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METHODOLOGY FOR SELECTING THE TRANSMISSION PATH STRUCTURE
IN FUSION POWER PLANTS

Background. In fusion facilities, the transmission of measurement signals from sensors takes place under
conditions of intense ionising radiation, high temperatures and significant electromagnetic interference, leading
to the degradation of sensors and transmission lines, increased signal loss and a reduction in the signal-to-noise
ratio. The transmission of weak signals over long distances is particularly critical, requiring a well-founded choice
of transmission path structure based on a systematic consideration of the characteristics of the sensors and
transmission lines, taking into account a range of influencing factors, including radiation exposure, temperature
conditions, electromagnetic interference, signal loss and changes in the signal-to-noise ratio.

Objective. The paper aims to justify an approach to selecting the transmission path structure for long data
transmission lines in thermonuclear facilities based on a systematic and multi-criteria analysis of sensor and
transmission channel characteristics.

Methods. A systematic analysis of modern sensor solutions and transmission line types was employed,
alongside a multi-criteria approach taking into account radiation immunity, temperature stability, noise immu-
nity, signal-to-noise ratio and long-term parameter stability. The transmission path is considered as a set of in-
terrelated elements: the sensor, local converter, transmission line and data acquisition module, which determine
the efficiency of signal transmission. To compare alternatives, the characteristics were normalised and visualised
using polar diagrams.

Results. It has been established that inductive sensors are characterised by high radiation resistance but
are limited in measuring static fields, whereas Hall sensors provide direct measurement of static and alternating
magnetic fields, yet are subject to radiation-induced drift. It has been shown that bismuth and ceramic Hall
sensors exhibit enhanced long-term stability. It has been determined that coaxial cables are susceptible to ra-
diation ageing and signal loss, whereas fibre-optic and mineral-insulated lines provide better noise immunity
and parameter stability. The feasibility of local signal digitisation and the use of optical transmission channels
is justified. Based on the analysis carried out, the structure of the transmission path has been established, whilst
the merits of local signal digitisation and the use of fibre-optic transmission channels to improve reliability and
noise immunity have been demonstrated.

Conclusions. An approach to selecting the structure of the transmission path is proposed, based on a
comprehensive consideration of the characteristics of sensors and transmission lines. It is shown that the most
effective solutions for constructing the transmission path are those involving a combination of radiation-resistant
sensors, local signal processing and digitisation directly at the sensor, and the use of fibre-optic transmission
channels. This approach ensures improved measurement accuracy and data transmission reliability in the long
transmission lines of thermonuclear facilities under conditions of ionising radiation, high temperatures and elec-
tromagnetic interference.

Keywords: transmission path; long-distance data transmission lines; information transmission channels;
noise immunity; signal-to-noise ratio; electromagnetic interference; fibre-optic communication channels; digi-
tal signal processing; telecommunications systems; radiation immunity.
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Introduction

Modern tokamak installations are characterised
by a complex interplay of ionising radiation, high
temperatures, and Electromagnetic Interference
(EMI), significantly complicating the transmission
of weak signals over long communication lines.
In scenarios with considerable transmission path
lengths (tens to hundreds of meters), signal losses,
distortions, and degradation of the Signal-to-Noise
Ratio (SNR) occur, limiting measurement accuracy
and reliability. Under these conditions, the justified
selection of a transmission tract structure becomes
crucial, considering the combined influence of fac-
tors such as radiation degradation of components,
temperature instability of parameters, EMI impact,
signal losses in transmission lines, and SNR varia-
tions.

Analysis of current research reveals that sig-
nal transmission efficiency is determined by sensor
and transmission channel characteristics, as well as
their interaction under radiation and electromagne-
tic influences. Inductive and Hall-effect sensors are
widely used in magnetic diagnostics but experience
parametric drift and sensitivity limitations due to ir-
radiation. Long cable transmission lines are highly
susceptible to degradation caused by radiation-in-
duced material ageing, temperature variations, and
EMI, leading to increased signal losses. Optical fibre
channels offer high noise immunity but also have
limitations associated with radiation attenuation.

Despite the availability of individual technical
solutions, a comprehensive approach to selecting
a transmission tract structure based on systematic
consideration of radiation resistance, temperature
stability, noise immunity, and signal characteristics
is lacking. The formal comparison of alternative
solutions and ensuring stable transmission of weak
signals over long lines under complex destabilising
factors remain underexplored.

Therefore, this work addresses the challenge
of justifying an approach to selecting a transmission
tract structure based on multi-criteria analysis of
sensor and channel characteristics to enhance mea-
surement reliability in tokamak
installations.

Problem Statement

Given the complex ope-
rating conditions of tokamak
installations characterised by
intense ionising radiation, high
temperatures, and significant

EMI, there is a need to ensure reliable transmission
of weak measurement signals over long distances.

Analysis of current research indicates that exis-
ting technical solutions are typically focused on in-
dividual elements of the transmission tract (sensors
or transmission lines) and do not provide for their
comprehensive coordinated consideration in terms
of radiation resistance, temperature stability, noise
immunity, and impact on the SNR.

Therefore, the objective of this work is to de-
velop a methodology for selecting the structure of a
transmission tract for long data transmission lines
in tokamak installations based on a systematic and
multi-criteria analysis of sensor and channel cha-
racteristics.

Analysis of Modern Approaches to Long Data
Transmission Lines

The effectiveness of signal transmission over
long lines under intense neutron and y-radiation,
high temperatures, and strong EMI depends on a
combination of various physical, design, and tech-
nological factors. A key feature of such systems is
the use of long signal transmission lines connecting
primary sensors located near the plasma chamber
to remote data acquisition and processing systems
located outside the radiation zone [1, 2, 3].

Effective transmission of weak signals requires
ensuring a high SNR and minimising distortions [4,
5, 6]. The transmission tract includes: sensor — lo-
cal transducer — transmission line — Data Acqui-
sition Module (DAM) [7, 8, 9, 10, 11, 12]. A gene-
ralised structure of the transmission tract used in
tokamak installations is shown in Fig. 1. The sensor
node provides direct measurement of plasma phy-
sical parameters; the integrated transducer performs
local processing and digitisation of the signal (noise
filtering, calibration, preparation for further trans-
mission); the long line and final DAM transmit data
to central data acquisition and processing systems.
Critical factors include the small amplitude of sig-
nals and their high sensitivity to noise and radiation
[9, 10, 13, 14, 15]. This has necessitated the deve-

Data Acquisition
Module

Transmission Line

Local Converter

Signal Digitization

]

Fig. 1. Structure of a Transmission Tract for Tokamak Installations
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lopment of specialised approaches that ensure not
only the stability of electrical parameters of lines but
also their radiation resistance, mechanical strength,
and electromagnetic compatibility [9, 10, 16, 17].

The primary challenges facing sensors opera-
ting under intense ionising radiation, high tempera-
tures, and EMI include radiation-induced parame-
ter drift, reduced sensitivity, and the need for error
compensation [7, 8,9, 10, 11, 12, 18, 19]. Require-
ments for magnetic diagnostic systems in tokamak
installations necessitate radiation resistance, high
measurement accuracy, and stable operation during
long plasma pulses [3, 20, 21]. Improved efficien-
cy of transmission tracts is achieved by integrating
a portion of the signal conversion directly within
the sensor zone, which minimises the impact of in-
duced voltages and parametric drifts in long trans-
mission lines [7, 22].

The choice of sensor type is a defining factor in
transmission tract design as it dictates the require-
ments for the transmission channel structure and
signal processing methods [7, 8]. Table 1 presents
relevant types of magnetic sensors and their key
characteristics.

To generalise the results and justify the se-
lection of sensors and transmission channels, a

multi-criteria approach is appropriate. Based on an
analysis of sensor characteristics (Table 1), a system
of evaluation criteria has been developed, including
radiation resistance, temperature stability, noise im-
munity, and suitability for use in long transmission
lines [3, 12, 18].

Analysis shows that inductive coils exhibit high
radiation resistance but are limited in measuring
DC magnetic fields and prone to distortion during
long-distance signal transmission [4, 18]. Hall sen-
sors allow direct measurement of both DC and AC
magnetic fields created by DC and AC currents, but
experience parametric drift under radiation exposure
[12]. Meanwhile, bismuth Hall sensors demonstrate
enhanced long-term stability and are more suitable
for stationary operating modes [23, 24, 25].

Thus, the analysis results confirm the advisabi-
lity of using combined sensor solutions considering
operating conditions and requirements for the trans-
mission tract [3, 18, 22, 26].

Experimental studies of neutron effects have
demonstrated that:

« Inductive coils do not structurally degrade
but accumulate integration drift [3, 9].

e Hall sensors remain functional but experi-
ence radiation-induced parameter drift [8, 11, 12].

Table 1. Types of Magnetic Sensors and Their Key Characteristics

.- . Benefits for
Sensor type Stability Range Key issues Jong lines Source
Inductive - variable fields integration drift simplicity, radiation | [3, 9, 20,
coils resistance 21]
Hall sensors medium to high ~150—220 °C drift, variable direct measurement | [11, 12, 8]
(InSb/GaAs) | (~107—10" n/cm?) sensitivity of direct current
Hall sensors very high direct and radiation defects, direct measurement | [8, 11,18,
(Bi) (~10%—=10" n/cm?) | alternating current | control of tempera- of direct current 19]
up to 200 °C ture dependencies
Ceramic Hall | very high, stable up ~up to 550 °C manufacture and direct measurement [4, 8]
Sensors to ~550 °C calibration of direct current
Fluxgate average depends on the limited linearity - [3, 9]
Sensors design
Optical sen- high depends on the radiation-induced — [23, 24]
sors (up to radiation-in- glass attenuation
duced attenuation)
High-fre- - high frequencies noise, interference local processing [22]
quency
Sensors
Integrated - direct current complexity minimisation of [7]
FIMDs (DC) — linear distortion
alternating current
(AC)




30

KPI Science News

ISSN 2617-5509 (print), ISSN 2663-7472 (online)

2026 /2

- Bismuth Hall sensors demonstrate better
long-term stability, making them promising for In-
ternational Thermonuclear Experimental Reactor
(ITER) [8, 18].

Radiation hardness and temperature stability of
sensors determine their suitability for use in long
transmission lines [9, 12]. Hall sensors enable mea-
surements of both DC and AC magnetic fields over
a wide range of conditions but suffer from para-
metric drift under irradiation [11, 12]. Ceramic and
bismuth Hall sensors exhibit enhanced stability, ex-
panding their applicability in environments with in-
tense radiation exposure [23, 24, 25].

Fluxgate sensors are used as auxiliary tools for
refining local magnetic profiles [9], while optical sen-
sors and fibre optic lines provide high noise immunity
and minimal signal loss over long distances [23, 27].

Generalising the results of experiments shows
the effectiveness of combined sensor systems for en-
suring stability and accuracy in long-distance data
transmission [7, 8, 17, 22].

Long transmission lines are the most vulnera-
ble part of the transmission tract as they experience
a complex interplay of radiation, temperature, and
electromagnetic factors [1, 2, 23, 27]. Research
shows that coaxial cables degrade due to dielectric
damage, while fibre optic lines are susceptible to ra-
diation-induced attenuation [6, 28, 29, 30].

Signal transmission over tens of meters from
sensors to Data Acquisition Systems (DAS) is ac-
companied by increased losses, induced noise, and

changes in line electrical parameters, which com-
plicates ensuring stability and accuracy of measure-
ments [2, 23].

Therefore, the main limiting factors for long
transmission lines are radiation degradation of ma-
terials, EMI, and parametric changes in cables. This
necessitates the application of specialised technical
solutions to improve noise immunity and data trans-
mission reliability.

Long cable transmission lines exhibit increased
sensitivity to interference, leading to signal quality
degradation during long-distance transmission. This
is particularly evident in high-frequency channels
where cable parameters and shielding effectiveness
significantly influence transmission accuracy [22].
Additionally, temperature and mechanical influen-
ces cause changes in line electrical characteristics,
which, combined with radiation effects, complicate
signal stability assurance.

Radiation-induced ageing of cable materials
leads to increased signal loss, changes in characte-
ristic impedance, and degraded insulation properties
[4, 23, 24, 26, 27]. Consequently, traditional elec-
trical transmission lines are inferior to fibre optic
systems, which offer higher noise immunity, lower
losses, and provide galvanic isolation between trans-
mission channels [27, 28].

A review of current solutions indicates that to-
kamak facilities for data transmission employ coaxial,
mineral-insulated, fibre optic, and hybrid metal-optic
transmission lines [6, 31, 32, 33] (Table 2).

Table 2. Types of transmission lines and their main characteristics

Line type Rad1at10n Temperature Advantages Restrictions chpe .Of
resistance range application
Copper coaxial ~10* Gr up to 7250 °C | affordable, easy low radiation secondary control
cables (standard to connect, stable | resistance, signal circuits
polymer impedance loss,
insulation) [6] radiation ageing of
insulation, noise
induction
Mineral-insulated ~107 Gr up to ~900 °C high resistance high rigidity, current sensors,
cables (MgO, to radiation and | difficult to install magnetic
AlLO,) [31] heat diagnostics
Fibre-optic lines ~10° Gr up to ~300 °C high SNR, radiation transfer of ITER
(Si0,) [32] immunity opacification of diagnostic data
to EMI glass at doses
>10° Gr
Hybrid ~10°—107 Gr ~300—500 °C | the ideal balance, greater system recording of
metal-fibre lines combining complexity, high transient
(fibre + copper) reliability and cost, complex processes in
[33] speed, with the temperature plasma
option of compensation
redundancy
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Methodology for Selecting the Structure of a
Transmission Tract

Considering the analysis of sensor and trans-
mission line characteristics (Table 1), it is advisable
to develop a methodology for selecting the struc-
ture of a transmission tract based on multi-criteria
evaluation. This approach allows us to move from
a descriptive analysis to a formalised comparison of
alternative solutions, taking into account the opera-
ting conditions in tokamak installations.

To tackle this task and execute the suggested
methodology, the subsequent essential steps are ad-
vised:

— define a system of criteria for evaluating
sensor and transmission line characteristics that in-
fluence signal transmission efficiency;

— formulate the structure of the transmission
tract as a set of interconnected elements: sensor, lo-
cal converter, transmission line, DAM;

— identify the main factors influencing signal
parameters under operating conditions: ionising ra-
diation, temperature, EMI,;

— analyse the mutual influence of transmission
tract elements and environmental factors on signal
characteristics;

— conduct multi-criteria evaluation of alterna-
tive options for building a transmission tract;

— develop comprehensive visualisation of eva-
luation results (including the use of polar diagrams)
to compare alternatives;

— select a rational structure for the transmis-
sion tract, considering operating conditions and re-
quirements for signal transmission reliability.

The following criteria should be used as the
main evaluation criteria:

— radiation resistance of tract elements;

— temperature stability;

— SNR;

— sensitivity to EMI;

— stability of parameters during long-term
operation;

— suitability for use in long transmission lines.

Based on these criteria, a generalised eva-
luation system is formed, which allows comparing
different types of sensors (inductive, Hall, Bismuth
Hall, optical) and transmission lines (coaxial, mine-
ral-insulated, fibre optic, hybrid).

To visually represent the results of multi-crite-
ria analysis, it is advisable to use polar diagrams [34],
which allow simultaneously visualising and compa-
ring several parameters. This approach provides the
possibility of visual comparison of alternatives and
determining the most effective configurations of the

transmission tract depending on the level of radia-
tion load, temperature conditions, and accuracy
measurement requirements.

The application of the proposed methodology
shows that for conditions of intense radiation expo-
sure and significant transmission line lengths, the
most appropriate solution is to use combined solu-
tions, which involve:

— local conversion and digitisation of the sig-
nal directly near the sensor;

— using fibre optic channels for transmitting
digital data;

— applying radiation-resistant sensors (in par-
ticular, Bismuth Hall sensors or integrated modules);

— redundancy of transmission channels to im-
prove reliability.

Thus, the proposed methodology allows us to
rationally form the structure of a transmission tract
that ensures minimisation of information loss and
increased measurement accuracy in the complex
operating conditions of tokamak installations.

This section proposes a multi-criteria approach
to sensor selection using polar diagrams for com-
parison. To facilitate comparison, parameters were
normalised on an ordinal scale of 1—4 based on the
comparison of real values (Table 1). The results are
visualised in Fig. 2.

—— Hall Sensors
Temperature

Stability

Signal-to-Noise Ratio Bismuth Hall Sensors
~ Inductive Sensors

—— Optical Sensors

Resistance to
Electromagnetic
Interference

Radiation
Stability

Long-Term

Suitability for Stability

Long-Distance Operation
Fig. 2. Polar diagram comparing sensor types based on key criteria

The constructed polar diagram allows us to
move from a qualitative description of sensor charac-
teristics to their formalised comparison based on a
set of criteria that define their effectiveness in long
data transmission lines.

Optical sensors excel in interference immuni-
ty, SNR, and long-distance transmission efficiency.
Bismuth Hall sensors demonstrate superior radiation
hardness and long-term stability. In contrast, induc-
tive and classic Hall sensors form a limited appli-
cation area due to their lower values of integrated
characteristics for long transmission tracts.
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Thus, the results of the system analysis confirm
that the optimal structure of a transmission tract
should be based on a combination of different sen-
sor types, considering dominant influencing factors.
This approach minimises information loss and en-
hances measurement accuracy.

Research in [6, 31, 32, 33] examines the be-
haviour of various transmission lines under tokamak
conditions. Tracts using coaxial cables for transmit-
ting analog signals from sensors (inductive coils, Hall
sensors) typically employ copper or shielded lines
with subsequent digitisation in the DAS zone. While
these cables are easily shielded, their parameters de-
teriorate significantly under radiation and tempera-
ture exposure, leading to signal loss, noise, and phase
distortions, especially over long distances [1, 14, 22].

To reduce interference effects, signal digiti-
sation directly at the sensor with subsequent data
transmission via fibre optic cable is implemented
[23, 27]. This approach ensures high interference
immunity and minimises the impact of radiation ef-
fects on the analog part of the tract. Studies show
that fibre optic lines exhibit significantly lower sensi-
tivity to EMI and radiation-induced losses, ensuring
reliable data transmission over long distances even at
high speeds [23].

Mineral-insulated cables are also used in areas
with high fluences due to their enhanced thermal
and radiation resistance compared to polymeric
counterparts, which is critical for long transmission
lines [31].

As seen in Table 2, fibre optic and mineral-in-
sulated cables are the most promising for operation
in environments with intense ionising radiation.
They provide parameter stability under prolonged ir-
radiation and require less frequent maintenance [16].

Table 3 presents a comparison of the main
techniques used to improve the reliability of signal

transmission channels in environments with radia-
tion activity [1, 4, 10, 23, 24, 27].

One approach to improving the reliability of
communication channels is using redundant trans-
mission lines (Table 3), which ensure system conti-
nuity in case of degradation of the primary channel
[30, 35].

The ITER project has implemented a radia-
tion-resistant optical diagnostics concept utilising
Bragg gratings (FBG sensors) for temperature and
strain measurements without signal degradation at
doses exceeding 1 MGy [36, 37]. Additionally, ac-
tive thermostabilisation systems are employed to
compensate for temperature changes in cable tracts,
reducing measurement error to 0.1% over lengths
exceeding 100 m [6].

Therefore, combining radiation-resistant ma-
terials, optical technologies, digital compensation,
and channel redundancy ensures reliable data trans-
mission in fusion installations even under intense
ionising and neutron radiation.

Conclusions

The analysis of current research highlights
that ensuring the reliable operation of long data
transmission lines in fusion reactors is a complex
multi-factor challenge influenced by simultaneous
radiation, thermal, and electromagnetic factors.
Existing approaches to building transmission tracts
rely on different sensor types (inductive, Hall, op-
tical) and transmission lines (coaxial, mineral-insu-
lated, fibre optic), each with its limitations. Tradi-
tional coaxial cables suffer significant degradation
due to radiation ageing of materials and tempera-
ture influences, leading to increased signal loss and
worsened SNR. Conversely, fibre optic and mine-
ral-insulated lines exhibit significantly higher re-

Table 3. Methods for enhancing signal transmission reliability in radiation environments [30, 35]

Approach

The essence of the method

The result of using

Radiation-resistant materials use MgO, ALO

273

Si0,

improving the stability of parameters
up to the doses 107 Gr

Optical data transmission

the use of low-attenuation optical fibre

no EMI, high transmission speed

Active dubbing
switching

parallel backup lines with automatic

reducing the risk of data loss

Digital distortion compensation

characteristics

algorithmic equalisation of
amplitude-frequency and phase-frequency

real-time signal reconstruction

Temperature stabilisation

cable

monitoring of thermal changes in the

improved measurement accuracy
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silience to extreme conditions and provide more
stable signal transmission parameters over long dis-
tances.

The paper proposes a methodology for selec-
ting the structure of a transmission tract based on
multi-criteria evaluation, considering radiation re-
sistance, temperature stability, interference immu-
nity, SNR, and long-term stability of characteris-
tics. A key feature of the proposed methodology is
the combination of system analysis of sensors and
transmission channels with their formalised com-
parison, allowing for a reasoned determination of
the feasibility of using different transmission tract
configurations depending on operating conditions.
The results demonstrate that combined solutions
are most effective, involving the use of radiation-re-
sistant sensors (specifically Hall and Bismuth Hall
sensors), local signal conversion and digitisation
near the sensor, and data transmission via fibre op-
tic channels. The advantages of this approach in-
clude reduced interference effects, minimised para-
metric drifts, increased measurement accuracy, and
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METOONKA BUBOPY CTPYKTYPW MEPEOABATIBHOIO TPAKTY ANA TEPMOAAEPHNX YCTAHOBOK

Mpobnematuka. Y TepMosifEpPHMX YCTaHOBKax nepeaaBaHHs! BUMIpIOBANbHUX CUrHamiB Bif CEHCOPIB 3A4INCHIOETLCS B yMOBax
IHTEHCMBHOTO iOHi3yBanbHOro BUNPOMIHIOBAHHSI, BUCOKUX TEMMEepaTyp i 3Ha4YHUX eNneKkTpoMarHiTHUX 3aBaj, Lo NpU3BOAUTL A0 Aerpagauii
CeHcopiB i NiHi nepefavi, 3poCTaHHst BTPAT CUrHany i 3HWKEHHS BigHOLWEHHsI curHan/wym. OcobnmBo KPUTUYHUM € NepefaBaHHst
crnabkux curHanis Ha BenuKi BiAcTaHi, Lo noTpebye obrpyHTOBaHOro BUGOPY CTPYKTYpW NepefaBaribHOrO TPakTy Ha OCHOBI CUCTEMHOTO
BpaxyBaHHS XapakTepUCTUK CEHCOPIB i NiHin nepeaadi, 3 ypaxyBaHHAM KOMMMEKCY BNAMBOBUX (haKkTopiB, 30KpeMa pagiaLiiHoro Bnnuey,
TemnepaTypHUX pexunmis, enekTpoMarHiTHUX 3aBag, BTPAT cUrHany i 3MiH BigHOLLEHHSI CUrHan/LWyMm.

MeTta pgocnigxeHHsi. MeToto po6oTu € 0brpyHTYBaHHS pOpMyBaHHS METOAMKM BUBOPY CTPYKTYpW NepedaBarnibHOro TpakTy Ansi
OOBrux NiHii nepefavi gaHux y TEPMOSiAEPHUX YCTaHOBKAxX Ha OCHOBI CUCTEMHOro Ta BaraTokpuTepianbHOro aHamnisy xapakTepucTuk
CeHCOpIB | kaHaniB nepegadyi 3 ypaxyBaHHAM yMOB iX ekcrnnyaTauii.

MeToguka peani3auii. BMkopuctaHo CUCTEMHWMI aHami3 Cy4acHMX CEHCOPHMX pilleHb i TUMIB MiHIM nepegadi, a Takox
GaraTokpuTepianbHWI Nigxig 3 ypaxyBaHHAM pagialiiHoT CTiKOCTi, TemnepaTtypHoi cTabinbHOCTI, 3aBafoCTINKOCTI, BiQHOLLEHHS cUrHan/
wyM i goBroTpmuBanoi crtabinbHocTi napameTpiB. [epegaBanbHUA TPaKT MPU LbOMY PO3rNSAAETbCA SK CYKYMHICTb B3aEMOMOB’A3aHUX
ereMeHTIB: CeHcopa, NokanbHOro nepeTeoproBaya, NiHii nepegadi Ta Mmogyns 36opy AaHuXx, WO BU3HaYa0Tb eDEKTUBHICTb NepefaBaHHst
curHany. [1na nopiBHAHHA anbTepHaTMB 3aCTOCOBAHO HOPMYBaHHS XapaKTepuCTUK i iX BidyanisaLito 3a JOMOMOrow NONSAPHUX diarpam.

Pe3ynbTatn gocnigxeHHsA. BctaHoBneHo, WO iHAYKTUBHI CEHCOPU XapaKTepu3ylTbCs BUCOKOK padiauiiHol CTiMKicTio, ane
obMexeHi y BUMIpOBaHHI NOCTiIHMX MoniB, Todi sik Xonn-ceHcopu 3abe3neyytoTb NpsiMe BUMIPHOBAHHS MOCTIMHUX i 3MIHHUX MarHiTHUX
nonis, MpoTe 3a3HaloTb pagiauiHo-iHgykoBaHoro gpendy. [MokasaHo, WO BiCMYT i KepamidHi Xonm-CeHCOpW MaioTb MigBULLEHY
[OBroTpusany cTabinbHicTb. BuaHaueHo, Wwo koakcianbHi kabeni cxunbHi 4o pagiauiiHoro CTapiHHs i BTpaT curHany, ToAi ik ONTOBOJIOKOHH
Ta MiHeparnbHO i30nboBaHi NiHii 3abe3nevytoTb Kpallly 3aBafoCTilKiCTb | cTabinbHicTe napameTpiB. OBr'pyHTOBAHO AOLNbHICTb NOKaNbHOMO
oumnpyBaHHS CUrHaniB i BUKOPUCTaHHA ONTUYHKX KaHaniB nepegadi. Ha ocHoBI npoBeAeHOro aHanisy cpopmMoBaHO MoAenb CTPYKTypu
nepefaBarnbHOr0 TPakTy, Npu LibOMy 0BI'pyHTOBAHO AOLIMbHICTE NOKaNbHOIO OUMMPYBaHHS CUrHaMIB i BUKOPUCTAHHS ONTOBOIIOKOHHUX
KaHanie nepegadvi Ans NiABULWEHHSA AOCTOBIPHOCTI Ta 3aBaAO0CTINKOCTI.

BucHoBkuU. 3anponoHoBaHO MeTOAWKY BUOOPY CTPYKTYpY NepeaaBasibHOro TPakTy, sikuii 6asyeTbCsa Ha KOMMNIIEKCHOMY BpaxyBaHHi
XapaKTepUCTMK CEHCOPIB i NiHili nepeaadvi. MNokasaHo, Wo Hanbinbw edekTUBHNUMMN € KOMBIHOBaHI pilleHHs1 NobyaoBM nepefaBaribHOro
TpakTy, siki nepeabavatoTe NOeAHAHHS pafialiiHO CTiMKUX CeHCcopiB, NokanbHOT 06pobku Ta oumdpyBaHHs curHanis 6e3nocepeHLo bins
CeHcopa | BUKOPUCTaHHSI ONTOBOMOKOHHUX kKaHaniB nepeaadi. Takuii Bubip cTpykTypu 3abe3nevye niaBuULLEHHS JOCTOBIPHOCTI BUMipOBaHb
i HagiHOCTI Nnepegavi AaHUX y AOBIMX NiHiAX Nepegadi TepMosgepHUX YCTaHOBOK B YMOBaX Aii iOHi3yBanbHOr0 BUNPOMIHIOBAHHS, BUCOKMX
TemnepaTyp Ta enekTpoMarHiTHUX 3aBag.

Knto4yoBi cnoBa: nepegaBanbHuUii TpakT; AOBI NiHil nepedadi AaHux; kaHanu nepegadi iHcopMaldlii; 3aBagoCTiNKiCTb; BiQHOLLIEHHS
curHan/lwym; enekTpoMarHiTHi 3aBafu; OMNTOBOMOKOHHI KaHanu 3B’si3ky; umdpoBa obpobka curHanis; TernekoMyHikauiiHi cuctemu;
pagiauinHa CTinKiCTb.
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