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Summary

Power system performance and reliability indexes are expected to change due to the contribution of wide-area
protection schemes. This paper introduces a new technique to evaluate these changes, using previously published
graph models of forced and planned outages, and their cascade propagation through the topology of the electrical
grid. Besides primary equipment outage and maintenance rates, other aspects are modeled like security and
dependability of local and wide-area protection schemes, breaker failures, and operator time to restoration or
automatic reclosing after a disturbance. The model is enhanced by additional nodes and links representing wide-
area protection and automation schemes to the adjacency of electrical nodes. The resulting model is capable of
estimating the impact of these schemes to not only grid resilience and inoperability as shown previously (14), but
also reliability and availability metrics, like Expected Energy and Demand Not Supplied (EENS, EDNS) and
Loss of Load Probability (LOLP), for each bus, agent, consumer and distributed generator. Contribution of each
wide-area scheme to these metrics can be evaluated as a measure of their contribution to the power system
performance. A small example power system, with a wide-area protection system is used to illustrate the
concept.
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1. Introduction

The concept of Smart Grids is based on the widespread integration of distributed generation and high-speed
communication to protection and automation, bringing new opportunities for enhanced performance and
reliability of electrical power systems. The transmission of synchrophasor, sensor measurements and command
controls in real-time across the grid is now not only feasible, but also necessary for deploying the required wide-
area protection and control systems expected in the future. This is a requirement for the deep penetration of
distributed generation, with their distributed control, responsibility and unpredictability, increasing the necessity
of such wide-area systems, while raising concerns about their impact on power system performance and
reliability. Contrary to the past practice, continuity and reliability of power delivery is now the result of a
distributed effort of several players and wide-area protection systems. Blackouts, disturbances and control
actions can reach far away from their original cause, affecting distant markets and grid agents, and be affected by
wide-area distributed protection and control systems. Failures on customer installations, distributed generation
and wide-area protection systems can also affect the continuity of faraway network nodes, raising questions of
agent responsibilities beyond their own load or generation, and operator responsibilities regarding wide-area
automatic systems.

To address these issues, system analysts, operators, owners, investors, regulators and other stakeholders need
information about the gains in performance and reliability of current and planned wide-area control systems, to
avail their economic viability and impact on system performance and reliability. Information can be provided by
simulation of the impacts expected from such wide-area systems to the grid using adequate models.

To avail these models, the remaining sections of this paper reviews a vector representation of forced and
programmed outage of components in a power grid, including protection reliability and dependability, connected
loads and outage duration, partitioned among asset owners. This is exemplified in the paper by a small, multi-
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company power system to illustrate the approach. Graph theoretic concepts are used to introduce adjacency and
reachability matrices to model the topology and propagation of outage events on the power grid. The fourth and
fifth sections use these graphs and related matrixes to estimate interruption frequencies and duration for each
network load and control actions as a measure of grid reliability. Section fifth shows how to add a model of a
Wide-Area Protection System (WAPS) to the power system model, simulated in section sixth to avail the impact
of the WAPS on the performance and reliability of the system. Section seven summarize the features of the
model. All numerical values are expressed in a per unit (pu) consistent system.

2. Unit Modeling

A power system component will be modeled as the smallest (high voltage) part that can be isolated from the
grid, by disconnecting means. Examples are bus bars, transformers, lines, generators, etc., but not instrument
transformers, breakers, switches, etc. The former are main functions of the power systems. The later will be
treated as part of these functions. The term intrinsic will refer to its own characteristics and behavior,
independent of the rest of the grid. References [10-14] show how these aspects can be modeled by vectors listing
their intrinsic parameters, partitioned by the N connected agents on the grid, as shown on expressions (1) to (6),
where n is the number of grid components. Forced outage duration and frequency (equations (1) and (5)) follow
the traditional meaning of these terms in Power Systems. Protection reliability (equation (2)) is the mean
probability that the protection of an item will trip it for an internal fault, while the protection vulnerability
(equation (3)) is the mean probability that the protection of an item will trip for an external fault within its
reaching zone. Time to restore (equation (4)) denotes the mean time an item stays unconnected, after an outage,
for operating reasons. Vector equation (6) models the external load (positive) or generation (negative load)
connected to each network component. All these data are usually available from standard Asset and Control
Management Systems operated by utilities and system operators.

Intrinsic Forced Outage Frequency f, = [f” f;z fln ]T M

Intrinsic Protection Reliability C= [Cl C2 Cn ]T ()

Intrinsic Protective Vulnerability V= [I/; v, ..V ]7 (3)

Intrinsic Time to Restore r= [rl vy .. T, ]7 4)

Intrinsic Forced Outage Duration d, = [d N d e d ' ]7 (5)

Connected Load 1= [ll L .. 1 ]T (6)
3. Grid Modeling

An adjacency matrix will model the functional dependency among equipment during forced outages. For any
grid a Forced Adjacency Matrix I can be defined by the expression:

1, Ifa forced trip of p; trips or de-energizes p; in a forced outage ™

IZ[Iii]:pinj :{

0, otherwise,

where p; e p; (i,j<n) are components of the grid, as exemplified by the graph of Fig. 1(b), shown for a typical
power grid (Fig. 1(a)), whose item capacities are indicated in parentheses. Generation companies 1 and 2,
transmission company 3 and distribution company 4, are shown separated by dotted lines. The graph models all
functional dependencies during forced outages of related components, obtained by contingency studies. The
contingency analysis is based on a reference power flow case where all generators (4 pu of capacity) are
necessary to attend the 4 pu loading on bus 8, with a 2 pu load flow on each line 6 and 7. A contingency in line 6
(4 pu of capacity), will overload line 7 (2 pu of capacity) if it trips unexpectedly, but not if it is taken out in a
planned way. Line 5 (3 pu of capacity) is operated with no load in the reference case.
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(a) Typical Power System (b) Forced Adjacency Graph (c) Matrix I

Figure 1: Graph and Forced Adjacency Matrix of Typical Electrical Power Grid

An analogous principle can be used to model the operational dependency among items by relating those whose
planned outage will always occur at the same time. A Planned (Outage) Adjacency Matrix P can also be defined
by:

1 if a trip of p; requires or determines a trip of p; in a planned outage ®)

P= [Pz] ] =php; = {O,, otherwise,

where p; e p; (i,j<n) are components of the grid, as exemplified by the graph and associated matrix of Fig. 2 (a
and b). The operational dependency among protection systems, breakers and protected components can be
modeled also by relating those items whose faults are detected by each protection or affected by breaker trips. It
applies, for instance, to items located on the same protection zone, or on adjacent zones at the reach of the
protection, when it acts as a backup protection. For any grid, it is possible to define a Protective Adjacency
Matrix T, by the expression

1. if pi's protection protects also against faults on p; 9

T= 7;/‘]: piij = {0 otherwise,

exemplified by the graph and matrix of Fig. 2 (c and d).

(a) Planned Adjacency (b) Matrix P (c) Protective Adjacency (d) Matrix T
Graph Graph

Figure 2: Graphs of Planned and Protective Adjacency Matrices

In these models, Boolean matrices, P, I ¢ T, model the grid topology for the propagation of planned and forced
events. The cascade reach of every outage is determined by Forced and Planned Reachability Matrices (A; e Ap),
and Protective Vulnerability Matrix (T¢) given by the following operations (Boolean for A; and Ap, and
algebraic for T¢) in equations (10)(11)(12):

A, =[I+U) =(1+U)" 2(1+U)7, (10)
A, =(P+U) =(P+U)" =(P+U) 7, (an
T.=C,(T-C,.T) +V,T, (12)

where the subscript D denotes the diagonal matrix and » (the smallest positive integer that satisfies the above
equations) is the maximum extension of (forced or planned) cascading outages originated from any grid item,
and U is the unit diagonal matrix.

Notice that matrices A; e Ap, cascade the consequences of each outage through the grid topology. Matrix Ap also
defines the items that must wait the restoration of a faulted component, before they can be returned to operation.
These matrices will be used to avail the system performance, by its interruption frequencies and duration, and the
reliability of the system, measured by the impact on these metrics from a proposed Wide-Area Protection
System.

4. Interruption Frequencies

Interruption frequencies are among the traditional performance indexes used by power system utilities and
regulators to avail the quality of the service. Having defined these parameters and models, it is possible to avail
the vectors with Total Forced and Planned Outage Frequencies (F; and Fp) and Total Outage Frequency from
Protection Failure (F() for all components, partitioned by N players in equations (13)(14)(15):
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F=[F]=Alf,  i<p (13)
FP:[FPi]:AIZ;fP’ i<n, (14)
F.= [FCi]:TCf1’ i<n (15)

giving the expected frequencies of forced and planned outage of each item, from intrinsic causes, or originated in
other grid component or protection/breaker failure.

5. Interruption Duration

Interruption duration complements the traditional performance indexes used by power system utilities and
regulators to avail the quality of the service. Interruption duration of each grid element results from the
combined frequency and duration of forced and planned outages, and restoration times, measured by the vectors
of Total Forced Outage Duration (D), Total Planned Outage Duration (D,p), Total Time to Restore after a
Forced Outage (R,;), Total Time to Restore after a Planned Outage (R,p), and Total Outage Duration due to
Protection Failure (D 4¢), partitioned by N players respectively in equations (16)(17)(18)(19)(20)(21):

=[D,,]=A7 *(d,.*f,) i<n (16)
D, =[D,]=A}*(d,.*f,) i<n (17)
R, =[R,]=A7*(r.«f,) i<n (18)
RAP=[RAP,»]=A§ (r.* fp), i<n (19)
D, =[D,]=T. #(r. +f,) i<n (20)
D,=DIC=D, +D,+R,+R ,+D, (21)

Using these expressions, the Mean Outage Duration, for each grid item is derived by dividing the Total Outage
Duration by the corresponding Outage Frequency, for each type of outage:

D,=D,./F, , for forced outages, (22)
D,=D, /FP , for planned outages, (23)
Dy ar! B, , for forced reconnections,, (24)
Dy /FP , for planned reconnections, (25)
Dc /FC , for protective outages, (26)

- DA’ /F , for all outages, 27

where (./) is the MatLab® scalar division operator.

The system reliability, measured by its Expected Energy Not Supplied and Loss of Load Probability of each item
can now be estimated from these data and their definitions.
6. System Reliability

Traditionally, several indicators have been used to measure grid reliability, such as Expected Energy Not
Supplied (EENS) and Expected Power Not Supplied (EPNS), for each component and outage type in a period.
The following expressions show how they are derived from the models:

EENS” = [EENS? |= [EENS £ ]=D . %[1, (1> 0)]

for forced (28)
, for forced outages,

EENS ¢ ¢= [EENSE‘] = [EENS E] =D [lD * (l > 0)] , for protective outages, (29)
EENS 7 [EENSE] [EENS ] D [l * (l > 0)] , for planned outages, 30)
PN - [EpNs¢ - [EpNs ]k, [ID 0] e Gy
EPNS = [EPNSE |=[EPNSE |= ..+ D, <1, +(1> 0)] (32)

. for protective outages,
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EPNS? = [EPNS; ] = []_EPNSg ] =F, 4Dy [ID * (l > 0)] for planned outages, (33)
EENS” = [EENS” |=[EENS ” |- EENS” + EENS + EENS / (34)
k , for all outages,
E _ E _ E _ E E E
EPNS’ = [EPNS” |- [EPNS” | EPNS” + EPNS” + EPNS vl outages. (35)

where i <n,j<N,and 1=[1,1,..1]".

In addition, the Loss of Load Probability (LOLP) of all grid points can be evaluated by defining the contribution
of each outage duration to each point. The contributions are estimated by matrixes relating the transferred outage
duration of each item to other items across the grid:

D, =(f,.*d, B )*A
Al ( D D ) ! for forced outages, (36)
D, =(f,.*xd,, )*A

APy ( D D ) P for planned outages, (7
R, = .*r, )xA

Al ( b "D ) ! for forced reconnections, (38)
RAP[j :(fPD'*rD)*A (39

P for planned reconnections,

D, =(fy.*r,)* T, (40)

€, for protective outages,

D, =D, +Dp +R; +R +D (41)

From these metrics, it is possible to estimate the contribution of each item i on the interruption of each load j by
accumulating the interruption time:

DLAij = DAij' * [1 * (1 > O)T] (42)

B

ACY for all outages

where 1 = ones(n,1) =[1,...,1]", using MatLab® notation.

Convoluting all duration interruptions, gives an estimation of the fraction of time or probability of load
curtailment at each grid point:

— — _ T
IJOLP-[LOLB]-[DOLPJ-I—H(l—DLAl.j) e @)

> > B

where T = time span of analysis.

These models and corresponding metrics can be used to avail the impact of Wide-Area Protection Systems on
the performance of any power system, as exemplified on the following case study.

7. Case Study

A simple case study was run to avail the impact of a proposed Wide-Area Protection System to the example
power system of Fig. 1(a) on these indicators. The proposed WAPS will used a wide-area communication system
to promote instantaneous selective remote trips of loads 9 and 10 on bus 8 during forced outages of generators 1
and 3, respectively, to avoid the cascade outage of each power plant due to overload. The scheme is modeled by
the dotted lines added to the forced adjacency graph of Figure 4(a), and the removal of the links indicated by an
“X” in the same graph (Fig. 4(b)). These changes are modeled by the yellow cells of the corresponding Forced
Adjacency Matrix, showing how WAPS can be introduced in the mathematical model.

(a) (b)
Figure 4: Graph and Forced Adjacency Matrix of Wide-Area Protection System

Table I shows the values of the performance and reliability indexes of this sample system, as seen from the loads
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9 and 10, evaluated in the original system (with no WAPS) and the modified system (with a WAPS), using a
MatLab® computer program that implements these equations. All figures are expressed as per unit (pu) values of
an unspecified base system.

Table I — Impact of a WAPS on Grid Performance and Reliability

With No WAPS With WAPS
Index Load 9 Load 10 Load 9 Load 10
F 0.2876 0.2876 0.2576 0.2876
D, 0.6190 0.6190 0.0527 0.6190

EENS 0.1138 0.1138 0.0978 0.1138
EPNS 0.1138 0.1138 0.0978 0.1138
LOLP 0.0605 0.0605 0.0518 0.0605

This example shows that all performance and reliability indexes of load 9 benefit from the proposed WAPS, with
reduced Outage Frequency and Duration, and increased reliability as measured by the Expected Energy and
Power Not Supplied, and Loss of Load Probability, when compared with the original system at these points.
These same indexes remain unchanged for Load 10. Even with the addition of this WAPS, Load 10 remains
vulnerable to forced outages of generators 1 and 3, showing that this WAPS is benefic for Load 9 but indifferent
for the performance and reliability of Load 10.

8. Conclusions

Modeling and measuring the impact of Wide-Area Protection Systems will be a requirement for the full
application and benefit of future automated smart grids. The following aspects distinguish the proposed method,
in evaluating the performance and reliability indexes of power systems with the addition of WAPS:

(a) Consideration of maintenance, operation and protection of power systems;

(b) Simulation of grid topology, with forced and planned functional dependencies;

(c) Graphical representation of functional dependencies by directed graphs;

(d) Modeling of protection reliability and reach;

(e) Inclusion of remote causalities from teleprotections and wide-area protection systems;
(f) Use of traditionally available data from maintenance and operation;

(g) Formalization by matrix algebra, with trivial implementation on computers.
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ABSTRACT

Interconnection of adjoining networks is beneficial in terms of operation and economy, but it also
bears the risk of uncontrollable, cascading outages, especially when networks are operated close to
their limits.

Beside the current static view to the HV / EHV transmission networks the consideration of dynamic
behavior becomes a more vital role.

This paper will show the experience and practical examples TenneT TSO GmbH has made during
the running pilot project with SIGUARD PDP WAM system.

It will further introduce a view to possible future application to an assessment of dynamic network
security.

1 INTRODUCTION

The increasing consumption of electric energy during the last decades led to an extension and a spatial
expansion of synchronous operated AC systems.

Technological developments like wind energy and de-centralized generation cause a demand on
controllable energy and reactive power. Networks are operated more and more at their limits.

That makes dynamic effects important to observe. To avoid network shortages increasing re-dispatch
measures are necessary, e.g. by use of minutes reserve.

This results in radically changing role and tasks of TSOs.
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Fig 1: Changing role of TSOs [4]

More changing than predictable flows are the challenge for development of future SCADA-EMS
systems.

The trend is from day ahead operational planning towards intra day planning with continuously
running processes and hourly repetitions possibly close to real time.

Wide Area Monitoring Systems, based on Phasor Measurement Units (PMUs), are available and able
to provide a online picture of the dynamic behaviour of networks.

Voltage and current phasors (magnitude & angle), Frequency and Rate of Change of Frequency are
measured and provide with precise time synchronization based on GPS (<10us accuracy).

In accordance to IEEE C37.118 (2011) this data are reported in the range of up to 60 samples per
second and archived in Phasor Data Concentrator.

Selected Phasor Measurement data are evaluated with Fast Fourier Transformation in Phasor Data
Processor unit; e.g. active power (delta P) on a line, angle difference (delta Phi) between two
locations.

This data are then available for visualization as well as online and offline (post-mortem) analysis of
the dynamical behaviour of the system.
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Fig 2: Operational Position of WAM Systems [2]
PROJECT STATUS

TenneT TSO, GmbH is Europe’s first cross-border grid operator for electricity [3].

With approximately 20.000 km of (Extra) High Voltage lines and 36 million end users in the
Netherland and Germany.

In 2007 TenneT TSO, GmbH started with 5 units of SIMEAS R Fault Recorders which got the PMU
functionality implemented for Power Swing Recognition and Disturbance Analysis. Today the system
contains of 48 PMUs devices in 17 substations on 400kV level in Germany.

Installed in related substations are the Fault Recorder Devices with PMU-functionality, GPS receiver
and Antennas for time synchronization [Pict.1-2].

Picture 1: GPS Receiver for PMU Device [2] Picture 2: GPS Outdoor Antenna [2]

The environment in substations might cause GPS receiving problems: unwanted screening, HF-
disturbances by disconnectors, corona, etc.
Based on experience there is optimization potential!
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The supervised network is spreading from North Sea Coast, with installed 400MW off shore Wind

Power, and the border to Denmark over the area of Germany down to the border of Austria (approx
1000km).

Mord.Link w,

=]

]

® Barlin .

SOHertz
Transmission |

® Leipzig
%
T
Bamberg
= L] -
Af v Bayreuth '_T -~ »
. ‘ (Tschechian)

# Disseldorf

e i
y ® Stuttgart

B Unternshmensleitung I

& Betriehszentrum {BZ} ERBW * g APG

4 Schaltleitung f Transpartnetze Oste
P Amprian

#8 Umspannwerk

" <™y

" —~ §

Fig. 3: TenneT TSO Network; Germany [6]

The central office with Phasor Data Concentrator, Archive and main User Interface is located in
Bayreuth; North Bavaria. For optimized visualization two monitors are used to displays e.g. alarm
list, time charts, phasor diagram, etc.

Data of northern PMUs are collected with 2MB in SS Lehrte and transferred via 10MB
communication link to Bayreuth.
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Fig. 4: WAM Scheme of TenneT TSO, Germany

Data of the southern PMUs are collected with 2MB communication link in Bayreuth.
The WAM System is currently operated with a reporting rate of 10 Hz and a storage capacity of
1TByte which comes to its limits due to increased number of PMUs and storage time (archive).

Power Swing Modes
The European Network of Transmission System Operators for Electricity (ENTSO-E) has defined
limitation values for Power Swing Conditions in 400kV networks.

Weak system condition approx 0,15 Hz
East West 1 approx 0,2 Hz
East West 2 approx 0,3 Hz
North South approx 0,4 Hz
Central Eastern Europe approx 0,5 Hz
Power Plant Control approx 0,9 Hz

These are used in WAM system of TenneT TSO.
Due to the network topology there were found several corridors with typical resonances. [3]

Location of PMUs:

The placing of PMU devices in a network is always a subject of discussion. In most cases the TSO
know the weak points or areas. Depending on value which shall be measured some different locations
are advisable.
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For angle dynamics/ power oscillations:

At each or near (inside the influencing area) relevant power plants,
to monitor stress of a line corridor.
- Network Interconnection lines

For frequency:

Close to the power plant with the largest inertia, e.g. >500MW.
Near heavily loaded tie-lines (e.g. tie-lines presenting higher
sensitivity to generation variation)

For voltage stability:

Near critical load areas (busbar with lower loadability margin)
Near generation (if reaching reactive injection or absorption limit)
Nodes equipped with FACTS (e.g. SVCs)

Fig 5: Advice for PMU locations [4]

2 EXAMPLES AND EXPERIENCES
Visualization
The User Interface is designed to provide a transparent view to the network dynamics. A power

system status curve on top of the Ul screen represents an artificial value which indicates the distance
to critical status of the monitored system (Fig. 6).

It is calculated from the distances of all measurements from their limits. It has the function of a traffic
light, but additionally shows the tendency of the state of the system.
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Fig 6: User Interface Display of Phasor Data Processor [5]

In the following the use and experience of main applications of the Phasor data Processor System are
discussed.
Power Swing Recognition (PSR
With this function it is possible to detect occurring swings in the network and evaluate the related
damping. The detection of power swing and their possibly low or even not existing damping is
displayed (Alarm list).
Two different types of observing objects are selectable.
- A pair of PMU measured voltages, thus observing the phase angle difference between two
PMU locations.
- Voltage and Current of one PMU location, thus observing the active power measured on one
particular line / of one particular generator. [5]

Power Swing Recognition from Delta Phi
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Fig.7 Power swings between two remote stations.

Power supply loss in east europe with network separation.

Power Swing Recognition from Delta P

Fig. 8: PSR based on Delta P [3]
Disturbance in underlaid 110kV_with influences to 400kV network

Powers wing recognition with delta Phi and delta P

Active Power
Swing on a
400kV line

Reason:
Disturbance in
underlaid 110kV
network
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Fig. 9: Influence from 110kV to 400kV [3]

Effect: Change of load flow in 400kV net. Typically frequency 0,1 to 0,4 Hz.

Power swing overview with damping diagram

Fig. 10: PSR overview [3]

This chart shows the frequency over the damping. The dotted line represents the damping ratio (of 3%
and 5%).

The left quadrant is the uncritical area. Color is set by degree of exposure (DOE).

Several Fast Fourier Transformations (FFT) are running in parallel to quickly detect on the one hand
power swings and on the other hand to be able to provide precise information about e.g. magnitude,
frequency and damping ratio.
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Power Swings after loss of Power Plant Heiden/2012,

This was not detected by current recordings.

As shown in Fig 11, the frequency drop of 120mHz refers to a power loss of around 1850MW.
Recovering time: approximately 15 min.

Fig. 11: Loss of PP Heiden in 2012 [6]

Over frequency Dez 20115 23:20
Upper limit of 50,15Hz violated, North—South in-feed (transportation)

Fig. 12: Over frequency due to low demand [6]

Too much power in the network, caused by much wind energy, but no consumer let to violation of
frequency limits
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Loos of DC cable
The voltage and power flow changes due to the loss of a DC cable is displayed in Fig 13.

Fig. 13: Loss of DC Cable [4]

Loss of Power in Eastern Europe (post mortem analysis).

This was caused by a busbar protection failure (possibly protection setting problem).
Because of the meshed network in Europe failure was recognized even on the long distance.
This record of dynamic effect was not recognized or measured by current SCADA systems.

Fig. 14: Loos of Power due to Busbar Protection Failure [6]
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Network power transfer at your finger tips.
High Power Transportation is indicated by phase angle difference between North and South-
measuring points.

Fig. 15: North-South Angle Difference [6]

This was caused by disconnection of 1.5 to 2GW power supply in France with impact to the frequency
stability. Restoration time was approximately 5 min.

The network time constant which can calculated from angle difference (e.g. north-south) might be
used as stability value for control of power plants.

In accordance to ENTSO-E:

Frequency difference of 0,2HZ is approximately 3GW.

Voltage Stability Curve (VSC)
The Voltage Stability Curve, an application integrated in the UI, is especially usable to displays the

current load of a Transmission corridor. It is measured with PMU at the beginning and end of a line is
used [2].

Fig. 16: Voltage Stability Curve [2]

A red cross marks the current operating point in the shown V-PV-Diagram (voltage over active
power).

If the critical point on the outer right edge is reached, the stability criteria are violated and a network
split can result.
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EVENT on Wednesday, 28.05.2014: 10:01
During my visit at TenneT TSO in Bayreuth [ witnessed the following measuring results.

Voltage drop, Frequency jump and 20MW Network swing between North-South (between station
Diele and Meeden/NL) indicates loss of power.

Fig. 17: Voltage drop, Frequency jump, Power swings [6]

Further measurements were check with following result:
a) 40MW active power swing on line (Diele)

b) 200MW power swing close to PP Grafenrheinfeld

¢) 150MW power swing at SS Oberbachern

Current and voltage at PP Grafenrheinfeld are measureable

Fig. 18: Angle differences, Frequency [6]

The reason for Angle difference currently not identifiable.
Fault Recorder Trigger at 10:02:
Showed no records respectively no violation of limitation values.

First quick analysis:
->NO SHORT CIRCUIT in Network!

Due to the frequency change (Fig. 14) of approximately SOmHz we can assume a loss of power of
around 750MW. This is assumed to be in South-West Germany or possibly Western Europe

With sufficient installed PMU devices — also in adjoining networks - it would be possible to generate
a better and detailed analysis.
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3 CONCLUSION

This paper points out the experiences with useful applications and advantages:
e PDP displays active power P and angle delta Phi from nearly any distance of the network.
e Several power swings caused by faults and scheduled operations could be observed in real
time with damping and frequency.
e Monitoring change of power flow, caused by wind power in-feed, in real time without using
any topology information.
e Changing phase angles between different parts of the grid caused by changing load flows
could be observed.
e Rapid frequency variations caused by scheduled and sometimes unscheduled outages of power
stations and loads
First intention is to monitor and learn about dynamic network behavior by post mortem analysis.

PMUs and Phasor Data Processor provide an improvement in recognition of critical power network
situations for a reasonable investment.

In order to increase number of PMUs in the grid it is necessary to identify the need for more PMUs,
dependent on application/goal.

Connection of PMU devices to PDCs from other TSOs would improve the view to the interconnected
network.

An important role in growth of WAM system will be Assessment of Risks & Challenges. The need of
reliable communication channels and the security of data transmission (communication to PDC) are
very important for the whole system.

Integration of PMU information in system operations, means integration of system dynamics
simulations in operational planning and control room (EMS integration) would offer a new level of
performance; e.g. verification of network data compared to the network model.

Necessary for all this is a comprehensive training of operators on dynamics.

In the Future it will be possible to design a “Wide Area Protection and Control System” on the basis of
above mentioned higher observability, assumed that sufficient fast power electronics equipment
(FACTS and HVDC) are available to close the loop.

It might be - as configurable functionality — an integrated part of Grid Security Expert System, to
reduce costs.

REFERENCES

[1] Praktische Erfahrungen mit Phasor Measurement Units und Wide Area Monitoring Systemen.
Dipl.-Ing. Stefan Steger, TenneT TSO GmbH
[2] Messergebnisse, Netzdynamik ausgewihlter
Ereignisse;
at Expertenforum Netzstabilitdt 19.-20.06.2013;
Dipl.-Ing. Stefan Steger, TenneT TSO GmbH
[3] EMS an Phasor Measurement Units;
at NextGenScadaEurope, Amsterdam, 20th March 2014; Jan Vorrink of TenneT TSO BV
[4] Actual and New Applications of Wide Area ~ Monitoring with Synchrophasors.
Dipl.-Ing. Hans-Udo Faubel, Siemens AG
[5] Measuring results from SIGUARD PDP archive of TenneT TSO; 28.05.2014
Dipl.-Ing. Stefan Steger, TenneT TSO GmbH



Actual trends in development of Power System Relay Protection and Automation
1-5 June 2015, Sochi (Russia)

Biographie

Author

Hans-Udo Faubel
graduated 1981 from
Fachhochschule in Aachen,
Germany, in electrical
engineering (power
engineering) with the Dipl.-
Ing. Degree. Since 1981 he
is working at Siemens AG.
Until 1999 he worked in the
field of engineering, project
management and sales for
machine protection systems
at Siemens AG.

From 1999 to 2013 taking
on the role as Senior
Business Development
Manager of Protection and
PQ products for Asia
Pacific Region.

Since 2013 Promoter of
Siemens Energy
Automation Products.

Co Author Stefan Steger graduated
1981 from Technical
University in  Munich,
Germany, in electrical
engineering (power
engineering) with the Dipl.-
Ing. (Univ) degree. From
1982 until 1989 working at
ABB AG in Mannheim,
Germany as sales engineer
for export of switchgears. In
1989 he moved to regional
utility Isar- Amperwerke
AG (today EON Netz
GmbH) worked in the field
of protection and
automation in high and
medium voltage networks.
From 2005 to 2009 taking
on a leading role in the
system technology
department for information
systems in EON Netz
GmbH. Since 2009
Executive ~ Manager for
System  technology in
substations and Information
systems in the field of TSO
of EON Netz. Today
Executive manager in the
same field at TenneT TSO
GmbH.



CoBpeMeHHble HanpaBneHUs pa3BUTUS CUCTEM perieHOM 3alUTbl U aBTOMaTUKN 3HEProcUcTeM
01 — 05 nioHsa 2015 r., Coun

C.5.1-3. OnbIT pa3paboTku, BHegpeHUs 1 IKcnnyaTtauum
cCUCTEeMbl MOHUTOPUHra NepexoaHbIX pexxumoB B EQC Poccum

A.B. ’KKYKOB, E.. CALIYK, .M. ITYBUHHH, O.J]1. OITAJIEB, /I.H. YTKUH
OAO «CO EDC»
POCCHA
dubinin@so-ups.ru

Knrwouesvie crosa:
CHUCTEMa MOHUTOPHHIA IEPEXOAHBIX PEKHMMOB, BEKTOPHBIE HU3MEPEHHUs IapaMeTpOB NIEKTPUUECKOIO
pexxuma, AC CHU CMIIP, PMU, PDC, WAMS.

BBEJEHHUE

OAO «CO EDC» Bemer paboTel MO BHEOpeHWIO W pa3BuTHio CHCTEMbl MOHHTOpPWHTA
nepexoaHsIx pexkumoB Enwmuoit sHeprermueckoit cuctembl (CMIIP EODC) naumnas c 2005 ropa.
HccnenoBanusi pocCUICKHX CIIEIHAIMCTOB U H3Y4YEHHUE 3apYOEIKHOTO OMBITA MOKA3BIBAIOT MPEUMYIIECTBA
NPUMEHEHUS] CHHXPOHM3MPOBAHHBIX BEKTOPHBIX HW3MEPEHHH JJsl PELIeHHs 3a1auyd ITOBBILICHUS
aJIalTUBHOCTHU yIpaBiieHUs M HazxexxHocTu padotel DOC. Ho mist Toro, 4roObl 0OecrneunTs NpUMEHEHUE
JAHHBIX BEKTOPHBIX U3MEPEHUH B MPWIOKEHHSIX PEAbHOIO BPEeMEHH HEOOXOJMMO PEUINTh HENBbIH P
TEXHOJIOTHYECKHX 3a/1a4.

B cucreme MOHHMTOpPHHra MEpPEXOAHBIX PEXHMOB CKOHLEHTPUPOBaH HaOOp TEXHOJIOTH,
o0ecreynBaoLIyX:

- W3MEpPEeHHEe U BBIUMCICHHE TapaMEeTPOB DSJIEKTPOIHEPTETUUYECKOTO pEXUMa C  BBICOKHM
paspelIeHueM U IPUBS3KON H3MEPEHNH K METKaM €JMHOTO BPEMEHH C TOUHOCTBIO 1 MKC;

- nepeaady B PeKMME pEabHOrO BpPEMEHH OOJIBIIOro o0beMa JAaHHBIX B KOMMYHHUKAIIMOHHOM
cpeJic ¢ BBICOKOH HaJIeKHOCTBIO M HU3KHM YPOBHEM 3aJIepKEK B aBTOMATH3MPOBAaHHYIO CHCTEMY cOopa
nucnieryepekux neHTpoB OAO «CO EDCy;

- 00paboTKy U apXUBUPOBAHUE B PEKUME PEATBHOTO BPEMEHH OOJIbLIOro 00beMa JaHHBIX;

- aHaIW3 JAHHBIX C I[EJbI0 BBIABICHHS OTKIOHEHMH KOHTPOJMPYEMBIX IapaMeTpOB
AEKTPOIHEPTETHYECKOTO PEIKUMA OT JIOIYCTHMBIX 3HAYCHUH 110 33JJAHHBIM KPUTEPHUSIM;

- (YHKLIIMOHUPOBAHME PACUYETHBIX AITOPUTMOB, MO3BOJAIOLINX B PEKUME PEaJbHOTO BPEMEHU
BBISIBIISITH BOSHUKHOBEHUE TEXHOJIOTUYECKUX HAPYIICHUH, aBAPUIHBIX CUTYallni, HEKOPPEKTHYIO paboTy
SHEPTeTHYECKOTO  O0OpYJOBaHWSA, JAMArHOCTUPOBATh HEWCIPABHOCTh CHCTEM  PETYIHPOBAHMUS,
MPOM3BOJMUTH OLICHUBAHUE COCTOSHHS JIEKTPOIHEPTETUIECKOTO PEKUMA, OTPENENIATh HapaMeTPhl CXEMbI
3amMerieHust 000pyJOBaHUs U T.11.;

- BU3YaM3aIMI0 THHAMUAKHA U3MEHEHHS PEXKUMHBIX TTAPAMETPOB B PEXKUME PEaNbHOTO BPEMEHH, a
TaKXKe HarjsAHOE TPEICTABICHUE AMCHETYEPCKOMY M TEXHOJIOTHUECKOMY II€PCOHANy pe3yJIbTaToB
pacyeTHBIX 3a/1a4.

Nzyuenne muposoro ombita nipu passutuul CMIIP, uzsectHoit 3a pyoeskom kak WAMS (Wide
Area Measurement System), U ee IpUMEHEHUE TIPU TIOCTPOSHUH aKTUBHO-aanTUBHOU ceTr (Smart Grid)
MOKa3bIBACT MNPEUMYILECTBA WHTErPallid CHHXPOHU3WPOBAHHBIX BEKTOPHBIX H3MEPEHHH B 3agauu
aBTOMAaTHYEeCKOro u aucrerdepckoro ympasienuss DOC [1, 2]. Peanmszamust KadecTBEHHO HOBOTO
(YHKIMOHUPOBAHMS AKTHUBHBIX JIEMEHTOB B JJICKTPOIHEPreTHKE BO3MOKHA TOJIBKO HPH NMPUMEHEHHH
TEXHOJIOTHH CHHXPOHU3UPOBAHHBIX BEKTOPHBIX U3MEPEHUH, BBITIOIHAEMBIX C 00JIee BBICOKOH TOUHOCTHIO
Y ITUCKPETH3alMel M0 CPaBHEHHIO CO CTaHIAPTHBIMH CPEACTBAMH Tesen3MepeHnid. KauecTtBeHHO HOBas
HH(OpPMALUS TPETOCTABIACT CHEUUATNCTaM OMOIHUTENBHBI HHCTPYMEHT [UIS pEUIeHUs 3a/1a4u
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TIOBBINIICHUS HAJIEKHOCTH YIIPABICHUS JJICKTPUYCCKHMHU peXMMaMu SHeprocuctemsl [3, 4]. B crarbe
paccMOTpEHBbI TMPAKTHYCCKUE BOMPOCHI, CBS3aHHBIE C BHEAPCHUEM, SKCIUTyaTaldeid MporpamMMHO-
TexHudeckux KoMmimiekcoB CMIIP  (manee — IITK CMIIP) wu npuMeHeHHEM  JaHHBIX
CUHXPOHU3MPOBAHHBIX BEKTOPHBIX u3MepeHuit (manee — CBIM) B TeXHONOTHSX ONEPaTUBHO-
JIUCTIETYEPCKOTO M aBTOMATHYECKOTO yrpaBieHus pexkumamu padbotsr EQC Poccum.

PA3ZBUTHUE CMIIP B POCCUHN

B mactosmee Bpemsi OAO «CO EDC» KoHTpodmpyeT BCE CTaauu pa3pabOTKH W COTJIACOBAaHUS
npoekToB co3manus u BHeApeHuss [ITK CMIIP Ha oOBeKTax »3IEKTPOSHEPTeTHKH, (HOPMHUPYET
TpeOOBaHUS K XapaKTEPUCTUKaM U (PYHKIMOHATHHOCTH YCTPONCTB CHHXPOHHU3WPOBAHHBIX BEKTOPHBIX
n3Mepenuii (nanee — PMU, Phasor measurement unit) ¥ KOHIEHTPAaTOPOB BEKTOPHBIX JAaHHBIX (Jayee —
PDC, Phasor data concentrator), pa3pabaTsiBaeT HOPMATHBHO-TEXHHYECKYIO JOKYMEHTAIUI0 U
obOecnieunBaeT MoHUTOpHHT dKcIutyaTammu [ITK CMIIP. B nacrosimee Bpems B E3C Poccuu BBeieHO B
skcrryatanuio 68 IITK CMIIP CMIIP, komnuectBo PMU coctaBnser 396 ycrpoiictB. PazMenienue
PMU u PDC 8 EDC/O2C nokazano Ha puc.1.

Puc.1. Pasmemenue IITK CMIIP B EDC/O3C

- AC CH CMIIP B riraBHOM gucrieTdaepckoM neHtpe (SuperPDC);
- AC CHU CMIIP B O/1Y Cesepo-3amana, llentpa, FOra, Cpeaneit Bosnru, Ypana, Cubupw,

Tromenckom u CapatoBckom PV (ITAK AC CU CMIIP BBenens! B 3kcrutyatanuo B 2010-
2012 rr.);

- AC CH CMIIP B OY Boctoka (BBOJ B 3KCIITyaranuio B 2015 1.);
- [TK CMIIP, pynkunonupyromme B pexxumax on-line u off-line;
[ITK CMIIP, ¢pynkunonupyromme B pexume off-line;

- Twiasel o BBoAy B 3kciuryaTaruio [ITK CMIIP B 2015 roxy.

7% X 4
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Moaundukaunu PMU u PDC pasnunusbix npousBoauTenei, (QyHKIMOHTHUPYIOUIMX B COCTaBE
CMIIP EDBC cBenensl B Tabmuy 1.

Tabmumna 1 Mogudukammmu PMU u PDC, dyakmmonrupyromux B coctabe CMIIP EDC

Ne .. KoMnanusi-npouszBoaurens mojuens PMU mozeas PDC
1 MHII-01-00
3A0 «PTCodr» MUII-02-10 Smart WAMS
MMUII-02A-40.01
2
000 «ITapmar» ITAPMA PIT4.11 - fIporpaMmHas
peanu3arus
3
POC-3 CMIIP
00O «Ipocodr-Cucremsi» -
TITA-02 .
4 N
3AO «/HXeHEepHBINA LEHTP SHUIM-3 CMIIP . SHKC-4
«OHeprocepBuc»
5 Arbiter Systems, USA Power Sentinel 1133A _ -
6 000 «Anptepollaysp» - APDC

B pazsutim CMIIP B EDQC Poccum Haumnas ¢ 2005 roma mpWHHUMANO ydacTHe OOJIbIIOe
KOJIMYECTBO KOMIIAHUM, TPOEKTHBIX OPraHU3aluil 1 CHCTEMHBIX HHTETpaTopoB. B CBA3M ¢ 3HAYUTEIHHBIM
pocrom temmoB BBoga I[ITK CMIIP Ha oOBekTax 3IEKTPOIHEPTeTHKH B HACTOSIIEE BPEMS B JaHHOM
mporiecce 3aeicTBOBaHO yxe Oomnee 30 KoMIaHWid U MOJTyYeH OONBIION MPaKTUYECKHA OMBIT. B TO ke
BpeMsI HECMOTpsI Ha IpeIojlaraéMyi0 OJHOTHUITHOCTb, COBEPILIEHCTBOBAHHE IMPOrpaMMHO-annapaTHON
0a3pl ABTOMaTH4YEeCKOH cucTeMbl cOopa uHpopmanuu ot perucrparopos CMIIP (AC CU CMIIP), PMU
u PDC, Bemomaerne B OAO «CO EDCy» crenuann3upoBaHHBIX pacueTHBIX 3amad TpedyeT mpu
peanu3anuy KaXkKJoro MpOoeKTa MOWCKa ONTHMAJIbHBIX NMPOEKTHBIX W TEXHWYECKUX pemeHui. /[uHammka
yBenuueHust konudectBa ocHalleHHbIX [ITK CMIIP 00BbeKTOB 35IEKTPOSHEPTETHKH M YCTAaHOBJIEHHBIX
PMU B E3C Poccun npuBeneHa Ha iuarpamme 1.

Juarpamma 1 [lunamuka yBenudenust xoiudectBa ocHammeHHBIX [ITK CMIIP 0O0BEKTOB 3JIEKTPOIHEPTeTUKH M
ycraHoBieHHbIX Y CBU

TEHAEHIUU COBEPIIEHCTBOBAHUS ITPOT'PAMMHO-ATIITAPATHOM BA3BI

Ha cramuu paspabotku texuuueckux tpedopanmii k [ITK CMIIP OAO «CO EDC» dopmupyet
TEXHMYECKHUE TpPeOOBaHMSA K KOMIUICKCY, €ro (yHKIHOHAJIBHOCTH, KojudectBy PMU mu cocraBy
nepegaBacMol HHPOPMAIIMU C YIETOM CIEAYIONINX (GaKTOPOB:

- pacrnonoxeHre OObEKTa B JHEPrOCHCTEME C TOYKH 3PEHHUS CUCTEMHON 3HAYUMOCTH

(pacmonoxxeHre B CHCTEMOOOPA3yOIIEM y3Iie, HaJnure KOHTPOJIUPYEMBIX CEUCHHH I
CITa0BIX CBS3EH U T.11.);

- MH(OPMAIMOHHOE OO0CCIICUCHUE PEIICHUS CIHCIHATU3UPOBAHHBIX TEXHOJOTHUSCKUX
3a7a4 (MOHUTOPUHT KOPPEKTHOCTH Pa0OThl CHUCTEMHBIX PETryJIATOPOB, MOHHUTOPHHT
HU3KOYACTOTHBIX  KoNeOaHWi  (MEKMAIMHHBIX,  JIOKATbHBIX,  MEX30HAIBHBIX),
uiacHTU(UKAMA ~ TapaMeTpOB  CXEMbl  3aMElIeHWs  JIMHUE  dJIeKTporepenad,
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uicHTU(UKAIMS aBapUIHBIX CUTYyallud, MOHUTOPHHT DPAa3JCICHHUS SHEPrOCHUCTEMBI Ha
9acTH | T.I1.);

- THIT 00BEKTa JIEKTPOIHEPTETUKH (IJICKTPOCTAHIINS WITH TIOICTAHITHSA );

- KOJIMYECTBO OTXOJIAIIMX JIMHUM OT PY BBICIIIET0 M CPEeIHETO KiTacca HANPSHKCHUS;

- HaJIMYUe MEXTOCYJapCTBEHHBIX TUHIH HanpsokeHueM 110 kB u Beime;

- HaM4Iue ruaporeHepaTopos (Typboreneparopos) momHuocteo 100 (200) MBT u BoItIIE;

- HaJIMYUE KAaHAJIOB TIEpeAayuy JaHHBIX OT OOBEKTa AJIEKTPOIHEPTCTUKH B TUCIICTUYCPCKUIMA
LICHTD;

- HaJIMYUe OTPAaHUYEHUH 110 MPOITYCKHOMW CITOCOOHOCTH KaHAJIOB IIepeIavn JaHHbIX;

- o0mee KOIWYECTBO MPHCOEAWHEHWH, Ha KOTOPBIX JODKEH OBITh OpraHW30BaH
MOHHTOPUHT;

- HEO0OXOMMOCTh COBMEIIEHHSI B paMKaxX CO3/1aBaeMOW CHCTEMBbI (P)YHKIIMI BEKTOPHOW U
aBapuitHOM perucTpaiuy;

- crenieds uaTerpanyu [ITK CMIIP B ACY TII o6beKTa 351eKTPO3HEPTeTUKH | T.11.

[epeuncnennpie (akTopel U TO, 4TO KOMMaHUs-uHTErpatop, mMoaupukanus PMU u PDC,
0COOEHHOCTH TPUBS3KU CHUCTEMbl K ACHCTBYIOIIEMY OOBEKTY CTAHOBSTCA HM3BECTHBIMH YK€ IOCIE
BBIJaYM TEXHUYECKUX TPeOOBaHW, OKa3bIBAIOT CYNICCTBEHHOE BIMSHUE Ha (OPMHUPOBAHHE Kak
texHnueckux tpedoBanuii k [ITK CMIIP, Tak 1 TeXHUYeCKOTO 3aJaHus Ha CO3/IaHHE KOMIUIEKCa.
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TromeHckoe POIY 3 _ 3neKTpocTaHuus
Puc.2. Opranusanus cOopa TaHHBIX B TIOMeHCKOM PAY, OY VYpana u I'’/ILl B pexxumMe peaibHOTO BpEMEHU

Be6- Pa6ouee mecto
6paysep  TexHonora

Takke cnemyeT NMpUHUMAThL BO BHMMAHHE IOBBIINICHHE TeXHHUYECKHX Bo3MoxkHocTte AC CU
CMIIP, yTto B UTOre MPUBOAUT K ONTHUMH3AIMN HCIOIB30BAHMS IMPOMYCKHOW CIOCOOHOCTH KaHAJIOB
Mepeavyn JaHHBIX U YBEITUYEHUIO 00BheMa JaHHBIX, IEPEeIaBaeMBbIX 10 TPAKTY OOBEKT — JUCTIETYEPCKUN
uentp. Ha puc.2 nokazana opranuzanusi cOopa JaHHBIX W PETpaHCISIIUM JaHHBIX B TromeHckoM PIY,
ONY VYpana v TTaBHOM JUCTIETYEPCKOM IIEHTPE B PEKUME PEATHHOTO BPEMEHH.

B cBa3u ¢ peammzammeit B8 AC CHU CMIIP mpunoxeHHs MOHHTOPHHTa HH3KOYaCTOTHBIX
KoJieOaHWI ¥ BBOJOM B SKCIUIyaTallMIO B TJABHOM JMCIETYESPCKOM IICHTPE MPOrPaMMHOIO KOMILIEKCA
PhasorPoint HauaT 3Tanm akTuBHOTO HcHoOdb30BaHMI CBU B pexume peanbHOTO BpeMeHH. MOXKHO
KOHCTAaTHPOBAaTh Kak (pakT, 4To Ka4eCTBO JAHHBIX UTPAET KPUTUUECCKH BAXKHYIO POJIb IS ) (HEKTUBHOTO
U KOPPEKTHOTO ()YHKIIMOHWUPOBAHUS PACUETHBIX anropuTMOB. OCHOBHBIMH IIOKA3aTeNsIMH KadecTBa
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JTAHHBIX SIBJIIETCS TOYHOCTh U3MEPEHUH, 0COOEHHO B MEPEXOJHBIX PEXKUMAX, YPOBEHB IIyMa B CUTHAJIC
(puc.3), 1eT0CTHOCTh JAaHHBIX, TOYHOCTh M KOPPEKTHOCTh MpuBsI3ku m3Mmeperuidi k UTC, ocobeHHOCTH
MPOTPAaMMHOM  peaau3aldyd  alTOPUTMOB B pasIWYHBIX  Moaudukammax PMU  pa3iaudHBIX
MPOU3BOAMTENICH, CKOPOCTh W HAJCKHOCTH IEpPelaydl JaHHBIX B TJaBHBIA JUCTICTYCPCKHUN ILICHTP B
peXuMe peaJbHOTO BPEMEHH.

Puc.3. [Ipumep curHasaos ¢ pa3HbIM YPOBHEM LIyMa

C wesnpio co31aHUs TEXHUIECKUX BO3MOXKHOCTEH [T IPUMEHEHUS! YHU(UIMPOBAHHBIX PELLICHUI
n mnosbimeHuss kadectBa CBU OAO «CO EODC» coBMECTHO € MNPOU3BOAUTEISIMH YCTPOWCTB U
paspabotuukamu [1O 1utaHoMepHO Beaercss paboTa IO COBEPIIEHCTBOBAHHUIO MPOrpaMMHO-aNMapaTHON
0asbl, a UMEHHO:

- BkioueHue B coctas [ITK CMIIP o6bekra anekrposuepreruxu PDC;

- OpraHu3anys UCIbITaHUHN Xapakrepuctuk PMU;

- opraHu3alus UCTbITaHui HHPopManroHHOro oomMeHa mexxay PMU u PDC;

- opranuszanys ucneltTaHuid pyHkuuonansHocT PDC 1 pabot no ee pacmmvpenuto;

- momupukamms AC CHU CMIIP (cokparieHne BpeMEHH JOCTaBKH JaHHBIX C YPOBHS
oobekta ¢ 7-10 cekynn no 200-300 mcek, peanuzanus cOopa JaHHBIX B ¢opmare integer,
peanuzanys JopacueTa MapaMeTpoB 3JIEKTPOIHEPTeTHYECKOIO pEeXUMa B PEXKHUME
peanbHOro BpEMEHH H T.1I1.);

- pa3paboTka nporokoJjia nepenadu gaHHbXx Mexay PDC o0bexkroB 1 AC CU CMIIP mist
MoBBIIEHNST A(PGEKTUBHOCTH TIepelayd JaHHBIX M ONTUMH3AIMU  HCIIOIB30BAHUS
MPOIYCKHOH CIIOCOOHOCTH KaHAJIOB IepeJauy JaHHbIX;

- crangaptuzanus tpedboBannii Kk PMU u PDC, dopmupoBaHre HOpMATHBHO-TEXHHIESCKON
0a3bl pa3paboTku, mpoekTHpoBanus u 3kciutyaraiud PMU u PDC 8 EDC Poccun.

C onxHOW CTOPOHBI, IOCTOSIHHOE pa3BUTHE NOBHIIIAET 3PPEKTUBHOCTh (YHKIMOHHUPOBAHUS
CHCTEMBI, a ¢ APYroi 3arpyaHseT gopmupoBaHue yHuunupoaHHbXx TpeboBanuii k [ITK CMIIP, B
YacTHOCTH, K 00BbeMy TIiepeaBaeMOil B pEXHMME PEalbHOr0 BpeMEeHM HHGOPMAIMU W IPOIMYCKHOU
CHOCOOHOCTH KaHAJIOB Mepeady JaHHBIX O AUCHETYEPCKOrO IEHTPA.

3HauMTEeNbHBIE  YCWIHS, NpPEANPHHATHIE pPa3pabOTYMKaMHM  YCTPOMCTB, IO  pealu3aluu
3(PEKTUBHBIX AITOPUTMOB OOpPaOOTKM aHAJIOTOBBIX CHTHAJIOB, OOECIECUMIN BBICOKYIO TOYHOCTH
BbINOTHEHN n3Mepennii Y CBU B mabopaTopHbIX ycinoBuax. B To jxe Bpems i obecredeHrs TOUHOCTH
M3MEpPEeHNH HEOOXOIUMO TaKKe OLEHHBATh M OOILYI0 TOYHOCTH HM3MEPHUTENBHOIO KaHalla, BKIIOYAs
U3MEpUTENbHBIE TpaHC(HOPMATOPHI H BTOPUYHBIC LIETH,  TAKXKE TOYHOCTh CHHXPOHHU3AIUU BPEMEHH TPH
passepthiBannu [ITK CMIIP HemocpenctBeHHOo Ha oObekTax. OCHOBHBIE (DAaKTOPHI yBEITHMUYCHHUS
MOTPEIIHOCTH U3MEPEHNH NPUBEACHBI HA pHC.4.

AKTyaJIbHOH 3ajadeli, peleHrue KOTOPOW MOXKET CYIIECTBEHHBIM 00pa3oM YBEIUYUTH UTOTOBYIO
TOYHOCTh M3MEpeHUH, sBisieTcss wuHTerpanuss B PMU airopuTMoB KOMIIEHCAIIMM TOTPENIHOCTH
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WU3MEPUTEIFHOTO TPAaKTa U 33J[EPKKHU PACIPOCTPAHECHUS CUTHAIOB CUHXPOHU3AIUH. [[JIsl 3TOTr0 TOKHBI
OBITH pa3pabOTaHbBI M AIIPOOMPOBAHBI COOTBETCTBYIOIINE METOAMKH.

M3mepuTenbHbie KaHATBI BHOCST CYIIIECTBEHHBIE IMOTPEITHOCTH B BEKTOPHBIE U3MEPEHUSA. Y POBEHb
MOTPEIIHOCTH 3aBUCHUT OT KJIacCa TOYHOCTU HM3MEPHUTEILHBIX TpaHcopmaropos (naiee — UT), tumos,
JUTMHBI U CeYeHMsI KOHTPOJBHBIX Kalenel, a Takke BTopuyHOU Harpy3ku. Hemocpeacrsenno TH BHOCHT
OYeHBb MayIO yTI0BYIO morpemHocTth (10 0,01 rpamyca), a kabenp mmmHOM nopsinka 150 MeTpoB, B CBOIO
ouepeslb, MOXKET BHeCTH morpemrHocth J0 0,5 rpaayca. [lpu cymmupoBanuu Bcex (hakTOpOB MONIYYUM
JIOTIOJTHUTENIBHYIO TIOTPEIIHOCTb, MPEBBIIAINTY0 MOrpeiHocTh PMU npakTudyecky Ha OPSIOK.

CUHXPOHU3auna N

BpemeHun c UTC

umndpoBas ~

obpaboTka
curHana

BNunaHne
BTOPUYHbIX
uenen

NOMPELLHOCTb
UTT

annapaTHble

OCHOBHble

]

OKpyrrneHwue npu
pacyeTax

nporpamMmmMHble
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akTopbI

cBu

——— | hakTopbl
6 yBenunyeHusa
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n3MepeHui
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Puc.4. OcHoBHBIE (PaKTOPBI YBETHYCHUS MOTPEITHOCTH U3MEPEHHUI

Takxe BaXKHO NpPUHUMAaTh BO BHHMMaHHE, YTO B TpoIlecce SKCIUTyaTallid MEeTPOJOrHYecKre
xapakTepuctuku MT moaBep)keHbl HW3MEHEHHWIO IO MPUYHMHE CTapeHUs M YCTaJOCTH MAarHUTHBIX
MaTepuanoB cepaeyHuka. K ToMy ke B pealbHBIX YCIOBHSIX HMX IOTPEIIHOCTh MOXKET BBIUTH 32
JIOTyCTUMBbIE TIpEAeNbl, BCIEACTBHE IEperpy3ku (HEAOTpy3KH) BTOPHUHBIX Ilened. B artom ciywae
1esecoo0pa3Ho e€e ONpeNleNInTh Ha CTaIuN pa3padOTKU MPOEKTHOW JOKYMEHTAIMU M 3aTeM y4YecTh IMpH
BEHITIOJTHEHUW M3MepeHuil. BHeceHue mompaBok B pe3ylbTaThl H3MEPEHU BO3MOXKHO BCIIEICTBHE TOTO,
YTO MOTPENTHOCTH U3MEPUTEIBHOTO TPAKTa B OCHOBHOM SIBIISIFOTCSI CUCTEMAaTHYeCKUMU. TakuM oOpazom,
paccunmTaB 3HA4YeHHMsS TIONMPABOK, KOMIIEHCHPYIOIIMX CHCTEMaTHYECKHE IOTPEIIHOCTH, MOXKHO
3HAYUTENFHO IIOBBICUTh JIOCTOBEPHOCTh HW3MepeHHi. JlomycTHUMble 3HAYEHUS TOTPEHIHOCTEH
OTIPEICTISIOTCS. PAcUETHBIM IIyTeM Ha OCHOBE H3MepeHWid. (s 3Toro HeoOXOAMMO 3HATh KIIACCHI
touHoctn WT, mnapameTrpel W 3Ha4YeHUS HArpy30K BTOPHYHBIX W3MEPUTEIBHBIX IIeNed, MmoTepu
HanpspkeHus B nernsx npucoennnenns PMU k TH. CucreMatnyeckue NOrpenHocT O 3HAKOM «MHHYC)
BO3HUKaIOT Ipu meperpyske Bropuunbix mened TT (mo 5%) u Bropuunsix neneit TH (mo 3%), nz-3a
MOTePh HANPSHKEHUS BO BTOPUYHBIX Lersx (1-2%).

Takxe TPUCYTCTBYIOT CIEAyIOUIe (PaKTOPhl MOSBICHUS OTPHUIATEIBHBIX CHCTEMATHUECKUX

MOTPEITHOCTEN U3MEPEHUN:
- HaJu4ue TeMIiepaTypHoil norpemsocty PMU;
- BIUSHUE HAa YCTPOWCTBA TOCTOSHHOTO WJIM TEPEMEHHOTO0 MAarHUTHBIX M BBICOKOYACTOTHOTO
3IIEKTPOMArHUTHOTO TOJIEH;
- MaJioe 3HaueHue Ko3(puirenTa MOIHOCTH BTOPUYHOM Harpy3ku cos@ (meHee 0,5);
- HepaBHoMepHOcTh Harpy3ku TT u TH no dazam.

ITonoxuTenpbHBIE CHCTEMATHYECKHE TOTPEITHOCTH BO3HUKAIOT Npu Hemorpyske TH (mo 1,5 %),
neperpyske Bropudaoi nernu 1T, manom pabodyem Toke 1 MaoM 3Ha4E€HUH cosQ (110 5%).

Takum 00Opa3oM, MHOTOYHCIIEHHBIE CHCTEMAaTHYECKHE COCTABJISIONIME MOTPENIHOCTH (B 0OmIei
CJIO’KHOCTH OKO0JI0 20-TH) MOT'YT 3HaYUTEIBHO YXYAILUTH MTOKAa3aTeId TOYHOCTH H3MEPEHUI.

OyHKIMOHANBHBIE BO3MOKHOCTH PMU MO3BOMNSIIOT peaqn3oBaTh aBTOMATHYECKYI0 KOMIICHCAIHIO
MOTPEITHOCTEH ¥ BBENEHUHM TIONPABOK B PE3yJbTaT M3MEPEHHWH C Y4YETOM 3apaHee pacCUHUTaHHBIX
3HAYEHUI CHCTEeMaTHYECKUX MorpemHocTeid. JaHHbI crnocod moTpedyeT mpeaBapUTEIbHBIX PacueToB
MOTPEIIHOCTEN U Apyrux MeTpojormyeckux napamerpoB MT Ha 3Tame mpoeKTHPOBaHUS M MPOBEIACHUS
MTyCKO-HAJIAJOYHBIX PaboT. ITO MO3BOJUT 3HAYUTENHHO (B 3-5 pa3) MOBBICUTH JOCTOBEPHOCTH U TOYHOCTH
M3MEpEeHHS MapaMeTPOB AIEKTPOIHEPTETHUUECKOTO PEKUMA.

Eme omauM BaskHBIM (PaKTOPOM, YXyIIIAIOUIeM TOYHOCTh U3MEPEHHUH, SBIISETCS BO3ICHCTBIE HA
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TT B mporecce KCIUTyaTallil MHOTOYMCIICHHBIX BHEIIHUX ()aKTOPOB, KOTOPHIE OKa3bIBAIOT BIMSAHUE Ha
WX METPOJIOTUYECKHE XapakTepucTHKH. OOHUM M3 HUX SBJSIOTCS TOKH KOPOTKOTO 3aMbIkaHus. [lpu
KOPOTKOM 3aMBIKaHWH TOK, MpoTekaromuii uepe3 TT, xapakTepusyercs CIeIyIOIMIMI 0COOEHHOCTSIMHU:

- OonpIIas KpaTHOCTh TOKA, MPOTEKAIOMIEr0 4epe3 MEepPBHYHYI0 OOMOTKY (TOK KOPOTKOTO 3aMBIKaHUS
MOJKET MPEBBINIATh HOMUHAIBHBIA IEPBUYHBIN TOK B AECATKH-COTHH Pa3);

- HaJIM4Yue anepruoaN4eCcKON COCTaBIAIONIEH B KPUBOM TOKA;

- OTKJIFOUYEHHE TOKAa KOPOTKOTO HE B MOMEHT Nepexoia Toka yepes 0.

Tox K3 conmepxuT amneprHoguyYecKyr0 COCTABIISAIOLIYI0, KOTOpas 3aTyXaeT IO 3KCIOHEHTE C
MOCTOSTHHON BPEMEHH, OMPEeIIeMON MOITHOCTBIO SHEPTOCHCTEMBI M PEaKTAaHCOM JO MECTa aBapHH.
M3menenue nmotokocuemieHuss B MarautonpoBojae TT npu HaIMUuM anepuoiudecKol COCTaBIISIONIEH B
MEPBUYHOM TOKE KOPOTKOTO 3aMbIKaHHMsI HEN30€KHO NMPHBOAUT K HACBHIIICEHUIO MAarHUTONPOBOAA M K
HECHMMETPUYIHOMY HCKaxeHHI0 popmbl KpuBoii BToprdHoro Toka TT. Haceimenne marauronposoga TT
BO3MOJKHO BILTOTH JJO MaKCHMaTbHON MHIYKINH HackimeHus. [locne mukBumanuu K3, mpu pabote B cetn
MepeMEeHHOro TokKa MarHutompoBon TT uyepe3 HekoTOpoe BpeMs pPa3sMarHUTUTCS W TOTPEIIHOCTH
BOCCTAaHOBATCA. BpeMﬂ pasMaroniMBaHus 3aBUCUT, KaK OT BHCITHUX q)aKTOpOB — 3HAUCHHA NIEPBUIHOTO
TOKa, MOIIHOCTH BTOPWYHON HArpy3Kkd, TaK W OT KOHCTPYKTHBHBIX ocoOeHHocterd TT — marepmana
MAaraouTonpoBoga, 4YucCiia HNCPBHUYHBIX BUTKOB W 1p. I/ICCJIGI[OBEIHI/ISI ImokKasajid, 4YTO OCTAaTOYHOC
HaMaronmimBaHHUC OKAa3bIBACT 3HAYWUTCIBLHOC BJIMUAHHC Ha IMMOI'PCHIHOCTHU TT ¢ MAarauToIIpoBOJOM M3
anekTporexHuueckol cramu. Ilorpemnoct TT B COCTOSSHUM HaMarHUYHMBAHUSI HE COOTBETCTBYIOT
3asBJICHHOMY Kilaccy TO4YHOCTH. IlockoibKy HackleHue wmarauronpooga TT anepuonnyeckoin
cocraBisitorield Toka K3 BhITekaeT M3 (U3MUECKOTO MPHHIUNA JEHCTBUS TpaHCPopMaropa, 3TOT
HEJOCTATOK UCTIPaBJIeH OBITH HE MOXKET [5].

OgHuUM K3 BapUaHTOB MOBBILIECHUS YCTOMYMBOCTU METpPOJNOrMueckux xapakrtepuctuk TT mpu
BO3HMKHOBEHHH KOPOTKOT'O 3aMBIKaHUs SABISIETCS MPUMEHEHUE cepeuHIKOB 00MOTOK TT 13 amopdHbIX
NJIM HAHOKPHUCTAJUIMYCCKUX CILJIaBOB. HOCKOHI)Ky O9THU CIIJIaBbl o6naz[a10T 60.]]66 BBICOKMMH MardiuTHbBIMU
CBOMCTBaMH, TAaKUMH KaKk HadajdbHAass MarHUTHAs TIPOHHUIAEMOCTb, JIMHEHHOCTh XapaKTePUCTHK
HaMarom4imMBaHUs, Y3Kasa NETIA TUCTEPE3MCa, TO MOrpEIIHOCTD I/ISMepeHI/Iﬁ YMCHBIIACTCA B HECKOJIBKO pa3
1 MPAKTUYCCKH HE 3aBUCUT OT BJIMAHUA IEPBUYHOTO TOKA U TOKOB K38 HepBHqHOﬁ eru.

Taxum ke 1Mo BaXXHOCTH (PaKTOPOM CHHYKEHHS WHTETPAITbHON BEKTOPHOW MOTPENTHOCTH SBISETCS
oOecrieyeHre BBICOKOTOYHOM CHHXpoHHM3anuu u3MepeHnid PMU co CIyTHHKOBBIMH TII00AThbHBIMU
HaBurannoHubiMu cucremamu (GPS/TJIOHACC). Jlns oOecrnieueHus CUHXpOHHU3AIMK Ipoliecca cOopa
JTAHHBIX, HEOOXOJIMM HWCTOYHHK TOYHBIX CUTHAJOB BpEeMEHHU (TO €CTh, CHHXPOTEHEpaTop), KOTOPBIH
MOKeT ObITh BcTpoeH B PMU 1100 ObITh BHEITHUM yCTpOicTBOM. OT BHEITHETO UCTOYHHUKA (JIOKAITBHOTO
WK TJ100aJIbHOT0) CUTHAJ BpeMeHHu mnoctynaeT B PMU, 11t BCTpOGHHOTO CHHXpOTreHepaTopa Tpedyercs
BHemiHsis GPS anTenHa. CurHaJl BpeMEHHM JOJ/DKEH OBITh JIOCTaTOYHO TOYHBIM, 4T0Obl PMU mor
MOJIEPKUBATh CHHXPOHHOCTh C TOYHOCTBIO, JOCTaTOYHOW mnsi moxanxepxkanus TVE B mpenenax,
onpexaeneHHbIX B cranaapte IEEE C37.118.1-2011 (manee — Cranmapr).

TouHOCTH BHIOOpPa BPEMEHM OTPAHHUYMBAETCS MPHUEMOM KpaTKOCPOYHOTO CHUTHAja, OCHOBHAs
MOTPEITHOCT, KOTOPOTO CcocTaBisieT mpuomusutensHo 0,2 MKC. OTa IMOTPEemHOCTh MOXET OBITh
YMEHBIICHA C TOMOILIBI0 YCOBEPILIEHCTBOBAHHOTO AEKOAMPOBAHHMS W METONOB 00paboTku. Curnan
BPEMEHH, T€HEPUPYEMBIHi CHHXPOTEHEPAaTOPOM, B COOTBETCTBUH C TpeOoBanmsaMu CTaHaapTa JODKEH
on1Th puBs3aH K UTC. To9HOCTH ycTpOHCTBAa CHHXPOHU3ALIMK MOXKET MEHSATHCS C TEUEHHEM BPEMEHH B
CBSI3U C TIPOM3BOJICTBEHHBIMHU JIe()eKTaMHU, N3MEHEHHUEM TEMIIEPATYPbI, JEKTPUUIECKUMH U MarHUTHBIMU
MOMEeXaMH, CPOKOM CIYXObl TakTOBOTO TEHepaTopa W BBICOTOW. Kpome Toro, naxe HeOoJbIIMe
IMOrp€IIHOCTU B XPOHOMETPUPOBAHUM MOTI'YT CYMMHPOBATHECA U JOCTUIaTh CYIICCTBECHHBIX 3HAYCHHU.
CurHan CHHXPOHHM3AIMH TaKXe JOJDKEH OBITh JOCTYHEH Oe3 mepepbiBa BO BCEX MECTaX H3MEpPEHHSL.
Cursan BpEMEHH JIOJDKEH XapaKTepU30BaTbCA JOCTYIMHOCTBIO, HAAEKHOCTBIO M TOYHOCTBIO,
COOTBETCTBYIOIIEH TPEOOBAHUSIM YHEPTOCUCTEMEL.

B coorBerctBun co CraHmapToM IIpH OpraHU3alUd BEKTOPHBIX HW3MEPEHHMH W B IIEIIAX
obecrnieuenuss BenuunHbl TVE B mpenenax 1%, xapakTepUCTHKH MPHUMEHSEMOIO HCTOYHHUKA TOYHOTO
BpEMEHU JOJDKHBI obecrieunBaTh B 10 pa3 MEHBIITNE 3HAYCHISI IOTPEITHOCTEH CIEAYIOMNX TapaMeTPOB:

- yraoBas norpemHocts — 0,57 rpagyca snextpuueckoro (0,01 paguan);

- MOTPENIHOCTh CUHXPOHU3AIMK BpeMeHH + 31 MKC;

- IMOrp€HOCTb YaCTOThbI HCTOYHHUKA TOYHOI'O BPEMCHHU — 0,1 MFH.

Jna obecnieyennsi TouHocTH cuHXpoHm3ammu Bpemenn B IITK CMIIP oOwekra crnemyer
NPUHUMATh BO BHUMAHHE PsAJ] CICTYIOUIHX (PaKTOPOB:

1. Hanuuue 3apepkku pH nepegadye CUTHaIOB.
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3amepKKu NpH nepenade curHanoB PPS mo AnuHHBIM MEIHBIM UM ONTHYECKUM JIMHHUSM CBA3H
MOTYT JOCTHTaTh CYIIECTBEHHBIX 3HaueHwWi — mopsaka 0,5 mxc Ha Kaxapie 100 merpoB kabems.
BennuuHy norpenrHocTeli MOKHO OLIEHUTh IIyTEM JAEIECHUS IEKTPUUYECKON UIMHBI Kabens Ha CKOPOCTh
pacmpocTpaHeHus curHaiga nmo kabemto. [Ipu pacuere 3amepeK Takke HEOOXOIUMO YUUTHIBATH BPEMS
00pabOTKH MPH MOCIEN0BATEILHOM ITOAKIIOUYEHHH YCTPOHUCTB.

Pacmipenenennas crpykrypa IITK CMIIP mnpeamomaraer TOSBIEHHE KPUTHYHBIX IS
oOecriedeHns HEOOXOAMMOIO YPOBHSI TOYHOCTH 3aJlepXKeK MpH Iepeaadye curHanoB PPS mo mnmmHHBIM
JUHUSM CBSI3U. B COOTBETCTBHMM C JaHHBIMH BBIIIE PEKOMEHJAIMSIMHM HCTOYHUK TOYHOTO BPEMEHU
JIOJDKEH o0ecrieurBaTh IOIPEIIHOCTh CHHXPOHU3AaMU BpeMeHH He Xyxe + 3,1 Mkc. Takast morpemHocTs
MOXXET OBITh BBI3BaHA 3a7CPKKOH TIPH Iepeaade CUTHaNIA Mo JUHUW JIHHON mopsaka 630 metpos. Ilpu
YIAIEHHOCTH MpeoOpa3oBaTeNeil OT HMCTOYHMKA CHHXPOHHU3AIMM Ha PACCTOSIHME OO0 HECKOIBKHX
KAJIOMETPOB TpeOyeTcsl MPUHATHE [ONOJHHUTENbHBIX MEp IO oOecreyeHHto TpeOyeMol TOYHOCTH
CHHXPOHM3ALMM BPEMEHH H, COOTBETCTBEHHO, TOYHOMY H3MEPEHHIO a0CONIIOTHBIX YIVIOB TOKAa H
HampsokeHus: Ha Kaxaom PMU. Jlpyrumu cioBamu, A MUHUMH3AIMM TOTPEHIHOCTH curHai PPS
JIOJKeH TIOCTYTNaTh Ha BCE YCTPOMCTBAa OJHOBPEMEHHO, a, IJIAaBHOE, 3aJiepXKa NpH ero mepeaaye, B
KOHEYHOM HUTOT€, JOJKHA KOMIICHCHPOBAThCA.

q)yHKHI/IOHaJ'I psgaa UCTOYHUKOB TOYHOI'O BpEMEHHU Ha 6336 CITYTHHUKOBBIX HaBUTI'allTMOHHBIX CUCTEM
GPS u TJIOHACC mnpenycmarpuBaeT B ONPEIACICHHBIX TPEACiIax KOMIICHCAIIUIO 3aICPKKU TIpU
nepeAade CUTHAIOB 10 JJIMHHBIM JIMHUSIM - CBS3M, OnHaKo, miusi kaxgoro PMU  tpeGyrorcs
WHIMBUIYaJIbHO PAcCUMTAHHbIC 3HAUYEHHWsI BPEMEHHM JJsl KOMIICHCAlMU 3alepkku. Takum obpasom,
nporpamMMHoe obecriedenne PMU 1OKHO MOIACPKUBATH BO3MOXKHOCTH YCTAHOBKH TTOJOOHBIX
HAaCTpPOEK.

Taxoke crenyer BHUMATeIbHO OTHOCUTHCS K PEKOMEHAALMSIM MIPOU3BOAUTENEH 000pynoBaHus 00
OTpaHUYCHHUH JJIMHBI KaOenbHbIX JUHUH (He Oosee 50 M). B cinydae HEOOXOAMMOCTH HMCIOIH30BAHUS
KaOeNbHBIX JIMHUK OONbILICH JIUHBI CYIIECTBYIOT albTEPHATHBBI, HAPUMEP, NPUMEHEHUE aHTCHHBI C
BBICOKUM KO3()()UIIMEHTOM YCHUJICHHUS! WIM NPOMEXKYTOUHBIX YCHJIMTENICH, a Takke KaOened ¢ MajlbIMU
IIOTEPSIMH.

2. BO03MOXXHOCTH KPaTKOBPEMEHHOH IMOTEPH CUTHAJIA CHHXPOHHU3AIIUU OT CITyTHHKA.

Eme ogHON NpUYUHON CHIDKEHUS! TOYHOCTH CHUHXPOHH3ALUH SBISIETCS TTOTEPsl CUTHAJIa OT OJHOTO
WIIM HECKOJIBKUX CITyTHHKOB HMJIM M3-32 TPOOJIEM C aHTEHHOH IO Pa3iIMYHBIM NPHYMHAM, HO MMOCKOJIBKY
pacroioxeHne MPUeMHIKa U3BECTHO, MOYKHO HACTPOUTDH YCTPOMCTBO TAKUM 00pa3oM, YTO TOUYHOE BpeMs
MOKHO OyzIeT 00eCIIeYHTh JaKe C OJHUM BHIMMBIM CITyTHUKOM («3a0JIOKMPOBATE) MOJIOKEHHUE).

Jlaxxe Tipu TOM, YTO Yackl MOTYT OBITH OJOKMpoOBaHBI B TeueHue Oosee 1000 c, psya reHepatopoB
BpPEMEHHBIX IMapaMeTPOB CHOCOOHBI TOJEPKUBATh TOYHOCTh Oosiee 1 MKc 3a 3TOT mepuoia. OObIYHO
JaHHaA XapaKTCPpUCTHUKA YKa3daHa B JOKYMCHTAIIUX ITPOU3BOANTEIIA.

3. OOHapyxeHHe MOTepH CHHXPOHU3AINN BPEeMEHHU

B cnyuwae Hapymenums cuHXpoHM3anuu BpemeHH PMU nomkeH o0OHapyXHBaTh IOTEPIO
CHUHXPOHHU3ALMK, KOTOPAsi MOXKET IPUBECTU K IPEBBILICHUIO Aonyctumoro npenena no TVE. B arom
ciyyae B BeIXONHBIX jgaHHBIX PMU (cmoBo STAT Our 13) nomkHa TOSBHTBCS OTMETKA JI0
BOCCTaHOBJIGHUS] CHHXPOHHU3alMU cOopa JaHHBIX ¢ TpeOyeMbIM YpOBHEM TOYHOCTH. B nomonmHenue k
STAT cnosa bur 13, CraHmapT ompenenseT NalbHEHINE CUTHAIBI, IpeIHa3HAUYCHHBIC IS OIHUCAHUS
MOKa3aTelNsd Ka4eCcTBAa BPEMEHHBIX IMapaMeTPOB CHHXPOTeHepaTopa. B KaxkaoM onpeaeneHHOM BBIXOJHOM
coobmennn PMU ecTp mosne mokasatelisi KadecTBa apamMeTpoB BpeMeHH 4 Outa. DTO MOJe MO3BOJISIET
PMU yka3aTe Ka4yecTBO HCTOYHHMKA BPEMEHH OT 3a0J0KHPOBAHHBIX YacOB C HEOIPEIEICHHOCTHIO OT 1 HC
nmo 10 ¢ (ormeHeHHass HaWXy.IIas MOTPENTHOCTH) WX OTKa3 4acoB. Kpome Toro, cooOmieHue AaHHBIX
STAT umeet aBa OuTa 1151 yKa3aHus NPOJOKUTEILHOCTH IEPHOAA, KOT 1A Yachl ObUIM Pa30JIOKUPOBAHBIL.

Takum o0pa3oM, Ui TMOBBILEHHS HAJSKHOCTH pabOThl TOACHCTEMBl CHHXPOHHU3AIMU
OTIpeZIeTIsAIoNIee 3HAYCHHEe WMEeT KOPPEKTHBIM BBIOOP W HACTPOWKM amlmapaTHOTO oOOecredYeHwus,
MECTOPACIIOJIOKEHHE AHTEHHBI, KAYEeCTBO MPOKJIAAKH KaOells U COOTBETCTBHE MPOEKTHBIX M TEXHUYECKUX
peleHnii peKOMEHAALUAM IPOU3BOAUTENEH 000pyI0BaHUSI.

B nensx xontpons ucnpasHoctu ¢yHkimonuposanus COEB cnenmanuctamu OAO «CO EBC»
MPOBOJAATCS MEPUOANYESCKH MOHHTOPHHT IO OCTOBEPHU3AINH HU3MEPEHHH U MPOBEPKE KOPPEKTHOCTHU
cuaxpormzauun PMU. Jlng mpoBepkd MPOM3BOAUTCS cOOp 3HaueHWH aOCONIOTHBIX YIJIOB CO BCEX
U3MEPUTEIbHBIX IpeoOpa3oBaresicii, BbIOOpa 0a30BOro y3ja ¢ MOCIEAYIOUIEM BBIYHCICHHEM
OTHOCHUTENFHBIX YTJIOB B KaXIOH TOYKE SHEPrOCHUCTEMBI, TJle Ha OOBEKTaxX 3JIEKTPOIHEPTETUKU
pazBepHyThl IITK CMIIP. Ananorununsie Bbruncienus npousBogsatcs B IIK «Kocmoc» ams toro xke
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MOMEHTa BpeMeHH. MakcUMallbHas ITOTPEIIHOCTh MMO00HBIX BhrunciaeHuid B MacmTabax EDC Poccun He
npeBbIaetT 3-4 rpagycoB, a Mexay y3namu cucteMsl B onHoit ODC menee 1 rpagyca. Ha puc.5 nokasana
3D-panmapHas muarpaMma Ha KapTe C YCIOBHOW reorpaduyeckoii mpussiszkoit B ESC Poccun Ha ocHOBe
peansubix CBU.

Puc.5. 3D-panapunas auarpamma EQC Poccun

3AKIIOYEHHUE

1. B sneproo6sennaenun EQC/OOC ycnemHo pa3BuBaeTcss CrcreMa MOHHTOPHHTA TEPEXOIHBIX
pPeKMMOB,  pealu3yiolas  TEXHOJOTHIO  BEKTOPHOW  PETHUCTpAllMM  [apamMeTpoB  peXHUMa
JHEProOObETUHCHUSI.

2. [lepBoouepenHas 3amavya — peanu3anus NOTCHIMAIA TEXHOJIOTHU ISl yIyUIICHUS HAJCKHOCTH U
KayecTBa YIpaBIeHHs SHEPTOCUCTEMOH.

3. BiisiHME TEXHOJIOTMU BEKTOPHBIX U3MEPEHUN Ha pa3BUTHE NIEKTPOIHEPreTUKH B Poccuu, Kak H

BO BCEM MHpE, MOCTOSIHHO Bo3pactaer. i 3((EKTHBHOrO pa3BUTHS M MPUMEHEHHS TEXHOJOTHUH
HEOOXOAMMO  Pa3BUTHE  Y/AOBJIETBOPSIOUICH  TPEOOBAHUSIM  TEXHOJIOTMH  KOMMYHHKAI[HOHHOM
UHQPaCTPYKTyphl (HU3KHE 3aJEPKKH Tepeadd JaHHBIX, oOecrieueHre KuOepOe30MmacHOCTH, ObICTpast
00paboTka MHOOPMALIUH | T.JI.).

4. B cBs3u ¢ npumenennem CBU B npuitokeHUsIX peanbHOTO BPEMEHH PE3KO BO3POCIIN TPeOOBaHUS
K KaueCTBY CHHXPOHU3WPOBAHHBIX BEKTOPHBIX U3MEPEHH.

5. WNunnmupoBan mponecc paspaborku CraHaapToB ¢ TpeOOBaHMSIMH K MPUMEHEHHUIO YCTPOWCTB
CUHXPOHU3HPOBAHHBIX U3MEPEHUH U KOHLIEHTPATOPOB BEKTOPHBIX AaHHBIX B EQC Poccum.

6. C co3mannem CMIIP BO3HMKIM NPEANOCHUIKM CO3JaHUS NPUHIMIIMAIGHO HOBBIX CHCTEM
ABTOMATHYECKOTO PETYJIMPOBAHUS U YIIPABJICHUS PEKUMAMH YHEProoObeIMHEHNSI.

7. B memsx mopnmepxaHus HaAEKHOTO M KoppekTHoro ¢ynkuuonuposanus [ITK CMIIP EDC

Poccun HeoOX0aMMO NpOBECHHE MTOCTOSIHHOIO MOHUTOPHHIA IOJy4aeMbIX B JHCIETUYEPCKUX LIEHTpax
CUHXPOHU3UPOBAHHBIX BEKTOPHBIX U3MEPEHUI.
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C.5.1-4. PazButne ABTOMaT4eCKOM cuctemMmbl cb6opa nHcpopmauumm or
pernctpatopoB CMIIP. NMporpaMMHO-TeXHUYECKMNE peLueHUs

TAUJIAMAKHH ®.H.
KHCJIOBCKHH A.A.
000 «Aastepollaysp»,
Poccus
gfn@alteropower.ru

KJIFOUYEBBIE CJIOBA

Cucrema MoHuTOpHHTa TepexoaHslx pexumoB, AC CU CMIIP, WAMS, PMU, HU3KOYaCTOTHEIE
konebanus, CIM, WEB, nosql, HTMLS5, o6maunbie BEIMUCIEHUS.

1 BBEJIEHHME

CHHXpOHM3UpPOBaHHBIE BeKTOpHbIE u3MepeHuss (CBU) sBIAOTCS NHEHHBIM HCTOYHHKOM
WHPOpPMAIUK O AWHAMHKE TOBEACHUS SHEPrOCHCTEMBI. st TOro, 4ToObl TMOJIYYUTh MAKCUMYM
MOJIB3B OT M3MEPEHWH, HEOOXOAMMBI MOIIHBIC CPEACTBAa BHU3yaJH3allMd B PEXKHME PEATbHOTO
BpeMeHH. B paMkax cepuu IpoeKTOB 10 CO3JaHII0 ABTOMAaTHYECKOH CHCTEMBI cOOpa MHPOPMAIIHH C
peructparopoB CMIIP B OAO «CO EJ3C» co3mansl ¥ pa3BUBAIOTCI TEXHUYECKHE PEIICHUSA,
MTO3BOJISIONINE TOBBICUTh CHUTYAITMOHHYIO OCBEAOMIEHHOCTH sl TexHoiaoroB OAO «CO E3C» u
MPEyTPEAUTH O BOZMOXKHBIX Tpo0IeMax HapyIIeHHUs] YCTOWIHBOCTH SHEPTOCUCTEMBI.

PazButne ABTOMarndeckoil cucrembl cOopa wuHpopMmanuu c¢ peructpatopoB CMIIP
ocymectBisiercss B OAO «CO ED3C» ¢ 2008 roma. ITmioTHBIN MPOEKT MO BHEAPEHUIO CHCTEMBI
aBToMaTudyeckoro coopa nanubix CMIIP 611 peannszoBan B coctaBe CHCTEMbl MOHUTOPHHTA 3a1aCOB
ycroitunBocT (CM3YVY) B CeBepHoM perrone TromeHnckoit oomactu (Tromernckoe PIIY).

B pamkax mpoekTa pemianach 3aada aBTOMaTHYECKOTO OHJIAMH-pacyeTa TEeKyIIUX MPeaesioB
110 CTATUCTUYECKON YCTOWUYMBOCTH — MaKCHUMAaJIbHO-JOITYCTUMBIX IIEPETOKOB. MCIIOJIb30BaHNE TaHHON
CHCTEMBl YBEJIMYWTh MPOIYCKHYIO CIOCOOHOCTh JMHHUH 3nekTponepenad B CeBepHbIe paioHbBI
TroMeHCKOM 00JlacTH B HEKOTOpbIX ciydasx Ha 100 MBr. CM3VY SBISIOCH OTHOCHUTEIIBHO
HEeOOJIBIIION CHCTEMOW 0 YHCITY M3MEpHUTeNel, padoTaloNNX B PEKUME OHJIAHH — BCETO K CHCTEME
Obuto monkioueHO 10 BEKTOPHBIX M3MEpUTENbHBIX HpeoOpazoBarenelt (Phasor Measurement Unit,
PMU).

B toxe Bpems B kommuectBo PMU, ¢ynkunumonnpytommx B EDC Poccum, yxe Torma
JOCTHUTaJIO JECSTKOB, a B HacTosauiee Bpems npesbimaeT 400 ycrtpoiicts, npuuem Oonee 10 n3 HHX
paboTaloT B peMMe PEeaIbHOI'O BPEMEHH.

Hns pemenns 3amad no cbopy u xpanenuto wHpopMmanuu CMIIP B 2009-2011 rr. Gbiia
CO3/laHa W 3amylleHa B TNPOMBIIUICEHHYIO OJKCIDIyaTaluilo ABTOMaTH4Yeckass cuctema cbopa
unpopmarmun ot peructparopo CMIIP (ACCH). B pamkax mnpoomumoii B 2012-2015 rr.
moudukanuu ACCH ObuH 3HAYUTETHHO pacIIUPEHbl BO3MOKHOCTH CUCTEMBI B YACTH BU3yaIH3alluu
n 00paboTKM W3MEpeHHd a TakXke IepepaboTaHbl PEIIeHHs 1O XPAHEHHWI0O W TPAHCIOPTHUPOBKE
n3Mepenunii. Kpome Toro, Obun peaqn3oBaHbl HOBBIE AJTOPUTMBI MOHMTOPHHIA HHU3KOYACTOTHBIX
KoJieOaHuii.

B nanHoi1 cTathe PpacCKa3bIBA€TCA O TEXHUYCCKUX PCIICHUAX, IIPUMEHACMBIX B CUCTEME.
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2 OCHOBHAAYACTH
2.1 Obwas apxumexmypa

[Ipu pazpadotke u cozmanmun ACCHU CMIIP ucnomnp3oBanach KiacCHYeCKas apXHTEKTypa
cucreM tuna Super PDC Network, koTopas rmpeacraBiieHa Ha puc. 1.
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| |
-

.E o
“l “
DC

)

1

‘ % ‘ PMU PMU

Ee=2) (222 Ge:) =22

PMU PMU PMU PMU

Puc. 1: Knaccuueckas apxurexrypa SPDC Network

PMU ocymectistor nepenaay CBU B cuctemy no npotokosry C37.118-2008/2011. [lannsie
u3MepeHuii cobupatorcs B KoHueHTparopax (Phasor Data Concentrator, PDC) u B nanbHeiimem
UCTIONB3YIOTCSA JUIA PAcyeTHBIX 3a/ad, 3aJad BU3YAIN3allMd IOBEAEHHS 3HEPrOCUCTEMBI JIHOO
MepeatoTCs B CMeXHBIE pacueTHble 3agaun (EMS).

[lepenaya CBU Ha BelmecToAIMHA YpOBEHb AUCIETYEPCKOTO YIPABICHUSI OCYLIECTBISIETCS C
MOMOIIIbIO PETPAHCISAIUN Ha COOTBETCTBYIOUIUI CYNEPKOHIIEHTPATOP 1O HEpapXuH YIIpaBIICHUS.
OOMeH JaHHBIMH MEXIYy KOHIIEHTparopamMu OOBIMHO OCylIecTBiseTcss mo mpotokory C37.118-
2008/2011. JlanHas apXuUTEKTypa MpocTasi, HaA&KHAS ¥ OTIUYHO MMOAXOIUT IS PEIieHUs 3a/1ad Mpu
OTCYTCTBHH OI'PAaHUUYCHUN BBIYMCIUTEIBHON M TEIEKOMMYHUKAIMOHHON HHPPACTPYKTYPHI.

I[Mpu sTtoM oTnuuntTensHOM ocobeHHOCTEIO ACCH  sBIsieTcss BCTPOCHHBIM MEXaHU3M
TPaHCHOPTUPOBKU UCTOPHUECKHX apXUBOB I10 3aMpocy Mmojb3oBatesis. [Ipu oOpaiiennn noiap3oBaTess
WIM 3a7adyd 32 MCTOPUYECKHMMHU JaHHBIMH OHH JIOCTaBJIIIOTCS. C HYKHOI'O CepBepa HWIU
KOHIIeHTpaTopa. TakuM 00pa3oM OTnajaeT HeoOXOMMOCTh XPaHHUTh BeCh 00bEM M3MEpEeHUil Ha Bcex
y3J1aX CHCTEMBI, YTO 3HAYUTEINHHO SKOHOMHT BBIUNCIUTENBHBIE PECYPCHI.

[Ipn pa3BUTUM CHCTEM MEXaHHW3M 3allPOCOB HCTOPHYECKHX JAaHHBIX OBLI JIOMOJHEH
AHAJOTUYHBIM MEXaHU3MOM Ul OHJIAUH-NIOANMCKA Ha JaHHbIE pealbHOro BpemeHu. Ilpu
HEOOXOJMMOCTH TOJMYyYEHHsI OIEPATHBHBIX JAaHHBIX ITOTPEOWTENh PETUCTPUPYET TMOIIUCKY Ha
TEKyIIHe W3MEpPEHMs, U OHM HAUMHAIOT INEepeAaBaTbci 4Yepe3 CHCTEMY KpaTdalllluM MapLIpyTOM ¢
MUHUMAJIbHBIMU 33JCPKKAMH.
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NaBHbIA AMCTIETUEPCKUI LIEHTD
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Puc. 2: Apxurextypa ACCU

[lepepabortannas apxurekrypa ACCH (puc.2) Takxke spusercs GopMaIbHO HEPAPXHUECKON —
C cepBepaMH, PacrlojoKeHHBIMH Ha BCEX YPOBHAX MUCIIETUYEPCKOTO YIPaBIICHHS, HO B TO JK€ BpeMs
o0ayHoM, pactipenenéHHON. MecTo XpaHeHHsI JaHHBIX B CUCTEME W MapUIPYThl HX Mepeaadr MEXIy
y371aMH He 3aKperuieHsl xkecTko. [loctaBmmku nanaeix (PMU) u morpeburenu CBU (monms3oBaTenu u
BHEIIIHUE CUCTEMBI) B3auMoaencTByOT ¢ ACCHU B paMkax HUICOIOTHH «ITyOTUKAIUS-TIOATHCKA.

[Ipu oOpamieHNy TOIB30BATENS WIH 33J]a4X 38 UCTOPUUECKUMHU JTAHHBIMU OHH JOCTaBIISIOTCS
C HYXXHOTO cepBepa Wi 3anpamuBatorcs ¢ PMU (npu orcytctBum B cucteme). [Ipu Heobxoaumoctu
MOJY4YEHHs ONEPATUBHBIX JAHHBIX MTOTPEOUTENb PErHCTPUPYET HMOANNCKY Ha TEKYIIHEe W3MEPEHUs, U
OHM HAuUMHAIOT TMEepe/aBaThCsl dYepe3 CHCTEMY KpaTyallluM MapHIpyTOM C MHHHUMAIbHBIMH
3a/IepKKAMH.

Jns TpaHCIOPTUPOBKHU OHJIAMH-TAHHBIX C MHUHUMAJIbHBIMU 3aJ€PKKaMHU WU HAKJIaIHBIMU
pacxozaMu ObUT pean30BaH COOCTBEHHBIH MPOTOKOJ Ha OCHOBE InMpokoBeriarenbHoro UDP. s
peanu3anyy IpoTOKOJIa UCTIONIL30BAJIOCh OTKPHITOE MporpaMMHoe obectieueHue ouepeneit ZMQ.

2.2 Obaaynoe xpanunuwe usmepeHutl

JlaHHBIE W3MEpEeHW COXPaHSIOTCS B 0a3e JaHHBIX COOCTBEHHOW pa3pabOTKH Ha OCHOBE
otkpeiToro IO Apache Cassandra. [lannoe I1O npeacraBisier coboit nosql 6a3y naHHBIX, KOTOpas
UACANBHO TOAXOIUT IS XpaHeHHWs HH(GOpMAMU TUMA «KIOY-3HAUeHUE» (B JaHHOM Ciydae
BpPEMEHHBIX PSIOB), 1 00pabOTKM OIpOMHBIX MaccuBoB mHQopmanuu. B/ mo3Boisier coBMeniarh B
OJTHOM XpaHWIHIIE JaHHbIE pPEaNTbHOrO0 BpeMeHH M uctopudeckue. OOecrieunBaeTcs BbICOKAs
NPOU3BOJAMTENBHOCT 3allUCH U MIHOBEHHBIH JOCTYH K MCTOPUYECKHUM JAaHHBIM 3a JIO0OW Mepuo.
CpencTBa obecrieueHHs: 0TKa30yCTOWYMBOCTH B COCTaBE CHCTEMBI IIO3BOJISIIOT CO3aBaTh KIacTephl OT
2 u Oonee cepBepoB. XpaHHJIMINE MACHITAOUPYETCsS HA TPAKTHUECKH HEOTPAHWYEHHOE KOIUYECTBO
cepBepoB (10 65535).

JlaHHBIE TEXHUYECKUE PEIICHHs I03BOJISIET pa3BOpaunBaTh cUCTEMY cOopa B MyOIUYHBIX WM
yacTHBIX oOnakax. TakuMm oOpa3om oOecrieunBaeTcs THOKOCTh W MacIITaOMPOBAaHUE TIO
IIPOU3BOJUTCIIBHOCTH.
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Puc. 3: O6naunas apxuTekrypa

CepBepa cucteMbl OOBEAMHAIOTCA B KiacTtep, pabortarommii cuHXpoHHO. CepBepa
B3aUMOJEHUCTBYIOT IPyr C APYroM MU OOMEHHBaroTcs HMH(pOpManuedl ¢ HCTOYHUKAMH IAaHHBIX M
KIIMCHTaMHU.

Ucrounmkamu nmaHHBIX BhICTynaioT cepBepbl C37.118. Oto moryr 6site PMU u PDC.
CepBepa o0aka HHUIIMHPYIOT B3auMozeicTBre myTéM oTrnpaBku komaHnel START npotokoma C37.
[Tocne »Toro HauumHaercs mnepeaadya wusMepeHuid. [lpenmouyturenpHer dBISETCA CXeMa C
ucnoibp30BaHueM mnporokosia C37.118 noeepx mupokoremarenbaoro UDP. Takum 00pa3oM MOKHO
JOCTHYb IOBBILIEHUS HPOU3BOAUTENFHOCTH M OOECIIEUYHUTh OTKa30yCTOWYMBOCTh. Kaxnplii maker
JaHHBIX IYTELIeCTBYEeT IO KaHajlaM IIepeJadd JaHHBIX B EIMHCTBEHHOM OJK3EMIULIpE, a BHYTPH
JIOKAJIbHOM ceTH objlaka pacrhpenensercs ¢ MOMOIIbI0 MapIIpyTH3aTOPOB IO BCEM CEpBEpawm,
NOJNMCAHHBIM Ha TPYNIIOBELIATENbHBIN aipec.

ba3pl maHHBIX, BKIIFOUEHHBIE B KIIACTEP, CHHXPOHHU3UPYIOTCS MexAy coOoi. IIpomeccom
CUHXPOHHU3AILIMK YIIpaBIIseT HacTpoiika «replica factor». Drta HacTpoiika 3amaér OamaHc MeEXITy
TpeOOBaHUSIMH TPOU3BOJUTENBHOCTH M OTKa30ycTOWYMBOCTH. Hampumep, eciu B kiactepe u3 4
cepepoB replica factor ycraHoBieH B 3, 3TO O3Ha4aeT, YTO OO0 WU3MEPEHHE XPAHUTCS B TPEX
KOTHAX Ha pa3HbIX cepBepax. TakuM 00pa3oM BBIXOJ M3 CTPOS JIFOOBIX JBYX CEPBEPOB HE MPHUBEIET K
norepe uHdopmanmu. [1pu ucnons3zoanun replica factor 1 kaxmas moteps cepBepa OyeT MPHUBOAUTD
K TIOTepe JaHHBIX, HO Oy/eT 00ecneunBaThCsl ONTUMAIBHOE UCTIONh30BAHHE JUCKOBOTO MTPOCTPAHCTBA
U pacripenelieHne Harpy3kd Mexay cepBepamu. Vcmoib30BaHME JaHHOTO MeXaHH3Ma IO3BOJISET
CTPOHUTH O4eHb Oosbiiie WAMS CHCTEMBI ¢ MUJUTMOHAMH 3aITUCEH B CEKYHITY.

s obecrieueHus OaTaHCUPOBKH HArpy3KU KIIMEHTCKUX 3aIPOCOB UCTIONB3YETCsl TEXHOIOTHS
NLB (network load balancing). Kaxxmoe HOBoe NOIKIFOUeHHE MapIIPyTU3UPYETCST HA HOBBINA CEpBEP
u3 obmaka mo amroputMmy round-robin. ITocne Toro, xak HTTP-ceccus ycraHoBieHa, HOBBIC
oOpamieHusi MapIIpyTH3HPYIOTCS Ha TOT e cepBep. TakuM 00pa3oM o0ecreuuBacTCsi KOHTEKCT
B3aMMO/ICHCTBUS KIMECHTA U CepPBeEpa.

2.3 [loocucmema susyanuzayuu

CpeZ[CTBa BU3yaJIM3alluu PCAJIM30BaHbl C YYCTOM IIOCIICAHUX TCHI[GH]_[I/Iﬁ B UT. B xauectBe
KIIMCHTA UCTIOJIb3YCTCA Be6—6pay3ep, 4yTO 00€CIEeYNBAET MHOKECTBO MMPCUMYIICCTB:

e He TpebOyercs ycranoBka kakoro-nu6o 110 Ha kKoMIbrOTEp MONB30BaTeNs. 32 CUET 3TOTO
YIPOIIAETCSl IKCIUTyaTallusl W TEXHHUYECKas IMOMICpPKKa — HET HEeOOXOJMMOCTH OOHOBIISATH
I1IO. Bce wucmpaBiaeHusT BHOCSTCS IICHTPATM30BAHHO H KaXKIBIH IOJB30BATENh HMEET
MOCJICTHIOI0 BEPCHUIO CUCTEMBL.

e Jloctym K JaHHBIM MOXXHO TIONYYHTh C JIO0OTO YCTPOWNCTBa, HWMEIOIIETO0 Opaysep
(KoMIIBIOTED, HOYTOYK, IUIAHIICT, CMapTHOH).
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e [lonap30BaTenb MOKET OBIThH MOAKJIIFOUCH K CHUCTCMC KaK 4YCpC3 JIOKAJIbHYIO CCTh, TaK U C
HCIIOJIB30BAHUECM MCAJICHHBIX I/IHTepHGT-COGI[I/IHCHI/H‘/II.

Beo6-mpritosxkeHune peaqn3oBaHo ¢ MHMPOKUM HCToab3oBanneM JavaScript, HTMLS5 u WEBGL.
OTO0 MO3BOJSIET MUHHMHU3UPOBATH OOMEH C CEpPBEPOM, IOBBICUTH OT3BIBUYMBOCTh W YJIOOCTBO
MOJIb30BaHUS  KIUMEHTOM. [lo BO3MOXHOW (YHKIMOHAILHOCTH CPEICTB BH3yAIM3allUd H
OT3BIBUNBOCTH COBPEMCHHBIC BEO-TIPUIIOKEHHS HE YCTYMAIOT HATHBHBIM.

Bmyanmzanust wHpOpMAIK  OCYIIECTBISIETCS C TIOMOINBIO  CIEAYIONIUX OCHOBHBIX
WHCTPYMEHTOB: Tpa(UKy, TUarpaMMbl, MHEMOCXEMBI U reorpa(uuecKue CXeMbl.

B cucreme peanuzoBaHa (yHKIMS MPOUTPHIBAHMS JHOOOrO OTPE3Ka JAHHBIX C HCXOIHOM,
3aMeJJICHHOM WJIM yBEITMYEeHHOU CKOpocThio. IIpn aToM cuctema Benér cedst TakuM ke 00pa3oM, Kak
eci OBl COOBITHS MPOUCXOAMIN B PEaIbHOM BPEMEHHU — T.€. TIO3BOJISCT MOHATh, Kakas WH(pOopMaIus
BBIBOJMJIACH MOJIH30BATENIO B MOMEHT BOSHUKHOBEHHUSI.

Puc. 4: BexTopbl OTHOCUTENBHBIX YTIIOB Ha reorpaguueckoi KapTe

l'eorpadmyeckast xapTta - 3TO YHHBEPCAJIBbHBIM HHCTPYMEHT HATJISIIHOTO TPEACTABICHHS
uHpopmarun. [Ipu wcronp3oBaHUM Treorpad@uyeckoil KapThl JOCTYIHBI CIEAYIONINE BH3yallbHbBIC
BO3MOXHOCTU: OTOOpa’keHHE BEKTOPOB, IPAaJUEHTHas 3aJIMBKa, KOHTPOJIb OTHOCHTEIBHBIX YIJIOB
MEXIy 9HEpProoObeKTaM1, KOHTPOJIb BETMYUHBI IEPETOKOB MOIIHOCTH B KOHTPOJINPYEMBIX CEUCHHSIX.

[Tpu ucronp3oBaHuM QYHKIIUU OTOOPAKEHHST BEKTOPOB PSIIOM C MapKepOM JHEProoOhEeKTa B
BUJIE CTPEJIKH OTOOpaXkaeTcsl 3HAUE€HHE Yrjla OTHOCHUTENIBHO ycTaHoBIeHHOro 0Oasuca (ot -90 mo 90
rpagycoB). Yame Bcero OaHHBIM HMHCTPYMEHT MCIOJIB3YETCS JUIS BHU3YAIM3ALMH OTHOCHTENBHBIX
YIJI0B BEKTOPOB HampshkeHus. C MOMOIIbI0 HEr0 MOXKHO HAOJNIO/ATh TEKYIIYIO TSDKECTh PEXKHMA,
MHTEHCHBHOCTb KOJIEOAaHUH, a Takke B clydae paslesIeHUs] CHCTEMbl Ha OCTPOBA — JIOKAJIHM3ALHUIO
CHHXPOHHBIX yYaCTKOB CHCTeMbI. [loMHMO yIioB HamnpspKEHUH MOTYT OTOOpaKaThesl TI00bIE YTIIOBBIE
BEJIMYMHBI, HaIpuMep, (a3bl HU3KOYACTOTHBIX KOJIEOaHHIA.

Benercsi pabora Haj peanuzanyield Ha KapTe T'PaJIMEHTHOW PAacKpacKd, MPUMEHSEMOMN st
OTOOpaKCHUS pacHpec/ieHUs] 3HAYCHHUS KAaKOH-THO0 M3MEpsIeMON MM BBIYUCIISAEMOW BEIIMYMHBI IO
Tepputopun. l[BeT ydacTka B MecTax H3MEpPEHHH OllpeneisieTcs Ha OCHOBE W3MEPEHHBIX WITH
BBIUMCJICHHBIX (aIIPOKCHMHUPOBAHHBIX) 3HaueHWil. Yamie Bcero MaHHBIH WHCTPYMEHT HCIOIB3YETCS
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JUTSL BU3yaM3aluy o0JacTell TMOHW)KCHHOTO WJIM TOBBIICHHOTO HANPSDKCHUS WM JIUIS aHaau3a
Ko1e0aHMil YacTOTEI B JUHAMHUKE.

Puc. 5 I'panuenTHas 3anuBKa KapThl 110 HAIPSHKEHUIO

Jlis aHanu3a TSKECTH PEKUMa M MPEACIOB YCTOWYMBOCTH HCIHOJB3YyeTCS (DYHKIIUS
BU3yaJu3allUd  TEKYLIIUX  3HAYCHUM  OTHOCUTENBHBIX  YIVIOB W  BEJIUYMH  IEPETOKOB
AKTHBHOM/PEaKTUBHOM MOIITHOCTH MEXK/Y y3JIaMU SHEPTOCUCTEMBI.

Puc. 6: Konrpons nepetokos

Otobpaxenne MHGOpMAIMK Ha OAHOJMHEWHBIX CXEMax SIBISIETCA KIACCHUECKHUM CIIOCOOOM
npenoctapnennss nHpopMmanyu B SCADA-cucTtemax. AHAJIOTHYHBIA WHCTPYMEHT MpPUMEHSETCS B
ACCH.
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Puc. 7: OtobpaskeHne TEKYIINX U3MEPEHUH
2.4 Mooenw snekmpuueckoti cemu

Jnist XpaHeHUsI MOJICITH DJIEKTPUIECKOTO 000pyI0BaHUS (OJTHOIMHEHHBIE CXEMBI, MapaMeTphl
o0opymoBaHus U T.I.) U Mojenu u3Mmepenuii B coctaBe ACCU peann3oBaHo cClieIUaH3UpPOBAHHOS
XPaHWITHIIE.

Mogens ceTH HCHOIb3YeTCs A PacyeToB (XpaHUT MH(OPMALKIO O TOIOJOTHH, CBS3HOCTH
CUCTEMBI, MapaMeTpax 00OpyAOBaHUs) W Ul BU3yalu3aluu. MoJienb W3MEpPeHHH O0eCIeunuBacT
MIPUBSI3KY TETOB XPaHWIMIIA U3MEPEHUH K 3JeMeHTaM ceTH. Mo/ienb CEeTH MOTHOCThIO COOTBETCTBYET
cragnapram [EC 61968/61970 CIM. Ilommep>xuBaeTcsi WMIOPT/IKCIOPT Moxaenu B (dopmare
CIM/XML. MHeMocXeMBI TaKkKe XpaHITCsS B MOZEIH U peann3oBaHbl ocHOBe cranaapta IEC 61970-
453 (CIM Based Graphics Exchange).

XpaHWIMIIe MOJIEIH TAaKXKe pPeaTn30BaHO Ha OocHOBE OTKphITOro 11O crerumanbroii nosql-bJ]
JUId XpaHeHus: TpadoBBIX CTPYKTyp. DTO oOecrmedMBaeT 3aMETHBIM BBIMTPHIL B 3aJadax IOUCKA
MapHIpyTOB U 00XOJIOB CETH (B OTIAMYKE OT peisaunoHHbIX B/T).

~ ~
B4, VinpopmaLpoHHo Moaem B4, NamepeHmin
CoeanHuTe bHas Touka —
ConnectivityNode
Montoc Yyactok MHUK
_O_@,O< '_ ,’ 05062011 75
% 1825:00 &
Montoc ! AClineSegment --
Terepatop Terminal Bblksroqka'renb csoszuts 2
SynchronousMachine [CELEE --

s 05062011
——_| W3mepenve | 1829:00 48

Puc. 10: adopmarmonnas MoJensb
2.5 Monumopune HU3KO4acmommusix KoieOaHul

s aHanu3a cekTpa CUrHana peajn30BaH HHCTPYMEHT «cCreKTporpaMmay. C moMoIlpio Hero
MOYKHO BH3YaJIU3UPOBATh CIIEKTPBI, PACCUMTAHHBIE IOCIJIEIOBATEIbBHO HAa BPEMEHHOM HHTEPBAJIE.
JlaHHBIA HHCTPYMEHT IO3BOJISET OBICTPO OICHUTH JIOKAIHM3AIMIO BO3MYIICHHHA 110 BpPEMEHH U
YacTOTAM.
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Puc. 11: CnextpanbHblii aHAIN3

Huarpamma ['aHTa MO3BOJIIET MOJIYYUTHh CBOJHYIO HH(DOPMAIMIO O BpPEMEHH U MECTE
BO3HMKHOBEHHSI HU3KOYACTOTHBIX KOJIEOAHMUIA. HaBI/IFa]_[I/ISI 10 00BEKTAM CHCTEMEI OCYHICCTBIISACTCA C
MOMOILBIO HEPAPXUUYECKOr0 JEPEBa, a NaHHbIE pacrojaratoTcsl Ha mkane BpeMeHnu. Halinennsie HUK
NPEACTABISIIOTCS TaKKe B BUAE TAaObmUL U rpadukoB M Ha MHeMocxeMax. JloctynmHa unHpopmanus o
YacTOTE W aMIUIUTY e KoJeOaHui, KodppuuueHTe 1eMnpupoBaHusl.

Puc. 12: Undopmanus o6 naentupunmpoBanabix HUK
Paspaboransl ¥ anpoOMPYIOTCS CpEICTBA MOHUTOPWHIA HH3KOYACTOTHBIX KoJeOaHWN B
peKHMME OHJIAMH. AJITOPUTM IO3BOJISET BBIABJISATh HU3KOUYACTOTHBIC KOJICOAHHS M CUTHATU3UPOBATH O
HUX JUCIIETYEPY CITyCTS HECKOJIBKO CEKYH]I IIOCIIe UX BOSHUKHOBEHHS.
HNudopmaiuss 00 oOHapyx)eHHbIX KonebaHusx ¢ukcupyercs B BJl u  jmocrymnHa s
o JpoOHOT0 MCCIIeJOBAHMS MTO0CIIe BOSHUKHOBEHHUS COOBITHSI.
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Puc. 13: ®opma curnanuzanuu o rekymux HUK

3 3AKJ/IIOYEHMUE

CoOBpEeMEHHBIC TEXHOJIOTUH pa3pabOTKH, Takue Kak nosql 0a3bl JaHHBIX, BEO-TEXHOJIOTHU
Bm3yanmzanmn ~ (HTMLS,  JavaScript u  ap.)  mo3BONSIOT  cTpouTh 3¢ (EeKTHBHEIE
BBICOKOTIPOM3BOANTENbHEIE WAMS-cructemMpl, mo3Bostromue o0padaThiBaTh OTPOMHBIE OOBEMBI
WHQOPMAIIUK U BU3yaIM3UPOBATh MX C MOMOIIBIO MIMPOKOTO CIEKTpa rpaduyecKux BO3MOKHOCTEH,
HE YCTYNAalONMX KJIACCHYECKUM pPEHICHHsIM Ui JUCIIETYEPCKHX IIeHTpoB. Vcmomb3oBaHue
TEXHOJIOTHH  OpPraHW3allid  PAacHpeleNIEHHBIX  XPAaHWIHMII  TI03BOJIIET  OPraHU30BBIBAThH
mupokomMaciitradbasie WAMS cuctemsl, oOpabatsiBatoliiue nHbopMmalui ot Teicsd PMUB peanbHOM
BpeMEHHM Ha 0a3e YacTHBIX WJIM MyONMYHBIX oOyauHbIX Iwiatdopm. Ilepexon K BeO-TEXHOIOTHSIM
MO3BOJISIET M3MEHUTH CYIIECTBYIOUIYIO MPAKTHKY PaOOThl ¢ MH(pOpManued — JaHHbIE CTaHOBSATCS
JIOCTYITHBI Ha MOOMJIBHBIX YCTPOWCTBaxX u3 000 Touku Certu.
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C.5.1-5. MOHUTOPUHI HU3KOYACTOTHbIX KOnebaHumn
B EQC Poccuun no paHHbim CMIP

A.B. ’KYKOB, E.U. CAIIYK, A.M. IYBUHUH, O.J1. OITAJIEB, JI.H. YTKUH
OAO «CO E3C»
Poccus
opalev@so-ups.ru

KJIFOUEBBIE CJIOBA

LFO, SSSA, WAMS, AC CU CMIIP, HUK, CMIIP

1 BBEJEHMUE

[IpumeHeHne COBPEMEHHBIX TEXHOJIOTUH HHU(POBOKW 0O0pPabOTKM CHIHAJIOB K JaHHBIM
CUHXPOHH3HPOBAHHBIX BEKTOPHBIX HM3MEPEHUH MapaMETPOB 3IEKTPOIHEPTETUUECKOIO pPEXUMa
MO3BOJIICT BBISIBUTH YHHUKAIBHYIO WH(QOPMAIMIO O MOBEJCHUHM JHEPrOCUCTEMBI, B YaCTHOCTH,
UACHTH(QHULIUPOBATH U JaTh KOJUYECTBEHHYIO OLIEHKY AJIEKTPOMEXaHNYECKUM KOJIEOaHUSsIM.

MonutopuHr Hu3kouyacToTHeIX Konebanuit (HUK, anrn. Low Frequency Oscillation, LFO)
SBIISIETCSl PACIPOCTPAHEHHOM MPAKTHUKOW B KPYHHBIX JJIEKTPOIHEPTETHUECKUX CHUCTEMax U
OCYILIECTBIISIETCSl HA TIOCTOSTHHOM OCHOBE, TIOCKOJIBKY OJTHMM W3 HanOojiee HeraTUBHBIX MOCIECTBUN
pasBuTHs ci1a00 AeMI(HUPOBAHHBIX KOIEOaHUH SIBJISETCS HAapyLIEHHE KOJIeOaTeJbHOW yCTOWIMBOCTH
9HEPrOCHCTEMBI, TIPUBOJIAIIEE K CUCTEMHOH aBapuu (OydKayTy). VIMEHHO TakoW XapakTep HOCHII
IIMPOKO M3BECTHBIM OJ3KAyT B 3amajHO-aMEpPUKAHCKOW 3Heprocucteme, npousomeqmuii 10 aBrycra
1996r. [1].

[Ipobnemarnka aHamM3a HU3KOYACTOTHBIX KOJICOAHMH OXBAThIBAET LIEJBIH KOMIUIEKC 3ajad,
HaunHas ¢ uieHtugukanmmu HUK, moHuTOopuHra KonebaTenbHOH YCTOHYMBOCTH 3HEPrOCHUCTEMBI,
Bepu(UKaIMK LUPPOBBIX MOZENECH HSHEProCUCTEM Ha OCHOBE MOJANBHBIX XapaKkTepUCTUK U
3aKaH4YMBas JalTUBHBIM YIIPAaBICHUEM PEKUMOM YHEPTOCUCTEMBI B LEIISX MOBBIILIEHHUS JeMIT()EPHBIX
CBOICTB 4epe3 HACTPOWKY mapamMeTpoB peryinupoBanus APB CHHXpOHHBIX TIeHepaTOpOB
3JIEKTPOCTAHIINH, BEKTOPHOE pPETYIMPOBAHWE HAINPSDKEHHWS M TOKAa BCTABOK M 3JIEKTpomepeaad
MOCTOSIHHOTO TOKA, & TAKXKE Ha YIPaBIIEMBIX 3JIeMeHTaxX Ha 0a3e cuinoBoi snekrpoHuku (FACTS).

B Tteuenne mnocmegamx ner OAO «CO EDCy» Bemyrcs pa3paboTKu 1O peaiu3alliu
aBTOMAaTUYECKOTO0 MOHHUTOPHHIa HHM3KOYACTOTHBIX KOJEOAaHWIl B PEXUME PEeaTbHOrO0 BPEMEHHU IS
CBOEBPEMEHHOH HMICHTU(HKAIMKM HauOoJiee OMAacCHBIX 30H  KoleOaHWH, NpeaoCTaBICHUS
ucuepisiBatonieid nHpopManuu o Tekymmx mnapamerpax HUK B ynoOHoOH BusyanbHOH Qopme u
MIPOBEICHUSI CTATUCTUICCKOTO aHAIN3a H3MEHEHNsT MOTalbHBIX cBoricTB EDC Poccun [2].

B cratbe mpencraBneHbl Hauboliee WHTEPECHBIC MPAKTHUYECKHE PE3YNIbTaThl MOHHUTOPHHTA
HYK B EDC Poccum Ha OCHOBe aHanmnM3a HOPMAIBHBIX W psAAa aBapUiHBIX PEKUMOB PaOOTHI
SHEPTOCUCTEMBI 110 JaHHBIM CHCTEMBI MOHUTOPHHTA TTEPeXOaHBIX pexxuMoB (CMIIP).


mailto:opalev@so-ups.ru
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2 INPUHIAIIBI ABTOMATHYECKOI'O MOHUTOPUHI'A HUK

OcHoBHOHIl mnpuHIMN aBToMaTHueckoro MmonuTopuHra HYK coctoutr B HempepbIBHOM
MOHHUTOPHHTE CIIEKTPaJbHBIX CBOMCTB IapamMeTpoB 3JeKTposHepreTuyeckoro pexkuma (I[1OP) kak B
HOPMaJIbHBIX, TaK M aBapUIHBIX peXHUMax pabOThl 3HEprocucTeMbl. TakoW MOAXOX MO3BOJIAET
o0ecrieynBaTh TOCTOSHHBIA KOHTpoib ypoBHS HUK B mensx panHero oOHapy:KEHHsl ONAacHBIX
HApacTalOUIMX  KoieOaHW, a TakKe BBIIBICHHE  BBICOKOAMIUIMTYIHBIX — MEK30HAJIBHBIX
HU3KOYACTOTHBIX KOJCOAHMH MOIIHOCTH C MOCIEAYIOIIMM MPUHSATHEM Mep IO YCHUJICHHUIO
nemruposanns HYK #, COOTBETCTBEHHO, CHIDKCHHIO OTpaHWYCHHH OOBEMOB Ieperaqu
3JEKTPO3HEPTUHU TI0 TPAH3UTaM.

HctounnkoM [aHHBIX Ui CHUCTEMBI aBToMaThueckoro MonuTopuHra HUK sBusercs
ABTOMaTHueckass cuctema coOopa wuHpopMarmu ot peructpatopoB CMIIP (AC CHU CMIIP),
BBefieHHas B skciuryartanuio B OAO «CO EDCy» u obecneunBatomas cOOp CHHXPOHU3UPOBAHHBIX
BEKTOPHBIX HM3MEPEHUH C YpOBHSA OOBEKTOB AIIEKTPOIHEPIETUKA U WX JOCTaBKY B JHCIETYEPCKHE
LEHTPHI C HU3KUM YPOBHEM 3aJCPKKH M HEOOXOAMMBIM KadeCTBOM (BBICOKasi TOUHOCTh, TpeOyemast
JMUCKPETH3alNsI, CHHXPOHU3UPOBAHHOCTH) [3].

B cootBercTBMM C yKa3zaHHBIMH LENAMHU W pe3yjbTaTaMU aHAJIM3a MHPOBOH MPaKTHKH
cucreMa aproMatudyeckoro mouutopunra HUK npeanonaraer Hamuurie MHOTOMOAYJIBHOM CTPYKTYpBI,
MIpUMEp KOTOPOH MpencTaBiIeH Ha puc.l, u ciemyromiero Habopa GhyHKITHIA:

. npeaBapuTenbHas 00paboTka BXOTHBIX JaHHBIX: KOHTPOIb BEIOPOCOB M IPOITYCKOB B

JAHHBIX, yJIAJICHHE TPEHIOBOM COCTaBIAIONICH, PUIbTpaNUs NTaHHBIX.

Puc. 1: brnok-cxema mporiecca apromarnaeckoro Mmoauropuara HUK

o IIOCTPOEHNE PETPECCHOHHON WM PEKYpPCHUBHON MOJIIETM CHUTHANA, WACHTH(HKAIUSI
JOMUHAHTHBIX MoJ Koyiebaunuit IIDP Ha oOCHOBE pamXKHpOBAaHUS MOIATHHBIX
COCTABJISIIOIIMX CHTHANA 1O dHEpruu [4] m mepMaHEHTHOCTH. J|OMHHAHTHBIE MOJIBI
JOJKHBI COOTBETCTBOBATh peanbHbIM ciabo aemndupoanHeiM HUK [19P, xoropsie
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SBISIIOTCSL ~ OTPaKEHHMEM  COOCTBEHHBIX  3HAYCHHH  JUHAMHUYECKOM  MOJIeNn
SHEPTOCUCTEMBI, OJIM3KUX K MHUMOMH OCH;

. OLIEHMBAHUE YPOBHSA AeMII()UPOBAHUS U aMIUIUTYAbl JOMUHAHTHBIX MOJ C Ipafanuei
9TUX MOJ IO 30HaM yCTOMuYMBOCTH (Oe30IacHasi 30Ha, 30Ha MPEryNpeKACHUs, 30Ha
MOBBIILIEHHOTO BHUMAaHU);

. CUTHaNu3alus 0OpH OOHApY)KEHHH IOMHHAHTHBIX MOJ| C BBICOKOH 3HEpruen Hu
MOJIOKUTENBHBIM 0 BeIW4YMHE K03(duimenToM neMnpupoBaHus, IOCKOIbKY TaKas
CUTyalusi MOXET IPUBECTH K HApPYUICHUIO KOJIeOATeJIbHOW YCTOMYMBOCTH H
CHUCTEMHBIM aBapHsIM;

° MomanbHbli aHanmu3 [IOP ¢ BolmenenumeM gomuHaHTHREIX Mon HUK Ha ocHoBe
JeKOMIO3uLMHN Ha smnupuyeckre Monasl (EMD). [lns pemenns mpobieM KOHIEBBIX
¢ (dekToB, cMmemeHuss ONM3KUX MOJA W BIUSHUA HW3MEPHUTEINBHBIX IIIyMOB
OpUMEHSIOTCT Moan¢ukanuu ainroputMa EMD — MeTon KOppeKmMu KOHIIEBBIX
3¢ eKToB, Tpoueaypa OTCEMBaHHS IO JIOKAIBHBIM «LEHTpouaam» [5], meron
YaCTOTHBIX T€TEPOJUHOB [6], METO MHOTOKPAaTHOIO JOOABIEHHS IIyMOBOTO CHUTHAJa
[7];

° KOppeIsSIIMOHHBIN aHann3 foMuHaHTHBIX MoJ HYUK c oueHkoll pacnpocTpaHeHHOCTH
MOJIBI 110 PHEPrOCHUCTEME TPHU y4deTe OTHOCHUTENBHOW ()a3bl MOJA M IJIEKTPHUYECKON
OIM30CTH YHEPrOoOOBEKTOB, HA KOTOPHIX HAOMIOAAIOTCA pPacCMaTPHUBAaEMBIE MOJIBL.
I'pajamust  konebaHMii 1O TEPPUTOPHATBHOMY PACIOJIOXKEHHIO (arperaTHele,
MeXMallIMHHEBIE, JIOKAbHBIE, MEK30HaNbHbIe) U 1Mo (aze KonebaHuil (cuH(basHBIE,
npotuBodaszHele). Peannzanust gaHHBIX (YHKIWH BO3MOXKHA Onarojapsi TOMY, 4YTO
BEKTOpPHBIC JAaHHBIE CHHXPOHM3MPOBAHBI 10 BPEMEHH Yepe3 CUTHAJIBI TI00aJbHBIX
HaBUrauroHHbIX cnyTHUKOBBIX cucteM ' JIOHACC u GPS;

. OIpeieNicHHe POJIM M CTENICHH y4YacTHsl TeHepaTopoB (CTaHIMK) B AeMI(PUPOBAHUH
HYK, ycranoBnenue HampaeneHuid pacnpocrpanenuss HUK, wnaentuduxanus
MEPMaHEHTHBIX JOMHUHAHTHBIX MOJI.

IIpu noctpoenun cucremsl aBTomatndeckoro Mouuropuara HUK neobxonuma opranuzanus
WHPOpPMaIMOHHOTO OOMEHa O pe3yibTaTax paboThl KOMIUIEKCA MEXIY YPOBHSIMH JUCTIETYEPCKON
uepapxuu PAY — OAY - LIAY. TpaHcropTUpOBKA CYHIECTBEHHON 4acTh (hyHKIMOHAJIA HA YPOBCHb
KOHILIGHTPAaTOpOB BeKTOpHBIX HaHHBIX (Phasor Data Concentrator, PDC) mo3Bonut peann3oBath
JIOKaJIbHBIN (CTAaHLIMOHHBIHN) U 30HATBHBIN KOHTPOJIb Kojebanuit I19P.

3 MOHHUTOPHUHI SKBUBAJIEHTHBIX IAPAMETPOB CUCTEMHBIX HUK

B kauecTtBe HeTpuBHAIbHON (QYHKINU B OJOK-CXeMy aBToMarmueckoro MomtopumHra HUK
BKJIFOUEH pacyeT AKBHUBAJEHTHBIX MapameTpoB cucteMHbix HUK, BKItowarommuii ompezeneHue 30H
Kosiebanuii, MoHUTOpUHT ypoBHA HYUK B KOHTpOIHpYeMBIX CEUYEHHSX ODIEKTPUYECKOW CETH U
MEX30HAIbHBIX CEUCHUSIX, BU3YAITN3ALIMI0 N3MEHEHHUS DKBUBAJICHTHBIX NapaMeTpoB cucteMHblx HUK,
a TaK)Ke BHITMIOJTHEHNE CTaTUCTHYECKOr0 aHanu3a noseaeHus cucreMubix HUK.

OCHOBHBIE TPHUHIUIBI ONPEENEHUS] SKBUBAJECHTHBIX TapameTpoB cuctemHbix HUK u
BU3yaJIN3allMN UX U3MEHEHUSI HA MHEMOCXEME CETH:

1. Koppexrnas npeatudukanus cuctemusix HUK moareepskaaercs: mocTOSHCTBOM KOPPEISIUH
MOJAJIbHBIX cocTaBisonMX [19P sHeprooObEKTOB, BXOIAIINX B 30HBI KojicOaHui. ["paHulIbl
30H KOJIe0aHUH ONpeIeIsIFOTCS 110 OJIM30CTH OTHOCUTEIBHBIX ()a3 MOJI.

2. OKBHUBaJICHTHBIN BEKTOP ompenensercs i Kaxaon 3086 cucteMHblx HUK u oTobpaskaercs
Ha MHeMocxeme ceTH. Hauano SKBHBaJeHTHOTO BeKTopa (UKCHPYETCsl Ha 3HEProoObeKTe ¢
MakcumanbHOM ammuutygod HUK B paccmarpuBaemold 30He KonebaHWi, a JUIMHA
9KBHUBAJIEHTHOT'O BEKTOPA COOTBETCTBYET BEIMUMHE JaHHON aMILTUTYBI.

3. BenuunHa B3aMMHOrO yria 3KBUBAJEHTHBIX BEKTOpOB 30H cucTeMHBIXx HUK omnpenensercs
Kak pa3HocTh (a3 moa HUK sHeprooObEKTOB ¢ MakCHMAIBHBIMU aMILTUTYIaMH B KaXKJIOU
30HE.

4. Bennunna  skBuBaneHTHOro  kod¢p¢unmeHTa  IemrndupoBaHHS — OHpeAeNseTcss IO

MUHUMAJIbHOMY U3 Bcex Koadoduiuenror gemidupoBanus HUK sHEprooObhekToB
paccMaTpuBaeMoil 30HBI KoyieOaHmi. Orenka creneHn omacHoctm HYK Ha ocHOBe
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kodpduuuenta AeMnpUPOBaHUS TPOM3BOAMTCS TOCPEICTBOM ILIBETOBOH  PacKpacKu

SKBHBAJICHTHOTO BEKTOpPA (3eTeHBIH IBET > 7%, KenToiid BeT 3%-7%, kpacHbIi nBeT < 3%).
5. [Ipu axTHBamyM TMONH30BATEIEM OSKBHBAJICHTHOI'O BEKTOpa HAa MHEMOCXEME BBIIEISeTCS

MOJyTOHOM COOTBETCTBYIoIIass 30Ha cucreMHbix HUK ¢ omHOBpeMeHHBIM OTOOpakeHHEM

BEKTOPOB KOJIeOaHUi, BXOMAIINX B 30HY SHEProOOBEKTOB C COOCTBEHHBIMH aMILTUTYAAMH U

B3auMHBIMH ¢a3zamu. CBa3p Mexmay 3oHamu cuctemMHblx HUYK Ttakke rtpadudeckn

oTo0OpaxaeTcsi HA MHEMOCXEME CETH.

CrarucTuyecKuii aHalu3 TOBEACHUS JoKanbHBIX W cucreMHbix HUYK HeoOxomum mms
BBISIBIICHHSI XapaKTePHBIX COCTABISIOMIMX HU3KOYACTOTHBIX KOJEOAaHWI PEXHMHBIX TapaMeTPOB B
EDC Poccumn, onpenenenns: 9yBCTBUTENIEHOCTH IEMII(EPHBIX CBOMCTB 3HEPTOOOBEKTOB K H3MEHEHHIO
CXEMHO-PEKUMHBIX YCIOBUI pabOThl SHEPTOCUCTEMBI, M BKIIOYAET B TOM YHUCIIE:

- YHCIOBBIe xapakrepucTuku mapamerpoB HUK (dactotel, amrmutyasl, ¢assl,
kodpdurmenTa meMrupoBaHUA): THI W IapaMeTpbl TpeHAa (JTMHEHHBIN,
anepruoINYeCcKuii, KoueOaTeIbHbIN), UCTIEPCHSI U €€ XapaKTePUCTHK,

- CTAaTUCTHKA M3MEHEHHUs cocTaBa 30H cucreMHbIXx HUK u uncnoBbIX XapaKTCPUCTHUK
MapaMeTpoB PKBUBAJICHTHBIX BEKTOPOB;

- KOPPEISIIIMOHHBIN aHAJIN3 CBSI3W MapaMeTPOB JIOKANBHBIX U cucTeMHBIXx HUK, obmacTu
pacnpocTtpaHeHHus KojeOaHW ¢ KOHGUTypalnueld ceTH W YpPOBHEM 3arpy3Kd
KOHTPOJIUPYEMBIX CEUEHUH CETH.

Hannast ¢GyHKOUS MOXeT OBITh BOCTpeOOBaHA AHCIETYEPCKUM IIEPCOHATIOM, IOCKOJBKY
MTO3BOJIUT OTCIIEKHUBATh YPOBEHD 3arPy3KH aKTYaIbHBIX OMACHBIX CEYCHHWH CETH C YUETOM BEIIMIHHEI
HYK u ypoBeHb KoNebaTeNpbHON YCTOMYHBOCTH YHEPTOCUCTEMEI B IEJIOM, & HE OTIEIbHBIX 00BEKTOB
CCTH, a4 TaKKC MW PCKHUMHBIM IIE€PCOHAJIOM, YyCTaHaBJIMBAas B3aWMOCBI3b KOJIe6aTCHBHBIX CBOIICTB
SHEPTOCHUCTEMBl W CXEMHO-PEXHMHBIX YyciIoBui. Kpome Toro, ompeneneHre 5SKBUBAICHTHBIX
napameTpoB cucteMHbix HUK obecnieunT MuHIMH3annio o0beMa MepeaBacMbIX TaHHBIX Ha BEPXHHUE
YPOBHHU HE€papXUu IUCTIETYEPCKOTO YIPABICHUS.

4 INPAKTHYECKHUE PE3YJIbTATBI MOHUTOPHUHI'A HYK B ESC POCCHUH

Ha 6a3e cozmannoit B8 OAO «CO E3C» AC CU CMIIP Bemercs aBTOMaTHdeckuii cOop
JAHHBIX HOPMAJIBHBIX U aBAPUHHBIX PEKUMOB PabOTHI 3HEprocucteMsl ¢ perucrparopos CMIIP B
mucrietaepckue neHTpel OAO «CO EDC» B pexxumax on-line u off-line. Ha ocHoBe manHOMN
uH(popmaruu BeinosiHeH noAapoOHsii ananu3z HYK 8 EDC Poccun.

Kax usBectHo, HUK nmensarcs Ha Tpu THma: KojieOaHWsS MapaMeTpOB HOPMAIHHOTO pPEXUMA
SHEPrOCHCTEMBI, BBIHY)KJCHHbIe KoyneOanusi [IOP ¢ KOHKpPETHBIM HWCTOYHHKOM, KOJeOaHMUs,
BBI3BaHHBIC aBapUITHBIMH HeOaJlaHCAMU MOIIIHOCTH WJIM M3MEHEHUSIMU apXUTEKTYPbI CETH.

Puc. 2: Pacnpocrpanenne cuctemubx mog HUK no oneparnmonnsm 30HamM OJ1Y
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C nensto ananmuza HUK nopmansHOro pexxnma EQC Poccun nmpoBeneH MoJaNbHBIN aHAIN3
cyTouHbIX HaHHbIX [IDP xoHTpompHOrOo 3amepHoro mHs 17.12.2014. Ha ocHOBe 1IBETOBBIX
CIIEKTPOrpaMM M HHTETPAITBHBIX CHEKTPOB BBISBICHBI CHCTEMHBIE KOJICOAHWS, OXBATHIBAIOIINE PSI
onepaunonHbx 300 OJ]Y u npencranennsie Ha puc. 2. Haubosee mmpoko pacmpocTpaneHa Moja ¢
gactotoi 0.37 ['t, HabmromaeMast BO BCelt SHEProCHUCTEME 3a HCKIIOUCHHEM OTIepalinioHHBIX 30H OJ[Y
Ientpa u O/1Y VYpana.

[To manusiM CMIIP konTponsHOTO 3amepa [IDP 3a 1 actpoHommuueckuii vac (00:00-01:00)
npousBeleHa UAeHTH(UKauus noMuHaHTHBIX Mon HUK HopMmanbHOro peknMa B ONEpallMOHHBIX
3oHax O/1Y. B xagectBe pe3ynpTrara chopMupoBaHa Tabnwma 1, B KOTOPOH IpeAcTaBIeHB YacTOTHI
MO/, pa30UThIC Ha quana3oHbl Mek30HATBHBIX (0.1+1 I'r) u mokansHEIX KoneOanuit (1+4 '), a Taxke
CpeJHME 3HAUCHUS aMITIUTY]] U BpeMEH 3aTyXaHHs MO/,

Jnana3oH yactot 0.1-1 T 1-4T'g
[TapameTpsl MOJT F, T A, mMI'g D, c F, T A, MI'q D,c
OOC Cesepo-3amnana 0.27 2.5 5 1.01 0.3 2.5
0.37 1 3 2.00 0.6 100
3.80 0.09 2
OOC Ilentpa 0.35 0.7 3.5 2.78 0.06 4
0.60 0.4 4.5 3.80 0.06- 2-60
0.45
0.96 0.23 5
O2C Cpenneit 0.35 0.7 4 278 0.08 6.0
Boaru
0.50 0.6 3 3.30 0.14 43
09C VYpana 0.28 2 5 2.78 0.18 30
3.30 | 0.03-0.3 4-60
3.95 1 32
2.20 0.07-2 20-150
1.36 | 0.15-2.2 4
1.1 0.08 8
03C Cubupu 0.14 2 3 2.78 0.2-1.8 1-130
0.40 1.5 3.5 3.70 1 3
0.55 0.7 3
0O3C KOra 0.23 1.5 6 3.50 0.2 3
3.95 0.5 2.5

Taoa. 1: CBoaHbli nepedeHs JoMUHAHTHBIX MoJ EDC Poccun

HaHHOC HCCJICAOBAHUC IMO3BOJIMJIO OIPEACIUTD OOBEKTHI C ‘lpe3BLI‘laﬁHO HU3KHNM YPOBHEM
JICMHq)I/IpOBaHI/ISI MO BTOPOTO Juaria3oHa 4aCTOT IO CPaBHCHUIO C IPYTUMU O6’B€KTaMI/I, Ha KOTOPBIX
JaHHBIC MOJbI TaAKXKE I/I,E[CHTI/I(bI/ILII/II)OBaHI/ICL. Hepequb 00BEKTOB IMPUBCACH B Ta6J'II/ILIe 2.

OO6mBexT Yacrora Bpems OO6nacTh pacnpoCTpaHEHUsT MOJIbI
MO/TBI, 3aTyXaHHsI
I'n MOJIBI, C

Konbckas ADC 2 100 O3C Cesepo-3anaja
HogoBoponexckas ADC 3.8 60 OD9C Ceepo-3amnana, LlenTpa
IOxnoypanbsckas ['POC- 33 60 OOC Cpenneit Boaru, Ypana
2

Ypenroiickas ' POC 2.2 150 09C Vpaina
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Boryuanckas ['9C 2.78 130 ODC Ientpa, Cpenueit Bonru,
VYpana, Cubupu

TabJ1. 2: DHeprooOBEKTH ¢ HU3KUM YpoBHEM aemidupoBarns HUK

Takum 00pa3oM, yka3aHHBIE OOBEKTHI JUOO SBIISIOTCS HEMOCPEICTBEHHBIMH MCTOYHHKAMU
HYK, mnbo cmabo nmemmupyoT paccmMaTpuBaeMble MOJBI BCJIEICTBHE HEKOPPEKTHOW HACTPONKH
APB reneparopoB. Heobxomumo momuepkayTh, uTo MOanl 2.78, 3.3 m 3.8 ['m saBmsorcs
JOMMHUPYIOLIUMHU B LIETIOM PAJE S3HEPTOCUCTEM.

JanpHeliiee wuccinepoBaHue mnpeanonaraer pacyer mnapamerpoB  HUK  oTmensHbIX
9HEProOJI0KOB YKa3aHHBIX CTAHIMH C IIeJbI0 00jiee TOYHOTO ONpeeNIeH!s] HHULIMATOpa KoyeOanuil u
nepeuns: APB, TpeOyromux HacTpoHKy.

CpaBHeHMe crnieKTpaibHbIX XapakTepucTuk 11OP no nanueiM CMIIP KOHTPONBHBIX 3aMEPHBIX
nueit 2013 u 2014 rogoB MO3BOIMIIO ONPENENUTh YPOBEHb CTAOMIBHOCTH MOAaibHOTO cocTtaBa EDC
Poccun:

° B JWAIa30He MEX30HAILHBIX Kojiebauuil 0.1-1 'l MOIanbHBIN COCTAB M3MEHWICA 34
KaJieHaapHbIi rox Ha 25%. HauOonbiuii BKIIaJ B JaHHYIO cTaTUCTHKY BHecin HUK
onepaunoHHoi 3081 OJY FOra co cmenoit nomuHaHTHBIX Mox 0.12 I'm u 0.5 ' Ha
0.25 Tu u 037 T'u. OCHOBHOM NPUYMHON SBISETCS IPOBEACHUE MPOBEPKHU
napamerpoB  APB PoctoBckoit ADC u Bomxckoit I'DC Ha nmdpo-ananoro-
¢usnueckom kommiekce OAO «HTL EDC» u mocnenyromieit Hactpoiiku APB Ha

CTaHITUSAX;

o B JMarna3zoHe kKonebanuit 1-5 't MoJaJIbHBIN COCTaB M3MEHUJICS 33 KaJCHIAPHBIA TOJ
Ha 34%, HanbomnbImas Koppekuus npousonuia B nepeune HUK omepannoHHoM 30HBI
ONY llentpa;

. 13 24 00BEKTOB, YIaCTBOBABIIINX B CPABHUTEIHHOM aHANN3e, HAMOOJIee CTa0OMIbHBIMH

¢ touku 3peHus HUK IIOP oxazamuce bepésonckas I'POC, IIC 500 kB Aumnraii, TIC
750 xB Jlenunrpanackas, [1C 500 kB bekeToso.
BaxxHpiM pe3ynbTaTOM MOHHTOpPHHra HOpMalbHBIX pexkumoB EODC Poccunm sBisercs
uneatudukanus HUK Ha psine kpynabIx Tpan3uToB MommHocTH (Koma-Kapenbckwuii TpaH3uT, ceueHue
Bparckas 'DC — Kpacnosipckast ['9C) ¢ ammutynamu, nocturatomumu 15-25 MBT (puc. 3, 4).

Puc. 3: CyTouHas crieKTporpamma 4acTOThI Puc. 4: HUYK akTHBHOW MOIIHOCTH B CEYEHUH
Komnbckoit ADC B nuamazone 0-5 I'a Bparckas I'DC — Kpacnosipckas ['9C

ITonHOIIEHHOTO aHaNM3a BBEIHYXKIEHHBIX Koyiebanuit B EDC Poccuu He TTPOBOIMIIOCH BBUIY
HOBM3HBI JIaHHOW TeMaTuku, Tpelyomei (yHIaMEHTAIBHBIX HCCIENIOBAaHUN ¥ pa3paboTKu
IPOrpaMMHOT0 HHCTPYMEHTApHs I Ka4eCTBEHHON NACHTU(HUKALINY, ONIPEIEICHHS XapaKTEPUCTUK U
BO3MOXKHBIX ICTOYHHKOB BBIHYKIEHHBIX KOJIEOAHHH.

HecmoTpss Ha naHHBIA (akT, BBIHYXKJIEHHBIC KOJEOAaHHST MOIIHOCTH YXKE IPEICTaBIISITN
JOCTaTOYHO CEPbE3HYI0 ONACHOCTH KoJieOaTeIbHONH yCTOWYMBOCTH SHEProcucTeMsl. OAMH U3 CIIydaeB
BO3HUKHOBEHMSI BeICOKOaMIUIUTYIHBIX HUK npounzomen B OOC Ypana 5 urons 2011 rona.

CoracHo aucneTdepckoMy coobmennto B 15:06 npu pemonte Beikimrodatens S00kB na I1C
Kycrosas otkmrounnaces BJI 500kB Cypryrckas I'POC-2—-KycrtoBas ¢ nHeycnientasim OAIIB, a B 16:26
npousonuio aBapuiiHoe oTkiatoueHnn BJI 500 kB Cypryrckas I'POC-2 — IIC IIeiTe-SIX neiictBuEM
3aIIUT B pe3ynbTaTre 0JHO(a3HOr0 KOPOTKOTo 3aMbIKaHus ¢ HeycremHbM AIIB, uTo B cBOIO 0uYepenp
MpHBEIO K OTKI0YeHHI0 Ooka Ne2 Cypryrckoit 'POC-2 melicTBueM aBTOMATHKH OTKIIIOUYCHMS MPH

6
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MoTepe CBS3U C CHUCTeMOH. B pesynbrare cioxkwuBmieiics aBapuifHOM cutyauuu Omoku Nel u Ne3
Cypryrckoit 'POC-2 cymmaproit momuocteio 1600 MBT Beimenmumuce Ha BJI 500kB Cypryrckas
I'POC-2—- MaructpanbHas, MAaKCUMAIIbHO JOIYCTHMBIH MepeToK 1o KoTopoi coctasmsut 2400 MBT.

Cpasy mocne BbIIeNeHHS BO3HHUKIN CHHXpOHHBbIE KauaHus OmokoB Nel u Ne3 Cypryrckoii
I'POC-2 ¢ gacroroii 0,87 I'm. CriekTporpaMMa 4acTOThI M IIPOIIECC N3MEHEHHUS COCTaBa JOMHHAHTHBIX
mon HUYK sueprobioka Ne3 Cypryrckoit ['POC-2, neMOHCTpupYIOMFA CMEHY MOJ HOPMAJIbHOTO
pekuMa Ha BbicokoaMIuiuTyHbie MOAbl 0,87 I'm u 0,89 I'ti ¢ okoOHYNEBBIM AeMIIpUpOBaHHUEM,
IIPUBEJCHBI HA PUC. 5.

Puc. 5: CriektporpamMma yactoTsl 1 cMeHa JoMuHaHTHBIX Moa HUK Gioka Ne3 Cypryrckoit I'POC-2

N3meHenue mapamMeTpoB pexxuMa 010ka Ne3 mpu CHHXPOHHBIX Ka4aHUAX:

° pa3Max kojebanuit yactotel gqocturan 600 mI'm (49,65+50,25 I'n);

. AKTUBHAs MOIIHOCTh IPU MCXOJAHOW 3arpy3ke Osoka 800 MBT konebanach B
npenenax 580970 MBT (49% oT HOMUHAJIBHOM MOIIIHOCTH);

. pa3smax KoneOaHui HampsDKEHHs Ha reHepaTtope cocTaBmsl 19% OT HOMUHAIBHOTO
HanpspkeHus (21+25,6 kB);

. peakTUBHAs MOIIHOCTH TPH HCXOMHOHM 3arpy3ke Omoka 55 MBAp konebamace B

npeaenax 120+270 MBAp.

CTOUT OTMETUTh, YTO BBUAY JIOCTATOYHOW WHTEHCHBHOCTH pPACCMAaTPUBAEMbIC KOJIECOaHWUs
oxBaTwiH He Tonbko OOC Ypana, HO 1 ocTanbHyr0 4acTe EDC Poccun.

Ha puc. 6 npencrasiena ¢popma MOABI BBIHYKIEHHBIX KoeOanuit 0,87 I'11 Ha sHEprooOBheKTax
EDC Poccun 6e3 yuera ammmutyasl HUK. Cypryrckas ['POC-2, ucrounuk koneOaHuii, HaXOAUTCS B
daze ¢ Pedrunckoii 'POC u nportuodaze ¢ Cypryrckoii [POC-1, anekTpudeckas CBsi3b C KOTOPOii
3HAYUTEJIbHO ociabna npu aBapuu. OCOOEHHOCTHIO PaCIpPOCTPAHEHUS BBIHYKIEHHBIX KoJeOaHUN 110
EDC Poccuu siBisieTcs Bo3HUKHOBeHUE pasHuilpl a3 B 180 rpamycoB Mexay sHeprooobexkramu OC
Cubupu u O23C Cpenneit Bonry, Lienrpa.
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Puc. 6: ®opma Mo/IbI BRIHYKACHHBIX Kosiebanuii Ha 00bekTax EDC Poccun

[Ipomecc pacmpoctpanenust konedannit mo EDC Poccun ¢ TeueHneM BpeMeHH NPHUBEICH Ha
puc. 7. Ha cxeme sHeprocucteMsl MpeAcTaBlIeHbl MpsiMoyronbHble uHAnKatopel HUK nmis mectn
3NIEKTPOCTAHIMK, colepXaliie HH(POpMAalMi0O O 4YacToTe JIOMHHAHTHOH MOIbBI C HAMMEHBIIUM
aeMrn@upoBaHUEM Ul PAacCMaTPUBAEMOIr0 3HEProoObEKTa M BEIWYMHE JAaHHOrO Koddduumenrta
nemrndupoBanus. [IBeToBas packpacka HHAWKATOPa COOTBETCTBYET IUAMAa30HY, B KOTOPOM HAXOIHUTCS
ko3 uIMeHT aemndupoBaHus, U xapakrepusyer creneHb omacHoctd HUK: 3enenwiii mset > 7%,
xenTsii uBeT 3% - 7%, cBerno-kpacHslii 1Bet 0% - 3%, spko-kpacHbIi uBeT < 0%.
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Puc. 7: [Iponecc pacnpocTpaHeHus BHHYXICHHBIX Kojebarmit mo EDC Poccun

Yepes 3 MuHyTH ¢ MOMeHTa Havana aBapur HUK nproOpenn MakcuManbHYIO aMILTUTYly Ha
Cyprytckoit [POC-2, a moaa 0,87 'y mocTuria caMbIX OTHalleHHBIX 3HeproodrekToB OOC Cubupu n
OO3C IOra, mpeB3oiias Mo SHEPTHH UX COOCTBEHHBIE JOMWHAHTHBIE MOABI. OCTaHOBUTH JaibHeHIIee
pazsutne HUK u wm30exaTh caMbIX HETaTHBHBIX IOCIEICTBHN YAAJIOCh 3a CUET PasTpy3KH IO
aKTUBHON MoImHocTH 3HeproomokoB Nel m Ne3 Cypryrckoit I'POC-2 Ha 220 MBT, anuBmeiics 5
MuHyT. OOI1Iee BpeMsi CHHXPOHHBIX KaYaHUH COCTaBHUIIO 8 MUHYT.

Hpyroii cirydaii Bo3HUKHOBeHUS BhicOKoaMITuTyqHbIX HUK mpownsomren 4 Hos6ps 2014 rona
Ha HesunHoMmbIicckoit ['POC nmpu kpatkoBpemeHHOM oTaeiennn ODC HOra ot nepBoil CHHXPOHHOM
30HbI EDC Poccun.

5 3AKJIIOYEHUE

B crathe mpezacTaBieHbl OCHOBHBIE MPUHIMIBI aBTOMaTHdeckoro mMonutopunra HUK I1OP
SHEPTOCUCTEMBI, a TaKXKe OMUCAHWE YHUKAIbHOW (PYHKIIUH 10 pacyeTy 3KBHUBAJICHTHBIX ITapaMeTPOB
cucreMubix HYK, Bkiouaromiee B TOM 4YMCII€ MPUHUUIIBI BBIIOJHEHHUS CTATUCTHYECKOrO aHAIM3a
W3MEHEHHUS JIeMI(EPHbIX CBOWCTB 3HEPrOCHCTEMBbI W BH3yajH3al[MM W3MEHEHHUS SKBHBAJICHTHBIX
napameTpoB cucteMubix HUK.

Briepsole npoBenena pabota no onpezaenenno moaainbHoro coctasa HUK EDC Poccun nHa
OCHOBE aHanm3a CyTOYHBIX JaHHbIX IIOP xoHTponbHBIX 3amepHbIx nHer 2013, 2014 rr.
WnentudunnrpoBaHbl JOKaIbHBIE U MEK30HAIbHBIC TOMUHAHTHBIE MOpl HUK HOpManbHOro pesxnma
EDC Poccun, paccuntaHel mapaMeTpbl KOJICOaHMI, a TakKe ONpeiesieH yPOBEHb CTaOWIBHOCTH
MonaibHOro cocraa EQC Poccun. BakHBIM TpakTUYEeCKUM pe3yJIbTaTOM SIBISETCS OOHApYKEHUE
HYK Ha kpynHBIX TpaH3UTaX MOIIHOCTH C aMIUIUTYJIaMH, JIOCTUTAIOIIUMU AecaTku MBT.

Kpome Toro, BbIMOIHEH nAeTanbHBIM aHamu3 BbIHYXAeHHbIX HUK, pgocturmmx rpaHuiibl
KOJIe0aTeNILHOM YCTOWYMBOCTH SHEPTOCUCTEMBI. HarlsiHO mpeicTaBieH npoecc U3MEHEHHUs COCTaBa
JOMUHAHTHBIX MOJI DHEProoOBEKTa — WCTOYHHMKA KojeOaHuid, onpejaereHa ¢opma MOJbI U
MPOIEMOHCTPHUPOBAHBI ATAIBI pactpocTpaneHus konebanuit mo EQC Poccun ¢ TeueHneM BpeMEHH.

Takum o6pasom, uccienosano Tekymee cocrossane HUK B EQC Poccum um ompenernena
IpymnIa CTaHIUE C 4Ype3BBIYAHHO HHU3KMM YpOBHEM JeMrdupoBaHus Konebanuid. [lampHeliriee
u3ydeHue npeznonaraet pacuer napameTpoB HUK oTaenbHBIX 3HEProOJOKOB YKa3aHHBIX CTaHIUH C
el 0oJiee TOYHOTO OmNpeAelieHWs WHHUIMaTtopa KonebaHuit u nepeunss APB, TpeOyromux
HaCTpPOMKH.

B kadecTBe NEpCIEKTHUBHBIX 3a/ad JaHHOW oOjacTh mpuMeHeHus W AMS-TexHomoruit
BUJIUTCS CO3JaHUE JIOKAIBbHBIX M IIEHTPAIM30BAaHHBIX cucTeM ynpasieHus APB reneparopos,
aJIaNTUBHBIX K W3MCHCHHMIO JEMI(EPHBIX CBOWCTB 3HEPrOCHCTEMBI [8], a Takke aBTOMAaTH4ecKas
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Abstract: Fault Locators in general are designed for HV solidly grounded systems because of the importance of fault
location in overhead transmission lines. In distribution line fault location, there are some developments that are based on the
impedance measurement from one end. Accurate fault location in distribution systems is more difficult to achieve because of
the existence of multiple branches and also because neutral point is usually grounded through the high impedance or is
ungrounded. In these conditions, fault current is low and with high capacitive component.

The other problem is fault resistance. Since the grounding point impedance is fixed and usually known, the fault resistance
always depends on fault conditions. In these cases, the use of the impedance measurement criteria from one end is not
enough to assure an adequate accuracy for the operational purposes. There are several other methods that overcome the
classical impedance measurement method weaknesses, but majority are still based on the single end measurement, which are
inherently limited because of the limited information available from the network. In order to overcome these limitations, a
new approach based on synchrophasors and using information from different sources, is proposed. Solution is composed by
several algorithms that are using measurements from different sources complementing each other to overcome their own
inherent weakness in the fault location determination and providing a better accuracy than the one using a single-ended
algorithm from the single measuring point.

The solution has been tested in Real Time Digital Simulator (RTDS) with a focus to the ungrounded systems with a fault
resistances values up to 500 Ohms. A description of the algorithms used for fault locator purposes is provided and also its
implementation in a Phasor Data Concentrator device (PDC) is discussed.

INTRODUCTION

For many years fault localization is an important part of the power system protection. Most algorithms are
based on the line impedance calculations and the fault location function is usually incorporated as part of line of
feeder protection. The cardinal problem of impedance-based algorithms is that they are fairly accurate in
grounded systems, whereby in isolated and Petersen-coil grounded systems, the results of impedance-based
algorithms have very high errors during phase to ground faults, where the fault loop contains zero-sequence
capacitance.

The other problem with impedance based algorithms is their high sensitivity to the fault resistance. This
problem takes place in every type of system, also in the grounded ones, during phase to ground fault. It has
particular importance in isolated systems, where the connection of fault resistance in series with capacitance of
the network limits fault current to the value, which is close to the load current.

BASIC FAULT LOCATION IMPEDANCE APPROACH

Traditionally, single end fault locator based on the impedance measurement uses simple line impedance
model. The impedance of the line is represented by resistance and reactance connected in series. Impedance
calculated by the relay is the simple division of the voltage phasor by the current phasor with additional zero-
sequence current compensation for ground faults, in order to use only positive sequence measurements for all
fault loops. After comparing calculated impedance from the relay point to the fault point, the fault distance is
obtained. The foundation of this kind of fault locator is linearity of the line impedance. It is not always true,
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especially in case of long overhead lines. Lines with significant capacitance to ground like underground cable

lines are also good example.

One of the main problems of the single end fault location is the high influence of fault resistance on distance
to the fault estimation. The error increases with the value of the fault resistance and cannot be eliminated without
any additional information such as measurements from the remote end. During faults in the distribution networks,
the fault resistance has significant values, even up to 500 Q. The example of fault resistance influence for the
distance during fault in medium voltage cable line (RHZ1-20L 12/20 KV 1X240 KAL+H16) was shown in
Figure 1. The fault occurred at 70 % of the line length with 10 Q of fault resistance. The error of fault distance
result is 922 %, which is unacceptable. In this case single ended impedance measurement based fault locator is
not applicable. Moreover it is misleading and provides incorrect information. Relays are not use distance

calculation directly and provide better accuracy.
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Figure 1. The example of the fault with 10 Q fault resistance in 10
km cable line

In grids with isolated neutral point, fault current is
determined by the network’s capacitance. The example
of phase to ground fault in isolated network is shown
in Figure 2. The fault occurs in phase C. The whole
fault current comes through faulted phase to the
ground. The way back for the faulted current are zero-
sequence capacitances of the others (not faulted)
phases. Zero-sequence capacitance is the summation
of zero-sequence capacitances from all feeders
connected to the same bus as the faulted feeder.

abc ground

L
A
A\ 4 |

Isolated
LOAD

LA

Isolated
LOAD

Isolated
LOAD

P
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Figure 2. Ground fault in isolated network

The sequence network for phase to ground fault is
shown in Figure 3. Impedances of positive sequence
“1” and negative sequence “2” networks are small and
can be neglected. The impedance of zero sequence
network “0” contains capacitances in series which
limit fault current and has to be included in the circuit.
The simplified circuit for sequence networks is shown
in Figure 4. The variables of the circuits are as follow.
Es is the voltage source, which value is close to phase-
to-phase nominal voltage of the line. Zg;) is the feeder
impedance that contains capacitances of the n-th

feeder. Ig;) is adequate zero-sequence capacitive
current of the n-th feeder. Iy, is the total zero-sequence
current, which is the summation of zero-sequence
currents from all feeders outgoing from the same bus.

1
I S wa mpyrren RS

Each capacitive current is the response of voltage
source for the zero-sequence capacitance of the feeder.
The variable 3RF represents optional fault resistance,
which can occur.

Figure 3. Sequence network for phase to ground fault in isolated
system

Figure 4. Simplified sequence network for A to ground fault in
isolated system, [2]

As is shown in the circuit above, fault current goes
totally through the zero-sequence capacitances of the
network. The series impedance of capacitance is
always higher in comparison with a series resistance
and inductive reactance of the underground line. It
practically means that a simple fault locator based on
series impedance model does not apply and cannot be
used. In isolated networks there is a need to use a
model that contains zero-sequence capacitance of the
line.

SYNCHROPHASORS APPROACH

Synchrophasors are measuring quantities in
phasors form, which are referenced to the one common
time base. Since different measuring values have the
same time reference, they can be directly compared
with each other. If synchrophasors from different
locations of power system are imported to a central
location, power system monitoring, protection,
operation and control within use of tracking power
system dynamic phenomena, can be achieved [4]. The
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details about synchrophasors are specified in IEEE
C37.118 and IEC61850 standards, [3].

In case of fault location, using synchrophasors
means that measurements from both ends of the line
can be directly taken into the distance to fault
calculation equations. In the Figure 5 the structure of
devices for fault location in the single line was shown.
To create a simple fault locator system, instead of
relays there should be one server needed PDC —
(Phasor Data Concentrator). All devices should be
synchronized in time through connection with the GPS
substation clock. The advantage of PMU — (Phasor
Measurement Unit) is that it can be incorporated with
relay as virtual devices. It means that, there is no need
to install any additional devices, even relay and
transformers. All analog signals can be taken from the
same CTs and VTs like for the protection relays. Every
device has to be synchronized with GPS by an external
clock. For that IRIG-B standard 1is used.
Communication between devices is via Ethernet port
or wirelessly via radios. In both cases two different
protocols can be used, TCP or UDP. PDC identifies
PMUs using their unique IDCODEs. Every PMU is
reporting continuously in real time to the server with a
defined reporting rate. The reporting rate can be set
between 1 and 120 Hz. Practically, it means that PDC
receives one report in defined time duration, which is
between 1 s and 8.3 ms at 60 Hz. One report includes
up to 14 phasors in selectable polar or rectangular
form, 16 analog values and 16 digital states. The
Phasor Data Concentrator is the server which collects,
processes and streams synchrophasors up-in real time.
It can be installed at the substation with other relays or
a Regional Control Center. The PDC, used during tests
supports up to 40 PMUs as inputs, with possibility of
different reporting rates. All data is time aligned inside
device and is ready to be used for monitoring,
recording and calculations by applications available on
the server. Received and processed data can be
aggregated into data sets and transmitted over up to 8
output streams with a various reporting rates. The
example can be upper level super PDC or SCADA
system supporting C37.118 and/or IEC61850 standard,

[5].

Figure 5. Structure of devices

NEW FAULT LOCATOR APPLICATION PROPOSAL

The new proposed approach is an application of the
fault locator based on the multi-ended synchrophasor
measurements. Since measurements from both sides of
the line are used, fault resistance can be obtained and
eliminated from the calculated impedance to fault.
This is applicable for every type of the system and
decreases fault location error. A universal algorithm
that works for every kind of system and for every fault
type could not be found. To achieve the universality of
the application, a special logic was created, which is
based on several conditions. Depending on system
and fault type, an adequate fault location algorithm is
selected to achieve accurate results. Fault selection
flowchart is shown in Figure 6.

System selection;
Fault Data

— System selection

Petersen-coil

Grounded Isolated
grounded
Algorithm
selection
Algorithm nr 1 ‘ Algorithm nr 2 ‘ Algorithm nr 3 ‘

Figure 6. The flowchart with fault locator algorithm logic

For grounded systems algorithm based on Clarke
Transform was used (Algorithm nr 1). ClarkeT is a
multi-ended fault locator which uses complete two-end
measurements. Three phase currents and voltages from
both ends of the line. The fault distance is calculated
from the following equation:

ZIOC _Vrem +

—rem

d=1-Re

~
IN| |

Zoc + !rem

Loc> Lrems Vioc» Vrem are Clark transforms taken from
phase values, as follows:

1
S = §(2J —bSg —b*S;)

where:

b =1+ jtan(a)

b* =1 —jtan(a)

a = 45°

The algorithm is well described in [4]. This algorithm
proved to be the most accurate for solidly grounded
systems. As Z is concerned, the positive-sequence
impedance of the line is used.

As mentioned before, to locate faults in isolated
networks, there is a need to use a model containing
zero-sequence capacitance of the line. For that, the
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phasor-based approach from [1] was used and tested.
Phasor-based approach wuses complete two-end
measurements. Three phase currents and voltages from
both ends of the line are sent to a centralized server
(PDC), which performs the algorithm. Algorithms nr 2
and 3 are based on distributed-parameter model, which
is shown in Figure 7. For a phase to ground faults in
isolated and Petersen-coil grounded systems, zero-
sequence calculations were used (Algorithm nr 2). For
phase to phase faults in isolated and Petersen-coil
grounded systems, positive-sequence calculations were
used (Algorithm nr 3). The distributed-parameter
model is shown in Figure 7.

Figure 7. Distributed-parameter model for symmetrical
components, [1]

Distance to fault is taken from the following equation:
cosh (}’il) Ug; — Z; sinh (}’il) Igi — Uni
d =—tanh™ = = ,[1]
vil sinh (1) Us; — Zi cosh (vl I

,where:

= Zcilai

vi= |2 Y

Z'i, = Ryl +joll

YL = jw;CiLl

In;  —i-sequence current from the local site

~

Upj  —i-sequence voltage from the remote site
Iz;  —i-sequence current from the local site
Ug; —i-sequence voltage from the remote site
l — line length in km

R’ - line resistance per km for i-sequence
L'y, - line inductance per km for i-sequence
C';, - line capacitance per km for i-sequence

More information about the algorithm is described in
[1].

To check the possible inaccuracy due to error in the
input data, the sensitivity of algorithm to capacitance,
inductance and resistance was tested theoretically.
Test’s results are shown in Figure 8. During tests,
following parameters were used (isolated system):

R1=0,409 Q/km RO = 3,405 Q/km
L1=13 mH LO=76 mH
C1=9,4646 nF C0=2,4401 nF

40 -

30 —

20

10

Fault distance result [%)

0 50 100 150 200
Percentage of nominal parameter's value [%]

Figure 8. Sensitivity of the algorithm for line parameters changes.
Simulated distance = 30%

From the Figure 8 we can see, that 50% of inaccuracy
in capacitance or inductance settings value causes 5%
of distance error. According to the inaccuracy in
resistance settings, 2% of distance error was observed,
what is an optimistic result.

GIS INTEGRATION

Having a powerful PDC with a built-in operating
system, there is a possibility to visualize all results and
data in a different ways, depending on the user’s need.
The fault locator application can be integrated with a
Geographic Information System (GIS) environment.
The geographic information system contains the grid
topology with a map background, which helps
understand and visualize data to make decisions easily.
In this way power service operations are always based
on the best information and analysis.

In the fault locator application, after fault
occurrence the user can easily view the location of the
fault. The project contains grid topology in a DWG
format with all information and parameters about the
electric network introduced previously by power
distribution or transmission network operator services.
As the background, different maps can be used. There
are street, satellite or terrain view options to select.
Based on this GIS tool, service decisions and
interventions can be made easier, faster and more
reliable. The GIS environment window is shown in
Figure 9 and Figure 10.

The use of GIS functionality in the fault locator
application needs previous installation of GIS
software. If GIS is unavailable, there is a possibility to
show fault location in a web browser. Selecting this
option user is able to use all functionality of Google
Maps like direction calculation and visualization from
the closest substation point to the fault point or start
GPS navigation system in the mobile device, Figure
11.
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Figure 9. Fault location view in the Smallworld GIS software - map

Figure 10. Fault location view in the Smallworld GIS software —
satellite view

Figure 11. Satellite view of the fault location in the web browser -
Google Maps

RTDS TESTS

The tests of the new proposed application and
algorithm have been performed with RTDS. The
RTDS is a real time digital simulator of the power
system, which can solve electromagnetic transient
simulations in real time, [7]. Basically RTDS is a
powerful real time computer which hardware is based
on several processor cards. All processor units work in
parallel to provide fast calculations. The simulation
model of power system is created in RSCAD software.
The software consists from several libraries with a

different components of power system equipment. It
provides user with ability to create the test model,
dependent on his needs. During compilation, the test
model is converted to matrix equations, which are
calculated continuously by assigned processor cards.
The parallel work of processor units allows for 50 ps
timestep. It means that RTDS generates analog output
signals with refresh rate of 50 ps dependent on the
actual system state. The connections structure between
PMU-s and RTDS is shown in Figure 12. RTDS
analog outputs are connected to the analog amplifiers.
The amplifiers, which are connected to relays (PMU-s)
provide analog signals with the same values like real
CTs and VTs. PMU-s send synchrophasors to PDC
data concentrator, where the fault locator application is
run.

RTDS Simulator Amplifiers PMU-

k1
3
8

IEEE Std
car11s

Figure 12. Connections structure between PMU-s and test
set equipment

The RTDS test model case was created according to
the data of the real network configuration. The data
was received from the power distribution company.
The tested feeder is shown in Figure 13. Tested line is
a closed loop cable line feeder. The loop is opened
from one side, what means that tested topology is
radial one. Phasors Measurement Units are installed in
the beginning of the first feeder CT.L 45CWN4
(PMU1) and in the CT.E 45CWNO point (PMU2).
According to the data received from the distribution
company, the distance between both PMU-s is 1.588
km, which is the tested line. According to this data,
test model in RSCAD for RTDS simulator was
performed. It is shown in Figure 14.

Figure 13. Test feeder topology
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Figure 14. Test model in RSCAD

Parameters of the faulted cable line are like follow:

- Cable type: RHZ1-20L 12/20 KV 1X240 KAL+H16
- Line Length 1.588 km

- Voltage level 15kV

- Positive Seq. Series Resistance 0,155 Q/km

- Positive Seq. Series Ind. Reactance 0,11 Q/km

- Positive Seq. Shunt Cap. Reactance 0,07958
MQ/km

- Zero Seq. Series Resistance 1,059 Q/km

- Zero Seq. Series Ind. Reactance 0,658 Q/km

- Zero Seq. Series Cap. Reactance 0,01251
MQ/km

The length of other feeders from the same
substation were adjusted to get 310 = 171 A (RMS,
primary value). It was obtained during the A to ground
fault in the middle of the line length.

Simulations were performed for three different
fault resistance values. It is shown below. The
influence of cable line length for the fault locator result
is presented in Figure 21.

Fault resistance = 0.1 Q

Table 1. Fault locator results during simulations
for different fault distances

Fault distance [%]

Fault type 10 20 30 40 50 60 70 a0 50

A-Gnd 3.50 9.39 | 39.17 | 47.00 | 56.05 | 70.13 | 63.87 | 87.50 | 97.45

B-Gnd 16.65 9.43 | 23,17 | 43.07 | 65.40 | 64.17 | 66.84 | 60.65 | 89.79

C-Gnd 16.93 | 15.14 | 29.95 | 43.10 | 45.46 | 59.85 | 65.47 | 63.58 | 86.86

Figure 15. Fault locator results during simulations with a 0.1 Q
fault resistance

Table 2. Fault locator error during simulations
for different fault distances

Fault distance error [km]

Fault type 10 20 30 40 50 60 70 80 90
A-Gnd 0.071 | 0.168 | 0.146 | 0.111 | 0.096 | 0.161 | 0.097 | 0.119 | 0.118
B-Gnd 0.106 | 0.168 | 0.108 | 0.0459 | 0.245 | 0.066 | 0.050 | 0.307 | 0.003
C-Gnd 0.110 | 0.077 | 0.001 | 0.045 | 0.072 | 0.002 | 0.072 | 0.261 | 0.050

Figure 16. Fault locator results during simulations with a 0.1 Q
fault resistance

Fault resistance =10 Q

Table 3. Fault locator results during simulations
for different fault distances

Fault distance [%]

Fault type | 10 20 30 40 50 60 70 80 30
A-Gnd | 15,52 | 29,74 | 30,23 | 29,26 | 53,53 | 78,96 | 76,56 | 89,22 | 88,87
B-Gnd | 12,91 | 22,85 | 28,34 | 22,86 | 52,53 | 50,93 | 69,04 | 74,97 | 33,67
c-Gnd 3,91 | 14,73 | 35,81 | 25,97 | 41,60 | 56,28 | 70,74 | 80,52 | 84,49
Figure 17. Fault locator results during simulations with a 10 Q

fault resistance
Table 4. Fault locator error during simulations
for different fault distances
Fault distance error [km]

Faulttype | 10 20 30 40 50 60 70 80 90
A-Gnd | 0.088 | 0.155 | 0.004 | 0.171 | 0.056 | 0.301 | 0.104 | 0.145 | 0.018
B-Gnd | 0-046 | 0.045 | 0.026 | 0.272 | 0.040 | 0.144 | 0.015 | 0.080 | 0.058
C.Gnd | 0057 | 0.084 | 0.092 | 0.223 | 0.133 | 0.059 | 0.012 | 0.008 | 0.087
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Figure 18. Fault locator error during simulations with a 10 Q fault
resistance

Fault resistance = 100 Q

Table 5. Fault locator results during simulations for different fault
distances

Fault distance [%]

Faulttype | 10 20 30 40 50 60 70 80 90
A-Gnd 9,02 | 39,55 | 42,48 | 56,08 | 44,61 | 85,84 | 59,62 | 61,92 | 97,90
B-Gnd | 14,40 | 10,17 | 24,01 | 43,29 | 48,87 | 52,57 | 28,66 | 45,90 | 62,85
c-Gnd 5,25 | 28,10 | 43,50 | 50,99 | 50,62 | 73,85 | 80,91 | 89,43 | 94,80

Figure 19. Fault locator results during simulations for different
fault distances

Table 6. Fault locator error during simulations for different fault

distances
Fault distance error [%]

Fault type 10 20 30 40 50 60 70 80 90
A-Gnd 0.016 | 0.310 | 0.198 | 0.255 | 0.086 | 0.410 | 0.165 | 0.287 | 0.125
B-Gnd 0.070 | 0.156 | 0.095 | 0.052 | 0.018 | 0.118 | 0.656 | 0.542 | 0.431
c-Gnd 0.075 | 0.129 | 0.214 | 0.175 | 0.010 | 0.220 | 0.173 | 0.150 | 0.076

Figure 20. Fault locator error during simulations for different fault
distances

Besides testing with a different fault resistances,
tests with a different cable length were performed. For
this test, 70 % fault distance was selected. The faulted
phase was phase A and the fault resistance was fixed at
0.1 Q. For each length, the tests were repeated three

times and the average value was calculated. The
results are shown in Table 4. Figure 22 presents how
the increase of the cable line length decreases
percentage error of the fault locator.

Table 7. Fault locator results during simulations for different
length of tested cable line. Simulated distance to fault = 70%.

Line length Fault locator result [%]
[km] 1 2 3 Average
1,59| 92,39 63,42 74,33 76,71
259 7051 74,93 77,79 74,41
3,59 73,51 67,91 71,28 70,90
4,53| 67,61 66,87| 70,83 68,44
5,59| 67,37 6847| 68,67 68,17
10,58 70,80| 71,95| 71,55 71,43
15,59| 69,46 70,30| 70,88 70,21
20,59 70,01| 70,21| 70,32 70,18
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Figure 21. Fault locator results during simulations for different
length of tested cable line. Simulated distance to fault = 70%.

Table 8. Fault locator error during simulations for different length
of tested cable line. Simulated distance to fault = 70%.

Line length Fault locator error [%]
[%6] 1 2 3 Average
1.59 22,39 | 6.58 | 4.33 11.10
2.59 051 4.93| 7.79 4.41
3.59 351 2.09| 1.28 2.29
4.59 2,39 | 3.13| 0.83 212
5.59 263 | 1.53| 1.33 1.83
10.59 0.80 | 1.95| 1.35 1.43
15.59 0.54 | 0.30 | 0.8B8 0.57
20.59 001 0.21] 0.32 0.18
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Figure 22. Fault locator errors during simulations for different
length of tested cable line. Simulated distance to fault = 70%.
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CONCLUSION

The point of this article was to expose the problem of fault location in isolated distribution systems and
propose a new fault locator approach. The problem of fault location in isolated systems is still not solved and
there is no good solution on the market. The new proposed approach is based on the technology of
synchrophasors. The use of synchrophasors improves dramatically the problem associated with a fault resistance.
Since the fault resistance can be eliminated using two-ended calculations the fault locator results are better, in
both solidly grounded and isolated systems. In case of isolated system, the new proposed algorithm uses
distributed-parameter model, which contains shunt capacitances. Because the whole fault current is flowing
through the zero-sequence shunt capacitances, it is possible to measure distance based on this capacitance. RTDS
tests were conducted, based on a real network configuration case. The results of the tests show improved
accuracy. Results of the fault locator depend on the capacitance of the protected network. Higher network
capacitance character increases zero-sequence current and decreases fault locator error. The error is also
dependent on the protected cable length. For longer lines, percentage fault locator error is smaller. The proposed
solution does not need much extra equipment, since PMUs are frequently incorporated inside relays which are
anyways installed onsite. Modern substations are also usually equipped with communications network and GPS
clock. The additional device is the PDC data concentrator — server. The PDC can be installed in the relay room
along with protective relays. The PDC can be accessed remotely, so there is no need to install it in a supervisory
station. Another advantage of the described fault locator system is that it does not have any impact on the existing
system and does not make any degradation or equipment damage, because it does not generate any additional
control signals and can be commissioned during normal operations without any outages.
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SUMMARY

The following paper briefly describes the problems caused by the Islanding operation in power systems and
describes different methods to detect the islanding condition in photovoltaic applications. Finally it explains a
proposal for a secure method of islanding detection using synchrophasors: The algorithms were verified with
Real Time Digital Simulator (RTDS) tests and tests in laboratory using an inverter connected to grid, in order to
perform automatic and manual decisions to assure the correct and secure operation of the distribution grid.

INTRODUCTION

Due to the growth of renewable energies, especially wind and photovoltaic sources, a new concept of generation
called Distributed Generation (DG) has been developed. This system generates renewable energy in the
distribution grid near the loads. On the other hand, technical requirements of public services connected to the
electric grid must be satisfied in order to maintain proper security and protection for both people and the
installation, and to ensure the reliability of the grid. Therefore, it is important to have a protection system that
can accurately identify islanding conditions. “Islanding is a condition in which a portion of the utility system,
which contains both load and generation, is isolated from the remainder of the utility system and continues to
operate. The isolation point is generally on the low voltage distribution line when an islanding condition exists,
but islanding may also occur on the higher voltage distribution or transmission lines when large numbers of PV
and other distributed generation are present” [1, p. 6].

ISLANDING SITUATION

An islanding condition can be produced by the following events: A fault produced in the grid which results in a
disconnection that is not detected by the photovoltaic inverter or the protection equipment ; An accidental
opening of the connection point with the electrical company ; Programmed disconnection ; An intentional
opening of the connection point with the electrical company ; Human errors ; Natural causes.

Anti-islanding system requirements

Expanded distributed networks pose a challenge to quick detection of islanding, especially if the power
mismatch between generated power and the load in the island is minimal. The goal of this paper is to find an
optimal combination of algorithms that will generate the smallest Non Detection Zone (NDZ) and will operate as
quickly as possible. The reason for which is to evade the following hazards:

1. Generally, voltage and frequency anti-islanding control systems are not incorporated in the Electrical Grid
SCADA systems. During an islanding condition, the voltage and frequency may be within the band defined
for nominal values, but the inverter is not capable of regulating these parameters and therefore a hazardous
situation will result for the client equipment.
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2. The electrical companies can be penalized by the users when there are hazards in the PV devices as a result
of having the voltage and frequency parameters out of the acceptable ranges.

3. The islanding situation can create a hazardous situation for the operators in the electric installations and for
the public in general, since circuits which are assumed to be disconnected from their sources, are actually
energized.

4. The reconnection of the electric system with the islanding can have as a result a new disconnection or a
hazard in the equipment if the connection is happens in an out of phase situation, since there is no control of
the islanding voltage and frequency.

5. The islanding condition can interfere with the manual or automatic service reestablishment process after an
important event in the electric system.

There are several different approaches and agreements/standards in the international community about the
methods to apply for islanding situation detection. Some countries as the Netherlands only demand frequency
derived passive systems that stop the inverters. Other countries as Germany and Austria use specific methods
based on impedance change in use of monitoring units and switching devices, known as ENS or MSD. In the
United States, there has been an adoption of standards that oblige the inverter manufacturers to incorporate
elements to detect islanding and disconnect the DG after determined out of tolerance conditions exist in the
island or in the Electric System [2] [5].

MOST COMMON ISLANDING DETECTION METHODS
Referring to [1], there are several islanding condition detection methods and are divided into three groups :
Passive methods

“Passive methods can monitor variables of the distributed grid in order to find abnormal changes in, for instance,
frequency, voltage amplitude, phase angle, harmonics contents, etc. Passive methods can be effective in most
situations. However, their non-detection Zone (NDZ), e.g., the range of loads for which the islanding detection
method may fail, can be large” [3, p. 1] : Maximum/minimum voltage, Maximum/minimum frequency, Vector
jump, Voltage harmonic measurements

Active methods

“Active methods can detect a main grid power disconnection on the basis of observations on the response of the
distributed grid to a disturbance intentionally introduced by the method. The response, or its magnitude, depends
on the presence of the main grid power. Thus, islanding conditions may be determined on the basis of the
response. In this manner, the NDZ can be minimized” [3, p. 1]: Measurement of the system impedance,
Impedance detection at the determined frequency, Frequency variation in sliding window mode, Frequency
threshold, Frequency variation, ENS or MSD (one equipment using some methods).

Communication-based methods

“Communication-based methods usually operate on the basis of establishing communication channels between
distributed generators and the main grid. Communications based methods can detect islanding conditions even
when the power produced matches the power consumed. However, the communications devices can be
expensive. Implementing a communication-based method may also call for co-operation of the main grid
provider” [3, p. 1]. Common communication-base methods are : Signal Produced by Disconnect, Using Power
line Carrier Communications, SCADA (Supervisory Control and Data Acquisition).

NEW DETECTION PROPOSAL

Many of currently applied solutions listed in previous chapter are limited by associated costs and the availability
of facilities. Moreover, it is not easy to keep the selectivity on island conditions and maintain the acceptable
level of NDZ at the same time. The goal of this paper is to present a trustworthy solution with an application
based on passive detection methods which do not interfere with the system, and can be used in any point of the
grid. These methods have been combined with synchrophasor technology to create a faster and more reliable
solution.
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Synchrophasors

Synchrophasors accurately measure and analyze the state of the power system based on real-time data collected
from Phasor Measurement Units (PMUs) located across the network. Through collection of accurately GPS
time-tagged phasor data, system operators can quickly identify power system events through visualization of
system quantities such as power flow, dynamic phase angle separation, and the rate of change of frequency from
different parts of the system.

Synchrophasors are based on phasor representation of sinusoidal signals which are commonly used in AC power
system analysis. The sinusoidal waveform defined:

x(t) = Xpcos(wt + @)
is commonly represented as the phasor:

X = X, + jX;
= I(X—t] gl®
Va/
=X [N 2(c05 ¢ + j5in gh)

where the magnitude is the RMS value, X, / V2, of the waveform and the subscripts r and i signify real and
imaginary parts of a complex value in rectangular components [4].

The IEEE C37.118-2011 standard contains details about synchrophasor definitions and measurements.

IMPLEMENTATION
Devices and communication

The PMUs and algorithms are implemented as part of a pilot project to identify the separation of one part of the
Electrical System (Island) where the island contains one photovoltaic source and several loads of different
characteristics. For that purpose two Phasor Measurement Units (PMU) were installed in the field, one inside the
island and other one in the main grid, connected to a Phasor Data Concentrator (PDC), which will time align the
data received from PMU’s and forwarding it to a PC running a soft PLC. Figure I shows the setup of the PMUs
and PDC, and illustrates the data flow and the overall concept.

Figure 1. Units connection Figure 2. Software interface

As a PMU device, standard feeder protection system with synchrophasor capability has been used. As a data
concentrator the substation hardened high performance device capable of collecting, processing, recording and
archiving C37.118 compliant synchrophasor data was used.
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Algorithm identification and verification

In order to achieve the minimum Non Detection Zone (NDZ), several methods were checked for their ability of
accurate islanding detection. The algorithms listed below utilize synchrophasor technology and are based on
comparing measurements received from two points of the system, as mentioned in the first part of this chapter.
Moreover, the phasors used for algorithms are the result of the mathematical Clarke Transformation, which
simplifying three-phase system measurements in to one phase system. Clark transform is given by the following
equations:

2-5,—b 55 —h"-5¢
Sy = 3 ;
b=1+j-tan{c);
b* =1—j-tan{o).

In this implementation a.=45°. S could be either current or voltage.

Angle Difference. Angle difference method indicated an islanding condition if the difference of angles of
respective voltage signals received from two points of the system exceeds a programmable threshold. The
angles of the positive sequence voltage and the voltage calculated from the Clarke transformation were both
tested and compared.

Bpif(t) = By (1) — G (1)

Voltage Difference. The voltage difference method operates similarly to the angle difference method. It
compares the magnitudes of the voltage phasors obtained from Clarke transformation.

Vﬂffflzfjl =¥yt —V2()

ROCPAD (Rate of Change of Phase Angle Difference). The following algorithms of ROCPAD have been
tested with using the positive sequence voltage and the Clarke transformation voltage phasors.

Single ended. This method calculates the rate of change of the angle difference between respective voltage and
current signals. It using measurements only from one PMU attached to island area.

A(8y(r) — &i(r))

ROCPAD(t) =
(T I

The islanding condition is detected whenever the value of ROCPAD exceeds a settable threshold.

Double ended. The double ended ROCPAD uses values from both sides of the system and operates whenever
the result of differences exceeds a programmable threshold.

ROCPADp;s£(t) = ROCPAD;(t) — ROCPAD;(t)

THD Difference. This novel method calculates the sum of Total Harmonic Distortion (THD) of the voltages
from each PMU and compares the difference of the sums of THD

THDpisf(t) = [THDy,, (1) + THDyy (t) + THDy,, (t)] — [THDy, (t) + THDyy () + THDy, (1)]

Note that this method is suitable in case significant THD different between grid side and DG side is measured.
The PV system with inverter used in this study has measurable THD difference. Instead of voltage THD, current
THD may be utilized. Moreover, THD algorithm is not immnue to other network events such as faults and
loads, therefore additional supervisory conditions may be required.
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All these methods were implemented in a soft PDC logic software. In a programming environment developed
which allows calculating phasors values in real time and allow for manipulation of these values in order to
implement the algorithms.

The created application contains several features such as a graphical human interface and allows changing
particular settings to adjust protection for smaller NDZ.

RTDS TESTS

The RTDS is a Real Time Digital Simulator which has the capability of simulating the power system in real
time. Real time means that it can operate breakers, force faults, or make changes in the power system without
having to turn off and rerun the simulation runtime. This is done thanks to various processing units that are
utilized in parallel which give the RTDS a high computational power. The calculations are done in every step
time, with typical values of step times lying between 50us and 120us.

The RTDS generates command signals that are interpreted by the amplifiers who then generate the currents and
voltages needed for the testing as demonstrated in figure 3.

Figure 3. RTDS — Synchrophasors Test Figure 4. RTDS — Grid model overview
connection overview

RTDS tests has been made on a distribution network model, which contained main 66kV grid with a conventional
power source, wind generation, cogeneration, and several loads plugged in different points. A 5kV network is also
modelled as a potential island with photovoltaic generation and its own loads connected to main grid via a circuit
breaker (figure 4). Island conditions are occurs when the breaker opens. In that case, the part of the system with
solar generation power and some amount of a load are separated from the rest of the network. During the simulation
the load inside the island was changed for test each algorithm for different power mismatches.

These tests have been made for 3 cases dependent on the power mismatches between power generated in
distribution source (P,,) and power used in island area (P)oaq).

FINAL LOGIC

The best way to minimize the Non Detection Zone and create a reliable solution is to choose the most effective
methods and combine them in the PLC logic. For this purpose three algorithms have been chosen.

e Angle difference of Clarke voltage transformation, as the most effective and safest method
e Magnitude difference of Clarke voltage transformation, as an auxiliary condition for decreasing the Non
Detection Zone
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e THD difference is the fastest solution, but has the disadvantage of being prone to maloperation for other
network changes such as faults or load connection. However, these weaknesses is overcome by a special
logic explain later.

First algorithm — Angle and Magnitude difference

The first algorithm logic combines two methods: the angle difference and magnitude difference. Both of them are
the difference of Clarke transformation voltage. This creates an oval characteristic, which is a threshold for the
algorithm (Figure 5 5). If the operating quantity moves into the operating zone, then the island detection flag will be
activated.

Second algorithm — Angle difference Speed and angle difference

This logic is based on the rate of change of angle difference. Unlike ROCPAD, it is based on the same Clake voltage
angle difference. The axis of ordinates includes the rate of change of angle difference and the axis of abscissa
includes angle difference. Combining the difference and rate of change of angle creates the characteristic (in Figure
6). In steady

e rd
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Angle difference [rad]

thresholds

Operate zone

///

Angle difference Speed
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Maognitude difference Angle difference
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Figure 5 Angle and magnitude difference logic Figure 6 Angle difference and speed logic overview

overview

Angle dif ference = Spyy1 vetarke — OpMU2 VClarke

Magnitude dif ference = Mpyp1 viiarce — MeMU2 VElarke

state operation of the system, the operating point is at zero point in the graph. During island conditions both of
values will shift, and move the operating quantity out of the restraining zone.
Angle dif ference = Spyy1 vaarke — SpMu2 velarke

A Angle dif ference
At

Rate of change of AD =

Third algorithm — THD difference

This algorithm is based on the THD equation explained previously. An island condition is identified if the
subtraction of the sums of THDs exceeds a set threshold. Furthermore, to avoid undesirable operations, additional
conditions must be fulfilled. In case of island disconnection from the grid and loss of the voltage stability, an
increase of the harmonics participation can be observed. Meanwhile in main grid, the THD level is controlled by a
high power source, and effects of the disconnection of the island from the main grid can have a positive impact on
the voltage stability. Basis on this pattern, the following logic condition has been implemented: The THD level in
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island has to increase while the THD in the main grid remain the same or decrease. Only then shall the detect flag be
set. All algorithms include a time delay to allow the operation of other protection functions and to increase security.

Non Detection Zone

Figure 7 presents the operation time of each algorithm with respect to power mismatch. The choice of thresholds
was based on theory and observations.

Figure 7 Non Detection Zone overview Figure 8 Algorithms and logic time curves (Pgen =
Pload)

Figure 7 shows that the power unbalance plays a significant role in the operation time of first two algorithms. The
method based only on angle difference has best results in high power mismatches and is more reliable. On the other
hand, it fails when the net power flow in the interconnection point is equal to zero. In turn, the algorithm which
contains magnitude difference, had the worst results, except for the point when Pload/Pgen ~ 0. Separately, the
algorithms have their weaknesses, but a combination of the two algorithms can give satisfactory results.

Finally the THD algorithm has good time results for all power mismatches; mostly less than 500 ms. The
combination of all three algorithms in the final application eliminates the NDZ problem.

TEST IN LABORATORY USING AN INVERTER CONNECTED TO GRID

The selected algorithms was been tested on a small test grid 3x400V in external laboratory. The sensitivity of each
algorithm was tested depending on the power mismatch. The immunity against network events such as faults or load
changes was also tested. Because of the internal inverter’s protection the algorithms were only tested in the
inverter’s restrain area, where the power mismatch is minimal and the variation in voltage or frequency values was
below inverter’s internal protection detection ability.

Figure 8 presents island conditions with minimal power unbalance. The island occurred at time = 0 and it had
immediate impact on the THD. The island flags were activated after 400 ms for the THD method and 520 ms for
first and second algorithms, respectively. In this case the internal inverter’s islanding protection did not detect the
island conditions and continued operation. This is a hazard because, as shown, the voltage is not stable.

Fault events did not cause the activation of the island detect flags except for the THD algorithm. However, logic
conditions block the algorithm’s activity as long as the same changes occur on both sides of the point of

interruption. Moreover, the time delay of algorithms is set so as to allow other line protection functions to operate.

Load injection tests were also performed. The sudden connection of loads of 1.4kW and 27.0kW did not cause the
activation of any algorithm, which would have been unwanted.

COMMUNICATION TESTS USING RADIOS
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Tests were made with radio in order to verify the possibilities for transferring the synchrophasors. Two pairs of
radios have been used to make stable duplex connection between one of PMU and PDC, using TCP protocol.
Connection scheme used, shown below on figure 13.

P flow Diff/Mag | Angle THD
[MW] [ms] [ms] [ms]
-4.35 2800 1800 900
-1.94 3720 1120 900
-1.05 5000 4720 940
-0.35 6920 4600 1080
0.3 9000 11400 900
1.09 4720 3200 940
2.09 4160 3000 940
5.11 1320 1200 900
Figure 13 Connection of radio equipment Table 1 Tests results with radio connection

TCP showed better results than UDP, because it can send several data fames in one TCP packet, unlike UDP which
sends every data frame in each package. It means the TCP needs less data transfer through radios. Using radios
delayed to algorithms performance, but still, system was capable to identify correctly the Islanding phenomenom.
The tests are still going and soon the final solution will be selected.

Maximum transfer capacity in 12,5 kHz bandwidth has been used and we achieved 19200 bps for each transfer
direction. This transfer capacity can double by using 25 kHz bandwidth, but it is needed to deal with additional
license limits.

Application tests showed, proper operation of each algorithm with time exceeded on transfer latency which in our
case swings in the area around 600 ms. Table 1 presents detection times depending on the power flow in breaker
point, for each algorithm. 25 fps data rate have been used.

CONCLUSIONS

The paper presents the research, development and testing of an optimal anti-islanding technique, which can be
implemented as a new feature for present devices. Existing and well known methods have been improved in order to
find a compromise and create fastest and safest solution. Research includes a novel THD algorithm which has been
presented as an enhancement of present methods for decreasing the total Non Detection Zone. Developed methods
have been tested with a Real Time Simulator with several scenarios: sensitivity tests, load injections, and fault
events. The methods were also tested in a micro test grid, since simulating the exact system’s noise levels in the
RTDS is a very complicated task which requires the simulation of a lot of variables that can be too difficult to
acquire.

The laboratory test results were positive, which renders the methods ready to use in field. The thresholds and time
delays should be set based on real system readings and in cooperation with other protection functions installed in the
system.

Moreover, PMU and PDC can communicate via radios, which results in a flexible and cost efficient installation.
Present and future work involves testing different radio techniques for best cost-performance ratio.
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CUCTEMa MOHUTOPHUHIA NEPEXOIHBIX pexxuMoB, cTpykrypa CMIIP, crangapt IEEE C37.118.

BBEJIEHUE

B mocnenHme HECKONBKO JIET, B OTEUECTBEHHOH SHEPreTHKE, aKTUBHO BHEIPSCTCS, HCIIONB3YeTCS U
pa3BUBacTCsS CHCTEMa MOHHUTOPHHTA MepexonHeix pexxumoB (CMIIP). JlaHHBIE KadeCTBEHHO HOBOTO YpPOBHS,
KoTopele TpexoctaBimsier CMIIP, Ha nmaHHBIA MOMEHT YXKe JJOKa3alH CBOIO IPAKTHYCCKYI0 LEHHOCTh U B
BO3pacTaromeM 00beMe UCTIONB3YIOTCS I pelIeHus IPUKIafHBIX 3a1a4. braromaps yemMy, Ha CETOIHSIITHAINA CHb,
HEOOXOIMMOCTH B HanpHelmeM pa3Butud CMIIP He BRI3bIBacT COMHEHHUH.

Mexay Tem, HeoOXomuMoO OTMeTHTh, 9T0 CMIIP, Kak OTAENBHBIA TEXHOIOTHYECKUH OOBEKT, SBIIICTCS
OTHOCUTEIILHO HOBOH MOJIENbI0, O0NMajaroliell CBOeH YHWUKalbHOW COBOKYIMHOCTHIO CBOWMCTB U XapaKTEPHUCTHK,
KOTOpOil He 00namaroT Hukakue apyrue cucrembl. HoBuzna CMIIP sBnseTcsi ee KIIOYEBBIM CBOWCTBOM, W3
KOTOPOTO BBITEKAECT psJi MOMEHTOB, HAMpHUMEp, HEAOCTATOYHOE KOJIUYECTBO PYCCKOS3BIYHON JHMTEpaTyphl H
OTCYTCTBHUE OTPACJIEBBIX CTAHJAAPTOB U METOJUK. JIpyruM MOMEHTOM, BhITeKatomuM u3 HoBU3HbI CMIIP, sBisietrcs
TOT (haKT, 4TO JJIs €€ OpTaHHU3aAIMH UCTIONB3YIOTCS CaMble COBPEMEHHBIE TEXHOJIOTHH, BO3MOKHOCTH KOTOPHIX €IIIe
HE W3y4YeHBl U HE OCBOEHBI B MOJTHOM oOBeme. Kak crmemctBue, motennuan Bced CMIIP B memom, nmaxke yxke
CYIIECTBYIONIEH, HE OKOHYATENFHO TOHSATCH M OYEBHJICH, YTO, B CBOIO OUYepelb, IMPUBOJUT K HEOOXOAUMOCTH
CHUCTEMHOTO TMOJXOJa AJISI CTPYKTYPHOTO ONMHCaHHS W (HOpMaNU3allii XapaKTEPUCTUK KOMIIOHEHTOB CHCTEMBI H
MPaBWJI WX B3aMMOJACUCTBHS, a TaKKe K HEOOXOAMMOCTH CHUCTEMATH3allMU HAKOIUICHHBIX 3HAHUH M ONBITa B 3TOU
o0iacTu.

Pasurune CMIIP 656110 00yCITIOBICHO HECKOJIIBKUMH (PAKTOPAMHU:

- YCIIO)KHEHHEM TOMOJIOTUU M CTPYKTYpPhl T€Hepaluu W TOTPeOIeHUs SJIEKTPOIHEPTETHUECKUX CHCTEM
(32C), mpuBOAAIUM K YCIOKHEHHIO JMHAMHYECKUX MPOIECCOB, MPOUCXOJSANINX B HHUX MPH TEXHOJIOTHYECKUX
HapYIICHHSIX;

- TIOBBIIICHUEM KOJIMYECTBA U YBEIWYECHHUEM TSDKECTH KPYIHBIX CHCTEMHBIX aBapuil. s pa3paboTku mep
M0 WX MPEAOTBPALICHUIO M BOCCTAHOBICHHWIO CHCTEM IIOCIE aBapuil HEOOXOAMM TITyOOKWH aHaTW3 MPUYNH
BO3HHKHOBEHHSI ATHX aBapuil M Xapakrepa HX MPOTEKaHUs, HYTO HEBO3MOXXHO O€3 IeTajJbHOTO aHalu3a
JUHAMUYECKOT0 MOBENEHUS CUCTEMBI,

- TIOSIBJICHUEM U IIMPOKHUM BHEJPEHHUEM TEXHOJIOTHH IilobanbHOro nosuiimonuposanus (Global Positioning
System, GPS), kotopast mo3BoJimIa CHHXPOHU3UPOBATh U3MEPEHHS U TTOJYYUTh TAaKOW BaXKHBIH JUIsl ANHAMHUYECKOTO
aHaJIM3a MapaMeTp, KaK OTHOCUTEIIbHBIH YToJl HalpsHKEHHS.

Ha naHHBII MOMEHT HaKOMJIEHO NOCTaTOYHO U MPAKTUUYECKOTO OMBITA, U TEOPETUYECKUX UCCIEAOBaHUN B
001acTH MPOEKTHPOBaHUS, BHeApeHN U dKcIuryatarun CMIIP, 9ToOBI MPUCTYIUTE K COAEPIKAaTEIIFHOMY aHAIIN3Y,
pe3yabTaThl KOTOPOTO cTanu OBl PyHAaMEHTOM M OTIIPABHOW TOYKOW /IS PEIICHUS TaKHUX 3a/1a9 KakK:

- CHCTeMaTH3allusl HAaKOTUIEHHBIX 3HAHWUH M TEOPETUIECKUX HccienoBanuii B oomactu CMIIP.

- popmanmzanus v eAMHOE TIOHUMaHue QYHKITHH, CTPYKTYPBI U apXUTEeKTypbl ocTpoerus CMIIP.
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- q)opManmauI/m InpaBujI B3aHMOL[€I>iCTBPIS[ 1 KIIFOYCBLIX XapaKTCPUCTUK KOMIIOHCHTOB CMHP, BI)Ipa60TKa
TCXHUYCCKUX Tpe60BaHPII71, CTaHdapTHU3alus.

- pa3paboTKa o01Ieil CTpaTeruu 1 BblAEIEeHHE IPHOPUTETHBIX HanpaBieHni pa3sutust CMIIP.

Ilenpro HACTOSILETO MCCIIEAOBAHUS SBJISCTCS MPUMEHEHNE CHCTEMHOTO MOAX0a JUIsl IEPBUYHOTO aHAIH3a
TeXHOJIoTHUecKoi Moaenn aeiictBytomerr CMIIP, uto mo3BommT chopMynupoBath U OOBEAWHUTH BCE BOIIPOCHI,
cBszaHHBle ¢ passureM CMIIP, B emuHyio cucremy. Hacrosmee wuccrnemoBanne HE MpeTEHIyeT Ha
MCUEPIBIBAIONINN XapaKTep U CTABUT CBOEH IENbIO IT0KAa3aTh BO3MOXKHOCTH CHCTEMHOTO aHAIHN3a, KOTOPBIE MOTYT
MIOMOYb B PEIICHUH PAa3IMIHBIX BOIIPOCOB, CBA3aHHBIX ¢ pa3BuTreM CMIIP.

CUCTEMHBIN AHAJIN3

Iockoneky wuccmenyemsrii 00bexT (CMIIP) sBisieTcs MHOTOKOMIIOHEHTHOM, CIIOXKHOH CHCTEMOM,
3aBHCHMON OT TEXHOJIOTHH W3 Pa3INYHBIX 00JacTell TEXHWKH, UMEET CMBICI BOCIOJB30BATHCS METONOJIOTHEH U
MOJIX0IaMH CHCTEMHOTO aHalln3a, OHOTO U3 OOMICTIPHHATHIX METOIOB U3YICHUS CIIOKHBIX CHCTEM.

Bo u3bexxanne pasHOUTCHHH (CHCTEMHBIH aHANIHW3 OMEPUPYET HE YCTOSBIIMMHUCS TEPMHHAMH) YTOYHHUM
TEPMUHOJIOTHIO:

- CHCTeMa — MHOXECTBO CBS3aHHBIX MEXKIy COOOM 3JIEMEHTOB, KOTOPOE pacCMaTPUBAETCS KakK IEJIo¢;

- BJIEMEHT CUCTEMBI — YCIIOBHO HEJICITUMBIC YaCTH CHCTEMBI, 00JIaIa0IIIe ONPEIeICHHBIMU CBOICTBAMHU;

- KOMIIOHEHT CUCTEMBI, TIOJICUCTEMA — JIIEMEHT CHUCTEMBbI, paCCMATPUBAIOLIUICS KaK CUCTEMA;

- CTPYKTYpa — OTHOCHTEJILHO YCTOMUYUBAs (PUKCAIIUS CBS3CH MEXKIY JIEMEHTAMH CUCTEMBI;

- KOHIICTITYaJlbHAsi MOJEIb — aOCTpaKTHAash MOJENb CHUCTEMBI, OMPENEIsoNias e¢ CTPYKTYpYy, CBOWCTBA
COCTaBHBIX ‘-IaCTeﬁ, HpI/I‘II/IHHO-CHe]ICTBeHHI)Ie CBA3U,

- (hyHKIIOHATTFHAS. MOJIENb — a0CTPAaKTHAS MOZIEIh CHCTEMEI, OTIpe/Ieisromas ee Kak Habop
(hYHKIIMOHATHHBIX TAPAMETPOB U HX B3aNMOCBSI3EH;

- IeneBas MOAENh — OIHA W3 MOJEJICH CHCTEMBI, KOTOpas SBISAETCS MOCTATOYHOW Ui Meled ee
HCCIIEIOBAHUS.

CornacHO METOHOJNIOTHH CHCTEMHOTO aHajH3a, W3yYeHHE CHUCTEMBI MpPEIIoiaracT CO3JaHUE yenesol
MoOenu 3TOW CHCTEMBI, KOTOpas MO3BOJISICT MIPOBECTH aHAJIU3 ICJICBBIX CBOMCTB CHCTEMBI U €€ JJIEMEHTOB, U, MPH
3TOM, HE OrPaHHYMBACT M HE CYXKAaeT BO3MOXKHOCTH PEajibHON CHCTEeMbI. [Iporecc co3maHusl ICICBOW MOMICITH
3aKIJIF0YAETCSl B MMOCICIOBATEIBPHOM CO3/aHHH HECKOJBKUX MOJICNICH CHCTEMbI, HAUuWHAs C CaMOi aOCTPaKTHOW U
3aKaHYMBAsi MOJICIIBIO TPEOYEMOTO YPOBHSI IETaTH3AIMK — [IeJIeBOi Mojaenu. HaunHaeTcst mpoiece MoAeIMpPOBaHUs,
KaK TPaBHJIO, C TOCTPOCHHS KoHyenmyanvnou mooenu. KoHIeNTyallbHAs MOAENh — 3TO abCTpakTHAas MOJIEb
CHUCTEMBI, KaK IIPaBWJIO, ONKCATEeNbHAS, BBIPAKCHHAs B KAYCCTBCHHBIX KATCTOPHUAX, a HE KOJIMYCCTBCHHBIX.
OcHoBHas 3ajjada KOHIICTITyaJbHOH MOJENN - 3TO OMMCAHHE MPEIMETHOW 00JacTH BO BCEH MOJIHOTE, TEPMHHOB,
2JIEMEHTOB CHCTEMBI U MX B3aUMOCBs3ed B HepopMann3oBaHHOM BHIE. Ha OCHOBE KOHIENTYalbHONH MOJEINH, KaK
MPaBUJIO, co3/aeTcs (YHKIHMOHATIbHAS I MOPQOJIOTHYECKas MOJIENb, Ha OCHOBE KOTOPBIX, B CBOKO OUYepelb,
CO3/IaI0TCS MMHUTAIMOHHAS, MaTeMaTH4YecKasi, IpOrpaMMHasi MOJEITH U JIFOOBIE APYTHe, B 3aBHCUMOCTH OT IIEJeH
HCCIICIOBAHMS.

JIJist MCCIIEIOBAHMSI CHCTEM W MOJIENICH CHCTEMHBIN aHAIN3 MPEIOCTABISIET MIUPOKHIA CIIEKTP METOMOB U
nmpoueayp, U3 BCEro MHOXKECTBA KOTOPLIX, B HEJIAX HACTOAIIETO HMCCICAOBAHHSA, MCHOJB3YIOTCA NCKOMIIO3UIINA U
KOMIIO3UIMS C TIOCJIEIOBATEIbHOM AeTann3alueil UCX0IHON MOIeNu.

KOHIEITYAJIBHAA MO/IEJIb

[MocnemoBarenbHOE TPUMEHEHHE METOHOJOTHM CHUCTEMHOTO aHaji3a IPHUBOAUT K HEOOXOAMMOCTH
W3YYEHHUS U BBISBICHUS TOM KOHLENTYaJlbHOM MOENH, KOTOpas Jierja B OCHOBY co3iaHus cyuectBytomein CMITP.

Jus coznanus cymectByromeinr CMIIP, B kadecTBe 0a30BOM KOHIIENTYaILHON MOJIENH, B CBOE BpeMsl Oblila
BBIOpaHa Mojenb, kotopas onucana B cranjapre IEEE C.37.118 mo HeCKONbKUM MPUYMHAM, TJIABHOH M3 KOTOPHIX
SIBUJIOCH TO, UTO 3TO ObIJIa HCTOPUYECKH TMEpBasi HOPMATUBHO-COPMYIIMPOBAHHAS KOHIENTYyanbHast Moaens (Wide
Area Measurement System, WAMS). Brisisinenne u onrcanue 6a3oBoii konnentyansHoi mogenu IEEE C37.118 u
COTIOCTABJICHHE C HEH IMO3BOJMT OTYETIIMBO YBUAETH dBoonuio kak CMIIP, Tak u MCXOMHOW KOHIIENITYyaJIbHOM
MOJIETIH.

IMox o6o3nauennem IEEE C.37.118, B 1anHOM KOHTEKCTe, oapasymeBaeTcs Bes cepusi ctanaapros IEEE
MOCBSIILIEHHBIX CHHXpO(a3opaM u ux nepenade, HaunHas ¢ IEEE 1344-1995.

CaMm cTaHIApT HE CTaBUT Nepex co00i meiab cPOopMyIMpOBaTh MMEHHO KOHIICTITYadbHYIO MOJENb B
TEPMHHAX CHCTEMHOI'O aHajM3a, OJHAKO BCSA HEOOXoaumas MH(POpPMALUs AJs BBIABICHUS 3TOM MOJECIHA UMEETCS B
TEKCTax CTaHJapTa B HECTPYKTYPUPOBAHHOM BHJIE.

KonuentyanbHas moaessb coraacio IEEE C37.118
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Cornacno cranpapry IEEE C.37.118 cucrema cocrout u3 yctpoiictB usmepenus cuaxpogazopos (PMU) n
KOHILIEHTpaTopoB BeKTOpHBIX JaHHbIX (PDC) pa3Horo ypoBHs, kak moka3aHo Ha Puc.l. Ilpu 3ToM B cranmaprte
orosapuBaercs, 4to PMU u PDC 310 ¢hynkyuu, v OHH MOTYT SIBISTHCS 4acTbhio Oojiee OOIIEro ImporpamMMHO-
anmnapaTHOro KOMILIEKCA.

YerpoiicTB n3MepeHns: cHHXpoGa30poB HaXOJATCsl HA 0OBEKTE U BRIMONHAIOT CIEAYIONHE (DYHKIUN:

- IPHEM CHTHAJIOB HA CBOMX BXOJAX;

- I3MEPEHUE NMapaMeTPOB BXOJHBIX CUTHAJIOB;

- IPUCBOCHNE M3MEPEHHBIM NTapaMeTPaM METKH TOYHOTO BPEMEHU;

- epeaya MoyryuyeHHbIX ganHele B PDC.

@yakuun PDC npu 3ToM cBOAsATCS K cOOpY NAHHBIX OT HecKonbkuX ucTtoyHukoB (PMU wmmm PDC),
00BEANHEHNIO ATUX JaHHBIX B OJJMH MOTOK (MJIM HECKOJIBKO MOTOKOB) M nepenaue B PDC Gonee BHICOKOTO ypOBHSI.
BexTopHBIE KOHIIEHTPATOPBI BCEX YPOBHEM 00pa3ylOT HepapXUUeCKyro CTPYKTypy. B camom Hu3y Haxomgurcs PDC
YpOBHsSI 00beKTa, KOTOphIi codupaeT nanuele ¢ PMU u nepenaer B8 PDC xoprnopatuBHOro ypoBHs. 3aTeM JaHHBIC
nepexnatorcsi B PDC pernoHansHOTO ypOBHS U T.1.

C TOYKM 3peHUs] CHCTEMHOTO aHAIM3a KOHIENTyanbHas MOJENb CTaHAApPTa MOJAPa3yMeBaeT TOJBKO IBa
anemenTa B cucteme (PMU u PDC), ¢pyHKINE KOTOPBIX MPOpadOTaHBl BIUIOTH 0 TEXHHYECKUX TPEOOBAaHWUI H C
UCIIONIb30BaHUEM KOTOPBIX CTPOUTCS /1B€ (PYHKIMOHAIBHBIX ITOICHCTEMBI:

- U3MepHuTeNnbHas noacuctema (Ha ocaose PMU);

- moncucteMa coopa nanHbIX (Ha ocHoBe PDC Bcex ypoBHE).

PDC UOY
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Puc. 1. Crpykrypa WAMS cornacuo IEEE C37.118

KonuenrtyaasHnas moaens cymecrByromeii CMIIP

Mexay Tem, Kak ToKa3aja MpakTHKa ¥ ONBIT BHeApeHus otedecTBeHHON CMIIP, koHIenTyaibHas MOJENb
cragaapta IEEE C37.118 He sBisieTcss JOCTATOYHOW M HE TIO3BOJISIET JETAIM3UPOBATHh B JOCTATOYHON CTETICHH BCE
(hYHKIMY 1 TEXHUYECKUE XapaKTEPUCTUKU PeajbHO JACHCTBYIOMIEH CHCTEMBI, a CaMa W3HAYaJIbHAasl KOHIETITyaJbHas
moaens crangapta IEEE C37.118 nperepnena cepbe3Hble H3MEHEHHS, KOTOPhIe HEOOX0IUMO OTMETHTD.

[Mocnenyromas netanuzanys U Mepexo OT KOHIENTYalbHOH K (YHKIIMOHAIBHOW MOJIENN CYIIECTBYIOLIECH
OTEYECTBEHHOM CHCTEMBI ITPUBOJUT K HEOOXOANMOCTH M LIeJIECOO0Pa3HOCTH BBEACHHS B KOHLENTYaIbHYIO MOJIENb
ellle JBYX KOMIIOHEHTOB B SIBHOM BHJI€ — IIOJICUCTEMbI CUHXPOHU3AI[MM BPEMEHU U MOJCUCTEMBI EPEAUU JAHHBIX.
B pamkax ¢(yHKOMOHAJIBHOW MOJENHM, B IIpolecce ONMUCAHUS (YHKIMOHAIBHBIX XapaKTEPHCTHK 3JIEMEHTOB
cHCTEeMBI, 0e3 3TUX KOMIIOHEHTOB HE 0OOWTHCH U, B TOKe BpeMs, B KoHuenTyansHoit Mmonenu [EEE C37.118 ux B
SIBHOM BHJI€ HET, YTO NMPHUBOJUT K HEOOXOJUMOCTH JOPaOOTKH KOHIETITYaJIbHOM MO/IEIH.

Kpome sToro, B mporecce dKCIuryatanuu u pa3Butusa cymectBytomeid CMIIP, ¢pynakmun PDC u PMU
MPETEPIENHN CYIIECTBEHHBIE N3MEHEHNUS, YTO JOJKHO HAWTH CBOE OTPA’KEHUE B KOHILICNITY AJIbHOM MOJEIIH.
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Konnenryansnast Mognens cymiectBytomeii CMIIP xopomo cTpykTypupyercss Ha (yHKIHOHAJIbHBIC
KOMIIOHCHTBI U BBITJIIANUT CIEAYIOIUM obpa3zom (PucyHok 2):

- IOJICCTEMa CUHXPOHU3AIH BPEMEHH;

- U3MEpHUTENIbHAS TIOACUCTEMA;

- OZICUCTEMa Nepeladyl JaHHBIX;

- mosicucTeMa o0pabOTKH JaHHBIX.

Takas KOHIENTyadbHas MOJEIb IMO3BOJISIET HEMOCPEACTBEHHO NMEPEHTH K (YHKIMOHAIBHOW MOJECIH U
pa30buTh cucTteMy Ha (PyHKIMOHAIBHO HE3aBUCHMbBIC KOMIIOHEHTHI M ONMHCaTh (DYHKIUH 3THX KOMIIOHEHT, a 3aTeM
NpOBECTU JAETalu3allil0 BHYTPEHHEH CTPYKTYpbl U BBIIBUTH TEXHHYECKHE XApPaKTEPUCTUKH  KaxIoH
(yHKIIMOHAJIBHOW TTOICUCTEMBI HE3aBUCUMO JIPYT OT ApYTa.

ODyHKIIMOHAIBHAS MOJIEINb ABIISIETCA LIENEeBOI B paMKax HAacTOSINEro UCCIIEAOBaHUS, TOCKOIbKY MO3BOJISET
chopMyIHpOBaTh BCe HEOOXOAMMBIC TEXHUYECKUE TPEOOBaHUS, YIIyOJsisiCh B TEXHHYECKHE JETAIHM pealli3alui
MOJICUCTEM U CUCTEMBI B LIEJIOM TOJIBKO B HEOOXOIUMOM Mepe.
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Puc. 2. Crpykrypa CMIIP

INOACUCTEMA CUHXPOHM3AIIUU BPEMEHU

[Moncucrema CMHXpOHU3ALMU BpEMEHH, SIBISIETCSl Oe3 NpeyBelaudeHus: KiodeBoi noxacucremoit CMIIP.
HmeHHO oHa obecneynBaeT WM3MEPEHUS METKAMH TOYHOTO BpPEMEHH, OJarogaps KOTOPBHIM MOXHO OOBEAWHSTH
JIaHHbIE OJY4YEHHBIE B PA3IIMUHBIX TOUKAX IEKTPUUECKON CETH.

I'maBHO# (yHKIMEH moAcHCTEMBI siBIseTcs oOecnieueHue 3nemenToB CMIIP curHanamMu CHHXpOHH3AIHMA
BpeMeHHU TpeOyeMOoil TOYHOCTH W HAJIe)KHOCTHU, HPU 3TOM CUTHAIBI CHHXPOHU3AIMH BPEMEHH (OPMHUPYIOTCS Ha
OCHOBE JJaHHBIX, TTOJTyYEHHBIX OT TI00aJbHBIX HABUTAIIMOHHBIX CIlyTHUKOBBIX cucteM (ITHCC) I'NTOHACC/GPS.

OCHOBHBIEC TEXHUYECKNE XaPAKTEPUCTUKH TTOACUCTEMBI:
- TOYHOCTH MPUBS3KH COOCTBEHHOW MIKAIBI BPEMEHH K IIKajle KoopauHupoBaHHoro Bpemenn UTC;
- TOYHOCTh aBTOHOMHOT'O XpaHEHHS ¥ BOCIIPOU3BEICHUSI COOCTBEHHOH IIKAIBI BPEMEHH.

OT mepBoro mapameTpa 3aBUCHUT OOIIasi IOTPENTHOCTh U3MEPEHUSI BEKTOPOB U TOYHOCTH TIPH 00bETMHEHUH
JIaHHBIX TIOJYYEHHBIX B PA3JIMYHBIX TOUKAX 3JIEKTPUUECKON CETH.

BTOpOﬁ napameTp, ABJIMACTCA IIOKa3aTCJIEM HAACKHOCTU. U saBasercs HCO6XOHI/IMLIM Ha cnyqaﬁ
KpaTKOBpCMCHHOﬁ NOTEPU CUHXPOHU3ALIUU BPEMCHU OT CITYTHHUKOB.

H€06XO,HI/IMO JAaTb HEKOTOPOC IMOACHCHHC IO IMOBOAY I3TOTO IapaMeTpa. ,HCJ'IO B TOM, 4YTO CYHLIECTBYCT
HCKOTOPOC HCAONOHMMAHHC MPUHIHUIIOB pa60Tm FHCC, U JaXe IpU HOPOCKTUPOBAHHMU PCAJIbHbBIX CHCTEM

TUHKA TeHBpATOPA RO36YK[eHuA
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obecrnieuenns exunoro Bpemenn (COEB) ncxomir u3 nokHbIX npennocsutok npunimmnos padotst THCC. Hecmotps
Ha TO, 4ro cnyTHUkH ['HCC uMeIOT aTOMHBIE Yachl, OHH He sA81Ai0mcs TEPBUYHBIMHM 3TaJIOHAMU BPEMEHHU.
IlepBuuHBIN 3TalloOH BpeMEHU HAXOAMTCS Ha 3€MJIe, CTOUT OYEHb JIOPOTO M OT HEro HECKOJIbKO pa3 B CYTKH
cuaxpoHmupyetcst Bpems cimyTHHkoB 'HCC. IlosTomy, ycTaHOBKa Ha OOBEKTE aTOMHBIX 4acoOB, C TAKUMH XKe
napamerpamu Kak y cinyTHHKOB [HCC He oTMmeHseT HeoOxoaumocT koppeknuu Bpemenn CMIIP no curnamam ot
cinytHukoB 'HCC. B To e Bpems, cucTeMa CHHXPOHH3ALUH BPEMEHH, TIOCTPOCHHAsI C IPIMEHEHHUEM TEXHOJIOTUH
npueMa curHainoB or crmyTtHHKoB HCC, cama mo cebe He sBISIeTCS HAIEKHOHM, M3-32 TOTO, YTO CHTHAIBI OT
cnytHukoB ['HCC monBep)keHbl BIMSIHUIO Pa3IWYHBIX (AKTOPOB M MOTYT NEPHOANYECKH IPONAIATh.
EMUHCTBEHHBIM, JOCTYIMHBIM TEXHMYECKMM pEIICHHEM Ha AaHHOE BpeMsi, SIBISETCS yAep)KaHue COOCTBEHHOW
IIKaJIbl BpEMEHH B TPeOyeMBbIX IIpeenax TOYHOCTH Ha BpeMs mponaiganus curnainos ot ciyrHukoB [HCC, 3a uto u
OoTBeYaeT paccMarpuBaeMblii mHapamerp. KonndecTBeHHas BelIMYMHAa 3TOTO MapaMeTpa, B KOHEUYHOM CYETe,
oTpeziessieTCs MPUIOKEHUSIMH, KOTOpbIe UCIoib3yloT naHHele CMIIP u B maeane moimkHa OBITH HOPMUpPYEMOH
METPOJIOTHUECKON XapaKTepUCTUKOM MOACUCTEMBI CHHXpOHMU3anuu Bpemenn CMIIP.

B OGHICM ClIyda€ TCXHHYCCKad pcainsalusd MNOACUCTEMbI CUHXPOHU3AlUW BPEMCHH BKIIIOYACT B cebs
CJICAYIOIIHNC DJICMCHTBI:

- AHTCHHBI;

- IPUEMHUKH CITYTHUKOBBIX CUTHAJIOB,

- COCAMHUTCIIbHBIC Ka6CJ'II/I;

- HHTep(i)eﬁCBI 1 IPOTOKOJIbI D€pCAAYN CUTHAJIOB CUHXPOHU3AlMU BPEMCHU.

[TpuBeneHHBINH COCTAB TEXHUYECKOW peasM3alii HE SBISCTCSA 00s3aTesbHBIM. KOHKpPETHBIE TEXHHYECKHE
peuieHuss MOTYT OBITh pPa3HBIMH, HANpHMep, OOBEIUHATH NPHEMHHMK W aHTEHHY, I[PUEMHUK U YCTPOWUCTBO
CHHXPOHM3HPOBAHHBIX BEKTOPHBIX M3Mepenuit (YCBIN).

OtcyTcTBHE B KOHIeNTyanbHOH Moaenu ctanfgapta IEEE C.37.118 noacucteMsl CHHXpOHU3AIMKM BPEMEHU
B SIBHOM BHJI€ TPHUBEIO K TOMY uTo, Ha nAaHHbIi MoMeHT Bce (!) YCBU oTeuecTBEHHOTO NPOHM3BOJICTBA
HECOBMECTUMBI MEXIy C000il B 4acTH MHTep(EeicoB Ui NMpHeMa CUTHaJOB CHHXPOHM3allMHd BpeMeHU. B cBoio
odepeib, 3TO MPUBOAMUT K TOMY, UTO JUIsl BHEAPEHUSI HA OAHOM dHeprooOdbekTe YCBU pa3HbIX NMpOU3BOAUTENEH,
HEOOXOIMMO pean30BaTh Ha STOM JHEPrOO0BEKTE OIHOBPEMEHHO HECKOJBKO IIOJCUCTEM CHHXPOHHU3AIUH
BpEMEHMU.

N3MEPUTEJBHASA NIOJACUCTEMA

W3mepurenbHas MojacucTeMa SIBISETCS MCTOYHUKOM CHHXPOHU3MPOBAHHBIX BEKTOPHBIX WU3MEPEHUH ISt
CMIIP. Kpome »toro, B Hacrosimiee Bpemsi, mnojcuctema obecneunBaer CMIIP mmpokum  crekTpom
JOTIOJTHUTENBHBIX H3MEPEHUN, CHHXPOHU3UPOBAHHBIX 110 BPEMEHHU.

I'maBHBIC QYHKIHH ITOICHCTEMBI:

- IpueM (PU3NYECKUX CHUTHAIIOB IIOCPEACTBOM COOCTBEHHBIX H3MEPHUTEIBHEIX IPE00pazoBaTeieii;

- IPHEM CHTHAJIOB TOYHOTO BPEMEHH OT MOJICHCTEMBI CHHXPOHHU3AIINH BPEMCHH;

- 00paboTKa BXOJHBIX CHTHAJIOB U MOIYYCHUE 3HAYCHUN HEOOXOJUMBIX TApaMETPOB;

- lepeiaya MoTy4YeHHBIX 3HAYCHUH B TOJICHCTEMY 00pa0OTKH TaHHBIX B PEXKHME PEATEHOTO BPEMCHH.
OCHOBHBIE TEXHUYECKUE XaPAKTEPUCTUKH TTOJICUCTEMBI:

- METPOJIOTHYECKHE (TOUHOCTHBIE) XapaKTePUCTHKU U3MEPSIEMBIX ITapaMeTPOB;

- 4aCTOTa BBIIaYM JJAHHBIX B peabHOM BPEMEHH;

- TMHAMUYECKHUE XapaKTePUCTUKH (3aIeprKKa BBIIAYH JAHHBIX, 33/IePKKU MUPPOBOI 00pabOTKH JaHHBIX).

ITockoybky OCHOBHasi (DYHKIIHS MOJCHUCTEMBI 3aKITIOYAETCS B MOJYYCHUH HEOOXOIUMBIX HU3MEPEHHM, TO
OCHOBHBIMHM XapaKTEPUCTHUKAMU TIOJCUCTEMBI SBISIFOTCS METPOJIOTUYECKHE W TOYHOCTHBIE XapaKTEPUCTHUKH
HU3MEpEHU.

B Hacrosiiee Bpemsi METPOJIOTMYECKHE M TOUHOCTHBIE XAPAKTEPUCTUKU IOACUCTEMBI OIMpPENESIFOTCS
TpeboBanusimu crangapra [EEE C37.118. Opnako, mo pesyinbraTaM CepTU(QHKALMOHHBIX HCIBITAHUH Ha
cootBerctBue cranaapty IEEE C37.118, mo meroauke, paspadorannoit ®I'BOY BIIO «HIY MDB3W», BO3HHKIIO
MHOTO BOMPOCOB, KaK K MOJIOXEHHUSIM CTaHJapTa, TaK U METOJMWKE Ha COOTBETCTBHE dTOMY CTaHAapTy. B cBs3u c
STUM yke chopMynHpoBaHa 3ajada 1o agantanuu nonoxenni crangapra IEEE C37.118 x peaJlbHBIM yCIOBHSIM
MPUMEHEHHUS 1 pa3paboTke HOBBIX TpeOoBanuii k Y CBU B wacTu nuamepeHmii.
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Pa3zpaboTka HOBBIX TpeOOBaHMII K KadeCcTBY HM3MEPEHHH IJIaBHBIM 00pa3oM KacaeTcsi M3MEpeHHH B
YCIOBUSIX JUHAMHYECKUX (IIEPEeXOHBIX) PEKUMOB, OJTHAKO B PaMKax PEUICHUs 3TOH 3a/1a4d HEOOXOAMMO MMETH B
BUIy TOT (aKT, 4YTO OOBEIMHEHHE BO3MOXKHOCTEH NOACUCTEM CHHXPOHM3AIMH BPEMEHH, H3MEPUTEIbHON
HOJCHCTEMBI, a TaKXKe NPUMEHEHHE COBPEMEHHBIX TEXHOJOTHH IHM(POBOH Nepemadyn AaHHBIX JaeT OoJjbIine
BO3MOXKHOCTH I10 PaCHIUPEHHUIO CIIEKTPa AOCTYIHBIX H3MEPEHUH.

OTH BO3MOXXHOCTH YK€ HCIONIB3YIOTCS M HMEIOTCS INPOMBILUICHHBIE BHEAPEHHs, HaIpuMep, Ui
HOJTy4eHHs 3HAYCHUH TOKA M HAIPSDKEHUSI CHCTEMBI BO30Y KIICHUS TeHepaTopa. [Ipumep TeXHHYecKoi peann3aunu
pelICHHUs, NPUMEHSIEMOro Ul MOJTYyYeHUs 3HAYCHHH TOKa M HANPsDKEHUs CHCTEMBI BO3OYXKICHHUsS IeHepaTopa,
npuBesieH Ha PucyHnke 3.
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Puc. 3. VI3mMepeHne ToKa U HANPSDKEHHST CUCTEMBI BO30YXKISHUS reHepaTopa. [Ipumep TexHuueckoi
peanuzan

JUis u3MepeHus: ToKa W HaNpsDKEHHs CHCTEMBI BO30Y>KAECHUS I'eHepaTropa NMpHMEHSeTCS M3MEepUTEIbHBIN
npeoOpa3oBaTeib, KOTOPBIH MOJKIII0YAETCS HEMOCPEICTBEHHO K IIYHTY IeHepaTopa, K MOACUCTEME CHHXPOHH3ALUH
BpeMmeHu 1 k YCBU. brarogaps sTomy, U3MepHUTEIbHbIN Tpeodpa3zoBaTens n3MepseT 3HaUeHUsI TOKa M HAPSKESHUS
CHCTEeMBI BO30YXXICHHS TeHepaTopa, NMPHCBAMBAeT 3TUM 3HAYCHHMSM METKHM TOYHOTO BPEMEHH U MepeaaeT yxKe
CHUHXpOHHM3HMpOBaHHble 3HaueHus B YCBUW mo unudpoBomy mnporokosny. Hanmudue METOK TOYHOrO BpEeMEHH
no3BossieT YCBU 00beqMHNUTE 3TH 3HAUEHHUS CO CBOMMH CHHXPOHHM3MPOBAHHBIMHU 3HAUCHUSAMH U MEpeAaTh UX B
nojicucTeMy 00pabOTKH JaHHBIX €IMHBIM MacCHBOM.

Kpowme atoro, BegyTcs TeopeTHUECKUE U NPAKTHUECKUE UCCIEN0BAHUS IO UCIIOJIBb30BAaHUIO BO3MOXKHOCTEN
CMIIP s mosydeHus] OpSAMBIX M3MEPEHHUH YTIOBOM CKOPOCTH M yIia poTOpa FeHepaTopa ¢ METKAMU BPEMEHHU
BBICOKOM TOYHOCTH, YTO MO3BOJHT, B MEPCHEKTUBE, PELUIUTH PsJ aAKTyallbHBIX 33[a4 YINPaBICHUS AIEKTPUIECKUMU
pexxumamu. Ilpumep CymecTBYIOIMIEr0 TEXHUYECKOTO pPEIIEHHs, KOTOPO€ HCHONB3YeTCA I MPaKTUYECKHUX
HCCIIeIOBaHUHN B 3TOM 00IacTH, IpuBeAcH Ha PucyHke 4.
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Puc. 4. I3amepenue yrioBoil CKOPOCTH U yIia poTopa reHeparopa. IIpumep TexHH4ecKol peanu3anuu
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JUis nody4eHus npsMbIX U3MEPEHUH YTI0BOM CKOPOCTH U yIJla POTOpa FeHepaTopa NPUMEHSAETCS CUCTEMA,
COCTOSIILIAsl M3 M3MEPUTEIBHOrO IpeoOpa3oBarens, JaT4MKa CKOPOCTH BpalleHUS M JaTddka aOCOJFOTHOTO
MOJIOKEHHsI Bajla TeHeparopa. VI3mepurenbHbI mNpeoOpa3oBaTeib MOAKIIOYACTCS K JaT4MKaM, IOJCHCTEME
cuaxpoHm3annn BpemeHH W kK YCBU. Iloxywas nmaHHBIE C [JaTYWKOB, W3MEPUTENBHBIH IpeoOpa3oBaTelb
MPUCBAaMBACT MM METKH TOYHOTO BpeMmeHH W mepermaer B YCBU mo mudpoomy mporoxony. Hammame merox
TOYHOTO BpeMeHH no3Boisier Y CBU 00beinHNUTD 3TH 3HAYCHUS C APYTUMH CHHXPOHU3MPOBAHHBIMHU 3HAYCHUSIMA U
nepenaTh X B MOACUCTEMY 00pabOTKH JaHHBIX €IUHBIM MaCCHBOM.

BrimrenprBeieHHBIE  TIpUMEpHl  MOKA3BIBAIOT, YTO K HacTtosmeMy BpemeHn YCBU cepre3sHo
9BOJIFOLIMOHMPOBAIN KaK TEXHHMYECKH, TaK U B YaCTH W3MEPSEMBIX MapaMeTPOB, MPEJICTABIAIOT COOOH CHCTEMY U3
HECKOJIbKUX 3JIEMEHTOB U HE BIIMCHIBAIOTCS B KOHLENTYyalbHY0 Mozeib ctanaapra IEEE C37.118. B obmem ciydae
TEeXHUYECKas peanu3alus U3MepUTEIbHOI MOJACUCTEMBI BKIIIOYAET B ce€0sI CICIYIOLINE HIEMEHTHI:

- JaT4YHKHY;

- U3MEPUTEINILHBIE Pe0Opa3oBaTENH;

- VCBU;

- ceTeBoc O0OOpYHOBaHME I OpPTraHM3ALWHM PACIpPEACICHHON IIMHBI Tepefadyd JAaHHBIX MEXIY
M3MEPHUTENBHBIMA TIpeoOpa3zoBarensamu u Y CBU (komMyTaTOpsl, Kabenu u T.1.);

- uHTep(eich U HUQPOBEIE MPOTOKOIIBI IIEPEIadN JaHHbIX;

[IpuBeaeHHBIN aHATU3 CTPYKTYPBI U XapaKTEPUCTUK U3MEPUTENILHON NOJICUCTEMBI MTOKa3bIBaeT, yTo CMIIP
uMeeT OOJNBIION MOTEHIWaN pa3BUTHS B YacTH PACIIMPEHHS CIEKTpa AOCTYNMHBIX H3MepeHui. OIHaKko Takoe
pacimpeHye 10JKHO COMPOBOXKAATHCA COOTBETCTBYIOLIEH METPOIOIHIECKON MOAJEPIKKOM, KOTOpasi CBOEBPEMEHHO
OBl 1aBajno omperejeHHEe HOBOMY HM3MEPEHHMIO BBEJCHHEM STAJIOHHOW METOAMKH pacyera U TPeOOBaHUSMH II0
TOYHOCTH.

OOpamiaer Ha ce0si BHUMaHUE TOT (akT, 4TO pe3ysibTaT B3aUMOJCHCTBUS MOACHUCTEMBI CHHXPOHHU3AIUU
BPEMEHHU U U3MEPUTEIBHON MOACUCTEMBI SIBJIAETCS SPKUM MPAKTUYECKUM MOATBEPKIACHUEM OJTHOTO U3 IOCTYJIAaTOB
CHCTEMHOTO aHaJM3a, KOTOPBIH TJIACHUT, UTO CEOUCMSBA CUCMEMbl He CGOOAMCA K NPOCMOU CyMMe C8OUCME ee
9NeMEHMO8 U CUCmeMa npuobpemaem cGOUCMEA He NPUCYIUE HU OOHOMY U3 e€ INEMEHMO8 8 OMOENbHOCIU.

MNOACUCTEMA INEPEJAYU JAHHBIX

IMoacucrema nepenaun AaHHBIX cBs3biBaeT dj1eMeHTsl CMIIP mexny coGoit u obecneunBaeT JOCTaBKY
JIAaHHBIX 110 HA3HAYECHUIO B PEXKUME PEAIBHOIO BPEMEHH.

I'maBHOW ¢yHKIMEH NOACHCTEMBI SBISIETCS CBOCBPEMEHHAs W HaJeXHas Iepelrada JAHHBIX MEXIY
snemenTamMu CMIIP.

OCHOBHEIE TEXHHYECKHE XapaKTCPUCTHUKHU TOACUCTEMBI:
- [IPOITyCKHAas CHOCO6HOCTL;

- JaTCHTHOCTH (3az[ep>KKa nepegayun Z[aHHBIX);

- HAaACXKHOCTD.

Hecmotps Ha TO, 4TO OfHOW M3 (YHKIMI KOHIIEHTpaTtopa BeKTopHbIX AaHHbIX (KBJ) sBisercs nepenaya
JnaHHbIX (Hanpumep, B KBJl Gonee BBHICOKOIO ypOBHS) MMEET CMBICH BBIHECTH €r0 3a Mpeesbl paccMaTpUBaeMOM
MOJICHCTEMBI TI0 HECKOJIBKUM IPUYNHAM:

- ¢yskuonansHo KB/ 7mOrMYHO OTHECTHM K TOACHUCTEME OOpaOOTKM JAaHHBIX, MOCKOJIBKY OIHOW U3
ocHoBHBIX (pyHkmmerr KB]I sBisieTcst o6vedunenie TAHHBIX, 9TO CaMO IO cebe yxKe SBIsIeTCS 00pabomxot TaHHBIX.
3amepXKH Tepenadyd AaHHBIX, BHocuMble KBJI, B Ooumblmell cTemeHH CBS3aHBI HMEHHO C 06pabomxot
(Oydepuszanmsi, CHHXpOHH3AINKs1) TaHHBIX U UMEIOT APYTYIO MPHPOJY B OTIMYHE OT 3aJICPXKEK B KaHAJC Mepenadn
JTAaHHBIX;

- K HacTosmemy BpemeHHn QyHkimn KBJ] cymiecTBeHHBIM 00pa3oM 3BOMIONHOHMPOBAIH 1O CPABHEHUIO C
0a30BOI KOHLIENTYaJbHOW MOJENBI0 UMEHHO B oOnacTh oOpaboTku maHHBIX. Kpome atoro, cymecTBylomiee Ha
JIaHHBIII MOMEHT TIpeJicTaBiIeHue o nepcrnekTuBax passutuss CMIIP npennonaraer passutie ¢pynknuii KB/l nmenHo
B obnacTr 00pabOTKU JAHHBIX.

Takum oOpa3oMm, B TMOACHCTEME TepeAadd JaHHBIX OCTAIOTCS TOJBKO Te OJEMEHTHI, KOTOpbIe
HEIIOCPEJICTBEHHO CBS3aHbl UMEHHO C MPAHCHOPMOM JaHHBIX.

B o6mem CJIyda€ TEXHUYCCKasd pean3anus MOJACUCTEMBI IEPEAavYN TaHHBIX BKIIFOYACT B cebs CIeayronume
OJICMCHTHI:

- kabenw;

- KOMMYTAIIMOHHOE 000PYyIOBaHHE;
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- IPOTOKOJIbI MepeAayn JaHHBIX.

IIpaxkTrka Mmoka3bIBaeT, YTO MOJCHCTEMA MEpeJaud JAHHBIX UMEET HEOAHOPOIHYIO CTPYKTYpPY € TOUKHU
3pEHUS] OCHOBHBIX TEXHUUYECKHX XapaKTepUCTHUK. Ecny Ha ypoBHE >HEProo0ObEKTa NMPOIYCKHAs CHOCOOHOCTh U
JATEHTHOCTD MOJCHCTEMBI TOJHOCTHIO COOTBETCTBYIOT PEIIAEMbIM 3aadaM, B TOM YHUCIE U HEPCIIEKTHBHBIM, TO TI0
BBIXO/1y 3a TIPEJIEIIBI SHEPTOOOBEKTA XapaKTEPUCTUKH MOJCUCTEMBI PE3KO MaIafoT.

Hanpumep, eciu B mpefenax SHEProoObeKTa MOACHCTEMA HMEET TAKHE XapPAaKTePHCTUKH KaK:
- IpomycKkHas criocobHocts — 100 Mbut/c;

- IATEHTHOCTh — COTHU MHKPOCEKYHI;

- HaJI©XKHOCTh — KaHAaJIbl Iepeauu JaHHbIX, KaK MPABHIIO, PE3EPBUPYIOTCS.

To 3a mpeaenamu 3HeprooOBEKTa MOACKCTEMA UMEET TaKHe XapaKTePUCTHKH Kak:

- IPOITyCKHast CHOCOOHOCTH — coTHH KOuT/C;

- IATEHTHOCTh — COTHU MUJUTHCEKYH]T;

- HaJI©XKHOCTh — KaHAaJIbl Iepe/Iau JaHHbIX, KaK MPABHIIO, PE3CPBUPYIOTCS.

AHanu3 MoJICUCTEMBI Nepefaudl JaHHBIX MoKa3biBaeT, uTo CMIIP uMeer y3koe MecTo B 4acTH Nepegadu
JaHHBIX 32 TIpeZeraMi HEProoOBEKTa W, B TOXKE BpeMs, OOIBIION MOTEHIWaN IS Pa3BUTHSA C TOYKH 3PECHUS
YIIy4IIE€HUSA TEXHUYECKUX XapaKTEPUCTHK.

IMNOACUCTEMA OBPABOTKU JAHHBIX

IToacucrema 00paGOTKM MAHHBIX peaM3yeT Te ILeNd W 3aJaud, JJi1 JOCTHXKEHUS M MPaKTHYECKOH
peanu3aiuy KOTOPhIX COOCTBEHHO U npenHa3zHaueHa CMIIP.

Amnanu3 BceX BO3MOXKHBIX Q)yHKHI/Iﬁ MOJACUCTEMBI BBIXOJUT 3a paMKW HAHHOT'O HCCJICIOBAaHUA, OJIHAKO,
aHaJIn3 HCEKOTOPBIX (I)yHKL[I/Iﬁ H€O6XOZ[I/IM JJIsL MMOCTPOCHUA 3dKOHYCHHOI'O HCCJICAOBAHUA W OIIPCACICHUA
KOHICTITYaJIbHbIX Hal'[paBJ'ICHI/Iﬁ pa3BUTHA.

B O6H.[CM ClIydqac TCXHUYCCKas pealn3alnus MMoJACUCTEMbI O6pa6OTKI/I JaHHBIX BKJIHOYACT B cebs cjeayromue
JJICMCHTBI:

- armmapaTHoe obecnieueHre KBJ] Bcex ypoBHeif;

- CIeTMaIM3UPOBaHHOE TIporpaMMHoe obecrieueHne KB/ Bcex ypoBHEH;

- CEpBHUCHOE MPOrpaMMHOe odecrieueHue Uit KoHpurypupoBanus u Hactpoiiku KB/] Bcex ypoBHeid;
- IPUKJIaJHOE TIPOrpaMMHOE oOecrieueH e I aHalu3a CHHXPOHU3UPOBAHHBIX BEKTOPHBIX JIAHHBIX;
- IporpaMMHOe obecrieueHne Busyanu3anuu JanHeix KB/ Bcex ypoBHeit.

B HacTosmee Bpemsi, nmepBuuHas oOpabOTKa JAaHHBIX MPOUCXOIUT yxke Ha ypoBHe KBJI sHeprooOnekTa,
KOTOPBIH, KaK MPaBUIIO, BBITIOJHSET CIEAyIOIne GYHKIUH:

- OJTy4eHHE BEeKTOPHBIX HaHHBIX 0T Y CBU, Monudukanms naHHEIX (JopacueT He0OXOANMBIX TapaMeTPOB,
KOHBEpTAlUsl MPOTOKOJIOB, U3MEHEHHE YacTOThl JAMCKpeTH3anuy, Gopmara AaHHBIX W T.I.), OOBEIUHEHHE ITHX
JIAaHHBIX C BBIPAaBHMBAaHHEM I10 OTHOCHTEIHHOMY JHOO abCOMIOTHOMY BpeMeHH M X nepenada B KBJI Bepxuero
YPOBHS HEPAPXHH;

- apXUBUPOBaHUE NoNydYeHHbIX 0T YCBU naHHBIX B BUJE HIUKIMUYECKOTO apXHBa;
- IPEIOCTAaBJICHHE JOCTYIIA U Bblaya JaHHBIX HUKIMYECKOIO apXUBa I10 3aIpocCy;
- perucrpanys aBapuiHOrO apxuBa I0 3aJaHHBIM TEXHOJIOTOM KPUTEPHM;

- BU3yaJIM3allisl apXUBHBIX U TEKyIUX JaHHBIX HAa APM TexHosora;

- B3aMMOJICHCTBHE C IPYTUMHU HH(POPMAIIMOHHBIMY CHCTeMaMHu (HarpuMep, nepeaada qanaeix B ACY TII).

HHEPCIIEKUBbBI PA3BUTHUA

MeTooJIoTHs CHCTEMHOTO aHaJIn3a, TO3BOJISIET OIEHUTh HE TOJBKO Tekymiee coctossHue CMIIP, HO u
KOHIIENITYaJIbHO OMNPEIETUTh MEPCIEKTUBBl €€ Pa3BUTHs B Pa3IMYHBIX HAPABICHUSIX, a TaKXKE BBIIBUTH Y3KHE
MeCTa Ha ITyTH TaKOTO Pa3BUTHSI.
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Hanpumep, k HacTosilieMy BpeMEHH IOCTATOYHO MHOTO CKa3aHO M HAIMCAHO O MEPCIEKTHBAX Pa3BUTHUS
CMIIP B yactu WAMPACS. Onnako, HM B 0a30BOi KOHIENTYaJIbHOH MOJENH, HU B KOHLENTYaJbHOW MOJEIN
cymectBytomedi CMIIP He BUIHO MeXaHU3MOB M DJIEMEHTOB KOHTypa ympasieHus. He moOHSATHO, Kak
mpenmonaraercs peanm3oBbBath cuctemy WAMPACS, Oymer nm 3TO0 coOCTBEHHAas MOACHCTEMAa YIPAaBICHHUS
CMIIP wnm motpeOyeTrcss B3aMMOACHUCTBHE C CYIISCTBYIONINMH CHCTEMaMH ympaBieHus? B mobom ciydae, 310
JIOJDKHO HaiTH CBOE OTpa)keHHE B KOHLIENTYaIbHOW MOJENHN B BUIE OTACIBHON ITOJCHCTEMBI YIIPABICHUS.

VYnpomeHHass KoHIeNTyamsHas Mojenb cymectByromeit CMIIP, mpuBeneHHas B maHHOH pabore,
MOKA3bIBACT, YTO CHCTEMa HMeeT OONBIION NOTEHIMAd B YacTH H3MEPUTEIBHOH MOICHCTEMBI, ITOJCHCTEMBI
00pabOTKU MaHHBIX U B3aUMOCBs3EH C APYrUMH HHGOPMAIMOHHBIMEH cucTeMaMi. COBPEMEHHBIC TEXHOJOTHH
MPEJOCTABIIAIOT OOJBIIKNE BO3MOKHOCTH ISl MOJIyYCHHsS HOBBIX m3MepeHuil. OpHako HeoOXxoamMma pa3paboTka
TAKOr0 MEXaHU3Ma, KOTOPHIH Obl (hOpMaNTHN30BBIBA OBl 3TH HOBBIC U3MEPEHUS, IPEIBSIBIIST Obl K HUM TPSOOBaHUS U
NPEJOCTAaBIAT  METOJWKH MPOBEPKH HA COOTBETCTBHE IJTUM TpeOoBaHusM. [IpoBepka Ha COOTBETCTBHE
BBIPAOOTAHHBIM TPEOOBAHUSAM, OYCBHUIHO, JOJDKHBI TPOBOUTH HE3aBHCUMBIC JIMIICH3UPOBAHHEIC JIAOOPATOPUH, YTO
B CBOIO OUYEpe[b BJICUET 3a COOOH HEOOXOIMMOCTh Pa3pabOTKH MEXaHU3MOB JIUIICH3UPOBAHUS, CTAHIAPTU3AIMH U
T.1. Bce 3TH MOMEHTHI SIBIISIFOTCA Ba>KHBIMU HanpaBiieHUsIMU pa3BuTuss CMIIP.

Eme ogHuM CyIeCTBEHHBIM MOMEHTOM, HEMOCPEACTBEHHO BBITEKAIOIUM U3 IMPAKTUYECKOTO0 MPUMEHEHHS
CHCTEMHOT'0 aHAJIN3a, ABISIETCS TO, YTO MOCJIE0BATENHHOE €r0 IPUMEHEHHE IPUBOANUT K HEOOXOIMMOCTH CO3/1aHHS
MMHTAIMOHHON MOJENH, KOTOpas IO3BOJSIET OLEHWUTHh BCE XapaKTEPHCTHKH CHUCTEMBI B JAWHAMHUKE (B Iporecce
MojenupoBaHus). B Hactosmee Bpems, nanaeile CMIIP ncmonb3yroTcst riaBHBIM 00pa3oM Ui MOHHTOPHHTA H
aHalu3a aBApUMHBIX CHUTyallUd, MO3TOMY 3Ta 3ajada BO3MOXHO M He fABISAeTCA akTyanbHOW. OnHako ecnn
paccmatpuBath pazButue CMIIP ¢ Touku 3penuss WAMPACS, 1o Takass UMUTAIMOHHAs MOJIe]b, BO3MOXHO,
OKa)XETCsl MPOCTO HEOOXOAMMOM. 3akiajgbiBasi B TaKyl0 MOJIENb pedibHble XAPAKTEPUCTHK PedbHbIX DICMEHTOB
CMIIP, MOXHO OLEHWTh, Pa3IHMYHBIC XapaKTEPUCTUKHU CHUCTEMBI (HampuMep, BpeMs MPOXOKACHUSA KOMAaHI), UX
MaKCUMaJbHbIe U MHHUMAaJIbHBIE 3HaueHUs (a Takxke M00YyI0 JPYryl0 CTaTUCTHKY) B Pa3lUYHbIX pexumax. Jis
CO3/1aHHs MOTOOHBIX MOJIEICH CYIIECTBYIOT CHEIMAIN3UPOBAHHBIE MeXaHU3MbI, HanpuMep, GPSS u packpamienssle
cetu [lerpu. Co3panue umurtanuonHoi moaenu CMIIP, ¢ momoIipio 0HOTO M3 TaKUX MHCTPYMEHTOB, MO3BOJIUT
U3y4aTh DPAa3/IMYHBIE CBOMCTBA CHUCTEMBI B CaMBIX Pa3HBIX PEXKMMaxX M SBISAETCS OOHMM M3 HNEPCHEKTHBHBIX
HanpasyieHu# pa3sutust CMIIP B nemnom.

3AK/IIOYEHUE

Kak yxe ObIO CKa3aHO BbINIE, JaHHAs paboTa He MPETeHIyeT Ha MCUYEPIBIBAIONINKA XapaKTep U CTaBHUT
CBOEH IeTbI0, TPEXKIAE BCET0 PACCMOTPEHHE KaK MOXKHO OOJIBIIEr0 Yuciia BOMPOCOB, cBs3aHHbIX ¢ CMIIP u ee
pazButueM. Crenyer OTMETHUTh, YTO HEKOTOPbIE M3 pPacCMaTpUBAEMbIX BONPOCOB B TOM WM HMHOM CTENEHH
JETaIM3aliyd yXKe HM3YYaliuch W OCBEMIANNCh paHee. Llempro maHHOW paboTHI, SBIBUIOCH OOBEOMHEHHE BCEX
BONPOCOB, cBs3aHHbIX ¢ CMIIP u ee pa3BUTHEM B €MHYIO CUCTEMY C UCIIOJIB30BAHUEM METOJOJIOTHU CUCTEMHOIO
aHanusa.

JIUTEPATYPA
[1] IEEE Std C37.118.1-2011. IEEE Standard for Synchrophasor. Measurements for Power Systems.
[2] IEEE Std C37.118.2-2011. IEEE Standard for Synchrophasor. Data Transfer for Power Systems.
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C.5.1-9. MMNOTHbLIN NPOEKT BHeAPEHUS NPOrpaMmMHOro
komnsekca PhasorPoint B OAO «CO EJ3C»

A. A. HEBEPA, H.T'. ITYBHUH, I1.H. KA3AKOB, JI.H. YTKUH
3A0 «PTCodp1», OAO «CO EIC»
Poccus

Knrouegwie cnosa:
CMIIP, MOHUTOPHHT, apXUTEKTYPa, HU3KOYACTOTHBIE U CYOCHHXPOHHBIE KOJIeOaHus, KOHTPOJIb MPEIEIIOB
nepeaaBacMoi MOLITHOCTH

B asrycre 2014 OAO «CO EDC» wuHHMLIMHpOBAaHA pealu3alys MNHIOTHOIO IPOEKTa
BHE/IpEHUs NporpaMmHoro komiiekca PhasorPoint B rmaBHOM aucrieTdepckoM IEHTpe. DTOT
KOMIUIEKC pa3paboTaH KommaHuedl Psymetrix u mnpenHasHaueH sl TOCTPOCHUS BEPXHETO
YPOBHSI CUCTEM MOHUTOPHHTIA NEePEeX0IHbIX pekUMOB (WAMS).

[Ipu BbBIOOpE NpOrpaMMHOrO0 KOMIUIEKCA /Jisi MHUJIOTHOTO MPOEKTa MPUHUMAIKNCH BO
BHHUMAaHUE CIIEAYIOINE KPUTEPUU:

—  OMBIT IPUMEHEHUS B Pa3IMYHBIX SHEPrOCUCTEMAX;

— MaciTabupyeMocThb OT €AMHMIL 1O HECKOIbKUX Thicsiy PMU;

— HQIWYUE AHAJUTUYECKUX TPUWIOKEHUM JUIsi  KOHTPOJS  HHM3KOYAaCTOTHBIX
KOJIEOAHUH.

Peanuszanus [aHHOrO IPOEKTa MpeAyCMaTpUBAeT IPUEM  CHHXPOHM3UPOBAHHBIX
BeKTOpHbIX M3MepeHuil (CBUW) nepBonauyanbHo oT 10-u PMU, B mocnenyromeM KOJIU4ECTBO
PMU moxer ObITh yBenuueHo. B kauectBe 10 Touek MOHMTOpUHIa ObUIM BBIOpaHBI OOBEKTHI
AIIEKTPOPHEPIeTUKH, OCHALICHHbIE MPOrPaMMHO-TEXHHUUYECKHUMH KOMIUIEKCAMH  CHUCTEMBbI
MOHMTOPHHIA TEPEXOJHBIX PEXUMOB M PACIOJIOKEHHBIX B PA3JIMUHBIX ONEPAllMOHHBIX 30HAX
eauHoi sHeprocucteMbl Poccun. Jlyis MOHUTOpUHTA ObUIH BBIOpAHBI MOIIHBIE AJNEKTPOCTAHIINH,
pacroyio’)keHHbIE B cUCTeMOooOpasyromx y3nax. IlepedeHb TOuek MOHUTOpPHHIra MapaMeTpPOB
anektposneprernyeckoro pexxuma B [IK PhasorPoint npusenen B Tabnune 1.

Tabnuma 1. [lepeyeHb Touek MOHUTOPUHTA TAPAMETPOB
anekTposHepreruyeckoro pexunma B [IK PhasorPoint

Ne  |HammeHOBaHHE 00BEKTA [Ipucoenunenue Tun PMU

1 Jlenunrpaackass ADC BJI 750 kB Jlenunrpanckas ADC- JleHunrpaackas MMUII-02A-40.01
2 Kanmunnnackas ADC BJI 750 kB Kanununckas ADC — Bnagumupckas MMUII-02A-40.01
3 Kypckas ADC BJI 750 kB Kypckas ADC — CeBepoykpanHCKas MHNII-02A-40.01
4 Pocrosckas ADC BJI 500 kB PoctoBckass ADC — ByneHHOBCK MMUIT-02A-40.01
5 BanakoBckas ADC BJI 500 kB banakosckas ADC —Kitounkn MMHII-02A-40.01
6 Pedrunckas [POC BJI 500 kB Pedrunckas TPOC — Tromens 1. 1 POC-3 Ipocodr
7 Cyprytckas [POC-2 BJI 500 kB Cyprytckas [POC-2 — [TbiTh-Sx POC-3 Ipocodr

1
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8 Konbckas ADC BJI 330 kB Konbckas ADC-Knspxerybekas ['OC 1. 1 MMHII-02A-40.01
9 Borkunckas [9C BJI 500 kB Botkuackas I'OC - BsaTka MHII-02A-40.01
10 | Hazaposckas ['POC BJI 500 kB Hazaposckast [POC — Kpacrosipckas 'OC, 1.1 MHII-02A-40.01

OAO «CO EDC» coBMECTHO €O CIENUAIUCTaMU 3JIEKTPOCTAHIIMK OblIa OpraHM30BaHa
pabota mo mnepekoH(UTyparuu KOHIICHTPATOPOB BEKTOPHBIX MAaHHBIX JUIS OOECTICUeHUs
nepeaadr B AUCHETYEPCKUE HMEHTPhI (a3opoB (Ga3HBIX HANPsHKEHUH W (Pa3HBIX TOKOB, a TaKKe
napamMeTpoOB YAaCTOThI U CKOPOCTH U3MEHEHHUSI YaCTOTHI [0 KaXKIOMY TPUCOEIUHEHHUIO.

Taxke mia peamm3anuu npuema CBU B IIK PhasorPoint Bemonmnena monudukanys
MPOrPaMMHOTO 00ECTICYCHHUS MPOTPAMMHO-ANIAPaTHOTO KOMILIEKCa «ABTOMATHUYECKasl CUCTEMA
coopa nnpopmaruu ot peructpatopoB CMIIPy», pa3BepHyTOro BO BCeX TUCMETUYEPCKUX IIEHTPAX
OAO «CO EDCx». CrpykrypHnas cxema coopa CBU B [IK PhasorPoint nokasana Ha puc.1.

Pucynoxk 1 Crpykrypnas cxema coopa CBU B [IK PhasorPoint

OcHoBHBIMU 3a7jauaMu, pemaemMbiMu Ipu passepThiBanuu [IK PhasorPoint B rmaBHom
JUCIIETYEPCKOM LEHTpE, SBIAIOTCA BU3yalu3alMs [IUHAMUKU H3MEHEHUs I1apaMeTpOB
ANIEKTPOIHEPIETUUECKOr0 PEXUMA, AHAIW3 TEXHOJOTMYECKMX HAPYIIEHWM W aBapUHHBIX
CUTYalli, MOHUTOPUHT HU3KOYAcTOTHBIX kojeOanuii (MHUK), peanusanus cOopa u xpaHeHUs
aBapUHBIX apXWBOB W T.N. Hmwke mpuBeneH mepeueHb OCHOBHBIX (QYHKIMI B MpHOOpeTaeMoun
OAO «CO EDC» xommnekranuu I1K PhasorPoint:

1. Busyanuzanus
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- 0oTOOpakeHHEe JaHHBIX B PEXKHME PEATbHOTO BPEMEHU U PETPOCIIEKTUBHBIX JTaHHBIX;
- BepXHEYpPOBHEBasi 0030pHas AuarpamMma rnapameTpoB;
- MHOTOYpPOBHEBOE MepapXHyecKoe reorpauyeckoe npeicTaBieHue;
- npubmmkeHue (MacTabupoBaHue), MTAHOPAMHBIN 0030p, MPOKPYyYUBaHUE 00IaCTEH
BBEPX/BHU3;
- yOpaBlieHUE YBEJOMIICHUSIMHU U CUTHAIM3AIINECH;
- JIMHaMu4ecKas NpUBSA3Ka K 0a3MCHBIM 3HAYEHUSM YIJIOB.
MOHUTOPUHT COCTOSIHUS CUCTEMBI
- IBETOBas IPaJlMEHTHAsl pacKpacka KOHTPOJIUPYEMbIX 00IacTeH Js:
a. MOJyJiel HalpsKCHUH;
b. 4acToTHI;
C. PpasHulb das.
- NIPOCMOTP OTKJIOHEHUH U pa3Hull ¢a3 Mo BCE IHEProCcUCTEME;
- MacumTaOupoBaHUE I SHEPTOCUCTEM JIFOOOTO pa3Mepa U KOJIMYECTBA TOUEK 3aMEPOB
PMU;
- rpaduk pa3dpoca MaKCHUMaJIbHBIX 1 MUHUMAIbHBIX KOHTPOJIUPYEMbBIX 3HAUCHUI;
- rpaduku 0TOOpaXKeHUsI OTHOCUTENBHBIX 3HAUEHUH (a3 0 OTHOLICHUIO K Oa3UCHOMY.
[Tonb30BaTenbCKUE HACTPOUKHM (PYHKIIMN BU3YyaTH3aIUil U YIIPaBICHUS COOBITUIMU
- MyViews — Ha0Op MOJIB30BATEIBCKUX HACTPAUBAEMBIX I'paUUECKUX U TAOIUIHBIX (HOpM
MPEJICTaBICHUS JaHHbBIX;
- COCTaBHBIE COOBITHS — JIOTHYECKNE KOMOMHALIMU OHOBPEMEHHBIX COOBITHH,
MO3BOJIAIOIINE CO3/1aBaTh TOUHBIE arperupoOBaHHbIC, BLICOKOYPOBHEBBIC OTMIOBEUICHHUS U
IPEyNPEKICHUS.
BocnpounsseneHne peTpoCeKTUBHBIX JAHHBIX
- rpaduueckue oToOpaxeHus ¢ reorpaguueckoil nepapxuen ¢ BO3SMOKHOCTBIO
BOCIIPOU3BEICHHSI apDXUBHBIX JTaHHBIX;
- TIOJIHOE BOCTIpOM3BeeHHE (YHKIMOHAIBHOCTH, JOCTYITHON B PEXUME peanbHOIr0
BpPEMEHU;
- BpeMeHHas BBIOOpKa JII000r0 3a)MKCUPOBAHHOTO TIEPUO/IA;
- BbIOOp MPOMEXKYTKOB I10 J1aTe/BPEMEHH WM U3 )KypHaIa COOBITHI;
- yOpaBlieHUE CKOPOCTHIO BOCIIPOU3BEACHUSI COOBITHI: HOPMaJIbHAsi CKOPOCTb,
3aMeJIEHHOE, YCKOPEHHAs «I1epeMOTKa» U T. 1.
MOHUTOPHHT K0JIe0aTENbHON YCTOWYMBOCTH SHEPTOCUCTEMBI
- OllpeneNeHue YCTOHYMBOCTH SHEPTOCUCTEMBI /ISl HECKOJIBKMX JIOMUHUPYIOIIHX BUJIOB
HU3KOYACTOTHBIX KOJIEOaHMIA:
a. YacTOTBHI;
b. ammuTynsl;
c. JemndupoBaHus;
d. otHOcuTenbHOTO (Ha30BOTO YIIIA;
- TeHepalus aBapuiHBIX CUTHAJIOB JJIS CIIEKTpa C1a003aTyxXaromuX KojaeOaHui n/unm
Kosie0aHui OobIIel aMIUTUTY/IbI;
- oToOpakeHHe Ha reorpaduyeckoi MOAI0KKe PallOHOB C 3a()UKCHPOBAHHBIMHU TUIIAMHU
KOJICOaHMI;
- «OBICTpBII aHAIN3Y JUIS TeHEpallMK aBapUHHBIX MTPETYIPEkKACHUN;
- aHAJINU3 TPEHJOB U3MEHEHUM;
- OHJIAMH-TIPEJCTaBICHUE PE3yJIbTATOB JJIS ONEPATUBHOIO YIIPABICHHUS;
- peTpOCHEeKTUBHOE MpeACTaBIeHNE JaHHBIX JAJIs TOCIeaBapuiHOTO aHau3a, CHCTEMHOTO
TECTUPOBAHUS U CTATUCTHKHU.
AHanmm3 aBapuiHBIX COOBITHI
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- OIpeJIeIeHUE HAapYIIEHUH CUCTEMBI IOCPEACTBOM YIJIOBOTO IIEPEIBUKECHMUS;
- UACHTU(UKAIMS MECTONOJIO0KEHNU HHULIMUPYIOIIEro COObITHS (Yroi Ui epeMelleHus);
- OTMEYaeT MECTO BO3HMKHOBEHUS HAPYIICHU HA HEPAPXUUECKOM reorpapuuecKoi
cXeMe;
- 3allUCh BPEMEHHU, MecTa (CUTHaJA), TUT U BIUSHUE COOBITHSL.
7. @OYHKUUU KOHLEHTPATOPa BEKTOPHBIX JaHHBIX
- CTaHapTHbIC GYHKUIUU KOHTPOJISA JaHHBIX:
a. BXOJIHbIE MOTOKM AaHHBIX B poTokotie IEEE C37.118;
b. arpermpoBaHHBIE/BBIXOIHBIE TOTOKH;
C. BBIOOp CUTHAJIOB /ISl BBIXOAHBIX IIOTOKOB;
d. ¢unbTpanus u CHUKEHHE YacTOTHI JUCKPETHU3AIINH;
€. YBEJIMYEHHUE YaCTOThI IUCKPETU3ALIUY.
- moauepkka ceteBbix nmpoTokosioB TCP, onnoaapecnas nepegaua UDP, mHOTrOaapecHas
nepenaya UDP u 1.1.
- KOpPPEKTHPOBKA JaHHBIX, MACIITAOUPOBAHUE;
- IpOBepKa JOCTOBEPHOCTH METOK BPEMEHHU;
- reHepauus BBIXOJHOI'O NOTOKA JaHHBIX Ha OCHOBE apXUBOB JJIs L€yl
00y4YeHMsI/IPEAITYCKOBBIX MCIIBITaHUI;
- BBICOKAs 3KCIUTyaTallMOHHAs TOTOBHOCTH;
- BOCCTaHOBJICHME JIaHHBIX MeX1y maardopmamu Psymetrix;
- nentpanbubeiii PDC xonnenTpatop, uarerpupoBanusiii ¢ [IK PhasorPoint.
8. CepBep apXUBHBIX JIaHHBIX
- BO3MOXHOCTb 3aIlUCU KPaTKOCPOUYHBIX apXUBOB (0T 3 10 12 mecsieB ¢ nepruooM
nuckperuszamyu 20 Mc);
- BO3MOXKHOCTb 3aIlUCHU JOJITOBPEMEHHBIX apXUBOB (/10 5 JIET ¢ IepruoI0M JAUCKPETU3ALNN
1 ¢);
- BO3MOXKHOCTb 3aIlCH aBapUMHBIX apXUBOB € NEPUOAOM AuckpeTn3anuu 20 mc;
- KYpHaJIMpOBaHUE COOBITUH C PUIbTpPALHEH.
9. Tloanepxxka uHTEPHENHCOB U MIPOTOKOJIOB
- (C37.118-2005 (uMOOPT U 3KCHOPT);
- 1EC 60870-5-104 (uMIopT U 3KCHOPT);
- COMTRADE (MMIopT ¥ 5KCHOPT);
- CSV sxkcnopr;
- ODBC/JIDBC nns nocryna SQL.

OnHolf W3 OCHOBHBIX (YHKIMM KoMIUIekca sBIseTcs (YHKUUS MOHHUTOPHHIA
HU3KOYAaCTOTHBIX KoJjeOaHMH, oOecrieuuBaromas HIACHTU(DUKAIMIO MapaMeTpoB KosieOaHUH B
HHEProcUcTeME, KOHTPOJIb YAaCTOThI, aMIUIUTYAbI, (a3bl U YpOBHS AeMI(PHUPOBAaHUSI (CKOPOCTH
WIM TIOCTOSIHHYIO BPEMEHHU 3aTyXaHHWs) KOJIeOaHUH MmapaMeTpoB pexXHMa B PA3IMYHOM CIIEKTpPE
yacToT. Ha ocHOBaHMM aHaIM3a NEePEYNCIIEHHBIX XapaKTePUCTUK HU3KOYACTOTHBIX KOJIEOaHUH, a
UMEHHO, TNpH (PUKCUPOBAHUM CUJIBHBIX KoJeOaHMH win criabogeMnupyembIx KojaeOaHHid,
npunoxkenne MHYK renepupyer npenynpeautenbHble curHanbl. Takxke pe3yiabTaTbl paOOThI
npuinoxennss MHYK npennazHauensl a1 Bepu(UKALMU TapaMETPOB  JWHAMHUYECKUX
pPaCUYETHBIX MOJEJIE IHEPTOCUCTEM.

BBoj koMmIUIeKca B MPOMBIIIUIEHHYIO dKCIUTYaTaIMIO 3allJIaHupOBaH Ha OKTA0ph 2015 roxa.
K stomy BpemeHu npeanonaraeTcsi HAKOMUTh JOCTaTOYHBIA 00bEM M3MEPEHUN U pe3yibTaToB
HUX aHajin3a, YTO IMO3BOJHUT OLNCHUTH BO3MOKHOCTU IMPOrpaMMHOI0 KOMIUICKCA W IMPUHATH
pelIeHrne 0 BO3MOXKHBIX HapaBJIeHUIX pa3BUTHS 3Toro HanpasieHus B OAO «CO EDCy.
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B Onwxkaiinield mepcrieKTHBE HCIONB3YIOMUNACS (YHKIIMOHAT MOXET OBITh pPaCUIMpEH
JIOTIOJIHUTEIbHBIMU CPEJICTBAMU aHAIIN3A, T03BOJIIOIIMMMU:

—  ONpEeneNsATh MYTH PaclpoCTPaHEHHs] HU3KOYACTOTHBIX KOJEOAHUH MO 3JIEKTPUIECKOM
CEeTH SHEPTOCUCTEMBI M BBISBJICHUS MCTOYHHKA — MHUIIMATOPA YKa3aHHBIX KOJEOaHHIA.
B coderanuu ¢ dynkumuonasom mnpunokenus MHUK pganHOE mpuioxkeHHe MOKET
OBITH MCIIOJIB30BAHO AMCIIETYEPOM B TEMIIE PEAIBHOIO BPEMEHHU MJIs YIPEXKICHUS
pa3BUTUSL aBapUHBIX CHUTYallUd, CBS3aHHBIX C HAapyILIEHUEM YCTONYMBOCTH
OHEPrOCUCTEMBI,  IYTEM  CBOEBPEMEHHOIO  BO3JCHCTBUS  HAa  HCTOYHUK,
MIPOBOLUPYIOUIHI He3aTyXarolue KoiaeOaHus pexuma;

—  HUCHOJB30BaTh  CTYNEHYATYI0  aBTOMAaTU3MPOBAHHYIO  TEXHOJOTHIO  HACTPONKHU
CUCTEMHBIX CTa0MIIM3aTOPOB, IPUHLIUIT KOTOPOU MPEICTaBICH HAa PUCYHKE 2.

Pucynox 2. [Ipuniun cryneHyaToi aBTOMaTU3MPOBAHHON TEXHOJIOTHU HACTPOUKH CUCTEMHBIX
cTabuUIN3aToOpOB

C yuerom toro, uro [IK PhasorPoint mpencrasnser co0oii yHuBepcaibHYyIO IU1aThopmy, Ha
6a3e KOTOpOW MOryT OBITh pEaln30BaHbl JONOJHUTEIbHbIC AHATUTUYECKUE HPUIIOKEHHUS, B
KAauecTBE IEPCIEKTUB Ppa3BUTHUsI MWIOTHOTO IIPOEKTAa pPaccMaTpUBAETCS BO3MOXKHOCTb
peanu3alyy JONOJHUTENbHBIX alropuTMoB Ha 0aze CBU:
—  PEKUMHBIX ITyCKOBBIX OPraHOB JUIsl MPOTHBOaBapuitHoi aBTomMaTuku (ITA);
— CHCTeM peXHMHOM Bepudukanuu aoctoBepHoctu TenecurHanoB (TC) o craryce
COCTOSIHUS (BKJIIOYEHO/BBIKIIOYEHO) IMHUH 3JIEKTpOIepe1auH;
— aHajora ycrpoictBa ¢ukcanuu oTtkiaroueHus guHuu (POJI), neiicTByromero Ha
OCHOBE aHaJIN3a PEKUMHBIX [1apaMeTPOB.

Pe:xxuMHbIe NycKoBbIe opraHsl [1A

B coBpeMeHHON mpakTHKe TMEpeYeHb ITYCKOBBIX OpPIraHOB  IEHTPAJU30BaHHOM
npotuBoaBapuiiHoil aBTtomatuku (LICITA), obGecneuuBaromieii NOBBIIIEHHE MNPOMYCKHON
crocoOHocTH 3nekTpudeckux cereit 110-500 kB psna sneproooveaunenuit EDC Poccun,
OTPaHUYEH JUCKPETHBIMU COOBITUSIMH — OMKIIOYEHUAMU JUHUL S1eKmponepeoadu u/uiu
eenepamopog. Hukakue pyrue coObITHS B SHEprocucreMe: (pakTHuecKue HaOpochl/COOphI UK
OlacHbIE HapacTaHHs Mepeadyd MOIIHOCTH B CEUEHHUSX JIIEKTPUUYECKOW CeTH, KPUTHUECKHE
yBEJIUYEHUS OTHOCHUTEIIBHBIX (ba3oBbIX yTJIOB HanpsHKeHUS, 3HAYUTENbHbIC
CHU)KEHMUSI/TIOBBIIIEHUS MOIyJIel HAPsKEHUS U MPOYKe, CIOCOOHBIE MOCTYKUTh UHIUKATOpaMu
yrpo3bl WM Hayala pPa3BUTHUS HEKENATENbHBIX IPOLECCOB, HE HCMOIb3YIOTCS B KayecTBe
TPUTTEPOB JJIS 3aIlycKa IeUCTBUS aBTOMAaTHKH.

C nosisnennem CBU B f0monHeHNE K CYHMIECTBYIOUIUM JUCKPETHBIM MYCKOBBIM OpraHam
ITA MoryT OBITH T0OABICHBI PEKUMHBIC ITYCKOBBIE OpTaHbl, pearupyromre Ha:

—  a0CONIOTHBIC 3HAYCHUS PEKUMHBIX MMapaMeTPOB (AKTUBHBIE U PEAKTUBHBIC MOITHOCTH
B DJJEKTPUYECKHUX CBSI3X U CEUYCHMSIX, TOKH, 4acTOTa, MOIYIU U (Ha30BbIE YIIIbI
HaIpsKEHUN);

—  TpeHIbl U CKOPOCTH U3MEHEHHUs PEKUMHBIX [1apaMETPOB BO BPEMEHH;
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— YYBCTBUTCIIBHOCTU OAHHUX PCKHUMHBIX IApaMCTPOB K HU3MCHCHUIO JAPYTHX, TAKUX

HarmpuMeEp, KaK YaCTHBIC IIPOU3BOAHBIC aU/aQ (I/IHI[I/IKaTop OITaCHbIX PCKUMOB C

TOYKM 3PEHUS YCTOMYMBOCTU HArpy3KH I10 HalpsKEHUIO); 65/ gp (MHIMKATOp
NPUOIIMKEHUS TAKEIbIX PEKUMOB C TOUKH 3PEHUS YIIIOBOM YCTOMYUBOCTH) U JAPYyTHE.

[lepeuncieHHbIE PEKUMHBIC ITYCKOBBIC OpPraHbl MOTYT HCIOJB30BAThCS HE TOJBKO B
komriekcax LICITA, HO B mepCreKTUBHBIX MHTEIUIEKTYyaabHBIX [1A, oOecrieunBaromuX MIaBHO-
JMCKPETHBIA BBOJ pEXHMa B OOJIACTH JOMYCTUMBIX 3HAYEHUH, KOTOPhIE MOXHO CO31aTh IO
ob6pa3y u momoburo I[CITA, HO HCHONB3YIONIMX B KAYECTBE TEXHOJIOTHMYECKOTO aJIrOpuTMa
CYETYMK ONTHMH3ALUHU DJICKTPUYECKOTO pPEXHMMa IO aKTHUBHOM M PEaKTHMBHON MOIIHOCTH,
0H€pI/Ipy}OHII/II71 AHAJIOTOBBIMU U JUCKPECTHBIMU ICPEMCHHBIMHA YIIPABJICHUA.

Cuctremsbl Bepupukanuu TC

Ha mpaktuke Hepeaku ciaydau (opmupoBanus J0xHBIX TC 00 M3MEHEHHH COCTOSHHS
KOMMYTAIIMOHHBIX anmapatoB. B HegaBHEM MpoNUTIOM BO3HUKHOBEHHE JIOKHBIX TC HE SBIISIIOCH
CYILIECTBEHHOU MPOOIEMOii, MOCKOIbKY JIOCTOBEPHOCTH/HEIOCTOBEPHOCTh (PaKTa OTKIHOUEHUS
KOMMYTAIIMOHHOTO arapara Morja ObITh MOATBEPXKICHA B pe3yibTaTe Tele()OHHOrO 3BOHKA
HUKECTOSIIIEMY OIEepaTUBHOMY IepcoHany. B Hacrosiiee BpeMsi yBEIHMUMBAETCS KOJIMYECTBO
HeooOcnyxuBaeMbix moxactanuuii  (I1C), xpome Toro, TC HauyMHAIOT HAXOIUTh HOBOE
npaktudeckoe npumeHenue B SCADA/EMS/DMS, sBnsscb OCHOBOM il OmpeiesieHus
TEKYIIEro COCTOSHUS TOIOJIOTHU PACUYETHBIX MOJENICH CeTH, Ha KOTOPBIX Oa3zupyercs IeNbli
KOMIUIEKC ~yMHBIX TEXHOJIOTHMH, HauyMHasg CO CTaTHYECKOrO OIEHUBAHUS  COCTOSHUS
AIEKTPUUECKOTO PEKUMA, 3aKaHYUBAs PA3IMYHBIMH BUIAMHU aHAIM3a U ONTUMHU3AINH PEKUMA.

Ipunyun oevicmeus. 1o ¢pakty npuxona TC 06 u3MEHEHUN COCTOSTHUSI KOMMYTAIlMOHHBIX
anmnaparoB, CIIOCOOHBIX M3MEHUTh TOMOJOTHIO PACYETHOM MOJEIM CETH, HA OCHOBE 00pabOTKU
PEKMMHBIX IIapaMeTPOB, MOCTYMNAOIINUX HA JUCIETYEPCKUE LIEHTPBI B cocTaBe NnoTokoB CBU,
BBIUUCIIICTCS TPYIIA pacuemuulx Kpumepueg. Jlanee Ha OCHOBAaHMM JIOTUYECKOTO aHAJIN3a
OUHAMUKU pACHYemHblX Kpumepues, NPOU3BOIUTCS aBTOMaTHUecKui BbIBOJA HcTHHHOCTH TC.
CrpykrypHas cxema npoiiecca Bepupukanuu TC npuBeneHa Ha pUcyHKe 3.

PMU1 PMU2 PMU3 | ... PMUn TC
APDC
Bepuoukatop TC T
¥
®akT TC
(3anyck)
k1 k2 k3 km

Norunyeckuin aHanms Kputepumes ki, k2, k3,...,k4

Pesynbrat
NcTnHa/noxb

Pucynok 3. CtpykTypHas cxema mpoiiecca Bepu(UKaIiy TeJIeCUTHAIOB
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B kauectBe pacdentnvlx Kpumepuee MOT'yT UCIIOJIb30BATbCA:

— BEKTOpHas HeBs3Ka (WK ee MOJYJIb) HaNPsHKeHUH U3 BeIpaskeHus 3akona Oma aist
AIEKTPUUYECKON CBSI3U

Ui - U] _AUU = euij;
— BEKTOpHAasA HEBA3Ka (I/IJ'II/I (S} MO,HYJ'IB) OajlaHCca TOKOB I10 SHGKTpI/I‘IeCKOﬁ CBsI3U
Ii - I] i AIU = Elij;

— YCTOWYUBBIE CTATHCTMYECKUE CBSI3M MEXAYy [apaMeTpaMH pEKHMa B
NapaJUICIIbHBIX WU CMEXHBIX IEKTPUYECKUX CBSA3SX;

— PpAaCUYCTHBIC BBIPAKCHUA AJI BBIYHCICHHA Z SHGKTqueCKOfI CBA3H.

PesepBHbIe ycTporicTBa POJI

B Hacrosiee Bpems BbiBoJ u3 pabothl ycrpoiictB POJI ¢ ogHON U3 CTOPOH JIMHUM
aJIeKTponepenaun, Apistoneiicss myckosbiM opranom LICITA, o3HadaeT, 4TO JaHHBIA ITyCKOBOU
opras NnoJIHOCTbIO BeIBoAMTCA U3 AeiictBust LICIIA co BceMu BBITEKAOLIMMHU MTOCIIEICTBUSIMU B
OTHOILEHUM Y)KECTOUEHUS CHUCTEMHBIX OTpPaHWYECHUN (CHMKEHHE [OIyCTUMBIX IIEPETOKOB
MOIITHOCTH T10 CETH).

[Tpu Hanuuuu on-line motoka CBU ¢ 06enx KOHILOB JMHUHU 3JIEKTPONEpeadd BO3MOKHO
co3narb pesepBHbI DOJI, paboraromuii Ha OCHOBE OBICTPOTO aHAW3a NUHAMUKH U3MEHEHUS
peKMMHBIX napaMeTpoB. IlpuHnuner pedictBus pesepsHoro ®OJI aHanoOruyHbl NPUHLUILY
neiictBus cucteMbl Bepudukanuu TC B yueTom IByX OTINYHI:

— pesepBHbiii @OJI nomxeH paboTaTh B MOCTOSIHHOM JKAYILIEM PEXUME (B OTIUYHE OT
cucreMbl Bepupukanuu TC, rae 3amyck uHUIMupyercsa no ¢akry npuxona TC) wiu
i 3anycka pesepBHoro ®OJI HE0OOXOIUM HOCTOSHHO ACUCTBYIOUIMM pesrcummblil
Kpumeputi OmKI04eHus1,

— Heobxoaumo obecrieunts ObicTposeiicTBue pezepsHoro ®OJI e Huxke 200 Mc.

C pa3BUTHEM TEXHOJOIMHA CHHXPOHHU3UPOBAHHBIX M3MEPEHUI 10 ypOBHs HaOIIONEHUS U
¢ukcauu MIHOBEHHBIX 3HAaY€HHM MapaMeTpoB peXuMma CYUIECTBEHHO pPACLIUPSTCA
BO3MOXHOCTH On-line JMarHOCTHUKU BBICOKOBOJIETHOI'O 00OPY/JOBaHUS, MOSBUTCS BO3MOXKHOCTb
co3faHusl 0a30BBIX MHTEJUIEKTYalbHBIX IYCKOBBIX opraHoB mnsi P3 u IIA Ha oObekrax
AIIEKTPO3HEPIETUKH.

3AK/IIOYEHHUE

Hanuune oneparuBHoil MHQOpMAIK O XapaKTEPUCTUKAX BO3ZHUKAIOUIMX HU3KOYACTOTHBIX
KoJe0aHUN M HHBIX JAMHAMUYECKUX XapaKTEPUCTHKAX JJIEKTPUUYECKUX PEKUMOB IO3BOJISET
YIIYYIIUTh CUTYallMOHHYIO OCBEIOMIJICHHOCTb JUCIIETYEPOB U IPUHUMAThL IIPEBEHTUBHBIE MEPHI
10 MPEIOTBPAILECHHUIO PA3BUTHS ABAPUIHBIX CUTYAIIH.

[Tpumenenue Texuomorun CBU B macmtabax OOBEAMHEHHON SIEKTPOIHEPreTHUECKON
cUCTeMBbl TpeOyeT BbIOOpAa W TPUMEHEHHS] MPOTPaMMHON IUIATGOPMBI BEPXHETO YPOBHS,
VIOBJIETBOPSIONICH BBICOKMM TpeOOBaHHUSIM TIO TPOU3BOAMTENHHOCTH, YCTOHYMBOCTH U
Macimtabupyemoctu. Coznmanue Takod maTdOpMbl, HA4aToe B paMKax IUJIOTHOTO IMPOEKTa,
MO3BOJIUT CO3/1aTh MPAKTUYECKYI0 OCHOBY JJIsi Pa3pabOTKU M MPUMEHEHHUS HOBBIX aJTOPUTMOB,
PAaCCMOTPEHHBIX B HACTOSIIIIEM JIOKJIAJE.
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C.5.1-10. NMporpaMmmMHo-TeXxHU4YeCKUN KomMmnsiekc «LLino3-koHUueHTpaTop
CUHXPOHU3UPOBaAHHbIX BEKTOPHbIX U3MEPEHUN IHEProoOGbLEKTa»

KHCJOBCKHM A.A. TAUJJAMAKWH ®.H.
000 «AasbTtepollaysp»
Poccus
kaa@alteropower.ru

KJIFOUEBBIE CJIOBA

CHUCTEMAa MOHHUTOPHMHIa NEPEXOOHBIX PEXHMOB, CHHXPOHHU3HPOBAHHBIE BEKTOPHBIE W3MEPEHHUS
MapaMeTpoB 3JEKTPUUYECKOTO peXKMa, IIII03-KOHIIEHTPaTop BEKTOpHBIX wu3MepeHudt, PDC,
PETHUCTPATOp aBapUHHBIX COOBITHIA

1 BBEJIEHHME

B 2012-2014 rr. Ha 16 sHeprooowektax EDC Poccum Obuin pa3BépHYTHI MPOTPaMMHO-
TexHuueckue Komiiekcsl «lllmo3-konnenrparop CMIIP». Ilomumo knaccuueckux QyHkuuii Phasor
Data Concentrator nporokona IEEE C37.118, paHHblf KOMIUIEKC NPEIOCTABISIET P
JIOTIOJTHUTENBEHBIX BO3MOXKHOCTEW sl BiaaenbleB 3HeproodsekToB 1 OAO «CO EDC». TITK
«nro3-konnentparop CMIIP» mo3Bonsier 3¢ddexkTuBHEE HCHONB30BaTh KOMMYHUKAIMOHHYIO H
BBIYUCIUTEIbHYIO HH(PACTPYKTYPY 3HEProoOBEKTa, COKpallas 3aTpaTbl Ha pealn3aluio NPOEKTOB
CMIIP. B crartbe omnwmchiBaioTCs (DYHKIMOHANBHBIE BO3MOXXHOCTH M TPOTPAMMHO-TEXHHUYECKHE
pelieHus .

2 OCHOBHAS YACTH

2.1 Hcnonvzosanue cunxponusuposannvix eekmopnvix uzmepernuii 6 OA0 CO EQC

CunxponusupoBaHHble BekTopHble n3mepenus (CBU) ot peructparopos CMIIP npumensiorcs
B OAO «CO EDBC» nmns paccnenoBaHusi IPUYMH aBapUil M TEXHOJOTHUECKUX HApYyHICHWH B paboTe
SHEPrOCHUCTEMBI, BEpHU(PHKALMK  pPacUeTHBIX MOJeNeH, pacuyera JUHAMHYECKHX  CBOWCTB
SHEPrOCHUCTEMBI, TPOBEPKH KOPPEKTHOCTH PAaOOTBl CHCTEMHBIX PpEryJsiTOpOB, MOHHMTOPHHIA
HU3KkouacToTHhIX konebanmid (MHYUK) u 1.1 Kpome toro, CBU wucnomnesyrorcs B Cucreme
MOHHUTOpPHHTA 3arnacoB ycroituuBocta (CM3Y) ans pacyera MaKCUMalIbHO JAOIMYCTUMBIX MEPETOKOB U
BBIJIETIEHNS] ONTACHBIX CEYEHUH SHEPrOCHCTEMBI KaK BBICOKOKaUYE€CTBEHHBIE N3MEPEHMS], TIOBBIIIAOIINE
Ka4eCTBO PE3yIbTaTOB OLEHKH COCTOSHHUS.

Kaxnoe mpumoxkeHue NpeAbsBIseT K BXOIHBIM JIAHHBIM P OCOOBIX TpeOOBaHHWU B
3aBHCUMOCTH OT criennuky pemaeMoit 3amaun. /i BeimoiaHeHus Bepupukanuu HeoOXxoanmsl 20-
MHUHYTHBIE apXMBbI JaHHBIX C MAaKCUMAaIbHOU AUCKpeTHOCTHIO 20 Mc. OnepaTuBHOCTH cOOpa JaHHBIX
HEKPUTHYHA M MOXET JIOCTUTATh HeJenu W Oosee mocie coObThs. st paccienoBaHus HApYyIICHHUHA
HEOOXOIUMBI aBapHiHBIC apXHBbI, a COOp AAHHBIX HEOOXOAWMO MPOU3BECTU B TEUCHHE HECKOIBKHX
JTHEH.

B To xe Bpems, A pAga NPHIOKEHWH ONEPaTUBHOCTH JIOCTABKM JAHHBIX SBISETCA
onpenenstonieit BenmumuuHo. Kommuiekcet CM3Y m MHUK 00pabaTpiBaloT AaHHBIE B PEXUME
peanbHOrO BpEeMEHHM C MHHHUMANbHO BO3MOXHBIMHM 3ajepkkamu. [lpumueMm, ecnum gms CM3Y
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JIUCKPETHOCTh MH(OPMAIIMK HE JIOJKHA MPEBHIMATh 1 ¢, TO JJs WIACHTH()UKAIIMA HU3KOYACTOTHBIX
KOJIeOaHMM TUCKpeTn3anusi HHPOopMaIiy JODKHA COCTABIATE 10 20 MCEK.

OnepaTMBHOCTb A
[l0CTaBKN

0,01 cek |

0.1 cex MOHUTOPUHT 3anacos . YnpasneHue
2

YCTOMYMBOCTH, ONepaTUBHO- — AemnduposaHve konebaHuin

Aucnetyepckoe ynpasneHue,
NPOrHO3 pesuma ‘ MoHuTopuHr HYK
lcek | '

,El,eHb__ ‘ PaccnefoBaHve HapyLleHuin

(3neKTpomarHuTHbIe npoueccsl)
PaccneposaHve HapyLeHuit

(anekTpomexaHuyeckue npoweccsl),
Bepudukauma mogenei

Hep,eni_

| | | |
10 11 [ 01 10,02 [0,001 >

[IMCKpeTHOCTb, ceK

Puc.1: TpeboBanus k nmuckperHocTr CBU 1 onepaTHBHOCTH JOCTaBKH B TUCTIETYCPCKUH ICHTP

Taxoke, pa3nuuHble MPUKIATHBIE 3a7a4i TPeOYIOT pa3nuuHoro oobwéma naHHeix. Hampuwmep,
111 CM3Y 10CTaTOYHO aKTUBHOM U PEAKTUBHOM MOILHOCTH, AMIUIATYABI U YIJIa HANIPSDKEHUS TPSIMOX
nocnenoBaTeNbHOCTA. I paccienoBaHMsl TEXHOJIOTMYECKUX HAPYLIEHWH JKENaTeIbHO HMETh
UCXOIHBIE (pa3HbIe BEKTOPA TOKOB M HAMPSIKEHHH.

OnTumanbHBIM pElIeHUEM MPHU OTCYTCTBHH OTPAHUYEHUH TEXHUYECKOTo XapakTepa ObLT Obl
coop CBU ot Bcex perucTpaTopoB B pexXNMe PEalbHOTO BPEMEHH ¢ MAKCUMAIBHOMN TUCKPETHOCTHIO U
xpanenue Ha cepepax OAO «CO EDCy». OnHako AaHHBIA MOJIXOJ HE peau3yeM H3-3a HeJOoCTaTKa
HIMPOKOTIOJIOCHBIX KaHAIIOB OT 3HEprooosekToB 10 ¢punuanoB OAO «CO EDCy» u 6onbiioro oobpéma
napopmarmn CBU mst xpanenus. Kpome Toro, 3Ha4nTENBPHOE KOJMYECTBO dKCILTyaTHpyeMbix PMU
ABISIFOTCA O(JIaiHOBBIMHM YCTPONHCTBAMH M INPENOCTABISIOT MH(GOPMALMIO TOJBKO MO 3amlpocy II0
nporokoiy FTP.

B 2009-2011 rr. xomnanus «Ansrepollaysp» mo 3akazy OAO CO «E3C» paspaborana u
BHeZIpriIa ABTOMATHYECKYIO CUCTEMY cOopa MH(OpMAalMK ¢ PErucTPaTOpPOB MEPEXOAHBIX PEXUMOB
(AC CU CMIIP). AC CHU CMIIP siBnsieTcs MHQPACTPYKTYPHOM CHCTEMOH, o0ecrieunBaroniel mpuém
CBHU ot 400 peructparopos CMIIP B EQC B nHTepecax pa3imMyHBIX 33/1a4, MEPEUNCICHHBIX BBIIIE.
AC CH CMIIP B3ammoneiictByeT Kak ¢ perucrpatopamu CMIIP, mocrossHHO nepeparomumu CBU
(T.H. OHJIAMH-PETUCTPATOPBI), TaK M C pETHCTpaTOpaMu, HakamwmBaromumu padasle CBU B
COOCTBEHHOH TOCTOSHHOM NTaMATH (0QdIaitH-perucTpaTopsl).
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[NaBHBIN ANCNIETYEPCKUIA LIEHTD

CMeXHble
cncTeMbl ¢

1
Super PDC

CmexHble
CUCTEMBI

Super PDC
[ucnetuepckuii LeHTp
CmexHble » EEE '
|
aictembl € [y (] ne= “
PDC Super PDC -
[ﬁ [—] i MNC/2nekTpocTaHLma
PMU PMU
[
PDC
PMU PMU

Puc. 2: Apxurextypa ACCU

OcnoBHas uness AC CU CMIIP coctout B mpenocTaBIeHUH TOIH30BATENIO JF000T0 (prmuana
CO EDOC pannbix CBU 3a 3anpolleHHBIM MEpUOA € HMHTEPECYIOUINX €ro TOYeK H3MepeHHit
HE3aBUCUMO OT TOro, k kakomy o¢mmany CO EDC mnomkio4yeH SHEproObEKT M KaKOrO THIIA
peructpatopbl Ha HEM ycTaHoBIeHBl. AC CHY CMIIP aBTOMaTHYeCKU ONpeAesaeT, UMEIOTCA JU YxKe
3anpoulieHHble JaHHble B bJl cucteMbl (eciM OHU TMOCTyHaroT OT oOHjaiiHOBIX PMU wmimm yxe
3anpalvBalnCh paHee) M ecid Ja, TO, B KaKoM (Quinaie oHH XpaHsrcs. Eciu HeT, To K KakoMmy
SHEProoOBEKTY HEOOXOOMMO MOAKIIOUNTECS U 3aKavaTh JaHHbIE. Jlanee 3ampoc MapLIpyTH3UPYETCs
10 HeoOxoxumoro ¢unuana u/win sHeprooowvekra. 3arem nannsie CBU nocrasmstorcs B B/l cepepa
¢unuana, B KOTOpoM paboTaeT MoJb30BaTeNlb, H MPEJAOCTABISIFOTCS €My B IpadUuecKoM BHUIE IS
aHanu3a. [y monbp3oBaTens 3TH ACHCTBUA MPO3payHbl, T.€. OH M30aBJIeH OT HEOOXOAMMOCTH MMETh
JIeIIo ¢ (aiaMu perucTpaTopoB, HOJAKIIOYATHCS K PETUCTPATOPaM I CBA3BIBATHCS (hrinanaMu.

JaHHBIH TOAXOJ] TO3BOJISIET YCIEUIHO PEIIMTh MPOoOJIeMy MHOTrOOOpasusi yCTaHOBJIEHHBIX
PMU ¥ KOMMYHHKallMOHHOH WHQPACTPYKTYpHl, & TaKke OO0eCNeunuTh Pa3yMHOE HCIIOIb30BaHUE
BBIYMCIIUTEIBHBIX PECYPCOB B YCIOBUSIX pacnpeaenaeHHon ¢punuansaoi cetn CO EOC.

2.2 @yuxyuonanvruvle gozmoxcrocmu IHTK

[Imr03-KOHIIEHTpaTOp BEKTOPHBIX H3MEpeHMi — 3To crneunanusupoBanHoe [10 cbopa,
00pabOTKM M Tepelauyd CHHXPOHU3UPOBAHHBIX BEKTOPHBIX HM3MEPEHHMH, yCTaHaBIMBAEMOE Ha
sreprooowekte. [ITK «lllnro3-koHEHTpaTop» B3aumozeicTByer ¢ PMU sHeprooOnexTa, ¢ 0gHOM
ctoponsl u ¢ ACCU CMIIP ¢ npyroit CTOpOHBI.

PMU u3mepsroT 4acTOTy U BEKTOPa TOKOB M HaIpspKeHUi moda3Ho. DT JaHHbBIE TIepeaaroTcs
B PDC B pexume «onnaite» no mportokony C37.118-2011 ¢ wactoroil nuckpernzanuu o 200 I'q u
COXPAHAIOTCA B CIENHAIM3HPOBAHHON 0a3e MaHHBIX I XpaHEHUS BPEMEHHBIX psnoB. [lommmo
npuéMa JIaHHBIX B PeXUME OHJIAH MpeaycMOTpeHa QYHKIHS ONpoca YCTPOUCTB U MPHEMa apXHBOB C
MpOU3BOJIBHOM  AuckpeTtuzanued. Ompoc ocymectiserca Mo nporokosam HTTP u  FTP.
Honnepxxusatotes ¢aitnsl B popmatax COMTRADE u CSV.

KonnentpaTop mo3BOJMISET OCYIIECTBIATH pPacydeT MHapaMEeTPOB 3JIEKTPUUECKOTO PEeXHUMA:
MI0CJIE0BATEIFHOCTH TOKA U HANIPSKEHHUS1, aKTHUBHOW/PEaKTUBHOM/TIOIHOM MOILITHOCTH @ TAKXe JF0OBIX
MPOM3BOJHBIX TAPAMETPOB HA OCHOBE HACTPaUBaeMBIX (HOPMYI.

KoHmeHTpaTOop XpaHHT apXWBbI W3MEpPEHHH, MPH O3TOM HX O00BEM OrpaHUYMBACTCS
BMECTHMOCTBIO JKECTKOTO HcKa. TunoBast KOHGUTrypalys mpeaycMaTpuBacT XpaHeHne B Teuenue 14
cyTok. JI7sl TeXHOJIOTOB 3HEProoOBEKTa AOCTYIMHA QPYHKIHS dKcIopTa apxuBoB B ¢opmare CSV. Ilo
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UCTCUCHUN «BPEMECHH >KH3HHMY», JaHHBIC aBTOMATHYCCKH YAAISIOTCS 33 HCKIIIOUCHUEM JIaHHBIX,
MMOMEUYEHHBIX KaK aBapUITHBIE apXHBHI.

KoHmeHTpaTop MOXET OCYIIECTBISITH MPOPEKWBAaHUE [AaHHBIX Ha JIETy 1O MEHBIIeH
JUCKPETHOCTU JJIsl COKpamieHus obbema Tpaduka, nepeaaBaemoro B OAO «CO EDCy». B xamp
nmomerraroTcst Habop CBU 3a ogwmH BpeMEHHOW Cpe3 B COOTBETCTBHH C HACTPOCHHBIM CITHCKOM
MapaMeTpoB Il TIepefad: aMIUIATY A U YTOJI HANPsDKEHUS TIPSIMOU TTOCIIeIOBATEIFHOCTH, aKTHBHAS
W peaKkTUBHAas MOIIHOCTh JJIsi TE€HEpaTopoB M JIMHUK, a TaKKe TOK M HaNpsHKEHUE CHCTEMBI
BO30YKICHUS ISl TEHEPATOPOB.

Hanee, morok CBU B peambHOM peskuMe BpeMeHH Tiepenaéres Ha cepBepbl AC CH CMIIP o
nportokony C37.118-2005. Cpennsist 3ajepxKka, BHOCHMasi KOHIIEHTPATOPOM B MPOIECC TMepenadd,
coctaBsieT 20 mc.
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\1/ GPS D® ’\.'4-
a— L&D Texonor |®w. Texggﬂor
XXX CTaHLym L&

P3C-3, TNA-02

o FE ———» ACCM CMIP
: L]

OHAaNH-NOTOK AaHHbIX
KOHTPOIMPYEMOro 06bEMa

D/ Knacrep PDC W AMCKPETHOCTU + 3aMpOChl

\l/ Ha apxuBbl

n

CraHupoHHas SCADA, ACYTIT n T.n

P3C-3, TMA-02

Puc. 2: Peammzarus [ITK CMIIP sHeprooObhekTa B BapuaHTax 0e3 MCIIONB30BaHUS U C UCTIOIB30BaHUEM
KOHLIEHTpaTopa

IIpotoxon C37.118-2011 obnamaer psAOM HEOOCTATKOB, B YaCTHOCTH, OTCYTCTBHEM
BO3MOXHOCTH JMHAMHUYECKH 33J1aBaThb COCTaB IEPENABAEMBIX H3MEPEHHH, YTO IPHUBOIUT
HEONTUMAJIBHOMY pacXOJOBAaHUIO IIOJIOCH KaHaia. [loATOMy JONOJHUTENBHO MOAAEPKUBACTCS
nepeaaya Mo cCOOCTBEHHOMY NMPOTOKOJY TPYNIOBEIATEIbHON JOCTABKH C HM3KHMHU 3aJCpKKaMH U
HU3KMMH HaKJIaJHBIMH PacX0oIaMHu.

Jna nepenaun apxuBoB m3mepenuit mo 3ampocy or ACCU CMIIP CucremHoro omeparopa
peanu3oBaHbl BeO-cepBHCHI o mpoTokony HTTPS.

KoHnuenTpaTop MOXXeT OCyIECTBIATh Nepeaady JAaHHBIX HE TOJBKO B JUCIIETYEPCKUMN LIEHTD,
HO B CMeXHbIe HH(popMannoHHble cucteMbl crannuy, Hanpumep OUK wim ACYTII mo mportokomy
MOK-104.

PeannzoBana ¢QyHKIMS CUTHaNMM3aUMM OO0 OTKJIOHEHMSAX M (OPMHPOBAHHE aBapUHHBIX
apxuBoB. /[l TexHojiora OHEProoObEKTa peajM30BaH I10JIb30BATEIbCKMI HMHTepdeic s
BU3YyaJIN3aluy U3MEPEHUH B BH/E IrpaduKoB, 1uarpaMM, MHEMOCXEM, TeorpagmIecKux KapT.
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Puc. 4: [Tonp3oBarenbckuii uHTEpdHEic
KonnentrpaTop mo3BoniseT KOHTPOIUPOBaTh coctossHne PMU: Hammume ommOOK, MPOIEHT
MOTEPU ITAKETOB U BBIBOIUTH AAHHYIO HH()OPMAIIHIO B IOIB30BATEIbCKUIA HHTEPdEHC.

2.3 Obecneuenue omkazoycmoudu8ocmu

[ITK peanu3oBaH B BHAE OTKa30yCTONYMBOTO KJacTepa, COCTOSIIETO W3 JIBYX CEpBEPOB
apxuTeKTypsl x86, paboratonmx nox ympasinennemM OC Windows Server. Kaxaplii mporpaMMHbIit
komroHeHT PDC ny6mmpoBan, 4To oOecreunBacT MHHUMHU3AIMIO MTOTEPh JAHHBIX MPH BBIXOJE M3
CTpOsI OJTHOI'O U3 CEPBEPOB.

PDC umeer Tpu OCHOBHBIX KOMIIOHEHTa, y4YacTBYIOIIMX B NpUEME U Iepelayde JaHHbBIX:
Ananrtep nporokona C37 (AIIC37), 6a3a maHHBIX peanbHOTO BPEMEHH Ul XpAHEHHS BPEMEHHBIX
psa0B u cepep npotokorna C37 (CC37).

\T Gps PDC BAPB #1 AC C CMTMP CO E2C
3anyck nepeaqy 3anyck nepeaaum
A “— — h AMC37 #1 —7 '\—7 CC37 #1 //// - \\\ AMC37 #1
FEr8) A\ o \ e
\ \ \\ HearfBeat \ / Pe”’MK$V’{ Hear{Beat ) \ HeartBeat
UDP)mu\t\cast \\ / \ I / \ / /UDP multicast
/
ATIC37 #2 « — L *& CC37 #2 / AMC37 #2

BAPB #2
Puc. 3: OGecnieuenne 0TKa30yCTOHIMBOCTH

AIIC37 obecnieunBaet nonkiroueHre kK PMU, 3anpoc KoHQUTYypaluy U IOCBUIKY KOMaHIbI Ha
nepemxaay. AIIC37 3amyckaeTcs B ABYX DK3eMIUISIpax — HA OCHOBHOM W pe3epBHOM ceprepe. [lepemada
CBU or PMU ocymectsisierca o npotokory UDP Ha rpymnmoBoi BemiatensHbIN aapec. B rpymmy
BxoasaT oba cepsepa PDC. OcnoBHoii sx3emiusip AIIC37 ocymecrsiser npuém CBU u coxpanenue
ux B b/IPB. Bropoii 3x3eMITIsip HaXOauTCs B TOPSUEM pe3epBe, «ImpociyimmBas Tpadguk or PMU, Ho
He coxpansisi ero B BJIPB. Dx3emmsaper AIIC37 neproanyeckn oOMeHuBatorcsi heartbeat-nakeramu
yepe3 BBIJCNICHHBIH ceTeBoil mHTepdeiic. B ciydae, eciam pe3epBHBIN 3K3EMIUISIp OOHAPYKHUBAET
MOTEPIO CBSI3M C OCHOBHBIM 3K3EMILIIPOM, OH HauuHaeT coxpansite CBU, nmocrynaromue or PMU B
BJIPB.

BJIPB Takxe BBIIONHEHA B OTKA30yCTOMYMBOM UCTONHEHUU. OIUH U3 SK3EMIUISIPOB SIBISCTCS
OCHOBHBIM. [Ipyroil — pe3epBHBIM. MeXIly OCHOBHBIM U PE3E€PBHBIM SK3EMILUIIPOM OCYIIECTBISAETCS
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perumikanus naHHsIX. [Ipu notepe cBa3u AIIC37 ¢ BJIPB, nponcxoauT nepexiroueHue Ha pe3epBHBIN
cepsep B/IPB.

CC37 peanuzyer cepBepusblii mpoTokon C37.118-2005. On ocymectsisietr nepexagsy CBU Ha
cepBepa AC CU CMIIP, pacnonoxennsie B qgucnetdepckoM 1eHTpe OAO «CO EDCy». CC37 Takxke
peann30BaH B OTKAa30yCTOWYMBOM HcHoOgHEHHH. Ilo omHOMY 3K3eMIUIIpy Ha KaKAOM CepBepe
3aIymIeHbl Beeraa u oxunaroT noakimodeHus u3z PIY. Ilpu monyuennn komanas! Ha nepenaqy CBU,
sk3eMiusip CC37 CcTaHOBUTCSI OCHOBHBIM M YyBEJOMIISIET 00 3TOM O3K3eMIULp, paboTaromuid Ha
coceqHeM cepBepe. TOT, B CBOIO Odepenb, MPUOCTAHABIMBACT NepeAauvy JaHHBIX, €CIU TaKoBas
BEJIACh.

O06b19HO MeXIy dHEProoOBsekToM 1 aucterdepckuM neHTpoM OAO «CO EDC» opranusyercs
JIBa HE3aBUCHMBIX KaHalla CBA3M C LENbI0 pe3epBUpoBaHus. [Ipu BBIXOAE OJHOTO KaHala CBS3H M3
CTpOsI, NPOU3BOAUTCS IEpPexoll Ha pe3epBHBIM KaHai. llepexon ocyIiecTBIsSeTcs C ITOMOILBIO
MapmIpyTH3aTOPOB MpO3padHO uis mporpammHoro obecnedenuss PDCu  ACCU  CMIIP.
KommyrarmonHnoe obopymoBanue, odecneunparoinee B3aumoseiicteue PMU, PDC u AC CU CMIIP
TaKXe MOJTHOCTHIO TyOIHpyeTCH.

TunoBas HacTpoiKa KaHAJIOB IPEAyCMaTPUBAET BBIACICHUE 75 MPOLEHTOB MOJOCHI MOA s
OHJIAH-TIOTOKA. /)i 3TOr0 Ha KOMMYHUKalIMOHHOM 00opymoBaHuu craHuuu U P/IY HacTpamBaercs
npuopuresanus tpapuka. UDP-naketsr npotokona C37.118 umeroT 6osiee BEICOKUI PUOPHUTET, YeM
TCP-npoTOKOJ1, HCHOB3YIOLIUICS 3aIpoca apXUBOB.

2.4 Apxumexmypa npoecpammuo2o obecneverus
I1TK moctpoen Ha 6a3e APDC - MouHoM, riOKOH U MIMPOKO MacIiTabupyeMoil riathopme st
CO3JaHMsS KaKk OTHOCUTEIbHO MPOCTBIX CHCTEM YPOBHS JHEProoOBEKTa, TaK U  CIOXKHBIX
MHOTOYPOBHEBBIX pactpenenéHasix WAMS ypoBas OJC/EDC. KirodeBbIMH  OCOOEHHOCTSIMHU
SBIISIOTCS:
e OTkphbITas apxXUTEKTypa Ha 0a3e TEXHOJIOTHUH Java
e OTcyTCTBHE MPONPHETAPHBIX 3aNaAHBIX NPOJAYKTOB B COCTaBE PEIICHHUS
e [loamepka HNIMPOKOTO CIIEKTpPa OMEpPAlMOHHBIX cUCTeM (BKJrodas Linux u japyrue open-
source OC)
e BeO-TexHONIOTNY [T BU3yaIH3aLuu
e lcnonp3oBanue OONBIIMX paclpelesieHHbIX MacCUBOB HaHHBIX [uia XxpaneHuss CBU (Big
Data)
o BO03MOXHOCTH MpenOCTaBiICHHUS CUCTeMbl B BUae SAAS-perienus, (GpyHKIHOHHPYIOUIETO B
obnake

3 3AKJ/IIOYEHMUE

B cratbe onmcaHbl (QyHKIHOHAJIBHBIE BO3MOXHOCTH M HPOTrPAMMHO-TEXHHYECKUE PEIICHUS
MPOrpaMMHO-TEXHHYECKOT0  KoMmIiuiekca  «LLImio3-KOHIIEHTpaTop  BEKTOPHBIX  HM3MEpEHHi
sHeprooObekTay. Hcmonp3oBanue nanHoro IITK mo3BonsieT 3HAUYMTENHHO PACHIMPHTH KayecTBO U
KOJIMYECTBO M3MEPEHUH O NMEPEXONHBIX PEKMMaX a TaKKe YACWEBUTh MPOEKTH! Mo co3nanuio [ITK
CMIIP sHeprooOneKTa.
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C.5.1-11. OnTuMM3aLmMA NCNONb30BaHUSA KaHaNoB nepepavdn AaHHbIX BEKTOPHbLIX M3MepeHMl7l
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n gaucnetT4epCKUMm LeHTpamum

10.B. UBAHOB, A.C. YEPEINIOB JI.M. JYBUHHUH A.A. KHCJIOBCKHM
000 «(ITPOCOPT-CUCTEMBbI», OAO «CO E2C», 000 «AJIBTEPOITAYJP»
POCCHUA
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Kniouegwie cnoga:
CHUCTeMa MOHUTOPHHTA MEPEXOIHBIX PEKUMOB, KOHLIEHTPATOP BEKTOPHBIX NaHHbIX, cTanaapt IEEE C37.118.

BBEJIEHUE

B cootBercTBHM ¢ HasHaueHueM (yHKIHoHupyouied B EDC Poccun cucTeMbl MOHHTOPHHTA MEPEXOIHBIX
pexxumoB (CMIIP) onHO#t M3 OCHOBHBIX €€ (hYHKIMU SIBISICTCS MEpeaady JaHHBIX B PeaIbHOM BPEMEHH M C BBICOKOU
WI0THOCTHIO B Aucnerdepckue neHTpsl OAO «CO EDCy». KauectBo manubiX, mpenoctasisieMbix CMIIP, 3aBucut ot
MHOTUX [apaMeTpOB U TEXHUYECKUX XapPAKTEPUCTUK CUCTEMbI, B TOM 4YMCIE U OT HAAEKHOCTU M IPOILyCKHOU
CIIOCOOHOCTH KaHaJIOB Iepelnadd JaHHbBIX. OT TOro, HAaCKOJNBKO CHCTEMa CIIOcOOHa CBOEBPEMEHHO W HAIEKHO
JIOCTaBJIATh JaHHBIE CHHXPOHHM3HPOBAHHBIX BEKTOPHBIX M3MEPEHHI 10 Ha3HAYCHMIO, HAPSAMYIO 3aBHCUT MOBBIIICHUE
Ka4yecTBa ONEPAaTUBHO-AUCIETYEPCKOTO yIPABICHHS.

B ToXe Bpemsi, Kak NMokas3aja NMpakTHKa, MMEHHO KaHajbl Mepelayd JaHHbBIX Yallle BCEro CTAHOBSITCS Y3KUM
MectoM Tipu noctpoeHnn CMIIP ¢ TpeOyeMbIMH XapaKTepHUCTHKAMH. 3a4acTyl0, WMEHHO TEXHHUUYECKUE
XapaKTepUCTHKH KaHAJIOB Mepead JaHHBIX HE MMO3BOJSIOT JOCTHYh TPeOyeMBIX MOKa3aTeleld CHCTEMBI H BEIHYKIAIOT
3aHMXKATh LieneBble mapaMmeTpsl Beceit CMIIP B nenom. biaromaps nienoMy paay mpeanpHHHMAaeMbIX Mep, TaKuX Kak
pacmuperre GpyHKIHOHATA KOHIIEHTpaTopa BekTopHbiX naHHbIX (KBJI, PDC), n30aBieHue OT U30BITOYHBIX TaHHBIX B
TpaduKe Ha JTare MPOeKTUPOBAHUS U T..I., OKA YJAaeTCs CHUMAaTh OCTPOTY BOIIPOCa B TOM WIIM WHOI CTENEHH, HO
CBOEH aKTyaJbHOCTH B IIEJIOM, OH HE TepsieT, 0cOOeHHO B acrekTe pazputus CMIIP.

CaMBIM O4YEBHAHBIM M TOJHBIM, C TEXHMYECKONH TOYKM 3pEHMA, PEUICHHEM paccMaTpHUBAaeMOro BOMpoca
ABJISIETCS MOJICPHM3AIMSA, C y4eToM TpeboBaHuil co ctopoHsl CMIIP, cymecTByommx KaHaJIOB Iepeaddl JIaHHBIX.
OnHako, aHaJIW3 BCEro KOMIUIEKCa BOIPOCOB, CBS3aHHBIX ¢ Iepenadeil manubix CMIIP, mokasan, 4To 3TO pelieHue
CBSI3aHO C YpEe3MEpPHO OOJBIIMMHU (DUHAHCOBBIMH, OPTaHU3AIMOHHBIMM M BPEMEHHBIMH H3JIEP)KKaMH W TOATOMY
HEoOX0/MMO TPOBEICHUE JIOTOJIHUTEIBHBIX HCCIICIOBAHUI 10 MOMCKY aJbTEPHATUBHBIX PELICHHH, NPUEMIIEMBIX C
TOUKHU 3PEHUS CI0KHOCTH pPeaau3aluu.

B pesynabrate uccnenoBanuil, mpoBeaeHHbIx o mHuUnMatuBe OAO «CO E3Cy», mpemnaraercs pelleHUe,
KOTOpOE 3aKJIFOYaThCS B JIOMOJHUTENHHOW ONTHMH3AIMU HCIIONB30BAHMS YyXKE CYIIECTBYIOIIMX KaHAJIOB IMepemaydu
JTAaHHBIX.

Jnst ontuMuzanuu Tpaduka, IpeaIaraeéMoe pelleHHe CTaBUT CBOCH IIETbI0 Pa3pabOTKy HOBOTO IIPOTOKOJIA
nepeaaysl CHHXPOHU3MPOBAHHBIX BEKTOPHBIX JAHHBIX, KOTOPBIH ITO3BOJUT CHU3WTH HAKJIAaJHBIE TPAHCIIOPTHBIE
pacxonsl. B HacTosmee Bpems I mepeqavd CHHXPOHHM3HPOBAHHBIX BEKTOPHBIX [AHHBIX MEXAY YCTPOHWCTBAMH
CHHXPOHM3MPOBAHHBIX BeKTOpHBIX m3MepeHnit (YCBU, PMU) u KBJI, a taxxke mexay KBJ| pasHoro ypoBHS
ucnons3yercs nporokon cranaapra IEEE C37.118.2. K nocronHcTBaM 3TOro MpOTOKOJIA MOYKHO OTHECTH TO, YTO OH
SIBIISIETCA OTKPBITBIM M CTaHIAPTHU3MPOBAHHBIM, a TAKXKE TO, YTO OH SIBISIETCS CIEIUATU3MPOBAHHBIM M H3HAYaJIbHO
paspabaTbiBajcss C LENbI0 Iepellayd CHHXPOHU3MPOBAHHBIX BEKTOPHBIX IaHHBIX. B Toxke Bpems, B pe3ynbTare
9KCIUTyaTal[K 3TOTO IPOTOKOJIA B PEaIbHO-ACHCTBYIONIEH CHCTEME, BBISIBIIINCH TAKHE €0 HEJIOCTATKH KaK HernOKOCTh
M U30BITOYHOCTh, YTO CTaBHT MO BONPOC LEJIECOOOPA3HOCTh €ro HWCIOJb30BAHMS JUI PEUICHUs TEKYLIIMX U
MEPCTIEKTUBHBIX 3a7a4.

[IpemmaraeMerii MPOTOKOJI TEpeJaddl CHHXPOHM3HPOBAHHBIX BEKTOPHBIX IAHHBIX pa3pabaThIBaJICS Kak C
y4eTOM BCEX IOCTOMHCTB Hcmoib3yemoro mporokosna IEEE C37.118, Tak W ¢ y4eToM aKkTyalbHBIX TpeOOBaHWH,
MPEeIBABISAEMBIX K HEMY CO CTOPOHBI cymiecTByromeir CMITP.
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KPATEPUM OLEHKH D®PEKTUBHOCTH

Hdnst  oueHkn d(PQEeKTUBHOCTM NpeaIaraeMoro MpOTOKOJa HEOOXOIMMO  BBEJCHHE HEKOTOPOTro
KOJIMYECTBEHHOI'O K03 duIMeHTa, N0 BeIWYMHE KOTOPOro, MOXXHO Obulo OBl cymutb 00 3(h(hEeKTHBHOCTH
Mpe1IaraeMoro penieHus..

Kpurepuem aist oneHkH 3QQEKTUBHOCTH IpeJlaraeMoro npoTokoiyia BEIOpaH koaddumueHT sgdekTuBHOCTH
K,¢¢> KOTOPEIH BeIUHCIAETCA 110 popMyIie

K Ye
B2 (1)
rae,
V. — 00BpeM maHHBIX cornacHo crienudukannu cragaapra [IEEE C37.118, 6aiiT;
Vs — 00beM JaHHBIX COTIIACHO MpeiaraeMoi crieuduKamm, OaT;
V. 1 V; pacCUUTHIBAIOTCS I OJHOTO U TOTO K€ COCTaBa IepelaBacMbIX MapaMETPOB M 33 MEPHUOJ BPEMEHHU — OJHA
CeKyH/Ia.

LlenecooOpa3HOCTh BBEJCHHSA B KadyecTBE KpHTepHs OHeHKH d(dextuBHOCTH Koddduuuenta Kipg
OHpe}lCHHeTCH TEM, 4YTO HMCHHO HpOHyCKHaﬂ CHOCO6HOCTB KaHaJIoB nepeﬂatm JAHHBIX ABJISACTCSA onpeﬂenﬂ}omeﬁ
TEXHUUYECKON XapaKTEPUCTUKOM IIPU PEIICHUY aKTyalbHbIX B HACTOSILEE BPEMs 3a1a4 MOHUTOPUHTA.

Kak cnenyer n3 dopmynsr (1), mna pacuera K,y HEOOXOMMMO paccuyumTaTh BENUYMHY V. , KOTOpas
ompenensercs cnenudukanuei nporokona IEEE C37.118 u coctaBoM mepenaBaeMbIX TaHHBIX, TIO3TOMY HEOOXOINM
KOJIMYECTBEHHBII aHAJIN3 3TOTO MPOTOKOJIA C TOUKU 3PCHUS 3aTpaT Ha Iepenady JaHHbIX.

CIIEHUO®UKAIUA ITPOTOKOJIA CTAHJAPTA IEEE C37.118

IIpotokon cranmapra IEEE C37.118.2 - 3T0 crnenuanu3upoBaHHbIM MPOTOKOJ, KOTOPBIM NMpeaHa3HAa4eH It
nepeaaysl CHHXPOHU3UPOBAHHBIX BEKTOPHBIX H3MEPEHHUH B PeXHME PealbHOTO0 BPEMEHH.
Crnemmdurkanueit npotokona IEEE C37.118.2 ompeneneHo, 9TO TPpaHCIOPTOM JJISI HETO CIYKAT MPOTOKOIIBI
UDP wmm TCP, KoTOpBIE HCIONB3YIOTCSA I Tepenadyn coodOmennid (kampos, frames) mexxny PMU u PDC. Bcero
cnenudukarnueit mpotokona IEEE C37.118 omnpeneneHo 4eTsipe THTIA KaIPOB:
1. Kagp ymnpasnenus (Command frame). EnuHcTBeHHBIH THII COOOMIEHUS OT KiIMeHTa K cepBepy. Comepkut
18 obs3aTenbHBIX OalT, BKiIIOUas 2 Oaiita HAa MICHTH(UKATOP KOMaH/bI, & TaK K€ MOXKET COAEPXkaTh JI0
65518 Oalir JOMONHWUTENFHOW HE peritaMeHTHpoBaHHOW wHpopmarmu. Cranmaprom 2011 roma
OTIpe/ieIeHbl 6 OCHOBHBIX THUIIOB KOMAH/:
BKITIOYHTBH TIepeiady JaHHbIX;
BBIKJIIOYHUTD Nepeaavdy JaHHBIX;
3apoc OMMCAaHUS YCTPOMUCTBA;
3arnpoc KoHUrypauuu tumna 1;
3anpoc KOH(GUTYpaLUK THIIA 2;
3anpoc KOH(GUTYpaIuy Trma 3.

2. Kagp ommcanns (Header frame). ConepxuT ommcaHue ycTpOWCTBA, 3aJI0)KEHHOE HMPOU3BOIUTENEM HIIH
o0ciry)uBaroImnM nepcoHanoM oobekTa. ComepkuT 00s3aTenbHbBIX 16 0alT, a Tak e OalThl TEKCTOBOTO
OIIMCaHUsI yCTPOUCTBA.

3. Kagp xon¢purypaumu ycrpoiicrsa (Configuration frame). Moxer ObiTe 1-ro, 2-ro mmm 3-ro Ttuma.
ConepxuT omnmcaHue 00bEKTa, Ha KOTOPOM pPAacIoNoKeHO ycTpoiicTBo, ommcanne PMU (wimm B PDC,
onucanue Heckosbkux PMU), Bkitouas onmcanue (Ha3opoB, aHAJIOTOBBIX U JUCKPETHBIX CHUIHAJIOB
(Tenen3MepeHuil U TeNIECUTHAJIOB), a TaK k€ (OPMATOB JaHHBIX.

Kanp xondurypanuu 3-ro tuna 6onbiie opueHtrpoBad Ha PDC, u nMeeT cliefyomye OTINIuTeIbHbIE
0COOEHHOCTH:

®  IIPeayCMOTPEHA BO3MOKHOCTH Pa30UTh KOH(PUTYpAIHIO HA HECKOJIBKO KaJIPOB;

e  no0aBiieH r100abHEI naeHTUGHKaTop PMU;

e Ha3BaHHC O0BEKTa M JAHHBIX ((ha30pOB, aHAIOTOBBIX U JUCKPETHBIX KaHAJIOB) OTpaHUYMBAETCS 256
CHMBOJIOB BMeCTO 16;

yKa3aHHE reorpa@uuecKoro MECTOIOI0KEHUS;

yKkazaHue kiacca M unu P;

yKa3aHHe OKHa BBIYUCIICHUN (ha30pOoB;

yKa3aHHe TPYNIOBOH 3a1epKKH (pa3opos.

4. Kanp nannsix (Data frame). Comepxut Habop 3HaUeHUH (Pa30pOB, aHATOTOBBIX W TUCKPETHBIX CHTHAJIOB
(TenecUrHanoB W TeNeu3MepeHHi) ¢ METKOW BPEMEHH, a TaK e IOMOJHHUTENbHYI0 HH(OPMALHUIO O
JIOCTOBEPHOCTHU JTAHHBIX U METKH BPEMCHHU.
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Copneprxanue Kajpa TaHHBIX MIPEICTAaBIAET COO0H CTPYKTYpy, KOTOpas puBeaeHa B Tadmure 1.

Tabmmna 1. CTpykTypa Kagpa TaHHBIX.

DJIEMEHT JaHHBbIX Paszmep

3aroJioBOK JIaHHBIX — COJEPXKUT B cebe Bepcuio, pasmep | 14 Gaiit
KaJpa OaHHBIX, UICHTU(PHUKATOP KOH(PHUIYpAIMH, TaKkKe
METKY BPEMEHH ¥ aTpHOYThl KauecTBa H3MEPEHHs

bnox nmaneeix mo PMU (unu xaxpgomy PMU — ecnm | Pasmep oatoro ©Onoka JaHHBIX — Ompeaensercs 110
koH(purypauus B pexume PDC) koH(purypaunonHomy ¢petimy. nst xaxmoro PMU
MIPUCYTCTBYET MH(MOPMAIMSI O COCTOSHUH YCTPOWCTBA M
KayecTBE CHHXPOHM3AllMM W3MEPEHHUH, dYacToTe U
CKOpPOCTH M3MEHEHHs] YaCTOTHI B CETH, a TAKXKE JaHHBIE IO
BEKTOPHBIM M aHAJIOTOBBIM H3MEPEHUSIM

KontponsHas cymma 2 Qaiita

Cocras 0s0ka 1aHHBIX 110 Kaxkgomy PMU npencrasisieT co6oit CTpyKTypy, KoTopast npuBeneHa B Tabnuue 2.

Tabmmma 2. Ctpykrypa 0J0Ka JaHHBIX KaJapa JaHHBIX.

DJIeMeHT JaHHBIX Pa3mep

Hab6opoB OuTOBBIX (praroB ¢ ykazaHueM Ha cocTosHHE | 2 Oaiita

YCTPOMCTBA U KaueCTBAa CUHXPOHU3ALMH U3MEPEHUI

Yacrora cetn 4 Gaiit (s float)/2 GaiT (s integer)

CKOPOCTh W3MEHEHHUS YaCTOTHI CETU 4 Gaiit (s float)/2 GaiT (s integer)

Bexropa usmepenuit 8 Oait (mna float)/4 Oaiir (mnst integer) Ha KaKIblid
BeKTODp (yroi + 3HadeHue uiau Re + Im)

AHasioroBoe 3HaueHHUE 4 OGaiir (s float)/2 GaWTt (Ui integer) Ha Ka)IbId
aHaJIOT

JucKkpeTHOE 3HaueHHE 2 Gaiita Ha Kaxaple 16 TUCKPETHBIX KaHAJIOB.

Pacyer konnvecTBeHHOH OLEHKH V. OCHOBaH Ha OOOOIICHHBIX 3HAUYCHUSIX PEalbHBIX MMApaMeTPOB Iepeaadn TaHHBIX
cymectyromeit CMIIP, xotopsie npuBenens! B Tabmuie 3.

Tabnuna 3. 3HaueHws mapaMeTpoB UL pacdera V..

ITapamerp 3HaueHune
YacroTa nepeiayu JaHHBIX 50 kaapoB/c
Kommgectso PMU 1

KosmdecTBO BEKTOpPOB B cocTaBe JaHHBIX ogHoro PMU | 6

KonnuecTBO aHAIOrOBBIX 3HAYCHHUM B COCTaBe JaHHBIX 2

oanoro PMU

®dopmar neperaud BEKTOPHBIX U3MEPEHUI integer (2 Oaiita)
Pa3mep 0aHOro BEKTOPHOTO U3MEpPEHHUS 4 Gaiita (Juis integer)
Pasmep ciyxe6Ho# napopmarn UDP 42 Gaiir

Pasmep ciyxebnoit nunpopmaruu TCP 58 Gaiir

B obmiem Ttpaduke, 3aTparaMu Ha mepenady KajJpoB YNPaBIEHHs, KOHQHUIYpalMK W OIMCAHHS MOXKHO
npeHedpeyb, MOCKOJIBKY MO CPaBHEHMIO C KaJpaMM JaHHBIX, OHM IIOCHUIAIOTCS KpaiHE pelKOo W MPaKTHYECKH He
y4acTBYIOT B hOpMHUPOBaHMH 001Iero Tpaduka.

Takum oOpazom, it IPUHATHIX yeiaoBuid V. = 4100 Oaiit Ge3 yuera ciyxeOHOM HHPOPMAIMK TPAaHCHOPTHBIX
MPOTOKOJIOB.

CIIEHU®UKAIUA ITPEJIATAEMOI'O ITPOTOKOJIA

CHCIIPI(i)I/IKaHPICﬁ npegjaraéMoro IpoToKoJa MpPEeAyCMOTPEH pAAd MEP HANOPaBJIICHHBIX Ha YBCJIWYCHUC
3(1)(1)CKTI/IBHOCTI/I nepegayn AaHHbIX, KOTOPbIC MOXHO HCIIOJIB30BATH U 1O OTACJIBHOCTHU, HO MaKCUMAaJIbHBIA 3(1)(1)€KT
JAOCTUTACTCA UMCHHO TP COBECTHOM IPUMCHCHUU.

Iepexoo na osyxbatimoswiil hopmam nepedauu OaHHbIX

Cneunduxanueir nporokosia IEEE C37.118 mpenycMmorpena nByxOaiiToBas Iepenada 3HaueHUH BEKTOPOB.
Macmrabubsie K03(QPHUIMEHTH MepenaloT B Kaape KoHPUrypanud. Mo>KHO HCITOJIb30BaTh 3TOT MEXaHW3M, HO BaKHO
y4ecTh IOTEPIO TOYHOCTU HPH TAaKOM THUIIE Nepenadn AaHHbIX. /I 3TOro mpoBegeHa OLEHKA MOTEPH TOYHOCTH IPU
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nepexone Ha JABYXOAaWTOBBIA (QopMmaT Tepeladd TaHHBIX W aHaau3 TexHudeckux TpedoBanmit k [ITK CMIIP mo
togHocTH. CymectBytomue TpeboBanus k [ITK CMIIP o Tounoctu npuBeneHs! B Tabmnmre 4.

Tabnmma 4. Tpebosanus mo TouHoctH K mapamerpam [1TK CMIIP.

HapaMeTp TpeﬁoBaHne IO TOYHOCTHU UBMEPEHUS
YacToTa +1 mI'g

@Pa3a BEKTOpa TOKA WJIM HAIPSKEHUs +0.1°

JeicTBymollee 3Ha4CHUE HAIPSLKCHHUS 0,2 %

JeilicTByronee 3HaYeHUE TOKa 0,4 %

3HayeHHe aKTUBHOM MOIITHOCTHU 0,5 %

3HayeHue peaKTUBHON MOIHOCTH 1,0 %

3HaueHHe ToKa BO30YXKICHHs 0,5 %

3HaueHHe HANPsHKEHHS BO30YKICHUS 0,5 %

Jnst Toro 4ToObl OLIEHHWTH MOTEPI0 TOYHOCTH IIPH NEpPexoj]e Ha JBYXOaWTOBBIM (opMar mepenaud JaHHBIX
HEOOXO/JMMO ONpENeNIUTh BEPXHIOI M HIDKHIOI TpaHUIly 3HAa4eHUH u3MepseMoro mapamerpa. Jlns kaxmoro
M3MEpSeMOro TapaMeTpa 3TU IPaHULBl Pa3Hble U TIpHBeCHbI B Tabauue S.

Tabnuua 5. BepxHue v HIKHUE MPAaHUIB] 3HAYCHUH U3MEPsIeMBIX TapaMeTPOB.

ITapameTp Huxuss rpanuna 3Havyennidi | Bepxusisi rpannna 3HadeHuii
Yacrtota 45 55

®a3a BEKTOpa TOKA WJIM HANPS>KEHUS -180 180

JelicTByrolee 3HaUeHNE HANPSHKEHUS 0 200

JelicTByoliee 3HaYEHUE TOKA 0 10

3HaueHne aKTUBHOM MOIIIHOCTH 0 2000

3HaueHUE peaKTHUBHON MOILTHOCTH 0 2000

3HadycHNE TOKa BO3OYKICHUS 0 150

3HaUYCHNE HAMIPSDKCHAS BO30YKICHHS 0 1250

BepxHne u HHKHUE TPaHUIBI 3HAYECHHH, IpUBEcHHbIC B Ta0nume 5, BpIOMpaniuchk Ha OCHOBAaHWHU TpeOOBaHMH
k [ITK CMIIP. KoadduupenTs! TpanchopMayy MOXKHO YH4ECTh B MAacCIITAOHBIX KOI(PPHUIUESHTAX, TPEyCMOTPEHHBIX
JUIa AByxOaiiToBOM mepeayn JaHHBIX, TO3TOMY IPAaHUIIBI 3HAUYCHUH MPUBEACHBI BO BTOPUYHBIX BEJIMYHUHAX.

B cnyuae aGcontoTHOHM MOTPENTHOCTH, TIOTPEUTHOCTh A TIO KOKIOMY apaMeTpy pacCIUThIBaeTCs 1o Gopmye:

_ (Gmax B Gmin)
65535 2)

e,

A — abcoumoTHas TOTPENTHOCTD MIPUBEICHNS TapamMeTpa K JByx0aliToBoMy Gopmary;

Ginax — BEpXHss FpaHHLIA 3HAUYEHU TapaMeTpa;

Gnin — HIXKHSISI TPaHULIA 3HAYEHUH apaMeTpa.

B ciy4ae OTHOCUTENIBHOM NOTPEIIHOCTH, IOIPEUIHOCTD € IO KaXAOMY HapaMeTpy OLICHUBAJIACH I10 BEJIMYMHE
IIPUBEICHHOM OTHOCUTEIBHOM NIOTPEIIHOCTU BBIPAXEHHOM Yepe3 HOMUHAIbHOE 3HAUEHUS IapaMeTpa:

* 100
Gnom 3)

=

rae,

€ — OTHOCHTENbHAS IOTPEIIHOCTE IPUBEICHNUS MapaMeTpa K AByx0aiitoBomy hopmary;
A — abcomoTHas TOTPENTHOCTH MIPUBEACHUS TapaMeTpa K JByx0aliToBoMy Gopmary;
Gpom — HOMHHAJILHOE 3HAYEHUE TTapaMeTpa.

Takum obpa3om, 1T paccMaTpUBaeMbIX ITApaMETPOB MOIYJAIOTCS IIOTPEITHOCTH, IpHBeeHHbIe B Tabuie 6.

Ta6nnua 6. AGCOIIOTHEIC U OTHOCUTEILHEIE TNOTPCITHOCTHU 3HAYCHHI N3MEPSCMBIX IMapaMETPOB.

IHapamerp IHorpemiHOCTH NPUBEICHUA Tpedyemasi NOrpemiHOCTh
YacrtoTta 0,15 mI'g +1 Mg

@aza BEeKTOpa TOKA MM HAIPSKCHHS 0,005 ° +0.1°
JleiicTByOIIICEe 3HAYCHUE HATPSDKCHHS 0,03 % 0,2 %
JleiicTByOIIICE 3HAYCHHE TOKA 0,03 % 0,4 %

3HayeHre aKTUBHOM MOIIIHOCTH 0,06 % 0,5 %

3HaueHue peakKTHBHON MOITHOCTH 0,06 % 1,0 %

3HaueHue TOKa BO30YKICHIS 0,03 % 0,5 %

3HadYeHNE HANPSDKCHAUSI BO30YKICHHS 0,03 % 0,5 %
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3HaYCHUST MOTPEIIHOCTeH u3 Tabauibl 6 TOBOPST O TOM, YTO NPH IEepeaadye BEKTOPHBIX MAHHBIX MOXKHO
nepeiT Ha IByxOaiTOBYIO mepenady, HE MOTEPSIB IPH 3TOM B TOYHOCTH HU3MEPEHHH, KOTOpas MPEABABISAETCS K
nmaaaeM ITITK CMIIP.

3navenne K4 Ipu nepexose Ha ABYX0aiiToByI0 nepeady JaHHBIX COCTABUT:
K,pp =4100/2500 = 1,64.

To ectp, mpu mepexone Ha ABYXOAaWTOBYIO Iepenady OaHHBIX MOXKHO YMEHBIIUTH OOBEM IepelaBaeMbIX
JaHHBIX B 1,64 pa3a, mpu TOM k€ CaMOM COCTaBe Mepe/laBaeMbIX TapaMeTPOB.

Obvedunerue OaHHbIX HECKONbKUX KAOPO8 6 OOUH

Jpyroit Mepoii, mpeayokeHHOH B paMKax pa3pabaTbiBaeMoil crieriuduKanuy, sBisercss 00beANHEHNE JaHHBIX
HECKOJIbKUX KaJpoB B OWH, Ooyiee KpymnHbIN Kaap. CaMu JaHHBIE IIPH 3TOM HE TEPSIOTCS, 3aJIep)KUBAETCS TOIBKO HX
nepenaya. Pacuersl 3¢eKTHBHOCTH TpeiaraeMoil Mepbl, UCXOIAT U3 TOTO, YTO JAaHHbIE HAKallJIMBAIOTCS B TCUCHUE
CeKYHJIBI U 3aTeM IepelaroTcs OJHMM KaapoM. /laHHas Mepa MO3BOJIUT COKOHOMHTH Ha cilyxeOHoW mHpopmannu
TPAHCHOPTHBIX MPOTOKOJIOB U CiIy)keOHOH mHpopMmanuu npotokoia IEEE C37.118. Pacuets 3¢ peKkTHBHOCTH JaHHON
MEpHI IPUBEACHBI HUXKE.

Pasmep oIHOTO MakeTa ¢ yu4eToM CiyeOHO# nH(opMalnK TpaHCIIOPTHBIX MIPOTOKOJIOB COCTABIISET:
- 128 6aiir, nas UDP;
- 140 6aiit mis TCP.

OObenuHsAs IaHHBIE KaZpoB 3a cekyHOy B oamH (50 KagpoB), JNOCTHraeTcs JKOHOMHS Ha CIy)KeOHOM
nH(pOpMaLUK ATUX TPOTOKOJIOB.

Cosoxynnblii ko3ddumuent s¢pdextuBnocty K,g 0T mepexona Ha AByx0aiiToBylo Hepefauy AaHHBIX U
00BETMHEHUS COCTABUT:

- K,pp =6200/2542 = 2,44, nna UDP.
- K,py =7000/2558 = 2,74, nna TCP.
Apxusuposanue 0aHHBIX 6 pedcume peanrbHO20 8PeMeHU

B nononHeHne K npenbIayIUM IBYM MepaM crnenuduKaiys pa3padbaTbiBaeéMoro MpoToKoJIa IMperycMaTpuBaeT
apXMBUPOBAHNE JAHHBIX B PEKHMME PEATbHOIO BPEMEHH.

Z[aHHa?[ Mepa, 0COOEHHO 3(1)(1)CKTI/IBHa npu 06’B€Z[I/IHGHI/II/I C OpeAbLAYIIUM MEXaHU3MOM 06I>CZ[I/IH€HI/I$[ JaHHBIX
HCCKOJIbKHUX KaApOB B OAWH.

B kauectBe apxmBatopa ObIT BBIOpaH gzip, KaK KOMIPOMHCCHBIH BapHaHT MEXIY CKOPOCTBbIO CXKaThs M
ko3¢ ¢unnentoM cxatus. [IpoBeneHHbIE NpeABAPUTENbHBIC HUCCIEIOBAHHS IMOKa3ald, YTO HCIOJIb30BAaHHE JaHHOTO
apXMBaTOpa IO3BOJISIET COKPATHTh 00BEM IepelaBaeMbIX JaHHBIX B cpeaHeM B 1,5 paza. Koadduumenr cxarus npu
3TOM, 3aBHCHUT OT COJEPKUMOTO KaJipa U HEe SBISIETCS MTOCTOSHHOMN BETMYHUHOM.

Takum 00pa3oM, COBOKYITHBIN 3(h(HeKT OT MPUMEHEHUS BCeX TPEX MPEII0KESHHBIX MEP COCTABJISET B CPEIHEM:

qu,(b = 4,11

3AKVIIOYEHHUE

,HOCTOI/IHCTBOM TIPEIOKECHHOTO MPOTOKOJIa NMEpEaavYn BEKTOPHBIX JAHHBIX ABJSCTCA TO, YTO OH IO3BOJIACT B
4,11 pa3a COKpaTUThb 00BeEM nepegayn JaHHbIX HOPpU TOM XK€ CaMOM COCTaB€ IEpEAaBACMbIX NapaMETpPOB. K
HCAOCTATKaM IMPEAJIOKEHHOI'0 MPOTOKOJIa H€O6XO,HI/IMO OTHECTU TO, YTO IIpU nepeaadc JaHHbIX C MOMOIIBIO 3TOrO0
IMMPOTOKOJIa OHU 3aJACPIKMUBAIOTCA HAa HECKOTOPOC BPEMsI, a TaK K€ TO, YTO 00BeM nepeaaBacMbIX JaHHBIX HCOJAWHAKOB B
CANHUIY BDEMCHHU.
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