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B HaCTOJIIl~ee BpeM.II OTCYTCTBYIOT ny6nHKaiJ,HH C OllHCa­
HHeM AOCTaToquo llOAp06HO pa3pa6oTaHHOH MeTOAHKH All.ll 
onpeAeneHH.II nnauapuoro 3~eKTa npeo6pa3oaaTeneu Xon­
na. HMeiOTC.II TonLKO o6lll,He yKa3aHHJI ua TO, KaKHM o6pa30M 
AOIDKHbl npOH3BOAHTLCJI 3TH H3MepeHBJI. 

HH>Ke H3naraeTC.II MeTOAHKa H3MepeHH.II nnauapuoro 
3~eKTa. 

H3aecTHO, qTo uanpJI>KeHHe ua xonnoBCKHx 3neKTPOAax 
npeo6pa3oaaTenJI Xonna B nepaoM npu6nH>KeHHH nponop­
IJ,HOHanLHO HOpManLHOH COCTaBnJIIOlll,eH MarHHTHOH HHAYKU.HH 
Bn K nnocKoCTH npeo6pa3oBaTen.ll /eM. puc. I/ a HMeuuo: 

1 
U = R JB -d, x n n /1/ 

rAe R n - nocToJIHHa.ll uopManLuoro 3~eKTa Xonna, J -
TOK B036Y>KAeHH.II npeo6pa30B_!l TenJI, B n - COCTaBllJIIOlll,aJI 
aeKTopa MarHHTHOH HHAYKU.HH B, nepneHAHKyn.llpHa.ll K nnoc­
KOCTH npeo6pa3oBaTen.ll, d - TOnlll,HHa npeo6pa3oBaTenJI. 

Ha 3TOM CBOHCTBe npeo6pa3oBaTenJI Xonna ocuoaau 
MeTOA HaXO>KAeHH.II ~O,IJ,yn.ll /a6COniOTHOH aenHqHHbi/ BeKTOpa 
MarHHTHoro non.11 B H ero uanpaaneuHJI B npHMoyronLHOH 
CHCTeMe KOOp,IJ,HHaT: H3MepJIIOTC.II npoeKIJ,HB B Ha OCH X, y, z; 
MO.IJ.YllL HaXO,II,BTCJI KaK 

I Bl = v' B2 + B2 + B 2 
nx ny nz 

0,IJ,HaKo «P,opMyna /1/, ,IJ,aiDlll,aJI <PYHKU.HOHanLHYIO 3aBBCH­
MOCTL U = f(B ) npB npOB3BOllLHO OpBeHTHpoaaHHOM OTHO-x n 
cuTenLuo nnacTHHbl npeo6pa3oBaTenJI MarHBTHOM none, 
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z 

Bn=IB/CoS'tl 
nt\O.CTUHC. npeobp03000Tei\)1 

X0/\1\0. 

X 

Bp=/ B / SLn "!' 

Puc.l. 1Ipeo6pa3oeameAb XoAAa e npou3eOAbHO opueHmupo­
eaHHOM MaZHUTilHOM noAe. 

HBnHeTCH npH6nH:lKeHHOH. lionee TO'IHOe ee BLipa:lKeHHe 
HMeeT BRA 

U = U 0 + R ·JB _!._ + ~ J.B 2 sin2¢, 
x n nd 2d P /2/ 

rAe U0 - OCTaTO'IHOe HanpH:lKeHHe Ha XOnnOBCKHX 3neKTpo­
AaX npeo6pa30Ba~enH, Bp - COCTaBnHIO~ag BeKTOpa Mar­
HHTHOH HHAYKUHH B,napannenLHaH nnocKOCTH AaT'IHKa, Rp­
nocTOHHHaH nnaHapHoro 3cllclleKTa Xonna, ch - yron Me:lKAY 
HanpasneHHeM TOKa B036Y:lKAeHHH AaT'IHKa H nnaHapHOH 
COCTaBnHIO~eH BeKTOpa MarHHTHOH HHAYKUHH Bp. 

06LI'IHO I xoTH 6wBaroT H HCKniD'IeHHH/ TpeTHH qneH 
ypaBHeHHH /2/ BeCLMa Man H npH H3MepeHHHX, B KOTOpLIX 
npeHe6peraroT snHHHHeM B P Ha Ux , B n onpeAenHeTcH H3 
Kanu6poBO'IHOH KPHBOH U x = f(B n) , H3MepeHHOH B Mar­
HHTHOM none, nepneHAHKynHpHoM nnocKOCTH AaT'IHKa. B 
3TOH KanH6pOBO'IHOH KPHBOH COAep:lKHTCH TaK:lKe H BKnaA 
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U0 , no3TOMY H3MepeHHe B,KorAa nnacTHHa npeo6pa3oBa­
HHH Xonna nepneHAHKynHpHa K B, MO:lKHO npoH3BOAHTL 
C TOH :lKe TO'IHOCTLIO, C KOTOpOH npOH3BOAHnaCL H KanH6poB· 
Ka, ecnH ycnOBHH npH H3MepeHHH H KanH6pOBKe OAHHaKOBLie. 

Boo6~e roBopH, BnHHHHeM nnaHapHoB: KoMnoHeHTLI Ha 
TO'IHOCTL H3MepeHHH MO:lKHO npeHe6pe'IL, KOrAa B BeCLMa 
6nH30K K HOpManH K nnoCKOCTH npeo6pa30BaTenH. 0AHaKO 
B o6~eM cnyqae /KorAa MOAynL seKTopa B onpeAenHeTCH 
no TpeM H3MepeHHHM U ) U HBnHeTCH cllYHKIJ;HeH He TOnLKO 
B u X X B 

n, HO H nnaHapHOH KOMnOHeHTLI p . 
Ilo3TOMY AnH nonHoro onucaHHH noBeAeHHH npeo6pa3o­

BaTenH Xonna s npoH3BOnLHO opueHTHpoBaHHOM MarHHTHOM 
none ero Heo6XOAHMO Kanu6poBaTL KaK cllYHKUHIO Bn,B P,¢. 

HnH HHa'le: AnH Toro 'IT06LI HMeTL B03MO:lKHOCTL no 
H3MepeHHLIM HanpH:lKeHHH~ Ux onpeAenHTL TO'IHO MOAYnL 
H HanpaBneHHe BeKTopa B, AnH npeo6pa3oBaTeneB: Xonna 
cneAyeT HMeTL cneAYIO~He KanH6pOBO'IHLie xapaKTepHCTH· 

KH: 

Ux = fl (B n) • 
Ux=f2(¢) - npH HeCKOnLKHX nOCTOHHHLIX 3Haqe­

HHHX B ; 
Dx=f

1
(Bu)- 3TO o6LI'IHaJI Kan~6poBO'IHaH KpHBaH, H Ha Heil 

OCTaHaBnHBaTLCH He 6yAeM. 

PaccMoTpHM noApo6Ho, KaK npoH3BOAHTCH Kanu6poBKa 

U x = f2 (¢)1 B =const • p 
~ng 3TOH u;enH npeo6pa3oBaTenL Xonna ycTaHaBnHBaeTcH 
B nono:lKeHHe, npH KOTOpOM HanpaBneHHe MarHHTHOrO nong 
napannenLHO nnacTHHe npeo6pa3oBaTenH. 

0TMeTHM cneAYIO~ee. ~ng CHJITHH xapaKTepHCTHKH Ux = 
= f 2(¢) He06X()AHMO ycTaHOBHTL npeo6pa30BaTenL B Mar-

HHTHOM none C HepaBHOMepHOCTLIO ~ S 1·10 -
4 

/Fc/CM/ 

Ha cneu;HanLHO CKOHCTpyHpOBaHHOM AnH 3TOH u;enH nOBOpOT· 
HOM YCTpOHCTBe TaKHM o6pa30M, 'IT06LI: a/ OCL Bpa~eHHH 
6wna nepneHAHKynHpHa K B; 6/ nnacTHHa npeo6pa3oBaTenH 
Xonna 6wna nepneHAHKynHpHa K ocH Bpa~eHHH. 

Ecnu 6w ycnoBHH "a" H "6" MO:lKHO 6wno co6n10cTH 
TO'IHO, TO HHTepecyiO~ag HaC 3aBHCHMOCTL nony'IHnaCL 6LI 
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npOCTO H3 cPOPMYllbl /2/, HO KOllb CKOpO B ycTaHOBKe npe­

o6pa30BaTemi OIIIH6KH HeH36e)f(Hbl, TO Henocpe,li;CTBeHHO 

ypaBHeHHeM /2/ BOCfl0llb30BaTbCH He npe,li;CTaBnHeTCH B03-

MO)f(HbiM. KaK MO)f(HO BLiihu H3 3Toro nono)f(eHHH? 06o3Ha­

quM OIIIH6KH B ycTaHOBKe npeo6pa30BaTenH, KaK 3TO flOKa-

3aHO Ha puc. 2. 

B 

~c 

Ocb opaw,eHU~ 

npe00P,C300aTeAb XoMQ; 
~uo c pe6pa r<epaMur<u 

Puc.2. Ilozpeumocmu npu ycmaH06Ke npeo6pa3o6ameA.R XoA­
Aa Ha ycmpoucm6e oA.R u3MepeHu.R nAaHapHozo :Jf/Jf/JeKma: 
~a 1 - yzAo6a.R owu6Ka 6 ycmaH06Ke npeo6pa3o6ameA.R XoAAa 
Ha ocb 6pa~J~eHu.R; Aa2 - yzAo6a.R owu6Ka 6 ycmaH06Ke 
ocu 6pa~J~eHu.R npeo6pa3o6ameA.R XoAAa no om1wweHu10 K B. 

Tor,ll;a HanpH)f(eHHe Ha xonnoacKHX 3neKTpo,ll;ax npu 

Bpa~eHHH npeo6pa30BaTenH BOKpyr OCH /oHa npOXO,li;HT 

qepe3 :u;eHTP npeo6pa3oBaTenH, O,li;HaKo ToqHoe npoxO)f(,ll;eHHe 

ee qepe3 :QeHTp B none C BbiiiieyKa3aHHOH HepaBHOMepHOCTbiO 

He 06H3aTenLHO/ MO)f(HO npe,li;CTaBHTb ,li;OCTaToqHO TOqHO 

CHHYCHbiM TpHrOHOMeTpHqeCKHM pH)J.OM, COCTOH~HM H3 

Tpex qneHoa: 

U x = A 
0 

+ A 
1 

sin ( ¢ + ¢ 1 ) + A 2 sin 2 ( ¢ + ¢ 2 ) • /3/ 

3,!1;eCL A0 • A 1 , A 2 - KOHCTaHThl, ¢ 1 ,¢ 2 - <Pa30Bble C,li;BH­

ru 1-il H 2-il rapMOHHK. 
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f 

' 

,, 

' 

qTO npe,ll;cTaBnHIOT co6oil HyneaaH, nepaaH H BTopaH 

rapMOHHKH? 

qT06bi onpe)J.enHTb 3TO, paCCMOTpHM HeToqHOCTb ycTa­

HOBKH npeo6pa30BaTenH Ha flOBOpOTHOM ycTpOHCTBe B ,li;BYX 

aapuaHTax I ,ll;nH 6onee y,ll;o6Horo paccMoTpeHHH/. 

1/ ~a 1 f. 0; Aa 2 = 0 /eM. puc. 3/. 

9Cb ~paw,eHUA 

~~ 

Puc.3. Pa3AOJICeHue 6eKmopa B 11a B n u B pnpou36ooumc.R 
6 cucmeMe KoopouHam, c6.R3aHHOU c npeo6pa3o6ameAeM 
XoAAa /eM. puc. 1/. ~a 1 -1-0; Aa 2 "' 0. 

QqeBH,li;HO, qTO B 3TOM qaCTHOM cnyqae npH H3MeHeHHH 

¢ HanpH)f(eHHe Xonna 6y,ll;eT HMeTb BH.D.: 

U x = U
0 

+ K 
1 

sin(¢ + ¢ 1) + K 2 sin 2(¢ + ¢ 2 ), /4/ 

K1 u K2 - KOHCTaHThl. 

BTopoil qneH npaaoil qacTH ypaaHeHHH /4/ ecTL HanpH­

)f(eHH~ Xonna, Bbl3BaHHOe HOpMallbHOH COCTaBnHIO~eil BeK­

TOpa B K nnocKoCTH npeo6pa3oaa TenH Xonna, T. e. aeKTopoM 

Bn. BeKTOP B n noHBnHeTCH KaK cne,li;CTBHe HanuqHH ornu6KH 
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L\a1'0H HeBeJIHK, ero MaKCHMaJibHaJI BeJIHqHHa 3aBHCHT OT 

BeJIHqHHbi ~a 1.IlpH H3MeHeHHH cp B
11 

H3MeHJieTCJI llO CHHy­

COH,ll.aJibHOMY 3aKOHY. TpeTHH qneH ypaaHeHH.II - Hanp.ll)l(eHHe 

~OJIJia, ofiyCJIOBJieHHOe llJiaHapHOH COCTaBJIJIW~eH BeKTopa 

B. T.e. aeKTopoM B . 
II 

v p 
epBbiH qJieH ypaBHeHHJI - OCTaToqHoe Hallp.ll)l(eHHe 

npeo6pa3oBaTeJIJI. 

( 
'f 

2/ ~~a 1 = 0; 1\a 2 I= 0 /eM. puc. 4/ 

Ocb flpaw.eHu~ 

nacruHa no. Xo~na 

Puc.4. Pa3AOJICeHue eeKJTtopa B Ha B 11 u BP npou3eOOUIIICJI 
e cuc111eMe KoopouHalll, ceJJ3aHHou c npeo6pa3oeallleAeM 
XoAAa /eM. puc. 1/. f'..a 1 = 0; f'..a 2 I= 0. 

B 3TOM cnyqae Hanp.ll)l(eHHe Xonna 6y,!J;eT HMeTL BH,IJ;: 

U x = U 0 + K 
3 

B 
11 

+ K 
4 

sin 2:¢ + ¢ 2) , /5/ 

Ks • K 4 - KOHCTaHTbl. 

BTopoB. qneu npaaoB. qacTH ypaaueHH.II /5/ ecTL TaK)I(e 

uanp.ll)l(eHHe Xonna, Bbi3Bauuoe BeKTopoM B ,Ho B oTnuque n 
OT nepaoro cnyqaJI 3,1J;eCb B

11 
npu B3MeHeHBB yrna ¢ .IIBJIJI-

eTC.II KOHCTaHTOH, B ll03TOMY Hallp.II:>KeHBe Xonna, BM 
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Bbi3BaHHoe, .IIBJI.IIeTC.II nocTO.IIHHoii. aenuquuoB.. TpeTBil qneu 

ypaaHeHH.II /5/, TaK )l(e KaK H B I 4/, o6ycnoaneH nnauapHoil 

COCTaBJI.IIro~eii. llOJIJI B p. 

06'be,IJ;HHJIJI ofia paCCMOTpeHHbiX CJiyqaJI B O,IJ;HH, MO:>KeM 

3allBCa Tb ofi~yro 3aBHCHMOCTb ,IJ;JIJI Hanp.II:>KeHBJI U npB 
X 

O,IJ;HOBpeMeHHOM ~a l~ 0 H f'..a
2 

f 0: 

Ux =Do +K3 B
11
+A 1 sin(¢+¢ 1)+A 2 sin2(¢+¢ 2), /6/ 

/3,1J;eCb K03<iJ<iJBUHeHTbl npH nepBOH H BTOpOH rapMOHBKaX 

,!J;pyrue, T .K. aMllJIBTY,IJ;bl 3THX Hanp.II:>KeHHH llpB O,IJ;HOBpeMeH­

HOM ~all= 0 H ~a 2 /= 0, ecTeCTBeHHO, HHbie, qeM B pa3-

,IJ;eJILHbiX cnyqa.11x/. 06o3HaqaJI U
0 

+ K
3
B n =!A 

0
, nonyquM 

ypaBHeHHe /3/ B BH,IJ;e: 

U x = A 
0 

+ A 
1 

sin ( ¢ + ¢ 
1

) + A 
2 

sin 2 ( ¢ + ¢ 2 ) • 

Tenepb HyJieBOH, nepBOH B BTOpoii. rapMOHHKaM npBHJITOro 

HaMH pa3JIO)I(eHBJI Hanp.ll)l(eHBJI Xonna B CHHYCHbiH TpHro­

HOMeTpuqecKHH P.IIA MO)I(HO npunuca Tb onpe,!J;eJieHHbiH <Pu-

3HqecKHH CMbiCJI. 

IlO,IJ;Be,IJ;eM KpaTKHH BTOr. IlpB B3MepeHHB nJiaHapHOrO 

3<P<beKTa, Kor,IJ;a BeKTop BHAYKUHB MarHBTHoro non.11 B 
C HeKOTOpbiM npBfiJIB)I(eHBeM, onpe,ll;eJIJieMbiM BeJiuquuaMH 

norpeiiiHocTeil f'..a 
1 

B f'..a
2

, napanneneH nnocKocTB ,IJ;aTquKa 

Xonna, uanp.ll)l(eHHe ua xonnoacKBX 3JieKTpo,~J;ax ,IJ;aTqHKa 

MO)I(eT fibiTb npe,!J;CTaBJieHO C ,IJ;OCTaToqHOH TOqHOCTbro 

nepBbiMH qneuaMB p.11,1J;a cl>ypbe /ypaBHeHue /3/ I. B 3TOM 

ypaBHeHHH A o ecTb cyMMa Hanp.II:>KeHBH U 0 B o6Liquoro 

Hanp.ll)l(eHHJI Xonna /nocTO.IIHHoro npu B3MepeHBH ¢/ ,B03-

HBKaroiUero B3- 3a HeToqHOCTB ycTaHOBKB OCB BpaiUeHBJI npe­

o6pa3oBaTeJIJI no yrnoM 90° K aeKTopy B,T.e. B3- 3a uanuquJI 

OIIIBfiKB f'..a
2

,npBBO,IJ;JIIUeH K B03HBKHOBeHBro CJiafioii., HOpMaJIL­

HOH K nnocKOCTH ,IJ;aTqBKa cocTaBJI.IIIDIUeil B
11

, nocTO.IIHHoii 

npu B3MepeHBB ¢. A 
1 

sin(¢ + ¢ 
1 

) - 3To TaK)I(e ofiblquoe 

Hanp.ll)l(eHBe Xonna, HO B03HBKaro~ee y:>Ke no ,!J;pyroB. npu­

quue, a BMeHHO: H3- 3a HaJIHqBJI OIIIB6KB f'..a l. 3Ta OIIIBfiKa 

ycTaHOBKH ,IJ;aTqHKa XOJIJia no OTHOIIIeHBro K OCB BpaiUeHBJI 
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TaK:>Ke Sb13blSaeT S03HHKHOSeHHe cna6oii: COCTaSnJIIOmeii: 
B n, HOpManbHOB K nnocxocTH )J.a T"IHKa, HO :na Bn y:>Ke 
3aSBCHT OT ¢ no CBHYCOB)J.anbHOMY 3aKOHY, H n03TOMY 
HanpJI:>KeHBe Xonna OT 3TOB cocTasnJiromeii: Bn H3MeHJieTCJI 
no 3aKOHY CHHyCa. A2 Sin 2(¢+¢ 2 ) • HanpJI:>KeHHe, KOTOpoe 
MO:>KHO H)J.eHTHcllH~HposaTb C TpeTbHM •meHOM ypasHeHHJI 
/2/, T. e. c HanpJI:>KeHBeM nnaHapHoro 34lclleKTa. 

qTo 3HaqHT onpe)J.enHTb nnaHapHbiB 34lclleKT npeo6pa-

3osaTenJI Xonna? _ 
3To 3HaqHT )J.nJI HecxonbKHX 3HaqeHHB B= const, npu 

ycnosuH, qTo B napanneneH nnacTHHe npeo6pa3osaTenJI 
Xonna, HaRTH 3HaqeHH~ A2 /aMnnBTy)J.a sTopoii: rapMOHHKH/ 
H )J.nJI 3THX 3H~qeHHB B HaRTH o6blqHoe HanpJI:>KeHBe Xonna 
Uxn, KOr)J.a B nepneH)J.HKynJipeH K nnOCKOCTH )J.aTqHKa. 

OTHoweHHe 

A 2 
--. 100% 
uxn 

JISnJieTCJI xonHqecTseHHblM Sblpa:>KeHBeM nnaHapHoro 341-

cllexTa. 

Kax sbl)J.enHTb H3 3KcnepHMeHTanbHO CHJITOB xapaxTe­

pllCTHKH 

Ux = A
0 

+A 
1 

sin(¢+¢1)+A2 sin2(¢+¢ 2 ) /3/ 

aMnnBTY)J.Y sTopoii: rapMOHHKH A 2 ? 
)l.nJI 3Toro nocTynaeM TaK. BHaqane Haxo)J.HM senuqHHY 

A 
0

• YcTaHasnHsaeM ¢ +¢ 2=0 H ¢+ ¢p_= 180 ° /3TO MO:>KHO 
C)J.enaTb )J.OCTaToqHO TOqHo, ycTaHaSnHSaJI npO)J.OnbHYIO 
KepaMHKY )J,aTqHKa Ha nosopOTHOM ycTpOBCTSe napannenbHO 

seKTopy B /. Tor)J.a 

u (0°) + u (180°) 
U= X X =A 

X 2 0 

T.K. STOpaJI rapMOHHKa npB 3TOM pasHa HyniO, a nepsaJI 
H3 • 3a H3MeHeHBJI 3HaKa Bn He SHOCHT SKna)J.a S ypasHeHHe 

/3/. 

10 

Tenepb Mbl BMeeM rpacllux ciJyHK~HH /eM. puc. 5/, o 
KOTOpOB B3SeCTHO, qTo OHa COCTOBT B3 CBHYCOH)J. e)J,BHHqHOB 
B )J.SOBHOB qacTOTbl. llpHHBMaJI HaqanbHYJO clJa3y 2-ii: rapMO" 
HBKH paSHOB HYniO B 3HaJI ee Hynesble TOqKB, a TaK:>Ke 
3HaqeHHJI nepsoii: rapMOHBKH s Toqxax, r)J.e sTopaJI pasHa 
Hymo, MO:>KeM HaUTH aMnnBTy)J.y B HaqanbHYlO clJa3y nepsoii: 
rapMOHHKB. BbiqHTaJI B3 3KcnepuMeHTanbHOB xpusoii: /6e3 
!A 0 I nepsyro rapMOHBKY, Haxo)J.BM sTopyro rapMOHHKY. 

Ux 
3KCnepuMeHTC~bHCR 
xapoKTepucTuKa ( 6e3 Ao) 

I 
/ 

I ~'If ~ 
I 2. 

/ L.._ A1si.n('f+¥') 

Puc.S. BbzOeAeHue U3 3KcnepuMeHmaAbHOU xapaKmepucmuKu 
Ux = f2(¢) emopou zapMOHUKU. A\1•A 12 - 3Ha"'eHUJI nep­
eou zapMOHUKU e mo"'Kax ¢=0,¢=rr/2. 

AHanHTBqecKB 3TO sblrnJI)J.BT Tax. YpasHeHBe )J.nJI nepsoii: 

rapMOHBKH JanHWeM KaK 

A 
1 

sin(¢ + y), /7/ 

r)J.e y = ¢
1 

- ¢
2 

• T .K. Ap H A 12 - 3HaqeHHJI nepsoii: 
rapMOHHKH S TOqKaX ¢ =0 H ¢"'rr/2 H3SeCTHbl, TO, HCnOnb3YJI 

/7 I, MO:>KeM HanucaTb: 
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A 
11 

= A 
1 

sin (0 + y) , /8/ 

/9/ 

PeWaJI /8/ H /9/ OTHOCHTCllLHO ~A 1 H y, HMCCM 

/10/ 

A 11 
y = Arc sin --- /11/ 

'./ A 2 +:A 2 
11 12 
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