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IIpakTuueckas padora Nel.
PA3ZPABOTKA CXEMBbBI U ITPUHILIUIIA PABOTDBI
YCTPOUCTBA

Ileab padoOTHLI: OCBOWTH METOJBI CXEMAaTH3allMh TEXHUYECKHUX

CUCTEM  CEpPBHCHBIX pOOOTOB, TIIOJYYHTh HABBIKH  OIHCAaHHH
TEXHOJIOTHYECKUX  OINEpPallMii  BBINOJHSACMBIX C  NPUMCHCHHEM
POOOTOTEXHUKH.

Kpartkas Teopust

Texnuueckue cucmemul — 3TO CJI0XKHBIE TEXHOJIOTHYECKHE (B TOM
qucjae poOOTH3MPOBAHHBIC) MAIIMHBI W 00OPYIOBAHHE, TEXHHYECKOE
COCTOSIHUE KOTOPBIX MOJJICKUT KOHTPOJIO B COOTBETCTBUU C
TEXHOJOTMYECKMM  PErjJaMeHTOM M COMJIAaCHO  JICHCTBYIOIIETO
3aKOHOJATeIbCTBA. TeXHuYecKas cucTeMa - OrpaHMYeHHas o00J1acThb
PEAUTBHON JIEMCTBUTEIIBHOCTH, B3aMMOJICMCTBYIOIIASI C OKPYKAIOUIEH
cpenoit U, BBITIONHSAONIASA ONpeesieHHbIe (YHKIIMA F U uMeromas

CTPYKTYpY S.

S:(M :R} Af

Pucynok 1.1 — Texuunueckas cuctema [1]:
Ef, Af — mapametpsl, XxapakTepusytoiue pyHkiuu F cuctemsr;
En, An — mapameTpsl, He OTHOCSIIHECST K PYHKITUSAM MprOOpa
(ycnoBusi pabOTbI, BHEIIHUE U JIOTIOJIHUTEIbHBIE BO3CHCTBHYS);
Z — CUCTEMHBIN OIIEepaTop;
M — 31€eMEHTBI CUCTEMBI;
R — OTHOIIEHUS MEXTY DJIEMEHTAMU CUCTEMBI



Oxpyacarowas cpeoa U — COBOKYIMHOCTh BHEIIHHUX OOBEKTOB,
B3aUMO/JICMCTBYIOIIUX C CUCTEMOM.

OyHkuus [ — CBOHCTBO CHUCTEMBI, HCIOJb3YyEMOE A
npeoOpa3oBaHMs  BXOAHBIX  BEIMYMH L, Tpu  BHEIIHHX W
JOTIOJHUTENBbHBIX BO3AEUCTBUSAX A, W ycJoBusx pabotsl E,, B
BBIXOJHBIC BEMYMHBI A OyHKIMA ABIAETCS O0BEKTUBHO U3MEPIEMOE
CBOMCTBO, KOTOpPO€ MOXET OBbITh OXapaKTEPU30BAHO IMapaMeTpaMu
CHCTEMBL. KonmnuectBo ~ peanm3yeMbIXx  CHUCTEMOU byHKIUMA
COOTBETCTBYET KOJIMYECTBY HCIOJb3YEMbIX CHUCTEMOW (DUINUECKUX
cBOMCTB. Eciiu cucTema BBINOJIHAET HECKOIBKO (DYHKIIMH, TO pa3IndaroT
— o00my u yactHele ¢GyHKIuU. OOmas QyHKUUS OXBaThIBACT
MHO>KECTBO BCE€X BXOJHBIX M  BBIXOJHBIX BEJIMYUH, KOTOpPOE
XapaKTepU3yeT pacCcMaTpUBAEMYIO0 CHUCTEMY KakK OJIHO Leioe. YacTHbie
(GyHKIMU AENSATCS HA: TJIaBHBIE U BCIIOMOTATEIbHBIEC — 110 UX 3HAYEHUIO
B BBIIIOJHCHUM 3aJ1a4d; OCHOBHBIE M 3JJIEMEHTapHbIE — IO THILY
M3MEHECHUSI U3MEHEHUN (PYHKIIUN B MPOIIECCE UX BHITIOJTHCHUS.

CtpykTypa S — COBOKYNHOCTH 3JE€MEHTOB M M OTHOWIEHH R
MEXKJly HUMU BHYTpU cHCTEMbl S=(M,R). DAEeMEHT CHCTEMBI MpHU
MPOCKTUPOBAHUU PACCMATPUBAETCSA, KAK OJHO LEJIOE, XOTS OH MOXKET
MMETh Pa3JIMYHYI CTENEHb CIOXHOCTU. EcCam mnpu paccMOTpeHuu
AJIEMEHTa, HE MPUHUMAETCA BO BHHUMaHue ero (opMa U BHYTPEHHEE
CTPOCHHUE, & PACCMATPUBACTCS TOJBKO BBIMIOJIHSIEMass UM (PYyHKI[USA, TO
TaKOW 3JIEMEHT Ha3bIBACTCA PYHKIIMOHAIbHBIM.

JIisi MeXaHUYeCKOM CUCTEMBI JIEMEHTaMH MOTYT ObITh: J€Tallb,
3BEHO, TPYIIIA, y3€J, IPOCTON WK TUTIOBOW MEXAHU3M.

Jlemanb — BNEMEHT KOHCTPYKIIUM HE MMEKOIIUN B CBOEM COCTABE
BHYTPEHHUX CBA3€H (COCTOAIINI U3 OJTHOTO TBEPJIOTO TEIIA).

36en0 — TBEPAOE TEIJIO WUJIM CUCTEMA KECTKO CBS3aHHBIX TBEPABIX
TeNl (MOXKET COCTOSITh U3 OJTHOM WJIM HECKOJBKUX JIeTajeil) BXoAs1Ias B
COCTaB MEXAHU3MA.

I'pynna — KAHEMAaTW4ecKas LEMNb, COCTOAIIAS W3 MOABHXKHBIX
3BEHbEB, CBS3AHHBIX MEXAY CO00OM KHHEMAaTHYECKUMHU TMapaMu
(OTHOILIIEHUSIMH), U  YJOBJETBOPSIONIAsl  HEKOTOPHIM  3aJIaHHBIM
YCIOBHUSIM.



V3en — HECKOJNBKO JeTajedl CBS3aHHBIX MEXIYy COOOM
(GYHKIIMOHAIEHO, KOHCTPYKTUBHO MU KAaKUM-JIMOO JPyTUM 00pa3oM.

C TOYKHU 3pEHUSI CUCTEMBI Y3JIbl, TPYIIbI, TPOCTHIC WA TUIIOBHIC
MEXaHU3Mbl PACCMATPUBAIOTCA Kak mojacucTeMbl. CaMbiM HHU3KUM
YPOBHEM pa30MeHUs] CUCTEMBI TPU KOHCTPYUPOBAHUU SIBJIIETCS YPOBEHb
JeTajel; Mpu MNPOECKTUPOBAHUU — YPOBEHb 3BEHBEB. DJIEMEHTHI W3
CUCTEMBI MOYHO BBIJICJIHUThH TOJBKO IOCIE ONMPENCIICHUS B3aUMOCBSI3EN
MEXJly HHMH, KOTOpbIE  OIMCHIBAIOTCS ~ OTHOLIEHUsIMU.  [lns
MEXAaHUYECKUX  CHCTEM  HHTEPEC  NPEIACTABIAOT  OTHOILICHUSA
ONPEACIISIONINE CTPYKTYPY CUCTEMBI U €€ (PYHKIIUH, T.€. PACTIOJIOKECHUS
U cBs3u. PacnonokeHuss — Takhe OTHOIIEHUS MEXIY JJIEMEHTaMU,
KOTOPBIE OMUCHIBAIOT UX TEOMETPUUECKHNE OTHOCUTENIBHBIE TTOJIO0KECHUS.

Cés3u — OTHOLIEHUS] MEXKTY 3JIEMEHTAMHU, MPEIHA3HAUYCHHBIE 15
nepeauyd MaTepuana, SHEPTUM Wi MHOOPMAIIUU MEXITY AJIEMEHTaMHU.
CBsI3M MOTYT OCYHIECTBJISITHCSI C MOMOIIBIO PA3IUYHBIX (PU3MUECKUX
CPEACTB: MEXAaHUYECKUX COCIMHEHUM, KUJIKOCTEH, DIIEKTPOMArHUTHBIX
WU JPYyTHX MOJIEHM, YNPYTUX 3JIEMEHTOB. MEXaHUYECKUE COETUHEHUS
MOTYT OBITh MOJBUKHBIMU (KMHEMATUYECKHUE Mapbl) U HETOIBUKHBIMH.
HenonBuxHble COEIUHEHUSA JIENATCS Ha pa3beMHbIE (BUHTOBBIE,
mMTU(TOBBIE) U HEPA3ZbEMHBIE (CBApHBIC, KIICEBBIE).

[Ipy NpOEeKTUPOBAHUU TEXHUUYECKUX CHCTEM, B TIEPBYIO OUEPE/b
HEOOXOJMMO TMPOU3ZBECTH JEKOMIIO3UIMIO CTPYKTYpPbl MEXaHU3Ma,
BBIJICJIUTh OTJICJIbHBIE MOAYJIH, Y3Jbl, WCIOJIHUTEIbHBIE MEXaHU3MBbI
YCTPOMCTBA.

CtpykTypy MexaHu3Ma yAOOHO oOToOpaxaTb C IOMOIIbIO
KUHEMATUYECKUX CXEM.

Cxema Kumemamuueckasi — JOKYMEHT, COJIEp)KAIllUd B BHJEC
YCJIOBHBIX M300pa)x€HU WM 0003HAYECHUI MEXAaHUYECKHUE COCTaBHbIC
YaCTU U UX B3aUMOCBSI3H.

Ha npuHmunuansHONW  cxeMe  HW3aenus  JOJDKHAa  OBITh
MPEJCTAaBICHA BCA COBOKYNHOCTh KMHEMATHYECKUX SJEMEHTOB M HX
COEIMHEHUM, MPEeIHA3HAYEHHBIX I OCYIIECTBIICHUS, PETYJIUPOBAHUS,
yOpaBICHUST W KOHTPOJIS 3aJaHHBIX JIBMOKEHUW MCIOIHUTEIbHBIX
OpraHoB; JIOJUKHBI ~ OBITh  OTPaXKEHBI  KMHEMATHUYECKUE  CBSI3U



(MEXaHWYECKMEe M HEMEXaHWYEeCKHE), NPEeayCMOTPEHHbIE BHYTPHU
UCIIOJTHUTEIBHBIX OPTraHOB, MEXAY OTACIbHBIMH TapaMu, IEMIMH U
IPYyIIIIaMH, a TAKXKE CBI3U C UCTOYHUKOM JIBHKCHHUSI.

Kpome kumHeMaTHUYeCKMX CXE€M, Ha KOTOpBIX HauboJjiee ya00HO
MOKa3bIBaTh MMEHHO CTPYKTYpY U B3aMMOCBS3M BHYTPU MEXAHU3MA,
MOYHO MCTOJIb30BATh CIMPYKMYPHbIEe U (DYHKYUOHAIbHbIE CXEMBI.

Ha cTpykTypHOii cxeMe H300pakaiOT BCE  OCHOBHBIC
(yHKIIMOHAJIbHBIE YaCTU U3JENIUS (3JIEMEHTHI, yCTPOMCTBA) U OCHOBHBIE
B3aMMOCBSI31 MEKTy HUMHU.

CTpyKTypHBIE  CXEMbl  W3JEIUs  NOPEACTABISIIOT  JIMOO
rpadUIeCKUM n300paKeHUEM C IPUMCHEHUEM IIPOCTHIX
reoMeTpruyeckux Quryp, 1md0 aHATUTHUYECKOH 3aIlUChI0, JOMYCKAIOIIEH
MPUMEHEHHE JICKTPOHHON BBIYUCIUTEIHHON MAITUHBI.

Ha cTtpykTypHO# cXeme MOJDKHBI ObITh yKa3aHbl HAaUMEHOBAHUS
KaXx0M (YHKIIMOHAJIBLHOM YacTH W3JENUs, €ClIM i1 €€ 0003HaueHUs
NpUMEHeHa  TpocTtas  reomerpuyeckas  ¢urypa. Ilpu  sToMm
HAaMMEHOBaHUs, KaK MPaBUJIO, BIUCHIBAIOT BHYTPh 3TOU PUTYPHI.

Ha ¢yHKunoHampHON cXeme u300pakaroT (YHKIIMOHAIBHBIC
YacTH U3JEJIMs, YYaCTBYIOIIME B MPOIECce, UITIOCTPUPYEMOM CXEMOi,
U CBS3U MEXIY dTUMH 4YacTAMH. DyHKIIMOHAIBHBIC YaCTU W300pakaroT
MPOCTBIMU TeOMETpUuUecKuMH purypamu. s nepegauu 6oJiee MoOJTHOU
uHpopManm O (PYHKIIMOHATBLHONW YacTH BHYTPH TE€OMETPUUYECKOM
(GuUryphl 10MycKaeTcsl MOMEIaTh COOTBETCTBYIONIME O00O3HAYCHUS WU
HaJIITHUCh.

Ha  ¢yHkimoHambHOM  CXeMe  JOJKHBI  OBITh  YKa3aHBI
HAaMMEHOBAHUS BCEX H300paKEHHBIX (YHKIIMOHAIBHBIX YacTeH. Jis
HanOoJiee HArJISIIHOTO MPEACTaBICHUS MPOIECCOB, WIUTIOCTPUPYEMBIX
(GyHKIIMOHAIIBHOW CcXeMOl, 0003HaueHHs (YHKIMOHAIBHBIX YacTei
ClIeAyeT pacmojiaraTh B TMOCIEIOBATEIBHOCTU WX (PYHKIIMOHATHLHOU
CBSI3H.



IIpumep BbINIOJTHEHU S
PaccmoTpuM mnpumep cXembl pOOOTOTEXHUYECKOTO YCTpOMCTBA
peadMINTAIMOHHOTO AK30CKEJIETHOTO KOMILIEKCA HUKHUX
KOHEYHOCTEM.
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Pucynok 1.1 — Cxema KOHCTPYKIHUH PeaOUIUTAIUOHHOTO

IK30CKEJIETHOTO KoMIIIeKca: 1 — OJI0K ympaBieHus; 2 — CTOUKA;
3 — 3BE€HO CIHHBI; 4 — Ta300eAPEHHBIN MApHUP; 5 — OeAPEHHOE 3BEHO;
6 — KOJICHHBIN IIapHUP; 7 — 3BE€HO TOJICHU; 8 — TOJICHOCTOIHBIN IAPHHUD;
9 — cToma sk30ckeneTa; 10 — moaBMKHOE OCHOBAHUE

PeaOminTaniiOHHBIA  9K30CKENeT COCTOUT W3  KPECTIIOBOTO
OTJeja, COeIUHSIONIET0 00€ HOTH U 3BEHO CTEHBI 3 cOo cToMKoi 2. Ha
KpECTel KPEeMnsTCs HOTM ¢ MOMOIIBI0 OJJTHOKOOPJAMHATHBIX IIAPHUPOB 4.
Hora npeacraBieHa 3-mMs 3BEHbSIMU — O€JAPEHHBIM 3BEHOM 5, 3BEHOM
roJieHu 7 U 3BeHOM cTonbl 9. Bce 3BeHbsI HOTM COSTMHEHBI C ITOMOIILIO



YHU(PUIIUPOBAHHBIX OJHOKOOPAMHATHBIX IIAPHUPOB 6, 8§ W MPUBOAATCSA
B JIBUKCHHUE NpuBojaMu. Ha cTolike 3akpenisiercs: 0J0K ynpaBlICHHUS.

J1i1st mpuBeAEHUS B IBUKEHUE 3BEHBEB UCIIOJIL3YIOTCS JINHEWHBIC
AJIEKTPOIPUBOJIBI MOCTOSHHOTO TOKa. OCOOEHHOCTHIO KOHCTPYKIIMHU
SBJISIETCS HAJIMYKME PETYyJIUPOBOK JUIMHBI 3BEHHEB Oe€lpa W TOJICHH,
MO3BOJISIIOIIMX ~ AJalNTUPOBATh  KOHCTPYKIMIO  IMOJ  Pa3Mephl
MOJIb30BATEIA.

Takke KOHCTPYKIHS OCHAIAETCSA CUCTEMOM KPEIUICHUH, MAHXKET
U peMHei 11 o0ecnieueHus y100CTBa 3aKPEIUICHUS MTallUeHTA.

3ajanue ISl NPaKTHYECKOU PpadoThI
B pamkax mpakTHdeckoll pabOThl CTyACHTY IIpejjiaraercs
pa3paboTaTh CXE€My MEXaHM3Ma M OMNHUCaTh MPUHIMI €ro padoTh
COIJIaCHO BapHuaHTy (CM. IIpUIIOK. 1).



IIpakTuueckas padora Ne2.
MATEMATHUYECKOE MOJIEJIUPOBAHUE ITPUBOJHON
CUCTEMBbI

Ileab padoOThl: MOMYYUTHh MNPAKTUUYECKUE HABBIKM NPUMECHECHUS

METOJIOB TEOPETUYECKOM MEXAHUKH, TEOPUM MEXAHW3MOB U MAIUH U
CUCTEM KOMITBIOTEPHOTO MaTEMATHYECKOTO MOJIEIIUPOBAHUS
IPUMEHUTEIBHO K  3aJadaM  MaTeMaTU4YEeCKOr0  MOJIEIMPOBAHUS
MIPUBOJIHON CUCTEMBL.

Kpartkas Teopust

[IprMEHUTENBHO K TEXHUYECKUM (B TOM YHUCJIE MEXATPOHHBIM U
pOOOTOTEXHUYECKUM) CHCTEMaM TMOJ  Modeauposaruem  OylneMm
MOHUMATh TMPOIIECC, COCTOAIIMI B BBISIBJICHUM OCHOBHBIX CBOMCTB
UCCIIEyeMOro 0ObEKTa, MOCTPOCHUU MOJENECH UM UX NMPUMEHEHUM IS
MPOTHO3UPOBAHUS MTOBEICHUS O0BEKTA.

Baxuennien JacTbIO JTAHHOT'O nporecca SIBIISIETCS
dbopMmynupoBaHue TPOOJEMBI W OMNpEACICHHE COUCKa 3a7ad, Ha
pELIEHHE KOTOPBIX HAPABIECHO MOJICTIUPOBAHUE.

Cpenu 3a71a4, KOTOPbIE MOTYT pacCMaTPUBATHCS B PaMKax JAHHOTO
paszena, MOTYT OBITh:

— OmpeAesieHUuE TMapaMeTpPOB KOHCTPYKIMU (JJIMHBI 3BEHBLEB,
CUJIOBBIE XapaKTEPUCTHUKHU TPUBOJOB, OMpPEACICHUE >KECTKOCTH H
BSI3KOCTH YIIPYTUX DJIEMEHTOB U T. 1.);

— ONpeJielieHHe TapaMeTPOB CUCTEMBI YIIPaBICHUS (ONTUMHU3AINS
KOd(PUIIMEHTOB  peryisTopa, oOTpabOTKa aJrOPUTMOB  CHCTEMBI
yIOpaBJICHUSI, TECTUPOBAHHE METOJMOB (HOPMHUPOBAHUSA  33JAIOIIUX
BO3JICUCTBUM U T.1.);

— TIOJIyYEHHE WTOTOBBIX XapaKTEPHUCTUK yCTpoicTBa (y3ia)
(ompeneneHrue CKOPOCTH JBHIKEHMS, ONPECICHUE YCWINK Ha pabodmnx
OpraHax, MOJIyYeHHE 3HAaUYCHUN TOYHOCTH IMO3UIIMOHMPOBAHUS POOOTa
Ha MECTHOCTH U T. II.).

[Ipu BrIOOpE HanpaBIECHUM UCCIEAOBAHHUI B paMKax JAHHOW IJIaBbl
BAKHO BBIOpAaTh MMEHHO T€ 3aJayH, PEIICHUE KOTOPBIX HEBO3MOXKHO
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WIM  CWIbHO  3aTpylAHEHO  0e3  UCIHOJIb30BaHUS  METOJOB
MaTeMaTUYeCcKOro MojeaupoBanus. Tak, Hanpumep, BHIOOP MOIIHOCTH
JIBUTATEJIsl 4aCTO HE TPEOYeT NETAIBHOIO aHalIM3a IMHAMUKHU JIBUKCHUS
U MOXET OBITh BBIIIOJHEH HWCXOJs W3 M3BECTHBIX IapaMETPOB
TEXHUYECKOTO 3a]IaHHS.

YcnoBuem YCIEIIHOTO BBITIOJTHEHHUS MaTeMaTU4ECKOTO
MOJEIUPOBAHUS SBJISETCS OIPEICICHUE 3apaHee CHUCKAa BXOJIHBIX H
BBIXO/IHBIX napaMmeTpoB MOJIEIH, MPUHATBIX JOMYIICHUH,
UCIIOJIb3yEMBIX METOIOB.

B 3aBucuMoCTH OT cienu@uKU peniaeMon 3ajiauv aBTOp MPOEKTa
MOXET HCIOJb30BaTh pa3JIMYHbIE HHCTPYMEHTBI MAaTE€MaTHYE€CKOTO
MOJEIUPOBAHMUSL.

Ecnu uenpio MoAeNnupoBaHUs SIBIISIETCS ONpPEACIICHHE 3HAYCHUM
napaMeTpoOB KOHCTPYKIMHU (JIJIMHBI 3B€HBEB, MOIITHOCTH MPUBOJAA U T.1.),
TO B paMKax JaHHOIO pa3jeia MPUBOJATCS TAOIMIBI C MOJTYYECHHBIMU
3HAYEHUSAMH, a TaKXK€ METOJ| UX MOJy4YeHHus, eciu 3To Tpedyerca. B
cllydyae MOJEIUPOBAaHMS PaOOThI CUCTEMBI YIIPABJICHUS JOJKHBI OBITH
MPEJCTABICHBI PE3YJbTaThl OIEHKH TOYHOCTH Pa0OThI CUCTEMBI TMPH
Pa3IMYHBIX YCJIOBUSAX, JOKA3bIBAIOIIMX MPUMEHUMOCThH MpeaiaracMomn
METOJIMKHU yIIPaBJICHHUS.

@opMyJIHMPOBKA 3aJla4d UCCJIEAOBAHUS UTPAET BAKHEUIIYIO POJIb
P BBITIOJHEHUN MAaTE€MaTUYE€CKOTO MOJICIUPOBAHUS.

TpaguuMOHHO  BBIACNSIOT  CJHEAYIOIIME  KJacchl  3ajaad
MaTeMaTUYeCKOT0 MOJICIIUPOBAHUS

1) KuHEeMaTUYECKU aHAJIN3 MEXaHU3Ma:

— mpsiMas 3ajia4a KHHEMaTUKH (BBIUYUCIICHUE TOJIOKEHHST paboyero
opraHa yCTPOWCTBAa MO €ro KUHEMAaTHU4YECKOW CXeMe U 3aJaHHOU
OpHUEHTAIIUH €TO 3BEHBEB);

— oOpaTHas 3ajlaya KHUHEMATUKHU (BBIYUCIICHUE YTIIOB (PACCTOSTHUN )
0 33a/IaHHOMY TOJIOKEHUI0 paboyero opraHa U OMSTh K€ M3BECTHOM
CXEME €ro KHHEMAaTHKH );

— npsiMasi (OCHOBHas1) 3ajiaua JMHAMUKH (OTIpeAeIeHue KOOPAUHAT
Te€Ja M €ro CKOPOCTH B JIOOOH MOMEHT BPEMEHHM 10 HU3BECTHBIM
HaYyaJbHBIM YCIIOBHUSIM U CHJIaM, I€HCTBYIOLIUM Ha TEJO;
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— oOpaTHas 3ajada JIWHAMUKHU (OIpeesieHne JACHCTBYIONIMX Ha
TEJI0 HEW3BECTHBIX CUJI IO KOOpJAMHATAM Teja B JIIOOOH MOMEHT
BPEMEHHU );

— MOJICJIMPOBAHUE IIPOYHOCTH JeTalu (U3eusi), OmpejeieHUe
MEXaHUYECKUX CBOMCTB.

[Ipy mocTaHOBKE 3aJa4dl MaTEMaTHYECKOTO MOJICITUPOBAHUS
HEOOXOJMMO Cpasy ONPEACIUThCS ¢ TIyOMHOW TIOTPYXKCHHS W
JETANbHOCTHIO TPOPadOTKK HCCIEAyeMOoro mpoiiecca. byayr mam
onpeaenaTbcs (M3ydaTbCsi) OCOObIe TOJOXKEHUS MEXaHM3Ma, KaKuM
00pa3oM OyIeT ONUCHIBATHCS B3aUMO/JICHCTBUE UCCIIEYEMOT0 O0OBEKTA C
BHEILIHEW cpefoi, OyayT JM YYUTHIBATHCA HEIMHEWHBbIE CBOWCTBA
MEXaHHM3MOB, JJICKTPOHHBIX KOMIIOHEHTOB H T.]I.

Pacuemnas cxema ycmpoticmeéa — 3TO yIpOIIEHHOE U300pakeHne
YCTPOMCTBA, HA KOTOPOM B BHUJE YCIOBHBIX OOO3HAYEHUU WU
M300paKeHUH MMOKa3aHbl COCTABHBIC YaCTH HEKOTOPOTO U3JICNUS U CBSI3U
MeXJIy HuUMHU. PacueTHass cxema JIOJDKHA JaBaThb OJHO3HAYHOE
MpEJCTAaBICHUE O KOJMYECTBE COCTaBHBIX 4YacTel MeXaHH3Ma,
KOJIMYECTBE CTEMeHeH CBOOOJbI, O CYIIECTBYIOIMIMX B3aMMOCBS3SIX B
MEXaHH3ME.

Kak u B ciydae 11000ro MoIeIMpOBaHus, MaTEMAaTHYECKasi MOJIEIb
HE ONHUCHIBAET TMOJHOCTHIO H3y4YaeMOE€ SBIEHUE, U BOMIPOCHl O
NPUMEHUMOCTH TMOJYYEHHBIX TAKUM OOpa3oM pe3yJIbTaTOB SIBISIOTCS
BEChMa COJIep)KaTebHBIMU. B CBSI3M C 3TUM OOJIBIIYIO POJIb UTPAET
CIIMCOK MPUHATHIX JOMYIICHUH.

IIpumep BbINIOTHEHU S
Jnd co3maHus KPYyTALIMX MOMEHTOB B ILIAPHUPAX IK30CKEJIETA
TpeOyeTCs pa3BUTUE BBICOKUX KPYTSAIIUX MOMEHTOB, IPU 3TOM pa3Mephl
IIPUBOJIA U €TO0 MOIIHOCTH OIPaHUYEHbI. TaKKe IPU IMPOECKTUPOBAHUU
BAKHO YYMTHIBATh XAPAKTEP HArPy3KH, KOTOpas B JaHHOM CIIy4ac BO
MHOIOM OOYCJIOBJICHa CHJIOW TSKECTH, TO €CThb HMMEET MNEPEMEHHBIM
XapakTep, NPeJICTaBISIIOIUNA cO00M (PYyHKIHIO yria TOBOPOTA 3BEHA.
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HNcxons w3 mEepedyMCICHHBIX OCOOSHHOCTEH YCIOBUM pabOTHI
AJIEKTPOTIPUBOJIA, TPEAJIaraeTCs pacueTHas cxeMa dJIEKTPOIPHUBO/IA,
MokaszaHa Ha puc.2.1.

] 2 3 4

T A -~ -+ @ ~VZZE - - -

0 o \s 1205\

Pucynok 2.1 — CxeMa KOHCTPYKIHMH 3JIEKTPOIIPUBOIA 3K30CcKemeTa: 1 —

KOJUJIEKTOPHBINA 3JIEKTPOJABUTATEIb IOCTOSIHHOTO TOKA; 2 — MIIAHETAPHBIN
penyKTOp; 3 — BXOJHOM IIKUB PEMEHHOM nepeaaun; 4 — CUIOBOM
AJIEMEHT KOPIyca PEAYKTOPa; 5 — NOAMIUITHUKOBBIN y3€il; 6 — IpOyIInHA
KpEIUICHUS IPUBOJIA; 7 — 3yOUuaThlii peMeHb; 8 — BUHT IIAPUKO-
BHUHTOBOW Mepeaun; 9 — npoymnHa KperieHUus: Harpy3Ku;

10 — raiika [HIBII

Paccuntaem H€06XO)II/IMYIO MOIIIHOCTL JABUIAaTCIsl, COIJIACHO

dbopmye:
g B — %a
rae M — kpytsaumii MmomeHT (H'M); @ — yriioBasi CKOpOCTh BpallleHUs
(pan/c); ¢ — xoddduument 3amaca (¢ = 1,2); N1 — KodDPUIHUEHT
1oJjie3Horo ackcTBus (mpuHumaem n = 0,5).
Jlns  ompeneneHuss  KPYTAIMIETO  MOMEHTa  BOCIOJIb3YyeMCS

pacueTHOM CXEeMOM, ITOKa3aHHOW Ha pUCYHKE 3.3.
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PucyHok 2.2 — PacueTHas cxema yCcTpoHCTBa

Ha panHHOW cxeMe 3BEHO 3K30CKEeNeTa MPEACTaBICHO OTPE3KOM
0,0g3, 3axkpenieHHoM B mapuupe 0. Ha 3BeHo neiictByer cuia F, ¢ cO
CTOPOHBI JJUHEUHOTO MPHUBOJIA, MPUTIOKEHHAS B Touke Oy, MOJ YIJIOM
Qg Y CUIIA TSHDKECTH, MPUIIOKEHHAS B LICHTPE 3BEHA, B TOUKE Oy .

[Tonyunm 3HaueHue ycwnus s npuBoga. [Ipumem momyuieHue,
yTo OTpe30K 010x1 — pACHONOXKEH TOPU3OHTAUIBHO OTHOCUTEIBHO
CHUCTEMbI MHEPIIMOHHOW CUCTEMBI KOOpPAUHAT. /(711 BBIBOJA ypaBHEHUM
OyJeM HCIOJIb30BaTh MPOEKIMA TOYEK HAa OCH HEMOABUKHOW CHCTEMBI
KOOPJIMHAT, KOTOpble O0O03HayMM cieayomuM o0pasoM: Oqy, O1y—
KoopaAnHATHI TOYKH O1; Og1x, 041y — KOOPIUHATHI TOUKU Oy .

Jnuna npuBoga (paccrostHue mexay Toukamu 04041) MOXKET
OBITH ompesiesieHa u3 TpeyroabHuka 0104104, IO TEOPEME KOCUHYCOB:

04104, = \/(le — Op12)* + 010,422 — 2(01x — 041,)0,045cos(mt — @g).

Jlanee Hagem yroi o, ¢ 10 TEOPEME CUHYCOB:
Sin(“ - (PE) . Sin(aact)
- )

0,041 0104,
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Agcet =

sin(1 — @g)010,;

= arcsin

(O1x — Op1)* + 010,422 — 2(01x — 0415)0,0,, cos(m — @)

MowmeHT cuiibl TpUBOJA F, ¢ ONPENECIUM KaK
TC .
MFact = OloAZFactCOS (E - ((PE + O(act)) = OloAZFactSIH((pE + aact)-
MoMeHT, HEeOoOXOAWMBIA Il TIOBOpOTa 3BEHA B JHAIa30HE
ONPENICIUM U3 YPAaBHEHHSI MOMEHTOB JJIsl 3B€HA, MPEICTABICHHOIO B
BHUJIE:

mEL%

L . .
Mpacee = _meg COSQg — Qg —— — HPp,

OTKyJa

. mgli L .
Pk gE—TEmEgCOS(PE—H(PE

0104;sin(@g + 0ger)
3ajaBas KHHEMAaTHYECKH IIEPEMEICHUE 3BEHA, MOXKEM ITOJY4HTh

Fact =

(GYHKIUIO JJ1s1 CUJIbI, TpeOyeMOU CUIIbl MPUBO/A.

[IpencraBum nepemernieHue 3BeHa B CIEAYIOIEM BUJIE:

@ = Ay sin(wt) + @g;

@ = Ayw cos( wt);

P = —Ayw? sin( wt).

[Ipu MomenupoBaHWHM BOCTOJB3yeMCS TapaMeTpaMHu MOJIEINH,
MMOKa3aHHBIMU B Ta0OmuIe 2.1.
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Ta6nuna 2.1 — MicxonHbie mapamMeTpbl MOACTH

[TapameTp Moaenu OO0o3HaueHue | 3HaYCHUE
napamerpa

AMIIIUTY1a IBUKCHUS Ap 45.8°
HauanbHoe noJio)kxeHue 38eHa OR -57.3°
VYrioBas CKOPOCTh BpallCHHS W 1,05 pan/c
Macca 3BeHa mg 25 Kr
JnHa 3BeHa Lg 0,5m
Koad. BA3KOro conpoTuBieHUs W 2,5
CMmeleHue TOYKM KpPEIUIEHUS IIPUBOJA 0104, 0,1 m
Ha CTOIKE OT I[EHTpa IapHHUpa

Ha pucynkax 2.3-2.4 mnoka3aHbl pe3yJIbTaThl MOJIEIUPOBAHUS

HpHMOﬁ 3aa49 JUHAMUKH IJI 3BCHA OK30CKCIICTA.
3 T T T T T

t, sec
Pucynok 2.3 — I3MeHeHue ycunus mpu NOBOPOTE 3BEHA IK30CKEIETa
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0.15

0.1¢ :
—A,m
0.05f ——v, mis}
0+ .
-0.05 ' ' ' ' '
0 1 2 3 4 5 6

t, sec
Pucynok 2.4 — IlepemenieHne u CKOPOCTh UCITOJIHUTEIHLHOTO 3B€HA
JIMHEWHOT0 NMPHBO/Ia 3B€HA SK30CKEIIETa

Kak BUIAHO M3 PC3YJIbTATOB MOJACIIUPOBAHUA MAKCHUMAJIBHOC
YCUIINUC Fact Ha HUCIIOJIHUTCIIBHOM OPraHe IIPUBOAA AOCTUIACT 3HAYCHUA

B 2400H, a nnTerpansHoe 3HaueHue paBHo 69 1H npu cpeaneit ckopoctu
9 =0,016 m/c.

3aganue 1Sl NPaKTHYECKO padoThI
B pamkax mpakTH4eckoll pabOThl CTyACHTY IIpejjiaraercs
pa3paboTaTh PACUETHYIO CXEMY, 3alucaTh YpPAaBHEHUS U BBINOJHUTH
YUCJICHHOE MOJEIIUPOBaHUE PpalbOThl  BJIEKTPOINPHUBOJA  COIJIACHO
BapUaHTy (CM. OpWIOK. 1).
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IIpakTuueckas padora Ne3.
HOABOP KOMIIOHEHTOB U IPOEKTUPOBAHHUE
JEKTPOIIPUBOJA

Ileab pa®oThbl: TOJYYWUTh TMPAKTUYECKUE HABBIKM M0a00pa

KOMIIOHEHTOB M IIPOEKTUPOBAHHUS  KOHCTPYKIMM  IIPUBOJIOB
MEXATPOHHBIX YCTPOUCTB.

Kpartkas Teopust

OIHUM W3 MEPBBIX ATANOB MPOCKTUPOBAHUS TMOCJIE ONMUCAHUA
oO1el cXxembl yCTPOMCTBA, MOSICHEHUS MPHUHIMIA pabOThl M COCTaBa
pPOOOTOTEXHUYECKOM  CUCTEMBI  SABJISIETCS  ONKMCAaHUE TMPUBOJIHOMU
CUCTEMBI. Tak Kak VMEHHO IBUTATEIb OCYIIECTBIISET
NIEKTPOMEXaHUYECKOE  MPeoOpa3oBaHUE  HAHEPrUUM, TO  HMEHHO
MapamMeTpbl MPUBOJHOW CHUCTEMBI BO MHOTOM OIPEICISIIOT HUTOTOBBIE
DKCIUTyaTallMOHHBIE XAPAKTEPUCTUKA KOHEUYHOTO YCTPOMCTBA, MO3TOMY
BBIOOp CXEMBbI, MOJ00p KOMIIOHEHTOB M MPOEKTUPOBAHUE MPHUBOIOB
poboTa SABIAIOTCS BakHeWIIew 3amadeir. Kak mpaBuiio, B yCTpOUMCTBE
UCIOJIB3YETCSI CHUCTEMa MPHUBOJIOB, YacTO JIOCTAaTOYHO CHJIBHO
OTJIMYAOIIUXCS APYT OT JApyra.

CxemMy TIpUBOJIHOM CHCTEMBI YyAOOHO TIPEJACTaBUTh B BUJE
KMHEMATUYECKOU WIIH (PYHKI[MOHATILHOU CXEMBI.

OnHuM Y3 OCHOBHBIX TpeOOBaHUN K JBUTATENIO SIBISETCS
HAJIGKHOCTh €ro pabdoThl MPU MHUHMMYyME KamUTaJdbHBIX 3aTpaT H
OKCIUTYaTaIllMOHHBIX ~ M3JEpKEK. OTO TpeOOBaHME MOXKET OBITh
YAOBJETBOPEHO JIMIIL TIPU BHIOOpPE JBUTATENS COOTBETCTBYIOIICH
MOIIHOCTH. [IpuMeHeHune aABUraTesns 3aBbIIIEHHOM MOIIHOCTH BJICUYET 3a
coooit cumxenue KIIJI, yBennueHue Macchl U rabapuTOB, a TaKXKe
CTOUMOCTH yCTpOWCTBa. IIpuMeHeHHEe HABUrareaer HEIO0CTATOYHON
MOIITHOCTA MOXKET MPUBECTH K HAPYIICHUI0 HOPMAaJbHOW pPabOTHI
MPUBOJA, BOSHUKHOBEHUIO aBapUN U COKPAIIECHUIO HOPMAJILHOTO CpOKa
CITY>KOBbI yCTPOMCTBA.

Ha nauvanbHOM 3Tane BeiOMpaeTcs Tun jaBuratens. Kak mpasuiio,
TyT HEOOXOAUMO PYKOBOJCTBOBAThCA THUIIOM KMCTOYHUKA HHEPIUH,
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MEXaHWYECKOM XapaKTEPUCTUKOW HArpy3ku, TpeOOBaHHSIMU K Macce,
rabaputaM TPHUBOJA, a TaKXKe SKOHOMHUYECKOHN I1e1ecOo00pa3HOCThIO.
3nech OOJBIIYIO POJb WrpaeT KaueCTBO BBIMOJIHEHHOTO aHaIn3a
KOHCTPYKIIMA aHAJIOTOB M MPUMEHUMOCTH CYIIECTBYIOIIMX MPUBOIHBIX
pELIEHU M.

[Tocne BpIOOpa THIA ABUTATENS MEPEXOMIT K pacueTy TpedyeMon
MOIIHOCTH. 3J€Ch OCHOBHBIMHU HCXOJHBIMH JIaHHBIMH SIBJISIFOTCS
TpeOyeMble MOMEHTBI, KOTOPBIC JOJDKHBI OBITh TPHJIOKEHBI K Baly
MeXaHu3Ma, TpeOyeMble CKOPOCTH W YCKOpeHHs paboyero oprasna
MeXaHW3Ma. DTH BEJIMYMHBI JOJKHBI OBITh M3BECTHBHI M3 TpeOOBaHUI
TEXHOJOTUYECKOTO TpoIiecca.

3amada BbIOOpAa MOIIHOCTH JBUTATENsl OCJIOXKHSAETCS TE€M, 4YTO B
JTUHAMUYECKOM PEXMME MOMEHT, pa3BUBAaEMbIi JIBUTATelIeM, HE pPaBEH
MOMEHTY CTaTHUYECKON Harpy3kd, a pasHHIAa — JUHAMHYCCKUNA MOMEHT

dw o
Is: < — 3@BHCHUT OT CyMMapHOI0 MOMEHTA MHEPIMH NPHBOJIA, KOTOPBIA

4acTo OMNpeensieTcs KOHPUrypaluuei HCIIOJIHUTEIBHOTO OpraHa.

JInsi mpuBOJOB, B KOTOPBIX AMHAMHYECKHE PEKHMBI HE HUTPAIOT
3aMETHYIO POJib, BLIOOP MOIIHOCTH JIBUTATEJIsl MOXKET OBITh MPOU3BE/ICH
M0 CPEJHUM 3HAYEHUSIM MOMEHTAa U CKOPOCTH, a Pa3rOH U TOPMOXKEHHE
MOTYT YYUTBIBATHCA MOCPEACTBOM KOod(ppunrenta qunamuynoctu (1,1—
1,2).

JIns neranbHOrO aHalin3a JMHAMUKW YIIPABISIEMOIO JABHUYKECHUS
npuBoJa HEOOXOJAMMO HCIOJb30BaTh METOJBl MaTEMaTHYECKOTO
MOJICJIUPOBAHKS ONTMCAHHBIE B MIPEBIAYIIECH MPaKTUUYECKOUM padoTe.

[Tocne mnpeaBapuTENLHOTO BHIOOpa JBUTATENSI M KOMIIOHEHTOB
MEXaHMYECKOW Tepe/laud BBIMIOJIHSAIOT MPOBEPOUYHBIE PACUETHI, IIEJb
KOTOPBIX JI0Ka3aTh MPAaBUILHOCTh BBIOOpA KOMIIOHEHTOB MPUBOJTHOM
CHUCTEMBI.

Harpy3ka Ha nBurateiab TMpu JJIUTEIBHOM €€ BO3JACHCTBUU
OTPAaHUYMBAETCS HArpeBOM, a TIPU KPATKOBPEMEHHOM —  €ro
neperpy304Hoil CoCOOHOCTHIO.

OrpanvueHre 1O  HAarpeBy  JBHUratreyieil  ompenensercs
TEIUIOCTOMKOCTBIO MX M30JSUMU. B TEXHUYECKOM HJOKYMEHTAllMh Ha
JBUTATEJIM, KaK TMPaBWIO, TMPUBOIATCS 3HAUYCHUS MaKCUMaJIbHOTO
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MPOJOJDKATEIIBHOTO M KPAaTKOBPEMEHHOTO TOKOB. [Ipm mpoBepouHOM
pacueTe OMNpPEHCNSIOTCA KBUBAJICHTHBIE W MAaKCHMAJIbHbIE 3HAYCHUS
TOKOB W/WJIK MOMEHTOB OMNPEACIISIEMbIX HAarpy3Koi Ha MPUBOJ, a Jajee
9TU 3HAYEHUS CPABHUBAIOTCS C MPUBEJICHHBIMU B OMUCAHUU JIBUTATES.

[IpoekTupoBanue MEXaHHYECKHUX nepeaay IPUBOJIOB
ANEKTPOMEXAHUYECKON CHUCTEMBI IMOJAPA3yMEBAET BBINOJHEHUE Psaa
ATANOB: KUHEMATUYECKHMM W CUIOBOM pacyeT, pacyeTr »>IJIEMEHTOB
penykropa (3yo4aThIX KOJIeC, KOPIYCOB U T. 1.), 0A00p MOAIIUITHUKOB,
CMa3Kl U T. J., IPOBEPOYHBIE U MPOYHOCTHBIC pacueThl. OAHUM U3
BAPUAHTOB BBIMIOJIHEHUSI JTAHHOTO pasjeia SIBISEeTCS MOoa00p TOTOBBIX
KOMIIOHEHTOB ~ MEXAaHWYECKOMW mepelaud C  COOTBETCTBYIOIIUM
000CHOBaHHUEM U TTPOBEPOYHBIMHU pacueTaMH.

IIpumep BbINIOJTHEHUSA
Hcnonw3ys pe3ynbTaThl MOAECIUPOBAHUS U3 MPEABIAYIIEH pabOThI,

onpecACIIMM HOMHHAJIbBHYIO MOIIIHOCTD JJICKTPOIIPUBO/AA:
FI¢ 691-0,016-1,2

P, = = = 26,53 (Br);

AB 1 0,5

__ Fmax9€ _ 2400:0,016:1,2 _
P vaxe = e 05 = 92,16 (Br).

OCHOBBIBasICh Ha 3HAYEHUSIX TPEOyeMON MOIIHOCTH, MOXKEM
ocywmecTBUTh noabGop asuratens. Ilpum moabope snexTpoaBUTaTENs
ClIelyeT yYHUTBIBaTh HEOOXOJUMOCTh MOJYyYEHHs] OOJBIINX IyCKOBBIX
MOMEHTOB. [l09TOMy B KOHCTPYKIIMH 1€J1I€CO00pa3HO HCIOIb30BaTh
KOJUICKTOPHBIN JABUTATENb, 00JaJAI0INA TaKXKE PSIIOM HPUHIIUITHATIBHO
BAXKHBIX JTOCTOMHCTB — IPOCTOTOW yIPaBJICHUS, HU3KOH CTOMMOCTBIO U
JOCTYITHOCTBIO MTPUOOPETEHUS.

Hwxe  mpencraBieH  MOJ0OpaHHBIA B~ COOTBETCTBUM  C
TpeOOBAaHUSIMH JIBUTATENb MOCTOSSHHOTO Toka (pucyHok 3.1, Tabmwmia

3.1).
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Pucynok 3.1 — /Iurarens noctosiHHoro Toka Leshi motor SS0PC

Tabnuma 3.1 — XapakTepuCTUKH ABUTATENS TOCTOSHHOTO TOKa

[TapameTp nBurarens 3HayeHue
napaMmeTpa
HomunanbHoe HanpsikeHue 12 B
CKOpOoCTh X0JIOCTOTO X042 16600 o6/mMuH
Toxk xomxocToro xoaa 1,6 A
Homunanshas ckopocts (Makc. KITJI), 14266 06/MuH
Homunansubiii MomeHT (Makc. KITJT), 44,10 mH™M
Homunansubii TOK (Makc. KITJT), 9,78 A
HomMmunanbHast MOIIHOCTD 66 Bt
[IyckoBo# TOK 59.8 A
[TyckoBOW MOMEHT 313,6 MHM
O6acTh NPUMEHEHHUS DIIEKTPOUHCTPYMEHT

Ha cnenyromem aTame mogoepeM MeXxaHHMYEeCKyro mepenaudy. OnHa

JIOJDKHA OTBEUYaTh TPEOOBAHUSIM HArpy3Kd, HUMETh TpeOyeMbld XOJ

pabouero opraHa u rabapuThI.

Mexannueckas nepcaavda, COoriaCHoO CXCEMC, HpHBeI[eHHOfI paHeC,

JOJIPKHA BKJIFOYATb HpCO6pﬂSOBaTCJIB BpamaTcJIbHOIo B MOCTYIIATCIIBHOC

NBWKEHHE (BUHTOBYIO Iepefady), PEeAyKTop M 3y04yaTO-peMEHHYIO
nepeaady JJjisl CMEIICHUs Bajla — CHUKEHUSI rabapuTa 3JIEeKTPOIPUBOIA.
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Haynem c¢ nuHeWHOW mnepegayum Kak HaumOosiee YHHGUIIMPOBAHHOTO
YCTPOMCTBA.

HUcxonss w3 HAWACHHBIX B MPEABIAYIIEM ITYHKTE IMapamMeTpOB
YCUJIWSI U CKOPOCTH, HAUIEM ITapaMETPhI 10 JUHEUHOM TEPEIaAvMn.

MOMEHT Ha BUHTE:

__ Fact'pn
M]_HBH - 21

9

rae py, — war BuHTa; 1 — KII/[ nepegauu (0,95).
[IpenBapuTeabHO 3aaAUMCS IIarOM BUHTA PABHBIM 5 MM, TOT/1a

2400-0,005 ,
=2 = 2,01 (Hw),
210,95

IIpU ATOM TpeOyeMasi CKOPOCTh BpalllecHUs BUHTA:

92m  0,0166,28
== — = 20 (pax/c).
Dh 0,005 (pan/c)

Tak kak HOMWHaJIbHAs YacToTa BpamieHus asurarens Leshi motor

Mg =

wLLIBl'I -

550PC 14266 o0/MuH, TO 11 CHHXKEHHS CKOPOCTH BpaIllCHUS
OTPEOYyeTCsT MCIOIb30BaTh IUIAHETAPHBIA PEIYKTOP C IEePEeIaTOUYHBIM

OTHOIIIEHHUEM HE 0oJiee
. gy 142666,28
lnp = = .
Oy 60-20
[Ipn TakoM mepenaToyHOM OTHONICHHWH MOMEHT Ha BHHTE OyACT

= 74,6.

paBEH:
Mign = Mgy “ inp -n = 0,0441-75-0,65 = 2,15 (Hm),
yTO OOJBIIE, YEM TPEeOyeTCsl, a 3HAYUT, JaXKe B HOMHUHAIBLHOM PEXUME
nBUTATENh OyAET BbIJlaBaTh MaKCUMalIbHO TpeOyemoe ycuiue. Taxxke
3a30p IO MOMEHTY CKOMIIEHCUPYET MOTEPU HA TPEHHUE B PEMEHHOMU
nepenaue. [lepegarounoe orHomenne npumeM paBHbIM 1, KIT/] ounenum
B 90%.
Ha ocHoBanuu mnpoBeAeHHOro pacuera BblOepeM BHHTHI [IIBII
Hiwin SF-DF1605, ¢ nuamerpoM BuHTa 16 MM M marom 5 MM U

noaxozsyto raiky SFU1605 (pucyHok 3.2).
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a 0
Pucynok 3.2 — JIuneiiHas mapuko-BuHTOBas nepenada 1605-C7:
a — BuHT SF-DF1605; 6 — raiitka SFU 1605

TexHuueckue napameTpsl nepegayu nokaxxeM B tTadsuuiie 3.2.

Tabmuma 3.2 — TexHu4ecKue XapakTEPUCTUKHU MIAPUKO-BUHTOBOM
nepenaun Hiwin

HaunmeHnoBanue nmapamerpa 3HayeHue
Buyg oOpaboTku Hakatka posiukaMu
Knacc TounocTu C7
[TorpemHocTs x01a, MM Ha JutrHE 300 MM 0,05
Marepuan GCrl5 (IX15)
Bua repmooOpadoTku 3akayika B

MHIAYKIIMOHHOW NEYH

JlnameTtp BUHTA, MM 16
[IIar pe3n0bI, MM 5
CraTnueckas rpy30I0/IbEMHOCTb, KI'C 1500
JlnHaMu4deckasi rpy30M0JbEMHOCTD, KI'C 900
JlnaMeTp mapukoB, MM 3,175

JlnHamMuyeckass rpy30N0AbEMHOCTh JAHHOM MEepelayu COCTaBIISET
npumMeprno 9000 H, 4uTo 3HauuTENIbHO MPEBBINIAECT TPEOYEMbIC 3HAUCHUSI,
O3TOMY Iepefadya BbIOpaHa BEPHO.

Jlanee BbIOGpEM IUIAHETAPHBIM PEAYKTOP C IEepelaTOYHBIM
OTHOIIICHUEM OKOJO 75, KOTOPBIM OyAEeT COmMpsAraTbCs C JABUTATENIEM

Leshi motor 550PC.
B kawecTBe Takoro peaykTropa BbhIOEpeM  IIaHETApHBIN
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TPEXCTYNEHYAThIA PEAYKTOP KATANCKOro Mpou3BoicTBa Suntry Motor ¢
nepeaToyHbIM OTHOIIEHHEM 64:1 (pucyHok 3.3).

70
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Pucynok 3.3 — [Imanerapnsiil peaykrop Suntry Motor PLG42 ¢
nepexoaHo mectepHeit ns apurarenst Leshi motor S50PC

(Ha doto peaykrop ¢ nepeaaroyHbiM yuciaom 104:1)

Bpi6op naHHOTO peaykTopa BO MHOTOM OOYCJIOBJIEH MPOCTOTOM
COMPSIKEHUS ¢ BHIOpaHHBIM paHee aBuratenem. Ha pucynke 3.4 nokasan
BHEIIHUMA BUJ COOPKH MOTOP-PEIYKTOPA CO CXOKUMU MMapaMeTPaMH.
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Pucynok 3.4 — Morop-peaykrop Suntry Motor
CO CX0KUMHU MapaMeTpaMu
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[TapameTpsl peykTOpa MpeJACTaBUM B BUE TaOIUIIHI 3.3.

Tabmua 3.3 — TexHUuYeCKHE XapaKTEPUCTHKHU ILUIAHETAPHOTO
peryKTOpa
HanmeHoBanue mapamerpa 3HayeHue
[lepenaTouyHo€ OTHOIIICHUE 64:1
KonnuecTBo cTynenen 3
HomuHanbHbIM KpyTALMA MOMEHT, H'M 6
MaxkcumanbHbIid KPYTSIIUi MOMEHT, HM 24
Maxkcumanbubiid KIT/, % 77
Jlnmuna, MM 58
HuameTp ¢aHua, Mm 42
Macca penykropa, Kr 0,46

Hna cmemenuss ocu Motop-peaykropa u IIBII wucnonszyem
3yOuaThlii peMEeHb, MOJAXOASIIMNA O MapaMeTpaMm TpPy30M0bEMHOCTH.
BriOepeMm mapy OJMHAKOBBIX AHOJAUPOBAHHBIX IIKUBOB [IJII PEMHS C
3yoom mpoduns 3M-15, ¢ kommdyecTBOM 3yObeB 32 W BXOJHBIM
TMaMeTpoM Baja 8 MM (BBIXOZHOM Ball MOTOpP-peaykKTopa 8 MM) U
pemenb 3M-15 3amkHyThIN L = 267 MM (pucyHOK 3.10).

4 N

Pucynok 3.5 — 3yOuarsiil KUB U peMeHb 3M-15

[TapaMeTpsl IKKMBa ¥ peMHs TTOKa3aHbl B Tabuiie 3.4.
Tabmuia 3.4 — Texauueckre XapaKTepUCTUKH TUITAHETAPHOTO PeyKTopa
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HanmeHnoBanue napamerpa 3HayeHue
Uuco mkrBa 3y0110B 32
JlnameTp BXOAHOTO Bajia, MM 8
JlnameTp 1IKKMBa, MM 30.56
Marepuan mkuBa AJTFOMUHUA
HomuHanbHas mjiMHa peMHs, MM 267
Ywucio 3y00B peMHs Z 89
[IIupruna pemHs, MM 15
Pactsoxumocts (Ha 1 MM mmupusbl peMHs), H/mMm 90
Kectrocth maTepuaina pemus (o [lopy), A 75%5

OTMeTUM, 4YTO WCIOJB30BAHHUE JAHHBIX IIKUBOB U PEMHSA OACT
MEKOCEBOE paccTosAHUE B MpuBoJe 40 MM, UTO MO3BOJIIET MAKCUMAJIBHO
MHUHUMU3UPOBATH Pa3MeEPhI ITPUBOAA.

BpimonHMM TPOBEPOYHBIN PpPACUET, OMNPEACIUB HOMHHAJbHBIC
3HAYEHUS YCUJIUSI U CKOPOCTH paboyero opraHa MUCXojisl U3 MapaMeTpoB
oJ00paHHBIX KOMIIOHEHTOB ITPUBO/IA.

Mn.p " 2T Nyypr Npem M,C[B.H ' in.p "MNup 2T Nyypr Npem

F H = = =
act Ph Pn
_ 0,0441-64-0,77-6,28-0,95-0,9 — 9334 (H
- 0,005 = 2334 (Hw)
Mn.p " 2T Myypp Npem M,ZLB.M | in.p "MNup 270 Nygp Npem
Factm = — =
Pn Pn
_01564:077:628-095-09
- 0,005 a ()
Wyen * Ph Wiy Prn 1493:0,005
J = = = = 0,01858
o iy - 2 64 - 6,28 (M/¢)

Pt = Fuetd = 7938+ 0,0186 = 43,4 (Br)

Kak mokazan npoBepOYHbIN pacyeT, U M0 YCHIHIO, U IO CKOPOCTH
KOMIIOHEHTBl ~ 3JIEKTPONpPUBOAA  BBIOpaHbl ~ BEPHO,  OTBEYAIOT
TpeOOBaHUAM OBICTPOACHCTBUS M TPY30MOAbeMHOCTH. [lomyduBminiics
AJIEKTPOIPUBOJT UMEET MUHUMAJIbHBIE Ta0aPUTHBIE pa3MEPhl U MacCy U
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MOJKET OBITH MCIIOJIB30BaH B HpHBO,Z[HOﬁ CHUCTCMC OK30CK€ECJICTA.

3ananue 11l NPaKTHYECKON padoThI
B pamkax mnpakTudeckoil pabOThl yyalMMcsl TIpejiaraercs
MPOU3BECTH HEOOXOJMMBIE pacyeThl ¢ TMOCIEAYIOIIUM IO0J00POM
KOMIIOHEHTOB M TPOEKTHUPOBAHHUEM JJICKTPOIIPHBOJIa poOOTa COTIACHO
3aaHuIo (CM. IPUJIOK. ).

27



IIpakTn4yeckas padora Ned4.
HPOEKTUPOBAHHME 3JIEMEHTOB KOHCTPYKIIUU
YCTPOUCTBA

Ileab padOThI: MOJYUYUTh NPAKTUYECKUE HABBIKU MPOEKTUPOBAHUS

DJIEMEHTOB KOHCTPYKIIMM MEXAaTPOHHOM CHUCTEMBI C  IOMOIIBIO
COBPEMEHHBIX CUCTEM aBTOMATHU3UPOBAHHOTO MPOCKTUPOBAHUSI.

Kpartkas Teopust

3ajaud TPOEKTUPOBAHUS HE TIPOCTHIC, MOCKOJBKY MOTYT OBIThH
pelieHbl pa3auyHbIMU, B OOIEM Clydyae COBCEM HE PaBHOIICHHBIMU
cnoco0aMH, a BBIOOp OJHOIO pEIICHHs, KOTOpoe U OyAeT 3arem
pEaIn30BbIBATHCS, JOJKEH OBITh CHIEJIaH HAa OCHOBE psla KPUTEPHUEB
IIPU y4€TE€ CHUCTEMbl KOHKPETHBIX OrpaHuueHuil. Ha3zoBeM OCHOBHBIE
3Tanbl HH)XEHEPHOTO POECKTUPOBAHUS.

Dopmynuposxa 3adayu — TEPBBIA ATall TPOCKTUPOBAHUA. ITO
TOYHOE yKa3aHUE€ TOr0, YTO €CTh U YE€M ATO HE YCTPAMBAET U YTO U B
KaKOM CMBICJI€ JIOJDKHO CTaTh Jydllle MOCje peanu3anuu npoekrta. Ha
ATOM 3Tane He HYXKHBI JETald, HYXHbI JIUIIb CaMbl€ TJIABHBIE YEPTHI
00BEKTa J0 W TMOCIE MPOEKTUpPOBaHUA. Eciy 3TOT 3Tanm BBINOJIHEH
IJIOX0, OYEHb BEJIMKA OMAaCHOCTh, YTO BECh NAIBHEUIIMA TPyl OyneT
NOTPAyY€H BOYCTYIO.

Ananusz 3a0ayu — BTOPOU ATall MPOCKTUPOBAHUS — BBISIBIEHHUE BCEX
CYIIECTBEHHBIX  KAYECTBEHHBIX M  KOJIMYECTBEHHBIX MPHU3HAKOB
CO371aBa€MOr0 OOBEKTa B UCXOJHOM (O MPOEKTUPOBAHMS) U KOHEYHOM
(mocne MpOEKTUPOBaHUS) COCTOSHUSIX, ONPEIEICHUE OTPaHUYEHUN U
Ha3HAYECHUE KPUTEPHUEB, MO KOTOPHIM OYyIET OLEHUBATHCA KadeCTBO
CIIPOEKTHPOBAHHOTO OOBEKTA.

Ilouck 603MOdHCHBIX peuteHuti — 3TO TPETHM 3Tall TPOSKTUPOBAHUA.
3nech B NEPBYIO OdYepenb HEOOXOAMMBbI 3HAHUSA, HO KpOME 3HAHUM
HY>)KHO  HECTaHJApTHOE  MBIIUIEHUE, YMEHHEe  u30eraTtb  Kak
KOHCEpPBAaTU3Ma, TaK M TOCHEIIHOCTH; OYEHb IIOJIE€3Hbl aHaJOTH,
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pasyMeeTcsa, IpU KPUTHUYECKOM K HUM OTHOIICHWH, TOCCIICHUE
BBICTABOK, YTEHHUE JTUTEPATYPbI, KOHCYJIbTAIIUU U T.II.

Jlaxxe B MpOCTOM CjIydae YMECTHO NPEI0KUTh HECKOJIBKO (MHOTO)
pelIeHud, KOTOpbIE B MPHUHIMIIE COOTBETCTBYIOT 3agaue. Korna
MpelaraeTcs MHOTO PEIICHUN, pa3syMeeTcs, HE 3aBEJOMO HErOJHBIX,
MEHBIIIE IIIAHCOB MPOMYCTUTH XOPOIIIEE.

Buvibop pewenus n3 MHOXXECTBA BO3MOXKHBIX HA OCHOBE KPUTEPHEB
Y C YYETOM OTPaHUYEHUN. DTO YETBEPTHI, OYEHb OTBETCTBEHHBIN ATaIl.
371ech OmsTh HE HYXHbl HM30BITOYHBIE JIETAIM, KpPOME TEX, 4YTO
MO3BOJISAIOT IIEJIECHANPABICHHO, MO0 KPUTEPUSM, CPABHUBATH PEIICHHUS.
31ech OY€Hb BaXKHbI BEPHBIC KPYITHBIEC OIICHKH.

B Teopum mpoeKTHpOBaHUS BBOJMUTCS TMOHSATHE HEXYAIINX
pELICHUH, T.€. PEIIECHUM, MONAJAIIMX B HEKOTOPYIO JOIYCTHUMYIO
00JIacTh MO COBOKYMHOCTH MPU3HAKOB, U (POPMYJIHUPYIOTCA aJITOPUTMBI
UX TIOUCKA.

Jlemanvuasn paspabomka 6b10PAHHO20 MEXHUYECKO20 peuueHusi. ITO
MATBHIA 3Tall — dTal OKOHYATEJIbHOTO BBIOOpAa 00OpyHOBaHUs, pacueTa
XapaKTEPUCTHK, COCTaBJICHHUS aJTOPUTMOB yIIpaBJICHHUS,
KOHCTPYKTUBHOM KOMIIOHOBKH Y3JI0B, OIIEHKHA OCHOBHBIX ITOKa3aTeaen 1
T.1. [IATBIN 3Tan BBIMOJIHSIETCA BCErJla — U B CEPbE3HBIX, U B YUEOHBIX
npoekTax. OQHAKO €CIM €My HE NPEAUIECCTBYIOT IEPBBIC YETHIPE WIIH
€CJIM OHU BBIMIOJIHEHBI HEKAYECTBEHHO, HETBOPUYECKH, UTOTH MOTYT OBITh
MEeYAIbHBIMH.

[TomuepkHeM, 4TO, KaK U BCAKHM TBOPUYECKUIN MPOIECC, KOHKPETHOE
MPOEKTUPOBAHUE, TaXKE MPHU OUYECHB KECTKUX OIPAaHUYCHUAX BO BPEMEHH,
HE Pa3BUBACTCA IO PABHOMEPHO BOCXOJSIICH JIMHUKM — HEU30EKHBI
BO3BPAThl, HOBTOPHI U T.II.

B pamkax mpoeKTUpoBaHUsS KOHCTPYKUWH YCTPOMCTBA IMPUBOASATCS
HEO0OXOUMBIE PACUEThI, CXEMbI, ONMUCAHUE TEXHOJIOTUU U3TOTOBIICHUS U
MpoYMe JaHHbIC, WUIIOCTPUPYIOMIME  JATalbl  MPOCKTUPOBAHHS,
00O0CHOBBIBAIOIIIUE MTPUHSITHIC PEIICHUS U BEIOPAHHBIE KOMIIOHEHTHI.

B nganHOM pasgene MOryT OpuCyTCTBOBaTh CKPHHBI TPEXMEPHOM
monenu u3 CAIIP (Solid works, Kommac-3D, Autodesk Inventor u T. 1.).
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IIpuMep BbINOJIHEHUS
B cucreme aBromaTuzupoBaHHOro mpoektupoBanus SolidWorks
ObLIa pazpaboTaHa TpexXMepHas TBEPAOTEIbHAS MO/ICJIb
CIIPOEKTHPOBAHHOTO peayKTopa (pUCyHOK 4.1).

Pucynok 4.1 — TpexmepHas mojenb npuBoja: 1 — npurarens Leshi
motor SS0PC; 2 — mnaneTapHsiid penykrop Suntry Motor PLG42-64; 3 —
peMmeHHas nepeaaya 3M-15; 4 — oCh KpOHIITEWHA KPEIUICHUS IPUBO/IA;
5 —BunT HIBII SF-DF1605; 6 — raiika ILIBII SFU 1605; 7 — kpoHmTein

KPCIUICHUA UCITOJIHUTCIIBHOI'O 3BCHA

Kak BUAHO Ha TpexXMEpHOM MOJENU MPUBOJIA, ISl CONPSIKEHUSA CO
3BEHBSIMM YCTPOMCTBA HCHOJB3YIOTCS KPOHIITECMHBI, HAa KOTOPBIX
3aKPEIUICHbl OCH, HAa KOTOPBIX Pa3MENIACTCA IIAPUKOBBIA IOIIMITHUK
628/8-27.

Bri0op moammnHuka OCYILIECTBISUIM MO OHiaitH-katanmory SKF.
[TapameTpsl MOAMIUITHUKA TIPUBEICHBI B Ta0uIe 4.1.
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Ta6nuna 4.1 — TexHUYEeCKHE XapaKTePUCTUKH TOAIMHUITHNIKA 628/8-27,

OCHOBHBIE pa3MEPHI Homunane YacToThl O6o3Hau
Has BpaIleHus CHUS
TPy30I0ABEMHO
CTh
dynamic | static | Referenc| Limiting | Bearing
e speed | speed
dvv|D,mvm| Bbmm| C,xkH | Cy, xH| o6/Mun | 00/MuH
8 16 5 1,21 0,455 [90000 45000 |628/8-2Z

HNroroBblii BapuaHT MOJENM KPOHIITEMHA MPUBOJAA MOKA3aH Ha
pucyske 4.2.

Pucynok 4.2 — TpexMepHas MOJIeb KpOHIIITEHA TpuBoaa: 1 — dianery
KpOHINTEHHA; 2 — O0OKOBBIE KPEIUICHUS; 3 — OCH; 4 — MOJIIIMUITHUK

CornacHo mnpemyiaraeMoll TEXHOJIOTMHA W3TOTOBIICHUS JETalu
KPOHIITEMHA BBIMOJIHIIOTCA METOAOM JIA3€PHOU PE3KU W3 JIUCTOBOM
CTaJau TOJILIMHOW 3 MM, a 3aT€M CBAapUBAIOTCS B MECTaX, MOKa3aHHBIX
Kpyramu (CM. pUCYHOK 4.2).

3BEHbSI PK30CKEJETa JOJKHBI OCHAIIATHCSI HA0OPOM PETrYIHPOBOK
U MEXaHU3MOB KperuieHus omneparopa. Kpome Toro, 3BeHbs JOIKHBI
COCAUHATHCS MOCPEICTBOM OJHOKOOPAMHATHBIX IIAPHUPOB, UMEIOIINX

31



JIOCTATOYHBIN 3aI1ac MPOYHOCTH U AUANA30H yrja MoBOpOTa.
IIlpuBeneM BHEIHWKM BUJ W OIKMCAHUE 3BEHBEB HK30CKEIIECTA
(pucyHok 4.3).

Pucynok 4.3 — TpexMepHas MoJieab OE€IPEHHOTO 3BEHA
peadUIUTAIIMOHHOTO KOMIUIEKca: 1 — daHIleBOe KperieHue K
HIAPHUPHOMY y37y; 2 — CTBIKOBOUYHBIH y3€]1 3BeHa, KOTOPBII UMeeT
MOCaJ0YHbIE OTBEPCTHS JJIsl KPEIIJICHUS MaH)XEThI; 3 — peryJIMpOBOYHAs
IIacTUHA; 4 — pyKOSITKa PETYJIUPOBKHU; 5 — KOPITYC 3B€HA SK30CKeJIeTa

N3meHeHne  MIMHBL ~ OEAPEHHOTO  3BE€HA  OCYLIECTBIISETCS
CIeNYIOIMUM 00pa3oM: JJIMHA HW3MEHSETCA 3a CYET OTHOCHTEIIBHOTO
CMEIIICHUS KOpITyca 3B€Ha 5 M CTHIKOBOYHOIO y3i1a 2. Jlns obecrieueHus
KPYTUJIBHOW W M3rMOHOM KECTKOCTH COOPKH PEryJIMPOBOYHAS MJIACTHHA
[T-06pa3Hoit (opMBbI HEMOABMIKHO KPEMUTCS HAa CTHIKOBOYHOM y3Jie 2 U
BXOJUT BHYTPb KoOpIityca 3BeHa 5 cooTBeTcTBytoel hopmel. [Ipu sTom
YaCTU 3B€HA COBEPLIAIOT MOCTYIIATEIbHOE JABUKECHUE B HAPABIISIOLINX
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B OCEBOM HampaBJEHUU BAOJIb OCH 3BeHa. J[aHHOe mepemerieHue
buKkcUpyeTcs 3a CYET MEXaHU3Ma, COCTOSIIEro U3 MOJANPYKUHEHHOTO
KyJlayka, BXOJSIIEr0 B Ta3bl HAa PEryJMPOBOYHOM IJIACTHUHE.
[Toanpy>XMHEHHBIM KYyJIauOK HMMEET PYKOSATKY, C MOMOIIBI0 KOTOPOW
OTepaToOp BHIBOAUT KYJIAUOK U3 3alCTUICHUSI.

Paccmotpum KOHCTPYKIIHIO HIAPHUPHOTO y37a
PeadUIUTAITMOHHOTO KOMILIEKCa (PUCYHOK 4.4).

1
2

B

Pucynok 4.4 — TpexmepHast MOJIeJIb OTHOKOOPJUHATHOTO IIapHUPA:
1 — BuJKa; 2 — MOAMMIHUK; 3 — maiiba; 4 — ock; 5 — mpoyIIMHa 3BeHa

[[TapHupHBIM y3€]I COCTOMT W3 BWIKU |, BHYTPH KOTOPOH
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pa3sMEIaTCi NOAIIMIHUKA 2, BHYTPU KOTOPBIX pa3Memliaercs och 4.
Uepe3 mnpocTaBOYHBIE AUCTAHIHMOHHBIE KOJbIa 3 BHYTPU BHIIKU

pa3MeIaeTcss OTBETHAs 4acThb IIApHUpPA 5, HA KOTOPOU 3aKpeIuIsieTcs
CTBIKOBOYHBIN Y3€JI 3BCHA.

B kauecTBe MOAMIMITHMKA UCITOJIBb3YETCA PAIAATBHBIN OJHOPSIHBIN
noamumHIK 1000904 (ananoru 61904, 6904 Z7) (tabnuna 4.2).

Tabnuua 4.2 — Texunueckue xapakrepuctuku noAmunuauka 1000904

OcHoBHbI€ pazmepsl | HomunanbHas YacToTbl O6o3Hau
IpPy30M0IEEMHO BpalleHus CHUS
CTh
dynamic | static | Referenc| Limiting | Bearing
e speed | speed
dvv|D,mvm| Bbmm| C,xkH | Cy, xH| o6/Mun | 00/MuH
20 37 9 6,37 3,65 | 43000 | 26000 | 61904

Buemuuit Buj OeApeHHOTO 3BeHa B COOpe C IIAPHUPOM U
IIPUBOJIOM ITOKa3aH Ha pUCYHKeE 4.5.

SN b W N

Pucynok 4.5 — TpexmepHast MOJi€Ib OJTHOKOOPAMHATHOIO IapHupa: 1 —
KpPECTILOBBIN y3el; 2 — Ta300eApeHHbIN mapHup; 3 — OeipeHHoe 3BeHO; 4
— KOJICHHBIU 3JIEKTPOIIPUBO/T; S — KOJICHHBIN IIApHUP; 6 — 3BEHO FOJICHU
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OCHOBHBIE MEXaHHU3MBbI 3aKpPCIUVICHHUA IIPUBOAA H OpPraHHU3allvin
COCAMHCHUA yacTen KOHCTPYKIIMHU VI BCCX IIAPHUPOB 00enux HOr —
NJIACHTHUYHEI.

3ajaHue 1 NPaKTHYECKO padoThI
B pamkax mpakTH4eckol pabOThl ydYalIuMCs TpejiaracTcs
MPOU3BECTH HEOOXO/IUMBIE pacyeThl C MOCIIETYFOLIIAM
MPOCKTUPOBAHUEM  DJIEMEHTOB  KOHCTPYKIHMH  POOOTHU3UPOBAHHOTO
YCTPOMCTBA COTJIACHO 3a/1aHUIO0 (CM. IPUIIOK. 1).
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IIpakTuueckas padora NeS.
MNPOEKTUPOBAHME SJIEKTPOHHOM IJIATHI
YIIPABJIEHUASA

Ileab padOThI: MOJYUYUTh NPAKTUYECKUE HABBIKU MPOECKTUPOBAHUS

AJIEKTPOHHOW YacTH MEXAaTPOHHOM CHCTEMBI: I0J00pa AJIEMEHTHOM
0a3bl, pa3pabOTKU MPUHIUIHUAILHON CXEMBbI, MPOEKTUPOBAHUE ILJIATHI
yIIPaBJICHHUS.

Kpartkas Teopust

OO0mye TPUHIUITBI TPOCKTUPOBAHUS, ITAlbl UX MOCJIEA0BATEIHHO
HE OTJIMYAETCA OT MPOECKTUPOBAHUS AJIEMEHTOB KOHCTPYKIMU. OgHaKo
UMEIOTCSI M CBOM 0coOeHHOCTH. [Ipu pa3paboTKe JIEKTPOHUKHU CIEAYET
PYKOBOJICTBOBATbCS ~ CXEMOW  yCTPOMCTBA, MPUHLIMUIOM  pabOTHI,
CIIOCOOOM B3aWMOJICHCTBUSL C ONEPATOPOM (JaKe€ €CIM YCTPONCTBO
MOJHOCTHIO  ABTOMATHMYECKOE HEOOXOAUMO IPOAyMaTh CHOCOOBI
BKJIIOUCHHS/OTKJIFOUCHHS, a TakXXe HACTPOWKH), pe3ysbTaTaMH
MOJICJTUPOBAHMUS  CHUCTEMBbI  YIPABJICHUSA, a TaKXke YCJIOBUAMHU
UCIIOJIb30BaHUs  yCcTpoucTBa. IlepBbIM 3TamomM NOPOEKTUPOBAHUA
SBJISIETCSI COCTABJICHUE (DYHKIMOHAIBHON CXEMbl YCTPOMCTBA. 3aTeM
OCYILIECTBJISIETCS MOA00p »neMeHTHoM O0a3bl. Ilocie pa3padarbiBaroT
NPUHLMIUAIBHYI0 CXEMy YCTPOHWCTBA M Ha (PUHAIBHOM JTarme
MPOCKTUPYIOT JIEKTPOHHYIO TIJIaTy.

[Tpu pazpaboTke (byHKITMOHAIBHOM CXEMBbI CTOUT
PYKOBOJICTBOBAThCA TEMHU K€ TMPUHIIMIIAMHU CXEMaTU3alliu, KOTOpPbhIC
U3Y4YaJIUCh B paMKax MEePBOM MPAKTUUECKON PaOOTHI.

Bri0op anemeHTHOM 0a3bl YHU(DUIIMPOBAHHBIX y3JI0B HEOOXOIUMO
MPOU3BOJAUTL HUCXOASA W3 YCIOBHUM IKCIUIyaTallud YCTpPOMCTBA. Takum
o0pa3oM, KO BCeM JJIeKTpopaauodieMeHTaM (DPD) cxembl, KO BceM
KOHCTPYKIIMOHHBIM MaTepuagaM u H3JCTUSIM TMPEIbSIBISIOTCI TE XK
TpeOOBaHUS, YTO U KO BCEMY YCTPOUCTBY B IIEJIOM.

Bri0op aneMeHTHOM 6a3bl MPOU3BOIUTCS HA OCHOBE TPEOOBAHUH K
YCTPOMCTBY, B YACTHOCTHM KMHEMATUUYECKUX, MEXAHUYECKUX U JPYTUX
Bo3AeicTBUI. OT BBIOOpa 3JIEMEHTOB 3aBHUCST rabapUTHBIE pa3MeEphI,
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HaJE&KHOCTh M3MIENUsI, TMOTPEOJICHUE DJHEPrUU IJIEKTPONPUOOPOM,
CTOMMOCTh  HW3JENHs, a TaKXe €ero MNpPUCIOCOONIEHHOCTh K
KJIIMMATHYECKUM YCJIOBUSM.

OCHOBHBIMU MMapamMeTpaMH MpPU BHIOOPE JJIEMEHTHOW Oa3bl
SIBJISIFOTCSI:

1) TexHuueckue napameTphl:

— HOMHMHAJIBHBIE 3Ha4YeHWs MmapameTpoB OPD  coryiacHo
IMIPUHLIUITHATBHOMN BJIEKTPUYECKOU CXEME YCTPOUCTBA;

— JIONMYCTUMBbIC OTKJIOHEHMS BeJIMYMH ODPD OT HOMUHAIbHBIX
3HAYCHUM;

— JOMyCTUMBbIE paboune HanpspkeHus: DPJI;

— JIOIYCTUMBIE pacCEUBaEMbI€ MOIIHOCTH DP3;

— AuanasoH padounx yactot IP3;

— KO3 (HUIUEHT PIEeKTpUIYECKON Harpy3ku JP3J;

2) BKCIUTyaTallMOHHbIE TapaMETPHI:

— JIMara3oH pabo4ux TemMIeparyp;

— OTHOCHTEJIbHAs BJIAXKHOCThH BO3/1yXa;

— JIABIICHUE OKPYKAIOIIEU CPEIBIL;

— BUOpAIIMOHHBIE HATPY3KH.

BpiOop  yHU(UIIMPOBAHHOW  BIEMEHTHOM 0a3bl  IMO3BOJISET
COKpPAaTUTh CTOMMOCTb H3JENHSI, CPOK MPOECKTUPOBAHUS, HUCKIIOYUTH
CHEUHAIbHBIE  OCHACTKH,  YJYyYIIUTh  MPOU3BOJCTBEHHYIO  H
AKCIUTYaTAllMOHHYIO TEXHOJIOTUYHOCTD.

Ilpunyunuanvnaa  21exkmpuyeckas  cxema —  Tpapuyeckoe
n3o0paxkeHue (MoJenp), clyXkamiee [Js TMepeladyd ¢ MOMOIIbIO
YCIOBHBIX rpaduueckux W  OyKBEHHO-IIM(MPOBBIX  0003HAUEHUU
(OUKTOTpaMM) CBSI3€M MEXIY DJIIEMEHTaMU JIEKTPUYECKOT0 YCTPOIMCTBA.
[IpuHIMNIMaNBbHAsE cXeMa, B OTJIMYUE OT Pa3BOJKHU MEUYATHOW IUIATHI, HE
MOKa3bIBa€T B3aMMHOI0 ((PU3MUYECKOTO) PACHOJOKEHUS DJIEMEHTOB, a
JUIIb yKa3blBa€T HA TO, KAaKUE€ BBIBOJBI pEAJbHBIX AJIEMEHTOB
(HampuMmep, MHUKPOCXEM) ¢ KakuMu coeauHsaioTca. Ilpu  3ToMm
JOMyCKAaeTCsd OOBEIUHEHUE TPYIIbl JUHUM CBSI3M B IIMHBI, HO
HEOOXOJUMO YETKO yKa3blBaTh HOMEpA JUHUN, BXOMASIIUX B IIHHY U
BBIXOJALINX U3 HEE.
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[IpuHuunuanbHas sJaeKTpuueckas cxema o(OpMIISIETCS COTJIACHO
['OCT 2.701-2008.

[Iponecc MpOEKTUPOBAHUS TIEUATHOM TIATHI MOYKHO Pa3/IC/IUTh Ha
STAIIbL:

1) pa3paboTKa MPUHITUTTHAIBHON CXEMBI TIJ1aThI;

2) moa0op DSJIEKTPOHHBIX KOMIIOHCHTOB (BBIOOp THIIA W3JETHA,
TUTIOpa3Mepa, OMOINOTEKH );

3) HacTpoiiKa MpaBuj NPOEKTUPOBAHUS;

4) NpOeKTUPOBAHUE KOHTYpPA IUIAThl U Pa3MEIIEHUE KOMIIOHEHTOB;

5) TpaccupoBKa COCAUHEHUI;

6) MPOBEPKA;

7) pedaKTOpUHT;

8) moarotoBka K] nig npoekTUpOBaHUS TUIATHI.

IIpumep BbINOJIHEHUA

B kauectBe npumepa paccMoTpuM (PpyHKIMOHAIBHYIO cxemy CAY
DK30CKJIETA, IOKA3aHHYIO HA PUCYHKE 5. 1.
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PucyHok 5.1 — @yHKIIMOHAIbHAs cXeMa UH(OOPMAITMOHHON CUCTEMBI
peabunuTarmonHoro komruiekca: [1K — mepconansHbIN KOMIBIOTED; Uart
— TIoceI0BaTeNbHBIN uHTEepdetic; dr — apaitBep asurareneit; MK —
MUKPOKOHTPOJIIEP; Spi — HHTepdeiic MOaKII0YEHUS TaTIYMKOB; adc —
aHajoro-uudpoBoi nmpeodpazoBaTesb
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Paccmorpum  mpumep  moadopa  KOMIIOHEHTOB  CHCTEMBI
yIpaBJICHUS.

Jlns oOecrnieyeHrs BBIYUCIUTEIBLHON MOIIHOCTH, TpeOyemou s
peanuzanuu pazpabOTaHHOW CUCTEMbl aBTOMATUUYECKOTO YIIPABIICHUS, a
TaKK€ MUPOTHl (YHKIMOHAIBHBIX BO3MOXHOCTEH, MOTpedyeTcs
MUKPOKOHTPOJUIEp C pa3BUTON mepudepueii, OOJBIIUM KOIMIECTBOM
BBIBOJIOB.

HtoroBeiM BBIOOpPOM cTan MHMKpOKOHTposuiep ATmega2560 B
cocTaBe oTiaouHoM miatel Arduino Mega.

Kak ykazaHno B crieruukaiuy JBUraTesisi IocToSsHHOTo Toka Leshi
motor 550PC, HoMmHanbHBIA TOK ero cocraBiusier 9 A. Ilpu stom
MakCUMaJlbHOE TpeOyeMoe yCWIHWe HE TMPEeBBIIMIAeT 3HAYCHUM
OTPAaHMYECHHBIX HOMHUHAJIBHBIM PEXKHUMOM, TMO3TOMY Jajiee OyaeMm
paccMaTpuBaTh JApaiBepbl JBUTATENs] ¢ HOMUHAIBHBIM TOKOM OT 8 A U
KPaTKOBPEMEHHO JOMyCTUMBIM 12 A. JIns 3KOHOMMM MECTa Ha IUIATE
yIpaBJiieHUs! Oy1eM UCIOJIb30BATh IBYXKAHAIbHBIE APaiiBEPHI.

CornmacHo WuCXOJIHbIM mapameTpaMm BbiOupaem Pololu Dual
VNHS5019 Motor Driver Shield for Arduino.

Jlns peanuzaiuy yrnpaBJICHHS IO TOJOKEHHUIO BBIXOJIHBIX 3BEHBEB
B IIAPHHUPAX YCTPOWCTBA MPEIJAracTcsl yCTAHABIMBATH MAarHUTHBIC
OECKOHTAKTHbIE a0OCOJIOTHBIE SHKOJEPhI, IOCTPOCHHbIE Ha 0aze
Mukpocxembl AS5048A.

Jl71st u3MepeHust CUIJIbl B3aUMOJICUCTBUS MAIlUEHTA U DK30CKeeTa B
MPOIIECCHI BBIMOJHEHUS YIIPAKHEHUN UCTIOJIB3YIOTCS TEH30METPUUYECKHE
yyBCTBUTENbHBIC 351eMeHTHl YZC131 u mnata AL HX711, umeromas
HEOOXOIMMBIN KacKaJ YCWJICHHS, aHAIOro-1iudpoBoil mpeodpa3zoBaTeb
Y TEHEpaTOp CUTHAJA M0 UHTEepPeECy, aHATIOTUYHOMY 12C.

HoMuHanpHOE HaANpsHKEHUE MUTAHUS JIBUTATENEH, HUCIOJIb3YEMbIX
B npoekTe 12 B, curHaibHas 4acThb CUCTEMBI YIIPABICHUS MUTAETCS OT
ctabunuzatopa Arduino Mega. HomuHanbHbl TOK aBurarenet 9 A.
Takum o00pazoM I8 JAHHOTO TIPOEKTa HEOOXOJIWM HCTOYHHK
CTAOMIM3UPOBAHHOTO MUTAHUS, HOMUHAILHBIM HampsikenueMm 12 B u ¢
pabounm TokoM He MeHee 60 A. MMeHHO TakMMHM mapaMmeTpamu
obnamaet 60k mutanus RSP-1000-12 ¢upmer Mean Well.
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Ha ocHoBanun (yHKIMOHANBHONH CXEMBl PEAOMIUTAIIMOHHOTO
KOMIUIEKCA M TMOJ00pa KOMIIOHEHTOB CHCTEMBbI YIpaBjieHUs ObuLia
pazpaboTaHa  NOpUHLOMIIHAIBHAS ~ DJIGKTpUYECKas  cxema  OJioka
yIpaBJIeHUs, TTIOKa3aHHAas Ha pUCYHKe 5.2.
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CornacHO NPUHLMUIUAIBHON CXEME CHCTEMBI YNpPaBJICHUS Ha
OCHOBHOM (MaTepUHCKOMN) nJare JOJKEH pa3MenaTbes
MUKPOKOHTPOJJIEP, DJIEMEHThl CHUCTEMBbI TMHUTAHUS, CBETOJUOJHAS
WHJIUKAIHS U Pa3bEeMbl MOIKIIOUCHUS JATYUKOB.

MUKpPOKOHTPOJUIEP HCHOJB3YEM B COCTABE TOTOBOIO MOMYJIS
Arduino Mega2540, mosToMy ISl YCTaHOBKHM €Tr0 Ha MAaTEPUHCKYIO
miaty, OyJieM UCIOIb30BaTh pasbeMsl ¢ marom 2.54: PLS-10 (DS1021-
1x10).

Takke B BHAE TOTOBBIX MOJAYJIEH B IPOCKTE HCHOIB3YETCS 3
CUJIOBBIX JipailBepa, KOTOpbIE TaKXKe MOAKIIOUYNM TOCPEIACTBOM
mThIpbeBbIX pazbemoB: PLS-8 (DS1021-1x10), PLS-12 (DS1021-1x10).

[TogkmroueHue JaTYUKOB OyJaeT TPOUCXOAUTh TMOCPEACTBOM
KTYTOB, TOATOMY JJIsi HAJAEKHOTO COCAMHEHUs] OyJeM HCMOJIb30BaTh
pa3beMbl ¢ (PUKCATOPOM U KJIHOUOM, O00ECIEUUBAIONIUM OJTHO3HAYHOCTh
OpHUEHTAIUK Kaless MPU MOJICOCIUHEHUH K TIJIaTe:

— 17151 sHKoiepoB: CWF-8 (DS1069-8 M);

— st moayneit ALIIT: WF-4 (DS1070-4 M).

[TonkiroueHre CUIIOBOTO MUTAHUS W KaOesjel MUTaHUS MPUBOIOB
OyJieM TIPOU3BOJUTHL C MOMOIIBIO OapbepHBIX KIeMMHHUKOB T14-BMI11-
04. Konryp miarel npuMeM paBHbIM 200x220 mm.

[Ipu HacTpoiike MNpoeKTa W TMpaBWwil MNPOCKTUPOBAHUSA OyaeM
PYKOBOJICTBOBATHCSA TPABUIIAMH THUIIOBOW COOPKH HJISI JBYXCIOWHBIX
TiaT.

JIns maHHOTO TpOEKTa 3aJaJuMCsl CICAYIOIUMHU MpeacTbHBIMU
3HAYCHUSIMU:

— KOJIMYECTBO CJIOEB — 2;

— marepuai — FR4;

— TOJIIIMHA MJIAThl — 2 MM;

— TommuHA HOTBTH — 35 MKM;

— ¢uHuiHbe TOKpbITUS — [IOC-63;

— 3a3op/mpoBogHuK — 0,3 MM / 0,3 MM;

WUtoroBeii  BUJ IIaThl B CpeA€  aBTOMATU3UPOBAHHOTO
npoektupoBanusa Altium Designer OyneT uMeTh BHJ, NMOKa3aHHBIA Ha
pucyske 5.3-5.4.
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PucyHnok 5.4 — Pe3ynbTaT TpacCUpPOBKH ILIATHI

3ajaHue 1Sl NPaKTHYECKO padoThI

B pamkax mpakTH4eckol pabOThl ydYaluMcs TIpejiaracTcs
pazpaboTaTh  (PYHKUMOHAJIBHYIO  CXeMy  IUIaThl  yHOpaBJICHUS,
OCYIIECTBUTH noadop AJIEMEHTHOM 0a3bl, pa3zpaboTaTh
NPUHUUIIHAIBHYIO CXEMY YCTPOMCTBA U CIIPOEKTHUPOBATH 3JIEKTPOHHYIO
I1aTy yInpaBJ€HUs COTJIaCHO 3aJaHUIO MO BapuaHTaM (CM. mpuiioxk. 1).
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IIpakTuueckas padora Ne6.
MNOJArOTOBKA KOHCTPYKTOPCKOM TOKYMEHTALIUN

Ieab padoTbl: OCBOWUTH CTAHJAAPTHI, HOPMBI U MpaBHIA

oopmIieHHUs HOPMAaTHUBHO-TEXHUYECKON JOKYMEHTALHH,
KOHCTPYKTOPCKOW JOKyMEHTaluu. [lolyduTh NpPakTUYECKUE HABBIKH
pa3pabOTKU  KOHCTPYKTOPCKOM  JOKYMEHTallMM  Ha  M3JEIus
MAIIMHOCTPOUTEIBLHOTO MPOU3BOJICTBA.

Kpartkas reopus
OcHoBnble nousatust ECKJI. Cornacuo I'OCT 2.001-93 «Eaunas
CUCTEMa KOHCTPYKTOPCKOM AokyMmeHTanuu. OOmme mnojgoxeHus» [2]

Envnasi cucrema kKoHCTpykTOpckor nokymeHtanuu (namee ECKJI) —
KOMILJIEKC CTaHJAapTOB, YCTAHABIMBAIOIIMX B3aMMOCBS3aHHBIC HOPMBI U
IpaBuja 1o pa3padorke, 0QOpMICHHIO U OOpaIIEHUIO0 KOHCTPYKTOPCKOM
JTOKYMEHTaIluM, pa3padaTbIBa€MOW M IPHUMEHSIEMOM Ha BCEX CTaIUSIX
KU3HEHHOTO NHKJa u31enaus (Ipu MPOSKTUPOBAHWM, HW3TOTOBJICHHH,
AKCILTyaTaluy, PEMOHTE U JIp.).

OcHoBHOe  HazHaueHue craggaproB ECKJl cocroutr B
YCTaHOBJICHUH  €IUHBIX  ONTUMAJIbHBIX  MPABWJI  BBIIOJIHEHHS,
obopMIIeHUS U OOpallleHUs KOHCTPYKTOPCKOM JOKYMEHTAaIMH, KOTOpbIE
o0ecrneynBaroT:

1) mpuMeHEeHHE COBPEMEHHBIX METOJIOB M CPEJCTB Ha BCEX CTaIUIX
YKU3HEHHOTO ITUKJIa U3ICIIHS;
2) BO3MOXKHOCTh B3aUMOOOMEHAa KOHCTPYKTOPCKOM JOKyMEHTaruen 0e3
ee iepeoHOopMIICHHUS;
3) oNTUMAIBHYIO KOMILJIEKTHOCTh KOHCTPYKTOPCKOM TOKYMEHTAIIUH;
4) MexaHW3aAllUI0 W aBTOMATHU3ALUI0 OO0pPabOTKU KOHCTPYKTOPCKUX
JIOKYMEHTOB U COJieprKalleiics B HUX HHPpOpMaIluu;
5) BBICOKOE€ Kaue€CTBO H3JICIIHI;
6) HamUuhe B KOHCTPYKTOPCKOM JOKyMEHTalluu TpeOOBaHMUM,
o0ecrneynBaronnX 0€30I1aCHOCTh UCIIOJIb30BAHUS U3AECIUN U1 )KU3HUA U
30POBbsl  TMOTpPEOUTENICH,  OKpy)Karmomeh  Ccpedapl, a  TakkKe
MpeIoTBpalleHUe IPUUYMHEHMS Bpea UMYIIECTBY;
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7) BO3MOXKHOCTh paclIMpeHuss yHU(DUKAUUM U CTaHJIApTU3AIUU TIPU
NPOCKTUPOBAHUM  U3JACIMHA U pa3pabOTKE  KOHCTPYKTOPCKOM
JTIOKYMEHTAIIUH;

8) BOBMOXKHOCTb NMPOBEACHUS CEPTUDUKAIINU U3ICIUI;

9) cokpallleHHME CpPOKOB M CHI)KEHUE TPYJIOEMKOCTH MOATOTOBKH
IPOU3BOJCTBA;

10) npaBWIbHYIO KCIUTyaTaLNIO U3/IETUH;

11) omnepaTuBHyr0 TOATOTOBKY JIOKYMEHTAllMU IS  OBICTPOM
NepeHaaJIKu JEeUCTBYIOIIETO TPOU3BOICTBA;

12) ynpomienue GopmM KOHCTPYKTOPCKHUX TOKYMEHTOB M rpauyecKux
U300pakeHu;

13) BO3MOXHOCTh CO3JaHUA €AUHOM HWHGOPMAIMOHHON  0a3bl
aBToMatu3upoBaHHbIXx cuctem (CAIIP, ACVYII u ap.);

14) rapMoHM3aIMI0 C  COOTBETCTBYIOUIMMHM  MEXIYHAPOIHBIMU
CTaHJapTaMH B 00JIaCTH KOHCTPYKTOPCKOM TOKYMEHTAIINY;

15) BO3MOXHOCTH HH(POPMAIMOHHOTO OOECHEUYEHMUS IOJJICPIKKU
YKW3HEHHOTO ITUKJIa U3/ICIIHS.

Crangaptsl ECK/J] PacCIIpOCTPaHSIOTCA Ha W3J1EIIUS
MaIlIMHOCTPOCHUST U mpudbopocTtpoeHus. OOIaCTh pacHpoCTpaHEHUs
OTJICJIbHBIX CTaHJIAPTOB PAaCUIMPEHA, YTO OTOBOPEHO BO BBEACHUU K
HUM.

YcranoBnennble crangapramu ECKJ/[ HOpMBI W mpaBwia 1o
pa3paboTke, o(pOpMIICHHUIO U OOpallleHUI0  JIOKYMEHTaIuu
PaCIPOCTPAHSIOTCS Ha CJIEIYIONIYIO TOKYMEHTAIUIO:

1) Bce BUIbI KOHCTPYKTOPCKUX JIOKYMEHTOB;

2) YYETHO-PETUCTPAIMOHHYIO JTIOKYMEHTAIIUIO TUTSt
KOHCTPYKTOPCKHX TOKYMEHTOB;

3) JOKYMEHTalMI0 MO BHECEHUIO M3MEHEHUW B KOHCTPYKTOPCKHUE
JTIOKYMEHTHI;

4) HOPMAaTHUBHYIO, TEXHOJIOTUYECKYIO, IPOTPAMMHYIO
JOKYMEHTAIlUI0, a TaK)Ke€ HAy4YHO-TEXHUYECKYID U  Y4eOHYIO
JuTepaTrypy, B TOW 4YacTH, B KOTOPOH OHM MOTYT OBITH [JII HHUX
OPUMEHUMBl W HE PErIAMEHTUPYIOTCS JpPYyTUMHU CTaHAapTaMd M
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HOpMaTUBaMHM, Hanpumep (hopmaThl ¥ WIPUQTHI AJIs1 IEYATHBIX W3AaHUN
U T.II.

O0mue TpedoBanusi Kk 4epre:xkam. ['OCT 2.109-73 «Enunas
cUCTeMa KOHCTPYKTOPCKOW JIOKyMeHTanuu. OCHOBHBIE TpPeOOBaHUS K
yepTexkam» [8] ycTaHaBJIMBAET OCHOBHBIE TPEOOBAHHUS K BBITIOJHEHUIO
yepTexen aeTanei, COOpOUHBIX, TAOAPUTHBIX U MOHTaXKHBIX YEPTEKEH
Ha CTaauud pa3pabOTKu pabouel JOKYMEHTAIlMM Il BCEX OTpaciieu
MPOMBIIICHHOCTH.

[Ipu pazpadboTke paboUnx YepTEKEH MpeyCcMaTPUBALOT:

a) ONTHUMAaJbHOEC NPUMEHEHUE CTAHJAPTHBIX W MOKYIIHBIX
U3ICNNM, a TakXke W3JeIud, OCBOCHHBIX IIPOU3BOJCTBOM H
COOTBETCTBYIOIIUX COBPEMEHHOMY YPOBHIO TEXHUKHU;

0) paluoHaJIbHO OIrPAHUYECHHYI0 HOMEHKIIATYPY pe3b0, IITUIEB
U JPYTUX KOHCTPYKTUBHBIX 3JIEMEHTOB, UX Pa3MEpPOB, MOKPBITUH U T.1.;

B) palMOHAJIbHO OrPAHMYECHHYI0O HOMEHKJIATYpy MapoK U
COPTAMEHTOB MAaTEpUAJIOB, a TAK)KE MPUMEHEHUE HanboJiee JICIIEBbIX U
HauMeHee JePUIUTHBIX MaTePHUAIOB,;

r) HEO0OXOIUMYIO CTETIEHb B3alMO3aMEHSIEMOCTH,
HAWUBBITOJTHEUIIINE CIIOCOOBI M3TOTOBJICHUS M PEMOHTA U3ICIINM, a TAKXKe
UX MaKCUMaJIbHOE y00CTBO OOCITYKUBAHUS B AKCIUTyaTallUH.

Ha  paboumx  dyeprexax  HE  JIONyCKaercss  IMOMeENIaTh
TEXHOJIOTUYECKHE YKa3aHus. B BUae UCKIIIOUEHHS JOMYCKAETCS:

a)  yKa3bIBaThb CIOCOOBI M3TOTOBJICHHUS W KOHTPOJS, €CIU OHU
SBJISIIOTCSL €AUHCTBEHHBIMM, TapaHTUPYIOIIUMU TpeOyeMoe KaueCTBO
U3JIeNus, HalpuMep, COBMeCTHasi 00paboTKa, COBMECTHas THOKa WIH
pa3BaJIbIIOBKA U T.11.;

0) JaBaTh YyKa3zaHusd 10 BbIOOPY BHJIA TEXHOJOTMYECKON
3arOoTOBKHU (OTJIMBKH, TOKOBKH U T.11.);

B)  YKa3blBaTh  OMNpPEJEICHHBIM  TEXHOJOTUYECKUUA  TPHUEM,
rapaHTUPYIOMKUK o0ecTiedeHUe OT/ICIbHBIX TEXHUUYECKUX TPeOOBaHUN K
U3JICJINI0,  KOTOpPhIE  HEBO3MOXKHO  BBIPa3UTh  OOBEKTUBHBIMU
MOoKa3aTe/isiIMA WM BEJIMYMHAMU, HANpUMep, MPOIECC CTapeHus,
BAKyyMHasi IPOMUTKA, TEXHOJIOTUS CKIICUBAHUS, KOHTPOJIb, COMPSIKEHUS
TUTYHYKEPHOM Taphl U JIp.
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Ha paGouem uepTexe M3IeIusi yKa3bIBAIOT pa3Mephl, MpeeibHbIe
OTKJIOHEHHUSI, IIIEPOXOBATOCTh IOBEPXHOCTEH U JIpyrue JIaHHBIE,
KOTOPBIM OHO JIOJIPKHO COOTBETCTBOBATH MEepe] COOPKOH.

Pasmepnl, mpenenpHbIE  OTKJIOHEHHS W IIEPOXOBATOCTH
MOBEPXHOCTEM DJJIEMEHTOB W3JENUs, TMOJydaroumecs B pe3yjbTaTe
00paboTKu B Tporecce COOpPKM UM TIOCJe HEe, YyKa3bIBalOT Ha
COOPOYHOM UYepTEKeE.

Paboune deptexu pa3pabaThiBalOT, Kak MPaBUIIO, HA BCE JIETaH,
BXOJISIINE B COCTaB u3aenus. Jlomyckaercst He BBIITYCKATh YePTEKH Ha:

a)  JIeTalii, U3TOTOBIISIEMbIE M3 (ACOHHOTO WM COPTOBOTO
MaTepuasia OTPE3KOM MOoj MPSMBIM YTIJOM, U3 JUCTOBOTO MaTepuaia
OTPE3KOM TI0 OKPYXHOCTH B TOM YHCJIE, C KOHICHTPUYCCKUM
OTBEPCTUEM WJIM MO MEPUMETPY MNPSAMOYTroJibHUKA 0€3 MOCIeayIONeH
00paboTKH;

0) Jeranu U3AENUN C HEPAa3bEMHBIMU COCAUHEHUSIMU (CBAPHBIX,
MasiHbIX, KIJCMAaHbIX, CKJICEHHBIX, COUTHIX TBO3MIMH U  T.IL),
SBIITIONIIAXCS. ~ COCTaBHBIMH ~ YacTAMHU  HM3JCIMA  IUHUYHOTO
MIPOU3BOJICTBA, €CJIM KOHCTPYKITUS TaKOM JIeTalld HACTOJIBKO MPOCTa, YTO
JUIi €€ M3TOTOBJICHMS JOCTATOYHO TpPEX-4eThIpEX pa3MepoB Ha
COOPOYHOM YepTEeX)E€ WIM OJIHOTO M300paKeHHMs] TaKOW JeTanu Ha
CBOOOJHOM I10JI€ YEPTEXKA;

B) JeTalld W3JACIMH €IMHUYHOTO IPOU3BOJACTBa, ¢dopMa u
pa3Mepnl KOTOphIX (JJIMHA, paguyc crubda W T.1M.) YCTaHABJIMBAIOTCA IO
MECTy, HampuMmep, OTACIbHBIC YacTH OTrPaKICHWH H HACTHIIA,
OTHACJIbHBIE JIUCTHl OOIIMBKU KapKacoB U TNEpeOOpOK, IMOJIOCHI,
YTOJBHUKH, TOCKU U OpYCKH, TPYOBI U T.II.;

r) TOKYIHbBIC JETajH, MOJIBepraeMple aHTUKOPPO3ZUOHHOMY WIIH
JEKOPATUBHOMY TOKPBITHIO, HE M3MEHSIONIEMY XapakTep COMPSHKEHUS
CO CMEKHBIMH JICTATISIMH.

B ocHOBHOIl Haamucu YepTexka JETAIM YyKa3blBalOT HE OoJiee
ONHOTrO BUJa Marepuana. Ecmu it U3rOTOBICHUS — JIETAIH
MpeyCMaTPUBAETCSl UCMOJIb30BAHUE 3aMEHUTENICW MaTepuana, TO X
YKa3bIBAlOT B TEXHUYECKUX TPEOOBAHUSAX UYEPTEKAa WIU TEXHUUYECKHUX
YCJIOBUSIX Ha U3JIETHUE.
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Ecnu dopma u pazmepbl Bcex JIEMEHTOB OIPEEICHBI Ha YepPTExKE
FOTOBOM JIeTaliM, pa3BEepTKy (M300pakeHHWe, IJIMHY pa3BEPTKH) HE
MPUBOJISIT.

Korpa uzoOpakeHue jeTaiad, H3rOTOBIIEMOM THOKOH, HE JaeT
NpEACTaBICHUS O JEUCTBUTENBHON (OopMe U pa3Mepax OTHAEIbHBIX €€
AJIEMEHTOB, HAa YEPTEKE JIETAIH MMOMEIIAOT YACTUYHYIO WJIU MOJIHYIO €€
pa3BepTKy. Ha n300paskeHun pa3BEepTKU HAHOCAT TOJIBKO T€ Pa3MEpHI,
KOTOpbIE HEBO3MOXKHO yKa3aThb Ha U300pakeHUH rotoBoil geranu. Han
U300pKEHUEM  Pa3BEPTKUM  MOMEMIAIOT  YCIOBHOE  TIpaduyeckoe
o0o3HaueHue .

Pa3BepTKy u300pa)katl0T CIUIOMIHBIMH OCHOBHBIMU  JIMHUSIMU,
TOJIIMHA KOTOPBIX JOJKHA OBITh paBHA TOJIIWHE JHUHUN BUIUMOTO
KOHTypa Ha wu3zo0paxeHuun petanud. llpu HeoOxomumocTH, Ha
M300pKEHUU Pa3BEPTKM HAHOCSAT JIMHUU CTUOOB, BBIIOJIHSAEMBIC
WTPUXITYHKTUPHOW TOHKOM JIMHUEHN C IBYMsI TOYKaMH, C YKa3aHUEM Ha
MOJIKE TMHUU-BBIHOCKU «JIHUs crubay.

Ecnu ngerane gomkHa OBITh HW3TOTOBJICHA U3  MaTepuana,
UMEIOIIETO0 OMNPEACICHHOE HaMpaBiICHUE BOJIOKOH, OCHOBBI M T.II.
(MeTanuyeckas JICHTa, TKaHb, Oymara, JAEpPEeBO), TO Ha YEPTEXKE MPH
HEOOXOMMOCTH JOMYCKAETCS YKa3bIBaTh HAMPABICHUE BOJIOKOH.

VYKazaHuss O pacrnojioKEHHH CJIO€B  MaTrepuana  JeTallu,
U3TOTOBIISIEMOM M3 TEKCTOJIMTAa, (PUOPHI, TETUHAKCA WIM JIpyroro
CJIOMUCTOTO Marepualia, Mpyu HE0OXOIUMOCTH MOMENIAIOT B TEXHUYECKUX
TpeOOBaHUSX.

Ha deprexxax netanei, U3roTOBISIEMBIX U3 MAaTEPUAIOB, UMEIOIIUX
JUIEBYI0O U OOOPOTHYIO CTOPOHBI (KOXKa, HEKOTOPhIE€ BHUIbI TKAaHEH,
IJIEHOK W JIp.), NpPU HEOOXOJAMMOCTH Ha TOJKE JMHUHU-BBIHOCKH
YKa3bIBAIOT JIMLIEBYIO CTOPOHY. Takue yka3zaHusi JOMyCKAeTCsl MOMEIIaTh
¥ Ha COOPOYHBIX YEpPTEKAX U3MEIUN, B COCTAB KOTOPHIX BXOJAT JI€TAJH,
UMEIOIIHE JIUIIEBYIO K OOOPOTHYIO CTOPOHY.

Jletanu W3  TpO3payHbIX  MaTEpUAIOB  M300pa)xkaroT  Kak
Hemnpo3pauHble. HaHeceHHble Ha JeTand C OOpaTHOM CTOPOHBI OT
HaOMIOaTe sl HAAMKUCH, UUQPHI, 3HAKU U APYrue MOJIO0O0HBIC JaHHEIE,
KOTOpBIE Y TOTOBOM JE€Tadu JOJKHBI ObITh BUAHBI C JIMIIEBOW CTOPOHHI,
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1/1306pa>1<a}0T Ha 9CPTCHKC KaK BUAUMBIC U ITOMCHIAOT COOTBCTCTBYIOLICC
YKa3aHUC B TCXHUYCCKHUX Tpe60BaHI/I}IX.

IIpumMep BbINIOJIHEHU S
B kagecTBe npuMepa nokaxkem padodyue 4epTe’kKu pa3IndHbIX
JieTajeld BBIMOJIHEHHBIX C TPUMEHEHNE COBPEMEHHBIX CUCTEM
aBTOMATU3HPOBAHHOT'O POEKTUPOBAHUSI.
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Ipuaoxenue 1. BapyaHTel 3a1aHUl ISl NPAKTHYECKUX PadoT

No 3ananue
Bapuanra

1 PeabunuTaiinoHHOE YCTPOHCTBO JJI KOJICHHOTO CyCTaBa

2 PeabuinTannoHHOE YCTPOUCTBO BEPXHUX KOHEUHOCTEH

3 MexaTpoHHBIA MOAYJIb BCIOMOTAaTEIbHOIO YCTPOMCTBA
3axBara MPOMBIIIJICHHOTO 3K30CKEIEeTa

4 KonBepromnan i IOWCKAa HEHUCIPABHOCTEW  JIMHUM
ANEKTpoIepeIayd

5 [IpoMbIlIeHHBIH pOOOT JJIs YKIAIKHU ASTalIe B Tapy

6 buonuyeckuii MoOABOAHBIM  POOOT IS MOHUTOPUHTA
ouocdepbl

7 3eMHOBOJIHBIM pOOOT-KapaKaTHIla JJIsl TOMCKOBBIX padoT

8 PoGOT 1151 OUUCTKH COTHEUHBIX OaTapei

9 KosiecHblii poOOT [J1si TpPaHCIOPTUPOBAHUSI TPY30B MO
MEPECEUYCHHON MECTHOCTHU

10 MenuuHCKU MaHUITYJATOP JJIS BBINOJIHEHUS JICUeOHBIX
IIpONCAYp

11 MexaTpoHHBIA MOAYJIb MAHUIIYJISITOpAa JJI  3arpy3Ku-
BBITPY3KH [UJIUHIPUYECKUX 3aTOTOBOK

12 PoGoT-nibuiecoc

13 MexaTpoHHBIH MOYJIb KOJIECHOTO poOOTa ISl MEPEBO3KU
MaJiorabapuTHBIX TPY30B

14 PoGoT-razonokocuika a1t GyTO0JIbHOIO MOJIS

15 MexaTtpoHHBIE  MOAYJIb poOOTa  MaHUIyJISTOpa IS
MTOKPACKH MPOCTPAHCTBEHHBIX MOBEPXHOCTEMN

16 Po6GoT MaHUTYJISITOP JIJ11 COPTUPOBKU SOJIOK

17 JIByx3BeHHasi CcTOoma pPEaOMIMTAIIMOHHOTO YCTPOMCTBA
HUKHUX KOHEYHOCTEU

18 PoOoTu3npoBaHHOE  yCTPOMCTBO Uil  MeEXaHOTeparuu

Ta300€IPEHHOTO CyCTaBa
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19 MobunbpHas ryceHuuHas miargopMma sl BHYTPUTPYOHOU
JTMAarHOCTUKHU

20 MexaTtpoHHBIH MOIYJb (TpeXmajablieBOTO) cxBaTa poOoTa
MaHUITYJISITOpa

21 ABTOMAaTU3WpPOBAaHHAS IMOBOPOTHAs TIaTGopMa CHUCTEMBI
BUJICOHAOIIOEHUS

22 PeaOuinTaquoOHHOE  yCTPOMCTBO  JJisl  TOJICHOCTOITHOIO
cycTaBa

23 MexaTpOHHBIN MOJYJIb TPy30BOMU 1aTHOPMBI,
MEPEMEIIAIOIIEHCS 10 JIECTHULIE

24 Moo6unbsHas matdopma i pa3BeIKU U TYHICHHS TTOXKapOB

25 3MeenoIo0HbIE  poOOT  JJIsI  TMOWUCKOBBIX  paboT B

OTPAaHUYECHHOM MPOCTPAHCTBE
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