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Abstract: This paper presents the synthesis of an optimal guidance law for air-to-air missiles (AAM) to
intercept a "helicopter-class" air target in various flight modes. Based on the mathematical framework of statistical
optimal control theory, the guidance law is derived from experimental flight studies involving radar signals
reflected from a real helicopter. The application of a new trajectory control algorithm for guiding the missile
towards a helicopter with varying flight characteristics ensures continuous guidance of an air-to-air missile with
an active radar homing head. This guidance is effective regardless of whether the speed of the helicopter as a whole
(determined by the Doppler frequency of the signal reflected from the fuselage) or only the speed from the rotating

blades of the helicopter's main rotor is measurable.

Keywords: Helicopter, Optimal Guidance law missile, Aerial target tracking, Statistical theory of optimal

control, missiles interceptor helicopter (MIH).

1. INTRODUCTION

Recent advancements in missile technology have
greatly enhanced the performance of Air-to-Air
Missiles (AAMs), yet challenges persist in intercepting
highly maneuverable and unpredictable targets, such as
helicopters. Helicopter-class aerial targets pose unique
difficulties for missile guidance systems due to their
slow speeds, non-linear flight paths, and complex
evasive maneuvers. To effectively intercept these
targets, it is essential to develop a robust and optimal
guidance law that accounts for the various flight modes
of helicopters, ranging from straight-line motion to
aggressive evasive tactics.

This paper presents the synthesis of an optimal
guidance law for AAMs specifically designed to target
and intercept helicopter-class air targets, considering
the diverse flight behaviors exhibited by these
platforms. The research focuses on developing a
strategy that ensures high interception accuracy across
different scenarios, including those where the
helicopter employs sophisticated countermeasures and
evasive maneuvers. The guidance law integrates
modern control theory, missile dynamics, and adaptive
algorithms, enabling real-time adjustments to the
missile’s flight path based on the target’s movements.

When compared to existing global research on
missile guidance systems, the approach proposed here
builds upon traditional guidance laws, such as
Proportional Navigation (PN) [1] and Optimal
Guidance, which have been extensively used for high-
speed jet targets. However, these conventional methods
often fall short when applied to helicopter targets due
to their distinct flight patterns. Recent studies have
explored alternative strategies, including guidance laws
incorporating neural networks and machine learning, to
improve missile interception in unpredictable flight
conditions (e.g., Ref. [2-7]). Despite these
advancements, many existing solutions still struggle to
account for the full range of flight modes a helicopter
may adopt, as well as the real-time adaptability needed
for successful interception.

The increasing use of helicopters for various
purposes highlights the need to develop effective
methods for neutralizing them in tactical and
operational contexts. One possible solution is the use of
fighter aircraft [8, 9]. Air-to-air guided missiles
(AAMs) with an active radar homing head (ARGH),
utilizing the pulse-Doppler principle for processing
radar signals reflected from air targets (AT) [7], can
enable “fire-and-forget” attacks on helicopters.
However, existing guidance methods, developed using
the statistical theory of optimal control (STOC) in state
space, have shown limited effectiveness when applied
to helicopters with diverse flight behaviors, including
stationary, accelerating, or braking flights, or hovering
[7-10]. Moreover, these methods were synthesized
without incorporating experimental data on the radar
signals reflected from helicopters. This paper aims to
address these limitations by proposing an advanced
optimal guidance law that improves interception
performance and dynamically adapts to the flight
modes of helicopter-class targets. Through thorough
analysis and simulation, this study contributes to the
development of more effective and adaptive missile
guidance systems, with a particular focus on
overcoming the unique challenges posed by helicopters
in air combat.

I1. SYNTHESIS OF AN OPTIMAL
GUIDANCE LAW FOR AIR-TO-AIR MISSILES,
TO INTERCEPT AIMING AT AHELICOPTER

For the general situation, the optimal control law
synthesis problem uses linear models defined in state
space, which can be expressed by the following
differential equation:

X(t) = Fy(O)xy(t) + By(H)u(t) + &, (6)(1)
Intended for the development of the process:

Xr(8) = Fr(O)xr(t) + §r(t) @)

If measurements are available:
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z(t) = H(t)x(t) + &4 (t) 3)
Find the control law:
u(t) = K'ByQ[&,(t) — &y ()] (4)

Optimal for the minimum of local quality
functionality:

1= M{[x () — %/ (D) Qxr(t) — %, ()] +
Jy u” (t)Ku(t)dt} (5)

where Fy(t) is the dynamic matrix of the process
state;

Xy(t) is the n-dimensional vector of controlled
phase coordinates;

By(t) is the matrix of control efficiency;

u(t) is the r-dimensional vector of control signals
(r<n);

&/(t) is the n-dimensional vector of centered
Gaussian disturbances of the process

Missile

Matrix Gy of one-sided spectral densities;

F1(t) is the dynamic matrix of the process state;

X.(t) is the n-dimensional vector of required phase
coordinates;

&(t) is the n-dimensional vector of centered
Gaussian disturbances of the process

Matrix G, of one-sided spectral densities;

H(t) is the matrix of the connection of the
generalized state vector

&n(t) — n-dimensional vector of centered Gaussian
measurement noise with known matrix Gu of one-sided
spectral densities;

K — matrix of penalties for the magnitude of
control signals;— matrix that determines the ability of
the system to perceive control signals;

Q — matrix of penalties for control accuracy;

M — mathematical expectation, provided that there
are measurement results of at least part of the phase
coordinates Xy and X,

The kinematic correlation describing the relative
motion between an interceptor missile and a helicopter
is illustrated in Figure 1.

(0]

X

Figure 1: Dynamic geometry of relative motion between the missile and the helicopter

In Figure 1 the following are indicated:

D is the distance between the missile launcher and
the fuselage of the helicopter of the "helicopter” class;

o is the angular velocity of rotation of the line of
sight between the missile launcher and the helicopter;

Vm is the current missile launcher velocity;

Wn is the missile launcher acceleration
longitudinal to the line of sight;

Jp is the missile launcher acceleration transverse
to the line of sight;

¢m is the current value of the onboard bearing of
the helicopter with the missile launcher;

wm is the current value of the missile launcher
flight course;

V, is the velocity of movement of the helicopter
fuselage;

Vi is the linear velocity of rotation of the
advancing blade of the helicopter main rotor;

W, is the helicopter acceleration longitudinal to
the line of sight;

Jn is the helicopter acceleration transverse to the
line of sight;

¢¢ is the angle between the line of sight and the
path of the helicopter fuselage;

on — angle between the line of sight and the vector
of the linear rotation speed of the advancing blade of
the helicopter main rotor (=180°);

(Xn, yn) — helicopter (target) coordinates;

(Xm, ym) — Missle coordinates.

The helicopter flight speed Vi can be represented
as:

(6)

where k is the coefficient compensating for the
“erroneous” acceptance of the blade speed as the speed
of the helicopter as a whole, determined by the formula:

Vi = Vik — Vg cos @y

ke=— -

Vi (Fam—Fan)2

U]

where Fan is the Doppler frequency due to the
proper speed of the guided missile;

Fan is the Doppler frequency due to the proper
linear speed of rotation of the advancing blade of the
main rotor of the guided missile helicopter;



A is the wavelength.
Projecting the velocities Vi, and Vj, onto the line
of sight and the normal to it, we obtain:

D= =V = Vn cos o (8)

Substituting (6) into (8), we obtain;

Dw =V, = Vg sing + Vi, sin ¢, (9)

For simplicity, we assume that the cosines of all
angles are approximately equal to unity, and the

sines are equal to their arguments.

Differentiating (9) with respect to time at
Vm = const, we obtain:

Dw+ D& =V, = Vppy — Ve + Vin@p, (10)
Or:
= 1Vevs _ Voto~Vmbm Do (4
D D
Since: Vi = Jpi Vp@p = Jgi Vi = Vo = W,

expression (11) can be written as

. 1 D

) =5(Wp + W, —Jy) ——w (12)
In the case when V=0 (hover mode):

. 1 D

o ==(W, +W,) - -w (13)

To determine the change in the helicopter’s
onboard bearing during the process of guiding
the helicopter to it, we represent formula (9) as:

Dw—Vp+Vy sin ¢)
Vm

Om = arcsin( (14)

Differentiating (14) with respect to time at Vi, =
const, we obtain:

¢ = w+= W + Wy —Jg) (15)

Thus, based on formulas (12) and (15), the
dynamic model describing

the relative movement of the missile and the

helicopter with different flight patterns has the

following
form.

¢ =+ Wy + W, —J¢)'<p(0) = 9o

16)
) =—(W + W, —Jp) —

w w(0) = w,

This dynamic model of the relative movement of
the missile and the helicopter will be further used as the
basis for synthesizing the optimal method and
algorithm for guiding the missile to the helicopter.

To synthesize the missile control law, it is
necessary to have a state model (1), (2) and a quality
functional in the form of (5).

Based on the fact that the control parameter is the
lateral acceleration of the missile, the control vector
will have the form:

u=W,+W,—Js 17)

The required parameters for missile control, taking
into account the control of the angle of the radar
observation in the missile active radar homing head of
the radar signals reflected from the helicopter and the
angular velocity of rotation of the line of sight "missile-
helicopter", are ¢, and ., respectively, i.e. the vector
of the required phase coordinates x, will have the form:
‘PT]

xT = wr

(18)

The controlled parameters for the homing system
of the missile are ¢ and o, i.e. the vector of controlled
phase coordinates x, will be as follows:

=17

Since the control parameter is the lateral
acceleration of the rocket j,, and the controlled
parameters are ¢ and o, then the matrix of the
efficiency of control signals By is formed by the
coefficients of the control vector u in the dynamic
model (16):

(19)

Bl = [—% c] (20)

The matrices of penalties for the guidance
accuracy Q and the magnitude of the control signals K
in the formula (4) taking into account the
dimensionality of the matrices (19)—(21) have the form

:[qw q‘l)] K=k (21)

As a result, the quality functional (5) takes the
form:

j= M{(pr [4, 0“<p <o]+ftl(w+
W, —J,) kdt} 22)

Substituting (18)—(22) into (4), we obtain the
following relationship:

1T
2| [@
1l Lo
D

4
kD (¢T

Wi + Wy —Jp =

0] cor—co]z
qdu —w

(23)

1
k

<p)——w

14T
b 2=t -
D
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This is the control signal and guidance law (24) for
the missile to intercept the target, which is the
helicopter. It is called the optimal guidance law for
missiles interceptor helicopter (OPG_MIH).

I11. SIMULATION RESULTS AND
ANALYSIS

To demonstrate the efficiency of the guidance law of
selecting algorithms, several simulations have been
performed with the scenarios related to the state change of the
helicopter. Simulation conditions (air situation) on the
vertical plane of the two conduction laws OPG_MIH (24)
and PN [7] are the same. Investigating the characteristics of
the interceptor missile's trajectory, miss distance, according to

simulation parameters are as below:
Missile parameters:
Initial velocity: V, =1000m/s
Horizontal distance: 0 Km; Height: 0 Km
Required observation angle: 20°
helicopter parameters:
Initial velocity: V, =350m/s
Horizontal distance: 25Km; Height: 15 Km
Orbital tilt angle: 140°

both guidance laws when intercepting a helicopter. The

The simulation process is shown in Figure 2 below

Kinematic
Missile of relative i Geometry
— motion G“I“:::EE of flying
Target Arget Missile - ) equipment
model Target

Initial parameter

Figure 2 Structure diagram of the simulation process

In case the helicopter flies, the normal acceleration is 10m/s?

Normal acceleration of the Helicopter

10
g
@ 5
=
0
o 5 10 15 20 25
Time [s]
Target Velocity
600 T T T
Velocity
500 1
W
=
400
300 I I . I
0 5 10 15 20 25

Time [s]
Figure 3.The change of velocity and normal acceleration of the helicopter

Trajectory Missile - Target

Helicopter
OPG-MIH
PN

0 5 10 15 20 25 30
Horizontal distance[Km]

Figure 4.The trajectory of the missile according to OPG-MIH and PN
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The miss distance
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E .
2 4000 \\\
= \\
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- %
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0 L . T—
0 5 10 15 20 25
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Figure 5.The miss distance according to OPG-MIH and PN

In case the helicopter flies, the normal acceleration is 50m/s?

Normal leration of the helicopt:
60 . . T -
401 1
20|
0
0 5 10 15 20 25
time [s]
Target Velocity
600 — T : T
~
Velocity
500 1
w
€
400 [
300 . . . .
0 5 10 15 20 25
Time

Figure 6. The change of velocity and normal acceleration of the helicopter

Trajectory Missile - Target
o

Helicopter
OPGMIH
PN

> 1 H " I H f
0 5 10 15 20 25 30
Horizontal distance(Km)

Figure 7.The trajectory of the missile according to OPG-MIH and PN
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The miss distance
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15 20 25

Figure 8.7The miss distance according to OPG-MIH and PN

Comment: Based on the survey results, the
following comments and assessments can be drawn:
For the same target variant, the missile trajectory
guided by OPG-MIH method is straighter than that of
PN, which is consistent with the result that
instantaneous the miss distance OPG-MIH decreases
faster than PN, although both methods have the miss
distance decreasing to zero in the vicinity of the
intersection point.

IVV. CONCLUSION

The article has synthesized an optimal guidance
law (OPG_MIH) for air-to-air missiles is to intercept a
helicopter. In order to demonstrate the efficiency of the
proposed guidance law, some simulations have been
conducted with scenarios involving the state change of
helicopter. Through the survey results of the optimal
guidance law (OPG_MIH) we show that: The
simulation results demonstrate that in the process of
intercepting ahelicopter, the missiles intercepted using
the OPG_MIH guidance law are always capable of
more optimal than the PN law.
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Introduction

In the digital environment, consumers are exposed
to an overwhelming volume of marketing messages
across a multitude of channels. As a result, traditional
marketing strategies grounded in broad demographic
segmentation have become increasingly inadequate for
generating meaningful engagement. The emergence of
artificial intelligence (Al) has introduced a new
paradigm: hyper-personalized marketing that facilitates
timely, relevant, and conversational interactions.

This shift reflects a structural response to evolving
consumer expectations rather than a transient trend.
Recent data indicates that 76% of consumers now
anticipate  personalized engagement in their
interactions with brands.[1] In turn, organizations are
investing in Al-driven solutions capable of delivering
real-time, context-aware communication. Notably,
89% of decision-makers believe that such Al-enabled
personalization will be critical to achieving competitive
advantage within the next three years.[2]

This article examines the impact of Al-powered
marketing on customer relationships, with a focus on
its role in fostering deeper connections and enhancing
operational efficiency.

The Evolution
Individualization

Historically, marketers segmented audiences by
characteristics such as age, gender, or geography.
While effective to a degree, this approach cannot
account for the real-time context or unique behavioral
patterns of individual consumers. Research shows that
excessive, irrelevant, or poorly timed messaging is
pushing customers away.[3] Al offers a powerful
alternative, enabling a granular approach. By analyzing
large volumes of behavioral data, Al systems can tailor
messages, recommend products, and initiate
communication sequences that reflect a user’s specific
interests and actions.

For instance, algorithms can track a user's
browsing history, purchase patterns, and engagement
levels to deliver content that resonates on a personal
level. Moreover, Al's ability to process and analyze
data in real-time allows brands to adjust their strategies
promptly, ensuring that marketing efforts remain
relevant and effective. Instead of static campaigns
planned in advance, marketers can now deliver
adaptive experiences that evolve with the customer
journey.

from  Segmentation to

marketing, personalization,

conversational interfaces, customer

Personalized marketing offers substantial,
measurable benefits for businesses. Research indicates
that it can reduce customer acquisition costs by up to
50%, increase revenues by 5-15%, and boost
marketing return on investment (ROI) by 10-30%.
Findings further suggest that personalized experiences
significantly strengthen customer loyalty.[4] For
example, Netflix’s Al-powered recommendation
engine saves the company over $1 billion annually by
keeping users engaged with personalized content.[5]
Similar principles are now applied in e-commerce and
social selling, where every tailored message contributes
directly to ROI.

From a customer perspective, one of the most
frequently cited advantages of personalization is the
ability to find the best price. Personalized promotions
and offers that reflect a consumer’s past behavior,
preferences, or contextual signals are perceived as more
relevant and beneficial than generic messaging.
Leading brands like McDonald’s, Target, Sephora and
others have successfully implemented individualized
discounting  strategies. Research  shows that
personalized promotions generate up to three times the
return on investment compared to mass campaigns.[6]

Consumers also place a premium on the quality of
the experience itself. Personalized services or brand
gestures are perceived as thoughtful and humanizing,
which in turn enhances customer sentiment. For
instance, Starbucks’ revival of the practice of writing
customer names on coffee cups reflects a strategic
return to individualized service elements that foster
brand intimacy. Although these experiences may be
difficult to quantify in the short term, their long-term
impact on customer loyalty and brand equity is
substantial.

Convenience is another core dimension. Making
an interaction faster, smoother, or more intuitive is as
important to customer satisfaction as price and
enjoyment. For instance, restaurant apps increasingly
offer one-tap reordering of favorite items, while fashion
and beauty retailers provide contextual “complete the
look™ suggestions based on users’ browsing and
purchasing patterns. These forms of personalization
reduce decision fatigue and transactional friction,
contributing to measurable improvements in
conversion and cross-sell rates, often ranging from 30%
to 40%.
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The Rise of Al-Powered Conversational
Marketing

As personalization becomes more central to
marketing strategy, its success increasingly depends on
the channels and technologies through which it is
delivered. While individualized offers, emationally
resonant experiences, and frictionless interactions
shape customer expectations, meeting those
expectations at scale requires new tools. This is where
conversational interfaces—chatbots, voice assistants,
and automated messaging systems powered by Al—
play a critical role. They allow for asynchronous, non-
intrusive communication that mimics natural human
interaction.

Social media platforms, such as Instagram and
Facebook, are becoming vital channels for these Al-
powered experiences. With features such as direct
messaging, story interactions, and post comments, they
offer organic touchpoints that Al can leverage to
initiate and sustain conversation. For instance, rather
than directing users to click on a link and navigate
multiple pages, marketers can now prompt them to send
a direct message or comment a keyword to begin an
automated exchange. These micro-interactions reduce
friction and allow the system to immediately respond,
capture relevant data, and guide the user toward an
outcome—whether it's downloading a resource,
making a purchase, or booking a service.

Chatbots are a cornerstone of this movement.
Modern Al chatbots are powered by natural language
processing, which allows them to understand user
queries in context and provide nuanced, intelligent
responses, and continuously learn and improve with
each interaction. One of the reports shows that
nowadays, 64% of people trust Al chatbots—a
significant shift from the past when fear of Al was
much stronger. The absolute majority even thinks that
companies should use chatbots instead of traditional
support teams.[7]

Al-powered conversational marketing serves
functions that extend far beyond customer service or
lead generation—it plays a critical role in shaping
brand voice and fostering a sense of intimacy between
consumers and brands. Unlike traditional advertising
methods such as static banners or mass email
campaigns, conversational messaging is perceived as
more natural, unobtrusive, and contextually relevant.

Research indicates that when the design of Al-
driven interactions mirrors key principles of human
dialogue—such as turn-taking, turn initiation, and
conversational grounding—consumers are more likely
to perceive the interface as human-like. These
conversational dynamics also lead to stronger
emotional connections with the brand. This, in turn,
positively influences consumer behavior, including
increased recommendation acceptance, willingness to
pay a premium, brand advocacy, and long-term
loyalty.[8]

Case Study: La Repa de Suefios — Al-Powered
Growth Through Instagram Automation

A compelling real-world example comes from La
Repa de Suefios, one of Costa Rica’s leading mattress

companies. The company faced significant operational
challenges as it scaled. With hundreds of daily
customer interactions to manage, La Repa de Suefios
found it increasingly difficult to maintain
responsiveness and deliver the high level of
personalized service for which it was known.

To address this, the company implemented
Manychat’s Al Step, which automated customer intake
flows for sales and repair use cases. The system was
designed to simulate a human-like conversation,
starting with a brief self-introduction before guiding
users through a structured set of questions. For mattress
repairs, the bot asked about mattress size, type (only
innerspring mattresses were eligible for repair),
firmness, any relevant health conditions (e.g., back
pain), the customer’s location, and a photo of the
damaged mattress. The gathered data was then
summarized and forwarded to the sales team, which
allowed agents to respond with a personalized plan
without repeating the intake process.

The sales flow followed a similar logic. The Al
assistant would inquire about the size and firmness
preference, the user’s body type (to better recommend
appropriate support), issues with the current mattress,
and delivery location. By collecting this information
upfront, the system significantly reduced the workload
of the sales staff while enhancing the precision of
product recommendations.

The ability to test and refine the Al flow in a
“sandbox mode” was essential for optimizing the
scripts. The Al assistant’s persona also played an
unexpected but impactful role: by naming the bot Julio
and allowing it to introduce itself conversationally,
customers perceived it more like a real assistant than a
piece of software. Many leads even responded using
affectionate nicknames such as “Julito,” fostering a
sense of trust and approachability.

The implementation of Al Step produced
measurable results in a short period. Within one month:

e The workload for the sales team was reduced
by approximately 90%, freeing staff to focus on
closing sales and building customer relationships.

e The average time required to collect essential
customer information dropped from four hours to just
five minutes.

e Overall sales increased by 35% following the
Al integration.

This case highlights how conversational Al can be
used not only to automate repetitive queries but to
enhance brand experience through personalization and
humanized interaction. By embedding Al into their
core workflows, La Repa de Suefios was able to scale
its operations, maintain high service standards, and
convert more leads.

Psychological and Behavioral Foundations

The effectiveness of Al-driven personalized
marketing can also be attributed to its alignment with
psychological principles of communication and
decision-making. Al systems ensure that messages
arrive when the user is most receptive (e.g.,
immediately after interacting with content) by using
contextual cues and by minimizing cognitive load
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through simplified choices.[9] These principles help
establish trust and rapport, reinforcing the perception
that the brand understands the user—a key driver of
long-term loyalty.[10]

Furthermore, the use of Al in marketing taps into
behavioral triggers such as reciprocity, social proof,
and anticipation.[11] When a brand responds promptly
and helpfully, users often feel compelled to reciprocate
with a positive action—such as signing up, clicking a
link, or making a purchase. These subtle psychological
effects, when implemented consistently at scale, can
reinforce engagement and improve conversion rates in
a manner that feels organic rather than manipulative.

Additionally, Al allows for A/B testing and
multivariate experimentation at levels previously
unimaginable. These tools help marketers fine-tune
language, timing, tone, and format based on what users
respond to best, not what they might like based on
assumptions. When messages are both personalized
and optimized using real-time behavioral feedback,
customers not only feel seen—they feel understood.
That perception of being "heard" by a brand can lead to
sustained loyalty and stronger emotional ties.[12]

Conclusion

Al-powered marketing marks a significant
evolution in how brands connect with customers—
shifting from broad-based messaging to deeply
individualized experiences. Al enables businesses to
meet modern consumer expectations for relevance,
ease, and authenticity. The case of La Repa de Suefios
exemplifies how thoughtful implementation can
enhance operational efficiency while deepening
customer trust and engagement. At its core, this
transformation is not just technological but
psychological. Al-driven marketing resonates because
it aligns with how people think, decide, and relate—it
mimics human connection in a digital environment.

With further advances in generative Al, semantic
analysis, and predictive analytics, marketing strategies
can become even more adaptive and attuned to
individual  preferences and behaviors. These
developments  provide opportunities for  the
construction of dynamic, feedback-driven marketing
ecosystems capable of responding to user needs in real
time. Ultimately, by leveraging AI’s full potential,
organizations will be able to not only optimize business
outcomes, but also build more personal, lasting, and
meaningful relationships with their customers.
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Bumyn Anexcanop
Honvwa, Bapwasa

OPITAHMU3 AL NPOBEAEHUSI HAYYHO - UHCCJIEJOBATEJIBCKUX PABOT
DOI: 10.31618/ESSA.2782-1994.2025.1.110.528

IToa3arojioBok:

Craguu W JTanbl NPOBEICHUS HAayYHO-HCCIEIOBAaTEIbCKUX M OKCIEPHMEHTAIBHBIX HCCIECJOBAaHHN B
YCIIOBUSIX YMHOTO TIPOU3BO/ICTBA,;

Annotanusi. CyIlecTBYIOIIMI METOJbl HEpa3pyIIAIOIIEr0 KOHTPOJIS, MWCIIOJB3YIOUINe 30HANPOBAaHUE
Marepuana 00beKTa U3MEPEHHs IEPEMEHHBIM 3JIEKTPOMArHUTHBIM I10JIEM, OTPaHHYCHHBI B CBOEM MPUMEHEHUH.
K aTM MeTonam oTHOCATCS:

KomruiekcHblif MeToZ B KOTOPOM HepaspylIalolmMii KOHTPOJb OCHOBAaH Ha aHalM3e B3aMMOJCHUCTBHS
3JIEKTPOMAarHUTHOTO IOl MpeoOpa3oBaTeNss ¢ AIEKTPOMArHUTHBIM IOJEM BHXPEBBIX TOKOB, HABOJWMBIX B
00BEKTE KOHTPOJIA.

Meton NPHUMEHSIOT Ui KOHTPOJIA OOBEKTOB M3 DJICKTPONPOBOJSNIMX MaTepHANOB. BuxpeBble TOKH
BO30ykIaroTcss B 00BbEKTE MpeoOpa3oBaTeneM B BUIC HMHAYKTHBHOW KAaTYIIKM, ITMTAEMOW MEPEMEHHBIM HIIH
UMITyJIbCHBIM TOKOM. [IpuéMHBIM TpeoOpazoBarteneM (MI3MEPUTENEM) CITYXKHT Ta JK€ WM ApyTas KaTyIlKa.

Bo30y>xnaronyro 1 IpuEMHYIO KaTYIIKH PacIioiaraioT JM00 ¢ OMHON CTOPOHBL, JIMOO 10 Pa3HbIE CTOPOHBI OT
o0bekTa KOHTpOs. IHTEHCHBHOCTh W paclpe/esieHne BUXPEBBIX TOKOB B OOBEKTE 3aBHCAT OT €0 Pa3MEpOB,
QJICKTPUYCCKUX W Mar"HuTHBIX CBOMCTB Martepuajia, OT Halludusgd B MaTepualic HapyH_ICHI/Iﬁ CIINIOIIHOCTH,
B3aUMHOTO PacIoJIOKEHUsI peoOpa3oBaTesst U 00BEKTa KOHTPOJIS, TO €CTh OT MHOTHX apaMeTpPOB.

PasnoBomHOBOW  Hepa3pylIalOIIMil KOHTPOJIL OCHOBAaH HAa PEruCTpallid W3MEHEHHH NapaMeTpoB
QJICKTPOMArHuTHBIX BOJIH pajuoauamnasoHa, BSaHMO}IeﬁCTByIOH.[HX ¢ 00BbEKTOM KOHTPOJIA. OObBIYHO MPpUMEHAIOT
BOJIHBI CBEPXBBICOKOYACTOTHOT'O IMAIa30Ha M KOHTPOJIHUPYIOT M3JENUS W3 MaTepualioB, TAE PaJHOBOIHBI HE
CHJIBHO 3aTyXaloT

Bce mpoekTsl 3TOH TpymIbl TEXHHYECKHX pEIIeHHi 0a3upyroTcsi Ha OJHOM METO/AE KOAWPOBAHUS M
HoCJIe Iy fonie NACHTH()UKAIINN 3aIMCH KOJUPYIOIIETro 3IeMEeHTa

CyIHOCTh MPHHIUNA COCTOMT B HAHECEHWH Ha 3aIIMIAEMbIH 00BEKT KOJMPYIOIIEr0 MOKPHITHS MM €ro
TEXHOJIOTHYECKOTO SKBHBAJICHTA M IMOCIEAYIOMIETO M3MEPEHHs TOJIIMHBI 3TOTO MOKPBITHS , ONPENEIISIOIIETO
COBIIQJICHUE WIN HE COBIAJICHUE PE3YJIbTATOB U3MEPEHUS C KOJOM

HpI/I COBIIaJICHUHN TMOJIYUYCHHOT'O pe3ylibTata C YCTaHOBJICHHBIM MMpoucCxoauT MOJIOKHUTCIIbHAA
I/IJIeHTI/Iq)I/IKaLlI/IH KOJUPYIOIIETO 3JIEMEHTA, TP HE COBNAACHUU , - IPOUCXOAUT OTpHULIATCIIbHAA I/I[[eHTI/I(i)I/IKaHI/ISI
Y OCTaHOBKa WM OJIOKMpOBaHUE paboyero LuKiIa 000pyI0BaHHs WM MOTpeOUTeNs HHYOPMALMHK, HAIIpUMEp , -
KOMITbIOTEpa

Karouesnie cnoBa: Hayuno — uccienoBarensckas padora; HaydHo — ncciieioBaTenbCKie UCCIIeI0BaHus;
OKcnepuMeHTaIbHbIE UCCIIE0BaHMS ;Y CIIOBUS YMHOTO MTPpou3BoAcTBa; CTaauy M 3Talbl IPOBEACHHUS HAyYHO —
uccieoBaTenbekux paboT;CTaqun W 3Tambl NPOBEACHHS SKCHEPHMEHTAIBHBIX HCciienoBaHuid; PaspaboTka
o0ImMX TEeXHWYeCKHX TpeOoBaHMi; TexHolormdyecknii NpuWHIMIT Tporecca u3MepeHus ; OOmmue 3Tarnsl
paboT; XapakTepHble TeXHHUYECKHE TpeOoBaHMS K INpPOAYyKTy; I[Iporecc KanmOpOBKM OCHOBHOTO TECTOBOTO
000pyOBaHUS AJIs1 OLIEHKH MPUHIMIHAIGHONW pab0TOCIOCOOHOCTH TEXHOJIOTHH ;

Cragum W 23Tansl  NPOBEAEHUS  HAaydHO-  TpeOOBaHMH K TEXHOJIOTMYECKOMY  NPHHIHUILY
UCCIIENOBATEIBCKUX u SKCHEPUMEHTANbHBIX  IIpollecca HM3MEpPeHHs Ha 0a3e 3IIeKTPOMAarHUTHOM
UCCIICIOBAHUI O pa3paboTKe OOMMX TEXHHYECKHX  PE30HAHCHOI CIIEKTPOCKOINH ;
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Pucynok;

Hcnvimamenvhulil cmeno OJisi UCHbLMAHUSL axkmueupyroweco ycmpoﬁcmea 6 YCIIOBUAX IKEUBATEHMHbIX PealbHbIM
YCoBUAM pa6ombl MONIUBHOLL mazucmpanu Coe6pemernnoco osuzameins GHYMPEHHe20 C2Opanus ;

OO0uue sTamnsl pador :

1. CornacoBaHue U OJMUCAHUE TOTOBOPA

2. PazpaboTka M coriacoBaHHE TEXHHYECKOTO
3aJ]aHusl Ha HAyYHO-UCCIIEJOBATENbCKYI0 paboTy

3. Pazpaborka u COTJIaCOBAaHHUE
KOHCTPYKTOPCKOH M TEXHOJIOTUIECKOM TOKYMEHTAIIUI
Ha OpHUTMHAIBHOE CHCIHAIBHOEC TEXHOIOTHIECKOE
000pyIOBaHUE U TEXHOJOTHICCKYIO H H3MEPHUTEIBHYIO

OCHACTKY M TIPOBEACHHS OKCIEPUMEHTAIBHBIX
HCCJIEJOBAHUN
4. W3srortoBieHue u HUHXEHEPHOE

COTIPOBOXKICHNE CIEUHAIBHOTO TEXHOJIOTHYECKOTO
000pyI0BaHUs U OCHACTKH

5. IlpensaputensHble UCTIBITAHUSA
M3TOTOBJICHHOTO CIEIMAJbHOTO TEXHOJIOTHYECKOTO
000OpyIOBaHMSI W  OCHAaCTKH Yy  M3TOTOBHTEIS,
IToaroroBka akTa M MPOTOKOJIA UCIBITAHHH

6. Paspaborka JIETaIbHOTO MIPOTOKOJIA
SKCHEPUMEHTANBHBIX HCOBITAaHMKH ; B KkaudecTBe
MPWIOKEHNUS K MIPOTOKOITY , pa3paboTKa IporpaMMbl U
METOAMKH HKCIEPUMEHTAIBHBIX UCIBITAHUH

7. KanuOpoBOYHBI ¥ FOCTHPOBOYHBIH ATal
ucnbiTanuit  ; PaspaboTka W corylacoBaHue C
3aKa39MKOM MPOTOKOJIA U aKTa UCTIBITAHUI

8. IIpuémouHble UCTIBITAHUS TIEPBOM OuUepenH ;
B kauectBe oOpasma BOABI HCIONB3YyeTCs BOAA C
JI00aBIICHUSIMHA XUMHYECKIX PEareHTOB , M3MEHSIOITIX
CTaHJAPTHHIN YPOBEHb KHCIOTHOCTH WIIN IMIEIOYHOCTH
; Pazpabotka u cornacoBaHME C  3aKa34MKOM
MPOTOKOJIA ¥ aKTa MPUEMOYHBIX HCIBITAHHM MEpBOM
odepenu

9. TIpuémounsle HCIBITAHUS BTOPOi ouepeny; B
KayecTBe 00pa31a BOJIbl HCIIOJIb3YETCsI BOJA B KOTOPOH
YPOBEHb KHCJIOTHOCTH WIJIM HIENOYHOCTH H3MEHIETCS

npu 00paboTKe B 3JIEKTPOXUMHUYECKOM peakTope 0e3
UCIIOJIb30BaHHS XUMHYECKUX PEarecHTOB

10. [MoaroroBka M COTJIaCOBaHUE C 3aKa34UKOM
AQHAJTUTHYECKOTO OTuY€Ta O MpPOBEACHHOU paboTe ,
BKJIIOYAIOLIETO , - IPOTOKON HCHBITAHUH , aKT
UCTIBITAaHUH W aHATUTHYECKUH OTYET C CPAaBHUTEILHOMN
XapaKTEpPUCTUKOW BCEX IMONYyYCHHBIX Ppe3yIbTaToOB
HCIIBITAaHUN

OBIIME TEXHWYECKUE TPEBOBAHUSA K
TEXHOJIOTMYECKOMY MMPUHLIAITY
I[MPOLIECCA U3MEPEHNSI;

[Mpn peanuzanyy TEXHOJOTHYECKOTO MPHUHIIMIA
JIOJDKHBI OBITH 00€CIIEYEHBI:

- HEBBICOKas YyJeNbHas CTOMMOCThH IIpoIiecca
U3MepeHus ;

- BBICOKasl HaJIEKHOCThH Ipoliecca U3MEPEHHUs;

- IPOCTOTa MpoLecca U3MEPEHHS ;

- MaJible rabapuThl 000PYIOBAHUS AJISI KOHTPOJIS;

- BO3MOXXHOCTb BCTpaWBaHHs B CYIIECTBYIOIIHE
TEXHOJIOTUYECKHE CXEMBI n KOMIDIEKCHI
o0opyIoBaHUS;

- BBICOKAsI IIPOU3BOJUTEIILHOCTD;

- BO3MOXXHOCTh HENPEPHIBHON PabOThI B TEUEHUU
JUTUTEIEHOTO BPEMEHH;

- BBICOKAsA 3((EeKTUBHOCTH MPOIECCa U BHICOKAs
MOBTOPSIEMOCTD PE3yJIbTATOB

- BO3MOXHOCTb  IIPOCTOM U
aBTOMATH3AIIMH TIPOIIecca;

- BO3MOXKHOCTb UCTIONIb30BAHMS
KOMITO3MLIMOHHBIX TEXHOJOTUI U MaTepHaoB;

- BO3MOXHOCTb  BECTH  MOHHUTOPHHI  H
UCIIONIB30BaTh PE3yJbTAThl IPOLecca MOHUTOPUHTA
JMCTaHIMOHHO;

HaJIEKHOM
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- BO3MOXXHOCTb CPaBHHUTEIBHOW OLICHKH YPOBHS
KayecTBa MpoIecca M  KadecTBa  M3MEPEHUs
KHCIIOTHOCTH 10  MHUHUMQJIBHOMY  KOJIMYECTBY
TEXHOJIOTMUECKUX TOKa3aTenel ( Uil MepBOro srama
MPOEKTA , - OLICHKA TOJIBKO 110 OJHOMY HHTETPATBHOMY
MTOKA3aTeNio );

- BO3MOYKHOCTb CPaBHMUTEJIBHOM OLIEHKU YPOBHS
KagecTBa  Ipollecca U KauecTBa  U3MEpPEHHs
METOYHOCTH 10  MUHHMMAlIbHOMY  KOJHMYECTBY
TEXHOJIOTHUECKUX TOKa3arenel ( A MepBOTO dTama
MPOEKTA , - OLIEHKA TOJIbKO [0 OJJHOMY UHTEIPaJIbHOMY
MOKa3aTeo );

I[Ipu npoBeneHMM U3MEpEeHMM HAa  CTaIuu
NEPBUYHOMN AICHTU(DUKAIIH BO3MOXHOCTEHN
TEXHOJIOTHH , 3KCIICPUMEHTAIBHBIN MPOIECC TOIDKEH
BKJIFOYATH 110 KaXXIOMy U3MEPEHHIO !

- B KadecTBe 0a30BOTO 00pa3ma i U3MEpEHHS
UCIIONIB3YETCS BOJA C COZACPKAHWEM MHHEpPAIOB HE
6omee 200 MIUUTUTpaMM HA JIATP;

-IIPU KQKJI0H MPOBEPKE MEepel Ha4auoM mpoliecca

U3MEPSIOTCS  , - KOHLEHTPALMS PAaCTBOPEHHBIX
XMMHUYECKHX BEIIECTB ; IEKTPHUIECKast IPOBOIUMOCTh
B mpo0Oe BOABI, TemIepaTypa mpoObl  BOJIbI;
KHCJIOTHOCTh WM IIENOYHOCTH  NpOOBI  BOJPBI;

CYMMapHBI{ JJIEKTPHYECKUH ITOTEHIIHAI B IPOoOe BOABI;

Bce n3MmepeHunst mpousBOASTCS Ha CTaHIAPTHBIX
N3MEPHUTENBHBIX TPHOOpPaX;

1. Tponykr , 6a3upyrOIIUIACS Ha aNIUIMKaLWH ,-
RST- SENSOR; IIpomykr mpencraBmsier coOoi
y4acToK TpyOOoIpoBoJa , HA HapyKHOH IOBEPXHOCTH
KOTOPOT'O YCTaHOBJICH PE30HAHCHBIN CEHcop , U MO
KpasiM KOTOPOT'O CMOHTHPOBAHbI TAfiKH- PEKOPIBI IS
COCIMHEHUS ¢ TPyOOIIPOBOIOM ;

Pucynox 2 ;
Konmponvnvie npuboper na ucnvimamensnom cmenoe ;

2. Kabenp oT ceHcopa NpeAHA3HAYCH IS
COEIMHEHUsSI C KOHTPOJIbHO-aHAIUTHYECKUM OJIOKOM
WIM C CHCTEMOH YIpaBIeHHs M KOHTpOJS Bcei
TpyOOIIPOBOAHON CHCTEMBI;

3. PasmepHsblif psa npoaykTa,- TpyOOIIPOBOMEI
or 1/8 miolima mo 4 JAOWMOB M3  Pa3sTUYHBIX
KOHCTPYKLIMOHHBIX ~ MaT€pPHaJOB C  KOJBIIEBBIMH
ceHcopamu u or 4 jgoiiMoB U Ooiee ,- C
CEKTOPAJIbHBIMH CEHCOPaMU;

4. XapakTepHble TEXHHUECKHE TpeOOBaHUA K
MPOAYKTY:

4.1. Beicokas TOYHOCTb HW3MEpPEHH,- TpHOOp
JOJDKEH MMETh YyBCTBHTEJIFHOCTh K M3MEHEHHUSIM B
XMMHYECKOM  COCTaBe  BOABI  SKBHBAJICHTHBIM
koHueHTpauusaM B 0,000001 MuuiurpaMma Ha JIUTP

4.2. Tlpocrora KOHCTpYKUMH; B KOHCTpyKUHH

npudopa JIOJIKHBI HCII0JIb30BAThCS TOJIBKO
CTaHJapTHBIE WU cepuitHO BBIILYy CKa€MBIE
KOMIIOHEHTbI UM Marepuansl; IIpogykr momkeH

COCTOATh M3 TIOJHOCTBIO CTAaHAAPTHBIX DIIEMEHTOB
TpyOOIPOBOJHOI apMaTyphl, YTO JOJDKHO ONPENeIiTh
€ro BBICOKYI0 HaJEKHOCTh, PEMOHTOIPHUTOIHOCTE,
HU3KHE W3JEPKKH Ha MPOHM3BOJCTBO, BO3MOXKHOCTP
OpraHM3allid  M3TOTOBJEHUs  0e3  NpUMEHEHHUs
CIEUAIBHOTO TEXHOJIOIMIECKOTO 000y I0BaHHUS;

4.3. Han&xHOCTb M JOJITOBEYHOCTH HpuOOpa
JIOJDKHA OTIPeJIeIISIThCSl HapabOTKOM /10 IEpBOTo 0TKa3a
He MeHee 10000 uyacoB; mMpHOOpP NOIDKEH COXPaHAThH
paboTocnocoOHOCTh B TeueHHH He MeHee 10 JieT;

4.4. IlonHOE OTCYTCTBHE KOHTAKTa ¢ U3MEpSIeMOi
XKHJKOCTBIO; YyBCTBHTEILHOCTH IIPUOOpa HE JOJDKHA
CHIKaThCS TP HAXOXKICHUH MEX/Ly 1yBCTBUTEIEHBIM
JIEMEHTOM M JKMIKOCTBIO  JHAJIEKTPUYECKOH
MPOKJIAJIKY TOJIIMHOH 10 2,5 MUJUIUMETPA;

4.5. BO3MOXHOCTH BCTpamBaHHsi B IOOYIO
CYLIECTBYIOI[YI0  TEXHOJIOTHYECKYI0  CXeMmMy
KanutaibHoe obopynoBaHue , Ooiinep, mapoBoe
00opy/ioBaHHe, BOJOIPOBOAHYIO CE€Th , CHCTEMY
IOJIMBA B  CEJILCKOM  XO3AHCTBE U  CHCTEMBI
BOJIOCHA0>KEHUSI IPOMBIIIUICHHBIX IPEANPHUITUHN;

4.6. Huskuit ypoBeHb 3HeprosaTpaTr Ha paboTy
npoxykra; OOmue 3arpaThl 3JIEKTPOIHEPTHH Ha
paboty nprubopa He JOJDKHBI ITpeBhIIaTh S0 BaTT B yac;

4.7 . BO3MOXXHOCTb KOHTpOJISI arpeccUBHBIX WU
TOKCHYHBIX kuakocted; Ilpubop nomken OBITh
W3rOTOBJICH W3 MaTepuajioB M  KOMIIOHEHTOB,

MO3BOJSIOIIUX €r0 TPUMEHEHUE M KOHTPOIS
arpecCUBHBIX U TOKCHYHBIX JKUAKOCTEH;

4.8. BO3MOXHOCTH KOHTPOJII CBEPXYHCTBIX
JKUIKOCTEH; Matepuansl , 3 KOTOPBIX

W3rOTaBJIMBAETCs MPUOOP HE JOJDKHBI BbI3BIBATH
3arpsi3HCHUE KOHTPOJHMPYEMBIX JKHIKOCTEH W He
JOJDKHBI ~ Pa3pyllaTbCsi IOJ BO3JICHCTBHEM OTHX
KUJIKOCTEH;

4.9. BozmoxHOCTB BCTPanUBaHUs B
ABTOMATHYECKHE CHCTEMBl YIPaBJICHUS; CHTHAJIbBI
CEHCOpa  JOJDKHBI ~ BOCIPHHUMATBbCS  CEPUIHO
BBIITyCKaeMbIMH IPOLIECCOPAMH U SJIEMEHTaMHU CUCTEM
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yTIpaBIeHUS MPOMBIIIIICHHOTO u
CEITbCKOXO03SIMCTBEHHOTO 000PYyI0BaHNS;

4.10. Bo3moxHOCTH pabOTBI B aBTOHOMHOM
pexume; IIpubop momkeH MMETh Bce HEOOXOAUMBIE
KOMITOHEHTBI JJIsl €0 PabOTHl B aBBTOHOMHOM PEKHME,
06e3 BKIIOYEHHWS B CETH M CHCTEMBI YINPABICHUS
OCHOBHOT'O TEXHOJIOTHYECKOT0 000pY/JOBaHNS;

5. Ilpubop nomkeH WMETh BO3MOXXHOCTb
UCIIOJIb30BaHMS B KAUECTBE JIaTYMKa YPOBHS; TP 3TOM
npubOp KOHCTPYKTHBHO HE JOJDKEH OTJIMYAThCS OT
npubopa A KOHTPOJIS KadecTBa BOJIBI; [UISL €ro

YCTQHOBKM JIOJDKHBI  OBITH  NPEOYCMOTPEHBI  BCE
HEO0OXOANMBIE JIETall 1 KOMIIOHEHTBI;,
6. HEOBXOJNMOE COCTOSHUE

[MPOEKTA TIPUBOPA N TEXHOJIOTUN HA

MOMEHT HAYAJIA nx CUCTEMHOMH
PA3PABOTKMU; J1omKHBI OBITH:
Pa3paboTaHbl OCHOBHBIC KOHCTPYKTHUBHBIC H

TEXHOJIOTHYECKUE IPUHIIUIBI IIOCTPOEHUS IIPOAYKTa
W3roToBneH 06a30BbIil YHUBEPCAIBbHBIN IPOTOTHUI
U3Jenusl;
IIpoBeneH LUK IpeIBAPUTENIBHBIX HCIBITAHUN
U3JeNsl;

IIpoBeneHa KOPPEKTHPOBKA  YHHBEPCAIHLHOTO
MPOTOTHUIIA N3AETHs hi(s) pe3ynbTaTtam
MpeIBapUTEIbHBIX UCTIBITaHNH;

IMoaroroBiaeHsl Marepuanbl Ha  ITATCHTHYIO
3a5BKY;

Paspabotana cTparerus maTeHTHO-THUIICH3NOHHON
3alIUTHl TEXHOJIOTHH;

7. U JOBOJAKN M3AEJINA OO OTAIIA
MACCOBOTI'O ITPOU3BOJICTBA U AKTUBHOM
DA3bI MAPKETUHI'A [0JKHBI OBITH BBINOJIHEHBI
crestyronie padboTsl

Pazpabotka HMCXOJIHBIX TEXHUYECKUX
TpeOOBaHWI HAa TMPOAYKT C YYETOM NOXKETAHUHA |
PEKOMEHIAIUH TOTEHINATHHBIX KIHMCHTOB;

Pa3zpaboTka TexHMYECKOTro 3aJaHus Ha
MPOEKT;

TexHuueckoe  IpeUIOKEHUE, BKITIOYast
IIPOEKTUPOBAHUE , MU3TOTOBIEHUE U HUCIBITAHUE
MoOJeaeH U3IeIus;

Texuuueckuit IIPOEKT, BKJIIOYas
IIPOEKTUPOBAHUE , U3TOTOBJIEHUE U HUCIBITAHUE

MPOTOTHIIOB M3/IENIHS;

Pabounii mpoekT, BKIIIOYas MIPOEKTUPOBaHUE,
M3TOTOBJICHWE M WCHBITAHUS ONBITHBIX 00pa3LoB
u3Jenus;

CornacoBaHue M CpaBHUTENIbHAs OLIEHKA
nu3genui Ha COOTBETCTBHE TpeOOBaHUIM
JIEHCTBYIOIUX CTAHJAPTOB;

ATtTtecTanus HU3JIETUHA B
CTaH/apTOB;

Brlltyck ycTaHOBOYHOW CEPUU U3IIENNI;

OnBITHO  TPOMBIIIICHHAS  AKCINTyaTamus
YCTaHOBOYHOM CEpUU U3LEINN;

Pa3paboTka cTpaTerun MapKeTHHTa;

IloaroToBka mnporpamMmsl NPOU3BOACTBA HU
peanusalMM HM3JeNMH  HA TEpUOd ajanTaluu K
YCIIOBUSIM PBIHKa; TPOpab0TKa CHCTEMBI FapaHTHIHOTO
00CITy)KMBaHHMsI; TOUCK CTPATETHYECKOro NapTHEPa;
nepBast (a3za aKTHBHOTO MapKETHHTa;

HWHCTUTYTC

8. IIPUBOPbI  JUUI1  PE3OHAHCHOI'O
KOHTPOJISI KAYECTBA BOJbl U JPYIUX
JKUJKOCTEM, JOJDKHBI BBITH ITOJIHOCTBHIO
[IPUT'OJIHBI JJISI DOOEKTUBHOI PABOTHI B
VCJIOBUSX HWXECJEIYVIOLUINX OCHOBHBIX
OTPACIJIEH — TIOTPEBUTEJIEN TEXHOJIOTUU:

(DapMaHeBTI/I‘{eCKaH HpOMLIIlIHeHHOCTL

MI/IKp06I/IOJ'IOF NYCCKas HpOMLIHIJ'IeHHOCTL

I1oynpoBOAHUKOBOE IPOU3BOACTBO

MHKpOBJ‘IeKTpOHI/IKa

Duepretuka, B TOM UNCIIE U ATOMHBIE
SJIEKTPOCTAHIIU

[IpoMpbllIeHHBIE KOHAULIHOHEPHI

BopomonroroBka W BOJOOYHMCTKA BO BCEX

0Tpacisix MIPOMBIIICHHOCTH, JKHITBIX ,
MPOMBIIICHHBIX W OONIECTBEHHBIX 3JaHUSX U
COOPYKEHHAX

ToHKasg XUMUYECKasl TEXHOJIOTUs

ITpou3BOICTBO KOCMETHYCCKUX MPEMapaToB

[IpousBoncTBO AJIKOTOJIbHBIX u
0e3aJIKOr0JILHBIX HAITUTKOB

[MureBast MPOMBIIUICHHOCTb

TenmnuyHoe X039HCTBO

TeXHOJIOIMH IOJIUBA B CEJILCKOM XO3SHCTBE

lanbBaHUYECKHE U DICKTPOXHMHUUYECKHE
MPOU3BOJICTBA

HedrenoOriBatomme npon3BoaCTBA

MNPOAYKTHI MACCOBOI'O CIIPOCA,
KOTOPBIE JOJIDKHBI ABUTHCA PE3YJIBTATOM
3ABEPIIEHUSA ITPOEKTA:

1. bBrrToBoii WHAUKATOP YHUCTOTEHI
BOJIOIIPOBOIHOM BOJBIL;

2. TIpomblluIeHHBINA WHIUKATOP YUCTOTBI

BOJIOIIPOBOIHOI BOJIBI;
3. TpyOompoBoa- ceHcop miIsi OECKOHTAKTHOTO

KOHTPOJIA MIPOBOAMMOCTHU )KPIZ[KOCTC?I 5
HW3TrOTOBJICHHBIN Ha Oase TMPOMBIINIJICHHBIX
T‘py6OHp0BO,Z[HLIX KOMIIOHCHTOB nus3
NOJIMBUHUIIXJIOpHU A, pa60'me JANaMETPhbL

TpybomnpoBonos,- 1/16; 1/8; V4, 3/8; Y2; % 1; 1-1/4; n
Janee ¢ WHTEpBajJoM B Y4 mioliMa 10 4 IIOWMOB,;
TpyOOIIPOBOA MpeJHa3HaueH JUlsl BCTPAaUBAaHUS B
CUCTCMBI AaBTOMATHYCCKOT'O yHpaBJIC€HUA
HPOU3BOJICTBOM;

4. TpyOompoBoa- ceHcop Asi OECKOHTAKTHOTO
KOHTPOJISI IPOBOANMOCTH XHUJKOCTEH, U3TOTOBJICHHBIH
Ha  0a3e  TPOMBIIUIEHHBIX  TPYyOONPOBOIHBIX
KOMITOHEHTOB U3 TTOJIMIPOIHIICHA; pad04ne THaMeTphl
AHAJIOTUYHO IYHKTY 3; TpyOOIIpOBOA TNpeqHa3HaueH
JUIL  BCTpaWBaHUsI B CHUCTEMBbl aBTOMAaTHYECKOTO
YTIpaBJIEHUsI IPOU3BOJICTBOM;

5. ABTOHOMHBIH TpPyOONPOBOA- CEHCOp JUIA
KOHTPOJIA TPOBOJANMOCTH )KPI)IKOCTGﬁ, M3TOTOBJIICHHBIN
Ha 6aze MPOMBIIIIEHHBIX TpyOOTIPOBOIHBIX
KOMITOHEHTOB W3  TOJIMBHHUJIXJOpUAa;, paboune
JUaMETPhl aHAJIOTUYHO MYHKTY 3;

6. ABTOHOMHBIH TpPyOONIPOBOJ-
KOHTPOJIS MIPOBOIUMOCTH
M3TOTOBIICHHBIH Ha 0aze

CEeHCOop JyIA
JKHIKOCTEH s
MIPOMBIILIEHHBIX
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TpyOOIIPOBOAHBIX KOMIIOHEHTOB U3 IOJIUMPOIHICHA;
paboyrie TUamMeTphl aHAJIOTHYHO ITyHKTY3;

7. CucteMbl TpyOONpPOBOJOB- CEHCOPOB
AHAJIOTUYHO ITyHKTaM 3 — 6, U3TOTOBIICHHBIC Ha 0a3e
MPOMBIIIICHHBIX TPYOOIPOBOJHEIX KOMIIOHECHTOB M3
MOJMKapOoHAaTa;

8. Cucrtembl TpyOONPOBOJOB — CEHCOPOB
AQHAJOTUYHO MyHKTaM 3-6, M3rOTOBJEHHBIE Ha 0aze
MPOMBIIUICHHBIX TPYOOIIPOBOJHBIX KOMIIOHEHTOB M3
Te(IoHa, KOMITO3MTHBIX MOJMMEPHBIX MaTepualioB,
TEPMOPEaKTHBHBIX UIACTUYECKHX Macc, MOJIMMEPOB C
pa3NUYHBIMK HAIOJIHUTEISIME M M3 TEPMOCTOHKHX
MaTepualos;

9. CucteMbl CEHCOpOB, BCTPaWBacMBIX B
AaBTOMATHUYECKHE YTPABISIONINE KOMIUIEKCHI, IS
OGECKOHTAKTHOTO KOHTPOJSI KadecTBa JKHAKOCTEH B
TpyOOIPOBOJAX AWAMETPOM OONBIIMM 4YeM 4 [roiiMa;
TpyOOIPOBOABI M3rOTOBJICHBI U3 MOJMBUHIIXJIOPU/IA;
13 MMOJUIPOINJIICHA, 13 TepMOCTOﬁKHX TMOJIMMEPOB; 13
TEPMOPEAKTUBHBIX IUIACTMACC;

10. CucteMbl CEHCOPOB , B COOTBETCTBHU C
myHKTaMH 3-9, mnpenHa3sHaueHHbIE M KOHTPOJ
COCTOSAHHUA )KHZ[KOCTeﬁ N 10JJaBaCMbIX Ha
UPPUTAIIIOHHBIE CHCTEMBI B CEJILCKOM XO3IHCTBE;

11. Cuctembl CceHCOpOB , B COOTBETCTBHH C
MyHKTaMH  3-9, TpeqHa3HaueHHBIE I KOHTPOILT
COCTOSIHHSL JKHJKOCTEH B KOMIUIEKCaxX OpOIIaeMOro
3eMIICACIHS;

12. Cuctembl CceHCOpOB , B COOTBETCTBHH C
myHKTaMH 3-9, mnpenHa3sHaueHHbIE M KOHTPOJ
COCTOSHHUA )I(I/I[[KOCTeﬁ B TCIINYHBIX
CEJIbCKOXO03SIICTBEHHBIX KOMILIEKCAX;

13. Cuctembl GECKOHTaKTHBIX JaTYUKOB YPOBHS C
TOPU30OHTAJIBHBIM ME€TOJIOM MOHTAaXa,

Ipuno:xenne 1 ;

IIpouecc kaaUOPOBKH OCHOBHOIO TeCTOBOIO
000opya0oBaHusl AJf OUEHKH NPHHUUNHAIbHOMN
PatoTocnoco0HOCTH TEXHOJIOTHH ;

OcHoBHbIE 3agauuM , pemIéHHbIe TP
onpeaeJeHUN NPUHIUNHAIBHON
pPatoTOCNOCOOHOCTH TEXHOJIOTHH :

- OIpefeleHHE pa3HUIBI B IOKAa3aTeNsIX U

CpaBHUTEIIbHAS OlIeHKa JUIst 00pasios
KOHTPOJIUPYEMOM  KHAKOCTH  CO  CIEAYIOIUMHU
XapaKTepPUCTHKAMH, -

- 00pa3ubl Ha 0ase AUCTUILTMPOBAHHOW BOJBI C
YPOBHEM KHCJIIOTHOCTH B AMAMa3oHe OT 4 10 7 eIUHHUI]
, OTKOPPEKTHPOBAHHBIMH MPH MOMOIIA BBOJA B
o0pasel] COISTHON KHUCIOThI

- o0Opas3ipl Ha 0a3ze BOJOMPOBOIHOW BOMABI C
YPOBHEM KHCJIIOTHOCTH B JMAMa3oHe OT 4 10 7 eIUHuUI]
,  OTKOPPCKTUPOBAHHBIMH IIpU TIOMOIIM BBOJAA B
obpaselr CONTHON KHCIOThI

- oOpa3mpl Ha 0a3e JUCTUIUTMPOBAHHOW BOJBI C
YPOBHEM KHCIOTHOCTH B JAHMAIa30He OT 2 /10 7 €IWHHII
,  OTKOPPCKTHPOBAHHBIMH IIpU TIOMOIIM BBOJAA B
o0paserr COISTHOM KHCIOTHI

- o0Opasipl Ha 0a3ze BOJOMPOBOIHOW BOMABI C
YPOBHEM KHCJIIOTHOCTH B JMAMA30HE OT 2 70 7 eIUHUI]
, OTKOPPEKTHPOBAHHBIMH TMPH MOMOIIMA BBOJAa B
o0paser] COISTHON KHCIOTHI

- o0Opa3mpl Ha 0a3e AUCTUIUTMPOBAHHOW BOJBI C
YPOBHEM KHCIIOTHOCTHU B AWANa3oHe OT 4 10 7 eIUHUIL]
, OTKOPPEKTHPOBAaHHBIMH TIPH IIOMOIIM BBOJA B
o0paser; COJSTHOM KHCIOTHI M TIPH Temreparype 25
rpazycoB

- o0Opasmpl Ha 0a3e BOAONPOBOJHOH BOABI C
YPOBHEM KHCIIOTHOCTHU B AnanazoHe ot 4 10 7 eIuHuUI]
, OTKOPPEKTUPOBAaHHBIMH TIPH IIOMOILIM BBOJAa B
oOpasel; CONSTHOW KHCIOTHI W IpU TeMmreparype 25
rpasycoB

- o0pasupl Ha 0a3e AUCTUIIIMPOBAHHOW BOIBI C
YPOBHEM KHCIJIOTHOCTHU B AnanazoHe ot 4 10 7 eIuHuUI]
, OTKOPPEKTHPOBAaHHBIMH TIPH IIOMOIIM BBOJA B
o0paser; COJSTHOM KHCIOTHI M TIpH Temreparype 39
rpazycoB

- o0pasmpl Ha 0a3e BOAONPOBOJHOH BOABI C
YPOBHEM KHCIOTHOCTH B JMana3oHe OT 4 10 7 eANHHMIT
, OTKOPPEKTUPOBAaHHBIMH TIPH IIOMOILIM BBOJAa B
oOpasell COJSIHOM KHCIOTHI U MpH Temmeparype 39
rpasycoB

- 0Opas3ipl Ha 06a3e COJSIHOW KHCJIOTHI C YPOBHEM
KUCIIOTHOCTH B Juama3oHe OT 2 10 7 eOuHuIl ,
OTKOPPEKTHPOBaHHBIMH IIPH TIOMOIIIY BBOJIa B 00paser|
JUCTWJUIMPOBAHHOW BOJBI W INpU TeMmmeparype 25
rpazycoB

- 00pa3ipl Ha 6a3e CHHTETHYECKOTO JKEIIy JOYHOTO
COKa C YPOBHEM KHCJIOTHOCTH B JMala3oHe OT 2 10 7
€IMHHL] , OTKOPPEKTHUPOBAaHHBIMHU IPH TIOMOIIN BBOJA
B o0pasenl IUCTWUIMPOBAHHOH BOXBI M  IIPH
Temmeparype 25 rpagycos

- 0Opas3ipl Ha 6a3e COJSIHOW KHCJIOTHI C YPOBHEM
KUCIIOTHOCTH B Juama3oHe OT 2 J0 7 COuHuIl ,
OTKOPPEKTHPOBAaHHBIMH IIPH TIOMOIIIY BBOJIa B 00paser|
JUCTUIUTMPOBAHHOW BOJbI W Tpu Temmeparype 40
rpasycos

- 00pa3ibl Ha 6a3e CHHTETHYECKOTO JKEeJTy JOYHOTO
COKa C YPOBHEM KHCJIIOTHOCTH B JMama3oHe oT 2 10 7
€IMHHUL] , OTKOPPEKTUPOBAaHHBIMHU IIPH TIOMOIIM BBOJA
B o0pasenl JIUCTWUIMPOBAHHOH BOXBI M  TIPH
temneparype 40 rpagycos

- 00pa3upl Ha 6a3e COJSHON KHCIOTHI C YPOBHEM
KHUCJIOTHOCTH B JHala3oHe OT 2 J0 7 eOuHuIl ,
OTKOPPEKTHPOBAHHBIMH TP TIOMOIIIY BBOJIa B 00paszer|
JUCTUIUTMPOBAHHOW BOJBI W TIpU TeMmieparype 25
rpasycos

- 00pa31bl Ha 6a3e CHHTETUYECKOT0 KEIyJOYHOTO
COKa C YPOBHEM KHCJIIOTHOCTH B JMama3oHe oT 2 10 7
€IMHHML] , OTKOPPEKTUPOBAaHHBIMHU IIPH TIOMOIIM BBOJA
B o0pasenl IUCTWUIMPOBAHHOH BOIBI M  TIPH
TeMIeparype 25 rpaaycoB

- 00pa31pl Ha 6a3e COJSTHOW KHCIOTHI C yPOBHEM
KHCJIOTHOCTH B JHWama3oHe oT 2 10 7 exuHuI ,
OTKOPPEKTHPOBAaHHBIMH TP TIOMOIIIY BBOJIa B 00paser]
JUCTWIUTMPOBAHHOW BOJXBI W Tipu Temmeparype 10
TpagycoB

- 00pa3Iiel Ha 6a3e CHHTETUYECKOTO KEIyI0YHOTO
COKa C YPOBHEM KHCIIOTHOCTH B JHaIa3oHe OT 2 10 7
€IMHHUL] , OTKOPPEKTUPOBAaHHBIMHU IPH TIOMOIIM BBOJA
B o0pasenl IUCTWUIMPOBAHHOH BOXBI M TP
temneparype 10 rpagycos

- 00pas3ipl Ha 6a3e COJSIHOW KHCIOTHI C yPOBHEM
KHCJIOTHOCTH B JWama3oHe oT 2 10 7 exuHuIn ,
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OTKOPPEKTHPOBAaHHBIMH IIPH IOMOIIX BBOJIa B 00paser]
JUCTHJUTMPOBAHHOM BOABI M (PPYKTOBOrO COKA W NPH
TeMIeparype 25 rpagycoB

- 00pa3ubl Ha 6a3e CHHTETHIECKOTO KEIyJ0YHOTO
COKa C YpOBHEM KHUCJIIOTHOCTH B AMana3zoHe oT 2 10 7
€IMHHML[ , OTKOPPEKTHPOBAHHBIMH IIPH TIOMOIIY BBOJA
B o0Opasel IMCTHUTUPOBAHHOM BOABI U (PYKTOBOTO
COKa U MpH TeMneparype 25 rpaaycos

- 00pa3upl Ha 06ase COJSIHOM KUCIOTHI C YPOBHEM
KHUCIOTHOCTH B Juamna3oHe oT 2 10 7 eAuHun ,
OTKOPPEKTHPOBAaHHBIMH IIPH OMOIIX BBOJIa B 0Opazer]
JUCTHJUTMPOBAHHOM BOJBI U TIOBAPEHHOM COJU U IIPU
TeMIeparype 25 rpagycoB

- 00pa3ubl Ha 6a3e CHHTETHIECKOTO KEIyJ0YHOTO
COKa C YpOBHEM KHUCJIIOTHOCTH B AMana3zoHe oT 2 10 7
€IMHHML[ , OTKOPPEKTHPOBAHHBIMH IIPH TIOMOIIM BBOJA
B o0Opaselr] ANCTIIIMPOBAHHOW BOABI M IIOBapeHHOMN
COJIM U IIpU TeMIepaType 25 rpagycoB

- 00pa3npl Ha 6ase COJSIHOM KUCIOTHI C YPOBHEM
KHCJIOTHOCTH B JHama3oHe OT 2 10 7 eIuHuIl ,
OTKOPPEKTHUPOBAHHBIMU ITPU IIOMOIIH BBOJIa B 00paser]
JUCTWIIUPOBAHHOW BOJBI U IHUIICBOW COABI U IIPHU
Temmeparype 25 rpagycon

- 0Opa31pl Ha 6a3e CHHTETHYECKOTO JKEITy JOTHOTO
COKa C YPOBHEM KHCJIIOTHOCTH B JHama3oHe oT 2 10 7
€IMHML[ , OTKOPPEKTHPOBAaHHBIMH TP TIOMOIIM BBOJA
B 00pa3en AUCTHIIIMPOBAHHON BOZBI M HUIIIEBOH COIBI
U Ipu Temnepatype 25 rpagycoB

- 00pa3mpl Ha 6a3e CONSTHOW KUCIOTHI C YPOBHEM
KHCJIOTHOCTH B JHama3oHe OT 2 10 7 eIuHuIl ,
OTKOPPEKTHUPOBAHHBIMU ITPU IIOMOIIH BBOJIa B 00paser]
JUCTWITUPOBAHHONW BOJBI W TpU Temmeparype 25
IpaycoB HCIBITBIBaeMble dYepe3 1 wac mocne
MPUTOTOBJICHUA

- 00Opa31pl Ha 6a3e CHHTETHYECKOTO JKEITyIOYHOTO
COKa C YPOBHEM KHCJIOTHOCTH B JHana3oHe oT 2 10 7
€/IMHML[ , OTKOPPEKTHPOBAHHBIMU MPY IOMOIIN BBOJIA
B o0paszenl IOUCTWUIMPOBAHHOH BOXBI M  TPH
TemrepaType 25 rpajycoB HCIBITEIBaeMble yepes 1 qac
MIOCJIE TTPUTOTOBJICHUS

- 00pa3impl Ha 6a3e CONMSHON KHUCIOTH C YPOBHEM
KHCJIOTHOCTH B JHama3oHe OT 2 10 7 eIuHuIl ,
OTKOPPEKTHPOBAHHBIMH ITPU IIOMOIIH BBOJIa B 00paser]
JUCTWITMPOBAHHOW BOJBI W TIpU Temmeparype 25
TpagycoB MCHBITBIBaéMbIe dYepe3 24 wyaca mocie
MMPUTOTOBJICHUSA

- 00Opa3ibl Ha 6a3e CHHTETHYECKOTO JKEITy IOYHOTO
COKa C YPOBHEM KHCJIIOTHOCTH B JHana3oHe oT 2 70 7
€/IMHML[ , OTKOPPEKTHPOBAHHBIMU MPHY TIOMOIIN BBOJIA
B o0pazenl IUCTWUIMPOBAHHOH BOXBI M HPH
TeMIeparype 25 rpaaycoB UCHbIThIBaeMble depe3 24
yaca nocjie NpPUroToBIECHUS

- 00pa3ubl Ha 6a3e CHHTETUYIECKOTO KEIyJOUYHOTO
COKa C YpOBHEM KHCIOTHOCTH — 6 eIWHHIl , C
BKITIOUEHHEM B cocTaB cMecu 10% ¢pykToBOro coka ¢
MAKOTBIO

- 00pa3ubl Ha 6a3e CHHTETUYIECKOTO KEIyJOUYHOTO
COKa C YPOBHEM KHCIOTHOCTH — 6 eIWHHI , C
BKIIIOYEHUEM B cocTaB cMecu 1% moBapeHHOH conu

- 00pa3ipl Ha 6a3e CHHTETHYECKOTO JKETy JOYHOTO
COKa C YPOBHEM KHCIOTHOCTH — 6 eIuHHI , C
BKIIIOYEHUEM B cOCTaB cMecH 2% MOBapeHHOU CoIx

- 00pa3Iiel Ha 6a3e CHHTETHIECKOT0 JKEIyI0YHOTO
COKa C YpOBHEM KHCIOTHOCTH — 6 eIuHUI] , C
BKJIFOYEHHNEM B COCTaB cMeCH 1% MIHIIEBOM COIBI

- 00pa3mbl Ha 6a3e CHHTETUIECKOTO KEIYJOTHOTO
COKa C YpOBHEM KHCJIOTHOCTH — 6 eIUHHIl , C
BKJIFOYEHHNEM B COCTaB CMeCH 2% MIHUIIEBOM COJIBI

KoHcTpykuust KOHTeitHepa W BepxHero (rania
JUIL YCTAaHOBKM MMHTATOPa KaICYJbl JUIS U3MEPEHUS
KHCJIOTHOCTH

Konrelinep it 00pa3ia >KUAKOCTH BBITIOJIHEH
TaKUM 00pa3oM , YTO €ro BepXHuil (raHen mojaorHaH
0e3 3a30pOB K  IWJIMHIPUYECCKOMY  KOPIYCY
KOHTEHHepa

HmuraTop Karcys! st ©U3MEPEHUs KUCIOTHOCTH
TakKe WMeEeT OMOPHBIN (IaHer MOJOTHAHHEIN K
BepxHeMy (UIaHIy KOHTeiHepa 6e3 3a30poB

bnarogaps 3ToMy BO BpeMs  M3MEpEHUH
OTCYTCTBYET MpPSMOM KOHTakT oOpa3lia ¢ BHELIHEH
BO3JYIIHOW Cpemoi , 4To 00ECIeUnuBacT OTCYTCTBUE
OKHUCIIUTEIbHBIX TPOIECCOB , BO3HUKAIOUIUX U3 — 3a
MPSIMBIX KOHTAKTOB 00pa3iia ¢ KUCIOPOIOM BO3ayXa

I'pynma o0pa3ioB BKIIOYAET CMECH C YPOBHEM
KUCIIOTHOCTH , - 4 ¢QUHHULIBI ; 5 equHHUIl ; 6 eTuHHIL ; 7
equnul ; [lpu maMepenun orcnexkuatorcs 1o 1000
BAapHAaHTOB YacTOTHl M aMIUIATYIBl HAIPaBICHHOTO
HAMIyJbca OT UMITyJIECHOTO TeHepaTopa

I'pymma o0pa3moB BKIIFOYaE€T CMECH C YPOBHEM
KHCJIOTHOCTH , - 2 €IMHUIIBI ;3 €IUHULEI ; 4 €IUHALEI ;
S equnun ; 6 exuHuy ; 7 eauHul ; [Ipu n3mepenuu
orcnexuBaorcs 10 1000 BapmaHTOB YAacTOTHI U
aMHJ’II/ITyZ[LI HaHpaBHeHHOFO I/IMHyHbca oT
HUMITYJIbCHOTO TeHepaTopa

IIpunoxennue 2 ;

CnHCcOK WCHOJB30BAHHOIN JINTEPATYpHI
NMaTeHTHasl ¥ JUNEeH3NOHHAsl nHopManus :

NPUJIOXEHHUE 4.1

United States
Patent
Slobozhanyuk , et

10,732,237

August 4, 2020

Magnetic resonance imaging machine

Abstract

The invention relates to medical diagnostics and
can be used in magnetic resonance imaging and
magnetic resonance spectroscopy for increasing the
quality of diagnostics of the internal organs of humans
and animals. By virtue of a metamaterial, which is used
as an electromagnetic field amplifier, being made from
a set of advantageously oriented conductors, it becomes
possible to spatially rearrange magnetic and electric
fields operated at radio frequencies. In particular, in the
examined object area, the radio frequency magnetic
field is resonantly amplified, which makes it possible
to increase the signal/noise ratio in MRI and to obtain
better quality images and/or to perform the MRI
examinations more quickly as there is no need to
accumulate the signal. The proposed design of the
metamaterial makes it possible to distance the radio
frequency electric field from the area where the
examined object is located, therefore enhancing safety
of MRI scanning.

al.
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MNPUJIOKEHUE 4.2 ("MRI™), or nuclear magnetic resonance
United States spectroscopy ("MRS"), and/or nuclear
10,564,308 - S .

Patent magnetic resonance spectroscopic imaging ("MRSI");
Godoy , et al. February 18, 2020 and the present improvement of
Electron  paramagnetic  resonance (EPR) these electromagnetic signaling systems will provide
techniques and apparatus for performing EPR  far more accurate and precise visual images and
spectroscopy on a flowing fluid  accumulated data for the clinician or surgeon, as well
Abstract as serve as a basis upon which to make a diagnosis and

Certain aspects of the present disclosure provide
methods and apparatus for performing electron
paramagnetic resonance (EPR) spectroscopy on a
fluid from a flowing well, such as fluid from
hydrocarbon recovery operations flowing in a
downhole tubular, wellhead, or pipeline. One example
method generally includes, for a first EPR iteration,
performing a  first  frequency  sweep  of
discrete electromagnetic frequencies on a cavity
containing the fluid; determining first parameter values
of reflected signals from the first frequency sweep;
selecting a first discrete frequency corresponding to
one of the first parameter values that is less than a
threshold value; activating a first electromagnetic field
in the fluid at the first discrete frequency; and while the
first electromagnetic field is activated, performing a
first DC magnetic field sweep to generate a first EPR

spectrum.
NPUJIOXKEHMUE 4.3
United States 9,052,297
Patent
Wang April 24,2018

Parallel plate transmission line for broadband
nuclear magnetic resonance imaging

Abstract

A parallel plate waveguide forms a volume coil
used for magnetic resonance imaging
and spectroscopy. The waveguide includes a first
conductor arranged on a first side of the waveguide and
a second conductor arranged on a second side of the
waveguide. Excitation of the first conductor and the
second conductor creates a
transverse electromagnetic field between the first
conductor and the second conductor which causes a
target within the volume coil to emit radio frequency
signals used for producing an image of the target.

MNPUJIOKEHME 4.4

United States 9,316,709
Patent
Hetherington , et April 19, 2016

al.
Transceiver apparatus, system and methodology
for superior In-Vivo imaging of human anatomy
Abstract
The inventive subject matter as a whole is an
improved transceiver apparatus and system for
diagnostic evaluations of living subject, human or
animal; and is particularly effective as a clinical tool for
the spectroscopic scanning or
magnetic resonance imaging of humans suspected of
being afflicted with a particular disease, disorder, or
pathology. The improved transceiver apparatus is used
as an essential component in a computer controlled
system suitable for magnetic resonance imaging

decide upon a mode of therapeutic treatment for that
individual.
MHNPUJIOKEHHUE 4.5

United States
Patent 9,018,954
Yonamoto, et al. April 28, 2015

Sample holder for electricity-detection electron
spin resonance device

Abstract

A sample holder structure is provided with which
it is possible to reduce current noise derived
from electromagnetic induction, etc. in electricity-
detection electron spin resonance spectroscopy. Also
provided is a process for producing the structure. The
material of the sample holder, which is used in an
electricity-detection electron spin resonance device, is
an FR-4 resin, alumina, glass, or Teflon. The sample
holder has four wiring leads formed on the surface
thereof. The four wiring leads each has a three-layer
structure composed of a nickel layer, a gold layer, and
a resist layer which have been arranged in the order
from the sample holder surface, and the sample holder
has the shape of the letter T. The sample holder has,
formed in the end thereof, a gold pad for affixing a
sample, and the gold pad has a multilayer structure
composed of a nickel layer and a gold layer arranged in
this order from the sample holder surface. In the T-
shaped head part of the sample holder, the four wiring
leads are spaced wider from each other.

HPUJIOKEHMUE 4.6
United States 8,884,608
Patent
November 11,
Neu , et al. 2014

AFM-coupled microscale radiofrequency probe
for magnetic resonance imaging and spectroscopy

Abstract

The present disclosure is discloses the
development of a new device, system, and method that
combines advantages of magnetic resonance and
atomic force microscopy technologies, and the utility
of the new device, system, and method for a wide range
of biomedical and clinical researchers. According to
one aspect of the present disclosure, a device for micro-
scale spectroscopy is  disclosed. The micro-
scale spectroscopy device includes a beam having a
distal end, a proximal end, a top surface and a bottom
surface, where the beam is attached to an anchor at the
proximal end and further includes a tip extending
substantially perpendicular from the bottom surface at
or near the distal end, and a coil having at least one turn
mounted to the top surface of the beam at or near the
distal end opposite the tip, where the coil is capable of
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both transmitting and
sensing electromagnetic radiation.
MNPUJIOKEHHUE 4.7
United States
Patent

Tang, et al.

8,780,344
July 15, 2014

Waveguides configured with arrays of features for
performing Raman spectroscopy
Abstract

Embodiments of the present invention are directed
to systems for performing surface-enhanced

Raman spectroscopy. In one embodiment, a system for
performing Raman spectroscopy includes a waveguide
layer configured with at least one array of features, and
a material disposed on at least a portion of the features.
Each array of features and the waveguide layer are
configured to provide guided-mode resonance for at
least one wavelength of electromagnetic radiation.
The electromagnetic radiation  produces enhanced
Raman scattered light from analyte molecules located
on or in proximity to the material.
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Paumoncanog A.P.

Araodemux

0.M.H., npogeccop kaghedpvi 00-u NOCICOUNTOMHO20 00PA308aAHUS
Keipevizckou eocydapcmeennoii meduyurckou akademuu um U.K.Axynbaesa,
sacayocennviil Oeamens Hayku Kvipevizckoii Pecnyonuku.

BJWKAHWIINE U OTJIAJTEHHBIE PE3YJIbTATDI B])ICOKOFOPHOIZ KJIMMATOTEPAIIMH
BOJIBHBIX C IEPBUYHOU UMMYHHOU TPOMBOIIUTOINIEHUEM.

Academician A.R.Raimzhanov

Doctor of Medical Sciences, Professor of the Department of Postgraduate Education of
the Kyrgyz State Medical Academy named after 1.K.Akhunbaeva,

Honored Scientist of the Kyrgyz Republic.

IMMEDIATE AND LONG-TERM RESULTS OF HIGH-ALTITUDE CLIMATOTHERAPY IN
PATIENTS WITH PRIMARY IMMUNE THROMBOCYTOPENIA.
DOI: 10.31618/ESSA.2782-1994.2025.1.110.526

Pe3tome. Ctarhs MOCBAIICHA U3YUYCHUIO BIHUSHUS BEICOKOTOPBsI (iep. Tys-Amry, Beicota 3200 M. Hag yp. M.)
Ha KIMHHUYCCKYI KAapTUHY, KOJMYCCTBCHHLIC W KAUYCCTBCHHBLIC II0KA3aTCIN TpOM60LII/ITOB, KOJIN4YECTBO
MerakapHoIMTOB, MapLUUaIbHOH MeraKapHoOIUTOrPAMMBI OOJIBHBIX C IEPBUYHON MMMYHHOI TPOMOOIUTONIEHHUEH
(TTUT), mpu oxguokpatHoM 40-IHEBHOM MPEOBIBAHHH B YCIOBUSAX BBICOKOTOPBS M IMOCNE MOBTOPHBIX KypCOB
BBICOKOTOpHOM KinmaTtoTepanuu (BI'KT), MexaHu3My BIHSHHS BBICOKOTOPbs, a TAKKe pa3paboTKo# moKa3aHHsI
U IPOTUBOIIOKAa3aHUS K HAIIPaBJICHUIO OOJIBHBIX B TOPEHI.

Summary. The article is devoted to the study of the influence of the highlands (Tuya-Ashu pass, 3200 m
above sea level) on the clinical picture, quantitative and qualitative indicators of platelets, the number of
megakaryocytes, partial megakaryocytogram, patients with primary immune thrombocytopenia (PIT), with a
single 40-day stay in the highlands and after repeated courses of high-altitude climatotherapy (HACT), the
mechanism of influence of the highlands, as well as the development of indications and contraindications to the

referral of patients to the mountains.
Kniouesvie cnosa.

nepeudnas  UMMYHHAA mpozwﬁouumonenuﬂ,

6bICOKO2OpHAs  Kaumamomepanusl,

KIIUHU4YeCcKas kapmuHa, Koauvecmeo mp0M6014um06 u mezakapuoyumoe.
Keywords: primary immune thrombocytopenia, high-altitude climatotherapy, clinical presentation, platelet

and megakaryocyte counts.

Beenenne. IlepBuuHas MMMYHHast
tpombGoruronenuss  ([TUT), Oonesnsr Bepnbroda,
SBISIETCA ~ CAMOCTOSTEIIBHBIM, TIPUOOPETEHHBIM,

ayTOMMMYHHBIM 3200JICBaHUEM, XaPAKTEPHU3YIOIIIMCS
UMMYHHO-OIIOCPEIOBAHHBIM paspylieHueM
TPOMOOIIMTOB C H30JIHUPOBAHHOW TPOMOOIIUTONICHHEH C
TEeMOPpParu4eckuM CHHIPOMOM pa3IMIHON CTENCHH
BeipaxxenHoctu ( Bapkaran 3.C., 1988 r.; KoBanesa
JLT. ¢ coast. 2014; Neunert C. et al.,2019; Provan D.
et al.,2019).

Ileas wuccaegoBanusi. UM3BecTHO, 4UYTO BCE
CYIIIECTBYIOIINE CIOCOOBI JIeUeHUs, KaK JJIMTEIbHAs
FOpMOHaHBHaH Teparmsl, I/IMMyHOCpreCCI/IBHaSI
Tepamnusi, CIUVICHIKTOMHS, OCOOCHHO, BHYTPHBECHHBIN
YEIIOBCUCCKU ~ WMMYHOIJIOOYIIMH W arOHHCTHI
pernenTopoB TpoMOomodTHHa ( POMUILIACTHH U
3NBTPOMOOIAT), COBPEMEHHBI, OJHAKO TIOYTH BCE OHH,
COTPOBOXKIAKOTCA PA3MUYHBIMUA OCIOXHCHUSMH, U
HEKOTOpBIC U3 HUX, KpaitHe goporoctosimu ( MenuksH
A.JL ¢ coaBrt., 2018, PaumkanoB A.P., 2018, CoboneBa
O.A. ¢ coasrt., 2021; et al., 2016 ; Bussel J.B., Provan
D., Shamsi T.2009; Neunert C. et al., 2019 ).

B CBs3HU C BBIIICHU3JI0OKCHHBIM, yquHe-
remarosiorn Keipreicrana ( Muppaxumo M.M. un

Paumikanos A.P., 1972, 1977, 1979; PaumkanoB A.P.,
1988, 2002,2018), paspabotaiu © BHEAPWIH B
MIPAKTHKY 31paBOOXPAHEHUS HOBBIH,
HEMEJANKaMEHTO3HBIN, NOCTYIHBIH, aJbTepHATHBHBIH,
OTHOCHTEIILHO JEHIEBBI METO]I JICUEHHS MAI[UEHTOB C
LUTONEHUYECKUMH CHHIpPOMaMH, B TOM 4YHCIE, C
MEPBUYHON  WMMYHHOH  TpOMOOLMTONCHHEH, B
YCIIOBUSIX BBICOKOTOPHOHN THIIOKCHH. BBICOKOTOpHYIO
kiauMatorepanuio (BI'KT) Mbl Hauanm npoBoanTS elie
¢ 70-x rTomoB 20-ro crojeTHS B  YCIOBHAX
BBICOKOTOPHOTO CTaI[MOHApa, PACIOJIOKEHHOTO BIOJb
cTpatermueckoi goporn bumkex-Omr (Tsaup-1lans,
nep. Tysa-Amry, Beicota 3200 MeTpoB Hag yp.Mops ).
HecMotps Ha TO, 4TO B T€ TOJIbI CTAIIMOHAP HAXOINIICS
B CTapoM Oapake, He IMEIOIIUM HOPMaJIbHBIC YCIIOBUS
JUIs TpeObIBaHUsI OONIBHBIX ( ManaTel 6-7 MECTHBIE) , HA
JIeYeHNE B HaIll BBICOTOPHBIN CTAallMOHAp IpUE3KAIN
6onpHble M3 80-90 pecrmyOnuk, obnacteil, ropogoB U
paiionoB ObiBmero Coerckoro Coro3a. BonbHBIX ¢
OUTONEHWYECKIMH CHHApPOMaMH ( amiacTHYecKas
aHeMus, WAMONATHYECKas TPOMOOIUTONaTHIECKas
MypIypa, MapoKCH3MalIbHasi HOYHAS TeMOTTIOONHYpHs)
U KeJle30JePUITUTHON aHeMHEH, HANPaBIISIN YICHbBIE
— remartonoru  llentpanpHoro (r. Mocksa),
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Jlenunrpanckoro,  benopycckoro,  Ykpausckoro,
Monpmasckoro u VY36ekckoro HUU rematonornn u
MEpPENNBAHNUS KPOBH.

C 2001 mo 2004 rr. MHOIO coBmecTHO ¢ MUC
Keiprezckoit PecnyGimkn, OBLI MTOCTPOCH
COBEPILIEHHO HOBBIM KHUPIHMYHBIM BBICOKOTOPHBIN
cranmoHap ¢ 1-2-3-4-Xx  MeCTHBIMH — TaJlaTaMH,
CaH.y3/l1aMU C XOJIOJHOI U ropsiueil BojJoi,c KyXHel u

CTOJIOBOH, C MHTEpHETOM, T1ie s padoTai 10 2016 rona,
a B 2017 romy maHHBIA cTamoHap OBUI IepenaH B
pacnopsbxkenre  Kelpreisckoit  I'ocynapcTBeHHOM
Menumackoit akagemun uMm. M.K. Axynbaesa. Ilo
pemeHnI0  GONBIIOTO  YUYEHOTO COBETa  IaHHBINA
CTallMOHap  I[EPEUMEHOBAH “BbicokoropHasi
Hay4yHas, JiedeOHast n y4deOHas 6aza KI'MA wum.
akagemuka Paum:kanona A.P.”(puc.1)

Puc. 30. BoicokoropHas Hay4dHas, ne4e6Has u yye6Hasn 6asza KITMA
nm. akagemmka A.P. PammxaHoBa
(nepesan Tys-Auwyy, 3200 m.)

Puc.1

Bricokoropnas xmmmatotepanus (BI'KT) mamm
npoBefieHO0 33 OONBHBIM C TEPBUYHOH MMMYHHOMH
tpomborronenueit  (UTII), cpemu  KOTOpPBIX
JKEHIIIMHBI COCTaBJIAIOT 21 dWenm, a MyX4uH Bcero 12
4eJ1, 4To CoBMaaaroT ¢ aanusivu Fujimura K., Zhang L
et al., 2004.

Hauano Gone3Hn BO3MOXHO OBUIO CBf3aHO y 3
YeJl. C TPUIIIOM, y 5 — C YacThIMHM aHTMHaMHu, y | — ¢
aboptom, y 1 — ¢ KOHTaKTOM Cc OeH3mHOM, y 1 — ¢
COJIHEUHBIM ynmapoM, y 12 dyen. B aHamHe3e —
MOBTOpHBIE TreMoTpaHcdy3un, y 11 OonbHBIX He
yrajoch  CBsi3aTh  3a0ojeBaHHE C  KaKUM-ITHOO
(akTopoM. Bpllen3okeHHbIe TaHHbIE COBMAJIAIOT C
pe3yibTaTaMH HCCIeI0BaHui Apyrux aBTopoB (Yang
R et al., 2000; Menuksia A JI. ¢ coBt., 20018; Zhang L.
et al ., 2004. Kohda K. et al., 2012).

CrenyeTr OTMETUTb, YTO MOYTH BCeM OOJIBHBIM JI0
BI'KT Opimn mpoBeA€HBI Te€ WM HHBIE METOJbI
KOHCEpBAaTHBHOM TEpamuM, KOTOpbIE HMENH JIUIIb
BpeMmeHHbIH 3 dekt. Tak, mpexau300H B 103ax 30-50
MT HCIIOJIb30BaH B TeueHue 15-20 nHell y 24 GOJIBHBIX.
IIpu 5ToM y 15 U3 HUX 3¢hdeKT OBUT MONOKHUTENBHBIMH,
HO KpaTKoBpeMeHHbIH (1-6 mecsneB), y 1 pemuccus
mpojoibKanack 2 roaa, y 2 — 6e3 agdekra, 6 den. — He
3HAOT pe3yabTata. OcranmbHbie 9 dYel. B TPOIIIOM

OTKa3ajJuCh OT TpUeMa CTEPOUIHBIX TOPMOHOB,
TIPUMEHSISI TOJIBKO COCYIOYKPETIISIOINe u
TeMOCTaTUYEeCKHE Tpemnaparhl. S5 MalueHTaMm ¢
BBIPOKEHHBIM ~ TeMOPpParmueckKuM CHHIPOMOM K

MOMEHTY TPHOBITHS B BBICOKOTOPHBIH CTalMOHAp
OBUIO HAa3HAUCHO JICYCHUE CTEPOUIHBIMH TOPMOHAMH,
IIpUEM KOTOPBIX MPOAOJDKAIN HA MPOTSHKEHUH BCETO
neproJia npeOrIBaHuS B Topax. 6 60JIbHBIM paHee (0T 2
no 10 mer) mo mpuesma Ha BI'KT Obuia ynanena
cene3eHka. JlanHas onepauus Jaja  BpEMEHHbIH
MTOJIOKUTEBHEIHN dpdekr: y 1 — 1 mecsan, y 4 — go 1
roma 'y 1 — adpdexra He OpUTO. Hamm nanHBIC
COBIIAIAIOT ¢ pe3ynbTataMu teuernss CoboneBoii O. A.
¢ coasT., 2018., Johansson E. et al., 2006, Goodnow
C.C., 2007,

HanbGosnee d9acTbIMM TIPOSIBICHUAMH  OOJIE3HU
OBUTH reMOpparnv4ecKue SIBJICHUS: KPOBOIOATEKH — y
78,8%, HOCOBBIE KpoBoTeueHust — y 60%, necHeBble,
MarouHble KpoBoTeueHus — y 36,3% u 42,4%, u
MEJKOTOYEeYHBIE KPOBOU3IHUSIHUSA Ha KOXe
BcTpedanuch y 45,4% OONbHBIX, YTO COBMAJAaET C
pesymbraramu uccnenosanuii Cines D.B. et al. (2002).
V 69,9% O00IbHBIX BEISBICHA OJEJHOCTh KOKHBIX
TIOKPOBOB M CJIIM3MUCTHIX 000JOUYEK, KaK MpPOSIBICHUS
XPOHHYECKOHI MOCTIeMOPPArHueCcKOn
KeJe301epUINTHON aHEMUH. Y Ka3aHHas! KIIMHUYeCKast
KapTHHA COBIIAJIA€T C JINTEPATYpPHBIMH JAHHBIMHU
(Liebman H., 2007; Fogarty P., 2009, Macuan A.A. ¢
coast, 2010, JIucyxos U.A. ¢ coasrt., 2013).

IMoutn y Bcex OOJBHBIX B MEPBbIE JIHU
MpeOBIBaHMUS B YCIOBHUSIX BBICOKOTOPHOTO CTaI[iOHapa
(puc 1) mosIBIIIUCEH T€ WK WHBIE IPU3HAKH (BBICOTHOM)
ropHoii Oone3HM (TOJOBHBIE OONM, OJBIIKA U
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cepanoueHue npu HeOoIbIoN GU3MIecKoil Harpy3Ke),
KOTOpBIE, KaK MPABUJIO, IPOXOUIHN B TEUCHHH IEPBOI
HEJIeITH.

Meroauka TIPOBEACHUS
KIIUMaTOTEpAaIiy MPUBEIEHO Ha pHC. 2.

BBICOKOTOPHO¥

MetToamnka npoeeHA NOPHOKJIMMAaTU4YeCKOro nevYyeHns

Nevyebruan uasxkynsrypa

PacwupeHme NBUratensHoro pexmma

| I=—=11'1

MocrenpHuM/NoONYNocTEeNbHLIA PeXumMm

> -

— e —

BocxoxgeHus Ha ancoty 3600 m

e

Ouwv aganrTayvn

1 S 15 20

25

Mepesan Tys-Awy, 3200 m

e

—————— Buwkex, 760 m

Moawvem

BonpueiM ¢ TIUT mo 5-6 oHS peKOMEHIOBAHO
coOMOaTh OTPAHWYCHHBIA PEXUM JBIKCHUS IS
MPOQUIAKTHKH TSDKEIOTO TEUSHHS OCTPOW TOPHOM
Ooonmesan. Co BTOpOH HemeNmW amanTalud K
BBEICOKOTOPBIO ~ OOJNBHBIM ~ pa3pemiaeTcss urpa B
HACTOJIFHOM TEHHHCE U X0XKJICHHE BOKPYT CTAI[OHApa,
a HaunHas ¢ 20 IHS B COMPOBOXKIECHUH MEIUITUHCKOTO
MepcoHaia PeKOMEHAYeTCsl MOCTENeHHbIN OIbEM Ha
BbicoThI 3400 M 1 3600 M Hax yp. Mopsl.

Hekortopoe ynyuineHue cocTosiHHsI OONBHBIX B
YCIIOBUSAX BBICOKOTOPbS HAYallOCh €O 2-U JeKalbl
ajanTanuu ¥, ocooeHHo, k 20-my gato. Tak, ecnu 10
JICYCHUsI B YCJIOBUSX BBICOKOTOPBS BEIpAKCHHBIC
HOCOBBIE KpOBOTEUEHHsS OblmM 3aMedeHsl y 18%
OosibHBIX, yMepeHHble — Yy 42,2%, To Ha 20 neHs
aJanTanun ux gacrora YMEHBIIIIACH,
COOTBETCTBEHHO, 10 3,3% u 27,2%. CHU3UIaCh TAaKKe
4acTOTa JECHEBBIX KPOBOTEUEHHI M KPOBOIOJITEKOB Ha
TeJle MOYTH B 2 pasa, MeTpopparuii — B 3 pasa.
EctecTBeHHO, yMEHBIIMIIACh CTETIEHB 00IIIeH c1abocTH
U OBICTPOW yTOMIISEMOCTH, OJICIHOCTH KOXKHBIX
MOKPOBOB ¥ BUIUMBIX CIIU3UCTHIX 000JIOUCK.

3HAUMUTENbHBIE  TOJIOKUTEIbHBIE  CIOBUTH B
COCTOSTHUH OONBHBIX NMPosBITHCE K KoHIY BI'KT. Tak,
Ha 40-i geHp  pe3Ko  CHM3WIACh  YacToTa
TeMOPpParu4eckoro CHHApoMa (YMEpEeHHBIE HOCOBBIC
KPOBOTCUCHHSI OCCIIOKOMIIN TOJNBKO 3, NECHEBBIC — 4,
MaTO4YHbIE — 3 OONBHBIX,  MEJIKOTOYCUHBIC
KPOBOHM3JIUSHUS — 6, a KpoBomoATreku Ha Teime — 10

OONBHBIX). 3aMeTHO  CHH3WINCh  KIIMHUYECKHE
MIPOSIBIICHUS] aHEMHYECKOTO CHHIPOMA.
HN3menenus KOJINYEeCTBO  TPOMOOLMTOB.

HcxomHoe 9MCIIO KPOBSHBIX IUTACTHHOK B YCIIOBHSIX
npenropss (r. bumkek, 760 M) y 33 nmanuento UTII
BappupoBaio oT 2,0 mo 99,7x10%m, cocraBmas B
cpennem 31,344,4x10%n (ta6n. 3). Tlpu stom 45%
o0ceryeMbIX UIMENH YpOBeHb TpoMOonuToB ot 2,0 10

20,0x10%m, 33% — ot 20,1 mo 50,0x10%m, 12% — ot
50,1 mo 70,0x10%m1 m Tomsko 9% — or 70,1 mo
99,7x10% 1. Haru qaHHble COBMAMAIOT C pe3ynpTaTaMu
HCCJICIOBAaHUH,

(' Stasi R. et al., 2008, T"aiinyxoBa C.H. ¢ coasr.,
2010, ITanTeneeBa M.A ¢ coasrt., 2014).

C mepBBIX ke JHEH ajanTallid K BBICOKOTOPBIO
(mep. Tys-Amy, 3200 M) 4ucino TPOMOOIMTOB CTAJIO
yBEeNUYUBaThCS, U K 20-My IHIO OHO BO3pocio B 1,8
paza (P<0,05), a Ha 40-if neHp npeOGBIBaHUSA B ropax
BeIpociio B 2 paza (P<0,05). B kouue anmanrtanuu
TOJIBKO 12%  OONBHBIX  HMEIHM  KOJHMYECTBO
TpoMbormroB ot 20,0 no 50,0x10%m. OmHOBpEMEHHO
BO3POCIIO YUCIO OOIBHBIX, UMEIOIIUX TPOMOOIUTEI OT
50,0 no 70,0x10%1 (23%), ot 70,1 10 100,0 (12%), a'y
18% o6caenoBaHHbIX OHO Kosiebanoch ot 100,1 mo
196,0x10%1. Heo6XOAMMO OTMETHTB, UTO MIPUPOCT
Yypciaa TPOMOOIMTOB B MPOILECCE BBICOKOTOPHOM

agantaupn 'y OompHbeIX WTII  cramo  Gomee
BBIP@KEHHBIM, Y€M Y 370POBBIX JIOAEH (pa3HMIA B
80%).

Bonbimoil uHTEpEC NpEACTaBIAET  peakuus
TPOMOOIIUTOB ~y  HCCIEAYeMBIX  OOJBHBIX B

3aBHCUMOCTH OT COXPaHEHHOCTH Cele3eHKH. Jleno B
TOM, 49TO peakius TpoMOoruToB y 6ompHbIX UTII Ha
BBICOKOTOPHYIO THIIOKCHIO OKa3allach HE COBCEM
aHanmoruyHoi. Tak, eciu y OOJBHBIX C COXPaHCHHOW
CENIC3CHKOW CTCTNICHb HApACTaHWs 4YHCIa KPOBSHBIX
IJJACTHHOK K KOHI[y BBICOKOTOPHOW ajamnTanuu
cocraBmwio 92%, a mocne cmycka — 93%, TO Yy
MalMEeHTOB C YJIaJIEHHOM CeJIe3€HKOW 3TOT MPUPOCT
paBuscs 110% wu 30%, coorBercTBeHHO. C nmpyroii
CTOPOHBI, MPUPOCT YUCJIA TPOMOOIUTOB Y JIEUEHBIX
JIUI] B BBICOKOTOpbE OBUI B 2 pasa OoJjblle, 4eM y
HEJICYCHBIX, W  HE  3aBUCEN  OT  CTCICHU
reMOppParu4eckoro CHHIpoOMa.
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Puc 3. Hnousudyanvhvie Kpugbie KOIUUECTNEA MPOMOOYUINOS Y GONbHBIX
NePEUUHOL UMMYHHOU MPOMOOYUMoneHuell 8 npoyecce 8biCOKO2OPHOU KIUMAMOMEPanuu:
A — ¢ coxpanennoli cenesenxou; b — ¢ yoanennotil cenezenxoii

U3-3a Toro, 4To npu cyMMapHO#l CTaTUCTUYECKON
00paboTke Marepuasia IPOUCXOJWT HHUBEIHPOBKA
MOJIyYEHHBIX JIAaHHBIX, MBI CTAJIM IpaUUyecKy U3y4aTh
M3MEHEHHs] KOJIMYECTBA TPOMOOIMTOB Y KaXKIOTo
6omeHOr0o WTII C coxpaHeHHOH U yHaJCHHOM
CeNIe36HKOM, NpUpPaBHMBAs HUCXOIHBIH YpPOBEHb K
100%. IIpm »ToM u3 27 OONBHBIX C COXPaHEHHOI
cenezeHkol y 10 uen. (37%) mpupocT KOJIHMUECTBa
TpoMboImTOB coctaBua 4,2-4,5 paza (P<0,001), y 11
yen. (41%) — ot 1,8 1o 3 paza, u ToIbKO y 6 OOIBHBIX
(22%) — 1o 30%. U3 6 CHJIEHIKTOMHUPOBAHHBIX
OOJIBHBIX TOJBKO Yy OJHOTO YHCIIO KPOBSIHBIX KIIETOK
Hapocio B 4,3 pa3a, y AByx — B 3,6-3,8 paza, u y
ocranbHbIX — oT 1,8 10 3-x pa3 (puc. 3).

Cnsurn kxommuectBa TpombomutoB ¢ UTII B
YCIIOBUSIX BBICOKOTOpBSl 3aBUCEIM Takke M OT
UCXOJIHOTO MX YPOBHS, B CBSI3M C 4e€M OHHM ObUIH
pasnmenensl Ha 3 rpymmel: 1 rpymma (15 wem) ¢
KOJIMYECTBOM KPOBSHBIX IUTaCTHHOK oT 2,0 10
20,0x10%n; 2-s rpymna (11 4en) ¢ KOJIMYECTBOM
tpomboruTos ot 20,1 10 50,0x10%1 u 3-s rpymma (10

uen.) — ot 50,1x10%n u Beiue (tabn. 4). Mcxoamsiit
ypoBeHb TpoMOonuToB | Tpymmel B 2 pa3za MEHbLIE,
yeM Bo 2-# (P<0,05), u B 6 pa3 — uem B 3-eif rpymme
(P<0,001).

ITo 3¢ddekTy, MONTYyYEeHHOMY OT BBICOKOTOPHOIO
KkmMartosiedeHusi, OompHble ¢ WTII Hamm ycrnoBHO
pasnenensl Ha 3 Tpynnbl: 1 rpymma — ¢ MOJHON KIMHUKO-
reMaToJIOTHYecKol pemuccuer (8 uen.), y KOTOpPBIX B
ropax IMPOH30IIEN JOCTOBEPHBIA M 3HAYUTENBHBIN (3,5
pa3a, P<0,05) mnpumpocr umcma TPOMOOLIHMTOB, YTO
BBI3BAJIO TIOJIHOE KYMHMPOBAHHE TI'€MOPParHIecKoro
CUHIpOMa; 2-10 TPYIILY COCTABISIOT 14 yen., y KOTOpbIX
BBICOKOTOpHAsI ajanTanys CONPOBOXKAAIACH
HeJocToBepHBIM (1,5 pa3a) MOBBIIIEHHEM KOJIMYECTBOM
TPOMOOIIMTOB, YTO CIOCOOCTBOBAJIIO MOYTH MOJIHOTO
KyTIHPOBaHUS KpOBOTOUMBOCTH. U, HakoHery, y 11 wern. u3
3-i rpynmbl ajanTtaiys K BBICOKOTOPBIO BBI3BIBAJIO
HEIOCTOBEpHOE  YBEIMUCHHWE  HYHCIa  KPOBSHBIX
IUTACTUHOK C HEKOTOPBIM CHIDKEHHEM TeMOpParuuecKux
sByeHu# (Tabm. 1).
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Tabmuma 1

Casuru uncia TpoMoouuToB (Mzm) y 60JbHBIX ¢ MEPBUYHOI HMMYHHOI TPOMOOIMTONEHUElH B Mpolecce
BBICOKOTOPHOIi KTHUMATOTEPANNHU B 3aBUCHMOCTH OT HCXOIHOTO YPOBHSI TPOMOOLIMTOB
(mep. Tys-Amry, 3200 m)

5 Kos-Bo HcxonH. Jam apanraman (niep. Tys-Anry, 3200 m) Criyck B
Ne HcxonHbiii ypoBeHb BEJIUYUHBI
9 oocrern. . . N 1. bumkek
rpyn | TpombormToB x107%/1 (r. brmikek, 3-it 20-i 40-i .
(gern.) 760 ) (2-3-i1 mum)
1 Or2,0 10 20,0 15 12.241,24 18,842,26* | 34,1+4,54* 33,0+3,75 29,7+4,43*
2. Ot 20,1 o 50,0 11 30,6+2,24** | 4754991 58,4+11,30 | 62,2+11,39 39,8+7,19
3. Ot 50,1 u BIIIE 7 73,4+7,10** | 104,0+27,69 | 113,5+23,39 | 120,6+2547 | 146,2+24,66
Cnenyer orMerutrs, uto mnox BausHueM  (p<0,05) u maxe mocne crycka. MeHee 3HaUUTENbHBIN

BBICOKOTOPHOM THUMOKCUHM MPOUCXOAUT JOCTOBEPHOE
YBEJIMUEHHUE YMCIIa KPOBSHBIX KJIETOK | rpymnimbl BO Bce
CpOKHM afantanuu, ocooenno, Ha 20, 40 aguu B 1,9 paza

U HEJOCTOBEPHBI  MPUPOCT  aHAIU3UPYEMOTO
MOKa3aTessl 3aperHCTPUPOBaH BO 2-if U 3-# rpymmax
(tabm. 2).

Tabmuma 2

HN3menenus kommyectBa TpoMoonutoB (M+m) y 60JbHBIX ¢ MEPBUYHOIT HMMYHHOUH TPOMOOIMTONEHNEB
npouecce BHICOKOTOPHO#H KIMMATOTEPANlMM B 3aBUCHMOCTH OT 3¢ dexTa gedenus (nep. Tys-Amy, 3200 m)

HcxomH. Juu apanramau (tiep. Tys-Anry, 3200 m)
Kon-Bo | BenmmuuHbI Cryck B
Ne I'pymsr GoMBHBIX obcrer. (r. . . . r. Brmkex
Py (uem) bumkex, 3t 20-i A0-i (2-3-i1 man)
760 m)
Tlonnas kiMHKUKO-
1 TeMaToJIOTHYeCKast 8 31,746,76 | 78,0£27,96 | 99,0£22,08* | 111,2+24,76* | 108,7+34,65
pemuccust
YacTryHast KINMHUKO-
2. TeMaToJIOTIYeCKast 14 41,5+8,14 | 48,9+10,04 | 59,8+10,29 64,4+11,03 58,56+11,72
pemuccust
3. Kmiiraeckoe 11 | 1814512 | 2054331 | 292+472 | 283475 | 2244387
YIYYIICHHE
* CABHUTHY TOCTOBEPHBI 10 CPABHCHHUIO C HCXOIHBIMH JaHHBIMU
** PagHMIa JOCTOBEPHA MEXKy TPYIIIIaMH
Tabmuma 3

HN3meHeHNe KOJIMYECTBA MEraKapMoUUTOB KOCTHOIO MO3ra y 00/1bHBIX C IEPBUYHOH UMMYHHO
TPOMOOUMTONEHUEH B YCJI0BUAX BbICOKOTOpbs (nep. Tys-Amy, 3200 m)

Ne DIO HcxonHble BeIMUNHEI 40-11 neHp azanTaryu
/i T (r. bumkexk, 760 m) (mep. Tyst-Anry, 3200 m)
M-8 1. 13,0 -
B-Bb. 17,0 31
M-a Jl. 125,0 31,2
-ak. 71,0 43,3
M-aC. 94,0 100,0
b-BK. 62,5 6,3
M- P. 50,0 125,0
K-all. 56,2 19,0
O-a A. 330,0 22,0
I-sH. 44,0 0
0 _
MM-a H. 0 -
M+m 71,94259 30,0+14,8
Hamu npocnexxena pauHamMuka KoiuuectBa — rumepruiasuss MIKIL  saBisercss  XapakTepHBIM

MerakapuorutoB (MI'KI[) koctHoro mosra y 12
oOcnetoBaHHBIX OonbHBIX (Tabxn. 3). Ilpu atom B
KocTHOM Mo3re 2-x 6ompHBIX MI'KI] oTcyTcTBOBaNH, ¥
4-X OHHM OKAa3aJIHCh B IpEesiaX HOPMBI U Yy OCTaIbHBIX
6 uen. oHM Kojebamuch oT 56,2 mo 330,0x10%m,
cocraBnsgs B cpeaHem  71,94259x10%n.  Taxas

npusHakom UTIT (Mpenscon JI.W., 1988; Coudeman et
al., 1982; Mak 1.K. 2000, Mittal S. et al., 2008,)

B xoHIIe ajanTanuy K BEBICOKOTOPBIO KOJINIECTBO
MI'KI] koctHOro Mosra ucciemoBaHo y 10 gen., u3
KOTOPBIX TOJIBKO y OJJHOTO OOJILHOTO OHO IPEBBICHIIO
(OHOBBIH YpOBEeHb B 2,5 pa3a, a y OCTaIbHBIX 9 Yel.
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OHM CHU3HIIHUCH OT 1,6 10 15 pa3, cocTamisisi B cpeiHEM
1,8 paza. [laHHbIH (QakT ABISETCS BECbMa HHTEPECHBIM
U TpPONHMBAET CBET B MEXaHH3ME ONaromnpuaTHOTO
BIIUSIHUSL YCIIOBUM BBICOKOTOpPbs Ha TeueHue UTII y
YeNloBeKa.

CaBurm  CcO  CTOPOHBI ~ THTAHTOKJIETOYHBIX
SJEMEHTOB  KOCTHOTO  MO3ra  INOATBEPKAAIOTCS
MOJCUETOM MNapLUAJIBHON MerakapHuOLUTOIpaMMBI y
obcnenoBaHHbix  OonmbHeIx  UTII. B ycnoBusax
HU3KOTOPbs oOHapyKeH CABUT
MerakapHOIMTOIPaMMBI BJIEBO 3a CUET MPeolIagaHus
Mounoabix kinetok MI'KL] pocTtka kocTHOTO MO3ra. A B
BBICOKOTOPHBIX YCJIOBHSX IIPe00Iaiaio KOJINYECTBO
OKCH(HIHHBIX METAKapHOIIUTOB, YTO CBUACTEIHCTBYET
00 yIy4ImIeHWH NpoLecca CO3PEBaHUS T'HIAHTCKHUX
KJIETOK KOCTHOT'O MO3Ta.

CrnemyeT OTMETHTh, YTO MEXaHHM3M HapacTaHHA
KonmmyectBa TpoMOouuToB y OompHbeIX ¢ UTII B
YCIIOBUSAX BBICOKOTOPbS CIOXEH. EcTh Bepcus o ToM,
YTO THIIOKCHYECKast TUIIOKCHS CIOCOOCTBYET aKTHBHOIA

BBIPAa0OTKE TPOMOOTIOATHHOB, KOTOPBIE, B CBOIO
o4epellb, CTUMYIHPYIOT MEraKapHOLUTAPHBIA POCTOK
KOCTHOTO MO3ra W YBEJIMYHMBAIOT YHCJIO KPOBSIHBIX

TUTACTHHOK B nepugepuIeckoit KpOBH (
Kauschansky C. et al., 1995). C apyroii cropoHsl, Kopa
HaJII0YCYHUKOB oz BIIUSIHUEM THIIOKCHU
BbIpabaThIBaCT GoubIioe KOJIMYECTBO

IIIIOKOKOpTHKOUIOB ( MuppaxumoB M.M. ¢ coasrT.,
1988). D10, cKOopee BCEro, BEpPOSATHO, TaK Kak
TPOMOOIIMTONIEHNH B OOJIBIIMHCTBE CIIy4aeB HOCST
ayrouMMyHHbIH xapakrep (Topybaposa H.A. ¢ coasr.,

1986; Leone et al., 1986; Liebman L.A., 200
OTtaanennsle pesyabTarsl. Bropoit kypc BIKT
mpormi 13 OGompHBIX, a Tpetmid — § wen. ¢ UIIT
.DOHOBBIC 3HAYECHUS 4YWCIIA TPOMOOLIUTOB 1O
MOBTOPHBIX IIOABEMOB B BBICOKOTOPHE HECKOJIBKO
HIDKE, YeM IIepe] HEPBBIM KypcoM. 1 HyKHO OTMETHTS,
YTO NPHUPOCT YKCIa TPOMOOILMTOB IPH IOBTOPHBIX
aJanTalygxX OKa3aJCs 3HAYUTEIbHO MEHbINE, YeM BO

Bpemst 1-To Kypca jeueHus B ropax (tabm. 4 ).
Tabmuua 4

CnBuru xojaudecTsa TpoMoonuToB (M=M) y 601bHBIX NePBUYHOI MMMYHHOH TPOMOOLUTONIEHH el TPH
NOBTOPHBIX KYpPcax BLICOKOTOPHOI0 KJiuMaTtoJedeHus (nep. Tys-Amy, 3200 m)

Kypcor Kon-Bo obcrnen. HcxoHble BETMUUHBI 40-71eHp amanTanum
Jleuenus (gen.) (r. bumxkek, 760 M) (mrep. Tysi-Amy, 3200 m)

1 kypc 33 31,3+4,44 62,2+8,98*

2 Kypc 13 26,3+5,12 39,2+6,97

3 kypc 8 26,9+7,16 45,8+15,70

*CI[BI/IFI/I JAOCTOBCPHBI IO CPABHECHHIO C NCXOJAHBIMH BCIIMYNHAMU

BrepkuBaeMocTh u TPYIOCHOCOOHOCTb.
IponomxkutensHOCTh u3HA ¥ 33 60ompHBIX UTII mo
BI'KT ucuucnsnace: 1o 1 roga —y 10 yen., ot 1 roga
1o S netr —y 10 gexn., ot 6 no 10 ner —y 13 GOJBHBIX.
IIpu ouenke BeDKHBaeMocTd ¢ ydeToMm Hawaiga BI'KT
coctraBmia: o 1 roga —y 1 6omnpHoOTO, 1-5 NIeT —y 17,
6-10 et —y 4, 11-15 ner—y 7, 16 netr — y 4 gen. Crano
OBITh, B OTAAJICHHBIE CPOKU IIOCTE BBICOKOTOPHOTO
nedenus 10 60mapHBIX )xuau oT 11 1o 16 neT.

Eme pa3 orMeTHM, 9TO HEMOCPEICTBCHHBIH
a¢p¢pexr or BI'KT y Gompupix ¢ WUTII Obim MeHee
BEIPOKEHHBIM, YeM B OTHANCHHBIE CpokH. Tak, moiHas
KIMHUKO-TEMATOJIOTHYeCKass pPEeMHUCCHS BCiel 3a
NepBOHAYAILHON BBICOKOTOPHOM ajantauuen
HaOmonanace y 7 6ompHbIX (21%), wactuunas —y 11
(34%), xnmuanveckoe ynyumenue —y 10 (30%) u 6e3
addexra —y 5 ven. (15%).

Otnanennsle pesynstatsl BI'KT 3aBucutr oT
COXPAaHHOCTH CEJIe3eHKH, U Y JICYCHHBIX B YCIIOBHAX
BBICOKOTOPHOTO ~ CTAllMOHAapa, KaTaMHE3 yJAanoch
cobpare y 15 GonpHbix. Cynpba 10 O0NbHBIX H3-3a
JIATbHOCTH  PAcCTOSIHUSL OT MeCTa IOCTOSHHOT'O
JKUTENIbCTBA OCTaeTcsl Hem3BecTHOM. U3 15 yen. aBoe B
ropax Jle4uiauch 4 pasa, ABoe — 3 pasa, 6 uen. — 2 pa3sa,
OCTaJBHBIC 5 YeJl. — OJIMH pas3.

V¥ 1 u3 4-x KpaTHO JIEUEHBIX MALUEHTOB, ociae 3-
TO pa3a BBICOKOTOPHOTO JICYCHHUS, YICII0 TPOMOOITUTOB
MOBBICUJIOCH hi(o} 230,8%10%m, MIPOTHUB
nepBoHayanbHeix 11,7x10%n, a B koHue 4-ro pasa
cpelHee HX KOJNMYECTBO paBHsmoch 115,5x10%m.
ITocne mocnenHero pasa Je4eHNs B ropax B T€UEHHUE 2-
X JIET 9yBCTBOBaJ ce0sl Xopomio. Y BTOpOH OOJILHOM

NepBOHAYANBHOE M  MOCHeAylomue 4 pas3oBble
npeObIBaHKS B YCTIOBHSAX BBICOKOTOPbS
CTAOMIM3UPOBAM  KOIHMYECTBO  TPOMOOIMTOB B
npegenax  30,0-70,0x10%1  u,  ecTecTBEeHHO,

reMOpparu4ecKuii CHHIPOM OTCYTCTBYET. Y OJHOTO U3
3-X KpaTHO JICYCHBIX JIMI[ YHCIO TPOMOOIMTOB
xonebanocs B peaenax 33,0-160,0x10%1, y BToporo —
ot 18,2 10 48,0x10%m1. Cpeau GONBHBIX, HOTydaBLUINX
JIBYKpaTHOE JICYCHHE B TOpaX, y OJHOH dHCIIO
TpoMGOLMTOB Hapocao a0 124,6x10%n, y apyroro B
TedeHne 15 ner komebamocs ot 31,2 mo 54,0x10%m,
XOTSl JICYHIICS TOJNBKO COCYAOYKPEIUIIONIHMH U
TEeMOCTATUYECKAMH CPEICTBAMH W TIPEIHU3OJIOH HE
MPUHUMAN; Yy  TPEThEr0  YHCIO  TPOMOOITUTOB
HAXOAWJIOCH Ha HU3KUX mU(pax (15,0-27,5x10%n), HO
0e3 MpPOSBICHUS T'eMOPPArd4ecKOr0 CHHIpPOMA; Y
YETBEPTOI'0 — MOCJIe TOBTOPHOTO MPEObIBAHMS B rOpax
YUCJIO TPOMOOIMTOB Hapocio 10 82,6 MpoTUB
nepBoHavanbHeIX  16,4x10%1; y matoro mnarueHTta
nocsie 2-X KpaTHOTO MpeObIBaHUS B TOpax KOJIUYECTBO
KPOBSIHBIX TUIACTHHOK YBenMumioch ¢ 9,6x10%n no
69,0x10%1, u B TeueHun 10 ner HaOIIOIEHHS OHO
konebanock B npenenax 43,2 u 286,2x10%1. Jlannsiii
MAIMEeHT B TCUCHHUE BCEX ATHX JIET JIUIIb OJHH pa3 1o
MTOBOAY 00OCTpEHHsI OOJIC3HH IPUHUMAT IIPETHI30JI0H
B o3¢ 10 mr B Teuenue 1,5 mecses. [llectast 6oybHas
HaOmonanach B TeueHue 10 Jyer, mocie 2-ro pasa
npeOBIBaHUS B TOPaXx BHINIIA 3aMyK. [[puMedaTenbHo,
YTO y Hee ObUIO JiBe OEPEMEHHOCTH, 3aKOHUHMBIIHECS

HOpMaJIbHBIMH  pOJaMHu, opu  3TOM KOJIMYECTBO
TpoMbormToB  Koiebasock B mpemenax  130,0-
200,0x10%n. Cpemu oOCTalnbHBIX 3-X  OOIBHEIX,
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JICYMBIINXCSA B TOpax OAHOKPATHO, IOCJTE XOPOIIETO
s dexra Ha PoHE KOMOWHANINY C MPeaHU30J0HOM 30
MT (TpOMOOIIUTHI Hapociu 10 241,3x 10%m), 1 6onbHas
M0 HEW3BECTHHIM HaM NIpHUYWHAM (OHa MHOTOPOJIHSIS)
BHE3allHO yMepia, y JApPYrod pe3ympTaT ObLI
nebonpmum (¢ 17,4 mo 39,4x10%n), y tperneil
60s1bHOM HUKaKoro ¢ deKTa He ObLIO.

bonpmoi mnpakTHYecKUid M Hay4yHbId MHTEpeEC
npencrapsitor 6 O6ompHbIXx WTII, koTopeiM B cuity
HeO(Q(PEeKTUBHOCTH  TOPMOHAIBHOW  Tepamuu B
HocyefyomeM Oblna TMPOM3BEAEHA CIUIEH3KTOMUSL.
Cpenu Hux 2 nabmoaauck B LIKB No2 MIIC r. Mocksbl,
1 — B Y3HUU remaronoruu u rneperuBaHus KPOBH U 3 —
B TremaTosorudeckoM otaeneHnu T. dpynsze. Crnemyer
OTMETHUTD, YTO CIUICHIKTOMHS y 1 GOmpHOIT okazamach
Hed((PEKTUBHOM, y APYyrol OHA BRI3BAA PEMUCCHIO B 1
Mecar, a y 4-x — ot 10 mecsneB mo 1 roma. Ilocie
BPEMEHHOTO  TIOJIOKUTENBHOrO 3(pdekra y Bcex
MAlMEHTOB uYepe3 yKa3aHHbIE CPOKM BHOBb CHHM3MIIOCH
YHCIIO0 TPOMOOLIUTOB, B CBSI3U C YeM BO30OHOBJISUIUCH TE
WIN WHBIE MPU3HAKHU TeMopparndeckoro cugapoma. Ot
MOBTOPHOTO Ha3HA4YEHHs CTEPOUIHBIX TOPMOHOB BCE
OosIbHBIE, 32 WCKIIOYEHHEM OJHOTO, KaTerOpHUYECKH
oTkazanuck. beuio pemeno HanpaButh ux Ha BI'KT.

Cnenyer OTMETHUTb, 9TO OJTHOKpaTHOE
npeObIBaHNE B YCIOBHSX BBICOKOTOPHS BBI3BAIIO
MOBBIIIEHHE YHCJIA TPOMOOIUTOB Y MATEPHIX OOJIBHBIX
or 1,9 mo 4,5 pa3, m TONBKO y OJHOTO OOJBHOTO
3aMETHBIX COBHUIOB He Ob110. UeTBepo OONBHBIX Yepe3
roji MOBTOPWJIM BBICOKOTOPHOE KJIMMAaTOJCYCHHE, B
pe3yJbTaTe Yero y TpOMx HaOJFOaIICs IPUPOCT Yuciia
TpOoMOOIIMTOB B 2 pa3a, y OAHOW — BHOBb 3 (eKTa He
obuto. Ilsareiii GompHOM Ob1 mOBTOpHO Ha BIKT
cimycTst 15 jer mocie mepBOro JieueHHs B ropax. 3a
WCTEKIINE TOJABl UYyBCTBOBaN cebst Xxopomro, Obuia
croiikas pemuccus B ropax. Cnycrs 13 ser nocie rop
BCJIE/ 32 TPHUIIIOM HACTYNMIJIO 000CTpeHne Oose3HH ¢
MOHIDKEHWEM  KOJMYEeCTBAa  TPOMOOIMTOB IO
17,0x10%1n. Bouto HazHadeno 50 mr MIPEeTHU30JI0HA B

TeueHue 3-X MecsaneB. Ha BTOpoil Kypc JiedeHHs B
ropax OojbHasl MOCTyNWIa C HPUPOCTOM KOJIMYECTBA
TpoMGOLUTOB HouTH B 2 pasa (36,0x10%m).

Tperbe mnpeObIBaHNE B YCIOBUSIX BBICOKOTOPBS
BBI3BAJIO HAPACTAHHUE YMCIIa KPOBSHBIX IUIACTHHOK Y BCEX
5 OompHBIX B 2-3 pasa. Y miecToii OOJNBHOW TOPHBIN
KJIMMAT He BBI3BaJI CTUMYJIALIMIO TPOMOOT033a. 4 pas3a B
ropax JIEYWINCh TOJBKO 2 W3 HUX, IPH OTOM
TPOMOOIMTHI IOLLIN A0 HWKHEH rpaHUIIbl HOpMBL. Bee 5
OOJIbHBIX B HACTOSIIIEE BPEMS UyBCTBYIOT ce0s1 XOpOLIO
1 BEPHYJIHCH K TPY/y.

B KauyecTBe npuMepa
BBICOKOTOPHOW  afjamlTamuy mocie Oe3ycHenrHon
CIUICHOKTOMHMH  TPUBEAEM  PE3YNbTaThl  JCUCHUS
GonpHON A., 1983 r.p. (uct. Gomesunm Ne 9384/172,
9625/196, 9619/234, 8700/299, puc. 38). Y 60omnbHOI1 ¢
1974 rona mOSBUITUCH BBIPaKCHHBIE TEMOpPArHdecKue
sBnenua. Owna 1o 1979 roma mo moBoay
TPOMOOIMTOTIEHUUECKOH MypILypbI €KEroTHO
Jieyrsiachk aMOyJIaTOPHO M CTAI[MOHAPHO CTEPOHIHBIMU
FOPMOHAMM ¥  TIeMOCTaTHYECKUMH  CPEICTBAMHU.
VYuuteiBasgs ~ 6e33(p(heKTHBHOCTL  KOHCEPBATUBHOM
Tepamu, B OKTsI0pe 1979 TI. 1O peKOMEHIAuu
mpogeccopa Bopobrera A.J. OonmpHast HampaBiieHa B
r. MockBa u B xupyprudeckoid kiuHuke LIKB Ne2
MIIC  mnpousBeleHa  CIUIEHOKTOMHMS,  KOTOpas
KyIMpoBajla TeMOPParudecKuii CHHAPOM, HECKOIBKO
Hapocino d4uciao TpomOormuroB. OpHako depes 6
MECSIICB BHOBb TOSIBHIIMCH IIPU3HAKH OOOCTPEHUS
3a0oJieBaHusl, Ha4YaJIMCh METPOPpParMd W HOCOBBIE
KpoBOTeueHHsl. B cBs3M ¢ ueM Oblia peKoMEeHI0BaHa
BBICOKOTOpHAsI KIIMMATOTEpaIHs.

IIpu nocrymineHun B IeMaTOJIOTMYECKOE
OTJEJICHUE Pecnybnukanckoi KJIIMHUYECKOM
oonpHUIBl (PKB), 1. ®pyH3e, 29.06.1981 r. Obutn
BBIpayKEHHBIC HPOSIBIICHUS TreMOppParun4ecKkoro,
AQHEMHYECKOTO ¥ CHJICPOIICHHYECKOTO CHHIIPOMOB.
KomnmaectBo tpombGormror ot 01.07.81 r. (mo rop)
pasHsnock 11,0x10%n, FeS xpoBu — 6,5 MKMOJIB/JI.
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Ilepee3n na nep. Tys-Amy mepeHeciia Xopouio.
[To mpue3ny B ropsl NOSBUINCH HEKOTOPBIE MIPU3HAKU
BBICOTHOH Oone3Hu. Ilpomommkanichk KpPOBSHHUCTEHIE
BBIJICJICHUSI M3 JECeH IpH YUCTKe 3yOoB. BonpHOI
Ha3HA4YE€HO JICYEHHE: acKOpPOMHOBAas KHCIIOTA IO
0,3 x 3 pasa B meHb, (epporuiekc mo 2 Tabia. 3 paza B
neHb. CocTostHuE OOJNBHON IOCTENEHHO YITy4IlIanoch,
CBE)KHE KPOBOIOJTEKH U MEIKOTOYEUHBIC BBICHITIAHUS
He NnosBIsINCh. B aHanuse kpoBu ot 12.08.81 r. (40-i
JeHb aJanTalllii) YHCIIO KPOBSIHBIX IUIACTHHOK
Hapocio 10 70,0x10%n. BonbHas crana akTUBHOM, B
TEUEHHE Toja IOCIe TOp HEe INOSBISUINCH CBEXHE
KPOBOIIOATEKH W  MEIKOTOYCYHBIC  BBHICHIIIAHMS.
MenukaMeHTO3HO HE JICUYMIIach, YHCIO TPOMOOINTOB
xoiebanocs ot 39,0 mo 90,0x10%m. Mencrpyarmu
MPOJOJDKAIIACH 110 3 JHSA, CTAJIM HEOOMIBHBIMH.

Has 3aKpETICHUS MOTy9EHHOTO
nepBoHavyanbHOro s¢dekra OonpHas B 1982-1984
rojiax Inoiy4ana noBTopHbIe Kypchl (3 pa3a) BI'KT, B
pe3ysbTaTte KOTOPBIX HACTYIMJIA CTOMKAas KIMHHKO-
reMaTojiorM4eckasi  pPeMHUCCHSl C  YBEJIIMYCHHEM
KOJMYecTBa TpoMOouToB 10 98,0x10%1. B Teuenue
roja mocine nocienHero pasa (1984 r.) npedsiBanus B
ropax 4yBCTBOBaJIa CE0s XOPOIIIO, YHCIO TPOMOOIINTOB
KOJIe0aoch B Ipenenax 75,0-150,0%10%.

Amnanus kposu oT 15.11.86 r.: sp. — 4,76x10%n,
Hb — 126 1/, uB.a1. — 0,82, Rt — 7%o, Tr — 85,7x10%n,
JI. — 5,7x10%mn, nan. — 5, cerm. — 52, numd. — 34, MoH.
-9, CO3 - 2 mm/9ac, BCTpeyaeTcsi MAKPOIIUTO3.

B 1985 mo 2018 rr. (6onee 30 set) GonbHas He
noJyyajia Hi CTalloHapHOe, HU aMOyJaTOpHOEe U HU
BI'KT. YUyBcTByer ceOsi MpeKpacHO, HET MPOSIBICHUI
reMOpparuuyeckoro M aHeMHYeCKOI'0 CHHIPOMOB.
[TonHOCTBIO CHPaBISETCS C JOMAIIHUMU JIEJIaMH.

Crnenyer  OTMETHTB, YTO  BBICOKOTOpHAs
ajanTanyus  BBbI3BANA HE  TOJNBKO  YAJIHMHEHHE
MPOJIOJDKUTEIIFHOCTH PEMUCCHH, HO W YIIyYIICHHE
«KadyecTBa KM3HM». Tak, 10 TOpHOTrO JedeHus 3
OONBHBIX SBIUTHCH MHBaNMHIaMU I1 rpymmer, 4 geor. — |11
TpyNnbl ¥ BPEMEHHO He paboTanu, 6 — ydwiuch B
BVY3ax u 21 4en. 3aHMMaINCh Pa3IUYHON TPYJIOBOM
nesitenbHOCTRIO. Ilocne moBTopHBIX KypcoB BI'KT 2
OO0JIBHBIX TepeBeieHbl ¢ MHBaIUAHOCTH 11 rpynmbl Ha
Ill-fo rpymmy, OHH BepHYJIHCH K TpyAy, 7 4ell.
003aBeNich CeMbsMH. Y TPOHMX OOJBHBIX JKEHIIMH,
JICYCHHBIX B TOpax, HACTYNWIN OEPEMEHHOCTH, Y IBYX
U3 KOTOPBIX 3aKOHYWIINCH HOPMaJIbHBIMHU POJIaMH, a y
OIHOM — MemuuuHCKMM abopToM. JlBoe My>K4YHMH
SKEHWINCh U UMEIOT 1O 2 IeTeH.

ITonBoxss WTOTM BBIMICH3IIOKEHHBIM JIAaHHBIM,
MOXHO 3aKIIOuMTh, 4TO 40-7IHEBHOW ajmamnrTaluu K
BBICOKOTOPBIO BBI3BIBACT 3HAYMTEIILHOE YBEIHMYCHHUE
YHcia KPOBAHBIX INTacTHHOK y 6ombHBIX UTII. Ipuaem
CTENeHb IPHUPOCTa AHAIU3UPYEMOTO  IOKa3aTelist
IIpeBbILIANIa TAKOBYIO Y 310POBBIX JIIOAECH. Y BEIUUEHNE
KOJIM4eCTBa TPOMOOIUTOB OBUIO OoJiee 3aMETHBIM y
OOJBHBIX C COXPAHCHHOW CEJIEe3€HKOH, JICYEHHBIX U Y
oun  Ge3  SBJIEHUH TIeMOpParH4ecKoro CHHIPOMA.
Heobxoaumo — Takke  OTMETHTb, YTO  CIIBUTH
M3y4aeMoro IoKa3aressi ObUIM CYIIECTBEHHBIMH Yy
OOJIBHBIX C HU3KUM ()OHOBBIM YPOBHEM TPOMOOIIMTOB,
a TaKKe Yy TAalUeHTOB C HENOJHOW KIIMHUKO-

reMaToJIOTHYECKOM  peMHCCUeH, Yy
MIOCIIEAYFOIIEM MIOJTHOCTBIO
TeMOPPArndecKue sIBICHHUS.

C TOYKM 3peHHs NPaKTHIECKOW TIe€MaTOJOTHH,
OYeHb MHTEPECHBIMH SBILTIOTCSA Te OoNbHBIE (6 Hen.),
KOTOPBIM CIUIEH3KTOMUS HE OKa3ana MOJIOKHTEIEHOTO
s dexra win pe3yabTaT ObUT KPaTKOBPEMEHHBIM, a
HCIOJb30BaHUE BBICOKOTOPHOI ajlanTanuu
CIIOCOOCTBOBAJIO MOJABEMY 4YHCIAa TPOMOOLMTOB,
MPEeKpaIleHUI0 IeMOpparu4eckoro CHHApoMa U
YITyUIIEHUIO o01ero ux COCTOSIHUSI.
HeGe3biHTEpECHBIM SIBISIETCSI U TO OOCTOSTEIHCTBO,
KOTAa JJIUTENbHOE MEIWKAMEHTO3HOE JICUEHHE,
BKIIIOYasl CTEpOMAHBIE TOPMOHBI, HE BBI3BAJIO
MOBBIIIEHUS  9ucia  TpoMOoruroB (15  dem.),
moBTOpHBIE (2-3 pa3a) mpeOBIBaHUSA B  ropax
CII0COOCTBOBAIIH 3HAYUTEITLHOMY HIPUPOCTY
KOJINYECTBA TPOMOOLIMTOB, TEM CaMbIM YJIy4YIIaId MX
obmee cocrostune. OgHAaKO B Hamed IPaKkTHKE
nMeroTca ciydan (2 d4enl.), KOrJa BBICOKOTOPHOE
KJIMMAaToJICUeHHE HE BBI3BAIO ITOJbEMa TPOMOOIIUTOB.
[ocnenyromas CIJIGHOKTOMHSL Yy  3TUX  OOJBHBIX
KyInHpoBajla KPOBOTOUMBOCTH 3a CYET 3aMETHOIo
TIOBBIIICHUS KOJIMYECTBA KPOBSHBIX TUIACTHHOK.

Takum 00pa3oM, OIHOKpAaTHBIC W IIOBTOPHBIC
KypChbI BI'KT CONPOBOXKIAKOTCS 3aMETHBIM
TIOBBIIIEHHEM KOJHMYECTBA TPOMOOLMTOB W IPYTHX
TeMaTOJIOTHYECKUX —IIOKa3aTesiell ¥ yiIydIIeHHeM
xinuHudeckoro teuenuss UTIL. B pesynbrare storo
YATUHSIIOTCS CpPOKH pemuccus, obmmas
MPOAOJDKUTEIBHOCTh  JKM3HM M TIOBBIIIAETCA
paboTOCIIOCOOHOCTh ~ 3THX  OOJIBHBIX. OTrmMu
00CTOATENLCTBAMH  ONPAB/BIBACTCSI HEOOXOIMMOCTD
JabHEeHIIIero HCTIONb30BaHUS BBICOKOTOPHOT'O
KJIMMAaTa, Kak HanboJiee emeBOro U NepCIeKTHBHOTO,
QIBTEPHATHBHOTO METO/A JICYCHHS OOJNBHBIX C
AMMYHHOU TPOMOOIIUTONICHHYECKON Ty PITY PO.

MexaHu3M BJIUSIHUS YCI0BHI BLICOKOTOPbS HA
Teuenne UTII

Crenyer OTMETHTBh, YTO MEXaHM3M HapacTaHUs
KoJmdecTBa TpoMOouuToB y OompHeix ¢ WTII B
YCIOBHSAX BBICOKOTODPbS CIOXEH. EcTh Bepcust 0 ToMm,
YTO TMITOKCHYECKasi THIIOKCHS CIIOCOOCTBYET aKTUBHOM
BBIPA0OTKE TPOMOOIIOITHHOB, KOTOphIE, B CBOIO
ouepesb, CTUMYJIHPYIOT METaKapHOIIMTAPHBIN POCTOK
KOCTHOTO MO3ra M YBEIMYUBAIOT YHCIO KPOBSHBIX
TUTACTHHOK B nepudepuIeckon KpPOBH
(Kauschansky C. et al., 1995). C nmpyroit cTopoHsl,
KOpa HaJIOYEYHUKOB TII0Jl BIHMSHHEM T'HIIOKCHH
BbIpabaThIBaeT GoutbImioe KOJINYECTBO
rIOKOKOpTHKONI0B (MuppaxumoB M.M. ¢ coaBr.,
1988). D10, CcKOpee BCero, BEpPOSATHO, TaK Kak
TPOMOOIIMUTOTIEHHH B OOJBINIMHCTBE CIIy4aeB HOCAT
ayTouMMyHHBII xapakrep ( Liebman L.A., 2007).

MHe, KaK COCTOSIBIIEMYCS Bpady-TeMaTOJIOTy U
Y9EeHOMY, MHOTHE TO/IbI HA0JIIOJaBIINM 332 OOIEHUMHU C
JeTIpeccusiMH KPOBETBOPEHUS, U B TOM YHCIE, C

KOTOPBIX B
KyIHpPOBAJIHChH

MePBUYHON HMMYHHOU TPOMOOTOIMTONIEHUEH
TIOCTOSTHHO OECTIOKOMJIM BOIPOCHL: 1OYEMY OIHOMY
60JIbHOMY BBICOKOTOPbE OKa3bIBaeT CBOE

MOJIOKUTEIBHOE BIMSIHUSA C IEPBOTO Pa3a, a IpyruM Ha
2e, 3¢ u 4e paspl? C gApyroil CTOPOHBI, MOYEMY
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KyIIUPYETCsI TeMOPOTHYECKUIl CHHIPOM Jaxe y TeX
NAlEHTOB, Y KOTOPBIX HET  CYLIECTBEHHOI'O
YBEIUYCHUS] KOJIMYECTBO TPOMOOLIUTOB, KOTOPBIC
HaxomsaTcs B mpenenax 20,0-25,0%10.97.

JUIs pemeHus 3THX BOIPOCOB I AaBall TEMBI
KaHIHUTAaTCKHUX JeccepTaLui, COTPYAHHKAM
KbIprei3ckoro Hay4HOTo IEHTPa T'eMaToJIOruu:

e Jlo wu3y4yeHHIO arperalMoOHHON (YHKIUH
TPOMOOITUTOB,U3MEHEHNSI ~ MX  MOP(OJIOTUIECKOMN
KapTHHBI, ¢dakropa  dwuebpanna u 3ro
IUIACTUHOYHOTO (hakTopa.,

e [lo u3MeHEeHNI0O HMMYHHOTI'O CTaTyca: CIBHIU
[IMTOKWHOB (WHTepieiiknHa2,6, QakTopa HEKpo3a
omryxoneii(®HO), n3yuenns peppuTHHA U TENICUINHA,
spurponodtuHa (3I10) u rumokcrelt HHAYIUPYEMOTO
¢axropa (HIF) ).,

e [lo nccienoBaHmio 0OMeHa JIUIIONIPOTEHHOB U
TIEPUKHCHOTO OKUCIICHUS JIMITU/IOB.

Bce  BbIsIBJIGHHBIE — HOBBIE
OITyOJIMKOBAHBI B TIOCIIE/TYFOLIIEM.

¢dakter  OynyT

Tab6muma 5

IMoka3aHus M NPOTHBONOKA3aHMS K BHICOKOTOPHOI KINMATOTEpaANIUU

Bonesnn [ToxazaHo OTHOCHTENHHO TIOKa3aHO AGCOJTFOTHO MPOTHBOIIOKA3aHO
OOJBHBIC C KOJIMIECTBOM
paHHHE CTaINH
TpombormToB 20,0- KPOBOMBITHSIHHS B BEPXHIOIO
3abonepanus; 30,0x10%; TIOJIOBHI JIOBHIIA, IIIEH, JIUILIA,
JIETKOE TEUCHHUE C YHCIIOM ' ’ Hy 1y ’ ’ ’
[epBranas GOJBHEIE C TOJIOBEI, B CKJIEpY U B CETUATKY
TPOMOOITUTOB CBBIITIC
MMMYHHAas 50.0x10%/1: HEBBIPAKCHHBIM IJ1a3a;
TPOMOOLIUTOTICHHS ' ’ N TEMOPPArH4eCKUM runepToHnyeckas 6onesns Il ct.
60JIbHBIE CO CHIKEHHOI
. CHHJIPOMOM; OYECHb BBICOKOTO PHCKa;
arperanroHHOMN .
. 0OJIbHBIE TOCTIe CTOMKHE HapYIIICHUS PUTMA
¢yHK1ME TPOMOOLITOB
CIUICHIKTOMUH
CIIUCOK JIMTEPATYPBI BBICOKOTOPHOM azantanuu u OIIBIT
1. Bapkaraun 3.C. [1aTon0rus TpOMOOIIUTAPHOTO  TOPHOKIMMATHYECKOTO  JICUCHHS  OOJNIBHBIX  C
remocTasa. PykoBomcTBo mo remaronoruu / [log pen.  HEKOTOpbIMH — 3a00JIEBAaHMSIMH ~ CHCTEMBI  KPOBH.

Bopo6seBa A.W1. — M.: Menunmna, 2005. T. 3. — 416 c.

2. TaiingykoBa C.H., Briasibopert C.B.
Wnmonartndeckas TpoMOonuTOIIEHIYECKas mypmypa //
MucrenrBo nikyBaras. — 2004. — Nel0(016). — C.- 26-
30.

3. Wpenscon JL.U. Tpombormronenuu. B kH.:
bapkaran 3.C. T'emopparuyeckue 3a0oyeBaHUS WU
cunapomsl. U3a-e 2-e. — M.: MeaunuHa, 1988. — c. 68-
95

4. Kosanesa JI.I'., CadonoBa T.H., IlycroBas
E.W. ¢ coaBr. KimHUKO-CTaTUCTUYECKUE HAHHBIE WU
OIICHKA Pa3THYHBIX METOZIOB Tepanuu
UIMOTIATHIECKON TPOMOOIUTONCHHIECKON ITypITypHI.
Tepanesruyeckuil apxus, 2011; 4: 60-5.

5. JlucykoB U.A., Macuan A.A., Ulamapauna
AB. c¢ coaBr. HMmmyHHas TpPOMOOIMTOIICHUS:
KJIMHUYECKHE TPOSABICHHS M OTBET Ha TEpaIuio.
IIpomexyTouHblii aHanu3 JaHHBIX Poccuiickoro
perucrpa INAalMEHTOB € IEPBUYHOW HMMMYHHOM
TPOMOOIMTOTICHUEH u 0030p JIUTEPATyPHI.
Knunnueckas ouxoremaroJjorus, 2013; Ne2, ¢. 61-69.

6. Macuan A.A., Pymsunes A.I'., Koanesa
JI.I'. ¢ coaBt. Pexomenmanuu Poccuiickoro coseta
SKCIIEPTOB MO JHATHOCTHKE W JICUCHHUIO OOJBHBIX
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7. MuppaxumoB M.M., PaumxkanoB A.P.
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FOREIGN EXPERIENCE IN MANAGING AND MITIGATING EMERGENCY
ENVIRONMENTAL SITUATIONS

Introduction

Environmental emergencies pose significant
threats to ecosystems, human health, and economic
stability worldwide. These crises, which can arise from
natural disasters such as wildfires, floods, and
earthquakes, or from human activities like industrial
accidents and oil spills, demand rapid and effective
responses to minimize damage. In an increasingly
interconnected world, countries have developed
various strategies to manage and mitigate such
emergencies, learning from past experiences and
adapting new technologies and policies. Understanding
foreign experiences in handling environmental crises is
crucial for developing more effective response
mechanisms and improving resilience in vulnerable
regions.

Many nations have established specialized
agencies and protocols to deal with environmental
emergencies, relying on a combination of scientific
research, technological advancements, and coordinated
governmental and non-governmental efforts. For
instance, countries with frequent exposure to
environmental disasters, such as Japan and the United
States, have refined their response frameworks over
decades, integrating early warning systems, disaster
preparedness programs, and robust legislative
measures. Similarly, European nations have developed
cross-border cooperation mechanisms, ensuring that
responses to large-scale environmental threats, such as
wildfires or chemical spills, are managed efficiently
through shared resources and expertise.

Despite the existence of various strategies, the
effectiveness of emergency environmental
management varies significantly across countries due
to differences in governance structures, resource
availability, and institutional capacities. While some
nations have successfully mitigated environmental
crises through proactive policies and technological
innovations, others continue to struggle with
inadequate response mechanisms, lack of coordination,
and insufficient funding. Examining these diverse
approaches can provide valuable insights into best
practices and highlight areas that require improvement.

This study aims to analyze and compare foreign
experiences in managing and mitigating environmental
emergencies, identifying successful strategies and
potential challenges. By evaluating different case
studies and response madels, this research seeks to
contribute to the development of more effective

DOI: 10.31618/ESSA.2782-1994.2025.1.110.527

policies and practical solutions for dealing with future
environmental crises. Understanding how other
countries have handled similar situations can offer
valuable lessons for governments, policymakers, and
emergency management professionals, ultimately
leading to better preparedness and resilience in the face
of environmental threats.

Methods

This study employs a qualitative research design,
focusing on the comparative analysis of foreign
experiences in managing and mitigating environmental
emergencies. A case study approach is used to examine
real-world examples of environmental crisis
management, providing an in-depth understanding of
the strategies, policies, and technologies implemented
in different countries. By analyzing multiple cases, the
study aims to identify patterns, best practices, and
challenges associated with emergency environmental
management. The research relies on secondary data
sources, including government reports, scientific
articles, policy papers, and case studies published by
international organizations, ensuring a comprehensive
and evidence-based analysis.

Data collection involves an extensive review of
existing literature on environmental emergency
management across various countries. Reports from
organizations such as the United Nations Environment
Programme (UNEP), the World Bank, and the
International Federation of Red Cross and Red
Crescent Societies (IFRC) are examined to understand
global trends and international best practices.
Additionally, academic journals and governmental
publications provide insights into the effectiveness of
different response strategies. Data is systematically
categorized based on key aspects of environmental
crisis management, including early warning systems,
emergency response coordination, technological
interventions, and policy frameworks.

The selection of case studies follows specific
criteria to ensure relevance and diversity in the analysis.
Countries are chosen based on their experience in
dealing with significant environmental emergencies,
the availability of documented response strategies, and
the diversity of their approaches. The study includes
examples from both developed and developing nations
to highlight variations in resource availability and
institutional capacity. Cases of successful crisis
management, as well as those that faced significant
challenges, are analyzed to provide a balanced
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perspective on the factors influencing the effectiveness
of emergency response.

To analyze the collected data, a comparative
analytical framework is used, allowing for a systematic
evaluation of different response models. Key indicators
such as response time, coordination efficiency, policy
impact, and long-term environmental recovery are
assessed to determine the strengths and weaknesses of
each approach. The analysis also considers external
factors, such as climate conditions, economic capacity,
and governance structures, which influence a country’s
ability to manage environmental emergencies. This
methodological approach ensures a comprehensive
understanding of foreign experiences in emergency
environmental management and provides valuable
insights for improving response strategies in other
contexts.

Results

The analysis of foreign experiences in managing
and mitigating environmental emergencies reveals a
diverse range of approaches, influenced by factors such
as governance structures, technological advancements,
and policy frameworks. Countries with well-developed
disaster management systems have demonstrated the
importance of early warning mechanisms, efficient
coordination between agencies, and proactive policies
that focus on prevention rather than reaction. In
contrast, nations with limited resources or weaker
institutional capacities often struggle with delayed
responses, lack of preparedness, and ineffective
mitigation strategies, leading to greater environmental
and economic consequences.

One of the key findings of this study is that
successful environmental crisis response relies on a
combination  of  rapid  mobilization, clear
communication channels, and well-defined roles
among governmental and  non-governmental
organizations. Countries like Japan and Germany have
developed highly efficient emergency management
systems that integrate real-time monitoring, predictive
modeling, and automated alert systems. These tools
help authorities take immediate action, reducing the
severity of environmental damage. Furthermore,
international cooperation has played a crucial role in
disaster response, as seen in cases where neighboring
countries have provided support in terms of financial
aid, technical expertise, and emergency supplies.

Best  practices in  environmental  crisis
management also emphasize the role of community
engagement and education. Public awareness
campaigns, emergency drills, and citizen participation
in disaster response efforts have proven to be highly
effective in countries such as the United States and the
Netherlands. These initiatives ensure that local

populations are prepared to take necessary precautions,

reducing casualties and infrastructure damage.
Additionally, the establishment of dedicated disaster
response  units with  specialized training in

environmental emergencies has contributed to more
effective crisis management.

Technological and policy innovations have further
enhanced mitigation strategies, with many countries
investing in advanced early warning systems, artificial
intelligence-driven risk assessment models, and
climate-resilient infrastructure. The use of remote
sensing technology and satellite imagery has improved
the ability to detect environmental threats in real time,
allowing for quicker decision-making. Policy reforms
have also played a critical role in shaping more
effective environmental emergency management, with
governments implementing stricter regulations on
industrial safety, land use planning, and environmental
conservation. Countries such as Sweden and Canada
have introduced comprehensive environmental policies
that mandate risk assessments and preparedness
planning, ensuring a more proactive approach to
disaster management.

The case study analysis highlights both successful
and unsuccessful strategies in environmental crisis
response. For instance, Japan's handling of the 2011
Fukushima nuclear disaster demonstrated the
effectiveness of swift government intervention,
transparent communication, and long-term recovery
planning. Despite the initial challenges, Japan's
response efforts set a global benchmark for managing
large-scale environmental emergencies. In contrast, the
inadequate response to the 2010 Deepwater Horizon oil
spill in the Gulf of Mexico exposed significant

weaknesses in  corporate  accountability and
government oversight, leading to prolonged
environmental and economic damage. Similarly,

developing nations facing frequent natural disasters,
such as Bangladesh and the Philippines, have made
notable progress in disaster preparedness but continue
to struggle with resource constraints and rapid
urbanization challenges.

Overall, the findings indicate that while many
countries have developed effective emergency
environmental management systems, there is still a
need for continuous improvement, particularly in
integrating new technologies, enhancing policy
enforcement, and fostering international collaboration.
By learning from both successful and failed
approaches, governments can refine their crisis
response strategies, ultimately reducing the long-term
impact of environmental emergencies on both human
populations and ecosystems.
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Comparative Analysis of Emergency Environmental Management by Country
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1.-. chart. Comparative analysis of emergency environmental management by country

The bar chart above presents a comparative
analysis of emergency environmental management
across six countries: Japan, the USA, Germany, the
Netherlands, Bangladesh, and the Philippines. The
comparison is based on three key indicators: Response
Efficiency, Technological Advancements, and Policy
Strength—each expressed as a percentage. Japan leads
in all three indicators, demonstrating highly efficient
response mechanisms (90%), advanced technology
integration (95%), and strong policy frameworks
(92%). This reflects Japan’s extensive disaster
preparedness and rapid mobilization capabilities. The
USA and Germany also perform well, particularly in
technological advancements (80% and 88%,
respectively) and policy implementation (78% and
84%), indicating strong governmental and private-
sector coordination. The Netherlands, known for its
expertise in flood management, also shows strong
policy enforcement (83%) and technological adaptation

(85%), reinforcing its proactive approach to
environmental crisis management. Bangladesh and the
Philippines, while making progress in disaster
preparedness, show lower scores across all categories.
Their response efficiency (60% and 55%) remains a
challenge due to limited resources, infrastructure
vulnerabilities, and governance constraints. However,
both nations have been improving their resilience
strategies in recent years. This visual representation
highlights the disparity in environmental crisis
management capabilities across countries, emphasizing
the role of technology, policy enforcement, and
coordinated response strategies in mitigating the impact
of environmental emergencies. Countries with
proactive planning, advanced monitoring systems, and
strong institutional frameworks tend to handle crises
more effectively, while those with weaker
infrastructures and governance models face greater
challenges in disaster response and mitigation
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Response Time vs Disaster Impact in Environmental Emergencies
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2.-. chart. Response time vs disaster impact in environmental emergencies.

The chart above illustrates the relationship
between response time (in hours) and disaster impact
scores for six countries managing environmental
emergencies. Response Time (Blue Bars): This
represents how quickly a country can mobilize
resources and initiate emergency response efforts. A
lower response time is ideal. Disaster Impact Score
(Red Line): This reflects the severity of environmental
and economic damage caused by emergencies, where a
higher score indicates worse consequences. Japan has
the fastest response time (2 hours) and the lowest
disaster impact score (30), demonstrating the
effectiveness of its well-coordinated disaster response
system. Germany and the Netherlands also exhibit
relatively fast response times (3 hours) and moderate
disaster impact scores (35 and 40), highlighting their
strong preparedness and mitigation strategies. The
USA, despite having robust resources, shows a slower

response time (4 hours) and a higher disaster impact
score (45) compared to other developed nations,
indicating room for improvement in certain emergency
scenarios. Bangladesh and the Philippines have the
slowest response times (8-9 hours) and highest disaster
impact scores (70-75), reflecting challenges in
infrastructure, resource mobilization, and institutional
capacity. These delays contribute to greater
environmental and economic damage during crises.
This visualization underscores the importance of rapid
response in reducing the overall impact of
environmental emergencies. Countries that invest in
early warning systems, efficient coordination, and
proactive disaster management strategies tend to
experience less severe environmental and economic
consequences compared to those with slower response
times and weaker institutional frameworks.
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Investment in Disaster Management vs Recovery Time
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3.-. chart. Investment in disaster management vs recovery time.

The scatter plot above illustrates the relationship
between investment in disaster management (in billion
USD) and recovery time (in months) for different
countries. The ideal scenario is high investment and
low recovery time, indicating efficient crisis
management and quick restoration after an
environmental emergency. Japan leads in investment
($50 billion) and has the shortest recovery time (6
months), demonstrating the effectiveness of its
proactive disaster management approach, strong
infrastructure, and rapid response mechanisms.
Germany and the Netherlands also show high
investment levels ($45 billion and $42 billion,
respectively) and relatively short recovery times (8-9
months), highlighting their emphasis on disaster
preparedness and resilience-building policies. The
USA, despite its significant investment ($40 billion),
has a longer recovery time (10 months) compared to
other developed nations, suggesting delays in post-
crisis rehabilitation due to bureaucratic challenges or
large-scale damages. Bangladesh and the Philippines,
with much lower investment ($15 billion and $12
billion, respectively), experience the longest recovery
periods (18-20 months), reflecting limited resources,
weaker infrastructure, and slower restoration processes.
These countries often face repeated environmental
crises, which further strain their ability to recover
efficiently. This visualization underscores the direct
correlation between investment in disaster management
and recovery speed. Countries that allocate substantial
resources to emergency preparedness, infrastructure
development, and crisis response mechanisms tend to
experience faster recovery and reduced long-term

impacts. Conversely, underfunded systems often
struggle with prolonged recovery, exacerbating
environmental,  economic, and  humanitarian

consequences.
Discussion

The comparative analysis of foreign and domestic
environmental emergency management practices
reveals significant differences in preparedness,
response efficiency, and mitigation strategies.
Developed countries such as Japan, Germany, and the
United States have established well-structured
frameworks that integrate advanced technology, clear
policy enforcement, and strong interagency
coordination. Their ability to respond rapidly to
environmental crises is largely attributed to proactive
investments in disaster preparedness, real-time
monitoring systems, and public awareness campaigns.
In contrast, developing nations often face systemic
challenges, including limited financial resources,
weaker governance structures, and infrastructural
deficiencies, which hinder their ability to respond
effectively to emergencies. While some progress has
been made in improving response mechanisms in these
regions, the gap between policy formulation and on-
the-ground implementation remains a persistent issue.

One of the key lessons learned from international
experiences is the importance of early warning systems
and rapid response coordination. Countries that have
invested in predictive technologies, such as Japan’s
earthquake warning system or the Netherlands’ flood
risk management, have significantly reduced the
human and economic costs of environmental disasters.
Additionally, successful case studies highlight the
necessity of public engagement and education, as seen
in the United States and Germany, where community-
based preparedness programs have proven effective in
minimizing disaster-related damage. Another crucial
takeaway is the role of cross-border collaboration in
crisis response. European nations, for instance, have
developed  coordinated  emergency  response
mechanisms that enable neighboring countries to assist
each other during large-scale environmental incidents,
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demonstrating the value of collective action in disaster
mitigation.

Despite the existence of successful international
models, challenges and limitations in implementation
remain evident. In many cases, political and economic
constraints prevent the full adoption of advanced
disaster management strategies, particularly in
developing countries where funding for emergency
preparedness is often deprioritized. Additionally,
bureaucratic inefficiencies and lack of coordination
between government agencies can lead to delayed
response times and mismanagement of resources.
Another major obstacle is the resistance to policy
change from industrial sectors, particularly when
environmental regulations impose stricter operational
standards that may increase costs. Furthermore, while
technology has significantly improved disaster
response capabilities, reliance on digital infrastructure
poses risks, as seen in cases where cyberattacks or

system  failures have disrupted  emergency
communication networks.
To  enhance  environmental emergency

management, several policy recommendations should
be considered. First, governments must prioritize
investment in disaster preparedness by allocating
sufficient funding for infrastructure development,
research, and technological advancements.
Strengthening interagency coordination through clearer
roles and responsibilities can improve response
efficiency, ensuring that emergency services operate
seamlessly during crises. Additionally, policymakers
should focus on integrating climate resilience measures
into urban planning and industrial regulations, reducing
vulnerabilities to environmental hazards. International
cooperation should also be expanded, with countries
sharing expertise, resources, and best practices to build
a more resilient global disaster response system.
Finally, public engagement should be emphasized, with
increased efforts in education, emergency drills, and
community participation, fostering a culture of
preparedness that empowers citizens to act effectively
in crisis situations.

By learning from successful international
experiences and addressing key challenges, countries
can develop more robust environmental emergency
management systems that minimize risks, reduce
recovery time, and ultimately protect both human lives
and natural ecosystems.

Conclusion

This study has examined the foreign experiences
in managing and mitigating emergency environmental
situations, highlighting key approaches, best practices,
technological advancements, and policy innovations.
The findings indicate that countries with proactive
disaster management frameworks, advanced early
warning systems, and strong policy enforcement are
significantly more effective in minimizing the impact
of environmental emergencies. Nations such as Japan,
Germany, and the Netherlands have demonstrated the
importance of investment in disaster preparedness,
interagency coordination, and public awareness
programs. In contrast, countries with limited resources

and weaker governance structures face considerable
challenges in response efficiency and post-crisis
recovery. The analysis also underscores the role of
international cooperation and knowledge-sharing, as
seen in European cross-border initiatives, which have
enhanced collective disaster response capabilities.

The study contributes to the field of environmental
emergency management by providing a comparative
analysis of different response strategies and their
effectiveness. It highlights the critical role of
technology—including real-time monitoring, artificial
intelligence, and satellite-based risk assessment—in
improving disaster preparedness and response.
Furthermore, it emphasizes the necessity of community
engagement in disaster mitigation, as public awareness
and education significantly enhance the resilience of
societies. By identifying both successful and
unsuccessful case studies, this research offers valuable
insights for policymakers, emergency planners, and
environmental agencies seeking to improve their crisis
management strategies.

While significant progress has been made in
environmental disaster management, there are still
areas that require further research and policy
development. Future studies should focus on
developing adaptive disaster management models that
can be tailored to different economic and geographical
contexts. Additionally, the impact of climate change on
the frequency and severity of environmental
emergencies requires deeper investigation, as rising
global temperatures are expected to increase the
occurrence of disasters such as floods, wildfires, and
hurricanes. Another critical area for future research is
the role of digital transformation in crisis response,
particularly in utilizing artificial intelligence and
blockchain technology for real-time decision-making
and resource allocation. Finally, comparative studies on
the effectiveness of public-private partnerships in
disaster management could provide further insights into
sustainable funding models and resource mobilization
strategies.

In conclusion, by learning from international best
practices and addressing the challenges identified,
countries can build more resilient, efficient, and
technologically advanced environmental emergency
management systems. Continued research, investment,
and policy improvements will be essential to enhancing
global preparedness and ensuring that future
environmental crises are managed with greater
efficiency, coordination, and sustainability.
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EDUCATIONAL MEDIA IN THE ERA OF SHORT-FORM CONTENT: CAN LEARNING KEEP UP
WITH TRENDS?
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Abstract. In today’s media landscape, short-form video content is considered the most relevant format. This
term refers to video materials ranging from a few seconds to a few minutes in length. TikTok, Instagram Reels,
and YouTube Shorts have emerged as leading platforms in digital marketing, largely due to the rapid pace at which
online audiences consume content. Given the decreasing attention span, videos that quickly capture viewers'
interest and are easy to process prove most effective. Short-form videos meet these criteria, as they offer concise
information delivery and enhance audience engagement.

Short videos have also become widespread in educational media, making content more accessible to a broad
audience and attracting more users. However, this raises a contradiction between educational media’s goal of in-
depth topic exploration and the time constraints of short-form videos, which limit the amount of information that
can be conveyed. Additionally, short-form content is often associated with the phenomenon of clip thinking—a
cognitive model in which information is perceived mainly through fragmented, visually saturated formats.

This article explores the characteristics of short-form video content, analyzing its advantages and
disadvantages. It examines how educational media adapt to new formats and discusses the concept of
microlearning, its role in today’s educational environment, and examples of its successful integration. The study
also highlights methodological principles that contribute to the effective implementation of microlearning in

educational content.

Keywords: educational content, short-form videos, clip thinking, video content, social media, microlearning

The Relevance of Short-Form Content

On average, people spend over six hours per day
interacting with digital platforms, including social
media, messaging apps, and video hosting services. In
an era of information overload, retaining audience
attention has become increasingly challenging.
According to marketing research, one of the key factors
for successful user engagement is the ability to capture
attention within the first few seconds of a video.

Short-form videos have become the most in-
demand digital content format in 2025, as they can hold
viewers’ attention for less than 60 seconds.

Surveys indicate that 49% of marketers consider
the optimal video length to be between 30 and 60
seconds, while 14% find videos under 30 seconds to be
the most effective format [1]. A majority of content
marketing experts (71%) recognize short videos as the
most popular type of digital content [2]. The primary
platforms for distributing such content include TikTok,
Instagram Reels, YouTube Shorts, and Snapchat.

Social media is undergoing a functional shift, with
users increasingly turning to these platforms not only
for communication and product searches but also for

educational purposes. Research shows that 40% of Gen
Z (born between 1997 and 2012) use TikTok as a search
engine instead of Google, while 70% of millennials
(born between 1981 and 1996) rely on YouTube to
learn new skills [3]. Additionally, short-form video
content significantly influences consumer behavior,
with 73% of users watching short videos before making
a purchase decision [1].

Psychological Aspects of Perception:
Thinking

The rise of digital society has contributed to the
development of the phenomenon known as clip
thinking. Clip thinking is a cognitive processing style
in which individuals perceive information through
short formats and vivid imagery, frequently switching
between different pieces of content due to a superficial
engagement with the material[4].

The term "clip thinking" gained popularity with
the rapid expansion of social media. Researchers began
studying this phenomenon in the late 20th century,
linking it to the works of sociologist Alvin Toffler. In
his book The Third Wave (1980), Toffler introduced
the concept of "clip culture," describing a new way of

Clip
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processing information. Significant changes in the
media landscape during the 1980s and 1990s
contributed to the formation of this phenomenon:
television transitioned from static images to dynamic
video sequences filled with advertisements and rapid
montage techniques.

At present, there is no definitive neurobiological
or psychological research confirming clip thinking as
an independent cognitive process or a distinct type of
thinking. However, the phenomenon has become
deeply embedded in cultural discourse and is widely
regarded as a potential consequence of mass media and
social media influence.

Clip thinking has both advantages and
disadvantages, making it a topic of ongoing debate [6].

Advantages of Clip Thinking:

e Reduces cognitive load by allowing the brain
to process and structure large amounts of information
through fragmentation.

e Enhances multitasking skills, which is crucial
in today’s digital environment.

e Improves reaction speed to external stimuli, an
important skill in the rapidly changing information
landscape.

Disadvantages of Clip Thinking:

e Reduced concentration: Clip thinking makes it
harder to maintain focus on complex topics for
extended periods.

e Fragmented knowledge acquisition:
Information is absorbed in smaller, disconnected
pieces, making deep analysis and critical thinking more
difficult.

e Challenges in learning complex concepts:
This is particularly relevant for students and pupils, as

traditional educational methods rely on long-form
reading, listening, and memorization.

e Vulnerability to manipulative tactics: Fast
content consumption lowers one’s ability to critically
evaluate information, making individuals more
susceptible to advertising and marketing strategies.

e Declining empathy levels: Excessive exposure
to short-form emotional content may weaken the ability
to empathize with others.

Key Features of Short-Form Video Content

Analyzing the advantages and drawbacks
associated with clip thinking allows us to identify
several key characteristics of short-form video content.

Advantages of Short-Form Video Content:

1. Accessibility and convenience: The average
duration of such videos ranges from 15 to 30 seconds,
enabling users to consume information quickly without
significant time investment. Short videos are optimized
for viewing on mobile devices, making them accessible
to a broad audience.

2. High engagement levels: More than 99% of
educators in the United States incorporate short-form
videos into their teaching process, with over 90%
reporting  increased  student  satisfaction and
engagement. Additionally, 85% of teachers note
improvements in academic performance after
integrating video content into their curricula [7].
Studies indicate that all participants watched a 6-
minute educational video to the end, whereas for a 9-
minute video, the completion rate dropped to 60%, and
for a 12-minute video, only 20% of viewers finished it

[8].

Impact of video 100% Completed

duration on 2222222222
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completionrate of

video

20% Completed
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3. Simplified learning process. An experimental
study compared the effects of traditional long video
lectures and a series of short educational videos. The
first group of students studied using 55-minute video
lectures, while the second group learned through a
series of videos averaging 8 minutes in length. As a

result, participants who studied with short videos
demonstrated 24.7% higher engagement levels and
scored 9% higher on the final exam [8].

4. Ease of content creation. Short videos are
generally low-cost to produce and do not require
complex technical equipment. A smartphone and a
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creative idea are enough to generate content, while
modern platforms like TikTok and Instagram Reels
provide free editing and publishing tools. This makes
short videos accessible not only to professional content
creators but also to a wide audience.

Disadvantages of Short-Form Video Content

1. Reduced attention span. Research confirms that
short-form video platforms like TikTok and YouTube
Shorts significantly impact users' attention and
concentration. The constant stream of 15-30 second
videos reduces the ability to focus for extended periods
more than other types of media content. Studies have
shown that users who regularly watch short videos
struggle to engage with longer content formats,
including books and full-length videos. Prolonged
consumption of short videos negatively affects
attention retention and short-term memory [9].

2. Development of addictive behavior. Studies
show that frequent exposure to short videos triggers
regular and intense  dopamine  releases—a
neurotransmitter linked to the brain’s reward system.
Features like infinite scrolling and algorithmic content
personalization contribute to habit formation. As users
become accustomed to this stimulation, they need more
frequent and prolonged interactions with the platform
to achieve the same level of pleasure. This can lead to
addiction patterns similar to those observed in
gambling or social media usage [10].

3. Superficial understanding of information. Time
constraints force content creators to simplify complex
topics, often resulting in the loss of critical nuances. As
a result, audiences may develop a shallow
understanding of a subject, leading to misconceptions
and misinterpretations. This issue is particularly
significant when discussing socially relevant,
scientific, or political topics that require in-depth
analysis. Adapting intricate subjects to a short video
format often leads to excessive oversimplification,
reducing critical engagement with the information
presented.

4. Decline in content quality. The pursuit of
virality and mass appeal can negatively impact content
quality. Creators tend to prioritize trending topics and
platform algorithms over in-depth analysis. As a result,
sensational and entertainment-focused videos dominate
educational and research-based content. The focus
shifts from delivering well-researched insights to
maximizing views, contributing to the spread of
shallow or even misleading information.

Adapting Educational Media to Modern
Trends

Teaching methods are constantly evolving. With
the rise of short-form video content, educational
platforms and media are actively exploring ways to
integrate it into learning strategies.

One of the key approaches is microlearning—an
educational strategy based on delivering information in
small, digestible portions. This method breaks down
learning materials into brief, standalone modules that
can be studied progressively.

While video is the most common microlearning
format, it is not the only one. Other microlearning tools

include educational apps, gamified learning, blogs,
podcasts, infographics, and more. Examples include
TED-Ed’s short educational videos and the language-
learning app Duolingo, where each exercise lasts no
more than five minutes [14].

Although microlearning has become a major trend
in recent years, its effectiveness was proven decades
ago. Studies confirm that breaking down educational
materials into smaller segments improves retention. For
example, an experiment by researchers at Dresden
University of Technology showed that participants who
answered questions after each chapter of a text
responded 28% faster than those who were only
questioned after reading eight chapters [14].

Thus, microlearning serves as an effective method
for adapting educational strategies to the realities of the
digital age and the needs of audiences with decreasing
attention spans.

Integrating Microlearning into Educational
Strategies

The introduction of short-form video content not
only enhances audience engagement but also facilitates
information retention. Below are some ways to
integrate microlearning into educational strategies.

- Blending Educational and Entertaining
Content

A key trend is shortening educational videos while
incorporating  entertainment  elements.  Major
educational YouTube channels with millions of
subscribers use the Shorts format as a tool to attract
viewers. Mogol TV applies this strategy by
complementing long educational videos with short
clips. This approach boosts audience engagement—
users who become interested in short videos are more
likely to stay on the channel and watch longer content.

- Collaborative Learning Environment

In the study Short Video Platform and Education,
University College London researcher Tongxi Zhang
examines the impact of short video platforms on
education. According to his findings, platforms like
TikTok create an interactive learning environment
where users can exchange ideas and discuss complex
topics in an accessible format. Zhang states: "Short
videos can be integrated with creative educational
materials and features that allow users to ask questions,
leave comments, and receive feedback, forming a new
learning ecosystem." [15]

- Breaking Down Learning Material into Micro-
Lessons

One effective way to implement microlearning is
by dividing educational material into small, logical
segments. This method is particularly useful for
explaining mathematical formulas, grammar rules, or
scientific concepts, as students can rewatch the videos
as many times as needed. It is especially beneficial for
exam preparation and homework assignments.

- User-Generated Educational Content

Another promising approach is encouraging
students to create educational content themselves.
Involving learners in content production makes
education more interactive and engaging. For example,
in the Philippines, educators asked students to create


https://ed.ted.com/daily_newsletter
https://ru.duolingo.com/
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TikTok videos on COVID-19 safety measures. The
submissions were evaluated based on the accuracy of
the information, creativity, and use of popular hashtags.

- Educational Content from Teachers

Some educators use TikTok and other platforms to
produce short educational videos. For example, an
American English teacher Claudine James created a
TikTok account @iamthatenglishteacher explaining
grammar, punctuation, and stylistic rules. The concise
and engaging format helped the account gain over 5
million followers worldwide.

Principles of  Effective
Microlearning

To effectively integrate microlearning into
educational content, several key principles should be
considered.

1. Brevity and Specificity. Microlearning content
should be short and clear, so the user can absorb the
information in just a few minutes. It’s important to
avoid overloading videos with excessive information.
Each video should focus on one key idea or action,
which helps make the material easier to process and
more effective.

2. Accuracy of Information. Despite the short
duration, the content of the video must be based on
verified facts and scientific sources. This is especially
important for educational content, where inaccurate
information can lead to misunderstanding or the spread
of myths. Scripts should be written based on reliable
and authoritative data, avoiding speculation and
conspiracy theories.

3. Use of Multimedia. To enhance the perception
of information, different forms of content, such as text,
images, audio, and video, can be combined. For
example, using infographics, voiceovers, and
animations allows complex concepts to be broken
down into accessible and easily understood parts.

4. Interactivity. It is important to encourage
viewers to engage with the content, for instance,
through comments, questions, or participation in online
challenges. This approach not only stimulates attention
but also helps better master the material by creating
active audience participation.

5. High Production Quality. Good lighting, clear
visuals, and intelligible sound are essential components
for successful perception of educational material.

6. Platform Adaptation. Each digital platform
(e.g., TikTok, YouTube Shorts, Instagram Reels) has
its own audience and content perception characteristics.
It’s important to adapt the format and style of the video
to meet the requirements of each platform, considering
algorithms and user preferences.

Conclusion

Short video content has a number of advantages
that contribute to the rapid and efficient consumption
of information. It increases audience engagement and
simplifies content creation. Along with its positive
aspects, this format also has limitations. Despite the
convenience and efficiency of short video content, its
impact on cognitive processes, the depth of information
perception, and behavioral aspects of media

Integration  of

consumption require thorough analysis and the search
for new approaches.

The trend of shortening video lengths has
contributed to the formation of a new phenomenon,
known as microlearning, which is actively used by
educational platforms. Microlearning is a method in
which information is provided to the user in small
portions, making it easier to process and promoting
better retention. While microlearning is not always
suitable for the in-depth and comprehensive study of
complex concepts, it has proven effective in
transmitting basic knowledge and maintaining
audience interest. This approach has become an
important tool for creating more accessible,
personalized, and engaging educational content.

When creating content in the form of short videos,
several principles must be taken into account for its
effective integration into educational media or training
programs. These principles include the accuracy of
information, the use of interactive features, and the
inclusion of multimedia elements. With a thoughtful
approach and adherence to high-quality standards,
short video content in education can become a powerful
tool to enhance the educational process and improve
access to knowledge.
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