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I'nasa 1. EJIEKTPUYHE I1OJIE ¥ BAKYYMI

§ 1. EnexTpuunuii 3apsaj

Bci Tina B mpupoii yTBOpeHi 3 aTOMIB 1 MOJIEKYJI, 5IK1, B CBOIO Yepry, CKIadaloTh-
cs1 3 si7iep 1 €IEKTPOHIB, 1[0 MAIOTh €JICKTPUUHUHN 3apsil.

Enextpuunuii 3apsj, moaiOHO 10 MacH, € BIACTUBICTIO €JIEMEHTAPHUX YaCTUHOK,
iX BHYTPIIIHBOIO XapaKTepUCTUKOIO. Enekmpuunuii 3apao — eeauuuna, uwjo 6u3Havae
[HMEHCUBHICIb e1eKMPOMAZHIMHOL 63AEMOO0TT 3APADHCEHUX YACIUHOK.

Po3pi3HsAI0Th 1Ba BUAM €IEKTPUUHUX 3apA/IiB, YMOBHO Ha3BAHUX NOZUMUSHUMU |
Hecamuenumu. ENEKTPOHH € HEraTUBHO 3apsIPKEHUMH YaCTUHKAMU, a IPOTOHH, 110
BXOJIAThH JIO CKJIaJy aTOMHOTO sijipa, — MO3UTUBHUMU. OTHOMMEHHI 3apsu (3apsau OJ1-
HOTO 3HaKa) BIAMITOBXYIOTHCS OJIUH BiJl OJHOTO, PI3HOMMEHHI (3apsIy PI3HUX 3HAKIB) —
PUTSTYIOTHCS.

HaliMeHInii 32 BEIMYMHOIO €KCTIEPUMEHTANIbHO BUSIBIICHU B PUPO/IL 3aps]l —
1€ 3aps]] €JIEKTPOHA

Je = —é; e~1,610 ¥ K (1.1)

EnexTpuunuii 3apsij, 1110 JOPIBHIOE e, HA3UBAETHCA elemMeHmaptum sapsaoom. Ho-
CISIMH €JIEMEHTapHUX 3apAJlIB 1 HEUTpaTbHUMU, TOOTO TAKUMHU, 3aps SIKUX JTOPIBHIOE
HYJIIO, € TaKl €JIEMEHTApHI YaCTUHKHU (Tadnuus 1):

Ta6muis 1.
te MIPOTOH, MO3UTPOH ,
MO3UTHBHUHN MIOOH Ll *, TOBUTUBHUH MOH T *
—e AJIEKTPOH, aHTUIIPOTOH,
HETaTUBHHUUI MIOOH |l ', HETATUBHUU MMHOH T ~
0 HEUTPOH, HEUTPUHO, POTOH, HEWTPAIBHBIH MiOH T °

B K0)XHOMY aTOMi CyMapHUil TO3UTUBHUMN 1 HETATUBHUMI 3apsId OJTHAKOBI, TOMY
B Oy/Ib-SIKOMY €JIEMEHTapHOMY 00'eM1 Tijia anreOpaiuHa cyma 3apsiB JOPIBHIOE HYIIIO.
Bnacni1ok 1poro Tijia € e1eKTPUYHO HEUTPATbHUMU a00 He3apsIKEHUMHU.

Opnak, SIKILO BIJIPBATH €JIEKTPOHU BIJl OHUX TUI 1 MEpEAaTH iX IHIIUM TUIaM, TO
11 TUJIa CTaIOTh BIAMOBIHO MO3UTUBHO 1 HETATUBHO 3apsKeHUMU. Hanpukian, ko
HaTUPaTH CKJISHY MaJMYKy IIMATKOM I'YMH, CKJIO 3aps/IKA€ThCS MO3UTHUBHO, TyMa B Ta-
Kiif 5K€ KUIBKOCTI - HEraTUBHO. 3apsi1 IJIAaCTMACOBOT MAIMYKH, 1[0 HaEJIEKTPU30BaHA 00
LIEPCTh, € HErATUBHUM.

Enextpuunnii 3apsin ( Oyab-sSKOTO Tijla € MUTAM KPaTHUM €JIEKTPUIHOMY 3apsiTy
e, TOOTO 3MIHIOETHCS IUCKPETHO, 200, K KaXKyTh, KBAHIMYEMbCA.

q == Ne, (1.2)
ne N - e yncio.

ExcriepuMeHTanbHO BCTAHOBIJICHO, IO CYMAPHUIL eleKmPUYHUl 3apao i30160-
6aHOT cucmemu 3a1UMIAEMbCA ROCMITHUM TIPU BCIX B3a€EMOJIISX 1 MEPETBOPEHHSX Ya-
CTUHOK I1i€1 cucteMu. Lle TBepIsKeHHS Ha3UBAETHCS 3AKOHOM 30epedCceHHs eleKMpPUYHO-
20 3aps10y.



EnexTpudni 3apsii MOXYTh BUHUKATH 1 3HUKATH, OJTHAK ITPH IbOMY BUHUKAIOTh
a00 3HUKAIOTh OJJHOYACHO JIBAa €JIEMEHTAPHUX 3apsau pi3HUX 3HaKiB. Hanpukinan, sikiio
CTUKAIOTHCS €JIEKTPOH 13 3apsiIOM - € 1 HOro aHTUYaCTUHKA MMO3UTPOH 3 3apsJIOM + e, TO
B pe3YJIbTaTI aHITUISIIT HAPOIKYIOTHCS JIBa raMMa-()OTOHHU:

e tet=y+y.

[ToBHMIT 3aps/1 10 1 MICA peakiiii JOPIBHIOE HYIIIO.

I HaBnakwu, MpoJIiTalouu MoodJIKM3y aTOMHOTO siApa, TaMMa-(hOTOH MOXKE IePETBO-
PUTHCS B TIAPY YACTUHOK — EIIEKTPOH (—e) 1 MO3UTPOH (+ e).

[Ile oHI€I0 BIACTUBICTIO €IEKTPUYHOTO 3apsily, 1[0 BCTAHOBJICHA EKCIIEPUMEH-
TaJbHO, € HE3AJICKHICTh 3apsTy BiJ HOro MBHAKOCTI. BenmnmunHa 3apsay, 1o BUMipIo-
€THCSI B PI3HUX 1HEpIIaTbHUX CUCTEMAaX BIIIKY, € 0HaKOBOI. L{t0 00cTaBuHy Ha3MBa-
I0Th PESIMUBICIMCHKOI0 IHBAPIAHMHICIIO 3aps0y.

§ 2. 3akon KyJsiona

Sk11o po3Mipu 3apsKeHUX TUT € 3HAYHO MEHIITMMU B TIOPIBHSIHHI 3 BIJICTAHHIO
MK HUMHU, T1JIa MOKHA BBa)KAaTU MaTepiaIbHUMHU TOYKAMH, a00 mMOUKOBUMU 3aPSAOAMU.
Opanny3bkuit ¢i3uk L. Kynon excriepumeHTanbHO BCTAHOBUB:
CUa 83aEmMOO0Ii 080X MOUKOBUX HEPYXOMUX 3apsA0i8 Y 8AKYYMI NPONOPYIUHA 00OYMKY
3aps0is Q1 i (2, 00epHeHo nponopyiiuna Keadpamy 8i0CMAHI ¥ MIdJC HUMU [ CHPAMOBAHA
8300821C NPSAMOIL, W0 3'€0HYE Yi 3apsou:

%9,

F=k .z (2.1)
L1 popmya BuzHavae modyas cunn. Koedimient npomnopiriitnocTti k B CI gopis-
HIOE:
k=t (2.2)
4re,
1€ €9 — eJIeKTpUYHA CTala,
o = 8,85:10 12 A%-c*/m3 kr. (2.3)

3py4YHUM JUIs PO3PaxXyHKIB € HAOIMKeHe 3HaYCHHS K:
k= 9-10°H-M¥Kn?,
[Ilo6 dopmyna naBana He TIILKH 3HAYCHHS MOIYJIS CUJIU, a i HAIIPSIM CHJIH, 3a-
koH KyrnoHa MoxHa BUpa3uTH B BEKTOPHI (popmi:
Fokddz (2.4)

r3

Tyt F — cuna, mo nie Ha 3apso, 0o saxoi 36eprymo gekmop ¥, IPOBEACHUHN BiJ
OJIHOTO 3apsAry 1o iHmoro (puc. 2.1). Moaynb boro BEKTOpa IOPIBHIOE BIICTaHI MIXK

3apsIaMHU.
F F 3a Oyab-sIKUX 3HAKIB 3aps/IiB
1 7 dbopmyna (2.4) nae npaBUIHLHUHN Ha-
-t . Wt [1PSIM CHJTHL. TaK, TIPY BiJIIITOBXY-
q q BaHHI (puc. 2.1), ToOTO B pasi oj1-
1 2 HOMMEHHUX 3apsmiB (102 > 0, i cuia

Puc. 2.1. 6



F, sika mie Ha 3apsan (2 3 00Ky 3apsiay (i1, CIPSIMOBaHA Y30BXK I
[Ipu puTsAranHi, TOOTO B pa3l pi3HOMMEHHUX 3apsiaiB J0OyTOK (102 < 0, 1 BEKTO-
pu F2ir copsimoBani B mpoTuiexHi 00ku (puc. 2.2).

o6 orpumatu cuity Fi, o aie Ha nep- F P - q
UH 3apsi (1, MTOTPIOHO IPOBECTH BEKTOP I Bijl 1 2
02 70 (1, TiJICTaBUTH HOTO B (2.4) 1 TOBTOPUTHU
MIpKyBaHHS. q 1 Pi
Axmo 3anucaty 3akoH Kymona y BUTIsii Puc. 2.2.
0.9
F =k % (2.5)

TO TIeH BUpa3 € npoexyicio BekTopa F Ha Hampsim BekTopa I. [Ipoekitis Moxe OyTu 10-
JaTHOIO ab0 BIJI'EMHOIO B 3aJIEKHOCTI B1J] 3HaKa 100YTKY (10>..

§ 3. EsexTpuune nmoJie. HanpykeHicTh eJIEKTPUYHOIO MOJIA

3riJIHO 3 YABJICHHSIMU KJIACUYHOI (DI3UKH B3a€MOJIISl MIXK 3apsaMu 31HCHIOEThCA
yepes noJie. BeAkuil eneKTpuuHui 3aps]l 3MIHIO€ IEBHUM YUHOM BJIACTHBOCTI MPOCTOPY
HaBKOJIO HBOTO - CTBOPIOE esleKmpomazuimmue nosne. lle none npossiisie cebe B TOMY,
10 Ha MOMIMIEHUN B Oy/b-SIKy MOT0 TOUYKY 1HIIUH, «IIPOOHHI 3aps 1€ Aesika Cuia,
TOOTO B3a€MOJIS €IEKTPUYHHUX 3apsiiiB 31HCHIOETHCS YEPE3 «IIOCEPEIHUKA» - EJIEKT-
POMarHiTHe IoJie.

EJleKTpUYHE OoJIe MOPsi/] 3 PEYOBUHOIO € (OPMOIO iCHyBaHHS Matepii. oMy mpu-
TaMaHHI €HEPTis 1 IMIYJIbC, ToJie € (I3UYHOI0 PEATHHICTIO.

[Tone, cTBOpIOBaHE HepyXOMUMU eIeKMPUYHUMU 3aps0amu, HE 3MIHIOEThCS 3 ya-
COM 1 Ha3UBAEThCA eleKkmpocmamuytum. (3ayBaxKUMO, 10 PYXOMI 3apsiid, KpiM €JIeKT-
PUYHOTO TIOJISI CTBOPIOIOTH TAKOK MarHiTHE TOJIE. )

[IBMAKICTH MOMMPEHHS €IEKTPOMArHITHOTO MOJISI B HIOPOKHEU1 JOPIBHIOE

c =299 792,458 xm/c = 300 000 km/c.

JI1st BUBYEHHS TOJISL PO3TIISAAAI0OTH B MO0 (P13MUYHI XapaKTEPUCTUKHU - CHIIOBY 1
CHEPreTHYHY.

[TomicTuBIIM B BIJMOBIAHY TOUYKY MOJISI MPOOHMI 3apsil, MOKHA BUSIBUTH CHITY,
Jitouy Ha HROTO. BenmnuuHa cumum, 1o Jie Ha 3apsij], XapaKTepusye «IHTEHCUBHICTHY I0-
ns1. 1s1 cuma 3aeuTh SK BiJl TIOJISA, TaK 1 BiJI caMOT0 MMPOOHOTO 3apsTy.

Hanpukinan, B pasi 1mosis, CTBOPEHOr0 HEPYXOMHUM TOUYKOBHUM 3apsSAoM ( B TOYII,
MOJIO’KEHHS SIKO1 11010 3apsiAy ( BU3HAYAETHCS PaAlyCc-BEKTOPOM I, Ha MPOOHUI 1MO3U-
TUBHUHN TOYKOBUH 3apsiz J,, B LIbOMY 101 OyJie 3a 3akoHoM Kyrnona (2.4) nistu cuna
Wy (3.1)

r3

Cuita mpornopitiiHa BeIUYMHI KOKHOTO 3 3apsiaiB. OaHaK, BiTHOUIEHHS CUJIM 0
BEJIMYMHU TIPOOHOTO 3apsny F/0,, Bke He 3aeKUTh BiJl BETMUYUHH TPOOHOTO 3apsiay, a
3QJICKUTH TUIBKH Bl BETUYUH ( 1 I', 1110 BUBHAYAIOTH OJI€ B JJaH1M TOYIII.

F =k




Hanpyoicenicmio E enexmpuunoeo nojisi Ha3UBAE€TbCSI BEKTOPHA BEJIMYMHA, 110
JIOPIBHIOE B KOXKHIM TOYIll BIIHOIICHHIO cyiu F, 1110 i€ Ha mpoOHMiA 3apsi/l, TOMIIIEHUM
B 1[0 TOYKY, /IO BEJTUUUHU 3aPALY yp:

E=—o. (3.2)

BekTop E - cuioBa XapakTepUCTHUKA €IEKTPUYHOTO TOJIS - YACETBHO JIOPIBHIOE 1
301raeThCs 3a HAMPSIMOM 3 CHJIOHO, IO i€ 3 OOKY MOJIsI Ha BMIIICHUH Y PO3IJISTHYTY TOY-
Ky OJIMHUYHUN O3UTUBHUM MPOOHUI 3apsii. 3BIJCU BUILIMBAE IPOCTE MPABUIIO - JUIS
BU3HAYCHHS HAMPSIMY BEKTOpA HAMPY>KEHOCTI €JIEKTPUUHOTO TOJIA B PI3HUX TOYKAX
IPOCTOPY B 111 TOUKH Tpebda MOAYMKH MOMICTUTH TUTIOC OAMHMIIO 3apsay. Ha puc 3.1 1
3.2 moka3aHi KapTUHU T0JI1B, CTBOPEHUX TOYKOBUM MO3UTUBHUM (pHC. 3.1) 1 TOUKOBUM
HeratuBHUM (puc. 3.2) 3apsnamu. Bektop HanpyskeHocTi E Mae pajiaqbHUN HAPSM:
BiH CIIPSIMOBAHM BiJl CTBOPIOIOYOTO IOJIE 3apsay (, AKIIO 1€ TO3UTUBHUMN 3apsij, 1 10
3apsmy (, SKIIO BiH HETaTUBHUM.

£,

q (5%:"’%&

9.

Puc. 3.2.

Puc. 3.1.

3 dopmyin (3.1) 1 (3.2) orpumaemMo HanpydceHicms nos MOYK08020 3apsidy ¢ B
OyJIb-SIK1i TOYIIl TTOJISt

g
E=k 3T, (3.3)

7ie I' - pajziiyc-BeKTOp, IPOBEACHHUIM 3 3apsiy B JaHy TOUYKY moJisa. HampaBneHuit BeKTop
E y310BX pajiiadbHOI PSMOI BiJl 3apsly, SKIO BiH MO3UTUBHUH, 1 10 3apsay, SKIIO BiH
HETaTUBHHUM.
Monyns E Hanpy>keHOCTI 1OJIsl TOYKOBOTO 3apsiay (] B TOYIII, BijIaneHii Ha BiJIC-
TaHl I B HHOTO:
Jaf
r2’
OnuHUI BUMIPIOBAHHS HAIMPYKEHOCTI enekTpuaHoro 1ot B CI - HBIOTOH Ha
kysioH (H/K) a6o BosibT Ha MeTp (B/M) - mopiBHIOE HAMPyKEHOCTI TAKOTO TOJISA, B IKOMY
Ha 3apsia B 1 K nie cuna B 1 H.

E =k (3.4)



Ilpuknao 3.1. Kopuctyrounuchk GOpMYIIOI0 IJs1 HAPY>KEHOCTI eIEKTPUYHOTO OIS TOY-
KoBoro 3apsy (3.3) i BpaxoBytoun po3mipu atoma ra ~ 10720 M, oriHMO HampyKeHicTh eNeKTpUYHO-
IO TIOJISl BCepEUHI HalIPOCTILIOTO 3 aTOMIB - aTOMa BOJHIO. [1oJie CTBOPIOETHCS MTO3UTHUBHO 3apsiIiKe-
HUM SIPOM - TIPOTOHOM 3 3apsnoM |e| = 1,6:1071° K.

4 16-109.10°
Are,r® 1072

JlocsATHYTI HA MPAKTHII €IEKTPUYHI OISl MAIOTh HA0AraTo MEHIY BEIMYMHY HAIPYKEHOCTI -
6ausbko 107 B/m.

E =

~15-10"B/m.

3HaI04M HAMPYXKEHICTh CICKTPUIHOTO TOJIsI, MOYKHA 3HAUTH CHITY, 11O JIi€ Ha
OyIb-sKui 3apsi (|, TOMIIEHW B TaHy TOYKY ToJist. Bigmosimuo a0 (3.2) Bupas s 1ti-
€1 CUJIM Ma€ BUTJISL

F=qE (3.5)

IIpunumn cynepno3uuii. J{oCiiTHUM IUISIXOM BCTAHOBJIEHO, 1O HAMPY>KEHICTh
T10J151, CTBOPIOBAHOTO JEKUIbKOMA 3apsiiaMu, JOPIBHIOE BEKTOPHIN CyMi HaNpyKE€HOCTEH
HOJIIB, CTBOPEHUX KOXKHHUM 3apsIOM OKPEMO:

E=E.+E+...=) E;. (3.6)

JloaBaHHS HaNPY>KEHOCTEH €EKTPUYHUX ITOJIIB 3a MPABUIIOM J0JaBaHHS BEKTO-
P1B BUpaXKa€e TaK 3BaHUM npuHyun cynepno3uyii (HakiadeHHus 00UuH Ha 00H020) eleKn-
PUYHUX NOJIE.

I1e o3Hauae, 1110 NPUCYTHICTh 1HIIKUX €IEKTPUYHUX 3apsi/IiB HIAK HE MO3HAYAETHCS
Ha 110J11, CTBOPEHOMY JaHUMH 3apsaaoM. OKpeMi 3apsiiu JiI0Th HE3alIEeKHO, «HE 3aBa-
KAIOYMW» OJJUH OJTHOMY, HE BILUTMBAIOThH OJIMH HA OJHOIO, 1 TOMY CyMapHe I0JI€ MOKHa
BU3HAYMUTHU K BEKTOPHY CyMY IOJIB B1Jl KOXXHOTO 3 HUX OKPEMO.

[TpuHIMn cynepno3ulii 103BOJIsIE€ pO3paxyBaTH HAMPY>KEHICTh MOJIsSL, CTBOPEHOTO
OyJb-SIKMM PO3IMOIIIIOM HEPYXOMUX €IIEKTPUYHUX 3apsiIiB.

Ilpuknao 3.2. Ilone numnonsi. EdeKTpUYHUM IUNIOJIEM HA3UBAETHCS CUCTEMA JIBOX OJJTHAKOBHUX
3a MOJIyJIEM 1 TIPOTHJIC)KHUX 32 3HAKOM TOYKOBHUX 3apsiB + ( i - J, BijcTab | Mixk sikuMu (Tuiede au-
T0JI51) € MaJIOO B MOPIiB-

HSHHI 3 BIICTAHAMMU I 10 Fi !

THX TOYOK, B SIKUX PO3IJIsi- 2 7 o~ E_ A E +
JAETBCS TIOJIE CUCTEMH. e e, e o
BuzHaunmo HanpyXeHiCTb - +4

€JIEKTPUYHOTO TIOJIST TUTIO- 7

TSt

1) B TOouIl A, 10 JEKUTH HA Puc. I1.3.1.

NpOJIOBXKEHHI Tuieya | Ha

BiJIcTaHi I' Bif Horo cepenunu (mipu r <<1) (puc. [1.3.1);

2) B TOuLll B Ha IepNEeHIMKYIAPI J0 TUIeda U0, TPOBeIeHOMY dyepe3 ioro cepeauny (puc. I1.3.2);
3) B noBinbHIM Tou C.

1). 3a mpUHIMIIOM CYNEPIO3HIIIi:

Es=E++E_
Tyt E+ — HampyXeHICTb MOJsI, CTBOPEHOTO 3apsiioM +(, a E_.— 3apsiiaoMm —( B Toulli 4. OCKUIbKY B
TOYIll 4 11l BEKTOPU CHPSMOBAHI B IPOTUJICKHI OOKH, BUKOPUCTOBYIOUH (hopMyiy (3.4) MOKHA Hamu-
cartu:



En=E, —E —k—9 9,2

I\ - I, 12
(=) () -ly
5 5 ( A )
|2 |2
3a ymoBom0 I >> |, TOMy I 2>>— i 3HaMEHHHMKY OCTAaHHBOT POPMYIIH MOXKHA 3HEXTYBAaTH — B I10-

piBHsHHI 3 r2. Tofi 11 HANPY)XEHOCTi MOJIA B TOUII A OTPHMAEMO
29l
Ea=kT,
r
IIneuem ounonst Ha3uBaOTH BeKTOp |, HANPsAMIIEHHUIT B30BXK OC1 TUIIOJS BiJl HEraTUBHOTO 3a-
pAIy 10 IO3UTUBHOTO, 1 JOBXKHHA SIKOTO JOPIBHIOE BiJCcTaH1 Mi>K HUMHU. JloOyTOK abCONMIOTHOT BEIH-
YMHU 3aps/ly Ha IJIeUe Ha3UBAKOTh erekmpuyHum momernmom ounoas P = q-l. . Tomi

2p
E A - k —3 .
r
2). lns Touku B Ha npsiMil, TepneHAUKYIISIpHINA 10 oci qunons, Bektopu E+ ta E- MaroTh 0JJHAKOBI

MOJIYJIi, IO JOPIBHIOOTH

E;E_:klek%. (1L 3.2)
r2+(2)2 r

(IL. 3.1)

I3 moxiGHOCTI piBHOOCIPEHUX TPUKYTHHUKIB, 110 CIIUPAIOTHCS Ha Biapi3okK | i Ha
BekTop EB,, BUIUIMBAE

[TincraBuBmm 3nauenus E+ (I1 3.2), orpumaemo

ql p
EB:kF:kr_s' (I1. 3.3)
] T LIst 3aNeXHICTh y BEKTOPHOMY BUTJISI:
- o D
Puc.T1.3.2 Eg = _kr_g' (I1. 3.4)

3). MoxHa mokasaTH, [0 Halpy>KeHICTh MOJIs U0 B T0BUIbHINM Touli C BU3HAYae€Thesa (HOPMYIIOI0
E. =k£3\/1+ 3cos’ (I1. 3.5)
r

e o - KyT MiXk BeKTopoM | i BeKTopom .
BinzHaunmo, 1110 Ha BiAMiHY BiJ [1OJIs1 OJHOT'O TOYKOBOT'O 3apsi/ly, HAIIPYKEHICTh SIKOTO 3MEH-

ITYETBCA AK ri , Hal'[p}/')KCHiCTB I10JI AUITOJIA 3 BiIICTaHHIO SMCHIIYETHCA AK i , TOOTO MBUAIIC.
§ 4. Jlinii BekTopa Hanpy:xkeHocTi. [loTik Be- E,
KTOPA HANPYKEHOCTI E 9
1
Jist rpadiyHOrO 300paXK€HHs €IEKTPUYHHUX OB
BUKOPUCTOBYIOTb JIiHII 6eKMOPa HANpysiceHocmi abo |



cunosi ainii. 111 miHiT IpOBOASTHCS TAKUM YHHOM, 1100 B KOXKHIN TOYIl JOTUYHA IO JiHIT
30irasiacst 3a HalpsIMOM 3 BEKTOPOM HAMpPY>KEHOCTI B 1111 Toutl (puc. 4.1). CuiaoBuM Jii-
HisIM TIPUTTACYIOTH HAMPSM: BOHU BUXOJSITH 3 IIO3UTHBHUX 3apsi/iiB a00 MPUXOISTH 3 He-
CKiHYeHHOCTI. BoHM a00 3aKiHUYIOThCS HAa HETaTUBHUX 3apsiaax, ado WayTh B HECKIH-
YeHHICTh. Ha prucyHKax el HampsM Mo3HAYal0Th CTPLIKaMH Ha CUJIOBHIA JIiHil.
JloMOBUIIHCSI TYCTOTY JTiHIH MOB'S3yBaTH 3 MOAYJIEM HarpyxeHocTi moiist E. A
came, 4yepe3 OAMHUYHY IIONUHKY, IEPIICHANKYISIPHY CUIIOBUM JIiHIsSIM, IPOBOJSATH Ta-
Ky KUJIBKICTB JIiHIH, SIKa YUCENBHO TOPIBHIOE B IIbOMY MICIIi HAallpy»XeHOCTI moJisi. Takum
YHHOM JIiHI{ MPOBOATH TYCTIIIE B TUX MICLAX, /1€

* J N ~  HampyXEHICTb MoJis OUIblIe, 1 piAIIe TaM, 1€ BOHA €
e / MEHIIOIO.
//' ' Ha puc. 4.2 moka3aHi CHJIOBI JIiHIT TOJIS Bi0-
N \\ KPEMJICHHUX TTO3UTUBHOTO 1 HETATUBHOTO TOYKOBHX

3apsniB. 3 popmynu (3.3) BUILTUBAE, 1110 BOHU € pa-
Puc. 4.2. J1aJTbHUMU TIPSIMUMU, PO3TOIITICHUMU 3 OJHAKOBOIO
I'YCTOTOIO B YCIX HaIpsiMKax.
binbi ckiagHuil BU Mae KapTHHA JITHIN [OJIs, CTBOPEHOTO JIBOMA 3apsiiaMu
npoTuiexHux (puc. 4.3) abo ogHaKOBUX 3HAKIB (puc 4.4).

=W e

Puc. 4 .4.

Puc. 4.3.

[Tosie Ha3UBAETHCSA 0OHOPIOHUM, SIKIIIO BEJIMYMHA 1 HATIPsIM BekTopa E 01HaKOBI y
BCIX TouKax moJisg. O4eBUIHO, 110 OJTHOPIIHE T0JI€ 300PKYETHCS MIPIMUMU TTapaieb-
HUMH CUJIOBUMHU JIIHISIMU OJIHAKOBOI I'ycTOTH (pucC. 4.5).

BBeneMo MOHATTS nOMOKY 6eKmopa Hanpyicenocmi moJs ye-

E |- pe3 moBepxHio.
- PosrasineMo HeBeNMKyY MIOMMHKY ASo, pO3MIIIEHY B OJHOPI
*|- HOMY €JIEKTPOCTaTUYHOMY TOJII MEPIEHANKYISIPHO CUIIOBUM JIIHISIM
|~ (puc. 4.6).
Buznauumo, sika KiIbKICTh CHJIOBHX JIIHIN TPOHU3YE ITIO TLIO0-

Puc.4.5.  UIMHKY. 32 TOMOBJIEHICTIO TYCTOTY JIiH1{, TOOTO KUJIBKICTb JiHiH, po-

3paxoBaHy Ha OJMHMIIIO TUTOIII TTIOBEPXHI, OPIEHTOBAHOT IEPIICH M-

KYJISIPHO JI0 JIiH1H, BUOMPAIOTh PIBHOIO MOYJIO E HAMPY>KEHOCTI TOJIA.

Toni KIMBKICTD JHIN, SIKI MPOHU3YIOTH IJIOMUHKY ASo TOPIBHIOBATUME

++ + + +
|
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ADe = E ASp 4.1)
Hexaii Tenep AS - iHI1a TJIOIIMHKA, CUJIOBI JIIHIT YTBOPIOIOTH 3 HOPMAJLIIO 0 i€l
TUTOIIA/IKH KYT OL.
[TnommaKa AS) € MPOEKITIEIO TUIOMIMHKY AS Ha IUIOIMUHY, TIEPIICHTUKYIISI-
PHY 10 CUJIOBUX JIHIHN.
ASp = AS cos a.
TyT o - KyT Mk HAaIIpsAIMOM JIiHIM HaNPY»KEHOCTI 1 HapsIMOM HOpMaJTi J10 TII10-
muHKH AS (puc. 4.6).
SIK BUIHO 3 PUCYHKA, KUTBKICTB JIi-
HiH, sK1 nepetuHatoTh AS 1 ASy, € onHa-
KOBOI0. TOMY KINBKICTh JIIHIHN, SIKI TPOHU-
3YIOTh IUIOMIMHKY AS Oyzie TaKoX J10piB-
HIOBaTH
ADe = E ASp =E AS cos a
Bemnuuna E cos a € npoekiiero Be-
ktopa E Ha HanpsM HOpMaJi N 10 TUIONTH-
HKH AS:

E cosa =E.,.
ToMy KUIBKICTh CUIOBUX JiHINA AD,
SIK1 TIEPETUHAIOTH IUIOIMaAKy AS, 1opiB-
HIOE

Puc. 4.6.

A®e = E, AS (4.2)

JloOGyTok En AS HOCHTB Ha3BY nOMOK)Y 6eKmMopa HAnpy’ceHocmi ol 4epes mo-
BepxHIO AS. ®opmyna (4.2) mokasye, mo nmoTik ADg BekTopa E yepe3 moBepxHIO AS
JOPIBHIOE TIOBHOMY YHCITy CUJIOBHX JIiHIH, SIKI IEPETUHAIOTH LII0 TOBEPXHIO.

Bigznaunmo, 1110 MOTIK BEKTOpa HAMPY>KEHOCTI, SIK 1 KUIBKICTh CUJIOBHUX JIHIHN, IO
IIPOXOSATH KPi3b MIOBEPXHIO, € CKAJIIPOM - aJireOpaiuHor0 BemmunHO0. [ToTik BBaXka-
€THCS IOJJATHUM, SIKIIIO CHJIOBI JIHIT IEPETHUHAIOTH MTOBEPXHIO B HANIPSIMY HOpMaTi 1
BiJl'EMHUM - Y IPOTUJICKHOMY HaIpsiMy.

VY pasi 3aMKHYTHX MOBEPXOHb il HOPMAJLTIO JI0 IIOMIMHKK 0S po3ymiroTh 00ep-
HEHY Ha30BH1, TOOTO 30BHIITHIO HOpMaJib. T0/1 MOTIK, III0 BUXOJIUTh HA30BHI 3 00J1aCTi,
KA OXOIUTIOETHCS TIOBEPXHEI0, Oy/1e T0/IaTHUM.

ko mig dS po3yMiTH BEKTOP, CHPSIMOBAHUH TEPIECHANKYIISAPHO A0 TUIOIMHA
IUIOLIMHKY B HAMPSAMI 30BHIIIHBOT HOPMAaJi 1 pIBHHUM 3a MOJYJIEM IUIOMNII IIi€] eIeMeHTa-
PHOI TUIOIIUHKY, TO MOTIK BEKTOpa HamnpykeHocTi E yepe3 miomuHky dS € ckaasipHum
no0yTkoM BekTopiB E 1 dS:

dd; = E-dS =EdScos a = E,dS = EdS,, (4.3)
ne dS, = dS cos a - momma mpoekii momuHKK dS Ha MIOMUHY, TEPIEHIUKYIIPHY 10
BekTopa E.

[ToBHu# moTiK @ BEKTOPA HAMPY>KEHOCTI €IEKTPUIHOTO TOJISI Yepe3 JOBUTHHY
MMOBEPXHIO S TOPIBHIOE ayireOpaiuHiii cyMi MOTOKIB Yepe3 BCl MaJIi AUISHKY ITi€T TTOBEP-
XHI - IHTETpaTy 10 MOBEPXHi

D, :gEdScosaziEndS:gEdSn. (4.4)
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§ 5. Teopema I'aycca 1/ €JIEKTPOCTATHYHOIO I10JIS1 B BAKYYMi

Po3riissHeMo KapTUHY CHIIOBHX JIiHIM €IEKTPHUYHOTO TOJISI HEPYXOMOT'O TOYKOBOTO
MO3UTUBHOTO 3apsay (puc. 5.1). Bonu sBist0Th COO0I0 CUMETPUYHO PO3MIIIEH] pajia-
JIbHI TIPSMI.

OO6uuncanmo NoTik BekTopa E duepe3 3aMKHEeHY
chepuuHy MOBEPXHIO, SIKa OXOIUTIOE LI 3apsia 1 Mae
LEHTP B TOUIll 3HaXO/KeHHs 3apAny. [ToBHe uncno Og
JHIH, SKi IEPEeTUHAIOTH CPepUUHy MOBEPXHIO pajaiyca
r, 6yae AOpiBHIOBATH JOOYTKY T'YCTOTH JIiHIM Ha TUIO-
1Ly noBepxHi cdepu 4mr?,

['ycrora niHiM Mae 32 yMOBOIO JIOPiBHIOBATH
MO0 BeKTopa E':

1 g
E= —.
Are, r?

Tyt BpaxoBaHo, 1m0 | g | = ¢, Tomy 1m0 g > 0. 3 mi€i
Puc. 5.1. dbopmyii BUILIUBAE, 110 HA BC1M MOBEPXHI chepu Ha-
MPY>KEHICTh IOJIs, a OTXKE, 1 TyCTOTa JiHiH, Oyae oaHa-
KOBOIO 3a BeIMYMHOI0. HanpyXeHICcTh cripsiMOBaHa y3/I0BXK pajiyca, ToOTO 3a HOp-
MaJuTIo 10 OBepXHI cepu, Tomy Ep = E. OTxke, mOTIK BEKTOpa HAPYKEHOCT1 KPi3b
chepuuHy MOBEPXHIO, 1110 OXOILTIOE 3apsij, JOPIBHIOE

@, =fE,dS=E,5 = J 42 = (5.1)
S Adrgy v &y

3HaK MOTOKY 301raeThCs 31 3HAKOM 3apsy.
Sxmno 3amMiHATH chepy AOBUTLHOIO 3aMKHEHOIO TIOBEPXHEIO S, 1110 OXOILTIOE 3a-
psan g (puc. 5.1), To € OUeBUAHUM, 1110 KOKHA CWJIOBA JIiHIS, sika IepeTuHae chepy, mne-
peTHe 1 1o noBepxHto. O1xke, moTik O BexTopa E 1 1715
MOBEPXHI OyIb-sIKO1 1HIIOI (pOPMHU, SIKIIO BOHA 3aMKHEHA 1
MICTUTB B COO1 TOUKOBHUIA 3apsii (], TAKOX OyJie JTOPIBHIO-

Batu Q/eo:.
q
Q O, = E,dS =
S &o
S0 BcepeinHi 3aMKHEHO1 MOBEPXHI MICTUTHCS K1JbKa
Puc. 5.2 3apsA/iB, TO B CHIIy IPUHIIUITY CYNEPIO3UIIil TIOJIIB cyMap-

Ha HAIPYXXEHICTb MoJist Oyze SIBISTH COO0K0 BEKTOPHY CY-
My Hanpy>KE€HOCTEH MOJIiB KOXKHOTO 13 3apsi/iiB

D¢ ={E dS =§(Ey, + E,, +..)dS =D + Dy +... (5.2)
S S
1, OTXKE,
q 1
Q=3 —"="20 (5.3)
i €9 & i
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SIK110 3aMKHEHa MOBEPXHs HE OXOIUTIOE 3apsiny (puc. 5.2), To moTik BekTopa E
Kpi3b 1110 TOBEPXHIO JOPIBHIOE HYJIIO, OCKIIBKH KIJIBKICTh CUJIOBUX JIHIN, IO BXOSTh
Kpi3b MTIOBEPXHIO, IOPIBHIOE KUIBKOCTI JIIHIN, IO BUXOSTH 3 HEI.

JloBeieHe TBEPIKEHHSI Ha3UBAETHCSL meopemoro I'aycca nist e1eKTpOCTaTUYHOTO
MOJISI B BAKYYMi:
nomixk @ 6eKmMopa HaAnPyHceHOCMi e1IeKMPOCIMAMUYHO20 NOJIA Y 6AKYyMi Kpi3b 00-
8i1bHY 3AMKHEHY NOBEPXHIO S OOPIGHIOE a12eOpaiuHill CyMi MUX mouKoeux 3apaoie
Qi, AIKI OXONI0I0MbCA NOBEPXHEIO S, NOOINEHIll HA e1IeKMPUYUHY CIAIY &o.

1
@, :i?EndS =g—OZqi (5.4)

3ayBakumo, 110 Teopema ["aycca TicHO moB's3aHa 31 cripaBeIuBicTIO 3akoHy Kynona. Buse-
JieHHs Teopemu 'aycca BUKOPHCTOBYE CKOPOUEHHS I, a e MOKJIMBO Yepe3 Te, IO CHIIa B3aeMO/Iii 3a-
PAMIB, IO OMUCYETHCS 3aKOHOM KynoHa, o0epHEHO IponopiliiiHa KBapaTy BiJICTaHI MiX 3apsiiaMu.

3akon Kynona i Teopema ["aycca hakTHUHO TPEACTABISIOTH OJMH 1 TOM K€ 3aKOH IPHPO/IH.
Kpim Toro, mponopuiiHicTh MJIOLI MOBEPXHI KBaApaTy JiHIHHAX PO3MIpIB - IIe Bi/IMiHHA pUca €BKJIi-
J0BOi TeoMeTpii B TpuBUMipHOMY TipocTopi. Takum ynHOM, Teopema ['aycca CBITYUTH PO HECKPHB-
JICHICTh TPUBUMIPHOTO (Di3HYHOTO POCTOPY, TOOTO MPO Te, IO HOTO TEOMETPIsl € EBKIIII0BOIO.

§ 6. 3acrocyBannst Teopemu I'aycca 11 BUBHAYECHHS HATIPYKEHOCTI J1e-
SIKMX IOJIIB Y BAKYYMi

1. Ilone HecKiHueHHOT PIBHOMIPHO 3apsi-
02HCEHOT NIOWUHUL.
—t AS — _ﬁ S :E‘ g Hexaif HecKiHUCHHA TUTOIIMHA 3apsiKe-
] , 7 Ha 3 MOCTIHHOIO TOBEPXHEBOIO T'YCTHHOIO 3a-
A _ AT paniB +06, AKa BU3HAYAETHCH (HOPMYIION
dS
ne dq - 3apsia, po3MillleHuid Ha MaJTiid JUTSHIT
noBepxHi 1wiomero dS.
J171st BU3HaY€HOCTI BUOEPEMO MO3UTHB-

Huii 3apsg (6> 0).
Puc. 6.1. OCKUIBKH IUIOIIHMHA € HECKIHUYEHHOIO 1
3aps] ii MOBEPXHI € OJTHOPIAHUM, TO 3 MIPKY-
BaHb CUMETPIi CJI1] BBAXKATH, 1110 HAIPYKEHICTh B Oy/1b-SK1{ TOULII [TOJISI Ma€e OyTH mep-
neHauKyisipHoto 1o wionwHu (E = E,), cripsimoBanoto Bin Hei (oOpaHuii BUTIAOK TI0-
3UTHBHO 3apsIPKEHO1 TUIONUHU), a TYCTOTA JITHIN € BCIOJIU OJTHI€IO0 1 Ti€ro Xk (puc. 6.1).

L5 rutomMHa € MIOMKMHOK CUMETPIi OJIs, B CUMETPUYHUX BIAHOCHO IJIOLIMHU
TOUYKaX HaNpy>KEHICTh MOBUHHA OYTH OJIHAKOBOIO 32 BETMYHUHOIO 1 IPOTHIICKHOIO 3a
HaIpsIMOM.

Jlna 3actocyBanHs TeopeMu ['aycca BuOepeMo 3aMKHEHY MOBEPXHIO Y BUTIISAI
WIIHAPUYHOI MOBEPXHI1 3 TBIPHUMU, EPHEHAUKYIIPHUMU 10 IJIOIIUHU, 1 OCHOBaAMU
AS, mapaneTbHIMU TUTOIIHHI 1 pO3MIIIIEHUMH Ha OJHAKOBIN BiJICTaHI BiJI Hel.
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[ToTik BekTOpa HAMPY>KEHOCTI MOJISI KPi3b MIIIHAPUYHY YaCTUHY MOBEPXHI JOPI-
BHIOE HYJIIO, OCKIJIBKY JIIHIT HaNPyKEHOCTI MOJIs KOB3aI0Th Y3/I0BXK I11€1 IOBEPXHI 1 HE
IEPETUHAIOTH 11.

VYcepenuni noOya0BaHOT TAKMM YMHOM 3aMKHEHOI MOBEPXHI MepeOyBae MIITHKA
3apsHKEeHOT TIOMKHU AS, Ha STKUW MiCTUTBCS 3apsil

AQ =0 AS. (6.2)

[Ipu obunciieHHl TOTOKYy BekTopa E Kpi3b 3aMKHEHY IMOBEPXHIO HEOOX1THO Bpa-
XOBYBATH, 1110 CUJIOBI JIiH1T IPOHU3YIOTH /1Bl INTOMUHKA AS — Ti, 110 JIe)KaTh BIPABO 1
BITIBO BiJl TiomuHU. OTKe, MOTIK Yepe3 HUX JTOPiBHIOE

3 iHmoro 60Ky, TOH e MOTIK 3a TeopeMoro ['aycca JOpiBHIOE 3apsiAy BCEpeInHi,
MOTUICHOMY Ha €p!

2EAS :iaAS,

o
3BIJIKM HAIPY>KEHICTh MOJIS 3 KOKHOTO OOKY BiJl PIBHOMIPHO 3apsJI>KEHOT TUIOIIUHU B
BaKyyMI
-7, (6.4)
2¢,
OTxe, 1oJie HECKIHYEHHOI 3aps/HKEHOI TUIOIMHU HE 3aJIKUTh BiJl BIJICTaHI J0
HEl 1 NEPIeHAUKYISPHO /10 TUIOIIHHH.

SIkimo 3ammcaT OTPUMAHUM pe3ysbTaT y Burisanl Eg :Zi, ne E, - mpoekuis
€o
BekTopa E Ha HOpMallb N 10 3apsAKEHOI IJIOIMHN, TPUYOMY BEKTOP N CHOpsIMOBaHUMN
BIJI LI€i IJIOMMHU, TO U (popMyna Oyae CHpaBeAJIMBOIO 1 AJi1 HETATUBHO 3apsIKEHOI
MJIOIMHHU.
Axumo 6> 0, To 1 En> 0, BexTop E cpsiMoBaHUM BiJl 3apsII>KEHOT TJIOLIMHY, SIK Ha
puc. 6.1, sxmo x ¢ <0, To E, <0, 1 Bekrop E cupsiMoBaHUM 10 3apsAIKEHOT TUIOIIHHH.

2. Hanpyoicenicmo nonsi 080X HeCKIHUEHHUX NAPANEIbHUX NIOWUH, 3APAONCEHUX PI3HO-
LLMEHHO 3 NOBEPXHEBUMU 2YCIMUHAMU 3aps0ié + G 1 — G (MoOelb NI0CK020 KOHOEeHCAmo-

pa).
300pa3zumo Ha puc. 6.2 CyIiIb-

E=0 E= % E=0 HUMU CHWJIOBI JIIHI, II0 IOYNHAIOTHCS Ha
- f/ . _E-—/ - TO3UTMBHUX 3aps/ax JIiBOi IIOBEPXHI, 1
- e R e }--==--  IITPUXOBHUMH — Ti, 10 BXOJATh B IIPaBy
=1 ¥o T | = TOBEPXHIO, IKa HECE HETATUBHUM 3apsil.
- Rt I L — - L - - - — - — — e — — . .
= ol - ) Hanpyncemcnf HOJIS1 KOYKHOT OK
e V| e __ PEMOI IUIOLIMHU JOPIBHIOE 32 MOAYJIEM
o o
PP VY npocTopi Mk IUIOIMHAMY Ha-
&g
Puc. 6.2. °

MPY>KEHOCTI 301Tal0ThCA 32 HAPSIMKOM,
3a MPUHLHUIIOM CYTIEpPIIO3UlIli HAMPY>KEHOCTI MOJIB A0AAI0ThC 1 3arajibHa HaIpyXe-
HICTh JIOPIBHIOE
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E=2 4+ 2 -9, (6.5)
28, 28, &
TyT niJl 6 MaeThCs HA yBa3i MOJYJIb TOBEPXHEBOI I'YCTUHU 3apsiy.
HampysxeHicTh moJs mo3a IIacTUH JOPIBHIOE HYJTI0, OCKUTBKH 33 aOCOIOTHUM 3HAYCH-
1 ’ HSIM Hamlpy>KEHOCT1 € PIBHUMH, a 332 HAMIPSIMOM €
\ E / MPOTHIICKHUMH — TTOJIST B3AEMHO 3HHIIYIOTHCS.
‘ [ono N Takum 9uHOM, TTOJIE BUSBIISETHCS 30CEpEHKE-
”““} ‘\} yo HUM MIX IIacTuHaMu. HampyskeHicTb mosist y Beix
/ TOUKaX ITi€1 00JIaCTI € OJHAKOBOIO 32 BEJIMYMHOIO 1
e 3a HanpsAMKoM. BoHa cripsiMoBaHa Biji MO3UTUBHO
N 3apAJKEHO]T MIIOIIMHY 10 HEraTUBHOI 32 HOPMAJLITIO
10 HUX. Take 1moJie € OJHOPITHUM, a JIIHIT HaIlpyKe-
Puc. 6.3. HOCTI SIBJISIIOTH COOOI0 CYKYITHICTD MapajebHUX Pi-
BHOBiTaJIeHUX npssmMuX. [1o1i0HUM 10 po3IIIsIHYTO-
r'0 BUIAJIKY € TI0JIE 3apsJPKEHOT0 TUIOCKOTo KOHJIeHcaTopa (puc. 6.3), xo4ya BiH Ma€ KiH-
1eBi po3Mipu. OAHOPIAHICTE NOJIA MOPYLIYETHCS TUIBKY OOJIU3Y KPaiB IJIACTUH.

3. Hanpyoicenicms nousi piGHOMIPHO 3apsa0diCceHOi HUMKU.

Po3risitHeMo HeCKIHYEHHY NMPSAMOJIIHIAHY HUTKY, B3JOBX SIKOT pIBHOMIPHO pO3M0-
JUIEHUH 3apsij 3 JTIHIMHOI I'YCTUHOIO
T= da : (6.6)
di
3 MipKyBaHb CUMETPI1 BUILJIMBAE, 1110 T10JI€ HECKIHUEHHOI Pi-
BHOMIPHO 3apsiIPKEHOT HUTKA Ma€ OChOBY CUMETPII0 — BeKTop E B
KOXHI! TOUIIl CIIPSIMOBAHUN TIEPIICHANKYJIIPHO 10 HUTKH 1 pajia-

/ ____}}"‘ ‘_/f% JIBHO Bix Hel (ko T > 0, puc. 6.4) abo 1o Hei (ko T < 0). Mo-
+
+

—t

nyJib BekTopa E 3aineXuTh TUIbKHU BiJl BijcTaH1 I 10 HUTKH. JIiHIT
HaIpPY>KEHOCTI € pajiiaIbHUMU MIPSIMHUMH, 1110 JIEXKATh B TUIONTHHAX,
MePIEHINKYIIPHUX O HUTKH.

e [I{o6 cxopucratucs Teopemoro ['aycca 1 BU3BHAUUTH HAIPy-

" | KEHICTb €JIEKTPUYHOIO T0JIs Ha BIACTaHI I' BIJI HUTKH, OTOYMMO il

© ' 3aMKHEHOIO IMIIHIPUYHOIO TIOBEPXHEIO TaK, 1100 cama HUTKa 0y-
Puc. 6.4. J1a BICCIO LUJIIHIpA.

3 orusiny Ha Te, IO CUJIOBI JiHIT TPOHU3YIOTh TUIbKU O1YHY
MOBEPXHIO LWJIIHJPA 1 KOB3aIOTh MO0 HOT0 OCHOBaM, BUBHAYNMO
NoTiK BekTopa E nmpocTM MHOKEHHAM £y Ha Tuionry 014HOI MOBEpPXHi:
@, ={E,dS =ES;, =E, -2, (6.7)
S

ne Er — npoexiris Bektopa E Ha pajiiyc-BeKTOp I, MPOBEICHUH BiJl HUTKH JI0 TOYKHU T10-
7151, B sIKiM BU3HA4a0Th E, 1 CIpsIMOBaHUH MEPIICHIUKYJIISPHO JI0 OCI.
OCKUJIBbKY 3apsijl, 10 OXOTUTIOETHCS 3aMKHEHOO TIOBEPXHEI0, B TAHOMY BHUIA/IKY
JIOPIBHIOE
q=rl,
16



3actocyemo Teopemy [aycca:
71
D, :&, wmm E, - 27 =—.
) &o
3BIAKHA

E T

" 27e,r ' (6.8)
ITpu © > 0 E; > 0, To6TO BekTop E cripsMOBaHUMN Bij 3apsIKEHOT HUTKH, TIPH T <
0 E/ <0, BexTop E cripsMOBaHUMN 10 HUTKH.
Taxuii camuii BUTJISIT Ma€ T0JI€ HECKIHUEHHOTO PiBHOMIPHO 3apsIIPKEHOTO T10 TT0-
BepxHI nuiiHapa (puc. 6.5). SAkmio paaiyc muiisapa R, moBepxHeBa Ir'yCTUHA 3apsiy O,
TO 3apsiji, 10 MpHIaaae Ha eaeMeHT goBxunau dl umiHapa KopiBHIOE

dg = o2nR dI, -
a KUTBKICTb 3apsy, 10 NPUNAJaEe Ha OAUHUIIO JOBXKUHU IWITi- =t
HJIpa — JiHiiiHA TYCTUHA 3apsy T: =
r:%=02ﬂRd|:o-2ﬂR. I :
dl di
Toni
E-_* R (r>R) (6.9).

" 2me,r gyl
Sxuo r <R, To rayccoBa 3aMKHEHa LWJIIHAPUYHA [TOBEP-
XHS pajiiyca I', o € KOaKC1aJIbHOIO 13 3apsHKEHOI0 ITOBEPXHEIO,
HE OXOIUTIOE 3apsiiB, BHACTIIOK yoro E= 0. ToOTo Bcepenuni
3apAJIKEHOT HECKIHYEHHO JIOBroi LIMJIIHAPUYHOI TOBEPXHI MOJIe
BIJICYTHE.

4. Hanpyocenicmo nojist piBHOMIPHO 3aps0diceHol cghepuunoi no- Puc. 6.5.

BEpPXHI.

Hexait 3apsi q piBHOMIpHO pO3MOIUJIEHHN B BaKyyMi Ha MOBEPXHi cepu pajiyca
R (puc. 6.6) 3 MOBEpXHEBOIO TYCTUHOIO 3aps/IiB G:
9 _ 9
47R*

O =
S

cghepul

[Tone Takoi 3apsikeHoi chepu Oyae cCUMETpHU-
YHUM BITHOCHO IIEHTpa cepu.

L1e o3nauae, 110 BeKTOpHU HanpyskeHocTi E Oy-
JyTh HaNpsMJICHI pajiaJibHO, a BEJIMUMHA HATIPYKe-
HOCTI 3QJIC)KHUTh TUIBKH Bij] BIJICTaHI I' B1JI ICHTpA
chepmn.

B sikoCcT1 3aMKHEHO1 rayccoBOi MOBEPXHI BHOe-
peMo Takox chepruyHy MOBEpXHIO paaiyca I > R,
OTHCaHy HAaBKOJIO 3apsAKEHOI CepH 3 TUM Ke IIeHT-
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pPOM.
OCKinbKHY AJIs BCIX TOYOK MOBEPXHI HAMPYKEHICTh NoJisl E € meprneHauKyIspHO0
710 TIOBEPXHi, MOTIK BekTOpa E BU3HAYUTHCS TaK:
@ = Er-4nr? (6.10)
3a Treopemoto ["aycca NoTik JOPIBHIOE 3apsiiy BCEpEAMHI rayccoBoi cepu, moii-
JICHOMY Ha £o'

E 4m?=1,
&
3BIJIKH
-1 9 (>R (6.11)
dreg v

s hbopmyna 36iraeThcst 3 GopMyII0I0 HAMPYKEHOCTI TOJISI TOYKOBOTO 3apsiy (,
PO3MIIIEHOTO B LIEHTP1 cepH.

k1o paaiyc 10noMIbKHOL MOBEPXHI I' € MEHIIMM, HIK pajlyc R 3apsmkeHoi
chepu, To Taka MOBEpXHs He OyJie OXOIUTIOBATH 3apsiAiB. BHACII0K 1IbOTO 3 TEOpEMU
["aycca BuIMBae, 0 BcepeIuH1 pIBHOMIPHO 3apsAKEHO1 ChEpUIHOI TOBEPXHI MOJIe
BifcyTHE, E = 0.

5. Hanpyoicenicmo nosist pisHOMIpHO 3apsao0dicenoi 3a 00 emMom KyJi.

Hexait 3apsi q piBHOMIpHO pO3IO/IIJIEHUI B BaKyyMi 3a 00’ e€MOM Kyl pajiyca R
3 00'€MHOIO TYCTUHOIO 3apsJIiB p:

g g
p = = .
Vwapa ﬂ 7R 3
3

Bu3HaunMo HanpyKeHICTh eIEKTPUYHOTO M0-
7151 BcepeauHi Ky B Touti M (puc. 6.7) Ha BijacTaH1
r < R Bix nedTpa. s 1iporo nmposeneMo yepes Tou-
Ky M NONOMIXKHY KOHUEHTpUUYHY cdepy pazaiyca I,
JlomoMi>kHa TOBEPXHSI OXOILTIOE 3apsi]l
Gy =Ny = poar®.
3
Tinbku 11e# 3aps (1 CTBOPIOE MOTIK BEKTOPa
HanpyxeHocTi O Kpi3b NOBEPXHIO TOMOMIXKHOI
chepu momero S = 4nr?. Tomy

Puc. 6.7. 4
3
p—7ar
®.=E, -S=E, 4a?=0_-"3
€0 €0
3B11CH
g =3 P, 4 (r <R) (6.12)

C4mPe, 38, AngR®
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JUis TOYOK, 1110 JIeKaTh 1032 KyJiero (I > R), 1onomi>kHa OBEPXHS OXOILTIOE BECH
3apsij (, 1 T0JIe pIBHOMIPHO 3apsIXKEHO1 KyJil 301raeThCs 3 MOJEM TOYKOBOTO 3apsiy,
MOMIIIEHOT0 B IICHTP KYJIi:

S (r >R). (6.13)

§ 7. PoGoTa nepemMinieHHs1 3apsiy B €JIEKTPOCTATHYHOMY N0oJi. IloTeH-

iaJj nmoJjs

Hexaii enexrpocratuune
M0JIE CTBOPIOETHCS HEPYXOMHUM
TOYKOBUM 3apsioM (. Buzna-
4UMO, Ky pOOOTY BUKOHYIOTh
CWJIH T10JIS TIPU TEPEMIIIECHH1
3apsiay (i 3 TOYKH 1 B TOUKy 2
1poro mnouis (puc. 7.1).

Cuna F, mo aie 3 60Ky
1OJISL Ha 3apAan (1, € PI3HOIO B
pi3HUX TouKax nojsi. Tomy po-
310'€eMO TOJIYMKH KPHUBOJIIHIM-
HUW IUIAX [ — 2 HA eJIeMEHTa-
Puc. 7.1. pHI IpsAMOJiHIKHI TinsaHKY dS, B

MeXax SIKHX CHITy MOJKHA BBa-

KaTH MOCTIMHOIO.
3a BU3HAYCHHSM eJIEMEHTapHa poOOTa CHJIM Ha elieMeHTapHOMY HUIiXy dS mopi-
BHIOE
dA = F-dS-cosa,
7€ 0L - KyT M HarpsiMmoM cuiii F - 1 ennemeHTapHoro nepemiieHns dS.
Toni moBHa poOOTa ENEKTPUYHUX CHII HA BCbOMY IIIJISIXY BUPA3UTHCSI CYMOIO
eJIeMEHTapHUX POOIT, TOOTO KPUBOJIIHIMHUM 1HTETPAJIOM

A= [FdScosa.
1-2
Sk BUIHO 3 pUCYHKa
dS-cosa = dr,

ae dr - mpoekiris eeMeHTa J0OBKHHNA KOHTYpa dS Ha HarpsiM pajiyc-BeKTopa I.
Bupaszumo cuny F uepes HanpyxeHicTs E enekTpudHOro moss

F= qu
Toxi enementapHa podoTa Ha aistaI dS
dA = F-dS-cosa = E-q;-dr,= quld_;” (7.1)
r
1 TOBHA poOoTa

2dr 1 1
A= chh_[_zz chh(___) (7.2)

n r r2 rl
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3 popmynu (7.2) BUIIIUBAE:

o poboma He 3anedxicums 8i0 hopmu WXy, N0 AKOMY 8100V8AEMbCS Nepemi-
WeHHs 3aps0y q1, A 3a1eAHCUMb MIIbKU 8I0 NOYAMKOBO20 I KIHYEB020 NONONCEHb 3aps0i6
(6i0 r1i I7);

o 8 MOMY 8UNAOKY, KOJU PYX 3apsaody 8i00)8aA€mMbCsl NO 3AMKHYIMOM) ULIAX),
mooOmo KiHyesa moyka nepemiweHus 30ieacmucs 3 NOYamKo8o0, poboma 00pPiGHIOE HY-
JIesl.

Po6oTy, 110 3111CHIOETHCS CHJIaMU TIOJIS HAJl 3apsSA0M (1 Tpu 00X0/11 1O 3aMKHe-

HOMY KOHTYPY, MOKHA 300pa3uTH SIK KPUBOJIIHIMHUAN 1HTETpa .

fo,Edlcosa =0.
L

Kpykedok y 3HaKa IHTerpaia BKa3zye Ha IHTETPYBAaHHS 110 3AMKHYTOMY KOHTYpY L.
[licnst cKOpOUEHHA Ha MOCTIMHY BEJIMYUHY (1, OTPUMAEMO

§EdI=0. (7.3)

Tyt uepe3 E| no3nauena npoexuisi Bekropa E Ha HanpsiM €JIEMEHTApHOTO MepeMi-
meHHs dS.

[aTerpan, mo BxoauTh 10 Bupasy (7.3), Ha3UBAETLCS YUPKYIAYIEIO 8EKMOPA HANPy-
JHCEHOCMI 830082IC 3aMKHeH020 KoHmypa L.

TakuM YMHOM, YUPKYAAUIA 6EKMOPA HANRPYHCEHOCH eN1eKMPOCMAMUYHO20 NOJIA
no 006iIbHOMY 3AMKHEHOMY KOHMYPY 00OPIGHIOE HY1€6L.

[Tosnst, K1 3aTOBOJIBHSIOTH 111 YMOBH, HA3UBAIOTHCS NOMEHYIAIbHUMU.

VY Takux noJisax podoTa cujl MoJis BiIOYBAETHCS 32 PaXyHOK 3MEHIIIEHHS MOTEHI1AIb-
Hoi eHeprii. Tomy po6oty (7.2) MOXHa MOAATH SIK PI3HULII0 3HAYEHB OTEHIIATBbHOT
eneprii W, sixi mae 3apsn (i B Toukax 11 2:

A, =k By _w (7.4)
] P
3BiJicH JJ1s TTOTEHIIAIBHOT €Heprii 3apsaay (1 B MO 3apsty ( OTPUMYEMO
1 9%
W, = kT + const (7.5)

Sk 1 B MexaHilli, MOTeHIliaIbHa eHeprisl BU3HAYA€ThCsl HEOHO3HAYHO, a 3 TOUYHICTIO
710 TOBLIBHOT cTasoi const. L{e moB's3ano 3 TUM, 110 GI3UYHUIA 3MICT Ma€ TUIbKU Pi3HU-
1151 TOTEHITIAIBHUX €HEPT1i B IBOX TOUYKAX MPOCTOPY, 110 BUpPAkKae poOOTy, 3A1HCHEHY
P TIEPEX0/1i 3 OJHI€T TOUKH B 1HITY. [Ipy 3HAXO0MKEHH]1 K 1i€] pI3HUIN TOBUIbHA CcTaja
BUKIJTFOYA€THCS.

3HaueHHs const 3a3BUYail BUOMPAETHCS TAKUM YMHOM, 100 MPH BiJIAJICHHI 3apsiiy
Ha HECKIHYEHHICTh (I = 00) MmoTeHiaibHa eHepris (7.5) nepeTBoproBasiach Ha HYJIb. [
IIOT'0 HEOOX1JHO MOKJIACTH JOBLIBHY cTaly const = (.

3a 111€i yMOBU BUXOIUTh, 1110

Wp — k qql — 1 qql (76)
rdrg, r

[TorenmianpHa eHepris (7.6) € B3aemHOI0 eHeprieto. OOuaBa B3aEMOIIOUNX 3apsi-
M BXOATh y BUpa3 (7.6) cumeTpruyHo. ToMy 3 OJTHAKOBHM TPaBOM MOHA BBa)KATH,
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110 a00 3apsij (1 3HAXOAUTHCS B €IEKTPUUHOMY IO 3apsiay 0, abo 3apsia ( 3HaXOAUTh-
Csl B €JICKTPUYHOMY TI0JI1 3apsty Q1.

[Ipu ogHOMMEHHUX 3apsiaax ( 1 i, TOOTO MPHU BIAMITOBXYBaHHI, MOTEHIIAJIbHA
EHepris € J0JIaTHOIO 1 yOyBae Mpu po3BeacHH1 3apsaiB. [Ipu pisHOWNMEHHUX 3apsjiax,
TOOTO MpHU MPUTATYBAHHI OTEHITIAJIbHA €HEPT1s € BiJI'EMHOIO 1 3pOCTAE MPHU PO3BEACHHI
3apsiIiB.

Benuuuna

Wp
p=—, (7.7)
0;

110 YHCEJIbHO JIOPIBHIOE NOMEHYIANbHIL eHepeil, IKY MA€ 8 OaHIll MoYyi noJs NO3UMUB-
HULl 0OUHUYHUIL 3apsi0, HA3UBAETHCS nomenuianom noaa 6 yiu moyyi. [lotenimian e
E€HEPreTUYHOI0 XapaKTEPUCTUKOIO MOJIS.

[Tincransitoun B (7.7) 3HaY€HHS MOTEHITIAIbHO1 eHeprii (7.6), OTpuMy€eMO it
MOTEHLIATY TOJIsI TOUKOBOTO 3apsiiy BUpa3

p=—119 (7.8)
Argy 1
BukopucroByroun MoHATTS MOTEHITIATY, BUpa3 JJIsi poOOTH, sIKa 3IHCHIOETHCS
MOJIEM TP MEPEMIIICHHI 3apsiay (i1 3 TOUKK 1 B TOUKY 2 MOXHA 3alUCaTU y BUTIIAI
A =01 (91— ¢2). (7.9)
Poboma, wo 30iticnioemobcs elekmpocmamuyHum nojiem npu nepemiuyerHi 3apsi-
0), 00PIBHIOE O0OYMKY BeNUYUHU 3aPs0Y HA PI3HUYIO NOMEHYIANi8 NOYAMKO80I ma KiH-
Yesoi MOYOK WAXY.
k110 3apsia 1 3 TOYKU 3 TOTEHIIAJIOM (1 BUAISIETHCS HA HECKIHUCHHICTB (7€ 3a
YMOBOIO MOTEHIliaJl JOPIBHIOE HYJII0), poOOTa CUJil TIoJisi OyJie JOPIBHIOBATH
Al = Q1 01
Toni MOXHa 1aTH Jpyre BUBHAUEHHS MOTEHIIATYy.
Tlomenyian wucenvHo 0opigHioe poboomi, Ky 30iUCHIOIOMb CULU NOJISL HAO NO3U-
MUBHUM OOUHUYHUM 3aPSAOOM NPU BUOANEHHI 1i020 3 Yi€i MOYKU HA HECKIHYEeHHICb.

o= (7.10)
0

Taky  3a BEIMYUHOIO pOOOTY HEOOX1AHO 3IIMCHUTH MPOTH CUJT €IEKTPOCTATUY-
HOTO TOJIsl TPU NIEPEHECEHH] MO3UTUBHOTO OJIMHUYHOTO 3apsly 3 HECKIHUEHHOCTI B Jla-
HY TOYKY TIOJIA.

Di3U4HUIN 3MICT Ma€ TIIBLKY PI13HULIS TOTEHITIATIB MK Oy/b-IKUMH TOYKAMHU, a
HE caMl 3Ha4YeHHS ITOTEHIIAIB B IIMX TOYKAX.

SK1110 mose CTBOPIOETHCS NEKIIbKOMA 3apsiilaMu, TO B CUITy IPUHITUITY CYIIEPITO-
3WIII1 TOTEHII )l JOBUIHHOI TOYKH TIOJIA JJOPIBHIOE anre0paiyHiil CyMi MOTEHITIATIB,
CTBOPIOBAHHUX B IIiil TOUIIl yciMa 3apsiIaMu:

n
P=Q+ P +..= D ¢, (7.11)
i=1

[ToTeHmiayi BUMIPIOIOTHCS B BOJIbTax. P13HUIISI MOTEHITIaIiB MK JIBOMa TOUYKaMU
MOJIsl IOPIBHIOE OJHOMY BOJIBTY, SIKIIO MpU NepeHeceHHi 3apsiay B 1 Kit 3 oHiel Touku
B IHIIIY TI0JI€ 3/11HCHIOE poOOTYy B 1 JIK.
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1 B=1]x /K.
Ilpuknao 7.1. EnextpudHe 1moje CTBOPIOEThCs aBoMa 3apsiaamu (1 = 4 MxKir 1 (2 = -2 MK,
SIKi po3MillieHi Ha BigcTaHi @ = 10 cM oguH Big ogHOr0. BU3HAUUTH pOOOTY A CHII TIOJISt TIPU TIEpeMi-
menHi 3apsany q = 50 uKo 3 Touku 1 B Touky 2 mosst (puc. I1. 7.1).

Po6ota nepemiieHHs 3apsiay 3 OJHIET TOUKH ITOJIS B 1HITY JOPIBHIOE JOOYTKY 3apsay Ha Pi3HMITO MO-
TEHIIAJIB [[UX TOYOK
A=q(p1- ¢2).

JIst BUBHAYCHHSI MOTEHIIANIB (P11 (2 TOYOK 1 1 2 moJis MOKHA 3aCTOCYBATH MPHUHIIMI CYNEPIO3HUITIT
SJIEKTPUYHKX TIOJIiB: TMOTEHIIIaJ eIEKTPUYHOTO TIO0JIsl, CTBOPEHOTO IBOMA
3aps/iaMy B IeKid TOYIIl, TOPIBHIOE ajreOpaiyHiil cyMi IMMOTEHITIAIB, 2 ‘T_IL
CTBOPIOBaHMX OKpeMHMHU 3apsaamu (1 i 2. Toxi |

@1 =kqi/(a/2) + kga2/(a/2) = 2k(g1+032)/a;

@2 = kqi/(aV2) + kgz/a = k(qu/N2+qz)/a.

[Ticns mepeTBOpeHbh OCTATOYHO MAEMO

A =kg(qu(2 - %) +Q2)/a (I1. 7.1)

VY po3paxyHKax MOTEHI[ialliB 3HAKHU 3apsi/iiB BPaxOBYIOThCS aBTOMATHY-
HO, TOOTO B OCTaHHIO (hopMymy Tpeba migcTaBuTn g2 = —2-10 5 Ko,

)

ITizcTaBuMoO yucia

A=9-10°50-10"°(4-107°(2 —1—21) —2-107°)/01~1,43-102(Jix) = 14.3 (MJTx).

Ilpuknao 7.2. . J1o 3akpirieHOT YaCTHHKH, 3aps sSKoi (1 = 2 HKI1, 3 HECKIHYEHHOCTI 31 MIBUIKIC-
TI0 V= 0,1 M/c HaOnMKaeThCS 3apsiIKeHa YacTUHKA, Maca sikoi M =40 mr 1 3apan q = 1 uKu. Ha sxy
HailMeH11y BificTaHb I' BOHU cOnu3sThes (puc. I1. 7.2)?

VY Toui 4 HepyxomMui 3apsiy (1 CTBOPIOE EIEKTPUYHE MOJI€ 3 TOTCH-

e A nL.g.0  mianom
- - — - - L s q
Puc. I1. 7.2. '

Toxi nmoTeHuianbHa eHepris B3aeMOJIT 3apsAIiB B Toull A

kaq
_ _ 4%
W, =0pa = -
e [loTeHianbpHa €HEPris pyXOMOi YaCTUHKU B HECKIHUYEHHOCTI JOPIBHIOE HYJIEBI. 3r1IHO 13 3aK0-
HOM 30€epeXeHHs €Heprii B MOMEHT 3yIMHKH PyXOMOi YaCTUHKHU B TOUIll 4 MOYAaTKOBA KIHETUYHA €He-

prist IepexoauTh B MOTEHI1AJIbHY €HEPrii0 KYJIOHIBCHKOTO BIAIITOBXYBaHHS

2
o Mv7 kg, (I. 7.2)
2 r
or= &q‘jl (I1. 7.3)
mv

[TigcraBasroun 4ncia, 3HaAHIEMO
2.9.10°.107°.2.107°
r= 31 2
91-107%.(0,)

=9-1072(m) = Y(cm).
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§ 8. ExkBinoreHuiajibHi moBepxHi. 3B'930K MiK HANPYKEHICTIO | MOTEH-
niajaom

Jlnia rpadiunoro 300paskeHHs OISl OPS 13 CUIIOBUMH JIIHIIMA BUKOPUCTOBYIOTh
eKeinomenyianbHi nosepxwi. ' eOMeTpUUHE MiCIle TOYOK, 1110 MatOTh OJJHAKOBHI MOTCH-
111aJ1, HA3MBAETHCS TTOBEPXHEIO PIBHOTO MOTEHITIATy a00 €KBIMOTEHIIIaIbHOIO MTOBEPX-
HEI0 ¢ = const.

VY pasi BITOKpEMJIEHOT'0 TOYKOBOTO 3apsy, K BUILIKUBAE 3 hopmynu (7.8) ¢ = const
pu I' = const, TOOTO E€KBINOTEHITIAJIbHI TOBEPXHI SABJISAIOTH COOOI0 KOHIICHTPHUYHI ce-
pu.

Ha monmwHi 11i TOBEpXHi BUPOKYIOTHCS B KOHIIEHTPUYHI Kouia (puc. 8.1).

[Tpu nepemitieHH1 3apsay 3 OJIHI€T TOUKHM €KBIMOTEHI1aTbHOI MOBEPXHI B 1HIITY TOJIE,
SIK BUILTHBAE 3 BUPa3y A = Q1 (91 — ¢2), HE BUKOHYE HaJI HUM pOOOTH, TOMY IO (1 — ¢2)
=0.

Toni 3 popmynu podotu A = F-dS-cosa
ciif, o coso = 0, TOOTO CHIIOBI JIIHIT TTOJIA
YCIOJIY IEPHEHAUKYJIAPHI O €KBIMOTEHI1ab-
HUX MTOBEPXOHb.

B3aemHa neprneHauKyIsapHICTh CUIIOBUX
JIHIM MOJIA 1 eKBIMOTEHITIAIbHUX TTOBEPXOHbD €
CIPaBEJIUBOIO HE TUIBKH JIJIS TTOJISI TOYKOBOTO
3apsy, a i JUIst SIK 3aBTOJTHO CKJIAJIHUX €JICK-
TPOCTATUYHUX TOJIIB.

OOuB1 XapaKTEepUCTUKH OIS - BEKTOPHA
(manpyxeHicts E) 1 ckansgpHa (MOTEHLIAT @)
MOB'sA3aH1 Mk CO0010.

[I06 BCTaHOBUTH 3B'I30K MOTEHITIATTY 3

Puc. 8.1. HaIpy>KEHICTIO TIOJISI PO3TJISTHEMO JIB1 TOUKH
ot 11 2, o ranescams 06om O1u3bKUM
eKBINOMEHYIAIbHUM NOBEePXHAM (1 = const 1 2
= const (puc. 8.2). [IpumycTumo, 1110 MpoOHUH 3apsia MepexXoaUTh 3 TOYKH 1 B TOUKy 2
y3I0BXK MPSIMOJTiHIHHOTO Biapizka Al. OOuaBI TOUKK MOTPIOHO BUOpATH JOCUTH OJIHM3b-
KO OJHa BiJl OJHO1, 1100 MOkHa OyJ10 BBaKATH HANPYKEHICTh TOJIA, 1, OTXKE, CHUITY, 110
nie Ha MpoOHMIA 3apsi, Ha Biapisky Al mocrifiHo0.

Ji1s poGOTH CUIT €JEKTPOCTATUYHOTO TOJIS 110 MEPEMIIIIEHHIO POOHOTO 3apsiAy Qnp
Ha nuaxy Al MoxHa HamucaTy Ba BUpas3u.

3 ogHOTrO OOKY, poboTa cunu F = @, E Ha nepemimenni Al mopiBHro€e

A=q, EAlcosa=q,, E Al.

Sk BunHO 3 puc. 8.2
Ei =Ecosa
- mpoekitist Bektopa E Ha Hanpsim Biapizka Al.
3 iHIIoro 60Ky, poboTa MepeMileHHs 3apsay B €IEKTPOCTATUYHOMY MOJI1

A =0, (91— 92).
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[TpupiBHAEMO 00HMIBA BUpa3u AJid pOOOTH.
[Ticng ckopoueHHs Ha BEIMYMHY MPOOHOTO 3apsi-
Iy OTPUMA€EMO

Ei Al = (91— ¢2).
3B1CH
EI :(01_(02 :_AQJ (81)
Al Al

Minyc B it hopmyIi 00yMOBIECHUM TUM, 1110
A = @2 — @1 - 1Ie npupicm NOTEHIIaNy (BiJ KiH-
IIEBOT'0 3HAYCHHS BiIHIMAETHCS IMIOYATKOBE), a
Q1— Q2 = — AQ - 11e 3MeHuen s TTIOTeHITaTy (Bl
ITOYAaTKOBOI'O 3HAYCHHS BiJHIMAETHCS KiHIICBE).
[Tepexoastuun B Bupasi (8.1) g0 rpaHulll 3a yMOBH,
o nepemimeHHs Al mparse 1o Hys, OTpH-
Ma€eMo

Puc. 8.2.

£ =29 (8.2)

[ToxigHa (Z—(f BUPAKAE WBUOKICMb 3MIHU nomeHyiany 8 oanomy Hanpsami. OTxe,
NPOeKYis 6eKMOPA HANPYHCEHOCMI eleKMPOCMamui4HO20 NoJisi Ha O0BINbHUL HANPM
YUCENbHO OOPIBHIOE UBUOKOCMI YOYBAHHS NOMEHYIALY NOJISL HA OOUHUYIO O0BHCUHU 8
YbOMY HaANPAMI.

CuUMBOJI YaCTUHHOI MOX1IHOT MOKAa3ye, M0 JUdepEHIIFOBaHHS TPOBOIUTHCS T1JIhb-
k¥ 10 |, BBaxkarouw i1 3MiHHI ITOCTIHHUMH.

op

VY3108 CHIIOBOI JiHIT COS o0 = 1, B IboMy BUTIaAKy E; i OCATal0Th MaKCH-

MaJILHOTO 3HAYCHHS, 1110 OPiBHIOE |E|. SIKII0 N - HOpMaJTb 10 KBIMOTEHIIATBLHOT M0-
BEPXHI, TO

op
E=——27, 8.3
P (8.3)

TakuM YMHOM, TOTEHITIA] 3MIHIOETHCSI HAWIIIBHUIIIIEC B HAIIPSAMI1 CHIIOBOT JIIHI1.
3Hak MiHyC B piBHsAHHAX (8.2) 1 (8.3) Bka3ye Ha Te, 1110 BekTop E Hanpy>XKeHOCTi MO
CIpsiMOBaHUM B O1K HAWO1IBIIT IIBUIKOTO 3MEHIIICHHS TTOTEHITIAITY.

OcCK1JIbKY HampsIM TIEPEMIIIEHHS] MOYKHA BUOMPATH TOBIIILHO, MIPOEKITIi BEKTOpa
HaIpPyKEHOCTI Ha KOOPJIAMHATHI OC1 OyAyTh MaTH BUTJIS:

U g, =2, (8.4)
OX oy 0z
Bupaszumo Bextop E uepes Horo CKIiaoBi:
E=E,i+E j+Ek=- a—¢i+a—¢j+a—¢k : (8.5)
OX oy 0z

Tyt |, J, K - omuHMYHI BEKTOPH KOOPAMHATHUX Ocell. BekTop, 1110 BU3HAYAETHCSI
BUpa3oM (8.5), HA3UBAEThCS 2padieHmoM TIOTEHIATY 1 TO3HAYAETHCS K
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grad o.
I'padienmom Oesxoi ckanapHoi GeuduUHU, WO € PYHKYIEIO NPOCOPOBUX KOOPOU-
Ham, € 6eKMOp, CAPAMOBAHUL ) OIK HAUOLNbW WUBUOKO20 3POCMAHHSA YIEI GeIUYUHU T YU-
CeNbHO PIGHUL WBUOKOCMI i1 3pocmants 8 ybomy Hanpsami. ToMy 3B'I30K MK Hampy-
KEHICTIO 1 MOTEHI1aJIOM €JIEKTPOCTATUYHOTIO MOJISI MOYKHA MIPEICTAaBUTH SIK
E =-—grad ¢. (8.6)
Hanpyoicenicmo 6 6y0b-sxitl mouyi e1ekmpocmamuyHo2o noJisi 00PiGHIOE
2paodienmy nomeHyiany 8 yiti mouyi, 83s1momy 3 NPOMULEHCHUM 3HAKOM.
®opmyra (8.2) 103BOIISIE 32 BIIOMUMH 3HAUCHHSMU () 3HAUTH HAIIPYKEHICTH IO~
JIs1 B KOKHIN TouIll. MOXHa BUPIIIUTH 1 3BOPOTHY 33/4a4y - 3a 3aJJaHuM 3HaueHHsM E B

KOJKHIW TOYIIl 3HANUTH PI3HUITIO MMOTEHITIAIIB MK IBOMA JIOBUTbBHUMH TOYKAMH TTOJIS. 3
(8.2) BurumBae

12
IaTerpan MoxHa GpaTu B3J0BXK OY/Ib-IKO1 JTiHI1, 1110 3'€qHY€E TOUKH 1 1 2, OCK1JIb-
KK po0OTa CHII MOJISL HE 3aJICKHUTH BiJl (QOPMHU IIIAXY MEPEMIIIEHHS.

§ 9. O0uuc/IeHHs PI3HULI NOTEHUIAIB 32 HANIPYKEHICTIO MOJIA

1. Ilone 6i0oKkpemaeH020 MmouKo8020 3apsoy.

HanpyxeHicTh N0Jig BIHOKPEMIIEHOTO TOYKOBOTO 3apsy Y BaKyyMi JA€ThCA
dbopmyioro (3.4)

E, =k
r
3B'S30K MK HAMPY>KEHICTIO 1 TOTEHI[IAJIOM 3alUIIEeThCs Y BUTIISII
d
E =—2
dr
Toni moTeHIa MO TOYKOBOTO 3apsiny
dr  q
¢p=—|E,dr=—kq|— =k—+const.
fE.dr=kaf & =k

Ha HeckiH4eHHOCTI TOTEeHITial MPUHHATO BBaYKATH PIBHUM HYyJeBl (¢ =0 mms r =

), 1 CTay IHTeTpyBaHHS CJIiJI MOKJIACTH PIBHOIO HYJIEB1, TOOTO MOTEHIIiaJ MOJISI TOUKO-
BOT'O 3apsiay

¢:kﬂ.
r
3BiJICH PI3HUIIA ITOTSHINATIB MK JBOMa TOYKAMH, 1110 JIKATh HA BIICTaHAX I 11

BiJl TOUKOBOTO 3apsiTy
1 1

o — @, =kq| ———|. (9.1)
n n
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2. Ilone pignomipho 3apsaodxcenoi niowunu i J10CK020 KOHOeHcamopa.

HanpykeHicTh 1moJist piBHOMIPHO 3apsKeHOI HECKIHYCHHOI TUTOIIMHNA BU3HAYA-
eThes popmyrioro (6.4)

E -2

n = !
2¢ =0
€ G - TIOBEPXHEBA T CTI/I}Sa sapsiny. [lose /'E E“/
x pxresa ry pay. E=0 [+ o |E=0
IUTOIIMHH € OPTOTOHAJIBHUM JI0 Hed. - —  —t—
Sxmo HanpaBUTH Bick Ox NIEPIICH - ] ] -
KYJIPHO 110 Ii€T IIOIIMHH, TO BIATOBI/IHO - - —
70 BUpa3y (8.7) pi3HUI MTOTCHITIATIB MiX
. . e —— s — —
TOYKAMH, 1[0 BIACTOSATH BiJl IUIOIIMHA Ha
BIJICTaHSX X1 1 X2 , IOPIBHIOE — ] —1T
X2 X2 —— — o — —
o o = /“ ;
(01_§02:_|.Exdx:,|.2 dX=2 (Xz_xl)-
X1 X1 ‘90 gO (p] e d "—F'-} (-pz

(9.2)

JIns eneKTpOCTaTUYHOTO MOJIA y BaKy-

yM1 MK ABOMA NapajelbHUMU TUIONIMHAMY, 3aPSIKEHUMU PI3HOMMEHHO (IT0JI€ J10C-

KOro KoHJieHcaTopa) (puc. 9.1) orpumaemo pizHuyto nomenyianie ( ado Hanpyey) Mix
JIBOMA HECKIHUEHHUMHU 3apsIIPKEHUMHU ITaCTUHAMU (0OKJIaJUHKaMU KOHAEHCAaTOpa)

4o od
P — @y = | —dx=— (9.3)
0€o &g

Puc. 9.1.

3. Ilone pigHOMIPpHO 3aPA0AHCEHOI HECKIHYEHHOI HUMKLU.

Bexrop nampyskenocti nojisi E B Oyab-sIKii TOYIIl CIIPSMOBAHUN Y3JI0BXK pajiaibHOL
npsiMOi, TEPIEHAUKYISApHOI A0 HUTKU (puc. 9.2), a Horo mpoekIilis Ha I MpsSMy
naeTbes popmyiioro (6.8)

T

E, =
27e,r

OCKUIbKM HaIpy>KEHICTh MOJS 3aJIeKUTh TUIBKA BiAg I, TO

3B'I30K MDK HampyXeHicTio 1 moreHiiaaoMm (dopmyna (8.2))
3aMUIICTHCS Y BUTIISII

3BIIKM BWIUIMBA€E, IO PI3HUI IOTSHINIANIB MDK JBOMA
TOYKaMH, IO JISKAaTh Ha BIICTAHAX 1 1 I BT HUTKH, JOPIBHIOE

P

T idr T r

2 — = 2 In —2
ey N r TEy I’l

¢~ ¢, =|Edr= (9.4)

26



Ilpuknaod 9.1. EnexTpocTaTHUHE 10JI€ CTBOPIOETHCS MMO3UTHUBHO 3apsKEHOI0 HECKIHYCHHOIO HUT-
KOO 3 JIIHIHHOIO TycTHHOIO 3apsany T = | HKi/M. SIkoi mBuaKoCcTI HAOy/e €IEKTPOH, 0 HAOIMKYETb-
Csl 1T JI€T0 TIOJIS IO HUTKH B3JIOBJK JIHIT HAPY»KEHOCTI Bij BimctaHi 1 = 1,5 cm o r2 = 1 em? Tloya-
TKOBA IIBUJAKICTb €JIEKTPOHA JOPIBHIOE HYIIIO.

[Tone HeCKiHYEHHOT PIBHOMIPHO 3apsAPKEHOI HUTKU € CUMETPUYHHUM: JIiHII HAapy>KEHOCTI € pajia-
JBHUMHU IPSIMUMH, 110 JISKATh B IUIOLIMHAX, IEPIEHAUKYIAPHUX 10 HUTKHU (puc. I19.1).

PoGoTa cuit mosist TOpiBHIOE MPUPOCTY KIHETHYHOI €Heprii eJIeKTpoHa:

A = Wio — Wi , abo + E
2 2
mvy — mv
_ Mva 1
e(pr—@2) = —=~—— I1.9.1 +
(01-¢2) = —=-—=, ( ) H
ne Wk 1 Wiz - KiHeTHYHI eHeprii eJIeKTpOoHa JI0 1 MiCHIs MPOXOKEHHS - +
MPHUCKOPIOBAIILHOTO TI0JIA, V1 U V2 - TOYATKOBA 1 KiHI[EBA MIBUIKOCTI €JICK- A
TPOHA, e - 3apsijI, M - Maca eeKTPOHA, (1 1 (P2 — MOTEHITIAIN TOYATKOBOT 1 I ?
KiHIIeBOi TOUOK nuIsixy. Ckopucraemocs (9.4)
T I’2 @
G~ ¢y = In-=. N 1
2, N
Puc. T1.9.1.

3 ypaxyBaHHsM Toro, mo V1= 0 i Wk = 0, orpumaemo

2
mv® et T
= In-2

2 2ne, N

u V=

(1. 9.2)

ITizcTaBUBIIN YKCIIOBI 3HAYEHHS, BU3Ha4Ynmo V = 1,6 Mm/c.

Hpuknao 9.2. B sxocti netekTopa a-, B- u )/ - pagioakTUBHUX BUIPOMiHIOBAHb 3aCTOCOBY-
IOTh Ta30pO3PAAHI TIUMILHUKHU. TaKui JTYHIBHUK SABJIsi€ o000 mpoBiaguui mutiaap 3 (puc. I1. 9.2) 3
HATSTHYTOIO B3/IOBXK OCI HMITIHIPA MOHKOI0 MEMAie80to HUMKo 2.

Mix HUTKOIO 2 1 TMITIHAPOM 3 CTBOPIOETHCS BUCOKA pi3HUIIS MOTeHmianiB mopsaaky 400 B. Ya-
CTUHKH, MPOUIIOBIIN KPi3b LHUIIHAP JIYMWIbHUKA, MOTPAIUISIIOTE B IPOCTIp 1 MK elnekTpoaaMu 1
BUKJIMKAIOTh 10HI3a1lito0 ra3y. [oHu, 1110 yTBOpUiIMCS B ra3i, MPUTATYIOTHCS 10 €l1eKTpoiB. OCKUIBKU
I10JI€ € HEOAHOPIAHUM 1 CHJIBHO 3pOCTAlOYUM MOOJIN3Y HUTKHU, pyXOMi BTOPUHHI €JIEKTPOHU Ha J10B-
== >KUHI BUIBHOT'O IpoOIry HaOyBarOTh KIHETUYHOI €Heprii,

f_// Lo dd st 7 7 ""\)ﬁ_ O jocrarHboi st yJIapHOi 10Hi3awii aromiB. BuHuKae na-

7 O  BUHHUI npoliec 10HI3allli, B pe3yJbTaTl SKOT0 Ha HUTKY
= noTpamse 3HAUHA KITBKICTH €1EKTPOHIB, TOTEHIIIA
\ \ HUTKHU 3MIHIOETHCS, IO (QiKCYETHCS MPIIIATIOM SIK OfIH-
2 3 1 HUYHUHN pO3pAIHUNA IMITYJIbC.
Puc. I1. 9.2.

Konmponvni numanns

1. Yu Moke 3MIHUTHCS 3apsi/i €JIeMEHTapHOI YACTHHKH B PE3yJbTaTi sIIEPHOT peaKiii?

2. YoMy OTOYYIOY HAC MAaKPOCKOITIYHI TijIa SK MPABUJIO € HE3APSIHKCHUMU ?

3. Yu Oyne 3axoH KynoHa maTtu oJlHaKOBH BUJI JUIsl BUZHAYEHHS CUJIM B3a€MO/IIT IK TOUKOBUX 3a-
PAIB, TaK 1 MPOTSKHUX 3apAHKEHUX Ti1?

4. SIkMM YMHOM 3a KapTHHOIO CUJIOBUX JIiHIH 1MOJI1 MOXHA 3pOOUTH BUCHOBKH 1II0JI0 HANpsMYy 1 4u-
CENTbHOMY 3HaYCHHIO HANPY>KEHOCTI €JIEKTPUIHOTO TTOJIST?

5. Yu 36iratoThbes JiHil HAIPY>KEHOCTI 3 TPAEKTOPIEI0 PYXY MO3UTUBHOTO MPOoOHOTrOo 3apsany? Yu mo-
KYTbh IEPETUHATHUCS CHJIOBI JIIHIT €I€KTPOCTaTUYHOTO MOJIs?

6. Uu Moke 3aMKHEHa IMOBEPXHsI OXOIUTIOBATH 3apsi/iv, a MOTiK BekTopa E Kpi3b Hel JOpiBHIOBATH HY-
0?
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7. 300pa3iTh rpadivHO OJHOPIAHE 1 HEOTHOPITHE ENEKTPOCTATUYHI MTOJIS.

8. SIK 3MIHIOETHCS HANPYKEHICTh MOJIsI HECKIHYEHHOI PIBHOMIPHO 3apsKEHOI TUNIACTUHHU Y pa3i Bia-
JIEHHS BiJ HET?

9. SlkuMU € ONMHUII BUMIPIOBaHHS HATIPY)KEHOCTI €JICKTPUIHOTO TTOJIsA?

10. IToGyyiite rpadik 3MiHM HAPYKEHOCT1 €EKTPOCTATUIHOTO TOJIS 3 BIICTAHHIO JUIS: a) PIBHOMIp-
HO 3aps/HKEHOT TUIOMMHM; 0) pIBHOMIPHO 3apsKEeHOI 110 00’ emy chepu.

11. SlkuMm € 3B'SI30K MOTEHITIATY EIEKTPUIHOTO TIOJIS 3 POOOTOIO CHUI TIOJISl IPH MEePEMIIIeHH1 3apsiay?
12. YoMy HampyXeHICTh €ICKTPUIHOTO TOJIS CIIPSMOBaHa B 01K HAMOUIBII IMIBUAKOTO YOYBaHHS TI0-
TeHIiaTy?

13. SIxa ymoBa € HEOOX1THOIO 1 IOCTATHBOIO JJISI TOTO, 00 EIEKTPOCTaTUYHE T10JIe OYyJI0 MOTEHITIab-
HUM?

14. SIx moBecTH, 110 EIEKTPOCTATHYHE I0JIE, CTBOPIOBAHE TOUYKOBUM 3apSJIOM, € TOTECHIIAIbHUM?

15. Slkum € 3B'SI30K HAMPYKEHOCTI 3 MOTSHINIAIIOM €IEKTPOCTATHYHOTO TOJIS y BUMIATKY OAHOPIIHOTO
TOJIS1 B INIOCKOMY KOHJIEHCATOpi?

16. Yu MoXxe iCHYBaTH €JIEKTPOCTATUYHE I10JIE, CUIIOBI JIIHIT SIKOTO € MapajeIbHIMH, aJl¢ MaloTh Pi3HY
T'YCTHHY B PI3HUX YacTUHAX TOJIsI?

I'naga 2. EJIEKTPUYHE I1OJIE B AIEJIEKTPUKAX
§ 10. Iumosnb y 30BHIIHBOMY €JIEKTPUYHOMY IOJIi

PosrisiHeMo MoBeIiHKY JKOPCTKOTO €IEKTPUUHOTO Ounois (IuB. § 3), BMIIIEHOTO
8 00HOpIOHe efleKmpUuyHe noJe.

Hexait BeKTOp p IUNOJIBHOIO MOMEHTY CIIPSMOBAHMM I11]1 KYTOM O 0 HAIIPSIMY
30BHIIHBOTO 1O E (puc. 10.1). lunonb Ha3UBaIOTh JKOPCTKUM, SIKIIO B €JIEKTPUUHO-
My TIOJIi BijicTadb | MiXk HOTO 3apsaamMu He 3MIHIOETbCS. ENCKTpUYHUN MOMEHT JTUTIOJNS
JOpIBHIOE YMcenbHO P = gl i cipsiMOBaHMIA BiJ] HETAaTUBHOTO 3apsiAy 0 MO3UTHBHOTO.

Ha no3utuBHMiA 3apsia + ( A€ cuiia, Mo 301raeThes 32 HANPSMOM 13 BeKTopoM E 1

+q F- ska nopiBHioe F1 = E , a Ha HeraTuBHUM 3apsj -
AT F TpOoTUIeKHOro HanpsaMky F2 = —( E.

p / I _ i cunu € piIBHUMU 32 BEJTUYUHOIO 1 CIIPSI-
//\ : (lsina= MOBAaHUMHU B NMPOTUIICKHI OOKH, BOHU YTBOPIOIOTH
7 a ;c;z_ — _: = qapy cuil. MexaHIYHMi KPYyTHUI MOMEHT LIi€i na-
) -q m U UHCEIIBHO JOPIBHIOE TIOOYTKY MOIYJISL CUJIA Ha
wieye napu | sin o
Pnc. 10.1. M = Fl sin a = gEI sin o = pE sin a. (10.1)

Bekxrop M MOMEHTY TOPiBHIOE BEKTOPHOMY
n00yTKy BeKTOpiB p 1 E
M = [pE]. (10.2)
MowmeHnT cuit M nparHe nmoBepHyTH JUIIONb Tak, 00 MOTo eeKTPUYHUNA MOMEHT p
BCTAHOBHUBCS Y HaIPsIMI 30BHIIIHBOTO 1oJs E.
Jliist TOTO, 1100 TTOBEPHYTH JHIIONb HA MK KyT Ao, POTH TOAMHHUKOBOT CTPiJI-
KU HAaBKOJIO OCl1, MEPIEHIUKYIISIPHOI JO HAMPSMY T0JIsA, 30BHIIIIHI CUJIM MalOTh BUKOHA-
TH TIEBHY pPOOOTY.
dA =M da = pE sin a da. (10.3)
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[1s po6oTa BuTpayaeThes Ha 301IbIIEHHS MOTeHLIanbHOT eHeprii W, siky mae nu-
M0JIb B €NIEKTPUYHOMY T10JI1
dW = dA = pE sin a da. (10.4)
[HTETpYyI0UM, OTPUMYEMO
W = — pE cos a + const = — pE + const (10.5)
SAxmio moknactu const = 0, To eHepris AumosIs Oy/1e JOpiBHIOBATH HYIIIO TOI,
KOJIM JUTIOJIb BCTAHOBUTHCS MEPIICHIUKYIISIPHO 110 ToJis (o = 71/2). MiHiMalbHE 3HaUYCH-
HS €HEepTii, o H0piBHIOE — pE, BUXOIUTH, KoK 00 = 0, TOOTO KOJIU AUTOIL OPIEHTOBA-
HHI CBOIM MOMEHTOM Y3JI0BX TOJIS.
I1e BimmoBiae MOJIOKEHHIO CTiHKOI piBHOBaru. [Ipu Bij-
- XWJICHHI TATIOJNS BiJ] IIHOTO MOJI0KEHHS 3HOBY BUHHKAE MEXa-

——=q +q HIYHUH MOMEHT 30BHIITHIX CHJI, IKWI MOBEPTAE TUTIONH B TIO-
=7 ya E  gartkose momoxenms.
‘"x Y HeoOHopiOHOMY enekmpuyHoMYy NOJi HA TATIONb, KPIM

00epTaIbHOTO MOMEHTY, JI1€ TAKOX CHJIA, SIKa MparHe BTATHYTH
JIUTIONB B 00J1acTh cuibHIIIOTO 1011, Ha puc. 10.2 300pake-
Puc.10.2 HUUW AUMOJb B HEOJHOPIAHOMY €IEKTPUYHOMY TOJI1 Y BUTIAAKY,
KOJIM IUTIOJILHUN MOMEHT p HaIlpaBieHUH B3/10BXK moJisa. Cuiia
F_ (3a monynem) Ginbinie HiXK cuiia F4, pe3ynbpTyroda cuia F- — F, mparue nepemicTutu
JTUTIONB B 00JIaCTh OUIBIIIOT HAMPYKEHOCTI €IEKTPHUYHOTO TIOJIA.
[{ieto MOBEMTIHKOO JAMUITONS, 30KpEMa, TIOSICHIOETHCS TIPHITATIAHHS JICTKUX JTIeJIeKT-
PUYHUX MIPEAMETIB ( «IUIOJIIBY) - IIMATOYKIB Manepy, MHOMIACTY - A0 HAeIEKTPU30-
BaHUX TLI.

Ilpuknao 10.1. SIkoro € MiHIMaJIbHA 1 MaKCHMaJIbHA TIOTEHITIaJIbHA EHEPTisl TUTOJS 3 eIeKTPH-
YHEM MOMEHTOM p = 4-107° Ki'M, , IKHit MiCTHTBCS B 30BHIITHEOMY OJHODiAHOMY €IeKTPHYHOMY TIOMi
HanpyxeHictio £ =300 B/m?

BinnosigHo 1o ¢popmynu (10.5) noteHuiaabHa eHEprist JUNOJs
W= —pEcosa.
Minimansha edepris mpu o = 0° W = — pE = — 4-10°-300 = —1,2:10°° (JIx) Bizmosinae mono-
’KEHHIO CTiifko1 piBHOBaru. MakcumanbHa enepris o= 180° W = pE = 4-107°-300 = 1,2-107° (J]x) Bi-
JITOBIJTIA€ TIOJIO’KEHHIO HECTINKOI pIBHOBArH.

§ 11. Tunu gienexkrpukis. [oasspusanis xiesieKTpuKiB

Bci peqoBuHU B IpUpO Il MOKHA YMOBHO po30iiumu Ha 08I kame2opii: IPOBiJI-
HUKH, 10 I00pe MPOIYCKAOTh EICKTPUUHUN CTPYM, 1 JieAEKTPUKHU (1301TOPH), SIKi
MPAKTUYHO HE MPOMYCKaIOTh cTpyM. [IpomixkHE CTaHOBHIIE 3aiiMalOTh HAIIBIPOBIIHH-
KU, SIKi TPOITyCKAIOTh CTPYM 3a MIEBHUX YMOB.

3 TOYKH 30py KJIacU4HO1 (P13UKM B METAJIEBUX MPOBIIHUKAX 1ICHY€E Oarato Taxk
3BaHUX BUIBHUX €JIEKTPOHIB, 1110 BIIPBAJIKCS BiJl 10HIB KPUCTAIIYHOI IpaTku. BMukaH-
HS SIK 3aBTOJTHO MAJIOTO 30BHIIIHBOTO €IEKTPUIHOTO TOJIS BUKIIMKAE CTIPSIMOBAaHUH pyX
€JIEKTPOHIB - €JIEKTPUYHHUI CTPYM.
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JlieneKTpuKH - 11e PEYOBUHHU, 110 MOTaHO MPOBOJAATH eNeKTpUuyHH cTpyM. Lle mo-
SICHIOETBCSI TUM, 110 B JIICJICKTPUKaX, Ha BIIMIHY BIJl METAJIIB, PAKTUYHO BIJICYTHI
BUIbHI €JICKTPOHH, BC1 €JIEKTPOHH TOB'sI3aH1 3 aToMaMHu. EjlekTpuyHe noJjie He BiApUBae
€JICKTPOHH B1JI aTOMIB, a TUIBKH 3MIIIY€E X Ha MaJji (IOPSIIKY MI)KaTOMHHUX ) BIJICTaHI,
T06TO Ha BifcTani nopsaxy 107-108 cm.

Bci gienexkTpruku Mo)kHA TOJAUTMTH Ha Taki TPU TPYIH.

1. lienekmpuku 3 noaaApHumMu mMojaeKyiamu.

Moutekynu AesTKuX PeUOBHH, HATPUKIA] piauH - Boau HyO, consaHoi KucioTn
HCI, 6enzomy CgHs Ta iH., TBepaux tia - H,S, rasis - SO, MaroTh BIACHUH JTHAITOJIBHHAN
MOMEHT.

Ile o3Hauae, 110 B TAKMX MOJIEKYJIaX «IEHTPHU TSXKIHHS MO3UTUBHUX 1 HETATUB-
HUX 3apsJIiB 3MiIIeH] BIJIHOCHO 0JuH ojiHOT0. [10/110H1 MOJIeKyJIU Ha3UBAIOThCS ROAP-
HUMU.

EnexTpuune mose noiaspHoi MOJIEKYJIU MOXHA MIPEJICTABUTH SIK T0JIE AESKOTO
CKBIBaJICHTHOTO €JICKTPUYHOTO JUIIOJS 3 MOCTIHHUM TUNOIBHUM MoMeHToM P = gl, ne |
- BIJICTaHb MK €JIEKTPUYHUMU IIEHTPAMH.

Komnu 30BHIIIHE €EKTpUYHE TI0JIE BIJICYTHE, TUTIOJIbHI MOMEHTH MOJIEKYJI B M1O-
JSPHUX JIIETEKTPUKAX Yepe3 HAsIBHICTh TEIJIOBOTO PyXY OPIEHTOBAHI XaOTUYHO (PHC.
11.1). Ha puc. 11.1 no3uTHBHO 3aps’KeHa YaCTUHA MOJIEKYJIH 3adapOoBaHa B HOPHUI
KOJIip, HEraTUBHA - B O1JIHIA.

3a HagBHOCTI 30BHIIMIHBOTO OJII HAMOUIBII CTIMKMM € CTaH, IO BIJIIIOBIIA€ MiHI-
MyMYy MOTEHUIAIbHOT €Heprii, TOOTO CTaH, MPU SKOMY JAUMOIbHI MOMEHTH MOJIEKYJ p
Oynu O mapaJsenbHi HanpykeHocTi o E.

Bracniiok cymicHO1 aii 000X (pakTopiB (CHJI MOJISA 1 XaOTUYHOTO TEMIOBOTO PYXY)
B JIEJICKTPUKY BCTAHOBIIIOETHCS OPIEHTALIIS TUTIOJIBHIX MOMEHTIB MOJISIPHUX MOJIEKYJI B
HanpsmKy mosist (puc. 11.1).

=~ Oron +0 0,
0 Oy —fore O e +
i I o1+ - D‘f-o o—e of*|t
i o--"'l —|ote o ole|+ E
1 ) ' ~
217 B
54"~ —I» ~loks oo T
‘,i-"‘o o g ] ‘,cy"“' Oy ]

Puc. 11.1.

[Tporiec 3mimeHHS 3B’ A3aHUX 3apSKCHUX YaCTHHOK JICICKTPUKA i JIEI0
30BHIITHBOTO €JICKTPUYHOTO TIOJISI HA3UBAETHCS HOIAPUZAUIEIO DleIeKmPUKaA.
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B posrisiHyTOMYy BUNIAAKY 30BHINTHE TOJIE CIPUYMHSE MOJSIPU3AITiF0, BUIIIUKOBY-
I0YH, OPIEHTYIOUH JIUIIOJIBHI MOMEHTH MOJIEKYJ Y HampsiMi rosist. Taka nmojsipu3aliist Ha-
3UBAETHCS OPIEHMAUTIHOT0.

Ha ToprieBi moBepxHi A1€IEKTPUYHOTO 3pa3ka BUCTYNAlOTh HECKOMIIEHCOBAHI MO-
3UTHUBHI 1 HETaTUBHI 3apsIu - KIHII MOJICKYJI-TUITOJIIB. IX Ha3MBAIOTH NONAPU3AYTUHUMU
abo 38'szanumu 3apsoamu (Ha puc. 11.1 +6,05 1 — Gpon).

TennoBwuii pyx, 3p03yMiJI0, 3aBaXae BUIIMKOBYBAHHIO MOJIEKYJI, TaK I110 OPl1€HTAa-
IIfHA TTOJISIPU3AIlisl 3SMEHIIIYETHCS 3 POCTOM TEMIIEpaTypH.

2. /lienekmpuk 3 HenOaAAPHUMU MOJIEKYTAMU

Koxna Monekysa (abo aTom) AieIeKTpruKa Ma€ MO3UTHUBHO 3apsKEH] siapa 1
HETaTUBHO 3apsKEH1 €JIEKTPOHHU, SIKI PyXaroThbcsl HaBKOJIO Anep. [lo3uTuBHI 3apsau
BCIX SiZIEp JIOPIBHIOIOTH 32 a0COJIOTHOIO BEJIMYMHOIO 3PSy BCiX €IEKTPOHIB, 1 TOMY
MOJIEKYJIa PEUOBUHHU € B LIJIOMY €JIEKTPUYHO HEUTPAIBbHOIO.

Jlo npyroi rpynu MOXHa BITHECTH JIEICKTPUKHU, B MOJICKYJIaX SIKUX «IICHTPHU TS-
KIHHS» TIO3UTUBHUX 1 HETAaTUBHUX YaCTUHOK CIiBMaaaoTh (puc. 11.2).

Mouiekynu Takux J1€IEKTPUKIB Ha3UBAIOTHCS HENOAAPHUMU. 30KPEMA, J10
JIEJeKTPUKIB Ii€1 rpyIu HajexaTh BojeHb Hy, a30T Ny., kucenb O, okuc Byriento CO,
CCly, mapadin, OeH301 1 psi/T IHITUX BYTJICBOAHIB. Y BIJICYTHOCTI 30BHIIIIHBOTO €JICK-
TPUYHOTO TIOJISI TUTIOTFHUN MOMEHT TaKUX MOJIEKYJ IOPIBHIOE HYJIEBI.

SIK110 y 30BHIIIIHE TOJI€ BHECTU A1EIEKTPUK 3 HEMOISIPHUMH MOJIEKYJIaMH, TO
€JIEKTPOHHI 0pOITH Je(hOPMYIOTHCS, 1 TOMY 3MIIIYETHCS KLEHTP TAXKIHHS €IEKTPOHIB
I0JI0 «IICHTPA TSLKIHHSA» aTOMHUX SJED.

Monekynu CTaroTh €NeKTpUY-
HUMU JIUTIOJISIMH, OPI€EHTOBAHUMU TIO-

3UTHBHO 3apsPKEHUMH KIHISIMU B E
HaIpsIMKY €JICKTPHUYHOTO IIOJIA - HE- P ca——_
MOJIAPHI MOJIEKYJI CTAIOTh MOJISIPHU- L2 \\ -—
mu (puc. 11.2). YV npomy nossirae me- = N
XaHI3M e/1eKmpOHHOT TIOJIpU3aIlii. - F + 5

Taxki HaBeIeH1 U0 Ha3UBa- o A7 ~
I0Th MPY>KHUMH (KBa3iMpy>KHUMH ), HA N — —7
BIJIMIHY BIJl Y)KOPCTKUX MOJIIPHUX MO- \:____ 4
JeKYJI.

[Tpu BHECEHHI HEMOISPHOTO 4 +q

— o] f e

JEJeKTPUKA B €JIEKTPUYHE MOJI€ BCl
HaBEJICH1 AUMOJIbHI MOMEHTH PO3Mi-
IIYIOTHCS JIAHITIOYKKaAMU B3JIOBXK JIIHIN
HaIpy>KeHOCTi. BHACTI0K 1IbOTO TpaHi JAieNIeKTprKa HA0YBAaIOTh PI3HONMEHHUX 3apsiIiB
- IIETIEKTPUK TTOJISIPU3YETHCS.

Puc. 11.2.
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3. lonni oienexmpuxu

Jlo TpeThoi rpyn# JIeJIeKTPUKIB HAJICKATh {OHHI KpUCMAau, y SIKuxX B IPOCTOPO-
BUX TpaTKax MPaBUJIbLHO YEPTYIOThCS MO3UTHUBHI 1 HeratuBHi 10U (Harpukiaz, NaCl,
KCI, CsCl). Y Takux KkpucTajiax He MOXXKHA BUAUTUTH OKPEMI MOJICKYJIH, iX MOXKHA
PO3IIIAAATH K CYKYIHICTh JBOX I0HHHMX I'DATOK, BCTABJIICHUX OHA B oaHY (puc. 11.3).
Opna rpaTka nmo6y/ioBaHa 3 MO3UTUBHUX 10HIB, 1HIIA - 3 HETATUBHUX.
Ha puc. 11.3 300paxena cxema KpUCTaIidyHOI rpa-
¢ '/’\ TKU KyxoHHO1 comi NaCl; TyT ManeHbKi KyJIbKHU - TO3H-
"’ THUBHI 10HW HATPiI0, BEJUKI - HETaTUBHI 10HU XJI0py. Bci
KPUCTAIA KyXOHHOI COJIi MalOTh O/JIHAKOBY KyOi1uHY
" g  bopmy
' Komu 30BHIITHE €IEKTpUYHE TI0JIC BIICYTHE, €IEK-
TPUYHI CWJIM B3aEMO/IIT 3apsJPKEHUX 10HIB Y By3JlaX rpart-
KU B3a€MHO BPIBHOBAXKYIOTHCS, 1 HA KOXKHIM rpaHi Kpuc-
Taja pO3MIIIYETHCS OJTHAKOBA KIJIbKICTh MIO3UTUBHUX 1
HEraTUBHUX 10HIB. SIKIIIO TaKWi KpUCTal BHECTHU B €JICK-
Puc. 11.3 TPUYHE TI0JIE, TO I/ 1€ CHUJI TTOJIS TTO3UTUBHI 10HU
3MINIYIOTHCS B HAITPsIMI BEKTOpa HAIIPYKEHOCTI, a BCi
HEraTHBHI 10HU - B MPOTHJICKHOMY HarpsiMi. ToMy Ha MPOTHIICKHUX TPAHIX KpUCTaa
MEepPEBAXKaKTh 10HU OJTHOTO 3HAKA, 1 KpUCTAI OyJi€ MOJISIPU30BAHUM.
TakuM 4MHOM, IJIs1 BCIX TPHOX THUIIB JIEIEKTPUKA XapaKTEPHOI 03HAKOIO MOJIS-
pu3allii € BAHUKHEHHS €JICKTPUIHOTO TUTIOTFHOTO MOMEHTY B OYyIb-IKOMY MaKpOCKO-
MYHO MaJIoMy 00’ €M1 JIIeJIEKTPHUKA.

Ilpuknao 11.1. Ha siBuny nosisipusailii, a TouHimie, nepenosspusaiii 3acHoBasa po6ora HBY-
nedi (MiKpOXBMJIBOBOT 11€4i), MPU3HAYEHOT /ISl IIBUIKOTO MPUTOTYBaHHS a00 po3irpiBaHH iXKi.
HarpiBanHs B 1e4i 3aCHOBaHE Ha MPUHIIMII TaK 3BAHOTO «IUMOJIBHOTO 3CYBY».

MosnexynsipHUil TUNOIBHUIN 3CYB Mij €10 €JIeKTPUYHOTO M0JIs BiIOYBAa€ThCS B MaTepianax,
10 MICTSATh MOJSPHI MosIeKyIH. Kpalym nosisipHuM A1eeKTPUKOM € BOJA, IKa MICTUTHCS] IPAKTUYHO
y BCIX MPOJYKTaX Xap4dyBaHHS.

VY 3MIHHOMY €JIEKTPUYHOMY TOJII BUCOKOYACTOTHOTO €JIEKTPOMArHITHOTO BUIIPOMIHIOBAHHS
MOJIEKYJIM BOAM MEPIOANYHO 3MIHIOIOTh HAaPsIMOK. CTHKAIOUUCH 1 TepeJatour eHEepTilo CyCiHIM MO-
JIeKyJIaM, MOJIEKYJIH BOAM 30UTBIITYIOTh CEPEeIHIO KIHETHUHY €HEPIii0 MOJIEKYJl PEYOBHUHH, a OTKE,
301BIIYIOTH HOTO TEMIIEpaTypy.

Ilpuknao 11.2. Y neskux KpUCTATIYHUX JiCTEKTPUKAX CTUCHEHHS 3pa3Ka y TICBHOMY HarpsiM-
Ky MPU3BOIUTH 10 HOTO MOJISApU3aLii - 10 MOSIBH HA MPOTUIIEKHHUX TPAHAX MOJIPU3ALIMHNX 3apsaaiB
MPOTUJIEKHOTO 3HaKa. HaBmaku, mojada pi3HUI NOTEHIIaNIB Ha MPOTUIIEKH] IPaHi BEJE 10 CTUCKaH-
Hs (a00 po3impeHHs) 3pa3ka. Take sBUIlle HA3UBAETHCS n'€30e1ekmpuynum epekmom. Lleit epext
MPOSABIISAIOTH KBapll, TUTAHAT Oapito, cerHerona ciib 1 1H. [lospu3aiiist B HapsIMKY MEXaHIYHOI A11
00yMOBIIEHa CTPYKTYPHOIO MepedyA0BOI0, 3MIIIIEHHSIM 10HIB 1 eOpMalli€lo eTeKTPOHHUX 000JIOHOK.

[T'e30enexkTpuuHI MaTepiajiy MHUPOKO BUKOPUCTOBYIOTh Y TEXHIII1 JIJIsl IEPETBOPEHHS MEXaH14-
HUX KOJINBaHb B €JICKTPUYHI 1 HABMAKH. 3 HUX BUTOTOBJISIOTH Pi3HI JATUMKU JJIs1 BUMIPIOBAHHS 4acTo-
TH 1 aMIUTITYyI4 BiOpaiiif KOHCTPYKILIN, ABUTYHIB, TYpOiH, JITaKiB, AATYUKHA MEXAHIYHUX HANPYKEHb,
JAaTYUKHU TUCKY PIMH 1 ra3iB; 4yTJIUBI €IEMEHTH B MiKpo(hoHax 1 T.1. I MepeTBOPEHHS eNeKTPUYHUX
KOJIMBaHb B 3BYKOB1 BUKOPUCTOBYIOTh IT'€30€IEKTPHUKH SIK aKyCTHUH1 TeHepaTopH (yJIbTpa3ByKOB1 BU-
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MPOMiHIOBayi, BUIIPOMIHIOBaYi IiPOIOKATOPOB - COHAPIB 1 T.1.). Halimommupenimmm npuianom, B
SIKOMY BUKOPHCTOBYETBCS IT'€30€(DEKT, € 3araIbHIYKA.

§ 12. IlonsipuszoBaHicTh. /dieieKTpuHa CIPUHHATIUBICTD

JI1s1 KUTBKICHOT OLIHKY MOJISIpU3aIiii JieJeKTPUKa BBOJIUTHCS TIOHSATTS 6eKMOpa
noaapusayii (noasapuzoeannocmu). 11i1 moaIprU30BaHICTIO PO3YMIIOTh CYMY CIICK-
TPUYHHUX JUTOJIBHUX MOMEHTIB MOJICKYJI OJIMHHMII 00'€MY MOISPU30BAHOTO JTICIICKTPH-
Ka, IHIIMMHU CJIOBaMHU, MOJISIPU30BaHICTh BU3HAYAETHCS e1eKMPUYHUM OUNOTbHUM MO-
MeHmOoM 0OUHUYL 00'eMY NOTAPUZ08AHO2O OlesleKMPUKA.

Zpi

AV

¢ Pi - AUMIOJLHUN MOMEHT | - T MOJICKYJIH, a IiICYMOBYBAHHS 3/{IHCHIOETHCS TI0
BCIM MOJIEKYJaMm, 110 MICTATbCA B 00’ emi AV.

Jocnia mokasye, 10 30BHIIIHE €IEKTPUYHE MOJIe a00 CTBOPIOE AUTOJIHHI MOMEH-
TH, SIK1 OPIEHTOBAHI IO MOJIIO (TIPY>KHA MOJsIpU3allis), a00 OpIEHTYE AUMOJIbHI MOMEHTH
MOJIEKYJ (Opi€HTaIliiTHA TOJISIpU3allisi), BHACTIOK YOTO JIEJIEKTPUK HAaOyBa€e Makpo-
CKOIMIYHUI AUMOJbHUI MOMEHT

OTxe, MoAsIpU30BaHICTh P Mae OyTH IPONOPLIHHOK HAIPYKEHOCT1 30BHIIIHBEOTO

, (12.1)

TTOJIS
P = keoE, (12.2)
Jie Koe(illieHT K HOCUTh Ha3BY diesiekmpuunoi cnpuitnamaugocmi. 115 Bennyu-
Ha XapaKTepu3ye 3[IaTHICTb CEPEIOBHINA JIO MOSPU3AILii.
3Har04YM BEJIMYHUHY MOJIIPU30BAHOCTI, MOKHA BUBHAUYUTH TTOBEPXHEBY T'YCTUHY
HAJJTUIIKOBUX, TaK 3BAHUX NOJAPUZAYIUHUX 3aps0i8, IO 3'IBISIOTHCS B 30BHIIIHBOMY
EJICKTPUYHOMY TOJIi Ha TIOBEPXHI1 J1CIEKTPH-

Ka. s
Po3zrisitneMo 3pa3ok AleNeKTpUKa y BH- R j{

TJIS11 TOXMJIO! IIPU3MH 3 TUIOIIE0 OCHOBH S 1 N { oo~

pebpom |.3pa3ok nomiieHuii B €ICKTPUYIHE = e—eo T of

10JIe, 10 € apaebHUM Horo Giunomy pe6- —0' L7 ‘o “ET o of+0 P

py (puc. 12.1). Ha ozaniii 3 ocHOB pu3Mu Sl o0 o oI

3'SIBJSIOTHCS] HETaTUBHI 3apsiik 3 OBEpXHe- R i P

BOIO TYCTHHOIO - G ', @ Ha 1HILIH - TO3UTUBHI i &

3apsiiv 3 MOBEPXHEBOIO TYCTUHOIO + G'. Oue-

BU/HO, III0 IOBHUM JUNOJbHUN MOMEHT Puc. 12.1.

MPU3MU JIOPIBHIOE T00YTKY BEJIMYMHH MOJISI-
pu3aliiiHoro 3apsay ' = 6'S , 0 BUHUKAE Ha 11 TOPISAX, Ha BiJIcTaHh MK HUMH
P=co'SI
3riJIHO 3 BU3HAYECHHSIM MO>KHA 3alKCcaTH, U0 MOJISPU30BAHICTD (€1EKTPUUHHIMA
MOMEHT OJMHUIII 00'€EMY) TOPIBHIOE
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SIKII0 0 - KyT M)XK HalpsiMOM HOpPMaJIi 10 OCHOBH MPU3MH 1 BEKTOpoM P, To
00’eM TPHU3MHU JOPIBHIOE

V =Sh =Sl cos a
[lizcTaBuBIIM 3HAYEHHS 00’ €MY MPU3MH, OTPUMAEMO
oSl
Slcosa
3BIIKHA
c'=Pcosa=P, (12.3)

[ToBepxHeBa rycTrHa 3B's13aHUX (MOJIAPU3ALIAHUX) 3apSAIB JOPIBHIOE MPOEKIIT
BEKTOpa MOJISIPU30BaHOCTI P Ha 30BHIIIHIO HOPMaJb N 0 PO3TIISIHYTOI MOBEPXHI
TeJIeKTPHUKA.

§ 13.EsexTpuune 3MminmeHHs. /ieleKTpU4HA NPOHUKHICTH

Po3zrisitHeMo nose, 1o cCTBOpEHE B BAKyyMi IBOMa HECKIHUEHHUMU P13HOMMEHHO
3apAKEHUMU TJIaCTUHAMMU, 3apsPKEHUMH 3 TOBEPXHEBOIO T'YCTUHOO BUIBHUX 3apsi/iiB
+ci1—o.

[TpunycTumo, 0 Mi>K HUMHU MTOMIIIEHUH 11ap OJTHOPIAHOIO JiENeKTpUKa (pHC.
13.1).

[Tix niero mosist M1eIEKTPUK MOJISIPUBYETHCS, TOOTO

+3 -G +0’ _g  BiIOyBaeTbcs 3MIIMICHHS ITO3UTUBHUX 3apsIiB O TOJIIO 1
. . _ HETaTUBHHUX — IPOTH TIOJISL.
. _ . _ B pesynbTaTi monspuzaiiii HoBepxH1 JiEIEKTPUKA
+ _ + _ TakoX HaOyBalOTh OBEPXHEBUX 3apsAAiB + ¢ '1 — ¢, npu-
+ - _ YoMy OLJIs MO3UTUBHOI 3apsKEHOT IUIONTUHU Oy1e MICTH-
+ _ + _ THCS HETaTUBHO 3aps/»KEHA TOBEPXHS J1EICKTPHUKA.
+-—- E + - 3 puc. 13.1 BugHo, mo enexrpuune nose E’ 3B's13a-
+ |- = - HMX 3aps/iiB HapaBJICHO NPOTUIIEKHO 30BHIIIHBOMY T10O-
+ - + - o Eo, CTBOpEHOMY BITLHUMH 3apsIaMH.
+ = + - 3riIHO 3 IPUHIIMIIOM CYNEPHO3ULli HAIPY>KEHICTh
+ . — nods E BcepenuHi qieneK-TpUKa € CyMa LUX JIBOX MOJIIB:
+ = + = E=Ey+ E' (13.1)
a00 B IIPOEKIIISIX
E,Ey E, E=Ey-E. (13.2)
I]_k -— I OO6uBa MOJIs CTBOPIOIOTHCS IBOMA HECKIHYEHHUMH
E’ 3apsSDKCHUMU TIOIMHAMU 1 JOPIBHIOIOTH B1ATIOBII-
!
Puc. 13.1. HOE, =— i E'="-. Tomy
o o
’
E-2°9, (13.3)
€o

OCKUJIbKY HANPYKEHICTh TOJISI BCEPEIMHI JIEIeKTPUKa MEHIIE, HiK 11032 HUM, TO
YaCTHHA JIIHIM BEKTOpA HAMPYKEHOCTI, 10 TOYMHAIOTHCS (200 3aKiHIYIOTHCS) Ha BiJTb-
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HUX 3apsagax, 3aKiHIYIOThCS (BIAMOBITHO, TOYMHAIOTHCS) HA 3B'sI3aHUX 3apsigax (puc.
13.1).
Takum YMHOM, BEKTOP HAMpPYKEHOCTI E, mpoxoasun uepe3 noBITPSHUMN 3a30p
MDK TJTOIIMHAMU 1 JIIeTIEKTPUKOM, 3a3Ha€ CTpUOKOIO10H01 3MiHU. Lle cTBoproe He3py-
YHICTh IPU PO3PaXyHKY €JIEKTPOCTATUYHUX TOJIB.
3B's3aH1 3apsAAM 3'ABISIIOTHCS HA TTOBEPXHSX J1eJIEKTPUKA MiJ €0 OIS, CTBOPE-
HOTO BUJIbHUMU 3apsigaMu. ToMy NEpBUHHUM JHKEPENIOM MOJIS B JIEICKTPUKY € caMe Bi-
JBHI 3apsIn.
Pesynbrytoue mose B aienekTpuky E 1opiBHIOE BEKTOPHIM cyMi MOJIsS BUIBHHUX 3a-
PSAIB 1 OIS TOJSIPU3ALIMHUX 3B'A3aHUX 3apsi/iiB. AJie MOBEPXHEBA I'YCTHHA 3B'A3aHUX
3apsIiB, IO BU3HAYAE TOJIE 3B'sI3aHUX 3apsiB, B CBOIO UEPTY 3aJICKUTH Bl HAMPYXKe-
HOCTI pe3yJbTYIOYOTO TOJIS B JIEICKTPUKY
o' = Pn=«xeoEn.
Bunukae yTpyniHEeHHsI, pO3B’s3aTH sIKe MOXKHA IIJITXOM BBEACHHS JOMOMIXKHOT
BenuuuHM D, dorcepenamu sixoi € minvku invbHi 3apsaou.
[{ro BekTOpHY BenuuuHy D Ha3uBarOTh etekmpuunum 3miugeHuam (iH01 — iH-
OYKUYI€10) eIeKMPUYHO20 O | BA3HAYAIOTH 33 (OPMYJIOLO:
D=g¢gE+P (13.4)
3 ypaxyBaHHSIM CHIBBIIHOIIEHHS P = KgoE BUpas s eIeKTpUIHOTO 3MIIICHHS
HaOyBa€ BUTIISTY
D =gE + xeoE =& (1 + ) E=¢g5 E, (13.5)
ne 6e3po3MipHa BeJIMYMHA
e=1+x (13.6)
HA3UBAETHCS Ole1eKMPUUHOI0 RPOHUKHICMIQ JAHOI PEYOBUHU.
VY Bakyymi k=0, e=1.
Yepes mieneKTpuyHy MPOHUKHICTD MOSIPU30BAHHOCTH P 3aIUIIIETHCS TENEP SIK
P=g((-1)E (13.7)
Sk Oyno moka3zaHo paHiliie, TOBEPXHEBa I'yCTHHA 3B'sI3aHUX 3apsIiB JOPIBHIOE
MPOEKIIiT BEKTOpa MOJSpU3allii Ha 30BHIIIHIO HOPMaJlb 0 MOBEPXHI JTieIeKTPUKa:
o' = P, =«gkn .
OcCK1JIbKY TI0JIe BCEPEAMHI T1eIEKTPUKA B JAHOMY BHUIIAJIKY € TIEPIICHIUKYIIPHUM
1o rioro moBepxHi, En=E 1 ¢’ = kgkE. IliacraBnstoun e 3nauenns B popmyiy (13.3),
OTPUMAEMO

!’
E=E,-Z =E, —«E,
o
3BIKH
E= B = E : (13.8)
l+x ¢
TakuM 4MHOM, B TaHOMY BUTIAAKY 8elUYUHA OieleKMPUYHOI NPOHUKHOCMI NOKA-
3Y€, V CKIbKU PA3i6 HANPYIHCEHICMb eleKMPUYHO20 N0 8 OleleKMPUK)Y MeHUe, HIHC
HANpYJCeHiCMsb NoJisl, AKe CMEOPIOEMbC MUM CAMUM POSMIWYEHHAM GIIbHUX 3aPs0I8 Y
BAKYYMI.
Bci popmynu, 1110 onucyroTh €AEKTPUYHI MOJIS 1 B3aEMO/III0 €IEKTPUYHUX 3apsi-
IiB 1 OTPUMaHI B MONEpeAHIX nmaparpadax, 3aJUIIal0ThCsl CIPABEITUBUMH 1 JIJIs1 OJTHO-
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PIAHOTO Ta 130TPOMHOTO A1ENEKTPHUKA, SIKIIO 3aMICTh €JIEKTPUYHOI MOCTIMHOT €9 BBECTU
n00yToK €oe . Hanmpukiaz, B 3akoH Kysnona

F = qqu
2
Arg,er

JIeNIEKTPUYHA IPOHUKHICTD € BXOAUTD K BEJIMYMHA, [0 TTOKA3y€, y CKUIBKH pa-
31B cHJIa B3a€MOII{ IBOX BIIbHUX 3apsAiB Y JICIEKTPUKY € MEHIIIO0, HIXK Y BaKyyMi.
OcnaGneHHs B3aeMOJIi1 BIIOYBAETHCS Uepe3 eKpaHi3alliio BUTbHUX 3apsA/iB 3B's13aHUMH,
1110 YTBOPIOIOTHCS BHACIIIIOK MOJIIPU3aLlli CEPEIOBUIIA.

AHaJNOrIYHO HANPYKEHICTh 1 HOTEHIIaN €JIEKTPUYHOTO I0JIsI TOUKOBOTO 3apsiiy

E-_ ¢ __ 9
= - Q=
Arsyer Az, er

1T.1.

V rasiB JieaeKTpUYHA IPOHUKHICTh OJM3bKa 10 OJIMHULIL, Y TBEPJUX A1EIEKTPH-
kiB He nepeBuiye 10, a y pinkux aienexktpukiB He nepepuinye 100. OcobnuBuii kiiac
NIENEKTPUKIB - cecHemoenekmpuKi - MatoTh aHOMAJILHO BEJIMKi 3HadeHHs € ~ 107,

[Tomuosxusm (13.8) Ha €€y, OTpUMAEMO eIEKTpUUHE 3MillleHHs1 D BcepeauHi mi-
€JIEKTpHUKA:

D= 880E = SoEo. (139)

OTxe, 6cepeduni dielekmpuxka ereKmpuyre 3MiueHHs 30ieaemucs 3 eleKmpuy-
HUM 3MIWEeHHAM 308HIUHBbO2O0 NOJIA.

ko 3anucartu cniBBigHoLIeHHS (13.9) mis MmoyiiB BekTopiB D = goEo, a Takoxk
BpaxyBaTH, 110 HAMIPYXEHICTh MO MK IBOMA MapajeIbHIMH HECKIHUEHHUMHU TLIIO-
IIMHAMU, 3apSAIHKEHUMH 3 TOBEPXHEBOIO T'YCTUHOIO 3apsA/iB + G 1 — G y BaKyyMi JIOPiB-

Hroe Ej = Z, TO OTPUMAEMO
&
Do=o0. (13.10)

Enextpuune 3mimennas D onucye nosie, 0 CTBOPIOETHCS BITLHUMU 3apsIaMU.
Opnnax 3B's13aH1 3apsiu, SIKI BAHUKAIOTh B JIIENIEKTPUKY, MOKYTh BUKJIMKATH TIEPEPO3IIO-
T BUTBHUX 3apsifiiB, IO CTBOPIOIOTH MoJie. Tomy BekTop D XxapakTepusye enexkrpocTa-
TUYHE T0JI€, CTBOPIOBAHE BUILHUMHU 3apsiaMH (TOOTO y BaKyyMi), ajie IPU TaKOMY iX
PO3MO/LII B MPOCTOPI, SIKE ICHYE MPU HAIBHOCTI J1€JIEKTPUKA.

[Tone BexTopa D rpadiuHo 300pakyeThCS NIHIIMU BEKTOpA 3MIILIEHHS, TaK CaMO
gk 1 oJie Bektopa E. [Ipore, skio niHii BekTopa E MOYMHAIOTHCS 1 3aKIHYYIOThCS Ha
OyIb-SIKMX — SIK BUIBHHX, TaK 1 3B'I3aHUX 3apsAJax, 1 TOMY Ha MEX1 JIIeJIEKTPUKA I'yCTOTa
IIUX JIIHIA 3MIHIOETHCSI CTPUOKOM, TO JIiHIT BeKTOpa D moYnHAOThCS 1 3aKIHYYIOTHCS
TIJTbKMA Ha BUIBHHX 3aps/iaX, 1 iX TYCTOTa Ha MEXI JIeJIEKTPUKA 3aJIUIIAETHCS HE3MIH-
HOIO.

MarteMaTtnyHuil 3anvc erexkmpocmamuynoi meopemu I'aycca onsa nona 6 diene-
KMpuKy B IHTETPAJIbHIN (OPMI Ma€ BUTIISI;

@, =§D,dS=3g; , (13.11)
S i
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TOOTO HOMIK 6eKMOpPA eJ1eKMPUYHO20 3MIUEHHA uepe3 008i1bHY 3AMKHEHY No-
8EPXHIO 00PIBHIOE A12eOPaiuHill cymi GLIbHUX 3aPA0I8, W0 MICHIAMbBCA YCcepeOuHti yici
NnOGEpxXHi.

Ilpuxnao 13.1. IInockuit KOHIEHCATOP, BIICTaHb MiX IJTaCTHHAMHU sikoro d = 8 MM, 3apsiKe-
Hui 10 pizHu noreHmiame Ug = 500 B 1 BinkirodeHnit Bij mokepena Hanpyru. [1icis 3apsaku KoHe-
HCaTopa MK HOTro TUIACTHHAMU BCTABUJIHM MOPLEISHOBY IUIACTHHY (€ = 6,5). Buznaunru:

1.) Moy BEKTOPiB HaNpykeHOCTI mostst E 1 enexrpuyHoro 3mimenHs D;

2.) MOAYJIb IOJISIPU30BAHHOCTI P AieNeKTPUKa;

3.) HIOBEPXHEBY I'yCTUHY 3B'SI3aHUX 3aps/iiB + G 'Ha MOPIEISTHOBIN TIACTHHI;

4.) nieAeKTPUYHY COPUXHATIUBICTD K TOPLEISHH.

HampyxeHicTh mosst 3apsKEHOr0 KOHIACHCATOPa Y BIICYTHOCTI TUTACTUHU JIieTIEKTPUKA

U

E, = -0 HaNpY>KEHICTh MOJIS B IUTACTHHI € B € pa3iB MEHIIOKO:

Ezizﬂ:_&zg’ﬁ KB_
e & 650,008 M

3MileHHS TPU TIePeX0/1i MEXi AieNeKTPUKA HE 3MIHIOETHCS 1 Ma€ OJHAKOBE 3HAYEHHS BCepe-
JIWHI 1 1034 IUIACTUHHU:

-12
D = 5 E = D, = &y, = £000 88510 © 500 555 47 (&%)~ 0551457
d 0,008 M M
MO,Z[yJ'IL MMOJIAPU30BAHHOCTHU
-12
P = ke, E = (6 1)z, Eo _(¢-D&Y, _(65-1)885-107"500 0.47 (Mzd;oz)_
& e d 6,5- 0,008 M

[Tonsipru30BaHHOCTD € MEPIEHIUKYISPHOIO 1O MOBEPXHI IUNIACTHHHU, TOMY IIOBEPXHEBA I'yCTUHA
3B'SI3aHUX 3apsiJliB

).

o'=p, =+p=+&~Y _1)% — 40,472
& M

k=e¢—-1=65-1=55.

Konmpononi numanusn

1. EnexTpuyHMil TUNOIb MOMILIEHUH Y 30BHIIIHE OJTHOPIIHE eNeKTpruuHe noje. CKIJIbKU ICHY€E
MOJIOKEHb PIBHOBArM qumnosisa? SIke 3 HUX € CTIHKUM, 1 IKe - HECTIMKUM, 1 YomMy?

2.V 4oMy NoOJIATae CXOXKICTh 1 B YOMY BIJIMIHHICTh MK BUIbBHUMH 1 OJISIpU3AL[IHUMU 3apsiia-
Mu?

3. Yu Mo’KHa BIJOKPEMUTH OJIMH BiJ] OJHOTO MOJIIpU3aLliiiH1 3apsiiH, PO3pi3aBIlU B €JIEKTPUY-
HOMY T10J1i A1€JIEKTPUK Ha YaCTUHU?

4. Yu MoXHa MepeiaTi NOoJIspU3alliiiHi 3apsaIy 1HIIOMY TUTY HUISXOM CTUKaHHS Ti?

5. IIpAMOKYTHHI 3pa30K OJHOPITHOTO JAieJIEKTPUKA PO3MIILEHU MePIeHANKYISIPHO A0 30BHi-
ITHBOTO €JEKTPUYHOTO MMoJIA. YW BUHUKATUMYTh MOJISIPU3ALIiiHI 3apsd Ha: a) TOPLEBUX MOBEPXHSIX;
0) Ha O1YHUX MOBEPXHAX JieIEeKTpUKa?

6. SIk BIUIMBaE A1eNEKTPUK HAa HAMPYKEHICTh €IeKTPOCTaTUYHOrO noJisi? Skuit pizuunmii 3mict
Mae JiefleKTpuyHa MPOHUKHICTD €7

7. SIK IOSICHUTH 3MEHIIICHHSI CHJIA B3a€MO/II1 IBOX TOYKOBHX 3aps/IiB B OJTHOPITHOMY JT1€JICKT-

puKy?
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8. [ImactuHa OAHOPITHOTO 130TPOITHOTO AieNEKTPUKA TOMIIIEHA B OAHOPITHE €IEKTPOCTaTUYHE
T0JIe TMEPIICHINKYIISIPHO 110 MO, SIK 3MIHIOETHCS TYCTHHA JiHIH BekTopiB E 1 D mix yac mepeTnHaHHS
MJIACTUHU?

I'nasa 3. IPOBI/IHUKHU B EJIEKTPUYHOMY I10JII

§ 14. PiBHoBara 3apsiiiB Ha NPOBIAHUKY

Tina, B IKUX € BEJIMKOIO KUIbKICTh BUTBHUX 3apsi/liB, HA3UBAIOTHCS MTPOBITHUKAMH.
VY npoBiTHUKAX €ICKTPUYHI 3apsIM MOXKYTh BUIBHO TIEPEMIIATUCS i TI€I0 K 3aBTO/I-
HO MaJioil cwid. PinyuHu 1 ra3u B 3BUYalfHOMY CTaH1 € IOTaHUMHU MPOBITHUKAMHU €JIEKT-
PUKH. SIKIIO K ra3 10HI3yBaTH, a B PIJIUHI PO3UUHUTH OY/Ib-SIKY
CLJIb, KUCJIOTY 200 JIyT (TaKui po34uH, 1110 € IPOBITHUM, Ha31Ba-
ETBCS €IeKMPONIMOM), TO TIPOBITHICTD iX 301IbIITYETHCS.

K110 NPOBITHUKAMU € PIUHU 1 Ta3H, TO B HUX PyXarOTh-
Csl SIK IO3UTHBHI, TaK 1 HEraTUBHI 3apsAKEH1 YACTUHKU: TTO3UTHU-
BHI 1 HETaTUBHI 10HU 1 €JICKTPOHH.

VY metanax xe, sIKl € KpaliMH NpOBITHUKAMH, HIXK PIIUHU
1 Ta3u, NPOBIJIHICTb 00OYMOBJIEHA TIILKUA PYXOM €JIeKTpoHiB. [1o-
3UTHBHO 3apsI/IPKE€HI 10HU METaly yTBOPIOIOTh KPUCTAIIUHY TpaT-
KY 1 YTPUMYIOTbCS MOOIU3Y MOJI0KEHb PIBHOBATM CUJIAMU B3a€-
MOJIii 3 «Ta30M BUIBHMX €JIEKTPOHIBY. EleKkTpoHHMIt ra3 yTBO- Puc. 14.1
PIOETHCS 32 paxXyHOK OJHOTO a00 JIEKIJILKOX €JICKTPOHIB, Bijia-

HUX KO)KHUM aTOMOM.

PosrisitHemo He3apsKeHU MeTalieBUid MMPOBIAHUK, BHECEHUN Y 30BHIIITHE €JICK-
TpudHe nose (puc. 14.1).

[Tix giero mosist BUIBbHI 3apsiiv MOYHYTH MEepEMIIIATUCS 1 OyyTh MPOJIOBXKYBATH
pyxatucs 10 TUX Tip, MOKH ToAaTKoBe noJie E ', BUKIMKaHe PO3AUICHHSIM 3apsiiB Bce-
peauHi npoBigHUKA (puc. 14.2), He KOMIIEHCY€E MOBHICTIO 30BHIIIHE TIoJie Eo Tak, oo

E' + Eo=0. (14.1)

TinbKY B IbOMY BUTIAJKY OyJi€ BIACYTHS CHIIA, IO JII€ HA 3apsu, a OTXKE, PHU-
MUHUTBCA 1X HanpsimiieHui pyX. [Ipu piBHOBAa31 3apsiiiB iX HANPAMIICHUN PYX BCEpPEAMHI
MIPOBIAHUKA TPUITHHAETHCSI.

Y cmani pienosazu nanpyosicenicms eleKmpuuHo20 noJisi 6cepeoui npoBiOHUKA
OOPIBHIOE HYIEBL.

Ockinbku BecepeauHi mpoBigauka E = 0, 31 CIiBBIIHOIIESHHS
P =P = _[Eldl

1-2
BUILIMBAE, IO JUISI TOBITLHUX TO-

! HesapAEeHHEIN
IPOE OTHHE

RARRARES

4ok 11 2, y3sTHX BCepeuH1 IPOBIIHMKA,

@1 — @2 = 0. [HIIUMH clIOBaMHU, 8 cmari

PIBHO8aA2U NOMEHYIAN 6CLX MOYOK 6Cepe-

OUHI NPOBIOHUKA € OOHAKOBUM.

¢ = const (14.2)

Puc. 14.2. 38



3ayBa)xxuMo, 110 Yac, IPOTATOM SIKOTO B MPOBIIHUKY BiIOyBa€eThCA MepemMe-
IICHHS 3apsiB 1 BCTAHOBIIOETHCS PIBHOBAra, /1JIi METAJIB € HAJA3BUYAHHO MaJIUM.

HacrtynHa ymMoBa piBHOBaru 3apsijiiB Ha IPOBIAHUKY: HANPYIHCEHICMb N0 HA NO-
BEPXHI NPOBIOHUKA MAE OYMU 8 KOJNCHIU MOUYl CNPAMOBAHA 3A HOPMAIIO 00 NOBEPXHI,

E=E.. (14.3)

VY npoTunexHOMY BUIAJIKY M A€ JOTUYHOI CKJIaI0BOI HAIIPYKEHOCTI €JIeKT-
POHM MPOJIOBKYBAJIU O MEPEMIIIATUCS Y30BXK MOBEPXHI, 1110 TAKOX CYIIEPEUUTh YMOBI
pIBHOBAru.

3 orysiy Ha Te, IO CHJIOBI JHIT € 3aBKIU MEePIEeHANKYIIPHUMHU JI0 €KBIIIOTEH-
1HOT MOBEpXH1, pOOMMO BUCHOBOK, III0 B Pa3l piBHOBArH 3apsi/iiB MOBEPXHS MPOBITHU-
Ka OyJie eKBIMOTEHITIAIbHOIO.

[Tepepo3momin 3apsaiB B TPOBILAHKUKY ITi/1 BIUTMBOM 30BHIIITHHOTO €JIEKTPUIHOTO
TI0JI1 HA3UBAETHCS €/1IEKMPOCMAMUUHOI0 IHOYKUi€l0. 3apsin, 1110 BUHUKAIOTh MPHU 1bO-
MY Ha IPOBIJHUKY, K1 YUCEIbHO JOIBHIOIOTH OJJUH OJJHOMY, aJI€ € MPOTUIICKHUMHU 32
3HaKaMU, Ha3UBAIOTbCA [HOYKOBaHUMU a00 HaABedeHUMU 3aPsITaMH.

§ 15. EnexkTpuyHe nmoJie 3apsaKeHOro nNpoBiIHUKA

S0 NPOBITHUKY HAZATH JESIKOTO 3apsay (, TO BiH pO3NOAUISIETHCS TAK, 1100
JOTPUMYBAJIUCSI YMOBH PIBHOBArHu.

VYsBiMo co01 JOBUIbHY 3aMKHEHY MOBEPXHIO, sSIKa MOBHICTIO 3HAXOJAUTHCS B Me-
xax Tuta. OCKUIbKY MPU PIBHOBA31 3apsiIiB M0JIe B KOXKHIN TOUIIl BCEPEIMHI MTPOBIAHUKA
BIJICYTHE, MOTIK BEKTOpa HAIPY>KEHOCTI E Kpi3b 1110 MOBEPXHIO JOPIBHIOE HYJIIO. 3T1IHO
3 Teopemoro ['aycca anrebpaiuna cyma 3apsiB BceperuHi OBEPXHI TaKOXK Oy7e T0piB-
HIOBaTH HYJ0. [le cripaBeayiuBo /utst TOBLILHOT oBepxHi. OTKe, PU piBHOBA31 Hi 8
AKOMY Micyi ycepeOuHi npoBIOHUKA He MOodice OYMU HAOIUWKOBUX 3aps0i8 - YC1 BOHU
PO3MILIYIOTHCS Ha MTOBEPXHI MPOBITHUKA 3 IESIKOIO TOBEPXHEBOIO I'YCTUHOIO G.

Le Bi1OyBaeThCS TOMY, 110 OAHOMMEHHI 3apsiIM BIAIITOBXYIOTHCS 1 IParHyTh po-
3TallyBaTUCS SKOMOTA J1alll OAWH BiJl OJHOTO.

OT:xe, BUAAJIEHHS PEYOBUHH 3 JCSIKOro 00’ €My BCEpEIMHI MPOBITHUKA HISIK HE
BILJIMHE HA PIBHOBAXHUI PO3MOALTL 3apsiiB.

[IpakTHYHUM 3aCTOCYBaHHSM LII€1 BIIACTUBOCTI IPOBIIHUKIB € €J1EKTPOCTATUYHUIN
3aXUCT (€KpaHyBaHHS) YyTJIMBUX MPUIIAIIB 1 JTFOACH BiJ /111 30BHINIHIX €IEKTPUIHUX
TOJIIB, 32 SIKOTO BOHU OTOYYIOTHCS ITPOBIIHOI0 000JIOH-
KOIO (3a3BUYai ii BUKOHYIOTh Y BUTJISIII TYCTOI MeTaJie-
BOI CITKH).

Po3rissHeMo HEBENMKY IMIIHAPUYHY TOBEPXHIO,
YTBOPEHY HOPMAJISIMI JTO TIOBEPXH1 MTPOBITHUKA 1 OCHO-
Bamu dS, o71Ha 3 SIKUX PO3MIIICHAa BCEPEIMHI, a 1HIIA -
no3a nposigHuka (puc. 15.1).

[ToTik HaNpy>KEHOCTI KPi3b BHYTPILIHIO YACTUHY
MOBEPXHI JOPIBHIOE HYJIIO, TOMY L0 BCEPEIUHI MPOBII-
Huka noJie E = 0. [To3a npoBijiHMKa B Oe3mocepeaHii
OJIM3BKOCTI 10 HBOTO HAIpyKeHicTh mojist E cripsiMoBa- Puc. 15.1.
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Ha 32 HOPMAaJUTIO 70 oBepxHi. Beepenuny muminapa noTparuisie BUIbHUN 3apsia odS.
3acTOCOBYIOUH 10 MIJIIHAPUYIHOI TOBEPXHI TeopeMy [ 'aycca, oTpuMaemo it HarpyKe-
HOCTI T0JIs1 TOOJIM3Y MOBEPXHI MPOBITHUKA

E=2. (15.1)

['ycTuna 3apsAaiB Ha MOBEPXHI MPOBIIHUKA 3AJICKUTH B KPUBU3HH IMOBEPXHI,
BOHA 3pPOCTAa€ Ha BUCTYIIAX 1 BICTPAX 1 yOyBae Ha yBIrHyTUX AUTsAHKax. Ha BicTpi 3aps-
JDKEHOTO MPOBIHUKA MOBEPXHEBA I'yCTHHA MOXKE CTaTH HACTUIBKH BEJIUKOIO, IO 3apsi-
JI1 TIOYMHAIOTh «CTIKATH», yTBOPIOIOYM TaK 3BAaHUH €NEKTPUYHUN BIiTEP.

§ 16. E1eKTPOEMHICTH BiIOKPEeMJICEHOTO NPOBITHNKA

Po3risitHeMo npoBITHUK, 3aps]l SKOTO TOPIBHIOE (], a MOTEHI1a] MOBEpXHI1 (0/1HA-
KOBHI y BCIX 11 TOUKax) AOPIBHIOE (. 3apsi ( pO3MOAUISIETHCS HA IOBEPXHI TAKUM YH-
HOM, 1100 YCIOJM BCEpEUHI MPOBIAHNKA BUKOHYBAJIUCS YMOBHU PIBHOBAru — HaIpyxe-
HICTb TIOJIA Majia O IOpIBHIOBATH HYIIIO.

Hanamo npoBiJHUKY 10AaTKOBO I1i€ Takuii camuii 3apsan (. OCKUIbKY BCEpeaHHi
IPOBIJHUKA OJIE, SIK 1 paHille, Ma€e 3aIMILIUTUCS PIBHUM HYJIIO, JOJATKOBUH 3apsi poO3-
HOJUISIETHCS HAa IOBEPXHI MOUYHO MAKUM JHce YUHOM, SIK 1 TIOTIEpE/IHINA, CTBOPUTH BCIO-
J1 TOYHO TaKe K MO0JIe 1 3MIHUTh MOTEHI1aJI KOXKHOI TOUKH Ha TaKy K BEJIUUHUHY @

Heo06xigHo mpu oMy, 11100 MpOBITHUK OyB BIIOKPEMIICHUM, B1JIJIaJICHUM B1JT
IHIIMX TUI. [HaKIIe mepeMIleHHs 3aps/iiB 1103a MPOBIIHUKOM MOKE MPUBECTH JI0 Mepe-
pPO3MOALTY 3apsiAiB 1 B HHOMY CAMOMY.

Takum 4MHOM, 3apsij 1 MOTEHL1a] BIJOKPEMIIEHOTO MPOBIIHUKA MPOMOPIIOHATBHI
OJIUH OJTHOMY: ¢ ~ (. OTKe, 7151 KOKHOTO BIJJOKPEMJIEHOTO MPOBITHUKA BITHOIICHHS
3apsiy 0 MOTEHIliaTy MPOBIIHUKA € BEIMYMHOIO TOCTIHHOIO

c=4 (16.1)
®

Koedimient C Ha3UBaETHCS €IEKTPOEMHICTIO BIJOKPEMIIEHOTO MTPOBIIHHUKA.

Enexmpoemnicmo 6i00Kkpemienoco nposionuKa 4uceibHo 0OPIBHIOE GelUYUHI 3d-
PpAOY, AKUU NOMPIOHO HAOAMU YbOMY NPOBIOHUKY, W00 3MIHUMU LL020 NOMEHYIAN HA
OOUHUYIO.

B CI ogununero enekrpoeMHOCTI € ghapao (D) - eMHICTb POBITHUKA, TOTEHITIAT
SIKOTO 3MIHIOEThCA Ha 1 B, sxio HagaTu iomy 3apsia B 1 Kit.

EnexTpoeMHICTh - XapaKTepUCTHUKa MPOBIJIHUKA, KIJIbKICHA Mipa HOTO 3JaTHOCTI
yTPUMYBATHU €JIEKTPUUHUN 3apsia. Uum Oliblie eNeKTPOEMHICTb, TUM OUTBIINMA 3apsi
MO’KE€ HaKOITMYUTH MTPOBIIHHUK TIPH TAHOMY . EJEKTpOEMHICTh BUZHAYAETHCS TEOMET-
PUYHUMU pO3MipaMH MPOBIIHUKA, HOTO (OPMOIO 1 ENEKTPUYHUMU BIACTUBOCTSIMU J0-
BKOJIUIITHBOTO CEpeIOBUIIA (MOTO JIETCKTPUIHOIO MPOHUKIIUBICTIO) 1 HE 3aJICKUTH BiJl
Marepiaixy MpoBiIHHUKA.

Sk npukiag BUBHAYMMO €JIEKTPOEMHICTD BIIOKPEMIIEHOT MPOBITHOT KYJIi pajiyca
R, sika moMiieHa B CepeIOBHIIE 3 JIIETEKTPUIHOIO TPOHUKHICTIO €.

[Tone 3apsimkeHo1 MPOBIIHOT KyJIl € IEHTPATIbHO CUMETPUYHUM BiTHOCHO IIEHTPA
KyJIi.
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BekTtop nanpyxenocti E Takoro nmosst B Oyab-sKiil TOUIl Mo3a Kynerw (7 > R) Ha-
IpaBJICHUN Y3JI0BXK pajiajibHOI MPsMOi, ToMy TIpoekiiis E; Bektopa E Ha pamiaibHUN
HaIPsIMOK JOPIBHIOE

1 q
E, P
EEY ¥

3 ¢popmynu (18.3), 110 3B'13y€ HANIPYKEHICTH 3 TTOTCHINAIIOM, BUTIJIUBAE, 1110
d
E =——2.
dr

Toni a5 pi3HUII TTOTEHITIATIB TOYOK TOJIS CIIPaBeIMBUI BHUPa3

n
P— P = _[Erdr'
n
Braxkaroun ¢ = 0 1ipu 7 — 00, OTPUMYEMO ISl TIOTSHITIATY BIJIOKPEMIICHOI 3apsi-
JOKEHOT KyJIl

p-f[Edr— 0 jor__9a 1 (162)
4 Aregenqre  Ameye R
TaK 110
C=9-4neeR. (16.3)
¢

€MHICTb BIIOKPEMIIEHOI KyJIi IpONOpLiiHa ii pagiycy 1 AleIeKTPUYHIN MPOHUK-
HOCTI OTOUYIOUOI'0 CEPE/IOBHUIIIA.

Ilpuknao 16.1. O6unCcIUMO eNeKTPOEMHICTE 3eMli, BBAXKaIOUH 1i BIIOKPEMIIEHUM CHEpUIHUM
MpoBiTHUKOM pajiycoM R = 6 400 kM. [lieneKTpuyHa MPOHUKHICTh € HABKOJIMIITHBOTO CEpPeIOBUIIIA
MPAKTUYHO J0piBHIOE ofuHMIi. 3a Gpopmyroro (16.3)

C=43,14-8,8510" 6,410° ® = 7,1 10° @ = 710 mMx®.

BinokpemiieHi NpoBiIHUKY pO3YMHHUX PO3MIPiB MatOTh 3HAYHO MEHIIY €J1eKTpOeMHICTh. OTXKe,
dapan - myxe Benuka BenmuunHa. €EMHICTB B 1 (hapaj Masa 61 eneKTponpoBigHa Kyns pagiycom 9-10°
kM! ToMy Ha IPaKTUII KOPUCTYIOThCS YaCTKaMHU I1i€i OTMHMII €MHOCTI: BiJl Mukpodapan ( 1 Mxd =
10 @) o muxodapan (1 nd = 102 ).

[ToHSTTS €1EKTPOEMHOCTI MOKE OyTH 3aCTOCOBAHO TIIBKHU JI0 MPOBITHUKIB, OCKI-
JBKH JIJIS1 HUX 1CHY€ PIBHOBAKHUI PO3IMOUT 3apsiiB HA TIOBEPXHI Tija, 3a sIKOTO BC1 TO-
YKH MMPOBIIHMKA MAIOTh OJWH 1 TOH K€ TMOTeHITIal. SIKIO X 3apsia HATAEThCS 130JIATOPY,
TO BIH HE PO3TIKAETHCS MO HbOMY, 1 TOMY B PI3HUX MICISX 130JI5ITOpa NOTEHIIIAN PI13HUMA
(3aJ1e’KHO BiJI BiICTAHEH JI0 TOTO MICIIS, /1€ 3HAXOIUThCS T1JIBEACHUN 3apsi).

§ 17. Kongencaropu
HasiBHiCTh TOOIM3Y MPOBIAHUKA THIIMX T1J 3MIHIOIOTh HOTO €1eKTPOEMHICTb, TO-

MY 1110 MTOTEHIIiaJI MPOBITHUKA 3aJICKUTh 1 B1Jl €IEKTPUUYHMX IOJIB, 1[0 CTBOPIOIOTHCS
3apsiiaMu, HAaBEJICHUMHU B HABKOJIUIITHIX TiJlaX BHACTIOK €JEKTPOCTATUYHOTO THAYKITII.
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Po3srisiHemMO 3apsKeHni, HallpyuKiIan,
MO3UTHUBHO + (|, IPOBIAHUK A 1 HAOJIU3UMO 10

HBOT'O He3apsHKEHUH MpoBiAHUK B (puc. 17.1).

[1ix giero moJist, CTBOPEHOTO 3apsiI>KEHUM
IPOBITHUKOM A, B IPOBITHUKY B BUHUKHYTb
1HAyKOBaH1 3apsau. Ha 6mmxHbOMY KIHII TIPO-

BiIHWKA B BUHUKHE 1HTyKOBaHUU 3aps]l 1HIIIO- Puc. 17.1.

r0 3HaKa, HIX 3apsiJi MPOBITHUKA A, B TaHOMY

BUITQ/IKy HEraTUBHUN — (. OqHOMMEHHUH 3 (] MO3UTUBHUM 3apsi/ + ( BAHUKHE Ha Jalb-
HBOMY KiHII1 TIpoBinHUKA B (puc. 17.1).

Tenep noteniian nposigHuka A OyayTh CTBOPIOBATH HE TUIHKHU HOTO BIAcHI 3a-
psaau + (, a ¥ 1HayKOBaH1 B MPOBIAHUKY B. OOuBa 1HIYKOBAaHUX 3apsau — ( 1+ ( € piB-
HUMHU 32 a0COJIFOTHUM 3Ha4yeHHsIM. BoHu o0u1Ba OyyTh BILUTMBATHU HA MOTEHITIAT MPO-
BiJIHUKA A, aje OUTbIINI BIUIMB YMHSATH T1 3apsiu, sIK1 PO3TaIllOBaHi OJMX4e 0 HbOTO, B
JTAHOMY BHITQJIKy — (.

OcCK1JIbKY OJIMKYMMU BUSIBIISIFOTHCSI HETaTUBHI 3apsid, TO TIPH IM1THECEHH1 JI0 3a-
PSAIHKEHOT0 MPOBITHUKA A HE3apsPKEHOTO MPOBIIHUKA B MOTEHII1all TPOBi1IHUKA A

g

cnagae. BianoBigHo 1o hopmynu emHocTi C = — 11€ 03HaYa€ 301IbIIICHHS €EMHOCTI
®»

MIPOBIAHMKA A.

Cucmema 080X NpOBIOHUKIB, EMHICMb AKUX 30L1bUIEHA 3a PAXYHOK iX 83AEMHO20
PO3MAULYBAHHS, HA3UBAEMbCS KOHOEHCAMOPOM.

KoHnaencaropy BUTOTOBIISIFOTh Y BUTIISII

JIBOX TIPOBIHUKIB, K1 HA3UBAIOMbCS 0OKIAOKAMU, PO3Ti-
JICHUX TOHKHUM IIapoM JienekTpuka. OOKIa K HECYTh
OJIHAKOBI 32 BEJTMYMHOIO, aJie TPOTUIICHKHI 32 3HAKOM 3a-
psIH.

OO6xknaaKaM HaJawTh Taky hopmy, o0 mose 0yIo
30CePEIKEHO BCEPEAMHI KOHACH CaTopa. EIeKTpoeMHICTh
KOHJIeHCcaTopa (B3a€EMHA EMHICTh HOTr0 00KJIaI0K)

c-—9 (17.1) —d —
Puc. 17.2. 2 | —C

ne q - 3aps oHiel -
3 00KJIA0K, (1 — (2 - PI3HUIISA TOTEHIIIAIB (HAMpyTa) - S
MDK oOKiIankamMu. EnekTpoeMHICTh KOHIEHCATOPA + _
MPAKTUYHO HE 3aJICKUTH B/ HAIBHOCTI HABKOJHUIIHIX O
TiJ1 1 MOYKE JOCATaTH Ay)KE BEITMKOI BEIMYMHU 32 MaJTUX
Tr€OMETPUYHUX PO3MIPIB.

Bu3HaunMo €MHICTh HJI0CKO20 KOHOeHcamopa.

Bin ckiamaeTbes 3 ABOX mapasieIbHUX METAJICBUX T1j1a- [
CTHH, PO31JICHUX IIapoM JiefiekTpuka (puc. 17.2).
[Inactunm 3apsiKeHi pIBHUMU 32 aOCOJIOTHUM 3Ha-
YSHHSM 3apsaMy TPOTHUIICKHOTO 3Haka. OTpuMaTh

+

+++ ++H+ ++ +q
|

R

-
S

Puc. 17.3.



Taki 3apsAau MOXHa, a00 3'€THABIIM HA KOPOTKUHN Yac MIIACTUHU 3 TIOJIOCAMHU JDKEpena,
a00 3apsIUBIIN OJHY TUIACTUHY 1 3a3eMJIMBIIY 1HIY (puc. 17.3). Y upboMy BUNAAKy Ha
BHYTPIIIHINA MOBEPXHI JIPYTroi IMJIACTUHU 1HAYKYETHCS 3apsiji, PIBHUM 32 a0COTIOTHUM
3HAYEHHSM, aJie TIPOTHIICKHHH 32 3HAKOM 3apsTy MepIIoi IUIACTUHH, a OTHOHMEHHUH
3apsl, IKM BUHUK Ha 30BHIIIHIN MMOBEPXHI APYTOi MIACTHHM, IiJIe B 3EMITIO.

Skio BiacTadb d MiXK IJIACTHHAMM € MAJIOIO B IIOPIBHSHHI 3 TX po3MipaMH, MOX-
Ha 3HEXTYBATH KPaOBUMH ePEKTaMU 1 BBAXKATH I10JIe BCEPEIMHI KOHICHCATOPA OTHO-
PILAHUM 1 CKOPUCTATUCS BUPA30OM JUISI HAIIPYKEHOCTI TOJISl ABOX HECKIHYCHHUX Pa3HOU-
MEHHO 3aps/HDKEHUX IIOMKH. BpaxoByroun, 10 IieJIEKTPUK OCIa0IIOE TI0JIE B € PasiB,
JUTA HAIIPY’KEHOCTI TOJIS B TUIOCKOMY KOHIEHCATOP1 OTPUMAEMO

o
-2 -9 (17.2)
EEy EEHS
ne S - oma ookiaaku. Panimie 0yno BuBeaeHo Bupas (9.3) st pi3HUII NOTEH-
iajgiB (Hampyru) Mixk 0OKJIaaKaMu

od qd
=P =""= :
EEy EEYS
OTxe, EMHICTH IJIOCKOTO KOHJIEHCATOpa
c—_ 94 _#&S (17.3)
2 %) d

Huninopuunuii Konoencamop CKIIAJAETHCS 3 TBOX PO3MIIIIEHUX OJIUH yCepeIn-
H1 1HIIIOTO KOAKCIadbHUX (13 CIUIHHOO BICCIO) MIPOBLAHUX HUTIHAPIB, PO3IITICHUX JTie-
nextpukoM (puc. 17.4). Moxna, kopuctytouuchk popmynamu (9.4) 1 (17.1), ananoriyuo
NoKa3aTH IS IHIIHAPUYHOTO KOHJACHCATOPA, 110 Ma€ JTOBXKHHY |
1 pajilycu KoakciaabHUX MUTHAPIB Ry 1 Ry:

q 21egyl
C= =—FR
Ph=P2  In2
R,

B enexmponimuunux yuninopuunux konoeHcamopax B
SAKOCTI JIIeNIEKTPUKA BUKOPUCTOBYIOTh TOHKY OKCHUJIHY TLTIBKY,
110 YTBOPIOETHCS HA IMTOBEPXHI OJHOTO 3 €JIEKTPO/IIB (METaICBO-
ro) - aHOJIa, a B POJI1 IPYTOTO €JIEKTPO/Ia - KaTO/a - BUCTYTIA€E
CJICKTPOIIT. 3a paXyHOK AY’>K€ MaJIOi TOBIIMHHA OKCHUIHOT TTIBKU
pajiycH HMIIIHAPIB OM3bKI 32 3HAYEHHAM, TOOTO Ro/R; — 1,

(17.4)

Puc. 17 .4.

In % — 0, 1, sax BuruBae 3 popmynu (17.4), eMHICTD TTATIH/I-
1
pudHOro KoHneHcaropa C gocsrae 3Ha4HOT BEJTUYHHH.
[cHYIOTH MiHIATIOPHI TAHTAJIOBI EJIEKTPOIITUYHI KOHACHCAaTOpH. BoHM MatoTh 10-
CUThH MaJIl pO3MipH 1 TPU3HAUYEHI /TSI MOHTAXY Ha IPYKOBAHUX IJIATaX MIHIATIOPHUX
JIeEPiB, MOOTFHUX TeNe(OHIB, MATEPUHCHKHX TIaTaX HOYTOYKIB Ta KOMI'TOTEPIB.
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Ilpuknao 17.1. [Tnockuii noBiTpsAAHUI KOHAEHCATOP OYB 3apsikenuit 1o Harpyru Uo = 600 B 1
BIIKJTFOUCHUH BiJl JpKepera skuBiieHHs. [Lnoma miactun konaencaropa S = 200 cM?, BifiCTaHb MiX HH-
mu d = 2 mwm. [Ticst BigKIIFOUSHHST KOHACHCATOpA BiJl JUKEpea Hallpyry MiXK OOKJIaIkaMH KOHJICHCa-
TOpa MOMICTHJIM JIEJICKTPUYHY IUTAaCTHHY (€ = 6). BU3HAYMTH pi3HU- C 'S
1o moteHnianis Uy Mix MIacTUHAMU TICIISI BHECEHHS JICIEKTPUKA. 0 1
BusznaunTtu Takox emHocTi koHaeHcaropa Co 1 C1 70 1 1miciist BHECEH- & 4
HS J1eJIEKTPHUKA.

Briepmie M.®@apaneit 1ocniiHUM HIJISIXOM BCTAaHOBHUB, 1110 €M-
HICTh KOHJIEHCaTopa 3 AiesieKTpukoM (puc. I1. 17.1) 36inbmryerbes B
€ pas, T00TO L

Ci1=¢ (o

OCKUTBKH 3apsi]] BIAKITIOUYEHOTO Bif JKepena KOHIeHcaTopa Puc. T 17.1
HE 3MIHIOETHCA MIPU BMIILIEHH] B HBOTO JII€JEKTpUKa (o = (1 = ( =
CONst, cripaBe/UIMBI HACTYIIHI CHiBBIHOIICHHS:

do = Co Uo 1 g1 =CrU;.

,:::,““1

3Bigcu Co Uo = C1 Uz abo
U, =UO&=$ =@=100(B).
C, ¢ 6
€MHOCTI KOHJIeHCATOpa:
c _ %S _885 -107%.200-10°*
°Td 0,002
Ci1=¢ Co =6'88,5=531 na®.

—88,5-10 2@ =88,5nd,

Ilpuknao 17.2. Sk 3MiHATBCS 3apsi HA OOKJIAKax KOHACHCATOpA, SKIIO JieIeKTpUYHA IIJJaCTHHA BHO-
CUTBCS B MPOCTip MiXK IUITACTHHAMH KOHJICHCATOPA MPH BKIFOYCHOMY JKEPEITi )KUBICHHS?

Ha BinMiHy BiJ] IepIIOro BUIMAAKY, T€NEp MOCTIHHOIO BUSBIISA-
eThest Harpyra Ug Ha o0KkJakax KOHJEHCATOpa 0 1 MiCIsi BHECEHHS _II_
TeJNIeKTPUKa, a 3apsiii Ha OOKJIaIKaxX € Pi3HUMH.

Up=Ui=U=const; Ci=€Co;, q=CoU;

g1 = C1 U =¢CoU = &Qo; i:g_ _| |_
Qo 4, CD 4, Cl
L.r

Toni mogaTKkoOBUM 3apsi/l, KU HATIKA€E HA MJIACTUHU KOHJIEHCA- Ur
TOpa BiJ] JKEpeTa KUBIECHHS
AQ=01—0o= €0o— 0o =qo(e — 1) = CoU (¢ - 1).

AqQ = 88,5-1012-600-(6 — 1) = 0,27 MK Puc. I1. 17.2

§ 18. 3'enHaHHs KOHEHCATOPIB

[Ipu npakTHYHOMY BUKOPUCTaHH1 KOHAEHCATOPHU YacTo 00'€THYIOTh B OaTapei.
[Ipu napanenvnomy 3'enHanHI OOKIAAKU KOHACHCATOPIB 3'€IHYIOTH B JIB1 TPYIIH,

MTOTEHIIIAH SIKUX @1 1 @2 (puc. 18.1). @

Pi3HuIg moTeHIiamB MK 0OKJIaIKaMu T i
BCIX KOHJICHCATOPIB € 0HaKoBOM0 i piHol0  C; [ €, [+ -t 1C.
¢1 - ©2. [Ipu 3apsmxanHi Takoi 6aTapei Ha- = - ————
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JaHWM 11 3apsif (| 4aCTKOBO MOTpAIUisie Ha OOKIAIKU BCIX KOHIEHCATOPIB.
CymMmapHuii 3apsi 6aTapei JOpIBHIOE CyMi 3apsiiB OKpEeMHUX KOHJIEHCATOPIB:

=01+ Q2+02+...70On (18.1)
TakuM 4MHOM, B pa3i MapajelbHOro 3'€JHaHHS KOHICHCATOPIB
Cop=— =B B o 4 S _cic+.4C, (182)
OL—Q, O—@Q, Or—P O — P,

Ilpu napanenvnomy 3'eOnanni emuicmo 6amapei 00pieHIOE CyMi EMHOCMEL OKDe-
MUX KOHOEHCamopia.

[TapanenbHe 3'€qHAHHS 3aCTOCOBYIOTh JUIsl TOTO, 1100 OTPUMATH OLIBILY €MHICTB,
HIXK EMHICTh OJTHOTO KOHJIEHCATOPA.

[Ipu nocaioosnomy 3'enHanHi KoHaeHcaTOPiB (puc. 18.2) 0OKIIaIKu OKpEMUX
KOHJICHCATOP1B MAIOTh 3apsi/Iy, SIKI € YUCEJIIbHO PIBHUMHU, aJie MPOTHIICKHUMU 3a 3Ha-
KOM.

Skmro neprniii 0OKIaAIN HAgaTH 3apsay + (, TO Ha Apyruit oOkiIaai 6aTapei
3'SIBUTHCA 1HJIyKOBaHUM 3aps - (. OCKUIbKY 1151 00KIa/iKa 3'€JHaHa 3 IEePIIO0 0OKIaI-

C C C KOIO JIPyTOTO KOH/IEHCATOPa 1 YTBOPIOE 3 HETO
1 2 1 €TMHUH MPOBITHUK, TO BIAMOBIIHO 0 3aKOHY 30€-
gy 179 +9j 14 + -4 PEKEHHS 3apsiy, Ha OCTaHHIH 3'IBUThCS 3apsi +
-t g. Y cBoto uepry, me mpu3Bee 0 MOSBU 3apsIy -
@ P @@ @ @ QHa JpYTiid 06anﬂqi JIPYTOTO KOHIEHCATOPa 1
2 2 n-1 'n T.J. B pe3ynpTari BC1 NOCHIAOBHO 3'€AHAHI KOH/IE-
Puc. 18.2 HcaTopu OymyTh 3apsHKeHi oqHakoBo. [Ipu mbomy
OaTapei HaJlaHO TUIBKU 3apsiy (.

[ToBHa pi3HUILII MOTEHITIAIIB Ha KJIeMax BCiel 6aTapei @1 - On TOPIBHIOE CyMi Pi3-
HUIIb MOTEHITIATIB M’k 00KJIaJIKaMH KOYKHOTO 3 KOHJICHCATOPIB

@1~ Pn, = (@1 — @2)F (P2 — @3)+ ... H(Pn-1 — Pn). (18.3)
3rifHO 3 BU3HAUYEHHSIM €MHOCTI

Cnom:L'
@ — Py
abo
L =0 0= P05 Pampn L 11 g
CnOCﬂ q q q q Cl C2 Cn

Ilpu nocniooenomy 3'€eOHanmHi KOHOEHCamopie 000arMvbcs 00EPHEHI BeTUUUHU
EMHOCEL.
3okpema, 11l ABOX MOCHIOBHO 3'€THAHUX KOHICHCATOPIB
c.C
CnOCJl = L2 " (18.5)
C, +C,
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Ilpuknao 18.1. JIpa konneHcaropa, eMHocti sikux C1 = 0,2 Mk® i C2 = 0,4 Mx®D, 3'ennani noc-
JI0BHO 1 miakIroUeHi a0 mrepena Hanpyru U = 300 B. Busznauutu 3apsau Q1 1 02 1 Hanpyru Uz 1 Uz
Ha KOHJICHCAaTOpaXx.

[Tpu mociiIoBHOMY 3'€IHaHHI KOHJICHCATOPH 3apsKAIOTHCS OTHAKOBUM 3apsioM Q1 = (2 = ( =
const . OCKIIbKH €MHOCTI KOHJEHCATOPIB € PI3HUMH, TO HAIIPYT'H Ha KOKHOMY 3 HUX TaKOX € PI3HUMH,
a MIOBHA Hamlpyra

U=U+U; (IT. 18.1)
PO3MOAUISETHCSA MK KOHIEHCATOPAaMH BiAMIOBIIHO iX €EMHOCTSIM
g g
U, =—; U,=—.
1 Cl 2 C2
3 nux piBHOCTEH BUXOAMTH:
CitUi=C Uy, (IT. 18.2)
Po3B’s3yroun cucremy pisastab (I1. 18.1) 1 (I1. 18.2), orpumaemo
U, = €, U= 0.4 300=200B.U, = o U= 0.2 300 =100B .
C,+C, 02+04 C,+C, 02+04
C.C
-q,=CU,=CU, =272 =
th =0, =LY, =050, C,+C,
= 0204 156 300 =4.10°° K1 = 40auxcKn
0,2+0,4

Ilpuknao 18.2. I1nockuii MOBITPSHUIA KOHIEHCATOP OYB 3aps/UKCHUH 10 PI3HUII MTOTESHIIIATIB
Uo = 300 B i BigkiroueHu# Bix okepesa Hanpyru. Bigcrans Mixk oOkIaakamMu KoHaeHcaTopa d =2 cM.
[Ticnst 1pOr0 B KOHJIEHCATOP MapaieIbHO HOTO 0OKIIaAKaM BBEJIH MMPOBIIHY TUIACTHHY 3aBTOBIIKH Uy
=1 cM, po3MipH SIKOi JOPIBHIOIOTH po3MipaM 00k1anok (puc. I1. 18.1). Sk 3MiHATHCS €MHICTh KOH/IEH-
caTtopa 1 Harpyra Ha HbomMy?

[Tpu BHECEHH1 He3apsPKEHOT0 POBIAHUKA B €JIEKTPUYHE I10-
JIe HOCIi 3apsily MOYNHAIOTh PYXaTUCS: TIO3UTUBHI B HAIIPSMKY 30B-
HIIIHBOTO T10JIs, HETATHUBHI - B IPOTHIISKHUH OiK. BHacnigok nporo
Ha 30BHIIIHIX TOBEPXHSX TUIACTHHN BUHUKAIOTH 3PN IPOTUIICK-
HOTO 3HaKa, 1110 3BYThCsl IHAyKOBaHUMH. [loje 1ux 3apsiiiB Hampas-
JICHO MPOTHIICKHO 30BHIITHROMY TOJTIO. 32 MPUHIIMIIOM CYTIEPIIO3H1-
11T elleKTpUYHE M0JIe BCepeInH1 MIIACTUHU € CYMOIO 110JIs KOHJIeHCa-
TOpa 1 MOJIsl, CTBOPEHOI0 1HAYKOBAaHUMU 3apsiiaMH.

Hanpy»eHicts nmoss B Oyb-sIKii TOULll BCEpEANHI IUTACTHHU
CTa€ pIBHOIO HYIIO (YMOBa piBHOBAaru 3aps/iB). Bci niHii Hampyxe-
HOCTI €JIEKTPUYHOTO TOJIS B 3a30pi KOHAEHCATOPa PO3PUBAIOTHCS,
BOHU 3aKIHUYIOTHCSI Ha HETaTUBHUX 1HY-

KOBAHUX 3ap5{z(ax 1 3HOBy ITIOYUHAKTLHCA
Ha ITO3UTHUBHUX 3apgaaax.
Puc. TI. 18.1 P L‘ \ ‘
)

[Torentian BcepenHi MIIACTUHU €
noctitauM. Lle n1o3Bosie po3rsaaTu
KOH-JICHCATOp 3 MPOBIIHOIO MJIACTUHOIO BCEPEIMHI K CUCTEMY JIBOX I1OC- Puc. T1. 18.2
JI0OBHO BKJIFOUeHUX KoHAeHcaTopoB C11 Co (puc. I1. 18.2) ..

). SIK110 TOBIIKHA IUIACTHHH Oy € HabaraTo MeHmor, Hixk d, To d = di + dz, a emHOCTI Bifmo-
BiJTHO JOPIBHIOIOTH (7151 TOBITPA € = 1)
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EpS C EpS
0= C, =0
d, d,
3aranipHa eMHIcTh C BU3HAYNUTHCS 31 CIHIBBIAHOIIEHHS
1 1 1 d d, d 1
—_— =— 4 —= =+ = =—,
C C C, &S &S ¢S C,
ne Co - EMHICTBh KOHJIeHCaTopa 0e3 iacTUHU. TakuM 4uHOM, 32 Oy/Ib-SKOTO TOJIOKEHHS MOH-
KOI TIMACTUHU EMHICMb KOHOencamopa He 3mintoembcsi, C = Co.
0) SIkio MpoBiJHA IUIACTHHA MA€ MEBHY TOBHUIMHY Ong, TO d = d1 + dus + do.
3aranpHa €MHICTh JJBOX ITOCIIIZIOBHO 3'€THAHUX KOHICHCATOPIB, IO YTBOPHIIUCS,
MOJKe OyTH 3HalJIeHa 13 CITIBBITHOMICHHS

C C C, &S &S &S

C, =

3BigKuU
EpS
d - dnfl
TakuM 9HHOM, emMHiCmb 3pocaa. Y TOU Ke 4ac 3apsi0 KOHOeHcamopda, BITKITIOYCHOTO Bl JKe-
pelia HalpyTu, HE 3MIHIOEThCSL.

C= >C,.

g=CoUo=CU.

Toni U Z%UO :d_dﬁuo <U,.

Orxe, nanpyea 3menwunaca. U =150 B.

Konumponvni numanns

1. SIk po3MOALISAIOTHCS 3apsiid Ha MMOBEPXHI BIJOKPEMIIEHOTO 3aps/KEHOr0 c(hepruyHOro Ipo-
BinHUKa? [IpoBinHUKa OBUIBHOT popMu? Sxkum Oyze MOTEHIial TOYOK OBEPXHI B IINX ABOX BUIA/I-
Kax?

2. Yu OyayTh 0IHAKOBUMH MTOTEHII1AJIU TOYOK [TOBEPXH1 HE3APSIIKEHOTO MPOB1IHUKA, KU
NOMIlLIIeHUH B enekTpuyHe noje? [loTeHmianm TO4oK BcepeAnHI TPOBIAHUKA?

3. € 1Ba 0JHAKOBO 3apsAKEHUX MPOBITHUKA, EMHOCTI SIKUX € pi3HUMH. Yu OyyTh nepeminia-
THUCS 3apsAIH, KO IPUBECTH MPOBITHUKH B KOHTAKT?

4. € nBa 3apsHKEHUX MPOBITHUKA: Y OJTHOTO 3apsii MEHILIUM, ajie MOTEHI1all BUILIUN, HIXK B
apyroro. SIk OyAayTh nepeMilaTics eNeKTpUYHI 3apsAau MPU CTUKaHHI UX MPOBIJHUKIB?

5. YoMy €eMHICTh KOHJIEHCATOPA, IKUI CKIAAA€ThCs 3 BOX MPOBITHUKIB (A 1 B), € OUIBIII010,
HIK €MHICTb KO>KHOTO 3 BIJIOKPEMJIEHUX MPOBIIHUKIB (4 abo B)? ¥V yoMy nonararoTh nepeBaru KOHze-
HCaTopa, M0 CKJIAIA€ThCS 3 IBOX MPOBIIHUKIB?

6. SIk 3MIHUTBCSI €MHICTb TUIOCKOTO KOHJIEHCATOPA, SKILO B MOBITPSHUIA 3a30p Mk 0OKJIaAKaMU
BBECTH: Ty’K€ TOHKY METaJIeBy TUTacTHHY? MeTaeBy IIacTUHY KiHIIEBOi TOBITIHH?

7. Uy 3MIHUTBCS HAIIPyTa MK IUIACTUHAMU 3apsDKEHOTO MJIOCKOT0 KOHAGHCATOPa, SKII0 OJHY
3 HUX 3a3eMJIUTH?

8. UM 3a1eXuTh HAIIPYKEHICTh MOJIs 3apsHKEHOTO 1 BIKIIOUEHOTO BiJ] JKepea HallpyTru KOH-
JIeHCATOpa BiJI BiIcTaHl M oro rmmactuHamu? [linkimrodeHoro 1o mkepena?

9. SIk 1 YoMy 3MIHATBCS €MHICTb, HAMPY)KEHICTh €JIEKTPUYHOTO T10JIs1, HANIPYTAa, SIKIIO MOMICTH-
TH JIETIEKTPUK MK OOKJIaKaMHU 3apsIPKEHOTO KOHeHcaTopa?

10. Mix oOkJ1aiKaMH TUIOCKOTO KOH/IEHCATOpa BCOBYETHCS TUIACTHHA JAieJIeKTpUKa. Sk 3Mi-
HSTHCS XapaKTEPUCTHKHN KOHACHCATOPA B JIBOX BHIAAKaX: |) KOHIEHCATOP 3apsKEHUH 1 BiKITFOUe-
HUH BiJ JpKepena Hanpyry; 2) KOHACHCATOP He BIAKIIIOYAETHCS Bl [Kepesa Hanpyru?
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I'masa 4. EHEPT'ISA EJIEKTPUYHOI'O ITOJIA

§ 19. Eneprist B3a€Mo/1ii TOUKOBUX €JIEKTPUYHHUX 3apsAiB

PosrnsineMo cucteMy, 110 CKIAA€ThCA 3 PO3MIIICHUX HA BIICTaH1 I' OIUH BiJ OJ1-
HOT'O JIBOX TOYKOBUX 3apsiiB (1 1 §p. Bennunna

d,
W = = 19.1
—— drseyr =0, ( )

(uepe3 @1 MO3HAYEHUI MOTEHITIaN OIS 3apsiay (2 B Tiil TOUIIl, € 3HAXOAUTHCA
3apsn 1), IK B1IOMO, TOPIBHIOE MTOTEHITIANBHIN €HEeprii mepuioro 3apsamy (i B MO Ipy-
roro 3apsay 2. OueBuHO, IO 1IEH BUpa3 MOKHA TaKOXK 3aMUCATH y BUIJISIL MOTEHIIIa-
JBHOT €HEPrii APYroro 3apsiay B MOJI NEPUIOro

W=a, L=, (192)
Arsgy I

TyT @ - moTeH1an nois 3apsay (1 B TOUIL, € 3HAXOAUTHCA 3apsy (.

[Io6 migkpecauTu Tol PakT, 0 CHEPTII0 MAE HE KOXKEH 3apsi]i OKPEMO, a CHEPT1s
HaJIeXKHUTh OJpa3y IBOM 3apsanaM, eHepriro W Ha3uBaloTh enepeicto 3acmooii. OTxe,
MOTEHI1AJIbHA €HEPT1s B3aEMOJIT ABOX 3aps/IiB IOPIBHIOE

W = 191 = 0202

Bupa3s 115 noTeHIianbHOI €Heprii B3aeEMO/11 ABOX 3aps/IiB 3pyYHO 3alucaTH B

CUMETPUIHOMY BHUTJIISAI

1
W = E(ql¢l +0,)- (19.3)

VY 3aranbHOMY BUNAAKY cucCmeMu, Wo CKIa0aemucs 3 n 3apsadie, EHepris ix B3ae-
Moii

W —_(q1¢1 + 0,0, +..+ 0,0,) Zq @i s (19.1)

7€ @j - TOTEHII1aJl, CTBOPIOBAHUM B Ti{ TOUIIl, JIe 3HAXOIUTHCA 3apsia (;, yciMma 3a-
psaaaMu, Kpim Q.

JI71st HepyXOMUX 3apsifIiB €HEpTisi B3aEMOJII1 3apsi/IiB € CHEPTIEI0 EEKTPUIHOTO
TOJIA.

§ 20. Eneprist 3apsilzKeHOT0 IPOBITHMKA i CHCTeMH NPOBIAHUKIB. EHep-
risl 3apsi/IZKEHOr0 KOHIEHCATOPa

PosrisitHeMo BigoKpeMIIeHHI TPOBITHUK 3 3apsiIoM (], TOTEHIIIATIOM ( 1 €JIeKTPO-
emuicTio C. [1106 301MbMIUTH 3apsiI 1LOTO MPOoBiaHKMKa Ha d(, HEOOXIIHO MEPEHECTH 3
HECKIHYEHHOCTI Ha MOBEPXHIO MPOBIHUKA JOaTKOBHH 3apsia d(|, BAKOHABIIH MTPOTH
CHJI KYJIOHIBCHKOTO B1IIITOBXYBAHHS MK OJTHOMMEHHUMH 3apsiaamMu poOoTy

dA = (¢ — ¢=) dg = ¢ dg = C ¢ do. (20.1)

[To6 3apsauTH MPOBITHUK B HYJIHOBOTO IMOTEHITIATY /10 MOTEHITIAy, PIBHOMY

¢, TpeOa BUKOHATH MOBHY POOOTY
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@ C 2
A:jcfpdgp:%. (20.2)
0

B cuimy 3akoHy 30epekeHHsI eHeprii 301IbIIICHHS TOTCHITIAIBHOT €Heprii MPOBiI-
HUKa JOPIBHIOE POOOTI, 1110 BUKOHAHA HaJl HUM. SIKIIIO BBaXKaTH MOTEHIIATBbHY €HEPTiio
HE3apsHKEHOTO MPOBIAHUKA PIBHOIO HYIIO, MU OTPUMYEMO IS eHepeii 3apaoicenoco
BI0OKpEMNEeH020 NPOBIOHUKA BUPA3

2 2
w-Co_de_a° (20.3)
2 2 2C
®opmyny (20.3) MOKHA OTPUMATH 1HAKIIE, PO3TIISIIAIOYH 3aps]l (], IO MICTUTHCS
Ha MPOBIIHUKY, SIK CUCTEMY TOUKOBHX 3apsiiB (. [loBepXHs MPOBiIHUKA € €KBIMOTECH-
iaabHOI0. TOMY TOTEHITIaT TOYOK, B IKUX 3HAXOATHCS TOYKOBI 3apsau (., OTHAKOBUH
1 IOPIBHIOE MOTEHITIATY ( TpoBigHUKA. 3 hopmynu (19.4) niis eHeprii B3aeMoIii 3apsiiB
OTPUMAEMO JJISI €HEPTii 3apsAKEHOT0 MPOBIIHUKA BUpa3

1 qe
W=>2pq =32
5 (p; a4 =-
rae =Y Q; — 3apsii IpOBiIHHKA.
i

PosrissHeMo terep cucreMy K 3apsmkeHnx npoBigHUKIB. OCKIIBKH BCi 3apsAau Ha
MOBEPXH1 OJTHOTO MPOBIAHUKA MAIOTh OJTHAKOBUM IMOTEHII AN, SKUH JTOPIBHIOE TIOTCHITIa-
Ty @k TIPOBIHUKA, 3aMICTh CYMH 3a BCIMa TOYKOBUMHU 3apsIaMU OTPUMAEMO CYMY 3a
BCIMa NPOBITHUKAMU

W == Q. (20.4)
k

Tyt W - eHepris eeKTpOCTaTUYHOI B3a€MO/I1i CUCTEMH 3apsIKEHUX POBIIHU-
KiB, K - HOMep mpoBifHKKa, @k - moTeHIian K-ro nposiaauka, Qk - moBHUI 3apsia Ha K -
MY MPOBITHUKY.

3actocyemo popmyny (20.4) no konaeHcaropa. KonaeHncarop - e aBa mpoBij-
HuKa. BpaxoByrouw, 110 3apsiau 0OKIaA0K € PIBHUMH 32 BEJIUYUHOIO 1 MPOTHIICKHUMU
3a 3HAKOM, OTPUMAEMO

W = %((“LQ)% +(-0)p,)) = %Q(% — )= %qU ’ (20.5)

ne U - pi3HMIS TOTSHITIAMIB MK 0OKJIaJKaMH KOHEHCATOPa.
BuxopucroBytouu dhopmyiy (20.5) 1 6epyuu ao yBaru, mo q = CU, orpumyemo
JUTSI €IEKTPUYHOT €Heprii 3apsAIKEeHOT0 KOHAeH caTopa
W:qU :q2 :CUZI
2 2C 2
VY pasi miIockoro KOHIeHCcaTopa HaIPY>KEHICTh MOJIsl BCEPEIUHI HhOTO HE 3aJie-
KUTh BIJl BIJICTaH1 MDXK TutacTUHaMU. Lle 103BoJisie oTpuMat BUpas Juisl eHEprii 3apsi-
JKEHOTO KOHJICHCATOpa 1HAKIIIE.
Hexait muiactiHu KOHIEHCATOPA, 110 HECYTh PiBHI 1 TPOTUIICKHI 3a 3HAKOM 3apsi-
I, po3MmiiieHi Ha BifcTani d ogHa Big ogHOI. OCKIIBKY Pi3HOWMEHHO 3apsIKEHI Iiac-
TUHU KOHJIEHCATOPA MPUTATYIOTHCS, 1aMO MOXKJIMBICTh OJHIN 3 MJIACTHUH MEPEMITIIATUCS

B HAIPSIMKY JI0 1HIIIOT TUTACTHUHI aX JI0 iX TOBHOTO cyMimieHHs. [Ipu oMy 3apsau mia-
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CTHH KOMIIEHCYIOThCS, 1 KOHJIEHCATOP 13 3aIIaCEHOi B HhOMY €Hepriero 3Hukae. OueBu -
HO, 1110 po0OTa J1iF0Y0i Ha MJIACTUHY EIEKTPUYHOI CHIIM JOPIBHIOE TOYaTKOBOMY 3aracy
eHeprii KoHAeHcaTopa.

Cuna, 110 A€ Ha IUIACTUHY, JOPIBHIOE JOOYTKY ii 3apsAy ( Ha HAPYKEHICTb OA-
HOPIIHOTO €JEKTPUYHOTO I0JIsl, CTBOPEHOTO HEPYXOMOIO TUIaCTHHOIO. s Hanpyxe-
HICTb, SIK TIOKa3aHO B § 6, TOPIBHIOE TIOJIOBUHI MOBHOI HANPY>KEHOCTI E eIeKTpHUYHOTro
HOJIsl BCepennHi KoHaeHcaropa. Tomy poOoTa, 110 31iHCHIOIOTHCS 32 PaXyHOK 3allaceHol
B KOHJICHCATOP1 €HEPrii, TOPIBHIOE

A=W =Fd=q = |a=9
2) "2

ne U = Ed - Hanpyra Mix 1iacTuHaMHu.

Ilpuknao 20.1. Konnencarop emuictio C1 = 2 Mx® 3apsymkarots 10 Hanpyra Uy = 110 B, mic-
JIs1 4Oro HOro 3aMUKaIOTh HAa HE3apsUKEHUH KOHJIGHCATOP HEBIZJIOMOI €MHOCTI. BU3HaunuTH €MHICTh
JPyroro KOHAEHCATOpa, SIKIIO MMicys 3aMUKaHHS Ha HhOMY BcTaHoBHJIacs Hanpyra Uz = 44 B. fIka ki-
JBKICTh TEIUIOTH BUIUIAETHCS BHACHIJOK 3aMUKaHHA?

[Ticnist 3aMuKaHHS YTBOPIOETBCS OaTapes 3 JIBOX MapalelbHO 3'€IHAHUX KOHJIeHcaTopiB. Tomy
Harmpyra Ha KO)KHOMY 3 HHX Oyze ogHakoBoto Uz, 3apsi mepiioro KOHASHcaTopa 10 3aMUKaHHS (1 =
C1U1 posnoainserbest Misk 000Ma KOHJIGHCATOpaMHU

) U
g1=091+02; g1=CiU2, @'2=CU2,abo CiU1=CiU; + C2U2, 3Binku C, =C; U—l -1).
2
2 2
Enepris no 3'eqnanns W = & , micns 3'ennanaaW ' = % 3Bixcu
0w _w_ YU =Us).

2
[TincTaBngroun yucna, orpumaeMo C1 =3 Mx®d, Q =7, 26 m/Ix

Ilpuxnao 20.2. €muicTh mockoro kouaencaropa Co = 200 nd. JlienekTpuk - ckio (€ = 7).
Kongencarop 3apsaunu o pizauni norexmianis Up = 700 B 1 Biaxmrounam Big Jxepena Hanpyru. Sy
po6OTYy MOTPiOHO BUKOHATH, 11100 BUIHATH CKIISIHY IJIACTUHY 3 KOH/AEHcaTopa?

CoUs

. Ilicist BUganeHHs IUIaCTHHU €EMHICTH

Co

KOHJICHCATOpa 3MCHILNTECS B € pa3 i crane gopisrroatn C; = — . TIpu 1ipoMy eHeprist OIS B KOH-

I[louaTtkoBa eHepris nois B kouaencaropi Wy =

2
nencaropi crane piBHotoW, = —— e (| = CyU - 3apsn na oGkiiajkax, skuit He 3MIHIOETBCS, TOMY
1
1110 KOHJIEHCATOP BiIKIFOUEHHH BiJl Ikepena HapyTH.

CoU; _ &Clq

e O Takum YUHOM, CHEPTisl KOHJeHcaTopa 30ubmuiacs B € pa3. Ha
1

BHJIAJICHHS TJTACTUHU 30BHIIIHI CHJIM 3MIHCHUINA POOOTY
(e-1)CUZ (7-1)-200-107"*-(700)°

A=W, Wy = =200 = ; = 294 (mr/]oic).

Toni W, =
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§ 21. I'ycTrHA eHepril eJIeKTPOCTATUYHOTO MOJIA

Eneprito 3apsxeHoro KoHIeHcaTopa MOXKHA TPaKTyBaTH a0o K MOTEHIIATbHY
EHEpriio B3aeMOI1 3apsA/iB Ha Horo oOKIagKax, abo K €HEPrilo CTBOPIOBAHOTO ITUMHU
3apsaamMu eIEKTPUYHOTO MOJIS, [0 MICTUTHCS B IPOCTOP1 Mixk oOkmagkamu. Enexktpo-
CTaTUYHE T0JIe HEBIIIIBHE BiJl HEPYXOMUX 3apAIiB , IKI CTBOPIOIOTH oro. Tomy, 3a-
JMIIIAI0YMCh B paMKaX €JIeKTPOCTATUKH, HE MOKHA BIJTIOBICTH HA TIUTAHHSA - 11O €
HOCIEM EHEpTii - 3apsiu uu 1oJje?

Di3MYHUMHU eKCIIEpUMEHTaMH OYJI0 TOKa3aHo, 1110 3MiHHI B Yaci eJIeKTPUYHI 1
MarHiTHI MOJI MOXYTh 1ICHYBAaTH BIJIOKPEMJICHO, HE3aJICKHO BiJ] 3aps/IiB, 1110 30YIUIH
iX, 1 TOIIUPIOIOTHCS B MPOCTOP1 Y BUTIISAI1 €IEKTPOMArHITHUX XBUIb. Taki XBHIII 371aTHI
NIEPEHOCHUTH €HEPTito, 0 MATBEPKYE BUCHOBOK TIPO T, IO HOCIEM eHepeii € noie.

BianoBiziHO 1 enekTpocTaTuyHe noJjie Mae eHeprito. Hazsemo Bennunny

W
w=—, 21.1
v (21.1)

10 JOPIBHIOE €HEPrii OJHOPITHOTO EIEKTPOCTATUYHOTO TOJIS, KA MPUTAIae Ha
OJIMHHUIIIO 3aiMaHOTI0 HUM 00'eMy, 00'€MHOIO T'YCTHHOIO €HEPrii €JEKTPOCTATUYHOTO
TOJIA.

Jlnst Toro o0 BU3HAYUTH, YOMY JOPIBHIOE TYCTUHA €HEPT1i €IEKTPOCTATHYHOIO
TOJIsA, PO3TJITHEMO TUIOCKUH KOHJIEHCATOP. 3 ypaxyBaHHSIM TOTO, IO €JIEKTPOEMHICTh
IJIOCKOT0 KOHAEHcAaTopa
EEYS

d

a PI3HMIIA TTOTEHITIAJIIB MiX HOTO 0OKIaIKaMu

U = Ed,

ne E — nanmpyskeHicTh (3a MOysIeM) TIOJIA MK 0OKIaakamu, Bupas (20.6) ns

€Heprii 3apsIKEHOro KOHAeHcaTOpa MOKHA MPEACTaBUTH Y BUTIISII
w =205 gy Lo p2sd = Lo ey (212)
2 d 2 2

TaxuM 4MHOM, €HEpris eIEKTPOCTATUUHOTO MOJIsI KOHJEHCATOpa MPsIMO MPOIIOp-
1iiHa 00’ €My, 1110 MICTHTBCS MiXK HOT0 OOKJIaJIKaMH, 1 €HEPTisl ICKTPUIHOTO TI0JISI PO-
3MO/IJIEHAa B TPOCTOP1 3 TYCTUHOIO

C=

2
W  eg,E
w=—="19=_ (21.3)
\ 2
MosxHa 1moka3aTty, 1o el BUpa3 CpaBeUIMBUM HE TUIBKU VIS TTOJISI KOHEHCA-

TOpa, a 1B 3araJibHOMY BUIIAAKY I[OBiJ'IBHOFO CIICKTPUYHOI'O I10JIA.

Ilpuxnao 21.1. Tnoma 06KIa10K MIOCKOTO MOBITPSHOTO KOHACHCATOPA I0PiB-
uroe S = 100 c¢m?, Bigcranb mixk Humu d = 2 MM. SIka pi3HHIS IOTEHIiaNiB OyIa IPHK-
JazieHa MK OOKJIaJKaMH, SIKIIO TIPH PO3psiAl KOHACHCATOpa BUAUTHIACS KUTBKICTh TETI-
aotu Q = 90 mk/J[x?

KinbKicTh TEMIOTH, 110 BUIALILIACA, TOPIBHIOE €HEPT] €JIEKTPOCTATUYHOTO TOJIS
3apsHKEHOTO KOHACHCaTOpa
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2
&ocE

Q=W=wV = Sd
3BigKH E= Q. :
£0,65d
1 pI3HMIISA TTOTEHITIAJIIB
5 -3
U—Ed 2Qd _ 2-9-107°2-10 ~2.10°B.

£0ES 8,85-10741072

Ilpuknao 21.2. BusHauuTu CHITy IPUTATAHHS TUIACTUH 3apsJHKEHOT0 IIOCKOT0 KOHACHCATOPA.
[Tnoma mmactun S, 3apsia Ha KOXKHIN 1IacTuH1 (. KorgeHcarop 3apspKeHH 1 BIKITIOUeHNUN Bi JKe-
pela eNeKTPUIHOI eHeprii.

ITix vac 361MKeHHs IaCTHH Ha Bifctanb Ad cuiia nputsaranas F BUkoHye poboty
AA = F-Ad.
BHacninok 301mkeHHs IIacTUH KOHAeHcaTopa 00’eM ioro nos 3MeHryeThesi. O0'emHa ryc-

2
egyE

THHA eHeprii monss W = IPY IbOMY HE 3MIHIOETHCS, TOMY IIIO HApY>XeHICTh moiist E He 3aie-

KUTH BiJl BIICTaH1 Mk 00KJIaIKaMH, a 3aJIeKUTh TUIBKY BiJ] TYCTUHU 3apsiiB Ha oOkmankax. OTxke,
EHepris TOoJIs KOHICHCATOpa 3MEHIITYETHCSI HA BETTUIHHY

2
egyE
AW ==2=_SAd .
I3 3axony 30epexeHHst eneprii BUIuBae, mo AA = AW, a6o
2
N =
FAd ==—2=—SAd,
3BIJIKH
2
=
F=""0"5.
[TizcTaBmsIFOUN 3HAYCHHS HATIPYKEHOCTI €JICKTPHYHOTO MOJIS IIOCKOTO KOHIEHCaTopa
o
E i q y
EEy EEYS
OTPUMAEMO
2
= 9 . (T1. 21.1)
2£85S

Konmpononi numannsn

1. YoMy nOpiBHIOE MaKCHMallbHA MOTEHIIaJIbHA €HEPrisl CHCTEMH 3apsiJiiB, 1110 MPUTATYIOTHCS?

2. [le nokasizoBaHa €HEPTisl 3apsAHKEHOT0 KOHIeHcaTopa?

3.V skoMy BUNQJIKy 3aacaeTbcs OUIbIIA eHeprist MpH MiAKII0OUeHHI 6aTapei KOHAeHCaTopiB 10
JDKepella HalpyTu: a) TpH iX MOCI1I0BHOMY 3'€/IHaHH1; 0) MpH iX mapajenbHOMY 3'€JTHaHH1?

4.'Y 1ose 3apsIKeHOro KOHAeHCaTopa MOTParLise 3apsKeHa YacTUHKA. 11 KiHeTUYHa eHepris
B I10JI€ 3MIHIOEThCA. 32 PaXyHOK SIKOi €Heprii BUKOHY€ETbCs podoTa?
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5. Ilpwu 3'enHaHHI 3aps/IKEHOT0 KOHACHCATOPa 3 HE3apsIHKEHUM CHEpTis CUCTEMH 3MEHIIY€Th-
csi. BoHa BUTpavaeThCsi Ha YTBOPEHHS 1ICKpH, HarpiBaHHS MPOBITHUKIB 1 T.1. Bix yoro 3anexars BTpa-
TH eHeprii? Uu MOXyTh BTpaTH eHeprii OyTu piBHUMHU HYIIO, SKIIO, HAPUKIIA]], BAKOPUCTOBYBATH
HaJIPOBIAHUKN?

6. YoMy JOPIBHIOE €HEPTis MO 3apsIKEHOT0 POBiTHUKA?

7. Illo BimOyBa€eTHCS 3 EHEPTIEIO TIIOCKOTO KOHASHCATOPA, IKHil OYB 3apsJKEHUHN 1 BIIKITFOUE-
HUH BiJ JDKEpena HampyTH, MiJ] 4aC PO3COBYBAHHS HOTO TIACTHH?

8. SIK 3MIHUTBCS €HEPTisl 3apsHKEHOTO0 1 BIJKITIOYEHOTO TIOCKOTO MOBITPSHOTO KOHAEHCATOPA,
SKILO MIX MOTO 0OKJIaZIKaMH BCTAaBUTH JieNEKTPUYHY IIACTUHY? SIKIIO eHeprist 3SMiHUTBCSA, TO XTO
BHKOHYE Po0OOTY?

9. Slxa po3MipHICTh T'YCTUHH €HEPTil eNEKTPUIHOTO MOJIsA?

Iaasa 5. IOCTIMHUM EJIJEKTPUUHUU CTPYM

§ 22. [locTiliHUM eJIeKTPUYHUN CTPYM, HOT0 XAPAKTEPUCTHUKH i YMOBH
ICHYBaHHS

EnexTpudHUM CTPyMOM HAa3UBA€ETHCS BIOPSIKOBAHUM PyX €JICKTPUYHUX 3apSIiB.
Hocissmu cTpymMy MOXKYTh OyTH €IEKTPOHH, a TAKOX IMTO3UTHBHI 1 HETaTUBHI 10HH.

BriopsiikoBaHuii pyx BUTbHUX €JIEKTPUUHHUX 3aPsIiB, IO B1I0YBAETHCS B MIPOBI/I-
HUKY, HA3UBAETHCS CTPYMOM 1pogioHocmi (CTPyM B MeTajax, B €JIEKTPOJIiTax, B ra3ax).
BriopsinkoBanuii pyx 3aps/iiB IpU PycCl 3apsIPKEHOTO Ti1a B MPOCTOP1, HA3UBAETHCS
KOHBEKYIUHUM CTPYMOM.

Cunorw cmpymy Ha3UBAETHCS CKASIPHA BEIMUMHA, SIKA TOPIBHIOE 3apsiy, 110
MIPOXOJIMTH 32 OJIHY CEKYH]ly uepe3 Oyab-sKUil MONepeuyHnid epepi3 NpoBiAHUKA. SKIIO
3a yac dt yepes nmepepi3 MPOBITHUKA MEPESHOCUTHCS 3apsia dJ, To cuiia cTpyMy

| = d—q (22.1)
dt

TakuM 4MHOM, cHJla CTPYMY BU3HAYAETHCS K IBHKICTH IEPEHOCY 3apsLy depes
PO3IIISIHYTUH TIepepi3 TPOBIAHMKA.

3a HanpsAM €JEKTPUYHOrO CTPYyMY 3a TPAJIULIEI0 MPUNMAETHCS HAMIPSM, B IKOMY

NepeMINIaroThCA MO3UTUBHI 3apsau. TouHilIe,

nepemimanucs 0, OCKUTbKU eJIeKTPOIPOBITHICTh

= F— — OUIBLIOCTI POBITHUKIB (METaNIB, HAIIBIPOBIA-
£, f{ - HUKIB, TJIa3MHU) O0yMOBJICHAa PyXOM HETaTUBHO
B S e 3apsAJKEHUX BUIBHUX €IeKTPOHIB (puc. 22.1).
Cn@;tu . - SKuio cuna 1 HaupsiM CTpyMy HeE 3MiHIO-
+| ,— IOTHCSI 3 YACOM, CTPYM HA3UBAETHCS NOCMIUHUM.
|’ J1Jis TOCTIMHOTO CTPyMY, OUY€BUIHO, CIIPABE M-
BO CIIIBBIJHOLICHHS
Puc. 22.1.
| = % (22.2)
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Onunuuero cunu ctpymy B cuctemi Cl € amnep (A). AMnep BXOIUTh B YUCIIO OC-
HOBHUX OAWHUIIb cucTeMu Cl 1 BBOAUTHCS Ha OCHOBI MarHiTHO1 B3a€MO/Iii CTPYMIB.
[Tpu cuii noCTIHHOTO CTPYMY, IO JOPIBHIOE 1 A, uepes nmepeTrH npoBigHuKa 3a 1 ¢
nepeHOCUThC 3apsi, piBHuit 1 K.

CtpyM Moske OyTH HEpIBHOMIPHO PO3MOALIEHUH TIO IEPETUHY MPOBIAHMUKA (Ha-
MPUKIIAJ, 3MIHHUN CTPYM BHCOKO1 4aCTOTH Mai’Ke He MTPOHUKAE BIIINO MPOBIAHHUKA),
TaK 110 HeOOX1THO BBECTH BEIIMYUHY, SIKa XapaKTEPHU3y€e PO3MOILIT CHIIH CTPYMY 3a Iie-
pepizoM mpoBigHUKA. e BEKTOp TycTHHU CTPyMY j.

TI'ycmuna cmpymy j BU3Ha4aeThCs 3apsI0M, 10 IPOXOIUTH 38 OJUHHIIIO Yacy
yepe3 OAMHUYHY TUIONIA/IKY, TePIEeHANKYISIPHY HAIPSIMY YIIOPSIKOBAHOTO PyXy 3apsi-
I1iB. Moayib TyCTHHH CTPYMY

. I
. ds,
a HampsiM BEKTOpa J 30ira€Thes 3 HAMPSIMOM IIBHIKOCTI YIIOPSIKOBAHOTO PyXY

MMO3UTUBHUX 3apsIIiB.
SIKIII0 MasHit ejeMeHT Iionieto dS po3rairoBaHuii Tak, 10 HOPMab N 10 HHOTO CTAHOBUTH 3
BEKTOPOM | KT @, TO CHJIa CTPyMy uepes turomaaky dSL 3riguo 3 (22.3) gopiBHiOE

(22.3)

dl = jds, .
Sk BugHO 3 puc. 22.2:
dS, =dScose.
Tomy

dl = jdS, = jdScose = j,dS,

[ ——ip . . :
ne J, = JCOS«a — mpoekiis BEKTopa | Ha HOp-

MaJib N.
ds, ds Takum grHOM, Yepe3 mronaaky dS mpoxoauTh Ta-
KU caMuii CTpyM, 5K 1 yepe3 miornaaxy dSL. Cuna cTpy-
Puc. 22.2. MY Kpi3b JIOBUTbHY TTOBEPXHIO S BUXOJUTH MiJICYMOBYBaH-
HSIM 32 BCIMa eJIeMEeHTaMu:

I = [j,dS. (22.4)
(s)
Sx1o nepepis MPOBiAHKKA € TIEPIICHANKYISIPHUM JI0 BEKTOPY T'YCTUHU CTPYMY, TO TYCTHHA
CTPYMY € OJTHAKOBOIO 110 BCbOMY TIEpepi3y, a HaIpsiM HOpMaJll 301raeThCs 3 HAMPSIMOM PYXY MO3UTHUB-
HUX 3apAJliB, TO CHJIa CTPYMY

| =js.
Hexait B onuHuIli 06'eMy mpoBiHUKA MICTUTBCSI N HOCIiB CTPYMY, 3apsi]l KOKHO-
ro 3 Akux (. [lo3HaunMo mBUAKICTH YHOPSAIKO- S
BAaHOT'O PyXy HOCIiB cTpymy uepe3 U (puc. 22.4). ( )
UYepes oiMHUYHY IUIOIIUMHY ITPOMIYTH 3a CEKYH- 9
Iy TUIBKY T1 HOCII, SIK1 HA IOYaTKy LI€i CEKyHIU e ,|
3HAXOJIUITUCS BCEPEANHI IUJIIH/pa 3 OCHOBOIO u
OJIMHUYHOI TUIOUTMHU 1 BUCOTOO (JIOBXKHHOIO O1- Puc. 22.4.
YHOI MOBEPXHI), 0 YUCEIBHO JTIOPIBHIOE IIBU/I-
KOCTI CIIpSIMOBaHOTO pyxy U. O6’eM numiHapa TOpiBHIOE U, KIJTBKICTh HOCIIB - NU, a Cy-
MapHHii 3apsf - NQU. OTxe, ISl TYCTUHU CTPYMY BUXOJIUTH hopMyiia
j =nqu. (22.5)
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SKIO eNeKTPUYHUN CTPYM CTBOPIOETHCS OJTHOYACHO SIK TTO3UTUBHUMH, TaK 1 He-
raTUBHUMU HOCISIMH, TIOBHA TYCTHHA CTPYMY JOPIBHIOE BEKTOPHIM CyMi BKJIaJlIB OKpe-
MHUX COPTIB HOCIiB.

Sk BuruuBae 3 Bupasy (22.3), rycrusa crpymy B cuctemi Cl BUMIpIoeThest B aM-
1epax Ha KBajapatHuii MeTp (A/M?). YV TexHili BAKOPUCTOBYETHCS BUMIPIOBAHHS I'yCTH-
HU CTPYMy B aMIlepax Ha KBaApaTHUI MinzimeTp (A/Mm?).

J1J1s TOSIBY 1 ICHYBaHHS €JICKTPUYHOTO CTPYMY MPOBIHOCTI MatOTh BUKOHYBATH-
Csl 081 yMO8BU.

1. Y nanomy cepemoBuIlll TOBUHHI ICHYBaTH HOCIi cmpymy - 31aTHI BUIBHO TIepe-
MIIIATHCS 3apsAKeH] YACTUHKU. TaKMMH HOCISIMU CTPYMY B METaJlaX € BUIbHI €JIEKTPO-
HU, B HaMBIPOBIJHUKAX - €JIEKTPOHH MPOBIAHOCTI 1 IIPKH, B €IEKTPOIITaX - MO3UTHUBHI
1 HETaTUBHI 10HH, B Ta3ax - MPOTHIICKHO 3apsAKEH] 10HH 1 €JICKTPOHHU.

2. Y naHoMy cepeoBUIIl TOBUHHO 1CHYBATHU eleKmpuyHe nojie, EHepris sKoro
BUTPAYAETHCS HA TMIEPEMIILICHHS €IEKTPUYHUX 3apsiiB. /{151 icHyBaHHS OCTIMHOTO
CTPYMY €HEepris MoJis MOBHHHA BECh Yac IMOMOBHIOBATUCS, TOOTO HEOOXITHE ddiceperio
eHepzii eNEKTPUIHOTO MOJIS.

§ 23. Croponni cuiu, EPC i Hanpyra

Hexaii Ha kiHUAX npoBigHUKA AB (puc 23.1) cTBOpeHa pi3HUL NOTEHIIANIB @ —
(p, IKa CTBOPIOE YCEPEANHI HBOTO eJIeKTpuuHe noJie E, cnpsiMoBaHe B O1K MaaiHHS TO-
TeHuiany. /{1 3py4yHoCTI MipKyBaHb OyJ1IEMO IPUITYCKATH, IO HOCIAMH CTPYMY € TIO3HU-

THBHI 3apsiid. Y peasibHOCTI B METAJIEBUX MPOBITHUKAX @ >¢
CTPYM MPOBIAHOCTI CTBOPIOETHCS PYXOM €JIEKTPOHIB, 1110, A A B B
OJIHaK, HE 3MIHIOE CyT1 MIpKyBaHb. —_——

[IpoTtsirom gy»e KOpOTKOro yacy Oyze BigOyBaTucs &> E =~ &>
NepeMIIICHHS 3apsIiB Bi A 10 B 10 TUX Mip, IOKH B TIPO-

BIJIHUKY BCTAHOBHTBHCS OJHAKOBHI TIOTCHITIA; TIPH [IbOMY 4 i B
HAMPYKEHICTh €JICKTPUYHOTO OISl BCEPEIUHI MPOBITHUKA
CTaHe PIBHOKO HYJIIO, i cTpyM | npunuauThes. TakuM un- Puc. 23.1.

HOM, MPOBITHUK, B SIKOMY J1IOTh TUTbKH €JIEKTPOCTATUYHI
CHJIH, 3 YaCOM TIEPEXOIUTh B PIBHOBAXXHUI CTaH.
st Toro mo0 miaATpUMYBaTH CTPYM

4 30EHIUIHE KOO B TPUBAJIMI Yyac, NOTPIOHO BIJ KIHLS MPOBII-
= HUKa B 3 MEHIIIMM MOTEHIliaJIoM (g Oe3re-
> FE &> PEPBHO BIABOJUTU MPUHECEH] CIOJIU CTPY-
¢ 4 (pB MOM 3apsiIu, a 10 KiHIS 4 3 BETUKUM T0-
$ ? TEHIIIAJIOM (Pa O€3MepepBHO X IMiIBOUTH
(puc. 23.2). [nmmmu cmoBaMu, HEOOX1HO
+ —~=P _ 3MIHCHUTH KPYTOBOPOT 3apsiIiB, IPH SIKOMY
5 I - C BOHH pyXajiucs 0 1o SaMK.HyTOMy H_IJ?HX}/.
Y 3aMKHEHOMY KOJI1 ITOpsJ 3 AUISH-
dicepeno cmpymy KO0 AB, Ha sIKiif TO3UTHUBHI 3apsSAu pyXa-

Puc. 23.2. >3



I0TbCA B O1K 3MEHILIEHHS MOTEHI[IaNy (, TOBUHHA OYTH AUISHKA, HA SIKIA IEPEHECEHHS
MNO3UTHBHUX 3aps/iB BIAOYBAETHCS B HANIPSIMKY 3pOCTaHHS @, TOOTO IPOTH CUJI €JIEKT-
POCTATUYHOTIO NOJIS 3 HAPY>KEHICTIO E, ICHYI0YOr0o MIXK IIOJIIOCAaMU JIKeperia (YacTuHa
kojsa CD na puc. 23.2).

[TepemimierHs HOC1iB cTpyMy Ha AisHII CD (rpoTtu nmosist E) MOXKIIMBO JIMIIIE 32
JIOTIOMOTOI0 CHUJI HEEJIEKTPOCTATUYHOI'O (HE KYJIOHIBCHKOTO) IOXOJKEHHS, SIK1 HA3UBa-
I0TBCSL CHOPOHHIMU CUNLAMU.

[Tpuctpiii, 110 CTBOPIOE 1 MIATPUMYE PI3HHUIIIO MOTEHIIAMIIB AP = QA - (P HA KiH-
ISIX TIPOBIAHUKA 32 PaXyHOK pPOOOTH CTOPOHHIX CHUJI, HA3UBAETHCS OHCEPEIOM CHIPYMY.

JIxepeno cTpyMy 3aMHUKa€e €JIeKTPUYHE KOJIO, B3I0BXK SIKOTO 31HCHIOETHCS 0e3-
nepepBHUM pyX 3apsiaiB. CTpyM MPOXOAUTH IO 30BHIIIHIM YaCTHHI KOJIa — IO TIPOBiJI-
HUKY 1 10 BHYTPIIIHIN - JpKepeny cTpyMy. [xeperno ctpymMy Mae 1Ba mosocu (puc.
23.2): NO3UTHBHHMI, 3 OLIBII BUCOKHUM MOTEHIIAIIOM, 1 HETaTUBHMM, 3 OLIBII HU3bKUM
noteHiianoM. [1pu po3iMKHYTOMY 30BHIITHBOMY KOJII HA HEraTUBHOMY IOJIFOCI YTBO-
PIOETHCS HAJUJIUILIOK €JIEKTPOHIB, a HA IO3UTUBHOMY — HE/IOMIK.

VY 30BHIIIHBOMY KOJI1 CTPYM MPOXOAUTH BiJl HO3UTUBHOIO IOJIFOCA JIO €EraTUBHO-
o, a BCEpeHHI JKepeaa CTpyMY - BiJl HEraTUBHOT'O TIOJIOCA /10 MO3UTUBHOTO. Beepe-
IMHI JKEpesa CTPYMYy CTOPOHHI CHIIM CIIPSIMOBAHI IPOTH €JIEKTPUYHUX CHIL

TakuM 4MHOM, Odcepeno cmpymy TIOBUHHO 3a0e3MeuyBaTH KOJOMOAIOHUN pyX
HOCI1B CTPYMY, MOJIIOHO JI0 TOTO, IK HAacOC 3a0e3Medye MUPKYIISII0 PIAMHU B SKHA-
HeOy1b 3aMKHYTIN CUCTEMI

[ToxomKeHHsI CTOPOHHIX CHUJT MOKe OyTH pi3HUM. CTOPOHHI CHJIM PyXarOTh 3apsi-
JUKEH1 YaCTUHKH BCEPEINHI T€HEpaTOpiB, TAIbBAHIYHUX €JIEMEHTIB, aKyMyJIsTOpiB. B
reHepaTopax CTOPOHHI CHIIM - Lie 00 CUJIH, 1110 A1I0Th Ha €JIEKTPOHU MPOBIAHOCTI 3 00-
Ky BUXPOBOTO €IEKTPUYHOTO TIOJIsI, [0 BUHUKAE TIPH 3MiHI MarHiTHOTO TOJIS 3 YACOM,
a00 JIOPEHLEB] CUJI, 1110 A1I0Th 3 OOKY MarHiTHOTO IMOJIsl Ha €JIEKTPOHU B PyXOMOMY

MIPOBIIHUKY; B TAJIbBAHIYHUX €JIEMEHTaX 1 aKyMyJISITOpax - 1€ XIMIYH1 CHJIH 1 T. 1.

Ilpuknao 23.1. PosrnsiHemo MexaHi3M BUHUKHeHHs: EPC B HaiinpocTimomy XiMiYHOMY JKepe
71 cTpyMy - eneMenTi Bonbra (puc. I1. 23.1). YV Boguuii po34nH cipyaHOi KUCIOTH OMYCKAIOTh 1Bl Me-
TaJIEBUX IIACTUHM: 3 LMHKY Zn 1 miai Cu. IIpu po3unMHEHH1 IIMHKY B €JIEKTPOJIIT NePEXOiTh MO3UTHU-
BHO 3apsOKEH] 00U MHEKY Zn **. Y IIMHKOBIH MIaCTHHI 3aIMIIAI0THCS HAIIMIIKOBI €l1eKTpoHH. Mo-
JIeKyJia Cip4aHoi KMCIIOTH Y BOJIi po3nanaeThes Ha aBa ionn H © i ogun ion SO4™:

H2SO4 — 2H" + SO4 .

[TO3UTUBHO 3aps/KEH] 10HM IIMHKY Zn **, IEpeXOoAuu B PO3UYKH, BiUITOBXYIOTh TIO3UTUBHI
ionn BoHro H * 1 BixTicHAIOTS 1X 10 MigHOT iacTuau. TyT KoKeH BoaHeBuii ion H © 3abupae y min-
HO{ IJTACTUHM €JIEKTPOH, IEPETBOPIOIOYUCH B HEUTPAIbHUI aTOM. ATOM BOJHIO, 3'€JHYIOUHCH 3 1HIIUM
TaKHM K€ aTOMOM, YTBOPIOE MOJIEKYITy ra3omnoai0Horo BojH0 Hz. OckinbKU MijIHA MIaCTHHA BTPAyae

€JIEKTPOHU, BOHA 3apsXKaeThCsl MO3UTUBHO. (BinmiTuMmo,

_L pr J_ 10 Ha MIJIHI¥ IUIACTHHI BiI0OYBalOTHCS MO110H1 peakitii,
MPOTE IIUHKOBA IIACTHHA PO3YUHSETHCS MIBHUIIE MiJI-
M ki Zn Cul¥| ¢ HOT).

- + . . . .
- F———=—————A + = B pe3ynbpTaTi M’k IUHKOBOIO 1 MIJHOIO TIACTH-
= @E — = = —\at- HaMH{ BUHHUKae pisHULA noTeHnianis 1,1 B. Skmo 3a-
— | :-t@ @? i M MKHYTH KOJIO, BUTbHI €IeKTPOHH, III0 YTBOPIOIOTHCSA, OY-
-1-1 —_— &l - JyTh MIEPEXOAUTH 10 30BHIIIHBOMY KOJTY J0 TIO3UTHBHOTO

. ]
]

| ]

e ST | enextpona. ¥ ko Oyne IpOXOAUTH IIOCTIAHUM CTPyM,
JDKEPENIOM eHepril 1S sSIKOoro OyayTh XIMIUHI peaxii.
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[lepemimatoun eneKTpUyHI 3apsAau, CTOPOHHI CUIIH 3A1MCHIOIOTH pOOOTY 3a paxy-
HOK €HEeprii, 1[0 BUTPAYAEThCS B JKEPET CTPyMY. Beruuuna, wo uuceibHo 0OpieHIOE
pobOmi CMOPOHHIX CUTL NO NEPEMIUEHHIO OOUHUYHO20 NO3UMUBHO20 3aPs0Y, HA3UBA-
emoca enexkmpopywininoi cunoto (EPC) g, sixa fie B 3aMKHYTOMY KoJii 200 Ha HOTro Ai-
asHI. OTxe, Ko poO0Ta CTOPOHHIX CHII HAJl 3apsiioM ( TOPIBHIOE A¢yr, TO

g :Aﬂ (23.1)

g

I3 3icTaBnenHs i€l popmynu 3 GOpPMYIIO0 pOOOTH CHJI TIOJIS HAJ 3apSI0M
(A =q (91 — ¢2)) BuTUIMBAaE, 0 po3MipHicTs EPC 30iraerbes 3 po3MipHICTIO TOTEH-
nuana. Bumiproerbess EPC B TuX ke OMHMIILX, 110 1 MOTEHITIaN, TOOTO y BosbTax (B).

3a aHAJIOTI€E0 3 HAMIPYXKEHICTIO SIEKTPUYHOTO TIOJISI BBEACMO TIOHATTS HANpyice-
Hocmi noas cmoportix cun E', mija sikoo 0yaeMo po3yMiTH BEKTOPHY BEJIMUUHY, PIBHY
BiJTHOIIIEHHIO CTOPOHHBOT crii F°" | 1110 J1i€ Ha eIeKTPUIHMIA 3apsiy (, 10 BETHUYUHU
L[bOTO 3apsy.

F cm

q
CTOpOHHIO CHITy, IO JII€ Ha 3aps/l (, MOXHA IPEICTABUTH Yy BUTIIAL JOOYTKY 3a-
PSly Ha HaIPY>KEHICTh MOJIsl CTOPOHHIX cuit E":
Fo" =q E™ (23.3)
Toni poboTa CTOPOHHIX CUJT Ha AUIAHIN 1-2 KoJia JOPIBHIOBATUME CyM1 €JIeMEH-
TapHUX poOIT, TOOTO KPUBOMIHIHHOMY 1HTErpaly B3IOBX JUISHKHU Koia 1-2

AT = [Rdl =g [E™dl (23.4)
12 12

Ecm

(23.2)

Tyt Fy " 1 E/" - mpoek11ii BEKTOPIB CTOPOHHBO1 CUJIM 1 HAMPY>KEHOCTI MOJISI CTO-
POHHIX CHJI Ha HampsiM eneMenTapHoro nepemimienns dl. BiqnosinHo, EPC, sika nie na
nusHIn 1-2 xona

&, = [E{MdI. (23.5)
12

EPC, sxka i€ B 3amMKHymomy Ko/li, BA3HAYAETHCS KPUBOIIHIMHUM 1HTETPAJIOM TIO

3aMKHYyTOMY HUISIXy L

¢={Edl (23.6)
L

[aTerpan (23.6) Ha3UBAETHCS YUPKYIAYIEIO HANPYHCEHOCME TIO 3aAMKHYTOMY KOHT-
py L. Takum unHom, EPC, sika i€ 8 3aMKHYmMOMY KO, O0PIBHIOE YUPKYIAYLL 6eKMopa
HANPY;HCeHOCMI NOJIsL CMOPOHHIX CUIL.

KpiMm cTOpOHHIX cuJl, Ha HOCII CTPYMY J1IOTh TAKOK KYJIOHIBChKI CUJIH €JIEKTPOC-
TATUYHOTO 1OJIs. BeepearHi mpoBiIHUKA 31 CTPYMOM HaNpyXeHICTh E eleKTpUYHOro
10JIs 32 MPUHLIUIIOM CYTEPIIO3HUIIii JOPIBHIOE

E=E"“" +E, (23.7)
ne, BianoBigHo, E " 1 E°T - Hanpy>KeHOCTI €1eKTPOCTATUYHOTO MOJIsl KYJIOHOB-
CBKHUX CHJI 1 ITOJISI CTOPOHHIX CHII.
OTxe, pe3yibTyroua cuiia, o Al€ B KOKHIN TOYIl Koja Ha 3apsij (, JOPIBHIOE

F =q (E 9" +E%). (23.8)
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Poborta, 1110 3MiiCHIOETHCS PE3YIbTYI0UO0T CHIIOK0 HAJl 3apsaoM ( Ha aiasHI 1—2
KOJla, BU3HAYAETHCS (hOPMYJIOI0

A, = IElkyﬂdl + IElcmdl =0d(p —@,) + ey, - (23.9)
12 12

Bennuuna, 1110 4nceNbHO JOPIBHIOE POOOTI, sIKa 3/11HCHIOETHCS K €JIEKTPOCTATH Y-
HUMHU, TaK 1 CTOPOHHIMH CHJIaMH NP TIEPEMIIICHHI B3JIOBXK KOJa 3 TOUYKH 1 B TOUKy 2
OJIMHUYHOTO TTO3UTUBHOTO 3apsy HA3UBAETbCA Hanpyzoto U Ha naHiil JUISHI KOJa.

Biamosinao no dopmymnu (23.9)

U = (1—¢2) + €12 (23.10)
JlinsHKa Koja, Ha SKiH He J1I0Th CTOPOHHI CHJIM, Ha3UBAETHCS 00HOPIiOHO0. J11-
JISTHKA, Ha SIK1H J1F0Th CTOPOHHI CHIIM, Ha3UBAETHCS He0OHOpioHotw. J1iia oqHopiaAHOT 1i-
JSTHKH
U2 = (p1— 92) (23.11)
TOOTO Hampyra 301ra€Tbcs 3 pi3HULECIO MOTEHLIAIB Ha KIHIAX JUISHKH KOJIA.

§ 24. 3akon OMa /11 OTHOPIAHOI TUISHKH KoJ1a. EJlekTpuyHuid omip
NMPOBiIHUKA

PosristHeMo oHOPIIHY IUISHKY KOJia, TOOTO MIISHKY, 1110 He MicTuTh EPC, mo-
MOTEHIIAINA KIHIIB SIKO1 IOPIBHIOIOTH BIIMOBIAHO Q1 1 @7 (puc. 24.1).
BianoBiiHO 10 3aKOHY, €KCIIEPUMEHTAIBLHO BCTAHOBICHOMY HIMELBKUM (P13UKOM
I.Omom, cuna cmpymy 6 00HOpiOHOMY Memaneeomy nPOGIOHUKY RPAMO RPONOPUIIHA
] nanpy3i U na Kinysax npogionuka:

©  — @, 1

1
—T =2U=0(@-9). (24.1)

Benmuunna R y popmyni 3akony Oma Ha3uBaeThCs
Puc. 24.1. eLeKMPUUHUM ONOPOM nposionuka. O IMHUIICIO OTIOPY
ciykuTh oM (OM) — 1€ OIlip TaKOTO MPOBIAHKUKA, B IKOMY
npu Hanpy3i B 1 B npoxoauts ctpym cunoro 1 A: 1 Om =1 B/1 A.
Enextpuunuii onip (pu HE AykKe BETUKUX

CTpyMax) 3aJI€XKUTh BiJ pO3MipiB 1 PopMHU TIPO- . i .
BIJIHMKA, a TAKOX BiJl BIACTUBOCTEH MaTepiaiy, 3 - /-\
SIKOTO BiH 3po0JsieHuit. J{J11 0 JHOPIAHOTO TIPOBII- a'Sl: ¥
HUKa 3 TTOCTIHUM TIepepi3oM E
| \_/
R=p—, (24.2)
S Puc. 24.2.

ne | - moBxxuna nmposigHKKa, S - mIoIIa HO-
0 MONIEPEUHOTO TIepepi3y, p - KOSPIIIEHT, SIKU 3aJICKUTh BiJl BIACTUBOCTEN MaTepia-
Ty, Ha3BaHUW NUMOMUM eAeKMPUYHUM Onopom pedoBUHU. [TuToMmii ormip p - 11 ortip
poBifHKKA N0BXKUHOIO | = 1 M 1 IIomero nonepeunoro mepepizy S = 1 M2 BumiproeTs-
cst p B oM-MeTpax (OM-Mm).
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Buninumo ysBHO B MPOBIIHUKY €JIEMEHTAapHUN HUTIHIPUYHUN 00’ €M 3 TBIPHH-
MU, MapajieabHUMHU BekTopaM | i E (puc. 24.2).

Bigmosiaao 10 dhopmyinu (24.2) omip nmiainapa gopisaioe pdl/dS. Uepes momnepe-
YHHUN TIepepi3 NWITHIPA TPOXOAUTh CTpYM cuitoro j dS. Hampyra, npukiaaeHa 1o mui-
uapa, nopisaroe Edl. ITizcranoBka 1ux 3HaueHb y hopmyiny (24.1) nae, mo

3BIIKA
j=—E. (24.3)

Ockisibku apeidoBa MIBUIKICTh HOCIIB CTPYMY CTBOPIOETHCS €IEKTPUYHUM T10-
JIeM, Ma€ MicIie IPONOPLIHHICTD # ~ E, Tak 1110 1 T'yCTHHA CTPyMYy Oye IPOMPOIIOPITii-
HOIO BEKTOPY HAINpPY>KEHOCTI.

Bekropu j i E MatoTs oHakoBuii HanpssMok. ToMy MO)KHA HalHUCaTH

j=tE-oE. (24.4)

Yo,

s popmyna Bupaxae 3akon Oma ¢ oughepenyianvniii popmi. Bin 3B's13y€ B KO-
H1{ TOYLI MPOBIAHUKA T'YCTUHY CTPYMY 3 HAIIPYKEHICTIO €JIEKTPUYHOr0 nojs. [ ycmu-
HA cmpymy 8 OaHiti mouyi NPOGIOHUKA NPAMO NPONOPYIUHA HANPYIHCEHOCMI eleKmpul-
HO020 NOoJisl 8 Yill MOYYi.

O6epHeHa 10 MUTOMOTO OMOPY P BEIUYMHA G = 1 / p HA3UBAETHCS NUMOMOIO elle-
KMpU4Hoo nposionicmio (enekmponpogionicmio) pedoBuHu. OIMHULIA, 3BOPOTHA J10
Omy, HazuBaeTbes cimeHcoM (Cm). OTKe, OJIMHHULICIO €JIEKTPOIPOBITHOCTI G € CIMEHC
Ha MeTp (Cm/m).

3yNUHUMOCS Ha MEXaH13Mi 31HCHEHHS MTOCTIHOTO CTpyMYy. SIK B1IOMO 3 €JIEeKT-
poctatuku (nuB. § 14), mpu piBHOBA31 3aps/IiB M0JIE HEPYXOMUX 3apsJliB BCEPEINHI
MPOBIAHUKA JOPIBHIOE HYJIIO, @ Y KO0 MOBEPXHI BEKTOP E HANpyXEHOCTI MOJIs Crpsi-
MOBaHUI 10 HOpMaJl 10 ToBepXHi. HasgBHICTh CTpyMy B MPOBIIHUKY O3HAYAE, 110 Y3-
JIOBX MPOBIJTHUKA MOTEHI1aJl €JIEKTPUYHOTO MOJIA 3MIHIOE€ThCS. OTKE, B TPOBIAHUKAX
IIPU HasIBHOCTI CTPYMY €JIEKTPUYHE 0JIe HE JOPIBHIOE HYJIIO, BOHO 1ICHYE 1 BCepeanH1
MPOBIAHMKA 31 cTpyMOM. Ha moBepxHi NpoBIJHMKA 1CHY€ TaHT€HIliaJIbHA CKJ1a/10Ba Ha-
MPY>KEHOCTI EJIEKTPUYHOTO NOJIA Y HanpsiM1 NoJisi. YUM e CTBOPIOETHCA 1€ moJie?

Ponb mxepena ctpyMmy moJisirae B ToMy, 100 PO3AUIATH MTO3UTHUBHI 1 HETaTHUBHI
3apsanu. [licas po3niieHHs 3apsaIy MepeMIIaroThCS JI0 TMOTIOCIB JKEPEia 1 3a 3aKOHOM
Kyrnona niroTh Ha 3apsiiv MPOBITHUKA MOOJIM3Y MOJIOCIB, K1 B CBOIO YEpry MIIOTh HA
1H1IT1 3apsiau 1 1. 1. Ha miciie 3apsifiB, 10 BiIX0ATh, O€3MepePBHO HAAXOASITH HOBI.

B pe3ynbTaTi uX KOJEKTUBHUX B3a€EMOJIH B KOJIi HA NOBEPXHI NPOBIOHUKIG BUHU-
Kae maxuii po3nooisi pyxomux 3apaoie, saxuii 3a0e3neuye iCHY8aHHs 6cepeOuti nposio-
HUKIB eIeKMmPUYHO20 NOJIA.

TakuM YMHOM, JIKEpeslaMH eIEKTPUYHOTO MOJIs, SIKE ICHYE B IIPOBIIHUKY 1 3a0€3-
nevye HasiBHICTh MOCTIMHOTO CTPYMY, € nogepxHesi 3apsaou. BoHU po3noauisiioThCs Ha
MOBEPXH1 MPOBITHUKIB MMiJ1 JIIE€I0 3aps/IiB Ha TOJIFOCAX JPKepesia CTPyMy.
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OCKI1JIbKY B3a€MO/ISI MIXK 3apsaMH 311MCHIOETBCA 3 JOTIOMOTOI0 €JIEKTpOMAarHi-
THUX CHJI, TPOLIEC YTBOPEHHS MOCTIHHOTO CTPYMY B KOJI1 MICJIS HOTO 3aMUKAHHSI Xapak-
TEPU3YETHCS MBUAKICTIO MOMTUPEHHS €JIEKTPOMArHITHUX XBUJIb, SIKA 3aJIEKUTh BiJl PO3-
MOJIUTY €EMHOCTEH, THAYKTUBHOCTEH 1 IHIIMX XapaKTEPUCTUK KOJa. Y BUILHOMY MPOCTO-
p1 MIBUJIKICTH MOIMTUPEHHS €JIEKTPOMArHITHUX B3a€MO/IIM JIOPIBHIOE IIIBUIKOCTI CBITIIA.
Jocnia mokasye, 10 MUTOMHH OITIp, a OTXKE, 1 OTip METaJiB, 3AJICKHUTh BiJl TEM-
nepaTypu, J1HIHHO 301IbITYIOYHUCH JUIs O1IBIIIOCTI METAMIB 3 11 3pOCTaHHSIM:
p =po(1+ at), (24.5)
R=Ro (1 + at),
1€ Po, P - TUTOMI OTTOpH PEYOBHHM MpoBigHUKA BiamoBiaHo ipu 0 °C 1t °C; Ry, R
- onopu tipoBigauKa 1ipu 0 °C 1t °C, o - memnepamypruii koegiyicum onopy, SIKUA 4u-
CEJIbHO JIOPIBHIOE BIIHOCHIHM 3MiH1 ONOPY MPOBITHUKA MPY 3MiHI HOTO TeMIlepaTypu Ha
| xenbBiH:
g=199 (24.6)
p dT
JIIs UMCTHX METAJIiB IPH HE yKe HU3bKHX Temreparypax o < (1/273) K1, To6to
MOKHA 3aIicaTh

R =aR,T (24.7)

TemnepaTypHa 3aJ€XHICTh ONOPY MPOBIAHUKA MOSICHIOETHCS TUM, IO MPH M-
BUILIEHHI TEMIIEPATypPHU 3pOCTAE IHTEHCUBHICTh PO3CIFOBAHHS (YHUCIIO 31TKHEHb) BUIBHUX
€JIEKTPOHIB Ha 10HaX KPUCTAIIYHOI TPATKH.

3aJIe’KHICTh ONIOPY METAIIIB BiJ] TEMIIEPATYPH BU-

R KOPHUCTOBYIOTh B TEPMOMETpaxX ONoOpy. 3a3BU4ail B KO-
/ CTl TEPMOMETPUYHOTO TiJIa TAKOTO TEPMOMETPA OEPYTh
TUTATHHOBHM JIPIT, 3aJI€KHICTH OMOPY SKOTO BiJI TEMIIe-

paTypu J0CTaTHbO BUBUYEHA. [Ipo 3mMiHu TemmepaTypu
> CYIATb 10 3MiHI OTOPY JAPOTY, SIKYy MOKHA BUMIPSITH.

T KpHT T TaK.l TEPMOMETPH 103BOIIAIOTH BUMIPIOBATH J1YiKE HU-
3bKI 1 {y’K€ BUCOKI TeMIEpPaTypH, KOJIU 3BUYaliHI Pi-
Puc.24.3 JUHHI TEPMOMETPHU HEMPUAATHI.

[Tpu neBHux temneparypax (0,012 - 20 K), Ha3BaHUX «KPUTUUYHUMUY, 1 IPH 3HA-
YEHHSX HAMpPY>KEHOCTI MArHITHOTO MOJIA (30BHIIIHBOIO a00 CYMPOBIAHOTO CTPYyMY),
MEHIIIOTO IEBHOTO «KPUTHYHOTOY» 3HAUEHHSI, OIIp JEIKHX METalliB CTPHOKOM 3MEHIITY-
€THCA MPAKTUYHO J10 HYJIS (puc. 24.3), 1 MeTall IepexoAUTh B HAJIPOBITHUIM cTaH. Brie-
pmie B 1911 p ue BusiBuB I'. Kamepmiar-Onnec 11 pTyTi.

HannpoBinHICTh XapaKTepU3YEThCS HE TUTHKUA MalyKe TOBHUM 3HUKHEHHSIM €JIeK-
TPUYHOTO OTIOPY 3pa3ka, a i OTHOYACHOIO 3MIHOIO MOTO MarHiTHUX 1 TETJIOBUX BJIACTH-
BoCTel. BHac110K BiICYTHOCTI OMOPY B HAAMPOBITHUKAX MOXHA OTPUMYBATH JTYXKe
BEJIMKI CTPyMH O€3 BUJIIJICHHS TEIUIOTH.

B nanuii yac HaAMPOBIHICTH BUSIBJICHA Y Oaratb0X METalliB, CIJIABIB 1 3'€JHAHb.
Po3po6ieno kepamiky, 110 mepexoAsiTh B HAAMPOBITHUI CTaH MpU TEMIIEpaTypax,Io
nepeBullytoTh 100 K, Tak 3BaHi BUCOKOTEMIEPATYPHI HAAPOBITHUKH.
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§ 25. IlocainoBHe i mapaJiesbHe 3'€THAHHA MPOBIIHUKIB

[Ipu nocniooenomy 3'eonanni (puc. 25.1) I 7 7
BIJIMOBIHO JI0 3aKOHY 30€peKEHHS 3apsay uepes . - e
OTOPH MPOXOUTH 32 OAMH 1 Toﬁ e Yac OJJHAKOBUH R, R2 R,
3apsia. Tomy cuia cTpyMy B yCiX OMOpax OJHAKOBa

|1 = |2 = ... :In = |1 (251)
: . . &

Cyma najiinp Hanmpyru Ha BCIX OMOpax JA0piB- !

HIO€ HaMpy3l Ha KIHIAX KOJa:
U +Up+...+Uy=
(01— 2) + (92— @3) +... + (Pn-1 = Pn) = 91 —n = Puc. 25.1.
=U. (25.2)
s KOKHOI 3 HanpyT 3a 3akoHOM OMa MO>KHA 3alucaTu
U1: |1 Rl, U2: |2 Rz, ...,Un: In Rn. (253)
TOM1
U=hRi+LRs... ¥ LhRh==1(R1+ Rp+ ...+ Ry) (25.4)
3 iamoro 60ky, U = | Ryeen.
OTxe, npu nocioo8HOMY 3'€OHAHHI NOBHULL ONIP KOJIA OOPIBHIOE CYMI OKDEMUX
onopis,

n
Rnoc,rt = Z Ri J (255)
i=1

a MaIiHHS HAIIPYTH Ha HUX MPOTIOPIIIHE UM OTIOpaM.
[Ipu napanenvnomy 3'eonanni (puc. 25.2) Hanpyra Ha niuisHIl 4B 0yae oiHaKo-
BOIO JIsI BCIX OMOPIB
U1 = U2 :U3 = ...= Un (256)
I3 3akoHy 30epekeHHs 3apsily BUILIMBAE, 1110 CHUJIa CTPYMY Ha BXO/I1 1 Ha BUXO/I1
JIOPIBHIOE CyMI1 CHJI CTPYMIB B OKPEMHX TJIKaX MapajieabHOro KoJa

I=hL+L+1+.. .+, =

u U U U 1 1 1 1
=—+—+—+..+—=U| —F+ —+ —+...+—
R, R, R; R, R, R, Rj R,
(25.7)
3 iHIIOTO OOKY, JUTsl BCI€T UISTHKY CITpaBETNBE
CHIBBIIHOIIIEHHS
U
| =—,
R

napan

1€ Ruapar - 3aTAJIBHUN OMIP KOJIA IPU APATIETBHOMY
3'ennanHi. [lopiBHIOIOUM 00MAB1 HOPMYITH, OTPUMYE-
I | & © Mo
1
| |

Puc.25.2. 61



EE )

napann

(25.8)

Ilpu napanenvromy 3'€OHaHHI NPOBIOHUKIB BETUYUHA, 360POMHA 3A2ATILHOM) ONO-
PV KOJla, OOPIBHIOE CYMI 8eIUYUH, 360POMHUX ONOPI8 NAPANENbHO GKIIOUEHUX NPOBIOHU-
Kie.

[Ipu 11bOMY CTPYM B OKpEMHUX OMOpax 00EpHEHO MPOMOPLIMHUK IIUM OIopam.

Ilpuknao 25.1. Mict YurcroHna. JIJis TOYHOTO BUMIPIOBaHHS OIOPiB BUKOPUCTOBYIOTHCS Me-
TOJIY TIOPIBHSHHS OIOPIB, IKi HE NOTPEOYIOTh BUMIPIOBAHb CTPYMY 1 HAIPYTH, B OCHOBY SIKUX ITOKJIa-
JieHa MOCTOBa cxeMa YurcroHa (puc. IT25.1).

Micrt ckitamaeTses 3 4oTUPHox onopiB Ri, Ro, R3, Rx, , onuH 3 sikux Rx HeBigoMHiA 1 IKUi HEOOX1THO
BUMIPSITH.

Ha onny 3 niaronaneit Mmocta AC nogaeTbcs Hapyra
BiJI JDKEpelia )KUBIICHHS, B 1HIITY niaroHans BD BriroueHuit
HyIb0BUH iHAUKATOP G (4yTIMBUIA TAIbBAHOMETD).

Perymioroun orip ogHOTO 3 1iede R3, ToMaraThes
piBHOBAru MocTa, MpH AKiii CTPyM B JiaroHai 3 HyJIbOBUM
IHIUKATOPOM JIOPIBHIOE HYJICBI.

Hexaii B ypiBHOBa)K€HOMY MOCTY uepe3 ornopu R i
Rx mpoxoauts ogHakoBuii cTpyM l1, a gyepe3 Rz 1 R3 - Tex
onHakoBUM cTpyM l2. OCKIIBKY PI3HUIS MOTEHIIANIB MIXK
toukamu B i D nopiBHIO€ HymI0, TO HanpyTH Ha onopax Ry i
R2 € omnakoBHuMH,

I1R1 =12R2 (I1.25.1)
| 1 HanpyTu Ha omnopax Rx 1 R3 € Takox ogHaKoBUMMU:
L l1 Rx = I2 Rs (11.25.2)

Puc. I1. 25.1
PozninuBmu piuocrti (I1.22.1) i (I1.22.2) ogna Ha
OJIHY, OTPUMYEMO

R _R
RX RS .
3BiacH
Rl
Rx = Rg— (I1.25.3)

2

3narouu 3HaueHHs R3 1 BigHOmeHHs onopiB R1i Rz, ke BiAmoBijae yMOBI piBHOBAaru, MOXHa
obumncnutu Rx.

Jst 3pydHOCT] BpIBHOBaKEHHS MOCTA 1 CITPOIIEHHS 00unciieHb 3a ¢popmynoro (I11.25.3) BigHO-
menHs (Ri/ R2) ¢ikcyroTh i 3a31aeriip TOYHO BUMIiprot0Th (Hampukiaa, 0,001; 0,01; 0,1; 1; 10; 100;
1000). banancyBaHHs MOCTa 3/1IICHIOIOTH 3a JOIMIOMOIOI0 TUIBKHM OJIHOTO 3MIHHOTO onopy R3 (3a3Bu-
Yaii BUKOPUCTOBYIOTh Mara3uHu ornopis). [[pOMUCIIOBI MOCTH MOCTIHHOTO CTPYMY JO3BOJISIOTH BUMi-
prosatu onopy Big 106 10 101 Om 3 mysxe BECOKOIO TOUHICTIO.
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§ 26. PoOoTa, moTyxHiCcTh i TeIu10Ba Ais cTpyMy. 3akoH /:xxoyas - Jlenua

[Ipu poXoKEHHI CTPyMY, TOOTO IIPHU YIIOPSIKOBAHOMY TIEPEMIIIISHH] 3apsi/IiB
KYJIOHIBCBKI 1 CTOPOHHI CHJIM BUKOHYIOTH po0oTYy. 1{t0 po60TYy Ha3uBaroTh pobomoro
eLeKMPUUHO20 CIPYMY.

Buznaunmo poboTy cTpymy B pasi 00HOpioHOI OiisiHKu KOJIa, TOOTO IUISHKH, 10
ue mictuth EPC (puc. 24.1).

3a Bu3HaueHHsAM Hanpyra U Mix 1BOMa TOYKaMHU MPOBITHUKA Y BUMIAJKY OJHOPI-
JHOI JUISHKH KOJIa YUCEIBHO JOPIBHIOE pOOOTI KYyJIOHIBCHKUX CHII TIO MEPEMIIICHHIO
OJIMHUII 3apsiy Y3/I0BXK MPOBIIHUKA MK ITUMHU TOUKaMu. To/1i IpH mepeHeceHH 1 3apsi-
ay dg = | dt BUKOHYETBCS enemenmapHua poooma eneKmpuuHO20 CMpymy

dA=dgU =IU dt.

[Ipu nocriitHOMy cTpyMi cuioro | 3a KiHIIeBUI MPOMIXKOK Yacy t poOoTa eneKT-
PUYHOTO CTPyMY

t U2
A=1U[dt=1Ut=1°Rt="—t. (26.1)
) R

Ilomyscnicmos cmpymy BU3HAYAETHCS pOOOTOI0, sIKA 3/11MCHIOETHCS 32 OJAMHHULIO

qacy:

2
p:d_A:|U:|2R:U_ (26.2)
dt R

CTuUKa0YuCh 3 I0HAMU KPUCTAJIIYHOI IPATKU METAILY, HOCII CTPyMY - €JIE€KTPOHH -
MEepPEAA0Th IM CBOIO €HEPTiI0, IKY OTPUMYIOTH BiJ 1oJisl. ToMy poboTa moJis HaJl 3apsi-
JaMU TIEPEXOAUTh B €HEPTit0 TEIJIOBOrO pyXy 10HIB METaly, TOOTO BIIOYBAETHCS HArpi-
BaHHS MPOBITHUKA. SIKIIIO CTPYM MPOXOIUTH 110 HEPYXOMOMY METAJIEBOMY MTPOBITHUKY,
1 B HbOMY HE B1I0YBa€ThCA XIMIYHUX MEPETBOPEHB, TO 3T1THO 13 3aKOHOM 30€pe)KEHHS
eHeprii KUTbKICTh TerioTu Q, 110 BUALIKIIACS, TOPIBHIOE poOOTI CTpyMy A:

2
9t

Q=IUt=IRRt= (26.3)

s popmyna Bupaxae 3akou /xcoyns - Jlenya, sikxuii 6yB BCTaHOBIICHUH JIXK.
JI>xoynem 1 He3anexxHo Bif Hporo E.X. JleHnnieM gocaifHumM mIsIXoM: KibKicms men-
JIOMU, WO BUOINAEMBCS 8 NPOBIOHUKY 3i CMPYMOM, NPAMO NPONOPYILIHA K8AOPAmM) CUlU
CMpPYMy, ONOPY NPOGIOHUKA [ 4ACY NPOXOOHCEHHS CIMPYMY Uepe3 NPOBIOHUK.

SIKIIO crita cTpymy 3MIHIOEThCS 3 yacoM, To0To | = I(t), TO KiIBbKICTh TEIUIOTH,
10 BUALUTIIIACS 3a yac t, 00unciIoeThes 3a OpPMYJIO0
t
Q=[1*Rdt. (26.4)
0

Po6oTa 1 MOTYX HICTh €IEeKTPUYHOIO CTPYMY BUMIPIOETHCS B THUX K€ OJUHHUILISIX,
1o 1 MexaHiyHa pooota, To0To B CI B mkoynax:
1 x=1B1A-1c,
1 Br=1Jx/c=1B-1A.
YacTo BUKOPHCTOBYIOThCS KpaTHi oqunuii: 1 kBT (kinosat) = 102 Bt, 1 MBT
(merasar) = 10° Br. i1 po60TH BUKOPHUCTOBYEThCS [T03aCHCTEMHA OfuHULs 1 KBT- rox
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(ximoBaT-roAMHA) - POOOTA, IO 3AIMCHIOIOTHCS 3a | TOMMHY TIPH MOTYKHOCTI, IO PO3-
BuBaeThes, 1 kBT. 1 kBt-rog = 3,6 M/[x.

®dopmyina (26.3) BUpaxkae cymapHy KUJIbKICTh TEIUIOTH, sSIKa BULIUIIACS B MPO-
BiTHUKY oriopoM R. Ls TeroTa BUALISETHCS 1O BCbOMY 00'€éMy MPOBIJTHUKA. 3HAWIEMO
KUIBKICTh TETUIOTH, III0 BUILISETHCS B OMUHUIN 00'emy. {7151 11bOTO 3HOBY PO3TIITHEMO
JUISHKY OJHOPIIHOTO MPOBIAHKMKA Y BUTIIAAI HMTiHApa JoBxkuHOI0 dl 1 He3MiHHOTO T10-
nepegHoro mepepizy dS (puc. 24.2). BianosigHo 1o 3akony Jxoyss - JIenma 3a gac dt B
IbOMY 00’ €M1 BUAUTATHCS TETUIOTA

dQ = 12Rdt = (jdS)? %dt — pj2dvdt, (26.2)

ne dV = dSdl — Benmmunna enementapaoro 06'emy. Po3ainmuBiim octanHiil Bupa3 Ha
dVdt, 3HaitieMo KiIbKICTh TEIUIOTH, 110 BUALIAIACS B OJUHHMIN 00'€MY B OJUHUITIO Yacy
(eycmuny mennosoi nomyoicnocmi)

w=pj° (26.6)
[MpuiiasBim 10 yBaru 3akoH Oma B qudepeHianbHii popmi | = oE 1 Bupas s

" . : 1 _
MUTOMOI €JIEKTPONPOBITHOCTI O = —, (popmyiy (26.6) MOKHA PEACTABUTH Y BUTIISAI1
W = ogE? (26.7)

Bupas (26.7) nHazuBaetbcs 3akonom /xycoyna - Jlenya 6 oughepenuianvhiii ghop-
Mi. ['ycmuna menniogoi nOmMyx#cHOCmi NPAMO NPONOPYIUHA KEaOpamy HAnpyHceHoCcmi
eleKMPUYHO20 NOJA 8 OAHIL MOYYi NPOBIOHUKA.

f

T Ilpuknaod 26.1. Cuna ctpymy B IpoBiTHUKY ornopoM R = 10 OM piBHOMi-
mee-------

pHO 3poctae 3a yac At =4 3 Big lo=0 10 Imax = 8 A. Busnaunru: 1) kisb-
KICTh TEIJIOTH, SIKa BUALTIIACS B MPOBITHUKY 3a nepuri t1 = 3 ¢; 2) Kijib-
KICTh €JIEKTPOHIB, SIK1 IPONIIUIN Yepe3 MONepeyHHi nepepi3 NpoBiAHUKA
3a LIeH Jac.

0 _& ! 4 3axon Jlxoyns -Jlenna y Burnsani Q = I?Rt cnipasenusuii o
k= Ig o MOCTIMHOTO CTpyMYy. SIKIIIO K CHJIa CTPyMY B IIPOBIAHUKY 3MIHIOETHCSI, TO
1eH 3aKOH CcrIpaBeUTMBHIA TUIBKM U1l HECKIHUEHHO MaJOro POMIKKY
Puc. 1. 26.1. 4acy, MPOTATOM SKOTO CTPYyM MOYKHA BBaXKATH IIOCTiHHUM

dQ = I °Rdt. (11.26.1)

3a yMOBOIO 3a/1a4l CUjia CTPYMY PIBHOMIPHO 30UIBLITYETHCS, TOMY 3aKOH 3MIHU CUJIU CTPYMY
MoxHa 3anucatu y BUriai | = kt, ne K - koedinieHT mponopIiiHOCTI, YMCETBFHO PIBHHUIA TAHT€HCY KY-
Ta Haxuiy npsmoi (puc. I126.1)

kzl'ﬂzgézzé. (I1. 26.2)
At 4dc C
Tomi
dQ = k?t*Rdt . (1. 26.3)

Jlyist BU3HAUEHHS KUTHKOCTI TETUIOTH, SIKa BUUTAIIACS 3a CKIHYSHHHI MTPOMIDKOK Yacy, BUpa3
(I1. 26.3) HeoOxigHO MpoiHTErpyBaTH. 3a mepiii {1 CeKyH ] BUIITUTHCSA KUTBKICTh TEIJIOTH
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k Rt3
k’t?Rdt = k’R[t?dt = — L 1. 26.4
Q= j j 3 (IL 26.4)

[TiicTaBiusrouM YMCI0BI 3HaUEHHS, 3HaiaeMo Q = 360 I[)K.
3a BU3HAYCHHSM CHJIa CTPYMY JIOPIBHIOE 3apsly, SKHH MEPECHOCUTHLCS B OJMHUIIIO Yacy yepe3 morepe-
YHUI TIepepi3 MPOBiTHHUKA:

_dq
dt
Toni 3apsin (, sSIKAM MPOMIIIOB 3a yac 11, I[OpiBHI-OG
t t2
Idt =k [tdt =k 1 (T1. 26.5)
q= I Judt=k-

Po3zninumo 3apsin q Ha eHeMeHTapHI/II/I 3ap51;[ € 1 OTPUMA€EMO KUTBKICTh €IIEKTPOHIB, L0 MPOMIII-
JM 4epe3 MOoIMepedHuil mepepis,

q_ ki 2.3

N =
e 2e 2161019

=5,63-10" snexrponos. (I1. 26.6)

Hpuknao 26.2. B3nosx Hixpomosoro nposigauka (p = 1,1-10° Om-M) gosxuuor0 | =2 M i
IUIONIEI0 HOMEPEeuHOro epepizy S = 0,4 Mm% IpoxXoauts cTpyM. [Ipu 11bOMY IIOCEKYHIHO BUIIIAETHCS
KUTbKicTh Terotu Q = 3,22 J[>k. BusHauuTH rycTUHY CTpyMY.

3rigno (26.6) 3axon Ixoyns - Jlenna B nudepenuianbHiid Gopmi Moxke OyTH MpeaCTaBICHUHA Y
BUTJISII

w=pj?
1€ W - TYCTHHA TETJIOBOi HOTY)KHOCTI, p - IIMTOMUIL OIIip MPOBIIHUKA, j - TYCTHHA CTPYMY.
3a BU3HAYEHHSM I'yCTHHA TEIUIOBOI MOTYKHOCTI SIBJISIE COOOI0 KUTBKICTh TEIUIOTH, 110 BH LIS~
€TbCS B OJJMHHUIII 00'€MY B OIMHUIIIO YacCy:

_Q_Q
V-t Sit
Toni ryctuna ctpymy
o, Sltp 0,4-107-2-1-11-10 M MM

§ 27. 3akon Oma /11 HEOAHOPIAHOI TIJITHKH KOJIa

PosrnsneMo tenep HeoonopioHy, TOOTO TaKy, Ha SIKIA JIIOTh TAKO 1 CTOPOHHI
CWJIH, IITHKY €JIEKTPUYHOTO KoJia 31 cTpyMoM. OCKUIBKY Ha JUISHIIN KOJIa MiCTUTBCS
mpKepenio ctpymy (puc. 27.1), To pu nepeHeceHHi 3apsiay dg podoTy BUKOHYIOTb 5K
KYJIOHIBCHKI, TaK 1 CTOPOHHI CHJIH.
3a Bu3HaueHHsM Hanpyroio Uiy Ha TIISHIN KOJia HA3UBAEThCS (h13MYHA BEIMYMHA,
10 YHCETHHO JOPiBHIOE POOOTI, SIKY 3/1HCHIOE
@ I & PE3yNIbTYI0YE MOJIe KYJIOHIBCHKUX 1 CTOPOHHIX
1 2 CHWJI TIPU NIEPEMIIICHH] 3 TOUKH 1 B TOUKY 2

/._: I ‘ 5"\ OJIMHUYHOTO TO3UTUBHOTO 3apsiLy

1
R Uiz = (¢ 1— ¢2) + €12.

12

Puc. 27.1.
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Tonai moBHa poOoTa, 1110 3A1HCHIOETHCS SIK CTOPOHHIMH, TaK 1 KyJIOHIBCBKMMHU CH-
JaMH 110 TiepeMitieHHro 3apsay dg = ldt — poboma cmpymy Ha naHiii AUISHII Koia —
OyJie TOPIBHIOBATH:

dA=dq U =1 (¢ 1— @) dt + | g1, dt. (27.1)

SK110 cTpyM NOCTIHHUM, a MPOBITHUK HEPYXOMUM, €TUHOIO (OPMOIO €HEPTii, B
Ky TICPETBOPIOETHCS BUKOHAHA HaJl 3apsiioM pobora dA, e Tertora dQ, 1o BuLIMIaCS
Ha TUTSTHII:

dQ = I?Rdt = IRIdt = IRdq, (27.2)
1, OCKLIIBKH
dA =dQ,
OTPUMYEMO
(e12 + (91— ¢2))dq = IRdq,
3BIJIKM BUILIUBAE 3aKOH OMa 011 HeoOHOPIOHOT OiNAHKU Kola
| _ ¢ + (0 — 9y _Up .
R R

Cuna cmpymy 8 npoGiOHUKY NPAMO NPONOPYIIHA HANPY3L MIdHC KIHYAMU PO32/is-
HYmoi OLIAHKU KOJA.

VY dbopmymni (27.3) cuna crpymy 1 EPC - Benuunnu anrebpaiuni. Cusa cTpymy 1mo-
3UTUBHA, KO CTPYM MPOXOJUTH B HAIIPSAMKY BiJ KiHII 1 IpOBiHUKA 0 KIHIIA 2.
Ckanspny BenuunHy EPC €12 6epyTh 31 3HAKOM «ILTIOCY, SIKIIIO BOHA CIIPUSIE PYXY IO-
3UTHBHUX 3apsi/IiB B HAIPSAMKY / — 2, 1 31 3HAKOM «MIHYC», SIKILO MEPEIIKOKAE.

3 dopmynu (27.3) Bumubae, mo EPC mxepena nopiBHIOE HANpy31 Ha HOTO 3aTH-
CKayax Mpu PO3IMKHYTOMY KOJII.

(27.3)

§ 28. 3akon OMa 1J11 3aMKHEHOT'0 K0JIa

Axmo 3'eqnaTy KiHIi 1 1 2 HeogHOPiAHOT AiIsHKH KoJa (puc. 27.1), To iX moTeH-
11aJ1 3pIBHSIOTHCA (Q1 = (2) 1 YTBOPIOETHCA 3aMKHYTE K010 (puc. 28.1).
[Toznaunmo uepe3 R omip 30BHINIHBOI YACTUHM KOJ1a (OIip MPOBITHUKA, TT1IKITIO-

g |r YEHOTO JI0 TIOJIFOCIB JKEpena CTpyMy), a uepes I' - BHYTPIIIHIT
orTip JpKepena CTpymy.
I B npomy Bunanky 3 (27.3) orpumyemo 3axon Oma 01 3a-
| MKHEHO020 Ko/1a
g
I I e (28.1)
|:|*— Sx BunHO 3 hopmynu (28.1), magiHHS HAIPYTH HA 30BHIIII-
R HBOMY KoJ1i oniopoM R, ToO6TO Hampyra Ha nojirocax JpKeperna
CTpyMy
Prc. 28.1. U=IR=¢—1Ir, (28.2)

ne | r - maginHs HanpyTy BCepeanHi HKepena CTpyMy.
ko 3'eqHATH KJIEMH JDKEpea HAaKOpoTKo, To R = 0 (BHIMamok kopomkozo 3amu-
KaHHsl). TOJ1
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I, ===l  U=IR=0. (28.3)
r
Sk1110 KoJ10 po3IMKHYTE, 30BHIIIHIN ommip R = o. Toxi ctpym | = £ _0imn dbop-
o0
MyJoto (28.2) nanpyra
U=e. (28.4)

Otxe, EPC uucenbro 00piBHIOE HANPY3I HA KIEeMAX PO3IMKHYIMO20 0xcepend.
J1J1s 3aMKHYTOTO €JIEKTPUYHOTO KOJia (01 = @2 1 poOOTa ENEKTPUYHUX CHJI IOPIiB-
HIOE HYJI0. TOMYy B 3aMKHYTOMY KOJI1 BUKOHYE poO0Ty TuTbkH npukianeHa EPC (nuB
dbopmyny (27.1)).
dA=1e¢dt. (28.5)
BuxopucroBytoun 3akon Oma j1st 3aMKHEHOTO Koza (28.1), 1i1st po6oTH MocCTiid-

HOTO CTPyMY 3a KIHIIEBUI MPOMIKOK 4acy t oTpumaemo

2
&

A=let =
R+r
PiBusnH: (28.6) BupaxkatoTh poOOTY JpKEpesia CTpyMy y BChoMy KoJi. BoHa
CKJIaJa€Thes 3 IBOX YACTHH: poOOTH BeepeauHi mkepena I2rt (mapemna po6ota) i pobo-
Ty Ha 30BHimHIM AinsHIi 1°Rt (kopuchHa poboTa).

BianoBigHo, MOBHA MOTYKHICTB JKEpeia
2

t=12(R+nt (28.6)

P:I5=R8+r:I2(R+r), (28.7)
1 HOTYXXHICTb, IKY IOTJIMHAE CIOKMBAY (KOPHCHA)
2
P =IU=I%R= %. (28.8)
+r

KoepitienT KOpUCHOT Ail 1 JKepesa CTpyMy BU3HAYA€ETHCS SIK BIIHOIIEHHS KO-
PHCHOI MOTY>KHOCTI 10 TIOBHO1

P R
— NnoJjle3H — 289
i P R+r ( )

Ilpuknao 28.1. Sk BugHO 3 (28.9), pexxuM poOoTH JpKepera MpH 3aJaHUX 3HAUCHHSIX € 1 I' 3a-

JIEKUTH BiJl omopy croxuBaya R. JlochimkemMo oTpuMaHuil BUpas.
2 g

1. TTIpu R = 0 (kopoTke 3aMuKanHs) Propucne = 0, P = ? = F ,M=0. Cuna ctpymy i 3ara-
JIbHA MOTYXKHICTh OyyTh MaKCUMaJIbHUMHU, ajie KopucHa noTyxHicTh 1 KKJI 10piBHIOBaTUMYTH HYIIIO.
Bcest po3BHHYTa TOTYXKHICTh BUTPAYa€ThCS Ha HArPiBaHHS JDKEpENa i MOXe IMMPUBECTH JI0 HOTO PyHHY-
BaHHSL.

2. Icnye ontuManbHe 3HaUeHHS R, 3a sIKOro JKepeno BiJaae MaKCUMaIbHY MOTYXKHICTb CIIO-
*wuBaueBi. /)i BUBHAYCHHS 1[bOTO OMOPY MOYKHA JTOCTIIUTH Ha MaKCi-MyM QYHKIIIO Pxopucs (R), 1110
3a/1aHa piBHIHHM (28.8).

Otpumaemo
2 2
dPKOpuCH — o2 r- Rm —
drR (r+R.)?
3B1JIKM, BPaXOBYIOUH, 110 I' 1 R 3aBX1 MO3UTHBHI, MA€EMO
Rm=r. (I1.28.1)
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e —Sser

ToOTo onTHMaIbHE HAaBAaHTAXEHHS JAHOTO JDKEpelia CTpyMy AOPIBHIOE BHYTPIIIHEOMY OIOPY
1poro JuKepena. [Ipu mux ymoBax
2
2 g
Popen . = —, P=2—,1=02. (11.28.2)
PE M meAr 2r
» Lropucn »

&
3.89xkmoR>>r,mo | & —,
1 M P R
\\\ . ’ 82
Popucn = = P~—,n-1 (I1.28.3)
KOPLUCH R R
| ' : .
Cuna cTpyMy B KOJi € MaJior0, KOpUcCHa i
| 3arajbHa MOTYXXHOCTI Takox mauti, ane KK/I
4 I AN MaKCHUMAaJIbHUU.
| ) Ha puc. I1. 28.1 noka3aHi 3a1eKHOCTI
I I HOTY>KHOCTI JiKepesa P, MOTy)KHOCTI y 30BHIIII-
+  HbOMY KO Pyopucn 1 KK mxepena n Bix cunu

0 Imax_ gfl’" IIG: 8;‘” " crpymy |.
Puc IL 251
§ 29. [IpaBuaa Kipxroga

[IpaBuna Kipxroga 103BOJISIIOT BU3HAYATH CHITY 1 HAIPSAM CTPYMY B JIF001/ yac-
THHI PO3TATy>KEHOI0 KoJia, sSKio Bigomi oropu 1 EPC.

Ilepwe npasuno Kipxzogha BiTHOCUTHCS 70 BY3JIiB, TOOTO IO TAKMX TOYOK B PO3-
rayry’k€HOMY KOJIi, B IKMX CXOJIUThCSA HE MEHIIIE TPhOX MPOBITHUKIB (puc. 29.1).

[Tepmre npaBusno Kipxroda € HacmiikoMm 3aKOHY 30€peKeHHS 3apsy 1 BUMOTH,
100 B KOJI1 MOCTIMHOTO CTPYMY B KOJIHIM TOYIIl MPOBITHUKA HE HAKOTIMYYBaUCs O 1 He
3MEHITyBaJIUCS O 3aps/iv, a MOTEHINan Oyb-IKOT TOUKH KOJia 3aJIUIIaBCs He3MIHHHM.

SKII0 TOMOBUTHUCS BBOXKATH CUITU CTPYMIB, K1 MIXOJATh 10 BY3JIa, JOIaTHUMH,
a Ti, 10 BUXOJIATH 13 By3Jia — BiJI’€EMHUMHU, TO MOKHA CKa3aTH, 1110 aineedpaiuna cyma
CUJI CMPYMIB, UL0 CXOOAMBCA Y 831, OOPIGHIOE HYJII0, TOO-
TO KUIBKICTb 3aps/IiB, 0 MPUXOJATH B 1aHY TOYKY B OJUHHU-
110 Yacy, JOPIBHIOE KIJTLKOCTI 3apsi/IiB, 1110 BUXOAATh 3 JaHO1
TOYKH 3a TOM K€ Yac:

|
Z I, =0, (29.1)
k=1
ne | — KinmbKicTh MPOBIIHUKIB 13 CTPYMaMH, IO CXOAATHCS B
Y31,
Puc. 29.1. Ha puc. 29.1 y By371 cX0ASThCA I'SITh TPOBITHUKIB 31

ctpyMamu. [lepmie npasuiio Kipxroda st iboro By3na:
lh—l+13-1;+1,=0.
PosrnssHeMo noBiIbHE po3raiyKeHe KOJIO, YaCTHHA SKOTO 300pakeHa Ha pHC.
29.2, A, B 1 C - TOUKHU po3raigy>KeHHS.
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Jlpyze npasuno Kipxzogha BiTHOCUTHCS 10 TOBUIBHUX 3aMKHEHUX KOHTYPIB, K1
MO>KHA MOAYMKHU BUJIIUTH B JAHOMY PO3Taiy>K€HOMY Kol (Harpukiai, KoHTyp ABC
Ha puc. 29.2).

[IpaBus0 KOHTYPIB BUXOJUTH B pE3YJIbTaTl 3aCTOCYBaHHS 3aKoHY OMa Jj1sl HEO1-
HOP1IHOT IUISHKY KoJia (27.3) 10 pi13HUX AUISTHOK 3aMKHEHOT0 KoJja. Kopucrtyrouunch
IPaBUJIOM 3HaKIB, BCTAHOBJIEHUX B § 27, ISl KOKHOTO 3 TPbOX HEOHOPITHUX JUISTHOK
KoJIa puc. 29.2 MOXHa 3allicaTu:

L] R1=(PA—(PB—81,
I> Ro = ¢ — pc — &2,
I3Rs = @c — @a + &3.
SIKII0 CKIIACTH 111 PIBHOCTI, MOTEHIIIAIN B3a€EMHO 3HHILATHCS 1 BUile
—lIhRi+ LRy +1I3R3=—¢1— ¢ + ga.
VY 3aranpHOMY BUTIAAKY JUISI Oy Ib-SIKOTO 3aMKHEHOT'O KOHTYpa MOYKHA 3alHCaTH

YR =Yz, (29.2)

7€ N - YUCII0 OKPEMHUX JUISTHOK, Ha SIKI KOHTYp PO30MBa€eThCA By3jlaMu (Ha puc. 29.2 n =
3).

Lle piBHSIHHS BUpaxae opyee npasuno Kipxeogha: 6 6y0b-aKkomy 3aMKHEHOMY KO-
HmMypi, 00panomy 6 po3eany-
HCEHOMY eJIeKMPUUHOMY KOJli,
anzebopaiuna cyma 000ymkie
cun cmpymie Iina onopu R,
810N0BIOHUX OLIAHOK KOHMY-
pa 0opieHtoc anzedpaiunii
cymi EPC ¢ konmypi.

[Tepen ckiamaHHsIM PiB-
HsIHB 3a npaBuwiaMu Kipxroda
HEOOX1/1HO:

1) BuOpaTu HanpsIMU CTPYMIB,
BKa3aBIlIY iX CTPUIKAMH Ha
cxemi;

2) BuOpaTu HanpsiM 00X01y
KOHTYPIB (32 TOJUHHUKOBOIO
CTPLIKOIO a00 POTH HET). Puc. 29.2.

OO06uBa HaNPSIMU MOKHA
BHOUPATH 008i1bHO, alle 1X CII1T
3aikCyBaTH 1 IPU CKIaAaHHI PIBHSHB JOTPUMYBATHUCH.

Haii6inp1ri TpyHOIT pH CKITa/IaHHI PIBHSHb BUKIIUKAIOTh HPAGULA 3HAKIG.

1. looamuumu geasricaromuvcsa cmpymu, siki 301ratoThCs 3 HAIIPSIMOM 00XOTy, Bi-
nanoBiaH1 100yTKH IR BXOAsaTh B piBHsAHHS 31 3HakoM 1wttoc (I 1 13 Ha puc. 29.2).
Bio’emuumu 6sasrxicaromsca cmpymu, HAPSMU SKUX MPOTHIICKHI HAMIPSAMY 00X0Ty KO-
Htypa (l1.Ha puc. 29.2).

2. EPC mxepen OepyTbes 3i 3HAKOM nJIt0C, SKIIO0 BOHU CTBOPIOIOTH CTPYMH, Ha-
IpsIM SIKUX 301MA€THCS 3 HAMIPSIMOM 00X0Jly KOHTYpa (€3 Ha puc. 29.2), IHIIUMHU CIIOBa-
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MU, TaKl, K1 B HApsAMi 00X0.ly MPOXOAATHCS BiJl HETATUBHOTO MOJIOCA JI0 O3UTUBHO-
ro. B inmomy Bunanky EPC Gepythces 3i 3Hakom minyc (€11 €2 Ha puc. 29.2).

Kinbkictb HE3AJICKHUX PIBHSHD, IO CKJIAJIAIOTHCS 32 MEPIIUM Ta JPYTUM IpaBUIia-
mu Kipxroda, Mae 10piBHIOBaTH KIJILKOCT1 HEBIJIOMHMX BEJIMYMH, HATIPHUKJIIA, CTPYMIB,
10 MTPOXOJSTh B PI3HUX JIAHKAX KOJa.

[[lo6 yHUKHYTH CKJIaJaHHs 3aiBUX PIBHSIHbB, K1 € IPOCTOO KOMOIHAIIIEIO BXKE
CKJIaJICHHX, CJI1]] BUOMPATH KOKEH HOBUH KOHTYP TaKUM YMHOM, 11100 BIH MICTUB X04a 0
OJIVH EJIEMEHT, KU HEe MICTUTHCSI B TIOTIEPEAHIX KOHTYpaX.

Tenep MmoxxHa cHOPMYITIOBATH HOPAOOK PO3PAXYHKY CKIIaTHUX KiJI.

1. [To3HaunTy HA CXEM1 CTPYMH Y BCIX HEPO3Taly>KEHUX IUISTHKAX, JOBUIBHO CTa-
BJISIYM IM HAIIPSM.

2. Bingnmosigno a0 nepuioro npasuia Kipxroda nanucaru piBHsHHS (29.1) ms
BCIX BY3JIIB, KPIM OJHOTO (PIBHSIHHS JJI1 OCTAHHBOT'O By3J1a € HACI1JKOM MONEPEIHIX).
JIiist m By3uiB 3anucyeThest (M - 1) He3anexkHUX piBHSAHB nepiinoro npabuia Kipxroda.

3. BuaiauTty BCUISIKI 3aMKHEH1 KOHTYpH. JIOMOBUTHCS PO HAIIPsIM 00X01y.

4. BignosigHo 10 npyroro npaswmia Kipxroda ckinactu piBHsSHHS (29.2) st BCiX
IPOCTUX KOHTYPIB, SIKI MOKHA BUIAIIUTH B JTAHOMY KOJIi 1 SIK1 HE BUXOJIATh HAKJIaJeH-
HSIM BK€ PO3TIISIHYTHX. Y PO3Tally>KeHOMY KOJIi, [0 MICTUTh P JUISTHOK MIX CYCITHIMU
By3Jamu (TUIOK) 1 M By3JiB, € (p - M + 1) He3aneHUX piBHSIHB Apyroro npasuia Kip-
xroda.

5. Po3B’s13atu cucteMy JIHIMHUX anreOpaiyHuX piBHSHbB, 3arajibHa KUIbKICTh
SIKUX JOPIBHIOE KIJTLKOCT1 HEBIJIOMUX (HAMIPUKJIIAJl, CTPYMIB).

6. SIKu10 BHACIHIIOK PO3B’sI3aHHSI CUCTEMU PIBHSAHD OYy1b-SK1 CTPYMU BHUSIBIATHCS
B1JI’€MHUMH, TO B IIMCHOCTI iXH1 HAIPSIMU € MPOTUJICKHUMU OOPAHUM Ha CXEMI.

Ilpuknao 29.1. [Iea mxepena ctpymy 3 EPC 1 BHyTpilIHIMH O1OpamMu, 110 AOPiBHIOIOTH BiJIO-
BimHO €1 =10B, ri=10m1 & =8 B, r. =2 Owm, 3'ennani 3 peoctaroM (R = 6 Om), sik moka3aHno Ha
puc. I1. 29.1. BuznauuTtu cuiy CTpyMy Ha BCiX JUISHKAX KoJja.

i [To3HauMMO CTPYMU B HEPO3TATYKEHUX AUISHKAX KoJia
1+71 yepes |1, I2, 13 13amamo M 310raaH1 HANIPsIMU, SIK 3a3HAYEHO Ha
e puc. I1 29.1.
Bixe 3ramana cxema mae iBa By3nu: 11 4. Ane ckinanatu
piBHSAHHS 3a nepuuM npasuioM Kipxroda ciia TUIbKH U1 0J1-
4 /} HOTO BY3JIa, TOMY IIIO PiBHSHHS, CKJIaJIeHe [T APYToro BYy3Ia,
- |+ Oy/ie HaCIiAKOM MepIIoro.
1 i 4 Ckutazemo piBHSIHHS AJIs CTPYyMIB B By3:i 1, kopuctyro-
I HHCh TAKUM TIPABHIIOM: CTPYM, 1110 niaxogms 71O BY3a, BXO-
- q TIMTH B PIBHSHHS 31 3HAKOM TUTIOC, SIKAH BIAXOIUTH BiJl By3Ja - 31
3HAKOM MIHYC.
R —li—l+13=0 (I1.29.1)
blb—J— 3 Tenep ckiangemMo piBHIHHS U1 KOHTYpiB. Bubepemo nBa
MPOCTHX KOHTYPH, HAPUKJIa, TakuM unHOM: 12341 i 14261.
Puc. I1. 29.1 JloMoBHMOCSI 0OXOJUTH KOHTYPH 32 TOJIMHHUKOBOIO CTPLIKOIO.
O06x0514M 111 KOHTYPU, OTPUMYEMO HACTYIIHI PIBHAHHS:
liri—larz =ea-e (11.29.2)
lorp +13R= & (I1.29.3)

[ ]
-
Lad
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Posrmsinanns xe koHTypa 1234261 He BHOCUTH HIYOTO HOBOTO, OCKUIBKH TACTh PIBHSIHHS, IO €
HACJIIIKOM JBOX IOTMEPEIHIX.
Mu otpumanu cucremy (I1.29.1 - I1.29.3) 3 TppOX piBHSHB 3 TPhOMA HEBIIOMUMHU CTPYMaMH.
ITigcraBUMO YHUCIIOB] 3HAYEHHS:
—lhi—-l2+13=0,
I1-21;, =10-8,
21,+613=8.
Po3B’s13y10un cucTteMy TpbOX JIIHIHHUX PIBHSIHB 3 TPhOMa HEBIAOMHUMH OYIb-SIKHM CIIOCOOOM,
HAIMPHUKJIA]] METOJOM BUKIIFOUEHHS, OTPUMAEMO
I1=1,6A, 2=-02A, I3=14A.
Jpyruii ctpym BHIAIIOB 31 3HaKOM MiHyc. Lle o3Hauae, 1o foro cnpaBxHild HAMPsM MPOTUIIEK-
HUH TTO3HAYEHOMY Ha CXeMi.

§ 30. EneMeHTH KJIACMYHOI €JIEKTPOHHOI TeOpii eJIeKTPONPOBiTHOCTI Me-
TaJIB

Krnacuyna (TOGTO HEKBAaHTOBA) €JIEKTPOHHA TEOPIs MPOBIAHOCTI METaJIB OyJia
ctBopena 1. [Ipyne 1 I'.Jlopeniiem. BoHa mosicHI0€ BUCOKY €1€KTPONPOBIIHICT METaTY

; : ) : -
HasABHICTIO BEJIMYE3HOTO YHMCIIA EEKTPOHIB NMPOBIAHOCTI, ) @@ @ @ C_'||
AK1 XaOTUYHO MEPEMILIAIOTHCS B 00’ €M1 METaly. &g
[Ipu yTBOpEHH1 KpUCTAIIYHOI IPATKU METAIly Ya-
'D @ D, &) €

CTHHA BaJICHTHUX €JIEKTPOHIB BIIPUBAETHCS B1Jl CBOIX

aToMiB. EJIEKTpOHU, SIK IPUHHATO TOBOPUTH, CTatoTb 3aranb-
HumK, BOHU HE HAJICXKATh TeTep HITKOMY KOHKPETHOMY HO- 'D @ @ @ (
HY METaJly 1 MOKYTh BUIbHO MEPEMIIATUCA M1]T JIEI0
30BHILIHBOTO €JIEKTPUYHOTO T0JIsI, yTBOPIOIOYH €JIEKTPUY- :) G—) &)@ G—) (
HUMN CTPYM.

MeTtaneBuii KpucTana MOXKHA TIPEICTABUTH Y BUTJISIII ;) @ e @ @ <.
POCTOPOBOI I'PATKU 3 MO3UTUBHUX 10HIB, 3aHYPEHOI B
«enekTponHui ra3y (puc. 30.1). Lle# ra3 BITbHUX €JieK-
TPOHIB 3aMTOBHIOE KPUCTAIIIYHY IPATKy 1 KOMIICHCYE CUITU
B3a€EMHOTO €JIEKTPOCTATUYHOTO BIAMITOBXYBaHHS MO3UTUBHUX 10HIB 1 TUM CaMUM 3B's-
3y€ iX B TBEPJIE TLI0. Y KIACUYHIN €JIEKTPOHHIN Teopii MeTaliB nependayaeTbesl, o
PYX €JIEKTPOHIB MIAKOPSAETHCS 3aKOHAM KJIIACUYHOI MEXaHIKH.

EnexkTpoHu poBiTHOCTI YTBOPIOIOTH B METaJli €NEKTPOHHUH a3, KUl Mae Biac-
TUBOCTI OJJHOATOMHOTO Ta3y 1 MiAMOPSIAKOBYEThCS 3aKOHAM CTaTHCTUKH MakcBeJuia-
bonpimana. [Ipu xaoTHuHOMY pycCi €IEKTPOHH 3IMITOBXYIOTHCS 3 10HAMHU KPUCTATIYHOT
IpaTKH, sIKi, B CBOIO YepTy, 3A1MCHIOIOTh XaOTUYHI TEIUIOBI KOJMBAHHS HABKOJIO IMOJIO-
KEHb PIBHOBArd - BY3JIIB KPUCTATIYHOI TPATKU (B3a€EMOJIEI0 €JIEKTPOHIB MiX COOOIO
HEXTYI0Th). EnexTpoHHuMii ra3 nepedyBae B TepMOAMHAMIYHIN PIBHOBA31 3 10HHOI TpaT-
KOIO.

Puc. 30.1.

Ilpuknao 30.1. Miguuit auck paaiycom R = 0,2 M piBHOMipHO 06epTaeThes (o = 104 pan/c) Bi-
THOCHO OCi, MEPIeHANKYIISIPHOI 0 TUIONIMHU AMCKA, sSIKa MPOXOIUTh Yepe3 Woro meHTp. Busnauntn
PI3HULIIO MOTEHLIATIB MIX LIEHTPOM JUCKa 1 HOTro KpaifHIMU TOYKaMH.
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[Tpu oOepTaHHI METANIEBOTO JUCKA €JIEKTPOHH MPOBITHOCTI BIKUAAIOTHCS BiALIEHTPOBOIO CH-
7010 1HepIii Ha HWoro nepudepiro. Y HmeHTpanbHii 00J1acTi TUCKAa BUHUKAE HEIOJIK €JIEKTPOHIB, 1 BOHA
3apsKaeThCsl MO3UTUBHO. Ha Kpasx Arcka HaKOMMUYYIOTHCS €IEKTPOHU MPOBIAHOCTI, 1 BOHA 3apspKa-
€ThbCs HETATHMBHO. BUHUKA€E eNeKTpUYHE MOJIe HANPYXKEHICTIo E, CpsSMOBaHE B3IIOBXK PajiyCiB TUCKa
BiJ Horo neHtpa. Lle mosie mpoTHaie moanbIIoMy pyXy €JIEeKTpOHIB 0 KpaiB nucka. PiBHoBara Ha-
CcTae, KOIM Bi/IIEHTPOBA CHIIa iHepIlil M®?I cTaHe PiBHOIO eNeKTpUUHii cui eEy :

20 —
Mo = ek .

Tyt e - 3apsix enekrpona, M - ioro maca, Er :— npoekuis Bektopa HanpyxeHocti E Ha panianb-
HUI HanpSIMOK. 3BiJICH OTPUMAEMO:
2

(0]
f=——TI,
(e/m)
Pi3HUIS MOTEHIIAMIB MK IIEHTPOM JHCKA 1 HOTO KpasiMH
R w0’ R 2R2
¢ —@,=[Edr=——[rdr=———. (I1. 30.1)
0 (e/m)y 2(e/m)
ITizcTaBUBIIN YKCIIa, 3HAHAEMO
10%.0,25 6
_ = " —-71-107°(B)=71mxB.
PP =y 176 100 (B)

MoskHa TOBOPUTH PO CEPEAHIO JOBXKUHY BUILHOTO MPOOITY €JIEKTPOHIB, sIKa 3a
MOPSAJIKOM BEJIMYMHU Ma€e OyTH PIBHOIO MEPIOly KPUCTANIUHOI I'PATKU METaIy, TOOTO
<)>=101wm.

BBakatoum, 110 Ha €JIEKTPOHHUM ra3 MOXYTh OYTH MOIIMPEHI pe3yJIbTaTH KiHe-
TUYHOI Teopli ra3iB, MOXKHA 3pOOHMTH OIIIHKY CEPEIHBOI UL8UOKOCHI MEN106020 PYXYy
e/1eKmpoHie B MeTaJlax.

3riIHO MOJIEKYJISIPHO-KIHETUYHIN Teopii CepelHs €Hepris MOCTyNalbHOTO PyXy
MOJIEKYJI Ta3y 3aJeKUTh TUIbKU BiJl TEMIIEpaTypu rasy, ajie He BiJl MaCH MOTr0 MOJICKYII:

2
M _ Syt
2 2

Tyt k - mocTiitna BonbiimMana, m - Maca yactuHkH, T - aOCOJIOTHA TeMIIepaTypa.

3BiZICH 3HAXOIUTHCS CePEAHS KBaIpaTUYHA MIBHIKICTh XaOTUIHOTO PYyXy YaCTHHOK

V:/%Em (30.1)
m

Axio 3actocyBaTH 110 GOpMYITy 70 €IEKTPOHHOTO Ta3y MpH KIMHATHIM TeMIle-
patypi 7= 300 K, To oTpuMaeMo cepeiHIO KBaIpaTUUHy IIBUAKICTh €JIEKTPOHIB:
23
yo 3138107 300 =11,68-10* =117 -10°(m/c) =117xmlc.
91-107*

Takoro x mopsaky Oyne 1 cepenHs apudMeTHYHA MIBUAKICTH TEIJIOBOTO PyXy
EJIEKTPOHIB <V>.

XaoTUYHUI PyX €JIEKTPOHIB HE CTBOPIOE EICKTPUIHOTO CTpyMmy. [Ipu BKITtoOueHH1
€JICKTPUYHOTO TOJI Ha XaOTUYHHUM mennosutl pyx, 10 BIJOYBAETHCS 3 CEPEIHBOIO HIBU-
TKICTIO <V>, HaKJIAJA€ThCS 6MOPIOKOBAHULL PYX €IIEKTPOHIB 13 CEPEIHBOIO IIBUIKICTIO
<U> (Tak 3BaHO1 dpeiihoeoro weuokicmio). Benuunny 1i€i MBUIKOCTI MOXHA OI[IHUTH,
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BUXOZSIUMU 3 POPMYIIH, TIO 3B'sI3y€ TYCTHHY CTPYMY | 3 UHACIOM N €IEKTPOHIB MPOBIIHO-
CT1 B OJIMHUIII 00'eMy, 1X 3aps/IOM e 1 CepeIHbOI0 MIBUAKICTIO <U>:
j=ne<u>

O1IHUMO CIOYaTKy KOHIICHTpAIlil0 N €JIEKTPOHIB B METalll, HANPUKIadA, B MiJi.
Mijp 3HaXOAUTHCA B MEPIIiN TpyIl TaOauIll eTeMeHTIiB MeH ieneeBa, aTOMH MiJll MarOTh
OJIMH BaJICHTHUH €JEKTPOH, SIKUM MOKe OyTH BIJJIaHUI B €IEKTPOHHUHN ra3 MpOBIIHOC-
Ti. TOMY 4HCIIO BIIBHUX €JIEKTPOHIB MPUOJU3HO 30I1ra€Thcs 3 YUCIOM aToMiB. Po3ninu-
BIIIM TYCTUHY p Mifl Ha i MOJIsIpHY Macy M, BU3HAYMMO YKCIO MOJIE B OJUHHIN 00'e-
My. [TomHOXUBIIHM HOro moTiM Ha yucio ABoraapo Na, OTpUMaeMoO YHCIO aTOMIB B
OJIMHUII 00'eMy, TOOTO KOHIIEHTPAIIIIO EJICKTPOHIB
» 89-10°

-3

=8,4-10% (m ). (30.2)

n=N, I\’;CU ~6,02-10
Cu )

Jlnst ouiHkM AperipoBON NIBUAKOCTI €IEKTPOHIB CKOPUCTAEMOCS TPAHUYHOIO J0-
MyCTUMOIO TEXHIYHUMH HOPMAaMHU TYCTHHOIO CTPYMY | JJIst MiIHUX ITPOBOJIIB, KA CTa-
HOBHTB O1mu3bko 10 A/mm? = 107 A/m?

B3siBIIM 171 Ml KOHUEHTPALO €JIEKTPOHIB MpoBigHOCTI n = 10 29 M-3, HamiB-
YUM OLIHKY JIpei(hOBOM MIBUAKOCTI €IEKTPOHIB

i 10°
ne 10%.16-107"

TakuM 4MHOM, HABITh MPU BEIUKUX T'YCTUHAX CTPYMY CEpeIHs MIBUAKICTH YIIO-
PAIKOBAHOTO PYXY €IEKTPOHIB <U> ~ 1 Mm/c € MizepHO Manoro (y 108 pasis MeHmION0) B
MOPIBHSHHI 3 TEIJIOBOIO MIBUAKICTIO €lEKTpOHIB <V> ~ 100 km/c. Hag3BuuaitHo maiia
HIBUJKICTh YIOPSAKOBAHOTO PyXYy €JIEKTPOHIB y MOPIBHSAHHI 31 IMIBUAKICTIO X TEMJIOBO-
r0 pyXy HOSICHIOETHCS Y€ YaCTUMHU 3ITKHEHHSMU €JIEKTPOHIB 3 10HAMU KPHUCTAIIYHOI
I'PaTKU.

SIKuM e YUHOM Y3TOJUTH JIy’K€ Mally BEJIMUMHY HIBUAKOCTI YIOPSAKOBAHOTO
PYXY €JIEKTPOHIB 3 MPAKTUYHO MUTTEBOIO MIEPEIAUCIO SIIEKTPUYHUX CUTHAJIIB HA BEIUKI
BijicTaH1? Bucoka mBHAKICTh TOMMUPEHHS €JIEKTPUYHOTO CTPYMY IO KOJIy 0OyMOBJIEHA
HE MIBUAKICTIO YIOPSJIKOBAHOTO PYXY €JIEKTPOHIB, a IIBUKICTIO IOMIUPEHHS €JIEKTPO-
Mar”iTHOTO MOJIs, 110 00YMOBIIIOE CIIPSIMOBAHUM PYX €JIEKTPOHIB M0 BCboMy Koity. Lls
IIBMJKICTE B BaKyyMi J0piBHIOE ¢ = 3-10% M/c (mBnakicTs cBiTia). ToMy pyX eleKTpo-
HIB TiJ] A1€10 30BHIITHBOTO €JIEKTPUYHOTO MOJISI BAHUKAE HA BCbOMY MIPOTSI31 MPOBOY
MPAKTUYHO OJHOYACHO 3 3aMHKAHHSM KOJIa.

<Uu>=

~1073(m/c). (30.3)

IHosicHenHs 3axkoHy OMa B KJIaCH4HIN eJIeKTPOHHIN Teopii. byaeMo BBaxkary,
IO MpU KOKHOMY 3ITKHEHH1 €JIEKTPOH MepeAae rparil HAKOMWYEHY €HEPriio MOBHICTIO
1 TOMY MIiCJIs 3ITKHEHHS MIOYMHAE pyX 03 mouaTkoBoi mBUAKOCTI. [1ig gaiero mosist enek-
TPOH OTPUMAE MPUCKOPEHHS
F _eE
m m’
1 10 KiHLS BUIBHOTO MPOOIry MIBHUIKICTh YHIOPSAKOBAHOTO PyXy JAOCATHE 3HAYECH-

(30.4)

Hs
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=ar=—r, (30.5)

JIe T - CepeNIHIi Yyac MIX ABOMA MOCIIIOBHUMH 31ITKHEHHSIMHU €JIEKTPOHA 3 10HaMU
rpaTKd. SIKIIO cepeiHs MIBUIAKICTh PyXy €JIEKTPOHIB BITHOCHO KPHUCTAJIIYHOI I'PaTKH
MeTajy AOPiBHIOE <v> + <u>, TO AJISl CEPEeHBOTO Yacy BUILHOTO MPOOIry T OTPUMYEMO:
<A> <A>

<VU>4+<U> <V>

T =

TyT BpaxoBaHo, 1110, sIK OyJI0 MOKa3aHo Bulle, <U> << <v>, Toji NIBUJKICTD B Ki-
HIII TPOOITyY
_eE<A>
m<v>
OCKUJIbKY HMIBUAKICTD 3MIHIOETHCS 32 Yac MPOOITY PIBHOMIPHO BiJl HYJIS 10 Umax, 11
cepeaHe (3a mpoOir) 3HaYeHHs JOPIBHIOE MOJOBUHI MAKCUMAJIbHOTO

(30.6)

max

<u>_1u _eE<A>
2 ™ 2m<v>
[TizcTaBUBIIH ITFO MIBUIKICTH B BUPA3 IS TYCTUHU CTPYMY | = NeU, OTpUMAEMO
2
. ne“<A>
=— (30.7)
2m<yv >
Lle#t Bupa3 30iraerbcs 3 3akoHoM Oma
j=oE

1 /1a€ TEOPETUYHE BUPAXKEHHS €MITIPUYHOI MOCTIHHOI, TOOTO MUTOMOI €JIEeKTPO-
TPOIPOBITHOCTI METATTY
ne’ <A>
o=—".
2m<v >

[Ipoananizyemo popmyiy (30.8). EnexTponpoBiAHICTb G OlbllIe B TOMY METall,
B IKOMY O1JIbIlI€ KOHIIEHTpAaLlisl €IEKTPOHIB MPOBIAHOCTI N.

AxOu eneKTpoHH HE CTHKAJIUCS 3 10HAMM T'paTKH, CepeAHsl AOBXKHHA BIIBHOTO
npodiry <A>, a, oTKe, 1 NPOBIAHICT Oy O HECKIHYEHHO BEIMKUMH. TaKuM YHHOM,
3riIHO 3 KJIACUYHUMHM YSIBIICHHAMHM €JIEKTPUYHHUI OIIp METaliB 00yMOBIIEHUN 31TKHEH-
HSIMH BUIBHHUX €JIEKTPOHIB 3 I0HAMHU KPUCTATIYHOI IPATKHU.

Kpim TOTO, €1EeKTPONPOBIIHICTH 3AJICKUThH BiJl CEPEIHBOI IIBUIKOCTI XaOTUYHOTO
PYXy €JIEKTPOHIB, SIKa MPOMOpIiiiHA KBaJpaTHOMY KOPEHIO 3 TeMmIepaTypu, <V> ~

(30.8)

VT . Tomy dopmyna (30.8) mosicHioe (HakT 3MEHIICHHS €IEKTPOMNPOBITHOCTI MPU Ha-
rpiBaHHI METaJIEBOTO MPOBITHUKA.

Ilpuknao 30.2. [Tutomwuii omip mini p = 17 HOM'M, KOHIICHTpAIlisl BUTBHUX €JIEKTPOHIB B Miji N
= 10%° M. Buxozsun 3 KIacH4HOI TEOpii eeKTPOIPOBIIHOCTI METANiB, BU3HAUMTH CEPEIHIO TOBKUHY
BUIBHOTO MPOO0Iry <A> eneKTpoHiB B Miji. CepeaHIo MIBUIKICTh TEIUIOBOTO PyXY €JIE€KTPOHIB MPUIHHS-

TH piBHOIO <V> = 100 kMm/c.

Kopucryrourcs Bupazom (60.8) 1y1st e1eKTporpoBiIHOCTI
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1 ne’<i>
6:—:—’
o 2m<v>

BU3HAYNUMO
2m<v>  2-91.10°.10°
ne’p  10%.(1,6-107"°)%17-.107°
IosicHenHst 3akony /:xoyJis - JIeHna B KJIacH4Hii eJieKTpoHHii Teopii. [Ipu-
YUHOIO0 BUHUKHEHHSI €JICKTPUYHOIO OMOPY € B3a€EMOJIis €IEKTPOHIB 3 10HAMU KPHUCTai-
yHOi rpaTku. CTHKaIOUMCh 3 10HaMU, €JIEKTPOHU MEPeIatoTh IPaTill KIHETUYHY €HEepPriio,
npua0aHy HUMU 1] Ji€r0 1ojs. BHACHIIOK OTO 30UIBIIYETHCS aMILTITY/1a KOJMBaHb
10H1B IpaTKH, 1, OTXKe, TEMIIepaTypa MeTajly MiABUIIYETHCS.
Jlo KiHII BUIBHOTO MPOOIry eJeKTpOoH HaOyBa€ MBHAKOCTI Umax, 1, OTXKE, J0AAT-
KOBOi KIHETUYHOI €Heprii

A= =4,2-107° (M) = 4,2um .

mu? e < A>E?

W, = MUmax _ | (30.9)
K 2 2m < v >2
I‘II/ICJ—IO 3iTKHeHB eJIeI(TpOHa B OIMHHUIIIO flacy I[OpiBHI'OC
v
<z>=Y2 (30.10)
<A>

Bci N enexTpoHiB MPOBITHOCTI, IO MICTATHCSA B OAUHUIIN 00'eMy MpPOBiJIHUKA, 3a-

3HAIOTh N <Z> 31TKHEHb B OJIMHUIIIO YaCy 1 MepejatoTh KPUCTANIYHIN TpaTill €HEPrito
2

w=n<z>%. (30.11)

L{s1 eHeprisi MepeTBOPIOETHCS B €HEPTi0 TEIUIOBOTO PYXY 10HIB MeTaly, TOOTO BU-
TpadaeTbcsd Ha HarpiBaHHs mnpoBiaHuka. IligcraBnstoun B dopmyny (30.11) Bupasm
(30.10) 1 Umax 3 popmymu (30.6), BU3HAUMMO €HEPTIIO, KA IEPETBOPIOETHCS B TEILIOTY B
OJIMHHULII 00'eMyY MPOBIAHUKA 32 OJUHUIIO YaCy

_nef <>

w=— ""E2, (30.12)
2m<yv >

BennunHa W € MUTOMOIO TEIUIOBOIO MOTYKHICTIO CTPYMY, a KOe(iIi€eHT IIPOTop-
uifiHoCTI Mixk W i E? 3a dpopmyinoro (30.8) € enekrponposinuicTs o, oTxke, Bupas (30.12)
aBisie co0o1o 3akoH JIxoyns-Jlenna B qudepenmianbHii hopmi

w = oE2.

IHosicHenHst 3axkoHy Bunemana - @paHua B KJIaCHYHIl eJIeKTPOHHIN Teopii. 3
JOCJTIY B1OMO, 1110 MOPSJ] 3 BUCOKOIO €JIEKTPOIPOBIIHICTIO METAIM BIIPI3HAIOTHCS Ta-
KOX BEJIMKOIO TEIJIONPOBIIHICTIO. Buaeman 1 @paHi] BCTAHOBWIM €MIIPUYHUANA 3aKOH,
3T1JIHO 3 SIKMM BIJIHOIIEHHS KOe(DIIi€eHTa TEIJIOMPOBIAHOCTI A0 €JIEKTPONPOBITHOCTI JJIs
BCIX METaiB MPUOIU3HO OHAKOBO 1 3MIHIOETHCS MPOMOPLINHO abCOMIOTHIN Temmepa-

Typi.

K_cr, (30.13)
(o)

ne C - nesKa KOHCTaHTA.
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3MaTHICTh MPOBOJIUTH TEIUIO MAIOTh 1 HeMeTaleBi Kpuctainu. OgHaK TEIonpo-
BIJIHICTh METAJIIB 3HAYHO MEPEBEPIIYE TETUIONPOBIIHICTh JI€JIEKTPUKIB. 3 IIbOTO MOXKHA
3poOUTH BUCHOBOK, 110 TEIUIONEpEaya B METaIax 3/IIHCHIOETHCS B OCHOBHOMY HE KpH-
CTJIIYHOIO TPATKOIO, & CIIEKTPOHAMH.

Po3rnsgaioun e1eKTpoHU K OJHOATOMHHUU Tras, Jiisi KoedillieHTa TerIonpoBij-
HOCTI MO’KHA TIPUBECTH BUPa3 3 KIHETUIHOI TEOpii ra3y

K:%pcv</1><v>, (30.14)

e p = MmN — TyCTHHA Ta3y, Cy - HOro MUTOMa TEIUIOEMHICTh MPU MOCTIHHOMY
o0‘emi. [Iist 0AHOATOMHOTO 17€aIbHOTO Ta3y, SIKUM B €JIEKTPOHHIN Teopii € eleKTpoH-
HUH Ta3, YaCTMHKHU MalOTh TPH cTymneHi cBoboau. Tomy

o _Cu_3R_3KN,
M 2M 2 M
Tyt Kk - moctiitHa bomsimana.
Momnsipaa maca enektpoHHoro razy M = mNa, 1e m - maca enexkrpona. Toxi

(30.15)

3kN, 3
=mn— =—nk. 30.16
e, 2mN, 2 (30.16)
JI71s1 TenIonpoBITHOCTI BUXOAUTH BUpa3
K:%nk<l><v>. (30.17)
A BITHOIICHHS TEIIONPOBIAHOCTI K 10 TUTOMO1 €JIEKTPOIIPOBITHOCTI G:
K _Kmevs?, (30.18)
o €

B sikoCTi cepenHboi MBUAKOCTI TEIJIOBOTO PYXy OEpeThCsl cepeHs KBaapaTHUHa

IIBUIKICTH
3KkT
<V>= VK6 == ? .

2
K :3k—2T . (30.19)
o e

CmiBBignomenns (30.19) Bupaxae 3akon Bumemana - @panma (30.13), sximno
3HAYCHHS eMIipudHOT BeTnurHU C TOKIACTH PIBHUM

Tom ocTaTouHO

€

OGuucnene 3a wicto Gopmysoro 3aadenns C = 2,23-10%8 (Ix/Kn-K)3 nemo menre
3HAWJIEHOTO Ha JOCHiIl, ajieé JOCUTh OJIM3BKO O HhOro. TakuM YMHOM, TEOPETUYHUU
Bupa3 (30.19) nobpe y3romxyeTbes 3 pe3yjbTaTaMu JOCIIIIB.

Hemosikn KJIaCM4HOI €JIEKTPOHHOI Teopil eJIeKTPONPOBIAHOCTI MeTaJiB. [le-
peBaroro KJIACUYHOI €JIEKTPOHHOI Teopii € 11 (pi3nyHa Hao4HICTh. BUCHOBKM Teopii 100-
pe Y3TOoJKyBalucs 3 eKCIepuMeHTaIbHUMU 3akoHamMu Oma 1 [[xoyns - JIenna 1 103B0o-
JISUTU IOSICHUTH TPUPOJTY MPOBITHOCTI METAIB.

2
C= 3(% . (30.20)
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OpHak KJacCMYHA €JIEKTPOHHA TEOpisl HE MOTJIa MOSICHUTHU JI€AK1 BaXKJIMB1 BIACTH-
BOCTI METAJIIB.

1. ExcieprMeHTaIbHO BCTAHOBJICHO, 1110 MUTOMHM OTp METAJIEBUX MPOBITHUKIB
PSIMO MPOMOPIIIHHUN aOCONIIOTHIN TemmepaTypi, p ~ T, a0 eIeKTpOIPOBIIHICTh METa-

: : - - . 1
JIeBUX MPOBIIHUKIB OOEPHEHO MPOTOpIIiifHa aOCOMIOTHIN TemmepaTypi, G ~ T V kna-

. . nel<i> .
CHUYHO1 CHCKTpOHHOI Teopll O = 2— ) Kle TOIO <V> ~ '\/T , OTKC ©C ~ —T, 100(0)
m<v>

CYIIEpPEUUTh AOCTITHUM JAHUM.

2. 3rigHo 13 3akoHoM /lrononra 1 [ITi MonsipHa TEMIOEMHICTh TBEPAUX KpHUCTaNi-
YHHUX Ti7 (MeTasiB 1 AienekTpukiB) nopiBHioe 3R. Llei 3akoH H10CUTh 10Ope BUKOHYETH-
csl 1 NSl AIeNEeKTPHKIB, 1 JAJI1 METANIB, 1[0 € HE3PO3YMIUIUM 3 TOUYKU 30PY E€JIEKTPOHHOI
Teopii.

VY Mmertanax, 3 TOYKU 30pYy €JIEKTPOHHOI Teopli, MOJIIpHA TEIJIOEMHICTh ITOBUHHA
CKJIQJIATUCS 3 MOJISIPHOI TETUIOEMHOCTI KpUCTaliyHOi rpatku (3R) 1 MOJIIpHOT TEII0eM-
HOCTI1 OJTHOATOMHOTO eJIeKTpoHHOTO0 Ta3y (3R/2) 1, omxke, 6yt 6au3bkoto 10 4,5 R. Bin-
CYTHICTb €JI€KTPOHHOI CKJIaJI0BOi TEIJIOEMHOCT] METAJIIB KJIACHYHA TEOPis MOSICHUTU HE
MOXeE.

3. SIKmo miACTaBUTH E€KCIEPUMEHTAJbHO BHU3HAUEHY IMPOBIAHICTH B (hopmyity
(30.8) 1 BU3BHAYUTH JOBXKUHY BUILHOTO MPOOITY <A> eNeKTpoHa, OTPUMAEMO, 110 BOHA
Ha JiBa MOPSAKU MEPEBUILYE MEPI0a KPUCTATIYHOI IpaTKu MeTany. ToOTO JOBOIUTHCS
JOMYCTUTH, 1110 €JIEKTPOH Mpobirae 6e3 31TKHEHb 3 10HAMU TPATKU COTHI MIKBY3JI0BUX
BIJICTaHEM, 110 HE BIJIMOBIJIA€ KJIACUYHII €JIEKTPOHHIN TEOpIi.

L1 po301>kHOCTI TEOPIi 1 TOCIIlY HOSICHIOIOTHCS THM, IO PyX €JIEKTPOHIB B METa-
Jax MiANOPSAKOBYEThCS 3aKOHAM KBaHTOBOI TEOPIi.

Ilpuknao 30.3. SIx npukiajg HaBeAEMO 1€ OJHY HEBIIMOBIIHICTh KJIACUYHOI Teopii 1 Tocmiay.
Knacuuna enekTpoHHa Teopis Tak PO3KpHUBAE MEXaHI3M BUJIJICHHS TEIUIa €EKTPUYHUM CTPYMOM B
MeTanax. EnekTpoHU NpUCKOPIOIOTHCS €IEKTPUYHUM I0JIEM, CTUKAIOThCS 3 10HAaMHU KPUCTaIIYHOI Ipa-
TKH, @ HAKOIMYEHa eJIEKTPOHAMHU E€HEPrisl NePeaeThCsl 10HaM 1 HarpiBae MeTal.

Hexail mBHUIKICT €IEKTPOHA J10 3ITKHEHHS 3 10HOM I'paTKU JIOPIBHIOE V, HOro mMaca BijoMa: Me
= 9,1-10% kr. IlIBuaKicTh i0HA 10 3iTKHEHHS BBAKAEMO PIBHOIO HYIIO, THCHS 3iTKHEHHS TO3HAYMMO
yepes U. Maca M ioHa, HanpuKIIaJ, i0Ha Mifi, TeX BigoMa:

-3
M 64 -10 25
= z ~10
N, 6,02-10
VY KkiacuyHif eNeKTPOHHINA Teopii MOKIAAA€ThCs, 110 B KiHII BUIBHOTO MPOOITY €JIeKTPOH CTHU-
Ka€ThCSI 3 10HOM TPaTKH, BijJla€ HOMY HaKOIIMYEHY B MOJIi €HEeprilo, 1 oro apeidoBa MBUAKICTH Magae

70 HYJISL.
TeopeTHuHO MOKJIMBI JIBA TUITU 3ITKHEHb €JIEKTPOHIB 3 10HOM - aOCOJIIOTHO MPYKHE 1 abcoto-

AW

Ke.

THO HenpyxHe. Bu3HaunMo BiTHOLICHHS eHeprii, BTpaueHoi eJIeKTPOHOM IIPH OJTHOMY 3iTKHEH-

e
Hi, 10 HOro NMepBiCHOT KIHETUYHOI eHeprii B 000X BUMAAKAX.
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I3 3aK0HIB 30epeKeHHs eHeprii Ta IMITyNbCey ciifl [1uB., Hanpukian, «Pizuka. HaByansHuii mmo-
cionuk y 7 vactunax. U.1.Mexanika. ABT.LII. I'apkyma, B.I1. Kypinnawuii], mo B pa3i abCoIOTHO
NPYAHCHO20 YAAPy MIBUAKICTh 10HA MICTS YAapy

. 2myv
m,+M
Enepris AW, BTpaueHa eneKTpOHOM NpH 3ITKHEHHI 3 10HOM, JOPIBHIOE €HEPrii, Ky OTpUMaB
10H.
Mu®  2Mm2v?
AVVe :Wuona = 2 = M 2"
(m, + M)
. . m,v°
Kinernuna enepris enexrpona W, = 5
[lykaHe BigHOIICHHS
AW, 4m M
= (T1. 30.2)

- .
W, (m, +M)
VY pa3i abCOIIOTHO HenpyscHo2o yAapy MIBHIAKICTh 10HA Pa3oM 3 €IEKTPOHOM, IO «IPUIIHI-
HYB» JI0 HBOT'O

. 2myv
m,+M
BigHomenHs nepeaanoi HOHy eHeprii 10 MepBiCHOI eHepTii eleKTpoHa
2
AW, (m, +M)u 2 om,
= : > = . (1. 30.3)
W, 2 myv: m,+M

3 ypaxyBaHHSIM TOTr0, 1[0 Maca eJIEKTpoHa HabaraTto MeHIa 3a Macy i0Ha, Me << M, 6 06ox 6u-
naokax OTPUMYEMO

AW, m, 91.107%

xS0 21070,
W, M 1075

Taxkum yuHOM, YacTKa eHeprii, BTpayeHol B pe3ysbTaTi 3ITKHEHHs eJIEKTPOHA 3 10HOM, € dyoice Ma-
JI010 1 HE 3aJIeKUTh B1Jl XapakTepy (MpykHOro abo HempyxHoro) 3iTkHeHHs. L{g oOcraBuHa cymnepe-
YUTh MOJOKEHHSAM KIACUYHOI €JIEKTPOHHOT Teopii METaliB.

Konmponvni numannsn

1. SIki yMOBHM HEOOX1H1 JJIs TIOSIBU 1 ICHYBaHHS €JIEKTPUYHOTO CTPYMY B IIPOBITHOMY CE€PEIOBHIL?

2. Sk noB's3aH1 M’k cOOOI0 BEKTOpPHA XapaKTEPUCTUKA CTPYMY - TYCTHHA CTPYMY 1 CKaJlsipHa XapakTe-
pPHUCTHKA - CUJIa CTPyMY?

3. Sxuii BUTTISAI Ma€ €IEKTPUYHE TT0JI€ MPOBITHUKA 31 CTPYMOM?

4. SIki cun Ha3MBaKOThCA CTOPOHHIMH? SIKa IXHS poJib B KOJI MOCTIHHOTO cTpyMmy? Yomy ais oTpH-
MaHHSI TOCTIHHOTO CTPYMYy HE0OXi/THE 3aMKHYTE €JICKTPUIHE KOJIO?

5. Big yoro 3aiexuTh TOYHICTh BUMIPIOBaHb OMOPIB 3a JJOMTOMOT0I0 MOCTY YUTCTOHA?

6. Sk moB'A3aHO Hampyra Ha BKJIOYeHOMY Jikepeni 3 Horo EPC? Uu MokHA BOJIBTMETPOM BUMIPSTU
EPC mxepena ctpymy?

7. Ym 30iraeTbes HAIPyTa 3 Pi3HAIICIO MTOTCHINATIB HAa HEOAHOPLIHIM JTUTSHIT KoJia?

8. Chopmymroiite 3akoH OMa Uit OJHOPITHOT AIMSHKYA KOJA; JUIsl HEOTHOPITHOI AUISHKU KOja; s
3aMKHEHOT0 KoJja.

9. Sk 13 3akony OMa Ju1 HEOJJHOPIIHOT JUISTHKY KoJia OTpuMaTH 3akoH OMa /17151 3aMKHEHOT0 KoJia?

10. PoGoTa skuxX cui BU3Ha4a€e podbOTy €IEKTPUYHOTO CTPyMY?
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11. IIpu sKOMy HaBaHTaXXEHHI PKEPETIO CTPYMY PO3BUBAE MAKCUMAJIbHY KOPUCHY MOTYKHICTH?

12. SIxi 3aKOHM BUKOPUCTOBYIOTH ITpH BUBeeHHI mpaBui Kipxroda?

13. Po3ray)eHe KOJ0 MIiCTHTh @ BY3JiB, i B HhOMY MOXXHA BUAUTHTH D mpocTux KOHTYpiB. CKUTbKU
HE3aJIeXHHUX PIBHAHb MOXKHA CKJIACTH, BUKOPUCTOBYIOUM nepiue npasuio Kipxroda? [Ipyre npasuio
Kipxroda?

14. SIki OCHOBHI TOJIOXKEHHS KJIACHYHOI €JIEKTPOHHOI Teopil MpOBiIHOCTI MeTaliB? Ski HeMOMIKHU i€l
Teopii?

15. SIkuMu € BUAKOCTI TEIIOBOTO 1 IPei(OBOTO PyXy €IEKTPOHIB B MeTaIIi?

16. Slka mpupoaa eNeKTPUIHOTO OMOPY 3 TOUKH 30py KIACHYHOI €JIEKTPOHHOI Teopii MPOBiTHOCTI Me-
TaniB?

17. YoMy mpu Maiiif MIBUAKOCTI YHOPSIIKOBAHOTO PYXY €JIEKTPOHIB CTPYM 0 CHOXHBada JOXOIUTH
10 IIPOBOJIaX IPAKTUYHO MUTTEBO?

I'maBa 6. MAT'HITHE IIOJIE Y BAKYYMI

§ 31. MarsxitHe nmoJjie. BekTop MarniTHOI IHAYKIil

[Tonax nBi THCSUI pokiB ToMy B KuTai Bjke BUKOPHUCTOBYBAjacs BJIaCTUBICTh Ma-
THITHUX CTPIJIOK BCTAHOBJIIOBATUCS B HAMPAMKY MPAMOI, III0 TPOXOJAUTH 3 MTIBHOYI HA
M1BJICHb.

Kinerp MartiTHOI CTpUIKH, SIKUM BKa3ye Ha MiBHIY, YMO-

BHO Ha3BajM miBHIYHUM (N), a IPOTUICKHUI - TiBAeHHUM (S) N
(puc. 31.1).

ko B nesikiid 00J1aCTI IPOCTOPY HA MArHiTHY CTPUIKY s
JIIOTh CUJIH, SIKI PArHyTh BCTAHOBUTH 11 B IEBHOMY HAIIPSIMKY,
TO Ka)XKyTh, IIO TaM 1ICHY€ Ma2HimHe noJe.

[ToniO6HO A0 TOTO, SIK €AEKTPUYHE MOJI€ XapaKTePU3YETHCS PMC' 211

BEKTOPHOIO BEJTMUMHOIO E, Tka HA3UBAETHCS HANPYHCEHICMIO

TIOJTSI, JJTSl XapaKTePUCTUKHA MAarHITHOTO TIOJISI BBOJISTh BEKTOPHY

BeNMUHUHY B, axy cinin 6yso O Te Ha3BaTH HAIPY>KEHICTIO, ajlie 3 ICTOPUYHUX TPUYHH 11
Ha3BaJI MACHIMHOI IHOYKYIEIO TIOJIA.

[ToBeninka CTPIIKKA KOMITaca B MAarHITHOMY TIOJI1 JIO3BOJISIE BBECTH JIiHIi MacHim-
HOI iHOYKYIi 32 aHAJIOTIEI0 3 CUJIOBUMU JIHISIMUA €TIEKTPUYHOTO TOJIS.

Bekrop MarHiTHOI iHAYKIIIT B € TOTHIHUM 10
CWJIOBOI JIiHI11, III0 TPOXOAUTH Uepe3 AaHy TOUKy. Benn-
YiHa BEKTOpa B mporopiliiiHa Culi, siKa /i€ Ha MiBHIY-
HUM KiHEllb HECKIHYEHHO MaJIOi MarHiTHOI CTPLJIKH,
BMIILIEHIN B JaHy TOYKY MarHiTHOTO MOJISI.

binbi 3py4HHUM, HIPK MarHiTHa CTpUIKa, JJIs Ki-

JILKICHOTO JTIOCTIKEHHSI MarHiTHOTO TOJISI € 3aMKHYTHI @(@
IUIOCKUI KOHTYP 31 CTPYMOM (paMKa 31 CTpyMOM) JyKe _._-L“
Manux po3mipis (puc. 31.2).

Jlocmian moKasyroTh, 1110 MarHiTHE MoJje MoBep- Puc. 31.2.
Ta€ paMKy 3 CTPYMOM 1 OPIEHTYE i B IEBHOMY HAIpsIM-

KY.
M

= 79
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Puc. 31.3.



Opi€eHTalio paMKy B IPOCTOP1 XapaKTepU3yIOTh HAIPSIMOM HOpMaii N 10 mIo-
IIMHYU paMKH, MOB'sI3aHO1 3 HAIIPSIMOM CTpyMy | mpaBuiioM MpaBoro rBUHTA. A came: 3a
HaMpsM HOpMaJi N MpuilMaloTh TON HaNpsIM, B SIKOMY Oy/ie epeMilllaTUCs FBUHT 3 Ipa-
BOIO HAPi3KOI0, SKIIO 00epTaTH HOoro y HampsiMi cTpymy B pamili (puc. 31.3 ). Taky Ho-
pMaJjib Ha3WBAIOTh JAOJATHOIO.

SKI1I0 TOMICTUTH TaKWM KOHTYP B MarHiTHE 10JIe, TO Ha HbOTO Oy/1e MISTH mapa cui 1
10JIe BCTAHOBUTH KOHTYP IMO3UTUBHOIO HOPMAJUIIO B IEBHOMY Hanpsmky. Llei nanps-
MOK 1 TPUIMAIOTh 3a HAMPSIMOK MAarHITHOTO TOJIS B TaHii Tout (puc. 31.4).
Jlist MarHITHOTO TOJIS HA TUIOCKUI KOHTYP 31 CTPYMOM BH3HAYAETHCS BETUIMHOIO
P, =1S,
AKY Ha3UBAIOTh MACHIMHUM MOMEHMOM KOHTYPY 31 CTpyMOM. MarHiTHUII MOMEHT CJij
PO3IIISAJIaTH SIK BEKTOP, HAIIPSIM SIKOTO 301raeThbes 3 HAPSIMOM JIOJIaTHOI HOpMaJll, TOOTO
Pm =iSN . (31.1)
SIK1110 MOBEPHYTH KOHTYP Ha AEAKUH KYT O 100
i HOT0 yCTaeHOTO MOJIOKEHHSI, TO BUHUKAE 00epTAIOUHiA
MOMEHT, SIKW TIparHe MoBepHYTH KOHTYP B PIBHOBAXKHUHN
S cTaH. Sk mokaszye q0cCiijl, Ha KOHTYp OyJe AisiTH MOMEHT
e CIUJI, IPOMOPIIHUI cHili cTpyMY | B KOHTYP1, HOTO TLIONITI
S 1 cuHyCy KyTa MOBOPOTY:
Puc.31.4 M ~ IS sin a.
Leit oGepTarounii MOMEHT MaKCUMaJIbHHUM, KOJIH KO-
HTYp OpPIEHTOBAHUU MEPHEHANKYIJIIPHO MAarHITHUM JIiHISIM, TOOTO KOJH Sin o = 1; Mpmax
~ |S. BigHOIIEHHS] MAKCHMAIIBHOTO 00epTal0yoro MOMEHTY J0 AOOYTKY CHIIA CTpyMYy |
Ha TUIOIIY TOMEPEYHOT0 Mepepizy KOHTYPY S XapaKTepHu3ye MarHiTHE MoJie B TOMY Mic-
11, e po3TalioBaHuil KOHTYp. Lle BiqHOIIEHHS 1 MPUHMaIOTh O BU3HAYEHHIO 32 MO-
IyJib B BEKTOpa MarHiTHOI 1HYKIIIi:
B=—max - __ma (31.2)
IS P

Maznimna inoykuia B - sexkmop, M00yib K020 00PIBHIOE MAKCUMATLHOMY 00De-
PMATLHOMY MOMEHMY, W0 OI€ HA NPOOHULI KOHMYD 3 MACHIMHUM MOMEHMOM, PIGHUM
O0OUHUYI, A HANPAM BUSHAYAMbCS PIBHOBANCHUM HANPAMOM 000AMHOI HOpMAi 00 Npo-
OHO20 KOHMYPA.

31 cKa3aHOro BUILIMBAE, IO MATHITHA IHAYKIlISA B XapakTepusye cuiogy Oiro mar-
HITHOTO TIOJISI HA CTPYM [, OTXKE, € aHAJIOTOM Hampy>KEHOCT1 eNeKTpruuHOoTro most E, sika
XapaKTepU3y€e CUIIOBY JIif0 EKTPUIHOTO TIOJIS Ha 3apsl.

Hamnpsim maraiTHoro nojst B Mo)kHa Tako BU3HAYUTH 3a JIOTIOMOT'OK0 MarHiTHOI
CTPUIKH. Y IbOMY BUIAJKY BICh CTPUIKH (B1J MIBAEHHOTO

MOJItOCA J10 MIBHIYHOTO) 301ra€eThesl 3 HAPSIMOM MarHiTHOTO ~ -

nons (puc. 31.5). _ _ _ S gl { I} B
3a 10TOMOT0F0 3aTI3HUX OIIYPOK, SKi HAMarHi9yrOTh- \—F -~

Csl B IOCJIIJKYBAaHOMY T10JT 1 TO/110HO MaJIeHbKUM MarHiT- >

HUM CTPLJIKaM OpPIEHTYIOThCA Y3I0BK JHIM MarHiTHOL 1HTY- Puc. 31.5.

KIIi1, KAPTUHY MarHiTHAX CHJIOBUX JIIHIN MOKHA 3pOOUTH

«BUJIUMOIO.
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Ha BigmiHy BiJl HOTEHIIaTBHOTO EJIEKTPOCTATUYHOTO TOJIA, € CUJIOBI JIiHIT MO-
YHHAOTHCS HA MMO3UTUBHUX 3apsax 1 3aKIHUIYIOTHCS HAa HETATUBHUX 200 HA HECKIHYCH-
HOCTI, MarHiTHE I0Jie € BUXPOBUM: MOT'0 CHJIOBI JIIHIT 3aBX A1 3aMKHEHI. [HIIIMMH cio-
BaMH, MarHiTHE TI0JIe He Ma€ JDKEPEN - MarHITHHUX 3aps/IiB B MPUPOIi HEMAE.

Ha puc. 31.3 HaBegeHi orpuMaHi TaKMM CIIOCOOOM KapTUHU MarHiTHHUX ITOJIIB KPYTOBO-

ro cTpymy (@), TOBroi KOTYIIIKH-
coJsieHoina (0), mpsIMOTO MOCTIM-
HOTO MarHity (B).
SIko roBoputH npo mar-
HITHE T0JI€ MOCTIHOTrO MarHiry,
TO TIPUMHSTO BBAXKATH, IO JIiHIT
BUXO/ATH 3 MIBHIYHOT'O MOJIIOCA,
BXOJATH B IMIBIACHHUHU 1 3aMUKa-
IOThCSI BCEPEIMHI MarHiTy (puc.
31.7).
3a OJMHUIII0 MarHiTHOI 1H-
JTYKIIT IPUIHATA 1HIYKIIS TaKOTO
OJIs1, B IKOMY Ha KOHTYP ILJIO-
mwero 1 Mm% pu cumi crpymy 1 A
Jll€ MaKCUMaJIbHUI 00epTaroumil
momeHT 1 H » m. Taka oguawmIs
Ha3uBaeThes Tecna (Tn):
_1H - m 1 H Ke

177

TULE Am AR

Ha niacraBi nociiily BCTAHOBIJIEHO, 10 PI3HOMMEHHI MarHiTHI MOJIFOCH NPUTATY-
IOThCS (SIK 1 €JIEKTPUYHI 3apsiik), OTHOMMEHH1 BIIIUTOBXYIOThCS. OCKIJIbKY 3BEpHEHUI
Ha MIBHIY KiHEI[b CTPUIKK Ha3BaJIM MIBHIYHUM IOJKOCOM, a MPUTATYIOTHCS PiI3HONMEHHI

Puc. 31.7.

MOJIFOCH, TO TTOOJIM3Y MIBHIYHOTO reorpadiyHoro MoIca
3eMJTl 3HaXOAUThCS MIBACHHNA MardiTHUM. [HIIMME ciioBa-
MM, MarHiTHE 1oJje 3emiIi Ha-
MpaBJIeHo 3 reorpadiyHOTO
niBAHs Ha miBHIY (puc. 31.8).
3aBIsSKM MarHiTHOMY
MOJTIO 3eMJTl 3aTPUMYIOTHCS
3apsHKEH] YaCTUHKH KOCMIY-
HUX npomeHiB. e poOuth
MO>KJIMBUM JKHTTSI Ha 3eMITi.
OCK1JIBbKM ICHYIOTH €J1e-

Puc. 31.8.

MEHTapHI 3apsSAKEeH1 YACTUHKH - HOCIT €JIeKTPUYHMX 3apsA/IIB IBOX PI3HUX BHUIB, TO OK-
peMi Tijla MOKHA 3apsAIUTH a00 TITBKHU MO3UTUBHO, a00 TUIKU HETaTHUBHO.

OpHak BITOKPEMUTH OJIMH 3 MarHiTHUX TOJIFOCIB Bl TPOTUIIC)KHOTO HEMOKIIUBO.
3maBajnocs 0, MM MOKEMO PO3IUIATH 200 130JIF0BaTH OAWH BiJl OJHOTO IMIBHIYHUH 1 ITiB-
JEHHUM TOJIIOCH, pO3pi3aBIy MarHiT HaBmina (puc. 31.9).
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Po3pizaBim MarHiT HaBIiI, MU OTPUMAEMO JIBa MAarHITH, IPUYOMY KOXKEH 3 IBO-
Ma ToJrocaMu. SIKIo MU IpOIOBKYBaJIK O 1iei mpoIiec 1 gai, To, K OKa3ye JOCHi,
HaM HIKOJIM HE BJACThCS OTPUMATH MAarHIT 3 OJHUM MorocoM. [lomocu Maruity He ic-
HYIOTh OKPEMO.

OT1xe, 1 eI€eMEHTapHI HOCIi MarHeTU3My, abdo, K iX
Ha3WBAaIOTh, EJICMEHTAPHI MarHiTUKH, TAKOK TOBUHHI MaTH
JIBa MOJIIOCH. JIMIIIOBIIM B HAIIIOMY YSIBHOMY PO3MOJILIL JIO
OKpEMHUX aTOMiB, MU OTPHUMAEMO MIKPOCKOIIYHI MarHiTH 3

MIBHIYHHAM 1 MBACHHUM TOJf0ocamMu. MiKpoMarHiTaMu € i nz n__i
OKpeMI EJICKTPOHHU.

VY 1820 p narcekum dizukom I'. X. Epctenom Oyio
EKCIIEPUMEHTAJIbHO BCTAHOBJICHO, 1[0 MPOBIAHUKH, O SIKUX HE N ﬁE
TE€YyTh CTPYMH, 3/1aTHI JIIATH Ha MarHiTHY CTPUIKY, TOOTO
CTBOPIOBATH MarHiTHE MoJe. Puc. 31.9.

[Tix yac excnepumenty Epcrena (puc. 31.10) maruit-

Ha CTpUIIKa, sIKa MOTJia BIJIbHO 00€pTaTUCS HABKOJIO BEPTUKAIBHOI OC1, MICTHJIACS ITi]T

PSIMOJIIHIMHUM MPOBITHUKOM 3 TIOCTIMHUM cTpyMoM. [Ipu BKIIIOUEHHI CTpyMYy CTpijIKa
BCTaHOBIIIOBAJIACS NEPIIEHIUKYIISIPHO O MIPOBIIHUKA. 3MiHA Ha-
OpsIMY CTPYMY BUKJIMKAaJla IOBOPOT CTPLIKU B IPOTHIIEKHUH OIK.

3 nocniny Epcrena Butikae, 1mo pyxomi 3apsiid (CTpyMHU)
3MIHIOIOTh BJIACTUBOCTI OTOUYIOUOTO iX MPOCTOPY, CTBOPIOIOThH
0COOJMBUY TPOCTIP, B IKOMY MPOSIBIAETHCA 111 MATHITHUX CHIL
MarHsiTH1 CUJIM J11F0Th, HA BIAMIHY BiJl €I€KTPOCTATUYHUX, TUIBKU

Puc. 31.10. Ha pyXxoMi 3apsaau abo CTPyMHU.
T.4. 31aTHICT CTBOPIOBATH MArHITHE MOJIE MAIOTh JIUIIIE
PYXOMI €JIeKTPUYHI 3apsiin (€1EKTPUUHUIA CTPYM), @ HABKOJIO HEPYXOMHUX 3aps/IIB ICHYE
TIJIBKH €JIEKTPOCTATHYHE T0JIE.

MarsiTHe noJjie, Ha BiIMIHY BiJ] €JICKTPUYHOTO, HE JIi€ HA HepyXoMuii 3apsia. Cu-
Jla BUHHMKAE JIUIIE TOJI1, KOJIU 3apsij pyXa€eThCsl.

OTxe, MarHiTHE NOJI€ MOPOKYETHCS PyXOMUMH €JIEKTPUUYHUMU 3apsiIaMi 1, B
CBOIO YEpry, 1€ TUIbKKA HA PYXOMI 3apsiiy.

MarsiTHe noJie, 1110 BUHUKA€E B MPOCTOP1 HABKOJIO MPOBIIHUKIB 31 CTPYMOM, SIK 1
EJICKTPUYHE T10JIe, 00YMOBJICHE HEPYXOMHMH 3apsiiaMu, € OJHUM 3 BUIB MaTepii. BoHo
Mae MeBH1 (PI3UYHI BIIACTUBOCTI 1 XapaKTePU3Y€EThCS EHEPTIETO.

[TincymoByrOuM ckazaHe, CPOpMyITIOEMO CYy4acHY KOHUENUit0 MAZHIMHO20 NOJIA.

icepenamu macHimno2o nosisa € pyxoMi eNeKTpUdHi 3apsiid, TOOTO eNeKTPUYHi
CTPYMH, a TAKO>XK HAMarHiueH1 Tija (MOCTiIiHI MarHiTH), B IKUX MarHiTHE M0JIe CTBOPIO-
€THCSI MArHITHUMU MOMEHTaMH €JIEKTPOHIB B aToMax. KpiM Toro, MarHiTHe 1oJjie BUHU-
Ka€ HaBKOJIO €JIEKTPUIHOTO TIOJIS, 10 3MIHIOETHCS 3 4aCOM.

Biominna ocobaugicms MarHiTHOTO MOJIS MOJIATAE B TOMY, 1110 BOHO JI1€ TUIBKU Ha
pyxomi 3apsiu (CTpyMHu).

MarsiTHe 1oJie € O/IHI€I0 3 YACTHH e1eKmpoMazHimuo2o nos. Ik nodauumo na-
J1, IOAT €AMHOTO €JIEKTPOMArHITHOTO IOJIS HA €JIEKTPUYHY 1 MarHiTHY YaCTHHH € BiJI-
HOCHHUM 1 3aJIC)KUTD BiJl BUOOPY CUCTEMH BIJJIIKY.
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§ 32. 3axkon bio-CaBapa-Jlaniaca i iioro 3acTOCyBaHHs /10 PO3PaXyHKY
MOJIIB MPSAMOIO i KPYyroBoro CTpymMis

EnexktpudHMii cTpyM, MPOXOASTYHU TI0 TTPOBITHUKY, CTBOPIOE HABKOJIO MPOBITHUKA
MarHiTHe noje. JIJist po3paxyHKy MardiTHUX I10JI1B, CTBOPIOBAHUX IMPOBITHUKAMH P13HOT
KoH(piryparii, ToTpiOHO BpaxyBaTH, IO 1HAYKIIIS MArHITHOTO TOJIS BU3HAYAETHCS CIIi-
JIBHOIO JII€I0 BCIX OKPEMUX JIISTHOK MPOBIAHMKA.

Hocniau, nposeneHi ¢ppaniy3pkumu pizukamu XK. bio 1 @. CaBapom 1 06-
po6neni marematuyHo 1. Jlanmacom, mpuBenu 10 BUCHOBKY MPO T€, 1110 MarHiTHA 1HIY-
Kirist 0B 1oJis1, CTBOPIOBAHOTO B JaHIi TOYIlI TIPOC-
TOpY eJIeMEeHTOM cTpyMy I dl, 06epHEeHO nporop-
I[IiHa KBaJIpaTy BIJICTaHI1 I' Bi/I €JIeMEHTa CTPYMY 0
TOYKH criocTepexeHus. Enemenmom cmpymy Idl
HAa3UBaIOTh BEKTOP, MOAYJIb SIKOTO IOPIBHIOE J00Y-
TKY CHJIM CTPYMY Y3/IOBX IPOBIIHUKA 1 HECKIHUEH-
HO MaJIOTo BiJIpi3Ka I[LOTO MIPOBIIHUKA, a HAPSIMOK
301ra€ThCs 3 HAMPSIMKOM BEKTOPA T'YCTUHH CTPYMY
Ha i JUISHIT TPOBITHUKA. SIKIO MO3HAYUTH Ye-
pe3 I paziyc-BeKTOp, MTPOBEACHHM Bij] €IEMEHTA
CTPYMY B TOUKY TIOJISL, IIIO PO3TIISIAETHCS, TO 3aKOH
bio-CaBapa-Jlannaca Mae BUTIISIA:

I
dB = ﬂO[dI;ﬂ , (32.1)
A r
Ze o - TaK 3BaHa MacHimua nocmitina, o = 4m-107

Bekrop dB neprneHauKyIsIpHU 10 TIIOIIH-
HH, 10 MICTHUTH entleMeHT cTpymy ldl i pamiyc-Bektop r (puc. 32.1). Hanpsim dB Bu3Ha-
YAETHCS MPAGUIOM NPABO20 26UHMA: BIH 30ITAETHCS 3 HAMIPSIMOM 00EpTaHHS TOJOBKU
IBUHTA TP MOTO MOCTYNMATbHOMY MEPEMIIIeHH] Y3/I0BXK CTpyMmy. I3 3akony bio-Capapa-
Jlammaca BHILUIMBAE, 110 MOIY/Ib BEKTOpa MarHiTHOI iHayKiii 0B
Lo 1dl-sina
aB=">——,
dr  r?
7€ o - KyT M1 HaIpsiMOM Ha TOYKY CIIOCTEPEKEHHS 1 HAIIPSIMOM €JIEMEHTa CTPYMY.
JIJ1st MarHiTHOTO TIOJISI, TaK Camo, 5K 1 IJIs1 €JIEKTPUYHOTO, CITPaBEJTMBUI MPUH-
IIMTT CYTEPIIO3HIIIT MOJIiB: BEKTOP MAarHITHOT IHAYKIIT B moms, CTBOPEHOTO CUCTEMOIO
MPOBIAHUKIB 31 CTpPYMaMH, JOPIBHIOE CyM1 BEKTOPIB MarHiTHOI 1HIYKIIi MOIiB, CTBOpe-
HUX KOXKHUM 13 MPOBITHUKIB MMiJ] 4ac BIACYTHOCTI 1HIITUX.

(32.2)

B=/dB.
SIK1110 MarHiTHe MoJie CTBOPIOETHCS MPOBITHMA KOHTYpoM L 31 ctpymowm |, To
I
B:de:“Oj[d';r], (32.3)
1 A r

ne dB - Baecok enemenTta ctpymy ldl B pe3ynbTyroue MarHitTHe mode, I' - BEKTOP, IPO-
BEJICHUIA 3 JIEMEHTA CTPYMY B JIJaHY TOUKY.
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3a nonomoroto 3akoHy bio-Casapa-Jlamiaca, 3acTOCOBYIOUYHM MPUHIUI CYIIEPIIO-
3MII11, MO BKJIaJIax KOKHOTO €JIEMEHTa CTPYMY MOKHA 3HAWUTH TIOBHE MarHiTHE IOJIe.

Sk npukiag 00YUCIUMO THIYKIIF0 MATHITHOTO TOJIS, 1[0 CTBOPIOETHCS CTPYMOM
|, skt mpoTiKae B30BX MPSIMOTO MIPOBOJIY, B TOYIII, Bi/I/IaJieHIM Ha BIJICTaHb Ig BiJl
npoBoay (puc. 32.2).

BekTopu nomie dB BCiX MalIux eIeMEHTIB
CTPYMY B IIiil TOUIll MalOTh OJTHAKOBHI HAMPSIMOK
(mepneHANKYISPHO 0 TUIOIIMHU PUCYHKA) 1 TOMY
MOKHA CKJIaIaTH a0COJIIOTHI 3HAYEHHSI MarHITHUX
1HIYKI1, TOOTO

B =[dB. (32.4)
3 puc. 32.2 BUIHO, 110 T
r= o iz e 0 g
SInNx SN SIN" « . ,/
[TincraBistoun 1i Bupasu 'y popmyay (32.2), B L
3HAXOJIUMO, 110 MarHiTHA 1HIYKIIis, CTBOpPIOBaHa Puc. 32.2.

OJHHM CJIICMCHTOM CTPYMY, I[OpiBHIOG 3a MOAYJICM

. 2
deﬂoI I_Fodza szasina:ﬂolsinada. (32.5)
Az sin“a 1y 4t
Jlns mpoBiTHYKA KIHIICBOI JOBXKUHU
| % . I
B=t [sin ada = o (cos ey —cos o). (32.6)

Aty 5 A,

TyT 01 1 02 - KyTH MK HapsIMOM CTPYMY 1 HAIIPSIMOM J10 TI€T TO-
YKH, JIe BU3HAYAETHCS MarHiTHe noJje (puc. 32.3).
Ski10 Touka, B K1 BU3HAYAETHCS MAarHiTHE MoJjie, po3MillleHa Ha
OJIHAKOBI¥ BIJICTaHI BiJ] KiHI[IB MPOBIIHUKA, TO
COS 02 = - COS 0l1.
Toni popmyna (32.6) HaOyBae BUTIISTY

B= 'u—olcowl. (32.7)
27,

Ilpuknao 32.1. Ctpym cunoro | =2 A npoxo-
b JMTb 1O IPSIMOKYTHIN paMIli 31 CTOpOHaMH a =
10 cm i b =12 cM. BusHaunTi MarHiTHy iHay-
KIIi10 B IEHTP1 paMKH.

Puc. 32.3.

Kopuctyrounch npaBuiaoM TBUHTA, BU-
3HAYMMO, III0 MarHiTHE T0JI€ B IIEHTP1 PaMKH, CTBOPEHE KOKHOIO
31 CTOpPiH, COPAMOBaHE NEPIEHANKYIISPHO /10 IJIOUIMHUA PAMKH 32
KpecieHHsa. ToMy MOJyib BEKTOpa MarHiTHOI 1HAYKLIT pe3yabTy-
F0YOT0 MArHITHOTO TOJISI B LIEHTP1 paMKH
Puc. M.32.1. B =By + B>+ B3+ Ba.
Cxopucraemocs popmyioro (32.7) nast MarHiTHOTO TIOJIA,
110 CTBOPIOETHCS BIIPI3KOM IMPSIMOTO MPOBITHUKA 31 CTPYMOM B
TOULI1, 10 JISKUTh Ha PIBHI CEpEUHU BiApI3Ka. TOAl
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Hol ol

B,=B,=—"% cose, ,TaB,=B,=—"% _cosa
LR onbi2) ! 20 2n(al2)
g Mol (cosalJrcosazj

(zI2)\ b a )

3 puc. I1.32.1. Bugno mo  COS¢; = CoSa, =

a b
Ja? +p?’ Ja? +b?

[TincTaBnsrouu 111 3HaYeHHSI 1 BAKOHYIOUYH [1€PETBOPEHHS, OTPUMAEMO

B 241,1+/a® +b?
nab

~ 48mkTn .

VY BUTIATKY HECKIHYEHHO 0082020 NPAMONIHIIHO20 nPosioHuKa Kyt 01 = 01 0
= 71, TaK 110 3a popmyJoto (32.6) MarHiTHE MoJje Ha BiICTaH1 g Bil HECKIHUEHHOTO
MPSAMOJIHIITHOTO MPOBIHUKA 31 CTPYMOM JOPIBHIOBaTUME

gl (32.8)
27ty

Sk BuruuBae 3 popmynu (32.8), MarHiTHa 1HIYKI(IS HECKIHYEHHOTO MPSMOJTIHI M-
HOTO IIPOBIIHHUKA 31 CTPYMOM 3MEHIIYETHCS 00EPHEHO MPONOPLIIHO BIJICTaH!1 Iy Bij
npoBoy. JIiHIi MarHiTHOI IHAYKIIT € KOHUEHTPUYHUMH KOJIaMH, TUIOLUHU SIKUX IepIe-
HIUKYJIPHi 10 CTPyMy, a LIEHTPH PO3TaIloBaHi Ha oci ctpymy (puc. 32.4). Ix manpsm
BHU3HAUAIOTh 32 YHIBEPCATHLHUM ISl MATHETU3MY HPAGULOM 26UHMA - KPYTUMO TBUHT

I 1 3a JIIHISIMHA, OTPUMY€EMO HaIpsiM CTPyMY, KPYTUMO 32
CTPYMOM - OTPUMY€EMO HampsiM JiHii. Bigctans Mix cyci-
JTHIMH CHUIOBUMHU JIIHISIMH 3pOCTA€E 3a TiIepOOoIYHIM 3a-

“‘FF""("” —— KOHOM - UMM OJIFDKYE JI0 TIPOBIHUKA, TUM O1JIBIIOK € I'y-
S&E hi,:)_.__,,//;, . L
— CTOTa MAarHiTHUX CUJIOBHUX JIiHIM.

Ilpuknao 32.2. JIBa napaneabHUX HECKIHUEHHO JIOBTUX
MPOBITHHUKA, TIO SIKAX MPOXOISTH B OJTHOMY HAPSIMY CTpYMH [1 =
40 A i > =80 A, po3mimieni Ha Bigctani d = 12 ¢cM oauH Bix OAHO-
ro. BusHauuTH MarHiTHY 1HIY-
Puc. 32.4. KIi10 B B ToUIli, BiggaaeHii Big
MEpILOro MPOBIIHUKA Ha BijIC-
TaHi 1 = 8 ¢M 1 Big aApyroro Ha

BigcTaHi r2 = 13 cMm.

JIist 3HAXOIXKEHHST MarHiTHOT 1HIYKIIT B 3a3HaUEHIN TOYIIl
A (puc. I1. 32.1) BU3HaUMMO HampsMU BEKTOPIB MarHiTHOT 1HAYKIIT
B1 i B2 mouniB, 1110 CTBOPIOIOTHCS KOKHUM MPOBITHUKOM OKPEMO.

BexTopu MarHiTHOT IHAYKIT CIPSMOBaH1 3a JOTUYHUMU 0
BIJIMOBIAHMX JIIHIM MarHiTHOI 1HAYKIIi1, 10 TPOXOAThH Yepe3 TOU-
Ky A. 111 miHii € KoTamMu 3 IIEHTPaMH Ha OC1 BIAMOBITHUX MTPOBII-
HHKIB 1 pO3TaH_IOBaH1 B TUTONIHHI, IEPICHIUKYISPHIN 0 OC1 MPo-
BiHUKIB. X HaNpsAMM BU3HAYAIOTHCA 3a PaBUIIOM TBUHTA. Ha
puc. I1. 32.1 nanpsimu ctpymiB |1 1 |2 0OpaHi «Big Hac» 1 HO3HAYEHI
xpectrukaMu. Toj1i 3a MpaBUJIOM TBUHTA JIIHIT MarHiTHOT 1HAYKIII1
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OyayTh CIpSMOBAaHI 3a TOJMHHUKOBOIO CTPUIKOI0. BekTop B1 nepneHauKyasspHuii 10 1 (Z0THYHA I1e-
PIICHIUKYIISIPHA IO pajiiyca KoJja) 1 CIPSMOBAaHMM BIIPaBo B To4UIll 4. BinnmosigHo, B2 epneHauKyIsp-
HUH /10 I2 1 TeX CIPSIMOBAHUH BIPABO.
3T1JIHO 3 IPUHITUIIOM CYIIEPITO3HUIIii MarHiTHA 1HAYKIIIS B TOYIll A4:
B=B1+B.
Monynbs BekTopa B BU3HAUMMO 32 TEOPEMOIO KOCHHYCIB:
B2 = B1? + B2? - 2 B1B; cos (180° - o) = B1% + Bo? + 2 B1B3 cos .

3Biacu
B =+/BZ + B2 +2B,B, cosa. . (IL. 32.1)
Monyni BekTopiB B1 i Ba:
Holy B Mol
_ B, = _ (1. 32.2)
. 2at, T2 2,

[TigcraBnsiroun 11i Bupasu y popmyiy (I1. 32.1), 3naiinemo nrykane B:
2 2
I I 2141
=t | 1| 4] 2| 4 Sl2pgy (IT. 32.3)
2 |\ 1 r, L,

JIJIst 3HAXOKEHHS COS 0 3ayBaKUMO, IO o= /DAC ,SIK KYTH 13 B3a€EMHO MEPICHAUKYISIPHUMHU CTOPO-
namu. ToMy 32 TEOPEMOKO KOCUHYCIB 3anuIueMo d = r? + 1 — 2nr,coso. . [TigcTaBuBIIg 1aHi, 009UCIUMO

3Ha4yeHHs Kocunyca: cos o = 0,388. [lincraBusum B popmyiy (I1. 1
32.3) 3Ha4eHHs o, |, I'1, I2 1 cosa, 3HaiaemMo B = 184 MxTiI.

3actocyemo 3akoH bio - CaBapa - Jlamnaca 1o 00-
YHCIICHHS MAarHITHOTO TI0JIS 6 YeHmpI KPy206020 6UMKQ ,f;,fjij\“:f\ e ‘“{\
. i '\\“-.-} J'\{-.-, ’1’
paxaiyca R, o sxomy npoxoauts ctpyM | (puc. 32.5). ST NN

. . L “h':"-r__-h
B nanomy Bumazky B Bupasi (32.2) ciif moKIacTa,  p B,
K BUJHO 3 puc. 32.6, ! _

r=Ria=m/2,sina=1. T
Bci eneMeHTH CTpyMy CTBOPIOKOTH MArHiTHI MOJIs Puc. 32.5.
dB omHakKoBOrO HaNPsMY, IO € MEPIICHAUKYIIIPHUMH JI0 TUTOIIMHYI BUTKA 1 TIOB'sI3aHi 3
HANPSIMOM CTPYMY MTPaBUIJIOM MPAaBOTO TBHHTA, TOOTO
y3J0BX MO3UTUBHOT HOpMaJi N 10 KoHTypa (puc.32.6).
Tomy cymapHa 1HIYKIIISI MarHITHOTO 1oJjisi B Bix ycix
€JIEMEHTIB KUJIBLIEBOTO CTPYyMY CIIPSIMOBaHa B TOH ca-
Mmui 61k (puc. 32.7), a i MOyJIb JOPIBHIOE CyMi BCIX

dB.
Mo 1dl
dB=*0 (329
A R? ( )
Puc. 32.6. | | L |
B=[dB=20 " fdi="° " 2R=%  (3210)
4z R 4 R 2R

(TyTt BpaxoBaHoO, 110 CyMa BCiX eleMeHTapHuX AUIAHOK 0l TopiBHIOE MOBXKHHI KOJIa
2nR).

Ilpuknao 32.3. BuzHauMMO Mar"iTHy iHIYKIIiO MOJIS, 11O CTBOPIO-
€THCS KOJIOBUM CTPYMOM B TOYIII, SIKA JISKUTH HAa OC1 KOJIOBOTO CTPyMY Ha
BizicTaui h Bif ioro nentpa (puc. I1. 32.2).

Sk BurutuBac 3 3akony bio-Casapa-Jlammaca (32.1), Bekrop dB mae
OyTH NepreHAUKYISIPHUM 10 TUIOIUHH, 110 POXOIUTh Yepe3 eEMEHT
crpymy ldl i Touky, B siKkiit BU3HAYAETHCS MOJIE.




3 puc. I1. 32.2 BumuBae, mo dl nepnenaukymnspae go r. Omke, y popmyi (32.2) a =90 °, sin

a =1 i Bekrop dB 3a BeTMUUHOIO TOPIBHIOE
4B = Ho Idl
Anr?

Poskmagemo BexTop dB Ha 1Bi CKIIaI0BHX: MEPIICHIUKYIISIPHY 10 OCI 1 mapaneabHy oci. Byib-
skomy enementy dl BinnmoBinae niamerpanbHo npoTwiexHuii enement dl°, sikuii 1ae Taky %k CKIIaoBy
MAarHiTHOI IHAYKIIT B3JJOBX OCi, 1 MEPIEHAUKYISPHY /10 OCi CKJIaAOBY MPOTHIICKHOTO 3HaKa. OTxe,

IIPU A0AABaHHI BCIX NEPHEHAUKYIAPHUX
dl CKJIaJIOBHX (IHTETpYBaHH: 32 KOHTYPOM) BO-
HU B3a€EMHO 3HMIIATHCS, a apajebHi cKila-
NoB1 OynyTh ckiaaarucs. Pesynpryrounit
BeKTOp B Oyne HampaBlIeHUH Y3I0BXK OCi
KOHTYpa 1 32 MO/IyJIEM JIOPiBHIOE

B = [dBsin g =[“o IR _#o IRpy

Ar v’ r Adrrd

3aMIHIOIOYH
r=-/R®+h* i fdl=2R,

f OTPUMAEMO MArHITHY 1HAYKIIIIO HA OC1 KO-
dl JIOBOTO CTPYMY

Puc. T1.32.2. ty  2(12R?)
B=" 537
4z (R°+h*)
BukopuctoBytoun Bupas (31.1) 111 MarHiTHOro MOMEHTY, 3alHILIEMO 11€ PIBHSHHS B BEKTOP-
HOMY BUTJISAI

(1. 32.4)

g=to 2Pm
4z (R? +h?)*?
Skmo h >> R, 3 popmynu (I1. 32.5) BuniuBae
B0 2P
4r h®

VY uentpi konoBoro Butka (h = 0) MarditHa iHIYKIisL, sIK OYJI0 OTPUMAHO paHillie, JOPiBHIOE

(1. 32.5)

g tol
2R

Ilpuknao 32.4. 3rigno 3 Teopiero H. bopa enexTpoH B aToMi
BOJIHIO PYXA€ThCs HABKOJIO A/Ipa 3a KPyroBoo OpOiTOrO pajiyca I'g =
23 M (nepmmii 6opiBecbkuit paaiyc). Busnauurtu: 1) iHayKiito Marti-
THOTO NOJIS B, IKY CTBOPIOE €JIEKTPOH B LIEHTP1 KPYTroBoi opOiTH; 2)
opOiTaJIbHUN MarHiTHUH MOMEHT Pm €JIEKTPOHA.

VYs1BiMO cO01 TUIOMIMHKY, 110 TIEpEeTUHAE OpOITY eJIEKTPOHA 1 €
nepneHIuKyIsIpHOIO 110 opOiTH (puc. I1. 32.3). Cuna ctpymy 3a Bu3Ha-
YEHHSM JIOPIBHIOE 3apsly, 1110 IEPEHOCUTHCS Yepes3 110 IUIOMIMHKY 3a
1 c. SIkmio v - uncao 00ePTIB EIEKTPOHA B CEKYHIY, TO 3 KOKHHM 000-
pOTOM Yepe3 BULICHY IJIOLIMHKY OyJie mepeHeceHuil 3apsa e - 3apsij

Puc. 1. 32.3 eNIEKTPOHA, a CHJIa KPyTrOBOTO CTPyMY OyJe TOpiBHIOBATH
I=ev.

1106 BU3HAUNTH YACTOTY V 0OepTaHHS eeKTPOHA HABKOJIO 51
pa, 3acTocyeMo apyruit 3akoH HetoroHa. Cuila KyJIOHIBCBKOTO MPHUTSTAHHS MIXK €JIEKTPOHOM 1 S1pOM
(IpoTOHOM), 3apsl IKOTO + €, HaJla€ eJIEKTPOHY HOPMAILHOTO (JOLIEHTPOBOTO) MPUCKOPEHHS:

FKle = man,

87



abo

1 e? )
Are, 1y
3BIKH 3HAXOJIMMO KyTOBY HIBUJIKICTH 00€pTaHHS €JIEKTPOHA
2
e
o= |0, (I1. 32.6)
Arsymrg
@ :
94acToTy 00epTaHHA V = 2— 1 CHJ1y €KBIBAJEHTHOI'O KPYrOBOI'O CTPYMY
VA
e? (1,6)>-107%

| =ev

~ darg [me,mry  4.314.53.10./314.885-1072.91.10 .5,3.10
1,02 + 10-3 A =1,02 MA.
MarsiTHa iHAYKIIiS B LIEHTP1 KPYToBOi opoiTH

g Mol _4-314 -1077-1,05-10°°
2rg 2-53-10™

JInst mopiBHSAHHS 3a3HAYMMO, 1110 HAMCHIIBHIIII MarHiTHI MMOJIs, OTPUMaH1 B 36MHHUX J1abopaTo-
pisix, MaroTh nopsimok 10 To.
OpOitanbHUil MarHITHUI MOMEHT €TIEKTPOHA
Pm=1S=1em(rp)>=1,021033, 14232 10%=9,27« 10
(A * M.
L{s BenmmunHa oTpUMalia Ha3By Mmacnemona bopa. BoHa Bi-
JITTpae pojib eIEMEHTAPHOTO MarHiTHOTO MOMEHTA - «KBaHTa» Ma-
THITHOT'O MOMEHTA €JICKTPOHA. -

=12,44Tx .

Ilpuknao 32.5. HeckiH4e€HHO AOBIHA POBIAHUK 3ITHYTHIA | B
TaK, sIK Moka3zaHo Ha puc. I1. 32.4. B31oBx npoBiAHUKA IPOXOIUTH
ctpyM | = 10 A. BuzHaunT MarHiTHy 1HAYKIIIIO B LIEHTP1 KoJia ——
(paniyc kona R =2 cm).
MarsiTHy 1HAYKLI1O B Toulll O BU3HAYUMO, BUKOPUCTOBY- 4
I0YH NPUHYUN CYNepno3uyii MarHiTHUX I0JIiB, CTBOPIOBAHUX JIBO-
Ma MpsAMOTiHIHHUME nipoBigHUKamH (1 1 3), 0 BUXOASTH OTHIM Puc.11. 32.4.
KiHILIEM Ha HECKIHUYEHHICTb, Ta Jyrolo Koia (2) paxiyca R. Toxi
B=B1+ B2+ Bs.
3 orysiny Ha Te, 110 BCi BeKTOpu B1, B2 i B3 HanpsMIIeHI BiJINOBITHO 3 PAaBUJIOM IBUHTA MEP-
MEHAUKYIISPHO JI0 IJIOMIMHI PUCYHKA 10 HAC», BEKTOPHY CYMY MOYKHA 3aMiHUTH CKaJISIPHOIO
B=B1+ B>+ Bs.
MarsiTHy IHAYKIIIIO TTOJIS B2 MOKHA 3HAWTH, BUKOPUCTOBYIOYH (OPMYITY U1l MAarHITHOT 1HTY-
K1ii B IIEHTP1 KpyroBoro crpymy. OCKiIbKM Mar"iTHa iHIyKIist B2 cTBOPIO€ThCs B Toulli O YBEPTIO Ta-
KOT'0 KpyroBOI'O ITPOBIIHUKA 13 CTPYMOM, TO Ma€EMO

by
]

B R
N

}

_ Mol
MarHiTHyY 1HAYKIIO T0JIs1 B1 HalliBHECKIHUEHHOTO MPOBIIHUKA 31 CTPYMOM 3HalIeMO, BUKOPH-
. ) . ) _ ,Uol
CTOBYIOUM (POPMYJTY JUIst MATHITHOTO MOJISt HECKIHYEHHOTO TIPOBiIHMKa 31 cTpymoM B = 2— 3 orng-

1y Ha pIBHMM BHECOK y MarHiTHY 1HAYKIIIIO BiJ] KO’KHOI IIOJIOBUHU IIPOBITHUKA, MOYKHA HAIKCATH
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B, =B, = 40!

4R
VY miicyMKy OTpUMYEMO MOIYJIb MAarHiTHOI IHAYKII1 B ToUti O:
| I I
B=to ypH _Hol(144a) (1.32.7)

8R 4R 87R

IlincraBasgroun uncina, 3Haiaemo B = 71,4 mxTo.

§ 33. MarHiTHe moJjie pyxoMoro 3apsiay

EnexTpuuHuii cTpyM B MPOBITHUKY € BIOPSIAKOBAHUM PYXOM 3apsiIPKEHUX Yac-
THHOK - €JICKTPOHIB B METaJIaX, 10HIB B €JICKTPOJIiTaX 1 T.7. KOXKeH MPOBITHUK 31 CTPY-
MOM CTBOPIOE B HABKOJMIIIHBOMY ITPOCTOP1 MarHiTHe nosie. Toai MoxxHa 3p0OUTH BU-
CHOBOK, 1110 Mar"iTHE MoJjie MPOBiIHUKA 31 CTPYMOM yTBOPIOETHCS MPU HAKIIAJICHHI Ma-
THITHUX TOJIB BCIX PYXOMHX 3aps/KEHUX yacTUHOK. CropucTtaeMocs 3akoHoM bio-
CaBapa-Jlamiaca (32.1) i posristaemo nooyTok | dl, mo BxoauTh 10 HhOTO. CHla CTpy-
My | TOpiBHIOE BEMUUHI 3apsiay, 10 MPOTIKAE Yepe3 MONEPEeUHH nepepi3 S mpoBiIHU-
Ka 3a OJIMHHULIIO Yacy

| =nqvs.

TyT q - 3apsia OJHI€T YACTUHKH, V - IIBUIKICTh
YIOPSAKOBAHOTO PYXY YaCTUHOK, N - IX KOHIIEHTpa-
isg. Tomy

Idl = ngvSdl = ngvdV,
ne dV = Sdl - 06’em enemenTa cTpymy.

Sxmio migcrasutu Bupas ais ldl B 3akon Bio-
Cagapa-Jlannaca (32.1)

4  Ho! [dL,r] _ 4 nqdV[v,r]
Ar r®  4n re
1 PO3IUTUTH HA YHUCIIO HOCITB 3apsiy B €JIE€MEHTI
ctpymy ndV, To Buiine BUpa3 A MarHiTHOT 1HAYKITT
10151, CTBOPIOBAHOI'O OJTHUM 3apsA0OM (], IO PYXA€Th- Puc. 33.1.
Cs1 31 IUBUJIKICTIO V B BaKyyMi

B, =“°q[";r]. (33.1)
Az r
TyT I - paaiyc-BeKTOp, IPOBEICHUI BiJl 3apsly 10 TOUKH, B SIKIi BU3HAYAETHCS
MarHiTHa 1HAYKIA Bg, I' - MOysb 11bOTO BeKTOpa (puc. 33.1).
Hanpsim BexTopa Bq ierko BU3HAYHUTH, SKIO 3rajaTH, [0 MAarHiTHE MOJIe HABKO-
JIO CTPYMY HaIlpaBJICHO 3a MpaBUIoM T'BUHTA (puc. 33.1, B JaHOMY BUIIAJKY 3aMICTh
CTPYMY MA€eMO MO3UTUBHUH 3apsil 0 PyXA€ThCS MPSIMOJIIHIIHO).
Monynpe BekTopa MarHiTHOI 1HAYKIT (33.1)
g _ Ho qvsina
" dr o2
7€ o - KyT MIXK IIBHUJIKICTIO 3aps/ly 1 HAIPSIMKOM Ha TOUKY CIIOCTEPEKECHHS.

(33.2)
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Binnosiauo 10 ¢popmynu (33.2) Ha npsimiii, 110 MPOXOIUTH Yepe3 BEKTOP HIBU-
KOCTI1, MarHiTHE 10JI€ BiJICYyTHE.

3ayBaKMMO TaKOX, 1110 MAarHiTHE MOJIE PyXOMOTI0 3apsly 3MIHHE, OCKUIBKH Y (O-
pmyii (33.1) mpu pyci 3apsy 3MIHIOETbCS pajilyc BeKTop I'. OgHak pe3ysbTyroue moJie
Jy’Ke BEIUKOI KIJTbKOCT1 HOCIIB CTPYMY B IIPOBITHUKY 31 CTPYMOM € CTAI[lIOHAPHUM.

Ilpuknao 33.1. Bu3HaunTH MaKCMMaJbHY MarHiTHY 1HIYKIIO Bg max 11011, CTBOPIOBAaHOTO
IIPOTOHOM, 110 PYXAa€ThCs NPAMOMiHiiHO 31 mBuaKicTIo V = 10° M/ ¢, B Toumi, BixnasieHiii Bix Tpaek-
Topii Ha BigcTani d = 1 HM.

MarniTHa iHIYKLis OIS, IO CTBOPIOETHCS 3apsIOM (, IO PYXA€ThCs 31 MBUAKICTIO V B BaKy-
ymi npopiBaioe (33.2)

Uy qQvsina

! 2
A r
OueBuaHO, BOHA Oy/1e MAKCUMaIBbHOO 171 o = 7t/ 2. [lizcTaBnstoun yncia, 3HaiieMo

_47-1071,6-10710°
| A7(107%)?

B

=1,6-10"% =16(mT1).

§ 34. /{is MarHiTHOr0 MOJISt HA MPOBIHMUK 3i cTpPyMOM. 3aKOH AMmiepa

BigMiTHa 0COOIMBICTS MAarHiTHOT'O
MOJIA - AISITH Ha PyXOMI 3apsJid Ta TPOBiJI-
HUKH 31 CTPYMOM JIESIKOIO CHJIOKO.

[cHyBaHHS Li€T CHIIM MOYKHA MPOJEMOHCTPYBATH
npoctuM jociizom (puc. 34.1). [To aBoM napaneabHUM
TOPH30HTAJIBHUM TPOBITHUKAM SIK TI0 peiiKax MOXe Tie-
peKoYyBaTHCS JETKUI TIPOBIAHMIN (JTFOMiHIEBUH) IIHTi-
HAPUYHUI CTPYKEHb - mepeMuyka. KiHIi peiiok miak-
JIFOYEHi 710 JpKeperta MOCTIHHOTO CTPyMY, epeMuYKa
3aMHKA€E KOJIO CTPyMy. SIKIIIO MiTHECTH [0 EPEMUUKH
0e3 cTpyMy MarHit, BOHa 3aJIMIIAETHCS HEPYXOMOIO -
IIOMiHIH € cTabOMarHiTHUX PEYOBHHOIO, IPUTATAHHIM
AITFOMIHI€BOTO CTPUIKHSI JI0 MAarHiTy MOYKHA 3HEXTYBATH.
Ane K110 Yepe3 KOHTYpP NPOIMYCKaTH CTPYM, IepeMH-
Ka IiJ] Ti€10 CHIIM AMIIepa MOYMHAE MEPEKOIyBATHCS 110
peiiKax B Ty 4H iHIIIy CTOPOHY.

Jocmigaum muisxom A. AMiep Bcra- Puc. 34.1.

HOBUB, IIIO cu.la, AKa oi€ Ha enemenm npo-
sioHuKa 3i cmpymom ldl 6 macnimuomy noni, NOPIBHIOE BEKTOPHOMY TOOYTKY €JIeMEHTa

CTpyMy Ha BEKTOp MarHiTHOI iHAYKIT (3axon Amnepa)

dF = I[dI,B]. (34.1)
F :
Monynb cuiin Amnepa JOpIBHIOE
dF =1Bdlsina, (34.2)
ne o - KyT Mk Bekropamu dl 1 B.
) Harmpsim cumn Ammiepa BU3HAYa€ThCS TTPaBUIIOM

»- BekTOpHOrO 100YTKY (mpasuioM reunTa). Cuina dF e
NePIIECHANKYJIIPHOIO 10 TUTOIUHH, B SIKil JIeXKaTh Be-
kropu enemMeHnty crpymy | dl i marniTHOT iHIYKIIIT B.
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3pydYHO TaKOX BU3HAYATH HAMPsIM CUIIM AMIiepa 3a JOMOMOTOI0 npasuia ieoi
PYKU: SIKIIIO TIOMICTUTH JIIBY PYKY TakK, 11100 MarHiTHI CHJIOBI JIiHIT BXOJMJIH B 11 JJOJIOHIO,
YOTHUPH BUIPSMIICHUX MAJIbls BKa3yBaJld HANPSMOK CTPYMY, TO BiJICTaBJICHHM yOiK Be-
JUKUH Tajelb BKa3ye HanpsM cuiau Amriepa (puc. 34.2).

VY pasi ogHOpiAHOTO MarHiTHOro noJjist (B = const) 1 mpsAMOIiHIHHOTO MPOBITHUKA
(o = const), cuia, 110 Ji€ Ha IPOBITHUK 31 CTPYMOM

F =[dF =IBsina[dl = IBIsina. (34.3)

§ 35. Bzaemoais 1BOX mapaJieJibHUX CTPyMiB. BuzHaueHHs: oquHMLi cH-
JIK CTPYMY - amIepa

BukopucTtoBytoun 3akoH Amrepa, BA3HAYUMO CHITY, 3 SIKOIO B3a€EMOJIIIOThH JIBa
napayieJIbHUX IMPOBIJIHUKA 31 CTpyMOM. Po3riisiHEMO J1Ba napayiebHUX HECKIHUEHHO J0-
BIUX MPOBIIHUKA, IO SIKUX T€UyTh CTpyMH |; 1 2,110 3HAXOAATHCS Ha BiacTaHi b oquH
BiZ ogHOTrO (prc. 35.1). Ha Bimpi3ok moexuHOO | qpyroro nposigHuka 3 00Ky MarHit-
HOTO I10JIs1, CTBOPIOBAHOT'O CTPYMOM B IIE€PILIOMY ITPOBIIHUKY, 3T1IHO 3 (OPMYJIIOHO
(34.3) nie cuna Amrepa (MarHiTHa iHAyKIiis By neprneHaukyasipHa IpOBIIHUKY 2, TOMY

sina=1):
Fl = |2 Bl | (351)
%I ) I % MarsiTHa 1HIYKIIis 101, CTBOPEHO-
_ = By r'o MPOBITHUKOM 1 B MiCIIi 3HaXOKCHHS
ﬁ )7 -~ MPOBITHUKA 2, BUPAKAETHCSA (HOPMYIIOIO
o2 ] ] N (32.8), omxe
/ !
;.z/ - B ="0L. (35.2)
B o4 - 7 270
2 Tomi
b Lol
F=1,7%, 35.3
=1, 00 (353)
Puc. 35.1.

a cuia, sika MpUMnagac Ha OJUHUITIO
JIOBKMHH IIHOTO MPOBITHUKA,
= Holil, _ (35.4)
270

AxOu My 00UMCIMIIM IHIYKUIIO By, CTBOPIOBaHY CTPyMOM |2, @ MOTIM 3HANILIN
CHILy, JII0Yy Ha IPOBITHUK 1, To oTpumanu 6 Ty camy Gopmyiy. OTxe, TOUHO Taka XK
3a BEJIMYMHOIO CUJIa, TUTBKH CIIPSIMOBAaHA MPOTHIICKHO, Oy /1€ TIATH HA OJTUHHUIIIO JTOB-
’KUHU TIEPIIIOTO MPOBITHKUKA 3 OOKY MarHiTHOTo moutst npyroro. Lle, no peui, BuniauBac 3
TPEThOTO 3aKOHY HbhIOTOHA MPO PIBHICTH CHJI Mii 1 MPOTHIII.

TakuM 4YMHOM, IPOBIAHUKH 3 0OHAKOBO HANPAMIAEHUMU CIMPYMAMU NPUMSA2Y-
tombcs. Jlerko nokasaru, Mo NPOBITHUKYU 3 IPOMUNEHCHO CHPAMOBAHUMU CIPYMAMU
BIOULMOBXYIOMbCSL.

[Ipu oguHUYHIN CuITl CTPyMY B MMPOBIJHUKAX, PO3TAIIOBAHMX HA BiJICTaHl 1 M
OJIVIH BiJl OJTHOTO Ha OJIMHUITIO IOBKUHH KOXKHOTO 3 HUX OyJie MisITH B BaKyyMi CHJIa
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-7
£ =10 0T (35.5)

2r-1

Ha ocHoOBI edekTy MarHiTHO1 B3a€EMO/Iii CTPYMiB BBOJIUTHCS YETBEpTa (pa3oM 3
KUTOTpaMOM, METPOM 1 CEKYH/I00) OCHOBHA OAMHUIIST M1KHApOIHOI CHCTEMH OJTUHUITH
CI - oguHULA CUIU CTPYMY - amnep.

Amnep - cuna He3MIHHO20 CmMPYMY, AKUU NPOXOOAYU NO 080M NAPANENbHUM NPsi-
MONIHIUHUM NPOBIOHUKAM HECKIHUEHHOI 008IHCUHU T MI3EPHO MAI020 KPY20B0O20 nepe-
MUHY, PO3MAUOBAHUM HA GIOcmaHi 1 M 00uH 60 IHUI020 8 BAKYYMI, GUKIUKAB OU MIdiC
yumMu nposionuxamu cuy, wo oopienioc 2-107" H na xoscnuii memp 0062cuHu.

§ 36. [lis marniTHOTrO moJist HA pyxomuii 3apsia. Cuiia JlopeHna

3Haro4M 3aKOH AMIiepa - BUpa3 sl CHJIH, IO JIi€ Ha eJIEMEHT CTPYMY B MarHiT-

Homy noiii dF = | [dl, B], - MoskHa BU3HAUUTH CHITY, IO Ji€ HA OKPEMHH PYXOMHUH 3a-
psI.

F=q[v,B] [To3Haunmo vepes N KIIbKICTh
CJIEKTPOHIB, IO PyXAIOTHCS BIIOPSII-
KOBAHO B OJIMHUII 00'€eMy MPOBIIHU-
Ka, V - MBUJAKICTh I[LOTO PYXY, S -
IJIOIY Mepepi3y NPOBIIHMKA, € - 3a-
pSiJl €JIEKTPOHA.

Toni cuna ctpymy | = nevs, a
nooytok | dl (enement ctpymy) mopi-
BHIOE nevSdl = Nev, ne N - KUIBKICTb
CJICKTPOHIB, IO PYXAIOTHCS BIIOPSI/I-
KOBaHO B 00’ eMi JUIsiHKH cTpyMmy. [1i-
nctaBuBIld Idl = Nev B popmMyiny aM-
MEPOBOI CUJIU 1 pO3ALTUBIIN Ha N,
OTPUMAEMO CHITY, IO Ji€ Ha OWH €JICKTPOH. 3aMiHHMBIIH B 3aTAJIbHOMY BUTIAJKY e Ha (,
OTPUMAEMO

F=q[v,B]

Puc. 36.1.

Fr=qlv, B] (36.1)
[ro cuny Fj, 110 Ji€ HA YACTUHKY 3 €JIEKTPUY-
HUM 3aps]IoM (, SIKa pyXaeTbes 31 MBUAKICTIO V, B
30BHIIIHHOMY MarHiTHOMY TOJIi 3 iHAYKIli€l0 B Ha3u-
BatoTh cutoro Jlopenua (a00 macnimmoi cunorw).
Monyns cunu JlopeHiia JopiBHIOE
Fn=qvB sin a, (36.2)
7€ q - abCoMI0THE 3HAYEHHS PyXOMOTO 3apsifay, V -
MOYJTh HOTO MIBUAKOCTI, B - MOyJIb 1HAYKIIIT Mar-
HITHOT'O TOJIA, 0. - KyT MK BekTopamu B 1 V. Crnin
MIJIKPECIUTH, 10 HA HEPYXOMULL eIeKMPUYHUL 3apsi0
Mmaenimue noge He Oie. 1le BiApi3HsIE MardiTHE MOJIE Bl €JIEKTPUYHOTO.
Hanpagnena cuna JlopeHiia nepreHIuKyJIsipHO 10 TUIOLIUHU, B SIK1H JIe)KaTh BEK-
Topu V 1 B. SIkuo 3apsin no3utuBHUM, HanpsaM cuiid Fj (HarpsiM BEKTOPHOTO A00YTKY
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[v, B]) Bu3HauaeTwcs npasunom npasoeo esunma (puc. 36.1): KO roJIOBKY TrBUHTA
o0epTaTy B HAIIPSIMKY BiJ] IEPIIIOT0 MHOKHUKA BEKTOPHOTO TOOYTKY /10 Apyroro (Big V
1o B), To rBUHT npocyHeTbcs B HAMPSAMKY BekTopa [V, B]. Skmio 3apsan HeraTuBHUM
(puc. 66.1), To HaTIPsAM CUJT 3MIHIOETHCS Ha MPOTUIICKHUH.

[HIIMM 3pyYHUM ITPaBUIIOM BU3HAYEHHS HANpsIMKY cuin Jlopenna F, mo nie Ha
MIO3UTUBHUMN 3apsi, € npasuio aieoi pyku (puc. 36.2): KOJIM MarHiTHI CUJIOBI JIiHIT BXO-
JSITh B JIOJIOHIO, @ YOTUPH BUTSATHYTUX NaNbIll CIPSIMOBAHI Y3/10BXK IIBUIKOCTI 3apsy,
TO BIAITHYTHH Ha 90° BeNMKUH TajIelh BKaXKe HAIIPSIM CHITH.

B enexrpuunomy mosti HanpyskeHicTio E Ha 3apsi ( He3aJaeKHO BiJl TOTO, pyXa-
€THCS BIH UM 3HAXOJIUTHCS B CTaHI CIOKOO, i€ cuna Fe = ( E. SIk mokasye mociin, emne-
KTPUYHE 1 MAarHiTHE MOJIS AIFOTh HE3aJIeKHO. ToMy B pa3l CIUIbHOI J1ii €JIeKTPUYHOTO 1
MarHiTHOTO TIOJIIB PE3yIbTyIO4a CHJIa

F=F.+F.,=qE+q]v, B]. (36.3)
[{ro MOBHY CHJTy TaKOX YacTO HA3UBAIOTh CUJIOK0 JIopeHiia

Ilpuknao 36.1. JIBa TOUKOBHX 3apsiau (1 1 J2 PyXarOThCs MapalieIbHO OJWH OJJHOMY 3 OJIHAKO-
BUMH HEPEIATUBICTCHKUMHU MIBUAKOCTIMH V << C. Bimcrans mMix 3apsgamu I'. [lopiBHATH, Y CKITbKA
pasiB cuna Fxy, enekTpudyHoi B3aeMoAil Mixk 3apsaamMu Oiiblie cunu Fiop MarHiTHOT B3aeMoii Mixk
HUMMU.

Bixnosizuo 1o 3akony Kysnona enexrpud- v v
Ha CWJIa, 11O Jli€, HATIPHUKJIIA/, HA IPYTUH 3apsi 3
OOKy IepIIoro, TOPiBHIOE - & A =
L PR -
1 q1q2 'FIKWI 1 = — fj'z FE Fyn
FZKyﬂ = r. (I1. 36.1) - F Top -
Are, 1° -
TyT I - paaiyc-BeKTOp, IPOBEAECHU Bij Puc. I1. 36.1.

MIEPILIOTO 3apsiLy 10 Apyroro. MarHiTHa cuia
(cua JlopeHnia), o i€ Ha IPYTU 3apsl, 3 00Ky
Mar"iTHoro nois Bg, cTBOproBaHOTO pyXOMHM HEPUINM 3apsiIoM, JOPIBHIOE
Fosiop =2 v, B, |. (1. 36.2)

Je 3rigHo 3 (33.1) iHAYKIIS MarHiTHOTO MOJIE PYyXOMOTO 3aps/y (i1 B TOYII, A€ 3HAXOAUTHCS
JOpYTU# 3apsj

B, = Ho Lv,r]. (1. 36.3)
A7 r3
[TincTaBnsroun 3HAYSHHS MarHITHOT IHAYKLIT B hopmyiy cuim JlopeHna, oTpuMaeMo
,Uo%%
Fiop = o v,[v.r]]. (I1. 36.4)

TyT Mu 3ycTpidaemMocs 3 MOJIBIHHUM BEKTOPHUM J100yTKOM BeKTOpiB. Po3kpuBaemo Horo 3a Bi-
nomuM npasusioM «bAILL minyc LIAB»
[a[b,c]]=b(ac)-c(ab).

Toni Bupa3 ans cuu JlopeHa HabyBae BUTIIALY

2
:ququ( (VI’) r(W)):ﬂojlqgv(_ r), (I1. 36.5)
i

TyT BpaxoBaHoO, 110 CKaJIsApHI JOOYTKH BEKTOPIB JOPIBHIOIOTH BIJIOBIIHO:
(vr)=v-r-cos90°=0, (w)=Vv>.

F./Yop
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3anumInIocs 3HANTH BiTHOIICHHS eIeKTPUYHOI 1 MarHiTHOI cwit. Po3ainusim (I1. 36.1) na (I1.
36.5), orpumaemo:

Fr 1
AP 5 (I1. 36.6)
Fﬂop 801”0\/
3'1cyeMO 3HaYCHHS KOMOIHAIIi{ TBOX KOHCTAHT:
1 1
= =9.10%% n?/c2. (IL. 36.7)

&ty 885-1077-4.314-107"
Benmuuna 1 / (€0 o) 1 32 YMCIOBUM 3HAUYECHHSIM, 1 32 PO3MIPHICTIO TOPiBHIOE KBaApaTy MIBUIKOCTI CBIT-
na 'y BakyyMmi ¢ = 3 * 108 M/ ¢. OcTaTo4HO OTPUMYEMO, LIO €IEKTPHYHA CHJIa OiIbIIe MarHiTHOI B ¢/V? pasis.
FKsz C2
=——. (I1. 36.8)
F v

Jlop

HaBiTh U1 my’ke BeNMMKUX JOCSHKHHUX MIBUAKOCTEH V II€ BiTHOIIEHHS BEIHYE3HE, TOOTO eNeKTPHYHA CH-
na 'y 6araTo pasiB MepeBeplIye MarHiTHY.

[IpoTte, MaruiTHy CHITy CIIiJi BpaXOBYBaTH, HAMPUKJIIA/, B IPOBOAAX 3i cTpyMoM. EnekrpuyHi cuimu B
IIbOMY BHIIQJIKy 3HHKAIOTh BHACTIIOK OaJaHCy MO3UTHBHUX 1 HETaTHBHHX 3aps/iB B IPOBOJAX, 3IUIIAIOTHCS
TIJBKW MArHITHI CHJIH, SIK1 BUSBIISIOTHCS JOCUTH BETUKUMHU.

§ 37. Pyx 3apsiizkeHMX YACTUHOK B MATHITHOMY IOJII

1. PosristneMo nepuiuii okpemuii sunadox, KOJIU YaCTUHKA Macoro M 1 3apsaoM (
PYXa€ThCsl B OJHOPITHOMY MAarHITHOMY MOJI1 3 IHAYKIII€I0 B Tak, 1110 MBUIKICTh YaCTU-
HKH V CIIPSIMOBaHA napaieibHo MacHimHomy noito. B 11boMy BUIIAJIKy CUJia
- Fri=q]lv,B]=0, (37.1)
B 1, OT)Ke, yaCTUHKa OyJie pyXaTUCs PIBHOMIPHO 1 IPSMOJTi-

»- HifHO (puc. 37.1).
O — === —— = - 2. [pyeuii okpemuti 6unadox Mae MicIie, KOJIM YacTH-
9 p- HKa PYXa€eThCsl 31 UBUAKICTIO, NEPNEHOUKYNAPHIL 00 BEK-
Puc. 37.1 mopa B. B 1boMy BUIIQJKy CHJIa JOPIBHIOE 32 MOAYJIEM
Fn=qvBsin (n/2)=qvB (37.2)
1 cIpsIMOBaHa MO0 HOPMaJli 10 TPAEKTOPIl YACTUHKH, HAIAI0UH 11 HOpMaJIbHOTO MPUCKO-
PEHH3, 110 JOPIBHIOE 3a MOAYJIEM

a, _Fr_a. (37.3)
m m

Ockisibku cunna Fj 3aBx M cipsMOBaHa MEPIEHIUKYISIPHO 0 IBHUJIKOCTL V PyXy
3apsKEHOT YaCTUHKU, BOHA HE 3MIHIOE BEJIMUYUHM MIBUAKOCTI, a 3MIHIOE JIMIIIE ii Ha-
npsiMoK. OTKe, KIHETUYHA SHEpris 3apsAKEHOI YACTUHKH MPHU PYCl B MarHITHOMY MOJI1
HE 3MIHIOETBCS, 1 CUIAd He BUKOHYE pobomu TIPU OyAb-IKOMY MEepEeMIllIeHH] 3apsIKeHOT
YaCTUHKHU.

Yacrtunka 6yne py-
XaTHUCS TIO KOJTy, pajiyc
SKOTO BU3HAYUTHCS, SIKIIO
TIPUPIBHATH BUPA3 JISI
HOPMAJIBHOT'O ITPUCKOPEH-
Hs Bupasy (67.3):

Puc. 37.2.



2

a =Y =98 (374)
R m

n

3B1IKHA
_ \Y
g
m
BigHomenus g / M Ha3UBAETLCS RUMOMUM 3APAOOM JACTUHKH.
[Tepion T oOepTaHHS YaCTUHKH, TOOTO Yac, 110 BUTPAYAETHCSA HA OJIUH 000POT,
BH3HAYMMO, PO3JUIMBIIN JOBXKHHY OKPY>KHOCTI 27TR Ha MIBUIKICTh YaCTUHKH V.

R (37.5)

T_R_2m (37.6)
v dp
m

Ak BuruuBace 3 (37.6), nepiog o6epTaHH YaCTUHKH HE 3aJICKUTD BiJI i1 IIBUIKOC-
Ti (€Heprii), a BUBHAYAETHCS TIILKU MUTOMUM 3apPs/IOM YaCTUHKH 1 MArHITHOIO 1HIYKITi-
€10 TIOJIA.

Hanpsim o6epTaHHs YaCTUHKHU IO KOy IIOKa3aHo Ha puc. 37.2 (MarHiTHe mosie
HaIpaBJIEHO BiJl HAC). SIKIO 3apsi ( MO3UTUBHUMN, TO HANpsM BeKTopa B 1 KyTOBOi
IIBUJKOCTI ® MPOTHIIEAKHI. Y pa3l HEraTUBHOTO 3apsiay ( 1i Hanpsamu 30iratrotecs. (Ha-
rajaemMo, 1o KyToBa MBUAKICTh () CIIPSIMOBaHAa MO 0C1 00epTaHHA 3a IPaBUIIOM ITPaBO-
ro TBHUHTA).

3. Tpemiii 6unadox € 3arajJbHUM BHITAIKOM PYXY 3apsI>KEHOI YACTHHKHU B OJTHO-
PIIHOMY MarHiITHOMY IOJ1, KOJIU ii weuoKicms V cnpsamo8ana nio 008ilbHUM KYHOM O
710 BEKTOpa MarHiTHO1 1HAYKIIT B. Po3knanemMo BEKTOp MIBUAKOCTI V. HA JBI CKIIAJIOBI:
IIBUJIKICT HANIPABJIEHY B3J0BXK 1O (V| ) 1 IIBUAKICTE, NEPIEHAUKYIAPHY 10 OIS
(v 1) (puc. 37.3):

V=v|t+tvdi

Monyni ux CKJIaJIOBUX JI0PiB-
HIOIOTh V.

V| =Vcosa, VL=Vsina. (37.7)

Pyxu 3 nuMu MIBUIKOCTSMU €
He3aneXHuMHu. [IBuAKiCTh V| B MarHir-
HOMY TI0J1i HE 3MiHIOEThCS, TOMY 110
MIpH pycCi mapaJieTbHO MOJI0 MarHiTHa
cuia (cuia ) JOpiBHIOE HYJ0. Tomy B
HAIpPSIMKY TI0JIs1 YaCTHHKA PyXa€ThCS 3a Puc. 37.3
IHEPIIIEIO0 PIBHOMIPHO 1 MPSMOIIIHIIHO 31
IIBUJIKICTIO V|| =V COS Q.

3aBAsSKM CKJIA0BIM VL YaCTUHKA IOBUHHA PYXaTHUCS MO KOJY, IUIOIIMHA SKOTO
MepHeHANKYJISIpHA 10 BeKTopa B, a pazdiyc 3a ¢popmynoro (37.5) nopiBHIoe

VSin &

R= (;’i ; (37.8)
9g 9
m m
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B pe3ynbTaTi ckiananHs 000X HE3aJeKHUX PyX1B YACTHHKA Oy/ie pyXaTHcs Mo
MUATIHAPUYHIN criipalii (TBUHTOBIH JIiHIT), BICh SIKOT 301ra€ThCs 3 JIIHIEKD MAarHITHOL 1HIY-
Kiii (puc. 37.3).

Bigcrans h Mix cycigHiMu BUTKaMu (KPOK TBHHTOBOI JIiHIT) TOPIBHIOE

h=v|T.
3aminuBmu V|| 3a popmynoro (37.7), a T'3a (37.6), orpumMaeMo
h=2"Mcose. (37.9)
B q

Ilpuknao 37.1. EnexTpoH pyxaeThcsi B OHOPITHOMY MarHiTHOMY 1o 3 iHaykumieo B =1 mTn
10 KOy pajiycoMm I = 2 cM. BU3HaunTH KIHETUYHY €HEPTito eJIeKTpOHA. 30UIBIICHHS MacH €JIEKTPOHA
31 HIBUJIKICTIO HE BPaXOBYBAaTH.

Y

3i cniBBigHOmEeHHa R = OTPUMAEMO

98
m
V:qBR

m
3BIJIKM HEPEJSITUBICTCHKUI BUpa3 JUIsl KIHETHYHOI €HEPTii J1ae

2 2
_(@BR)” 355907 110,

mv

2 2m

Ilpuknao 37.2. B ognopinne maruitae nose 3 inaykuieto 1 Tn Biitae mpoton. Tpaekropis
MIPOTOHA SIBJIsI€ COO0I0 TBUHTOBY JIiHIO 3 pajgiycoM R = 8 c¢m 1 kpokom h = 40 cm. BusHauntu mBu-
KICTh NMPOTOHA. SIKY MPUCKOPIOBATIbHY PI3HULIIO MOTeHIianiB U MpoUIIIOB MPOTOH, MEPII HiXk MOTPAaIu-
THU B MarHiTHe moJje?

Sxmo migctaButu B popmyiny (37.9) 3HaueHHs panaiyca rBUHTOBHH diHii (37.8), TO oTpuMaemo

Ek:

h=2aR/tga,
3BIIKHA
g = 2R
n .

Bupaszumo kocuHyc KyTa o MiX IIBUAKICTIO TPOTOHA 1 HAIIPSIMOM MarHiTHOI 1IHAYKLIT yepe3
TaHTeHC 3a (popMyIamMHu TPUTOHOMETPIi:

1

1
J+tg?a (zﬂRJZ
1+ —

COSax =

h
Tenep 3a popmyioro (37.9) MoxkHaA BU3HAUUTH HIBUAKICTH POTOHA
qBh qBh 2RY  16-10%°.1.0,4 6,28-0,08
V= = 1+ = TRl R I
27mcosa  2zm h 2-314-1,67-10 0,4

KineTnuny eHeprito NpoToHa, 1110 MPOKIIOB MPUCKOPIOBAIBEHY PI3HUIIIO MOTEHI[IalliB, TPUPIBHIEMO
pOOOTI TPUCKOPIOBAILHOTO TTOJISI

2
j =98.10%u/c

3BIJICH 3HAXOAMMO PI3HMINIO TTOTEHITIATIB
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mv>  167-107"-(9,8-10%)°
20 2.1,6-107°

Ilpuknao 37.3. Y 01M3bKUX A0 MOMIOCIB 3eMJTi IUPOTax (MIBHIYHMX 1 MIBJCHHUX ) CIIOCTEPI-
raroThcs MoJsipHi csaiiBa. Lle cBitinasg Ha BucoTax 90-1000 kM po3pimkeHux mapiB atMmochepu. BoHo
BHUKJIUKAETHCS B3aEMOJIIEI0 KOMITOHEHTIB BUCOKHX IIapiB aTMOC(EpH - aTOMIB 1 MOJIEKYJI KHCHIO, a30-
Ty Ta BOJHIO - 3 3apsS/UKCHUMHU YaCTHHKAMU BUCOKUX €HEPTiil (€JIeKTpOHAMH i TPOTOHAMH), 1110 BHITY-
CKaloThbcs akTUBHUMHE oOnacTsiMu Ha CoHIIl (criajiaxamu).

[Tpu ibOMyY IPUCKOPEHI 3apsKCHI YACTUHKH MMPOHUKAIOTH B 30HU MOJIIPHHUX CSIAB ITiJ] BILIU-
BOM MarHiTHOTO 1moJist 3emuti. BOHM pyXaroThCsl 10 MarHiTHUX MOJIOCIB 3emiti mij gieto cunu Jlopenna
Y3/IOBXK MarHiTHUX CHJIOBUX JIHIN 3eMJli, HABUBAIOYUChH HA HUX.

3ITKHEHHS YaCTHMHOK 3 MOJIEKYJIaMH 1 aTOMaMH KUCHIO Ta a30Ty MPU3BOJATH 10 30y DKEHHS
OCTaHHIX, TOOTO JI0 EPEX0/1y B CTaH 3 OUIBIII BUCOKOIO eHeprieto. [loBepHEHHS B MOYaTKOBUIA PiBHO-
BaXHUI CTaH BiZIOYBA€THCS IUISIXOM BUIIPOMIHIOBAHHS KBAHTIB CBITJIa XapaKTEPHHUX JOBXXHUH XBUJIb.
Takoro € ofHa 3 TinoTe3 NiBHIYHOI'O CABa.

U= =5.10°B = 0,5MB.

Ilpuknao 37.4. [Juknompon. Po3riissHeMO SIK NPUKJIa]l IPUCKOPEHHS 3apsSIKeHUX YaCTHHOK.
[TpuckoproBauamMu 3aps/KEHUX YaCTHHOK HA3MBAIOTHCS MPUCTPOT I OTPUMAaHHS 3aps/HUKEHUX Yac-
TUHOK BUCOKHUX €HEprii. Y NpHUCKOproBayax BUKOPUCTOBYETHCSI KOMOIHOBaHa [Iisl HA 3apsi/XKeH] yac-
TUHKH €JICKTPUYHOTO 1 Mar"iTHoro moiis (puc. I1. 37.1).

EnextpuuHe moyie BAKOPUCTOBYETHCS JUIsl IPUCKOPEHHS 3apsPKeHUX YacTHHOK. Bigomo, 1110,
MPOMIIIOBIIY Pi3HHUIIO OoTeHIianiB U, yacTuHKa 3 3apsoM ( HaOyBae KiHeTHuHOi eHeprii £x = qU.

OpmHak 11 OTPUMAaHHS BUCOKHX €HEPTiid CTBOPUTH PI3HUIIIO IMOTEHIIIAJIB B COTHI MUTLHOHIB 1
MUTBSIpAM BOJIBT HE YABISEThCS MOXIMUBUAM. Lli TpymHOII MOXHA O0IATH, BUKOPUCTOBYIOUN YUKIIUHULL
CNocib NPUCKOpeHHs 3apAONCEHUX YACMUHOK. Y 1IbOMY CIIOCO01 3aps/PKEHY YaCTUHKY 3MYILIYIOTh Oa-
raTopazoBO MPOXOAUTH Yepe3 eIEKTPHUHE I0JIe, KOXKEH pa3 30UIbIIYyI0UH 11 €HepTilo.

HadinpocTimmii HUKIIYHIN pe30HAaHCHHUH MPUCKOPIOBAY BAXKKUX YaCTUHOK (ITPOTOHIB, 10HIB) -
yuknompoH. BiH CKIIagaeThes 3 BOX MOPOKHUCTUX €JIEKTPOIIB (JIyaHTIB), 1110 SBJISIOTH COOOIO /1B
MIOJIOBUHU HEBHCOKOI LIMIIIHAPUYHOT KOPOOKH, PO3/IIJIEHUX BY3bKOIO IIli-
nunoto (puc. I1. 37.1). B

JlyaHTu yKknafeHi B BakyyMHy Kamepy (Tuck ~ 10 mm. pr.ct.),

sIKa TIOMIIIIEHa M1 TMOJF0CAaMH CUJIBHOTO e€JIeKTpoMarHiTa. MarHitHe mose
€ OJHOPIAHUM 1 IEPIEHIUKYISIPHUM JI0 TUIOMKHU AyaHTiB (puc. I1. 37.1).
Ha nyanTtu nogaerbcs 3MiHHA Hallpyra BiJi TeHEpaTOpa BUCOKOI YaCTOTH.
[To6nu3y eHTpa MarHiTy B NPOMIKKY MIXK lyaHTaMH PO3MIIy€ThCs
JOKEPETIo 3apsKeHNX YaCTUHOK - HAIPUKIIa/I, 10H1B.

Hexaii HeraTuBHMIA 10H, BUJTITAE 3 JDKEpeTa B TOM 4ac, KOIU AyaHT

I~
1 mae nozutuBHui norenuian (puc. I1. 37.2). Ion Gyne BTArHYyTHIl Bcepe- + U
IUHY AyaHTa, Ha0y/e AesKoi IBUIKOCTI 1 OMuIle BcepeauHi ayanTa 1 mi-
BKOJIO TIOCTIMTHOTO pajiiyca. Puc. T1.37.1

Ko i0H BXOAUTH B 1yaHT, IPUCKOPIOBAJIbHA JIisl €IEKTPHUYHOTO
I0JIs1 IpUNUHAETHCS. Lle moB's13aHo 3 THM, O
MeTaJeBi CTIHKM JyaHTa eKPaHyIOTh HOTO BHYT-
PIIIHIO TOPOKHUHY BiJ] €JIEKTPUYHOTO MOJIS.
VYcepenuHi ayaHTa 4YacTHHKA 3HAXOJUTHCS i
I€I0 TUIBKU MArHiTHOTO MHOJIS.

Sk BunnuBae 3 popmynu (37.6), nepion
o0epTaHHs 10Ha B MarHiTHOMY MOJI1

T =27Z'm
gB

HE 3aJIE)KUTH BiJl HOT0 IMBUIKOCTI.
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MoskHa nigibpaT MarHiTHy iHIYKIi0 B Tak, o6 nepiog odepTanHs ioHa 36iraBcs 3 nepio oM
re’HepaTopa BUCOKOi 4acToTH. Lle o3Hauae, 1110 10 MOMEHTY BUXO/ly 10Ha 3 AyaHTa 1 Hampyra ejxeKTpu-
YHOTO T10JIS BiJ] BACOKOYACTOTHOTO I'eHepaTOpa 3MIHUTHCS HA TIPOTUIICKHY: TyaHT 2 HaOy/ee MO3UTH-
BHOT'O ITOTEHITIAy, a AyaHT 1 - HeraTUBHOTO. TOMY 10H 3HOBY IIPUCKOPIOETHCS 1 BCEpEIUH1 AyaHTa 2
OIIUIIIE MIBKOJIO BXKE OLIBIIOrO pajiycy, ajie 4ac, 3a SKUi BiH Ipoiiie NOJ0OBUHY KOJIA, 3ATUIIUTHCS
KOJIHMILIHIM.

Taxum YMHOM 10H OyJie MOTPAIUIATH B 3a30p MIXK JyaHTaMH KOXEH pa3 B TaKui camiid ¢asi
3MIHHOT'O BUCOKOYACTOTHOT'O €JIEKTPUYHOIO OIS, TOOTO KOJIM CUJIA JIiT €JIEKTPUYHOrO TOJISl HarpaB-
JeHa B OiK pyxy i0oHa.

Pyxatouuce B pe30HaHC1 3 BUCOKOYaCTOTHUM I10JIEM, 10HU B3JIOBXK CIipaii HaOIMKaIOThCA 10
Kparo MarHiTy. Ix enepris Oyze 3pocraTu Ha Benuuuny (U micis KOKHOTO IIPOXOKEHHS 3a30py Mix
JyaHTaMH.

Marouu B CBOEMY PO3IOPSIKEHHI HKEPENo HAPYTH MOPIBHAHO HEBEIUKOI BEIMYMHU, MOYKHA
MIPUCKOPIOBATH MPOTOHHM 110 €Heprii mopsiaky 22 MeB (To0To eHeprii, Iky oTpuMaB O MPOTOH,
MPOMIIOBIIY MPUCKOPIOBAIBHY PI3HUIIIO MOTEHIIANIB B 22 MUIbHOHIB BOJBT).

OpHak € NPUYKHY, 1110 OOMEKYIOTh MOXKJIMBOCTI 3HAYHOTO 30UTBIIICHHS €HEPrii YaCTUHOK B
MUKIOTPOHI. KOJIM 9acTHHKH PO3raHsfOThCS 10 MIBUIKOCTEH, OJIM3BKHX JI0 IIBUAKOCTI CBITIIa, JOBO-
JUTHCS] BpaxOBYBATH 3aJI€KHICTh MAaCH MPUCKOPEHUX YACTHHOK BiJl IIBUAKOCTI. TOMY JIJIsl TOCSTHEHHS
BHCOKHX CHEPTiil YaCTHHOK 3MIHIOIOTh 200 9acTOTy 3MiHHOT Hanpyru (pa3oTponn), abo BEININHY Ma-
THITHOTO T0JIs (CHHXPOTPOHHU), a00 1 Te, 1 iHIIe (CHHXpOo(a30TPOHN).

Ilpuxnao 37.5. HuknoTpon npuckoproe nmpotonu 1o exeprii 20 MeB. fkuii paaiyc nyanrtiB
LUKJIOTPOHA, AKIIO MAarHiTHa iHxyKiis B = 2 Tn? Maca npotona My = 1,67 « 107’ kr, #oro nuromuii
3apsia e/ mp=0,929 ¢ 108 K / k.

Binnosinuo 1o ¢popmynu (37.5) paniyc Koina, 3a IKHM pyXaeThes 3apspPKeHa YaCTHHKA B Mar-
HITHOMY MO,

_ v
9
m

[IBUaKICTH MPOTOHA BUPA3UMO Uepe3 Horo KiHeTH4YHY eHeprito. [lpu npomy 6ynemo Kopucrty-
BaTHCsI HEPEIATUBICTCHKUM BHPA30M JUIs KIHETUUHOI eHeprii

2
_ m pV
k — T’
OCKIUJIBKM KIHETMYHA eHepris npoToHa 3a ymoBoto 20 MeB, 1m0 HabaraTo MeHe ioro eneprii
criokoro Ep = 938,2 MeB. 3Biacu mBHUKICTh IPOTOHA

R

2E
v= =&
m p
Paniyc nyanTta oueBUIHO HE MOXe OyTH MEHIINM HIXK pajilyc Kojia, [0 OMHCYE MPOTOH. Bu-

3HAYMMO #oro B cuctemi CI, 3aMiHMBIIN eNeKTPOHBOILTH Ha mkoyai (1 eB = 1,6 « 1071° [Tx):
2B, 2.20.10°.16-107"
m, 1,67-107%
e n  0959-10°.2

==0,323m=32,3cm
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§ 38. E¢exT XoJi1a

SKI110 B3I0BXK MPOBITHOT TUTACTHHM, ITOMIIIEHOT B TIOTIEPEYHE MAarHIiTHE MOJIE, WIe
CTPyM, TO Ha HOCII cTpyMmy Oyze niatu cuia JIopeHia B HalpsiMKy, IepIeHIUKYIISIPHO-
MY 1 10 Mar"iTHOTO MoJs, 1 10 ToKy (puc. 38.1).

Jli€ro 11i€1 CUTN MOSICHIOETHCSI BUHUKHEHHS TIOTIEPEYHOTO EIEKTPUIHOTO TIOJIS B
MPOBITHUKY a00 HAIIBIPOBITHUKY 3 CTPYMOM, SIKUM MMOMIIIIEHU# B MarHiTHe 1osie. Lle
saBUIIe OyJIO BUABICHO aMepuKaHChbkuM (i3ukoM E. XosioMm 1e 10 BIIKPUTTS €NeKT-
POHIB.

Posristnemo
MPOBIIHY TUIACTUHY
3 CTpyMOM, SIKY
MIPOHHU3Y€E€ MArHITHE
nojie 3 IHAYKIIEHO
B, mo cnpsmoBaHe
«Big Hacy  (pwuc.
38.1). Koxen Hocii
CTPYMY BUSIBIISETh-
Ci MiA JIE0 CUIU
Jlopenua. Y Hera-
TUBHUX 3apsiB BEKTOP HIBUIKOCTI YIOPSAKOBAHOTO PyXy V 1 cTpyM | crpsimoBaHi B
POTUJICKHI CTOPOHU, Y TIO3UTUBHUX 3apAJIIB 11 HAPSIMKU 301ratoThCs. 3aCTOCOBYIOUYH
IpaBUIIO JIIBOI PYKH, 3HaXOUMO, III0 B 000X BUMAAKaX, 300paxeHux Ha puc. 38.1, cuna
Jlopeniia crpsiMoBaHa 10 BEpXHBO1 rpani miacTuHu. OTKe, HOCIi 3aps/iB, HE3aIEKHO
BiJl X 3HAKY, HAKOMTUYYIOTHCS HA BEPXHIM rpaHi MIACTUHH.

SKII0 HOCISIMU CTPYMY € €JIeKTPOHH (y METaJIIB 1 HAMIBIPOBIAHUKIB N-TUNY), Y
BEPXHIil rpaHi YTBOPIOETHCS HAUIMILIOK HETATUBHUX 3apsiB, BIAMOBIIHO Y HUKHIN
IpaHi - HA/UTUILIOK MO3UTHUBHUX 3apAJliB. Y HAIIBOPOBIIHUKIB p-TUIY HOCISIMU CTPYMY €
TaK 3BaHi «IIPKH», IKI MAIOTh TO3UTHUBHUM 3apsA. Y IbOMY BUIAIKy BEpXHs IpaHb 3a-
PSKAETHCS TIO3UTUBHO, a HUXKHS - HETaTUBHO.

3apsnau, o 310panucs Ha BEPXHIN 1 HUKHIN TPaHsX MIaCTUHU, CTBOPIOIOTH BCE-
pEeANHI TUIACTUHHU NonepeydHe (1 40 TOKY, 1 10 MOJIs) eJIEKTPUYHE MOJI€ HAMPYKEHICTIO
Ex. lle nose 1ie Ha €IEKTPUYHI 3apsId 3 CHIIOO

Puc. 38.1.

F =qEx. (38.1)
3 iHmoro 00Ky, Ha 3apsAau Aie cuia JlopeHIa, 1mo JOPIBHIOE 32 MOIYJIEM
Frp= qVB,
(TOMYy 1110 V TIEpIIEHAUKYIISIPHO 10 B).
i nBi cuu BPIBHOBAXYIOTH OJTHA OJHY:
gvB = gEx,
3BIJIKHA
Ex = vB. (38.2)

3 hopMysu ISl TYCTUHH CTPYMY | = (JNV 3HAXOJMMO IIBUIKICTh YIOPSIIKOBAHO-
ro pyxy 3apsjiiB
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ved (38.3)

Toni s HAMPYKEHOCTI MOMEPEYHOTO (XOJIIBCHKOI0) EIEKTPUUYHOTO MOJIs
OTPUMYEMO
Ex = . (38.4)

[ToMHOXUBIIIH HAMIPYKEHICTh E£x Ha BIJICTaHb a MiX TPaHIMHU IJIACTHHH, OTPUMa-
€MO TIOTIEPEUHY HaNpyTy (PI3HUIO MOTEHITIATIB MK [IUMU TPAHIMU)

UX=EXa:(;ana:RXBja. (38.5)
Tyt xoeditieHT
R, =1 (38.6)
gn

Ha3UBA€ETHCS cmanoio Xonnd.

Ockinibku cunna ctpymy | =j S =j ¢ ad,

IB
U, =Ry q (38.7)

Bu3zHnauuBIIM 3HaK XOJUTIBCHKOT P13HUIII MOTEHITIANIB, MO’KHA BCTAHOBUTH 3HAK
HOCI1B CTPYMY, a BUMIPSIBIIU CTaTy XO0JIJIa, MO’KHA BU3HAYUTH KOHIICHTPAIIII0 HOCIiB
CTpYMY B BIJIMIOBITHUX MeTallaX 1 HamiBIpoBiAHUKax. Tak, Oyyo 3HaiIeHo, 1110 TYCTHHA
eJIEKTPOHIB B MeTajdax cTaHoBUTh N = 10%® M3, a B namisnposigaukax N =~ 10%° m = (8
KyOi4HOMY CaHTHMETPI, Bianosigno, 10221 1014).

Ha ocHoBi edekty Xosuta npaiftoroTh JaT4uku XoJa: Tpuiaau, 1o J03BOJSI0Th
MPSIMO 1 TOYHO BUMIPIOBATH 1HIYKIIF0 MAarHiTHOTO MOJIsI, @ TAKOYK BUKOHYIOTH 1HIII 3a-
BJIaHHS aBTOMATHKH.

Ipuknao 38.1. B3noex cpiOHOT cTpiuku ToBIIMHOK 0 = 0,1 MM MPOXOIUTH CTPYM CHIIOO | =
10 A. Crpiuka 3HaXOIUThCA B MarHiTHOMY 1o 3 iHaykimieto B = 1 Tu. Jlinii iHayKmii nepreHauKys-
pHI1 10 cTpiuku. XOJUTIBCbKa PI3HULI MOTEHITIaNIB BUsiBMIIacs piBHOIO Un = - 8,87 MxB. Busnauntu
KOHIIEHTPALlII0 N HOCIiB CTpyMy B cpibii.

OCKIJIbKM XOJUTIBCbKA PI13HUIIS MOTEHI[IANIB 32 YMOBOIO HETaTUBHA, HOCIT CTPyMY MarOTh Hera-
TUBHUH 3apsia. Lle enekTpoHu, 1110, B3arajii KaKy4dd, 04€BUIHO, TOMY L0 Cpi0I0 € METAJIOM.

KoHiienTpaiiito enekTpoHiB B CpiOiIi MOKHA 3HAWTH 13 CITIBBITHOIICHHS

1
n=——.
R,e
Crana XoJuta BU3HA4a€ThCsl BUPA30M
U,d
Ry =—"—.
IB

3B1JIKM KOHIIGHTpALisl €JIEKTPOHIB B cpibIIi

B 10-1
U,de (-887-107°)-10*.(-16-107")

=7,05-10%1/ 13
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§ 39. llupkyJislisi BeKTOPAa MATHITHOI iHAYKIIII Yy BAKYYyMi

Haramaemo, 1o mupKyJIsifiero BekTopa B 1o 3a1aHoMy 3aMKHYTOMY KOHTYpY L
HA3MBA€ETHCS KPUBOJIIHIMHUHN 1HTETpas Mo 3aMKHYTOMY KOHTYPY BiJl CKaJIsIpHOTO J00YT-
Ky BekTopa B i BekTopa eneMeHTa ToBKuHU KoHTypa dl. Moayine Bektopa dl mopiBHIOE
MajioMy elieMeHTy AoBxuHU dl, a HanpsMoK 30iraeThbes 3 HAPAMKOM 00XOAYy KOHTYpa.

fB-dl ={Bdlcosa ={BdI . (39.1)
L L L

Tyt By = B cos a - npoekiiis Bektopa B Ha HampsiM dl, o - kyT Mixk BekTropoM B 1
BEKTOPOM ejieMeHTa JoBxuHu dl.

[upkynsiiro BekTopa B HalimpocTiiie 00YMCIUTH Ha TIPUKJIIAJIl MAarHiTHOTO TOJISI
IPSAMOJIIHIMHOTO MPOBiAHUKA 31 cTpyMoM (puc. 39.1). JIinii MarHiTHOT 1HAYKIT MOJIs
PSIMOTO CTPYMY MPEJCTABISAIOTh COOOI0 KOHIIEHTPUYHI KOJIa, 1110 JIeKATh B IIONIHHI,
NEePHeHAUKYIISPHINA JI0 MPOBOIY, IO IKOMY T€4€ CTPYM, 1 Y3TOJIKEHI 3 HAIPSIMKOM
CTpyMY MpPaBWJIOM MPaBOro TBUHTA. BubepeMo o/iHy 3 TakuX JiHIN B IKOCTI 3aMKHYTO-
ro KoHTypa L, HanpssMok 00X0y KOHTypa TaKOXK y3roJAUMO 3 HAIPSIMKOM CTPyMY ITIpa-
BWJIOM IpaBoro reuHTa. O6uucaumo inrerpa (39.1) 3 n1boro 3aMKHyTOTO KOHTYpa.

VY KOXHIM TOYLl JAHOTO KOHTYpa BEKTOp B HanpaBieHUi N0 JOTHUYHINA 10 OKpY-
KHOCTI 1 IOPIBHIOE 32 MOJTyJIEM

I:' BI — B IUOI
CIMpYM ‘H' 2R
[lincraBuBmM 11€ 3HaYeHHs B hopmyiy (39.1), 1 Bpaxo-

B BYIOYH, 1110 § dl =27R (moBxmHA KOJIa), OTPUMAEMO
R Nar
{B,dl §d| 27zR— ol (39.2)
L
. KoHmyp L Mmu ):[OBeJH/I, 10 L[I/IpKyJ'IHLIiH BeKTOpa B mons npsimodti-

HIHHOTO CTPYMY B BaKyyMi IO KOJIy, 1110 OXOIUIIOE CTPYM, J10-
| PIBHIOE TOOYTKY MarHiTHOT MOCTIHHOT HA CUJTYy CTPYMY.
N PiBHicTh (39.2) cnipaBeJIMBO TaKOX JJi KOHTYpa L mo-

Puc. 391 BUIBHOI (JOPMH, SIKUI OXOTUTIOE TIPOBITHUK 31 CTPyMOM 1.

KILIO 3aMKHYTHUW KOHTYp L He oxoruttoe npoBigHUKa 31
CTPYMOM, TO KpUBOJIHIWHUN 1IHTETPAJ IO TAKOMY IUISIXY JOPIBHIOE HYJIIO.

JloBenemo 11e Takox Ha mpukiiai. Hexait 3aMmkHyTHi KOHTYp L oOMexye cer-
meHT ABCD 1 yrBOpennii nBoma ayramu AB 1 CD, siki € yacTHHaMu MarHiTHUX CHJIOBUX
TiHIA ipsimoro ctpymy [ (puc. 39.2), 1 nBoma Biapizkamu paaiyciB AD 1 BC mux ki,
Ctpym [ mepneHAUKYISIPHAN IO TUIOIIMHN MAJTFOHKA, CIIPSIMOBAHUH «J10 HAC» 1 HE 0XO0-
ILTIOETHCSI KOHTYPOM.

OO6unCcIMMO IUPKYJISALI0 BeKTopa B

f Bl
ABCDA
B3JIOBXK I1bOTO KOHTYpa. KOoHTYp OyneMo 00X0IuTH, HapHUKIaa, TPOTH TOTMHHUKOBOT
cTpisiiku. Po3i6'eMo kpuBOMiHIAHMIN IHTETpAT HA 4 IHTETpaia Mo OKPEeMHUX JTIISTHKAX KO-

HTypa:
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{ Bdi=[Bdl+[Bdl+[Bdl+[Bgdl.
ABCDA AB BC cD DA

Haranaemo, 1o B - 11e mpoexiist Bek-
TOpa MarHitHOI iHaYyKIii B Ha HampsM dl,
SKUH 33JTa€THCS BUOOPOM HAIpsIMy 00X0Ty
KOHTYpa, TOOTO

Bi=B e cosa,
ae o - KyT Mix BekTopamu B i dl.

Ocxkinbku Biapizku BC 1 AD (paaiycn)
MePIEHANKYJISIPHI 10 BEKTOpa B (cripsmo-
BaHOMY I10 JOTHYHI), TO MpoeKilii B Bek-
Topa B Ha 111 BiPi3KHU PiBHI HYJI0. ToMy
JPYTHUH 1 YeTBEPTUI IHTErpalid JOPIBHIOIOTh
HYJIIO.

Jl1st 06paHOro HaMH HAMPAMKY 00XO0-

KoHmyp L

cmpym I
Puc. 392,

1y KOHTypa Bctoau Ha ay31 CD kyT o nopiBHioe Hy:mto (puc. 39.2), cos 0 =11 B;=By.
Ha ny3i AB kyt o gopiBaioe 180 ° (puc. 39.2), cos 180°=-11 B, = - B;.
3 orsimy Ha Te, 1o Ha ayrax AB i CD marsiTHa iHAYKIIiS Ma€e TIOCTIMHE YUCIIOBE

3HA4YCHHA, OTpUMAEMO

ABCDA

{ B =-B, [dl+B, [dl=—B,-AB+B,-CD (39.3)
AB CD
Ho| :
3 popmynmu B =~ BuUmiInBae BIIHOIICHHS
(opmy 2R it
E_&. (39.4)
BZ R1

Onnak, CD nmosimie 3a AB B Taky caMy KUTBKICTh pa3iB, OCKUTBKH
111 IB1 IyTH CTATYIOTh OJIMH 1 TOHM e KyT BIIHOCHO MPOBITHUKA!

CD R,

=2, 395
AB R, (39:5)

Toni moBHuii iHTerpai (39.3) obepraeThecs B HYJb.
Mu noBenu, 0 MUPKYJIAIS BEKTOpa MarHiTHO1 1HYKIIIT TOJIS

Puc. 39.3.

IPSIMOJIIHIMHOTO MPOBIHUKA 31 CTPYMOM B3/I0OBX 3aMKHYTOTO KOHTYpA,

WO He OXONTIIOE Yell NPOBIOHUK, OOPIBHIOE HYTIO.

Byab-sxuii 3aMKHYTUH KOHTYp JOBUIBHOI (POPMU MOKHA MPEACTABUTH Y BUTIISII
noOyA0BaHOTO 3 pajilaJbHUX CETMEHTIB 1 IyT (puc. 39.3). Akio 1eil KOHTyp He OXOoI-
JII0€ CTPYMY, KPUBOJIIHIMHUI 1HTErpai B3J0BXK TAKOTO KOHTYpa JAOPIBHIOE HYIIIO.

SK110 € BeJMKa KIJIbKICTh MPOBIJIHUKIB 31 CTPyMaMu 1 YaCTHHA 3 HUX OXOILTIOETh-
Csl KOHTYpOM IHTErpYyBaHHs, TO [IUPKYJIALIsS BEKTOpa B BU3HAYA€THCS alNreOpaivHOIO
CYMOIO TUIbKU TaKUX CTPYMIB, K1 OXOIUTIOIOTHCSI KOHTYPOM.

B cuny npuHnumy cynepno3uuii

[Bidl = (By + By +..)dl = uoly + o1, +
L L

(39.6)
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TakuM YMHOM, YUPKYAAUIA 6eKMOPA MACHIMHOT IHOYKUIT O 008IL1bHOMY KOH-
mypy 00PIi6HIOE NOMHONCEHOT HA MAZHIMHY ROCMITIHY a12edpaiunii cymi cmpymia,
AKI OXONAIOIOMbCA YUM KOHHYPOM:

fBdi =po 2 1; (39.7)

Bupas (39.7) Teopemu po MUPKYIISIIiI0 HA3UBAIOTh TAKOXK 3AKOHOM NOGHO20
cmpymy.

[Tpu o6uucnenHi anredpaiyHoi cymu cTpyMiB Oy1€MO KOPUCTYBATHCS TAKUM
npaBWIOM 3HaKiB. [lo3uTHBHUM OyeMO BBaXaTH CTPYM, HAMPSMOK SKOTO MOB'sI3aHUM 3
HaIPSIMKOM 00XOAY IO KOHTYpa IPaBUJIOM MIPABOTO I'BUHTA, CTPYM IPOTUJIEKHOTO Ha-

IIPAMKY 6y,Z[eMO BBaXXaTu HETraTHUBHUM.

Ilpuknao 39.1. Ctpym cuioro | = 6 A mpoXoauTh B3I0BXK CYIUIBHOTO OJTHOPITHOTO CTPYOKHS
Kpyrioro nepetuny paaiyca R = 1 cm. Kopuctyrounck TeopemMoro mpo HUPKYIIALi0 BeKTopa B, BU3Ha-
YUTH MarHiTHY 1HAYKIIIO B TOYKaX, PO3MIIICHUX YCEPeIUH]1 CTPUKHS 1 BIJTAICHUX HA BiICTaHb I =
0,2 cM Bix oci cTprxHS 1 o3a ctpmwxkHeM (I = 1,5 cm).

Hexaii Touka criocTepeXeHHs JISKHUTD 11032 CTPUIKHEM, 7 > R. B sKoCTi KOHTYypa it 004rc-
JICHHS TUPKYIALIi BUOepeMo KoJIo pajiyca I, Mo JeKUTh B IJIONIMHI, TEPHISHIUKYISPHINA CTPyMY 1
Mae IeHTp Ha oci cTprxkHs (puc. [1.39.1).

TeopeMa rpo HUPKYJISALIIO A€

B e 2nr=yppol,
3BigKH
g ol
271 Bt
(ITo3a cTtpmwxkueMm, r > R). !
Lle#t pe3ybTaT BKE BiJOMHIA - 1€ Mar-
HITHE I0JI€ TPSIMOTO CTPYMY. :
-7

B= 4-314-10 ? =80(mkTn) b I

2-314-15-107° o |

BusnaunmMo Tenep MarHiTHy : | -
iHIyKIio B Oyab-saKili To4Lli Beepeau- ﬁ/ () R r
Hi cTprkHA (7 < R). 3aMKHYTUH KOH- 1
Typ 3HOBY BUOEpPEMO y BUTJISAL KOJIa, Puc. I1.39.1.
110 POXOJUTH Yepe3 1[I0 TOUKY 3 IIeH-
TPOM Ha oci cTprkHA. Toi 32 TEOPEMOIO PO MUPKYIIALIT MAaEMO:
B 27nr = o j mr?,
e j =1/ nR? - ryctuHa cTpyMy, IO MPOXOIHUTE YePE3 CTPIIKEHb.
3Biacu
B= ”Olzr. (T1. 39.1)
27R
-7
g 431410 _460,5-10—2 = 60(mx ).
2-314-10

Takum YMHOM, ycepeInHi OJHOPITHOTO CTPHXKHA MarHiTHa 1IHAYKLIs 301UIbIIYEThCS 3 BIJICTaH-
HIO BiJ] OCI 3a JIIHIHHUM 3aKOHOM, a T103a CTPYIKHS 3MEHITY€EThCS 3a TinepOoiaHuM 3akoHOM (puc. I1.
39.1).

Hexaii Tenep cTpyM NpoXOAHUTH B30BXK MOBEPXHI MOPOKHUCTOT TOHKOCTIHHOT TPYOKH. SIkum
Oyzie MarHiTHe 1oJie BcepeuHi TpyoKu?
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SIKII0 B34TH 3aMKHYTHI KOHTYD, 1110 JISKUTh BCEPEANHI TPYOKH, TO BiH HE OXOIUTIOE CTPYMIB.
Toni 3 TeopeMu PO NUPKYIISIIIIO0 BUTUITMBAE, 110 MAarHITHOTO TOJISl BCEpEANHI TPYOKH 3 CTPYMOM He-
Mae.

[TopiBHSIEMO UPKYISALIIO €JIEKTPOCTATUYHOTO Ta MATHITHOTO TOJIIB Y BaKyyMI.
Sk OyJo TMOKa3aHo B § 7, UUPKYNAUIA 6eKMOPA HANPYIHCEHOCHI eJ1eKMPOCIMAMUYHO20
noJ1A 630084 008IIbHOZ0 3AMKHEHO20 KOHMYPA OOPIGHIOE HYI0

fEdI=0
L

[{s ymoBa 103BOJIMIIAa BBECTH CKASIPHUAN MTOTEHITIAN €IEKTPOCTATHYIHOTO TTOJIS .
Hupxymsiiis BEKTOpa MarHiTHOI IHAYKIIT OponopiiiiHa anreOpaiuHiid CyMi CTpYMiB, SIK1
OXOIUTIOIOTHCSI KOHTYpOM. TOMY JIsi MAarHITHOTO TIOJISL He MOJCHA 88eCU CKAIAPHULL
nomenyia, K 1e 0yno 3po06JeHO IS eIEKTPOCTATHUHOTO MOJS.

[lone, y IKOTO UUPKYJISALISA BIAMIHHA BiJl HYJISI, HA3UBAETHCSA UXPOBUM.

OcHOBHA BIIMIHHICTh MArHITHOTO TOJISI BiJ] €IEKTPOCTATUYHOTO MOJISITAE B TOMY,
10 B TOM Yac, K €JIEKTPOCTATUYHE I0JI€ € MOTEHIIaIbHIUM, MarHiTHE I0JIE € BUXPO-
BUM.

Haii611p111 HA0YHO PI3HMINIO MOTEHIIAIBHUX 1 BUXPOBUX IMOJIIB MOKHA YSIBUTHU 32
KapTUHOIO CUJIOBHX JiHIN. CHJIOBI JIiHIT €IEKTPOCTATUYHOTO MOJISI TOYHMHAIOTHCS 1 3a-
KIHUYIOTbCS Ha €JIEKTPUYHUX 3apsiax abo HAyTh Ha HeCKIHUeHHICTh. CUIIOBI JIHIT Mar-
HITHOTO TOJIS 3aBX/IU € 3aMKHEHUMHU U OXOIUTIOIOTH CTPYMH, IO MPOXOJATh. 400 Mpu-
XOJISITh 3 HECKIHUEHHOCTI 1 IyTh Ha HECKIHUCHHICTb.

§ 40. MaruiTHe moJie cojieHoIa i TOpoina

Conenoioom Ha3UBAETHCS 130JIbOBAHUN TTPOBIAHUK, 110 HAMOTAHUI MO TBUHTOBIN
JHIT Ha UWTIHAPUYHUN KapKac. SKIo T0BXkuHA cojieHoiAa HabaraTo Oliblie oro aia-
METpa, COJICHOIT BBAKAETHCSI HECKIHUEHHO TOBIMM. KOKeH 3 BUTKiB COJIEHOIIa € KPY-
TOBUM CTPYMOM, 1110 CTBOPIOE B LIEHTPI MarHiTHE 1MoJie, COpsIMOBaHe Mo ocl BUTKa. Oue-
BHJIHO, TaK caMo Oy/ie HAalpaBJIEHO 1 MarHiTHE MOJI€ Ha OCl COJICHOIa.

ExcnepuMeHTaibHe BUBUEHHS MArHiTHOIO MOJIsl COJICHOIAa MOKa3ye, 0 BCepe-
JIMHI COJICHOI/a TI0JI€ € OJHOPIIHUM 1 HAMPaBJIEHO MapajeibHO OCl, 103a COJICHOIIOM -
HEOHOPIAHUM 1 YK€ CIIa0KUM.

JIiH1i MarHiTHOTO MOJISt COJIEHO-
ina moka3zani Ha puc. 40.1. Ycepenuni
COJICHOI]a HAMPSMOK JIIHIM YTBOPIOE 3
HAIMPSIMKOM CTPYMY TIPaBOTBUHTOBY
CUCTEMY.

Po3paxyemo, 3acToCOBYrOUH
TEOpEeMY PO LUUPKYIISALII0, IHTYKIIIO
MarHiTHOTO TOJIsi BCEpEANHI COJICHO1-
na. Po3rngHemo coneHoig JOBKHUHOIO
|, mro mae N BHTKIB, B3I0BXK SIKHX
Puc. 40.1. MPOXOAUTH CTpyM . UHCIIO BUTKIB

COJICHO1/a, IO MPUIIAIAI0Th HA O~
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HuIro qoBxuan, N =N/ .

BizpmeMo npsiMmokyTHHM KOHTYp 1234 (puc. 40.1) 1 00YUCIUMO ITUPKYJIAIIIO BEK-
Topa B 110 1IbOMY KOHTYPY, 1110 oxoIuttoe Bci N BuTkiB. [HTerpan mo 12341 moxxna
IPEACTAaBUTH Y BUTJISII YOTUPHOX 1HTErpaiiB: mo 12, 23, 34, 41.:

{Bdi= [Bdl+ [Bdl+ [ Bdl+ [BdI. (40.1)
L 152 2—>3 34 41

Ha ninsakax 23 141 KOHTYp € epIeHIUKYJISIPHUM A0 JIIHIM Mar"iTHOT 1HIYKIII],
3BiIKM BUILIKMBAE By = 0, 1 1pyruii 1 yeTBepTU 1HTErpaIN JOPIBHIOIOTH HYMO. [IUTSTHKY
34 Mo>xHa BUOpATH JOCHUTH JIAJIEKO BiJ] COJICHOIA, /Ie MAarHiTHE TOJIe JOPIBHIOE HYIIIO.
Takum ynHOM, 3 OTJISAY HA Te, IO Ha AUIAHIN 12 BEKTOp MarHiTHOI IHAYKINT B mapare-
JHHHN BEKTOPY eneMeHTapHoi noBxkuHu KoHTypa dl 1, omxe, B = B, otpumaemo

f{Bdl= [BdI=BI. (40.2)
L 152

PosrnsHyTHiT KOHTYp oXxoruttoe cymapuuit ctpyM NI = nll, ne n - grcno BuTkiB

COJICHOI1a, 1110 MPHUIIAIA€ HA OJUHUILIIO TOBXHUHH, [ - cuiia cTpyMy B coseHoini. Otxe,
B = po nll abo

B = ponl, (40. 3)
TOOTO I10JI€ BCEPENIMHI JOBIOr0 COJICHOIAA 3 BCIOU OJHAKOBUM (oAaHOpiAHKUM). Cro-
TBOPEHHSIM 110JIs1 TOOJIM3Y TOPLIIB COJICHOIAA 3a3BUYail HEXTYIOTb.

OcCK17IbKHY AB1 OJIOBUHU HECKIHYEHHOTO COJIEHOIA B TOULII iX 3'€/IHAHHS BHOCSTh
OJIHAKOBMM BKJIaJl B MarHiTHE I0JIe, TO MarHiTHA 1HAYKI{isS HalliBHECKIHUEHHOTO COJIe-
HOiJla OBLIA MOT0 Kparo BJABIYl MEHIIIE, HIXK B 00’ €Mi:

B= ; Lol (40.4)

Topoioom Ha3MBAETHCS KUIbIIEBA KOTYIKA, BUTKHU SIKOi HAMOTaH1 Ha KapKac, SKUi
Mae ¢popmy Topa (puc. 40.2). O0UUCANMO 1IHIAYKIIIFO MAarHiTHOTO MOJIsl BCEPEINHI 3a-
MKHYTO1 TOPOIAaJIbHOI KOTYIIKHU. 3 YMOB CUMETPIii BUIUIMBAE, 1110 CUIIOBI JIIHIi MarHiT-
HOTO T0JI TOPOiJia MOBUHHI MaTH (GOpMY KiJI, HIEHTPH SIKUX CHIBIAAI0Th 3 IIEHTPOM
Topoifa. Bi3sbMeMo KOHTYp y BUIIISIAL KoJia pajaiyca I < I < I 1 00YMCIUMO HUPKYJIs-
L[1}0 BEKTOpAa MAarHiTHOI 1HAYKIIi B3JI0BXK LIbOI'O KOHTYpa. 3 MIpKyBaHb CUMETPIi OUEBU-
JTHO TaKO, 110 BEKTOP B B KOKHIM TOYIl CHJIOBOI JIiHIT TOBUHEH OYTH CIIPSIMOBAaHUM MO
JOTUYHIN IO KOHTYpa (KoJia), a HOro MOAYJIh OJTHAKOBHUH Y BCIX TOUKaX KOJa.

Toxi 3a TeOpemMoro PO HUPKYJIALII0 MAEMO
{Bidl=B-2ar = uIN,
L

ne N - moBHe uncio BUTKIB, a | - cTpyM B 0OMOTIII TO-
poina. 3Biacu
g AN (40.5).
2ar

®opmyna (40.5) nokasye, 110 MoJie TOpoizia 3a-
JICKUTH BiJ BIZICTaH1 I' 10 LIEHTpa, TOOTO HA BIAMIHY
B1JI I1OJIS1 COJICHO1/1a, HE € OJHOPIAHUM. MarHiTHa iH-
IOyKIis B TOP1 MaKCUMalibHa MOOJIM3Y BHYTPIIIHbOI
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CTOPOHH 1 MiHIMaJIbHA MOOJIU3Y 30BHIIIHBOTO OOKY TOpAa.

ko r < ry, To KOJIO pajiyca I He OXOIUTIOE MPOBIIHUKIB 31 cTpyMoM, X |;=0, 1
3a TeopeMoro npo mupkyssiito (39.7) B = 0.

Sxkio r > rp, To KoJIo paaiyca I oxorttoe 2N mpoBIAHUKIB 31 CTPYMOM, IPUUOMY
B N 3 HUX CTPyM Tedue B OJJHOMY HanpsMKYy, a B IHIKUX N - B mpotuiiesxkHoMy. Tomy X [
=018 =0. Orxe, mo3a TOPoiTa MarHITHOTO IOJISI HEMAE.

§ 41. IloTik BeKTOpa MATrHITHOI IHAYKIil

AHaNOT14YHO TOMY, SIK B €JIEKTPOCTATHIIl OyB BBEICHU MOTIK BEKTOpA HaIPYKe-
HocTl E, BBeJIeMO MOHATTSI MOTOKY BEKTOpa MarHiTHOI IHAYKIIii B.

Ilomoxom eexkmopa B maenimnoi inoykyii a00 MarHiTHUM ITIOTOKOM 4Yepe3 Mally
wionaaky dS Ha3uBaeThCs Bi3MYHA BEIMYUHA, IO JOPIBHIOE JOOYTKY BEIMUNHU TLIO-
IAJKH 1 poeKIlii By BekTopa Ha HOpMab J0 II€T MJIOMIAIKH, TOOTO

ddg = B, dS. (41.2)

BeneMo B po3riisin BekTop dS - sekmop niowaoxu, CipsMOBaHUN TIEPIICHINKY-

JISIPHO /IO TUIOIIMHY TUIOIIAIKHA B HAMIPSIMKY 30BHIIIHBOT HOP- s
MaJi 1 piBHUH 32 BEJIMYMHOIO TUIONII II€T €JIEMEHTAPHOT TUIoNIa- A
nku (puc. 41.1).
Toni enemMeHTapHUI MarHiTHUM MOTIK Yepe3 Majy II0- n B
maaky dS MokHa 3anucaTH K CKaIspHUHN 100yTOK BEKTOpiB B A o
1dS:
d®dp = B-dS = B dS cos a = B, dS, (41.2)

ne By - mpoekiris BeKTopa B Ha HOpMaJb A0 IUIOMIAAKH, ds

Bn = B cos a, 0 - KyT Mi>k HOPMaJUTIO JIO TUIOIIA/IKH 1 HAIPSIMOM
MarsiTHoro nois (puc. 41.1). Puc. 41.1
[ToBHwMi1 moTik @ BEKTOpa MarHiTHO1 1HIYKIIIT 4epe3 A0-
BIJIbHY IOBEPXHIO S TOPIBHIOE anreOpaiuHiil CyMi MOTOKIB Yyepe3 BCi Mauli JUISTHKH i€l
MOBEPXHI - IHTErpaJTy MO MOBEPXHI:
@, = [BdS =[ BdScosa = [ B,dS = [ BdS, . (41.3)
S S S S

B CI oguHu1s MarHiTHOro NOTOKy Ha3uBaeTbes gedep (BO). MarHiTHUM NOTIK B
1 B6 cTBOPIOETLCSA MArHITHUM IIOJEM 3 iHAyKLi€, piBHOIO 1 Tir, yepes miomty B 1 M2,
pO3TaIllOBaHy NEPIEHIUKYIISIPHO O HAMPSIMKY TOJISL:

1 B6=1Tn 1m2

Tax camo, Ik y BUNIAJIKy €JIEKTPUYHOTO MOJIsl, MOKHA JOMOBHUTHCS IPOBOIUTH
CTUIbKM MarHiTHUX CUJIOBHX JIIHINA Yepe3 OAUHUYHY IUIOUIA/IKY, IepIeHANKYISApHY Ha-
MIPSIMKY TIOJISI, SIKa 32 YMCJIOM B IIbOMY MICITI MarHiTHa iHAYKIis. To/i MarHiTHUN TIOTIK
Ha0yBa€e HAOYHUM 00pa3 - 1€ MOBHE YMCJIO MAarHITHUX CHJIOBUX JI1HIH, 1110 TPOXOSATh
yepe3 1aHy OBEPXHIO.

BiacyTHICTh B IPpUPO/I1I MarHITHUX 3apsiAiB IPU3BOAUTH 10 TOTO, IO JIiHIi BEKTO-
pa MarHiTHOI IHAYKIT B HEe MarOTh HI MOYaTKYy, HI KiHIIA - JTiHIT MarHiTHOT 1HAYKIi
3aBX/1M 3aMKHYTI1. TOMy 4KCIIO JIiHIH, 110 BXOJATH B IEBHUM 00’ €M MPOCTOPY, TOPIB-
HIOE YHUCITY JIIHIH, 1110 BUXOJATh 3 00’ eMy. SIKIIO BX1JHI TOTOKK OpaTH 3 OJAHUM 3HAKOM,
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a BUXIJIHI - 3 1HILIUM, TO CyMapHH MOTIK BEKTOpa MarHiTHOI 1IHAYKIII] Yepe3 3aMKHEHY
MIOBEPXHIO JIOPIBHIOBATHME HYIIIO.

OTxe, nomik éexkmopa maznimuoi indykuii B uepe3 0yo0v-aKy 3amkHneHny noeep-

XHI0 00opisnio€ Hyio. T.4. 11 OyAb-SIKOTO MarHiTHOTO MOJIs 1 AOBUIBHOI 3aMKHYTO] MO-
BEPXHI S BUKOHYETHCS YMOBA

{B,ds=0 (41.4)
S

®opmyna (41.4) Bupaxae Teopemy ["aycca st BekTopa B 1 € IHTErpaibHOIO
O3HAKOIO OYAb-IKOI'0 BUXPOBOT'O BEKTOPHOTO IOJIS.

[TpogemoHCTpy€EMO clipaBeATUBICTh TeOpeMHu ['aycca A MarHiTHOTO TOJIs Ha
npuKaol.
Po3rnsinemMo Bipi30K MpsSMOTo MPOBIAHKKA 31 CTPYMOM 1 3HalIeMO MarHiTHUN MOTIK Yepes3
3aMKHEHY MTOBEPXHIO, 1110 OXOIUTIOE HOTo. B SKOCTI 3aMKHEHOT MMOBEPXHI S
n Bi3bMEMO MMOBEPXHIO MPSIMOT0 KPYrOBOTO IIIIIHAPA, BiCh SKOTO 30iraeThes 3
poBiAHUKOM (puc. 41.2). JIiHil iHAYKLII MarHITHOTO MOJIS MIPSIMOTO CTPYMY
MPEJCTABISAIOTH COO0I0 KOHIIEHTPUYHI KOJIa, IEHTPH SIKUX JIeKaTh Ha OCi
MIPOBIIHMKA, a TUIOMIUHU NEPIeHIUKYISAPHI 10 oci. ToMy miHii IHAYKIIT He
MEPEeTUHAIOTH Hi O1YHOT TOBEPXHI HMJIIHPA, HI HOT0 OCHOB. Y Oyab-sKiii TO-
Y11l TOBEPXHI HUJIIHJIpa MPOEKIIis BeKTopa B Ha HapsAMOK HOpMauti N JI0 TI0-

BEpXHi JopiBHIOE HYIIO (Bn = 0), Tak 110 AiificHO if BndS =0.
S

S

T
/ J171st NOpIBHSHHS 3a3HAYMMO, 1110 €JIEKTPOCTaTUYHA TEOpEMaA
B I"aycca cTBepKye, 110 OTIK BEKTOpa HanpykeHocTi E eneKkTpoc-
TATUYHOTO TOJISl Yepe3 3aMKHEHY TTOBEPXHIO BUBHAUAETHCS CYMOIO
! CJIEKTPUYHUX 3apsi/IiB, PO3MIIICHUX yCepEeInHI 11i€l moBepxHi. PiB-
Puc. 412 HICTh HYJIIO MAarHITHOTO MOTOKY Yepe3 JOBUIbHY 3aMKHEHY IOBEP-

XHIO € PIBHOIIIHHUM YTBEP/IKEHHIO PO BIJICYTHICTH B MPUPO/II
MarHiTHHX 3apsiiB.

§ 42. PoOoTa npu nepemMiiieHHI NPOBIAHUKA 31 CTPYMOM B MATHITHOMY
nmoJti

Hexaii mpsaMosiHiHAN TPOBIIHUK JOBKUHOIO |, B3OBXK SIKOTO MPOXOAUTH CTPYM
CWJIOK0 |, moMmilieHuit B 0JJHOpiIHE MarHiTHe noJie B me-

PIEHANKYJISIPHO JIHISIM MarHiTHOI iHAYKLII (puc. 42.1). X X XX

B Takomy BUMaJIKy Ha HHOTO 3 OOKY MarHiTHOrO % ‘x "% ¥ X
noJist OyJie AT BIAMOBIIHO J0 3aKOHY AMIiepa cuia, ){B « %
MOJYJb SIKOT X - F

Fa = IBI. (421) T X X [ X aX ]

HanpaM CHJIY JIETKO BU3HAYHUTH 32 JOTIOMOTOI0 X X ¥ X %
MpaBuJIa JiBOi pYKH - TIpU 3a3HAYEHHX HA PUCYHKY Ha- x X | Xi X
npsiMax CTpyMy 1 MarHiTHOTO MOJISl CHJIa CIIPSMOBaHa - 2
BIipaBo. [1ix miero i€l cuimm mpoBIAHKUK Oy/ie iepemina- X X i x; X

THCS (HapHKIad, 3a JOTIOMOT0I0 KOB3HUX KOHTAKTIB) 1 dx
NepeCyHEeThCs Ha JAesSKy BifcTaHb dX.

Puc. 42.1.
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BuszHaunMo poO0Ty aMIepoBOi CHITH Ha MUIAXY OX:
dA = FA dx = 1Bl dx
JlobyTtok ldx mopiBHIOE 3amTpuxoBaHiii Ha puc. 42.1 miomi dS, a BdS — motoky
MarHiTHOI IHAYKIIT Yepe3 10 TUIOMLY:
dA =1BdS=1d®. (42.2)
Poboma npu nepemiwenni nposionuxa 3i
T CMPYMOM 8 MACHIMHOMY NOJi OOPIBHIOE 0OV~
.L KO8I CUIU CMPYMY 8 NPOBIOHUKY HA MACHIMHUIL
A I A 2 B B NOMIK, W0 Nepecikacmucs NPOGIOHUKOM Nid uac
- " B I 1020 pyxy.
1 T ® HeoOxiano miakpecauTH, mo podora me-
l pEeMIIIeHHS TPOBITHUKA 13 CTPYMOM B MarHit-
HOMY I10J11 BiJOYBA€ThCS HE 3a paXyHOK €Heprii
Puc. 42.2. MarHiTHOTO TOJIsl, a 32 PaXyHOK €HEepTii JKepe-
Jia, 10 TiATPUMYE MOCTIMHUMA CTPYM B MPOBIJI-

e,

HUKY.

Hexait Tenep 3aMKHYTHI KOHTYP, IJIs1 IPOCTOTH NPSIMOKYTHOI hopmu (puc. 42.2),
3 MMOCTIMHUM CTpYMOM | IepeMilIy€eThCsl B EPIIEHIUKYISIPHOMY JI0 TUIOIIMHU PUCYHKA
Mar”iTHoOMy 1ot B (HampaBlIEeHOMY «B1Jl HaC» 32 PUCYHOK) 3 MOJIOKEHHS A B MOJI0-
KeHHsI B. BusHauumo poOoTy nepeMilieHHs..

Cunu F1 1 Fp, sxi1 a110Th Ha O1YH1 AUISIHKY KOHTYpa, COPsIMOBaH1 B TPOTUJIEKHI1
CTOPOHH 1 piBHI 32 MoaysieM. Poborta cunu F; € nogatHoro, pobota cunu Fi -
B1/1’eMHOI0. CHiTH, 1110 A1I0Th HA BEPXHIH 1 HIKHIN IUIIHKU KOHTYpa, poOOTH HE BUKO-
HYIOTh, TOMY IIO Ili CHJIM € TIEPICHAUKYISIPHUMU A0 niepeMimnieHHs. CTopoHa 2 mepeTu-
Hae€ MiJ] Yac pyxy MarHiTHUI MOTIK yepe3 noBepxHi b 1 B, podota cunu F;:

A2 =1 ((DB + CDB)
BianosinHo, ctopona 1 neperunae noBepxHi 4 i b, pobora cunu F1
A1 =-| (q)A+ (DB)
pe3yibpTyroua podota
A=A1+ A== ((DB+(DB)- | (q)A+q35) = (@B—(DA) =
= ((DK— q)n) =| AD. (423)

Tyt @ — Mar"iTHUI MOTIK Yepe3 KOHTYP Ha nouamky nepemimieHHs, Ok — mar-
HITHHUH MOTIK Yepe3 KOHTYP B kinyi nepemimieHHs, AD — mpupicT MOTOKY depe3 KOHTYP.
MoskHa oBecTH, o 1 (GopmyJsia € BIPHOO 1711 KOHTYpa JOBIIbHOI JOPMU B TOBILIIb-
HOMY MOCTIHHOMY MarHiTHOMY IOJI.

Poboma nepemiwenns 3aMKHYmo2o KOHmMypa 3i CMPyMOM 8 MASHIMHOMY NOJI
00pi6HIOE 00OYMKOBI CUNIU CIMPYMY 8 KOHMYPI HA NPUPICI MACHIMHO20 NOMOKY Yepes
KOHMYD.

Ilpuknao 42.1. B onHopiniHOMY MarHiTHOMY 1o 3 iHaykuieto B = 0,01 Tu po3Mitnenuit nep-
MCHIUKYJISIPHO TOJIIO MPOBIIHUK JOBXKUHOIO | = 8 cM, B3[10BXk siKOT0 poxoauTh cTpyM | =5 A. Bu-
3Ha4YUTU poOOTY A criin AMIiepa mij yac moCTYNajabHOTO MepeMillieHHs TPOBiAHNKA Ha BIICTaHb X = 5
CM.
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OdeBHIHO, 110 MATHITHHUM MOTIK, 1110 TEPECIKAETHCS MPO-
\ BIJTHMKOM TIi1 9ac #oro pyxy, A® = BIX. Toai poboTa cuit moss
T n—pB— A =1IBIx = 0,2 mJIx.
H) ] Ilpuxnao 42.2. Kpyrosuii kouTyp aiamerpom d = 10 cm,
JI B3/I0BJXK SIKOTO TIPOXOJUTH MOCTIHHUN cTpyM | =2 A, BiIbHO
BCTAHOBUBCS B OJIHOPITHOMY MarHiTHOMY ITOJIi 3 iHAYKIIi€l0 B =
0,5 Tn, nepneHIUKYISIPHO 0 IUIOIIMHN KOHTYpa. SIKy poOoTy
I ,f'- -""\\ TpebGa BUKOHATH, 1100 MOBIIFHO MOBEPHYTH BUTOK Ha KYT 0L =
_ B 7/2 HABKOJIO OCI, 1110 301ra€Thes 3 1iaMeTpom?
O ) Na - 3MiHa MarHiTHOTO MOTOKY B JAHOMY BHITAJIKY
X AD = Ok - Oy =B S (cos ax - cos ar)
. N 7 A— Y nouatkoBomy nonoxeHHi (puc. [1.42,1 a) koHTYp
BCTAHOBHBCS BUIHHO, 1 HOpMaJib J0 IUIOLUIMHU KOHTYpPa YTBOPIOE
Puc. 11.42.1. KyT on = 0 3 HanPsAMOM BEKTOpa MarHiTHOT IHAYKIIT (cos o = 1).

B kinneBomy nosoxenHi (puc. [1.42.1 6) kyt mix Ha-
IpsIMOM T10J1s1 1 HopMasuTio ok = 90°, cos ax = 0. PoboTa cuit moss € Bij’ eMHOIO:
A=1(Dx- D) =1BS(cos ax - cos ar) = - IBS.
Po6oTa 30BHIIIHIX CHIJT JOPIBHIOE 32 MOJYJIEM 1 € IPOTUIICIKHOIO 32 3HAKOM POOOTI CHJI TTOJIA:
Asopsim = I1BS = | B (nd? /4) = 7,85 mMJIxk.
YMOBa NOBUTFHOCTI TIOBOPOTY € HEOOXiAHOIO, 00 MOKHA OYJI0 3HEXTYBATH CTPYMaMHU 1HIYK-
1ii, 1110 HABOJATHCS B KOHTYPI.

§ 43. MoMeHT cuJ1, 110 AiI0Th HA KOHTYP 3i CTPyMOM B OJJHOPiTHOMY Ma-
THITHOMY MOJIi

Po3zrisitHeMo mi1ockuii NpSIMOKYTHUM KOHTYp 31 CTpyMOM |, IKuii mOoMilleHHid B
OJIHOPI/IHE MarHiTHe nosie 3 iHaykuieto B (puc. 43.1). Kontyp Mmoxxe obeprarucs Ha-
BKOJIO BepTUKabHOI ocl OO '. [To3HaunMo uepes3 o KyT MK HalpsIMOM MarHiTHOTO TO-
751 1 HAIPSIMOM HOpMaJTi 10 TUIOLMHU KOHTYypa. BinoBiIHO 10 3aKOHY AMIiepa CUIIH,
10 AiF0Th Ha AUISHKY 1-4 1 2-3 KOHTYpa, CpsIMOBaHI BEpTHUKAIBHO, BOHH TIJIBKHU Je]o-

PMYIOTh KOHTYD, IParHy4u pO3TATHYTH oro. Cuim x, Mo
1 M Nit0Th Ha MUIsiHKA 1-2 1 3-4 KOHTYpa, BU3HAYAIOTHCSA BUPA-

o_ 30M
1
|

4 F=1bB
1 IparHyTh MOBEPHYTH KOHTYP TakK, 1100 HOTO TIJIONIKMHA
OyJa meprneHIuKyJsipHa MarHiTHOMY TIOJIIO.
T.4. 3 60Ky Mar"iTHOTO MOJIsl Ha KOHTYP M€ napa cul
3 MOMEHTOM, 1110 AOPIBHIOE, SIK BUIHO 3 puc. 43.1 BHU3Y
2 o’ (Ha HIDKHBOMY PHUCYHKY TIOKa3aHHH BUI Ha KOHTYD 3BEpPXY
y370BX BEPTUKAIBHOI OC1):
-F M =Fh =1bB asin a = BIS sin ¢,
B ne h - mede napu cun, S = ab - nrowa kontypa. Hampsim -
i === 10 OCl BrOpY - MEXaHIYHOTO MOMEHTY, 1110 00epTa€e KOHTYP,
noKa3aHo Ha puc. 43.1 (7151 3a1aHOTO HATIPSIMY CTPYMY 1
b/ Mar”iTHOTO TOJIs).

Puc. 43.1.
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Bennuuna, 1110 4McensHO OPIBHIOE TOOYTKY CHIIH CTpyMYy |, TIIO IPOTiKae B KOH-
TYypl, Ha TUIOLLY KOHTYpPa S Ha3UBAETHCA MACHIMHUM MOMEHMOM P
Pm = IS.
Takum 4MHOM, MO>KHA 3aMKCATH MOMEHT Mapu CHJI Y BUTJISII
M = pm B sin a, (43.1)

MarHiTHu MOMEHT KOHTYpa 31 CTPyMOM - BEeKTOpHA BeiauunHa. HanpsiM Maruit-
HOT'O MOMEHTY P 301raeThCs 3 HAMPSIMOM MTO3UTUBHOI HOPMaTi 10 TUIOIIMHYU KOHTYpa,
KWW BU3HAYAETHCS MPABWJIOM TBHUHTA: SKIIO TOJIOBKY TBUHTA 00€pTAaTH B HAIPSMI
CTPYMY B KOHTYpI, TO MMOCTYMAIBHANA PyX TBUHTA MTOKA3y€ HAIPSIM BEKTOPA Pr.

Bupas a511 MoOMeHTY cuil Moke OyTH 3allcaHO B BEKTOPHii Gopmi

M = [pm, B]. (43.2)

MoskHa nokaszaTH, 1o 1151 GopMylia CIipaBeIanuBa AJs TUIOCKOTO KOHTYpa Oy ib-
AKO1 (POPMHU.

[Tix giero MmomeHTa M KOHTYp MOBEPTAETHCA TaK, 0O BEKTOpU Pm 1 B cTanu ma-
pajeIbHUMHM 1 OJTHAKOBO CIIPsIMOBaHMMHU. []e BiMOBIga€ MOJIOKEHHIO CTIHKOI piIBHOBA-
ru. CTaH, Ipu IKOMY BEKTOPH € aHTUMApaJICIbHUMU, HECTINKUH.

[Tix yac MOBOPOTY KOHTYpa Ha Majuii KyT da HaBkosi0 oci OO '(puc. 43.1) motpi-
OHO BUKOHATH MPOTH CHJI, IO JIIOTh Ha KOHTYP B MAarHiTHOMY TOJIi, poOOTY

dA = Mdo. = py, B sin a do.

L1 poOoTa BuTpadaeThcs Ha 30UTbIIEHHS TOTeHIIaNbHOT eHeprii Wyor, SIKY Mae
KOHTYP B MarHiTHOMYy noJi. J[iiiCHO, TOBEPTAIOYHCh B IOYATKOBE MOJIOXKEHHS, KOHTYP
MOBEpPTa€ BUTPAUYEHY Ha HOTO MOBOPOT POOOTY.

dWhor = Mdo. = py B sin o do.
InTerpyroun, orpumaemMo
Wior = — Pm B cos a + const.

Crany MOXHa IPUIHATH PIBHOIO HYJIO (MOTEHIIaIbHA €Hepris, K BIAOMO, BU-
3HAYAETHCS 3 TOYHICTIO J0 MOCTIMHOI BETUYMHN).

Toni moTeHIIaIbHA €HEPTIS 3aMUIIETHCS Y BUTIISA CKAJISIPHOTO TOOYTKY

Wior =— pm B cos a=— pm B. (43.3)

Criiikiii piBHOBA3I, 3a K01 MOTEHITIAJIbHA €HEPTis MiHIMaJIbHA, BIJIIOBIIa€ BUIIA-

JIOK, KOJIU MarHiTHUA MOMEHT OPI€EHTOBAHUM MapaliebHO HAMPSAMY MarHiTHOTO TOJIS.

Ilpuknao 43.1. KBagpaTHU ApOTSHUI KOHTYP 31 CTOPOHOIO & = 5 ¢M MOXe 00epTaTHCs Ha-
BKOJIO BEPTHKaIbHOI Ooci. B310BXK KOHTYpa NpomyckaTh cTpyM cuiioro | =4 A 1 moMilarTh B MarHi-
THe nosie 3 iHaykuiero B = 0,01 Tun. KoHTyp yTpUMyIOTh BiJl TOBOPOTY B MOJIOKEHHI, IPU SKOMY KT
MK HOPMAJLJTIO 10 TUIOIIMHU KOHTYpa 1 HanpsMoM 1osist ctaHoBUTH o = 45° (I1 — moyatkoBwuii). Sky
po6OTY HEOOXiTHO BUKOHATH, 11100 MOBEPHYTH KOHTYP B IMOJIOKEHHS, KOJIH 3a3HAYCHUN KYT CKJIaJIe Ok
=60 ° (K- xiHueBuit)?

Po6oTa 30BHIIIHIX CHJI, IO TOJAIOTh JIIF0 aMIIEPOBUX CHJI 1 TOBEPTAIOTh KOHTYP HABKOJIO BEp-
TUKAJIBHOI OCI, TTiJIe Ha 301UTBIIICHHS TTOTEHITIAIBHOT €HEPTil KOHTYpa 31 CTPYyMOM B MarHiTHOMY TIOJII.
Curyariis noaiOHa 3aKpydyBaHHIO MIPYKUHU. 3aKpydyIOUd IPY>KUHY, MU 301IbIIYEMO i HOTCHIIATBHY
eHeprii. OTxe, poOoTa 30BHIIIHIX CHJI JOPIBHIOE IPUPOCTY MOTEHITIAIILHOT €Heprii KOHTYpa:

Asosnit = AWror.

Haranaemo, mo npupict Oy1b-SK0i BEIMUHHU - 11€ PI3HULSA MK TUM, 110 CTAJIO 1 TUM, 1110 OyJI0.

dopmyra MOTEHIIaTbHOIT €Heprii (3 TOYHICTIO 10 TOBLIHHOI CTaJION)
Whor =— pm B cos a.
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3 ornsly Ha Te, 10 MATHITHUI MOMEHT KOHTYpa 3i CTPYMOM JIOPiBHIOE Pm = IS = 122, orpuma-
€MO
Asossim = AWior = — Pm B cos ax. — (— pm B cos an) = 1a? B (cos o — cos k) =
4 2510%0,01 (cos 45° — cos 60°) = 107* (N2 /2 — 1/2) = 20 (Mx][x).

Konmponwni 3anumannsa.

1. Slkuii Gi3nYHMN 3MICT BeKTOpa B MarHiTHOI 1HAYKIIii?

2. Bigomo, 1110 iCHYIOTB JIBa BUJIM €JIEKTPUYHUX 3apsAiB - TO3UTUBHI 1 HETATUBHI, K1 MOKHA
PO3AUTATH POCTOPOBO. UK MOXKHA PO3AUIMTH MArHiT Ha JIBa PI3HOMMEHHUX MOJIOCH - MIBHIYHUH 1
HiBIeHHUI?

3. Ilo 1BOX mapaieabHUX MPSMUX IPOBIAHUKAX B OHOMY HAIIPSIMKY IPOXOJAATH OJJHAKOBI
cTpyMu. YoMy TOPIBHIOE 1HAYKIIISI MArHITHOTO TIOJISL B TOYIII, PO3MIIIIEHIM CTPOTO MOCEepPENH1 BiJICTaHi
MiX rpoBigHHKamMu? SIkuM Oyze moJe, K0 CTPYMH MArOTh MPOTHIICKHI HATIPSAMU?

4. SIk BU3HAYUTH HANPSAM BEKTOPA MarHiTHOI iIHAYKLIT MOJIsL, 110 CTBOPIOETHCSI PYXOMUM 3apsi-
7IOM B JaHiit Touni mpocropy? Hocii ctpyMy B pOBiTHUKY O€PYTh Y4acTh B TEIUIOBOMY pPYCi, CTBO-
PIOIOYM IIPU [IbOMY MarHiTHI 1ojs. YoMy BOHU HE BPaxOBYIOThCS?

5. SIk moBHHEH OYTH PO3MIIICHH 110 BIAHOIICHHIO JI0 MATHITHOTO ITOJISI ITPOBIIHUK 31 CTPY-
MOM, 1100 Jif04a Ha HBOTO cuja 3 60Ky mosst Oyia MaKCUMaIbHOKO?

6. Un MOXKHA BUAUIATH OKPEeMO (3IMCHUTH Ha JTOCIIi) eIEMEHT CTPyMYy?

7. Ilo nBOX mapajieabHUX NPSAMUX IPOBIAHUKAX B OJTHOMY HAIIPSIMKY IPOXOJATh CTpyMu. Bi-
JIOMO, IO TaKi MPOBITHUKH MPUTATYIOTHCS. YN OyAyTh MPUTATATUCS JIBA TTAPAJICITBHUX ITyYKa EJIeKT-
pOHiB?

8. IIpoBiTHUK 31 CTPYMOM €JIEKTPUYHO HEHTPAIBbHUHN, MOBHUN 3apsi IOTO TOPIBHIOE HYIIIO.
YoMy K Ha HBOTO Ji€ MarHiTHe mnose?

9. Ilo 1BOX mapaieabHUX MPSAMUX MPOBIAHUKAX MPOXOASITH MOCTIiHI CTpyMH. 32 PaxyHOK SKOi
eHeprii Bif0yBaeTbcst poOOTa MPUTATAHHSA a00 BIIITOBXYBaHHS MPOBITHUKIB?

10. Ilpu pyci KoOHTypa 31 CTPyMOM B OCTIHHOMY MarHiTHOMY I0JII CHJIM AMIiepa 3111 CHIOIOTh
poboTy. 3a paxyHOK sIKOi eHeprii BinOyBaeThcs 111 poboTa?

11. Yum BiAPI3HAIOTHCS B3a€MOJIIi HEPYXOMUX 3apA/IiB 1 pPyXOMUX (HaIIPHUKIA[l, B IPOBIIHUKY,
0 IKOMY Teue CTpyM)?

12. Yomy cuia JlopeHiia He BUKOHYE poOOTY?

13. Yomy OpIBHIOE 1 SIK CIIpSIMOBaHa CUJIa, 1110 Jii€ 3 00Ky MarHiTHOrO MOJIsl HA pyXOMHUH 3a-
psan?

14. ITyuyok 3apsPKeHUX YaCTHHOK BJIITa€ B MarHiTHe mnoJje. TpaekTopii YaCTHHOK € KoJia pi3HO-
ro pajiycy. SIki XxapakTepuCTUKN YaCTUHOK BU3HAYAIOTh PO3MipH Kij? YoMy O[HI YaCTUHKHU 3aKpydy-
IOTHCS B OZIHY CTOPOHY, 1HIII - B iHIITY?

15. Slkuii BUg MoXKe MaTh Ma€e TPAEKTOPIs €IEKTPOHa, SKILO B Tii 006J1acTl MpoCTOpYy, /1€ BIH
PYXA€ThCs, ICHYIOTh: @) TUIBKH €JIeKTpUYHE 1oJie; ) TUIbKY MarHiTHe MoJjie; B) 0OJJHOYacHO 00M/1Ba MO-
n51? SIkuii BUTIISIT Ma€e TPAEKTOPIs €IEKTPOHA, 110 BJIETIB B MarHiTHE MoJje 3emii 3 KocMocy?

16. EnexktpoH B esikii 001aCTi MPOCTOPY PYXA€ThCS MPSIMOMIHIKHO. UM CBITYUTS 1i€ TIPO Bij-
CYTHICTh MarHiTHOTO MOJIS B JaHi# 06J1acTi TpocTopy?

17. YuM HOSCHIOETbCS CUHXPOHHICTD PYXY 10HIB B JlyaHTaX 1 3MiHHU €JIEKTPUYHOTO IOJIS B 3a-
30p1 MI>K HUMHA?

18. Sk 3a momomMororo sBUIa X0JJIa BA3HAYUTH TUI JTOMIIIIKOBOI MPOBITHOCTI HAIIBIPOBIIHU-
KiB 1 KOHIIEHTPAIIII0 HOCIiB CTpymMy?

19. Yu Moke HUPKYJISAList BEKTOpa HAPYKEHOCTI €JIEKTPUUHOTO IM0JIst OYTH BiIMIHHOIO BiJ
HYJIS?

20. YuM BiApI3HAIOTHCS LUPKYIALIT BEKTOPA HAPY>KEHOCT] €IEKTPUYHOTO MOJIs 1 BEKTOpa Ma-
THITHOI 1HAYKLIi? Y oMy nossirae pi3uyHUi 3MICT TaAKOTO B1IMIHHOCTI?

21. SIxe cmiBBIIHOLIEHHS € BUPAKEHHSIM BUXPOBOI'O XapaKkTepy MarHiTHOrO MoJs?
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22. Slkuit Gpi3MuHUN 3MICT MaIOTh BUpa3H § Edl 1 § B,dl ?

23. Yomy AOpIBHIOE MOTIK BEKTOpA MArHITHOT 1HIYKII{ Yepe3 3aMKHEHY TTOBEPXHIO?

24. YuMm BiAPI3HAIOTHCS TOTOKH BEKTOPA HAMPYKEHOCT1 €JIEKTPUYHOTO TOJIS 1 BEKTOpA MarHiT-
Hoi iHAYKLIi? YV YoMy mossirae pi3uYHUAN 3MICT TaKoi BIIMIHHOCTI?

25. PamMka 3i CTpyMOM Opi€EHTOBaHA CBOiM MarHiTHUM MOMEHTOM Pm 1O BiJIHOIICHHIO /IO Mar-
HITHOTO TIOJISL: @) MapajenbHo; 0) aHTUIIAPAIIICIBHO; B) IEPICHIUKYISAPHO. SIKe CTAHOBHUIIE PAMKH €
CTAaHOBHIIIEM CTIHKOi piBHOBaru?

26. Sk mie ogHOpIAHE MarHiTHE MOJIe HA TUIOCKUN 3aMKHYTHI KOHTYD 3 CTPyMOM?

I'maBa 7. MAT'HITHE IIOJIE B PEYHOBHHI

§ 44. HamardiyeHHsI pe4OBUHH

Ak OyJi0 3a3HaYEHO paHille, JHKepeaaMy MarHiTHUX MOJIB € pyXOMI 3apsi/iu.
Bynp-sixkuil pyxoMuil 3apsiJi CTBOPIOE B HABKOJIUIIIHBOMY MPOCTOPI MarHitHe mnose. To-
My MarHiTHi HOJsl MOXKYTh CTBOPIOBATHUCS HE TUIbKH €JIEKTPUYHUMU CTPYMAMH, 11O
MPOXOJATh B MPOBIAHUKAX (CTpyMaMHU MPOBIAHOCTI 400 MaKPOCTPyMaMH), ajie 1 pyXoM
€JIEKTPOHIB B aTOMaX, 10HaX 1 MOJIEKYyJIaX PEUOBUHU (MOJICKYJISIPHUMU CTpyMaMu abo
MIKpOCTPYMaMH).

PyxX eneKkTpoHiB B aTOMax MiMOPAIKOBYETbCS KBAHTOBUM 3akoHaM. OiHaK NSt
HOSICHEHHS 0araTb0X MarHiTHUX SIBUII MO>KHA BUKOPHCTOBYBATH HaIlIBKIACUYHY 00-
PIBCBKY MOJIENb aToMa.

3a teopiero H. bopa enekTpoHn 006epTatoThCsl HABKOJIO aTOMHUX sJ€p 10 3a-
MKHEHHX opOiTtax. KpiM Toro, BOHM 311MCHIOIOTh 0OEPTaHHS HABKOJIO BIIACHUX OCE
1o/110HO0 OOepTaHHSIM TUTAHET HABKOJIO CBOIX OCe. 3 TaKMM BHYTPIIIHIM 00€pTaHHIM
MOB'A3aHUI NIEBHUI MOMEHT IMITYJIbCY, HA3BaHUI cninom enekTpoHa. CriHOM BOJIOII-
I0Th HE TUTbKH €JIEKTPOHHU, a i aToMHI siapa. OpOiTanbHi 1 CHUHOBI 00epTaHHS 3aps-
JUKEHUX YaCTUHOK aHAJIOTIYHI CTpyMaM 1 30y1KyI0Th MarHiTHI MOJIS.

KBaHTOBa MexaHika 3aMiHWJIa HAOUHE YSBJICHHS PO PyX €JICKTPOHIB MO OpOiTax
1 TIpo iX 0OepTaHHS HABKOJIO CBOIX OCEH OB 3arajibHOK0 KapTUHOIO pyXYy. VY 111 Kap-
TUHI HE ICHY€E MOHATTA TPAEKTOPIi €JIEKTPOHA. X0Ua eJIEKTPOHY B aTOM1 HE MOKHA MTPU-
MMCATH PyX MO AKIHACh NEBHIN TpaekTopii (0pOITi), TEPMIH «OPOITATILHUN PYX» 30€epircs.
EnexTpon Mae sik MarHiTHUi MOMEHT, TIOB'SI3aHHI 3 PyXOM BIITHOCHO aTOMHOTO sJIpa
(opOiTambHMM MarHiTHUHA MOMEHT), TaK 1 CIIIHOBUH MarHiTHUA MOMEHT, TIOB'SI3aHUMN 3
HAsIBHICTIO Y HHOT'O BJIACHOI'O MOMEHTA IMITYJIbCY (CITiHA).

MarsiTHUIf MOMEHT aTOMa € BEKTOPHOIO CYMOIO MarHiTHUX MOMEHTIB OKPEMHUX
€JICKTPOHIB 1 MOXe OyTH BIIMIHHUHN BiJ HyJIsl 00 TOPIBHIOBATH HYJIO (TIJIBKU y aTOMIB
3 MAPHUM YHCJIOM CJICKTPOHIB).

MaraiTHui MOMEHT aTOMHOTO Si7[pa MPUOIU3HO B TUCSUl Pa3iB MEHIIIE €JIEKTPOH-
HOT'O MarHiTHOr0O MOMEHTY, OCKUIbKH Ba)KK1 aTOMHI sJIpa pyXaroThCs 3HAYHO NOBLIbHI-
1I€ JIETKUX €JIEKTPOHIB. TOMY MarHiITHUM MOMEHTOM aTOMHOTO $JIpa, sIK IPaBUJIO, HEX-
TYIOTb, 1 BIZIIOBIIAJIbHUMH 32 MarHiTH1 BJIACTUBOCT1 aTOMIB BUSIBIISIFOTHCS €JIEKTPOHHU.
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BHacniiok XaOTUYHOTO TETMJIOBOTO PyXy aTOMIB IXHI MarHiTHI MOMEHTH Y BIACY-
THOCTI 30BHIITHBOT'O MarHiTHOTO TOJIS 3a3BUYail OPIEHTOBAHI XaOTUYHO. 30y IXKyBaH1
HUMH MarHiTHI HOJs B HABKOJIMIIHBOMY IPOCTOPI KOMIIEHCYIOTh OJITHE OJTHOTO.

[Ipu HakIaIeHH] 30BHIITHLOTO MAarHITHOTO MOJIA By MarHiTHI MOMEHTH aTOMIB
OPIEHTYIOTHCS B HAIIPSIMKY LIOTO OJISA, 1 TOA1 KOMIIEH ALl TOPYIIYEThCA. Y TaKUX BU-
najaKax KaxyTb, [0 TUIO € HAMarHI4€HNM.

CyuacH1 ysIBJIEHHS [IPO IPUPOJLy MATHETU3MY PEUOBHHHU JOOPE y3rOKYIOThCS 3
rinore3oro ¢paHiry3pkoro izuka A. Ammepa, o OyJjia BUCYHYTa IIe B TIEPIIIii MoI0-
BUHI 19-T0 CTOMITTS. 3riHO 3 TiNOTE3010 AMIIepa, MarHiTHI BIACTUBOCTI PEUOBUHU
00yMOBJIEH1 0OCOOTMBUMHU MOJIEKYJIIPHUMHU CTPYMaMH, 110 IPOXOSATH BCEPEINHI MOJIe-
KyJI pEUOBUHHU.

i MiKpOCKOMIYH1 MOJIEKYJIAPHI CTPYMH MOXYTbh TOBEPTATUCS B MarHiTHUX IO~
JSIX MaKpOCTPYMiB, CTBOPIOIOYM B T1JI1 1OJATKOBE MarHiTHe noJie. bauckyya 3goraaka
Amrnepa niaTBepaniacs Ta JOMOBHUIIACS MOJAIbIINM PO3BUTKOM HAYKU, TOUYMHAKOYH 3
BIJIKpUTTS OyI0BU aTOMIB 1 MOJIEKYI.

Bci pedoBuHM 31aTHI HAMarHiuyBaTUCs, BOHU HAa3UBAIOThCS MAZHEMUKAMU.

Konu peyoBuHa HaMarHi4yeThCsl, TO BUHUKAE JT0ATKOBE NoJie B', sike 1oaeThes
3 30BHILIHIM 1I0JIEM By, Tak 110, 3rAHO 3 TPUHILIUIIOM CYNEPIIO3HULlii, TOBHE MOJIE B pe-
YOBHHI

B=Bo+B" (44.1)

Jlnst Toro, o0 XxapakTepu3yBaTH CTYIIIHb HAMArHIY€HOCT1 pEYOBUHU, BBOAUTHCS
TIOHSTTS 6eKMopa HamazHiyenocmi J.

Hamazniuenicmio Ha3MBA€THCS BEIMYNHA, 1110 JTOPIBHIOE BIIHOMIEHHIO CyMapHO-
r0 MarHiTHOTO MOMEHTA aTOMIB, 1110 MICTATHCA B MasioMy 00°emi AV peuoBuHH, 10 Be-
JUYUHU 1IBOTO 00’ eMY:

1
J="—_ , 44.2
AV % P (44.2)

TyT AV - (p13UMYHO HECKIHYEHHO MaJiuii 00’ €M MarHeTHKa, Pm - MAarHITHUM MOMEHT
OKpeMoro aroma (Mojiekyiu). Takum 4MHOM, HAMarHi4eHiCTh € MarHITHUM MOMEHTOM
OJIMHHUIII 00'€EMY HAMAarHIY€HO1 pEYOBUHHU.

3 dhopmynu (44.2) BCTAaHOBUMO PO3MIPHICTh J. OCKIIBKU PO3MIPHICTh MarHiTHO-
IO MOMEHTY

[pm] = [1] [S]=A-M?, To
[ J ] _ A- ]l/l2 A
3

M M

§ 45.1. Onuc MarHiTHOrO MoJis B peyoBuHi. L{lupKyJisisi BeKkTOpa Mmar-
HITHOI IHAYKIiI B peyoBuHi. Hanpy:KkeHicTh MAarHiTHOro moJjisi. MarniTua
CIPUIHATIMBICTD | MATHITHA IPOHUKHICTH

Y BakyyMi MarHiTHe T0Jie CTBOPIOIOTHh TUTBKH MaKpOCTPYMH, a B PEUOBHHI - MaK-
poCcTpyMu 1 MiKpOCTpyMU. Pe3yibTyrode moje B Oyb-IKOMY CEPEIOBHUII BU3HAYAETHCS

113



BEKTOPOM MAarHiTHOI iHAYKUIT B, ke Mae AB1 CKIaI0Bi: moJst By, CTBOPIOBAaHOTO HaMar-
HIYYIOUMMH CTPYMaMH B BaKyyMi (MakpoCTpyMaMH), 1 1ojist B’ HaMarHiueHoi pe4oBUHU
(MIKpOCTpYMaMH):
B=Bo+B'

V3araJpHUMO 3aKOH ITOBHOT'O CTPYMY JIJII Mar”iTHOTO 1o y BakyyMmi (39.7) Ha
MarHiTHE IoJjie B peYOBHHI, TOOTO BUBHAYMMO IIUPKYJISIIII0 BeKTopa B.

JI71s1 IoJIst B p€YOBHHI B MTPaBYy YAaCTUHY 3aKOHY OBHOTO cTpyMmy (39.7) Mae BXo-
IUTH CyMa SIK CTPYMIB MPOBITHOCTI, TaK 1 MOJIEKYJISIPHUX CTPYMiB, 1110 MPOHU3YIOTh KO-
HTYp, TOOTO

§Bd| :ILlO(ZIM(leO +Z IMO]I)' (451)

TyT Z Lvaxpo 1 Z Iyon - @IredpaiuHi CyMU MaKpo- 1 MIKPOCTPYMiB (MOJIEKYJIIPHUX
CTPYMIB), SIKi OXOILTIOIOTHCS 3aMKHYTUM KOHTYpPOM L, ToOTO pe3ynbTyrodi Makpo- 1 Mi-
KpOCTPYMH Kpi13b IOBEPXHIO, 110 HATSATHYTa Ha KOHTYp L.

3riHO 3 YSBJICHHIMU KJIACUYHOI (D13UKH, €IEKTPOHU B aTOMax pyXaroThes 110 J1e-
SAKUM 3aMKHYTHM opOiTaM. Takuil pyx eleKTpoHa eKBIBaJICHTHUN 3aMKHYTOMY KPYTo-
BOMY CTpyMY (MOJIEKYJISIPHOMY CTPyMY).

OOuuncnumo anredpaiuHy CyMy MOJIEKYJIIPHUX CTPYMiB, IO IPOXOJATh Yepe3
MOBEPXHIO S, 00MEKEeHY JIesIKUMHU KOHTYpoM L (puc. 45.1).

i 6Hympiwnix TOYOK MOBEPXHI S KOKEH MOJIEKYJIIPHUI CTPYM MEPETUHAE T10-
BEPXHIO S /IBIYi - B 0J{uH OiK 1 B IHIINI B MPOTUIIC)KHUX HAMpsIMKax. BHECOK Takoro
CTPYMY B CyMY CTPYMIB JOPIBHIOE HyIIO (puc. 45.1, mBopyu).

i npuxopOonHux TOYOK MMOBEPXHi S (puc.
45.1, npaBopyY) ICHYIOTh MOJIEKYJISIPHI CTPYMH,
10 OTMHAIOTh KOHTYp L moBepxHi, TOOTO mepeTu-
HAIOTh TTOBEPXHIO TUTHKU B OTHOMY HAIPSIMKY,
CTBOPIOKOYM HEKOMIIEHCOBAHMM PE3YJIbTYIOUUI
CTPYM uepe3 MOBEPXHIO.

3HaiiieMo cyMy MOJIEKYJISIPHUX CTPYMIB, SIKi

Puc. 45.1. 00BHBAIOTHCSI HABKOJIO KOHTYPA, K KaXyTh, «Ha-
HU3aHuX» Ha KOHTYp L. [To3Haunmo uepes o KyT
Mk BekTopoMm 0l Masoro eeMeHTa 3aMKHYTOTO KOHTYpa L 1 BEeKTOpOM HaMarHiueHOCTi
J (puc. 45.2). Ha enement dl koHTypa «HaHU3aHI» MOJICKYJSPHI CTPYMH BCIX MOJICKYJI,
110 3HAXO/ATHCSA B 00°€Mi KOCOTO IITIHApPA 3 TBIpHOIO Al 1 0CHOBOIO, SIKA TOPIBHIOE Syon
(Swon — TTOINIA, IO OXOILIIOETHCS OKPEMHUM MOJICKYIIPHUM cTpyMoM). O6’eM KOCOTO
THIPA Syoxdl cos a. SIkimo N — gucino

MOJIEKYJI B OIMHHULII 00'eMy, TO CyMapHUI S MOIT J S
CTPYyM, IO OXOILTIOEThCS eaemeHToM dl \&\ e Mo
JOPIBHIOE: 1‘ A\ . o\ 4 )\/
N lyorSwondl cos a. NAY: AN

3a BU3HAUYEHHSM MarHiTHUA MOMEHT N q ‘\3 \) \‘

OKPEMOTO KPYTOBOT'O CTPyMY F M, SR WL P
pm = IMOII' SMOJ’I'

Toml HamardiyeHicTb a00 MarHiTHUAN dl

MOMEHT OJAMHULII 00'eMy (32 MOyJIEM) = =
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J =N lyon Svoms (45.2)
a BUPa3 N lyox Syox COS a0 Ha€ mpoekiito Jj Bekropa J Ha HanpsMm enementa dl.
OTtxe, Ha enemenT dl «HaHM3aHMIT»Y MoJeKyIapuuil ctpyMm J; dl, a Ha Bech KOHTYD
L «HaHM3aH1» MOJIEKYJIAPHI CTPYMU

>, =§3,dl=§adl . (45.3)

Tenep Bupas (45.1) 1151 3aK0HY MOBHOTO CTPYMY B PEUOBHH1 HA0y /1€ BUTIISITY
Bl = 152" 1o + £ 0l .
L L

PozninuBimm Ha o 1 00'emHaBIIM 0OUIBI MUPKYJIAIIT, OTPUMAEMO

f B 5l => D apo - (45.4)
L\ o
Bupa3s cripornryeThces, K10 BBECTH JOTOMIXKHY BETUUHHY
H=5_3J. (45.5)
Ho

s nonmomi>kHa BenuurHa H Ha3UBAETHCS HANRPYHCEHICMIO MAZHIMHO20 NOJIA.
[i mupKynsLis BABHAYAETHCSA TIIBKH MAKPOCKOIMIYHUMH CTPYMaMMU:

fHAI ={HdI=>"1 ., (45.6)

ToOTO uupKynauia eexkmopa HanPysHceHoCmi MazZHiMHO20 NOJIA 63008 008i-
JIbHO20 3AMKHEHO020 KOHMYpPa 00PIGHIOE a12e0PaiuHiil cymi cmpymie npogioHocCmi, AKi
NPOHU3YIOMb Yell KOHmYP.

OAuHUIIEIO HAIPY>KEHOCTI MAarHITHOTO MOJIs € amrep Ha MeTp (A/m). Y TexHiI
BUKOPHUCTOBYETHCS TAKOXK MMO3aCUCTEMHA OuHULA — eperel. 1 E = 79,58 A/Mm.

Sk mokasye qociia, sl JOCUTh CIa0KUX MarHiTHUX IMOJIIB 1 OUTBIIOCTI PEYOBUH,
10 3yCTPI4arOThCs B IPUPOIl, 3aIeKHICTh J Bil H Mae niHilHMI XapakTep

J=yH. (45.7)

KoeditienT mponopuiiHOCTI ) HA3UBAETHCS MACHIMHOIO CHPUIHAMIUBICINIO
JAHOI pPEYOBUHU.

Ockinibku J 1 H MaroTh 0JHAaKOBY pO3MIPHICTD, ) € O€3PO3MIPHOIO BEIUYHUHOIO.
MarsiTHa COpUHHSTIUBICTD ) XapaKTepU3Ye 3JaTHICTh PEYOBUHA HAMATHIYYyBaTHUCS B
30BHIIIHHOMY MarHiTHOMY IIOJTi.

Jlnst Bakyymy y = 0, a 715t Oyap-s1k0i pedoBuHH ¥ # 0, TOOTO BC1 peYOBUHU 37aTHI
HaMarHi4yBaTHCs 1 TOMY € MarHeTukamu. J{ist omHux pedoBuH (diamacHemuxig) y < ()
(ToOT10 HamnpsM J € mpoTriIe)KHUM H 1 30BHIIIHE MOJIe B JllaMarHeTUKAX MOCIA0IFOETh-
cs).

s inmmx — (napamaenemuxie) x> 0 (tooto HanpsM J 1 H 36iratroTbes i 30BHi-
IITHE T10JI€ TTOCUITFOETHCH).

3 piBHoCTi (45.5) BummuBae B = poH + o J, T06TO MarHiTHe 1osje B MarHeTUKY
CKJIaJIA€ThCS 3 30BHINTHBOIO MarHiTHOTO TOJIs HoH 1 MarHiTHOTO MO HAMAarHIY€HOTr o
Mar"eTuka poJd. 3 ypaxyBanHsMm (45.7) 1110 piBHICTh MOHA MEPENUCATH TaK:

B=po(l+yH,
1 MaTepiayibHE PIBHSIHHS JJII MarHiTHOTO TIOJII Ha0yBa€ BUTIISALY
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B = pouH. (45.8)
be3posmipHa BennunHa
_ o ou=dty (45.9)
HA3WUBAETHCS MACHIMHOI0 RPOHUKHICHI0 PEIOBHUHU.

MarsiTHa IPOHUKHICTH Ll - MAKPOCKOITIYHUH TTapaMeTp, MaTepiajibHa KOHCTAHTa,
sKa XapaKTepu3y€e MarHiTHI BIACTUBOCTI PI3HUX MarHETHKIB. MardiTHy MPOHUKHICTH [
BHU3HAYAIOTh EKCIIEPUMEHTAJIBHO.

Omnuc MarHiTHOTO MOJIsi B TEpMiHAX BEKTOPiB B 1 H A03BOJIsiE€ HE PO3TISAATA MO-
JEKyIsIpHUX cTpyMiB. J{mst omHOpigHOTO cepenopuia Gpopmynu 3akony bio-Caapa-
Jlamnaca Ta 1H. MOXKYTb OyTH OTpUMaH1 3aM1HOIO B HUX Ll Ha LopL:

B— Mol J’[dl
4 | r
[{o6 3'scyBatu (Hi3uyHUI 3MICT HAIIPY>KEHOCTI MarHiTHOro nojsi H 1 MarHiTHOi
IIPOHUKHOCTI |1, PO3TIISTHEMO MarHeTHK y BUTJISI KPYTOBOTO IIMITIHAPA, BHECEHOTO B
OJIHOPI1/IHE 30BHIIIHE MAarHITHE T0JIE 3 IHAYKIIE€I0 By 1 pO3TallIoBaHOTO B3/I0BK 30BHIIII-
HbOrO noJisi (puc. 45. 3, niBopyH).
[1ix giero moJis MOJEKYJIIPHI CTPYMH BCTaHOBJIATHCS TAaK, 1110 1X MarHiTHI MOMEH-
TH HaIPSIMJIEH] B3JIOBX OCI LHMJIIHPA, a IUIOLIMHI CTPYMIB CTaHYTh NEPHIEHANKYIISIPHU-
MU JI0 €1 oci. Po3rasitHEMO MOJIEKYISIpHI CTPYMH, IO JIekKATh B OAHOMY 3 IMIOMIEPEUHUX
nepepiziB nuiiHapa (puc. 45.3, npaBopyy).
MouiekyJsipHi CTpyMHU CYCIAHIX MOJIEKYJ B MICISIX IXHBOT'O 31TKHEHHS HaIpsiMJie-
HI IPOTHUJIEKHO 1 YPIBHOBAXKYIOThCS. HECKOMIIEHCOBAaHUMM 3aJIMILIAIOTHCS TUIBKU MOJIE-
KYJISIpHI CTPYMH, 1110 BUXOJIATh HA 30BHIIIHIO O14HY TOBEpXHIO mutiHapa. i ctpymu
CKJIQZIAI0ThCS B MAKPOCKOTIIYHHM MMOBEPXHEBUN CTPYM, IIO IIUPKYIIIOE IO OOKOBIHN TTO-
BEpPXHI IJIIHJIPA.
[To3HaunMo JiHINHY TYCTH-
HY [TOBEPXHEBOT'O CTPYyMY
qepe3 juix. CTpyM, 110 TIPO-
XOJIUTh MO0 OOKOBIiH OBEP-
XH1 UUJIHpa, TOAI0HUHN 10
CTPYMY B COJICHOI/II 3 YHC-
JIOM aMIiep-BUTKIB Nl = jyiy.
MarHiTHa 1HAYKIIIS Bcepe-
JIMHI TAKOTO COJIEHOIIa BU-
Puc. 453 T— 3HAYAETHCSA POPMYIIOI0
(40.3):
B'= W0 Jain- (45.10)
3a mpaBWJIOM MIPABOTO TBUHTA HAMPSMOK B' 30iraeThcs 3 HanpsimoM Bo. [1o3a 1u-
niagpa B'= 0.
BuainmMo B TIHAPI TEPIICHAUKYIIIPHO 0 Horo oci map tosuuHoro dl (puc.
45.3). MonekynsapHi CTpyMH, PO3MIIIEH] B IbOMY IIapPi, € €KBIBAJICHTHUMH KPYTOBOMY
CTPYMY CHJIOHO Jiy I. 32 BU3HAYCHHSAM MarHiTHOTO MOMEHTa KPYTrOBOTO CTPYMY

dpm = jniH S dl;

’3r] 1 T.00.
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ne S - oA MoNepeyHoro nepepizy muwiinapa. Posminusmm dpy, Ha 00’ eM mmapy
dV = S dl, orpumaemMo MarHiTHUH MOMEHT OJMHUII 00'€éMy — HAMArHIYEHICTh IUJIIH/pa:
J = Juin - (45.11)
TakuM 4MHOM, MOYJIb HAMArHIYEHOCT] ITUJIIHPA JOPIBHIOE JIHIAHIN T'YCTHHI
MOJICKYJISIPHOTO CTPYMY, 110 OOTIKA€E IUIIIH/IP.
Tonai nogatkoBe mosie B', 10 CTBOPIOETHCS MOJICKYJSIPHUMHU CTPYMaMH
B'= poJ. (45.12)
Honasim Bextopu Bo 1 B', 3HaiiieMo MarHiTHy 1HIAYKIIIO Pe3yJIbTYIOUOTO MO
BCEpeIUHI IMTIHpA
B =Bo+ B'=Bo+ noJ
[TincranoBka 11bor0 BUpazy B hopmyiy (45.5) nae Hanpy>KeHICTh MOJSl BCEPEANHI
UATHApPA

H:E—JzﬁzHo. (45.13)

Ho Ho

OTxe, HaNPY>KEeHICTh MOJIS B IAJIHPI CIIBIAJAE 3 HAPYKEHICTIO 30BHIIITHBOTO
nosist. B 1aHoMy npuKIIajil Halpy>KeHICTh MArHITHOTO TOJI HE 3aJIEKUTh B1Jl MarHi THUX
BJIACTUBOCTEH CepeloBUIIA. Y PEYOBHHI HANPYKEHICTh MarHiTHoro nojis H Bu3Haudae
TOM BKJIaJl B MarHiTHYy 1HAYKIIO B, sSIKUif 1at0Th 30BHINIHI JKEpeia o (MakpocTpy-
MH, 1HIIII MardiTH 1 T.]1.).

k1110, HaNMPUKIIA/, MOJIE CTBOPIOETHCS KOTYIIKOIO 31 CTPYMOM, B SIKY BCTaBJICHE
3alli3HE Ocepas, TO HAPYKEHICTh MarHiTHOro nojst H Bcepeanni ocepas mMae Gpi3uuHui
3MICT 30BHILIHBOTO MOJIS 1 MOKE OYTH po3paxoBaHa, BUXOASYH 3 F€OMETPIl KOTYIIKH 1
cTpyMy B Hiil. Hanpykenicte H 30iraeThCsi 3 TOUHICTIO 10 TOCTIHHOTO PO3MIPHOTO KO-
edilienTa [ 3 BeKTopoMm By, sikuii OyB OM CTBOPEHHH I1€0 KOTYIIIKOIO MPU BiICYTHOCTI

ocepas.
[TomuoxuBmmm H Ha Lop, OTpUMAaEMO MarHiTHY 1HAYKIIIO BCEpEANHI IMTIHApPA:
B
B=pouH = ﬂoﬂluo = 1By (45.14)
0

3BiJIcU BUIUIMBAE, 110 MACHIMHA NPOHUKHICIb [l NOKA3YE, V CKIIbKU PA3ié NoCU-
JIDEMBCSL NONE 8 MACHEMUK)).

Ipumimra. OTpuMaHe TpaKTyBaHHS HAIIPYKEHOCTI CIPaBEJIUBE JIUIIIE B THX
BUIIAJIKaX, KOJIHM OJHOPITHUMN 1 130TPOITHUI MarHETHK 3aMOBHIOE BECh 00’ €M, OOMexe-
HUM TTOBEPXHSAMH, K1 YTBOPEHI1 JiHISIMUA BeKTOpa Bo.

§ 45.2. I'pann4Hi yMOBM Ha MeXi MOALTY IBOX MATHETHUKIB

Po3risiHeMo MarHiTHe moje Ha MeXl1 MOAUTY ABOX MarHeTHKIB 3 PI3HUMM MAarHiT-
HUMU MPOHUKHOCTAMH L1 1 L. 100 3HANTH, IK 3MIHIOETHCS MarHiTHE MOJI€ Ha I Me-
K1, MU CKOpPHUCTAaEMOCs TeopeMoro ['aycca 111 Mar”iTHOTO MOJS 1 TEOPEMOIO PO LUP-
KYJISILIIF0 BEKTOpa HarpyskeHocTi H.

3rifHo 3 TeopeMoro ['aycca moTik BEKTOpa MarHiTHOI 1HAYKIIi B 4yepe3 Oyab-siKy
3aMKHEHY TTOBEPXHIO 3aBXKIH JTOPIBHIOE HYIIIO:
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{B,ds =0.
S

Bubepemo noBepxHio S y BUTJISII MTapajesenine/ia, OCHOBU SIKOTO JISKATh 110 Pi3Hi
OOKHM MeXI1 Moy MarHeTukiB (puc. 45.4) OnxHa 3 OCHOB JICKUTH B cepenoBuiil 1 3 ma-
THITHOIO MPOHUKHICTIO L1, a 1HIIA - B CEPEAOBHII 2 3 MarHiTHOK HPOHHKHICTIO L.
SIkiIo cripsiMyBaTH BHCOTY N mapanenerninena 10 HyJIs, TO MOTIK BeKTopa B uepes OiuHy
MOBEPXHIO  Mapajenenineaa
TaKOXX BHSIBUTBCA HECKIH-
YEHHO MaJluM, 1 MU OTpUMa-
€MO TIOBHHI MOTIK, TOOTO pi-
3HUIIO TOTOKIB uYepe3 BepX-
HIO 1 HIDKHIO TPaHi:

BinS - B2nS = 0.
Puc. 45.4. e S - IIoma OCHOBH.
Lle nae
B1n = Ban. (45.15)

PosrisiueMo Tenep HeBEIUKUM MPSIMOKYTHUM KOHTYP Ha MEX1 MOJALUTY JBOX MarHe-
THKIB, OJTHE peOpo SIKOTO JOBXKHHOIO a JIGKUTh B CEpeIOBUIII 1, a 1HIIE - B CEPEIOBHIIII
2 (puc. 45.5). OGuucanMo I HOTo HUPKYJsIito BekTtopa H. Illupuny kontypa b Bi-
3bMEMO HACTUIBKU MO0, 100 BHECKOM B LIUPKYJIAIIIO CTOPIH, MEPIICHIUKYIISIPHUX 10
ME3XK1 MOJILTY, MOKHA OyJ10 3HEXTyBaTU. To1 A1 HUPKYJIALIT OTPUMYEMO:

§H|d| = (HZT - le)a

L

ne H; - Moayib TaHTEHIIIAbHOI CKJIaJ0BO1 BEK- H IT
Topa H. ﬂ O

OCKUIbKM KOHTYp HE OXOIUIIOE CTPYMIB MpPO- 1 h—
BIJTHOCTI, TO BIAMOBIZIHO O TEOPEMU PO LHUPKYJIS- ﬂ <
II}0 BEKTOpa HanpykeHocTi H 1upkyndiis mae OyTu 2
PIBHOIO HYJIIO, TOMY: < a

H1T = HQT. (4516) HZT
Takum 4uHOM, Ha Medxci NIy 080X MacHemu- Prc. 45.5

K8 HOPMANIbHA CKIA008A MACHIMHOI IHOVKYIT | MAaH-
2eHYIANbHA CKAA008A HANPYHCEHOCMI MASHIMHO20 NOJISL 3ATUULAIOMbCS HeNnepepeHUMU,
a MaHeeHYyianbHa CKIa008a MASHIMHOL THOYKYIL I HOPMATbHA CKAA008A HANPYHCEHOC
MA2HIMHO20 NOJIAA MEPNAAMb PO3PUS.

TexHiuHi 32CTOCYBAHHSA 32AKOHIB MATHETOCTATHKH. Y NPUCTPOSIX CYy4aCHOI eJie-
KTPOTEXHIKH - €JIEKTPOMArHiTax, TeHepaTopax €JIeKT-

PUYHOTO CTPYMY, ENEKTPOBUTYHAX i T.JI. - IIMPOKO ——————— 1
BUKOPHCTOBYIOTh MarHiTHI TOTOKH. o—1u 1 |

Ha mpakrtuui yacto BUHMKae noTpeda BU3HAYECH- n | |
HS MarHiTHOTO TOJIA B 3a30p1 MK MOJIOCAMH €JICKT- N T [ﬁ ;
pomarsity. Y 300paxkeHoMy Ha puc. 45.6 exexrpoma- ._:., T
THITI MarHiTHE TI0JIe HAMPAaBJICHE B3JIOBXK OCI 3aJ13HO- a— 1 |
ro ocepis, Tak IO Ha MEX1 MIXK OCEpIsiM 1 MOBITPS- 1
HHUM 3a30pOM BEKTOp B crnpsMOBaHUI 3a HOPMAaJUIIO T\I



710 moBepxHi oauTy. BimmosigHo mo hopmynu (45.15) e o3Hauae, 1mo MarHiTHa 1HIY K-
ISl B OCEP/Il 1 MarHiTHA 1HAYKIIISA B 3a30P1 OJIHAKOBI 32 BEJTUYHUHOIO.

3acTtocyemMo Ternep TeopeMy Mpo IUPKYJIAIito Bektopa H 10 KOHTypa, 10 MPOXo-
IUTH B3IOBXK oci ocepas. [IoBHUIT cTpyM, IO OXOIUTIOETHCS KOHTYpOM, jaopiBHIOE NI,
ne N - guciao BUTKIB OOMOTKH e€JIeKTpoMarHita, a | - cuna crpymy B Hiil. [lo3zHaummo
yepes |, 1 |; TOBXMHM IIITHOK KOHTYpa, [0 MPOXOAATh BiAMOBIIHO Yepe3 3aji3He ocep-
7S 1 9epe3 MOBITPSAHUH 3a30p. Marouu Ha yBasi, 1[0 HAINPY>KEHICTh MarHiTHOTO TOJISA B
ocepai aopiBHioe H; = B/(lo 1s), A€ W, - MarHiTHA MPOHUKHICTD 3aJi3a, @ HAPYKEHICTh
Mar"iTHOTO MoJiA B 3a30pi AopiBHIOE Hy = B/(lo W), 1€ 1y - Mar"iTHa NPOHUKHICTH pe-
YOBUHHU B 3a30p1, MU MOKEMO 3aMKcaTH TEOpEMy PO MUPKYJIAIi0 BekTopa H.:

fHdI=H,I,+H, I, =NI,
L
abo
B+ B
HoH, HoHy,
3Biacu
B= NI - (45.17)
3 + n
lu0/u3 /Uolun

OcranHio (hopMyy MOKHA TIEPETBOPUTH. 3a3BU4ait qoBkuHa |, ocepas enekTpo-
MarHita OyBae OJIU3bKO 1 M, JOBXKHHA MOBITPSHOTO 3a30pYy |y - HOPSIIKY AEKUIBKOX CaH-
TUMETPIB, MarHiTHa MPOHUKHICTb MOBITPSA Wy = | 3 BEJIMKOI TOYHICTIO, & MarHiTHa
IPOHUKHICTH 3132 L; MOPSIAKY JEKUIBKOX THCSY. ToMy mepiuM 10JaHKOM B 3HAMEH-
HUKY dhopmyiu (45.17) MoKHA 3HEXTYBATH. TOI1

B~ “(;N' . (45.18)

n

30UTbLIYIOYM YUCIO BUTKIB N €JeKTpoMarHita 1 3MEHIIYYH pO3MIpU MOBITPSIHO-
ro 3a30py |y, MOXHa oTprMaTH MOJIS 3 BEMMKKM 3Ha4eHHsM B. Haramaemo, mo 3Ha4eH-
HSl Mar”iTHOI 1HAYKIII1 B, oTpuMaHe B TaOopaTopisiX, Ma€e MOPSAI0K JEKITBKOX Teca.

Ilpuknao 45.1. EnexrpoMartit, 300paxeHuil Ha puc. 45.6, Mae HaCTYIHI apaMeTpH: MarHiTHa
HNPOHUKHICTB 3aii3a s = 2000, 10BXkKKUHA MOBITPSHOrO 3a30py |y = 5 MM, uucno BUTKiB B 0OMoTII N =
1200. Axwuit ctpym | Mae npoxoauTH B310BXK OOMOTKH, II0O MarHiTHa iHAYKIISA B 3a30p1 CTaHOBWIA B
=1,5 Tn?

Kopucryrounces dhopmymnoro (72.18), 3Haxoaumo

_BI,  15-5-10°° N
N 4-314-107-1,2-10°
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§ 46. Ilpupoaa MmoJieKyJsspHUX CTPyMiB. MarHiTHi BJacTUBOCTI aTOMIB

BuxopuctoByemo monens aroma H.bopa. EnexTpoH, 1mo pyxa€eTbcs B aToMi IO
KOJIOB1M 0pOiTi (puc 46.1), MOXKHA YMOBHO TTOPIBHATH 3 KOHTYPOM 31 CTPYMOM 1 BBaXa-
TH, 1[0 €TICKTPOH YTBOPIOE KOJIOBHM CTPYM.

VYsBiMO cO01 TIIOIMIAIKY, IO IEPETUHAE OPOITY €JIEKT-
POHA 1 € IEPIEHANKYJIIPHOIO 10 OpOiTH. 32 BUBHAYCHHSM CH-
—e Ja CTpyMY JIOPIBHIOE 3apsly, IO IEPEHOCUTHCS uepe3 TIo-
IAJKY 32 OJIHY CEKyHy. 3a 1 ¢ uepe3 Hei Oyze nepeHeceHuit
3apsz | = ev, e € — 3apsij eneKTpoHa, V — YuciIo 00epTiB ele-
. an KTpOHA B ceKkyHAy. OTXe, MarHITHUII MOMEHT TaKOTO KOHTYypa

1__!

=
L P nopierioE
Pm= 1S =ev nr?, (46.1)
I 4 ne I — pajaiyc eeKTPOHHOI OpOiTH. 3B'SHKEMO Pm 31 MIBUJIKIC-
' 27 .
TIO ENEKTPOHA U=~ = 27rv (T — mepioq oOepTaHHS €JICKT-
Puc. 46.1.

. v .
pOHA), OTPUMAEMO 3BIJICH 77T V = o M1JICTaBJISIOUN y BUPA3 IS

Pm, OTPUMAEMO:
Pm = - (46.2)

[{s1 BenmnuuHa HA3UBAETHCS OPOIMATLHUM MAZHIMHUM MOMEHMOM €JIeKMPOHA.
Ha puc. 46.1 enexTpoH pyXa€eThcs 3a TOAMHHUKOBOIO CTPLJIKOIO, & CTPYM HampaBlIeHUN
B IPOTUJICKHUHN OIK — MPOTH TOAMHHUKOBOT CTPUIKH, TOMY IO 3apsij] eIEKTpOHA Hera-
TuBHUM. HanpsiMm BekTOpa Pm YTBOPIOE 3 HAIIPSIMOM CTPYMY MTPABOIBUHTOBY CUCTEMY.
BexTop pm cripsiMoBaHuii MEPIECHANKYJISIPHO TUIOIIKMHI OpOITH Ha puc. 46.1 yrpaso.

3 iHIIOrO OOKY, €JEKTPOH, L0 PYXA€EThCA M0 OPOITI, MAE MOMEHT IMITYJIbCY

L = mevr,

e M.— Maca enekTpoHa. Bektop L Ha3uBaloTh opoimanbHuM mexaHivHum MoMeH-
mom enekmpona. BiH TakoX yTBOPIOE 3 HAIIPSIMOM PYXY €IEKTPOHA MPAaBOTBUHTOBY
cuctemy. Bekrop L cripsMmoBanuii nepneHANKYIJISPHO A0 IVIOLUHU opOiTH Ha puc. 46.1
BJIIBO.

OTxe, 7151 €JIeKTpOHA (SIK HETaTUBHO 3apsHPKEHOI YaCTUHKU) HAMIPSIMU BEKTOPIB
Pm 1 L mpoTunexHi.

BigHomeHHs: MarHiTHOIrO MOMEHTA €JI€MEHTapHO1 YaCTUHKH JI0 il MEXaHIYHOTO
MOMEHTA Ha3MBAEThCA Machimomexaniunum (abo ipomacnimuum) gionouwtennsm. Js
opOITaTBHOTO PYXY €JIEKTPOHA BOHO JIOPIBHIOE

Po__ &
L 2m,
3HaK MiHYC BKa3y€ Ha Te, 110 HAIIPSIMU MOMEHTIB € TIPOTHIIC)KHUMH.
Kpim opOiTalbHIX MOMEHTIB €JICKTPOH Ma€ @1acHull mexaniunuii Ls 1 maznim-

HUIl pm, s MOMCHTH, JIJISL IKUX MdeHImoMexaniyHe BITHOIICHHS B IBa pa3u OlIbIIIe:

(46.3)
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Pms :_i_ (46.4)
L, m

BnacHuii MexaHI9YHIIT MOMEHT (cniH) 1 TIOB'sI3aHU 3 HUM BJIACHUI (CITIHOBUI)
MarHiTHU MOMEHT € HEeB1I'€MHIMH BIIACTHBOCTSIMH €JICMEHTAPHUX YaCTUHOK, K 1 X
Maca i 3apsan. CriH Mae KBAaHTOBY MPUPOTY 1 HE TIOB'sI3aHUH 3 TIEPEMIIIICHHSIM YaCTHHKH
AK 1[I0r0. Y AayKe rpyooMy HaOJIMKEHHI HOTO MOB'A3YI0Th 3 00€pTaHHSAM YaCTUHKHU
HaBKOJIO BJIACHOT OCI.

CriH eleMeHTapHUX YaCTUHOK (B MPOEKIIiT HAa HAIIPSIM 30BHIIIHBOTO MAarHiTHOTO
noJisi Bo) BUABISAETHCS HUIMM a00 HAMBILIAM KpaTHUM (PyHIaMEeHTaIbHOT OCTIHHOT

e

izuku — mocriitaoi Ilnanka n=1,05-10"* /- c.

30kpema, 1 MPOoeKIis BeKTopa Ls 1t enekTpoHa 10piBHIOE 2, TOMY 3a3BHYaii

TOBOPSITH, 10 CIIH €JIEKTPOHA JIOPIBHIOE MOJOBUHI. BiAMOBIIHO, BIaCHUN MarHiTHUI
MOMEHT €JIEKTPOHA (B MPOEKIISAX HA HANpsAM By) TOpIBHIOE

e en
=—L = 46.5

pm,s mm S zme ( )

Bennuuny p, = o 0,927 -10 % Jloic/ T HasuBarots MaraeTonoM bopa. OTixe,

(]
BJIACHUI MarHiTHUM MOMEHT €JICKTPOHA JOPIBHIOE OJHOMY MarHeToHy bopa.
Sk nmokaszyerbcs B KBaHTOBOI Teopii bopa, opOiTanbHUI MEeXaHIYHUA MOMEHT
MO>K€ NMPUHUMaTH 3HaYEHHS, KpaTHi nocTiitHoi [nanka: L =nn, n =1, 2, .... 3 ypaxyBaH-
HsM (46.3) oTpuMyeMoO, 1110 HAMMEHIIIMIA BIAMIHHUYN BiJ HYJIsI OpOITaTbHUN MarHiTHUN

. €
MOMEHT JIOpiBHIOE P, | = =N

€

HUYS MACHIMHO20 MOMEHMA, «KBAHMY» MACHIMHO20 MOMEHmMA.

Sk 6auMMO, MarHiTHUI MOMEHT €JIEKTPOHA CKJIaJa€ThCs 3 OPOITATIBLHOTO 1 CITIHO-
BOTO MarHiTHUX MOMEHTIB. Pe3ynbTyrounii MarHiTHU MOMEHT aTOMa YTBOPIOETHCS B
pe3ynbTaTi BEKTOPHOTO JI0aBAHHS MAarHITHUX MOMEHTIB BCIX €JIEMEHTAPHUX YACTUHOK,
10 MICTATHCS B aTOMi SIK y>Ke 3a3Hauaocsi, MarHiTHI MOMEHTH SJIep B THCSY1 pa3iB
MEHIIIE MAarHITHUX MOMEHTIB €JIEKTPOHIB, TOMY HUMHU HEXTYIOTh. TOMY 3arajlbHUi Mar-
HITHUHA MOMEHT aToMa (MOJIEKYJIN) P, JOPIBHIOE BEKTOPHIN CyMi MarHiTHUX MOMEHTIB
(opOiTaNbHKX 1 CIIIHOBUX) €JIEKTPOHIB, 1[0 BXOSITH B aTOM (MOJIEKYJITY)

Pa= Zpm+ ZPms. (46.6)

= pg. Takum uyMHOM, Macnemon bopa — natimenwa oou-

§ 47. dia- i mnapamarneTusm

Bci peyoBuHU € MarHeTMkamMu — MPU BHECEHHI iX y 30BHIIIHE MAarHITHE MOJIE BO-
HU HAMar"idyloThCsl, TOOTO CTBOPIOIOTH CBOE BJIACHE MArHiTHE MOJIE, 10 HAKIJIATAEThCS
Ha 30BHIILHE MOJE.

3a cBOIM MarHiTHUMH BIACTUBOCTSIMU MarHeTUKH MOJUISIOTHCS HA TPU OCHOBHI
rpynu:
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1) diamacnemuxu, y SKAX MarfiTHa CIIPUHHATIMBICTD  BiI’€MHA 1 € MAJIOIO 32
moxyneM, x <O, x| <<1,|y|~10°—10° a marmiraa nponukHicts pu <lI;

2) napamaznemuxu, y SKUX y TEX Maja, ajne gogartsa, x> 0,y ~ 102 - 107°,

> 1,

3) maenimosnopsoxkosani pewosunu (hepo- , antudepo-, i GepiMarHeTUKH) y
AKX Y JojaaTHa, ¥ > 0 1 carae gay’ke BeIMKHX 3HadeHb, ¥ >> 1, 102 <y < 10°% p>>1.

JliaMarHeTMKH — PEYOBUHHU, SIK1 1] 4aC BHECEHHS 1X y 30BHIIIIHE MAarHITHE MOJIE
AyXe cabo HaMarHivyylThCs POTH HANIPSIMY I[LOTO TTOJISL.

JliaMarHeTUKH CKJIAIAal0ThCS 3 TAKUX YaCTHHOK (aTOMIB, 10HIB, MOJICKYJ), B SIKHX
TiJT 9ac BiJICYTHOCTI 30BHINTHBOTO MarHiTHOTO TIOJISI MarHITHUH MOMEHT aTtoMa (cyma
CHIHOBHX 1 OpOITaTbHUX MAarHITHUX MOMEHTIB) JOPIBHIOE HYJIIO.

Poszrisitnemo, o BigOyBa€eThCs 3 aTOMaMHU JIlaMarHeTUKA B 30BHITHbOMY MAarHIT-
HOMY 10J1i. OCKIJIbKHU €JIEKTPOH B aTOMI MOYKHA YIOAIOHUTH 70 KOJIOBOMY CTPYMY, 11O
XapaKTepPU3y€eThCs MarHITHUIM MOMEHTOM P, TO I Yac BHE-
CEHHsI aTOMa B 30BHIIIIHE MarHiTHE NOJI€ Ha €JIEKTPOH, 1110 py-
Xa€ThCS MO OpOITI, TOYHE JTIATH 00epTaTHLHUN MOMEHT

M= [pm, BO],

AKHUI parHe BCTaHOBUTH OPOITaIbHUI MOMEHT €JIEKTPOHA P
y HanpamKy nodst By (puc. 47.1). [lix gieto isoro momenta M
BEKTOP OpOITaTbHOIO MOMEHTA €JIEKTPOHA Pm Oye mperiecy-
BAaTH HABKOJIO HAIPSIMKY BEKTOpA MarHiTHOI IHAYKUIi Bo, TOO-
TO OTPUMAE T0AATKOBE PIBHOMIPHE OOEPTAHHS, IPU IKOMY
BEKTOp Pm CTaHE OMUCYBATH KOHYC HABKOJIO HAMPSIMKY By
(puc. 47.1). TakuM YUHOM, BEKTOP Pm, 110 € MEPIECHIUKYISAP-
HUM JI0 IJIOIIWHU €JIeKTPOHHOI 0pOiTH, 30epirae He3MIHHHMA
KYT 0. HAXWJTY JI0 30BHIITHBOTO MOJIs 1 00€PTAETHCS HABKOJIO
By 3 nesikoro kyToBoto mBUAKICTIO. Lleit pyx Haragye mperie-
Cit0 OC1 J3UTH HaBKOJIO BEPTUKAIBHOI OC1 B TIOJI1 CHJIH TSDKIH-

HiL. Puc. 47.1.
YacToTa mperiecii e1eKTpOHHOT OpOITH

Q =eB/(2m,) , (47.1)
Ky Ha3UBAIOTh JIAPMOPIBCLKOIO YACTOTOI0, HE 3AJICKUTH aHl BiJl KyTa HAXHMIIy OpOITH
eJIeKTpOHa 70 BeKkTopa By, aHi Bij pajaiyca opoiTH ab0 IMIBUAKOCTI €IEKTPOHA 1, OTXKE,
JUISl BCIX €JIEKTPOHIB € OJTHAKOBOIO.

[Iperniecis e1eKTPOHHOT OpOITH CTBOPIOE JTOJIATKOBUM PYX €JIEKTPOHA B 30BHIIII-
HbOMY MarHiTHoMmy noJji By. Lle pyX, sk 1 OyAb-siKuii pyX 3aps/iB, IPU3BOIUTH 10 BU-
HUKHEHHS IHOYKOBAHO20 MACHIMHO20 MOMEHMA, TIPUIOMY, B TAHOMY BUTIAJIKY, CIIPSI-
MOBAHOT'O TIPOTH TIOJISI.

Ha puc. 47.1 nokaszano mpereciiiHuii pyx eJeKTpoHa 1 Horo opoiTaIbHOTO MarHi-
THOTO MOMEHTa Pm. [Ipereciitauii pyX eIeKTpoHa CTBOPIOE 1HAYKOBAHUN OpOITaTbHUAN
MarHiTHUA MOMEHT APm, TPOTUIICKHHH 3a HATIPSIMOM 10 BEKTOpa By .
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OTtxe, y diamazcHimuux peyosut 8 306HIUHbOMY MacHIMHOMY noai By sunukae in-
oyKkogane macHimue nose B', sike € npomunesxcnum 3a Hanpsamom ma nociad.Ioe 306-
HIWHE noJe:

B =Bo—- B/,
TOOTO MarHiTHa COPUUHATIUBICTE ¥ < 0, a Mar"iTHa MPOHUKHICTh 1L < 1.

Jlo niamarHeTHKiB BITHOCSATHCS 1HEPTHI T'a3u, a30T, BOJIEHb, 0araTo MeTaiB: Bic-
MyT Bi, nuaK Zn, mMige Cu, 3010T0 Au, cpi6i0 Ag, Bojia, CMOJIH, CKJII0, MapMyp, CUTIIIH
Si, pocdop P, Takox 6araTo iHIINX, SIK OPTaHIYHUX , TAK 1 HEOPTAHIYHUX 3'€THAHD.
JIrogrHa B MarHiTHOMY IOJT1 IOBOAUTHCS TEX SIK 11aMarHETHK.

Ilpuxnao 47.1. HaBenemo 3HaU€HHS MarHiTHOT CIPUHHSATIMBOCTI JJIsL ACSIKUX JTiaMarHEeTHKIB.

JliaMmaraeTuk MarsiTHa COPUHHSATIMBICTS, ¥
N2 (ra3) -6,75-107°
Bi -1510~*
Au —-29-10"°
Cu -1-107°
H20 ~-7:10-°

Mo>kHa 1moka3aTu Ha JI0CHil, 0 HaMarHivy-
BaHHSI JllaMarHeTrKa BiJJ0OyBAa€TbCs MPOTH 30BHILL-
Hporo noJis. [ligBimmenuit MiXK OJIFOCAMUA CHJILHOTO
€JICKTPOMArHiTa HEBEJIMKHUI BICMYyTOBHUI CTPUKEHD
(puc. 47.2) HaMarHiYy€eThCs TaK, 10 MIBHIYHHUM T0-
JIIOC JllaMarHeTHKa BUSBIISETHCS HABIPOTH MIBHIYHO-
TO IMOJIFOCA MArHiTy, a MBJAEHHUHN - HABIIPOTH ITiB-
neHHoro. B pe3ynbTaTi AiaMarHeTuK ¢j1ado BUIIITOB- Puc. 47.2.
XY€THCS 3 MAarHITHOTO 10JIs. CTPHKEHDb BCTAHOBITIO-
€THCS IEPIICHAUKYJISIPHO TTOJIIO.

ITapamarHeTHKH - TaKOX € CJA0OMAarHITHUMUA PEYOBHHAMM, aJieé BOHU HaMarHi-
YYIOThCS B3/IOBXK MOJIA. Y apaMarHeTUKiB BEKTOPHA cymMa OpOITalbHUX Ta CIHIHOBUX
MOMEHTIB €JIEKTPOHIB HE JOPIBHIOE HYJIIO, TOMY MOJIEKYJI MTapaMarHiTHOI pe4OBUHU
MarOTh BJIIACHE MArHiTHE MOJeE.

Skio 30BHIINIHE MAarHiTHE TMOJIE€ BIICYTHE, 11 MArHITHI MIKPOIIOJISI MOJIEKYJT TeTl-
JIOBUM PYXOM OPIEHTOBaHI B POCTOPI XaOTUYHO, 1 TOMY CyMapHe MarHiTHE MaKpoTmoJie
napaMarHeTHKa J0PIBHIOE HYJIIO.

[Tin vac BHECEHHS TapaMarHiTHOI PEYOBUHU B 30BHIIITHE MarHiTHE 1osie By y
€JICKTPOHIB PEYOBUHU, TAKOXK SIK y JlaMarHETUKIB, BUHUKAE JTAPMOPIBChKA TIPEIiecisl.
OpHak 30BHIIIHE MarHiTHE MOJIE HE TUIbKU 1HAYKYE T10AATKOBUI MAarHiTHU MOMEHT
APm, @ i OpIEHTYE BIACHUN MOMEHT aTOMIB.

CripssMOBaHHMIA B3/I0BXK TOJISI MArHITHUN MOMEHT, 110 BUHUKAE MPH [IbOMY, BHUSIB-
JSE€THCSA HAbarato OUIBIIKMM, HIXK 1HAYKOBAaHUN MarHiTHUM MOMEHT APm, SKUW CIIPSIMO-
BAHUU IIPOTHU MOJIS.

B pe3ynbrari cymapHe BjJacHe MarHiTHE 1oJie mapaMarHeTuka B' crae BiAMIHHUM
BIJl HYJIS 1 HAallpaBJieHe B3/I0BK 30BHIIIHBOIO 1oJs Bo.
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OTxe, mapaMarHeTHK, TOMIIIICHUI B 30BHINTHE MArHITHE TOJIE, IMICHIIOE 1€ TTOJIE:
B =Bo+ B/,
MarHiTHa CIPUUHATIMBICTh apaMarseTuka y > 0 1 MarHiTHa MPOHUKHICTH U > 1.
[TapamarHiTHHI €PEKT 3aJICKUTH BiJ TEMIIEPATYPH, OCKIJIbKU TETUIOBUH pyX aTo-
MIB 1 MOJIEKYJI IOPYIIIY€ TIepEeBaKHY OPI€HTALIF0 MarHITHUX MOMEHTIB B 30BHIIIIHBOMY
MmarHiTHoMy 1oui. I1. Kropi excriepuMeHTanbHO BCTAaHOBUB 3aKOH 3aJISKHOCTI MarHiTHOT
CIPUHHATINBOCTI TapaMarHeTHKIB BiJ] TEMIIepaTypH

C
=—, 47.2
V4 T (47.2)

ne C - nocriiiHa Kropi, 1110 3a51eKuTh BiJl peuoBUHH, T’
- a0COJIIOTHA TeMIlepaTypa.

[Tig yac BHECEHHS MapaMarHiTHOTO 3pa3ka (Ha-
MPUKJIAJ, MATHIEBOTO CTPHKHS) B MOJIE€ CUIIBHOTO
€JIEKTPOMArHITa, BIH BCTAHOBIIIOETHCS Y3/10BK OIS 1
c1a00 NPUTSTaeThCA 10 HAMOIMAKIOTO MOIIOCy (puC.

47.3).

Jlo mapaMaraeTukaM BiTHOCATHCS JTy>)KHO3EMe- Puc. 47 3
JIBHI 1 TyXH1 MeTau - Hatpid Na, kanii K, kanbiii
Ca, a takox natuHa Pt, amrominiit Al, 3 raziB - kucenb Os.

Ilpuknao 47.2. HaBeneMo 3Hau€HHS MarHiTHOI CIPUHHATIMBOCTI IS JSSKUX MTapaMarHeTHKIB.

[TapamaraeTuk MarautHa COpUHHATIUBICTB, ),
O2 (pinkwuif) 3,6:10
Pt 2,510~
Al 2,4-103
O(ra3) 1,5-10-°

§ 48. MarunitoBnopsiikoBaHi pe1oBuHHM (pepo -, antudepo-, pepimarue-
THKH)

Ha BinMiHy BiJ Jia- 1 mapaMarHeTUKIB, sIKI HA3UBAIOTHCS CIIA00OMArHiTHUMU pe-
YOBUHAMHU, ICHYIOTh CHJIbHOMATHITHI PEYOBUHH — (DEPOMArHETHKH.

Depomaznemuxamu Ha3UBAIOTHCS PEUOBUHU, B IKMX BJIACHE (BHYTPIILIHE) Mar-
HITHE T10JI€ B COTHI 1 TUCSIY1 pa3iB CUJIbHIIIE 30BHIIIHHOTO MAarHiTHOTO MOJIs, 10 3yMO-
BUJIO HAMarHiyeHHsa. @epoMarHeTK MatoTh CaMOJIOBUIbHY HAMarHi4eHiCcThb, TOOTO
BOHU MOKYTh 3aJUIIATUCS HAMAarHiYeHUMH HaBITh 32 B1ICYTHOCT1 30BHIIIHBOTO MarHi-
THOTO TIOJIS.

Jlo pepoMarHeTHKiB BiHOCITHCS KPUCTAIH, TOOYI0OBAH1 3 aTOMIB MEPEX1THUX
eJIeMEHTIB (aTOMIB 3 HEJJOOYIOBAaHUMH BHYTPIITHIMUA €ICKTPOHHUMHU IIIAPAMH): 3aJ1130
Fe (Bix sikoro moxoauTh Ha3Ba «pepomMaraeTuzm» ), Hikenab Ni, kob6ansT Co, ragomiHii
Gd, ix oxcuam 1 cynabdinu, cruiaBu 3 HehepoMarHiTHUX KOMITOHEHTIB Ha OCHOBI Mapra-
HITIO 1 XpOMY Ta 1H.
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BinnoBiganbHUMU 32 BEIMKY BETUYMHY HAMarHi4eHOCTI ()epOMarHeTrKiB € Biia-
CHI (CniH06i) MacHimHi MOMeHmU eleKmpOoHIa, 1O HaJIeKATh 10HaM KPUCTAJIIYHO1 IpaT-
KU.

3a MeBHUX YMOB B KpHCTaJlaX MOKYTh BUHUKATHU CHIIH, SIKI 3MYIIYIOTh CITIHOBI
MarHiTHI MOMEHTH €JICKTPOHIB PO3MIIILyBaTHCS MapaliebHO OJMH ogHOMY. [loxomKeH-
HSI IIUX CHJI € YUCTO KBAHTOBO-MEXaHIUYHUH eeKTOM, 00yMOBIEHUM XBHJILOBUMH BJIaC-
THUBOCTSIMU €JIeKTPOHIB. B pe3ynbTaTi Oyab-ske ¢hepoMardiTHE T1JI0 BUABISIETBCS PO3-
OMTUM Ha MaJli 00JIaCTi CHOHMAHHO20 (CAMOO0BIIbHO20) HAMACHIYEeH s, IKI HA3UBAIOTh
oomenamu. JJlomeHn MarOTh po3mipu npudau3no 1 — 10 Mxm.

Y Mexax KOKHOTO JoMeHa (pepoMarHeTUK CIOHTaHHO HaMarHiueHu 10 TpaHuIll
1 Ma€e TIEBHUW MarHiTHUH MOMEHT. HanmpsiMKy 1TuX MOMEHTIB JIJIsl PI3HUX JOMEHIB € Pi3-
HuUMHU (puc. 48.1). CtpikamMu TyT yMOBHO 300pake€H1 MarHiTHI MOMEHTH €JIEKTPOHIB.

H H
- =

Puc. 48.1.

EHepreTnyHo BUTIHUMH CTaHAMH JOMEHIB € 3aMKHYTI MarHiTHI KOJa, TaK 10
I1]] 4ac BIACYTHOCTI 30BHIIIHBOTO MOJII CYMapHUil MarHiTHUM MOMEHT BCbOTO TLJIA J0-
PIBHIOE HYIIIO.

J1is1 30BHINIHBOTO TMOJISI HA JIOMEHHU Ha PI3HUX CTAJlIAX MPOLeCy HAMarHiueHHs €
pi3HOI0. CriouaTky, 3a CIa0KUX MOJIB, CIOCTEPITAETHCS 3MilyeHHs Medc 0oMeHig (PUC.
48.1). 3a paxyHOK 00’€MiIB CYCiJTHIX JOMEHIB 3pOCTAaIOTh 00’ €MU JOMEHIB, Y IKMX HamMa-
THIYEHICTh Opl€HTOBaHA HAMOJIMIKYE 1 BUT1/IHIIIE O HAMPSMKY 30BHIIIHHOTO MarHiTHO-
IO IOJISL.

31 30IBbILIEHHSM HANPYXEHOCTI MOJIs LIed npouec Wae 10 THX Mip, TOKU TOMEHH,
AK1 MalOTh B MarHITHOMY T0OJIl MEHIITy €HEPri€l0, HE MOIVIMHYTh MOBHICTIO €EHEPTEeTUYHO
MEHIII BUT1JTHI JOMEHHU.

Ha nactynHiii cTanii BiA0yBa€eTbcs 3MiHA HAIPSIMKY CIIOHTAHHOI HAMAarH14€HOCT1
OKpPEMHX JJOMEHIB HUISIXOM OBOPOTY MAarHITHUX MOMEHTIB JJOMEHIB B HAIIPSIMKY TOJISL.
[Ipu 1bOMY MOMEHTH €JIEKTPOHIB B ME€XaX JOMEHY MTOBEPTAIOTHCS OJHOYACHO, 0€3 MO-
PYIIEHHS iX CyBOPOi MapasieTbHOCTI OJTUH OJTHOMY.

OcHOBHI BJIACTUBOCTI hepOMarHeTUKIB, 1110 TIOB'A3aH] 3 1X JIOMEHHOIO CTPYKTY-
POTO, TaxKi:

1) aHOMaJIbHO BEJIMKE 3HAYEHHS MAarHiTHOI IPOHUKHOCTI [L;

2) 31aTHICTh HAMATHIYYBATUCS JJO MATHITHOTO HACHYEHHS 1 37IaTHICTh 30epiraTu
CTaH HAMarHi4eHOCTI MICIs BUAAICHHS ()ePOMArHITHUX TLT 3 MEX IOJIs, 1110 HAaMarHiuye
(3a7MIIKOBa HAMArHIYEHICTH);

3) 3aJ1eXKHICTh MAarHiTHOI MPOHUKHOCTI |l 1 CHPUUHSTIMBOCTI ), B1Jl HAIIPY>KEHOCTI
H 30BHIIIHBOTO MOJIA, III0 HAMArHIYye;
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4) npu nepemMarHiuyyBaHHI BUSBISIETbCA «MAarHITHUM cicmepesucy - 3MiHa HaMar-
HIYEHHS TUJIa BiZICTa€ (3aMi3HIOETHCSA) B/l 3MIHM HaNpy»KeHocTi H moss, 1o HamarHi-
qye€;

2) aHI30TPOIis MarHITHUX BIACTUBOCTEH KpHCTaja.

Bigznauumo, 1110 Ha rpadikax HaMarHiueHocTi J B SIKOCTI apIryMEHTY BUKOPUCTO-
BYETHCS HAMPYKEHICTh MarHiTHOTO oI5t H.

Jns hepoMarHiTHUX T1J1 HAMArHIYEHICTh € CKJIaIHOT HeMlHiMHOT ¢yHKIiieto H. Ha
puc. 48.2 nana rpadiyHa 3aiexHICTh HaMarHiueHocTi J Big H A 3amiza.

Sxmo ¢pepomarneTrk He € HamarHidenuMm (J = 0),

TO CyMapHUI MarHiTHUA MOMEHT JJOMEHIB JIOPIBHIOE HY- Jk
mo. Y cimabkux nossix J kpyro Hapocrae 3 poctoM H -
JIOMEHH IHUKYIOThCS TIEPEBAXKHO B310BXK BekTopa H,y  J, .
0araro pasiB MIJCUIIIOIOYH 30BHIIIHE MOJIE.

OpnHak 1ei mpouec NoYHe CIOBIILHIOBATUCS, KOJIU
3aJIUIIAETHCS BCE MEHILIE 1 MEHIIIE HEOPIEHTOBAHUX MO-
MEHTIB, 1, HAPEIIT1, KOJIM BCE MarHiTHI MOMEHTH aTOMIB

i
)
r
[
I
r
|
0 HHE.C H
2.

YIOPSIIKOBYIOTHCSI B HAMPSIMKY 30BHIITHBOI'O MarHiTHO- -
0 MOJIsA, TTOAANbIIIE 301IbIIIEHHS J IPUTTUHIETHCS, 1 Ha-
CTa€ MarHiTHE HaCMUEHHA. Y CUIbHUX nossix (H > 200 Prc. 48

A/M) HaMarH14eHiCcTh J 1ocarae MaKCHUMaJIbHOTO 3Ha-
YEHHS, SIKE MPAKTUYHO 3aJIUIIAETHCS HE3MIHHUM (Hacu4yeHHs) (Ha puc. 48.2 3a 3HaYeHb
H> Hy).
Amnasoriydo 10 kpuBoi HamarniuyBanHs J(H) orpumyrots kpuBy B(H). Ha puc
48.3 300paxeHo KpuBy 3ayieskHoCTi B Big H. Bona Bifipi3Hs€ThCS Bl TOTIEPEAHBOT THM,
1[0 HE Ma€ TOPU3OHTAIBHOI YaCTUHU. Lle MOSCHIOETHCS THUM, 1110 B CTaHI HACUYCHHS
apyruit onaHok B B = o (H + J) 3anumaersest He3MiHHUM 1 B 3pocTae TUTbKH 32 pa-
XYHOK 301JIbIIIEHHS MEPIIOTOo 0daHKa:
B = poH + 1o Juac = woH + const

B 5 ) 1 . H.K.BI/II[HO 3 puc. 482 148.3 HaMarHige-

EPOMAZHEMLUK HicTh J 1 iuayKiis B HemiHiliHO 3a1eXaTh Bij
Hanpy>keHnocti noss H. Tomy nns pepomaraeTu-
KiB Mar"iTHa CIPUAHATIUBICTD ) 1 MarHiTHA
MIPOHUKHICTH |l HE € MIOCTINHUMHU BEJIMYMHAMU,

P 3anexath Big H.
Hapavaznemux . .
0 -— VY cnabkoMy MarHiTHOMY ITOJ [l IIBHJIKO
T e Hiavaznemux H 3pOCTae, JOCITal0Yl MAKCUMYMY, a TIOTIM cla-
T Jla€, HaOIMXKAIOUKCh J10 OJIMHMUIT, SIK JJIs BaKy-
Prrc. 483 ymy (puc. 48.4). Lle BUIIIMBaE 3 TaKUX MIPKY-
- BaHb. 3alu-
mremo Bupas B =y (H + J) inakime: u
popH = po (H + J).
3Biacu
J
=1+ (48.1)
H
- 6
H

Puc. 48.4.



[Tix wac macuuenns J = const, siko H — oo, To u — 1.

MakcumainbHi 3HaYEHHS Ll € Ty>Ke BeJIMKUMU: AJid 3aimi3a - 5000, KpeMeHucToro
3amiza - 10 000, nepmainos (78% Ni 1 22% Fe) - 100 000.

XapaktepHa 0cOOIMBICTh (DEPOMArHETHKIB MOJATAE TAKOK Y TOMY, IO JIJIST HUX
3asiexxHIcTh J Bi1 H (a oTxe, 1 B B H) BU3HAYa€ThCS MEPEAICTOPIEI0 HAMArHIYEHOCTI
dbepomarmeTrka, TOOTO BiJl TOTO, B SIKHUX IOJISIX BiH TOOYBaB paHiIlle.

Hexaii HeHamarHidyeHu (pepoMarHiTHUN CTPHXKEHBb MTOMIIIEHUH B KOTYIIKY (pHC.
48.2) 1 B Hill 301JIBLITY€THCS IOCTIMHUIN CTPYM, MOYKMHAIOYH Bl HyJsL. HanmpyxeHicTbh

Mar"iTHOTO TOJISl BCEPEIUH] KOTYIIKU 3POCTAE JHIAHO 3 CUIIOI0

ctpymy: H = nl. 3aiexxHicTh HAMAarHIYE€HOCTI BiJ] HAPYKEHOCTI

Mar"iTHOTO noJjs Bupasutbes kpusoi 0 - 1 (puc. 48.6). [lpu H = Hy
o~ AR HACTa€ HACUYCHHS.

k1110 Tenep 3MEHITYBaTH CUITy CTPYMY B KOTYIIII (TOOTO
3MEHIIYBaTH HAIPY>KEeHICTh MArHITHOTO 1oJist BiAg Hy 110 0), TO, 5K
MoKa3ye A0CHif, rpadik yxKe He Mije 3BOPOTHUM HUIIXOM 32 MepBi-

Puc. 48.5. cHoto kpuBoio 1 - 0, a 300pa3utbcst KpuBoro 1 - 2, 110 JIeKUTH BU-
1I€ BiJ] MEPBUHHOI KPUBOI.

B pe3ynbTaTi, K0JIM HaNpyKEeHICTh 30BHI-

IIHBOTO TOJISl CTA€ PIBHOIO HYJIO (TOYKa 2), Ha- J 1
MarHi4eHICTh HE 3HUKAE 1 XapaKTEPHU3Y€EThCS Be- [
JMYUHOIO Jy, STKAa HA3UBAETHCS 3AIUUKOBUM HA-
maenivenuam. IIpu 1boMy 4acTHA MarHiTHUX
MOMEHTIB aTOMIB 3aJIMIIAE€THCS] OPIEHTOBAHOIO B
MEPBICHOMY HaNpsSIMKy. MarHiTHa IHIYKLIS Mae,
BIJITOBIIHO, 3HAYCHHS B, IKa HA3MBAETHCS 3a-
JUIIKOBOIO 1HYKIII€RO.

OTtxe, 3meHIeHHs1 H HE CyTTPOBOJIKY€Th-
Csl BIJITTOBITHAM 3MEHIIICHHSIM J, CITIOCTEPITra€Th-
Csl BIJICTAaBaHHsI pO3MarHidyBaHHs. SIBHIIE BiJiC-
TaBaHHs (3aII3HEHHS) 3M1H HAMarHi4eHOCT1 Tija
B1J1 3MIH HaIpy>KE€HOCTI MarHiTHOTO ITOJIsI Ha3H- Puc. 48.6.

BA€THCS MacHIMHUM 2icmepe3ucom (Bl Tpell.

«3ami3HIOBaHH). I TOBHOTO pO3MarHivy-

BaHH4 3pa3ka Oynemo 30uTbiryBaTi H B MIPOTHIIEKHOMY HAMPAMKY (3MIHUMO HapSIMOK
CTPYMY B KOTYyIIII Ha ipoTwiexkauit). [Ipu H = - H, 3anuikoBa HaMarH14eHiCTh 3HU-
kae (kpuBa 2 - 3).

Hanpysxenictb nonst H,, npu K1 3HUIYETHCS 3aJTUIIKOBA HAMArHIYEeHICTh Jy, €
MIPOIO CTIHKOCTI (hepOMarHeTrka i Ha3uBa€ThCA 3aTPUMYIOUOI0 00 KoepyumueHoi cu-
J1010.

[cHyBaHHS 3aJUIIKOBOI HAMArHIY€HOCT1 YMOYKJIMBIIIOE€ BUTOTOBJICHHS MTOCTIMHUX
MarHiTiB, ad0 TiJ, siKi 0€3 BUTPATHU €HEPTii Ha MATPUMAHHS MaKpPOCKOIIIYHUX CTPYyMiB
BOJIOJIFOTh MAarHITHUM MOMEHTOM 1 CTBOPIOIOTH B OTOUYIOUOMY iX MPOCTOPI MarHiTHE
noste. [TocTiitHuii MardiT TUM Kpaiie 30epirae cBoi BIaCTUBOCTI, YUM OUIBIIIOIO € KOEP-
IIUTUBHOI CHJIa MaTepially, 3 sSIKOTO BiH BUTOTOBJICHUH.
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Sxuro gani 301abI1yBaTH H B MPOTUIICKHOMY HaIpsiMi, TO HAMAarHi4eHiCcTh Bi1O-
Opa3utbces kpuBorw 3 - 4, 1 ipu H = - Hy, nocsiraerbcst HacuueHHs (Touka 4), epomar-
HETUK IepeMarHiuyerhbes. [1oTiM 3pa3ok MOKHA 3HOBY pO3MarHiTUTH (kpuBa 4 - 5 - 6) 1
3HOBY IIEpEMarHiTUTH 10 HacuueHHs (KpuBa 6 - 1).

TakuMm ynHOM, TIpH i1 Ha (hepoMarHeTUK 3MIHHOTO MarHiTHOTO IOJIsS HaMarHive-
HICTh J 3MIHIOETHCSI BIJIIIOBIIHO JI0 3aMKHYTO1 KpuBOi 1-2-3-4-5-6-1, sixa Ha3uBaeThCs
nemeio eicmepe3ucy. I'icTepe3uc Npu3BOUThH 10 TOTO, III0 HaMarHideHicTh J ¢pepoma-
THETHKA HE € OJJHO3HAauHOI0 QyHKIE0 H, To6TO oHOMY 1 TOMY K 3Ha4eHHIO H Biamo-
BiJla€ KiyibKa 3HaueHb J. Hanpukiana, B momni HanpyskeHocTi H (puc. 48.6) HamarHide-
HICTh MO€E MaTH OyIb-sIKi 3HAYCHHsI B Mekax Bix J'1 10 J''1.

Po6ota, HeoOxiaHa i epemMariidyBaHHs (pepomMarHeTuka, BAKOHYETHCS 3a pa-
XYHOK €Heprii 30BHIIIHHOT'O MAarHiTHOTO MOJs .MoHa MMOKa3aTy, 1110 €Hepris, IKa BU-
TpadaeTbes 3a OJJMH UUKJI IepeMarHiuyBaHHs (pepoMarHeTrka, MporopiiiiHa Iionll
MEeTJI TICTEPE3UCY.

k1o koepuuTUBHOI cuiia H, € BeIuKoro, (hepoMarHeTuK Ha3UBAEThCS MACHIM-
Hodtcopcmikum. J1Jist HbOTo XapakTepHa IMUpoKa neTis ricrepesucy. depomarHeTuk 3
Masow H; (1 BIAMOBIAHO BY3bKOIO METICIO TICTEPE3UCY) HABUBAETHCS MACHIMHOM ‘SKUM.
3aJie’KHO BiJ] MPU3HAUYCHHS] BUKOPUCTOBYIOTHCS ()EPOMArHETUKH 3 TIEIO YH 1HIIIOKO Xa-
PaKTEepUCTUKOI0. Tak, )KOpCTKi hepoMarHeTUKH (HaIpHUKIIaJ, BYTJeleBl 1 BOJIb(paMoBi
CTaJIl) 3aCTOCOBYIOTHCS JIJIsl BUTOTOBJICHHS MOCTIMHUX MAarHiTiB, a M'aK1 (HapuKJIas,
M'sIKE 3aJ1130, CIUJIaB 3aJ1i3a 3 HIKEJIEM) - JJIsl BUTOTOBJIEHHS oceps TpaHchopMaTopis,
€JIEKTPOJBUTYHIB 1 T.J., B IKMX B11I0YBA€THCS NEPEMarHiuyBaHHs B 3MIHHUX MarHiTHUX
MOJISIX, @ BTPATH €HEPrii IpH bOMY OYIyTh HE3HAUYHUMU.

Ilpuxnao. MaruaiTHo-M'sk1 MaTepianu: 3ami30 (99,9% Fe) pmax = 5 000, koepuutubHa cuia He
=80 A / m; mepmanoit (78% Ni, 22% Fe) pmax = 10°, He = 0,3 A/M. MarsiTHO-0pCTKHUIA MaTepiai:
Anniko (8% Al, 14% Ni, 24% Co, 3% Cu, 51% Fe): Hc = 53 000 A/m.

HamarHniueHicTh (hepoOMarHeTuKiB 3aJIEKUTh B1Jl TEMIIEPATYpH. 3 MiJIBUILIEHHIM
TEeMIIepaTypH 3aJIMIIKOBE HAMATrHIYyBaHHS 3MEHILYEThCS 1 IPU MEBHIN TeMnepartypi,
sIKa Ha3uBa€ThCsl mouxoro Kropi, 3HuKae 30BCiM. Lle MOsSCHIOEThCS JOCUTH THTEHCUBHUM
TEIJIOBUM PYXOM MOJIEKYJ (pepoMarHeTHka i Ie30pi€HTAIlIE0 CTIIHOBUX MAarHITHUX MO-
MeHTIB. Touka Kropi 17151 pi3HUX pepoMarHeTuKiB HEOJHAKOBA: [ 3aiiza 768 °C, Hi-
kento - 358 °C, kobanbTy - 1127 °C, nepmainos - 550 °C 1 1. 1. 3 mepexooM yepe3 Tou-
Ky Kropi ¢pepoMarseTuk moBOAUTHCS B 30BHIIIHBOMY MarHiTHOMY MOJI1 SIK apaMarHe-
THK.

[lepexin pedoBuHM 3 GEPOMATHITHOTO CTAHY B MTApAMAarHITHUH, 1110 BiI0YBAETHCS
B Toulli Kropi, He CyIIpOBOIKY€EThCS MOTJIMHAHHSAM a00 BUIIJICHHSIM TEIJIOTH, TOOTO B
tourli Kropi BinmOyBaeThes dazoBuii nepexina II poxy.

Hapemri, nporiec HamarHivyBaHHs (DepOMArHeTUKIB CYIPOBOKYETHCS 3MIHAMHU
Horo JiHIHUX po3MipiB 1 00'emy. Lle sBUIIIE OTpUMAIIO HA3BY MACHIMOCMPUKYIL.

IcHy1O0Th peuoBUHM, B IKMX OOMIHHI CHJIM BUKJIMKAIOTh aHTUIIApaJieIbHy Opi€H-
Tallil0 CIIIHOBUX MAarHiTHUX MOMEHTIB €JICKTPOHIB. Taki Tijla HA3UBAIOTHCS arHmupepo-
MACHeMUKamu.
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Jlo anTH(EepOoMarHeTHKiB BiTHOCITh PEYOBUHU, JJIS IKMX OOMIHHA B3a€EMOJIis
MPU3BOJIUTH 10 IPOTUIICKHOT OpIEHTAIIIT MarHITHUX MOMEHTIB CyCiJiHIX aToMiB. Kpuc-
TaJI4Hy CTPYKTYPY TaKMX PEYOBHH MOXKHA YSIBUTH SIK HAKJIAJCHHS IBOX abo Olnbliie
KPUCTAIIYHUX MIATPATOK , B KOXKHIN 3 KOTPUX MarHiTHI MOMEHTH aTOMIB MapayesibH1
OJINH OJTHOMY 1 OJTHAKOBI1 3a MOJyJIeM. {711 pi13HUX MiAIpaTOK MarHiTHI MOMEHTH aTo-
MIB CIIPSIMOBaHI MPOTUJICKHO Ta € pIBHUMHU 3a MoayJieM (puc. 48.7, 6). Tomy y BiACyT-
HOCT1 MarHiTHOTO TOJIs, HE3BAXAI0UU Ha Te, 1[0 BEKTOPU HAMArHIYyBaHHS KOXKHOT 3 T
I'PaTOK BIAPI3HSAIOTHCS BiJ HYJIs, HAMAarHiueHIiCTh YChbOTO aHTH(EepOMarHeTuka J0piB-
HIOE HYJIIO.

TunoBumu npukiagamMu aHTU()EPOMATHETHKIB € TaKi METaJH , SIK MApTaHEellb, XPOM,
camapiit, HeoauM, a Takox okucu metanie MnO, FeO, CoO Ta in.

Jlis anTudepoMarHeTuKiB iICHy€e TeMIepaTypa, BUILE KO BOHH BTPAa4alOTh CBO1
HE3BHUYalH1 BJACTUBOCTI 1 CTalOTh MapamMarieTukamu. [{g TemnepaTypa noayudusia Ha-
3By Temrepatypu Hees.

Taxk, Hanpukiaz, 1Js MapraH-

wsm TlTlTl T*T*T* 1o BoHa cranosuth Ty = 100
= K, nnsa xpomy Ty =310 K, nns

a) 0) g) okerty NiO Ty = 650 K. Ilo-
BeJlIHKa (pepOMarHeTKa HUKYe
Puc. 48.7. temriepatypu Kropi 1 antude-

pOMarHeTHKa HIDKYE TeMIiepa-
Typu Heenst icTOTHO BiJIpi3HSIOTECA. Y (hepoMarHeTvka HaMarHi4eHiCTh MOYKeE JOCIraTu
BEJIMKUX 3HAYCHb, a ISl aHTU(DEepOMarHeTHKa TparHe 10 HyJIsl.

@epuMarHeTHKH MalOTh TaKy K KPUCTAIIYHY CTPYKTYPY, SIK 1 aHTU(epomMarse-
TUKH - BOHA CKJIAJIA€ThCS 3 JEKUIBKOX MIATPATOK , MArHITHI MOMEHTH aTOMIB CYCIJTHIX
MIAIPATOK CIPSMOBAHI Ha3yCTPiy OJUH OJHOMY. AJie Ha BIAMIHY B1J aHTHU(epoMarHe-
THUKa MarHiTHI MOMEHTHU aTOMIB PI3HUX 1] TPaTOK HE € PIBHUMH 32 MOYJIEM, 110 TPH-
3BOJIUTH JIO HE PIBHOTO HYJIIO CYMapHOTO BEKTOpa HAMAarHiu€HOCT1 Y BiJICYTHOCTI 30B-
HIIIHBOT'O MarHiTHOTO mojst (puc. 48.7, 6).

[ToBeninka MX PEUOBHH B 30BHIIIHHOMY MarHiTHOMY IOJIi 0araTo B 4OMy aHajo-
riYHa MOBE/IIHI (PepOMarHETHKIB: BOHM MAalOTh BUCOKI 3HAYEHHSIMU MarHiTHOI MPOHU-
KHOCTI, I HUX iCHY€e TeMiiepaTypa Kropi, criocrepira€TbCcsi MarHiTHHM ricTepesuc i
T.J.

Jlo TakuX pe4oBHH MO>KHA BIJIHECTU, HANIPUKIIAA, pepumu - NOABIIHI OKCUIM TIe-
pexiguux metaniB, Takl Ik NiFe;O4, MNFeyOq, 1 T.11. BoHu, sk 1 hepoMarueTuku, MaroTh
BHCOKI 3HAUEHHSIMHU MarHiTHOI MPOHUKHOCTI, ajie PH LbOMY (DepUTH € HAMIBIPOBITHU-
Kam, ix nuromuii omip B (107 - 10) pasis Ginblue, Hixk y Gpepomarnetukis. ToMy BH-
KOpHUCTaHHS ()epUTIB B BUCOKOYACTOTHUX MOJISIX PI3KO 3MEHIILY€ BTpaTH €Heprii Ha BU-
JJICHHS TeTUla 3a paxyHOK MPOTiKaHHS cTpyMiB DyKo.

3BIICH 1X MUPOKE 3aCTOCYBAHHS B PAMIOTEXHII SK OCEP/sl paio4acTOTHUX KOH-
TypiB. DepUTH 3aCTOCOBYIOTHCS TAKOXK JIJII BATOTOBJICHHS CTAJTUX MArHiTiB, epUTOBHUX
aHTEH, CJIEMEHTIB ONEPATUBHOI TaM'ATi B 00UHUCITIOBAIBHIN TEXHII 1 T. 1.
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Konmponwni 3anumanns.

1. YuM MOSICHIOETHCS. BAHUKHEHHS! BHYTPILIIHHOTO J10IaTKOBOTO MarHiTHOTO TOJISI IPH MOMIIIEHHI pe-
YOBHMHHU B 30BHIIITHE MarHiTHe rose?

2. Slkwii (13UYHMNA 3MICT HAIPY>KEHOCTI MarHiTHOTO MOJIsA?

3. lllo Take MarHiTHa MPOHUKHICTH 1 MAarHITHA CIIPUHHATIUBICTh PEYOBHUHU?

4. Yuit BHECOK OLJIbILE - S7pA aTOMA UM €JIEKTPOHIB - B CYMAapHHI MarHiTHUI MOMEHT atroma?

5. YoMy 1OpiBHIOE MiHIMaIbHUN MarHiTHUH MOMEHT, 1 sIKa YaCTHHKA € oro HOoCieEM?

6. Y SKHX pe4oBHHAX - Jia- a00 mapamMarHeTHKaXx - BUHUKAE JIAPMOPOBA MPELECist eNEKTPOHHHUX Op-
o11?

7. UuM MOSICHIOETHCS MEXKa HaMarHi4yBaHHs - MarHiTHE HaCUYeHHS (hepOMarHeTHKiB?

8. UMM MOSICHIOIOTHCSI CHIIBHOMArHiTHI BIACTUBOCTI (DepOMarHeTHKiB?

9. Slkuit piznyanii 3MicT Mae Touka Kropi mist pepomarueTnkin?

10. BizomMuii 1ociii 3 HAMarHivyBaHHs 3aJ113HOTO CTPHIKHS, 110 TOPITIO SIKOTO 0'FOTh MOJIOTKOM. CTpH-
’KEHb PO3MILIYIOTh B HAIIPSIMKY 3 MIBHOY1 HA MiBJCHb. SIK NOACHUTH HaMarHidvyBaHHs (epoMarHiTHOro
CTPUKHS 3 TIO3UIIIH HOro JOMEHHOI CTPYKTYpH?

I'naa 8. EJIEKTPOMAT'HITHA ITHAYKIIA

§ 49. SIBuine esiekTpoMarHiTHOI iHaAyKiil. 3akoH @apanes. BuBenenus
3aKOHY €JIEKTPOMATHITHOI iHAYKIII 3 3aK0OHY 30epexeHHs eHeprii. [Ipa-
BuJI0 JleHna

1. docaigu ®apanest. Inaykuiiinuii crpym. ¥V 1831 pori BeIuMKuil aHTTIHCHKUMA
¢b13ux M. dapaneit BigkpuB OfHE 3 HAHOLIbII QyHIaAMEH-
TaJbHUX SBUII B €JICKTPOAMHAMIII — SIBUIIE €JICKTpOMAr-
HITHOT THAYKIIII.

Haramaemo nesxi mocimian, 3a JOIIOMOIO0 SKUX
MO>KHA MPOJEMOHCTPYBATH TIC SIBUIIIE.

1. Ilpu BcyBaHHI (a00 BUCYBaHH1) MarHiTa B KOTY-
Ky, Ha IKy HAMOTaHUM 130JIbOBAHUMN APIT, 3AMKHYTHI Ha
raJIbBAaHOMETP, CTPIJIKa TaJlbBAHOMETPA BIIXMISIETHCS, 110
CBIJTYUTH TIPO TIOSIBY CTPyMY B Kol (puc. 49.1).
SIK TITBKM NPUTIMHUTHCS PyX MarHiTa, CTpuIKa rajJbBaHo-
MeTpa MmoBepTa- '
€THCS 70 HY-
JTHOBOTO TIOJIO-
*eHHs. Te ) SBUIIE CITOCTEPIraeThes, SIKIIO
nepeMilaTi KOTYIIKY BITHOCHO HEPYXOMOTO
MarHira.

2. Ilpu pyci koTymiku 1 B MaraiTHomy
MOJII KOTYIIKH 2 3'IBIISIETHCSA CTPYM B KOJII KO-
Tymku 1 (puc. 49.2). CTpyM B KOJI1 KOTYIIKH | }
1 BUHUKAE SIK TI1]] 9ac 30JIMKEHHS KOTYIIIOK, H‘
TaK 1 IiJ Yac BIIIajJIeHH 1X. SIKIIO 3aJIUIINTH
KOTYIIKY 1 HEpYyXOMO10, a pyXaTu KOTYIIKY 31 Puc. 49.2.

Puc. 49.1.
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CTPYMOM 2, TaIbBAHOMETP TAKOXK IMOKa3y€ CTPYM.

3. Mo>xHa 3aUIIUTH OOUJIBl KOTYIIKY 1 1 2 HEPYXOMHUMH, ajie 3MIHIOBATU CHITY
CTPYMY B KOTYIIIII 2 3a JOIOMOT0I0 peocTaTa. To/ii B KOl KOTYIIKA 1 BUHUKHE CTPYM.

4. IHIyKIIAHUA CTpyM BUHUKHE, SIKIIIO 3a-
JUIITUTHA 00MABI KOTYIIKH 1 1 2 HEpyXOMHMHU, ajie
B KOTYIIIKY 2 BCYBaTH a00 BUCYBAaTH 3aJIi3HE OCe-
pas (puc. 49.3). Lleit nocmia miaKpeciroe, 1Mo B
SIBUIIII BAHUKHEHHSI 1HAYKIIITHOTO CTPyMY OCHOB-
HY POJIb TPa€ MarHiTHa 1HIYKIlS, @ HE HAIpyXe-
HICTh MarHiTHOTO TIOJIS.

Jlocian mMoKa3yroTh, 110 Y BCIX BHMaIKax
MIPUYHUHOIO MOSBY 1HAYKIIITHOTO CTPYyMY € 3MiHa
MOTOKY MarHiTHO1 1HAYKIII1 Yepe3 MOBEPXHI0, 00-
MEXEHY MPOBITHUM KOHTYPOM.

Aeuuie 6UHUKHEHHA 8 NPOBIOHUKY e/1eKM -
POPYWIIHOT cunu npu 3MiHI MAZHIMHO20 NOJA,
W0 NPOHU3YE NAOULY KOHMYPA NPOBIOHUKA, HA-
3UBAEMBCA e/1IEKMPOMAZHIMHOI THOYKYIEIO.

SKI1110 MPOBITHUK 3aMKHYTUH, TO B HhOMY BUHUKAE €IEKTPUYHUMN CTPYM, STKUIM
Ha3UBAETHCS IHOYKUYIUHUM.

EPC innykuii BUHUKaE, SKIIO NOTIK P MardiTHOI IHAYKUII B yepe3 MOBEpPXHIO,
00OMeKeHY 3aMKHEHUM IIPOBITHUM KOHTYPOM, 3MIHIOEMbCS 3 0Y0b=KUX NPUYUH — a0
KOHTYp MEPEMIIIAETHCS, TOBEPTAETHCA, 1ePOPMYETHCS, 00EPTAETHCSA B MOCTITHOMY Ma-
THITHOMY T0JI1, 800 KOHTYpP € HEpYXOMHUM, a OTiK Pp 3MIHIOETHCS 32 PaXyHOK 3MIHU
MarHiTHOro mnoJjis B.

[Tpu ibomy EPC &; enekTpomMarniTHOI IHAYKIIIT B KOHTYpP1 IPOTOpIIiitHA MIBUIKO-

CT1 3MIHH MMOTOKY, TOOTO 3HAYEHHIO MOX1HO1 . .

2. BuBeeHHSl 3aKOHY €JIEKTPOMATHITHOI IHIYKIII 3 3aK0HY 30epe:KeHHs eHe-
prii. Himenpkuit ¢gizuk I'. ['enbMrosibil mokasas, 110 OCHOBHUI 3aKOH €JIEKTPOMAarHiT-
HOI 1HIYKIII1 — 3akoH Dapajiest — € HACI1IKOM 3aKOHY 30€pEKEeHHS €HEeprii.

Po3srissHeMo 3aMKHEHUM KOHTYp, KUl 300paxkeHo Ha puc. 49.4. Onna ctopoHa 1-
2 (mepeMunyKa) KOHTypa Moke nepemimarucs. Ko-
HTYp NOMIIIEHUI B OJTHOP1/IHE MarHiTHE TOJIE, SIKe
NepHeHIUKYJIIpHE 10 HOTO IJIONIMHI, 1 MICTUTh

$| * * x mxepeno ctpymy 3 EPC g.
€, B 3a yac dt mxeperno 31nilcHIOE pOOOTY
=1 * * X dA =1 gdt . (49.1)

K110 B3I0OBXK EPEMHUYKH POXOIUTh
CTPYM, TO MiJI Ji€I0 CUl AMmiepa nmepeMuyka moyHe
Puic. 49 4. pyxartuch. EnemenTapna poboTa aMnepoBUx CUII
dA, 1110 3A1CHIOETRCS 111 Yac MepeMillieHHs KOH-

Typa 3i cTpymMoM 3a vac dt, Bupakaerbest opMyIor0
dA; = | ddg, (49.2)
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ne d®p - mpupicT MarHITHOTO MOTOKY Yepe3 IUIONLY KOHTYpa MPH [bOMY TIepEMIIICHHI.
Kpim Toro, B mepeMuulli BUALISETHCS IKOYJIEBO TETLIO
dQ = I°R dt. (49.3)
3riJIHO 3 3aKOHOM 30epeKeHHs eHeprii cyma ABox BenuduH (49.2) 1 (49.3) mae
JOpiBHIOBATU po0O0TI (49.1) mKepena ctpymy:

dA =dQ + dA;
abo
gl dt = I1°R dt + | ddg, (49.4)
3BIIKHA
oot (_ do j
| :godt—dCDB _ dt . (49.5)
Rdt R

OTtpumaHuii BUpa3 MOKHA pO3IIISIAATH K 3anuc 3aKkoHy OMa 1151 3aMKHEHOTO KOHTYpa,
B sikomy, KpiM EPC mxepena €, € nogatkoa EPC
& =- D, : (49.6)
dt

EPC enekmpomaznimuoi inOyKyii 6 3aMKHEHOMY KOHMYPI YUCENbHO OOPIBHIOE
[ NPOMUNEHCHA 30 3HAKOM WEUOKOCHMI 3MIHU MACHIMHO20 NOMOKY Uepe3 n06EepXHIo,
00MerHceHy yum KOHmypom.
VY upomMy mossira€ OCHOBHUM 3aKOH €JEKTPOMArHiTHOI IHAYKIIT — 3akoH Dapajes.

Ilpuknao 49.1. 3apsij, o NPOXOAUTH B KOHTYPI npu 3MiHi MaruiTHoro noroky. Hexaii
JIPOTSHUI BUTOK PO3MIIICHUN B OTHOPIIHOMY MarHiTHOMY MOJIi TaK, 10 B TOYaTKOBUI MOMEHT 4acy
IUTOIIMHA BUTKA MEPIIEHANKYISIPHA JI0 HANPsIMKY BekTopa B marHiTHOI iHaykii. [loTiM BUTOK moBep-
TaroTh Ha 90° HaBKOJIO OCl, MEPIEHIUKYIIAPHOI 10 BeKTopa B. SIka KUIbKICTh €JIeKTPUKH MIPOXOJUTh B
KOHTYpi?

ITix yac MOBOPOTY BUTKA 3MIHIOETHCS MarHITHUN MOTIK 4epe3 HOro MmiIomly, 1 y BUTKY BUHUKA€E
IHAYKIIHHUNA CTpyM. 3 BUSHAUEHHS CHJIM CTPYMY CJI1JT

j, = 9
bodt
. & _
Tomydq =i;dt = Edt . 3amintoroun i 3a hopmyomo (49.6), oTpruMaEMo
1 do 1
=——.— B.dt=—""d®D;.
R dt R
[uTerpyBanus ga€ BUpa3 Juist 3apsiay q, [0 IMPOXOJUTH 110 BUTKY IPH 3MiHI MATHITHOTO TIOTOKY
O, -D
q= =12k (I 49.1)

ne @ 1 O - 3HaUeHHSI MarHiTHOTO MOTOKY Yepe3 MOBEPXHIO BUTKA B HOTO MOYAaTKOBOMY 1 KIHIIEBOMY
IOJIOKEHHSIX

O = BS, Ok = 0.
BS
=" (I1. 49.2)
q R

Tyt S - mutoma BUTKa, R - fioro omip. BuMipssim Benmn4uHy 3apsay ( 0amiCTHYHIUM TrajlbBaHO-
METpOM 1 3Ha104M 1wiomy S i omip R koma, MmoxHa 3a ¢popmysoro (I1. 49.2) BU3HAUNTH MarHiTHY 1HAYK-

1ito B. Ha nboMy MpHUHIIMIT 3aCHOBaHI CIEIialbHI MPUIATU — (QIFOKCMETPH.
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3. [IpaBuio Jlenna.

Pociiiceknii ¢13uk E.X. JIeH1r BcTaHOBUB 3a-
rajbHE NPABUIO 6UHAUEHHA HANPAMY THOYKUI-
HO020 cmpymy:

[HOYKUITIHUIL CIMPYM 3A824COU CHPAMOBAHUT MAK,
W(0 CMeEopIo6ane HUM 61ACHe MAZHIMHe noJie ne-
PeuwtKo0xcac 3MiHi MAZHIMHO20 NOMOKY, AKe 30y-
02#cy€ THOYKYIUHULL CIMPYM. ]

Hampukiaz, mpy 3017bIIIEHHT MAarHITHOTO T10- I I iHo
TOKY, III0 IPOHU3YE TTOBEPXHIO, 0OMEKEHY MTPOBII- e 1y ‘1
HUM KOHTYpoM (puc. 49. 5), B 1bOMY IIPOBITHOMY p Iy Y
KOHTYp1 BUHUKAE CTPYM 1HIYKIIIi TAKOTO HAMPAMY, s ’ : 1 S
11100 CBOIM MarHiTHUM T0JIEM 3MEHIIIUTH MarHiTHUM % ’

*
: &‘Bfﬁa
MOTIK.

Mosxna copmynroBaTu npaBuiio Jlenma ko-

POTILE: iHOYKYIUHUL CIMPYM 3A8AHCOU MAE MAKULL Puc 495,
Hanpsm, wob nociabaosamu 0ito NPUYUHU, KA 30)0ACYE 1O2O.

Take hopmytoBaHHs
MOJIETIIY€ 3HaXO/I>)KeHHSI Ha-
npsMy 1IHAYKIIHHOTO CTPY-
MYy.

Hanpuknan, axmo no
Y N — - - - IPOBIIHOTO KUIbIIS HAOJIU-
YKaTH NMPSAMUN CMyTOBUH Ma-
THIT MIBHIYHUAM TOJIFOCOM
(puc. 49.6), To Ha OOI1 K1JIb-
1151, 3BEpPHEHOMY JIO0 MarHiTa,

Puc. 49.6. OyJile BHHUKATH TESXK MIBHIY-
HUM 1MOJTI0C (MBHIYHUM BiJ IIBHIYHOTO BIIITOBXYETHCS 1 MPOTHUAIE HAOIMKEHHIO Mar-
Hita). [loTiM, KOPUCTYIOUUCH TPABUIIOM I'BUHTA, MOKHA BU3HAYUTH HAMPSM CTPYyMY 1H-
JYKIIi1 B KUIBII.

MaremaTuuHo npapuio JleHia BigoOpakaeThbcsi 3HaKOM MIHYC B pI1BHSHHI (49.6)
3akony Dapanes.

1106 mmossCHUTH 3MICT 3HAKa

MiHYC B 3akoH1 Dapajesi, po3rissHEMO h n B
KOHTYp, 110 MPOHU3YETHCS JIIHISIMU d>0
MarHiTHO1 1HAYKI{li 30BHIITHBOTO O- : dd >0
B dt
ns B (puc. 49.7).
BubepemMo 10BUIbHO HANPAM
JI0JaTHOTO 00X0ly KOHTYypa, HallpH- \\

KJaJ, IPOTH TOAUHHUKOBOI CTPLIKH dodamyuil 1 ino

(puc. 49.7, a). Toxi 3a npaBUIOM FATpAM

IIPaBOIo IBUHTA JOJATHA HOPMAJb N obxody ) 0)
10 KOHTypa OyJie ClIpsIMOBaHa, sK I10- Puc. 49.7.
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Ka3aHo Ha puc. 49.7, a.

BuOuparoun neBHUH TOAATHUN HATIPSIM HOPMaJli, MM THM CaMHUM BHU3HAYAEMO SIK
3HAaK MOTOKY, TaK i JogaTHuid HanpsM ctpymy 1 EPC B koHTYDI.

3a 00paHUMU HAMH SIK MPUKJIIA] JOJJATHOTO HAIPsIMy 00X0.Ty i TOCTPOMY KYTi
MDK HOPMaJUTIO N 1 BEKTOPOM MarHiTHOI IHIYKIIi B MarHiTHUN MOTIK 4epe3 KOHTYp Oy-
ne nomataum, O > 0.

Hexaii Terep MaruiTHe noJie 306uibInyeThes (puc. 49.7, 6). JlonaTHui MOTIK Yepe3
KOHTYp Takox 3poctae, dd/dt > 0. Tomi 3a popmyioro (49.6) 3akony Dapanes EPC in-
TYKIT €z, @ OTXKE, 1 IHAYKIIWHAN CTPYM, OyIyTh Bl eMHUMU. Lle 03Ha"ae, 1o cTpym
MPOXOUTH B 3BOPOTHOMY HAIpPsIMI MO BITHOIIEHHIO IO BUOPAHOTO HUIAXY 00XOTY,
TOOTO 32 TOMMHHUKOBOIO CTPIJIKOIO, IO BiAMOBiAae mpapwry JIeHa.

Ilpuxnao 49.2. B oaxiil nuomuHi 3 HECKIHYCHHO TOBTUM
IIPOBOJIOM PO3MIIIICHA TPOBi/IHA KBaJpaTHA PaMKa 31 CTOPOHOIO a
Tak, 110 MPOBiJ] MPOXOJUTH NapaIeIbHO OJHIH 13 CTOPIH paMKH Ha
Bizcrani d Big Hel. Omip pamku R. Cuita cTpymy B TPOBO/II 3MiHIO-
eTbes 3a 3akoHoM |(t) = o t2, 1e o = const. BU3HAUNTH 3aT€KHICTh
CWJIM CTPYMY B paMmili BiJ yacy.

Jlst BUpIIICHHS 1IbOTO 3aBJIaHHS MM CKOPHCTAEMOCS 3aK0-
HOM €JICKTPOMArHiTHOI 1HAYKIIi{
do
! dt
Crnovatky BUBHAYUMO MarHiTHHUH noTik @ uepes3 pamKy,
CTBOPIOBAHHI CTPYMOM, IO POXOAUTH 110 IPOTYy. MaruitHe mose
MPsIMOTO HECKIHYEHHOTO MPOBIIHUKA € HEOJHOPIAHUM, siIKe yOyBae

00€epHEHO MPOTIOPIIIITHO BIJICTaHI X 10 TOYKH, JIe BOHO PO3IJISIIA€Th-
cs (puc. I11.49.1):

PP O G O S i G

B= Hol n
271X

TyT N — onuHUYHMIA BEKTOP HOpPMaJi 0 TUIOIIMHU paMKu. HampsiMm Hopmalli oB'si3aHO MPaBUIIOM Tpa-
BOI'O TBHHTA 3 HallpsIMOM 00X01ly paMKu. BubupaeMo 0BUIBHO HAapsM 00X0Ay, HallpUKIaa, IPOTH
roJuHHUKOBOI cTpuiku (puc. I149.1). Illum My BU3HaUaeMO HampsiM MO3UTUBHOT HOpMaJIi — B1Jl Kpec-
JIEHHS «J0 HACc», TaK caMo CIIPsIMOBaHA MarHiTHA 1HIYKIIiS MOJIS MPSMOTO MPOBOY 31 CTPYMOM B pasi,
300paxkeHoMy Ha puc. I149.1, 1 mum Mu Bu3Ha9aeMo 3HaK MoToky D. 3a 3po0ieHoro HaMu BUOOpY
HanpsMmiB, MoTik O € qonatHuM, O > 0.

Jlyist BU3HAYCHHS BEJTMYUHU TOTOKY @ "epe3 paMKy po3aUTUMO IUIONLY PaMKH Ha BY3bKi CMYK-
KM TakK, 00 B MeKax KOXKHOT CMY>KKH MarHiTHe Tojie MoxHa Oyno 0 BBaxkaTu ogHopiaHuM. Hexaif
OJTHA 3 TAKUX CMYKOK HIUPHUHO0 0X po3MillieHa Ha BiICTaHi x Bia mpoBoay. Tosi eneMeHTapHuil Mar-
HITHHUH NOTIK Yepe3 CMYXKKY

dd, =B, dS = ‘Z’O'adx. (I1. 49.1)
X

[Ticnst iHTErpyBaHHS 3HaXOIMMO MMOBHUH MOTIK Yepe3 paMKy

d+a
®, = [BdS = [B,ds = #2 [ X _#oladra
S S 2r 4 X 2« d

(T1. 49.2)
E.p.c. inaykuii B pamii:
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A __dD, :_,uoaln(1+ a,dl

dt 2 d ) dt
Hapermri, 3rigHo i3 3akoHoM OMa BU3HAYa€MO CTPYM IHIYKIIT B pamili
I, :i:—”oataln(u 3). (I1. 49.4)
R 7R d
Bin’emHe 3HaYeHHS CHIIM CTPYMY O3HAUaE, 110 BiH MPOXOAUTH MPOTH OOPAHOTO HAMH J0AaTHO-
ro HanpsAMy 00X0y PaMKH — CTPYM iHIYKIii IPOXOJUTH 32 TOAMHHUKOBOIO CTPIIIKOIO.

—”Laln(1+ E)Zozt. (I1. 49.3)
27T d

§ 50. Ilpupoaa EPC inaykuii. BuBeieHHs 3aKOHY €JIEKTPOMATHITHOI iH-
AYKIII HA OCHOBI €JIEKTPOHHOI Teopil

Sxoro € ¢diznuna npuuuHa BUHUKHEHHS EPC 1naykiii? BunHukHeHHS enekTpo-
PYLIIHOL CHUJIM 1HAYKIIT MOKe OyTH 00OYMOBJIEHO CTOPOHHIMH CHJIAMH P13HOI (Pi3UYHOT
MPUPOJIH.

[Tpu bOMY MOXKITUBI JIBA BUTIQJKU:
1) mpoBOIUTH KOHTYp PyXa€eThCA B MOCTIMHOMY MarHiT-
HOMY TI0JIi;
2) NPOBOJIUTH KOHTYP B MAarHITHOMY I10JIi CLIOYMBAE, a
MAarHiTHE N0JI€ 3MIHIOEThCSI.

PosrasiemMo ix o uepsi.

. d 1). Hexail npsmMokyTHa MeTajneBa pamka abcd py-
YEEE; /Lv- XaeTbCsl 3 MOCTIHHOIO IIBU/KICTIO V B MArHITHOMY TIOJ, -
Al 71 ¢ SIK TIOKa3aHO Ha PHC. 50..1. Cropona ab TEPETHHAE CHITOBI
S JHII OJTHOPIAHOTO MArHiTHOTO MOJs B, iCHYI04OTO MIX

nositocamu MarHiTy. EPC iHaykuii B KOHTYp1 abed Moxe
OyTu oOuHMcieHa 3a JOOMOT00 3aKOHY €JIEKTPOMArHiT-
HoT iHayKIii (49.6).

Hexaii 3a yac dt kouTyp nmepecyHnyBcs Ha dX. 3a BH-
3HAYCHHSIM IIBH]IKICTh

Puc. 50.1.

dx
V=—.
dt
[11o11a KOHTYpa, M0 TPOHU3YETHCS MATHITHUM
notokoMm, 3meHmuaacs Ha dS = | dx (I - mosxuna
croponu ab). MarHiTHHIA TOTIK 3MEHIIIKBCS Ha
ddg=—BdS=-Bldx=-Blvdt,

3BIJIKM B1AMOBIIHO 110 3akony Dapanes (79.6) EPC
IHOYKUIT 8 pYyXOMOMY RPOBIOHUKY

APy _pgyy . (50.1)

Einn = -
O6uucaumo Tenep 1110 K EPC iHayKInii Ha OCHOBI
r P -FIF €JIEKTPOHHOI Teopii.

1 cTop PosrnsitHeMo pyx mpsiMotiHiIAHOTO Bimpi3ka ab
Uy KoHTypa abcd (puc. 50.1) B 0JHOPITHOMY MarHiTHO-

Puc. 50.2. 135




My noni B (Ha puc. 50.2 mosie HanpaBIeHO NEPIEHAUKYISIPHO 10 KPECIEHHS «B1JI HACY).
[Ipu pyci Bigpizka MpOBITHMKA 31 MIBUAKICTIO V €JIEKTPOHU MPOBITHOCTI B HHOMY T0Y-
HYTb pyXaTHUCs 3 TAKOIO XK MIBUAKICTIO. B pe3ynbTaTi Ha KOKHUIM pyXOMUI B MarHiTHO-
My TIOJII €JIEKTPOH MOYHe JisATh cuia JlopeHna, 1 eJIeKTPOHH MOYHYTh MEPEeMIIIaTUCS
y3JI0BXK BiJIpi3Ka ab 3 AESKOI0 MIBUAKICTIO BIIOPSIKOBAHOTO pyXy U (IIBUIKICTIO Jpei-
¢y). lHIBuakicTh U CrpssMOBaHa y3I0BXK Bifpi3Ka ab Bij TOUKHU a 10 Touku b (puc. 50.2).

Sk nokazano Ha puc. 50.2, MIBUAKICTh €JIEKTPOHIB BITHOCHO JTA0OPAaTOPHOI CUCTE-

MU BIJUTIKY TENEp CTaHE PIBHOIO
V=v+u. (50.2)

Tonai Ha KOXeH 3 BUIbHUX €JIEKTPOHIB B MPOBIIHUKY 3 OOKY MarHiTHOTo moJisi 0y/e

nisty cuia Jloperia
Fi=—e[V, B]. (50.3)

(3apsan enextpoHa JopiBHIOE - e). Ll cuna mepneHaAuKyIsipHA 10 BekTopa V 1 3a
IPaBUJIOM FBUHTA CIIPSIMOBAHA, SIK 3a3HaueHo Ha puc. 50.2.

Posxnanemo cuny Jlopenna Fj Ha 1Bi CKIaf0Bi1 - EPHIECHAUKYIISPHO O TPOBIIHU-
Ka 1 B3/IOBX HbOTO.

[lepnenaukyispHa A0 MPOBIAHKMKA CKIagoBa Fa, skmo ii mpocymyBaTtu mo BCIM
HOCISIM 3apsly Ha AUISHIN ab MPOBIAHUKA, JACTh 110Uy Ha MPOBITHUK 31 CTPYMOM CHITY
Awmrniepa. [Ipu piBHOMIpHOMY pyci IPOBIIHUKA BOHA BPIBHOBAXXYETHCS 30BHIITHBOIO CH-
7010 F, sika mpuU3BOAUTH MPOBITHUK B PYX.

CrpsiMmoBaHa y370BK IIPOBITHUKA CK1A008a Femep cunu Jlopenya - ye i € cmopon-
HA CUNA, WO 3SMYULYE eIeKMPOHU PYXAMUCS NO NPOBGIOHUK), TOOTO CTBOPIOE 1HTYKIIINA-
HHU CTPYyM.
Po6GoTa cunu JlopeHiia 1opiBHIOE HYJTI0, OCKITIBKH 1151 CUJIa € MEPIEHANKYISIPHOIO
710 IBUJKOCTI enekTpoHiB V. L{e o3Hayae, 10 TOPIBHIOE HYIIIO CyMa poOIT cuiiu AM-
nepa i CTOpOHHbOI CHJIH:
AA + ACTOp = O,
3BiAKH
ACTOp =— AA
Ane pobota cunu Amriepa T10piBHIOE poOOTI 30BHINIHBOI CHJIH, B3ATO1 31 3HAKOM
MIHYC
AA = _A3OBHiI_H .
3BIJICH BUILIMBAE, 1110 pOOOTA CTOPOHHIX CHJI IiJT Yac PyXy €JIEKTPOHIB B KOHTYPI1
JOPIBHIOE pOOOTI 30BHILIHIX CHJI, 1110 TPU3BOAATH 1€ KOHTYpP B PyX:
ACTOp = A30]3Hiu1 (504)
[HIIIMIMU clTOBaMM, elekmpuuHa eHepeisn IHOYKYIIHO20 CMPYM)Y BUHUKAE 3A805KU
MeXaHiuHitl pobomi, 5Ky GUKOHYIOMb 306HIUHI CUTU.
Croponns cuia Feqop 371 CHIOE pOOOTY TUTBKM HA TUISIHIN @b TOBXHUHOIO |
Acrop=F crop | = Fyicos a-1 = eVB | cos a,
7€ o - KyT Mk BekTopamu ViV, a, oTxe, V cos o = V.
B pe3ynbTaTi oTpuMyEMO OCTATOYHO /JIsE POOOTH CTOPOHHIX CHJI:
Acrop = €VBL. (50.5)
Bignommenns 1iei podotu 10 3apsiay e, TOOTo poboTa mepeMilleHHs OJUHUII 3a-
pSAy 32 BUBHAYEHHSM € €JIeKTPOPYLIIIHOIO CHUIIOK0 THIYKIIT Eiyy. TAKUM YHHOM,
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Eing — Blv,
110 30iraerses 3 opmynoro EPC B naHoMy Bunaaky, BuBeaeHol iHmuM muisixom (50.1).

Bigznauumo, o EPC igaykIiii B Takiid paMiii BAHUKAE JUIIE TOJI1, KOJU TITBKU
YacTHUHA PaMKHU 3HaXOJUTHCS B OJTHOPIIHOMY MAarHiTHOMY TOJI1 (SIK MOKa3aHO HA PUC.
50.1), a60, KoK MarHiTHE MoJie HEOAHOPIAHE. SIKIIO paMKa IIJIKOM 3HaAXOUThCS B OJ1-
HOP1THOMY IT0JIi, TO IMiJT Yac ii MOCTYyNaJbHOIO PyXy MarHiTHUHM MOTIK HE 3MIHIOETHCS 1
EPC iHayKki1ii JOpIBHIOE HYJIIO: X04Ya HA OKPEMHUX JIISTHKaX paMKHA CTOPOHHI CHJIH JTi-
I0Th, ajie po0O0Ta IUX CHJI Y3JIOBXK BCI€T pAaMKHU JOPIBHIOE HYJIIO.

TakuM YMHOM, SKWO MA2HIMHEe Nnojle € NOCMIUHUM, A MACHIMHUU NOMIK 3MIHIOEMbCS
8HAciO0K pyxy npogionuka, mo EPC, wo sunuxae, nopooxcyemuocs cunoro Jlopenya,
KA BU3HAUAEMBCS OIEI0 MACHIMHO20 NOJISL HA PYXOMI (3 KOHMYPOM) 3apsiou.

2). Inmy ¢i3udHy IPUPOIY Ma€e CTOPOHHS CHJIa, SIKa BUKJIMKAE 1HTYKIIHHUI
CTPYM 1 sIKa BUHUKA€E B TOMY pa3i, KOJU KOHTYpP 3JIMIIAETHCS HEPYXOMUM, a 3MIHIOETh-
Csl Mar”iTHe 1oJjie (HampuKIIajl, y HEpyXoMy KOTYIIKY BBOJUTHCA MarHiT, pic. 49.1, abo
HEpYyXOMa KOTYIIIKa 3HaXOJAUThHCS B 3SMIHHOMY MarHiTHOMY IOJIi Ta iH.). MarHitHe nose
HE JIi€ Ha HepyXoMi 3apsiau. Ska x cuia 30y/Ky€e IHIYKIIMHUN CTPYM B HEPYXOMOMY
MPOBIIHUKY, [0 3HAXOUTHCSA B 3MIHHOMY MAarHiTHOMY MOJI1?

BianoBinas Oyna mana BuaaTHUM aHTIidcbkuM ¢izukoM [1. K. Makcemnom. 3rij-
HO 3 MakCBeIJIOM, 8csaKe 3MIHHe MAZHIMHeE noJie 30Y0X4cy€ 8 HAGKOIUUIHbOMY HPOC-
mopi enekmpuune none (puc. 50.3).

Take nmosne mae BUXpoBuil Xxapakrep. Ha Bigminy A oB -0
B1Jl CTATUYHOTO EJEKTPUYHOTO OIS, CHUIIOBI JIiHIi of
SIKOT'O 3aBXKJY MTOYMHAIOTHCS 1 3aKIHUYIOTHCS Ha
EJIEKTPUYHUX 3aps/iax a00 MayTh Ha HECKIHUCH-

HICTh, CHJIOBI JIIHIT BUXPOBOTO €JIEKTPUYHOTO MOJIs, 1 B

10 MOPOJKY€ETHCS 3MIHHUM MAarHITHUM IOJIEM, , F;;, " : ~

3aMHKaIOThCS cami Ha cebe. ;7 ( SRR
Ile BUXpoBe €JIIEKTPUYHE TIOJIC 1 JII€ HA HEPY- ( R e ! /' /

XOMI €JIeKTPUYHI1 3apa, K1 MOYHHAIOTH PYXaTH- Yl e - “" Py

Csl, YTBOPIOIOYH CTPYM 1HIYKIIIi. R
Sk 6aunmo, mexaHi3M BuHUKHEHHS EPC 1H-

TyKIIii Moke OyTH Pi3HUM, ajie KIHIICBUM Pe3yIbTaT Puc. 50.3.

OTIMCYETHCS OJHUM 1 TUM caMUM 3akoHOM Dapa-

Tesl.

Ilpuknao 50.1. I'enepaTopaMu 3MiHHOTO CTPyMy Ha3MBaIOThCA MPUCTPOI, IO EPETBOPIOIOTH MEXaHiy-
HY €HEPrilo B EHEPrito eIEeKTpUUHOro ctpymy. IlpuHiun 1ii reHepaTopa 3aCHOBaHUN Ha SIBUILII €JIEKTPOMArHiT-
HOT 1HIYKIIIT.
Hexaii miocka npoTsiHa pamMKa 00epTaeTbesl B MOCTIHHOMY MarHiTHOMY 1ofii. Bick oGepTanns pamMku
JISKUTH B TUTOIMHI PAMKH 1 € TIEPIICHIUKYIISIPHOIO JIO BEKTOpa MarHitTHOI iHnykmii B (puc. I1. 50.1).
[MpoBenemMo BEKTOp N HOpPMAITI J0 IUIOMIMHU PaMKH 1 TIO3HAYMMO Yepe3 o KyT Mix BekTopamu N i B. He-
Xail B MOYaTKOBUK MOMEHT yacy o = (. Ko KyToBa MBUAKICTH 00EpTaHHS PaMKH JTOPIBHIOE ® 1 BOHA MOCTiH-
Ha, TO KyT 0. 3aJISKUTh BiJl 4acy 3a 3aKOHOM
o= ot.
MarHiTHHH MOTIK Yepe3 IIouly S paMKu
S @ = BS cos a. = BS cos ot.
BHKOpHCTOBYIOUM OCHOBHHMI 3aKOH €JIEKTPOMArHiTHOT iHAYKIIIT (49.6),
3Hakaemo Bupas mias EPC iHaykiii, 10 BUHUKAE B pamili
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& :—dE:B-S-a)-Sina)t : (T1.50.1)
dt
Taxum unrOM EPC iHgyKIii 3MIHIOETBCS 32 CHHYCOITaTbHIM 3aKOHOM
€ = E€max SIN O,

e eémax = BS o - ammnitynae 3Haduenns EPC. 106 3ustu EPC, kinmi
MPOBITHUKA MPUKPIILTIOIOTH 0 KOHTAKTHUX K1JICI[h; BiJl KUJICIIh Yepe3
KOB3HI KOHTaKTH - IIiTKK - EPC BKITIIOYAIOTh B KOJIO CIIOKUBAYA.

3ayBa)xMMO, 1110 ONMKUCAaHy KOHCTPYKIIIF0 BUKOPUCTOBYIOTH PiI-
KO, TUIBKH B MaJIOTIOTY»XHUX reHepaTopax. Crpasa B TOMY, 110 3a J10-
MTOMOT'0}0 KOB3HUX KOHTAKTIB HEMOKJIMBO MEPEeIaTh MOTYKHUN CTPYM
BHUCOKOT Hanpyru. ToMy reHepaTopy KOHCTPYIOIOTh TaK, 00 3MIHHHIMA
CTPYM 1HIYKyBaBcsi O B HEpyXoMiii 0OMOTIIi (cTaTtop), a obepTaBcs
IBO- 200 OGaraTonorOCHuM enexkTpoMarsit (porop) (puc. I1. 50.2).

Ilpuknao 50.2. [HayKuiiiHI CTPYMH MOXYTh BUHHKATH B CY- Puc. I1.50.2.
LIJTbHUX MAaCUBHUX MPOBIIHUKAX MPU 3MiHI MArHITHOTO MOTOKY, 1110
npoHu3ye ix. Taki cTpymMu Ha3UBAIOTh 8UXPOGUMU ab0 cmpymamu DPyko. BUXpOBi CTpyMH yTBOPIO-
I0ThCS B IIPOBIIHOMY T/l @00 BHACTIAOK 3MiHU 3 YaCOM MAarHiTHOTO IOJIs, B SIKOMY BOHO 3HaXOAUTHCA,
a00 B pe3yJbTaTi pyxXy Tijla B MarHITHOMY ITOJIi, IIPH SIKOMY 3MIiHIOETHCSI MATHITHUN TIOTIK Yepe3 TLJIO.

BuxpoBi cTpymu cami BUOUPAIOTh 3aMKHYTI IIJISIXH B TOBIIII MPOBIIHKUKA, YTBOPIOIOYU BUXPO-
moAi0HI KOHTYpH. 3TiHO 3 MpaBuiIoM JICHIIa MarHiTHE MOJIe BUXPOBUX CTPYMIB HAIIPABIICHO TaK,

100 NPOTHUAIATH 3MiHI MarHiTHOTO MOTOKY, SIKUH 1HAYKYE 111 CTpyMU. B pe3ysibTari Ha pyxoMuil B Ma-
THITHOMY IT0JTi MACHBHUY TIPOBITHUK JIi€ TaibMiBHA cuia. Lle SBUIlle BAKOPUCTOBYETHCS, 30KpeMa, IS
raciHHs KOJMBAaHb CTPIJIOK BUMIPIOBAIBHUX MPUIIA/IIB.

BinnosinHo 1o 3akony J[xoynsa-JIeHa BUXpoBi cTpyMH HarpiBaroTh MPOBITHUKH, B SKHX BOHU
BUHUKaIOTh. Lle Mpu3BOANTH 10 BTpAT €Heprii, Hanpukiaj, B ocepasx TpaHchopmaTopiB. JloBoAUTHCS
BXKMBATH 3aXOIB JUISI SMEHIICHHS IIUX CTPYMIiB, OCepsl 30UparoTh 3 OKPEMUX TUIACTHH, PO3IICHIX
130JIF0O0UUMH TTPOIIApKaMH, a00 3aMiHIOIOTH (hepoMarHiTHUM MaTepiall ocep/is MarHiTo lieJeKTpUKaMH
(pepuramnm).

3 iHIoro 00Ky, TEIJIo, 0 BUAUIAEThCS cTpyMaMu DyKko, Moke OyTH BUKOPUCTAHO JUIS MIJIaBJIEHHS
METaJliB B TaK 3BaHUX IHIYKIIWHUX IJIABUIBHUX IMIYKax. Y MOOYTOBIM KyXOHHIN IHAYKUIMHIN MINTI
PO3IrpiB METANEBOT0 MOCYAY MPOBOJUTHCS BUXPOBUMH CTPYMaMH, L0 CTBOPIOIOTHCS BUCOKOYACTOT-
HUM MarHiTHUM nosieM yactotoro 20 - 100 kI'm.

§ 51. SAABuie camoinaykuii. [HAYKTUBHICTD. SIBHIIEe B3a€EMHOI IHAYKIIl

Po3risitHeMo IpoTsHY COJIEHOIaNbHY KOTYIIKY, 3'€IHAHY 3 JUKEPEIOM CTPyMY
(puc. 51.1).

MarsiTHe noJie 10Broi KOTYIIKA MOKHa BBa)KaTH 30CEPEIKEHUM TLIbKHU BCEpe-
IuH1 Hel. byieMo Ha3uBaTH MarHiTHUM MOTIK Yepe3 MONepevHHid epepi3 KOTYIIKY 3
CTPYMOM HOMOKO34eNnNeHHAM ab0 noSHUM MazHimHuum nomokom V.

Hexaii 3a 101moMoror peocrtaTa CTpyM uepe3 KOTYIIKY 3MIHIOEThCSI, HAaITPUKJIIA/I,
30utbIyeTbes (puc. 51.1). Toai 301IbIIy€eThCS 1 MATHITHE TOJIE OTO CTPYMY. Y BCIX
BUIIAJIKaX, KOJIHM 3MIHIOETHCSI MArHITHUM MOTIK KPi3b KOHTYP, BUHUKAE €JIEKTPOMAarHiTHa
1HAYKIiA. B 1TaHoMy BUNaJIKy MAarHiTHUM MOTIK, 10 3MIHIOETHCS, MPOHU3YE BUTKH KO-
TYIIKH 1 32 3aKOHOM €JIEKTPOMAarHiTHOI 1HAYKI[ii HABOJUTH B HIM CTPYM 1HIYKIIII.

Bunuxnenns EPC enexmpomacnimuoi iHOyKyii 6 KOHMypi 6HACAIOOK 3MIHU CUTU
CMPYMY 8 YbOMY JC CAMOMY KOHMYPI HAZUBAEMbCA CAMOIHOYKUIEN.
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3rigHo 13 3aK0HOM enekTpomarHiTHoi iHayKIT EPC camoinaykuii 1opiBHIOE

& = —d—\P. (51.1)
dt
3a nipaBuiioM JleHiia 10/1aTKOBUH 10
OCHOBHOT'O CTPYM lIs| B KOTYIIIIII,III0 BUHHUKAE,
OyJie MPOTUIIATH MPUYHHI, 1110 BUKJIUKaJIA KO-
ro, TOOTO CTPYM CaMOIHAYKIIIT MEepPeIIKo Kae
Oy/Jib-IKMM 3MIHAM OCHOBHOT'O CTPYMY B KOH-
Typi. B 1anoMy npukiasai ctpymMm caMOIHIyKITii
Is| Oyie cripsIMOBaHMI HA3yCTPIY 3POCTAIOY0-
MY CTPYMOBI | B KOTYIIIII.
Biamosinuao no 3akony bio-Casapa-
Jlannaca MarHiTHa 1HAYKIS, a, OTXKE, 1 CTBO-
- pIOBaHUI CTPYMOM MOBHHUI MarHiTHHUM MOTIK
—] | IPOIOPIIITHI CUJII CTPYMY B KOHTYP1
I Y = LI. (51.2)
i Koedimient nponopmiiinocti L Ha3uBa-
| €TbCA IHOYKMu6Hicmi0 KOTYIIKY (KOHTYpa).
Puc. 51.1. [HAYKTUBHICTIO KOHTYpa HA3UBAETHCS
BEJIMYMHA, [[I0 YUCETHHO JIOPIBHIOE BiJTHO-
IIEHHIO TOBHOTO MarHiTHOT'O MOTOKY Y€pe3 KOHTYP, 110 CTBOPIOETHCA CTPYMOM, IKUH
MPOTIKAE MO I[LOMY KOHTYPY, J0 CUJIU CTPYMY.

L=

B cucremi Cl 3a onuHUIIIO IHAYKTUBHOCTI MPUUMAETHCS IHAYKTUBHICTH TAKOTO
KOHTYpa, B IKOMY CTpyM cuJjioro B 1 A ctBoproe MarHiTHUM NoTiK B 1 BO. s oqunus
HazuBaeThes eenpi (I'n). 1I'n =1 BO/1 A.

Sk npuKITag 00YMCIMMO IHIYKTHBHICTh IOBIOTO COJICHOI1a JOBXUHOKO | 1 m1o-
IICIO TIEPETUHY S, 0OMOTKA SKOTO MICTHThH N BUTKIB Ha OJMHHMINO JOBXKUHHA. COJIEHOTN
MOJKHa po3risaaty sk cuctemy 3 N = nl mociigoBHo 3'eqHaHuX BUTKIB. [ToBHUI MarHi-
THUM MOTIK Yepe3 BC1 BUTKHU COJICHOi1a (TOTOKO3UETIICHHS ) I0PIBHIOE

¥ = N®y= NBS = (nl)-ppo nl-S = ppon? V-l

Tyt BpaxoBaHo, 1110 MarHiTHa IHAYKIIis MoJIst B costenoimi B = puonl taV =1S -

00’eM comnenoina. Toi iIHAYKTUBHICTH COJICHOI A
L = ppon?V. (51.3)

Ax 6aunmo, IHIYKTUBHICTh KOHTYpA 3aJICKHUTh Bij ioro Gopmu 1 po3mipiB, a Ta-
KO BiJl MAarHITHOI MPOHUKHOCTI cepenoBuiia (cepena Hedepomaruitaa). Ko ocepas
coJieHoia 3po0eHe 3 (epoOMarHiTHOI PEUOBUHHU, TO L 3AJICKUTH HE TIIHKU BiJl MaTepi-
airy ocepjs, ajie 1 BiJl CHJIA CTPyMY B OOMOTIII.

Busznaunmo EPC caMoinayKIlii yepe3 iHAyKTUBHICTh KOHTYpa 1 CUIIY CTPYMY

d di
g =——(LI)=-L—. 514
i =g () it (51.4)
Enexmpopywiitina cuna camoindykyii 0opisHIOE 83amomy 3 00epHeHUM 3HAKOM
000ymMKY IHOYKMUBHOCMI KOHMYPA HA WBUOKICMb 3MIHU CULU CIMPYMY 8 HbOM) .
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®opmymna (51.4) cipaBenuBa 11 CEpeOBHIIA, IO 3aTIOBHIOE KOHTYD 1 HE € ¢e-
POMarHiTHUM.

PosrnsHemo tenep nporec 83aemHoi iHOYK-
yii’ MK IBOMa KOHTypaMu, 300pakeHUMH Ha pHC.
51.2 y BUIISI1i IBOX KOTYIIOK, HAMOTaHHUX Ha 3a-
rajibHe OCepsl.

SIKIIO B TIEpIIOMY KOHTYPi MMPOXOIUTH
Puc. 51.2. cTpyM |1, TO BIH CTBOPIO€ MarHiTHUH NOTIK (TIOTO-

KO3UCIUICHHS), Uepe3 APYruil KOHTYp BelIUIHA

1 2
JaVataVaVaVaV NN AV A ATAYAYAYAY

SIKOTO TIporopiriiHa li:

Vo = Lot i (51.5)
Sxmo cuna ctpyMy |1 3MIHIOETBCS, TO BIATOBIIHO 0 3aKOHY €IEKTPOMArHiTHOI 1HTyK-
1ii 3MIHHE MarHiTHE MOoJIe MePIIOoro KOHTypa 30y1Kye B Apyromy KoHTypi EPC

dl
en=-lu (51.6)

AHAJOT14HO, SIKIIIO B KOHTYP1 2 MPOXOAUTH CTPYM |2, TO CTBOpEHUN HUM MarHiT-
HUM TOTIK Yepe3 KOHTYp 1

Y12 = Lz Iy, (51.7)

1 Ipu 3MiH1 cUJH cTpyMmy | B koHTypi 1 inaykyerbess EPC
&, =—L,—=. 51.8
p=ly (518)

Kontypu 11 2, siki B3a€EMOJIi10ThH 32 JIOMIOMOTOI0 MarHiTHOTO TOJIsl, HA3UBAIOTHCS
38'13aHUMU.
Asuwe 6uHUKHEHHS e1eKmpOPYULIUHOL CUU 8 0OHOMY 3 NOG'A3AHUX KOHMYDI6 npu
SMIHI CUIU CMPYMY 8 THULOMY HASUBAEMBCS 63AEMHOTL IHOYKUYIEIO.
Koedimientn nponopuiiHocTi Lio Ta L1 HA3UBAIOTHCS 83AEMHOI0 IHOYKMUBHICIIO
KOHTYpiB 112,
Po3paxyHok mokasye, 1o st JOBUTbHUX KOHTYPIB 1 1 2 mpu BiacyTHOCTI (hepo-
MarHeTHUKIB 111 KOe(ILIEHTH JOPIBHIOIOTH OJJUH OJTHOMY
L12 = L21. (519)
B3aemHa 1HAYKTUBHICTD 3aJIKUTH Bil POPMU, pO3MIPIB 1 B3AEMHOTO PO3TaIIly-
BaHHS KOHTYPIB, @ TAKOK B1JI MarHITHOT MPOHUKHOCTI cepenoBuia. [Ipu HasiBHOCTI de-
pOMarHeTHka B3a€MHA 1HIYKTUBHICTh 3aJICKUTH BiJl CUJIM CTPYMiB B KOHTYpaXx.
Bzaemna indykmugnicme ABOX 3B'sI3aHUX KOHTYPIB € BEJIMYMHA, 10 YUCETHHO
JIOPIBHIOE €IEKTPOPYIIIHHIN CUJTl 1HIYKITT, IKa BU-

= HHUKAe B OJTHOMY 3 KOHTYPIB, npu MIBUAKOCTI 3MIHU
M il o CHWIH CTpyMY B IHIIOMY KOHTYp1 1 A 3a 1l c.

[ 1 § L ‘ Cucrema 3 IBOX KOTYIIOK, 3'€THaHUX (epo-
~ L; % H L; MAarHiTHUM CEPJEYHHUKOM, SIBIISE COOOK mpancego-
] t B l__:_*."’T {  pmamop (puc. 51.3). _
(et 1 0 3a 10noMoror TpaHcGopMaropa MOXKHa IIi-

Lo JBUIIYBATH a00 3HUKYBATH HAMPYTy 3MIHHOTO
CTPYMY.
Puc. 51.3.
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[Tig yac xonocToro xoay Tpanchopmaropa, KO CTpyM y BTOPUHHIA 0OMOTIII
BIJICYTHIM, BITHOIIICHHSI a0COIFOTHUX 3HAYE€Hb HAINIPYT Ha KIHISIX BTOPUHHOI Ta MEPBUH-
HO1 0OMOTOK JIOPIBHIO€ B1IHOIIICHHIO BIJIMOBITHUX YKCEN BUTKIB.

Yzl _N,
Ul N
Jliis Tpancdopmaropa, 1o migsuinye (3HmwKye) Hanpyry N2> Nj (N2 < Nj).

(51.10)

Ilpuknao 51.1. Ckinbku BUTKIB ApoTy AiamerpoM d = 0,4 MM MOTpiOHO HAMOTATH Ha KapTOH-
Hul nwtieap aiamerpom D =4 cm, i Toro, mo0 oTpuMaTH KOTYHIKY 3 iHAYKTUBHICTIO L = 1 MI'H?
OOMOTKa COJIeHOI]a OTHOMIAPOBA, BUTKHU IIUJIBHO MPWIATAIOTH OJIUH JIO OJHOTO.

Umcno BUTKIB N HA OAMHUITIO IOBXUHU 3HAUIEMO, PO3AUTUBINM IF0 OAUHUIIIO TOBXHUHU HA Ii-
ameTp MpoBOLY

1
n=—.
d
VY BignoigHOCTI 3 Qopmynoro (81.3) ais conmenoina 6e3 ocepas (L= 1)
2 2
1 7D
L=,n?S =py| = | 15—,
° \d) 4
. ) 4d°L :
3Bincu noBkuHa conenoina | = 5 1 [IOBHE YMCIIO BUTKIB APOTY
7, D
4dL
N =nl=——">~2546umxu
7, D

§ 52. CtpyMm 3aMHUKaHHSA | pPO3MUKAHHA KOJIa

XapakTepHUM MPUKIIAI0OM CaMOIHIYKIII MOXe OyTH TOsIBa CTPyMiB 3aMUKaHHS 1
PO3MUKaHHS.

[Tpu 3amukaHH1 a00 pO3MHUKaHHI KOJIa B HhOMY BHACIIJOK SBHIIA CAaMOTHIYKITIT
BUHHMKAIOTh JOJATKOBI CTPYMHU, SKi 3a MpaBuiIoM JIeHIIa 3aBK/I1 MEePEIIKOKAIOTh 3MiH1
OCHOBHOTO CTpyMy B KoJji. OTxe, mpu 3amukanHi koia EPC camoinnykii Oyie croBi-
JHHIOBATH MIBUAKICTh HAPOCTAHHS CTPYMY, a IIPU PO3MUKAHH1, HABIIAKH, YIIOBIJILHIOBA-
TH MIBUAKICTD 3MEHIIICHHS CTPYMY.

Posrnssaemo koo (puc. 52.1), 110 CKIIagaeThes 3 MOCTIJOBHO BKIIFOUEHUX OMOPY
L R, ingykTUBHOCTI L 1 mkepena ctpymy € (B omip R BiIrodyeH1
W BHYTPILIHIH Omip JuKepena i OMIYHUI OMip KOTYIIKH).
§ [Ticns 3amukanng kmoda K B kol kpim EPC mxepena €
oyne nistu EPC camoinuayKIii & 1 BIAMOBIIHUM i1 CTpyM ca-
R [ MOIHAYKIIi1, IKWI Ha3UBAETHCS eKCMPACMPYMOM 3AMUKAHHSL.
3rigHo 3 mpaBmwioM JIeHIia HanpsIMOK €KCTPaCTPyMy 3aMUKaH-

K ! HSI IPOTUJICKHUIN HANPSIMKY OCHOBHOTO CTPYMY, CTPYM CaMo-
|'£ THIYKITT IePENIKOKAE IMBUAKOMY HAPOCTAHHIO OCHOBHOTO
CTPYMY.
Puc. 52.1. pyMy

[To3xauumo vepes i (t) MUTTEBE 3HAYCHHS CHITA CTPYMY
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B KoJii. BinmosigHo 10 3akony Oma

e+ é&i=IR. (52.1)
[TincraBnstoun Bupas it EPC camoinaykinii, oTpuMaemo
8—Lﬂ:iR . (52.2)
dt
PozainuBim 3MiHHI, OTPUMAEMO PIBHSIHHS
L9 (52.3)
g—IR

Ile crmiBBiAHOIICHHS € TU(EpPEHITIATIbBHIUM PIBHIHHAM JJIs1 CUJIU CTpyMy. Bizbme-
MO iHTerpaJ Bij mpaBoi 1 JIIBOT YaCTHUH PIBHSIHHS

di
L = | dt
'[ e—IR '[
OO6uaBa iHTerpanu € Tabnuuaumu. Ilicns iIHTerpyBaHHsI OTPUMAEMO
L :
Il —Eln(g—lR):Hconst. (52.4)
JloBUIbHA CTasIa IHTETPYBAHHS BU3HAYAETHCS 3
N MIOYATKOBUX YMOB: B MOMEHT 4acy t = 0 ctpymy B
ko me He oyio, i (0) = 0.
Toni
L
const :—Elng. (52.5)
[ ITigcrapnsroun (52.5) B (52.4), micns HecKIa-
¥ mnx MEPETBOPEHb OTPHUMAEMO
Puc. 52.2. g—IR R
In =——t.
£ L

a00 0CTaTOYHO

uozga—éfy (52.6)

L . . .
Bennuuna E Ma€ PO3MIPHICTL 4acCy, 11 IO3HAYAIOTh T 1 HA3UBAKOTh nOCMIUHOIO

yacy xona (abo yacom penaxcayii, 4acom 6CMAHOBLEHHS CIMPYMY)

= (52.7)

Toni hopmyna (52.6) HaOyne BUTTSAY
t
iay:;a—er)=5a—e*”y (52.8)

3 popmynu (52.8) BUIUIMBAE, 110 NMPU BKIIOYEHHI JIPKEpENa CTPYM B KOJII HE BiJ-
pa3y, a MOCTYMOBO CATa€ 3HaYEHHs, 110 BIAMOBIJIA€ CUJIl YCTAJIEHOTO CTpyMy (pHC.
52.2). HapoctanHs cuiu cTpyMy BiIOyBa€ThCsl TUM HMIBUIIE, YUM OUTbIIE BiIHOIICHHS
R/L, T0OTO YMM MEHIIIOO € IHAYKTHBHICTh KOJA 1 OLIBIINM T Omip.
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Ilpuknao 52.1. Jlo mxeperna 3 BHyTPIIHIM onopoM i = 2 OM MiJKII0YNIA KOTYIIKY 3 OIIOPOM
R« =8 Om 1 ingykTuBHicTIO L = 10 MI'H. 3HaiiTH yac t, mpOTATOM SIKOTO CTPYM B KOTYIIIIlI, HAPOCTAFO-
9H, JOCSATHE 3HAYCHHSI, PIBHOTO MMOJIOBHHI MAaKCUMAaJIBLHOTO.
Ormip kona nopiBHIOE R = I + Ry.
R
—t
CtpyM B MOMEHT 4acy t JOpIBHIOE I(t) =1 (1 —et )
R Ry
Baymooro —=1—-e L agoe L = > 3BifKK Et =In2. Ocrarouno

3
t= Lln 2= %0,693 ~0,7(mc).
R 10

PosriisiHeMo tenep npoyec posmuxanns cmpymy.
VY kou, 110 300pakeHe Ha puc. 52.3, crmoyaTKy K04 K 3HaXOAUBCS B TIOJIOKEHHI
1 1 mpoxoauB cTpyM ip = € R (K 1 B IepioMy BUMIAAKY, B omip R BKJIFOUEHI BHYTPIlIHIH
omip JpKepesia 1 OMIYHUNA Oip KOTYLIKH).

L [Tpu MOBOPOTI KJTFOYA B TIOJIOKEHHSA 2 JHKEPETIO
W CTPYMY BIJKIIFOUAETHCS B1Jl KOJIA, 1 CTPYM B HhOMY ITOYHE
| 3MEHIIIyBaTUCs. AJie BIH HE B1JIpa3y AOCATA€E HYJsl, TOMY

110 Yepe3 IHAYKTUBHICTD 1 ONIP NPOXOJUTUME CTPYM ca-

—,
—=-

R H MOITHAYKIII1, IKUii Oy/ie MATPUMYBATH CHAAAI0YUil CTPYM.
) Takuii CTpyM Ha3UBAETBCS eKCMPACmpyMOM PO3-
K g muxannsa. HanpsiMok CTpyMy 10 PO3MUKaHHSI IIOKa3aHO
1 CYLIJIBHOIO CTPIJIKOIO, TICIST PO3MHUKAHHS - IITPUXOBOIO.

m_.._

3rigHo 13 3akoHoM OMa

: [
IR:—Ld—. (52.9)
Puc. 52.3. dt
[Ticns po3aiieHHs] 3MIHHUX OTPUMYEMO PIBHSIHHS
di R
- = _7dt y
[ L
iHTerpyBaHHs sikoro aae Ini = — Rt/L + const , abo

R
—t
i(t)=const-e L.
ITpu t = 0i(0) = ip = const = &/R, Tak 110 OCTATOYHO MAEMO JIJISI CTPYMY PO3MH-

KaHHA
R

oy €T s e
|(t)_§e =i,e " . (52.10) Ik

3riaHo 13 3aKk0HOM JIeHI1a eKCTpacTpyM pO3MHU-
KaHHS 32 HAPSIMKOM 301Ta€ThCs 31 CTPYMOM JIKepera,
TOMY CTPYM B KOJII ClIaJia€ MOCTYIOBO (puc. 52.4) 3a
EKCITOHCHIIIATbHUM 3aKOHOM.

[IBuakicTe yOyBaHHS CTPyMY Bijl MOYaTKOBOTO
3HauYeHHS lg 10 HyIsl XapaKTepU3yeThCs MOCTIHHOO Ya- {
cy T = L/R. Yum Oinbiire 3HaYeHHS T (YUM OLjIbIIE 1HTY-

I

Puc. 52.4.
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KTUBHICTh KOHTYpa 1 YUM MEHIIIE OIip), TUM MOBUIbHIIIE CIIAIa€ CTPYM.

Bianosigxo g0 Gpopmynu (52.10) mocTiiiHa yacy KoJjia T JIOPiBHIOE Yacy, MPOTs-
T'OM SIKOTO CHJIa CTPYMY 3MEHIIIYETHCS B € Pa3iB.

VY Kkosnax, 10 MICTSATh BEJIMKI 1HIYKTUBHOCTI, 111 YaC BUKJIIOUCHHS CTPYMY €KCT-
pacTpyM# pOo3MHUKaHHS MOXKYTh JOCSTATH BEJIUKOI BETUYUHU 1 MOXKYTh OyTH TIPHYH-
HOIO MOTY>KHOT ICKpU Ha pyOmIbHUKY. Lle Moke mpuBecTy 10 MpoOoO JICIESKTPUKIB 1
BUXO/Y 3 JIaay enekTpoobsiagnanss. 1106 3amo0irTy ait0 eKCTpacTpyMiB pO3MUKAHHS,
CTPYM Iepe pO3MUKAHHSIM MOCTYOBO 3MEHIIYIOTb.

Ha 3akiHdeHHs BCTAHOBUMO aHAJIOTII0 MK 1HIYKTUBHICTIO L KOHTypa B €IEKTPO-
JUHAMIII 1 Macolo Tila M y MexaHill. [HAyKTUBHICTb € MipOI0 «IHEPTHOCT1» MO BiTHO-
IICHHIO JI0 3MiHU CTPYMY B KOHTYPI 1 B IIbOMY CEHCI € aHaJIOTOM MAacH - MipH 1HEpPTHOC-
Ti TiJIa IPHU WOTO TOCTYIAIBLHOMY PYCi.

§ 53. EHeprist MAarHiTHOIO 1M0JIs1

VY Tomy, 1110 MarHiTHE MOJie Ma€ EHEPri0 MOXKHA TIEPEKOHATUCS, PO3TIISIAI0UH
MPOIIEC CMaJIlaHHsI CTpyMY B cxeMi pic. 52.3. JIo po3aMUKaHHS KOJia CTPYM MPOXOJUB B
KOTYIIIII 1 CTBOPUB B Hii MarHiTHe mosie. [licas po3MUKaHHS KiI04a 3aIMIIA€ThCS MMOC-
JJOBHO 3'€IHAHA KOTYIIKA 1 PE3UCTOP. 3aBASKH SIBUILY CAMOIHAYKI[Ii CTPYM B KOJII
Crajiae MmocTymnoBo, 1 Ha ONMOPi BUAUIETHCS IXKOYJIEBA TEII0Ta. BiAMOBIIHO 10 3aKOHY
Jlxoyns-Jlenna exementapna po6ota, siky Bukonye EPC camoinaykiiii,

dA:wﬂﬂ:—mzhﬂ:—Um. (53.1)

3a yac yOyBaHHSI CHJIM CTPYMY BiJl TOYaTKOBOTO 3HAYCHHS | 10 HyJst HUM Oy1ie
3niiicHeHa poboTa

0 2
A:—LJMI:L;. (53.2)
|

[{s poOoTa e Ha HarpiBaHHS MPOBO/IIB. 32 PaXyHOK SIKUX 3arlaciB €Heprii BUIi-
nsieTbest Teriora? O4eBUIHO, IO B JAHOMY BHUMAJIKY JKEPEIOM poOOTH MOXke OyTH
TIJIKM MarHiTHE TIOJIE CTPYMY.

MarsiTHe noJie € HOCIEM €HEepTii, 3a paxXyHOK SIKO1 3/IIHCHIOETHCS pOOOTa.

Eneprist MaraiTHOro noJig cTpymy |, 1110 NpoxoIuTh MO NPOBIAHUKY 3 1HIYKLIEO
L,

LI?

w="". (53.3)

BuszHaunMo eHepriro, 1o npumaaae Ha OAMHUIIIO 00'eMy, 3aiiMaHOMY TIOJIEM -
00'eMHY 2ycmuny eHepaii MazHimHo20 NoJs.

Sk mpuKIan 3py4HO PO3TISHYTH MarHiTHE TI0JIE COJICHOIa, OCKIJIBKHY TOJIe T0B-
roro COJICHOi/Ia € OJHOPIAHUM, a TI03a COJICHOIZIOM MOKe OYTH NPUNHHATO PIBHUM HYIIIO.

[HAYKTUBHICTH COJICHOITA

L = ppo N?V.
MarsiTHa 1HAYKIIIS BCEpearHI CoieHoiaa
B==uuonl.
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3BIAKHA

- B (53.4)

HiipN
TakuM 4MHOM, €HEPTisi MarHITHOTO TOJIS COJICHOI1a

3 ypaxyBaHHsIM BHUpasy B = ppoH ams rycTuHu eHeprii MarHiTHOTO TOJISt MOYKHA
HaIlMCaTu TPU BUPA3U

w  B? _H-B_ uuH

Vo 2uu, 2 2
Ilpuxnao. 1o oOkiaquHOK 3apskeHoro 10 Hanpyru Umax = 200 B koHneHcaTopa, eIeKTpoe-
MHicTIO C = 0,04 MK® npueIHYIOTh KOTYIIKY iHIYKTUBHOCTI. IHIYKTUBHICTh KOTYIIKH L = 1,6 MI'H.
Konpencarop nounHae po3pspKkaTucs, i B KOJI 3'IBISIETHCS ENEKTPUIHUN CTPYM. SIKOIO € MakCHMaib-
Ha CUJIa CTPyMY B KOJIi?
EnextpuyHa eHeprisi KOHACHCATOPA MEPETBOPIOETHCS B EHEPTiI0 MATHITHOTO MOJIST KOTYIIKH 31
CTpYyMOM

(53.5)

CU r?’lax — LI riax
2 2
2 -6 2
i = (s = 00410200y

§ 54. PeasituBiCcTCHbKE TJIYMAa4Y€HHS MATHITHOI B3a€MO/Iil pyXOMOro 3a-
pAay i IPSIMOJIIHIHOI0 MPOBIAHUKA 3i cTpyMOM. BigHocHuU# xapakrep
€JIEKTPUYHOTO | MATHITHOTO MOJTIB

Po3zrisitHemMo sik mpukiiaa JOBrUi NpSAMOJIIHIMHUN TPOBIAHMK 31 cTpyMoM. [lapa-
JIEJILHO TPOBIJHUKY 3 AesAKOI0 mBHAKicTIo V (V << ¢, ¢ = 3 108 m/c) B HanpsaMKy, mpoTH-
JIEKHOMY CTPYMOBI, PYXA€ThCS 3apsAKEHA YACTUHKA (HAMPUKIIAJl, HEraTUBHO 3apsiKe-
Ha 3apsaoM — Q).

Sk nokasye J0Ciil, YaCTUHKA MPUTATAETHCA O MPOBIIHUKA.

Sk Oyne BUrIsSAaTH B3a€EMOJIS YACTUHKY 1 IPOBIIHUKA 31 CTPYMOM B PI3HHX 1HE-
puianbHuX cuctemax Bijiky (ICB)?

B ICB, ne npoBigHUK HEPYXOMUH, a YaCTUHKA pyXaeThcsl (Ha3BeMo ii K — cucre-
MOI0), ICHy€ MarHiTHe IoJjie MpsiMoro cTpyMy. 3 OOKY IIbOI'O MarHiTHOTO MOJIsl Ha PyXo-
My B HhOMY 3apsJPKEHY YaCTUHKY Oyne misatu cuna Jlopenma. Bigznauumo, 1o 115 cuia
CIpsIMOBaHa NMEPICHAUKYJIISPHO JI0 TPOBITHUKA, «J0 HHOTOY.

Bynemo BBaxkaTH, 110 BC1 €JEKTPOHU PyXalOThCs BIIOPSIIKOBAHO 3 OJJTHAKOBOIO
IIBUKICTIO V (JJ1s1 IPOCTOTH 3aBJAHHS) 1 IIMM YTBOPIOIOTH CTPYM B TIPOBO/II.

[Tepeiinemo temnep B ICB, sika pyxaeTbcs mapajieibHO MPOBOY B TOM caMuii OiK,
110 1 €JICKTPOHH, SIKI YTBOPIOIOThH CTPYM, 1 3 TIEO caMOro mBUAKICTIO. HazBemo ii K’ —
CUCTEMOIO.
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VY miti ICB 3apspkena yacTuHka nepedyBae B CTaH1 CIIOKOI0. MarHiTHE mosie
IPOBOJIY Ha HEPYXOMUH 3apsij He Jii€, 1 cuia JlopeHiia, o 3aJIeKuTh BiJl IIBUIKOCTI
3apsy, TOPIBHIOE HYIIIO.

Ane B3aeMo/Iis 3apsAly ¥ MpoOBOAY 31 CTPYMOM IOBUHHA CIIOCTEPIraTucs B Oyib-
skuii [CB, BoHa 3HUKHYTH HE MOXe!

CrpoOyemMo MOSICHUTH B3a€EMOJIIIO 3apsiay 1 cTpyMmy B K'— cuctemi 6e3 3aimyueHHs
MOHSTTS] MAarHITHOTO MOJs. J[J1s1 moyaTKy 3ayBa)KMMo, 1110 y BUXI1JIHINA K — cucTeMi mpo-
BIIHHK HE € 3apspKeHnM. MeTaneBuil POBITHAK MOYKHA PO3TIISIATH K OCTOB TTO3UTH-
BHUX 10HIB, 3aIIOBHEHUI HETATUBHUMU €JIEKTpOHAMHU. [ 'yCTHHA MO3UTUBHUX 10HIB 1 He-
raTUBHUX C€JICKTPOHIB OHAKOBA, IPOBITHUK € HEUTPATHLHUM.

A B K'— cucteMi MpOBITHUK BUSBIISETHCS MMO3UTUBHO 3apskeHuM! JlificHO, Bij-
MOBIHO 10 OJTHOTO 3 HACTIAKIB CIEIialbHOI TEOPil BIAHOCHOCTI, JOBKHWHA PYyXOMHUX Til
CKOPOYYETHCS B HAIPSIMKY pyXy (JIOPSHIIEBE CKOPOUCHHS).

VY K'— cucreMi eIeKTpOHH NepedyBatoOTh y CTaHi CIIOKOI0, a 10HU PYXaloThCs B
MPOTUIICKHUM OIK 3 TAKOIO K 32 MOJYJIEM IIBUKICTIO. 32 PaXyHOK «JIOPEHIIEBOTO CKO-
POUYCHHS» JOBXXHHA OCTOBA MO3UTUBHUX 10HIB CTA€ MEHIIIOIO, B1ICTAHb MK MIO3UTHB-
HUMU 10HAMU 3MEHIIYETHCS, a IX KOHIIEHTpAIlisl 3pOCTAE.

3 iHmoro 60Ky, nepexoAsyu B K'— cucreMy, MU BUSBIIIEMO, 110 BIJICTaH1 MiX
€JIEKTPOHAMHU 301JIBIITYIOTHCA B CHITy Toro Xk ciiictBa CTB (HaiOi1b111010 1OBXKUHA OY-
ne B Tii ICB, B sikiit Ti10 1okoitThes). T.4., B miit ICB xoHIIeHTpallis €IEKTPOHIB CTa€e
MEHIIIOIO.

B pe3ynbTati HeiiTpaneHuii B K — cucteMi BiIpi30K NPOBOAY 31 CTpyMOM B K' —
CUCTEMI 3apSAKAETHCS TTO3UTHUBHO.

[To3uTHBHO 3apsKEHUH TIPOBITHKK i€ Ha PO3TAIIOBaHy MOPYY 3 HUM HETaTHB-
HO 3aps/KEHY YaCTHHKY 1 PUTATYE ii.

[losicHEHHS 3HAUAEHO.

Bunnkae nutanHs. Skimo MoxkHa 001UTHCS 0€3 3alTydeHHsI IOHATTS MarHiTHOTO
T0JISA, SIKIIIO MArHiTHI CHJIA € PENIATUBICTCHKUM €(EKTOM, TO HaBIIIO OyJI0 BBOJUTH 1€
MOHSTTA?

Biamosinp Ha 11e MUTaHHS MOKHA J1aTU TaKy — MOSCHEHHS 3a JOTIOMOTOI0 TeOpii
BIJIHOCHOCTI € BaXXKUM 1 ckiagauM! HabGaraTo npocrimie 3aIuIiTH TOHSATTS MarHiTHO-
IO TOJIsI, SIKE ICTOPUYHO BUHUKJIO I1I€ JI0 MOSIBU CIieniaibHO1 Teopii BigHOCHOCTI. [1lo i
Oy1o 3pobiieHo (izukamu B po3aun «EnekrpoMaruneTusmy.

PosrnssHemo tenep 1ei npukiaj OuIbI T0KJIAIHO 1 KUTBKICHO

1. BICB K ctpy™m |, 110 IpoXoAWTH B3OBXK MPOBITHUKA, CTBOPIOE MArHiTHE MO-
ne B, sike Jie Ha 3apsAHKCHY YaCTUHKY 3 cuiloro JIopeHIia, CipsMOBaHOI 10 MPOBITHUKA
31 ctpyMoM (puc. 54.1)

Fn=(-q) [v.B].
K OCK1UIbKH MPOBIIHUK B I1JIOMY € €JIEKTPOHEUT-

. pPaTbHUM, TO €JIEKTPUIHOTO OIS, SIKe 1510 O Ha 3a-

- fi’f?—‘!— E=0 PSIKEHY YaCTHUHKY, HAaBKOJIO cebe BiH He CTBOPIOE, E

B#0
B/ ¥ -0,
3 i ¥ BriopsiikoBanuii pyx enexkTpoHiB (B Oik, mpo-
| '__-"Q_ T S ( )! THJIS)KHUI HAMPsIMy CTpyMy) yTBoproe ctpym |. Bra-
=0 v=v
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’KAEMO, 1110 MIBUIKICTH YIIOPSIAKOBAHOTO PyXY €JEKTPOHIB MPOBIAHOCTI V. JOPIBHIOE

IIBUIKOCTI YaCTUHKH, IO PYXA€ThCS MOPYY 3 MPOBiMHUKOM: V _ = V. [Ipu 1ipoMy mBHI-

KICTh MO3UTUBHUX 10HIB V+ = 0, OCKIJIbKH B K—CHCTEeM1 IPOBITHUK NIEpeOyBa€ B CIIOKOI.
2. [Tepeiinemo tenep B ICB K ', sika pyxaeTbcsi pIBHOMIPHO 1 IPSAMOJIHIAHO 31

MIBUJIKICTIO V BigHOCHO K (pHC. K K’ 54.2). ¥V miit cucteMi BiIJTIKY 3a-
psia — q Oyae HepyXOMHM, a TPo- v BiTHUK Oyne pyxarucs momao K’
— CHCTEMH 31 IMIBUAKICTIO — V, TOOTO — B 3BOPOTHHH 1O BITHOIIECHHIO J10
IIBUKOCTI YACTHHKH B TIEPIIIOMY Bumaky Oik. LIIBuaKicTh MO3U-
THBHUX 10HIB V+ = — V , INBUJIKICTb Puic. 54.2. €JIEKTPOHIB PoBigHOCTI V _ =0
(puc. 54.3).

Pyxomi O3UTHBHI 10HU CTBOPSITH HABKOJIO
MPOBIAHMKA MarHiTHE moJie B ', ske oHaK HA He-
PyXOMY YaCTHHKY He fi€. TuMm He MeHII, BOHa
IPUTSTYETHCS 0 MPOBIAHUKA.

3rijiHo 3 GyHAaMEHTATBHUM (13UUYHUM 3a-
KOHOM — TIPUHITAIIOM BITHOCHOCT1 — OYyab-SKHI
IPOoLIeC MPOTIKAE OJTHAKOBO B CUCTEMI, 1[0 3HAXO-
Y=y = JIIUTHCS B CIIOKOI, 1 B TAKUM caMiil CHCTEMI, 1110 IIe-
pebyBae B cTaHi pIBHOMIPHOTO MIPSIMOJIIHIMHOTO
pyxy (0OuaBa CTaHW BU3HAYAIOTHCS 1O BIIHOIICH-
HIO J10 OBLIbHO 00panoi ICB).

VY po3rasHyTOMY IpHKIaAl TAKUM (Hi3ud-
HUM MPOLIECOM € B3aEMOJII PyXOMOTI0 3apsiy 1
MPOBIIHUKA 31 cTpyMoM. [Iporiec onHakoBuil B 000X cucTeMax, ajie MPUYUHU B3aEMOIIT
MOSICHIOIOTHCSL HEPYXOMHM 1 pyXOMHM CIIOCTEPIrayaMu 1o - pi3HOMY.

VY K'— cucreMi 3pyIIMTH 3 MICIS HEPYXOMY 3apSAJIKEHY YACTUHKY MOKE TUIbKU
enexTpuune nose E’', sike 1 BUHUKAE B 1111 cucteMi BiKy (puc. 54.3). [ToxomkenHs
IILOTO EJIEKTPUUHOTO ToJig E' OB'S13aHO 3 PI3HUM JIOPEHIICBUM CKOPOUEHHSM, SKE BiI-
YyBarOTh JIAHITIOKKH MO3UTUBHUX 1 HETaTUBHUX 3apsiB. [lokaxkemo 11e.

Hexaii neska cykynmHicTh 3apsiB Q 3HaXOIUTHCS B MWJIIHIAPHYHIN TOCYAUHI 3
po3Mipamu Sy, Lo, sika € Hepyxomoto B cuctemi K '(puc. 54.4, a). I'ycTuHa HEPYXOMHX
3apsiB

Puc. 54.3.

o= 2 (54.1)
Solo
BinnocHo cuctemu K HuiIiHAp 3 3apsiiaMH PyXaeThCs Y3/I0BK CBOET OC1 31 IIBU-
KiC- TIO
v K |K' y K
e
Ly L
IR IR i T Y
(S_;'-,:_:-:. . Q'.'.....:-.-.-..:.:-. ‘...-: % (S'_;:'_.:.._':- . Q'_'-.-.: ‘:..: %
v=0
a) ) 147
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(puc. 54.4, 6). OckinbKy NiHIAHI PO3MIPHU TUT CKOPOUYYIOTHCS B HAMIPSIMKY PYXY, JOBXKHU-
Ha L pyxomoro mwitiHApa Oyjie MEeHIIIe Ti€l, AKy BIH MaB y CTaH1 CIIOKOO:

L=1L,/1-v?/c?. (54.2)

Uepes pensTUBICTCHKOTO CKOPOYCHHS JOBKUHU 00’ €M MuIiHApa Sol. cTae MeH-
muM (TIoTIepedH1 pO3MIpH Sy HE 3MIHIOIOThCS). To/I1 TYCTHHA PYyXOMOi CYKYITHOCTI 3a-
PAJIIB CTaHE PIBHOIO

_Q
p= S, (54.3)

Sxuro BpaxyBaTH, 110 3apan Q mix yac pyxy He 3MiHIO€TbCA (1IHBapiaHTHICTD 3a-
psanLy), TO
PoSoLo=p So L, (54.4)
3BLAKU

pe P 460 = (545
\J1-ve/c 1-ve/c

3acTtocyemo criBBiHOIICHHS (84.5) 10 MWITHAPUYHOTO MPOBITHUKA,IIO pyXa-
€TbCSI B3JIOBXK CBO€T OCI.

B K-cuctemi npoBiIHUK HEPYXOMUM, nO3UMUEH] 3aPSAIH , IO YTBOPIOIOTH OCTOB
POBiIHKMKA TIEpeOyBalOTh B CTaHi crokoro (puc. 54.1), B K'— cuctemi BOHH pyXarOThCs
31 mBHAKICTIO — V (puc. 54.3). Toxi 3 (54.5) BUmIMBae CriBBiAHOIIEHHS MK T'YCTHHOIO
NO3UMUBHUX 3apSJiB B PI3HUX CHUCTEMAaxX

o = % . (54.6)
\J1-ve/c
Hnst necamusnux 3apsaaiB (puc. 54.3 1 54.1) naBnaku: B K'— cuctemi BOHU HEpY-
xoMmi, B K— cucTeMi BOHM PyXarOThCs BIIPaBo 31 MBUAKICTIO V. PiBHsaHHS (54.2) nae
CIBBIHOIIIEHHS MI>K TYCTUHOIO HETaTUBHUX 3aPs/IiB B PI3HUX CUCTEMAX

_ P
P-= v (4.7

Pe3synpTyroua ryctuna 3apsaiB B K'— cucremi 3 ypaxyBaHHsaM (54.6) 1 (54.7) no-

PIBHIOE
p=p p =P 4 -V (54.8)
AJ1- v? / C2
OckiJIbKU HEpYXOMHM B K— CHCTEM1 TIPOBITHUK € €IEKTPUIHO HEUTPATHHUM,
TOOTO CyMa I'yCTHH MO3UTUBHUX 10HIB 1 HETATUBHHUX BUIBHUX €JIEKTPOHIB JOPIBHIOE HY-
JI10, TO
p++p- =0, abo p+ =—p-. (54.9)
Toni (54.8) 3anumeTses

, 1 v2/c?
P =p+[22—«/1—v2/02j=p+22. (54.10)
\1-ve/c J1-ve/c
®dopmyna (54.10) o3Hauvae, 10 pyXoMuUi MPOBITHUK 31 CTPYMOM BXKE€ HE € €JICKT-
PUYHO HEUTpanbHUM. BiH 3apsaKaeThCsl HO3UTUBHO 1 CTBOPIOE B TOYII, /1€ 3HAXOAUTHCA
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HepyxoMuil 3apsin enektpuune nose E . Le none i 3a0e3neuye npUTsIranHs 3apsay A0
npoBoy 31 ctpymoMm B ICB K.

MoskHa BBaxaTH, 110 MPOCTIP, IO OTOUYE MPOBITHUK 3 CTPYMOM, 3HAXOJIUTHCS B
NessKoMy 0co0MBOMY cTaHl. B cuctemi Bimiky K 11e#l CTaH IPOCTOPY HA3UBAETHCS Ma-
THITHUM 1tosieM. B cucremi K ', o pyXxaeThcst pa3oM i3 3apsijioM (— (), — EICKTPUIHUM
noJsieM. [IpuHIUI BITHOCHOCTI CTBEP/IXKYE, 110 BILIMB MPOBIIHUKA 31 CTPYMOM Ha 3apsij
B Oyab-skuit ICB O0yne ogauM 1 Tum camuM. O0wa i ma dic 0isl, W0 CNPUYUHAEMBCS 00-
HUM T UM JHCe CIMAHOM NPOCMOPY,  PIZHUX CUCeMax 8i0NIKY HA3U8AEMbCs No-
piznomy. HacipaB/ii HEMa€e «4UCTO EIEKTPUYHOI» 1 «IMCTO MarHiTHO» B3a€EMOJIT — €
€/IMHA B3a€MO/IisI, KA MO-PI3HOMY Ha3UBAETHCS B PI3HUX CHCTEMaXx BIJIIKY.

PosrisHyTHil MpuKIIag 103BOJISIE 3pOOUTH BUCHOBOK TIPO TE, IO SICKTPUYIHE 1
MarHiTHe T0JIs He MaloTh a0COMIOTHOTO XapakTepy. OKpemo I1i oISl He ICHYI0Th. Y
npupooi icHye mamepiaivbHe e1eKMPoOMAazHimHe noie, a OKpemi o020 npoaeu y eu-
21401 e1eKMPUYHO20 QD0 MACHIMHO20 oA 3aaexcams 6i0 eubopy ICB, 6 axiit po3e-
aA0aemuvca asuuie.

ko B neskiit ICB icHye TUIBKKM MarHiTHE 1oJie, TO B 1HIINN 3'IBIISIETHCS TAKOXK
1 eJISKTpUYHE T10J1€, 1 HaBMmaku. Bianorigaum Buoopom ICB MoxHaA yCYHYTH OJTHE 3 T10-
niB. OHAK €NeKTPOMArHiTHE MOJIe HE MOYKHA 3HUILUTH MIEPEX0IOM B Oyb-5IKY CUCTe-
MY BIIUTIKY.

Hagenemo 11e esxi mpuKiIaaf.

Ilpuknao 54.1. Hexaii enexTpuIHNAN 3apsil pyXa€eThbCs 3 TOCTIHOIO MIBUIKICTIO V BiIHOCHO
nesikoi ICB K, siky MU YMOBHO BBa)Ka€EMO HEpYXOMOI0. PyxoMuil 3apsiJi CTBOPIOE SIK €IeKTPUYHE, TaK 1
MarHiTHe niosie. OnHak, ko nepeitu B ICB K, mo pyxaeThes mon0 K 31 MBUAKICTIO 3apsiay V, TO B
Hilt 3aps] nepeOyBae B CIIOKO] 1 HISKOT'O MarHiTHOTO MOJIS B 1iH CUCTEM1 HE BUSBIISIETHCS, MU Oy/1€eMO
CIIOCTEPIraT! TUIbKH €JIEKTPUYHE TOJIE.

Ilpuknao 54.2. Hexaii Tenep aBa eIEKTPUIHUX 3PS/ PYXAIOTHCS Ha3yCTPid OJMH OJJHOMY 3
OJIHAKOBOIO MIBUJKICTIO V BiiHOCHO Aesikoi ICB K. B it ICB mu Oyzaemo crioctepiraTu sk elneKTpuy-
He, TaK 1 MarHiTHe nosst. OHaKk 3HallTH TaKy CUCTEMY BIJUIIKY, B SIKiM criocTepiranocs O Juile oJHe 3
MOJIiB, B JAaHOMY BUIIa/IKy HEMOKJIMBO.

3 HaBeJIEHUX MPHUKIIA/IIB BUILIUBAE, 110 EKCIIEPUMEHTAJIbHE BUSHAYCHHS €JIEKTPU-
YHOTO a00 Mar”HiTHOTO MOJIS 3aps/IiB 3aJIEKUTh BiJ] CHCTEMH BiIUTIKY, B K1l BEICThCS
CIIOCTEPEKEHHS.

3ayBa)XUMO, 110 €JIEKTPUYHE 1 MarHiTHE MOJIs HE MOXHA PO3IMJISAATH K CKJIaI0BI
YaCTUHU €JIEKTPOMarHiTHOro moJs. 1{i moss € #ioro okpeMuMu BUTIAIKAMH.

EnexTpomMarHitHe 1moJsie - oJiHe 3 MEPBUHHUX (QyHIAMEHTAIBHUX MOHSATh, a TOMY
HOTO HE MOKHA PO3UIMTH HA AKICh OUTHIN APiOHI MOHATTS - CKJIAJIOBl YACTHHH.
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§ 55. IlepeTrBopennst JIopeHna AJ1s1 €JIEKTPOMATHITHOTO MOJIsI

Hexaii icayrots 1181 ICB: K — cucrema 1 K’ — cuctema, 110 pyXa€eThCsi BITHOCHO
Hel 31 MBUIKICTIO V. B neskiil mpocTopoBo-yacoBiit Touli K — CUCTEMH BiJIOMi 3HAYCH-
Hs noniB E 1 B. Slkumu OyayTh 3HA4EHHs TOJIB B TiM k€ caMill MPOCTOPOBO-YACOBIH
toutll B K'— cucremi?

CriemiasibHa T€Opis BITHOCHOCTI MTOKA3ye, 0 3aKOHU TIEPETBOPEHHS TOJIIB (TIepe-
TBOpeHHs JIopeHTia A1 eJICKTPOMArHITHOTO TT0JISI) BUPAXKAIOThCSI HACTYITHUMH (popmy-
namMu (BEJTMYHMHM 31 IITPUXOM BITHOCATHCS 10 CUCTEMH BITIKY K ', TIIO pyXa€eThCs BiJl-
HOCHO cucTeMH K y3J0BX OCi X 31 IIBUIKICTIO V):

JUTSI KOMIIOHCHT BEKTOpPAa HAIIPY>KEHOCTI CJICKTPHYHOTO TTOJIS:
E,-vB, _, E,+VB,

E,.=E E,=—F+—-E =2, (55.1)
X X y 1_ ﬂz z y 1 _ ﬂz
JUTSI KOMIIOHEHT BEKTOPa 1HIYKII1i MAarHiTHOTO TOJIS
VE
B, + /=2 B, -
' ' C
BX' - BX’ Byr == A (552)
1= p?

C2 B ;
-8

3 piBHsHB (55.1) 1 (55.2) BumgHO, 1110 KOkeH 3 BeKTOpiB E’1 B' BUpakaeThes 5K
yepe3 E, Tak 1 yepe3 B. L{e CBITUUTH PO €MHY TPUPOAY €IEKTPUYHOTO 1 MATHITHOTO
nouiB. EnekTpuyHe 1 Mar"iTHe 1moJjisi € KOMIOHEHTaMH €JMHOTO (P13UMYHOTO 00'€KTA -
enekmpomacHimnozo nois. Koxue 3 nomiiB oKpeMo He Ma€ abCOJIOTHOTO CEHCY: MPO
€JIEKTPUYHI 1 MAaTHITHUX MOJII MOKHA TOBOPUTH JIMIIIE 3 000B'SI3KOBUM 3a3HAYCHHSIM
ICB, B sIKuX 111 TIOJISI PO3TJISAIAIOTHCA.

ko, Hanpukia, B cuctemi K none E 10piBHIOE HYINIO, TO B cucteMi K ' BOHO
BiIMiHHE Bia HyJs. SIK1o B cucremi K mosie B 1OpiBHIOE HYJIIIO, TO B cucTeMi K ' BOHO
BIJIMIHHE BiJ1 HYJIS.

Ilpuknaod 55.1. Po3rasiHeMo 3apskeHy YacTHHKY, HepyxoMmy B cucteMi K. OCKUIBKH 3apsiz €
HEPYXOMUM, B I1iil cucTeMi MU OyIeMO CIIOCTEPIraTu TUIbKHU €JIeKTPUYHE T0JIe

E-= Lg r (IT. 55.1)
Argyr
Tyt r - paaiyc BeKTOp, MpOBEIECHUH BiJ YaCTUHKH B J1IaHy TOUKY noJsia. Hepyxomi 3apsiau mar-
HITHOT'O TIOJISI HE CTBOPIOIOTH, TOMY B I1ilf CUCTEMI BiJUIIKY MarHiTHOro Hemae, B = 0.
[Io 6yzne 6GaunTH criocTepirad pyxomoi cuctemMu Biptiky K’ ?

Cxopucraemocs (popmysiaMu mepeTBOPEHHS OB 1 JIs1 TPOCTOTH PO3TIITHEMO BUTIAIOK, KOJIH
IIBUAKICTH CUCTeMH BiJUTIKY K’ € Ha0araro MEHIIOI0 MBHIKOCTI CBITIA, V << C. B iboMy BUMaIKy
kBajpatHi koperi V1-v?/c? = 1 i popmymn neperBoperms JIOpeHIIa MPHIMAIOTh BHI

E’x' = Ex, E’y' = Ey— VBz, Elz’ = Ez + VBy . (H 552)
B’x’ = Bx, B’y’ = By+ VEZ /CZ, B,Z’ = Bz* VEy/CZ. (H 553)
L1i piBHSHHS MOYKHA 3alMCaTH Y BEKTOPHOMY BUTJISI1
E'=E +[v,B]. (T1. 55.4)
B’'=B - [v,E]/c?. (T1. 55.5)
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OCKUTBKY MU PO3TJISAAEMO HEPEIATUBICTCHKUI BUMAOK V << C, TPOCTOPOBI KOOPAMWHATH 1 4ac
MOB's13aH1 IEPETBOPECHHAMU [ asiyiesi, ToMy paziyc-BeKTOp OJTHAKOBUN B 000X CUCTEMaXx BIUTIKY I =T .

[Tincransroun Bupasu mist E (I1. 55.1) i B = 0 B neperBopenns (I1. 55.4) i (I1. 55.5), orpuma-
€MO, IO B K’ — CUCTEMi CIIOCTEPIraroThCs SIK €ICKTPUYHE, TaK 1 MarHITHE TIOJISI JAHOTO 3apsy:

' q
E'=——r. I1. 55.6
Arrgyr® ( )
' 1 IUOq
B =——1|-V,E|= V,r. I1. 55.7
c2[ ] 47zr3[ ] ( )

Bupas (I1. 55.6) - 11e kynoHiBChKe ToJie 3apsiay, a Bupas (I1. 55.7) - marniTHe ToJie pyXxoMoro
3apsy.

TakuMm uHOM, IPU TEPEXO/Il BiJ OAHIET CUCTEMH BIAJIIKY 10 1HIIOT €JIEKTPUIHE
0JIE B OJTHIM CHUCTEMI BUPAXKAETHCSA 1 Uepe3 eNEKTPUYHE T0JIe, 1 Yepe3 MarHiTHe MoJie B
IHIIHA CUCTEMI, 1 HaBIIAKH.
SIcHO, 110 Ma€ CEeHC PO3TIIAAATH 111 MO CIIBHO, SIK €IMHE e1eKMmpPOoMAazZHimHe noJe.
Teopist BIZTHOCHOCTI HakJIaJjae 0OMEKEHHS Ha B3a€MHE IEPETBOPEHHS €JIEKTPUY-
HUX 1 MarHITHUX TIOJIIB B PyXOMHUX CHUCTeMaxX BLIIKY. BUSBIsS€THCS, 1110 TPHU Mepexo/ii
B1J1 OJIHI€T CHCTEMH BIJIJTIKY JIO 1HIIIOT ICHYIOTh 1HBap1aHTHI, TOOTO TakKi, 1110 HE MIHSIOTh
CBOT'O 3HaueHHA, KoMOiHa1lii 3 BekTopiB E 1 B. Lle ckanspHuii 100yTOK IUX BEKTOPIB 1
iX pi3HULS KBAJPATIB:
E-B=E"B’', (55.3)
E?- ¢?B?=E'2-¢?B'?, (55.4)
®opmynu (55.3), (55.4) 103BOJIAIOTH 3pOOUTH PsiJi BUCHOBKIB IIPO BIIACTHUBOCTI
€JIEKTPOMAarHiTHOTO MOJIS.
k1o B sSKi-HEOYAb IHEPLIAIBIAHIN CUCTEMI BIIJIIKY €IEKTPUYHE Ta MarHiTHE
OJIsI B3aEMHO NEPNEHIUKYISIpHI (X cKansgpHuid 1oOyTOK A0piBHIOE Hymto, E*B = 0), To,
K BUIHO 3 (55.3), BOHM OyayTh B3aEMHO MEPINEHIUKYISPHI 1 Y BCAKIN 1HIIH CUCTEMI.
Skiio niBa yactuHa cruiBBigHOMEHHS (55.4) nopiBHIOE HYMO B feskii ICB, mio
XapaKTEPHO IS TIOCKOT €JIEKTPOMArHiTHOT XBHJII B BAKYyMi, TO 1151 BIACTUBICTh MAaTH-
Mme mictie y Beix ICB, ToOTo miiocka eeKTpoMarHiTHa XBUJIS 3alTUIITIATUMETHCS TI10C-
KO0 B Oynb-sikuii iHImmi ICB.

Ilpuknao 55.2. Jlitak 1eTUTH Y37I0BXK 3€MHOTO MEpH/IiaHa Ha MiBHIY 31 MBHIKICTIO V = 250 m/c.
MarniTtHe nosie 3emti Ha Ll UPOTI ckiaaaae B3 = 60 Mk 1 HanpaBIeHO BEPTUKAIBHO BHU3. SIKi MO-

JISl CIIOCTEPIrae MiuJIoT JiTaka?

HampaBumo Bick Ox y3/10BX MepHIiaHa Ha TiBHIY.

v y , ‘ x? Bmcvopgcm]sy}oqn OIMHHUYHI BEKTOPH KOOPJMHATHHX
Ay oceii i, j, K, MokHa 3amucaTH MIBUAKICTD JTiTaka, CIIPSIMO-
v BaHy B3710Bk oci O,
V=V, (T1.55.8)
z’ 1 Mar”iTHe noJje 3eMJIi, CipsIMOBaHE BEPTUKAIBLHO BHU3
B =-Bsj. (T1.55.9)

JlaGopaTopHy cuctemy Biaiky K 3B'sbkeMo 13 3e-
MJIelo0, a cuctemMy BiTiKy K - 3 mitakom. Terep 3aBmanHs
BUTJISZIA€ TAKMM YMHOM: 3a/1aHO MarHiTHe nosie B K-
cuctemi. Kopucryrouncs 3akoHamMH epeTBOPEHHS MOJIB,
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BHU3HAUUTH €NIEKTPUYHE Ta MarHiTHE mojs B K'- cuctemi. OCKIIBKY MIBUIKICTH JTiTaka HA0Aararo MeH-
11 MBUAKOCTI CBITJIa, CKOPUCTAEMOCS (hOpMYyJIaMH TTEPETBOPEHHS TOJIIB J71st 1iboro Bumaaky (I1.55.4,
I1.55.2)
E'=E +[v,B]
B’=B - [v,E]/c?
VY nmaGopatopHiii cucTeMi BUIIIKY eleKTpudHoro nojs Hemae, E = 0. Toxai 3 nux hopmyn Bu-
IUTMBAE, [0 MarHiTHE moJie B K'- cucteMi Oy/ie TakuM ke, sK 1 B 1aboparopHiii K-cucremi:

B'=B. (I1.55.10)
1o * cToCy€eThCS €NEKTPUYHOTO TOJISL, TO BOHO 3'sIBII€THCS B K- cUCTEMI:
E'=[v,B] =—vBs3[i,] (I1.55.11)

BiamoBigHO 10 BiIOMOT0 3 BEKTOPHOI anre0pu CIiBBiIHOMICHHIO

[ij] =k,

E'= -vBsk (T1.55.12)
[TincTaBuBIIM YKUCIa, 3HARAEMO MOJYJIb HATIPYKEHOCT] SJIEKTPUIHOTO TIOJISI
E'=250-60-10 ~ = 0,015 (B/m).

TakuM YMHOM, ITJIOT JIiTaKa, KPiM MarHiTHOTO IOJISA, 3aPEECTPYE SIIEKTPUIHE TT0JIC, CIIPSIMOBA-
HE B3JIOBX KpHUJI 31 CXOAY Ha 3axiJl. B pe3ynbTari aii {p0ro moss, Ha KiHIl JTIBOTO KpWJia JiiTaka OyayTh
HAKOTMYYBATHCS MMO3UTHBHI 3apsi/iv, a HA KiHIIl TPaBOTO KpWJa - HeTaTuBHI 3apsinu. [Ipu po3maxy
kpuit | = 60 M pi3HHIIA TOTCHINIATIB Mi’K KIHI[IMH KPHJI CKJIa 1€

Ap=E-1=0,015-60=0,9 B.

Tomy

Konmponwvni 3anumanns

1. Ycepenuni meraneBoi TpyOKH Majja€ HaMarHideHa MeTaieBa KyJbKa 3 JiaMeTpoM, MEHIIIUM BHYTpi-
IIHBOTO JiamMeTpa TpyOku. YoMy maaiHHS KyJIbKH CIIOBUIBHIOETHCS B OPIBHSAHHI 3 TAJAIHHSIM B LI1H %Ke
TpyOLi HEeMarHiTHOI Kyabku? B sikoMy BUNaaKy OyIyTh UyTHI yJapu KyJbKd 00 CTIHKA TPyOKu?

2. Yomy ocepast TpaHc(hOpMaTOPiB BUTOTOBIIAIOTHCS 3 OKPEMUX JIUCTIB, a HE 3 CYLIJIBHOTO IIMaTKa 3a-
miza?

3. YoMy B OTY)KHUX €JIEKTPUYHUX I'eHepaTopax 00epTaloTh MarHiTHE 1oJe, a He paMKy?

4. IlocniI0BHO 3 KOTYIIKOIO 1HAYKTUBHOCTI BKJIFOUEHA JlaMIla po3xaproBaHHs. [Ipu BKIIIOUeHH1 HaNpy-
I'M SICKPaBICTh JJAMITU HAPOCTA€E MOCTYNOBO. SIK MOSICHUTH L€ siBUILEe? SIK 3a1eXuTh MIBUIKICTH HApOC-
TaHH$ SICKPABOCTI BiJl IHAYKTUBHOCTI KOTYLIKN?

5. Y yomy noJsirae BiIHOCHICTb MOALUTY €JI€KTPOMArHiTHOTO MOJIS Ha €IeKTPUYHE 1 MarHiTHE 1mosis?

6. Yu icuyroTh ICB, B SIKUX €IEeKTpUUHUH 3apsi]l € XKEPEIOM TIIbKU OJHOTO MarHiTHOTO MOJs?

7. EnextpuuHuii 3apsi Hepyxomuil B K-cuctemi. SIki mosist cocrepiratotses B K '-cuctemi, 1110 pyxa-
€TbCSI BIIHOCHO K-CHUCTEMH PIBHOMIPHO 1 NPSAMOJIIHIHHO?

8. Uu icHye Taka KOHQIryparis e1eKTpoOMarHiTHOIO Mo, npu sikii B Oyab-sakuit ICB icHytoTh 0/1HO-
YacHO 1 eJIEKTPUYHE Ta MarHiTHE MO ?

9. JIBa 0THAaKOBUX 3apsAH pyXxaloTbes B K-cucTeMi BIAIIKY HAa3yCcTpid OJJUH OJTHOMY 3 OJJTHAKOBOIO
mBuAKicTIo V. SIKi monst cioctepiratoThes B il cucreMi? Yu MoxkHa 3HaiiTu Taky ICB, ne cioctepi-
rajocsi 6 TUTbKH O/iHE 3 TOiB?

10. ¥V K-cucremi BIJUTIKY ICHYE MTOCTiI{HE HEOHOPIIHE MarHiTHE MoJie (HalpHUKiIa/l, o€ HEPyXOMOIo
MOCTIHHOTO MarHity). ki momns cnocrepiratotbes B ICB K'', o pyxaerbes BigHocHO K-cuctemu?

11. YV K-cucremi BiIUIIKY ICHY€E €lIEKTpUYHE M0JI€e, ajle HeMae MarHiTHoro. B sikomy Bunaaky B K ' -
cucTeMi Takox OyJie crocTepiraTucs TUIbKH eIeKTpUYHe 1mose?

12. SIk KOpUCTYIOUNCH 3aKOHAMH ITEPETBOPEHHS MOJIIB MOKa3aTH, 110 MTPH IIBUIKOCTI CBITIA, sIKa JA0pi-
BHIO€ HECKIHUEHHOCTI, MarHiTHa B3a€MO/Iisl MK JIBOMa 3apsAAaMu , L0 PyXalOThCs MapajesbHO 3 O
HaKOBUMHU IIBUIKOCTSAMHU, 3HHUKAE? SIKi BUCHOBKH MOYKHA 3pOOUTH 3 IILOTO?

152



I'nasa 9. PIBHAHHA MAKCBEJIJIA

Mix eneKTpUYHUMU 1 MarHITHUMU TOJISIMU 1ICHY€ TTIMOOKUH 3B'S130K. Byib-aka
3MiHAa MarHiTHOTO TOJISl 3aBXK/IU CYIIPOBOKYETHCS MOSBOIO €IEKTPUYHOTO OIS, 1, Ha-
BIIaKH, BCAKA 3MiHA €IEKTPUYHOTO OIS MPU3BOIUTH 10 MOSBU MarHiTHOro noJjs. Lle
B3a€MHE MEPETBOPEHHSI ENEKTPUUHUX 1 MarHITHUX MOJIIB OYyJI0 BiIKpUTO B 60-X pokax
19 crt. BumaTHuM anrmiiicbkuM Pizuxom JIx. K. MakcBesiom.

PiBusHHS MakcBeria - 11e OCHOBHI PiBHSIHHS KJIACUYHOI €JICKTPOIMHAMIKH, SIKi
OTMCYIOTh €JIEKTPOMATHITHI SBUIIA B OYy/Ib-sIKOMY cepeaoBullli. PiBHsHHS Oyiu chop-
MYJIbOBaH1 MaKCBEJIJIOM Ha OCHOBI y3arajlbHEHHs €KCIIEPUMEHTAIbHUX 3aKOHIB €JIEKT-
PUYHUX 1 MarHiTHUX SBHII 1 PO3BUTKY 1J1€1 aHTUIMChKOro BueHOro M. ®Dapajes 1mpo Te,
10 B3aEMO/IISI MK €JIEKTPUYHO 3aps/PKEHUMU T1JIaMU 31HCHIOETHCS 32 JI0ITOMOT 00
€JIEKTPOMAarHiTHOTO MOJIS.

PiBusHHs MakcBesa noB'a3yi0Th BEJIMUUHY, 1110 XapaKTepU3yIOTh €JIeKTpoMar-
HITHE T0JI€, 3 KOT0 JPKepesaMu, TOOTO 3 pO3MOIIIOM B POCTOP1 €IEKTPUYHUX 3aPSIIB 1
CTPYMIB 1 I03BOJISIFOTh BUPIIIUTHA OCHOBHY 3a/1auy €JIEKTPOAUHAMIKH: 110 33JaHOMY PO-
3MOLTY 3aps/IiB 1 CTPYMIB BU3HAYUTH XapaKTEPUCTUKH CTBOPIOBAHUX HUMH €JIEKTPUY-
HUX 1 MarHiTHUX TOJIB.

Cucrema piBHSIHb MakcBelia, 0 OMUCYIOTh €IEKTPOMAarHiTHE MoJie, CKIIaaETh-
Csl 3 CEeMHU PIBHSHB (MOPSAAO0K 1 HyMepallis iX JOBUIbHI).

§ 56. Buxpose esiekTpuuHe moJie. Ilepure piBussaasg MakcBesia

e piBHSAHHS la€ NOTIMOJIEHE TIIyMay€HH SABUIA €IEKTPOMArHiTHOI IHIYKUII 1 €
fioro matemaTu4HUM (GopMyroBaHHSIM. BianosigHo no 3akony dapases, npu 3miH1 Ma-
THITHOTO MOTOKY Dp uepe3 3aMKHYTHH MPOBIIHUN KOHTYD, 30YKYETHCS €JIEKTPOPY-
IiiHa cujia 1HIyKIil

;- 0o
dt

MakcBei, oJTHaK, MiIIHIIOB A0 PO3TIISALY SIBUIIA €IEKTPOMArHiTHOT 1HAYKIIT 3
JIENIO 1HII01 TOYKH 30Dy, HIXK Dapaneii. 3rinno dapajero, eIeKTpOMarHiTHa 1H YKl
TIOJISITAE B 30YO0HCEHHI eNeKmpUuyHo2o cmpymy 1, OTKe, 71 ii MPOsiBU HEOOX1THA HasIB-
HICTh 3AMKHEH020 NposiOHUKA. 3 TOUKU 30py MakcBesia, OCHOBHUM B SIBUII €JIEKTPO-
MAarHiTHOI 1HAYKII € 30)00/CeHHs eleKMPU4H020 NOJis, a HE CTPYMY, TakK IO 1€ SBUIIC
ICHY€ 1 B TOMY BUIIAJIKYy, KOJIU B IPOCTOPI B3arajii HEMae Hi-
AKUX MPOBITHUKIB (puc. 56.1), ToOTO B AleNeKTpUKY abo B
BakyyMi. [TpoBignuii koHTYyp B gochigax dapazes rpae poib
1HIUKATOPA JIJIsl BUSBIICHHS] BUXPOBOTO €JICKTPUYHOTO TTOJIS.

3 orsiny Ha BusHaueHHs EPC sk nupkyssiii BekTopa
Hamnpy»XeHOoCTi E 1oJisi CTOPOHHIX CHJI, MOXHA 3alliCcaTu

>0

. 5 —fE-dl-- s
) dt
—_— = BHXp o ]
E ne L - 3amkHeHuii KoHTYyp iHTerpyBaHHs, dl - BekTop eneme-
Pric. 56.1. HTa KOHTYpa, SIKUil IPOBEIECHUI B HanpsAMi 00xoxy. MarHit-
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HUH MOTIK Yepe3 NOBUIbHY OBEPXHIO S, HATATHYTY Ha LIeH KOHTYp, BU3HAYAETHCS 1HTE-
IrpajaoM
®,=[B,dS=[B-dS.
S S

Tyr dS =dS-n, n - oguHUYHUI BEKTOp MO3UTHBHOI HOpMaJIi 10 eleMeHTa dS mo-
BEPXHI S, HATATHYTOI Ha 3aMKHYTUI KOHTYp L (3 KiHII BekTOpa N 00Xia KOHTypa BH-
HO TaKUM, 1110 BiI0YBAETHCS IPOTH TOJUHHUKOBOI CTPIJIKH).

Tomi

gi:—((jthB-dS.
S

BpaxoBytoun, 1110 nopsaok audepeHIfitoBaHHs 32 4acOM 1 IHTeTpyBaHHS 10 10-
BEPXHI MOXKHA TMTOMIHITH MICHISIMH, OCKUTBKU TIOBEPXHS, MO SIKUI 311MCHIOETHCS 1HTET-
PYBaHHSI, 3aJIUIIAE€THCS HE3MIHHOIO, OTPUMYEMO:

9 e.das|-[ P as
dt| ! ot
BekTop B 3a1eXuTh BiJl KOOPAMHAT 1 4acy, a IHTerpall J BdS € (yHKII€IO TUIBKU

yacy. Tomy miJl 3HAKOM 1HTeTpajia 3aCTOCOBAHUI CUMBOJI YACTUHHOI MOX1HOI 32 4acoM,
B IIPUITYIIEHHI, III0 KOHTYP € HEPYXOMUM.

Takum yuHOM, MM OCTaTOYHO MaeMo | piBHAHHS MakcBesia B iHTerpaibHii ¢o-
pMmi

fE i :—j%‘?ds (56.1)
L S

Hupkynayia eexkmopa E nHanpyosicenocmi eekmpuiuHo2o nojisi no 008LIbHOMY 3a-
MKHYMOMY KOHMYPY OOPIGHIOE 835IMIll 3 NPOMUTIEHCHUM 3HAKOM UBUOKOCIIE 3MIHU NO-
MOKY MA2HIMHOI IHOYKYIL uepe3 No8epxXHIO, Medceto SIKOI € OaHULl KOHMYp.

Dizuunuit 3micm 1 pienanna Makceenna MoxHa KOPOTKO C(HOPMYITIOBATH Ha-
CTYITHUM YMHOM: 3MIHHE MAZHIMHE nOJIe ROPOOIHCYE BUXPOGE e/1IeKMPUUHUX NnOJle.

Ilpuknad 56.1. B oOMOTIII 10Broro npsiMoro CojeHoina, T0BXHHa sIKoro Habararo Ouiblie iHo-
ro JllaMeTpa, 3MIHIOETHCS CTPYM 3a 3aKoHOM | = lp COS ®t. KinbkicTh BUTKIB, 1O MPUTIAIA€ HA OJTMHU-
IO JIOBXKHMHU COJIEHOI-
1a, TOPIBHIOE N, ocepas
BUTOTOBJICHE 3 HE(e-
POMAarHiTHOro Marepia-
JIy 3 MarHiTHOIO Ipo-
HUKHICTIO |l. BuzHauu-
TH 3aKOH 3MIHU €NIeKT-
PUYHOrO NoJs K QyH-
KII0 BifcTaHi I' Bij ocl

e’
3MIHHE MarHit- oooooooooooooooooo

HE n(?'ne BCCPEAHHI1 CO- Puc. I1. 56.1.
JICHO1[a ITOPOKY€E BU-
XPOBE CICKTPHUIHE I10-
J1e. MaTtemMaTH4Ho 1e 3alMUCYETHCA Y BI/IFJ'IH,Z[i piBHHHHH MakcBena Tak:
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§Ed| =—3des . (1. 56.1)
L dt S

st oGuncnenns nupKysnii Bekropa E , mo cToite 371iBa B piBHAHHI MakcBea, B sIKOCTI
KOHTYpa iHTerpyBaHHs L BuObepeMo o/Hy 3 CHIIOBHX JIiHIi BUXPOBOTO eJIeKTpHYHOTro mos. Lle koo 3
IeHTpOoM Ha oci cosnenoina (puc. I1. 56.1). Toxi

fEdI=EfdI=E-2ar . (11.56.2)
L L

Poskpuemo Temep 3MicT mpaBoi YacTHHY piBHSHHA MakcBeiuia. BBakatouu mosie BcepeanHi
COJICHOI]a OJTHOPITHAM, TOOTO OJHAKOBUM I10 TIEPETUHY S = Tr?, BHHECEMO Mar”iTHy iHaykmito B 3a
3HAaK IHTerpaja i, HeXTyI0Ul KpailoBUMHU epeKTaMu, 3aMiHIMO BUpazoM B = ppo n I::

d dl
— BdS—— B|dS) = nlar nar? ——. 11.56.3
dt ) ( I )= Wo ?)= g ot ( )
3HaxX0MMO TOXITHY BiJl CHJIM CTPYMY 32 4aCOM
di_d
— I, cosat) =—I,sinat . I1.56.4
at = gt o coset) = @ ( )

JlopiBHIOIOUH TIpaBy i JiBY 4acTUHU piBHSAHHS MakcBemna (I1. 56.1) , orpumaemo 11t Hanpy-
KEHOCTI BUXPOBOTO €IIEKTPUIHOTO TIOJIS

E(r,t)= ﬂg" anrl,sin ot (I1.56.5)

§ 57. Ctpym 3mimenns. JIpyre piBHsaansa Makcseia

3 sIBUIIIA €IEKTPOMArHITHOI 1HAYKIIIT BUTUJIMBAE, 110 BCAKE 3MIHHE MarHiTHE TOJIe
BUKJIMKA€ BUXPOBE EJIEKTPUYHE TOJIE.

OcHoBHa iest MakcBeia noJisirajia B TOMy, 1110 MOKJIMBE 1 3BOPOTHE SIBUIIIE,
TOOTO €JEKTPUYHE MOJIE, SIKE 3MIHIOETHCS 3 YACOM, MOBUHHO MPU3BOAMTH JI0 MOSBH BU-
XpOBOTO MarHiTHOro noJjis. st mmiana iaes 3rogom Oyina miaTBEpKEHA Ha JOCTII.

[Io6 mpointocTpyBaTu BiAKpUTTS MakcBeia, po3r-

JITHEMO KOJIO 3MIHHOTO CTPyMY, IO MICTUTh KOHJIEHCATOP.
—— VY pO3rIsHYTIN cXeMl YHOPSAIKOBaHHM pyX 3apsiiB (€IeKT-
—— DOHIB) ICHY€ TUIbKH B MIPOBIAHUKY, 110 3’ €IHY€ OOKJIaINH-

ku. Ha oOkannHkax KoHAEHCaTOpa BIOPSAIKOBAHUHN pyX

3apsiB 0OpPUBAETHCS.
OpHak, 11e He 3aBa)Ka€ ICHYBaHHIO 3MIHHOTO CTPyMY

B PO3TJISIHYTOMY KOHTYPI1. 3apsiiv B HbOMY PyXarOThCs Bij
3aTUCKauiB JpKepelia 10 OOKJIaJAMHOK KOHJIEHCcaTopa 1 Ha3ajl, 3apsKatoun, pO3psIKaro-
YM 1 nepe3apsKaour KOHJIEHCATOp. 3apaid CKYIYYyIOThCSl Ha OOKJIaIMHKaX, HE TIPO-
HUKAIO4M BCEPEIMHY KOHAeHcaTopa. M 0OKIaAMHKAMU KOHJIEHCATOpa ICHYE 3MIHHE
EJIEKTPUYHHUX TOJIE.

Bennuuny, nponopuiiiHy mBHAKOCTI 3MIHU 3 HACOM €JIEKTPUYHOTO ToJis1, Makc-
BEJUI Ha3BaB CMPYMOM 3miujenns. TepMiH «CTpyM» TYT B)KUBAETHCS HE B IPSIMOMY Ce-
HCI - HISIKOTO YIOPSAJIKOBAHOIO PYXY 3apsAiB MK OOKJIaIMHKaMU KOHAEHCAaTOpa HEMAE.
CyTHICTb CTpYMY 3MIIICHHSI MOKHA BUPA3UTU TAKUM YHHOM: 1I€ eJ1eKmpuuHe noe, ujo
IMIHIOEMbCA 6 Haci

v —

Puc. 57.1.
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CTpyM 3MillIEHHS CTBOPIOE B HABKOJIMITHBOMY MPOCTOP1 MAarHiTHE MOJE TaKe XK,
SIK 1 [10JI€ PIBHOTO HOMY CTPYMY MPOBIIHOCTI. 3r00M OyJI0 I0BEJICHO eKCIIEpUMEHTa-
JILHO, 110 €JIEKTPUYHE TI0JIe, SIKE 3MIHIOETHCS 3 YaCOM, CTBOPIOE HABKOJIO ce0e MarHiTHe
noJie.
OpnHak, CTpyM 3MIIIIEHHS, Ha BIIMIHY BiJI CTPYMY HPOBIJTHOCTI, HE BUJLISE JIKO-
YJIEBO1 TETUIOTH.
SIK110 3riHO 3 MaKCBEIJIOM CTPYM 3MIIIICHHS 15 B KOHJIEHCATOPI JOPIBHIOE 32
BEJIMYUHOIO CTPYMY IPOBITHOCTI | np B 1HIIIIN YaCTUHI KOJIA:
oy =1mp (57.1)
TO 1151 yMOBa JI03BOJISIE BUPA3UTH CTPYM 3MIILIEHHS Yepe3 XapaKTePUCTHKHU €IEKTPUIHO-
ro noJisi KoHAeHcaropa. JificHo, CTpyM IMPOBITHOCTI MOB'SI3aHUMN 31 3MIHOIO 3apsTy KO-
’HOI 0OKJIaJIKM KOH/ICHCATOpa 3araJIbHUM CIT1BBITHOIICHHSIM:
j, =4
"ot
OCKUIBKH CaM€ CTpyM, TOOTO pyX 3apsiB B KOJIi, 3MIHIOE 3apsii KOHAEHcaTopa (3apsau
HATIKaIOTh HA OOKIaAMHKH 1 CTIKAIOTh 3 HUX).
Jlaii, BAKOPUCTOBYEMO CITIBBITHOIICHHS, BIZIOMI 3 €JIEKTPOCTATUKH:

g=CU, U=Ed, C-= ‘90:5 , (57.2)

ne U - manpyra Ha konaencaTopi, C - HOro eMHiCTh, S, d - BIAIOBIIHO ILIOIIA
KOXHO1 OOKJIQJMHKH 1 B1JICTaHb MK HUMHU (ISl IPOCTOTU PO3TIIAIA€THCS TIIOCKUN KOH-
neHcarop), £ = 8,85¢10712 d/m - enexTpuuHa NocTilHa, € - BiJHOCHA JieJeKTpUYHA
IPOHUKHICTH J1CJIEKTPUKA KOHACHCATOpa, £- HAaNPYKEeHICTh EIEKTPUYHOTO TIOJISI MIXK
oOKJIaIMHKaM¥ KOHAEHcaTopa.

[Ticast uporo AJig CTpyMY 3MIIIEHHS OTPUMAEMO, BUKOpHUCTOBYIOUH (57.1):

: dg d d [ &,6S d d dd,
b T gt dt( ) dt( d j olt(‘90 ) dt( ) dt (57:3)

ToOTto

I, = d®p : (57.4)
dt

Tyt ®@p = DS € norik BekTopa enektpuunoro 3mimenHs (D = g € E ) uepes mio-
11y OOKJIaAMHOK KOHJEHcaTopa.

TakuMm 9uHOM, 3r1HO 3 MaKCBEIIOM, CIPYM 3MIiUeHHS OOPIBHIOE WUBUOKOCHIT
3MIHU NOMOK) 6EKMOPA eeKMPUUHO20 3MIUYEHHSL.

[e#t cTpyM 3MilIEHHS B JAHOMY BHUIIAJIKy MOTPIOHO YABIATH COO1 TaKUM, IO
IPOXOJIUTh Yepe3 TUIONLY, KA JIOPIBHIOE IJIOLII OOKIaIMHKU KoHAeHcaTopa S. Tomy
MO>KHA BBECTH MOHSTTS PO 2YCHUHY CHIPYMY 3MIW@HHA j;5, BABHAUYUBIIN HOTO (aHa-
JIOT1YHO JI0 TYCTUHU CTPYMY MPOBITHOCTI) SIK CTPYM Yepe3 OAMHUYHY TUIOMIAKY, TIep-
NEHAUKYISIPHY CTpyMOBI. To/ll, O4EBUIHO, OTPUMAEMO:

[ oD

M

o Ts T
ab0 y BEKTOPHIH GopMi, IK OKpeMo J0BiB MakcBe
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. oD

JCM at !
2YCMUHA CIPYMY 3MIUEHHA 3 8C/IUYUHOIO Tl HANPAMOM 0OPIGHIOE UWIBUOKOCHI 3Mi-
HU 6eKMOPA e1eKMPUUHO20 3MIU|eHHAL.

TyT BpaxoBaHO, 110 €IEKTPUYHE MOJIE MOKE OyTH HEOTHOPITHUM, TOOTO 3aTEKH-
TH HE TUIbKH B1JI Yacy, ajie 1 BiJy koopauHat. Tomy B Bupasi (57.5) BUKOpUCTaHU 3HAK
YaCTUHHOI ITOX1THOI.

[Tinkpecnumo, 1o CTPYM 3MIIICHHS BU-
3HAYA€THCS HE CAMUM BEKTOPOM EJIEKTPUYHO-
ro 3mimeHHs D, a moxigHoo Big HOro. Tak,
HANpPUKIIAJ, Ha pUC. 57.2 CTpyM MPOBITHOCTI
HaTIKa€ Ha BEPXHIO OOKJIAIMHKY KOHJICHCATO-
pa, esiekTpuyHe noiie (Bektop D) Hanpasiiene
B/ IIO3UTHUBHOI IUIACTUHU 1O HETaTUBHOI 3BE-
pPXy BHHU3 1 3pocTae 3a BennuuHoto. [Ipupict
BekTopa D ta moxigna 6D /ot (ToOrto rycTrHa
CTPYMY 3MIIIEHHS) MalOTh TOM K€ HAMPAMOK,
IO i CTPYM MPOBITHOCTI Ipp.

Ha puc. 57.3 300pakeHa cuTyarlisi 4epe3 miB nepiory 3MIHHOTO CTpyMmy. BepxHs
oOKJIaJIMHKa KOHJICHCATOPA, K 1 paHillie, 3apsKeHa MO3UTUBHO, ajie TENep 3apsiiu CTi-
KalOTh 3 BEPXHBOT OOKIIAJNHKHU, CTPYM HPOBITHOCTI Iyp 1 CTPYM 3MIIIEHHS CIIPSMOBaHI
BiJl HU3Y /IO BEPXY.

VY nienexktpuky BekTop 3mimeHHs D ckinagaeTbes 3 ABOX CKIAJOBUX:

D =¢&E + P,
ne P - nonsipuzoBaHicTh cepenoBuina. Toxai hopmyiy (57.5) MmoxkHa 3anucaTé B po3rop-
HYTOMY BUTJISII, IO PO3KPUBAE «IHKEPEIay CTPYMY 3MIIICHHS:
. ok N oP
Jc.w 0 ot ot :
I{e o3Hayae, MO CTPyM 3MIIICHHS, B 3aTaJIbHOMY BHUIIAKY, CKIIaIa€THCS 3 IBOX

(57.5)

Ipocmde

Fuc. 572

(57.6)

YaCTHH: OJJHAa YaCTUHA ot 00OyMOBJIEHa 3MIHOIO MOJIIPU30BAHOCTI CEPEOBHIINA B 3M1H-

HOMY €JIEKTPUYHOMY T0JI1, HAITPUKJIAJ], TOBOPOTOM (3MILLIEHHAM ) MOJIEKYJIAPHUX JUII0-
JIB TIPU 3MiHI HAMPSAMKY TOJIS.

Hpyra JyactuHa g,

- TYCTHHA CTPyMY

3MIIIEHHS Y BaKyyMi - HE TIOB'sI3aHa 3 pyXoM 3a-
psiB, a 0OYMOBJICHA JIUIIIE 3MIHOIO B Yacl eJIeK-
TPUYHOTO MOJsl. Y BakyyMi YaCTHHA T'yCTUHU

CTPYMY 3MIILIEHHS r BIJICYTHSI, ajie Jpyrui

J0JJaHOK € BIIMIHHUM BiJ] HYJI, TOMY CTPyM
3MIILIEHHS MOKE ICHYBATH 1 B BaKyyMi.
Pue. 57.3. V 3araibHOMY BUIAJKy CTPYMHU MTPOBIJI-
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HOCTI 1 3MIILIEHHS B IPOCTOP1 HE MOAUIAIOTHCSA, BOHH 1CHYIOTh B OJTHOMY 1 TOMY K
00’emi. Hanpukias, BceperHi MPOBIIHUKA, TI0 SIKOMY NMPOXOJIUTh 3MIHHUHN CTPYM, 1C-
HY€ eJIEKTpUYHE MOoJIe, a, 0TKE, CTPYM 3MilleHHs. OgHaK BcepearH1 MPOBIIHUKIB CTPYM
3MIIICHHS € Mi3€PHO MaJIUM.

3a 1I0moMOror0 TIMOTE3H NPo CTPyMi 3MillIeHHs] MaKcBeI1 y3arajabHUB 3aKOH M0-
BHOTO cTpyMy (39.7) BBiBIIIM B MpaBy YaCTUHY TaK 3BaHMIA MMOBHUH CTPYM, TOOTO CyMy
CTPYMY MPOBITHOCTI 1 CTPYMY 3MIIIICHHS:

:fH,dI =D 0 Ty

abo

§H-d|:j(j+i[t)j-ds (57.7)
L S

Ile criBBIAHOIIICHHS € JPYTUM OCHOBHUM PiBHAHHAM cucTeMu MakcBeJia B
IHTerpaibHIN PopmMi.

Lupxynayia eexmopa H nanpysxcenocmi MacHimno20 nous no 008iIbHOMY 3a-
MKHEHOMY KOHMYPY 0OPIGHIOE aleeOpaiutitl cymi cmpymie nposioHocmi i weuoKocmi
3MIHU NOMOK) eJleKMPUYUHO20 3MIWYEHHs Yepe3 008LIbHY NOBEPXHIO, HAMASHYMY HA Yell
KOHMYP.

[TigBoasiuM MiICYMKH, B1I3HAYUMO

%fl_' pizuunuii smicm I1 pienanns Makc-
d éenna. BiH nosisrae B ToMy, 10 AK
T I cCmpym npogioHoCmi, maxK i Cmpym
- I / :
,’ o~ s 1.,y 3MiueHHA (3MIHHE eJleKmpUu4He noJe)
& [ .
e Li4r 7, /  cmeoproromb maznimue no.e (puc.
~ == 14 17 57.4).
—— P e =

Ilpuxnao 57.1. IInockuil KOHaEHCATOP
CKJIaJJa€ThCS 3 IBOX KPYIJIMX IJIACTUH pajiyca

* Vi R. KonjeHcarop 3apsmkaroTh MOCTIHHUM
s cTpyMoM |, HanpsiM sikoro nokasaHo Ha puc. [1.57.1.
BuszaunTu, K 3a7€KATH B1J BIJICTaHI I' BiJ OCl KOHJICHCA-
s L 1 TOpa HaNpPY>KEHICTh /{ MarHiTHOTO MOJISL:

a) BCEpEIUHI KOHACHCATOPa;
0) 1032 KOH/IEHCATOPOM.
] YuM MO’KHA MOSICHUTH CTPUOOK HAMPY>KEHOCTI MOJISI TPU
nepexo/l yepe3 NOBEPXHIO IIACTUHU KOHJIeHcaTopa?
R 3pocraroye i gac 3apsiHKeHHS KOHIEHCATOpa eIEKTPHIHE
noJie (BEKTOp €NEKTPUIHOTO 3MillleHHs SKoro D) cTBOprO€ MarHiT-
I HE TI0JI€ HaNpYKeHICTI0 H, CHIIOBI JIiHIi SKOTO - 11€ KOHIICHTPUYHI1
= D XO"a s LeHTpaMu Ha oci koHaeHcaropa (puc. I1. 57.1).
i |-‘_‘H CxopucTtaemocs 1€ MIIIHIPUYHOI CUMETPI€I0 PH BUOO-
L
1
I

pi KOHTypa 00X01y AJISt TEOPEMH MPO HUPKYIISALIIO.

B cuny cumerpii Monynb H HanmpyeHOCTI MarHiTHOTO MO-
/1 - I 7151 Ha KoJIi L, BiCh SIKOTO 30ira€ThCst 31 CTpyMOM, € OJTHAKOBUM Y
BCIX TOUKAaX, TOMY HUPKYJIAIis BeKTopa H y3710BXK 0HOTO 3 IIHX
K1JI pajiyca I' TOpiBHIOE

N
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fHdl=H{dlI=H - 27r . (1. 57.1)
L

Sk BurtunBae 3 piBHsAHHS MakcBemta (57.7), 1 KOHTYpa, 110 JISKUTh BCepeANHI KOHAEHCATO-
pa, mUpKyIALito Bekropa H ciif HpI/IpiBHSITI/I CprMy 3MIIIEHHS, 1110 TPOHU3YE KOHTYp L:

D
= —dS—— dS="—ar° =
TN T

28 r2 0 I*

[TpupiBusemm (I1.57.1) 1 (I1.57.2), Bu3HaA4YaeMo HaNpy’>KEHICTh MAarHITHOTO OIS

H = r
27R?
Jyist BU3HAYEHHS TTOJIs 11032 KOHJIEHCATOPOM 3aCTOCYEMO TEOPEMY MPO MUPKYIIAIIIO 10 KOHTY-
pa L1 (puc. I1.57.1). Hupkynauiro BekTopa H 1o oMy KOHTYPY CIIiJl IPUPIBHITH CTPYMY IIPOBIIHOC-
Ti |, 0 3apsmKkae KOHIACHCATOP, 3B1IKI

l . (I. 57.3)

|
Hi=—. (I. 57.4)
2ar
Sk 6aunMo, 1Mot BCepeInHI KOHJEHCATopa 1 032 HUM PO3pi3HSA0ThCA. CTpUOOK HampysKeHOoC-
Ti TIOJIA TiJ] Yac Mepexoy Yepe3 IIACTUHY KOHIEHCATOpa 00YMOBJICHH HASBHICTIO PaIialIbHUX CTPY-

MiB, IIIO TIPOXOJIATH 10 TIOBEPXHI IJIACTUH B MPOIIECi 3apsikaHHsa KoHAeHcaTopa (puc. I1.57.1).

§ 58. Tpere i yerBepTe piBHsAHHS MakcBesia. MartepiajibHi piBHIHHSA

3 enektpoctaTuku (auB. § 13) Bimoma Teopema ["aycca ayig notoky Bexkropa D:
NOMIK 8eKMOPA eleKMPUYHO20 3MIUJeHHS Yepe3 008LIbHY 3AMKHEHY NOBEPXHIO OOPIBHIOE
aneeopaiunit cymi 8LIbHUX 3apsi0i8, WO MICMAMbCSL 8CePeOUHi Yi€i NOBEPXHI .

®, ={D,dS={D-dS=3q; .
S S i

Makcsein y3arajibHUB LH0 TEOPEMY, IIPUITYCTUBIIIH, 1110 BOHA 3AJIMIIAETHCS CIIpa-
BEJYIMBOIO TAKOXK 1 B pa3l 3MIHHOTO €JIEKTPUYHOTO MOJs. Bupa3uBiM BeIUUUHY 3apsay
2.Qi uepe3 ryCTUHY 3apsny p

2.0, =[pav, (58.1)

7ie iHTerpai 0epeThes 3a 00’ €MOM, OXOIUJICHUM TOBEPXHEI0 S, MU OTPUMYEMO TPETE Pi-
BHSHHS MakcBesjia B IHTerpaibHii hopmi:

fDds=[pdV . (58.2)
S \Y

Dizuynuii 3micm I pisnanna Makceenna: erekmpuuni 3apaou 30amui cy-
JHcumu 0xcepenamu e1eKmpuUdHozo noJs.

YerBepTre piBHIHHS € y3araJbHEHHSIM TeopeMH [ aycca il CTaTHIHOTO MarHiT-
HOT'O TT0JII Ha BUITaJ0K 3MIHHMUX MAarHiTHUX ITOJIIB:

{B-dS=0. (58.3)

TIlomix eexmopa mazcHimHoi iHOYKYii Yepe3 008iNbHY 3AMKHEHY NOBEPXHIO O0DIG-
HIOE HYTIO.
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Dizuynuii 3micm 1V pienannsa Makceenna MOXHa MMiICyMyBaTH y BUTJISIII TBE-
PIUKECHHS: 8 HPUPOOL He ICHYE MAZHIMHUX 3aPA0I6.

[Tix yac BupilIeHHS 3a/1a4l PO BU3HAYEHHS €JIEKTPOMArHiTHOTO OJIsI B OY/1b-
SIKOMY CEPEJIOBHIII 10 YOTUPHOX PiBHIHb MakcBellia He0OX1THO ToAAaTH 1€ TPU CITiB-
BIJIHOIIIGHHSI, 1110 XapaKTEePU3YIOTh €JICKTPUYHI 1 MAarHITHI BIACTUBOCTI CEPEIOBHIIA, B
SIKOMY PO3TJISIA€ThCS eeKTpoMarHiTHe noJje. 11 mogaTkoBi piBHSIHHS (MaTepiaibHI pi-
BHSIHHSI) MAIOTh BUTJISI:

D=¢g E; B=puw H, ] =vE, (58.4)
7€ €1 W - AleIeKTPUYHA 1 MarHiTHAa IPOHUKHOCTI, Y - TUTOMA €JIEKTPOTIPOBIIHICTD
cepeaoBHUIIIA.

§ 59. [loBHa cucTema piBHsIHL MakcBe/u1a 17151 €JIEKTPOMATHITHOTO T10-
JIA
Cucrema piBHsSIHb MakcBellia B iHTErpaibHIA (HopMi Ma€e BUTIIAI:

d
{E-dl_—dtiB-dS,

H-di=[j-ds+9[D.ds, (59.1)
f ]
L S dtS

{D-dS=[pdv,

S \Y
{B-dS=0.
S

[HOM1 111 piBHAHHS (B BaKyyMi) 3alIUCYIOTh 0€3 3allyuyeHHs JONMOMDKHHUX BenndyuH D 1 H:

oB
E-dl=-["_"-dS,
A

fB-dI:yojj-dS+goyoj%|tE-dS, (59.2)
L S S
[E-ds="Tpdv,
S Eov
{B-ds=0.
S

[IIo6 oTpumaTu piBHSIHHA MakcBesuia B SKOMYy-HEOYIb CEPEIOBUIII, B PIBHIHHSIX
(59.2) poOnsiTh 3aMiHy 3aMEHY € — € € U g — Mo U

3a 10mOMOT010 TEOpEM BEKTOPHOTO aHami3y 3 (59.1) MokHA OTpUMAaTH PIBHSHHS
Makcgemia B qudepenitianbHoi popMi (B BaKyyMi):

rotg = —8—8, (59.3)
ot
rotB = 1, j + &4 GE (59.4)

ot
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divE = 2. (59.5)
€o

divB =0, (59.6)

Di3uyHU 3MICT 1X 3aJUIIAETHCS THM CaMUM, OJTHAK PIBHSIHHS B qud)epeHITiab-
Hii opMi MOB'I3YIOTH 3HAYCHHSI OB E 1 B 1 1X MOXITHUX 32 YaCOM 31 3HAUEHHSIM TyC-
THUHU 32PNy 1 CTPYMY 8 0OHIl | miti camii mouysi.

VY 1l piBHSHHSA BXOJATh OUBepeeHyis i pomop €NeKTPUIHOTO 1 MAarHiTHOTO MOJMIB.
Ile ocobnuBi omnepairii nudepeHIiroBaHHS BEKTOPHUX OB, He Maroum MOKITUBOCTI
3YNUHATHUCS HA WX OMEPAIlisiX BEKTOPHOTO aHaIli3y, Bi3HAYMMO JIHIIE, 1[0 TUBEPTCH-
11151 (T10 JJaTUHI «11€ BUBEP>KEHHS Ha30BHI, PO301’KHICThY) ONKCYE KOHPITypalliro Chujio-
BUX JIIHIH, IO PO3XOAATHCS 3 TOUOK, Y IKUX HasBHI €JICKTPUYHI 3apsian. Ko nusep-
TeHIis1 OUIbINE HYJIS, TO TOYKA € JPKEPEJIOM, SKIIO MEHIIE - CTOKOM.

[Tin quBepreHuieto Bektopa E B ganiit TouIl po3yMitOTh TPAHUIIIO BIHOIIEHHS
IOTOKY BekTopa E uepes moBepxHio S, 110 0Touye TOUKY, A0 00’ emy V, KUl 3HaXO0-
TUTHLCS BCEPEAMHI TIOBEPXHI, KOJIM MOBEPXHS CTATYETHCS B TOUKY:

§EmB
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Omnepaliist poTopa ONUCY€E BUXPOBI MOJs (KUIbLIETOA10H1 CHIIOBI JIiHIT) HABKOJIO X
JDKEpes - CTpyMiB a0o0 MOJIB , 10 3MIHIOIOTECA 3 4acoM. POTOp XapakTepusye CTYIIHb
3aBUXPEHHS BEKTOPHOTO MOJISL.

Pomopom Bextopa E Ha3UMBAa€THCS BEKTOP, HOPMAJIbHA JI0 IUIOIIAJIKHU B TAaHIM
TOUII1 MMPOEKIIISA IKOTO € TPAHUIICIO BIIHOMICHHS ITUPKYJIALii BeKTopa E 10 KOHTYPY
IUIOLIAJIKU A0 11 BEIUYUHU, KOJIU KOHTYP CTATYETHCSA B TOUKY

fE-dl
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Teopis MakcBemia € HaUOUIBIIMM TOCATHEHHSIM KJIacU4yHO1 (i3uku. MakcBeo-
Bl BAQJIOCS JIOCATTH B €JIGKTPOMArHETU3MI TOTO K, 110 3poouB HeroToH B MexaHirli. Bei
SIBUIIA €JIEKTPOMArHeTH3My MOYKHA TTOBHICTIO OMMCATH PIBHSHHIMH MakcBeia.

3 piBHsIHb MakcBeIia BUIIJIMBAIOTh TaKl 6UCHOBKU:

1. Enextpuune none E , sk BUIIMBAE 3 piBHIHB (59.5) 1 (59.3)), nopomxyeTbes
a00 eJIEKTPUYHUMU 3apsiiaMu (K BUTbHUMM, TaK 1 3B’ SI3aHUMU), TaK 1 3MIHHUM B 4aci
MarHiTHUM T0JieM B (3aKOH eJeKTpOMarHiTHOI IHayKIii Dapazaes).

2. MarsiTHe niosie B opoKy€eThCs, K BUIHO 3 (59.4), a00 eNeKTpUIHUMU
CTpyMaMH TPOBITHOCTI | , 00 3MIHHUMH B Yaci €JICKTPUIHUMU MoyisiMu E (cTpymamu
3MIIIEHHS ), 00 TUM Ta 1HIIUM OJHOYACHO.

3. OckinbKu Oy/ib-sKE €IEKTPUYHE TI0JIE TIOPOKYETHCS BCE-TAaKH 3apsiIaMH, TO B
KIHIIEBOMY PaXyHKY JKEPEJIaMU BCSIKOTO €JIEKTPUYHOTO 1 MArHITHOTO TOJIS € €JIEKTPH-
9Hi 3apsau. ExcnepuMeHTanbaui PakT mossrae B TOMy, 110 B IPUPO/II BiJICYTHI MarHi-
TH1 3apsAd, TOOTO JKEpesia MarHiTHOTO TIOJIst, TIO/IIOHI JIO JIKEPEIT SIEKTPUIHOTO MO
(3apsimiB).
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4. OckinbKu B KOKHE 3 piBHSAHB (59.3) 1 (59.4), 110 ONUCYIOTH MOBEAIHKY TOJIB E
1 B y mpocTtopi 1 yaci, Bxoaat1h 1 E 1 B, T0o 11e 03Hayae, mo E 1 B ogHe 6€3 0HOTO B 3a-
raJbHOMY BHUIIAJIKy ICHYBaTH HE MOXYTh 1 Tpeba roBoputH He 1ipo E 1 B okpeMo, a mpo
enuHe eleKkTpomartitae nojie E, B.

2. ¥ pasi noctiiinux B 4aci E i B Mae miciie (i: =01 B =0 1 piBusaHA (59.3) 1

ot
(59.4) npuitmaroTh BUI
rotE=0, rot B = pyj.

VY koxHe 3 1uX piBHSIHB BX0JUTh a0 E, abo B, a 1ie o3Havae, 110 B JaHOMY BUIIAAKY
MOHa roBoputH 1po E 1 B, po3aiieHnx Mik co0010, 10 ICHYIOTh HE3aJIC)KHO OJTHE BiJ]
OJTHOTO.

6. 3 piBasIHB (59.3) 1 (59.4) BUIITHMBAE, IO YUM IIBUIIC 3MIHIOETHCS B OyIb-SKii

: . : oB : :
TOYI1 MardiTHEC I10JIC B (‘-II/IM O1JIBIIIe E), THM OlIbIIIE MUPKYJIAI1A CICKTPUYIHOIO I10-

ns E , 10 BUHUKAE HABKOJIO 1€l TOUKH (TUM OinbIne rot E), TOOTO THM BOHO CHIIBHIIIE
3MIHIOETHCSA BiJl TOUKH 10 TOYKUA. AHAJIOTIYHO i€ cripaBa 1 3 MAarHITHUM 1ojieM B, 1110
BUHHKAE TPU 3MiH1 3 yacoM noJs E.

Takum yuHOM, Hi 3MIHHE €JIEKTPUYHE, Hi 3MIHHE MarHiTHE MOJIsl HE MOXKYTh ICHYBa-
TH OJIHE 0€3 1HIIOT0. 3MIHHE MarHiTHE IM0JIe MOPOJKY€E HABKOJIO ce0e BUXPOBE €IICKT-
pHUYHE T0JIE, 1 HABMAKU, 3MIHHE €JIEKTPUYHE T0JIe TOPOHKYE BUXPOBE MArHITHE TOJIE.
OO6wuBa MOJIs € CKIIAJ0BUMH YaCTUHAMU €JJMHOTO €JIEKTPOMArHiTHOTO MOJIS.

BuHMKHYBIITN B 0OTHOMY MICIIl IPOCTOPY, 3MIHHE €JIeKTpUYHe (a00 MarHiTHE) MoJie
HE 3aJIUIIAETHCS 30CEPEIKEHUM B HHOMY, a MOIIUPIOETHCS B HABKOJIUIIIHIN MPOCTIP Y
BUTJISA/II €JIEKTPOMArHITHOT XBHIII.

MakcBe1 TeOpeTUYHO NMepea0aurB ICHYBAHHS €JIEKTPOMArHITHUX XBUIIb, TOOTO
3MIHHOT'O €JIEKTPOMAarHiTHOrO MOJIs, IO MOIIUPIOETHCS B MPOCTOPI 3 KIHIEBOIO IIBUJIKI-
ctio 3 = 300 000 km/c, siki OyJid OTpUMaHi eKkcrepuMeHTanbHo ['. ['epiiem Tibku uepes
20 pokiB.

Konmponwvni 3anumanns.

1. Yum Binpi3HAIOTHCS (papasieiBChKe 1 MAKCBEIUTIBCbKE TPAKTYBaHHS SBUIIA €IEKTPOMArHiTHOL
1ayKii?

2. Ctpy™m uepe3 0OMOTKY COJIEHOi/1a 3MIHIOEThCA. SIKe MoJie BUSBIISETHCS BCEPEIUHI coleHoina?

3. [Tmockuii KOHJIEHCATOP 3aPSKAETHCS CTPYMOM. SIKe 1osie BUSBISETHCS MK OOKJIaIMHKAMU
KOHJIeHcaTopa?

4. SIxi ¢i13u4HI SBUIIA T03BOJISIOTH BUSBUTH CTPYM 3MIIIIEHHS?

5. Y yomy noJsirae nmoaiGHICTh 1 B YOMY BIIMIHHICTH CTPYMIB IPOBITHOCTI 1 CTPYMIB 3MillI€HHS?

6. B310B 3aMKHEHOTO KOJIa IPOXOJUTH MOCTIMHUM eIeKTpUUHU cTpyM. YoMy AOPIBHIOE B I[HO-
MY BUIJIKy CTPYM 3MIIIEHHS B MPOBITHUKY?
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