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PaCCl\-IaTp H BaeTC5I I-1C3 C 3JICKTp 0.IJ.HHa M W l eCKOH cHCTeMOI1 c Ta 6 HJlH3 auJu L Ha OCHOBe MeTO.IJ.a c!l YHK UH n 

JhmYJlOBa n o n y s e u u nocr aro-urue yC110 BH5J aCH M n TOTHq eCKOI1 YCTOt"t q U BOCnt n p n v o r o n OJlO)f(e H H5J pan

HO BeCH5J HC3 B Op 6 HTaJlbHOH CHCTeMe KOOP .IJ.YIIlaT n pu Ha11HqHH aosxtyuia ioutero Bo :m eilc TB HH rpaunr a
unomroro MOM el l Ta . 3 TH YCJlOBH5I n03 B0115llOT otiecne-urr s paUI10HaJIbHbIH Bbl60p K03 <P<PHUHeH TOB n a pa

MeTpHqeCKOrO y n paB11eH H51 B 3aBHCHMOCTH 0 1' rtapasierpou I-1C3 Hero Op 6 HTbJ. 

1. BBELJ.EH 11 E 

3Jl e KT p O.IJ. I1H a M WICCKoe B3aH ~lOnCHCTBI1C I1CKy C

CTB CH H Or o crryrnuxa 3 CMll I1 ( l1 C 3) C MarH HTH l>l M 

nonev 3 e MllM OKH3blBa CT CY IlleCT BCH lloe 13JIIUJJ-l l1e ua 
,UI1IIaMI1KY npautar ensn oro ,UBM)I(eHH5I cnyrmnc a OT 

HOCI1TeJl h H O e r o uerrrpa Mac c 11 M O)f(CT I1CIIOJlb30

Ba T bC5l n pn rrOCT p OCH lHl CI1CTeM ynp aBJI CH I151opneu 
TaUI1CI1 HC3 . OCH o Ba H H bl e ua YK a 3aH I-IO M Il3a I1MO 

,Ue H c T BIH l MarH I1THble CI1CTe M bl yn p a BJl e H I I 51 , HX 

npeI1 M YUICCTna , o co6eHlIOCT I1 II Hcn OCTa T K I1 o rm ca
Hbl , na u pn jaep , B pafiorax [ I J H [2). M CTO,n CTa 6 11J111

3a UH I1 H C 3 , OCH OBa ll H blH ua I1CIIOJlb30Ba HI1 11 M O 

MeliTa rtopeuueasix CI1JI , npcan oaceu B pa fiore [3 j, 
me noxasauo , 'IT O C0 3,UaI-1II C YIl p a BJ15I10IllCr O nopeu
ueua M OM CIIT a , 3 H a'II1 T eJl b H O npe .as rura iouie ro n o ne
llM'-lM l-Ie r p a ll l1' ra U HO H H L I H 11 npyrne B03M Y lll,aIOIlll1e 

MOM e H T b l, He B bI 3blBa CT TCX HI1'Ie CK I1X T p y ,UH OCTeH . 

d llCKTP O,ll 11 HaM 1·lq e CK H H MC T O,ll CTa 6 1'lll H3 a UlHl 

V1C3, ucuomo ytounui on uoupcv en uo B03M O)l(H O

CTI1 M a r IlHTHoro 11 .no pe u ueua M Ol\l e IlTOB , 11 CHI1 M a 

IOLUI1H H CK OT Op b l C Or p a Il l1 'IeH115I (KaK n o n OCTa H O ll 

xe sana-ur , T a K II no M e T OLlI1 K C peWeHI1H) , cone pxcan
1II I1CC5I B 131, o rr u c a u 13 p a fi o re 141. I3 :noti )l(c paoore 

6blll npC,UJlO)/(e H MexaHH3 M ,UcM m \m p o n a HlHI c 0 6 

CTB e ll H bIX K Ollc 6 a H H H V1 C3 , li e B bIXOJUIIUH H a a p a v 

KI1 'rex cPYH KLHI OHaJIbHb l X B03M O)KHOCTC i1 , xor o psi e 

conepxar ca B c axroi! 3 Jl e KT p O,ll I1H a M I1'le CK OH CllCTC

MC y n panJI CJI l15I. Paccxror peu n onpoc 0 CTa6HJII1 3 a 

UI1I1 HC3 II n p5l:MOM 1l0JlO>KCH I1I1 paunonec u a Il o p 

6HTaJIbHOH CHCTCM e xoopnn n ar. M a TCM aTll lJCCK Oe 

0 6 0 CH o naH I1C M eTo;~a 0 11 H paCT C51 i ra p a CC.1>IOTpClme 

.IJ.I1C\l cPc p e H U Mall b H b IX ypa BH c HI1i1 JI I1Hd i HOr o n p n 

611I1)/( CH H H . C HCn OJl b JOn aH MCM p e ay n sr ar o s qI1CllCH 

nero aHaJII1 3a K OpH c i1 xap a xrepn c r a s e c xoro II OJ111 

HOM a ,llOKa 3a H O CYlll,e CT BOlk'lH HC 0611aCTH 31l a ' IemlJi 

n apaverpo u HC3 11 e r o Op 6 H T b l , 06c c n C'{ I1Ba lO lll,H X 

yCTOii:lJ H BOC T b n p x Moro n OllO)/( CI I I151 paB H OBCCI1H 

n p n nOCT051 H H O .ueJfcT ByIOIUHX B03MYIlleH I15lX . 

Ilern, nan noii pa60T bI 3aKJ1l0' l a e TC5I B Cr p O[ OM 

a H aJIH'nl lJCCKOM ,nO Ka 3 aT ellh CT BC a CI1 M n T OTH l l CCKO f l 

YCTO lI'{ll BOCTM np5IM Or O no I O)K CH I151 p a B H O UCCH H 

J;1 C 3 B Op6HTaJlbH0I1 CHCTeMC xoopnn nar ira 6 a '3c 

a nan uaa nennnca n stx ,lll1c\>cPepC HUHaJlbH bIX ypanne
}l I1H n B I1)/( CH Wl. H a OCHOBC npsnroro MCTO)W Jlnny
-ros a [51 M pa3 BHTlI5I cnocotiou 11 0 CT P OCH I1H Cpy llK 

UI1H J15ln YH oBa , n p C,nJI O)f( e H H bI X B pafiorax f6j, 171, 
non y-rea sr ,UOCT aT O' I UbIC YCJ10 BH H a CI 1M I ITOT W I CCKO fi 

y CToi1' I I1BOCTH T1p5J. M Or O nOllO)/(CH I I H p a UHOBCCH51 

H C3 B Op611T aJ l bHO H CI1CTC MC xoo pnmrar upn uan u
lJl1l1 noasryuia io uiero B03,ne tlc T IlM5I r p aBHT a U I10HIl0 

ro M OM e HTa. 3TH YCJIOBI1H n 0 3 n OJl m OT ofiecnc-urrt, 
pauuoaant-nsni B bl 6 0 p K 03Cpq>HUHCHTOII napasrer 
pn-ieckoro y npauneu nn kA H kM B 3aBI1CHMOCl'I1 01' 

n apa u erpon I1C3 H ero Op611T bl. KpOM e 'roro, u n a u 

1I0 r l pafiore CO,nCP )/(11TC5I p a 3B H T H c n p cJ!JI O)f( e H IIO r O B 

[41 napaa er pn uecxoro M eTona cTa61U1113a UJ1I1 l1C3 

ny rev I1CnOJI b30naIII15I nepcv en n u x K03cPCP I1IHI CH 

TOB YCI1JleHIUl kA H k M . 

2. MAT EMAT H tI EC KA51 MOJJ,EJlb 

Pacc u ar pu naerca HC3, uerr r p M a c c xoropo r o 

,nB I1)/(eTC51 n o x p y r o n oii ax aar op nam. uoti Op6HTC 

parm y c a R. n p ClTIlOJlaraCT CH, LIT O HC3 CI-t(6 )f( CI I 

YJl pa BJI5I e M bI M 3 JICKTp OCT a n t ' ICCK I1M ~Hl PH,llO I\1 

Q f ad v, pacnpezte e HH blM no nex or opo xry 061,CM Y V 

V 
C n llOT H OCT b IO o , 11 y n p a BJl5I CM b l M C06 CTllCHHbi M 

Mar HI1TH b l M MOMCHTO M I. Tax xce K a K 11 B [4 j, H CCJIC

,ny CTCH apaurarem.u o c ,UBI1 )f( ClI l1e H C 3 OTHOCI ITCJl b 

H O c r o UCIIT p a xrac c B opfirrran s u o r i CI1CT CM C K OOP 

nnna r ( 8 a H H o i1 CT aT h C HCnOJl b J Y IOT C5I n p a suc ,UC

K a p TOSbI n psn royron t.ru.re CH CTeMbl xoopnn nar) 

C~ l1t; C H a ' l aJI OM 13 UCH T p C M acc H C3, OCb q,(/;o) KO 

TOP OH nan p a anc n a n o K a Ca TCJl bHO fi K Op6HTC B CTO

p o ny .ll BI1)/( e H M5l , OCb C11(11o) - 11 0 n o p u an u K nJIOC

KOCT I1 Op 6 H Thl, OCb Ct;(1;o) - na o n s pann yca- nexropa 
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R = 03C = RSo uenr pa ~acc ~C3 OTHOCHTeJI I>1I0 u eH 

'rpa 3 eMJIH 01' ~CJIe,llOBa Il IlC n p OBO.lU1TC5I C ysero s t 

spanteu aa Op6lHaJl l>1I011cucrexrst KOOp.llH HaT OTHOCH 

TeJl h HO HIICPU,MaJl b HOH CHCTe M b! C yrnoeori CKOpOCTblO 

WO' C H C3 )I(eCTKO csxaa ua CHCTCMa cro rnauuux I ten 
'rpansasrx ocea HH CpUHl1 CXYZ (opr s i i. ] , k). O p HCHTa 

IUlH OCel1 C~YZ OTH OCl1TeJIbl [0 oceii CSTISonpenermer cx 
MaTpll u d i A nan pa nnsno uurx KOCllHyCOB ai' Pi' Yi (i = I , 
2, 3) TaK, '-{TO cnpaacnrnrasr p aBCH CTB..'l 

; 0=ali + a 2j + a Jk, Tlo = Pri + p]j + PJk,
 

So = yli + Y2j + yJk.
 

E CJI H on penensrn, op nerrr au n to ~C3 B Op6 11TaJIhHoi1
 

CI1CTCMC xoopnuuar; npMII 5ITo i·i sa 6 a30Bylo , C n O MO-

U~b IO napaxserpo a PO.llpMra-raM HJIhTOHa A;, (i = 0,3) 
[8], TO 3JIC!\I CH T h l I>rm p H U hl A H Me lOT BH.ll 

] ) ) 2 
0. \ = Ao+ A; - Ai - AJ, 0.2 = 2(A\A2- AoAJ), 

cx 3 = 2(A[AJ + AOA]), 

2 2 2 2 
PI 2( AIA2+ AoAJ) , P2 = Ao + A]- AI - AJ, 

PJ = 2(1c2AJ - 1coA I), 

2(1c1AJ - AOA]) , Y2 = 2(A2A J + AoA I), 
2 2 2 2

YJ = Ao+AJ -A I - A]. 

Ilporpasoanas o p H e HTa U H 5I I1C3 B Op6 HT aJIhH OH CI1

creve K OOP.llII H3T aaaaer ca IIC KOTOPhl M 3HallCIHfe l'>l 

Aa MaTpl1 U bl Ha n p a BJI5IIOWH X KOCI1 HyCOB. B 'IaCT HO

CHI, nan ee 6Y.l~CT p acCMOTpCH cnyvaii , xo rna Aa 
C.llM H l1 l1Ha51 MaTp Hlla , -rro COOT BeTcTBycT np5l M oMy 

n OJIO)l( e H l1 1O p a BH OBe CI1 51 H C3 B O p 6 11TaJI b H OH Cl1

CTe M e KOOp.llH H aT. 

B rrpoueccc nmDKCH H51 ~ C3 OTHOCI1TeJl b H O l' CO 

MarHI1THOrO n OJI5I C Ma nll1T II0I1 H H.lI YKUH Ctl B B03

6 y)l(,ll a eTc 5I JIOpeHU CB MOM CI IT M i\ H M a rH HT H h l H M O 

MeHT M M, COOTBCTCTBeHHO H M e lO lUl1C BI1.lI 

M I\ = P x T, M M = I x B, 

m e P = Qpo, Po = xoi + yd + zok =Q-I JcrfY1V 

v 
pannyc-sexrop IICHTpa sapnna ~ C3 OTHOCHTCJIbHO e ra 

ueirrpa Macc, vc - ckopocrs ueirrpa Macc ~C3 OTHOCH

TCJIb JlO reovarm rraoro JIOJIH , wJ - y rJIOBa51 CKOpOCTb 

cy ro -ruo ro Bp a Lu e H I151 3eMJIII, T = A T(ve x B}, snaue
nne B B TIOM <PoPMy JIe cosn anaer c o 3 1f3 ' l e HHe M B B 

ueirr pe race ~ C 3 . 

B p afiore l4 ] nOKa 3aHO, -rro nyrcst rrporpaxu uto ro 
H3 MCHeH I151 ynp aBJ IHCM bI X 3 JIe KTp 0 .llHHa M HlIeCKHX 

n a p a ICTpOB P HI M O)l(J-lO ofiecne-nrn, ynp a nn e n n e 

YrJ IO Bb l M 1l0 JI O)l(ei l HeM ~C3 . D,JIH p e lUeHH5I 3aJla 'IH 
CTa6 HJIll 3a U l IH M e3 npenno xce u si CJIe .l1Y1OLUH C 3a KO

IIbl H 3 MeHe H I1H napa MCTp 0 13 P HI : 

P = ki\To + hl\w' x T, 1 = kMBo + huw' x B. 

3 .l1e Cb To = A~ (ve x B), Bo = AciB, co' - YiJIOBU5I CKO = 1 

POCTh HC3 OTHOCI1TeJIbHO 6a30BOH CHCTe M bl KOOP  .rut 
Ll I1H aT, kl\. , k 'll ' hI\. , hm - K03 cP<PHL(HCHT b l nponopuuo
H aJl bH OCTII , B xax ecr se KOTOp blX xroryr BbIC1)' n aTb 

cxanxpn sre <PYHKUH I1 BpCMCH H . npH3TOM y n paBJISIIO  Al 
LUlie I\IO MeHTbl M I\H M M COOTHeTCTnell I 10 npn My!" mill 

M ,\ = kl\To x T + IzI\ (w' x n xT, (1) 

M Jf = kMBo x B + hM(w' x B} x B. (2) 

A H aJl l13 ao rrpoca 0 c Ta6 11J1113UUHH ~ C3 B o p 6 11  CE 

CJ TaJI b H OH CHCTCM e xoopn nuar 6 Y.ll CM n po uorurr s aa 
fiaac H CJlHHCH H bl X .llH<p<PCP CII W 1aJI b H bIX ypanue uaa 
apauiar ensuoro .lIm DKCH I151 ~ C3, nOCTpOCHHbl X no 

cxeve 3 i1JI e p a-n y a c c o H a : 

!i. (Jw) + rox (J ro) = M r + M I\ + M ,lt , 
dt 

d~ o = ~ x W - W S d'lo = 11 x ro,dt 0 0 0, dt 0 

d(,o r j:.- = ':>0 X co + wO':>o, 
dt 

3 .lleCb J = diag(A , H, C) - Te H 30 p H HC P W fIf 11 C 3 B CI1 

CTCM C KOO p.l1H H aT CxYZ, w = w· + w() - a6COJIIOTHa 51 

y rJI OBa51 CK Op OCT b ~ C3, M r - rJIaBI [blii MOMC HT rpa
BI1Ta Ul l OII H l>l X CHJI - OCHOBH Oi! H3 soaxryuta touurx 
M OM CHTOB, .lleii c T 13YIOWH X W I H C 3 B OKOJI03eM HOM 

n p OCTpaHCT13e. Flonara s .lIaJICC, ' IT O OPT b l ; , 1}, ~ sa 
na u sr I3 Op 6 J.1TaJl bIl0 i1 CI1CTe :' l C xoopruruar p a BCH-

CTDa l\H1 ~o = (1,0,0)
1

' Tlo = (0, 1,0)
T

, So = (0, 0, 1) ,a rpa
3J 

BI1TaIU10 H H b l ii M OM e HT H MCCT BIi.ll M r = 3w~ (A T So) x TIl 
x (JA TSO), nepe n u urcxi .lI H cPcPepe ll U H aJIbH b lC ypa n rn
 
HeH H5I 3 iiJle p a - n y a c coH a B uexrop uou <pOP MC, 6 0 


rree Y.lI06HOH .llJl51 npOCKT HP OB3 H J.1 H n a OCI1 CxYZ,
 
8 1 

)I( e CTKO CIl513a lHibIC C H C3 : 

!i.fJ(w ' + woA T11 o}] + [co ' + woA TTlnlx 
dt 

• T 2 T T n 
X [J (O) + woA Tlo )] = 3coo(A So}x (JA So) + 

T T · T+ kl\lAo(ve x B) Ix fA (ve x B)J+ k A[ (AoB) x 

x (A T B) - hl\[ (A T(ve x B»2 (O . 

- (AT (ve x B» x ((AT (vex B)w ')] 

-hA[ [(A T B)2W ' _ ( TB)( (A TB)w ') ], 

!i.(A T~O ) + co' x (AT~O ) = 0, 
B 

dt 

!i.(AT flo} + oi ' x (A '110) = 0, (3)
dt 

!i.(A T(,0) + co' x (AT(,0) = 0. 
dt 

n pl1 I1 I I Ma51 Op 6 UH 1JI h H y l0 CI1CTCM Y xoopnu u ar aa 

6a3 0 13Ylo , CCTCCT BC IH I O C' I H TUT b , -r r o OPT b! 
T T T T T 

A ~o = (CX" <X 2,CXJ)' A Tlo = $Il B 2 ' ~3)' A So = HI 

KO C M WI EC K~ E "lC CJ1E,UO BAII~}1 TOM 50 NQ4 20 12 
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= (y r-Y2, Y3) T HClt 3MC HH hi B 6 a30Bo ir CHCTCMC KOOP 
JJ. Hll aT. 0 6 0 3Ha '-lHM HX KOpO'IC: 

T ,- T 
A ~o = S I , A 11 0 = 52' A S o = s 3

AIHU10 rH '-I HhiM 0 6 p a 30M oprs t 

T T T T
 
A o ~o = (0. 10,0.20, 0. 30) , Aoll o = (~ J O' ~ 20' ~30 ) ,
 

T T 
A o s o = (YIO, Y20,Y30) 

c anaau s: C HC3 II H H3 MCHll bl B CI1CTCMC KOOp JlHllaT 

CXYz . 0603 Ha' lHM HX 

T ~ T T 
A o <;0 = f l, A o 11 0 = f 2, A o S o = f J . 

TOl'JLa Jl H¢ ¢ Cp e Il UIHlJlbHble y p UBIICH H5I 3HJlCp a npn
Myr BHn 

~ [.J(CO' + CO OS 2) I+ [CO ' + COOS 2] X IJ(co' + COOS2») = 
dt 

= 3coO
2
(s ) X (.I S) + k A[A o

T
(VC X B» ) X 

T T T 
x [A (v c XB) I +k ,H(A OB ) x (A B) 

- hA [ (A T (v C x B) )2CO ' - (A T (v C x B» x 

x « A (v c x B» co'») 

-hM[ (A T B)2(jl ' _ (A T B) « A T B)co')). 

3 . n O JJ O)KEH H E PABHOBECItt51 

Bcn y-rae llBIDKe IH I51 H C3 rIO KP YTOBOH axuaropn 
a Jl bHoi-'1 Op 6 l1Te H n p l1HHTIHI I1Cn OJlb3YCMOII nanec 
n pocreriurea llH fiOJlbHOH MOn CJl I1 r COMarfl HTf IOr O 
nonn JlM elOT MCCH l pa ue ucr na vc = R(ooo - w~)~o , B = 

= - ( R1/ R) Jg~11 0 ' me RJ - paanyc 3eMJHt , glO- nep 
Bbl t'l r aYCCOB K0 3Q)q)J1UHCIlT. n 0 3TOMY 

Vc x B = vCc,B"So , T = VCt, B"S3'
 
T o = VCE,B"fJ' B = B"S2' B, = B"f2'
 

Flozicr annns 3TI1 Ilblpa )f(e HI151 B (1) 11 (2), n OJly '-l I1M 

M A = k AT o x T - hA [T 
2 
co ' - T(T to'I ] = 

= k i\Of3 x S3 - h AO[co' - s is)co '»), 

1\'1 M = k ,lfB o x B - hMI B2co ' - B CBco')] = 
= k MOf 2 X 5 2 - h A/o[co' - S2(52CO ') I. 

B 3T HX Qlo p MyJla X KO <p<pll UI1CHThi «; kM , h/l. ' 11 M 
B3HThi B BI111C 

rue k/l.O, kA/O, h AO , h MO - 1J0 JIO)f(I1Te n bHhiC n OCT051H

HbIC, Ha XO)l 51U llleCH 13 naurexr pacnop ax ena a . 

B pcaynsrar e , ,DJI HaMI1'-1CCKHC ypanueu un 311Jl pa 
n p HMYT BHJl 

:t[J «(tl ' + COOS2) I+ (co' + COOS2) x [J (co' + COOS2) 1= 
2 (4)

= 3coo(s J) x (Js3) + k i\O (f 3 x 53) + k MO(f2 X S2) 

- hAo[co' - S3(SJW) 1- hMO[co' - S2(S2W') ]. 

)lJHI '3a MbIKa Il HSl )l HfP(pCpC ll u n HJl bHO ii CHCTCMhl crre
nyer paccuarpxaan, HX COI3 MCCTII O C KI1IlC ~taT VI' I C

CKHMH ypaBIlCIIHHMH flyaccoua ( 3 ) , xoropi.re C y-ie 
TOM UBClle HHblX 060 3 Ha Llc HHti n p usryr BHn 

ds[ , O ds" a- + w x s = - " + co x s = dt I , dt 2, 
(5) 

ds) , a- + W x S3 = . 
dl 

B paccvarpueaesron nOCT,U1OBKC 3ana 'II1 IttC3 

11Me e T n p 5lMOC nonoxen ae p a BHo nCC1H1 (r, = (I, 0,0)T . 

f 2 = (0, 1, 0)T , fJ = (0,0, I)T) B OpOHTaJ l bllO H CHCTe ~l C 
KOOp/l, I1H,r r : 

(0' = 0, s , = f ; , i = 1, 2, 3. (6) 

4. YCJJOBJ.-Hl AC VfMnTOTl1 l l ECKOtl 
Y C T O t1 l l l1 B O C T Itt 

On penemna YCJ10 13 H5I ua napa stcrpst kJ\o, k MO' h/l.O ' 
hMO' np n BbInOJII ICHHlt KOTOp hlX npastoe n On O)/(CIf IIC 

paBHOIlCCI151 H C3 5lBn HCTC51 aC HMnTOTH'-IeCKH YCT o ~i 

'I H13 bIM. Pemcn ue no crau leH Ho ii sana-nr OCIIOBa HO 
ua npIIMe HCJlI 1l1 MeTOLW (pyH KUHii JJ 5I n YJlOBa . JI51 
n OCTp o eH HH Q)YII KUHI1 Jh mYIIOBa 6YllCM HCn OJl b30 
uaTb n onxom.r, npC.D.JIO)/(CHll bIC B pa fiorax [6], 17]. 
Il pencraan v yp aBHeH I151 (4) n nnae 

(O ~ 

Jdw' + coo(C + A - B) a + 
dt 

+ (U~ ( ~ ~ c~ BJ (S2 - f 2) = 
B- A 0 0 

= 3w~ (A~ C C ~ B~J(S~ -fJ) - tl'(S2' S) 

o a 0 

- hAo[co' - S3(SJW')]- hMo[co ' - S2(S2OO ') 1+ <1)(W', S2' S), 

rne 
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338 AJTEK CA H,LlPOB. lV1XOHOB 

a 51 I3CKTOpHOi1 <PYH KUlH1 <I>(w, S2, S3) c n p anennaaa 

Ol lCII Ka 

npll lIe M n OJlO)l(IITeJl b H a 51 n OCT0 5lIlHa51 G , 3a m-I CI1T OT 

3 Ha ' I CI HI ii uapasier po u A. B, C, WO-

Cua-rana, CllCJlY5I nonxony; n p CWlO)/( eHHOMY B [6L 
B KalIeCTBC <PYH K IUI I1 Jlnnyrrona Bbl6l1pae M q l YIIKlJ,11 10 

2 k MO 2 ./ "I = I (jj ,TJ 0) . + -k AOIIS3 - f311 + - IIS2 - f211 
2 2 2 

Jl l1¢ ¢ e p CH lJ,H p Y51 ee B CHJl Y CH CTCMb l (4) , (5), HM CCM 

,Uane e CTpOH M cPYH KUl IIO 

n OJlYlI lIM 

Haxoneu , ncnon b3Y5I 11onx on , paapafiorau II h i ii B 

[91. 16], [7], l.106 a W l5IC M K <PYHKlJ,1l11 V2 " nepexpecr
IiO cnaraexroc" . nYCT b 

npOlI3BO,ll Ha 51 ¢YHKlJ,1111 V3 B CI1JIY I1 CCJlCl.lYCMO ~t CI1

CTeMbI n p encraum-ra B n u n e 

d V
, 

= -hAO ~ lrof - (S3ro'/) - hMo(llro'11
2


dt 

1
- (S2ro/ ) + ro.- <I> - KII'I112 

+ 

+K'I' T {<I> - mo(C + A - B)[~;, -
" -(Ox 

0 0 C - B] [ 0 C - B0]
- co6 0 0 0 (S2 - f2) + 3co6 A - COO . 

[ B - A 0 0 0 0 0 

. (s, - r,) - h" lm' - s,(s,m' )J- " Molm' - s ,(s,m' )l}
- Kro,TJ lk Mo(ro' x S2) x f2 + k AQ(ro' x S3) x f3] + 

3 

3 aMCnt M , -rr o cnpanenn nuu COOT H OWe H II5I 

S2(S20)') =(S2 - rZ)(f1ro') + si (S2 - f2)(O') + (0, (l) ~., 0)T, 

S3(S3OO') = (S3 - f3) (f3ro') + S3((S3 - r3)ro') + (0,0, CO'Z) T, 
, ' T 

(W' x 52) x f2 = «0' x (S2 - f2» Xf) - (cox, 0, COJ , 
, , T 

(W' x S3) x f3 = (00' x (53 - f3» x f3 - (cox, O)y , 0) . 

KOCM J.1lIEC KI1E I1CCJTELlOBAH I1 51 TO M 50 NQ4 2012 



339 ::> EKTPO,llJ1HAMJ1YEC KA5l CTAI; VlJH13AU J1}1 VlC3 HA 3KBATOPVlNlbHOH O PE HTE 

Cncnoaar ens uo , 11 M e CT M ' CT O O UCH Ka 

av; I (,2 02) h (,2 ,2)dt ::;- 'AO (O x + (f)y - MO (O x + CO +z 

+ Kk MO (Aw:; + CCt) ~2 ) + Kk AO( A(O:; + B(O} ) 

2_KII'I'11+ KW ~ 11'1'11[ ~ ~ c;8] (S2- T2) 
8 - A 0 0 

_ 3[A~ C C ; B~] (S3_ f3) + 

o 0 0 

+K 1 1~1 1 roo(C + A - OJ ~~ ,
 ' hM [ ; } - hMO : } 

3 
+ a2~ l rot + IIs2- T211 + IIs3 T311\ 

me n OllO)f(Jl TeJTh Ha51 nOCTOHH H a H (/2 3 a BlI CMT 0 1' 3H a

' ICHHM napa uer pou A, B, C, (00' K, k AO' k MO ' hAQ, h ,I/O' 

HI CPYH K U H I1 V3 MMelOT M e CT O nepanen cr na 

02I ro ,TJ m+2k AOII S3- f311
2 +k Mo2 II S2- f211 

2 


2 

- (00 r(A - B)B~ + (C - IJ)P ~ + 3(C - A )y ~ + 
2 

+ 3(C - B)Y ~ l - KlIJll llro'II(kMoliS2- f211 + 

+ k AOIIS 3- fJ II) ::; V3 ::; ~ ro'TJ(O' + k; o IIS3- T.1I/
2 + 

2+ kioIIs 2- T211 - ~o 
2 

[ (A - IJ)B; + (C - B)P ~ + 

2 2+ 3(C - A)y, + 3(C - B)Y21+ 

+ K 11J1111(O'11(k MOIIS2- f211+ k AOIIs3- TJII)· 

3Ha'lI1T, e CJ1I1 BhInOJTHeH h l COOTHowe H I Hl 

) 

kAO > 3cuii(C- A), k AO > 3w~ (C - B), 
(7)

2 2k Mo > (Oo(A - B), kMo > CUo(C - B), 

TO cyuiecr uyror nOJIOA< I1TCJl hHhIC 'I UCJl a b l l1 b2 , 'raxne 
' ITO n pn .LlOCTa T O' I H O l\laJlhlX 3 H a YCH I151 X K c rt p a n en

11MBb! OUC H K l l 

b,(11(Of + IIS2- f211
2 

+ IIS3- f11n ::; 
2 2 2)

::; V3 ::; b2 (11(0'11 + IIS 2 - f211 + IIS3- f311 . 

LI.1l51 n OllY' l e HI151 OueJl K M n pou auon no n c:PY H K U l1 l1 

V3 B CUllY ClICTCMhl (4 ) , (5 ) rrcn ornoyexr napaxrerpsr 

P o.upH r a-[h M I111hTOH a Ai, (i =0,3) . HMCCM 

IIS2- f211
2 

=: 4 (,,, ; + An, IIS3- f311
2 

=: 4 (1..; + ,,,n, 

~ ~ C ~B] (S2 _ f2 )
 
[ 

B - A 0 0 

-3 [A
 

= 

~ C C ; B ~](S3 - fJ) 
o 0 0 

(C - B)(B3 - 3Y2)]2 
3(C - A)y , 

(B-A )P1 

_
 

2 

=: 4(C - B)2(2A2A3- 41.. 01.. ,)2 + 36(C - A)2 x 

X (/10 11..3 - - ..'1) 2(1.. 11..2+ AOA3)2.1..01..2)2 + 4(8 

TaK MM 0 6 p a30 I , CCJI I1 

k AO > 3(O~ IC - A I , k MO> (O~I B - A I , 
(8) 

k AO+ k MO> 4CJ) ~ IC- Bj , 
TO l\lOA<HO Bhl6 paT h 1l0 JI0A< I ITell hHb IC Y ~ I CJla K{), ~, U b3 

2
Ta K, YTOGb l npn 0 < K < Ko, 11(0'11 + A; + A~ + Aj < 
l1 M Clla M CCTO o u e n xa 

av, b (II '112 
1 2 1 2 • 2)dt' ::; - 3 co + 11. ) + 11.2 + /1.. 3 . 

Flony-raexi. 'ITO cnpa n ezun m a CllC.uy IO LU'UI reopexra. 

Teopessa . Il PH BhTn Oll llCH HI1 HcpanCH CT B (7), (8) 
n OllO)KCH l1 C pan non CIHI (6 ) CIiICTCM bl (4 ), (5) a c uxm 

TOTlI'l eCK ~ 1 y C roH ' I H IlO. 

Ecrnt Bfl CCTl1 B paCCMOTpCH H C 6c3pa3McpHhiC 

l1HCP I U I OH H h l C napauer pu 8 = BIA H £ = CIA, T O HC 

pas en cr ua (7 ) , (8 ) IOA<1I0 ncpem rcarr, B c n en y iouic ii 

3 K I311Balle H T H OH diopae: 

k AO> 3 A (O~ . max{f: - 8, IL -11/ 3}, 

k MO> A(O ~ . max{e - 8, 18 - J1} , (9) 

k AO+ k MO> 4A (O~ 1£ - 8/. 
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340 All EKCAHLJ,POB, THXOHOB	 K( 

OJ'C/OJla, B ' laCT H OCT H , C C,llYCT, ' ITO UpH JIJ06bIX 0 
H e , yn o nn eruopm o n urx YCllOBH HM 0 < 2 11e < 2 (T.C. B 

.D.OCTaTO'1I10 CI111 b IlOM .D.aJI CHIH I OT TO'IK H 0 = e = I, 
cooraercreyro urc n OTC CT BH /O rpaaararnr nnoro 

MOM cHTa ) . /l,.fI H BblnOJIHCH lIH H cpa n CHCT R (9) nOCTa 
? 

TO' I HO B3HTb k AO 11 k uo TaKHMlI . '1T0 6 bl k AO > 3Am(j , 

k MO > Am~ . B TO )KC c a lac npe xor rpaBI1TaU HOH H blH 

~101\1 e ll T H M CCT BeJl lIll l1 1lY JlOp 5lJI Ka 3A (I)~ . Cn ezioua
TeJl bHO , .D.OCTaTO' I HO Ilb l 6 p aT b K 0 3 <P<PI1U 11CHTbl k AO H 

k uoTa K, ' !TOGh l HCJIH'I HHa ynpa anmo uiero nop e u u en a 

MO Me HTa 6 bllla s c e r o Jl llIU b 6 0 Jl b l1JC lleJlll '1I1H bI 110

pH JIK a M OJIYJ}! B 0 3M YUra /OLUe r o r p amrra unonuo r o 

MOMCHTa. 31"0 YCllOBl1C, Ka K n o xaaa u o 11 [3], Jl Cr K O 

IlhlnOJII HI CTCH. nO::HOMY Te XH 11'1e CK a H pean u aaua a 

Bb lI lOJIH e HIU I YCJI ORH I1 (9) He Bb13bIUa eT TP Y/lIIOCTCH . 

3A KJl lO Y EH 11 E 

L tJUI p ClIIe H lIH aana-r, c a a aa u u u x C y rtpann e aue v 

yrJIOBOH o p u c n r a u a e r i H C3, B p afio re [3J 6 b lJla 

"pC.D.JIO)f(e Ha . a B p a fio r e [41 p a aaar a x ouu e nun u 

3JI CKTPO,LII·IHaMH'lc c KOH CHCTCM hl cTa 6 HJl 1l3a U HIt . 

O JIlIaKO uonpoc o G aHaJl l1T WICCKO I IIp C,llCTaBlle HH I1 

B HIlH OM BHnC nOCTaTO'llI bl X YCJl OB I1H aCHM IlTOTlI 'IC

CKOH yCTOH'll1 BOCTI1 c Ta 6 1111 H3 l1Pyc Mo ro nonoxeuas 
p a BHOUeCl15! HC3 U Op611TaJlhH OH Cl1CTe M C KOOp .D.l1 llaT 

OCTa llaJ lCH OTKpbIT bIM. B HaCTOHlH eJ;'1 p afio r e nan 110 

JIO)f( HTCJl bll b IH OTIICT u a 3TOT nonp o c Hfl fiaae I1CCJIC.D.O 

BamlH HcmlHci iHbl X JllHI><pe p c lI llI l aJlbHbl X y p a BHc HHH 

nBlI)f(el-IHH HC3. Iloxaaana r eope u a 06 aC HMnTOTH 

xecxoti yCTo i i Y:I1BOCTH npx v o r o n OJIO)Ke H l1H p a BHO 

I3CCJ.UI H C3 B Op6WI"aJl h HOH CHCTCM C xoo pnuH ar. 

AHaJl 11 3 .D.0 K a3aTeJl bC"ma n a u u o a reo p e n hI n03BOllHeT 

cnenar i, cnezryroum e usrson r,r: 

1.lJ.;IH 06eClIC'leHlISI aC ~I M flTOTI1 'leCKOii y CTo i1'1H

BOCT I1 n OJIO)KCHHH pau n one c n a n a napauer psi h AO 11 

hMo He rpefiyer cs Ha KJI a.D.b I BaTb H H KaK H X yCJIOBHH, 

Kp OMe I1X IlOJIO)K I1TeJl b HOCTH . 

2. Il apavcr p u hAO 1I h MO x roryr HBJIHThC51 H Cl1 PC

pbIllH bl M I1 Or p a H H 'Ie HH bI M H <PYHKUI1SIM H n pCMe H H , 

JlJlH KOTOpbl X rr pu s cex t ~ 0 cnpasenn aasr n cpa aen 

c r ua hl\o(t ) ~ fl, hMO(t ) ~ fl, r n e fl - J[OJlO)K ~lTeJlbH <U 1 
f10 CTOH HHaH . 

3. nOCTpOCH ml5l (I>YII KllHH Jlsrrynona MO)KeT6bITb 

HCIIOJIb30 BaHa JlJl H Ou eHK l1. 0611aCTl1 a CI1M n TOTlI'IC 

CKOH yCTOH'I Jl BOCT H n OJIO)Ke HI1H p a BHOBCCI1H (6) . 

4. C IlOM OllIb lO n crpoenuoti <PYH KUlI lI JlHlIyHO

B3 MO )KHO n OllY'H IT b YCJlOIHl H , npn BblflOJlHCHIIH KO 

r op six B0 3MYllICHlIH He Ha p y W aJOT aC lIM IlTOTH'Ie 

CK ti yCTOH 'I H BOCT H n OJl O)Ke H H51 p a UHOB CCI1H. 

Flpenn osce u naa B p a fio r e MeTo n H K a nOCTpOCHliH 

(!lYIIKll ll l1 Jl anyno ua M O)KeT 6blT b lICn OJl b 30 Ba J-l a .am! 
p a c n p ocrp aneun s 1l0 11Y'le H llbI X PC3YJlbT aTOB n a 60 

nee o fiuure cny-rau, n p n uo na unre K 6 0 JIce CllO)KHb IM 

n ll(I>ct>epeH U l1aJIhH bI M ypanaen asu c n OY:TH n e p no

,ll l1'l e CK II M K03(1){pl1 U I1CHTaM H (IIC:JK B3TO PHaJIhll sre 1I 

n exe r u re p o n u Op 6HT bl , II Cn ~1I 1 0J l bH b l e /'.lOnC. IH M a r 

1l1l T HOr O n OJlH 3CMJl l1 H n p . ) . 
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