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Pe3rome. Ilpe3 mocinenHWTEe AECETHICTHS ATUTUBHOTO TIPOHU3BOJCTBO
(AIl) ce yTBBpAM KaToO KIIOYOBAa TEXHOJOTHS C HapacTBAm[0 3HAYCHUE B
Pa3IMYHA WHIYCTPHATHU CEKTOpHU. B Ta3zm pabora ce pasriexmaaT OCHOBHHUTE
npuiaoxeHus Ha All u ce ouepTaBaT HIKOM HACOKHU 3a OBICIIOTO MYy Pa3BUTHE
— pasmupsBaHe o00XBaTa Ha H3IMOJ3BAHUTEC MaTCPUATU, TCXHOJOTHYHU
WHOBAIlUU U XUOPUIHU cucTeMu, uHTerpanus ¢ Magyctpus 4.0, ycTOHYIHBOCT
U KpbroBa HKOHOMHUKA. [locOoUeHH ca OrpaHWYCHHS U IPEAU3BUKATEICTBA 32
pa3ButueTo Ha All.

Kntouosu Oymu: agutuBHO mpom3BoncTtBo; 3D mewar; Munycrpus 4.0;
JUTHUTAJINU3alUA, yCTOfI‘-IPIBO paSBI/ITI/Ie

1. BbBenenne

[Ipe3 mocnenuuTe AeceTusneTHs aAUTUBHOTO pou3BoaAcTBO (All) ce yTBBpIU
KaTO KJII0YOBA TEXHOJOTHS C HAPaCTBAIO 3HAYEHUE B PA3IUYHU MHAYCTPUATHU
CEKTOpU — aBHOCTPOCHE, aBTOMOOMJIOCTPOCHE, 3/JpaBeola3BaHEe, apXUTEKTypa
U CTPOUTEICTBO, MATMHOCTPOeHe U B Outa. [IpuumnHa 3a TOBa € BH3MOXKHOCTTA
3a Ch3/aBaHC HAa MEPCOHANU3UPAHU MPOIYKTU CHC CIOXKHA CTPYKTypa H
€IHOBPEMEHHO C TOBA HaAMAaJIIBaHE Ha MPOU3BOJCTBECHUTE PA3X0IH, ChbKpalllaBaHe
Ha BPEMETO 3a TAXHAaTa U3pab0TKa U BEPUTHTE 32 JOCTABKA. 3a pa3juKa OT Tpaju-
[IMOHHUTE METOJU Ha 00paboTKa, Mpu KOMTO MaTepuaibT ce oTHema, All ce oc-
HOBaBa Ha JI00aBsHE HA MaTepHall CJIOH Mo CIOi, KaTo Ce M3Mo3Ba AurutaneH 3D
Mmojein. ToBa 1mo3BosisiBa Ch3/1aBaHETO HA TEOMETPUYHO CIIOKHU U (PyHKIIMOHATHO
ONTUMU3UPAHU U3JETUSL.

Ilenta Ha HacTosmaTa MyOIUKAIUS € J]a CC AHAIM3UPAT IPUIOKSHHUATA Ha
ATl u 1a ce ouepTasT NEPCIEKTUBUTE 32 HETOBOTO OBJICIIO PA3BUTHE H POJISITA
MY 3a YCTOMYHMBOTO PAa3BUTHUE HA UHAYCTPUSATA.
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2. BugoBe npouecu B AIUTHBHOTO NPOU3BOACTBO

[To cbuiecTBO, aAUTHBHOTO MPOU3BOACTBO O3HAYaBa Ch3/AaBaHE HA MPOIYKT
Wi 00eKT upe3 mo0aBsHE Ha MaTepHajl CIOW Clied CIoW 0 3aBbplIBaHE Ha
o0eKTa, KaTo ce M3M0JI3Ba MPEABAPUTEIHO ch3naaeH aurutaieH 3D moaen. Tosa
e 00paTHOTO Ha CyOTPaKTHBHOTO MPOHM3BOJCTBO, KOETO BKJIIOUBA HAPSI3BaHE MU
OTpsI3BaHE Ha rojsiMa 4acT OT CypOBMHATa, T.e. OTHEMaHE Ha Marepual, JOKa-
TO c€ MOCTUTHE XeJIaHusT 00ekT. MHoro decto TepMuHbT All ce 3amens ¢ 3D
neyat. [1o ceiecTBo, HAMa ocoOeHa pazinuka Mexay Tsax. [lo-uecto 3D neuaTsT ce
cBbp3Ba cbe camusi 3D npunTep, gokato nox All ce pa3dupa camaTa TEXHOIOTHS.
Ts BrimouBa coTyepHa cucTeMa 3a ch3faBaHe Ha 3D Mojen Ha U3/1eIMeTo, KOUTO
ce ,,Haps3Ba‘ Ha THHKH HaNpeyHH ceueHus, 3D MpUHTEphT CKaHUpa MosyuyeHara
UHpOPMaIHs U ch3aBa 00eKTa MOCIEAOBATEIHO CJIOW Clle]] CIIOW, KaTO MU3MO0J3Ba
Pa3InYHU MaTepuaiy — MOJUMEPHHU IJIAaCTMACH, CMOJIM, OETOH, KepaMHKa, METaIN
Y pa3IMYHA KOMITO3HUTH.

Cermacio xomuter ,,F42 AQUTUBHO NPOU3BOACTBO HAa AMEPHUKAHCKOTO
JpY>KECTBO 3a M3MUTBaHe 1 Matepuany (American Society for Testing and Materials,
ASTM) B crangapt BJIC EN ISO/ASTM 52900 ca ompenenenu 7 KaTeropuu Ha
npouecu B All 1 TexHu pazHOBUAHOCTH, Mmoka3anu Ha ¢urypa 1 (Wakjira et al.,
2021).

[TbpBUTE KOHLETILUK 32 U3TPAKIaHE HAa O0EKTH CJIOH MO CJIO0H ce TOsBSBAT Mpe3
70-te rogunu. [Ipe3 1981 r. snonckusT usciaenosaren Xuaeo Kogama npemmara
cucTeMa 3a BTBbpAsBaHE Ha (POTOMOTUMEPH Ype3 YATPABHOJIETOBA CBETIMHA. oM
3a TIPBB BT CIIOMEHABA TEPMUHHTE ,,aJATUBHO MPOU3BOJACTBO™, ,,TEXHOJOTHS 32
3D neyar* u ,,0bp30 IPOTOTUIIHPAHE .

Ipe3 1984 1. Yapnz Xwa (CALL) narentoBa crepeonutorpadusta (SLA),
KOSITO ce SIBsiBa bpBaTa KoMepcuanHa TexHojorus 3a 3D nevar. Ts uznonszsa UV
nazep, KOWTO BTBBPAsABA TeYHA MoJuMepHa cMmoua. Crie MpUHTHPaHe ce Hajlara
JOIIBJIHUTENHA 00paboTKa Ha JeTaina ¢ mei MmoJoOpsBaHe HA MEXaHUYHUTE U
TEPMHUYHHUTE CBOMCTBA. XbJl OCHOBaBa kKommaHusTa 3D Systems, KOsTO Mycka Ha
nazapa nepsure SLA mammnu npe3 1986 r.

[MpunnunauTe cxemu Ha 7-Te craHgapTHH mponeca B All ca mokazaHu Ha
¢urypa 2 (Ukwaththa et al., 2024).
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CTpyiHO HaHaCAHe Ha CBbP3BaLL0
BeLecTso
(Binder jetting (BJT))

CTPYMHO HaHacAHe Ha CBbP3BALLO
BELLeCcTBO

EKCTPVSMH Ha matepuana Mo,u,enmpaHe 4ype3 Te4YHO OTaraHe

(Material extrusion (MEX))

Mop,enwpaHe Ypes3 CTONeHo oT/1araHe

M36upaTenHo nasepHo ToneHe

CnusaHe B
npaxoBo nerno
(Powder bed fusion (PBF))

M36upaTenHo nasepHo cnvyaHe
MHorocTpyiHO cnuyaHe

ENeKkTpoHHO-1b4eBO TOMeHe

Crepeonutorpadms

Hel‘lpeK‘bCHaTa AUTUTaNHa CBET/IMHHA
obpaboTka

dorononumepusauusa
BbB BaHa
(Vat photopolymerization (VPP)) Monnmepnsauna npu AHEBHA CBETANHA

[vriTanHa cBeTnHHa obpaboTka

A,CIMTMBHO NPOn3BOACTBO C ENEKTPOHEH

HacoueHo eHeprm‘iHo oTnaraHe e

Di iti DED
(Directed energy deposition ( ) JlasepHa UHKEHEpHA MpER

I'Ipou,ecu B aAUTUBHOTO NPOU3BOACTBO

- CprﬁHO HaHacAHe Ha HaHoYacTuuu
CTpyMHO HaHacAHe Ha maTepuan

a_lq g CTpYMHO HaHacAHe Ha maTepuan
Material jetting (MJT) 2 P

OTnaraHe Npu NOUCKBaHe

Mpon3BOACTBO Ype3 NAMUHMPaHK
obekTn

NamuHupaHe Ha nucrTose

(Sheet lamination (SHL))
YATPa3ByKoOBO agUTUBHO NPOU3BOACTBO

®urypa 1. [Ipouecu B anutuBHOTO pou3BoacTBo (Wakjira et al., 2021)

B kpast Ha 80-te — 90-Te romuHu ce pazBuBaT HOBU TexHonoruu (Gutai et al., 2024).

Cmpyiino Hanacsme Ha cewvp3gawo eeujecmso (Binder jetting) — MeTogbpT €
paspaborer B MIT (1993 r1.). M3paBHsiBaul Bajisk pa3npbCKBa THHBK CIOH OT
npaxoo0pa3Husl MaTepuan BBPXY CTpouTenHara Tuiatdopma. llewarama roiaBa,
MHOTO TIOJIOOHAa Ha TpaJuLHOHHATA MAaCTUJICHOCTPYHHA, CE IBMKH XOPH3OHTAIHO
W pa3sNpbCKBa MaTepuajia Ha CBBP3BALIMS arcHT BBPXY OIpeneNieHH 00JacTd OT
npaxoBus cinoi. TeuHOTO CBBP3BAIIO BEIECTBO MPEIM3BUKBA XMMHUYECKA PEAKIHs
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U Mpaxoo0pa3HUAT MaTepuall ce CBbp3Ba, 3a Ja 00pa3yBa mbpBUs cioil. [IpogykTsT
TpsibBa /@ MpEeMHHE TMpe3 CTHIKM 3a IMocienBania o0paboTKa, 3a Ja ce YBEeIH4d
HeropaTa yCTOWYHBOCT.
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®urypa 2. [I[pyHUMIHA CXeMH Ha 7-T€ BUJA aJUTUBHU IIPOLIECH
(Ukwaththa et al., 2024)

Exempysus na mamepuana — nognpouecsT FDM (Fused Deposition Modeling)
e paspaborer ot Ckor Kpamn (1989 1.), ocHoBaten Ha Stratasys. Marepuanbt
MOKe Ja ObJie BCEKH €IUH, KOMTO MOXKEe Jla Ce MpoKapa Ipe3 Jro3a U Jia 3amnasu
¢dopmara cu. Toii ce pa3TornsiBa U EKCTPyAHpa CIoi 1o cioi. CpaBHUTEIIHO €BTHUH,
HO C TIO-HHCKa TOYHOCT METOJ, KOWTO CE M3M0JI3Ba OCHOBHO 3a MPOTOTUITUPAHE U
n3paboTBaHE HA TEXHOJOTUYHHU TPUCTIOCOOICHHSL.
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Cnusane 6 npaxoeo nezno — SLS (Selective Laser Sintering), € TEXHOJIOTHS CbC
cnuBane B ipaxoBo jerio (Powder bed fusion), nzodperena ot Kapn [dexapn (Yau-
BepcuteT Tekcac, 1992 r.), mpu KosTO Ja3ep CHHTEPOBA M30MpATETHO MPaxOBU
YacTUIM OT IJlacTMaca WM MeTajl, ChbeAMHSBANKK T'Mm upe3 cramsHe. V3mon3sa
ce 3a IMPOTOTUIIMPAHE W MAJIKH MapTUAUA OT MPOAYKTH NMPH CPABHHUTEIHO T00DPO
3ama3BaHe HAa MEXaHWYHUTE cBoicTBa. Jpyra pasnoBuzHocT € SLM (Selective
Laser Melting) — 1a3ep Ha'BbJIHO CTOMSIBAa METAJICH MPax (THTAHUH, aTyMUHHH, KO-
Oant-xpom). Mzmon3ea ce B aBHaLUuUATa U MEAULIMHATA 32 IPOU3BOACTBEHH YacTH,
3al10TO MEXaHUYHHUTE CBOMCTBA Ha M3/IENUATA Ca CPABHUMHU C TE€3H, TOJTYUYCHHU Ype3
TPaAULMOHHY ITPOU3BOJICTBEHH METOM KaTO MeXaHMYHa 00pabOTKa U JIeeHe.

Domononumepusayus 6v6 eana — T 00XBalla HIKOJIKO TEXHUKH, Haill-Bede
crepeosnmtorpadust SLA u mmudpoBa oOpadoTka Ha cBernuHata DLP, xouto u3-
non3ear ynrpasuosnieroa (UV) cBeTinHa 3a BTBpAsSBaHEe HA TeUHA POTONOIMMEPHA
cmona. C Te3n METOOM ce MPOM3BEKAAT YACTH C M3KIIOUMTENHA MPEUU3HOCT U
cioxxau reometpun (Yeshiwas et al., 2025).

Hacoueno enepeutino omnazane (Direct energy deposition, DED). Texunonoru-
UTE 32 HACOUEHO OTJIaraHe Ha EHePrysl CIMBAT MaTePUAINTE, KATO TH TOIIST, TOKATO
ce omnarar. ToBa € CJIOKeH IMPOM3BOICTBEH MPOLEC, KOWTO YECTO ce M3MOJ3Ba 32
PEMOHT U MoJApbXKKa. Hali-momynsipHO € 1a3epHOTO MPOEKTUpaHO O0(OpMsIHE Ha
mpexa (LENS). [Iponecst LENS Moke 1a mornpaBu MOBpEASHH YacTH, KOUTO Tpa-
JULIMOHHUTE METOM HE MOTraT Ja MOMpPAaBAT Mo Ipyr HayuH. ToBa e Taka, 3amoTo
DED nponecute Morar Aa 100aBAT MaTtepual KbM [TOBPEIECHUTE 30HU B pa3InIHN
MIOCOKH, a TocieBamiara oopadoTka mocTura HeoOXOAUMHUS ToJlepaHc. BebiHocT
TE3W MPOLIECH YECTO C€ M3MOJI3BAaT B XMOPUAHU NPOU3BOACTBEHN MAIINHH, KBAETO
ce mpuJjiarat KakTo aJUTUBHHUTE, TaKa U CyOCTPaKTUBHUTE METO/IH.

Cmpyiino nanacsine Ha mamepuan (Material jetting). ToBa e poriec, Ipu KOWTO
KaITYuLy U3rpakaal] MaTepua ce oTiaraT CeJIeKTHBHO M c€ BTBBPISBAT, JOKATO
ce oOpasyBa uactra. [IppBHTE KOMEpPCHANIM3MPAHW CHUCTEMH Ca TMPOU3BEACHU
ot Solidscape mpe3 1994 r. Te3u MamMHU TPOM3BEKAAT BOCHUHHM YACTU 4Ype3
TEXHOJIOTUsI, U3BECTHA JHEC KaTo ,,ciiyckane rmpu noucksane (DOD). [Tpe3 1998 r.
€ TaTeHTOBaH HOB Mpollec Ha CTpyeHe Ha MaTepuai, HapedeH Polylet. Toit e
paspaboten ot Objet — m3paencka KOMIaHHUs, KOATO cera € 4acT OT Stratasys.
[IpenumMcTBaTa ca MHOrO BUCOKa TOYHOCT, OBbP3 MPOIIEC, TIaIK0 TOKPUTHE, HO 32
CMETKa Ha BUCOKA LIeHa Ha 000py/ABaHETO.

Jlamunupane na aucmose (Sheet Lamination, (SHL)). Tlpu Ta3u TexHHKa
(Ultrasound additive manufacturing, UAM) MeTanHuTe JMCTOBE NpHU CTaiiHa
TeMIepaTypa ce CBbP3BaT 3aCAHO Ype3 MpWiIaraHe Ha YITPa3BYKOBH BBIHHU U
MEXaHHUYHO HallsiraHe, KOETO € HaJACXKIeH HAauMH 32 CBbp3BaHE Ha pa3iIuyHU
MeTanu. [lpyra TexHuKa € MpOM3BOJACTBO Ha JaMuHHupanu npeameru (LOM), npu
KOSITO C€ M3MOJI3Ba JICTTUIIO 32 3aJICIIBAHE Ha JINCTOBE OT MaTepual, KOWTO MOXe J1a
ObJie 1 0OUKHOBEHA XapTus A4.
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Pazoupa ce, pasmmpu ce o0nacTra Ha HHAYCcTpHaTHUTE puioxkerus Ha Al To
3aroyBa KaTo TEXHOJIOTHs 38 IPOTOTUIIH, KOUTO Jajied He 0sixa ()yHKLINOHAIHH, HO
JIHEC ce MPEBPBIIA B CTPATETHUYECKU HHCTPYMEHT 3a MHIAYCTPUITA, MEAULIMHATA U
JIOpH €KEHEBUETO.

3. llpunoxenust Ha All

Ha ¢wur. 3 ca nokazanu npunokenusrta Ha All. Eqna oT mbpBHUTE M HAH-IIMPOKO
pasnpocTpaHeHH 00JacTH Ha NPWIOKEHHE HA aJAUTHBHOTO NPOM3BOACTBO €
OBp30TO MpoTOoTHIIMpaHe. Upe3 Hero MHKEHEPUTE MOraT 3a KpaTko BpeMe Ja Ch3-
JaBat (PU3NYECKH MOJICJIN HA HOBH M3JIEJINS, KOETO YJIECHSIBA MIPpolieca Ha MPOEKTH-
paHe, BU3yanau3auus U TAXHOTO TecTBaHe. ToBa 3HAUMTENIHO ChKpalllaBa BPEMETO 3a
pa3paboTKa Ha HOBH NPOAYKTH U TO3BOJISIBA [TO-OBP30TO UM H3JIM3aHE Ha Mazapa.

Al mpennara roiasiMo IpeAXMCTBO MPU U3pabOTBaHETO HAa PE3EPBHU YAaCTH 3a
MAIlMHA U CHOPBKEHHUS, OCOOCHO KOTaTO OPUTHHAJIHHUTE KOMIIOHEHTH BEye He
ce MPOM3BEKAAT WIM JIOCTaBKaTa MM € cKbla W OaBHa. Upes3 nudpoBu Monmenu
MOrar Ja ce MPOM3BEXAAT CAMHWYHU OPOMKH WM MajJKH CEpUH OT ACTaliIu C
BHCOKa TOYHOCT 0€3 HEOOXOAMMOCTTa OT TEXHOJOTMYHO oO0opyaBane. ToBa Boan
JI0 HAMAJIIBaHE HA Pa3XOJMTE 3a CKJIAJUPaHE U N0 MO-I'bBKaBa MOAAPBKKA Ha
MAlllUHU B €KCIIJI0ATALIUS.

Enno ot nHaii-ronemure npenumctBa Ha All e BB3MOXKHOCTTA 3a Ch3/laBaHE Ha
FEOMETPUYHO CJIOKHU KOHCTPYKLHUHU, KOUTO Ca HEBB3MOKHH UM UKOHOMUYECKU
HelleJaecho0pa3Hu MPH MpUjlaraHe Ha TPaJULIMOHHUTE METOAM Ha MPOU3BOJCTBO
ype3 OTHEMaHe Ha Marepuan. ToBa MO3BOJIIBA ONTUMU3ALMS HA KOHCTPYKLUUTE,
BKIIIOUMTENTHO HaMalsiBaHE Ha TETJIOTO MPH 3ala3BaHe WM J0pU MoaoOpsiBaHe
Ha MEXaHWYHaTa SKOCT. TakuBa KOHCTPYKIMHM HaMHpaT NPHIOXKEHHWE B 3BOHU
IIPEAABKU, OXJIAJUTEIIHU CUCTEMH U HOCEIM eneMeHTH. Hanpumep B aepokocmu-
4yeckara IMPOMULUIEHOCT €€ Ch3JaBaT JIEKM BUCOKOIIPOU3BOJUTEIIHY KOMIIOHEHTH
CbC CJIOJKHA T€OMETPUSL, YUETO U3IION3BAHE HaMallsBa pa3XoJa Ha FOPUBO HA CaMo-
JIeTUTE.
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ol CTPAAHG HIHIENHE HE DT
I, BELEECTED
| Hinder keiting 4BIT|}
EHCTpYIIaa Ma M3TERHLNG POy s L e it A YA i
|Matarsal et e [AEK]) WRLIPLA G & 0 LT SERaTang
i Mo TETE-0 ARIPRHS: Fanasn
m":':;“ WS 1 s HE EIHSdHE
npssnRn o
{Powader bad Fusion [PBE)| PTG R
EREHIDH - T TOIEHE
Lreproymmspad A
l’-m“m Fef e a8 ST o o 7m0 il
FhB BaHa ofpabios
|'at photopolymerization {'WE P} Mossepviagis Nis G s CRETPHNa
TRy CoeT e ofipofare |

B T ] M B CALLTESD © EREMTIHEN

HacoMaio EHEpraRHe OTnanee =

[Directod srerpy depotition (DEDH) - R
i CTprgsin HIHITEHE # & A1 AT aITRLN

Wateria jetting { NIt o D BT W RTEpPRAR
CIFARAE M H NOHCTE3HE

W i A
n e Mpptst m‘:s::'... e

{Ekat lamingtion (SHL)}

POTRRN RO BT PR B

®urypa 3. IIpunoxenns Ha All

Bw3MokHOCTTA 32 M3paboTBaHE Ha AETailM che ciokHa reomerpus (Alfaify
etal., 2020) mo3BosIsiBa M HHTETPUPAHETO Ha TOMBJIHUTEIHN QYHKLIUH B H31EJIHETO,
KOETO C€ OKa3Ba HEBB3MOXHO, aKO C€ IMpuUiaraT TPaJULUOHHUTE METOOH 3a
obpaboTtka. EnuH mpumMep € MpoW3BOACTBOTO HAa MaTpHULM 3a LINMPHIBaHE Ha
wiactmaca. [lpu TpaguInOHHOTO MPOU3BOACTBO HA T€3M MaTPUIH OXJIAKIALIUTE
KaHaJIM BMHArW ca IMpaBH, 3allOTO ce MpoOMBaT MexaHW4HO. ToBa orpaHudaBa
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e(eKTUBHOCTTa Ha OXJaXAAHETO, ThH KaTO KaHAJIWTE HE MOrar Ja clenBaT
cnoxkHata hopma Ha matpunata. Jlokato ¢ Al Moke ia ce ch3ganaT KOHGOPMHU
OXJIaXKJIAIIM KaHAJIM, KOMTO CJIEABAT TOYHO KOHTypa Ha MaTpuuara. ToBa Boau
110 T0-0Bbp30 OXJIaXkKJIaHe Ha IUlacTMacara M Mo-paBHOMEpHA TeMIlepaTypa, KOsTO
HaMajsBa BTPEIIHUTE HAIPEIKECHUSI.

C pa3BuTHETO Ha TeXHOJIOTUHTE ce HabmronaBa TenaeHust All na ce nznomnssa
HE caMo 3a Ch3/1aBaHe Ha MPOTOTHUIH U €AMHUYHU U3/IENIN, HO U 32 MaJIKOCEPHITHO
npousBoAcTBo. M3nom3sanero Ha All enumuHMpa HyXk7Aara OT MOATOTOBKAa Ha
WHCTPYMEHTH, Ch3/1aBaHe Ha MPUCIIOCOOJICHHS M MAaTPHLIM U MPEHACTPOIBaHEe Ha
MAaIlMHUTE, ThI Karo ce M3mon3Ba AupekTHo nuppos 3D moxen. Tosa Boxu 1o
MMOEBTUHSABAHE Ha MPOU3BOJACTBOTO M CBHKpAlllaBaHE Ha BPEMETO 3a MyCKaHE Ha
HOBO U MEPCOHAIM3UPAHO U3JIENIHE.

B xomOuHanust ¢ XuOpUIHU TeXHONOTUU W aBToMaTtuzauusi All mocteneHHO
ce IpubIMKaBa 10 MaCOBOTO POM3BOACTBO HA ONpPeeIeHH MalIMHOCTPOUTEIHN
KOMIIOHEHTH, KOETO OTBapsl HOBU BB3MOKHOCTH 33 HHAYCTpUSTA.

B obnacrra Ha 31paBeonasBaneTo upe3 3D npuHTHpaHe ce ch3aaBaT MpOTE3H,
3p0HM KOPOHKU U JIOpH OMONPUHTHPAHW THKaHU OT OPraHd Ha TSIOTO, KOETO
MO3BOJISIBA 1I€JIEHACOYEHO JICYEHHWE M HETUIIMYHO pa3pelllaBaHe Ha CII0KHU
MEIUIUHCKU TTPOOJIEMH.

B obnacrtra Ha apxurektypara u ctpoutenctso All ce u3monssa 3a ch3aaBane
Ha MamabupaHu MOJENM Ha CTpagyl ¢ Led MoJoOpsBaHe Ha BU3yalu3alusiTa U
iaHupadero. Upes 3D meuaT B CTpOUTETHMS MPOLEC MOTAT Jla c€ MPOU3BEXK AT
eJIEMEHTH OT crieliM(UIHU YacTH (apKu, OpHAMEHTH U 1p.), KOUTO TpsiOBa Aa ObaaT
W3rPaJIeH Ha MSCTO, 3a JIa CE CIECTST MaTepUall U BpeMe.

Bce noseue HaBnmmza 3D mewarhT mpH MPOM3BOJACTBOTO HA MOTPEOHMTENICKU
CTOKH, TU3aHEPCKH apTHKYJIH KaTo Oo4ymiia, 0OYBKH, MOJHHM aKcecoapH, OMKyTa,
JIEKOpAaTUBHU MpPEIMETH M Jip. Bb3MokHOCTTa 3a MPOM3BOJCTBO O MOPHUYKA Ha
KJIMEHTa UTHOpHUPA HYKAaTa OT NOJAbpKaHe Ha CKJIaJ0Ba HAIMYHOCT, KOETO BOAU
JI0 MKOHOMHH Ha MaTepuany 1 (UHAHCOBH CPEACTBA.

4. Hacoku 3a pa3sutue Ha All

Ha ¢wur. 4 ca mocoyeHu HKOU HACOKH B OBJCIIOTO pa3putue Ha All

Enna oT BojemuTe TEHISHIMK B aJIUTUBHOTO TPOHM3BOJICTBO € pPa3lINpsBaHE
o0xBaTa Ha U3MOJI3BaHUTE MaTepuanu. Ako B Hadanoto All paborernie mpeauMHO ¢
IJIACTMACH U TIOJIMMEPHH KOMITO3UTH, JTHEC ce HaOmroaaBa Obp3 HANPeIbK, HACOUYCH
KBbM M3II0JI3BaHE Ha METAJIUTE U TeXHUTE ciutaBi. OCoOEHO BHUMAHHUE C€ OTAES
Ha BHCOKOSIKOCTHU CTOMAaHU, aJyMUHUCBH U TUTAHOBU CILJIABH, KOMUTO HAMUPAT
MPWIOKEHUE B TPOU3BOJICTBOTO HA JIEKH, HO YCTOWYHMBH HOBH KOMIIO3HTHU
MaTepuaii, KOMOMHHpPAIIHY JICKOTa, 3J[paBUHA M TOIUIOYCTOHYMBOCT. CHOTBETHO
W3II0JI3BAHETO U Pa3IIUPSIBAHETO HA HOMEHKIIATYpaTa OT HOBU MaTEPHAIH BOJH JIO
nonoOpsiBaHe Ha MeXaHWYHUTE CBOMcTBa Ha m3zenusita (Garcia-Colladoetal.,2023).

260



AdumusHo npouzeo0Ccmeo U HAKOU HACOKU 3a ObOeuWomo My pazeumue

Pazauunute MaTtepuaId uMat CHCL[I/I(bI/I‘{HI/I XapaKTCPUCTUKH, KOCTO YBCIIMYaBa 00-
JIAaCTUTEC Ha MPUJIIOKCHUEC HA AIL
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®durypa 4. Hixou Hacoku B Obae10TO pazsutue Ha All

ChBpeMEHHUTE TEHJCHIIMU IOKa3Bar, ue pa3Butueto Ha All e cBBp3aHO
C YBEIMYaBaHE HA TOYHOCTTa, CKOPOCTTa M MamniabuTe Ha MPOU3BOJICTBO.
Pa3paboTBaT ce HOBM TEXHOJOTHYHU IPOLIECH, KATO CEJICKTUBHO JIA3EPHO TOIICHE
(SLM), enexrponnonrbueBo Toniene (EBM) u Binder Jetting, kouTo ocurypsiBar Bu-
COKa MPEIU3HOCT U MEXaHUYHA YCTOMYMBOCT Ha u3paboTeHuTe aeraitnu. Hapen ¢
TOBA, B MAIlIMHOCTPOEHETO CE€ HaJlaraT XUOPUHU TPOU3BOJCTBEHU CUCTEMH, KOH-
TO KOMOWHHpAT aJUTUBHO MPOM3BOJCTBO U TPAJAMIIMOHHA MEXaHUYHA 00paboTKa
(CNC), ¢ mern 51a ce MOCTUrHE ONTUMAIHO KaueCTBO Ha TIOBbPXHUHHUTE U TOYHOCT
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Ha pazMepure. Te ce ouepraBar KaTo JOMHUHHUpaIa TEeHEHIHS B MalllHHOCTPOEHE-
TO, THH KaTo ch4eTaBar MPeJUMCTBATa Ha ABETE TEXHOIOTUH — CBOOO/IA B IPOCKTH-
paHeTo M BUCOKa TOYHOCT Ha moBbpxHocTuTe (Rabalo et al., 2025).

AxnentsT Ha Unayctpus 4.0 € mpexoabT KbM H3LSAJIO aBTOMAaTHU3UPAHO U
JUTUTAIU3UPAHO TPOU3BOJICTBO, YIPABISBAHO OT HHTEIMIEHTHH CHCTEMH B
peanno Bpeme. Murterpanusrta Ha All ¢ konnenuuure Ha Uanycrpus 4.0 (mudposu
neoiinnnn, CAD/CAM cucremu, copTyep 3a CUMyJalliid ¥ ONTUMH3ALHUs) BOAN
0 CH3/1aBaHETO Ha WHTEIWUTCHTHH Mpou3BoACTBeHH ekocucrtemu (Hernandez-
Korner et al., 2020, Tian et al., 2022). BuenpsiBaneto Ha U3KycTBeH UHTENEKT (Al),
unTepHeT Ha Hemlara (IoT) w mammuaHO 00yueHue (ML) mo3BossiBa Te na Obaat
e(eKTHBHO M3IMOJ3BaHH 3a HAOIIOACHUE HA MPOLIECHTE, OTKpHBaHe Ha AedeKTH,
ONTUMM3ALMS HA Ju3aiiHa W M300p Ha MaTepHaid, KOETO € MPEArocTaBKa 3a
HaMaJsBaHE Ha TPEIKUTE, MO-BHUCOKa e()eKTUBHOCT M ChKpalllaBaHe Ha BPEMETO
3a ITycKaHe Ha MPOJyKTa Ha masapa.

AIl mno3BosnsiBa HaMajsiBaHE Ha INPOU3BOJCTBEHHTE OTHAIbIU B CPABHEHHE
C TpaAMLMOHHATAa MeXaHWYHa 00paboTKa, Karo MO TO3M HAYMH JOMpPHUHACS 3a
YCTOMYMBOTO pa3BUTHE Ha MHAYCTPUATA U peAyLIUpaHe Ha BBITIEPOIHUS OTIEYATHK
Ha IulaHeTaTta. Bb3MOXKHOCTTaA 3a MPOM3BOACTBO Ha PE3EPBHM YaCTH ,,HA MSCTO™
penyuupa HeoOXOAUMOCTTA OT MOJABPKAHE HA TOJEMH CKJIAZOBU HAIMYHOCTH U
ONTHMHU3Mpa BEpUraTa Ha JOCTaBKU. PellnKInpaHeTo Ha MaTeprannuTe € KII0YOBO
3a ycroiunBoto passutue Ha All. Hampumep oTnaab4HM MIIaCTMAcOBU HMIIKH
MOrar Jia ce CMWJIaT U mpepaboTBaT B HOB (PMIAMEHT M Ja Ce€ W3IO0J3BAT 4pe3
eKCTpyJep. Bp3MOKHO € 1 M3Mo3BaHe Ha PELMKIUPAHH TIaCTMAcH OT MOTpedu-
tesicku otnaabuu (OyTunku PET). Metannust npax ot nponecu kato CLC moxxe na
ce GuaATpHpa U U3MO0J3BA YACTUYHO MOBTOPHO Ype3 A00aBsHE U HA HOB MaTepHuall.
Taxa AIl ce npeBpbIna BEB GyHIaMEHT Ha ObJemmaTa KpbroBa HKOHOMHUKA.

5. llpexusBukaresicTea U orpanndenus B All

Ha ¢ur. 5 ca nanenu Hsxou npenn3BUKaTeNCTBa B pa3BuTHeTo Ha All.

Makap uye AIll mpeanara BHcOKa CTENEH Ha CBOOOAA TMPHU MPOEKTHPAHETO,
CBILECTBYBAT PEUIla TEXHOJOTUYHHU Mpean3BUKaTencTBa. [leuatanero Ha aeraii-
JI C BUCOKA CJIOKHOCT U TOYHOCT OTHEMa MHOTO BPEME U € CBHP3aHO C MO-TOJIIM
Mpepasxo]] Ha EHEepTHsl.

Wznenudara, monydeHu npu HsAkoum BujpoBe All, nMar BiomIeHHM KauecTBa
U HAMAT H30MOp(HA MHUKPOCTPYKTypa, KOETO BOAM JO BJOIIaBaHE Ha
MEXaHUYHUTE UM CBOMCTBA, HEMPEJCKa3yeMO MOBEJEHHE MPHU yMOpa U KPEXKO
paspymaBaHe. TepMHUYHU HampeKeHUs] MOraT JAa TpPEeAW3BHKAT JepOopMalu,
KaToO M3KPHUBSIBAHE M HAIyKBaHE WJIM HEKOHTPOJIUPYEMH pazMepu. MHoOro yecto
ce Hajara JIONIbJIHUTEIHA MeXaHW4YHa 00pa0oTKa 3apaau OrpaHuYeHaTa TOYHOCT
Y TPanaBoCTTa HA TIOBBPXHUHHUTE, KOETO CE MOCTUTA C TIPUIIATaHETO Ha XUOPUAHU
TEXHOJIOTHH.
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Bwnpeku ue ce npoussexaat 3D mpuHTepH ¢ roiisiM paboTeH obeM, Bce orie
CBLIECTBYBAT OTPaHUYEHHS B pa3MepuTe Ha N3pabOTBAHOTO n3aenue. ToBa Moxke
na ce n30erHe, KaTo U3AETUATA Ce Pa3aessiT U U3padoTBaT Ha YacTH.

Borpekun HamansBaHeTO Ha LEHUTE Ipe3 IMOCIEIHUTE TOAMHU BHCOKaTa
croiiHoct Ha 3D mpuHTEepUTE W CYpPOBMHHTE OCTaBa Oapuepa 3a MHOTO
npennpuaTus. MeTaqHUTe NpaxoBe U CHEUaTN3UPaHUTE KOMIIO3UTH Ca CKBIIH,
a MoAApBKKaTa Ha 000pyIBAaHETO M3MCKBA 3HAYUTEIHU pecypcu. B pesynrat Ha
TOBa MKOHOMHYEcKaTa epekTuBHOCT Ha All ce mposBsBa Hal-CUITHO TPU U3AENHs
C BHCOKa JJ00aBeHa CTOWHOCT MJIH TIpH | ManKocepHﬁHO MIPOU3BOJCTBO.
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®urypa S. IIpeausBukarencrsa B pa3Butuero Ha All

Bce OlI€ MMa HEAOCTUI' HAa CIICHIUATIUCTH, pa60TeLu1/1 ¢ AIl HpI/I‘lI/IHa 3a TOBa
€ H606XO,I[I/IMOCTT3 OT 3HAaHHUA W KOMIICTCHIMHW B HAKOJIKO obmacTu — ]_II/I(l)pOBO
MPOCKTHUPAHEC, MATCPUATTIO3HAHUC, ITIPOU3BOJACTBCHU TEXHOJIOTUN U aBTOMATU3allU.

6. 3ak0ueHue

AJUTHBHOTO TMPOU3BOJICTBO IIOCTEIIEHHO C€ YTBBPKIABa KaTo KIKYOBA
TEXHOJIOTUS Tpe3 TMOCIeAHUTE JeceTwieTus. Pasrienanure B myOnuKanusta
npwiokeHus Ha All odepraBaT OCHOBHUTE HACOKHM 3a Pa3BUTHE HA Ta3u HOBa
TEXHOJIOTHS.

BbIpeku yCbBBPIIEHCTBAHETO HA aIATUBHUTE MPOIIECH ChIIECTBYBAT PEeIUIla
MIPEIM3BUKATEIICTBA, CBhP3aHU C TEXHOJIOTMYHU OTPAHUYCHUS, BHCOKU Pa3XO/IH 32
00opy/IBaHE U MaTepUaIIH, OTPaHIUUYEHA TOYHOCT HA TOBLPXHUHUTE, JTUIICA HA CTaH-
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JAapTu3anus u HCO6XOZ[I/IMOCT OT OOITBJIHUTECIHA KBaJ'II/I(i)I/IKaL[I/Iﬂ Ha CIICIaJIuCTUTC

(Chen et al., 2021).

HepCHeKTI/IBHTe 3a pPAa3BUTHUC Ha AIl ca CBBp3aHU C TIO0-HATATBUIHO
YCBBBPUICHCTBAHEC HaAa MATCPUAIUTEC, YBCIMYABAHC Ha [MPOU3BOJACTBCHATA
C(bCKTI/IBHOCT 1 IIOCTHUI'aHE Ha IO-BHMCOKO HMUBO HAa aBTOMAaTU3allusi, JUT'HTaJIU3alus
" CTaHAapTU3alus. B ABJITOCPOYCH IJIaH AlIl uma MoTeHIHAaJIa 1a CC IIPEBBPHC B
HEpasaesiHa 4aCT OT yCTOﬁ‘II/IBOTO Ppa3BUTUC U 1A CLﬂeﬁCTBa 3a Cb3JaBaHCTO Ha

KOHKprHTOCHOCO6HI/I Y MHOBATUBHU MHAYCTPHUAJIIHUA PCUICHUS.
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ADDITIVE MANUFACTURING AND PROSPECTS
FORITS FUTURE DEVELOPMENT

Abstract. In recent decades, additive manufacturing (AM) has established itself
as a key technology of growing importance across various industrial sectors. This
paper examines the main applications of AM and outlines several directions for its
future development - the expansion of the range of materials used, technological
innovations and hybrid systems, integration with Industry 4.0, sustainability, and the
circular economy. The limitations and challenges associated with the advancement
of AM are also identified.

Keywords: additive manufacturing, 3D printing, Industry 4.0, digitalization,
sustainable development
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