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BCTVYII

VY naHomy BUJaHHI HaBEJEHO TEOPETUYHUHN MaTepiai Ta 3aBJaHHs /10 KY-
pcoBoi poOOTH 3 AuCHMIUTIHU ,,EJeKkTpoTexHika i ejekTpomexaHika” 3a Te-
MO10 ,,Po3paxyHok mapameTpiB eJ1eKTPOTEXHIYHUX MPUCTPOIB”, K1 CIIPSIMO-
BaHl Ha 3aKpIIUICHHS TEOPETUYHMX 3HAHb Ta BIANPALIOBAHHS NPAKTUYHUX Ha-
BUYOK PO3PAXyHKY BIAMOBIAHUX MPUCTPOIB.

JIist iHIMB1AYyaabHOT pOOOTH CTYACHTIB OJAAHO TEOPETUYHUIN MaTepian Ta
MPUKIAJAN PO3PAXYHKY €IEKTPOTEXHIYHUX Ta €JIEKTPOMEXaHIYHUX MPUCTPOIB.

VY HaBuajgbHOMY MOCIOHUKY C(POPMYIILOBAHO 3aBAaHHS KYpCOBO1 poOOTH
Ta MOJaH1 BaplaHTH BUXITHUX JAHUX JI0 HUX, a KOHKPETHUH 0o0csir po6oTH yTo-
YHIOE BUKJIJay, SIKUM BeJie Kypc JEKIiH 3 BKa3aHO1 AUCIMIUTIHH.

[Tpu odopmiieHH1 KypcoBOi poOOTH Tpeba HABOJIUTH MOBHICTIO MOCTAHO-
BKY 3a/1a4 1 BIANOBIAHI BUXIJHI JIaHi 31 CBOTO BapiaHTa, MOPSJOK PO3PAXYHKY 1
Horo pe3yibTaTH, HEOOXiTHI CXeMH 00 €KTIB 1 rpadiku. 3araipHl MNpaBHIIa
odopmiieHHSI MOBUHHI BianoBigaTu cranaapry HTY “XIII” moao nmoscHioBalIb-
HUX 3aIUCOK JI0 KypCOBUX POOIT.

3BIT PO KypcOBY poOOTy Tpeba BUKOHYBATH, NOYMHAIOYU 3 TUTYJIHHOTO
apkyiua, 3pazok sxoro nojgano y JOJATKY 1 na crop. 111. Cxemu Tta rpadiku
KpecysaTh 3a JonoMorow iHcTpyMeHTIB 3rigHo 3 JCTY 3120-95. I'padiku 3a-
JIeKHOCTEN BUKOHYIOTH 13 3a3HAYEHHSIM Ha OCSIX CTaHJApTHUX OYKBEHUX IO3HA-
YeHb BEJIMYMH 1 OJIMHUIIL BUMIPIOBAHbD.

BapianTu BUXITHUX TaHUX A0 KOHKPETHHUX 3aJa4 Ha/iaHi B Tab. 6.1- 6.8.



1. MAT'HITHI KOJIA

B enekTpoTexXHIYHUX NPUCTPOSIX NEPETBOPEHHS MEXAHIYHOI eHeprii B
CJIEKTPUYHY 1 HaBNAKHU BIiOYBAETHCS 3a JOIMOMOTOI0 MAarHiTHOrO MOJis, 110 Bi-
n00pakeHO B 3aKOHAX €JNEeKTPOMArHiTHOi 1HAYKIIl 1 Ammnepa. MarHitHe mnose
30yIKYETHCS OOMOTKaMU 31 CTpyMOM a00 MOCTIHHUMM MarHitTamu. s nmocu-
JIEHHS IHOTO TOJISL 1 KOHLEHTpalli B 3aJlaHUX aKTUBHUX 30HAX BUKOPUCTOBY-

I0TbCSI (pEPOMATHITHI OCEeP/IS.

1.1. ITapamerpmn, 0 XapaKTepU3yOTh MarHiTHe moje

MarsiTHe nosie NpuiHATO 300pa)kaTu CHUIIO-
BUMH JIIHISIMU, HalpaBJIECHUMH BiJ MIBHIYHOTO A0
MIBACHHOTO  TMOJI0ca  TMOCTIHHOTO  MAarHiTy

(puc. 1.1). L1 cunoBi niHii 3aMKHEHI 1 SIBISIIOTH CO-

0010 MpYyXH1, HATSATHYTI, HEPO3PUBHI HUTKU, MIXK

SIKUMH J11€ OOKOBHI THUCK, BHACIIIJJOK YOIO BOHU HE
MEPETUHAIOTHCS IPYT 3 APYTOM.

Maenimuuu nomix @ xapakTepU3y€ YHUCIO

CWJIOBHX JIIHII Mar"iTHOTrO MOJIs, sIKI IPOHU3YIOTh

Pucynok 1.1

noBepxHio miometo S (puc. 1.1). Maruitauii noTik
@ BumiproeThcs B BeOepax [BO] 1 1opiBHIOE
® =BScosa, (1.1)
7€ 0L — KyT MDK HOPMAaJIIIO 10 TOBEPXHI S 1 HAPSIMKOM CUJIOBHX JIiHIN; B — 1H-
JYKITisE MarHITHOTO TIOJIS.
Inoykyiss maenimnozo nonsi B — BEKTOpHA BEJIMYWHA, KA XapaKTEPHU3YE
{HTEHCUBHICTh MarHiTHOTO MO Yy 3aJaHiil Touli IpocTopy. Ii HAMpPAMOK CHiB-

najiae 3 JOTUYHOIO IO CHIIOBO1 JiHiT (puc. 1.1)

AD
B=——. 1.2
AS (1.2)
Inaykiis B BUMIPIOETBCS B Teciax [TJI]=[B6/M2]. SIKIII0 Mar”iTHE I10JI€

pIBHOMIpHE, TO
B=— (1.3)

[ToTik BekTOpa 1HIYKIIIT MAarHiTHOTO TOJISI Yepe3 3aMKHEHY MOBEPXHIO J0-

PIBHIOE HYJIIO



®=[Bds=0. (1.4)
N
Ile TBepKEHHSI TOBOPUTD, IO CHJIOBI JIiHIT 3aBXKIM € 3aMKHEHUMH 1, Ta-
KUM YHHOM, (POPMYIIOETHCS TPUHIIUI HEMEPEPBHOCTI CUIIOBUX JITHIH.
Hanpyoicenicmo macnimnoco nons H — BEKTOpHa BENMUYMHA, sIKA CITIBIIA-
7A€ 3 HAMPSIMKOM 1HAYKIT 1 XapakTepU3ye IHTEHCUBHICTh MAarHiTHOrO MOJIA Y
BaKyyMi (3a BIICYTHICTIO MAarHiTHUX pe4yoBHH). HampyXeHICTh BUMIPIOETHCS B
[A/M]. IHayKuisg 1oB’si3aHa 3 HANpPY>KEHICTIO MATHITHOTO TOJIsi CIiBBIIHOLIEH-
HSIM
B=p,H, (1.5)

1e L, — adCOJIIOTHA MarHiTHA MPOHUKHICTh CEPEIH.
BBOJATh MOHATTS BITHOCHOT MarHiTHOT MPOHUKHOCTI
K =Hq /Hos (1.6)
1=47-107 TH/M — MarHiTHa cTana, ZOPiBHIOE aGCOMIOTHIHM MArHITHIH MPOHHK-
HOCT1 Y BaKyyML.
TakuM 4yuHOM, y Bakyyml IHAYKIIS 1 HampyXKeHICTh MarHiTHOTO MOJIS
MaloTh JIIHIAHY 3aJI€KHICTh
B=pn,H. (1.7)
MarsiTHe 1ojie 3aBXAH YTBOPIOETHCS €JIEKTPUUYHUM CTpyMoM. Enekrpu-
YHUI CTPYM 1 Oro MarHiTHE MoJje ICHYIOTh OAHOYacHO. B moCTIitHMX MarHitax

HOr0 CTBOPIOIOTH MIKPOCTPYMH.
1.2. Knacugikaniss MATHITHUX KiJI

CyKynHICTh €JIEMEHTIB, 110 30Y/KYIOTh 1 MPOBOJATh MAarHiTHE MOJE, MO-
KHA PO3TISAATH SIK MacHimHe KOoa0, SIKIO0 KOHTYPH 3aMHUKaHHS CUJIOBUX JIIHIH
II0JISL OYEBM/JIHI 1 LIE 110JI€ CKOHIIEHTPOBAHO B MEXKaX JIOKAJbHUX o0JsiacTel mpoc-
TOpY, L0 SBHO BUAUIAIOTHCS. {151 onucy mpoiieciB B MarHiTHUX Kosiax 0a3oBu-
MU BEJIMYUHAMHU SABIIAIOTHCA Mar"iTHUil notik @, marniropymiiina cuna (MPC)

F 1 marniTHa nanpyra U, .

Jlo cnoco6iB, 110 3aCTOCOBYIOTHCS MPHU PO3PAXYHKY MArHITHUX KiJ, Bij-
HOCHUTBCS MIPO3A1UT MarHITONPOBOY MO KOHTYpaM 3aMUKAHHS OCHOBHUX CHJIO-
BUX JIIHIN [/ Ha OAHOPIIHI IUIAHKHU. J[UISHKA BBAXKAETHCS OAHOPIMHOIO, SKIIO HA
il TOBXKHUHI [; MOXKHA TPUUHATH HANPYXKEHICTh MArHIiTHOTO MOJIsI MOCTIHHOIO,

T00TO /) =const, ne kK — Homep AuAHKU. [lependayaeTscs TakoXk, 110 MO IIO-

111 MONEPEYHOro Nnepepizy S mojie po3noaLIEHO PIBHOMIPHO 1 BeKTopu H i 1 B



HanpasJICH] NapajlelbHO NOBXHHI /, 1 NEepHeHIUKYIIpHO S, . Takum 4umHOM,
MarHiTHa 1HAYKIS HA OJHOPIMHIN DUISHIN TOB’s3aHa 3 il MAarHiTHUM MOTOKOM
HaiOuIbII npocToro popmynoro: B, =D, /S, .

Jlist HepepoMarHiTHUX JUITHOK — MPOMDKKIB BIIHOCHA MarHiTHa MpOHU-
KHICTh [, =1 1 MarHiTHI BIaCTUBOCTI XapaKTEPU3yIOThCS JIIHINHOIO 3aJIEKHICTIO
B, =pn,H, . Ana pepomarHiTHuX ocepip W, >>1 1 HI € MOCTIMHOIO BEIUYUHOIO.
ToMy TyT BUKOPUCTOBYIOTHCSI KpUBI HaMarHidyyBaHHs — 3anexxHocti B(H) abo
H(B) nns xoHKpeTHUX (epoMarHiTHUX matepianiB. Ha puc. 1.2 monani kpusi

HaMarHi4yBaHHs JJs JUTOI cTani Mapku CT.2 1 IBOX MapoK JIMCTOBOI €JIEKTPO-

TexHiuHoi ctaim — 12111 1512.
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Pucynok 1.2

MarsiTHi Koia KJIacu(iKylOTbCs 3a CHOCOOOM 30Yy/KEHHS MAar”iTHOTO
MOTOKY, KUIBKOCTI OOMOTOK 1 KOHTYpPiB 3aMUKaHHS OCHOBHOT'O MarHiTHOTO MO-

TOKY: HeposraiyxeHi (puc. 1.3, a, 6) abo posraiyxeHi (puc. 1.3, 8); mo cTpyk-



Typ1 MarHiTOpoOBOAY — OJHOPIIHI (CKIAAAI0ThCS 13 OJIHIET OTHOPIAHOT JUISTHKH )

(puc. 1.3, a) 1 HeogHopinHi (puc. 1.3, 6, 6).
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Pucynok 1.3

Jlo OaHOPIAHUX BITHOCATHCS KOJa, HAMPYKEHICTh MArHITHOTO TOJS B
SAKUX 0 BCIA JOBXHHI MarHiTONpoOBO/a 3aJIMIIAETHCS HE3MIHHO0. J{0o HEeoIHO-
PIAHUX BIIHOCSTHCS MAarHiTHI KoJja, SKI MalOTh MO CBOiM JOBXHHI HETIOCTINHY
HaIpPY>KEHICTh, 1[0 HABITh IPU OJTHOMY MAarHiTHOMY MOTOIl 0OYMOBIIOETHCS Pi-
3HUMU IUIONIAMHU TOTIEPEUHOr0 Tepepizy Ta aOCOIIOTHOK MAarHiTHOI MPOHUK-
JUBICTIO OKPEMUX IUISHOK Kojia. HeomHOpITHUMH SIBJISIIOTHCS TaKOX MarHiTH1
KOJIa, sIKi MalOTh MOJIs PO3CIIOBaHHS. 30BHIMIHIMYU MMPU3HAKAMU, 32 IKUMU MOX-
Ha CYyJWTH MPO OJHOPITHICTH AUISTHKA MarHiTHOTO KoJja, € BICYTHICTh B ii Me-

’Kax BIATaIy»KEHb MAarHITHOTO MOTOKY, MOCTIMHICTB IUIOLLI Nepepizy S, 1 0IHO-

PIAHICTH MaTepially 32 MarHiTHUMU BIaCTUBOCTSIMHU.
1.3. 3akoHM Mar”HiTHUX KiJI

EnexTpoMarHiTHOIO 1HAYKIIIEI Ha3uBaroTh siBulle 30ymxeHHss EPC y ko-
HTYp1 IpHU 3MiHI MarHiTHOro MOTOKY, 34eruieHoro 3 HuM. IHaykoBana EPC 3a
3AKOHOM eeKMPOMAHIMHOI IHOYKYii NOPIBHIOE IMBUAKOCTI MOTOKY, 3UEIICHO-
ro 3 KOHTYPOM

QZ—E. (18)

3HaK «MiHyC» BigoOpaxae npasuno Jlenya — cTpyMm, CTBOPIOBaHUHN y 3a-
MKHEHOMY KOHTYp1 iH1ykoBaHoi EPC, 3aBxau mae Takuil HampsiM, 1110 MarHiT-
HUN TOTIK CTPYMY HPOTHUIIE 3MiHI MAarHITHOTO MOTOKY 30BHIINIHBOTO MOJIS, SIKE
HOr0 CIIPUYUHHUIIO.

SIKI10 MPOBITHUK NMEPEMIITYETHCSA Y MOCTIHHOMY MarHiTHOMY MOJIi, TO 1H-

nykoBana EPC 3a 3aKkoHOM eJ1eKTpOMarHiTHOI 1HIYKIIiT JOPIBHIOE

7



E=BlVsna, (1.9)
ne | — akTUBHA JOBXHHA TpoBigHUKA (puC. 1.4); V — MBUAKICTh MEPEMIIICHHS
MPOBIIHUKA; B — IHAYKIIS MarHiTHOro MOJIS; O — KyT MK HalpsIMKOM CHJIOBUX
JHIA 1 HaAOpSIMKOM TepeMilleHHs
MPOBITHUKA.

Hanpsim iHaykKoBaHOi B IpOBi-
nuuky EPC Bu3HauaeThcs 3a npasu-
Jaom npasoi pyxu (puc. 1.4).

CunoBa i MardiTHOIO ITOJIA

Ha MPOBIAHUK 31 CTPYMOM BH3HAaua-

. Pucynok 1.4
€TBCA 3aKOHOM Amnepa, SIKUN Je-
KUTh B OCHOBI pO3paxyHKIB MEPETBOPEHHS €IEKTPUUHOT EHEprii B MEXaHIYHY B
€JIEKTPOABUTYHAX. 3a 3aKOHOM AMIiepa, SKIIO MPOBIIHUK 31 cTpyMOM / 3Haxo-
JIUTHCSl Y MarHiTHOMY TOJI1 3 IHAYKLI€0 B, TO Ha IPOBIIHUK TOBXUHOIO / Ni€
MeXaHI4Ha cuJia

F=Bllsina, (1.10)

1€ o — KYT MK HamnpsMKOM CHUJIOBHX
JHIA 1 HampsMKOM  MPOBIJHUKA
(puc. 1.5).

Hanpsam €JIEKTPOMEXaHIYHO1
cunu F 3aBXIM NEPHEHIMKYISPHUI

70 TIPOBIHHUKA 31 CTPYMOM 1 MAarHit-

HUM CcwWIOBMM JiHISAM. Ha mnpaktuii
el HanmpsIMOK BU3HAYAETHCA 3a npa- Prcynox 1.5
sunom nieoi pyku: (puc. 1.5).

3axon nogHoeo cmpymy BCTAHOBIIOE 3B’S30K MK Hampyrorw MarHiTHOTO
MoJIst 1 CTPYMOM, IO CTBOPUB II€ TOJIE: JIIHIMHUM 1HTErpall Bil BEKTOpa HaIpy-
’KEHOCT1 Mar”iTHOro TOJIA B3JI0OBXK OyAb-SKOrO 3aMKHEHOrO0 KOHTYpY [/, sSIKuii
MPOHU3YIOTh MPOBIAHUKUA 31 CTPYMOM, JOPIBHIOE TOB-
7 HOMY CTPyMy, LIO OXOIUIIOE JaHWM KOHTYp (puc. 1.6).
[loBHU# cTpyM — anreOpaiuHa cyma CTpyMiB, OXOILIe-

T J; HHUX 3dMKHCHHUM KOHTYPOM.
3

I

-~ . N

Hdl=Y1I,, 1.11)
k

/ k=1

8

PucyHnok 1.6



ne N — KUIBKICTb CTPYMIB.
MiK eneKTpUYHHUMHU 1 MarHiTHUMHM KOJIaMW MO’KHAa BCTAaHOBUTH TIEBHI

aHaJorii, AKi mogaxi B Tadi. 1.1

Tabnuus 1.1 — AHasorist MiXk €JIEKTPUYHUMU 1 MarHITHUMU KOJIaMHu

Enexrpuuni [TozHauenHs 1 MarsiTHi BETMYUHU [To3HaveHHs i1 Bu-
BEJTMYMHU BUpa3 pa3
Crpym 1 — | IloTik (0]
EPC E — | MPC F=wl
Omip R=p 1l — | Omip R, = [

S n, S
Hamnpyra U=RI — | MaruitHa Hampyra Uy =H.l, =ORy,
IIntoma npo- 1 — | MarHiTHa IPOHUKHICTB | L,
BIJTHICTH ! p

Po3risitHeMo KOTYIIKY 31 CTaJIeBUM

— — oceplisiM, IO TMPEJCTaBISIOTh CO0OI0 He-
7 | . .
4o i | pOo3raigy’keHe HEOJHOPITHE MarHiTHE KOJIO
I L 3 nocriinoro MPC F =wl (puc. 1.7), sike
Ul wl | Lo e
| ¥ Mae [, — TOBXKUHY CHUJIOBOI JIiHIT Ha TIPOTS-
—o— | | 31 BCIET NUISTHKH Y CTaull; [y — JOBXHHY TIO-
| | . . )
————— o BITPSIHOTO TPOMIXKKY; S¢; — TUIONTY TOTIe-

PEYHOr0 Mepepizy CTajieBOTO OCepAs; w —
Pucynok 1.7 ,
YHUCJIO0 BUTKIB OOMOTKH.

3axon Oma O MacHimHo20 KOJA 3B’S13y€ MAarHITHUM MOTIK 3 MarHiTHOIO
HaIpyTrow OJHOPIAHOT AUITHKH a60 3 MPC 00MOTKM OJHOPITHOTO MarHiTHOTO
KoJa

I I
- v_._ v (1.12)
RMCT + RMO Z RM
ne > R,, —CyMapHHUI MarHiTHUH onip [Tu'];
R,, =—F"— — MarHiTHHi OIip CTaJCBOI IUISHKH; (1.13)

cT
!"l CT™~CT




ly
1oSo

1-11 3axon Kipxeogha ons macnimnoco kona — anreOpaiyHa cyma MarHiT-

Ry

. — Mar”iTHUH OIip HOBITPSIHOT'O MPOMIKKY. (1.14)

HHUX MOTOKIB BITOK PO3rajy>Ke€HOT0 MarHiTHOT'O KOJIa y BY3JI1 IOPIBHIOE HYJIIO
M
>D, =0, (1.15)
k=1
ne M — KUIbKICTh BITOK pO3raly’K€HOT0 MarHiTHOrO Kojia y BY3JI1.
Tax s xona, 300pa>keHoro Ha puc. 1.2, 6 MOKHa 3amucaTu
2-u 3axon Kipxeoga ons macnimnoco xona — anredpaiuHa cyma TajiHb

MarsitHoi Hanpyru U,, Ha k OUISIHKaX 3aMKHEHOT0 KOHTYpPY MAarHiTHOTO KoJja

nopiBHIO€ anredpaiyniii cymi MPC F, Ai104ux B IIbOMY % KOHTYpI

n m
> Uyt = SFys (1.17)
k=1 k=1

7ie n — KUIbKICTh TUISHOK 3aMKHEHOTO KOHTYPY MarHiTHOTO KoJja;
m — kuibKicTb MPC, Aitounx B KOHTYp1 MarHiTHOTO KoJia.

KpiM 0CHOBHUX Mar"iTHUX MOTOKIB, 1[0 3aMUKAIOTHCS MO TOJIOBHUM KOH-
TypamM MarHiTONpPOBOJY, B YTOUHEHHX PO3paxyHKax MAarHITHUX KUI BpPaxoBY-
IOThCSl TaKOX BIJHOCHO HEBEJHMKI MOTOKMU po3citoBaHHs. [Ipuxnan po3moainy
MOBHOTO MOTOKY @, B KOTYIIIII 31 CTAJICBUM OCEPASM Ha OCHOBHMM TOTIK D 1

HOTIK po3citoBaHHA @, MogaHo Ha puc. 1.8.

D [ToToku po3citoBaHHS BpaxOBYIOThCS Ha JiISH-
%0\3_ - ;%_ -4 KaxX, YKJIQJCHUX ycepeauHl 0OMOTOK, e MpHii-
ot - Jiﬁ*ﬁ - : MAa€ThCs
v ! ‘“;1 os | | D, =D+ D, =k, D, (1.18)
& / I_i L _: TYT Kpo; — KOCDIUIEHT PO3CIIOBAHHSA, AKUH BHU-
: > e 3HAYAETHCS 3 YPaxXyBaHHSIM JIOCIIAY A€TAIBHOTO
HCYHOK 1.

PO3paxyHKy MarHiTHHUX TOJIIB 1 MOXK€ 3HAXOJIH-
THCS B Mexkax 1...1,5.
SIKIo AUISIHKA MAarHITHOIO KoJIa 3HAXOJUTHLCS Ha IIMXTOBAaHId YacTHHI

MarHiTorpoBOay, HaOpPaHOTro 13 JIMCTOBOI CTajli, TO 3aMICTh rabapuUTHOI IUIONII

IMOIICPCYHOT O Hepepi3y SO BpPaxOBY€E€THCA 663HOCCPCI[HBO CyMapHa I1uiomnia 1ic-

10



pepi3y nuctiB S, =k,S,, ne k, — koe]ill€HT 3alI0OBHEHHS OCEP/s CTAILIIO (TIpH

toBIMHI IUCTIB A =0,2...0,5 MM k, Moxe 3HaxoauTucs B Mexkax 0,83...0,96).
Jlist IpOMIXKKIB B MarHiTONpPOBO/]1 IJIOIIA MONEPEYHOro nepepizy S, Oe-

peTbecsl MPUOIU3HO PIBHOK IrabapuTHIN miomi S, MEHIIOro 13 MPUIATalouux

TOPLIB (P€POMATHITHOTO OCEPS.
1.4. IlpuHuun po3paxyHKy MArHiTHUX KiJl IOCTIAHOT O CTPyMY

OCHOBHOIO 3a/1auel0 PO3PaXyHKY MAarHiTHOTO KOJja BBaXXalOTh MPSAMY 3
HACTYIHHUM (POPMYITIOBAHHSM.

3aoano: mar"iTHUM NOTIK @, pO3MipH MarHiTONPOBOY, MaTepiall Ocepis,
Mapka cTajii, KpuBa HamarHiuyBanus B(H).

3naiumu: F=wl — MPC o6MOTKH, sika HEOOXiaHA JJISI CTBOPEHHS 1bO-

r0 MarHiTHOro notoky @.
Ilocnioosnicmv po3paxynky:
1) koJ1I0 pO30UBAETHCS HA NUISHKU 3 TaKUM PO3PaxXyHKOM, 00 IHIYKIS 1 Ha-
MPYXKEHICTh MarHiTHOrO MOJIsI HAa MPOTS31 AUIAHKU 3a- B
JUIIAJICh HE3MIHHUMH. 32 KOHCTPYKTUBHUMHU PO3Mi- B,
paMu MAarHiTONPOBOAY BHU3HAUYAIOTHCS MOBXKHHA [; 1

|
|
oA TOMEPEYHOro Mepepidy KOXKHOI JUISHKH Sy 4:
|
1

BBaxkaeMo, 1m0 nmotik @ Ha KOKHIA AUISHII OJJHAKOBHH.

2) 3a 3aJ]JaHUM MarHiTHUM NOoTokoM @ BU3HAYAEMO 1H- Pucynok 1.9
AYKIII0 Ha KOXHIN quissHul B, = @/S .

3) noTiM, 3HaO4M THAYKIIIO Bj, MO KpUBIM HaMarHi4YyBaHHS BHU3HAYa€EMO Ha-
npyxeHictb Hy nis pepomartitHux AuisiHOK (puc. 1.9). Jlns HeMarHiTHUX Auis-
HOK HaIIpy’>KEHICTb PO3paxoByeMo 3a popmyioro H, =B, /.

4) 3naroun Hy, 3a 3aKOHOM MMOBHOTO CTpyMy 3Haxoaumo MPC

n
F=Iw= Y Hl,
k=1

. : F
a IIOTIM 3HAaXOJAHUMO 1 CTPYM I=—.
w
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1.5. MarniTHi KoJ1a 3i 3MiHHOI0 MATHITOPYIIii{HOIO CHJIOIO

MarsiTHi Koja 3MIHHOTO MAar”iTHOTO TOTOKY MOTPEOYIOTh OCOOHUCTOrO
niaxoAy. I3 HUX HaWMEHII CKIaAHUMI JIJIs pO3paxyHKY, aje MPakTUYHO IIUPOKO
PO3MOBCIOJIKEHUH, BUIIAJOK CUHYCOITHOTO XapaKTepy MarHiTHOIO MOTOKY

o=, sinwt, (1.19)
ne @, —ammunryna; ®=2mn f — KyToBa 4acToTa; / — 4ac.

Ileti BUMagoK BIJMOBIIA€ CHUHYCOIMHIN EJCKTPUUHIA HaAIpy3i Kepena,
10 KUBUTb OOMOTKHM MarHiTHoi cucteMu. OyHKIISA CTpyMy i(f) TakoK BBaxa-
€TbCSI CHHYCOIIHOIO, X04a MPU HAaIBHOCT1 (hepOMArHiTHUX OCEp/ib BOHA HECUHY-
COIHA 1 JIUIIIE TIPEACTABISETHCS €KBIBAJICHTHOI CHUHYCOiN010. BinmoBigHo 3Mi-
HIOIOTHCSI 32 CHHYCOITHUM 3aKOHOM Takox Bennuunu F, Uy, H 1 B.

B yaci 1i MaruiTHi BETUYMHU MOXKYTh OyTH 3CYHYTI OJIHa BITHOCHO JIpY-
roi no ¢a3si. Ilepma npuunHa 11OT0 — Pa3zoBi 3CYBH CTPYMIB PI3HUX OOMOTOK,
Jpyra — MarHiTHi BTpaTH MOTYHOCT1 B (hepOMArHiTHUX ocepasix. ToMy 3aMiCTh
MOCTIMHUX 3HAYEHb MAarHITHUX BEJTUYMH B MarHiTHUX KOJaX CUHYCOiJHOTO Mar-
HITHOTO TIOTOKY BHMKOPHUCTOBYIOTHCSI KOMIUIEKCHI 3HAUY€HHS, HANPUKIAM, IS

notoky, MPC 1 MaruiTHOi Hanpyru:
' ' Y
D=pe/Vo, F=Fe/Vr; U,=U,e ", (1.20)
ne @, F, U,, — niroul 3Ha4e€HHS; Y g, Yy, Yy — INOYATKOBI a3y MarHiTHOro
M
notoky, MPC, MarHiTHO1 HaNpyrH.
OnHopiaH1 AUISHKA Mar"HiTHOTO KOJa Terep MPEeACTaBISIOTHCS KOMIUICK-

CHUMH MarHiTHUMU OIOpamMu

Z, =R, +jX,, (1.21)
ne R, X, — BIANOBIZHO aKTUBHUM 1 PEAKTUBHUN OMIOPH JLISHKH:
lk

Ru=pur A= Pux 5
k k
[}, S} — BIINOBIIHO JOBXKHUHA 1 IUIOIIA TIONEPEYHOr0 MEPEPI3Y AUISTHKU.

ITuTOMI MarHiTHI OLOPU P,z 1 P,y 3aJIEKATH BIJf YaCTOTH [ MArHITHOTO

MOJIsI 1 MOBUHHI BU3HAYATUCS €KCIIEPUMEHTANIBHO, SIK 1 CIMEHCTBa METeNb ricTe-

pes3ucy, A KOKHOI KOHKPETHOT eJIeKTPOTEXHIUHOI cTani. Ha HegepoMarHiTHUX
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JIiJISIHKaX MAarHiTHOTO KoJia HpI/ICYTHiﬁ TUIBKH RH , BUBHAUYCHH AKOI'O TaKC XK, AK

JULsl HehpepOMArHETHKIB P,z = L b

3akon Owma, 1-i1 1 2-# 3akonu Kipxroda nms MarHiTHOro Kojia CUHYCOiI-
HOT'O MarHiTHOI'O MOTOKY CIPAaBEJIUBI JJIsl KOMIUIEKCHUX BEJIUYMH, a CaMe:
F
3akon Oma U, =2 DP; P=—; (1.22)

P
1-1i 3axon Kipxeogpa Y @, =0; (1.23)
k=1

n
2-u 3axon Kipxeogpa 3 H I, = gﬂk abo i 2P = gﬂk , (1.24)
k=1 k=1 k=1 k=1

7€ p — KUIbKICTh CTEP>KHIB OCEp/b, 0 CXOASTHCS y PO3TalyKEHHI; n — KUlb-

KICTh OJTHOPITHUX JUISHOK; M — KUIBKICTh OOMOTOK.

1.6. BrpaT moTyKHOCTi B MATHITHUX K0JI1aX | PiBHAHHSA

€JICKTPUYHOI PiBHOBaru B ix 00MOTKax

3MiHHa Hampyra u =U,, sin(®?+\,) NPpUBOAUTH A0 BIANOBIAHOI 3MIHU
(X04a, MOKJIMBO, 13 AE€IKHM BIIXWJICHHAM Bl CHHYcO1n) BenuuuH i, O, Dy, €1

€pos. HoB1 Bemmunnn EJIC, mo 3’saBunucd, e 1 e,,, CIPUYMHEHI (BIAMOBIIHO 3

po3
3aKOHOM €JIEKTPOMArHITHOI 1HIAYKIlIi) MarHITHUMHU NOTOKaMu @ 1 D, 110 3Mi-
HIot0ThCs. Jlitoue 3HaueHHss EPC npuiiHsaTo BU3HAYaTH HACTYITHUM YHHOM
E=444fw®, . (1.25)
OcHoOBHE piBHSIHHS PIBHOBAaru Halpyru Ma€e BUTIIS]
Us=-E-E,, +IR, (1.26)

ne By, =—jX Loos I — EPC posciroBanns; X Ly, ~ IHAYKTHBHMH OIIp 00MOTKH,

CIPUYMHEHUN MOTOKOM PO3CIFOBAHHS.
Le piBHSIHHA MOHA 3alUCATU Yy CIPOIICHOMY BUTJISII
U=-E+ZI, (1.27)

ne Z =R+ jX,,, — NOBHUU OMIp KOTYIIKH; R — aKTUBHUN OMIP KOTYIIKH.

po3

IIpencraBnsaroun U, I, E 1 Epo3 KOMIUICKCHUMH 3HAYE€HHSIMHU a00 BEK-

Topamu, Tpeba mam’aratu, o E Bigcrae mo ¢asi Bii OCHOBHOTO MarHiTHOT'O

13



MOTOKY Ha 4BEPTh mepioxy abo Ha /2, a E ., — Bif cTpymy [ Ha Takui e

KyT, TOOTO
E.=—jX; 1. (1.28)

po3

pos

CrpyMm [ po3kiagaersest Ha aKTHUBHY [, 1 peakTuBHY [, CKIaJoBi: mepa
IPOXOJIUTH IO BITII 3 AKTUBHOIO NMPOBIAHICTIO G, YMM 3aMIILAIOTHCS MarHiTHI
BTpaTu P, B CTajleBOMY OCEpAl, Apyra — IO BITLI 3 PEAKTUBHOIO MOTY)KHICTIO
B, 4uM 3aMIIIa€ThCs IHAYKOBaHA Jlisi OCHOBHOTO MOTOKY @, MPUBOASYH, SK
Oyno BigMmideHo, 10 BUHMKHEeHH EPC E, mpuuomy Hampyra Ha posraiyKeHii
ninsHI U . —FE (nuB. puc. 1.22).

3riITHO OCHOBHOT'O PIBHSIHHA HAmpyru OyayemMo Be- 7 03 I
KTOpHY JllarpaMy. 3a OCHOBY JlarpaMH BUOMPAETHCS BEK-
TOp MarHiTHOro notoky @, , sSKuii BiicTae BiA BEKTOPA
cTpyMmy [, KA HOTO CTBOPIOE, MO (a3i Ha KyT BTpaAT y PP

ctani 0. EPC camoinnykiii £ BifcTae Bif BEKTOpa MOTO- Slerleseal s

a .
Ky Ha 90°, EPC poscitoBantst E\,.,Bin ctpymy — Ha 90°. _E
Hanpyra na BuBomax KoTymku U, sKa BUIEpeIKae

ctpyM [ 3a ¢a3or0 Ha KyT @, € T€OMETPUYHOIO CYMOIO

BEKTOpiB — E, jX .,/ Ta IR (puc. 1.10). E

, Pucynok 1.10
AKTHBHA TOTYXHICTb, sIKa CIOXXHBAETHCS KOTYII-

Ko, jgopiBHIOe P =Ulcos@. 3 BEKTOpPHOI JiarpaMyd BUTIKA€, 110 3HAYCHHS
Ucosp popiBHIoOe cymi J1Box BiapiskiB Oa+ab. Ilpuyomy Binpizok
Oa = Ecoso; = Ecos(900 — 8), Binpizok ab = IR, ToMy
Ucos@o=IR+ Ecosp, = IR+ Ecos(900 — 6).
TakuM YMHOM OTPUMY€EMO BUpPa3 JIJIsl MOTYKHOCTI
P=Ulcoso=I1*R+IEcosp, =AP, +AP,, (1.29)
ne AP, =1 ’R- TOTY>KHICTb, 110 BUTPAYA€ThCSA B AKTUBHOMY ONOpPi 00MOTKH. 11

Ha3WBAIOTh CIICKTPUYHUMU BTpaTaAMU,

AP, =IEcos@, = EIsind — BTpaTu y CTajll Oceps, Kl Ha3UBAIOTHCS MarHiT-

HHMMH 1 X MOXKHA npeacTaBUT HACTYITHUM YMHOM
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AP, =P.+P,, (1.30)
P. — BTpaTu Ha ricrepe3uc; P, — BTpaTu Ha BUXPOB1 CTPYMU.

Binomuit psan emnipudHux Gopmyi Ajig po3paxyHKY LUX BTpaT, HAMPHU-

KA
P.=c, fBiyG-107*; (1.31)
P, =c, f*B yG-107, (1.32)
A€ G.., Oy — KOe(]Iill€HTH, [0 BU3HAYAIOTHCS E€KCIIEPUMEHTANIBHO, 3aJIeXKAaTh

B1Jl MapKu CTajl 1 TOBIIUHM JiucTa; G — 00’ eM oceps, cM; Y — IIUIBHICTh CTal,
3
r/em’; B, —[Ta]; f —[T'u].
B nuomy AR, ~ B,% (mponopuiiini), 3 ypaxyBanusam @, =B, S Takox
P, ~ d)i. 3BUYAHO B MarHiTHUX CHCTEMaX 3MIHHOTO CTPyMY, III0 BUKOPUCTO-
BytOTbCSI, £ >>FE,, 1 E>>R;I. Toxi B OCHOBHOMY PiBHSHHI PIBHOBard Ha-

npyru (1.26) moxHa BBaxkatu U = —FE , 1 Ha ocHOBI popmynu (1.25) yTBOPIOETH-

cs
U

R 1.33
" 444 fw (1.33)

B nincymky mMoxHa npuiiHaTd, mo P, ~U 2, OYEBUAHO, TAKOXK P, ~ 1 2,
Ie no3Bosie BUusBUTH posib U 1 [ B Mol 3arajJbHUX BTPAT MOTYKHOCTI B Ma-

THITHUX cucTeMax Ha P, 1 P,.

1.7. Cxema 3amMilleHHS KOTYUIKH 3i CTAJIEBUM OCEePAAM

Jlns aHamizy 1 po3paxyHKy peajibHy KOTYIIKY ;R e

3 OCepasM 3aMIHSIOTh €KBIBAJICHTHOIO CXEMOIO, Ha-

npukiaag, y BI/IFJISIIIi CXEMH 3 HOCJ'IiI[OBHI/IM

'q

3’enHaHHAM eneMeHTiB (puc. 1.11). IlinctaBoro miis

3aMiHu € piBHSIHHSA U =—FE + jXLpogl + IR

[TapameTpu cxeMu 3aMillleHHS] MOYKHA 3HAWUTU Pucynox 1.11
HACTYITHUM YUHOM:
P P E Ty
_ 106 . _‘wMm. — . _=. _ 2 2
R—]—z, RO—]—z, Xp—LpO), ZO—Y, XO— ZO_RO‘ (134)
EnemenTtu cxemu 3aMillieHHS] MAalOTh HACTYITHUM (PI3UYHUN CMUCI:
15



Xipos — IHIYKTUBHHI OIIIP, Yepe3 sKUM 3aMINIy€ThCS 1HIYKTUBHA Ji OTOKY PO-
3citoBaHHA Dp;

R — akTuBHUIA omip, yepe3 SIKUW 3aMiIllyIOThCS BTpaTH MOTY>KHOCTI Y MPOBIIHU-

KaX OOMOTKH Pg;

Xo — IHOAYKTUBHHUM OMip, 4yepe3 AKUM 3aMIIIyeThCsl 1HIYKTUBHA Ji1 OCHOBHOI'O

MarHiTHOTO MOTOKY;
Ry — akTUBHMII oIip, Yyepe3 KU 3aMILyIOTbCS MarHiTHI BTPAaTH MOTYXHOCTI Y

CTaJIeBOMY ocepl Py,.

1.8. Po3paxyHOK MarHiTHHUX KiJl HOCTIiHOT0 CTPyMY

1.8.1. OgHopiaHi MarHiTHI KoJ1a

IlpsiMa 3axaua

Ilpuxnao 1.1. ToponoaioHe ocepisi BUKOHAHO 13
muToi ctani mapku Ct. 2, KUIbKICTh BUTKIB HOTO 0OMO- < >

Tk w=27. Iliametpu: Topa d =10 cwm, fioro nomepe-

YHOTO nepepizy d, =2 cm (puc. 1.12).

Busznauntu noctiitHuii ctpym / oOMOTKM s

. . d
36YI[)KCHH$I B ocepal MAar”"iTHOI'O IIOTOKY 0 . ~/_
@ =2,83-10" BG. @
. s Il

Po3é’azanna. Ilinoma mnomnepedyHoro mnepepizy C

oceps Pucynok 1.12
2 2
S = “ZO = 3’144 2 314cm? =3,14-107% m?;

JIOBKMHA WOTO CepeIHbOI CUIIOBOT JITHI1
[=m-d=3,14-10=314 cMm=0,314 m.
MarniTHa 1HAYKIIS B OCep/Ii
B=®/S=2,83-10"/314-10" =09 Tn.
[To xpuBiiit HamarniuyBaHHs ctaii CT. 2 3HaXOAUMO HANpPYXEHICTh MarHi-
tHOrO nosst H = H(B) =800 A/m (nuB. puc. 1.2).

MPC 1o koHTypy cepeanboi cunoBoi JiHli = H [ =800-0,314 =251 A;
ctpym ooMoTku [ = F/w=9,3 A.
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3BOPOTHA 327242

Ilpuknad 1.2. Ha puc. 1.13 306pakeHe MarHiTHe KOJo, 110 CKIaAAEThCA 3

IIMXTOBAHOTO OCEpJs 1 HaMOTaHOI Ha HBOro OOMOTKH. Po3mipm ocepns:
D =55 cwm; d =55 cm; a=15 cm;

[ c=2 CM; KUIBKICTb BHTKIB OOMOTKH

w=300. JlucroBa ctanp mapku 1512 mae

ST ]
— I} 9/__§>>____Z|I TOBIIMHY JUCTIB 0,5 MM; JUIsl 1IbOTO BHUIIAJI-

, o Ky Koe(illleHT  3aloOBHEHHS  OocepAas

| k, =0,93. BuzHauuTu BeNUYUHY MarHiTHO-

la a ro MOTOKY B OCEp/l NpU MOCTIHHOMY CTPYyMi

S oOMoTKM [ =2 A. Po3CiIHHAM Mar"iTHOrO

d IIOTOKY 3HCXTYBATH.

Pucynok 1.13 Po3é’azannsa. Ha BcbOMy KOHTYpI

3aMUKaHHS MAarHiTHOTO TIOJISI MO OCEPJI0

HOro momnepeuHuii nepepiz MpakTUIHO 30epiraeThes, MaTepiajl OJUH 1 TOU XKe,
MOTIK — TAKOXK. Take MarHiTHE KOJIO PO3TJIAIAETHCS K OJTHOPIIHE.

JloBxuHa CepeIHbOT CWJIOBOI JHIT

[=(D—a+d—-a)-2=16 cMm=0,16 M; muiona nmomnepeyHoro nepepizy ocepis
(o cranesum muctam) S, =k,ac=0,93-1,5-2-107" %,

Ha ocHOBi 3aKkOoHY MOBHOTO CTpyMYy HAmNpYKEHICTb MAarHiTHOTO IOJIS
H=wl/1=320-2/0,16=4000 A/m.

ITo xpuBiii Hamar"iuyBaHHs s ctam 1512 (nuB. puc. 1.2) 3Haxoaumo
MAarHiTHy 1HayKuUito B ocepai: B = B(H) =155 Tx.

MarHiTHUI MOTIK B IIUXTOBAHOMY OCEP/i

®=B-S,=1,55-2,79-10* =4,3-10"* BG.
1.8.2. HeonHopiaHi Mar”iTHi koJja

IlpsiMa 3agaua

Ipuxnao 1.3. Ha puc. 1.14 300paxeHe MarHiTHe MoJje, yTBOPEHe NpsIMO-

KyTHHM 1 HalliBKUIBIIEBHUM OCEPASIMH, TIOUICHUMHU MMPOMIKKOM O, IPUIOMY 00-
MOTKa 30y/IK€HHS HaMOTaHa TUIbKM Ha JPYroMy 13 HHUX 1 KUJIBKICTh il BUTKIB

w=1000. Posmipu: 06=2wmm; R; =60 mm; R, =100 mm; /=100 mm;

a =40 mm; b=46 mm; ¢ =30 mMm. Ocepasi BUKOHAHO 13 JIUCTOBOI CTaJll MapKu
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c 1211 1 mae koedillieHT 3alIOBHEHHS

_ — | T — - " .
AN TR Dpos k,=0,95. BuzHauutH mNOCTINHUI
- ~
s RN\ . o
// SR W) \\ CTPYM KOTYILIKH, HEOOXIIHUN IS
/ ! \ . .
IS R\ | R, =Y ! ! | 30OYIKCHHS B POMDKKAX MarHiTHO-
o | - N B o . .
| cll T ro mons 3 iHaykuiewo Bg =15 Ta.
| | . . .
< a a KoediienT po3cisiHHS MarHiTHOTO
I N >
L= o MOTOKY KOTYWIKK Ko, TPUAHSITH

piBHuM 1.1.
Pucynok 1.14

Po3¢’azannsa. 1o KOHTYpy cepeaHbOT CHIIOBOT JIiHIT MAarHiTOMPOBIA MO/Ti-

JUMO Ha OHOPIAHI AUTSHKY (puc. 1.15).
Hinsaka 1 00’enHye oOuBa MPOMDKKH, BIJJAUICHA 32 O3HAKOK PIZHUX

MarHiTHUX BJIACTUBOCTEH 1 Mae€ 3arajbHy JOBXKHHY
[[=20= 4107 m. JnsitHka 2 BiAPI3HSAETHCS Bij b
IHIIMX MarHiTHAM IOTOKOM, TOMY IO BCEpEIuHi

OOMOTKHM MOBHHH MOTIK ® =0 +d,,, e O -

IIOBH

| Ly ]

l4/2 14/2

OCHOBHUU HOTiK, 10 3aMHUKA€THCA 110 BCbOMY Mar-

HiTonpoBony; @, — MarHiTHAN NOTIK PO3CISHHSL.

JloBkuHa 111€1 TUISHKY TIO CEpeaHiM JiH1i 4 4
R +R,

lLb=nR, =m =0,251 m. I, 3

YacTHa Mar"iTonpoBoly, IO 3aJIMIIUJIACS, Pucynok 1.15
MOJIlJIeHa Ha AUIAHKY 3 1 4 33 03HAKOIO PI3HUX PO3MIpPIB iX MONEPEYHUX Mepepi-
31B. JIOBXXHMHU IUX TUISTHOK:

— TPeThOI1

R +R,

[3=2R,=2 =0,16 Mm;

— 4eTBepTOi (sSika 00’ €IHYyE JIBa BiIpi3Ka OJIHAKOBOTO MOMEPEYHOTO Mepepizy)
Iy =2(h—-0/2)=0,154 wm.
[Inoury momepeyHoro mepepizy NpOMDKKY NpUMMAaEMO 3a IUIONICHO MpH-
JETIUX TOpLIB ocepast S| =ac=12- 1074 M2
Ha pemiti ninsiHOK mioni mepepiziB OepyThesi Oe3rmocepeHbo 3a cTajie-

BHUMMU JIMCTaMU.
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S, =c(Ry — Rk, =11,4-107" m’;
Sy =bck, =131-10* M S, =ack, =114-10" v’
MarsiTHU# NOTIK y IPOMDKKY — OCHOBHHUI MOTIK
® = BsS, =1,5-12-10* =18-10* BG6.
MarHiTH1 MOTOKH B MEKaX OKPEMUX OJHOPITHUX AUISTHOK:
O, =0, =0, =D=18-10"* BG;
D, =k, ®=1,1-18-10" =19,8-10* B6.
MarniTHa 1HAYKIS Ha AUTSTHKAX:
B =Bs=15Tn, B,=®,/5,=174 Tn;
By=®,;/8,=137 Tn; B, =d,/S, =158 Ta.
HanpyskeHicTb MarHiTHOro 1oJjisi Ha (epOMarHiTHUX AUISHKAaX BU3HAyae-
MO TI0 KpuBid HamarHiuyBanHa H =H(B)ans cram wmapku 1211
(muB. puc. 1.2):
Hy=H(1,74)=9250 A/m; Hy = H(1,37) =950 A/m; H, = H(1,58) =3500 A/m.
VY NpoMIDKKY MarHiTHI BJIACTHBOCTI € JIHIMHUMY 1 13 Gopmymu B = py H
maemo H, = B, /py =1,5/(41-107) =1,194-10° A/m.
Ha ocHOBI 3aKkOHY MOBHOTO CTpyMYy B aireOpaiuHiii Gopmi OoTpUMyeMO

MarHiTOpyIiiHYy CUIy O0OMOTKH
F=Hl, +Hyl, + Hyly + Hyl, =1,194-10° - 4.107 + 9250 0,251+ 950 0,16 +
+3500-0,154=4776 + 2322 +152 + 539 =7789 A.

Ctpym oomotku [ = F/w=7789/1000~ 7,8 A.

3BOpPOTHA 32242

Ilpuknaod 1.4. Ha puc. 1.16 300pakeHa B IBOX MPOEKIIISIX MarHiTHa CHUC-

TEMa, L0 CKIAJAEThCA 13 JIUTOTO CTAJEBOTO Ocepls 1 OOMOTKHM 30YAKEHHS.
Ocepast BukoHaHo 3 Mapku ctaii Ct. 2 1 mae npomixkok. Po3amipu Ha puc. 1.16
JaHl B MUTIMETpaX. BU3HaunTH Mar”iTHy 1HAYKLIO B OpOMULKKY Bs npu MPC
ooMotku F' =3500 A. [ToTokOoM po3CisiHHSI OOMOTKH 3HEXTYBATH.

Po3é¢’azanna. Kono, mjo po3risiaerbes, HEOAHOPIAHE, 1 pO3B’sI3aTh 3BO-

pOTHY 3ajauy, chiayroun Oesnocepeanbo Bif MPC 1o BenuYMHM Mar”iTHOrO
1oJisA, He BAAEThCS. TOMY po3B’si3aHHS OyJeMO IIyKaTH METOJI0M MOOYI0BH Ma-
THITHOI XapaKTepUCTUKU Bg(F') (MOXIMBHI 1€ METOJ MOCIIJOBHHUX HaOJIM-
JKEHB).
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Pucynok 1.16

OuyeBuJIHO, MarHiTHE Kojio Ha puc. 1.16
MOXHa PO30UTH TIO JOBXKHHI CEPEIHBOT CHUIOBO1
JHIT HA TPU OJAHOPITHUX IUISHKHU, ITO3HAYEHHS 1
napameTpHu SKuX JlaHi B Ta0i. 1.2.

Jlnst moOy10BM MarHiTHOI XapaKTepUCTH-

K By (F') HeoOX1IHO 3a7aTu psf 3Ha4eHb By 1,

pPO3B’SI3YIOUM KOXHUW pa3 mpsaMmy 3ajady
(nuB. npuknaz 1.3), oTpuMaTH BIAMOBIIHUM psif
3HaueHb MPC F'. AnroputM po3B’si3aHHA Hps-
MOT 3aJa4l MOJaHUM OJIOK-CXEMOI0, sIKa MojJaHa
Ha puc. 1.17, ne ® — 3aranpHUM 11 BCiX AUIS-
HOK MarHiTHW{ nortik; B, B,, By, H,, H,,
H; — IHIyKIIS 1 HAIPY’KEHICTh MarHiTHOTO I10-

JIs1 Ha BIANOBIIHUX JUITHKAX.

Tabnuus 1.2 — [lo po3paxyHKy MardiTHOro KoJia

Howmep ninsiHku 1 2 3

ITo3HaueHHs ab ad+bc cd

JloBxxuHa, M [, =0,0015 [, =0,126 [; =0,048

[oma  mepepisy, | S, =1,8-107* S, =18-107" S;=2,4-107"
2

M

3HadyeHHs H, 1 H; 11 GpepoMarHiTHUX AUISHOK BU3HAYAKOTBHCS 3a 3Ha-

YEeHHSAMU IHAYKUIM B, 1 B3 10 KpUBI HaMarHidyBaHHs CTall

Cr. 2 (nuB. puc. 1.2), B npoMiKKy /| BU3HAYA€ThCS 3 BUKOPHUC-

TaHHAM MarHiTHOI NOCTINHOL [y = 47 - 1077 I'n/m.
st po3paxyHKy Xxouda O MOpsAKY 3HadeHb By, 110 3a1a-
I0ThCSl, BUKOHAEMO TOMEPEAHI0 TpyOy OLIHKY MO MaKCUMYyMY,

paxyrouu, 1mo Bcst MPC F =3500 A npuxnazeHa 10 NPOMIKKY.
bopmynu F~H

Hyoy ~3500/0,0015=23-10° A/m, a By, = toHoy = 2,9 T

Toni 13 OTPUMYEMO

PeanbHo mykane 3HaueHHA By mpu F =3500 A moxe
OKa3aTUCs TUIBKM MEHII Bg,, , ToMy OyAeMO ITH BiJ 3HaYEHHS

0,6 Tn BBepX, MOKU OTPUMaAHE IO anroputMmy (auB. puc. 1.17)

20

B1=Bs
OB,
B-0/S,
By-®/S,
H 1=Z|3 /o

HZZII—[ (B2)
H 3:1:7 (Bs)

3
F:EHklk
k=1
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3HaueHHs MPC F He nepeBUIINTH 3aaHoro 3HaueHHs [ =3500 A. Pe3ynbra-

TH BUKOHAHMX PO3PaxyHKIB 3BeJeH1 y Ta0ma. 1.3.

[To nanum tabmn. 1.3 Ha puc. 1.18 moOynoBaHa MarHiTHa XapaKTepHUCTHKA.
Inyun Bim 3Hauenns MPC F =3500 A mo xapakTepuCTHIll, OTPUMAEMO
pO3B’s13aHHS 3BOPOTHOI 3a1a4l By =1,83 Tu.

Tabnuus 1.3 — [Jani Ay noOy10BU MarHiTHOT XapaKTepUCTUKU

MarmnitHa By, Tn H,, AM Hil , A F,
BEJIMYMHA A
Homep 1| 2 3 1 2 3 1 2 3 )y
TUISTHKH
Pesynpraru | 0,6 | 0,6 | 0,45 47,7-104 500 365 716 | 63 18 | 797
pospaxyun- | 1,1 1,1 0,83 |87,5:10° | 1100 | 725 1313 | 139 |35 | 1487
KiB 1,5 1,5]1,125|119,4-10* | 2900 | 1150 [1791 | 365 |55 |2211
1,8 [ 1,8 | 1,35 |143,2:10*| 8150 | 1875 |2148 1027 |90 | 3265
2,012,015 159,2-10* | 23500 | 2900 | 2388 | 2961 | 139 | 5488
2,0 o Ilpuknad 1.5. Ha puc. 1.19 30-
1,8 s OpakeHa cxema Apocedis, 0 KUBUThCS
1,6 / B1JI JDKepelia CHHYCOIMHOI HAIpyTH Yac-
1.4 / tototo f =50 I'u. Ocepas BUKOHAHO 13
12(2) / mucToBoi crani Mmapku 1212 (E12), iioro
= 0,8 posmipu: 1 =40 MM; 7, =60 MM;
& 0,6 / c=20 mm. KoedimieHT 3amoBHEHHS
0.4 / CTaJUIIO MONIEPEYHOTO MEePETUHY
0.2 k,=0,93. UYucmo BUTKIB OOMOTKH

0 10002000 3000 4000 5000 6000

F,A

Pucynok 1.18

w=37; akTUBHMI omip i HOpoBOAY

R.=0,2 OM. Busnauutu Hanpyry 1

CTpyM OOMOTKH, 1110 HEOOXIH1 /ISl 30yI>KEHHS B OCEpJIl MarHIiTHOTO IOJISI 3 aM-

wirynoro Haykuii B, =0,9 Tn. fki npu npoMy BTpaTé NOTYKHOCTI B 0OMOTII

1 ocepai?

Po3é¢’azanna. MarHiTHe 1oJie paxyeMO 30CEPEKEHUM MOBHICTIO B OCEp-

11 1 Ipocens OyaeMo po3riifaiaTy sIK OAHOPIJHE MAarHiTHE KOJIO 3MIHHOTO MarHi-
THOTO MOTOKY.
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JloBkHMHA cepeHbOI CUIIOBOT JIiHI1
[=n(r +r,)=314-10" .
[Inoma nonepeyHoro NepeTuHy CTAIbHUX JTUCTIB
S, =k, -c(r,—r)=3,72-10" m’.
3HauYeHHS MarHiTHOTO MOTOKY:
aMIUTITyTHE
®,=B,S,=335-10""-B6;
nroue
=0, /\/2=2,37-10"* -B6.
st crami mapku 1212 no 3agaHomy 3Ha-
uenHo B, =0,9 T i3 rpadikiB Ha puc. 1.2 3Ha-

XOJIMMO MUTOM1 MarHiTHI OTIOPH:

aKTHUBHUA O,p =2,6 - 10? M/Tx; pPEaKTUBHUI
8, =1,0-10° M/Th. PucyHoxk 1.19

MarsitHi Oropu ocep/is:

— aktuBHHii R, =puRi= 2,6-10%-31,4-1072/3,72-1074 =21,9-10*Tw";
S.

C

L
SC

KoMmnekcHuii MarHiTHUl omip ocepast

~ peaxtnshuit X, =p,y —=10-10"-31,4-1072/3,72-10"* =8,4-10* s

B v 4 . 4 4 j21° -1
ZM—RM+]XM—21,9-10 +j8,4-10"=235-10"¢ I'e.
3a 3akonoM Oma koMmruiekcHe 3HaueHHI MPC 0OMOTKHA MardiTHOTO KoJia

.~10 .~O .~10 .
F=2,0=235-10"/2"237.107%/"" =557¢/21" A= Fe/VE

. _4 -Nn0O .
e @=de/Ve =237.10"" ¢/ 9" B6 — KOMIUIEKCHE 3HAYEHHS MATHITHOTO TIOTO-

Ky, IPUIAHATE 3 MOYATKOBOIO (Pa3oro g, =0°.
Jliro4i 3HAYCHHS :

MPC F =55,7 A; ctpymy oomotku [ = F/w=15 A; ix noyatkosi (a3u
v =yp=21°
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PiBHSIHHS €JIEKTPUYHOI PIBHOBArd B €JICKTPUIHOMY KOHTYp1 OOMOTKH Mae
Burisig U = (— E )+ R 1, ne E — EPC, mo HaBejleHa OCHOBHMM NOTOKOM. Jliroue

3HaueHHs EPC
E=444fwd, =444-50-37-335-107%=2,75 B.

[i nouarkoBa daza y, =-90°, Tomy 10 BekTOp E 3aBKIH BIICTAE 110

¢da3i Bin moroky, skuii Bu3BaB EPC, Ha uyBepTh mnepiogy. OTpumyemo
.0n0
E=2,75¢""" B.
[lincTaBistoun KOMILJIEKCHI 3HAYEHHSI, OTPUMY€EMO

U=-275¢"" +02-15¢2" =2,75¢/"" +0,3¢/" =

= j2,75+ 0,28+ jO,11=0,28+ j2,86 =2,87¢/%* =y /MV-E| | U

¢

Jlitoue 3HaueHHsa Hanpyru jkepena U =287 B; mouar- I
Yy
KoBa (asa Hanpyru y;, =84,4°. YacoBi criBBiIHOIICHHS - V= 2&;’% ”
BEJIMYMH TPOUTIOCTpoBaH1I Ha puc. 1.20 3a g0momororo ¥p=-90° "¢
BEKTOPHOI JliarpaMu, sika o0yIoBaHa B YKa3aHUX MACIII- LA
1B
Tabax.

. , E 1- 10°* B6
@da3oBuli  3CYB HAIpyrd BIIHOCHO  CTPyMY

AKTUBHA ITOTYKHICTb APOCEIS
P=Ulcos¢=2,87-15c0s63,4°=1,92 Br.

BtpaTtu notyxHocTi:

Pucynok 1.20

— €JIEKTPUYHI B TPOBOJ1 0OMOTKH P, = R [ 2 =0,45 Br;

— MarHiTHI B cTabHOMY ocepal P, =P — P, =1,47 Br.

1.9. BuzHayeHHs mapamMeTpiB CXeMH 3aMillleHHA IPOcCeJisl, IKUI

BBIMKHYTHI HA 3MiHHY HANIPYTy

Ilpuknad 1.6. O6MoOTKA 13 IPOBOLY 3 KUIBKICTIO BUTKIB W, = 1000 Hamo-

TaHa Ha IIUXTOBAHE CTaJeBE OCEP/s, IKE BUKOHAHO PO3HIMHUM. [[J1s BU3HAUCH-
Hs TlapaMeTpiB €JIEKTPUYHOI CXeMH 3aMIIIEHHS IILOTO JIPOCENsS MPOBEJICH] JBa
JOCJIJIA TIPH KUBJIEHH] HOTO OOMOTKH BiJ] MEPEK1 3MIHHOT HAMIPYTH 3 YaCTOTOIO

f =50 I'p yepe3 aBroTpanchopmarop T (puc. 1.21).
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Pucynok 1.21

B nepmomy gocnifi axip ocepas 0yB Bunyuenuit (puc. 1.21, a), B 06M0T-

11 BCTaHOBJIEHUH cTpyM [/, =3 A 1 BUMIpsHI Hanpyra oomotku U, =15 B 1 ak-
TUBHA MOTYKHICTb F, =36 Br.

B apyromy nocunini sikip ocep/isi OyB BCTaHOBJIEHHI B OCHOBHE IMOJIOKEH-
Hs (puc. 1.21, 6). Ilicna ycranoBku ctpymy [ =3 A Oynu BUMIpsiHI Hampyra
U =210 B 1 aktuBHa notyxHicts P =76 Bt. Kpim Toro, Ha 3aTuckauax BUMi-
PIOBAJILHOT KOTYIIIKH, IO BCTAHOBJIEHA Ha SIKOpPl 1 Ma€ KUIBKICTh BHUTKIB
w, =200, 6yna BumipsiHa Hanpyra U, =40 B.

3a JaHUMU JOCHIAIB MOTPIOHO BU3HAUUTHU MapaMeTpy TUIOBOI €IEKTPHY-
HO1 CXeMHU 3aMIIEHHS IPOCEIs.

Po3é’azanna. Tunona CIICKTPpHUYHA CXCMa SaMiHlCHHH Apoceid 306pa>1<eHa

Ha puc. 1.22. YV BIiANOBIIHOCTI 3 pIBHSAHHSAM €JIEKTPUYHOI PpPIBHOBAru

U=-E-E,; +R[ us cxema Ma€ TpH MOCIIZOBHHUX JUITHKH, KOXKHA 13 S