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ABSTRACT

This paper proposes a method for synthesizing index policies to ensure the survivability of a mobile platform-based information
system operating under intermittent connectivity and incomplete observability. The method aims to maintain the probability of violations
within specified budgets by combining event-based index ranking with calibrated risk management and dual-loop parameter tuning. The
fast loop adaptively adjusts the weight of the risk component of the index based on the magnitude of recorded excesses, while the slow
loop periodically recalibrates feature normalization, base weights, and relevance factors, thereby enhancing robustness to non-stationarity
and small sample sizes. Probabilistic constraints are interpreted through upper confidence bounds on a short sliding window, enabling
controlled risk without rigid assumptions regarding disturbance distributions and without reliance on continuous telemetry or frequent
global coordination. To maintain decision consistency, a computationally lightweight acceptability check and event logging are
employed, facilitating independent reproducibility. The study presents the index rule formulation—including feature normalization,
weight structure, and risk testing—along with a risk correction protocol for sampling per decision step and a procedure for detecting
mode changes and safe reconfiguration. The computational complexity of the method is amortized linear-logarithmic with respect to the
number of active objects and step capacity, ensuring suitability for real-time operation. Verification was performed on event logs
featuring intermittent connectivity and surge load scenarios. The results demonstrate the convergence of the violation frequency upper
bound to specified budgets, the stabilization of the risk component weight without fluctuations, and predictable service metric dynamics.
A step-by-step ablation study highlighted the contribution of each component: disabling the fast loop delays the achievement of target
risk levels, while the absence of the slow loop locks the risk component at an excessive weight, degrading the operational balance.
Compared to heuristic rules lacking explicit risk control and model-predictive approaches sensitive to telemetry quality, the proposed
method ensures the survivability of the information system through controllable probabilistic guarantees, event scalability, and
reproducible verification procedures.
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INTRODUCTION

Moabile platform-based information systems are
characterized by intermittent structural connectivity
[1], operation with variable delays between
structural elements [2], uneven access to resources
[3], and incomplete observability [4]. Under these
conditions, survivability — the ability to maintain
functionality and acceptable service quality despite
external destructive influences, communication
disruptions, and cascading data flow deviations —
becomes the defining characteristic [5], [6], [7].

External destructive influences are defined as
exogenous events that alter the system's operating
conditions [5].

Depending on their intensity and target, these
influences induce the following types of failures:

- operational failures — short- to medium-term

system's primary function (quality drop) while the
system continues to execute it;

— severe failures — prolonged intervals of
unavailability of system elements causing a
significant drop in primary function quality, but with
subsequent functional recovery using available
reserve resources without altering the nature of the
primary function;

— catastrophic failures — events necessitating a
change in the system's primary function because
actual resources are minimally sufficient only for the
new function; these typically arise from the violation
of critical invariants.

Consequently, a class of problems arises
concerning the operational redistribution of
resources in such systems.

Two predominant directions for solving these

deviations that degrade the performance of the
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problems exist:
— predictive and stochastic  optimization
control models [8], which provide rigorous solutions
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but require significant amounts of auxiliary
information during operation. Therefore, in most
scenarios, they are ill-suited for ensuring rapid
system responses under unstable architectural
connectivity;

— heuristic prioritization rules [9], which are
simple to deploy but typically guarantee only a
controlled risk of violations and a reproducible
operational trajectory under peak loads and
communication disruptions.

Index policies (decision-making rules based on
a scalar index) occupy a distinct position,
demonstrating satisfactory scalability and numerous
practical applications for rapid resource distribution.
Solutions based on index policy logic show
consistent  advantages, particularly  regarding
scalability and the ability to function with

insufficient information for optimal decision-making.

This reflects the current trend of combining them
with bandit and reinforcement learning methods,
relaxing initial assumptions, and designing applied
solutions [10].

Prominent solutions in this domain include
methods with probabilistic constraints [11] and the
class of Distributionally Robust Optimization (DRO)
approaches [12], which allow the system to respond
to rare architectural events or external factors
characterized by unknown random disturbance
distributions and statistical uncertainty. An analysis
of risk-aware information system management
research [13] illustrates how tail risk measures
(specifically CVaR) can be integrated into the
synthesis of secure and stable operating policies,
including via barrier functions and optimization
schemes, providing tools to control rare but critical
deviations.

A defining feature of mobile platforms is
intermittent connectivity. Even with fault-tolerant
protocols, prolonged unavailability — windows,
element asynchrony, and the accumulation of
garbage (stale) data may occur. In such conditions,
universal approaches relying on continuous
telemetry [14] or frequent global coordination [15]
perform significantly worse or fail to ensure stable
system operation.

The analysis highlights unresolved tasks critical
for real-world deployment, specifically:

— controlled violation risk under intermittent
connectivity and incomplete data, without rigid
assumptions on random deviations, relying on
empirical thresholds and aligned with probabilistic
or DRO guarantees;

— scalable event-driven decision rules with
short response times, leveraging index policies and
risk-oriented constraints;

— robustness to long delays and channel
disruptions, including data staleness and asynchrony,
without dependence on continuous  global
synchronization;

— addressing the excessive complexity of
verification protocols for realistic interruption
scenarios and variable loads, focusing on tail risks
and consistency.

The formulated tasks underscore the need to
develop methods combining index prioritization

with explicit risk control and suitability for
intermittent connectivity environments.
RELATED WORKS

Current approaches to creating index-based
decision rules are primarily focused on finding
computationally efficient algorithms. For instance,
the Restless Multi-Armed Bandit (RMAB)
framework exemplifies the applicability of index
methodology, illustrating its  computational
complexity regarding resource intensity while
forming modern generalizations for partial
observability and complex budget constraints [10].
Recent years have seen the development of
optimistic index methods that generally combine
index approaches with machine learning elements in
complex dynamic environments [16]. Additionally,
new approaches to indexability in partially
observable restless models [17] and risk-aware
planning variants for RMAB [18] are noted.

There exists a class of problems with chance
constraints (probabilistic constraints), where it is
necessary to control the probability of violations
under limited statistical information. Modern
research in this direction is well-systematized by
transformation and approximation criteria, and
algorithmic  templates  for  such  problems
demonstrate practical applicability for complex
information systems [11]. A related approach is
Distributionally Robust Optimization (DRO), which
allows modeling distribution uncertainty through an
ambiguity set and focuses on the worst-case
distribution within this set [19]. Research embedding
risk indicators (risk measures, particularly CVaR)
into control and reinforcement learning [20], [21] is
intensively  developing to obtain  decisions
considering not only average quality but also rare
yet highly undesirable “tail events” [22].

Studies on consistency in replicated systems
under limited or intermittent connectivity prove the
importance of finding solutions to ensure service
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quality [23], [24]. Research on information systems
with causal consistency and invariant checking
shows that formal verification methods and tools
detecting consistency violations in real systems are
actively evolving [25].

The analysis of modern scientific research [16-
25] indicates the suitability of index approaches and
the availability of tools for solving chance-
constrained and distributionally robust problems,
while also providing basic recommendations for
using information systems with intermittent
connectivity.

However, gaps critical specifically for mobile

platform-based information systems in highly
dynamic operating conditions are identified,
including:

— the problem of compatibility of index policies
with explicit risk management (absence of
constructs allowing calibration of index rule
parameters to a given violation risk level while
maintaining event scalability [10], [16]);

— the problem of robustness to non-
stationary/limited  statistics (lack of methods
sensitive to mode changes and small samples based
on DRO concepts yet simple to implement [12]);

— insufficient stability of a mobile platform-
based information system operating under
intermittent connectivity without requiring frequent
global coordination and with control of "tail"
deviations in service indicators [14], [21], [26];

— significant complexity in implementing
validation approaches for index decision effects
against realistic interruption/asynchrony scenarios
and evaluation via risk-oriented metrics [20].

The problem statement in this study focuses on
the synthesis of index policies with guaranteed
(calibrated) control of violation probability under
intermittent connectivity and incomplete statistical
information, while maintaining low event-based
computational costs and reproducible verification
procedures.

RESEARCH OBJECTIVE AND TASKS

The purpose of the study is to develop and
experimentally verify a method for synthesizing
index policies to ensure the survivability of a mobile
platform-based information system with calibrated
control of violation probability.

Tasks:

— determine the structure of the index rule and
the dual-loop parameter tuning procedure based on
empirical boundary values (quantiles)/concentration
estimates;

— construct an event-driven algorithm and
evaluate its computational cost;

— formulate a verification protocol with metrics
and benchmarks;

— perform sensitivity and robustness analysis,
confirming compliance with the specified risk level
and improvement of service indicators.

TAXONOMY

Consider a mobile platform-based information
system operating in an event-driven mode with
intermittent connectivity and partial observability
[27]. At each decision step te T, the set of active
objects U, and the current capacity C, (the number
of objects that can be served simultaneously) are
known. The solution consists in selecting a subset
A c U, of size no more than C, for servicing at step
t.

For eachu U, , a scalar index is utilized that
aggregates normalized features (urgency, importance,
and data relevance, local service deviations, load
estimates, and predicted channel availability):

L(£0)=2 0,04 @O+ A0, @

where ¢, (u,t)e[O,l] are normalized features;
a;(t)=0 are weight coefficients; 5, (t)eR is the

offset for class prioritization; and Hz{aj (-),ﬂu(-)} is

the vector of parameters to be adjusted during the
research process to achieve the objectives. In (1), the
class prioritization offset is defined as an additive
constant (reward or penalty) applied to the index for
all requests belonging to a specific class.

For a unit capacity C, =1, the object with the

highest index is selected:

u*(t) =arg max 1, (t;0). (2)

For an arbitrary capacity C,>1, the optimal

subset of the highest priority objects is formed:
A =argmax Y_1,(t;6). (3)

AcU, ,‘A‘Sct ueA

In the event of tied indices, a deterministic
prioritization order is applied. Specifically,
preference is given to the object with the greater
waiting time indicator s, (t) (time elapsed since the
last service), and in the case of equal time indicators,
preference is determined by the permanent identifier
id, . According to (2) and (3), and in cases of equal

indices, a consistent approach is selected to
eliminate ambiguity and ensure reproducibility.
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If necessary, switching from the previously
serviced object (v ) to a new candidate () is
permitted, but only subject to a sufficient index gain
(@ hysteresis condition preventing excessive
switching):

I, (t0)-1.(t.6)=n, n, =0. (@)

In (4), the parameter 7, sets the minimum index
gap required to initiate switching; in a continuous
policy, 7, = is assumed.

Correct functioning is defined by a system of
chance constraints for the vector of functions

g(®) =(9,().....9¢ (1)) reflecting resource,
coordination, and service requirements:

Pr{g,(X,a)<0}>1-5,, k=L...K, (5

where X, is the vector of available

observations/estimates at stept; a, e{u*(t),A} is
the decision made according to the index rule; and
5,€(0,1) is the risk budget for violations of
constraint K .

If necessary, the total budget Zk5k35z is
additionally fixed, and a rule for its distribution
among constraints is introduced.

Partial observability is handled by restoring

missing features via exponential smoothing of the
last reliable value:

é.(ut)=2"p,(u,t), 1e(01), (6)

where t~ is the timestamp of the last feature

observation; and At =t —t".

This procedure (6) enables index comparison in
the presence of data gaps and delays during the
operation of the mobile platform-based information
system.

INDEX RULE FOR DECISION MAKING

The components of the scalar index and their
construction principles are established to align the
ranking of active objects with risk constraints and
the characteristics of intermittent connectivity.

The generalized form of the index is:

I, (t0) =, @, (U) + 2, D (U, 1) +
+ot, D (U, 1) + 2, Dy (U, 1) + (7)
+a5(Drisk (U,t) + ﬂu ’

stale

In (7), higher values of 1,(t;8) correspond to
higher priority.

Feature normalization is performed as follows.
Each raw value z(u,t) is mapped to the interval

[0, 1] using empirical bounds on a sliding window
z(u,t) -9 (t)

W
high low ! 0’ 1}! (8)
g -g™ M) +e

where g*(t) , q"*"(t) are quantiles of order, for

example, 0.05 and 0.95; ¢ >0 is a stabilizer.

In (8), the stabilizer is a positive constant
serving a protective anti-degeneracy function to
prevent denominator vanishing when
g™ (t) =" (t) . This normalization procedure (8) is
robust against outliers and does not require specific
assumptions regarding the disturbance distribution
law [33].

The index (7) comprises
components:

1. Object importance component:

@, Wel01]. 9)

tr

cD(u,t):cIip{

the following

Component (9) is a static or slowly varying
weight indicator of the importance class (e.g.,
service type, task criticality).

2. Data relevance component:

d, (t)
d™ +¢

Dy (U, 1) = Cllp( , 0, 1], (10)

where d,(t) is the time elapsed since the last

update/synchronization for u ; d™ is the
operational upper bound.

An increase in @, (10) indicates a longer
period without updates for the object, thereby
increasing its service priority.

3. Local load component:

(Dload (U,t) = Cllp( r?;((t '
q™ +¢

0, 1], (11)

where q, (t) is the queue/workload estimate for u ;

g™ is the operational upper bound.

Component (11) facilitates the prioritization of
objects with excessive local load.

4. Connectivity status component:

7, (t)

whereu is an active object at the time t;®, €[0,1] Dy (U,1) =exp[—r“+6j, (12)
0

are normalized dimensionless features.
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where 7,(t)>0 is the predicted time until the
channel becomes available for an operation related
tou; and 7, >0 is the characteristic scale (reference

availability interval).

The value (12) approaches 1 if the channel is
already available or is expected to open within the
characteristic interval z, , aligning priority with

intermittent connectivity.
5. Risk component. First, the empirical risk
budget overrun is calculated:

e®) = (P ()-5,),, k=1...K,

where p, (t) s the estimated violation frequency of
constraint kK on windowW, ; and &, is the specified

risk budget.

Next, the relevance share of the object to
constraint k , denoted as a(t)e[0,1] , is
introduced. This reflects the extent to which
servicing u reduces the probability of violating k
(determined by object class/operation type or via
empirical sensitivity on W, ).

The risk component is defined as:

cI)risk (U,t) =

K r
D W e, (Day, (t)

max Z:zlwlﬁ”ek ta, () +& ’

vel,

(13)

(14)

=clip 0,11,

where w” >0 are the importance weights of

individual constraints.

When certain constraints exceed their budgets,
priority is shifted to objects capable of maximally
reducing such excesses.

Thus, the properties of index (7) can be
formulated in the context of invariants:

—an increase in any of the components (8)-(12),
(14) with other components fixed, does not decrease
1,(t;0);

— all components (8)-(12), (14) are normalized
to [0, l] , S0 the use of gquantiles ensures robustness to

outliers without requiring distribution assumptions;

— when p, (t) <o, the contribution @, — 0,
and prioritization is determined by operational
features; conversely, when risk budgets are exceeded,
priority is adjusted in favor of actions that mitigate
the excess.

Collectively, these properties ensure the
coordinated ranking of active objects under
intermittent connectivity and limited statistical
information during the execution of the target

function by the mobile platform-based information
system.

EVENT-DRIVEN ALGORITHM FOR POLICY
SYNTHESIS

The event-driven policy synthesis algorithm can
be represented as the following sequence of steps.

Step 1. Updating observations. Upon the
occurrence of event t, the available features ¢, (u,t)

for objects ueAU, cU, are updated. Missing

values are restored via exponential smoothing
according to formula (6).

Step 2. For new and/or refined observations,
quantiles are calculated on W, , normalization is
performed, and the components of index (7) are
updated. Subsequently, 1,(t;0) is recalculated for
ueAU,, and the corresponding keys in the priority

data structure are synchronized.
Step 3. Preliminary selection. A preliminary

service set A is formed as a subset of at most C,
objects with the highest 1,(t;0) according to
formula (3).

Step 4. Risk constraint check (conservative test).
For each constraint k=1,...,K , the empirical
violation frequency f, (t) onW, is updated and the

budget overrun is calculated using formula (13). For
the pre-selected set of objects A, its expected impact

on the constraints is assessed via relevance
coefficients a,, () €[0, 1]:
A(AY) = ZWIEr)ak,u (t). (15)

ueA

The set A is considered acceptable for step t if
the following condition is met:

e () -4 MA (A < p(t) for any k, (16)

where &, (t) >0 is the calibrated impact coefficient;
and p, (t) is the tolerance for statistical error.

The test is a conservative approximation and
operates without assumptions regarding the
distribution of random influences.

Step 5. Risk-adjusted selection. If A® fails the

test, a local replacement is applied: the object with
the smallest contribution to A, for the constraint

with the largest budget overrun is removed from

A | and an object vedt is added that

AD
maximizes the increase in A, with minimal loss of

D,

Iterations continue until the set becomes
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acceptable or until further replacements yield no
improvement. The number of iterations is limited to
C,.

Step 6. Switching. When switching from the
object that was served (r) to a new candidate for
service (v ), the minimum gap criterion (4) is
applied. If the criterion is not met, the current
service is retained, preventing excessive switching.

Step 7. Updating statistics. After applying
decisions, f, (t) , normalization quantiles, non-

stationarity indicators, and computational cost logs
are updated. These data are subsequently used for
system parameter calibration and adaptation.

In the proposed algorithm, each step involves
index recalculation only for objects with AU, and a

limited number of insertions/deletions in the priority
structure. The amortized complexity of the algorithm
is O(|AU,[log|U,|+C, log|U,|).

The algorithm enables the formation of a policy
combining index ranking with explicit, empirically
calibrated consideration of violation risk, while
maintaining an event-driven nature and low
computational complexity.

PROBABILISTIC CONSTRAINTS AND
THEIR CALIBRATION

Next, it is proposed to align the index policy
with the requirements (5) assuming an unknown
distribution of random influences and limited
available statistical information. Calibration is
performed empirically: the violation frequency is
estimated over a sliding window, a statistical margin
is added, and subsequently, the risk budget shares
and the scaling of decision impacts are adjusted for
constraints exhibiting the largest overruns.

Therefore, it is advisable to first estimate the
violation frequency and establish an Upper
Confidence Bound (UCB). For each constraint k on
a window W, of size N,, a binary sequence of

violations v, (s) =1{g, (X,,a,) >0} is recorded.
Then the empirical frequency is:

B, (t)=Nink (s). 17)

t seW,

To avoid reliance on distribution assumptions,
an upper bound based on Hoeffding’s inequality [28]
(or, if a ready-made implementation is available, the
Wilson interval [29] or Clopper—Pearson interval
[30]) is utilized:

Pl (1) = (1) + (18)

where ¢, (t)e(0,1) is the confidence level for
constraint k .

Subsequently, taking into account (17) and (18),
ﬁkT (t) is compared with the budget &, ; the excess is

interpreted as a "risk deficit".
The magnitude of the deficit for constraint k is:

e () =(p -5

The contribution of selecting the set A to

reducing the deficit is reflected through the
aggregated relevance indicator (the degree of
involvement of objects in this constraint) (15):

Ay (A 1) = Z ngr)ak,u (t).

ueA

(19)

+

(20)

where a,(t)€[0,1] is the share reflecting the
expediency of servicing object u to improve the
fulfillment of constraint k (estimated on W, by
empirical sensitivity). It is planned that the choice of
A in (20) is acceptable for step t if the expected
increase in assurance (deficit reduction) exceeds the
statistical margin, according to formula (16).

In (16), £, (t)>0 scales the effect of A, in
reducing e, , and p, (t) >0 compensates for random
estimation fluctuations.

Calibration of £, (t) and p, (t) is performed as
follows. The parameter &, (t) is estimated from the
window W, data as the least squares coefficient for

the linear response “change in deficit < total
relevance” with regularization:

G0 =argmin 3 (e, (9) -6, (- +

(21)
+A (AL s-1)) + 287,

after which smoothing
A, 5>0.

is applied with small

S0 «—(1-B) S -1+ BE (b),

The margin p, (t) is defined by the width of the
confidence interval:
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which ensures the conservativeness of the test for
small samples and during mode changes.
Next, the distribution of the total risk budget is

specified. Let > &(t)=5, be the fixed total

budget. The initial proportion b, (0) is selected

according to service priorities, followed by a soft
rebalancing of proportions based on deficits:

b, (t)exp L%j

e 50 ] @

5, (t+1) =clip(8,b, (+1), Srirs S ),

b (t+1) =

where y >0 is the rebalancing coefficient; and
[8in+ Omax | @re the allowable bounds for individual

constraints.

This scheme (23) increases the budget share for
constraints with the largest recorded overruns while
maintaining control over the total sum.

The level of ¢, (t) in (18), (22) can be adapted
according to the sample size N, and the rate of
mode change (smaller «, implies greater
conservatism). The window length W, is selected
considering the “inertia <> sensitivity” trade-off; in
the case of accelerating events, a decrease in N, is
permitted with a compensating increase in ¢, (t)
or z.

These constraints and the calibration mode are
fully consistent with the event-driven algorithm. The

values P, (1), e (t) , A (A1), £ (1), and p, (t) are
directly used in the acceptance test. If the test fails,
local replacement of elements in A is applied until

conditions are met or iterations are exhausted. In a
stable mode, when f)kT(t)sék(t) for all k , the

deficits tend to zero, the impact of the risk
component diminishes, and the policy operates
based on the operational components of the index.

The use of the Upper Confidence Bound kaT ®
combined with the margin p,(t) ensures high-

probability compliance with restrictions under
unknown random influence distributions;
rebalancing o, (t) avoids chronic “under-calibration”

of individual constraints. Subsequent dual-loop
adaptation of index parameters & reduces the need
for frequent risk corrections and accelerates
convergence to the operating mode.

DUAL-LOOP ADJUSTMENT OF INDEX
PARAMETERS

This  section  proposes a  parameter
0={a . B,} control mechanism ensuring the

consistency of the index policy with probabilistic
constraints under intermittent connectivity and
limited statistics. A dual-loop scheme is proposed:
the fast loop responds to the current risk load (the
magnitude of recorded overruns) and adjusts the
share of the risk component of the index; the slow
loop  performs  periodic  recalibration  of
normalization, base weights, and relevance factors
based on generalized empirical data. This
mechanism is designed to ensure rapid stabilization
of disturbances without compromising long-term
effectiveness.

The fast loop is constructed as follows. Let
e (t) be the risk deficit for constraint k (19), and

w'"” be its importance weight. A dimensionless risk

load indicator (the magnitude of recorded overruns)
is introduced:

> W, (1)
K r !
D WS () +&

Let o, be the weight of the risk component
®,, (14). The target risk share is set as a
monotonic function of R(t) (24) with a deadband (a

range of input values within which the output
remains unchanged):

se(t) =" + (s — " )z//(—R O-, J (25)

&>0.

R(t) = (24)

where 0<s{™ <s{™ <1; and 7, <7, are deadband

thresholds; (-)e[0,1] is a sigmoid or truncated

linear function. The current risk weight approaches
the target with amortization:

a(t') =11, . ((1-7)a®)+nsi 1)),

wherer €(0,1] is the correction step; and IT is the

projection onto the segment [, & | -

To preserve the interpretability of the index, the
sum of weights is normalized to unity:
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1- 0!]- (t+) apase

4 base )
Zj:laj

The vector o™ sets the base proportion of
operational components @, @ () ()
and is updated via the slow loop. To prevent
frequent switching, hysteresis is applied: a change in
a; is executed only if R(t) is outside [ 7,,z, | for at
least H consecutive events.

The service alignment rule is achieved by
correcting the offsets g, . Let s,(t) be the time

Yot =1 a ()=

base

stale ! load ! link

ref

elapsed since the last service of object u, and s
be the maximum allowable time.

The delay is corrected proportionally to the
excess:

A =TT, 5 (AO+x(s,0-5), ),

where x > 0 is the correction parameter (step). This
limits excessive delays in servicing low-priority
objects without significantly affecting risk
constraints.

The formalization of the slow loop is as follows.

At a fixed interval of AT events or time, an
aggregated recalibration is performed based on data

from a longer window W' | and then the following
are determined:

— feature normalization. Quantiles g, g™

for normalization (8) are re-evaluated on W "™ with
stability checks. If non-stationarity is detected, the
bounds are adjusted more conservatively (interval
expansion);

— relevance to constraints. The coefficients
a,(t) are refined as empirical sensitivities of

"service = reduction of violations k " on W' with
regularization and truncation to [0,1]. If necessary, a

cluster representative is used for groups of objects to
reduce estimate variability;
— base proportions of operational weights. Let

d d @, be the average feature

q)prio ’ stale ! load ?

values of on W' . Then the vector «"™* is updated
to a balanced state minimizing the deviation of
target service indicators, provided risk budgets are
moderately adhered to:

base

aba.se (_(1_!1)0( +/u&base,

where 2 €(0,1]; and @™ _ the solution of a small

- 4
convex subproblem over the simplex Zj:la?ase =1,

a™ >0 with penalties for undesirable shifts. This

procedure adjusts the base (slow) set of weights
considering statistics, without interfering with rapid
risk response.;

— risk test parameters. Coefficients £, (t) and

margins p, (t) are re-evaluated on W' with higher

precision. Results are smoothed by a first-order filter
to prevent abrupt changes.

With two loops, it is necessary to establish
stability conditions and limit the rate of change. To
avoid fluctuations, restrictions are applied to the rate
of change coefficient:

Ject) —oc(t)"l <A

A suspension interval (downtime) is also
defined: if p](t)<s,(t) — & for all k during H
events, the fast loop is suspended, locking the mode
with observed constraints. In case of a non-
stationary signal, a soft adaptation recovery is
performed: o, — max{as,sg”‘”} LT i s M= Mgy -

In real information systems, it is initially

(26)

recommended to set o™ =(1111j a;=s",
4444
n 6[0.05, 0.2] , M 6[0.05, 0.2] , H 6[5, 20] ,

r,~08, 7, ~1.0, s based on the median s,(t)

in the window. The bounds g.,a, are selected
considering specific application requirements for the
permissible violation frequency. The values [/_5’,5]

are selected based on sensitivity analysis so that
offset correction does not outweigh the base weights.

DETECTION OF NON-STATIONARITY AND
SAFE RECALIBRATION OF INDEX
PARAMETERS

It is proposed to formalize the procedure for
detecting a mode change (instability of
disturbance/observation statistics) and to develop a
regulation for the safe recalibration of index
parameters and risk tests without violating the
requirements set forth in this study. A two-stage
indication is proposed: based on risk budget
overruns and shifts in  empirical feature
characteristics, followed by the introduction of a
stabilization mode with a subsequent controlled
return to operating settings.

Risk violation indication is performed as
follows. In the sliding window W, , for each

t oy
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constraint k , a binary sequence of violations
v, (s)=1{g, (X,.a,)>0} and the upper confidence

bound of the frequency P, (t) (18) are maintained.

The cumulative deviation statistic from the target
level is determined:

S, (t)= max{o, (1-7)Sc(t=1) + p (1) - &, (t)},
y €(0,2).
The first non-stationarity indicator is triggered
if:
S (t)=h,,

where h, is the sensitivity threshold selected

according to the acceptable false alarm frequency
(based on calibration results).

Feature shift indication is conducted as follows.
For a representative subset of features ¢; , the

reference quantiles on a longer window W, and

the current quantiles on a short window W ™" are
compared:

A5 (1) = 0%, (1)|

D(t): re !
: q]‘,I).g(t)"'g ‘

&>0.

The second indicator is triggered if:

m?xDj(t)ZTD,

where 7, €(0,1) is the relative shift threshold.

The decision on the presence of non-stationarity
is made when both indicators are active or the first
indicator is maintained for at least H events.

Upon detection of non-stationarity, the
parameters are switched to stabilization mode
(conservative mode). First, the weight of the risk
component of the index is increased to the upper
bound with a controlled step:

ay < min{a&;, oz +Aa}, Aa>0.

Second, the stability condition for selection is
strengthened to reduce switching frequency:

e < hin i > Ty

Third, the risk test parameters (22) are adapted:
the length of the statistical window is reduced and
the confidence level is lowered (which increases the
confidence margin):

N, « maX{Nmin,pNt}, pe(O,l),

a () <oy, o <a ()

and the margin in the acceptability test is increased:

A < p () +Ap, Ap>0.

Finally, the rebalancing of risk budgets between
constraints (23) is accelerated by increasing the
coefficient y in the rule for updating the shares

b (1)

Recalibration of impacts and normalization is
also performed. In stabilization mode, the impact
coefficients ¢, (t) are re-evaluated over a short

window reflecting the new regime, and feature
normalization boundaries are updated. First-order
smoothing is applied to each constraint to avoid
sharp fluctuations, following the smoothing scheme
applied to formula (21).

Criteria for exiting and returning to the
operating mode are determined by the removal of
the stabilization mode if, for all k during H" events,
the following holds:

Pl <5, (1) - ¢,

where & > 0 is a guaranteed safety margin.

Subsequently, the parameters strictly gradually
return to the operating mode values:
— the risk component weight is reduced:

oy max{a5 -Aca, sg“‘"};

— the switching condition 7, is relaxed;
— the window W, gradually restores to its

standard size;
—levels ¢, (t) and p, (t) are restored;

base

— base weights of a
loop.

The proposed combination of two lightweight
indicators  (risk-oriented and quantile-based),
together with a formalized stabilization mode and a
controlled return to operating settings, provides a
reproducible protocol for responding to mode
changes without assumptions about the disturbance
distribution  law and  without  employing
computationally expensive change point detection
procedures. Combined with dual-loop tuning, this
forms a comprehensive procedure for the safe
reconfiguration of index policies under intermittent
connectivity.

ASSESSMENT OF COMPUTATIONAL
COMPLEXITY AND RESOURCE COSTS

are updated by a slow

Let n, =|U,| be the number of active objects,

C, be the step capacity, m be the number of
features in the index, K be the number of chance
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constraints, and N, =|W,| be the length of the sliding
window. On average, a subset AU, cU, of size
|AU,|= n, is updated.

Regarding feature and index updates, feature

normalization by quantiles and gap restoration are
performed for objects in AU, with a constant cost

per feature. Index calculation requires linear time
with respect to the number of components. For a
single decision step, the average (amortized) cost is
calculated as follows:

Tfeat (t) = ®(|Aut| ' m)'
Togec 1) =O(|AU, |- (14 T)),
where T is the average number of relevant
constraints actually affecting the @, of the object

(typically F= K due to the sparsity ofa ).

The recommended implementation for priority
queue support involves two structures: a queue by
index 1, for selecting C/ and a queue by risk
contribution R, (t)=>" w'e, ()a,,(t) for rapid

replacements during risk correction. Key updates
after index recalculation are performed with
logarithmic cost. For one step:

T, () =©(|AU,|logn, +C, logn,).

Preliminary selection and risk correction are
carried out as follows. Forming A as C/ gives:

T (1) = ©(C, logn,).

The conservative verification of probabilistic
constraints with the calculation of A, (A,t) has a
cost of

Trisk_test (t) = ®( K- Ct )

Local replacement of set A elements is
performed in no more than C, iterations. Each

iteration requires removing the element with the
smallest contribution to the corresponding constraint
from A and selecting a candidate with the

maximum R, (t) outside A , i.e.

TSWap (t) =O(Ct (|Og n + K))

The total amortized cost of an event step is
calculated as:

Taep 1) =O(|AU, |- (m+T +logn, ) +
+C, -(logn, +K)).

Support for empirical estimates is performed as
follows. Updating [JJ (t) and risk statistics is
implemented incrementally with a constant cost per
constraint, and quantile estimation in data stream
mode is implemented with a constant or logarithmic
cost per update. Thus:

Ty (1) =O(K +m).

In resource memory, normalized features
¢;(u,t), base index parameters and a, ,(t) (as a list
of non-zero values), keys of two priority queues, and

short window logs are stored. With an average
density of T, memory scales as

M=0(n-(m+7F)+n +K+m+N,),

wheren, is the number of active objects per step; K
is the number of risk constraints; m is the number of
features (index components) per object; and N, is
the volume of auxiliary sliding window data (if
necessary).

For large n, , grouping objects and storing
a,(t) at the cluster level is advisable, which

reduces ¥ and constants in M .
Real-time characteristics are as follows. With a

full update (JAU,|=n,) and large C,, we have:

Ta =0(n,(m+T +logn,)+C,(log n, +K)).
This order is preserved if m , T , K are

moderate and efficient queues are used. In typical
scenarios, |AU,|= n, andC, = n, so the step time
is determined by the first two terms and |AU,|(-) and
C,log n,, ensuring real-time operation.

Bounds on the parameter change rate (26) and
switching hysteresis guarantee a limited number of
queue rebuilds. Adaptation of the window length
and confidence levels bounds fluctuations in the cost
of maintaining statistics. Collectively, this provides
predictable amortized complexity and controlled
memory requirements for a wide spectrum of loads
and intermittent connectivity profiles.

FEATURES OF THE SOFTWARE
IMPLEMENTATION OF THE METHOD AND
ITS REPRODUCIBILITY

The method does not require specialized
hardware and is implemented in a single-threaded
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mode with a discrete event timeline. Calculations are
performed in double precision; the sequence of
operations is fixed, ensuring result determinism. All
stochastic components (scenario generation, sliding
window formation) are initialized with a fixed initial
state of the Random Number Generator (RNG),
rendering the experiments reproducible.

Experimental studies were performed on a
workstation with the following specifications:

— CPU: Intel Core i7-9700 (8%3.0-4.7 GHz);

— RAM: 16 GB;

— OS: Windows 10 Pro x64;

— Software: Python 3.7.7 (MSVC build) with
libraries: numpy 2.3.4, pandas 2.3.3, matplotlib
3.10.7, pyyaml 6.0.2.

Source codes and experiment configuration
files are stored in an open repository [31], allowing
for the reproduction of the execution sequence and
the attainment of identical results.

All parameters considered in this study are
defined in a text configuration. The recommended
fields are shown in Fig. 1.

window.short, windew.leng;

norm.quantiles.low, norm.quantiles.high;

risk.delta total = & E, risk.delta min, risk.delta max;
risk.a_lpha_:init,' - - -
risk.swap_limit =C t;

index.alpha base[1..4], index.alpha5 bounds, index.beta bounds;
index.hysteresis = 3 t;

adapt.fast.{n, H, '[_Emm, T_up, sﬁ_min, sﬁ_max},
adapt.slow.{p, AT};

relevance.weight risk = Wik"[ (r)}, relevance.a bounds=[0,1];
calibration.{X, B, 1, vy, [}

Fig. 1. Recommended fields
Source: compiled by the authors
In Fig. 1:
— under window.short the length of W,| is

specified;
— under window.long — NV

long

— under risk.alpha_init — the initial value of a, ;

— under risk.swap_limit = C_t — the iteration
limit for local replacement.

The configuration (Fig. 1) serves as the single
source of truth for the experiments.

The event log format is defined as follows.
Each record contains the following fields: t
(timestamp), U_t (active object identifiers), C_t
(capacity), obs[u] (vector of available features ¢; ),

missing[u] (missing mask), act (accepted u®(t) or
A ), stats (updated ,5; , &, A, ), theta (current

a, 5, P in compact form), cost (step time, update

count). The log is used as a reproducibility artifact
and as input for offline analysis.

The  following  computation  flow s
implemented in the software environment:
— offline preparation: checking event integrity,

initializing quantiles, constructing initial a,, based

on a short history;

— online operation: processing events according
to the event-driven algorithm, incremental updating
of statistics and fast loop parameters, and periodic
recalibration via the slow loop.

Verification of risk constraints and potential
reconfiguration is performed upon detection of non-
stationarity according to the mechanism defined in
the study and by reconfiguring index parameters.

During the experiment, feature normalization is
performed on a short buffer with a total length of at
least m-10 events. In case of data deficiency, a

working interval of [q"’w,qhigh]:[o, 1] is applied
with  subsequent automatic

base 1111 min
a = Z’Z;Z’Z ' a5:S5 y

are set according to the object class.

During execution, missing (unreceived) feature
values are restored using the exponential smoothing
rule based on the last reliable measurement, with the
smoothing coefficient limited to prevent the feature
from vanishing completely. If the proportion of
missing measurements in the current window
exceeds a specified threshold, the contribution of
this feature to the index is gradually (linearly)
reduced to zero.

Event time ambiguity is resolved by sorting
records by time, and in case of collisions, by a fixed
deterministic collision resolution policy.

As part of the monitoring task, the following
are tracked in real-time:

— violation frequencies and confidence bounds
for each constraint k ;

—R(t) values;

— variability of ¢, . and 7, values;

— computational cost indicators.

Warnings are generated if /SJ > ¢, for specified

number of events H , attribute updates are absent
beyond the specified interval, or the step time
exceeds the target value.

For each run, the following are stored: code
version, configuration, fixed initial random number
generator state, event log checksums, final control

values «, ., aggregates /SkT , hormalization quantiles,

{a}

trajectories ¢, (t), p, (t).

narrowing. Initial

B,=0. Initial a,

relevance  matrix (summarized), and
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Identical configuration and random number
generator state are required for repeated runs.
Discrepancies exceeding allowed values in
confidence intervals are recorded as non-
reproducibility. Parameter change bounds (26) are
implemented as hard constraints with deviation
logging. Integrity checks include detection of
"jumps" in quantiles, abnormal missing rates, and
inconsistent A, (A,t) values.

In the event of prolonged data shortage, a
conservative mode is activated, i.e., «; is fixed at
the upper bound, confidence margins are expanded,
and an increase in 7, is recorded.

ANALYSIS OF EXPERIMENT RESULTS

Experimental verification was performed in
event-driven mode based on the event log generated
by the config.yaml configuration [31]:

— scenario random number generator seed: 42;

— duration: 600 events;

— number of objects: 40;

— step capacity: C =3;

— profiles: intermittent connectivity (on/off),
surge-like load.

Parameters:

— number of chance constraints K =3 ; total
risk budget &, =0.10 with equal initial distribution
6, ~0.033.

— short sliding window for frequency estimation
N, =200, long — 2000; confidence level « =0.05.

— risk component index weight bounds
a, €[0.05; 0.40] with fast response loop and slow
recalibration.

Validation metrics: Upper Confidence Bound of
violation frequency ,bg, budget 5, , dynamics o, (t);
summary statistics (averages/quantiles). Visuali-
zations of the experiment results are shown in Fig. 2
and Fig. 3 based on the obtained data (Table 1).

According to Fig. 2, an overestimated upper
bound 4, is recorded in the initial interval with a
small N,, followed by a decline to a steady-state
level. The budget 6, ~0.033 remains a constant
horizontal line. This curve shape corresponds to the
expected behavior of the confidence interval: as |W,|

- - in(%,)
increases, the correction term a 5N from
t

(18) decreases, bringing ,ka closer to the empirical
violation frequency. It is correct to truncate the
bound to [0;1]; with this correction, the upper bound

does not exceed unity and demonstrates convergence
to the vicinity of o, .

Table 1. Experiment results

Metric Average o Minimum | Maximum
IbkT 1.085367 | 0.050436 | 1.048298 | 1.37327
Sy 0.033333 0 0.033333 | 0.033333
& 1.052033 | 0.050436 | 1.014964 | 1.339937
Qs 0.399137 | 0.012562 | 0.1525 0

Source: compiled by the authors

Next, it is confirmed that the synthesized index
policies comply with the requirements specified in
formula (5) under intermittent connectivity and
limited statistics. Verification is performed
empirically by comparing the Upper Confidence

Bound of the binomial violation frequency A,

(based on Hoeffding’s inequality [28] on a short
window N,) with the target budget 5, .

1.4 4

— A
12 - A&,

0.2 4

0.0

(ll 160 260 360 d(I)D 560 660
11
Fig. 2. Empirical upper bound of the frequency of

violations and the specified budget for the

restriction
Source: compiled by the authors

The stabilization of /5, below or near &, over

a prolonged interval confirms the property of
calibrated violation probability control, achieved by
combining a conservative acceptance test, dynamic
budget 5, rebalancing, and rapid correction of the

risk o, (t) component share. From the perspective of

mobile platform-based information system practice,
this implies that even against the background of
prolonged unavailability windows and bursty loads,
the proportion of steps with violations is maintained
within specified bounds with high reliability.
According to Fig. 3, the initial saturation of
o, (t) at the upper bound is interpreted as a forced

amplification of the risk-oriented component during
the period when confidence margins are large. The
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subsequent stability of «, indicates that the fast loop
does not generate excessive fluctuations and
preserves  computational  predictability — while
maintaining the guaranteed risk level.

0.40 4

=
5 0.35 -
B
=
=
= o4
g 0.30
2
o,
g 0.25
S
—
=
P2 0,20 1
— (T
0.15 - ()
0 100 200 300 400 500 600

t
Fig. 3. Dynamics of the risk component weight

Source: compiled by the authors
Table 1 reflects the means and variations of 5/,
o€, ;. Low standard deviations after the initial

observation interval are consistent with the absence
of prolonged periods of constraint violation and
confirm the stability and reproducibility of the
method.

The adaptability of the method's behavior in the
context of the dual-loop scheme is interpreted as
follows. The fast loop adjusts «,(t) as a monotonic

function of the magnitude of recorded overruns (24)
with a deadband (25), hysteresis to suppress frequent

switching, and projection onto a; e[sg"‘”,s;“a*]. The
slow loop periodically recalibrates the base weights
of operational components " , normalization
bounds, and relevance factors ¢, , reducing the
need for high «, values in the future.

The trajectory (Fig. 3) without fluctuations is
expected: at the beginning of the experiment, the
data volume in the sliding window is small, and

confidence margins in /SkT are overestimated, thus
R(t) exceeds z., activating a conservative risk

weight29. Hysteresis and correction step damping
guarantee the absence of oscillations in o, after

reaching the upper bound.

The increase in o, (t) correlates with the
decrease of the violation frequency upper bound /SkT
to the vicinity of o, (Fig. 2) that is, the fast loop

functions as an operational amplifier of the risk
component until the deficit e (t) vanishes.

Subsequently, when the slow loop accumulates

base

sufficient statistics and refines the values of o™,
a, ,» and the statistical margin in checks, a decrease

in R(t) below 7, and a smooth departure of o

from saturation are expected.
Simulating the scenario with the fast loop
disabled shows that during the initial observation

interval, o, would remain low, and 5] would
exceed ¢, for a longer duration, degrading risk

calibration for small windows.
If the slow loop is disabled, o, remains near

s for an extended period, leading to deteriorated

operational metrics (due to excessive weight of the
risk component) and lower consistency with long-
term efficiency goals. Accordingly, the proposed
dual-loop method, with both loops operational,
provides rapid stabilization of violations with
minimal  switching and ensures subsequent
normalization of the background weight balance
without losing risk controllability.

In real-world conditions, the proposed method
can be implemented as follows. For example, during
disaster relief operations, mobile medical teams
operate portable patient monitors (condition
monitoring nodes). Data from these monitors is
transmitted to a mobile data pre-processing and
transit node (located in an ambulance) and
subsequently to the central subsystem of a cloud-
based medical information system.

Assume that connectivity to the backbone
network is intermittent; due to partial base station
failures (transport environment), unavailability
intervals of 5-25 minutes occur, and during peak
load moments, bursts of large data block
transmissions (e.g., ultrasound video) are recorded.
Additionally, cascading effects occur: data pre-
processing queues at the edge node grow after each
period of channel unavailability, and a portion of
measurements arrives late, losing relevance (data is
re-acquired in the ambulance).

In this environment, risk budgets o, are

established for constraints such as: the probability of
exceeding the maximum telemetry delay, the
probability of diagnostic indicators losing relevance,
and the probability of edge node buffer overflow.
The index rule utilizes normalized features of data
update age, local load, and estimated time until
connectivity restoration, while the acceptability of
the current action set A is verified by a calibrated

test on a short sliding window without assumptions
regarding distribution shapes.
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As empirical violation frequencies increase, the
upper confidence bounds approach the budgets, and
the fast loop increases the risk component share
o, (t), ensuring the prioritization of critical flows.

Following stabilization, the slow loop adjusts base
weights and significance coefficients to maintain
metrics in a steady state. Thus, the method reduces
the probability of accumulating stale measurements
and delay overruns after each offline interval, and
limits queue growth under surge loads.

The applicability limit in this example is
defined by catastrophic failure situations, such as
total power loss at the mobile node or prolonged
connectivity absence, resulting in no data reception
throughout the interval. In such cases, the algorithm
is suspended until basic observability is restored;
upon restoration, a protected return to the adaptation
mode with recalibration is applied, which aligns
with the declared method limitations.

DISCUSSION OF THE RESULTS OF
EXPERIMENTAL STUDIES

To interpret the obtained graphs (Fig. 2, Fig. 3),
it is advisable to correlate them with three types of
benchmarks: “greedy” indexing without risk control
(fixed a; =0) [32]; a static index rule with fixed

weights «, ; and no ¢, rebalancing [33]; and a

simplified Model Predictive Control (MPC) scheme
with a short prediction horizon and the assumption
of full observability [34]. The first benchmark
reflects fast but uncontrolled decisions; the second
represents typical static tuning practices; the third
reflects a more resource-intensive optimization
alternative.

Comparative  analysis based on fixed
intermittent connectivity scenarios shows that the
“greedy” algorithm generates elevated empirical
violation frequencies and confidence bounds,
particularly during the initial observation interval.
Static weights reduce index fluctuations but do not
ensure calibrated compliance with &, during mode

changes. The MPC-based approach is capable of
reducing local service deficits but requires high

telemetry  update  frequency and  stable
synchronization  between information  system
elements; consequently, its effectiveness s

significantly reduced in the presence of prolonged
unavailability intervals caused by the mobile
platform on which the system is deployed.

Against this background, the proposed method,
leveraging the fast loop ( ay—s™ during

uncertainty) and slow weight recalibration,
maintains observed risk limits within budgets

without introducing significant computational
overhead or requiring prior distribution models.
Observations with loops disabled provide a
structured explanation of the contribution of each
component. Disabling the fast loop leads to a delay

in reducing A, to the vicinity of &, and to higher

metric dispersion in the early phase. Disabling the
slow loop locks «, at the upper bound, degrading

the operational balance of the index without
additional risk gains. Combining both loops ensures
a rapid response without fluctuations and long-term
normalization of weights, reflected in the stability of
o, (Fig. 3) and the compression of dispersion after

passing the initial observation phase.
Limitations and validity threats should be
considered when generalizing results. First, the

upper bound of ,bf in the current visualization is not
strictly bounded to [0;1], so values exceeding unity
in short windows are a conservative artifact. In
future studies, applying truncation to [0;1] or using

Wilson intervals [29] is advisable.

Second, benchmarks with forecasting remain
sensitive to data quality; their comparison should be
conducted in scenarios with guaranteed observation
density.

Third, service quality indicators (deficit,
recovery time, switching frequency) should be
expanded in future experimental series to fully
reflect trade-offs.

In summary, the proposed method demonstrates
an advantage under intermittent connectivity and
incomplete statistics: compliance with specified risk
budgets is combined with predictable computational
cost and the absence of fluctuations in the weight
structure. The effect is achieved precisely through
index synthesis with dual-loop tuning and
distributionally robust calibration, distinguishing the
approach from both purely heuristic and model-
heavy benchmarks.

CONCLUSIONS

For the first time, a method for synthesizing
index policies to ensure the survivability of a mobile
platform-based information system is proposed,
which maintains the probability of violations within
specified budgets under conditions of intermittent
connectivity and incomplete observability, while
preserving event scalability and predictable
computational cost. This is achieved by combining
event-based index ranking with calibrated risk
management and dual-loop parameter tuning. Unlike
known heuristic index rules lacking explicit risk
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management and  model-based  forecasting
approaches  requiring dense telemetry and
continuous synchronization, the proposed method
does not rely on rigid assumptions regarding
disturbance distributions and remains robust to
prolonged unavailability windows and system
operating mode changes.

Experimental verification demonstrated that the
upper confidence bound of the violation frequency
converges to the specified risk budgets, and the risk
component of the index stabilizes without
fluctuations. This directly reflects the survivability
property of mobile platform-based information
system-reducing the time spent outside acceptable
service indicators and maintaining decision
consistency despite asynchrony and data staleness.

Dual-loop adaptation ensures sustained system
survivability: the fast loop rapidly enhances
protection against tail failures caused by rare
influences, while the slow loop periodically
recalibrates normalization, weights, and relevance,

samples. Consequently, the information system
retains the ability to autonomously restore
acceptable states without the need for constant
global synchronization of all elements.

The proposed method has an amortized linear-
logarithmic complexity. Prioritization and risk
testing are performed on events, and overhead costs
remain predictable as the number of objects and
constraints increases.

The obtained results outline the limits of
applicability (conservatism on short windows,
synthetic load profiles) and confirm the practical
suitability of the method as a tool for improving the
survivability of mobile platform-based information
systems.

Further  development should focus on
expanding service metrics, adaptive redistribution of
risk budgets between violation types, and further
experimental research of the method under
conditions of catastrophic failures in mobile
platform-based information system operation.

reducing sensitivity to non-stationarity and small
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AHOTALIS

VY crarTi Brepiie 3ampoNOHOBAHO METOJ CHUHTE3Yy iHJAEKCHHX IONITHK 3a0e3MedueHHs >KUBYJOCTi iH(OpMamiiHOI cHcTeMH Ha
MOOUTBHIN TITaTdopMi 3a IepeprBHOI 3B SI3HOCTI Ta HEMOBHOI CIIOCTEPEXYBAHOCTI. MeTOA Opi€HTOBaHO HA YTPUMAHHS HMOBIPHOCTI
TIOPYIICHb Y 3aaHuX OIO/PKETaX 3a paxyHOK ITO€JHAHHS ITOJI€BOrO iHIEKCHOTO pamKyBaHHS 3 KaJliOpOBaHUM KePYBAaHHSIM PH3UKOM i
JIBOKOHTYPHHM HaJAINTyBaHH;M rapameTpiB. [IIBUIKuii KOHTYp afanTHBHO 3MIHIOE Bary PHU3MKOBOI CKJIAI0BOI IHIEKCY 3al€XHO Bij
BENMYMHHA 3a(iKCOBAaHHMX TEPEBHUINCHb, TOAI SK TOBUIBHHIA KOHTYp IEPIOJHMYHO pEKaiOpye HOpPMYBaHHS O3HAK, 0a30Bi Bard Ta
PEIeBAHTHOCTI, MiJIBUIIYIOUN POOACTHICTH [0 HECTALIOHAPHOCTI Ta MAJMX BUOIPOK. MIMOBIpHICHI 0OMEKEHHS iHTEpPIPETYIOThCS Yepe3
BEpXHi JIOBIpUl MeXi Ha KOPOTKOMY KOB3HOMY BiKHI, III0 Ja€ 3MOr'y 3a0e3MeUnTH KepOBaHUH PU3HK Oe3 )KOPCTKUX HMPHITYIICHb 100
PO3MOILTIB 30ypeHb i 63 OropH Ha Oe3nepepBHY TEIEMETPII0 UM YaCTi TII00ATBHI Y3TODKeHHS. /I MATPUMKH Y3TOJDKEHOCTI pillicHb
BHUKOPHCTAHO HEPECYPCOEMKY IEPEBIpKY NMPUHHATHOCTI Ta JKypHAIIOBaHHS MOJIH, IO YMOXJIMBIIIOE HE3aJeXKHY BiJITBOPIOBAHICT.
[omano GopmyTrOBaHHS IHAEKCHOr'O TPABIIIA 3 HOPMYBAHHSM O3HAK, BarOBOIO CTPYKTYPOIO i PU3HK-TECTOM, TIPOTOKON PH3UK-KOPEKIIiT
BHOIPKM Ha TakKT, a TaKOX MPOLEAYPy BHSBIECHHS 3MIHH PEeXUMY 1 Oe3nedHoro repeHanamTyBaHHI. OOUMCIIOBAIbHA CKIIAIHICTH
METOIy € aMOPTH30BAHO JIHIHHO-TOrapugMIYHOIO BiJHOCHO KiJIbKOCTI aKTHBHMX OO €KTIB 1 MICTKOCTI TakTy, IIo 3ade3nedye
TIPUIIATHICTE IO poOOTH B peanbHOMY daci. Bepuikamisi BUKOHaHA Ha IOJIi€BHX JKypHAJIaX i3 CIEHApisSMH IEpEpPHBHOI 3B’S3HOCTI Ta
CIIECKIIOIOHOTO HaBaHTa)KEHH; IIOKa3aHO 30JIMKEHHS BEPXHBOI MEXXi YacTOTH TOPYIIEHb JI0 3a/laHiX OIO/DKETIB, cTabumi3amiro Baru
PHU3MKOBOI KOMIIOHEHTH 0e3 KOJMBAaHb 1 Nepe0adyBaHy AMHAMIKY CITy’)KOOBHX MeTpHK. II0KpoKoBe BUIIydeHHS OKPEMHX KOMIIOHEHTIB
TOKa3aJI0 BHECOK KOXKHOTO 3 HUX: BUMKHEHHS! IIIBUJIKOTO KOHTYPY YIOBUIBHIOE JTOCSTHEHHSI [IIJTbOBUX PH3HUKOBHX PIBHIB, @ BiJICYTHICTh
TIOBUTLHOTO KOHTYPY (hiKCye HaMipHY Bary pH3HKOBOI CKJIa0BOI, MOTIPIIYIOYH eKCINTyaTaliitHnii OanaHc. [IopiBHSHO 3 €BpUCTHIHIMH
TIpaBmiIaMu Oe3 SIBHOTO PH3HK-KOHTPOIO Ta MOJEIBHO-TIPOrHO3HMMH ITi/IXOZIAMH, YYTIMBHMH JIO SIKOCTI TeJIeMeTpii, 3alpOIIOHOBaHMH
MeTo]| 3a0e3neuye KUBY4ICTh iH(OpMaliiiHOl cucTeMd Ha MOOUIbHIN IuaTopMi yepe3 KepoBaHI HMOBIPHICHI TapaHTii, IoieBY
MacITaboBaHiCTh Ta BIATBOPIOBaHI MPOLIEYPH MEPEBIPKH.
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