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TPYBOIIPOBOJA C IPUMEHEHUEM AJAIITUBHOI'O
YIIPABJEHUA N HEYHETKOHU JIOTUKH

Boponyann Anekcanap CepreeBu4
I'bOY mikosia Ne 1580 mpu MI'TY umenu baymana, r. Mocksa, yi. , 1., 11 «Cy» kinacc

Hayunbiii pykoBonutenb: HoBukoB Annpein [mutpueBuu, Crapimuii mpenoaaBaresb Ka-

denpet CM 13 MI'TY um. H.D. baymana

B nanHo#i paGote pa3zpabaTbiBaeTCsl IPOEKT aBTOMATU3UPOBAHHON CHUCTEMBbI
KOHTPOJISI AKUAKOCTH B HE(PTEMPOBOJE, MOCTPOCHHON HA MPUHLIUIAX HEYETKOM JIO-
rukd. KoHTponbHBIMH MapaMeTpaMu BBICTYIAIOT JIaBJIEHUE, KOJTMYECTBO KHIKOCTH
Y CKOPOCTh IOTOKA KUJKOCTH. Bee Tpu mapameTpa T0JKHBI HAXOAUTHCS B MPEenax
JEUCTBUS TMHTBUCTUYECKOTO TepMa «cpeaHe». [IoTok MOKeT U3MEHAThCS: YCUIIH-
BaThCSl WIHM OCIa0eBaTh, - IPU 3TOM PEAKIUS aIallTUBHONM CUCTEMBI JOJIKHA OBITh
JIOCTAaTOYHO OBICTPOM, YTOOBI HEPTENPOBO HE MOTYUUI KPUTHUECKUX MOBPEXKIE-
HUMH.

HGJ'IL pa6OTI)IZ pa3pa60T1<a CUCTCMblI ABTOMATHU3UPOBAHHOI'O aJAIITUBHOI'O
KOHTPOJIA JKUAKOCTH B TPY6OHp0BOI[€ C IIOMOIIBIO HEYETKOM JIOTUKHU MO TPCM KOH-
TPOJIBHBIM ITapaMCTpaM: HaBJICHHUC JKUAKOCTH, KOIMYCCTBO JKUAKOCTH, CKOPOCTD I10-
TOKa XMAKOCTH.

3amaun:
Pa3paborka 3J[ Momenu MeEXaTpOHHOTO MOIYJSl CHCTEMbI KOHTPOJIS
TpyOOIpPOBO/IA;
2. Pa3zpa0oTka 3J€KTPOHHOM CXeMbl MEXaTPOHHOTO MOJYJIS CUCTEMbI KOHTPOJIS
TpyOOIIpOBO/IA;
3. CuHTe3 cucTeMbl YIIPaBICHUS 11 MEXaTPOHHOTO MOAYJISE CUCTEMbI KOHTPOJIS
TpyOOIpoOBOa;
4. CocrapneHue anropurma paboTbl MEXaTPOHHOTO MOAYJISE CUCTEMbI KOHTPOJIS
TpyOONpOBOJA.

Pesynbrarsl:

1. Pa3paGorana 3D-Monmens MEXaTpOHHOTO MOJYJISl CUCTEMBI KOHTPOJIS
TPyOOTIPOBO/IA;

2. PazpabotaHna a5eKTpOHHAs CXeMa MEXaTPOHHOTO MOYJISI CHCTEMbI KOHTPOJIS
TpyOOIpOBO/IA;

3. CuHTe3mpBaHa CUCTEMa yMPABICHHS JIJIsI MEXaTPOHHOTO MOYJSI CUCTEMBI
KOHTPOJIs TPyOOIIpOBO/IA;

4. CocraBlieH alrOpuT™M paboThl MEXaTPOHHOTO MOYJISI CHCTEMBI KOHTPOJIS
TpyOOIpOBO/IA.
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1. BBEJIEHHUE

B coBpemennom mupe, B uactHOCTH, B Poccuiickoit @enepanuu tpedyeTcs
MPOKJIA/IbIBATh TPyOONpPOBOABl HA BeChbMa JIMTEIbHBIE paccTosHus. [ 3TOTO
TpeOyeTcs 3ayMbIBAaThCS O CPEICTBAX KOHTPOJIS 32 MPABUIBHOCTBIO PaOOThI ATHX
cucteM. [l »TOro TpyOOMpOBOI (COBEPIIIEHHO HEOOS3aTEbHO HEe(TEra3oBHIN)
HEOOXOIMMO PpAa3leNuTh Ha OINpEeAeNICHHbIE YYacTKU U YCTaHOBUTH Tyla

CriIcoraJIbHbIC CPCACTBA KOHTPOJIA, KOTOPBIC ITO3BOJIAT:

1) nepenaBarh JaHHbIE 00 yTeuKax B TPyOOIPOBOJIE MIIM €TI0 Pa3phIBE;
KOHTPOJIMPOBATh ONTUMAJIbHBIM YPOBEHb U PABHOMEPHOCTh TAKUX MAPAMETPOB, KaK
JABJIEHUE, CKOPOCTD MOTOKA KUIKOCTH WM I'a3a U KOJIMYECTBO IPOTEKAIOIINX YEPE3

y3€J1 JKUAKOCTEU WU Ta30B.

BaxkHo Tak)ke y4yuThIBaTh, UTO Y TPYOONPOBOAOB MOT'YT ObITh OTBETBJICHUS
U, B TAKOM CJIy4ae KOHTpPOJIb MPUBEJICHHBIX BHIIIE MapaMeTPOB CTAHOBUTCS OoJiee
BaXHbIM. Ceifuac BO MHOTHX TMOJOOHBIX CHUCTEMax MOJAud >KUJKOCTH WM Tas3a
JIaBJICHUE, TOTOK U CKOPOCTh MOTOKA PETYIUPYETCS TOJIBKO OJHUM yCTPOMCTBOM —
HACOCOM, KOTOPBIM MOJAET ATy KUAKOCTh. B maHHOI ke paboTe mpesnoaraeTcs
pa3paboTaTh MPOEKT HEKOTOPOrO Yy3Jia, KOTOPHIA OyleT HAaXOAUThCS B KaXKIOM

OTBCTBJICHHUH 1 KOHTPOJUPOBATH NPUBCACHHBIC BBIIIC ITApaMCTPLI.

Kaxnaplii w3 TpHUBENEHHBIX MNapaMeTpOB BaKEH A ydeTa, TaK Kak,
HampuMep, B cly4ae M30BITOYHOTO JaBICHUS TPYOONPOBOI MOXKET OBITh
noBpeXxaAeH. Takxe, eciid Oy/IeT CIUIIKOM OOJIBIION MOTOK JKUIKOCTH WIIM ra3a, TO
B IPYTUX OTBETBJICHUSIX BEIIECTBA MOKET HE XBaTaTh. TakuM 00pa3oM MoTpedUTesb
B €MHCTBEHHOM YHCJIE MOXET JIMIIUTD >KUKOCTH UJTH Ta3a APYTuX MoTpeduTenei
100 B KPaTKOCPOYHOM NEpCeKTUBE (3a0upast Ha ce0si OCHOBHOM MOTOK BEIIECTBA),
1100 ke B AOITOCPOYHOM, €CITU KUJIKOCTh WIIM a3 UMEIOT OIpaHUYEHHBIN pecypc,
HanmpuMep, €IWHbIH 0ak C BOAOH, K KOTOPOMY TOIKIIIOYEHO HECKOIBKO
norpebuteneil. KoHTposb mapameTrpa CKOPOCTH HW3MEHEHMsI MOTOKa IO3BOJUT
pa3HbIM MOTPEOUTENSAM IJIABHO MEHITH YPOBEHb pacxojia mapaMeTpoB, YTO CHU3UT

Harpy3Ky Ha TPY6OHpOBO,Z[ OT BHE3AIIHOI'O BKIIIOUCHUA UJIM YCHUIICHUS ITIOTOKA.
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B nannoit pabote pa3padaTeiBaeTCsi IPOESKT aBTOMATU3UPOBAHHONM CUCTEMBbI
KOHTPOJIS )KUJIKOCTH B TPYOOTIPOBO/IE, TIOCTPOCHHOM C MPUMEHEHUEM aTalITUBHOTO

YIIPaBJICHUA U IIPUHIIUIIOB HCYCTKOM JIOTUKH.

Heuetkas moruka (“fuzzy logic”) - 3To pas3men MHOTO3HAYHOW JIOTHKH,
KOTOpBI Oa3upyeTcsi Ha 000OIIEHNH KIACCUYECKON JIOTUKH W TEOPHH HEYETKHUX
MHOKECTB, MPEAJIOKECHHON aMepruKaHCKUM MaTematukoM Jlrotdu 3aze B 1965 roxy
s popmanuzanuyd  HEUYETKUX 3HAHUH, XapaKTePU3yeMbIX JHUHTBUCTUYECKOU
HeomnpenenéHHocThio. To ecTh paboTa TakoM CHUCTEMBl XapaKTEpU3yeTCsl He
KOHKPETHBIM YHCJIOBBIM 3HAYEHHEM, a HEOIPEIEICHHBIM JHHTBUCTUYECKUM
TEpMOM (OT CJOB «TEPMHH», «XapaKTepUCTHKay»), TakuM kak «MHOI'O»,

«CPEIHE» u npoune nogoOHbIE BBIPaKEHUS.

[Ipumenenue Takoil JIOTUKM OOOCHOBAaHO TeM, 4YTO TIpu pabdore
TpyOOIIPOBOJIa C MHOXECTBEHHBIMU PA3BETBICHUSIMU HET YETKO OMPEICIICHHOTO
3HAYEHUS, KOTOPOE COOTBETCTBOBAJIO ObI A0COIIOTHO TOYHBIM IMapaMeTpaM padoThl.
CucrtemMa TMHaAMUYHA: B K&KJIbIH MOMEHT BPEMEHHU HACOC MOXKET BbIJIaBaTh Pa3HOE
KOJIMYECTBO JKUJIKOCTU WJIM K€ TPyOONPOBOA HEMHOTO 3a0MiICsS W BBIPOCIO
JABJICHUE KUAKOCTH WA Ta3a, KOTOPOE BaXKHO YMEHBIIHUTh, YTOOBI TPYyOOTIPOBOJ
CIYXuJ joJbiie. PaznmuuHbix mnpoOsieMm, BAMSIONIMX Ha Ka4eCcTBO pPadOThI
TpyOONPOBO/Ia U PACXOJ KUJAKOCTU WIIM Ta3za MOXET OBITh JIOCTAaTOYHO MHOTO

MIO3TOMY YETKO OIPENEIUTh MapaMeTpbl KOHTPOIHUPYIOIIETO Y3J1a HEBO3MOXKHO.

[IpumeHneHre HEYETKOW JIOTUKH JJisi 00€CTeueHUs KaueCTBEHHOU PabOThI
KOHTPOJIMPYIOIIMX Y3JIOB TPYyOONpoOBOJa SBISIETCS akTyaldbHOM 3amadeil. C
po0IeMOM TTOBBIIIEHHOTO PAacX0/1a, B YaCTHOCTH, KUJKOCTH M OTCYTCTBHS JIFOOOTO
KOHTPOJII TPyOONpPOBOJA CTAJIKHWBAIOTCS KOMMYHAJIBIIUKHM B MHOTOKBAPTHUPHBIX
JoMax, JKUTEIU JepeBHEW U c€n, ¢gepMmMepbl U MHOTHE Jpyrue MOTpeOUTen
KHUIKOCTEH, Ka9YeCTBO padOTHI M KU3HU KOTOPBIX 3aBUCUT OT MPABHIILHOW TOJAun
Bojbl. Tak, Hanpumep, y hepMepa OyAaeT Heypoxkal, €CIM B OJHOM MECTE CUCTEMBbI

MoJIMBa Oy/IeT BEUIMTO MHOTO BOJIBI, @ B IPYTOM €€ BOOOIIIe HE Oy/IeT.

B coBpemeHHOM MUpe 3TH MPOOJIEMBI PEIIAIOTCS C MOMOIIBI0 MPOCTHIX
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aIalITUBHBIX CUCTEM, TJI€ IO OJTHOMY apaMeTpPy BBIIOJIHAETCS PETYITUPOBAHUE UIH
NOJCTpoiika 1o TpeOyemoro 3HadeHus. B manHON ke pabore mpeanmaraercs
CO3/IJaHUE HPKOHOMHUYECKH LIETIECO00Pa3HOr0 MEXaTPOHHOTO MOJIYIS C aJalTUBHOM

CHUCTEMOU YIIPaBJICHUA, HOCTpOCHHOﬁ Ha HCYETKOM JIOTHKE.

Lens paboThl: pazpaboTka CHUCTEMbl aBTOMATU3UPOBAHHOIO AJANTHUBHOTO
KOHTPOJISI JKUJKOCTH B TPYOOINPOBONIE C TMOMOIIBIO HEYETKOW JIOTMKU TI0 TPEeM
KOHTPOJIbHBIM ITapaMeTPpaM: IaBIECHUE KUJIKOCTH, KOJIMUECTBO )KUIKOCTH, CKOPOCTh

ITIOTOKA KUJIKOCTH.
Onucanue peuIaCMBIX 3a1a4:

1. Pa3pabotka 3/] Mogenu MexaTpOHHOTO MOJIYJSl CUCTEMBI KOHTPOJIS
TpyOOIpOBO/IA;

2. Pa3paboTka 21eKTPOHHON CXEMbl MEXaTPOHHOTO MOJYJSl CHUCTEMBbI
KOHTPOJIs TPyOOIIpOBO/IA;
CuHTE3 CUCTEMBI YIPABICHUS JJII MEXaTPOHHOTO MOJYJISl CUCTEMbI KOHTPOJIS
TpyOOIpOBO/IA;
CocraBpnenue anropuTMa padoThl MEXaTPOHHOTO MOMAYJIS CUCTEMbI KOHTPOJIS

TpyOOTpOBOIA.

2. PABPABOTKA MEXATPOHHOI'O MOAVYJISA CUCTEMbI
KOHTPOJIA TPYBOITPOBO/JA.

2.1 Pazpabotka 3] Monenan mMeXaTpOHHOTO MOAYJSI CUCTEMBl KOH-

TpOJisi TpPyOOIIpOBOIA.

Cucrema KOHTpPOJISI TPYOOIIPOBO/IA JOKHA IPEACTABIATH CO00I HEKOTOpOe
YCTPOKCTBO, KOTOpOE OyleT UMETh BO3MOXHOCTh PETYIUPOBATH MOTOK KUAKOCTH.
EAMHCTBEHHBIN Iy Th, KOTOPBIM 3TO MOXHO CJI€JIaTh, IBISAETCA M3MEHEHUE TMaMeTpa
y4acTKa, 4epe3 KOTOPBI MPOTeKaeT XUIKOCTh B TpyOompoBoze. 3MeHenue aua-

MCTpa MPOTEKAHNA XKUIKOCTH MOXXHO BBIINTOJIHATDE IIYTEM 4YaCTUYHOI'O MJIM ITOJIHOI'O
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NEePEeKPBITUS TPYOOTTPOBOAA. BBIMOMHIATE 3TO MOXHO pa3HBIMU CIIOCOOAMMU:

1. ncronb30BaTh 3aCIOHKY, KOTOpas OyJleT NOJHUMAThCS U OIYCKAThCA B 3a-
BUCHUMOCTH OT TPEOOBAHUI CHUCTEMBI;

2. UCIIONIb30BATh IIap C OTBEPCTHUEM, KOTOPOE IO IUAMETPy COOTBETCTBYET

TpyOe, yTeM MOBOPOTa KOTOPOTO OYET U3MEHSITHCS TUAMETP TPYOBI;

Kaxxmp1it u3 3THX cmocoOOB 3aBsi3aH Ha Pa3HbIE TUITBI JBMKEHUS: MOCTYyIIa-
TEJIbHOE M BpallareabHOE. 3aCIOHKA MCIOJIb3YET MOCTYNATEIbHOE ABUKCHHUE IS
coOCTBeHHOM paboThl. Takoe ABUKEHHE MOXKHO PEaM30BaTh ITyTEM MPUMEHEHUS
TaKuX Mepeay, Kak peeuHas u BUHTOBas. Kaxkioe u3 Takux penieHuii mo3BOJIUT BbI-
MOJIHATH JOCTATOYHO TOYHOE MEPEMEIICHHUE, YTO MOJIHOCThIO 00eCIeuuT He0OX0/11-
MyI0 pabOTOCIIOCOOHOCTh M3MEHs. Y 3TUX pEUICHUN €CTh ONpeeieHHbIE HEelo-
CTaTKU: TPOMO3JKOE HCIOJIHEHHUE, JOPOTOBU3HA KOMIUIEKTYIOIIHUX, - YTO HECO-
MHEHHO Ba)KHO B CO3JJaHUH TaKOrO YCTPOWCTBA, €CIM BaXKHO MPUMEHEHUE €ro B
OBITY OOBIYHBIMM TOJIL30BATEISIMU. MeXaHU3M 3aCJIOHKH Ha MPUMEPE 3alOpHOTO

KJIaraHa MPUBEJCH Ha pUCYHKE 1.

Pucynok 1. MexaHu3Mm 3aCIOHKH Ha IPUMEPE 3alIOPHOTO KilanaHa.
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Hcnonb3oBaHue 1mapooOpa3HOro 3anuparoliero Mexanusma 00ouaeTcs ro-
pas3zio JemeBse, Tak Kak He MoTpedyeT TOCTAaTOUHO JOPOTHX KOMIUIEKTYIOMNX AJIs
cBoeit paboThl. Ho ATOT MexaHM3M Takke He JUIIEH HelocTaTkoB. Beé neno B Tom,
YTO OH 3amupaeT TPyOy € JABYX CTOPOH OJHOBPEMEHHO, YTO YMEHBIIAET IIar pery-
JUPOBaHUsA, MO CpaBHEHUIO ¢ 3acioHkoi. [llapoBoil MexaHu3Mm 3amopa TpyOompo-

BOJIa Ha IPUMEPE 1IAPOBOTrO KpaHa MPUBEACH Ha PUCYHKE 2.

Pucynoxk 2. [llapoBoit Mexanu3m 3amnopa TpyooIpoBo/a Ha MpUMepe apo-

BOT'O KpaHa.

Takum 0O6pa3om uMeeM ABa Pa3IMUHBIX PEIICHUS, KOTOPhIC, HMESI CBOM JI0-
CTOMHCTBA U HEJIOCTATKH, YAOBIECTBOPSIOT TEM TPEOOBAHUSM, KOTOPhIE UM MPEh-
sBJIeHBI. Terepb HEOOXOAMMO COCTABUThH TAOJIUILy C IOCTOMHCTBAMHU U HEIOCTAT-
KaMH Ka)XJIOTO M3 MEXaHW3MOB U BBIOpATh TOT, YTO OKAKETCSl HanbOoIee ONTHMAITb-

HbIM. JIOCTOMHCTBA ¥ HEJOCTATKK O00MX MEXaHU3MOB MPUBEACHBI B TabuIie 1.

Ta6nuua 1. JlocTonHCTBa M HEAOCTATKU IAPOBOTO MEXaHNW3Ma  MEXaHU3Ma
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3aciioHa TpyOonpoBoa.

Ha3Banue mexanu3zma

JlocTonHCcTBA

Henocrarku

MexaHu3Mm 3aCIOHKH

Bricokass TouHOCTH pa-
OOTBI

Menkuid mar peryaupo-

CHOXHOCTDH UCIIOJTHEHHUS
CpaBHUTETBLHO OOJIBIIINE

pa3Mepsl

BaHMUS Bricokast cTOMMOCTB KOM-
IJIEKTYIOLINAX
[[TapoBoit MeXaHU3M Huskasa croumocts kom- | CIOKHOCTh  Kau€CTBEH-
IJIEKTYIOLIUX HOTO U3TOTOBJICHUS
IIpocrora ucronHeHus cdepsl
[ar peryaupoBaHus
CPaBHUTEIIBHO BEJINK

BBHUJY JBOMHOTO 3amupa-

HUS 1IapOM TPYOBI.

W3 Tabnuibl BUAHO, YTO BBHIOJHEHUE TaHHOM paOOThl ¢ MPUMEHEHHUEM LIa-
pOBOro MexaHusMa 0oJsiee ONTUMANIBbHO, TaK Kak Mpu paboTe HEYETKOM JIOTHKY IIar
Y TOYHOCTbh PETYJIMPOBAHMS B JAHHOM cllydae He Tak BakHbl. [loatomy nanee 6onee
BKHBIM [1apAMETPOM CTAHOBUTCS IPOCTOTA HCIIOJIHEHHUs, TAE y IIapOBOIo Mexa-
HU3Ma, €CJIU PACCMOTPETh PUCYHKH | U 2, eCTh HEOCITOPUMOE IPEUMYILECTBO.

Tak kak ganbHENIINIT OCHOBHOM MEXaHU3M yCTPOICTBA BbIOpaH, BHITOJIHUM
co3nanue ero 3/ moxenu B mporpamme Autodesk Inventor 2020. Tak kak, B IepByIO
oyepelib, AJIA peann3alny MPoeKTa He0OX0AUMO cOOpaTh ONMbITHBIN 00pasel, BbiOe-
peM AuaMmeTp OTBepCTUs ISl TpyObl B 25 MM. DTOro OyJeT BIIOJIHE JOCTaTOYHO,
YTOOBI MPOBECTU BCE TECTOBBIE MEPOIPUSITHSI.

OCHOBHBIM 3JIEMEHTOM, C KOTOPOTO OYAET HauaTO MOJAEITUPOBAHUE, SABIIACTCS

3anuparomui map. OH JOJKEH UMETh TaKoi pa3Mep, P KOTOPOM B HEM MOXKET
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Pa3MEeCTUTRCSI OTBEPCTHE AUAMETPOM B 25 MM. A Takke OOKOBOW 4acThIO map J0J-
KEH TIOJTHOCTBIO TEPEKPHITh Takoe oTBepcTre. C TakuMU TPeOOBaHUSIMH JTOCTa-
TOYHO MCTIOIB30BaTh NuaMeTp Iapa B 50 mm. CBepxy 3amnuparoieit chepsl ycTaHo-
BUM 3y04aToe Kojeco ¢ KpyribiMH 3yObsiMu. [1ogo0HBIN npoduib 3yda BeIOpaH ¢
LENbI0 YIPOIICHHsI MOJieTupoBaHusl. B nanpHeieM oH OyIeT U3MEHEH Ha Ooee
ONTUMAaJIbHBIN. 3y0uaToe Kojieco HEOOXOAUMO JUIsl TOTO, YTOOBI, BO-TIEPBHIX, 00eC-
MEYUTh TOHIKAIOIIYIO Tepefaadyy MpU YIPABICHHH MOTOPOM TIOBOPOTOM 3TOTO
1apa, a BO-BTOPHIX — 3TO MO3BOJIUT 3aQUKCUPOBATH MIAP OT Pa3HOTO PojJa MOBOPO-
TOB BOKPYT JIt000H 0CH, KpOMe OCH mecTepHu. Takum oOpazom noiyuum 3 J] mozenb

3aIMpAIONIETO Iapa, IPUBEACHHYIO Ha PUCYHKE 3.

Pucynok 3. 31 moxenp 3anuparoniero mapa ¢ OTBEPCTUEM IO UEHTPY U

LIECTEPHEN CBEPXY.

CrenyromumM >JI€MEHTOM JJI NMPOECKTUPOBAHUSL CTAHOBUTCS KOPIIYC Me-
XaTPOHHOTO MOJYJISl, B KOTOPBIM Oy/IeT YCTAaHOBJIEH 3TOT IIAp, a TAaKXKe KPBIIIKH U
npoure Mexannueckue yact. Kopryc Oyzner npeacrapisiTe cOO0# TpyOKy C paciiu-
pEHUEM TI0J] YCTAaHOBKY cephl U KPETUICHUEM JTsl KPBIIIEK, a TAKXKe ¢ ABYMs (1aH-
aMU 1O KpasiM ISl KPETUJIEHUST TaTYMKOB, TPYO M MpouMx 31aeMeHToB. 3/1 Monens

KOpITyca IPHUBE/ICHA Ha PUCYHKeE 4.
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Pucynox 4. 31 Mmozenb kopiryca MeXaTpOHHOTO MOAYJISE KOHTPOJIS TPyOO-

MpOBOJIA.

Jlanee paccMOTpuM pa3pabOTKy KPBIIMIEK, BHYTPH KOTOPHIX OymIyT pacmoJa-
raThCs MIECTEPHU, YICPKUBAIOLIUE 3aMUPAIOIINH 11ap OT OTKJIOHEHHUI BOKPYT JItO-
OBIX IPYTUX OCEH, KpOME OCH BEpXHEH IMIECTepHU. YIEPKUBAIOIINX, a TAKXKE BEIY-
IUX MIECTEPEHOK OyAeT TP, YTOOBI 3aUKCHPOBATh C TPEX CTOPOH Imap Oe3 BO3-
MOKHOCTHU KaKOTO-THOO CMEIIeHHsI. DTH IIECTepHHU OyIyT MEHbIIIE, YeM Ta, UTO pac-
MOJIAraeTCsl CBEPXY I1apa, YTO MO3BOJIUT 00CCIIEUUTh MOHMKAIOIIYIO TIepeiady. JTa
nepenava, B CBOI OYepe/ib, YMEHBIITUT CKOPOCTh PabOThI, HO TTOBBICUT YCHJIUE, C
KOTOPBIM MOXET MTOBOPAYMBATHCS 11ap. Yem BbIIE 3TO yCHIIUE, TEM OOJIbIIee JaB-
JICHUE MPU TOBOPOTE MOXKET BBIJIEPKATh I11ap, KOT/Ia OTCEKAeTCs MOTOK BOJIbI. Takum
o0pa3omM Beaylias ecTepHs MpUBeIeHa Ha pucyHKe S. KpblIlka ¢ OTBEpCTHSIMU MO

OTH MIECTEPHU U yIIIyOJEHUEM IS UX YCTAHOBKHU MPUBEACHA HA PUCYHKE 6.
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Pucynok 5. 3]1 Mmonens Beaylie mecTepHu.

Pucynok 6. 31 Mozienb KPBIIIKU C OTBEPCTUSIMU U YIITYOJICHUSAMHU O] 1Ie-

CTEpHHU.

CJICIIYIOH_[I/IM maroMm H€O6XO,I[I’IMO HOI[O6paTI> ABUTATCJIb AJI ITIOBOPOTA IIC-
CTepHeﬁ. Takum gBUraTeieM BBUY IMOAXOIAITHNX I‘a6apI/ITHBIX pasMepoB 6YI[GT MO-

TOP-peAYKTOp MOCTOSHHOTO ToKa GA12-N20. 3TOT MOTOp NPUBEAECH HA PUCYHKE 7.
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Pucynok 7. Motop-penykrop noctosHHoro Toka GA12-N20.

Jlns pabothl ¢ aTuM MoTopoM B Autodesk Inventor 2020 moaroroBum ympo-

1meHHyo 31 Mojens 3Toro MoTopa M IpUBEIEM €€ Ha PUCYHKE 8.

Pucynoxk 8. 3] Moznens MOTOp-peaykTopa noctossHHoro Toka GA12-N20.

CrnenyroomuM maroM noAroTOBUM KPBIIIKY, B KOTOPYIO YCTaHOBUTCS MOTOD,
IpUYeM Tak, 4ToObI BaJIOM MOMNAAaTh HAa OAHY U3 liecTepHel. Mozenb 3TOM KPBILIKU

MIPUBEAEM HA PUCYHKE 9.



Onumnuaoa Llaz 6 «Mexampounnwiti MOOYIb cucmeMmbl nepekpvlmusi mpyoonpoeood ¢
byoywee npuMeHeHueM adanmusHozo ynpasienusy. Bepcus 1.

Pucynok 9. 3J1 Mozienb KpbIIKU AJis (PUKCAIUU MOTOpA.

Jlaniee BBIMOJIHUM COOPKY BCEX MONTYYEHHBIX KOMIIOHEHTOB, YTOOBI ITPOBE-
PUTH NMPaBUIBHOCTh IPOEKTUPOBAHUS BCEX KOMIIOHEHTOB. B cOopke OynyT yuact-
BOBAaTh BCE MPUBEACHHBIE BBIIIE MOJEIN B €IUHUYHOM 3K3EMIUIApE, 32 UCKIIIOUe-
HUeM Beayile mecrepHu. Mx Oymer ydactBoBarh B cOopke 3 mT. COopka Me-

XaTPOHHOTO MOAYJISI IMPCACTABIICHA HA PUCYHKC 10.

Pucynoxk 10. 3/] C6opka MexaTpoHHOTO MOJIYJIsi KOHTPOJISI TpyOOIpPOBO/A.

Taxum oOpazom stam paspadorku 3 /] moneneit 3aBepiieH. [lomydeHHBIX MO-

Jesiel 1 pean3aluy MpoToTumna OyaeT 1ocTarouHo. B nansHeimemM MoxHO OyieT



Onumnuaoda llae 6 «Mexamponnbiii MOOYIb cucmeMbl nepekpvimusi mpyoonpogooa ¢
byoywee npuMeHeHueM aoanmuenozo ynpaeienuay. Bepcus 1.

00aBUTH Pa3IMYHbIC PE3NHOBBIC YIUIOTHUTENH U MPOKIIAIKHU 1JIs1 HCKITIOUEHHS BO3-
MOXHBIX MpoTedek. Celyac K€ W3rOTOBUTH TAKUE YIUIOTHUTEIU MO pa3Mepam He
MO3BOJIUT TEXHOJOTUYECKOE 00ECIIeYeHUE MPOEKTA.

CpencTBa npou3BOACTBA, UMEIOIMECS B Hanuuuu: 3J[-MpuHTEp U CTaHOK
JUIsL Ta3epHOU pe3ku. JleTanu st mpoToTuma OyayT U3rorosiaeHsl Ha 3 /] npuHTepe
C 1IEJIbIO TTPOBEPKH BO3MOXKHOCTHU PEaIM3alluU TAKOTO MeXaHu3Mma. Ternepb HE0OX0-
JTUMO TIEPEXOIUTh K (OPMHPOBAHUIO DIEKTPOHHON CXEMBI IS PabOTHI ITOTO

YCTPOMCTRBA.

2.2 Pa3paboTka 3JIEKTPOHHON CXEMbl MEXaTPOHHOTO MOJYJs CH-

CTEMBI KOHTPOJsI TpyOompoBoa.

[Ipexne yem GpopMupoOBaTh cCaMy AIMEKTPOHHYIO CXEMY, HEOOXOAUMO OCYIIIe-
CTBUTH BBIOOP KOMIUICKTYIOIIUX. B mpoToTHUIle MpOEKTa B KaU€CTBE dJIEKTpOMEXa-
HUYECKOTO AJIeMEeHTa yke BbiOpaH mMoTop-penykrop GA12-N20. CooTBETCTBEHHO,
KOMILICKTYIOITUE JUTs yTIPABICHUS 3TUM MOTOPOM OyIeM Io10MupaTh UCXOs U3 TOTO,
YTO B JAJIbHEHIIIEM MOXXET OBbITh MCIIOIB30BaH 00JIe€ MOIIHBINA JBUraTeIh. UTOOBI
CXeMy He MPUIIIOCH EPePOPMUPOBBIBATH, KOMIUICKTYIOIIKE OYIyT BEIOPAHBI C 3a-
IACOM.

J171s1 peBEepCUBHOTO YIIPABJICHUS AJIEKTPOJIBUTATEIEM MTOCTOSTHHOTO TOKA, KaK
IIPaBUJIO, UCIIOIB3YIOT YCTPOMCTBA, KOTOPBIE HA3bIBAIOTCS ApanBepaMu. J{BUraresib
N20 ucnons3yet s padboTsl oT 3 10 6 [B] nmutanus, 4To061 00eceuyuTh HOPMAahb-
HBbIE PEXKUMBI Pab0ThI. Takke BaXHO YUYHMTHIBATh, UTO JpaiiBep JOHKEH 00ecTeyu-
BaTh BO3MOXHOCTh YIIPABJICHHS yCTPOUCTBOM IO CKOPOCTH. UTOOBI 00€CTICUNTD BBI-
MOJIHEHUE BCEX ATUX TpeOOBaHWM, MCIOJIb3yeM B MpoekTe apaiBep 1298n. Dtot
JpaiiBep MOKET 00EeCIIeunBaTh MUTAHUEM YCTPOMCTBA C HATIPSKEHUEM OT 3-X 110 12-
T4 [B] 1 mpenocTaBisieT BOBMOXHOCTD YIIPaBICHUS TUMHU JBUTATEISIMU 110 CKOPO-

ctu. M300paxenue 31oro apaiBepa NpUBeIeHO Ha pucyHke 11.
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Pucynok 11. [paiiep L298n nis1 ynpaBieHus: ABUTaTeIeM MOCTOSTHHOTO

TOKa.

Uto06b1 paboTarh ¢ TAKUM JAPAMUBEPOM U YMPABIATh MOTOPOM, MOTpPEOyeTCs
yIpaBisioee yCcTpocTBO. B KkauecTBe TAakOBOTO TMpeiJiaraeTcsi MCIOJIb30BaTh
wiary Arduino UNO namns oGecriedyeHust IpoCTOro MOAKIIOUEHUS U pabOThl C 3TUM
npaiiBepoM. B kauecTBe JOMONHUTENHHOTO Pa3BETBUTES 1JIsi [IOPTOB B IPOTOTHUIIE
Oynet ucnojb3oBaHa OecnasiuHast MakeTHas miara. [nara Arduino UNO ¢ makeTHOM

IJIaTOW MpUBEIEHA HA pUCYHKeE 12.

Pucynok 12. Ynpasnstomas miara Arduino UNO (cneBa Ha pucyHke) ¢ Oe-

CHassuHOM MAKETHOM I1aToi (CrpaBa Ha PUCYHKE).

Taxoke, 1y pabOThl CUCTEMbI, HEOOXOAMMO HCTOIB30BaTh KOHTPOJIUPYIO-

mue ycrpoiicta. B 3ToMm npoekre motpedyeTcs BCero /1Ba AaT4nKa: JaTIMK pacxoaa
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KHUJIKOCTU M JATYUK AaBiIeHUS *KHUAKOCTH. OHU OyIyT YCTaHOBJICHBI MOCIIEAOBA-
TEJIBHO JIPYT 32 JPYroM, IPUYEM TaK, 4TOOBI TATYUK JABICHUS ObLT Cpa3y Ha BHIXOJIE
U3 MEXaTPOHHOTO MO ABMKEHUS, @ TATYMK PACX0/1a KUIAKOCTH CTOSUIT CIEAOM 32
HUM.

B kadectBe narumka nasineHus ucnoiabzyeM gatdyuk MS5803-07BA. Ox wuc-
HOJIB3YETCs AJIsl U3MEPEeHU 1aBieHui 1o 7 6ap. B nanpHelimem Oynet pazpaboTraHo
pelieHue, Kotopoe OyneT ycTaHaBiuBaThCcs Ha (nanen Tpyosl. M300paxkeHue uc-

IIOJIB3YEMOTO 1aT4rKa PUBEIEHO HA PUCYHKE 13.

Pucynok 13. Jlatuuk gaBnenus xxujakoctd MS5803-07BA.

B xauectBe garumka pacxona >kunkoctu ucrnonbdyeM FS200A G1/2. Dtor
JATYUK MOXKET paboTarh Ha cKopocTH OT 1 10 30 J1/MUH, YTO BIOJHE YIOBIETBOPUT
TpeOOBaHMS AJIsl CO3/1aHUs IPOTOTHUIA U TTO3BOJIUT MOY4YaTh TIOCTATOUHO TOUHBIE U

noctoBepHblie nanuble. Jlarunk FS200A G1/2 npuBenen Ha pucyHke 14.

Pucynok 14. Jlaruuk pacxona xuakocta FS200A G1/2.
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C y4eToM MONHOCTHIO MOAOOPAHHBIX MCTOIB3YEMBIX KOMIIOHEHTOB MOKEM
MIOCTPOUTH AIIEKTPOHHYIO CXeMY TSI pa0OTHI C STUMH yCTpOCTBaMH. J{71st 3TOTO HC-
NoJib3yeM IMporpaMMHoe obecrnieuenue Fritizing. 9T1o mporpammHoe obecrieueHue
MO3BOJISIET CTPOUTH BU3YaJIbHBIC U MPUHIIMITHAIBHBIC 3JIEKTPOHHBIE cXeMbl. Ha man-
HOM 3Tare MOCTPOUM BH3YaTbHYIO 3JICKTPOHHYIO CXEMY MOJIKIIOYCHUS KOMIIOHEH-

TOB U MPHUBEJIEM €€ Ha pUCYHKe 15.

PucyHok 15. DnekrpoHHast cxeMa MeXaTpOHHOTO MO/l KOHTPOJIS TPyOo-

MPOBO/IA.

B kadecTBe areMeHTa CHHETO IIBETa IOJPa3yMEBACTCs JAaTYUK JIaBICHUS
MS5803-07BA, B kaueCTBE KEATOTO, TPEXIMPOBOJHOIO — JATYMK PACX0/1a )KUIKOCTH
FS200A G1/2. Takum 006pa3oM 3JIEKTpOHHAsA cxema c(popMUpOBaHa, TEEePb MOKEM

NEPEXOAUTDh K CUHTE3Y CUCTCMbI YIIPABJICHUA U AJITOPUTMHU3AIUU CC pa6OTBI.
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2.3 CuHTE3 CUCTEMBI YIIPABICHUS U AJITOPUTMHU3AIHUSA €€ PabOTHI Me-

XaTPOHHOTO MOJYJISI CHCTEMBI KOHTPOJISI TpyOOmpoBoIa.

Cucrema 10KHA YIIPABIATHCA C TOMOILBIO HEYETKOM Joruku. Takoe ynpas-
JeHue nojapasymeBaeT (azudpukanyio u aedazudukanuio KOHTPOIUPYEMbIX THapa-
METPOB U MOCIEIYIONIYI0 00pabOTKy UX B HEYETKOM KOHTPOJIIEpe, KOTOPHIA Oymer
BbI/IaBaTh YIIPABISAIONINE BO3ICUCTBUS HA MOTOP. B KauecTBe KOHTPOIMPYEMBIX IMa-
paMETPOB C JATYMKOB TOTYyYaeM PacXo]l )KHIKOCTH (M3 KOTOPOTO JOTIOJHUTEIHHO
BBIUHCIISIEM CKOPOCTh U3MEHEHUS ITOTOKA KUJIKOCTH IS O0Jiee NJIaBHOTO yIpaBJie-
HUS) U 1aBJeHne KUAKOCTH. CTpyKTypHasi cCXeMa TaKoi CUCTEMBI IPUBEICHA Ha PH-

cyHke 16.

,uaHHbIC O pacxoae KHAKOCTH

Curnan s 3amycka H3meHeHHbIi
MOTOpa B HAIpaBICHHH, [OTOK
3aBHCSAILEM OT BXOIHBIX JKHIAKOCTH
apaMeTpoB

— Daczudukarop - 1laporoit MOTOK

,LlﬂT‘-IHK JaBICHHA J_[ﬁT‘ll‘Il( pacxona KHIKOCTH]

KoHTpOATEp - Mpaiinep 1298n *|  TMS5803-07BA FS2004 G1/2

. nedazudukarop JIBHTATENhL
Arduino UNO GA12-N20

Bxongnoit
TIOTOK
SKHIKOCTH

,IJ,CIHHLIC 0 JABJICHHH

Pucynok 16. CtpykrypHas cxema paboThl MEXaTPOHHOTO MOAYJIE KOHTPOJIsS TpyOo-

MPOBO/IA.

KaxxnoMy u3 KOHTpOJIMPYEMBIX MapaMeTPOB OyJeT MPUCBOCH JIMHTBUCTHYE-
CKUU TEpM «HU3KUNy, «CPEJJHUN» u «BBICOKUI». Cucrema nomkHa oAep-
uBath coctosane «CPEJJHNI» na Bcex TpeX mapameTrpax.

Tak, HanpuMep, Korja aaBienue nMeet 3Hauenne «BBICOKU», To npu
ero yOaBJIEeHWU MOXKET BBIPACTH PACXOJl KUIKOCTH, TOITOMY JIaBJICHUE OJIKHO
GbITH CTAOMIM3UPOBAHO TaK, YTOOBI 3HaYeHHe moToka uMeno «CPEIHUIY ypo-

BeHb. OOIIMI MPUHIIUTI TPUHATHUS PEIICHUN B JAHHOW CUCTEME OTPaKECH B TAOJIUIIE

Brixoguoit

Heverknii 3ANOPHBIH MEXaHH3M SKHIKOCTH
-
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Tabnuna 2. KomOuHamy mojiy4aeMbIX JTUHTBUCTHYECKHUX JaHHBIX U BEp-

JUKTBI CUCTCMBI.

JlaHHbI€ 0 1aBJIEHUHU JlaHHbIE 0 IOTOKe BepaukT cucremMbl
«HU3KWM» «HU3KWM» «CTOII»
«CPEJTHWM» «3AKPBITUE» (Tpy0sI)
«BBICOKU» «3AKPBITUE» (Tpy0sI)
«CPEJTHAM» «HU3KWM» «OTKPBITUE» (TpyOnr)
«CPEIHUI «CTOII»
«BBICOKU» «3AKPBITHE» (TpyOsI)
«BBICOKUI» «HU3KWM» «OTKPBITUE» (TpyOnr)
«CPEJTHHAM» «3AKPBITHE» (TpyOsr)
«BBICOKUI» «CTOII»

BaxxHo oOparuth BHUMaHHE Ha TO, YTO, €CIM TEPMBI COBIAJAIOT, TO MOTOK
JKUJIKOCTH HE MOJJIACTCSA PETYIUPOBAHUIO. DTOT MOMEHT OYEHb BAXKEH, TAK KaK HE
3aBUCHT OT pabOThI caMoii cucTeMsl (pedb He uaet o kombunauun «CPEJTHWN»-
«CPEJTHUI» - 510 Kak pa3 sBJIETCS HACaTIbHBIM PE3YJIBTATOM), 4 3aBUCHUT OT I1a-
paMeTPOB BXOJHOTO MOTOKA.

Taxxe B 3TOI paboTe y4acTBYeT CKOPOCTh U3MEHEHUS TIOTOKA, KOTopasi He
HalllJla OTpaXKeHUsI B Tabsuile 2. DTOT MOMEHT HE CIy4aeH, TaK KaKk CKOPOCTh U3MeE-
HEHHUSI MOTOKA JKUIKOCTH BIUAET TOJbKO Ha ckopocTh onepanuil « OTKPBITUA»
i «3AKPTUS» u Takke 3aBUCUT OT AaBIeHHS XuIKoCTH. KoMOuHaImu mory4a-
€MBbIX JIMNHIBUCTUYECKUX JTAHHBIX U BEPJUKTHI CUCTEMbI, CBSI3aHHBIE CO CKOPOCTHIO

BBITIOJTHEHHUS OTIEpAIlil MPUBEICHBI B TabIHIE 3.
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Tabnuna 3. KomOuHAIMK MOMy9aeMbIX JUHIBUCTUUECKUX JTAHHBIX M BEp-

JAUKTBI CUCTCMBI, CBA3AHHBIC CO CKOPOCTBIO BLIITOJIHCHUA onepauI/Iﬁ.

Jlannble o naBjieHun | Jlanuble 0 cKko- | BepauKT cucTeMBI 10 CKOPOCTH
pocTH  M3MeHe-
HHS TIOTOKA
«HU3KWM» «HU3KWM» «YBEJIMUUTDB» (ckopocTh)
«CPEJTHAN» «YBEJIMUUTDB» (ckopocTh)
«BBICOKH» «HE UBMEHATDH»
«CPEJTHUM» «HU3KUWM» «YBEJIMYUTb» (ckopocTs)
«CPETHUI» «HE USBMEHATH»
«BBICOKH» «YMEHBHINTDb» (ckopocTh)
«BBICOKHIN» «HU3KU» «HE UBMEHSTh»
«CPEJTHHAM» «YMEHBIIUNTD» (ckopoctb)
«BBICOKHI» «YMEHBIIUNTD» (ckopoctb)

Takum 00pa3oM OTMETHUM, YTO, YEM BBIIIE JAaBJICHUE, TEM HIKE JOJKHA
OBITh CKOPOCTb OTKPBITHS M 3aKpbITHsI IIapOBOIO 3amuparoniero mexanusma. Cu-
CTeMa JIOTHYECKH BepHa U OLIEHEHa SKCIEPTOM, KaK paboTOCrnocoOHas, 4To B Jallb-
HEHIIeM MO3BOJIUT peain30BaTh €€ yKe Ha peajJbHOM OOBEKTE, TaK KaK CO3/laHue
IPOTOTUNIA MMEET LIEJUM MPOBEPKH pabOTOCIOCOOHOCTH MEXaHU3Ma, C KOTOpOM

YCIIEIIHO CIIPABUIICS.

3. 3AK/IIOYEHHUE

B nanHoMm npoekre Obula MpoBEepeHa BOZMOKHOCTh peajn3aliid MEXaTPOHHOTO MO-
JTyJsl KOHTPOJIA IABJICHUSI, TOTOKA U CKOPOCTU M3MEHEHHS TIOTOKA B TPYyOOIPOBOIE.

Pesynbratom pabotsl siisitores 3 /] Mmoxenu, moctpoeHHbie B iporpamme Autodesk



Onumnuaoa Llaz 6 «Mexampounnwiti MOOYIb cucmeMmbl nepekpvlmusi mpyoonpoeood ¢
6yodywee npuMeHeHueM adanmusHozo ynpasienusy. Bepcus 1.

IIyCKOM MOTOpPa, KOTOPBIN MOKAa3bIBAET, UTO MEXAHU3M CIIPOEKTHPOBaH BepHO. Co-
CTaBIlIeHA JIEKTPOHHAs cxeMa B cpeie (POpMUPOBAHUS BU3YAIbHBIX AJIEKTPOHHBIX
cxeM Fritizing. TlogrorosieHa cTpykTypHas cxema ¢ (yHKIIMOHAJIbHBIMU CBS3SIMU
JTAHHOM CUCTEMBI. A TaK)Ke€ MOATOTOBJIEHBI SKCIIEPTHBIEC TAOIHUIIbI, OTPAXKAIOIINE aJl-
TOPUTM NPHUHSITHUS PEIIEHUN B aJaITUBHON CUCTEME YIIPABICHUS.

AHanu3 3arpar Ha NPOEKT MOATBEPKIIAET, YTO TaKUE MPOEKTHI OyIyT aKTy-
albHBL, © B CBETE€ COBPEMEHHBIX TEXHOJIOTMH, OyIyT HE CIMIIKOM J0pPOro o0xo-
JUTHCS PAIOBBIM I'payKaHaM, YTO IMO3BOJIUT BEIBECTH €0 HA INUPOKUI phIHOK. [Tpu-
OnM3uTENbHAs CTOMMOCTD NpoekTa — He Oomnee 2000 py6ieit 6e3 yueTa omiaTsl Tpyaa
cOTpyIHHUKOB. OLIEHKa CTOMMOCTH MPOU3BEICHA UCXO/S U3 CTOUMOCTH KOMILIEKTY-
IOUMX ¥ OpUOIU3UTENBHON CTOMMOCTH meyaru. C yuyeToM MOCTOSHHO PacTyIIHUX
LIEH, B TOM YHCJI€ U HAa KOMMYHaJIbHBIE YCIYTH, IpUOOp, KOTOPBI MO3BOJIUT OINTHU-

MU3HUPOBATh 3aTPaThl BOJbI, OY/IET aKTyaJIeH Ha PhIHKE €I JOJIT0E BPEMSI.
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