB aToMa.

o SInepunii marmeTuuii pesonanc (JIMP) — ne gaBunie norJiMHaHHS

MAardeTHMKOM YV MarHeTHOMY IMOJI €JIEKTPOMArHETHOI XBWJ1 3 4YaCTOTOIO,

sIKa JOPIBHIOE JIJAPMOPIBCHKIN YacTOTI Aapa.

o [luxkiaorponnmii pezonanc (LIP) — 1ie saBuiie noramHasHs BUIbHUMA

€JIEKTPOHAMU TBEPAOrO T1JIa B MATHETHOMY MHOJI1 €JIEKTPOMATrHETHOI XBWJIL

(boTOHIB) 3 HACTOTOO, SIKA JIOPIBHIOE IIMKJIOTPOHHIN YaCTOTI.

e Marnerodhouounuii pesonanc (MPP) — e sgBuIle NMOrJIMHAHHS

BUILHUMH €JIEKTPOHAMHU TBEPJOr0 TijJa B MAardHeTHOMY IIOJI  TEIUIOBOI

xBul ((DOHOHIB) 3 YACTOTOXO, SIKA JTOPIBHIOE IUKJIOTPOHHINA YAaCTOTI.

Dizuuni nonsmms

e OpOITAJLHUW MATHETHHI MOMEHT E€JEKTPOHA — MAarHETHUU MO-* { @opmar: Crucor

MEHT, SKUW BUHUKAE BHACIIIOK OPOITAIBHOIO PYXY €JIEKTPOHA B ATOMI.

e CrliHOBMII MATHeTHHUH MOMEHT €JIeKTPOHA — MAarHETHUI MOMEHT,

SIKUM BOJIOJII€ KOYKEH €JIEKTPOH (BUILHUN YU 3B’ SI3aHUU 3 AaTOMOM).

e Marueron bopa — 1ie HaiiMeHie 3Ha4eHHs OpOITAIILHOIO MArHeT-

HOI'O MOMCHTY C€JICKTPOHA (HOBHaLIeHH}I IUE)—

e ['ipoMaruerHe BiTHOIIEHHS — II€ BIAHOIIEHHS OPOITAILHOIO Mar-

HETHOT'O MOMEHTY E€JIEKTPOHA JI0 KOro OpOITAILHOI0 MOMEHTY IMITYJILCY.

e CniHOBe ripoMarHeTHe BiTHOIIEHHS — 1I€ BIIHOIIEHHS CIIIHOBOTO

MarieTHOro MOMEHTY €JIeKTpPOHA 0 MOro BJIACHOTO MOMEHTY iMHVJ'IBCV.

e JliaMarHeTHK — pEYOBHHA, V SIKIH KOXXEH aTOM UM MOJIEKYJIA HE

MAaKTbh MaroH€THOro MOMCHTY.

e [TapaMarHeTuk — pe4oBHHA, V AKIA KOKEH aTOM YU MOJIEKYiIa MA-

OTh MArHETHUII MOMEHT, IPOTE OVIb-IKWI 3PAa30K I1€1 PEYHOBUHU HE MAE

MAarda€THOro MOMcCHY.

e depoMarHeTMK — PEYOBUHA, KOYKEH aTOM UYMW MOJEKYIa SIKOI Mac

MArHeTHUl MOMEHT, 1 B SKid ICHYTH MIKpooOacTi (JoMeHu) 3 He-

HYJIBOBUM MAro€THUM MOMCHTOM. MaKDOSDaSOK HiCI PE€YOBUHHU MOKE
247




mMatd ad0 HE MarTyd MAarHeTHOr0 MOMEHTY 3aJE€KHO BiJ HOro icropii me-

DG6VB8.HHSI B MAarH€THUX I10JIAX.

e Yacrora JlapMopa — 1ie BelMyuMHA, HA SKY 3MIHIOETHCI 4YacTOTa

06€DT3HHH CJICKTPOHA HABKOJIO AJApa HiI[ BIUIMBOM 30BHIITHHOI'O MarHeT-

HOI'O IMOJIs.

e MarHeTHHii ricrepe3uc — 1€ sIBUIIE 3aJIEKHOCTI 3MIHM HaMarHeye-

HOCTI (hepOMarHeTHKa B 30BHIIIHHOMY MardHeTHOMY I1OJ1 BiJI HOro icropii

HaMaroC4cHHAI.

e Touka Kropi — temneparypa, 3a 1Kol pepoMardieTK NepPeXOanTh V

IHapaMarHeTHuk.

o HamarHeueHicthb (BEeKTOP HAMATHEYEHOCTI) — 116 MArHETHUHA MO-

MEHT OAWHUII 00’ eMy MarHeTuka (Io3HauYeHHs |)

dPy,

ji=—"

av -

e MarnerHa COPUMHATIUBICTL MATHETHKA — 1I€ BUIHOIIEHHS WOr0O*

HAMardHe4yeHoOCT] JI0 HAPVKEHOCTI 30BHIIIHHOI0 MArHETHOI'O ITOJIs, KA il

CHpUYHHWIA (IO3HAYCHHS ¥ ).

e
e

e BitHOoCHA MarHeTHa NPOHUKHICTL MATHETHKA — 1€ 30UIbLIIEHA HA*

OJIMHMIIIO MOTO MarHeTHA CIIPUNHSTIUBICTD (TO3HAYCHHS L1)

u=yx+1

o AHTUdEpOMATHETHK — DEYOBHHA, B JIOMEHAX SKOi aTOMU MarOTh*

IIOIIapHO HDOTI/IJIG)KHi MarHeTHI MOMCHTH, 4 HAIIPAMHU MAarH€THUX MOMCH-

TIB ATOMIB V DI3HUX JIOMEHAX PI3HI.
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e depuMarHeTHK — II€ HECKOMIIEHCOBAHUM aHTUdEpOMarHeTuk (B

MCXKaX JOMCHA € aTOMHU JABOX CO‘DTiB 3 IOIIAPHO MNPOTHJICKHUMMU 34 HAIIP-

MOM MAarHeTHUMHA MOMEHTAMU, IKI MAKOTh PI13HY BEJIUUYUHY).

e Muo:xuuk Jlanae (g - dakTop) — BeaIrynHa, sIKA HOKA3VE, V CK1JIb-

KM pa3iB ripOMAarHeTHE BIIHOMIEHHS €JEKTPOHA B aTOMI € OUIBIIUM 3a CITi-

HOBE T'IpOMAarHeTHE BIIHOIIEHHS.

e EdexTnBHA Maca BiJILHOI'O CJCKTPOHA B TBEPAOMY TiJIi — e Ma-

ca TaKOl YaCTHHKHU 3 3apsaoM €JIEKTPOHA, SIKa I AI€I0 3a0aHO0l 30BHIMI-

HBOI CWJIM HAOVBAa€ TAKOro X OPUCKOPEHHS, SIK 1 BUILHUM EJEKTPOH V

TBEPJAOMY T1J 1] BIULIMBOM TI€] K 30BHIIIIHHOT CHJIH.

3aoaui

(202) 3uaiiteMo BiJHOIIEHHS OPOITAJILHOI0 MATHETHOIQO MOMEHTY

€JIeKTPOHA B aToMi P, 10 HOro opdiTajibHOr0 MOMEHTY iMIYJIbCy

L,_(opbiTanbHe ripoMarseTHe BiiHOIIEHHS).

OcCK1IbKH OpOITAIEHUNA MOMEHT IMIIVIILCY €JIEKTPOHA
Lo =mour,

TO MAarHeTHHH MOMEHT IPEACTaBUMO TAaKOX 4Yepe3 pajalyc opOiTh I _Ta

IIBUJIKICTh €JIEKTPOHA Ha OpOiTi L.

3riJHO 3 03HAYEHHSIM MAarHeTHOIO MOMEHTY

Ockiabku ¢cTpyM | CTBOPIOETECA OJHUM €JIEKTPOHOM, TO Yepe3 mone-

pEUHHI Tepepi3 YSIBHOIO IMPOBIIHHWKA 3a mepioa 7 OpoOXOIUTh 3apsill e,

TOMY, 3FiI[HO 3 O3HAYCHHIAM CUJIM CTPYMYVY

=5
T
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3 IBOX OCTAHHIX PIBHOCTEN JIICTAHEMO

e ev o, 1
P, =—S=— =—eur.
moTT 2 2

3BijicH 1 3 piBHOCTI Juid L, MaeMo nrykaHe BiTHOUIEHHS

(203) IMokakeMo0, 10 BEKTOP MOMEHTY iMIYJIbLCY €JeKTPOHA B aTOMi

HUHU 32 HOCTYHNAJbLHUM PYXOM IIPaBOro I'BUHTA,

NMPOTUJIC;KHUN /10 BEKTOPA HOro opoiTaJLHOI0 MATHETHOI'0 MO-
MEHTY.

BeKTOD MOMCHTY iMHVJIBCV CIIpsiMOBa-

SIKIIIO TBUHT KPYTHUTH B HAIpsAMI PYXY €JIEKT-

poHa (man. 134)., a BEKTOp MAarHeTHOro MO-

MCHTY 3HaxXoJMMO 34 THM CaMHMM IIpaBHJIOM

OpaBoro reMHTA, KOJIM 'BUHT KPYTHUTH B HaIll- v

psIM1 CTPYMY. A OCKUILKH €KBIBAJIEHTHUN DYXVY P

m0

CJIICKTPOHA CTPYM TE€Y€ NPOTH HAIPSIMY HOT0 Man. 134

PYXY, TO BEKTOP MArH€THOI0O MOMCHTY € IIPO-

THJIC)KHHUM A0 BEKTOPA MOMCHTY iMHVHbCV.

(204) 3HaiineMo YucJa0Be 3HAYEHHSI MarHeToHa bopa (Ha 0CHOBI KBaH-

TOBAHOCTI MOMEHTY iMIIYJILCY).

3 ripOMarHeTHOroO BiJIHOIICHHS

Poo ==
mO0 om




OcCki1bKY OpOITaIbHUI MOMEHT IMIYJIbCY KBAaHTOBaHUU Ly =nNn, zge

N — crajua [l1anka, TO 1 MAarHETHUIE MOMEHT KBAHTOBAHUI

e
P.n=—nn,
mo 5 n

1 HafiMeHIIe Horo 3HadYeHHs Oyae 3a yMoBH n=1. Ile 3Ha4yeHHd 1 € Marge-

TOHOM bopa 3riiHO 3 HOro 03HA4YEHHSIM, TOOTO

Uy =—n=927-10% 4- 2.
2m

Otxe, MarueToH bopa € KBAaHTOM MarHeTHOIO MOMEHTY.

(205) Ha ocHoBI TOro hakry, 10 eJeKTPOH MA€ BJIACHUI MOMEHT iM.-

nyjabey Le =1+— Ta BaacHuii (cnmiHOBM) MATHeTHHWH MOMEHT,
ST

AKHI IlODiBHlOC MarHeToHy bopa, 3Haiinemo CIIiHOBE FiDOMaFHeT-

He BiTHOIICHHS,

OT1ke, CIIIHOBE TPOMAarHeTHE BUIHOIIEHHS

OueBUHO, 1110, K 1 A1 OpOITAIbHUX MOMEHTIB, BEKTOPH L Ta P

B3a€EMHOMIPOTUIIEIKHI.

(206) YceraHoBHMMO, 3 SIKHX CKJIATOBHX CKJIAAAECTHLCS MATHETHHN MO-

MEHT aToMAa Ta IiJIOro MarHeTHKa.

251



OueBHUIHO, IO MArHETHUH MOMEHT aToMa SIK BEKTOPHA BEJIMYMHA

CKJIAJAETHCS 3 BEKTOPHOI CYMUW MArHETHUX MOMEHTIB YCIX E€JIEKTPOHIB Ta

sapa. Haragaemo, 1110 MarHeTHUM MOMEHT OKPEMOTO €JICKTPOHA, CBOEIO

4epror AOPIBHIOE CYMI1 OpOITAILHOIO Ta CIIIHOBOIO MAarHETHUX MOMEHTIB.

MarseTHuii MOMEHT SIIPa TAKOXK CKIANAETHCS 3 WOr0 OpOITAILHOIO

MAardi€THOro MOMCHTY (smpa HaCHDaBIIi O6€DTaIOTBC$I HaBKOJIO CIIJILHOTO 3

CICKTPOHAMU IICHTPA MaC), BJIACHOI'O MAarH€THOIo MOMCHTY dJpa Ta BJIAC-

HUX MarHeTHUX MOMEHTIB HVKJIOHIB. [IpoTe OCKIILKM MarHeTHUII MOMEHT

siApa Ha TPH IOPSLIKW MEHIIHMI 33 MAarHETHHM MOMEHT €JIEKTPOHIB (saep-

. en en Mp
HU MarHeToH ——_€ MEHIIMM 3a MarHeToH bopa —— B —=~1837
m
e

2m,, 2m,

Da3iB) TO B 0araTbox 3ajladaxX HUM MOXHA HCXTYBATH.

Tak0X OYEBHIHO, III0 MAarHETHUW MOMEHT Mardetuka (MakTpoTiia)

JIOPIBHIOE CYMI MAarHETHUX MOMEHTIB VCIX HOro aroMmiB Ta BUIBHHX €JIEK-

TPOHIB (AKIIO TAKl €), KOXKEH 3 SIKUX BOJIOJIE CIIIHOBUM MArHETHUM MO-

MCHTOM.

(207) HokakeMo0, 10 TIPOMATHETHE BiIHOINEHHSH €JEeKTPOHA B aTOMIi

He JOPIBHIOE Hi CIHIHOBOMY, Hi OpOIiTAJILHOMY TipOMATrHETHOMY

BiTHOINIEHBLHIO,

OYeBUIHO, 10 JUISI BUILHOTO E€JIEKTPOHA, KW Ma€ JUIIE COIHOBUM

MOMEHT IMITYJIbCY Ta CIIIHOBUUA MAarHETHUW MOMEHT, rpOMAardeTHe BiIHO-

. . . . e
[IEHHS JIOPIBHIOC CIIIHOBOMY TIPOMAardeTHOMY BIJHOIIEHHIO, TOOTO —.
m

Jl1a enexkTpoHA B aTOMI1 SK MOMEHT IMOVILCY JOPIBHIOE BEKTOPHINA CyMi

OpOITATHLHOIO Ta CIIIHOBOI'O MOMEHTIB IMIOVJILCY, TAK 1 MATHETHUA MOMEHT

JIOPIBHIOE BEKTOPHIN CyM1 OpOITAIILHOTIO Ta CIIIHOBOIO MAarHETHUX MOMEH-

TiB. Ile 03HAyae, 10 TipOMArHeTHE BIAHOIICHHS EJIEKTPOHA B aTOMI HE

. . . e S e .
JIOPIBHIOE H1 OpOITAJILHOMY 2— Hl COIHOBOMY —, a SIKOMYCH OPOMIYKHO-
m m
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MV 3HAYE€HHIO, SIKE 3aJIEKUTHh BiJ KyTa MK BEKTOPaMH OPOITAJILHOIO Ta

CIIIHOBOT'O MOMEHTIB IMITYJILCY, TOOTO

P e
F:—m: _—= F’
L me s

ne g — MHoxXHUK Jlanne (g — dakrop), Kl UId €JIEeKTPOHA B aToMi
1<g<2

SIKI10 B aToMl HE OJHH €JIEKTPOH, TO II€ TIpOMarHeTHE BlIHOIIECHHS

sIKE€ Tenep JOPIBHIOE BIIHOMIEHHIO CYMAapHOI'0 MAarHETHOIO MOMEHTY BCIX

€JIEKTPOHIB 0 TAKOT0 K CYMapHOr0 MOMEHTY IMIOVJIBCY MOYKHA TPAKTY-

BATH SIK FIPOMArHETHE BIJHOMIEHHS aTOMa (KO 3HEXTYBATH MATHETHUM 1

MEXaHIYHUM MOMEHTOM SIapa).

(208) HOKJ'IaCI/ld)iKVCMO BCi MArHETHKH Ha Ilia- napa- ta gepomarHe-

THKHW 3 IOIVIAAY HASIBHOCTI MarHeTHHX MOMEHTIB Y IXHiX eJIek-

TPOHIB, ATOMIB, MIKPO- T4 MAKP000JIACTEH.

B aTtomi MOXke CKIIacTUCS

TaKa CHTyaIlsl, [0 1oro cyma- > 7 2 N
pHUM MarHeTHUW MOMEHT JO- Vv <« / A
piBHIOBaTUME HVIIEB1 (opOita- (.
. . N
JTbHi MArHeTHi MOMeHTH ckoM- | 7' ¥
reHcoBaHil cmiHoBuMH). Taki (a) Max. 135

PEYOBHUHM 1 € JqlaMarHeTuka-

MH. 3pO3yMIJI0, IO OCKUIBKM B aTOMIB BIJICYTHI MarHeTHI MOMEHTH, TO

PC€YOBHHA 3arajoM TAKOX HC Ma€ MarH€cTHOI'O MOMCHTY.

SJIKIO 7K KOYKEH aTOM MardeThka Ma€ MarHeTHUM MOMEHT, TO II€ IIE

HE O3Hayae, 1110 MarHeTWK Ma€ MardeTHU MoMmeHT. J[ificHO, BHACIIIOK

TOro, 1o MarHeTHI MOMEHTH aTOMIB CHDHMOBaHi XA0TUYHO, TO 1XHS CymMa

BEJIMYE3HOI KUILKOCTI JOJAHKIB MPAKTUYHO JIOPIBHIOE HVIIEBI, [0 O3HAa-

yae, 110 IMapaMarHeTuk, K 1 JlaMarHeTUK 3arajjoM, HE Ma€ MarHeTHOIrO

MoMeHTy (Mai1. 135 (a)).
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Y dbepomarseTuky, Ha BiAMIHY BiJ l1apaMardeTUKa, HEMAE IIJIKOBHU-

TOI'0 Xa0Cy B HampsMaxX MarHETHUX MOMEHTIB aTOMIB — TaM € IiJil MIKPO-

oOsacTi (IOMEHHU), V IKMX MarHeTHl MOMEHTH aTOMIB YIOPSAKOBaH1 (MaJl.

135 (0)). IIpoTe OCKIIbKA MarHeTHI MOMEHTH OKPEMHUX JIOMEHIB CIIPSIMO-

BaHI Xa0THYHO, TO GepOMArHEeTHK 3arajoM, SK 1 Jiia- Ta rmapaMarHeTuk, He

Ma€ MarHeTHOoro MOMCHTY.

(209) 3’sicyemMo0 MexaHi3M BUHUKHEHHS IOMEHiB V GepoOMArHeTUKY.

Ileit MexaH13M NTOAIOHUNA J0 MEXaHI3MY BUHUKHEHHS JOMEHIB V CEer-

HCTOCJICKTPUKY.

Moske cTaTucs Tax, 1110 B SIKHMCh MOMEHT qacy MarHeTHI MOMEHTH

JIBOX CYCUIHIX aTOMIB BHUSIBISITHCS CHIBHANPIMIECHUMH. [Ipy 11boMy mar-

HCTHC I10JIC, CTBOPCHC BiI[HOBiI[HI/IMI/I MOJICKVIIAPHUMHU CTPYMAMMU ITUX 4TO-

MiB, IMJICWINTE. 101 OiJ BIJIMBOM IHOr0O ITOJS YIOPSAKVETHCS TPETIH,

YETBEPTUN 1 IT'SITUH aTOM, MPUYOMY, [I0 OUIBIIE MArHETHUX MOMEHTIB

VOOPSIAKYETHCS, TO CTIMKIIIOK CTAE 1151 CUCTEMA M aKTUBHIIIE CHOHYKAE 10

VOOPSJAKYBAHHS 1HIII ATOMHU.

Ha HCDH.IHIZ HOTJIAA BHAAETHCA, ITIO IIC YIIOPAAKYBAHHSA MAIrHCTHHX

MOMEHTIB Ma€ MOIIMPUTHUCS HA BeCh KpucTaj. IIpoTe B3sBIIM 10 yBaru Te,

[0 B 1HINKUX 00JIACTAX KPUCTAJTY BUHUKAKOTH NMOAI0H] hiyKkTyamii Maruer-

HOT'O MOMEHTY, Kl MOBOATHECS TaK CaMO, JOXOJWMMO BHCHOBKY, III0 BECH

KpUCTAJ Oyae NOAUICHWM HAa 00JIacTl 3 YHOPSAKOBAHWUMHU MATrHETHUMU

MOMEHTAMHU, MPUYOMY 1XHI HaOopsMH OVYIVTh PI3HI B PI3HUX 00JACTIX

(momenax). O4eBUAHO, 11O DO3MIPH HHUX OOJIacTEW OyAyTh OUIBIIL, IO

MEHIIIa IMOBIPHICTE BUHUKHEHHS (QIYKTYallli MArHETHOIO MOMEHTY.

(210) MokaxkeMo, IK 32 NPUOJIUHUMH PO3MipaMu 10MeHY v dhepomar-

HETHKY MOKHA 3HAWTH WMOBIPHICTH WOr0 BUHUKHEHHH I HAB-

INaKH.

3a 03HAaYEHHSIM UMOBIPHOCTI, HMOBIPHICTh BUHUKHEHHS JOMEHY
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ne N — KIIBKICTh aTOMIB Y JOMEHI, TOOTO B OJJHOMY BHIIaJAKY 3 N BHUHH-

Kae d)J'IVKTVaI_[iSI MAard€THOro MOMCHTY, SdKd CIIpHYHWHAEC BHMHUKHCHHA J10O-

Meny. IIpencraBuMo KUIBKICTE atoMiB N depe3 KOHILIEHTpallo # Ta 00’ eM

V . Jlicranemo

3BIIKM 0aymMo, 1o Oijbllia WMOBIPHICTE BHHUKHEHHS JIOMEHY, TO MEH-

il 1oro 00’ eM.

(211) 3’sicyemMo npupoay AiaMarHeTHoro eexry, T00To MoOKaKeMo, 110

aiaMArHeTHK HAMATHEYVEThCS NMPOTH 30BHINIHLOI0 MArHEeTHOIO

MoJisi, 110 _03HAYa€, 110 MACrHETHe TI0Jjie B _JiaMarHeTHKY

OCJIA0JI0CTHCS.

CroyaTKy HOKa)KEMO, 110 B MAarHETHOMY IIOJI1 €JIEKTPOHU B OJHUX

aroMax JilaMarHeTHKa CIIOBUIBHIOIOTH CBOKO OpOITAJIbHY IIBUJIKICTH, 4 B

IHIIUX — IPUCKOPIOIOTE.

JUIg 1bOr0 MOJIIMMO aTOMHK AlaMarHeTHKa, sIKWH OOTpalyB y Mar-

HETHE I0JIE, HA JIBA THUOW: Tl, JUIA SIKUX HOPMAaJIbHA A0 IUIOMIMHU OPOITH

CKJIa[IOBa BEKTOPA 1HAYKIII 30BHINIHBOTO MAarHETHOrO moJjs B chiBHam-

psIMJIEHA 3 MOr0 OpOITAJILHUM MarHeTHUM MoMeHToM (mai. 136, (a)), 1 i,

JUISL IKMX 181 CKJIaJ0Ba COPSAMOBAaHA HPOTH OPOITAIEHOIO MAarHETHOIO MO-

MEHTY, TOOTO 3a HAOPIMOM CHIHOBOI'O MAarHeTHOro MmomeHry (man. 136,

(0)), OCKUIBKH B €JIEKTPOHA B aTOMI JlaMarHeThKa opOiTaIbHHUI Ta CIIIHO-

BHM MardHeTHI MOMEHTH OMHAKOB1 i NPOTUIIEKH] 32 HAIPSIMOM.
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3 maiu. 136 BuaHO, 0 OpOiTAJIbHA IIBHUIKICTH E€JIEKTPOHA B aTOMI

Man. 136

[EPILOr0 TUITY 3MEHIIVETHLCS, a JIPYroro — 30uieiyerscsa. Jl1iicHo, B Mar-

HETHOMY MOJ1 JI0 €JIEKTPUYHOI CHJIM NpUTATraHHs J10 sapa F,_Ta BiaieHt-

poBoi cuiu iHepuii Fp_nonaerscs me cuna marmerHoro nonsa F,, dxa B

[IEPIIOMY BHUIIAJIKY COPsIMOBAaHA BIJ IIEHTPA, a B APYIOMY — JO IEHTpA.

Toml piBHOMINMHA CWJIA B)KE HE JOPIBHIOE HVIIEBI 1 €JIEKTPOH ITIOYWHAE

CXOIMTH 3 OpOITH: B IEPIIOMY BUIIAJKY B AAPA, & B APYTOMY — IO HBOTO.

SIK BUJIHO 3 TOrO K MaJIFOHKA, I1€ CXO/KEHHS 3 OpPOITH CIIPUYMHIE BUHHUK-

HEHHA PIBHOAINHOI cuiu  F, fKa B NEpmIOMY BUNAJAKY TIajbMy€

ODGiTaJ'IBHI/Iﬁ pPYX €JICKTPOHA, a B APYTOMY — IIPUCKOPIO€E. 1le raabMyBaHHS

B IepmoMy BHmajaky (Man. 136, a) IpUBOAUTE OO0 3MEHIIEHHS Op-

OITAJILHOIO MAarHETHOI'O MOMEHTY, a OCKUILKM CIIHOBHM MardeTHUH MO-

MCHT 3aJIUIIA€THCIA HCSMiHHI/IM, TO DGBVJIBTaTI/IBHI/II;'I MarHeTHUM MOMEHT

CIpsIMOBAHHUI B OIK CIIIHOBOIrO, TOOTO IIPOTH IOJA. Y APYITOMY BHOAAKY

(mas. 136, 6) opOiTaIbHNI MAarHETHUU MOMEHT 3POCTAE 1 PE3YILTATUBHUMN

MardeTHUM MOMEHT CIPSAMOBAaHHM B O1K OpOITAJIBLHOrO, TOOTO 3HOBY XK

TAKy IIPOTH 30BHINIHBOrO moJisg (mamM’aTaemMo, 10 HampsIM OpOITAILHOTO

MAardeTHOr0 MOMEHTY 3HAaXOJMMO, SK HaIpsM HOPMaal JI0 IUIONIMHU

cTpyMmy). OTKe, MarHeTHeE I10JI€ B JlaMardHeTUKY IMOCIa0IF0€ThCS.

HacmpaBai enexTpoH HE CXOAUTH 31 CBOET OpOITH, 1€ 3a00POHAETHCSI

KBAHTOBOIO (h13MKOI0, TOMY €IMHHUM PE3VJILTATOM Jii MAarHeTHOI'O IO €

CIIOBUILHEHHS YW OPUCKOPEHHS WOro OpOITAIHLHOIO PYXY CaMe JUIsl TOTO,
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o0 BIAIIEHTPpOBA CHJA 1HEPINi CBOIM 3MEHIIEHHSIM YW 30UIBIICHHIM

3a0e31eunia piBHICT HYJIEB1 PIBHOMINHOI CUJIIH.

T1 eeKTPOHHU K1 PYXAIOTHCA 1T KYTOM JIO CUJIOBHX JIHIA OYEBUIHO

MAarOTh pyXaTucs rBUHTOBUMU JHHIIMHA (3agaya 178). IIpore, BOHHM BOIHO-

yac pyXxarThCs HABKOJIO sapa aroMa. OCKUJIBKHA €JIEKTPOH B aTOMI HE MO-

K€ IUIABHO 3MIHUTHU CBO€I opOiTH (1€ 3a00pOHEHO KBAHTOBOK MEXAaHIi-

KOI0), TO PE3YJILTATOM IIMX ABOX PYXIB € IMOBOPOT IUIOI TUIOMIMHU OPOITH

eJIEeKTpOHA — Tak 3BaHa mpenecig opoitu. [lpu npomMy BekTOp OpOiTaIb-

HOT'0 MarHeTHOIO0 MOMEHTY OIKMCYE KOHYC HABKOJIO BEKTOPA 1HIYKINI 30B-

HIITHHOIO0 MArHETHOTO MOJIA.

(212) 3naiinemMo BUpPA3 sl 3MIiHM OPOITAJBLHOI YaCTOTH €JEKTPOHA B

30BHIIMHLOMY MArHeTHOMY moJ1i (4actoTu Jlapmopa).

JUIg 1IbOr0 HAIKIIIEMO OCHOBHE PIBHSHHS JWHAMIKH B HEIHEPIUWHUX

cucreMax BUUIIKY (HCB) 3a BIICYTHOCTI Ta IPUCYTHOCTI MAarHETHOTO I10-

JIs.

3a BIJICYTHOCTI MATrHETHOTO IIOJS CHJIA EJIEKTPUYHOTO MPUTATAHHSI

€JIEKTPOHA J0 S/IPa 3PIBHOBAXKYETHCSA BUIIIEHTPOBOK CUJIOK 1HEPINT

F,=F

e 81

abo

eE = mafr, 1)

€ wpn — UMKJIIYHA OpOITAIbHA YACTOTA E€JIEKTPOHA 34 BIACYTHOCTI MArHeT-
0

HOTI'O IT10JI4.

Sk Mu Bxe 3’scyBanu (mornepeaHs 3ajaya), V 30BHINIHBOMY Mar-

HETHOMY NOJII OpOITAJIbHA YACTOTA €JIEKTPOHA 3MIHIOETHCA. [To3HaunMO 11

@ 1 HanuIeMo ocHoBHeE piBHsAHHS auHaMikyu B HCB u1g nboro BUIaaKy

F,=F,+Fy,
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abo

eE = mw’r +euvB.

[IpeacraBuBIIM JIHIWHY MBUAKICTE YEPE3 KYTOBY, MAEMO

eE = ma?r +ewrB.

(2)

Bigasasmu pisasaag (1) 1 (2), gictaneMo

eB =mlwf - o?)

OCKUIbKY @_MaJIO BIIPI3HAETHCS BIIL (g, TO

a)g—a)2 = (g — o)y + )= 2Aow,

TOJI
ewB =2MmAww,
3BIIKH
Aa) = ﬁ .
2m

Ile 1 € 3MiHa opOITAIBHOI YACTOTH €JIEKTPOHA B 30BHIMIHEOMY MAarHeT-

HOMY I10J11, 200 1HAKIIE: BEJIUYNHA, HA KV 3MEHIIYETHCI YU 30UILIIYETHCS

opOiTajbHa 4YacTOTA E€JIEKTPOHA M1 BILUIMBOM 30BHINIHHOIO MAarHeTHOT'O

IOJIA.

[likaBo npuOIM3HO OOYKUCIUTH IO 3MIHY YACTOTH B MArHETHOMY I1OJI1

1 OOPIBHATH i1 3 4acTOTO 3a BiacyrHOCTI mojist. JUigs B =1 Ti micraemo
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. A _
Aw=10" Tu. roxi six 0 ~10% ', 1060 =2 ~10™*, mo o3mauae, mo

0opOiTAIFHA YACTOTA €JIEKTPOHA B MAarHeTHoMYV 1moJi 3MiHIeThesa Ha 0,01%.

O4YeBUIHO, MO0 TAK CAMO MAaJI0 3MIHIOETHCSA 1 OpOITAIBLHUI MArHer-

HUMA MOMEHT CJIICKTPOHA.

(213) 3uaitneMo 3MiHY OpPOITAJTHLHOI0 MATHETHOTO MOMEHTY eJIeKTPOHA

B MATHETHOMY MOJIi.

3MiHa OpOITAILHOI YACTOTH E€JIEKTPOHA CIIPUYHUHSIE 3MIHY HOro opoi-

TAJbHOI'O MAarHETHOIro MOMCHTY. )10 BHCCCHHS B MAard€THEC I10JIC, ueﬁ Mmar-

HETHUU MOMEHT

1 1 -
Pno = Z€0pl = —ear”.
mo 2 0 2

[Ticas 3M1HM YacTOTH Ha A@ BiH 3MIHUTHCS HA BEIHUYUHY

AP o = %eAa)rz.

. eB .
HI,I[CTaBI/IBIJ_II/I CHOJAM BHpPA3 AJI1 YHAaCTOTH HapMopa Aa) = 2— J1CTAHC-
m

MO 3MIHY OpOITAJILHOTO MOMEHTY €J€KTPOHA B MArHETHOMY ITOJI1.

2
APmO - (ﬂj é .

2) m

BigHocHa #oro 3MiHa

APmO _ eB Ao

Pmo 2m ) ) .
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BauynMmo, 1110 3mMiHa opOITATHLHOIO MArHETHOTO MOMEHTY Taka X, SK 1

3MiHA YacTOTHU O0OEPTAHHS €JIEKTOPA, 4 OCKUILKM BOHA JVKe maja (rone-

peHs 3aj1aya), TO JlaMarHeTHU eeKT € IVKe CIIa0OKUil.

(214) ITokaskemo, 1110 B apa- Ta (hepoMarHeTHKy MarHeTHe I1oJie Imij-

CHJIIOETHCH.

JlificHO, aToOMH mapa - 4u ¢epoMardeTrka BOJIOIIIOTh MardHeTHUM

MOMEHTOM, TOMY 1XHI MarHeTHlI MOMEHTHU OPIEHTYIOTHCS 34 CUJIOBUMH JIl-

HIIMH TI0JI1, TUM CaMHUM MiJICWIMBINKA KWoro (3amaua 151 1mpo BUILHUMI

KOHTVYD 31 CTPYMOM B MArHETHOMY T10JI1).

O‘IGBI/II[HO, 10 B Imapa - 4u CbCDOMaFHeTI/IKV, IK 1 B I[iaMaFHeTI/IKV,

TaK0 BIAOVBAETHCA 3MIHA OPOITAIILHOI YaCTOTH E€JIEKTPOHA, IIPOTE BOHA,

SAK MU ITOKa3aJInu (HOHGDGZ[HSI 3az[aqa), € AYKC MaJ0I0 1 TOMY IIPAKTHUYHO HEC

BILUIMBAE HA 3arajbHuil €heKT.

(215) Hoxkamxemo, o y (hpepoMarHeTuky HA BiAMIiHY Bijx aia- v napa-

MATrHETHKA, Iicjisi BUKJIIYEHHS 30BHIIIHLOI0 MATHETHOIO IOJIsI

VIOPSIIKOBAHICT, MATHETHHX MOMEHTIB He 3HHKA€ IIJIKOM, TOOTO

iM BJIACTHBE SIBHIIIE ricTepe3ncy.

3rajaeMo MeXaHi3M YTBOPEHHS AOMEHY: B AeAKIN Toull (hepomarue-

THKA BHHUKA€ NJOCHTL CHJIbBHA d)JIVKT\/aL[iH MAard€THOI'O I1O0JIA VHaCJ'IiIIOK

BUIIAAKOBO OJIHAKOBOI Opi€HTAIll ABOX YM OUIBIIE MAarHETHHX MOMEHTIB.

V 1p0MVy moJil MAarHeTHI MOMEHTH 1HIIKWX aTOMIB TAK0 HOBEPTAIOTHCS V

HAnPsAMI 11014 1 11€ T10JI€ CTa€ i€ CWIbHIMMM. Toi BOHO JErKO 30DIEHTO-

BV€ 1HIII MardHeTHi MOMeHTH 1 T.1. 1lel nmporec mommpreThCsl V PEYOBHHI,

AJOKHM HC HATPAIIMTh HA MCKY 1HIIIOIO JIOMEHa. Y MeEXaxX OJIHOTO JOMEHa

HampsM MardeTHHX MOMEHTIB HE 3MIHIOETLCSA 3 4acoM, TOOTO BIH € CTIH-

KHM.

Koy BKJIIOYa€THCSI MarHeTHE I1OJIC, MarHeTHI MOMEHTH BCIX pI{0)\Y (S

HIB MOBEPTAIOTHCS B HAMPSAMI I10JIs, TOOTO BECh MATHETHK CTA€ OJHUM BE-

JIMKHUM JOMCHOM. Ane aK MU 3,SICVBaJ'II/I, HanpsAM MAarHeTHOT'O MOMCHTY B
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JIOMEHI € CTIMKUM 1 0€3 I10JIsI, TOMY BiH 3aJIMIIACTHECS TAKAM 1 ITICIISI BHK-

JIFOUEHHS 30BHINIHHOIO MarHeTHoro noJtis. [1pore 1151 ynopssAKOBaHICTh OV-

JIE YaCTKOBOIO BHACJIAOK PYHWHIBHOI A1l XaOTHYHHUX TEIUIOBUX PYXIB aTo-

MIB.

(216) MMoxamxemo, 110 mapa- ta GpepoMaArHeTMKy BJIACTHBE HACHYCHHS

MArdeTHOoro MOMEHTY B 3OBHiIIIHl>0MV MATrHETHOMY l'[O.]'li, TOOTO

ABHUIIIEC HE3POCTAHHA MATrHETHOI'O MOMCHTY, IOYMHAIO4YM 3 ICBHUX

3HAYEHb HANPVYKEHOCTi 30BHIIHLOT0 MATHETHOI'O MOJIS.

MarseTHuii MOMEHT MAarHeTHKa I[ODiBHIO€ CVMi MAard€THHUX MO-

MEHTIB YCIX aTOMIB a00 BCiX JIOMEHIB V BUIAJIKY (hepoMarHeTuka, TOMY

KOJIY 30BHIIIHE MArHeTHE MOJIE € JOCTATHLO CHUJIBLHUM, 1100 30PIEHTYBATH

MardeTHi MOMEHTH IIMX VCIX aTOMIB YW JIOMEHIB B OJHOMY HampsMi, TO

HACTVIIHE 30UIBIIEHHS 1HAYKI] 30BHINIHHOIO MArHETHOr'O MOJIS BKE HE

[IPUBOAUTE A0 301JIbIIEHHS MArHETHOIO MOMEHY.

(217) MokaxkemMo, 10 B MATHETHKAX 30BHIIIIHE MATHETHE IOJIe IMiJCH-

JIOEThCS B L _Pa3iB.

PosrngHemMo MarHeTHK V

BUTJISAL IUATIHAPA, 1110 PO3Mi- — 3,

IIEHUH B 30BHIIIHLOMY MarHe- @

THOMY 10J11 By, napajieabHOMy @ @

110 roro oct (man. 137). /O 1
I1i/1 BIUTMBOM 30BHINIHBO- @ @

IO Mar"HeTHOro I1oJis MOro Mar- /O

HETHI MOMEHTHU OVIVTH YHOPS-

JKOBaH1, TOMY 1 IUIOIIMHM Bif- Mai. 137

MOBIIHUX MIKPOCTPYMIB OV-
JIYTh VIIODSAKOBAHI.
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3riHO 3 OIPUHIMIOM CVYIIEPIIO3UINI OB, 1HAVKIIS MAarHETHOI'O I10-

I BCEPEJMHI MarHeTuka B JOpIBHIOE CyMi 1HAYKIIi 30BHIIIHBOIO By _T1a

BHVTPINIHHOr0O B MarHeTHUX I1OJIB.

B=B,+B. (1)

3 MaJIOHKA BUJIHO, 110 MArHETHI NOJII MIKPOCTPYMIB BCEPEIMHI Mar-

HCTHUKA KOMIICHCYIOTh OJMH OJHOI'O, 4 11O KpaiX — Hi, TOMY BECb MAIrHCTUK

MU MOKEMO PO3IVIAAATH, SIK COJEHOI 3 OJHUM IIIaPOM BHUTKIB 31 CTPYMOM

|, 1 rycToToro BUTKIB N. Tomy

' N P P
Ho 'uOISN Hov Ho
B
= toxHo = oy — = 1By,
Ho

JIE MU IIOCIIJIOBHO 3aCTOCYBAJIX (POPMYIIY MArHeTHOrO IIOJISI COJIEHOIMIa,

O3HA4YCHHS I'YCTOTHU BI/ITKiB, O3HA4YCHHA MAarocTHOIO MOMCHTY, O3HAYCHHA

HaMarde4yeHoCTl, O3HAa4YeHHs] MArHeTHOI COPUMHATIMBOCTI Ta (GopMyIy

3B SI3KY MK HAIIPYKEHICTIO TA IHIVKIIIEKD MArHETHOT'O MOJIA.

/115 BexTopa B

B = 4By,

[TigcTaBuBim octanaio Gopmyay B (1), micTaHEMO

B=By+zBy =1+ y)By = uBy.

3BIIKHM 0a4MMo, 1110 B JiaMarHeTukax, ockiuibku 0 < g <1, marHeTHe 1mose

n0cJIa0II0€eThCs, a B Mapa- Ta epoMarHeTukax, OCKUIbkU w4 >1, — mijicu-
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JIOETHCS, MPUIOMY Y (hepoMarHeTHKax, Julsl sKux 4 >>1, B KiJIbKa mopsi-

NIKiB, pa3iB.

(218) OuwiHUMO Me:Ki, YV SKUX JeKATH MATHETHI CIPUWHATIUBOCTI Pi3-

HUX MATHETHKIB.

Hawm BitomMo, 110 JiaMarHeTUKA HAMAarHeuyioThCs IIPOTH 30BHINIHEO-

ro MarHetHoro 1ot (3amaya 211), To6To0 BekTOop J € NPOTHICKHUM JI0

BekTopa Hg, a ockinbku J = yHp, 10 ¥ < 0. Kpim Toro, Bitomo, 110 nei

edekT ayxe ciaabkuii (3agada 213) ToOTO BEKTOP J 34 CBOECIO BEIMYHHOIO

3HayHO MeHmm 3a Hq, T06TO
= X U

7| <<1.Yucno y 3HaxoauThCs -1 0 1

HA YHMCJIOBIA OpsIMIA 3J11BA BIJ Mai. 138

HYJIA IpoTe OJM3bKO 0 HBOIO,

auncno =1+ y crpasa Big Hyns 1 01u3bko g0 1 (man. 138).

HaDaMaFHeTI/IKI/I HaMaroC4uvyroTbCA Y HaHD}IMi 30BHIINIHLOI0 MAarHeT-

Horo 1ot (3amaya 210), Tomy it Hux ¥ > 0 1, BignoBigHo, 1 >1.

Te x came cTocyeThes 1 HEpOMArHETHUKIB JIMIIE 3 TIE PI3HULIEIO, IO

OCKUIBKH aTOMHU (hepOMArHeTHKIB MAOTh 3HAYHUW MAarHeTHUHA MOMEHT, TO

u>>1.

(219) IMosICHUMO eKCIEPUMEHTAJIbHY KPUBY MATHETHOI'O TicTepe3ncy.

Ha man. 139 nokaszana ekcoepuMeHTaIbHA KPUBA MArHETHOTO TiCTe-

pe3ncy, TOOTO EKCHEPUMEHTAIbHA 3aJICKHICT, HAMArHeYeHOoCT1 J Bl HAM-

PY’KEHOCTI 30BHINIHBOTO MAarHeTHOro mouss Hy (4u IHAYKIIT MardHeTHOro

IOJI B MAarHETUKY B BiJl iHAYKIii 30BHINIHFOIO MAarHETHOTO 1ouist By).

3 1poro rpadika BUAHO, IO 31 30UIBIICHHSIM 1HAYKIT 30BHIIIHHOTO

MArHETHOr'O TI0JISI HAMArHEUYEHICTh 3POCTAE, NPUUYOMY HEIIHIWHO, IO
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TOBOPUTH IIPO T€, I[0 MAarHeTHa MPOHMKHICTh HE € CTAJIOI0 BEIHYMHOIO

(srajaemo, o B = uBy).

Omxe, g depomMarse-

THKa

B = 1(By)By.

TOOTO MarHeTHa MPOHUKHICTH / By

M _HE € KOHCTaHTOW, a QyHK- 0

LI€I0 B1J 30BHIIIHBOIO ITOJ,

NIPUYOMY 3a KOXHOI'O 3HAYCH-

Hi 1HAVKIOI [IbOr0 HOJIsT Mar-

HETHA NPOHUKHICTb JIOPIBHIOE Mau. 139

TAHI'CHCY KYTAa HAXWJIY JOTHUY-

HOI B 11 Touml 10 oci By 1, ik 6aunmo 3 rpadika, BOHA CIOYATKY 3pOCTAE

JI0 TOYKH IIEPETMHY KPUBOI HAMAarHeYeHHs, a MOTIM CITaJae 0 CBOr0 MiHi-

MaJbHOTrO sl epomMarHeTvka 3HayeHHs g =1, 3a AKOro 1HAYKIIIS HOJIs

BceperHl epoMarHeThKa OPakTUYHO AocsIrac HacuueHHs (3amada 216).

JIIICHO, OCKUJIBKH

J
=1+ y=1+—,
H X Hy

TO 32 YMOBM HacudeHHs (J =const ), Akmo Hy — o T0 x4 —1. Ha nepmmii

HOIJIA]l BUAAETHCA, 10 1ol B =By, T00TO0 B 3pocrae nponopuiiiHo 10

By. TO *0aAHOr0 Hacu4eHHs HEe MOke OyTH, IPOTE NOPIBHAHO 3 MONEPE/iz-

HIM 3pOCTaHHAM 3 KoedileHTOM nporopiiiiaocti ~ 10, 102, 10° uu 104

OUM 3pPOCTAHHSIM MOXHa4d 3HCXTYBATHU 1 BBAaXKaTHu, IO TIIPAKTHUYHO
B =const.
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SIKIO 1miciisi JOCSTHEHHSI HACUYEHHS ITOYaTH 3MEHIIYBATHA 1HIYKIIIO

30BHIIIHBOTO IMOJIS, TO MU 0a4YUMO, 1110 KPUBA HE OyI€ HOBEPTATUCS HA3A

THUM CaMHUM IJIAXOM, a DOSMiCTI/ITBCH BHIIIC Bi,[[ KpMBOI IIEPIIOrO0 HaMarHe-

yeHnHs. [le BIIOYBa€THCS TOMY, IO VIIOPSIKOBAHICTHh MATHETHUX MOMEHTIB

JIOMEHIB HE 3HUKAE IJIKOM, 00 MArHETHUM MOMEHTOM NOMEHIB BJIACTHBA

cTivikicTh (3amava 215). Konu 30BHINIHE MArHeTHE I10JI€ 3MEHIIUTH O

HVYJIA, TO IIOJIC B d)eDOMaI‘HeTI/IKV HC I[ODiBHIOBaTI/IMe HYJIIO (3aJ'II/IH_IKOBa

HaMardgeyeHicTh). JIiig Toro, mob nosie v hepoMarHeTuKy 3MEHIITUIOCH JI0

HVYJIS, JIO HBOTO CJIJI IIPUKJIACTH 30BHIIIHE ITOJIE OPOTWICKHOTO HAIPIMY

IMEBHOI BEJMYMHHU (KOEepUMTHBHA cwiia). Ko 1 Hagaal 30UIbIIYBATH

30BHIIIHE T10JIE B ObOMY HaHDﬂMi, TO ITIOJIC YV d)eDOMaFHeTI/IKV 3HOBY JOCAT-

HE HACHYEHHS 1 32 HACTYIIHOI'O 3MEHIIIEHHS 30BHIIIHLOIO ITOJS BCE Oye

[IOBTOPIOBATUCHh — KPHBA 3aMKHETHCS (€T TricTepe3ucy). SIKIOo IIpUITn-

HUTH 3MIHIOBATU 30BHIINIHE moje B Toulli By =0, To depomarnerux

3aJIMIIUTHCS MOCTIMHUM MardeTOM. I[J'I?I TOI'O, IJ_IO6 IIOBECPHYTHUCIA B TOYKY

O., CJIi,[[ 10 d)eDOMaFHeTI/IKa IIPUKIACTH 30BHIIIHE I10JI€ IIPOTHUIICIKHOI'O

HAmpsAMYV J0 I10J B HhOMY, K€ CTBOPUTH I10J1€ BCepeanHl hepoMarueTuKa

TAKOI YK BEJIMYWHHU 1 TOJI BUKJIFOUYUTH 30BHIIIHE T10JI€E.

SIk 6aumMmo, HaMarHeueHictb ¢hepoMarHeTuKa 3aJIeKUTh BiJ TOrO, B

SIKOMY 30BHIIIHEOMY ITOJI BIH IepeOyBaB JI0 TOro, TOOTO 3aJIEKUTH BiJ

WOro 1CTOPil HAMarHeuYeHHsl.

(220) MokaxkeMo, 10 iICHVE MEBHA TeMIeparypa, 3a kol depoMarte-

THRK IIEPEXOAUTDH V HapaMarHeTuk.

O4YeBUIHO, IO 3 MIABUIICHHIM TEMIIEPATYPU BCE OUILIIE TPOSBIISI-

TUME ce0e PYHWHIBHA (i Xa0THYHOr'O TEIUIOBOTO PYXV aTOMIB 1 34 NEBHOIL

TEMIEPATYPU VIIOPSJIIKOBAHICTh MArHETHUX MOMEHTIB V JOMEHax Ovie

LIIJIKOM 3pVHHOBaHa, TOOTO JOMEHU HPAKTUYHO 3HUKHYTE 1 (hEpOMarHeTUK

[IEPETBOPUTLCA Ha ImapamMardeTuk. Llg TeMmimeparypa Ha3MBAETHCS TOYKOIO

Kropi. Hanpuxiag, g Hikenro Touka Kopl cTaHOBUTH 3580C, JUIS 3a1i3a
— 7800C, JUTISL KOOAJIBTY — 1150°C.,
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Les excriepuMEHTAILHOIO BUMIpIOBaHHs ToUkK Kropi 1moJisirae B TO-

MY, IIIO KOJIX HaFDiBaTI/I d)eDOMaFHeTHHfI CTCPIKCHb, SIKUH € ocepasaM TpaH-

chopmaropa, To 3a temueparypu Kropi MarHeTHui OOTIK B TpaHcdop-

MAaTop1 PI13KO 3HU3UTHCS 1 CHJIA CTPYMY V BTOPUHHIN 0OOMOTII P13KO BIIAJIE.

(221) Iloxaxkemo, 1110 B HeOZIHODilIHOMV MAardeTHOMY MOJTi napamMarHe-

THK PYXA€THCA B 0IK CHJIBLHIIIOI0 MOJIfl, TOXI K JiaMarHeTukK —

B 0iK ¢J20110Tr0 MOJIs (BUIITOBXVETHLCS 3 MATHETHOTO MOJIS).

Paninte mu Bxke mokasanu (3amauya 155), 110 MAardHeTHWM JIUTIOJIb

(KOJIOBUH CTPYM), SIK 1 €JIEKTPUYHHUHI, B HEOAHOPDIAHOMY MAarHeTHOMY I10JI1

pyXaeTbes B 01K CHIBHINIOrO mojs. OCKUJIBKH MapaMardeTUK 1 € CUCTEMOIO

3aMKHEHUX MIKPOCTPYMIB, TO HA HUX J1€ CHJIa B 01K CHJILHIIIIOTO IO, IO

1 BUSBJISE ce0e, sIK s HAa BECh IapaMarHeTHK.

Hloxo miamar"geTvka, TO BiH, SK BIJIOMO,

HaMarHeyyeThbCsl IPOTH 30BHIIIHBOIO MarHeT- %
HOT'O MOJISI, a 116 MOKHA TPAKTYBAaTH, SIK IOSIBY ”
3aMKHEHUX CcTpyMiB (Mai. 140) 1uionmHu “
SIKUX € HOpPMaJbHUMH 10 30BHINIHLOI0 MarHeT- %
HOI'O II0JIsI, IPUYOMY HaNpsIMU IMX CTPYMIB

%

Takl, [0 TXHI MarHeTHl MOMEHTH CIPSIMOBAaHI

IIPOTH I[LOT0 MOJs. 3 MaJOHKA BUJIHO, 110 CHJIA Man. 140

Awmrepa dF , gka mie Ha eJeMeHT CTPyMY B 00-

JIACTI CWJIBHILIOrO MOJII HAmpsAMIIEHA B 00JIaCTh CJIa0MIOro moJisd 1 BOHA €

OUIBIIOKO 34 TV X CHJY, IKa JI€ HA €JIEMEHT CTPYMY B 00JACTl CJIA0MIOro

[10JIsI, TOMVY PIBHOJIMHA IIMX CWJI CIIPIMOBAaHA B 00JIACThH CJIA0IIOro I10JIs,

TO0TO HiaMaFHGTI/IK BUIIITOBXVETHCS 3 MAaroH€THOI'O I10JIs.

Onucadi SBUIA NIATBEPHKVIOTHCS EKCIIEPUMEHTAIBHO.

[MoniOHMMH MIPDKYBAHHSAMH MOYHA TAKOX HOBECTH, IO B OAHODII-

HOMY MAardeTHOMY [OJI1 HapaMardHeTHUHN CTEP)KEHb BUTIATHETHCS B3IOBXK

[OJIs, & JlaMarHeTHUU — HOPMAIBHO 0 HHOTO.

(222) MokakemMo, 0 00ePTAHHA MATHETHKA NMPUBOJAMTL 10 HOr0 HA-

mMardHeueHuss (Mexamomardernuin edexkrt, bapuer, 1909 p.) i,
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HABNAKH, HAMATHEYeHHS MATHETHKA BUKJIHKAC HOr0 00epTaH-

Ha (MargHeToMexaHiynui epexrt, AiiHIITA¥NH i 1e-I"aa3, 1915 p.).

Hexali miamar"HeTuk y BUDJISLAl HuaiHApa oOepraeteesa (Mman. 141).

Toni ¥ioro MOMEHT iMysbcy L cnpsAMOBaHWiA B IUIOIMHY MalIOHKA. YCi

daTOMH IIBOI'O TLJIa MOKHA HO,Z[iJII/ITI/I Ha

1Bl rpyiu: 1) Ti, v SKUX BEKTOP 1XHBO-

ro OopOITAJILHOIO MOMEHTY IMIOVILECY

IPOCKTYETHCA HA HAIIpAM L 34 BCKTO-

pom L; 2) Ti, y AKMX — OpPOTH BEKTOpPa

L. ITokaxxemo, 10 AK B NEPIIUX, TAK 1

B APYIUX aTOMIB 3’ SIBUTHCSI MArHETHUM

MOMCHT, IIPUYOMY OJHAKOBOI'O HAIIpsi-

my. JIIHCHO, MOMEHT IMOVJIECY aToMa

L, 30UIBIINTBCS HA BEAMYMHY MOMEH-

Ty IMOYJIBCY TLIA, IO COPUYUHHUTE 301-

JIBIIIEHHST HOro OpOITAJILHOIO MAarHeT-

HOI'O MOMCHTY, OCKIJILKM BOHHM IIOB’SI-

3aH1 rpOMAarHeTHUM BITHOIIIEHHSIM (3a-

maga 202). Ik BUOIHO 3 MaJIOHKA IIEU

CYMapHHl MOMEHT IMIVJILCY CIPSIMO-

BaHUM B IJIOIIMHY MAJIFOHKA, TOMY Op-

Man. 142

OlTaJILHUI MAarHeTHUI MOMEHT — 3 IUIOMIMHU MAJTIOHKA. AJle OCKUILKH BIiH

30UILIIUBCS, TO BIH B)KE HE € CKOMIOEHCOBAHWI CIIIHOBUM MAarHeTHUM

MOMEHTOM (I1aM’SITaEMO, 10 HIETHCS PO AlaMarHeTHK) 1 pe3yJIbTaTUBHUAN

MardeTHH MOMEHT BXKE€ HE JIOPIBHIOE HYJIEBI 1 Ma€ HAOpPsM 3 IUIOIIWHHU

MaJIIOHKA.

[Iloo atoMa Ty 2, TO HOr0O MOMEHT IMIOVJILCY, SKUH HAOPSIMIIEHUIN

JI0 HAc, 3MEHIINTHLCS Ha BEJIWYHMHY MOMEHTY IMIOVILCY TiJIa, IO COPUYH-

HUTH 3MCHIICHHA OD6iTaJIBHOI‘O MAard€THoro MOMCHTY, SIKUH HaIrpsamJIic-

HUM Big Hac. AJle Terep CHIHOBUI MardHeTHHU MOMEHT, SKHU HapsMJiie-
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HUH JI0O Hac, BJ)KE€ HE CKOMIEHCOBAaHHI OpOITAJILHUM, TOMY DE3VIbTATHUB-

HUIl MArHETHUM MOMEHT CIIPSIMOBAHUM, SIK 1 B aToMa Tty 1, 10 Hac.

Po3risiHemMo Tenep nmapamMardHeTHUM I_[I/IJ'IiHI[D. [lapamarseTnsM O3Ha-

yaec HAIBHICTHL B aTOMIB MAarHeTHUX MOMEHTIB. JKIIO HWIIHAP V CTaHl

Ccrioko10 (May. 142), To MarHeTHi MOMEHTH aToMiB TUITY | 1 2 € B3a€EMHO

MPOTWICKHUMH (HEXali MarHeTHM MOMEHT aroMa BHU3HAYacThCs opOiTa-

JbHHUM MAar"dCTHUM MOMCHTOM). Komm I_II/IJ'IiHI[D O6€DT3.€TI>C$I, TO B aroMa

tuny | BHACHIAOK 3POCTAaHHS MOMEHTY IMIVJILCY, 3DOCTAE 1 OpPOITAILHUI

MAarHeTHU MOMEHT, KW CHOPSIMOBAHUI IIPOTH MOMEHTY IMIIVILCY (Ha

Mal. 142 no Hac). BogHoyac B aroma TAny 2 MOMEHT IMITYJIBCY 3MEHIIY-

€TbCA TOMY 3MCHIIYETHCHA 1 MarHeTHHUMI MOMEHT, SIKMW COPSIMOBaHUM BiZ[

Hac. Y pe3viabTari CyMapHHU MarHETHUU MOMEHT aTtomiB | 1 2 BKe HE JI0-

DIBHIOE HVJIEBI, a Ma€ MEBHY BEJIWYWHY 1 HAOPIM JO HAC,

TOOTO IIPOTH BEKTOPA MOMEHTY IMIOVIILCY, BUKJIMKAHOTO

O6€DTaHH5{M napaMarieTuKa.

(-

Jlast hbepoMardHeTuka MIpKYBAaHHS aHAJIOTIYHI, 3 TIEKO

DPI3HHUIIEIO, 110 POJIL aTOMIB TUIIY | 1 2 OVAVTH BiIirpaBaTH

JTOMeHU Ty 11 2.

O‘{CBI/IZ[HO, 1110 B1JIBHI CJIICKTPOHHU TAKOX BHOCUTHUMVTH

CBIM BKJIQJT Y MEXaHOMArHeTHUH e(PEeKT Yy MarHeTHKax, OCKi- [

JILKA BOHUW BHACJIJIOK OOEpTaHHS TLJIa TAKOX 00EepTATUMYV-

ThCi, IO CIIPUYMHHNTH BUHUKHCHHA MArHETHOI'O MOMCHTY, e

IIOB’SI3aHOTO 3 1M O6€DT&HH$[M, IIPUYOMY HAIIpAM IIbOI'O

Man. 143

MarHeTHOr0O MOMEHTY Oy/e NPOTHIEKHUM 10 BekTopa L. 3

Mai. 141 ta 142 Tako BHIHO, 1110 IIOB’A3aH1 3 00epTaHHIM

T1JIa MAarHETHI MOMEHTH €D HOCIA0IIOITHh MEXAHOMArHETHUHN e(DEeKT.

OT1xe, MOXKHA 3pOOUTH BUCHOBOK, 1[0 BHACIIJOK 00EpTaHHS BCI Mar-

HCTUKHW HAMAIrHCYYIOTHCA B HaHDHMi, HNPOTHJICKHOMY 10 BEKTOPA MOMCHTY

IMITYJIBCY, 3B’ SI3aHOTO 3 MM o0epTadHHsaM (mai. 143).

SIKI10 JK, HaBIIAKKW, HAMAarHeTUTH MArHETHK, TO KOYKEH aTOM, OTPH-

MAaBIIW JTOJATKOBUN MArHETHUW MOMEHT, OTPUMAE 1 JIOJATKOBUI MOMEHT

IMOVIBCY, — BAHUKHE MAarHETOMEXAHIYHUN €(DEKT.
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(223) Ha ocHOBi 3aKOHY BiICYTHOCTI B NPUPOAI MATHETHUX 3aps/IiB

J0BEAECMO, 110 HA MeaKi ABOX MArHEeTHKIB HOpMaJiIbHAa CKRJIaJl0Ba

BEeKTOPA iHAVKINI He 3MIHIOETHLCH.

[ToxiGHO 10 TOrO, SIK MU 1€ POOWJIM IS €JIE€KTPOCTATUYHOI'O IOJIS

(3amaya 55), BUAIIMMO HA MeExi cepeaoBUIl 00JIACTh, OOMEXEHY HECKIH-

YEeHHO MaJIMM KyOoM, tuionia rpadi sskoro dS (man. 144). OueBumHO, 110 B

MCKaX IbOI'0 HECKIHYCHHO MaJIOTo KV6a MAar"dCTHC I10JIC MOKHA4 BBA>KaTH

OJIHOPIIHUM, TOMY MH MOXKEMO CKOPHUCTATHCSI (POPMYJIOI MOTOKY OJHO-

PLIHOIO ITOJISI KPi3h IUIOCKY HOBEPXHIO. BpaxyBaBIIH, IO IMOTOKH 4YEPE3

O14YH1 B3a€MHO IPOTHJIEKHI I'DaHl OJHAKOBI 3a BEJIMYWHOIO 1 IMIPOTHIEKHI

3a 3HAKOM, POOMMO BHCHOBOK, III0 MOTIK 4epe3 Ky0 — I1e cyMa MOTOKIB Ye-

pe3 BEPXHIO Ta HUHKHIO I'PaH].

3a Teopemoro Octporpajacskoro-I'ayca

M, n
U1l MATHETHOTI'O TTOJIS

—By,dS + By, dS =0,

ne By,, By,_— HOpMmasbHI J10 Mexi cepeno-

5|
\\

BHUII[ CKJIAJIOBlI BEKTODA E B IEPUIOMY Ta JAPV-

rOMy cepesioBHIL (3HaK MiHyc Ounst By, Tomy,

110 KYT MK BEKTOpoM B 1 BekTOpOM 30BHIiII-

HBO0T HOpMaJIl B IIEPILIIOMY CEPEMOBHUIIN TYIHH 1 #

KOCHHVC IILOT0 KyTa BIAMOBIAHO BIJI €MHHIA). Maun. 144
3 OCTaHHBLOI PIBHOCTI MAEMO

Bln = BZn’

a jurst sexktopa H

Hp = moHop,
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abo

Y7,
Hoan :_1H1n’
Ha

[0 O3HAYae, [0 B CEPEHOBHUIII 3 OUIBIIOK BITHOCHOK MArHeTHOK IIPO-

HUKHICTIO HOPMAJIbHA CKJIAJI0BA BEKTOPA H menmia.

(224) Ha oCHOBi TeopeMH NP0 MATHETHY HMUPKVJIAIII J0BeAeMO, 10

HA MeXi ABOX MArHEeTHKIB TAHrEHIISJILHA CKJIAA0BA BEKTOPA

HANPYKEHOCTI He 3SMIHIOETLCH.

[ToxiGHO 10 TOrO SIK MU 1€ POOWIM JUIA €JIEKTPOCTATHYHOI'O IMOJIS

(3anaya 54) nmodyayeMo HA MEXi Marse-

THKIB OPAIMOKYTHHIN 3aMKHEHHUH KOHTYD

31 CTOPOHAMHM ﬂ lZ_dI (maz. 145). Ocki-

JBbKH II0JIC B MCXKaX IIbOI'O HECKIHYEHHO

MaJIOT0 KOHTYpa OJHOPLIHE, TO IIMPKY-

nauis  Bexropa H  B3joBx Oyab-saKkoi

CTOPOHHU KOHTYPA € JOOYTKOM OPOEKINi

BEKTOpA E Ha I[F0 CTOPOHY HA JOBXHUHY Man. 145

cropoHu. Tomy, BUOpaBIM 00X1a 3a

KOHTYPOM 34 T'OAMHHHUKOBOIO CTDiHKOI-O, 3HAaXO0JMMO BHUPA3 JJIA I_II/IDKVJ'DIL[ﬁ

BeKkTOpa f1 B3/10BXK HHOIO:

—Hy,dl —Hydl +Hy,dl + Hy dl + Hodl = H,,dl

Ie iHAeKcy N 1 t 03Ha4aroTh HOpMaJIbHY M TAHTEHIUSUIBHY IO MEXI cepe-

JTOBUIIL CKJIATOBY BEKTOPA i

3riIHO 3 TEOPEMOIO PO MArHETHY MUPKVIAIIIO, 3HANIEHA HAMU IIUDP-

kymsamist — Hydl + Hydl _nopiBaioe cTpymy, sSiKMii IpOHM3Y€E NOBEPXHIO,

00MEXEHY IIMM KOHTYPOM, TOOTO
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VY BUIIAAKY BIACYTHOCTI CTPYMIB

3BIOKH

Hlt = H2ti

TOOTO TaHI'€HUIAIbHA CKJIAN0BA BEKTOPa H Npu mepexojil 4epe3 Mexy ce-

PEIOBMII 3aJMINACTECA HE3MIHHOK. A I10JI0 BEKTOpa B, TO 3 0CTaHHBOI

PIBHOCTI

By _ Byt
M

abo

y7;
By =2 By,
H

TOOTO 32 YMOBH IIEPEXOAY B CEPEAOBUIIE 3 OUIBIIIOK BITHOCHOK) MAarHeT-

HOIO IPOHMKHICTIO TAHT€HIIAAbHA CKJIAZI0BA BEKTOpa B 301IbIIyeThC.

(225) BuBegeMo 3aKOH  32JOMJICHHS

CHJIOBHX JIiHiM HA MEXKi JIBOX MarHe- By
THKIB.
Y7,
Bln - '
Hexail juisi 0IHO3HAYHOCTI ty < tp._Oc- o/ Bi
KIJIBKA HOpPMalbHa CKJIaJoBa BekTopa B € B
B. B, 1,
By,



OJIHAKOBOKO B IIMX JIBOX cepenoBuiax (3anada 223). a TAaHTeHIIsIJIbHA MOTO

CKJIAJIOBA B JIPYIOMY cepeIoBHIL OlbllIa HIXK B IIepmioMy (3agada 224), To

BIH Mae€ 3aJIOMUATHUCS BT HOpMaui (Man. 146).

3HalIeMO BIHOIICHHS TAHTE€HCIB KYTIB @ 1 5.

t9a _ By Bon _ By _ 4

tgf Boy By By i

TOOTO BITHOIIEHHS TAHT€HCA KYyTa HAIHHS JI0 TAHT€HCa KyTa 3aJIOMJIICHHS

JIOPIBHIOE BITHOIIIEHHIO BINOBIIHUX MArHETHUX OTPOHUKHOCTEM.

(226) Po3kpueMo npUpoay BUHUKHEHHS €JEKTPOHHOI0 MAPaAMATHeT-

"oro pesouaucy (EIIP).

SIKIIIO0 MOMICTUTH ITapaMarHeTUK Yy Mar-

HETHE MOJIE, TO MAarHeTHI MOMEHTHU aTOMIB OV-

JIYTHh 30PIEHTOBAHI 32 HANPAMOM moOJis (3a1ada

151). Slkimo MarHeTHU MOMEHT aToMa BHU3HA-

HacTbCAa OD6iTaJ'IbHI/IM MAaratCTHUM MOMCHTOM

(cymapHuii OopOITAJILHUNA MardHeTHUU MOMEHT

OlIbIIMI 332 CYMApHMU CIIIHOBUiA), TO B MarHeT-

HOMY I10J11 OpOiTaJiIbHA Y4acTOTA, KA IOB’sI3aHa

3 MardeTHUM MOMEHTOM, 3MeHIyeTrbes. Jliii-

CHO, JIOJATKOBA Ccria 3 OOKY 30BHIIIHLOIO Mar- F+F,

HETHOT'O IOJIS CIIPUYNHSIE CXO/UKEHHS €JIEKTPO- Main. 147

Ha 31 cBO€l opbitu (man. 147), mo Hajmam 3y-

MOBJIFO€ BUHUKHEHHA cuik F , ka raneMye 1oro opOiTaabHUN pyX, 3MEH-

LIVIOYH MOr'0 YacTOTY Ha BEJIWYHUHY YacTOTH JlapMmopa.

JIk1110 Tenep depes 1el mapaMarHeTHK OPONYCTUTH €JI1€KTPOMArHeT-

HY XBIIIO PI3HHUX YaCTOT V HampsMl MAarHeTHOT'O ITOJIsl, TO IOTJIMHATHCS

Oyje Jmine XBWIS Ti€El 4YacTOTH w, KA JOPIBHIOE YacToTi JlapMmopa Aw,

TOOTO YMOBOIO PE30HAHCY € PIBHICTL @ = A, a00

272



g
2m’

HKH_[O »)K MAarHETHUM MOMEHT aTOMa BH3HAYA€ThCS CIIIHOBHM MArHeT-

HUM MOMEHTOM (110 1 € HacIpas/i), TO B IILOMY BUIAAKY BaKKO JIATH KJia-

CUYHE IOsICHEHHs, 00 TOJ1 CJILI OIPUWHATH, 10 CIIIHOBUNA MarHeTHUU MO-

MEHT eJIEKTPOHA MOB'A3aHUM 3 oro obepraHHsaM 1 yactora JlapMopa — ne

3MiHA YaCTOTH O6CDT3.HH$I CaMoOro_€JIEeKTpOHA HABKOJIO CBOE€I OCi, 10 HEC

Mac MATBEPKEHHS.

buibml aiekBaTHO B1ioOpa)kae JIHCHICT, KBAHTOBUM IMIAX1, SIKAHM I10-

Jsiara€ B HACTYITHOMY:. KOXKCH CHCDFGTI/I‘IHI/Iﬁ DiBeHI) aToMa B MAarHETHOMY

oJil PO3MICIUIIOETHCS HA JIBA DIBHI, BIICTAHb MK SKUMH BU3HAYAETHCS

yacToTor0 JlapMopa

eB
AE =1"|Aa):ng2—:,uBgB.
m

Toxai aToM Ma€ MOKJIMBICTE MMOIJIMHATH €HEPTII0 €JIEKTPOMArHeTHOI XBIIIL

(1Hakmie: eHeprio hOTOHA), 10 JOPIBHIOE 1K pi3HUIN eHeprii. Llg eHeprisg

{l}OTOHa

E(])om. =N pom.

TOMY MOr'0 4YacToTa

JIKIIO eneKTpOMAarHeTHa XBWJIS MOHOXPOMAaTUYHA, TO 11 MOTJIMHAHHS

Oyae BIAOYBATHCS YV MATHETHOMY IT10JI1 1HIVKIIEIO

2m wd,om.
= . )
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1o IHIYKIUO IT0JII MOYKHA BCTAHOBUTH €KCIIEPUMEHTAJILHO, BUMIPIO-

FOUM KOoe(III€HT MOMIMHAHHS apaMardHeTUKa 3a PI3HUX 3HAYE€Hb 1HAYKIUT

MAarHeTHOI'O ITOJsl, — 3a 1€l IHAVKIIT noJisg BiH Oyae MakcuMaibHUM. Ma-

IOYH 1€ eKCIIEPUMEHTAJIbHE 3HAUECHHS PE30HAHCHOI'O MOJIsI, MOYKHA 004HC-

sty (hakrop Jlanme aroma 0.

(227) Po3kprMEMO NPUPOAY SIACPHOT0 MATHETHOr0 pe3oHancy (AMP).

3rajaeMo, 110 SIP0 TAKOXK MOXKE MATH MAarHETHUHU MoMeHT. [le smapa 3

HEMApHOK KUIBKICTIO HYKJIOHIB. MarHeTHi MOMEHTH TAaKHUX SIJEP Y 30B-

HIIIHHFOMY MardeTHOMY I10Ji1 OYIVTh 30p1€HTOBAHI 3a MOJEM, 110 CIIPUYH-

HHUTHb 3MCHIICHHS YaCTOTH €KBIBaJCHTHOI'O 06€DTaHH5{ Ha BCJIIMYMWHY 4Yac-

toTH Jlapmopa. O1Ke, 3pa30K MOYKE IIOTVIMHATH €JIEKTPOMArHeTHY XBHJIIO

3 4acTOTO, PiBHOK 4Yactorti Jlapmopa, Tooto ymoBa SIMP Ttaka x, sk i
st EITP:

NBOpom. = Hp gB.

OueBuHo, 110 3adikcyBaru IMP moxna sk 1 EINP 3a 3miHor0 xoedi-

LI€HTA [MOIVIMHAHHS €JIEKTPOMAarHeTHOI XBHJI1, IPOTE I1€ MOYKHA 3pOOUTH 1

1HAKIIIE: KO MPUINHUTH A0 €JIEKTPOMardeTHOI XBWIIl, TO Aapa MOYHYTH

BUIIPOMIHIOBATH MOTJIMHYTY €HEPTII0 YV BULJISAAl €JIEKTPOMArHETHOI XBWIII,

sIKa B COJICHOIMI, IO OXOIUTIOE 3pa3okK, Oyie innykyBatu EPC. aKy MoxHa

3acdikCyBaTH.

SIMP mmpoko 3aCTOCOBYIOTH V JIarHOCTHII PAKOBUX INYXJMH. TYT BH-

KOPHUCTOBYIOTH TOM (DaKT, [0 TKAHWHM IMYXJIMH HAMArHe4yrThCS CHUJIbLHI-

1€, HI’K 310pOB1 TKAHWHH.

(228) Po3kpueMo NpUpPoOay BUHUKHEHHS IUKJIOTPOHHOT0 TA MATHETO-

douounoro pesonaucy (LHP ta MDP).

Hawm BiI[OMO, 1o BIJIBHUI CJICKTPOH, IMOTPAIIMBIIIN B MArHCTHEC I10JIC,

INOYMHAE€ PYXATHUCA KOJIOM HABKOJIO BEKTOPA E (}IKHIO € I10JIC HOPMAJIbHE

274



J0 MOro IBUAKOCTI), 800 IBUHTOBOIO JIIHIEIO HABKOJIO BEKTOpa B_(4KIIO

[HOJC CIIPAMOBAHC HiI[ KYTOM J10O 5 (00 IJ_IBI/II[KOCTi) 3 4aCTOTOKO, IKa HA3HU-

BA€THLCS LUKJIOTPOHHOO (3amaul 1771 178)

SIxmio Tenep cupsMyBaTH Ha 3pa30K B3JIOBXK BEKTOpa E CIICKTpOMar-

HCTHY XBUJIKO 3 YaCTOTOIO, SKd IIODiBHIOG I.IPIKJIOTDOHHiﬁ, TO I XBUJIA 6V-

JIe OOTJIMHATHUCH, 10 MOKHA 3adiKCyBaTh B 3MiHI KoedI1i€HTAa MOTJIMHAH-

Hs1. AJe OCKIJIBKH 1€ ITOTJIMHAHHS 3/UHCHIOETHCS BUIBHUMHU €JEKTPOHAMH,

TO WOro MoOXHa 3a(iKCyBaTHM 1HAKIIE, a caM€ — B 3MiHI MAarHeToornopy

3paska.
OT1Xe, YMOBOIO DE3OHAHCY € PIBHICTH YaCTOTH (POTOHA NUKIOTPOHHIN

YaCcTOTI

eB
a)qbom =

3 1€l piBHOCTI 0AYWMO, IO Ul MOHOXPOMATHYHOI XBHJIl PE3OHAHCHE

MONJIMHAHHS OvIie BiIOVBATHUCH 34 MEBHOTO 3HAYEHHS 1HIVKI1 MArHETHOTO

IIOJIA

ma)(pom
e

bauuMo Takox, 1110, BI/IMiDIOIO‘-II/I CKCIICPUMCHTAJIbHO 1€ PC30HAHCHC

3HAYCHHA MAIrHCHOI'O IIOJIA Ta YaCTOTY (bOTOHa, MO>KEMO 3HANTH BCJINYHNHY

M, sIKa B TBEPJOMY TLIl HE € MACOI BUILHOI'O €JIEKTPOHA, 4 TAK 3BAaHOIO

e(DEKTUBHOK MACOI0.

Posrngaemo npupony marmerodoHoHHOro peszoHancy (M®OP). 3a

YMOBH, IO INUKJIOTPOHHA 4YaCTOTa I[ODiBHIOG YacTOTI d)OHOHa, CIICKTPOH

norjimHatuMe Gouona, To06to ymosa M®OP Ttaka x, sk 1 IIP 3 Tiero piz-

HUIIEIO, 1110 3aMiCTh 4acTOTH (hOTOHA € YacToTa (POHOHA
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eB
a)quH =—.

3ayBaxxuMo, 1o M®PP € BHYTpIIIHIM pe3oHaHcOM, 00 OHOHH € B

caMOMYV 3pa3Ky, 1X He moTpiOHO, K (GOTOHHM mocTtadyatd 330BHI. ToOMY

M®P, ga Bimminy Bix I[P, MOKHA criocTepiraty JHIIE 3a 3MIHAMU Marte-
TOOIOPY. 3 ocTaHHBOI (Gopmynu Oaummo, mo 3a gauumu MOP 1 I[P
MO>KHA 00YHCINTH €(PEKTUBHY MACy €JIEKTPOHA, KA, 3aYBAXKUMO, € 1HIIA B

KOKHOMY TBEDJIOMY TLIL.
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Pozaia |V. EjdekTpru4Hi KOJUBAHHA i

eJIEKTPOMATHETHI XBWJII

Tema 1. 3MIiHHUHA CTPYM

Dizuyni aeua

o CHHYCOINHMIi 3MiHHMIi CTPYM — 3MiHHMI CTPYM, CHIIA SIKOTO 3Mi-+  ®opmar: Crucox

HIOETHCS 3 YACOM 32 CUHYCOIJITHUM 3aKOHOM.

o EdpexTuBHe (mioue) 3HAYEHHST 3MIHHOI0 CTPYMY — II€ TAKe 3HA-

YEHHs CWJIHM IMOCTIMHOTO CTPYMYV, 34 AKOI'0 MOr0 CEepeJiHs TEILUIOBA MOTYK-

HICTH TaKa X, SK 1 32 IILOTO 3MIHHOTO CTPpyMVy (1HAKIIE KAXKYYU: 1€ TAKE

3HAYECHHS CWJINA TOCTIMHOTO CTPYMY, KWW JIA€ TAKUW CAMUW TEIUTOBUU

e(dEeKT, sIK 1 el 3MIHHUU CTPYM).

e KBasicTanioHapue K0J0 3MiHHOI'0 CTPYMY — II€ TaKe KOJO 3MIH-

HOTI'0 CTPYMY, PO3MIPH SKOrO 3HAYHO MEHIII 32 JOBKHUHY €JIeKTPOMAarHeT-

HO1 XBI/I.Hi, SKa ITOIITHMPROETHCA B30BXK KOJIdA.

o AKTHUBHUIA Ol'Ii]) — L€ BCKTOPHA CKJIaJ0Ba IIOBHOI'O OIIOPY KOJIa

3MIHHOT'O CTPYMYV, SIKa COPUYUHEHA HASIBHICTIO OMTOPY OPOBIIHUKIB.

e CMHICHMI omip — II€ BEKTOPHA CKJIAJ0BA IMOBHOIO OIOPY KOJIa

3MIHHOTO CTPYMYV, SKa CIPUYWHEHA HASBHICTIO B IILOMYV KOJI €MHOCTI

(mo3HaueHHS X¢ )

1
Xe =—.
¢ oC ™

o I[HAYVKTHBHUH Omip — II€ BEKTOPHA CKJIQJI0OBA IIOBHOI'O OMNOPY Koja* | @opmar: Crncox

3MIHHOTO CTPYMYVY, CIIPUYMHEHA HASIBHICTIO B IILOMY KOJI1 1HIYKTUBHOCTI

(mo3HaueHHA X ).

XL :Cl)l_l
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e Koedinicut Tpanchopmanii — 11€ BUTHONIEHHS HAOPYT V BTOPUHHINA*

Ta NepBUHHINA 00MOTKax TpaHchopmaropa (nozHauenHs K).

e [loBHMII omip — 11e BETMYMHA «

Z = JR2+ (X - Xc 2.

e Pe30HaHC HANIPYT — IIE SIBUIIE Di3KOFO 3POCTAHHA CTPYMVY B HECPO3-*

rajayKEHOMY KOJ1 3MIHHOIO CTPYMV 3a YMOBHM PIBHOCTI €MHICHOI'O Ta

IHAYKTUBHOI'O OIOPIB.

e Pe3oHaHC CTPYMIB — I1€ ABHIIE PI3KOT0 3MEHIIEHHS CHJIM CTDYMYV B

HEPO3TradyKEHINM JUISHII PO3TAJIVKEHOI0 KOJa 34 VYMOBH PIBHOCTI

€MHICHOTO Ta IHAYKTUBHOI'O OHOPIB.

Dizuuni nonamms

e dDa3ua Hanpyra — e Hamnpyra MK HYJI0BUM 1 ha3HUM OPOBOIOM*

Tprda3zHOro reaeparopa.

o Jliniiina Hampyra — 1e gHanpyra MK OyIb-sIKHMHU ABOMa (a3HUMHU

[IpOBOJIaMu Tpr(da3zHOro reHeparopa.

Dizuuni cucmemu U npuiaou

e Tpauchopmarop — 1e npwiajg Ui IMABUIIEHHS Y4 3HUKCHHS*

HAPYTyd 3MIHHOTO CTPYMY.

e I'enepartop 3MIHHOI'Q CTPYMY — Opujaja, SKUM TeHEepye 3MiHHV

EJIEKTPOPVINIHY CUITY.

e ACHHXPOHHHUMH ABMIVH — I€ EJIEKTPUYHWUN JABUTYVH TpudaA3ZHOrO

3MIHHOT'O CTPpYMYVY., B AKOMY O6CDTOBC MAar"d€THEC I10JIC CTAaTOpa iHZ[VKVG B

DOTODi CTPYM, SIKHM, CBOEIO YEProi0 3a3HAI0YU ,Z[ll ObOI'0 MAarHETHOI'O I10-

JIs1, CHpUYHHIE 00epTaHHS POTOPA.

278

' [Oopma'r: Cnmcok

[OopMa'r: Cnncok

[wopma'r: Cnncok

[Oopmar: Cnmcok

[OopMa'r: Cnncok




3aoaui

(229) Ha ocHOBI 3aK0HY €JEeKTPOMATHETHOI iHAYKIII BCTAHOBMMO 4Ya-

coBy 3ajekHicTh EPC inayknii, iKa BUHUKAC B KOHTYPI IJIOHIEI0

S. o 00epTacThCd 3 KVTOBOK HMIBHIKICTIO @ B OJTHOPIITHOMY

MATHETHOMY 110JIi 3 iIHIYKILi€W B.

YHacaiok o0epTadHs KOHTYpa B MarHeTHOMY [OJII B HbOMY BUHH-

kac EPC imaykigi, cupuYuMHEeHa 3MIHOK MAarHeTHOrO0 IMOTOKY Kpi3b ILEH

KOHTYD (Mas1. 148). OCKUILKH 1T0JI€ OJJHOPIAHE, & KOHTYD IJIOCKUU, TO Mar-

HeTHUH noTik @Pp = BSCOS¢r_i ToJ, 3TiIHO 3 3aKOHOM €JIeKTPOMArHeTHOi

1H 11

w
8=—9§5=—Eﬂﬁcma) h ;zjﬁ j
dt dt i 5 B
x|k R
BpaxoByroun, mo B i E — 1Ie CTaJIl BEJIU-
YWHU, & KYT &, OVIIyYHA KYTOM MIK BEKTOPOM E la * /,57‘ la
1 HOpMAJLIIO JIO IJIOIIMHUA KOHTYpAa, BOJAHOYAC € y % = - ”
KYTOM MDK ITOYaTKOBMM Ta HACTYITHUM CTaHOM
IJIOIIMHU, IIPUYOMY, 3TIJIHO 3 O3HAYECHHSIM KY-
TOBOI IBHAKOCTI & = i, JICTAHEMO Man. 148
£=-BS O'(%:“):—Bs d(%i“’t) — —BSwsin at.

Bemnunna — BSw mae posmipaicts EPC 1 € 1i MakcCHMaJIbHUM 3HA-

YESHHIM, TOMY ITO3HAYUMO 11 8m . licranemo 3axoH 3Miau EPC vy KoHTYDI

E=E_ sinot,
m
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TOOTO pIBHOMIpHE O0OEpTaHHS KOHTYPAa B IOCTIHHOMY MAarHe€THOMY IIOJI1

cupuuHrHsic€ BUHUKHEHH B HboMY cuHycoinHol EPC. Ile aBumie 1 3akiaje-

HO B OCHOBY p000OTH reHepatopiB cuHycoinHoi EPC.

(230) doBexeMo, 10 cepeaHe 3HAYeHHs cuHycoinHoi 3MiHHoi EPC 3a

nepiox AOPiBHIOE HYJIEBi.

3a hOPMVIIOK CEPEIHBOT0 3HAYECHHS (hVHKIT

T T T
_ &
Ezlfgd lj sinwtdt = —" coswt| =
T0 TO Tw 0

& &
=——"(cos wT —1)———(003275 1)=0.
Tw

OueBuaHO, 0 cepeare 3HadeHHs 3MiHHOT EPC 1 32 Oyab-sikuii mmpo-

MDKOK 4Yacy, IO JIOPIBHIOE BEJIMKIN KIJIBKOCTI IIEPIOAIB, JOPIBHIOE HVIIIO.

IIpore ne He 03Hayae, No 3MIHHUI CTPYM HE 3JaTHUH BUKOHVYBATH POOO-
Ty.

(231) HokaxkeMo, IO CePeIHE 3HAYCHHS TEIJIOBOI MOTYKHOCTI 3MIiH-

HOI'0 CTPYMYV 32 NMepioa He TOPIiBHIOE HYJIEBI.

Cepende 3HaYeHHSA TEIJIOBOI MOTY)KHOCTI 3MIHHOIO CTPYMVY 3a

nepiona (yu 6araTo mepioiB)

ﬂIH
O'—n’ﬂ

e P — MuTTEBE 3HAUEHHS MOTY)KHOCTI, AK€ SK 1 JUISI HOCTIHHOIO CTPYMY
2
2 & .
P=1°R= F (0YEBHIHO, 1110 MUTTEBE 3HAUYEHHS 3MIHHOTO CTPYMY MOXK-

Ha BBakKatu noctTivHum). [licas mJICTaHOBKM OO BUPA3y B OCTAHHIO

PIBHICTH AICTAHEMO
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B 1T82 1 T 2 T
PzE_([—dt:ﬁjgmsinzwtdt— I(l cos 2at) =

T 2 2 )
8 E
(T—ism2a)Tj m:ﬂ,
0 2RT 20 2R 2

&? 1.
=N (t——stcotj
2RT 20

3BIAKA OauUMO, [0 CEPEJHE 3HAUYEHHS TEIUIOBOI IMOTYKHOCTI 3MIHHOTO

CTPYMYV HE NOPIBHIOE HVIEBI (HAa BIAMIHY BlJ CEPEIHHLOI0 3HAYCHHS 3MIH-
HOI'O CTPYMY).

(232) 3HaiineHo 3B'SAI30K MiK e(PeKTHBHUM Ta MAKCUMAJbLHUM 3HA-

yeguam 3Minuoi EPC.

3rigHo 3 03HaYeHHAM eEeKTUBHOTO 3HAYEHHS 3MIHHOTO CTPYMY, HaM

CJILJT IPUPIBHATH CEPEAHE 3HAUYEHHS TEMIOBOI HOTYKHOCTI 3MIHHOT'O CTPY-

MV 3a IIEPIOA JI0 TEILUIOBOI IMOTY)KHOCTI IMOCTIMHOIO CTPYMY, BEIWYHMHA

SIKOT'0 JIOPIBHIOE €hEKTUBHOMY 3HAYEHHIO IILOT0 3MIHHOTO CTPYMY.

Y pesyaprari po3B’si3aHHA IONEPENHBOI 3a1a4yl MW 3HAWIUIM, IO

CEpEJIHE 3HAYECHHS TEIIOBOI MOTYKHOCTI 3MIHHOTO CTPYMY

P=

N ‘3_'\’
Py

[TOTY)XHICTE IOCTIMHOTO CTPYMY 3 €(hEeKTHUBHHUM 3HAYEHHSIM ILOT'O

3MIHHOTO CTPYMVY

P=I%R.

[MpupiBHABIIN E no P, micranemo
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_Im
o =5

T00TO e(heKTUBHE 3HAYEHHS 3MIHHOI'O CTPYMY € MEHIINM 3a MOro MakKCH-

MaJIBHC (aMHJ’IiTVI[He 3Ha‘{eHH$I) B \/E pa3u, IO O3Ha4Ya€: AJId TOIO, H106

BLJI 3MIHHOI'O CTPYMY OTPHMMATH TAaKWH CaMHU TEIUIOBHU €(EKT, SIK 1 BIJ

3aJIaHOTO IMOCTIMHOIO CTPYMY, MOr0 aMIUIITYAHE 3HAYEHHS Ma€ OYTH B /2

pa3u OlIBIINM 3a e MOCTIHHUN CTPYM.

(233) OGIPYHTYEMO 3aCTOCOBHICTH 3ak0HY Oma 1a npasua Kipxroda

A0 MUTTEBUX, aMl'lJ'IiTV)_IHI/IX Ta e(eKTHBHUX 3HAYEHb CWJIH

CTPYMYV ¥ HANIPYI'HU.

JIIiCHO, OCKIJIBKA MHUTTEBI 3HAYEHHS CHJINA CTPYMY Ta HAOPYTU MOXK-

Ha BBaXKaTH HOCTiﬁHHMH, J0 HUX MOZKHA 3aCTOCYBATH 3dKOH Owma Ta npa-

Bria Kipxroda. AMIUNITYOIHE 3HAYEHHS CHJIU CTPYMY YU HAIIPYIU — I€

OJHC 3 MUTTEBHMX 3HAYCHDb, ad ed’)eKTI/IBHe 3HAa4YCHHA — IIC 3MCHIIICHC B \2

pa3y aMILTITYIHE, TOMY J0 HAX TAKOK 3aCTOCOBHI 3rajiaHi 3aKOHH.

(234) MoBexeMo, 10 B AKTHBHOMY PE3UCTOPi CHJIa 3MIHHOTO CTPYyMY

30iracrbes 3a (pa3010 3 HANPYIoo.

Posriusnemo ko110, y sskomy € cunycoingna EPC R
Ta aktuBHuUi omip R (man. 149). 3rimgno 3 3akonom —{ |
Owma, cuja cTpyMy B KOJIl

. ~
:g—msin wt. E
R

Main. 149

& . C
Bemmauna ?m Ma€ OIMHHUIO BUMIPY CHJIM CTPYMYV 1 € 1i MaKcuMa-

JbHUM 3HAYEHHSAM, TOMY no3Hauumo ii [, . JlicTaHeMO 3aKOH 3MIHU CHUJIH

CTPYMY
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I=1,sinat,

3BIAKM 0AYWMO, IO ITJ 3HAKOM CUHYCA V BUPA3l JUII CTPYMYV K 1 V BUpasi

it EPC oxHa 1 Ta K BeJIMYWHA at, T00TO (ha3u CUJIN CTPYMYVY 1 HANIPYTH

301rar0THCS.

(235) JloBeaemo, 10 B iIHAVKTHBHOMY PE3UCTOPI CHJIA CTPYMYV BiJCTa€E

. V3
Bl HANpyru 3a ¢ga3omw Ha 5

Po3risiHEMO K0J10, V SKOMY € JIMIIE CHHYCOIIHA

EPC & =&, Sinat_ta coneHoin 3 iHgyKTHBHICTIO L L
e 'a'a Vo
(mai1. 150).

3aCTOCV€MO A0 IbOro KoOJIa APYre IpaBHIIO

Kipxroda. OckiabKi B KOJI € JIBl €JIEKTPOPVIIIHHL

cum — EPC mxepena ta EPC camoigaykini, sika &

BUHHKAE€ BHACIIIOK MOPOTIKAHHS 3MIHHOIO CTPYMY Main. 150

yepe3 cosieHoin (3amaya 194) 1 memae Hampyr (60

HEMAa€ aKTUBHOT'O OITOPY), TO 3rJHO 3 ApYyruM npasmiioM Kipxroda

0=8msina)t—Ld—|,
dt

3BIAKH

dl =5Tmsin wtdt.

[Ticas iHTErpYBaHHS

E
| =——" coswt +C.
wlL
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Jlnst Toro, mo6 nopiBHATH daszu cuiau ctpymy ta EPC, cinin octaHHii

BUpa3 AJIsd CMJIHN CTPYMY IIPCACTABHUTH 4YCPEC3 d)VHKI.IlIO Sin, SK 1 BHUpa3 AJisd
EPC.

| :—8—mcoswt +C = —g—msin(g—a)t)+c =

ol ol
=—g—msin(a)t—£)+C= Imsin(a)t—z)+c.
ol 2 2
E
ey, =""
£ Tm ol
3 oTpuMaHOi PIBHOCTI s cuiu ctpymy | =1, Sin(a)t—%)+C _Ta

piBHocti juis EPC & = &, sinwt _Gaunmo, mo cuina cTpymy Biicrae 3a

dhazoro Big EPC Ha —. Crana inrterpyBaddss C OYEBHIHO HE BIUIMBAE HA

i
2
dbasy.

KpiM TOro, B X0/l IIbOr0 BHBOJY MU OTPUMAJIHM, III0 MaKCHUMAJILHE
3HAYEHHS CUJIUA CTPYMY

| _én
M oL’

3BUIKM Oaunmo, 110 BeauunHa ol Mae 3MicT omopy. {0 BeIuuuHy Ha3u-

BAIOThb iHOYKmueHum onopom X = ol . baunmo, 110 BiH € OUIbIINM, 11O

OUIBIII YaCcTOTa 3MIHHOI'O CTPYMYV Ta 1HAYKTHBHICTH COJIE€HOIIa (HacIpas/il

IHIYKTABHICTH BCHOT0 K0Jia). [IpUYMHOI0 BUHUKHEHHS [ILOTO OLOPY € SIBU-

e CAMOIHIYKIIT.
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(236) JloBeneMo, 110 B _€EMHICHOMY pe3HCTOPioHOPE Ccljia CTPyMYy

T
BHIIEPEKAE HANIPYTY 32 (ha3010 HA

5
PosriisgHemMo K010, V AKOMY €, KPIM 3MIHHOI |C|
EPC, Tinpkn xomHmencarop 3 emuictio C (man. 151). |
Y nwpomy koai € ogHa EPC — mne EPC Jpkepena
& =&, Singt _Ta oHa Hanpyra — 116 Hanpyra Ha KOH- o~ o
aencaropi Ue, Tomy, 3rigHO 3 APYIMM HPaBUIOM Ma. 151

Kipxroda
Uc =&y sinat

Hanpyry U _npeacraBumo uepes 3apsi Ha KOHJAEHCATOPl Ta HOro

emHicTh C.
% =& Sin ot
3BIAKH
q=E&RCsinat.

JUisg Toro, o0 OTpUMAaTH BUPA3 JUISL CHJIA CTPYMY, IIPOIudEPEHIIO-

€MO OCTAaHHIO PIBHICTH 34 4YACOM.

da_ Emacosat

dt

abo

| = & ,aCcosat.

ITpencTaBUMO OCTAHHIO PiBHICTH Yepe3 (DYHKINIO Sin
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| = ema)Csin(wt + %)

3BIJIKM, a TakoXk 3 3akoHy 3MiHU EPC & = &, Sin ot _6aunmo, 1o cuia

ctpymy Bunepemkae EPC 3a da3or Ha

N

. . T
[IpeacTaBUMO 3aKOH 3MIHM CHWJIH CTpyMy Tak | =7 mSIn(a)t +Ej, IS

) 1 .
|, = EqnoC, 3BLAKN 6a4MMO, 1110 BEINYHMHA _C Ma€ 3MICT OIIOpY, 1i Ha3u-
—_— 0]

BAIOTb EMHICHUM ONOPOM 1 IO3HAYAKTE X (.

(237) Po3kpreEMO reoMeTPUYHHUM CIIOCIO MOXABAHHSA FAPMOHIYHUX KO-

JUBAHDL (BEKTOPHA MOJEJb JI0IABAHHA TAPMOHIYHUX KOJUBAHL).

Hexaii HaM Cii J0JaTH JEKUIBKA BEIWYMH, K1 3MIHIOIOTBECS 3a rap-

MOHIYHUM 3aKOHOM (HAIIPUKIAA, HAIIPYT, CHUJI CTPYMIB YU BEJIUYUH OVIb-

k01 1HmoI nopupoau). JUIsgd IpOCTOTH BI3BMEMO JiBa TapMOHIYHI

KOJMBAHHSA

Al = Amlsln ot

A, = A, sin(at +6),

y
ae O _— pisnuud (a3 MK 1uMH

KOJIMBAaHHAMMU. Ayt A T Ay

Ilix kyrom @t _no oci X Bij-

KJIQJIEMO  BEKTOpP  JIOBXKHHOIO
A

ml >

TODP AOBXKUHOIO A, (Man. 152).

a 1 kyrom awt+0 — Bex-

Man. 152
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3 MairoHKa 0auuMMmo, 110 NpOoeKuid BeKkropa A, Ha Bicb y — 1€ €

_—

BeJIMYMHA Aj, poekuis Bekropa A,, — BenMYMHA A,, a IPOEKIisd CyMU

LIMX BEKTOPIB — cymMa Beau4uH 4y 1 A,, To0TO

A, gSinat + Ay, sin(at +8) = A4y, sin(at + ).

OTxe, CYMOIO IBOX YM OlIbIlIe TApPMOHIYHHUX BEJIMYHH € TapMOHIYHA

BEJIMYMHA, aMILTITYAV 1 a3y sIKoI MOKHA 3HANTH Tr€OMETPUYHO.

JloiaBaHHS TapMOHIYHUX KOJIMBAHb 3BOJAUTHLCS 10 J0JIaBaHHS BEKTO-

pIB, JIOBXHWHM SIKAX JOPIBHIOKOTH aMIUNITYAAM IIMX TapMOHIYHUX KOJIH-

BaHb, 4 KYT MK [IMMUA BEKTOPAMH JIOPIBHIOE Pi3HUIN (a3 MK IUMUA KOJIU-

BanHsamu. Ciaig 3ayBakKUTH, 110 3rajJaHl BEKTOPU HE OPEACTABISIIOTH BIJ-

oB1AH1 (13UYH]1 BEJIUYWHU, a OPEICTABIIIIOTE, KOJUBAHHSA (H13UYHUX BEJIH-

YMH, IPUYOMY SIK BEKTOPHMX, TAK 1 CKAJISIPHUX.

(238) KopucTYIOYHUCH BEKTOPHOK MOS0 JOAABAHHS TAPMOHIYHUX

KOJMBAHL BHBeAeMO 3ak0oH OMa Jad JJISHKH KO0JAa 3MIHHOIO
CTPYMY.

Hexali Ha auisHIld KoJia € IMOCJIJIOBHO 3’ €AHAH1 BC1 TPU THUIIH OIIOPIB

— aKTHBHUM, IHAYKTUBHUHI Ta eMHICHUN (Mai. 153).

Cuiy cTpyMy, SKa € OJHAKOBOK BCIOIU

Ha UM OUIAHII KoJja, 300pa3suMo BEKTOPOM

B310BX ocl x (Man. 154). OckinpbKH Hampyra

Ha aKTUBHOMY OMOpi 30iraerbecs 3a (a3oro 3

cwiIo cTpymy (3amada 234), To Bektop Ug u

BIAKJIAJIAEMO CIIBHAIIPAMIICHUM 3 BEKTODPOM

—

| . Hampyra Ha IHAVKTUBHOMY OIIODI BHUIIE-

p/a _— .
peiKae CUly CTpyMy Ha ) (3amava 235), Tomy Bektop U, _BinknagaemMo
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. V4 .
1)1 KYTOM E 0 Bektopa | B Oik BumepemkeHHs, TOOTO OPOTH T'OJWH-

HHUKOBOI cTpuiki. Hampyra Ha eMHICHOMY OIIOP1 BIJICTa€ BiJ CHJIA CTPYMY

7 . _— . . 7
Ha ) (3amaga 236) 1 Tomy BekTop U _BIAKIANaeMO MiJ KyTOM ) 10

—

BeKTopa | 3a TOIMHHHUKOBOIO CTPUIKOIO.

Hanpvyra Ha nursam kona U 300pasutecsd .

C

BEKTOpOM, kUil € cymoro BektopiB Ug, U

ta Uc . 3 mamonka 6auumo, mo [T

U2=(U_-Uc ) +U3. S

3rigHo 3 3akoHoM OMma, I OUITHKA KOJia
: LA Mai. 154

ULZIXL’—UC = IXC, —UR :IR,TOMY

UZ=(IX_ - IXc ) +1%R?,

3BIJIKH
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Ilsa piBHICTE 1 € 3akoHOM OMa JUIS JUISIHKA KOJIa 3MIHHOI'O CTPYMY.

JKmo BenuyuHy \/ (XL —Xc )2 +R? _nosHaunT 6YKBOIKO Z 1 HazBaTu

NOGHUM Onopom, TO 3akoH Oma i OUISHKK KOJia 3MIHHOIO CTPYMY

HaOvVe BUTJISAY

Y
-

3ayBaXKMMO, IO MIPU MOOYIOBI BEKTOPHOI JlarpaMyu MU 300pakajiu

HE aMIUIITYAH] 3HAYE€HHS BUIIIOBILIHMX BEJIWYMH, SIK Ile Majgo Ou Oyrh

3riJIHO 3 BEKTOPHOK MOJIEJUIKD TApMOHIYHUX KOJNWBaHb (3amaua 237), a

edexTuBHI 1XHI 3Ha4YeHHs. [IpoTe 11e H140oro He 3MIHI0E, 00 eheKTHBHI 3HA-

YeHHS BUIPI3HIAOTHCS BIJI aMIUTITYAHUX JIMIIE MHOKHUKOM ﬁ

(239) YcTaHOBUMO YMOBY, 32 SIKOI CHJIA CTPYMY B HEPO3raJayKeHOMY

KO0JIi 3MIHHOT'0 CTPYMY 0yae MAKCUMAJLHOK (YMOBY PEe30HAHCY

Hangyr!.

I3 3akony OMa Ui MIISHKH KOJIa 3MIHHOIO CTPYMY Ma€MoO, IO 3a
YMOBH

TOOTO 32 YMOBHM PIBHOCTI EMHICHOTO Ta 1HIVKTHBHOI'O OHOPIB, CHJIA CTPY-

MY Ha II# JJISHIN KoJa 0y/ie MaKCUMaJILHOI

Y
.

KpiM TOoro 60aymmMo, 1o 3a yMOBHM DPE30HAHCY HAIPYr HOBHUU OIIp

JIISTHKU KOJIa € MIHIMAJIBHHM 1 JIOPIBHIOE AKTHBHOMY OIIODY.
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(240) YcTraHOBMMO YVMOBY, 32 KOl CHJIA CTPYMY B PO3raJy:KeHOMY

K0JIi 3MiHHOI'0 CTPpYMVY 6vne MAKCHMAJbHOI0 (YMOBY Pe30HAHCY

CTPYMiB).

Posrnsgnemo koo 3 napanensHo 3’ equannMu R, L 1 C (man. 155).

CKOPUCTAEMOCH BEKTOPHOK) MOJEJUII0 JIOJABAHHS TapMOHIYHUX

KOJINBAHb.
OCKIJIbKM Hampyra Ha BCIX TPbOX OHOpax PP _
OJIHAKOBa, TO B3JIOBX OCi X Biikiagaemo Bekrop ! |l= R
ganpyru (man. 156). Bexrop, gkuii npeacrasiisie e
CWJIY CTPYMY B aKTUBHOMY Omopi |g, BijiKiIasa- H ’—
€MO IapaJIeIbHO A0 BEKTOpPa HANPYTH BHACIIIOK e
30iry ixHiX ¢da3 (3amauya 234). OCKUIBKH CcHJIA Maur. 155

CTPYMY B €MHICHOMY OIOp1 BHUIIEpEKAC HAIPY-

T . .
'y Ha E TO BekTOp |c Biaknazaemo mij npsMuUM KyTOM jio BekTopa U B

01k _BunepekeHHs (3amada 236). Bekrop | _Biaknazaemo mij npsmMum

KYTOM B OiK BijicTaBanHs (3amaya 235). BexTop cuiau cTpymMy B HEPO3rajy-

KEHIN JIIAHIN KoJia € CyMOo BeKTOpiB lp, I _Ta l-. 3 TpuKyTHHMKA Ha

mai. 156 maemo

3BIAKHA 0AUUMO, 1110 32 YMOBH
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CHJIa CTPYMY B HEPO3TAIVKEHIN JUJISHIU I

KoJia Oyie MIHIMAJIbHOIO.

U C 0
L.

Axmo x Bunyuut omip R (R =), Man. 156

TO 1151 CHJIa CTPYMY JOPIBHIOBATHME HYJIEBI.

(241) YeTaHOBMMO 3B'SI30K CepeIHbOl MOTYKHOCTI 3MIHHOIO CTPYMY 3

e(heKTUBHUMM 3HAYEHHSIMM CHJIM CTPYMY TA HANIPYI'U.

3riIHO 3 BUPA30M CEPEIHLOT0 3HAUEHHS] DVHKINT, 3HAWAEMO CEPEIHE

3HAYEHHS MOTYKHOCTI 3MIHHOT'O CTPYMYV 3a IEPIOJL.

P=

N

T
J' Pdt,
0

e P — MuTT€EBE 3HAYCHHS HOTV)KHOCTi, SAKC, OYCBUIAHO, IIOB’sI3aHE 3 MUTTE-

BUMHM 3HAQUEHHAMM CWJIHM CTPYMYVY 1 HAOPYIU TAKOIO K (DOPMVIIOK0, K 1 JUIs

IIOCTIHHOI'O CTPYMY

P =1U = I, sin Uy, sin(at + ),

e @ — 3cyB (a3 Mik CTPYMOM 1 HAIPYTOl0, SIKUM B KOJI1 3 PI3HUMU THUIIA-

. . . .. T . T
MU OIIOpIB HE MOPIBHIOE HI HVYIEB1, HI E Hi1 _E (nuBuchp Mai. 154 ta

156).

[TigcTaBuBIIM OCTAaHHIN BHUpPA3 3aMICTh IMUHTErpajbHOI (GYHKINI Ta

IHTETPVYIOYH, JIICTAHEMO
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.
. . U . . .
|, Sin U, sin(at + ) = %I sin wt(sin wt cos ¢ + cos wt sin p)dt =
0

gl

Il
=~
O ), —{

T
mYm
cowj sin a)tdt+ T S|n¢IS|nwtcoswtdt_

- cos (DI (1- cos 20t )t + +@ sin (pJ‘ sinetd (sin ot ) =

T

U
+-M=M sin gsin a)t‘ 1 mUm COS @,

I
_JnYn COS(p(l—ism Zwtj
T o Z2lo

20

1 BpaxyBaBIlu GOPMVYIY 3B’S3KY MK MAKCUMAJILHUMH Ta €(hEeKTUBHUMH

3HAYCHHAMMU AK CHUJIM CTPYMY, TAK 1 HaIripyru

P =1,U,,C0sp.

Ik 6auuMMoO, MOTYKHICTh 3MIHHOIO CTPYMYV 3aJIEKUTh HE TUILKHU BIJI

e(heKTUBHUX 3HAYECHb CHJIA CTPYMYV Ta HAOPYTU, a W BIJ 3CYBY a3 MK HU-

MU @. BennunHy COS¢ _1lie Ha3UBAIOTh KOEQDiyicHMoM NOMYHCHOCHI, SIKUN

HaMararoThbCsl 3p0OUTH SIKOMOTA OLIBIITNM, TOOTO KYT ¢ SIKOMOTa MEHIIUM.

Y npoMUCIOBOCTI MiHIMAJIbHE OMYCTUME 3HaYeHHs COS@ =085,

(242) Moxaxemo, mo koedimiecHr Tpanchopmanii Tpanchopmaropa

JTOPIBHIOE BiTHOIEHHIO KiJbKOCTI BUTKIB BTOPHHHOI Ta mep-

BHHHOI 00MOTKH.

SIkio 1o oaHiel 3 00MOTOK TpaHchopmaropa (HEpBUHHOT) OPUHIHA-

TH JHDKEPEIO 3MIHHOIO CTPYMYV, TO €M CTPYM CTBOPUTH 3MIHHUUN MarHert-

HUI TOTIK 4Yepe3 IUIONY KOHTYDPIB SIK IIEPBUHHOI, TAK 1 BTOPUHHOI 0OMO-

TOK (MaJ1. 157), 1110, CBOCIO YEPIrO0, 3rIIHO 3 3aKOHOM €JIEKTPOMArHETHOIL

1HayKii, cupuuuHnTh BUHHKHEHHS EPC B 00MIBOX 00MOTKAaX.
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E =—-n—=
1 1 dt U [
do
E,=—n,—L
2 27 4t NJ L:;J
Man. 157
3 X aBox hopMyil
.M o
& n

IToxaxxeMo, 1110 /1151 HeHaBaHTakeHOro TpaHchopmaTopa EPC & ta

&5 NIPAKTUYHO JOPIBHIOIOTH HAIIPYIAM.

3a 3axkonoM Oma s minssakd koaa 3 EPC

U, +&
| =———=
Ry
U, +&,
l, =——%,
R,
3BIJIKH
U =R -&
U2 = |2R2 —(92.

Jlns HeHaBaHTa)keHOro TpaHchopmaropa I, =0, a 1Ry << & uepes

MaJle 3HAYEeHHs CWJIU CTpyMy |, 1110 cipuunHEHe BEJUKUM 1HAYKTUBHUM

OIOPOM INEPBUHHOT OOMOTKH, TOMY

Ulzgl
U2 zgz.

3 1ux piBHOCTEN Ta piBHOCTI (1)
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K
Uy

U m

BBakaroun moTy:kHOCTI B OOMIBOX OOMOTKAaX OMHAKOBUMHM, JIICTaAHE-

MO 3 (hOpMYJIU MOTYXKHOCTI Juist COS@ =1

L U, m
l, U .

(243) Mokaxemo, K NPUHIMUIOBO MOXKHA OTPUMATH TPU(dAZHUN

E€FCT.PYM i HAMUIIEMO 32KO0H HOr0 3MiHU 3 YaCOM.

3ragaemo, mo oaHodasHy 3MIHHY

EPC orpumMyioTh 00€pTaHHIM APOTSIHOL

PaMKH M OOMOTKH B MAarai€THOMY 110JT1

(3agmaua 228).

Tpudazuy EPC MokHa orpumatu

00epTaHHsIM MArHETHOI'O IOJIsT 31 CTa-

JIOI0 KYTOBOIO INBHUIKICTIO @ BLIHOCHO

HCPYXOMHUX O6MOTOK, DOBMiH_[eHI/IX OoJHa

BimHOCHO oaHOI mix kyrom 120°. Oue-

BUAHO, N0 B KOXHIK 3 OOMOTOK

|
\

U\

3

Mauir. 158

BHACJIJIOK SIBUIIA eJeKTpoMardeTHol iHavkiii Buankae EPC, sika 3miieHa

BiTHOCHO 01101 3a (hazoro Ha 120° (man. 158).

& =&y sinat;

£, =& sin(a)t —1200);
&3 = & sinfat - 240° )
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(244) 3a JIOTIOMOI' 010 BE€KTOPHOI uiarpaMu JJIs_ Tpu(a3HUuX Hanpyr

BCTAHOBHMO CHIiBBITHOIIEHHS MK JiHIHHOI0 TA (ha3HOI0 HANIPY-

raMu.

3 mai. 158 Gaumnmo, 1o tpudasauii reaeparop 3adbesneuye EPC mis

TPLOX KiJI 3MIHHOI'O CTPYMYV, SIKI CXEMAaTHUYHO nokas3aHi Ha Mai. 159 (q).

3’sicyeMo, SIKI HAOPyrd MU OyIeMO MaTH, SIKIINO 3’ €QHATH OPOBOAU A,

B i C B 01MH NIPOBIiJ, SKUU HA3UBAKOTH HYabosum (Mai. 159 (6)).

Haopyru MK HYJIBOBHM 1 KOXKHHM 13 (da3Hux mposomiB 1, 2 1 3

HA3UBAKOTHCI DazHuMU, & HATPYTA MK CaMUMH IpoBogamMu 1, 2 1 3 —

JNHIAHUMHU. Y CTAaHOBHMO 3B'SI30K MK aMIUIITYAHUMU 3HAYEHHSAMMU J1HIN-

HOI Ta ha3HOI HAIPVT.

VTR N AN

Uy,

0
(@) Mau. 159 ©

Ha man. 160 nmoka3ani HyJI5b0BUM Ta ha3HUUI IPO-

BOJM TaK, III0 BOHHU CIIPSIMOBAHI B INIOIIMHY MaJIFOHKA.

3 HpOr0 MaJIOHKA 0a4MMO, 1110

Ud)l_Uqbz :Uﬂ.

3riHO 3 BEKTOPHOIO MOJEIUIIO JIOdaBaHHS

rapMOHIYHKX KOJIMBAHb, 1 BPaXOBVIOYH, 110 (da-

su Hanpyr U gy, U go 1a U g3 smimieni oxa sit-

HOCcHO omHOi Ha 120°, 300pasuMo Ii HAIpPYTH
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BEKTOPAMH, KYT MiJK SIKUMH jiopiBHIoe 120° (man. 161).

3 TPUKYTHHUKA, CKJIAAEHOrO0 3 JBOX (ha3HUX Ta OJHIE] JIHINHOL

HAIIPYTH, JICTAHEMO 3B'SI30K MK IXHIMH aMILTITYIHUMH 3HAYSHHAMU

Uﬂ :\/§U¢

O4YeBUIHO, IO TAKUWA CaMHUU 3B'S30K Ovie 1 MK e(DeKTUBHUMHU 3HA-

YEHHSIMU [IMX HAOpVT.

(245) JloBemxemo, 110 MATHETHE IOJie CTBOpeHe TPpUudaA3HUM 3MiHHUM

CTPYMOM B TPhOX COJIEHOIIAX PO3MIllIEHUX HiJI KYTOM 120° OJIMH

. . . . 3
10 OJHOT'0 €KBiBAJEHTHE NMOCTIHHOMY IOJIIO 3 IHJIVKIIiCIO EB”“

sIKe 00ePTACTLCH 3 KYTOBOI IMBWIKICTIO, IO IOPIBHIOE MUKJIIYHINA

YyacTOTi 3MIiHHOT0 CTPYMY.

Jlnsg bOoro 3HAMJIEMO YacOBY 3aJICKHICTh PE3VIBTATHUBHOI'O I10JIA.

Ha man. 161 nokasasi Tpu COJEHOIAX K1 PO3MIIMIEH] OJIMH JIO OJTHOTO M1

0 . . v .
kKyroM 120°. OckUIBKH 3CcyB (a3 MK CTpyMaMH B KOKHOMY COJIEHOIII

0 y . . . .
cTtaHoBUTH 120", TO Takmii caMuii 3¢yB (a3 BUHHKAE 1 V BUIITOBIIHUX Mar-

HETHHX 110X TOOTO

By = By, sinat;
By = By sin(t —120°} v
By = By, sin{at — 240° ) ,
:000'0':
ne By, By, B3 — marterHi 1ojs CTBO- fﬁ N
pEHI1 BIAMOBIIHUMH COJIEHOIJaMU. ,:J*:L J <3 .
- VS0 S !
Bubepemo cucremy koopamsar & A b &
. . R N
SIK OKa3aHo Ha Mai. 162 1 3HaWaeMo b ! ;
. . . . . Z L5000
BIAMIOBIIHI MPOEKII UX I10JIiB HAa BICh 3 oe0e
3
X.
= Mai. 162
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le = Bl = Bm Sin a)t,
B, = —32005600 = —%BZ = —%Bm sin(a)t —120° );

Bg, =—B;C0s 600 = _%BS = —%Bm Sin(a)t - 2400),

a TAKOXK X— HDOCKHiIO PE3VYJIbTATUBHOTI'O I10JI

. 1.
B, = By, + By + By = B sin ot = By sm(a)t —1200)—

—%Bm sin(a)t - 2400): gBm sin t.

[ToxiOHUMHU TIIMH OTPUMAEMO

1 JaJ11 BEJIMYUHY PE3YILTATUBHOIO I10JIA

B=.B2+B; =§Bm,

3BIAKM 0a4yMMO, 110 BEJIMYMHA IIOJS CTaja, IIPOTE€ HanpsaMm BekTopa B

0e3IepEPBHO 3MIHIOETHCS, MPUUYOMY TaK, 1110

tga = By = —tgat,
By

3BIIKH
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[0 O3HA4ae, [0 PE3YIbTATUBHUM BEKTOP 1HAVKIII MAarHETHOIr'O ITOJIS PiB-

HOMIPHO 00€PTA€THCS 3 KYTOBOIO IIBHUJKICTIO @.

I{ro BiaacTusBicTh TpUhA3ZHOTO CTPYMY CTBOPKOBATH O00EPTOBE Mar-

HCTHC I10JIC BUKOPUCTOBVIOTH B TDI/Id)a3HI/IX JIBUT'YHAX, SIKAM BI/Il"iI[HO BH-

PIZHAETHCI TUM, IO IO PYXOMOI HOTr0 YaCTUHH (IKOps) HE Tpeba IMMiIBOIN-

TH CTPYM (TOMY B HOMY HEMAE IITOK), 00 CTPYM B HHBOMY 1HIYKYETHCS

M o0eptoBuM moJiem. Jlam el 1HIYKOBAHWU CTPYM 3a3HAa€ 3 OOKY

00epToBOro moJjist Jii crian AMIiepa, sika 1 KpYTUTB SKID.

CaMe 4epe3 Te, IO B aCHMHXPOHHMX JBUI'YHAX HEMac IMITOK SK1

ICKDSITH 1X ITOTY)KHICTh MOXKE OYTH OVIIb-SIKOK BEJIUKOI.

Tema 2. EJeKTpHYHI KOJVMBAHHSA

Dizuuni aeua

e["apMoOHiIYHI KOJMBAHHA — II€ KOJMBAHHA K1 BIIOYBAIOTLECA 3a rap-+ | @opmar: Crncox

MOHIYHUM 3aKOHOM (3aKOHOM CHHVYCA a00 KOCUHYCA).

eBjiacHi KOJIMBaHHS — 1€ KOJIMBAHHA K1 Bi,[[6VBaI-OTBC$[ 3 BJIACHOIO

HacCTOTOIO.

e3racajibHi KOJMBAHHA — 1I€ KOJWBAHHSA aMIUNTVIA SKUX 3MEHIIIVE-

ThCA 3 HaCOM.

ePesakcaniiiHi KOJMBAHHA — [1€ KOJWBAHHS 32 SKUX IPOTATOM IIEPI-

0JIY KOJIMBAHb PO3CIKETHLCA BCI €HEPrisl CUCTEMH, TOOTO 3a OJIWH IEPIOJI

BOHM O IIIJIKOM 3racyiv siKOM He MIATPUMYBAJIUCS 30BHI.

Dizuyni nonamms

e NapMOHIYHMI OCHMJIATOP — CHUCTEMA, KA 3MIMCHIOE TAapMOHIYHI*  @opmar: Crinco

KOJIMBAHHSL.

o JlorapuTMiYHMII JeKPEMEHT 3racaHHs — 1€ JIOTAPDUTM BIJIHONIEH-

HS JBOX HOCJIOBHMX aMILTITY/ 3racajbHUX KOJMBaHb (IIO3HAYECHHS A )

/1=Ini
At+T
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e T — neploa KOJIMBAHb.

.I[06DOTHiCTL KOJUBAJBbHOI'0O KOHTYpPA — L€ BCJIMYMHA O6GDHCH8.‘

JI0 JIOTapUTMIYHOIO JEKPEMEHTA 3racaHHs 1 30uIbleHa B 7 pasiB (11o3-

HAa4YCHHA Q !

e [neaJbHUIT KOJMBAJLHUIT KOHTYP — 1€ KOJUBAJILHUN KOHTYD OHIp*

SIKOTO JTOPIBHIOE HYJIEBI.

Dizuyni cucmemu 1 npuUaIaAOU

e KoMBaJLHUH KOHTYP — II€ KOJIO CKJIAQJIEHE 3 KOHJEHCATOpa Ta*
COJICHO1/A.

3aoaui

(246) Ha ocHoBi apyroro npasmja Kipxroda BCTAHOBHMO 3aKOH

KOJIMBAHHA 3apdAdyV B iIleaJIbHOMV KOJIUBAJbHOMY KOHTVDi.

3rigHo 3 apyruM  npaswioMm Kipxroda cyma

Hanpyr (a e Hanpyra Ha KOHJIEHCATOP1) Ma€e NOPIBHIO- C

- L
BATU CYMI EJIEKTPOPVIIIHHNUX CUJI (A 1€ EJIEKTPOP YIIIH-
Ha cuia camMOiHaykKiii) (Man. 163). Mar. 163
dl
UC = —L— .
dt
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e 0 — 3apsana B kouaeHcatopl, C — HOro €MHICTh, a 3riIHO 3 03HAYECHHAM
CUJIH CTPYMY

,_da
dt
Jlicranemo
q__ d%g
C dt?
abo
d’q 1
—+—0q=0
t2 LCq
[lo3zHauuBmm
1
—:a)g

orpuMaemMo audepeHisTIbHE PIBHSAHHS TAapMOHIYHHUX KOJIMBAHBL (B Mare-

MAaTHIll: JiHIHHE oJHOopiaHe audepeHIlsIbHE PIBHIHHSI IPYIOro NOPSIKY)

PO3B’ 30K SIKOT'O

0 = Gy Sin(copt + ¢0).

3a 1M 3aKOHOM 1 KOJMBAETHC 3aps VY KoHaeHcaTtopl. OueBUaHO, 110

I_II/II(J'Ii[IHa qacTOoTa IUX KOJIMBAHb € ).

(247) BcraHOBMMO 3aKOH 3MIiHM CHJIHM CTPYMY B i1€aJILHOMY KOJIH-

BaJIbHOMY KOHTVDi.
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[IpomndepeniiroBaBIM  3aKOH KOJIMBAHb 3apsily B 1O€AILHOMY

KOJIMBAJILHOMY KOHTYPl OTPUMAHUU B MONEPENHIN 3aja4i JICTAHEMO

3aKOH KOJIMBAHb CHUJIM CTPYMYVY

d
| = d—? = Q0 COS(apt + @).

OueBHIHO, 10 BeAWYUHA (y,&Jy_Ma€ PO3MIPHICTh CHIM CTPyMYy (00

cos(apt + @)_€ BenmuuHa 6e3p03MipHa) i KPiM TOTO € MaKCHMMATBHUM HOTO

sHaueHHAM (Toni komu COS(awpt + @) =1). [osmaumpmm ii |, _micramemo

3aKOH KOJIMBAHb CTPYMY

I = I, cos(apt + ).

(248) TIMokakemo, HI0 CHJA CTPYMY B i1€aJIbLHOMY KOJMBAJILHOMY
KOHTYPI | HAIPYVra Ha KOHJIEHCATOPI LOr0 KOJNBAJILHOT0 KOH-

. T
TYpAa 3CYHVTI 32 pa3010 HA E

Jtst Toro o0 oTpUMaTH 3aKOH KOJIMBAHb HAIIPYIW HA KOHJIEHCATO-

pl DOAUIMMO 3aKOH KOJWBAHB 3apsaay (3anaya 246) Ha iOro éMHICTH

% = qFmsin(a)o'[ + ).

g:U,q—szm MaeMO

[To3HauuBIIN 3FiI[HO 3 03HAYECHHSIM €MHOCTI

U =U,sin(apt + ).

3 1,Or0 PIBHIHHSI Ta DIBHAHHA JUIA CWIH CTpyMy (3amaua 247)

6a‘II/IMO, 1110 _HaIripyra KOJIMBAE€THCA 3da 3aKOHOM CHHYCA, 4 CHJIA CTPYMY 3a

301




T
3aKOHOM KOCHHVCA, TOOTO BOHU € 3CYHVTHMM 3a ($ha30r0 HA E Ile o3Ha-

4ac€, 10 KOJIM HaIlpyra Ha KOHIICHC&TODi MaKCHMMaJIbHA, TO CHUJIa CTPYMY B

KOJII JOPIBHIOE HYJIK 1 HABIIAKW, KOJW HAOpyra AOPIBHIOE HVIIKD, CHJIA

CTPYMY MaKCHUMaJIbHA. 3ayBakUMO, M0 (VHKINSI KOCHHYC TaKOX €

p0o3B’s3KkoM udeEPEHIIATBLHOI0 PIBHAHHS TapMOHIYHUX KOJHUBAHBL, TOMY

KOJIMBAHHS 3apsJIy 1 HAIPYIA MOXVTH TaK CAMO ONUCYBATUCS (DVYHKIIEI

kocuuve. Toai cuina ctpymy Ovie BUpakeHa yepe3 hyHKINI CUHYC 1 3CYB

cba:; MK HUMHM 3aJIUIIUTHCS THM CAMUM.

(249) ITokaxkemo, 1110 cymMa eHeDFiﬁ CJACKTPUYHOI'O i MArHETHOT O IOJIiB

i1eaJIbHOr0 KOJHMBAJbHOI0 KOHTYPAa € CTAJIO0 B 4aci BeJHYH-

HOIO.

3HaiiIeMo BUpa3 JUIs €HEPrii €JIEKTPUYHOrO MOJIS

CU’ Co°_od° _ai. 2
W, =— =" -1 —"Mgjp t+
eT ) TocZ e 2C (ot +9)

Ta BUpa3 GHGDFi.l. MAar"d€THOI'O I10J141

LI” _ Lomas
WM = 2 =

cos? (et + @) = g—gcosz(a)ot + ),

Ac 32 MM NIJACTABUIN 3aKOH 3MIHM CHJIM CTPYMY B 1/1€aJIbLHOMY KOJHMBA-

‘ : 1
JIBHOMY KOHTYDI (3a7a4a 247), a 3a a)g H1ICTaBUIIN c (3amaya 246).

Tenep 3HaAXOAMMO CYMV €HEPTiN €IEeKTPUYHOrO0 Ta MArHETHOIO MO-

JIB

W =W, +W,, =g—(m:(sin2(a)ot + @)+ cos?(wpt +¢))=g—(m:.
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Baunmo, 1o 1151 cymMa € CTaJIOI0 1 BU3HAYACTLCS 3apsI0OM Ta €EMHICTIO

KOHJACHCATOpA.

(250) Ha ocuoBi apyroro npasmja Kipxroda BCTAHOBUMO 3aKOH

KOJHMBAHHSA 3apsiAy B peaJlbHOMY KOJNBAJILHOMY KOHTYPI.

Ha BiaMiHY BiJ 1IeaIbHOI0 KOJHWBAJILHOIO KOHTYPA B [bOMY KOHTYPI

€ omip, TOMY KpIM HAIIpyI'd Ha KOHIEHCATOPl € I€ Hampyra Ha IbOMY

onopi (mai. 164).

3rigHo 3 apyruM npasmiioMm Kipxroda

di
Ur=IR=-L—,
¢ dt
R
ado (Cl— L
g+|R+|_d_I:O_ Man. 164
C dt
. dg . . .
[TigcraBuBmu | = a nicraneMo audepeHIlisJIbHE DIBHSAHHS 3racaib-
HUX KOJIMBAHb
2
d_g + B d_q + i q — O
dt Ldt LC
Tlo3HayuBIIU

R

=25,

1 B
ne f — koedimieHT 3racaHHs i

1 2
Lc @




OTPUMAEMO HOTO YV BUTJISIIL

q +24q +w5q=0.

3ayBaXKUMO, 110 1€ PIBHIHHS € MOAIOHUM 10 AUdEPEHIISIIBHOTO DIB-

HSHHS MEXaHIYHUX 3racaibHUX KOJIMBAHBb 3 TICKO DPIZHHUIICIO, 1110 3aMICTh

3apsaay (_TaM € KOOpAMHATa X.

P03B 30K 1ILOT0 JIHIHHOIO OJHOPLIHOTO AU(MEPEHIISNIBHOIO PIBHIH-

Hs APYIOI'o IOPAAKY

q=0ne " sin(wla)g —ﬂ2t+¢)

BaunMo, 1110 aMIuIiTYaa KOJWBaHb qme_ﬂt JUWCHO 3MEHIIVETHCS 3

4acoM. 3 IIbOr0 PO3B’A3KY TAKOXK 0auynMMo, 110 BEINYMHA a)g — % Bini-

rpa€ poJib YaCTOTH KOJMBAHb, TOMY ITO3HAYMMO 11 @ 1 HA3BEMO UUKIIYHOI)

yacniomoito 3raCajJibHUX KOJIMBAHb. OT)KC,

2
a):qla)g—ﬂzz é—( R) .

2L

3 11bOro piBHAHHA 0a4YMMO, 110 33 YMOBHU a)g >> 42 a6o mo ogHe i

4L o
Tex R << E , TOOTO 32 Maoro koedilieHTa 3racaHHs

@ =@y,

TOOTO KOJWBAHHS BIAOYBAIOTHCSA 3 TAKOK YACTOTOIO sika Ou Ovyia AkOU He

OyJ10 onopy (B i€aJIbHOMY KOJHUBAJILHOMY KOHTYpP1), a caMmMe 3 BJIACHOIO

HaCTOTOIO.

304



3a yMOBU a)g < ,82 11T KOpeHeM Ovy/ie Bix €éMHE YUCJIIO 1 pIBHSIHHS TIH-

CHOI'o DOSB’HSKY HC Mae€, 1€ O3Ha4Yae€, Mo HEMAE 1 KOJIMBaHb — KOHJACHCA-

TOP PO3PAAUTHCIA 0e3 »KOAHOTO KOJMBAHHSA 3apsay. 1le Haragye HaM Mexa-

Hi‘-IHV CUCTCMY 3 BCJIMKHUM KOGd)iI_IiCHTOM 3raCaHHi KOJIM CUCTCMaA ITOBCP-

TACTHC B CTAH PIBHOBArd HE 3pOOMBIIHN YKOJHOIO KOJWBAHHS (SIK IPUKIIAT

neMudepHuii MEXaHI3M aMOPTHU3aTOPa aBTOMOOLIIs).

(251) Ha ocHOBI O3HAYEHHS JIOTAPUTMIYHOT0 JEKPEMEHTA TAa 3aKOHY

3racaJibHUX KOJUBAHb BCTAHOBITHL 3B'SI30K JJOTAPUTMIYHOIO JCK-

PEeMEHTAa Ta JOOPOTHOCTI 3 mapaMeTrpaMu KOJUBAJILHOI0 KOH-
Typa.

3FiZ[H0 3 O3HAYCHHAM J'IOl"aDI/ITMiLIHI/II\/'I JCKPCMCHT 3raCaHHsiA

A=t
Gt+1

[lincTaBuBIIM 3aMICTh O _Ta O, 1 _3aKOH 3racajJbHMX KOJMBaHb (3a-

naya 250) gicraHeMo

Ien qne 2 sin(w//cog —ﬁ2t+(p) ):ﬂt _

ge A7) sin(\/wg —B’t+o

_Ry_R2z_ 7
2L 2L o L 1
CR?> 4
1 TOOPOTHICTH
T T L 1
Q:—:—: —2__
A pT CR¢ 4

305



3 OoCTaHHIX ABOX PIBHIHB 0aYMMO, 1110 OUIBIINN KOeMIIIEHT 3racad-

Hs f3, TO OLIBIINI JOTAPUTMIYHUN JEKPEMEHT 3racaHHs 1 MEHIa 100 POoT-

HICTh KOJMBAJILHOIO KOHTYpA. B cBOIO yepry xoedimieHT 3racands Ovyie

OUIBIINHI, 1110 OUILIINKM OOIp KOJMBAJILHOIO KOHTYPA ( p= Zj

(252) Ha ocHoBgi apyroro npasujia Kipxrodga BCTAaHOBITH 3aKOH BUMY-

IIeHUX KOJUBAHL B KOJUBAJLHOMY KOHTYPI HiJ Ti€I0 rapmo-
"iuynoi EPC.

B npomy KoJji € ABi Hanpyru, a came Hanpyra Ha onopi IR Ta nHa

q 2

d°q

KOHJIEHCATOPI1 6 ta 81 EPC, a came caMOIHAVKIUQ Ld—2 ta EPC
t

prepena &, Sin wt, Tomy apyre npapmio Kipxroda mMatume BUIIISA

2

R+9 199, & sinat.
C dt?

3BeaeMO 1€ PIBHIHHS 10 BULISILY

q +Bq' +iq _ & gin ot
L LC L

1 IO3HAYMUMO 5K 1 IO TOTO

Maemo niHiliHE HEOMHODIAHE nudepEHIIsIIbHE PIBHIHHS APYIOro I10-

PSLIKY, PO3B’A3KOM SKOI'O €

q = Qp sin(at +¢),
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Om = én
" L\/(wg—w2)+4ﬁ2w21
@ = arctg % :
ay —o

(253) Ha ocHoBi 3aKOHY BUMVIICHUX KOJHUBAHb 3apdAAy B KOJHUBAJb-

HOMY KOHTVDi BCTAHOBITH 3B'AI30K pPEe30HAHCHOI YaCcTOTH 3 nmapa-

METPAMM KOJIMBAJBHOI'O KOHTVYpaAa.

3 BUpa3y Julsl aMILITYAY BUMYIIEHUX KOJIMBAaHb (3 BUpa3y A Oy 3

[IONEPEIHBOI 3aJ1a4l) BHJIHO, 110 B KOHTYP1 OVAYTH BIIOYBATHUCS TapMOHI-

YHI KOJWBAHHS 3apsay 3 4acToTow @ 3Myiyioyoi EPC, npuuoMy aMmIuii-

TyJa LMX KOJIMBAaHb (], 3aJCKUTh BiJ 1€l yacToTu (Ha Mazn. 165 mokasza-

HUM CXEMAaTUYHUU rpadik i€l 3aJIEKHOCTI).

3HaliIeMO 4acTOTy 3a SKOi aMILIITYAa (,,_Ma€e MaKCUMYM — TaK 3Ba-

HY DPe30HAaHCHY 4acToTy. JUIs 1poro npoaudepeHInEMO MIKOPEHEBUI

BHUpa3 Yy 3HAMCHHUKY BHUPA3y JJid qm, a ca-

. Om
ME BUDPA3 (a)g—a)z)+4ﬂ2w2 38 4acTOTOKO 1

IPUPIBHIEMO HOT0 J10 HYJIsA. JlicTaHEMO

4 - & Jo+ 820 =0,

3BIOKH o, )
5 5 Man. 165
W=\ —-20°.
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[lo3HAYMBIIN I[FO PE30HAHCHY YacTOTY YEPE3 @, 1 IMICTABUBIIHU BU-

1 R . .
pasu s @y 1a By = E,_ p :Z JIICTAaHEMO 3B'SI30K pPE€30HAHCHOI

HaCcTOTH 3 IIapaMCTpaMi KOJIMBAJBHOI'O KOHTYpPaA

3 miel dhopMyad BUAHO, IO 32 MAaJOro KoedieHTa 3racaHHs

R .
p= Z pE30HAHCHA YacTOoTa € OJIM3LKOI0 A0 BJIACHOI YAaCTOTH KOJMBAHB

1 -
KOHTYpa ,/E Haramaemo, 1o 3a i€l K YMOBH 4YacTOTa 3racajbHHUX

KOJIMBaHb € OJIM3bKOKO 0 BJIACHOI YacToTH (3ama4da 251).

(254) HamaneMo cxeMy Ta NMOSICHUMO PO0OTY JaMIOBOro (TpaH3muC-

TOPHOI'0) TeHepPaTopa eJeKTPUYHUX KOJHUBAHbD.

BumviiieHi elekTprudHi KOJWBAHHS OTPUMYVIOTH 34 JOIOMOIOI0 I'€He-

paropa OCHOBHHUMHU CIICMCHTAMMU SKOI'O €. KOJIMBAJILHUM KOHTYpP Ta TDiOI[

a00 TPAH3UCTOD.

CrpolleHy cxemy JIaMIIOBOI'O TeHepa-

TOopa nmokaszaHo Ha Maiu. 166. Konu mMu yBiM-

kHeMo jkepelsio noctiitHol EPC 1o B koJu-

BAJILHOMY KOHTYDl1 BHHHUKHVTH KOJMBAHHIL.

Takl caMl KOJWBAHHS HAIIPYTH BUHHUKHVTH

MK KaTOJIOM 1 CITKOK (BOHM IIPUEIHAHI JI0

00KJIAI0OK  KoHaeHcaropa). B 11

IPOMDKKHA 4Yacy KOJIM Ha CITII [O-

TEHIIsUI Oyae OUIBIIINM HIK HA KATOJIl,

EICKTPOHU 3 KaTroja JIETKO il
c
PYXaTUMYTbCS HPOTHU EICKTPUYHOTO L T
308 d | '




oISl 1 IOCATaTUMYTh aHOJa, TOOTO B KOJII aHoJa WruMme ctpyM. Llen yac

TPpUBATHUMC TIOJIOBHUHY nepiozw KOJIMBAHb HAIIPYI' B KOJMBAJbHOMY

KOHTYDL. JIpyry IOJOBUHY MEPIOAY HA CITII OVyIEe MEHIIWWA MOTESHIUSII

[I0JIO0 KATOJIAa 1 CTPYM 4epe3 TP1oa HE OPOXOaAUTUME. TakuM YHHOM, B KOJI1

AaHOJIa BUHUKHE CUHYCOIIHHI 3MIHHUHA CTPYM, SIKHl CTBOPHUTH B COJIEHOIMI

AHOJIHOTO KOJIa 3MIHHUN MArHeTHHUH IIOTIK, KOTPHH, CBOECK YEProro,

CIOPUYMHHUTE B COJEHOIM KOJMBAJIBLHOIO KOHTYPA 3MIHHHUH CTPYM IU€l K

YaCTOTH 1 TaKMM YUHOM Hi,Z[TDI/IMVBaTI/IMC KOJIMBAHHA B KOJHMBAaJIBbHOMY

KOHTYDI.
B HamBOpOBIIHUKOBUX TeHEpaTopax 3aMiCTh BAKYYMHOT'O TPioaa

BUKODHUCTOBVETHCSA  HAIMIBIPOBIIHWUKOBHUN  TPIOJ, 1HAKIIE  KaXY4H

TpaH3ucTop. CxeMa TaKoro reHeparopa 3 TPaH3UCTOPOM M-p-H_— THUITY

nmokasaHa Ha Mai. 167. Konu moreHiis1 0a3W € HUKXKYUM 34 ITOTECHIUST

eMiTCDa, TO CTPYM 4YEPE3 TPAH3UCTOP IMPOXOAUTH 1 3apaeKac KOHACHCATOP

KOJMBAJIBHOT'O KOHTYpPa C IIONIOBHIOIOYHU eHepriem KOJIMBAJILHUM KOHTYP.

JIpyry HOOJIOBHHY IEPIOAY CTPYM Yepe3 TPAH3UCTOP HE OPOXOAUTh, a

KOHJEHCATOP KOJHUBAJILHOIO KOHTYpa po3psivkacthes. KoimBaHHA B

KOJIMBAJILHOMY KOHTVYDI IHJIVKTHBHO IEPEIAOTHCA HA 0a3y.

(255) HamaawemMo cxeMy Ta MOSICHUMO PO0OTY pesakcaliiiHoro reqe-

paTopa eJCKTPUYHHUX KOJUBAHb.

Ha man. 168 moka3zaHa cxema Takoro

reieparopa. B 1bomy reHepaTopi HEMAe€

KOJIMBAJILHOIO KOHTYpa. SKIIO BBIMKHYTH C'
>

pxepento noctiiaoi EPC 1o KOHIEHcaTop 110- T -1
quHac 3apsypKaTuch. IIpoTe 3a meBHOI HAIIPV-

ru U, B HEOHOBIH jamii sika Mai. 168

BBIMKHEHA napajJCJbHO 10

KOHJEHCcAaTopa  BLAOYAETECA £} — — — — — — — P

ra30BUU pO3PSI, TOOTO JaMma  Usfk - — - — - -

sanaJuThea. Ilpu npomy 11

0 T - e

Main. 169



Oomip DI3KO 3MEHIIUTHLCA 1 KOHIEHCATOP IIOYHE PO3PSDKATHUCI Yepes

JaMIIy. POSDHI[)KE[HHH KOHACHCATOpA CIIPUYMHUTE 3MCHIIICHHSA HAIIPYI'M HA

HOoro oOKJIaJIKax 1, BIAMOBIIHO, HA JIAMII, [0 COPUYHUHUTE 0 MOTaCaHHS

namny 3a Hanpyru U, 1 pi3Koro 3pocraHHs ii onopy. Jlami, 04€BHIHO, O

KOHJIEHCATOD I[OYHE 3HOBY 3aps/pKaTHcsA 1 Bce IOBTOpUThCA. 1l

KOJIMBAaHHS HE OVIYyTh TAPMOHIYHAMHU, & MATUMYTh MUJIKONOMI0HY hOpMY

(mas. 169). Ha npomy rpadiky IITPUXOBAHOK JIHIEK MOKA3aHO X1JI HAI-

PYI'H 32 BIACYTHOCTI Jamnou. baunMo, 110 Hanpyra Ha KOHAEHCATOP1 B I15O-

MV BHUIIQJIKY 3POCTA€ 0 THUX MIp, MOKA He pocsarde Beamyuau EPC
JuKepena &.

Tema 3. EgdekTpomaraerne noJie. CTpymMu 3MIIIICHHSA.

Dizuuni nonamms

o CTpYM 3MIIlIEHHS — II€ TEMII 3MIHU [MOTOKY EJIEKTPUYHOT IHIVKIUT <

_do,

I .
oodt

e BuxpoBe ejleKTPpHYHE I0JIe — II€ €IEKTPUYHE II0JIE SIKE BUHHUKAC*

BHACJIIIOK 3MIHH B YaCcl MAarHETHOI'O ITOJIS.

e MarHeropyuiiiHa CHJIA — 1€ IUPKYIBIIST BEKTOPA HANPYKEHOCTI

MAaru€THOIO IMOJIA B3A0BXK 3dMKHCHOI'O KOHTYpa

Eq =¢HdI.
L

e XBHJIHLOBE PiBHAHHS — [1€ DIBHIHHS SIKE Mac BULJISLT -

—_— 2_>
V’V2E :Zt—ZE,
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JIe U —CTajla BeIUYHHa, V2 onepartop Jlamnaca.

e PiBHsiHHS XBHJI — 1e (DVHKUIS Bii KOODAMHATH i 4acy sIKa € po3-+ [ PopMam: ok

B SI3KOM XBIJILOBOTI'O PIBHSIHHS.

e BexTop IloiiTiHra — 1ie BEKTOp HaOpsM SIKOI'O BKa3lye Ha HaIpsIM

EPEHECEHHS €HEPrli eIeKTPOMArHETHOIO XBUJICIO, a BEJIUYMHA JOPIBHIOE

HOTVXKHOCTI KA MPUNATAE HA OMMHHUINIO TUIOI XBHJIHOBOTO (hpOHTY.

Tlocmynamu

> 32KOH MOBHOIO CTPYMYV: LMPKYJISIIS BEKTOPA HAIPYIKEHOCTI Mar-« | ®opmar: Cuucox

HETHOI'O ITOJIS B3J0BXK OVIb-SKOIrO 3aMKHEHOI'O KOHTYpa JIOPIBHIOE CyMI

IIOTOKY BCKTOpA TI'YCTHMHH CTPYMY Ta IIOTOKY TCMIIY 3MIHH BCKTOpPA

CJICKTPUYHOI iHI[VKI_Iﬁ yepe3 NOBEPXHIO, sIKa CIUPAETHCS HA IEH KOHTYP.

Hdi- 55+ [P,
iH !15+£8t S

SIKIIIO BUKOPUCTATH O3HAYECHHS MATHETOPVIIIWHOI CHJIH, CTPYMY

[IPOBIIHOCTI Ta CTPYMYV 3MIIIEHHS, TO LIEX MOCTYIAT MOXKHA chOPMYVJIIFOBA-

TH [IPOCTINIE, 4 caMe: MATHeTOPVINiMHA CHJIA, IKA BUHUKAEC B IEBHOMY

3aMKHEHOMY KOHTYPiI JOPIiBHIOE CYMi CTPYMIiB HPOBITHOCTI Ta

3MIIEHHS 10 MPOXOAATH Yepe3 OVIb-AKY NOBEPXHIO, AKA CIIUPACTHCH

HA el KOHTYDP.

En=1+1,.

3aoaui

(256) 3a nomomororw Tteopemu CTOKCA MOAAMO 3AKOH MMOBHOI'O0 CTPYMY

B AndepeHUigIbHIN dopMi.

311



Teopema CTOKCa CTBEPDKYE, MIO HMUPKVISIUIS OVAb-IKOrO BEKTOPA

B3J10BX IICBHOI'O 3aMKHCHOI'O KOHTYpA I[ODiBHIO€ INOTOKY pPOTOpa IIbOIO0

BCKTOPA Y€pe3 NOBEPXHIO, SIKA CIIUPAETLCS HA LISH KOHTYP.

3riJIHoO 3 HIE€0 TEOPEMOIO

fﬁa = Irotﬁ@,
L 5

a 3aKOH IIOBHOI'0 CTPYMY HaOHUpae BULIISLLY

J.rotﬁﬁ = I]ES#I%E
5 5 5
abo
rias - [[ jas + P Jas.
é[rot !j +8t

OcCKiIbKY 1IHTETDYBAHHS B JIBIH 1 IpaBiii yaCTUHAX 1€l piBHOCTI Bij-

OyBaeThCA B OJHIN 1 TiH ke 00JacTi, TO 3 1X PIBHOCTI BHUIUIMBAE PIBHICTH

[MHTErpaJIbHUX BUPA3iB, TOOTO

rotﬁ:]+a—D.
ot

Mu orpuManu audepeHIsIbHY GOpPMY 3aKOHY HOBHOIO CTPYMY.

Jlpyruii 1ogaHokK B I GOopMVYIIl — € TYCTUHA CTPYMY 3MIIMIEHHS.

(257) Ha oCHOBI 03HAYeHb CTPYMY NPOBIAHOCTI TA CTPYMY 3MIillIEHHS

MOKAKEMO, 0 HA JJISHII K0JAa 3MiHHOT0 CTPYMY, IO MiCTUTh

KOHJICHCATOP, CUJIA CTPYMY B NPOBI/IHUKAX JOPIBHIOE CHJIL CTPYV-

MYV 3MIIIIEHHS MiK O0KJIAJKAMHU KOHJAEHCATOPA.
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Jlo MUISHKHA KOJia 3 KOHIAEHCATOPOM

(mair. 170) 3acTOCYEMO MOCHIIOBHO O3HA- ] <

YCHHA CHUJIM CTPYMYVY, O3HAYCHHA €MHOCTi,

3B'SI30K HAIIPVYKEHOCT] €JIEKTPUYHOI'O II0-

- Mai. 170
Jisg 3 HAmpyrorw, GopMyay eMHOCTI ILIOC-

KOro KOHACHCATOpAa, 3B'SI30K MIXK

HAMPVKEHICTIO Ta 1HAVKIIEK SJIEKTPUYHOTO MOJIS Ta 1HAVKIIEI €IEKTPU-

YHOI'O I10JIA Ta O3HAYCHHIAM IIOTOKY. HiCTaHeMO

:d_q:d(CU):CdU :Cd(Ea)

dt dt dt dt
dE aCdD aegSdD
E_ggoa_ £&y dt
:SdD:d(SD):chD

1

dt dt dt

Mu orpuMaif, IO CTPYM MOPOBUIHOCTI B IIPOBIAHHKAX JOPIBHIOE

cTpyMy 3MmiteHHss. O4eBUAHO, M0 e CTPYM 3MIIIEHHS OCKUILKH BIH €

TEMIIOM 3MIHHM IMOTOKY BEKTOPA €JIEKTPUYHOI 1HAVKINT JIOKATI30BAHUNA MIXK

0o0KJIaIKaMU KOHIEHCATODPA.

(258) IokaxkemMo, 110 3 piBHIHL MaKcBe/1JIa BUILINBAE€ XBHJIHOBE PiB-

HAHHSA.

[Ipo mudepeHiroeEMO 3aK0H IMOBHOT'O CTPYyMY 3a 4acoMm (Y BIICYT-

HOCT1 CTPYMIB IPOBLIHOCTI).

oH 8°D
nt— = ——.
ot at?

[TigcraBuBIIM CFOOU
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H =
HoH
6 = 808E y
ICTAaHEMO
0°E

rot@—ge —
ot O:uO/uatz'

B 11€ piBHAHHSA MIACTABUMO 3aKOH €JIEKTPOMArHeTHOI 1HIYKIUT

=

rot rotE = —gpetpp it —— .
¢t atz

3acTocyBaBIilu GOPMYIY

rot rotE = grad divE — V2E,

1 BpaxyBaBIIM, [0 B 3aJaHii 00JacTli OpOCTOPY BIACYTHI HE TUILKH

CTpYMH 1IPOBiAHOCTI, a ii enexrpuuni sapsm (o =0 tomy divE =0 3riz-

HO 3 TeopeMoro OcTporpasicbkoro-I'ayca) qcraHeMo XBUJILOBE PIBHSIHHS

—

90—
V°E = 808[10[[?.

SIK 1 Ju1g MEXaHIYHUX XBWIb MOKEMO ITO3HAYUTHU

1
808,1,10/1 = ?

Toal XBHJILOBE PIBHIHHS HAOYBAa€ BUIVISLY
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-
V’V2E :aat_lzz'

QueBUIHO, 1110 B CKAJAPHIN hOpMI 11€ PIBHIHHS MAa€ BULJIS

2 2 2 2=

UZaIEZx+a|52x+a|52x :aEx
x> oy? o ot

o°E, 0°E, 0°E,| O%E,

2 zyJr 2y+ 2y _ 2y
x> oy @& ot

2 2 2 2=

UZaEzz_i_aEzz_i_aEzz :aEz
ox2 ey oz ot

v

1 AKIIO BeKTOp E 3a€KUTh Iuine BiJl KOOPAMHATH X, XBUIbOBE PIBHAHHA

Ma€ BUTJIAN

ox2 a2

Jlnsa BekTopa B _oTpuMaemMo Take caMe piBHAHHA. JUIA LBOTo CIIif 31

3raJlaHuX JIBOX PIBHAHbL MakcBesla BUKIIOYMTH BekTop E (mpoamdepen-

[IIOBATH 3aKOH E€JIEKTPOMArHeTHOI 1HAVKINI 1 IMJICTABUTH B HBOI'O 3aKOH

IIOBHOI'O CTPYMY).

(259) ToBexemo, o 0yab-aka GYHKINS apryMeHTOM sIKOi € x —ut 260

x+ Ut _€ po3B’I3KOM XBHJIbLOBOI'0 PiBHSIHHSI.

Omxe OYHKINS Ma€ BULISA

E=f(xtut),

a00 y3arajJbHI YU
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3HAX0AUMO HOX1JIHI IKI QITYPYIOTH V XBUJIHLOBOMY DIBHAHHI (3a1aya 25&)

oy of ox+ot)  of

x olxtut)  ax alxxot)

o’y o*f

ox® a(xtut)?

y_ o o

at 8(xiut)_u) alx+ot)’

2 2 2

0 gziu ot 2(iz)):uz—a f 5
ot o(x +ot) o(x + ovt)

[TincTaBuMoO oTpUMaHi APYri MOXIAHI V XBWILOBE DIBHAHHA. JlicTaHEMO

TOTOXKHICTh

, 0%f , 0%f
V=0 ————
o(x £ ut) o(x £ ut)

IKa CBLIYMUTH, IO JUWCHO (DYHKIIS f(xiut) € PO3B’I3KOM XBHJIHOBOI'O

P1BHAHHA.

(260) IIpeacTraBUMO PIBHAHHS €JEKTPOMATHETHOI XBMJIi V BMIJISIL
E = E,sin(kx- at)

OcCKUIbKM Oyab-sika MVHKIIS apryMEHTOM JKOI € x — Ut € po3B’sSI3KOM

XBIJILOBOI'O PIBHSHHS, TO 1 QYHKIUS

E = E,sink(x - vt) (1)
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e k — crama BelIwMuMHA, € WOTO0 PO3B’SI3KOM, TOOTO € BOHA DIBHSIHHSIM

XBUJII.

BcTanoBumo sk 11oB’s3aHa cTajia k 3 napamerpaMmu XBUJIL.

Mipkyemo Tak. HanpyxeHicTh MOJIs €JIEKTPOMArHeTHOI XBUJII HAOV-

Ba€ CBOI'O MAKCHUMAJIbHOI'O 3HAYCHHS 34 YMOBH

YMOBa CYCITHBOTO MAKCUMVYMY €

k(X2 'Ut):%+27l'.

BigusiBiin Big apyroi piBHOCTI IEPIIY JICTAHEMO

2r
Xz'xlzr.

Ane x,-x;_— 1le BIICTAaHb MIX JBOMAa CYCIAHIMM MaKCUMyMaMH,

TOOTO JOBKMHA XBWIlL A, TOMY

[ligcraBuBiN 11eH BUpa3 B piBHIHHS xBril (1), icTaHeMO

E=E,sin %(x -ut),

abo

E= Emsin(z—ﬂ X - 2—”ut).
A A
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3acToCyeEMO O3HAYEHHS nepioay XBWil 7 K 4acy IPOTATOM SKOIr'O

XBUJISL IPOXOJUTH Biactanb A, 1o0T0 A=0T. Tenep piBHAHHSA XBWII

JIICTAE BULJISL

E=E, sin(ﬁ x-ﬁt),
AT

abo

E =E,sin(kx- at).

OCKITBKH XBHJIBOBE DiBHHHHH JJI1 BCKTOpPAa E CJICKTPOMAarHeTHO1

XBMJII TaKe Xk AK 1 1y BeKTopa E, TO po3B’A30K bOIO XBUJILOBOI'O PiB-

HSHHS TAKOX € PIBHIHHIM XBWII, TOOTO DIBHSIHHS

B =B, sin(kx- at)

TAKOK € PIBHAHHAM €JIEKTPOMArHETHOI XBUJI MpUdYoMy a3y BekTopiB E 1

B B enexTpoMarHeTHii XBUII OJHAKOBI.

(261) Ha oCHOBi 3aK0HY MOBHOI0 ¢cTPyMy B audepeHuisibHil dopmi

[0Be/IeMO, 10 BekTopu F 1 H B3a€MHO — HOPMAJIbH.

Crpsamyemo Bich Z B310BK BekTopa H (man. 172) i 004nciumo #oro

O0TOop.
i ] k
- |0 0 0| oH: OoH-
rotH =— — —|=—1+—]
ox oy oz| oy OX
0O 0 H
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OCKUJIbKY BEKTOPH |_Ta | _JekKaTh B

IUTOMIWHI XV TO 1 BeKTOp rotH Jsexurts B

W IUTOIMHI AK 1X JIHIWHA KOMOIHAllsl,

TOOTO BiH € HOPMAJIbHUM JI0 BekTopa H .

AJie 3riIHO 3 3aKOHOM HOBHOI'O CTPYMY

rotH = 22
ot

TOMY BeKTOp H € HOpMaJlbHMM JI0 BEK-

Man. 172

TOpa E AKHI CBOEI YEProlo criBHanpsAmieHnd 3 BektopoM D. Omxke

BekTop 1 € HopmanbsHUM 10 Bektopa D i BexTopa E.

(262) Ha ocHoOBI 1BOX piBHsIHb MaKcBeJa, a caMe 3aK0HY eJIeKTPOMAr-

HETHOI IHAVKIHI Ta 3aK0OHY MOBHOI0 CTPYMV 3HAWIEMO YHCJI0BE

3HAYEHHS MBWIKOCTI €JIEKTPOMATHETHOI XBWJIi V BAKYYMI.

ITornssHeMO Ha XBWILOBUM (DPOHT

IJIOCKOI €JIEKTPOMArHETHO1 XBHJII KA I10-

IMPIOETHCA YV BAaKyyMl B3JIO0BX OCl X 1

BI3bMEMO JIO0 YBAarw, IO BCl TPU BEKTOPH

. E_1 H e B3aemMHO-HOpMasbHI (Maj.

o

=

71).
3acrocyeMo 10 1€l xBuiil audepen-

isIbHY OpMY pIBHSIHE MakcBea.

[To3assk cTpymMH IIPOBIAHOCTI BIACY-

THI, TO 3aKOH IIOBHOI'O CTPYMY Ma€ BHI-

s

_—

oD

o

Man. 171

(1)

rotH =~
ot
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3HalIEMO 110 Yep3l JIIBY 1 PaBy YaCTHHHU L€l pIBHOCTI

D=Dj
1
ab_ap-
ot ot

Tenep piBHsgHHS (1) Mae BUTIIS

oH: oOH- 8D]
oy OX ot
Il piBHICTH, OYEBMJIHO, MOKIMBA JiMine 3a ymMmoBu — = 0. 3 el

YMOBH 1 OCTaHHBOI PIBHOCTI JICTAHEMO

oH _eD
ox ot
3BIIKH
oH :%aD’
ot
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abo

oH =coD. (2)

3aK0H eJeKTPOMArHeTHol 1HAYKINI B audepeHmaibHiil hopmi Mae
BUIJISL

— 0B
roté = ——. (3)
ot

3HOBY 3HAUJIEMO OKPEMO JIIBY 1 IPABY YACTUHHU II€T PIBHOCTI

i k

rotE = g g g :_8_Ei_a_EE_
ox oy oz oz oX
0O E O

[IpeacTaBuBIIN BEKTOD E sk BK JIICTAEMO, 1110

oB_dBy

1 Ha OCHOBI 3aKOHYV eJeKTpoMardeTHol 1HayKiii (3)

. oE ) )
1151 p1BHICTH MOYKJIMBA JIMIIE 32 YMOBH 8_ =0,1Tomi
Z

% _3B
ox ot

3BIIKHU
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oE :%88
ot

abo

OE = coB.

3 1€l piBHOCTI, 1 piBHOCTI (2) Ta opMyi 3B SI3KY MIXK BEKTOPpAMHU

HAPYKEHOCTI Ta IHAYKIIT eJIEKTPUYHOTO Ta MATHETHOI'O MOJIB JICTAHEMO

6E_ 1 D 1

c=—_= = :
GB 80/,[0 6H Eoluoc
3BIAKH
c= T rl @:3-108ﬂ.
VHozo \/1,257 107" .gg5.1012 % ¢
M M

(263) Ha ocHOBI 1BOX piBHAHL MaKcBeJa, a caMe 3aK0HY eJeKTPOMAr-

HETHOI IHAVKIII Ta 3aKOHY IOBHOI'0 CTPYMY 3HAHJAEMO BHUPA3 LIS

IBUIAKOCTI €JIeKTPOMATHETHOI XBWJII B cepeT0BHIII.

OcCKUIBKM 3rajiadl piBHIHHA MakcBeaa OMHAKOBI SIK V BAKYYMI Tak 1

B cepenoBHIl, TO BUBIA GOPMVYIM JUIS INIBUAKOCT] €JIEKTPOMATHETHOIL

XBWJII B CePENOBHIIN Oyae Takuil caMui K 1 Juid BakyyMy (IlomepemaHs

3a/1a4a) ak JI0 TOr0 MOMEHTY, KOJIM HaM CJIIJT Oy/1e BUKOPpUCTATA HOpMYIH

3B SI3KY MK BEJIMYMHAM BEKTODIB HAIPVIKEHOCT] TA 1HAYKINT BIATOBIIHUX

II0JIIB, & cCaMe

D:80€E,
B = uouH.
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TakuM unHOM OopMVIIa JUIS MIBUIKOCTI €JIEKTPOMArHeTHOI XBWJI B

cepeIoBUILl OVae MAaTH BUTJIISL

1 c

L= = .
Jromses  Jus

[To3ask s Oynab-sikoro cepepoBunia y#>1 Tta £ >1, TO MBHUAKICTD

EJIEKTPOMArHETHOI XBHJIl B CEPEIOBUIII MEHIIIA HIK Y BAKYYMI.

Be.HI/I‘-II/IHV A/ M€ _1103HAYar0ThL N 1 _Ha3MBalOTh ITOKAa3HHMKOM 3aJIOM-

JIEHHS cepeaoBrina. baunMo, 1o MOKa3sHUK 3aJOMJIEHHS

[IOKa3y€ B CKUILKH pa3iB IMIBUAKICTHh €JIEKTPOMArHeTHOI XBHJl Y BaKyyMl

OLIbIIIA HIYK B PO3IISIIIYBAHOMY CEPEJIOBUIIL.

(264) Ha ocHoBi hopMyJ 111 TYCTHHU €Hepril eJeKTPUYHOIr0 Ta Mar-

HETHOr'0 MOJIB 3HAWAEMO BHPA3 NMOTYKHOCTI IKa NMPUNAJIAEC HA

OIMHUIIO TLJIOII GPOHTY eJIJeKTPOMATHETHOI XBHJII.

OCKIIBKH CIICKTPHUYHC 1 _MarHeTHE I10JIE €JICKTPOMAarHeTHO1 XBHII1

nepeOyBarOTh B OJIHIN 1 Tiil e ¢asl, TO eHeprisd i€l XBUJI JOPIBHIOE CyMi

€HEprifl eJIeKTPUYHOro Ta MAarHeTHOI'O MOJIB, a 00’ €MHA I'YCTHHA €HEPril

JIOPIBHIOE CYMI BIIOOBIAHUX 00 €MHUX I'YCTHH

WzlED+1HB.
2 2

3ryIHo 3 O3HAYEHHSIM 00’ €MHOI I'YCTHHH €HEPril

W _lep, g,
av - 2 2
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ITiictapusiy croam dV = Sdx., e g — TUIOIIA XBUJIHOBOTO (hPOHTY

(Masi. 173), NOMHOXUBIIM OTPUMAHY DIBHICTh HA OX i mominuBmu Ha dt

ICTAaHEMO
dﬂ = l( + EH)%
Sdt 2 dt
dx .
BpaxysaBiu, 1110 E =v, Bv=E 1
Dv=H wmaemo P
X
dﬂ:l(ED+ HB)=EH.
Sdt 2

z
. ‘ Mai. 173
JliBa yacTHHA LLOTO PIBHAHHA — L€

MOTV)KHICTh KA OPUMAJAAE HA OAWHUIIO

monti GpoHTy XBUii. [o3HaumBIIM ii OYKBOIO P_MaeMo

P=EH.

BBenemo BEKTOD

P ="Pn,

JI€ n_— OAWHUYHUM BEKTOP HODMaJ'Ii 10 XBHJIBOBOI'O (bDOHTV 1_Ha3BEMO

rioro BekropoM Ilowtiara. baunmo, mo Bexkrop IloiTiHra HanpAMICHUH SIK

1 BEKTOP U TOMYV BIH 33JJ0BOJBHSIE OOMIBOM O3HAKAM BEKTOPA SIKUH € BEK-

TOPHUM J00YTKOM JBOX BEKTOpIB, a came BekTopiB £ 1 H (10BXKKMHA 1Oro

JOPIBHIOE IIONI NapajiejaorpaMa nodynoBanoro Ha Bekropax £ 1 H, a

HaIlIpsM 3aA0BOJIBHAE TTPABUJIY 3HAXOJXKCHHSA HAIIPIAMKY BCKTOPA, SIKUN €

BEKTOPHUM JOOYTKOM ABOX BEKTOPIB). OTxE
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O‘{eBI/II[HO, 110 HAIIpsIM BCKTOpPa IloiiTiHra BKa3y€ Ha HalpiM B

SIKOMY IIEPEHOCUTLCS €HEPIis.
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QOE ATKU

dopmy.Jin 3 ajaredpu i reomerpii

sin(x + y)=sinx-cosy +siny - cos x sin(x—y)=sinx-cosy —siny-cos x

cos(x+y)=cosx-cosy—sinx-siny cos(x—y)=cosx-cosy+sinx-siny

sin2x =2sinX-cos y

c0s2x =C0s? X —sin? y

sin2x=%(1—0032x) coszx=%(1+c052x)

sinax - sinbx = %cos(a ~b)x— %cos(a +b)x

sinax - coshx = %sin(a +b)x+ %sin(a —b)x

Dopmyiiu 0151 HARPHOIUNCCHUXIHHX 00UUC/ICHD

SIkmo a <<1, 7o v nepuomMy HaOJIMKEHH] MOYKHA IIPUHHSTH:

L ipa 2 oqulta
l+a H Jlta H2

(1+a)’ =1p2a e*=1+a

\/].Ta:]ﬂ‘la In(l-l—a):a
B -2

Akmio Kyt o _manuit (o <59 uu & <01 pagiana) Ta BUpaKeHMIl y pajliaHax,

TO y IIEPIIOMY HAOIIDKEHH] MOYKHA BBAKATHU:

sine=tga=a cosa=1

JlecITKOBi NPUCTABKH /10 HA3B OJIMHUILD

M — mera (10°) M — mimi (107)
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K—Kinoglogl

MK — Mikpo (10°)

¢ —cantu ( 1()'2)

1 — nano (107)

OcHoBHI pi3MYHI KOHCTAHTH

Beanunna

YucjioBe 3HAYCHHSA

Crana boabiimana

k=1,38066-10% JIx/K

Crana [lnanka

h=6.6262-10" JIx-c

Yuciao ABoraapo

N=6.022-10" monp*

['paBitamiiina craiaATomua

OAHHHHAMACH

G=667-10"1 13/[ce -2 1

_ 27

T'a3oBa cTajna

R=8.3144 Jlx/moup"K

Marseros bopaO& em ot

Fas3y-HPH HOPMAAGIH-yYMOBaX

g =927-107%4 A u2V=22.4138-10°

3 3
M AMOAE

Crana Credana — BosblimMana

6=5.6703-10° B/m*-K*

Craina Bina

h=2.8978-10"° MK

3aDHI[ CJICKTPOHA

e=1,6022-10"° Kn

Maca CcIokor0 eJIGKTpOoHa

m,=0.9109-10 kr

EEsepris—t

SHSKFPOHBOALTICKTPHUYHA CTaJla

£0=885-10"12 @/ +eB=1.6022-10°
et 2t

MarnetHa crana Temuepatypas

o =47 1077 T/ mF=H606K
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. .

SAnepHui MarHeToH

uN =505-10727 A /2

;]I-GEHTRGB-i—H-B{{e'FaB{GH—H-B—Ha%B—Gﬂ{H*lH[-b
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(10)

Cnucok 3aoau

Po3zaia 1. EjJekTpocTraruka
Tema 1. EdexkTpuununii 3apsi

BraxiTh Ha OJMH 3 METOJIIB NEPEBIPKHA OPUHIIMITY 1HBAPISAHT-

5 (01og NI Y:10): 01 A AT T

HOKa)KiTB, 10 CuJia FDaBiTaI_IifIHOFO HNPpUTATradHHA CJICKTPOHA A0

aapa B aToMmi BOJHIO HC CIIPOMOKHA BTpHUMATH CICKTPOH B 4TO-

Ml, TOMY ITOBMHHA ICHYBATH III€ OJHA CHJIA HerpaBlTAIlIHHOIL

OPUPOM. vt e tttiiae e et ttiaieeeeuunaaeeeeuunnaeeeeeeenaaaeeeennnnnns

yCTaHOBiTB, SIKMU 3apsia Ha CBOFOI[Hi € CJICMCHTAPHHUM. .........

89
101

Tema 2. 3akou KyjaoHa

VY cTaHOBITh OAUMHUIIO (i3UYHOT BEAUYUHA K. .o

112

BkaiTh Ha 1JICI0 BU3HAYCHHSA €JIEKTPUYHOIL CTANO01 £g...e........

123

Tema 3. EnexkTpuune moJie i Hioro HANPYKEeHICTH

3HAWAITH 3aps] €JEKTPOHA B XOJ1 MUCIIEHO MPOBEACHOTO JIOC-

THITY MITTIKEHA. ottt et e e e e e eee e eeeeeeeeeaaas

145

Ha ocHOB1 0O3HauYeHHsS HAOPYKEHOCT] EJIEKTPUYHOIO IIOJS Ta

3akoHy KyinoHa yCcTaHOBITH BHpa3 JUISL HAIPYKEHOCTI IIOJISI

TOYKOBOTO BAPAILY. «eveeeeeettuinneteuuunneeteeuuunaneeennnnaneeennnnes

156

Y cTaHOBITH KapTUHY CUJIOBHUX JIHIN IIOJII TOYKOBOI'O 3apsay.

164

[TokaxiTh, IO T'YCTOTA JIHIA HAIMPVKEHOCTI EJIEKTPUYHOIO

[10JIsI TOYKOBOTO 3apsily B IIEBHIN 00JaCTl IIPOCTOPY BKA3ye HA

BEJIMYKMHY HAIPYKEHOCTI €JIEKTPUYHOIO IO B [l 00J1aCTl. ...

178

Tema 4. [lpyuHIKN cynepno3uiii eJeKTPUYHUX HOJIIB

BkaxiTh Ha METOJI 3HAXOKEHHS HAIPY)KEHOCTI €JIEKTPUYHOTO

(11)

[OJI 3aps/DKEHOTO Tija, AKEe HE MOKHA BBAKATH TOYKOBUM

BAPAAOM. ittt ittt e

189

Y CcTaHOBITH BHUpa3 JIJId HaHDV)KeHOCTi CICKTPHUYHOI'O IT0JIA DiB'

HOMIPHO 3apsJUKEHOr0 Kiablig pagiycoM R 1 JiHIHHO IyCTH-

HOIO 3apsjy A Ha oci Kiuibld Ha BijcTaHi L Bij ioro neHTpy...

192

[«n)

330



(12)

3HalAITG BUpA3 Ul HAPYKEHOCTI MMOJs; PIBHOMIPHO 3apsii-

KCHOI'O ITOBCPXHCBOIO I'YCTHHOIO 3apiAAy O _JHMCKa Da,Z[iVCOM B

Ha OCl IUCKAa Ha BIACTaHI L BiJf HOTO MEHTPA. ..ouvuvrennnrnnn.... 212
(13) 3HailaiTh cepeaHe 3HAYEHHS HAMPYKEHOCTI EJIEKTPUYHOIO I10-
711 TOYKOBOI'O 3apsy B MEKaX MalJlaHYMKa Yy BUIJISLII JIMCKA,
SIKIIIO 3aPSJT € HA OCI ITBOTO JIMCKA. . .uuuureeeeeeeeinnneeeeeeeaanneens 234
Tema 5. /lunojnb
(14) VYcraHoBiTh, SKUM cTaH 3aliMe BUIbHHUM JIMIIOJNb, SIKHAMN
[MOTPAIIUB B OJHOPITHE ETEKTPAYHE TTOJE. ..., 256
(15) VYcTaHOBITH BUPA3 Ul HAIPYKEHOCTI EJIEKTPUYHOTO IMOJIS TOY-
KOBOT'O JUIOJIS 3 IUICYSM I_ B TOYII HA BIACTaHi I BiJ cepeau-
HH IIJIeYa JUIOJISL, SKY BUJIHO I KYTOM ¢ J0 IUI€Ya JTUIOJ. 26+
(16) ITokaxiTh, IO B HEOIHODIIHOMY €JIEKTPUYHOMY T10J11 BiJIbHUMN
JIMIO0JIb He OV/Ie B CTaHl CIOKO0 (Ha BIIMIHY BiJl BUIIAAKY OJI-
HOPIAHOTO MOJIS, JIE JIUIOIb € B CTAHI CHOKOK0). ... 283
0
(17) TlosicHITH gBHIE OPUTATaHHs JPIOHUX YACTUHOK 0 HAEJIEKT-
904 T0):F:050% 0, i 1) PR PP 293
1
(18) ITosicHITH OPUHIINAII POOOTH HOHHOIO MIKPOCKOMA. ...uvveennn.... 293
1
Tema 6. IloTik eJekTpuuHoi inaykuii. Teopema OcTporpaja-
cbkoro-I'ayca
(19) Ha ocHOBI 03HAYEHHS MOTOKY €JIEKTPUYHOI IHAYKIIT OJHODII-
HOTI'O I10JIs Yepe3 INIOCKY MOBEPXHIO BUBEHIThEEH POPMYIY JUIS
IIOTOKY EJEKTPUYHOI 1HIYKINI OYIb-IKOro IOJIsI 4Yepe3 Oyib
SIKY IOBEpXHI. 312
(20) JloBemiTh, IO MOTIK IHAVKIII EJIEKTPUYHOIO I0JIS Yepe3 MEBHY
IIOBEPXHIO MPONOPLIHHUNA JI0 KIJBKOCTI CHJIOBHX JIIHINA, K1 Ti
110100217 €)1 201 ) ST 323
(21) JHosemith Teopemy Octporpajacbkoro—l'ayca: moTiK eJIeKTprud-
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(22)

HOI 1HAVKIUI Yepe3 OVyab-sIKY 3aMKHEHY ITOBEPXHIO JIOPIBHIOEC

3apsiy, SKUil € B 00’ eMi, 00MEXKEHOMY 1€ NOBEPXHEKD, TOO-

10 @p =(,_a00 3aCTOCYBABIIN O3HAYEHHS MOTOKY Ta 00’ €MHOI

[YCTUHU 3apsnay, I DdS = I PAV
S v

[lepeBenite Teopemy Octporpaacskoro—layca 3 1HTErpaabHOI

(23)

B audepeHIisibHy GopMy, TOOTO B TaKy (HOPMY DIBHSHHS, V

Ky 0 Bxoamian qudepeHIiaabHl XapakKTEPUCTUKH, 10 O3HAYAE:

XAPAKTEPUCTUKHN ITEBHOT TOUKM TTOTISL. .. eevuneeeeneeeeunnaeeennnnn

324

335

Tema 7. O04UHNCJICHHS HANPYKEHOCTEH €JJeKTPUYHUX NOJIB

Ha ocHOBI TeopeMu Octporpaacrkoro-I'ayca

Ha ocHoBi TCOPEMHU OCTDOFD&I{CBKOFO—F&VC& BCTAHOBITH BH-

(24)

pa3 Julsd HaIIpy>KEHOCT] €JEKTPUYHOI0 HOJISI TOYKOBOT'O 3apsiLy.

356

Ha ocHoBi Teopemu Octporpacbkoro—l ayca BCTAHOBITH BH-

(25)

pa3 Ui HaopyKEHOCT] eIEKTPUYHOIO I10JI PIBHOMIPHO 3apsii-

’KCHOI IJIOIIMHM 3 NOBEPXHEBOK T'YCTUHOI 3apsijly O.

Ha ocHoOBiI Teopemu OcTporpaacbkoro—l ayca BCTAHOBITH BU-

(26)

pa3 Ul HAPYKEHOCTI €IEKTPUYHOI0 MOJIs Ha IIOBEPXHI 3apsi-

JIKEHOTO TTPOBITHUKA. . . ettt et e e e e e e e e eeeeeeeeeaeeennes

379

Ha ocnHoBiI Teopemu OcTporpajicbkoro—l ayca BCTAHOBITH BU-

(27)

pa3 Juid HAOPYKEHOCTI ENEKTPUYHOI0 I10JI PIBHOMIPHO 3apsii-

JKEHOI HECKIHYEHHO JOBIOi OPsIMOi HUTKH 3 JIHIMHOIO T'YCTH-

HOTO BAPAAY Attt tttiiiie et ttiieeeeeenunaeeeeeuuuseeeeeosaseeaeesnnnns

389

Ha ocnHoB1 Teopemu OcTporpaacbkoro—l ayca BCTAHOBITH BU-

(28)

pa3 Julsd HaOpy>KEHOCTI eJIEKTPUYHOIO I10JIs PIBHOMIPHO 3apsii-

e s () I o1)1510); ST

394

Ha ocnoB1 Teopemu OcTporpaacbkoro—l ayca BCTAHOBITH BU-

(29)

pa3 Ul HaOpYKEHOCTI eJEKTPUYHOIO I10JI PIBHOMIPHO 3apsii-

’KEHOI'0 HECKIHYEHHO JAOBI'Oro I_[I/I.HiHI[Da ...........................

[H=>

40%

JloBeiTh, 10 B 00’€Mi, OOMEKEHOMY 3apsHKEHOK ITOBEPX-
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(30)

HEI0, HAIIPYKEHICTh €JIEKTPUYHOIO ITOJISI IOPIBHIOE HYJIEBI.

412

3’sICYUTE, JUIS PO3PAXVHKY SKHUX EJIEKTPUYHUX ITOJIIB MOYXKHA

(31)

ed)eKTI/IBHO 3aCTOCOBYBATH TCOPEMY OCTDOFD&I[CBKOFO—F&VC&.

413

Tema 8. [loTeHIiAJT JIEKTPOCTATHYHOTO MOJIS

[TokaxiTh, IO SKIIO B 3aJaHiii TOYLI MPOCTOPY € HE OIHE, a

(32)

0araro moJjiB, TO HOTEHINUI B 1K TOYIl AOPIBHIOBATHME CYMI
[IOTEHIISAIIB, CTBOPEHUX KOXHUM 13

434

Ha ocHOBI 03HauYe€HHS ITOTEHIITY BCTAHOBITH BHUPA3 JUIS I10-

(33)

TEHILSTY MOJIsl TOYKOBOTO 3apsiay (| B TOWII, SKa € Ha BIJCTaHI

T BIJIIIBOTO BAPAILY . e eeeeie ettt ittt et eeeeeeeeieeeen,

Ha ocHOBI OpHUHIMIY AOAABAHHS MOTEHIUSIIB Ta BUPA3y JUIS

(34)

HOTeHLIiHJIV I[IOJI1 TOYKOBOI'O 3apsady BCTAHOBITH BUpa3 JJIs I10-

TCHI_[iSIJ'IV ITOJIS TOUYKOBOI'O AMITOJIA . oo e e vee e iiee i iieeeinneeneeennnens

445

446

3HaNAITh METOJI OOYMCIEHHS IMOTEHIISITY, CTBOPEHOr0 OVIIb-

(35)

SIKUM HETOYKOBUM 3APSIKEHUM TIIOM. .. tveteeeeereeeennnees

457

3HalIITh BUpa3 JUIA IIOTEHIISITY HOJIsI, CTBOPEHOTO PIBHOMIPHO

(36)

3apsIHKEHUM JUCKOM V OVIIb-gK1i TOYIl HA HOTo OCl..............

468

Tema 9. [loTeHIIAJILHICTEL €JIEKTPOCTATHYHOTO MOJS

Ha ocHOBI 03HAY€HHS ITOTEHIISUTY JOBEIITH, L0 EJIEKTPOCTA-

(37)

THYHE T10JI€ € TIOTCHIISIIBHE . .« vttt et e eee et eaeeeeennneeeenns

485

Ha ocHOBI 03HaueHHS POOOTH IMOKAXKITh, III0 YMOBOK ITIOTEH-

(38)

[ISUILHOCTI €JIEKTPOCTATUYHOI'O IOJISL € PIBHICTH HYJIEBI [UPKY-

Jsiii BEKTOpa MOro HaImpyKEHOCTI B3A0BXK OVIb-SIKOIO 3aMK-

HEHYFOI0
) U0 o T T

Ha ocHoBi Teopemu CToOKCca ITOAANTE YMOBY HNOTEHIISIIHHOCTI

(39)

EJIEKTPOCTATUYHOIO MOJIs B AU epeHiasibHiii dhopmi......

[«n)

[«n)

495

Tema 10. 3B'130K MiK HANPVYKEHICTIO | MOTEHIIAJIOM

Y CcTaHOBITE 3B'I30K MK HAIIPYKEHICTIO €JIEKTPOCTATUYHOI'O

[H=>
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(40)

TOJISL TA HOTO HOTEHIIISIIIOM. ...ttt et et e e eeeeeaeeeaaaaeenns

502

3 dhopMynr 3B’SI3KY HAOPYKEHOCTI 1 MOTEHIISIY TA TEOPEMU

(41)

Octporpanacekoro—l ayca orpumaiite pisasuas [IyaccoHa.......

524

J10BEITE, 1110 BEKTOP HAOPYKEHOCT] €JIEKTPOCTATHYHOI'O MOJIS

(42)

3aBK/I HOPMAJIbHUI 10 EKBINOTEHIISUIBHOI HOBEPXHI . e cvvnnnn...

535

Z[OBCI[iTB TCOPEMY IIPO CEPECAHE 3HAUYCHHA HOTGHIIiSIJIVI IHOTCH-

(43)

s v OVIB-SIKIA TOYIl IIPOCTOPY, JOPIBHIOE CEPEAHHOMY 3HA-

YEHHIO IMOTEHISUTY Ha OVIb-gKli VABHIA cdepi 3 HEHTPOM B

I TOYIl SIKA HE OXOIUIIOE EJIEKTPUYHUX 3ADSIB. ...

535

[TosicHITH MECTOA CIICKTPOCTATUYHOI'O OYUIIICHHSA rasis...

(44)

Tema 11. IIpoBiTHUK B eJIeKTPUYHOMY MOJIi

[TokaXxiTh, 1110 B OPOBLIHUKY, IIOMIIIEHOMY B €JIEKTPUYHE I10-

(45)

JIe, BOHO JOPIBHIOBATMME HVJIEBI, a 38 ME&KaMU OPOBUIHUKA —

BMIHIITBCS. « . e e ettt e e et e e e et e e e e e eee e e et e e eeeaeeeeennaeeenns

546

554

[TokaXITh:SIKIIIO IPOBUIHUKY HAJATH 3apsay, TO BIH PO3Mi-

(46)

CTUTBCS Ha MOTO HOBGDXHi. ..........................................

568

[TokaxiTh, 110 SK 3aps/UKEHUNW Tak 1 eIeKTPOHEUTpaAIbHUN

(47)

[IPOBITHUK € €KBIHOTCHIISIBHIM. . ....eunneeeeeeeeennaeeennnnss

568

JIOBEITH, IO EJIEKTPUYHE MOJIE MK TOUKOBHAM 3apsJIOM Ta HE-

(48)

CKIHYEHHOI IMPOBIIHOK TUIOMIMHOK 30I1racThCs 3 NOJIEM, CTBO-

PEHUM IUM 3apsiIOM, Ta HOT0 A3E€PKAJIbHUM 300pDaKEHHSIM V

10602 101 (01000703 1 FEUUUTTUU T

579

Tema 12. JlieJJeKTPUK B eJCKTPUUYHOMY MOJIi

Bupasite 0Dojasipu30BaHICTE MOMIIIEHOIO B €JIEKTPUYHE MOJIE

(49)

HETIOJISIPHOT'O JIEJIEKTPUKA YEPE3 HAMPYIKEHICTD EJIEKTPUYHOTO

T1OJISI BCEPEAMHL TIETEKTPUKA. ..ot ettt eeeeeaeeeeaaaens

602

[TokaxiTh, IO B AIEJIEKTPUKY 30BHIIIHE €JIEKTPUYHE IOJIE T10-

(50)

603

[TokaxiTh, 110 OOJSIPU30BAHICTH JIEJIEKTPUKA JOPIBHIOE II0-

(51)

BEPXHEBIN I'VCTHHI IHIYKOBAHMX HA MOr0o MOBEPXHSIX 3apsiIiB

614

[TokaxiTh, 110 €IEKTPUYHE [MOJIE€ MOCIA0II0ETHC B IIEIEKTPU-
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(52) VYcTaHOBITEH 3B'I30K MK BEKTOPOM HOJSpHU3ALlI Ta BEKTOPOM
CHCKTPUYHOT THTYKIUTz. o e eetett e eeieiieeeeeeeeannneeeeeeeenn. 625
(53) VYcTaHOBITBH, SKUM BUIJSA[ MAKOTh CHIBBiAHOIIEHHS €JIEKTPO-
CTATHKH B JIETTCKTPHKY . ettt et ennnneeeeeessssnnseeeesessns 636
Tema 13. EjekTpuuHe 1moJie Ha MeKi cepe10BHILL
(54) Ha ocHOBI BJIAaCTHBOCTI MOTEHLISIIILHOCTI €JIEKTPHYHOIO I1OJISI
JIOBEJIITh, 110 IPHM IEPEXO0J1 3 OAHOrO JIIEJEKTPUKA B I1HIIHMI
TaHTE€HIsUIbHA (JIOTUYHA) CKJIAA0Ba BEKTOpA HANPYKEHOCTI HE
3MIHIOETBCS, 4 TaKa K CKJIaJ0Ba BEKTOpa 1HIYKIII 3MIHIOETHCS
IIPONOPIIMHO JI0 JIEACKTPHUYHOL HPOHUKHOCTIT. +vvvvvevreernneeenns 64+
(55) Ha ocnosi teopemu Octporpaacekoro—layca JOBEMITE, IO
IIpU_MEPEXOJl 3 OJHOIO0 JiedeKTpHKa B _HOpPMaJbHa CKJIaJ0Ba
BEKTOPA €IEKTPUYHOI 1HAYKIII paOTOBO 3MIHIOETHCS HAa BEJIH-
YUHY [IOBEPXHEBOI I'YCTUHHU BUILHUX 3apsijiiB Ha MEXI CEPEH0-
127011 O T PP 658
(56) JloBemiTh, IO BEKTOP HAMPYKEHOCTI 3aBXKIA HOPMAJbHUMN 110
MEKI TIPOBITHUKA 3 JIETCKTDIKOMx. . e eeseeeeeseeennneseennneees 67+
0
(57) DBuBeniTh 3aKOH 3aJ0MJIEHHS CHJIOBUX JIiHIM HA MEXi IBOX Jie-
R (2§ 0) /0 8 ) : P 67%
0
(58) IoscHite npuHLMI enekrpodororpadyBauns (kceporpadis). 687
1
Tema 14. E1eKTPOEMHICTDH
(59) IlokaxiTh, IO MOTEHISI BIJIOKPEMIJIEHOIO IPOBIIHMKA IIPO-
1000100 407050%07 091 (0107 () RONET:1 03 01 | s 702
(60) TITokaxiTh:gkio 1moOAM3y IPOBIAHUKA PO3MICTUTH IHIIUI
IPOBIAHUK, TO HOT'0 EMHICTD 30UIBIITUTBC . v vveeeeeenannnnenn... 703
(61) VYcraHoBiTh BHMpa3 JUIs €JEKTPOEMHOCTI IIPOBIJHOI Ky Ta
ChHEPH 1 OOUHUCITITD EMHICTD 3EMITIt. . u e eeeeseeeeeseeennneeennnns 714

Tema 15. KouaeHncaropu
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(62)

725

(63)

Y cTaHoBITH BUPA3 JUISI EMHOCTI HWITHAPUYHOTO KOHJIEHCATODA

(64)

JIOBYKHMHA SKOr'0 3HAYHO OLIBINIA 32 PAAIYCH IIMJIHAPIB:. . .

JloBemiTh, IO 3a MMapajgeabHOro 3’ €AHAHHS JIBOX YU OLIbIIE

(65)

KOHJIEHCATOPIB €MHICTB 1€l JIIIHKNA KOJIA JOPIBHIOE CYMI €EM-

736

785

[TokaxiTh, 10 €MHICTH KOHJIEHcATOpa OVIb-Ik0i (hopMu 3a

(66)

YMOBH, 110 BIICTAaHb MK HOT'0 OOKJIaJKaMH € 3HAYHO MEHIIIOK

3a 1XHI pO3MIPH, JOPIBHIOE EMHOCTI IJIOCKOrO KOHJIEHCATOPA 3

796

JloBeiTh, IO 3a MOCIIAOBHOIO 3’ €IHAHHS JABOX YW OUILIIE

(67)

KOHJICHCATOPIB 00OEpHEHA EMHICTH €1 AUITHKN KOJIa JOPIBHIOE

768

VYcTaHoBITHE BUPA3 JUIE €MHOCTI ABOXIIPOBIAHOI JHHII, TOOTO

(68)

CHUCTEMH JABOX IapaJiedbHUX POBOJIIB AOBXKUHOK | pamiycamu

I, BIJICTAHb MK OCSIMU SKNX O HPHIOMY—POSFHEYFH—HpaK-
HftHHfﬁ—BﬁHaﬂeHeﬂﬂ—(d >> r)r ...........................

YcTa"HoBITH BHUpa3 ISl €MHOCTI OAHOMIPOBIAHOI JIHIT JTOBXKH-

(69)

How | i pagiycoM mposoay F, 110 3HaXOIWUTHCS HA BUCOTI h

(70)

(71)

[«s)

[H=>

798

814

825

83+

Po3aia Il. IocTiViHuii eJJeKTPHYHUN CTPYM TAa KOH-

TAKTHI IBHIIA B METAJIAX TA HAMIBOPOBITHHKAX.

Tema 1. EjekTpuyHuii CTPYM TA HWOr0 XapaKTEePUCTUKHU:
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CHJIA TA TYCTHHA CTPYMY

(72) TlokaxiTh, II0 CWJIA CTPYMY — 1€ IOTIK BEKTOPA T'YCTUHH
(o800 TR 869
(73) IlokaxiTh, II0 CHJIA IOCTIHHOTO CTPYMY € OAHAKOBAa B YCiX
[MOCJIIJIOBHO 3’ € THAHUX TTPOBITHAKAX . « e eeeeeeeeaeeeennnaeees 879
(74) Ha ocnoBi teopemu Octporpaicskoro—I'ayca BHBEIITh DiB-
HSHHS HeTICPEPBHOCT] CTPYMY .t uuteeeeeteeeeteeeanseeeannnnn. 889
1
(75) JloBemiTh, 10 MPOBIIHUK 31 CTPYMOM HE € €KBINOTEHIIsIbHUM. 893
(76) IToxaxiTh, 10 B IPOBLIHUKY 31 CTPYMOM HOCII 3apsay Apendy-
1707 4 FcTIo3 v20) (0) {030 110:17 91 128 (o1 4 1 o 893
(77) TlokaxiTh, IO T'YCTHHA CTPYMY 3JIEKUTh BiJl KOHIIEHTPAIl Ta
nperdoBoi IMBUAKOCTI HOCIIB CTPYMY 1 BCTAHOBITH 1[I0 3aJIEXK-
03§ ST U TP 914
(78) TlokaxiTh, 110 PiBHAHHS HENEPEPBHOCTI IMOCTIMHOIO CTPYMY
MOJKe OYTH IIOJIaHe Y BULIISI div] =0 925
(79) OOuMCIITEL CHIIY CTPYMY, CTBOPEHY E€JIEKTPOHOM B aTOMi BOJ-
HEEOT s e e ettt ettt e e ettt e e ettt e ettt e et e e e eateeeeaateeeiateeeeanaans 926
Tema 2. 3akodH Oma s JiJISHKH KoJ1a. Onip npoBiiHUKA
(80) IIpexncrasre 3akoH Oma B AUGEPEHIISIBEHIA POPMir....ouu.. ... 959
(81) VYcraHOBITH, K IMTOMA OPOBIAHICTH 3aJ€KUTH Bil mapaMeTpiB
HOCIIB 3aps1y: iXHbOI pYXJIMBOCTI Ta KOHIICHTPAIllz. . ............. 961
oo
(82) VYcTaHOBITH 3AIEKHICTH MMTOMOTO OIOPY NPOBIAHUKA BiJl TEM-
IepaTypy YMOBH 3aJIC)KHOIO Ta HE3AJIEKHOTO Bijl TEMIIEPATYPH
KOCHIIIEHTL OTIOD Yz 4 e e eutee e entteeeenneeeeeaneeeeaaneeeeanseeeennneans 961
oo
(83) Ha ocHoOBI piBHSHHS HENEPEPBHOCTI CTpyMy Ta 3akoHy Owma
JUISL JJASHKA KOJIa JIOBEJITh, 10 34 HOCIIZOBHOIO 3’€JIHAHHS
OIOPIB, OMip JUISHKH KOJa JOPIBHIOE CYMI OKpEMHX OIopiBs... 981
62
(84) HoBexiTh, 110 3a MapaielbHOIO 3’ €JIHAHHS OIOPIB 00€pHEHUI
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62
(85) OOuwmciiTh omip WIYHTA, IKAM CIIiA IPUEAHATH 10 aMIIEpPMETPA,
1100 PO3IIMPHUTH MEXKY MO0 BUMIPIOBAHb Y 71 Pa3iBs......... 991
63
(86) OOuMCHITE JOJATKOBMM OIp, KUK CIIA IPUEAHATH IO BOJBT-
METpa, 100 PO3UIUPUTH MEKY MOTO BUMIPIOBAHB Y /1 Pa3iB. 100
4
(87) IlokaxiTh, IO EJIEKTPOIPOBIIHICTL € OJHUM 3 SIBUIIL [IEPEHE-
[o1e)3 1 0 P T ST 100
4
Tema 3. Eaexrpopymiiina cuiaa (EPC). 3ako Oma aas ai-
Jsinku KoJia 3 EPC. 3akon Oma 1Jisi HIOBHOIO K0J1a
(88) JoBendiTh, 1110 CTOPOHHS CHJjIa HE MOKE OYyTH MOTeHIisuIbHOK. 103
+
(89) VcraHoBiTH 3aKk0H OMa JUIS MIISHKY KOJIA 3 €JCKTPOPYIIHHOK
CHJIOIO Ta JIJIs 3aMKHEHOT'0 KOJIa 3 eJISKTPOPYIIiHHOW cuior. 103
+
(90) VYcrauosits Bupa3 uist EPC, sika BUHUKAE ITpu 00EpTaHHI METa-
R (5310 NI 14 (0 % TN 105
9
(91) OOuucHiTh BIZHOCHY MOXMOKY, SIKY MU JIOIIYCKAEMO, BUMIDIO-
ouu EPC mkepena mocTiiHOro CTpyMY BOJIBTMETPOM:. . ...... 105
9
Tema 4. IIpasuaa Kipxroda
(92) Ha ocHOBI piBHAHHS HENEPEPBHOCTI CTPYMY BCTAHOBITH MEPIIIE
npasuio Kipxroda, a came, 1mo apudMeTUYHA CyMa CTPYMIB,
SIK1 BXOJISITH V BY30JI, JOPIBHIOE apr(pMEeTHUHIN CyM1 CTPYMIB,
SIKI 3 HBOTO BUXOJIATDr. « s e utsesenseeeenneeeeanseeeeaseeeeaneeeeannns 106
10
(93) Ha ocHuosi 3akony Owma juis ginsakd koja 3 EPC ycTaHOBITH

npyre npaswio Kipxroda, a came, o B OyIb-IKOMY KOHTVYDI,
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BUJIIJIEHOMY 3 DO3rajdyKEHOro KoJia, ajreopaiydga cyma Hapyr

nopiBHIOE anreOpaiuniii cymi EPC. ki € B IbOMY KOHTYDI:. . ... 107
3
(94) Ha ocHogi npasui Kipxroda 3HaiiniTe omip R, 3a 10nomororo
TaK 3BaHOI MICTKOBOi CXeMH, K10 Bigomi onopu Ry, Ry ta Ry 108
miiOpadi Tak, 1110 CWia CTPYMYV V BITHI B/] TOPIBHIOE HYJIIEBI. E
(95) BusHasimte EPC  mxepena  crpymy  komreHcamivauMm 109
METOJIOM. 13
Tema 5. Po06oTa i HOTVKHICTL CTPYMY
(96) VYcraHoBiTH BUpA3 11 POOOTH, IKY BUKOHVE MOCTIMHUN CTPYM
T BAPA3 HOTO TTOTYIKHOCTIT: « e etennnsnnnnnnnnnnsnnnnnnnsnnnnns 110
4
(97) VYcrauosith 3akoH Jxoyis-JleHma B IHTErpajbHiil Ta aude-
PCHITISTBHIA (DODMAX. e euttteeteeeeansneeeeeeeeananneeeeeeeeannns 111
S
(98) 3Bmaitgite Bupas st KKJI jokepena mocTiHHONO CTPYMYs. ........ 112
A
(99) Bu3HauiTh KUIBKICTH TEIUIOTH, SIKA BUIUIUTHLCS B IPOBIIHUKY
3a 4yac 7, OPOTArOM SIKOTO CTPYM Y HOMY PIBHOMIPHO 3pOCTa€
BiJ Hyas A0 BeauuuHu [, . OOGUMCHITH TaKOX CEPEAHIO0 IO-
: . - 113
TYXKHICTD 38 IICH UACT. « ettt et eeennseeeeeeeaannnseeeeeeeaannnneenns g
Tema 6. KitacuuHa Teopisi eJIeKTPONPOBiAHOCTI MeTAJIiB
(100) 3a HOmOMOror MHCJIEHO NIPOBEIAEHOIO excrnepumenTy Tomme-
Ha 1 Crroapra ImMATBEPIITh, HAABHICTE V METAl BUILHUX EJIEK-
TPOHIB Ta BU3HAYTE TXHIN IATOMMIM 3PS Ire + v v veeeenennennnnnnnnnss 115
9
(101) IToxaxiTh, IO 3 OCHOBHUX IOCTYJIATIB KJACHYHOI TEOPil €JIEK-
TPOIIPOBLIHOCTI METAJIIB MOKHA BUBECTH 3aKOH OMas. .......... 118
23
(102) TTokaxiTh, 110 3 OCHOBHHUX IOCTYJIATIB KJIACHYHOI TEOPii eJIeK-
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(103)

TPOIMPOBIIHOCTI METAJIB MOYKHA BHUBECTH 3akoH JKOViIs-

(104)

(105)

(106)

(107)

(108)

(109)

(110)

] (S £ 00 T 119
24
Ha ocnoBi KTEM BuBemiTh eMmipuuHuii 3akoH Biiemana-
dpanna, SKUA HOJSITaE V. TOMY, IO BIAHOIIEHHS ITATOMOIL
TEIJIONPOBIIHOCTI JI0 MUTOMOI €IEKTPONPOBLIHOCTI JUI YCIX
METAJIIB 33 IICBHOI TEMIEpPAaTypH € CTaJOK BEIUYHHOIO
K ' . .
— = A, a 3a 3MIHH TeMIIEPATYPH I1€ BIHOIIECHHS 3pOCTAE IIPO-
o
. K 120
HOPIIMHO JIO TEMIICPATYPH — = AT ... eiiiiiiiieiiiaanann.... T
o 5
ITokaxite, mo B pamkax KTEM MoOKHA HOSICHUTH TeMIIEpa-
TYPHY 3aJCIKHICTD OIIOPY METATIBr. + v vt tttennneneeeeeeannnnneeesss 122
A
[HoxaxiTte, mo B pamkax KTEM Mo’kHa OTpUMAaTH IPaBUILHUHI
pPE3YIbTAT MO0 TSINIOEMHOCTI €JISKTPOHHOIO I'a3Vs........ 123
8
Y cTaHOBITH 3B'SI30K KOHIIEHTPALlI] BIIbHUX €JIEKTPOHIB Y METa-
J11 3 HOT'0 TYCTHUHOK 1 MOJIIPHOIO MACOKO=. 4 v e eeennnrnneeeeeenn. 124
9
Tema 7. IlpoBigHicTh HAIBIPOBITHUKIB
ITokaxiTh, 110 BJaCHA IPOBIIHICTH HAIMBIPOBIIHUKA 3YMOB-
JIEHA JIBOMA THIIAMH HOCIIB 3apsay — €JIEeKTpOHaMH i gipkamu. 125
31
[TokaxiTh, 110 B HAMIBIPOBUIHUKY KPEMHIIO AOMIIIKHA (hocdo-
pVY, MUII SIKY Ta CYPMH € JOHOPAMH, a JIOMIIIKH 00DV, rajiro Ta
THJTIFO — AKIIETITODAMYE. e et ennneeeeeseennnnneeeesseeannseseeesesnns 132
7
IlokaxiTh, 110 3a HHU3bKUX TEMIEPATyp Yy HamiBIPOBLIHMKAX
IIepeBaKae JOMIIIKOBA IPOBIIHICTh, @ 34 BACOKHMX — BJIACHA. 128
33

[TokaxiTh, 110 Ha BUIIMIHY B1JI MPOBLIHUKIB ONIp HAITIBIIPOBII-
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(111)

129

(112)

(113)

(114)

(115)

(116)

34
Ha ocnoBi po3noauny boabiiMana Ta Toro dhaxrty, Mo XeMIYyHHI
IIOTCHIIISUI Y BJIACHOMY HAaNIBIIPOBIJIHUKY 3HAXOJHUTHCS IIPHO-
JIM3HO ITOCEepEeArHI 3a00pOHEHO0I 30HM BCTAHOBITH 3aJIEKHICTh
[IUTOMOI €JIEKTPOIIPOBIIHOCTI BJACHOI'0 HAIIBIPOBIIAHMKA BIJ
TOMITCDATYPHIE . e e enuttte et e et ennnseeeeeeeeannseeeeeeeeaansseeeeeeenns 130
5
Ha ocHoBi po3noainy boabsiiMana Ta Toro (hakrty, 1o XeMIiYHHI
IOTEHI[SUI YV JIOMIIIKOBOMY HAIlIBOPOBILIHMKY 3HAXOJIUTHCS
IpUOIN3HO ITOCEPEANHI MK JIOMIIIIKOBUM PIBHEM Ta BIIIIOBLI-
HOK 30HOK (30HOK MPOBIIHOCTI V JOHOPHOMY HAIIBIOPOBII-
HUKY YM BaJEHTHOI 30HOI0 B aKIIEHTOPHOMY) VYCTAaHOBITH
TEMIIEPATYPHY 3a1€KHICTh JIOMIIIKOBOI MPOBIAHOCTI:. . ........ 131
s
ITosICHITE THUIIOBY €KCHEPHMMEHTAJIBbHY 3aJICKHICTh OIOpPY Ha-
MIBIPOBIIHUKA BIJT TEMIIEDATYDH . . e e veeeeeeeeeennneeeennns 132
A
[TokaxiTh, IK Ha OCHOBI €KCIEPHUMEHTAJILHOI TEMIIEPATYPHOIL
3QJIEKHOCTI MUTOMOI TIPOBIAHOCT] HAMIBIPOBIIHAKA MOYKHA
00YMCIUTH HOro MUpHHY 3a00pOHEHOI 30HU E,_Ta eHepriio
AKTUBALIT JOMIIIKY E . oeieiiieiiiiiiiiiiiiieinenenn. 133
8
Tema 8. KoHTaKTHi iIBMIIIA B MeTaJ1ax
[TokaxiTh, IO MK IMOBEPXHEIO0 METAJY Ta BAKYYMOM BHUHHKAC
PI3HHUIL MMOTEHINSIIB, TaK 3BAHUI MMOBEPXHEBUHM CTPHOOK IIO-
TEHIISUIY 1 BCTAHOBITH il 3B'I30K 3 POOOTOI0 BHXOJAY €IEKTPO-
1300 3 (50 2V) | T T 135
41
[TokaxiTh, III0 MK ABOMa PI3HUMH METAJAMU BHHHKAE 30B-
HIIIHS PI3HULE [MOTEHIISUIIB 1 BCTAHOBITH BHUpPAa3 JUIA L€l PI3-
HUL THOTCHITISITIBE . .« e eutees ettt eanseeeeaneeeeannseseanseeeeanseeens 136




(117)

BBakarouu BUIBLHI €JIEKTPOHU B METAJ KJIACHYHUM EJIEKTPOH-

(118)

HHM ra3oM, IMOKaXIThb, 110 MK JIBOMA PI3HHMHU MeETaJlaMU BH-

HUKAE€ BHYTPIIIHS PI3HUIL MOTEHIISUIIB 1 BCTAHOBITH, K BOHA

3aJIE)KUTH Bl KOHIIEHTPAIN BUILHUX E€JIEKTPOHIB V IIMX META-

s

143

BBaykarouu BUIbHI CJIICKTPOHHU B METaJIll KBAHTOBHUM CICKTPOH-

(119)

HUM Ta30M, BCTAHOBITH 3aJIE)KHICTh BHYTPIIIHLEOT KOHTAKTHOIL

pI3HHUII MOTEHIUSUIIB BiJI KOHIIEHTpAIll BUIbHUX EJIEKTPOHIB V

I~

140

Y cTaHOBITh BHpa3y JUISI KOHTAKTHOI PI3HUIN HOTEHINSUIIB SIK B

(120)

KJIACHYHIN, TaK 1 B KBAHTOBIN MOJEIAX 1 BCTAHOBITH HEPIIUN

[op)

141

JloBemiTh Apyruii 3aK0H BoybTa: SKIO IMOCIIIOBHO IIPUBECTHA

(121)

B KOHTAKT 0arato pi3HUX METAIIB, sIKi IepeOyBaIOThH 34 OJIHA-

KOBOI TEMIIEPATYPH, TO PI3ZHUIL HOTEHINATIB MK KpalHIMHA

MCTaJIaMHU HC 3aJICKHMTD BiI[ TOIO, K1 _caM€ METaJd BKJIOYCHI

K OPOMDKHI YV IILOMY 3’ €QHAHHI, a 3aJIEKUTh JIMILE BT TUITY

N

142

(122)

[co)

142

Tema 9. SIBUIAa B KOHTAKTAX JABOX HANIBIPOBIIHUKIB Ta

HANIBIPOBITHUKA 3 METAJIOM

[losicHITE MeXaH13M BUHHKHEHHS OJTHOCTOPOHHBOI IIPOBITHOCTI

(123)

|go

144

[TokaXiTh, [0 KOHTAKT METAIY 3 HAaIIBOPOBLIHUKOM MOYKE K

B
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(124)

MaTH OJHOCTOPOHHIO IPOBIIHICTE, TAK 1 11 HE MaTH: 3aJIEKHO

(125)

(126)

(127)

(128)

(129)

(130)

B1Jl IPUPOAHU IILOI0 METAIY 1 HAIIBIPOBIIHUKAT. .o 'nnnnnnns. 146
52
Tema 10. TepMoeaeKTpHUUHI IBHIIA
[TokaxiTh, 10 SKIIO KOHTAKTH (crail) TepMorapu rnepedoyBaroTh
3a DI3HUX TEMIEPATyp, TO MK HUMHU BHHHKAE EJIEKTPOPY-
[IHA CUJjIa, IKa OPOHOpIliiiHa 10 i€l pI3HUII TEMIIEPATYP:.. ... 147
53
3’scyiite npupony edekry IlelbTbe Ha OCHOBI KJIACHYHOIL
TeOpli €IEKTPONPOBIAHOCTI METAIIB Ta 3HANIITE CIIOCIO eKCIIe-
PUMEHTAJILHOI0 BUMIPIOBAHHS TEILUIOTH [1edbTh€s. . ovunn....... 154
8
3’scyiite npupoay edekry ToMCOHA 1 BKaXKITh Ha CIIOCIO €Kc-
[IEPUMEHTAIBLHOI0 BUMIPIOBAHHS TEIIOTH TOMCOHA:. . ...... 149
56
Tema 11. EleKTpHYHMIi CTPYM V BaKYYMi
JloBemiTh, 110 aAperdoBa MIBUAKICT EIEKTPOHIB MK KaTOIOM 1
AHOJOM Y BaKYYMHOMY JI10Jll € MPaKTUYHO HE 3aJEKHOI0 Bl
) £210000 0 O PP U 151
58
[HosicHiTh npupoay BoabT-aMIepHOi xapakrepuctuku (BAX)
BaKYYMHOT'O JIi0JIa 1 30KpeMa CTPYMY HACUYCHHS:. . ............ 152
8
Ha ocHOB1 KJ1acH4YHOI TEOpil €JIEKTPOIIPOBIAHOCTI BCTAHOBITH
3aJISKHICTh I'YCTUHU CTPYMY HAaCHUYEHHSI V BAKYYMHOMY 101
BiJ TEMIIEpATypH KaToJa Ta pOOOTU BUXOJY €JIIEKTPOHA 3 Kaka-
T0Ja (popMyna PIYapaCOHA)s. .o eiiiiieeeieiinnnnnns.. 153
60
Ha ocnoBi dopmynu Pigapjcona-JlenmmMaHna moKaXiTh, SK 3a
JIOTIOMOI'0I0 _€KCIIEPUMEHTAILHOI 3aJI€KHOCTI T'YCTHHHU CTPYMY
HACHYEHHS BJl TEMIEPATYPU MOKHA OOYMCIMTH poOOTY BHXO-
IV (S9N 010)5 R DY (1 ¥: 1) | T 154




Tema 12. EqekTpUYHUNA CTPYM B piiHAX

61

(131) Hasenith exkcepuMeHTaANIbHI (HAKTH, SIKI CBIAYATH, 1110 HOCISIMU
CIICKTPUYHOT'O CTPYMY B CIICKTPOJITAX € MOHMs. . vvvvvrenenne.n. 156
62
(132) IlosicHITE MEXaAHI3M E€JIEKTPOJITHYHOL JIUCOIAiz. . uuune. ... 156
3
(133) Busenite hopmyiy po3urnHeHHs OCTBAIBIA TA TPOAHATIZVITE
11 B TDAHMYHMX BUITAITKAX . - e e vneeee et eeeeeeeeenneeenneeeneeenneee 157
63
(134) TlokaxiTh, IK HA OCHOBI 3aKOHY ejekTponizy Papajsies MoKHA
JIOCJIIJIHUM IIJISIXOM BU3HAYHUTHU 3aPsJI €JIEKTPOHA:s. . .......... 165
8
(135) IlokaxiTb, [0 BHACJIJIOK HArPIBaHHS OIIpP €JIEKTPOIITIB 3MEH-
104%(300 303 T U 159
66
(136) JloBemiTh EKCIEPUMEHTAIILHO, 10 PYXJIMBICTh OVIAbL-IKOTO HO-
Ha B €JIEKTPOJITI Majioi KOHIIEHTpAllll HE 3aJIC)KUTH Bl HasB-
HOCTI B HbOMY THIITFX FOHIBE. . tttteeteeeeeseseeesesssssssssnnnnns 160
e
Tema 13. KoHTaKTHI SIBHMIIIA MiK MeTaJIaMM Ta eJeKTPOJli-
TramMu
(137) TlokaxiTh, 1110 SKIIO 3aHYPUTH METAJI V BOJLY YU YV BOJAHUMN DO3-
YUH COJI I[bOr0 METAIY, TO MK METAJIOM 1 PO3YMHOM BHHHKAE
DIBHULIT TIOTCHIIISIITIB . « . e e e veeeeeeeeeeeeeeeeeneaeeeenneeennnnsnns 163
9
(138) ITokaxiTh, IO OPOLIEC BUMIPIOBAHHS €JIEKTPOXEMIYHOIO [IOTE-
HINSIY HEMUHYYE BIJIMBAE Ha BUMIPIOBAHY BEJIUYHMHYVx......... 163
was)
(139) ITokaxiTh, K 33 JOIOMOI'OI €TAJIOHHOTO BOJHEBOIO €JIEKTPO-
Ja MO>KHa BUMIPIOBasTH ejekTpoxeMiydi 164
MOTEHINAM . . e eennne... *
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(140)

[TokaxiTh, 1110 B 3aMKHEHOMY KOJII 3 HOCHIAOBHO 3’ €IHAHUMHU

(141)

MeETaJIaMU Ta €JIEKTPOJITAMH, PI3HHUI ITOTEHIUSIIIB MK OV/Ib-

SIKUMHU 3 HUX HE NOPIBHIOE HVYJIEBI (HA BIIIMIHY B1JI 3aMKHEHOTO

KOJIa CKJIAQJEHOr0 3 METaJIB), TOOTO B TAKOMY KOJII BHUHUKAE

(142)

(143)

(144)

(145)

(146)

(147)

) PP 165
12
[TokaxiTh, 1110 MK JIBOMA €JIEKTPOJITaAMH PI3HHUX KOHIIEHTPA-
11, PO3AIJICHUX MOPHMCTOI0 MEPErOPOJIKOI0, BUHUKAE PI3HUIISL
IMOTEHIISUTIB, 1 BCTAHOBITE BUPA3 JUIA 1€l PI3HULI HOTEHISUIIB
(bopMYIIA HEPHCTA)wu v e vttt ittt et iiiiieeeeeeiannneeeeeeenns 166
+3
Tema 14. EnexkTpuuHmii ctpyM B razax.Iliazma
Y cTaHOBITh 3aJI€KHICTh I'YCTUHH CTPYMY HACHUYEHHS B1JI IIIBU-
JIKOCTI reHepaiiii oHIB Ta JOBXKHUHU TPYOKH, 1 MTOKAXKITh, 110 34
HECAMOCTIMHOTO PO3PSAY 3a MAJIUX HAIIPYT BUKOHYETHCS 3aKOH
Owma, a 32 BEJIMKUX HAIIPYT CTPYM JIOCSITA€ HACUYCHHSx. . ......... 169
+6
Y CcTaHOBITh 4YacOBY 3aJIEKHICTh KOHIIEHTpaIlli WOHIB Yy ra3o-
PO3PSIHINA TPYOIll HiC)Isi BAMKHEHHS MOHIBATOPAT . oo eennnnnnn... 171
8
BcTaHOBUTH 3a/1€)KHICTE CHIM CTPYMY Ta IIOTOKY €JIEKTPOHIB
B1JI BIJICTaHI B €JIEKTPOHHII JaBUHIMHE, SKa Ma€ MICIl€ B CaMO-
CTIHHOMY 172
o0k 03 01| O 9
Y CcTaHOBITE YMOBY CaMOCTIMHOI'O pO3psAy, TOOTO YMOBY, 3a
SIKOI CTpYM OVae HIITPUMYBATHUCS YV BUICYTHOCTI 30BHIIITHBOTO
1(0) 3 1T § o) o Y- R PPN 174
81
IlokaxiTh, III0 32 HU3BLKOIO THCKY ILIa3Ma € OJIMKYOIO JIO He-
130T€PMIYHOI, a 32 BUCOKOI'O — J0 130TE€PMIYHOIs. . ............ 175
83

BcTaHoBITE 3B's130K J1e0aIBCHLKOI JIOBKHUHH 3 TEMIIEPATYPOIO Ta
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(148)

(149)

(150)

(151)

(152)

(153)

(154)

24
Ha ocHOBI npunymeHHs 1Ipo (uaykTyalui 3apsjy B Iuia3Mi Ta
BUpa3y JUIs Jie0aiBCBbKOI JIOB)KMHH BCTAHOBITH BHpa3 JUIs
IJIA3MOBOT (JICHTMIOPOBOT) YACTOT R .o et ttteeeeeeeeeeeeeeeeeeeeensnn 178
6
BBajkaroun pyxX €JEKTpOHA B IIa3Mi NI JIIEI0 CICKTPHUYHOIO
[10JIs1 PIBHOMIPHUM, MOKAXKITh, 110 JUII CTPYMYVY B ILIa3M1 BUKO-
HyeThCca 3ak0H OMa 1 BCTAHOBITH BHUPA3 JUIS IIUTOMOI €JIEK-
TPOIPOBLIHOCTI TIJTABMUE. 1t vvvee e eeennnsneeeseeeannnsneeeeeeennnneees 178
6
Po3aia III. MarHeTHe moJie
Tema 1. 3akon Amnepa. Inaykuiss MmarueTtHoro moJs. Ilpo-
BiIHMK 3i CTPYMOM Y MArHeTHOMY IOJIi
3HANIITh METOJI OOYMCICHHS CUJIH, SIKA JII€ 3 O0OKY MAarHeTHOTO
10JIs1 Ha IPOBIIHMK 31 CTPYMOM JIOBUJIBHOI (DOPMH:. . ........... 182
96
VY CcTaHOBITh, IK 30PIEHTYETHCS BUIBHUI KOHTYP 31 CTPYMOM B
OJTHOPLTHOMY MATHETHOMY TTOJTIT. e e eeeeennnneseeeeeeeeennnannns 183
91
3HalaITE BHpa3 JUIS MOMEHTY CHJIM, SKHH 0o0epTa€ KOJIOBHM
KOHTYp 31 CTPYMOM V BHIIQJKY, KOJIHM ILIOIIMHA KOHTYpa
napajeiabHa JI0 JIHIA MATHETHOL 1THIYKII =, oot eeeeeaaaaan.. 184
92
3HAlOITh CHIIY, sKa po3rsarac (CTHCKAac) KOJIOBHHU KOHTYD 31
CTPYMOM, MarHeTHHM MOMEHT SIKOT'O IapajieJIbHUKA (aHTUIIapa-
JIEJBHUN ) IO BEKTOPA 1HAVKINT OJHOPIAHOIO MArHETHOro moJist. 185
93
[TokaxIiTh, 1110 MOKJIMBUI CTAH PIBHOBArH KOHTYPA 31 CTPYMOM
3a_aHTHOAPAJEIbHOI0 HAIpsAMy HMOTr0o MarHETHOTO MOMEHTY
1100 HAOpsIMy 30BHIIIHBOrO OJHOPIJIHOIO MAarHETHOI'O ITOJIs,
[IPOTE, [IEN CTAH PIBHOBATH HE € CTIMKHAMz. ¢t vevunneeeeeeennnnnnee 186
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(155)

[TokaxiTh, 110 B HEOAHOPITHOMY MArHeTHOMY MOJII KOHTVYD 31

(156)

CTPYMOM HC Ha6vz[e CTaHy CIIOKOIO, a 6VI[C HeDeMiH_IVBaTI/ICH B

94

(157)

(158)

(159)

(160)

(161)

(162)

(163)

00JIACTD CHUIIBHIIIOTO TTOJISx. « v et ttnnseeeeeeeeannnseesesessnnnnees 187
95
3HalIITh BUpa3 JUId BEJIUYUHH OPOITAILHOTO MAarHETHOIO MO-
MEHTY CHCKTPOHA B QTOMIS. . euutuseeeeeeeannnsneeeeeeennnseeens 188
96
YcTaHoBITE BHpa3 JUIsi MarHeTHOrO MOMEHTY PIBHOMIPHO
3apA/KEHOr0 3apaJoM (] _CTep:KHA JOBkKHMHOKW L, Akmit 06ep-
TAETHCS 3 KYTOBOKO IIBUJIKICTIO (... teeteunnnnnnseeseeeeeennnnns 188
o 9+
Tema 2. 3akon bio— CaBapa—Jlamjaca
VY CcTaHOBITh KapTHHY €HAOBHX—IIIHINA 1HAYKIII MAardeTHOIO
OJIs IpsIMOTO, KOJIOBOT'O Ta cojieHoigHoro 191
CTDYMIBE. . eeeeeeeeeeanneeeaess 9
Y cTa"HoBITh BUPA3 JUISL 1HAYKIIT MAarHETHOT'O HOJIsI, CTBOPEHOTO
B JIOBUIBHIM TOYIll MPOCTOPY HOPSIMUM HECKIHYEHHO JIOBI'HM
MPOBIITHIKOM 31 CTPDYMOMS .« uutseeteeeennnseeeeeeeeannnneeeeeeenns 192
200
Y cTa"HoBITh BUpa3 s 1HAVKIIT MArHETHOI'O II0JI Ha OC1 KOJIO-
1:10) RO N o 4 00 A A T 193
20
Y cTaHoBITh BUpa3 Ul 1HAVKINI MAarHeTHOI'O I10JIA Ha OCl IJI0C-
I NN 0N) (S35 (0) i t: PP 195
20
YcTa"HoBITh BUPA3 JUISA 1HIVKINT MAarHeTHOI'O I10JIs HA CEPEanHI
0CI HOPMAJIBEHOTO COTEHOT AT + e et ttnnneeeeeeeesnnnnneeeeseannnns 196
204
Y cTaHOBITh BUpA3 JUISL 1HAVKIIT MArHETHOT'O I10JISI, CTBOPEHOTO
TOYKOBUM 3apAJIOM (|, AKUM PYXA€TbCA 31 MBUJIKICTIO Vs..... 197
a 206
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(164)

3HalITE crIociO BU3HAYEHHSI TOPU30HTAIBHOI CKJIAI0BOI Mar-

(165)

(166)

(167)

(168)

(169)

(170)

HETHOTO 1oJist 3eMJli 3a JIOIIOMOT'OI0 TAHI'€HC-TrajlbBaHOMeTpa. 199
264

Ha ocnoBi 3akonHiB Amnepa ta bio-Capapa-Jlamiaca JIOBEIITh,

1[0 JBa MapajieibHl MPOBOAM 31 CTPYMaMH OJHOTO HampsAMYy

IPUTATAIOTHCS, & IPOTHIEKHUX — BIAIITOBXYIOTBCS s oo eeen...s 200
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, n
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L i1 i=1
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3HAlIITh BUIHOIIEHHS OPOITAIBHOIO MArHETHOIO MOMEHTY
CIICKTPOHA B atomi P, 10 HOro opOiTalbHOrO MOMEHTY iMiM-
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JIOBE/IITH, 110 HA MEXI1 JBOX MArHeTHKIB HOpMaJibHA CKJIAaJ0Ba

BEKTOpa THIYKITIT He 266
3V 105000130 § X0} SO 5
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HaNPY>KEHOCTI He 264
1 8050201304 3o U 7
(225) BuBeniTh 3aKOH 3aJIOMJICHHS CWJIOBMX JIHIM Ha MEXi JBOX
MATHCTHKIBE .+« vt e e etnee e ettt eeeteeetanseeeaseeeaaseeeeaaseeeennns 264
. 8
(226) PoskpuiiTe IpUpOay BUHMKHEHHS €JIEKTPOHHOIO HapaMarHeT-
HOTO pe30HAHCY (EITP)r..uvei it iiiieeiieeeennses 269
+9
(227) Po3kpuiiTe Npupoay SJAEPHOTO MATHETHOrO pe3oHancy (AIMP). 271
81
(228) PoskpuiiTe npupoay BUHUKHEHHS LMKJIOTPOHHOIO Ta MarHe-
TO(DOHOHHOTO PE30HAHCY (I1P Ta 278
M®P)e i, 1
Po3gia_|V. EjdekTpuyHi _KOJHBAHHSA i _eJeKTpOMAr-
HeTHI XBHWJIi
Tema 1. 3MiHHUH CTPYM
(229) Ha oCHOBI 3aKOHY €JIEKTPOMATrHETHOI IHAVKI1 BCTAHOBIThH 4Ya-
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[IOKaQXITh, 1110 Ha AUISHIN KOJIa 3MIHHOI'O CTPYMYV, IIIO MICTHUTH

KOHJICHCATODP CWJIa CTPYMY B HOPOBIIHHUKAX JIOPIBHIOE CHIII

(259)

(260)

(261)

(262)

(263)

(264)

CTPYMY 3MIIIEHHS MDK oOkmaakamu 308
KOHJCHCATOD s v v eeeennnnn. 19
[TokaxiTe, 10 3 piBHSIHL MaKcBeJIa BUILUIMBAC XBUILOBE DIB-
15205050 O TP 320
. 9
JloBemiTe, 1m0 Ovyab-gka (GYHKIUS apryMEHTOM SKOi € x—ut
abo x+ut € pO3B’SI3KOM xBuipoBoro 91l
100013 6:0516F; OO 22
IIpencraBre piBHAHHS €JIEKTPOMArHeTHOI XBWJl YV BUIJISIL
E=FE,SIN(KX= @ )zeeuieieiiiiiiiiiiiiiiiiiiiiiiiiiiieiieiee, 312
3
Ha ocHOBI 3aKOHY IIOBHOI'O CTPYMV B audepeHIlsanbHii
dbopMi _ JTIOBEJIITh, IO BEKTOPH E 1 E B3aeMHO- 914
HOPMAJIbHIz. .o eeeennnn... 25
Ha ocHOBI J1BOX piBHSIHL MakcBena, a caMe 3aKOHY €JIEKTPO-
MAar"deTHOI 1HAVKINI Ta 3aKOHY ITIOBHOTO CTPYMYVY 3HAUIITH YHUC-
JIOBE 3HAYEHHS IIBUJKOCTI €JIEKTPOMArHETHOI XBWJI V BaKy-
N T PP 315
e 26
Ha ocHoBi 1BOX piBHSHL MakcBena, a camMe 3aKOHY €JIEKTPO-
MardeTHOi 1HJAYKIIi Ta 3aKOHY IOBHOI'O CTPYMY 3HAMIITh
BUpa3 JUIA [MIBUAKOCTI €JIEKTPOMAardeTHOI XBUiIl B cepenoBuiy. 318
29
Ha ocHoB1 (hopMyJI JUIst TYCTUHU €HEPrii eJIEKTPUYHOrO Ta Mar-
HETHOI'O ITI0JIIB 3HAWJITh BHpPa3 MOTY;KHOCTI KA IPHUIIAJac Ha
OJIMHHUIIIO IUIOII dbpoHTY elexkrpomargeTsoi 319
XBUJr. e e eneeneennss 30
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AJdaBiTHHIT NMOKAXKYHUK 03HAYEHDL (Di3HIHUX ABHIIIL,

pizuYHUX NOHATL, GIZHYHHUX BeJUYHH, CHCTEM H NPUJIAAIB

Dizuuni asuma

A

AxtuBHUM onip 274

B

BropunHa enekrporHa emicis 168

3

3racajibHi KoJiuBaHHsA 294

|

IanykTuBHUN onip 274

Bzaemoinaykmist 225

Buachi xosmmBanus 294

r

I"apmoHiuHi KonuBaHHs 294

E

Enexrpoctpukiiis 58

Enexrperauii edexr 58

Enextpuunauii ctpym (Haimi: ctpym)

K

KBazicramioHapHe K00 3MIHHOTO

cTpymy 274
Koediient tpancdopmarti 275

M

MargeTtoorip (MarHeTope3nucTu-

BHHH edekr 210

Mexanomaraetauii edexr (Edexr

85
Edexr Nomta 210
Enexkrpomarsersa iHaykiis 225

EnekTpoHHUN nmapaMarHeTUYHHI

bapnera) 244
MarseromexaHiqyauil edekt (edhekT

Einureiina-ne-1"aaza) 244

MaraeToOHOHHUI PE3OHAHC

pe3onadc (EITP) 244

(MODP) 244
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EdexruBHe (niroye) 3HAYCHHS

3MIHHOTO CTpyMy 274

Edexr 3eebeka (tepmoedekTpruy-

H
HecamocTiiiHMil ra30BUil  pO3PIII
168

auil edbexr) 146
Edexr [Henstne 147
Edexr Tomcona 147

€

€MHicHUM omip 274

P

Pe3onanc manpyr 275

Pe3onanc ctpymiB 275

Penaxcartiiiai konuBanus 294

C

CaMOoCTIMHUN Ta30BUN po3psi 168

CamMolHaykIis 225
Ckin-edekr 226
CuHycoinHuil 3MIHHUN cTpyM 274

I

Tonsgpuzans aienekrpuka 58

IT’e30enexkTpuynmii edexrt 58

IMoBHuit onip 275

Buxposi ctpymu (ctpymu Dvyko)
226
BinHocHa MarHetHa HOPOHUKHICTH

maraeruka 246

Buxpoge enexrpuune nosie 306

Bekrop Ilowtiara 307

r

I'panienaT ckansspHoi Beanynau 50

['ipomarueTHe BigHoleHus 244

I

Huknorpouuuii pesonanc 210, 244

A

SAnepHuii  Mar"HeTHUUW DPE3OHAHC

(AAMP) 244

Di3uuni nonamms:

A
Axnenrop 125

Antudepomaraetuk 246

[apMoniunuii ocrmisaTop 295

|

JlieaekTpuk 58

Jpeidosa mBuakicts 85

JloMimIkoBa OpOBIIHICTH HAITIBOPO-

Bignmka 125
Jlipka 125
Honop 125

JlebaeBCchKa JIOBXKMHA 168

JliamaraeTtux 245

J10OpOTHICTH KOJIUBAJIBLHOIO KOHTY-
pa 295
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B

BiiacHa mpoBiIHICTH HAIIIBIIPOBII-
Huka 125
BinpHa 30Ha (1HAKIIE 30HA OPOBLI-

Hocri) 125

BasienTHa 30Ha 124

BayTpimiHsg pIi3HUL  TTOTEHIUSIIB
135
Boauesunii enexrpon 161

Exexrpouit 155

Enexrpomituuna aucoruarig 155

Enexrposiz 156

Enexrpoxemiunnii noreHis 161

Exement ctpymy 181

EdextuBHa Maca BIJIBHOIO EJIEKT-

poHa B TBepAoMY T 246

K

JKopcTkuil unons 24

3
3abopoHeHa 30Ha 125

30BHIMIHSA DI3HUILE  [OTEHIISIIB

E

Enexrprnunuii 3apsg 8

Enemenrtapuuii 3apsi 8

Enexrpryne nosue 13

ExBinoreHiiaibaa nosepxus 50

Enexrponnuii ra3 114

Exepris tonizaiii noropa 125

EHepris aktuBaii akuenropa 125

JlorapuT™MI4YHUN JEKPEMEHT 3ra-

caHus 295

M

Marsnetse nose 181

MarseroH bopa 244

MarserHuii ricrepesuc 245

MarHeTHa COPUWHSTIIMBICTE Mar-

HeTnka 245
MarseropvuriitHa cuiaa 306

Muoxuuk Jlanne (g - daxrop) 246

H

Henousipuuii mienektpuk 58

135

|

I30Tepmiyna asma 168

IneanbHuil  KOJMBAJILHUN KOHTYD

295

K

KouBekiiiauii ctpym 85

KoedimieHT KOpUCHOT mii CHOXKHU-

Hamisoposigauk 125

HamBopoBITHUK N-TUITY IIPOBIIHO-
cri 125

HaniBupoBigHUK P-TUIIY OPOBIJIHO-
cti 125

HopmMmainbHa koHLeHTpaitis 161

Hopmanpuuii EJIEKTPOXEMIUHUI

noreHmis 162

Heizorepmiuna ruiazma 168

HamarueueHicts (BEKTOp HaMapHE-
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Baua ctpymy 109

Koporke 3amukanasg 109

Koedimient qucorgari 156

JI

JIiHI  HAIpPVKXEHOCTI  €JIEKTPUY-

HOI'0 moJjs (4 cyiioBa JiHisg) 13

JliniiHa Hanpyra 275

ITorentisnepae none 47

Tonsgpauii nienexkrpuk 58

[loreHIisinbHA €Heprig 3apsaay B

JMaHIA TOYIl EJEKTPUYHOI'O IT0JIS
80
ITocriitHul eTeKTpUYHu cTpyM 85

[ToBepxHeBHI CTpUOOK MOTEHILIATY
135

[Tma3ma 168

[ToTik BekTOpa MarHeTHOI 1HAVKINL
201

[IuTomuii 3apsa yacTuHKU 210

IMTapamaruetuk 245
p-n- nepexix 125, 144

P

Potop BexTopa 47

PobGora Buxoay
metany 135, 151
Pisusgung xBwii 306

CJIICKTpOHA 3

C

CerseroesieKTpuk 58

CtpyMm nossipusatii 85

yeHocTi) 245

(0)

OpOlTaJIbHUA MArHETHUH MOMEHT

eliekTpoHa 244

I
IMpoGHui 3apsi 13

ITneye nunoss 24

Ctpym 3mimenss 306

T

ToukoBuii 3apsig 11

ToukoBuil gumnons 24
Touxka Kropi 245

()

depomaraeTuk 245

Depumarnetuk 246

®dazua Hapyra 275

X

XBUILOBE piBHAHHS 306

1
Hupkyssiisg 47,201
Iuxmorponna yactora 210

e |

Yacrora Jlapmopa 245

11

[HTupunHa 3a00poHEHOT 300U 125
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CrpyMm HacuueHHs 85, 151, 168
Cuna Amnepa 181

CunoBa JIHIS MarHeTHOTO IIOJIS
181

Cuna Jlopenma 210

CroiHOBUMl  MArHeTHUW  MOMEHT

enekTpoHa 244

CriHoBe T'ipOMardHeTHe BiIHO-

menns 245
I'yvctuna ctpymy 85

A

JInnossHNi MOMEHT 24

E

Enexkrpuynuii 3aps 8

Enexkrpuyna inaykiis 30

EekTpoeMHICTh BITOKPEMIIEHOTO

npoBiTHUKA 69

Enextpuunuii onip nposiaganka 93

Enexrpopymiiiga cuna 103

1

Iaaykiis margetsaoro moss 181

IHAYKTHUBHICTH NIPOBIAHUKA 226

JI

JliHiliHa, HoBEpXHEBA 1 00’ eMHA

T'YCTHHA 3apsany 8

M

MarseTHui MOMEHT 3aMKHEHOT'O

ctpymy 181

Dizuuni eeauyuunu

B

BinHocHA JieneKkTpuyHa CIIPUNHAT-

JIMBICTH 59
BinHocHaA aienekTpuuHa NPOHUKHI-

cTh 59

r
I

[Totik enexTpuuHoi 1HAYKIT 30

[oTeHIs1 eIEKTPOCTATUYHOIO

oyt 42
[Monapu3oBaHICTE OKPEMOI  MOJIe-

Ky 58
[Tossipu3oBaHiCTh HieaeKkTprka 58

[Turomuii omip opoBigauka 93

I[Tutoma enexkTpornpoBiAHICTE 93

P
Pizauig norenmisuis 42

PyxnuBicte HOCiA 3apsany 94

C

Cuna ctpymy 85

T

TemnoeparypHuil KOe(dIiiEHT OIIOPY
94

X
XemiyHuil noreHiisur 125
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H

HaHDV)KeHiCTB CJICKTPHUYHOI'O ITOJIA
13

0)

00’eMHA I'YCTHHA €HEPTI] EJIEKTPU-

yHOro nmoJjist 81

r

l"anpBaHiuHuii enemMeHT 162

lanpBaniunuii  enemedT Bosbra
162
lanpBaniunuii  enemedT JlaHiens

162
I'erepaTop 3MiHHOTO CTpyMY 275

|
Jlunons 25

JomarkoBuii onip 95

K

Koungencarop 69

KonmBansuuii KoHTYp 295

M

Marsertsa crpiiika 181

Mac-criekrpomerp 211

MarseToriipoaMHaMIqYHHI

reaeparop 211

H

Hamisoposinaukosuit mox 144

Diz3uuni cucmemu i npuiaou

A
Axymyisitop 162

ACUHXPOHHUI IBUTVH 275

B
Bakyymanii miox 151

C
Cencop ['omuma 211

T
Tpausucrop 144

Tepmoniapa 147

Taurenc-raaseanometp 190

Topoin 190
Tpaucdhopmarop 275

()

Drokcomerp 226

I

HIynT 95
TIlocmynamu

3
3aK0H 30epeKEHHS EJIEKTPUUYHOTO
3apsay 1
3akoH Kyinona 10
3akoH Oma 94

3akoH Amriiepa 182
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Hopmanpauit  enemednT BectoHa

3akoH bio — CaBapa - Jlamraca 190

162
Hopmanpuuii coneroig 190

I

[TaguBHuii eement 162

ITinockuit conenoin 190

[IpuckoproBay 3apsyOKEHUX YaCTHU-

Hok 211

M

Metan ckiaagacTbesi 3 HWOHIB, SKI,

KOJIMBAIOYHUCHL OIS CBOIX BYV3JIB

VTBOPIOIOTH KPUCTAJIINYHY TPATKY

Ta BUILHUX EJEKTPOHIB, Kl Xa0-

THYHO PYXAIThCs V KpucTtaimi. 115

(0)
Omnip NPOBIAHUKA HPAMO IIPOHOP-

IIWHUKA 10 MOro JOBXKHWHHU 1 00ep-

HEHO OPOMOPIUWHUKA 10 HOro

U0 MOIIEPEYHOT0 nepepizy. 95

I

[IpuHIMI IHBAPISTHTHOCTI 3apsaay 8

I[TpuHIMI KBAHTOBAHOCTI 3apsany 8

[TpuHnmn cynepnos3uiii  e€JIeKTPU-

qHUX 11odiB 18

[MpuHimn diHIHHOL CYHepro3uIil

MargeTaux noyis 190

3aKOH €eJIEeKTPOMArHITHOT 1HIYKIOT
(Dapanes) 226
3aKkoH €eIeKTPOMArHITHOI 1HIYKINL

(Maxkcseia) 226
3akoH moBHOro crpymy 307

ITix yac 3iTKHEHHS EJIEKTPOHA 3

BY3JO0M KPHUCTAJIIYHOI I'DATKU €JIEK-

TPOH HUIKOM HOEpeaac MOMY CBOIO

eHepriro aperidhosoro pyxy 115

C

CyKYOHICTh BUIBHHUX €JEKTPOHIB VY

METaJIl TPAKTVETHCS SK 1IeaIbHUN
ra3 115
Cwiia CTpyMy B IPOBIAHUKY TIPSIMO

OPOIOPIIIHA 10 PIZHUII HOTEHIIS-

JMB (HAIpyru) Ha KIHIEX [HOrO

opoBiHUKaA. 94

T
Teopema npo HI/IDKVJ'ISIHiIO BCKTOpa

Margersoi iaykmi 201

Teopema Octporpaacbpkoro-I'ayca

U1t Maraetsoro mnous 201
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IMeHHNH MOKAKYNK

A
ABoraapo 124

AitHinraity 263

Awmnep 181, 182-184, 186-187
Apximen 14

Apeniyc 156

b
bapuer 244, 263
BerinOpimk 220
bio 190, 191, 193,
boasnvan 121, 131, 167, 166,154
borycnascbkmii 152
Bbop 244, 248, 249

B
Bigeman 120
Becron 162
Bosbra 141-142,162, 166

L
Tayc 30, 32, 33,207
Toun 210-211, 222-223, 224

['potryc 156

|
Jlaniens 162
JIrosionr 123
Jlemman 154

Jlipak 154
JIx-Tas3enma 168

[le-T"aa3 273

Jxoyap 111-113, 120, 149, 150
3

3eebek 146
K

Kymon , 10, 11,1215
Kapenim, 12

Kipxrod, 107-109240-241, 279-
280, 299, 306

Kiasziyc 156

Kiopi 245, 262

JI
Jlanmac 51, 190, 191, 193
Jlenr 111-113, 120, 149, 150
Jlearmrop 152,174,185
Jlopenir 210-211, 213
Jlanne 246, 250, 271
Jlapmop 244-245, 254, 256, 270-
271

M
MinikeH, 14
Makcgen 226, 229, 309, 311, 315,
318

H
Heroron 101, 118, 120, 182
Hepuct 165, 166, 167
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o C
Octporpaacekuii 30, 32, 33,207 Casap 190, 191, 193

Owm 95-96, 98-100, 103, 105, 240, Crokc 49, 158-159, 205, 235, 307
279, 284 Crroapr 115, 118
OctBanpa 157-158 Croneit 159
11 T
[Tnank 248 Tonmen 115,118
[Tyaccon 54 Tomcon 147, 149-151, 219
ITeri 123
[lenwthe 147, 148-150 @
[TotiTiar 307, 320 @ik 101-102
dyp’e 101-102
P ®panir 120
Pigapyacon 153-155 Ddepwmi 154
dapaznei 158 -159, 226
dyko 226, 233
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