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A ZRVTIL PENEH3HS

ot npod. F-p un. JaMuTH[ JdnmHTpOB
Ha IHCEPTALNOHEH TPY/ 3a MprnoGHBaHe Ha 00pa3oBaTeiHa W Hay1HA CTENCH “aokTop” MO
HAYYHA COCUHANHOCT:
JKabeann i ONTHIHN KOMyHHKAIHOHHH cHCTeMH"

B npodecHOHATHO HANPaBIcHHE:

5.3, KoMyHHKATHOHHA U KOMNIOTLPHA TEXHHKA
ABTOp Ha JHCCPTALHOHHAA TPYIL

smar, uEE., JuMurep AceHoB
Tema Ha JHCEPTAIROHHEL TPYA:
OnTHYER METOXH 32 THCTARIAONHO H3C/AeIBaNe Ha 00eKTH

1. AkTyassocT Ha paspaboTeanns B THCEPTALHOHHNA TPYA npob.aem B HAYIHO B
HAYTHO-IPHIOKHO 0THOMEHNE

Macnesanngra B JWCEPTAIHNTA Ca B eJHd  HIKWOYMTENHO  BakHA
HHTEPAMCIMILTHEAPHE 0018CT , KOSTO CBLP3BA HHKECHEPHHTS HAYKH C meaunAHara, TeMara Ha
TpeACTABEHHA JHCepTanHOHeH TPyA "OnTHIHE MCTOIH 33 AHCTAHIHONHO HICIEIBAHE Ha
ofexcTn” ¢ ocobeHo aKTyatsa B [7IOOWIEH KOHTEKCT, KBASTO ONTHIHHTE METOIH 34
pabmoneHKe H JHArHOCTHKA 33EMaT Bee [0-BAXHO MACTO, MOPATH CBOATA crroco0OHOCT Ja
OCHTYpSBAT AETailHA, HeHHBAZHBHA H HSCTO B PEATHO BpeMe AR(pOPMAITES 38 CHCTOSHHETO HA
pasyiy ofextn W cuctemy. CbBeeM MPaBHAHO AHTCPTAHTET ¢e € HAcOYMN B CBOHTE
WiICcAeBAHAA HMEHHO EBM JHCTAHIHOHHHTE OeIKOHTAKTHH TEXHONOIHH, NO3BO/ABAIIN
BHCOKOTOUEH AHATH3 Ha (MHINMHATE XapAKTePHCTHKH HA NOBLPXHOCTH H CTPYKTYPH Ges
HEOBXOHMOCT OT IHPEKTeH (PH3MICCKH AOCET , KOSTO ¢ BAXKHO IPEIHMCTEOD HA HPHIOKEHHETO
Ha Te3H METOJIH B CHBPEMEHHATA MEHIMHCKA THarnocTika. M3cne/Bannsra B INCCPTALIATA
ca HEacoYeHH KM eIHa HoBa o0NacT B MeAHIHHCKATA IHArHOCTHKA KAKBATO € uEdpaYcpReHATA
repmorpada 38 KOMMUESCTBEH AHANH3 W HHTCPNPETANHA HA IHMHAMHTHH TEMIIEPATYPHH
NPOMEHH B ONPECNEHH YHacThUM HA HOBCIIKOTO THIO, HACTROBAUIN MPH crienHpAYHA
dwanonoredEy  yenosna Mscrnensanudtda B AWCEpTALHATA onpenescHO OTIOBapAT Ha
HAPACTBAIINA MHTEpeC KbM [MHAMHYHNTC AnanTalMOHHH (yHKUHOHATHY PEAKIHM Ha
YOBEIIKHA OPraHH3bLM — 0cofeHo npH (HUIMYECKO HATOBapsaHe, CTPEC HiTH phajleiicTene HA
pLHIIHH (JAKTODH.

2. Crenesn ua Ho3HABAHE CHCTONHIETO HA NPoGIEMa H TBOPUYSCKA HHTEPIPETALNIR
IR JATEPATYPHHA MaTepHai

3arEn60IEHOTO MO3HABAHE CHCTOAHHETO HA MpolieMa H TBOPHECKATA MHTCPUPETALA HA
IHTEpaTyPHEUS MaTepran ce 3a0ens3pa B /A THCCPTAHOEEH TPy, B ITbPBA I'/IABA ua
mrcepramEsTa  [Iperae)l Ha ONTHYHHE METOIN H CPENCTBA 3A INCTAHIHONINO HICICARANE
na ofeKTH" ¢ HampaseH KPHTHYEH aHAIH3 Ha 128 aHTEpaTypHH uaTouHAKa. Pasrieany ca
OCHOBHM TDHHIHNH Ha HH(QpayYepBeHaTa TepMOrpadus. AHATHIHpAHH Ca Half-IHpoKo
HINOMABAHNTE ONTHYHH  METO[M: JiasepHaTa  HHTepdepOMeTpHA, xonorpapuaTa,
CHEKTPOCKONMATA,  (oTorpamerphsTa,  (uyopecuentsata M docdopecuenTHaTa
BHsyanI3amad, B pesyITar Ha CIIOMERATHS aHATH3 HA HIBECTHHTE ONTHYHA METOIH aBTOPBT
coRCEM OGOCHOBAHO HACOWBA M3CACABAHHATA B JHCEPTALMATA CH KBM H3MOI3BAHETO Ha
undpaucpseHara TepMorpamsa, KosTo  Ce OTKposBA CBC CBOATA crocoOHOCT 34
BH3YQIHIHPAHE H KONHYeCTBCH AHANH3 HA TCMICPATYPHH PasnpenicileHIA. B momkpena Ha
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w3GpaHus ONTHYCH METOJ| 33 HICTEBAHNATA B JHCCPTALHATA ABTOPHT € HINOKII noapoGHo
OCHOBHHTE (M3WUHH [OPUHUMIH Ha WH(pauepBaHata TOMOrpadiA CbC CHOTBETHATA
MaTeMaTH4ecKa HHTepnperamis.Ha Tazm 0CHOBA Ca HANPABHI H3IBOH 32 HINOMIBEAHETO HA
METOJIA B MOCHSNBANIHTE W3CHEJaHusTa B jucepranudra. [locouenH ¢a OCHOBHHTE
npRIoKeHAs Ha WH(pauepBeHATA TOMOTPa(HS B PasiHIHH o0nacTi, KaTo ce MogYeprasa
MPHIOACHHETO HA METO/A B MEIHIMHATA. PasrnienaHy ¢a OCHOBHHTE CTATHCTHYUSCKH
MeTOIH 33 00pabOTKa HA Pe3y/ITATH OT HH(padepaeHa TepMorpadus.

B HETepNpeTANATA HE MOCOYEHHTE B 0030pa THTEPATYPH HITOUHHIHN ACHO CE OTKPORBA
KDHTHHHOTO OTHOWEHWEe Ha asTopa. Taka ce CTHra TO M3BOJA, HC B CHUICCTRYBAllald
JMTepaTypa HE Ce OTKPOABA SCHO JeHHHpaH TCOPSTHHYCH MOACK, KOHTO 13 OICEa
B3AMMOBPBIKITE MEAULY HE3ABHCHMHTE M 3aBHCHMHTE NPOMCH/IHBH HpH HICACIABARC HA
npouecute B MEQpauepseHaTa TOMOrpagus. HanpaseHH ¢ KOHKPETHH H3BOIH 34
TeopeTHYHITE PA3HHHA B IMTEPaTypara.

B pesy/ITar Ha WIOKCHOTO B ITBpBa I7IEBA © nedWEHpaHa NeTTa Ha JHCEpTAIHATA H Ca
oBOCHOBaHH OCHOBHHTE 32Ja4H B WICNCIBAHHATA.  DCHYKO TOBA IOBOPH 3a MHOTO IOPO
Io3HABAHE HA MATEPHANA M JIOTHIHA TROPIECKE HHTCPIPETALIA.

Hea na AucepTanuHsTa

PaspaGomearie meopemuino U eKCNEPUMENIMANR0 HA ONMUNECKH Memodu 3a
DUCMAH UONHO u3caedeane Ha obexmiL.
Ot neUHAINATA Ha LE/ITa HA IMCEPTAIHOHHHS TPY/l €3 ONPE/IACHH CACIHHATE SATaRH:

Ila ce paspafomu meopemusHo CMAMUCHUNECKU Memoo 30 OUCTAHYUOHNO
w3cnedsane Ha 0BEXMU YPe3 MePMO GUIYATHA UNGOPMAUA.

2Jla ce paspatomu aizopumum 3@ CuOupane u cmamucmuyecka obpabomra Ha
MepMO SUSYWIHG UHDOPMAYUR NPU OUCTAHYUORHO uscaedsane Ha 0BeKMu.

3./1a ce uzcaedea excnepuUMENMAINO paspabomenus Memod u aropumsM 34 colupane
u cmanuicmusecxka ofpafiomka HG MEPMO SUIYATHA UNHOPMAWUR npu QUCTMAHUOHHD
uscredeane Ha obexmu. ;

3, CLOTBETCTBHE HA M30PAHATA METOAMKA HA H3CAeIBaHe U HOCTABEHATH mea u
3a0a4H HA ANCEPTANMOHHNS TPYA ¢ NOCTHIHATHTE NPHAOCH

(3OTBETCTBHETO HA H30paHaTa METOIHKA HA H3CACIBAHE H NOCTABEHATA [CH M 37241
HA [HCEPTAIHOHHHS TPY/l ¢ MOCTMIHATHTE NPHHOCH € mobpe obocaopano. Crensa jAa ce
noauepTae, He NOCTABEHATA LEN H 3ala4l HA JTHCCPTAlHOHHKA TPy cd nedHHUpAHHA i THCHO
CEBP3AHH C NOCTHTHATHTE Pe3Y/TATH H IPHHOCH B AHCEPTAIMOHHNA TRy B ToBa TRLpACHHE
clleNBa 1A Ce BKNOYH OOOCHOBAHOCTTA HA LEMHTE W 3aNa4dTe B JHCEPTAIHOHHHEA TPYA..
INpextokeH € NPaBHIEH NOAXOZL, 110 KOHTO JOKTOPAHTET € hopMYIHpaT TOMHO M B CHHTEIHPaH
BHI KAKTO IENTH, TAKA H 3a/1a4HTe B CBOA ANCEPTAHOHEH TPYIL

4. Kparka AHANNTHYHA XaPAKTEPHCTHKR HA ECTECTBOTO H OHEHKA HA
A0CTOBEPHOCTTA HA MATEPHANA, BLPXY KOITO Ce TPALAT NPHHOCHTE Hil JIHCEPTANHOHINS
TpyA

IlmcepraumoRHmsT TpyA € ¢ obem 125 cTpaHuilE. PeamusupaHeTo Ha UeATa H
CHLOTBETHH 321491 HA AHCEPTAIHOHHAA TPY/A € OOEKT HA C/IC/BAIINTE MTIABH HA NHCCPTALNATS,
MEEIY KOHTO € TOCTHIHATA MOCHCAOBATENHOCT B H3NIOKCHHCTO, JOFHECCES BpPE3KA M
MCTOIMYHOCT B MPENCTABAHE HA HOBHTE BAXKHHM, OTHOCHO MPHHOCHTE HA AWCEpPTAlHATE,
TEOPETHYHH H TPAKTHYECKH PEIMICHAS B oONACTTa Hi TEMaTHKATAa HA THCCPTANHATA.

Bss BTOPA I'JIABA e paspaloTen CTATHCTHYECKH METOX 38 AHCTAHIHOHHO

H3CTeIBAHE HA OBEKTH Upes TepMo BH3yaHa nHdopmamms. [Tpn paspaboTBaHe Ha CIIOMEHATHA
METON W3CIHSABAHMATA €  H3MON3BAHE crarHeTHuccKaTta Teopus. .CrnoMmeHaTHTE

CTATHCTHYECKH METOXH €A NpEACTABEHH HPE3 ¢IMH NOAPOGEH H NPElli3eH MATEMATHIECKH
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aHa3 Kato € OGOCHOBAHO NPHMOKEHHETO MM TIPH W3NOIIBACHTO HA HHOpayepBeHaTa
ToMorpagus B Memuimsara. [IpeinoikeH © reOMETPHHECH MOAST HA KOHKpeTeH ODSKT
(xpppidma pBKa) 38  JACTAHIMOHHO  H3CTICABAHE gype3 TEPMO  BH3YAIHA
urhopMaiis. KOPEKTHOCTTa HR NPeUIOMEHHA MOICH ¢ MOTERPACHE ype3 AOMBIHHTENCH
MaTeMaTHyeckd asamus. PasrnefaEM ca (ESHIHHTE NPHAMANH HE mHdpadepBeHaTa
TepMorpadus NpH H3ABUBAHE OT HOBCIIKOD o Vsnoxenn ca QHE3HOTOTHYHE ACHOCKTH HA
TepMOperyTalliaTa B JKHBHTC ThKAHH, KOETO C¢ NOTueprana HeneHacoueH0CTTa Ha
3cTeBAHHATA OTHOCHO NPHIOKEHHETO HH(padepscHATA ToMorpabusi B MeNHIHHATA
HanpasenH ¢a eKCIEPHMEHTATHH HIMEPBAHHA IPH XAHIOATHCTH KAaTO & H3NO/3BaH METOAA Ha
nananupane Ha excnepumenta.llpelToXeH € MaTeMaTHHECKH MOIEN HA TpelIKMTe TIpH

ur(pauepBenaTa TepMorpaduL.

[lo-BasHETE PE3VATATH OT M3C/EJBAHHATA BRE BTOpA I7Iaba €4 obobuicER B
CTIeIHHTE NPHHOCH! _

1.Mapspmena e TeopeTHuHO paspaboTsane H oOOCHOBKA H3 CTATHCTHYECKH METOA
44 NHCTAHIMOHHM H3cnensade Ha OOSKTH Hpe3 TEPMO BHIYATHA undopmanus (Fnasa 2,

naparpad 2.1);

2.Mpenoken ¢ reOMETPHYCH MOJEN HA KOHKPETEH ofiexT (XBBp/ASIA pHKa) 32
AWCTAHIMOHHO H3C/IE/IBAHE UPe3 TEPMO BHIYAlIHA undopmans ([asa 2, naparpad 2.2, mr.
2.1, u3pas 2.15).

CrioMeHATHTe pesylTaTH M H3CNSIBAHHE BLB BTOpa rnasa (i oTpaseHH B €/IHA
nyOnuKaiHg Ha aTopa

B TPETA I'JIABA na jucepraumoHHna TpyA ¢ paspaloTed AirOpHTHM 34 crbupane H
craTHcTHYeCKa 0OpaboTka Ha TEPMO BH3YATHA pHGOPMALE TPH ARCTAHIHOHHO H3CACABINE
Ha 0DEKTH.

PaspaGoTena ¢ GI0KOBa CXeMa Ha AITOPHTDM 33 cnOHpane H CTATHCTHYECKA obpaboTka Ha
TepMOBH3IyATHA HHQOpMaims Ha fasaTa Ha NPELIOKEHHS TEOMETPHYCH MOZASH 34

Pa3paGoTeHa ¢ ToXOAIIE CTPYKTYpa Ha fasata JaHiH 33 crONpaie Ha TEPMO BH3IYANHATA
HH(OpMAIH ¢ HET CTaTHCTHYECKA o6paboTka npy THCTAHIHOHHO H3CIC/IBAHC HA o0eKTH.
Kato npMMep 3a TNpPUACKEHHE HA NPEIAIAHHA ANTOPHTEM, CNOMEHAT MNOo-rope B
paspaboTeHa METOIMKA 38 TEPMATHO H3MCPBANE H ARATHI HA KIIOU0BH TOYKH 38 RafmoneHne
Ha TeMIepaTyPHHTE HIMEHEHNHA B FOPHIE KPAHHNK Ha eLCTE3aTeNKHTE TI0 XaHnbai.
fipeasioken € CTATHCTHYSCKH SHAMHI HA TCPMATHWTE NAHHH CA8jl 3aCHEMAHETO HA
TepMATHHTE H300PKCHIA N0 BPEME HA CKCNCPHMCHTAIHHTE H3CAEIBAHEA IPH CIOPTHCTH,
[lo-BaHHTE Pe3YNTATH OT H3CHEABAHHATA B TPETA rnasa ca o0o0ueHR B CHCHHHTE
MPHHEOCH!
1.TIpe/noseH € AMTOPHTEM 38 CHOHPAHE H CTATHCTHNECKA 00paboTKa Ha TEPMO BH3YATHA
HHOPMAIIHE NPH AHCTAHIHOHHO w3creBane Ha obextn (T'masa 3, naparpad 3.1, dur. 3.1
2 IpemnokeHa € NOAXOANA CTPYKTYpa Ha Gasa naHHE 38 chOMpaHe HA TEPMO BUIYATHA
nHopMalIid ¢ el CTETHCTHYECKA ofpaboTka NPy AMCTAHIHOHHHE H3CICABANE HA obeKTH
(Cnasa 3, maparpad 3.2, TaGmana. 3.1).



IMonyuesuTe pe3yiTaTit OT M3CNCABAHHATA B TPeTa riaBa ca OTpaseHM B TPH
H Ha aBTOpA.

B YETBBPTA I'JIABA Ha aucepTAalHOHHHA TPYX €2 OMHCAHH eKCTIepHMEHTRIHH
wicrenBanms, H3BpinenH Ha Gasata Ha paspaGOTeHHA METOA H AATODITTEM 3a cuOupase B
craTncradecka oGpaboTka HA TEpPMO BH3YATHA HAQGOPMALHNA NPH TMCTAHIHOHHO HICICABARE
Ha 0GeKTH.

Tlanesn ca pesyrTard OT eXCIEPHMCHTATHE HIMCPBAHHA HA rpyna OT CHOPTHCTH 33
cp3zaBane Ha 0232 JAHHH OT TEPMO BH3YAIHH H3MCPBAHHA

VscneNBana ¢ HajcA/HOCTTA HE NPOBEJCHHTE SKCIEPHMEHTAIHA HIMCPBAHNA HA
(pyna 0T CHOPTHCTH NpH CH3ABAHC HA fasa JAHHH OT TEPMOBHIYAIHH H3MEPBAHHH, "PEI
MOJena 33 KOMOHHHpAHA CTAHIAPTHA HCONPENENCHOCT NPELIOHTH BhE BTOpa rnasa (u3pas
2.35).

MapbplicHa ¢ CpaBHMTeNHa OLCHKE HO pesyjrardie of MPOBEICHUTE
eKCTICPHMEHTAIHI H3IMEPBAHWA HA IPyNa OT CrOpTHCTH MPH cp3gapase Ha Daja JaHHH OT
TEPMOBHIYATHH H3MEPBAHIA, SPe3 onpezieleHATa CTOHHOCT HA HANEHKIHOCT € MOMONITa Ha
Monena 33 koMOHHMpaHa CTAHIAPTHA HEONPEICICHOCT

PeaynTaTATe OT HICHS/ABAHHATA B HCTBBPTA rasd ca ob0obmeHnE B CASAHNTE NPHIOCH,

| AsBpmeno € EKCHePHMEHTATHO H3CACIBAHE HA paspabOTeHHs CTATHCTHHECKH
METO 33 JHCTAHIHONEOD W3c/iejBaHe Ha ofeKTH Hpe3 cuoupase W oOpaloTka Ha TEPMO
siayanAa HEQOPMAIAL, NPANOXKEH 38 rPYNa COOpTHETH (Tnasa 4, naparpad 4.1, Tabauim 4.1
mo 4.10)

2 WscaeaBana € HAASKIAOCTTA HA TPOBEICHATE SKCNEPHMEHTATHN H3MEPBAHHE HA
rpyna CHOPTHCTH HPH CH3IABIHE Ha Ga3a NAHHH OT TCPMOBH3YATHH H3IMCPBARES, YPe3 MOJCH
3a KOMOMHEpaHA cTaHapTHa Heonpexeneroct (Inasa 4, naparpad 4.2, u3pas 4.1);

3 Hanpapena € CpAaBHHTEIHA ONCHKA HA DEIYITATHIC, monydcER ® cuOpaHd B
chifaxeHaTa 6asa OT TepMO BH3YATHH JAHHH, NpH MpoBEXEIAHEe HA CKCHEPHMEHTATHH
H3CHeIRAHNA HA rpyna CIOPTHCTH, HA falata Ha paspaboTeHNA CTATHCTHHECKH MeTon 34
AHCTAHIMOHHO W3cneiBaHe Ha oDeKTH 4pe3 cuOmpane W oOpaboTka HE TEpMO BHIYWIHA
uHdopMalHd B 9pe3 MOJEna 3a KOMOHHHpaHa CTAHIAPTHA HEONpPEeeNeHOCT (Inasa 4,
naparpad 4.3 TaGmauu 4.11 g0 4.20.

Pmmmmcnmﬁnqemmmmcauwannﬂmanyﬁm
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5, [IpuuocHTe B AHCEPTALMSTA MOTAT A4 C& OpeICTABAT B ClEIHNUA Peil:
Hayuso-npHIoAHATE NPAHOCH:

1.TTpennoxen € MOAXOA 33 AUCTAHUHOHHO H3CASABAHC C ONTHYHA PATHOMETPHA H
KOpe/IalMOHEH AHATHS HA TAHHH OT oGeKT (XBEP/MINATE PbKA HA CTIOPTHCT).

2PazpaGoTeH € TCOMETPHUEH MOJCH HA KORKPETCH obext (XBEpAAINA PBKA) 38
IRCTAHIHOHHO H3CIEABAHE YPe3 TEPMO BHIyanHa undopmauns (Inasa 2, naparpag 2.5, dur.
2.2, uspas 2.24).

3 [Ipeanokena € ONCHKA ¢ KOMOMHMpAHa CTAHIApTHA neonpeaeieHoer (T'nasa 4,
naparpad 4.4 Tabmuuwm 4.12 no 4.21), Ha pe3yNTaTHTE, NOAYICHH H cuOpasn B CHETE3HpaHa
fasa OT TEPMO BHIYWIHH [AHHH, NPH OPOBEXIAHE HA EKCTIEPHMCHTAAHN H3CIeBaHuA Ha
Tpyma COOPTHCTH

B nucepTAlHOHHNE TPYA €& NIOCTHIHATH CNeaHITE NPHIoHHATE
TIpHAOKHE NPHHOCH:



|.PaspaBoTen e ATropHTEM 3a ChOHpanE HA HHGOPMAIIHA UPE3 ONTHHA PATHOMETPHA
na obexTH - cnopraers (Inasa 3, naparpad 3.1, gur.3.1);

2.Paspaboren e anropHTEM 3a 00paboTKa Ha TEPMO BHIyAIHA unopManus, Gasupan
HA CTATHCTHUECKH METOAH, OT IMCTAHIMOHHO H3CiHEIBaHe HA OGCKTH C METOIMTE Ha
ONTHYHATA PATHOMETPHR.

3.PaspaboTeane Ha MOJXOMAINA CTPYKTYpa Ha Dasa Jammu 3a cnOHpaHe HAa TEPMO
BHIYAIHA HHPOPMAINS ¢ (e CTaTHCTHHCeCKA obGpabfoTKa NpH IHCTAHIHOHHN H3CACABAHT HA
obextn (Inasa 3, naparpad 3.2, Tabauua. 3.1).

4 VIaBuplieH0 € eKCTEPHMEHTATHO W3CICHBaHE Ha paspabOTEHHA NOOXOA 38
MHCTAHIMOHHO H3CcAeaBaHe Ha OOCKTH ¢ ONTHHHM METOIH, Hpe3 cuOupane u obpaloTka Ha

HE(OPMAaIHA OT ONTHYHA PATMOMETPHA, NPIJIOKCH 34 IPYHa CIOPTHCTH (I'nasa 4, naparpad
4.3, Tabnama 4.2 no 4.11)

6. OnenKa Ha cTENEHTa Ha JHTHOTO YIACTHE HA AVKTOPAHTA B NPHHOCHTE

OnHCEHNTE MO-TOPe Hay4HH, HAYIHO-TIPHIDKHY H IIPHIOKEN NPHHOCH buTypHpaT B
JOCTATHYHATA N0 ODEM H CHIBPKAHHE NYONHRAUWOHEA ACHROCT HA JAOKTOpaHTA. Te ca
NONYARPH3HPAHH B MOIXOOAIIM W YTBBP/CHH B oGracTTa HA JAHCEpPTALHATA HAYSHU QOpYMH,
KOETO OIHAUABA, Y¢ Pe3YITATHTE OT AWCEPTALHSTA A MPHAOOHIN CHOTBETHATA NOMYASPHOCT
§ NpH3HAHEE B HAYYHHTe Cpead. B TasW BPE3KA JIHYHOTO yu9#cTHE HA AOKTOPAaHTET B
NPHHOCHTE CE NPOABABA H € HeoCNOPHMO. To & NOTBEPACHO OT HATHYHETO HA 5 nyOnHKalHH,

7. Mpeneska ga nyHAMKANNITE N0 THCEPTANNORHIE TPY

OcHOBHNTE TIOCTHXEHHS B AHCEPTAIMOHHHA TPYA €& NOMyIAPHIAPAHH B 5 HayuHH
nyGIMKAINY B HAYYHH KOB(epeHIHH. Benikn nyGMHKAUME ca ¢ TEOPSTHYHO H MPHIOKHO
sHauenHe, CBGLP3AHM €A C JIMCEPTANHATE B ¢ MPOQECHOHATHOTO HANpas/ieHie 5.3.
KoMynuKaHOHHR H KOMIOTBPHA TeXHHKA. [psiemam nyOIHKAIMOHEATA ACHHOCT KATO
HATRIHO JOCTATHYHA 10 00eM, Ha EHCOKO HAayYHO HHBO M NOMyAApH3MPAHA B AOCTaTHYHA
CTENSH B HAHOHATEH M MCHEIYHAPOICH HAYYCH TUIAH.

8. Msnmoassame Ha pPeyATATHTE 0T JHCEPTANMOHHES TPYA B Hayduara H
CONMAHATA MPAKTHEA

Wanon3Basero Ha pesyaTaTHTe OT HANPABeHHTE HICHSABAHEA B Hay4YHaTa H
CONNANHATA NpakTHKa ¢ Ge3cnopHo. TOBA € ¢/IHO OT BAKHWTE IOCTOMHCTEA HA IHCePTallHATA,

TeopeTHUHHTE H EKCHCPHMEHTANHW H3C/HEABAHHR BRPXY (PHIAOECHHETO HE
nudpauephenHaTa ToOMOTpagEs B MEAMIMHATA Karo W obeKTHBH3IHPAHETO HA
eKCIIePHMEHTATHHTE PE3y/ITaTH UPe3 MATEMATHHCCKR oGocHOBaHE MPENH3HH CTATHCTHHICCKH
METONH € YOSIHTENHO OCHOBARHHE Ja Ce JIATe BHCOKA OLICHKE HA AHCEPTAUMOHHES TPYA KaT0
A0

10. MEesns, npenopbEH B HeTeRKH

B npe/cTaBeHuA 33 BETPEIIHA 3AIINTa IILPEH BAPHAHT Ha [MCepTAHOHHEA TPYA MOTAT

713 ce NoCcoNaT cneanHTe 3abenssanu MPONYCKH H HETOHHOCTH. Te ca ot dopmaneH XapakTep
W We ca OT CHIECTBEHO 3HAYCHHE NPH [AJOCTHATR OLCHKA HA oopMAHETO HA

JIHCETPalMOHHHA TPYX:
| CrHHCBKBT ¢ HINOM3BAHHTE JMTEPATYDHH M3TOUHMIH O TPAGBANO A2 ¢ MOAPEaH MO
ax0yded ped..



2, TpeacransmeTro Ha [MCEPTANMOHHHE TPYA M coeuenamMi0 ¢ AoDaBsHETO KaTo
pPHNOKEHHE HA SIHA MPOrPaMia pealH3allia BB BPhIKA ¢ NpeAIOECHHA ANTOPHTEM
(¢ur.3.1) B TpeTa rnasa.

3. TlpenopbyaM HA 3BTOPE Ja NPEACTABA PesyIranire OT GpjenmiTe CH H3CIAEABAHHN H
KaTO CRMOCTOSTE/THE MyOIHEALHH.

Tean 3abenekKH B HHKAKEB caydal He HaManABar NOCTORHCTBATA Ha AHCEPTAHATA

11. 3axmwaenne

CunTaM, 9¢ ONpefeNeH0 MOXKe ja ce Jane MAnOCTHA NOAQEWTENHA OUCHKAE HA
TeOPETHYHATE M TPAKTHIECKH Pe3yiITard, HOCTHIHATH npH paspaDOTKATA Ha HaCTONIIHA
AMCEPTANHOHEH TPYZ, AC(HHMPAHH KaTO HAYMHO-TIPHJIOKHEH B NPHICHHE TPHEOCH. Te ca
oTpasely B ocTarb4eH Opof HaydHH nyGmukamun ¥ ca GescmopHO — OCHOBAHHE 34 ACHO
MOJOMHTENHO 3AKMOYEHHS OTHOCHO KBaTAQUKAIMATA HA JIOKTOPRHTa M HETOBHTIC
[OTBLPICHH B JHCCPTAIHOHHNS TPY/l KaUeCTa HA yHCH B w3bpanata OT HEero AayJHa obnacT.

Ha ocHOBE HA Ka3aHOTO [O-Tope ¢ ITRIHO OCHOBAHHE NpeinaraM Ha IIOYHTAEMOTO
Hayuno &ypH Aa TpPHCHIA oGpasoBareiHaTa H HayHHd crened LJOKTOp” Ha MAr. MHK.
avMarsp Acenop B npodeCHOHANHO HANPABICHHE 5.3, KoMyHHKAUHOHHA W
KOMITIOTHPHA TEXHHKA IO HAYTHA COCHHATROCT Kabeann H onTHYINE KOMYHEKANHOHHN
CHCTEMIH.
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by Prof. Dr. Eng. Dimitar Dimitrov
on the dissertation for the acquisition of the educational and scientific degree of “Doctor” in the
scientific specialty:
Cable and optical communication systems
in the professional field:
5.3. Communication and Computer Engineering
Author of the dissertation:
Dimitar Assenov
Topic of the dissertation:

Optical methods for distance investigations of objects

1.Relevance of the problem developed in the dissertation in scientific and applied
terms

The research in the dissertation is in an extremely important interdisciplinary area that connects
engineering sciences with medicine. The topic of the presented dissertation work “Optical methods
for remote sensing of objects” is particularly relevant in a global context, where optical methods
for observation and diagnostics are increasingly important due to their ability to provide detailed,
non-invasive and often real-time information about the state of various objects and systems. The
doctoral candidate has quite rightly focused his research on remote, non-contact technologies that
allow for highly accurate analysis of the physical characteristics of surfaces and structures without
the need for direct physical contact, which is an important advantage of the application of these
methods in modern medical diagnostics, The research in the dissertation is aimed at a new area in
medical diagnostics, namely infrared thermography for quantitative analysis and interpretation of
dynamic temperature changes in certain areas of the human body, occurring under specific
physiological conditions. The research in the dissertation definitely responds to the growing
interest in the dynamic adaptive and functional reactions of the human organism - especially during
physical exertion, stress or the impact of external factors.

2. Degree of knowledge of the state of the problem and creative interpretation of the
literary material

The in-depth knowledge of the state of the problem and the creative interpretation of the literary
material are noticeable throughout the dissertation work. IN THE FIRST CHAPTER of the
dissertation "Review of optical methods and means for remote study of objects” a critical analysis
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of 128 literary sources is made. Basic principles of infrared thermography are considered, The
most widely used optical methods are analyzed: laser interferometry, holography, spectroscopy,
photogrammetry, fluorescence and phosphorescence visualization. As a result of the mentioned
analysis of the known optical methods, the author quite reasonably directs the research in his
dissertation 1o the use of infrared thermography, which stands out for its ability to visualize and
quantitatively analyze temperature distributions. In support of the chosen optical method for the
research in the dissertation, the author has presented in detail the basic physical principles of
infrared tomography with the corresponding mathematical interpretation. On this basis,
conclusions have been drawn about the use of the method in subsequent research in the
dissertation. The main applications of infrared tomography in various fields are indicated,
emphasizing the application of the method in medicine. The main statistical methods for
processing results from infrared thermography are considered, In the interpretation of the literary
sources indicated in the review, the critical attitude of the author is clearly evident. Thus, the
conclusion is reached that in the existing litersture there is no clearly defined theoretical model
that would describe the relationships between the independent and dependent variables in the study
of processes in infrared tomography. Specific conclusions are made about the theoretical gaps in
the literature. As a result of what is stated in the first chapter, the purpose of the dissertation is
defined and the main tasks in the research are justified. All this speaks of a very thorough
knowledge of the material and a logical creative interpretation.

Purpose of the dissertation
Theoretical and experimental development of aptic methods for remote sensing of ohjecls.

From the definition of the purpose of the disseriation work, the following tasks are defined:
1. To develop a theoretical statistical method for remote sensing of objects using thermo-visual
information.

2. To develop an algorithm for collecting and statistical processing of thermo-visual information
during remote sensing of objects.

3. To study the experimentally developed method and algorithm for collecting and statistical
processing of thermo-visual information during remole sensing of objects.

3. Compliance of the selected research methodology and the set goal and tasks of the
dissertation with the achieved contributions

The correspondence of the chosen research methodology and the set goal and tasks of the
dissertation work with the achieved contributions is well justified. It should be emphasized that
the set goal and tasks of the dissertation work are defined and closely related to the achieved results
and contributions in the dissertation work. This statement should include the justification of the
goals and tasks in the dissertation work. A correct approach is proposed, according to which the



doctoral student has formulated precisely and in a synthesized form both the goal and the tasks in
his dissertation work.

4, Brief analytical characterization of the nature and assessment of the reliability of
the material on which the contributions of the dissertation are built

The dissertation is 125 pages long. The realization of the goal and relevant tasks of the
dissertation is the subject of the following chapters of the dissertation, between which consistency
in the presentation, logical connection and methodicallity in presenting the new important,
regarding the contributions of the dissertation, theoretical and practical solutions in the field of the
disseriation's topic have been achieved.

In CHAPTER TWO, a statistical method for remote examination of objects using thermo-
visual information is developed. When developing the mentioned method, statistical theory was
used. The mentioned statistical methods are presented through a detailed and precise mathematical
analysis, justifying their application in the use of infrared tomography in medicine. A geometric
model of a specific object (throwing hand) is proposed for remote examination using thermo-visual
information. The correctness of the proposed model is confirmed by additional mathematical
analysis, The physical principles of infrared thermography in radiation from the human body are
examined. Physiological aspects of thermoregulation in living tissues are presented, which
emphasizes the purposefulness of the research on the application of infrared tomography in
medicine. Experimental measurements were made on handball players using the method of
experimental planning. A mathematical model of errors in infrared thermography is propased. The
most important results of the research in the second chapter are summarized in the following
contributions:

1. Atheoretical development and justification of a statistical method for remote sensing of objects
using thermo-visual information has been carried out (Chapter 2, paragraph 2.1);

2. A geometric model of a specific object (throwing arm) for remote sensing using thermo-visual
information has been proposed (Chapter 2, paragraph 2.5, Fig. 2.2, expression 2.24)

In the THIRD CHAPTER of the dissertation, an algorithm for collecting and statistical
processing of thermovisual information during remote survey of objects has been developed. A
block diagram of an algorithm for collecting and statistical processing of thermovisual information
has been developed based on the proposed geometric model for remote survey of objects. An
appropriate database structure has been developed for collecting thermovisual information for the
purpose of statistical processing during remote survey of objects. As an example of the application
of the proposed algorithm, mentioned above, a methodology for thermal measurement and analysis
of key points for monitoring temperature changes in the upper limb of female handball players has
been developed. A statistical analysis of thermal data after capturing thermal images during
experimental studies of athletes has been proposed. The most important results of the research in
the third chapter are summarized in the following contributions:



1. An algorithm for collecting and statistical processing of thermovisual information in remote
sensing of objects Is proposed (Chapter 3, paragraph 3.1, Fig. 3.1);

2. An appropriate database structure is proposed for collecting thermovisual information for the
purpose of statistical processing in remote sensing of objects (Chapter 3, paragraph 3.2, Table. 3.1),

In the FOURTH CHAPTER of the dissertation, experimental studies are described, carried
out on the basis of the developed method and algorithm for collecting and statistical processing of
thermo-visual information in remote sensing of objects. Results of experimental measurements of
a group of athletes for creating a database of thermo-visual measurements are given The reliability
of the experimental measurements of a group of athletes when creating a database of thermovisual
measurements is studied, using the combined standard uncertainty model proposed in the second
chapter (expression 2.35). A comparative assessment of the results of the experimental
measurements of a group of athletes when creating a database of thermo-visual measurements is
carried out, using the determined reliability value using the combined standard uncertainty model.
The results of the research in the fourth chapter are summarized in the following contributions:

1, An experimental study of the developed statistical method for remote sensing of objects by
collecting and processing thermo-visual information has been carried out, applied to 2 group of athletes
(Chapter 4, paragraph 4.3, Tables 4.2 to 4.11);

2. An assessment with combined standard uncertainty has been proposed (Chapter 4, paragraph
4.4 Tables 4.12 to 4.21), of the results obtained and collected in a synthesized database of thermo-visual
data, when conducting experimental studies of a group of athletes

5.The main results achieved in this dissertation work are suammarized and presented
in a synthesized form in the form of the following contributions:

Scientific and applied contributions:

1. An approach for remote sensing with optical radiometry and correlation analysis of data from
an object (the throwing hand of an athlete) is proposed.

2. A geometric model of a specific object (throwing hand) for remote sensing using thermovisual
information Is developed (Chapter 2, paragraph 2.5, Fig. 2.2, expression 2.24),

3. An assessment with combined standard uncertainty is proposed (Chapter 4, paragraph 4.4
Tables 4.12 to 4.21) of the results obtained and collected in a synthesized database of thermovisual data,
when conducting experimental studies of a group of athletes.

Applied contributions



1. An algorithm for collecting information by optical radiometry of objects - athletes has been
developed (Chapter 3, paragraph 3.1, Fig. 3.1);

2. An algorithm for processing thermo-visual information, based on statistical methods, from
remote survey of objects with optical radiometry methods has been developed

3. An appropriate database structure has been developed for collecting thermo-visual information
for the purpose of statistical processing in remote survey of objects (Chapter 3, paragraph 3.2, Table. 3.1).

4. An experimental study of the developed approach for remote survey of objects with optical
methods, by collecting and processing information from optical radiometry, applied to a group of athletes
has been carried out (Chapter 4, paragraph 4.3, Tables 4,2 to 4.11);

6. Assessment of the degree of personal participation of the doctoral student in the
contributions

The above-described scientific, scientific-applied and applied contributions appear in the
doctoral student's publication activity, which is sufficient in volume and content. They have been
popularized in appropriate and established scientific forums in the field of the dissertation, which
means that the results of the dissertation have gained the corresponding popularity and recognition
in scientific circles. In this regard, the personal participation of the doctoral student in the
contributions is evident and undeniable, It is confirmed by the presence of 5 publications.

7, Assessment of the publications on the dissertation work

The main achievements in the dissertation work have been popularized in 5 scientific
publications at scientific conferences. All publications are of theoretical and applied importance,
are related to the dissertation and the professional field 5.3. Communication and computer
technology. | accept the publication activity as completely sufficient in volume, at a high scientific
level and popularized to a sufficient extent in national and international scientific terms.

8. Use of the results of the dissertation work in scientific and social practice

The use of the results of the research in scientific and social practice is undeniable. This is
one of the important merits of the dissertation. . Theoretical and experimental research on the
application of infrared tomography in medicine, as well as the objectification of the experimental
results through mathematically based precise statistical methods, is a convincing reason to givea
high assessment to the dissertation work as a whole.

9 Recommendations and notes



The following shortcomings and inaccuracies can be noted in the presented dissertation.
They are of a formal nature and are not of significant importance in the overall assessment of the
dissertation:

1. The list of used literary sources should be arranged in alphabetical order.

2, The presentation of the dissertation would benefit from the addition of a program
implementation in connection with the proposed algorithm (Fig. 3.1) as an application in the third
chapter.

3. I recommend that the author present the results of his future research as independent
publications. These remarks in no way diminish the merits of the dissertation

10. Conclusion

Based on the above, a general positive assessment can be given of the theoretical and practical
results achieved in the development of this dissertation work. The defined scientific-applied and
applied contributions, reflected in a sufficient number of scientific publications and in appropriate
conferences, are quite sufficient grounds for a clear positive conclusion regarding the qualification
of the doctoral student and his confirmed in the dissertation qualities of a scientist in his chosen
scientific field. In conclusion, T propose to the esteemed Scientific Jury to award the educational
and scientific degree "Doetor" to M. Eng. Dimitar Assenov in the professional field
5.3. Communication and Computer Engineering in the scientific specialty “Cable and optical
communication systems”,

Date: 15.04.2026 R EVIBWET: oo e et

Prof. Dr.Eng. Dimiter Tzenov Dimitrov
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