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REVIEW

Foreign scientific advisor Tilen Ayan Orazbaiuly's dissertation work titled
"Concentration saturation of the signal from a laser gas sensor" presented for
the degree of Doctor of Philosophy (PhD) under the educational program
"8D06201 — Radio engineering, electronics and telecommunications."

The dissertation of Tileu Ayan Orazbaiuly is devoted to a comprehensive investigation of the operational
characteristics of gas sensor systems based on laser absorption methods. The work systematically
examines the physical mechanisms underlying laser gas sensor si gnal formation, as well as the phenomena
of concentration saturation, using a combination of experimental studies and theoretical analysis. The
research covers a wide range of gas concentrations for methane, ethanol, and ammonia. Particular
attention is paid to the optical processes arising from the interaction of laser radiation with gas molecules
and the corresponding dynamics of the electrical si gnals registered by the photodetector. The physical
nature of signal formation and its dependence on gas concentration are analyzed in depth.

The dissertation presents a thorough study of both linear and nonlinear operating regimes of laser gas
sensors, employing advanced physical and mathematical approaches, including information-entropy
analysis, fluctuation-dissipation relations, and nonlinear fractal analysis. On this basis, the author provides
a well-founded physical interpretation of the interaction mechanisms between gas molecules and laser
radiation and determines the concentration saturation limits of laser gas sensors. The obtained results are
of substantial scientific and practical importance for optimizing the operating ranges of modern laser gas
sensors, selecting appropriate linear measurement regimes, and ensuring the reliability and accuracy of
gas concentration measurements.

The scientific novelty of the dissertation lies in the fact that, for the first time, the concentration saturation
mechanisms of laser gas sensors are investigated in a comprehensive and unified manner, together with
the fluctuational, correlation, and informational characteristics of sensor si gnals. The concentration
saturation limits of laser gas sensors and their relationship with fluctuational-dissipative and informational
parameters are established on the basis of consistent theoretical modeling and validated by experimental
data.



The principal results of the dissertation have been published in peer-reviewed international scientific
Journals and presented at international scientific conferences, confirming their scientific relevance and
contribution to the development of laser gas sensing technologies. The results obtained in this work make
a meanmngful contribution to the development of laser gas sensing technologies and have clear potential
for application in environmental monitoring, industrial safety systems, and gas detection technologies.

Throughout all the stages of the dissertation research, Tileu Ayan Orazbaiuly demonstrated a high level
of scientific maturity, independence, and professional competence, successfully fulfilling all research
tasks and achieving the stated objectives. The dissertation work is characterized by scientific novelty,
methodological consistency, and significant practical relevance. In view of the above, | conclude that the
dissertation fully complies with the requirements of the national regulations of the authorized Ministry of
the Republic of Kazakhstan governing the awarding of academic degrees and is worthy of defense for the
degree of Doctor of Philosophy (PhD).
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MIKIP

“8D06201 — PaaHOTeXHHKA, 2TeKTPOHHKA 7KIHE TeJeKOMMYHHKanusaap” 6imim oepy
paraapaamachl Goiibinma @unocodust roxropst (PhD) JapesKeciH ary YIIiH YChIHBLIFAH
Tiney Asin Opasbaiiyibinbin “Jlasepirik ra3 ceHCOPhl CHIHAILIHBIH KOHIEHTPALMAIBIK

KAHBIFYbI” TAKBIPBIOLIHAAFBI AHCCEPTANHSIIBIK JKYMBICHIHA mIeTeNIiK FhLIbIMH
KeHecIniHig miKipi.

Tiney Asn Opa3z0aiiy/ibIHBIH JHCCEPTALHANBIK KYMbIChHI nasepiik KYTbUTY dJlicTepiHe Heri3JenreH
ra3 CeHCOP/BIK KyileJepiHiH JKYMBIC icTey CHMATTaManapblH JKaH-KAKTbl 3EPTTEYre apHajfaH.
JKymbicTa nasepiik ras CeHCOPbI CHIHAMBIHbIH KabIMTACY bIHbIH (puzHKanbLIK MeXaHu3maepi, CoHaii-ax
KOHLI@HTPALMSAIBIK KAHBIFY KYOBIIBICTAPbI IKCIIEPUMEHTTIK 3epTTey/Iep MEH TEOPHJIbIK Tanaayiap/ibl
yiinecTipe OThIpbIN 3KYiieni Typae KapacThlpbLIFaH. 3epTTey MeTaH, 3TAHOJI )KOHE aMMUAK ra3/lapbIHbIH
KeH KOHLEHTPaUHAbIK JHana3’0oHbiH KaMTHALL Jlazepnik coy/eneHy/iH ra3 MoJeKynanapbiMeH e3apa
opekeTTecyiHeH TybIHAAHTbIH ONTHKAbIK MPOLECTEpre HaHe doToseTekTOp TipKeliTiH 3MeKTpiiK
CUrHanaapibli AHHAMHKAChIHA epeKlle Hasap ayaapbliraH. CurHanably Kanmelnracy Ta0uraThbl JKaHe
OHBIH a3 KOHIEHTPALMACHIHA TOYEJALNIrT TEPEH TajlAaHFaH.

JlnccepTauusuiblK JKYMBICTA JIa3epliK ra3 CCHCOPNAapblHbIH ChI3BIKTBIK JKOHE DelfchbI3bIK JKYMbIC
peKMMIEpi JKaH-KaKThl 3epTTenreH. 3eprrey Oapeichiaa WH(GOPMALIUS-IHTPONHANBIK  Tanaay,
(pryKTyaLus-HCCHNAUMSIBIK KaThlHACTAp JKOHE OefiChI3bIK (pakTaniblK Tanaay CHAKTHI 3aMaHay
DHIHKANBIK KSHE MATEMAaTHKAIBIK TICIACP KONIAHbUIFaH. Ocbl Herizae apTop raz MojleKyJanapbl MeH
nasepiik caynefeHy apachiHIaFbl ©3apa PEKCTTECY MexaHu3M/epiHe HerizaenreH (u3MKaibik
Tycinaipme Gepin, asepiik ra3 ceHCopaapsbl yLIiH KOHUEHTPALHAIBIK KaHbIFY LIEKTEPIH aHbIKTAFaH.

AJIBIHFAH HATIDKENEP 3aMaHayH JIa3epIiK ra3 ceHCOPIapbIHbIH JKYMbIC JHaNa30H 1apbiH OHTaiiIaHAbIpY,
ChI3bIKTBIK, ©JILIEY PEKUMAEPIH AypbIC TaHAAY XKIHE Ta3 KOHUEHTPAUHACHIH eIy AiH CeHIMALIIN MeH
NOAJIMiH  KAMTAMachl3 eTy TYPFBICBIHAH MaHBI3[bl FbUILIMH JKOHE IIPAKTHKANBIK MoHIC HE.
JTMccepTauusIblK JKYMBICTBIH FbUIBIMH JKaHAJbIFbl — alfall peT nasepiiik ras CeHcOp/iapbiHbiH
KOHLeHTPALLHATBIK KAHBIFY MEXaHH3MAEPi CEHCOP CHIHANAPbIHBIH (PIYKTYAUHMANBIK, KOPPEISIHATLIK
JkaHe MHQOPMALMANIBIK CUTTATTAMAAPbIMEH GipTYTac %oHe KeleHal TYPAE 3epTTe/reH. Jlazepnik raz
CeHCOPNApbIHbIH KOHLUEHTPALHUA/bIK KAHBIFY LIEKTEPI MEH OnapablH hnyKTyaUus-AHCCHNALHANBIK
skoHe HH(OPMALMANBIK nNapaMerpnepmer OainaHbICk! Gipi3ai TeOpHsUIBIK MOJENbAEY HeErizinie
AHBIKTANBIT, IKCIIEPUMEHTTIK AEPEKTEP aPKblJbl pacTajlFaH.

JliccepTauusHblt  HEri3ri HATWKENepi peLeH3MsIaHaThiH  XallblKapaiblK FbUILIMH 3KypHAIAapAa
JKApHSIAHFaH JKoHE XalbIKapasiblk FhUIBIMH KOH(bepeHIIapaa Gasiuaanrad. by HoTiKenep nasepiik
ra3 ceHCOp apKbiibl Fa3bl Ce3y TEXHOJOTHANAPBIH AAMBITYFa €eyal YNICC KOCI, 0JapablH FhITBIMH
MAHBI3AbLIBIFRIH Taneneiili. 3epTTey HoTHkKenepi KopllaraH OpTanbl MOHHTOPHHITEY JKYfenepinie,



eHEepKACINTIK Kayincisaik Kyiienepinae jxoHe ras/ibl aHblKTay TEXHOJOIHIAPbIHAA KOJIaHyFa alikbiH
MPaKTHKAJBIK MaHbI3Fa HE.

Jluccepramuaneik 3eprreydin Gapaelk kesenaepinae Tiney Asu OpasOaiiynbl jkOFapbl FbUIBIMHU
nexreitin, nepbectirin xkoHe Kacibu KyspipeTtinirin kepcerti. On KOHbUIFAH FBUTBIMH MiHICTTEpPAI
TabbICThl OpbIHJAMN, 3ePTTEY MAKCATTaPbIHA TOMLIK KOJI XETKi3Al, JlnccepTatusabiK XKYMbIC FhUILIMU
KAHANBIFBIMEH, oicTeMeNiK Gipi3ainiriven skoHe NMpPaKTHKANbIK MaHbI3AbUIBIFBIMEH epeKIIeNeHe .
Ocbiran GaiinanbicTsl, aucceprauus Kasakcran Pecrybmukachl yokineTTi MHHUCTPAIMIHIH FbUILIMH
nopeskenep Gepy TopTiGin peTTEHTIH HOPMATHBTIK TajanTapblHa TONBIK Cofikec Kenmexi ikoHe
®unocodus gokropbl (PhD) FhuibiME Iopeskecit aly YLUiH KOprayFa naiiblK fen ecenteiimin.

IleTenaik FBIJIBIMH KeHecCHi,
Jyviiskyld ynusepeuterinig
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