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The specificity of applying the technology for ensuring magnetic
purity of small spacecraft, which have cylindrical electromagnets
with a magnetic moment of 10-50 A m? in the orbit orientation con-
trol system, has been considered. It is shown that the electromagnets
of the orientation control system are the most powerful source of
magnetic hindrance with a magnetic flux density of up to 1T for
the magnetically sensitive equipment of the spacecraft. The need for
modeling the magnetic field of the electromagnet at the preliminary
stage of spacecraft development for the rational choice of its layout
has been substantiated. In order to improve the technology for en-
suring magnetic purity, which is aimed at increasing the reliability of
spacecraft operation, a search for the best model of the magnetic field
of such electromagnets was carried out.

A comparative analysis of approximate analytical models of the
near magnetic field of a cylindrical electromagnet, which are based
on its magnetic moment and overall dimensions, was carried out.
It is established that the model based on two shifted dipole moments
and the multipole model have unacceptably large deviations in the
results of calculating the near magnetic field near the body of a cy-
lindrical electromagnet. The advantages in the form of an expanded
application area and a reduced deviation of the near magnetic field
representation to 5 % when using the model based on cylindrical har-
monics of the electromagnet have been theoretically substantiated.
Formulas for engineering calculation of the magnetic field induced
by a cylindrical electromagnet inside the spacecraft using its im-
proved analytical model have been derived. It is proposed to use the
model based on cylindrical harmonics for preliminary calculation
of the magnetic hindrance generated by the electromagnets of the
orientation control system to the magnetically sensitive equipment
of the spacecraft.

Keywords: magnetic field, analytical model, cylindrical electro-
magnet, magnetic purity, spacecraft.
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The object of the study is the process of radio signal delay and
direction estimation using digital spectral-correlation analysis en-
hanced by machine learning. This process is essential for high-accu-
racy direction finding in electromagnetic monitoring systems. The
problem addressed is the low adaptability and insufficient accuracy

of traditional direction finding methods under variable signal condi-
tions, especially due to manual parameter selection and the computa-
tional complexity of correlation processing.

The essence of the obtained results is a machine learning-based
method for predicting radio signal parameters (delay and angle),
which reduced the standard deviation of direction finding estimates
to 0.08-0.026° and delay estimation error to 1.5-14.8 ps across a sig-
nal-to-noise ratio range of 9 to 37 dB. These results are supported
by averaging over 1000 realizations using Monte Carlo simulation,
confirming their stability under noise. Due to its distinctive features,
the proposed solution addressed the problem by enabling automated
selection of processing parameters through a trained neural network
that adapts to nonlinear signal characteristics, minimizing the need
for manual adjustment or exhaustive search.

These results are explained by the model’s ability to identify
hidden dependencies between signal parameters and processing
outcomes, enabling adaptive behavior and reduced deviations. Al-
though no computational complexity assessment is provided, predic-
tion-based parameter estimation is expected to improve processing
speed in future implementations. The results can be applied in real-
time electromagnetic monitoring, radio surveillance, and defense
applications, especially under limited computing resources or varying
noise conditions.

Keywords: spectral-correlation analysis, radio signal monitor-
ing, signal parameter prediction, direction finding accuracy.
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The object of this study is the process of monitoring the technical
condition of an aircraft gas turbine engine (GTE). One of the most
dangerous causes of accidents is damage caused by foreign objects,
in particular small metal particles, hailstones, bolts, fuselage frag-
ments, etc., entering the engine turbine during flight or during takeoff
and landing.

The task addressed was to improve the methods of gas turbine
engine vibroacoustic diagnostics, which would increase its sensitivity
to small changes in diagnostic signals caused by the ingress of small
foreign objects into the engine turbine. To solve this problem, it has
been proposed to use multi-level processing of vibration signals ob-
tained as a result of physical modeling of the rotating system (RS) and
simulation of the ingress of small foreign objects.

Multi-level processing combines the use of time-frequency,
bispectral, and fractal analysis methods to determine the quantitative
integrated diagnostic indicator — Minkowski dimensionality. The
following average values of Minkowski dimensionality were obtained
for the estimates of the bispectral modulus: without external influ-
ence — 1.075; ingress of small foreign objects — 1.01; friction of the
blades against a foreign object as a result of its ingress into the RS
turbine - 1.21.

It has been established that an increase in the Minkowski dimen-
sionality indicates the development of an operational disturbance
caused by the ingress of foreign objects, even very small ones.

This paper reports experimental confirmation of the effectiveness
of using multi-level processing of vibration signals for diagnosing
operational disturbances due to the ingress of foreign objects into RS.

It has been established that multi-level processing makes it possi-
ble to detect hidden trends in a noisy signal that are difficult to detect
using conventional processing methods.

Keywords: gas turbine engine, foreign object ingestion, signal
processing, fractal analysis.
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BIOCKOHAJIEHHS AHAJIITUYHOI MOJEJI BJMYXHBOT'O MATHITHOT'O ITOJIAA EJIEKTPOMATHITIB CUCTEMU
KEPYBAHHA OPIEHTAIIEI0 KOCMIYHOI'O AIIAPATY (c. 6-14)

A. B. TerbmaHs, O. B. KoucTaHTiHOB

PO3IJISIHYTO 0COGJIMBICTE 3aCTOCYBAHHSI TEXHOJIOTIT 3a6e3MeYeHHs] MarHiTHOI YMCTOTH MaJIMX KOCMIYHHUX amapaTiB, sIki MaloTh y CHUCTe-
Mi KepyBaHHsI Opi€HTAIli€l0 HA OPOITI HUIHAPUYHI €JIEKTPOMATHITU 3 MATHITHMM MOMeHTOM 10-50 A-m? TIoKa3aHo, 1[0 eJeKTPOMArHiTH
CHCTeMU KepyBaHHsI Opi€HTAIli€l0 SIBJISIOTHCS HAMMOTY)XXHIIINM JpKepesoM MarHiTHol 3aBasu 3 iHpykiieo o 1 Tur 711 MarHiTodyT/IMBOrO
o6J1a/IHaHHA KOCMiuHOro amapary. O6rpyHTOBaHa HEOOXi[HICTh MOJe/IFOBAHHS MAarHiTHOTO ITOJIS €JIeKTPOMArHiTy Ha IONepeHbOMY eTarti
PO3pO6KM KOCMIYHOrO arapary JJIsl palioHaJIbHOTO BUGOPY HOro KOMIIOHOBKU. 3 METOIO BJJOCKOHAJIEHHS TEXHOJIOTIT 3a0e3I1eYeHHsI MarHiT-
HOI YHCTOTH, sIKa CIIPSIMOBAaHA Ha MiIBUILEHHS HaJiIfHOCT] eKCIuTyaTaril KOCMiYHUX amapaTiB, IPOBeIeHO MOIIYK Kpaliol MoJiesli MarHiTHOTO
110JIs1 TAKUX €JIeKTPOMArHiTiB.

ITpoBe/ieHO TOPiBHAIBHUIT aHasIi3 HAGIMDKEHUX aHAJIITUYHUX Mo/iesiell O/IMPKHBOTO MarHiTHOTO TOJIs LUJIiHAPUYHOTO eJIeKTPOMArHiry,
siKi 6a3yIOThCS Ha MO0 MarHiTHOMY MOMEHTI Ta rabapuTHHUX po3Mipax. BCTaHOBJIEHO, 1[0 MO/iesTb HA OCHOBI [IBOX 3CYHYTHX AHUIIOJBHUX MO-
MEHTIB Ta My/IBTHUIIOJIbHA MO/IE/Ib MAlOTh HEJIOIYCTUMO BEJIMKI BiIXMJIEHHS Pe3y/IbTaTiB PO3paxyHKy GJIMDKHBOTO MarHiTHOT'O IT0JISI ITOGJIN3Y
KOPITyCY HUJIiHAPUIHOTO eJleKTpoMartita. TeopeTHIHO 06IpyHTOBaHI ITepeBaru y BUIVIsL/i pO3LUIMPEHO] 06J1aCTi 3aCTOCYBAHHS Ta 3MEHIIIEHOTO
710 5 % BigXuJIeHHS IIpeZACTaBJIeHHs GJIVDKHBOIO MarHiTHOTO IOJISI IIPY 3aCTOCYBAaHHI MOJieJli Ha OCHOBI IWIIHAPUYHHX TaPMOHIK eJIeKTpO-
MarHita. OTpuMaHi hopMysIu JJ1s1 iHKeHEepHOro po3paxyHKy MarHiTHOT'O IOJIsI CTBOPIOBAHOTO IIMJIIHAPUYHNUM €JIeKTPOMAarHiToM B cepeuHi
KOCMIYHOTO amapary 3a J0IIOMOTOI0 HOro MOKpallleHOi aHaJiTUYHOI MoZesli. 3allpOIIOHOBAHO BUKOPUCTOBYBATH MOJZEJIb HA OCHOBI I[UJIiH-
JIPUYHUX TapMOHIK JJIs TIOIIEPEAHBOT0 PO3PaXyHKy MarHiTHOI 3aBajjd, CTBOPIOBAHOI €JIEKTPOMArHiTaMy CUCTEMU KepyBaHHs OpieHTalli€ro
MarHiTo4yTJIMBOMY O6TafHAHHIO KOCMiYHOTO arapara.

KJ1ro4oBi ciroBa: MartiTHe 1oJie, aHaJliTUMHA MO/IeJTb, WJIIHAPUYHUI eJIeKTPOMarHiT, MarHiTHa 41cToTa, KOCMiYHUH arapar.

DOI: 10.15587/1729-4061.2025.327021
MIABUIIEHHA TOYHOCTI CIIEKTPAJIBHO-KOPEJIAIIMHOIO ITEJIEHTYBAHHSA TA OIIIHKH 3ATPMKU 3A
JOIIOMOTOI0 MAIIIMHHOI'O HABYAHH/ (c. 15-24)

Nurzhigit Smailov, B. B. flunnopenko, Zhomart Ualiyev, Ainur Issova, Zhandos Dosbayev, Yerlan Tashtay, Maigul Zhekambayeva,
Temirlan Alimbekov, Rashida Kadyrova, Akezhan Sabibolda

OG6’€KTOM JIOCJTi/IKEHHS € TIPOIieC OLiHKY 3aTPUMKH Ta HANPAMKY PaJlioCUTHAJTY 3a 0TIOMOT0I0 I[(POBOT0 CIIEKTPabHO-KOpeIALiiiHOro
aHaJTi3y, TOCUJICHOTO MAaIIMHHNM HaBYaHHSM. Lleil mporjec HeO0OXiAHMIA /17151 BUCOKOTOYHOI ITeJIeHTallii B CHCTeMax eJIeKTPOMAarHiTHOTO MOHi-
TOpUHTY. IIpo6sieMa, 1110 PO3IJISAAETHCS, TTOJIATAE B HU3bKIl alallTUBHOCT] Ta HE/[OCTATHIM TOYHOCTI TPaAMLIiHUX METO/IiB ITeJIeHrallii 3a yMOB
3MiHHOTO CUT'HaJIy, 0COGIMBO Yepe3 pydHHil BUOIp IapamMeTpiB i 06IMCIIOBAIBHY CKIAHICTh KOPEJIAIiiiHOT 06POOKH.

CyTh OTPUMaHHUX PE3y/IbTATiB IOJSATa€ B 3aCTOCYBAaHHI METOZY IIPOTHO3YBAaHHS IapaMeTpiB pafiocurHajy (3aTPMMKH Ta KyTa) Ha
OCHOBi MAIIMHHOTO HAaBYaHHS, SKUI 3MEHIINB CTaHJapTHE BiAXUIEHHS OL[iHOK nesieHrarii 7o 0,08-0,026° Ta MOXUOKy OIiHKM 3aTPUMKHU
10 1,5-14,8 MKC y Aiania30Hi BifIHOMEHHS cUrHAJI/IIyM Bizf 9 fo 37 fB. 1i pe3ysnbTaTy MiATBep/KYIOThCS ycepeHeHHAM MmoHa | 1000 pea-
Jizaniii 3a jormomMoro MojiesoBaHHs MoHTe-Kapsio, 1o miaTBep/pKye X cTaGiibHICTD i BIVIMBOM IIyMy. 3aBASKHA CBOIM BiIMIHHUM
0COGIMBOCTSM 3aIIPOIIOHOBAHE PillIeHHS BUPIMIIIIO Tpo6eMy, 3a6e31eurBIIN aBTOMATUIHNN BUOip MapameTpiB 06poOKH depe3 HaBUeHY
HEUPOHHY Mepexy, IKa aJJallTyeThCs 0 HeJIiHIHHUX XapaKTepUCTUK CUTHAJy, MiHIMi3yrouu 1oTpe6y B py4HOMY HaJallITyBaHHI abo BH-
YEPITHOMY IIOIIYKY.

11i pe3y/bTaTH IOSICHIOIOThCS 3AATHICTIO MOZiesli ileHTH(hiKyBaTH IIPHXOBaHi 3aJI©KHOCTI MiXK ITapaMeTpaMy CUTHAJIy Ta pe3ysIbTaTaMu
00po6KH, 3a6e311eUyIour aJalTUBHY ITOBEeJ[iHKY Ta 3MEHIIYIOYH BigxuaeHHs. Xoua OIjiHKa 00YMCIII0BAaIbHOI CKJIAAHOCTI He Ha/lae€ThCs, Oui-
KyeThCSI, 1[0 OI[iHKA IapaMeTpiB Ha OCHOBI IIPOrHO3YBAaHHS MOKPAIIUTH MIBUAKICTH 06POOKM B MaliGyTHIX peasizaljisix. Pe3ysbTaTi MOXYTh
GyTH 3aCTOCOBaHI B €JIEKTPOMArHiTHOMY MOHITOPUHTY B peaJIbHOMY 4aci, pa/iiocriocTepeskeHHsI Ta 000POHHUX /JI0fIaTKaX, 0COOJIMBO B yMOBax
00Me)XeHNX 00UNCTIOBAIBHIX PecypciB a60 3MiHHUX IIIyMOBUX YMOB.

K1r04o0Bi c10Ba: CrieKTpaJbHO-KOPeJIALiiHNI aHasli3, MOHITOPUHT pajlioCUTHaJiB, IPOrHO3yBaHHS IapaMeTPiB CUTHAJIy, TOUHICTb IIe-
JIeHTaIlii.
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BATATOPIBHEBA OBPOBKA BIBPOAKYCTUYHHMX CUT'HAJIIB IJI1 BIOCKOHAJIEHHA JIATHOCTHKHU I'ASOTYPBIHHUX
JABUTI'YHIB (c. 25-33)

H. I. Bypay, O. f. IIa3gpiii, O. A. IIoBIIEHKO

OG6’€KTOM JOCTIPKEHHS € ITPOIleC MOHITOPUHTY TEXHIYHOTO CTaHy aBiariiiiHoro razotyp6inHoro gsuryHa (I'T[). OxHiero 3 HaliHe6Ge3mey-
HIIINX MPUYMH aBapiil € MOIIKO/PKEHHS, CIIPUYMHEeH] IOTPATUITHHAM CTOPOHHIX 00’€KTiB, 30KpeMa ApiOHNUX MeTaJIeBUX YaCTUHOK, T'PA/INH,
6OoJITIB, YIAMKiB (DI03eJIsDKY TOIIO, y TypOiHYy ABUIYHA ITiJf Yac IOJIbOTY 260 Ha eTarax 3JIb0Ty Ta ITOCA/IKU.

ITpo6ieMa mossiraza y BAOCKOHaJIeHHI MeTOAiB Bi6poaKycTUYHOI iarHOCTUKY ['T]], 1110 03BOJISATh MiABUINUTHU i YyTJIUBICTh A0 MaUX
3MiH y [IiarHOCTUYHNX CUTHAJIAX, CIIPUYMHEHHUX [IOTPAIUITHHAM ApiOHUX CTOPOHHIX 06’ €KTIB y TypOiHy ABUTYHA. [l BUpillleHHS 1€ 3aa4i
B PO6OTi ITPOTIOHYEThCSI BUKOPUCTaHHs 6araTopiBHeBoi 06po6KU Bi6paliifHMX CUIHAJIiB, OTPUMaHUX B Pe3y/bTaTi (hi3MYHOro MOZIETFOBAHHSA
o6eproBoi cucremu (OC) Ta iMiTarii MOTparITHHS ApiGHUX CTOPOHHIX 00 EKTIB.



BararopiBHeBa 06po0Ka IO€/JHy€ 3aCTOCYBaHHS METO/iB YaCTOTHO-YaCOBOTO, GiCIIeKTpaIbHOTO Ta (PPaKTaIBHOIO aHaJIi3y /I BU3HAUEH-
Hs KiJIbKICHOTO iHTerpajbHOro AiarHOCTUYHOIO IOKa3HUKA — PO3MipHOCTI MiHKOBChKOro. OTpMMaHO Taki cepefHi 3HaYeHHs PO3MipHOCTI
MIiHKOBCHKOTO I/Is1 OL[iHOK MOZYJIs1 GicIIeKTpy: 6€3 CTOPOHHBOTO BILIUBY — 1,075; OMMajaHHs piOHUX CTOPOHHIX 06’ €KTiB — 1,01; TepTs JIOMIATOK
0 CTOPOHHIH NpeZiMeT B HACJIi/IOK fioro monasaHHs B Typ6iny OC - 1,21.

BcTaHOBJIEHO, 1110 36i/IbIIeHHsT po3MipHOCTI MiHKOBCBKOTO CBiIMUTH PO PO3BUTOK €KCIUIYaTAL[iifHOTO MOPYLIEHHS, CIPUYNHEHOTO T10-
TPAIUITHHSAM CTOPOHHIX 06’€KTiB, HaBiTh [y>ke MaJNX PO3MIipiB.

YV po6oTi IpeJicTaBIeHO eKCIIepUMEeHTAIbHE TiATBep/PKeHHs e(peKTUBHOCTI 3aCTOCYBaHHs GaraTopiBHeBOi 06poOKM BiGpaliiiHUX cUrHa-
JIiB [T ZIlarHOCTYBaHHS €KCIUTyaTalliifHIX MOpyIIeHb B HACJI/IOK MOTPATUITHHS CTOPOHHIX 00’ekTiB B OC.

BcraHoBieHO, 1110 GaraTopiBHeBa 06poOKa /103B0JIsle BUSIBJIATH IIPUXOBaHi TPEHAU Y 3allyMJICHOMY CUTHAJI, sIKi BaXKKO BUSBUTH TPaJu-
LiHUMU MeToaMU 0OPOOKU.

KurrouoBi croBa: ra3oTyp6iHHUI ABUTYH, TIOTPAIITHHS CTOPOHHIX 06 €KTiB, 00po6Ka CUTHAIB, ()paKTaIbHUI aHAII3.



