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JOINOJHUTEJIBHAS ITPOPECCUOHAJBHAS ITPOT'PAMMA IOBBIIIIEHUS
KBAJIU®OUKAITNHA
«SLM-HHTEHCHB: KOMILIEKCHAS IOArOTOBKAa»

(dopma 0byueHus — ouras, 67 yacos,
UTOroBas aTTecTanys B popMme 3a4eTa)

ABTOpBI IPOrPaMMBbI:
Bopeimo Anatonuii CepreeBudy, JOKTOP TEXHUYECKUX HayK, podeccop
Hayuneiit pyxoBoauTens;
CasuH Anzpeii BaneppeBud JOKTOp TEXHHYECKHUX HAYK,
Benymuit Hay4yHbIA COTPYIHUK;
Jxramanse I'Banna TeHru30BHa, KaHIKMOAT TEXHUYECKUX HAYK,
HHXXeHep | kareropuu
ITerposa FOnus FOpreBHa, nHxkerep 1 kateropuu

JKcnepT, NPOBOAHBILHI TEXHHYECKYIO IKCIIEPTH3Y NPOrPaMMbl:
Yennosa E.B., qMpekTop fenaprameHTa ynpaBieHus Ka4eCTBOM
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YUYEBHBIA ILTAH
JOTIONHUTENBHOM IPO(eCCHOHANBHOM IPOrpaMMBbl IIOBBILIEHNS KBATH(HKALUAY

i“'D

«SLM-HHTEHCHB: KOMILJIEKCHAS MOAT0TOBKA»

il

TBEPXIAIO
HBIM JUPEKTOPOM
I[H BacunseBeiM

@%@@g_ 2025 1.

Henn: QopmupoBarh y ciymateneil CHCTEMY 3HaHMH M KOMIIETEHUMH B OGNACTH aUIMTHBHBIX
MPOU3BONCTBEHHBIX TEXHOJOIUM, & TakKe MOMONHMTh TEOPETHYECKHE 3HAHWS M NPAKTHYECKHE
HaBBIKH sl 00eCreyeH s Ka4ecTBa W MPOM3BOAUTENBHOCTH NP TPOM3BOCTBE M3MENHH METOIAMH
aJlTUTUBHBIX TEXHOJIOTHIA.

Kareropuss caywmaredeii:

HHXCHEPHO-TEXHUYECKHE paGOTHI/IKH NPOMBIUUICHHBIX H Hay4HO-

[IPOM3BOACTBEHHBIX NPEANPUATHIH, UMEIOIIME CPENHEE NPOPECCHOHANBHOE U BhICIIEe 00pa3oBaHue.
®opma 00yyeHHs: 04Has, C OTPBIBOM OT IPOM3BOACTBA.
Kanengapubiii yue6ub1il rpaduk:
001Hi 06BEM IporpaMmbl B yacax — 67 4acoB.

N3 vux;:

ayaMTOPHBIX YacoB - 67;
00y4eHue B JUCTAaHIIMOHHOM pexxume — 0 (110 Z0roBOPEHHOCTH C 3aKa3YHKOM);
Pesicunt 3ansmuii:

YacoB B JIEHb — 5-6;
JHEH B HeJeo — 6;
OG61mas MpooIDKUTENEHOCTD Peau3alyy MPOrpaMMbl — 2 HEIENH.

] B Tom uncne
. g Neo . Bcero npaKTﬂquKHe 3aHATUA (DOPMLI
Z HaumeHnoBanue Moayneii -
4 n/m yacoB | Jlekuun | Ayautopusiii | JlaGopatopHbi KOHTpOJIs
1 NpaKTUKyM | i NpaKTHKYM
BeeneHue B aqnuMTUBHbBIE
Ml " " b 2 0 0 Tectuposanue
TEXHOJIOTMH
Bsenenue B TexHOIOTHIO
M2 | cenekTUBHOrO Na3epHOro 2,5 2,5 0 0 Tectuposanue
crnasjieHus (SLM)
Oco0eHHOCTH TEXHOIOTUHU
1 SLM B acnekre ee
[IPOH3BOJCTBEHHOM
3¢ dexruBHOCTH (BBIGO
M3 b ( P 1 1 0 0 TecTtupoBatue
TEXHOJIOTMH U3rOTOBJIEHUS.
Kputepuu sri6opa SLM-
TEXHOJIOTUHU B
TIPOMBILLJIEHHOCTH)
OcobeHHocTH
M4 10 | 0 9 HII3
KOHCTPYMPOBaHHsI

(88




. B Tom yucine
i E Ne . Bcero HPaKTquCKHe 3aHATHIA (DOPMbI
Z HaunmeHoBanue Monyseii "
4 n/n yacos | Jlekuun | AyautopHsiii | JlaGopaTtopHsl KOHTPOJIS
1 NpaKTUKyM it npakTHKyM
(npoekTHpOBaHus) U3AETHIH
IS alAUTHBHOTO
MPOMU3BOACTBA
M5 TexHonoruueckas MoOAroToBKa 10 3 4 3 W3
npouecca SLM-neyaTu
Maremaruueckoe
M6 | MonenupoBanue npoLecca 9 4 5 0 UII3
SLM-neyatu
ObocHOBaHHE SKOHOMUYECKO
M7 a¢dextuBHOCTH SLM-neyatu ' 1,2 33 . MII3
Hroro 6s10x 1: | 38,5 15 11,5 12
Bonpocsl 6e3onacHocTH 1
3KOJIOTMH MpH paboTe ¢
M8 | ycranoskamu SLM (Ha 3,5 2,5 1 0 Tectuposanue
npumepe SLM-ycraHoBku AO
«JIazepHeIe cUCTEMBIY)
Onucanue u paboTa ycTaHOBOK
SLM (na npumepe SLM-
M3 yctaHoBkH AO «JlazepHble 4 15 Uy 2 Teeraposamne
CHCTEMbI»)
2 Opranuzauus pa6otst SLM-
M10 giﬁ?;gf:;g:{f:;lg’mlepe 4 3 1 0 TecTtupoBanue
«Jla3epHble cHCTEMBIY)
[TpakTuka neyatu Ha O
M11 | anautuBHOM 0GOpYIOBaHMH 10 2 5 3 %
SLM (nmonHeli KOMIUIEKC) pdould
MeToas! KOHTpONA KayecTra
M12 e wsl 3 1,5 1,5 0 TecTuposanue
M13 Eiiﬁ::;g::?“p”m e 4 1,5 2,5 0 Tectuposanue
HUroro baox 2: | 28,5 12 11,5 5
Hroro: | 67 27 23 17 3auer

['naBHBINA HaY4HBIA COTPYIHUK
AO «JlazepHbie cUCTEMBI», 1.T.H.

Hmxenep 1 xareropuu
AO «JlazepHBIe CHCTEMBIY, K.T.H.

Huxenep 1 xareropuu
AO «Jla3epHbie cucTeMbI»

Hayyns1ii pyxoBogutenn
AO «JlazepHble cuCTEMBIY, A.T.H., Ipodeccop

(95
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—«i .?_—__;] I\A 3 E p H bl E AKLHOHEPHOE OBLUECTBO «JIA3EPHBIE CHCTEMbI» (AO «JIA3EPHBIE CHCTEMbl»)

YYEBHO-TEMATHUYECKUI IVIAH
ZOTOJTHUTENBHON NPO(ECCHOHAIBHON POrpaMMBbl IOBBIIIEHHS KBanuUKaIHH
«SLM-HHTEHCHB: KOMILIEKCHAS MOAT0TOBKA»

B Tom uncne
= Beer =
<4 5 3 s Z s | Dopmsl
| Ne HaumenoBanue mozyieit (pasznenos, 0 = z > a2
) = o 2 o £ KOHTpOII
= | n/m JOHCLHIUIHH) 4aco o o E EE
ol 5] k) é a Eé b |
Z B = X a & 8
< E Qe
=
TecTupo
1. BBesnenne B agquTHBHbIE TEXHOJIOTHH 2 2 0 0 "p
BaHHe
1.1. | Beenenue. Sheet Lamination (LOM) 0,5 0,5 0 0
1.2. | Binder Jetting (BJ) 0,25 | 0,25 0 0
1 1.3. | Material Jetting (MJ, NPJ, DOD) 0,25 | 0,25 0 0
1.4. | Vat Photopolymerization (DLP, SLA, CDLP) | 0,25 | 0,25 0 0
1.5. | Material Extrusion (FDM) 0,25 | 0,25 0 0
1.6. | Direct Energy Deposition (LENS, EBAM) 0,25 | 0,25 0 0
1.7. | Power Bed Fusion (MJF, SLS, SLM, EBM) 0,25 | 0,25 0 0
2 BeeseHie B TeXHOJIOMHIO CeJIEKTHBHOTO 2,5 2,5 0 0 TecTupo
i JasepHoro cnaasJenns (SLM) BaHHe
OG1ue npuHLUMIBI QYHKUHOHUPOBAHHS
YCTaHOBKH CEJIEKTHBHOTO JIa3€PHOTO
CTiiaBjeHHs (THIOBas CXeMa yCTaHOBKH,
21 cuctemMa (JOpMHUPOBaAHHsI CJI0S MOPOLLKA,
7" | pocToBOIi cTONI, ONTHYECKAs cXeMa, CHCTeMa 0,5 0,5 0 0
nponyBkH). [IperiMmyiiecTBo ¥ HeTOCTATKH
SLM B cpaBHEHHWH C IpYrHMH TEXHOIOTUAMH,
paboraromumu no metayuty. O6nacts
npuMeHeHuss SLM-TexHosoruu
Hcnonbzyemble MaTepuaisl
(pacnpocTpaHeHHbIE 1 KeslaeMble MOPOLLKH,
1 |99 MEXaHHYECKHE CBOHCTBA MOJIyYaeMbIX
" | obpasuos). TexHONMOrHYECKHE MapamMeTphl 0,5 0,5 0 0
npouecca SLM TexHOnoruu (pexxumel
CILTABJIEHHS U CTPATErUsl CKAHUPOBAHHKS).
IMonnepxuBaroLye CTPYKTYpbl
Duznueckue npoteccsl SLM TexHONOruu:
2.3. | mpouecchl B BaHHE MaB/eHHUA, 0.5 0.5 0 0
Makponpouecch! (6pbi3ry, NpoayBkKa, ’ ’
Jepopmanun)
2.4. | MeTombl KOHTPONA KayecTea 0.5 0.5 0 0
W3rOTaBJIMBAEMbIX AE€TAJIEH BO BpEMs Me4aTH ’ ’
[TocTo6paboTka H3rOTOBJIEHHBIX NETaNEH.
2.5. s
KoHTpons kauecTBa u3nenuii nocie 0,5 0,5 0 0
W3rOTOBJIEHHSA
OcoGennoctn TexHoaoruu SLM B acnekte
N ) 1 1 0 0 Tectupo
1 |3 ee POH3BOACTBeHHOI 3pdekTHBHOCTH Bamme
(Bb16op TeXHOMOTHH H3rOTOBJICHHS.




No monynst

n/n

HaumenoBanue monyneit (paszuenos,
JHACLHUILINH)

Bcer

qJaco

B ToM umcie

Jlexuuu

AyIHUTOpHbI

MNPaKTHKYM

JlaGopaTopHblii

NpPaKTHUKYM

@opMeI
KOHTPOJI
1

Kpurepun Bpi6bopa SLM- TexHos10riu B
NPOMBIIIJIEHHOCTH )

(0%
—

[Tonarne «AnnutuBHOM» netanu. Kakue
u3fenys uenecoobpasHo U3roTaBIMBATh
aJZIMTUBHBIM METOIOM, KaKHe — HET.
OcobeHHOCTH feTalneil, MOAXOASALLUX IS
aJiAMTUBHOrO MPOHU3BOACTBA. DKOHOMHYECKAS
COCTaBJIOLLASA KAaK OCHOBHOM KpUTEpUii
addexTuBHOCTH TexHONMOrHH. [TprMephl

3¢ (eKTUBHOro NpUMeHeHHs TeXHoMoru SLM
JUIS peLIeHMs NPUKJIafHBIX 3aau.

0,5

0,5

3.2

IIpouzsoauTenbHOCTb yecTaHOBOK SLM

(MHOroKaHaJIbHbl€ CHCTEMBI, ONTUMH3ALIHs
NOAAEPIKUBAIOLLMX CTPYKTYP, paciupeHus
nepeyHs NpUMEHIEMbIX MaTEPHUAIOB U T.I1.)

0,5

0,5

OcofeHHOCTH KOHCTPYHPOBAHHS
(mpoekTHpOBaHHS) N3NNI AJA
aJJAHTHBHOrO NPOH3BOACTBA

10

uins

4.1.

I'eomeTpuueckue BO3MOXKHOCTH H
OrpaHUYEHUs NPU U3rOTOBIEHUH JeTaNel
aJAMTHBHBIMH criocobamu. ['eHepaTUBHbIi
JU3aiiH ¥ ONTUMU3aLHs KOHCTPYKLIHK
(BKJTIOHAS TOMONIOTMYECKYIO ONTUMH3ALIHIO,
ONMTHMH3ALHIO (POPMBI U MapaMETPHUYECKYIO
ontuMu3auuio). [pumepsi.

[MpoBeneHHe TOMONOrHYECKOM ONTHMHU3ALIMK
(TO) meTany co cTaTHYECKUMH pacueTamu
(Komnac 3D)

[N}

[TpoBeaeHHe TOMOMOTHYECKOM ONTUMH3ALIUH
(TO) cOopkH cO CTaTHHECKHUMH pacyeTamMmu
(Kommnac 3D)

KoHTtposnpHas camoctosTenbHas pabora
«Tonosioryuueckas ONTUMHU3ALUS AETATUY

[IpoBeneHue napameTpHUECKO ONTUMH3ALINH
JeTaJId CO CTAaTUYECKMUMH pacueTaMu
(Komnac 3D)

4.6.

[TocTpoeHue peleTyaTsIX CTPYKTYp

4.7.

[enepauus daiina stl qns nepenauu B
YCTaHOBKY [UIl aA{UTHBHOH neyaTu

4.8.

KoHntponbHas camocTosTensHas pabota
«PeweTyarsie CTPYKTYpBI»

SJI

Texnonornyeckasi NOAroTOBKAa npouecca
SLM-neyartu

10

uIi3

Cnocobbl 0TpaboTKH TEXHONOrHYECKHUX
rapaMeTpoB Mpouecca nevaT




Ne Moy s

n/n

HaumenoBanue monyneit (pasnenos,
JUCLIUIUINH)

Bcer

qaco

B ToMm uuce

Jlexuun

AyIHUTOpHBIM
NPaKTHKYM

NPaKTHKYM

DopmeI
KOHTpOJ
A

5.2.

TexHosoruueckue PEKOMEHAALIMHU 110
H3rOTOBJIEHUIO THITOBBIX KOHCTp}/KLIHﬁ rno
SLM

o

o |/Taboparopnmbiii

5.3.

ITpoeKkTHpOBaHHS BCIIOMOraTeNbHBIX
TEXHOJOIMUYECKUX JIEMEHTOB M3AETHA
(momzmepikky, TeroBsie MOcThl). PaccTaHoBka
M3JIE/IMH Ha CTOJIE, ONpe/EIeHHE OPUEHTALIMH

5.4.

[IpoexTHpoBaHHe CTpaTerun CKaHUpOBaHHUS U
ornpefe/ieHHe TEXHONOTUYECKUX PEXKHUMOB
(cnaicunr PrepareModel)

3.3,

HpaKTH‘lCCKHe 3aHATHSA 1O NMOATOTOBKE
[IPOCKTa neyaTu

MartemaTuueckoe MogeanpoBanme
npouecca SLM-neyarn

HII3

6.1.

bazosbie noHATHs O YKCIEHHOM
MOZEIMPOBAaHHH NPOLIECCOB TETUIONEPeaayH B
Martepuanax co ClI0KHOH MUKPOCTPYKTYpOi

0,5

0,5

HIT3

6.2.

Crnoco6bl MonEnHpOBaHKs 1a3ePHOrO
H3yueHus

0,5

0,5

MeTonb! reHepatiiy Mozeneii cayyaitHo-
HEOJHOPOAHbIX MOPHCTBIX CTPYKTYP,
c$OpPMHUPOBAHHBIX YaCTHLAMH MOPOLIKA

6.4.

[TonsTHe 06 ypoBHSIX MOENHUPOBAHHS
TEMIO(HU3NIECKHX MPOLIECCOB CENEKTHBHOIO
71a3epHOTO CIJIaBAEHHS U COOTBETCTBYIOIMX
MH)XXEHEPHBIX 3aJayax

6.5.

MozaennpoBaHHe cucTembl NPOayBKY THIIOBO#M
KOHCTpYKLMH ycTaHoBkM SLM (T10O ans
MOJIENIMPOBAaHUE [a30{MHAMHUKH)

o

6.6.

MonenuposaHue Ha MUKpo-ypoBHe SLM-
MPOLECCOB

6.7.

MozenuposaHue Ha Me30ypoBHe (Harpes
TJIACTHHBI JIa3€PHBIM U3JTy4YEeHHUEM)

ObocHoBaHHe 3KOHOMHYECKOii
yddexTuBHocTH SLM-neyatn

1,5

2.5

Hii3

7.1,

AKTyaNlbHOCTb OOOCHOBAHHS 3KOHOMHYECKOMH
s¢dexruHoctn  SLM-TexHosorum:  poct
NpUMEHEHHs SLM-texHonoruu B
TNPOMBILINIEHHOCTH, NpeuMyLLECTBa "
HENOCTaTKH SLM-texHonoruu nepen
TPaJAWLIMOHHBIMH METOJaMH, HEeOOXOAMMOCTb
9KOHOMHYECKOro 000CHOBAHHUS

0,5

0,5

Llenp u 3amayd MccienoBaHUS SKOHOMMYECKH
BBIFOJHOrO mnpUMeHeHuss SLM-texHonoruu:
aHalu3  CTPYKTypbl  3aTpaT B  SLM-
NPOU3BOACTBE, CPaBHEHHE C TPaJHLIMOHHBIMU
MeTolamH, pa3paboTka MOJeNnd pacuera
s¢dextrBHOCTH. TIPUHLMNBI MAPKETHHIOBBIX
uccrenoBaHuit

0,5

0,5




Ne monyns

n/m

HanmvenoBanue monyneit (paszaenos,
JHCLUIUINH)

Bcer

qaco

B Tom 4ucne

Jlexuuu

AynutopHbiii
NpaKTHKYM

JlabopaTopHbiii

MPaKTHKyM

@opmbl
KOHTpOJI
bt

7.3.

Metozp! pacuera 3KOHOMMUECKOM
3((eKTUBHOCTH: OCHOBHbIE 3aTpaThl, 06LIas
tbopmyna ISt pacuera, KpUTEpHU
3¢ PEKTHBHOCTH. MapkeTHHroBoe
uccnenopadve 3(GEKTHBHOCTH NpHUMEHEHHs
SLM-TeXHONOrUH B KOCMHYECKO#H OTpacau

0,5

uO
w

(=]

UII3

7.4.

[Npaxtuueckoe 3amanue: CpaBHeHue SLM wu
nutee / ¢pesepoBka (UCXOOHBIE [AAHHBIE,
pacueT ce0eCTOUMOCTH)

7.5.

@akTophl, BAMAKOWME Ha 3PHEKTUBHOCTH
SLM. BbIBozbI H pekOMeHAALIMK

Hroro Baok 1

11,5

12

[\

Bonpocei 6e3onacHoCTH H 9KOJIOTHH NPH
paGore ¢ ycranoBkamu SLM (ua npumepe
SLM-ycranoBku AO «JIazepHbie
CHCTEMBbI»)

TecTnpo
BaHHe

CrtpykTypa TpeSoBaHui 6e3onacHoCTH.
Tpebopanusa k mnepcoHany, BBIMONHAOLIEMY
pabotel ¥ obcmyskuBarouiemy SLM-ycTaHoBKH

0,5

Tpebosanus Oe3onacHocTd npu pabote ¢
METAUIMYECKUM MOPOLUKOM

0,5

0,5

Tpebosanus GeszonmacHocTH mpu pabote ¢
SLM-ycTaHOBKaMM ¥ BCMOMOTATENbHBIM
000pya0OBaHHEM

0,25

0,25

8.4.

O6wwue Mepb! 6€30MacHOCTH NMPU BBINOJIHEHHH
pabor: wTaTHOH paboTe, TEXHHUYECKOM
O0CAy)KMBaHUH, TEKyLUEM PEMOHTE M [pH
3aMEHE COCTABHbIX YacTel

0,75

0,5

8.5.

TpeboBaHus 6€30MacHOCTH MpPH BBINOJHEHUH
NocTo0padoTKH, KOHTpOJIsi KayecTea
M3rOTOBJIEHHBIX feTanei

0,5

0,5

8.6.

Cnocobbl YTUIU3ALHUU
MaTepUaoB

pPacxoOHBIX

0,5

0,5

Onucanne u pa6ora ycranosok SLM (ua
npumepe SLM-ycranoBkn AO «Jlazepubie
CHCTEMbI»)

Tectupo
BaHHe

9.1.

3HaKOMCTBO C 000OpyIOBaHHEM: YCTPOHCTBO U
MPHHUMT paboThl

0,5

0,5

9.2,

[TporpammHoe obecneuetue: PrepareModel,
LaserStudio

0,5

9.3.

TexHuueckoe 06CnyKUBAHUE H PEMOHT,
3aMe€HAa COCTaBHbBIX yacTell

0,5

94.

[TpakTHyeckue 3aHATHA (3aMe€Ha COCTaBHBIX
4acTeH, paboTa ¢ nopoLKom)

1,5

10.

Oprannzanns pa6orer SLM-npon3BoacTsa
(na npumepe SLM-ycranosku AQO
«JIazepHble cHCTEMBI»)




B ToM uucie

2 Bceer = 3
= . 3 = g = Dopmsl
& No HaumenoBanue Mozyseii (pasienos, 0 = 2 g 2 KOHTPOJT
= | n/o IOUCLIUILIHH) 4aco g o E E E
o ) X = o s
Z B = 2 8 o8
2‘ £ 9QE
=
10.1. | TpeGoanus « nomewenuio u SLM- 0,5 0,5 0 0
yCTaHOBKaM
10.2. TpeboBanus K MeTalIMyecKOMy MOPOLIKY. 1 05 0.5 0
PuiHOK mpousBoauTeneil. MeToapl BXOXHOrO * ’
KOHTPOJIs
TpeboBanus K BCMIOMOTaTeJIbHOMY
10.3. | o6opynoBanuio (BxomHOH KOHTPOb coipbs, | 0,5 0,5 0 0
nocrobpaboTka,  obecrieyeHne  pabouero
MECTa)
10.4. | Tpebopanus MaTepHalbHO-TEXHHYECKOMY | (.5 0,5 0 0
obecrieueHuIo pabouero Mecta oneparopa
10.5. | Opranusauus pabotsl HenpepbiBHOro SLM- 1 0,5 0,5 0
NPOM3BOACTBA
10.6. [InannpoBaHne W OpraHu3aLMs TEXHHYECKOTO
00Cay)KMBaHUS M TeKylero pemMoHta SLM- 0,5 0,5 0 0
YCTaHOBOK
1 IlpakTHKa MeYaTH HA AAAHTHBHOM 10 2 5 3 Tectupo
" | obopysosannn SLM (nosublii KoMmniekc) BaHHe
11.1. AnnapaTHas MOArOTOBKA: METAITMYECKHUI 4
TIOPOLLOK, pa3paBHUBAIOLIMA HOK, OANITIOHBI C 2,5 0.5 0 <
MHEPTHbIM ra3oM, MOMIONKKA.
IL2. Kanu6porka SLM-ycraHosku 2,5 0,5 1 1
11.3. | BeiBoa ycTaHoBKH Ha pabouuii pexxum 1 0 1 0
2 (LaserStudio)
11.4. | Pabounit pexxum. [leiicTus OINepaTopoB B 1 1 0 0
LUTATHBIX M BHELITATHBIX CUTYaLUAX
[TocTobpaboTka 06pasLos: yaaneHue
11.5. | nopouika, cHATHE C NOAJIOKKH, yaaneHue 1 0 ] 0
noanepxek, TO n/unu neckoctpyiinas
obpaboTka
11.6. | Komnencauus nedopmaunmii: Reditive 2 0 2 0
Compensation
12. MeToab! KOHTPOJISI Ka4eCTBA 3 1,5 1,5 0 Tectupo
H3rOTOBJIEHHBIX H3/e/IHii BaHHe
12.1 Kourponb ocratouHol nopuctoctu 06pasios: | 0.5 0.5 0
MeTannorpaduueckui aHaius, METObI ? ’
2 HEpa3pyLUAIOLEro KOHTPOIs
12.2. | Koutpons reoMeTpPHYECKHX pasmepos: 1 0,5 0,5 0
CKaHHPOBaHHKE U Ip.
12.3. | KoHTposib MexaHH4€eCKHX CBOWCTB: MPOYHOCTH 1 0,5 0,5 0
u Jp.
13. | PeBepc-HHKHHHPHHT H pe-HHKHHHPHHT 4 1,5 2,5 0 Tecrupo
BAHHE
3 [ Bl Pe-MHXHHUPHUHT B alIMTHBHOM MPOM3BOACTBE L5 0,5 ] 0
13.2. | PeBepc-MHKHHUPHHT B aautuBHoM | 1 0.5 1 0
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I'naBHBI HayyHBIH COTPYAHMK
AO «JlazepHsble cUCTEMBI», [.T.H.

HWuxenep | kareropuu
AO «Jla3epHsle cHCTEMBI», K.T.H.

Muxenep | kareropuu
AO «JlasepHble cHCTEMBI»

Hayunslit pykoBoauTens
AQ «Jlazepnele cucTeMbI», 1.T.H., Ipodeccop
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IosicanTenbHasK 3anMCKa
K JIONIO/THUTENEHOM NPO(eCCHOHaNBbHOM NPOrpaMMe NOBBILIEHHS KBATU(UKALHH
«SLM-HHTEHCHB: KOMILJIEKCHAsI OAT0TOBKA»

1. AKTyallbHOCTD M NPAKTHYeCKasi 3HAYHMOCTH NporpamMmbl. COBpeMeHHOE
Pa3BUTHE NPOMBILIEHHOCTH TPEOYET IPUMEHEHUS BBICOKOTIPOM3BOANTENBHBIX HU3KO 3aTPATHBIX
CHOCOOOB MOJTYYEHHS U3AEINN U3 JETHPOBAHHBIX CTANEH M CILIABOB LBETHBIX METAJLIOB. OpHum
M3 3HAYUTCJBHBIX JOCTHXKEHMH TEXHOJIOTHYECKOTO YKJIafia M MPOMBILLIEHHOH pEBOIOLKH
ABIIAIOTCA anUTUBHbIE TeXHOMornu (AT). VX mpakThyeckoe NPUMEHEHHEe B HAcTOsMiee BpeMs
HaXOJUTCS B CTalMM POCTAa KaK KOJNMYECTBEHHOIO — yBEIMYEHUE MACIITa0O0B JeATeIbHOCTH, TaK
M KaYCCTBEHHOrO — COBEPLICHCTBOBaHHE OOOpPYAOBAaHMS, MAaTEpPUaIoB U  CHOCOGOB
(hopMoo6pazoBaHud, NOBBILICHHE TOYHOCTH, KOHCTPYKTUBHOH  CIOXHOCTH U3JIENHH,
NPOMU3BOAUTEIBHOCTH TPY/Ia.

B Poccniickoli ®@enepauun B 2021 r. paspaboTana M yTBepxKacHa Crparerus pazputus
AJIMTUBHEIX TEXHOJIOTMHA Ha mepuon o 2030 r. B Hell 06o3HadeHa uenb pasBUTHS OTpACIH
ANTUTHBHBIE TEXHONOTMH — «obecreyeHne pocTa 06BeMa POCCHHCKOro pPBIHKA aJJUTHUBHBIX
TEXHONOTHH (aAAUTMBHOrO 0GOPYNOBaHHS M KOMIUIEKTYIONIMX, MAaTEpHAIOB ISl aIUTHBHOMN
TIeYaTH, YCIyr W NPOrpaMMHOro obecrieyeHns). OCHOBHEIMM HAMPABICHASMHU Pa3BUTHSA OTPACIH
AINTUBHBIX TEXHOJIOTUA NOJDKHBI CTaTh CO3JaHHE KOHKYPEHTOCIIOCOGHOTO aiqUTHBHOIO
000pyIOBaHUA M MaTepHaloB Ha 6a3e POCCHICKUX TEXHUYECKUX PELICHUIA U MPOrPaMMHOIO
obecrieyeHus, 06GECMEYMBAIOMIETO  PEATH3ALMI0  HAMOHANBHBIX IIPOEKTOB, a  TaKKe
AOMMHMpOBaHHE HA BHYTPEHHEM pBIHKC aJIMTUBHBIX TEXHOJOTMH ¢ CyLIECTBEHHBIM
YBEJIMYIEHUEM KCIIOPTa AAAUTUBHOIO 060PYAOBAaHUS U KOMILIEKTYIOLIUX)

Taxum 006pasoM, MNOATOTOBKA K IOBBINEHME KBAMMDUKALMK CHEUUATUCTOB IS
aITUTUBHOTO MIPOU3BO/ICTBA UMEET BAXXHOE rOCYAapCTBEHHOE 3HAYEHUE.

Ilpakmuueckas 3nayumocmes npozpammsl 3aKIOYAETCS B TOM, 9TO B ee paMKax OymayT
PaccCMOTPEHEI:

- 0COOCHHOCTH MPOEKTUPOBAHMS H3EIH 111 aIUTUBHOTO POM3BOCTBA;

- TEXHOJIOTHYECKUE PCKOMEHJALUH 110 H3rOTOBJIEHHUIO THIOBBIX 3IEMEHTOB KOHCTPYKIMiL
C MPUMEHEHUEM aIIUTUBHBIX TEXHOJIOTHIA.

A TaKKe MOoTy4YeHbl IPAKTUYECKUE HABBIKH:

- TONOJIOTUYECKOM ONTUMHU3ALMU KOHCTPYKLHIA;

- TIe4aTl Ha aJJIUTUBHOM O00OpPYIOBaHMM CEJEKTHBHOIO JasepHoro cruiapienus (CJIC,
SLM - Selective Laser Melting);

- TEXHMYECKOTo OOCIHy)XMBaHUS M TEKYIIETO peMoHTa cucTeM SLM-ycTaHOBOK (Ha
npuMepe SLM-ycTaHOBOK OTE4€CTBEHHOIO Mpou3BoacTBa AO «JlazepHbIe CUCTEMBI).

OcBoeHME COBPEMEHHEIX MOAXOAOB K NMPOEKTUPOBAHMIO W H3TOTOBJIEHMIO U3enuii, a
TAIOKE TPaKTMYCCKUE HABBIKM SKCIUTyaTallld cUCTeMbl SLM mo3BoNMT ciymatenim GuicTpee
aJlanTHPOBATECS K HOBBIM YCIOBUAM NPO(ECCHOHANTBHON IEATENbHOCTH, ONpe/eIIeMbIM
NpUOPUTETHBIMU HATIPABIEHUAMU rOCYJapCTBEHHOM MONTUTUKY B 06J1ACTH Pa3BUTUS aAJUTHBHBIX
TEXHOJIOTUH.

2. IIpoeccuonanbumiii cranpapt (IIC), kak ocHoBa paspaGoriu JAIIII

B ocHOBY 06y4eHns no AaHHoM MporpaMMe NooKeH NpodecCHOHATBHBI CTaHAApT:

- IIpodpeccronanbuplii cTangapt «CreLManucT Mo aJIUTHBHBIM TEXHOIOTUAMY, YTBEPXKIEHHBIA MPUKA30M|

MunucrepeTBa Tpyaa M CoUMANbHOM 3alIMTBl Poccuiickoi @enepanuu oT 5 oktadbps 2020 r. N 697w
(3aperucTpupoBaH MuHnCTEpCTBOM FOCTUIHMH Poccuiickoii Denepauun 5 HoA6ps 2020 r., perucTpaLMOHHEII
N 60744)

HnaﬂnpyeMMe pe3ynbpTaThl 06}"{61{1/15{ HallpaBJICHBI Ha BBIIIOJIHEHHUE CIIyIIATEIEM:
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O600611EHHBIX
TPYAOBBIX (PYHKIMH
(OTD)

TpynoBbix ¢hyHKIHMI
(TD)

TpynoBeix AedcTBUI

(TH)

Ha ypoBze
KBaTU(HKAIIU

Ob6ecrieyenue
MIPOU3BOJICTBA U3JENUt
MeTOAaMH aJIUTHBHBIX
TEXHOJIOT U

BrimosnHeHue
HECIIOKXHBIX
MEpONPUATHII O
KOHTPOJIIO TEXHOJIOTUI
aJINTUBHOTO
MIPOU3BOJICTBA

Ilepnoauueckas mpoBepka Ka4ecTBa
HMCXOJHBIX MaTe€pHajIoB JIs
aJIUTUBHOTO NPOU3BOICTRA;
[Tepronudeckuit KOHTPOIb
MOILHOCTH UCTOYHHKA SHEPTUU
TEXHOJIOTMYECKOro 000pyA0BaHUs B
aJIUTUBHOM IIPOU3BO/ICTBE;
ITepronuueckuit KOHTPOIE B
aJIUTUBHOM MPOU3BOJCTBE
TOJILIMHEI CJI0S1, HAHOCKHMOTO 3a
OJIUH TPOXOJT;

[Teproamyeckuil KOHTPOJIb
HECJIOKHBIX Onepanui
nocnenyolieit 06paboTku u3eNuit
aJIUTUBHOrO IIPOU3BOJICTBA.

[IpousBoacTBo
HECJIOXKHBIX U3AETUi
METOJaMH aJIIUTHBHBIX
TEXHOJIOTHUI

IIpoexTupoBaHue
MOJIEJIA HECTIOMKHOTO
U3,
U3roTaBJIMBagMOro
METOJaMH aJlIUTHBHBIX
TEXHOJIOTUI

®dopMynupoBka TpeOOBaHMIA K
KOHCTPYKLIH HECJIOKHOTO H3/ICTUS
AJJUTUBHOTO IPOU3BOACTBA Ha
OCHOBE TEXHHUYECKOro 3a1aHus Ha
€ro pa3paboTky;

IIpoekTupoBaHye KOHCTPYKIMN
HECJIOKHOTO M3ENHs aIUTHBHOTO
IIPOM3BO/ICTBA,;

Be16op nexomHoro Marepuana s
U3rOTOBJICHUS HECIIOKHOTO M3IeNHs
METOaMH aJAUTUBHBIX TEXHOJIOIHIi
B 3aBHCUMOCTH OT 3aaHHBIX
9KCIUTyaTallOHHbIX CBOKCTB;
OueHka 3aTpaT Ha U3rOTOBJICHUE
HECJI0JKHOI0 U3/eNNs BBIOPaHHBIM
METOJOM aJ/INTUBHBIX TEXHOJOI Uil
Iporuo3upoBaHye 3KOHOMUYECKOTO
addexta 0T 3aMeHbI TPaJULIHOHHBIX
METOJIOB M3TOTOBJICHHS HECTOKHBIX
u3enuil agIuTUBHBIMU
TEXHONOTUSIMU

OmnpeneneHre HEOOXOAUMBIX
CpPeACTB KOHTPOJIS 3a MPOLECCOM
(hopM0o0Opa30BaHUs HECTIOKHOTO
U3eHs METOJaMU aITUTUBHBIX
TEXHOJIOTUH.

ITocTaHoBKA HA
NPOM3BOJCTBO METOIaMU
aIIUTUBHBIX
TEXHOJIOTMH HECIIOMXKHBIX
U3aeni

[IpeobpasoBanue Qaiinos Ha
HECIIOXKHBIE U3JeNnus B popMar,
HCIIOB3YEMBIN MaIlIMHON
alIUTHBHOTO IIPOU3BO/ICTRA;
HacTtpoiika TeXHOIOrn4eckoro
000pyI0BaHUs alAUTHBHOTO
MPOU3BOJICTBA JIJIsl U3TOTOBJICHUS
HECJIOKHBIX U3/1euil;

KoHTponb pe3ynbTaToB U3rOTOBJIEHUS
HECJIOKHBIX U3/1euil Ha
000pYyJOBaHUH aJAUTHBHOTO
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IIpOU3BOACTBa

O6o6ueHre nHpOopMaLKUHU O
IpUMEHAEMOM 000pyIOBaHUH,
TEXHOJIOTHAX U CPe/ICTBaX KOHTPOJIS
KayeCTBa HECJIOKHBIX U3/EHii
aJIUTHBHBIX POU3BOJICTB
IpoBeenue BEIGOPOYHBIX UCTIBITAHUM
HECJIOXKHBIX U3JeNUil afIUTUBHBIX
IPOM3BOJCTB B IENAX YTOUHEHUS
3aBMCHMOCTH IIPOYHOCTHBIX CBOHUCTB
OT [TapaMETPOB TEXHONIOIMIECKHUX
IPOIIeCCOB

IIpoBeneHue BHIOOPOYHBIX
UCCIIEOBAHUN HECIIOXKHBIX M3IETHH
aJIUTHBHOTO [IPOM3BOACTBA IIPH
IIOMOLIM METOJIOB Hepa3pyIIaoIIEro
KOHTPOJIS C LEJBIO BBISBIEHUS
TPELIHH, HECIUIOIHOCTH, TIOPUCTOCTH,
ToJIel HampsKEeHUH, CKPBITHIX
OTKIJIOHEHHH MPOQUIIS U pa3sMepoB
BrlABNIeHNE IPHYKH, BBI3BIBAIOIIMX
Ae(eKThl B HECIOKHBIX U3IENUIX
aJIUTUBHOIO TPOU3BOJICTBA

KonTpons kavecTBa
HECIIOXHBIX U3IENui,
M3TOTOBIIEHHBIX
METOJaMU aJIUTUBHBIX
TEXHOJIOT M

3. Onucanue CTPYKTYpbI NPOrpaMMbl

IIporpamma coctouT u3 aByx 610KoB. JIorMKa MOCTPOEHUS — MEPBbI GIOK 3HAKOMHT
cirymarenedt ¢ 6a30BEIMU MOHATUAMHU aTUTHBHBIX TEXHONOTHH, TOMOIOMHYECKOM ONTHMU3ALHEH
M MaTeMaTHYeCKUM MOJENUpoBaHUEM SLM-NpoueccoB, BO BTOPOM MOAYJE CIYIIATeTH
TOJTy4ar0T NPaKTHYECKHE HABBIKK PabOTHI C CUCTEMOH CEJICKTHBHOTO JIa3€PHOrO CIUIABIEHHS HA
npumepe SLM-ycranoBku AO «Jla3epHble CHCTEMBIY.

B mepBeiii MOAynb BKIFOYCHBI Ga30BBIE CBEEHHS O OCHOBHBIX THIAX a[IUTUBHBIX
TEXHOJIOTUH, UX CPAaBHEHHUE C KJIACCUYECKUMH TEXHOIOTMSMH MALIMHOCTPOEHHUS.

BTopoit MOIynb COAEPKUT OCHOBHbBIE TEOPETHYECKME CBEACHHS 00 ajIMTHBHBIX
TEXHOJIOTHAX, UX CPABHEHHUE C KITACCUYECKMMH TEXHOJIOTUSMH MALIMHOCTPOEHHSI.

Tpetunit Momynb COOEPIKUT OTBETHI HA BOIPOCHI, CBSA3aHHbIE ¢ 0COGEHHOCTAMU SLM-
TEXHOJIOTHH B acCleKTe €€ NMPOU3BOACTBEHHON 3()()eKTHBHOCTH.

YeTBepThIi MOIYNh OXBaTBIBa€T KPYr BOIPOCOB, CBSI3aHHBIX C OCOGEHHOCTAMH
KOHCTPYMpPOBaHHUs (MIPOEKTHPOBAHMS) M3EIIHi ¢ MOMOLIB0 SLM -TeXHOI0rvy.

IIATBIA MOMYNb CONEPXKHUT OCHOBHBIE CBENEHUS MO TEXHOIOIMYECKOW [MOArOTOBKE
npouecca SLM —neuaru.

Illectoif  Momynp HampaBiIe€H Ha HM3y4eHHE OCOOEHHOCTEHl  MaTeMaTH4ecKOro
MOJICTUPOBaHUS PU3UKO-XUMUYECKHX TpoueccoB SLM —nevaty.

CenbMod  MOAYNb  MOCBSIIEH M3YYEHHIO MapKETHMHIOBOM M HKOHOMHYECKOM
cocrasisromed SLM — npou3BojicTBa.

Bocbmoit Mozynb BKmouaeT B cebs BONMPOCH! GE30MaCHOCTH M 3KOJNOTHH MpH paboTe ¢
SLM — yctanoBkamu AO «JlazepHble CUCTEMBI.

HeBATbIA MOy b BKITIOYAET B cebst omucanue cucteMsl SLM-yctaHoBok AO «JIazepHble
CHCTEMBI»: NPUHLMI PaboTEl, MPOrpaMMHOE obecreyeHHe, MOHTRX U JEMOHTAX, a TaKKe
TMOPA/IOK ACHCTBUM MpU aBapuMHBIX CUTyalUsX. TeopeTHyeckue M MpPaKkTUYECKHE CBEACHHUS O
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TEXHUYECKOM OOCITY)XMBaHUHM U peMOHTe Ha mpumepe cucteM SLM-ycranoBok AO «JlazepHbie
CUCTEMBI».

HecaToplii MOAYNb MOCBALIEH OpraHM3allMOHHBIM paboram SLM-npousBoicTBa Ha
npumepe SLM-ycraHoBok AO «JlazepHble CHUCTEMBI»: TpeOOBaHMS K IOMEIEHUAM,
MaTepUaNbHO-TEXHUYECKOMY oOecreueHuto, obecreyeHne HENpephIBHOIO TEXHOIOTUYECKOro
npolecca, 0COOEHHOCTH ChIPBA.

OnuHHAAUATHI MOAYTh MOCBSALIEH NPakTUYECKOW OTpabOTKe HaBBIKOB co3zfgaHus 3D-
MOZENH U3JeNHs, NOATOTOBKM K MeYaTH M KOHTPOJI pabovero pexxuMa CUCTEMBI Ha MpHUMeEpe
SLM-yctanoBok AO «JlazepHbie CCTEMBIY.

B nBeHaaiiaToM Mo/ysie OMMCAHbI METOABI KOHTPOJIA Ka4eCTBAa U3TOTOBACHHBIX U3IEIIHM.

TpuHaauaTeii MOLYIb COAEPKUT 0a30BYI0 MHPOPMALMIO MO pPEBEPC-UHKUHUPUHTY U pe-
WHXUHUPUHTY.

4. Henp o6yyenusi: GopMUpOBaTh y CiaylIaTenel CUCTEMY 3HAHUN U KOMIIETEHLUH B
0o0nacTu agIUTUBHBIX MPOU3BOJACTBEHHBIX TEXHOJOTHH, a TaKKe NOMOJHUTH TEOPETHYECKHE
3HAaHUS U TPAKTUYECKHE HaBBIKM Ui 0OecHeyeHMs KayecTBa W IPOU3BOJUTENILHOCTU IpH
IIPOM3BOICTBE U3JENNNA METOAAMU aANTUBHBIX TEXHOIOTHU.

- Kareropus ciaymaresieii: HHX€HEPHO-TEXHUUYECKNE paOOTHUKHN MPOMBIIIEHHBIX
¥ Hay4YHO-TIPOU3BO/JCTBEHHBIX MPENNpPUATUH, UMEIOLIHE cpeiHee Npo(ecCHOHATBHOE U BhICIIEE
oOpa3oBaHue.

6. IInanupyembie pe3ybTaThl 00yUYCHHS:

B cooTBeTcTBUU ¢ yKa3zaHHBIMU MPOQeCcCUOHATBHBIMU CTaHAApTaMH CIIyIlaTeab JAaHHON
JIIIT roToBUTCS K pEUICHUIO CIAEAYIOIIUX 3a1ad NpoQecCUOHaNbHOW AEATENBHOCTH U JOJDKEH
o0Nafate CHeAYIOIMUMHA MPodeCCUHOHANBHBIMH KOMNETEHIUAMH (00s3aTebHbIE PE3yNbTaThl
o0yyeHus):

3anauu rnpogeccuoHaIbHON [TpodeccroHansHble KOMIETEHIMU
Ne Paznen AIIT *
nesreasHocTH (3I1]1) (IIK), moanexauiyie pa3BUTHIO
®opmynrpoBka TpeOOBaHUM k
KOHCTPYKLMU U HCXOJHBIM
1 BBeneHue B aiIUTHBHBIE MaTepuazaM HeCII0XKHOT0
" | TEXHOJIOTUH u3zaenus Uit Hauboree
pacrnpoCTpaHEHHBIX TUIIOB [1K 1.1. CiocoOHOCTh MPUMEHATH
aJJUTHBHOTO MPOM3BOJACTBA €CTECTBEHHOHAYYHBIE U
®opmynupoBka TpeOOBaHMIl K | 0OIEHHKEHEPHBIE 3HAHUS B
KOHCTPYKLMHU U UCXOJHBIM npodecCHOHANIBHON AEATETBHOCTH
BBeneHue B TEXHOJIOIHIO Py pog
MaTepyanaM HeCJI0XKHOro
2.. | CeNEeKTUBHOIO JIa3epHOTO
U3/1eNus CEIEKTUBHOTO
crnasnenus (SLM)
JIa3epHOrO CIUIABJICHUS
(SLM).
[TpoBenenue aHanuza
TEXHOJIOTMYECKOU
nenecoodpazHoctd SLM-
OcoOeHHOCTH TEXHOIOTHH TEXHONOMIH B ACIIEKTE C6
SLM B acnekre ee e [1K 2.1 CnocobHocTs k cbopy H
3 TIPOU3BOACTBEHHOM =
NPOU3BOJCTBEHHOM KOMIUIEKCHOMY aHaTU3y MOJTy4eHHOU
3¢} HeKTUBHOCTH U
\ a¢dexrruBHOCTH (BBIGOD HUH(pOPMALUH TS TIPUHATUA
3. uHTerpauuu SLM- .
TEXHOJIOTHH 3¢ GEKTHBHBIX PEIICHUI,
TEXHOJIOTHHU B
u3rotToBneHus. Kpurepuu HalpaBJIeHHBIX T0J0XXUTENbHBIX
MPOU3BOACTBEHHBIE LETTOYKH.
BBIOOpa TexHONMOrHH SLM 9KOHOMHHYECKHX 3P PexT
O1eHKa NPUMEHUMOCTH
B NPOMBIIIEHHOCTH)
TEXHOJIOTHHU 171 peLUEHUA
TIPUKJIAJHBIX 3a0a4 Uit
0Tpaciu
OcobeHHocTH BrisBieHME CXOOHBIX 1K 3.1. Crioco6HOCTE NIPUMEHATH
KOHCTPYHPOBAHUS TEXHUYECKUX peLIeHHH 1 COBPEMEHHBIE IPOrpaMMHBIE METOBI
4. | (mpoekTUpOBaHUS) MPOEKTUPOBAHHUE U PacueToB U MPOEKTUPOBAHUA U3/IENHi
U3JIENU A1 alAUTUBHOTO | KOHCTPYHPOBAHUSA JUIS aJTUTUBHOTO TIPOU3BOJICTBA.
MPOM3BOACTBA KOHCTPYKLMH HECJIOXKHOTO I1K 3.2 Co3gaBath U KOPPEKTHPOBATH
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3amauy npodeccHOHATBHOM

ITpodeccuonanbHeie KOMIETEHLHN

Ne Pazgen ATIIT
A JgestenpHoctH (3I1)1)* (IIK), moznexarue pa3sutuio
U3/1eNTUs aJAUTUBHOTO CpelNCTBaMU KOMIBIOTEPHOTO
NPOU3BOACTBA CpeNCTBAMU NPOEKTUPOBAHUA LU(PPOBEIE
TOMOJIOTHYECKON TPEXMEPHBIE MOZIENH U3AEUi
ONTHMHU3ALMHU
OTpaboTKa TEXHOIOrMYECKUX
napameTpos npouecca SLM-
Ie4aTH, OLiEHKa
HEeoOX0AUMOCTH
BCIIOMOTaTeIbHBIX
1K 4.10praHu30BEIBaTE U BECTH
TexHonoruueckas TEXHOJIOTMYECKHUX JJIEMEHTOB, .
TEXHOJIOTMYECKUI NPOLEeCC Ha
5. | moAroroBka mpouecca ONpe/IENeHHE TapaMeTPOB
YCTaHOBKaX /I aJIUTUBHOIO
SLM-neyatu KOMIIOHOBKH ¥ OpUEHTALUN
= IPOMU3BOJCTBA
U3JeNTni BO Bpems SLM-
neYyaTH, IPOeKTUPOBAHHUE
CTPaTErMy CKaHUPOBAHMS.
KoHnTpone annurusroro
NIPOM3BOJICTBA
IK 5.1 CrocobHoCTE Kk
CaMOCTOATENBLHOMY TOCTPOEHHUIO
QIrOPUTMOB U UX aHATTU3Y, C
IIpuMeHeHHEe YUCTEHHOTO Hoc/eyroulei nepenayeil pesybrara
MozaenupoBanus SLM- MIPOBENEHHBIX (PH3UKO-
TIPOLIECCOB TEIUIONEPENayd B | MaTeMaTHYECKUX U MPUKIIAIHBIX
Marematuueckoe MaTtepHanax co CIIOXHOU U HCCIIEI0BaHUM B BHJIE KOHKPETHBIX
6. | MozenMpoBaHHe Mpouecca | MOPUCTOM MUKPOCTPYKTYPOH, | peKoMeHmarii, BBIPAXEHHOM B
SLM-neuatu JIa3€PHOTO H3ITy4YeHHUs, TEPMMHAX OPeIMETHOM 06acTu
CUCTEMEI poayBkH, SLM- SIBJIEHUS
npoueccoB Ha MUKpoypoBHe U | 1K 5.2 Cioco6HOCTE UCTIONB30BATh
ME30ypOBHE METO/Ibl MATEMaTHYECKOTO U
ArOPUTMHUYECKOTO MOJICTUPOBAHUS
pH PEILEHUH TPUKIAAHBIX U
UHXXKEHEPHO-TEXHUYECKHX 3a1au
Pacuér cebecroumoctn SLM-
JeTany, 060CHOBaHHE
OKYIaeMOCTH BHEAPCHHA ITK 6.1 Crioco6HOCTE aHANH3UPOBATh
OBocHoBaMMe SLM-texnonoruu s ¥ HHTEPIPETUPOBaTh UHAHCOBYIO,
y KOHKPETHOTO MPOM3BOACTBA. | Gyxrantepckylo M MHYE HH(OPMALHEO
SKOHOMHYECKOM IMoAroToBKa
s sbdextusrocTi SLM A JUTS TIPUHATHA YIPaBICHYECKHUX
i HUHBCCTULHOHHBIX OTYETOB | pereHuit ¢ y4ETOM 0COGEHHOCTEM
U y4aCTHE B [IEPErOBOPax C | MpUMEHEHUs Ha MPOU3BOACTBE SLM-
3aKa3yuKaMu. AJanrtanus TEXHOJIOTUH
pacYeToB 10 OTpacjeBbIe
CTaHJapTHI.
HacTtpoiika
TEXHOJIOTUYECKOT 0 IIK 7.1. KonTponuposars
OpraHuzauus paboTsl 060pyI0BaHUs aAAUTUBHOTO NPaBUIIBHOCTE (OYHKLUMOHUPOBAHUS
SLM-npousBozacTea (Ha MIPOM3BOJICTBA IS YCTaHOBKH, PETyJIUPOBATH €&
8. | mpumepe SLM-yCTaHOBKH | M3TOTOBJICHHS M3AEIMiA 3JIEMEHTEI, KOPPEKTUPOBATH
AO «Jla3epHsle meronoM SLM. Opranusauus | nporpaMMHpyeMBbIe TapaMeTphl.
CHCTEMBI) 6ecriepeOOMHbIX KoHTponk 1orucTHeckux npoueccos
NPOMU3BOJICTBEHHBIX IPOU3BOACTBA
MPOLIECCOB
AnmnapaTHas NOATOTOBKA
p IIK 8.1 CnocobHocTs monbupars
000pyJOBaHHS W pacXOJHBIX
[1apaMeTpsl aJINTUBHOTO
[MpakTuka neyata Ha Matepuainos. Kanubposka
TEXHOJIOTMYECKOro nporecca 1
aJUTUBHOM SLM-o60pynoBanus. 3amyck
9. pa3pabaThIBaTh ONTHMAJILHEIE
obopynosannu SLM pabouero pexuma, .
. PEXXUMbI IPOU3BOACTBA U3/ICIUI HA
(TIOJTHBII KOMILTEKC) COMNPOBOKIEHHE U KOHTPOJTb.
= OCHOBE TEXHUYECKOTO 3aaHus
OueHka 1 mocto6paborka o "
(koMIBrOTEpHOH/ LN POBOI MOEH)
06pasios.
10. | Onucanue u pabora Texuuyeckas quardoctuka | IK 9.1 CiocobHOCTs y4acTBOBATH B
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3apaun npodeccuoHansHON

[TpodeccrHoHansHple KOMIETEHUNH

Ne Pazpen ATII
A pestensHocTH (3I1)* (IIK), mojure)xaiiye pa3BUTHIO
ycraHoBOK SLM (Ha HacTpoiika 000pyIOBaHUA U | MOHTaXke, HaJlafke U HACTpOiiKe
npuMepe SLM-yCTaHOBKHM | aIIUTHBHOTO NPOU3BOJCTBA CHCTEM aiAUTUBHOTO NPOU3BOJCTBA
AO «JlazepHble
CHUCTEMBI)
Bomnpock! 6e30nacHOCTH U
9KOJIOTUM MpHU paboTe ¢ [IK 9.2 CrniocobHoCTh
IIpoBeneHne TEXHUYECKOTO
yctaHoBkaMu SLM (Ha JMAarHOCTUPOBATh HEMCIIPABHOCTH
11. obcnyxuBaHus 000pyI0BaHHS
npumepe SLM-ycTaHOBKU YCTaHOBOK I aAIUTHBHOTO
aJIUTUBHOTO NPOU3BOACTBA
AO «JlazepHble IPOU3BOACTBA
CHUCTEMEI)
[Tepuoauyeckuiit KOHTPOIb
aJIAUTUBHOIO IPOU3BOJCTBA,
KOHTPOJIb Pe3yJIbTaTOB
POIIb pesy . I1K 10.1 Crioco6HOCTs KOHTpOIA U
U3TOTOBJICHUA M3JETHI Ha
Mertozp! KOHTPOJIA auarHoctukd SLM-npouecca.
060pyAOBaHUM aJAUTHBHOTO
12. | xauecTBa U3rOTOBJIEHHBIX I A— CrocoOHOCTh IPUMEHEHHS METOJIOB
3691 (15174 P ) UccnenoBaHus 00pa3LoB nocne
KoHTpons pe3ynbraToB
noctobpaboTku.
H3rOTOBJIEHUS HECJIOMKHBIX
u3zienuii Ha 060pyI0BaHUH
aJJUTUBHOTO MPOU3BOJCTBA
ITpoeenenue 3D-
CKaHUPOBAHUA JUIA
TOIy4€HUS TOUYHON
reoOMETpHUH AeTaIEH,
JIEKOMITO3UIIMS CIOXKHBIX
Y3JI0B C LEJIBI0 aJanTaluy UX
KOHCTpyKIMH o SLM- ITK11.1 Crioco6HoCTh NOAGHpaTh
neyath. BOCCTaHOBIIEHHE U | meTons! U rapaMeTpbl CKAaHUPOBAHUS,
ontumuzanuss CAD- 00pabaTsiBaTh MaHHBIE CKAHUPOBAHMA.
Perepc-MHXHUHHUPUHT U pe- o
13. Mozenei ¢ yuetoM SLM- YMenue paboTats co

HWHXXUHUPDHUHT

TEXHOJIOIMH U3rOTOBIIEHMUS.
Apantanus TpaguLMOHHBIX
KOHCTpYKIMi nmox SLM:
MIEPENpPOEKTUPOBAHHE
ZeTanel ¢ yCTpaHeHHeM
OrpaHMYEHUH KJIaCCUYECKUX
TEXHOJIOTUi U3TOTOBJICHHUS.
Huterpauus rubpuaHbIx
TEXHOIIOT Ui

CTIeLMaTN3UPOBAHHBIM MIPOrPaMMHBIM
obecneyeHueM no obpabotke obraka
TOUEK.




7. OueHka MJIaHUPYeMBbIX Pe3yJIbTaTOB 00yueHus

OLEHOYHBIE MATEPHUAJIBI
AT TIPOBE/IEHKs UTOTOBOM aTTecTalMu

HMrorosas arrectauus 10 MporpaMme  JOMNOJHUTENBHOTO  NPOeCCHOHANBHOIO
obpazoBanusi «SLM-MHTCHCHB: KOMIUIEKCHAs IOAFOTOBKa» C  LENBIO HOATBEPKACHHS
MOJNYYEHHBIX 3HaHMA OCYIIeCTBIseTcs B (opMme 3ayeTa IO pe3yjibTaTaM IIPOBENEHHBIX
MPAKTUYECKUX M KOHTPOJIbHBIX paboT.

Moayae 4. OcoGeHHOCTH KOHCTPYMpPOBAHUS (NPOEKTHPOBAHHS) H3AENWi 1S
a]AMTHUBHOIO NMPOU3BOACTBA

1. IIpakTuyeckas pa6ora «Co3ganue momenu Aas neyatn SLM-merogom»

BeinonHenne MHAUBUAYaNBHOTO IPAKTUYECKOTO 3aJaHHS.

2, Kourponbnas camocTosiTeisHast paGora «Tomojormyeckass ONTHMH3ANHS
AeTaTu»

Beinonnenve nHANBHAYaNBHOTO MPAKTHYECKOTO 3aJaHUS.

3. KonTposbHast paGora no matepuanam pasjena «PemeruaTblie CTPYKTYpbi»

OTBeTHI Ha BOIIPOCHI 0 MaTtepuaiaM pasjena.

Mony:e 10. Onucanue n pa6ora ycranoBok SLM (na npumepe SLM-ycranoBku AO
«JIazepHble cuCTEMBI»)

1. IlpakTnyeckass paGora mo martepuasam  pasgena  «Texumueckoe
o6ciyxuBanue u peMoHT cucteM SLM-ycranoBok AO «JIazepHbie CHCTEMbI»

3ajanue: 3aMeHa COCTAaBHBIX 4YacTell cucteMbl SLM-ycraHoBku AO «JlazepHrle
CUCTEMBI», paboTa C MOPOIIKOM.

Monayas 11. IlpakTuka neyaTw Ha agIuTHBHOM oGopyaoBanunm SLM (momslid
KOMILJIeKC)

1. IIpakTuyeckas pa6ora Nel «IloaroroBka K mpoueccy nedaT»

3agaHue: TIOArOTOBKA CUCTEMBI SLM-ycranoBku AO «Jla3epHble CHCTEMBI» |
MaTepuasoB.

2, IIpakTuyeckas pabora Ne2 «PaGounii pexxum cuctembl SLM-ycranoskn AQ

«JIazepHble cHCTEMBI»

3ajanHue: BBIBOJ Ha pabouuil pesxuM, pabouuii pexuM, KOHTPOJIb paboduero pexmma,
KOPPEKTUPYIOLIME ACHCTBUS MPHU OTKIOHEHHUSX, 3AKIIOUUTENbHbIC ONEpalyy MpoLecca NevyaTH,
oTKmo4eHne cucteMbl SLM-yctanoBku AO «JlazepHble CUCTEMED.

3. IlpakTn4yeckas pa6ora Ne 3 «KoHTpO/IL Ka4ecTBa H3rOTOBJIEHHOTO H3Ae/ T
3aaHue: npoBeIeHNe KOHTPOJIS Ka4eCTBA U3TOTOBIEHHOTO U3AEHS.
4. Kourpoabnas paGora mo matepmanam pasgena «IIpakTHka nedatu Ha

apjauTuBHoM SLM-06opynoBanumn»
OTBeTE Ha BOIPOCHI 110 MaTepuajam paszena.

KpI/ITCpI/IH U ITOKA3aTC/IN OLCHKH

Kpurepuu ouenku ITokxa3zaTenu oneHKH
3a/1aHus BBINOJHEHEI IOJTHOCTBI, KAY€CTBEHHO,
«3a4TeHo» CaMOCTOSATENILHO, B OTBECHHOE BpeMs Ha 80%-
100%

3aIlaHI/IH BBIIIOJIHEHBI HE MTOJIHOCTEIO, HE

«He 3a4teHo» 5
CaMOCTOATENLHO, MeHee 80%
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8. Oprann3annoHHO-NeAarornyeckKne yCJIOBHS peaau3aliii MporpaMmabl

8.1. OOpa3oBaTenbHbIf MpoOLECC OCYIIECTBIIET HAYYHBIMM COTPYAHHKAMH H
npodUIBHEIMU criequanucTaMu chepoil npodeccuoHaabHON NEesTeTBHOCTH KOTOPBIX SBISETCS
npenojaBaHue U pabora B 00JaCTH aJAUTHUBHBIX TEXHOJOTMH M METOAMYecKoe obecredeHue
00pa30oBaTeNbHOMN ESATENFHOCTH B KOMNAHUU «JIa3epHbie CHCTEMBI.

8.2. TpebomaHus K kBaqM(UKAMKM YyKa3aHHBIX JO/DKHOCTEH OmpeneNieHbl B
COOTBETCTBYIOLIMX HOPMATUBHO-NIPABOBBIX JOKYMEHTaX.

8.3. TpeboBaHus K MaTepUaNbHO-TEXHUYECKHUM YCIIOBHSM.
Kabunetsl, o6opynoBaHHbE MeOENbI0 U TEXHHMYECKUM OOeCredeHHeM Ul TEOPETHYECKHX U
NPaKTUYECKUX 3aHATUH, a MMEHHO: KOMIIBIOTEpPHBI KJIacC C MPOEKTOPOM U CIELHaTIbHBIM
00opynoBaHUEM ISl IPOBEACHHS TOMOJIOTMUECKOM ONTUMU3AUUK u3enuii. [Iponu3BoaCTBEHHBIN
y4acTok ¢ cucteMoit SLM-yctanoBok AO «Jla3zepHbie CHCTEMBI»

8.4. TpebGoBaHus K HHPOPMALMOHHOMY U Y4eOHO-METOAMYECKOMY OOECIIEUEHUIO
00pa30BaTEIBHBIX MPOrPaMM:

OcHoBHas nuTeparypa:

1. OcHoBbl ~ mpou3BoAcTBA W 00pabOTKM  METAVIOB:  KOHCIEKT  JeKuud  /
A.M. bynrakosa, W.JI. Koncrantunos, T.P. I'mniemanmmua u ap. — Kpacnosipeck: UIIK COY,
2008.

2, ANTUTUBHBIE TEXHOJIOTUH B MAIIMHOCTPOEHUHU: Mocobue s umkeHepoB / M.A. 35eHKo,
M.B. Haraiiues, B.M. JIoB6sim — M. 'HIL[ P® ®I'VIT «<HAMM», 2015. — 220 c.
3. Brandt, M. Laser Additive Manufacturing — Materials, Design, Technologies, and

Applications / M. Brandt. — Woodhead Publishing, 2016. — 498 pp

JonoaHurtenbHas aureparypa:

1. CotoB A.B. HccnenoBaHue MNpOCTPAHCTBEHHOTO pacloOOXKEHWS [AeTald Ipd  eé
dopMooOpa3oBaHUM Ha TOYHOCTHBIE H (QU3UKO-MEXaHHYECKHE XapaKTePUCTHUKH: METOJ. yKa3s. /
cocT. A.B. CotoB, A.B. Aranosuues, B.I'. Cmenos, P.P. Kapumos. — Camapa: M3a-Bo Camap. yH-
Ta, 2017. - 38 ¢.

2. Pa3paboTka TeXHOIOrMM U3rOTOB/IEHUS AeTaleil CEJIEKTUBHBIM JIa3epHBIM CILIABIEHHEM C
UCIIONIB30BaHMEM MaTeMaTHdeckoro mojenupoBaHus B CAE cucremax: MeToguueckue yKasaHUs
/ A. B. Cotos, B. I'. Cmenos, A. B. Aranosuues. — Camapa: U3a-so Camap. yH-1a, 2017. - 40 c.

3. bopeiimo A.C., MBakun C.B. Jlazepsl: ycTpoiflcTBO W naeiicTBHe: y4eOHOe mocobue. —
CII6.: U3pgatenncTBo «Jlaney, 2016. — 304 c.
4. Laser powder bed fusion additive manufacturing of metals; physics, computational, and

materials challenges / W. E. King, A. T. Anderson, R. M. Ferencz, N. E. Hodge, C. Kamath, S. A.
Khairallah, and A. M. Rubenchik // Applied Physics Reviews 2 —2015;
5. Review of selective laser melting: Materials and applications / C.Y. Yap, C.K. Chua, Z.L.
Dong, Z. H. Liu, D. Q. Zhang, L. E. Loh, S. L. Sing // Applied Physics Reviews 2. —2015, T. 2. —
Ned4.
6. Research of post-processing approaches for parts obtained by the method of selective laser
melting / A. A. Voznesenskaya, D. A. Kochuev, R. V. Chkalov, A. V. Kireev, V. V. Morozov
//Journal of Physics: Conference Series, — 2020.
CocraB YMK:

HopmamusHvie akmol 1 Memoouieckue peKomMeHOayuu.

-Oenepanbhblii 3akoH 0T 29.12.2012 Ne 273-®3 «O6 obpasoBanuu B Poccuiickoit
Deaepanny;

-IIpuka3 MunuctepcTBa obpa3oBanus u Hayku Poccuiickoit @enepanuu ot 01.07.2013 Ne
499 «O6 yrtBepxxaeHun Ilopsaka oOpraHu3alMM H  OCYIIECTBICHHS 06pa3oBaTeTbHOM
JIeATEeILHOCTH T10 JOMOJTHUTEIBHBIM MPO()ECCHOHANBHBIM MPOrpaMMamy;

-IIpukaz MunucrepcTBa o6pazoBanus ¥ Hayku Poccuiickoit @eaepannu ot 15.11.2013 Ne
1244 «O BHeceHun u3MeHeHW#l B Ilopsmok opraHu3alyu M OCYUIECTBIEHHS 0Opa3oBaTEIbHOM
JEATENIBHOCTY TI0  JOMNONHHUTENBHBIM MNpPO(ecCHOHAIbHBIM IpOrpaMMaM, YTBEpPXKICHHBI
npuka3oM MuHuctepcTBa oOpa3opanus u Hayku Poccuiickoit @enepanuu ot 01.07.2013 N 499»;
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- Ilpukas MuHuctepcTBa Tpyma M COLMAnbHOM 3amuThl Poccuiickoii Oenepauuu 5
okts0pst 2020 r. N 6971 «O6 yTBepxkaeHUH MPodhecCHOHATEHOTO cragaapra " Crneuuanuct o
aJIUTUBHBIM TEXHONOTUSM " (3aperucTpupoBaH MMUHHMCTEPCTBOM IOCTHLMH PoccHiickoi
@enepauun 5 Hos6ps 2020 r., peructpaunonusiii N 60744);

-Ilpukas MuHuCTepcTBa HayKH W BBICLIETO 06pa3oBaHUs Poccuiickoit ®denepauud oOT
22.12.2015 Ne 1506 «O6 yrBepkaeHHH (eaepanbHOro rocyaapcTBEHHOTO o6pa3oBaTenbHOrO
CTaHJapTa CpeAHero npoecCHOHaNbHOro 00pa3oBaHMd MO cheumanbHoctd  15.02.09
AJUIMTHBHBIE ~ TEXHONOTMM)»  (3apETHCTPUPOBAH MHMHHCTEPCTBOM — FOCTHLMH  PoccHiicKoit
®epepauun 19 aupaps 2016 r., peructpanponnsii N 40631);

- IlocranoBnenne MuHHCTEPCTBa TpyJa M COUMANBHOTO pPasBHTHS POCCHIfCKON
OQenepatn ot 21.08.1998 N 37 "O6 yrBepkaenun KpanugukauupoHHOro CIIPAaBOYHUKA
AOJDKHOCTEH PYKOBOAMTEINICH, CHEUMATUCTOB M JAPYrMX CchyKammx» (B penakuuu Ilpukas
MuHuctepeTsa Tpyaa M couManbHoro pasBuths Poccmiickoit ®enepanuu ot 27.03.2018 N 197
"O BHECCHHM W3MEHEHMH B KBaTM(UKALHMOHHBIA CHIPABOYHMK OKHOCTE PYKOBOXUTENel,
CMEUMAIUCTOB U APYTUX CITYXKALIHX));

- Ilpukas MunucTepcTBa 371paBOOXpaHEHHs W COUMANBHOTO pAa3BUTHS PoccHifcKoi
®epepauuu ot 11 guBaps 2011 r. Ne 1 «O6 yrtBepskaenun EmuHoro KBaNM(UKaUHOHHOTO
CIIPaBOYHMKA  NO/DKHOCTEH  pPYKOBOAMTENEH, CHEUMATUCTOB M CHyKal[UX, pa3jen
"KBannpukauonHsle XapaKTePUCTHKU JO0JDKHOCTEH PYKOBOIUTENEH U CHELHATUCTOB BHICIIETO
MPpO(eCCHOHANBHOTO U IOMIONHATEIBHOTO IPO(ECCHOHANEHOTO 06Pa30BAHHSY (3aperucTpupoBaH
Munucrepersom roctunuu Poceuiickoit @enepanun 23 mapta 2011 1. Ne 20237).

DnekmpoHHble PecyPChbl.

1. Kommanus AO «JlasepHsle cuctemsy - https://www.lsystems.ru/
2. Texnomorum  agauTHBHOrO  mpousBOACTBAa:  caiiT. —  URL: https://kristina-ryumina-
45m2.squarespace.com/knowledge/blog/additive-manufacturing-technologies (mata oOpateHus:

06.08.2025). — TeKcT: 3IEKTPOHHBIIA.

3. Komnanust SLM Solution: caiit. — URL: Your Partner in Selective Laser Melting | SLM Solutions
(slm-solutions.com) (nata o6pawenus: 06.08.2025). — Tekcr: SJIEKTPOHHBIH,

4, Metammuueckue nopowiku SLM Solutions: caiit. — URL: SLM-Powder (stankom.com) (mara
obpamtenus: 04.08.2025). — Tekcr: 3JIEKTPOHHBIH.

5. OBC usparensctBa JIAHD - http://e.lanbook.com

8.5.  OO6uwwue TpeboBaHus K OpraHU3aLUK 06Pa3OBaTeBHOrO IpoLecca.

IIpaKTHKO-OpUEHTUPOBAHHBIA XapakTep MpPOrpaMMbl TPEANONATraeT HCIOJb30BAHME
00pa3oBaTe/IbHBIX TEXHOJIOTHH, MO3BOJSIOMMX CIyMATENsM CTaTh AKTHBHEIMH Y4aCTHHKAMH
00pa30BaTENbHON [IEATENBHOCTH: MHTEPAKTUBHBIE JIEKUMM H  AyJUTOPHBIE IPaKTUKYMBI,
TPYNIOBBIC ¥ WHAMBUAYyaJbHbIC KOHCYNbTaMW. B nepuox ofydenus ciymartenamu OymyT
TMOJTYYCHBI TEOPETUYECKHE MU IPAKTUYECKHE HABHIKM, KOTOpBIE OHH CMOTIYT HCIOIb30BaTh B
Npo(ECCUOHANBHON NEATENLHOCTH.
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Pa6ouas nporpamma y4eGHLIX pa3/e/ioB

[Tnanupyemble pe3yabTaThl 00y4eHUs 110 pa3jenam

3agava npodeccuoHaTbHON

dopmynupoBka TpeboBaHU# K KOHCTPYKLMHM M UCXOJHBIM MaTepHaiaM HECI0KHOTO
M3JIeNHA Al IUTHBHOTO POU3BOACTBA; GopMyTMpoBKa TpeOOBaHMUI K KOHCTPYKLMH U

JeATENIEHOCTH HCXOHBIM MaTepHaliaM HEeCJIOMHOTO U3ZENHs CENEKTUBHOIO JIa3epHOTO CIUIaBJICHUs
(SLM)
IIpodeccuoHanbHeIe Crnywarens JOJDKEeH Crnymarens JOJDKEH
pog Cnywarens JODKEH 3HATh (3) Y a ny A
komnereHuuu (I1K) yMmeTh (Y) npro6pecty onbiT (O)

I1K 1.1. CnocobHOCTB
IPUMEHSATh
€CTECTBEHHOHAYYHbIE U
o0leNHKeHepHbIE 3HAHUSA B
npodeccHoOHaTBHOM
JEATETBHOCTH

OCHOBBI TEOPHH aQAUTUBHBIX
TEXHOJIOTUH;
Knaccuduxauus agiaTHBHBIX
TEXHOJIOTUH;
[MpuHUMIIEI
GYHKLMOHUPOBAHUA
OCHOBHBIX Y3JIOB
obopynoBaHHs aaAUTUBHOIO
MIPOU3BOJICTBA

Pacnpenenats 3agauu no
TUITy IPUMEHEHHUA
aIIUTUBHBIX TEXHOJIOT U
OueHuBaTh
PUMEHUMOCTD
AAJATUBHBIX TEXHOJIOTHUH

dopMynupoBaHUA
KpPUTEpHUEB s
OIpeIeNeHuUs
MPUMEHEHNA THIA
I IUTUBHBIX
TEXHOJIOTr Uit

3anaya npopeccuoHaNbHON

[IpoBeeHne aHaNIM3a TEXHONIOTHYECKOU 1eniecoobpasHocTd SLM-TeXHOIOr1y B
acIeKTe ee NPOM3BOACTBEHHOH 3¢ dekTuBHOCTH. MHTerpauus SLM-TeXHOIOr1HU B

JeATENBHOCTH MPOU3BOACTBEHHBIE LieNOUKY. OLieHKa IPUMEHUMOCTH TEXHOIOTHH [T pelieHuUs
NPUKJIATHBIX 32034 AJIs OTpaciu
[MTpodeccuoHambHbIE Crnymarens I0/DKeH Crnyiarenb J0/DKeH

komnereHunu (1K)

Cnywarens JOJDKEH 3HaTh (3)

ymets (V)

npuobpectH ombit (O)

1K 2.1 Cnoco6GHocTh k cOopy U
KOMIIJIEKCHOMY aHali3y
NoJTy4eHHOH MH(pOpMaLMU 1T
NpUHATUSA 3G GEKTHBHBIX
pelleHUH, HalpaBJIeHHBIX Ha
[10JI0XKUTEJIbHBIA
9KOHOMMYECKUH 3 deKT

MeTonpel cbopa uHpopmaLHy,
npogeccuoHanbHbIe 6a3bl
JIaHHBIX;
AHanuTrveckue noaxombl;

OmnpenenaTts Kpyr 3a1a4 B
pamKax MOCTaBJICHHOM
LeJIU U BBIOUPATh
ONITHMAJIBHBIE CIIOCOOBI
UX peLIeHUs, HCXOAS U3
NENCTBYIOLIMX IPABOBLIX
HOPM, UMEIOILMXCS
peCYpCOB M OrpaHUYEeHU
O6pabatbiBaTh JaHHbIE,
NPUHUMATP PEIleHUs,
ONTHMH3HUPOBATH
MIPOLIECCHI aTUTUBHOTO
NPOU3BOJCTBA
IIpeacraBaiaTs
pe3yJIbTaThl IPOEKTa,
npenaraTb BapHaHThl HX
HCIOJIB30BaHMS 1/UITH
COBEPIUEHCTBOBAHHUS

Pa6oTsi ¢
HCTOYHHMKAMHU
HHpOpMaLHH,
opraHu3auus

CTPYKTYpPHPOBAHHEI
0a3 JaHHBIX,
NpHUMEHEHUS

AQHATTUTHYECKUX

X

METOOOB IMMPUHATUA

000CHOBAHHBIX
peleHui

3anava npodeccHoHaNbHOM

BhisB/IeHHE CXOJIHBIX TEXHHUECKHX pemeHm”[ H ITpo

€KTUPOBAHUE U

KOHCTPYHPOBAHUA KOHCTPYKUUH HECJIOXKHOIO U3AEIUA aJAUTUBHOTO MPOU3BOJICTBA

JIeSATEILHOCTH e
CpeCTBaMU TONOJIOTHUYECKOH ONTUMHU3ALUMI
[TpodeccuoHanbHbIe CrymaTens JODKeH CrywaTtens JO/DKEH
pod CrymaTenb JO/DKEH 3HaTh (3) o . A
komnerenuuu (I1K) yMmeTs (Y) npuo6pecty onsIT (O)
K 3.1. Cnoco6HocThb [IpuMeHATH
[TpoexTupoBanus
NPUMEHATh COBPEMEHHBIE TOIOJIOTHYECKY IO .
CoBpeMeHHOe I10 i U3TEIHH, ¢
MpOrpaMMHEIE METOIBI ONTUMH3ALHIO s
MPOEKTHPOBAHMS 3-D MpUMEHEHHEM
DacyeTOB U NMPOEKTUPOBAHUS o NIPOEKTHPOBAHUS .
- Mozesnei . TOMOJIOTMYECKON
U3Zlenuil A aiguTHBHOTO u3fenuil  aJIUTUBHOTO
ONTUMM3ALHHU
NIPOU3BOACTBA. IIPOU3BOACTBA
I1K 3.2 Co3pnaBatsb 4 MozaenupoBaTh
HenocpencrBeHHoOro
KOPPEKTHPOBATh CPEICTBAMH HEOOXOJUMbIE  OOBEKTHI,
MOZENUPOBAaHUS IO
KOMITBIOTEPHOTO NpeHa3HaueHHble A
ANropuTMBI UM TEXHHYECKHE qJepTexam "
NPOEKTUPOBAHUS LU(POBLIE MOCJEAYIOILETO
2 OrpaHUYEHHUs AN MPOBEOCHHA TEXHHYECKUM
TpeXMepHble MOAENH U3IENUI o NPOU3BOICTBA B
TOMNOJIOTHYECKOH 3a7laHUAM B
KOMITBIOTEPHBIX
ONTUMHU3ALUH porpaMmax
nporpaMmax,  OMHUpasch
KOMIIBIOTEPHOTO
Ha 4epTEKU UITH
MOJENUPOBaHUA

TCXHUYECCKHEC 3aJaHNA
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3azaua npoQeccHoHABHOM

OTpaloTKa TeXHOJIOTHYECKUX apaMeTpoB Tpouecca SLM-Ieuaru, oreHka
HEOOXOIMMOCTH BCIOMOTaTeNbHBIX TEXHOJIOTHYECKHX SIEMEHTOB, OTIPEE/ICHHE

JESATENIHOCTH NapaMeTpOB KOMIIOHOBKH U OPUEHTALK M3/ieNnid BO Bpems SLM-nevaty,
NPOEKTUPOBAHUE CTPATErHH CKAHUPOBaHUs. KOHTpOIb aflIuTHBHOIO MPOM3BOICTBA
IIpodeccuonansHeie Cnywarens 10/bKeH Crymarens qoJpkeH

Cnymarens noymkeH 3Hath (3)

komnereHuuH (I1K) ymeTs (V) npuobpectu omsit (O)

BriOupaTe  TEXHONIOTHUIO
IOCJIOMHOr0 CHHTE3a B
COOTBETCTBUH c
peliaeMoun
IIPOU3BOACTBEHHOM
3ajjayel, TEXHONOTHAMH
MOCJIEQY FOILEH
06paboTku neranei

HazHauenne u obnacts | w/unmu TEXHOJIOT Ui

OPUMEHEHHS CYIIECTBYIOIUX | JalbHEHIIEro

THUIIOB A[IMTUBHBIX | UCIIOIb30BAHUS

YCTaHOBOK M MCIIOIB3yEMbIE B | CHHTE3MPOBAHHBIX

HHUX MaTepHaibl; 00BEKTOB;

TexHuueckue napameTpel, | Beibupats marepuan nua | PykoBoactsa Ha
XapaKTePUCTUKH U | TMOCJIOHOTO CHHTE3a U | YpOBHE
0COOEHHOCTH Pa3NUYHBIX | ONTUMAJIbHBIE MAPAMETPbI | TEXHONIOIHYECKOTO
1K 4.1 OpranusoBrIBath U .
. BUJIOB aVIMTUBHBIX | MPOLECCa B COOTBETCTBHM | 3B€HAa  MOATOTOBKOI
BECTH TEXHOJOIUYECKHI -
YCTaHOBOK; c pemaeMon | aIAUTHBHBIX
MPOLIECC HA YCTAHOBKAX JJIs .
Knaccudukanuioo, OCHOBHBIE | MPOM3BOACTBEHHOMN YCTaHOBOK K 3aITyCKy,
aJAUTUBHOIO MPOU3BOJCTEA . .
BUIIBI, MapKMpOBKY, 0ONacTh | 3amaueil, TEXHOJOTHAMH | MOATOTOBKOl u
NPUMEHEHHA M CNOCOOBI | mocienyromei peKymnepanuii pabounx
00pabOoTKH KOHCTPYKLMOHHBIX | 06paboTku JeTajiell | MaTepuasioB
MaTepHaioB, OCHOBHBIE | W/WIH TEXHOJIOT Ui
CBEIICHMS 00 HX Ha3HAYEHUH M | JanpHeHIIero
CBOWCTBaX, MPHHUMIOBI HX | HCIOJIL30BAHHUS
BbIOOpA JUIA NPUMEHEHHMS B | CHHTE3MPOBAHHbIX
MIPOU3BOJICTBE 00BEKTOB,;
Hcnone3oBath B
npodeccHOHAIbHOM
AEATENbHOCTH
IIporpaMMHEIe MPOIYKTEH
aBTOMAaTHU3UPOBAHHOIO
IPOEKTUPOBAHUS
TEXHOJOrHYECKHUX
[POLIECCOB

3amaua npogeccuoHansHOM

TIpumeHeHHe YKCIIeHHOTo MoaeMMpoBaHHs SLM-TpoLeccoB Terutonepeaaun B
Martepuanax co CI0XKHON U MOPUCTOH MUKPOCTPYKTYPOIA, JIA3€PHOTO M3TyUYEHHH,

AEATENLHOCTH
CHCTEMBI NIPOyBKH, SLM-TIpO1IeCCOB Ha MUKPOYPOBHE H ME30YPOBHE
[Tpodeccuonansueie Cryarens oJpkeH Cnywmatens noymxeH
Cnymarens 1omkeH 3HaTh (3)
komnetreHuuu (1K) ymets (V) npuobpectu onbIT (O)
I1K 5.1 CnocobHocTh K
CaMOCTOSITENEHOMY [TporHozupoBanus
PazpabateiBath
MIOCTPOEHHIO AITOPUTMOB U HX PEe3yNbTaTOB U
. aJITOPUTMBI, IPOBOIUTH
aHAIU3Y, C IOCIEAYIOIIEH dopmuporanme
2 TeopeTrueckne 0CHOBBI O ENIE o
nepenadeit pesysisTata peKoMeHIauuit K
[IOCTPOEHHUS AITOPUTMOB, HCCIIeIOBaHUSA U
MPOBEJEHHBIX (PU3HKO- opranuzauuu SLM-
OCHOBBI TEOPHH AQHAIU3MPOBATH
MaTeMaTHYEeCKUX M NPOLIECCOB
. TeryIonepeiaqu, 0COGEHHOCTH | TOJIyYeHHBIE PE3YIILTaThI
NPUKIIaJHBIX UCCIIETOBAHUM B HIOCPEACTBOM
SLM- texHonorun C IOCJIEAYIOLINM
BHJIE KOHKPETHBIX MPOBEICHUs
. . topmuposanuem
PEeKOMeHaLuii, BEIpaXKeHHO B - AHATUTUYECKOTO
. peKoMeHAaui
TepMUHaX NpPEeAMETHON 061acTi aHaIU3B
ABIEHUS
1K 5.2 Cnoco6HoCTh
PazpabatsiBats ITporHozupoBanus

UCIIOJIB30BATH METO/IBI
MaTeMaTHYEeCKOro 1
aJITOPUTMHUYECKOTO
MOJIEITHPOBAHUA MPH PELIEHUN
TIPUKJIaJAHBIX 1 MH)KEHEPHO-

YucneHHble pacy&THEIE
MOJIEJIY, MaTeMaTHYECKIE
METOZBI MOJETHPOBAHUS

ITOPUTMBI U PUMEHATH
YUCJICHHBIE MOJENH s
onucaHus SLM-
MPOLIECCOB

pesyabTatoB SLM-
IIPOLIECCOB 32 CYET
[PUMEHEHUA
YHCIIEHHBIX PAacYEeTOB
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TEXHHUYCCKHUX 3aa4

[

3azmaua npogeccHoHaNbHOM

Pacuér cebectoumoct SLM-aeranu, 060CHOBaHHE OKYIIaeMOCTH BHeApeHHs SLM-
TEXHOJIOTHHU JJ11 KOHKPETHOTO NPOU3BOACTBA. [10Ar0TOBKA HHBECTHLIHOHHBIX

JeATETBHOCTH OTYETOB M y4acTHE B IEPErOBOPaX C 3aKa3uMKaMU. AJanTalus pacyeToB Mo
OTpacIieBble CTAaHAAPTHI

IIpodeccuonansHele Crymarens 10/DKeH Crymartens JomKeH
Crnymarens Jo/bKeH 3HaTh (3)

komneteHuun (I1K) ymeTb (V) npuobpect onbIT (O)

TIK 6.1 Cnoco6HOCTB

aHaTM3UPOBATh U

HHTEpIIPETUPOBATH

(HHAHCOBYIO, OYXTaNTePCKYIO U AHaNU3MpOBaTh PacueTa KitoueBsIx

HHYI0 HHPOpPMALIUIO IS
NPUHATHA YIIPaBIEHYECKUX
pELIEHUI ¢ yYeTOM
0cobeHHOCTEH MPUMEHEHNs Ha
npousposacTse SLM-
TEXHOJIOTUH

OcHOBEI TEOpHHU (PUHAHCOBOTO
yueTa H OCHOBEI 5KOHOMHKH

NpeanpuATHsL

(I)I/IH&HCOBLIC JaHHBIC,
INpOTHO3UPOBATE U
IUTaHUPOBATH

METPUK U
ONTUMHU3ALINHN

pecypcoB

3agaua npodeccHOHANIBHOM
JeATETBHOCTH

Hactpoiika TexHomoruueckoro 060pyioBaHus aaIUTUBHOIO IPOM3BOACTBA IS
HU3rOTOBJIEHHA u3aenuid MetogoM SLM. Opranusauus 6ecrniepeboifHbIx

IIPOU3BOACTBEHHBIX MMPOLIECCOB

INpodeccnonansHbie Crymarens A0JDKEH Crymarens Jo/mKeH
Crnymarens J0/KeH 3HaTh (3)
koMnereHuuu (I1K) ymeTs (Y) npuobpectu onsit (O)
I1K 7.1. Kontponuposatsb Kontpons U
IIPaBUIIBHOCTh €ryJIMPOBKH pabouux
P Omnpenensathb peryp P
(yHKLIHOHUPOBAHUS TpeboBanus  kauectBa B apameTpoB
N ONTUMAbHBIE  METOIBI
YCTaHOBKH, PEryJIMpoBaTh €& COOTBETCTBUM alIUTUBHBIX
N KOHTPOJIS KQuecTBa;
3JIEMEHTBI, KOPPEKTHPOBATh JIeACTBYFOLLIMMHI I ———— YCTaHOBOK;
[IpOrpaMMHpyEMBbIe TapaMeTphl. | CTaHIAPTaMHU; Y/Tp Kontpons pabotsl
(bYHKIHMOHMPOBaHHE
KoHTposns norucruyeckux TexHuueckue periaMeHTs; CTAHOBKI: HOAAIOLIHX 7
IIPOLIECCOB MPOU3BOACTBA OO6wue HOPUHIUIBI y ’ JI03aTOPHBIX  CHCTEM,
Koppextuposats
HU3rOTOBJIEHUS THIIOBBIX CONPOBOXKIAECHUSA
[porpaMMHpyemble
3JIEMEHTOB KOHCTPYKLUHMH (xoHTpOss) pabouero
napaMeTphbl YCTaHOBKH <
LUKITa aIUTUBHOM
yCTaHOBKH

3apaua npodeccHoHaIbHOR

AnnapaTHas MoAroToBka 060pyA0BaHUs H PACXOJHBIX MaTepuaios. Kanubposka
SLM-o060pynoBaHus. 3amyck pabo4ero pesxuma, ConpoBOXKICHHE U KOHTPOJIb.

€ATEeJIbHOCTH
H OueHka 1 nocTobpaboTka 06pa3LoB.
ITpodeccuoHanbHbIe Crywmarens T0/DKEH CnymaTtens Jo/mKeH
CryiaTens 1o/bKeH 3HaTh (3) ~
kommnetreHunu (I1K) ymets (V) npuodpecty onbIT (O)
T1K 8.1 CniocobHOCTE Krnaccugukanuw, OCHOBHBIE
noxbUpaTh mapaMeTphl BHIIBI, MapKHPOBKY, 065acTb
p P P Bl PREPRERS, PykoBoacTea Ha

aJIUTUBHOTO npUMeHeHus M cnocoOsl | [IpoekTupoBath oBHE
TEXHOJIOTMYECKOro IpolLecca U | 06paboTKU KOHCTPYKLUMOHHBIX | OTepaliu P

TEXHOJIOIHYECKOT0
pa3zpabaThiBaTh ONTHMANEHEIE MaTepuasos, OCHOBHBIE | T€XHOJIOTMYECKOTO

3BEHA 110 IOArOTOBKE
peXXUMBI IPOU3BOJICTBA CBe/IeHHs 00 MX Ha3HAYCHHWH U | Mpolecca [POH3BOACTBA A
U3JIe/THiA Ha OCHOBE CBOMCTBAX, MPHUHLUMIBI WX | MPOAYKLUHH OTPACIH,

YCTaHOBOK K 3aITyCKy,
TEXHUYECKOTO 3aAaHHUs BEIOOpa U NpUMeHeHHa B | DddekTHBHO N—
(xoMmBrOTEpHON/LIUGD POBOIA MPOU3BO/ICTEE; HCIIONB30BAaTh MaTepHalIb

peKynepaluy pabounx
MOJIEITH) TpeboBanus  kadectBa B | M 000pyIOBaHHE

MaTepuaioB

COOTBETCTBUHU c

JeHCTBYIOLIMMHU CTaHIAPTaAMH

3apaua npogeccuoHaNBHOM

TexHuyeckas AMarHOCTHKA U HaCTpOﬁKa 060pyHOBaHIfI}I 1A adAAUTUBHOTO

JIESATEIHHOCTH NIPOU3BOJCTBA
[IpodeccuoHanpHbIe Crywmarens 10/DKEH Cnywatesnpb 10/DKEeH
pog CrnyluaTens JOMDKeH 3HaTh (3) o y(

komneteHuuH (T1K) ymets (V) npuobpectu onsIt (O)
IIK 9.1 Crioco6HOCTB YCTpoHCTBO M NpUHLUMI | BBIMOMHATE  HECIIOXKHEIE MoHTaxa "
y4YacTBOBATh B MOHTaXe, paboTbl CUCTEM AJJWTUBHOIO | OMEPAaLMH MO MOHTAXKY U .

5 P Hactpoiiku [10 cuctem
HaJlaJIke U HaCTPOHKE CUCTEM MPOU3BOJICTBRA; Hactpoiike IIO cucrem . I———
aJIUTUBHOTO MPOU3BOICTBA HeobOxonumele NeHCTBUsS MpH | alANTUBHOTO S

aBapUHHBIX CUTyaLUsIX IPOM3BOJCTBA P

3apaya npodeccuoHaNBHOM
JIeATENPHOCTH

[TpoBeneHHe TEXHUIECKOro 06CITyKUBaHUA 000pyI0BAHUS AIAUTHBHOIO

TPOU3BOICTBA

[TpogeccuoHanbHble

Caylarenb 10JDKEH 3HATh (3) |

Cnywmarens 10JDKeH

| Cnywarens gomken
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koMnereHuuu (I11K)

ymeTh (V)

npuobpect omnsit (O)

IIK 9.2 Crioco6HOCTh
JIUarHOCTUPOBATh
HEUCIPABHOCTH yCTAHOBOK IS
aJUIMTUBHOTO MPOU3BOJICTBA

PusnyecKyie NPUHIUIIBI
paboTEI, KOHCTPYKIIHIO,
TEXHUYECKUE
XapaKTEePUCTHKH, IPaBUIa
TEXHHUYECKOT0 00CTy)KUBAHUS
YCTaHOBOK U1 aAAUTHBHOIO
MIPOM3BOACTBA

OnpenensaTs U NpoBOAUTE
aHa/IU3 OMaCHBIX U
BpeaHbIX (akTOpoB B
chepe
npogecCHOHATBHOM
JEATENIBHOCTH;
OueHnBaTh COCTOSHUE
TEXHUKHU 6€30MacHOCTH
Ha NPOU3BOICTBEHHOM
00BeKTE;

ITpoBoauTh aHaM3
HEUCIPaBHOCTE;
noadupath
TEXHOJIOTHYECKOE
obopynoBaHue s
PEMOHTA U SKCILTyaTaluK
aJIAUTUBHBIX YCTAHOBOK U
BCTIOMOTaTENbHBIX
3NIEKTPOMEXaHUYECKHUX,
JNIEKTPOTEXHUIECKHX,
3NIEKTPOHHBIX U
ONTHUYECKHUX YCTPOUCTB U
CHCTEM, ONpeNeNATh
ONTHMAaJIEHBIE BapUAHTE
€ro MCIOJIb30BAHHUSA

BrisiBneHus u
yCTpaHeHHUs
HEUCIIPABHOCTEMN
YCTaHOBOK ISt
aJIMTUBHOTO
MIPOU3BOJICTRA;

3angava npodeccuoHanbHOM

Tlepronmaeckuii KOHTPONL ATUTHBHOTO IPOU3BOJCTBA, KOHTPOIb PE3YJIHTATOB
U3TOTOBJICHHUSA M3JE/INH HA 00OPY/I0BaHUH aIJUTUBHOIO NIPOU3BOACTBA. KOHTPOIb

JESATENBHOCTH Pe3y/IbTaTOB M3rOTOBJICHUS HECJIOKHBIX M3IEUH Ha 060PyIOBAHUM aJIUTHBHOTO
MPOM3BOJICTBA
IpodeccronanbHele Crymarens 10/mKeH Cnywarens 10/mKked
Crywarens nomkeH 3Hath (3) ~
komnerenuuu (I1K) ymeTs (Y) npuobpecty onsIT (O)

IK 10.1 Coco6HoCTSH
KOHTPOJISL U JMarHocTuku SLM-
npouecca. CriocodHoCTh
NIPUMEHEHHS METOIOB
uccenoBanus 06pasios moce
oCcTOOpaboTKH

Ocobennoctn SLM-
obopyaosaHus U SLM-
rpouecca. Metonsl

AMarHOCTUPOBAHHS U

KOHTPOJISI KAYE€CTBa

Juarnoctuporars SLM-
obopynoBaHue
HccnenoBarh KauecTBo
00pa3LIoB MOy YEHHBIX
SLM-MeTonoM

PyxoBoactsa Ha
ypOBHe
KOHTPOITUPYIOLLErO
3B€HA 10 COCTOSHUIO
SLM-o6opynoBanus u
Ka4ecTBy 00pa3ioB
noJjry4eHHbIX SLM-
METOAOM

3azaya npogeccuoHaNbLHOMN

IIpoBenenne 3D-ckaHMpoBaHMs [T MOy YEHUs TOYHOM FEOMETPHH JeTanei,
ACKOMIIO3UILIHA CIIOKHBIX Y3JIOB C LIEBIO aJaNTalMi UX KOHCTPYKUMH mog SLM-
nevats. Boccranosnenue u ontumusauus CAD-mozeneii ¢ yuerom SLM-

JEATENIBHOCTH TEXHOJIOTHH M3rOTOBJIECHHUS. AlaNTalys TPaAULHOHHBIX KOHCTPYKIMit mox SLM:
NIEPENPOEKTUPOBAHMUE IETANIEH C yCTpAaHEHUEM OrPaHUYEHHUI KIIACCHUYECKUX
TEXHOJIOTUI U3TOTOBJIEHUS. MIHTerpaLus rubpHaHbIX TEXHOMOT Uit
IIpodeccuoHanbHbie CrywaTens qomKkeH Crymarens qomked

komnereHuuu (I1K)

Crymatens 1o/bKeH 3HaTh (3)

yMeTs (V)

npuo6pecty onsIT (O)

IIK11.1 Cnoco6HocTs
noabMpaTe METOMBI U
napamMeTphbl CKAHUPOBAHUS U
obpabareiBaTh JaHHbIE C
MOCPENCTBOM
CNELHMATU3UPOBAHHOTO
[POrpaMMHOTr0 06ecriedeH s 1o
obpaboTke 00/1aKa TOYEK.

Tuner MmeTo10B
CKaHUPOBaHMA. Y CTPOUCTBO U
MIPUHLIMI pabOThI CHCTEM
CKaHUPOBAHUS

OnpenensaTs KpuTepUun K
3D-moznenu 1 BeIOUpaTh
METOJ CKaHHPOBAHMUSI

IMony4enus undporoit
MozeNy 00beKTa
TpebyeMoro ka4yectsa




Onucanue 0OpazoBaTebHOIO Mpoliecca Mo JaHHOH pabouell mporpamMe:

Tema 3ansartus (paznena)

Konnue
CTBO
4acoB

DopMbl
OpraHH3aluu
y4eOHBIX
3aHATHIA

OCHOBHBIE 3JIEMEHTBI COACpXKaHuA

BBenenue B aiquTUBHEIE
TEXHOJIOTUA

Jlexuus — 24.

Jlexkumsi: TepMUHBI, OnpeneeHus,
KnaccuUKays aqIUTUBHBIX TEXHOJIOTHH.
[TpuHUMI OeicTBUS U obnacTb npuMeHeHus (Sheet
Lamination (LOM), Binder Jetting (BJ), Material
Jetting (MJ, NPJ, DOD), Vat Photopolymerization
(DLP, SLA, CDLP), Material Extrusion (FDM),
Direct Energy Deposition (LENS, EBAM), Power
Bed Fusion (MJF, SLS, SLM, EBM))

BBeneHue B TEXHOIOTHIO
CEJIEKTMBHOTO JIa3€pHOT0
criaBnenus (SLM)

2,5

Jlexuus —
2,54.

Jlexumsi: TepMuHs! 1 onpeaenexus. O6uue
NPUHIMIB! QYHKIHOHHUPOBAHHS YCTaHOBOK
CEJIEKTUBHOIO Jla3epHoro criasneHus (SLM)
CpaBHeHre SLM-TEXHOJIOTHH C KJJACCHYECKUMU
TEXHOJIOTMAMH MALIMHOCTPOEHUsA

OcobenHoctu TexHonoruu SLM B
acIieKTe ee MPOU3BOACTBEHHON

s pexTurHOCTH (BBIOOP TEXHONTOTUH
uarotoBneHus. Kpurepuu Beibopa
TexHonoruu SLM B
IPOMBIILIEHHOCTH)

Jlexnus —
14.

Jlexums: [TousaTue «AIAUTUBHOMY» OETaJIH.
Oco0eHHOCTH JeTaIel, MOaAXOAAIIMX AJIs
aJTUTUBHOIO MPOU3BOJICTRA.
[IpousBoaurenbHOCT SLM-ycTaHOBOK (Ha
npumepe SLM-yctanoBok AO «JlazepHbie
CHCTEMBI»)

Oco6EHHOCTH KOHCTPYUPOBaHUS
(npoexTupoBaHMs) U3AENUH A
alIMTUBHOIO MPOU3BOJCTBA

10

Jlexnus —
14.
JIIp — 9u.

Jlexums: Teopus o reoMeTpHH, FEeHEPATUBHOM
Jn3aifHe ¥ ONTUMHU3aLUNK KOHCTPYKLHA SLM-
NPOM3BOACTBA

JIIIp: IlpoBeneHue TONOMOrHUECKON ONTUMH3ALIMU
Jertand, coopku. IIpoBenieHHe MapaMeTpUIECKOR
ontuMuzauuu. [TocTpoeHue pemeTdaTsix
crpyktyp. Popmuposanue stl daiinos.
KoHTponpHas camocTosTeNnpHas pabora

wn

TexHonoruyeckas NOAroTOBKa
npouecca SLM-neuatu

10

Jlexuus —
34,

Allp — 4u.
JIIp — 3u.

Jlexknms: Onucanue atanos SLM-npouecca.
H3ydeHue TUTIOBBIX KOHCTPYKLHUHA U
BCIIOMOTaTeIbHbIX TEXHOMOIMYECKHX 3JIEMEHTOB.
Onucanne texnonorun CJIC. [Ipumepsl
XapakTepHbIX neTtaneid. CBOHCTBa MaTepHuasioB
(IOpOILIKOB): TEKYYECTh, MEXaHHMYECKHE CBONCTBA,
XHMMUYECKHH COCTAB, JUCIEPCHOHHBIN COCTaB.
TexHonoruueckue napamerpsl npouecca CJIC.
XapaKTEepUCTUKH M KaU€CTBO MOIyUEHHBIX
JIeTase.

Allp: IIpoekTHpOBaHHE TEXHOIOTUYECKHX
pexxumoB SLM-niporiecca. [IpakTuueckoe 3agaHue
«[ToarotoBka npoekTa neyaTu»

JIIIp: PazpaboTka BCIOMOTaTeNbHBIX
TEXHOJIOTMYECKUX 3JIEMEHTOB U3JENUS.
MonenupoBaHie KOMIIOHOBKH MOJI0)KEHUS
n3enuit B oopeMe neyatu SLM-ycTaHOBKH




MaremaTuueckoe MogenpoBadye
npouecca SLM-nieuatu

Jlexuust — 44,
Allp — 5u.

Jlexuusi: ba3oBble MOHATHS O YUCIIEHHOM
MOJIE/IMPOBAHUH, OCOOEHHOCTH U YPOBHH
MOJIEIMPOBaHMUS TEMNOBBIX (HH3UUECKHX
MPOLIECCOB, 0COOEHHOCTH MOIE/IMPOBAHMUS
npoueccoB pabotel SLM-ycTaHoBok. [ToHATHA
MOJIE/IMPOBAHUA MUKPO- U ME30ypOoBHeH SLM-
NIPOLIECCOB

Allp: Pa3paboTka MaTeMaTHYECKOH MOAETH
(opMUPOBaHUS TOPHCTBIX CTPYKTYP C
MaTeMaTHYECKUM ONUCAHUEM (PU3UUECKUX
npoueccos SLM-neyaty. MoJenupoBaH#s MUKpO-
1 Me30ypoBHel SLM-npoueccoB. Paspa6oTka
MOJIEJIM CUCTEMBI IPOAYBKH YCTaHOBKH SLM

O60cHOBaHHE 3KOHOMHUYECKO
s¢dextuBHOCTH SLM-TIeuartu

Jlexuusa —
1,54.
AIlp —2,5y.

Jlexuusi: OcHOBBI TeOpUM HUHAHCOBOTO yYETa,
9KOHOMUKH MPEANPHATUS U MAPKETHHIOBBIX
HCCIIEJOBAHUM C yUETOM 0COOEHHOCTEMN
npumeHenus SLM-TexHonoruu

Allp: Pacyera 3xoHOMHYECKOH 3D (PEKTUBHOCTH Ha
npumepe cpasHeHus SLM u nutee / Gppeseposka.
MapKeTHHroBo€ HcclieioBaHue 3P (PEKTUBHOCTH
npuMeHeHHs SLM-TeXHOIOrUN B KOCMUYECKOM
OTpaciu

Bonpockl 6€30macHOCTH U 3KOJIOTHH
npu paboTe ¢ yctaHoBkamu SLM (Ha
npumepe SLM-ycranoBku AO
«JlazepHble CUCTEMEI)

(%)

Jlexuus —
2,5y,
Allp — 1u.

Jlexuus: TpeboraHHA K IEPCOHATY,
BBIMOJTHAKOLIEMY paboThl M 00CITy KUBAIOLIEMY
Cuctemsl SLM-ycraHoBok AO «JlazepHbie
cuctembl». O61Me MepsI 6e30nacHOCTH NpH
BBINOJIHEHNH paboT. TpeboBauus faszepHoii
GezomacHocTH. TpeboBaHus Ge30MaCHOCTH Mpy
paboTe ¢ METATONOPOLIKOBEIME KOMITO3ULIMAMH.
TpeboBaHus 6€30MaCHOCTH pU 3aMeHE COCTABHBIX
4acTel M TEXHHYECKOM 0OCITy>KUBAHUU Ha
npuMepe SLM-yctanoBku AO «JlazepHsie
cucTeMbly. TexHHueckoe o6CIyKUBAHHE U

TEKY LMK PEMOHT.

Allp: ITpakTHyeckoe u3yueHne padoThl Ha
npumepe SLM-ycranoBok AO «JlazepHele
CHCTEMBI»

Onucanue u paborta ycranoBok SLM
(na npumepe SLM-ycranoBku AO
«JlazepHbIe CUCTEMBI)

Jlexums —
1,54.

Allp - 0,5u.
JIp — 24.

Jlexkums: YCTpoHCTBO U MPUHLKI paGoTHl,
nporpaMMHoe obecriedeHre U HHTepdeiic
[IPOrpaMMHOIr0 06ECTeueHUs, MOHTaXK U JEMOHTaX
000py0BaHH, UCTIONB30BAHHKE [0 HA3HAUEHUIO
CHCTEMBI CEJIEKTUBHOTO JIA3EPHOr0 CIIIaBJIEHHs Ha
npumepe SLM-ycranosku AO «JlazepHsle
CHCTEMBI»

Allp: 3HaKOMCTBO C MPOrpaMMHBIM
obecrneuenueM: : PrepareModel, LaserStudio

JIIIp: 3amena cocTaBHbIX YacTelt, paboTa ¢
NOpoIIKOM Ha npumepe SLM-ycranosok AO
«Jla3epHble CHUCTEMBD»

10

Opranuzanus padorsr SLM-
MPOM3BOACTBA (Ha npumMepe SLM-
ycranoBku AO «JlasepHbie
CHUCTEMBI)

Jlexuus —

~

b L
ATlp — 1.

Jlexuust: TpeGoBaHUs K MOMEILEHUIO,
BCTIOMOTaTe/IbHOMY 000pyI0BaHHIO, MATEPHAIILHO-
TEXHUYECKOMY 0OECIEeYEeHHI0 pabouero MecTa 1
CBIPBIO

Allp: JleMOHCTpauys npoLeaypbl BXOJHOTO
KOHTPOJIA METAFIMYECKOro nopouika. Pacyer
3aja4a ONTUMHU3ALUH PECYPCOB (0becneyeHue
HEMPEPBIBHOTO CKAHUPOBaHHUS)
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IIpakTHKa neyaTy Ha aAJUTUBHOM
obopynoBanuu SLM (mosiHbIii
KOMILIEKC)

10

Jleknus —
2y4.

Allp — 5u.
JIp — 3u.

Jlexumsi: TexHuka 6€30MaCHOCTH MPHU MOATOTOBKE
npolecca nevaTu. AnmnapaTHas MOArOTOBKa:

- [IpoBepka COOTBETCTBHS KauecTBa MaTepHaa.

- [IpUHLMITBI TPOTOKOTUPOBAHUS.

- [IpoBepka COOTBETCTBUS MaTEPHAIOB 3a1aHHBIM
napameTpam (IopoIIokK, HOX, ra3, pOCTOBas
MOJUTOXKKA U T.[T.).

- [IpoBepka KOJIMYECTBA PACXOAHBIX MATEPHAIIOB.
- [IpoBepka rOTOBHOCTH yCTaHOBKH K pabore.

- [IpoBeeHHe MOArOTOBUTENBHBIX ONepalui
(BBICTaBUTH MOJIONKKY, POTEPETh OKHO BBOJA
U3ITy4eHUs, NpoBepUTh GULTpEI, 3arpyska [10,
BBIOOP MPOEKTA).

BEIBOJ yCTAaHOBKU Ha paboduil pesxuM:

- KonTpons padouero pexuma.

- [eiicTBUA omnepaTopa B IMITATHBIX CUTYaLUAX.

- JleficTBHs onepaTopa B HELITATHBIX CUTYyaLUAX.
- Kpurtepuu oTkiroueHus Moaeny.

- Koppekrtupytomue qeiicTBus Npyu OTKIOHEHUAX.
- 3aKII0uUTeNbHBIE Onepaluy (OCThIBAHUE,
U3BJIEYEHUE, BBITPY3Ka

MOPOIIKA, OYHUCTKA).

KanubpoBka cUCTEM yCTaHOBKH:

- MeToipl KOHTPOJIS KauecTBa H3rOTOBJIEHHBIX
15631 (3307171

- 'eomeTpuyeckue napameTpel.

- [Ipo4HOCTB Ha pa3pshIB.

- YcranocTHas NpoO4YHOCTb.

Oco0eHHOCTH CBOMCTB MOJTYyUEHHbIX U3AEITHA,
Croco0bI MOCTOOpaboTKH (MexaHHuecKas,
TepMHUUECKas, XUMUUECKasl, JIEKTPOXUMHUUECKaS,
MIa3MOXHMHUYECKAS ).

CnocoObl OTEJIEHUS JETaIU OT MOII0XKKHU 1
TepMoobpaboTka. [ToctobpaboTka

Crnoco0bl yaaneHus moagepskex
BcnomorarenbHble cnioco6bl KOHTPOJIs KadecTBa
TEXHOJIOTMYECKOTO Ipoliecca

Allp: [Ipaktuueckue paboTsl - «Co3aaHHe MOJEITH
s neyaty SLM-Merogomy, «I[1oaroTroBka K
npoueccy nevaruy, «Pabounii pexxum CucreM Ha
npumepe SLM-yctanoBku AO «JlasepHble
CHCTEMBI»

JIIIp: JleMOHCTpaLus KOHTPOJIS KayecTBa
H3TOTOBJIEHHBIX U3/EMUi

- 'eomeTpuveckue mapaMeTpsl.

- [Ipo4HOCTE Ha pa3psbIB.

- YcranocTHas NpOYHOCTb.

[TpakTuueckas oTpaboTka METOROM
noctobpaboTky (MexaHHUecKas, TEpMUUECKas,
XMMHUYECKasl, 3JIEKTPOXUMUYECKas],
IJ1a3MOXMMHUYECKas).

MerToabl KOHTPOJIA Ka4y€CTBa
MU3rOTOBJICHHBIX U3IE/IUN

Jlexusg —
1,54.
Allp — 1,54

Jlexuus: TeopeTHUECKHE OCHOBBI METOJIOB
KOHTPOJIS KAY€CTBA U3TOTOBJIEHHBIX AE€TAIEH.
Buzpel KOHTPOJIA T€OMETPUUECKUX H MEXAaHUYECKUX
[apaMeTpOB U3AEIUH

Allp: IlpakTnueckas padora - «KoHTposb
KaueCTBA U3TOTOBJICHHOrO M3JEIHI)




PeBepc-HHXUHUPHHT U pe-
WUHXUHUPUHT

Jlexuusa —
1,54.
Allp —2,54.

Jlekuusi: ba3oBkle IOHATHS O peBepc-
WHKMHUPMHTE U pe-MHXMHUPUHTE. BUIbI MeTO10B
CKaHHUPOBAHHs, YCTPOHCTBAX M MPUHIHUIIAX
paboTel. @opmaT LMPPOBBIX Mozenel M KpUTEPHAX
TOYHOCTH

Allp: TlpakTuueckas pabora - «@opMupoBanue
uudpoBoit MOAEIH 0OBEKTA M M3TOTOBJICHHE
obpazna ¢ noMoms SLM-TeXHOMOTHH.
CpaBHeHue»
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OLIEHOYHBIE MATEPUAJIBI
AT TPOBEICHUS IPOMEXYTOYHOI0 KOHTPOIS B popMe 3ayeTa

B xome peamusaumn [III1 noBsiueHus KBamuDUKALMM C LETh IPOMEXYTOYHOTO
KOHTPOJIs1 3HAHUH NPOBOAMTCS IPOMENKYTOUHAS aTTECTALHS CIyIIATeNeH Mo y4ebHOM mporpaMme
B popme 3ayeTa myTeM BBINOTHEHUS IPAKTUIECKUX ¥ KOHTPOJIBHBIX pabor.

IIpomexyrounas arTecTauus B (oOpMe 3ayeTa OCYLIECTBIAETCS 3a CUET y4yebHoro
BPEMEHH.

Kpurepuu ouenxu Iloxa3are/u ouneHKH
ITomHOCTBIO, KAUECTBEHHO, CAMOCTOATENBHO, B
«3a4TeHo» 0 o
oTBeieHHoe Bpems Ha 80%-100%
«He 3auteHo» He nonuocThlo, He camocToATENBHO, MeHee 80%
['1aBHBIN Hay4YHBIH COTPYXHUK Y
AO «Jla3epHble CHCTEMBI, [I.T.H. ¢ / / A.B. CaBun

W

Wnxenep 1 xareropuu y
AOQ «JlazepHble cHCTEMBIY, K.T.H. - */T.T. Dxramanse

Wnxenep 1 xareropuu

AO «JlazepHble CHCTEMBI» / FO.1O. Ietposa

Hayunslii pyxoBoauTens
AO «JlasepHeie cucTeMbl», 1.1.H., Ipodeccop

/ A.C. Bopeiimo





