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Ne | Criteria Eligibility (please select one answer option) Justification of the official reviewer's position
1. | The topic of the thesis (as of the date | Compliance with priority areas of scientific The dissertation aligns with the priority areas of
of its approval) corresponds to the development or government programs: scientific development approved by the Higher
directions of scientific development Scientific and Technical Commission under the
and/or government programs 1) The dissertation was completed within the | Government of the Republic of Kazakhstan, namely:
project or target program financed from the | “Information and Communication Technologies (ICT),”
state budget (indicate the name and number of | “Artificial Intelligence and Intelligent Systems,” and
the project or program); “Internet of Things (IoT) and Cyber-Physical Systems.”
This is particularly relevant in the context of the
2) The dissertation was completed within the | Address of the President of the Republic of Kazakhstan,
other state program (indicate the name of the | K. K. Tokayev, dated September 8, 2025, which
program); emphasizes the need for the implementation of
intelligent monitoring systems, digital management,
3) The thesis corresponds to the priority | artificial intelligence technologies, and the “Smart
direction of scientific development, approved | Cities” concept to enhance the energy efficiency and
by the Higher Scientific and Technical | sustainability of housing and public utilities
Commission under the Government of the | infrastructure.
Republic of Kazakhstan (indicate direction).
2. | Importance for science The work makes/does not make a significant The work represents a meaningful contribution to

contribution to science and its importance is
well-disclosed / not disclosed

the development of approaches for intelligent
diagnostics of microclimate systems. The relevance of
the research is convincingly justified, and the proposed
monitoring model based on IoT sensors and machine
learning methods demonstrates practical orientation. The




results obtained have applied value and may be used in
microclimate management systems for residential and
non-residential buildings.

3. | The principle of self-reliance Self-reliance level: Level of independence: high.
The dissertation was carried out by the author
1) high: independently at all stages of the research.
2) average;
3) low;
4) no independence
4. | The principle of internal unity 4.1 Justification of the relevance of the thesis: In the dissertation, the relevance of the topic is

1) justified:
2) partially justified;

3) not justified

thoroughly and convincingly justified. The author
demonstrates that automated detection and diagnosis of
faults in building microclimate systems is an important
and timely task, particularly in the context of increasing
demands for energy efficiency and the reliability of
engineering systems. The dissertation emphasizes that
many existing diagnostic approaches were developed for
highly automated buildings or under simulated
conditions, whereas in Kazakhstan there is a noticeable
lack of studies based on real operational data from
residential and non-residential buildings. The relevance
of the research is further reinforced by the identified
need for the digitalization of engineering infrastructure,
the implementation of monitoring systems, and
intelligent microclimate management, which aligns with
current priorities in the housing and utilities sector and
supports the improvement of building performance and
operational efficiency.

4.2 The content of the thesis reflects its topic:

1) reflects;
2) partially reflects;
3) does not reflect

The structure of the dissertation is fully aligned
with the stated topic and consistently reflects the content
of the research. All chapters correspond to the defined
goals and objectives, ensuring coherence and logical
continuity throughout the work. No deviations from the




declared subject matter have been identified.

4.3 The purpose and objectives correspond to
the topic of the thesis:

1) correspond:
2) partially correspond;

3) do not correspond

The aim and objectives correspond to the topic of
the dissertation. Each objective is logically connected to
the overall aim and specifies individual stages of the
research process, ensuring the scientific and practical
completeness of the work.

4.4 All sections and provisions of the
dissertation
are logically interconnected:

1) completely interconnected;
2) the relationship is partial;
3) there is no relationship

The sections of the dissertation exhibit strong
internal coherence and logical sequencing: each chapter
builds upon the outcomes of the preceding one, ensuring
continuity of the research narrative.

4.5 The new solutions (principles, methods)
proposed by the author are argued and

evaluated in comparison with known solutions:

1) there is a critical analysis;

2) partial analysis;

3) the analysis does not represent one's own
opinions,

but quotes from other authors

In the dissertation, the author conducted a
thorough examination of existing methods for intelligent
fault detection in microclimate systems, comparing
different clustering algorithms, data preprocessing
techniques, and monitoring architectures. Using
comparative tables and a structured review of available
approaches, the advantages and limitations of each
method were evaluated in the context of real-world data.
Based on this analysis, the author proposed and justified
a custom solution that integrates Z-score, PCA, and
DBSCAN, demonstrating its practical effectiveness for
the task at hand.




The principle of scientific novelty

5.1 Are the scientific results and provisions
new?

1) completely new;
2) partially new (25-75% are new);
3) not new (less than 25% are new)

The scientific results of the dissertation include
novel and relevant elements. The author obtained and
analyzed new experimental microclimate data from
residential and non-residential buildings in Kazakhstan,
which is particularly valuable given the scarcity of such
studies in the region. Based on these data, a diagnostic
approach incorporating machine learning algorithms and
reliability assessment was developed and validated. The
main propositions submitted for defense are coherent,
well-founded, and supported by experimental findings,
demonstrating the scientific rigor of the research.

5.2 Are the conclusions of the dissertation new?

1) completely new:
2) partially new (25-75% are new);
3) not new (less than 25% are new)

The results obtained in this research constitute
new scientific knowledge and contribute to the
advancement of intelligent approaches to microclimate
management. The author not only developed a tailored
methodology for data processing and analysis but also
adapted modern machine learning techniques to the
operational conditions of buildings in Kazakhstan. The
novelty of the work is reflected in the proposed
diagnostic framework, which integrates statistical and
clustering algorithms, as well as in the use of
experimental datasets that have not previously been
examined in national studies. The solutions presented
broaden the capabilities of intelligent microclimate
monitoring and provide a foundation for further
enhancement of automated control systems.




5.3 Technical, technological, conomic, or
manageria lecisions are new and justified:

1) completely new;
2) partially new (25-75% are new);
3) not new (less than 25% are new)

In this dissertation, a custom microclimate data
acquisition system was developed using multiparametric
[oT sensors, resulting in a unique experimental dataset
tailored to the operational conditions of buildings in
Kazakhstan. The author systematically integrated
statistical cleaning, dimensionality reduction, and
clustering methods into a unified methodology designed
for early detection of deviations and potential faults in
HVAC systems under unlabeled data conditions. All
major conclusions are grounded in reliable scientific
evidence and are supported by the experimental findings
obtained during the study.

Validity of the main conclusions

All key findings are based / are not based on
scientifically sound evidence or are reasonably
well funded (for qualitative research and areas
of training in the arts and humanities)

The main conclusions of the dissertation are
supported by a sufficient set of scientifically validated
data. The author demonstrates that the results are
grounded in experimental microclimate measurements
processed using modern data analysis methods. The
applied algorithms for statistical normalization,
dimensionality reduction, and clustering produce
reproducible outcomes, which allows the conclusions to
be considered research-based and well-substantiated.
The evidence presented is adequate and
methodologically sound for quantitative research in the
field of intelligent systems and data engineering.




Main provisions submitted for
defense

The following questions must be answered for
each provision separately:

7.1 Has the position been
proven?

1) proven;

2) rather proven;

3) rather not proven,;

4) not proven

7.2 Is it trivial?

All key statements submitted for defense are
well-substantiated and substantively meaningful; they
demonstrate a clear degree of scientific novelty and are
supported by the results presented in the author’s
publications. The obtained research findings are
reflected in journal articles and conference papers
published in venues indexed in Scopus and Web of
Science, including Q1 (85th percentile) and Q2 (58th
percentile) journals, as well as in publications included
in the List of the Committee for Quality Assurance in the
Sphere of Education and Science of the Republic of

1) yes; Kazakhstan (KKSNVO RK). The scientific and practical

2) no significance of the results is further reinforced by the
author’s presentations at international conferences such

7.3 Is it new? as ICECCO and PAMDAS, as well as by Author’s

1) yes; Certificate of the Republic of Kazakhstan No. 41781 for

2) no the developed software product.

7.4 Application level:

1) narrow;

2) medium;

3) wide

7.5 Is it proven in the article?

1) yes;

2) no

The principle of reliability.
Reliability of sources and
information provided

8.1 The choice of methodology - is the
methodology justified or is it described in
sufficient detail?

1) yes:
2) no

The CRISP-DM methodology in the dissertation
is used as the foundation for organizing the processes of
collecting, processing, and analyzing microclimate data.
An important scientific contribution of the work is the
author’s adaptation of this methodology to the specific
tasks of monitoring and early detection of deviations in
building microclimate systems. The author extends its




traditional structure by demonstrating in detail how each
phase of the methodology is applied to high-frequency
IoT data collected from residential and non-residential
buildings in Kazakhstan. The dissertation illustrates how
the CRISP-DM approach is integrated into the complete
analytical ~ workflow—from  understanding  the
operational conditions of buildings to developing
diagnostic models based on statistical and clustering
methods. This confirms the appropriateness of the
chosen methodological framework and its effective
adaptation to real research conditions.

8.2 The results of the thesis were obtained using
modern methods of scientific research an
techniques for processing and interpreting data
using computer technologies:

1) yes:
2) no

The results of the study were obtained using
modern data analysis and machine learning methods,
which ensured a high level of accuracy and reliability of
the conclusions. The work employs various algorithms
for statistical normalization, dimensionality reduction,
and clustering, including Z-score, PCA, and DBSCAN,
and introduces a custom system for collecting high-
frequency IoT data in real buildings in Kazakhstan. The
author demonstrates how the combination of these
methods enables the early detection of deviations in
microclimate system performance under conditions of
unlabeled data and limited information about internal
HVAC processes. The use of experimental datasets
collected from residential and non-residential buildings
made it possible to conduct a comprehensive analysis of
operational conditions and validate the effectiveness of
the proposed approaches. This underscores the
contemporary nature of the methods applied and their
relevance for intelligent diagnostics and monitoring of
building engineering systems.




8.3 Theoretical conclusions, models, identified
relationships and patterns are proven and
confirmed by experimental research (for areas
of training in pedagogical sciences, the results
are proven based on a

pedagogical experiment):

1) yes:
2) no

The theoretical conclusions are supported by
experimental studies, and the key statements are
corroborated by current scientific sources.

8.4 Important statements are supported /
partially supported / not supported by
references to current and reliable scientific
literature

The literature is relevant and reliable.

8.5 The literature sources used are sufficient /
are not sufficient for the literature review

In the literature review, the author analyzed 106
sources, demonstrating a broad coverage of theoretical
and applied studies related to microclimate, HVAC
systems, machine learning, and fault detection. The
majority of the references are recent publications from
the last decade: a significant portion of the works spans
the period from 2015 to 2024, including studies
published between 2020 and 2024 on FDD methods, the
application of machine learning, as well as adaptations
of CRISP-DM and other process-oriented data analysis
methodologies.

Principle of practical value

9.1 The dissertation has theoretical significance:

1) yes:
2) no.

The dissertation has theoretical significance, as
the author systematizes and advances existing
approaches to microclimate system diagnostics (FDD),
justifies and adapts the CRISP-DM methodology for the
analysis of high-frequency IoT data, and develops an
integrated  diagnostic framework that combines
statistical normalization, dimensionality reduction, and
clustering methods. This synthesis of methodological
and algorithmic solutions expands the theoretical




foundation of intelligent data analysis in engineering
systems and contributes to the further development of
scientific principles for monitoring and diagnosing
HVAC equipment.

9.2 The thesis has practical significance and
there is a high probability of applying the
obtained results in practice:

1) yes;
2) no.

The dissertation has clear practical significance,
and the results obtained show strong potential for real-
world implementation. The developed methods and
experimentally validated algorithms can be applied in
engineering practice to enhance the reliability of HVAC
equipment and improve the operational efficiency of
building microclimate management systems.

9.3 Are the suggestions for practice new?
1) completely new;

2) partially new (25-75% are new);

3) not new (less than 25% are new)

The practical recommendations presented in the
dissertation contain elements of novelty and represent
partially new solutions that enhance existing approaches
to microclimate monitoring and diagnostics.

10. | Quality of writing and design Quality of academic writing: The quality of academic writing in the
dissertation can be considered adequate for a scholarly
1) high; work: the text is well-structured, the main arguments are
2) average; presented coherently, and the reasoning is logical. The
3) below average; author adheres to an academic style, uses terminology
4) low. appropriately, and complies with the formal
requirements of a dissertation. Some sections contain an
excessive level of detail, but this does not compromise
the overall clarity or the scientific value of the work.
11. | Comments and suggestions on the 1. The introduction contains a broad overview of related domains (greenhouses, hospitals), but

dissertation

their connection to the main research problem is not clearly demonstrated (pp. 13—14).

2. In the section “Research Aim and Objectives” (p. 8), the aims and objectives are formulated too
broadly and partially overlap: several objectives essentially restate specific stages of data
processing and therefore duplicate each other conceptually. This reduces the focus and logical




hierarchy of the research goals.

3. The rationale for choosing the specific combination Z-score — PCA — DBSCAN is
insufficiently justified.

4. There is no analysis of the metrological characteristics of the sensors (BME280, CCS811, etc.):
measurement errors, temperature drift, or recalibration requirements are not discussed (Section
4).

5. The number of real fault cases is very limited; no detailed examples of actual HVAC failures or
incident behaviors are presented.

6. Seasonality analysis is missing: except for a general mention of winter and summer, no seasonal
graphs or comparative assessments are provided.

7. There is no analysis of feature correlations before and after PCA, which would be valuable for
interpreting the transformed components (Section 7).

8. The chosen DBSCAN parameters (eps = 1.1, min_samples = 5) are not justified: no grid-search
or sensitivity analysis is provided (p. 9, Section 7).

9. The comparison with K-means is performed only qualitatively, without quantitative metrics.

10. No anomaly-detection evaluation metrics are presented.

11. The dissertation lacks consistency in citation formatting: some references are given in square
brackets, while others appear in parentheses (pp. 61, 63).

12.

The scientific level of the doctoral
candidate's articles on the research
topic (in the case of defending the
dissertation in the form of a series of
articles, the official reviewers will
comment on the scientific level of
each article by the doctoral candidate
on the research topic.)

The scientific level of the applicant's publications fully complies with the requirements for PhD
dissertation.

13.

The decision of the official reviewer
(according to paragraph 28 of the
current Model Regulation)

To petition the Committee for the award of the degree of Doctoral of Philosophy (PhD).




Conclusion

The presented dissertation for the degree of Doctor of Philosophy (PhD) by Daurenbayeva, Nurkamilya Aldangarovna, titled “Smart Fault Detection
System for Building Microclimate Control” is a complete and independent research work that meets the requirements of the “Regulations on the
Awarding of Degrees.” The author is recommended to the Committee for the awarding of the PhD degree.

Official reviewer:

Doctor of Technical Sciences, Associate Professor
Professor at the School of Artificial Intelligence and Data Science,

Astana IT University Biloshchytska Svitlana




OT3bIB O®PUIIUAJIBHOT'O PEIIEH3EHTA

Ha IUCCepTaloHHyio padboty [laypenbaesoii Hypkamuan Anganraposnsl Ha TeMy «Smart Fault Detection System for building microclimate
control» («MHTeekTyanbHas cucTeMa IMarHOCTHPOBAHUS OIIHOOK /ISt YIIPaBICHHs. MAKPOKIHMATOM 3[[aHH# »), TIPeICTABICHHYIO Ha CONCKAHIE
crenenu f1oxropa dunocoduu (PhD) no o6paszosarensuoii mporpamme 8D06102 — « KombioTepHas i NporpaMMHas HHKEHEPH»

Ne | Kpurepun CootBeTcTBHE KpUTEPHUSIM (TTOAYEPKHYTH OIUH O6ocHOoBaHMe MO3ULUH OQUIHATEHOTO PELEH3eHTa

/i Y3 BapUAHTOB OTBETA) (3amMe4aHHs BBIICIHATH KYPCHBOM)

1. | Tema muccepranuu (Ha naty | CoOTBETCTBHE MPHOPUTETHHIM HANPABJICHUAM Huccepraius COOTBETCTBYET NIPHOPHUTETHBIM
€€ yTBEPKJICHHSI) Pa3BHTHA HayKH WU I'OCY1apCTBEHHBIM HaIpaBICHUSM pa3BUTHUS HayKd, YTBEpXIEHHBIM Bricmei
COOTBETCTBYET IIporpamMmam; Hay4YHO-TEXHHYECKOH  komuccuedr npu  [IpaBuTenscTBe
HAaIpaBJICHUAM Pa3BUTHSA Pecny6rmuxku Kaszaxcran, a wumenHo: «MudopmanuoHHo-
HayK{ W/Him 1) nuccepranus BHIIOTHEHA B paMKax IIPOeKTa | KoMMyHuKamuonnble Texuoioruu (UKT)y», «MckyccTBeHHBIH
rOCyJapCTBEHHBIM WIH IeNIeBOH MPOrpaMMBI, | HHTEIUIEKT M HHTEIUIeKTyalbHble cUcTeMbl» U «lHTepHeT
porpamMmmam dbunancupyemoro(oif) u3 rocynapcrsenroro | Bemei (IoT) u kubepduzndeckne CHCTEMBI».

OromKera (yka3aTh Ha3BaHHE M HOMED IPOEKTa OT10 ocobeHHO akTyanbHO B KOHTekcTe [locnmanus

WK IIPOTPaMMBI); IIpesunenta PecnmyOmuku Kaszaxcram K.K. Tokaesa ot 8
ceHTsiOps 2025 roma, rae mMOMYEPKHYTA HEOOXOIUMOCTh

2) mhccepTalids BBIIONHEHA B paMKax IPYrodl | BHEAPEHHS  MHTEIUIEKTYQIbHBIX  CHCTEM  MOHHTODHHTA,

rOCYJapCTBEHHOM  NpOrpamMMbl (ykasate | muppoBOro  ympaBieHus, TEXHONOTHH  HCKYCCTBEHHOIO

Ha3BaHUE IIPOTPaMMBbI); UHTEIUIEKTa ¥ KoHuenuuu «Smart Cities» mis NOBBIIICHHS
3HeprodGdeKTHBHOCTH | YCTOMYHUBOCTH JKATHIIHO-

3) Juccepranus COOTBETCTBYET | KOMMYHAIbHOH HHPPACTPYKTYPHI.

OPUODUTETHOMY  HANpaBICHHWIO  Pa3BUTHS

HayK{, YTBEpKICHHOMY BErIcImeil HaygHO-

TEeXHUYECKOM Komuccuel npu [IpaBHUTEIBCTBE

PecnyOmixu Kazaxcran (vka3aTh

_HalpaBlIeHHE).

2. BaxHocTh 17151 Hayku Pabora BHOCHT/HE BHOCHT CYIIECTBEHHBIA Pabota mnpencraBinser coboi 3HAYMMEIA BKIaa B

BKJIaJ, B HayKy, a ee BaXHOCTH
packphITa/He pacKphITa.

X0poI1o

PasBHTHE TIOOXOJI0B K NEH@EOngwﬂOW JHarHoCTHKE
MHUKPOKITMMATHYECKHX CHCTEM. >Kﬂ%mbm.monu.m. HCCIIEJOBaHHUA
u\‘_@@h&d@‘qwmo anomommmmu a MPEIJIOKEHH A MOJIEIb
MOHHTOPHHI'a HA OCHOBE JoT-naruukoB ¥ METOOB MalTHHHOT'O




00y4eHHs] JEMOHCTPHpPYET IPAKTHYECKYIO HaIpPaBICHHOCTb.
ITomyuenHBle pe3ynbTaThl 00/11a10T NPHKJIANHONH IIEHHOCTBIO U
MOTYyT HaWTH @pUMEHEHHE B CHCTEMax YIpaBICHHA
MHKDPOKJIMMATOM >XUJIBIX U HEXKHJIBIX 3/1aHUH.

IIpuHnun
CaMOCTOSATETbHOCTH

Mwmuowmmﬂu CaMOCTOATEIBHOCTH

1) BBICOKHIA:

2) cpeHuit;

3) HU3KHIA;

4) caMOCTOSATEIBHOCTH HET.

YpoBeHb CaMOCTOATEIHHOCTH: BHICOKHIA.
Huccepramonnas pabora  BBIIOJHEH  aBTOPOM
CaMOCTOATENIBHO Ha BCEX 3Tanax HayqHOTO HCCIIETOBAHMS.

IIpunnun BHyTpeHHErO
€IMHCTBa

4.1 OG0oCHOBaHUE AKTYaTbHOCTH JIUCCEPTALINH:

1) obocHoBaHa:
2) yacTHYHO 00OCHOBaHA;
3) He oOocHOBaHa.

B muccepranmonHoit paboTe aKTyalbHOCTH TEMEI
pacKpsiTa IOJHO H apryMEHTHPOBAHHO. ABTOpP IOKa3bIBaeT,
YTO AaBTOMATH3HUPOBAaHHOE OOHapy)XeHHWEe ¥ JHarHOCTHKA
HEHCOPAaBHOCTEH B MHKPOKIMMATHYECKHX CHCTEMax 3JaHuil
OpeACTaBIseT co0Oi BaXHYIO W BOCTpeOOBaHHYIO 3ajady,
0COOCHHO B  YCIOBHSX  pacTymmx  TpeboBaHMid K
SHEpPro3((HeKTHBHOCTH U HATEKHOCTH WHKCHEPHBIX CHCTEM. B
paboTe mMOMYEPKHBACTCS, YTO CYIIECTBYIOINHE NOXXOMBI K
IUArdHoCTUKE  IPEHMYIIECTBEHHO  pa3pabaThBAINCh  JUIS
BBICOKOABTOMATU3UPOBAHHBIX  3JIaHMHA HWJIM B  YCIOBHSX
MOJICTHpPOBaHHsA, Torma Kak it Kasaxcrana XapakTepHa
OTpaHHYCHHOCTH WHCCJIEIOBaHMH, OCHOBAHHBIX Ha PCAIBHBIX
JAHHBIX OKCIUTyaTallid JKHJIBIX H  HEXKWIBIX  3JaHHUi.
AKTyalnbHOCTb  TEMBl  JOIOJNHHTEIHFHO  IIOATBEPIKIAACTCS
0003HaYEeHHOI B JTACCEPTaIHH HEOOXO0IMUMOCTHIO
nudpoBU3anUK HHKEHEPHOH HH(PACTPYKTYpHI, BHEIPEHHS
CHCTEM MOHHUTODUHIA M WHTEIUIEKTYAIBHOIO YNPABICHUS
MHKPOKJIEMAaTOM, YTO COOTBETCTBYET HAllPaBJICHHUSIM Pa3BHTHS
KUITHIMHO-KOMMYHATBHOH cepsl W 3amadaM [OBBIICHHS
s¢dexTuBHOCTH GYHKIHOHUPOBAHHUS 3TAHHUIA.




4.2 CopepxaHue JTHUCCEPTalHH OTPaskaeT TeMy
JUCCePTaIlHH:

1) orpaxaer:

2) YacTHYHO OTpaKaer;
3) HE OTpakaer.

CrpykTypa AHCCEpTallUd IIOJTHOCTBIO COOTBETCTBYET
3a4BJICHHOHM TEeME€ WU JIOTUYHO PACKPBIBaeT COJAEpIKaHue
Hcenenopanus. Bcee pasgensl 1OCIENOBAaTENbHO OTPaXKaioT
IIOCTaBIICHHBIE eI U 3a/a4d, oOecrieyuBasl LEIOCTHOCTL H
CBA3HOCTH paboTel. HapyimeHuit TeMaTH4ecKoro COOTBETCTBHUS
HE BBISBIICHO.

4.3. Llens 1 3a71a44 COOTBETCTBYIOT TEME
JICcCepTalyu:

1) COOTBETCTBYIOT:
2) 9aCTHYHO COOTBETCTBYIOT;
3) HE COOTBETCTBYIOT.

Ilens u 3amauu COOTBETCTBYIOT Te€Me AHCCEpTAIHH.
Kaxnas 3amada Jjormyeckw CBsi3aHa C OoOmed mensio Hu
KOHKDETH3UPYET OTJAEIbHBIE JTalbl HUCCIEIOBATEIBCKOTO
npomecca, oOecrme4yuBas ~ HAy4HYI0 M HPAKTHYECKYIO
3aBEpPHIEHHOCTH pPabOTHL.

4.4 Bcee paszensl ¥ MOJOKEHUS JUCCepTaIlil
JIOTHYECKH B3aUMOCBSI3aHBbI:

1) mOJHOCTHIO B3aUMOCBSI3aHbL;
2) B3aHMOCBS3b YaCTHYHAS,
3) B3aUMOCBS3b OTCYTCTBYET.

Pasznensl nuccepraniuy AEMOHCTPUPYIOT BHYTPEHHIOIO
CBA3HOCTE M JIOTHYECKYIO IIOCIIENOBATENbHOCTh: H3JIOKEHUE
MaTrepHana IIOCTPOEHO TaK, YTO Kakaas Iociedyrolnas Ijiasa
NIpOJIOJKAET M pa3BHUBACT PE3yNbTaThl MIPEABLTYICH.

4.5 TlpemnoxeHHBIE aBTOPOM HOBBIEC PEIICHUS
(TpHHIMIIBI, METOMABI) AapryMEHTHPOBAHBI U
OLICHEHBl 10 CPaBHEHHIO C H3BECTHHIMU
PELICHUSIMU:

1) kpuTHYECKHH aHATIHS ECTh;

2) aHAIH3 YaCTHYHEIH;

3) aHaN|3 MpeICTaBIsgeT coOoi He
cOOCTBEHHBIE MHEHHUS, @ IUTATHI JPYTHX
4BTOpPOB,;

4) aHanu3 OTCYTCTBYET.

B muccepraum aBTOp MPOBEN TLIATC/IBHBIA aHAIU3
CYIIECTBYIOIIMX METOJOB MHTEUICKTYAIbHOH JHAarHOCTHKH
MUKPOK/IUMATHYECKHX  CHCTEM, CONOCTAaBHB  pa3jIMYHEIE
aIrOPUTMEI KJIacTepU3aluy, cocoOn! pe1o0paboTKH JaHHBIX
M BapuaHThl apXUTEKTyp MoOHHTOpuHra. Ha  ocHOBe
CPaBHHUTENBHBIX Ta0MHIl M CTPYKTypUpOBaHHOTO 00630pa
MOAXONOB IIOKa3aHbl HX IPEUMYINECTBA W OrPAaHUYCHHS B
KOHTEKCTE pealbHBIX NaHHEIX. YUHTHIBAg pe3yILTAThl 3TOrO
aHanm3a, aBTOp copMHpoBaT H 00OCHOBAaT COOCTBEHHBIH
noaxo, BKmodaromui coueranue Z-score, PCA u DBSCAN,
IIPOJEMOHCTPUPOBAR €r0 NpakTH4ecKyr 3¢ddextuBHOCTE B
pEIIeHHH TOCTaBICHHON 3a1a4H.




ITpunaimn HayYHOH HOBU3HBI

5.1 Hay4uble pe3yIbTaThl M MOJIOKEHUS
ABIISIOTCS HOBBIMH?

1) IOTHOCTHIO HOBBIE,
2) YaCTHYHO HOBBIC (HOBBIMH SBISIOTCS 25-
75%);

3) He HOBbIC (HOBBIMH SIBIISIIOTCS MeHee 25%).

Hayunple pesynpTaTsl AMCCEPTAlHOHHON paboTh
coliepKaT 3JIEMEHTHl HOBH3HBI M 00J1afalOT aKTyalbHOCTHIO.
ABTOpDOM  BIEpBbIE MONyYeHbl W  INPOAHAIH3MPOBAHBI
9KCIIEPUMEHTAJbHBIE JaHHBlE MHKPOKIMMAaTa JKWIBIX H
HEXUIIBIX 37aHuil B ycnoeusx Kasaxcrana, yto camo 1o cebe
OPEJCTABIACT  LEHHOCTh,  YYHUTHIBasg  OrPaHUYEHHOCTH
noJ00HEIX HecnenoBanni. Ha ocHOBe 3TUX JaHHBIX pa3paboTaH
M anpoOHpOBaH MOAXOA K JHArHOCTHKE  COCTOSHHS
MHKDOKJIUMATHYECKUX CHCTEM C HCIOJIB30BAaHHEM METO/OB

MAallxuHHOI'O O@%momﬁm u OLICHKH HaJEXKHOCTH.
mmumho.mmwhﬂmm.wmm IIOJIOKEHHUA, BBIHOCHMEBIE Ha  3al0HTY,
TIOCIEMOBATEIIBHEI, APrYMCHTHPOBaHBI H MOATBCPKICHBI

SKCIIEpHMEHTAIIBHBIMHA PE3YyNIbTaTaMH, YTO CBHIECTEIBCTBYET O
mm%éom COCTOATCIIBHOCTH BBINMOJHCHHOI'O HCCIICTOBaHHA.

5.2 BeIBOABI AUCCEPTAIMH SIBIISIOTCS HOBBIMHE?

1) IOTHOCTEIO HOBBIE;

2) 9aCTUYHO HOBBIE (HOBBIMH ABIAIOTCS 25-
75%);

3) He HOBBIEC (HOBBIMH SBISAIOTCS MeHee 25%).

ITomydeHHBle B XOIE MCCNENOBAHUS PE3YIBTATHI
NPEICTABIBIIOT OO0 HOBOE HAYYHOE 3HAHWE W BHOCAT BKJIAJ B
nanbHeWIIee pa3BUTHE MHTEIUIEKTYaNbHBIX IOJXOI0B K
YIPaBIECHUIO MHKDOKTHMATHYECKHAMH CHCTEMaMH. ABTOpY
yJanoch He TOJIBKO CHOPMHPOBATH COOCTBEHHYIO METOIUKY
00pabOTKM H aHamu3a [JaHHBIX, HO M AaJanTUpPOBaTh
COBpPEMEHHBIE METOIbl MAIIHHHOIO OOYYEeHHs K YCIOBHSIM
sxcmnyaranuu 31aHuii B Kaszaxcrane. HoBusna nposBisercs
KaK B pa3paboTKe AHarHOCTHYECKOTO MOIX0/Ja, OCHOBAHHOTO Ha
KOMOMHAIMM  CTAaTHCTHYECKHX H  KIACTePH3allHOHHBIX
aJTOPUTMOB, TaK M B HCIOJB30BAHHH 3KCIIEPUMEHTATBHBIX
JAHHBIX, paHee He TIIPUBJIEKABIIMXCI B OTEYECTBEHHBIX
HCCIeNOBaHUsIX. lIpelcTaBleHHbIE PEIICHUS PACIIHPSIOT
BO3MOYKHOCTH MHTEJUIEKTYJIBHOTO MOHHUTOPHHTA
MHKDOKJIMMaTa ¥ CO3JAf0T OCHOBY [UIS IIOCIEIYIOIIEro
COBEPIICHCTBOBAHUS aBTOMAaTH3HPOBaHHBIX CHCTEM
yIIpaBJICHHS.




5.3 Texnuueckue, TEXHOJIOTHYECKHE,
SKOHOMHYECKHE WA yIIpaBJIeHYECCKHE
pereHus SBIISIFOTCS HOBBIMH 151
000CHOBAHHBIMH:

1) MOMTHOCTHIO HOBEIE,
2) 4acTUYHO HOBBIC (HOBBIMHU SBISIOTCS 25-
75%):

3) He HOBBIE (HOBBIMHU SIBIISIFOTCS MeHee 25%).

B JIACCEPTAITHOHHOM pabote paspaborana
cobcTBeHHas cucTeMa cOopa JaHHBIX MHKPOKJIMMaTa Ha OCHOBE
MHoronapamerpudyeckux loT-maryukoB, YTO  MO3BOJIWIO
chOpMHPOBATh YHHKATGHBIA HA0Op 3KCHEepHMEHTANBHBIX
IaHHBIX Uit ycaoBuit KasaxcraHa. ABTOp NOCIEIOBAaTENBHO
HHTEIPHPOBAJI METOJIbl CTAaTUCTHYECKONH OYHMCTKH, CHHM)KCHHUA
pa3sMEpHOCTH M KiIacTepu3aiiii, OOBEAUHUB HX B EIHHYIO
METOJONOTHIO, OPHUEHTHPOBAHHYK) Ha BBIABICHHE PAaHHUX
OTKJIOHEHUH M NOTEHINUANbHBIX HeucnpasHocteir HVAC-
CHCTEM TIIpH OTCYTCTBHM pa3MEYCHHBIX MJaHHBIX. Bce
chOpMYyIHPOBaHHBIC BHIBOJBI OIMUPAIOTCS Ha OOBEKTHUBHBIC
JKCIEpUMEHTAIBbHBIE  pE3yNbTaTbl M MOATBEP>KAAIOTCA
MOy Y€HHBIMH SMIHPHYCCKUMHU HAOIFOACHHSIMH.

O00CHOBAaHHOCTH OCHOBHEIX
BBIBOJIOB

Bce  OCHOBHBIE  BBLIBOJBI _ OCHOBAHBI/HE
OCHOBaHBl Ha BECOMBIX C HAyYHOH TOYKH
3peHMsI JIOKa3aTeNbCTBaX JHOO JOCTATOYHO
Xopomno obocHoBaHs! (Juia qualitative research
U HANpaBJICHUH MOJTOTOBKH IO MUCKYCCTBY H
IYMaHUTAPHBIM HAyKaMm).

OcCHOBHBIE BBIBOJBI JHCCEPTAIIMM OINUPAIOTCA Ha
JOCTATOYHYIO  COBOKYNIHOCTH HAy4YHO  IIOATBEPKIEHHBIX
JIaHHBIX. ABTOp JEMOHCTPHUPYET, 4YTO CGhOPMYJIHPOBaHHEIC
pE3yNIbTaTEl OCHOBAaHBI Ha 3KCIEPUMEHTAIBHBIX H3MEPEHHUSIX
MHUKPOKJIMMATA, 006paboTaHHBIX c HCII0JIE30BaHUEM
COBPEMEHHBIX METO/I0B aHaiu3a JaHHBIX. IIpumeHEHHBIE
QITOPUTMBl  CTATHCTHYECKOH  HOpPMAIM3alMH, CHUKCHUS
pasMEpPHOCTH M KJIAacTepH3alWd JaroT BOCIIPOU3BOJAMBIE
pe3yIIbTaThI, 9TO TIO3BOJISET CYHTATh BBIBO,II
HCCJIEIOBATEILCKH 000CHOBaHHBIMH. [IpencraBneHHbIe
JI0Ka3aTeJIbCTBA ABISIIOTCH JOCTATOYHBIMU U METO/I0JOTUYECKH
KOPPEKTHBIMH JIJI1 KOJHYECTBEHHOIO HCCIIEOBAHUS B 00IacTh
HUHTEJUIEKTYaIbHBIX CUCTEM M MH)KEHEPUH JIAHHBIX.




OcHOBHEIE I[MOJIOKEHHA,
BBIHOCHMBIC Hd 3aIIUTY

Heobxo01MMo OTBETHTE Ha ClIeAYIOIHE
BOIIPOCHI IO K&KAOMY ITOJIOKEHHUIO B
OTIENBHOCTH:

7.1 Jloka3aHO JI¥ IOJIOKEHHE?

1) moxa3ano;

2) ckopee I0Ka3aHo;

3) ckopee He 10Ka3aHo;

4) He oKa3aHo;

5) B Texyuieit popmyIHPOBKE IPOBEPUTH
JOKa3aHHOCTb TOJIOKEHUST HEBO3MOKHO.
7.2 SIBnsercs TM TPUBHATBHBIM?

1) na;

2) Het;

3) B Texyme# GopMyIHpOBKE IPOBEPUTH

TPUBHAIIBHOCTE ITOJIOXKEHHA HEBO3MOXKHO.

7.3 SIBnsercs 11 HOBBIM?

1) ma:

2) HeT;

3) B Texyuie# GopMyITHPOBKE IPOBEPUTH
HOBH3HY IIOJIOKEHHS HEBO3MOXKHO.

7.4 YpoBeHb 1Sl IPUMEHEHUS:

1) y3kui;

2) cpenuuil;

3) INUPOKMIA;

4) B Texymel GopMyITHPOBKE IPOBEPUTH
YPOBEHb IIPUMEHEHUS TTOIOKECHHES
HEBO3MOXKHO.

7.5 JlokazaHo i B cTaTbe?

1) na;

2) HeT;

3) B TeKy1ei GopMyIHPOBKE IIPOBEPUTE
JIOKa3aHHOCTH TIOJIOXKEHUS B CTAThE
HEBO3MOJKHO.

Bcee OCHOBHEBIE IMOJOXKEHHA, BBIHOCHMBIC Ha 3alllTy,
SIBISTFOTCSA 00OOCHOBaHHBIMH M COJICPKATEIbHO 3HAYUMBIMH; OHH
OTJIMYAIOTCS OIPENEeNEHHOM CTENEeHBI0 HAyYHOW HOBH3HBI U
MOATBEP)KMAIOTCS  pe3yJIbTaTaMH,  MNpPEICTaBICHHBIMH B
nmyOnuKanuax aBTopa. [loydeHHBIE MaTepHal bl OTPaXKCHHI B
CTaThsIX M Te3HWCax MEXIyHapOOHBIX KOH(EpeHIHi, BKIFOYaL
u3faHus, uHAeKcupyemble B Scopus m Web of Science u
oTHOcsuecs K kBapTwiaM Q1 (85-# mepuentuns) u Q2 (58-i
NEepIEeHTUIb), a Takke B paboTaX, BXOISIIMX B IIEpEUEHb
KKCHBO PK. Hayunmas u npakTH4YecKas 3HAYHMMOCTH
PE3YJIBTaTOB JOMOJHUTENBHO MOAKPEIUIeHa HOKIAIaMH aBTOpa
Ha MexayHapoaHblX koHdepenmusx ICECCO u PAMDAS, a
Taloke aBTOPCKUM CBHAeTeNbCTBOM Pecnybmuku Kazaxcran
Ne41781 Ha MporpaMMHBIH ITPOAYKT.




ITpuHIUII TOCTOBEPHOCTH.
JlOCTOBEPHOCTH HCTOUYHHUKOB
H IIPEIOCTaBIIEMOM
uHopMaLHu.

8.1 Bribop meromonorum - 0OOCHOBaH HIIH
METO/IOJIOTHSA JOCTATOYHO IOAPOOHO OmucaHa:

1) ma

2) HerT.

MeTtononorus CRISP-DM B JIACCEPTalHH
UCIIOIb3yeTCs KaK OCHOBA JUIS OpraHHM3aluu IporeccoB cbopa,
00paboOTKH U aHaTKM3a MUKPOKJIUMATUYECKUX JIAHHBIX. BakHbIM
Hay4yHBIM PE3yJIBTaTOM SBIISETCS TO, YTO aBTOP aZalTHPOBAI
JAHHYIO METOAOJIOTHIO K chenupuke 3a7ad MOHHTOPHHIA H
paHHEro BBIABJICHHS OTKIOHEHHH B MHKPOKIMMATHYECKUX
cucTeMax 31aHuil. ABTOp pacmmpuil €€ TpaaulMOHHYIO
CTPYKTYpPY, HOAPOOHO MOKa3aB, KaK KaKIbIA Tall METOIO0JIOTHH
NIPAMEHSETCS K BbICOKOYacTOTHBIM loT-manHbM, coOpaHHBIM B
JKHJIBIX H  HexwiblX 3maHmsax Kazaxcrama. B pabore
neMoHcTpHupyeTes, kakuMm oOpasoM moaxon CRISP-DM 6wt
HHTCTPUPOBAH B MOJNHBIH IHKJI 00paboTKH: OT IOHHMaHHA
SKCILTyaTallHOHHBIX YCIOBHM 31aHuii g0 (opMupoBaHus
JIATHOCTHYECKWX  MOJieNield HAa OCHORE CTATHCTHUECKWX |
KJIaCTEpHU3aIlMOHHBIX METOJIOB. 310 IIOATBEPIKIaeT
KOPpPEKTHOCTH  BBIOOpa MeTomosiorddeckoit 0azel u  e€
YCIEIIHYIO aJanTallfio K peaIbHBIM YCIOBHSAM HCCIEIOBAHMSL.

8.2 PesynpTathl AuccepTallMOHHOM paboTEI
HOJIY4YEHBI C UCIIOJIb30BAaHHEM COBPEMEHHEIX
METOJIOB HAyUHBIX UCCIECIOBAHUH U METOIUK
00paboTKH ¥ HHTEPNPETAIlHH JaHHBIX C
IPHMEHEHHEM KOMITBIOTEPHBIX TEXHOIOTHIA:

”_.H m@.

2) HeT.

PesynbraThr HCCIIEIOBAHMS IOy YEHBI c
HCIIONIE30BaHUEM COBPEMEHHBIX METOJIOB aHAIM3a JAHHBIX H
MAIIMHHOTO OOYYCHHMsA, YTO OOECIICYMIIO BBICOKYIO CTENEHb
TOYHOCTH MU JAOCTOBEPHOCTH BBHIBOJIOB. B paboTe mprMeHEeHBI
pa3NUYHBIE ANTOPUTMBI  CTAaTHCTHYECKOH  HOPMAaJIM3AIlWH,
CHIDKEHHS] Pa3MEPHOCTH W KJIaCTepH3alWH, BKIFO4as Z-score,
PCA u DBSCAN, a takxe paspaborana cucrema cbopa
BBICOKOYACTOTHBIX [0T-IaHHBIX B YCIOBHSX PEaTbHBIX 3/IaHUN
Kazaxcrana. ABTOp IPOJIEMOHCTPUPOBAN, KaK COYETAaHHE ITHX
METOJIOB IO3BOJIET BHISBJIATH PaHHHE OTKIOHEHHS B pabote
MHUKPOKJIMMATHIECKHX CHCTEM IIPH OTCYTCTBHH Pa3sMETKH H
MHMHUMAaJIbHOH uH(pOpMaluu 0 BHyTpeHHuX nponeccax HVAC-
obopynoBaHus. Mcnob30BaHHe SKCIEPUMEHTAIBHBIX JaHHBIX,
COOpaHHBIX B JKHIIBIX W HEXHIBIX IOMEUIEHHSX, ITO3BOJHIO
NPOBECTH KOMIUIEKCHBIH aHAIU3 YCIOBHH OKCILTyaTallud MU
TOATBEPIUTh 3 ()EeKTHBHOCTh BBHIOPAHHBIX MOIXOJOB. ITO




NOTYEPKUBAET COBPEMEHHBIH  XapakTep HCIOJIB30BAHHBIX
METOJIOB M HX NPHMEHMMOCTb B 33JadyaX WHTE/UIEKTYalbHON
JUarHOCTUKUA U MOHHTOPUHIA MHKEHEPHBIX CHCTEM.

8.3 Teoperwyeckue  BBIBOJBLI,  MOJIEIH,
BBISBJICHHBIE B3aHMOCBSI3U H 3aKOHOMEPHOCTH
JIOKa3aHBI 3 MIOATBEPIK/ICHBI
SKCIIEPUMCHTAJIBHEIM ~ HCCIeJ0BaHueM (Ui
HallpaBJI€HUH MOATOTOBKH MO IEJarorHyeCcKuM

.H,GOHUQHE&@ONE@ BBIBOJBL JOKa3aHbl
IKCIICPHMEHTAILHBIMH HCCIICIOBaHHIM, KJTIOYECBEIC
YTBCPKICHHUA MOATBEPKACHBL AKTYaJIbHBIMH Hay4HbIMH
HCTOYHHKaAMH.

HayKaM pe3yJbTaThl [OKa3aHbl Ha OCHOBE

IEaroruyeckKoro S5KCrepruMeHTa):

1) ma;

2) HerT.

8.4 Baxusie YTBEPIKICHHS Jlurepatypa aKTyanbHa U JIOCTOBEPHA.
IOATBEPXKICHBI/YaCTUYHO  IOATBEPIXKICHEL/HE

MOATBEPXKAEHBI CCBUIKAMH HA AKTYAIBHYIO H
JIOCTOBEPHYIO HAYUHYIO JIHTEPATYPYy.

8.5 Hcnonb30BaHHBIE HCTOYHHKH JIUTEPATYPBI
JIOCTATOYHbI/HE JIOCTaTOYHBI JUts
JIHUTEpaTypHOro 0030pa.

B o630pe nuteparypbl aBTOp mpoaHamusupoBaia 106
HCTOYHHKOB , YTO CBHIETEIBCTBYET O IOCTATOYHO MIMPOKOM
OXBaTe TEOPETHYECKHX M MPUKIAJHBIX paboT MO TeMaTuke
mukpoximmumara, HVAC-cucteM, MammsHHOrO oOy4eHHS H
JMarHOCTUKHA HEHCIPABHOCTEH.

[IpeobnanaroT coBpeMeHHbIE IMyOIUKAIUH TOCISTHIX
NeT: 3HayuTeNIbHasd 4acTh paboT OTHOCHTCA K mepuomy 2015—
2024 rr., Bxmoyas ctareu 2020-2024 romoB mo meromam FDD,
OPHMEHEHUIO MaNIMHHOTO OOy4YeHHMs, a TakkKe aanTaiusM
CRISP-DM u apyruMm TNpOLECCHBIM METOMOJIOTHsAM aHalIu3a
JAHHBIX.




ITpHHLMIT IPaKTHYECKOH
LEHHOCTH

9.1 luccepranus UMeeT TeOpeTHIECKOe
3HAYEHUE:
1) na:

2) Her.

Juccepranus 0651a1aeT TeOPETHIECKOM 3HAYAMOCTBIO,
IIOCKOJIBKY aBTOp  CHUCTEMATH3MpyeT W  pa3BHUBaeT
CYIIECTBYIOIIHE [OJIXO0/1bI K JIMarHOCTHKE
Mukpokimumatndgeckux cucrem (FDD), o6ocHoBeBaeT w
agantupyer  Mmeroponmorumio  CRISP-DM  k  aHamusy
BBICOKOYacTOTHBIX  JoT-manHeIx, a Tarke Qopmupyer
WHTETPUPOBAHHBIA JUArHOCTHYECKUIN MOJXO0J, COYSTAHOIIHI
CTaTHCTHYECKYIO HOPMAIU3alUIO, CHUXKECHHE pPasMEPHOCTH H
METO/IbI KJIacTepH3allHH1. Takoe obbeIuHEeHUE
METOJOJIOTHYECKUX M AITOPUTMHYECKHX PEIICHUH pachrupser
TEOPETHYECKYIO 0a3y HHTEJIEKTYaTbHOIrO aHalM3a JAHHBIX B
HHKEHEPHBIX CHCTEMax MW CIIOCOOCTBYeT JajibHeHImemy
Pa3BUTHIO HAy4YHBIX OCHOB MOHUTOPDHHra W JHarHOCTHKH
HVAC-o060opynoBanmus.

9.2 Jluccepraumss UMeeT  HPAKTHYECKOE
3HAYECHUE U CYIIECTBYET BBICOKAas BEPOSTHOCTH
IOPUMEHEHHMsS IOJy4YeHHBIX pE3yJbTAaTOB Ha
IpaKTHKE:

1)_na;
2) HeT.

Juccepranus obnafaeT BHIPAKEHHOH NpaKTHYECKOH
3HaYMMOCTBIO, W TIONYYEHHBIE PE3yJBTATHl MMEIOT BBICOKHIM
NOTEHIHAI JUIs BHEAPEHUS B pealbHbIe CHCTEMbl MOHHUTOPUHTA
U yIpaBJIeHHS MHKPOKIMMAaTroM. PaspaGoTaHHBIE METOIBI U
SKCIIEPHMEHTANIBHO MOATBEPKIEHHBIE ATOPUTMBI MOTYT OBITh
HCIIONb30BAHbl B MHXEHEPHOH TMPAKTHKE [UIA IOBBIMEHUS
HanéxuHoctd  HVAC-o6opynoBanus ©  3hdeKTUBHOCTH
SKCIITyaTalliy 3/1aHUH.

9.3 IlpennokeHHs IS TPAKTHKH SIBISIOTCS
HOBBIMH:

1) HonHOCTEIO HOBEIE;
2) 4aCTHYHO HOBbIE (HOBBIMH SIBIISIOTCS 25-
75%);

3) He HOBBIE (HOBBIMH SABISIOTCS MeHee 25%).

[Ipennoxenus, chopMyIUpOBaHHBIE B [HCCEPTALAM
I TPaKTHYECKOr0 IPUMEHEHHS, BKIIOYAIOT 3JEMEHTEI
HOBH3HBI M IIPEJCTaBJIAIOT CODOH 4YaCTHYHO HOBBIE DEINEHUS,
PaCHIMPSIOMHUE CYIIECTBYIOMUE MOAXOABI K MOHHTOPHHIY H
JHMarHOCTHKE MUKPOKIHMATHYECKAX CHCTEM.




10.

KauecTBo Hanucanus u
odopMIeHHAS

KauecTBO akageMH4ecKOro muchpMa: KauecTBo akageMu4eckoro mHCbMa B JHCCEpTallUd

MOYKHO OLIEHHTH KakK JI0CTaTOYHOE JUIS Hay4HOU paboThi: TEKCT
1) BBICOKOE; CTPYKTYPUPOBaH, OCHOBHBIE MOJIOKEHHUS U3JI0/KEHEI
2) cpennee: [I0CTIeI0BATENBHO, apryMeHTanus JIOTUYHA. AgTOp
3) HHMXE CpeHEro; OPHIEP)KUBAETCA HAyYHOTO CTHJIA, KOPPEKTHO MCIIOIb3YyeT
4) HU3KOE. TEPMHHOJIOTHIO U cobmonaeT TpeOoBaHHA K OQOPMIICHHIO

JUCCEPTANHOHHOI'O HMCCICIOBaHHA. B otmensHBIX pasiaciax
BCTPCHACTCA u30BITOYHAS OeTajii3anusa, OJHaKo 3TO0 HE
HapymacT HEJIOCTHOCTH H3JIOXKEHHS H HE CHHXKAET BOCIIPUATHE
Hay4HOI'0 COJICpXKKaHHuAd.

11.

3aMedaHus K JUCCepTaLIHH

10.
11

Beenenune conepkuT MAPOKHUiA 0630p cMeXHBIX obnacteii (greenhouses, hospitals), HO uX CBA3b ¢ OCHOBHOI
3ajadeit He nokasana (c. 13—14).

B pasnene “Research Aim and Objectives” (ctp. 8) nemu u 3amaun chopMyITHPOBAHE! MHPOKO H YACTHIHO
NEPECEKAOTCs: OTACIbHbIE 3a7a4d (HaKTHYECKH NPEACTAaBISIOT COOOM NEeTAU3alMI0 3TAoB 00pabOTKM
JNaHHBIX U B psJ€ CIydaeB IOBTOPSIOT APYr Apyra IO CMBICAY. DTO CHHXKAeT (DOKYC M JIOTHYECKYIO
HEepapXHIO HCCIIE0BATEIBCKUX HETCH.

Hcnocrarouno o6ocHoBaH BEIOOp HMCHHO KoMmOuHamwn Z-score — PCA — DBSCAN.

OTcyTcTByeT aHalM3 METPOJIOTHYECKHX XapakTepucTuk garduko (BME280, CCS811 u ap.): ommubka
HU3MEPEHMs], TEMIIEPATYPHBINA npeid, nep-kanudporka (pasaen 4).

CruimmkoM Majioe 4Mcio KeiCOB IO peanbHBIM OTKa3aM (He IpeJICTaBIIEHBI NPUMEPHI peabHBIX aBapuii B
HVAC).

OtcyTcTByeT aHanM3 CE30HHOCTH KpOMe OOINero yrnoOMHHAHHS (3UMOM M JIETOM), HE IPeIOCTaBIEHLI
rpaHKy WK CPAaBHEHUS.

Her ananmsa koppemsnuit Mex 1y npusHakamu 1o u nocie PCA — 6bu1o OBl MOJIE3HO I HHTEPIPETALHH
(pazmen 7).

Bribop mapamerpos DBSCAN (eps=1.1, min_samples=5) ne ob6ocHoBan: HeT grid-search mim sensitivity
analysis (cTp.9, paznmen 7 ).

Cpasrenue ¢ K-means BBIIOJIHEHO TOIBKO KaY€CTBEHHO, 6€3 METPHK.

OTCyTCTBYIOT METPUKH KadecTBa OOHAPYKEHUS aHOMAJIHH.

B pabore mapymaercs equHooOpazne B 0QOPMICHHH CChUIOK: YaCTh HCTOYHHKOB IIPUBOJMTCS B KBAIPATHBIX
CKODOKax, 4acTh — B KpPYIIBIX (cTp.61, 63).




12. | Hayusslii ypoBeHb cTarTeii Hayunblii ypoBenb myGiuKaiii couckareisi oJHOCTBIO COOTBETCTBYET NPEAbABIAEMBIM TpeGOBAHUAM K
JOKTOPAHTA 1O TEME JMccepTalHoOHHLIM paboTtam yposus PhD.

HccenoBanus (B ciyuae
3aIUTHI TUCCEPTAIHA B
dopme cepum crareit
opuIHaTEHBIE PELECH3EHTHI
KOMMEHTHPYIOT Hay4YHBIH
YPOBEHB KaXJIOH CTaTbH
JIOKTOPAHTA MO TeMe
HCCIIEOBAHMS)

13. | Pemenne odpunuatsHOrO xXonaraiictBoBarh nepe KoMHTeTOM JUIs IpHCYkKIeHHs TOKTOPAHTY cTereHn okTopa dunocoduu (PhD)
PELEeH3eHTa (CorjiacHo

NyHKTY 28 HacTosmiero
TunoBoro nonoxeHus)

3akir0ueHHe

ITpencraBnennas amcceprans Ha COMCKaHMe creneHH jgokropa ¢uimocopun (PhD) laypenbaea Hypkammuaa AnganraposHa Ha TeMmy
«Smart Fault Detection System for building microclimate control» («MHTeexryansHas cucTeMa JAMArHOCTHPOBAHHS OMIWOOK ISt YIIPABIEHHS
MHMKPOKJIMMATOM 3JaHuii») SIBIASETCS 3aKOHYEHHOH CAMOCTOSTENbHOH HayyHO-HCCIEJ0BaTeIbCcKO paboToii, KoTopas oOTBewaeT TpeboBaHHMM
«ITpaBuna npucyXIeHHs CTeNeHei», a ee aBTop 3acIy)KHBaeT XojaraiicTBoBaThk nepes KoMuTeToM as npHCYKIAEHUS JOKTOPAHTY CTENEHH JOKTOpa
dunocoduu (PhD).

O¢uuuanbHBIH peneH3eHT:

JLT.H., JIOLEHT
npodeccop 1Ikosbl HCKYCCTBEHHOIO HHTEJUIEKTA M HAYKH O JIAHHBIX,
TOO Astana IT University
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