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Tema Ha JUCCPTALIMOHHUSA TPYI: HCOMOKPHCMI/I BBIVICPOAHU CAXKAU OT PAIIMIHO OJIMO —
My.]'ITI/I(l)YHKHI/IOHaJ'IeH HaHOMAaTEpHuall B IIOMOII[ Ha 06H_ICCTBOTO

Peniensent: mpod. npu Andena [lackanesa, UGTT, BAH

[IpencraBeHUsT MU 3a pEeLIEH3UPAHE AUCEPTALUOHEH TPYJl CE CbCTOM OT YBOJ, IET IJIaBH,
CHHUCHK HA MPUHOCUTE U CIIUCHK Ha MyONMKAIMHUTE 1O aucepTaunusara. Hamucan e Ha aHTTUHCKA
e3uk Ha 234 ctpanui u cbabpxka 117 ¢urypu, 34 tabmuuu u 433 UUTUpPaHU W3TOYHHUKA.
[IpencraBenu ca cbIIO MU BCUYKH JTOKYMEHTH, U3UCKBAaHU OT IpaBuiiHuKa Ha UDTT.

Ilenta Ha AuceprauusATa € Ja U3CiIeJBAa OMOKpSAIIUTE, J1eJ0()OOHH U AaHTUMHUKPOOHU
XapaKTEPUCTUKU Ha CAXKAHU OT PAllMYHO OJHMO, U TSIXHOTO 3HaUY€HUE 3a OBJEIIOTO IPOU3BOJICTBO
Ha MHOBAaTUBHU OMOCEH30PH UJIM KPUOTEHHU YCTPOICTBA 3a O€3BPEIHO KPUOChXPAHEHUE Ha )KHUBA
Matepus. PopMyIupaHy ca U KOHKPETHU 3aJjau 3a IOCTUTaHe Ha KpaliHaTa LeJl.

1. Akmyannocm na paspabomeanusn ¢ oucepmayuOHHUA mpyo npoonem ¢ HayYHo u Hay4Ho-
RPUIOIHCHO OMHOULEHUE.

CbBpeMEHHHTE TOCTHKEHUS B PA3JINYHU CEKTOPU HA TPOMUIIUIEHOCTTA 3aBUCSAT KPUTHUHO
OT CbhCTaBa M CBOMCTBAaTa Ha W3IMOJ3BAaHUTE MaTepuanu. BbB Bpb3Ka C TOBAa Ch3/1aBAHETO Ha
(YHKIIMOHATTHU OKPUTUS, U3ITBIHIBAIIN ONIPEIETICHU U3UCKBAHNUS, € OT U3KIIIOUUTENIHA BaXKHOCT.
B MHoro ciayuyam ce u3uckBa U MYITH(QYHKIIMOHAIHOCT, KAKTO M C€ MOCTaBAT JONBJIHUTEIHU
OTpaHUYEHUS, CBBbpP3aHU C JIMIICA HAa TOKCUYHOCT, W300MIHOCT Ha M3MOJI3BAaHUTE CHCTaBHU
MaTepuaiy, MamabupyeMocT, MKOHOMMYEecKa IenechoOpasHocT U mp. CBpbxxuapodoOHuTe
MOKPUTHST HAMHUpaT OIPOMHO HPUJIOKEHHE B CTPOUTEICTBOTO, aBUAIMATA, KOPaOOCTPOEHETO,
XJIaJUJIHA U €HEPTUIHA TEXHUKA. BprilepoqHuTe Cask iy MPOLYKT OT pa3Iu4HHU POLIECH HAa TOPEHE
ca MHTEH3MBHO M3CIIEBAHU KaTO BB3MOXKEH IIMPOKOJOCTBIIEH U €BTUH MaTEpHal 3a Ch3JaBaHE
Ha pa3iauyHu XUAPo(HOOHU MOKPUTHSA. XUMUYECKUAT ChCTaB, MOP(HOJIOTUATA U CTPYKTypaTa Ha
BBIVIEPOJHUTE CaXJIU €A OT CHIIECTBEHO 3HAYEHHE 3a pEalM3UpaHE Ha IMOKPUTHS C KEJIaHU
cBoiicTBa M pyHKIMOHATHOCT. OT ipyra cTpaHa, (PU3UKO-XUMHUYHUTE CBOMCTBA HA CAXIUTE MOTaT
Jla BapupaT B HIMPOKH I'PAHUIM B 3aBUCUMOCT OT M3MOJI3BAHOTO FOPHBO M OT CIEHU(PHUKUTE Ha
npoueca Ha ropese. OT Ta3u IiieHa TOYKa TeMaTa Ha JUCEPTALMOHHUS TPYZ € U3KIFOUUTEITHO
aKTyaJlHa U Pe3yJTaTUTE OT U3CIEABaHUATA, IPEACTABEHN B HETO, UMAT 3HAYUM IIPUHOC KaKTO B
Hay4eH, Taka U B HAyYHO-TIPUIIOKEH aCIeKT.



2. Ilo3nasa nu Oucepmanmvm CbCHMOAHUEMO HA RPOOIeMa U OUeHABA U MEOPYECKU
JUmepamypHus mamepua.

[TpoGnemuTe, MOPOIUIN H3CICIBAHUATA OOEKT Ha JMCEpTAIUATA, ca pa3rieaany B [ 1aBa
I, KbAETO MUCEPTAaHTHT OIKUCBA CHBPEMEHHOTO CHCTOSHME B Hay4yHata O0JIaCT M OIICHSBA
JUTEpaTypHUS Marepuai. PasriefaHu ca CBOWCTBAaTa Ha CaXIH B 3aBHCUMOCT OT TOPHBOTO;
MOCOYECHH Ca METOAMTE, Ype3 KOMTO MOTaT J1a Ce M3TOTBAT TBBPIOTCIHH MOKPUTHS OT CaXIH,
KaKTO M Ca pa3rjielaHi Bb3MOKHHUTE MTPUIIOKEHHSI Ha Te3U MOKPUTH. B mucepranuonnus Tpyx ca
UTHPAaHU W WU3M0J3BaHKu 433 HayyHHM M3TOYHHKA, KAaTO MpeodsagaBaiiarta 4acT OT TAX c¢a OT
nocieanuTe gecer roauuu. Jlom. EcMmepsiH uHTeprnpeTHpa TBOPYECKH W KPUTHYHO TE3U
M3TOYHHUIIM, KOETO MYy MO3BOJIsiBA B Kpas Ha [71aBa 1 ja odyeprae ChIECTBYBAIIMTE MPA3HOTH B
HAYYHOTO IMO3HAHUE U Hepa3peIICHUTE BCE OIIIe MPOOIeMH, KaKTO U 1a GopMyJIrpa Hen3cieABaHu
BCE OII¢ HAYYHHU XUITOTE3U, KOUTO 0OOCHOBABAT U II€JITa Ha TUcepTalusiTa. BCHUKo ToBa Mu jJ1aBa
OCHOBaHHE J1a TBBP/S, Y€ € 3al03HAT ChC CHBPEMEHHOTO CHCTOSHHE Ha HAYYHHUTE MPOOJICMH,
00EKT Ha JIUCEePTAIMOHHUS TPY/I.

3. H30panama memoouka na u3cieodsane modyce qu 0a 0ade omz060p HA NOCMageHume yes u
3a0auu Ha oucepmayuoOHHUA Mpyo.

OcHOBEH OOCKT Ha H3CJCIBAaHE Ca TBBPAOTCIHH CJIOCBE OT CAaXK/IU, MOJNYYCHU 4pe3
U3rapsiHe Ha ParuyvHoO OJIMO, U TAXHATa HEOMOKPSEMOCT, KOSTO MO3BOJISABA J1a OBJAT MU3IMOJI3BAHU
B pa3iuyHu (YHKIMOHAJIHU TOKPUTHUA. 3a TOJy4aBaHE Ha CaXIU C OINPEACNIEHU CbhCTaB,
CTPYKTypa u MOPQOJIOTHs, Ce HM3MOJ3Ba CIEIHMAIHO KOHCTPYHpaHa TOPHBHA CHUCTEMA, KOSTO
MO3BOJISIBa KOHTPOJIMPAHO FOPEHE Ype3 KOHTPOJI Ha MOCThIIBAIIMS KUCIOpo1. [lonyueHuTe croese
OT CaXAW ca OXapaKTepU3UpaHH C pEaula CeKCIEPUMEHTAIHU METOJHMKH, BKIFOUUTEITHO
CKaHMpalla eJIEeKTPOHHA MUKPOCKOITUS, PEHTI€HOBA (POTOCIIEKTPOHHA CIIEKTPOCKOIHS, aTOMHO-
CHJIOBA MHKPOCKOIHUS, CHEKTPO(OTOMETpHUs, MO3BOJSABAIIM Ja C€ ONpPEAeTsIT ChCTaBa,
MopdoiorusTa U CTpykTypara uM. XuapopoOHUTE CBOWCTBA HAa TBBPJOTCIHUTE MOKPHUTHUS OT
CaX/IM ca M3CJIEIBAaHU C ONTHYHA CHCTEMa 3a M3MEPBaHe Ha BIJIM HA OMOKPSHE. 3a U3Clie/IBaHe Ha
CBOMCTBaTa Ha YOBEIIKAa CEMEHHA TEYHOCT (KOJIMYECTBO Ha CIEPMATO30UANTE, MOJBIKHOCT) €
M3M0JI3BaHa Cleluani3ipana amaparypa u codryep. HaBcsakbae € ThpceHa Bpb3Ka MEXKIY
MoponorusTa U chCTaBa Ha CAXKIUTE M TEXHUTE CBOWCTBA — XUAPOohoOHOCT, nenohoOHOCT,
aHTUOMO0OpacTBaHE WM CIIOCOOHOCT 3a €()eKTHBHA KPHOKOHCEpBAIMs HA CEMEHHA TEYHOCT.
To3u moxxom B chUYeTaHWE C KOMIIETCHTHAaTa HMHTEPIpETAlMs Ha pe3ylITaTHTE IT03BOJSBA
MOCTHTAaHETO Ha IOCTABEHUTE IICIIH.

4. Kpamka ananumuuna XapaKkmepucmuka HA eCMeCmEomo U HA O00CMOBEPHOCIMMA HA
Mamepuana, 6bpxy KOWUmo ce 2paoam npuHocume Ha OUCEpmayuoOHHUs mpyo.



JlucepranusTa npejiara OCHOBHO HayYHO-TIPUJIOKHU M3CIIeABaHUA. Ts1 IMa MHOTO CHJTHO
M3pa3eH WHTEPAUCHUILTMHAPEH XapaKTep, ChueTaBalll U M3UCKBAIl CIICIUAIM3UPAHNA 3HAHUS U
EKCTICPUMEHTH B HSKOJKO HayYHU 00JIACTH — MaTepHajO3HaHue, PU3UKa, ONOIIOTHS, OMOXUMHUSL.
ToBa 3HAYMTENHO YCIOXHSIBA KAKTO IPOBEKIAHETO HA EKCIIEPUMEHTHTE, TaKa W TIXHATa
unTepnperanms. Jlon. EcMepsH HHTEprpeTupa IOJIyYEHHTE pPe3yiITaTd KOMIIETEHTHO,
MOKa3BaliKu 4e € HaBJisA3al B crenudukara, TEPMHHOJIOTUATA M MPOOJIIEMUTE HA TE3U CHITHO
pasindyaBalii CC¢ HAYYHHU IOUCHUILJIMHMU. EKCHepI/IMeHTI/ITC, CBbp3aHH C H3CICABAHHUA BBPXY
YOBEIIIKa CEMEHHA TEYHOCT M YPUHA, Ca MPOBEXKIAHU B CHTPYAHUYECCTBO C JIEKApP CICIHATUCT I10
PCIIPOAYKTHMBHA MCIUIHMHA, KOCTO TrapaHTUpa TAXHATA MIPUIOXKHUMOCT H aACKBATHOCT II0
OTHOIIICHWE Ha IOCTaBCHHWTE Ieiu. TpsOBa ChHIIO Ja ce OTOSNEeKU W MHOTO MOAPOOHOTO
NpE/ICTaBsIHE Ha eKCIICPUMEHTAITHUTE MTPOIICYPH, CBbP3aHH KAaKTO C MojydaBaHe/ 00apaboTka Ha
CKCIICPUMCHTAJIIHUTC HpO6I/I, TaKa U C U3BBPIIBAHC HaA CKCHepI/IMCHTI/ITe/I/I?;MepBaHI/ISIT& Hamam
CbMHCHHA B [JOCTOBCPHOCTTA Ha Marcpuajla, BBbpPXY KOUTO ce rpaadar MNOPHHOCUTC Ha
AUCCPTAIUOHHHUA TPYA. HpeI[JIO)KeHI/ITe HHTCpIpETAllMM Ha HNOJIYYCHUTC PE3YJITAaTU B
OOJIIIIMHCTBOTO CIIyYau ca JoO0pe 000CHOBAHHU.

B T'maBa 2 e uscnenBaHa BB3MOXKHOCTTa KkBapuoBa mukpoBe3Ha (KMB), mokpura c
HEOMOKPSIEMHU MOKPUTHUS OT CAXIU OT PAIUYHO OJINO, Ja ObJie U3MOI3BaHa KaTo CEH30P 3a aHAIIU3
Ha YOBEIIKHU TEJIECHU TeYHOCTH (esaKynaT u ypuHa). [lokazaHo e, ue CeH30pHUS OTKIUK 3aBHCH OT
HSKOW TapamMeTpu Ha CeMeHHaTa TEeYHOCT (00eM, BHCKO3MTET, KOHILIEHTpalus Ha
CIIEpMaTO30MINTE), a CBHIIO € B CHCTOSHUE Ja pa3rpaHu4yaBa 1O Bpeme Qa3uTe Ha
MOCTEsKyJIaTOpHATa JUHAMUKA, CBbp3aHa C KoaryJjalus U BTCYHsBAHE HA CEMEHHATa TEUYHOCT.

[IpoBenenu ca u n3cieIBaHus, LEIAIIHU A CE€ U35ICHU BPB3KATa MEXKy CEH30PHUS OTKIIUK
Ha KMB u cpcraBa Ha yoBemika ypusa. [losrydenuTe pe3ynratn HacouBaT BHUMAHUETO KbM HIKOU
BB3MOKHHU 3aBUCUMOCTH, KOUTO OM MOTJIO Jla ce U3cie1BaT MO-M0IpOOHO U TOKaKaT C U3MEpBaHe
Ha CTaTUCTUYECKU 3HaYMM Opoii mpoou. OTUnTAlKK CI0KHUS OMOXUMHUYEH ChCTaB HAa ypUHATA U
rosieMusi Opoit mapameTpu, KOUTO MOTaT J1a MOBIIUSAAT CEH30PHUS OTKIIMK, CYMTaM Ye Pe3yITaTUTe
OT MaJTbK Opoif u3cneaBany npodu (camo 3) B peacTaBeHUs Cllydyail He M03BOJISABAT KATErOPUYHH
M3BOJIM, @ MOTAT J1a CIIy’KaT caMo KaTo OTIpaBHA TOUKa 3a (hopMysIMpaHe Ha XUIIOTE3U U ObACIIH
n3cneasanus. [Ipeanonaram, ye e Bp3mM0o:xH0 KM B, okprrta ¢ HEOMOKps€MHU IOKPUTHS OT CAXKIM,
na Oble HAAEKAEH CEH30p 3a KOJMYECTBEHA OIIEHKAa Ha YOBEHIKM TEJIECHH TEYHOCTU IpH
HaTpylBaHE Ha TOJIAIMO KOJIMYECTBO CKCIIEPUMEHTAIHU JaHHU U C M3IOJI3BAHE METOAU H
JITOPUTMU HA U3KYCTBEH MHTEJIEKT U MAIIMHHO O0YyYeHHe.

B I'maBa 3 ce u3cnenBa aHTUMHUKPOOHAaTa aKTUBHOCT Ha PAa3IMYHU CBPBXXUIAPO(HOOHU
MOKPUTHS OT BBIJICPOJTHH CaXau. VIMailku mpenBua M3BECTHOTO aHTHUMHUKPOOHO JieiiCTBHE Ha
cpeObpHUTE HOHM, € pa3paboTeH MeTO/1 3a €PEKTUBHOTO UM BKJIIOUBAHE B ChCTaBa HA MOKPUTHITA
OT BBIVIEPOAHU caxau. IlokazaHo e, ye JiernpaHeTo chbC Ag' He MPOMEHIT MOPQOIOTUATA HA
MOKPUTHSATA, KAKTO U TSIXHATA CBPBXXHAPOGOOHOCT, HO YBEITMYaBa TAXHATA MEXaHUYHA SKOCT H
M3HOCOYCTOWYMBACT. YOEOUTEeTHO ca JOKa3aHW aHTHMOMOAIXE3MOHHHUTE CBOWCTBA Ha
CBPBXXUAPO(POOHUTE TOKPUTHUS OT BBIVIEPOAHU CAXKIH.

IIpoBeneno e wu3cienBaHe Ha AKTUBHOCTTAa HA MOKPUTHS OT Pa3iIMYHU CaxIu (C
KBa3HKBaipaTHa MOP(OJOTUs M ThKaHHU CaXaW) KbM rojsiM Opoit mukpoopranuszmu (I'pam-



MoJIOKUTEHH U ['paM-oTpuniatennu GakTepyun) pu TMHAMUYHU YCJIOBHUS B COJICHOBOJIEH OaceiiH.
[Tonydyenu ca MHOTO MHTEPECHH PE3YJITaTH, KOUTO MOKAa3BaT Bb3MOXKEH OaKTepUIIeH epeKkT Ha
XUMHUYECKH MOAU(PHUIMPAHUTE CaXKIU C KBa3uKBagpatHa Mopdonorus. [lokazano e cwiio, ye
AHTUMHUKPOOHATa aKTUBHOCT 3aBUCH CHJIHO OT BHJa HA CAXKIUTE - CAKIUTE C KBa3UKBaJpaTHA
Mop(oorus mOTUCKAT MPEAUMHO pa3MHOXKaBaHETO Ha ['paM-oTpuuaTeNHU OaKTepUu, JOKATO
THKAHHUTE CaXKJU BB3MPEMATCTBAT Pa3MHOXKABAHETO HA YaCT OT | paM-1OI0KUTEIHUTE 11IaMOBE.

B T'maBa 4 e mocraBeHa 3amadara 3a U3CIeIBaHE Ha JeqOPOOHUTE CBOWCTBA Ha
CBPBXHEOMOKPSEMH MOKPUTHS OT CaXKJ. 3a 1IeJITa Ca U3TOTBEHH IOJIsiM OpOM eKCTIIepUMEHTAIHU
o0pa3iu ¢ pa3nuyHa MOp(OIOTHS Ha CaXAUTE, KOUTO JOIMMBIHUTEIHO CE TPETUPAT B Pa3IUYHU
QJIKOXOJIHU CheIMHEHUS U ce PyHKIMOHANU3UpaT ¢ (hIyopoBbIiepo. TbpceHa e B3auMOBpb3KaTa
MeX1y (U3MKOXUMUYHHUTE XapaKTEPUCTHKU HA CAXIUTE W MPOLECUTE Ha KOHACH3AI[MOHHO
obnenensiBane. IlokazaHo e, 4e BCHYKH BUJOBE HEOMOKpPSIEMU CaXKAW 3a0aBsAT Mmpolieca Ha
o0JjeneHsBaHe, HO MO CHJICHO U3Pa3eH € TO3M e(EeKT 3a CAXKIUTE C KBa3UKBaApaTHa MOPQOIIOTus,
3a KOUTO c€ Ha0JI0/1aBa 3HAYUTEIIHO HaMallsiBaHEe KaKTO Ha TeMIlepaTypara Ha KOHJIeH3alus, TaKa
Y Ha TeMIiepaTtypara Ha 3aMpb3BaHe.

N3cnenBan € chUlo JUHAMUYHUAT CONBCHK HA OXJIa/JIEHU BOJAHM KAalKU ChC 3aCKPEKEHA
MOBBPXHOCT OT HEOMOKpPSIEMH BBIJIEPOJAHU CaXaAU. JIleMOHCTpUpaHO €, uYe CcaxauTre ¢
KBa3uKBaJipaTHa MOP(QOJIOrusl OXJAJAEHU BOJHU KallKU JOPU NPU U3BECTHO 3acCKpekaBaHE Ha
MOBBPXHOCTTA UM - pE3yJTaT, KOWTO ce HalJto/aBa 3a MpPbB IbT U HE € JOKJIAJBaH JOcera.
[Ipemtoken e Mo, OOSICHSIBAI TO3U PE3YIITAT, KOMTO OTYMTA MTOPHO3HOCTTA HA TIOKPUTHUATA OT
Ca)KJIU M CTEIIEHTA Ha OKHUCIEHUE HA MOBBPXHOCTTA. JIEMOHCTPUPAHO € ChIIO0, YE MEXAaHU3MBT Ha
3aMpb3BaHE NpPHU €JHOBPEMEHHO OXJIaKJaHE HAa BOJHMUTE KallKM U MOKPUTHUETO OT Ca¥aUu €
pa3iauyeH OT TO3M, KOraTo Karkara [onajHe BbpXy Beue OXJiaJieHa OBbPXHOCT.

B I'maBa 5 ce u3cnenBa Bb3MOXKHOCTTA CBPBXXUAPOPOOHH MOKPUTHUS OT CAXIU Jja ObaatT
U3MOJI3BaHN TIpU KPUOKOHCEpPBALlMs Ha 4YOBEIIKA CEMEHHAa TEYHOCT. J[EMOHCTpHpaHO €, 4e
IIPEKMBSIEMOCTTa HA MOABW)KHM CIIEPMATO30MIN NPU KPUOKOHCEPBALUs Ha CEMEHHA TEYHOCT
BBPXY CBPBXXUIPOGHOOHH TOKPUTHS OT CaXK/IH € I0-BUCOKA B CPABHEHUE C Ta3U BbPXY HEOKPUTH
CTBKJICHU MOJUIOKKHU. 3a J]a ce BaJuAMpa NPUIIOKUMOCTTA Ha CBPBXXUIAPOPOOHUTE CakIu MpU
KpHUOKOHCEpBaUATA, Ca U3BbPIICHU MHOT'O HOI[pO6HI/I Hn3CjaeaABaHHus Ha TAXHATa HUTOTOKCUYHOCT
U J1aJv IPUYMHSABAT OKCHJIATUBEH CTPEC U MPEeXkAeBpeMEHHa akpo3oMHa peakuus. [lokaszaHo e, ye
CBPBXXHJIpOo(OOHUTE caxau He ca/ WIM ca MHOro ciabo nurotokcuuHu. IlpoBenenu ca u
opoOHU M3CIIEIBaHUs, 3a J]a ce ONpeaeau KoMOuHupanus eheKkT Ha OMOXMMUYHMS ChCTaB Ha
CEMCHHATa TCYHOCT M CaXIUTEC BBHPXY MNOABHIKHOCTTA HAa MBXKUTC I'aMCTH, KaKTO M Ja CC
pasrpaHuyar OMOXUMHUYHHUTE OT HYKUCTO (1)I/ISI/ILIHI/IT6 MCXaHMU3MH, OKa3Ballld BJIMAHUC BbBPXY
IMOABMXKHOCTTAa Ha CIIEPMATO30UIUTE. HonyquH Ca IMbpPBHU OAaHHH, IMOKa3Ballyd, Y€ CaXIU OT
palmru4yHO OJIMO BEPOATHO IMMOTHUCKAT CIIOHTAHHATA aKPpO30MHa pE€aKus - pE€3yiTar, KOWUTO OM MOT'BJI
Jla ce U3MO0JI3Ba B PENPOyKTUBHATA MEUIIMHA.

5. B kakeo ce 3axknwuasam HAyYHUMeE UIU HAYYHO-RPUTONCHUME HNPUHOCU HA
oucepmayuoHHus mpyo:



HpI/IHOCI/ITe B JUCCPTALIMOHHUA TPYA MOrart Ja 6’b,I[aT K.]'IaCI/I(bI/II_II/IpaHI/I KaKToO cjIicaBa.
- (Dopmyfzupane U 000cHO6aA6ANHE HA HOBA XUNOME3A

- HpeﬂnonomeHo € U CKCIICPUMCHTAJIHO YCTAaHOBECHO, Y€ CBp’bXXI/II[pO(bO6HaTa IMIOBBPXHOCT Ha
CaXXIU, IOJYYCHH OT palludHO OJIMO, IpHJaBa MIPUCHIIHM KPHO3alIUTHH CBOMCTBAa Ha TeE3HU
IIOKPpUTHA KW HUIpa€ KIKHYOBa PpoOJd 3a YCICIIHOTO KPHOCBXPAHCHUEC Ha XHBa MaTCpus,
IIoCHICHUAIHO Ha YOBCIIKHU CIIEPMATO30UIH.

- Honylmeane U 00Ka36aHe HA HOBU ([)akmu.

- Iloka3zaHo € 4Ye HaHOYACTUIIUTE OT CaXXJu, IOJYUYCHM OT TOpCHC Ha paluyHo OJIno, Ca
HCIOUTOTOKCMYHM W MOrar Ja HO[[O6p$IT PCOPOAYKTHBHHA TIOTCHHHAJ Ha YOBCIIKHUTC
CIICPMATO30U N YPE3 OMOXMMHYHO U CIICKTPOCTATUYHO AaKTUBHUPAHC HA TAXHATA ITOJABUIKHOCT,
KaTO CbIICBPEMCHHO NOAABPKAT OKUCIIUTCIIHO-PEAYKITNOHHU A banaHc U AJI0OCTTA HAa aKpOo30oMaTa
Ha MBXKUTC IraMCTH.

- /lokazeéane ¢ HO6U CcpeOCcmea HA CHULECMEEHU HO6U CMIPAHU HA CHULECHEY8aAUU HAYUHU
npoobnemu u meopuu.

- [loka3aHo €, 4e MOKpUTHUSATA OT CaXKJU JIETUPAHU CbC CPEOPO U TE3U U3TPAJEHU OT LEITYJI03EH
MaTepHual, TUaHOaKpuiaT, (pIyopoBBINIEPOA M CAXIU Ca MEXaHHYECKH YCTOMYMBU W 3ama3BaT
MOBBPXHOCTHUS CH MPO(UI HETIPOMEHEH 3a ABJITU Mepuoau oT Bpeme. Te3u mokpuTus 3ab6aBsT
nponudepanuiara U pa3BUTHETO Ha pa3nuyHu ['pam-orpunarensu u [paM-NONOKUTETHH
OakTepua HH IIaMOBE. Y CTAHOBEHA € CeJICKTUBHOCT MPY aHTUMUKPOOHATA ACHHOCT B 3aBUCHMOCT
OT ChCTaBa Ha U3CIICABAHUTE MTOKPUTHUS.

- YCTaHOBEHO €, Y€ KOJIMYECTBOTO Ha AaKTUBHHUTE KHMCIOPOJIHHU TPYNU IO MOBBPXHOCTTA Ha
MOKPUTHSTA OT CaX/IM OKa3Ba ChIIECTBEHO BIMSHUE BbPXY MPOLIECUTE HA 3aCKpEKaBaHe, KaKTo U
BBPXY TOIUIOOOMEHA MEXKIy MOKPUTHETO OT CaXKIU U OXJaJeHU BoJHU Kanku. HaGmronaBaHo e
HEIO3HATO O MOMEHTA SIBJICHHE HAa OTCKAYaHEe Ha BOJHM KaIlKU OT 3aCKPEKEHA MIOBBPXHOCT.

- OTKpI/IT € HOB PCXKUM Ha 3aMpPB3BAHC Ha BOJHU KaIlKU IO OCJIUSA UM KOHTYpP, Bb3HUKBAIL I[IPpU
CAHOBPCMCHHO OXJIAXKAAHC HA TOKPUTHUECTO OT CAXXJAU U BOAHUTC KaIlKH.

- Z[eMOHCTpI/IpaH € MOTCHIUAJIBT HA HCOMOKPACMA KBapOBa MUKPOBE3HA IMOKPUTA C BBITICPOJHU
CaXXI1 OT pAIIM4YHO OJIMO KAaTO CCH30p 3a aHAJIM3 Ha YOBCUIKAa CCMCHHA TCUHOCT U YpUHA.

HpI/IHOCI/ITe B AucCCpTanusaTa ca ¢ U3pa3€H HAYYHO-IIPUIIOKECH XapaKTep U MOorat Ja nMart
MOTCHIHUAIHO ITPHUIIOKCHHUE B MOPCKUSA TPAHCIIOPT, KOpa6OCTpOI/ITeJ'IHaTa HUHAYCTpHUA, aBUAlLlUATA,
PCIIPOAYKTHUBHATA MCAUIIMHA U I(pI/IO6I/IOJIOFPI$ITa.

6. /lo kaxea cmenen npunocume 6 OUCEPMAUUOHHUAM MPYO ca JIAUYEH HPUHOC HA
oucepmanma.



JlucepTanimOHHHUAT TPy 0€3 CbMHEHHE € JIMYHO Jesio Ha aucepTtadTa. Jlom. EcMmepsH e
I'BPBU ¥ KOPECTTOHAMPAIL aBTOP BHB BCUYKH MyOJHMKAIIMU, YUETO ChIAbPXKAHUE € W3IOJ3BAHO 3a
HaIlMCBaHE Ha JAUcepTanuara. EqHa oT cTaTUUTE € CaMOCTOATENHA, @ OCTAHAIUTE - KOJEKTHBHH,
KaTo OpOSAT Ha ChaBTOPHUTE € CPABHUTEITHO MATBK - OT 2 110 5. ToBa € yOeAuTeIIHO JOoKa3aTeICTBO
3a BOJEUIMS MYy NMPHUHOC TIpH (OPMYIHpAaHE HAa LEIUTE Ha HM3CIACABAHUATA, W3BBPIIBAHE HA
W3CIIe/IBaHMATa, OOOOIIEHWETO W aHAJIM3UPAHETO Ha pe3yJTaTUTE, KaKTO W HAIMCBAaHE Ha
CTaTHUHTE.

7. Ilpeyenka na nyboaukayuume no oucepmayuoHnus mpyo: opoi; xapakmep Ha U30aAHUAMA
(mexcoynapoonu, HAUUOHATHU, BE0OMCHMEEHU, CAYHCEOHU ONemuHu), 6 Koumo ca
omneyamanu. Kakeo e ompasicenuemo um 6 Haykama - u3non3yeéane u yumupane om opyu
asemopu, ¢ opyzu navopamopuu? Ouenka 0anu KAHOUOAMDBM OM206apPA HA MUHUMATHUME
Hayuonanuu usuckeanus, usuckeanuama ¢ 3PAC-bAH u uzuckeanuama é npuioxceHama
KbM mo3u 00OKyMeHm maoauua.

Pesyntature oT npoBeAeHUTE HAYYHU U3CJIEABAHUS BKIIOYEHU B AUCEPTALMOHHUS TPYI
ca myOJIMKyBaHU B 15 Hay4HH Tpyna U oOxBamar nepuoy ot 6 roguan (2019-2024.). Beuuku Te
ca myOJIMKYBaHU B PEHOMUPaHHU MEXIYyHAPOIHU HAYYHH CIIMCAHUS C UMIAKT (paKTop, Momagamiu
m3rpuio B kBaptuwind Q1 (10) m Q2 (5). OcBeH ToBa, KaHAUAATHT MPEACTaBsA U 4 W300peTEHUS,
3alUTEHN C MAaTEeHTH, KOUTO Ca CBBbP3aHH C MPEACTABEHUTE B AUCEPTAIMOHHUS TPYJ METOIH,
amapatypa u uzcieqBanus. Jlo MOMeHTa TpyJOBeTe CBbP3aHu C JucepTanusaTa ca uutupanu 104
nbTU. EnHa oT cratunte e unutupana 37 nbTu, a Apyry Ase — 13 u 12 mbtH. bposT Ha nuTHpanusTa
€ 3HAaYuTelleH, KaTo Ce MMa MPEABH]I, Y€ BCUUKU CTATHH ca MyOJIMKyBaHH Mpe3 MOCIeAHUTe 6
TOJIVHH.

[IpencraBeHnTe Hay4yHM AaKTUBU HAI'BJIHO YJOBJIETBOPABAT KAaKTO WM3UCKBAHUATA Ha
3PACD u IIpaBunHuka 3a HeroBoto npuiarade, Taka u Te3u Ha UOTT, BAH 3a npucexaane Ha
Hay4yHaTa CTeneH ,,/JIoKkTop Ha HaykuTe".

8. Asmopegepamvm uzcomeen nu e Cv2NACHO UUCKEAHUAMA, NPAGUTIHO U OMPA3AEA
OCHOGHUME NOJIOHCEHUA U HAYYHUME NPUHOCU HA OUCEpMAYUOHHUA mMPYO?

ABropedeparsT € HamucaH Ha 105 cTpaHMUIM M OTpa3siBa TOYHO CHABPKAHUETO U
MOCTWXKEHUATAa Ha AucepTanusaTa. MimocTpupan € ¢ 10CTaTh4HO HMH(OPMATUBHU (QUIYypU U
TaOJIHIIH.

9. ,leyzu 8bNpocu, no Koumo peyenienmvm cuuma, ue cneosa 0a é3eme OmMHoOUIeHUe.
Nmam cniegaute BBIIPOCHU KbM JUCCPTAHTA:

- Hamu npencrasenute B Tabnuua 17 yncna ca pe3yaTar OT €1HO U3MepBaHe Ha o0pasell
WIN Ca YCPEIHEHU CTOMHOCTH OT HIKOJKO M3MEpBaHMA 3a Bceku obOpaszen? Kaksa e
rpeuiKaTa npu u3MepBaHeTo?

- Kakso npezcrasisBa 3eta noteHIMAIHT (ur. 82) u Kak ce onpezens u usmepna?



- Pesynratute, npencraBenu B Tabnuima 19, mokas3sat ye nmpu Maabk 00eM Ha TEYHOCTTA
BpPEMETO Ha 3aMpPB3BaHE MOYTH HE 3aBUCH OT BHJIA HA CAXKUTE U € MTOYTHU €THO U ChHIIIO
C TOBa Ha 3aMpb3BaHe BbPXY CThKJIEHA MOBBbPXHOCT. [Ipu mo-ronsim obem Ha Bojara
ce HaOJII01aBaT TOJIEMH Pa3lIMKU U TSI 3aMPb3Ba MHOTO II0-0aBHO BbPXY BCUUKH BUI0BE
CaXXJI1 B CpaBHEHHUE ChC CTHKIO0. Kak ce 00sicHsBaT Te3u pe3yaraTu?

10. 3axnrouenue

Bb3 ocHOBa Ha ropeu3OKEHOTO CUMTaM, Y€ JUCEPTALUOHHMAT TPyH: ,,Heomokpsemu
BBIJICPOJIHU CAXAW OT PANUYHO ONHO — MYITH(YHKIMOHAJIEH HAaHOMAaTepuasl B IMOMOIN Ha
obmectBoTo ¢ aBTop moi. aA-p Kapekun [Iukpan EcmepsiH, chbabpika CHINECTBEHU MPUHOCH C
BAKHO 3HAYCHHE 3a Pa3BUTHETO HA HayKaTa W MpaKkTUKaTa. ABTOPBT NOKa3Ba BHUCOKA Hay4dHa
KOMIIETEHTHOCT, WHOBATUBHOCT M OOTraT eKCIEPUMEHTAJCH ONMHUT B MYITHIUCHUTUIMHAPHUTE
u3cieABaHus 110 TeMaTa Ha AucepTauusTa. Bcuuko ToBa, KAKTO M aHAIU3bT HA HAYKOMETPUYHUTE
WHJMKAaTOpU, MM JlaBa OCHOBAaHHE Ja MOAKpENs U riacyBaM 3A MNPUCHKIAHETO Ha HayyHaTa
creneH “Jlokrop Ha HaykuTe” Ha fou. A-p Kapekun /{ukpan EcmepsH.

Mama: 16.11.2024 .. Peyenzenm: . ........

/mpod. nbu Andena Ilackanena/
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The dissertation consists of an introduction, five chapters, a list of contributions and a
list of the author’s publications used in the dissertation. It is written in English on 234 pages
and contains 117 figures, 34 tables and 433 cited sources. All documents required by the IFTT
regulations are also presented.

The aim of the dissertation is to investigate the wetting, icephobic and antimicrobial
properties of rapeseed oil soots, and their significance for the future production of innovative
biosensors or cryogenic devices for harmless cryopreservation of living matter. Specific tasks
to achieve the ultimate goal are also formulated.

1. Relevance of the problem developed in the Thesis

Current advances in various sectors of industry depend critically on the composition
and properties of the materials used. In this regard, the creation of functional coatings that meet
certain requirements is of utmost importance. In many cases, multifunctionality is also
required, as well as additional restrictions are placed on the coatings, related to the lack of
toxicity, abundance of the constituent materials, scalability, economic feasibility, etc.
Superhydrophobic coatings find wide application in construction, aviation, shipbuilding,
refrigeration and energy technology. Carbon soots, a product of various combustion processes,
has been intensively studied as a possible widely available and inexpensive material for
creating various hydrophobic coatings. The chemical composition, morphology and structure
of the soots are of essential importance for the realization of coatings with desired properties
and functionality. On the other hand, the physicochemical properties of soots can vary widely
depending on the fuel used and the specifics of the combustion process. From this point of
view, the topic of the dissertation is extremely relevant and the research results presented have
a significant contribution in both scientific and applied aspects.

2. Status of the research problem

The problems that gave rise to the research subject of the dissertation are discussed in
Chapter 1, where the author describes the current state of the art in the field and evaluates the
existing literature. The properties of soots depending on the fuel are discussed; the methods by
which solid soots coatings can be prepared are presented, and the possible applications of these
coatings are discussed. 433 references are cited and used in the dissertation, the majority of
which are from the last ten years. Assoc. Prof. Esmeryan creatively and critically interprets
these sources, which allows him at the end of Chapter 1 to outline the existing gaps in scientific
knowledge and still unresolved problems, as well as to formulate still unexplored scientific
hypotheses that also justify the purpose of the dissertation. All this gives me reason to claim



that he is familiar with the current state of the scientific problems that are the subject of the
dissertation.

3. Research methodology

The main object of research are soot films obtained by burning rapeseed oil, and their
non-wettability, which allows their application in various functional coatings. To obtain carbon
soot with certain composition, structure and morphology, a specially designed combustion
system is used, which allows controlled combustion by controlling the incoming oxygen. A
number of experimental methods, including scanning electron microscopy, X-ray
photoelectron spectroscopy, atomic force microscopy, spectrophotometry, allowing
determination of the composition, morphology and structure of the soot coatings, have been
used. The hydrophobic properties of soot coatings are studied with an optical system for
measuring wetting angles. Specialized equipment and software are used to study the properties
of human seminal fluid (sperm count, motility). Everywhere, a connection has been sought
between the morphology and composition of carbon soot and its properties — hydrophobicity,
icephobicity, anti-fouling or ability for effective cryopreservation of seminal fluid. This
approach, combined with the competent interpretation of the results, allows the achievement
of the set goals.

4. Brief analytical characteristic of the nature and credibility of the presented
research

The dissertation presents applied research and studies. The work has a very pronounced
interdisciplinary character, combining and requiring specialized knowledge and studies in
several scientific fields - materials science, physics, biology, biochemistry. This significantly
complicates investigations and their interpretation. Assoc. Prof. Esmeryan interprets the
obtained results competently, showing that he is well acquainted with the specifics,
terminology and problems of these very different scientific disciplines. The experiments related
to research on human seminal fluid and urine have been conducted in collaboration with a
doctor specializing in reproductive medicine, which guarantees their applicability and
adequacy in relation to the set goals. It should also be noted the very detailed presentation of
the experimental procedures related to both preparation/processing of experimental samples
and performing the experiments/measurements. I have no doubts about the credibility of
research on which the contributions of the dissertation work are built. The proposed
interpretations of the obtained results in most cases are well-founded.

In Chapter 2, the possibility of using a quartz microbalance (QMB) coated with non-
wettable rapeseed oil soot coatings as a sensor for the analysis of human body fluids (ejaculate
and urine) was investigated. It was shown that the sensor response depends both on some
parameters of the seminal fluid (volume, viscosity, sperm concentration) and is also able to
distinguish the phases of post-ejaculatory dynamics associated with coagulation and
liquefaction of seminal fluid. Studies were also conducted to clarify the relationship between
the sensor response of the QMB and the composition of human urine. The results imply
existence of some dependencies that could be investigated in more detail and proven by
measuring a statistically significant number of samples. Considering the complex biochemical
composition of urine and the large number of parameters that can affect the sensory response,
I believe that the results of a small number of samples (only 3) in the presented study do not
allow for definitive conclusions, but can only serve as a starting point for formulating



hypotheses and future research. I suggest that it is possible for a QMB covered with non-
wettable soot coatings to be a reliable sensor for quantitative assessment of human body fluids
when accumulating a large number of experimental data and using methods and algorithms of
artificial intelligence and machine learning.

In Chapter 3, the antimicrobial activity of various superhydrophobic carbon soot
coatings is investigated. Taking into account the known antimicrobial effect of silver ions, a
method for their effective inclusion in the composition of carbon soot coatings has been
developed. It has been shown that doping with Ag* does not change the morphology of the
coatings, as well as their superhydrophobicity, but increases their mechanical strength and wear
resistance. The antibioadhesive properties of superhydrophobic carbon soot coatings have been
convincingly proven. The activity of coatings of various carbon soot (with quasi-square
morphology and fabric carbon soot) against a large number of microorganisms (Gram-positive
and Gram-negative bacteria) under dynamic conditions in a seawater pool has been studied.
Very interesting results have been obtained, which indicate a possible bactericidal effect of
chemically modified carbon soot with quasi-square morphology. It has also been shown that
antimicrobial activity depends strongly on the type of carbon soot - carbon soot with quasi-
square morphology inhibits mostly the proliferation of Gram-negative bacteria, while fabric
carbon soot inhibits the growth of some Gram-positive strains.

Chapter 4 studies the ice-phobic properties of superhydrophobic carbon soot coatings.
For this purpose, a large number of experimental samples with different carbon soot
morphology were prepared, which were additionally treated in various alcohols and
functionalized with fluorocarbon. The relationship between the physicochemical
characteristics of carbon soot and the processes of condensation freezing was sought. It was
shown that all types of non-wettable carbon soot slow down the icing process, but this effect is
more pronounced for carbon soot with quasi-square morphology, for which a significant
decrease in both the condensation temperature and the freezing temperature is observed.

The dynamic collision of cooled water droplets with a frozen surface of non-wettable
carbon soot was also studied. It is demonstrated that carbon soot with quasi-square morphology
exhibit ice-phobic properties even when their surface is covered with thin frozen layer - a result
that is observed for the first time and has not been reported before. A model is proposed to
explain this result, which takes into account the porosity of the carbon soot coatings and the
degree of surface oxidation. It has also been demonstrated that the freezing mechanism when
water droplets and the soot coating are simultaneously cooled is different from that when the
droplet falls on an already cooled surface.

Chapter 5 explores the potential of superhydrophobic carbon soot coatings for
cryopreservation of human semen. It has been demonstrated that the survival of motile
spermatozoa during cryopreservation of semen on superhydrophobic carbon soot coatings is
higher than that on uncoated glass slides. To validate the applicability of superhydrophobic
carbon soot for cryopreservation, very detailed studies have been performed on their
cytotoxicity and whether they cause oxidative stress and acrosome reaction. It has been shown
that superhydrophobic carbon soot are not/or are very weakly cytotoxic. Detailed studies have
also been conducted to determine the combined effect of the biochemical composition of
seminal fluid and carbon soot on the motility of male gametes, as well as to distinguish
biochemical from purely physical mechanisms influencing sperm motility. Initial data have



been obtained indicating that rapeseed oil carbon soot suppresses the spontaneous acrosome
reaction - a result that could be used in reproductive medicine.

5. Evaluation of the scientific contributions in Dissertation
The contributions of the dissertation can be classified as follows:
- Formulation and justification of a new hypothesis

- It has been suggested and experimentally proven that the superhydrophobic surface
of carbon soot derived from rapeseed oil imparts inherent cryoprotective properties to these
coatings and plays a key role in the successful cryopreservation of living matter, in particular
human spermatozoa.

- Obtaining and proving new facts

- It has been shown that carbon soot nanoparticles derived from rapeseed oil are non-
cytotoxic and can improve the reproductive potential of human spermatozoa by biochemically
and electrostatically activating their motility, while maintaining the redox balance and the
integrity of the acrosome of male gametes.

- Proving with new means of significant new aspects of existing scientific problems
and theories.

- It has been shown that coatings of carbon soot doped with silver and those made of
cellulose material, cyanoacrylate, fluorocarbon and carbon soot are mechanically resistant and
keep the surface profile intact for long periods of time. These coatings slow down the
proliferation and growth of various Gram-negative and Gram-positive bacterial strains. It has
been established that the selectivity in antimicrobial activity depends on the composition of the
coatings.

- It has been established that the amount of active oxygen groups on the surface of
carbon soot coatings has a significant impact on the processes of frosting, as well as on the heat
exchange between the carbon soot coating and cooled water droplets. A previously unknown
phenomenon of water droplets bouncing off a frosted surface has been observed.

- A new mode of freezing of water droplets along their entire contour has been
discovered, arising from the simultaneous cooling of the soot coating and the water droplets.

- The potential of a non-wettable quartz microbalance coated with rapeseed oil carbon
soot as a sensor for human semen and urine analysis has been demonstrated

The contributions in the dissertation are of a pronounced applied nature and may have
a potential impact on marine transport, the shipbuilding industry, aviation, reproductive
medicine and cryobiology.

6. Personal contribution to Dissertation work

The dissertation work is undoubtedly a personal work of the candidate. Assoc. Prof.
Esmeryan is the first and corresponding author in all publications, the content of which was



used to write the dissertation. He is a sole author of one paper; the rest of the papers are
collective, with the number of co-authors being relatively small - from 2 to 5. This is convincing
evidence of his leading contribution in formulating the objectives of the research, conducting
the research, summarizing and analyzing the results, as well as writing the articles.

7. Evaluation of author’s publications and their impact:

The results of the scientific research included in the dissertation have been published in
15 scientific papers and cover a period of 6 years (2019-2024.). All of them have been
published in renowned international scientific journals with an impact factor falling entirely in
quartiles Q1 (10) and Q2 (5). In addition, the candidate also presents 4 inventions protected by
patents that are related to the methods, equipment and research presented in the dissertation.
To date, the papers related to the dissertation have been cited 104 times. One of the articles has
been cited 37 times, and two others - 13 and 12 times. The number of citations is significant,
considering that all articles have been published in the last 6 years.

The presented scientific assets fully satisfy the requirements of the Development of
Academic Staff in the Republic of Bulgaria Act, the Regulations for its implementation as well
as the additional institutional regulations of the ISSP, BAS.

8. Synopsis

The synopsis is prepared according to the requirements and correctly reflects the main
facts and scientific contributions of Dissertation

9. Remarks and questions:
I have the following questions for the dissertation:

- Are the numbers presented in Table 17 the result of a single measurement of a sample
or are they average values of several measurements for each sample? What is the measurement
error?

- What is the zeta potential (Fig. 82) and how is it determined and measured?

- The results presented in Table 19 show that for a small volume of liquid the freezing
time is almost independent of the type of soot and is almost the same as that of freezing on a
glass surface. For a larger volume of water, large differences are observed and it freezes much
more slowly on all types of soot compared to glass. How are these results explained?

Conclusion

Based on the above, I believe that the dissertation: “Non-wettable rapeseed oil soot — a
multifunctional nanomaterial helping the society to move forward” with the author Assoc. Prof.
Dr. Karekin Dikran Esmeryan, contains substantial scientific and applied contributions. The
author demonstrates high degree of competence, innovation and experience in the



multidisciplinary research on the topic of the dissertation. All said above as well as the
presented scientific metric indicators give me reason to support the awarding of the scientific
degree of “Doctor of Science” to Assoc. Prof. Dr. Karekin Dikran Esmeryan

16.11.2024 Reviewer:
(Prof. DSc Albena Paskaleva)



