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I. Relevance ofthe research topic

In applications for determining the location of an object in enclosed
spaces, in particular in mine workings, according to regulatory documents,
there is a requirement that the subsystem must continuously determine in real
time the location of each worker who has descended into the mine with a
resolution of* 20 m. According to the available data presented in articles, tn
the existing complexes for positioning personnel and transport, the
determination of the position of personnel in underground workings and in
mine transport is guaranteed within 100 m. which does not meet the
requirements of the regulatory document. It is necessary to increase the
positioning accuracy up to 20 m.

In the dissertation work, the goal was set to develop methods for
increasing the positioning accuracy and tasks were formulated for researching
this topic. One of the tasks to improve positioning accuracy is to solve the
problem of multipath propagation and. the interference caused, by it. To solve
this problem, the doctoral student carried out experimental measurements and
computer modeling. The design office has designed beacons that emit a lovv-
energv signal at the Bluetooth, frequency, a USB wide-band RE generator, a 5-
ehannel spectrum analyzer, a multifrequency transmitter and a multi frequency
receiver. The antennas, were modeled in the MMA.NA. GAL software'
environment.

In the work, the followtog tasks were set and solved:

I. Carry out experimental measurements to determine the difference m
measurement, accuracy when receiving a signal at one frequency from
receiving a signal at many frequencies, combining the measurement results of
individual frequencies into one reading. Check the influence of various
obstacles on the signal How;

2 Perform computer simulations to identify methods for eliminating the
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influence of interference caused by multipath signal propagation;

3. Compare the method of averaging the results of multifrequency
measurements with the method of averaging the minimum and maximum
values of the measured multifregiietiey signals by means of computer
simulation;

4. Perform computer simulation with the goal to eliminate interference

at different heights of transmitters and receivers;
5. Perform computer simulation to evaluate the effect of incoherent
accumulation on signal-to-noise ratio enhancement.

2. I he degree of novelty of each scientific position formulated
dissertation

As a result of the carried out experimental and computer studies., it was
revealed that the nwHifrequency method of averaging the signal level
measurements when determining the coordinates can reduce the errors in
determining the locations caused by interference. The proposed "minimax"
method for determining the signal leur*l makes it possible to stabilize the
received signal and thereby reduce the root mean square errors, when
measuring; signal levels under interference conditions. The choice of
decreasing the height, of the transmitters and receivers relative to the plane of
location leads to a decrease in the magnitude of the error when measuring the
signal level under interference conditions.

lhe incoherent accumulation of measurement results improves the
signal-to-noise ratio. Analysis of existing articles and approbation of the
results, in a peer-reviewed journal shows that the results are of scientific
novelty.

3, Compliance with the principle of independence in the
dissertation

lhe doctoral student independently conducted experimental and
computer research. The provisions of the dissertation were tested by the
author’s participation in international scientific conferences, publication in a
peer-reviewed journal of the Scopus database and publications in* other
journals.

Me.ndak.ulov Zhassulan Korabaevichdeserves the award of a PhD
degree in the specialty <>D0719(H) “Radio Engineering, Electronics and
Telecommunieations”
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OT3blB
3apy6eXHOoro Hay4Horo pykosoguTtens
* Ha guccepTaunoHHy paboTy PhD gokTopaHTa
MeHpakynoBa XXacynaHa KopabaeBuua
cneynansHoctn 6D071900 - «PagnoTexHUKa, 3INeKTPOHUKa U
TeNeKOMMYHUKaLnm»
Ha Temy: «Pa3paboTka BO3MOXHOCTWM  MNO3NLWOHUPOBAHUA  BHYTPMU
NOMeELLEHUI C NCMO/Tb30BAHMEM HU3KO3HEpPreTnyeckux curHanos Bluetooth»
npeAcTaB/ieHHYH Ha COMCKaHue cTeneHu gokrtopa gunocopuu (PhD)

1. AKTyanbHOCTb TeMbl UccnefoBaHnA

B npunoxeHnax no onpefeneHUto MecTONONOXKEHUA 06beKTa B 3aKPbITbIX
noMelleHMaX, B YAaCTHOCTM B LWAaXTHbIX BbipaboTkax MO HOPMAaTUBHbLIM
JOKYMeHTaMm umeetcs TpeboBaHMe, 0 TOM, YTO NOACUCTEMA LO/IXKHA HENPEPLIBHO B
peasbHOM BpPeMeHW OnpeaenATb MECTOHAXOXAEHWe KaxX[oro CcrnycTuBLUerocs B
WwaxTty paboTHMKa c paspeweHnem =20 M. CornacHO WUMEHLWUMCH [aHHbIM,
npeACcTaB/ieHHbIX B CTaTbAX, B CYLWECTBYKOLUNUX KOMMNAEKCaX MO3ULUOHUPOBAHUSA
nmepcoHana u TpaHcnopTa OnpefeneHne MONOXEHUA NMepcoHana, HaxofAalwerocs B
NOA3eMHbIX BblpaboTKax W BHYTPULIAXTHOrO TpaHCnopTa rapaHTUpyeTcd B
npegenax 100 M, 4TO He COOTBETCTBYEeT TPebOBAHUAM HOPMATMBHOIO LOKYMEHTA.
Heobxognmo noBblWaTh TOYHOCTb NO3ULMOHMPOBaHUA 40 20 M.

B pgucceptaymoHHoW paboTe 6blla nocTaBneHa Uefb Mo paspaboTke
MeTOLO0B MOBbIWEHUA TOYHOCTM MO3ULMOHUPOBAHUA U CHOPMYNUPOBAHLI 3ajayu
no UccnefoBaHNI0 LAHHON TEMBbI.

OpfHON 13 3agay NoO MNOBbLIWEHUKD TOYHOCTW NO3ULMOHUPOBAHUA ABNAETCH
peweHnto npo6seMbl MHOrony4eBOro pacnpocTpaHeHUs W  BbI3BAHHY UM
nHTepdepeHumnto. Ana peweHusa 3TOW 3afjayMm [JOKTOPAHTOM O6bl/IM MPOBeAEeHbI
aKCMepuMeHTanbHble U3MEPEHUA U KOMMbIOTEPHOE MOLeNnpoBaHMe.

B KOHCTpYKTOpPCKOM 61OpO OblI CMPOEKTUPOBAHbI MasfKku, u3nyvawouume
HW3KO3HEpPreTUYecknih  curHan Ha vactote Bluetooth, USB-reHepatop
pagMmoyacToT WIMPOKOro pAwanasoHa, 5-KaHanbHbIA — aHanM3aTtop  CNekTpa,
MHOTFO4YaCTOTHbIN NepeAaTynK U MHOTOYaCTOTHbIV MPUEMHUK.

AHTEHHbI 6bIIM CMOeNnpoBaHbl B nporpammHoin cpege MMANA GAL.

OKCNepuMeHTbl MPOBOAUNNCH B

B pa6oTe 6bIn NocTaB/IeHbl M peLlleHbl cnefyouine 3afgavn:

1. MpoBecTN 3KCNepUMMEHTANIbHbIe WU3MepeHUs ANA OnpefefieHus 0TanM4us
TOYHOCTU U3MEPEHUI NPU NMPUeMe CUTHaNa Ha OLHOW YacToTe OT NpUemMa CurHana
Ha MHOTMX YacToTax, 00beAUHEHNEM pe3yNbTaTOB U3MePEHUI OTAENbHbIX YacToT
B O4HO nokasaHue. lMpoBepuTb BAMAHUE Pa3IMYHbLIX Nperpajg Ha NpPoxXoXxieHue
CUrHana;

2. [lpoBecTn KOMMbKOTEPHOE MOAEeNNpoBaHWEe AN BbIABNEHUA MeTOLO0B
yCcTpaHeHUs BIMAHUSA NHTepMepeHUUN, BbI3BAHHYIO MHOTONYy4YeBbIM
pacrnpocTtpaHeHUeM CUrHana,;



3. KomnbloTepHoe MOAennpoBaHWA [NA CpaBHeHUA MeTofa YCpeAHeHus
pe3ynbTaTOB MHOTOYaCTOTHbIX U3MEPEHWNIA C METOLOM YCPeAHEHUA MUHUMAIbHOTO
M MaKCUManbHOIo 3Ha4YeHNN N3MEPEHHbIX MHOTOYaCTOTHbLIX CUTHA/NO0B;

4. KomnboTepHoe MOLeNnpoBaHuWe ANA YCTPaHEHUA UHTepgepeHunun npu
pasHbIX BbiCOTaX nepegaTynkKos v NPUEMHUKOB;

5. KomnbloTepHoe MoAenupoBaHWe HEKOTepeHTHOro HakonaeHus Anda
YCUNEHUSA OTHOLIEHNA CUTHaN/WYM.

2. CTeneHb HOBW3HbI KaX4oro Hay4yHOro NONOXEHNA,
chopMynnpoBaHHbIX B guccepraymnm

B pe3ynbrtate nNpOBeAEHHbIX 3KCNEpUMeHTaNbHbIX W KOMMNbHTEPHbIX
nccnefoBaHWn BbISIBNEHO, YTO MHOTOYacTOTHbIA CNoco6 ycpefHEHUA WU3MepeHUi
YPOBHA CuUrHana npu onpegeneHNU KOOPLUHAT MO3BONAET CHU3UTb OWWUOKKA B
onpefeneHU MecTOMOJNIOXEHWIA, Bbl3BaHHble WHTepepeHUMen. MNpesnoXKeHHbIN
MeTo4 «MUWUHMMaKca» [AnA  ONpefefieHMs  YPOBHA  CWUrHana, nMo3BoOnAeT
cTabunuanposBaTb MPUHATLIN CUTHaN U TeM CaMblM CHU3UTbL CpeAHEKBaApPaTUYHble
OWMNOBKM NpU U3MEPEHUN YPOBHEN CUrHana B YCNOBUAX UHTepdepeHumnn. Boibop
BbICOTbl MepefaTyMKoB M NMPUEMHUKOB OTHOCUTENIbHO MJIOCKOCTU PacnosioXeHuns
Ha OCHOBe KpaTHOCTW A/IMHE BOJIHbI MPUBOAUT K CHUXXEHUI BENUYUHbI OWUNOKYN
npuM M3MepeHUN YPOBHHA CUTHaN B YCNOBUAX WHTepdepeHUUnN. HeKorepeHTHoe
HakonneHue pe3ynbTaTOB  WU3MEPEHUW MNO3BOJIET MOBLICUTb  OTHOLIEHWE
curHan/wym. AHanu3 cyulecTBylOWMX cTaTed u anpobauma pesynbTaToB B
PeLeH3NpyeMOM >KypHane TMOKa3blBaeT, UTO pe3ynbTaTbl MWMEKT HayuHYlo
HOBU3HY.

3. CobnrogeHne B aucceptaymMm npuHUMNa caMoCcToATENIbHOCTH

[LOKTOpaHTOM CamMOCTOATe/IbHO OblNW NPOBefeHbl 3KCNepuMeHTallbHble U
KOMNbIOTEPHble  uUcclefoBaHua. [1oNoXeHWA  gucceprtauumy  anpobupoBaHbl
yyacTuemM aBTOpa B MeXAYHapOAHbIX Hay4YHbIX KOH(epeHUUAX, nybnukauuen B
peLeH3NpyeMoM XypHane 6a3bl Scopus U Ny6nnKaLunammn B Apyrux XypHanax.

MeHpakynos >XacynaH KopabaeBmy - 3acnyXuBaeT MPUCYXAEHUS eMy
cteneHn pgoktopa PhD no cneumanbHoctn 6D071900 «PagmoTexHuka,
3/IEKTPOHMNKA U TeNIeKOMMYHUKaunm».

Simone Morosi

Ph.D., Assistant Professor
Information Engineering Department
of University of Florence

Florence, Italy

Overseas Research Supervisor



MepeBO4 LOKYMEHTA C @HTIMACKOTO A3blKa HA PYCCKUI A3bIK BbIMONHeH U
«Al ®EPTb» AelcTBylOWEN Ha OCHOBAHWM CBUAETENbLCTBA O rOCYAapCTBEHHOWN
pernctpaunm cepus 12915 Ne0820665, 0T MMeHM KOTOPOW NO [OBEPEHHOCTMU
pevicteyet 3o06HeBa EneHa [puropbeBHa 02.10.1990 roja poXAaeHus,
NMMH9010024991387.

Moanuce ™
Pecny6nuka KasaxcTtaH, ropog AnmMartsl
[eBATHagUaToe HOAGPA ABe TbiCAYM ABajLUaTb MEPBOro roga

A, Moconosa CseTnaHa HwWkKonaeBHa HoTapuyc ropoga . Anmarsbl
feicTBylolULas Ha OCHOBaHMM rocyfapCTBeHHOW nuueH3um Ne0003418 ot
20.07.2011 ropa BblgaHHOW KOMUTETOM perncTtpauuMoHHOW CNyXO6bl M OKaszaHUA
npasoBoin nomowmnm MwuHuctepctea tOctuuyum  Pecnyb6nmkm  KasaxcTaH,
CBUAETENbCTBYD  MNOAMMHHOCTL  MOAMMCKM  TpaxaaHku  306HeBOW
pUropbeBHbI, AEWCTBYHOLWEN NO AOBEPEHHOCTU OT MMeHu WM «ATll
KoTopad caenaHa B MOEM MPUCYTCTBUKU. JINYUHOCTL YCTaHOB/EHa,
N NOMHOMOYNA NMPOBEPEHDI.
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