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NCCIEAJOBAHUE DHEPTOOPPEKTUBHOT'O
YIIPABJIAEMOI'O DJIEKTPOMEXAHUYECKOI'O
PE3OHAHCA 1J14 ITPOIHECCOB PE3AHUA
N PABPYHIEHNA TOPHOT'O MACCHBA
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AHHomayus: MNpeacraBneHa matematuyeckaa mogens TI-[ anekTponpusoaa, afanTMpPOBaHHAA
ONA UccnefoBaHUA 3HeProspPEKTUBHbLIX PE3OHAHCHbIX PEXMMOB 3/1EKTPOMEXAHUYECKOM CuUCTe-
Mbl OPraHOB Pe3aHuA FOPHbIX MalKWH. DHeproapGeKTUBHOCTb AOCTUIAETCA 32 CYET PaLMOHA/IbHO-
ro 3aKOHa ABUXEHWUS OpraHa pes3aHus C y4eToM AMHAMMUYECKOro NPOoLEecca pesaHuns, MMerLLLero
BO3BPATHO-BPALLATENbHYIO TPAEKTOPUIO KOOPAMHATbl CKOPOCTM B 06M1aCTM KOHTaKTa pexyluero
MHCTPYMEHTA C FTOPHbIM MAcCMBOM. TaKOM MPOLLECC MOMKHO 0becrneymTb 3a CYET PE30HAHCHOrO
pexxnma B 31eKTPOMEXaHMYECKON CUCTEME MPU UCMONb30BaHUMN BHELLIHEro BO3MYLLAOLLErO BO3-
nevicteuma. MNpun coBNageHnn 4acToTbl KoNebaHUA BHELLHEro BO3MYLLAOLWEro BO34eNCTBUA € YacTo-
TOW COBCTBEHHbIX KONEBAHUI 3NEKTPOMEXAHUYECKON CUCTEMBI [OCTUTAETCA PE30OHAHCHBIN PEXMM
dYHKUMOHMpPOBaHKUA. CucTema ynpaBieHMa OMKHA obecneumBaTb HAaCTPOMKY Ha Pe30HaHCHYH
YacToTy M OrpaHMYMBaTL AMMIUTYAY BbIHYXKAEHHbIX KoNebaHUn TOKA U CKOPOCTU 3/1eKTpoABUra-
Tensa. B KayectBe perynsatopa ynpasBaseMoro Pe3oHaHCHOro pexmnma ¢GpyHKLMOHMPOBaHMA npes-
noxeH MNO-perynatop. AHaAUTUYECKME UCCNEA0BAHUA NOCPEACTBOM MATEMATUYECKOW MOAENMU
NO3BONAN MONYYUTb 3aBUCUMOCTM YaCTOTbl COBCTBEHHbIX KONebaHUI 3NEKTPOMEXaHUYECKOW CU-
CTeMbl U KOaddUUMEHTA AMHAMUYHOCTU TOKA 3/1eKTpoaBUuraTens (amnanTyabl KonebaHuit Toka) oT
napameTpoB perynaTopa, KoTopble NOKasaan, YTo HaCTPOMKa Ha PE30HAHCHYIO YacToTy AOCTUraeT-
cs 3a cyeT guddepeHumnanoHom yactn MNL-perynatopa. OrpaHUYeHne aMnANUTYAbl BbIHYKAEHHbIX
KonebaHui Toka BO3MOXKHO NPOMNOPLIMOHANbHOM YacTbio peryastopa.

Knrouyesbie cno6a: 3NeKTPOMEXaHUYECKAA CUCTEMA, CTPYKTYpa YNpaBaeHWs, sHeprospdEKTUBHbIN
PE30HAHCHBIN PEXUM, NPONOPLIMOHANbHO-UHTErPaNbHO-AUbOEPEHLMANBHBIV PEXUM YNPABAEHUS,
KO3hULMEHTbI AUHAMMUYHOCTU MO TOKY U CKOPOCTM, NMOBbILLIEHWE NPOU3BOAUTENBHOCTU BypeHus.
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Abstract: Mathematical model of TP-D electric drive is presented. The model is adapted for inves-
tigation of energy-efficient resonant modes of electromechanical system of cutting body of mining
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machines. Energy saving is achieved at the cost of rational law of motion of cutting tool taking into
account dynamic cutting process of having reverse rotational trajectory of velocity coordinate in
the contact area of cutting tool with rock massif. Such a process can be provided by means of reso-
nant mode in electromechanical system using external disturbances. Resonant mode of function-
ing is achieved at matching of oscillation frequency of external disturbances with natural oscillation
frequency of electromechanical system. Control system must support adjustment on resonant fre-
quency and restrain amplitude of forced oscillation of current and electric motor speed. PID con-
troller was proposed .as regulator of controlled resonant mode of functioning. Analytical studies by
means of mathematical model has allowed to obtain dependences of natural oscillation frequency
of electromechanical system and dynamic response factor of electric motor current (amplitude of
current oscillation) upon parameters of controller, which has shown that adjustment on resonant
frequency is achieved by means of differential part of PID controller. Limitation of force oscillations
of current is performed by proportional part of controller.

Key words: electromechanical system, control structure, energy-efficient resonant mode, propor-
tional-integral-differential control mode, dynamic coefficient of current and speed, increase in per-
formance of drilling.
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Introduction

The theory of controlled electromag-
netic resonance is presented in [1—3,
6—10]. Basic concepts of the theory lie
in the fact that electromechanical system
is considered as object of regulation in
which synthesis of mechanical and electri-
cal resonance is implemented. It is proved
theoretically that such electromechanical
resonance provides energy-saving effect
at operation of cutting tools of mining
machinery and mechanisms. One more

Print  DSO  Close
DSO
MODE CH1
CH1 DC EUTES T S THE 4E SHE S SHY 3% NE

2¥{D

i

TIME

2msjD
TRIGGER

|
B

o

g i

Fig. 1. Current response of electric motor at drill-
ing by SBSh-250MN drill rig
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effect was fixed during pilot testing: in-
crease in performance of mining machine
with cutting body. This effect still has no
theoretical validation.

As is known resonance occurs in case
of matching of natural oscillation fre-
quency and frequencies of external dis-
turbances [11—15]. This can be realized
by two methods: by generation of control
signal corresponding to natural oscillation
frequency of electromechanical system or
by adjustment of natural oscillation fre-
quency to bottom reaction frequency. The
second method is more practical, because
the application of the first method requires
usage of generator of control action with
variable frequency, which complicates im-
plementation of adjustment on resonant
frequency. In further researches method of
adjustment on resonant frequency by reg-
ulation of natural oscillation frequency of
electromechanical system of cutting body
which corresponds to frequency of bottom
reaction (Fig. 1). During investigation of
damping capabilities of electromechanical
systems it was fixed that it's natural oscil-
lation frequency depends upon transfer
factor of flexible feedback on current. This



property was used for adjustment on reso-
nant frequency.

Besides adjustment on resonant fre-
quency it is necessary to restrict oscilla-
tion amplitude in resonant mode, because
it can reach large values [4, 5]. The stud-
ies have shown that amplitude limitation
can be achieved by means of direct feed-
back on speed of electromechanical sys-
tem or current. Direct feedback on speed
provides amplitude limitation in limited
frequency band. There are no such limi-
tations for direct feedback on current.
Therefore, regulating system by electrome-
chanical resonant mode contains flexible
feedback on current and direct feedback
on current.

Pilot testing of controlled electromecha-
nical resonance were carried out at Lebe-
dinsky MPP. The system was installed on
electric drive of swivel head of SBSh-250MN
drill rig. Test results has shown that through-
put performance rised by 22%, power
consumption reduced by 31.6%, and re-
duction of a power intensity was 46% at
dynamic response factor of current equal
to 1.4. Computer-Aided Process Control
System of Lebedinsky MPP was used for
recording of drilling indicators.

Main Part

Analysis of structure of resonance mo-
de control of electromechanical system
operation has shown that this structure
can be significantly simplified if PID con-
troller is used in place of flexible and di-
rect feedback. In PID controller the pro-

portional part (P) implements analogue
of direct feedback, and the differentiating
part (D) implements analogue of flexible
feedback. The integrating part (/) of con-
troller is redundant and is not used. At
the same time, it is necessary to develop
a theory of controlled electromechanical
resonance when using PID controller.

Mathematical model of electromecha-
nical system with control structure based
on PID controller is written as (Fig. 2).

Mathematical model is adapted to
electric motor of body of rock mass cut-
ting and shattering. This body represents
single-loop control system on motor elec-
tromagnetic torque on PID controller. Fre-
quency converter has built-in PID control-
ler. Estimation of control error as a result
of that assumption is performed by means
of computer simulation. To simplify deri-
vation of analytical dependences, lets re-
duce spectrum of external disturbances
from cutting body to fundamental (v = 1)
harmonics. If necessary, the spectrum may
be expanded and taken into account in fi-
nal analytical dependences.

The following symbolic designations
are used in mathematical model on Fig. 2:
u, — signal on electromagnetic torque; P —
proportional part of controller; I/s — inte-
gral part of controller; sD — differentiating
part of controller; u,— control voltage of
frequency converter; kp — static coefficient
of frequency converter; Tp — time constant
of frequency converter; e,— voltage of con-
verting device; k _ — static transfer factor of
motor electromagnetic torque; T, — elect-
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Fig. 2. Mathematical model of electromechanical system with control based on PID controller
Puc. 2. Matematudyeckasi MOAEAb IAEKTPOMEXaHUYECKON CUCTEMBbI C yripaBAeHneM Ha b6ase lUA-peryasitopa
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romagnetic time constant of «frequency converter — asynchronous electric motor» sys-
tem; M — motor electromagnetic torque; an — equivalent moment of inertia in «motor —
body of rock mass cutting and shattering»; o, — phase rate of motor shaft; k — transfer
factor of self-feedback on motor EMF; e — motor EMF; k — direct feed back factor on
electromagnetic torque; u, — feedback factor signal on electromagnetic torque; p —
static resistance torque in steady-state process mode at external disturbance; M, —am-
plitude of static resistance torque; m — pulsatance of external disturbance oscillations.
Transformations of structure of mathematical model presented in Fig. 2 has shown
that transfer function M(S) i 1 | "
WS) s (KT,D+T.T,)+s(KT,P)+ (KT, +1)
where k = kpkmkom — parameter of feedback on electromagnetic torque; Tu —
electromechanical time constant.
On the basis of transfer function (1), second-order differential equation is obtained

[s*(kT,D+T,T, )+ (kTP +T,)+ (KT, +1) |M =H, sinot, (2)

where HH = M_ — static offset on motor torque.
Solution of differential equation (2) is found in the form:

2no(kP +1)
[QQ —®”(2nkD + 1)] +2nkl

tgsu = (3)

A 2
P Q , (4)

dr 2 2
" \/[Qz—w2(2nkD+1)+2nkI] +[2noa(kP+1)]

where ¢ — phase shift angle of forced oscillations of electromagnetic torque with
respect to phase of disturbing oscillations; deH — dynamic response factor on motor
electromagnetic torque of electromechanical system; A — amplitude of forced oscilla-
tions of motor electromagnetic torque; n — damping coefficient; Q — pulsatance of
natural oscillation frequency of electromechanical system.

As was validated in [1], energy-efficient operation mode of electromechanical system
of body of rock mass cutting and shattering depends on dynamic response factor of
electromagnetic torque (current) of electric motor. At that it is ascertained that depend-
ence of electric motor power consumption is in inverse proportion to dynamic response
factor of electromagnetic torque.

Resonance of electromechanical system occurs at the fulfillment of the condition:

Q=ov2nkD +1- (5)

For provision of resonant mode, it is required to bring to equality value of natural
oscillation frequency and value of force oscillations frequency by means of adjustment
of PID controller. In this case expression (5) is written as

ooy (6)

N2nkD +1

where v — adjusted value of pulsatance of natural oscillation frequency.
In accordance with (6), differentiating part of PID controller is calculated using formula

2 2
_r o (7)
2nko
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For resonant mode, we get:
e tangent of phase shift angle of forced oscillations with respect to disturbing
oscillations, according to (3),

o(kP+1)
tge, =—— _—; (8)
e dynamic response factor of motor electromagnetic torque according to (4)
2
o (2nkD +1
k ( ) (9)

d. ’
" oonkP 4o (kP 1)
where o — resonant pulsatance of external disturbances.

For limitation of amplitude of forced oscillations of electromagnetic torque in reso-
nant mode, analysis of dynamic response factor of this electric drive coordinate on ex-
pression (9) is required. As was found in [1], dynamic response factor of current (elect-
romagnetic torque) for energy-efficient mode lies within the range of krez_p =11-14.At
larger values of dynamic response factor, a threat of disruption of kinematic chains of
electromechanical system arises.

Analysis of expression (9) shows, that limitation of amplitude and, therefore, of dy-
namic response factor of electromagnetic torque is possible by one of two adjustment
methods. These are adjustment of proportional or integral parts of PID controller.

If adjustment of proportional part of PID controller (I = O) is applied, then parameter
of adjustment is determined in accordance with (9):

b ®(2nkD +1)-2nkK, ., , , (10)
2nkk

t.rez.p

where kuez‘H — given value of dynamic response factor of electromagnetic torque of
motor in resonant mode.

Integral part of PID controller is redundant on condition limitation of forced oscilla-
tions limitation, therefore at controller adjustment it is accepted that = 0.

Analysis of expression (10) shows that adjustment of proportional part of controller
is restricted. For normal operation of PID controller, it is required, that adjustment pa-
rameter has positive value. Do this requires observance of inequality

®(2nkD +1)>2nk,,,, . .

Analysis of expression of phase shift angle of forced oscillations with respect to
phase of disturbing oscillations (8) shows that it does not influence energy efficiency, as
in the case of study of behavior of electric motor speed in resonant mode.

In result of transformations of structure of mathematical model shown in Fig. 2, we
get transfer function of motor speed on static torque without including integral part of

controller
o,(s)  1/K.k, [s(kD +T,)+ (kP + 1)]

Ho(S)  S*(KT,D+T.T, +s(kP+1)T, +1)

(11)

On the basis of transfer function (11), we get second-order differential equation
[*(KT,D+T,T, )+ s(kP+1)T, +1 o, =H,sinot (12)

where H =M _/k _k — static offset on motor speed.
Solution of differential equation (12) we seek for dynamic response factor of electric
motor speed:
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A \/032 (TQ%D+1) +T2Q* (kP +1)°
do -
H, T, \/[Q2 —®”(2nkD + 1)]2 +4n°w’ (kP + :L)2

where A — amplitude of electric motor speed.

Since value angle shift of phase of forced oscillations of motor speed with respect to
phase of disturbing oscillations does not affect adjustment of controller, providing energy-
efficient operation of electromechanical system, then derivation of that entity is omitted.

Resonance of electromechanical system takes place upon condition, that is at
change of natural oscillation frequency of electromechanical system due to impact of
control system. Modified natural oscillation frequency is determined by (5).

In this case, resonance occurs at @ = v, that is numerical value of external distur-
bance should match to frequency determined by (6). So it is required, in accordance
with (11), that value of differential part of PID controller was calculated by formula (7).

For resonant mode, dynamic response factor of motor speed is equal, according to
(13), to

(13)

\/co2 (TD +1) +T2Q* (kP + 1)’
e 2nT, (kP +1)

Adjustment to resonant frequency is performed by implementation of relation (5),
and limitation of amplitude of forced oscillations is performed by implementation of
condition (10). Therefore, dynamic response factor of motor speed in resonant mode
determined by (14), is not controllable and depends upon given parameters of energy
efficiency of processes of rock mass cutting and shattering.

Let’s carry out verification of received theoretical relations by their comparison with
experimental data recorded at simulation on the basis of MatLab/Simulink applica-
tion program package. Comparison is carried out for open-loop and closed-loop control
systems for electromechanical resonance. For open-loop control systems we consider
D=0,/=0wnP=0.The results of comparative study are presented in the form of char-
acteristic curves in Fig. 3 and Fig. 4.

k

d.u

K (14)

2
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0 0 0,2 0,4 0,6 0,8 1 12 wlv
Fig. 3. Characteristic curve «dynamic response factor of electromagnetic torque — vs — pulsatance of
external disturbances» for open-loop system: 1 — theoretical; 2 — experimental
Puc. 3. [pagpuuyeckas 3aBUCUMOCTb KOIPPULUMEHTA AMHAMMYHOCTH IAEKTPOMArHUTHOIO MOMEHTa OT YIAOBOM
4acToTbl BHELIHUX BO3MYLLAIOLLMX BO3AEHCTBUI ANST Pa3OMKHYTOM CUCTEMbI: 1 — TeopeThueckas; 2 — aKc-
nepvMeHTaAbHas
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Fig. 4. Characteristic curve «dynamic response factor of motor speed — vs — pulsatance of external
disturbances» for open-loop system: 1 — theoretical; 2 — experimental

Puc. 4. [papuueckasi 3aBUCUMOCTb KOIPPULIMEHTA AMHAMUYHOCTH CKOPOCTU ABUIraTEAS OT YIAOBOM YaCTOTbl BHELL-
HUX BO3MYLLAIOLLIMX BO3AEHCTBUI ANST PAa3OMKHYTOM cuCTeMbI: 1 — TeopeTuyeckas; 2 — akcnepuMeHTanbHas

As is seen from graphical dependenc-
es of dynamic response factor of motor
electromagnetic torque (Fig. 3) and motor
speed (Fig. 4) upon pulsatance of external
disturbances, extreme value of a function
is shifted with respect to resonant fre-
quency (/v = 1). This fact corresponds to
oscillation theory.

Graphical dependences of dynamic re-
sponse factors of electromagnetic torque

and motor speed upon pulsatance of exter-
nal disturbances for closed-loop system are
presented in Fig. 5 and Fig. 6, correspon-
dingly. As is seen from graphical depen-
dences in Fig. 5, the difference of theoreti-
cal and experimentasl| values of dynamic
response factor of motor electromagnetic
torque. The difference at resonant frequen-
¢y (o/v = 1) amounts to 13%, which is per-
missible for engineering calculations.
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Fig. 5. Characteristic curve «dynamic response factor of electromagnetic torque — vs — pulsatance of
external disturbances» for closed-loop system: 1 — theoretical; 2 — experimental

Puc. 5. [pagpuyeckas 3aBUCUMOCTb KOIPPUUMEHTA AMHAMMUYHOCTH IAEKTPOMArHUTHOIO MOMEHTa OT YIAOBOM
4acToThbl BHELLHMX BO3MYLLAIOLLMX BOAEHCTBUI AAS 3aMKHYTOM cucTeMbl: 1 — TeopeTnueckas; 2 — akenepu-

MeHTaAbHaA
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Fig. 6. Characteristic curve «dynamic response factor of motor speed — vs — pulsatance of external
disturbances» for closed-loop system: 1 — theoretical; 2 — experimental

Puc. 6. [papuueckast 3aBUCUMOCTb KOIPPHLUMEHTA AMHAMMYHOCTU CKOPOCTU ABUraTeAs: OT YrAOBOM YacToThl
BHELUHWX BO3MYLLARLLNX BosAeI;ICTBMﬁAAH 3aMKHyTOI71 cucremsbi: 1 —TeopeTnyeckasn, 2— JKCMNepuUMeHTaAbHanA
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Fig. 7. Oscillogram of electric motor current (elect-
romagnetic torque) during transition from normal
mode tor resonant mode

Puc. 7. Ocumamorpamma Toka (3AEKTPOMAarHUTHOro
MOMEHTa) SAEKTPOABUIraTeAs] MPU NMEPEXOAE OT HOP-
MaAbHOIO PEXUMa K PE30HaHCHOMY

As is seen from experimental graphical
dependence dynamic response factor of
motor speed upon pulsatance of external
disturbances, there is a close agreement
with theoretical data in the area of reso-
nant frequency (o/v = 1).

It is noteworthy approximately 5-time-
increased value of dynamic response fac-
tor of motor speed for closed-loop system
(Fig. ) in comparison with open-loop con-
trol system (Fig. 4).
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Increase of motor speed stipulates in-
crease in productivity of electromechani-
cal system in resonant mode. This fact
was found in pilot testing on Lebedinskiy
MPP. Nevertheless, this aspect requires
further theoretical evidences.

When performing pilot testing control
systems for electromechanical resonance
on Lebedinskiy MPP, oscillograms of reso-
nant mode (Fig. 7) were received. Differ-
ences between theoretical and experi-
mental data were determined on the ba-
sis of these oscillograms — they amounted
to 11%.

Conclusion

Development of theory of controlled
electromagnetic resonance showed expe-
diency of usage of proposed method of
energy-efficient shattering of rock massif
by means of electromechanical systems
with cutting bodies. This method is clas-
sified as groundbreaking technology in
the field of mining, provides opportunities
for increase of throughput performance
of mining machinery and mechanisms,
boosts energy efficiency of drilling pro-
cesses.
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OTAEIBbHBIE CTATBM TOPHOTO NTH®OPMAIIMOHHO-AHATTUTUYECKOTO BIOJIIETEHA
(CHEOUAJIBbHBIN BBIITYCK)

PASBPABOTKA U DKCILIYATALI S TOPHBIX MAIIIH 1 OBOPYOBAHUA
B YCJIOBUAX TOPHO-OBOTATUTEJIBHOTI'O ITPON3BOACTBA
(2019, CB 9, 88 c.)

AoaraHoB A.B., ®ponos C.I., lNNoranos B.A., lNotanos B.B., KonokoAbueBa E.HO. 3axapoBa A.A.,
ApaHackeB A.U., CtoxkoB A.C., Tpon B.A., UcreHTbeB A.Q., benos C.B., KocTrok [1.A.

PaccmoTpeHbl BOMPOCHI 3KCMJIyaTalua BOLOOT/IMBHbLIX YCTAHOBOK B YC/IOBUAX LWIAXT U PYAHU-
KoB. MNepeKkaunBaHme BOA C CoaepKaHMEeM abpasmnBHbIX MPUMeECei pya U roOpHbIX NOPOA NPUBOAUT
K rMapoabpasmMBHOMY M3HOCY AeTaneil NPOTOYHOM YacTM U YNNOTHEHUI LEeHTPOBEeKHbIX Haco-
COB, @ 3HAYUT, K POCTY pPaZnasibHbIX 3a30POB M 0O BEMHbIM yTEYKAM Yepes HuX. [Mpu AanbHenwen
paboTe B 3TUX YCNOBMAX NMPOUCXOAUT CHUNKEHME nogayum, Hanopa v K[, Hacocos, YTO CHUXKAET
HepreTn4yeckmne XapaKTepuctukm BoAO0OTIMBA U BeAET K yrpose 3atonneHunAa Waxt nu pygHUKoOB.
MpK TEXHUKO-3KOHOMUYECKOM aHan3e paboTbl BOAOOTIMBHOM YCTAHOBKM C yTEYKAMMU NPUXOAUT-
CA pewaTb 3aZayM No onpeaesieHUt0 BAUAHUA 06bEMHbIX YyTeYEK Ha BENMUYMHY YAENbHOro pac-
X0/, 3NEKTPOIHEPTNUM HACOCHOM YCTAHOBKOM NPM OTKa4YMBAHUM BOAbI M3 LWaXTbl HA MOBEPXHOCTb
W onpeaeneHuto noTepb 31eKTposHeprun. C pocToOM CTOMMOCTU 3NEKTPO-IHEPIUU MOABAAETCA
ocTpan NoTpebHOCTb Pa3paboTKM HOBbIX IHEPTrOIPDEKTUBHbLIX TEXHONOTUI LAXTHOTO BOAOOTIMU-
Ba, Hanpumep, NPUMeEHEHNE BbICOKOOBOPOTHbIX HAacocoB. CTOMMOCTb KM3HEHHOIO LIMKAA KOM-
NJIEKCOB LWAXTHOTO BOAOOT/INBA CAeAyeT OnpesenaTb No CTPYKTYPHbIM COCTaBAsAOWMUM. B nepsyto
oyepeab HEOHXOAMMO OLLEHUTb CTOMMOCTb KU3HEeHHOoro umKaa LUHC Kak Haubonee sHeproemkoro
anemMeHTa Komnaekca. lposeseHa cCpaBHUTEIbHAA OL,EHKA PEMOHTONPUIOAHOCTU CYLLECTBYHOLLNX
LEHTPOBEXKHbIX CEKLLMOHHbIX 0AHOMNOTOUYHbIX HacocoB Tuna LIHC 1 paspabaTbiBaemMbix ABYyXNOTOY-
HbIX Hacocos TMNa UHCA. OueHka BefeTca OTHOCUTENbHO HanMuMA Pa3rpy304YHOro YCTPOMCTBA B
Hacocax LIHC v ero otcyTctBuma B Hacocax LLHC/. B psae paboT pa3paboTaH NpUHLMMI UMUTALLMOH-
HOro MOAENMPOBAHMUSA NPU pacyeTe NPeaesbHO AONYCTUMbIX OTKNOHEHUIM TPACC CKBAXKMH OT Npo-
eKkTa. cnonb3oBaHMe oNMcaHHOW METOAMKN B KOMMJIEKCE C MPOrPamMMOl pacyeTa TPacChbl KCHU3Y-
BBEPX» W 3aTpaT Ha bypeHWe no JaHHOMY BapuaHTy TpacCbl AAaeT BO3MOXKHOCTb OCYLLECTBAATb
BbI6OP PaLMOHANbHBIX YI/I0B CKBA*KMH B TOYKE NoACeYEHMA Ha OCHOBe obecneyeHns 4onycTMMOro
YPOBHA NOrpeLHoCcT 1 MMHUMYMa COOTBETCTBYIOLLIMX 3aTpaT.

DEVELOPMENT AND OPERATION OF MINING MACHINERY AND EQUIPMENT
IN THE CONDITIONS OF MINING AND PROCESSING PRODUCTION

Dolganov A.V., Frolov S.G., Potapov V.Ya., Potapov V.V., Kolokol'tseva E.YU. Zakharova A.A., Afanas’ev A.l.,
Stozhkov D.S., Trop V.A., Islent’ev A.O., Belov S.V., Kostyuk P.A.

The issues of operation of drainage systems in mines and mines. Pumping water containing abrasive
constituents of ores and rocks leads to hydroabrasive wear of wetted parts and seals of centrifugal
pumps and hence an increase in the radial gaps and volume leaks through them. Further operation
under these conditions reduces the supply, pressure and efficiency of pumps, which reduces the energy
characteristics of drainage and leads to the threat of flooding of mines and mines. In the technical and
economic analysis of the drainage system with leaks have to solve the problem of determining the effect
of volume leaks on the value of the specific electricity consumption of the pumping unit when pumping
water from the mine to the surface and determine the loss of electricity. With the increase in the cost
of electricity, there is an urgent need to develop new energy-efficient technologies for mine drainage,
for example, the use of high-speed pumps. The cost of the life cycle of mine drainage systems should be
determined by the structural components. First of all, it is necessary to assess the cost of the life cycle of
the Central nervous system as the most energy-intensive element of the complex. Comparative evalua-
tion of the maintainability of existing single-threaded centrifugal sectional pumps CNS and develop two
in-line pumps SNSD. The assessment is conducted regarding the presence of the discharge device in the
pumps of the Central nervous system and its absence in the pumps of the Central NERVOUS system. A
number of works have developed the principle of simulation when calculating the maximum permis-
sible deviations of well tracks from the project. Using the described technique in conjunction with the
program calculating the route bottom-up and drilling costs on the route option enables the choice of
rational angles of the wells at the point of podsahania on the basis of ensuring the acceptable level of

error and low costs.
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HAYYHO-METOJAUYECKOE OBECIIEYHEHUE OIITUMAJIbHOTI'O ITPOEKTUPOBAHUA
TEXHOJIOTMYECKHUX CUCTEM I'OPHOJOBBIBAIOIIUX ITPEAITPUATHI
(2019, CB 11,44 ¢c.)

BapbiruH Cepreri OneroBuy* — CTyAEHT,

Kabupos Muxawna [TaBAOBMYY — CTYAEHT,

ArapoHoB Banepuii BAaanMumupoBuu — p-p TEXH. HayK, npodeccop,

lopH EBreHuti BUKTOPOBMY — FOPHBIN MHXEHEP, TAaBHbIN CNELUAAUCT OTAEAA
CTpaTernyeckoro u tekyliero naaHupoBaHus AO «CY3K»,

OraHecsiH ApmuHe CelipaHoBHa' — A-p TEXH. Hayk, Npodeccop,

KapaceB [eHHaaui AHATOAbEBMYY — TOPHbIV MHXEHEP, CTapLLWIA NPENOAABATEAD,
1 MU HUTY «MUCKC», e-mail: msmu-prpm@yandex.ru.

MpeacTaBneHbl pe3ynbTaTbl aHAIMTUYECKUX UCCAefoBaHUI B 061aCTM pa3BUTUA HayyHO-Me-
ToAmMYecKol 6asbl obecneyeHns oNTUManbHOTO MPOEKTUPOBAHUA U 06O0CHOBAHMA OCHOBHbIX MPO-
€KTHbIX peLleHU TEXHONOMMYECKUX CUCTEM ropHOA0ObIBalOLWMX NpeanpuaTnin. C yyeTom aHanm-
33 MPUKAALHbIX U TEOPETUYECKUX UCCNef0BaHUI B chepe ropHOM HayKM NoKasaHo, YTO Hemanas
pO/b B 3TOM 061aCTV OTBOAMUTCA M ACMNEKTY CO34aHUA BbICOKOIGEKTUBHBIX U MPOrPecCUMBHbIX TEX-
HO/IOrMYECKUX CXeM ropHoAo0ObIBalOWMX NPeanpuUATUIA, afanTUPOBaHHbIX ANA GYHKUMOHUPOBA-
HUS B PbIHOYHBIX YC/IOBUSAX C Y4ETOM C/I0XKMBLUMXCA TEHAEHUMI M 3aKOHOMepPHOCTel. B HacToswee
BpemMsA OCHOBY MeTOLO0/I0MMN MPOEKTUPOBAHUA FOPHOAO0ObLIBAIOLWLMX NPEANnPUATUIA LOKHbI CO-
CTaBNATb IMHENHbIE U HENIMHEHbIe AUCKPETHble SKOHOMMKO-MaTeMaTUYecKmMe Moaenm, Kotopble
peannsyoTca ¢ NOMOLLLbIO O4HOTO UM HECKONIbKUX METOA0B, Hanpumep, KOMMNIEKCHOU ONTUMU-
3aUnMn, MMUTALMOHHOTO MOAENNPOBaHUA, MPOrHO3UPOBAHMA, TEOPUN U MPUNOKEHUNA HEYETKUX
MHOeCTB, KOTHUTUBHbIX U AUHAMWYECKUX aArOPUTMOB, aHa/IN3a U NapamMeTpu4ecKoro cMHTesa
CTOXaCTUUYECKUX CUCTEM, TMOPUAHBIX METOLOB MOAENNPOBaHUA 06LWEro SKOHOMUYECKOTO PaBHO-
BECUA C UCMONb30BAHNEM areHT-OPUEHTUPOBAHHBIX MOoAeNeN, SIHTPONMUINHOIO aHaIn3a CAOMNKHbIX
CUCTEM, CTPYKTYPHOro cuctemHoro aHanusa IDEFO u ap.

SCIENTIFIC AND METHODOLOGICAL SUPPORT OF OPTIMAL DESIGN
OF TECHNOLOGICAL SYSTEMS OF MINING ENTERPRISES

S.0. Varygin*, Student,

M.P. Kabirov*, Student,

V.V. Agafonov?, Dr. Sci. (Eng.), Professor,

E.V. Gorn, Mining Engineer, Chief Specialist of Strategic

and Current Planning Department, JSC «SUEK», Russia,

A.S. Oganesyn?, Dr. Sci. (Eng.), Professor,

G.A. Karasev*, Mining Engineer, Senior Lecturer,

1 Mining Institute, National University of Science and Technology «MISiS»,
119049, Moscow, Russia, e-mail: msmu-prpm@yandex.ru.

The results of analytical researches in the field of development of scientific and methodical base
of providing optimum design and justification of the basic design decisions of technological systems of
mining enterprises are presented. Taking into account the analysis of applied and theoretical research
in the field of mining science, it is shown that a significant role in this area is given to the aspect of
creating highly efficient and progressive technological schemes of mining enterprises, adapted to oper-
ate in market conditions, taking into account the current trends and patterns. Currently, the basis of
the methodology of design of mining enterprises should be linear and nonlinear discrete economic
and mathematical models, which are implemented using one or more methods, for example, complex
optimization, simulation, forecasting, theory and applications of fuzzy sets, cognitive and dynamic al-
gorithms, analysis and parametric synthesis of stochastic systems, hybrid methods of modeling General
economic equilibrium using agent-oriented models, entropy analysis of complex systems, structural
system analysis IDEFO et al.
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