ERATATCKA AKAEMIA HA HAYKUTE
UHCTUTYT 11O FAFK TPOHVUIKA

CTAHOBHUIIE

ot jo1. 1-p Benuuxa Hopaanosa Crpwxkosa-Kenneposa, MHCTUTYT 110 OnTHYeCKH Marepuan u
TeXHojorun “Axan. . Manunoscku”, Boarapcka Akanemus Ha Hayxure 3a nucepraumonen
TPyA 3a NONy4aBaHE HAa HayvHata M oOpasoBaTelHa CTeneH “JloxTop” B mpodecronanto
HanpasiieHue 4.1 “@usnueckn Hayku”, CHeNUaTHOCT »DOU3NKa HAa BBLIHOBHTE Iporecu’™ Ha
Jinmms I[lnamenoBa AmdHregoBa Ha Tema wIHONOBPABAHE HA MEXAHH3MA HA
KIIETBYHATA JJHHAMHKA YPE3 CEJIEKTHBHA MHKPO-, HAHO-MOJJUDHKALIHA HA
bHOMATEPHAJIH 34 [IPHIIOKEHHE B ThBKAHHOTO HH)KEHEPCT, BO”

Jlnas Anrenosa e npuno6una OKC “Maructsp o broxumus™ npes 2011 r no crermanzocT
»Monekynsapua Bronorus“ B Coduiickn Yuusepcuter "Cs. CB. Kimment Oxpuacku". Tlpes
aHyapn 2020 r. e 3aumcieHa Kato JOKTOPAHT B penoBHa Qopma Ha oGyuenne B MHCTHTYT 110
Enexrponuxa-bAH u e otunciena mpes cenremMBpu 2023 r. ¢ mpaBo Ha 3ammTA.

lIpoBesiennte m3cnenBanuss W ToMydYeHHTE pe3ynTaTH B MPEIICTABEHUS] MM 32 pEEH3Hs
AUCCPTAIMOHEH TPYJI CE OTHACAT 10 pa3paboTBaHe Ha METO/OJIOTHS U TIPOTOKOII 3a CHHTE3UpaHe
W JM3aHH Ha NOPbO3HU monuMep-6asupanu (huGpou, IIMK/PLA) xnerbunn marpuunu upes
(heMTOCEKYHIHO JIa3epHO — MHIYHMpPAHO MHKDO/HAHO HEepapXW4HO CTPYKTypHpaHe 3a
TIPUIIOXKEHUC B THKAHHOTO WHXKEHEPCTBO HA MYCKYJIHU M KOCTHHM ThKaHU H 3a NOJIy4aBaHe Ha
Ono-unrepdeiicn Mexqy THKAaHWTE Ha peLMNUEHTa W 4yXKIUs 32 OpraHu3Ma My MMILIAHT.
Wscnenpanusara u nomyuenure pesysnratu ca aKTYyaJlHH M COLMAIHO 3HAYMMH, 3aIlOTO ca
CBbP3aHU OT €/lHa CTPaHa ChC Ch31ABAHETO M ONTHMH3MPAHETO HA MUKPO M HAHO fepapxu4una
CTPYKTYPUPAaHOCT = BbPXY HMHOBATMBHM OMOMATEpUand C HPEeLU3HO KOHTPOJIUPAaHU U
BE3IPOM3BONIMMA  NOBBPXHUHHM U XapaKTEPUCTUKM, a OT Jpyra MOraT [a JOIpUHecaT 3a
NOJ00psIBAHE HA YOBELIKOTO 3]paBe MPH BbH3CTAHOBABAHE HA KOCTHI TPaBMH M MYCKYJIHU
Pa3KbCBAHMS.

JlucepraumonsusiT Tpyn ce cheron ot YBo, JIuteparypen oGzop  (Imasa 1 u 2),
Excnepumentansa wacr (I'masa 3 u 4), 3akmouenne, OcHoBHu mnpuHOocH, CHHCHK Ha
nybnmukanuute u Usnompaxa JMTepaTtypa, CBCTOAI ce OT 485 NWTUpaHW W3TOYHMKA.
HuceprannonnusT Tpya e mpencraBen Ha 192 CTpaHUIU W ChAbp)ka 60 (IIoBedye OT KOUTO

MHOTOKOMITOHEHTHH) GUrTypu u 13 Tabuim.

B I'naa 1 e manpaBen ocHOBeH Tipersiesr Ha (U3MONOTMATA HA KOCTHATA U MYCKyJIHaTa ThKaH,
Karo 4acT OT OMOpHO-JABHTaTeNHAaTa CHCTEMa B YOBEIIKOTO Ts10. OCHOBHO BHMMAHWE ¢
OOBpPHATO Ha TSAXHATA PereHepalys B CIEICTBHE Ha TpaBMH, OOJIECTH M CTapeeHe, KakTo W Ha
OCHOBHHTE TPyl OHOCHBMECTHMH MaTepUAH, M3MOJ3BAHM B THKAHHOTO HHXEHEPCTBO KaTo
QITCPHATUBEH METOJ1 32 Bb3CTAHOBSIBAHE HA HAPAHEHM ThKaHU. B HacTOsIIATA I1aBa ca ONUCAHK
H OCHOBHHUTC METOAU 3a Ch3/laBaHC Ha IIOPbO3HU MATPULU - TEXHUTE 0CO6eHOCTI/l, npeauMcTBa u



HenocTarsli. B T'nasa 2 ¢ HanmpaBen ocHOBeH nperies Ha MEXaHU3MUTE Ha B3aUMOJICHCTBHE HA
d)eMTOCEKyHJlHOTO JIa3€PHO JIBYCHUE C 6I/IOC’I)BMCCTI/IMH MaT€puaii, KaKTO MU Ha OCHOBHUTE
mponecHu, HaCThIBAIU 10 BpE€MC Ha TOBa B3aHMOJIGﬁCTBH€ n BOACLIU 0O CTporo KOHTpOJ'II/IpaHa
a6ﬂau1/151 C e IIOBbPXHHUHHO ﬁepapanﬂo CprKTypnpaHe Ha HU3II0JI3BAHUTE B JAUCEPTAllUOHH ML
§y8) it 6I/IOC’bBMeCTI/IMI/I IIOJIMMEPH.

Bropara yacT Ha nucepraunonHus TPy 3aM04Ba ¢ LEITA 1 OCHOBHUTE 3a/1a4y 3a MOCTUIAHETO H.
B I'naBa 3 ca ommucaHu u u3XoHHTE MaTepuand, KOMTO ca WM3MON3BAHU 3a Cb3/1aBaHE Ha
BPEMCHHUTC KICTHYHU MATPULM, KAKTO U METOJIONIOTUATA HA TAXHOTO MOJIy4aBaHe Mo;l dopmara
Ha 2D maTpunu (MEKpOMETPUYHY TUTaKW WA THHKH cnoese). CriennaiHO BHUMaHUeE € 00BPHATO
Ha (eMTOoCeKyHIHATa Jla3epHA YCTAHOBKA, W3MOM3BAHA 3a HEepapXWYHO TOBHLPXHUHHO
CTPYKTYpUpaHe Ha Ch3NafCHUTE KIETHYHA , AMILIAHTH. [Ipe/icTaBeHn ca M OCHOBHUTE METOIH,
M3IPOJI3BAHM 3a KaYECTBEHO W KOJIMYECTBEHO MOP(OIOTHIHO W XUMHIHO oXapaxkTepHu3upaHe Ha
uscneBaHuTe oOpasuu. B I'naBa 4 ma muceprammsita ca onmcanu u JIUCKYTUPAHU OCHOBHUTE
OPUTMHATHU PE3YJNTaTH OT TMPOBEACHUTE aHAM3M W W3CIAECABAHUS Ha bemTocekyHaHO
MOBLPXHOCTHO ,,)yHKIMOHATH3UpaHUTE™ GHononmMepHy 2D KieThuHn Matpuiy noja Gopmara
Ha 2D TIMK nnaku v ThHKM clioeBe OT (ubpounn. C uen ontummsnpane Ha Hal-1OXOASIUTE
11apaMeTpH Ha Ja3epHa MOBbPXHUHHA MOJM(UKalKs, CTPYKTypaTa, HOPhO3HOCTTA, [PAllaBOCTTa
Ha KJI€TbYHATa MaTpULa, OMOKPSEMOCTTa, XMMUYHHUST ChCTAB M MEXaHMYHUTE CBOMCTBA HA
MAaTpULNTE, Ca XapaKTepU3MpPaHu NPEeIy U Clel JlasepHata oOpaboTka. Hampageno e CpaBHEHHE
MEX]ly JIa3€pPHO MHUKPO/HAHOCTPYKTYPUPAHU U HETPETHPAHH NOJMMEPHU HPOOU MPHU BCUYKU
U3BBPIICHA aHaiu3u. [JlaBata ce ChCTOM OT JBa OCHOBHH pasjena, (oxycupanu BBpXY
paspabotBaHe Ha 2D BpeMeHHa KIEThYHA MaTpHI[a Ha 623aTa HA IMOJIHMJICYHA KHCEIMHA W
KOTIpUHEH (GUOPOWH, 3a NPHUIIOKEHHE B THKAHHOTO WHXXEHEPCTBO HA KOCTHA M MYCKYJIHA THKaH,
CBHOTBETHO.

3a mocTUraHe Ha 3aI0KEHWUTE TIeH U 3a/a9y Ca W3MOI3BaHM CBBPEMEHHH U B3aUMOJIOITBIIBALIN
CC CKCIICpUMCHTAIIHM TEXHWKH 3a W3CIC/BAHE W ONTUMH3MPAHE HA TOJyYEHHTE KICTHUHM
MaTpuly Ha 0a3zaTa Ha MOJMMIIEYHA KHCEJIWHA WIIH KonpuHeH (GUOpPOWH, 3a MpUIIOKEHHE B
TBKaHHOTO WHXCHEPCTBO HA KOCTHA W MYCKyJHa TbKaH, NPOBEIACHA € M JIOMBJIHUTEIHA
Ouonornyna olenKa BbpXy pa3paGoTeHHTE BPEMEHHU KIEeThYHH MO/JICJIM Ha KOCTHA U MYCKYJIHA
TeKaH. Ilonyuen e excnepumenrtanHo mokasan mu3aitH Ha NOPbO3HM  MOJIMMEpP-0a3upanu
(konpunen GpubpouH, noNMMIIEYHA KUCEIHHA) KIETHYHH MaTpULH Ype3 PEMTOCEKYH/IHO JIa3epHO
— HWHIYUMPaHO MHKPO/HaHO HepapXWyHO CTPYKTypupaHe 3a NPWIOKEHUE B THKaHHOTO
MHIXCHEPCTBO HA MYCKYJHH M KOCTHM ThKaHU U Ha Ouo-uHTepdelich MeXay ThKaHuTe Ha
PCIMIMCHTA M HyXJUs 32 OpraHMsMa My MMIUIAHT, BOJELI [0 ajXe3Us, OpPUEHTAIHs,
nponupepauus, MUrparus 1 JupepeHIMaus Ha pasindHy KICThYHY JHHUY C BHCOK NOTEHI A
32 OB/JICLIO NIPUIIOKEHHUE B in ViVOo pereHepauusta Ha HapaHeHU U HeQYHKIMOHUPAIIY ThKaHMU.

Pesynrarure, BbpXy KOMTO ¢ HamucaHa AucepTauMaTa, ca nyONMKYyBaHM B 3 Hay4HH
nyOnukanuu, 2 OT KOUTO C HMIAKT dakrtop u 1 ¢ umakT-panr, u ca okiaamBaHM Hal6
HAMOHAIHA U MEXYHAapOJAHU HayyHu (opymMa B CTpaHaTa U B uyXOHUHA, KATO HA €IHO OT



yHacTusTa uMa NpUCh/ICHA Harpaja 3a Hai-100po nocTepHo npezcTassye. B 2 ot my6imkanuunte
AUCEPTAHTKATa € HA IIBPBO MSCTO B aBTOPCKMUSI KOJICKTHB.

Hucepraunsara e HanucaHa Ha pa3OMpaeM e€3WK, KOWTO € Ha J00pO TEPMUHOJIOTUYHO U
TEXHUYECKO HUBO. Benuku TepMuny, nomyyaBaHeto Ha 06pasLUTe M METOAMTE HA U3C/ICABAHE Ca
OIHMCaHU NOAPOOHO. PesyntaTuTe ca WIIOCTPUPAHU MHOTO 100pe ¢ UHPOPMATUBHU (PUTYpH U
noapo6Hu Tabmmuyu. MHOro 106po Brieyatsienue IpaBy KPaTKoTo OMUCAHKE Ha LENTa U 33JJauuTe
B HA4aJI0TO HA BCSKA IM1aBa i 0000IIEHUETO Ha IOy YCHUTE PE3YITATH B Kpasi Ha BCSKA I1aBa.

ABTOpedepaThT OTpa3ssiBa NPAaBUIHO OCHOBHHTE [ONOKEHUS U HayyHUTE [PUHOCH Ha
JUCEPTALUOHHUS TPY/I.

ViMaM HAKOJIKO KPUTHYHM GENEXKH, KOUTO 06ayue M0 HUKAKBHB HAYUH HE IIPOMEHSAT O0IIOTO MU
TOJIOKUTEIHO BHCYATICHUE OT auceprauusra: 1) B Tabmuna 2 ([leGenuna [um] u rpamasoct
(cpenna nuueiina rpanasoct (Ra) u MOBBLPXHOCTHA rpanasoct (Sa) [pm])) Ha obpaGoreHute ¢
nasep PLA/IIMK npobu B cpaBHeHue ¢ KOHTpoJHAaTA NOBBPXHOCT), B IJaBa 4 —pe3yiratd u
aickycus (cTp. 99-mmcepranms), JTUICBa KOJOHKATA 32 TOBBPXHOCTHA TpanasocT (Sa) [um] 2)
3a0e/sI3BaT €€ HAKOW TPABOIMCHA TPENIKH M 3) HAKOM OT Gurypute um cxemure ca c
HEJIOCTaTBYHO J00pO Ka4ecTBO ( MHOTO CUTEH MpUDT).

3AK/IOYEHUE

JluceprannoHHuAT TPy € HOCBETEH Ha AKTyalcH po0OJIeM CbC CONUATHO 3HAYEHUE, H3II0J3BAHM
ca CbBPEMEHHH CKCIICPUMEHTAHA METO/IM U TEXHUKU W Ca MOJTYYEHH OPUTHHAIHM PE3YITATH C
TIPUHOCEH XapakTep. J{McepTalMoOHHUAT TPy HAIlBIHO oTroBaps Ha 3PACPB u [TpaBumHUIIITE
33 HETOBOTO NpuJlarane. MiMaiku mpeBU/I BCHUKO HAIMCAHO T0-Tope, YOeIeH0 IIPENopbYBaM U
TIOJIKpeNsM - IPUCHKIAHETO Ha 00pasoBaTeNlHaTa M HaydHA CTENEH ,J0KTop* Ha Jlmiaus
Il1amenoBa AnrenoBa B mpodecronanuo Hanpasierue 4.1 “®uzmueckn HayKN, CHIEIUAITHOCT
,»OH3KKa Ha BHJIHOBHUTE IIPOLECH™

Codus, 09.09.2024 r.

Jou. 1-p Bennuka Ctpuskkosa

MOMT-EAH



