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8 pa6ore
1 1

tlbi/U1 OnHCaHbl pa3J1H4Hble THnbl H3Mepl.nenbHbiX HHt\YK
~HOHHbiX KaryweK /HK/, HCnOJ1b3yeMblx B Ka4eCTBe tlaT4HI<OB npH HC
cnet\OBaHHH MarHHTHbiX none.:i MeTOt\OM rapMOHH4eCKOro aHaJ1H3a 1 2/ , 
npHBet\eHbl aHaJ1HTH4eCKHe Bblpa~eH~, n03BOJ1R~He paCC4HTaTb K0-
3~~HeHTbl 4YBCTBHTenbHOCTH pasnH4HbiX THnoe HK 1< rapMOHHKaM 
MarHHTHOrO nOnR /Mn/ B npH6J1H~eHHH 6eCKOHe4HO TOHI<HX 06MOTOI< . 

8 tlaHHO.:i pa6ore t\JlR HaH6onee wHpot<o HcnonbsyeMOro Knacca 
HK - Karywt<H,4yecreHrenbHO.:i 1< asHMyranbHOH cocrasnnn~e.:i 
MarHHTHOrO nonR,paCCMaTpHeaercR BJ1HRHHe BeJ1H4HHbl Ce4eHHR 
06MOT~H Ha 4YBCTBHTeJ1bHOCTb I< rapMOHHKaM MarHHTHoro nonR. 

8enH4HHa CHrHana, HHt\Y~HpyeMoro e "roncro.:i" Karywt<e, 6ytleT 
onpetlenRTbCR cocraenR~e.:i Mn BY , nepneHAHKynRpHo.:i nnocKOCTH 
KaTYWKH /pHc. 1/: 

B = B sin c + B ¢ cos c . y r 

~· Pac4eTHaR MOAenb "roncro.:i" HK. 

/1/ 
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Ecn~o~ c 4 ~o~TaTb, 4TO n pOBOAHI-IKI-1 yno>KeHbl BI-ITOK K BI-ITKY ~o~ 4~o~cno 
~x AOCTaT04HO sen~o~KO, TO , nonb3Y~Cb o6o3Ha4eHI-1~M~o~, yKa3aHHbiMI-1 
Ha p~o~C . 1, MO>KH0

1 
CJleAY~ pa6oTe / 3 / , 3an ~o~ caTb Bblpa>KeHHe All~ 4yB

CTBHTeJ1bHOCTI-1 11TOJ1 CTOH11 11K K 0 -oH rapMOHHKe Hn B o6ule M BHAe: 

rAe 

S* = 2Afn 
0 

A B 
J J 

- A -B 

fit - ~ 
f f(X,7]1 D)d7]dXd~, 

R"2 .. ~ 

( o-1) / 2 11 
f (x, Tf • n) = (x 2+ 11 2) cos[ (n -1) arctg- ) , X 

A - nJlOTHOCTb BH TKO B 1 f - npOAOJlbHa~ AJlHHa KaTyWKH. 
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B u~o~THpyeMOH pa6oTe npeAJlaranoc b aHan~o~3HpoaaTb / 2/ 4HC11eHHO 
Ha 3BH, nOCKOJlbKY OKOH4aTeJlbHO rO aHanHTH4eCKOrO Bblpa>KeHH~ All~ 
S ~ He 6 bl110 OOJly4 e HO . 0AHaKO, 3aMeH~~ arctg 4epe3 arCCOS H HC

nOJlb3Y~ n peACT aBlleHHe / 4 / 

o - 2 (n -1) n n-4 (o- 3) 
• cos (n -1) a = 2 cos a - - 2 cos a + 

1! /4/ 

n(n- 3) n-6 (o- 6) + 2 cos a- ... , 
2 I 

nOAbiHTerpallbHY~ ~yHKUI-1~ f(X,TJ 1 D) MO>KHO CBeCTH K nOJ1HHOMY CTeneHH 

n -1 OTHOCHTellbHO X, 17 : 

(o-1) / 2 
f(X,Tf,D) • l: (-1)kC2k 1 n-2k+1 2k 

k = 0 n -1 TJ 
/51 

KOTOPbiH MO>KHO npOHHTerpHpOBaTb 1-1 n011Y41-1Tb TeM CaMbiM B o6tileM 

cny4ae a aHan~o~TH4eCKOH ¢opMe Bblpa>KeHHe All~ S* 
nocne nOACTaHOBKH / 5/ B /2/, loiHTerp~o~poBaH~o~ft H COOTBeTCTBy~-

~~-~x--anre6pa~o~4eC KI-1X npeo6pa3oBaHHH nony4aeM 

( n-1) / 2 
S* = S [ 1 + I F (~ 0 , 110 , n) ] , / 6/ 

n o mo: l m 

rAe 2m + 1 
C "' 1 n-2m m 
- '-- -K I 
n - 2m 1 - K m Jr. = 0 

lt 2k + 1 
(-1) c ?· .. ~ 2(m-k~ 2k 

[ 2 (m-k) + 1] 0 0 
171 

F 
m 

2 

<-

.. 

.. 

8 0 -4yBCTBHTeJlbHOCTb 11K 6e3 y4eTa Ce4eHH~, 

- -
K = R2 / R 1 , TJ o = A/ R 1 , ~ 0 = B/ R 

1 
. 

KonH4ecTao cnaraeMbiX a /5/, Heo6XOAHMbiX All~ Bb14HCJleH~o~~ S ~ 
C 3aAaHHOH T04HOCTb~, onpeAeJl~eTC~ HOMepOM rapMOHHKI-1 n . B COOT
BeTCTBHH c I~ nony4aeM np~o~ 

rAe 

n=1,2 8~ = 8 0 , 

n = 3,4 

n = 5,6 

n = 7,8 

c8 
F = __ n_ 

1 n- 2 

c6 
F =~ 

2 n -4 

c7 
n 

F =--
8 n- 6 

S* = S [ 1 + F ] 
0 0 1 • 

8*
0 

= 8
0 

[ 1 + F 1 + F 
2 

) , 

S~ = 8
0 

[ 1 + F 
1
+ F 

2 
+ F 

8 
] , 

n-2 
2 1- K (~ 2 ) 

o- 'l o • . 
1 - K 0 

1-K n-4 
(( 4_ 10 ( 2'1 2 + 'I 4 ) 

1- /( 0 0 3 0 0 0 • 

1 -/( n-6 
6 ~2 2 4 6) (~ o- 7 ~o o + 7 ( o'1 o- 'I o • 1- Kn 

/8/ 

/9/ 

/10/ 

/11/ 

AJl~ yKa3aHHbiX HOMepOB rapMOHI-IK COOTHOWeHH~ /6/ cnpaBeAJlHBbl 
npH J100biX 3Ha4eH~o~~x napaMeTpOB eo, 'I 0 . EcnH orpaHH4HTb caepxy 
HOMep rapMOHI-IKH n < N, 4YBCT8HTeJ1bHOCTb K KOTOPOH A011lKHa 6b1Tb 
paCC4HTaHa C 3aAaHHOH T04HOCTb~ 8 1 TO COOTHOWeHHRMH /8/ MO>KHO 
nonb30BaTbCR /a onpeAeneHHbiX rpaH~o~uax H3MeHeHHR (

0
, 'lo I H AJ1R 

pac4eTa 4YBCTBHTenbHOCTH K 6onee BbiCOKI-IM rapMOHHKaM, 

AJlR 3aAaHHOH BeJ1H4HHbl anepTypw R m, B KOTOPYJO KOHCTPYKTHBHO 
AOll>KHa 6b1Tb sn~o~caHa Ka~ywKa, npeAenbHble pa3Mepw Am' B m ce4e
HHR CBR3aHbl Me>KAY co6o~o~ H orpaHH4eHw caepxy. An~ Ha~o~6onee aw
rOAHoro Ha npaKTHKe cny4aR' KOr.qa R 1 ... (Rl )mu. BeJ1H4HHa eo ~1/3 
AllR 11K 6e3 KOMneHCaUHH H ( O ~1/7 AllR KaTyWKH C KOMI'IeHcau~o~ei1 
4YBCTBHTenbHOCTH K nepsoi1 rapMOHHKe • . AnR pac4eTOB YA06Hee 

•aanee, He oroaap~o~aaR cneu~o~anbHO,MW 6y.qeM HMeTb a BHAY HK 
C KOMneHCaUHeH 4YBCTBHTeJ1bHOCTH K nepBOH rapMOHHKe. 
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'Iii 1 1 1 I :Ja-. P11c.2. Ca~3b Meli<AY nepe- d.o 
MeHHbiMI1 ( /nyHKT11pHaA 

KPI1 aaA/, 71 0 I cnnowHble/ 11 

a O• ( O /3Ha4eHI1A ( O yKa- /0 
Ot.l 1 1 1 - l-- y 

7
.c 1 /' 1 ..,..£] 3aHbl cnpasa 11 MeHAIOTCA oT 

0,02 AO 0,14 c waroM 0,02/. 
()Ill\\~~ I I I I I I 

lu"C:W- . 8 ---, 

Qll ---: ------~ 
nOJlb30BaTbCA nepeMeHHbiMI1 B 

8 I 1\\ \'\'fi 'ei I I I I 

~ o 11 a o = 71ol ~ o ~ A/B. 6 1 I\\!'%~~ I .I I 

npl1 3TOM 0 ::: ao < A/ r 0 
/r 0 -paAI1YC npOBOAa, KO- 4 4 1 11~~ 
TOPbiM HaMOTaHa ~K/. 1 

nocKOJl bKY Rl MOll<eT J 2 
6b1Tb Bbl6paH 8 AOCTaT04HO 

zl I I I I ~ 1 

w11pOKI1X npeAenax I R 1 $ 

< , / R2-A2_Bf TO AJlA 6onb-
2 ~ 6 a 10 rt ti. - • ' 

• we~ onpeAeneHHOCTI1 none3HO 

B 1 ---~~ = Rm - .,;-;;e+fJ2 

ao A 
, --- = 2 

'10 - Rm ..ja 2 +{J 

rAe fJ o = (1 + ( o) I~ o . 

rpa~l14eCKI1 CBA3b Meli<AY 
Ha p11c.3a,6 11 4a,6 

peMeHHbiX a O , ~ O , np11 

* B :HI1X nepeMeHHbiX 

I( 

0,5 {3 0 + ~0 

fJ , - !' 
0 0 

rAe {J'e..jl-71'2 
0 0 

4 

BBeCTI1 TaKll<e nepeMeHHble A : 

~ 

~ 0' a 0 11 (o ' 710 
noKa3aHbl AllA PAAa 

KOTOpbiX IF I =0,01 m 

/12/ 

npeAcTaaneHa Ha p11c.2. 

rapMOHI1K 3Ha4eHI1A ne-

11 0,05 :S iF m i ~ 0,1. 

/13/ 

) 

002 Q()l, 006 00! QkJ 012 t aoz ool. a06 aoa a" atz t 
0 

a 6 

P11c.3. rpaH11Ubl H3~eHeHHA napaMeTpOB (o' ao AJlA 
onpeAeneHI1A BKil aAa F3 a ae1111411HY 4YBCTBI1TellbHOCTI1 
11T011CT0~11 ~K. 

nollb3YACb npi1BeAeHHbiM11 pe3yllbTaTaMI1 AJlA oueHKI1 Belli1411Hbl IF ml• 
cneAyeT· HMeTb a BI1AY, 4TO npoi13BOAHaA J F/Ja AOCTaT04HO ae-
llHKa 11 TeM 6onbwe, 4eM 6onbwe ! 0 , a 0 11 n, no3TOMy onpeAelleHI1e 

rpaH11U H3MeHeHI1A a0 , ~0 c 6onbWHM AOnycKOM Ha aeni1411HY IFm i 
nO AaHHbiM KP11Bb1M MOll<eT npi1BeCTI1 K Cy~eCTBeHHO~ OW116Ke. 

B1111AHI1e pa3Mepoa ce4eHHA Ha 4YBCTBI1TellbHOCTb ~K 6e3 KOMneH

caU1111, pacc411TaHHOe no /6/ c:Y4eTOM /9/,/10/,/11/, noKa3aH~ 
Ha p11c. Sa ,6, a, i-. Ha 3TI1X pi1CYHKax no A S ~ noHI-1MaeTCA Hop-
MHpoaaHHOe Ha S 0 3Ha4eHHe 4YBCTBHTellbHOCTH . H3 /9/, / 10/ 11 /11/ 

BHAHO, 4TO np11 ~ O " 1) O B1111AHI1e pa3MepOB Ce4eHI1A Ha S: M11HI1Mallb-

HO. 
H, HaKOHeU, nOKall<eM, KaK B1111AeT K011114eCTBO B11TKOB KaTyWKH 

Ha ee 4yBCTBHTellbHOCTb, ~3 06~11X C006pall<eHHH 3apaHee MOli<HO CKa-
3aTb, 4TO yBe11114eHHe 411Cila BI1TKOB 6yAeT Bbl3biBaTb yBe11114eHI1e pa3-

MepoB Ce4eHHA 06MOTOK, 4TO B CBOIO 04epeAb 6yAeT npHBOAHTb K 

yMeHbWeHHIO 4YBCTBHTeJlbHOCTI1 ~K, OC06eHHO K BbiCOKHM rapMOHHKaM. 
8 KOHe4HOM HTOre yBell114eHHe 4YBCTBHTellbHOCTI1 OKall<eTCR Henpo

nopU110HallbHbiM yBeJ1114eHI110 411CJla B11TKOB , a np11 HenpaB111lbHOM Bb16o-
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P11c. 4. rpaHHUbl 113MeHeHH.R napaMeTpoe ~ 0, a 0 An.R onpeAe
neHI1.R BKnaAa F2 11 F 4 a eeni14HHY 4YBCTBI1TenbHOCTH 
11ToncTol1" HK. 

' pe C00THOWeH11.R CTOpOH Ce4eHI1.R 4YBCTBI1TenbHOCTb 11TOJ1CTOH11 Ka

TYWK11 K Bb1COK11M rapMOtiHKaM MO>KeT Ot<a3aT bC.R MeH bWe, 4eM 11 TOH
KOH11. 

Ecn11 C4HTaTb, 4TO ABe HK HMe~T OAI1HaKoey~ nnOTHOCTb BI1Tt<Oa 

11 npOAOllbHy~ AJ111Hy, TO COOTHOWeHHe BeJ111411H 11X 4YBCTBI1TeJ1bHOCTI1 
Bb1Pa311TC.R CJleAy~~HM 06pa30M: 

8 1 G ni Ru y * ~- . -(-::-) 
n 80 Gno RlO /14/ 

rAe 8 1 , 8 0 - nn~aA11 nonepe4Horo ce4eHI1.R o6MOTOK, q_nl , 9 
00 - K03¢l<I>11UHeHTbl , onpeAen.ReM~>~e a COOTBeTcTBHH c /6/, R 11 , R 
10 -paAI1YCb1 UeHTPOB Ce4eHHH BHewH11X 06MOTOK. 1-iHAeKc 110 11 OTHOCI1TC.R 

K HeKoTopoH HK, YCJlOBHo npi1H.RTOH sa 6asoe~. 
Ha PI1C.6. noKa3aHa 3aBHC11MOCTb /14/ AJl.R CJ1y4a.R, KOrAa B 

Ka4ecTBe'6'asoao.:i B3.RTa HK c napaMeTpaMH ~ ·0 = 7J Q. = 0,04. BHAHO, 
4TO All.R Manblx pasMepos c e4eHI1.R Ha6n~AaeTc.R ni1He11Hbll1 poeT 4ya
CTBHTenbHOCTI1 C yaenH4eHHeM KOn114eCTBa BHTKOB, np11 y&eJ1H4eHH11 
pa3Mepoa Ce4eH11.R 3Ta 3aBI1C11MOCTb HapywaeTC.R , 
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nHTEPATYPA 

P~c.6. 0THOC~TenbHOe H3MeHeHHe 
4YBCTBHTenbHOCTH "ToncTo.::i" HK 
(~o•7Jo) K rapMOHHKaM MarH~THO
ro non~ npH ysen~4eHHH paaMe
pos Ce4eHH~ /KOnH4eCTBa BHT
KOB/. 

B 3aKn~4eHHe OTMeTHM , 4TO 
npHBe~eHH~e peaynbTaT~ MOryT 
5~Tb HCnOnb30BaH~ npH npOeK
THPOBaHHH H3MePHTenbH~x HK, 
O~HaKO Ha npaKT~Ke nOnHOCTb~ 
y~osneTsop~T b ycnosH~M, oro
sapHsaeM~M npH s~so~e o5~ero 
B~pa*eHH~ ~~ pac4eTa 4YBCTBH
TenbHOCTH ~K K rapMOHHKaM 
MarHHTHOrO nonA, Tpy~HO, H no3-
TOMy 4YBCTBHTenbHOCTb peanb
HOH ~K 5y~eT HecKonbKO OTnH-
4aTbC~ OT paCC4HTaHHOH B co
OTBeTCT BHH C MeTO~HKOH, ~3no
*eHHOH B ~aHHOH pa5oTe. 
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