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ALGORITHMIC SYNTHESIS OF OPTIMUM REGULATORS OF BORING
COMPLEXES ON STRUCTURE OF DYNAMIC MODELS

[IpencraBieHbl UCCIETOBAaHUS MPUMEHEHUS AITOPUTMHUYECKOTO CHHTE3a ONTHUMAbHBIX PEry-
JSTOPOB, C HCIIOJIb30BAHMEM TPHUHIIMIIA CHMMETPUN Ha OCHOBE TUHAMHUYECKUX MOJIENel, K Oypo-
BBIM KOMIUIEKCaM. Pe3ybTaThl MOACITUPOBAHUS 00CCIICUUBAIOT CTAOMIIH3AIMIO PEKUMOB OIITUMHU-
3allMy BEMYMHBI HATPY3KHU HA MOPOJOPa3pYIIAOIINA UHCTPYMEHT U 4acTOThI €r0 0OOPOTOB IS
obecrnieueHus: paboUnX PEKUMOB O0OBEMHOTO PAa3pyIICHUS TOPHON MOPOJIBI, a MO TUAPOAMHAMUYE-
CKOH MojicHCcTeMe CTa0WIM3AIMI0 ONTHMAIBHBIX 3HAYCHUH PACXOJIOB W JIABIICHUS TPOMBIBOTHOMN
KUJKOCTU HAa YPOBHSX HHTETPUPOBAHHON BEIWYMHBI TPEHHUS B MOJCHUCTEME <IIOPOJOpa3pylIaro-
LI THCTPYMEHT-TIOPOAA».

[TpencraBieHi MOCIiPKEHHS 3aCTOCYBAaHHS QJITOPUTMIYHOTO CHHTE3Yy ONTUMAIBHUX PETYJIsSTO-
piB, 3 BUKOPUCTAHHSM MPUHIMITY CUMETPii Ha 0a3i JUHAMIYHUX MOJIEICH, 10 OypOBUX KOMILIEKCIB.
PesynpTat MojentoBaHHS 3a0€3MeUyIOTh CTA0UTI3AIII0 PEKUMIB ONTUMI3allli BEJIMYMHN HaBaHTa-
JKEHHSI Ha MOPOJOPYHHIBHMM IHCTPYMEHT Ta YacTOTH HOro oOepTiB it 3a0e3leyeHHsT poOoumnx
pexuMiB 00’ €MHOTO PYWHYBaHHSI TIPCHKOI MOPO/IH, a MO TIAPOAMHAMIYHIN mijcucTeMi cTabiizarlio
ONTHUMAJBHUX 3HAUEHb BUTPAT 1 TUCKY MPOMHUBAIBHOI PIAMHUA HA PIBHAX IHTErPOBAHOI BETUYHHH
TEPTS B MIJCUCTEMI IIOPOJOPYHHIBHUM IHCTPYMEHT-IIOPOJIA».

Real motion of the Boring Complex (BC), as well as any other object of control
of Mining Electromechanical Complexes (MEMC) as a first approximation can be
presented as an equation where coefficients for the tasks of technological and tech-
nical control through the energy consumption of the drive will reflect the given mo-
ments of inertia of the Boring Complex (BC). For the standard modes of the BC at the
synthesis of the control systems those coefficients are recognized as random selective
average as unbiased estimates of the general average appropriate fluctuations of the
dynamics of the given moments of inertia in the operating conditions of the BC ele-
ments. While considering BC as simply connected objects, that is, with one influence
of control, for example, with the axial load (L) or frequency of revolution of the Drill
Bits and Diamond Tools (DBDT) (@), which can be considered as the scalar func-
tions in the form of the sliding random selective average real fluctuations of the ran-
dom functions of time of the controlling influences, which can be separately denoted
in terms of expression m U [1].

With that the coincidence of the real change of the moments of inertia y(t) and

desirable change of moments of inertia y*(t) of those, which have the same dimen-
sions due to the perturbed change of the moments of inertia 7(t) according to the
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concept of perturbed-unperturbed motion is provided with stabilizing control U (t),

that is, real control u(t) is synthesized with the desirable u®(t) and stabilizing U (t).

Methodology of structural and algorithmic synthesis of the systems of the auto-
mated control (SAC) on the basis of the principle of symmetry [1] according to BC
stipulates definition of the laws of control by motion of the last ones through stabiliza-
tionU (t) . It is necessary to note that the main idea of the inverse of the dynamics oper-

ation, formations of the sought-for quantity of control are reverse to the corresponding
operations, which are determined by the structure of the mathematical model of BC.
According to the principle of symmetry on the block diagrams, which are used for
technological and technical control, the block diagrams of the controlling parts of such
systems are synthesized as a result of operations and corresponding variables. The con-
trolling part of the system here must compensate BC’s own dynamics completely and
provide reproduction of the set step influence as much as possible close to the ideal.
With that it is necessary to take into consideration the real natural limitations depend-
ing on the dynamic characteristics and on the values of the controlling influences.

On the basis of the carried out theoretical and experimental research of the struc-
tures and dynamic characteristics of BC [ 2, 3, 4, 5, 6] it is possible to draw a conclu-
sion about acceptability of representation of the majority of BC while solving the
tasks of their control in the form of analytical description by the systems of the fourth
order, when the perturbed motion is described by the equation in the form of

pr, =by,7, + 0,7, + 05, + b7,

P17, =Dy, + 0,1, + 0,517, + by, (D
P17y = by, +by,m, + by, + 0y,

pn, =b,m, +b,n, + 0,0, +byn, + mU.

In Frobenius form the system (1) assumes the form of:

P, = ﬁz;
pn, = ﬁ3; (2)
P, = ﬁ4;

pn, =—an — azﬁz - a3ﬁ3 - a47?4 + M4U-

With that the coefficientsa,, a,, a,, a, are determined by the known way of
comparison of the characteristic determinants (1) and (2) and coefficients at even de-
grees p.

In the structure of BC the controlling influences, for example, by loading on
Drill Bits and Diamond Tools (DBDT) (L) or by the change of frequency of its revo-
lutions (@) or by the discharge of the flushing fluid (Q ) for the system of the fourth

order of minimization of functional (3)
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it can be represented in the form of the following expression

M, o ) )
U=- c (V04770 TV T Vo1l + V5705 + V44774) =

4)

Py S +9,p°n,+V,,p'n, )=
c 0allo T Va1 TV, P17 + V3, P77 +V,, P,

M,(V A A A2 A 3

=—— 24V, + 0, P+, pT VP |7,
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where v, =1, v;, =a,, v,, =a,, V,, =a,, V,, =@, are determined according to the sys-

tem (2), which is extended to the form

P11y =11
P~ )
P77, =115;
P77 =11,

P, =—am — &y, —an;, —a, + MU.
of the system (5) Lyapunov function is described by the expression

n=4
V)= DVttt ooty + 20000, + 20050715 + 200500715 + 20000, + 0 + 2 + ()

i,k=0

” ” ) ” ~ A2 ” )
A2V 75 + 2V 110, N1+ 2V 51,00 + 2N 1, + Vs + 2V, V0

Equating with zero the expressions which are at 7,7, (i,k = O,l,...,n) in order

that a total derivative of Lyapunov function to be negative and solving the system of
algebraic equations as a result, it is possible to find the coefficient of Lyapunov func-
tion

_ 2. _ . _ . _ . _ .
Voo =4 5 Vor =,a,; Voo =&, 85, Vos =&, 8, Vos =& ;
_ 3. _ . _ . _ . _a2.
Vi =4, Vi, =8,8,; Vi; =&,8,; Vi, =a,; Vy =285,
Vy; =334y, Vo =855 Vg =28y, Vi =1. (7)

Coefficients W, Lagrangian functional (3) are stipulated according to the ex-
pressions (8)
v Mio oM

Woo = c Voas Wy, = c

2
M

M 2
A _ A 4
VO4V14’ W02 - C

VoaVass Wy = TV04V34;
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2 2 2 2
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04 c 04V44> 11 c W 12 c 13 c 4
v oMo s Ml G Mi o aoMIL o
Wiy C_V14V44: 22 c W 3 _C 2aV345 4 _C aVass
A _ Mj ~AD . A _ Mj A A . A _ Mj AD (8)
Wa3 = c Viss Wy = TV34V44> Wy, = T 4+

With implementation of the reverse transformation of the system (6) to the form
of the system (1) the finite representation of the controlling influence U i5 possible-

which 1s formed after the formula

m
U= _?4(\/04770 VT T Voul, V3,705 + V1, ) : ®

And for BC of the type 31d-1200 the perturbed motion is described by the equa-
tions in the form of
P17, =15
pr, = by, + 0,1, + by, +0,7,;
pr, =b,m +b,n, + 0,1, +b,,7,;
pr, =byn, +by,n, +byn, +0,,1,;

P17, = by 7, + by, + 0,75 + by, + MU

In maximum integrated representation with the help of the operators of the con-
tinuous fractions, the basic structure of any MEMC from the positions of its techno-
logical and technical identification and control can be represented in the form, which
1s presented in Fig.1, where the first and foremost role of the technical state of every
MEMC relatively to its technological state is evident.

With that, rational expression of the transfer function for BC, which represents
structure of Fig. 1, is formalized in the form of

5 4 3 2 11
C;, @ +Cy 0 +Cy 0 +C, 0" +C ,0—Cy, (11)

(10)

WIB (jo)l=

10 9 8 7 6 5 4 3 2 '
Clpp@ +Cyy +Cyy® +Cp @ +C, 0" +Ciy0 +C,y0" +Cy,0° +C,,0° —C L0 +Cy,

For example, for the universal ladder circuits of the hierarchical dynamic diag-
nostic models of the elements of MEMC of BC of the type 3Id-1200, Fig. 1, the
normalized values of coefficients of the polynomials of numerator and denominator
C;; in relative units to the nominator of the transfer function by the circuit load on the

Drill Bits and Diamond Tool (DBDT) with the type of the
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Fig.1. Integrated chain general structures of the dynamic models of BC

diamond drill bit (01A3/120K30 — 14A4/150K50, D=76 mm) adopt the following ana-
lytical and numerical values:

Co; =€3;
c,=J0-e3-k-h-e3-1;

C,, =2.699E —011;
c,, =—7.875E-007;

c,,=k-h-J0-e3-k-h+J0; c,, =—3.928E -001;

C,, =k-h-J0+e3-J0; C

c,, =k-h-e3-J0-J0%-e3; C

., =—7.856E —001;
41 =5.001E —001;

Cs, =-k-h-J0-e3; C;, =1.000E — 000,
and for the denominator
Cop = 0;

C,=-h;

C,,=—J0-h-e3;

¢;,=h-J3-e3-J0-k-h+h-e3-J0-e3-J0;

C,,=J0-J3-e3+h-e3’-J3-J0-k-h-e3+h-J3+h-J0+J0°-e3; (12)

C,,=e3*-J0-J3+h-e3-J3+h-e3-J0+J0°~h-e3”-J0-J3+J0-k-h-J3-e3+
+J0-J3+J0-k-h-J3-e3;

Cs,=—h-€3-J0°+J3-€3-J0+e3-J0°+J0-k-h-J3+J0%-k-h—J0*-e3*-J3-
~2-h-e3-30-J3+J0-k-h-e3*-J3;

c,,=-h-e3"-33-J0-2-J0°-€3-J3+J0°-k-h-e3-J0*-e3+J0-k-h-e3-J3-
~J0%-k-h-e3*-33;

C,, =—€3"-J0°-J0°-k-h-e3+h-e3*-J0*-J3-2-J0°-k-h-e3-J3;
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C,, =J0°-e3°-33-J0%-k-h-e3*-J3;
Co,=J0°-k-h-e3*-J3,

where
Cyn = 0; Cs» = 6.993E +002;
c,, = 1.886E —008; C,, =—4.454E +002;
C,, =—2.567E —003; Cy, = —8.909E +002;
C;, =—5.133E - 003; C,, =5.001E —001;
C,, =5.839E —003; Cq, =1.000E +000.

C; , = 3.496E + 002;
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Fig.2. Mathematically expected amplitude-frequency characteristics of the universal lad-

der circuits of the dynamic models structural are the values of the elements of BC of the
type 3Id-1200 according to the chart of Fig. 6.2: a— BO(w), 6 — BOl(w),

B— Bl(w)
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In Fig.2 and Fig.3 the amplitude-frequency characteristics of the transfer func-
tions of the elements of integrated structure of BC are represented in Fig.1, which are
determined for the dynamic models with the losses for friction in DBDT diamond
drill bits and supports of BC of the type 31®-1200 with consideration of the last one
after structure with the jammed left end. According to the form and frequency param-
eters they are mainly characteristic for most types of MEMC with the analogues con-
ditions of with the help of continued fractions [7].
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Fig.3. Mathematically expected amplitude-frequency characteristic of the transfer
function of the universal ladder circuit of the dynamic model of BC of the type
319 1200

y (p)

Fig.4. Basic modified structural diagram of the closed control system with compen-
sation of own dynamics of MEMC in representation through the universal ladder
circuits of the dynamic models.

The use of the effective methods of structural and algorithmic synthesis of con-
trol systems in modification of principle of symmetry to the decision of tasks of the
analytical designing of regulators with the initial design of control objects with the
help of operational method of the continued fractions on the first stage allows to pre-
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sent the closed control system in Fig. 4. Conceptually substantial here is the real re-
quirement to the control part of the system as to the complete compensation of own
dynamics of MEMC with provision of the best reproduction of the set gradation con-
trol influence in the sense of the standard-mean-square criterion. That is very im-
portant while deciding the tasks of technological and technical identification and con-
trol of BC. With that, formation of the real dynamic characteristics and limitations for
the values of the control influences are provided with the chart. Presentation of the
transfer functions of MEMC and the part of the closed control system with mecha-
nism of dispersive operation form of the continued fraction allows to get to the charts
presented in Fig.5 with the proper analytical description. Structural integrated techno-
logical and technical charts of the Boring Complexes of the type 31®-1200 and YKb-
2000/3000 in representation through the universal ladder circuits of the dynamic
models are presented in Fig. 5.

y'(p)

1

Yi(p)

Fig.5. Structural integrated technological and technical charts of the Boring Com-
plexes of the type3I®-1200 (a) and Boring Complexes YKB-2000/3000 (0) are rep-
resented through the universal ladder circuits of the dynamic models

Thus, application of the analytical designing of regulators in the Systems of
Automated Control (SAC) of BC is provided with the purpose of control and amount
of a priori information in collection with the running perturbations. And the use of
conception of perturbed-unperturbed motion for the structural and algorithmic syn-
thesis of the control system on the basis of the principle of symmetry allows to form
the basic algorithm of optimum evaluation and control of BC through the set of con-
trol influences, which on mechanical subsystem provide stabilization of the modes of
optimization of the value of load on DBDT and frequency of its revolutions to pro-
vide operating modes of the bulk crush of the rock, and on a hydrodynamic subsys-
tem provide stabilization of the optimum values of the losses and pressure of the
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flushing fluid on the levels of the integrated value of friction in a subsystem of
DBDT-rock. Operative control of technological and technical states is at the same
time provided on limitations in the additional circuits and pre-emergency shut-down
of BC if it is found to be impossible to remove it from pre-emergency state with the
help of the standard control.
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ABSTRACT
Purpose. Explore possibility of application of algorithmic synthesis of optimum regulators, with
the use of principle of symmetry on the basis of dynamic models, to the management by the boring
complexes.

The methods of research. Used methods of structural-algorithmic synthesis of the systems of
management in modification of principle of symmetry to the decision of tasks of the analytical con-
structing of regulators with the initial design of objects of management by the statement method of
chain shots, that allows on the first stage to synthesize the closed system of management.

Findings. Results of design secure stabilization of the modes of optimization of size of loading on
the porodorazrushayushiy instrument and frequencies of its turns for providing of operating condi-
tions of by volume destruction of mountain breed, and on the hydrodynamic subsystem stabilization
of optimum values of charges and pressure of washing liquid at the levels of the integrated size of
friction in subsystem «porodorazrushayushiy instrument-breed».

The originality. Consists of requirement to the handling part of the system about the complete

compensation of own dynamics of mountain complex with providing of forming the best in sense of
srednekvadratichnogo criterion of the set handling influence.
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Practical implications. Conducted researches confirmed practical expedience of application of al-
gorithmic synthesis of optimum regulators, with the use of principle of symmetry on the basis of
dynamic models, to the management by the boring complexes.

Keywords: boring complexes, management, synthesis of optimum regulators, principle of sym-
metry, dynamic models
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MOIEJUPOBAHHUE ITPOLUECCA PASMEINEHUSA OBOI'ATUTEJIBHOT'O
IMPON3BO/JACTBA C YYHETOM HEINIPEPBIBHO PACHIPEAEJEHHOI'O
PECYPCA

© S. Us, O. Stanina

MODELING PLACEMENT OF THE CONCENTRATING INDUSTRY WITH
CONTINUOUSLY DISTRIBUTED RESOURCE

PaccMmoTpeHna TexHojoruyeckast cxema paboThl TOPHOAOOBIBAIOILETO MPeIpUsATHs. BrinonHeH
aHaJIM3 CYLIECTBYIOIUX MAaTeMAaTHYECKUX MOJIeNeH pa3MeIeH!sl MHOIO3TAalTHOIO POM3BO/ICTBA HA
npuMepe ropHOA00bIBaoNIei TpoMbIUIeHHOCTH. [Ipeanoxkena HOBass MaTemMaTHyeckas MOJEIb B
CMEIIIaHHOM MOCTaHOBKE JJIi MHOTOATAITHOM 3a7auu pa3MeIleHus: 000raTUuTEIbHOIO MPOU3BO/ICTBA.
B kadectBe kpuTepus 3aaud ONTHMAJIbHOIO pa3MeEIleHHs BbIOpaHa CyMMapHas CTOMMOCTb J0-
CTaBKH MPOIYKIIUH.

Po3rasiHyTO TEXHONOTIUHY cXeMy pOOOTH TipHHYOJ00YBHOTO MiANpueMcTBa. BukoHaHo aHai3
ICHYIOUMX MaTeMaTUYHHUX MoOjieei po3MilleHHs 0araroeTarHoro BUPOOHMIITBA Ha MPUKIA[IL, Tip-
HUY0/100yBHOT IPOMHCIIOBOCTI. 3alIpONIOHOBAHO HOBY MaTeMaTHYHY MOJIENb B 3MilllaHii mocTaHo-
BII 751 OaraToeTamHoi 3a/1adi po3MIlIeHHs 30aradyBajbHOrO BHPOOHHITBA. B sKOCTI KpuTepito
3a/1a4i ONTUMAJIBHOTO PO3MIIIEHHsI 00paHa cymMapHa BapTiCTh JOCTaBKH MPOYKIIIi.

BBenenue. ['opHOmOOBIBarOIIasi TPOMBINIIEHHOCTh Y KPAaWHBI OTIUYACTCS BBI-
COKOM CTEINEHbI0 KOHIICHTPAlUU U OOJBIIUMHM MaciiTabamMu MPOU3BOACTBA, MO3BO-
JSIOLMMU  YICHIEBIISATh CTOMMOCTh JI0OBIYM U MPUMEHSITH COBPEMEHHYIO TEXHUKY.
OpnHako, B mocyieaHee BpeMs, B IEHTPE BHUMAHUS BCETO MUpPa U Y KPauHbI, B 4aCTHO-
CTH, BCE Yallle CTAHOBATCS 3aJa4M IMOBBIIIEHUS KOHKYPEHTOCIIOCOOHOCTH 3a CYET
CHIDKEHUS 3aTpaT U yJIy4dllIeHUs KaueCcTBa I0Ka3aTesel peaau3aly NpOyKIUH.

XapakTepHbIM JJI Pa3BUTHS 3TOM OTPACIIH SIBISETCS HEOOXOAUMOCTD Pa3BUTHS
HOBBIX TpeAnpusaTuil (Hampumep, pa3paboTKa HOBBIX MECTOPOXKICHUH) M MOJICPHU-
3allMM WM PEOpPraHU3alMi MUMEIOUIUXCSA, B CBA3U C YE€M BO3HUKAET 3ajada OIITH-
MaJIBHOTO Pa3MEILEeHUS IIPEANIPUATUI HA TaHHOU TEPPUTOPUH.

[Tpu perieHnn TOM 3a71a4u HEOOXOAMMO YUUTBHIBATH pa3iudHbie PakTOpsl (IKO-
HOMHUYECKHE, COLMAIbHBIC, YKOJIOTHUECKUE) U OCOOSHHOCTH OTpPAaCIH, YTO B COBpE-
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