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PE®PEPAT

MosicHUTeNbHasA 3anmncka cogepXut 73 c., 16 puc., 25 Tab., 2 NPUNOXKeHNs,
53 UCTOYHMKOB.

KAPKAC, TPEHAXEP, BMOKNHEMATUKA, METAJINO-
KOHCTPYKUW/, KOMbITBKOTEPHOE NCCNEJOBAHUE.

O6beKTOM pa3paboTKM ABMSETCA MHEBMATUYECKOIO TPeHaXepa 415 pa3BmTus
MbILLIL, 3aAHeli NoBepxHOCTWM 6Gefpa. B npouecce BbINOMHEHUS paboTbl Gbina
paspaboTaHHas KOHCTPYKLMS YCTPONCTBA.

PaccuMTtaH MOMEHT CWbl 3aBUHYMBAHWA OGOMTOBOrO COEAUHEHUSA U
paccuMTaH CBapHOW LWOB Ha MPOYHOCTb. M0 pesynbTaTam pacuyeTa onpefesieH
He0oOX0AMMbIA MOMEHT CWU/Ibl 3aBUHUYMBAHUSA TaeK, KOTOPbI COCTaB/ISET He MeHee
38,8 HxM. PacyeT cBapHOro LLUBa Ha NPOYHOCTb BbISABW/I, YTO NPW AEACTBUN Ha LLIOB
3KCNJlyaTaUMOHHbIX Harpys3ok, npogonsbHoi cunbl F=1000 H, BbINOMAHAETCH
YCNoBMe MPOYHOCTW. [NpoBeAeHO MCCnefoBaHMe OMOPHOM paMbl HA NPOYHOCTS,
pe3ynbTaT nokasan, YTto Mpu AelcTBUM NPOLOSIbHOW CWU/bl B COOTBETCTBYHOLLMIA
y4yacTtok F=1000 H, peakuusa Ha fehopmauuio 1 Hanps>kKeHne y40BNeTBOPUTENbHAS.
[Ana pa3paboTky TBEpAOTEe/IbHOWM MOAENM MHEBMATUYECKOro YCTPOMCTBa A/
pasBMTVS MbILL, 3adHeli MNOoBepXHOCTU 6Geapa MCMONb30Baiach Mporpamma
SolidWorks 2022. Pabouune 4yepTexxm Kapkaca, 6/10Ka yrnpas/ieHUsi, COOPOYHbIiA
YepTeXX KOHCTPYKL MK peann3osaHbl npy nomowm AutoCAD Mechanical 2018.

Paspa6oTaHa WH(OPMALMOHHO-N3MEPUTENbHAA  CUCTEMa  YCTPOICTBa,
OCYLLECTB/IEHO ~ OMMUCaHWe  NOC/MefoBaTe/IbHOCTM  paboTbl,  pa3paboTaHbl
(hYHKUMOHa/IbHAA M NPUHUMNMAbHAA 3/IEKTPUYECKNE CXEMbI, NMPOU3BeLEH BbIOOP
3/IEMEHTHOI 6a3bl CUCTeMbl C €€ 0O0CHOBaHMEM, a TakXKe pa3paboTaH airopuTMm
paboTbl MMKPOMNPOLIECCOPHOI0 6/10Ka YCTPOCTBA.

Mpou3BefeH  pacyeT  HAAEXHOCTU  MH(OPMALMOHHO-U3MEPUTETbHOM
cucTeMbl. PaspaboTaHa METOAMKA TPEHVMPOBKY C UCNOMb30BaHNEM TPeHaxKep, Ans
Pa3BUTMS MbiLLL, 33HEli MOBEPXHOCTM Geapa.

PaccMOTpeHbl BOMPOChI OXpaHbl TPY/Aa, a TakkKe TEXHUKN 6e30MacHOCTY Npu
aKcnyatauumn TpeHaxepa.

[ins onpepeneHns TeXHUKO-3KOHOMMUYECKOr0 0GOCHOBaHWsS Mpou3BeeH
pacuyeT Ce6ecTOMMOCTM YCTPOWMCTBA WM OTMYCKHOW LEHbl, KOTOpPble COCTaBNAHT
2166,01 n 2859,15 py6. COOTBETCTBEHHO.
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CMUCOK NCMOJIb30BAHHOW IMTEPATYPbI

1 PYyKOBO/ACTBO MO 3KCMN/yaTauumn TpeHaxepa [SneKTPoHHbI pecypc]. -

Pexxum  pgoctyna: http://armafort.ru/images/docs/AF-001.01.NN.pdf. - [ara
poctyna: 10.05.2023.

2 af 001.02.01 XXum Horamu nog yrnom 45 rpagycoB [NEKTPOHHbIN
pecypc]. - Pexum poctyna: https://armafort.ru/na-svobodnykh-vesakh/001-02-01-
detail - fara goctyna: 10.05.2023.

3 PYKOBO/CTBO MO 3KCNyaTaumm TpeHaxepa [SNeKTPOHHbIN pecypc]. -
Pexxum poctyna: https://armafort.ru/images/docs/re-af-002-02-nn.pdf. - [ata
poctyna: 10.05.2023.

4 af02.02.01 CrnbaHue pasrnbaHmne Hor cmas [ONeKTPoHHBIN pecypc]. -
Pexxum goctyna: https ://armafort.ru/na-svobodnykh-vesakh/002-01 -01 -detail. -
Hata poctyna: 10.05.2023.

5 PYKOBO/ACTBO MO 3KCNyaTaumm TpeHaxepa [NeKTPOHHbIN pecypc]. -
Pexxum poctyna: https://armafort.ru/images/docs/AF-301.01.NN.pdf. - [ara
poctyna: 10.05.2023.

6 af 301.01.01 OTBefeHNe W MpUBELEHNE HOTU CTOSI [SNEKTPOHHBIN
pecypc]. - Pexum goctyna: https://armafort.ru/na-svobodnykh-vesakh/301-01-01-
detail. - Aata goctyna: 10.05.2023.

7  CpoucTBa cTaneil [DneKTpoHHbIA pecypc]. - Pexum pgoctyna:
http://www.splav-kharkov.com/mat_start.php. - Aata goctyna: 10.05.2023.

8 XapaKTepuCcTUKN MapKmn cTaneit [SNeKTPoHHbIN pecypc]. - Pexxum
poctyna: http://metallicheckiy-portal.ru/marki_metallov/stk/St3sp. - JaTa
poctyna: 10.05.2023.

9 Cranb C12Cn: XapaKTePUCTUKN, XMMUYECKUIA COCTaB 1 CBOMCTBA
[@nekTpoHHbI pecypc]. - Pexum goctyna: http://www.splav-
kharkov.com/mat_start.php. - [lata goctyna: 10.05.2023.

10  Cra/b KOHCTPYKUMOHHas 38 XA [SNeKTPOHHbIN pecypc]. - Pexxunm
poctyna:  https://metallicheckiy-portal.ru/marki_metallov/stk/38XA. - data
poctyna: 10.05.2023.

11 XapakTepucTukn ctanm 38XA [DneKTpoHHbIA pecypc]. - Pexum*
poctyna: https://metal.place/ru/wiki/38kha/. - [lata goctyna: 10.05.2023.

12 T'OCT 14254-96. CteneHn 3almTbl, 0becrnevmBaeMble 060/104KaMu
(kog IP). [arta BBegeHus 1997-01-01.

13 MwukpokoHTponniep AT32UC3A3256-ALUT [3neKTpoHHbIn pecypc].
- Pexxum poctyna: https://www.chipdip.by/product/at32uc3a3256-alut. - [ara
poctyna: 10.05.2023.
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14 MukpokoHTponnep PIC16F1789-1/PT [3GneKTpOHHbIA pecypc]l.—
Pexxum pgoctyna: https://www.chipdip.by/product/picl6fl789-i-pt. - Aata goctyna:
10.05.2023.

15  MukpokoHTponnep STM32F042K6T6 [OneKTpoHHbIN pecypc]. -
Pexxum poctyna: https://www.chipdip.by/product/stm32f042k6t6. - [lata goctyna:
10.05.2023. _

16  MwukpokoHTponnep STM32F103C8T6 [3NeKTPOHHbIN pecypc]l.—
Pexxum goctyna: https://www.chipdip.by/product/stm32fl03c8t6. - [Jarta goctyna:
10.05.2023.

17  STM32F 103x6 STM32F 103x8 STM32F103xB [Electronic resource].
- Mode of access: https://static.chipdip.ru/lib/235/DOC000235733.pdf. - Date of
access: 10.05.2023.

18 NEMA 42 FL110STH201-8004 B LlaroBbli gsuratesib ¢ ABYMS
BaJ1laMu [2nekTpoHHbIiA pecypc]. - Pexxum AocTyna:
binp8://81epTolor.ru/katanor/neta-42-11103LL1201-8004-b-1warosblit-aAsuraTesib-c-
AByma-Banamu.-flata goctyna: 10.05.2023.

19 LWarosbin guratens FL110STH150-6504B [9neKTpoHHbIA pecypc]. -
Pexxum foctyna: https://privod-220.ru/p446174139-shagovyj-dvigatel-
fll 10sth150.html. - AaTa goctyna: 10.05.2023.

. 20 NEMA 34 FL86STH156-6204 A LUaroBbli1 ABuratesnb [SNeKTPOHHbIN
pecypc]. - Pexum pgoctyna: https:/~eptoin)r.ru/katanor/ fl86sthl56-6204-ab. -
[ata poctyna: 10.05.2023.

21  LWarosbiin gpuratens FL130BYG2503B, ¢naHey, 130 mm (NEMA 51)
ABuratesb [DneKTpoHHbIN pecypc]. - Pexxum AocTyna:
https://komi.tiu.ru/p464498909-shagovyj-dvigatel-flI30byg2503b.html. - [ata
poctyna: 10.05.2023.

22  Kak paboTaloT Lwarosble ABUraTenu [31'IeKTpOHHbII/I pecypc]. - Pexxum
poctyna: http://robotosha.ru/electronics/how-stepper-motors-work.html. - [lara
poctyna: 10.05.2023.

23  [nbpuaHble WaroBble ABUraTenin [ONeKTPOHHbIN pecypc]. - Pexum
poctyna: http://www.texnologia.ru/development/stepper_motor/stepper_motor_hy
brid_engine.html. - lata goctyna: 10.05.2023.

24 Yto Takoe fpariBep LLAroBoro apurartensd? [SNeKTPOoHHbIA pecypc]. -
Pexxum pgoctyna: https://purelogic.ru/support/help/drajver_shagovogo_dvigatelya/.
- [Oarta goctyna: 10.05.2023.

25 MporpaMmMupyemblii KOHTPO/IIEP LaroBbiX Asuratenei SMSD-822
[GnekTpoHHbIA pecypc]. - Pexkum goctyna: http://eprivod.ru/smsd-822.htm. - OaTa
poctyna: 10.05.2023.
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26 Bnok ynpasneHus warosbiM Auratenem. Mopgens SMD-82
[GnekTpoHHbIA pecypc]. - Pexum poctyna: https://electroprivod.ru/pdf7SMD-
82 pdf. - ara goctyna: 10.05.2023.

27 PyKoBOACTBO MO 3kcnnyatauum DM2282. Lindposoi apaiisep
ABYX(ha3HOro LLaroBoro Asurarens [SeKTPOHHbIN pecypc]. - Pexum poctyna:
https://purelogic.ru/data/docs/elektronika_chpu/driver_stepmotor dm2282 v2 0 u
ser_manual_ru.pdf. - AaTa goctyna: 10.05.2023.

28  [porpammupyemblin 610K ynpasieHns WarosbiM AurateneMm Mogesnb
SMSD-822 [@neKkTpoHHbIN pecypc]. - Pexxum AocTtyna:
https://electroprivod.ru/pdf/SMSD-822-pasp.pdf. - Mata goctyna: 10.05.2023.

29  DHKoAep - AaTyuK yrna nosopota [SNeKTPOoHHbIN pecypc]. - Pexxum
poctyna: http://www.servotechnica.ru/catalog/type/index.pl?id=118. - [lata
poctyna: 10.05.2023.

30 3HKoAepsbl - AaTYMKK yria noBopoTa [SNeKTPOHHbIN pecypc]. - Pexunmv
poctyna: http://electricalschool.info/spravochnik/apparaty/1765-jenkodery-
datchiki-ugla-povorota.html. - arta goctyna: 10.05.2023.

31  3Hkopepbl Hengstler ICURO RI 76 [9neKTPOHHbIN pecypc]. - Pexunm
poctyna: https://saluteh.by/shop/datchiki/enkodery-hengstler-icuro-ri-76/. - [ara
poctyna: 10.05.2023.

32  OHkogepbl Baumer Huebner HOG 75 / HOG 75 K [3NeKTPOHHbIN
pecypc]. - Pexum poctyna: https://saluteh.by/shop/datchiki/enkodery-baumer-
huebner-hog-75-hog-75-k/. - [lata goctyna: 10.05.2023.

33  3Hkogepbl Baumer Huebner HG 16 [3neKTpoHHbIN pecypc]. - Pexxunm
pocrtyna: https://saluteh.by/shop/datchiki/enkodery-baumer-huebner-hg-16/. - [lata
poctyna: 10.05.2023.

34 3HkKogepbl ELTRA ETMR [GneKTpoHHbIA pecypc]. - Pexum goctyna:
https://saluteh.by/shop/datchiki/enkodery-eltra-etmr/. - lata goctyna: 10.05.2023.

35 Installation manual [Electronic resource]. - Mode of access:
https://www.hengstler.de/gfx/file/shop/encoder/R176/2533060 _Installation_Instruc
tion_RI_76T.pdf. - Date of access: 10.05.2023.

36 BCB2004-03LB, >XKW 20x4 CWMBOJbHbIA aHr/10-pyCcCKUin ¢
MOACBETKON  rony6oi  [INeKTPOHHbIA  pecypc]. - Pexum  poctyna:
https://www.chipdip.by/product/bcb2004-03-2. - Aata goctyna: 10.05.2023. ‘

37  Grove - LCD RGB Backlight, >XK aucnnein [9neKTpoHHbIn pecypc]. -
Pexxum pgocrtyna: https://www.chipdip.ru/product/grove-lcd-rgb-backlight. - Oata
poctyna: 10.05.2023.

38  3.2inch 320x240 Touch LCD (C) [3neKTp0HHb||/| pecypc]. - Pexum
foctyna: https://www.chipdip.by/product/3.2inch-320x240-touch-lcd-c. - [ata
poctyna: 10.05.2023.
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39 WH1604A-NGG-CT, XKW 16x4, aHrno-pycckuii [SneKTPOHHbII
pecypc]. - Pexum pgoctyna: https://www.chipdip.by/product/whi604a-ngg-ct. -
[aTa poctyna: 10.05.2023.

- 40 WH1604A-NGG-CT [OneKTpoHHbIN pecypc]. - Pexum paoctyna:
https://www.compel.ru/infosheet/ WINSTAR/WH1604A-NGG-CT. - [aTa
poctyna: 10.05.2023.

41  WH1604A VATN Character 16x4 [Electronic resource]. - Mode of
access: https://www.winstar.com.tw/uploads/files/96a7f99ec55de6b2c3083fe439ee
adaf.pdf. - Date of access: 10.05.2023.

42  Csetoamop BbiBogHoW FBMM-B / cnHUA [SNeKTPOHHBIN pecypc]. -
Pexxum poctyna: https://belchip.by/product/?selected_product=08498. - [aTa
poctyna: 10.05.2023.

43 Ceetoamog BbiBogHOM GNL-10003UED-1 cuvHWIA [ONEKTPOHHbIN
pecypc]. - Pexxum goctyna: https://belchip.by/product/?selectedjproduct=30389. -
Hata poctyna: 10.05.2023.

44  Csetoauof BbiBogHOM GNL-20003UYD-A / XenTblil [ONeKTPOHHbI
pecypc]. - Pexxum goctyna: https://belchip.by/product/?selected product=36349. -
[aTa poctyna: 10.05.2023.

45  Ceetoauoq BbiBogHOM GNL-3014UBC-TL [GneKTpOHHbIN pecypc]. -
Pexxum poctyna: https://belchip.by/product/?selected - product=34843. - [arta
poctyna: 10.05.2023.

46 CaHuTapHble HOpPMblI W npasuna. TpeboBaHWA K YCTPOMCTBY K
aKcnyatauum  (U3KynbTYPHO-CMOPTUBHBIX CoOopyXeHud CaHluH Ne 127 ot
16.12.2013: yTBepXAeHbl MocTaHoBieHMeM MWHUCTEPCTBA 3[paBOOXPaHEeHUs
Pecny6nvkn benapycb o1 16.12.2013 Ne 127. - MuHck, 2013. - 5 c.

47 CaHlMunH.  T'vrneHnyeckne  TpeboBaHMS K  MUKPOKIUMATY
MPOM3BOACTBEHHbLIX MoMeweHnin Ne 33. - Bsea. 30.04.13; MWHWCTEPCTBO
3[paBooxpaHeHns Pecny6nukn benapyck. - MuHck, 2013. - 20 c.

48  LUym Ha paboymx MecTax, B TPaHCMOPTHbIX CPeACTBax, B MOMELLEHUAX
YXW/bIX, 0OLECTBEHHbIX 3[4aHWIN 1 HA TEPPUTOPUN XKUI0 3aCTPONKK: CaHUTapHbIe
npasuna n Hopmbl CaHlMrH Ne 115 ot 16.11.2011: yTBep>KAeHbl NOCTaHOB/IEHWUEM
MwuHMCTepCTBa 34paBooXpaHeHns Pecny6nvku benapych ot 16.11.2011 Ne 115. -
MuHck, 2011. - 20 c.

49 CH 4.02.03-2019. OtonneHue, BEHTUNAUUA, KOHAMLMOHUPOBaHME
Bo3gyxa / MUHMUCTePCTBO apXUTEKTYpbI 1 CTpouTenbCTBa Pecnybnnkn benapyce. -
OdmumansHoe nsgaHune. - BeedeH Brnepsble (C 0TMEHOW B Pecny6nvke benapycb
CHB 4.02.01-03). - MuHck, 2020. - 68 c.

50 CH 2.04.03-2020. EcTecTBeHHOe W WCKYCCTBEHHOE OCBeLLeHue.
CtpouTenbHble Hopmbl Pecnybnnku benapycs / MUHUCTEPCTBO apXUTEKTYPbI U
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chOMTeanTBa Pecny6nukn Benapycb. - OdgwmumanbHoe wu3gaHuve. - BsepeH
Bnepsble (C oTMeHoW TKI 42-2.04-153-2009). - MuHck, 2021. - 63 c.

51 MOCT 12.1.030-81. CCTB. 3nekTpobesonacHOCTb. 3allUTHOE
3a3em/ieHmne, 3aHyneHue. - Been. 01.07.82; MNocypapcteeHHbIn KomuteT CCCP no
CTaHgapTam. - M., 1982. - 4 c.

52  CH 2.02.05-2020. MNMoxapHas 6e30MacHOCTb 3[4aHuin U COOPY>KEHWA.
CtpoutenbHble HopMbl Pecnybnvkn Benapycb / MWUHUCTEPCTBO apXUTEKTYpbl U
cTpoutenbctBa Pecnybnukn benapycb. - OdwmumnansHoe wu3gaHve. - BsepeH
Brnepsble (C oTMeHoM TKI 45-2.02-315-2018). - MuHck, 2020. - 550 c.

53  MeTogmnyeckune ykasaHusa no BbINOHEHUIO 3KOHOMUYECKOr0 pasfena
OVUMIOMHOrO NPOEKTUPOBAHWUA NS CTYAEHTOB TEXHUYECKMX CreunaibHOCTENR
nprmbopocTponTenbHOro takynsteta BUATY. - MuHck, 2014. - 46 c.



