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oEul y'r{EEEH nnAH

H ayv HorscneAoE:larencra pa6ora Ha AoKlopaHTa

o AHorauuR:

ExcnnoaraLlroHHrTeaolilcreaila4erailnilTeoT3eMeAencKaTaTeXHyl
eKcnnoaTalllloHeHcpoKHapa6oraB3HaqilTenHacl.eneHceo
reoMerpvlt{Hl,/lre napaMeTpil Ha AeTaurnre'

Oopuar-a n pa3Mepnre, oeipasyeann npn TexHol'lornLlHara

npoh3BoAcrtloro vr $opruara r pa3M€)pl/re' QoprunpaHil B nprolleca Ha

pa3nhL{Hyl.Ti9C?pa3ny|qHulnoreoMeTphflt4Mt4KporeoMeTpn,a,aTaKacbLqo
ceoilcreaHanoBbpXHocTHilTecnoeBeilTFXHoToHanperHaTocl'cToFHne.

BnpoqecaHaeKcnnoaTallylflTpheqrTecenoBbpxHocTt4o.r3eMeAen
pa6oTeqil ei a6pasneHa cpeAa ca fl|cAfloxeHr Ha pa3I,lylqHy] HaToBapBaH

ceAonnpaTAoBp.bxqeTaTaHaMnKporpanaBnHnTeilt/HTeH3y|BHol43HoCEa|.
flopa4n hHTeH3nBHOTO l43HOCBaHe Ha noBbpxHocTnTe pa6orequt

cpeAa ce nphnaraT pa3nu\,{Hr 'l"exHonorhqHn eus4etrtcTarn 3a

h3Hocoycroi,t'.{naocrra Ha re3n Aerat4nn'
Hafi-il:reecrHvlre yflKqaBaHn A Ha noBbpxHocrHl4fl ofioil ca

3aKanflBaHe.ro. B peAhqa cnyqan o6aqe nopaAn caMaTa ClneLlilcphKa Ha

resn4erafrflncenonyqaBarHaroBapBaHnF,KoylroqynflTKpexKvlt'Ho3aKar
YAa.{ed BapnaHT e noBbpxHororHoro HaBapFBaHe Ha Aerafina nnn

n3Hocoycroitqneo noKPhrue.

|,lpurHaaapFBaHeToeHeo6xo[|l4MoHanilqfleToHacnellllaflil3rpaHa
cneLlnanm3!lpaH4o6aauvexMal"epilafl,oc|/rypflBau]Heo6xo4nrunre
KaqecrBa ro3il noBbPXHocreH cnoil'

HaHacsHero Ha h3Hocoycrofrvlleo noKpl4rhe e cbnpoBoAr3Ho c

CauoronoKpvlrree4o6po,HoeBnoueHaaAXe3rRTacocHoBHl4FMarepu
flaoepHaraTexHonorn'lHeeF|oBa,HocaMnFTTexHo|ory|qeHnpoqec
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Cu.{etaBaHero Ha ABere rexHonornn

noKpt/Tile uig AOBeAe Ao noAoopffBaHe

npoBexqar
SaBVCn n

a6pasnaHa
caMocro
aAXe3hBHa

il3non3Bar
nspa6ornl
3a

cen

h3non3Ba

HA

HflMa fla

na3epHa n HaHacgHe Ha kl

Ha noBbPXHocrHYltl cnoit HA re

pa6oreqn e aOPasneHa cpeAa'

Toaa olr cBoF crpaHa qe AoBeAe Ao no-ManKoro tn3HocBaHe Ha

peAyllnpaHe Hla sary6ara Ha Meranil'

. l-{en h 3aAa\'{14 Ha AhcepraqvloHHvlnT TpyA:

|-.[enraHaHacToFU]aTapaepa6crrraeAacen3cneABaTpa3nn'.{HhBa
fla3epHa oSpa6orxa Ha noB-bpxHOCTHt4R Cnofi Ha cTaTilqHaTa il AilHaMrqHaTa'

il HanpeqHa ycrofrvuaocr Ha 3eMellencKil caMoxoAeH po6or npvl BAHC HA

pacTvlTen HogaulilTH 14 O nepa Llvl vl'

3a ngnbnneHvlero Ha Llenra e neo6xo4vlMo peuaBaHero Ha c;neAHnre

o Ananng Ha cbcronHilero Ha npo6neua

. Paspa6orBaHe na o6qa MeroAilKa Ha n3cneABaHero

.Paspa6oTBaHeHaMeToA'lxasana6opaTopH14ul3cneABaHh9

. Paspa6orBaHe Ha MeroALlKa Ha noncKilTe eKcnephMeHTvl

TehAo

AHTN HA

yqKqeHhTe

eTan ce

oT KOvlTo

oft4vi 3a

ilM KATO

qe ce

Ba ue ce

r3cneABaT

or roBa qe
hTile qpe3

lrlpoae44aHe Ha na6oparopHvl vl noflcKn onnrv no h3cneABaHe

noBbpxHocrn, pa6orer4ur a a6pa3nBHa cpe4a'

onrril ce npoBe)+(qar Ha ABa erana' flpvt nbpBvl

clnilTyl 3a yToqHRBaHe Ha HnBara Ha BapvlpaHe Ha cpaKrol

fo6psaaHero Ha pa6orHara noBbpxHocr Ha qetaitnnte'

cpeAa. l,!e ce ulscne4Ba Bflt4flHrero Ha na3epH[Te re

lno nono6pflBaHe Ha paborHara noBbpxHocr' KaKTo h npilnara

crcHoBa 3a HaHacffHe Ha h3HOCOyCTOilqreo noKpl4Tne' Karo Tir

roKot4Ttrn Ha 6asa xnMnqeH HilKen n xilMnqeH xpoM' Or4enHo o'r

o6pasqn, Kol/lro u1e ca eraroHHl4' llo4roraennre o6pasqn qe

Ha noKpt/lTl4eTo Llpe3 r3[[epBaHe Ha MnKpoTBbpAocTTa' uTAent

eKcnepnMeHrh 3a onpeAenrHe Ha 4e6enr+ara Ha caMoro n

aHann3 or no4rorBeHn lunnsoee Ha caMoro HaHeceHo

onpeAe e Ha aAXe3 vATa Ha nocneABauloTo noKpl4Tne c ocHoBHI4fl MeTa'n A4xesnrra

u.le ce on Llpe3 npoBeMaHeTo Ha onnru c MauhHa 3a n3nvlrBaH€) o6pasqvt

TernoBHO
pa6oreqn B a6pasneHa cpeAa. lzlsHocoycrofr'{neocrra u-le ce oLleHeBa

h3MepBa 0 TorrHocr Ha Be3Hara 0,0001 g'

:lrur/Fr eran e npoBe4qaHero Ha nunnoSa ropeH excnlPuueHr 3a

ero Ha n3Hocoycroitqneo noKpvlrvle' l'!e ce npoBex4ar naPanenfn onilTn 3a

-^vun nn rrro 22 nono6bcaaHe Ha
caMOCTO tnHo l/l3non3BaHe Ha na3epHaTa TexHonorhA 3a

BocTTa Ha oopaeLlvtTe LA nocneABaulo noKpt4The oT HnKen ur >fRoru' l{e Ce

paHe Ha eKcneprMeHTa no nnan 82 c ABa Saxropa' Oaxropufre v HViBara

HeTO ylM ule ce onpeAenfiT cneA npeABapuTenH[Te n3cneAaaHnf' <Darroprre

c$ orHacflT 3a HaHacflHero Ha noKpvrrrero or HrKen h xpovr, a caMo 3a

IA

o6pa6orra.flo4roraeHureo6pa3Llnnopa3rneAaHhTeTeXHc|nofnl/.lqece
BMa[InHa3aa6paananou3nnTBaHe.Maulnnarau]ecenpoexrnpa3a.

KoHKpe ncnyvahrnoAroTBeHhTeo6pagl{nnpnilsnonsaaHeF|aaopagnPHacpeAac;



onpeAefleHa KOHTpOT tApaHa BnaxHocT'

cpeAa ce npoBex4aT n3cne+BaHntl

[1pn onpe4eneHara

3a onpeAenFHe Ha

BnaxHocr na a6PasvtBHara

rr3Hocoycroitt{neocrra Ha

o6pasqrre.
7|snocoycror.{naocrranao6pasLlnTeu{eceonpeAennnoHFKonKonapaMeTbpir'

pa3npeAefleHh B MaKporeoMeTpnqra n B Ml4KpofeoMeTpt4sra' llupautnT napaMeTbp OT

MaKporeoMeTpnflTaToBaeeTernoBHulFT,qpe3n3non3BaHeHaBe3HacToqHocToT
o,ooo1 g. oopasqnre cneA onpeAefleHa pa6oTa B a6pa3[BHaTa cpeAa Lqe ce cBaflRT l'l

ule ce npeTernFr. Pasnnrara Me)+(qy CroitHocrra Ha TernoTo B HaL{afloTo Ha eTana r B

KpaF Ha eTana Ule AaAe peanHoTo h3HocBaHe Ha noBbpXHocTTa' Bropnnr napaMeTbp oT

MaKporeoMeTpnFra, no xofrro qe ccr onpeAenfl n3HOCOyCTOfiqneocrTa Ha noKpvlTheTo

ToBa e npoM'Hara Ha reoMerpyrL{Hhre pasMepn xa o6paseqa. B onpeAeneH[ paBHVHn A

ceqeHhFuleGeh3MepBaTreoMeTpylL|HnTepa3MepnHao6pasqnreBHaqanoTohBKpitF
Ha eTana. Pasnnxara MeXAy HaqaflHvlfl eTan h xpaiawtin noKa3BaT vl3HocBaHeTO Ha

o6paserla. [z'lsuepeaHngTa u-le ce npoBe4aT C noAxg4flll-l Mt/KpoMeTl'p C TO\'{HOCT 0',1]1

mm.orM]4KporeoMeTpilFTanbpBl4F-|KoHTponhpaHnapaMeTbpToBaerpanaBocTTaHa
noBbpxoHocrra. 3a Llenra u-le ce n3nofl3Ba npo$urnorpa$-npoQurnoMep, xoilro ort{ilTa

I D uau2nnTO
rpanaBocTlTa Rz e onpeAeneHa paBHl4Ha. orHoao ule ce ort{l/Ta rpanaBocTTa B HaLlanoTo

IBKpagHaeTana.lpyrranrnapaMeTbpoTMl4KporeoMeTpngTa,ToBaeMnKpocKonc;Kl4
aHann3 Ha noBbpxHocTra Ha pa6orunoro noKpt4rre' 3a n3HocBaHero ce cl'Ah no 6ponr

HacneAnTeKohToocTaBaTBbpxyonpeAeneHapaBHnHaBHaqanoTonBKpaFHaeTana
or l4scneABaHero.

Erannre Ha OTt{hTaHe Ha pe3ynTaTnTe ca pa3npeAeneHu B eTan Ha ycKoperHo

cpaooraane n B eTana Ha ycKopeHo h3HOCBaHe' Erana Ha ycKopeHOro cpaooTBalHe

BKnpqBa a ce6e cn oTt{nTaHe Ha pe3ynTaTnTe npe3 BceKn 15 min pa6ora Ha o6pa3qrTe B

aopasnaxaTa CpeAa. 3a cnuynnpaHe Ha pa6orHvr ycnoBt4t 6nilsrn Ao peanHhre ce

3alqaBaonpeAeneHoHaToBapBaHeBbpxyo6pasqvrre,oTroBapF|4oHapeanHoTo.
,[eilxeHunira Ha o6pa3llnTe a a6pasrnaHara cpeAa cbulo ca KOHTponvpaHVi t/ oTroBaJ)FT

Ha peanHhre. orLlrraHeTo Ha pe3yJ'lTaTnTe oT npoBeAeHnTe eKcnepnMeHTr npe3 eTana

HaycKopeHoh3HocBaHenpe3nepiloAorlhceoTL{t/TaTpe3ynTaTl4Te'
Ha 6asa npoBeAeHrTe eKcnepl/lMeHTvl ce npaBh aHanr3 Ha cbcToflHuero Ha BGFKO

oTAenHo noKpytTne n ce npaBh cp€lBHeHne Mexqy Te3r caMo c na3epHa o6pa6orxa vt

noKphThfltTa oT HnKen n xpoM c npeABapnrenHa o6pa6orra Ha noBbpXHOCTHl4F CnotTt vpes

na3ep.
Peeiynrarnteu]enocnyxaT3aHanhcBaHeToHaBTopailTpeTarnaBaoT.

AncepraLlftlra, KaKTo n sa ny6nnKyBaHero Ha ABe ctarvn'

cneaeaqnFT eTan or pa6oraria Ha AOKTOpaHTa e onThMl43npaHe Ha pe3ynTaTnTe oT

npoBeAeHrTe eKcnepnMeHTn, KaTO LleneBa rpyna e no4o6pnaaHero HUI

r43HOCOyr!)Toilqheocrra Ha noKpl4Tne'ro'

CnrenqnonyqaBaHeToHaonTnlvll43l4paHuTeypaBHeHhfl3an3HocoycrohvnaocTTalH€l

o6pasqvlre ce npncTbnBa KbM HaHacflHe Ha nenocoycrofivre cnofr Bbpxy peanHll

4erailnn. orHoeo ule ce h3nhTBaT caMo na3epHo yFKL{aBaHe Ha noBbpxHOCrHnR Cnoil l't

Ha noKpurThe oT HrKefl t/ xpoM. flclpa4ur cneqursnxaTa Ha HaHacFHe Ha noKphrvtqT' o'f

HilKenrXpoMeyAaL{Hon3non3BaHeToHaAerafrnncHeroneMhpa3Mepn'
onm[nreU-lecenpoBeAaTapairorraHarp.|lnoa4narnapanenHoapailoHaHarp.

Pe3eKH€r, Ilarenn Bbpxy MnHI4MyM ABa BtAAa noqBil'

tle ce o6pa6ornr AerafrnuTe ''{pe3 na3ep n u-le ce HaHece il3HOCOyCTOil'{nBrc

noKphTileoTHilKenIXpoMconTnMn3hpaHnTepexuMy|..[eraitnrrecHaHe0eHo
r43Hocoyrcrohqneo noKpylrne ule ce n3nhrBar B peanHn ycnoBvlfl na pa6ora' orHOecl ule

ce onpefqenFT MaKpo t4 MylKpo napelMerpure Ha nsHoooycTofiqraocrra no paspa6oreHaTa

MeroArKa.



flrpaoHavanHo orHoElo u-le ce n3nylTBa cpa6oraaeMocrra Ha noKpylrytlTa, a B

nocneAcrBhe h3Hoaoycroilqneocrra tltM. Onnrnre npilKnrcqBar cneg onpeAeneHa pa6oTa

Ha AeTarflilre B a6pa3hBHaTa cpeAa.

Pesylrilrnre or re3il noncKil eKcnepuMeHTrr rre nocflyxar 3a cpaBHeHile Fra

MOAenilTe Hil l43HOCOyCTOUrLrl4Bl4 noKpnThfl B naoopaTopHyr 14 peanHn ycnoBytff. u.le C;e

HanpaBtT rlpaBHeHilF Me)(qy pa3nnqHr/Te noKpr/T]4fl il caMo Te3n c na3epHo noKphT[e.

Ha 6asa aHann3ilpaHilTe pe3yJlTarv ule ce HanpaBer u3BoAtA r/ qe ce AaAar
npeAfloxel'tnfl 3a n3non3BaHeTo Ha AaAeHoTo noKpilTile 3a KoHKpeTHtAA TtAn noqBa.

llonyveHrre pe3ynrarvi or eKcnepilMeHTanHhre u3cne4BaHnff u.le nocryxar 3a
HanucBaHe Ha L{eTBtpra rnaBa.

B HeF ule ce HanpaBI/ tA aHanv3 Ha ce6ecrof Hocrra Ha HaHacrHot'o
h3Hocoycrrotlu{reo noKprlrre. Tn r.qe ce cpaBHr crc ce6ecrorTrxocrra ra nspa6orKara Fta

HoBvf Aerathnv n r4e ce HanpaBFT r3BoAr4 sa eQexrnBHocrra Ha r3non3BaHero Fta

na3epHrre rexHonoriln 3a nogo6preaHe Ha il3Hocoycrofi..{uaocrra Ha getahnn,
pa6orerqn B a6pa3nBHa cpe4a.

qeH nnaH
nbPBA roErHA

lefruocl fleonon Kpearrvt
HayvuouscnegoBarencra pa6ora 2024 15
Axanns Ha ct,cronHrero Ha npo6neuar 08.2024
HanilcaaHe Ha nbpBa rrqBa or AncepraUrAFTa 10.2024
flornag 3a nbpBo uJecrMeceL{ile 2024
I-o4ur.ueH orL{er 12.2024 10
Cyrvta sa I iztoduua 25

BTOPA rOA 14HA

.QerZnocr flepuoa Kpetrrvt
Y..{acrile B vrexAVHapoaHa xoHdepenLtilq 2025 5
H ayv n o nsc;fl eAo B arerg{q p?qgle 2025 15

Paspa6oreaHe Ha o6qa MeroAilKa 04.2025
Paepa6ore aHe MeroAlrKa Ha na6oparclpH ur

r3cneABaHilt
06.2025

Paspa6oreaHe Ha MeroArKa Ha noncKr/lre
eKcnepnMerHTTr

08.2025

HanilceaFre Ha BTopa rnaBa or AncepraLltAAra 10.2025
flpoeel(Aa He ua na6oparopHvr il3cnellBaH ilF 10.2025
06pa6orxer Ha pe3ynrarnre or npoBeAeHhF
eKcnepilMerHT

11 2025

Hanuceaxe Ha rpera FnaBa or ArlrcepraLpAaTa 12.2025
Hayvna nybnrxaqnn (1 6p.) 2024-2025 5

Iloxna4 3a nbpBo luecrMeceqre 06.2025
foArues orqer 12.2025 10
Cyua sa ll eo)uua 40

TPETA TOI]I/HA
[eriuocr fleonoa KpeArru

Y.{acrne B MreXAyHaporqHa ronQepenqnn 2026 5

HayvHa nylSnilKaqrn (2 6p.) 2026 10
H ay,{Hor4sc.neAo Barencra pa6ora 2026 20
ll poaexAaHe Ha nofl cKvr eKcneprMeHTn 06.2026
O6pa6orrer Ha pe3ynrarvre or npoBeAeHilF
eKcnepilMe'rHT

08.2026

HanilcgaF{e Ha qerBbpra rnaBa or
,qncepraqilflTa

09.2026

OxoHqarerno odooruqHe Ha IlrcepraunATa v 11.2026



HanncBaHe
Eorcnan sa n ,oBo LUeGTMeCeqhe 06.2026

OANIUCH CIT teT 2026 10
Jurpeurna: luilTa 12.2026 50
)vttta sa lll' i )duHa 95
p6qo sa xy ,ca 208(180

M14Hl,lMVM)

,7oxmoparrt h.[

(doq.d-p uxx. l-. ouumoe)

(untr. K. llueoxnuc)


