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i 2 QOPMAJIM3ALINS 3AJAYM OBOBILIEHHOTI'O OLIEHVBAHN S

COCTOAHNA JTMHAMMWYECKUX CUCTEM
X,,.=F(kO)x, +w, 2z, =H(kO)x +v,

=[x, 107 ] xp, = fPGef )+ gl (xf kw2, =R (x] k) +v,.
Frext )= FTk,8) o] grxt k=[G k0 o]
Xkl kJey )=[110]x"(k|k,k,).
X =0 (k+1LkO6_)x; +G_(kO_ju +w] z,=H _(k,0_)x’+v,, 6=12,...n,
Xpw =¢,(k+1LE,0)x; +G, (k0 )u, +w, .
zZ, = Hp(k,ep )xf+v, 6=12,..,n,
w, =[w, (k)Bw, B.w’ (k)]" x =[x (k)R.x (k)]"

0, =[OTIOTL.67 )7 H (k,0,)=Y B.H, (K0, ).
o=1

£ £
x? =[f[x(’;’k]]x§ +[g[xg,k]]uk +{é]wk, z, =hfx] k]+v,

h[xf,k]EH(k,Q)xk,f[x,f,k]E¢(k+l,k;9)xk,g[JCf,k] =H(k,O)x,




cuiin 3 PEI'VIIAPU30OBAHHDBIE AJITOPUTMbI ObOBHIEHHOI'O
OLIEHMBAHUS HEJIMHEMHBIX JUHAMUYECKWX CUCTEM IIPU

HAJIMYMN OLIMBOK B MOJIEJIM OBBEKTA YIIPABJIEHIM A
G 0 oty ) (R e s e Xl o ) B L e B

=g () k=12..) .2 =22, ... Z0)
e = (X, ). X =X YK (Vi = Zijpan )
Xe/eer = Xesia (e sevr Ui ) Zisioer = Zisia (Kipors U )
B i), B =0F B ), & =215.%).
X, =0, (% U )FCox . 2 = Ey(Xy ) Hyx, + Ly,
CHENRTAYE F;(’Ek-w“kq)_ CoXpys Ep(Xy /0] = Z;(’Ek/fc—v v =0)—Hx .

Py =, min {M(Xf; — Xy ) 22 kXX + Z kszlk;tﬁz}’

ki (6=1,2,..,m) =1 g.=1

Zkfy,,?r = (t=12,..,ms=12,..0).KI =A_(k=12.).

=1

K,=AJT7+2Z(1-1,07). T7 =lim(r, +ad ' a0,

a—0

K, =k, — g M) Tkl - ) r=12...g,(rT)=(r7 +aa )",
g M) =(a+A)" 0<A<w i/ =k~ g (IT) (rfié;{r_l _ /1;;')+ W, r =12 w,, | <.
kKl < |- rre, (rD ) (e 42

<

+¥e .



it OIIEHMBAHUE OBOBIIIEHHOT'O BEKTOPA COCTOSHU S
HA OCHOBE ITPUHIIMIIA PEI' YJIAPU3ALIMI
P (k+ 1) = @|x? (), k |+ Blxr (o). ko) L hck) = 2P (k) k|- mek )
J= ; 1[h(k+1) el k), k1] < ek +1) = 2]xr e+ 1)k +1])

ke=ky

- LY RR) s YUY RRE )

I3 l[h(k+1) 57 (kv Uk 1] ek - 2#m e 1) 1)+

kkg

' 1azl[xp(k)—fp(k)]TV;[,%P(k)—fp(k)h ! fw(k) Vk )+ Z?f’(kn)x

Aol (k) |+ Bz (k),k]ﬁz(k)— #(k+1)}a>0,

oficie)— 2 (o) k= m, + wdle ol .| =n,.

57 (k+1) = ol#? (k) k| e+ 1)¢ [“’;ig;;:)l)k 1]

[ F k) k1)) oV R (k1) B (k4 1],

M (k+1),k+1]
o5 (k+1)

wkH =Wy

Vn_l(k+1)[h(k+1)—

P(k+1)={I—- Plk+lk )+ oV Pk +1k )} Pk +1k ).




Coaia 3 AJITOPUTMbI OBOBIIEHHOI'O OLHIEHMBAHNU A
JIMHAMNYECKUX CUCTEM B CUTYALIN HEOITPEJAEJIEHHOCTHA

= flx) ul A% k), z,=f(x)),x=%x,, A°=A+AAd,
O = S0l A0, )+ BAF(x2,u°, A% AALK, )
f(xl,uz,Ak)+bX 2P =h(x],i)+v, 0<Si<N—=1,x,,., = fol x50 Wo, . K, ),

FACHR VN Ao

*ur | . 0
Xup=| T | Jo (X oty s Woy ke )= | T +dwy s d=A___ |
Xf,k X;‘}k E

1+1

1;+1

Zk_ZF G.k), (0<k<N-1},

F,(i.k)= %{ —h, (x5, I)]TV [Z — B, (x5, 3)]+ W, oW 2:&} (0 <ks<N- 1)
F,(0,k)= /2 {Z;p — 7y (X300 :0)] Vu_ [Zf = hy (x50 :0)]+ wzn,szuwzu k }"' A [3_630 - xBD,k] Mzu [530 - x30,k]

Mo X301) = A%y, X =0,1); X {xo }
X,

-’Esk,k = J%Bk,k—l + Mzkhsz (5&3;(,;;—1 o1 ){Vk_I[Z;f - ]72(';&3}(,!{—1’ l )]},
Yot = ol Xprporr Uy s Wop_ s = 0,6 =1),
My, =|F, k-1~ v, B, =k k=12,
My, = fou(k-Lk—UM, fr(k—1k—1)+d0;. d" .



cain 6 AJITOPUTMbI OUEHMUBAHUWA BEKTOPA BO3MVYIIIEHNU
B 3AJJAYUAX OBOBILIEHHOU ®UJIETPALIMU

xp = fo(x]u,_,wk)), k=12,...,

w=0?% 0% o™,

)

N

0. n=12,.N: wk)=) o™q,(k), k=12,.
n=1

z, = fL(x2,W(k), k=12,..,

NZ
Wik)=> W"q k) w=w® w® ),
n=1

N
~ . . 2
V = argmino(V) =argin) BV, V =(35we).

l;/(V) =Sp(B"ee’ ) e=z- Zy, V= m;n[q/(V)+ BJ, (V)],B >1,,

N N
Y )=a+y B+ ) a0,y <1,
n=1 n=1

V.o =PV, -, (y'(V, ) +5,7,)),

r+l

o =(1+r)"? e =(1+r)?, 0<p<l.



cmiin 7 PEI'VJIAPU30OBAHHBIE AJI'OPUTMbI KOPPEKIIMI PE3YJIBTATOB
OBOBIHIEHHOI'O OLHIEHUBAHIA COCTOSAHUA 1 ITAPAMETPOB
kal 1. (k, xk,uk,g/k) k e[kO,T] z, = gﬁ(k xg a’k,(pk) z=2z R,
X, =F*(kX,z.V..K,) K, =FF (kX 2.V, K, ) Xk—[ Loy, ] ke [k, T],
x —me! —x, QU xu.c)=0 Vkelk,,T],
(k Xy iy, CL) = Ac k), |Ac, (k)\<s Vke[kO,T],
< HQ(k xi ,uk, uk,c )H< HQ (k,x] ,uk,

HQ(k x, 7 ,uk,

{E}_) f?gz}nv (s)= mmHQ (k,x] —s,,u,,c, ’

=8, U,C,

@;,5}% ménvs(s,(ig‘la) = méln’
{8 } {5.¢ }
V(D)=H (D)H(D),
H(D)=[H. (D), z—lnoNg [h[i‘ ,DJ,.. ,h[ DJ i=ln, ],
ovED) _ i I

s "(DYH(D)=0,
I n F 5[ -
¢(D)=0H(D)/oD =[0H (D)/ 2D, i=1,mN, j=1,11,
M E IT @ 1 IT M )
Dy = D(;—l) + A (g(; 1)% 1) +a I) SG-nH (D 1)) J=LJ,,

=D z( ryé oD
O (1)Jr S(- 1)%1)“)‘; i} SGH (D),
r o=diag? &, ) @ =B(+D?, B>>0.



cmiin 8 PEI'YJIAPHOE OUEHNBAHWE OBOBILIEHHOI'O COCTOAHNUA
JIMHAMNYECKUX CUCTEM ACUMIITOTUYECKUM METOJOM

Xy =1 (xf. )+ G(xf . R)w,, =y(x;.k)+v,, kel0,k,],

V,(m)= exp(— n]%a,e cos(Bp,.m); V,(m)= eXJ{ n JZ . cos(o,m),

w Je=1 n k=1

W, (M) =V, (n)exp(in/n,); v, (m)=V, (m)exp(n|/n,),
ﬁ_—Zzﬂ(k)+0(8) kelawk,], v qu(k)+0(8) kelouk,] a=oc),

2 (k) =+ B ) e k), quck) =(1+m2BL ) (k).
., = f(30 k) +K (3 k)[z, — y(3 k)],
K (&b )=V, (k)JH (%.k ) N,

Vo(k+1)=F(3%,k )V (k)+V (k)F(% k) -
~V(k)H(Z k) N H(X, k)" V. (k)+G(x, .k )RG(%, k) .



cain 9 PEI'YJIAPHOE OLIEHUBAHWE BEKTOPA COCTOAHUA U
ITAPAMETPOB HA OCHOBE METO/JIA KBA3SMJIMHEAPU3AILINI

X = fIx K]+ w,, z, = Hx, k] +v,,

E{wkwf}ZQkCSk_ja {k }R6kf’

i+ . ‘ af i ad i ah[j&r’i’k]
g, =CpX 1+vk j=12...m, z, =z, —h xkj’kj:l—i_ Cy %y Cy, = vy z
X
2
- ai ah[xk ] sitl Ai “ i "I+1 2
:Z ij —h[xkj,kj] a [ ] :Z C R .
J=1 Ry, J=1 j

A 5(,;1 Ns'+1
Mz+l Z[Qm] CTQ,CC Q;;l, Nx+1 Z[Qm] CTQ;C [Z;c C pz+1:|, x}iﬂ —Q?lfc:rl—l-p;ﬂ,

k
@;ﬂ @F[I ]Qm Qz+l I, = f7& k]_af[ k][a; x+l]

P
Ox, ax;c ’
i _ i+ O(IIINM
ky
n n n 2
Goa[ .t+l] HM.tH i+1 Nx+1 + ol .t+1 0(>0
I+1 Z

Gr[ﬂx+l] HAJHI ~i+1 N1+1

-~ -~ ) ~ 1(.7') ~ 1(0{')
Inf Gr[ z+1] Gr|: i+1V , x;—;— z+ , po(r)

x}%l eXx

, r>0, a=1/r

1‘+1£1‘+1(r) . NHl

ky s

y —r n PO(’;H,}')(Q - PO(’;+1,?)) ,y= 091 ......

i+1,¥+1 i+1y 6
o (’§+1,y)




Coatin 10 AJITOPUTMbI ObOBILIEHHOI' O OHEHNBAHIM A
HA OCHOBE KYCOYHO- TAYCCOBCKOU AIIIPOKCUMAIIUU
ATTIOCTEPMOPHOU IIJIOTHOCTU

0,,=09,. x{ =y, (O)+O,x) +w,, z, =3, O)+H, x} +V,, k=12..
¥ (0) =¥ (0)) + ¥ (0 -0)).1:(0) = 1,(07) + 2067 ).

¥ =% R IR 00+ 0L =B 0] ) F0),

i“vi-1
M M
éi = ZII af@Nj(g,ijéj)dedxi , X = ijxiafNj(%,%jﬁ;})dedxi 5
j=l o j=l o

b = [6f/(0/7, )b,
QJ’

0,=> alb), % =) %o/ +(P" ) (PY)"b .
=1

j: ]_ _}:



ce I PETVIISIPHBIE AJITOPUTMBI HA OCHOBE OBOBIIEHHOI'O

PA3IEJIEHHOI'O OLHIEHNBAHINA
X, =F (x,0,w), k=012, x(0)=x,,

z, =G, (x,,0,v,), £=012,.., z(0)=z,,

£ = %(0)p(6,2°), P =Z{Pk(ez.)+[5&k(el.)—5ek][.>ek(ei)—p’ek]:”}p(ej. 7))
p(e ’ZJ’HI) — p(zkﬂ | Zk’ex')
> p(z,,125.0,)p(0,|2")

J=l

X,,=f(x.,0)+g (x.,0w, £=012,.., z =h(x,,0)+q, 0Oy, £=012,...
-%k+1|k(91) = fk(j‘:k(er )’91‘)7
Kpa(0,)= P (8, H (0, )7 [H (0, )Py (0 )H 1 (0, )7 + Gy (0, )Re@n (0, ) + 0|

X, (0 ,eA ofr {x (0 ’e T
Bm,k(et.):@(k(x%( ;) .:)pk(el) fk(xkgAI) ;)

(8,12°),

+g,(%.00,).0,)0,2,(%.(6,),0,),

Xy Xy

Pk+1 (ex) = Pk+1|k (91) - Kk+1 (es )THkH (ez )Pk+l|k (es ) .



cem e PEIVIIIPU30BAHHBIE AJITOPUTMBI OLIEHUBAHN A
HA OCHOBE ®OPMAJIbHOM MOJEJU ABUXEHUA
YITPABJIAEMOI'O OB BEKTA

S-1 _
Wt)=3d0,(t)z, =y +v,, 1=0,L-1, p=0,P—1,y,(t)=d y(t)/dr
s=0

=,
J=|z-y =[z-0d]"[:-04],
2= {zp 2z, Vs 2, =002 s s =01, ©=10,0,..0,. ),
0, ={0,p=0P-1s=0S5-1)7, j=0,L-1,
y= ooy Vs y= 9V =01, d={dydyd, )"
Od=z

2

|08 <, |z-z] <3,

|©,d, — z5| < |©,d, —©d, + z - z;|| < 8 + h|d|



Caaiig 12

PEI'YJIAPU30OBAHHDBIE AJITOPUTMbI OLIEHMBAHU A
HA OCHOBE ®OPMAJIbHOM MOJIEJI JBUKEHU A
YITPABJIAEMOI'O OB BEKTA

d, =Bz, d, =B,z ,

o

B,=g,(0'0,)0 =(®®, +al )'®’, B, =B,0,B,, .

d  =(0'0,+al ) (ad,, +OTz ) n=1..,m,

d. =(00,+u ) (ad_ +00,d )n=1.m., d=d .d=d, 6 (r=a™),

m—1 ‘ l 1 »
(+)= ;( )f“_I{l_(lwx)m}’r_a ’

m—1
B, = Bgf) - ZOLJ (,®§:®k + O’J)_(ﬁl)@g > Em = Eéhm) = Bgf)®k8$) >

J=2

©,d, —z,|=b(5+|d,|i1), b>1.



Canaii 13 CXEMA YCTAHOBKU JIJTA BHIITAPUBAHNA
I[TYJIBITbI AMMO®OCA
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AMMHAK
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1 — HaropHBIN 6a40K; 2 — aMMOHHU3ATOPHI;, 3 — TOTKA; 4 — OPBI3TOYIOBUTENR; 5 — OapOoTakHas TpyOa; 6 — peryiIsaTop
YPOBHSI; 7 — BBIMIAPHOM anmapar; 8 — XpaHWJIUIIE UCXOAHON KUCIOTHI; 9 — 1eHTpoOexHbie Hacochl; 10 — cOOpHUKY;
11 — cOOpHUK HMUPKYISIIMOHHOTO pacTBopa; 12 — monbii ckpy00ep



cuinie KOHCTPYKTUBHAN CXEMA BBIITAPHOI'O
AIIITAPATA bAPBOTAKHOI'O THUIIA
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1- Tonka; 2- razoxom; 3- 0apOoTakHas

6 TpyOa; 4- BOJOOXIaXKJaeMblii HAKOHEUHUK
YraperHas 0apOOTaXKHOU TPYOBI; S-peryasaTop
Iy JBa YPOBHSI; 6-KOpIyC anmnapara;

7-OpBI3royJI0BUTEH




Caaiix 15 [TOKA3ATEJIN PABOTbI ITPOMBIINIJIEHHOI'O BBIITAPHOI'O
AIITTAPATA bAPLOTAXHOI' O THUITA

[Ipou3BOAUTENBHOCTD, T/4
110 UCXOJTHOM ITyJIBIIE 32-36
10 BBIIAPEHHOM BOJIE 8-10

Brnaxuocts nynbensi, %

VCXOTHOM 60-65
yHnapeHHON 35-40
Pacxon npuposoro rasa (Q=34.8 MJIx/ M%), M> /u 700-800

VaenbHbIN pacxo] Ha BeIapuBaHue | T BOABI

IIPUPOHOTO Ta3a, M>/T 90

AJIEKTPOAHEPTUH, KBT 4 16-20
Bnarocwem, kr/ga

¢ 1 m® pabouero o6bema anmapara 600-700

¢ 1 M? 3epkana ucnapenus 330-400

Temneparypa, °C

TOMOYHBIX Ia30B B 0apOoTaxxkHOU TpyOe 600-800
OTXOJAIIMX I'a30B W3 anmnapara 90-95
VICXOHOW ITYJIBIIBI 85-90
yIApEHHOM IyJIbIIbI 80-90
I'my6una norpy:xenusi 6apO0TakHOM TPyObl, MM 250
CxkopocTtb raza B 6ap0OoTaxHoi TpyOe, M/c 60-80
Hasnenue, klla, B 6apboTaxkHoii Tpyde 440-540
B ammapare 98.1

CojiepkaHue B OTXOSAIIUX ra3ax, Mr/ M
aMMHaKa 50-70
dbTopa 10-15




Caaiig 16

D®OPMAJIM3ALIMS TIPOLIECCA BBITTAPKM AMMO®OCHOU
TYJIBITbI KAK OBBEKTA VIIPABJIEHUSI

Ynpassironme napamerpet U=(u ,u,,), TAE 1, — PACXOJ MyJbIIbI HA YIIAPKY;
U, — pacxo MpUPOJHOro rasa,

Boixonmeie mapametpsl Y = (y,,),), TO€ , — NIOTHOCTD YIIAPCHHOM ITyJIbIIbL, Y,
— TEMIIEPATYpPA YITAPEHHOM MYJIBIIHL;

Bosmymarorue Bozaeiicteust W = (w,w,), Tie w, —IIIOTHOCTH IMYIIbIIBI HA BXOJIC B

alapar; w, — BJ'Ia)KHOCTIg HCXO%[HOﬁ ITYJIBIIBI.
X, =4, x, +Bu, +w,, X, =Xo5 Vi =C,x, +v, kelk, k., .k},

o | 0 0o | 70 |
a0 | Qux L% | po | bug tbog) o (100
ke 00 10 > ko po 1 p0 > k 0o'ol’
A1 ke ! Ao i 21k ! Y22k |

M[x,]1=0, M[x,x;1=X,, M[v,]=0, M[x, v, ]=0, M[x,w, | =0,

oo ) Lo o

6
0" :[aT bT] >9k+1 =9k + Wy, a = (311: 3121321:322): b = (bn:bm:bzvbzz)

2

0 0 B 0
X = Apxp +Brug +w, Xy = %o 9k+1 _Qk TWe, 2 =Cx +v,
T X 0 6T 6
Mlw,, W, ]=Q,8,, MIw,,w/']1=Q/5,, Q; =R,,



Caaiig 17

pT 1. T ol P _ £PpLP P _ p
X
k ! i ’ Wk — | T4 |1
v, 0 w?
k P k
Xipsn = X Xy TX .0, X, U, + XUy, W,
Xy o1 = Xsp Xy T X1 X T Xg Uy + Xy Uy T Wy 0,
X3 = B = g TWo ko

Xggert = A pern = G T W, ks
Xspr1 = Drjnn = D1 TWo s
Kejert = Gyt = Ay TW, 4o
Xogenn = Origens = O T Wa o
Xgpi =B =B, +W L

Kot = Pofen = O Wy ke

Xogna = Do = b22,k TWy ks

Vg =X T Wy

Yo = Wiy

>



cainis KAPTMHA HACTPOUKU ITEPEMEHHBIX U

I[TAPAMETPOB ITPOLIECCA BbLIITAPKHU ITYJIbI

xlA

Xy A
207 120 7
\ PN - i
1,4-— e et —— 80_-/\/
1,0 40
t > t
0 6 12 18 24 k 0 6 12 18 24

a) 6)

Xk Tk

9,07 1,57

Pl

0,5




cuin1y ATTTOPUTMbBI CUHTE3A CUCTEMBI AJJATIITUBHOI'O
CYBOIITUMAJIBHOT'O YITPABJIEHUS ITPOLIECCOM BBITTAPKU
AMMO®OCHOMU ITVJIBIIbBI

J(x,u)=% [xk Fxy, +Zxkuk(% ;J(ikﬂ,

" =[x"107],
u, =—-R'B"S?%, |
Xpa = A% + Bl + K[ 2, - C%, |, X, =0,
M|z, -Cx, )25 |=0, k, <k <k,

ol = af +f |z - i) 2} ]W{[acx] ] ol =0,

o _ o o (ecEY 6
Pra =Bk+tr{2\4[(z_cx)kzkl]}/\4 W k Zp | Bkn =Y

Ko, =K2+tr{M[(z—C5c)kz§l]}AJ (aCijkf Z |, K}EU =0,

() 1




Caaiin 19 *¢A xo N
X, =4,°%, +B, uk+K [z,—Cx,], x, =0,

Oi+yu=0, ®=A4A" -4 y=B"-B",

= A%, + Bu, +w, —®x, —yu, = A, +Bu, +w, +D g,

o4

k41

¥ o= A9 gy o

J(%,4 )==|X"(N)FX(N +kr_1”’f"’TQ ’
(x,u)—g (N)FX(N ) éxkuk o Rl |

o = 1p¢ T op
u, =—RB, " S; X,

OH(%,,i,,S? )

Sfﬂ = _H(fk’ﬁk’sf)
oS¢

SE =8¢, H(X,i,Sf)=05% Q% +05u, Ri, + X, Sf %,

ker—1
J(xu)=J(%,i)+05tY SEKIVKE" .



Craiin20 - CTPYKTYPHAA CXEMA CUCTEMbI CTABMJIN3ALINN
[TPOLIECCA BBIITAPBAHUA AMMO®OCHOMU ITVYJILIIbI
C AJAIITUBHBIM KOOPJINHATHBIM YIIPABJIEHUEM

Wy by ~

Zg
U Vparae MBI %k C c D -
% oBBeKT

Emox .
P 0Gob1e HHOro |+ - ~—
OLe HHBAHHA
Z| f’
$ X iy,
iy >| ANANTHE HEIH Perynarop
o
y S B A
42| k#| B? s¢
YeTpoicTEO YCTPOHCTEO
ﬂ‘ A
Z 'fk % iy,
ﬁk B Cuomtor 4T e EREL Hf_t 1 odT —
»| e nurrerecadt |- R1B¢ SE Uy,
EBeET
A
57




Takum oOpa3zom, B pabOT€ Ha OCHOBE
KOHIICIIIIU CUCTEMHOTO aHaJIM3a,
WUJICHTU(DUKALIMY, AUHAMHYCCKON (QUIbTpaUUd U
METOJIOB pEIICHUSA HEKOPPEKTHBIX 3a1au

pa3pabOTaHbI pEryIsaprU30BaHHBIC COUHBIC
AJITOPUTMBI KOOPJAWHATHOTO M MapaMETPUUECKOTO
OLICHUBAHUS TEXHOJIOTUYECKUX O00OBEKTOB
YIIPaBJICHUSA B YCIIOBUSX aripuoOpPHOU

HEOIPEACICHHOCTH, MO3BOJISIOIINE CYIIECTBEHHO
MOBBICUTh  3((PEKTUBHOCTh  (QYHKIIMHAPOBAHUS
CUCTEM yIIpaBICHUS TEXHOJIOTUISCKUMHU
O0OBbEKTaMU.



