Mognens Ilpuroxuna u ero mkousl - bproccensitop. Obmiast cxema nporiecca:

A—->X+ A, k 1

B+X—>Y+D+B, k,

2X+ Y > 3X, k;,

X - E, k4.

Kak u B cxeme JloTka-BosnbTeppa cucteMa OTKpbITa 1O UCXOAHBIM BelecTBaM A u B.
HenocraTtkom cxeMsl SBIISETCS TO, UYTO HA TPEThEH CTAANM peakLus TpPUMOEeKyJsipHa. OHaKo B
(epMEeHTAaTUBHBIX PEAKIUSAX TPUMOJIEKYJISIPHbIE CTAAUN BO3ZMOXKHBI.

Kunernyeckue ypaBHEHUS 1715 IPOMEXKYTOUHBIX COEIUHEHUN UMEIOT BU/I:

U A1k T81 -, X 1, LT
A a8 s P00,

W3 ycnoBuii cTallMOHAPHOCTH JIJIS1 POMEKYTOUHBIX BEIIECTB MOJIYyYHM CTAllMOHAPHBIE

KOHI_[eHTpaLII/II/I:
ky kok4[B]
X, =—14 Yl =—7""72.

JI71st MpOCTOTHI aHAMKM3a TIpeiieM K Oe3pa3MepHBIM KOOPIUHATAM.

1/2 1/2 5, \1/2
Xs, :(lli_i] X 1, :(lli—jj ¥}, 145, :{114153] [4], [Bls), :%-

Janbiie uHaEKC Op omyckaeM. Takoil mpueM Mo3BOJIseT TakKe U MOJAECTUPOBAaHUS UCIIOIB30BaTh

SHa4YCHUSA IJIA BCCX KOHCTAHT PaBHBIMU 1.

_ _L8]
Torna [X]st _[A] A [Y]st - [A] :

XapakTepuCcTUYECKOE yPABHEHUE Il AHAIN3UPYEMOM CUCTEMBI UMEET BU/L:

02 + (41 ~[Bl+ o +[4])> =0 u

oz =5 (1Bl 1-141) e [[[B1- 1[4 -4 2.

OTCI0/1a TIONTyYaeM yCIOBHE HEHTpanbHOi yeTounsocTu: [B] = [A]2 +1.

Tpu [B] > [ 4]? +1 6ynem nabmonats HesaTyxatoume koneGanus. [lepuos koneGaHuii 1 AaHHOi

CHUCTEMBI IPU HEUTPATBHON YCTONYMBOCTH ONIPEIECTSAETCS YPABHEHUEM
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YHUCJICHHOTO pELIeHUs] KUHETUYEeCKUX ypaBHeHu nporpaMmmy KINET.
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MonenupoBaHue MPOBEACHO MPHU YCIOBUSIX: Oe3pa3MepHbie KoHIeHTparuu [4] = 1,1, [B] = 3,0,
[X]o=0,5, [Y]o=0,5 - kpacHsIe kpuBsbIe, [X], = 2,0, [Y], = 1,0 - duoneToBsIC KpUBHIE,

[X]o=2,0, [Y]o=2,0 - cuHue KpuBHIE.

®a30BbIi TOPTPET IPU TAKUX YCIOBHUSIX UMEET BUJI MpenenbHoro nukia. OnHako ¢popma noprpera

3aBUCUT OT MapaMCTPOB MOACIIN.

2
HpI/I [B] < ([ A]2 + 1) CHUCTCMa BBIXOIHUT HA Hpe,[[eJ'IBHLII\/’I IUKII 11O CITUpaJiv, IpU4IeM YHUCJIIO BUTKOB

criupayiv TeM OoJibiie, 4eM OO0JbIlle MHUMAs YacTh PEIICHHUS, T.€. YeM OO0JIbIIE pa3HHIIA

2
([A] L 1) —[B]. Ha cnenyromem puCyHKe 9Ta PasHUIA PaBHA 2.



bespasmepnsbie konuentpamnuu [4] = 1,1, [B] = 2.31, [X], = 0,5, [Y]o, = 0,5 - kpacHbIe KpHUBHIE,
[X]o=3,0, [Y], = 1,0 - puonerossie kpussle, [X], = 2,0, [Y], =2,0 - cuHHe KpUBHIE.

2
Ipu pasuuIe ([A]2 + 1) —[B], paBHoii 1,31 4KCIO BUTKOB CIIMPAITH MEHBIIIE.
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bespasmepnsbie konnentpauuu [4] = 1,1, [B] = 3,0, [X]o, = 2,0, [Y], = 2,0 - cunss kpuBasi.

2
A mipu [B] > ([A]2 + 1) CHCTEMA Cpa3y BBIXOAUT Ha MPEICIbHBINA UK.
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bespaszmepnrie konuentpanuu [4] = 1,1, [B] = 5,0, [X], = 0,5, [Y], =0.,5.

Ipu [B] < [A]2 +1 Oynem HaOMOIATh 3aTyXaIOIIUE KOJICOAHMS.
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MoaenupoBanue nposeaeHo npu ycinosust: [A] = 1,1, [B] = 1,8, [X]=[Y] =0,5.
Ha ¢a3zoBom noprpere nonyunm ¢pokyc ( puUcCyHKe A7l OAHUX U TeX K€ 3HaueHusiX A u B

MCIIOJIb30BaHbI J1Ba pa3HbIX HA00Opa KOHIEHTPALU MPOMEKYTOUHBIX BEIIECTB).
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AHaIMTHYSCKOE PENICHUE CXEMEL.
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dx klk
— =(k,B—k, )x+—= A%y +olx*,xy,x*
) x=X-X, di (2 4) ;2 y ( 3% J’)
[TepeiinemM K HOBBIM TIEPEMEHHBIM vy T y 2 ,
y=14 -1, y 13 2 2 2
— =—k,Bx — A y—olx",xy,x
d 2 kf y ( y y)
k,k, B kk
rae o(xz,xy,xzy)= 2A X422 Ay +kxy .
k, A k,
k12k3 2
O6osnaunm a =k,B—k,,b=——=A4", c =—k,B unpenebpexeM ueHAMU MOPSIKA MATIOCTH
4
BBIIIE TIEPBOTO.
ax =ax + by
[Monyuaem cucremy auddepeHIMaNbHBIX ypaBHEHUI dt C HAYaJIbHBIMU YCIOBUSMH
Y
—=cx—-b
dr Y
x(t =0)=x,
y(t = 0) =Yy

HpezmonceHHas[ CUCTEMA CBOAUTCA K OJHOPOAHOMY .]'IPIHGIZHOMy YPaBHCHHUIO BTOPOTO MMOPAAKA:

1( dx
BbIPa3HM y(t) U3 TIEPBOTO YPABHCHUS CUCTEMBL. ) = Z(? - axj U IPUPABHSAEM €0 MPOU3BOIHYIO
t

2

+(b—a)@—b(a+c)x20.

1(d*x dx 1( dx
1o ¢ KO BTOPOMY: — —a— |=cx—-b—| ——ax |, oTKyna ”

b\ dt? dt b\ dt

t2
XapaKkTepucTUIeCKOe ypaBHEHHE: @ + (b - a)a) - b(a + c) =0, KOpHAMH KOTOPOTo OyayT
o, = %(a —bx(a+b) +4bcj.

Ecii KOpHH @, , JICHCTBHTENbHBI, TO o0uiee pemenne ecth x(1) = Cie™ + C,e™ , B KOTOpOM HeT

KOJIe0aTEIbHON COCTABIAIOIIEH.

o 2
Hanuuuto konebdanuii npu D = (a + b) +4bc < 0 cooTBETCTBYET Mapa CONPSIKEHHBIX

KOMIUIEKCHBIX KOpHEH @, = Tiff e a = %(a —b), B = %«/_D )

Jlerko nmokazate (cM. IlpuiiokeHne), 4TO B 3TOM CiIydae 001Iee pereHue ecTh
x(t) = e”(C, cos fit + C, sin fit). Beipazum y(t) = —

l(dx j
——ax |:
b\ dt

y(t): e‘”([a;a C, +§C2]cosﬁt+(a;a C, —gCljsinﬁtj.




OcTanoch onpenenuTb KOHCTaHTHl MHTETpUpPOBaHus. 113 HauanbHbBIX YCIOBUH Cpa3y MOJIydaeM

3Hauenne C;. [luddeperuupys x mo ¢ 1 MojACTaBUB 3HAYCHHUE MPOU3BOIHOM, a TAKXKE I X B

xO = x(o) = Cl Cl = XO
BBIp@XEHHE IS Y, TIOTy4YuM U 3HaueHue C,. a—a , b a—a .
Yo =y(0): C1+§C2 G, :Eyo_ B X0

OKoOHYATEIBHO MOJTy4aEM:

at b B .
x(¢)=e™| x, cos Bt + Eyo—%xo sin St
ot a-a (@—a) B

y(t)=e”| y, cos ft + ; Yo b—+;x0 sin St

TTOHATHO, Y4TO B CUJIy TOTO, YTO NPH BHIBOJIE IPEHEOPEraeM Iy PEICHUM YICHAMU
k,k, B k. k
o(x2 Xy, x° y) =24 = x* + 215 Axy + k,x” y peruenuie B GoJIbIIeii CTENIEHHU, YEM TIPH AHATU3E
k4 K,
cxembl JIotka-BonbTeppa, 3aBHCUT OT COOTHOLIEHUH /X U y/Y: GIIM3KKME PE3YIbTAThl YUCICHHOTO
MOJIETMPOBAHKS U AHATMTUYECKOTO PELIEH s Oy Iy T MOJTy4aThes TOIBKO HPU MAIbIX 3HAYEHHUAX X H
¥.
IIpunoxenne.

M3 teopun oxHOpoAHBIX 1uddepeHInanbHBIX YPaBHEHUH H3BECTHO, YTO (QYHKIHU X, (t) = lavip) ,

X, (t) = ¢l* P! gpngioTes dacTHEIME PELICHUSMH OJAHOPOJHOTO JTMHEHHOTO YpaBHEHHS 2-TO MOpsaKa U
00pa3yroT hyHIaMEHTAJIbHYIO CUCTEMY PEIICHUH, T.€. UX IPOU3BOJIbHAS JTMHEHHAs KOMOHMHALUS Oy IeT

OOIIMM PEIICHUEM YKa3aHHOTO yPABHEHHS: x(t) =Cx, (t) +C,x, (t) Bmecro stux nByx QyHkimit

xl(t)+x2(t) )72(1): xl(t)—xz(t) "

PaccMOTPHM CIIEAYIOLINE UX JINHEHHbIC KOMOMHALMK: X, (t) =

2 2i
§ e re ol o
npeoOpasyem mnoyrydeHHbie QYHKIMY 110 Gopmynam Diinepa: COSt = T , sSInt = 2
1
e(a+iﬁ)t + e(a—iﬁ')t etﬂt + e—iﬁt
%,(t)= =e” =e” cos [t
2 2
(a+ip)t (a=ip)t ipt —ipt
~ e —e e’ —e .
x,(t)= . =e” —— =¢” sin S
2i 2i

HM3BecTHO, 4TO Takas 3aMeHa He HapymaeT (pyHJaMeHTaIbHOCTH CHCTEMBI PEICHHUH, T.e. o0Iee perieHne

CHOBA IOJTy4YaeTcsl KaK JTMHEHHass KOMOMHAIHS x(t) =C/X, (t) +C,X, (t) , HO YK€ HE COIEPKUT

xommiekcubix wncen: x(t) = e (C, cos Bt + C, sin f).



Pacuer 110 BeIBEZICHHBIM YPaBHEHUAM U MOJEIMPOBAHKE C UCIIOIb30BaHueM nporpammsl KINET
ObUIN MPOBEJICHBI P CIEAYIOIIMX MapaMeTpax MOAEIH: BCe KOHCTAHThI IIPUHSTHI paBHBIMHU
eMHUIIE, HaYaJIbHbIE KOHIEHTPAIMU BEeUIeCTB A U B cOOTBETCTBEHHO paBHbI 1,1 u 2,31,

OTKJIOHEHHUS HaYaJIbHbIX KOHIIeHTpauil X n Y cocrtasisum 0,05.
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Ha ¢azoBom noptpete npoiiecca kpacHasi TPa€KTOPUS - pe3yiabTaT KOMIBIOTEPHOTO
MOJICIIMPOBAHUS, CHHSIS - pPacyeT KOHLIEHTpaIHii BeriecTB X 1o Y BbIBEICHHBIM (POPMYIIaM.

Kak BuiHO U3 IpUBEIEHHBIX PUCYHKOB MPUOIMKEHHbIE aHATUTUYECKUE PELICHUS
YAOBJIETBOPUTENIHHO COBNAJAIOT C PE3yJIbTaTaMU KOMIIBIOTEPHOI'O MOJIETIMPOBAHUS [IPU HE OUYEHb

OOJIBIINX 3HAYCHHUAX BpPEMCHH, a fajicc Ha6J'IIO,I[aIOTC$I S3HAYUTCIBHBIC PACXOXKIACHU.



