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Annomayusa. B pabore 1eMOHCTpUPYETCS PEIICHHS] MHKEHEPHO — TEXHUYECKOHN 3a1auu —
cuHTe3 perymnsaropa mia HenuHedHo CAY npu MNONMHOMHMAIBHOM ammpoOKCHUMAaIluu
HENMMHEWMHONW xapakTepucTuku. OOBEKTOM HCCIEAOBAHHS SIBISETCS MaJIOMOIIHAsS
MOTEHIIMOMETPUYECKas CIEAIIAsl CUCTEMA C HETMHEHHBIM U UMITYJIBCHBIM JJIEMEHTAMU B
CBOEM cocTaBe. B kadecTBe MareMaTW4yecKOro ammapara HCHOJb3yeTcs OO0OOIIEeHHBIN
meton ['anepkuna.
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Abstract. Currently, the most rapidly developing areas of research in the theory of
automatic control are nonlinear and stochastic analyses. This interest is justified by the fact
that most physical processes in nature and systems in the real world are nonlinear and are
also subject to random disturbances, i.e. stochastic. In modern automatic control theory
there are a large number of methods and studies devoted to the synthesis of nonlinear
automatic control systems, but no unified approach has been developed that would allow
the synthesis of nonlinear automatic control systems of any complexity. Also, difficulties
in solving the problem of synthesizing nonlinear automatic control systems also arise

when constructing an adequate mathematical model, since this issue is related to the
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idealization of the properties of both the elements of the control system and the automatic
control system as a whole. It is known that when constructing a mathematical model, all
the basic and most essential features and properties of the synthesized ACS must be
preserved; in the presence of nonlinear elements in the ACS, this situation is associated
with the choice of the correct choice of approximation [1-10]. As is known, there are
various types of approximations of the characteristics of nonlinear elements, for example,
analytical, power, piecewise linear, approximation by irrational functions. However, for
accurate implementation of a nonlinear characteristic with piecewise linear approximation,
it is necessary to increase the number of piecewise linear sections, which leads to
complication and an increase in the synthesis time of such a system. With analytical
approximation, it is quite difficult to instantly obtain the correct analytical expression. In
this work, it is proposed to use polynomial approximation. As a mathematical apparatus it
Is proposed to use the generalized Galerkin method.

Keywords: tracking system, nonlinear systems, polynomial approximation, impulse
systems, generalized Galerkin method
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B nacrosiee BpeMs Haubosiee OypHO pa3BUBAIOIIMMUCS 00JIACTIMU HCCIICTIOBAHUI
TEOPUH ABTOMATHUYECKOTO YIPABJICHUS SBISAIOTCS HEJIMHEWHBIM M CTOXaCTUYECKUU
aHanmu3bl. Takoil WHTEpec OOOCHOBBIBACTCS TEM, YTO OOJBIIMHCTBO (HU3UUECKUX
MPOIIECCOB B MPUPOJE U CUCTEM PEATHLHOIO MHpA SIBIAIOTCS HEJIUHEHHBIMH, a TakKXe
MOJABEPKEHBI CIy4allHBIM BO3MYILEHUSIM, T.€. CTOXAaCTUYECKHMM. B COBpeMeHHOU Teopuu
aBTOMATHUYECKOTO YIPaBJICHUS UMeEETCsl O0NbIIOE KOJIUYECTBO METOJOB U MCCIIEI0BaHUM,
NOCBSIIEHHBIX BOMpocaM cuHTe3a HenuHeWHbX CAY, onHako He pa3paboTaHO €IMHOTO
M0JIX0/1a, KOTOPBIN MO3BOJISUT Obl CHHTE3UpOBaTh HeMuHEHHYyI0 CAY 11000 CII0XKHOCTH.
Takke TPyIHOCTU NpHU PELICHUH 3aayl CHUHTe3a HeauHeWHbIX CAY BO3HMKAIOT M NIpH
MIOCTPOCHUH aJ€KBATHOM MAaTEMaTHYECKOM MOJENH, MOCKOJIbKY JIAHHBIA BOIIPOC CBS3aH C
uJean3aleil CBOMCTB, KaK AJIEMEHTOB CHCTEMbl yrpaBieHus, Tak u CAY B 1enom.
N3BecTHO, YTO NMpPU NOCTPOCHUH MATEMATHUYECKOW MOJEIH JOJDKHBI COXPAHSTHCS BCE
OCHOBHBIE M HauOoJiee CYIIECTBEHHBbIE UepThl M CBOIicTBa cuHTe3upyemon CAY, mpu
Hamuuu B CAY HENMHEWHBIX SJIEMEHTOB, JIaHHOE IIOJIOXKEHHE CBS3aHO C BBHIOOpPOM
NpaBWIBHBIM BBIOOpOM ammpokcuManuu [1-11]. B nmanHOW pabore mpemiaraercs

HCIIOJIB30BATh ITOJJMHOMHUAJIBHYIO alIIIPOKCHUMAIIHIO.
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O0BLeKT ucejie10BaHus
B Ka4yeCTBE o0BeEKTA HACCIIE0BaHUI npejaraeTcs paccMaTpuBaTh

MOTEHIIMOMETPHUUYECKYIO MAJIOMOIIHYIO CIEASNIYI0 cucteMy (puc.l).

Pucynok 1 - O6muit Buj yueOHo-HccienoBaTenbckoro crenaa «IloTeHnuomMeTpruaeckast

MaJIOMOIIHaA CJICAAIIasa CUCTCMa»

Crnendmas cuctema npeaHa3HaueHa 1Jis IUCTAaHIIMOHHOW Mepenadn yria moBopoTa
BXOJHOrO 3ajarmomiero ycrtpoiictBa Ha Harpy3ky H. Ha puc.2 mnpexacraBinena

byHKIIMOHATbHAS cXeMa 00beKTa uccieaoBanus [12-14].

——}> upP AV YOV Ul P ==X H
(V)

I f————— !

Pucynok 2 — ®@yHkunoHanbpHas cxema o0bekTa uccienoBanus, rae P — uzmepurens

paccoriacoBaHus; AY — aHaJIOTOBEIN YMHOXUTENb;, YOV — ycunurenb 0OMOTKH
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ynpasiieHus; /1 — ucnonuurensHbii asurarens; P - penykrop; H - Harpyska; TI' —

TaxoreHepaTop;

MaremaTu4yecKuili annapar
Jlist pelieHust 3ajjaydl CMHTE3a MpEeJJIaraercs HCIOJb30BaTh O0OOOIIEHHBIH METOJ
["anepkuHa, KOTOPBIA J1aeT BO3MOXXHOCTb CHHTE3UPOBATHh 3akoHbl ympaBieHuss CAY
pa3HbIX kjaccoB (HempepbiBHbIE CAY U CUCTEMBI C pa3IU4YHbIMU BUAAMHU MOAYJISLIUU
CUTHAJIOB, JWHAMHUKA KOTOPBIX OIHCHIBAETCS YPABHEHMSIMU KaK JMHEWHBIMH, TaK U
HEJIMHEWHBIMU TIPOU3BOJILHO BBICOKOTO mopsiaka) [15-18].
NmnynbecHBIA 37eMeHT OyleM paccMaTpuBaTh B KadyeCTBE HICANbHOIO, CHUTHAJ,

KOTOpPOro nmpeacTaBJICH B BUIC

X'(t)= 3 x(nT)s(t—nT) (1)

rae x(nT) = j x(t)o(t —nT)dt BeIn4uHA N -TO JUCKPETHOI'O 3HAYECHHUS, & - 3aJcprKaHHasA
0

UMITyJIbCHAsE (DYHKIHSA, CymiecTBYyIomas nput=nT ;T - mepuoa mpepbIBaHUs, WHTEPBAJ
BPEMEHU MEXy COCEIHUMH UMIYJIbCAMH.
3amady cuHTe3a OyJIeM paccMaTpHBaTh B CIICIYIOIIEH IMTOCTAHOBKE |
- U3BECTHA CTPYKTYypa, uccieayemoit CAY;
- M3BECTHBI MapaMeTphbl 00bEKTA yIPaBICHHUS;
- TIOCKOJIbKY p€4b HUJIET O peajbHOM CHCTEME, TO HEOOXOIUMO OTPAHUYUTh 3HAUYCHUS
BapbUPYEMBIX MTAPaMETPOB U3 YCIOBHS UX TEXHUYECKOU PEATU3yEeMOCTH:
c.<¢c <c, k=12K ,m,
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rae G — MaKCHUMajbHO [OMYCTHMbIC 3HAYCHUS BapPbUPYEMBIX MMApaMeTpoB; Ck —
MHHHMMAaJbHO JOIYCTUMbIEC 3HAYEHUS BAPbUPYEMBIX ITAPAMETPOB;

- OrpaHWYeHusi Ha TpyOOCTh CHUCTEMBI IO BapbUPYEMBIM IMapaMeTpaM HMEIOT
CIIEIYIOIMU BUJT

A=< po,
Ck
rac AO— 3a1aHHOC 3HAYCHUC pr6OCTH CUCTCMBI, Ck — Bapuanu mapamMeTpoOB, B IIpCACIax

KOTOPBIX 00€creunBaeTcsi YCTOMYMBOCTh CUCTEMBI; C, - HCKOMBIE MapaMeTphl orepaTopa
yIpaBJICHUS.

3anumem auddepeHnranIbHOe yYpaBHEHUE, OIUCHIBAIOIIEE JIBHXKCHHUS CHCTEMBI,
CcoIepKalled MOIYJIATOP W HEIMHEHMHBIM SJIEMEHT C YYETOM IMOJMHOMOB oOIepaTtopa
muddepeHMpoBaHus P C BEIIECTBEHHBIMU MOCTOSHHBIMH KOA()QUIIMEHTAMU CTEeNeHen
N,U,V COOTBETCTBEHHO:

3a,(6) PX(D)+ X (6) PX (1)+ 20, (6,) PYO+Y B () ply' (1) =

v

* 2)
e (co) P () + X e (c) (1), (1) = F XDy (1) =F [X(1)]

i=0
rme Y(t)=F[x(t)],y (t)=F [X*(t )} — CHUTHAJIBI HAa BBHIXOJE HEJIMHEHHOIO DJJIEMEHTa IIpU
HenpepbBHOM X(t)u uMmynascHOM X (t)BXOZHOM cUrHAIE.

IIpu cunreze nHenuHeitHbix CAY N — ro mnopsaka OporpaMMHOE JIBUKEHUE

1esiecooOpasHo 3a/1aTh B BUJIC
X (t)=(x, +H e cos(Bt-g,))1(t) 3)
rae X, - 3HAYEHHE JKENaeMOro IIpolecca X’(t) mput=0; a H u @, onpegensiorcs

COOTHOLICHUsAIMHU BHUA



B

o (Xoxy)z{a(xo—xy)ugc]z,

a(xo-xy)+>ﬂ

o = t
g g{ Fl0-x,)

34CCh XO’)%(_ Ha4YaJIbHBIC 3HAYCHHA HCCJ’IQZ[yCMOfI KOOpAHWHATBI, OTHOCHTCIBbHO KOTOpOI\/’I

3dlIMCAHO YPAaBHCHUC IBUKXCHUA CHHTGSpreMOﬁ CAY mu ece HpOHSBOI[HOfI B MOMCHT

3+4
BpeMenu t = +0; mokaszaTenb 3aTyxaHusi & , ONPEEIAETCS U3 COOTHOIICHUS & = T_
17

CHC}IOB&TGHLHO, CUTHAJI Ha BbIXOAC HACAJIBHOI'O MOAYJIATOpA, COIVIACHO

BbIpaxkeHuo (1)
X" (t)=[ x, +He cos(Bnt—¢y,) [3(t—nT)
[locne Toro kKak 3alaHo *ejlaeMoe MPOrpaMMHOE ABM)KEHHE M OINpPEAENIEHBI €ro
napaMeTpbl, QOPMUPYIOTCS HEBS3KA

v(c.t)=Q(c,.D)x’(t)+Q" (c,D)x™ (t)+R(c,,D)F | x°(t),D{x(t)} ]+

) ) . . (4)
+R* (¢ ,D)F"[x” (t).D{x" (1)} |-S(c,,D) f (t)-S"(c,.D) " (1)

rme X’ - KkelraeMoe TPOrpaMMHOE JBHKEHHe, D - omepatop 00O0GIIEHHOTO

b depeHnupoBaHus
3HavYeHUE HMCKOMBIX TapaMeTpOB C, ONpEAENseTCS W3 YCIOBHA OPTOTOHAIBHOCTH

HEBSI3KU (3) KOOpAMHATHBIM (DYHKIUSAM

o0

Iw(ck,t)@q (t)dt=0;k,q=12,K ,m (5)

0



rae ¢,(t) - cucreMa u3 M HENPEPHIBHO IUP(YEPEHIHMPYEMBIX JIMHEHHOHE3aBUCUMBIX
KOOpAUHATHBIX QyHKIMM ¢,(t),0,(t)K 0, (1)K o, (1).

[loncrasinsas sxenaemoe nporpammuoe (3) B ypaBHeHue aeumxeHust CAY (2) u pemas

ypaBHeHHE (5) mojydaeM CHEAYIOIIYI0 CHCTEeMY M3 M JUHEHHBIX anredpandyeckux

YpaBHEHMM
2.3 (G) Ay + 2 a0 () Ay + 2.6 (6) By + 207 () By —
i=0 i=0 i=0 i=0
> e (6 )Ci— > e (c)Cy =0 (6)
i=0 i=0
g=12K  m
e
Av=[D b () at= Apl =12k
0
Ay =[ 0 (D) et = Kptii =124
0
B, =[O [F[C ()] e ot =Bypii =01k
0
’ (7)
B, =] D'{F X (1) Jje ™ot Bl = 0.LK b
0
Cy = T D' { f (t)} e "dt = qui;l;i =0.LK.v;
0
Cy= T D'{f"(t)je™dt =C}p};i =0,LK ,v".
0

Pemrenue 3agaum cuHTE3a
Paccmorpum  Oonee  moapoOHO  3adgadyy  CUHTE3a  MOTEHIIMOMETPUYECKOU

MaJIOMOIITHOW ciensmeld cucteMbl. Ha puc. 3 mpuBeneHa CTPyKTypHas CXema,



paccMaTpuBaeMoOl CHCTEMbl. B KkadecTBe yHIpaBiAIOLIET0 CHUTHAIA MCIOJIb30BAIOCH
HampspkeHue paccornacoBanuss Up moTeHuumomeTpoB. s MOCTpOEHMs aJe€KBATHOM

MaTeMaTUYecKoil MOJENU MCCIEIYyeMOM CHUCTEMbl HEOOXOIMMO ObUIO MOJXYYUTh

CTaTUYCCKUE XapaKTEPUCTUKU DJIEMEHTOB, BXOISIIUX B €€ cocTaB (Tadi.1).

f(®)

7
/|

k(1+Ts Xt
- 1+T,s

R I

ot
. K, (t)
0.0149s° +s 0.25s+1

Pucynok 3 - CtpykTypHas cxema MOoTeHIIMOMETPUIECKON MAJIOMOIIIHOW CUCTEMBbI

(1+T,s)

k
rae ki- UP; ko - AV, LT~ KOPpeKTHpyIomee yerporictBo (KVY) ; ks - YOV, ks —
2

K03 uIMeHT mnepeaadn peAykrop; Ks — koadduiueHT nepecyera yria(u3 pagdaH B

k
IPagychl); o - nmepenarouHas (QyHKIUS IBYX()a3HOro aCHHXPOHHOIO
(0.01495” +5)(0.255 +1)
ABUTATCIIA.
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4 Figure 1 — [m] X
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TpeOyercs HallTH 3HAYCHHE HEW3BECTHHIX MApPaMETPOB KOPPEKTUPYIOIIETO
yCTpOICTBA, KOTOpbIe OyAyT oOecneyrBaTh B CUCTEME 3aJJaHHbIE TTOKA3aTeIu KauecTBa ee
paboThl MpU TEPEXO0JIe U3 OJHOTO YCTAHOBHUBIIETOCS COCTOSIHUA B Jpyroe T,, — 2 cex.,
nepeperyiaupoBanue G He Oonee 1 %. Peanuzanms KOppeKTUPYIOIIETO YCTpOMCTBa

1+Ts

1+T,8

npeJcTapieHa Ha puc. 4, nepenarounas gpynxuus W, =k [19-21].

!

o

PucyHok 4 — Peanuzanust KOppeKTUPYIOIIETO YCTPOMCTBA C UCIOJIb30BAHUEM MACCUBHBIX
AJIEMEHTOB

[TapameTpsl mepenaToYHON  (YHKIIMHA  ONPEACTSIOTCI B  COOTBETCTBUHM  C

BBIpAXKCHUAMMA
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k=—ta T2,
R+R, T,

OueBuHO, uTO Bapbupyembie mapameTpbl K,T1,T> He MOryT OBITh MEHBIIE HYJIS
K,T1,T2>0, cnenoBatensao R, R, > 0,10 ycnosuto C; = 20 Mx®D.
Crnemyst anropuTMy peIICHHS 3a7a4dl CUHTE3a 0000IIeHHBIM MeToq0M [anepkuHa,

HEOOXOMMO 33]1aTh XKellaeMoe IporpammHuoe aBmwkeHue (8) (puc.5) u onucaTs TUHAMHUKY

cuctemsl (9)

x°(t)=30.12e* cos(1.53t +0.9) (8

Time Series Plot:
35 T T T T T T T T T

30 ., -

25

15

data

10 F -

0 0.5 1 1.5 2 25 3 3.9 4 4.5 5
Time (seconds)

Pucynok 5 — Xemaemo nporpaMMHOE IBUKECHUE
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JluHaMKKa CUCTEMBI OMUCHIBACTCS CAEAYIOIUM TuddepeHInanbHbIM YPaBHEHUEM
X, (£)[(0.01495% + 5)(0.255 +1)(L+T,8)] + F[X, ()] - [K, k kKK Kk (1+T,8)] =

= f (t)[KK,k,K (L +T,5)(0.0149s% +5)(0.255 +1)]  (9)

Janee ObL1a MOJIyY€HA CIEAYIONIAs CUCTEMA YPaBHEHUH

[0.75-107-R1-R2]A14+A13[(5.2'10 R +3.7-10°)-R, +3.7-10° ~R1J+
R,+R, R,+R,

(0.2:10°R,+0.27)-R, +0.27-R, 0.9-107 -R?
+A12 R2+R1 +A11 _f(t) (chu"'

-6 2 -3 -5 2
«C, 6.3-10"-R°+4.47-107-R, +C, 24107 -R7+0.32-R, N 12-R, C, |+
R, +R R, +R R, +R,

-4 p2
FOC) 0.42-10 R12 R, B, +[2.059 R, J 8. |0
(Rz + Rl) R, +R,

x°(t)

X'(t)

107 -R.- 5.2-10°-R, +3.7-10°)-R, +3.7-10° R
075107 R\, ( : )R, )
R, +R, R, +R,

A (02-20% R, +0.27)-R, +0.27- Ri} Aﬂ} o Ko_gélo—;. R? qu )

R, +R, ,+R

6 p2 -3 5 n2
«C,, 6.3:10°-R°+4.47-10"-R, +C,, 24107 -R7+0.32-R, N 1.2-R C, |+
R, +R, R, +R, R, +R,

+F(x°(t))!(°'42'104 R R, j B, +[2'°59' Rl]Bm] o,
(R2+R1) R, +R,

B pesynbrare pemieHue 3agaud CMHTE3a ObUIA TOJTYYEHBI CICAYIONMINE MapaMeTph

R, =49 xOm, R,=100 kOm. WH3 puc.6 BHAHO, 4YTO MOJYYCHHBIC MAPAMETPHI

YAOBJICTBOPAIOT 3aJaHHBIM IIOKA3aTCIAAM Ka4CCTBaA.
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4 Scope3

File Tools View Simulation Help

Q- SOP® -a- -

14

Fia-

paCCUYUTAHHBIMU ITapaMCTpaMU (H.ITpI/IXOBaSI J'II/IHI/ISI)

Pucynok 6 — Xemnaemoe nporpamMmmHoe ABMKEHHE (CILIONIHAS TUHUS ), IBHKEHHE C

PaccmoTpuM cHHTE3 MajdOMOIIHOW CIEASIIEH CHCTEMBI, COICpKAIIEd B CBOEM

COCTaBe HJCaNIbHBIM MMITYJbCHBIN 37ieMeHT. Ha puc. 7 mpuBeneHa CTpyKTypHas cxema,

paccMaTpUBaEMOUN CUCTEMBI.

f(t)

1516}

KY

a

ks

1

1J

0.01495+s

0.25s+1

Ks

90

Pucynok 7 - CTpykTypHas cxema paccMaTpuBaeMoi cucteMsl, riae Ki- UP; ko - AY;

KY — koppektupyromee ycrpoiictBo; Kz - YOV K4 — ko3 duiineHT nepegadu peaykTop;
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K
ks — k03¢ dunuenT nepecuera yria (U3 paguaH B IPAIyChl); d -
s~ Koapun P yrna (i3 pa pazycs) (0.014957 +5)(0.255+1)

nepenaroyHas GyHKUUs ABYX(PazHOTO aCHHXPOHHOT0 aABuraresns; MO - uneanbHsblil
UMITYJIbCHBIN AJIEMEHT C SKCTPAIIOIATOPOM HYJIEBOI'O MOPSIKA.
TpeOyercst HailTM 3HAUY€HHE HEU3BECTHBIX MapPaMETPOB KOPPEKTHUPYIOLIETO
yCTpOICTBa, KOTOpbIEe OyAyT oOecneunBaTh B CUCTEME 3aJJaHHbIE MOKa3aTelld KayecTBa ee
paboThl MpU NEPEXO0/Ie U3 OJHOTO YCTAHOBUBLIEIOCS COCTOSHMS B npyroe T,, — 3 cek.,

nepeperynupopanue o He Oosnee 10 %. Ilepenarounass QyHKIUS KOPPEKTUPYIOILIETO

(T,s+1)(T,s +1)(Tes +1)

Tsr)(TsD)(Tsrd)

yerpoiictea W, , COOTBETCTBEHHO HEOOXOJIMMO OMNpPENeIUTh

3HaueHue cieayromux mapamerpos 1, T,,T,,T,,T;, T, , mapamerp k=1.
Xemaemoe mporpaMMHOE JIBIDKEHHE COOTBETCTBYET BeIpaxkeHuro (10) puc.8.

x°(t) = 48.21e**" cos(2.13-t - 0.89)

35

30

25

20

05

Pucynok 8 — Xemaemoe nporpaMMHOE IBUKEHUE
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JluHaMKKa CUCTEMBI OMUCHIBACTCS CAEAYIOIUM TuddepeHInanbHbIM YPaBHEHUEM

X, (t)[(0.0149s” +5)(0.25s +1)(T,s +1)(T,s +1)(T,s +1)] +
+F[x, ()] [k kK KK kK (T,s +1)(T,s + 1) (Tes +1)] =
= 7 (t)[K KKK (T,S +1)(T,5 +1)(T.S +1)(0.0149s% + 5)(0.255 +1)].
Jlastee 6bL1a IIOMTyUeHa CIICAYIOIAs CHCTEMa ypaBHEHHI

X*(t)[0.0087 - T,T,T, - A, +(((0.27T, +0.0037)T, +0.0039T, ) T, +0.0039T,T, ) A +

+(((T, +0.27)T, +0.27T, +0.0037)T, +(0.27T, +0.0037)T, +0.0037T, | A, +

+((T, +T,+0.27) T, +(T,+0.27)T, +0.27T, +0.0037) A, + (T, + T, +T,) A, + Ail]

—f(t)[ 0.0037 - T,T,T, - kkjk,k, - Cy +((0.27T, +0.0037)T, +0.0037T,T, ) kk kK, - C;; +
+(((T,+0.27)T,+0.27T, +0.0037) T, +(0.27T, +0.0037) T, + 0.0037T, ) kkk,k,Cy, +

+((T, +T,+0.27) T, +(T, +0.27) T, + 0.27T, +0.0037 ) kk,k,k,C; +

+(Ty + Ty + T, +0.27) Kk ko Cr, + Kkikok,Cry |+ F (X°(0))] (TLTST, - Kkjkokok kok, ) By +

+( (T, +T) Ty +T,T. )kk1k2k3k4k5kd)812 (T + T, + T, ) Kk, Kokok Kok Bry + Kk K kok Kok, 81*0];

X*(t)[0.0087 - T,T,T, - Ay, +(((0.27T, +0.0037)T, +0.0039T, ) T, +0.0039T,T, ) A,; +

+(((T, +0.27)T, +0.27T, +0.0037) T, +(0.27T, +0.0037) T, +0.0037T, ) A,, +

+((T4 +T,+0.27)T, +(T,+0.27)T, + 0.27T, +0.0037) Ay +(Te+T,+T,) A, + Au]

—f(t)[ 0.0037 - T,T,T, - Kkjk,k, -3 +((0.27T, +0.0037) T, +0.0037T,T, ) Kk k k, - Coy +
+(((T,+0.27)T,+0.27T, +0.0037) T, +(0.27T, +0.0037) T, + 0.0037T, ) kkik,k,C;, +
+((T,+T,+0.27)T, +(T, +0.27)T, +0.27T, +0.0037 ) kk,k,k,C; +

+(Ty + Ty + T, +0.27) ki K ko Cyy + ki koK, Cy |+ F (x°(0)) [ (TiTST, - Kk kak ksky ) By,

(T + ) Ty T, ok koky ) By, o+ (T + T T, ) kkkokak, kg By, + Kook Kok Bgo];
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X*()[0.0087 -T,T,T, - Ay, +(((0.27T, +0.0037)T, +0.0039T, ) T, +0.0039T,T, ) A, +

+(((T, +0.27)T, +0.27T, +0.0037)T, +(0.27T, +0.0037)T, +0.0037T, ) A, +

+((T, +T,+0.27) T, +(T, +0.27)T, +0.27T, +0.0037) A, + (T, + T, +T,) A,, + Am]

—f(t)[ 0.0037-T,T,T, - Kk K,k - Cgq +((0.27T, +0.0037)T, +0.0037T,T, ) kkik K, - oy +
+(((T, +0.27)T, +0.27T, +0.0037)T, +(0.27T, +0.0037)T, +0.0037T, ) kkik,k,C3, +
+((T,+T,+0.27) T, +(T, +0.27) T, +0.27T, +0.0037 ) kk;k k,Cy, +

+(Ty + Ty + T, +0.27) ki K K Coy + Kiikok,C3, [+ F (X0 () )[ (T T,T - Kikokok Kok, ) By +
(T +T) T+ 7T )kk1k2k3k4k5kd)832+(T5+T3+Tl)kk1k2k3k4k5kdB;1+kk1k2k3k4k5kdB;0J;

X*(t)[0.0037-T,T,T, - A, +(((0.27T, +0.0037)T, +0.0039T, ) T, +0.0039T,T, ) A,; +

+(((T, +0.27)T, +0.27T, +0.0037)T, +(0.27T, +0.0037)T, +0.0037T, ) A,, +

+((Ty +T,+0.27) T, +(T, +0.27)T, +0.27T, +0.0037) Ay + (T, + T, +T,) A, + A, |
—f(t)[ 0.0037 T,T,T, - Kk k,k, - Crq +((0.27T, +0.0037)T, +0.0037T,T, ) kk,k,k, - Cye +
+(((T, +0.27)T, +0.27T, +0.0037)T, +(0.27T, +0.0037) T, +0.0037T, ) kkk,k,Cy, +

+((T, +T,+0.27) T, +(T, +0.27) T, +0.27T, +0.0037 ) kk k,k.C;; +

+(Ty + Ty + T, +0.27) ki K,k Co + Ki,KoK,Coy [+ F (X)) (TIT,T, -k Kk Kok ) By +
(T +T) T + T, Yok kg ) By + (To + T T, ) kkk Kok ko, By, + Kk Kok Kok 540];

X*(t)[0.0037-T,T,T, - A, +(((0.27T, +0.0037)T, +0.0039T, ) T, + 0.0039T,T, ) A, +

+(((T, +0.27)T, +0.27T, +0.0037)T, +(0.27T, +0.0037)T, +0.0037T, | A,, +

+((T4 +T,+0.27)T, +(T,+0.27)T, +0.27T, +0.0037) A+ (T +T,+T,) A, + ASJ

—f(t)[ 0.0037-T,T,T, - kkk,k, - Cog +((0.27T,+0.0037)T, +0.0037T,T, ) Kk k,k; -y +
+(((T,+0.27)T, +0.27T, +0.0037) T, +(0.27T, +0.0037)T, +0.0037T, ) kk,k,k,Cz, +
+((Ty+T,+0.27) T, + (T, +0.27) T, +0.27T, +0.0037 ) kk,k Kk,Cc, +

+(Ty+ T, + T, +0.27) Kk K Coy + Kk ko Coy |+ F (X7 () )[ (T, ST, - Kkkokok,koky ) Bl +
(T +T) T +T,T. )kklk2k3k4k5kd)552+(T5+T3+T1)kklk2k3k4k5kd5;+kk1k2k3k4k5kd8;},];
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X*(t)[0.0037-T,T,T, - Ay, +(((0.27T, +0.0037)T, +0.0039T, )T, +0.0039T,T, ) A, +

+(((T, +0.27)T, +0.27T, +0.0037) T, +(0.27T, +0.0037) T, + 0.0037T, ) A, +

+((T4+T2 +0.27) T, +(T, +0.27)T, +0.27T, +0. 0037)’%3 (Te+T,+T )A52+A61]

— (1) 0.0087 - T,T,T, -kk,k,k, - Cgg +((0.27T, +0.0087) T, +0.0037T,T, ) Kk, k,k, -y +
+(((T +0.27)T, +0.27T, +0.0037)T, +(0.27T, +0.0037)T, + 0.0037Tl) Kk k,k,C, +

+((Ty + T, +0.27) T, +(T, +0.27)T, + 0.27T, + 0.0037 ) kk k,k,Cq, +

+(Ty + T, +T, +0. 27)kk1k kiCey + KK,k Coy |+ F (X (1) )[ (T,TST, - Kkokokak, kky ) Boy +
+((T+T) T, + T, )kk1k2k3k4k5kd)B;2+(T5+T3+T1)kklk2k3k4k5kngl+kklk2k3k4k5kngo}.

B pesynbTate pelieHue 3ajaud CHHTE3a ObLIM MONYYEHBI CIEAYIONIME MapaMeTphl
T,=21.85T,=18.7,T,=30.9,T, =39.85T, =28,T; =29.9. U3 puc.9 BugHo, dTO

IMOJIYYCHHBIC ITapaAMCTPhI YAOBJIICTBOPATIOT 3a/IdHHBIM ITOKA3aTCJIAAM Ka4CCTBa
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B pabote mpoaeMOHCTPUPOBAHO pEIIEHUE PEATbHOM HWHXKEHEPHO - TEXHHYECKOU
3aJlaud Ha IPUMEPE CUHTE3a MAJIOMOLIHOW IMOTEHUMOMETPUUECKON CIEHAILIEN CUCTEMBbI
cozep Kaled B CBOEM COCTaBE OJUH HEJIMHEWHBIM U MUMITYJILCHBINA 3JIEMEHTBI, B KAUECTBE
MaTeMaTU4YecKoro  ammapara  Hchoib3dyercss  00o0meHHbld  Meron — ['anepkuHa,
IpeiaraéMplii  MOAXOJA TO3BOJSET pemarh 3afgady cuHTe3a mnapametpoB CAY,
IIPOM3BOJIBHOE YHUCJIO JJIEMEHTOB C HEJIMHEMHBIMU XapakTepucTukamu. B pesynbrare
OBbUTM TOJIYYEHBl MMapaMeTpbl PETYISTOPOB JUIsl HENPEpPbIBHOM HEIMHEWMHOW CHCTEMBbI

R, =49 kOm, R, =100 xOm, u mapamerpbl Ui HEIUHEWHOW HMMITYJIbCHOW CHCTEMBI
T,=21.85T,=18.7,T,=30.9,T, =39.85T, =28,T, =29.9,  rpaduyeckue  pe3ynbTarsl
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