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The research topic undertaken by the author is conducted within the research group
of Prof. Adil Kadyrov, where the reduction of particulate matter emissions from compression-
ignition engines through ultrasonic excitation is pursued in a pioneering manner as the first and,
to the best of current knowledge, the only such research initiative worldwide. The doctoral
candidate has successfully identified and developed a distinct research niche within this group,
which has been clearly presented in the doctoral dissertation.

The author addresses a current and significant problem related to the reduction
of harmful exhaust emissions from compression-ignition engines, particularly in relation
to working, road, and agricultural machinery. The dissertation demonstrates that conventional
exhaust aftertreatment systems (Diesel Oxidation Catalyst (DOC), Diesel Particulate Filter
(DPF), Selective Catalytic Reduction (SCR), Exhaust Gas Recirculation (EGR)), despite their
high laboratory efficiency, are characterized by substantial operational limitations, including
high costs, structural complexity, sensitivity to operating conditions, and limited durability
under severe service conditions. In this context, the need to search for alternative, physical
methods of emission reduction, including ultrasonic methods, is well justified.
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The main objective of the dissertation is to develop a new, modular design
of an ultrasonic exhaust muffler and to comprehensively investigate its effectiveness
in reducing pollutants contained in the exhaust gases of diesel engines. The author focuses
in particular on the mechanisms of particulate matter coagulation in an ultrasonic field and their
subsequent deposition and separation. The scope of the work includes both a theoretical analysis
of physical phenomena occurring in exhaust gases under ultrasonic influence and experimental
studies conducted on an original, author-designed laboratory test stand.

In the theoretical part of the dissertation, a detailed analysis of the design and operating
principles of diesel engines is presented, along with a characterization of harmful emission
components and the influence of engine operating parameters on exhaust gas composition.
The author also carried out an extensive review of current emission reduction technologies,
indicating their advantages as well as significant operational limitations. Particular attention
was devoted to physical methods of exhaust gas purification, with ultrasound identified
as a promising alternative development direction compared to chemical and catalytic
technologies.

A significant element of the work is the development of a mathematical model
describing particle motion and coagulation in an ultrasonic field, taking into account
the influence of acoustic, geometric, and flow parameters. This model provides the basis
for interpreting experimental results and for optimizing the design of the proposed device.
The author demonstrated a strong command of physical process modeling methods
and the ability to apply them to complex engineering problems.

The experimental part of the dissertation includes the design, construction,
and commissioning of a vertical test stand equipped with an ultrasonic exhaust muffler, as well
as the development of a measurement methodology. The conducted experimental studies
enabled the assessment of the influence of ultrasonic interaction on the particle size distribution
in the exhaust gas stream. The obtained results confirmed that the application of ultrasound
promotes the coagulation of fine PM2.5 and PM10 fractions, leading to an increase
in the efficiency of their removal from the gas stream.

Based on the research results, the author demonstrated that the proposed ultrasonic exhaust
muffler may constitute an effective supplement to or alternative for conventional filtration
systems. The device is characterized by a simpler structure, lower sensitivity to operating
conditions, and potentially lower operating costs. The conducted technical and economic
analysis, including a case study for a Caterpillar C9.3 ACERT engine, indicates a realistic
possibility of implementing the solution in industrial practice.

The dissertation contains clear elements of originality, including the author’s proprietary
concept of a modular ultrasonic exhaust muffler, an original mathematical model of particle
coagulation, and a purpose-designed experimental test stand. The work makes a significant
contribution to the development of research on physical methods of exhaust emission reduction
and has both cognitive and practical value.
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Overall, the dissertation demonstrates the author’s scientific maturity, ability to conduct
independent research, and proper integration of theoretical considerations with engineering
practice. The obtained results may serve as a basis for further development work
and implementations in the sector of working, road, and industrial machinery.

The research results have been published in scientific articles, including journals
indexed in the Scopus database (the best of which is classified as Q2 according to SIR 2024),
and presented in papers at international scientific and practical conferences. Patents have also
been obtained. All chapters of the dissertation have been prepared in a coherent and logical
manner, all stated research objectives have been achieved, and the main goal of the study
has been fulfilled. The practical significance and scientific novelty of the work are consistent
with its title, objectives, and research scope.

The author also completed a one-month research internship at the Poznan University
of Technology, Faculty of Mechanical Engineering, Institute of Machine Design, under
my supervision, where he demonstrated a high level of commitment, diligence, discipline,
and strong substantive knowledge.

I consider that the doctoral dissertation of MSc Eng. Yermek Dyussenbayev, entitled
“Development and Investigation of the Operation of a Modular Ultrasonic Muffler
for a Compression-Ignition Engine,” constitutes a current and complete scientific study
of significant theoretical and practical value, meets the requirements for doctoral dissertations,
and may be admitted to defense for the degree of Doctor of Philosophy (PhD) in the discipline
8D071 — Engineering and Engineering Activities, within the educational program 8D07102 —
Transport, Transport Equipment and Technologies. I hereby submit a motion to the Council
to distinguish the doctoral dissertation of Mr. MSc Eng. Yermek Dyussenbayev.

foreign academic supervisor
D. Sc. Lukasz Wargula, University profesor
Poznan University of Technology
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Hrocenbaen Epmex Texunxansik FeUTbIMAap MarkcTpine (TTD-22-1 To6bI)
TaKbIPbIObI:
" u3esnbai Ko3FaITKbILITHIN MOy IbIIK
YTBTPanbIOBICTEIK GaceHAeTKIMIHig KYPBUIBIMBIH 33ipJiey XoHe

XYMEICBIH 3epTTey"

dunocodust moxTops! (PhD)napesxecin any tanarrapsn iliHapa OpbIH/IAY PeTiHIEe YChIHBIIFaH

8D07102 - «Keik, Kok TeXHUKACH] KoHE TEXHOJIOTHsIIap»
8D071 — «MmxeHepus %oHe HHKEHEPTIK iC» GAFBITI

ABTOp TaHIaFaH 3epTTey TaKbIPBIGE mpodeccop Kambipos Amuib 3epTTey TOOBIHBIH asChIH/A
3CpTTeNyAe, OHOA  YNBTPAABIOBICTBIK KO3y  apKbUIBl  KbICYIaH TYTaHATBIH  IIIKI  )KaHy
KO3FaNTKBIUTAPEIHAH  OOJIIEKTePAIH  IBIFAPBIHIbLIAPLIHBIN  TOMEHEY] HMHHOBALMSMBIK Herisae
3epTTeneai — 6y Gipinui xoHe 6i3ne Gap MosiMeTTep GOMbIHIIA dIEMAET] KATFBI3 OCHIHIAM 3epTTey
6acramace! 60161 TaGBLTABL. JIOKTOPAHT TOKTOPIIBIK AUCCEPTALMSIA HAKTEI KOPCETIITeH OCHI TOIMTAFbI
Oipereii 3epTTey TayallachlH COTTI aHBIKTA/BI XKIHE d3ipIei.

ABTOp 1IIKI YKaHy KO3FaNTKBIIITAPEIHAH LIBIFATBIH 3HSH/BI WBIFAPBIHABLIAPBl TOMEHIETYMEH
Oall/TaHBICTBI ©3€KTi *OHE MaHBI3IbI MOCENEHi KapacThIpajibl, aTar aWTKaHIa. XKYMBIC, XOJ KoHE
aybUIIApyalIblIbIK — TEXHHUKAJlapblHa  KaThiCThl.  JlMcceprauusiia  naifanabuiran ras/jiap/ibl
OedTapanTaHOBIpy ABIH OOCTYPJI JKyiHerepi (ausenbai TOTBIFY KAaTAM3aTOPBI, AU3eNbAl Kyie cysrici,
CEeJIeKTUBTI KaTaJHTHKAJIBIK TOTHIKCBI3JAAHY, MaHNaNaHbUIFAH Tasjiapisl Kaifta OHJIEY) 3€pTXaHAIBIK
KarJlaiijia Jkorapbl THIMAITIriHE KapaMacTaH, )XOFapbl LUIBIFBIHAAP/bI, KOHCTPYKLMS KypAe/UliriH,
Nalifanany arfainapbslHa ce3iMTaIABIKTEI JKOHE ayblp Maifanany skaraaibinna LIEKTEY T GepiKTIiKTI
KOca aranja, adTapplKTail naffanaHy WEKTEyIepIMCH CHIATTANATBIHBI KOPCETI/TCH. byn Typreina
WIBIFAPBIHABLIAPAB] a3aWTybIH OajlaMa (DM3WKAJIBIK OJlCTEepiH, COHBIH iMmiHje YJIbTPaabIObICTHIK
anicTepsi i3aey KaXkeTTiNiri TOABIFBIMEH HEri3AeIreH.

HuccepranysHbIe Herisri MaKcaThl NalAaNaHbUIFAH Ta31apAbIH Y IbTPaAbIGBICTBIK COHIIPTILIHIN
KaHa MOZy Tb/IiK KOHCTPYKUMACBIH XKacay HKOHE OHBIH JM3ENIbJli KO3FAITKBIITAPABIN Mal a/aH bUIFAK
Fa3napblinare! jacTayuibl 3aTTapAblH KYpaMbIH TOMEHJCTYeri THIMIINIrH Kewenai 3epTrey 60bin
TabbLIazE]. ABTOp yIBTpaAbIOBICTBIK 6picTEri GoIeKTepAIH Koary asLus MEXaHH3MIEpiHe, COHai-aK
OJIAPIBIH KeHiHri weryi MeH GoiHyiHe epeKile Hasap ayaapabl. JKymbIc yibTpabIObcThIN ocepiHeH
Naknananpinray rasaapsa 60/1aThiH (QU3MKAJILIK KYObUILICTAPAbI TCOPHSIIBIK TajlAay/ibl Jla, aBTOp
Kacaran TynmHycka sepTXaHafbIK CHIHAK CTEHMIIHAE KYprisinre OKCTNIEPUMEHTTIK 3epTTeyepai ae
KaMTu g,

I[uccepmummwx TEOpUsUIBIK OesiMiHae AM3eNbi KO3FA/ITKBILUTAP/IbIH KOHCTPYKIIMACHI MEH
KYMBIC IpHHIMNTEepiHe —erxeif-Terkeii  Tangay, coupai-ax WIBIFAPBIHABIIAPABIH  3HSH/BI
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KOMITOHEHTTEPiHiH CHIATTAMAChl KOHE KO3FAJITKBIL

raszapabii Kypambina acepi kenTipinret. sty
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ABTOp coHbIMEH Katap HibiFapbiHaAbLIapabl Z ontaii-ak aifrapibiKTai nafzanany exTeyiep;,

TANAAY KYPridin, onapABIH APTHIKIIBLIBIKTAPIH. HKAbIK jlictepite epPeKLIC HA3ap ay Kaphyy,
ok ‘ " A A " ) )
Kepcerti. [laiaanansiaran razaapisl razapTy/ibiit DUINKE KaTATHTHKAIBIK  TEXHONOTUS Tapyey

; KoHe
Oyn  perre yabTpaabIOBICTHIK — AIC g

XUMHSATIBIK Rp————
BIT TIH/E S
CATBICTHIPraHAA AAMY/IBIH TlepCriekTHBATb! GaraMa GarbIThl peTiH/ ose AFSIHILIK MAPAMETPrEDs;
JKYMBICTBIN MAHBI3ABI AEMEHT] aKyCTHKAS "

1BIK, TCOMETPHSAIBIK K

: : serep/li 3raJibICbl MEH KoaryJis ; {

Scepin cckepe OTHIPHIM, YALTPAALIOHICTBIK OPICTEN! GosnekTepAis KosFalb yAAUMscyy |
CHNATTANTBIH  MaTEeMaTHKAIBLIK Mojesih  Kacay GO

raGpitajpl.  Byst MOJIENb  IKCTeprMeny
MATIKENEPIN TYCIHAIPYre KaHe yChIHbUIFAH KypbLIFbIHbI KoHETPY Kum;b:[rz”rr::;;a}ff:;i,ym e
Gonaasl. ABTOP (H3MKATBIK npotecTepi Mozenbacy oicTeplH TEPEH P 7 OJ1apag,
KYPAen HHXKeHepIiK TarncsipMaiap/ia KoiaaHy xabineTiH kepceTTl. " i i
JIMCCePTALMSHBIN  OKCTIEPUMEHTTIK  GOJIir [aitasatbUIFat urasllalpﬂb”l_ h i p‘r“u‘"'O*l‘CT biK
CORiprimiMen kaGabIKTanFaH TiK ChIHAK CTCHAIH iobanaybl, A R )Kaffe o Tenatysg
Gepy i, conati-ax emuey amicTemecin a3ipueyli KaMTHIb! JKypriziiren SKCTIEPUMEHTTIK 3€pTTeyep
YAbTPanbIObICTHIK acepaiy naiijanaHbuiFad ra3ap arpisbass] OOMLICKTGPRAE THA -4 2L b IPAIa
KypaMbIHa acepiH Garanayra MyMKiHaik Gepai. HoTmKeaep y1bTPaAbIOBICTEI KOJIAAHY PM2.5 xone
PMI10 ycak ¢ppakumsiiapbiHbIH KoaryJsHsCcbIHa bIKITAJl eTeTiHiH pacTajibl, OYJT OJIAp/Ibl a3 aFbIHbiHaK

WbIFAPY THIMALTIMIHIH apTybIHa 9KeNel. -
3epTTey HOTHXKeNepiHe cyiieHe OTBIPBIN, aBTOP YCBIHLIIFAH ybTpafbIOBICTBIK NaiaaNaHbLTray
ece Oasrama 00J1a aTaTbiHbH

rasmel COHIIprimm gacTypii cysy >kyHesepiHe THIMII KOChIMIIA HEM
kepcerri. KypbuiFbl  KapamaiblM — KOHCTPYKLHACBIMEH, napjanaHy  KarJlaujlapbiHa - Temen
DBIHBIH TOMEH/EYIMEH EpEKIICICHEL. Caterpillar C93

Ce3iMTaJI,HBH“BIM€H X3HE naﬁ,uanaHy LIBIFBIHIA
ACERT KO3FaITKbIIIBIHBIH MBICAJBIH KOCA AJIFAHIA, JKYPri3lIreH TEXHUKATBIK-OKOHOMHKATIBIK Tajliay

GyJ1 WewiMai eHepKacinTik TaKipubere eHri3y i HaKThl MYMKIH/IIMH KOPCETEI.

JliccepTalisiia  ©3iHAIK epeKIIeNiKTiH afiKbIH  JIeMEHTTEp, CONBIH IIIHAE MOMYIbIIK
YJIbTPaIbIOBICTBIK MafJalaHbUIFaH Ta3/1bl COHIPTILITIH aBTOPJIBIK TYXKbIPBIM/1aMACEL, OeJIeKTep;Iin
KOAry ISLHMACHIHBIH TYINHYCKA MaTeMaTHKAIBIK MOJE/L KIHE apHakHbl 931pJEHIEH JKCIEPUMEHTTIK
CHIHAK anaHbl KaMThUTFaH. JKyMbIC MaiJanaHblIFaH rasap WEIFapbIHALLIAPBIH a3aiTy AbIH (HU3MKaIbIK
aJliCTEpiH 3epTTeyre aifTapJIBbIKTal yIec Kocajibl ’oHe TaHBIMIBIK XIHE MTPAaKTHKAJTBIK KYH/IBUIBIKKA HE.

Xanmel, auccepTauMs ABTOPABIH FBUIBIMH OKETINYiH, OHBIH TAYeJICi3 3epTTeyJep Kyprisy
KabLIeTiH XaHe TEOPHAIBIK OMIapAbl jkobanay TakipubeciMeH AYpbIC HHTerpauusiay bl KepceTel.
AJIBIHFAH HITHXKENIEP JKYMBIC, HKOJI JKoHE OHEPKACINTIK TEXHHKA CEKTOPBIHIA OJIaH opi 33ipiey MeH

eHri3y yIIiH Heri3 00J1a alajbl.
3epTTey HaTHXKEJIEp] FRUIEIMU MaKananap/ia, COHbIH 1LiH/e SCOpUS AepeKKOpPbIH/a HHAEKCTEreH

KypHaJI1ap/ia xapusianisl (eH xkaKceichl SIR 2024 colikec Q2 perinje xikTene i) xoHe XalblKapalbik
E)mbmu-npaxmxaélbm koH(eperuusnapaarbl OasHaamanapia ycblHbulran. [laTeHTrep Ae allblHFaH.
U HeKT > i i
= (;'(;EPTZI;H?;?;}; ;}:{nbmorapaynapr'ﬂ APHEKTI JKIHE KHCBIHABI TYPAC AaHbIHAATEL, OapJbIK alTbUIFaH
' Iz)iKT ;’Kaﬂ;(]( Ma}{im :m’;ﬂ KETKIUIAL JKOHE 3CPTTCYAIN HCTI3r MIHACTI OpbIHAALIbL ACyMBICTIR
FBI Me : f o
p X 1 : H FBUIBIMH XaHAaJIbI¥bl OHBIH arayblHa, MaxcarTapbiHa YOHE 3€p'ﬂe)’
cajlacblHa CofiKkec Kesei.
MamnS:I;fcIZ-aib f:gop (1703H3H5 TEXHOMOTHATILIK YHUBEPCHTETIH/E, MallKHa JKacay dakyIbTeTIHAS
TanUIbIMlIaMa)(]: i gy KUMACET MHCTHTY THIHNA MEHIH GaclibuibiFbIMMeH Gip aifsibik FhLTBIMH-3EPTTEY
MUam TTl, OHJA OCbI CANIANAFbl MAKCATTHUIBIKTBIH, EHOCKKOPIIBIKTBIH, TOPTINTIH HKHC
TepeH OiiMHIH JKOFaphl AeHreliH KopcerT, ’
MeH TexHMKa FBUTBIMAAPHIH i
bIH Marues . '
MOZYJBAIK YJABTPaAbIOBICTEIK O P el et AL L Epmexrin " Tusenmai KoSFRITKGILTEY
ot e K DOCCHACTKILIHIN KypblTbIMbIH 33ipriey skoHe skyMblcbi 3epTTey " 4TM
aHKTaJi“aHKFBJIIHBIMPII) Zaelgilrf{rzr;l geopﬂﬂﬂbéK JOHE NPAKTHKANLIK KYHIBUTBIFEL Gap 3aMaHay! i
OJIBIT TabblIagRI, » - H
¥ : , XKYMBIC 11aThl
rananTapra caiikec kenesi xate 8D07102 - Koy ?cleni JAOKTOPJIBIK JAUCCcepTalusiapra KO'VIP'J oo
6arnapiamacsl wwenOepinae 8D071 — Umnkeye Us , ) TeXH“KaQbI.mgHe Texuostorusnap OUI
PHA MOHE HHIKEHePIIiK ic KbI3MET OaFbITh!
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