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D.BTOp!.!l! AHnp~1aHOI3 C.H.' ..QbiMH1UtOB A.)J..' OceTMHCKMtt r ~M. 

B paOOTe /I/ OID1Ca.I·Ia OllTlfMaTJ:hHM C11CTeM8. tfl;pMHpOB8HI1f£ 

npOTOHHOrO nytma MMKpOHHbDC pa3Mepo B COCTOffitaH 113 ~Bj'X ~MarJ)paT'M 

H a!-ITV!C~s:MeTp111.teCKO~ Ci1CrreM!i !13 U.eTblpex KBa,Iij)ynOJibHWC: JIKH3. 

0,ItH&IW TCJ.KM CMCTer.~a OOJ!a,!\aeT Cq)ep,llleCROtl a6eppauHet:i, yCTp8He

HY.lO IWTopof1 nocBP.;neHa HacToJT~rut paooTa. PaccMOT'peH aapHSHT npo-

I TOHHOrO Ml-llip030H,!'.a, B KOTOpOM BMeC TO IU3B;rtpynOJibHI-.DC JIHH3 HCllOJib-

3YJOTCfi RBa.ItpynoJibHO-OKTyno.n:bHbie JiviH3bi. OwrynoJibHhle oe5MOTKH Bb!

no.m-Imo'l' ponh IwppeKTopoB reoMeTpv.trecKHX a6eppaU,Htl. PaccMaTpM-
BruOTcrr ne.nnHet~Hb!e ypaBHCHKff ABV.u::teHMfl t:tacTMU c TO'tiHOCTblO J\O u.Jie- I 
HOB TpeTbero nopH,.:.\Ra BKJIIO"G'UTeJibHO ,. KOTOptae 3anHCb1BaJOTCH B Bl-l,D.e 

cucTeM JIV.He~H11X ypatmeHI1V B npocTpa.HcT:ee rt'I830BbDC MoMeH'ros I 11 ITT 1 
nopfl,lJ,H'O B. I1on;yqeHbl a.HaTIHTYltieCKne '3b.'PaiKeHMST J1l!.H OKTynOJ!bHWC TIOJie~ $ ~ 

npM KOTOpHX np011CX0)1.}1T TIOJIHM KOtneHCallMfi c¢epHtleCKOi! a6eppawut. f 
flpl!DO;J;HTC.R Tn6.nvm;nl, no3no.rrmomHe B:,I6ItipaTb neo6xo,ttmlble OKTynOJib- J 
Hue no.r.w:I s 3aB}Iet1t~ocTJ.t oT 'l'pe6ona:-mt1 K nyqey H acet1 CHCTert.e. I 
YRa3tma.IOTCSI p8.3t:.epht flHTHa Ha t.m;meim B 3amfCHMOCTH OT pa3MepoB , 

"'- . 
npe.J.J.MeTHblX ~~rupparM, ~.i!MHJ.tl 30B,Ua. 11 pa36poce lffi.CTl-111 no 3H€pPMf1Nl. ~ 
TaKM KOppem_nur fl03 BO.~YJReT rrp11M8pB 0 B 2 p8.3a j'MeHbl!lMTb ,1\¥IlL'\1errp ' 

Dyt!l(a Ha lrrH:.JeHH no cvarmeiHUO C OLTI1MaJibHblM )l,Ha.MeTpOM, npMBeAeH

HblM B HU.'lleti p8..6oTe I· I, a Tarcne ,r,orroJIHHTeJibHO y-BeJIHtmTb l1HTeH
CHBHOCTb nytnla. 

JiwrepaTypa: 

I. C.H.Atmpz.umon, A.,I(.).!,h'J.lJU1KOB, J,.M.OceTIDICKidt, IIT3,_, . ..J982 r., 
I, .s"J. 
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. B pa60T6/I/ Ofll1Ca.Ha OIITMMBJibHaH CHCTeMa llJOpMMpOBaHMH IIpOTOH

HOI'O IIyt!ICa Ml1RpOHHblX pa3MCpOB;COCTO.ffll\M :£13 RBa.n;pyiiJieTa Bp~eHM.H 

( aHTl1Cl1JifJ£8TpHt-IHOM Cl1CT6Mb1 113. t-ICTbrpey RBa,D;pynOJibHhiX JIMH3, aHa

JIOI'M.tlliOM OCCCHMMCTp11t-IHOM .JIHH38 no CBCI11M CBOMCTBaM nepBOI'O llO

pJI,IJ,Ra ) 11 ,JJ,Byx ,IJ,MruyparM. 0JJ,HaKo TaKa.H cHcTeMa ooJia,n,aeT ccpepM

tieciwi1 a6eppaqMei1, yc•.rpaHeHrno KOTopott riocBm.qeHa HacTo~a.H pa6o

Ta. 

B Rat-IeCTBe ycTpOfi:CTBa )J.JIH KOMlleHC~.ll;HM c!JlepHt-I8CKOM a6eppau.MM 

HcnoJib30BaHhi l.i8Thipe ORTyrroJILHbre JB1H3H, pacnoJimKeHHbie TaRMM oo

pasoM, 'liTO RaJI{,If,a.H 113 KBa,II,pynoJibHbiX JIVH3 npOCTpa.HCTBeHHO COBMe

~eHa c o,rr.Hoi1 113 ORTynoJihHhiX. PaccMaTpHBaroTCH HeJil1He:i1Hble ypaBHe:--:· 
,. 

HM.H ,IJ;BIDKeHMH qaCTMU, C TOllHOCThiO ,11.0 1U €HOB TpeTbero llOPMRa 

BRJIIOtU1TeJihHO : 

r,n.e 

X II -+ K 4' ( 2! )X-= f 4 )( + f R X , 

y"- K4 (E)~:::~ Li~ + f 8~ ,. .. 
(I) 

(2) 

3)::\eCb f 4 x l1 ~ 4 M onpe.n;e.JIHID'l' reoMeTpHt-IeCKMe aoeppau,1111 Ima

.rrapynoJihHbiX JII1H3, a ~gx 11 f~~ - a6cppau;1111 MarHHTHbiX OKTynoJih

HbiX JII1H3. 
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B npMom1.1KeHMM nprrMoyroJibHOi1 MO,IJ.eJJM, Kor.n.a Ct!MTaeTcn:, tiTo 

TIO.lie He 3aBMCMT OT ~ Ha npOTflJKeHMM stfJPeRTMBHOt'r ,IJ.JI11Hbl j -OH 

JIMH3bi L J I1 paBHhl HYJIIO sa ee npe,IJ.eJIBMM' fPYHKIJ,MM K"(~) L1 Kg(t) ,, 

.fiBJIRIOTCR CTyneHt!aTbiMM: t, 
·~ 

:l~~~~ldH, K4 (r)=K4j, K8(2)==)(8d, j=01 1.,~ ... J2n, h=~~ (7) 

)J..n:.H aHTMCJ.1MMeTp11t!HOPO KB~pYJllie.-'Ta, Dp11M8H.ffeMOPO B KaqeCTBe 

06oeKTMBa M:t1Kp030H)J,a, HMeeM: 

K4,2J =0' K'sl2j=O J J=O,iJ ... Jn' 
~ 0 

K41 =-l<4;t = ~i , K 43 =- K4s=-~z 

KR,2J-i=¥J , J=i,2, ... >n. 

(8) 

r,n;e B4J - MarHMTHoe noJie Ha noJirocax J -oi1 RB~pynoJibHoti JIMH3hi, 

BgJ - MarHHTHoe noJie Ha noJiroca.x. J -oti OKlfYTIOJibHOM JH1H3hl, 

0. I( J ( Q. ~j) - p~11yc anepTypbi J -0 ~ RB~pynOJibHO M ( 0 KTyTIOJib

HOM ) JIMH3hl, Bp - MarHMTHa.H ~ecTKOCTb qacTMupi. 

BBe,IJ.ert o6o3Hal!eHH.ff: 

r:2-~i::: i!4-i!3::: 'l6- "Es := "Zg- 'i~ =L, 

~i-lo= 5o, rs-z4=S2' 

-r: 3- r 2 = r 7 - ~ 6 = s i = s3 ' :z s- z s = s ~ 
(9) 

' 
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)Ax4.::: 
X{ I 
x2 ' )A~i = ~~ ' 

x3 
! ~: 

f.x2 = 
2 

)1~2:::: 
2 Xt Xz ' ~i~z , 

z 
~1~~ Xt X2 

xi ~t \ 

'2. z X1. ~1 ~t X1. 
x~ ~-tYz '<f~L XiXZ (IO) 

)Jx~ = }l~3 ::. Xi ~i z 
' ~·L Xz. ' 2 

Xz ~i 
. 2 

~ z. x1 
Xz. ~t ~t ~2. XiXz 
Xz ~: v X z 

( 2. 2. 

)Ax! JAY~ 
)Jx = )Jxz )1~: )/yz 

fr.3 ;c~3 
(I 

3~ecb flx~ H }1~! - £fJa30Bbre MoMewnr rr~pBoro nop.H~Ka, )AX2., )1x3 , 

}J ~2 11 )1 Y3. - g}a30Bbre MOMeH'rbi TpeTbe ro nopn~Ka. . 

I10Jih3YRCb Me'rO~OM J10PpYJIWH11R B I1p)CTpaHCTBO <fJa30BblX MOMeHTOB/2{ 
npM6JIIDKeHHble HeJI11HCMHble ypaBHeHMR (I) 11 ( 2) saMeHHM npH6Jm:KeHHbi

MH JIHHCMHbiM11 ~MqxpepeHU.MClJibHbiMM ypaBH,:!Hl1.HM11: 

1 (II) 

3al1MCai1HbiMM C TOM JKe caMOM TOtiHOC'.l'biO I1p116JIIDKeH11.ff., C I<aiWM ITOJiy-
' 

tJ:eHbi ypaBHem1H C I) :11 ( 2) . 

B ypaBHeHM.HX (II) MaTp11tJ:HhH1 tlJYHKU.l111 Px 11 P~ MMeiOT BepxHe-

.~peyPOJibHbi:M 6JIOtJH\.iJA BM)J,: 

p11 p12 p .113 R·H pi2. pi3 
)C X X M ~ ~ 

p = 0 p22 0 p -· 0 p2Z 0 (I2) 
X X 1 ~ ~ ' 0 0 p3?> 

0 0 p33 
X 'a 

r,n.e 
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p-11 = 0 i 
pi!:::. 

0 { 

-\(Lf 0 Ktt 0 (I3) X \1 

. . 

-12 0 0 0 0 p 1 '2.:::: 
0 0 0 0 

p ~ ~ ~K4 
,, (I4) 

X 0 2 0 t .Y -~ o -3K, 'o , 
12 12. 2 ~ 

p t3= 
0 0 0 0 0 0 
KJI K I - K, 0 )( _4 0 Kt, 4 4 -2 ' 

,. 

(15) 

p 43 ~ 0 
,, 

0 0 0 0 c 
= Kq -x; ~ 0 -Kv ~ -- 0 ' 4 2 

0 z 0 0 

p2.2- -K4 0 2 0 
X - 0 -2K4 0 i 

0 0 -3Kif 0 ·' ' 

' 
... ~ .. / 

0 2 0 0 
(16) 

p2l._ K4 0 2 0 
y - 0 2 K-, 0 1 ' I 0 0 3K4 0 
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0 2 0 i 0 0 ' -- \,....•, 

K4 0 1. 0 { 0 

p?>?>- . 0 2K4 0 0 0 1 
x- -K4 0 0 0. 2 0 

0 -K., 0 K~t 0 1 \ 

0 0 -K4 0 2Kt, 0 
' 

(rl) 

,. 

0 2 0 i 0 J 

- Kq 0 i 0 1 0 

3?> 0 -2~ 0 0 0 ·l 
Py = Ktt 0 0 0 2 0 \ ~~ ) j 

0 . K{{ 0 -K({ 0 ·[ 

0 0 }(4 0 -2K 4 0 

PerneH:H:e ypaBHeHVIt1: (II) san:H:CbmaeTeH tiepes MaTpxu;aHT R (c/lo) 
B Bl1)J.e: 

I' Pte MaTpYitiHbie clJYHKD;HM X :11 Y MMeiO~~, KaK a MaTpHD,bi tPJTHKD;MH 

Px , Py , BepxHeTpeyroJibHYJO 6JI01JH~no CTPJl1tTypy: 

i I 

t! 
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xu. x1z xt3 

X== o xzz o 
o o x>; 

yi-t y!Z y13 

Y= 0 Y 22 0 
0 0 Y3

; 

II h t~>uJ 
?> 

hit 

2 hu l-1 12. 

h-iihzz + h-i'2 · h2i 

Zh2., hz2 

tt it II h <-z> ll 

tr21 \\ h (?.) n 

2. 
3 h-u. hi '2. 

Viz 1\ h(t>n 

lJ 22 \\ ~ . .fz> \\ 

3 h~Lt. h~ 

, 

2 z 2 h h hH ha hu h22 + 2 h11 hu hH h.,_1 h2,~ 4 2 h.u u u 
h~ z hu 2t hlth1z+2\,Hhz,hz2. h~hu +2h,thz,hzz 

~ hz, 3),:, hu 2. 
3 h "' h"l2. 

(I9) 

(20) 

.(2I) 

(22) 

~ 
h.u 
t 

h12 hz2 (23) 

hu h~z . 
:; 

hu 

MaTp11Llp! \\ "(2)\\ ' 1\ k\}(')ll vi \\ u(!J) \\ ' I\al{ CJie,n;yeT 113 o6osHa"l!eH11M' 

ilOJI;)rqaiOTCB ¥1~3 Ma'rpHq (21)-(23) 3aM8HOH hl" Ha t)LK 11 V~K Ha 

~loK ( L1K=-i12 ). 
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(24) 
} 

(25) 

)J..n.H ~ -OH RBa,IJ,pynOJibHOH JIHH3bl npM l~q 12J-i ~ ~: . lv1aTpm.~aHT 
X(~zJflzJ-i) 6;ygeM o6osHatiaT:o tiepes f' (Cfd), a MaTp11QaHT 

Y (~2j f lz.J-i) - qepes 1/' ( Ci!J) . Tor,rr.a np11· K4,2J-i =- ~ J 
6y,IJ,eM l1MeTb: 

X(~ :z.J /i!zj-t) = 1l \ ~J) 1 Y(t zJ/~ zJ-t)"' F'
4 
(deJ). 

n1T . ... " K ~z ~Jrllfl RBB.fJ,pynoJibHO-OKTYllOJlbHOH Jll1H3bl npM l(1Zd"-l = rd 

it 8 . X(rzJ/lzJ-i)= P (ceJ) + Od P (~d), 
(26) 

Y(lzJ/'l2J-1)=1}(~J) + ¥i tl 8 (<X'J) . 

)J..n.H CB060,IJ.HOI'O npOM8JKyTRa lzj+i -·lz.r= 5d ( J=0,-1, ... 14) BB8,IT,eM 

cnegyro~ee o6osHatieHI1e MaTp11u,aHTa: 

r.u;e 

s 1\ s) = II ~ ~ II . (28) 

~ 3S 3S,_ E 3 

22 0 1 2S c1 

S (s)= 
...... 

0 0 i <: (29) 

0 0 0 1 ) 

j 
~~ 
\ 



-
s(s)= 

! 

0 
0 

- IO -

25 

-! 

0 

s. S(2\s) 

S (z> (s) 

s~ 

s 
1 

' 
(30) 

(3I) 

' 

(32) 

Hf. ) rl.. H.( ) MaTpvmaHT RB?,gpynOJibi-:IOH JIHH3H. Mc.TpHIJ,aHTbi F \d!, 11 ;o ae 
,IJ;JISI OAMHOtrnoti KB~pyrroJibHOi1 Jil1H3hi w HHbi L B npH6JIIDrteH11VI rrp.H

MoyroJibHOM M0,1J.8JIH l1M8IOT Bl1)J.: 

pH(~)= ~ _c; ;.,oe I Cl ~ ~e- si."'~ 
C01de ' 

(33) 

;~ shae J 
chae ' 

(34) I 

(35) 
B npl16Jivm:eHMYI npHMOJrroJibi-Ioti MOf-\e.rm: ,IJ.JIH MarHI1THoi1 KB8.1J,pynoJih

Hoi1 Jil1H3hl Ma'rpHqa F' If (oe.) 11Mee'r BH,IJ,: 

p Lfi2 = ~1. f i3 (c01 ()2- C013C>e)- 36 ~ Slh de} 
it 192 Lz 1 , 

p4i2 = oe {-5SLY\~- 13SL~3~e +12aeC0:1a>} 
i2 6'1 L ' 
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p ~ iZ ::: - 1. { 13( C~ ~ - C013 C}2) -\- i 2 c3G S t l1 de } , 
i?J 64 

. p4!Z = L 1- ;zs Sth ae + -!3 SLl'\ ~ ~ +36~C81de} .1 

14 192ae . 

(36) 

3 

pl/1.2 d(. { T-3 st~'212- iSsi~3~le+36 ee.cma:>}, \ 
~! =-1gzL3 

["1 4 t2 = 3 ~t f s (CD1 ae- ·CD13ae "I - 4 ae sl.11 ae 1 . / 
r 2.Z 6lt L z. l : J ' 

p4il = _ 8€ { =fsin9e + 15StM3de.-+ 12a?cmae}, 
t> 64L 

(37) 

p4i2 = _ _i_ f S(c.01Q4e-CD13d!) ti2C£Sl.V1de} 
24 64 1 ' ' 

' 

p 413 : c;et {-3 CD1~ (ch2~-1.)- Sll-1 de ( l[de ... 3Shld€)} 
1t . 32 L 2. ' 

" 
F Ltt; = a? f- 3croae sh2~ -t si.~~?€ ( 9-3chl2 ae)} 

1Z i6L 1. J 

F'1;
13 

=- 3~ f 3c.»~ (cM22€-1) + si11 ~ (ltae +3sl,zae)}, 

(38) 
{ cmae(3sh2ae-'td2)- si11a: (3d12.de +1S)}, 

1 c.01 ae ( c.h 2 ~ -1. ) - s l. \11 de s h 2. ae } J 

{ coo 2e (3sh2de +ltc:e }- S\\tl 'de (3dti2~-r ::r)}, 

I
'! . .. 
f• 
I. 

! 4 
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4-t3 ae 1. f } 
F24 = 

32
L?.. i11.emae(~z~-i)+!~lV\ae(Ltae-9.sh2~) , 

p 4
i 3 = 8'-!. {11~ae.sh2ae +SL"n~(3-9<:M2ae)} 

25" 16L 7 

P2!1
!>::: -& { H cro:~e (ch2ae-:1) - stv.ae(4ae+9sh2ae)}. 

\ 

(41) 

F;~3 = - 3 
L { 3 CO)~ sh2de+ s\l-1'0'€ ch2de-'r5Stltl ~ + 4aeCOJ ~~ 

~i 16at'. J 

p ~13 = _ ~L '_ {3 ce3 ae (c12de- J.) + s LVi~ sh2x ~, 
12 g ce,z. 

FB!1> == _ 3L
3 {3cm:r.s~,za: .:t-SLhdecl,2te-3sLJ-1~-~occe:tdet 

1.?> 16ae3 

t=' SH = - ~-?L?.- f 3 s ih~ sh2at- to1 ae ( ch2ae-l) + 4~ S ii-1 'de~; 
. 1.4 'l6aez. l . 

(42) 
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MaTpvmbi 1:/'(~) 11 i:/(0?.) noJiyu.rucTcn 113 MaTpHU F"(oe.J 11 Fe(<r.) 
saMeHotl "£. Ha L Cf.. , r):\e L - 11f.l-iMaH e.n,HHMu;a. 

MaTpHnaHT KBa,npyrroJibHO-OitTyno~:cHoi1 JIMH3bi. Jivmsy, noJiyqeHHyro 

coBMell.\eHMeM KB~pynoJibHOM 11 OKTyrrc.rrbHOM JivlHS paBHOM )J;JIMHbi L , 
HasoBeM COBMeqeHHOH KBG\l].pyiiOJibHO-C ItTYfiOJibHOH JB1H30M. MaTpl1IJ,aHfJ.' 

TaKOM Jil1H3bi 3aii11CbiBa8TCJI B mi,II,e: 

xi~< = pli"-\< + 0 P t'1.K 

(44) 

Xi-t 'r'~.t xzz. vz2 x33 y3~ 
Ha BLipa'ltcHMH .n;.rr.H , , , , , , owrynOJibHarr 

Jil1H~3a HC BJU1.A.8T. 

I 
t 

I r 
! I . ! 
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. 
MaTpMLTaHT HeJmHetrr-w,ro MVII\P030tf8;~. I1oJib3YflCb MeTo,rr,oM norpYJfte-

HMJI B npOCTpaHCTBO !Jla30BblX MOM8HTO 3, Ha BbiXO,IT,e VI3 M:t1Kp030H,IJ,a TIO

JiytJMM: 

Jt(~y)= R(~)JA(o) (45) 

· R(~x)= S(sli) R (4) ,S(s!) R(3)~'(s~) R(2)S(s~JR(1) S(so). C46) 

)J..rrn WIOCKOCT8M X~ M ~ e COOTB8TC'I':38HHO HM88M: 

R ~ = X 1 R'J = Y 1 

x '\i) = y il(4) =pit( aei) , xH·cz~ =- y·H(3) ='/Sf.·!( 'dt.t.), 

Xu(t>)=YH·(z)::: P~!(~~) , X{1(4·)=Y!i(:~)=c;6~'(cr1), 

x 1 K (i) = F LJ1 K ( (f i ) + r 1. F ~ 1. " c ~ ~J) 
X1 K (z) = 'JJ41 K ( ~z.) + tz pr1.lC ( ~z) .' 

X 1 I( ( 3) = P 41 K ( ae3) + t 3 F g 1 K ( ~ 3) } 

xiK(ft):: p4!K(~t,)+tlt r~{K(af4). 

(47) 

(48) 

(49) 

Y'lK -
BhlpBJKeHMfl ,IJ,Jifl (d), J=i,~ nony-qarorrc.rr :113 Bb!paJK8HMM (49) 3aMeHoti 

CMMBOJIOB F Ha 1J M 1J Ha F . 
By,rr,eM CtiMTaTb, liTO 

(50) 

r,rr,e MH,IT,8RC Y\1 03HaqaeT MaRCMMaJibHOt3 3Hali8H:Me ,rr,aHHOM B8JIVItiVIHbi 

no cPa30BOMy MHOiK8CTBy. 

113 HepaB8HCTB (50) CJie,rr.yeT, t1:TO paCCMaTpMBaeTCH TaROM CJiytia}l, 

KOI',IJ,a Ha'l!aJibHbiM ICaHOHMtieCKMM cp8.30BH11 nopTpeT 6JH130R R I10pTpeTy 

TOtietiHOI'O MCTO't!H:MKa. B GrroM C.rrJrqae ,IJ,JI.ff rronepet.J:IibiX KOOp,IJ,HHaT nyq

Ra Ha BbJXO,IJ,8 :113 MMKp030H,IJ,a MO)I\HO 11JYH6JIItK8HHO sanvrcaTb: 

(
b ) H(IJ ) v-i2( ,3 ) X13(/J ) I ) i2 ,l X u&t>e :::: X H o"" X ( 0) + " 14 Gn>:) X ( 0 + 1. 6 ot~tx X ( o ~ ( 0; , 

H 1~ 1
31 ) yH ) 'r /( ' ~(g\ln:)=YH (grrtx)~{o)+ Y44 (€Utx)~ ,o + iG(~Jtx ~\_o)X OJ. 

(51) 

l ~ 

t [ 

l 
'/' ' • ;{ i 
.r ~ 
:r 

I t: 
I i ,, 

I ,:· . 
:.r 
:r I .. 
,! 
{ t t 
·t I t ., 
~ 

f I: 
l 

f. li 
t ~ ' I 
t 
I 
\. ,. 
t• 
l 
l 
j: 
~ ;.,; 

;; 
~ 

I 
I ~ 

ji 

f. I ,. 
i 
i 
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B m,rpru;wHMRX (51) yqTeHo, tiTO ,IJ.JIH ~umposOH)J,a rrp11 ycJIOBMM Bhll10JI

HeHMH HepaDeHCTB (50) ,IJ,OJDKHO BhlDOJ:H.ffTbC.ff 

(52) 

KoMner-rcauH.R._crcepxu.eciwti a6eppar,!!!:!. TaKMM o6pasoM, ocHOBHo:t1 

BI\JIB)J, B H8JIHHCMHbi8 11CKarK81-Lvl.ff B Mv1Iip030H,IJ.8 BHOC.HT MaTpWllibie 3JIC-

M8HThi X~~(~) , X~~ (~x), Y:: ( 66tx) 11 Yi~(B~x) ~. , KOTO-

pbie HOCHT Ha3BaHI18 K03gxpHQI18HTOB C~epl1t!8CKOM a6eppaQMM. 113 Bbi

paJK8I·Il1M ( 5I) CJie,rr,yeT, qTQ ,IJ,JI.H l10JIJ'U.8Hl1.H H8Jll1H8MHOPO OflTHMaJibHOPO 

M11KposoH,rr,a Heo6xo,rr,:vnviO o6paTI1Tb B HYJih t!8'l'blpe K03cJximqMeHTa ctiJepl1-

qecKo:t1 a6eppa1~I111. ,IV!.H pemeHM.H TaKo£1 3a)J.au.M npo,rr,eJiaeM CJIC,IJ,;)TIO~Me 

orrepaqHM. iK -!.K 

ITpe,rr,cTamu.1 MaTpHt!Hhie 6JIOKH X ~ Y (\<=2,3) B Bl1,IJ,e CJ7MM: 

x-tK= xl(iK + xg~l(, 

y1K = ylfiK + yS'il< • 
(53) 

ITepBoe CJiaraeMoe B nocJie)~HHX BbipatK 3HHRX f)TBet1aeT TOJibKO 3a Kr.a

,rr,pyrroJibHbre JU1H3bi, a BTOpoe - 8CTb 'ra ,IJ.06aB1\a, KOTOPJTIO BHOC.HT 

OKTyl10JibHbi8 JII1H3bi. 

BbmOJIHMB yMHO/IWHMe .MaTpMQ, noJiymM: 

X
11u( t"'.) =t1 xLk(is)+a', Xik(u-J + ~ 3 t·"'(38) + t ~ t I(( 42), <

54
l 

y~1 K(g6tx)= ~i y1K(19)+-t, Y11((2g)+6\ yiK(38)+ X'\Y~t(4e), K=2,3_, 

r,rr,e 

X
1
K( {g): s 1t( 511) X11

( 4) S11
(S,J Xu(3)Si"(Sl.) XH(2)S1{S-s.)P8~~)S(i(.(So) 

1K 
BHpai!\C1H1H .rvr.n Y ( d 8) , K~ 2,3 , ~ = 1, 4 noJIY4Wo'rc.H 113 ci1opMyJT 

(55) 8:.-u .. ~t;uot1 CI1MBOJIOB X Ha Y , P Ha ~ H ~ Ha F . 
B m.r;YL\COJ mnx (55) DCJHrt.;;uw. X1

Y. (J 8) _lXlhH<':t P8.m·:tmr IE: Ol\'l'J'I10J1bHO i1 
, vg·1X(11) 

)~OOUl:ll'i.itl /\ \HnX JVUI J,,J.i~pO~·}Ol:i,D,iJ., B lCO'rpuh; }ll"vlee'I'CH 'l'OJibKO 0/J;fla 

01\TynO.llbWl..H .JIHtma C t=1. , COBh!e,tt::HH3.J1 C d. -of1 ICD~U,pJ'I10.JibHOM 
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JH1H30M CJ=.f.lt ). 4'' 
llpVIpaBHHBan HYJIIO 3JieMeHTbi X i•t ( gLrtX) , X ~! ( ~x) , Y1~ (~>c) 

· VI Y ;~ ( Brrtx) , rroJiytJ:VIM c.JTe~YJOil.iee JIHHei1Hoe Bei\TOpHoe ypaBHeHMe 

fi.JIR onpe)-~CJI8Hl1R OI\TynOJibHbiX :B036~'1i\rl],8Hl1H t ~ ( J = ! 1 4 ) : 

A= 

' 

f 12( ) X 14 i8 

Yf2 ) ,4 (18 

x:~ (i8) 

y1:; (18) 

0=-

!2 ) X 14 (2e 

Y~4: (28) 

x;z (~·g) X~~ (48) 

y::(~:8) y~l (48) 

x!! :38) X,1:(48) 

OTI\y)\a VICI\OMbiM BeRTOp t paBE:H 

a=A-i a. 

' 

(56) 

(57) 

(58) 

(59) 

Tam1M o6pa30M, noJiyqeH o,rr,H03HaqHhri1 Ha6op Bos6~eHl1i1 oRTy

IIOJIEHbiX JHlH3 ORTynoJin-ICoppei\Topa, npw IWTopoM c~ep.t-rtiecKan a6ep

pau.Mn ~lliKpo3o~a o6p~aeTCR B HYJib. 

,nnn o,.4Ho:ro 113 BapvraHTOB MHRp030H,IJ,a c napaMeTpaMM: S0 =3't8,9Sc..u 
' , 

Si=S3=2.,4<"«.t' s2. =:O,SGM. ' St,:::3C,2S'"CJt, Li=Lz=20,1SC4!_, ~i=-0,6313 ' 
f£z.=-i,0229 , M=0,1.98 , W= 3 Mev E030YJ~8HI1H OKTYDOJibHbiX JII1H3 

01\'l'ynOJI.H-IWppeRTOpa paBHhl: ti::49,3~rt!U-'I , ~2 :::-249,93~A,t4, ~\= 
=124,1~ .. u-\ ~4==2056,89~-r _ .... 

).."(JIR pqiJ.ayca anep'ryp!:,J Q4J ==Qgd ::.2 ~~ ( d == i,Lt ) fiOJiyqaeM CJie

,ll,YlOll\118 B8.JIHqHHH Mai'HWI'HbiX l10JI8M Ha 110JIIOCa:x I\Ba1n,pynOJibHOiif l.1 OI\-

Tyi10JibBOf1 JH1H3: Bl( i:: 844 = 4 t;}3 zc ' f342.::: Bl.J3::::! 1. 2 94 'lC 
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~u=0,99zc, Bs2.= S.02.2c , B83= :~.49u, B84 = 41,32z.c . 
Taxarr KoppeKqHH nossoJrrreT JIH6o y:MfJHbiiiaTb ,n,HaMeTp nytma H3. 

;t.y;:UJeHH, JII160 yseJH1t.Il1Ba'l~b MHTe:EiCliBHOCTb 11yt.IKa. 

CJie,n,yeT OTMeTHTb, 11TO rrpH xoppeRIJ,ltlH reoMe'rpHt.Iecm1x a6eppa

u;Mii1: ·'rpe'l'bero nop.rl)J.Ra Heo6xo,n,MMO cne,n,MTb sa TeM, t.IT06bi He noa

BltlJIHCb 6oJibiiil1e "HaBe,n,eHHhie·" a6eppaq.vm naToro noprr,n,r~a. )Iocne,rr,-
·, ~ 

Hl18 MOI'YT Tipl1B8CTl1 R TOMy, 'liTO 3 pesyJibTaTC J·~(~ITOJib30BaHMfl OR

TyiTOJifl-·{cppeKTOpa ITHTHO Ha MMU18Hl1 yseJH1'lll1TCfl BOITp8In1 OJIU1,JJ.a8MO

My J1M8Hblli8Hl1IO. 

JII1TEPJ.TYPA 
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