2 O MAIHITHE

MNOJE

§ 20.1. MaruiTy i MaraiTsi moJst

[Ile ximpKa THCSIONITH TOMY B IMPUPOIi OYB BiOMUIT KaMiHb, SKUH, OyIydd BiIEHO ITijBi-
IICHUM, 3aBXKJU OPIEHTYETHCS B IIEBHOMY HampsMKy. Lleit kaMiHb OTpuMaB Ha3BY MPUPOIHOTO
Mardity. ITizHimie 6ymo 3’scoBaHoO, IO MM KaMEHEM € MarHeTuT (OKCHI 3aji3a). Bymb-skuit
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A |

S }—»
BinmroBxyBaHHs

oS o [

BiamroBxyBaHHs

R .
IIpursaranas

Puc. 20.1

Z
(7]

MAarHiT BOJIOZIi€ ABOMa Tonrocamu. [lomroc, sikuii HarpaB-
JICHWH Ha TIBHIY y BITBHO MiJBIIIIGHOTO MAarHITY, Ha3H-
BalOTh MIBHIYHHUM MOJIKOCOM i ITO3HAYAIOTH HOTO JIITECPOIO
N. TlpoTuirexHU TIOTFOC, HATIPABICHWI Ha MiBJICHB, Ha-
3UBA€THCS MiBAEHHHM MOJIOCOM. [103HA4arOTh MiBJEH-
HUH TIOJIIOC MarHITY JITEporo S.

JloOpe BimoMo, 110 SKIIO J0 MiBHIYHOTO MOTIOCA O
HOT'O MAaTHITY TiTHECTH MiBHIYHUA ITOJIFOC 1HIIIOTO MarHi-
Ty, TO MarHiTH OyIyTh BiIITOBXYBATHCS, T€ X came Oy-
e, SKIIO IiJHEeCTH MAarHiTH OJUH [0 OJHOrO IiBJISHHUMH
MoJIrocaMu. AJie SIKIIO 10 MiBJEHHOIO IOJF0Ca OJHOrO Mar-

HITY IIHECTH MBHIYHUIA ITOIFOC HIIOTO MarHiTy, To BuHUKHE npursranss (puc. 20.1). Takum
YMHOM. O/THOH{MEeHHi NMOJIIOCH MATHITiB BiJIITOBXYIOThCS, a Pi3HOHMEHHI - MPUTATAIOTHCS.
IMoniGHa B3a€EMOIISI CIIOCTEPIraeThCsl Y eASKTPHIHUX 3apsiaiB (qus. § 17.2).

BimoMo, mo CHIBPHIMH MAarHITHUMH BIACTHBOCTSIMH BOJIOMIFOTH TLNBKH JESKI PEUOBHHU:
3aj1i30, K00aJbT, HikeJb i ragominii. L{i peuoBrHN Ha3MBaIOTH (pepoMarHETHKAMM.

HaBkono KOKHOrO Marity (SK i HABKOJIO €JIEKTPUYHOrO 3apsioy) iCHye CHIIOBE MOIE,
BiJIOMe SIK MarHiTHe moJje . Cuwiny, 3 SIKOIO OJIFIH MATHIT Ji€ Ha iHIINA, MOXHA PO3TIIAIATH K
PE3y/IBTAT B3a€MOJIii OIHOTO MATHITY 3 MATHITHHM TIOJIEM iHIIIOTO.

Sk 1 y BUMaaKy eIeKTpUIHOro OIS MarHiTHE I0JIe MO)KHA 300paykaTy CHIIOBUMHU JIiHISIMH.

Puc. 20.2

CuI0Bi JTiHIT IPOBOSATH TAKKM YHHOM, I100: 1) MarHiTHe mone Oysio HampaBieHe 10 JOTHUYHIM
[0 CHIIOBOI JiHil B Oyab-sIKill TOYII 1 2) 9MCIIO JIiHIA Ha OMMHMIO IUIOLIi GYIIO MPOIOpIiiiHe
BEJIMYMHI MarHITHOTO 1oJisi. CHIIOBI JiHIT MATHITHOTO TIOJISI HATIPSIMIICHI BiJI MIBHIYHOTO ITOITIO-

* Tepmin “MarniTHe mone” BBenenmii B 1845 poui M. ®apazneem.
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20. Maenimne none

ca Marsity 1o niBaeHHoro. Ha puc. 20.2 moka3aHo CHIIOBI JIiHIT MarHITHOTO TOJIS ITiAKOBOIIO-
ni6roro marsity (a) i MaraiTHoro crepskus (6). Tam, Je MarHiTHI CHIIOBI JiHIT PO3MIIIYFOTHCS
TYCTIIIIE, ITOJIC CHIIBHIIIE i HABIIaKH.

MarHiTHe 11oje, B SKOMY CHJIOBI JIiHII € MapajieIbHUMU TIPSIMUMH, PiB-
HOBIiUTAIEHUMH OJTHA Bijl OJIHOI, Ha3WBaeThes oqHopiaauM (puc. 20.3).

BcranoBieHo, 1mo MarHiTHe mose icHye i HaBKoio 3emii. Takum 4u-
HOM, 3eMJIsI € CBOEPITHUM BEJIMKMM MAar"itoM. MarHiTHe moje 3emii 1o-
kazano Ha puc. 20.4. MarnitHi moirocu 3emii He 306iratoThes 3 ii reorpa-
¢iyanvu momrocamu. [liBeHHMIT MarHiTHHN TOMOC 3eMITi 3HAXOMUTHCS
mo6nm3y 1i MiBHIYHOTO TeorpadivyHoro mojroca i HaBmaku. MarHiTHa Bick
VVYVYY vyyy 3emi HaxuieHa o ii oci obepranns Ha 11,5°. Ile cuin BpaxoByBaTU Ipu

Puc. 20.3 KOpPHCTYBaHHI MarHiTHUM KOMITaCOM.

MarsniTHe Tiosie 3eMii He3Ha4YHE 3a BUHATKOM OKPEMHX PaliOHIB mMar-

HiTHOI aHOMAUTii, [Ie 3HAXOATHCS 3HAYHI TIOKJIA/M 3ali3HuX pya (Bimoma y cBiti Kypceka aHo-
MaJtist). BcranoBiieHo, 10 MartitTHe mosie 3eMili 3a3Ha€ MeBHUX 3MiH. [HOMI 11i 3MiHKM BUHHKA-
I0Th IIBUKO i pi3ko. Taki sBUIa OTpUMaK Ha3By MArHiTHUX Oypb. 3HaHHS MEpPiOJUIHOCTI
3MiHM MarHiTHOTO IOJIst 3eMJTi Ma€ BEJIMKE 3HAUEHHS /U KUTTENISUTBHOCTI JFOJUHH.

MarsiTHe 1oJie XapaKTepH3yIOTh JBOMa BEKTOPHUMH

BEIMYMHAMU. HANpY:KeHicTI0 H i Mar"iTHoro inayk-

Semni
%
Ny

uiero B . HanpyxeHicTh MaraiTHOTO IOJISI MOXKHA BH3-
HA4YUTH 32 JOTIOMOTOI0 CHJIH, SIKa Ji€ Ha MpOOHMIT Mar-
HIT, TOMIIIEHUI B MardiTHe nose. OCKIIbKH MarHiTHi
TIOJTFOCH HE iICHYIOTh OKPEMO OJIMH BiJl OJTHOTO, HA iB-
HIYHUH 1 BAEHHMH TOJIIOCH TPOOHOT0 MarHiTy JifoTh
MIPOTHJICKHO HANpaBJICH] CHJIM, BHACHIZOK YOTO BUHH-
Kae mapa cwil. Lleii MOMeHT XapaKTepu3ye BeTMUNHY Ha-
TIPY’KEHOCTI MarHiTHOTO TOJIS B JaHOMY Micui. Hamps-
MOK BEKTOpa HANpPY>KEHOCTI MarHiTHOTO MOJISI B KOXKHIH
TOYII CITIBNIAIA€ 3 HAPSIMKOM CHJIOBHIX JIiHIH.

B CI ogununero Hampy>K€HOCTI MarHiTHOTO TIOJIS
eAlm.

Bekrop MarHiTHOI iHayknii B € Takox cuioBoro
XapaKTePUCTHKOI0 MAarHiTHOro mousi. Bin (Ha BigMiny

Bick o6eprans

Bi H ) BUsIBIIsIE 3aJ1€XKHICTh BiJ] MATHITHUX BJIACTHBO-
creii pewoBnHH. Bekropu B i H He € Hesane:xxHUMH,

Puc. 20.4

a 3B’s3aHi Mix coboro piBHsHHAM B = B(H), pisHum

JuIa pizHuX cepenoBuil. Y Bakyymi B CI Bektopu B i1 H 30irarorbcest 3a HanpsMKoM i 3B’s3aHi
MIDXK COOOIO CITIBBIIHOIIEHHSIM:

e pg =1257 10°B-¢/(A- M) — maruitHa crana.

SIK 1 enekTpU4HE, MarHiTHE MOJIe MiAKOPSAETHCS MPUHIUITY CYIEPIIO3HLLii, TOOTO Pe3ybTy-
foua iHAyKIis (a60 Hampy:KEeHICTh) IOMsl AOPIBHIOE CyMi IHIyKIH (HApYKEHOCTEH) MOJiB KOXK-
HOTO i3 HUX:

— — — — — k —
B=B,+B,+B,+...+B, =) B, (20.2)
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8§ 20.1 Maenimu i maznimui nons

K
H=H,+H,+H,+ .. +H, =>"H,. (20.3)

i-1
SIkmio B MarHiTHE MOJIC MTOMICTUTH PEYOBHHY, TO TIOBHA MAarHITHA iHIYKIIiS TOJS JOPiB-

HIOBATHME CyMi BEKTOpPIB MarHiTHOI iHxykuii 3oBHimIHbOro nosst B, Ta imgykuii BiacHoro

HoJis pedoBrHH (MarHetnka) B

nprdaoMy B, BH3HauaeThCS TUTBKM MaTrHITHHMH BIACTHBOCTSIMHE CEpENOBHINA (MarHeTuka). Be-
JIMYWHA, SIKA MOKa3ye y CKUIbKK pa3iB 30UIbLIYETHCS (3MEHINYEThCS) MarHiTHA 1HAYKIIS B pe-
YOBHHI, HA3MBAETHCS BiTHOCHOI0 MATHITHOIO MPOHUKHICTIO (L.

B

=5 (20.4)

u

Je B — MarHiTHa iHAYKLis B peYOBHHI, By — MarHiTHa IHAYKIis y BakyyMi. BpaxoByroun (20.1),
MaEMO:

B=uB, = pu,uH. (20.5)
JoOyTOK fip/t 9aCTO HA3UBAIOTH A0COTHTHOK MATHITHOK MPOHUKHICTIO PEYOBHHH
;ua = Hoﬂ

BigHocHy 3MiHY iHIYKII MarHiTHOTO MOJIsI HA3MBAIOTh MATHITHOIO CHNIPUIHSTINBICTIO
PeYOBUHH .

yr=—, (20.6)
3B1IKHA

B
l+y=— =y,
X B, H

abo
y=u -1 (20.7)

MarHiTHa CIpUHAHATIUBICTE ¥ € OHIEI0 3 OCHOBHUX XapaKTCPUCTHK MAaTrHITHUX PEUOBHH i
MmarepianiB. € pedoBuHH (3a11i30, KOOAIBT, HIKENb, TaJOMiHIN), A AKUX BiJHOCHA MarHiTHA
MPOHUKHICTH Benuka (u >> 1), s takux peuosuH y > 0. Ili peyoBnHN Ha3WBarOTHCS ¢epo-
MArHeTHKAMH. PeYoBHMHY 3 BiIHOCHOIO MATrHITHOI MPOHHUKHICTIO JCIIO OUTBIIOK OJWHUIIL
(u>1, y>0) (wraruna, amroMiHild, HOBITPs) HA3UBAIOTH MAPAMATHETHKAMM, II0JIC B HUX Y-
ke MaJjio 3poctae. PewoBunu 3 1< 1, y <0 (cpibiio, Mijib, BICMYT) ACIIO HOCIaOIFOIOTh MarHi-
THe moste. Taki peuoBHHYN HA3WBAIOThH TiaMATHETHKAMH.
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20. Maenimne none

§ 20.2. MarHiTHe noJie, CTBOpPIOBaHe €JIEKTPUYHUM CTPYMOM

Epcmeo Xanc Kpucmian (1777 — 1851) — oam-
cokutl isux. Hapoouecs 6 Pyokebinzy (o. Jlanzenan).
3axinuue Konenzazencokuil ynieepcumen.

Hayxosi pobomu npucesueni erexkmpuyi, axyc-
muyi, MOAeKYIApHi Qizuyi. XapaxmepHow pucoio
Haykogoi meopuocmi Epcmeoda Oyna ioes e3aemo-
38 SI3KY MidiC pisHUMU si6uwamu npupoou. 3okpema,
8iH BUABUB 36 130K MIJIC IeKMPUYHUM CIMPYMOM §
Maznimuum nonem (erekmpomaznemusm), 6in 0OUH
i3 NEPULLUX BUCTIOBUB OYMKY PO B3AEMO38 SI30K MidiC
CEIMIIOM I eIeKMPOMACHEMUIMOM.

a) MarziTHe moJie, CTBOPIOBAHE CTPYMOM B IOBrOMY NpsIMOfiHiliHOMY npoBiqauky. Y 1820 p.
Epcren BUABUB [if0 €IEKTPHYHOTO CTPYMY HA MarHiTHY CTpuIKy. OCKUTBKHA MarHiTHa CTpiika
BiIXMJIIETHCSI MATHITHAM IIOJIEM, TO II€ 03HAYaJIo, [0 ENEKTPHYHNUI CTPYM CTBOPIOE MArHITHE
nosie. Takum gmHOM, Epcren BcTaHOBUB iCHYBaHHS 3B’3KY MIXK €JIEKTPHKOIO 1 MAarHETH3MOM,

I

Puc. 20.5

III0 3TOJIOM TNPHU3BEIIO 0 BUHUKHEHHS HOBOI raiysi ¢i-
3UKH — eJIeKTPOMArHeTH3MY.

MarHiTHe 1oJie POBiTHKKA 31 CTPYMOM BH3HaYa-
€THCS CUIIOIO 1 HATIPSMKOM CTPYMY, @ TaKOX (hOPMOFO
IILOTO MPOBITHHKA.

C10Bi JTiHIT MAarHiTHOTO IO MPSIMOJTIHIFTHOTO TIpO-
BiJIHMKA 31 CTPyMOM MAFOTh BHTJISI] KOHIICHTPAYHIX KilT,
PO3MIIIIEHHX B IUIOMINHAX, IEPIEHUKYIIIPHHX JI0 TIPO-
Bimauka (puc. 20.5). MarniTHa CTpijka B TAKOMY IIO-
JIi PO3MIMIYETHCS IO JOTHYHIHM 10 CHIOBOI JIiHiT B Tilt

4M iHmi# Touli. HanpsMok cuiioBHX JiHIH MarHiTHOTO MOJISI MOJKHA BU3HAYMTH 32 MPABHJIOM
MpaBoro rpUHTa 200 MPABUJIOM MPABOI PYKH: a) SIKII0 TBUHT BIBUHYYBATH B3/I0BK Ha-

NPSIMKY CTPYMY, TO HANPSIMOK PYXy PYKOATKH
BUKPYTKH MOKasKe HAMPSIMOK CHJIOBMX JIiHil mar-
HiTHoro moJs (puc. 20.6, a); 6) AKUIO NPOBiAHUK
YAIBHO 00XONUTH MPABOI0 PYKOIO TAK, 1100 BeJIU-
KMl majeup BKa3yBaB HANpPSAMOK CTPyMy, TO
iHmi manpui BUSABJIAATHCH 3irHYyTHMHU B HANPSIM-
Ky CHJIOBHMX JIiHiii mosst (puc. 20.6, 6).

Hanpyxenicte H MarfiTHOTO TOJS TIPSIMOJiHI-
HHOTO TIPOBITHHWKA CTajia B3JIOBXK KOJIOBOi CHJIOBOL
JiHi1 1 TOpiBHIOE:

H=—) (20.8)

ne [ — cuna cTpyMy B MPOBiIHUKY, I — BiZCTaHb Bif
MIPOBITHAKA JI0 TOYKHU B IUIOMIMHI, MEPIEHIUKYIIAP-
Hill npoBigHUKY. [HIyKIis B MarHiTHOro oSt Ipsi-
MOJIiHIHHOTO NPOBITHHKA Y BaKyyMi
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8§ 20.2 Maenimue none, cmeopiogame eieKmpuHUM noiem

Hol
= —, 20.9
2rr (20.9)
1 B cepeIoBHIII
I
B= ol (20.10)
2rr

IIe Lo — MarHITHA CTaNa, . — BiJHOCHA MarHiTHA IPOHUKHICTh CEPEIOBHIIA.

6) MaruiTHe mosie mod/M3y IBOX mapajeibHHX cTpymiB. J[OCBi[ moKa3sye, mo Mix
JIBOMA TapaselbHIMH TIPOBIIHUKAMH, [0 SKUX Te4Ye CTPYM, BUHHKAE CHJIa TPUTATAHHS (KOIH
CTPyMH TEUYTh B OJJHOMY HANPSMKY) a00 CHIa BiAIITOBXYBaHHS (KOIHM CTPYMH, IO TE€YYTh I10
[POBIJHUKAX, aHTHIIAPaJIEbHi). [IpHYruHA HOTO KPUETHCS B TOMY, IO PE3YJIBTYIOUE 3HAYCHHS
iHayKuii B moms IBOX mapajenbHUX MPOBiIHUKIB 31 CTPYMOM € BEKTOPHOIO CYMOIO 1HIYKIIT

TIOJTiB, CTBOPIOBAHMX KOXKHHM 13 CTPYMIB, 1 KAPTHHA CHJIOBUX JIiHIH Ma€e BUIJISL, HABEACHUN Ha
puc. 20.7.

Ilome HaBKOIIO ITome HaBKOIIO
MapajelbHUX CTPYMIB aHTUTIAPAJICNIFHUX CTPYMiB
ITone - Tone
T S — ~< O CJIA0IIOETHCS
N \
\
\ \
\ \
M M \
' |
/ /
/ /
7 /
s s
7 7
ITone
ITone
IO CIA0II0ETHCS :
M1 ICHITFOETHCS
Pesynbryroue moie Pesynpryrode moie
a 0
Puc. 20.7

KapTtura crunoBux miHilt momns, HaBeneHux Ha puc. 20.7, a mokasye, 10 HABKOJIO JBOX IIa-
payleNnbHUX TPOBIIHHUKIB, TI0 SKUX TEYe CTPYM B OJHOMY HAMPSAMKY (B JTAHOMY BHUIIAJKY CTPYM
TeYe BiJl HAC MEPIESHANKYJSIPHO IO IUIOMIMHE CTOPIHKU) HOJIE MiICHIIIOETHCS (HAPHUKIA, B
touri M), B Toif Wac, sik Mix mpoBigHuKamu (Hampukitam, B Touni N) BOHO MOCIAGII0ETHCS
(TroIe B3a€EMHO KOMITCHCYETHCS; B=0, Slkuo /, = 1,). MosKHa JOMYCTHTH, IO CHIIOBI JIiHiT TIpO-
OyIOTb CTATHYTHU NPOBITHUKY Pa3oM B IIEHTPAIBHY 00JIACTh, A€ IX I0JIe B3aEMHO KOMIICHCYETHCS.
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20. Maenimne none

SIKIo cTpymH, 10 TEUyTh 1O JIBOX MapajelbHUX IMPOBIJHUKAX, aHTUIIApaJIesbHi, TO CIOC-
TepiraeTbcs NPOTHIIEKHA CUTYarisl. J[J11 bOro BUIIAIKy KapTHHA CWJIOBHX JIHIH 1OJIsT HaBee-
Ha Ha puc. 20.7, 6, i3 IKOro BUIHO, IO TOJISI, CTBOPIOBaHI OKPEMUMH CTPYMaMH, IiJICHITIOIOTh-
Csl B TOYKaX MK MpoBigHMKaMu (Hampukian, B Todri N), B TOM 9ac sSK B TOYKAX 30BHILIHIX
obnacreii (Hanpukian, B Touri M), mone mociabiroersbest. CuitoBi minil HIOM “BiAITOBXyIOTS”
OJIHA OZIHY 1 TOMY CTapaloThCsl PO3TATHYTH IIPOBITHUKN B CTOPOHY.

B) MarHiThe mose Ko10Boro crpymy. CHiIoBi JiHii TAKOro mosisi moGIu3y MpOBiAHKUKA 10~
I BUHHI OyTH KOJIOBUMH, a iX HAIPSIMOK BH3HAYAETHCS 3a TPaBHU-
\ JIOM IIpaBOl PyKHU.
KokHa enemeHTapHa HifIsTHKA KUIBIIEBOTO KOHTYPY CTBO-
PIOE CBOE MarHiTHE IOJIE 1, SIKIIO JOJAaTH BKJIAAM BiJ BCIX efe-
MEHTapHHUX IISTHOK, TO OTPUMAEThCs KapTWHA, HABEIEHAa Ha
puc. 20.8.

Po3paxyHKN TOKa3yloTh, II0 HANPYXEHICTh Ta IHAYKIIA

MAarHiTHOTO TT0JIs B IEHTPi KOJIOBOTO CTPYMY JOPiBHIOE

H= ol (20.11)
2r 2r
Jie I — pajiyc KOHTYpY, IO SIKOMY Te€4e CTPYM.
Puc. 20.8

r) MarniTHe moJie Ha oci cotenoiga. CoJeHOIIOM Ha3MBAIOTh JIOBTY KOTYIIKY 3 BETUKAM
YHCJIOM BUTKIB B OOMOTIII. [HAYKIIisi MarHiTHOTrO MOJNS BCEPENUHI CONEHOiTa MOXe OyTH T0-
CHUTPH BEJIMKOIO, OCKIIbKA TI0JIe BCEPEAMHI CONICHOI]a BUHUKAE B PE3YNIBTATI JOAABAHHS IIOJIB,
SIKi CTBOPIOIOTHCS KOXKHAM BUTKOM 30KpeMa.

SKmio DOBXKHWHA CONICHOINA 3HAYHO OLNbINa 3a HOro JiaMerp, TO MarHiTHE TOJIe BCepeIrHi
cosieHoifa ogHopiaHe. [HIYKITisl MarHITHOTO TIOJIST BCEPEHHI COJICHOIa TOPiBHIOE

B = ,nl, (20.12)

Jie N — YFCII0 BUTKIB MPOBITHUKA HA OJIMHUII IOBXKUHH COJICHOINA.
KapTrHa MarHiTHUX CHJIOBHX JIiHIN coneHOina HaBeneHa Ha puc. 20.9. [To3a coneHoimom
KapTHHA TIOJIS TaKa X cama, sIK
1 y CTep>KHEBOrO MOCTIHHOTO
MarHity. TyT € MiBHIYHHUH 1 TiB-
JICHHWIA TIOJTFOCH 3 CHJIOBUMM JIi-
HISIMH, IKI BUXOISTH 13 OJHOI'O
KIHIII 1 BXOIUSITh 4epe3 ApYrHil

N kinemnp. Beepenuni comeHoina
JMHIT TONA TapayielbHi OfHA
OIIHIH 1 IPOXOATH B HATIPSMKY
0Ci 31 CTAJIOIO TYCTHHOIO. ToMy,
SIK YK€ BiIMIYalloch, MarHIT-
HE TIOJIe BCEPEIIMHI COICHOINa
onHopiane. [To6nm3y 30BHImI-
HBOI MOBEPXHI COJeHoiga ryc-
THHA JIHIA 1, BIANOBIAHO, caMe

Puc. 20.9 TI0JIe MaibKe PiBHE HYITIO.
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8§ 20.3 3axon Amnepa

§ 20.3. 3akon Ammnepa

Amnep Andpe Mapi (1775 — 1836) — ¢pan-
yyszvruil ¢izux. Hapoouscs 6 Jlioni. Ompumas 0o-
MAWHIO OCBIMY.

OcCHOBHI HAYKOGI pOOOMU NPUCBSUEH] eNleKM-
poounamiyi. B 1820 poyi cghopmynrosas npasuno
018 BUBHAYEHHSI HANPAMKY Oii MASHIMHO20 MO
cmpymy Ha maznimuy cmpinky (npasuno Amnepa)
ma 6IOKpus 3axon 63aemooii cmpymie (saxon Amne-
pa). Amnep asmop meopii macnemusmy. Bin éne-
pule 8Ka3a8 Ha MICHUU 2eHeMUYHULL 36'130K Midic
ENeKMPUYHUMU | MACHIMHUMU NPOYeCcamu i noci-
008HO NPOBOOUE eNeKMPUUHY [0€l0 NOXOOIICEHHS
MazHemusmy.

Amnep 3anuuius nOMIMHUU HAYKOBULL Cli0 8
Mmamemamuyi, Ximii, gpinocoghii, bomaniyi.

®opmyina (20.9) BCTAHOBIIOE 3B’30K MK CHJIOK CTPYMY B JIOBFOMY HPSIMOJIHIHHOMY MPO-
BIZIHMKY 1 CTBOPIOBaHMM HHM MarHiTHUM noneMm. Lls dopmyna cnpaBemiBa TinbKu Ui 1psi-
MOJIHIHHOTO MpoBiAHNKA. A.M. AMIlep 3HAaWIIOB 3arajbHE CHiBBIJHOIIEHHS MK CTPyMOM B
MIPOBITHHUKY JTOBIBHOI ()OPMH 1 MarHiTHUM TOJIEM, IO HUM CTBOPIOETHCS. Le criiBBiAHOIIEHHS
Ma€ BUTIIS!

fé-dl‘:yozh, (20.13)

ne B — Bexrop immykuii maraiteoro moins, dl — HeckiHueHHO Manuii (BEKTODHUIA) €lEeMEHT
JOBJKMHU KOHTYPY, SIKHIl OXOIUTIOE IpoBiaHuK 31 crpymom (puc. 20.10), [; — cumm ctpymiB, Lo —

MarHiTHa crana. CKkaisipHuii JoOyTOK BpaxoBye TiJIbKH IapajielibHy CKJIaZloBy BeKTopa B .
®opmymna (20.13) Bupaxae hyHnaMeHTaNbHUN 3aKOH EICKTPOMArHETH3MY 1 HOCUTH Ha3BY

3akoHy Ammepa. [arerpan B (20.13) Geperbcst M0 3aMKHYTOMY KOHTYPY, SIKHi OXOILTIOE CTPYMH.
3akoH Amriepa aHanoriunuii 10 Teopemu Octporpancskoro - ['aycca B eneKTpocTaThili:

§E.d§ = &, (20.12)
o
TOOTO TIOBHMH MOTIK BEKTOpa HANPYKEHOCTI ENIEKTPUYHOTO TI0JIsl, SIKMH BUXOAUTH i3 3aMKHY-
TOI MOBEPXHi, NponopuiiiHuii anredpaiuniii cymi 3apsiiB, OXONJIEHNX Li€I0 MOBEPXHEIO.
Jli MarHeTH3My 3aKOH AMIlepa Tak caMO BaXJIMBHUH, sk Teopema Octporpaacbkoro - ['a-
ycca JuIst eIeKTpocTaTuky. BiH 3B’s13ye 3HAUEHHS IHAYKIIT MAarHITHOTO TTOJISI 3 PO3MOIIJIOM CHIT
CTPYMIB 1 JlTa€ MOXKJIMBICTb 3a BIIOMUMHM CHJIAMH CTPYMIB 3HaHTH 1HAYKIII0 MarHiTHOTO TIOJI,
sIKE BOHH TIOPODKYIOTb.

3acTOCYEMO 3aK0H AMIIEpa JI0 YiKe PO3IISHYTOro BHIIE BUIAAKY. 3HaiiteMo B B Touwi 4
Ha BiJICTaHi I Bijl JOBrOro MpsSIMOJIiHIHOro MpoBimHUKA, 10 siKoMy Teue crpyM I (puc. 20.11).
OCKIUIBKY CHIJIOBI JIiHIi MAarHiTHOTO MOJISI MAIOTh BUIJISII KiJI, TO B SIKOCTI KOHTYPY IHTETpyBaH-
Hs BHOEpeMo Koo paziyca . Toxi, kopuctyiounch Gpopmysnoro (20.13), orpumaemo:

Lo =§B-dr=§sd|=s§d|=s(2m),

3BIIKH
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20. Maenimne none

B Ml (20.14)
2rr

Mu orpumanu opmyny (20.9) miust iHAYKIIT MarHiTHOTO MOJISL JOBTOTO IPSMOIIHIHHOTO
MIPOBITHHKA 31 CTPYMOM.

A
I i
Al
A
I
Puc. 20.10 Puc. 20.11

3aranbpHy CIIpaBeUIMBICTD 3aKOHY AMIIepa MiATBepKYIOTh OaraTouucenbHi eKCIIepuMeH-
Tu. [Topsiz 3 UM HOTo ITpaKTHYHE 3aCTOCYBaHHS ISl PO3PaXyHKY MarHiTHHUX IOJIB, SIK 1 y BU-
nazaky teopemu OcTporpasacbkoro - ['aycca mist eeKTpUYHUX MOTiB, 0OMEXYEThCS, TOIOBHUM
YMHOM, NMPOCTUMH 3aJa4aMu. VIOro rooBHa iHHICTh B TOMY, IO Iei 3aKOH BCTAHOBIIIOE Ma-
TEMAaTHYHO IMIPOCTHH 1 BUTOHYCHUH 3B’S30K MIX MarHiTHHUM II0JieM i CTpyMOM. ToMmy 3aKoH
Awmmnepa BiTHOCATB 10 (PyHIaMEHTATBHIX 3aKOHIB €IEKTPUKH 1 MAarHETH3MY.

§ 20.4. [Tist Mar"iTHOro moJisi Ha CTPYM

Sk Oyno moka3aHo B morneperHpoMy naparpadi, 3 00Ky MpoBiAHUKA 31 CTPyMOM Ha MarHiT
(MarHiTHY CTpiiKy) ai€ cmwia. B cBOO uepry 3rimHO Tperhoro 3akoHy HbpIOTOHA CiIiJ YekaTu
3BOPOTHOTO: MArHIT MOBHHEH CTBOPIOBATH CIITY, sIKA /i€ HA MPOBIAHNUK 3i CTPyMOM.

CriogyaTKy po3mJITHEMO SIKICHO BUHWKHEHHS CHJIH, Jif040i Ha MPOBiTHUK 31 cTpyMoM. [lo-
MiCTUMO TPSAMOJIHIMHAN TMPOBIAHAK MiXK MOJTFOCAMH ITOCTIHHOTO ITiJKOBONOAIOHOTO MAarHITY

N S N S

F
P

\
\
2

N~

a

Puc. 20.12

(puc. 20.12). Tlome MiXx HOJIFOCAaMU MarHiTy OyaemMo BBaxkaTu ofHOpimaiuM. CTpyM Tede 1o Ipo-
BimuuKy Bin Hac (puc. 20.12,q), nepueHauKyspHO pucyHKY. OCKiIBKH HABKOJIO IPOBIIHHKA 31
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8 20.4 /[is maeHimno20 noist Ha cmpym

CTPYMOM iCHY€ MAarHiTHE IT10Jie, TO BHACJIJOK NMPUHIMIY CYHEPIO3MIi] HAPYXKEHICTh ITOJIs
HaJ{ MPOBIJHUKOM 3pocTe (TaM TI0JIsi MAIOTh OJHAKOBHUI HAMTPSIMOK), a ITiJI TIPOBiTHUKOM — 3Me-
HIIUTHCA (TaM TOJISt MAlOTh POTHIICKHUIN HAPSIMOK), BHACITIIOK BUHUKHE PE3YIIbTYIOUE TOJIE,
mokaszane Ha puc. 20.13, a. CuiibHe MarHiTHE oJie HaJl MPOBITHIKOM CTapaeThCs BUIITOBXHY-
TH TIPOBITHUK B OLIBII CITa0Ke TIOJIE IMiJ] HUM, IO i € IPIYUHOK BUHUKHCHHS CHITH, KA JIi€ Ha
OPOBIJHUK B HAMPSAMKY Bil CHiIbHOrO moist 1o ciabkoro (puc. 20.13, @), i sikmo 6 mpoBimHUK
MITI' pyXaTHUcs, TO BiH IOYaB OM PyXaTHCS 3BEPXY BHU3 B HAIPSIMKY, MTOKA3aHOTO CTPILIKOIO.

_——
=

Puc. 20.13 Puc. 20.14

SIKIIO 3MIHUTH HAIIPSIMOK CTPYMY B TIPOBiAHHUKY Ha npoTuiexuuii (puc. 20.12,6), To 3MiHUTH-
Cs 1 HaNMpsIMOK CHUTH, IO Ji€ Ha TPOBITHUK, OCKUTEKH 3MIHUTH HAIPSIMOK MarHiTHE TOJIe Ha-
BKOJIO TIPOBiJTHUKA 31 CTPyMOM 1 OUTBII CHIIbHE pPe3ynbTyiode mose Oy/e mija MpOBIIHUKOM, a
cnabke — max HuM (puc. 20.13, 6). Komu mpoBigHuK 3i cTpyMOM i 30BHIIIHE MarHiTHE I1OJIE
PO3MIIIIEH] i IPSMUM KYTOM OJWH JI0 OZHOTO, TO CHJIA, IO JIi€ HA TPOBIAHUK 31 CTPyMOM, €
MakcumaabHOR (prc. 20. 12). SIKIo mpoBigHKMK i MarHiTHE mMoyie PO3MIIICHI il KyTOM MEH-
mmM 90° To i1 cuia, mo Oyze AisiTH Ha TPOBIAHUK, OyJe MEHIIOO 1 BOHa Oy/ie 3MEHIITYBATUCS
13 3MEHIIYBAaHHAM KyTa MDX HalpsAMKaMH MpoBiaHWKA 1 mons. Konm mpoBigHUK 31 cTpyMoM
PO3MIIIeHHH MapajeIbHO MarHiTHOMY TIOMIO, MAarHiTHI IOJIS TPOBiTHHUKA 31 CTPYMOM 1 30BHIII-
HBOTO TIOJISI IEPTICHANKYIISIPHI OMH OJHOMY, 1 pe3yIbTYIOUE T0JIe CHMETPHYHE IO BiJHOIICH-
Hio0 710 ipoBigauka (puc. 20.14). B npoMy BHIIaAKY Ha [POBIJHUK CHIIA HE JI€.
JlocBin mokasye, 0 CHia, sIKa /i€ Ha MPOBIAHKK 31 CTPYMOM, 3aBX/IM NEPIEHIUKYISIPHA 1
IO TIPOBIJHUKA, 1 JO BEKTOpa IHAYKIiI. BU3HAUNTH HANPSAMOK CHIIH, IO i€ Ha MPOBITHUK 31
22 A CTPYMOM 3 OOKY MarHiTHOTO ITOJISl, MOYKHA 32 TIPABHJIOM JIiBOI
B / I pYyKH: SIKIIO PO3MICTHUTH JIiBY PyKy Tak, 00 MarditHi cu-
/ /< 0 Jt0Bi il BX0MMIM B ii 10J10HIO, A BUNPsIMIIeH] YoTHPY M-
JbLi BKa3yBAJIH HANpPsIM CTPYMY, TO BilirHyTHWii BeJMKHii
najgenb MOKa)Ke HAMPSIM Jil040i HA MPOBITHUK CHIIH.
// Jaumi 3HaiinemMo BenmauHY i€l cumi. ExcrieprMeHTanbHO
> BCTAHOBJICHO, II0 BEJIMYMHA CHIM NMPSAMO TPOIOpLiHA CHII
ctpymy I B IPOBiHUKY, HOBXKHUHI MpoBigHuKa | B MarHitTHOMY
moii 1 MarHiTHIA iHAYKHil B. KpiMm Toro, Bumie Bxe BimMiva-
Puc. 20.15 JIOCh, IO CHJIA TAKOXK 3alIeKHUTh BiJ KyTa 6 MK HampsSMKOM
MPOBIAHMKA 1 HAMMPSIMKOM MAarHITHOTO TIOJS i BOHA IIPOIOP-
miiiaa Sin @ (puc. 20.15). TakuM 9uHOM,

F = kIIBsiné,

(b
Xy

7

ne k — koediuienr nponopuiitaocri. B CI k = 1. Tomy

F = IIBsing)| . (20.15)
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®opmyny (20.15) iHozi HA3MBAIOTH 3AKOHOM AMIepa, a CHIY F, ska 1ie Ha TIPOBITHUK
31 CTPYMOM y MarHiTHOMY IOJIi, Ha3UBaIOTh CIIO0 Ammepa. I3 hopmynu (20.15) BuaHoO, 110 Ha
MIPOBIIHUK 31 CTPYMOM B MarHiTHOMY IOJI Jlie MakcuMaibHa cria, ko 6 = 90°, To0To, Konu
MArHiTHi CHJIOBI JiHIl IEPETHHAIOTH IPOBIAHUK M/ mpsiMuM KyroM. Tomi sin 90° =1

F_ =B (20.16)

Ha nipoBinsuk, opienroBanuii 83108k ot (6 = 0, sin 0° = 0), cuna we pistume (F = 0).
I3 (20.16) 3Haxo0aMMO, 110 BEIMIMHA MArHITHOI iHAYKIT B B MaHii TOYII T10JIst JOPiBHIOE

F
B = (20.17)

3BiJKM BHJHO, 1[0 MATHITHA iHAYKIif B JAaHid TOYMi MOl BUMIPIOETHCH CWIOK, 3 SIKOIO
noJie /i€ Ha OIMHUIIO OBKMHH MPOBiTHMKA, BMIillIEeHOTO0 B II0 TOUYKY, MEPNEeHANKYJISIPHO
10 CHJIOBMX JIiHIH, SIKIO CHJIa CTPYMY B MPOBiIHUKY 1OPiBHIOE OTMHMILI.

TakuM YMHOM, MarHiTHa iHIYKUis (K YK€ BiIMI4aJoch BUIIE) € CHIOBOIO XapaKTEPHCTH-
KOIO TOJIS 1, KOJIM TOBOPSATH MPO HANPSIMOK MArHITHOTO IOJIs, TO PO3YMIIOTh CaMe HaIpsMOK
BEKTOpa MAarHiTHOI 1HIYKI1, IKUH B Oy/Ib-SIKil TOUYLI ITOJISI CIIPSIMOBAHUM 110 TOTUYHIN 10 CH-
JIOBOI JTiHIT TTOJIS.

B CI ongunnnero maraitaol inayknii € tecna (Tx). L oquaums oTpuMana Ha3By Ha 9€CTh
cepOCHKOTO BYEHOTO B Talry3i enektpo- i pagiorexuiku H. Tecna (1856 — 1943). 13 (20.17) Bun-
Ho, mo 1 Tn=1H - (A-m)™. Jlnsa Toro, mo6 ysButi cobi MaciTaGu riei OTMHMII 3ayBaXH-
MO, IO iHAyKIis MarmiTHOro moms 3emuti 6ins ii moBepxui mopsaky 0,5 - 10 T IoTyxsi
€JIEKTPOMATHITH 37]aTHI CTBOPIOBATH ITOJIA 3 iHAyKMieto 1 — 2 Ti, a HaAPOBiIHI TOCITi THUIBK1
enekrpomarHiti >10 Tin. B Tabmumi 20.1 HaBeneHO 3HaYeHHS IHAYKIIl Pi3HUX NMPHPOAHUX 1
IITyYHAX MarHiTHUX TIOJIB.

Ta6mms 20.1

Jxepeno B, Tn
Crpymu anbda-puTMy TOJIOBHOTO MO3KY 107
CrpyMmH, sIKi KEpYIOTh CKOPOUECHHSIMH CEPLs 10
TunoBwii TeneBi3iiHUNA CUTHAT 10
Csitna 100-BaTHOI 1aMnu Ha BigcTaHi 3 M 10°®
Ha Bimcrani 1 M Bix IOBroro mpoBigHHKA 3i
crpymom 1 A 2.107
Bins nosepxni 3emiti 05 10™*
Mix morocaMu irpamKoBOro MOCTIHHOTO Mar-
HiTY 1072
Ha aromHOMYy siapi, sIK€ CTBODIOETHCSI BaJIEHT-
HHM €JIEKTPOHOM 102
Ha moBepxHi HEHTPOHHOI 3ipKH 108

Mpukaan 20.1. Pospaxysamu cuny, sika die 3 60Ky maznimuozo nons 3emni (B = 5,0 - 10 Tn)
na nposionux 0oexcunoo | = 240 m 3i empymom | = 150 A, sxuti namsenymuil misc 06oma
onopamu i ckaadae 60° 3 HanpsamMKOM MacHiMHO20 NOAA.

Po3B’si3ok. 32iono (20.15)

F =11Bsin® = (150 A)(240.1)(5,0-10° H / A- 1)sin60° = 1,6 H.
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8 20.5 Pyx sapsiooicenol uvacmunku 6 macnimnomy i enexkmpuuromy nowix. Cuna Jlopenya

Hpuxuan 20.2. Maxcumanvhe 3nauenHs cunu, sika 0i€ Ha nposionux 3i cmpymom 1 = 12,0 A
Mmidic nomocamu macuimy oopisHiwe Fna = 8,16 H.
3uaiimu maznimuy iHOyKyiro, AKWO diamemp KOXHCHO- /
20 i3 nomocie maznimy d = 15 cm. N s
Po3B’si30k. /Josoicuna npogionuka, Ha sKy Oie€ ( ) / i
MazHimHe noie OopieHIOE diamempy NOMOCi8 MAcHi- / .
my (I =d) (puc. 20.16). Tooi, s2iono (20.17), maemo:

Poae _ 8160, 5p,
Il (1204)(015.) Puc. 20.16

§ 20.5. Pyx 3apsiIKeHOl YACTUHKHM B MATHITHOMY i eleKTpuyHOMY noJsx. Cumna Jlo-
peHIa

1. Higepnauncekuii dizux X.A. Jlopenr (1853 — 1928) mosichuB icHyBaHHs cruuti AMmepa
THM, III0 MarHiTHE MoJIe Ji€ HAa PYXOMi 3apsiiy B MPOBIAHKUKY 31 cTpyMoM. OCKIUTBKH i 3apsiin
BHPBATHCH 13 NPOBiTHUKA HE MOXKYTh, TO 3arajbHa CHIa, KA Ji€ Ha HUX, NPUKJIaZeHa JI0 IIpo-
Biganka. Omxe, cuina Amnepa Fa € pe3ynbTyioqoro cuil, SKi JiI0Th Ha BUTBHI 3apsay B ITPOBi-
HUKY 31 ctpymoM. Takwif miaxiJ 1a€ MOXKIMBICTh 3HaWTH cuiry F, ska i€ Ha OAWH pyXOMUA
3apsi B MarditHomy moui. Lo criry HaszuBarots cutoro Jloperma. Toxi

Fﬂ = W, (2018)
e N — KijbKicTh BUIBHHMX 3apsjiiB y NPOBIIHHUKY 31 CTpyMOM. B Merali TakuMu 3apsiaamMu €
CJIEKTPOHH, 3apsia KOXKHOTO 3 sSKux piBHHA e = 1,6 - 10 9 Kn. Ockinbku F, = IIBsin®, a

| =ney,S (mus. § 18.3), To

o [IBsin@  nev,SIBsind  nev,VBsin o
. N N N ’

Jie N — KiJbKICTh €JIEeKTPOHIB B OJMHUII 00’€MYy IPOBIIHUKA, U, — CepeaHs ApeiidoBa IMIBUI-

KICTb €JICKTPOHIB, | — TOBXMHA NPOBiJHUKA B MArHITHOMY TI0JIi, S — HIOMEPEYHUIA TIepepi3 mpo-
Binnuka, V = IS — 06’eM npoBijHMKa B MarHiTHOMY TOJTi, B — iHAyKIIis MaraiTHOTO MMoJs. Bpa-
xoByrouH, mo N = nV, orpumaemo:

F, =Buv,esing, (20.19)

zie € — KyT MK BEKTOpamMHu B i Uy -
B 3aranpHomy Bunanky ¢popmyna (20.19) sanumerscs Tak:

F, =BuQsing, (20.20)

ne Q — 3apsiq 9aCTUHKH, U — 11 WBUIKICTH, B — IHAYKIIS 1OIIS, B IKOMY PyXa€ThCsl YaCTHHKA.

Cuna MaKCHMMAJIBHA, KO YACTUHKA PYXa€ThCsl NEPHEHANKYISPHO B (@ =90%),
Frmax =BUQ, (20.21)

i nopisHroe Hymo (F; = 0), konu yacTHHKa pyxaeTbcs B30BK JTiHiT (§ = 0°) MarHiTHOro moss.
Hanpstmok crm JlopeHIia 3HaXOIUTHCS 32 TPABIIIOM JiBoi pykn. OmHaK, CIIif 1aM’ ITaTH,
IO SIKIIIO B MarHiTHOMY TIOJi PyXa€ThCs TIO3UTUBHO 3apsi/KeHa YacThHA Q., TO YOTUPH BUTST-
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HYTI HaJbLi MOBUHHI OyTH HampaBieHi B 0iK ii pyxy, TOOTO B Gik BEKTOpa U , a AKIIO PYXA€Th-
Csl HETATHBHO 3apsi/DKeHa YacTrHA Q_, TO BUTATHYTI YOTUPH NABIli TIOBUHHI OyTH HalpaBJeHI
MPOTH BEKTOpPa U .

Cuina JIopeHIa 3aBsK/i [IepIeH IMKYIISPHA 10 IUIOLIHHH, B Kiil 3HAXOIATHCS BeKTOpH B i
U . lle o3Hauae, 1110 BOHA pOOOTH HE BUKOHYE, TOOTO HE 3MIHIOE KIHETHYHOI €HEePTii YaCTHHKH,
a JIMIIe 3MiHIOE ii HAIPSIMOK MIBUAKOCTI PyXy B MAarHiTHOMY I10JIi, TOOTO BOHA € /IOLIEHTPOBOIO
CHJI010.

Hexait uactunka 3 3apsyiom — Q (Hampukiaz, eIeKTpoH), MAacO0 M, MIBUAKICTIO U , BIITA€E

B OHHOplILHe MarHiTHe I0JIe 3 lHI[yKIIl€IO B TakK, 110 BEKTOPU v i B HepHeHI[I/IKyJ'IHle OJIUH

omomy. Tomi F, = F,, , a6o
2
mo
QBv = , (20.22)
R
mo® _
e —=F, . I3(20.22) maemo:
R oy *
mo
R=—. (20.23)
QB
TakuM 9MHOM, TPAEKTOPIEIO 3aPSAHKCHOI YACTHHH, KA PYXA€ThCS B TUIONIMHI, ITEPIICH/IU-
Y. VI KYJISPHIM CHJIOBHM ITiHISIM MAarHITHOTO IIOJIS, € KOJO 3

N
_kf pamiycom R, abo myra koma, SKIIO YaCTHHKA 3aJIHIIAE
nose (puc. 20.17). SIKIo yacTUHKA 3apsi/DKeHA HEraTHB-
HO (B HAIIIOMY BUIIAJIKY €JICKTPOH), TO BOHA PYXa€ThCS 38
TOIMHHUKOBOIO CTPiKOIO0. [I03UTHBHO 3apsKeHa dac-
THUHKA pyxajacsi 0 B MPOTIWICKHOMY HaIpsMKY, TOOTO,
HPOTH TOJJMHHUKOBOI CTPLJIKH.

Yactraka 3 3apsaoM Q, 10 pyXaeThes 31 CTaION0 MBHIT-
KiCTIO U B oiHOpigHOMY MarHiTHOMY noni ( B L © ), 3aiii-
CHHTb O/IMH IOBHHH 00epT 3a Jac

27R
U 1

cv

T=

(20.24)

L
+ + e T S S

Tpacktopis  Bektop B nanpapnenmii A€ 2r R — nomxuHa KOIOBOI TpaekTopii. BpaxoByrouu

eNEKTPOHA  BijI cIIoCTepiraya (20.23), dopmyana (20.24) Habyxne TaKOro BUITISAAY:
Puc. 20.17 T= 2zm (20 25)
0B .
Yacrora oGepTaHHs 3apsPKEHOI YaCTHHKH
a1l _ QB (20.26)
T 27m

I3 (20.26) BuaHO, 1110 YacTOTA HE 3AJICKWUTH BiJl MBUIKOCTI YaCTHHKY: TIPH 3aJaHOMy B
yuM Ginbima L, TUM Gitsine R (20.23), ane yacrora He 3aeXuTh Hi Bix v Hi BigR.

SIKI0 HAMPSIMOK IIBUIKOCTI U 1 HAMPSIMOK 1HAYKII B ckiamarote Kyt 6, BiAMiHHUIA Bijg
909, To 3apsKeHa YacTHHKA OyJie pyXaTHcs 110 TBUHTOBIN TpaeKTOpii HABKOJIO JIiHIHM 1HIYKIIT
nosst (puc. 20.18), OCKiIBKM BEKTOP U MOXKHA PO3KJIACTH Ha MO3JOBXKHIO U, = U C0SH cKia-
JIOBY, sIKa HAlpaBjieHa B3JOBXK JIHIA iHAyKuil, i HOpMaupHy U, =0SIN@ ckiagoBy —
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8 20.5 Pyx sapsiooicenol uacmunku 6 macnimuomy i enexkmpuuromy nowix. Cuna Jlopenya

MepIeHANKYISIpHY 10 HUX. OcTaHHS BH3HAYa€ pajiyc BUTKIB R, a 10O310BXXHS CKiaaoBa BU-
3Ha4yae kpok reunaToBoi JiHii L (L=TovcosO, ne T — yac, 3a sKuil YaCTUHKA POOHUTH OJMH I10-
L L L | BHHIT 00epT).

|
' - ' & [Tpu pyci yacTHHKN B HEOJJHOPITHOMY MarHi-
THOMY Toii cuita Jlopenna Oyze 3MiHIOBaTHCS HE

TUIBKY 32 HAPSMKOM, aJIe 1 38 MOZYJIEM, TOMY Tpa-

> €KTOPISI PYXY YaCTUHKH OyJIe CKIIATHOKO.
B 2. Brums enexTprdaHOro MO Ha PYX 3apsihKe-

k > = ) ,/ HOl YaCTHHKH ICTOTHO Bi/IPi3HSETBCS BiJl BILIUBY
\ 2y —A U\ / \ / ,/  MAaTHITHOTO TOJIS: eJeKTPU1HE MoJie 3MiHI0E Ki-
E é '»X )é ./ HeTHYHY eHeprilo 3apsi/HKEeHOl YACTHHKH, TOIXi
! _-" , 5K MarHiTHe moJie 3MiHIO€ JIHIIIe HANPSIMOK PY-

Xy, a He BeJIMYMHY il BHAKOCTi. Pyx 3apsymxe-

Puc. 20.18 HOI YaCTHHKH (HALPUKIAL, CEKTPOHA) B EIEKTPH-

YHOMY HOJIi B 3araJIbHOMY BHIIAJKy HOMIOHMI 10 pyXy TiIa B rpaBiTaniifHoOMy modi. SIkmo moya-
TKOBA LIBUJKICTh U, €JIEKTPOHA 30iraeThCsi 3 HANPSIMKOM CHIJIOBUX JIiHIi OJHOPIIHOTO eIeKT-

[+ ++++] [F+++++ | DUYHOIO MOJ, TO ENEKTPOH Oyl PyXaTUCs PiBHOCIO-
BibHeno (puc.20.19, a), ockinbku cuia, 1o i€ Ha HbO-
i TO , IPOTHJICKHA JI0 HANPSIMKY IIBHUIKOCTI; SKIIO T0Ya-
= > . -
F %}0 TKOBA LIBUJKICTH €JIEKTPOHA U, IPOTHIIEKHA HALPSIMKY
Y Y)Y

CHJIOBHIX JIiHIH €IEKTPHYHOTO I0JIsL, TO BiH PyXaTUMETHCS
o, piBaonprckopero (puc. 20.19, 6). Y Bunaiky, komu mo-
YaTKOBA IIBUJKICTh U, €IEKTPOHA NEPIEHIUKYIPHA 10

“““ | [======-1 nanpsavKy cHI0BKX NiHiil OTHOPIJHOr0O eJEKTPHIHOrO IIO-
a 6 JI51, TO €JIEKTPOH pyXaTUMEThes 1o mapabosi. OCKIIbKY B
Puc. 20.19 MOYAaTKOBUH MOMEHT CHJIA, 3 SIKOIO €JICKTPUYHE MOJIE i€
Ha eJIeKTPOH, € JIOLEHTPOBOIO CHIIOLO,

oF - mod ’
R
TO pajiiyC KpUBHU3HH TPAEKTOPIl SIEKTPOHA AJIs II0YATKOBOI ToukHU napabomu (puc. 20.20)
2
m
R=""% (20.27)
eE

Je M — Maca €JIeKTpOHa, € — Horo 3apin, E- Hapr)KeHiCTI) CJICKTPUYHOIO IIOJIAA, U, — IIO4YatT-

KOBa IIBHKICTh €IEKTPOHA.

LA AR A I3 (20.27) BumHO, 10 pajiyc KPUBU3HHU TPAEKTOPI 3apsHKEHOL Ya-
; CTHHKH B €JIEKTPUYHOMY TI0JIi IPONIOPIIHHHUN KBaapaTy il MIBHIKOCTI,
s TOJI SIK I BiIXWJICHHI YACTUHKH MAarHiTHUM IIOJIEM pajiiyC KpUBU3HU
= ii Tpaexrtopii mpomnopuiiiauii mepmiomy cremento mBuakocti (20.23).
[0 ocobMMBiCTH BUKOPHUCTOBYIOTH JUISl BUMIPIOBAHHS IIBUAKOCTI PyXy
> €JIEKTPOHIB METOAOM B3a€EMHOI KOMIIEHcamii JIii eeKTPUIHOTO 1 MarHi-

R/ THOTO TOJIB HA PyX €JeKTPOHA.
v SIKIIo HaBXpeCT 0 OOKJIAAMHOK 3apsHDKEHOro KOHAEHCaTopa po3-
MICTHTH TUTOCKI ITOJIFOCH €JIEKTPOMArHITy TaK, 00 IMOTIK €JIEeKTPOHIB
Puc. 20.20 MIPOXOAMB OHOYACHO 1 Mi>K OOKITaMHKaMH KOHAEHCATOpa 1 MiXK IOJII0-
CaMHM €JIeKTPOMArHiTy, TO, HiIOMPaloYH HANPYXEHICTb €JIEKTPUIHOTO

nois E a6o iHAyKIi0 MATHITHOrO mons B, MOXHA BiIXWIEHHS €JIEKTPOHIB, BUKIHUKAHE €le-
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KTPUYHUM TIOJIEM, TIOBHICTIO KOMITEHCYBATH MPOTWJICKHUM 32 HAPSIMKOM BiJIXHJICHHSIM €JICK-
TPOHIB, BUKJIIMKaHE MaTHITHAM TIOJIEM a00 HaBMakW. B 1IbOMy BUITAJKy CHIIa, sSIKa i€ HA CICKT-
POH 3 OOKY €IeKTpUIHOTO 1oJst, F = eE, TouHO KOMITeHCYEThCS CHITOFO, IO i€ 3 OOKY MarHIT-
Horo noiist, F =Bev . Takum yunom, eE = Bev 1

v=—. (20.28)

CkopucraBics popmynamu (20.27) i (20.28), orpumaemo Gopmyny aas 0OYHCICHHS
MUTOMOTO 3apsiLy €JICKTPOHA:

e E

m  RB?

(20.29)

Tyt e — 3apsia exeKTpoHa, M — fioro Maca. Bei Bemunnu B nipaBiii wactuni Gopmymu (20.29)
MO’KHA BEMIPSITH 1 II€ TO3BOJISIE pO3paxyBaTH BigHOMIEHH €/M (asie He e i M KOXKHE 30KpeMa).
IpwuitasTe cporoaHi 3Haderns e/m = 1,76 - 10 Vg [ ke

AHaJIOTYHO MOKHA BH3HAUUTH TIMTOMUM 3apsijl JOBUIGHOI HITIOL 3apsyKeHOl YacTHHKY. Po3riist-
HYTHH BHILIC METOJ BUMIPIOBaHHS IIMTOMOTO 3apsiay OyB Brepie 3acrocoBannii [hx. [k, Tomconom
(Anruis, 1897 p.). Ili3Hime ACTOH _BJIOCKOHAJIMB Lieil METOJ i Ha OO OCHOBI CKOHCTPYIOBAB
(1919 p.) mac-cnekTporpad) st BUMIpIOBaHHS Mac iOHIB y BakyyMi. B 1ibomy 3k pori AcToH
3a JOIIOMOT0I0 Mac-CIieKTporpada 1oka3aB HasBHICTD 130TOIIIB y XJI0pa 1 PTYTi.

Skmio Ha pyxoMy 3apsiDKEeHy YaCTHHKY OJHOYACHO JIOTH i MarHiTHE IMOJe 3 iHAYKII€E0

B, i enexrpuuHe none 3 HanpyxeHicTio E , To pesynprytoua cuna F , mo 1ie Ha 3apsypKkeny

YaCTHHKY, JOPIBHIOE BEKTOPHIH CyMi CHIT F=¢cE i ﬁﬂ =BvQ. TobTo
F, = EQ + Q(uB). (20.30)
[0 popmyny Takox HazuBaroTh Gopmyioro JlopeHra.

Mpukaan 20.3. Axa cuna 6 maznimuomy noni 3emni (B =5,0 - 10° Tn) die na nimax, axuii
Habye enexmpuunoeo 3zapsdy Q = 180 Kn i nemumv nepneHOUKYIAPHO CUNOBUM JIHIAM
(6 = 90°) macnimnozo nons 3i weuokicnio v =280m/c ?

Po3B’sizok. 32iono (20.19)
F = BQusin® = (5,0-107° T)(180 K7)(280 m/c) = 2,5H.

Mpuxnan 20.4. Exexmpon enimae ¢ maznimue noae 3 inoykyiero B = 0,10 T, nepnenou-
KYIAPHO 00 cunoux niniii nons 3 weuokicmio v = 2,0-10" m/ ¢ 3uaiimu padiye kpueusnu tiozo
MpaeKmopi.

Po3B’si30k. [us yvo2o ckopucmaemocs popmynoio (20.23):
mov (9,1-107* x2)(2,0-10" m/c)
QB (16-107 K#)(0,107%)

Tymm = 9,110 k2 — maca enexmpona, Q = 1,6 - 10™° Ku — tiozo 3apso.

=114-10"° m = 114 um.

* Acton ®@pencic Yiabam (1877 — 1945) — anrniiicekuii (isuk. 3a BiIKPHUTTS BEIUKOI KUTBKOCTI
crabinpHuX i30romiB (212) y 6ararbox XiMiYHHX €IEMEHTIB i BUBYEHHS iX BJIACTHBOCTEH YIO-
croennit HobeniBepkoi mpemii 3 ximii (1922 p.).
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8§ 20.6 Mac-cnexmpoepaghu

-15 .
Mpuknan 20.5. Kpanas macra macoro m = 3,3 - 10 ™ ke ucums nepyxomo Mix dgoma ge-
JUKUMU 20PU30HMATbHUMU HAACTUHKAMU, K 3Haxo0smbcs Ha eiocmani d = 1,0 em oona 6io
o0noi, npu pisnuyi nomenyianie mioie Humu U = 340 B. CkinbKku HAOTUWKOBUX eeKMPOHIE 3HA-

X00umbcs Ha yitl Kpani?

Po3w’s130k. Ha kpannio ditoms 06i cunu — cuna éaeu F = mg i cuna 3 6oky enexkmpocma-

[+ +++++++++++ |

nosasicyromucs (puc. 20.21). Tob6mo
F.=QE QE =mg,

Puc. 20.21 E = B
d
Tooi
]
J— = m s
5 Q g
36I0KU
_ mgd
Q= T

B kinyesomy paxyuxy xinekicme Haonuwikosux erekmponis N sHaiioemo max:
N - Q _mgd _ (3,3-107 x2)(9,8 m/c?)(107% m) ~ 6
e eU (1,6-107° Kx)(340 B)

dee=16-10" K1 - saps0 erexkmpona.

§ 20.6. Mac-cnekTporpadu

muynozo nona Fy = QE, saki 32i0no ymosu 3adaui 3pie-

(1)

d 0e E — nanpyoicenicmo nons misie nnacmunkamu, Q — 3a-

PpAO Kpangi, § — NPUCKOPeHHs 3eMH020 madcinna. Ha-
Fmg NPYHCEHICb NOJISL BUPAZUMO Yepe3 PI3HUYI NOMeHYi-
= anis, ckopucmaswucs gopmynoro (17.25):

@

©)

IcrorHOIO OCOOMMBICTIO Mac-criekTporpadiB € GOKycyBaHHsS IOHHHMX ITydKiB, TOOTO 30H-
paHHs 3apsDKEHUX YaCTHHOK (10HIB) OJHAKOBOI MacH B OXHOMY Miciii. B ciektporpadi, cxema

sikoro HaBezneHa Ha puc. 20.22, dokycyBaHHS 37iMcC-
HIOETHCS TTOTIEPEYHUM MarHiTHUM TIOJIEM Ha BiJCTaHi
180° (abo Ha m panian). loHn moCHimKyBaHOI pedo-
BHUHH YTBOPIOIOTHCS 3aBISKH HATrpiBaHHIO a0o eIeK-
TpUYHOMY pO3psay. Jaii BOHH NPUCKOPIOIOTHCS B
SJIEKTPUIHOMY TIOJIi 1, IPOMIIOBIIM Yepe3 LIIIHHY Sy,
BIITAlOTh B KOHJICHCATOP, B IKOMY CTBOPEHI OJTHODIIHE
eNIEKTPUYHE TM0JIe 3 HATpyKeHicTio E i crame mar-
HITHE TIOJNe, JiHIT IHTyKIii B skoro MePIEeHIUKYJIsI-
PHI 10 JiHii HAIPY>KEHOCT] eJIEKTPOCTATUYHOTO TTOJIS.
Taki mosst Ha3UBaIOTHCS cxpewmeHuMHu. 11inonpatoun
[ICBHUM YHHOM CITiBBiJHOIIICHHS MIX HAIPyKCHOC-
TSAMU IHX TI0JIiB,MOXKHA JTOOUTHCS, 110 Yepe3 MIUTHHY
S, IPOXOAUTUMYTH TUTBKH 10HH, SIKI BOJIOMIFOTH OJTHA-
koBoto mBuiKicTI0O (L =E/B), ane Biapi3HAIOTHCS

3a Macor. loHH, SIKI BOJIOMIIOTH IHIIUMU IIBHIKOC-
Puc. 20.22 TAMH, B MUTMHY S; HE MOTPAIUISIOTH, OCKUIEKH BOHH
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20. Maenimne none

BIAXWJISIIOTHCS MK INTACTUHKaMH KOH/IEHCATOPA.
Buxopstuu i3 ¢inbTpa mBHAKOCTE# (TaK HA3WBAIOTH BUIICOMMCAHMI TPUCTPIi) Yepe3 mii-
JIMHY Sy, My4OK 10HIB Pi3HOI MacH NOTpaIuIsie B IHTEHCUBHE OJHOPiHE MAarHiTHE MOJE 3 1HIyK-

uiero B,. B oMy MarHiTHOMY HOJI TPA€KTOPil pyXy 10HIB MaOTh BUIJIA[ MiBKLI 3 pajiiycoM

R_ Mv_ mE
QB QBB '

ne Q - 3apsn iona (YacTHHKH), M- Maca ioHa.

BHaciiok 0HaKOBOCTI IIBUAKOCTEH 10HIB IIi pajiycH MpomopiiHi iX macam. Tomy ioHH,
SIKI BOJIOZIIOTH Pi3HOI0 Macoro, (GoKycyroThes, K Mmokazano Ha puc. 20.22 B pi3HHX MiCIX.
Ockinbku pajiyc kpuBu3ad R Tpaexropii pyxy ioHiB meBHOi Macu Ta iHmi Bexuuunu (Q, E, B,
B;) excriepuMeHTaILHO BUMIpHI, TO 13 opmy:n (20.31) MokHA BU3HAYHUTH Macy i0HiB

£EBlR . (20.32)

Sxmro B tronwmHI GOKyCyBaHHS 10HIB rocTaBUTH (oToractuaky @.I1., To B Micax ¢o-
KyCyBaHHs 10HIB Ha (DOTOILTACTUHIII OTPUMAIOTHCS! IHTEHCHBHI YiTKO OKpECIIeHi JiHii, sKi po3Mi-
IIEH] Ha BIJICTaHsX, CTPOTO MPOMOPLIHHNX MacaM 10HIB. Po3milieHHs JiHii HAa Mac-CIieKTporpa-
Mi CHJIBHO Harajye ONTHYHI JiHIHYACTi CIIEKTPH.

Kpamii mac-cnektporpadu 103BOJISIIOTH BUMIPIOBATH MACH 10HIB 3 JIOCTATHHO BEIIMKOIO TOY-
HicTiO (10 5-0r0 — 6-0r0 3HAKA).

3a CHiBBiTHOIICHHIM IHTEHCHBHOCTEH JTIHIH Mac-CIIEKTPOrpaMy MOXHA CYIHTH PO Mpo-
LEHTHUI BMICT YaCTUHOK Pi3HOI MacH B TIOTOIIi 10HIB, III0 aHAJII3YIOTHCS.

(20.31)

m =

106 108 110 111 112 113 114 116 Cd’
Puc. 20.23

Takum mMetomoM Oyiau BEMIpsiHI MacH 0araThOX aTOMiB. Byio BHSBICHO, IO aTOMH OJHIi€l
PEUOBHHU BiJIPI3HAIOTHCS MidK c00010 Macoro. Taky pi3sHOBHAHICTH aTOMIB Ha3BAJIH 130TOMAMH.

(=X
(=3
S

lonnnii ctpym

400

200 A m

0 LA AN

120 118 116 114 112 110 108 106 104
AtomHa Bara

Puc. 20.24 Puc. 20.25
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8§ 20.7 Maenimnuii momenm KOHmMypy 3i cmpymom

Ha puc. 20.23. B sixocTi npukiany HaBeneHo ¢ororpadiro Mac-CrieKTporpaMy i30TOIHOTO
cknafy kaamito (Cd*), 3usToro Ha Mac-criekTporpadi kaHajackkum ¢isukom Jdemcrtepom (1886
1950). Hudpu Hapq iHiIMHA BKa3yIOTh 3HAYCHHS aTOMHHX MAcC 130TOIIIB.

Jlytst GinbI TOYHOTO aHaji3y CKJIaly MOTOKIB 10HIB BUKOPHUCTOBYIOTH TIPHIIAIH — Mac-CIIeK-
tpomerpH (puc. 20.24.) B skux i0HM oaHi€T MacH (OKYCYIOThCS Ha BY3bKY BHXIJHY MIUIHHY Ss.
lonn mpoxosTe uepe3 mymHy S3 1 30upatoThest Ha Konekropi Py. IMoteHmian, mo sikoro 3aps-
JIUTHCS KOJIEKTOP, CIIY>KHTh MipOIO KUIBKOCTI i0HIB nanoi Macu. Ilpu po3psui Konekropa BU-
HHKa€ HEBEMKHI eNEKTPUYHUN CTPYM, SIKMH MOXKHA ITi/ICHIITH 1 3apEECTpyBaTh. 3MIHIOIOYH TIPH-
CKOpIOIOYE I10JI€ Yepe3 IIUIMHY S3 MOXKHA TPOITYCKATH IOTOKU YaCTHHOK 3 PI3HUMH MacaMy, IIpH
1IbOMY Ha rpadiKy BUHHKHE TOCTpPHII MTiK 1 KoxHOi 1aHoi Macu. Ha puc. 20.25 naBeneno ana-
JIi3 130TOITHOTO CKJIaay KaJMilo, OTPMMAaHOrO Ha LEeH pa3 3a JOMOMOTrOI0 Mac-CIIEKTPOMETPA.
Hudpu Ha oci abcuuc MpeACTaBISIOTE COO0K0 3HAYCHHS aTOMHUX Mac i30TomiB. Pi3ki Makcu-
MYMH BiAITOBIIAFOTH i30TOmaM kaamiro 3 macamu 106, 108. 110, 111, 112, 113, 114, 116. 3a Bix-
HOIICHHSMH 10HHUX CTPYMIB, BEIMYNHH SKHX BiAPaxOBYIOTHCS 110 OCi OpJMHAT, MO>KHa BUpa-
XYBaTH IPOLICHTHHI BMICT i30TomiB (Tabu. 20.1).

Tabmuug 20.1

Macose uucio 106 108 110 111 112 113 114 116

[pouenTtHwuii BMicT 1,215 0,875 12,39 12,75 24,07 12,26 28,86 7,58

Mac-creKTpoMeTpy BUKOPHUCTOBYIOTHCS HE TUJIBKH JUISI PO3/AUICHHS Pi3HUX XIMIYHHX elie-
MEHTIB 1 iX 130TOIIIB, aJI¢ i MOJIEKYJ Ta iHIINX 3aps/PKEHUX 9acTHHOK. ChOTOIHI I1i TIPUIA T IITH-
POKO BUKOPHCTOBYIOTHCS B (PI3UYHUX, XIMIYHHX, O1070TIIHHAX 1 O10MEANIHUX TOCIIKCHHSIX.

§ 20.7. MarHiTHHIi MOMEHT KOHTYPY 3i cTpyMOM
B 8 20.4 My po3IJISIHYIM JiF0 MarHiTHOTO MOJIS HA TIPSIMOJIHIHHUI TPOBIIHUK 31 CTPYMOM.
Jlani BUSACHMMO, SIK TIOBOIUTHME ce0e IUIOCKUH 3aMKHYTHI KOHTYp, IO SIKOMY Tede CTpyM, B

OJIHOPITHOMY MarHiTHOMY 1ot ( B = const ). ocBin moka3sye, 1o B OAHOPIAHOMY MarHiTHOMY
TIOJTi Ha 3aMKHYTHI KOHTYp 31 CTPYMOM Jii€e 00epTanbHui

I *I ’h momeHT (puc. 20.26). MoxkHa JIerko mokasarH, 1o odep-
~ | TaJbHUA MOMEHT M , IO JIi€ Ha KOHTYp 31 cTpymMoM [ B
OJTHOPITHOMY TIOJi, IIPSMO TPOTIOPIIHHMI TuToN S, 10
A EN TR obTikaeThest ctpyMoM (IUIOLNI KOHTYPY), CHJIi cTpymy 1,
/(‘79_, IHAYKIN1 MarHiTHOTO TIOJIS B Ta sing. Tobro,
A -
M =BISsin 6, (20.33)
nie 6 — KyT MK IEpISHIUKYASPOM JI0 TUIOIIUHHA KOHTYPY
Puc. 20.26 i HanpsiMkoM Jini# iHaykmii. I3 (20.33) BuaHO, 0 06ep-

TAIbHUA MOMEHT MaKCHMaJbHHUM, KOJU IUIOIMHA KOH-
Typy HapasieibHa JiHIsIM 1HIYKIl, 1 JOpIBHIOE HYJIIO, KON IUIOLIMHA KOHTYPY NepIeHINKYIIs-
pHa im. JloOyTok /S Ha3MBalOTh MATHITHUM MOMEHTOM KOHTYPY 1 TO3HAYAIOTh HOro uepes P,,.
Taxkum yuHOM,

P, =Is. (20.34)

Bemnunna P, XxapakTepu3ye MarHiTHI BIACTUBOCTI KOHTYPY 31 CTPYMOM, SIKi BU3HA4alOTh
HOro MOBEAIHKY Y 30BHIIIHFOMY MarHiTHOMY TIOJIi.

MarHiTHUI1 MOMEHT € BEKTOp, HAIPSIMOK SIKOT'O BU3HAYA€ETHCS 32 MPABHJIOM NPABOT0 I'BUH-
Ta: AKIIO PYKOSITh BUKPYTKH MOBEPTATH B HANPSIMKY CTPYMY B KOHTYPI, TO HOCTyNAIb-
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20. Maenimne none

HHIl PyX TBHHTA IIOKA’Ke HAIIPSAMOK BEKTOpPa I—JM (puc. 20.27).
Bpaxosyroun (20.34), dopmyna
3 PSS B, (20.33) Habyxe BUrIILY:

-

( K M =BP,sin6, (20.35)
I 1\ )

\/ TakuM YMHOM, 3aMKHYTHI KOHTYD 3i
6

B ne 6 — KyT MiX BekTopamu B i I—JM .

CTPYMOM B 30BHIITHHOMY MarHiTHOMY
NOJIi € MArHITHUM JMIIOJIeM, o0ep-
TaJIbHAM MOMEHT SIKOTO JIOPiBHIOE BEK-

Puc. 20.27 .
TOPHOMY JOOYTKY MarHiTHOTO MOMeE-

ury P, iimykuii B marsitHOro moss:
M =P, xB. (20.36)

®opmyna (20.36) 3a BurmsigoM criBranae 3 popmynoro (17.42) s eneKTpUIHOrO UITOIs

3 JTUIOJTBHUM MOMEHTOM P B eNeKTpHYHOMY IO 3 HanpyXeHicTio E :
M = PxE.
Buxopstan 3 popmyu (20.34), marmitanit moment B CI BuMiproeTses B A - m2.

Mpuknax 20.6. Bumox 3i cmpymom diamempom d = 100 cm nidsiwenuti 6 macnimmomy
ROJIL MIDIC NOJIOCAMU BETIUKO20 MACHIMY MAK, WO NIOWUHA 6UMKA NAPANIeNbHA CULOBUM JIIHIAM
noas (6 = 90°). Koau y eumky meue cmpym cunoro | = 8,10 A, na nvozo die obepmanvruii mo-
menm M = 0,116 H - m. 3navimu in0ykyiio MazHimmo2o nois.

Po3B’si30K. Tnoykyito maznimno2o noas eupazumo iz gopmyau (20.33):

B:L_,
1Ssin@

oeS =nmd? /4 — nrowa, sxa oxonnoemucs sumiom, sin@ =1, ockinoxu 6 = 90°,

Tooi
4M 4(0116 H - )

B = = = 1,8 Th.

Czld? 314(810 A)(01m)?

§ 20.8. MarHiTHHI1 MOMEHT aTOMA

ATtoMm, 3rigHO Mojeni, 3anpononoBanoi E. PesepdopmoM, ckiragaeTsbest 3 BaXKKOTo MO3UTH-
BHO 3aps/DKEHOTO s1/Ipa, HABKOJIO SIKOTO 10 TIEBHUM OpOiTaM 00epTaloThes eNeKTpoHH. EnexT-
POH, SIKMH 00epTAETHCS MO 3aMKHYTiH opOiTi, MoAiOHMIT 0 CTpyMy, IO Tede MO 3aMKHYTOMY
KOHTYpY. BiH cTBOpIO€ CBOE BIIacHE MarHiTHe Ioje, i 30B-
HIIITHE MaTHITHE TI0JIC YNHUTH Ha HHOTO OPIEHTYIOUY JIIO.

PosristHeMO enekTpoH, skuii 00epTaeThCcs BCEpeauHi aTo-
Ma TI0 KOJIOBi# opbiTi pamiyca r (puc. 20.28). OpGiTansHuii
MeXaHIYHHH MOMEHT KiJIbKOCTI pyXy €leKTPOHA JIOPiBHIOE!

L=mgr, (20.37)

A PM

Jie M, — Maca eJIeKTPOHa, U — HWOro JIiHIHHA TBUIKICTh. OCKTH-
KU €JIEKTPOH BOJIOJIiE€ OpOiTaIbHUM MOMEHTOM KiJIBKOCTI py-
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8§ 20.8 Mazcnimnui momenm amoma

XYy, TO BiH ITOBHHEH BOJIOMITH 1 OpOITAIHIM MarHiTHIM MOMEHTOM P,

MarsiTHHIT MOMEHT 3aMKHYTOrO KOHTYpY 3i cTrpymoM nopiBuioe P, = IS (muB. Gpopmyiy
(20.34)). Sxmio mepiox obepTaHHsA eNeKTpoHa Mo op6iTi (1o kKony) popiBHIOE T, TO CTPYM, IO
CTBOPIOETHCS] HUM, JIOPIBHIOE

=98
t T
JIe € — 3apsij NIeKTPOHA.
Ockinbku T =271 /v, TO CTBOPIOBaHHI MarHITHMH MOMEHT €JICKTpOHA Oy/e JOpiBHIOBA-

TH.

evS rmeur? eor
=1S = = = . 20.38
Pt 27r 27r 2 (2038)

TyrS==x r2- IUTOIIA, 1[0 OXOIUTFOETHCS OpOITOI0. SIKIO JOMHOXHTH YHACSIFHIK 1 3HAMCHHUK
(20.36) na macy enexrpoHa M, T0 hopmyrna (20.36) mis MarHiTHOrO MOMEHTY €IEKTPOHA Ha-
Oyze Takoro BUTIISY:

emyur e

_ - ° 20.39
PmL om, om, ( )

ge L=mur — opOiTanbHuil MEXaHIYHUI MOMEHT KiIbKOCTI PyXy €lIEKTPOHa.

SIKmo B aToMi € JIeKiJIbKa eJIEKTPOHIB, SKI PyXalOThes 10 Pi3HUX OpdiTax, TO PE3yIbTYIO-
quif opOiTadbHUI MATHITHAA MOMEHT aToMa P, JOPiBHIOBATHME BEKTOPHIIl CyMi MarHiTHHX

MOMEHTIB OKPEMHX eJICKTPOHIB ( Py = Z P, )-
I

Amnani3 psigy 1ocmigHAX (aKTiB MPHU3BEIH 10 BIIKPUTTS y €IEKTPOHA MOMEHTY KIIBKOCTI
PYyXY, SIKHH HE Ma€ HIYOro CIIJIBHOTO 3 Horo pyxom 1o op6iti. EnexTpoH Bese cebe Tak, HiOH
BiH CITOKIIfHO 00epTaeThCsl HABKOJIO BIacHOi oci. L{10 BacTHBICTh €leKTpoHA Ha3BaIN CHiHOM
1 TO3HAYAFOTH HOTr0 MAJIOKO JIITEpOro S. BUMiprOBaHHS CITIHOBOIO MOMEHTY KiJIBKOCTI pyXy ee-
KTPOHA TOKa3aJH, 10 BiH Mae craje 3HaueHHs. CIIiH eJIeKTpOHA € KBaHTOBOIO BJIACTHBICTIO.
OpHax I Hac 3apa3 BXIMBHUM € HE CaM CIIiH, a 3B’S3aHUH 3 HUIM MarHiTHUA MOMEHT €JIeKT-
POHA TaKOX HE3MIHHOT BEJIMYMHH. SIKIIO €JIEKTPOH YSABUTH CO01 y BUIIIAI BiA €MHO 3apsypKe-
HOI KYJIbKH, TO HAaIIPSIMOK BEKTOpa CIIIHOBOI'O MarHiTHOTO MOMEHTY HalpsIMJICHUI aHTHUIapa-
JIENBHO BEKTOPY CIIIHOBOTO MOMEHTY KibKOCTi pyxy (puc. 20.29).

MOMEHT KiJIbKOCTi pyXy

o

MarsiTHuit MOMEHT
Puc. 20.29 Puc. 20.30

Brnacrwuii (criHOBHIT) MaTHITHHIT MOMEHT P, HOB’S3aHMI 3 BJIAaCHUM (CIIIHOBMM) MEXaHiu-

HIM MOMEHTOM L €IeKTpOHA TAKKAM CITiBBiTHOIIICHHSIM |

Py = —L.. (20.40)
m
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20. Maenimne none

I3 nopiBusians (20.39) i (20.40) BunHO, 110 BiacHuMii (CIIIHOBHMIT) MarHiTHUI MOMEHT €JIeK-
TpOHA y /IBa pa3u OUIbIMiA opOiTaIbHOTO.

IToBHuIl MarHiTHUI MOMEHT aTomMa P, NOpiBHIOE CyMi MarHiTHUX MOMEHTIB, SIKi BUHH-

KalOTh B PE3yAbTATI PyXy CIEKTPOHIB IO 3aMKHYTHM OpOiTam Ta BIACHUX MarHiTHHX MOMCH-
TIB:

Pra = Z Pm, + Z Pms, - (20.41)

3ayBaXxnMo, 1110 0OMIBa THITM MEXaHIYHOTO, & 3HAYMUTh 1 MAarHITHOrO MOMEHTIB, KBAHTYIOTHCS:
MEXaHIYHHH MOMEHT MO)KE 3MIHIOBATHCS TUIbKY Ha BEJIMYNHY, SIKa PiBHA IIJIOMY YHCIY OCHOBHOL
OJIMHUIII MEXaHIYHOTO MOMEHTY, KO0 € crana [lnanka h=h/27z, ne h=6,62- 10 -3 JIx - c.
He muBnsance Ha Te, 0 OKpeMi OopOiTanbHi pyXH €I1eKTPOHA MOXYTh XapaKTepU3yBaTHCS Me-
XaHIYHIM MOMEHTOM B JICKIIbKA TaKMX OMMHHIG (OAMHHUIE 71 ), 38 MOPSIKOM BEIHIHHH Mar-
HITHUA MOMEHT OYIb-SIKOTO CJIEKTPOHA, CTBOZPIOBaHI/Iﬁ a0o 3aBIsIKU CITiHY, a00 3aBISIKH OpOi-
TaNEHOMY PYXOBi, IOpiBHIOE Py ~ 10 2 A - M7,

TakuM YMHOM, KOXKHHMH €JICKTPOH BOJIOJIE JTy)K€ MAJIMM MarHiTHUIM MOMEHTOM. | pazom 3
TUM, SIKOM BC1 MarHiTHi MOMEHTH Oyiu Opi€HTOBaHI OJJHAKOBO Yy BCIX €JIEKTPOHIB, TO HaliMEH-
IMA IIMAaTOYOK PEYOBHMHU OYB OM Jy)Ke CHUIFHUM MarHiToM. B mificHOCTI OLIBIIICTh IIUX Mar-
HITHUX MOMEHTIB B3a€MHO KOMIECHCYIOThCS. By/10Ba aTOMIB MiKOPSETHCS TaK 3BAaHOMY IMPHH-
uumny 3aboponn Ilayui, skuii BuMarae, mo0 OUTBIIICTE €NEKTPOHIB 3HAXOMMINCS TOMAPHO 3
MPOTHJICKHUMU CTIiHaMH. MarHiTHAN MOMEHT IapH eJIeKTPOHiB, Moka3zanux Ha puc. 20.30, mo-
piBHIOE Hym0. [IpoTe MarHiTHHI MOMEHT aTOMa 3aJIeKUTh HE TUIHKH BiJ B3a€EMHOI OpieHTamii
CHiHIB €IEKTPOHIB, ajie 1 Bil TOro, 3HaXOJUTHCSI ATOM y BITBHOMY UM 3B’S3aHOMY CTaHi, Ha-
NPUKJIaZ, B Ta3i abo B TBepIOMy CTaHi. Y BUIBHOTO aToMa MOXe OyTH BaJIeHTHHH €JIEeKTpOH,
CHIHOBHH MeXaHIYHHI MOMEHT SKOTO HE CKOMIICHCOBAHUM MApHUM €JIEKTPOHOM. B TBepaomy
TLJTI BAJIGHTHHUH €JIEKTPOH TAKOT'0 aToMa Oepe y4JacTh B XIMIYHOMY 3B’SI3KY, /1€ BiH 3HAXOIUTHCS
B I1api 3 1HIIMM €JIEKTPOHOM, IO NMPU3BOIUTH O KOMITEHCAIlI] MarHiTHUX MOMEHTIB KOXHOTO.
Kpim Toro MarHiTHi BIaCTHBOCTI PEYOBHHH CHJIBHO 3aJIXKATh BiJl TOTO, SIK ATOMH 3’ €THAHI OIUH
3 OJTHUM.

He nuBnsduch Ha KOMITEHCAIiF0 MarHITHUX MOMEHTIB OiJIBIIIOCTI €IEKTPOHIB B aTOMi, Y
6araTbOX PEYOBHH aTOMH BOJIOIIOTH BIACHIMH MAarHITHUIMH MOMEHTaMH. | SKII0 MarHiTHI Mo-
MEHTH aTOMIB B HEBEJIIMKOMY 00’ €Mi PEYOBHHH OPi€HTOBaHI OJHAKOBO, TO Liei 00’eM Oyne BO-
JIOJITH TOCTATHBO BiTYyTHUM TIOBHUM MarHiTHIM MOMEHTOM.

ITpore, atomMu B TBepaOMYy Tilli Oe3MEPEPBHO MiAIOTHCS XAaOTHYHOMY TEIUIOBOMY 30Y-
JUKEHHIO, SIKE MOYKE PYHHYBAaTH IPaBHIbHY OPI€HTAII0 MarHiTHUX MOMEHTIB aTOMiB, a THM
CaMMM TIOTIpIIyBaTH MarHiTHI BIACTUBOCTI PEYOBHHH.

Hpuxnag 20.7. Busnwayumu opbimanbHuil MacHimMHUNL MOMEHM eleKMpPOHA, KU pyXd-
emwves no konositi op6imi padivea v = 0,53 - 100y nasrono npomona (Gopiscora modens
amoma 800HI0).

Po3B’s130K. Opbimanvruti Momenm erekmpona eupaxcacmucs gpopmynoro (20.38):

_eor
mT T,
de I — padiyc opbimu eleKmpona, U — JNiHIUHA WEUOKICIb eleKMPOHA, KY MOJICHA 8USHAYUMU
i3 MAKuXx MIpKY8aHb. MidiC He2amueHO 3apsiOdCeHUM eNeKMPOHOM [ NOZUMUBHO 3aPAONCEHUM
npomonom (A0pom) Oie KyLOHIBCHKA CULA, AKA € DOYEHMPOBoIo cunoi. Toomo,

g2 muv?

Arr g,r® r
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8§ 20.9 Bexmop namaecnivenocmi

36I0KU
Q2
v=_|——.
4 gymr
Tooi
4 -19 4 -10
O = l er  _ 1 (1,6-10 Kn)"(0,53-10 m) 293.10°% 4. a2

2V 4re,m 2\ 4(314)(8,85-10 2 Ka? /m- H?)(9,1-107% x2)

§ 20.9. BekTop HamarHiyeHocTi

PeuoBuHY, py BHECEHHI iX B 30BHIIIHE MArHITHE ITOJIC, CXMITBHI B Till UM IHIIKA Mipi Hamar-
HiTyBaTHUCsI, TOOTO HAOYBATH MAarHITHUX BIACTHBOCTEH. 31aTHICTh (a00 HE3MaTHICTD) PEIOBUHI
HAMArHI1yBaTHCS TIPY BHECCHHI X B 30BHIIIHE MAarHIiTHE MOJIC 3aJICKUTh Bix HasBHOCTI (260
BIICYTHOCTI) y aTOMiB (MOJIEKYJI) PEYOBUHU CTAIOT0 MArHiTHOTO MOMEHTY.

JI1st XapaKkTepuCTHKY HaMarHiTyBaHHS Tijla KOPUCTYIOTECS BEKTOPOM, SIKMI HAa3UBAIOTh BeK-
TOPOM HaMarHi4yBaHHsI, 32 BEJIMYMHOIO PIBHOTO MarHiTHOMY MOMEHTY O/IMHHMILI 00 €My Tina:

N —
o 2P
P =1L (20.42)
AV
zie |5mai — MAarHiTHUIA MOMEHT 7 -Toro atoma (Mosnekymu), N — urciio atomiB (Mosekyi) B 06’ emi AV.

SIkmo BekTop P, omHAaKoBHI y BCIX TOUKAxX Tia (MarHeTWKa), TO TaKy HAMArHi4CHICTbH
HA3WBAIOTh OMHOPITHOK0. [HIYKIlisi MATHITHOTO MOJISE B MAarHeTHKy (K yxxe Bimmivamocst B §20.1)
JIOPIBHIOE CyMi BEKTOPIB MArHiTHOI 1HAyKUii 30BHiMIHbOrO noist B, Ta imgykuii BIacHoro mar-

HITHOTO IOJII MarHeTuka B,
(20.43)
abo

B = uoH + 1,P,. (20.44)

Tyr poH =B, (auB. popmyny (20.1)), a 4P, =B,, .

Bemmunna H , siky My BHIe Ha3BaIM HANPYXKEHICTIO TIOJIS, BiJl MArHITHUX BIACTUBOCTEH
PECUOBHHH HE 3aJI€KHTh.

3ayBakumo e pa3 (muB. § 20.1), mo rpadivHO HANPYKEHICTH MArHITHOTO MOJIS 300pa-
KAafOTh 3a JIOTIOMOTOI0 CHJIOBUX JIHIH, JOTHYHA 0 SIKMX B KOXKHIHM TOYII CIIBIaga€e 3 HApsiM-
KOM Hampy)KEHOCTI 1MoJIsl B 1ii Touni. ['ycTrHa nuX JiHIH mporopuiliHa BeIWYKHI HalpyXeHO-
cti. JIiHii HaMPY>XEHOCTI MarHITHOTO OIS BiAPI3HAIOTHCS BiJ JiHIA MarHiTHOI 1HITYKIIii, OCKi-
JbKY BOHH (JIiHIi HATIPY)KEHOCTI) MOYMHAIOTHCS 1 3aKIHIYIOTBCS HAa MEKI PO3ILTY ABOX PEvo-
BUH 3 PI3HIMHU MarHiTHUMH BJIaCTHBOCTSIMH. TakuM YMHOM, BEKTOP HAIPYKXEHOCTI MarHiTHOTO
momst H crin BiJIPI3HATH BiJl BEKTOpA MAarHiTHOI 1HyKIii B.I3 nopiBHsiHHS Qopmyn (20.43) i
(17.63) BuaHO, LIO BEKTOP H B MarHeTUKy aHaJOTIYHUI BEKTOPY EJIEKTPUYHOI 1HAYKIIIi D B
nienexrpuky. Bexropu P,,H 1 B € anmanoramu P, D i E B enexrpocrarumi. Bekrop H | sk
MPABUIIO, ACOLIIOETHCS TUIBKU 3 MATHITHIM TIOJIEM 30BHIIIHBOTO JUKepesa (BEKTOp CIEKTPUIHOL

iHgykuii D 0GyMOBIIOETBCS TINBKK BUTBHUMH 3apsiiaMu), BeKTOp P, — TUIbKH 3 MarHiTHUM
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20. Maenimne none

T0JIEM, CTBOPIOBAHOrO PEYOBHMHOI0 (BEKTOp MOJSpH3aIii P B eIeKTPOCTATHII IOB’SI3aHMi
P p P p p

TimbKY 31 3B’s3aHUMU (IHIYKOBaHHMM) 3apsiaMu), BeKTtop B — i 3 omamMm, i apyrum moiem

(HanpyXeHICTh eNIEKTPUYHOTO 1oJisi E cTBOproeThCs BCiMa 3apsigaMH: BUIBHHMU 1 3B sI3aHH-
mu). i BEKTOPH BBOAATHCS UTS OUIBIII IETAILHOTO OMKMCY MArHITHUX SIBHIIL.
JIJ11 HIOBHOTH MpUTaaeMo I1ie pa3 MAarHiTHY CIPUHHATIMBICTD ¥, sIKa BU3HAYAETHCS SIK

g o= (20.45)

1 XapaxkTepu3ye 3B’s130K HAMAarHiYeHOCTI PEYOBHHH 3 MarHiTHUM IT0JIEM B Ll pe4oBuHi. Y ma-
pa- 1 AiaMarHeTHKiB MarHiTHa CIPUHHATIMBICTG IIPU HE AY)Xe BeMUKuUX B crama; y ¢pepomar-

HETHKIB BOHA He € cTayioro. OCKITBKM X HaMarHideHiCTh € HeNiHiiHHOI ¢yHKmiero H . I3
(20.43), (20.44) i (20.4) orpumyemo dopmymy (20.7):

x=4-1,

Ha = @+ x)Ho, (20.46)

Jie {1 Y, — BIIIOBIAHO BiHOCHA 1 a0COJIOTHA MarHiTHa NMPOHMKHOCTI PEYOBUHU. Y BaKyyMi
=1 x=0 1= po.

HOpurnax 20.8. Maenimuuii momenm amoma 3aniza dopisuioe P =1,8 - 10 2 4. m% Bu-
SHAYUMU MASHIMHUTL MOMEHM Ma HaMa2HiveHicmb (6eKMOop HAMASHIYYEAHHS) 3ANI3HO20 3PA3-
ka 0oeacunoto | = 12 cm, wupunoio a = 1,2 em i moswunoio b = 1,2 cm npu nosnomy maznim-
HOMY HACUYEHHI.

Po3B’si30K: @) Maenimnutl MOMenm 3ai3H020 3pA3KA OOPIGHIOE

P,= PN, @
oe p — maeHimuuu momenm amoma 3aniza, N — kinokicmo amomis 3aniza 6 3pasky.

Kinvxicms amomie N 6 3pasky usnawumo max:

m
N=—, )

mO
de m =Vp = labp = (0,12 #)(0,012 )(0,012 x)(7874 e/ m*) = 0136 xe — maca 3pasxa 3a-
aiza, Vi p — 8i0no6iono 1io2o 06 'em i eycmuna, My = 1,66 - 10 % k2 - m, = (1,66 - 10" k2)(56)

==09,30 - 10 % x2 — maca amoma 3aniza, M, = 56 a. 0. m — 6ionocna amomna maca. Tooi

0,136 k2 2
=—————=146-10"". 3
9,30-10 % k2 @

Bpaxoeyiouu (3), ompumaemo:
P = (1,8-10% 4-u*)(1,46-10*) = 26,28 4- 1"

0) Hamazeniuenicms 3paska saniza euznauumo 3a gopmynoio (20.39):
N

2R 2
p, - =&=%A§MS=L5-1OG Al .
AV \Y 1,73-107 m

Tym V = lab = (012 x)(0,012 )(0,012 ) = 1,73-10™ w® — 06 cm 3paska.
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8 20.11 Iapamaenemuszm. [fiavachemusm

§ 20.10. ®epomMarneTuzm

Sk yxe BimMIYamock, BCI PEYOBUHH BOJIOMIIOTh TICBHAMH MarHITHIMH BJIaCTHBOCTSAMMU. Pe-
YOBHUHH, SIKi [POSBISIIOTH CUIIbHI MarHiTHI BiactuBocTi (1 >>1) mpu BHeceHHi 1X B MOTYXHi
MAarHiTHI [TOJIs, HA3MBAIOTH (pepOMArHeTHKAMH (32J1i30, KOOAJIbT, HiKeIb, TaX0MiHIl i ps
cruiaBiB). HaMarHigeHicTs TaKux peYOBUH Y BiZICYTHOCTI MAarHiTHOIO OIS BiMiHHA BiJ| HYJISL

®depoMaraeTi3M IPUTAMAHHUA PEUOBHHAM, SKi CKJIAJAOTHCS i3 aTOMIB 3 BiIMIHHHAM Bij
HYJIS CyMapHUM MarHiTHUM MoMeHToM. OJJHaK, CyMapHi MarHiTHI MOMEHTH aTOMIB, SIK ITpaBH-
JI0, OPi€HTOBaHI BUMAIKOBO (Xa0THYHO). JleTabHe MOCIIDKSHHSI CTPYKTYPH KPUCTANIB MMOKa-
3aJ10, 10 B MarHETUKaX iCHYIOTh ayxe manenbki oomacti (0,1 — 0,01 MMm), B IKMX MarHiTHiI MO-
MEHTH aTOMIB BITOPSITKOBaHI i BOHM BOJOAIIOTH PE3yJbTYIOUYMM MAarHiTHIM MOMEHTOM. Taki
o05acTi Ha3MBAIOTHCS MATHITHUMH AoMeHaMu. KoXXHHIT TOMEH — Iie MaJIeHbKHH CHIIBHUH
MIOCTIWHWIA MaTHIT, IKUA Ma€ TBHIYHUN i miBAeHAUN momtocu. OHAK, Y 3BHYaHOMY IIIMATKY,
SIKHA OTPUMABCS TIPH 3aTBEpAIBaHHI PO3IUIABY 3aj1i3a, IOMEHH MaroTh

T ' HeBropsiaKoBany opienramnito (puc. 20.31, a). Takwuit miMaTok 3armiza
\ l HE BUSBIISIE MAaTrHITHUX BIIACTHBOCTEH, OCKITBKM MAarHiTHI MOMEHTH
JIOMEHIB B3a€MHO KOMITCHCYIOThCS. SIKIIO TOMEHHM MAIOTh IEPEBAXHY
OpieHTAaIi0, TO Takuii MMAToK 3aiiza Oyme maruitom (puc. 20.31, 6).
TyT mepeBakHa Opi€HTAIlis JOMEHIB BHU3. SIKIIO 3alTi30 MOMICTUTH
B CHJIbHE MarHiTHE TI0JIe, TO BOHO HAMarHITUTHCS 1 30epiraTume mar-
HITHI BIIACTUBOCTI JJOCTATHRO J10Bro. [[pnumHO0 IBOTO € Te, 10 J10-
MEHH 37aTHI i/ Ai€0 30BHIIIHBOTO TIOJIS JAEIIO0 TIOBEPTATHCS 3a T10-

a o JIeM, 3MIHIOBAaTH CBOI MEXi, TOOTO JOMEHH, Opi€HTAIlisl AKAX BiJlIO-
Puc. 20.31 BiZlaJla HaNpPsIMKY 30BHIIIHBOTO MOJIS, 3MIHIOIOTH CBOI PO3MIipH 3a
PaxyHOK IOMeHiB 3 iHmo0 opienTariero (puc. 20.32). Otpumanmii B

TaKui crocid i3 3aii3a MarHiT Mo)Xke TPUBAJIMK Yac 30epiraTi HaMarHi4eHicTh 1 TOMy HOro Ha-
3WBAIOTPH “MOCTiifHUM MAarHiTOM”. SIKIIIO IO TAKOMY MAarHITy BIAPUTH MOJIOTKOM, JOMEHH I10-
BEPHYTHCS y HE BIOPSAKOBAHWI CTaH 1 MAarHiTHI BIACTHBOCTI YaCTKOBO, 00 HABITh IMOBHICTIO,
3HHUKHYTb. BTpaTy MarHeTn3smy Moke TaKOX CIpH-

—->+ >

l
!

>
-

—

>
|—| |—

¥ - YMHUTH | HAarpiBaHHSA. MPU MiABUIIEHHi TeMIie-

S |||/ “— || N paTypH MiICHIIOETHCS XA0THYHHIA TeI10BHii
¥/x \ € =< PyX aToMiB, II0 € MPUYUHOI e30picHTAIil
aoMeHiB i HaBiTh iX pyiinyBanHs. Temmepary-

Puc. 20.32 Py, TIpH sAKi#f peuoBrHA (MarHeTHK) BTpadae CBOi

MAarHiTHi BJIACTHBOCTI (HAMarHi4eHicTh), HA3H-
BarOTh TOUKOKW (Temmepatyporo) Kropi. [lmst 3amiza touka Kropi nopisaioe 768 °C. Jlist mes-
KHX €JIEMEHTIB 1 cIu1aBiB Touka Kropi Ie:KuTh B 001aCTi TOCTaTHHO HU3BKUAX TEMIICPATyp.
CroropHi icHye unmaino (epomaraiTHuX marepianiB. OauH i3 HEX ciuiaB “AnHiko 157,
stxmii mictuts 20 % Ni, 15 % Co, 9 % Al, 4 % Cu i = 52% Fe. Ile kpuxKHii CIIIaB 3 BUCOKUM
3aJIMIIKOBHM MAarHiTHUM II0JIeM, sIKe Ba)KKO 3pYHHYBATH, IO POOHTH LIeH CIUIaB JAyXe MOTYXK-
HUM 1 TpUBAJIMM MarHiTOM. [HIMiT crmaB 3aiiza, SKuii Ha3uBaeTbes “MarHiko”, Mae MarHITHY
cnpuiinsitinuBicts Oinbiie 10000. Ieit cruiaB BUKOPUCTOBYETHCS UTSE MATHITHOTO €KpAaHYBAHHS
B CIIa0OKMX 30BHIIIHIX MOJAX.

§ 20.11. MapamarHeTusm. JliamaraeTusm

HedepomarHiTHi pe40oBHHH JiIATHCS Ha IBa OCHOBHI KJIaCH: MApaAMArHETHKH, Y SKHUX Bi-
JIHOCHA MarHiTHa MMPOHUKHICTE JEIIo OibIne oxuuuii (Tak, y maprasmo u = 1,0038, y amtomi-
miro x = 1,000023, y azory x = 1,000000013), i miamarueruku, y skux u < 1. Monekyau a6o
aTOMH TIapaMarHIiTHUX PEYOBHH BOJOMIIOTH CTAIMM MAarHITHUIM MOMEHTOM. BHaciiiok Tero-
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20. Maenimne none

BOT'0 PYXY PO3MOJIUT HANPSIMKIB MarHiTHUX MOMEHTIB X aTOMiB 200 MOJIEKYJI B TiJli XaOTH4-
HUH. SIKIIO Take TiIO BHECTH B MarHiTHE TOJIE, TO BiOYBA€THCS BIIOPSAKYBAHHS PO3MIMICHHS
MarHiTHUX MOMCHTIB HOT0O aTOMiB a00 MOJICKYJ BiIIOBITHO HAMPSMKY ITOJIA, IO TPU3BOAUTH
JI0 c71abKOr0 HaMarHidyBaHHs ITapaMarHeTHka. B mapaMarsiTHOMY Tili BUHMKAE BJIacCHE MAarHITHE
ToJie, HampsMIICHE B TOM camMuid OiK, IO 1 30BHIIIHE MarHiTHE moie. [IoBHA iHAYKIliS MarHiT-
HOTro 1ojist (TOOTO cyma iHAYKIii 30BHIIIHBOTO IOJS i MO BIOPSIKOBAHKUX IUIIONIB) IO
Outeina By. IlapaMardiTHHI cTep)KeHb B 30BHIIIHBOMY MAarHiTHOMY ITOJI PO3MIIIYETHCSI B3/IOBXK
TiHi# HanpyxeHocti poro mois (puc. 20.33). MarHiTHa CIpHAHATIMBICTS MApaMarHETHKIB
x > 0, aye BOHa 3aJIeXXHTh BiJl TEMIIEPATypU: BOHA 3MEHIIYETHCS 3 TiIBUICHHSIM TEMIIEpaTypH.
J1is1 6araTpox MapaMarHiTHUX PEeYOBHH 3aJISKHICTB y BiJI TEMIIEpaTypH OIMCYEThCS 3akoHoM Kropi:

x == (20.47)
T

Tyt ¢ — xoncranra (crana Kropi), T — abcoroTHa TemrepaTypa. Taki mapaMarHeTHKH Ha3HBa-
IOTHCSI HOPMAJBHUMH. [HITY TPyITy TapaMarHEeTHKIB CTAHOBIIATH PEUYOBHHH, IS IKAX MarHiT-
Ha CIOPUHHATINBICTE HE 3aJIOKHUTH B Temneparypu. Lle anomanbHi mapamaraernku. Croan
BITHOCSATHCS BaHAIM, MapraHenpb TOIIO. Bci mapamarHiTHI peYOBHHH, 5K 1 (epOMarHETHKH,
BTATYIOTHCS B O0JIACTh CHJIPHOTO MAarHITHOTO TOJIA, aje Nif04Ya Ha TaKi PSYOBHHH cuia Oyne

npubmzHOo B 100 pasiB MeHIIa cuimy, sika JTi€, HaIpUKIa]], Ha 3aJ1i30.
JiamaraeTuxkn noOyIoBaHi 3 aTOMIB 200 MOJIEKY, sIKi HE BOJIOIIOTh CTATMM MAarHITHUM

——]
N ) MapamarHeTuk: ) S N 9‘}”“‘0& S
Puc. 20.33 Puc. 20.34

MomeHToM. ITin mi€r0 30BHIMHBOrO MarHiTHOTO IOJS B WX PEYOBHHAX BHHHUKAIOTH MATHITHI MO-
MEHTH, OJTHAK HABEIECHUH MarHiTHIi MOMEHT BHSBIIIETHCS HANPABICHUM HPOTHIICKHO 30BHIII-
HbOMY TTONMI0. TOMY B HEOZHOPITHOMY MarHiTHOMY HOJI AlaMarHeTHK BUIITOBXYETHCS B 00IACTh
OispI cT1a0KOTO IMOMNS 1 BCTAHOBIIIOETHCS TaK, 1100 HOro Bich Oynna MepreHANKYIsIpHA 0 Ha-
npsimky 1ioist (puc. 20.34). Miamarsetu3swm e inaykiiiianm edekrom. Bin mMae micue y Beix 6e3
BUHSTKY PEYOBHHAX, B SKOMY O CTaHI BOHM HE 3HAXOIMJIHCS — ra30noAiOHOMYy, pigkoMy abo
TBepaoMy. JliamarHeTnsm — eheKT JyKe CadKui 1 y mapa- i (hepOMarHiTHHX TijlaX BiH HEIOMITHHI.

B Tabmumi 20.2. HaBeseHi 3HAYEHHS MArHiTHOI CIPUHUHSTIMBOCTI ) PI3HUX PEYOBHH IIPH
KiMHaTHi} TemriepaTypi.

Ta6mms 20.2
PeuoBuna 2-10°

Kucens (pigxwuit npu — 183 °C) 150
g Tazomoni6uuii kucenn(20 °C) 0,2
E AnromiHIT 2
5 Harpiit 0,6
§ Mapraneup 90
= Xpom 30

TTammamin 80
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8§ 20.13 [Jisn MaeHim1o20 noist Ha HCUBL OPeAHIZMU

Bicmyr -17
TyTh(piaka -
g PryTh(pinka) 3
o Cpibmo -2,6
§ Caunelb -1.8
.S ; —
= Mins 1,0
Mur’ stk -2
o .
= > 3anizo 10 10000 B 3aiexxHOCTI Bij,
5 E KobGabr II0YaTKOBOI HAMAarHi4eHOCT1
2, .
é—) Hikens

Sk BuzHO 13 Tabmuni 20.2, B mopiBHSAHHI 3 (pepoMarHeTU3MOM HapaMarHiTHi eexTH mpo-
SIBIISIFOTHCST JIY’Ke €11a00.

§ 20.12. IoHsTTSI MPO OiOMArHETH3M

B Oyap-skoMy oprasi3mi Ipouec XHUTTEASUIBHOCTI CYNPOBODKYETHCS HPOTIKAHHAM B
HBOMY JYK€ CJIa0KMX €JIEKTPUYHHUX CTPYMiB — 6i0CTPYMIB, SIKi BUHUKAIOTH SIK HACIIIOK €JIeK-
TPUYHOI aKTUBHOCTI KJIITHH, 1 K IPABMUIIO M SI30BHX 1 HEPBOBHX. biocTpymu mopomxyroTh Ma-
THITHE TToJIe 3 iHayKmiero B = 10 4 _q0 Tn, sixe BUXOIUTH 1 3a Mexi opranizmy. Lle mome
Ha3UBAIOTH 0iOMarHiTHUM.

BumiproBanns cnaOkux 610MarHiTHHAX MOJMIB ChOTOAHI cTajo MoxkinBuM. 1lle B 60 — pokax
MUHYJIOTO CTOJITTS AJIS I1i€i MeTH OyB CKOHCTPYHOBAaHHI MarHiTOMETp, KU OTpHMaB Ha3BY
CKBI/JI, Uyrmusicts CKBIJ] - maruitomerpa ckaamae 10 Tn.

PeecTpamis OioMarHiTHUX IOJNIB Ha3WBAE€ThCS OioMarHiTorpadiero. BumiproBanus 6ioma-
THITHOTO TTOJIS1 Ja€ iHpopMariiro mpo 6iocTpymH, siki fioro remepyroTts. [Hpopmariito mpo Gioct-
PYMH B OpraHi3mi OTPUMYIOTh 1 3a IOIIOMOro0 ejeKTporpadiuynux meroxais (kapmiorpadii,
enredanorpadii Tormo). Meroa Giomaraitorpadii i exekrporpadiudi METOmH alOTh Pi3HY
iH(pOpPMAIIIIO PO CTPYMH B OpPraHi3Mi, TOMY iX MOTPiOHO PO3IIISIAATH SIK B3a€MO/IOTIOBHIOIOMI.

MarniTtorpadiss BUKOPHCTOBYETBCS IS TOCIIDKEHHS CepIls, CKEIeTHUX M s3iB, OKa, CiT-
KiBKH OKa, MO3KY Tomo. OfHaK TOiOHI TOCTIIKSHHS BiTHOCATHCS A0 JyXKe TOHKHAX 1 TOYHIX
BHMIpIOBaHb i BUMAraloTh JyXe TOYHOI anaparypH.

Bizomo, 1o B JesKiuX OpraHiMax MiCTAThCsl Kprctani Maraetuty (Fe30y4) posmipom 0,1 mirom
— 1e O/mpKkomy, TomyoH, meski Oakrepii, nenbdirm Tomo. Kpucramu Fe;O,4 MaroTh OmOBXKEHY
¢opMy i posmimeHi ModIM3y HEPBOBHUX 3aKiHUEHb, PEAKIis SKUX Ha ITOBOPOT KPUCTANTIB Bif-
HOCHO MarHiTHOTO TIOJIS 3eMJIi MO>Ke TTOSICHATH HaBirariiHi 31i0HOCTI BKa3aHMX JKUBHX 1CTOT.

Marnitookynorpamoro (MOT') nasuBatoTh curtan BenudauHoo a0 20 nTu, skuii BHHHU-
Ka€ TpH pyci oveil: MK PI3HUMH IIapaMy CiTKIBKH iCHY€ JOCTATHHO BHCOKA Pi3HMILI MTOTEHIIi-
anis (mo 10 MB), sika mopowKye mocTiiHi 6iocTpyMmu OKa, siki i reHepyrots MOI — noe.

Haifcnabmri GioMarHiTHI TOJS, SIKi CTBOPIOIOTBCSA B OpTaHi3Mi JIFOIUHH, MOPOIKYIOTHCS
AKTHBHICTIO HEPBOBOI CUCTEMHM, B TOMY YHCII 1 TOJIOBHOTO MO3KY. BMBUEHHS IMX CHUTHAIIB, B
cuiTy iX iH(OPMATHBHOCTI i BaXXJIMBOCTI, BUIUISIOTh B OKPEMHI PO3IUT — HEHPOMAarHeTH3M.
[TpocTopoBmii pO3MOIT 1 YacoBa 3aJISKHICTh MAarHITHUX CHUTHAJIIB NMPSAMO BiOOpaXkaroTh BHY-
TPIIIHIO 010ETICKTPUYHY AKTUBHICTH MO3KY.

§ 20.13. jist MarHiTHOTO IOJISI HA JKHBi OpraHizMu
Otouyrode Hac CepeOBHIIE 3aBK/IU IepedyBao i nepedyBae I/ BIUINBOM €JICKTPUYHHX,
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20. Maenimne none

MAarHiTHUX 1 €l1eKTpOMarHiTHUX nouiB. Lli mosst cripudnHeHi NprUpoJIoIo i TOMY IX Ha3MBAIOTh
(¢oHoBMMH. 3 PO3BUTKOM HAyKH 1 TEXHIKM ()OHOBE BUIIPOMIHIOBAHHS 3HAYHO IiJICHIIMIIOCS i
MIOCTYIIOBO ITiACHITIOETHCS 32 PAXYHOK TEXHIYHHUX MPHUCTPOIB, SIKI MOXKYTh OYTH JDKEPEIIOM I10-
niB (moTyXxHi JiHIT enekrporepenad, TpaHchopmaropy, Kabeini, po3moAiieyi MpUcTpoi, mody-
TOBI MPHJIA/H TOIIO).

J1o 1oIiB IPUPOAHOTO MOXO/HKEHHSI MOXKHA BIJHECTH €JIEKTPHYHE I10JIe, IO iCHYE HaBKO-
70 3emMili, cepeiHs HampyX)eHicTh sikoro ckianae ~ 130 B/m. Ile mone memo pisHe B pi3HHX
TOYKAaX 3€MHOI ITOBEpPXHi 1 3MIHIOETHCS IIif Mi€r0 Pi3HHUX (akTopiB (TPO30Bi pO3PsIH, OIMAIH,
i Katakitismu). HampykeHicTh MarHiTHOro moss craHoBuTh ~ 47,8 A/M Ha miBHIYHOMY 110~
moci Ta ~ 39,8 A/M Ha niBaeHHOMY Tomoci. Ha MarHiTHOMY eKkBaTOpi HalpyKeHICTh MarHiT-
Horo mons ckianae ~ 19,9 A/m. Ile mone xonmBaetses 3 8 — 11 — pivanvu nmkramu. BoHo Ta-
KOX TIIIa€THCS KOTMBAHHSAM IIiJI BIUIMBOM MarHiTHHX Oypb. KpiM Toro Ha moipoBi XapakTe-
pUCTHKH 3eMJli TIOCTIMHO CIIPaBiISIOTH BIUIMB ENEKTPOMArHiTHE BUMpoMiHioBaHHS COHII Ta
BCUISIKI TIPOLIECH, IO BiIOYBAIOThCS B 3€MHUX HaJpax.

MarsiTHe mole, SK i iHIII TI0JA, CIIPaBIIsi€e TIEBHUN BIUIMB Ha 010JOTiYHI 00’€KTH 1 iX cHC-
TeMH, SKi B HbOMY 3HaXOAATbCs. [Ipudomy 1ied BIUIMB MoOke OyTH SIK CTHUMYINIOIOUHM, TaK i
YIIKOKYIOUHM.

Tak moBemeHo, IO JIFOIH, SIKi TIOCTIHO MENTKAIOTh MOOJMM3Y MAarHITHUX IMOIOCIB 3eMi,
MEHIIIe XBOPIIOTh IiIBUIIEHUM apTepialbHUM THCKOM. € maHi mpo 3arnbensd apo3odian B He-
OJHOPITHOMY MarHiTHOMY M0Ji, MOP(OJIOTiYHI 3MIHM Y POCJIVH 1 TBApHUH MicIs epeOyBaHHS B
MOCTIHHOMY MarHiTHOMY TOJIi, TIPO OPi€HTAIiF0 POCIMH B MarHiTHOMY IT0JIi, BIUTUB MarHiTHO-
TO ITOJIsl HA HEPBOBY CHUCTEMY 1 3MiHY XapaKTEpHUCTHK KPOBI TOIIO.

ExcriepumenTr mokazam, mo o0poOKka HACIHHS MarHiTHAM TIOJIEM, a TaKOX TOJIFB HAMarHi-
YEHOFO BOIOIO, TMi/IBULILYE BPOXKANHICTD NEAKUX KYJIBTYP B KilIbKa pa3iB (HAIIPHKIIA, IIOMIIOpIB).

Bceranosinena 1ikaBa 0COOIMBICTD, IO BIUIMBHU Ha KMB1 00’ €KTH 3MIHHUM MAarHiTHHUM I10-
JIeM, 0COOJIMBO YYTIIMBI IO PE30HAHCHUX YaCTOT, TOOTO HOCATH IOCTPE30HAHCHUH XapaKTep.

ITpupoaHo, 1110 NEPBUHHUMH IPOIIecaMy Y BCIX BUMAJKax € Qi3uuHi i (i3UKO-XiMiuHi Mpo-
necu. Takumu mpoliecaMu MOXYTb OyTH TONISIPU3AIiisi MOJIEKYJ, 3MiHHA KOHIEHTpALisT MoJie-
Kya 200 10HIB B HEOJHOPIAHOMY ITOJi, CHJIOBHH BIUIMB Ha 10HH, SIKI IEPEMIIIYIOTHCS Pa3oM 3
GionoriuHotO pinuHO0, BUHUKHEHHS EPC iHayKii ToImIO.

®diznyHa MpUPOAa BIUIMBY MarHiTHOTO TIOJS HA 010JIOTiYHI 00’ €KTH IIIe HE BCTAHOBJICHA 10
KiHIpL. ChOTO/IHI ICHYIOTP JIBl TOUKH 30py Ha MeXaHi3M 010e()eKTiB, sIKi BHHUKAIOTh Ha MOJIEKY-
nspHOMY piBHI. [lepima Touka 30py mpoOye MOSCHUTH BIUIMB MAarHIiTHOTO ITOJIS Ha 01000’ €KTH
YUCTO EHEPreTUYHOI0 B3aeMomiero depe3 HaBeaeHHs EPC iHmykmii Ha KIITHHHIX MeMOpaHax.
JlexTo i3 BUEHHX BBa)Kae, IO I TOUKa 30py (1iei (hakTop) € 0CHOBHOMO. [HIIIa TouKa 30py 3B’s13aHa
3 TaK 3BaHOKO “‘BOAHOIO” rilmoTe3010, 3TiIHO SKOI MEXaHi3M O10JIOTTYHOI Iii OIS 3BOAUTHCS 10
HOro BIUTMBY Ha BOAY, TOOTO 3MiHM CTPYKTYpPH BOIH, SIKa BH3HAYAE XapaKTep Pi3HOMAHITHUX
0ioTOrivHMX peakIliif, mo MPOTIKAIOTh Y BOMHOMY cepenoBuIli. Tak, B HAMardHideHiit Boxi cro-
cTepirasocs 3HIKCHHS aKTUBHOCTI caxapo3H, YPeo3H 1 iHmuX (HepMEHTIB.

Takum 9MHOM, MEXaHI3M BIUIMBY MarHITHOTO TIOJS HA JKMBI OPTaHi3MH IIe JAJICKO HE TIOBHO
BuBYeHUH. OHAK, TOCTIiiHI, 3MiHHI Ta IMIOYJIbCHI 3MiHHI MarHITHI TOJS TOCTATHBO IIHPOKO
BHUKOPHCTOBYIOTHCS B JTIKAPCHKIiH MPAKTHII IS TIKyBaHHS PSIY 3aXBOPIOBAHD 1 TPABMaTHUHHUX
TIOIIKO/IKEHb.

3 iHmoro 60Ky BiOMO, 0 Oyab-sKi TpHUBaji BIUTMBH MATHITHOTO ITOJIS, BiIMIiHHI BiJl TICB-
HOi HOPMH, Ha XWBi OpraHi3M{ MOXXYThb CIPOBOKYBATH MATAJOTiUHI sSBHUIIA. [ 3aXucTy Bif
HETaTHBHOTO BIUTUBY MTOTY>KHUX MAarHITHUX MOJiB HEOOXiTHO 3aCTOCOBYBATH 3aXHCHI 3aCO0H —
1Ie B OCHOBHOMY CICIIEKPaHU, BUTOTOBIICHI 13 CIeniaThbHAX MaTepialiB.

308



2 1 ENIEKTPOMAIHITHA
IHOYKUIA

B momepenHboMyY poO3JTiTi BCTAHOBIICHO 3B’S30K MiX CICKTPHYHUMHU 1 MArHITHUMH SBH-
IIaMU. eNIEKTPUYHUI CTPYM CTBOPIOE MarHiTHe 1ojie, a 3 00Ky MarHiTHOTO OIS Ha eJIeKTpHY-
HUHA cTpyM, abo Ha pyxomuii 3apsn, aie cuina. Maiikin ®apajeit, 3HaI0OYM MPO TICHUH 3B 130K
MIDX €IEKTPUYHUM CTPYMOM i MarHiTHUM IojieM, OyB ITEpeKOHAHMH, 110 32 JOIOMOT'0I0 MarHi-
THOT'O TIOJII MOKHA CTBOPUTH B 3aMKHYTOMY IIPOBIZIHUKY €JIEKTpUYHUI cTpyM. Bin GaraToun-
CeNbHUMH JIOCTIiTaM¥ ATBEpAMB CBOI 370TaaKH, BiakpuBmm y 1831 p. sBume exekrpomar-
HITHOI 1HTYKITii.

®Dapayeil ekcriepiMeHTAIbHO BCTAaHOBHB, IO Oy/Ib-sIKa 3MiHA MarHiTHOTO MOJIA, IO HPO-
HHU3yE 3aMKHYTHI KOHTYp, BUKJIMKA€ B OCTAHHROMY IIOSIBY €IEKTPUYHOTO CTPyMY, TaK HiOM B
HbOMY 3HaxoauThest jokepeno EPC. OtpuManuii B Takuii criocid cTpyM Ha3HWBaIOTh iHAYKIiii-
HuM (HaBenenum), a EPC, sika fioro crBoproe, EPC ingyKimii.

[Ti3Hinmi geTambHi TOCITIHKCHHS SBUINA IEKTPOMATHITHOI iHAYKIIIT 3aCBiTYIIIN, IO 33 J0-
MIOMOTOI0 [THOT'O SIBHINA MOJKHA OTPUMATH EIEKTPUYHUHA CTPYM NPAKTHYHO OYyIb-SKOi TOTYX-
HOCTI, II0 JO3BOJIS€ IIUPOKO BUKOPHCTOBYBATH EJIICKTPUYHY €HEPIil0 Ha MPAKTHII.

§ 21.1. Enexrpopyuriiina cuia ingykuii. [IpaBuio Jlenua

®dapanei, y3araapHIOIOYH JOCTiAHI (akTH, NIHIIOB BUCHOBKY, 10 EPC iHIyKIIii 3aeXuTh
BiJl TOTO, SIK IIBHUIKO 3MIHIOETHCS MarHiTHE IOJIE. YMM IIBH/IIE BOHO 3MiHIOETLCS, THM Oi-
apma EPC. Ogaax EPC inaykmii He mpocTo mponopiliiiHa MBUAKOCTI 3MiHU 1HAYKIIIi MarHiT-

Horo noist B, a mponopiiiiHa MBUAKOCTI 3MiHM MarHiTHOroO MOTOKY @g, KUl BU3HAYAETHCS
AHAJIOTIYHO [IOTOKY HAMPYXKEHOCTI exexTpuaroro moist ( § 17.7 ). To6ro

@, =BS, (21.1)
Jie B — iHgyKnis MarHiTHOTO TOJIsL, S — IUIOMIAAKA, HEPICHIUKYIISIPHA JiHIIM 1HIYKIIi 1Mo,
SIKY BOHH IIPOHHM3YIOTb. SIKIIIO TuTONIaaKa S He MepHeHuKynsIpaa B, to

@, =BScos¥, (211, a)

Jie € — KyT MK HarpssMKoM B 1 meprneHauKynsipom 110 IUIomanKy S.
SIKIIo po3risAaTH MAarHiTHUN MOTIK Yepe3 3aMKHYTY HOBEPXHIO, TO PE3YJIbTYIOUHH MOTIK
3aIUIIEeTHCS TaK:

@B=§é-d§ =0, (21.2)

xe dS - BEKTOp, POIOPLIiHHHMIT IO TOBEpXHi dS 1 nmepreHMKYIApHI 10 Hel.
OIMHHIEI0 MarHiTHOro moToky € Bebep (BG); 1B6 = 1Tm-m° = 1B - c. Lla oguaums
OTpHMaJia Ha3BY Ha 4eCTh HiMelbKoro dizuka Binsrensma Exyapna Bebepa (1804-1891).
BukopucToByloun MOHATTS MarHiTHOro nortoky, ®apaneit chopMmyoBaB HacTYIHUH 3a-
koH: EPC inaykuii B KOHTYpi A0piBHIOE IIBUIKOCTI 3MiHM MarHiTHOI0 MOTOKY 4Yepe3 KOH-

TYp:
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21. Enexmpomacuimna iHOyKyis

dd
E=-—=. 21.3
== (21.3

CuiBBinHomenHst (21.3) Ha3MBAOTh 3aKOHOM eJeKTpoMAarHiTHoi imgykuii dapanest i
BiH € OIHUM 13 (DyH/ITaMEHTAJILHNX 3aKOHIB €JIEKTpOMarHeTu3My. SIKIo 3aMKHYTHH KOHTYp CKJIa-
naeTbest He 3 omHoro, a 3 N Butkis, To EPC inaykuii konTypa nopisaioBatnme cyMi EPC inmykuii
KOXXHOTO 13 BUTKIB!
N4Ds
dt

Bpaxosyroun, mo 1B6 = 1B - ¢, EPC inaykuii &; nicraHeMo y BoJbTax.

&= (21.4)

3rigHo excriepumeHTanbHUM fMaHnM, EPC iHaykuii 30ymKye B KOHTYpI €IeKTPHYHHNA CTPYM,
SIKMH CTBOPIOE BJIACHE MarHiTHE mose. 3B’S30K MK HAIIPSIMKOM IHAYKIIHHOTO CTpyMy B KOH-
TYpi 1 IHAYKIIHAM MardiTHAM mojeM OyB BCTaHOBJICHHH pociiicbkuM ¢izukom Jlenmom (1804 —
1865) y 1833 p. 3uaiigenuii HUM 3B’30K HA3UBAIOTH MPABUJIOM (3akonom) JleHma [uis enek-
tpomartiTHOi iHAYKUii: EPC inaykuii cTBopioe B 3aMKHYTOMY KOHTYPi Takmii iHIyKuiii-
HHIl CTPYM, IKHMii CBOIM MAarHiTHHM M0JIEM MPOTH/IIE€ THM 3MiHAM, Ki BUKJIUKAIU iHAYK-
niifHmii cTpym.
3acTocyeMo Iie MPaBWIIO JI0 BUMAJKY, 300pakeHOMY Ha puc. 21.1 — BitHOCHOMY pyXy BHT-
Ka i MarHiTy. 3MiHHAH MarHITHAN TIOTIK, SIKUHA TOCATAETHCS BHACIIIOK PyXy MarHiTy a0 abo Bix
BUTKa, iHAykye EPC, sKa 30ymKye y BUTKY CTPYM, a LIed CTPYM CTBOPIOE BIIaCHE MarHiTHE I10-
ne. SIkmro MaraitT HabmmkaTH 10 BuTKa (pric. 21.1, @), ToO MarHiTHHIA MOTIK Yepe3 BUTOK 301Tb-
G G nryBatuMerhbesl. CHITOBI JIiHIT MarHiTHOrO TOJSA Ha-
nipasieHi BBepX. 1100 mpoTuisT 30UTBIICHHIO 30B-
HIIITHBOT'O TOJIS, MarHiTHE MOJe THAYKIIHHOTO CTPyMY
TIOBUHHO OyTH HarpaBlicHe BHU3. TakuM 9iHOM, 3Tif-
HO TpaBwIa JIeHIa, HanpsIMOK CTpyMy ITOBHHEH Oy-
TH TaKWUM, SK 1MOKa3zaHo Ha puc. 21.1, a. Hanpsmok
IHAYKIIHHOTO CTpyMy MOXXHa BH3HA4YUTH, KOpHC-
TYIOUYHCH MPABHJIOM IPABOi PYyKH: NPOBiTHHK (B
SN[ il HAIIOMY BUNAIKY BHTOK) YSIBHO O0XOILTIOETHCS
MPaBOI0 PYKOIO TaK, 1100 YOTHPH MAJbII MOKa-
3yBaJIM HANPSIMOK I10JIs1, 2 BeJIMKHIi Majienb NoKa-
JKe HANpsIMOK iHAyKuiliHoro crpymy. Ilpn 3men-
IICHHI MardiTHOro notoky (puc. 21.1, 6) iHmyKmii-
HHIl CTPYM CTBODIOE TIONE, SIKE HalpaBlicHE BBEpX,
S S IFIM CaMUM TIPOTHAIFOUH I1iH 3MiHi. HampsiMok iHmTyK-
LIHHOrO CTPYyMY TaKHH, SIK TI0Ka3aHO Ha PHCYHKY.
I3 BHIIIE CKA3aHOTO CTa€ 3pO3YMUIMM 3MICT 3HAKY
MiHyc y dopmyii (21.3): BiH BKa3y€ HAMPSAMOK,

(=1}
v

Puc. 21.1

B sikomy i€ EPC inaykuii.

[paBuio Jlenna npeacrapisie COO00 3aKOH 30epeKeHHS CHEPTii B eMEKTPOMATHITHUX TIPO-
necax. B mboMy MOKHA JIETKO TTEPEKOHATHCS, SKIIO YSIBUTH €001, IO BCE BiIOYBAETHCS HaBIA-
ki, TOOTO mpaBmio JIeHna He BUKOHYEThCA. [HIYKIIHNN CTPYM B TAKOMY pa3i CTBOPIOBaB OU
MarHiTHUHA TIOTiK OJHOTO HAMPSIMKY 3 30BHIIIHIM MarHiTHUM IOJIEM, IIIO TPU3BEI0 O A0 3poc-
TaHHS MarHiTHOTO MOTOKY. 3POCTaHHS MarHiTHOI'O MOTOKY HPH3BENO O 10 30UIbIICHHS 1HIyK-
IAHOTO CTPYMY, IO CYTIPOBOIKYBAJIOCS O Iie OIIBIIO0 3MIHOIO MarHiTHOTO MOTOKY. SIK Hac-
JJOK CTPYM MPOAOBXKYBaB OM 3pOCTAaTH 10 HecKiHdeHHOCTI. Lle 03Hawano 6 mopymeHHas 3aKo-
Hy 30epekeHHS eHepril.

Hacawmxiners, 3ayBaxkmmo, mo EPC inaykmii BUHAKA€E TOAI 1 TUTBKA TOI, KOJIM BiOyBa€Th-
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8§ 21.2 EPC inoyxyii' y npogiOHUKY, W0 PYXAEMbCSL 8 MASHIMHOMY NOJI

csl 3MiHa MarHiTHOTO TOTOKY. 3Bifcu BumuiuBae, mo EPC Moxe Oyt iHAyKOBaHa JABOMA CIIO-
cobaMu: 3a paxyHOK 3MiHM 1HIYKLIi Mar"iTHOro mojs abo 3MiHM IUIOLII KOHTypa, abo Horo
opi€HTAaIli1 BITHOCHO MarHiTHOT'O TIOJIS.

Mpuraan 21.1. Bumox oiamempom d = 10 cm posmiwgenuti nepneHOuKyispHo 00Hopiono-
My mazHimuomy noqio 3 indykyicio B = 0,35 Th. Bumok eusodsms i3 nona 3a t = 0,12 c. Yomy
oopisuroe EPC indykyii?
Po3B’s30k. [1n0wa sumka
7d®  (314)(0,1m)?
4 4
Touamxosuii nomik uepes KOHMYp
@, = BS = (0,35 T1)(7,85-10"° m?) = 2,75-10° Ba.
Yepes t = 0,12 ¢ nomix uepes xonmyp cmac pienum nymo. Tomy, 32i0no gpopmyau (20.3)
_(0-®)  (0-2,75-107° B6)
t 012 ¢

S = = 7,85-107° u2.

& = =2,29-102 B.

§ 21.2. EPC inaykuii y NpoBiTHUKY, 10 PYXa€ThCA B MATHITHOMY MOJIi

€ nBa criocobu 30ymxenns EPC inmyknii: mepummii — 30ymxenas EPC B mHepyxomomy
OPOBIHUKY TIPU 3MiHI MArHiTHOTO MOTOKY Yepe3 KOHTYp (BiH HAMH yXKe PO3TISIHYTHiT); APY-
ruii — 30ymxennst EPC B npoBiHNKY, KU pyXa€eTbCsl B MAarHITHOMY NOJI. 3’5CYyEMO IPUYNHH
BuHukHeHHS1 EPC min yac pyxy npoBifHMKa B MarHITHOMY TIOJIi, SIKE 3 4aCOM HE 3MiHIOETHCS.

Hexaii ogHOpigHE MarHITHE TOJIe 3 IHAYKIIEI B mepneHauKyssipHe IUTOMIAII, YTBOpe-
dx Hoi HepyxoMuM U — 1oiOHUM NPOBITHUKOM 1 pyXOMHM Me-

L

® ® O g ® m® ® TaIeBUM CTEP)KHEM 3aBIOBXKKH |, 110 JIeXUTh HA HBOMY (pHC.
bl - i : 21.2). SIkmo crepskeHb KOB3a€ IO MPOBIIHUKY 3 IMBHIKICTIO
ol © O ©OQO i © © i 3a uac dt npoxoauts Bigcrans dx = v dt . Thoma KoH-
/ L . .
— > Typa 3a gac dt 36inemyersest Ha dS = ldx = lvdt. 3riguo
Ofl © O O ©® 11O© © . "
+ i 3akoHy Papagnes B koHTypi HaBomurhess EPC, BemmuumHa skoi
o oo ololo o Jopimoc
do BdS Blodt
E = — B _ _ = - Z—BIU. 215
Puc. 21.2 i ™ ™ m (21.5)

Lle cniBBigHOLICHHS CrpaBeUTUBE 3a YMOBH, 0 B, | i U B3aeMHO mepneHIUKYISpHI.

SIKIo BeKTOp U CKIaxae KyT 6 3 BektopoM inaykiii B, To gopmyma (21.5) Habye Bursy:
&= —Blusing. (21.6)

®opmyny (21.6) MOXHa OTpUMATH HE KOPUCTYHOUUCH 3akoHOM Dapazes. Bimomo (mus.
§20.5), o Ha 3apsDKeHy YaCTUHKY (HAIPHKIIAM, CIEKTPOH), sIKa PYXa€eThCsl i3 MIBUIKICTIO U
B MarHiTHOMY TOJi 3 iHIYKITI€F0 B , Iie cmta Jloperna
F, =QuBsind =evBsiné.
B MertaniyHOMY CTep)KHI € BiJIbHI €IEKTPOHH, TOMY, KOJH CTCPKCHb PYXa€ThCs BIIPABO

(puc. 21.2) 31 WBHAKICTIO U , OO €JIEKTPOHU TAKOXK PYXAIOTHCS BIPABO 3 TIi€HO 3K MBUIKICTIO.
Ile o3Hauae, 110 Ha KOXKHUH €JIEKTPOH JisiTuMe cuita JlopeHna i BoHM OyIyTh MiJl i€ro i€l cu-
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21. Enexmpomacrimua iHOyKyis

JM 3MilyBaTHCs 10 KiHOs crepxkus b. Skmo crepkens He 3aMkHyTHI U—110i0HUM NIPOBIIHU-
KOM, TO M)XK KiHIISIMH CTep>KHSI BHHUKHE Pi3HHIIA OTeHIIaNiB U, sika CTBOPUTH B HBOMY €JICK-
TpuuHy cuiy Fe, 1m0 3piBHOBaXkuTh crny Jlopenma. TakuM 9uHOM, 3MIMICHHS €ICKTPOHIB 10

. . Ue
KiHus b npunuHuTeCst, ko Fj, = |— Fe| . Ockinbku F, = eEzT (me e — 3apsx enekTpoHa),
OTPUMAEMO:
Ue .
-— =Bvesing,
|

3B1JIKH

U = -Bulsiné.

OCKUIBKH PI3HMILI MTOTEHIIIANIB MK TTOJIIOCAMH CTEPKHS MIPH PO3IMKHYTOMY KOJIi JIOpiB-
Hioe EPC, to &; =U. Tomy

& = —-Bulsiné. (21.6, a)

SIKIo pyXxoMuii MpoOBiAHMK B MarHiTHOMY IOJIi 3aMKHYTH Ha TaJbBaHOMETD, TO I'ajbBaHO-
METp MOKaXke HasBHICTh y KoJIi cTpyMy. HanpsiMoK iHAYKIIHHOTO CTpyMY, 1110 BUHUKAE B TIPS~
MOJIIHIHHOMY NIPOBIAHUKY IPH HOTO pyci B MarHiTHOMY IOJi, MOXXHA BHU3HAYHTH 32 MPaBH-
JIOM MPaBoi PYKH: SIKIIO MPaBy PYKY PO3MICTHTH B3/10BK NMPOBiTHMKA Tak, mo0 JiHii
MATHITHOI iIHIYKIii BXOAW/IH B J0JIOHIO, a BiNirHyTHii BeJHKHi Majenb MOKA3yBaB Ha-
NMpsiM pyXy NPOBiIHMKA, TO BUTATHYTI YOTHPH NAJBIi BKaKYTh HANPAMOK iHIyKIiiiHOro
CTPYMY B POBiTHHKY.

Mpuknan 21.2. Jlimax aemums 3i weuoxicmio v =1000 km /200 6 maenimnomy noni 3em-
i 3 inoykyiero B =5,0 - 10 Tu. 3naiimu pisnuyio nomenyianis, sxa iHOyKyemscs Misk Kinys-
mu kpui, akugo sidcmans mioie numu | = 70 m. Beaosicamu, wo ninii indykyii nanpaeneni mativice
BEPMUKATIBHO.
Po3B’si30K. 51 po3paxyHky pizHuyi nomenyianie ckopucmaemocs gpopmyioio (21.6):
U = & =Blusiné.
Ocxkinvku 8 = 0, mo

U =Blv = (5,0-10 Tu)(70 »)(278 m/c) ~ 1B.

§ 21.3. Camoinaykuis. [HAyKTHBHICTH

SIBumie eneKTpOMarHiTHOI IHAYKIIi CHOCTEpIiraeThesl y BCIX BUIAIKaX, KON 3MIHIOETHCS
MArHiTHA# MOTIK Yepe3 KOHTYp. SIKIIO MO NPOBiIHOMY KOHTYPY Tede CTpyM, TO BiH (KOHTYp)
MICTUTBCSl Y BIIACHOMY MarHiTHoMy nomi. Koiu cTpym, o Teue 1o KOHTYpY, MiHSATHMEThCH,
TO MIHSATUMEThCS | MarHiTHUH HOTIK BCEPEINHI KOHTYPY, SIKUH 30y/KyBaTUME B IIbOMY K KOH-
typi EPC innykuii. Bunukaennsi EPC ingykuii B KOHTYpi, sike BUKJINKAHO 3MiHOI0 MarHi-
THOTO MOJISl CTPYMY, 1[0 Tede B I[bOMY K KOHTYPi, HA3MBAaKOTh SBUIEM CAMOIHIYKMil, a
EPC, sxa npu ubomy BuHukae — EPC camoinayknii. /{ocBia mokasye, mo Ko cTpyMm B
KOHTYpI 3017bLIYETHCS, TO 3pOCTAlOYNH MAarHiTHUH MOTIK iHAYKye B KOHTYpi EPC, mix niero
SIKOI BUHUKA€E CTPYM, IPOTHICKHHUI MOYATKOBOMY CTPYMY, 1 CTApa€ThCs 3arajibMyBaTH HOTO
picT. SIKIIo X cTpyM B KOHTYpi 3MEHIIY€ETHCS, TO MArHITHAHN IOTIK, SIKUH TAKOXX 3MEHIITYETHCS,
30ymxye EPC iHayKmii, sika CTBOPIOE CTPYM, HAIlpaBJIeHUH aHAJIOTTYHO BUXITHOMY, B pe3ybTaTi
B KOHTYpI HiATPUMY€ETHCS IIOYAaTKOBA CHJIA CTPYMY.

312



8 21.3 Camoinoykyis. Inoykmusnicme

OCKIUJIBKY MarHiTHE 10JIe, SIKE IIPOHU3YE KOHTYP, CTBOPIOETHCS CTPYMOM, IO T€Ye 110 KOH-
TYypY, TO BOHO IIPOIIOPILifHE BEININHI CTPYMY B KOHTYpi. KpiM TOro, MaruitHe noie 3aj1eXuTh
BiJ popMH i pO3MipiB KOHTYPY, Ta MarHiTHUX BIIACTUBOCTEH cepenoBuia. Tomy

do = Ldl, (21.7)

ne L — crana BenmumHa, siKa Xapakrepusye (GopMmy i po3Mipu KOHTYpY Ta MarHiTHI BIaCTHBOCTI
CepeIoBHIIA.

OCKIJBKHM CaMOIHAYKINIS € OKPEMHM BHITAJIKOM SIBHIA €IEKTPOMATHITHOI 1HIYKIIii, TO 3a-
kon ®apanes (21.3) MmoxHa 3actocyBatH i i BusHaueHuss EPC camoinmykuii. Tomi

do dl
i=———=-L—.

dt dt
Cranry L Ha3uBaloTh iHAYKTHBHICTIO KOHTYpPY a0o koedinmieHToM camoinaykmii. I3
(21.8) Bunmo, o EPC caMoiHmyKIlii B KOHTYPi IPOMOpPLiiiHa MBHIAKOCTI 3MiHH CHIIH CTPYMY B
ueomy. Axuo dl/dt = 1, To €, = — L, To6T0 innykTuBHiCTS YrcenbHO nopiBHIOe EPC camoi-

(21.8)

HAYKIi, 10 BUHUKAE B KOHTYpPi IpH 3MiHi cnmm ctpymy Ha 1 43a 1l c.

B CI ozguuuuero ingykrusaocti € reupi (1) 1w =1B ¢/ A =10m - c.

[HIYKTHBHICTH KOHTYPY MOXHa pO3IJIAAATH SK Mipy Horo “iHepTHOCTI” BIJHOCHO 3MiH
CTPyMY B KOHTYpi. B IbOMy pO3yMiHHI iHAYKTUBHICTH L KOHTYpY B €JIeKTpOIMHaMILl Bigirpae
poJb, aHaJOTiYHy Maci Tina B Mexadini. EPC caMoiHaykiii 3aBxI1 BUHUKAE TPU 3aMHUKAHHI i
po3MukaHHi kona. I[lpuuomy B AeSKHX BHIAIKaX BOHA MOXKe OyTH 3HauHOrO0. YnM Outbina iHmy-
KTHBHICTH Kona, TiM Oinbina EPC i1 cuna ctpymy camoinmykii. Tomy rmpy BUMUKaHHI i 3 Benu-
KOO IHAYKTHBHICTIO B HAX MOXYTh BUHHKATH BEJMKI CTPYMH CaMOIHIYKIIii, IO HEOE3NeqHO
SIK JUTST CaMHX KT Tak 1 JUIs JIFOJHHY, sIka BUMHUKaE Kojo. 1100 3amo0irtd BHHHKHEHHIO BEJH-
KX CTPYMIB CaMOIHAYKIIi, B)KUBAIOTh 3aCTEPEXHI 3aXOAM, K, HANPHKIAJA, CHOYaTKy 3MEH-
LIYIOTh CHJIY CTPYMY B KOJIi, @ TIOTIM ITOBHICTIO BUMHKAIOTh CTPYM: JUISl €KCTPEHHOTO BUMHKa-
HH JIiHIN eJeKTpoTiepeiad, HaBaHTa)KEHUX BEJMKOI0 1HIYKTHBHICTIO, TIepen0adeHi CrielianbHi
BHUMHKa4i, pO3MiIlleH] B MPUMIIIEHHX 0e3 mozeil 1 3a0e3MeueHnX iCKpOoracCHIMH IIPHCTPOSIMHU.

Mpuxknan 21.3. Yomy dopienioc EPC camoindyxyii, Akuwo 6 komywiyi 3 iHOYKMUueHicmio
L =130 mln cura cmpymy pisnomipro spocmae 6i0 I, = 20,0 mA oo I, = 28,0 uA 3a uac
At = 140 mc?

Po3B’si30k. 32iono (21.8) EPC camoindykyii 015 0an020 6UnAaoKy eupasumo makx:

LA temh g,y (280-200) wd

8 P
< At At 140 mc

= 7,43 mB.

Mpuknan 21.4. Yomy oopisnioce indykmusnicmo L komywixu, EPC camoindyryii saxoi dopieHioe
&, = 6,50 B npu smini cunu cmpymy 6i0 Iy = =12,0 mA 0o I, = 23,0 mA 3a uac At = 11,0 mc?
Po3é’azox. Inoykmusnicmo L komywku eupazumo iz (21.8):

E4M| &Mt (65-10° mB)(LL0 nc)
Al |7 1=, (230 md+12,0 mA)

= 2043 mln = 2,04 I'n.

* OnMHUI HA3BaHA Ha YeCTh aMepukanchkoro dizuka JI. Tenpi (1797-1878), sxuit He3anexHo Bif
M. ®apazest BiOKpHB SBHILE €IEKTpOMArHiTHOI iHmykuii, ae M. ®apaneit nepmmii omyOiikyBas
BIZIKPUTTS JAHOTO SIBUIIIA.
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21. Enexmpomazrimua iHOyKyis

HOpuxnan 21.5. Ha komywyi 3 indykmusnicmio L = 0,32 I'n 30ydoicyemocss EPC camoin-
oykyii €,; = 35B npu 30invwenni cunu cmpymy 3a yac At = 2,0 mc 6io 0 do 1. Yomy Oopis-

HI0€ 3HaueHHs I7?
Po3B’s130K. 3anuwemo gpopmyny (21.8) ons nawozo éunaoky:

_‘_L(I—O)

&

c At

36I0KU

| = Eabt _ (35 B)(2,0-107% ¢)

= 0,22 A
L 0,32B-cl A4

§ 21.4. B3aemoinayKuis

PosrisiHeMo aBa KOHTYpH, po3MilneHi nobmusy oaun oxHoro (puc. 21.3). Hexaii cuia
cTpyMy B KOHTYpi 1 nopiBHioe ;. MarniTHuii moTik @, KU CTBOPIOETHCS LM CTPYMOM, TIPO-
nopuiiianii |;. TTosHaumMo uepe3 @1 4aCTUHY HOTOKY @, siKa IIPOHU3YE KOHTYp 2. 3a BH3HA-
YEHHSIM

@y = Lyl (21.9)

ne Lp; — xoedimieHT B3aeMHOI iHAYKIIT KOHTYpa 2 1o BigHOUIEHHIO 10 KoHTypa 1. IIpu 3MmiHi
cumm cTpymy |1 B koHTYpi 1 mOTiK @, Takox Oyme 3MIHIOBATHCS 1 B KOHTYpl 2 BUHHUKaTUME
EPC innykuii €, , BennunHa K0T BU3HAYATHMETHCS CITiBBiTHOMEHHM (21.3):

_dDy

&, = 21.10
= -2 (21.10)
06’ equyroun (21.9) i (21.10), orpumaemo, o
dl
E,=—L, —1. 21.11
2 274t ( )

®opmyna (21.11) 38’s13ye ctpym B KOHTYpi 1 3 06ymoBieHoro 1M crpymom EPC inmykiii
B KOHTYPpI 2.
OueBHUHO, 10 BCE CKa3aHE MOXKHA IMOBTOPHUTH ISl BUIAJIKY, KOJIM CTPYM 3MIHIOETHCS B
koHTypi 2, a EPC innykuii Bunukae B kontypi 1. Toxi
dl,
&=-L,—=, (21.12)
dt
ne Ly, — koedimienT B3aeMHOI iHAYKOii KOHTYpa 1 1o BiJHOIIEHHIO 70 KOHTYpa 2. MoxHa 1no-
Ka3aTH, X04a TyT MH I[bOT'0 POOHUTH He Oyaemo, 1mo Ly, = Ly;. Skmio mokmacry, mo Ly; = Ly =
L, To MOXkHa 3amucaTH

& =- Ldﬁ i E,=— L%. (21.13)
dt dt
Kopucryrouunch criBsigHomenssm (21.8), Moxkuaa chopmynioBaTu: KoedimieHT B3aeMHOI
inayKnii ABOX KOHTYPIB L Ynce1bHO AOPiBHIOE MATHITHOMY NOTOKY, SIKMil CTBOPIOETHCS
OAMHUYHHMM CTPYMOM B OIHOMY i3 KOHTYPiB i MPOHM3yI04oMY ApPYyruii KOHTYp. I3 criBBix-
HomrenHst (21.13) orpumaemo iHIe BU3HAYCHHS: KOeimieHT B3aeMHOI iHIyKuii L 1BOX KOH-
TypiB yucenasHo nopiBHioe EPC inaykuii, sika BUHHKA€ B 0JHOMY i3 KOHTYpiB npu 3MiHi
CHJIM CTPYMY B iHIIOMY KOHTYPi Ha OTMHHINIO 32 OAMHUIIO Yacy.
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8 21.4 Bzaemoindyxyis

Benmmuuna xoedinienTa B3aeMHOI iHIyKIii L Bu3Ha4a-
€THCSI po3MipamH, (POPMOIO i B3AEMHUAM PO3MIIIICHHSIM KOHTY-
piB, a TAKOIK MaTepiaioM cepaedHuka (3aiizo abo inmmit de-
pomarseTuk). Hanpukiaz, ynm GamKde po3MilleHi KOHTY-

1 pu Ha puc. 21.3 ouH 10 OTHOTO, TUM OUTBIIAI MarHITHHA
2 TMIOTIK MpOiae Yepe3 KOHTYp 2 1 TuM Oinbmmii Oyne xoedi-
LI€HT B3a€MHOI 1HAYKIIT Ly;.

Mpuknan 21.6. a) Busedimob ¢hopmyny ons iHOyKkmue-
nocmi L conenoioa (0os20i komywiku), sxa mac N eumxie,
ooeoicury | i nrowy nonepeunozo nepepisy S. 6) Pospa-
xyume L npu N =100, | =5,0 cm, S = 0,30 e, 8) Pospa-
Xysamu npu mux dce napamempax 0is coneHoioa 3 3aniz-
HUM 0cepoam 3 aOCOMOMHON MASHIMHOKW NPOHUKHICHIIO

Puc. 21.3 u, =4000, .

Po3w’s130k. a) Ha puc. 21.4 nasedeno nepepiz doszo2o conenoioa. Beepeouni conenoioa
MazHimHe nojie 0OHOPIOHe, d 3308HI NPAKMUYHO PigHe HYi0. [l po3paxyHKy iHOYKYIi MaeHim-
HO20 NOJIsL 3ACMOCYEMO 3aKOH Amnepa. B sxocmi Konmypy inmezpyeanHs eubepemo KOHmyp
abcd, nposedenuii nodani 6io xinyie conenoioa (puc. 21.4). Buoinumo eéxnao 6 inmezpan 6io
KOXCHOI 13 cmopin npamokymuuka ab, be, cd i da:

§|§-o||~ = B-dl. 1)

D ey T

B-dl + j.ﬁ-dq + j.ﬁ-dq +
b c

Q. ey

Hepwum unenom ¢ (1) mooicna smexmysamu OCKinoku iHOYKYIsi NO3A CONEHOIOOM Oydice

CtpyM HanpsMiIeHHI mana, eKIA0AMU ()pyZOZO I uemeepnmoczo YJIeHI8 MAKONC
10 YuTada . =y
® ® ® ® ® ©® b MOJICHA 3HexXmyeamu, OCKUIbKU HANpsAMOK 6eKmopa B

nepnenouxyiapuuil siopizkam ad i bc ecepeouni conenoi-

G- >——d T ) . - .

; ; 0a, a 3308Hi i MidIC BUMKAMU THOVKYIs Matidice piHa Hy-

® ® +® ® ® M ® mo. Taxum uunom, 6 inmezpani o 3aMKHYMOMY KOHMYDY
I s Crpgat sanpsnerii SAMUMAEMBCS MIinbKU 6KIA0
Ll—> Bij unTaya d

§B-d|=jB-d| = BI, @)
Puc. 21.4 .

de B — indykyis maznimnoeo noust eécepeduni conenoioa, | — oosacuna siopisxa cd. [ani, sxuo
6 oomomuyi conenoioa mewe cmpym I, mo ecepeduni koumypy inmeepysanns abcd micmumopcst
cmpym seauyunoro NI, 0e N — uucno eumxie ecepeduni konmypy. Tooi, 32i0no 3akony Amnepa

Bl = 1, NI, ©)
abo
B = yynl (scepeouni conenoioa), @)

0e n =N/ | —uucno eumxie na oounuyto doexcurnu conenoioa.
3apa3z mooicHa 3Hatimu MASHIMHUL NOMIK

®=BS = £ )

mooi, zeiono (21.8)
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21. Enexmpomacuimna inoykyis

2

0) ITiocmaenstouu uucenvhi 3nauenus 6i0nogionux eemuuur 6 gopmyny (6) (up =

L

= 47107 Tn- ml A), ompumaenmo:
(471077 Tu- m/ 4)(100)%(3,0-10™° u?)
501072 m

8) Buauenns L ons conenoioa 3 saniznum oceposm supaxyemo 3a popmynoio (6), saminueu 6 niil
Uy Ha p, =4000u, . Tomy indykmuenicmo L 6y0e ¢ 4000 pas binvuioro: L =0,030 ['1 =30 mI .

L = 7,5 mxln.

§ 21.5. 3B’A30K MarHITHOI'O MOJIsI 3 eJIeKTPUYHIM

3rifHO 3 MIKPOCKOMIYHUMHE YSBJICHHSIMH TIpo enekrpuunuii crpym (8 18.3), Bcepeauni mpo-
BiJJHMKA, IO SIKOMY T€4€ CTPYM, ICHY€ €JIEeKTpHYHE I10JIe, i/l I€I0 SKOro eJIeKTPOHH HaOyBa-
OTh IIEBHOI MIBUAKOCTI. Y BHIAJKY PYXY IPOBIIHUKA B MarHiTHOMY momi (puc. 21.5) B koHTY-
Pl BUHHKA€ IHAYKIIHHUI CTPYM, ITOSIBA SIKOTO MOSICHIOETHCS i€t crit JlopeHna Ha pyxomi Ho-
cii 3apsiaiB (emexrponn). Ile o3HauYae, MO B MPOBIAHUKY iCHYE €IEKTPUUYHE TIOJE, HANPYXKEHICTH
SIKOTO 3a Bu3HauYeHHsM jgopiBaioe E = F / 0. Ockinekun F = quB — e cunoro Jlopenua, To

vB
E= % _ B (21.14)
q
Y BEeKTOPHOMY BUTJISIL
- F _ -
E=—=0xB. (21.15)
®© ®© 0 O q
ol ® o ® ® ® VY Bunanky BuHukHeHHS EPC B HepyXxoMoMy NpOBiIHHUKY
; 1S, 3aBJIIKK 3MiHI MarHiTHOTO NOTOKY B KOHTYpI TaKOX BHHHUKA€e
o ® 0 o ® ® @ iHayKuiiH#i crpym. e Takox 03Hayae, 1O B IPOBiTHUKY iCHYE
L eNeKTpudHe nose. TakuM YMHOM, MM HPUXOJMMO JI0 BasKJIMBOTO
® ©® ®U ® ® ©® BHCHOBKY: 3MiHHe MarHiTHe moJie MPU3BOAUTH 10 BUHUKHEH-

HSl eJIeKTPUYHOrO MOJisl, fIKe y:Ke JaJi i 30y/5Kye B 3aMKHY-
Puc. 21.5 TOMY NPOBIAHUKY iHAYKIIHHUI CTPyM.

Taxe MosICHEHHS SIBHINA €IEKTPOMArHiTHOI iHaykii Briepme nas J{. Makcsemt. Po3BuBato-

YH 110 1/1€10, BiH CTBOPHB TEOPiIO EIEKTPOMAarHiTHOTO MO, SKa J0Ope MiATBEpKY€ETHCS JOC-

BimoM. 3rimHo Teopii MakcBemia B OyIb-sIKOMY MPOCTOPi (He TiIbLKH B NPOBiIHHKAX), B

SIKOMY 3MiHIOETHCSI MATHITHE 110J1e, 000B’SI3KOBO BUHHUKAE eJIeKTPHYHE I0JIe 3 3aMKHYTH-
y 3 2 MH niHjﬂMn HAIPYKEHOCTi. .

- | | Mix eneKTpUIHUMH HOJISIMH, SIKi CTBOPIOIOTHCSI HEPYXO-

CH E MUMH 3apsiIaMu 1 eNeKTPUIHUMH TOJISIMH, SIKI CTBOPIOIOTHCS

< > < > 3MiHHUMH MarHITHUMH TIOJIIMH, iCHYE BaXKJIFBA BiMIHHICTb.

T H1 CunoBi JiHI1 €JIEKTPUYHOTO IMOJISt B €JIEKTPOCTATUIll MOYH-

~H HAIOTHCS | 3aKiHIYIOTBCS Ha €IEKTPUYHHUX 3apsaax (3aMuKa-

10ThCsL Ha 3apsiaun). CUIIOBI K JiHIT €MEKTPHYHOrO IO, IO

7 6 BUHHKAE B PE3YJAbTATi 3MiHM MarHiTHOTO IIOJIsI, € HETepepB-

HUMH (3aMKHYTHMH).
Puc. 21.6 C . .
Ha puc. 21.6 npsmi miHiT 300pa)atoTh 3MiHHE MarHiTHE

1]
1\
I
|
]

[
N

noze i3 3pocrarouoio imaykiieo B (a) i yoyarouoro inaykmieio B (6), a saMkmyri Jimii — erex-
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8§ 21.6 Cmpymu @yxo

TPHYHE T10JIe, SIKE BUHUKJIO, 3 HAaNpyKeHicTio E . SIKimo B 1iboMy IpOCTOpi BUSABUTHCS MPOBi-
HUK, TO Ha HhOMY BUHHUKHE EPC iHIyKIii, a 3HAUUTH 1 iHmyKmidamiA ctpym. Ha puc. 21.6 Bua-
HO, IIIO0 CHJIOBI JIiHIT MarHiTHOTO 1 €IEKTPUYHOTO ITOJIiB PO3MIIIEH] y B3a€MHO MEPIECHANKYJISIP-

HUX IDIommHAX. J{0CBiJ TOKa3ye, MO0 BEKTOP iHAYKIii B MarHiTHOTrO moiis B KOXHIH TOYII

MIPOCTOPY MEPIEHIUKYIISIPHUI BEKTOPY HANPYXEeHOCTI E , CTBOPEHOro HUM €JIEKTPUYHOTO I10-
ms1. Came Tomy MakcuMainbHa EPC inayknii B IpsMONTiHIHHOMY ITPOBIAHMKY BUHUKAE TOJI, KO-
JIM BiH PYXA€THCSI CTPOTO MEPIESHUKYIISIPHO IO JIHIH 1HAYKIIi MarHiTHOTO HOJIS.

§ 21.6. Ctpymu ®yko

V 1855 p. ¢paniyspkuii pizuk XK. Oyko (1819 — 1868) 3BepHyB yBary, mo SKIIO CYLiIb-

He TpOBijHEe cepenoBuiie (MeTaaiyHe Tio, HAIPUKIAI) IePEMIlaTH B MarHiTHOMY 1o, abo

3MIHIOBAaTH 3 YacOM IHIYKIIil0 MarHiTHOT'O IIOJIS, B SIKOMY 3HAXOJHUThCS CYLIbHE TPOBIIHE Ce-

penoBuine, abo AKII0 Mae MicIe i Te 1 iHIIe, To MpoBiaHe cepenoBuie HarpiBaeTbes. dam Dy-

KO BCTAHOBUB, IIO NPUIMHOIO IFOTO € BUHUKHEHHS B TIPOBITHOMY CEPEIOBHII i Ji€f0 Mar-

HITHOTO TIOJIsI 3aMKHYTHX (BUXPOBHX ) iHAYKIIHHUX CTPYMIB, sIKi 3roJoM Oy/iu Ha3BaHi CTPY-

mamu Oyko (puc. 21.7). SIKIIO eneKTpHIHuMiA OIip Ipo-

- BIJIHOTO CEpeIOBHIA HEBENUKHIA, TO ciiia CTpyMiB Dy-
KO B HhOMY MOX€ JOCATaTH BEJIUKNX 3HAUYCHb.

' B
‘ Ockinsku EPC iHayknii nponopuiiiHa mBHIKOCTI
3MiHHM TIOTOKY MarHiTHOI iHIYKII1, TO BEIWYNHA CTPY-
MiB Dyko TuM OinTbIIa, YUM MIBUALIE 3MiHIOBATUMETb-
Csl Mar”iTHE II0JI€, B SIKC BHECEHO JIaHWI TPOBITHHUK.
|

[IIBuKO3MiHHE MarHiTHE MOJe MOXXHA OTPUMATH BCe-
r r T r peIrHI CONEeHOIa, SIKIO O HOro 0OMOTII MPOITYCKAaTH

cl

BHCOKOYACTOTHHUH 3MIiHHHH CTpyM. SIKIIO B TaKe MIBUI-

KO3MIHHE MarHiTHE I0JIe BHECTH MacHuBHE J100pe Mpo-

Puc. 21.7 BijHe Tino (Hampuiaj, MIMATOK 3ali3a), TO B HHOMY

BHHUKHYTh cTpyMu Pyxko Takoi cuind, mo Jlenn-Jxo-

YJIEBOI TEIUIOTH, SIKa NP LbOMY BHALINTHCS, BUCTAUNTh, 1100 HE TIIBKH PO3KAPUTH L€ TLJIO,

ane i po3miaBuTH Horo. L{eit MeTox MHUpoKo BUKOPUCTOBYETHCS AJIS TIABKH METANIB B CIemia-
JHHAX BUCOKOYACTOTHUX HIYKIIIHNX MeYax.

B MeanmuHi sBUIE BUHWKHEHHS IHAYKIIHHIX BUXPOBHX CTPYMIB BUKOPHCTOBYETHCS IS
IporpiBaHHs 010JIOTIYHMX TKaHWH 1 opraHiB. Takuil JiKyBaJbHHI METOA Ha3MBA€THCS IHAYK-
TOTepMi€lo.

SAxmo ctpymu Oyko BUHUKAIOTH BHACHTIIOK PYXy MPOBIIHHKA B MarHITHOMY MO, TO IIi
CTPYMH 3TiHO 3aKOoHY JIeHIIa raJbMyIOTh pyX NMPOBigHMKA. ['adbMiBHA cuila, KA HOPODKYETh-
Csl BUXPOBAMH CTPYMaMH MPOTOPIiHA BiJHOCHIH MBUAKOCTI MPOBiTHUKA i MATHITHOT'O TTOJIS.
B nesxux eneKTpHYHMX MalIMHAaxX i Mpuiafax el eeKT BHKOPHCTOBYETHCS B SIKOCTI TrajibMa.
Hanpurxian, pagiambHi mand, SK MPaBWIO, OOMAAHYIOTHCS IiAKOBOIIOAIOHIM MAarHiTOM, SKHA
NP BiAKITIOYEHHI MPUBOJLY WM OIycKaeThes Hag ii e3om. Ctpymun Dyko, SKi IpH IbOMY BH-
HHUKAIOTh, OIBUKO 3YMHHSIOTH MIITY.

B Garatpox Bumaikax BHHUKHEHHSI BUXPOBUX CTPYMIB € IIKiIMBUM. Hampukiaz, BUXpoBi
CTPYMH B POTOpax €IeKTPOIBUTYHIB a00 TeHepaTopiB BUKIMKAIOTH TAIbMyBaHH:. B ceprednu-
Kax TpaHc(HOPMATOPIB i B3araji B METATIYHUX CEPACYHUKAX BCIIIKMX OOMOTOK BHXPOBI CTPY-
MU TIPU3BOJATH 0 BUAUICHHS B HUX TeIUIOTH. 11]00 yHUKHYTH BUHMKHEHHS BUXPOBHX CTpY-
MiB, pOTOpHU ab0 CepICUYHIKN BUTOTOBIIAIOTE HE CYNUTPHAMH, a 13 TOHKHX 3aJTi3HHUX IUIACTHHOK,
PO3iIEHHX Ie GiTBIIT TOHKAMH IIapaMy i30SI HHOro MaTepiany (eMaiib, ciroja Tomo). Taka
KOHCTPYKIIiSl HE JO3BOJII€ BUHUKHEHHS BUXPOBHUX CTPYMIB B IEPICHANKYISIPHOMY HAIPSIMKY 10
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21. Enexmpomaecuimna inoykyis

TUTACTHH.

Crpymn @yKo BUHHKAIOTH B MPOBIIHUKY, IO IKOMY Teue 3MiHHUM cTpyM. TyT BUHUKHEH-
H cTpyMiB DyKO NpU3BOAUTH 10 NOSBH eekTy, Ha3BaHOTO cKiH-epexToM. CyTh HOro mojs-
rae B HacTynmHoMy. Kosu 1o nmpoBiiHUKY 3 HE3MiHHUM IOIEPEYHNUM Nepepi3zoM Tede 3MiHHUN
CTPYM, TO BiH CTBOPIOE B TIPOBIAHUKY 3MiHHE MarHiTHE I10JI€, K€ IPU3BOJUTH 10 BHHUKHEHHS
B NPOBIIHUKY 1HAYKIiHHNX cTpyMiB @yko. Lli cTrpymn BcepeanHi moOmu3y OCi NMpOBiTHHUKA

HalpaBJIeHI Ha3ycTpid OCHOBHOMY CTPYMY, a Ha HOBEpXHI IPOBIJHMKA IX HANpsIMKH CIIiBIIa-

JAI0Th 3 HAMPSMKOM MepBUHHOTO cTpyMy (purc. 21.8). B pe3ynbrari BecepeanHi MpoBigHUKA Be-

JMYMHA CTPYMY 3MEHIIYEThCs, a O MOBEPXHI 30UIBIIYETHCS, TOOTO BiOYBAa€ETHCS TEpepo3-
; MO TYCTHHU CTPYMY TIO ITepepi3y NMPOBiAHHUKA.

/ \ [epepo3nozin rycTHHE 3MiHHOTO CTpYMY IO TIepe-

: pi3y IPOBITHMKA 3aEXKHUTH BiJl 4acTOTH CTpyMmy. llpu

\ ) Q ‘\\ j IHBI/IIFKOBMiHHI/IX CTpyMax TyCTHHA CTPyMY mobau3y oci

MIPOBITHAKA MPAKTHYHO JOPIBHIOE HYINIO, i BECh CTPYM

Puc. 21.8 Te4e O IMOBEPXHi MPOBIAHNKA, 110 MPU3BOAUTH 110 30i-

JBIICHHS OTOpY MPOBIJHMKA 13 30ULTBIIEHHSM YacTOTH

cTpyMy. OCKIJIBKH BHYTDIIITHS YaCTHHA TPOBIIHMNKA HE € KOPHCHOIO, TO 3 METOI0 €KOHOMIi Me-

Taly ISl TIepeAadi MBHIKO3MIHHMX BHCOKOYACTOTHHX CTPYMIB ITIPOBIAHHKH BHUTOTOBISIOTH

MOPO>KHUCTHMU.
B cyminbHuX npoBiTHUKaX BHACTINOK CKiH-€(EKTY TEIUIO BHIUISETHCS MEPEBAKHO OiMs
MOBEpXHi NpoBigHKKa. el edeKT IeKUTh B OCHOBI METO/Ty MOBEPXHEBOT'O 3arapTyBaHHS CTali.

§ 21.7. Eneprisi MarHiTHOro moJis

ITpu npoTikaHHi MO MPOBITHUKY ITOCTIHHOTO EIEKTPUYHOTO CTPYMY BCS MOTYXXKHICTh CTPY-
My W€ Ha BHIUICHHS JICHI-DKOYJIEBOI TEIUIOTH. Y BHIAJKy HEHNOCTIHHHMX 3pOCTardmx abo
CHaJaro4uMX CTPYMIB IIi MPOLIECH MPOTIKAOThH Jenlo iHakme. CripaBa B TOMY, IO NIPH 3MiHi cH-
M cTpyMmy B KoHTYpi BuHnKae EPC camoinmykiii: npu 3pocranHi ctpymy B koii EPC camoin-
nykuii Hanpasnena npotu EPC, sika 30ymkye cTpyM, 1 CTpyM B KOJi CAJae; IpH CIaiaHHI CTpy-
My B KoHTYpi EPC camoinaykii Toro x HanpsmKky, mo i 3oBHimHI EPC, i ctpym B Koi 3poc-
Tae€, a, 3HAYNTH, JCHI-[PKOYIICBOI TEIUIOTH BUIITSAETHCS OUIBINE, HIX BUAUIIIOCH OW IIpH 3a-
naniit 30BHimHIAN EPC. OueBnano, mo 3aiiBa pobora, sKa 3aTpadaeTbes MPU 3pOCTaHHI CTPY-
My, MOTJIa TTIiTH Ha CTBOPEHHS SKOTOCH 1HIIOTO BUIY CHEPrii, sIka TOTiM, TP 3MEHIICHH] CHITN
CTpYMY, BUAUTIIIACH O 3HOBY B KoJi. OCKUIBKY 13 301IBIICHHSM CTpyMY 301IBIIYETHCS 1 CTBO-
prOBaHEe HUM MarHiTHE IoJIe, TO, OYEBUIHO, IO SHEPris, sSKa NPH LbOMY BHHHUKAE, € eHEPri€lo
MArHiTHOTO MOJIsI.

PosrnsaeMo KOTYmIKY 3 iIHAYKTHBHICTIO L, B sIKil cHjia CTpyMY 3pOcCTa€ BiJ HYJS 10 Jaes-
Koro KiHnesoro 3HadeHHs /. [Ipu 3poctanHi ctpymy Ha korymni BuHHKae EPC camoingykmii
& i . Pobora nporu uiei EPC i iine Ha yTBOpeHHs eHeprii MarHiTHOro Mo, sKa JA0PiBHIOE

dA = 1€, dt, (21.17)

ne [ — cuna cTpyMy B JaHUIA MOMEHT 4acy, dt — mpoMiKoK Jacy, 3a SIKMi BUKOHYEThCS po0OOTa.
BukopucroByroun popmyinu (21.7) i (21.8), ocraHHE CriBBiJHOIIECHHS 3alUIIETHCS TAK:

dA = |‘3—?dt = ldo = ILdI, (21.18)

Je @ — MOTIK iHAYKLUil, SIKMH NpoHU3ye BUTKHM KOoTymku. L[[o0 oTpuMaT moBHY poOoTy, sika

BUKOHYETHCS [IPH 3POCTAHHI CTPyMY Bil HYIsI O AaHOTo 3HaueHHs /, Bupa3 (21.18) HeobximxHO
npoinTerpyBatu B Mmexkax Big 0 mo /. Toxi
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8 21.7 Enepeis maecHimHo2o nous

1 1
A=jdA =.[ILdI N (21.19)
0 0 2

I pobGoTa OpiBHIOE eHeprii, KOO 3amaciacs KOTyIIKa IIPH MPOTiKaHHi 110 Hilf CTPYMY BeIH-
YHMHOIO [

1
W= EL| 2, (21.20)

®opmyaty (21.20) MoxxHa MOPIBHATH 3 GOPMYIIO AJIsL HEpPTil KOHJIEHCATOpa MPH Pi3HULI
norenmiaiaiB U Ha fioro oOKiIaguHKax:

1
W = ECU 2 (21.21)
(muB. § 17.15).

Eneprito 3apsypkeHoro konzgencaTopa (21.21) po3risinatoTh K eHEprifo elIeKTpOCTaTHYHOrO
HOJISL. AHAIOTIYHO €HEPIilo, KO0 3aIaciiacs KOTYIIKa P MPOTiKaHHi o Hiit ctpymy (21.20),
MOYKHA TIPEJICTaBUTH SIK EHEPTito 11 MarHiTHOTO OIS,

Bupasznmo eHeprito MarHiTHOro moss 4epe3 ioro iHaykuiro B i1 Hanpyxkericts H. s
IILOTO CKOPHUCTAEMOCH pe3yibTaTaMy MpHKiIaxy 21.6, BIIHOBIAHO A0 SIKOTO iHAYKIIS Marfit-
Horo monst kotymku B = u N1/l (¢-na (3)), a ingyxrusnicts xotymku L = u N*S/1 (po-
pmymna (6)), ae N — aucio ButkiB korymmky, | i S — BiamoBiqHO 11 JOBXKMHA 1 IUIOMIA TOIIEPEYHO-
ro niepepizy. Toxi

1 1 yoN?s , BI 1B°
Wg=—-LIZ=H2 22y _=252 g (21.22)
2 2 N 2 Uy
LIst eHeprist 30cepemxeHa Bcepennti Bcboro 06’emy korymku V = Sl. Skmo npaBy 4acTuHy
(21.22) posainuTe Ha 006°€M KOTYIIKH, TO OTPEMAEMO (HOPMYJIY JUTsl €HEprii B OJUHHUII 00’ eMy,
200 00’€MHOI I'YCTHHH eHeprii:

1 B?
Wy = ——, (21.23)
2 py
abo
1 2
W, = EHOH . (21.24)

B dbopmyui (21.24) Bukopucraso supas (20.1).

®opmymu (21.23) i (21.24) orpumani A 9aCTKOBOIO BHIAJKY, alic BOHH CIIPABEIUIHBI
Uit Oyab-skoi obsacti mpocTopy, e iCHye MarHiTHe mojie. B mpucytHOCTI (hepoMarHiTHOL
peuoBnnu B popmyinax (21.23) i (21.24) norpiGHO 3p0OHTH 3aMiHy Ly —> LM -
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3SMIHHUA

ENEKTPUYHUN
CTPYM

§ 22.1. OcHOBHi XapaKTepUCTUKHU 3MiHHOTO CTPYMY

ITig 3MiHHEM CTPYMOM PO3YMIIOTH CTPYM, IO BUHHUKAE B Koii, B sikomy EPC (Hampyra)
3aJIeKUTH BiJ Yacy. YacTo I 3aIeXKHICTh BUPAXKAETHCS CHHYCOIIAIBbHOIO (DYHKITIEIO

U = U,sinot = U,sin2zvt. (22.1)

Hanpyra U nepioguaHo 3MiHmoetses Mk +Ug 1 U, (puc. 22.1). Bennuuny U, HasuBa-

IOTh aMIDTITYJHUM (AMILTiTY/1010) 400 MaKCHMAJIbLHUM 3HAYeHHSM Hanpyru. Yacrory o Ha-
3UBAIOTh KOJOBOIO (IMKJIIYHOI0) YaCTOTOI, SIKA 3 JTiHIMHOIO 4acTOTOI0 V (YHCIOM KOJIHMBaHb 32

ceKyHIy) Ta riepiofom T 3B’s3aHa CITiIBBIIHONIEHHIM: @ = 27rv =27 /T .
Sxmro o onopy R nmpuxiiagena 3minna Harpyra U, to 3rigHo 3akony Oma

| = UE = U—Rosin 2rvt = l,sin2zvt. (22.2)

Tyt lg = Up / R Ha3uBawTh aMmiTyaHuM (MAKCHMAJIBLHEM) 3HAYEHHSIM CHJIH CTpymy. I3
puc. 22.2 BUHO, 110 B MEPUIY ITOJIOBUHY NEPioAy 3MiHHUI CTPYM Teue B OIHOMY HAIPSIMKY, a

UA l‘

Puc. 22.1 Puc. 22.2

B JIPYr'y IOJIOBHHY TEPiOAy — B IIPOTHIICKHOMY HaNpsIMKY. [3 bOro 3po3ymiso, 110 npu CHHY-
COiJJaTIbHOMY 3MIHHOMY CTpyMi 3HaYE€HHS HAalPyTH 1 CHJIM CTPYMY 3a IIepioJ] JOPiBHIOIOThH HY-
JIO 1 HE MOXYTh CIYKHTH iX Xapakrepuctukamu. OfHaK cepeqHe 3HAYCHHS KBajapaTa CHIIH
crpymy < 12 > 3a mepiox e nopiBHIOE Hymo. TOMy Il XapaKTEPUCTHKH 3MIHHOTO CTpyMY
KOPHUCTYIOTHCSI TIOHATTSIM Ail040ro abo epeKTHBHOrO 3HAUCHHS CIJIM 3MiHHOTO CTpyMY: Ailo-
YHUM 3HAYCHHSAM 3MIHHOTO CTPYMY HA3MBAKOTh CUJIY TAKOI'0 NMOCTIi{HOr0 CTpyMy, SIKHii 32 4ac,
PiBHOr0 0OHOMY IepioAy 3MiHHOIO CTPYMY, BUALISIE CTIIBKH 3K TeIUIa, CKIIbKH OCTAHHIM
3a TOH ke Yac.

JloBeneHo, 1o Airo4e 3HaYeHHs CHHYCOiajIbHOTrO cTpyMmy |y B J2 pa3u MEHIIEe aMILTITy-
JTHOTO 3HaUCHHS cTpyMYy lo, TOOTO
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8§ 22.1. OcrosHi xapakmepucmuKku 3MiHHO20 CIPYMY

|
|,= —% = 0,707, (22.3)

2

Ockinpku Hanpyra i EPC Takox 3MiHIOIOTHCS CHHYCOINAIBHO, TO iX edekTuBHi (Iiroui)
3HAYEHHS IOPIBHIOIOTH

u, = % = 0,707U,,
(22.4)
g, =20 _ 07078,

A

Ha puc. 22.3 300paskeHo nitoue 3HaUCHHs 3MIHHOTO CHHYCOIJaJIbHOTO CTpyMY |, , sike Mae
CTaJIy BEJIMYHMHY 3a BECh I1epioJ]. 3BUYaWHUN 3MIHHHUH CTPYM, SIKUI BUKOPHCTOBYETHCS B IT00Y-
i, mae manpyry U = 220 B. Ile € edexruBne (miroue)

J
I 3HaveHHs1 Hanpyry. 11{o0 3HaiiTH #oro amIITy1HE 3Ha-

[ yeHnst Uy , norpibuo U, moMHOXKHUTH HA J2 (Uo =310 B).
I I, \ X [NoTyxHiCTb, SIKa BUAUIETHCS Ha otopi R, mopiBHIOE

)
;> I R
0 : ' : P=12R=-2", (22.5)
2
abo
T

) i poYs Yo _ 1

=20 _ 2|y, 22.6
Puc. 22.3 R TR - 7Y (22.6)

3ayBa)kUMO HACAMKIHEI[b, IO IIKAIM BUMIPIOBAJIBHUX MPWIALIB 3MIHHOTO CTpyMy (ammep-
METpH i BOIBTMETPH) MPOrpaayiioBani came B Aifounx (€peKTHBHUX) 3HAYCHHSIX.

HOpurnax 22.1. Josecmu, wo |, dopisuroe cepednboxeadpamuuHomy 3HAYEHHIO CUTU

cmpymy <12 > (1,=V<12>).

. . . . 2R - .

Po3B’s130k. [lomyoicnicms, wjo eudiniemocs Ha onopi R, dopienroe P = | “R i 6i0 nanpsamky
cmpymy He 3anexcums. OOHa i ma dc nomyxcHicms eudiniemocsa Ak cmpymom +l, mak i
cmpymom —l. 'V eunaoky 3minHo20 cmpymy nompiOHO 6paxoeyéamu, w0 3HAYEHHs CIpPYMY

. 2 . . 2.
(@60 mouniwe gerununa ) sminoemocs 3 uacom. Tomy nac yixasums cepeone snavenns 1°:
<1?>=12<sin*2zvt>. (1)

Cepeodne 3nauenns keadpama cunyca oopisuioe 112, Tooi

<I2>=ﬁ. (2)
2

. . oo, 2
Axwo gizbmemo Kopinb keadpamuull i3 < 1° >, mo ompumacmo cepedHbokeadpamuuHe
BHAYEHHS CULU CIMPYMY, AKe § € OitoYUM 3HAYEHHAM CUTU CIPYMY:

<I2>=I(,=I—°. ©))

2

Mpuxnan 22.2. Ske maxcumanvrie snauerns (AMALIMYOG) 3MIHHO20 CIPYMY, SAKULL RPU3600UNb
00 eudinenns nomyscrocmi P =60 Bm na namni posocaprosanns, sika mae onip R =100 Om.
Po3B’s130K. Auniinmyone 3HauenHs 3MIHHO20 CIpyMy upasumo i3 goopmyau (22.5):
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22. 3miHHULL eneKmpUYHULL Cmpym

|, = 2P |260Bm) 440y
R 100 Ow

§ 22.2. OTpUMAaHHS CHHYCOIAAIBbHOr0 3MiHHOT'O CTPYMY

B ocHOBi MeTomy OTpHMaHHS CHHYCOiJaJIbHOTO 3MIHHOTO CTPYMY JISKUTD SIBUILE €JIEKT-
pomarniTHoi iHAYKLii. HalfnpocTima Moznens reHepaTopa 3MiHHOTO CTpyMY HaBeAEHa Ha PHC.
22.4. T'eneparop ckiagaeTbes i3 ABOX HEpyXoMHX 1moirociB N 1 S MarHiTiB, sIKi CTBOPIOIOTH MK

HUMH OJHOpIJHE MarHiTHE moiie 3 iHaykmiero B . Mix
MTOJTFOCAMU MICTHTHCS NI HIPUIHAN pPOTOp, Ha TOBEP-
XHi SIKOTO B CHCHiadbHAHN Ta3 YKIaJIeHO B JiaMeTpajb-
Hilf TommHi apotsHui BUTOK (KOHTYp) abcd, kimmi
SIKOTO TIPHETHAHI 10 MBOX Kinelnpb K 1 Kp, 3aKkpirieHux
Ha BaJii poropa. Porop, a pa3om 3 HUM 1 BUTOK 3 KiJIbLId-
MU, TIPABOAUTECS B OOCPTANBHUN PYX 3 MOCTIHHOIO KY-
TOBOIO IIBUIKICTIO OKPEMHM JBUTYHOM. Ha KNI Ha-
KJIaJIcHO HepYXOMi IIITKH Iy 1 I, IO KX MPUEIHYETHCS
30BHINIHE KOJIO 31 CHOXHWBAYEM EIIEKTPUIHOTO CTPyMY
R. ITix gac oGepranus KOHTYPY (BUTKa) MarHiTHHH I1O-
TiK, SKAH WOTO TMPOHMU3YE, MEPIOTUIHO 3MIHFOETHCS 3Ti-
nuo (21.1):

@ = BScos ¢ = BScoswt,

ne S — mwioma, oOMexxeHa KOHTypoM, B — iHmykmist mar-
HITHOrO TONs, @ = wt — Kyr IIOBOPOTY KOHTYypa

Puc. 22.4

(¢ = O0mpu B L S), BHACHIZOK Y4Or0 B KOHTYpi BHHHKA€ repiogundano 3minda EPC iHmykmii,
sIKa 3T1THO 3 3aKOHOM €JIEKTPOMATHITHOI IHAYKIIi] TOPIBHIOE!
do
E=—
dt

MaxcumanbHe (amiutiTyaue) 3HaueHHs: EPC iHaykuii otpumyeTses ipu ¢ = ot =7/2 (ko

= BSwsinwt.

IUIOLI, OXOIUIEHA KOHTYPOM, IIepIeHANKYJIIPHA JIiHisM IHAYKLIT noist) 1 IopiBHioe £, = &, = BSw,
TOMY

& =&y sinmt = Eysinwt = Eysin2zvt. (22.8)

SIKIIo KOHTYp 3aMKHYTH Ha 30BHIIIHE KOJIO, TO B KOJI ITOTEYE CHHYCOINANBHUNA 3MIHHMI
CTpyM

E & .
I =FI= ?msmcot = I, sinet, (22.9)
abo
I=1,sinwt =1,sin2zvt, (22.10)
ae |, =1, = &,/R — MakcumasbHe (amIuTiTyIHE) 3HAYCHHS CTpyMY, R — omip KOHTYpY i 30B-

HIITHBO{ YaCTHUHU KOJIa.

Posrisinytrii npuannn otpuManis EPC nexunTs B 0cHOBI Oy0BHM OLIBIIOCTI TeHepaTopiB
3MIHHOTO CTpyMY. B peanmbHOMY renepaTopi 00epTaeThest He oAH KOHTYp, a N — KOHTYpiB, sKi
SIBIISIFOTH COOOI0 KOTYIIKY 13 NMPOBiAHMKA, HAMOTAHOTO Ha 3ajli3HE OCepyis, 0 00EPTAETHCS B
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8§ 22.3 3axon Oma Onst Kt 3MIHHO20 CIpPYMY 3 OMIYHUM ONOPOM, EMHICHTIO M THOYKIUGHICHTIO

MarsHiTHoMy noni. Ll gacTuHa renepaTopa, SIK YK€ BiAMIdanoch, Ha3HMBAETHCS POTOPOM abo
sikopeM. 30ymxeni B kokHomy i3 N ButkiB EPC nonarorscst. 30ympkeHa y TakoMy reHepaTopi,
EPC nopiBaroe

& = NBSwsin ot. (22.11)

YacTtrHa reHeparopa, sSika CTBOPIOE MarHiTHE IOJIE, B SIKOMY O0O€pTaeThCs pOTOp, Ha3UBa-
€TbCs cTaTopoM. CTaTop € HEPYXOMOIO YaCTHHOIO TeHEepaTopa.

B cyuacHux renepaTopax 3MiHHOT'O CTpYMY POTOp i CTATOp MIiHSIOTHh MicLsMH. B mtiHz-
PHYHIN TOPO’KHMHI CTATOPA, BUTOTOBJIEHOTO 13 CIICIiaIbHOI IEKTPOTEXHIYHOI cTai, 00epTaeThest
HOCTIHHUN MarHiT (y MaJOMOTY)XHHX TeHeparopax) abo elneKT-
pomarsir (y moryxunx). O6MOTKa, B sikiii 30ymwkyerbest EPC iH-
JIYKLI{, BKJIQIA€ThCS Y BUIVISIL TIOCTIIOBHO 3’ €JHAHMX PAMOK y
cremiayibHi Ma3W craropa. MarHiTHa cHCTEeMa TeHepaTopa
KOHCTPYIOETECS TaK, 00 Mix yac 00epTaHHS €IEKTPOMarHitTy

iHaykmiss B MarHiTHOro moNA 3MiHIOBaJach 3a 3aKOHOM
B =B,cos¢, n1e ¢ =wt — KyT, yTBOpeHUH BEKTOPOM B 3
WIomuHOW paMku. Tomi B pamii 30ymkyeTbest EPC iHgyKIIii,
&; = wB, sin wt. Ha puc. 22.5 noxa3zaHo cXeMaTHYHO MaTrHIT-

1 - Potop HY CHCTEMY Cy4acHOT0 TeHepaTopa 3MiHHOTO CTPYMY.

2 — Crarop JlominpHicTh POOUTH 0OEPTOBHM €JIEKTPOMATHIT, a HE po-
604y OOMOTKY reHepaTopa, MOSICHIOETHCS THUM, IO KOHCTPYK-

Puc. 22.5 TUBHO HE MOXXHA 3HSTH CTPYM BEIMKOI MOTYXXHOCTI 3 SKOpS,

mo obepraerbest. HeBenuknii CTpyM 10 pyXOMOTO €JIEKTPOMArHiTy IiJBOIUTHCS 3a JONOMO-

FOI0 KOB3A04nX KOHTakTiB (Komektop). OOMOTKY cTratopa, B SKill iHAYKYETHCSA IOTYXKHUN

CTpyM, 3a JIOTTOMOTOI0 HEPYXOMHX KOHTAKTIB (LIMH) 3’ €IHYIOTH 3 JIHIEI0 ENeKTPOIepeIad.

§ 22.3. 3akon OMa /s KiJl 3MiHHOTO CTPYMY 3 OMiYHMM OMOPOM, EMHICTIO Ta iHIYK-
THBHICTIO

1. Omip B koJi 3mMiHHOro cTpymy. Slkmo no mxepena 3minHoi EPC min’exnatn TUTBKH
omip R (puc. 22.6), sikuii y KOJIi 3MiHHOTO CTPyMY Ha3MBAETHCS AKTHBHUM OMOPOM, TO 3TiIHO
3akoHy OMa

&y .

| = =— = = = _Osma)t, (22.12)
R R R

ne U — Hampyra Ha omopi B JaHHi MOMEHT 4acy (npuaomy U = &), &, — aMIUIiTyHe 3HaUe-

uast EPC. AMIiiTyaHe 3HaueHHS CHITH CTPyMY

u &

0= — =L (22.13)
R R

EsrexTpruna eHeprist Ha Onopi MepexoauTh B TEIUIOBY. TeIuioBa MOTYXHICTb OPiBHIOE

us

<P>=-2=1/R (22.14)

(muB. § 22.1). TakuM YHHOM, [OTYXHICTB Y KOJIi 3 aKTHBHUM OITOPOM BHMIPIOETHCS 4epe3 Jii-

foui 3navyenns. CTpyM i Hampyra Ha omnopi cmiBmagarTh 3a dasoro (puc. 22.7). HacamkiHerp,
3ayBa)XKMMO, 110 TPY BMUKAHHI B KOJIO 3MiHHOT'O CTpyMY aKTHBHOTO Onopy, 3akoH OmMa 3aiu-
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22. 3minHUlL eneKmpUsHULl Cmpym

[IAETHCS CIPABEUIUBUM SIK it MUTTEBUX (22.12) ta ammumitynaux (22.13), Tak i ajist Qiro9aux

A
R LU U
—L_ U = Uysinot
= I sinot
1
0 >
(=) b
\_/
Puc. 22.6 Puc. 22.7

suauens |, =U,/R.

2. EMHiCTB Y K0J1i 3MiHHOT0 CTpyMY. SIKIIO Y KOJIO TIOCTIHOTO CTPYMY ITOCIIIJJOBHO YyBi-
MKHYTH KoHzeHcaTop C, TO Horo oOKITauHKH IIBUIKO HA0YAyTh OAHAKOBOTO 33 BEIMYHMHOIO 1
OPOTHICKHOTO 32 3HAKOM 3apsiny (KOHIEHCATOP 3apsIUTHCS), 1 CTPyM Y KOJI MPUITHHUTHCS.
[MocTiiiauii cTpyM yepe3 KoHaeHcaTop He Tede. Komau K KOHAeHCaTOp YBIMKHYTH Y KOJIO 3MiH-
Horo crpymy (puc. 22.8), To B Koii Bech 4ac mpoxoauTume ctpyM. Lle BimOyBaeThes 3aBISKH

| C TOMY, 11O ITPYU BMHUKAHHI HAalPyT'W 3MiHHOT'O CTpyMY BifOyBa-
1 €THCS1 HAKOIMYIEHHS 3apsily Ha KOHJEHCATOpi: 0/1Ha OOKIIaAnH-
Ka 3aps/DKaEeThCs JOAATHO, a iHma — Big emHo. OpHak He
BCTHTA€ KOHACHCATOP IOBHICTIO 3apsANTHCS, SK MOJAPHICTH
HAIPYTH 3MIHIOETCS, 1 3apsAy NOYMHAIOTH PYXaTUCS B TIPO-
~ THJISKHOMY HamnpsiMKy. ToMy 3MiHHHUI CTpyM B KOJi Tede 10
A4 THX TIip, TOKK JJO KOHJIEHCAaTOpa MPHKJIaIeHa 3MiHHA HaIlpyTa.

Puc. 22.8 PosrnstHeMo 11 mporiec AeTanbHimie. 3riTHo Jpyroro mpa-
Buna Kipxropa EPC mxepena B Oyap-sikuif MOMEHT JOpiB-

HIOE Hampy3i Ha oOKIamuHKax KoHaeHcaropa (auB. Gopmyny (17.29)):

u- % _ g,sinat (22.15)

BpaxoByroun, mo | = d%, Ta BUPA3MBLLH HONepenHso i3 Gopmyiu (22.15) Q =& Csinwt ,

OTpI/IMa€M0:
| = %—? =E&,Cwcos ot, (22.16)
abo
I =1, sin(wt +90°), (22.17)
IS
o= &, Cw (22.18)

€ aMIUTITyJHEe 3HaYeHHs CHd crpyMy. [lpu nepexoni Bin gopmynu (22.16) no dpopmymu (22.17)

BUKOPHCTaHA TPUTOHOMETPUYHA TOTOXKHICTL COS wt = sin(wt +90°). Ha puc. 22.9 naseneHo
rpaciku cru ctpymy / i Hanpyru U Ha KoHIEHCATopi, i3 AKX BUAHO (9K i i3 Gopmymu (22.17)),
IO CHJIa CTPYMY 1 HAIpyra He CHIBIANArTh 3a (pa3oro; CUila CTPYMY BHIICpEKAE HANIPYTy HA
90°. Ie o3Hauae, OO CHJIA CTPYMY IOCSITae MAaKCHMAaJIbHOrO 3HAYCHHS Ha YBEPTh NEpioay pa-
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8§ 22.3 3axon Oma Onst Kt 3MIHHO20 CIpPYMY 3 OMIYHUM ONOPOM, EMHICHTIO M THOYKIUGHICHTIO

Hillle, HXK Harpyra.

[TpyunHy DBOTO PO3XOKEHHSI MOXKHA 3PO3YMITH 13 HACTYIHUX MipKyBaHb. B Toumi a Ha
puc. 22.9, Koy Hanpyra TUIBKK TIOYHMHAE 3pOCTaTH, 3apsi Ha OOKJIaIMHKAX KOHJEHcAaTopa piB-

. HUI HYJTFO, TOMY 3apsiT OC3MEePEIIKOIHO Teue IO O0KIIa-
I U JIMHOK 1 criia cTpyMy Benuka (Makcumainbha). Komn
Hanpyra HaOJWKAETHCS 0 MAaKCUMAJIBHOTO 3HAUCH-
H#, 3apsj, 10 HarpoMaJuBCsl Ha OOKJIaIMHKaX KOH-
JIeHCaTopa, TEPeIIKOIKa€e AATbIIOMY HAIXOIKCH-
HIO 3apsay 1 CHia CTPyMY 3MEHIIYEThCS IO HYJS
(touka b). Jlaxi, xomu nampyra U 3meHmryerscs, 3a-
PpsiA, IO HArpoMaJyBCs HAa OOKIIAMHKAX KOHIEHCATO-
pa, TIOYMHAE BIAXOIWTH 3 HUX, i CHJIa CTPYMY 3pOcC-

Puc. 22.9 Tae, aje BXXE B MPOTHICKHOMY HampsMKY, 1, KOIH

nHanpyra U = 0, cuia cTpymy focsArae MakCUMailb-

HOTO 3HaueHHs (To4uka ¢). TakuM 4MHOM, CTPYM 3MIHIOETHCS Y BiAmoBimHocTi (22.17), Bumepe-
Jokatoun Hanpyry Ha 90°.

Bracoriiok Toro, mo Hanpyra i cuia cTpyMmy Bipi3HAIOTECS 3a ¢aszoro Ha 90° coknBaHa
MOTYKHICTD BiJ JDKEpesla B CEpeIHBOMY JOPIBHIOE HYIIO i He BiAOyBaeThcs NEpETBOPEHHS
eneprii B Terwio. [IiliCHO, aHANI3yIOYH KPUBY HOTYKHOCTI (puc. 22.9), MOXKHA TIOMITHTH, IO
OPOTSATOM IIEPIIOl YBEPTI Mepioay — Bill TOYKH ¢ 10 TOYKU D — BOHA J0HATHA — KOHICHCATOP
3apsmKaeThes. [IpoTsaromM Apyroi YBepTi Hepiogy — Bifl TOYKK D 10 TOYKH ¢ — MOTYKHICTH
BiJl’€MHA — KOHJICHCATOpP PO3PADKAETHCS 1 BOHA TOYHO KOMIIEHCYE IOAATHHUH BKJIAJ IIEPIIOi
YaCTHHHU Nepiofy. AHAJIOTIYHI MipKyBaHHS MO)KHa TOIIHUPUTH 1 HA JPYTy YaCTHHY IIEpioxy.
TakuMm 4MHOM, cepenHsl MOTY)KHICTh 3a OAWH NOBHUH IMKJI JIOPiBHIOE HYIO. JIerko MOKHa
JIUITH BUCHOBKY, IIIO €HEPTis JpKepesia MepexouTh B €HEepriio eIeKTPUIHOTO OISl KOHJICH Ca-
TOpa, Jie BOHA 1 aKyMYJIIOEThCSI, a MOTIM TI0JI€ 3MEHIIYEThCS — CHEPTisl 3HOBY ITOBEPTAETHCS 10
Jokepena. Brpat eneprii B mboMy mporieci He BinOyBa€eThes.

BpaxoByrouu (22.18), MoXkHa 3aIMCaTH CIIiBBiAHOIICHHS, CKBiBalleHTHE 3akoHy OMa, siKe
3B’513y€ MaKCUMaJIbHI 3HAYEHHS CTPYMY 1 HallpyTH Ha KOHJICHCATOPI

I

—_

Bemmuuny X, =1/©C Ha3uBaOTH peakTHBHUM €MHICHHM 0mopoM. BumMiproetses X
B omax. ®opmyana (22.19) cnpaBenmBa i 1uist AiF0YMX 3HAYCHD:

I
U,= 2. 22.20
)= (22.20)

TakuM YrHOM, KOHJEHCATOpP B KOJIi 3MiHHOT'O CTPYMY YTPY/JHIOE TIPOTIKaHHS 3apsiLy, OCKUIBKH
Ha HOro 0OKJIaIMHKaX HAKOMMYYETHCS 3apsil.
3ayBaxMMO, HaCaMKiHeIlb, 10 UMM OiJIbIIa YacTOTa, TUM MEHIINHA PEaKTUBHUN €MHICHUN

omip X . AktuBHuMI omip R B K011 3MIHHOIO CTpYMY Bijl Y4aCTOTH 3MIHHOI'O CTpyMY HE 3aJIEXKUTb.

Mpuknan 22.3. Axum onopom onodic kondencamop emuicmio C = 40 ux® na wacmomi
v =60 MIy?
Po3B’si30k. 32iono (22.19)
1 1 1

oC  27vC  2(314)(6-10" I'y)(4-10° @)
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22. 3miHHULL eneKmpUYHULL CIpym

Mpukaan 22.4. Busnauumu maxcumanvhe (amniimyone) i 0iloue 3HA4eHHsL CUU CIMPYMY 8
koni na puc. 22.8, axuwo C = 1,0 ux® i U, = 120 B npu: a) v= 60 I'y; 6) v =6,0 - 10° I'y.
Po3B’s130K. a) 32iono (22.4)
Uy= +/2U, = 4/2120 B = 170 B.
I3 (22.19) natioemo, wo
1 1 1

c=——== = =y 5 = 2,7 xOm.
oC  27vC  2(314)(60 ¢ 1)(1,0-10° @)
Tooi
lp=—0 =108 63,
Xc  2,7-10° Om
|0=$—£=44MA.

Xe  2,7-10° Om
6) ITpu v=26,0" 10° Iy ompumaemo X =0,27 Om i mooi Iy = 630 4, I, = 440 4. Ax eu-
OHO, peaKmueHUll ONip iCMOMHO 3A1eAHCUMb 8I0 YACTNIOMU.

3. InaykTHBHicTH B KoJIi 3MiHHOTO cTpyMy. Hexail B K070 3MiHHOTO CTPYMY YBIMKHEHO
KOTYHIKY 3 iHaykTuBHicTIO L (prc. 22.10). €EMHICTIO Ta aKTHBHEM OMOPOM 3HEXTYeMO. OCKisb-
\
LU
U
L

00T I

(=)
—/

Puc. 22.10 Puc. 22.11

KI 4epe3 KOTYIIKY IPOXOAUTb 3MiHHMI CTPyM, TO HABKOJIO ii BUTKIB yTBOPHUThCS 3MiHHE Mar-
HiTHE TI071e, sike Oyne 30ymkyBatu EPC camoinaykii, sika 3a BexmduHoro popiBHioe EPC mxe-
pena, aye poTwiIexHa /10 Hel. Tofl Ui po3riIsayBaHOTrO KOJIa MaeMo:

g - Ld—I =0, (22.21)
dt
ne & — EPC mxepena, e; =—Ldl /dt — EPC camoinaykuii, abo
Ld—I =&y sinmt,
dt
3BiAKH
a_ ﬁsin ot,
dt L
1, MPOIHTETpyBaBIIN OCTAHHIH BUpPa3, MAEMO:
| = —ﬁcos ot. (22.22)
oL
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8§ 22.3 3axon Oma st Kt 3MIHHO20 CIpPYMY 3 OMIYHUM ONOPOM, EMHICHTIO Md THOYKIUGHICHTIO

BpaxoByioun, mo oSt = —sin(wt— 90°), ocranniii Bupa3 naby/e BUIISY:
| = 1, sin(wt- 90°), (22.23)
ae
1, = Lo (22.24)
Lo

I3 rpagikis cunu crpymy I i Hanpyru U, HaBeneHux Ha puc. 22.11, BunHO, 1o cuia crpy-
My Bizacrae Big Hampyru Ha 90°. Ile € mprunHOIO TOro, IO CcepeHe 3HAYCHHS MOTY)KHOCTI 32
OJIMH MIOBHUH TIEPiOf, K 1 y BHIIAAKy EMHOCTI B KOJI 3MiHHOIO CTPYMY, JOPiBHIOE HYITIO (pHC.
22.11). HeBaxxko 3po3yMiTH, IO €HEPris JKEpeia MepexOAUTh B CHEPril0 MarHITHOTO OIS
KOTynIkH. Jlami MarHiTHE 1moje 3MEHIIYEThCS 1 €Heprisi 3HOBY MOBEpTAaeThes 10 mxepena. Jlo-
JaTHi 1wioli noTyKHocTi (puc. 22.11) BiAMOBiIat0Th MOMEHTY 4acy, KOJIU KOTYIIKA CII0KUBAE
EHEPTif0, KA 30CEPE/DKYETHCS B Hill Y BUTIIAAI MarHITHOTO MOJA. Bix’eMHI moiomni BigmoBiga-
FOTh MTOBEPHEHHIO IIi€l eHeprii ukepeny (B Mepexy).

Sk 1 y BUnaaKy Kosa 3 €MHICTIO, MOXKHA 3aIHCATH CIIIBBIIHONIEHHS MK MaKCUMaJIbHAMH
3HAYEHHSAMU CHIH CTpyMYy Iy 1 Hanpyru Uy Ha KOTyImi:

Up = 10X, = wlly)] (22.25)

ne X, =oLl HaswBaroTh peakTMBHMM iIHIYKTHBHHM OMOpoM (TyT BpaxoBaHa (opmyina (22.24)).

Sk BUIHO 13 (22.25), peak THBHUI 1HIYKTHUBHHIA OITip MPSIMO MPOIOPLIHHIIA YaCTOTI 3MIHHOTO CTPYMY.
PeakTuBHUI IHIYKTUBHUIA OIp TAaKOXK BHMIPIOEThC B omax. @opmyia (22.25) crpases-
JIMBA 1 JUTA AII0YMX 3HAYEHb HAINPYTH 1 CTPYMY

2220

OJJHAK BOHA HE BHKOHYETBCS JUII MUTTEBUX 3HAYCHb CTPYMY 1 HANPYrH, OCKUIBKA BOHH HE
CHiBIaatoTh 3a $a3oro.

Hpuxnan 22.5. I1pu nio ‘eonanni Komywky iHOyKMUGHOCMI 00 Oxcepena 3MiHHOI Hanpyau
U, =120 B, (v =60 I'y ) cuna cmpymy uepes komywiky oopiguioe |, = 4,6 A . Busrauumu iHOyK-
TNUGHICb | IHOYKMUGHULI ONIP KOMYUKU.

Po3B’si30K. Tnoykmusnuii onip eupazumo iz popmynu (22.25):

U
XL=—0=@=260M.
I, 46 A
Inoykmusnicmo xomywku eupazumo iz popmynu (22.26):
L
L=U" Y 120 5 = 69 mlH.

Lo  27v1,  2(314)(60 ¢ 1)(46 A)

4. Kos10 3MiHHOTO CTPYMY 3 aKTHBHHM OIIOPOM, €MHic-
TIO i iHgykTHBHIicTIO. [TpHUITyCcTUMO, IO KOJIO CKIANa€ThCS
13 TIOCIIIOBHO 3’€JHAHUX PE3NUCTOpa 3 OMOPOM R, KOTYIIKH
3 imgykTEBHICTIO L 1 koHmeHcaTopa 3 emuicTio C (puc. 22.12).
SIKmmo Koo mij’eAHaTH A0 JKepesa 3MiHHOIO CTpyMy, TO B

Puc. 22.12 .
KoJti ToTede cTpyM. 3akoH OMa I HOTO KOJIa 3aIHIIeTh-
csl Tak:
]
l,= 70, (22.27)



22. 3minHUll eneKmpuyHULl Cmpym

ne I, 1 Uy — BiINOBiAHO N1it04i 3HAUYEHHS CHIIM CTPYMY 1 HaIrpyTH.
Benmnunny Z Ha3uBaloTh NOBHUM OMOPOM a0o0 iMmeaHcoM KoJia. IMnenanc xomna 3B’ s3a-
HUH 3 aKTUBHUM 1 peaKTHBHUMH OIIOPAMH KOJIa HACTYITHUM YHHOM:

Z=R? + (X, - X¢)* = |R? + (oL - w%)z' (22.28)

[MoxniOHuii Burysiy Bupasy, SIKMH BH3HAYa€ iMIEAaHC, OOyMOBICHUH THM, IO HAIpyra i
CTPYM B IHIYKINHHIA KOTYIII i KOHIECHCATOPI 3B’s3aHi MiXK COOOI0 TaKMM K€ MPOCTUM Bil-
HOIIICHHSIM, SIK HaIpyTa i CTpyM Ha pe3nucTopi.

Taxum unHOM, Airoye 3HaueHHS cTpyMy B RCL — koni topiBHIOE

=Y Y, . (22.29)

R + (wL - i)z
[0]®

I3 (22.29) BuzHO, o cuna ctpymy B RCL — xoui 3a1eKUTh Bill YaCTOTH HANIPYI'H, IO JKH-
BUTH KoJ10. OUeBHIHO, IO CHJIa CTPYMY B KOJi OyAe MaKCHMaJIBHOIO TP YacTOTi, SKa 3a70BO-
JIbHSE YMOBI

1
ol -—) =0,
( prey

Wy = ‘/% (22.30)

SIKIo @ = @y, B KO CIIOCTEpiraTMMeThest pe3oHanc. 3a niei ymoBu X¢ = X| , ToMy imme-
JTAaHC BiJMOBIJA€ TIBKH aKTUBHOMY oriopy. Ha puc. 22.13 noka3zaHo 3aleKHICTB [, BiJl YaCTOTH
I, @ It 1BOX pisuux 3Ha4yeHb R (3uauennst Uy, L i C dikcoBani).

Unm menme R, TuM roctpimmii pesonanc. PesoHaHC B enekTpuy-
HOMY KOJII aHJIOTIYHUI MEXaHIYHOMY PE30HaHCY.
st Masix V nBoX momepenHiX BUMagKax Oyio MmoKa3aHo, IO CTPYM i
R Halpyra He CHIBIAJAI0Th 3a (a30l0. y KOJi 3MiHHOTO CTPYMY 3
€MHICTIO CTpYM Burnepempkae Harpyry Ha 90°; y xomi 3MiHHOTO
CTpYMY 3 IHAYKTHBHICTIO HaBIIAKH HAIpyra BUIIEPEIKAE CTPYM
Ha 90° ¥V RCL — xomi cTpyM i Hampyra TakoXX HE CIiBIIAJal0Th
| : 3a (pa3or0. 3cyB (a3 BU3HAYAETHCS CITiBBiTHOMICHHSM:
0,90, , 1,10, R R
cosp = — = . (22.31)
Puc. 22.13 z \/RZ + (XL = X¢)?

ge ¢ —3cyB ¢as. Sdxmo X, > X, To cTpyM y KoJi BicTaBaTHUMe 3a (pa3oro Bix Halpyru Ha

3B1IKH

Jlnst BenmuKux

KyT @ ; aKkmo X, < X, TOo CTpyM B KOJIi BUIIEpEKAaTUME HANPYTy HA KYT ¢ .

Hacamkinels, BU3HaYMMO MOTY)XKHICTb, 10 BUIUIIETHCS B KOJIi. Buie Mu Bxe 3’scyBaiy,
110 OTY)KHICTh BUALISAETHCS TIIBKM Ha aKTHBHOMY onopi. Tomy

<P>=I2R.

Ockinbky, 3rigHo (22.31), R = Zcosg, T0
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8§ 22.4. Jlis cmpymy Ha m0O0uHy

<P>=12Zcos¢p = 1,U,coso. (22.32)

B (22.32) BpaxoBano Qopmyny (22.27). KoedimienT COS¢ Ha3uBaeThcs KoedimieHTOM
HOTYKHOCTI Kona. [l uucTo akTuBHOro onopy cos¢g =11 <P > = 1,U,. JIna gucro peak-
THUBHOTO OMOpy (EMHICHOI'0 YH IHIYKTHBHOr0) COS¢ = 0 i MOTYXHICTbh JOPIBHIOE HYITIO.

Hpurnax 22.5. B kono nocniooeno exmroueni akmusnuil onip R = 25 Om, komywika 3 in-
oykmuenicmio L = 30 ml'n i konoencamop emuicmio C = 12 mx®. Kono nio ‘conane 00 Odice-
pena sminnoi nanpyeu (U, = 90 B, v = 500 I'y). Pospaxyeamu: a) cury cmpymy 6 Koni; 0) Ha-
npy2y HA KOJICHOMY I3 eleMeHmi6 Kod; 8) 3CY6 (haz; 2) NOMYHCHICMb, U0 SUOLIAEMbCS  KOJIL.

Po3B’s130K. a) Cnouamky snatioemo okpemo iHoykmuenutl i emuicruti onopu npu v = 500 c
X, = 2zvL=2(314)(500 ¢ *)(3-1072 I't) = 94 Om,
— 1 — 1 —
2zv C  2(314)(500 ¢ ") (12-10°° @)
Tosnuii imnedarc oopierioe
Z = R? + (X, = X)? = 4/(250m)% + (94 Om—2650m)? =72 Om.
3ziono (22.29)

26,5 Om.

C

U, 903

Z T720m

0) Hiroui 3Hauenns nanpyau Ha KOJCHOMY I3 eNeMeHmi6 Koia OOPIGHIOIOMb
Ug), =1,R= (1,25 4)(25 Om) = 313 B,

U), =1,X, = (1,25 4)(94 Ox) = 1175 B,
Ue),=1,Xo = (1,25 4)(26,50x) = 331B.

=125 4.

0=

6) 3ziono (22.31)

R 250m
cosp = — =
Z 72 Om

=035 ¢ =69,7"

2) Illomyarcnicmey Oopienioe
P=1,U,cos¢ = (1,25 4)(90 B)(0,35) = 394 Bm.

§ 22.4. [lisi cTpyMy Ha JIOIUHY

Binbmricte ¢yHKIIM opraHi3My oOyMOBIIEHI €IEKTPUYHUMH B3aeMOXisIMH. JuxaHHs, yaa-
pH cepii Ta poOoTa M’sI31B KOHTPOJIIOIOTCS EJIEKTPUYHUMHU CTpyMaMu. [Hdopmarist Big pi3-
HHUX OpTaHiB YyTTIiB IEPEAAETHCS B MO3OK 3a JOTIOMOTI'0I0 EJIEKTPUYHUX curHaiiB. [lopsia 3 THM
CTPYMH BiJl 30BHIIIHIX JUKEPEN HPH MPOXOMKEHHI Yepe3 KHUTTEBO BAXJIMBI OPraHH MOXYThb
BUKJIMKATH YIIKO/DKECHHS 1 HABITh CMEPTh JIFOJIMHU.

BakkicTh YIIKODKEHHS 3aJIKHUTh Bifl CHIIM CTPYMY, TPHUBAJIOCTI Horo mii i Bix Toro, mo
SIKOMY LUTSIXY CTPYM TIPOTiKa€e B Tt oanHA. OcoOIMBO Yy TIHBI A0 il CTpyMy cepiie i MO30K
JIFOJTMHHA, OCKUTBKH MOYKJIBE TIOPYIIESHHS 1X TisUTBHOCTI.

Bennuuna ctpymy, 1o mpoTiKae Mo Tiy, 3aj1eKHUTh Bix Horo omopy (mpu 3axaHiii 30BHi-
il Hanpysi). OY4eBUIHO, BENHYMHA CTPYMY, IO MPOTIKA€ Yepe3 Tijo, B OCHOBHOMY 3aiic-
JKUTH BiJ] CTaHy TUIa B TOYIl KOHTAKTy. BHYTpIIIHI TKAHWHH BOJIOIIOTH XYK€ MaJIMM OIIOPOM,
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22. 3miHHULL eneKmpUsHULl Cmpym

OCKUJIBKH PiJIMHA, 1110 3HAXOJUTHCS B HUX, MICTHTh 10HH 1 100pe POBOANTD EICKTPUIHHUN CTPYM.
Cyxa mKipa Bojozie BUCOKUM ornopoM. Omip MiX JBOMa KpaWHIMHM TOYKaMH Tija IPH CyXii
uikipi Moxe gocsrati 10° On i Ginsire. TIpu MOKpiit mkipi omip ckmagae 6musbko 1 % Bix Ha-
BeIeHOT0 3Ha4YeHHs. [1oBHMIT omip Tija MiXK CHITHUIMME pyKamH ckiiagae ommsbpko 1500 Om.

Jlerko 3HaliTM MakcHMaJIbHI 3HAYCHHS CTPYMIB JUIS LIUX JBOX BHIIAJKIB BiJl KOHTAKTY 3
MOOYTOBHUM €JICKTPOKOJIOM 3 Harpyroro 220 B 3MiHHOTO CTpyMy:

] 220 B

l=—=—=22mu4 cyxa 1IKipa),
R 10° Om (cyx p3)
] 220 B

= —=—— =146 u4 MOKpa IIKipa).
R~ 1500 On ud. (Moxpa mkipa)

Binpmricts mozelt BiT4yBalOTh €NEKTPUIHHUN CTpyM Ipu Horo cwii omuseko 1.mAd. Cuna
CTpYMY B KUJIbKa MisliaMIiep BUKJIMKa€e OOJIBOBI BIAUYTTS, aje piako OyBae HeOe3neuHa sl K-
TTs 370poBoi moauHu. OnHak, cuina crpymy Bumie 10 mAd MoXke CHPHYMHUTH pi3Ke CKOPOYEH-
HS M’S131B, 1 JIIOAWHA MOXKE BHUSIBUTHCS HE CIIPOMOXKHOIO 3BITBHUTHUCS BiJl JpKepena cTpymy. B
[BOMY BHII&JIKy MOX€ BIIOYTHCS 3ylIMHKA AUXaHHs (IMXATbHHUI [apajiiv) i TITbKH CBOEYacHE
IITYy9YHE JTUXaHHSI MOXKE BEPHYTH JIOAWHY 0 XKUTTS. SIKIIO CTPYM BiJl 30BHIIIHBOTO JUKEpENna
cuioto Oimbme 70 mA mpoiine B obOmacti ceprst abo yepe3 cepiie, TO CepreBi M SI3U MOYHYThH
CKOPOYYBATUCS XaOTHYHO 1 OPYIIMTHCS HOPMaJIBLHUHA KpoBooOiT. Lleit edekT Ha3MBaeThCS HLTY-
HOuYKoBMMH (iopuasiuisimu. [1IryHoukoBi GiOpmIIAIil HE MPUIHUHIIOTECS, SKIIO HABITH NPH-
MIUHUIIACS JIisl CTpyMY, SIKHH 1X BUKIMKaB. SIKIo Ha mpots3i 1 — 2 XxB nuryHOUKOBa (hiOpHIIALis
He TpHIMHEeHa (a BOHA CAMOCTIHHO HE MPHUITMHAETHCS), TO HACTYIIA€ CMepTh. TexHiKa, sKa 3a-
CTOCOBYETHCS sl Ae(iOpmIIsiLii, monarae B MPOIYCKaHHI 4epe3 ceplie Ha MpOTA31 KITbKOX Mi-
JicekyHz cTpyMy BenmnunHO O0nm3bpko 10 4. Iporo MojkHa NOCSTHYTH, pO3PSIKAIOUN Yepes
JIBa €JIEKTPOAH, SKi POMIIILYIOTHCS HA MOBEPXHI MIKIpH HAJ 1 M cepieM, KoHjaeHcaTop. Llei
CTPYM BHKJIMYE PIBHOMIPHY MOJAPHU3ALIIO CEPLEBOI MEMOpaHH 1 MOBEpHE cepIie 10 CKOOPIH-
HOBaHUX cKopodeHb. [Hoai motpi6Ho Bix 10 no 20 Takux nediOpmiiolounX IIOKOBHX YAApiB,
100 3acTaBUTH ceplie (yHKIIOHYBaTH 3HOBY HOPMaJIBHO.

Hebe3nexy npeacTaBisioTh i CTPyMH BUTOKY — CTPYMH, SIKi TEIYTh 110 HECIIO/{IBAHUM TSI
xaM. Hampukman, exekTpudHIi MpoBiAHUK BCEpeUHI HACTIIBHOI JIAMITH 3 METaJIeBUM KOPITY-
COM YTBOPIOIOTH KOHJICHCATOP. 3apsiiy, SIKi PyXaroThCsl IO OIHOMY IMPOBIIHUKY, IHAYKYIOTH
3apsimi Ha pyromy. Cuia cTpyMiB BHTOKY, 3Ti/IHO TEXHIKM Oe3NekH, He IIOBHHHA IEPEBHIITY-
Batu 1 mA (Taka cuna crpymiB Gesneuna). OHAK HABITH TaKHil CTPyM MOXe OyTu HeOesmed-
HHUM JUTS JIIOAWHM 3 HE30pPOBUM CEpIEM, Y SIKOi BXKHBJICHI €JIEKTpOAHW, abo I JIIOAWHM i3
BXKUBIICHIM KapaiOCTUMYIATOpOM. TOMY B YMOBaX JKapHi IS 3aXUCTY BiJl CTPYMiB BUTOKY
HEeOOXi/(HI cremiagbHi Mipu IIEpPEeCTOpPOTH.
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23 ENEKTPUYHI

KOJINBAHHA

§ 23.1. KonuBanbHuii koHTYp. EjlekTpoMardiTHi KoJiMBaHHSA

3MiHHI €JICKTPUYHI i MarHITHI MO HE MOXYTh ICHYBaTH OKPEMO OIHE Bifl OJHOTO, OCKi-
JIBKH B TIPOCTOPI, J€ iCHy€ 3MiHHE MarHiTHE 10Jie, 30y/KYETHCS €IEKTPUYHE T0JI€ 1 HAaBMAaKH
(muB. § 21.6). OaHovacHI mepioquUHi 3MiHH II0B’SI3aHUX MK COOOIO EIEKTPUYHOrO i MarHirt-
HOTO IOJIiB OTPUMAJIM Ha3BY eJEeKTPOMATHITHUX KOJIMBaHb. J[7s1 OTpUMaHHS eJIeKTpOMarHi-
THHUX KOJIMBAaHb MOTPIOHO MATH KOJIO, B SKOMY €HEpTisl eIEKTPHYHOIO OISl MOIjIa O rmepeTBo-
pIOBaTHCS B €HEPTil0 MarHiTHOTO MoJjs i HaBmaku. OCKUIBKM MarHiTHE IOJIE 30CEepeKeHe Iie-
PEBAXHO B KOTYIIKaX, a €IEKTPHYHE B KOHACHCATOPAX, TO HAWIIPOCTIIIEe KOO ISl yTBOPEHHS
€JIEKTPOMArHITHUX KOJIMBaHb MA€ CKJIaJaThcs 3 KOHAEHcAaTopa 1 KOTyIKH. Take Komo Ha3HuBa-
I0Th KOJIMBAJIBHUM KOHTYPOM. AKTUBHHMH OIIp MPOBITHUKIB, 13 SIKKX BUTOTOBISIOTH KOJIMBA-
JHHUIN KOHTYD, MMOBUHEH OyTH JOCTAaTHHO MajMM, iHAaKIIe eJIeKTPOMArHiTHI KOJMBAaHHS IIBHI-
KO 3aTyXaTUMYTh, a00 B3arayli He BUHUKHYTb.

3’scyeMO MeXaHi3M BHHHUKHEHHsI €JIEKTPOMArHiTHUX KoJWBaHb. Hexall Ha movaTKy KOH-
nencatop C (puc. 23.1) 3apsypkeHuit Tak, 10 Ha OJIHIM i3 HOro 0OKJIaqMHOK MiCTUTBCS 3apsij
+Q, , a Ha apyriit — 3apsg —Q, . B Moment yacy t =0
Kir04 K 3aMHKae KOJIO 1 KOHJIGHCATOP ITOYMHAE PO3PSI-
skatucst. [Ipy BiACYTHOCTI B KOJII KOTYIIKH iHAYKTUBHOCTI
M0 TIPOBIHUKY, SIKHI CIIONyYac OOKIAIMHKHA KOH/EH-
caTopa, IOTiK OM CTpyM, SIKMH TPOIOBXKYBABCsI O 1OTH,
MOKM TIOTEHIIaNN OOKJIaIMHOK He BHPIBHAIOThCA. [Ipm
HAsBHOCTI B KOJI KOTYIIKH 1HAYKTHBHOCTI IPOIIEC TIPO-
XOIHUTHME iHaKIIe. 3 MOYaTKOM PO3PSIKH KOHJIEHCATOPA
CTPyM B KOTYIIII IHAYKTHBHOCTI Oynme 3pocTaTd i B
KO’KHAH MOMEHT 4acy pi3HHUIA IOTEHIiaJliB Ha OOKa-
muakax koumencaropa U = C/Q (me Q — 3apsia KoHeHcaTopa B JaHW MOMEHT) JOPiBHIOBA-
tume EPC camoinayxkuii — L -(dl / dt). Konu xonmeHcarop moBHicTio pospsiautses (Q = 0),
cwia cTpyMy | B KOTyIILi JOCATHE MaKCHMAIIbHOTO 3HAUCHHS 1 IIepecTaHe 3MiHIOBATHCS, TOMY
—L-(dl'/dt) =Q/ C = 0. IaayKigist MarHITHOrO [OJISt KOTYIIKY B IIed MOMEHT TaKOXK Oyjie Mak-
CHMaJIbHOIO. Jlani Mar"iTHe mose CTpyMy IOYHE CabHYTH, BHACIIIOK YOTrO B KOTYyHIII Oyxe
IHIyKyBaTUCS CTPYM, HAIIPSIMOK SIKOTO CIIiBIIAJaTUME 3 HAIPIMKOM CTPYMY PO3PSIKA KOHIICH-
caropa. KonzuencaTop nepesapsupkatuMeTbest. Ko cuiia ctpyMy 3MEHIIUTBCS 10 HyJIs, 3apsi]
KOHJICHCATOpa JTOCATHE MaKCUMAaIbHOTO 3HaueHH Qp, aje oOKIamuHKa, KA paHimie Oyra 3a-
PSIDKEHA MO3UTUBHO, Tenep Oyze 3apsKeHa HeraTHBHO 1 HaBmaku. [10TiM KOHIEHCATOp 3HOBY
Oyzme po3psDKATUCS, BUKIMKAIOYH MOSIBY CTPYMY 1 ITOB’S3aHOTO 3 HUM MAarHiTHOro mons. Tak
MIpOIIeC TePETIKaHHS 3apsAay 3 ONHIe! OOKITaIUHKH KOHICHCATOpa HA 1HITY Yepe3 KOTYIIKY iH-
JOYKTHBHOCTI IIOBTOPIOBATUMETHCS 3HOBY 1 3HOBY. TakuM YMHOM, B KOHTYPi BHHHKHYTb CIEKT-
poMarHiTHI kKonuBaHHA. L{elt mporiec OB’ I3aHUI HE TLTBKH 3 KOJMBAaHHAMU BEIHMINHU 3apsay,
aje 1 3 mepeKadyBaHHAM CHEPTii i3 eNEeKTPUIHOTO MO, SIKe 30cepeKeHe B KOHICHCATOpi, B
MAarHiTHE TI0JIe, K€ 30CepeKeHE B KOTYIII iHAYKTUBHOCTI 1 HaBIIAKH.
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23. Enexmpuyni KoMueaHHs”

Ha puc. 23.2 st nopiBHAHHS HaBEACHI B 3aJISKHOCTI BiJ| 4acy rpadikv 3MiHH 3apsty Ha KOH-
JIeHcaTopi, MBUAKOCTI 3MiHK ¢l cTpyMy, EPC caMoiHIyKIil KOTYIIKY i CUIIH CTPYMY B KOHTYDI.
QA Yac, Ha NpOTH3i SKOTO 3IHCHIOETHCS OJIHE ITOBHE KOJIH-
BaHHS, HAa3MBAETHCS NEpiofioM 7 EIEKTPOMAarHiTHUX KOJIHU-
BaHb, a YKCIIO MIOBHUX KOJIMBAHb 32 OAMHHMINIO Yacy — 4acTo-
Toro KonuBaup v =1/ T.

0 t Sk 3acBimgdye Teopis, €JIEKTPOMArHiTHI KOJWBAaHHS B
ineansrOoMy KOHTYPI (pu R = 0), To6TO BiacHi KONMUBaHHS,
IA € rapMoHiyHuUMH. [Tepiox BIacHMX KOMMBaHb BU3HAYAETHCS
\ 13 yMOBH piBHOCTI PEAKTUBHIIX OTIOPIB KOTYIIIKH 1 KOHIEHCATOpA!
> 1
0 t X =X¢ abo oL = . (23.1)
@,C
dr
ac A I3 (23.1) maemo
1
Wy = —— (23.2)

=

qaCTOTy (o Ha3WBAIOTh BJIACHOK YaCTOTOK KOJIHWBAJIb-

€ HOro KOHTYpy. Ockinbku wo = 27/ T, T0, BAKOPUCTOBYIOUH
dopmyny (23.2), oTpuMaemo:
0 ? T=2x/LC. (23.3)

®opmyna (23.3) orpumana Haszsy popmymu Tomcona.
I3 (23.3) nerko oTpuMyeThCs (opMYyIIa JUlst THIMHOI YaCTOTH
Vo BIIACHUX KOJIMBAaHb B KOHTYPI:

1
274JLC

Tyt MU CKOpHCTAIUCh criBBigHomeHHsM 7 =1/ v.
I3 (23.4) BuaHo, o npu goctatiso Manux L i C B KOHTYpi MOXKHA OTPHMATH KOJIUBAHHS
BHCOKOI 4aCTOTH, sIKa BUMIPIOETHCS MiIbHOHAMU TepIl.

Puc. 23.2

(23.4)

Vo=

8§ 23.2. IndepeHuianbHe piBHAHHS BJACHUX eJJeKTPHYHUX KOJUBAHD

Cripo0yeMO MaTeMaTHYHO OITMCATH KOJMBAaHHS B KOJIHMBAILHOMY KOHTYpi. [ 1poro 3a-
numemMo apyre npasmio Kipxroda amst mpomecy po3psakd: pi3HALS HOTEHIIaiB HA KOHJICH-
caropi B Oynb-SKHHf MOMEHT 4acy JOpIBHIOE MaJiHHIO HANpPYrH Ha KOTYIII, SKa JOPiBHIOE
EPC camoinmykmii:

Q = - Ld—l, (23.5)
C dt
ne Q — 3apsq KOHAeHcaTopa B JaHWM MOMEHT 4acy, a | — cuia ctpymy B KOTymIIni B TOH ke
MOMEHT.
2
Ockinbku | = d—Q, a a = d—?, To piBHsAHHSA (23.5) HaOyxe BUIIIALY:
dt dt dt
2
Q. Q g (23.6)



8§ 23.2 Jlughepenyianvhe pisHsinHs 1ACHUX €IEKMPULHUX KOJIUBAHD

PiBHSHHS TaKOro BUIIISALY ONHMCYIOTH TAPMOHIYHI KOJMBAaHHS (pi3MYHOI BENWYMHH, B JaHO-
MY BHNAJIKy €JIeKTpUYHOro 3apsny. Lle piBHSIHHS Ha3WBalOTh Au(epeHniaIbHUM PiBHSIHHIM
BJIACHUX eJIeKTPUYHUX KOJIMBAHb. PO3B’S3KOM IHOTO PiBHSAHHS € (QYHKIIis

Q=0Q,cos(awyt + @), (23.7)

ne Qp — amMmIIiTYJa KOJIMBaHb 3apsily KOHJEHCATOpa 3 HUKJIIYHOIO YacTOTOI @g. APTYMEHT
KOCHHYCa Ha3MBaIOTh ()a3010 eJIeKTPUYHUX KOJIMBAHb, a KYT ¢ — MOYAaTKOBOIO (ha3zoro. Paza
KOJIMBaHb BU3HAYA€ CTAH KOJHMBAIBLHOTO MpOILECy, TOOTO, 3HAYCHHs 3apsAay KOHIEHCaTopa B
KOJIMBAJIbHOMY KOHTYPi B KO>KHHMH JTaHWH MOMEHT 4Yacy.

Cuna cTpyMy B KOJMBaJIbHOMY KOHTYPI TeX 3/1HCHIOE TapMOHIYHI KOJIMBAHHS:

I—dQ—— sin(ayt = —lysin(ogt 23.8
T at Qowgsin(wgt + @) = —lgsin(wgt + @), (23.8)

ne lo = Qo wo — amIITiTY1a CUITH CTPYMY.

Hampyra Ha konzaeHcartopi

Uec = % = %cos(wot + @) = Uycos(wpt + ¢), (23.9)
ne Uy = Qo / C — amruriTyzia Hanmpyru.

I3 popmya (23.7) — (23.9) BuHO, 1110 KOMMBaHHS CHIIK CTpyMY | BumepekaoTh 3a $ha3or0
konuBaHHs 3apsny Q i manpyru U mHa 7/2 (puc. 23.2).

Jani po3riisiHeMO KOJNHMBAHHS B KOHTYpPi 3 CHEPreTUYHOI TOUKH 30py. EHepris exexrpuy-
HOT'O OISl KOHJ/ICHCATOPa B OBUIbHUM MOMEHT dacy nopisuioe (¢-ma. 17.36):

1 Q Qo
W = = cos t + 23.10
£ = o ST ept + 0) (23.10)

B meit e MOMEHT yacy eHeprist MarHiTHOro mosst Korymku (¢-ma. 21.20)

242
W, = %uz _ %sinz(wot ) = QO 8 sin (gt + ). (23.11)
(Tyt Mu ckopucraiucs popmyoro (23.2)).
[ToBHa eHepris B Oynb-IKHif MOMEHT 4acy JOpiBHIOE
Q’ Q'
W =W+ Wg = %[cosz(wot + @) +sin®(wyt + @)]= % (23.12)

3HAYNTh, TOBHA CHEPTiS 3AIAIIAETHCS CTANIO, TOOTO EHEepris 30epiraeThesl.

Mpuknan 23.1. Konoencamop emuicmio C = 1200 n®@ 3apsoocenuii 6io bamapei 0o na-
npyeu U = 500 B. B momenm uacy t = 0 tiozo 6i0 cOnanu 6io bamapei i 3’ €Onanu 3 KOMyuwKor
3 inoykmuenicmio L = 75 ml'n. Buznauumu: a) nouamxoeuil 3apso Qg kondencamopa; 6) mak-
cumanvry cuiy cmpymy lo 6 konmypi; 6) wacmomy v i nepiod T konusans; 2) nogny enepeiio
KOTUBAHD.

Po3B’si30k. a) 3ziono (17.27)

Q, = CU = (12-10"° @)(500 B) = 6,0-10°
6) I (23.8)
B 6,0-107 Kx
J_C (0,075 I'n)(1,2-107° )
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23. Enexmpuyni KoMueaHHs

1

[0

1
2r  27JLC  2(314),/(0,075 [)(L,2-10°° @)
1 5
T == =58810"c.

1%

2) 3eiono (23.12)
2 -7 2
W = Q_O = M =15-10"" .

2C  2(12-10° @)

§ 23.3. 3racaroui eJleKTPOMArHiTHI KOJTUBAHHS

KonmBanbHuit KOHTYp, OmnvcaHui B IoInepeHbOMY Haparpadi, ijeanizoBaHuid, OCKUIBKA
MU BBaXkaid, Mo #oro aktuBHUM omip R = 0. OmHak, Oymb-skuii peadbHUN KOHTYD 3aBXKIU
L BOJIOZIi€ aKTHBHUM oropoM R. PosrisHemo KonmmBasisHHMN KOH-
J—’GZSW TYyp, B SIKOMY KpiM KoHzeHcartopa C i KOTYIIKN iHIYKTHBHOCTI
L € akruumii onip R (puc. 23.3). Hexait koHIeHCATOPY HAqaHO
noyaTkoBuit 3apsin Qp i B MoMeHT yacy t = 0 3amMHKaeMO KoJIO.
OCKIJIbKM KOHTYP MICTHTh AKTHBHHH OIIp, TO NIPH PO3PSALI
I KOHJIEHCAaTOpa YacTHHA HOro eHeprii Oyze mepeTBoploBaTHCS B
Puc. 23.3 TEIUIOTY 1 KOJIMBAHHS BXE OYEBHAHO HE OYIyTh HE3aTyXarouH-
My, K B LC — koHTYpi 3a ymoBH, mo R = 0. 3acrocoByroun

npyre npasmio Kipxroga 1o boro xomna, OTpuMyeMo;

L% +IR+U=0, (23.13)

AN
|~
|l

ne Ldl/dt — EPC camoinaykunii, IR — maainas Hanpyru Ha onopi R, U — pi3HUI noTeHmiamiB
Ha OOKJIaIMHKaxX KoHjaeHcatopa. Bpaxosyioun, mo U =Q/C, | =dQ/dt, dl /dt = d*Q/dt?,
dbopmyiy (23.13) mepenmmemo Tak:

2
Ld (3 +Rd—Q+g=0. (23.14)
dt dt C
P03B’s13K0M LIbOTO PIBHAHHS € QYHKIIIS
Q = Qe " cos(wt + @), (23.15)

me B =RI2L, o = o - B°.

Lleit po3B’s130K mpencraBisie codoro 3racaroue konuBanHs (puc. 23.4). BemnunHa Qoe’ﬂ !

3 BHpaKAE aMIUTITY/Ty 3racalouoro KOJWBAaHHS 3 YacoM 3a
EKCTIOHCHITIATFHAM 3aKOHOM; YiM OUThIIe /3, THM TIBHI-

tie 3merinyersest amntityna. Ockineku § = R/2L, o

/\ /\ N\ 3racaHHs KOJMBaHb BiZ0OYBa€ThCS THM IIBUJIIC, YUM

0 \/ \V4 t  Oinpmmii orip R 1 ynM MeHIua iHayKTHBHICTb. Tlepion
KOJIMBaHb

T="= " (23.16)
Puc. 23.4 2 o - p°

Qo_
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8§ 23.4 Bumywieni enexmpomacnimui konueanms. Enexmpuunuil pesonanc

[TincTaBisFoun CIOIM 3aMICTh (g 1 f 1X 3HAYCHHS, OTPUMAEMO:

To__ 2% (23.17)

1 (RY
LC 2L
Sxmo R B mopiBHsAHHI 3 L Mae, To KonuBaHHS B KOHTYpI OyAyTh 3racaTH Ay)Ke IOBLIBHO,

npu mpomy B hopmyii (23.17) B 3Hamennnky Bemmanoio (R / 2L)° MoxHa 3HEXTYBaTH, i TOI
BOHA IIEPETBOPUTHCS B opmyiry (23.3):

T = 2z4y/LC. (23.18)

IMopisutoroun (opmymu (23.17) i (23.18), Gaunmo, 110 HASBHICTH AKTUBHOTO OIOPY B
KOHTYPI1 NPHU3BOUTH /10 301IBIICHHS TepioLy KOJIMBAHb 7.

Cuia cTpyMy 1 pi3HHUIS MOTEHIIaNIB HA OOKJIAMHKAaX KOHJEHCATOpa TaKOX 3/1MCHIOIOTH
3racarodi KOJIMBaHHS:

| = Z—? = — Qe P! [Beos(wt + ¢) + wsin(wt + ¢)], (23.19)

Q Q —pt
U=—==—¢e" cos(ot + ¢). 23.20
c T ( P) (23.20)

Ipwu BincyrrocTi 3racanus (§ = 0)
| = —Quwsin(wt + ¢), (23.21)
_Q

U= ?Cos(a)t + ). (23.22)

LIi dopmynu criBnanaroth 3 popmynamu (23.8) i (23.9).

§ 23.4. BumyuieHi e1eKTpoMarHiTHi kosmBaHHs. EnexTpuynuii pe3oHaHc

{06 oTprumarn He3aTyxarodi elNeKTPUYHI KOJMBAaHHS, HEOOXiIHO B KOJMBAJIbHUN KOHTYD
L BKJIIOUUTH JDKEPETIO 30BHINIHBOI cuHycoimansHoi EPC

VR R T D —— E=&sinwt (puc. 23.5). Iig xieto niei EPC B koHTYpi
C BCTAaHOBIIOIOTHCS BUMYIICHI KOJIMBAHHA 3 YacTOTOK

E=¢E,sinwt? —— 1IpOro JpKepera, TOOTO B KOHTYpI Oy/ie IMPKYITIOBATH CTPYM
R | I =l;sin(ewt + @). (23.23)
3rimHo 3 hopmyroro (22.29), aMIuTiTYyIa IOTO CTPYMY
Puc. 23.5 ,HOpiBH}OC:
&y

(23.24)

IO— 1 .
\/RZ + (Lo — —)?
Co

SIKio 3apa3 3MiHIOBAaTH YaCTOTY 30BHILIHBOIO DKEPENia, TO aMILTITy/a BUMYIICHNX KOJIMBAaHb
Oy/e 3MiHIOBAaTHCS 1, KOJIM YAaCTOTA BUMYIICHUX KOJIMBAHb @ HAOJIM3HUTHCS JI0 BIACHOI YaCTOTH
KOJIMBAJILHOT'O KOHTYPY (o, HACTYIIUTH eJ1eKTPUYHHIA pe30HaHCc. 3a YMOBH, II0 @ = ) peak-
THBHI OIIOpH KoHzeHcaTopa X i korymiku X| B3aemuo komrencyorsest (L o - 1/Cw = 0), i
CTpYM B KOHTYPI pi3ko 3pocrtae (puc. 23.6, pe3onancHa kpua 1). 3HAUCHHS CTPyMY [PH LOMY
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23. Enexmpuyni KoMueaHHs

00MEXYETHCS TIJIbKH aKTHBHUM OIOpoM R KoHTYpy, sAKkuii, sk npaBuio, € ManuMm. IIpu npomy
I BiJITOBITHO 3pOCTAIOTH MAAIHHS HANPYT Ha PEaKTUBHUX ONOPax
BimnoBigHO KoHIeHcaTopa Uc = IXc 1 KOTYIIKY iHAYKTHBHOCTI
UL = IX, . TIpu pe3oHaHCi aMIUTITYIM IHMX HANpPyr MOXYTh
3HA4HO NepeBuIllyBaTy aMILliTyy £, EPC. BuacHy yactory wq

—-

KOJIUBAILHOIO KOHTYPY, sSIKa BU3HA4Ya€eThCst hopmyioro (23.2),

Ha3UBAIOTh YACTO Pe30HAHCHOIO YACTOTOIO0.
1 [Tpn 306ibIICHHI aKTHBHOTO ONOPY KOHTYPY PE3OHAHCHI
kpuBi MeHmr roctpi (puc. 23.6, kpusi 2 i 3). TakuM YMHOM, YUM
MEHIINH aKTUBHHUH OIp KOJMBAJIHHOTO KOHTYPY, TUM T'OCTpi-
it pesoHanc. e 1o3Bose, y BUIAAKy CKIAJHOTO XapaKTepy
Bumymrytouoi EPC, “HactporoBaTi’” Takuii KOHTYp Ha OKpeMi rap-
MoHiuHi ckianosi EPC.

KonmBasbHi KOHTYpH BiAIrpaloTh Ba>KJIMBY POJIb B OaraTrbox
€JIEKTPOHHMX IpHCTposix. Hampukman, B pamio- 1 TenenpuiiMa-
0 ® "o Yax 3a iX JOIIOMOTH HacTPOIOIOTHCS Ha TOTPiOHY 4acTOTy, BHU-

Puc. 23.6 AULTIOMH 13 BETMKO! MHOKMHH pajioXBUITb Tepenaty oTpio-
HOI pafio- abo TexecTaHIii.

s om0

Hpuxnan 23.2. B momenm uacy t = 0 3amuxaemovcs Koy KOAUBATLHO20 KOHNMYPY, 300pa-
arcenozo na puc. 23.3 (L =40 ml'n, R = 3,0 Om, C = 4,8 ux®). Busnauumu: a) uacmomy Koiu-
6amb 6 Konmypi; 6) uac, Ha RPOMS3L AKO20 AMNAINYOA KOIUBAHb 3apsidy 3MEHUUMbCS HANOLO-
6UHY; 6) 3HauenHs R, npu sSIKoMy KONUGAHHS 6 KOHMYDI He GUHUKATUMYMb.

Po3e’si30k. a) Yacmomy supasumo 3 popmynu (23.17), maiouu na yeasi,ujo T=1/v:

11 R 1 J 1 (3,0 Om)?

V=—||—"—-—-= - =
2z VLC 4  2(314)\ (40102 Iw)(48-10 ° @)  4(4,0-10° 2 I'n)’

_ 363 7.
6) Amnnimyoa smenuumocs 6 06a pasu 3a yMosu
Rt
ez =L

(ous. popmyny (23.15)).
Jlozapugmyrouu ocmanHiil 6upas, OMpUMaemo:

2(4-1072 I'n)

0,693 = 1,85-10 ¢ = 18,5 mc.
3,00m

t=£ln2=
R

6) V eunaoky, konu koiueanns ¢ KOHmypi ne gunuxamumyms (i3-3a 6eauxo2o snavenns R),
MOJICHA NOKAACMU, WO nepiod koausanns T = oo, a ye o3Hauae, wo

2
1 _R
LC 412
(oue. popmyny (23.17)), 36ioku
2
R>2 L =2 w = 182,6 Om.
C 48107 @
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