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BoesoA~H M.A . , Kosane HKO A. A. 

Mc ureAOBaH~e ABYHe pH~x HarH~TH~x noneA MeTOAOH 
rapMOH~4ec Koro aHan~3a. 2 . M3Hep~renbH~e KarywK~ 

P9 - 12378 

On~ ca H~ pa3n~4H~e T ~ n~ ~HAYK~~OHH~x KaryweK, npa1HeH fl e M~ax a Ka-
4ec rse AaT4~ KO B np~ ~ccneAOBaH~ ~ ABYHe pH~x HarH~TH~x noneA MeTOAOH 
rapHOH~ 4eCKo ro aHan~3a. n n~BeAe Hbl Bblpall<eH~fl Anfl paC4eTa K03 Ql<1l~~~eH

TOB 4Y B C Ts~ren bHOC T~ "T OH K~x " KaTywe K. McXOAfl ~3 rpe6oeaH~A nony4e 
H ~fl HaKC~ Han bHOA ~ OAHO~OA~OA 4Y BC TB~T enbHOCT~, a TaKII<e cna6oA ee 
3aB~ C~HOC T~ OT no rpeW HOCTeA ~ 3rOTOene H~fl ~ HOHTall<a, npOC TOTbl KOHCTPYK 
~H~, ~eH rp~ posa H~A ~ APYr~x ~n KTO B CAenaH~ B~BOA~ OTHOC~ T enbHO npe~

Hy•ec rs ~CnOnb30 BaH~A ~HAY K~~OHH~X Ka TyWeK pa3nH4H~X KOHC Tpy K~~A . 

AaH~ onr~Han bH~e 3 Ha 4e H~fl KOH c rpy~T~BH~x napaHeTpos ~ nony4e H~ orpa
HH~e HHR Ha AOnyC T~M~e B€nH4HH~ HX Sap~aU~~. 

Pa6ora B~nonHe H a B na6opar op~~ B~COK~X 3He pr~A OMRM . 

Coo6we Hn e 0 6bell nHeHHor o I!H CTHT yr a !llle pHbiX nccneaoeaHHil, 1ly6Ha 1979 

Voevod in M. A. , Kova l enko A.D . P9 - 12378 

Investigation of Two-D imens io nal Magne tic 
Fi e lds by the Harmonic Analy s i s Method. 2 . Mea s ureme nt 
Co i 1 s 

Different t ype s of induc tion co il s which can be us e d a s monit o r s 
a t the in ves tigation of t wo-dime ns io nal magnetic fi e lds by t he 
harmo ni c a na lys is me thod a re desc ri bed. Expressions for "i nfinitl y 
thin" co i 1 se ns iti v i ty coeffic i e nt ca l culation are give n . Bas ing 
on the cond ition of achiev i ng max imum a nd uniform sensi t i v ity on a ll 
ha rmo ni cs t o be mea su r ed , weak se nsi ti vi ty dependence on cons tr uc 
ti on e rrors , s imp l ic i ty of desing and alignment, some conc l usion s 
as t o advantage s of using d iffe r e n t i nduction coils are ma de . 
Opt ima l va lu es of mai n cons t r uct i ve pa rameters and 1 imi t a t ions of 
thei r vari ations ar e comput ed. 

The inves ti gati on has been perfo rmed at the La bora t o r y of 
Hi gh Ene rgies , JINR . 

Commun ication of the Joint Institute for Nuclear Research. Dubna 1979 
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B pa6ore n / e~e pas OTMe4an~cb re npe~My~ecrsa, KOTopwM~ 
o6nar.aer MeTOA~Ka rapMOH~4ecKoro aHan~aa c ~cnonb30BaH~eM 

~HAYK4~0HHWX KaTyWeK np~ ~ccneAOBaH~H ABYMe pHWX MarH~THWX 
none~ /Mn/. YKaawsanocb TaKme, 4TO npa~T~4eCKH p e anHayeMaR 
T04HOCTb OnpeAenReTCR cnoco60M H3MepeHHR rapMOHH4eCKHX 
K03$~H4HeHTOB, a TaKme paanH4HOro POAa ~HCTpyMeHTanbHWMH 
norpeWHOCTRMH, 3aBHCR~HMH OT KOHKpeTHOrO THna npHMeHReMO~ 
B Ka4eCTBe AaT4~Ka HHAYK4HOHHO~ KaTyWKH /~K/. He KOHKpeTH3H 
pyR cnoco6os, C nOMO~b~ KOTOPWX B AaT4HKe HHAY4HpyeTCR 
3.A.C., H He OCTaHaBnHBaRCb Ha OnHCaH~H annapaTypbl, npHMe
HReMO~ AnR nocneAY~~e~ o6pa60TK~ CHrHana, 8 AaHHO~ 4aCT~ 
;.a60TW MW npoaHan~3HpyeM ~3BeCTHWe THnW ~K ~ CAenaeM HeKo

TOpwe BWBOAW OTHOCHTenbHO HX 803MOmHOCT e ~. 

H ~H6onee o6~~MH Tpe6osaHHRMH, npe AbRBnReMWMH K AaT4HKaM 

Ha OCHOBe ~K, RBnR~TCR: 

1/ BWCOKaR .H no B03MOmHOCT~ OAHHaKOBaR 4yBCTBHTenbHOCTb 

KO seeM noAnema~HM onpeAeneHH~ rapMOHHKaM; 
2/ cna6aR 3aBHC~MOCTb 4YBCTBHTenbHOCTH OT norpeWHOCTe~ 

H3rOTOBneHHR ~ MOHTama; 
3/ ~pOCTOTa KOHCTPYK4~H, HaMOTK~ H 4eHTPHPOBaHHR AaT4HKa 

OTHOCHTenb~O MarHHTHO~ CHCTeMW. 
BenH4~Ha cHrHana, HHAY4HpyeMoro s KaTywKe, onpeAenReTcR 

CBR3aHHWM C He~ MarHHTHWM nOTOKOM, KOTOPW~ MOmHO npeACTa

BHTb 8 BHAe 

ljl(¢) - Jlo .l S
11

(ancosn ¢ c b
11

sinn ¢ ), 
n ·- 1 

rAe Sn- K03$$~4HeHTW, xapaKTepH3Y~~He 4YBCTBHTenbHOCTb 
~K * · ~3nomeHHWe H~me BWBOAW OCHOBaHW Ha BW4HCneHHH H cpas

HeHHH 3T~X K03$$~4HeHTOB AnR pa3nH4HWX KOHCTPYK4H~ ~K. 

Sn 
* AnR HarnRAHOCTH 6yAeM Hcnonb30BaTb senH4HHW e = - -- , 

n So 
rAe S0 -4yBCTBHTenbHOCTb HAeanbHO~ KarywKH /paMKH/ c paa
MepaMH R0, P ~ KOnH4eCTBOM BHTKOB W=l, pacnonomeHHO~ 8 

paAHanbHO~ nnOCKOCT~. 
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113seCTHble 11K MO>KHO noApa3Aem1Tb Ha TP~ rpynnbr *: r - rap
MOH~4ecK~e 11K 6e3 KOMneHCa4~~. 2 - rapMOH~4eCK~ e 11K C KOM
neHCa4~eR, 3 - ~36~paTenbH~e 11K . ~aTyWK~, 0THOC H~~eCH 
K nepBOMy T~ny, 4YBCTB~TenbH~ KO BCeMy cneKTpy ~n~ K 6 onb
W~HCTBy rapMCH~K Mn. BTopoR T~n KaTywe K xapaKTe p~3ye T c H 
Han~4~eM nOM~MO OCHOBHOR 06MOTK~ AOnOnH~T enbHbiX , n0 3BOnH~

~~X cy~eCTBeHHO yMeHbW~Tb /B ~AeanbHOM cny4ae CAe naTb 
paBHOR Hyn~/ 4YBCTB~TenbHOCTb AaT4~Ka K n~60~ B~6pa HHOR 
rapMOH~Ke. 11, HaKOHe4, KaTyWK~ TpeTb e ro T~na 4YB C TB~T enbHbl 
K OAHOR ~n~ HecKonbK~M rapMOH~KaM, onpeAenHeM~M c~MMe Tp~ e~ 
11K. 

1. rAPMOHI14ECKI1E 11 ~AYKU110HH~E KATYWKI1 
6E3 KOMnEHCAU1111 

v 1. Ha p~c. 1 noKa3aHa KaTywKa, 4YBCTB~TenbH a H K a 3~My
TanbHOR cocTasnR~~eR B~ MarH~THoro nonH. MarH~TH~R no To K, 
CBR3aHH~R C ~AeanbHOR 11K TaKoro T~na, 6yAeT 

00 
11 n 

'l'(¢) = /.1 0 ~ (R 0 - R 1)(-a sinn~ " b oosn¢ ), 
n n n 

~ 
.0 

2.0'~ I . 

1.0 

, - -~ -7 - TflfT 
t 2 J • 5 6 7 a 9 m u ~ 

~- -2 ~ -

n 

P~c. 1. rapMOH~4eCKaH KaTywKa, 4YBCTB~TenbHaH K a3~MyTanbHOR 
COCTaBnR~~eR MarH~THOrO nonR. 

*TaKaH rpaAa4~R Ka>KeTCH HaM Ha~6onee COOTBeTCTBY~~eR 
Ha3Ha4eH~~ ~ xapaKTepy pa3n~4H~X AaT4~KOB Ha OCHOBe 11K. 

4 
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·-

c n e AOBa Te nb HO : 

S - rR 11 ( 1 - 11
) . ll- 0 K 

os II oR 0 
::::: 11 -----

sll Ro 

oR 1 _ 11 -· 1 
1 - ------ " 

oR o 

1 - K II 

/1-1/ 

/1-2/ 

rAe K= R 1/ R
0
,r - npogonb H~~ pa3 Me p KaTywK~. 113 /1-1/ ~ 

/1 - 2/ B ~AHO , 4T O 11K o6ecne 4 ~ B ae T AOC TaT0 4HO paBHOMe pHy~ 
4yB C T B~ T enbHOCTb KO BCeM rapMO H~KaM, Ha4~HaH C HeKOTOpOro 
HOMe pa 11 = 11 0 /p~c . 1 I , np~ 4eM 3TOT HOMe p Te M MeHbWe, 4eM 
MeHbWe sen~4~H a K· Ma KC~ManbHaR sen~~~Ha 4YBCTB~TenbHOCT~ 

AOCT~rae TCH n p~ R 1 =0, a OTHOC ~T enbHaH norpeWHO CTb B onpe
Aene H~~ S 0 pac Te T np~Me pHO n~HeR HO C pOCTOM HOMepa ~3MepH
eMOR ra pMOH~K~ np~ H a n~4~~ no rpeWHOCT~ a onpeAeneH~~ paA~
anb H ~x KOOPA~ Ha T npoBOAH~KOB 11K. 

nor peWHOC T~ ~ 3Me pe H~H MGry T 6~Tb TaK>Ke CBH3aH~ C yrnOB~M 
CMe~e H~eM npOSOAH~KO B K a T yWK~ OTHOC~TenbHO a3~MyTa ¢ ~ 
noHsne H~ eM ~ne,g£TB~ e 3TO rOOTM4HO~m H"ynH 4y;c-:;: B~Tenb
HOC T~ 11K K paA~anbHO~ KOMnOHeHT e Mn. Pe3ynbTaTOM 6yAeT nOHB-

-neH~e ow~6 K~ a onpeAene H~~ cpa3bl rapMOH~K~. OrpaH~4eH~e Ha 
sen~4~ HY Ta Ko r o ne peKoca MO>KHO nony4~Tb ~3 s~pa>KeH~H AnH 
Ma ~ H~THOrO nOTOKa 

11-'(ol :: !lop ~ R
11
(1 - "

11
) M [-- a sin(n¢±8¢ ) r- b cos (n¢± 8 ¢ )l, 

n - l - n .., n _ n_ n --!.. 

rAe : 

( 11 
n_f_ . _( !_ --~K~ __ _t:_~~=~l 
2 1 - " ll 

M 
11 

(1 " (2) V2 
11 

/1-4/ 
0¢ 1\ arctg( 

11 
, 

- yron nOBOpOTa nnOCKOC T~ KaTyWK~ OTHOC~TenbHO OC~ C KOOp 

A~HaTaM~ <-}R0 (1 + " ) , (p), np~4eM 

. I" 1-· K 
sm (n arctg -- - ------) 

2 K 

n e 1 - K 

2 K 
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c T04HOCTbiO He xy~e 1% . .an~ n =14 ~ K ~ 0,5 nony4~M ~ .-::: 0,6 ° 
~. cneAOBaTenbHO, np~ Ro ~ 5 eM An~ MaKc~ManbHO~ sen~4~Hbl 
AYrosoro cMe~eH~~ npoBOAH~KOB HK ~ np~ KOTopo~ cnpaseAn~so 

AaHHOe paccMOTpeH~e, nony4aeM 3Ha4eH~e - 0,2 MM. Ecn~ 3aAaTb 
T04HOCTb onpeAeneH~~ $a3~ rapMOH~K~ - 1%, TO Tpe6yeTC~ 
o6ecne4~Tb s~nonHeH~e ycnos~~ 

e < 0,04rr 1-K 11 

--;T-- (1-_=-~)("!~:-:-n+T) · 11-51 

H3 11-51 cneAyeT, 4TO An~ yKa3aHH~x s~we 3Ha4eH~~ n.K ~ R0 
ADnycT~Moe AYrosoe cMe~eH~e npoaoAH~Kos 1•e ADn~Ho npeBbl
waTb sen~4~H~ +0,03 MM. no~sn~10~eec~ np~ TaKoM nepeKoce 
~3t!_eHeH~e _sem14~H K03<)>$~~~eHTOB ~1 OKa3biB~CR Manbl;-;:;-;; 
cpaBHeH~IO C orp n · . ..__,. 

2. rapMOH~4eCKa~ HK, 4YBCTB~TenbHa~ K paA~anbHO~ tocTas
n~IO~e~ Mn, noKa3aHa 11a p~c. 2 . .an~ TaKa~ KaTywK~ '2 ' 

S - 2P R 11 
· n() n · o Sin ---- • 

2 

£,, 
' 2,0 

iO 

/ f ,, 
/ I " 

~~ I l\ 
/ I I I ' 

I I I 
• I I 

( I I 

' I 
: I 

' ' 

2 3 

----- - 8 ~ 213 

I \ I : I I 
I I 

I~ \. ,' 

I 

' ,, 

56789f0fl 

-- - e"' 1Yto 

11-61 

n 

P~c.2. rapMOH~4ecKa~ KaTywKa, 4YBCTB~TenbHa~ K paA~anbHO~ 
COCTaBn~IO~e~ MarH~THOrO non~. 

B~AHO, 4To a 3TOM cny4ae TPYAHO o6ecne4~Tb DA~HaKoao s~co
KYIO 4YBCTB~TenbHOCTb KO seeM rapMOH~KaM ~3-3a Han~4~~ 
MHO>K~Ten~ sin n(); 2 XOT~ 4YBCTB~TenbHOCTb K OTAenbHO 8~6-

6 

• 

paHHO~ rapMOH~Ke MO~eT 6~Tb B ABa pa3a B~We, 4eM B nepBOM 
cny4ae. CneAyeT OTMeT~Tb, 4TO, s~6~pa~ yron e ~3 ycnoa~~ 

e ~ 2rr, no ' (n 0 > 1), 11-71 

MO~HO CAenaTb Hyneso~ 4YBCTB~TenbHOCTb TaKa~ HK K rapMOH~
KaM c HOMe paM~ n ~ k · n 0 I k = 1 , 2, . . . I. 06bi4HO Bbl6~pa10T 

yron () He6onbW~M, Hanp~Mep () "' rri 10,4T06bl nony4~Tb MaKc~
ManbHYIO 4YBCTB~TenbHOCTb K B~COK~M rapMOH~KaM lp~c. 21. 

np~ CMe~eH~~ KaTyWK~ KaK ~enoro B paA~anbHOM Hanpasne
H~~ Ha sen~4~HY ±oR , TaKyiO, 4TO \oR 0

1R0 \ .$ 0,03, OTHO
C~TenbHa~ norpeWHOCTb B onpeAeneH~~ 4YBCTB~TenbHOCT~ MO~eT 
6~Tb Ha~AeHa ~3 ypasHeH~~ 

_
08

!.1_ ~ n -~~.9(1- ~- ctg11-~- ) • 
Sn Ro 2 2 

np~ nepeKOCe nnOCKOCT~ KdTyw::~ OTHOC~TenbHO HOpManbHOrO 
nono~eH~~ pe3ynbT~py10~~~ MarH~TH~~ nOTOK ~MeeT B~A 

00 
1h 

'1' = 2fl
0
r L R 11(1 ~( 2l sin~Qla 11 cos(na -1 o¢ l • b 11 sin(na l o¢J],I1-91 

n = 1 11 2 11 

rAe 

¢1 ~-~J- , ( 11 a --- 2 . n(). 0 - "' - "' n c sm () · ctg -2- . - '1-' 2 '~-' 1 ' 

~ 11-101 

nc 2 . 0 o¢ = ---- sm -- + arctg ( ~ arctg ( 
n 2 2 n n' 

c - yron Me~AY HOpManbiO K nnOCKOCT~ KaTyWK~ ~ paA~yc-seKTO

poM, HanpasneHH~M no a3~MyTy a. 
B~AHO, 4TO B 3aB~C~MOCT~ OT aen~4~Hbl 6 sen~4~Ha ( n MO

~eT MeH~TbC~ An~ pa3n~4Hb1X n a npeAenax - oo< ( 11 <oo ~, cne
ADBaTenbHO' B np~H~~ne - 90° < o¢ n < + 90° . Ecn~ Bbi6paTb 
() , 18 °, TO An~ 1 < n ~ 14 nony4aeM \o¢

11
\<S_ 3c. TaK~M o6pa3oM, 

T04HOCTb ~3MepeH~~ $a3~ ny4we 4eM 5% An~ scex rapMOH~K,AO 
4eTblpHaA~aTo~ BKni04~TenbHO, 6yAeT o6ecne4eHa np~ \d 5 0, 007, 
4TO orpaH~4~BaeT AOnyCT~MOe paA~anbHOe CMe~eH~e npOBOAH~KOB 
KaTyWK~ Ben~4~HO~ -0,06 MM, ecn~ R Q =5 CM, 

KaTywKy, ~3o6pa~eHHYIO Ha p~c. 3, MO~Ho paccMaTp~aaib KaK 
4aCTHbl~ cny4a~ npeAbiAY~e~ np~ e =180 °. B ~AeanbHOM ~cnonHeH~~ 
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"' · ®"-..___ 

2,0 

1,0 

Gn 

L-L---~---L--~----L---~--n 
I 2 3 ~ 5 6 7 8 9 tO II 12 

P ~ e.3 . ~ HAYK4~0 H HaH Ka TyWKa, 4yse Ts ~ T enbHa H KO se e M He 4eT
H~M ra pMOH~ KaM Ma rH ~THOrO nonH . 

3Ta ~K ~MeeT Hynesy~ 4yseTS~Tenb HOeT b KO s eeM 4eT H~M ra pMo
H~KaM ~ YASOeHHY~ - K He 4eT H~M. 

np~ ~eeneAOSaH~~ Mn , S KOTOp~X OAH a rapMOH~Ka Ha MHO r O 
npesOeXOA~ T no aMnn~TYAe see OeTan bH~e, Han p~Me p S A~nOnb
H~X MarH~TaX ~n~ KBaApynon b H ~X n~H3ax, TPYAHO A06~Tb e A 

B~eOKO~ T04HOeT~, ~enonb3YH AaMe ~AeanbHO ~3rOTOSneHH~e 
~K on~eaHH~x s~we T~nos. 3To e sH3aHo e annapaTypH~M~ ~aKTo
paM~, a ~MeHHO e TPYAHOeTb~ S~AeneH~A Ha ~OHe OAHO~ npe o6-
naAa~~e~ rapMOH~K~ s e~rHane e ~K oeTanbH~x, aMnn~TYA~ 
KOTOp~X OTHOe~TenbHO HeBen~K~ ~ peanbHO MOryT HaXOA~TbeA 
Ha yposHe wyMoe. T04HOeTb ~3MepeH~~ e_,4eTOM 3Toro $aKTopa 
orpaH~4~sanaeb sen~4~Ho~ nopAAKa - 10 . Cy~eeTBeHHbiM waroM 
s noe~weH~~ T04HOeT~ AB~neH enoeo6 ~3MepeH~~ e KOMneHea-
4~e~ AOM~H~py~~e~ rapMOH~K~ ~·4/ , Oey~~eTBnHeM~~ noepeAeTBOM 
eneAY~~ero Knaeea ~K - ~HAYK4~0HH~X KaTyWeK e KOMneHea4~e~. 

2. rAPMOH~4ECK~E KATYWK~ C KOMnEHCAU~E~ 

1. Ha p~e. 4 exeMaT~4HO ~3o6paMeHa e~eTeMa ~3 ABYX 
KaTyweK, aHanor~4H~x on~eaHH~M e paaAene 1.2. AnH onpeAe
neHHOeT~ 6yAeM Haa~saTb KaTywKy, paenonoMeHHy~ Ha 6onbWeM 
paA~yee, OeHOBHO~, a APYrY~ - KOMneHe~py~~e~. ~enonb3YH 
/1-6/, MOMeM aan~eaTb: 

8 

~n 
2.o L -

1.0 

/ 

-----~ 

........... 

1 2 J 9 .5 6 7 8 9 fO II 

n 

P~e . 4 . r a pMOH~4eeKa H Ka TyWKa e KOMneHea4~e~. 4ySeTS~Te~bHaH 
K p aA~anbHO~ eOe T a snA~~e~ MarH~THOrO nonA. 

1\0MTI . n n 82 n n81 
S 11 = 2r[R

0 
sin-

2
- - >. Rk sm-

2
- J w0 . /2-1/ 

E en~ y KaTywe K OA~ Ha Ko s~~ none pe 4H~~ pa3Mep 2a 2= 2a 1= 2a ~ 
pa sHoe 4~eno s~TKO B A" wk w0 = 1.To /2-1/ npeo6pa3yeTeH 
K B~Ay: 

KOMn. sm[ n . 1 k 8 
Sn = 2e w Rn . n62 k arcsm(--- sin -- 2 )] 

0 osm -:;>-- l1 - K11
---- K k 2-~ --~ !. 

sin --.£. 
2 

/2-2/ 

He TPYAHO noKa3aT b , 4T O np~ n = 1 nony4aeM S 1 =0 He3ae~e~Mo 

OT sen~4~Hbl K (K = R l fl. a), TO ee Tb yKa3aHHble yenOB~A HBnH~T
e A yenOB~AM~ KOMne Hea4~~ ne pso~ rapMOH~K~. 4yseTB~TenbHOeTb 

Me K APYr~M rapMOH~KaM np~ 3T~X yenOS~HX He MOMeT 6~Tb 
eAe naHa Hyneso~. CpasH~saH /1-6/ ~ /2-2/, B~A~M, 4TO 
4yBeTB~TenbHOeTb KaTyWK~ e KOMneHea4~e~ OKa3biSaeTeA HeeKOnb
KO MeHbWe~ ~ K 6onee B~eOK~M rapMOH~KaM. 8 Ka4eeTBe np~Mepa 
Ha p~e. 4 noKa3aHa rpa¢~4eeK~ 4ySeTB~TenbHOeTb ~K 6e3 
KOMneHCa'l:l~~ /nyHKT~p/ ~ e KOMneHea4~e~ /ennOWHble/ AnA K = 

0,75, e =18 ~ Pa3H~4a e 4yBeTB~TenbHOeT~ 6yAeT TeM MeHbWe, 
4eM MeHbWe Ben~4~Ha K, OAHaKO e ee yMeHbWeH~eM, KaK eneAyeT 
~3 /1-8/ ~ /1-10/, paeTyT Tpe6oBaH~A .K T04HOeT~ yeTaHOBK~ 
KOMneHe~py~~e~ KaTyWK~. 0nT~ManbHO~ np~ 6 =18° OKa3~BaeTeA 
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8em141-1Ha K ~ 0, 77. lhaK, 3TY CI-'ICTeMy 4enecoo6pa3Ho npi-1Me
HRTb AnR I-1CcneA08aHI-1R Mn 8 A~-'~nOnbH~x MarHMTax. 

Ecn1-1 OCH08HaR M KOMneHCI-'Ipy~~aR KaTyWKI-1 1-'!Me~T pa3HOe 
KOnl-14eCT80 81-1TK08, TO ycn081-1e KOMneHCa4MI-1 6yAeT 

n 
K 

,\ 

. n02 
S!ll - --

2 
/2 -3/ 

. l . ( 1 . 02 )l Sin n arcSin - · sm ----
K 2 

1-13 / 2-3/ , Hanpi-'!Mep, AnR n =2, " =0, 77, 0 = 18 nony4aeM 

,\ 1 ,313. Ecn1-1 MMeeT MeCTO n08 0pOT KOMneHCI-1py~~e~ KaTyWKI-1 
OTHOCMTenbHO OCH08HO~ Ha yron 00. TO norpeWHOCTb nOR8MTCR 

rna8H~M 06pa30M 8 OnpeAeneHI-11-1 ~a3 HI-13KI-1 X rapMOHMK. lt13MeHe

HI-1 e K03~~1-141-1eHT08 4Y8CT81-1TenbHOCH1 6yAeT 8 HaUieM npMMepe 

MeHb we 0,05 %. Be ni-14MHa AOnycTI-'IMOro CA8Mra MomeT 6~Tb Ha~
Ae Ha 1-13 COO THOWeHI-'!R: 

rAe 

()(} . 

I ' 
11 

n 

1 - 11 n 

I ' n 

2n 
tg X -t1 

. 1101 
SJ11 -. 

AKn _____ 2 _ 

. nl) 2 
Sll1 - - -·-

2 

/2-4/ 

- KOHCTPYKTI-18Hbli1 napaMe Tp, 

x- Tpe6yeMaR T04HOCTb o np e Ae n e HI-'IA ~a3~ rapMOHI-'IKM. Pac4eT 
nOKa3~8ae T, 4TO AnR no ny4 e HMA OAHO~ 1-1 TO~ me T04 HO CTI-1 npl-1 

M3MepeHMM, HanpMMep, TpeTbe~ M AeC AT O~ rapMOHMK AOnyc K Ha 

BO 80 8TopoM cny4ae OKa3~8aeTCA npi-'!Me pH o 8 TPM pasa c na6ee, 

4eM 8 nep80M , M COCTa8nAeT - 0,2 ° 8 pa CCMa Tpl-18 ae MOM c ny4a e . 
npM CMe~eHMM KOMneHCMpy~~e~ KaTyWKI-1 OTH OCI-1Tenb HO OCH0 8-

HO~ 8 paAI-1anbHOM Hanpa8neHI-11-1 Ha 8enM4MHY ±oR nOA8nAeTCA 

4Y8CT8MTenbHOCTb K KOMneHCMpyeMO~ rapMOHMKe. Hanpi-'! Mep, 8 

cny4ae lt!K C KOMneHCa4Me~ 8TOro~ rapMOHMKM /,\ = 1 ,313, K= 

0' 77' e =18 ° I 8enM4MHa "napa3MTH0~ 11 4y8CT8MTenbHOCTM KO 

8TOpO~ rapMOHMKe OTHOCMTenbHO nep80~ MnM TpeTbe ~ /4y8CT81-1-

TenbHOCTb lt!K K HMM MMHMManbHa/ 6yAeT - 2oR/ R. EcnM aMnnMTy

Aa 8TOPO~ rapMOHMKM no Kpa~He~ Mepe Ha A8a nOpRAKa 8~We 
OCTanbH~X, TO AnA T04H~X M3MepeHI-1~ cneAyeT 8~Ae pmaTb 

foRI 
---- < 0 0025. 
R - ' 0 

2. CMcTeMa 1-13 A8YX KaTyweK, noKa3aHHaR Ha p1-1c. 5, TaKme 

AOnycKaeT 803MOmHOCTb KOMneHCa4MM 4Y8CT81-1TenbHOCTM K n~60~ 

10 

v' 

j 

~ tiJI'In 
n 

R, • R, •aJRo. RJ •0 

<t" 

~.l 

! ::0 
<:<' . y I b 

r,o/-, ' \ 
4', J 

-~ ~ 

0.5 

n 
2 ' • 5 6 7 8 9 m n ~ 

IO!--- l -- :--..... ~-f>r-rr-~w-, . -
o5 1 · -

n 

PM c. 5. rapMOHI-14eCKaR KaTyWKa C KOMneHCa41-1e~, 4Y8 CT 81-1T e nbHaR 
K a3MMyTanbHO~ COCTa8nA~~e~ MarHI-'!TH OrO nOnR. 

rapMOHMKe. npM 3TOM 803MOmH~ A8a c noco6a pacnonomeHMA KaTy
weK: nep8~~ - KaK nOKa3aHO Ha PI-1C. 5, M 8TOpO~ - KOrAa 

KOMneHCMpy~~aA KaTyWKa n08epHy Ta Ha yron 180 ' . 4y8CT8MTenb
HOCTb CI-'ICTCM~ 8 n ep80M cny 4ae: 

s s 11 11 - ,\ ( 1 -" 
k n k 1 11 

11 
-- ) 

- "2 
I. 

1 Kk 1 -- K 
11 

2 

/2-5/ 

rAe 8 11 - cor n acHo /1-1/, " R 1 R 0 , K 1 R2 R0 • K 2- R3 / R 2 -

OTHOWeHMe pa AMY C0 8 np 0 80AHMK08 KaTyWeK. BTopo~ cny4a~ OTnM-
4a e TCA HanM4M e M MHOmi-1TenA ~ 1) 11 nepeA 8TOP~M cnaraeM~M 
8 K8aApaTH~X CK06KaX. 3TOT cny4a~ xapaKTepl-13yeTCA 6onee 

pa8HOMepHO~ 4Y8CT8MTenbHOCTb~ KO 8CeMy cneKTpy /pi-'!C. 5, 
nyHKTMp/. 

B~pameHMe /2-5/ HanMCaHO C y4eTOM TaKOrO COOTHOWeHMR 

Me*AY napaMeTpaMI-1 KaTyWeK, npM KOTOpOM MOmHO CAenaTb Hyne-
80~ 4Y8CT8MTenbHOCTb K rapMOHMKe C HOMepOM k. Ycn08MA KOMneH
Ca4MI-1 AnA ne p80~ M 8TOpO~ rapMOHMK MMe~T 81-'!A: 

ao = Aak : ao R o - ,\ ak R k 

rAe a 0 • ak- paAManbH~e pasMep~ KaTyweK, a R 0,Rk-cpeAHMe 
paAMYC~. AnA KaTyweK c OAI-1HaK08~M 4McnoM 8MTK08 /A =1/ onTI-1-
ManbH~MM npM KOMneHCa41-11-1 8TOpO~ rapMOHMKM ~OmHO C4MTaTb 
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( 

sem141-1Hbl: a 0 / R 0 ~ 0,3 1-1 K ~ 0,58. Ko3<!>4ll-1ll1-1eHTbl .;n np~-1 
3TI-1X 3Ha4eHI-1RX napaMeTpos noKa3aHw Ha p1-1c. 5, npl-14eM cnnow
HWe nl-lHI-11-1 OTHOCRTCR K nepBOMY cnoco6y B3a!-1MHOrO pacnono*e
HI-1R KaTyWeK, a npepWBI-lCTWe - KO BTOpOMy. 0THOC!-1TenbHaR 
senl-141-lHa 11 napa31-1THOi1 11 4YBCTBI-1TenbHOCTI-1 KO BTOpOi:i rapMOHI-1Ke, 
B03HI-1Ka~~aR npl-1 CABI-lre KOMneHCI-lpy~~ei:i KaTyWKI-1 OTHOCI-1TenbHO 
OCHOBHOi:i B paAI-lanbHOM HanpasneHI-11-1 Ha senl-141-lHy ±oR, COCTaBI-lT 
senl-141-lHY nopRAKa 2oR' R AnR o6o1-1x cny4aes. norpewHOCTb 
s onpeAeneHI-11-1 <!Ja3w np~-1 nepeKoce nnocKOCTI-1 
KOMneHCI-lPY~~eR KaTyWKI-1 MO*eT 6WTb onpeAeneHa 1-13 /1-4/. 0TMe
TI-1M, 4TO B Cl-lny 6ni-130CTI-1 KOMneHCI-lPY~~ei:i KaTyWKI-1 K OCI-1 
MarHI-1THoi1 Cl-lCTeMbl AOnycK Ha ee yrnosoe cMe~eHI-le nony4aeTCR 
np!-1MepHO B ABa pa3a cna6ee, 4eM AnR OCHOBHO~. 

3. B pa6oTe ~ / 6wna npeAno*eHa KaTywKa, noKa3aHHaR Ha 
p!-1C. 6. 0Ha COCTOI-1T 1-13 OCHOBHOi:i 06MOTKI-1, 1-lMe~~eR paAI-lanbHY~ 

P1-1c.6. Aci-1MMeTpi-14Han 1-lHAYK
lll-lOHHaR KaTyWKa. 

npoTR*eHHOCTb R 0 - R 1 • 1-1 ABYX AOnonH~TenbHwx c paA1-1anbHWM 
pa3MepoM R 2-R3 , nosepHyTWX OTHOCI-1TenbHO OCHOBHOR Ha yrnw 
±a 1-1 BKn~4eHHWX BCTpe4HO C OCHOBHOi:i. 41-1CnO BI-1TKOB B OCHOB

HOi:i KaTywKe s ABa pa3a 6onbwe, 4eM s Ka*AOR 1-13 AOnonHI-1Tenb
HWX. MarHI-lTHWR noTOK, csn3aHHwi1 c TaKoR HK, swpa*aeTcn 
cneAY~~I-lM o6pa3oM: · 

n 1-K n+ 1 n 1-K n+ 1 
'P = 2v.- e 11 }; R [------- K ---------. cosnal· Q ·COS(n¢+¢ ). 

0 0 0 1_K 1 1_K n n 
2 

XapaKTep HaMoTKI-1 asToMaT!-14eCKI-1 npi-1BOA1-1T K swnonHeHI-1~ ycno
BHR: R0 - R1 = 2(R2- R 3), no3TOMY AnR KoMneHCal.IHI-1 4YBCTBI-1Tenb
HocTH HK K npo!-13BOnbHoi1 rapMOHHKe s HaweM pacnopn*eHHH 

12 

• 

1-lMe~TCR TPI-1 napaMeTpa. HanH41-1e rapMOHH4ecKoro 4neHa cosna 
B BWpa*eHHH AnR Sn npi-1BOAHT K TOMy, 4TO HMeeT MeCTO 6onb
WaA HepaBHOMepHOCTb B 4yBCTBHTenbHOCTH K cneKTpy, snnoTb 
AO "nposanOB 11 npH HeOnTI-1ManbHOM Bbi60pe napaMeTpOB. npose
AeHHWe Ha 36M pac4eTW nOKa3anH, 4TO np~-1 KOMneHCal\HH 
4YBCTBHTenbHOCTH K nepsoi:i rapMOHHKe MO*HO I-1CnOnb30BaTb 
senH41-1Hbl R 1 R 0 =0,0, K1- R 2 , R 0=0,833, R3 / R 2 =0,4 1-1 a =31 ° 
/s 3TOM cny4ae 1 ::: I; n ·: 3 npH4eM AnR n '> 7 senH4HHbl .; n 6nH3-
KI-1 K 2,0/, n~-160 '' =0,0, K 1 =1,25, K 2 =0,6 1-1 a =6Q,QQ

0 

/paBHOMepHOCTb B 3TOM cny4ae HeCKOnbKO Xy*e/. np~-1 KOMneH
Cal\1-11-1 BTOpoR rapMOHHKH Ha!-16onee paBHOMepHWi1 cneKTp HMeeT 
MeCTO np~-1 K =0,0, " t =0,83333, " 2 =0,4, 1-1 a=168,69 °· Ann 
BCeX rapMOHI-1K C n > 5 HepaBHOMepHOCTb He npeBbiWaeT 50%, MaK
CI-1ManbHaR 4YBCTBHTenbHOCTb o6ecne4!-1BaeTcR AnR nepsoR "' 
TpeTbeR rapMOHI-lK, a MI-1HI-1ManbHaR - AnR 4eTsepToi1 rapMOHI-lKH. 

MOA1-14JI-1Ka lll-1ei1 on1-1caHHOi1 s~we HK RBnAeTCR KaTywKa, ocHos
HaR 1-1 AOnOnH!-1TenbHaR o6MOTKI-1 KOTOpoi:i noKani-130BaH~ Ha nOCTO
RHHbiX paA1-1ycax, R 0 = R1 , ~ = Ra = Rk, a 2wk=w0 no-npe*HeMy. 
B 3TOM cny4ae 1-13 /2-6/ nony4aeM 

Sn = 2 · (R~- R:cosna)P ·wk. /2-7/ 

flerKO BI-1AeTb, 4TO KOMneHCal\MR n~ooi:i rapMOHHKI-1 MO*eT f~Tb 
OCy~eCTBneHa B cny4ae R0 <Rk, TO eCTb OCHOBHaR KaTyWKa 
AOn*Ha pacnonaraTbCR Ha MeHbWeM paAHYCe, 4eM KOMneHCI-1PY~~aR. 

nonaraR paAI-lYC KOMneHCI-lPY~~ei:i KaTyWKI-1 paBH~M R0 , MO*eM 
3an1-1caTb 

.; n = 2(Kn- cosna). /2-8/ 

C 4enb~ s~6opa onTI-1ManbH~x napaMeTpos 1-1 s 3TOM cny4ae 
6wna cocTasneHa nporpaMMa 1-1 pacc4HTaH~ Ha 3BM senH4HH~ 
~·n AnR 0 :; K .::;_ 0.95 c waroM 0, 025 s cny4ae KoMnet-1'-

calll-11-1 4YBCTBHTenbHOCTM K OAHOR H3 nepswx 4eT~pex rapMOHI-lK. 
nony4eHH~e pe3ynbTaTw no3sonn~T cKa3aTb cneAy~~ee: 

1. B cny4ae KOMneHCal\1-11-1 4YBCTBHTenbHOCTH HK K nepsoR 
rapMOHI-1Ke OnTI-lManbHbiMI-1 senH41-1HaMI-1 RBnR~TCR K = 0,5 1-1 a = 60 °. 
np~-1 3TOM 0,94 $1.;- nl :S 2,2 Ann scex rapMOHHK. 

2. KoMneHCal.ll-lR 4YBCTBHTenbHOCTM Ko BTopoR rapMOHHKe 
MO*eT 6b1Tb ocy~eCTBneHa Bbi60pOM a B ABYX o6naCTRX 
0 < a < 45 ° H 135° < a < 180°, a OnTHManbHbiMH RBnR~TCR BenM4HHbl 
K"" 0' 30 1-1 a "'137 ,6 °· npH 3TI-1X 3Ha4eHI-1RX 0.54 :s I.; nl 'S. 2, 1, 
npH4eM HaH6onee HM3KaR 4YBCTBHTenbHOCTb /1-13 41-1Cna nepB~X 
4eTblpHaAllaTH rapMoHHK/ nony4aeTCR AnR n =6 I .;6 =0, 536/, 
n=10 ;1; 10 =-0,871/"' n=11 /f 11 =-0,571/. 
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3. ,[\n.A o6ecne4eHH.A e 3 =0 MO>KHO 11CnOnb30BaTb K "'0,425, 
a "' 28,5° 11 K "' 0, 60, a "' 25, 8 °, np11 3TOM 6 nepBOM cny4ae 
0,46 < I~ I < 2,0, a so BTopoM - 0 ,4 1 < I ~ I < 2, 1. 

4~ ~OMneHCa411~ 4YBCTBI1TenbHOCTI1 K 4eTB~p;O~ rapMOHHKe 
MO>KHO OCylJ1eCTBI1Tb np11 0°_$ a -::;_ 22,5° 11 147,5°_$ a _$ 180°. 
B nepso~ o6naCTH: 0,475 < K < 0,525°; 21,77° < a ' 21.41°, a 
TaK>Ke K z 0,65; a "' 19,94 ° /~pH 3TOM 0,3.SI ~n ~~ 2 /, a BO 
BTOpm1- K "' 0,75; a "' 162,11 ° /(0,5 $l ~n l$3, 4). 

np11 OTKnOHeHI-111 Beni1411H KOHCTPYKTHBH~X napaMeTpOB OT 
pac4eTH~X nO.ABn.AeTC.A 4YBCTBI1TenbHOCTb K KOMneHCHpyeMO~ rap
MOHHKe 11 norpeWHOCTb B OnpeAeneHI-111 $a3~ rapMOHHK: 

oSn "' n(/ -t 02) 112 n n , 

o¢ n , arctg <'>n I y n , 
/2-9/ 

rAe 

n-1 oRO oR K 1 I oRK 2 . 
y ~ 2 K ---- - ------------ COS lla I (oa -t oa ) Slll lla, 

n R R 1 2 
k k 

/2-10/ 

on oRK 1-oRK2. l (oo _ 00 )cosna __________ sm na 1 2 

Rk /2-11 I 

/HHA~KC 0 - OTHOCHTC.A K OCHOBHO~ KaTyWKe, a HHAeKC~ 1,2 -
K KOMneHC11PY~lJ111M, pacnOnO>KeHHbiM Ha a311MyTaX cp I u 11 cf>- a 

COOTBeTCTBeHHO/. Ecn11, HanpHMep, paCCMOTpeTb BapHaHT K=0,3; 
a=137,6 °, C411Ta.A, 4TO oRK 1 "' oRK 2 "' oR 0 , a oo 1~ -oa 2 , TO 

An.A nOAaBneHH.A 4yBCTBI1TenbHOCTI1 KO BTOpO~ rapMOHHKe Ha ypos-
-3 

He $ 10 OTHOCHTenbHO OCHOBHbiX He06XOAI1MO BbiAep>KaT b pac4eT-
Hble napaMeTpbl C T04HOCTb~ He Xy>Ke loo l ::; 10- 3 11 oR/ Rk ::; 0,4·10- 3. 

3. H35HPATEnbH~E KATYWKH 

H36HpaTenbH~e KaTyWKI1 COCTaBn.A~T TpeTb~ rpynny 11HAYK411-
0HH~X AaT411KOB. CpeAH HHX, B CBO~ 04epeAb, MO>KHO B~AenHTb 
11HAYK4110HH~e KaTyWKH, 4YBCTBHTenbH~e TOnbKO K OAHO~ rapMo
HHKe /pHC. 7/, 11 HK, 4YBCTBHTenbH~e KPOMe OCHOBHO~ KO BCeM 
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/ 

n 
2 3 4 5 6 7 8 g 10 

J.... = I0 CDS_ 2'f 

PHc.7. H36HpaTenbHa.A KaTywKa c rapMOHH4eCKO~ nnoTHOCTb~ 
HaMOTKH. 

B~CWHM He4e TH~M, KpaTH~M e~ rapMOHHKaM /pHc.8,9/. Ha6Hpa
TenbH~e HK noasonn~T c 6onbwe~ AOCTOBepHOCTb~ onpeAenHTb 

Sn 
2n 

n 
2 J 4 ' 6 ? 8 g m u ~ 

8=% 
P11c.8. ~~36HpaTenbHa.A KaTywKa c cocpeAOT04eHHO~ o6MOTKO~. 

Beni1411HY 11 $a3y OTAenbHO~ rapMOH11KI1, OAHaKO An.A nony4eHH.A 
AaHH~X 0 cneKTpe rapMOHI14eCK11X COCTaCn.A~lJ111X MarHHTHOrO 
nOn.A HaAO 11CnOnb30BaTb Ha6op TaKHX AaT411KOB, 4YBCTBI1Tenb
H~X K pa3ni14H~M rapMOHHKaM. 

MarHHTH~~ nOTOK, npoHH3~Ba~ll111~ 4HnHHAPH4eCKY~ nosepx
HOCTb 113MepHTenbHO~ KaTyWKH, MO>KHO OnpeAenHTb cneAY~lJ111M 
o6pa3oM 13 : 

277 
41 = [ A(¢)Bn (}p, 

0 
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~n 
_n_"X{?_ ___ _ 

n 
23456 789 1011 

W - 'IUC/10 OUmff03 3 tjZ!le 8 ~ ~ n 

P~ c .9 . ~a6~ par enbH a R Kar y wKa c pac n peAeneHHO~ HaMOTKO~ 

OAHOPOAHO~ nnOTHOCT~. 

rAe A(¢) - nno rHOCTb B ~ T KOB . ~ 3Mep~ r en b HO~ KarywK~. Ec nH 
A(¢) n ponop l\ ~OHan bHa cosn¢ Hn~ sin nc.6, ro Ka r ywKa 6yAe T 
4YBCTB~TenbHa TOnbKO K rapMO HHK e C HOMe p OM 11 . [OOTBe T C TBy~

m~ ~ B ~A pacnpeAene H ~ R nnOTHOCT~ BH TKO B no a3HMY TY AOC T~r ae r
CR n H60 H aAJ : e>Ham~M H 3MeHeH~eM KOOPA~HaT na30 B, B KOTOPble 
yKnaA~Ba~TCR B~TK~, nH60 3a C4 e T H3MeHe HHR 4 HCna BHTKO B 
B naaax KaTyWKH . ,ll,nR ~3Me peHHR r a pMOHHK c n .::: 3 l..l e n ecoo6paa 
HO HCnOnb30BaTb ~K C paBHOMe pHO~ nnOTHOC Tb ~ BHT KO B. n e p Ho 
A~4HOCTb >He HaMOT ~~ no-npe >HH e My AOn >HHa COOT BeTC TBOBaT b 
HOMepy OCHOBHO~ H3Me pReMO~ rapMOH~K~ . Cxe Ma T a KO~ ~K nOKa -
3aHa Ha p~C. 8 . np~ 3TOM ~3rOTOBne H~e ~K ynpo ma e TCR, a B~ c 
W~M~ rapMOH~KaM~ , K KOTOp~M 4YBCTB~TenbHa TaKaR KaTyWK a , 
n~6o npe He6pe ra~r , n~6o y4~T~Ba~r np~ a Han~ ae. 3 TH KarywK~ 
06naAa~T, B np~HL\~ ne , 6onbWe~ 4YBCTB~TenbHOCTb~ , TaK Ka K 
n03BOnR~T ny4We HCnOnb30BaTb BC~ Ll ~n~HAP~4eCKy~ no Be p XHOC Tb 
KapKaca AnR yKnaAK~ npOBOAa /pHC. 9/. norpeWHOC T ~ B On p e 
AeneH~~ 4YBC TB~TenbHOC T~ TaK~ X KaTyWeK CBR3aH~ , rnaBH~M 

o6pa30M, C a3~MyTanbHbiM ~ paA~anbHbiM CMemeH~ eM npOBOAH ~ KOB . 
np~ 3TOM B o6meM cny4ae n ORBnR e TCH OTn~4HaR OT HynR 4YB CTB H
TenbHOCTb K n~6~M APYr~M rapMOH~KaM, Ben~4~Hy KOTOPO~ 
MO>HHO OL\eH~Tb, nonb3YRCb, Hanp~Mep, peaynbraraM~ pa6or~ t l ( 

HeAOCTaTKOM On~CaHH~X ~K RBnHeTCR TO 06CTORT e nb CTB O , 
4TO np~ HaMOTKe KaTyWK~ Ha TOpl\eB~X 4aCTR X He~36e>HHO n OHB
nR~TCR Mecra nepeCe4eH~H npOBOAOB ~ 3TO He KOTOp~M He KOH
Tpon~pyeM~M o6pa30M ~3MeHReT 3~~eKT~BHY~ AnHHY OTAenbH~X 
B~TKOB KaTyWK H , Ha pywa R Te M caM~M rapMOH~4eCK~~ 3 a KOH 
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A{¢) H YXYAWaA ~36Hpa r enbHOCTb. ,ll,nR ycrpaHeH~R 3Toro He
AOC Ta T Ka npe AnO>He HO ~3/ ~ 3MepHTenbHY~ 06MOTKY pacnonaraTb 
Ha 60KOBO~ nO BepX HOC T ~ Kn~HOB~AH~X CeKL\~~. np~4eM Ka>HA~~ 
B~ TOK 06paaye T KOHT y p, on~C~BaeM~~ rapMOH~4eCK~M 3aKOHOM. 

B p a 6 o r e 6 paccMa Tp~ B aer cR B03MO>HHOCTb ~cnonb30Ba-
H~R ~K , 4 Y B C TBHTen b H~X TOnb KO KO BTOpO~ rapMOH~Ke, AnR 
~3 Me peH~A n o Ka a a r e n A c n a Aa MarH~THoro nonR >HeCTKO~OKyc~py~
me r o yCKOP HT e nA. np~Mep~ ~C nOnb30BaH~H MeTOA~K~ ~3MepeH~R 
MarH~TH~X xapaKT e p~CT~K C nOMOmb~ ~K MO>HHO Ha~T~ B pa6o
TaX 7· 12 

B aaKn~4eHHe OT Me T ~M, 4TO Hawe paccMorpeH~e cnpaBeAn~Bo 
An A Ka r yw e K c 6ecKoHe 4 HO Man~M ce4eH~eM o6MOTK~. Ha npaKr~
Ke AnR yBenH 4 2 H~ A 4YBC TB ~ r enbHOCT~ menarenbHO ~cnonb30BaTb 
MHO rO B H TKO B~e Ka ryw K~ . Me TOA~Ka pac4era 4YBCTB~renbHOCT~ 
"ronc Tbi X11 Ka rywe K Ha np~Me pe KarywK~, onHcaHHO~ B pa3Aene 
1- 1 , AaHa B 2 /. 

Or Me THM r a K>H e , 4T O 4Y BCTBHTenbHOCTb ~ T04HOCTb ~3MepeH~~ 
MO>H HO nOB~C~ Tb np~Me pHO B ABa pa3a, ecn~ Ha OAHOM KapKace 
pa c n o n O>H HTb AB e ~AeHT~4H~e rpynn~ o6MOTOK, CAB~HYT~e APYr 
OTH OCH Te nbHO Apyra Ha yron 180 ~ ~ ~3MepeH~e, Hanp~Mep, 
4eTH~X rapMOH~K np0~3BOA~Tb np~ COrnaCHOM BKn~4eH~~ rpynn, 
a H3M e pe HHe He 4e TH~X ra pMOH~K - np~ BCTpe4HOM . 

Ecn~ npoAOnbH~~ p aaMe p KarywK~ MHoro 6onbwe pa3Mepa 
Mar H~ THoro 3neMe Hra, r o M~ 6yAeM nony4aTb ~HrerpanbH~e 
Ben~4HHbl rapMOH~4eC KHX K03~~~1..l~eHTOB / 14/, np~ ~CnOnb30Ba

H~H 11 KOpOTK~X 11 KaTyWeK cneAyeT ~MeTb B B~AY, 4TO K03~~1..l~eH
T~ 4YBCTB~T enbHOCT~ ~K KO BCeM rapMOH~KaM nponOpl\~OHanbH~ 
OCe BO~ An~He B~TKOB 06MOTK~, B03MO>HHY~ HeonpeAeneHHOCTb 
B Ben~4~He KOTOpO~ np~ 60nbWOM KOn~4eCTBe B~TKOB M~ He 
y4~TbiBanH. 

CoBoKynHOCTb Bcex 3T~x ~aKropoB roBop~T o TOM, 4TO B o6-
meM cny4ae AnH noe~weH~H T04HOCT~ ~3MepeH~~ cneAyer npoBo
A~Tb npeABap~renbHY~ Kan~6poBKY AaT4~KOB. 

~TaK, B 3TO~ 4aCT~ pa60T~ 6~n~ paCCMOTpeH~ npaKT~4eCK~ 
Bee ~3BeCTH~e T~n~ ~HAYKL\~OHH~X KaTyWeK, C~OpMyn~poBaH~ 

HeKOTOp~e peKOMeHAal..\~ 11 OIHOC~Ten.2.tiQ. Bbi60pa OnT~ManbH~X 
napaMerpos- -KOHCTPYKL\HI11. 4ro >Ke KacaercH eonpoca, Ka~ THn 

i(.3rywK~ ny4we, TO BB~AY pa3Hoo6pa3HH rpe6oeaH~~ Bonpoc 
3TOT AOn>HeH peWaTbCR ~HAHB~AyanbHO B Ka)HAOM KOHKpeTHOM 
cny4ae. 
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