degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
OMOJIOrHYecKoii M MeIUIIHHCKOM
buznkn

J.B. Ky3bmun

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: OCHOBEI 3I[—r[eanH AJId IPOTOTUITUPOBAHUS HAYYHBIX HHCTPYMCHTOB
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
IIpO(l)I(lJIb MnoATrOTOBKMU: BI/IO(i)I/BI/IKa " MHXXCHCPUA B HAHOOMOTEXHOJIOTUIX

dusrex-mkoia buomornyeckon 1 MeaunmHckoln OU3HKH
IEHTpP 00pa3oBaTeNbHBIX MporpaMM DU3TEX-ITKOIBI OMOTOTUIECKON U METUIIMHCKOM

(buzuku
Kypc: 1
KBaJIMpUKALS: MarucTp

Cemectp, GopMBI IPOMEXKYTOUHOH arTectauuu: 2 (BeceHHUN) - nuddhepeHunpoBaHHblil 3a4eT

AynuTopHBIX 4acoB: 15 Bcero, B TOM 4HCIIE:
nexuun: 0 gac.
cemuHapsl: 0 yac.
nabopaTtopHble 3aHATHS: 15 yac.

CamocrosrensHas padora: 30 gac.

Bcero gacos: 45, Bcero 3a4. ef.: 1

[Iporpammy cocrtaBui: A.B. Ilymkapes, kang. ¢pus.-mar. HayK, MpernogaBareib

[Iporpamma obcyxieHa Ha 3aceflaHuu IIeHTpa 00pa30BaTeNbHBIX MporpaMM DOU3TEX-IITKOJIbI OMOIOTHYECKON U
MeauImHCKoH dusuku 28.12.2023



AHHOTANMA

Huctumvaa "OcHoBbl 3/1-mie4aty JUisi TPOTOTUIHPOBAHUS HAyYHBIX MHCTPYMEHTOB' MpeaHa3Ha4YeHa s
OCBOCHHUSI COBPEMEHHBIX HMHXCHEPHBIX TEXHOJOTHH ¢ ucrnonb3oBaHueMm 3/[-npuHTHHra. B pamkax kypca
CTYAEHTBI U3y4aT 0cHOBHI 3/[-MozxenupoBanus 1 3Qp(HEKTHUBHOTO MCHONB30BAHUS MaTepUalioB, 000PYI0BaHHS,
COOTBETCTBYIOLINX METOZI0B MaTeMaTH4YeCKOro u ¢uzngecKoro MOJEJINPOBAHUS
[IPOU3BOJICTBEHHO-TEXHOJIOTMYECKUX IIPOLECCOB M XapaKTEPUCTUK TEXHUYECKUX YCTPOICTB M OOBEKTOB,
BKJIIOYAs HCIOJb30BAaHWE AJITOPUTMOB M MPOrpaMM pacuera ux mnapamerpoB. IIporpamma Brimovaer
MPAaKTHYECKUE 3aHATHUS 110 IPOCKTUPOBAHMIO M CO3JAHUI0 (DYHKIMOHAJIBHBIX HPOTOTHIIOB HAyYHBIX
WHCTPYMEHTOB C HUCHOJNb30BaHWEeM 3/[-medaTtu, dYTO TMO3BOJUT BBIMMYCKHUKAM YCIEUIHO NPUMEHATH
MOJTy4eHHbIEe 3HaHUS B cepe HAaHOOMOTEXHOJIOTHI U y4acTBOBATh B pa3pabOTKe MEPEIOBBIX TEXHOJIOTHHN IS
MEAULUHBI 1 OUOJIOTHH.

1. leau u 3apa4u

eap AUCUMNIMHBI

- OBIAJCHHE COBPEMEHHBIMU TEXHOJOTMSIMHM M METOJWKAMH CO3JAaHMS NPOTOTUIIOB HAy4YHBIX
HHCTPYMEHTOB C MCII0Jb30BaHueM 3 /I-riedaTi.

3agauu AUCHUILIHHBI

- pa3pabotka 3]1 Momenu HayYHBIX HHCTPYMEHTOB C IMOMOIIBIO CIICIUATU3UPOBAHHOTO MPOIPAMMHOTO
00€eCIICUCHMUS;

- aHaJIn3 COBPCMCHHBIX TEXHOJIOTHH U MCTOA0B U3MCPCHUS,

- y4acTHe B CO3JJaHHMM HOBBIX OOBEKTOB TEXHUKUA W TEXHOJOTHUU (B chepe BBICOKUX M HAYKOEMKHX
TEXHOJIOTHH);

- Y4aCTUC BO BHCAPCHNUU MHHOBAILIMOHHBIX TEXHOJOTUYCCKUX IMPOLECCOB U 00BEKTOB HOBOM TEXHHKH B
Ka4€CTBC HCIIOJHUTCIIA, OTBETCTBCHHOI'O 3a CaMOCTOSTEIIbHBIN y4aCTOK pa6OTBI;

- omrumuzanus 3J1 moxeneidt mys mocnemyromiei 3]l meuarw, yduThiBas OCOOCHHOCTH MaTepuaia U
TEXHOJIOTH;

- co3ganue QainoB g 3/ medatn HaydHBIX MHCTPYMEHTOB, YUHMTHIBas TpeOOBaHUS K KauecCTBY U
TOYHOCTH T€YaTH;

- WCCIIEIOBAaHME METOJOB M MPHHLUMIOB O€30MacHOCTH Mpu pabore ¢ mnpodecCHOoHATbHBIM
000pynOBaHNEM U MaTepHaIaMu;

- TECTUPOBAHNE U3TOTOBJICHHBIX MHCTPYMEHTOB U JIeTaJel 1 OIleHKa UX pabOTOCHOCOOHOCTH.
2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NuaukaTopsl JOCTHKEHHS] KOMIIETEHIINH

YK-1 Cnocoben ocymiectBnsaTh kputnueckuid | YK-1.1 Ananusupyer npoOIeMHYI0 CUTYAIHIO KaK CHCTEMY,
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH
CHCTEMHOTO TT0JIX0/1a, BEIpAOaThIBATh
CTpaTeruro AecTBui

YK-3 Cnocoben oprann3oBbiBath 1 pykoBoauTh | YK-3.4 CrocobeH miaHMpoBaThb KOMaHIHYIO pabory,
paboToi KOMaH/Ibl, BBIPAOATHIBasi KOMAHIHYIO  |paclpeAessiTh MOPYUYECHUS WICHaM KOMaH]Ibl, OpraHN30BaTh
CTPATETHIO AJIs1 TOCTHKEHUS MTOCTABJICHHOM 00CyXJIeHUE pa3HbIX UICH 1 MHEHUI

3a7a4n

[MK-3.1 TloHuMaeT NPUHIUIBI pPabOTHI HCIOIBE3YEMOTO
000opynoBaHUs (cienmanu3upOBaHHBIX MAaKETOB

[TK-3 Criocoben npodeccrnoHanbHO paboTaTh ¢ MPUKITAHBIX TPOTPAMM)

WCCIIEIOBATEIHCKIUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CHeIHAaTN3UPOBAHHBIMH MTAKETAMH MTPHUKIIATHBIX
MporpaMm) B n30paHHON MTPEIMETHOM 00IacTH

IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C HMCIOIBb30BAHUEM HCCIIC0BATEIBCKOTO
obopynoBaHus (MTAKETOB MPHUKJIAIHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIeHHBaTh TOYHOCTh IOJNyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIbTaTOB

3. IlepevyeHpb MIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbsrare oCBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:




YMETB:

- IPUHLUIIBI PaboThl 3/[-meyaT 1 OCHOBHBIE TEXHOJIOTHH, UCIIOJIb3yEMbIE B MTPOLIECCE MEYaTH;

- Kak co3jaBarhk 3JI-MoIesn Hay4yHbIX HHCTPYMEHTOB B CIELMAIM3UPOBAHHBIX IporpamMmax ajs
JaJibHEeHIIero npeodpa3oBaHus UX B TOTOBBIE K TIeYaTH (ailiibl;

- OCHOBHbIE MaTepualibl, HCIOIb3yeMble IpH 3/[-1meyaT HayYHbIX HHCTPYMEHTOB, M UX OCOOEHHOCTH;

- Kak TpaBWIbHO HACTpauWBaTb NPUHTEP, BHIOMpAaTh ONTHMAJbHBIC MApaMeTPbl Ie4aTH |
KOHTPOJIMPOBaTh Ka4eCTBO [POLIECCa;

- croco0bl oBbIEHMs 3((HEKTUBHOCTH U KauecTBa 3 /I-mevyaTy Hay4HbIX HHCTPYMEHTOB;

- OCHOBBl TEXHUYECKOIO IIPOEKTUPOBAHMA M ONTHMHU3ALUM JAeTaled Uil yMEHbLIEHHs 3arpar Ha
MarepHal 1 yaydileHus] QyHKIHOHAIbHBIX XapaKTePUCTUK HHCTPYMEHTOB.

- POEKTUPOBATh HAYYHBIE HHCTPYMEHTHI C UCIIOJIBb30BAaHUEM IporpaMM i 3 J[-MonenpoBaHus;

- paboTaTh ¢ pa3IMYHBIMH THIIAMH 3 /[-IPUHTEPOB ¥ MOHUMATh UX OCHOBHBIE IIPUHIIMITBI PAOOTHI;

- ONITUMHU3HUPOBATh OU3aiiH i 6onee agdexTuBHOTO Mpouecca 3/[-nevaru;

- BBIOMpATh MOAXOJSIINE MaTepHuaibl i 3/[-medatn B 3aBUCHMOCTH OT TpeOyeMBIX XapaKTepHCTHK
MPONYKTAa,

- pa30uparbcs B OCHOBAX TEXHOJIOTUH 3/[-1evaTy 1 ee IpUMEHEHUH B HayYHbBIX HCCIIEA0BAHUAX;

- pemath MpobIeMbl, BOZHUKAIOIINE B Tiporiecce 3/[-nmeyar Hay4HbIX HHCTPYMEHTOB.

BJIAJIETh:

- IOHUMAaHUE OCHOBHBIX MPUHIIMIIOB U TeXHOIOTUH 3 /[-nieuaT;

- yMeHHeM paboTarTh C MPOrpaMMHBIM OOECIeueHHeM JUIsi MOJCIMPOBAHUS U IMPOCKTUPOBAHHS
3JI-monenei;

- HaBBIKAMH CO3JIaHUS CIOXKHBIX 3 /[-Monenel st HayqyHBIX HHCTPYMEHTOB;

- 3HAaHUSMU METO/IOB U MaTepuasioB Juist 3][-rieqat Hay9IHBIX YCTPONCTB;

- YMCHHEM aHalu3upoBaTh W ONTHUMH3HPOBaTh 3J[-Mojenu Jjsl yAydIIeHUs] KadecTBa U
MIPOU3BOUTEIILHOCTHU U3CINH;

- OTIBITOM pabOTHI C IPUHTEPAMH U IPYTUMH YCTpoiicTBamu it 3/[-neuaru;

- HaBBIKAMH PEIICHUS TEXHUUECKUX MIPOOJIEM U YITYUIIISHUS IIPOIlecca MPOU3BOJICTRA;

- MMOHMMAaHUEM OCHOBHBIX MPWHIUIIOB 0E30MaCHOCTH W ITUKHM MPH UCTONb30BaHUM 3J[-TexHOmorui
JUTSI HAYYHBIX TIEJIEH.

4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| Mecto 3]1 meuatn B mpUOOPOCTPOCHHH, 3 5
ee OrpaHuYCHHUS.
2 Buabr  Texnomormit 3] mevatu, uX > 5
[IPEUMYILECTBA U HEOCTATKH.
3 [IpoextupoBanue neranmeit mox 3] 3 5
neyarh.
4 Craiicepsl 1 HACTPOIKH MEYaTH. 2 5
5 SLA neuars. 3 5
6 FDM neuars. 2 5
Hroro yacos 15 30
Iloaroroska k sk3aMeHy 0 gac.




OO01mas TpynoEMKOCTh

45 ygac., 1 3au.ex.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 2 (Becennuit)

1. Mecro 3/] nmeuaru B IpuOOPOCTPOCHUH, €€ OTPAaHHUCHHS.

Ponp 3]] mewatn B oOnactu mpuOOpOCTpPOEHHs, €e NMpeumyliecTBa U orpaHuueHus. OCHOBHBIE
OpUHLUMIBL (yHKOHOHUpOBaHUs 3J] meward, ee BO3MOXHOCTH, W TEXHHYECKUE XapaKTEPUCTHKH.
Kakue 3anaun MoKHO pemuTh ¢ momMouibto 3/ TEXHOJIOIMM U KaKue OrpaHUYEHUsI MOTYT BO3HUKHYTh
IpH HCIOJIB30BAaHUM 3TOTO METola MpousBoacTBa. Bribop wmarepuanoB miust 3J] mewatw u
0COOCHHOCTH MPOEKTUPOBAHUS J€TalIEH.

2. Buas! Texnonoruit 3/ meuaTtu, UX mpeuMyIecTBa U HEAOCTATKU.

Pasnuunbie Buasl TexHomormd 3/ mewarn, takue kak Fused Deposition Modeling (FDM),
Stereolithography (SLA), Selective Laser Sintering (SLS) u npyrue: o0muii 0630p 1 cpaBHEHHUE.

3. IlpoektupoBanue neranei noxa 31 neuats.

OcHoBbl au3aiina ms 3 /] nevatw, npuHNme! co3nanus 3 /] Moneneld U MOATOTOBKH WX K TI€YaTH, a
TaK)ke OCHOBHBIE MaTepHajbl U METOMBI TIEYaTH.

4. Cnaiicepsl 1 HACTPONKH T€YaTH.

[Ipunumner paboTsl cnaiicepoB (mporpamm, npeoOpaszyromux 3J[-Momenu B MHCTPYKUMH ISt
npunrepa). Hactpolika mapamerpoB neuyaru Juisi AOCTM)KEHHUS BBICOKOIO KauecTBa M TOYHOCTHU
MOJTy4aeMbIX U3AeNui. Pa3nuuHbie METOIBI MOATOTOBKY MOJIENEH K IIeYaTH, MOIIepKKa.

5. SLA neuars.

TexHHKa TpeXMEpHOW Ie4aTH ¢ HCIojib3oBaHueM crepeosnutorpaduu (SLA). TIpuHnmmel paboThl
SLA npuHTEpOB, OCHOBHbBIC MaTe€pHaJIbl, HCIOIb3yEeMbIE B IIPOIIECCE MeYaTH, apaMeTpbl HACTPOHKH
MeYaTH, a TAK)KE METOIbI TIOCIIeTeYaTHONH 00paOOTKH H3IEITH.

6. FDM neyars.

Texnonoruss Fused Deposition Modeling (meron mocinoiHoro nHarmiasiaeHus, FDM). I[Tpunuumnst
pabdotsl FDM npuHTEpOB, OCHOBHBIE MaTepHajbl, UCIIOIb3yEMbIE B INPOIECCE MeYaTH, MapaMeTphbl
HACTPOMKH I1€YaTH, a TAK)KE METO/bI TIOCTIeTIeYaTHON 00pabOTKN U3AEITHA.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HE00XOXMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)

VuebHas ayquTopHsi, OCHAIlEHHAs! KOMITBIOTEPOM U MYJIbTUMEIMHHBIM 000py10BaHHEM (TIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa



Jlureparypa npenocrapinsieTcs Ha 6a30B0i kKadenape:

- PykoBonctBo ucnonszoBanus «3D printer Designer XL PRO»;
- Kokc I'. 1 Yurambap P. "3D-neuars Hayunbix nacTpyMeHTOB". M.: U3narensctBo Texnocdepa, 2019;
- Bennposckuit A.C., Kopansuyk /[.B., ®enopos b.C. u ap. "[IpoexTupoBanue Hay4YHBIX HHCTPYMEHTOB
¢ ucnonb3oBanueMm 3D-neuatu". CII6.: M3xarensctBo [lomutexanueckoro yHuBepcurera, 2020;
- Janunos B.A., 3aiinesa H.C., iBanoB C.I1. u ap. "OcHoBbl 3D-nedatu asst pOeKTHPOBAHUS
Hay4HbIX HHCTpYMeHTOB". Kazanb: M3narensctBo Kazanckoro yHusepcurera, 2018;
- Copokun E.I1., Jlebenes A.A. "Mcnons3zoBanue 3D-nieyaty B MpOEKTUPOBAHUH HAYYHBIX
uHctpymenToB". HoBocubupck: U3narenscto HI'TY, 2017;
- Xnebnukos J[.U., Koponesa E.JI., CmupHoB A.B. "Texnonoruu 3D-medatu 1 X NpuMEHEHHE B
Hay4YHbBIX uccienoBanusx”". M.: M3marenscteo MI'Y, 2020.

JomnonHurensHas aureparypa

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

He HUCIOJIB3YIOTCA

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILIMHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
¥ HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

Ha 3aHATHAX UCTIOAB3YIOTCS MYJIBTUMENUWHBIE TEXHOJIOTUH, BKIIHOYas JEMOHCTPALUIO IPE3CHTALUI.
[TpuBeTcTByeTCS HamMuue BO BpeMs 3aHATUI cMapT(GOHOB/HOYTOYKOB AJIsl y4acTHsl B UHTEPAKTHBHBIX
YIPaXHEHHUSX.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUNIMHBI (MOIYJIs1)

VYeneniHoe ocBoeHUE Kypca TpeOyeT HanpsHKEHHOM caMOCTOsATENbHOM paboThl cTyleHTa. B nporpamme
Kypca TpUBEACHO MHUHUMAIbHO HEOOXomMMoe Bpemsl [uis paldoThl CTylIeHTa HaJ TEMOH.
CamocrosiTenpbHas paboTa BKIIIOUAET B Ce0s:

— YTEHHE U KOHCIIEKTHPOBAaHUE PEKOMEHJOBAaHHON JIUTEPATYPhI;

— npopaboTKy ydeOHOro marepuaia (o yuyeOHOM M HaydyHOW JNHUTEpaType), MOArOTOBKY OTBETOB Ha
BOIIPOCHI, IPEIHA3HAUEHHBIX [UI1 CaMOCTOSITEIbHOIO M3YyHEHHUs, JI0Ka3aTelIbCTBO OTHAEIbHBIX
YTBEp)KJICHUH, CBONCTB.

PykoBOACTBO W KOHTPOJNb 32 CaMOCTOSITENBHOW paboTOl CTylaeHTa ocymiecTBisieTcss B (opme
WHAMBHUIYaJIbHBIX KOHCYIbTauui. [1yis popMupoBaHusl yMEHHUS NPUMEHITh TEOPETUUECKUE 3HAHUS Ha
MPaKTHKE CTYIEHTYy HEOOXOAMMO pemath Kak MOKHO OoJiblie 3aj1ad. B Hauane 3aHATHS, KaKk IpaBUIIO,
npoBogutcs kopoTkui (10-15 mMuHYyT) ompoc mo marepuany NpOLISANIMX 3aHITHH B YCTHOM WU
IMUCbMEHHOM (hopme. BaskHO 10OMTHCSA MOHMMaHMS U3Y4aeMOro MaTepuana, a He MEXaHW4eCKOrO €ro
3aroMuHaHus. Ilpu 3arpyqHeHMH HM3y4eHHUS OTHENIbHBIX TEM, BOIMPOCOB, CieAyeT oOpamarbcs 3a
KOHCYJBTallUsIMU K JIEKTODY.

[IpomesxyTouHBIN KOHTPOJIb 3HAHUI IPOBOAUTCS B BUJE OIIPOCOB, HA KOTOPBIX CTYIEHTY IIPEJlaraercs
YCTHO OTBETHUTh Ha TEOPETHUYECKHH BONPOC W PEIIUTh JBE 3aJaud Mo TeMe ceMuHapa. CTylneHTsl,
YCIIEIIHO MpoIleAlmMe Bce (GOPMBI MPOMEXKYTOUYHOIO KOHTPOJS, JIONMYCKAIOTCS K  clade
TQepeHIMPOBAHHOTO 3a4eTa 110 AUCLHUILTHHE.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa
npopuJib NOArOTOBKHU: buodwusuka u nHxEeHEpPUS B HAHOOMOTEXHOIOTHSIX
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
IEHTpP 00pa3oBaTeNbHEIX MporpaMM DU3TEX-IIKOIBI OMOTOTUIECKON U METUIIMHCKOM

(buzukn
Kypc: 1
KBaJIMpUKALUS: MarucTp

Cemectp, GopMBI IPOMEXKYTOUHOH arTecTauuu: 2 (BeceHHUN) - nuddhepeHunpoBaHHblil 3a4eT

Pa3zpatGoTunk: A.B. Ilymxkapes, kaH. (pu3.-MatT. HayK, IpernogaBaTeib



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE
CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh
CTPATEruIo0 NEUCTBUN

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

YK-3 Cnoco6GeH oprann30BbIBaTh H PYKOBOIUTD
paboToii KoMaH/IbI, BEIpa0aThIBasi KOMaHIHYTO
CTpATETHIO JUIS JOCTHKCHUS ITOCTABICHHOMN
3a/1auu

VYK-3.4 CnocobeH miaHupoBaTb KOMaHAHYIO padoTy,
pacnpenensaTh HOpy4eHUsl 4ieHaM KOMaHbl, OpraHU30BaTh
00CyXJIeHUE pa3HbIX UICH 1 MHEHUI

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
UCCIIEJ0BATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CIEeLUATN3UPOBAHHBIMU MTAKETAMU TPUKIIATHBIX
MporpaMm) B n30paHHOU ITPEIMETHOM 00IacTH

[MK-3.1 TloHuMmaeT NpPUHIUIBI PabOTHI HCIOIBE3YEMOTO
00opynoBaHuUs (cienmanu3upOBaHHBIX MAKETOB
MIPUKJIaJAHBIX TPOTPAMM)

I1K-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C MCIOIBb30BAHUEM HCCIIC0BATEIBCKOTO
obopynoBaHus (MTAKETOB MPHUKJIAIHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIeHHBaTh TOYHOCTh IOJNyYEHHBIX
SKCIIEPUMEHTAIILHBIX (UMCIICHHBIX) PE3YJIbTaTOB

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIBTATC UBYUCHUA TUCHUILIJIMHBI «OCHOBEI Sﬂ—neanH AJId IPOTOTUITUPOBAHUSA HAYYHBIX HHCTPYMCHTOBY

00yJaronuiics JOmKeH:

3HATb:

- IPUHLUIIBI PaboThl 3/[-meyaTt 1 OCHOBHBIE TEXHOJIOTHH, UCIIOJIb3yEMBbIE B MTPOLIECCE MeYaTH;

- Kak co3jaBarh 3JI-MoIesnd Hay4yHbIX HHCTPYMEHTOB B CIELMAIM3UPOBAHHBIX Iporpammax ajs
JaJibHEeHIIero npeodpa3oBaHus UX B TOTOBBIE K TIeYaTH (ailiibl;

- OCHOBHbIE MaTepualibl, HCIOIb3yeMble IpH 3/[-1eyaT Hay4HbIX HHCTPYMEHTOB, M UX OCOOEHHOCTH;

- KakK [IpaBHUJIBHO HACTpauWBaTb IIPUHTCD,

KOHTPOJIMPOBATH KAYC€CTBO ITPOLIECCA,

BLI6I/IpaTI> ONTUMAJIBHBIC TMAapaMCTpbl IICHATH U

- croco0bl oBbIEHMs 3((EKTUBHOCTH U KauecTBa 3 /I-edyaTy Hay4HbIX HHCTPYMEHTOB;
- OCHOBBl TEXHUYECKOIO IIPOEKTUPOBAHMA MU ONTHMHU3ALUM JAeTaled Uil yMEHbLIEHHs 3arpar Ha
MarepHai 1 yaydileHus] QyHKIHOHAIbHBIX XapaKTePUCTUK HHCTPYMEHTOB.

yMeTh:

- POEKTUPOBATh HAYYHBIE HHCTPYMEHTHI C UCIIOJIBb30BaHUEM IporpaMM A 3 J[-MonenpoBaHus;

- paboTaTh ¢ pa3IMYHBIMH THIIAMH 3 /[-TPUHTEPOB ¥ MOHUMATh UX OCHOBHBIE IIPUHIIMITBI PAOOTHI;

- ONITUMHU3HUPOBATh OU3aiiH i Oonee agdexTuBHOTO Mpouecca 3/[-nevaru;

- BBIOMpATh MOAXOJSIINE MaTepHaibl i 3/[-medatn B 3aBUCHMOCTH OT TpeOyeMBIX XapaKTepHCTHK

MPONYKTAa,

- pa30uparbcs B OCHOBAX TEXHOJIOTUH 3/[-1evaTy 1 ee IpUMEHEHUH B HayYHbBIX HCCIIEA0BAHUAX;
- pemath MpobIeMbl, BOZHUKAIOLIHNE B Tiporiecce 3/[-nmeyary HayqHbIX HHCTPYMEHTOB.

BJIaJeTh:




- IOHUMaHUE OCHOBHBIX MPUHIIMIIOB U TeXHOIOTUi 3 /[-neuat;

- yMeHHEeM paloTaTh C NPOTPAaMMHBEIM OOECIIEUCHHEM JJIi MOZCIUPOBAHUS M IMPOCKTHPOBAHUS
3JI-monenei;

- HaBbIKAMHU CO3JIaHUsI CIIOXKHBIX 3J[-Mozene sl HayYHbIX HHCTPYMEHTOB;

- 3HAaHUSIMU METO/IOB U MarepuaioB Juist 3/[-1eyaTty Hay49HbIX YCTPOHCTB;

- YMEHUEM aHAIM3UPOBaTh M ONTUMU3UPOBATh 3/[-Momenu Ui yAydIEHUS KauyecTBa U
MIPOU3BOJUTENLHOCTH U3ACIUH;

- OMBITOM PA0OTHI C IPUHTEPAMH U IPYTUMH ycTporicTBaMu aiist 3 /]-niedat;

- HaBbIKAMH PEIICHHS TEXHUYECKHUX MPoOJIeM U YIyUIlIeHUs Mpoliecca MPOU3BOACTBA;

- MOHUMAHUEM OCHOBHBIX TPHUHIUIIOB O€30MacHOCTH W ATHKHU TIPHU WCIOIb30BaHWU 3 /[-TexHomornit
JUIsl HAyYHBIX LIEJIEH.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

Ponsb 3/1 neuaru B o0nacTu mpruOOPOCTPOCHUS, €€ MPEUMYILECTBA U OTPaHUYCHUSI.

OcHOBHBIC TNpPHUHIMIBI (QyHKIMOHUpOBaHUS 3/ medyatH, ee BO3MOXHOCTH, W TEXHHYECCKHE
XapaKTePUCTUKU.

Kakue 3agaun MOXHO pelminTh ¢ noMoupo 3/ TEXHOIOIMH U Kakue OrpaHUYEHUs] MOI'YT BO3HUKHYTh
[P MCTIOJIB30BAHUH 3TOTO METOAA MPOU3BOJCTBA.

Br16op marepuanos s 3/ mewat 1 0COOCHHOCTH IPOSKTUPOBAHUS JISTAICH.
Buasl Texnonoruii 3/ nedyaru, ux OpeuMyIIecTBa U HEAOCTATKHU.
IIpoextupoBanue neraneit nox 3/ nevars.

OcHoBbl au3aitHa juis 3/] meuarw, npuHIUIEL co3manus 3/] Mopenell  MOATOTOBKH WX K IIeUaTH, a
TaK)ke OCHOBHBIE MaTepHajbl U METOMBI TIEYaTH.

Craiicepbl 1 HACTPOVMKH TEYaTH.

Paznu4HbIe METOBI MOATOTOBKU MOJIEJIEH K IeyaTH, MOAIePIKKa.

TexHHKa TpEeXMEPHOU TIeYaTH C UCTOIb30BaHUuEM crepeonntorpaduu (SLA).
Texnonorust Fused Deposition Modeling (MeTos mocoitHoro Harasienus, FDM).

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

1) B uem ommuue 3]] medatu oT Apyrux Meronos npoussoxctsa? Korma crout mpeamnouects 3]
neyath Gpe3epoBKe U TOKApHOU 00padoTKe?

2) Kakwue texnonoruu 3] neuaru Bl 3Haere? J{ns kakux 3a7a4 UCHOIB3yeTCS KaXKaas U3 HUX

3) Kakue tunsr kuHemaruku 3J[ mpunTepoB Bbl 3HaeTe M B 4eM NpeMMYIIECTBA U HEIOCTaTKU
Ka)KI0ro u3 Hux?

4) Onumute npuHiun FDM 3 /] neyaru u ee orpannuenus? Kakue matepuaiisl ucnomnb3yrores. Kakue
€CTh 0COOCHHOCTH Y TIOJTy4aeMbIX JeTajeH.

5) Omnummwure npuaoun SLA 3] mevatun. Kakue marepuaisl nucnonb3yrorcs? Kakue ecth 0COOCHHOCTH
y MOJIy4aeMBbIX JIeTaseH.

6) UYro HeoOXOAMMO YYMTHIBATH NPH MNpoeKTHpoBaHMM Aeraneil moxn 3/ meuars? Kakue ecthb
0COOCHHOCTH NIPY POEKTUPOBaHUU JieTanei noxa 3/ neyars?

7) Kakue TuIbl MexaHU4eCKUX Tepeaad CTOUT Aenarh Ha 3] npuHTepe, a Kakue HeT u nodemy? B uem
€CTh 0COOEHHOCTH MPOEKTUPOBaHUs 3yOuaroit nepenauun nox 3/ neyars?

8) Kakum o0Opazom mnpoextupyercss pe3ndba s 3J] mewatu? Uto HAAO YUYHTHIBATH IIPH
npoektupoBanuu pe3robl ABC mnacTukoM U Kak?

9) Kakue dpopmars! daiinos B 3 /] monenupoanuu Bei 3Haete? Korna ncnonb3yercst Kakoi u3 HUX?

10) Kakue ects aTans! ipu usroronenun 3J1 mogenu? Uro takoe ciailicep U Kak oH pabortaet?

11) Yro Takoe nogaepxku Aetanu npu 31 newarn? M3 kakux MaTeprasoB UX JENAIOT?

12) Kakum 00pa3oM CTOUT MO3UIIMOHUPOBATH JIETAIb HA CTOJHUK MpH HacTpolike 3] meuatn?

13) Kakue metonpl mocieneyarHoi oOpaboTKu jeraneid, nuarororieHHsix Ha FDM 3] mpunTtepe Bol
3HAeTe U B YEM OHU 3aKJIOYaAIOTCS?

14) Kakue Turbl 3amoimHeHUs jAetainell Bbl 3HaeTe W B KaKUX CIydasX KaKOe 3allOJIHCHHE JIeTajel
HCIIONb3yeTCs?



15) Kakue mertozpl mocieneyarHoil oopaboTku neraneid, n3rotosineHHbix Ha SLA 3] mpunTepe B
3HAeTe U B YEM OHU 3aKJIOYAIOTCS?

Kputepun onennBanus

Onenka "ommuno" (10 Gasos) BBICTABJISIETCS  CTYAEHTY, IIOKa3aBUIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAaHUS Y4eOHOW MpOorpaMMbl JAWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM MpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHATh UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka "ormmmuno" (9 0OamioB) BBICTABIISIETCSL  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSThH X Ha MPAKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Onenka "ortnmuuno" (8 0amioB) BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI M YMEHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHSATHIX
pelIeHui, ¢ HEKOTOPBIMH HEOYETAMH.

Onenka "xopomio" (7 0anoB) BBICTABISETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepuai, rPaMOTHO U
[0 CYIIECTBY M3JaraeT ero, yMeeT MPUMEHAThH IOJIyYeHHbIC 3HAHUS Ha MPAKTHKE, HO HEAOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYUECHHBIC PE3YIIbTAThI.

Onenka "xopomo" (6 0anoB) BBICTABISETCS CTYACHTY, €CIIM OH TBEPAO 3HACT Marepuai, FPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT MPUMEHSTH MOJTy4YeHHbIE 3HAHHMS Ha NPAKTHUKE, HO JIOIyCKAeT B
OTBETE WJIH B PELICHUH 33]a4 HEKOTOPbIE HETOUHOCTH.

Omnenka "xopomo" (5 0annoB) BBICTABISETCS CTYACHTY, €CIM OH B OCHOBHOM 3HAaeT Marepual,
IrPaMOTHO M IO CYWIECTBY HM3JIaraeT €ro, yMeeT NMPUMEHATh NOITYy4YEeHHBIC 3HAHUS Ha NPAKTHUKE, HO
JOIyCKaeT B OTBETE WM B PEILICHUH 3a/1a4 IOCTATOYHO OOJIBIIOE KOJTMYECTBO HETOUHOCTEH.

Onenka "ymoBrneTBopuTedbHO" (4 Oanna) BbhICTABISIETCS CTYICHTY, MMOKa3aBUIeMYy (QparMeHTapHBIH,
pPa3po3HEHHBI XapakTep 3HAHHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapyLIEHUs JOTHYECKON MOCIeI0BaTeIbHOCTH B U3JIOKEHNHU IIPOrPaMMHOI0 Marepuaia, HO IPHU 3TOM
OH OCBOMJI OCHOBHBIE pazfiefibl y4eOHOH MpOrpaMMbl, HEOOXOAUMBIE Ul JaJIbHEHIIero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HAHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

Omnenka "ynoBierBoputenbHO" (3 6amia) BBICTABISIETCS CTYACHTY, IMOKa3aBlieMy (parMeHTapHBIH,
Pa3po3HEHHBIH XapakTep 3HaHWW, AOIMycKaroulemy omHOKH B (popMynupoBKax 0a30BbIX NOHSATH,
HapyLIEHUs] JIOTHYECKOM IOCIEe0BaTEeIbHOCTH B M3JIOKEHHH IPOrPaMMHOIO Marepuana, ciabo
BJIaJIe€T OCHOBHBIMH pa3aesiaMu yueOHOM mporpaMMbl, HEOOXOAUMBIMHU JUTS abHEUIIETO 00yUeHHS U
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHU JJa’Ke B CTAHAAPTHON CUTYallHH.

Omnenka "HeyJOBIETBOpUTENBbHO" (2 Oana) BBICTABISETCS CTYJCHTY, KOTOPBIA HE 3HAET OOINbIIeH
4acTH OCHOBHOTO COIEpKaHHsI y4eOHOM MpOorpaMMbl AMCLMIUIMHBL, JOMYCKaeT rpyOble OmMOKH B
(bopMyIHpOBKaX OCHOBHBIX IPUHIUIIOB M HE YMEET MCIOIb30BaTh NOITYyUYEHHbIC 3HAHUS NP PEIICHUN
THUIIOBBIX 33/1a4.

Onenka "HeynosierBoputenbHo" (1 0aymi) BBICTaBISETCS CTYACHTY, KOTOPBIA HE 3HAE€T OCHOBHOTO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiiine omuoK B GOpPMYTUPOBKaX
0a30BbIX MOHATHH AMCUUIUIMHBI M BOOOIIE HE MMEET HABBIKOB PELICHHS THIIOBBIX NMPAKTHUYECKUX
3ajad.

5. MeTonuyeckne MaTepuaJbl, onpeaesiioe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

AtTecranus MO0 AMCUMIUIMHE OCylIecTBisieTrcs B Qopme nuddepeHuupoBaHHoro 3auera. llpum
MPOBEJCHNUH YCTHOTO IU(PEepeHINPOBaHHOIO 3aueTa oOydaronieMmycs npenocrasigercss 60 MUHYT Ha
noaroroBky. Onpoc ofyuaromierocsi o OuIeTy Ha yCTHOM AUQQepeHIIMPOBAHHOM 3aueTe HE JOJDKEH
IIPEBBIIIATH OJIHOTO AaCTPOHOMMYECKOI'O yaca.



