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Bropa merynaponna koudepennuja ETUMA
Second International Conference ETIMA

PREFACE

The Faculty of Electrical Engineering at University Goce Delcev (UGD), has organized the Second
International Conference Electrical Engineering, Informatics, Machinery and Automation -
Technical Sciences applied in Economy, Education and Industry-ETIMA.

ETIMA has a goal to gather the scientists, professors, experts, and professionals from the field of
technical sciences in one place as a forum for exchanging the ideas, strengthening the multidisciplinary
research and cooperation, and promoting the achievements of technology and its impact on every aspect
of living. We hope that this conference will continue to be a venue for presenting the latest research
results and developments on the field of technology.

Conference ETIMA was held as online conference. More than sixty colleagues contributed to this event,
from five different countries with more than thirty papers.

We would like to express our gratitude to all the colleagues, who contributed to the success of
ETIMA’23 by presenting the results of their current research and by launching the new ideas through
many fruitful discussions.

We invite you and your colleague to attend ETIMA Conference in the future as well. One should believe
that next time we will have opportunity to meet each other and exchange ideas, scientific knowledge
and useful information as well as to involve as much as possible the young researchers into this scientific
event.

The Organizing Committee of the Conference

IIPEJTOBOP

Merynapoanata konpeperuuja Enexkmpomexnuxa, Texnonozuja, Hngpopmamuxa, Mawuncmeo u
Aemomamuxa-mexHuuKu HAyKu 60 ciyxycoa na ekonomuja, oopazoseanue u unoycmpuja-ETHMA e
OpraHu3MpaHa oJl cTpaHa Ha ENeKTpOTeXHUUKHOT (aKyITeT NpH Y HUBEP3UTETOT ,,I one Jemuen™.
ETUMA wuma 3a men aa ru cobepe Ha €IHO MECTO HAay4HHUIUTE, MpPo(ecopuTe, €KCHEPTHUTE U
npodeCHOHAIIKTE OJ1 ITOJIETO Ha TEXHUUYKUTE HAYKH U J1a IpeTcTaByBa (OpyM 3a pa3MeHa Ha UIeH, J1a
T0 3ajKaHyBa MyJITHIUCLUIUTMHAPHOTO HCTPAXKYBambe U cOpadOTKa U a TH IPOMOBHPA TEXHOJIOIIKUTE
JNOCTUTHYBamha M HUBHOTO BIIMjaHHE BpP3 CEKOj acleKT of kuBeewmeTo. Ce HajeBaMe JeKa oBaa
KoH(epeHIIMja ke TPOJOJDKU Ja OMJe HACTaH Ha KOj Ke Ce Mpe3cHTHpaaT HajHOBUTE PE3YJITaTH O]
HCTpaXXyBamaTa U pa3BojoT Ha ITOJIETO HAa TEXHOJIOTHjaTa.

Koudepennujara ETUMA ce oapska online u Ha Hea 1agoa CBOj IPHAOHEC TIOBEKE O IIEECET aBTOPH
O]l TIET Pa3IMYHH 3eMjH CO TIOBEKE OJ] TPHECET TPYJIa.

Cakame 512 ja MCKakeMe Hamlata OJaroJapHOCT 10 CUTE KOJIETM KOHM NPHIOHECOa 3a YCHEeXOT Ha
ETHUMA’23 co npe3eHTHupame Ha pe3yiaTaTH O] HUBHUTE TEKOBHH MCTPAXKyBamba U CO JJAHCHpAmE Ha
HOBH UJICH MPEKY MHOTY TUIOJIHU JTUCKYCHH.

Opeanuzayuonen 0060p Ha KOHpepeHyujama
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AncTpakr

3emaremo Ha omneuamox npemcmagyéa HajoumHa npoyeoypa 80 CeKOjOHesHama CMOMAMONOWKA NPAKCA.
Llenma na 3emaremo Ha MoyeH u npeyu3eH OMNeYamox e 0d ce NPUKAd*ce OUMEH3UCKU CabuneH He2amueg Koj
Jja npemcmagyea momenmannama cumyayuja o0 yCHama npasHuna. 3a uspabomka Ha adekeamuu npomemcKu
u3pabomxu HAjOUMHoO e WMo e MOICHO NOMOYHO Penpooyyuparbe Ha UHMpAaoparHama cocmojoa, u 0cobeHo
3HAUAJHO € OeKa Npu NPUCYMHA 2pewKa Modice 0a ce 000ue HeK8anumemna KOHeuHa uspabomxa.

Cospemenume oeHmanny omne4amoyny Mamepujany ce npeyusti, XuopoGuiHu u OUMEeH3UOHATHO CINAOUTHY U
Modrcam agmomamcku oa ce sameuiyeaam. Komnapamusno co pazeojom na xoneenyuonarHume omneuamoynu
Mamepujanu doara 00 nojasa Ha UHMPAOPATHU CKeHepU 3d OUSUMATHO OMNeyamyearve Hda pasiuiHume
CMpyKmypu 60 yCHama npasHura. Uumpaopannume ckeHepu ce OUSUManHy anapamu Koj 60 CmoMamonomKama
OpOUHayUUja ce KOpUCMAm 3a OUSUMATIHO 3eMArbe HA OMNeYamoyl U NPUKANXCY8Arbe HA PealHama cocmojoa oo
YCHAMA NPA3HUHA HA NAYUEHMOM U HA RA3APOM U 80 CEKOJOHeBHAMA CMOMAMOLOWKA NPAKCA ce Nojasysaam 60
ocymoecemume 200UHU HA MUHAMUOM GeK.

Mexanuzmom Ha HusHama paboma ce memenu HA eMUMUPAFEe HA CMPYKIMYPUPAHA CEEMIOCHA Mpexca Ui
Jacepcku 3pak Koj ooara 60 KOHMAKM CO NOSPUWUHAMA Koja ce cKenupd. 3a epeme HA KOHMAKMOM CO
nospwiunama spayume ce oeopmupaam u ce paraam 80 Kamepama Koja eo npaxa npuMeHuom cUeHal 60
cogpmeepom. Cogpmeepom 2u KOMOUHUpA cume NPUMEHU CAUKU 00 CHUMEHUme PA3HU aeiu, 3eMajku 2u 60
npeodsud 08uUdCerLAma Ha CKeHepom Kaxko u 000aieyeHocma Ha objekmume KOUu ce CKeHupaam, u Ha moj HayuH
ce peKOHCMpPYupa CKeHUpanuom oojexm.

Henec na nasapom nocmojam pasuu uHmpaopaiHu ckenepu 6a3upany Ha pasHu ONMUYKU KOMROHEHMU U U360pU
Ha ceemauna. Ce pasznukysaam ckeHepu 0A3Upanu HA AKMUBHO npoussedysarse Ha 6panosa Oonxcura (True
Definition Scanner, 3M), napaneana kongoxanna muxkpockonuja (3Shape) u na onmuuxa mpuaneynayuja (Sirona
CEREC Omnicam). Ilokpaj nasedenume nocmojam ckenepu Kou KOPUCHAm U 8eUmMAauKa UHMeNe2eHyUja KaKo
no ceKoe CKeHUparbe uMaam noseke UHGopMayuu u nooamoyu 0 8PCKa €O NPUPOOHUme 3aou.

Hajsnauajuume npeonocmu npu ynompebama Ha OucumaiHume omnedamoyu ce 00HeCy8aam Ha moa 0exa co
HUBHAMA NPUMEHA ce CKpamyeéa 6peMempaersemo HAd camume UHMepSeHyuu, umMa NOMAa HenpujamHocm Kaj
nayuenmume, cmanyea 300p 3a eOHOCMAHA Npoyedypd, NOCMOU MOMCHOCH 34 eleKMPOHCKU Mmpancoep Ha
camume nooamoyu u ce 00OUSA SHAUUMETHO NONPEYUIHA U NOMOYHA NPEe3eHMAYUja Ha coCmojoume 00 ycHama
NPA3HUHA HA camume NayueHmu.

KayuHnu 300poBu:

ouSUManHo omnedamyearbe, UHmpaopailiHu CKenepu, omnedamokx, omnedamoirnu Mamepujaﬂu

Bosen

JleHTamHOTO OTIevYaTyBamhe UMa TEHACHIIN]ja 1a CTaHe PYTUHCKA TOCTalKa BO CEKOjIHEBHATA
cTOMaToJIoIKa npakca. Hajuecto oTmedaryBameTo ce M3BeAyBa NMPEeKy KOHBEHIIMOHAJIHATA
MOCTaNKa Koja BKJIydyBa ymoTrpeda Ha OTIMEYATOYHM MacH M JIXKHIM 33 OTIeUaTyBambe.
I'maBHaTa 11€1 HAa OTIEYATYBAKETO € J]a C€ PETMCTPUPA OpaJIHATA CTPYKTYpa BO HEraTUB U KaKO
Ne(UHUTUBEH MPOJIYKT ce JoOMBa oTreyaTok. l3neBameTo Ha OTIEYaTOKOT CO MaTepHjalinTe
3a 100MBame Ha MOJIEIIM J1aBaaT MMO3UTHBHA PEMPOAYKIMja HAa COCTOjOaTa 0J] ycHaTa npa3HuHa
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Ha NAIMEeHTOT, a MOJEIIUTE MOOIIHA HU CITy>KaT 3a J1jarHOCTUKA, TUIAHUPALE U CIIPOBETyBabE
Ha IUiaH 3a TpeTMan,[8] ma mopagu Toa MpeHu3HOCTa M JUMEH3HOHANIHA CTAOMIIHOCT Ha
OTIIEYAaTOYHHUTE MaTepHjall C€ O] UCKITYUYUTEIIHA BYKHOCT 32 Ja c€ J0OHe MPEIH3eH U TOUYeH
Mozen 3a u3paboTka Ha caMuTe poTeTcku u3paboTku.[9] Co TpaauHOHATHUTE TOCTAIIKU Ce
OeJe’Ku JIONTOTOMIIEH KIMHUYKH YCIIeX, HO 3a0p3aHHOT pa3BoOj Ha TPOAMMEH3MOHAJIHATA
TEXHOJIOTHja MOCJIEAHUTE JECETHHA TOANHU OBO3MOXKYBaaT paboTa CO MHTPAOPATHU CKEHEPH
KOHM OBO3MOXYBaaT M3pabOTKa HAa TPOJAMMEH3UOHAJICH IUTHTAJICH MOJIEN U Ha TOj HAUWH J1a ce
HaMaJli MO)KHOCTA 3a I10jaBa Ha Iperiku.[2]

TexxHeemeTo /1a ce MOEAHOCTaBM TOCTANKaTa Kako M Ja Ce 3allTeId BPEMETO 3a
[eJIOKYITHATa TepanrcKa MOCTaIka, HO moTpedara 3a MorojieMa Nperu3HOCT Kako U IorojiemMa
NPUJjaTHOCT MPH MHTEPBEHLMHUTE HA CAMHUTE IMALMEHTH, CE€ €IHAa O]l MPEIHOCTUTE 33 KOU
JIWTHTAHATA TEXHOJIOTHja C¢ MOBEKE Haora MECTO BO CEKOjTHEBHATA KJIMHUYKA IIPaKca.

Kako mTo HannoMeHaBMe, KOHBEHIIMOHAIHOTO OTIIEYaTyBame MoApazoupa ynorpeda Ha
KOH(EKIMCKH WM WHIUBHUIYaTHU JIAKUAIM KaKO M COOABETEH OTIIEYAaTOYCH MaTepujan 3a
3eMamke Ha OTIEYaTOK, a camara IOCTalKa 3a 3eMame Ha MCTHOT C€ M3BeIyBa Taka IITO
OTIIeYaTOYHAaTa Maca co COOJIBETHA KOE3UCTEHIIM]ja Ce MOCTaByBa BO JIAXKUIIA M CO ITOMOII Ha
POTAIMOHO JABHKEHHE CE BHECYBa BO yCHATa MPa3HWHA Ha manmueHToT. OThneyaToyHara Maca 3a
BpEMe Ha BHECYBam€ BO yCTaTa € BO TE€YHA WJIM IAK CO IUIACTUYHA KOE3UCTEHIWja, a IO
CTBPAHYBAIETO HA MCTATa, C€ BAJM O/ YCTaTa Ha MAalMEHTOT, ce Je3UH(HUINpPa U ce Ipaka BO
nabopaTopHja Kajie ITO TEXHUYIAapOT I'o M3JIeBa OTIEYaTOKOT U Ce J0OMBA MOJIEII- KOU € BEepHa
perpoyKIlMja Ha OHA LITO ce Haola Bo ycHaTa mpasHuHa.[8] Ce co 1en 1a uMame KOJIKY ILITO
€ MOXHO Mojxo0ap Mojen TOTpeOHO € OTMeYaTOKOT Aa Ouae 3eMEH JocTa IMPeHu3HO.
KBanuteror Ha OTMEYaTOKOT 3aBHCH OJ CAMHTE CBOjCTBA HA OTIEYATOUYHUOT MaTepHjal,
HAYMHOT Ha PaKyBambe CO UCTHUOT, CBOjCTBATa Ha MaTePjalIUTE 3a U3JICBAHE HA MOJICITUTE, KAKO
U O] BeUITHHATa Ha caMHOT TepaneBT.[2] [Ipenn3HocTa Ha OTHEYATOKOT TOKPaj MPETXOIHO
HABEJCHOTO 3aBHCH M OJl HAYMHOT Ha Je3WH(EKIMja Ha OTNeYaTokoT,[17] HaumHOT Ha
TPAHCIIOPT JI0 M3BEIYBAmHETO HA IOCTANKaTa Ha M3JieBame,[9] ondOupameTo Ha coonBeTHATA
TeXHHKa Ha OTredaryBame,[10] kako u 07 BpeMeTo KOe € MOMHHATO OJi CTBPIHYBAHETO 10
u3JeBameTo Ha MatepujanoT.[16] Cekoj yekop o u300p Ha JTaKUIIA U OTIIEYaTOUCH MaTepHjal,
a ce JI0 3eMambe U M3JICBamkhe Ha OTIIEYATOKOT, aBaaT MOKHOCT 3a MojaBa Ha rperka.[22]

JINTUTaTHOTO OTIIEYaTyBamkEe BO JICHTATHATA METUIIMHA C€ BOBEYBa BO OCYM/ICCETUTE
TOAMHM Ha MHUHATHOT BEK, CO Pa3BOjOT Ha TEXHOJIOTHjaTa, KJIACMYHATa JBOAMMEH3MOHAIHA
JIMjarHOCTUKA U Tepalija ce 3aMeHyBa CO HalpeHa TpoauMeH3noHanHa Texuonoruja.[20] Co
HOBMTE MaTepHjad U TEXHOJIOTUH ce 1M0J00pyBa eukacHOCTa, TOUHOCTA, COAPKUHATA & CO
Toa W TpenBuaIMBOCTa Ha pesynrarute.[19] Tpu romemu yekopw BO KOHBEHIIMOHATHATA
paboTara BO CTOMATOJIOIIKUTE OPAMHAIMM ce JuruTanusupanu. IIpB uexop e coOupame Ha
MOJIATOIM OJ1 TIALIMEHTOT U BHECYBaE HAa UCTUTE BO AWTUTAJICH OOJIMK, BTOPUOT YEKOp J1aBa
MO>KHOCT 32 IJITaHHpame Ha pexaOminTanujata Ha HallMeHTOoT MPH IITO UcTaTa € HOTIOMOTHaTa
CO JIMTHTAJIHO IJIAHUpamke U cuMmysaiuja Ha ekpanot (ang. Computer Aided Design — CAD),
J07ieKa TPETUOT YEKOp OBO3MOKYBa KOPHCTEHE Ha KOMIjyTepcku n3padotku (ang. Computer
Aided Manufacturing — CAM).[20]

bnaronapejku Ha OpojHUTE NPEAHOCTH HMHTPAOPATHUTE CKEHEPU C€ KOpHCTaT BO
JIMjarHOCTHYKKA TEJIM M ToMaraar BO TUIAHHPAmkEeTO Ha TepamujaTa BO Pa3HU TPAHKH O]
JIeHTaJlHaTa MeIuIMHAa. Bo cromarosyomikaTa NpOTETHKAa Ce KOPUCTU 3a u3paboTka Ha
Ne(UHUTUBHYU PECTaBpaIlii KaKo INTO CE€ WHJICH, OHJIEH, KOPOHKA W MOCTOBH, YCIEITHO Ce
KOpDUCTaT W 3a CHUMame Ha TMOoN0ok0aTa Ha JEHTAJTHUTE HUMIUIAHTH, J0JeKa IaK BO
OPTOJIOHIIMjaTa HAjueCTOo CIYXKAT 3a IJIAHUPahe Ha Teparujarta co moMoi Ha aligner u HuBHaTa
uspaborka. [4, 11]

JleHTamHUTE CKEHEepu ce JejaT Ha WHTPAOpalHU M EeKCTpaopaiHH (JabapaTOpHCKH)
CKEHEpH.
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e UHTpaopallHUTE CKEHEpH CE€ KOPUCTAT MCKIYYUTEIIHO BO OpPJAUHAIIN]jA, 2 BO COCTAaB Ha
CAD/CAM cucremute CiyXar 3a JUPEKTHO CKEHHpAmke Ha HHTPAOPATHUTE
cTpykTypu.[5]

e J[abopaTopuCKUTE CKEHEPU CE€ KOPUCTAT BO 3a00TEXHHUKHU JIAOOPATOPUH U CO HUB CE
CKEHHMpaaT OTIEYATOLH, KOU c€ TOOMEHH CO KOHBCHIIMOHATHH METOJH 3a 3eMambe Ha
OTIICYAaTOK WJIM TaK 32 CKCHUPAhe Ha Beke JOOMCHU M3JIeaHn MoIeiu.[5]

W nokpaj Toa mMTO ce cMeTa 3a TPUBHjaJIHA M €IHOCTaBHA MPOLEAYpPa, 3€MAETO Ha

OTIIEYATOLM U M3JICBAETO HAa MOJENH, 0e3 pa3iuka Aanu € (GU3NYKA WIH BUPTYEJEH, ce
KITyYHHM YeKOPH KOM BJIMjaaT Ha 100pa IMjarHo3a, IUIAHUPAbE U CIIPOBEIYBAbE Ha TeparnujaTa,
3aToa € HEeOoIlXO/IHO J1a ce 0OOpHEe BHUMAaHUE Ha JETAMTE U TOYHUTE TEXHUKU Ha OTIIEYaTOLH 32
BEPOIOCTOjHA PEMPOIYKIIHja Ha 3a0HUTE CTPYKTYpH. [4]
Bp3 ocHoBa Ha (hakTOT Jeka TuruTanu3alija BO CTOMaToIOrjaTa € HECOMHEHA, ja IOCTaBUBME
M OCHOBHaTa IIeJ1 HAa OBa HCTPaXyBame Ja IO OINUIIeME METOAOT Ha JUTUTATHOTO
OTIIeYaTyBame, HAYMHOT HA CO3/1aBalbé Ha JUTaTaTHUTE OTIEYATOUU M IPEAHOCTUTE U
HECTOCTATOIMTE HA JIUTHUTATHUTE OTIICYATOIIH.

Marepujaa u meroa

Cé co uen 1a ce MUCIOJIHAT OCHOBHUTE II€JIM, HAIPABEHO € JIMTEpaTypHO IpebdapyBame BO
MHTEpHET-0a3uTe CO HAyYHU TPYAOBH, JOMHHAHTHO Ha PubMed, Bo mpeTxomHO ompexeneH
BPEMEHCKH TIepHOj, Koj ja omdaka mocnennara aenenuja (2013-2023), npen ce mopaau
COBpEMEHOCTa Ha Temara. Bo J1e710Bu o1 TpYJIOT ce HCKOPUCTEHH M MTOJATOLH O TPYJIOBU KOU
ce O] MOCTap JaTyM, HO HCTUTE C€ cMeTaar 3a 0a3uyHH. 3a KOMIUICTHO HCIIOJHYBamke Ha
3ajaJieHaTa 11eJ1 U3BeJIeH € Ceon(aTeH JINTepaTypeH Nperie]] 1 KOPUCTEHH Ce TIOAATOLHU KOH Ce
myOIMKyBaHW HA aHTIIMCKH ja3HK. 3a COOJIBETHO HACOUCHO MpedapyBame 0ea KOPUCTEHU caMo
COOJIBETHH KIIyYHU 300POBH.

Bea xopucrenu TpyI0BU KOM IpUIIaraaT Ha KaTeropujara: myonukysaH Tpya (Journal Article),
kmuHuko ucnutyBamwe (Clinical Trial), paHIOMu3MpaHO KOHTPOJIMPAHO HCIHMTYBAKE
(Randomized Controlled Trial), npernenuu tpymoBu (Review), koMmmapaTuBHa CTyIuja
(Comparative study).

[Ipeky ucnonHyBame Ha IENUTe Ha OBOj TPYA CakaMme Jla TH Tpe3eHUpaMe OCHOBHHTE
KapaKTEpUCTUKU Ha YMOTpeOaTa Ha AUTHTAIHUTE OTIEYaTOIH BO JIEHTAIHATa MenuIHa. Toa
ce JIOJDKM IpeJl c€ Ha (DaKToT JeKa JUTHUTANIU3alMjTa BO CTOMATOJIOTHjaTa € ¢ MOMNoIyIapHa
BO IMOCJIEIHUBE TOAMHU. [JUTUTAIHOTO OTIIEYaTyBamke KaKko IMOCTaNKa MoceyBa MHOILITBO Ha
WHIMKALMK TIOpagy INTO CMETaMe JieKa K€ CTaHe HE3aMEHJIMBa allaTKa BO CEKOjJIHeBaTa
CTOMATOJIOIIKA IpaKca.

JleHTaIHH CKeHepH- HAHUHA HA CTOMATOJIOTHjaTa

Bp3 ocHOBa Ha rOpeHaBEACHOTO MOJKE JIa CE HATIOMEHE JIKa 3eMabeTO MPEIN3eH OTIIEUYaTOK
€ e/lHa OJ1 HajBAKHUTE MPOILIEAYPH BO CTOMATOJIOIIKATa Mpakca. BakHO € Ja ce mpuKaxe
HHTPAOpaHATa COCTOj0a IITO € MOXKHO MOTPEIH3HO, OM/IejKH TPEIIKUTE MOXKE J1a T0BEIAT
710 HEKBAJIMTETEH (DMHAIICH PE3yJITaT- MPOTETCKA N3paboTKa. KOHBEHIIMOHATHHOT METOT
Ha OTIIEYATOIM CE YIITE Ce CMETa 3a 3JIaTCH CTaH/Aap/l 3a PeIUIUIHPAkhe Ha HHTPAOPATHU
CTPYKTYpPH, HO TIOpaay HErOBHTE OpOjHHM HEIOCTATOLM, C& HAMETHYBa MmoTpedara jaa ce
NpUMEHYBaaT TUrHTANHE oTiieyaronu. [3] CTeKHYBambeTo Ha TPOJMMEH3HOHATHH CITUKH Ha
OpaJIHUTE CTPYKTYpH OBO3MOKYBaaT BHPTYEJHA JUjarHOCTHKA, IIAHMPA-e Ha Teparuja
KaKko ¥ JM3ajHUpamke Ha CaMHUTE KOHCTPYKIHMH CO MOMOII Ha TJIO/ame/TedyaTehe Ha
3aBPIIHUTE KOHCTPYKIHHU.[6]

Kako mro HartoMeHaBMe, AUTHTATHAOT OTIIEYATOK CE 3eMa Ha JIBa HAYHMHA - CO HHAUPEKTCH
METO/I, CO CKeHUPambe Ha KOHBEHIIHOHAIICH OTIEYAaTOK MITH TTaK CO CKEHUPAhe Ha MOJETIOT
BO THIIC, U CO TUPEKTEH METO/I, CO MeYaTeHhe Ha ICHTOTMHTUBATHUTE TKHBA 32 J]a ce 100ue
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JIUTUTANIeH TpuauMeH3noHaeH Monen.[18] Onrtuukute oTmewaronu mgaBaaT OpojHU
MIPETHOCTH KaKO IIITO CE HAMAJICHA HEMPHjaTHOCT Kaj CAMHTE MAIlCHTH, IOSTHOCTABYBabEC
Ha KIMHMYKaTa MOpoIeaypa, HEMOCpelHa pa3MeHa Ha MOAaTonH co jabopaTopujara,
3amTesa Ha BpeMe M MOYKHOCT 3a CKJIaJMpare Ha JUTUTATHU Mojenu 0e3 moTpeda of
nuewe Ha GpusndkroT Moaenu.[12]

Co e aa ce momoOpu MPENU3HOCTa ¥ TOYHOCTA Ha OTIEYaTOKOT, 3a€/IHO O ceordarHara
JUTUTATN3a1Hja, CTOMATOJOIIKUTE CKEHEPH 3all0uHyBaaT Jja c€ pa3BUBAaaT BO CpeAMHATA
Ha OCyMJIeCeTUTe ToAMHU. HajmpBo ce KopucTene BO CTOMATOJIOIIKHTE J1ad0opaTopuu, a
JICHEeC ce IOBeKe HaoraaT MpHMEHa BO CEKOjIHEBHATa IpPaKca BO CTOMATOJIOLIKUTE
OpJIUHAIINK KaKO HHTPAOpaiHu ckeHepu.[14]

JIeHTaIHUTe CKEHepH Ce€ €lHa OJ TPHUTE TIJIABHU KOMIOHEHTH Ha KOMIIjyTEPCKH
MOTIIOMOTHATHOT ~ JTU3ajH/KOMITjYTEPCKH  MOTIIOMOTHATO  IPOHM3BOJCTBO,  OJHOCHO
CAD/CAM cucremor (anr. Computer Aided Design / Computer Aided Manufacturing).
CocTaBHUTE JEIOBH HAa OBOj CUCTEM CE:

e CkeHep — ypea Koj codrpa MmoAaTonH 3a MOBPIIMHATA [TOITOTBEHA 32 OTIEUaTyBakE
BO TPH JUMEH3HH U TY IPETBOPA BO JUTHTAIIHA GopMma.

e CodTBep - ce KOPHCTH 3a aHaIM3a Ha TOJATOIM KOM MOXAT Jia Ce CKJIaIupaaT BO
pasnuunu popmatu. Hajuecro toa e STL dpopmar (Surface Tesselation Language u
STereoLithography).

e ®dpesa — MalrHa co Koja ja JoOMBaMe ocakyBaHaTa popMa co OMOIII Ha ¢pesa u
anar 3a opyceme. [13]

PazBojor Ha CAD/CAM cucteMoT 3amovHyBa yITe BO MEASCETUTE TOJUHA Ha MUHATHOT
BEK, a IPBHOT CUCTEM KOj BJIe3€ BO CEKOjIHEBHA yroTpeda BO CTOMATOJIONIKATA MEAUIIMHA
e co3manern Bo 1987 romuna co pasBojor Ha CEREC 1 on kxommnanmjara Cupona,
Wranuja.[13] JI-p MoepMaH M HEroBHUTE KOJIETM IOTOA pa3BUBAaT CHCTEM KOHM € 3a
yrnoTtpebda Bo kaHmenapuja (eng. in-office), Takanapeden cucrem ‘“‘chairside®, xage mTo
UMaMe JMPEKTHA TEXHHUKA 3a n3paboTKa Ha MPOTe3a BO OpJIUHAIIMja M TOA BO CAMO €lHA
nmoceta.[5] Cure xommonentn Ha CAD/CAM cHCTEMOT ce CMECTEHH BO camara
Op/AMHAIMja, Taka MITO HeMa MoTpeda OJ JOMOJIHUTENHA COpadOTKa cOo 3a00TeXHHUKA
nabopatopuja.[15]

IToxpaj Texnukara “chairside®, mocrojar ymre 1se CAD/CAM Ttexnuku. Ennara o HuB e
MHTErpupaHa OpJUHAIMCKO-T1a00paToprucKka TEXHHMKa Koja Oapa JBe MOCETH, BO MpBara
roceTa ce BPIIM CKEHUpPAHkE Ha camara CUTyallija BO yCHaTa Npa3HUHA Ha MalUeHTOT,
J07IeKa BO BTOpaTa MoceTa UMaMe MpelaBamke Ha MPETXOAHO H3paboTeHaTa KOHCTPYKITH]a
BO naboparopuja co nomomr Ha CAD/CAM cucremoT. CTOMATONOrOT BO OpAMHAIIMjaTa
MOXE Ja ja TIOTHCHE TMperapanyjata co CKCHHpame WM Ja KOPHCTH €IHA Of
KOHBEHIIMOHAJHUTE MPOLEAYPHU CO KOM CE€ 3eMa OTIEeYaTOK M ce JoOMBa MOJIeN U M0Toa
HCTHOT C€ CKeHUpa BO JlabopaTopuja. TperaTa TeXHUKA € IIEHTPATU3UPAHO POU3BOJICTBO
BO IIEHTapoOT 3a IIojame. Kaj oBaa TexHHKa ,,caTEIMTCKUTE CKEHEpU ™ BO J1abopaTopujaTta
ce TOBp3aHU IMPEKy HMHTEPHET CO IEHTPUTE 3a TIJIojame. ['0TOBUTE MONATOIM 3a
00JIMKYBaHUTE KOHCTPYKIIMH O] JabopaTropujaTa ce Hclpakaar 10 TJI0JauKUOT IIeHTap, a
roToBaTa pecTaBpaiyja o] HUCTHOT C€ Bpaka BO JabopaTopujaTra Kajae IITO TEXHUYAPOT
JOTIOJTHUTEITHO ja JI000JIHMKYBa camara KoHCTpyKiuja.[13]

JleHec Ha Ta3apoT ce JOCTalHH €KCTPAOPaJHH CTOMATOJIOIIKA CKEHEPH KOW CKEHUpaaT
BeKe HCIEYaTeHM OTIEYaTOIM WU H3JI€aHd MOJENU U UHTPAOPAIHU CKEHEpU KOH T'H
CKEHHpaaT HHTPAOPATHU CTPYKTYpH.[14]

JleckTonm JWTUTATHUTE CKEHEPH OBO3MOXKYBaaT MCKIYUYUTETHO BUCOKOKBAJIMTETHA
JIMjarHOCTHKA, aHAITN3a, TUTAHUPabe B Criopen0da Ha TUTUTAITHYU oTrieyarorny u moaenu. Co
HETro yrpaByBa TEXHUYAp KOj ja TM3ajHUpPa UHATA KOHCTPYKIIMja ¥ IOTOA T'M UCTIpaka OBUE
UH(OpPMAIIMHU 10 MAIlIMHATA [ITO ja MPOU3BEIyBa caMaTa KOHCTpyKiuja.[14]
WHTpaopalHuTe CKEHEpH JIeHeC CTaHyBaaT C¢ MOIOMyJapHU. Tue ro moeaHOCTaByBaat
MPOIIECOT Ha 3€Mame Ha OTIEeYaTOK Oujejku coctojO0ara Ha MAIUEHTOT JUPEKTHO CE
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NpeHecyBa Ha EKPaHOT CO MOMOII Ha CEH30POT O] KaMepara Koja ce MOCTaByBa BO ycHATa
NpasHWHa Ha MAIMEHTOT, a CHHMEHHUTE CIIMKH ce 00paboTyBaar Bo codrep. Pesynraror
Kou ce nqobmBa co oBue ckeHepu e 3D Momen, BHpTyelHa ajJTEpHATHBA HA
TpaJUIMOHATHHOT paboTen Mozei.[12] Co oren Ha Toa ITO HE TOCTOW KOHBEHIIMOHAIICH
HAYMH HA 36Marbe HAa OTIICYATOK U M3JICBAHEC HA MOJIEI, IOMaa € U MOXHOCTA 3a MojaBa
Ha rpermika.[14]

ITonen0a Ha UTPAOPATTHUTE CKEHEPH

WHaTpaopaiHuTe CKEHEPU MOXKE Ja Ce MOIesIaT Ha HEKOJIKY HAUYMHH:

1. PaznukyBame ckeHepu KoM OapaaTr KOHIMIIMOHUpPAkE HA CKEHWpaHaTa MOBPIIMHA
CO MIPAIIOK WJIM CIIPEj, Ha MPUMEP MPAIIOK O] TATAHUYM JUOKCH]I WIH [PHO-0EI mpas, co
el Ja ce TOCTUTHE paMHOMEpHa pediekTUpayka TMOBPIIMHA 3a COOABETHO
TPOAMMEH3UOHATHO CKCHUPAWke M OHUE KaJie IITO HE € MOTPeOHO KOHIUIIMOHHPAHE,
TaKaHApEUYCHUTE CKeHepH ,,0e3 mpaB“‘(powder-free). Cucremure kom He Oapaar
KOH/IUITUOHUPAKE HA TIOBPIIMHATA CE 3HAYMTEIHO IMOMPEIM3HU, UMAjKH MPEIBUI JcKa
HAUYMHOT Ha HAHECYBalbe€  Ha TMPABOT  MOXE Ja BIHjae Ha KBAJIUTETOT Ha
oTrneyaryBameTo.[12,21]

2. Crnopen MeTonoT Ha paboTa, CKEHEPUTE MOXKAT Ja ce MOoJeNaT Ha TPU OCHOBHU
CHCTEMH — ONTHYKA TPUAHTYJIAIH]a, apajeliHa KOHPOKaTHA TEXHUKA U aKTUBHO 3EMambe
Ha MpUMepoLHr o] OpaHOBHIHU IPUMEPOLIH.

2.1  Onruuyka TpuaHTyJalyja — ONTUYKH CKEHEP KaJie H3BOPOT HA CBETIIMHA € JIACEPCKH
3pak win Oena ceeminHa.[13] ['maBaTa Ha kKamepara KCIyIITa CBETJIMHA MOJ] OJPEIICH aroJ
Ha noBprHaTta. Kora ke ro moroay npeaMeToT MITO e CHUMA, TOj ¢e pedIIeKTUpa CIope]]
TEKCTypaTa Ha MOBPIIMHATA 110/ OJPECH aroil Ha3a KOH eIMHUIATa IITo IpuMa. Tamy ce
OTKpHUBA OJ] YUI IITO € YYBCTBUTEJCH Ha CBETJIMHA M BP3 OCHOBA HA aroJioT Ha OTKJIOH
noMery eMHUTHpaHa U pedieKTUpaHa CBETIMHA, CE MPECMETyBa OOJUKOT Ha CHUMEHUOT
00jekt.[21] PacTojanuero Ha 00jeKTOT ce Mepu 0e3 IOMUpame, CO TOUHOCT OJf HEKOJIKY
MWJIAMETPHU JI0 HEKOJIKY MHUKpPOHHU. TpHaHTyIapHHTE CEH30pHU Ce KOPHUCHH KaJle IITO €
noTpeOHO Op30 coOMparme MOAATOIM, KOTa ce TJeJaaT YyBCTBUTEIHW MEKH U BIAKHH
TKHBA, ¥ TaMy KaJie [IITO KOHTAKTOT ¢ HenoxeseH .[19] (Cruka 1).
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Cauka 1. lllemaTckyn npuka3s Ha AUTATAIA3A0MjA 10 IPHHIUII HA ONITHYKA TPHAHTyalUja
npe3emeno oz 3D scanning. Wikiwand [cited 2019]; Available from:
https://www.wikiwand.com/en/3D_scanning
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2.2  Ilapanenna koH¢poxkanHa Mukpockonuja (aur. Confocal Laser Scanner Microscopy)
— Kaj OBOj METOJ CE eMUTYBAaT MapajeiHy 3pald Ha CBETJIMHA KOM ce pedeKTupaaT of
MOBpIIMHATA HAa MPEAMETOT IITO CE CKEHUpa IO MCTaTa NaTeka Ha 3pakoT U maraaT Ha
(oTOCECH3UTUBHHUOT ceH30p. 3D cimkara ce peKOHCTpyHpa CO MOMOUI Ha KOMITjyTep, a He
npeky okynap (yieka). JloOmeHaTta ciMka MOXe Jia c€ IMOJENM Ha JIeIOBH CO BHCOKaA
pe3oaylHja cO BEpHO NpHKaXKyBame Ha juraboumHata Ha oOjektor. Ilomokbata Ha
CBETJIOCHMOT 3paKk Ha CEH30pOT JaBa WMHGOpMAIMM 3a CarutanHarta, (ppoHTanHaTa H
TpaHcBep3aiHa paMHuHA.[21] MoxHO € u mpocTopHO (uiITpHpame, Koe ce KOPHCTH 3a
OTCTpaHyBame Ha pedreKkcuu HaaBOP 0J (POKYCOT MIIM 3a OTCTPAHYBAamkE HA M03aMHATA.
(Cnuka 2).[19]

Hetextop

Munjarypen
OTBOP

Pacejyeau Ha 3pak

Jacepess spax

Jlekn Ha ofjexTHBOT

Jen oj npumepokoT

[lpunnmn Ha mapanenHa KoH(OKaIHA MEKPOCKOIIH]ja

Cauka 2. [IpyHoun Ha padoTa Ha anapaTu o JUTMTAIU3ANKMja HA IPUHLIMI HA NMapaJieiHa KOH(oKkaIHa
MMKPOCKOINHja

Ipesemeno ox Sason, Gursharan Kaur, et al. "A comparative evaluation of intraoral and extraoral digital
impressions: An in vivo study."” The Journal of the Indian Prosthodontic Society 18.2, 2018, pp. 108.

2.3  AKTHBHO 3eMame MPUMEPOIH 0]l OpaHOBUIHU MOBPIIUHU - 0apa camo eHa ONTHYKA
nateka Ha Moaysor AWS 1 efHa kamepa 3a Jia ce gooujat wHdopMaru 3a madounHara (9).
Cekoja cHUMEHA TOYKa Ha MOBPIIKHATA CEe MMPUKAXKyBa BO OJIHOC HA IBUKEHETO BO Pa3IUYHU
BpPEMHba HAa PA3JIMYHM TO3HIMM HAa CEH30pPOT KakKo MUKcel. Bp3 ocHOBa Ha MPOCTOPHOTO U
BPEMEHCKOTO TTOMECTYBAE Ha HCTUOT MHUKCEN BO PA3IMYHU BPEMUIbA, MOXKeE Jla CE TpecMeTa
TpoAMMEH3HOHaTHaTa popma Ha 00jekToT.[21] (Crmka 3).

061 KT / . Iienrap na

xamepa
e P ] xamepara

~ Touxa ua
Pornpauka 6nenpa
I ClIMKaTa

Cauka 3. [Ipunnun Ha padoTa HA UHTPAOPAJIHUTE CKeHepu Bp3 0a3a Ha Active Wavefront Sampling
Ipesemeno ox Mangano, Alessandro, et al. "Suppl-1, M8: conventional vs digital impressions: acceptability,
treatment comfort and stress among young orthodontic patients.” The open dentistry journal 12, 2018, p.118.
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3. Bo oxHOC Ha KOMIAaTHOMIHOCTA CKEHEPUTE T'M JeTUMe Ha OTBOPEH M 3aTBOPEH
cocraB. Kaj OTBOpPEHHHMOT COCTaB CKEHHpPAHHWTE IOJATOIM MOXKAT CIOOOTHO aa ce
eKCIOPTHpAaT u J1a ce 00paboTyBaar BO Mporpam 3a AU3ajHUPAkE U TNIAHUPAkhE HA IPYTH
npousBeayBaun. Jlocramnuu ce pexkauu, 3D npuHTEpHU U TH. HE3aBUCHO O] IPOU3BEAYBAYOT.
Vuusepazanauor jasuk Ha CAD/CAM cucTeMOT KOj TH TOJAPXKYyBa MOBEKETO
uHTpaopanHu ckenepu e STL dopmartor. [IpenqHocta Ha TakBHOT cUCTEM € aoOpata
MOBP3aHOCT CO CUTE MPOU3BENYBAaUYH, O] HAj€THOCTABHUTE MPOTPAMH 32 JH3ajHUPAHE J10
HAQJIPEIM3HUTE TIPOM3BEACHH EAMHUIM, HO MOTPeOHO € WCKIy4YHuTeNHa Jo0pa
KOOp/MHAIMja HAa CHUTE YEKOpH, a KOHBEp3HMjara Ha OTBOpPEHUTE (opMaTH MOXKe Ja
IpeAN3BHKaA IyOeme Ha KBAIMUTETOT Ha MoZe0T. OJ1 ipyra cTpaHa Kaj 3aTBOPEHUOT CHCTEM
CHTE KOMIIOHEHTH Ha MPOU3BEIEHHUOT JIaHell MeryceOHO ce ONTHMAIHO KOOPIUHHpAHH
Taka IITO TMOTEHIMjaTHUTE TPEIIKH JICCHO C€ EIMMHHHMpaaT 4YeKop mo d4ekop. Hekoj
3aTBOPEHH CHUCTEMM HyJaT KOMIUIETEH TUTUTAJIEH TeK Ha padoTaTa W HyJaT ONTHMAIHO
peteHue. JIMMUT 3a TAKBUOT COCTAB CE IOJaTHH TPOIIOLHU 3a OTKIydyBame.[12,19]

KOMnapaunja HA KOHBCHIIMOHAJTHA U JUT'UTAJTHA OTIICYAaTOYHA TEXHUKA

Hajuecto cnmoMmenyBaHara pa3iuka nomMery KOHBEHIIMOHAIHUTE M TUTHUTATHUTE TEXHUKU
3a OTIIEYATyBambEe € BPEMETPACHEeTO Ha camara nporeaypa. KOHBeHIMOHATHHOT METO.T Ha
OTIIeYaToOK O6apa MHOTY YeKOpH: U300p Ha COOJBETHA JaXKUIla, HAHECYBabe Ha aTXE3UBHO
CpEeACTBO, HAHECYBAKE HAa OTIIEYATOUCH MaTepHjall, BHECYBahE Ha JJAKUIIATa BO yCTaTa Ha
MAUEHTOT, CTBPIHYBakhE Ha OTIIEYaTOYHUOT MaTepujall, Ae3uH(eKInja, peruCTPUpaLE Ha
MET'YBHIIMYHUTE OJHOCH, MCIpakame Ha OTIEYaTOKOT BO JlabopaTopHja, M3JIeBamke Ha
MOJIETIOT OJf OTIEYATOKOT, UCTIpakame Ha MOJIETIOT Ha3a/l BO OpJMHAIIM]ja, CKIATUPakhe Ha
MOJIENIOT UTH. IHTpaopalHuTe CKEHEpH 3HAUYUTEIHO TO HaMaldyBaaT OpOjoT Ha MOTPEeOHH
YeKOpU U ja CcBeayBaaT MpollefypaTa Ha BHECYBame Ha MOJATOLMTE 3a MAIMEHTOT, 3a
MHOTY TI0 KPaTOK BPEMEHCKH IEPHOj, BHECYBambe HAa MHCTPYKIHMH 33 MOCTAIKUTE KOH
Tpeba J1a ce u3BenaT BO JJabopaTopujaTa Kako U OCTaHaTUTE (pa3u Ha CKEHUpame Ha JIBETE
BIJIMIIM ¥ MEI'YBHJIMYHHUTE OHOCH.

Bpemero notpeOHO 3a oTreyaTyBame CO €/1eH 0/ CTaHJapAHUTE METOIH € BO mpocek 10
MUHYTH, JI0JIeKa BpEMETPACHETO Ha MPOIIEAypaTa co TIOMOII Ha HHTPAOPATHU CKEHEPH ce
HamaiyBa Ha okosly 4 MuHyTH. [loTpeOHu ce okoy 4 MUHYTH 32 Ja ce 3eMe OTIIEYaTOK O
CTIPOTHBHATA BUJIMIIA CO TIOMOIII HA KOHBEHIIMOHATTHUOT METO/, U OKoxry 90 CeKyHIH 3a 1a
ce peructpupaar MeryBUJIMYHUTE OJHOCH. TeXHHUKaTa 3a IUTHTAJeH OTIeYaTok 0apa BO
npocek 90 cexyH/H 3a Ja ce OTIeYaTy CpOTHBHATA BUJIMIIA U caMo 15 ceKyHIu 3a Ja ce
perucTpupaar MeryBHJIMYHUTE OTHOCH.[22]

Ynorpebara Ha UHTPAOPATHH CKEHEPU OBO3MOJXKYBa MOJ00pa KOMYHHUKAIH]a CO CAMHUTE
naruenTu. [Iporerckara koHcTpykiuja u3padborena Bo CAD/CAM cucreMoT Moxe Jia ce
3aBpIIM BO €IHA TMOCETa, a JOMOJHHUTEIHO MOXKE Jla C€ HalpaBU M BUCOKO €CTETCKa
IpUBpeMeHa paboTa Koja MOJKe J1a Io OTCIMKA U3IJIEA0T Ha UIHATa KOHEYHA pecTaBpalyja
co HeroBata (popma, 60ja u ronemuHa. [IpuBpeMenunTe U3pabOTKH CiIyKaT Kako M1a0JIoH 3a
MAIMEeHTOT Jla ce HaBUKHE Ha MJHAaTa KOHCTPYKILMja M BP3 MCTaTa Jla TW U3pa3d CBOUTE
KenOu v moTeHIujasTHd poMeHu. Of Apyra cTpaHa, JOKOJIKY MAaIMeHTOT € 3aJ0BOJIEH 01
IpUBpEMEHaTa MPOTETCKAa KOHCTPYKIIMja, MOAATOLUTE 3a Kpeupame Ha Je(UHUTHBHATA
KOHCTPYKIIHja C€ CKJIaJupaarT M CIIy)KaT Kako IabjoH 3a co3maBame Ha mcrara.[12,21]
Hcto Taka, AWrdTanmM3anMjata MpeicTaByBa MOKHO CpPEICTBO 33 KOMYHHKAallWja IITO
cyrepupa MOXKHHU TE€PAINeBTCKHU OIIMH, a UCTO TaKa € MOKHO Jia ce criopenat.[7]
HenoctaTtokoT Ha MHTpaOpaTHUTE CKEHEPH CE€ jJaByBa PU NMPHKaKyBamkbe Ha MAPTUHATHUOT
pab Ha cyOrmHrHBagHUTE mpenapamnuu. [lorpebata on cyOrMHruBaiHa Mpenaparmja
0co0eHO ce OJHECYBa Ha MPEJHUTE JEJI0OBU Ha 3a0HUOT JIaK, KaJe ITO € HEOIXO/IHO Ja ce
MTOCTUTHE €CTETCKU 3a/I0BOJIMTETHA N3paboTKa. M3BOPOT Ha CBETIMHA HA MHTPAOPATHUATE
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CKEHEepH HE MOXe J1a T0 OJIBOU MEKOTO TKHBO, T1a 3aT0A HE MOYKE Ja CTUTHE HUTY JI0 CAMUOT
pab Ha camara npemnapaiija.[12]

Ce cmera nexa guruTanu3anyjara Tl HamaidyBa TPOLIOIMTE 3a IIeJlaTa IMOCTaIlKa IMpH
camara Tepanuja.Kako mperHOCTH Ha TUTHUTAIHUTE OTIEYATOIM ce BOPOjyBa peIaTHBHO
KpaTKOTO BpEeME Ha OTIEYaTyBamEeTO, YYBCTBOTO Ha NMPHUJATHOCT HA CaMHUOT MAIHEHT,
nojo0para KOMyHHKal{ja Ha CTOMaTOJIOrOT CO CaMHOT 3a0eH TeXHHYap, MOeTHOCTaBEeHA
KIMHAYKA MPOLEAYpa, MPEHOC Ha MOJATOLUTE MPEKy MHTEPHET, HaMalleHa moTpeda ox
GU3MUKO  CIKaIUpame, eIHOCTABHO IOBTOPYBame, MOJMUHUPAHHUTE JICIIOBH HE
MPETCTaByBaaT HUKAKOB MPOOJIEM IIPH camara IOCTaIKa Ha OTIEYaTyBakbETO, CHUMAE Ha
CErMEHTH O/ OJPadjeTo 3a KOe MMaMe NoTpeda Kako ¥ MPUKa3 BO CTBAPHO BpeMe, OJEKa
KaKO HEJOCTATOIM HA TUTUTAIHUTE OTIEYATOLH ce BOPOjyBaaT TPOIIOLMTE 32 HaOaBKa U
OJP)KYBamkbe€TO Ha CAaMHOT CKEHEep, TEIIKOTUH MpU OTIEYaTyBambeTO Ha abOKH
MapruHajiHH Mpenapanuy, J0IOJIHUTEIHA eyKallija 3a 3eMambe Ha oTredaTok.[12,21]

3akiay4ok

TpeHIOT BO JCHEIIHHWIATA € MOJCPHU3UPAKE HAa 3EMABETO HA OTIEYATOIMTE BO
CEKOjIHEeBHATA MTPaKca, HOTPEOHO € KOJIKY IITO € MOXHO MOBEKE J1a Ce HaMaJli BPEMETO Ha
paboTa, a ma ce 3roJieMH IpPOXYKTHBHOCTa M JIOOMBameTO Ha J00pH pe3yiTaTH.
WHTpaopanHuTe CKEHEpH ACHEC BO CEKOjIHEBHATA MTPaKca Haoraar c¢ ImorojemMa NpuMeHa
¥ 3eMaart c¢ MOroJIeM 3aMaB CO CTOMATOJIONIKATa MPOTETHKA.
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