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1.BBenenue

Tema: pazpaboTka THAPOTYPOUH JJIsl TUPJISTHAHBIX THIPOSICKTPOCTAHIIHMA

JUIsL 00€CTIeUEHMSI SIIEKTPOIHEPTUEHN TPYTHONOCTYITHBIX PETUOHOB C IPUMEHEHUEM
texHosioruii 3DMoaenupoBanus u 3Dnevaru.

AKTYaJIbHOCTb:

o [IpennoxxeHHBIN BapHAHT SHEPrOOOECTICUCHUS SBISETCS
AKOJIOTMYECKH YUCTHIM U aBTOHOMHBIM (TO €CTh OH HE TpeOyeT
nposeaeHus JISIT oT KpynHBIX 3NEKTPOCTAHIUN K MECTaM, TIe
PKOHOMMYECKH IieJiecooOpa3Hei crpoutenbctBo MuHU ['3C).

e B pabote npuMeHsIOTCS Takue MepeaoBble TEXHOIOTUH, Kak 3D
nedats U 3D MozennpoBaHue.

IIpobGaema uccaenoBanms: o0ecreyeHUE TPYAHOIOCTYITHBIX YaCTHBIX
JIOMOB U JIpYTUX MOTPEOUTENEH 3KOJOTUUECKH YUCTON IEKTPOIHEPTUEH.

HpaKTI/I‘leCKaH 3HAYMMOCTb: II0SIBJICHUE HOBOM KOHCTPYKINHU

TUAPOTYpPOUH.

IIpeamer uccaenoBanus: ['uapoTypOuHbl 1jst TUpissHIHbIX MuHU ['OC.
eab padoThI:

[IpensioxkuTh HOBYIO KOHCTPYKLIMIO THIAPOTYPOUH TSl TUPJISTHAHBIX
TUAPOIIIEKTPOCTAHLIUM.

Paccuutats HeoOxonumbie mapameTpbl MuHu ['9C: e€ KI1JI, MmomHOCTD,
KOJIMYECTBO 0OOPOTOB B CEKYH]Y, KPYTAIIUNA MOMEHT, CO3/1aBaEMbIii
TUPJSIHI0M TypOuH, Harpy3Ky Ha TYpOUHBI U TPOC, TapaMeTpbl IOTOKA BOJBI U
JIpyrue HeoOXO0IUMbIE 3HAYCHUS.

Pa3pabotath 1 Haneuatath Ha 3D npuntepe 3D mMoaens ucnbITaTeIbHOM
YCTaHOBKH ISl TUAPOTYPOUH.

Coznath yCTaHOBKY, HMUTHPYIOLTYIO TIOTOK BOJIbI, KOTOpasi Obl JOKa3bIBajia
paboTOCOCOOHOCTh NPEJIOKEHHON KOHCTPYKIIMH TUIPOTYPOUH.

3agaum:

Paccmotpers cymectByronue BapuanTsl MUHU [ OC,
[Ipoananu3npoBaTh UX NPEUMYILECTBA U HEJOCTATKH.

Paccmotpets Tinbl rupasHaabix Mmunu ['OC.

[Ipoananu3npoBaTh UX NPEUMYILIECTBA U HETOCTATKH.

PaccuutaTh HeoOxoauMble TapameTpbl TupAstHAHOW MuHK ['DC.,
Jloka3zaTbh paboTOCIIOCOOHOCTD MPEANIOKEHHBIX THAPOTYPOUH.
Pa3paborate 3D Mozenb 3kciepuMeHTaNbHON YCTaHOBKH.
HaneuaraTe MakeT 3KCHIepUMEHTaIbHON ycTaHOBKU Ha 3D mpuntepe.



MeTtoab! HCCIeI0BAHNS
Hayuno-nureparypHbiii TOUCK.
CucremaTu3anus Noay4eHHONH HHGOpMAIUH.
AHanu3 nojay4yeHHOU HHpOpMaIuu.
MopnenupoBanue.

DKCIEPUMEHT.

MuHU-TUAPOIIEKTPOCTAHIIMY TJIaBHBIM 00pa30M OTJIMYAIOTCS OT KPYIHbIX
I'DC Tem, uTo U1 HUX HE TpeOyeTcs co37aBaTh OIPOMHBIX BOJOXPAHUIIMILL,
U3MeHsA penbed MecTHOCTH. Malbix rabapuTOB CTAHIIMK OOJIee YeM JOCTATOYHO
JUIs 0O€CTIeYeHHs YaCTHBIX IOMOB U HE DPHEPTOEMKUX MPEANpUATU. A
cTpouTenbeTBO KpynHbIX ['DC menecoobpa3Ho TOIBKO B cliydyae HEOOXOAMMOCTH
o0ecrneunTh SHEPrueil crpaTernyeckue NpeanpusTUs CTPaHsbl.

Munu ['SC MOXKHO CTaBUTh B BOJIOEM, KOTOPBIM UMEET COOCTBEHHOE
TEUYEHHE, TAKKE UMEETCS BO3MOKHOCTh CO3/1aBaTh HAIIOP MPU ITOMOIIM TIepenaaa

9

BBICOT (c0o3/1a€Tcsl HeOOJIBITMMU IUTIOTHHAMH ), OTBOJIA BOJBI B OTJCIIBHBIN “pyKaB”.
2.0cHOBHAaA 4YacTh

PaccmoTpum npumensitoruecs cerous tuibl MuHu 1'9C:

2.1. Munu I'DC ¢ typounamu migexkosoro tuna (Puc. 1):

XM 0B HL BOAB!

R

B3 i yposeHb =
L E: >

Puc. 1
YcrpoicrBo:

BunToas TypOuna
DNeKTpUYECKN TEHEPATOP
KopoOka nepenau

['ubkas mydTra

BepxHui noammmHuK
Hixuuil noaimmnmiamk

ok wnE



JloctoMHcTBA:

1.
2.

3.
4.

5.

B03MOXHOCTh YCTAaHOBKM Ha HU3KOHAMOPHBIX MJIOTUHAX
J10JITOBEYHOCTH

ObecnieunBaeT 6€30MACHBIN MTPOXO] PHIOBI
IIpocTtast KOHCTPYKLIHS
Bricokoe KIIJ]

HenocTraTkn:

1.
2.

Heo6xoammMocTh CTpOUTENHCTBA TIIOTUHBI
Bosnbiine 3aTpaThl cTpoMMAaTepUaliOB B CPABHEHUHN C aHAJIOTaMU

2.2. 'pasurtanmmonno-suxpesbie ' IC ¢ MMJIMHAPHYCCKAM 0aCCeMHOM

BN

(Puc. 2):

Puc. 2

YcrpoicrBo:

1.
2.
3.

DneKTporeHeparop
CoenunurenbHas Mypra
TypOuna

JlocTtomHCcTBA:

1.

2.
3.

B03M0KXHOCTB YCTAaHOBUTH HA OJHOM PEKE HECKOJIBKO TAKUX
KOHCTPYKIIUH

[IpocToTa 1 HaAEKHOCTH KOHCTPYKLIUH

JloJroBe4yHOCTh

HenocTraTkn:
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1. He Ge3omnacHa amst pbIObI (KOMIIEHCUPYETCS] BO3MOKHOCTBIO 3aKPBITHS
3aCJIOHKH O a49H BOJIbI)

2. HeoOGxomuMoCTh pEIThS “pykaBa’, T1ie OyJeT YCTAaHOBIIEH ITUIHH/P C
HOJIXOJAIINM T10 KacaTeJIbHOM K HEMY pyCJIOM

2.3. Munu I'DC nponessiepuoro tuna (Puc. 3):
: R 3

Puc.3

YcrpoiicTtBo:

1. T'uapoTypbuHa

2. CoeaunurtenbHas My(dra

3. CUHXPOHHBIH JIEKTPOTEHEPATOP

4. OtBepcTHE TS BXO/a TOTOKA BOIBI
5. OtBepcrtHe Ui BBIXOA MOTOKA BOJbI

JlocTonHcTBa:

1. B03MOKHOCTb pa3MeIICHUS HECKOJIbKHUX YCTAHOBOK Ha OJIHOM peke
2. TIpocrora MoHTa)xa
3. KommakTHoCTh

HenocraTkm:

1. Heo0XxoauMocCTh MOJHOTO MOTPY>KEHUs O] BOY (CIe10BaTEIbHO, HE
BCE PEKU MOJXOST [0 CBOMM rabapuram)
2. OnacHOCTb IS PBIOBI



2.4. Munu I'DC poTopHOro tuna

[Tpumensitot Gpopmy jonacteit BetporeHepaTopoB (Puc. 4), HO TOJBKO MEHSIOT
TOJIIIIAHBI B COOTBETCTBHUH C YCJIIOBUSIMHU PaOOTHI TTOT BOJOM.

Potop dapbe Potop Aapbe BuHTooGpasHbIA
Tna H potop Hapbe

Pz

F 4
N __—&l

\

g
0\
|

- -

Puc.4

[Tpumepom muan I'2C no100HOTO THIIA MOXKET CIIY>KUTh TaHHbIN oOpa3er (Puc.5)

_1
.2
————————

3

Puc.5

YcrpoiicTBo:

1. DnexTporeHeparop
2. Potop Hapwe tumna H

JocTouHncTrBa:

1. besomnacHocTh A1 pbIO



2. KoMmmakTHOCTH
3. IIpocTora MOHTaXa

HenocTraTkn:

1. Heob6xoamMoCTh HHIUBHUIYATBHBIX Pacu€TOB TTAPAMETPOB JIOMACTEH
poropa
2. Heo06xoauMoCTh MOTHOTO MOTPYKEHUSI POTOPOB MO BOAY

2.5. lIpemiaraemast ycranoBka rupasitiaao Mmuau 'C
['upnsaaasie Muau ['9C ObIBAIOT IBYX THUIIOB: TOPIEBbIE U MONEpPeYHbIE.

PaccMmoTpum cHavana yctaHoBKy nmomnepedynoro tumna (Puc 6):

Yemarobrka onops

YcrpoiicTBo:

1. T'enepatop
2. Penykrop
3. Mydra coenuHUTEIbHAS
4. IInomanka reHeparopa



TypOuna (ycTaHaBIMBaIOTCS OMAapHO Mo yriioM 90° apyr K apyry)
Beptiror

Tpoc (HEOOX0AMMO YUUTHIBATh HAIPABJICHHUE)

beperonas onopa

Omnopa reseparopa

©oo~N O

B 3aBHCHMOCTH OT yCIIOBHI MECTa CTPOUTEILCTBA M HEOOXOUMOCTH
WCITOJIb30BAHUS BOJOEMA B KAYECTBE TPAHCTIOPTHOM apTEPHH BO3MOKHO J[Ba
pexrmMa paboThl: Ha TUIaBY M Ha norpykenue (Puc. 7).

/4 lycmaxotixa zypasedst dns padoms: 7o naaby)

K zerepamopy B K depezotoi anope
e sy L
;
e ey v Py
~<, yy L
L/ / . y -
X Zpangy N /4 fpcmaHobia zupnsuds OA8 PACOMs KT NOZ0LXexue) K depezobou argge

IIpeumyuiecrsa:

1. TIpoctoTa KOHCTPYKITUU

2. IIpoctora obcmykxuBaHuUs

3. MonaynwsnocTs (Ecnu omHa TypOUHA TUPIISTHIIBI BBIMIET U3 CTPOS €€
BO3MOKHO JIETKO 3aMEHUTb )

4. OtcyTcTBHE Bpelia peuHbIM oOuTaTessiM (3a CY4ET BO3MOKHOCTH
OBICTPOTO ChéMa KOHCTPYKIIUU BO BpeMs HEpeCTa phIO, WITH 32
CU€T OpraHu3aluy CHelUaibHOro prld0X0/a, T.K. YCTAHOBKA HE
3aHUMAET BeCh 00BEM PEKHU)

5. OtcyTcTBHE HEOOXOAMMOCTH CTPOUTENILCTBA IUNIOTHUH U IPYTUX
COOPYKECHUU

6. [IpocToTa KOHCTPYKIIMU IPUMEHSIEMBIX TypOuH (OyaeT
paccMoTpeHa Jajee)

HenocTraTkmn:



10

1. MakcumanbHasi MOIHOCTh MONEepeyHOM rupiistHIHOM MuHu ['OC
3aBHCHT OT LIUPUHBI BOJOEMA

2. Ce3onnocth nanHoi munu ['9C, 3uMoii, Koraa BoJI0EM 3aMep3aeT
e€ paborta HeBo3MOkHA (KommeHcupyercst ObICTPOTOM JEMOHTaka
YCTaHOBKH)

BaxHo OTMETHUTB, UTO KOHCTPYKIIMS TYpOUHBI B TUpIsiHaAHON MuHU ['DC Kpaiine
MPOCTa U MIPEICTABIISIET U3 ceOsI IBa MOIYIMIMHIPA cO cMenEHHOM ockio (Puc. §).

Oco0eHHOCTh MPEII0KEHHON KOHCTPYKIIUN THAPOTYPOUH 3aKIII0OUaETCs B
HaIM4YuU OOKOBOTO pacTpy0a, mpeIHa3HaYeHHOTO JJI YBEIMUEHUS TTOTOKA BOJIBI,
MIOTIAJAIONIETO B TYpOUHY MPHU TOPLIEBOM pexkuMme padotsl muau ['IC.

Puc.8

Tenepb paccMOTpUM ycTaHOBKY TOopueBoro tumna (Puc. 9, 10):

[ UgposuHaMuHeckuL 36300

Puc. 9



400

540

YcerpoiicTBo:

O b wnN -

6
7
8

9

11

Yemawofixa zenepamopa Yemanobka onaps

Puc. 10

. I'eneparop

. Penykrop

. Mydrta coenuHHUTENbHAS

. Ilmomaaka reneparopa

. TypOuHa TopueBas (yCTaHaBIMBAIOTCS OMAPHO MO yriaom 90°
JPYT K APYTY)

. Beptmor

. Tpoc (HeoOX0AMMO yUYUTHIBATH HAIIPABIICHUE)

. beperosas omnopa

. Onopa reneparopa

Ipeumyuiecrsa:

1. OcHOBHBIE IPEUMYIIIECTBA TTOTIEPEUHBIX TYPOUH TAK)KE OTHOCATCS

" K TOPOCBBIM, HO

2. MakcumanbHas MOHOIHOCTb YCTAHOBKH HC 3aBUCUT OT IIMPHHBI

HenocTraTkmn:

peku, T.K. Muau ['9C pa3zmeniaercst BI0Ib PEKH, COOTBETCTBEHHO
JUTMHA TUPJISTH]IBI OYIET 3aBUCETH TOJIBKO OT TOTPEOHOCTEMH
3aKa34yuKa.

1. Ceszonnocts Muau ['DC

2. Heo6xoauMOCTh MOTHOTO MOTPYKEHUS TYPOUH IO BOAY
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2.6. Pacuérnl mapamMerpoB rupasuanoii Muau I')C
HUcxoaubie 1aHHBIEC:

e B pacuérax ucxoauiu u3 TOTo, 4YTO CKOPOCTh MMOTOKA BOJbI COCTABIISIET —
vii=2,5 m/c. JlaHHYIO0 CKOPOCTh TE€UEHHUSI Mbl MOXKEM HA0JII0/IaTh BO MHOTHUX
pekax Mypmanckoit obnactu (peku Bapsyra, Bocrounas nuua, /[po3noBka).

e [nyOuHa U MIUpPHUHA BOJAHOTO OTOKOB KOJICOJIETCS B IMPOKHUX TMpeeax

TI0ATOMY B JAHHOM Pac4éTe MPHUHATO: TIyOHHA BOAHOTO MOTOKAa — B =2 M,
mIMpuHa BoHOTO moToka —H =5 ... 60 m.

2.6.1. IIpoekTHPOBOYHBII pacyéT 1A monepeyHo rupasuanoi 'IC

2.6.1.1. MouTHOCTh OJTHOW TUPJISTHABI C TIONIEPEYHBIMUA TYPOHMHAMHU

omnpenesieM o Gpopmyre:
2
Yp

Norup=D - L - 7’1]H,KBT

re

D = 0,25 — HapyXHbIii TUaMeTp NONEPEYHON TypOUHBI,

L =30 M — 1yiuHa aKTUBHOM YacTH THPJISTH/IBI;

Vp = 2,5 M/C — MUHUMAJIbHasl CKOPOCTb BOJIBI B PEKE;

Nu = 0,46 — HaTeuHBII KOAPPUITUEHT TIOJIE3HOTO IEUCTBUS MONIEPEYHON TYPOUHBI.

[Toxcrasisist Bce 3HaYeHUs1 apryMeHTOB B (hopmyay 2.6.1.1 monyuum

2

2,52
NHFI/IP:D - L V7p 1’]]—1:0,25 -30 -

2

- 0,46 = 10,78 kBT

2.6.1.2. MontHoCTh Ha BBIX0JI€ T€HEepaTopa OnpeesiuM 1mo hopMmyie:
Nreg = Norge * Nren - Neeg = 10,78 - 0,9 - 0,8 = 7,76 kBt
rIe
Nrea = 0,9 — k03 HUIMEHT OIE3HOTO0 ICUCTBUS TEHEePaTOPa;
Neeg = 0,8 — koadpuHMeHT MoIe3HOTO ACUCTBUS PEIYKTOPA.
Ha cpennecraTuCTHYeCKUI YACTHBIN J0M HeoOxoaumo <= 15 kBT

2.6.1.3. CkopocTb BpallleHUs: TypOUHBI ONpeAeIUM 1o GopmyIie:

,5
n, = Cp- =028~ =28 oble

rac

Cp = 0,28 — k03 (pPUIEHT CKOPOCTH BPAILLEHUS MPU YCTAaHOBUBIIECHCS
ONTHMAJIBHOW Harpys3Ke.
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2.6.1.4. KpyTamuii MOMEHT, CO3/1aBa€MbIii TUPJISTHION TTOTIEPEYHBIX

TypOHH, onpeaenum o Gopmyse:
N )
Mip = 16,21 - ~12 = 1621 . 22~ 385 kr
nr 2,8

2.6.1.5. Cubl 1aBiieHHs BOJBI HA TUPJISHIY CO CTOPOHBI MIOTOKA
ompenenum 1o popmyre:
P = & D-L- 2,
e =~ V5 " P, KIC
riae

Cy = 0,65 — koadppurEenT 1060BOr0O CONPOTUBIEHHS MONIEPEIHOIM
TUAPOTYPOUHBI Ha pabodyeM peKUME;

p = 102 kr - ¢?/m* — maccoBast IOTHOCTB BOIBL.

[Toxcrasisis Bce 3HaueHUsI apryMeHTOB B hopmyny 2.6.1.4 nomyyum:

5
pr=3D L2 =222.025-30- 2,52 102 ~ 1554 krc
2 p 2

2.6.1.6. JlmameTp Tpoca TUPJISTHIBI ONIPEACITAM T10 (hOpMYJIE:

__ 3 |D-Nnrup
d= |——— ,cm
0,075 vp

IToncrasisiem Bce 3HaUEHUS apryMeHTOB (popmyiny 2.6.1.6:

3[D-N 30,25 10,78
d="|—"E="—"—""%243cm
0,075 - vp 0,075-2,5

2.6.1.7. OceBoe ycuiame Ha TPOCE MOMEPEYHOM TUPJISHIBI ONIPEACIIUM
o ¢opmyie:

Xy = 336 - MIIHP _ ga5 &28 = 1449 kre

Vp 2,

2.6.2. IIpoekTHPOBOUYHBIII pacuéT TopueBoil rupasiuanoii IC
2.6.2.1. [laBnenue HabeTaroIero MOToKa Ha TYpOUHY ONpPEIeTUM I10

dbopmye:
Cx-vp-p

Prr = S3- 5

, KIC

rac
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m-D? _ 3,14- 0,252
S3 = =
4
(ompenensieTcs o Hapy>KHOMY AMAMETPy OTOOPTOBKH);
Cx = 1,2 — k03 PpUIIMEHT COPOTUBIICHUSI.

= 0,049 m? — nomae 3a60pHUKA TOPLIEBOI TYpOUHBI

[Toncrapiisist Bce 3HAaUCHUS apryMEHTOB B popmyiy 2.6.2.1 momyunm:

Cy - Vp- 1,2-2,52-102
Prr =Sy 2P = 0049 - 2222 272 = 74 97 ke
2 2

2.6.2.2. MontHOCTh, pa3BUBaEMYIO TOPIIEBOM TYpOHMHON ONpeIeIuM
o popMmyiie:
Nyt =Ss- k- vp3, KBT
rae k=0,09 ... 0,114 — k03D PHUIHEHT MOLITHOCTH.
[Toncrapiisisi Bce 3HAUEHUS apryMEHTOB B popmyny 2.6.2.2 MOTyUnM:
Nit=Ss-k-vp>=0,049-0,1- 2,5 ~ 0,077 kBt
2.6.2.3. Vcxonas u3 TOro, 4To CyMMapHas MOITHOCTh TOPILIEBOM

TUPJSIHIBI JoJkHa ObITh HE MeHee 10,78 kBT, onpenenuM KOIMYECTBO TOPLEBBIX
TypOUH B TUPJIAH]IE TIO PopMyIIE:

Nt — Nurup = 1078 = 140 mr
Nyt 0,077 '

2.6.2.4. YuuThIBas, 4YTO PaCCTOSHHUE MEX/y COCETHUMU TypOuHAMU
JOJKHO ObITh HE MeHee 1,35 - D, cymmapHas qirHa pabodeid YacTH TUpIIsTHABL U3
TOPIIEBBIX TYPOUH JOJDKHA OBITH HE MEHEE ONpeIeIEHHOM 110 (hopMyIIe:

Lrr=(Lr+1,35-D) - nrr=(0,4+1,35-0,25) - 140 = 103,25 m
2.6.2.5. OceBoe ycuiame Ha TPOCE TOPIEBOM TUPISHIBI COCTABUT
X1r = Prr - Npr = 74,97 - 140 = 10495,8 krc
BoiBOA:

e Pacuér nokazai, 4To KOHCTpYKIUS TUpASHAHBIX [ DC obecnieunt
BO3MOXXHOCTh TIoJydeHus Oosee 7 kBT anmekTposnepruu (A ecnu 6paTh
CKOPOCTb MTOTOKA BOJBI OT 6 M/C, TO MOIITHOCTH BO3pacTéT 10 45 kBT)

e Heo0X0auMO OTMETUTH, UTO CKOPOCTh MOTOKA I TOPLIEBOTO BapUaHTa
noctaHoBKK MUHU ['DC MOkKeT HapalumBaThbCsl MyTEM YCTAaHOBKU TPOCA €
TUPJISIHIOM, B METAIUTMYECKYIO TPYOY Y KOTOPOI 4acTh CO CTOPOHBI
BXOJISIILIETO MOTOKA OYJET Cy>KaThCs 10 MECTa Havasjia THAPOTYPOUH.

e Takoke 1o UTOoraM pacu€ToB CTOUT OTMETUTH TOT (PAKT, UTO OMBIT CO3TAHUS
rupissHaHBIX ['DC npu cKOpOCTH MOTOKA BhIIIE 3 M/C, OKOHYATEIBHOE
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penieHrue HeoOX0IMMO MPUHSTH MOCIE BCECTOPOHHETO U3YUYEHUS
W3TOTOBJICHUSI ONBITHOT'O UCTIHITAHMUS.

2.7. MomgeaupoBaHue M npou3BoaAcTBo Makera Muau I'IC

2.7.1. Co3panne MaKeTa IKCIEPUMEHTAIbHON YCTAHOBKH
MakeTt ObUI CO3/1aH C LIEJIbI0 JEMOHCTpAIUU PadOThl TYPOMH MPH HAIIOPE
BOJIBI.

B kauecTBe crioco6a npou3BojicTBa MakeTa Oblia BeiOpaHa 3D neuats, 1o
IPUYUHAM:

e JlemeBU3HBI JAHHOTO METOJIa B CPABHEHUH C APYTUMH.
e [Ipoctotel 3D monenrpoBanus.
e [lepcreKTUBHOCTH JAaHHOTO HANIPaBJICHUS

Jliis co3nanms 3D monenu Oblia BeIOpaHa mporpamma Fusion360.
TpeboBanock cO31aTh MOACIH TUAPOTYPOUHBI, IMTOTYKECTKOW OCH BPAILICHUS
(KOoTOpast BBITIOJIHSJIA POJIb TPOCA, T.K. IUIACTHK, MIO3BOJISI CACNIATH OCh
HEMHOTO THOKOM ), ¥ UCTIBITATEIILHOTO OacceiiHa B KOTOPOM MbI OBbI CO3/1aBaJIH
HAIIOp BOJIbI, KOTOPBIH Bpalaj Obl TypOHUHBI, TEM CAMBIM JCMOHCTPUPYS
paboTy TypOuH mog006H0M HOPMEI.

Puc.11

Kax MoxxHO yBUAETh IPH cpaBHEHHUH JIBYX Mojeneit (Puc. 11), mpu
CO3aHUU MOJICTIH JIJIs TIeYaTH ObUTH yBEIMYCHBI TOJIIIMHBI CTEHOK U OCei
ruapoTypOuHbl. Caenano 310 ObUIO 1S MPUIAHHS POYHOCTH TTACTUKOBOMY
U3JICJIUIO U YIIPOILEHUS MOCT-00pabOoTKN HarleuaTaHHOTO MaKeTa.

[Tpu MoeTMpOBaHNY UCTIHITATEILHOTO OacceitHa ObLIO HEOOX0IUMO
C/eNIaTh HAKJIOH, CYy’KEHHUE K MECTY TOCTAaHOBKHU TIEPBOU TUAPOTYPOUHBI TSt
YBEJIMYEHUSI CKOPOCTH MTOTOKA, MECTA JIJIsl YCTAaHOBKH IILTI03a, PETYIUPYIOIIETO
IIPOTOK BOJIBI, ¥ TIOIIMITHUKA, YMEHBIIAIOIIET0 TpeHre ocu o Oacceitd. Takxke
HEO0OXOMMO OTMETHUThH, YTO B YCTAHOBKE TYPOHUHBI JOJIKHBI OBITh MTOJTHOCTHIO
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MOTPY>KEHbI B BOAY, a I €€ N30bITKA JOJIKEH ObITh MPEAYCMOTPEH My Th AJIs
BBIXO/IA.
B urore 0bu1 momydena cienytomiast 3D monens (Puc. 12):

Puc. 12

Crnemyronium maromM ObLT Mporiece nevyatu Moaeu. st 3Toro Ob110
HEO0OXOMMO pa3eIuTh MOJICTh Ha HECKOJIBKO OTICIBHBIX YacTeH (B CBSI3U C
OrPaHUYEHHOCTHIO Pa3MEPOB MEYATHOTO CTOJIA) U CHOPMHUPOBATH U3 HUX (DAiiITbI B
dopmare “.gcode” mis kaxao# aeTanu Makera. IToT Gpopmar ¢aitios
ucnojp3yercs 3D npuHTEpOM B KauecTBE MHCTPYKIIMHM IO ieyaTH. B kauecTBe
mporpaMMbI-ciaiicepa ucmnosb3oBanack Ultimaker Cura 4.7.

Jlns meyaTn MakeTa ucrnosib3oBasicst npuHTep Flying Bear Ghost 5. Maxket
BbINIOJIHEH U3 actuka PLA. Tlpouecc neyatu Bcex aetaneit 3aHsn ~ 36 4acos.
[Tocne yero Moaenu ruApoTypOUH, OCH BpallleHUsI U UCTIBITATENIbHOTO OacceiiHa
OBLIM OYMIIICHBI OT MOAJACPKKH, KOTOPYIO co3ana-iporpaMmma ciaiicep 1jst 6osiee
BBICOKOT'O KauecTBa MeYaTH, OTUUIM(OBaHbI U JOPAOOTAHbI Pa3IMYHBIMU
HaQHIISIMHU.

2.7.2 Co3nanme TpyObl, MMUTHPYIOLIEH OTOK BOJBI

Jl71st mpoBEpKU pabOTOCTIOCOOHOCTH TIPEAJIOKEHHOM KOHCTPYKITUU
TUAPOTYpPOUH ObLIO HEOOXOAUMO CO31aTh TPYOY, KyAa Mbl Obl JTWJIK BOJY U
CMOTpenu: OyJeT U MPOUCXOAUTh UX BpallleHHE 3aCUYET MOTOKA BOIBI?

Tpy0a u psin Apyrux 3J€MEeHTOB OBLIN CIEIAaHbI U3 IIaCTMACCOBBIX
oyteutok (Puc.13, 14, 15). Jlns perymnsiuu NoToKa BOJbI ObUIA UCIIOIH30BAHBI
1rapoBoit kpaH (Puc. 16) 1 BepxHHE YacTH MIaCTMACCOBBIX OyTHUTOK (puc. 14, 15),
B KOTOPBIX OBUTH MPOJIeNIaHbl OTBepCTUs JyTsl mpoxoja Boabl (Puc. 17, 18). Taxxke
OBUIH UCIOJIB30BaHbI MPH COOPKE HETIOCPEACTBEHHO TUAPOTYPOUHBIL,
OrpaHUYECHHbIEC B CBOEM CMEIIEHUU Ha OCH IpU oMol u3oieHtsl (Puc. 19). [lns
YMEHBIIEHUS TPEHUS MPU BpAIIEHUHU ObLI UCTIOIB30BaH MOAIIUITHHUK,
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NPUKIICCHHBIN K KPBIIIKE HIDKHETO peryisitopa motoka (Puc. 20). lns neHTpoBku
ocH OBLIIO MPOJIETaHO OTBEPCTUE APEIIbIO U TOPTATUBHOM ra30BOM rOPEIKOM B
KPBIIIKE BEpXHET0 perynsaropa noroka (Puc. 19).

[Ipou3BoACTBO TPyOBbI IPOUCXOIUIIO CAEAYIOIIUM 00pa3oMm:

1.

2.

6.

Otpe3aeM y OyThUIKK | HUKHIOIO YaCTh U BEPXHIOIO BCTABIISIEM B
mrapoBoii kpaH (Puc. 21).

entpanbubie yactu |1-oit u l11-eit OyThIIOK coeuHIEM TyTEM
Cy>KeHHUsI Kpa€B OJIHOM OYTBHUIKH MPU MOMOIIU MOMEIIEHUs €€ B
kunsAToK (Puc. 22) u nanpHEHIIMM coeIMHEHUEM Kpasi, CY>KEHHOTO
C OOBIKHOBEHHBIM. YKPEIUISIEM MECTO COSAMHEHUSI CKOTYEM.
[IpukienBaeM K KpbIlIKe BEpXHEH YacTH OyTHUIKU MOAIIUITHUK U
Ha HEro HacaXWBaeM OCh BparieHus TypouH (Puc. 23).
[Tomemaem Ha aHO |-0#1 OYTHUIKYA HMXKHUH PETYISATOP MOTOKA C
BKPYUYEHHOW KPBIIIKOUN, K KOTOPOU MPUKJIEEH MOAMIMITHUK C OCBIO
BpateHus u Tuapotypounamu (Puc. 24).

CoenunsieM LeHTpallbHbIE YacTH |-0i1 OyThUIKH, C COEAMHEHHBIMU
I1-0i1 u |11-eit OyThUTKamMu, MPY TOMOILM METOAA, OTMCAHHOTO B 1.2
(Puc. 25).

JUIsl HIEHTPOBKH BEPXHEN YaCTH OCH UCIOJIb3YyEM BEPXHUI
peryastop notoka (Puc. 26).

Tpy6a, uMUTHpYIOIIAsl TOTOK BOJBI TOTOBA, MOCIIE YETO MbI €€
tectupyeM (Buneo npunoxenue 1).

3.3akaouenue

B xoze paboThl ObUTH paCCMOTPEHBI IPEUMYIIECTBA TUPJIAHIHBIX MUHH ['DC
B CPAaBHEHUU C APYTMMH THUIIAMHU MaJIOradapuTHBIX THAPOIIEKTPOCTAHIUMI.

bblna npuBeneHa KOHCTPYKUUS TUAPOTYPOUHBI TUPJISH/IBI — IPOCTAasi U HAIEKHAS.

Taxxe ObUIM NpPUBENEHBI Pacu€Thbl, JOKA3bIBAIOLIUE, YTO MPHU JIOCTATOYHOMN
CKOPOCTHU Haropa BoJibpl Mog00Horo pojaa I'C MoryT BeipabaThIBaTh SHEPTHH OOJIEe
YeM JO0CTaTOYHOW Juis oOecreueHus OJHOTO 4acTHOro aoma. [loaromy B cBsizu
MIPOCTOTOM KOHCTPYKITUH AJIsI POU3BOJICTBA MOKHO CKa3aTh, UTO TUPJISTHIHAS MUHU
['DC nogxoaut nnst odbecrneveHus TPy IHOAOCTYITHBIX PETHOHOB PO.

[IpakTrUueckast 3HAUUMOCTb pabOThI 3aKIIFOYAETCSA B TOM, YTO ObLIT MPEAJIOKEH
JUIst 00eCIIeUYeHHUs TPYIHOAOCTYITHBIX PErMOHOB BBIPAOOTKH HKOJIOTUYECKU YUCTON
SHEPrUH CIIOCO0, KOTOPHIN paHbllle He MPUMEHSICS MAaCCOBO Ha MPaKTHUKE.
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S.JIpunoxenne

5.1.Tun OyThUTOK, UCTIOJIB30BABIIHIICS I CO3/IaHus Kopmyca TpyOs! (Puc. 13).

Puc. 13

5.2.Tumn 6yThUTOK, UCTIOTB30BABIIUNCS AJIs CO3TAHUSI «PETYIATOPOBY MOTOKA BOJIBI
(Puc. 14, 15).




Puc. 14

5.3.1llapoBoii kpan (Puc. 16).

Puc. 16

5.4. Bepxnsis yactb Oythutku (Puc. 14), B KoTOpoil ObUTH MpoAeTaHbl OTBEPCTHUS
Ut ipoxojia Bobl (Puc. 17).
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(Puc. 17)

5.5. Bepxnsis yactb OyThuiku (Puc. 15), B KoTOpoii ObutH MpoaenaHbl OTBEPCTHUS
115t ipoxoja BoAsl (Puc. 18).

Puc. 18

5.6.I'uapoTypOnHBI Ha OCH, U30JICHTA, UCTIOIL30BABIIASICS I X (UKCAIIHH,
noammnHuky (Puc. 19).

Puc. 19

5.7.1loamunmHuK, TPUKJIEEHHBIN K KPBIIIKE HIXKHETo peryistopa noroka (Puc. 20).




Puc. 20

5.8.@ororpadusi, nosicHAONIas MyHKT | onmucaHusi IPOU3BOICTBA TPYOBI,
UMUTHPYIOIICH MOTOK BObI (11. 2.7.2.) (Puc. 21).

Puc. 21

5.9.Tapenka ¢ KHMATKOM, UCTIOJB30BABIIASICS I CY>)KCHHS OJTHOM M3 YacTei
TpyOs! (Puc. 22).

Puc. 22

5.10.®@otorpadusi, osSCHAOLIAS MYHKT 3 ONMUCaHUs MPOU3BOICTBA TPYOBHI,
UMUTHUPYIOIIEH moTok BoAwl (11. 2.7.2.) (Puc. 23).
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Puc. 23

5.11.®DoTorpadus, MOSCHSIONMAS MyHKT 4 OMMMCAHMS TIPOU3BOJICTBA TPYOHI,
UMUTHPYIOIIEH MOTOK BoAbl (1. 2.7.2.) (Puc. 24).
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Puc. 24

5.12. ®otorpadus, MOsSCHSIONIAS MYHKT 5 OMUCAHUS POU3BOJICTBA TPYOHI,
UMUTHUPYIOIIEH MOTOK BoAwl (1. 2.7.2.) (Puc. 25).

Puc. 25

5.13.®oTorpadus, MOSICHAOMAS ITYHKT 6 ONMMMCAHKS TIPOU3BOJICTBA TPYOHI,
UMUTHPYIOIIEH MOTOK BoAbl (1. 2.7.2.) (Puc. 26).
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Puc. 26

5.14.06mas doTorpadus, UCTIOTB30BABIINXCA JETaICH TPU CO3IaHUU TPYOBI,
UMUTHPYIOIIEH MOTOK BoAbl (1. 2.7.2.) (Puc. 27).

Puc. 27

5.15.3D Moaenb mpeayioxKeHHOU THAPOTYpOUHEI (BUa cOOKY) (Puc. 28).
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Puc. 28

5.16.3D Moaenb npeasioKeHHOU THAPOTYpOuHEI (B criepenwn) (Puc. 29).

Puc. 29

5.17.3D mMopenb npeasioxkeHHoM TuApoTypOuHs! (Bun c3anu) (Puc. 30).
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Puc. 30

5.18.3D mMoaenb npeasioxkeHHoM ruApoTypOuns! (Bun c3anu) (Puc. 31).

Puc. 31
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5.19. Pennep 31 Mozaenu ucnbiTaTebHOM yetaHoBKH (Puc. 32; Puc. 33; Puc. 34)
(Pennep — o6paborannas pororpadus 31 MOJEIH C TOCTAHOBKOW CBETa, TCHEH,
THUIIA MaTepuania (MeTal, IIACTUK U T.I1.))

Puc. 32

Puc. 33
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Puc. 34



