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He.r:tHHeiiH3.ll )lHH3.MH'leCK3.ll MO)leJ!h 3B0JJIOUHH TpeXKOMITOHeHTHOii CHCTeMhl 
c coxpaueuueM C)'MMapuoro qucna o6LeKTOB 

PaCCMOTpeua HeJIHHeiiH3.ll M3.TeMa.TuqecK3.ll MO)leJ!h 3BOJJIOUHH )lHHa.MHqecKoii TpexKOMITOHeHTHOii 
CHCTeMhl C 33.KOHOM coxpaueum, C)'MMHp0B3.HHOro no BCeM KOMITOHeHT3.M quCJJa om,eKTOB B CHCTeMe. 
B33.HMO)leiiCTBHe KOMITOHeHTOB KBaupa.Tuquoe 6e3 Ca.MO)leiiCTBHll, a T3.IOKe 6e3 OTIIOllleHHii CJJe)lOB3.HHll 
(paBHOnpa.BHOe). IlepequCJJeHHLle orpauuqeHHll npHBO)lllT K ¢opMynupOBK3.M MO)leJIH B BH)le B33.HMOCBll-
33.HHLIX 3D- u 2D-CHCTeM O)lY (o6hlKHOBeHHLIX llH¢¢epeHUH3.JJLHLIX ypa.BHeHHii): THna BoJJLTeppa 
c KOCOCHMMeTpuquoii Ma.Tpuueii Koa¢¢uuueHTOB )I.Jill 3D-CHCTeM u )lJlll 2D-CHCTeM THna JloTKa-BOJJL­
Teppa C (KB3.3H)KOCOCHMMe'f!lHquoii M3.'f!lHUeii. 

Haii)leHLI nepBhle HHTerpa.nhl, npOBe)leH KaqecTBeHHLiii 3.H3.JJH3 perneHHii: oco6LIX ToqeK" HHTerpa.nL­
HhlX KpHBLIX. B OTCYTCTBHe perneHHii B KBaupa.Typax qucneHHO HCCJJe)l0B3.H3. 33.BHCHMOCTL TpaeKTOpHii 
OT BpeMeHH H OTHOllleHHii Koa¢¢uuueHTOB. IlOKa.33.HO, qTo OT noCJJe)lHHX CHJJLIIO 33.BHCHT BH)l peweuuii. 
Haii)leHhl perneHHll /IBYX THITOB: l) anepHO)lHqeCKHe KB3.3HCTaUHOH3.pHL1e u 2) nepHO)lHqecKHe CT3.UHO­
H3.pHLie. 

TeM CaMLIM ITOKa.33.110, ~o CHCTeMa HepaBHOBeCHa " ycrniiqHB3.. B Heii B03MOJKHLI MO)lhl KOJJe6aHHii 
OT 6JJH3KHX K rapMOHHqecKHM )10 pe.r:ta.KC3.UHOHHLIX. )lauu3.ll MO)leJJh MOJKeT 6LITb HCITOJJb30B3.H3. )lJlll onH­
caHHll pa3Jluquux HeJIHHeiiHLIX npoueccoB B ¢tt3HKe, ¢H3XHMHH, 6HOJJOrHH, 3KOJJOrHH, COUHOJIOrHH "T.)l. 
B qacrnOCTH, MO)leJJL MOJKIIO npHMel!llTL )I.Jill nporno3a pe3yJJLTaTOB roJJOCOB3.HHll npH BL16opax /lByx 
KaH)lH)laTOB Ha )lOJIJKHOCTL. 

Pa6oTa BbIITOJJHeHa B Jia6opaTOpHH BLICOKHX 3Heprnii, Jia6opaTOpHH TeopeTuqecKoii ¢H3HKH 
HM.H.H.EoronI060B3. " Jia6opaTOpHH Bb[qHCJIHTeJ!bHOii TeXHHKH " 3.BTOM3.TH33.UHH OH51H. 
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Nonlinear dynamical model of evolution of a three-component system with the law of conservation 
of a summary number of objects in the system has been considered. The interaction of components 
is a quadratic one withoit self-action and relations of the following (equal rights). Those restrictions 
result in wording of the model in terms of corresponded 3D and 2D systems of ODE's: Volterra's type 
for 3D systems with a skew-symmetric matrix of the system coefficients and to Lotka-Volterra's type 
for 2D systems with a (quasi)skew-symmetric matrix. First integrals of those systems were found and a 
qualitative analysis of solutions has been done: critical points and integral curves._ln absence of quadrature 
formulas dependencies of trajectories on time and relations of coefficients were investigated numerically. 
It is shown that the solutions are very strongly dependent on the latest. Two types of the solution are 
found: I) a.periodical quasistationary and 2) periodical stationary. By doing so, it is shown that the system 
is an unstable steady one. Modes of the oscillation of the system are possible from near harmonic ones 
to those of relaxation. The model can be used to describe various nonlinear processes in physics, physical 
chemistry, biology, ecology, sociology etc. In particular, the model can be used to prognosticate the results 
of the ballot in a process of the election between two candidates on a post. 

The investigation has been performed at the Laboratory of High Energies, at the Bogoliubov 
Laboratory of Theoretical Physics and at the Laboratory of Computing Techniques and Automation, 
JINR. 
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1. Mo,n;eJib 

B Hamett 3aMeTRe [1] BBe,neHa Hemrneil:Ha/I ,n:1rnaM1P1enrn1I Monen1, :1Romou1111 

TpeXROMITOHeHTHOil: (Puc.I) CHCTeMIJ C OTJill'IHTeJibllh!M CBOHCTBOM: coxpa­

HeHHe ITOJIHOro •'IllCJia o6'heRTOB B CHCTeMe npu RalRJJ.OM ,naHHOM 31Ia'IeHHH 

3BOJI!OUHOHHOil: nepeMeH!IOH ( BpeMeHll). \ 1Ra3a!IHOe ~rpaHll'ICHHe rro:rnoJI/IeT 

npnBecTH 3D cucTeMy R 2D BHJJ.Y u o6paTHO. HaMll paccMoTpeu rrponetl­

mnil: BHJJ. 11enmrett11ocT11-RBa,npaTH'IIIa11. TaRa/I nemrneii:11ocTh xapa1nepua 

JJ.JIII Mo,neneil: nma JioTRa -BoJibTeppa [2, 3]. B HacTomue11 pa6oTe MhI npotto­

JJ.HM 6onee no,npo6Imtt aHaJIH3 MaTeMaTwrec1wtt Mo.uenn [1], ornwra10u1efic1I OT 

xopomo ll3BeCTHh!X CllCTeM THIIa "xmumm - )KepTBa" OTCYTCTHHeM OTIIO1IIC­

HHil CJie,!lOBaHHJI JJ.JIJI o6'beRTOB, 'ITO lIJ)lfBOJJ.HT R crrenn~JibHl,nl CHMMCTJ)HH­

Hh!M CBOilCTBaM MaTpHU H03<pqmuneJITOB CHCTeM nemmetlHhlX ypaBHenntl: 

(HBa3H)ROCOCHMMeTpH'IHOCTb !(JI.II 2D CHCTeM ( 1) H ( 4) H HOCOCHMMCT])HtJ­

HOCTb .nn11 3D cucTel\rn ( i 1 ) . 
IlycTb B rrponJBOJihHI,Iii MOM('IIT T Bpel\1e1111 t 'IIICJJa 06-1,eHTOH ( :.rn('{'JH'IIHO­

CTH) lIOJJ.CHCTeM a;(t), i = 1, 2 H])Hlllll\!alOT Jlla'Iell\111 a1 fl a2 COOTHt'TCTBf'IIIIO 

(o6oJHa'IeHHII Te lRe, '!TO u B• [I]). Pa:rnocnrne ypatt11e11n11. O1111n,rna1O111nc 

l\WJJ.eJib, HMeIOT BHJJ.: 

2:.ai(r) = /1(1 - (a1 + a2)/A)a1 - l.:a1a2 
~a2(T) = /2(1 - (a1 + a2)/A)a2 + ka1a2, 

( 1) 

r.ue /;, (i = 1, 2) n I.: - ne 3aBnc111une OT BpeMenn 110:1<!H!nmncHThI, 11 A -,­
HOHCTaHTa, IIO3BOJIIIIO11l3/I HBeCTII rrepcMCIIIIYIO ao T3HYIO,'ITO 

(2) 

Ifa ( 1) cne.nyeT, 'ITO npn H3MPIICHIIH 3li3tJCHH/I BpCMCHH na Cl(HHHUY npb­

UCXOJJ.UT rrepexo.u JJ.JlllaMH'ICCIWl1 CHCTel\lh! 113 COCTOHHHII a;( T ), i = 1, 2 B 

COCTOJIHHe a;( T + ] ), i = 0, 1, 2 TaK,' 'ITO HOBhl'e 3Ha'ICJIHIJ HCJilf'Il1ll a; 
a;( r + 1 ), i = 1, 2 cranyT, COOTBCTCTBCIIIIO, paBHhl 

a; = a1 + 2:.a1, 

a; = a2 + 2:.a2. 
(3) 

3.uecb H ,naJiee, r.ne 3TO He npHBOJJ.HT l{ rryTaHHUe, Mb! He 6y.neM o6o3Ha'IaTh 

JIBHO 3aBHCHMOCTH OT rrepeMeHHOfi 3BOJIIOUHH. CoBORYITHOCTh Tpe6oBaHHll 

( 1) -;- (3) JJ.OCTaTO'IHa ,!lJIJI IIOJIHOrO OIIIICaHH/I MOJJ.CJIH. Ilepefi.neM R aHamrny. 



2. ,II:ttcpcpepeHQHaJibHhle ypaBHeHHR 

B COOTBeTCTBJie pa3HOCTHOH CHCTeMe ( 1) nocTaBHM CllCTeMy ,lIBYX o6mrno­

BeHHhlX ,n;mpcpepeHUIIaJihHhlX ypaBHeHII? 

a1 = a1(/1ao - ka2), 
a2 = a2(l2ao + kai), 

C ycJIOBJIJIMll /1 # 0, 12 # 0, k # 0 II .nonoJIHIITeJibHOH CBJI3h!O 

ao + a1 + a2 = A. 

(4) 

(5) 

IlocJie,lIHee COOTHOIJieHHe ( 5) i,wmeT ,6hlTh 3aMeHeHO ,lIIIq>cj_)epeuunaJibHh!M 

ypaBHeHneM 

ao = ao(-l1a1 - l2a2). (6) 

Ha nJIOCHOCTII C opToroHaJibHhlMII KOOp,lII~HaTa:MJI a1 ll a2 nae 6y,nyT IJHTepe­

COBaTh perneHIIJI CIICTe1fhI ( 4 )-( 6)' COOTBeTCTBJIOIIIl!e Tpeyromnoii o6rracrn 

A 
a1 2:_0, a2 2: 0, (A- a1 - a2 2: 0). (7) 

3. OcHOBHhle cBoiicTBa pemeHHH 

AHaJIIITH'Jec1rnii BII,lI ypaBUeHJIH CBl!,lieTeJibCTByeT O TOM, TITO BeprnHHhl 

TpeyroJibHIIKa JIBJIHIOTCJI TO'IKaMJI 'CTOJIHl!Jl l! L(OCTlllRIIMhl ll3 JJI06h!x ,rrpyrnx 

TO'IeK TOJihKO 3a 6ecKOHe'IHOe BpeMJI. B 3TOM MOlRHO y6e,lIHThCJI ll C noMOII!h!O 

'IIICJieHHhlX pellleHIIH. lfa BH.)'Tpeminx TO'IeK o6JiaCTII A rpamruhl TpeyroJib-
1 ' 

nnKa TaKme ue,n;ocTnrnIIMhI 3a KoHe•~~IO~ BpeMJI, _ T.e. ,n;BnrneHne no rpaunue 

B03MOlRHO TOJibKO, ecmr nenyrreBbie Ha'laJibHhle JCJIOBIIJI 3a,naHI,J Ha rpaHIIUe. 

YpaBHeHHJIM ( 4) II (6) c JCJIOBI!eM (7) COOTBeTcTByeT Tp~yroJibHaJI o6JiaCTb 

a opToroHaJihHOM 3D npOCTpaHCTBe nepeMeHHh!X a;, i = 0, l, 2, OTCeHa!OUiaJI 

Ha OCJIX 0Tpe3Kll ,lIJIHHhl A ( CI!MnJieHc). 

Ilpn ,lIBIIrnemrn 11306pama10meii TO'IHII no rpamruaM a1 = 0, a;i = 0 
H ao = 0 CHOpOCTb onpe,neJIJieTCJI COOTBeTCTBeHHO KOHCTaHTatm /1, '/2 II l:. 
fpaHIIIJa TpeyroJibHJ!Ha caMa JIBJIJieTCJI l!HTerpaJibHOH RJ)l!BOH. Iloae.nenIIe 

pellleHJIJI BHYTPII o6rracTn A 3aBIICl!T OT ero noBe,rremrn na rpamnre o6rra­

cnr. O6o3na,rnM cTperro•maMn Hanpaarrenne ,n;aurnemrn no Harn.n;or1 cTopoHe 

TpeyrOJibHJIRa. Tor,rra TpaeRTOpirn pellleHIIJI Il3 BHJTpeHHeii TO'IHU o6JiaCTH 

Bcer.na CTpeMIITCJI I{ TOH Beprnune, B ROTOPYIO HanpaBJieHhl .[(Be CTpeJIO'IHH, 

2 

~ 
I 

., 

\ 
j 

T.e.perneutte anepno,n;nqecKoe. Ecmr me TaKoii BepllIHHhl HeT H cTpeJIO'IRII 

o6pa3JIOT UIIKJI, TO BHYTPil TpeyrOJibHJ!Ra l!MeeTCJI TOTIKa CTOJIHUJI 

a* - -'2 A 
1 - (k-l2+li) ' 

* I A 
a2 = (k-12+11) ' 

a* - k A 
0 - (k-l2+11) 

(8) 

U3o6pamaromeil: TO'IKll, onnch!BaIOmeit COCTOJIHUe Cl!CTeMhl, a TpaeRTOpnn o6-

pa3JIOT 3aMKHJThle KpIIBhle BOKpyr 3TOil: TO'IKll, T.e. perneHIIJI nepHOL(II'Ie­

CKJie. 

PerneHnJI 3D cncTeMhl y,noBJieTBopHIOT ypaBHeHHJIM . 

ao + a1 + a2 = A, 
k -/2 11 C ao a1 a2 = , 

r.ne A u C - KOHCTaHThl_ (He 3aBnCJimne or BpeMeHII). 

4. ·,II:oRa3aTeJibCTBa 

(9) 

(10) 

11HBapnaHT (9) BBe,nen KaK II3HalfaJibHOe Tpe6oaaHne (5), a HHBapuanT (10) 
onpe,n;eJIJieTCJI JIJIHeIIHO,CThIO no KalR,lIOM.Y a; Bcex <IJieHOB ypaBHeHHJI 

ao( t) = ( -/1 a1 - l2a2 )ao, 
a1(t) = (l1ao - ka2)a1, 
a2(t) = (l2ao + ka1)a2. 

(11) 

3D cncTeMhl. Tpn oco6hle TO'IKH naxo,lIJITCJI B aeprnnuax 06rracn1: ( a0 , ai) = 
(0,0); (a1,a2) = (0,0); (a0 ,a2) = (0,0). Ilpe,nnorromeuue, 'ITO TOJihHO o.nno 

ll3 a;, CKameM, ao = 0 BMeCTe C ycJIOBHJIMH paBeHCTBa Hymo l!J)OH3IIO,lllll,IX, 

T.e. JieBhlX qacTefi ypaBHemrfi (11), npHBO,lIHT R npoTIIBOJ)e'IHIO (.nocTaTOTIIJO 

rreruo nepe6paTb BapnaHThl). 

qeTBepTaJI oco6aJI To•rna onpe,nerrJiercJI pernenneM cncTein,r arrre6panqe­

cunx ypaBneHIIfi 

ao + a1 + a2 = A, 
11 ao - l:a2 = 0, 
l2ao + ka1 = 0. 

(12) 

PerneHne 3TOH Heo.nnopo,n;uoii CIICTeMhl eL(IIIICTBeHHO, T.H. paBeHCTBO ,ue­

TepMunanTa nyJiro Be)IeT K paBeHCTBY Hymo acex Koacl)cpnunenToB, 'ITO rrpo­

TIIB<;>pe'Il!T JCJIOBIIJIM ()). 

EcmI l!HTerpaJihHaJI HJ)l!BaJI, COBrrana1omaJI C rpaHIIIJeii o6JiaCTH A, ne 

JIBJIJleTCJI nmmoM, TO •reTBepTaJI oco6aJI TO'IKa HaX0,llllTCJI BHe TpeyroJihHIIHa, 

ecrrn me rpannna 06pa3yeT IIIIHJI - TO BHJTpn ( an.nno cpa3y H3 cIJOPM.YJI ( 8)). 
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' ,' , , . 
EcnII u:1iuna na rpamrI(e Her, TO B mo6hlx .llBYX Bepnnrnax HaxomrTCJI 

oco6bre T0'IHH nma y3eJI (ycioH'IHBhlfi n ~eycTofi'IHBhlfi), B TP~Tbeit ~el)IIIUI;e 

- CC,11}!0. EcmI }RC Ta Hoit U:HHJI CCTh, TO. BCC TPH oco6h!e T0'IHH - ce.una ( Jienm 

BH,lleTb, npo.uncpqlepeHI(HpOBaB npaBhle tiaCTlI CHCTeMhl ( 4) ). 
l..JeTBepTaJI oco6an T0'!Ha OTH0CHTCJI I{ TIIITY I(CHTp • .ll:JIJI ,ll0Ha3aTeJibCTBa 

Toro, 'ITO <pa30BaJI TpaeHT0piIJI ee 0HpyffiaCT, TpeyroJihHIIH pa3fornaeTCJI Ha 4 
o6nacnr, B ualli,lloit II3 H0T0phIX o.nHa JI3 ROMITOHCHT BCRTopa cRopocTeit ( 4) 
coxpaHJICT 3HaR. .LJ:nn ,llO!la3aTeJibCTBa 3aMHIIJT0CTII cpa30BhIX' TpaeHTOpHit 

B0Hpyr qernepT0it T0'IHII ,ll0CTaT0'IH0 y6emIThCJI, 'ITO HCH0TopalI npmra/I ne­

peceRaCT TpaeRTopmo He 6onee 'ICM B .llB)'X To,rnax (6epeM IIHBapIIaHT ( 10) 
II rrpJIM,YID a1 = a; lI3 (8)). 

5. 3aRJIIOqeHHe 

TpeXHOMITOHCHTHaJI (:JD) a6cTpaRTHa/I ucmrnerma/I ,llJIHamt'l('(l{aH '➔ BOJI!Ol{ll­

OJIHaJI CHCTeMa, orrnc1,rnaeMa1I. uerro'mofi . 06hi'HHOBe11111,1x .111HjH!wpeHUH<1Jih­

HhIX ypam1em1fi /0.LJ:Y / ( 11) nma Bonhreppa C Horncmmerp1111eCHOTT ~1a­

Tpmieit HmHlicjimu1eHTOB rrpn ycnoauu c11n3n (.5) c110.u11rrn H '2D-cnnei,e c 

(H11aan)HococHMMeTp1P1irott MaTpnuelt nma Bonhrcppa ~ Jlorna Ol{Y ( 4 ). 
O6parno, no 2D-cncTeMe ( 4) c y•1erou (2) Mom110 11occrauo1111n, :JD-rncreMy 

(11). <I>opMaJIJ,110 ycno111111 (2) 11 (.5) co11na.uamr, 110 CJieJlyer nomntaTh nx 

CMhlCJI0Boe pa3mPme. Ycnoane (.5) .n~rn O.LJ:Y (,1) nrpaer poJ11, ypa1me11nn 

CBH3II ,llJIH Tpex ncpeMelllll,IX, 0TII0CHTCJlhII0 H0T0pbIX 3an11cam,1 '➔ TI! ypaHil('­

HHJI, n Il03110JIHCT nepeltTH I{ 3D-cnCTt'MC ( 11 ), COCTaHJICIIIIOtt 11:1 ypa1111e1111fi 

(4) H (6),B TO BpCMJI HclH (2) ,llaeT 110:JMOlHH0CTb Bllf'CTH IIOB,Ylo('rpcTl,IO) 11<'­

pCMCHH,YIO, llCIT0Jib3,YJI ,llBC ll3BCCTIIhle 11epeMCH11lde H 3clJlaII11y10 H0IICT<I IITY. 

CBJI3alll!,YJ{) C IIHMH. ITocJie,lluee o6CTOIITCJII,CTIIO I!Cl!0J!b:J)'CTCH 11])11 nep<'X0Jl(' 

OT ypaBHeHIIlt ( 1) R ypaBJICIIIIJll\l ( 4 ). 
IloHa3aHo, •no 2D-cncTeMa ( 4) IIMeeT emmcraeimym noc10111111y10 jlHll­

lliemrn (2), T.e. He 3aBIICJIIUHH OT HpeMeJIIJ "nJIOCHUtt mrnapna,n ... COOT­

BCTCTB,YIDIUHfi "3aROIIY coxpaaemrn 'IIICJia o6'bCRTOB., a paCOWTJ)f'IIII0fi CJI­

CTeMe. 3D-cHCTCMa ( 11) HMCCT ,llBe II0CTOJIHHh!X ,llB!llKCIIHH: l) <1.llIIIITHHIIl,Jtt 

nnocRnit mrnapnaHT (9) n 2) cTeneuHoit IIHBapnanT (10), Tan;i;e HP :ia1111n1-

mne OT BpeMCHH. 

Ilony•rnB II0CT0JIHHhie .llBHllieHnn ( rr~pBbie HHTerpaJihI) 2D- u :JD-c~1ne~1 

( 4) 1I (11 ), Mhl He M0lliCM Il0Jl,Y'IHTb HX pelliCHHfi B R~anpa~ypax. Tio3TO~IY 

,llJIJI IIO,llpo6Horo Il3,Y'leHirn TpaeRTOJ)HH a(t) RaR <p,YHRUH11 11peMem1''t HJIH 

HHTerpaJibHhIX RpHBhIX f(a 1 ,a2 ) = 0 B TIJIOCR~CTU P(a 1:a2) T'i)~6yercn 'Ill-
CJieHHhlit anaJIH3. , . , . , 
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PIIc.1. CxeMa 3B0JIJOUIIH 3aceJieHHOCTeti II0,llCHCTeM B TJ)CXH0MII0-

HeHTHOit CIICTeMe; a) R01rnypIIpy1omne IlO)ICIICTeMhl o6o3HatJeHbl upyiirnaMH C UH­

<ppaMJI 0, 1 II 2; b) C-i;pemrnMII yua3aHbl Bee nanpaBJieHHH o6MCHOII ~ ~HC
0

TCMe. 
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apeMSI 
PHc.2a 

.1acc.,1.c11.11oc111h 

Pnc.~b 

PHc.2. BpeMemme 3alllICHMOCTH H cjJa30Jl1,JC rropT)leThl IIJIII CJIY4aJI pena1,ca­

UH0IIJil,JX HOJ1e6a1mlt JareJJCJIHOCTeit II0)ICHCTCM (/.J, a2 IIJlll mi paMeTpax M0Jlemr 

f1 = 0.0030, /2 = -0.010-5, k = 0.10000!). HatJaJII,llhlC ycno,11111: (/.J = :m, 
a2 = IO, A = 100 - cyMMa JHatJen11lt ncex K0MJ,I0HCHTOB. Ilo ornM opmmaT Ha 

pHC,YHHaX 0T~0lKCHW 3Jlal!eJll111 JaCCJICHIIOCTCH. . PHc.2a. 3aceJICHHOCTH II0II­

CHCTCM a1, a 2 HaH cpy1munn BpeMemi. l{p1111aH a - rpacjmu .llJIH no.ric'ncTCMhl a1, 

HpHDaJI b - JIJIJI a2. fopH30HTaJll,HaJI JIHHHH - rpacjmu IIJI0CJ{Or0 HHBapHaHTa A 
B nponecce HHTerpHp0BaHJIJI (B IIp0113D0JibHI,JX e,lllIHJIUaX, ,llJIJI narmrnHOCTH). 

Pnc.2b. I1HTerpaJibHWe HpllDble 11' IIJIO,CHOCTH (!1, a2. I101rn3aHa JIHillb tJaCTh o6na'. 

cTn, ;.Ile B rnny naqam,ui.1x yrno11H
0tl: onpe.ueneua rpaeHTopHn. IIITpHXH B nnocKo­

cru ( HX BeJIHtJima, HaRJIOH) .n;eMCJIICTPHPYIOT IIO~~,lleHHe neH-iopuoro TIOJIJI ( a1 ;a2 ). 
PerueHJie m1eeT nepHO,llJil!eCHHil xapaHTep. ".llwcpcpy3HOCTb" <pa30Dor'o noprpera 

oTo6pamaeT Ra'!ecrBo IIHTerpIIponaHHJI DhIII,YHJJoit RpIIBoil MeTO.llOM · '.:)ilnepa ( C}.L 
Pnc.2a). 

5 



a1, a2 

90 

80 

?O 

.., l /. ,. 501 .. ,\ ... ~·, 

40 ./ • • '-. /\ 

:5011 
2, 

4011 

201• 

101• 

:o········ ~ ~ : : : : : : ~ 
<ii 

o•· 
2000 4000 6000 

-----'-'~~~~ 
0 J.D 2D 30 40 :10 fiO 70 BO '8100. 

ape.MS! 3ace.4CHHOC111b 

Pnc.3a Pnt.3b 

Pnc.3. BpeMeHHhle 3aBUCHM0CTH n cpa30Bble nopTpeThl .D:JIJI cJiyqaJI 1ma3nrapM0-

Hnqec1rnx ROJie6aHnit 3areJieHHOCTeit no.n:cnc!eM a1, a2 np11 napaMeTpax Mo.uem1 

11 = 0.0030, 12 = -0.0105, k = 0.01. HatiaJI1H11e yrnoBHJI a1 = 30, a2 = 10. 

A = 100. O6o3Ha'leHHJI Te JRe, 'ITO Ha P11c.2, 2a.,2b. Pnc.3a.. BpeMeHmie 3aBn­

cnMocTn. Pnc.3b. <Pa30Bhlit nopTpeT. 
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3ace.1tCH'HOC/11IJ 

P11c.4b 

P11c.4. BpeMeIIHhle 3aBHClIM0CTll ll c})a30Bhle nopTpeThl .D:JIJI cJiyqaJI RBa311peJiaK­

cau110HHhlX ROJie6aHll.H 3aCeJieHHOCTeit II0.11:CllCTeM a1,a2 IIpll napaMeTpax irn,n:eJill 

11 = 0.0030, 12 = -0.010.5, k = 0.01. HaqaJI1m1e ycJioBmI: a1 = 10, a2 = 10, 
. ' 

A = 100. O6o3HaqeHHJI Te lKe, qTo Ha P11c.2,2a.,2b. Pnc.4a .. BpeMemme 3au11c11-

M0CTH. Pnc.4b. <I>a30Bhlit nopTpeT. 
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B 3aBHCllMOCTll OT 3Ha•remrit Roacpqnrn;neHTOB /1 , / 2 , k cncTeMhl ypaBHe­

HIIit ( 4) ll ( 11) llMe!OT ,n:Ba TIIIIa peIIIeHllfi ~ nep110,n:Il'IeCRllit II anepuo.n:11•1e­

CRIIfi. ,ll;JIH llJIJIIOCTpan:nn Mhl IIpIIB0.11:IIM npnMephl HeROTOphlX xapa1nepHhlX 

pelRIIMOB IlOBe,n:eHIIH 3aCeJieHHOCTeit rro.n:cm::TeM a;-ThlX.· Tiepe'IIICJIHM HX. 1. 
Tiepno,n:ntJ:eCRIIe cTan;noHapHhle Rone6amrn: penaRcan:noHHhle (Pnc.2); 6mrn­

RIIe R rapMoHntJ:eCRHM {Pnc.3); no•rTn penaRcan;IIoHHhle {Pnc.4). 2. Arre­

pno,n:nqernne RBa3IICTan:noHapHhl·e Rone6aHllR {PIIc.5). Tio.n:po6Imit aHaJIII3 

qIIcJieHHhlX peIIIeHII.H CIICTeM ( 1) II ( 4) BJ,IXO,ZlIIT 3a paMRII uacTOHII(eil: pa6on1 

II Tpe6yeT OT,n:eJII,HOro paCCMOTpeHIIH. 

3.n:ecb JIIIIIIh OTMeT~IM,· 'ITO rrepH0.11:II'IeCRIIe peIIIeHIIJI He RBJIRIOTCJI aBTO­

ROJI_e6aTeJibHhlMII B CMhICJie TeopIIII ROJie6aHIIH II rrpe,n:eJibHhle IUIKJihl B 3TO;I 

CMhlCJie OTCYT.CTBJIOT._ E.n:nncrneHIIaJI BHJTpeHHJIJI oco6aJI To•rna B o6nacTH A 
OTHOClITCJI R TIIIIJ "~eHTp'.', 'npII'IeM .B ee ORpeCTHOCTH CJIIIeCTBJIOT 3a1mny­

Thle n:n~mr<recmre Tp~eRTOI)irn. l\1~r oTMe•raeM 3TOT tj>aRT. rrornom,Hy 11om110 

yRa3aTb {[4]) rrpIIMep neRTopHoro noJIJI, ROTopoe ne 1rneeT 3a~muyn1x Tpa­

eRTopIIil: B neuyneBOH oRpecTHOCTII R}~HTll'IeCR0H TO'IHH TJUJa ue1np. 

a1, a2 
100,t---'------===---------
90 

90 

·:,.1z~_,:.._,...;,;.::,,,......:, __ ~~--~~~ 
2000 4000 6000 

epe.At5! 
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1oj· ·/ · ~: - . <ti 
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0 W W ~ ~ ~ = = = = ~ 

3(1('('.'I(' ll'HOClnb 

Pnc.5b 

Pn:c.5. . BpeMeHHble 3aBHClIM0CTH H cpa30ilhJe rroprpeThl ,llJI/l CJIY'Ja H aflP]ll10.llll'H'­

CKHX ROJie6aHII.H npn napaMeTpax 110.ueJIH l1 = 0.0010, 12 = -0.0050. I.: = -0.00,5. 

HaqaJI1Hh1e,ycJioBIIJI a1 = 4.0, a2 = 1.0, A = 100. O603naqenn11 H' a,e. 0ITo na 

Pnc.2, 2a, 2b. PHc.5a.. BpeMeHnhle JaBHCHM0CTH. PHc .. 5 b. ~a301Jui1 nopTper. 
' ) 

AMJIJITY.11:hl, qacTOThl JI cpop1rn ROJie6aHJii1: (reoMeTplrn lllll{JIOH B flJI0CROCTH 

P) onpe.n;eJIJIIOTCJI,Ha'IaJlhHhlMH ycJIOBHHMII CIICTe;.i II OTH0IIIeHHfl111I HmcjHJm­

uneHTOB B ypaBHeHIIJIX nepaBHOBeCHhlX ycTOH'IHBhlX CHCTeM ( 1 ) , ( 4) u · ( 11). 
3a,n:atJ:a onpe,n:eJieHIIJI JilOMJIHJTbIX '3aHHCHMOCTei1: II CjJa30BhIX COOTHOIJJeHIIH 

ROMil~HeHTOB O'leHb CJIO}RHaJI lI Tpe6yeT ,llJI.II CB0ero penremrn pa3BHTIIJI IIOBhlX 
r \ 

MeT0.11:0B.,, 

Ho,n:tJ:epRHeM, qTo paCCMOTpenHaJI 1!0,ZleJib OTJIII'IaeTCJI OT o6hl'!HO pac­

CMaTplIBaeMhlX B ,Zlirnainme IIOIIJJIJIUHH. Mo.n:eneil: CIICTeM "XIIII(HH.K - mepTBa" 
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nma MaJJbTyca - <l>epXIOJJbCTq [3], a TaHme ll OT ypaBHeimit XHM/l'IeCJ{HX pe­

aKD;llH B 3a,11,a•1e XllMil'IeCIWH KllHennm HaJJHqneM "3aKOHa coxpaHemrn 'lHCJia 

o6oeKTOB", Bblpamennoro ypaBHem1eM CBJI3ll ll COOTBeTCTBJIOIL(eit J{0COCHM­

MeTpnqHQCTblO MaTpI!D;hl KO,Hpcjnu1,11eHTOB cncTeMbl. I 

BJiaro.n;apHocTH 

ABTopaM rrpmnno rro6rraro,11,apnTb rrpocpeccopoB )l. C. liepHaBcuoro 

(<I>I1PAH), M. A. Mapu;emoHa (TionnTeX.llH~T,fiepMb), B. I1. Hoporo,11,n­

na, E. TI. )l{n,11,KoBa, B. TI. fepma, B. JI. Jlm6onmu;a (O1UII1, )ly6Ha) 3a 

rroJJe3HMe 06cym,11,emrn, a TaH~{e C.KCrrerrH~Ba (OI1JII1) 3a ci'nMyrrnpyIOIIJ,He 

3aMeqaHllJI Hpll rro,11,roT0BHe pa60Tbl I{ rre'laTn. MM rrpll3HaTeJJbllhl HOJJJJeraM 

H3 rpyrrrrhl fl1BC JIB8 H IO. JlyHCTHJiblliJ (AT.), ~eHTOpa no JIBTA 1i 

A. CarrmmmHOBY ( B. P.) 3a rrpeJlOCTaBiienne. B03M0}l{HOCTll llhlIIOJJIIHTb 3TO 

HCCJJC,11,0BaJIHe. 
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1B KatieCTBe npl!Mepa Mhl IICII0Jlb30Ba/JII namy M0,lleJib ,llJIJ1·11pornoa1qH>Billllltt pacnpe­

,lleJieHl!JI 'll!CJia roJI0C0B 11a611paTeJ1eil B <jlyHKUIIII epeMe!ll! npl! Bhlfiopax 113 tlnyx liall/ll1· 

,llaT0B Ha ,llOJllKIIOCT~ ,llJIJI HeK0T0poll peaJibH0il 11a611paTeJlbHOil Ka~mamrn. Ha 11efioJ1hlllOM 
npeMeHH0M IIHTepnane (npe1101,16op11aJ1 KaMna1111J1 11 c~6cTBe11110 apeMJI n1,1fiopon) •111cno 
11a611paTeJ1eil M0lKH0 C'll!TaTb nocT0J!HllhlM, T.e. Bhln0JIHHeICJI "aaKOH coxpa11e111rn '111CJia 

11a6npaTeJ1eil". Ilp11 3T0M 11a611paTeJ111 KaK 61,1 C0CTaBJIJIJIII Ipll K0Ma11111,1: ,llBe IWMall,llhl 

J106611cTOB - "3a 0,llH0ro (IIJIII 11pyroro) 1rn11111111aTa"' II K0MaH/lY "PaaHOMhlCJIJlll(lle"; l\a­

'leCTBeHH0 peayJihTaT nporHoaa coanan c peaJibll0CThlO, K0J11t'leCTBem10e pacxolKtle1111e ne 
npeBhlCIIJI0 2.5% B cpaBHellllll C 06'bHBJ1e1111m1 peayJILTaT0M roJI0C0BaHIIJI. 
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