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Annotation. The expense of electric power on ventilation of mines depends on the amount of main fans (MF), their
working regimes, MF interaction on an outgoing stream, qualities of vent network, coefficient of the useful use of the air
and row of other factors given in a mine. These factors are very multidimensional, and for the removal of them different
methods and facilities are needed: technical, organizational, multifactor design and others. The increase of power
effectiveness of the MF work is the basic condition of perfection of mine ventilation. During realization of multifan
ventilation there is the non-productive «overbalancing» of vent stream toward more powerful fanr and decline the same
of efficiency of work both. The questions of decline of MF interaction on the outgoing stream of air and increase of
aerodynamic quality of vent network are studied and is taken into account not enough. Varying within the limits of area of
the industrial use by productivity and the MF pressure, it is possible, not violating the requirements of Rules of safety in
coal mines to speed of air in objects-users, to attain optimum correlation of these parameters for examined MF. The
method of calculation of the effective operating conditions of MF taking into account MF associate and areas-users of
crisp air in MVN and on the basis of criterion of estimation of MF interaction degree is offered. It is shown that
senescence of the mine workings, them encumber, bring in the wear of the MF elements certain error in vent
calculations, and this factor must be taken into account. The method of calculation and determination of the rational
operating MF modes was enhanced; the approach is different because it uses the coupled nonlinear dependences
between pressure and the MF feed and air rates in the separate ventilation objects and because the mutual influence
estimation criterion is applied. So the method cannot solve the task of substantial increase of ventilation energy
efficiency. The problem is multydimensional and requires the complex use of technical, organizational and analytical
calculation methods. However, modeling of the aerodynamic condition of the mine vent system using this method,
combined with implementation of organizational and technical decisions, will allow receive positive high-quality changes
of ventilation, and enable to increase the energy efficiency of the MF work.

Keywords: main fan, area of the industrial use, aerodynamic state of the vent system, power effectiveness.

Introduction. The main fans (MF) are the basic users of electric energy in a mine
— they consume 25 % and more of mine’s general power consumption. In spite of
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considerable successes in creating the MF with excellent stand aerodynamic
parameters, in practice the efficiency of majority of them is considerably lower than
normative values. It is caused by the features of the technological loading of
turbomachines, determined by aerological parameters of modern mine vent networks
(MVN). Their topology and aerodynamic parameters change continuously resulting
in failure of the MF to work within the operative norms.

Thus the unjustified excess expenditure of electric power on ventilation reduces
the safety of the MF operation. Electric power consumed for mines ventilation
depends on the amount of MFs, their working modes, their mutual influence on
output airflow, quality of vent network, efficiency rate of using the supplied air and a
number of other factors in a mine.

Electric power overuse at coal mines is caused by [1]:

a) excessive air loss. In the over-mine buildings and in the ventilating set there are
always infiltrations and losses which are difficult to calculate, and impossible to fully
remove;

b) feed of the excessive amount of air to the independently ventilated objects.
Organizing the fully independent air feed to the object is impossible, and one
ventilation direction also ventilates a number of basic and additional users.
Optimization of forced air redistribution between them causes the lack of air in some
of them; and the only way to vent it is to supply the excessive air into another;

c) mismatch between actual and predicted gas-emission, based on which the
required amount of air for ventilation is determined. Usually actual gas-emission
exceeds the prognosis, that requires excessive air supply;

d) unsatisfactory condition of the mine workings, their blocking;

e) small load on the stope;

g) irrationality of mine ventilating scheme (extent of mine works, one-wing
development of the mine field and others);

h) maintained but actually not used air entries which all are the additional users of
air;

1) small work-load of MF and their low efficiency;

j) negative mutual influence of MFs in case their operating mode was chosen
incorrectly;

k) MF mutual influence on the outgoing air flow.

Apparently, these factors are very multidimensional, and for their removal
different methods and facilities are needed: technical, organizational, multifactor
modelling and others.

Certainly, a dominant role is given to correct designing of the vent system.
However, even if the designer knows and takes into account all mining-and-
geological and assumed mining conditions of developing the deposit, guaranteeing of
complete accordance of project to the real conditions is impossible. It is impossible to
take into account all the values affecting the efficiency; many of them are simply
unknown to the designer.

Basic condition of increasing the ventilating energy efficiency is to reduce the
negative influencing of factor a).
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It is possible to control the factor b) by using local adjusting air facilities, if they
are available on a mine. However researches show that such adjusting influences the
MF parameters, and it is unclear which is more preferable: to redistribute air more
effectively between users by means of local adjusting or accept the possible decline
of MF energy efficiency due to the change (increase) of their resistance. Factor c) is
clear: the more methane — the more air is needed, and the safety requirements prevail
over power energy effectiveness.

Factor d) - it is possible to overcome it, but this factor is not a determining one.

Factor e) is possible to be used only to a certain degree, when a gas factor will
exceed the energy efficiency of ventilation.

Factor f) depends on a designer; it’s hardly possible that he assumes the
miscalculations without a strong reason.

Factor g) generally must not take place, and if it can be reasonably and effectively
removed it will undoubtedly increase the energy efficiency of ventilation.

Factor h), if it occurs, is either a miscalculation of mine management, or requires
conducting of additional researches in order to find out why such situation occurred
and how to remove it.

Factors i) and j) are mutually related, but if influence of factor i) can be reduced
by the changing the MF working mode without affecting the energy efficiency of
other factors, then factor j) is difficult to predict.

The effect of mutual influence of MFs on the outgoing air flow has been known
for long time, however until recent time it was not possible to estimate the degree of
such mutual influence and to control it.

As a result of comprehensive study of energy saving in the mine vent system, a
normative document [2] «Energy saving. Means of reducing the energy consumption
in coal mines’ systems» (in the SOU grade) was developed and introduced into the
system of Ministry of Coal Industry of Ukraine and used by the enterprises of
Ministry of Power Engineering and Coal Industry of Ukraine.

It covers practically all questions of energy saving; however it does not
sufficiently calculated the new approaches based on imitation modelling, when it is
necessary to provide quantitative estimation of mutual influence between the
elements of the single vent system — MF and MVN. The former need to be regarded
as the energy consumers, and the latter — as the energy dischargers (possibly,
ineffective). It is required to solve two tasks: upgrading of vent network (factor d))
and reducing the mutual influence of MF (factor j)).

Reducing influence of factor d) will reduce the resistance R(i,j), Pa-s¥m® of the
working (i,j) and increase its air throughput capacity Q(i,j), m*/s. Reducing influence
of factor j) will help decrease the air «overbalancing» between the weaker and more
powerful MF, decreasing by this energy efficiency of the more powerful fan. In
complex, the solution of these tasks will allow to solve the air-distribution problem in
MVN without violating the requirements of Safety Rules in Coal Mines, and at the
same time to keep the energy saving factor as close to optimal value as possible.

Results and discussions. The energy saving analysis of the MF work conducted
in accordance with [1], shows that the range of the possible MF air gate modes can be
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divided into three different areas:

a) where increased energy consumption is accompanied by substantial increase of
the MF feed (area of the effective adjustment);

0) where this increase does not result in substantial growth of the MF feed;

B) intermediate.

Sizes and configuration of these areas are determined by the change of rotation
speed of the driving wheel, angle of its blades or combination of these methods. The
location of these areas also is partially determined by the change of resistance of vent
network. At certain conditions the area of the ineffective work of MF can be totally
absent.

In accordance with item 5.4 [1] adjusting of the MF air gate modes to increase its
energy efficiency is possible only with access to surplus amount of air. But such
surplus amount of air can occur not only from ineffective MF working mode, but also
from the forced violation of the MF pressure for overcoming of the harmful influence
of other MF.

When developing the energy saving measures it is necessary to take into account
the requirements to them:

a) after their implementation a mine must be provided with the necessary amount
of air;

b) expenses on realization of energy saving measures must be substantially (no
less than 2-3 times) less, than cost of saved energy;

c) the conditions of people rescue in case of emergency in the mine must not get
WoOrse.

Until present time, mutual influence of more than two MF on a general network
has not been studied. The first attempts to study such mutual influence are set forth in
[3] on the example of one of the most difficult in aerological respect coal mines of
Ukraine — mine «1/3 Novogrodivska» SE «Selidovugol».

The principle scheme of mutual influence of the MF of mine
«1/3 Novogrodivska» looks as follows (Fig. 1).

The air is fed into MVN through two air-feeding shafts (points 1 and 3) and hole
(point 2), deleting of the worked air — by four MF — (points 4,5,6,7).

Thus, the system of the «MF-MVN» of mine «1/3 Novogrodivska» contains a
number of ventilating subsystems, different by structure, aerodynamic parameters and
degree of influence on the aerodynamic condition of the system in whole and MF
mutual influence.

The air incoming through the point 1 only ventilates the area (12, 13). However,
because of mutual influence of MF in pit Ne5 (point 5) and vent shaft of mine no. 1
(point 4), part of air is redistributed to the point 8 and further to the point 5.

Air supplied though the point 3 ventilates area (10, 11). However depression of
MF on a pit no.4 (point 7) and MF of pit Ne5 (point 5) causes redistribution of
outgoing air flow from point 10 in the direction of crosscut of mines #1 and #3,
points 9 and 7.

This forms up the areas of mutual influence of all four mine’s MFs. Their
boundaries are located in points 10 (for mutual MFs influence of vent shaft of mine
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no. 3 and of pit no. 4) and 8 (for mutual influence of all mine’s MFs).
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Figure 1 - Principle scheme of mutual influence of the MF of mine «1/3 Novogrodivska»

Each of these points is not actually a point of junction (division) of vent flows, but
represents the aggregate of workings, the task of control of team-work of MF in
which is the selecting the boundaries of the mutually affected zones of certain MFs
(the MVN units in which vent flows are redistributed towards those MFs which cause
larger influence on air ways).

Optimization of air-distribution in MVN taking into account the solution for
above mentioned task will enhance organization of effective ventilation of mine and
increase of economy of the MF use in the conditions of the reconfiguration of system
in the zones (15, 14) and (16, 17).

Mutual influence of air flows around point 9 can be seen in more detail on a cell
of the mine ventilation scheme (Fig. 2).

The border of the MF mutually influencing zones of the pits no. 4 and no. 5 passes
in this place along the working (65, 63). l.e. the redistribution of airflows can
performed between the workings 82 and 83 and workings 80 and 86. In case if it
would be possible to block the flows in workings 80 and 82 (vent doors on the Figure
2 can serve for this purpose) — the redistribution of fresh air could occur in the
direction of pit no. 4 (working 86) improving the energy efficiency of the weaker
MF. But workings 80 and 78 located consequently to air gate 82, are the additional
air users. Likewise, blocking the flow to the working 86, it would be possible to
improve air-supply of these users, but this would require excluding additional air user
91, for which 86 is the only source of fresh air. Thus, organization of sectional
ventilation on the examined area is impossible, and increase of energy efficiency of
one of two interacting MF can be attained only by the redistribution of flows between
them by a certain criterion. This criterion was first offered in [4] in the following
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analytical model: total amount of air g, (m%s) in the nodes of MF mutual influence
border
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Figure 2 - To the consideration areas of MF mutual influence

Qom= 200, J))—> X {min X QJ,)+max X Q(i,jm)},(l)

(i.J, ) Uout (i,Jj )Uout (ij)up (i.i)UB

where (i,j) is the branch of MVN, own to the mutual influence zone of MF, sense of
air motion from node i to node j; U, is set of MVN branches, incident with nodes of
MF mutual influence border of the return-air course; k, n, m are finite nodes of
branches, which transport air to MF k, n, m; 1, p are numbers of MF; U"°, U,° are the
influence zones of the MF with numbers | and p.

If we vary productivity and the MF pressure within its production use limits, it is
possible to attain optimal relation of these parameters for %Q(i,j)S%Q(i.jm)MFS

without violating the requirements of Safety Rules in Coal Mines on air speed.
The results of adjusting the MF feed with the purpose to improve the ventilation
energy efficiency can be received by solving the following task:

¥Q(,j)=0, I=1..,m, @

(i, )y

> ignlQai, DIRG, DR%G, D+, J+  SHE =0, =L -m+1 (3

(i,))eUy (i,j)e(UyunUp)

with limitations (1) and

H(i, J) =a(i, )-b(i, NQ*(, j).  (,)) <V, (4)
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where U is a set of the MVVN branches; U, is the set of branches, incident to the node
I; U, is the set of branches related to p - independent contour; Uy is the set of
branches, represent MF; H(i, j) is a depression of working or MF (i, j), Pa; a(i, j), b(i,
j) are the coefficients of the MF pressure characteristics, Pa and Pa-s°/m® accordingly;
a(i, j) is the coefficient of resistance, Pa-s/m?; L(i, j) is the length of working, m; S(i,
j) is area of transversal section of working, m* P(i, j) is perimeter of working, m; n,,
ms denotes number of branches and nodes in the MVN calculation scheme
accordingly; h, is depression of natural draft, Pa.
Figure 3 shows the structure of the solution to this task.

R, J) =

: (i,j)CU\Ub, (5)

[ 1] Analysis of mutual influence of MF and air users |
| 2| Forming up of mutual influencg matrix of vent system elements» |
Estimation of criteria Methods
3 Criterion of_determinatiqn of Control of mutually affected
degree of MF interconnection = MF zones

Selection of rational
functioning parameters of the

Criterion of functional complexi ag

= vent system
5 Criterion of technical Conducting technical
adaptiveness = modernization of MF
| 6 | Estimation of complian%e with safety requirements |
Recommendations on the increa%ing the energy efficiency modesof
7
the MF mutual work

Figure 3 - Structure of solving the task of choosing the energy saving mode of MF work

Scheme at Figure 3 is intentionally extended with the purpose to show the
extension of the task and its place in the general problem of increasing the energy
efficiency of the joint work of MF. Here we consider only the task (2)-(4) using the
criterion (1) (block 1).

At the time of solving the task, the criteria of blocks 4 and 5 and the requirements
of the block 6 are considered to be completed, and after we solve the task, they must
be additionally analyzed.

However on condition that at least the smooth or even gradational adjustment of
MF characteristics is realizable, the solution for this task assumes conducting
multiple calculations of air-flow distribution in MVN and comparison of their results.
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The result can be received in a simpler way by using the «k/- coefficients of
interconnection between the aerodynamic MF parameters (for better understanding: —
air flow rate; i is air user, j is MF) and air working-user [4] (blocks 1 and 2 on the
Figure 4). Such dependence, at least as applied to two MF, has almost linear
character, which allows receive the result without using the optimizational
calculations. _

It is expedient to estimate only K;! which characterizes mutual influence of MF
and the objects — users of air in MVN. For more eloquent presentation of the «k/

system, an interaction matrix is being formed |/|=|aQ /aQ¥*| (Fig. 4).

le Qjm
i im
Q, K& .. K/
i im
Q, K .. K/

Q. Kih  Kim

Figure 4 - Interaction matrix «VGP - users»

If Ki' >0, then at increased MF rate the air in the ventilated object increases as
compared to base rate, otherwise it reduces. Line 1 at Figure 5 corresponds to the first
case (the user is located conditionally in parallel to the dominant MF), lines 3 and 4
correspond to the second case (conditionally consecutive connection). Line 2
corresponds to the case K;' = 0.

12 ¢
1
10

m’'/s

90.5 160 250
mm H.O

Figure 5 - Graphic illustration of Interaction «user - MF»

However, if the calculation of air-distribution is made with the real aerodynamic
MF characteristics, and if compared to the results of previously made air-depression
survey, one may notice certain differences. From one side, the reason for this is aging
of mine workings, their varying blocking, and from the other side it is wear of the MF
elements causing the mismatch between its real and project parameters. This factor
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cannot be ignored while making accurate calculations on the criterion referred to
above and allowing certain error limit arising from applying the theory of
aerodynamic parameters interaction. The calculation can also be made using the
aerological risk matrix (interconnection of the MF and MVN risks) [5] (Table 1).

Table 1 - Aerological risk matrix (interconnection of the MF and MV N risks)

Condition of working, as a user and means of air supply

Condition Good Satisfactory Unsatisfactory
of MF

X1 | X2 | X3 | Xy Xs Xs X7 Xg Xo | X0 | Xu1 X12

Yo | 1 1 1 1 /075| 08 [0/5| 08| 08 | 07| 08 0.8
Yo | 1 1 1 1 0.8 08 | 075|075 | 065 |065| 0.65 | 0.65
Y3 | 1 1 1 1 075 | 07 |075] 07 |065| 06 | 0.65 0.6
Y4 1090909 |09]075| 07 |065| 07 | 06 | 06 | 0.6 0.6
Ys 108] 08|08 08| 07 | 065 |065| 06 | 055 |055]| 0.55 0.5

Ye |108] 08| 08|07 | 07 | 065 |065|065| 05 |05 | 05 0.5

Y, 10606 |06 |06| 05 | 055 |055| 05 | 045|045 | 04 0.4
Ys¢ |05] 05| 05|05 04 04 |035|035| 03 |025]| 0.25 0.2

Good

Yo 10303 |03 |03 025|025 025| 02 |015 015 01 0.1

Unsatisfactory| Satisfactory

The following denominations are accepted in the Table: X; — the actual air rate,
corresponds to the estimated rate; X, — absence of blockings; X; — the area cross-
section of working corresponds to Safety Rules requirements to air flow speed for
this type of user; X, — the limitations on use air flow locally regulation in area are
absent; X5 — actual rate exceeds the estimated rate (insufficient energy efficiency of
ventilation); X5 — only technological elements participating in the production process
act like local resistance; X7 —existing local resistance does not violate the Safety
Rules requirements to air flow speed; Xz — reduction of the cross-section of air entry
is within the allowed limits; Xy — the actual air rate is less then estimated rate; Xip —
the local resistance of technological character violate the Safety Rules requirements
to air flow speed; Xi; — there is some dlocking in the entry requiring elimination; X;,
— ventilation conditions do not comply with operational requirements; Y, — the
insignificant weakening of nodes fixation; Y, — the welded cracks within the contour;
Y, — the even wear of equipment; Y, — allowable wear and deformation of nodes; Ys —
cracks within the contour; Y¢ — allowable wear of connections; Y7 — the impermissible
wear and deformation of nodes and connections. Cracks in metal constructions
beyond the contour; Yg — unfixed elements; Yo —any damages of wheel and guide
vanes.

Multiplying the received value Q(i, j) by a certain index taken from the Table 1,
it is possible to specify the Q(i, j) taking into account the quality for both MVN and
MF elements. The Table was made on the basis of research of the aerodynamic
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condition of mine «1/3 Novogrodivska», however the acrodynamic condition of other
mines of the Ministry of Power Engineering and Coal Industry of Ukraine will hardly
have big difference.

Conclusions. Thus, the method of calculation and determination of the rational
operating MF modes was enhanced; the approach is different because it uses the
coupled nonlinear dependences between pressure and the MF feed and air rates in the
separate ventilation objects and because the mutual influence estimation criterion is
applied.

Of course, the above mentioned method cannot solve the task of substantial
increase of ventilation energy efficiency. The problem is multydimensional and
requires the complex use of technical, organizational and analytical calculation
methods. However, modeling of the aerodynamic condition of the mine vent system
using this method, combined with implementation of organizational and technical
decisions, will allow receive positive high-quality changes of ventilation, and enable
to increase the energy efficiency of the MF work.
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AHoTauif. Po3paxyHoK eneKkTpoeHeprii Ha NPOBITPIOBAHHS LLAXT 3aneXm Tb Bif KiflbKOCTi BEHTUIATOPIB rONOBHOTO
nposiTptoBaHHst (BI'TT), pexumis ix poboti, B3aemoBnnney BTl Ha BUXiQHOMY CTPYMEHI, SKOCTi BEHTUAALINHOI Mepexi,
KoeiLieHTY KOPUCHOTO BUKOPUCTaHHS NOBITPSA, WO NOAAETLCA OO0 WaXxTy, i pAAY iHLMX YUHHMKIB. YMHHUKK Ui BENbMU
BaratonnaHoBi, i ANA iX YCYHeHHS NOTPIOHI pi3Hi MeToaM i 3acobu: TexHiyHi, opraHisauiiHi, 6GaraTouMHHMKOBE
MoZentoBaHHsl Towo. [ligBuieHHs eHeproedekTuBHOCTI pobot BITI € OCHOBHOKW YMOBOK BAOCKOHANEHHS
NPOBITPIOBaHHS  WaxTh. [lpn 3giACHIOBAHHI  6araTOBEHTUNSTOPHOTO MPOBITPIOBAHHS  BWHWKAE HENPOAYKTUBHE
«NEpPeTAraHHs» BEHTUNALIAHOTO CTPYMEHIO Y Bik MOTYXHILLOTO BEHTUNIATOPA i 3HWXKEHHS TUM CamMuM eEeKTUBHOCTI
pobotu 060x. MiTaHHSA 3HWKEHHs B3aemoBnnuBy BTl Ha BUXiGHOMY CTpYMeEHi NOBITPS i MiABWLIEHHS aepoaNHaAMIYHOI
SKOCTI BEHTUNALIMHOT Mepexi BMBYEHi i BPaxoBYOTHCA HEAOCTATHbO. Bapitoloun y Mexax 30HM NpOMMUCROBOrO
BUKOPUCTaAHHSA NPOLYKTMBHICTIO | Hanopom BTl moxHa, He nopyluytoun BumMor [NpaBun Geanekn y BYriNbHUX LUAXTax
L4OAO LUBMAKOCTI MOBITPS y 06'eKTax-CnoxuBayax, LOCAIT ONTUMANbHOMO CMiBBIAHOWEHHS LM napameTpis ans BITI,
WO pO3rnsaaanTbCs. 3anpornoHOBaHO METOd Po3paxyHKy ediekTuBHWMX pobounx pexumis BITl 3 ypaxyBaHHaM
B3aeMo3B'a3ky Bl Tl n ginsHok-cnoxuadis caixoro nosiTps y LUBM i Ha OCHOBI KpUTEPIO OLHKW CTYNEHIO B3aEMOBMIIMBY
BI'T1. MokasaHo, WO CTapiHHS ripHM4MX BUPOOOK, iX 3axapaLleHiCTb, 3HOLEHHS enemeHTiB BTl BHOCATb neBHY noxubky
Y BEHTUNSALiAHI po3paxyHKK, i Len YMHHWK HeoOXigHO BpaxoByBaTh. YAOCKOHANEHO METOA PO3paxyHKY i BU3HAYEHHS
paLioHansHuX pexumis pobotu MY. Liei nigxig BigpisHAETbCA TUM, L0 B HBOMY BUKOPUCTOBYIOTHCA NOB'A3aHI HEMIHIAHI
3aMeXHOCTI MiX TUCKOM i WBWAKICTIO NOAAYi i BUTPATO0 MOBITPS B OKPEMUX BEHTUNALAHNX 06'eKTax, a TakoX TOMY, LLO
3aCTOCOBYETHCS KPUTEPIN OLHKM B3aEMHOrO BMAMBY. TakMM YMHOM, METOL HE MOXEe BMPILLWMTK 3agady CYTTEBOrO
nigBULLEHHS eHeproedheKTUBHOCTI BeHTUNAUil. lMpobnema GaraToBWMIpHA | BUMarae KOMMEKCHOTO BWUKOPUCTaHHS
TEXHIYHWX, OpraHi3aLifiHNX i aHaMITUYHUX MeTofiB po3paxyHky. OOHaK MOAENoBaHHS aepOANHAMIYHOMO CTaHy LWAXTHOI
BEHTUALINHOI CUCTEMM 3 BUKOPUCTAHHAM LibOrO METOZY B MOEAHAHHI 3 peanidallieto opraHizayinHuX i TEXHIYHWX pillieHb
[03BONUTL OTPUMATM NO3UTMBHI SIKICHI 3MiHW BEHTWNALT | JO3BONNTD NiABMLLMTI eHeproedhekTUBHICTb poboTu Y.

Knto4oBi cnoBa: BEHTUNATOP FONIOBHOMO MPOBITPIOBAHHS, 30HA MPOMWUCIOBOMO BUKOPUCTaHHS, aepoanHaMiYHuiA
CTaH BEHTUMALINHOT cMCTEMU, EHEPTOEdIEKTUBHICTD.

AHHoTauuA. Pacxog anekTpo3aHepri Ha NpoBETPUBAHME LIAXT 3aBUCKT OT KOMMYECTBA BEHTUNISTOPOB MTABHOMO
nposeTpuBaHnsa (BITI), pexumos ux paboTbl, B3aumoBnnsHus BIT] Ha ucxogswen cTpye, kKayecTBa BEHTUMNSALMOHHON
CeTH, Ko3thULMEHTa MONE3HOro UCMONL30BaHUS NOLABAEMOrO B LAXTY BO3ayXa W psaa Apyrux dhaktopos. dakTopbl
9TW BECbMa MHOTOMMAHOBbLI, W ANS YCTPAHEHUS WX HYXHbl pa3Hble MeTOAbl U CPEACTBa: TEXHUYECKME,
OpraH13aLMOHHbIE, MHOrOhakTopHOe MogenuposaHne u ap. [loBbiweHne 3SHeproaddekTuHocTM paboTel BITI
ABMAETCA  OCHOBHbIM  YCIIOBMEM  COBEPLUEHCTBOBAHUA  MPOBETPUBAHWA  LWaxTbl. [lpu  OCyLeCTBNEHWUM
MHOTOBEHTUNATOPHOIO NMPOBETPUBAHNS MPOUCXOANUT HENPOM3BOAUTENBHOE «NEPETATMBAHNEY BEHTUMALMOHHON CTPYMW B
CTOpOHY 60ree MOLIHOMO BEHTUNATOPA W CHUXEHWE TEM cambiM 3PEKTUBHOCTM paboTbl 060MX. Bonpockl CHUXEHNS
B3anmMoBnuaHus BITI Ha ucxopsilen CTpye BO3AyXa W MOBLILLEHUS a3pOAMHAMWYECKOTO KayecTBa BEHTUNALMOHHOM
CETU W3yYeHbl W YYNTLIBAKTCA HeOOCTaToOMHO. Bapbupys B npedenax 30Hbl MPOMBILLNEHHOMO MCMOMb30BaHNS
NPOU3BOAMTENBHOCTHIO 1 Hanopom BIT1, MoxHO, He Hapywas Tpe6oBaHuii MpaBun 6e30MacHOCTH B YroMbHbIX LAXTax K
CKOpOCTM BO34yxa B 0ObekTax-notpedutensx, LOCTMYb OMTUMANbHOTO COOTHOLUEHWSt 3TWX NapameTpoB A
paccmatpuaemblx BITl. [peanoxeH wmeton pacyeta 3ddekTMBHbIX pabounx pexumos BITI ¢ yyeTom
B3aumocBsizaHHocTK BIT1 u yyactkoB-notpebutenen caexero Bo3ayxa B LUBC u Ha OCHOBE KpUTEpUS OLEHKM CTENEHM
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B3anmoBnmsiHus BITI. lMokasaHo, YTO CTapeHWe rOpHbIX BbIPAbOTOK, MX 3arpPOMOXOEHHOCTb, M3HOC anemeHToB BITI
BHOCAT OMPEAEneHHyl0 MOrPEHOCTb B BEHTUMALUMOHHbIE pacyeTbl, W 3TOT (hakTop HeobXoaumo y4uTbiBaTb.
YCOBepLUEHCTBOBaH METOZ pacyeTa 1 onpeaeneHns paunoHanbHbIX pexiumoB paboTbl 4. 10T noaxod otnnyaetcs
TEM, YTO B HEM MCrOMb3YIOTCS CBA3AHHbIE HENMHENHbIE 3aBMCUMOCTU MeXOY AaBNEHMEM W CKOPOCTbHO MOAaun u
pacxofoM BO3AyXa B OTAENbHbIX BEHTUNALMOHHBIX 0ObeKTax, a Takke MOTOMY, YTO MPUMEHSIETCS KPUTEPUNA OLIEHKM
B3aUMHOTO BnMsHWA. Takum 0Opa3oMm, MeTod He MOXeT pewWTb 3agady CyLeCTBEHHOr0 MOBbILEHMS
9HeproadekTMBHOCTN BeHTUNALMK. Mpobnema MHOromepHa 1 TpebyeT KOMMEKCHOrO UCMONb30BaHUS TEXHUYECKMX,
OpraH13aLMOHHbIX M aHanUTUYeCKMX MeTodoB pacdeta. OfHako MOJENMpOBaHWE adpOAMHAMUYECKOTO COCTOSHUS
LIAXTHON BEHTUNSALMOHHON CUCTEMBI C UCMONb30BAHWEM 3TOTO METOAA B COYETaHWM C peanu3aumei opraH3aLoHHbIX
U TEXHUYECKWX PELLEHUA MO3BOMMUT MOMYYUTb NONOMKUTENbHBIE KAYECTBEHHbIE U3MEHEHWUS BEHTUNALMM U NO3BOMNMUT
MOBbICUTb 3HEProadeKTUBHOCTL paboTbl MY,

KntoyeBble crnoBa: BEHTUNATOP [MABHOMO MPOBETPUBAHMS, 30HA MPOMBILUMAEHHOTO  UCMOMb30BaHMS,
a3p0oaMHAMMYECKOE COCTOSHNE BEHTUIALMOHHON CUCTEMBI, IHEPTOIPEEKTUBHOCTD.
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