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No

Criteria

Ehgibility (please select one answer option)

Justification of the official reviewer's position

T'he topic of the thesis (as of the date
of its approval) corresponds to the
directions of scientific development
and/or government programs

[.1 Compliance with priority areas of scientific
development or government programs:

1) The dissertation was completed within the project or
target program financed from the state budget (indicate
the name and number of the project or program);

2) The dissertation was completed within the other state
program (indicate the name of the program):

3) The thesis corresponds to the priority direction of
scientific development. approved by the Higher
Scientific and Technical Commission under the
Government of the Republic of Kazakhstan (indicate

direction)

The dissertation on the topic «Smart Fault
Detection System for Building Microclimate
Control» corresponds to the priority areas of
scientific development in the field of study
8D061 — «Information and Communication
lechnologies» and the educational program
8D06102 — «Computer and Software
L:ngineering», approved by the Higher Scientific
and Technical Commission under the
Government of the Republic of Kazakhstan.

!\)

Importance for science

The work makes/does not make a significant
contribution to science and its importance is
well-disclosed / not disclosed

The work makes a significant contribution to the
development of intelligent diagnostic methods
for microclimate control systems. The
importance of the research is clearly articulated,
supported by current trends in digitalization, and
reinforced by the development of a practical
monitoring model based on IoT sensors and




machine learning. The results obtained have high
practical value and can be implemented in
control systems for residential and non-
residential buildings.

The principle of self-reliance Self-reliance level: Level of independence: high.
1) high: The dissertation was carried out by the author
2) average: independently at all stages of the research.
3) low:

4) no independence

The principle of internal unity 4.1 Justification of the relevance of the thesis: . The relevance of the dissertation topic 1s fully
1) justified: justified by the author. The work clearly
2) partially justified; demonstrates that the problem of automated fault

3) not justified detection and diagnosis in building microclimate

systems 1s of international significance and is
actively developing in contemporary research
(Wang et al., 2023; Zhao et al., 2023: Li et al..
2024; Zhang ¢t al., 2024). The author
substantiates that existing FDD methods are
primarily oriented toward highly automated
buildings and simulated data, while in the
context of Kazakhstan there is a lack of practical
studies based on real operational data.
Additionally, the relevance is reinforced by the
strategic objectives of digitalizing engineering
infrastructure, as reflected in the Address of the
President of the Republic of Kazakhstan, K. K.
Tokayev, dated September 8, 2025, which
emphasizes the need to implement monitoring
systems, intelligent control, and artificial
intelligence technologies to improve the energy
efficiency and reliability of public utilities. |




-

4.2 The content of the thesis reflects its topic:
1) reflects:

2) partially reflects:

3) does not reflect

The content of the dissertation reflects its stated
topic and provides a comprehensive and
coherent exposition of the research subject. All
chapters correspond to the aim, objectives, and
scope of the work. No deviations from the
declared topic have been 1dentified.

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 overali 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 1s no relationship

All sections and provisions of the dissertation
are completely interconnected: the material is
presented consistently, and each chapter builds
on the results .of the previous one, forming a
coherent . and well-substantiated scientific
concept. The theoretical foundations.
methodology, experimental part, and conclusions
constitute a unified and integrated whole, which
indicates a high degree of systematic

organization and thoughtful design of the
research.

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

The author has presented a well-substantiated
comparison of the proposed solutions with
existing  approaches, including clustering

algorithms, data preprocessing methods, and
monitoring architectures. There 1s a critical

analysis of the advantages and lLmitations of
DBSCAN compared to K-Means. as well as an
assessment of the impact of the Z-score and PCA
stages on diagnostic accuracy. This analysis is

based on the author’s own experimental results _




and well-reasoned conclusions rather than a
summary of the literature.

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 and statements are
completely new. The presented findings are

distinguished by their relevance and originality.
The author has obtained new data on
microclimate monitoring. the application of

-machine learning algorithms, and the assessment

of system reliability, which confirms the
scientific validity and practical significance of
the work. The conclusions submitted for defense
are well-founded, logical. and supported by
experimental 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 obtained results are completely new and
contribute to the development of intelligent
microclimate management technologies.




5.3 Technical, technological, conomic, or manageria

lecisions are

1) new and justified:

2) completely new;

3) partially new (25-75% are new);
4) not new (less than 25% are new)

The work presents the development of a new and
justified system for collecting microclimate data,
with algorithms and data analysis procedures
adapted and integrated into a unified
methodology for early fault detection in HVAC
systems under conditions of unlabeled data. All
major conclusions are based on reliable

scientific evidence and are supported by
experimental data.

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)

Although individual existing algorithms and
methods (DBSCAN, PCA, Z-score, etc.) were
emploved,  their  structural Integration,
adaptation. parameterization, and practical
application in the context of fault diagnosis for
HVAC systems under unlabeled data conditions
were developed by the author for the first time.
As a result, a new methodology. a new technical
solution, and a new monitoring system
architecture were created. All key findings are
based on scientifically sound evidence.

supported by experimental data, and are
scientifically substantiated.




— _— —

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 1t trivial?

1) yes:

2) no

7.3 Is 1t new?

I) yes:

2) no

7.4 Application level:

1) narrow:

2) medium:

3) wide

7.5 Is it proven in the article?
I) yes:

2) no

The scientific statements presented in the |

dissertation demonstrate a broad scope of
applicability. The developed methods for
microclimate monitoring and HVAC system
diagnostics can be used in residential and
commercial buildings, industrial facilities.
educational institutions, data centers, airports,
and other infrastructure environments. The
universality of the proposed algorithms and
architectural solutions ensures their adaptability

to various operating conditions, which confirms

| the wide practical relevance of the results.

All key provisions submitted for defense are
substantiated, non-trivial, and possess scientific
novelty. Each of them has a wide range of
practical applications and is supported by the
author’s publications in scientific journals and
international conference proceedings. including
journals with high scientometric indicators
(percentiles 85 — Q1 and 58 — Q2). indexed 1n
Scopus and Web of Science. as well as those
included in the list of the Committee for Quality

~Assurance in Science and Higher Education of

the Republic of Kazakhstan. The results have
also been presented at international conferences
such as ICECCO and PAMDAS. The practical
significance of the research outcomes 1s further
supported by the author’s certificate of

registration of a software product of the
Republic of Kazakhstan No. 41781.

The evidential foundation of the dissertation 1S
sufficient and convincing. The research




statements are supported by up-to-date scientific
sources, modeling resuits, experimental studies.
and comparative analysis. The material
presented demonstrates that the research
objective has been achieved and all assigned
tasks have been fulfilled, fully meeting the
requirements established for dissertations of the
corresponding academic degree.

The principle of reliability.
Reliability of sources and
information provided

8.1 The choice oi methodology - is the methodology
justified or 1s it described in sufficient detail?

1) yes:
2) no

The CRISP-DM methodology is thoroughly
described and adapted to the tasks of
microclimate management.
The CRISP-DM methodology is presented in a
complete and consistent manner, and its
selection is justified by the specifics of the study.
The author not only provides a detailed




description of all stages of the methodology but
also adapts it to the tasks of microclimate control
and fault diagnosis under real building
conditions 1in Kazakhstan. The dissertation
clearly demonstrates how each stage of CRISP-
DM 1s applied to the processing of high-
frequency sensor data, which confirms the
appropriateness and validity of choosing this
methodological framework.

8.2 The results of the thesis were obtained using The results were obtained using modern data
modern methods of scientific research an techniques for | analysis and machine learning methods. The
processing and interpreting data using computer findings of the dissertation were achieved
technologies: through the application of contemporary
1) yes: scientific research techniques and computational
2) no

technologies. Machine learning algorithms were
employed, including DBSCAN for anomaly
detection and i1dentification of latent faults. PCA
for dimensionality reduction and improved
visualization of multidimensional data. and Z-
score for outlier removal and enhancement of
data quality. In addition, statistical and
computational methods were used for

processing, interpretation, and validation of the

results.
8.3 Theoretical conclusions, models, 1dentified The theoretical conclusions of the dissertation
relationships and patterns are proven and confirmed by | are substantiated by the results of experimental
experimental research (for areas of training in studies, and the developed models, identified
| pedagogical sciences, the results are proven based ona | relationships, and established patterns are
pedagogical experiment): confirmed both by analytical calculations and by
1) yes: practical measurements. The key statements are
2) no supported by up-to-date scientific sources, which

verify the correctness of the selected methods
and their alignment with the current state of




scientific knowledge in the field of microclimate
monitoring and HVAC system diagnostics. The
obtained experimental data demonstrate the
stability of the identified patterns and confirm
the applicability of the proposed models under
real operating conditions.

8.4 Important statements are supported / partially The key statements of the dissertation are
supported / not supported by references to current and oenerally supported by references to relevant
rehiable scientific literature and reliable scientific literature.

8.5 The hiterature sources used are sufficient / are not The sources used reflect the current state of
sufficient for the literature review research in the field of microclimate monitoring

and HVAC system diagnostics, and include
articles from peer-reviewed journals as well as
materials from reputable international
conferences. In certain cases, the Ilist of
references could be expanded with more recent
publications from the last few years: however,
this does not diminish the validity of the key
findings of the dissertation,
The volume of literature used is sufficient to
provide a comprehensive review. The literature
review incorporates 106 relevant and rehable
sources, ensuring the completeness, adequacy.
and scientific soundness of the research.

Principle of practical value 9.1 The dissertation has theoretical significance: The work introduces new scientific concepts,
]) yes: methods, and conclusions 1n the field of
2) no. microclimate management and data analysis.

The author proposes an integrated methodology
that combines Z-score, PCA, and DBSCAN for
processing  high-frequency  multidimensional
data, as well as an adaptation of the CRISP-DM
framework to real microclimate applications.




These results expand the scientific understanding
of HVAC system condition diagnostics under
heterogenecous and unlabelled data conditions.

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 developed monitoring system and
methodology for HVAC system diagnostics can
be mmplemented in both residential and non-
residential ~ buildings. The JoT  system
architecture proposed by the author, along with
the approaches to data cleaning, anomaly
detection, and reliability assessment. enables the
creation of cost-effective and efficient solutions
for early fault detection, energv consumption
reduction, and improved stability of engineering
systems.

The methodology is suitable for integration into
existing BMS platforms and can also be utilized
by utility services, construction companies. and
organizations implementing smart building
technologies. Its high relevance and practical
orientation confirm the potential for real-world
application of the dissertation’s results in

building operation practices in Kazakhstan and
beyond.

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 methodology. system architecture, and data
processing approaches proposed by the author
are original and have no direct analogues.

The practical solutions presented in the
dissertation demonstrate clear novelty and high
applicability. The author has, for the first time,
developed an integrated diagnostic methodology

combining statistical data cleaning (Z-score),




dimensionality reduction (PCA), and clustering
(DBSCAN) for the analysis of high-frequency,
unlabelled microclimate data. which is
particularly relevant for buildings in Kazakhstan
with low levels of automation.

A fully experimental architecture of the
monitoring system. based on multiparametric
[oT sensors, has been proposed and tested in
both residential and non-residential buildings.
For the first time, reliability assessment of
HVAC systems has been implemented using
MTBF and the R(t) function, extending
diagnostics to a predictive level.

The methodology 1s adapted to real operating
conditions—noisy data, seascnal fluctuations,
and absence of labeling—making 1t practically
significant for integration into BMS platforms,
as well as for digitalization projects in utilities
and Smart City initiatives.

Thus, the author’s practical proposals are novel.
engineering-grounded, and have high potential

for implementation in building microclimate

management systems.

10.

Quality of writing and design

Quality of academic writing:
1) high:

2) average;

3) below average;

4) low.

The quality of writing and formatting of the
dissertation 1s high. The text is presented 1n an
academic style, characterized by logical
coherence, sequential exposition, and strict
adherence to scientific argumentation. The

author correctly and appropriately uses
specialized terminology in the fields of machine
learning, microclimate systems, and statistical

data analysis.

.0
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I'he structure of the dissertation is built
logically, progressing from problem statement
and theoretical review to methodology,
experimental work, and interpretation of the
results. Transitions between sections are
coherent, and each conclusion is supported by
the presented data, demonstrating a high level of
scholarly writing.

The dissertation complies with academic ethics:
references are correctly formatted, up-to-date
sources are cited. and a consistent style 1s
maintained throughout the text, tables, figures,
and formulas. The work reflects a mature
research approach. showing the author’s ability
to critically analyze literature, systematize
knowledge, and formulate scientific conclusions

1n accordance with international standards of
academic writing.

11. | Comments and suggestions on the Some sentences in the text are too long and could be split to improve readability.
dissertation \
12. | The scientific level of the doctoral The scientific level of the applicant’s publications fully meets the requirements for PhD-level dissertations.

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.)

All presented works have been published in reputable scientific journals and presented at international
conferences, which confirms the high quality of the conducted research and the recognition of the results
by the scientific community.

The applicant has publications in journals indexed in Scopus and Web of Science, including journals with
high scientometric indicators (Q1, Q2), demonstrating that the presented materials comply with
international standards of scientific research. Notably, the article in the journal Energies (Q1) addresses
modern machine learning methods for the diagnosis and prediction of failures in microclimate systems,
while the publication in AMIS (Q2) presents original results on intelligent HVAC system monitoring.

The research results have also been published 1n journals included in the list of the Committee for Quality
Assurance in Science and Higher Education of the Republic of Kazakhstan, such as ENU Bulletin, as well
as in the international journal /nternational Journal of Information and Communication Technologies.
ensuring broad validation of the results at both national and international academic levels.
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The scientific conclusions of the dissertation have been successfully presented at major international
conferences, including ICECCO-2023 and PAMDAS-2025. where the author delivered reports on the
selection of intelligent thermostats, the integration of machine learning, and microclimate diagnostics
methods in buildings. This confirms the relevance and demand for the research topic among academic and
engineering communities.

The practical significance of the results is further confirmed by the author’s certificate of the Republic of
Kazakhstan No. 41781, certifying the development of a software product and hardware system for real-
time monitoring of microclimate parameters with an integrated seismic impact sensor.

Taken together, the scientific articles, conference materials. and the author’s certificate demonstrate the
high scientific level of the applicant’s work. the originality of the obtained results. and the compliance of

the dissertation with modern international academic standards in the fields of microclimate monitoring,
intelligent control systems, and machine learning methods.

I3. | The decision of the official reviewer | To petition the Committee for the award of the degree of Doctoral of Philosophy (PhD)
(according to paragraph 28 of the

current Model Regulation)

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:

Ph.D. in Technical Sciences, Associate Professor
of the School of Humanities,
“International University of Tourism and Hospitality”
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OT3bIB OPUIITUAJIBHOI'O PEIIEH3EHTA

Ha Mcceprannonnyto padboty Jlaypenbaesoii Hypkamunn AnjanrapoBusl Ha Temy «Smart Fault Detection System for Building Microclimate Control»
(«MHTennekTyanbnas cucTeMa AMarHoCTHPOBAHUS OLIHOOK JUTs YTNpaBJICHUs] MUKPOKIIHMATOM 3/1aHUI» ), IPEICTABICHHYIO HAa COUCKAHHE CTENEeHH
oKTopa punocoduu (PhD) no obpaszosarensnoii mporpamme 8D06102 — «KoMmnbloTepHas 1 nporpaMMHasi HHXEHEPHS)

PaboTa BHOCHT/HE BHOCHT CYLIECTBEHHDBII BKJIAI B

HayKy, a €¢ B&XXHOCTb XOPOIIO PAaCKpPbITa/HE pacKphITa.

LT

Ne | Kpurepun CooTBeTCTBHE KPUTEPHSAM (I1I0TYEPKHYThH OJIHH 3 ObocHoBaHKe MO3HIIHH OQHULIMATIBHOTO
| n/m , BApDHAHTOB OTBETA) | PCLICH3EHTA (3aMe4YaHUs BBIJICIHTH KYPCHBOM)
I. | Tema nucceprauuu (Ha naty ee I.1 CooTBeTCTBHE IPHOPUTETHHIM HANPABICHHUSM
VTBEPXKJICHHS) COOTBETCTBYET PA3SBHTHS HAYKH HJIM I'OCYIapCTBEHHBIM IporpamMmam: | Jluccepranus Ha Ttemy «Smart Fault Detection
HAIpaBIICHUSM Pa3BUTHS HAyKH System for Building Microclimate Control» |
H/MJIH TOCYIapCTBEHHbBIM l) nccepranus BeINONHEHA B paMKaxX NMPOEKTa HIIH («MHTEeNNeKTYanpHas cHCcTEMA
IporpaMMam [1CJICBOH NpOrpamMmbl, (pUHAHCHPYEMOTro(0if) u3 JUAarHOCTHPOBAHUA OMHMOOK 1 YIIpaBJIeHHS
roCy1apCTBEHHOT0 O10/KeTa (yKa3aTh Ha3BaHHE H MHKPDOKJIHMAaTOM  3JaHUi»)  COOTBETCTBVET
HOMEP MPOEKTa HIIH NPOrPaMMBbI); NPHOPUTECTHLIM HANpaBJICHUSIM Pa3BHTHS HAYKH
10  HaANpaBJICHHIO MmOoArotoBgkH 8D061 —
2) nuccepTanMs BhINOJIHEHA B paMKax JIpyroii «MadopmaninoHHO-KOMMYHHKAITHOHHBIE
roCyJapCTBEHHOH NpOrpaMMbl (YKa3aTh Ha3BAHHE TEXHOJIOTHH» H 00pa3oBaTe/IbHOI INporpamMme
[IPOI'PAMMBI); 8D06102 — «KomnbioTepnas W mporpammuas
3) AMccepTanus COOTBETCTBYET IIPHOPHTCTHOMY HHIXKCHCPHA», YTBEPXKACHHBIM BhICIIel Hay4yHO-
HANlpaBJICHUIO PA3BHUTHS HAVKH, YTBEPIKJICHHOMY TCXHHYCCKOH KoMHccHell npu [lpaBHTenbcTse
Beiciiel HayYHO-TEXHHYECKOH KOMUCCHEH ITpH Pecniy6inku Kazaxcran.
I IpaBuTensctBe PecnyOunku Kazaxcran (ykasars
HallpaBJICHHUE).
2. | Baxnocts JU1sl HAYKH

Pabora

BHOCHT CYLISCTBECHHbLIH BKIQJ B
pa3BUTHE METOJ10B HHTCIUICKTY A IbHOII
JHATHOCTHKH MHKPOKIHMATHYECKHX CHCTEM.

3HAYHMOCTb HMCCJICIOBAHHST XOPOIIO PAaCKpPhITA.
O0OOCHOBAHQ  COBPEMEHHBIMH  TCHJICHIUHSIMII

LH(POBH3ALIMH H IOATBEPXKJICHA pa3paboTKoii




MPAKTHYCCKOM MOJICJIH MOHHTOPHMHIa Ha 0Oaze
loT-natunkoB v MammuHOrO o0yueHHs.
Honyuennbie pesynbpraThl 0071/1a10T BBICOKOI
NMPUKIAAHOW  IEHHOCTBIO M MOI'YT  OBbITh

BHC/IDCHBI B CHCTEMaxX VIIPaBJICHHS JKUIILIX M
HEXHUJILIX 3JIaHHI.

:ﬁ:iﬂ:: CaAMOCTOSATCIILHOCTH

YPOBEHb CAMOCTOSATEILHOCTH:

1) BLICOKHI:

2) CpeHui;

3) HU3KHIL:

4) caMOCTOSATEILHOCTH HET.

YPpOBeHb CaMOCTOATEILHOCTH: BBICOKHI.

Jluccepraumonnas padoTa BBINOAHEH aBTOPOM
CaMOCTOATEIBHO HA BCEX JTanax HayyHOro
HCCIIE/IOBAHUS.

:USIEEE BHYTPCHHCI'O €IMHCTBA

4.1 OGocHOBaHMe aKTYaIbLHOCTH JIMCCEpTAIlUH:

1) obocHoBaHa:

2) 4acTHYHO 00OCHOBAHA:

3) He 000CHOBAHA.

AKTYallbHOCTh TE€Mbl JHCCEpPTALMH 00OCHOBAHA
ABTOPOM B 1OJHOH Mepe. B paGore uétko
[TIOKa3aHo, 4YTO npodiieMa aBTOMATH3HPOBAHHOIO
OOHApYCHHs M JHArHOCTHKH HEHCIIPABHOCTEN
B MHKPOKJIMMATHYECKHX CHCTEMax 3IaHuil
SIBIISICTCS 3HAYMMOH HAQ MCIK/1yHAapOJIHOM YPOBHE
H AKTHBHO pa3BHMBAeTCi B COBPEMEHHBIX
HeenenoBanusax (Wang et al., 2023:; Zhao et al..
2023; Li et al, 2024; Zhang et al.. 2024).
ABTOPOM  O0OCHOBAHO, YTO CYILECTBYIONIHE
mMeToabl FDD B ocHOBHOM opueHTHpOBaHbI Ha
BBICOKOABTOMATH3HPOBAHHbIE 3JaAHU S H
CHMYJIMDOBAHHbIC JIaHHBIE, B TO BpeMsl KAk JUIs
ycaosui Kasaxcrana HaOmoj1aeTess HelocTaTok
[IPAKTHYCCKHX HCCJICIOBAHUI, HCIIONB3YIONIHX
PCalIbHBIC DKCIUIYAaTAllHOHHbBIE JaHHBIE.

JIONONIHHTEIbHO aKTyabHOCTD MOJATBEPIKIACTCS
CTPAaTCIrHYCCKHMH  3aja4aMu  IH(QPOBH3ALMH
HH)KCHEPHOH HH(PACTPYKTYPhI, OTpPakEHHBLIMHU
B llocnanun  Ilpesunenra PecnyOnukwu

Kasaxcran K.K. Tokaesa ot 8 cenrsops 2025 |

roxa, rae noayépKHBAECTCS HEOOXOIMMOCTD

I




BHEIPCHUS CHUCTEM MOHHUTOPHHIA,
UHTCJUICKTYaJILHOIO YIIPABJICHUs U TEXHOJIOI MM
HCKYCCTBCHHOI'O MHTEJUJIEKTA U1 TOBBLIIICHMS
sHeproddGexTuBHOCTH ¥ Haa&KHoCcTH JKKX.

4.2 Cozepxanue auccepTalii OTpakaeT TeMy
JUCCEPTALUMU:

1) oTpakaer:

2) YaCTMYHO OTpa’Kaer;

3) HE OTpakaer.

CozepskaHue JUCCEpPTAllMM  OTpPAKACT TEMY
JACCEpTallMi, a TaKKe  BCECTOPOHHE U
[10CJI€/10BaTEILHO pacKpbIBaCT TEMY

Hcceie/10BaHusA. Bee riiaBul COOTBETCTBYIOT LIEH,
3ajlayaM U TeMmaTuke padoThl. OTKIOHEHUH OT
3a51BJICHHOM TE€MbI HE BBISIBIICHO.

4.3. Llens 1 3a1aun COOTBETCTBYIOT TEME JUCCEPTAIIMH:

1) COOTBETCTBYIOT:

2) 4aCTUYHO COOTBETCTBYIOT;

3) HE COOTBETCTBYIOT.

Ilenb ¥ 3a1a4d COOTBETCTBYIOT  TeMeE
auccepranu.  Kaxkmas 3azaya JTOrMYecKH
CBs3aHa C OOmEeH Le/lbl0 U KOHKPETHU3UPYET
OT/EJIbHBIE JTallbl HCCJIEJOBATECIILCKOTO
npoliecca, oOecrnieunBas Hay4HYIO U
[IPAKTUYECKYIO 3aBEPUIEHHOCTL paboThI.

4.4 Bcee pasjieinbl M OJIOXKCHUS JIHCCEPTALUU
JIOTHYECKH B3aUMOCBSI3aHbI:

1) NOJHOCTHIO B3aUMOCBSI3aHbI:

2) B3aMMOCBS3b YaCTHYHAas;

3) B3aUMOCBSI3b OTCYTCTBYET.

Bce paspenst M monoxkeHHs  aMccepTanuu
JIOTHYECKH B3aHMOCBsSI3aHbl: MaTepuasl H3JI0KeH
[MOCJIEIOBATEIbHO, KaXK/las rliaBa ONnupaeTcs Ha

pe3ynbTaTbl MpeIblayIle, GOpMUPYs LIEIBHYIO

M ODOCHOBAaHHYIO  HAYYHYI0  KOHUEIMIIHIO.
Teopernueckne nosioKeHHs, MeETO/0JOTHS.
YKCIIEpUMEHTAILHAS 4acThb H BBIBO /bl

COCTaBJISIOT €IMHBIA CBSI3AHHBIA KOMILJIEKC, YTO
CBUJIETEJILCTBYET 0 BBICOKOM CTEIICHH
CHCTEMHOCTH H IIPOAYMAHHOCTH MUCCJIC10BAHUS.

4.5 llpennoxeHnpie aBTOPOM HOBbBIE PEIICHUS

(IIPHHIHIILI, METO/AbI) apI'YMEHTHPOBAHBI U OLICHEHBI
10 CPABHEHHIO C U3BECTHBIMH PCHICHHSAMU:

) KpUTHUYECKHH aHAJIU3 €CTh:

2) aHaJIM3 YaCTHYHbIN;

ABTOp IpeAcTaBUNl OOOCHOBAHHbBIE CPABHCHHS
NpeJlaraéMpIX PEeLIEeHUH ¢ CYLIECTBYIONMMH

IOAX0/1aMH, BKJIKOYAasi COIIOCTABIICHHE
aJITOPUTMOB KJIaCTEPHU3alIHH, METO0B
IpeoOpadOTKH  JAaHHBIX W apXHTEKTYp




3) ananus npejcraniser codoii He COOCTBEnHLIC
MHCHHS, a IUTAThl JIPYTUX aBTOPOB;

4) aHaJIU3 OTCYTCTBYET.

MOHHTOpHHIA. lIposenén ananus npeumyiecTs
H orpannyeHu DBSCAN no cpasrenuio ¢ K-
Means, a Takke OLICHEHO BIHMSHHE JTAnoB Z-

score H PCA Ha KauecTBO JUArHOCTUKH. AHAIH3

OIMUPACTCs Ha COOCTBEHHbIE

JKCIICPHMCHTAJIbHEIC PC3VJILTATDI H

ApryMEHTUPOBAHHbBIC BBIBOJIbI, @ HE HA IEpecKas
JIATEPATYPHI.

[ IppHuMN Hay4YHOH HOBU3HBI

5.1 Hayunble pe3ynbTaTsl M no0keHus SBISIOTCS

' HOBBIMH?

1) IOTHOCTBLIO HOBBIC:

2) YaCTUYHO HOBbLIC (HOBLIMHU SBJISIOTCS 25-75%)

2

3) HE HOBbIC (HOBBIMHM SIBJISIIOTCS MEHEE 25%).

Hay4ynrblie pe3ynbTaTthl M NMOJOKEHHS SBIISIIOTCS
ITOJIHOCTBIO HOBBLIMHU. IlpencraBnennnie
Hay4HbIE pe3yJIbTaTh OTJIMYAIOTCS
AKTYaJIbHOCTBIO M HOBH3HOH. ABTOPY YyIQI10Ch
MOJTYyYHUTHb HOBBIC JAHHBIE 110 MOHHTOPHMHIY
MHUKPOKIIMMAaTa,  NPUMEHEHHIO  aJIrOPUTMOB
MAIIHHHOTO OOYYE€HHS M OLCHKE HAJAEKHOCTH
CHCTEM, 4TO MOATBEPIKIACT HAYUHV 1O
COCTOSATEJIBHOCTL M MPAKTHYUYCCKYIO 3HAYMMOCTD
padoThl. [lonoxkenus. BbIHOCHMBIC Ha 3aLIHTY,
OOOCHOBaAHBI,  JIOTHYHBI W 1O ITBCPK,ICHBI
OKCIICPUMEHTAJILHBIMH HCCIICTOBAHHSIMH.

5.2 BBIBOJIBI AUCCEPTAIUH SBIAIOTCS HOBBIMH?

1) NOJIHOCTBHIO HOBEIE:

2) YaCTHYHO HOBLIE (HOBBIMHM SBIISIIOTCS 25-75%):

3) He HOBbIC (HOBBIMM SIBJISIIOTCS MeHee 25%).

[lonyyeHnble pe3ynbTaThl SBJISIOTCS HOBBIMHM W

BHOCAT BKJIal B Pa3sBUTHE HMHTEIICKTYATbHBIX
TCXHOJIOTHH YIIPABJICHUSI MUKPOKIMMATOM.

5.3 TexHuuyeckue, TEXHOJIOrHYECKHE, YIKOHOMHUYECCKUE
WJIA YIIPABJICHYECKHUE PEUICHUS SIBISIOTCS HOBBIMH H
00OCHOBAHHBIMU

1) NOJIHOCTBIO HOBLIE;

2) 4aCTUYHO HOBbIE (HOBBIMH SBJSIIOTCS 25-75%);

B pabore pazpaGorana yuukanbHas cucTema
cOopa MHKPOKJIMMAaTHYECKUX JNAHHBIX,
A1aNTHPOBaHLl ¥ OOBENHMHEHBI B EOUHYIO
METOJIOJIOTHIO  ITOPHTMBI M NPOLELYPHI
AHAJIM3a NaHHBIX JUIS 3a71a4 PAHHETO BBISBJIEHHS
omMOOK (neucnpasnocreii) HVAC-cuctem B
YCJIOBHSIX OTCYTCTBHSI pa3MeTKH. Bce ocHOBHBIE




3) HE HOBBIC (HOBBIMM SABJISIIOTCS MCHEE 25%).

BbIBO/Ibl OCHOBAHBI HA AOCTOBCPHLIX HaAy4HDLIX
JOKAa3aTCJILCTBAX H HOATBCPAJICHBI
DKCIICPHUMCHTAJILHBIMH JJaHHBLIMH.

0.

OO0CHOBAHHOCTL OCHOBHBIX
BBIBOJIORB

Bce ocnoBHble BLIBOIBI OCHOBaHBI/HE OCHOBAHBI HA
BCCOMBIX C HAYYHOH TOYKH 3pEHHUS JI0Ka3aTeILCTBAX
100 JIOCTATOYHO XOPOIIO 000CHOBAHBI (J1UIs
qualitative research (kyonuratus peceu) u
HaIPaBJICHUH T10JIFOTOBKH 110 HCKYCCTBY M
FYMAHUTAPHBLIM HayKaM).

HecmoTpsi  Ha  npMMEHEHHE  OTJIEJILHBIX
CYHICCTBYIOIIMX  QIrOPUTMOB H  METOJIUK
(DBSCAN, PCA, Z-score m nap.), #X
CTPYKTYpHas MHTErpalusi. aziarTalmsl,

mapamMeTpu3anus M INpakTHYECKOEe NPHMEHEHHE
B KOHTCKCTE JIMAarHOCTUKH oTKa3zoB HVAC-
CUCTCM B YCJIOBHSIX OTCYTCTBUSI pPa3METKH
JAHHBIX pa3pabdOTaHbl ABTOPOM BHepBbie. B
pe3yJibTaTe cO3/1aHa HOBasi METOJI0JIOIHS. HOBOE
TEXHHYECKOE peHIeHHEe M HOBasl apXHTEKTypa

Ha 3alInTy

KazKJ10MY ITOJIOKCHHIO B OTJICJILHOCTH:

7.1 JlokazaHo i1u nosioxkenue?

1) j1oka3zaHo:

2) CKOpee J10Ka3aHo:

3) CKOpee HE JIOKA3aHo;

4) He J10Ka3aHo:;

5) B TeKyueHl (pOpMyJIMPOBKE IMPOBEPHTH JIOKA3AHHOCTD
[10JIOKECHHS HEBO3MOXKHO.

7.2 JIBnsieTcs 1M TPUBHAJIBLHBIM ?

1) na;

2) HET;

3) B TeKy1eH (OpMyJIMPOBKE IIPOBEPHUTD
TPUBHAJILHOCTH I10JI0KEHUS] HEBO3MOXKHO.

7.3 SIBnsgercsd JIU HOBLIM?

CHCTEMBI MOHHUTOpPHHTIA. Bce BbIBObI
IHNOATBCPK/ICHLI JKCIICPHMECHTAIbHBIMH
AAHHBIMH H HAY4YHO OOOCHOBAaHBI.

1. OCHOBHbBIE HOTOZKCHH A, BLIHOCHUMBIE :GO@XO»;SZO OTBCTHTDL Ha CJICAYIOUIHUC BOIIPOCHI 110 :ﬁmbo%mwbwmmzo HAV4YHbIC I[TOJIOKCHHSA

JUCCCPTALHOHHOH padOThl 00JaAal0T HIMPOKHM
YPOBHEM NpUMeHeHHUs. PazpaboTanubie MeTo1b1 |
MOHUTOPHHIA MHKPOK/IMMATa M JHAI'HOCTHKH
HVAC-cucteM MOTYT HCIIOJIB30BATHCS B JKHIIBIX
H KOMMEPYECKHX 3JaHHUsIX, IPOMbIIIICHHbIX
00BbeKTaX, 00pa30BaTeNbHLIX  YUPEkKICHHSIX.
LEHTpaX oOpabOTKM MaHHBIX, a’poroprax H
APYTUX  HHQPACTPYKTYPHBIX  ITOMCIICHHSX.
YHHBEPCAILHOCTD 1PE/UIOKEHHBIX AITOPHTMOB
H apXHTCKTYPHBIX PCIICHHH OOecreuynBaeT HX
aJlanTalmio K pa3JIM4yHbIM YCJIOBHSIM
OKCIUTYyaTallid, YTO MOATBEPXKJIACT IIHPOKYIO
[TPAKTHYECKYIO IPHMEHUMOCTD Pe3yJIbTaTOB.

Bce oCHOBHbIE TM0NI0OKEHMS, BBIHOCHMBIE HAa
3aLIUTY, SABJISIIOTCS JIOKa3aHHbIMH,
HCTPHUBHAIILHBIMH M 00JIalalOIMMHU  Hay4YHOM




1) na:

2) HeT:

3) B TeKyliei GopMyJIMpOBKE IIPOBEPHTL HOBH3HY
[TOJIOKEHHUS HCBO3MOXKHO.

7.4 YpOBeHb ISt TPUMEHEHHSI:

1) y3Kwuii;

2) CpeJIHHUH;

3) LIMPOKHI;

4) B TeKyliei GopMyITHPOBKE NIPOBEPHTL YPOBEHD
NPUMCHEHHS 110JI0KEHHSI HEBO3MOXKHO.

7.5 Jloka3aHo JIM B cTaThe?

1) na:

2) HeT;

—e —_——

3) B TeKyUIEH (HOopMYyJIHPOBKE NMPOBEPUTH JIOKA3aHHOCTh
[IOJIOJKCHHSI B CTAThE HEBO3MOXKHO.

HOBH3HOH. Kaxjgoe M3 HHX HMeeT IIHUPOKHH
CIICKTP  IPaKTHYECKOro  IIpUMEHEHUsS U
MOJATBEPKACHO  nyOaMKauMsMM  aBTopa B
HAyYHBIX Ky pHanax H MaTepuanax
MEKJIYHAPOJAHBIX  KOH(MECpCHIMHA,  BKIIOYas
M3JaHUsT € BBICOKHMH HAaVYKOMETPHYCCKHUMH
mokazareassMu (nepueHTHam 85 — Q1 u 58 —
Q2), uHaexcupyemble B Scopus U Web of
Science u Bxoasmme B nepeyenb KKCHBO PK,
a TakkKe JIOKJIaJlaMM Ha  MEXIYHapOHbIX
koH(pepenuussx  ICECCO wu  PAMDAS.
I IpakTHueckas 3HAYUMOCTD pe3yJIbTATOB
JIONIOJIHUTEJIBHO ~ NOATBEPK/J€HA  aBTOPCKHM
cBuaeTebCcTBOM PK Ne41781 na nporpaMmHbrii
[IPOJYKT.

JlokasarenbHass ©a3a JMCCEepTAlHH  SIBJISIETCS
JOCTATOYHOH U yOeautenbHOH. IlonmoxeHus
MCCJIEIOBAHUS INOJATBEPAKICHbl aKTYAIbHBIMH
Hay4YHbIMH UCTOYHHKAMH, pe3yJibTaTaMH
MO/IEJIHPOBAH MU, YKCIIEPUMEHTAIbHBIMH
MCCIICJIOBAHUSIMU U CPaABHHUTEIbHBLIM aHAJIH30M.
[IpencraBnennblii  Marepuan  JIeMOHCTPHpPYET
JIOCTH)KEHHE LEJIH UCCIICIOBAHHS U BHIMOJHCHHE
BCEX  IIOCTABJICHHBIX  3@J1a4,  IOJHOCTBIO
COOTBETCTBYS TPCOOBAHUSM, NPE/IbSIBISIEMBIM K
JUCCEPTALHSAM  COOTBETCTBYIOUICH  Hay4HOI
CTCIICHH.




[ Ippnimn nocroBepHocTH.

8.1 BuiGop MeTo10510r1u - 060cHOBaH HIIH
METO/0JI0T U JIOCTATOUYHO ITOAPOOHO ONHCAHA:

J1OCTOBEPHOCTh HCTOUHHUKOB M
MPEAOCTABISICMOH HH(POpMALIHH

1) na:

2) HeT.

MeToios0rust CRISP-DM nojapoOHo onucana u
ajlariTHpoBaHa  1IOJA  3ajJa4yd  YIIpaBJIEHUs]
MUKPOKJIUMATOM.

Metoionorust CRISP-DM nipecrapiena nomaHo
U nocieaoBare/ibHO., e¢  BblOOp 000CHOBaH
cneuu (UKo uccneaoBaius. ABTOP HE TOIBKO
MOJIPOOHO OIIMCBLIBACT BCE ATalbl METOJIOJOTHH,
HO W aJantupyeTr c¢€ Moj 3ajlayd YIpaBJICHHUS
MHKPOKJIMMATOM M JHArHOCTHKHA OIIHOOK B
pealbHbIX  yCJaOBUSAX 37aHMM  Kazaxcrana.
[lokazano, kaxk kaxaeli »>Ttan CRISP-DM
NPUMEHSIETCS K OOpadOTKE BBICOKOYACTOTHBIX
CCHCOPHBIX  JAHHBIX, YTO  MOJATBEPIKJIAET

IIPABUJIBHOCT UM OOOCHOBAHHOCTH BLIOOpa
METOJOJIOTrHYECKON 0a3hbl.

8.2 PesynbTarsl qucceprallioOHHONH paboThI IOJTYUYEHBI ¢
HCIIOJIL30BAHHUEM COBPEMEHHBIX METOJIOB HAYYHbIX
MCCJICJIOBAHUH U METOJIMK 0OpadOTKH H
UHTEpPIpETAaIlluN JJAHHBIX C IPHMEHCHHEM
KOMITBIOTEPHBIX TEXHOJIOIHH:

1) ja;

2) HET.

PesynpTaTthl  momyuyeHbl ¢ IpHMEHEHHEM
COBPEMCHHBIX METOJI0OB AaHaJM3a JaHHBLIX M
MalIuHHOIO 00yUEeHHSI. Pe3yianTarel
JUCCEPTAIIHOHHOW  padOThI  IOJYVYEHbI  C
HCII0JIL30BAHUEM COBPEMEHHBIX MECTOJIOB
HAay4YHbIX HCCJICJIOBAHMH M  KOMIILIOTCPHBIX
TEXHOJIOTHH; IIPHMEHEHBI ATTOPUTMBI
MalIHHHOIro o0y4yenus, Bkmouass DBSCAN s
OoOHaApy»KEHHUSI AHOMAIMIT H CKPBITBIX OTKA30B.
PCA 11 CHU)KEHUS pa3sMEepHOCTH H Y IYULICHUS
BU3YyaJIM3allHH MHOTI'OMEPHBIX JIJAHHBIX, Z-SCOre
JUIL  yJIaJIecHHsT  BBLIOPOCOB M IOBBILLICHHS
Ka4yeCTBA  HCXOJIHBIX  JIJAHHBIX, a  TaKXe
CTATUCTHYECKHE M BbIYMCIIHUTEJIBLHBIE METO/bI

JUis 00pabOTKHM, MHTEpNpeTalMHd M BaJWIALUH
pe3yJbTaToOB.




8.3 TeopeTnueckne BLIBOILI, MOJICIIH, BbISIBJICHHBIC

B3AUMOCBS3H H 3aKOHOMCPHOCTH JI0KA3aHbl U
TOJITBCPIKJICHDB] DKCIIECPUMCHTRJILHLIM MCCJICJIOBAHUEM
(JUIs HANPABJICHUI TOJATOTOBKH 110 11€/1aIr0OIMYECKUM
HayKaM pe3yJibTaTbl JJOKa3aHbl HA OCHOBE
[ICIarOrHYeCKOro 2KCIICPUMEHTA):

l) na:

2) HeT. \

Teopernueckne  BBIBOJALI  JIMCCEPTALIMOHHOM

padOTHI JIOKA3aHbI pe3yJibTaTaMHu
YKCIIECPUMEHTAILHBIX MCCJIEJIOBAHU M, a
pa3zpaboTaHHbIC MOJIEJIH, BbISIBJICHHBIE
B3aUMOCBSI3H U 3aKOHOMEPHOCTH
[10/ITBEPK/ICHBI KaK AHAITUTHYECKUMH
pacuéTamy, TakK 5 NPAaKTHYCCKHMH
| U3MEPCHUSIMH. Kmouyesrbie YTBEPKIACHUS
0OOCHOBAHBI aKTyaJIbHbIMH Hay4YHbIMH
HCTOYHHUKAMH, [IOATBEPIKAAIOIIIUMH

KOPPEKTHOCTL  BBLIOpAHHBIX  METOJIOB  H
COOTBETCTBHE COBPEMEHHOMY YPOBHIO HAyYHBIX
MpeJICTaBJIeHHd B 00JIJaCTM  MOHUTOpPHHIA
MHUKpoKiIMMaTa U auarHoctuku HVAC-cucrewm.
[lonyuennble  sKCEpUMMEHTAJILHBIE  JAHHBIC
JEMOHCTPHPYIOT YCTOMYHBOCTb BBISBJICHHBIX
3aKOHOMEPHOCTEH H [MOITBEPIK/1AI0T
[IPUMCHHUMOCTL  IIPEAJIOKEHHBIX MOJIe/JIeH B
PCATBHBIX YCJIOBUAX DKCIIIYaTAIlHH.

8.4 Baxuibic VIBEPKIACHUS MOATBEPKICHBI/YaCTHYHO
[10JITBEPKICHBI/HE MOATBEPXKACHBI CChIKAMH Ha
AKTYaJIbHYIO M JIOCTOBEPHYIO HAYUYHYIO JINTEPATYpY.

Baxknble yTBepKICHMS JHCCEPTAllHH B LEIOM
MOATBEPKJIECHbI CChUIKAMH HA aKTYaJIbHVIO H
JIOCTOBEPHY10 HAYUHYIO JIMTEPATYPY.

8.5 Mcrnosib30BaHHbBIC HMCTOYHMKH JIMTEPATV Dbl
JOCTATOYHBI/HE JIOCTATOUHBI JUIsl IMTEPATYPHOTO
0030pa.

HUcnonb3yemsle HCTOYHHKH OTPAKAIOT
COBPCMCHHOE  COCTOSIHHE  HMCCJICJOBAHHMH B
00JaCTH  MOHMTOpPHHIA  MHKPOKJIMMaTa W
AHArHocTHKH HVAC-cucTeM, BKIIIOYAIOT CTATHH
H3  PCHCH3HPYCMBIX JKVPHAIOB H MaTepHalbl
ABTOPHTCTHBIX MEX)1IYHAPOHbIX KOH()EPEHIIHIA.
B oTaeiabHBIX cllyyasix nepedyeHb HMCTOYHHMKOB
MOXHO pacIIHpUTh 3a c4Yér O0oJiee HOBLIX
nyONnuKanuili MoCNeJIHUX JIeT, OJHAKO 3JTO He
CHHXKAeT OOOCHOBAHHOCTH KJIFOYEBBIX BBLIBOJIOB




padOTHI.

OO0BEM HMCNOJB30BAHHOM JIMTEPATYphl SIBJISCTCS
JOCTATOYHBIM JUISL IIOJIHOLEHHOro oo3opa. B
JIMTEpAaTYpHOM  0030pe  Mcnosb3oBaHo 106
AKTYQJIbHBIX M JIOCTOBEPHBIX MCTOYHHUKOB, YTO
oOecrieyuBaeT TOJHOTY, JOCTaTOYHOCTh M
HAay4YyHyl0  OOOCHOBAHHOCTh  NPOBEAEHHOIO
MCCJICJIOBAHUS.

[ IpuHIIMND npakTHYecKoM e HHOCTH

9.1 bzonmﬁﬂmism HMCCT TCOPCTHUYCCKOC 3HAYCHHC!

1) na:

2) HET.

Pabora dopMupyeT HOBBIE Hay4HbIE
[IOJIOKEHHUSI, METOJIbl M BBIBOABI B 00JIACTH
YIIpaBJICHUS  MUKPOKIMMAToM MW  aHaju3a
JAHHBIX. ABTOpPOM npeioxeHa
UHTETpUPOBAHHAs METO/10J10T U4,
oobenuusromas Z-score. PCA u DBSCAN mis
O00padOTKH BBICOKOYACTOTHBIX MHOI'OMEPHBIX
JaHHBIX, a TaxkKe ananrtauus CRISP-DM «k
3ajladyaM = peAbHOI0  MHKPOK/JIHMAaTa.  IJTH
pe3yJIbTaThI PaCUIMPSIIOT HAaVUHBbIC
NPEACTABICHUSI O JIMAIHOCTHKE COCTOSIHHUM
cucteM HVAC B ycloBHSIX HEOJTHOPOJHBIX H
HE3aMETHPOBAHHBIX JIAHHbIX.

9.2 Jluccepranus UMEET IIPAKTHUYECKOE 3HAUEeHHE U
CYIIECTBYET BbICOKAsA BEPOATHOCTL NPUMCHECHHS
MOJIYUYEHHBIX PE3YJIbTATOB HA MPAKTUKE:

1) na;

2) HeET.

Pazpabotannas cucremMa  MOHHTOPHHIA U
MeTOIHKa AuarHocTuku HVAC-cuctem Moryr
OBITH BHEJPEHBI B XHIILIX H HEXKHJIBIX 3/IaHUSX.
[Ipeuioxkennas  aBropom apxurekrtypa loT-
CHCTCMbI, IMOJXOJIbI K OYMCTKE JIaHHBIX,
BbISIBJICHHIO QHOMAJIMH M OIICHKE HAAC)KHOCTH
[O3BOJISIKOT CO3/1aBaTh HEJOPOI'ue H
Y HEeKTHBHBIC pCLICHHUS JUTSI pPaHHEro
OOHApY>XEeHHUSI  HEHMCIIPABHOCTEH, CHMXEHHS
JHEpronoTpedeHus 5 [OBBILLICHHS
CTAaOMJIbHOCTH HHXXEHEPHBIX CHCTEM.

MeToA0NIOrksl NIPHIOHA JUISl MHTErpalli¥ B

e —— e — G -




cyulecTyroume BMS-cUcTeMbl, @ TakKKe MOKeT
ObLITh UCIT0JIb30BaHA KOMMYHQJIbHBIMHU
Cny:K0aMH, CTPOUTEIBHBIMH KOMIIAHUSIMH H
OpraHM3alMusIMHU, BHEJIPSIOUIHMHA  TEXHOJIOIMH
«YMHBIX 3JI1aHMH». BbICOKass akTyaJbHOCTh H
[IPUKJIQJHAs HAlNpPaBICHHOCTb IMOJATBEPKIAIOT
BO3MOKHOCTD peaJbHOIo MCII0JIb30BAHUS
pe3yJbTAaTOB  JMCCEpPTAllMM B IIPaKTHKE
SKCILIVaTalliy 37aHuid B KazaxcraHe M 3a ero
[peJie/IaMH.

9.3 IlpeioxeHust JUIsi IPAKTHKH SBJISIIOTCS HOBBIMMU:

1) NIOJIHOCTBIO HOBLIC:

2) 4aCTHUYHO HOBbIC (HOBBIMH SIBISIIOTCS 25-75%):

3) HE HOBbIE (HOBBIMHU SBJIAIOTCSI MeHee 25%).

[IpeiokeHHas  METOHOJIOTHA.  ApPXHUTEKTypa
CUCTEMbl M cnocoObl 00padOTKH  JAHHBIX
pa3zpadoTaHbl ABTOPOM BIIEPBLIE U HE HMMEIOT
[PSAMBIX aHAJIOI'OB.

lIpeacraBiennble B AUccepTaliiy MpaKTHYECKHE
pelmeHus o0J1anaioT BbIpa)KeHHOHW HOBHM3HOH H
BBICOKOH CTEINEHBIO IPUMEHUMOCTH. ABTOD
BIIEPBbIE pazpadoTan UHTETPUPOBAHHY IO
METOJIOJIOTHIO JTHATHOCTHKH. OOBEIMHSIONIY IO
CTATUCTHYECKYID OYHUCTKY JaHHBIX (Z-score).
ITOHHIKEHHUE pPa3MEpPHOCTH (PCA) H
knacrepuzauus (DBSCAN) s ananusa
BLICOKOYACTOTHBIX. HEpPa3MEUCHHbIX JAHHBIX
MHKPOKJIHMATa, 4YTO OCOOCHHO aKTVaJIbHO JUIS
3naHui - Kasaxctana ¢ HHM3KHM  ypOBHEM
aBTOMAaTH3aIMH.

[Ipeoxkena 1NOMHOCTBIO HKCIIEPHMEHTAILHAS
apXHTCKTYpa  MOHHTOPHHIOBOII CUCTEMDI,
[MOCTPOCHHAsE Ha MyJbTHIIapameTpuyeckux loT-
CCHCOpAX H I[IPOTCCTHPOBAHHAS B JKWJIBIX H
HCXKHMIIBIX  31aHUsX. Brnepsele peanu3oBaHa
oneHka HanexxHocth HVAC-cucreM Ha ocHOBe
MTBF wu dynxkuun  R(t), 4yrto pacmmpsier




JIMArHOCTHKY J10 NPOrHOCTHYECKOIO YPOBHA.
MeT0/10J10rdsl  aanTUpoOBaHa 1101  peaibHbIe
YCJOBHUSI DKCIUIyaTallUd — UIYMHBIC JaHHBIE,
CC30HHBIE KOJIEOAHHUS. OTCYTCTBHC Ppa3METKH,
yTo JIejaeT e& TNpPaKTHYCCKH 3HAYUMOM JUIA
BHeJipeHUss B BMS, a Takxke B npoekTax
i $posuzanun KKX u Smart City.

Takum oOpa3zom, npakTHUECKHE IPeIOKEHUS
aBTOpA - SIBJSIOTCS  HOBBIMH,  HHKEHEPHO
00OCHOBAHHBLIMH U UMEIOT BBICOKHH IOTEHIHAI

BHEJIPECHUS B CHCTEMY VIIPABJICHUS
MHUKPOKJIHMATOM 3JaHHH.
10. | KagyecTBO HanucaHus u KauecTBO akageMHyecKoro nucbMa: KauecTBo HalMCaHus U o(hopMIICHHS

O(hOpMIICHHS

1) BLICOKOE:

2) cpenHee;

3) HUKE CPEJIHETO:

4) HU3KOE.

JIUCCEPTALIMM SBJISIETCA BHICOKHUM. T eKcT paboThl
BbIJIEPKAH B aKaJIEMHUYECKOM CTHJIE, OTJIHYAETCH
JIOTUYECKOH CBA3HOCTEIO.
IOCJIC/IOBATEIILHOCTBIO HM3JIOKEHUSI H CTPOIrHM
COOJIIOJICHUEM HAy4yHOH apryMeHTalluH. ABTOP

KOPPEKTHO 5 YMECTHO UCTIOJIb3YET
CIIELIHAJTU3UPOBAHHY IO TEPMHHOJIOTHIO B
o0sacTu MAIIMHHOTIO 00yUeHMUS.
MHUKPOKJIMMATHYECKHX CUCTEM H
CTATUCTUYECKOTO aHAIN3a JIaHHbIX.

CTpyKTypa JUCCEePTAIlHH BBLICTPOCHA

[IOCJIEIOBATEILHO: OT IOCTAHOBKHU IPOOJIEMbI U
TEOpeTHYeCKoro  ob3opa 110 OINMCAHUS
METOJMOJIOTHH, OJKCICPUMEHTAJILHOH YacTH H
MHTEPIPETAMH  IIOJIVUCHHLIX  Pe3YJILTATOB.
[lepexoabl  MeEXxy — pa3jeslaMH  JIOTHYHBI,
KaXKJIblH BBIBOJI ONMPACTCS HA IIPEJICTABJICHHBIE
JJAHHBIC, YTO CBHJIETEJILCTBYET O BBICOKOH
KyJIbTYpP€ Hay4YHOI'O [TUChMA.

B  pabote cOOIIOAEH bl TpeOOBaHMUS




aKaJICMHYECKOH ITHKH: KOPPCKTHO O(OPMIICHDI
CCBUIKH, IIPHBE/ICHBI AKTVAJILHLIC HCTOYHHKH.
BLIZICPXKAH €IHHbIH CTHIb O(OPMICHHS TEKCTA,
| Tabauil, wrnocTpaunii 1 popmvi. Jluccepraims
JICMOHCTPHPVET  3peJiblil  HCCIE0BATEILCKHI
[10JIXO0/1. VYMEHHE aBToOpa KPHTHYECKH
AHAIIM3HPOBATH JIHTEpaTypy.
CHCTEMATH3HPOBATL 3HAHHS M (OPMYJIHPOBATH
HAYUHbIC  BbIBOJABI B COOTBETCTBHH  C

MEXKJTYHAPOAHBIMH CTaHJaapTaMH
, AKQJICMHYCCKOTI'0 MUChMA |
1. | 3ameuaHus/peKoMeHaalHs K Hecronbrko npednosicenuit 6 mexkeme nOAVYUIUCH CAUUKOM OTUHHBIMU U MO2YM OblMb pazouns 015
JHCCEepPTALHH VAVHILCHUS HUMACMOCTIU |
12. | HavuHblil ypOBEHB CTaTeiH Hayunbiii vpoBeHb nyOmKamuii COMCKATEs MOJHOCTHIO COOTBETCTBYET IMPEALABISACMBIM TPEOOBAHMSIM K
JIOKTOPAHTA 110 TEME HCCIe/1I0BaHus | JuccepralliodibiM padoram yposHs PhD. Bee npeacrapinennsie padoThl onyOJIHKOBAlbLl B ABTOPHTETHHIX
- (B cayyae 3aiiiThl JHCCePTAIlHH B HAYUHBIX H3JIaHHSIX H NPEJICTABICHBl HA MEXJYHAPOJAHLIX KOH(EPEHUHSX, UYTO MOJATBEPXKIACT BHICOKOE
dbopme cepry cTaTteil OQHUHAIBLHBIC | KQYECTBO NPOBEAEHHBIX HCCJICIOBAHHH H IPH3HAHHC Pe3yJIbTaTOB HAYUHbLIM COOOLIIECTBOM.
PELICH3C€HThl KOMMEHTHPVIOT Couckarellb UMeeT IyOJHKAalHU B XKYpHaJlaX. MHJICEKCHPYEMBIX B Scopus 1 Web of Science. Bximouas
HayY4YHbIH YPOBEHb KaK/10H CTAaThH H3J1aHHS ¢ BBICOKMMH HAYKOMETPHUCCKHMH nokaszareiasMu  (Ql. Q2), 4YT0 CBHACTEJIBLCTBYET O

JOKTOPAHTA 110 TeME HCCJIC/0BAHNS) | COOTBETCTBHH IIPEJCTABICHHBIX MATCPHAIOB MEXKIAYHAPOJHBIM CTAaHAAPTAM HAy4HbIX HCCIICI0BAHMIL. |
OcoOeHHO clIeJlyeT OTMETHTL CTaThlO B XypHale Energies (Q1). rjae paccMOTPEHBI COBPEMEHHBIC METO b
MAIIHHHOTO OOYYeHHs /Ul JIHArHOCTHKH H NPOTHO3HPOBAHHS OTKA30B B CHCTEMAX MHKPOKIHMATA, Q
taroke nyomukauuio B okypuane AMIS (Q2), rae npeacTtaBieHbl OPHTHHAIBHBIC PE3VIILTATHL 110
HHTEe/UIEKTYaIbHOMY MOHUTOpUHIY HVAC-cucTeM. Pe3ynbtarbl HCCHIC/IOBAHNS TAKXKE ONYOJIHKOBAHBI B
kypHanax. Bxojsiux B nepedenb KKCHBO PK, taknx xkak ENU Bulletin, a Takke B MCKIYHAPOIHOM
xypuane International Journal of Information and Communication Technologies. uro o0ecneunBact
IIHPOKYIO anpoOaluio pe3yjabTaTOB HAa YPOBHE HAIMOHAIBLHOTO M MEXJIVHAPOAHOIO AKAICMHYCCKOIO
cooOuecTna.

HayuHble BBIBOJIbI JHCCEPTAHTA IPOUUIM  YCICIIHYIO anpodauuio Ha  KPYHHBIX  MEXKAYHAPOAHbIX
konpepennuusix, Bkmouass [CECCO-2023 u PAMDAS-2025, riae aBtop nNpeiacTaBull  JIOKJIQNbI,
MOCBAIIEHHBIC BLIOOPY HHTEJUIEKTYJIbHBIX TEPMOCTATOB, HHTETPALIMH MALIHHHOTO 00YUYCHHS U METO/1aM




AMArHOCTHKH MHKPOKJIMMATa B 3JAHUSX. DTO MOATBCPIKAACT aKTYaIbHOCTh M BOCTPEOOBAHHOCTH TEMBI
MCCIICI0OBAHNS CPEIN AKAIEMUUECKHUX M MHKEHEPHBIX KpYyros.

[IpakTHueckas 3uaunmocTs PE3YJIbTATOB JIOIIOJIHUTENILHO TOATBEPIKACHA aBTOPCKHM CBHICTEIbCTBOM
Pecnybnukn  Kasaxcran Ned41781,  yaocrosepsionmm pa3paboTKy IpOrpaMMHOIo NPOAYKTa M
AIIIIApaTHOI0 KOMILJIEKCa JUIS pealbHOTO MOHHTOpHHIA MMapaMeTpOB MHUKPOKJIMMATa ¢ UHTErPUPOBAHHBIM
JATIUKOM CEMCMUYECKOI'0 BO3JICHCTBHUS.

B coBokymnHocTH HAayHHBIC — CTAaTbM, MaTepualibl KOH(DEPEHUMI M  aBTOPCKOE CBUIETENBCTBO
ACMOHCTPUPYIOT  BBICOKHH HayuyHbBI ypoBeHbL pabOTBI COMCKaTelIs.. OPHUIMHAJIBHOCTD  ITOJIYYEHHBIX
PE3YJILTATOB W COOTBETCTBHE JIMCCEPTALIMM COBPEMEHHBIM TpeOOBAHUAM MEK/IYHAPOIHON aKageMU4ecKoii
[IPAKTHKK B O0JIaCTH MOHMTOPHUHTA MHUKDPOKJIMMATa, UHTEJJIEKTYQIbHBIX CUCTEM YMPaBJIEHUS U METOIOR
MAallTHHHOT'O 00y4YeHUs.

[3. | Pemenne obuumansHoro | XOJaTaucTBOBaTh repea Komuretom s HPUCYAUICHHS IOKTOPAHTY CTeleHH A0KTopa dunocoduu (PhD)
PCLCH3EHTA (COrJIaCHO NMYHKTY 28

HacToamero TuoBoro nojoxexus)

—

3aKJII0OYEeHH e

lIpencraBnennas auccepraums Ha COMCKaHHMEe CTeNeHH joKTopa unocodpun (PhD) Jlaypenbaena Hypkamuas AnnanrapoBna nHa TEMY
«Smart Fault Detection System for building microclimate controly («MnrennexryansHas cucrema ANArHOCTUPOBAHHUS OMMOOK VIS yIIpaBjIeHHS
MHUKPOKJIMMATOM  3JIaHUH») SBJISICTCS 3aKOHYCHHOM CaMOCTOSTENLHOLM HAYTHO-HCCIICI0BATEILCKOM  pabOTOM. KOTOpast OTBeuyaeT TpeOOBaHUAM

«lIpaBuna npucy:knenus creneneiiy. a ee ABTOP 3aC/IY)KMBACT XONATaHuCTBOBATh repe KoMHTeTOM 1S mpucykaeHuUs JIOKTOPAHTY CTENEHU JOKTOpa
(punocohuu (PhD).

Oduunaibublii peneHsenT:

K.T.H., aCCOUMHPOBAHHLIH npogeccop 'yMaHUTAPHOIT 1IKOJIBI,
HAO «Mexaynapoanblii yHHBePCHTET TYPH3MA H FOCTEN PHHMCTBA

facwbiCh!




