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L B e e a e H H e 

Hanx'I.He nongpxaoeaeHoA npOToaaoA MllmeHB (nnM) aaeT B03MOlKHOCTb H3Mepsrrb 

x) /1/ 
• nnH npoeeaeHRH 91tCnepHMBBTOB no N - N M -pacce..-ICOMDOH9BT~ TeB30p8 lkq 

a•JO, C DOMODlbiO ltOTOp~X 6~00 6~ M 
lk q 

B03MOlKBO ODpeaeDHTb ltOMDOHBBThl t K8ll0 

RCDODb30B8Tb oaBOBp9M9BBO DODIIJlH30BlUIH~A DY'IOIC "18CTHil R 00M B COOTB9TCTBYIOIURX 

CDHHOB~X COCTOSIHIIIIX. H3MepeRRe 3TBX BBDR"'HB aacT B03MOlKHOCTb p83Dli"'BTb ao CBX 

DOp p8BHOilBHH~9 cpa30B~9 R860pbt, YTO"'HHTb HaAaeHHble cpa30B~e caeRrK H BOCCT8BOBHTb 

6onee TO"'BO M8TpKilY p8CC9HBHH CRCTBM~ aeyx ByltDOHOB, 

'iT06bi Dp089CTR DD8HRp0B8HH9 3ltCDep11M9RT8 anH OnpeaeneBHH TaX TO"'BI<, rae R3-

MepeHHB B8H60D99 s¢cpaxTHBBO, He06XOaHMO 3B8Tb ICOMDOHBHT~ TeH30p8 M 3TH ICOM-
lk q 

DOH&BTLI MOlKHO B~"'HCDHTb 88 OCBOB8BHH RM910DlHXCH pe3yDbT8TOB cJ>aaoeoro BJI8DH38, 8bi-

"'RCD9BBJO I<OMDOBBHT M lko DOCBHIU9H8 H8CTOHlU4H pa60T8, 

II • Teuaop nongpH38DIIH M lk 9 

BeeaeM TPH cHCTeMw opTOHOpMHpoeaHuwx eeJCTopoe 

~ 

k I -k ~ k +k 
~ k I X k I I c I I n m 

lk X k'l I I k I - k'l I I 17 + k~ 
I I I 

(Ia) 

~ ~ ~ 

k n s = n X k (16) 

k '; ~ ~- ~ X 
k, n s = n (!e) 

x) 
Teuaop nongpH38DRH npH pacceHHHH nongpaaoeaHHbiX ayJtnouoe ua nongpH3oeaHawx 

Hyi<nouax. 
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rAe k 1 • k r H 

k' - e.llHHH'IIIble BeXTOpb! B HanpaaneHBH BB'lBJibHOro H KOHe'IHOro HM-
ny1!hcoa a c.n.u. H n.c. cooTaeTcTaeuuo. 

3anarneM MaTpuny pacceRHHII a o6meli ljlopMe 

M T ( k r • k 1 ) = a T + {3 T ( ; 1 ; X;~;) + Y p; 1 ;: )+(,;+ i )) + {j i ; 1 ;; )(; i H-<F 1flc.U /- ) ' 

r.ne T - 3H8'1euue H30TOUH'Iecxoro cnuua CBCTeMbl uyxnou-uyxnou a , {3 , y ,l> , 

-+ -+ ' T T T T K03<JxPHnHeHTbl MBTpHUbl paccellHHg H ( k r , k I ) =COS 0 

B pa6oTe

11
•
21 

npuae.neubl <j>opMynbr AnH Dbi'IHcneuag XOMnoueuT Teuaopa 

T 

M tk Q 

Sp u M u u M+ 
lJ T Ik 2q T 

( u
0

- AH<P<!>epeunuanhuoe c e qeRHe pacceiiHHH uenon~~pHaoaauuoro ny'IKa ua uenon~~pHaoaau­
HoA MHllleHH B C,U.B.) B YXB38HO, 'lTD B3 27 KOMUOReHT TOnhKO 9 !lBnlllOTCg nHHeilno He3a­

BHCHMbiMB OT acex npe!{blJlYlllBX 9KCnepHMeHTOB (Ce'leHHe, nonRpH38l!HII H ABYXKOMUOHeHT­

Hble TeH30pbl). He38BHCHMbre XOMUOHeRTb! M lk Q MO>KHO Bb!p83HTb C UOMOmhro K03<jl<jlunueu-
~ ~ ~ 

TOB MBTPHllbl p8CCeiiHH!l B CHCTeMe n, m, f cne.nyromHMH COOTHOllleHHIIMH: 

4u
0 

u 0 M nfe = 2 Re y*T ( < T- {) T) 

u 
0 M CnC = 2 Re y~ (< / ll .) 

u 
0 M ffn = 2 Re y*T (a T- fj T) 

u M = 2 Im ( a• ll + {'. ,• ) 
0 nfm T T T T 

u 0 M fnm = 2 lm (a To~ - fj•T <) 

u 
0 

M 

u M 

rnfn 

0 fmn 

= 2 lm (a "* + s• • ) 
T ,._,T T T 

2lm(u* (J -/l,•) 
T T T T 

a ~1 nmf = 2 Im (aT '~r + p*T {j T) 

a M 
0 mnf 2 lm ( a•. - /:1 o• ) 

T T T T 

(2) 

pao 

'le< 

Kos<JxPun 

BHilMR 

2 ~ 2 2 
u = I a I + I /:J I + 21 ·Y I + I o I + I • I 

1e 0 H 

0 T T T T T 138Tb 
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JrO H KOH9"tHOrO BM-

-; i• )+<P l>\a 2; ) I 

a . fj T ' y T' l) T' l T -
T 

T9H30p8 

tK8 H8 Henon51pH30B8H-

IBDHIOTCH DHH9 HRO H938-

tnHSI H llBYXKOMllOH9HT­

DOMOWbiO X03q.jlHOH9H-

liSIMH: 

(2) 

DnH e~~•cneHKH STRX eens~RR oxaaanocb 6onee yno6HbtM aocnonhaoaaTbCH MSTpRneA 

p8CC9HHRH B CRHrneT-TpHnneTHOM npeQCTSBDeHRR/
3•41 

(a Q8nbReAweM OnyCTRM R30TOOH-

~eCKRA HRQ91tC T) 

-01 </. 

\ 
-•¢ 

0 M M e M e 
11 10 1-• 

el¢ -•¢ 
M M H e 0 

) 
01 00 0-1 

M 
21¢ 1¢ 

'-~-1 -1 0 e M e 
-11 -10 

0 0 0 M 
(3) 

M _
11 

( 0,¢ ) M 
0

_, ( 0, ¢ ) = - M 
0 1 

( 0 _,- ¢ ) 

M_
11

(0, ¢ ) M 
1
_, (0

1
- ¢ ) 

M 
1
_ 

1 
= M 

1 1 
- M 

00 
- .,j 2 cotg 0 ( M 

1
;j r.l 

0 1
) • 

KoscjKj>HnH eHT~ a , P. , ·Y , l> , • CBSI38Hbl C M 8TpH"''HLIMH a n eMeHTBMH ~1 COOT HOWe-
lk 

HHSIMII 

a 1'(2M+ M + M ) 
II 00 BB 

{J % ( -2M + M - M ) 
1• 1 00 8S 

·y ~(M -M ) 
4 10 0 I 

(4) 

l> = % [ ( M + M - M ) - sec 0 ( '1 - ~ 1 - ~ ~ ) ] 
I I 1· 1 as I I 1- 1 00 

<=~[(M +M -M 
It 1·1 

) + sec 0 ( Pi 
1 1

- '.1
1
_ 

1
- 'I 

00
) ] 

1 

·ne 0 u ¢ 38J14R~ B CHCTeMe Q9RTp8 HHepllHH, KOMDOH9HTbl TeH30p8 M 
lk q 

MO}KHO Bbl-

311Tb 
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o; M11tt = sJ.~ {JmMo• R, M,-Jm M.,0 RaM.,) 

<r. H,,t ·If {-Jm(H. -H")RefHH +HH-Hs51+Re(Mfti-HH)Jm fH.,1+H+.,-M1,9 

o; Ht1, = !j-f Jm(H. -MfHJ Ref M.,.,•I1.,..1+MssJ+RefH.,.-Ho.,>Jm(I1.,,+M., ... .,•HssU 

q; l111tm = f{ReMss Jm (MH+ /1_,_., )-Jm Hss Re(M.,_,+/14-f)- • 
-Ja [R,Hoo Jm(H1.,-!1., ... .,) +]m /1110 Re{H., ... .,-H.,.,JJ} 

q; M,,, "f {-JmH.RefMss-M.,_.,-11.,.,)+ ReM_ Jm(l1ss-H.,_.,-H41)-ReMnJm(~ -11.,_.,)+ 
+ Jm Mss Re ( M.,.,-M.,_4 J + 2 Jm M,.., R• M.,...,-2 ReM.,., Jm H.,_.,+ 
+ c!s [ReMss J~r~{M..., -M,..., -M,.J-Jm HssRefM+t-M.,...,-/tt.,J+RtM.o Jm fM.,.,•M....,l 

-Jm M_RetM.,.,•M.,...,J+2. JmH.,.,ReM.,_.,- 2Re M.,., Jm M1_.,J} 

o; H,p, = f{Jm H.,., Re(-2MN•Hoe-MssJ-ReM+tlm(-2M, ... tH,.-Mss)+Jm M.,_., Re (Moo +MssJ­
-R'Mt., Jm(Moo+MssJ•JmHss ReM,. -Rt.Mss .Jm/100 + 

+~eLJmM.,.Re(2H ... -Mss1 -ReM.,.,Jm(2H., ... if1ss)+]m~Re(Hss-M.,-.,-M41)­
. - Re Mo.Jmf/1ss -11., ... ., -M.,.,J-Jm Mss ReM.,_.,+ Re Hss .Jm M,. ... .,J} 

ao Mt,, = t{ -JmH.,.,Ref-2M,. ... tHoo -MssJ+Reft1.,.,J,(-2.M.,_tMOfi-Hssl-JmMf-4 RefH-+!t. 
+ Re M, ... .,JmtMOfi+MssJ-JtnM.n ReM,.+ ReMs5 JmM,. + 
+~IJ{JmM.,.,Re(2M., . .,-MssJ-ReM.,.,Jm(2M.,...,-MssJ+JtnH110 Re(f1s.-M~fl\ 

-ReM,.JtnfHss -M.,...,-H.,"J-], Mss Re M.,_.,+Refofss Jm M., ... .,ij 

o; M,,.,t = f { Jtn Mss Re ( HH +11., ... 1 }-ReMss Jm (HH +11., ... .,)+ 
+;};g [ReM .. Jtnf/>t.tM.,.,J+Jm M .. RefM.,.,-H.,_.,J]j 

~ M,,t = -f{ReHssJm(M.,.,-H.,...,)+J~r~HssRe(H., . .,-1141)-JmM110 RefM.,.,+M.,_.,-Mss>' 
+ReM(JOJm(M.,.,+M.,_.,-H.ssJ-2JmM.,.,ReM,_.,+ 2ReM.,., J, ~-f +­
+r!~[ReH.,Jm(Hf,.+M., ... ,J-JmHooRe(H.,.,+H.,.)-JmMssRt(H,-11...,-A 

+Re f1ssJm(M.,.,-f1._.,-H,.)+2JmH.,., Nti1H-2HeH.,.,.Jm M., ... .,l) 

6 

3TH ljlopa.cy-nbl YA06Hb1 Ans 

aop M lk o scneACTBHe 
121 COOTHOWelllllO 

M 
lk 

0rCJOAa non)"laeM Anlil KOA 

M mo£ 

M mfo 

M e.e 

M. f'l' 

M omf 

M ofm 
TaKHM o6paaoM,AocTaTo~ao 

a npeAenax yrnoa 0 < 0 < ~ 

Ill.~ 

KoMnoaeHTbl Teaaopa 

HRepll&ll) noneaabl An11 Teope· 

IlnH nnaaBposaRH S! H npc 

Mlko B na6opaTopuoa CHCTeM, 

paaoM: 

M •kk = M ·1'1' cos I 

11
ake = M.f'l' sin (! 

M 0 •k = M ol'l' si n 0 

Mk,h= Mf'l'.cos( O -

Mk'•• ~ »fl. si n( 6 



qefM.-HH)Jm (H.,.,+M+-~- MssN 

'?e (M.,-H,.>Jm(H.,.,•MN+MssU 

(M41 +/1<~ . .,J-
' Re(M,..;-H4.,J]} 

n(Mss-HH-H.,.)-Re MJSJm(M.,. -H.,_.,)• 
~ .... -2 Rt M+t Jm H., . ., • ) 
.Re(M'" -H.,_.,-Mt,o}+RtM.o Jm fM.,.,+M ..... . 
. Rt H.,.4-2 Re M'" Jm M,.4J} 

1-lM.,.tM .. -Mn)+JmM.,., RdM.o+MssJ· 
(110 - Rt.Mss Jm M,, + ) 
m(2M.,.iMss>+JmM,.RdH.IJ-H., . .,-M41 -

, Mss ReM.,_.,+ Rt Mss Jm M., . .,J} 

Jm(·2M.,.tM .. -M.u1-Jm M.,.,. Re {H., +H. 
?eM + ReMssJmMoo + 

Jm'f2M.,_.-Mssl+JmM .. Ref/1s-H-t;f~ 
imMssReM., . .,+RtHss Jm M., . .,ij 

s Jm (MH +~_.,)+ 
Jm 11., Rt ( M.,.,-H.,.,l]} 
.(u -H. )-JmM., RefM.,.,+M.,_.,-Mn)i . ,.,.,_., .,., M .,. 
"'f. ReM,_,.+ 2Re M.,., Jm 4-f '1: R,(H'" +H....,)-Jm MssRtfH.,i/t.;~ 
~2JmM.,., NtHH-2ReH,.,Jm M.,.,J; 

3TK ¢opMYnN yaoouN ana pac'<eTos ua snexTpouuoa C'<eTuoa Mamaue. 3aMeTHM, 'ITO Tea­

aop M lkq BCnencTBHe npHBnKna naynK npH pacceHHHK aneHTH'IHNX '18CTHn ynosneTBOpBeT 
/2/ 

COOTBOlllQBKJO 

M lk q ( k t ' ; I ) = M lok( - k t' k 1 ) ' 

OTc~aa nonyqaeM nna xoMnoae&T Teuaopa 

M mnf { " --0 ) = - M fmn {O) 

M mfn ( " - O ) = - M fnm (O) 

M fnf ( " - 0 ) ~ M l'fn (0) 

M nmf (" - O ) = - M n mf (O) 

M nfm ( "-O ) = - M nfm (O) • 

TaJ<KM o6pa3oM 1 aocTaTO'IHO a cnyqae aneaTH'IBNX qacTHn onpenenHTh s enH'IHHN 

a npenenax yrnoa 0 < 0 < ~. 
- - 2 

III • BenH'IKHhl, uenocpencTseauo H3MepsteMNe aa onbtTe 

(6) 

(7) 

M 
lk. 

KoMnoae&TN Teuaopa M lko a CHCTeMe sexTopos ; , ;;; • f (cHcTeMa neaTpa 

aaepnaa) none3BN ana Te opeTH'IecxHx o6cy*neuaA, 

llnH nnauaposa&B!! u nposeaeuust s xcnepBMe&Ta 6onee yao6Hbt ¢opMynht an sr Teua opa 

M1k• B na6opaTopuoA c acTe Me. 3TH Bbtpa*eBRH onpeneneHN a pa60Te
121 

cneny tomHM o6-

paaoM: 

+ 
M nkk = M nff cos 0 - M nfm sin 0 = - M 

M nk • = M nff sin 8 + 
+ 

Mnfm COS 0 + M nfm 

+ 
M ••k = Mnff sin 0 + Mnfm cos 0 - M nfm 

-
sin8 1.-Mfmn sin( O - 0 ~ 

+ - ) 
M k, an = M l'fn sin ( 8 - 8 A) + M fmn COS 8 A + M fmn COS ( 0 - 8 A 

(8) 
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rne 

M, =M cos(O-OA)- Mf+ sinO -M sin(IJ -OA) 
k nk fnf nm A fn m 

+ 

M, '• • = M fnf sin(IJ -OA)+ Mfnm cosO A+Mf:,m cos(IJ -0 A) 

+ 
M = -Mff. sin (0 - 0 A) + M fmn COS 01\ - M fm n COS { 0 - ()A) 

• kn 

+ 
M = M cos (0 - O /\) + M fmn sin 0 ,._- M f- sin ( 0 -0 A) 

• 'an ffn • mn 

+ 
M , 

• nk = - M fnf sin (0 -()A)+ M f.m cos() A-M fnmcos (() -0 1\) 

+ 
M , ... = M fnf cos ( () - () ~ + M fnm sin () 1\ 

+ 

M nfm = Y, ( M nfm +_ M nmf 

+ 

M f"m = 'h ( M l'nm !. M mnf ) 

+ 
M f-:,n = Y, ( M fmn +_\l mrn) 1 

M fnm sin ( 0 -()A) I 

01\- yron paCCeRHHR B n a6opaTOpHOfi CHCTeMe C y~eTOM penHTHBHCTCKHX a<j><j>eKTOB R 

() - yron pacceHHHH B cucTeMe lleHTpa HHepnuu. 

nepBbiA HHnexc M tkq OTROCHTCSI K CfiHHOBOMy COCT05lHHIO paCCeSIHHOrO Ryl:IX8, 

BTOpOA - R81l6IOWero ny'IKB H TpeTHil - MHLU9HH, 

Ha cooTHoweHHil (8) Tom.xo nes!lTb HBnli~TC" ueaaaucHMbtMH, MeJKay HHMR cyme­

cTsy~T ewe 2 ypaatieHRH 

,,, s ' 8n- M k 'k o 
~ t• 0 ,\ (9) 

M s 'k n + M k'sn 

~· a 'u s - M k 'nk 
te () .\ . (10) 

M e'nlr. + Mk,n8 

.Un11 o6pa6oTJ<If axcnepuMeHTanbBbiX naBRbiX noneauo HMeTb <j>opMynbl, CBII3b1Ba~mue 

ICOMROHeHTbl HCCnenyeMbiX nonsrpH3aJIHOHHbiX TeH30pOB C AH.p.jlepeHilH&nbHbiM nonepe'IHbiM 

8 

ce~euaaM anR paccaRHRR aa auanu 

3Da4BR9M RCI[pOBbiX K&Mep; <j>opwy. 

C~9T'IRI[8MR, R3 RRX RenocpenCTBE 

3aeCb Mbl paCCMOTpHM TOJll.l[o 

CT&BnR~TCR HBR6onee ocyweCTBRMb 

npasneua saom. HOpMarru H, 

1) HaMepeuHe M , ... H, 
yrnosoe pacnpeaeneHHe ua auanaaa 

a =a I 1+ P 
0 

+ p p 
0 2 

r < P 
( 

OnbiT auanora'leu R3MepeBRJO 

nepexoaRT B COOTB9TCTBY~WYJO <j>op> 

2) HaMepeBRe M a·kn .n 

p 
a=ai1+---[(P+K 

0 1+ p p 0 ' 
0 2 

npu p = 0 
2 9TO COOTBeTCTByeT H3~ 

3) HaMepeuue M , • Onf 
k •• 

MHWeHb~ u auanuaaTopoM MaruaTuoe 

nonapuaallH~ pacceRBuoA ~acTHUbl ua 

a =a 11 + 
0 

p 

1 + p p 
0 2 

[ (Po+ 

npu p 2 ~ 0 ORbiT COOTBeTCTByeT H3M 

4) HaMepeuue M , , Hanpai 
k kn 

MarauTRoe none. H MeeM 

a =a 11 + 
0 

p 

I + P p 
0 2 npu p 2= I) 9TO COOTB9TCTByeT 

B <jlopMynax (11)- (14) R A 

Bonb<j>eRwTeilua, P 1 u P 
2
-nonapuaalla 

U.HB, soauuxaJOot4R npu pacceRuuu HE 

naaupy~ma11 cnoco6aocTb auanuaaTopa 

llHH/!/ ¢ - yron M9lKAY HOpManRMB 
2 



in() - M: sin ( IJ -0 A) 
/\ tmn 

A 
M- s in ( 0 - 0 A l 1 rnm 

eTOM p enHTHBHCTCKHX 9~9KTOB H 

tMy COCTO SI HH10 pacce srnHOrO ny"'K8, 

He3a B HCHMht MH. Me>KJl.Y HHMB c yme-

C8'19HH9M llnSI paCCBSIHHSI 118 4H4nH38TOpe. 8TH COOTHOW9HHSI Yl106llbl llnR OllblTOB C HCl1011Jo-

30B8HH9M HCltpOBblX lt4M9p; <jlop11oynbl nnH 8CHMM9TpHH 0 H906XOI1HMbl9 )ln!l H3Me peHHll CO 

C'I9T'IIli<8MH, H3 HBX HenocpellCTBBHRO cnenyiOT, 

3neCb Mbl paCCMOTpHM TOJlhltO 'leTblpe 0Db!T8, ltOTOpble B R8CTOlllD.99 BpBMSI npen­

CT8Bn!IIOTCSI H8R6onee OCyUleCTBI!MhlMR, 4 IIMBHRO TB, B ltOTOpbiX DOn!!pR38llHH MRWBHR H8-

npaaneaa anom. HOpManH Ha'IHB8R c aax6onee npoCTbi X onhlTOB 
1
HMeeM: 

I) HaMepeHHe M ' • en 
HanpaanHSI 

-+ 
p -+ 

BllOJlh S 
-> 

(a P
2 

an om. ri ) , B3MepsreM 

yrnoaoe pacnpene neaae aa aaanaaaTope: 

a =a I 1+ 
0 

p 
[ ( P + K P ) co s ¢- ( R P + M , P P ) s in ¢ ) l. 

0 n n 2 2 I 8 an I 2 2 
( 11) 

OnbiT aaanora'leH B3MepeHHJO napaMeTpa Bon&<jleawTellaa R /B/ a <jlopMy na (11) 

nepeXOllHT B COOTBBTCTBYIOUlYIO <jlopMyny npH p .= o. 

2) HaMepeHRe M 
• k n 

• llpll RM98M 

a = a I 1+ 
0 

_ _ P_ [ ( P + K P ) cos ¢ - ( AP + M , P P ) Si n ¢ ] l . 
0 n n 2 2 1 s lrn 1 2 2 

1+ p p 
0 2 

9TO cooTaeTCT ayeT aaMepeRBIO A. 

(12) 

3) HaMepeaae M ' k en 
OnSITb aanpaBHM p 

I 

-+ anon& s H II OM 9 CTRM M 9>K!lY 

-+ 
MHW9Kbl0 B 8H8nR38TOpOM M8rHHTHOe . none, RanpaaneHHOO B.O.Onh n t IIODOp8'lHB810W99 

non!!pH3anHIO pacceRRaoll 'laCTHllbl aa rr/ 2 • Torna 

a =a I 1 + 
0 

p 
[ ( P

0 
+ K nnp 

2
' cos ¢ 

2
- ( R' P 

1 
+ '\ ' •• P

1 
P

2
) Sin J; J I . 

(13) 

npH p 
2 

:o:: 0 ORbiT COOTB9TCTByeT H3MepeHHlO R' . 

4) HaMepeaae '\ '•• • HanpaBH M p 
1 

B)lOnb k' H HCl10n&3yeM TO lKB C8M09 

(9) MarHHTHoe none. HMeeM 

(10) 

1oneaHO HMBTb <jJOpMynbl, CBSI3hlB8lOWRB 

:>B c naq,<jlepeanaan&HblM nonepe'IHbiM 

Opa 

a= all+ 
0 

p 
____ ( ( P

0

+ K 

1 + p p 
0 2 

p 
2

= I) 9TO COOTBBTCTByeT H3MepeHHIO 

B <jlopMynax (11)-(14) R A , R' 

P ) co s ¢ - ( A' P + '•I , P P ) si n ¢ J.II 4) 
2 J k k n I 2 2 

A' • 

A' -napaMeTphl Tpollaoro pacc eSIHR!I 

Bon&<jleawTellaa, P 
1 

H P 2-non!!pH38!1HH aaneTaiOwero HyJtnoaa R Maweau, P
0

- non!!pK3a-

11HSI, B03HHit410Ul4SI npH paCCeSIHHH H9llOn!!pR30B8HHblX ayJ<nOHOB H8 HyJtnOH8X, p - 8H8-

naaapyiOwaH cnoco6aocTb aaanuaaTopa, Kn n - JtOMnOHeHTa Teaaopa n e penaqu nonHpHaa-

llHH/1 
1

, ¢ - yron Me>Kny aopManHMH It nnocJtOCTSIM pacceSIHH!I ua MHWe HH H aaanuaaTope. 
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