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BCTVYII

MammHoOyayBaHHS HAJIECKUTh [0 HAWMOTYXXHIIIMX Taly3edl HapOIHOTO
rocroJiapcTBa, 3a0e3nedye BHCOKY SKICTh 1 TOYHICTH BHUpPOOIB B3arajii Ta
006pOOIIOBAHIX HOBEPXOHD JeTaleill MaIIMH 30KpeMa. 1i e(eKTUBHICTh J0CATAEThCS
30UIBIICHHSIM YacTKA aBTOMATH30BAHMX YCTAHOBOK, POOOTHM30BAHMX CHCTEM,
OCHAIIIEHUX MiKpoIpoiiecopamMu a00 00UUCITIOBATLHUMH MPUCTPOSIMH.

EdexTtuBHe BHUKOpUCTAaHHS 3a3HAUYEHOTO YCTAaTKYBaHHSI HEMOXJIHMBE Oe3
CTBOPEHHSI CY4acCHOI'O 1HCTPYMEHTAJIBHOTO CHOPSKEHHS MiABUILEHOI HAIIHHOCTI,
ke 0 3a0e3nmevyBajio €KOHOMIYHE BUKOPHUCTaHHS JOPOTOi MPOrPECUBHOI TEXHIKH.
[{s1 oOcTaBUHA 3yMOBIIIOE MIJBUILIEHI BAMOTHY 10 METAJIOPI3IbHUX 1HCTPYMEHTIB, iX
AKocCTi, eheKTUBHOCTI. Tomy MalOyTHI (haxiBill B Taiy3l METAIO00pOOKH MOBHHHI
BMITH MPOEKTYBATH Pi3HI BHJM IHCTPYMEHTIB, & TaK0X BJIOCKOHAIIOBATH IX IS
BEpPCTATIB-aBTOMATIB, AaBTOMAaTHMYHMX JiHIM, BepctatiB 3 UYIIK, mBuako
NEPEeHANAro/PKyBAIbHUX TEXHOJOTIYHUX CHUCTEM 3 ypaxyBaHHSM BHMOT [0
00po0IIIOBaHUX JieTalield, 0COOJIMBOCTEHN YCTaTKyBaHHS.

Tema wMarictepcbkoi poOOTH Oe3nocepenHbO TMOB’s3aHa 3 EKCIUTyaTallero
JTAHOTO TUITy METaJOPI)KYUHX BEPCTaTIB.

O0'exkr pocaimxenHsi. I[Ipomec yIOCKOHAJIEHHSI CUCTEMH KEpPYBaHHS
BEPCTATOM.

Ipeamer npocaimxennsa. MogepHizaiiss eIeKTpooOIaHaHHS pajlialibHO-
CBEPIMIILHOTO BepcTaTta Mojeni 2MS57-2.

Meta po6oTu: MOJEepHi3allisl eIeKTPOoOoOIaIHAHHS padiaIbHO-CBEPTUIHLHOTO
BepcTaTta Mojieni 2M57-2 nuisixoM BUKOPUCTAHHS Cy4aCHUX TEXHOJIOTIH.

3aBIaHHSA TOCJIKEHHS

1 TlpoBectu MopiBHSIBHUN aHaNI3 ICHYIOUMX BEPCTATIB CBEPAJIUIBHOL TPYIIH.

2 3nmiiCHUTH pO3paxyHOK Ta BUOIp 00alHaHHS BepcTara.
3 3nmiiCHUTH MOJEPHI3allil0 CUCTEMHU KepyBaHHS BEPCTATOM.
4

3anponoHyBaTH peKOMEH/Iallli TEXHOJIOTTYHOTI0 00CITyrOBYBaHHS BepCTara.



MeTtoau nocrizKeHHsI: TOPIBHSUILHUIN aHalli3, MOJICIIOBAHHS Ta CUMYJIAILiS,
METOIY JAUCUUIUTIHK €JEKTPUYHI amapaTd, METOAM Teopii aBTOMATHYHOTO
KEepyBaHHS.

IIpakTuyHe 3HAYEHHS POOOTH: TIOJIATAE Y BUKOPUCTAHHI 3aPOTIOHOBAHUX
pIIIeHb JUIA MIBUIICHHS MPOyKTUBHOCTI BUTOTOBJICHHS MIPOIYKIlii HA BEPCTaTI.

Armpobariis  MmaTepiajiB  Marictepcbkoi  poOOTH  3jAilicHIOBajgacs Ha
IX BceykpaiHchbkili  HayKOBO-TIpakTH4YHINM  KoH(pepeHiii «EnekTpoHHi Ta

MEXaTPOHHI CUCTEMH: T€Opisl, IHHOBAIll1l, MpakTuka» y auctomnaai 2023 poky.



1 BUBIP I OGTPYHTYBAHHS BUXITHUX JAHUX

1.1 IopiBHSJIbHUIT aHAJII3 ICHYIOUYHMX BepPCTATIiB CBePJINJIBHOI TPy Ta
IX CHCTEM KepyBaHHS

Ha cywacHOMy BUpOOHHWIITBI CBEp/UIMIIBHI BEpTaTH €  HAWOLIBII
HOIIMPEHUMH Cepell MeTaaoo0poOHux BepcrtaTiB [1]. Bonum wmaroTh pisHe
KOMILJIEKTYBaHHsI 1 Oy/JOBy BUKOHABUOI YaCTUHU BEpCTaTa Ta 3HAYHE PI3HOMAHITTS
IHCTpyMeHTalnbHOrO 3a0e3nedeHHs. ChOTOAHI BUPOOHHKH MPOIMOHYIOTH pi3HI
MOJIeNI BEpCTaTiB JIsi CBEPJUIIHHS, $KI MOXYTb BHKOHYBAaTH CBEPIJIHHA 1
pPO3rOopTaHHs OTBOPIB, 36HKEPYBAHHS 1 HAp13aHHS BHYTPIIIHBOI P13bOH.

CBepmiliHHST €  MEXaHIYHOI  OOpoOKor  MarepiayiB, IS SIKO1
BUKOPHCTOBYETbCA CIELIAIbHUM IHCTPYMEHT JJsi pi3aHHS — CBepajo. 3a
JIOTIOMOT'O10 II€1 OTepallii BUKOHYIOThCSI OTBOPH Pi3HOI opMmu 1 po3mipiB. [Iponec
CBEPJUIIHHS 3aCTOCOBYETbCSA IPU HEOOXITHOCTI 3€HKEPYBaHHS, PO3TOPTAaHHS Ta
PO3TOYYBaHHS OTBOPIB [2].

3eHKepYBaHHS, PO3rOPTaHHS OTBOPIB 1 CBEPJIIHHSA MOXHa BUKOHYBaTU
3aCTOCYBaBIIU BEPTUKAIbHO-CBEPIHIIBHE 00poOeHHs METaiB.
BukopHUCTOBYIOUM PI3HI 1HCTPYMEHTH Ta NPUCTOCYBaHHS MpPU BEPTUKAIbHIM
o0poO11i MaTepialiB, 3’SBISETHCS MOKJIUBICT BHKOHATH Hapi3aHHS pi3pOM Ha
BEPTHUKAJIbHO-CBEPUIMIILHUX BepCTaTax.

Ha BepTHKanbHO-CBEPIIMILHOMY BEpCTaTi BUKOHYIOTH pOOOTH 1O
MexaHIYHOMY 0OpOOJIEHHIO 3a IOMTOMOTOI0 Pi3aHHA, & CaMe — CBEPITIHHS.

CBepmtiHHA — 1€ TPOLIeC, IPH SIKOMY CBEPAJIO, 110 00ePTAETHCS, YTBOPIOE
pi3HI OTBOPH, SKi BIIPI3HAIOTHCS 1O TIKOWHI, po3MipoM Ta KoH(iryparieto [2].

3eHKEepYBaHHS € HaIIBYUCTUM MEXaHIYHUM CIOCOOOM  0OpOOJIeHHS
3arOTOBKM 3 BHUKOPUCTAHHSM BIAMOBIAHOTO 1HCTpyMEHTY. OOpoOJeHHS Takum
CIIOCOOOM BHUKOHYETHCS Y BHUNAAKax 30UIBIICHHS JlaMeTpa OTBOpPY, HOTO
KaJIiOpyBaHHs, OYUIIICHHS BiJ] 33 IMPOK 200 3MEHIIICHHS >KOPCTKOCTI.

[ToniOHMM 110 3eHKepyBaHHS CHOCOOOM OOpPOOKHM € PO3CBEPIIIOBAHHS.

BinMiHHICTP M)XK HUMHU MOJSTa€ B TOMY, IO PO3CBEPAJIOBAHHS BBAXKAETHCSA



OCTaTOYHUM, 3aKIHYEHUM 1 BUKOHYETHCS MICIISl 3aCTOCYBAHHS CBEpAJIa 1 3€HKEpY.
3a J0mMOMOTOI0 1BOTO CHoco0y BEpPTHUKAIBLHOTO OOpOOJIEHHS BHYTPIMIHBOT
MOBEPXHI OTBOPY MOYKHA YK€ TOYHO BHIAJIWTU MPHUITYCK Y BUTIISIAI HAHTOHIION
CTPYKKH. Po3cBepiitoBaHHS HEOOX1THO JJI1 OTPUMAHHS OTBOPIB JIJIsl KPIIJICHHS
HIiIIUITHAKIB, OTBOPIB /JIA TUIYHXKEpa, 3MEHIIEHHS MIOPCTKOCTI TMOBEPXHI Ta
MIJTOTYBAaHHS JI0 Pi3bOJICHHS.

OnHuM 13 TIABUAIB BEPTUKAIBHOIO OOPOOJICHHS MeETaly € pajiajibHe
cBepuTiHHS [2]. Y TOpiBHSHHI 3 BEPTUKAIBHO-CBEPIMIBHHMH BEpPCTATaMU
CBEPIUIO MEPEMINTYEThCS BIIHOCHO AeTall, [0 0OpoOIIsIEThCS, a cama JeTalb, 10
00pO0IsSEThCS, 3aKPIIUIIOETHCA HA BEPCTaTi, 1 1€ Ja€ MOXKIUBICTH OOpOOJISATH
BEJIMKOTa0apUTHI 3arOTOBKU.

BeprtukanbHo-cBepmmibHuii Beperat 2T150, sikuii 300pakeHo Ha puc.l.1, €
MPEJACTAaBHUKOM CBEPUIIIBHUX BEpCTaTiB, o0OpoOKa JAeTajieil Ha SKOMY

BHKOHYETBCA SK 3 PYUYHOIO, TaK 1 3 MEXaHIYHOIO [IoJa4YcCro IMIMMHACILIA.

5 6
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1 — ocHoBa; 2 — cTiT; 3 — KOJIOHA; 4 — OTOPOIXKA; 5 — CBEpUIHIIbHA TOJI0BKA; 6 —
eJeKTpooOJIaTHaHH; 7 — CBITUJIBHUK; 8 - OXOJOMKCHHS
a) OynoBa Bepcrara:
0) 30BHIIIHIN BUTIIS

Pucynok 1.1 — BeptukansHo-cBepAnuiabHuA BepcTaT Mmoaeni 2T140
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OCHOBHI By3J7I0BI YaCTUHM BEPCTATy PO3TAIIOBAHI HA BEIWYE3HIN CTaHUHI,
OCHAIIEHIA BEPTUKAIBHUMHU HampIMHUMHU. [10 1uX HAnmpsIMHUX TEPEMINIyEThCS
CTLJI, Ha IKOMY PO3TaIllOBaHa CBEP IMIIbHA TOJIoBKa [1].

Ha 4aByHHY cBep/UIHIIbHY TOJIOBKY BCTAaHOBJICHI €JIEKTPUYHUN JIBUTYH,
pPeayKTOp, MEXaHi3M Mmojadi 1 mmuHAeab. Ha mmuHmen KpimisaThCs MaTPOHH
pI3HOT KOHCTPYKIi Ta mnpu3HayeHHA. JlJId BKIIOYEHHS 1 BUKIIOYECHHS,
peryJitoBaHHs MIBUJKOCTI nepeadoaueHnit nepemukad. CBepIio NOJA€ThCS OJTHUM
13 cIoco0iB: BpyYHY Yepe3 mTypBaj abo MEXaHIqHO.

PaniansHo-cBEepAMIBHUN BepcTaT Mae OUIbIN CKJIaAHY OyIOBY Ta 3HA4YHI
mosxauBocTi [1]. IInuHaenp IbOTO THITy BEpPCTATIB MOXKHA IIEPEMIIyBaTH B
OyIb-IKy TOYKY TOPU30HTAIBHOI 3aTOTOBKH. AJie KPiM IIOTO, IPUHITUAIT POOOTH i
Oy10Ba HIYMM HE BIJPI3HIIOTHCS BiJl YChOTO HA0OPYy pydHUX ApuiiiB. Po3risiHemo

pamianbHO-CBepUTHIIbHAN BepeTaT 2A 554, sxuit 300pakeHo Ha puc. 1.2.

1 — enexTpuyHU IBUTYH; 2 — TpaBepca; 3 — KoJIoHa; 4 — eJIEKTPUYHUMN JBUTYH;

5 — mmuHgeapHa 0abka; 6 — MIMUHICTH
a) OynoBa Bepcrara:
0) 30BHIIIHIN BUTIIS

Pucynox 1.2 - PagiansHo-cBepuTruIbHAM BepeTat 2A 554
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Jlanuit BepcTaT mpu3HAYEHUM ISl CBEPAJIIHHS, 3€HKEPYBaHHS, MiAPI3yBaHHS
TOPIIB B 000X HAmpsMKaxX, PO3TOpTaHHS, PO3TOUYBaHHS OTBOPIB 1 Hapi3yBaHHs
pi3b0JICHb.

[TocnimoBHICTF BHUKOHAHHS OMeEpalii Ha JaHOMY BepCcTaTl HACTyIHa:
croyaTKy Ha (yHZAMEHTHIH OCHOBI 3aKpIIUIIOETHCS 3aroToBKa 1 Jaii 3a
JIOTIOMOTOI0  00EpTOBOTO  pyXy IINHHAENS abo0 CBEpPIMIBLHOI TOJIOBKH 3
JEKUIbKOMa IINMUHACISIMH BHUKOHY€TbCs ii 00poOka. Ilpu BUKOHaHHI OJHOTO
OTBOPY 3a IHIIMM 3IIHCHIOETHCS TEPEMINIECHHS MMUHASTS a00 CBEpIIMILHOL
TOJOBKH pa3oM 3 TPaBEpCOI0 HABKOJIO KOJIOHM, IIPHU LIbOMY TPaBepca PyXaeThCs
BEPTHKAIBHO B3JI0BXK HAMpaBIsiOYnX KOJOHU. OOepTaHHS 1 Mojaya MIMUHACTS
BUKOHYETBCS B1J] €JeKTpoABUTyHa 1. BepTukanbHe mepemilieHHsl TpaBepcu 2 1o
KOJIOHI 3 BUKOHY€TbCA BiJ e€leKTpojBUryHa 4. CTOCOBHO OyAOBH CBEPAJIUIBHOT
TOJIOBKM MOXHA JOJaTh, 10 B HIM pO3MIMICHI TiApaB/iuHI MEXaHI3MH JJIsi
MEePEeKITI0YEHb 1 KOPOOKH IIBUJIKOCTI Ta MO/1aul.

["opu30HTaIBHO-CBEPATMIBHUM € CBEPIWIBHHUNA BEpPCTaT TaKOTO THUIY, B
SIKOTO TIMWHACTh BCTAHOBJICHUH mapaiienbHo 1o mimioru [1]. Bymosa BepcraTa B
LIJIOMY CXO0’Ka 3a KOHCTPYKII€I0 3 BEPTUKAJIbHO-CBEP/UIMJIBHUM BEpPCTATOM 3
BIJIMIHHICTIO Y MPOCTOPOBOMY PO3MIILIEHHI. 3OBHIIIHINA BHUIJISA TOPU30HTAIBHO-

CBEPNIUIILHOTO BEepCTaTy 300paskeHo Ha puc. 1.3.

Pucynok 1.3 - 'opuzonTansHo-ceepuyuiasHuil Bepcrat Cel'/|
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Posrisitnemo cuctemu kepyBaHHA Bepctaramu. CucreMa aBTOMATHYHOTO
kepyBanHa BepctatoM (CAKB) - me KOMIUIEKC TEXHOJOTiIH Ta MPOTPaMHOTO
3a0e3MeyYeHHs, TMPU3HAYCHW JUIsi aBTOMAaTH3allli MpPOLECiB  yIpaBIiHHS
BepcTaTaMu. BoHa [03BOJIsiE MPOTPAMHO KEpyBaTH PI3HUMH IapaMeTpamu
BEpCTaTy, TAaKUMH SIK IIBUJIKICTh OOEpPTaHHS IHCTPYMEHTIB, MOjada MmaTepiaiy,
TOYHICTb 0OPOOKH TOIIIO.

[Is cucrema MoOk€ BHKOPUCTOBYBATH pI3HI METOAM KEPYBaHHS, Takl SIK
gyucnoBe kepyBaHHs (CNC), nporpamue kepyBanus (PLC), cucremu Bizyamizarii
MPOIIECIB Ta CEHCOPHI CHUCTEMHU JUIsl 3a0e3MEeUeHHS TOYHOCTI O0OpoOKM Ta
e(EeKTUBHOCTI pOOOTH BEPCTATY.

1.1.1 TIpuHIUNU KePpYBaHHA Y BepCTAaTaX CBEPIJIWIBLHOI IPyNH

Axmo mnpormec o0pobku 00’e€kTa TMpail MOBTOPIOETHCS OaraTo pasiB
(Hampukiazg, mporec oOpoOKM JeTalieil y MacoBOMY BHUPOOHHUIITBI), TOOTO Ha
BepcTaTtax 0OpoOJISIOTHCSA JIMIIE OJIHI M T1 K JETajl, TO pyX poO0o4oro MexaHizMy
MalHU (3aKOH KEpyBaHHS MPOIECOM) IMOBTOPIOBATUME IMKJ Oarato pasis,
3anuiaryucy noctiiauM [3]. Y JaHOMy BHIIAOKy KUIBKICTh BHU3HAYEHHUX
MPUHOMIB KEpyBaHHS OOMEXeHa, 1 JJIsI iX BUKOHAHHS MOXHA BUKOPUCTOBYBATHU
npocTi aBTOMaTthyHi mnpuctpoi. [lpu Oe3nepepBHOMY BHUPOOHHULITBI YacTo
3MIHIOIOTbCST BUpOOH (1ech Bix 2 no 40 pi3HUX 0OpOOIOBAHMX 3aroTOBOK Ha
MICSI[b), TOMY HEOOXiJHO BMITH MEPEHAIAroKyBaTH pOOOTY BEPCTATIB, MPECIB
Ta 1H. Y TakuxX BUMNAJKaxX MOTpiOHA OUIBII CKJaJHA CHUCTEMa J0JaTKOBOTO
oOnaiHaHHS BEepCTaTa.

CyKkynHICTh KepoBaHUX OO ’€KTIB (MAalllMH) Ta MPUCTPOIB ABTOMATUYHOIO
KepyBaHHs (0e3 ydacTi omeparopa) (CYKymHICTh 3aco0iB 300py, 0OpoOJieHHS,
nepenaydi iHpopMmairii Ta GopMyBaHHS KOMaH]l KEpyBaHHS), Jii SKUX HampaBIliCHI
Ha M1JBULIECHHS Pale3JaTHOCTI 00'€KTIB KEPYBAHHS 1 € CHCTEMOIO aBTOMAaTHYHOT'O
kepyBaHHs [3].

Cucrema aBTOMATHYHOTO KEpPyBaHHS TMOBHHHA (OPMYBATH 3 BEIIHUKOIO
TOYHICTIO BUKOHAHHSI KOMaHJ PyXy poOOYMX OpraHiB BEpPCTaTiB, CHHXPOHHICTD 1X

PYXy Y Pi3HHMX LHKJIax, 3a0e3MeuyBaTy MBUIKICTh Mepeiadl Ta BUKOHAHHS CaMHX
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KOMaHJI, 3/IaTHICTb BUKOHAHHS 3HAYHOI KIJBKOCTI 1HCTPYKIIM (3MiHY IMOJ1a4di Ta
IIBUAKOCTI OOCPTAaHHS MIIMUHACIS, 3MiHY IOJIOKCHHS PEBOJBBEPHOI T'OJIOBKH).
ExoHOMIYHICTH Mpoliecy 3a0e3leuyeTbesi 3a PaxyHOK MPOCTOTH KOHCTPYKIIII,
HAJIAHOCTI, MOXJIMBOCTI IIBUJKOTO TEPEHACTPOIOBAHHS Ta HU3BKOI BapTOCTI
komroHeHTiB CAK. ABTomMaTH4Ha cHcTeMa KepyBaHHsS BUIIpaBIac cebe JuIe B
TOMY BHUIIQJIKY, SIKIIIO BOHA 3a0e3rnedyBaTUME HEOOXiAHY TOYHICTH O0OpOOJICHHS,
MPOJYKTUBHICTh 1 €KOHOMIUHICTh. Co0OIBapTICTh neTanieid, 0OpoOJEeHUX TaKUM
CII0COO0M, Oyne HWx4Yo0, HDK 0e3 3actocyBanHs cuctemu. CAKB
BIJIPI3HSIOTHCS 32 TakKUMU (aKTOopamH, K CTYIIHb IEHTpali3alii yrnpaBJiHHS,
TUIl HOCIS MPOTPAMHOro 3a0e3MedYeHHs, PEKUM BIUIMBY, HAsBHICTH 3BOPOTHOIO
3B’SI3Ky, MNPHUHIMUII CHHXPOHI3alli pyxy poOOYoro MexaHi3My, KUIbKICTb
KEpOBAHUX KOOPJUHAT TOIIIO.

PosrnsHyBIM THIIM CHCTEM KEpyBaHHS, MOJKHA CKa3aTH IO KOXKEH 13 HUX
Ma€ CBOI MepeBary i HeJloIiky, a came [3]:

1) IlenTpayizoBaHi CHCTEMH MAalOTh I[ICHTPAJbHUNA KOMAHIHUN ITyHKT
(po3noainbHMI Bajl, OJ0K KepyBaHHS ), SKUW BiAMOBiAa€ 3a poOOTYy aBTOMara ado
aBTomMaTuyHOi JiHIi. CHcTemMa HeECKJIaJHa Ta HaAllHa B ekcruryartarii. Jms
BUMKHCHHS MAIllMHU Yy BUIAJKaX, SKIIO KOMAaHAW 3 IICHTPAIbHOI KOMAaHJIHOI
TOYKA HE MOXYTb OYTH BHUKOHAHI, IO TMPU3BOAUTH O TMOJOMKH abo
MOITKO/DKCHHST MAIlIMHU, aBTOMAT IMMOBUHEH MaTH JIOJATKOBI 3a1I001KHI IIPUCTPOI.

2) Ilpum neneHTpami3oBaHili CHUCTEMI KepyBaHHS 3JIMCHIOETHCA 3a
JIOTIOMOI'0I0 OKPEMHX TPHUCTPOIiB BepcTaTta abo moTokoBoi miHii. Iled Tum
KEpYBaHHS BUKOHYETBHCS Yepe3 pi3He oOJiaTHaHH, IO TOB'A3aHe 3 KOHKPETHUM
NPUCTPOEM. SIK TNpaBuiIO, TAaKUM OOJAJHAHHSIM € IUIAXOBI MEepeMUKadl 1
BUMHKAYl, SIKl BMUKAIOTHCS Ta BAMUKAIOTHCS PyXOMUMH YaCTHHAMH MAITUHU a00
aBTOMATU30BaHOI JIiHIi. YC1 IPUBOIMU MIAKIIOYEHI JI0 CUCTEMU MEPEMUKaHHS, 1
poOounii MexaHi3M MOK€ BHUKOHATH HACTYIHY 110 TUIBKM MICJS 3aBEPIICHHS
nonepeaHboi mii. B miil cuctemi 3HayHa KUIBKICTh MEPEMUKAYIB 3HAXOIATHCS Y

po0OoUiil 30H1 BEPCTATIB 1 3a0PYIHIOIOTHCS MACTHUIIBHO-0XO0JI0/KYIOUOI0 P1IUHOIO
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Ta MUJIOM, 1[0 BUKJIMKA€E MOILIKOJKEHHS, THM CAMUM BIUIMBAaIOYM Ha HAAIMHICTD
CUCTEMH KepyBaHHSI.

3) 3wmimana cucreMa  KepyBaHHS  IOEIHYE  I[EHTPATi30BaHy 1
JELEHTPaII30BaHy CUCTEMH KepyBaHHS. KOHKpEeTHUMHU By31aMU TEXHOJIOTIYHOTO
MpoIeCy KEPYIOTh ACIEHTPATI30BaHO, a 1HIIN Kepye IEHTPATbHUA KOMAaHIHUN
OYHKT. Y BHUINAJKy aBapli LUEHTPAIbHUN KOMAaHAHWM IYHKT 3yHUHSAE BHAAYY
KoMaHja. Hanpuknaa, po3nofiabHUNA Ball TOBUHEH 3YyNMUHUTHUCS, KOJW KiHIIEBHUM
BUMHKA4Y HaJla€ MOBIIOMJICHHS MPO TE, IO MOMEpeaHs isi poOOYOro OpranHy Iie
HE 3aKiHYEHA.

1.1.2 Po3nmoain cucTteM KepyBaHHsl 3a cHoco0aMH BIUIMBY Ha poloui
MeXaHIi3MHM MAIIMHU (BepcTaTa)

3a crnocoboM BIUIMBY Ha poOouuii MeXaHI3M MalllMHU CUCTEMHU KepyBaHHS
PO3IIIAIOTECS Ha Oe3MepepBHi Ta qucKpeTHi (mepepuByacTti) [3]. Y Ge3nepepBHii
CUCTEMI KEepyBaHHS KOMaHJa € Oe3lnepepBHOIO (DYHKIIE€I0 Yacy 1 KepOBaHUM
CUTHAJIOM. Y cHCTeMax MNeploJUYHOro (AUCKPETHOIr0) KEpyBaHHsS 3aaaHl
KOMAaH/IM NPUXOASATh OKPEMHUMH IMITYJIbCAMH Y€pe3 MEBHI YacOB1 IHTEPBAJIH.

VY nesakux BUMAaJKax CHUCTEMH aBTOMATHYHOTO KEPYBaHHS HE BiAMOBIIAIOTH
Ha 3MiHY XapakTEPUCTUK CaMOI0 MPOLECY, TOMY HE MIATPUMYEThCS 1H(OpMaLis
npo BXigHUM mpouec. Hampukmaa, SKIo Ipu TOBOPOTI jAeTaii ii jgiameTp
30UIBIIYETHCSA BHACIIIOK POOOTH IHCTPYMEHTY, TO CUCTEMa HE BiAMOBIIA€ HA IO
3MiHY 1 mpolec oOpoOKM TpUBaTHUME 0 BTPYyYaHHs HaldaguuKa, SIKUW MMOBUHEH
BIJIKOPUTYBATH IOJIOKEHHS IHCTPYMEHTY 200 BCTAHOBUTH HOBHI.

Po3iMKHEHOI0O MOKHA BBa)KaTH CUCTEMY, B SIKOi BIJICYTHIHM 3B'SI30K MpOIECy
KepyBaHHS 3 MWOro mpoxomkeHHsSM. CHCTEeMy BBaXKalOTh 3aMKHEHOIO abo
aJIaliTOBAaHOI0 SIKIIO 3B'SI30K MPOLIECY KEpPyBaHHA 3 MOro MPOXOKCHHSM B
HasIBHOCTI.

Axmo € morpeba B KepyBaHHI MPOIECOM, y SIKOMY HEOOXITHO CyBOPO
JOTPUMYBATUCA TapaMmeTpiB, TO CIiJ BHKOPUCTOBYBATH 3aMKHEHY CHCTEMY
KepyBaHHs. Y Takii cucTeMl € HEOOXIJHICTh B OTpUMaHHI 1HGOpMaIIil Tpo Xif

nporecy, TOOTO ICHYBaHHs 3BOPOTHOTO 3B’s13Ky. Lle cuctemu 3BOPOTHOTO 3B'SA3KY.
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Hanpuknan, mig yac nuriyBaHHS JeTaii, Kojdd poOoTa nuridyBaabHOrO Kpyra
IPU3BOAUTH J0 30UIBIICHHS PO3MIPY 3arOTOBKH Ha NIEBHY BETUYHMHY, BMHUKAETHCS
aBTOMATHUYHE PETYIIOBAHHS MOJOKEHHS HUTIQYBaIbHOTO Kpyra (1100 IIMUHIETH
MOJIaBaBCsl Pa30M 3 HUM) 1 MOXHa O0yJio O CKOMIIEHCYBaTH 3HOIIECHHS Kpyra. Taki
ABTOMATUYHI PETyJIsATOpH (ABTOHAIAIYMKH) JAIOTh MOXJIMBICTh IIBHJIKO
BpaxyBaTW 1 CKOPUTYBATH BIAXWJICHHS BIiJl 3aJaHUX XapaKTEPUCTHK IMPOILECY,
TOOTO 3MIMCHUTH BHKOHAHHS TOYHHMX JcTainei Ha 3aminy [3]. Bukopucranus
ABTOMATHYHHUX PETYIIOI0YUX MPHUCTPOIB 11030aBiise€ MpaIliBHUKIB (HaJa 9HKIB)
BUKOHYBaTH 3aBJaHHS 3MIHU TOJIOKEHHS I1HCTPYMEHTIB Ha BepcTaTax, IIIo
CKOpOYYy€ dYac HaJaro/KeHHS BepCTaTa, 3aBIASKH YOMY HaJIATIUKH MOXKYTh
PEMOHTYBATH OUIBIIY KUIBKICTh BEPCTATIB, TOOTO MIABUINYETHCS MPOAYKTUBHICTh
npaili poOiTHUKIB.

IcHye Bu3HaueHa MOCHIJOBHICTP BUKOHAHHS KOXXHOI OKpPEeMOi KOMaHIU
kepyBaHHs. [loBigomineHHs (IMITyJIbCH, CUTHAIHW, KOMaHJH), 10 HEOOXiaHI JIJIs
BUKOHAHHSA KEPOBaHUX pyXiB, BHUJIAIOTHCA MpPU 3MiHI [apaMeTpiB, Ha SKI
HeoOxi1gHO pearyBatu. Hampukiaz, KoJin 3aroTOBKa MOJAETHCA B MATPOH, PYyUKY
MMHEBMATUYHOTO MPUBOJIY HEOOXIHO MOBEPHYTH, 100 3aKPIMUTH 3arOTOBKY B
NaTpoHl BepcTaTa. Y JaHOMy MpHKIaAl Oe3rmocepeaHE BUKOHAHHS KEPYHUOTro
pyXy MOJISTaE B TOBOPOTI PyYKH ITHEBMOTIPUBOTY LISl 3aTUCKY 3aroToBKH [3].

[HOM1 micnsg moAadl KOMaHAM, 110 BUMArae 3A1MCHEHHS MEBHOT KePYr4oi Jii
nepes; BUKOHAHHSAM, HEOOXIJHO 3[IMCHUTH NMPOMDKHY Ait0. Hampukman, micins
MOSIBM KOMAaHJW Ha 3YNUHKY NUTI(QYBAJIbHOI MAIIMHHU, KOJM JETallb J0CsTae
3aJ1aHOTO PO3MIpy, KOMaHJy He NOTPIOHO BUKOHYBAaTH HETaillHO, a MpoleC
BUXOAY Ii 3aTpUMAaTH.

Tomy B Oyab-sSIKOMY pO3MOPSIKEHHI KepyBaHHS MOKHA BUIUIUTH JB1 200
Tpu (a3u — TosiBa CUTHAJNy HAa BHUKOHAHHS poOOOTH (KOMaHIW), HerawHe ii
BUKOHAHHS 1 MPOMDXKHI 1111, SIKIIIO 11€ HeOOX1THO.

1.1.3 Bba3oBa cTPyKTypa CHCTeMM KepyBaHHS

CucreMa KepyBaHHS MICTUTH JiBa OCHOBHMX OjokH (mauB. puc. 1.4): 00’ekr

KEepPYBaHHS 1 MPUCTPil KepyBaHHs, SKUW 1HOJI IIe HA3WBAIOTh peryisitopoMm [4].
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Ha ocHoBi1 ofiHi€T a0 KiIbKOX 3aJaHuX Aid Y (t), 10 BU3HAYAIOTh MOCHIOBHICTD
KepyBaHHs, MNPHUCTPiId KepyBaHHA Qopmye Ha 00’ekT 3amatouy naio G(t) 1
OiATPUMYE Ha 3aJlaHOMy piBHI a0o 3MiHIOE cTaH Y(t) 3a NMEBHUM 3aKOHOM,
3HAYEHHsI SKOTO MOXKe OyTH B1IOOpa)kKeHO Ha HOro BUXOM1 Yepe3 BiJAMOBITHUM
cur"an y(t). [lepen mpuctpoeMm KepyBaHHS CTOITh 3aBJaHHS 3a0€3MEUYUTH 3a7aHy
SKICTh pOOOTH CHCTEMH Ha BCIX MPAKTUYHO BAXKIUBHUX PEKUMaX, OCOOIHBO IIPH
BIUIMBI Ha 00'€KT 30BHIIIHIX 30yprorounx ik 1 (akTopiB HecTaOLIbHOCTI X(t).
[Ipuctpoi kepyBaHHS CTBOPIOIOTHCS PO3POOHMKAMHU CHCTEMH Ha OCHOBI 3HaHb

PO BJIACTUBOCTI KEPOBAHUX 00'€KTIB 1 000B’S3KOB1 3aBJaHHS CUCTEMH.

X

Pucynok 1.4 — Cucrtema kepyBaHHs (popMaTbHUM 00’ €KTOM aBTOMAaTH3aIll1

h 4

30BHIIIHI 3B'SI3KH 00'€KTY KepyBaHHS 300pakeHo Ha puc. 1.4, ne X — kanaiu
nii cepeloBHINa Ha O0'€KT 1 MPHUCTPiM KepyBaHHS, Y — KaHan Aii 00'€ekTy Ha
cepenoBule ado iHpopmaniiHuii kaHan ctany 00'ekty, U — kaHan Jii KepyBaHHS
Ha 00'exT, G — 3amar04a Jisi, YOC — CHTHaJ 3BOPOTHOTO 3B's13KY [4].

[linTpuMka TIeBHOI 3aKOHOMIPHOCTI 3MIHHM OJHI€I a00 KUTHKOX (iI3UYHUX
napaMeTpiB Mpolecy, U0 BiAOyBaeTbcs B 00’€KTI KEpPyBaHHsS, € OJHHUM 13
TOJIOBHUX 3aBJaHb KepyBaHHsA. Lli mapamerpu Ha3uBalOTh KEpOBAHUMU
(HampsIMOK pyXy IHCTPYMEHTY, PiBeHb PIIMHU, TEMIIEpaTypa, TUCK).

OO0'ekT KepyBaHHS 3aBXIU MICTUTh KEPYIOUMM OpraH, MiJ i€ SIKOTO
3IHCHIOETBCS BIUIMB Ha MapaMeTpu O0'€KTy KepyBaHHS (pe3HCTOpH, KJamaH,
3aciminka Tomnio). dizmyHa BenauwuumHa U(t) Ha BxoAl opraHy KepyBaHHS

HA3MBAETHCS BX1THOIO BEJIMUYHUHOIO 200 KEPYIOUOIO JI€I0 Ha 00 €KT.
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B cTpykTypy 00'ekTa KepyBaHHS 00OB’SI3KOBO BXOAUTH UYTJIMBUN €JIEMEHT
[4], sxuii mepeTBOpPIOE KOHTPOJILOBAHY BEJIMYMHY B MPOMOPIIOHAIBHY T
BEIIMYMHY, 3pY4YHY JUIl BUKOPUCTAHHS B CHCTEeMi KepyBaHHs. 3HavueHHS Y(t) Ha
BUXOJ1 YYTIHUBOTO €JIEMEHTY Ha3MBA€ThCA BUXIJHUM 3HAYCHHSIM 00'ekTa
KepyBaHHA. Y OUIBIIIOCTI BUIAJKIB M€ €ICKTPUYHUN CHTHAI (CTpyM, Hampyra)
a00 MexaHIYHUN pyX. B SKOCTI 4yTIMBOrO €I1EeMEHTY MOXXHa BUKOPHUCTOBYBATH
TepMOIapH, TaXOMETPH, BaXKelll, JATYUKHU TUCKY, JaTYMKHU MOJIOKEHHS Ta 1HIIIE.

Kepyroua mist U(t) 3a1HCHIOETBCS KEPYIOUMM MPUCTPOEM 1 Jl€ HaA Opras
KepyBaHHS  00’€KTOM Ui  MIATPUMYBAHHA  HEOOXIJHOTO  3HAYECHHS
KOHTPOJIbOBAaHOT BenMWunHH. Kepyrouy 1il0 MOXYTh 3IIHCHIOBATH JBHUTYHH,
€JIEeKTPOMArHiTU. B CTpyKTypi cHCTEeMH KEpyBaHHS MICTUTBHCS TAaKOXK 3aJar0uHii
osok. Bin popmye mporpamy 3MiHM Kepyrouoi Aii, a came, Ja€ 3aJal0uuii CUTHAI
U(t). 3apmarounii OJIOK BUKOHYETBCS SIK OKPEMHI MPUCTPIH, 10 (PopMye CUTHAI
G(t) Ha BXOXl TPHUCTPOIO KEpyBaHHS, 1 MOXe OyTH PO3MIIICHUM B CEpeauHI
IPUCTPOIO KEepyBaHHS ab0 B3arail He iCHyBaTHU. ['OIMHHUKOBUI MasTHUK MOXeE
OyTHU SIK IPUKJIA]] 33/1at0Y0T0 OJIOKY.

Bemuunna X(t), sika Mae BIJIMB Ha 00'€KT KEpyBaHHs 1 32 HEOOXIJHOCTI Ha
NPUCTPI KepyBaHHS, Ha3MBAE€Thcs 30ypeHHsM [4]. BoHa moka3ye BIUIMB 3MiH
Cepe/IOBHIIA, HABAHTAXXCHHS TOIIO Ha BUXiaHEe 3HaYeHHS Y (t).

Bzarani kaxy4u, yci KOMYHIiKalii B CHCTeMi KEpyBaHHS MOXYTh OYyTH
OararokaHaJdbHUMHU (O0araTOMIpHUMH), a cama Jisl € IHQOopMalliiiHUM CUTHAJIOM Ha
MaTtepialbHOMY HOCIi Oyab-saKoi (i3uuHOi mpupoau (eIeKTPUIHOI, MArHiTHOI,
MEXaHIYHO1, ONTHUYHOI TOIIO).

OCHOBHI ~ TUNM CHUCTEM 3a TMPUHUUINAMH 1  3aKOHOMIPHOCTSMH
(GyHKIIIOHYBaHHS TPUCTPOIO KEpPYBaHHS TMOJIISIOTHCA HA: CTIAKI CHCTEMH,
MpOTrpamMHi, BIACTIAKOBYIOUl Ta CAMOPETyJIbOBaHI, Cepel SKUX MOXHA BHUIUIUTH
eKCTPEeMaJIbHI CUCTEMHU, ONTUMAJIbHI CUCTEMU Ta aJJalITUBHI CUCTEMH.

Cuctemu 10 3a0e3MEUEHHIO CTIMKOCTI  (cTalimizarfil) MiATPUMYIOTH
HE3MIHHUM 3HAY€HHS KePOBAaHO1 BETUYMHU MpU Oy/Ib-IKUX BUAaX 30ypeHb, a came,

y(t)=const. 3agatounii 0610k (HopMye 3pa3KOBUN CHUTHAJ, 3 SAKUM MOPIBHIOETHCS



18

BUXIJIHE 3HAYEHHA. 3a3BUyai, 3amaruuii OJOK J03BOJSE HAJAIITOBYBaTH
3pa3KOBHM CHUTHAJI, M0 J1a€ MOXJIHMBICTh 3MIHIOBATH 3HAYEHHS BHUXIJTHOTO
3HAYCHHS.

[Iporpamua cuctema 3abe3neuye 3MIHM KEpOBAHOTO TMapamerpa, Iio
BIIMOBIMAIOTh TpoOTpami, 3aJaHiii Ha BXOAl TMPHUCTPOIO KepyBaHHs, abo
chopmMoBaHUX 3amat0uuM OJ0KOM. CUCTEMHU I[LOTO THUIY MOXYTh MPEJCTABISITH
nJieepu, mporpaMHi MallMHU TOIIO. [CHYIOTh CHCTEMH 3 YaCOBUMHU MPOTPaAMaMH,
skl 3a0e3meuyiorh y=f(t), 1 cucreMu 3 TPOCTOPOBUMH TpOTpaMaMu, Kl
3a0e3neuyroTh y=f(t) Ta 3aCTOCOBYIOThCS Y TUX BHUITQJKaX, /¢ HA BUXOJl CUCTEMHU
BaYKJIMBO OTPUMATH NOTPIOHY TPAEKTOPIO B TPOCTOPI.

Cucrema CTEXKEHHsS BIIPI3HAETHCS BIJ MPOrPAMHOI CHCTEMU THUM, IO
nporpama y=f(t) un y=f(x) mamnepen HeBimoma. [Ipuctpiii, kUil BiICIIIKOBYE
OyIb-gKl 3MIHM 30BHIIIHIX [apaMeTpiB, i€ SK 3agarounid Omok. LI 3miHUM
BU3HAYATUMYTh 3MIHU BUX1THOTO 3HAYCHHS Y(t).

Cucremu po3riIIHYTUX TPhOX THIIB MOKYTh OyTH 0OY10BaH1 3a Oyb-SIKUM
13 TPbOX MPUHLMIIB KepyBaHHs (PO3IMKHEHA CHUCTEMa, KOMIIEHCAIllsl, 3BOPOTHII
3B'A30K). IX XapaKkTepucTHKa II0JIATae B TOMY, IO BHXiJHE 3HAauYeHHs (CTaH
CUCTEMH) Ma€ BIANOBIIATH 33JIaHOMY 3HAYEHHIO, OJJHO3HAYHO BHU3HAYEHOMY B
OyIb-SIKUA MOMEHT.

CaMoperynboBaHi CHCTEMH XapaKTEpPU3YIOTbCS aKTUBHUM  3aJal0uiM
OJI0KOM, 1110 BU3HAYA€E 3HAUCHHS PETYJIHOBAHOI BEJIMUMHU, SIKE € B IEBHOMY CEHCI
ONTUMAJIEHUM.

B ekxcrpemManpHUX CHUCTEMax BHXITHUH MapaMeTp 3aBXAH IMOBHUHEH
JOPIBHIOBATH EKCTPEMalbHOMY 3HAYCHHIO 3 YCIX MOXJIMBUX 3HAYCHb, SIKE
HEBHU3HAYCHO 3a3aayierib 1 Moxe MiHgTucs. [1[o6 3HaiiTh iX, cuctemMa BUKOHYE
HEBEJIMKI €KCIIEPUMEHTAIbHI PYXHU Ta aHANI3y€ MOBEAIHKY BUXIJIHOTO MMapaMeTpy
Ha L1 TOJIi, MICJIsI 4Oro TeHEepPYIOThCS Kepyroul Aii, sSKi HaOJMKaloTh BUXIIHE
3HAYEHHS /10 eKCTpeMalibHOro 3HaueHHs. [Ipouec Oe3nepepBHMIT 1 BUKOHY€ETHCS

JyaIe 3a 10I10OMOI'0r0 3BOPOTHOT'O 3B'}13Ky.
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OntumanbHa cuUcTeMa € OUIbII CKJIQJHOK Bapiali€lo eKCTpeMalbHOT
cuctemu. TyT, 3aramom, BiOyBaeTbcs KOMIUIEKCHA 00poOka iHdopmarii mpo
XapakTep 3MIHM BHUXIJHUX 3HA4Y€Hb 1 30ypeHb, MPO XapaKTep BILUIUBY KEPYIOUUX
3MIH Ha BUXI1JHI 3HAYEHHS MOXJIMBO 13 3a]Ty4€HHSIM TE€OPETUYHOT Ta €BPUCTUYHOT
iHpopmarii. HasBHICTP 0OOYMCIIOBANBHOI TEXHIKM € OCHOBHOIO BIJIMIHHICTIO
eKcTpeMalibHUX cucteM. Lli cucteMu MOXYTh 3aCTOCOBYBAaTH OYyJib-SIKHM 3 TPhOX
OCHOBHUX MPUHITUIIIB KEPYBaHHS.

B amanTuBHIN cucTeMi MOXHA aBTOMATHYHO PETYJIIOBaTH IMapaMmeTpu abo
3MIHIOBAaTH CTPYKTYPY CHUCTEMH ISl ajamnTaiii JO MIHJIMBHX 30BHIIIHIX YMOB.
ToMy  pO3pi3HSIOTH  QJANTHUBHI  CHUCTEMH, 10  CAMOPETYJIIOIOThCA 1
CaMOOPTraHI30BYIOTHCS.

1.1.4 Pi3HOBMIM CHCTeM KepPYBAaHHS 32 NPUHIUIIOM il

Hanmiuyyerbcss Oaratro BaplaHTIB CHCTEM aBTOMAaTUYHOIO KEpPYBaHHS
MalllMHaMH 3 PI3HUMHU NMPUHIIMIAMUA poOOTH Ta MeToAaMu 00poOku iHdopMaIlii.
Po3ainuty cucteMu aBTOMaTHYHOTO KEPYyBaHHS MOKHA Ha TpH rpymnu [3]:

1) 3a BUAOM TPOTrPaMOHOCIS CHCTEMH aBTOMATHYHOTO KEpPyBaHHS
BepcTaTaMu OyBalOTh aHAJIOTOBHMU, YUCIOBUMH Ta IUKIOBUMH. SIK mporpamue
3a0€3MeYeHHs y aHaJIOroBIM CUCTEM1 BUKOPUCTOBYETHCSA (PI3UYHE MOJECITIOBAHHS
KOMITOHEHTIB 00poOku. [11aGioHu, KOMiOBaIbHI anmapati BUKOPUCTOBYIOTHCS SIK
bi3uyHl cumyngaTopu (HOCIT mporpamMHoro 3abesmedeHHs). s HagaHHS
iHpopmarllii y 4MCIOBIA CHUCTEMI 3aCTOCOBYETHCS KOMOIHAIlISI YUCIOBHX KOJIIB,
IO ONKCYE HAPUCH JIeTajl Ta OCHOBHI TEXHIYHI (yHKIIII, IKi BOHa BUKOHYyeE. B
AKOCTI HOCIIB MporpaMH 3afisHi nepOCTpiuKH, MarHiTHI CTPIYKA Ta
3anmaM'siTOBYIO4l MOPUCTpPOi. Y CHUCTeMI1 IIMKJIY BCTaBHI MaHeNl, MOHTaXHI
MalJJaHYUKHU TOIIO BUKOPUCTOBYIOTHCS SIK HOCII MpOrpaMHOro 3a0e3nedeHHs AJis
BUJIIJICHHS cepii 0a30BUX IUKJIIB 1 Ha 1[I OCHOBI Il TOOYAOBU MOBHOTO IUKITY
00poOKH JleTajeil 3Ha4eHHs pyXy B OCHOBHOMY IIMKJII IPOTPaMYIOThCSI.

2) 3a 03HaKO BIUIMBY BXITHOI iH(oOpMAIll BCI CHCTEMH aBTOMATHYHOTO

KEepyBaHHS PO3MOAUIATHCS HA JIBl TPYIIU:
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— CucreMr aBTOMATHUYHOTO KEpyBaHHS, 110 BXOJSTh 1O MEPHIO TpPYyIIH,
NpaIolTh HAa OCHOBI IMOBHMX, 3aBYACHO PO3POOJIEHUX MpOorpam KepyBaHHS.
BHecenHs 10 HMX 3MIH YM BUIIPABICHb HE JOMycKaeTbes. Lls rpyma Bkirouae
CUCTEMH KEpYyBaHHS PO3MOAIILHUM BajoM, KOIIIOBaHHS, CUCTEMHU KEpyBaHHS
IUKJIOM 1 JIeSIKI CHCTEMU YHCJIOBOTO IIPOrPaMHOTO KEpYBaHHS.

— CucreMr aBTOMATHYHOTO KEpPYBaHHS, IO BXOJITh 10 IPYroi TpymH
MpaloTh Ha OCHOBI HEMOBHUX BXIJHUX JaHUX a00 JMaHUX, sIKI MOXYTh OyTH
3MIHEHI B TIpolieci OOpoOJICHHS Ha OCHOBI 3aJIydeHHS IOTOYHOI TEXHIYHOI
iHpopmalii TpoO  KOHTPOJBbOBAHWUW TPOIEC 3 METOI  YJIOCKOHAJICHHS
TEXHOJIOTIYHOTO 00poOieHHsT 3arotoBku. Llg rpyma BKIIOYa€E CHUCTEMH
KepyBaHHS, B SKUX ONTHMalbHE KEPYyBaHHS. 3MIMCHIOETHCS IUIIXOM 3MIiHHU
KEPYIOYUX BIUIMBIB; JOCSITAETHCS 3MIHOIO 3HAUYCHb MOKA3HUKIB CUCTEMHU MallliHA-
NpUIaAN-IHCTPYMEHT-3ar0TOBKA; BUKOHYETHCS ~ 3MIHOIO  TOCJIJIOBHOCTI
BUKOHAHHS KEPyBaHHS.

3) 3a HasBHICTIO 3BOPOTHOTO 3B'A3KY CHUCTEMU aBTOMATUYHOTO KEPyBaHHS
MOIJIIFOTHCS HA PO3IMKHEH1 Ta 3aMKHEHI.

Y pos3iMKHeHIH cucteMi (auB. puc. 1.5) iCHye mumie OJWH KaHal
HAJXO/DKeHHS 1H(OpMallii Bil TporpamMu KEpyBaHHS 10 omneparlii o0poOku aetaii,
3aBJSIKM SIKOMY 1H(OpMaIlisl 3aHECeHa 10 MPOTPaMOHOCIsS MEPelaeThCs Ha JAETAllb.
3BepTaeMo yBary Ha Te, IO y Iii CUCTEMI HEMa€ MEPEBIPKU PEATHHOTO CTaHY
BUKOHYIOUOTO OpraHy. SIKicTb BHKOHaHOI poOOTHM Oyne 3ajexard BiJi TOYHHX

nepealounx pyxiB MEXaH13MiB.

Kepyroua [Iporpamo- Kepyrounii Bukonasuuit IIpouec
nporpama HOCIH MpUCTPIK MIPUCTPIN 00pOOKH

O O

Pucynok 1.5 — Po3iMkHeHa crcTemMa aBTOMAaTHYHOT'O KEpYyBaHHS
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Cucrema 3 po3noAUTLYUM BaJIOM, KOIIIOBaIbHA MEXaHIYHAa CUCTEMA, CUCTEMU
YIIK 3 MmaxoBUM IPOBOJIOM MOJa4i € PO3IMKHEHUMH CUCTEMaMU KepyBaHHS.

3aMKHEHI CHCTeMH 3aCTOCOBYIOTH JEKUIbKa KaHaiB HaJaHHS 1HQOpMaIlii,
IIPU YOMY OJMH 3 HUX € MPSIMUM, a IHIII € JOJAaTKOBUMM KaHajamMu 1HGopMallii.
3aMKHEHI CHCTeMH MOYKHA PO3JIUIUTH Ha JIBa BUIM:

1) Cuctema KepyBaHHS 13 3BOPOTHUM 3B‘SI3KOM 32 MOJI0KEHHSIM BUKOHABYOTO

oprany (auB. puc.1.6).

Kepyroua ITporpamo- Kepyrounii BukonaBuwmii ITporec
mporpama HOCIH MPUCTPIN IpUCTPIi 00poOKH

-

4

Pucynok 1.6 — 3aMkHeHa cucTemMa KepyBaHHS 3 MOJIOKEHHSIM BUKOHABYOTO

oprany

J1o 1bOTO BUAY CUCTEM BXOJATH BIJICTEXKYIOUa CUCTEMA KOIIIOBaHHS, CUCTEMA
UIIK 3aMKHEHOTO THILy.

2) Cuctema KepyBaHHS 13 3BOPOTHUM 3B’ SI3KOM 32 TIOJIOKEHHSM 1 3 HasIBHICTIO
JATYMKIB BUMIPIOBAHHS MTapaMeTpiB Ipolecy oOpoOKH AeTall Jjisl BHECEHHS 3MIH 1
KOPUTYBaHHS MPsAMOro KaHaiy iHdopmartii (mus. puc.1.7).

Jlo 1mporo BHUAY CHCTEM BXOJATh CHCTEMHM YHCIOBOILO MPOrPAMHOIO
KepyBaHHS, SKI MICTATh JOJATKOBI OJIOKH, 110 BUPIIIYIOTh MUTAHHS OMTHUMI3AIli

npoiiecy oOpoOIeHHS JeTat.
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TIAK
Kepyroua I[Tporpamo- Kepyrounit S BukonaBuwmii ITporec
mporpama HOCIH HPUCTPIit PUCTPIit 00poOKH

-

33

. —

33

Pucynok 1.7 — 3aMKHeHa cucTeMa aBTOMaTHYHOI'O KEPYBAaHHS 32 MOJIOKEHHIM

BUKOHABYOI'0 OPraHy 1 KOHTPOJIEM apaMeTpiB MPOLECY pl3aHHS

Koxna 13 cuCTEM aBTOMAaTMYHOTO KEPyBaHHS MICTUTh MPHUCTPOI, IO
OB’ s13aHi 3 KOHKPETHUMH POOOYMMH OpraHaMu Bepcrarta [3].

JlocuTh pO3MOBCIOJKEHA Yy MalIMHOOYAyBaHHI CHUCTEMa KepyBaHHS 3
pO3MOAiNbHUM BajioM. BoHa Mae 0araro TO3UTUBHMX MOMEHTIB, NPU UYOMY
TOJJOBHUM € 3HAayHA IIEHTpami3ailisi [aBadiB-KyJakKiB, 10 pO3MIIIEHI Ha
pPO3MOIILHOMY Baly, a)ke UM 3IMCHIOETHCS YITKA CHUHXPOHI3aIlisl HaJaHHS
CUTHAJIIB KEPYBAHHS [l IPUBEACHHS B pyX poOOYMX OpraHiB MamuHu. Pobouunit
OpraH MOYMHA€ BUKOHYBATH HEOOXITHI PyXH MICIS PO3paxyHKy Mpodisito KyJadyka
(migHIMaHHSA, CcnyckaHHs). Takok Kyjnadukd, 3 OyIOBOIO SIKHX MOXKHA
o3HailomuTucs Ha puc. 1.8, kpiM Kepyroouoi (QyHKIIi, 32 JOMOMOTOI BaXKeiB

3MIICHIOIOTH MEPEMIIIIEHHST POOOYNX OpraHiB BepcTaTa
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1 — xyna4ok; 2 — po3noaUIbHUM Baj; 3 — MpykuHA; 4 — IEpeIHIi CynopT;
5 — 00po0OIIOBaHa 3aroToBKa; 6 — 3a/HIN cynopT; 7 — OalaHCUp-BaXk1JIb; 8 — HIXK

Pucynox 1.8 - KymnaukoBuii MexaHi3m:

JlaHa cuctema XapaKTepHU3YEThCS HAIIMHICTIO, HA/Ia€ MOXJIMBICTh 3aBUYACHO
MPOBECTH PO3PAXyHKU T4 B KOHKPETHUH MOMEHT 4acy BUKOHATH POOOYUM IUKII
PI3HOTO CTYIEHS CKJIAIHOCTI. AJieé CUCTeMa TaKOXK Ma€ HEIOJIK — II€ BIJICYTHICTh
3BOPOTHOTO 3B'sI3KYy, TOOTO CHUCTEMa PO3IMKHEHA, 10 MPU3BOAUTH 10 HAraJIbHOI
noTpeOM 3HAYHOI KIIBKOCTI TEPEBIPOK TOTOBUX JE€Talell s CBOEYACHOTO
oOciyroByBaHHsI BepcTaTy. POOITHHK-Halag4uK Ma€ MOXKJIUBICTh OTJISIHYTH
HeBeJIMKe ynciio Takux maruH (He Oimein 10) [3]. TToTpiOHO BpaxoByBaTH, IO Ha
NepeHaNallTyBaHHsl BepCTaTy Ha IHINY JeTalb MOTpiOHO Oarato yacy, 1 TOMy
CUCTEMA 3 PpO3MOAUTHHUM BaJiOM 3MIMCHIOETHCS TP KPYMHOCEPIHHOMY 1
MacoBOMY BHpOOHUIITBI. 11006 mprcKopuTH TepeHaNamTyBaHHS! BUKOPHUCTOBYIOTh
MPUCTOCYBAaHHS, IO JO3BOJSIOTH 3MIHUTH HampsiM pyXy poOodoro oprany, He
3MIHIOIOYH KyJladku. TakoX y cepiiHOMY BHPOOHHIITBI MOKHa 3aMIHUTH BECh

0JIOK KyJIauKiB 3 PO3MOAUIBHUM BaJIOM.
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[Ipu 3acTocyBaHHI CUCTEMH KEpyBaHHS 3 yIIOpaMu HEOOX1JIHO 3a3HAYUTH, 1110
yIop, SIKUH € MPOTPaMOHOCIEM, MOTPIOHO 3aKPINUTH Y MEBHOMY IOJIOKEHHI Ha
Bepcrati [3]. [lomawa koMaHaM Ha 3MiHY HampaBlIeHHS a0O WIBHIKOCTI PyXy
BIJIOYBAETHCS Y BUMAJAKY HAOIMKEHHS PyXOMOI YaCTMHHM MAIIMHU 0 yHOpy, MpU
IIbOMY 3IHCHIOEThCSI 3yIMUHKA BepcTaTa. Jluimie ToAl BHUKOHABYI MEXaHI3MHU
BUKOHAIOTh 3MIHY PYXYy YaCTUH MaIllUHHU.

PerynioBaHHsl HapsSIMKy PyXy CTOJIa 10 MOro peBepca 3a JA0MOMOTrol0 YIopiB
3MIHCHIOITh Ha InTidyBaibHOMY Bepcerati (auB. puc. 1.9). IlepeBaramu cucremu
KepyBaHHA 3 yIOpaMU € JHUCTaHIlIiHE KepyBaHHs, MpocTa OyaoBa KOHCTPYKIII,
HU3bKa BapTiCTh. HeOOXiAHO BIAMITUTH, WIO0 BIJICYTHICTH 3MOTH KEpyBaTu
PO3MIILIEHHAM BHKOHABYOI'O OpraHa MijJ 4ac MOro MepeMIIIEHHsS CTBOPIOE IEBHI
CKJIAJHOIIl TpPH CHHXPOHI3allli BUKOHAHHS KOMaHJ I JEKUIBKOX POOOUYMX
NOPUCTPOIB 1 € 3HAYHUM HENOJIKOM JIaHOI CHUCTEMH KepyBaHHS. 3ampOrOHOBaHY
CUCTEMY KEpyBaHHS PEKOMEHIYIOTh 3a1STH MPU HE3HAYHIA KUIBKOCTI POOOYMX
OpraHiB, HapUKJIAJ IpH aBTOMAaTH3alli YHIBEpCAIbHUX BepcTariB. [JaHy cucremy

BUKOPUCTOBYIOTh Ha aBTOMAaTUYHUX JIHISX.

1 2 3.4

7/ / Y,
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1 — ynop; 2 — BUCTYII BaxKeJsl, IKMUM HaTUCKA€E HA yNop; 3 — roJioBKa Bakelis;
4 — Bax1JIb

Pucynok 1.9 - KepyBanHs 3a 701TOMOT0I0 yHOPiB:
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VY cucremi KepyBaHHS 3 KOMipaMH MPOTPAMOHOCIEM € KOmip (3 IjIacTMacH,
CTaJleBHI), IO PO3MIIIYEThCS Ha BepcraTi. HampsMok pyxy poOodoro oprana
MAIllMHU BUKOHYETKCS 3T1IHO mpodiss kormipa [3].

KomitoBanbHi cuCcTeMH KepyBaHHS AUISITHCS HA JIB1 TPYIIH:

[lepmra rpyma. Komip MimmHO 3akpirjieHH Ha poOOYOMY OpraHi MaliuHU 1
nepeMilnye By30J 3 1HCTPYMEHTOM Ta MEXaHI3M Iojadi 3a OJiHi€el0 abo JaBOMa
KOOpAMHATaMU. B JaHOMY BHITaJIKy pyX 3a JIPYrol0 Ta TPEThOK KOOpAMHATAMH
3MIACHIOETBCS MEXaHI3MOM II0adl MAaIlWHHA. 31 CXEMOKO CHJIOBOi CHCTEMHU
KOIIIOBAJILHOTO KEPYBaHHS MOXKHA 03HaioMmutucs Ha puc. 1.10.

Hpyra rpyna. Konip 3xiiicHIoe nuiie nepenadl iHpopmailii Ta Hece He3HAUHe
HAaBaHTAKCHHA. BIIMB Ha HampsiM pyxy BUKOHYIOTH BIJITOBITHUHN ITEPETBOPIOBAY 1

CUJIOBHUY TIPUBI1JI MAIIMHHU.

1 ca

1 — nerans, sika 00poOIsieThCs; 2 — Ppe3a; 3 — poiuK UIyna, SKUil 3B’ 13aHuH 3
HMIMUHACIBHOI 0a0Ko10 (hpe3epHOTo BepcTaTa; 4 — KOomip; 5 — mpuBoJ ogaqi
cTona

Pucynok 1.10 - Cxema cus10BOi CHCTEMH KOMIIOBAJIbHOT'O KEPYBAHHS:

Jlnst cucteMu KepyBaHHS MepuIoi TPyHU peakiiisl Kolipa Ha BIUIMB MOJadi

iH(opmarlii MOBUIBHA 1 1€ MPU3BOAUTH JO 3HWKEHHS TOYHOCTI OOpOOJICHHS
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NOJANbIINX 3aroToBoK. CucremMa Mae crajeBui, TepMOOOpPOOJIEHUN KOIp, SKUN
XapaKTePU3y€eEThCsS BHUCOKOIO 3HOCOCTIHKicTIO 1 MminHicTio [3]. g cucremn
KEepyBaHHS JPYroi TPy KOMip He TOTpeOdy€e 3HAYHOI MIITHOCTI Ta 3HOCOCTIMKOCTI,
Mae MpOoCTIITy OyI0BY, HM)KUY BapTiCTh Ta BUCOKY TOUHICTh OOpOOJICHHS JIeTaJICH.
BUKOPUCTOBYIOTh TakOk KOMOIHOBaHI cHMCTeMHU KepyBaHHS. J[0 HUX BIOHOCATHCSA
MMHEBMOT1/IPABIIIYHI, TIiApaBIidHl, €JEKTPHYHI, €JeKTpOMEXaHiuHi, KOMOIHOBaHI
€JIEKTPOTIAPaBIIIYHI KOMIIOBAJIbHI CUCTEMHU. Y KOMOIHOBAaHUX CUCTEMax KepyBaHHS
(muB. puc. 1.11) mym 5, mo TOMIIIEHWH y KOMaHIHWHA 3aJal0uMii MEXaHi3M
KOITIIOBaJIbHOI TOJIOBKU 4, TIepeMillaeTbes 1o Koripy 6. [Ipu nboMy cTin Bepcrara
BUKOHYE PyX 13 HE3MIHHOIO 3aJaHo0 mojadero S3afa. Illym 5 B 3anekHOCTI Bij
KyTa NpoQuI0 Komipa 0L OTpUMYE MoAady Scil., IKa MMepeJacTbCsl Ha THCTPYMEHT 1
BUKOHABYMM OPraHOM — CHJIOBHUM JBUTYHOM 2. Yepe3 3BOpOTHMII 3B’A30K 3
BEPTUKAJIILHUN PyX BUKOHABYOTO OpPraHa 2 MUTTEBO MEPENAETHCS KOIMIIOBAIBHIN

rososi 4.

Pucynok 1.11 - Cxema BiACTEKYI04O0i KOMIOBAJILHOI CUCTEMU

VYHiBepcalbHUN BEpCTAaT MOXXKE MaTH CHCTEMY KepyBaHHsS 3 BOYIOBaHUMH
komipamu. [lpu BUKOpPUCTaHHI JaHOI CHCTEMH 3JIMCHIOETHCS  IIBUJIKE
NepeHaNATyBaHH MAIIMHA Ha OOPOOJICHHS APYTHX 3arOTOBOK, aji¢ HETOIIKOM €
3HAaYHa BapTICTh BUPOOHUIITBA KOMIPIB Ta 3/IaTHICTh aBTOMATU3YBATH JIMIIIE POOOUl

XOJIH.
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1.2. KopoTka TexHiYHA XapaKTepHCTHMKa i ONHUC OCHOBHHX BY3JiB
BepcTarTa

Bepcrar 2M57-2 € yHiBepcalbHUM METaJI000pPOOHUM BEPCTATOM, SIKUH
HIMPOKO BUKOPUCTOBYETHCS Y BUPOOHUUUX MIIMPUEMCTBAX JJIsI PI3HUX Olepalii 3
00poOKku MmetaneBux BUpoOiB. OCHOBHI TEXHIYHI XapaKTEpUCTUKU BepcTara
2M57-2 Bxao4aroTh [5]:

Tun BepcTaTa: yHIBepCcallbHUN BepCTaT.

MaxkcumanbHuil JiaMeTp OoOpOOKHM: 3alieKHO BiJ] KOHKPETHOI Moaudikarii,
3a3Bu4ail 10 570 Mm.

MakcumanbHa JOBXKHHA OOpPOOKHM: TaKOX 3aJIeXHO BII MoAudikamii,
3a3Buyail 10 2000 mMMm.

[lenTpanbHa BUCOTA BepcTarta: MPUOJIM3HO 285 MM.

[1oTy>HICTh TOJIOBHOTO NPHUBONY: 3aJEXKHUTh BiJ KOHKPETHOI MoAuQIKali,
3a3Buyai B gianaszoni 7.5 — 11 xkBT.

[[IBUAKICT, TOJOBHOTO IIMUHJIEIA: MAa€ JEKUJIbKa PEXKHUMIB IIBUIKOCTI,
3a3Buuaii 811 20 1o 1600 00/xB.

Tun mnuuaens: nocaakoBui mnuHaens DIN 55027.

Konyc mmunnensa: Mopse 5.

Bara Bepcrara: 3ayexxuth Big Moaudikaiii, 3a3suuait B niama3oni Big 2500 mo
4000 «kr.

Bepcrar 2M57 mMae HacTyITHI OCHOBHI BY3JH [5]:

— CraneBa OCHOBa, Ha SKiM pO3TalIOBaHI BCi 1HII BY3JIM BepcTaTta.
JloxxemeHT 3abe3mnedye cTaOlIbHY MIATPUMKY 1 )KOPCTKICTh BCi€T KOHCTPYKIIIi.

— T'onoBna mmuuaens: lle ronoBHuii o0epToBMIA Bayl BepcraTta, SKAN
BUKOHYe 00poOKy neraneil. IInuupens 3a0e3medye oOepTaHHA pi3usg  ado
IHCTpYMEHTY, HEOOXimHOro s o0poOku wmetamy. IlBuakicte oOepTaHHS
HINUHAE MOXe OyTH perysibOBaHa 3aJI€KHO BiJl BUMOT 0OpOOKHU.

— Cranuna: Lle xopcTKUil MeTalIeBUI KapKac, SKUW yTPUMY€E JI0)KEMEHT Ta
iHIT1 By31u Bepcrara. CTaHnHa 3a0e3nedye cTabUIbHY MiATPUMKY Ta aMOPTH3AIIIO

BiOpariiii mijg yac podoTu BepcTarta.



28

— Kapertka: Lle pyxoMa KOHCTpPYKIIis, SIKa IEPEMIILYEThCS B3/10BK CTAHUHH 1
MICTHTh 1HCTPYMEHT sl 00OpoOKu neraned. Kaperka Moxke MaTu pi3HI PEKUMHU
pYXy, TaKl sIK 1Mojaya i TOBepHEHHS.

— By3on, skuii [103BOJIs€ pEryNIOBaTH KyT HaXWiay IHCTPYMEHTY st
BUKOHAHHSI PI3HUX OMeparlii, Takux K Hapi3aHHs pi3bou abo Ppe3epyBaHHS.

— MexaHni3M 3 pi3HUMU HIECTEPHSIMHU, IO JT03BOJISIE PETYIIOBATH IBUIKICT
oOepTaHHs MIMUHIE Ta MoAady 1HCTpyMEHTY. BoHa MICTUTH Taki €IEeMEHTH, K
MyTa, MIECTePHI, BaJI 1 pi3H1 PETYISATOPH.

— EnexktpuyHuil ABUTYH, sIKUW 3a0e3Medye MpUBiA TOJOBHOI IIMUHIEI Ta
IHIIMX PYXOMUX BY3JIIB BepcTaTa.

OxpiM HaBeJEHUX BHILE TEXHIYHUX XapaKTEPUCTHK BepcTaT 3ade3rnedye
HACTYITHE.

Martepianu 06pobxu: Bepcrar 2M57-2 npusHadueHuit Asis poOOTH 3 PI3HUMU
TUIIAMU MaTepiaiiB, TAKUMH K METall, JIepeBo, IutacTuk tomo. Lle mae mmpoki
MO>KJIMBOCTI B 00pOOI11 pi3HUX BUPOOIB 1 AeTaNIEH.

HaBantaxxennss 1 moryxHicTe: Bepcrar 2MS57-2 Mae Bu3HaYeHY
HABAHTAXKYBaJIbHY 3[aTHICTh 1 MOTYXKHICTh, SIKI BIUIMBaIOTh Ha HOro poododl
MoxJMBOCTI. L 1H(DoOpMmalis gomomarae KOpHCTyBayaM BH3HAUYMTH, HACKUIbKU
BEJIMKI Ta CKJIaJIHI BUPOOU MOXKHA OOPOOJISATH Ha IIbOMY BEPCTATI.

KepyBanns: Bepcrar 2MS57-2 moxke MaTH pi3HI CHCTEMH KEpyBaHHS,
BKJIIOUAIOYU MEXaHIYHe, eJIeKTpuuHe abo mporpamHe kepyBaHHd. lle BmiuBae Ha
3pYYHICTh Y BUKOPUCTAHHI Ta MO>KJIMBOCTI HAJAIITYBaHHS pOOOYUX IMapaMeTpiB.

HasiBHiCTh 1OJATKOBUX akcecyapiB: B nesxux mopensx Bepcrata 2M57-2
MOXYTb OYTH JOCTYNHI JOJATKOBI akcecyapu, SKI pPO3IIUPIOIOTH HOTO
byHKU10HATBHI MOKIIUBOCTI. e MOXyTh OyTH Baxkei, ¢pikcaTopu, HACaJKHu TOILIO,
10 MOJIETITYIOTh 00pOOKY JeTasei Ta 3a0€3MmeuyoTh OUIbII THYYKICTh Y POOOTI.

[li momaTkoBi BIIOMOCTI JIOMOMOXYTh KOPHUCTyBadaM Kpalie OI[IHUTH
MOKJIMBOCTI Ta NPHUJATHICTh Bepcrata 2M57-2 1o iX KOHKPETHHUX BUMOT Ta
3aBnaHb. OCHOBHI TE€XHIUHI XapaKTEPUCTHKHU PajialbHO-CBEPIIMIBHOTO BepcTara

monem 2M57-2 waseneno B Tadi. 1.1.
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Tabmuisg 1.1 — OcCHOBHI TEXHIUHI XapaKTEPHUCTUKH pajiaibHO-CBEPIJIUILHOTO

BepcTaTa Mojeni 2M57-2

[TapameTpu ckia0BUX BepcTaTa Hani
Knac Tounocti, 'OCT 8-82 H
HaiiGinpmmii ymoBHuUiA niametp cBepaitinis (ctans4S5, TOCT 105074) 25
Haitbinpmmii niametp HapizatH pi3b0seHHs (cTalb 45) M16

Bunit mmunaens (BiACTaHb B OC1 IIMUHAETS 10 YTBOPIOIOYOi KOJIOHH,
BUMIPSHUN B TUIONTHHI, MTapajieJbHIM HAIpSIMHUX PYyKaBa 1 1110

IMPOXOOUTD UCPC3 BICh KOJ'IOHI/I), MM:

HaWMEHIITUH 300

HANUOIBIINIA 800
Hai6inpmmii kpyTHHI MOMEHT Ha mmuHaeni, H-m 90
Haii6inbime 3ycumsa noaayi, H 5000
[ToTy>KHiCTh TOJIOBHOTO MIPUBOY, KBT 1,5

[ToTy>kHiCTh IPUBOY HAcOCa OXOJIOKYIOUOI pianau Mojaeni [T1A-25M 0.18

VXJI4, kBt

[ToTy>XHICTh IPUBOY €IEKTPOMEXAHIYHOI TOJIBKHU 3aTUCKY KOJIOHH 0.25
]

Mojeni EM3 7921-0003, xBt

["aGapuTH1 po3mipu BepcTara, MM:

JloBxuHa 1760

Mupuna 915

Bucora 1970
Maca Bepcrarta, Kr 1250
TepmiH city>xOu BepcTaTta A0 MepIIoro KamiTalbHOrO pEMOHTY, POKIB 13

HamnpairoBanHst Ha BiIMOBY B BIJIPalibOBaHUX THUC. TOJI. 1,0
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1.3 BuMoru 0 eJ1eKTPONpPUBOAY i ABTOMATHKH

Bumorn n0 enexkTpompuBOay 1 aBTOMAaTHKU Bepctata 2MS7 MOXyTh
3aJeXaTh BiJl KOHKPETHOI Mojeni Ta BupoOHHKA. OpHAaK, OCHOBHI BUMOTH
BKJIIOYAIOTh HACTYITHE [6].

Bepcrar 2M57-2, 3a3Buuaid, mparoe BiJ €ICKTPUIHOI MEPEXi 3 HAIMPYyroro
380 B Tpudaznoro crpymy. BaxxnuBo noTpuMyBaTHCs MpaBUIBLHOTO HANPYTU Ta
dazHoro 30amancyBaHHs 11 €PEKTUBHOT pOOOTH BepcTarta.

Bepcrar ocHalieHuil e1eKTpOABUTYHOM JIJIsl IPUBOAY TOJOBHOTO IIMTHHACIS
Ta IHIINX PyXOMHX BY3J1iB. BUMOTH 710 €1€KTpOJBUTYHA BKJIIOYAIOTh MOTYXKHICTB,
4acTOTy OOEpTaHHS Ta KPYTHUW MOMEHT. 3a3BUYai, BUKOPUCTOBYIOTHCS
ACUHXpPOHH1 TpuUda3Hi €JEKTPOJBUIYHHU 3 BIJIMOBIIHUMHU XapAKTEPUCTHUKAMU IS
BUKOHAHHS PI3HUX OMeEparliil.

Bepcrar 2M57-2 wmoxe OyTH OCHAIIEHWH aBTOMATHYHOI CHCTEMOIO
KepyBaHHsA, SKa JO3BOJISIE  IpOrpamMyBaTH  IOCTIZOBHICTH  omepaimiid 1
KOHTPOJIIOBaTH pyXH Bepcrara. lle Moke BKIIOYATH CUCTEMY YHCIOBOIO
nporpamyBaHHs (CNC) a0o 1HIII TUIIA aBTOMATU30BaHUX CUCTEM KEPYBaHHS.

Bepcrar moke mMaTu maHelb KEpyBaHHA 3 KHOIKAaMH, MEpEeMUKadYaMH Ta
IHAMKATOpaMH ISl 3aIyCKy, 3YNUHKH, PETYIIOBAaHHS IIBUAKOCTI, KEpYyBaHHS
MoJ/Iauero Ta IHIUX (YHKIIA BepcTaTa.

BaxnuBo, mo0 eneKkTpompuBOJ Ta aBTOMAaTWKa BepcTaTa 3ale3rnedyBajiu
BIIMOBIAHI 3ax0aM OE3MEeKH, Taki K 3aXUCT BijJ] MEPEeBaHTAKEHHS, aBapiiHUU
3YyIMUH CHCTEMH, 3aXHCT BIJ] KOPOTKOTO 3aMHKaHHS Ta I1HIN 3aXO0aud IS
3an00IraHHs HEIIACHUM BHITaJKaM Ta IMOIIKOIKEHHIO 00JIaJHAHHS.

JlonaTkoB1 BUMOTHM 10 aBTOMATHKM Ta peKOMEHaalli juisi Bepctata 2MS57-2
MOKYTh BKJIFOYATH HACTYITHE:

HasiBHICTh cucTEMHU aBTOMaTUYHOTO KepyBaHHs: Bepcrar 2MS57-2 moxe OyTu
OCHAIIIEHUN CUCTEMOIO0 aBTOMATHYHOTO KEPyBaHHs, SIKa JO3BOJISIE MPOrpPaMyBaTH
MOCJTIIOBHICTh OTIEpalliii 1 KOHTPOJOBaTH pyxu Bepctata. lle 3HauHO monermrye

poboty Ta 3abe3reuye OUIbIY TOYHICTh Ta TOBTOPIOBAHICTDH OTEpalliid.
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InTepdeiic kopuctyBaua: I[lanens kepyBaHHs Bepctata 2MS57-2 moBuHHA
OyTH 3pO3YyMUJIOI0 Ta 3pPYYHOIO IS KopucTyBada. KHOMKH, mepeMukadi Ta
1HAMKATOPH TIOBHHHI OyTH pO3TaIIOBaH1 3pyYHO 1 MaTH 3pO3yMiJii MKTOrpaMu abo
HAaIMCH.

MoxuBiCTh  mporpamyBaHHA:  PeKOMEHIyeThCsS  MaTH  MOXJIUBICTD
MporpaMyBaTH MOCIIOBHICTh OIepallii 1 mapameTpu pyxy Bepcrata 2M57-2. Ile
JI03BOJISIE HAJIAIITOBYBATH MOTO JUIsl BAKOHAHHS PI3HUX 3aBJIaHb Ta ONTHMI3yBaTu
poIeC BUPOOHMIITBA.

30epexeHHs HalalTyBaHb: BaX/IMBO MaTH MOXIHUBICTH 30epiraTd Ta
BITHOBIIIOBAaTH HaNAIITyBaHHS Bepctara 2M57-2. lle mo3Bomsie  3pydHO
NEPEKITI0YaTUC MK PI3HUMU THUOAMU poOIT 1 30epiraTd HalallTyBaHHSA JUIs
KOHKPETHHX 3aBJIaHb.

3axyucT B NOMMWIKOBHX onepariii: PeKkoMeHIyeTbcs MaTh MEXaHI3MHU
3aXMCTy BiJl TOMUJIKOBHUX OMeEparliii, Takux sk OJOKyBaHHS MEBHUX (YHKIIH abo
MOTIePE/KYBAIbHI CUTHAIIA TIPU HEKOPEKTHUX HAIAITYBaHHSAX.

3amobiranHs TMepeBaHTaXEHHIO: ABTOMarnka Bepctata 2MS57-2 moBuHHa
MaTH CUCTEMY 3aXMCTy BiJ INepeBaHTakeHHsA. Lle Moxe BKIIOYATH MOHITOPHHT
MOTYXHOCTI, TeMIiepaTypu a00 HaBaHTa)KEHHS Ta aBTOMaTUYHE BUMKHEHHS y pasl

MCPCBUIICHHA JOITYCTHUMHX HOPM.
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1.4 Bubip poay cTpyMy i BeJIMUMHU HANIPYTH MePe:Ki ;KUBJIEHHS

Bubip pomy cTpymy 1 BETMYMHHM HAmpyrd MEpexi >KXUBJICHHS BepcTara
2M57-2 3a3BHuail 3aI€KUTh Bl BCTAHOBJICHHUX CTAHIIAPTIB €NEKTPOIOCTAYaHHS B
KpaiHi a0o perioHi, jie BiH Oy/1e eKCILTyaTyBaTHCS.

3a3Buuaii, Bepcratu 2MS57-2 mpaiooTh Big TpudaszHOro CcTpymMy, abo
3MiHHOTO cTpyMy [7]. Bimbiiicte BepctariB 2M57-2 mpusHadeHi ajas poOOTH 3
Hanpyroto 380 B. Ile cranmaptHa Hampyra s 0aratboX KpaiH, BKJIIOYAIOYH
€Bpornencbkuil coto3 1 Aeski iHm kpainu. I[IpoTte, B IHIIMX perioHax, TaKUX SK
[liBHiuHa AMepuKa, MOXYTh BUKOPUCTOBYBATHCS 1HII CTaHJAPTH HAIPYTH, TaKi
sk 440 B a6o 480 B.

binpmicte KpaiH MaroTh craHgapTHy yactoty S50 I'm a6o 60 I'm mos
esnekTporioctadans. Bepcrat 2M57-2 moxke OyTv CHpOEKTOBaHWM i Mparil 3
o0oMa 4YactoTaMu, 1 BUPOOHHMK MOKE€ IPHUCTOCYBAaTU BEPCTAT 0 BIAMOBIIHOTO
CTaHJapTy 3aJIKHO BiJl PETIOHY, B IKOMY BiH OyJI€ €KCILTyaTyBaTUCS.

Pekomenpaliii cTOCOBHO BUOOpY POy CTPYMY 1 BEJIMYMHU HANPYTH MEPEXI
KUBJICHHsSI BepcTara 2MS57-2 3aexHOo BiJi BUKOPUCTAHHS COHSYHHMX IMaHENeH 1
1HBEPTOPIB MOKYTh BKJIFOUATH HACTYITHE:

BukopucTaHHs COHSYHUX MaHenen. SIKIo BU NJIaHyeTe >KUBIICHHS BepcTaTa
2M57-2 BiJl COHSIUHUX MaHENIeW, Ba)XJIMBO BPAaXOBYBATH iX XapaKTEPUCTUKH Ta
BUMOTH 70 cucteMHu. OCKUIBKM COHSIYHI TaHeNl TeHEePYIOTh IMOCTIHHUN CTPyM
(DC), BM MoXkeTe pO3IJISHYTH BHKOPUCTAHHS MNpoMikHOro 3miHHOTO (AC)
IHBEpTOpA JIJIsl IEPETBOPEHHSI TIOCTITHOTO CTPYMY Ha 3MIHHUN CTPYM, HEOOX1THHIMA
JUTSL BepcTaTa.

Bubip iuBepropa. [Ipu Bubopi inBepTOpa 115 Bepctata 2MS57-2 3 COHSIUHUMU
MaHeIsIMH, TIEPEeKOHANTECS, [0 WOT0 XapaKTEPUCTUKU BIAMOBINAIOTH TMOTYKHOCTI
BepcTaTa i MOro eNeKTpUYHUM BHMOTaM. BakianBo BpaxyBaTH, IO IHBEPTOP
MOBMHEH MATH MOJIMBICTh TEPETBOPIOBATH TMOCTIMHUNA CTPYM 3 COHSYHHX
naHesjeil Ha 3MIHHUW CTPyM MOTPiIOHOT HAmMpyrd Ta YacTOTH, K1 BIAMOBIIAIOTH

BEpCTATy.
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[linkaroueHHsT 10 Mepexi >kuBjeHHs: Skmo Bepcrar 2MS57-2 mmaHyeTbes
BUKOPHCTOBYBaTH B KOMOIHAIl 31 COHAYHUMH TaHEISIMH Ta MEPEKEBUM
KUBJICHHSIM, PEKOMEHIYETbCSA  BHKOPHUCTOBYBAaTH  CUCTeMy  '"TiOpuaHOTro"
KUBJIeHHs. Taka cucrteMa J03BOJISIE MEPEMHUKATUCS MK COHSYHOIO €HEpri€lo Ta
MEPEKEBUM KHUBJIICHHSAM 3aJIe)KHO BiJ] HASBHOCTI COHSYHOTO CBITJIa Ta MOTpeO
BepcTaTa. 3a3BMuail 11  TaKMX CHCTEM BHUKOPUCTOBYIOTHCA  CHEIllaidbHI
KOHTpOJIEpH a00 1HBEPTOPH, K1 3a0€3MeUyI0Th TUIaBHUM Mepexia MK JpKepeaaMu
eHeprii.

[Ipu BuOOp1T poay CTpyMy 1 BEJIUYMHU HANPYTH MEPEXKI >KUBICHHS IS
Bepctata 2MS57-2 3 COHSYHUMH MaHEISIMH 1 IHBEPTOpaMH CIiJi BPaxOBYBaTH
HACTYMH1 (aKTOpH:

HowminaneHa notyxHicTh Bepcrarta. llepen BUOOpoM poay CTpyMy 1 Hanpyru
HEOOX1THO BU3HAYUTH HOMIHAJIBbHY MOTYXKHICTh BepcTtata 2MS57-2. 1le momomoske
BU3HAYUTHU BIJNOBIAHY TMOTY)XHICTh COHSYHMX TIaHeled 1 1HBepTopa JuIs
3a0e3neyeHHs €)EeKTUBHOTO KUBIICHHS.

CranmapTu Hampyr# Ta 4YacTOTH: JOCIIITh CTAHAAPTH HAIPYTH Ta YacCTOTH B
KpaiHi abo perioHi, ae OyJe BUKOPUCTOBYBATHCS BepcTaT 2MS57-2 3 COHAYHUMU
naHensimu. llepexonaiitecs, mo oOpaHl COHAYHI TaHEAl Ta 1HBEPTOPHU
HIATPUMYIOTH BiJOBIAHI CTAaHIAPTH.

MepexeBe JKHUBIEHHS. SIKIIO BepcTar IUIAHYETbCS —MIAKIIOYUTH 10
MEpEXEBOr0 JKUBIICHHS, CJiJ BpaxyBaTH XapaKTEPUCTUKH MeEpEexi, Takl sK
Harpyra Ta 4acToTa, MO0 MigiOpaTd BIAMOBITHUN PO CTPYMY Ta BEIMYUHY
Hampyru Juis Bepcrara 1 3a0e3MeYuTH MOro CyMICHICTh 3 MEPEKEBOIO
1H(PaACTPYKTYPOIO.

Po3zranryBanHsi 1 30HyBaHHS: Bpaxyiite posramryBanHs Bepcrata 2M57-2 3
COHSIMHMMHM TaHENsIMU 1 1HBepTOpaMH. B neskux kpaiHax abo perioHax MOXYTb
ICHyBaTH OOMEXEHHsI I10JI0 BUKOPHCTAHHS COHSIYHOI €HEepTii, a TaKoX MpaBuiia
1010 30HYBaHHS Ta cepTudikaiii COHTUHUX CUCTeM. J[OTpUMaHHS ITUX MPaBUII €

BOKJIMBUM 151 O€3I€UHOI Ta 3aKOHHO1 eKCIUTyaTallli CHCTEMH.
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1.5 Bu0ip cucremu ejieKTPONPUBOY, METO/IiB PeryJI0BaHHS IIBUIAKOCTI
Ta rajJibMyBaHHS

[Ipu BuOOpI cHUCTEMH ENEKTPONPUBOIY MJIs CBEPAIMIBHOTO BepcTaTa
HEOOX1JITHO BpaxoBYyBaTH KuibKa (akTopiB, 100 3abe3neuntH eGEeKTUBHY Ta
HaiiHY po6oTy. OCh KiJIbKa KIIFOYOBHUX aCMEKTIB, sIKi BAPTO BPaXOBYBAaTH:

—  Tun pobiT Ta BUMOTH: PO3IIISIHBTE, KM THI CBEPJUIIHHSA BH OyjeTe
BUKOHYBATH Ha BEpCTaTi 1 SKI BUMOTH JI0 HIBUIKOCTI, KPyTHOIO MOMEHTY Ta
TOYHOCTI y Bac €. Hanpuknan, sIKio Bam moTpiOHI BUCOKI MIBUIKOCTI CBEPAJIIHHS,
MOKe OYyTH JOIIBHO 00paTh CUCTEMY 31 3MIHHOKO MIBUAKICTIO 200 1HBEPTOPHHI
MIPUBI.

— MoxnuBocTi  BepcTaTa: INepeKkoHaiTecs, 1m0 oOpaHa cucTeMa
CJICKTPONPUBOAY CYMICHA 31 CBepUIHIIbHUM BepcTaToM. [lepeBipTe Horo BXijH1
napamMeTpu, Takl SK Hampyra >KHUBJICHHS, MOTY>KHICThb, (Da3Hl XapaKTepUCTUKH
TOIIO, 1 3a0e3neure, o0 BUOpaHa cucTeMa BIMOBIIalIa IUM BUMOTaM.

— Tun mnpuBOoxy: ICHYIOTH PI3HI THUIH €JIEKTPONPHUBOIIB, TaKl SK
noctiitauit ctpym (DC), 3minauii ctpym (AC) abo ribpuani cuctemu. KoxeHn 3
MX THUIIB Ma€ CBOi nepeBaru ta oomexxenHs. Hanpuknan, npusoan DC MoXyTh
3a0e3nevuyBaTl BHCOKHI KPYTHHUM MOMEHT NPHU HU3BKHUX MIBHUAKOCTSX, TOMl SIK
npuBoau AC 3a3Bu4ail € OLIBIIT TIOCTYITHUMH Ta MPOCTUMHU Y BUKOPUCTAHHI.

—  KoHTpons Ta aBTOMaTH3allif: PO3MJIIHHTE MOXJIMBOCTI KOHTPOJIIO Ta
aBTOMaTH3allli cUCTeMH eNeKTpornpuBony. Hampukman, uym moTpiOHE Bam
MOKJIUBICTh TIPOTPAMYBAaHHS PEXKHUMIB POOOTH, PETyJIIOBAaHHS IIBHIKOCTI a0o

1HTerpars 3 IHIIMMUA aBTOMaTUYHUMU CUCTEMaMH.

BucHoBok 3a po3aijiom 1

[IpoBeneHO MOPIBHSIBHUI aHAJ3 CUCTEM KEpyBaHHSI BEpCTATIB CBEPUIMIIBHOT
rpynu Ta BHU3HAYCHO OCOOJMBOCTI BEPCTATIB-aHAJIOTIB, KOTPI JIO3BOJISATH
MOJIEpPHI3YBaTH JOCIIP)KYBaHUHN BepcTat. 3’1COBAHO 0COOIMBOCTI BUOOPY CUCTEMU

€JIEKTPOTIPUBO/LY, METOIB PErYIIOBaHHS MIBUAKICTIO i rajbMyBaHHS.
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2 PO3PAXYHKOBO-TEXHIYHA YACTHUHA

2.1 Po3paxyHOK NMOTYKHOCTi eJIEKTPOJABUIYHIB Ta iX BHOip

2.1.1 Po3paxyHOK NMOTY:KHOCTi IBUTYHA T'OJIOBHOTO PyXy Ta BHOip iioro
3a KaTaJI0roM

Jlano: Bepctat mojeni 2M57-2.

Buxigni maHi 10 MPOEKTY: MEPEBIPUTH MOXKJIUBICTH 0OPOOKH HACTYITHOTO
TEXHOJOTTYHOTO MPOIIeCY: CBEPATIHHSI HACKPI3HOTO OTBOpY AiamerpoM D =5 MM
Ha rmouny | = 20 MM,

O6poOmoBansHuit MaTepian — ctainb 40X 13 Mekero MIIHOCTI o, = 700 MIla

(=70krc/MM%); 3ar0TOBKA — POKAT rapsdeKaTaHHi.

Bug o6pobku — 00poOka yopHOBa.

Bu 0xo01keHHS — 0XOJIOIKEHHS EMYJIbCIETO.

Pikyunili 1HCTpYMEHT, SIKU BUKOPUCTOBYETbCSA — CBEPIJIO [1aMETPOM
D = 5 MM 13 po00o4OI0 YacTHHOIO 3 MBUIAKOPIKY4uoi ctam P18 mms ob6pobku
KOHCTPYKIIHHOI cTaii i3 o, =85—-90 kre/mm’ [9].

['eoMeTpuYHI €JIEMEHTH PIXKYy4Oro IHCTPYMEHTY: (popMa 3aTOUYKM — MO/IBiitHA
13 T TOYKOK TnomepeyHoi KpoMku 1 crpiukum  JIUJI; kxytm cBepisia
20=118";2¢, =70°;y =40...60°;ipu  cTaHAapTHOMY 3aTodyBaHHI y =55%a =11,
VY crangaptHux cBepAu alamerpom D > 10 mm i1t 0OpoOKHM KOHCTPYKLIMHOIL cTani
=30°[5].

BuxopuctoByroun BUXigH1 JaHi, IPU3HAYHNMO PEKUM Pi3aHHS.

1) Jna cepmiinHA cram ¢ op < 80krc/MM? Ta giaMeTpi cBepaia 5 MM,
nomada S, = 0,45 — 0,55 MM /06. ITonpaBouni koedilieHTH Ha TIoAYY JIJISI 3a/IaHUX
YMOB OOpOOKHM PIBHI OAMHUII, TaK SIK 3/IHCHIOETHCS CBEPAJIIHHS OTBOPY 3 MOJIEM
nomycky mo H12 B sxopcTkiit 3arotoBii mpu riubusi ceepatinas [ < 5D(D < 5+

D, 20 < 25). Ilpuiimaemo cepesiHe 3HaueHHs aiana3on S, = 0,5 MM/006, [5].
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Kopektyemo momauy 3a macmopTHUMH AaHUMH Bepcrarta: Sy = 0,125 mMm/00.
[TpoBipsiemo MpUIHATY MoJady MO OCHOBIM CKJIaI0BOIO CHIIOKO pi3aHHS, Py, H, 3a

dopmyoro (2.1) 3 [9]:
Py=C,-D%-S)7 K, (2.1)

ne C,— KoedimieHT y GpopMyiti 0CbOBOT CUIM NP CBEPIUIIHHI IS CBEPUICHHS
KOHCTPYKIiHHOI cTami 3 o,=700MIla (=70krc/Mm®)  iHCTpyMEHTOM 3

IIBUAKOPLKYYOi cTaii (Uit CBEPA 3 MIITOYEHOI0 IEPEMUYIKOI0), C, = 68;

d,¥,— MOKAa3HUKHU CTENeHl y (HopMyJii OChOBOI CHJIM MPHU CBEPJIIHHI, IS
CBEpUTIHHS KOHCTPYKIIHHOI cTam 3 o, =700MIIa (=70xrc/MM°) iHCTPYMEHTOM 3
IIBUAKOPLKYYOI cTal (1)1 CBEpJI 3 MATOYEHOIO IIEPEMUUKOI0), (,= 1; y,= 0,7;

D — niameTp cBepaiia, MM;

S — moj1aya, MM/00.;

K, — monpaBo4yHuii KOe(ILIEHT HA CUILY P13aHHS.

BupaxoByemo momnpaBouHHil KOE(IIIEHT HA OChOBY CKJIAJIOBOI CHJIM Pi3aHHS

Kp = Kin,,, A 00po6KH KOHCTPYKIiiHOI cTani 3a hopmyIoto (2.2)3[9]:

Kmp = (%)np , (2.2)

Je o,— Mexa MIITHOCT1 00poOroBansHOTO MaTepiainy, MIla;

N, — IOKa3HUK CTENEeHl IMpU Marepiajl pLKYydoro IHCTPYMEHTY, Ul

KOHCTPYKLIHHOI cTaii 3 o, =700 MIIa (=70krc/mMm?), np=0,75.

70
Knnp = (2)"™ = 0,93%7° = 0,95

P, =68-5-0,125%7-0,95 = 753 H.



37

3niCHIOEMO MEePEBIPKY BUKOHAHHS YMOBH 3a GopmyJioro (2.3) 3 [9]:

Py <P, (2.3)
ne Py — 3Ha4YeHHs OCHOBOI CKJIAJ0BOI CHJIM PI3aHHS, JOMYCTUMOI MEXaHI3MOM
rmoJjiaui;

Pnax — MakcMMalbHE 3HAYCHHS OCHhOBOI CKJIAIOBOT CHJIM  pi3aHHA,

JOMyCTUMO1 MeXaHi3MOoM Togadi Bepcrara 2M57, P, = 32000 H.

Tax six 75,3 < 32000, To Ha3HayeHa nojaya S, = 1.6 MM /06 qomycTruMma.

2) Haznauaemo mnepion cTidkocTi cBepaia, T, xB. 3 [9]. Jlus cBepana
miametpoMm D = 5 MM mnpu 00poOili KOHCTPYKIIMHOI cCTalli CBEPIJIOM 3
HIBUIKOPIKYYOI cTall pekoMeHAyeThes nepion criikocti T =50 xB. Jlomyctumuit
3Hoc cBepama n3 =0,8..1,0 MM (mns  oOpoOku  cTayni  CBepAJiaMH 3
HMIBUIKOPLKYYOi ctani, D >20Mm).

3) UIBuakicTh v,, M/XB., TOJOBHOTO PyXy pi3aHHS, IO JIOMYCKAEThCS

PLKYYHMMU BIIACTHBOCTSIMH CBEp/IjIa BU3HaYaeMo 3a (popmyioro (2.4) 3 [9]:

Cquv

Uy = W K,, (2.4)

ne Cv — xoedirieHT y ¢popMyIti MIBUIKOCTI Pi3aHHSA, SIKA JOMYCKAETHCS PIKYUYUMU
BJIACTUBOCTSIMU CBEpPJJIA, JUIsl CBEPJJIIHHS KOHCTPYKIIMHOI cTam 3 o, =700MIla
(=70krc/mMm?)  cBepIoM aiamMeTpoM D = 5 MM i3 pOGOYOI UACTHHOK 3
mBUAKOPDKYdoi ctami P18  ams  oOpoOkuM  KOHCTPYKIIAHOT — cTanmi 13
o,=85-90 Kre/Mm, pu s>0,2 Mm/00: Cv=9,8;

Qv My, Yy, Xy — TOKa3HUKH CTEeNeHi y (opMysi HMIBUAKOCTI pi3aHHS, sKa
JOMYCKAEThCA ~ PDKYYMMH  BJIACTUBOCTSAMH  CBEpAJa, JUIS  CBEPJIIHHSA
KOHCTPYKIIHHOI cTam 3 o, =700 MITa (=70krc/Mm®) cBepaIoM giamerpoM D=5 mm

13 po60YOI0 YACTUHOIO 3 MIBUAKOPIKYYOi cTani P18 ayis 06poOku KOHCTPYKLIHHOT
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cTaii 3 o,=85-90 KFC/MMZ, npu s>0,2 mm/06: Cv=9,8; q,=0,4; m,=0,2; y,=0,5;
X,=0;

T — mepiox cTIWKOCTI CBEep/Ia, XB.;

t — rmmbuHa, MMm;

S — mojava, Mm/3y0;

d — miamMeTp IHCTPYMEHTY, MM;

K,— TIOTIpaBOYHUMN KO€(IIIEHT Ha MBHUAKICTh TOJOBHOTO PyXY pi3aHHS.
BpaxoByemo mompaBouHi KOEQII€EHTH Ta IIBHUIKICTH TOJOBHOTO PYXY

pizanns K, , 3a Gopmyinoro (2.5) i3 [9]:
75
K, = Cm ()™ 25)

Je o,— MeXa MIIHOCTI 00po0IroBaibHOTO Matepiany, Mlla;

Ny — TMOKa3HUK CTENEHI NOpH Marepiaial piKydoro I1HCTPYMEHTY, IS

KOHCTPYKIIHHOI cTali 3 o, = 700MITa (=70xrc/mm?), n,=0,9.

75
K, = 1G5)"° = 1,07°° = 1,065

Tak sk 3HaueHHs Koe(illieHTa Ta MOKA3HUKIB CTeneHi (GopMyIIH JIJisi CBEepia
3 MBUIAKOPIKY4YOoi ctanmi P18, sika mpakTWYHO PIBHOIIHHA MIBUIKOPLKYYIN cTami
P6MS5; monpaBouHuit KoedilieHT, BpaXxOBYHOUMA TIMOUHY cBepaIiHHA K |

NpUAMAETHCS B 3aJIEXKHOCTI BiJl BIHOIICHH, 3a popmytoro (2.6) 3 [9]:

Kl = - (26)

l
D

ne D — niameTtp piKydoro iHCTpyMEHTY;

| — moBxMHa MOBEpPXHI AT, IKY HOTPiOHO 00OpPOOHTH.
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20
Tax six, K =?=4,TOKlv =1.

BupaxoByeMo 3araibHuUi MonpaBoYHUN Koedili€HT Ha IIBUIKICTH pi3aHHS,

K,,, SIKWif BpaxoBY€e BiMIHHOCTI Bijl TAOJHMYHUX YMOB pi3aHHS 32 GopmyIoro (2.7)
3 [9]:
Ky, = K, Kn,Ki,» (2.7)

ne Ky, — KoedilieHT Ha AKICTH 00pOOIIIOBANBHOIO MaTepiaiy, [5];
K, — Koe}ilieHT Ha IHCTPYMEHTAIbHUI MaTepial, [S];

K;, — xoedimient, BpaxoBye riOUHy CBEpIUIIHHS, [S].
K,=1,065-1-1=1,065.

. 98-5%
~ 5002-0,12505

Uy, -1,065 = 25,6 m/xB.

1 . .
4) BupaxoByeMO 4YacTOTy OOEpTaHHs INIMUHACISA, N, XB , IO BIANOBIIAE

3HAWICHIH IBUKOCTI TOJIOBHOTO PyXY pi3aHHs 3a ¢opmysioro (2.8) 3 [9]:

n =22 yp-1 (2.8)

D

€ VU, — WBUAKICTb TOJOBHOTO PYXy pI3aHHS, L0 JOMYCKAETHCS PLKYUYUMHU
BJIACTUBOCTSIMU CBEpPJIJIa, M/XB.;

D — niameTp pikKydoro iHCTpyMEHTY, MM..

_1000-256 _ . .
n= 3145 ,7 XB™ .

Kopektyemo wuactory oOepTaHHS MIMUHACIS 32 NACIOPTHUMU JTaHUMU

BEPCTATa Ta BCTAHOBJIKOEMO JIIHCHY YaCTOTY OOEPTAHHS: M gog k=1, -

)
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5) BupaxoByemo iliCHY IIBHAKICTh T'OJOBHOIO PYyXy pi3aHHS, V, M/XB 3a

dbopmyioro (2.9) 3 [9]:

p, =2l 2.9)
A 1000’

Jie N, — JAiMCHA YacToTa 00OepTaHHs IIIIMHIENIS BepcTara, 00/XB;
it

D — niamMeTp pi’Kydoro iHCTPYMEHTY, MM.

3145800 m
Vn T 71000 %

6) BupaxoByeMO MOMEHT BiJl CHJI OIIOPY pi3aHHs npu cBepIinHi, M, H'M 3a

dopmyioro (2.10) 3 [9]:
M = C,DI"S;™K,, (2.10)

e C,, — xoedilieHT cTeneHi GOopMyNH JUisl CBEPUIIHHS KOHCTPYKIIMHOI cTami 3
oz = 75 krc/mMm?; C,, = 0,0345;

Qm, Ym — TOKa3HUKH CTENEH] (opMyIn I CBEPITIHHA KOHCTPYKIIMHOI cTal
3 05 = 75 krc/mMm?; q,, = 2;y,, = 0,8.

BpaxoByemo nonpasounuii koediuient K, 3 [9]. Lleit xoedimienT Bxke

BU3HAYEHHMH NPH MIAPAXyHKY OCbOBOI CKJIaJ0BOI CHIIM pi3aHHs: K, = Kmp = 0,95.

M = 0,0345-5%-0,125%8-0,95 = 1,55 krc* ™

7) BpaxoByeMO IIOTYXHiCTh, BUKOPHUCTOBYBaHy I pisaHHs Np;, KBT 32

dopmysoro (2.11) 3 [9]:

M-n
Npis = 52, (2.12)
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_ 1,55-800

ia 75— = L27 kBr

8) IlepeBipsieMO, UM JOCTAaTHS TOTYXKHICTh BepcTata. OOpoOKa MOIKIIMBA,

SIKIIO BUKOHYEThCS yMoBa (2.12) 3 [9]:
Npis < Ny (2.12)
VY BepcraTa mogmeni 2M57-2
N, =15kBr,an=0,78; N, =1,5-0,78 = 1,2 kBT.
TexHiIuHI XapaKTEepUCTUKHU €JIEKTPOJIBUTYHA TOJIOBHOTO MPUBOJY HABE/ICHI B

Tabymms 2.1.

Tabmuns 2.1 — TexHiuH1 XapaKTEPUCTUKHU €IEKTPOBUTYHA TOJIOBHOTO TPUBOLY

P, | Lo |KKIOL I | Moo | Miax
kBt | xB71 A % M I, My MHOM_

AIP80A2 1,5 | 3000 | 355 | 785 | 0,84 7 2,2 2,3

Tun nBuryHa

2.1.2 Po3paxyHOK NOTYKHOCTi JBUTYHA HACOCY OXOJIO[AKYBAJIbHOI PiiMHM
Ta BHOiIp MOr0 32 KATAJIOIOM

BuxopuctoByroun macnmopTHi JaHl HAacoca OXOJIOMKYIOUOl PIIUHU MOJEINI
[TA-25M Y XJI4 po3paxoByeMO MOTYKHICTb JjIsl TPUBOY HACOCY.

[ToTyxHicTb, siKa HeOOXinHA A MpuBoLy Hacoca N,KBT Bu3HauaeThes 3a

dopmystoro (2.13) [9]:

i (2.13)
100091y
ne p — TyCTMHA piauHU  (3MallyBajibHa  OXOJIOJDKYIOUa  piauHA), 10

. 3,
MNEPCKAvYY€ETHCA, 3a/laHad TCXHIYHUMHU YMOBAMU, KI/M y

g — NPHUCKOPEHHS BiILHOTO MaiHHsA, M/C?;
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Q — NpOYKTHBHICTH Hacocy, M> /¢
h — Harip Hacocy, H/M?;
1 — KoedilleHT KOPUCHOI 1T HacocCy;

My, — KoediieHT KOPUCHOI il mepeaadi.
8829-9,81-0,0004-0,4

N = 1000-06 09 = 0,025 kBrT.

HomiHanpHa MOTY)XHICTP TNPUBOAY 3aBXKIW OUIbIIA  PO3PaXyHKOBOI
NOTY>XHOCTI Hacocy. HopmaiibHa poOoTa Hacocy MOXIIMBA, SIKIO BUKOHYETHCS
ymoBa (2.14) [9]:

Ny < Nyp (2.14)

¥V nacoca mogeni ITA-25M YXJI4, N, = 0,18 kBT, TexHiuHi XapakKTepUCTUKU
CJICKTPOJIBUTYHA HACOCY OXOJIOKYBAIILHOI PIIMHA HaBeNeHi B Ta0. 2.2,
Tabmuus 2.2 — TexHiuHI  XapaKTEPUCTUKH  EJIEKTPOJBUTYHA  HACOCY

OXOJIOJIPKYBAJIBHOI PITUHU

Tun nBuryHa P, n, Ler, | KK, I_H % Mmax
ABUTY «Br | xg~1 A % CoS® L M, M
AIP56A2 | 0,18 | 3000 [ 055 | 657 [ 0,77 | 53 | 22 | 2.2

2.1.3 Po3paxyHOK MOTY:KHOCTi IBUT'YHA 3aTHCKY KOJOHHM Ta BHUOIp ioro
3a KaTaJ0roM

BukopucTtoByroun mnacmopTHI daHi €JIEKTPOMEXaHIYHOI TOJIIBKA 3aTHUCKY
kojionn  wmojaemi EM3 7921-0003 po3paxoByeMO TOTYKHICTb ISl TPUBOAY
3aTUCKY. 3HaYCHHS 3MIHHHX y hopmyii (2.15) oOpaHO 3 BIAMOBIAHOTO MACIOPTY
oOnaHaHHS.

[loTyxHicTb, fAKa HeOOXigHA JJs NPUBOAY 3aTUCKy KoinoHu N, KBT,

BU3HAYaeThes 3a popmyioro (2.15) [11, c. 314]:
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F. v
N = T.m6a(;c.17 6.nep, (2.15)
y

ne  F.ax — MakcUMaibHE TIToBe 3ycuiurs, H;
Vg nep — WIBHJKICTD TIEPEMIIIEHHS, MM /XB;

1, — KoeileHT KOPUCHOI Jii.

~ 1250-0,002
"~ 60-0,24

= 0,17 kBT.

HomiHanbHa MOTYKHICTh MPUBOAY 3aBXKIU OLIbIIA PO3PAXYHKOBOI MOTYKHOCTI
eJICKTPOMEXaHIYHOI T'OJIIBKH 3aTHCKY.

HopmanbHa poOoTa 3aTHUCKY KOJIOHM MOXJIMBA, SIKIIO BHUKOHYETHCS BiJOMa
ymoBa (2.14). VY  elleKTpOMEXaHIYHOI TOJIBKM 3aTUCKy KOJIOHM MO
EM3 7921-0003, N, = 0,18 kBT. TexHniuHi XapaKTEpUCTHKU €JIEKTPOJBUTYHA

CJICKTPOMEXaHIYHOT TOJIIBKM 3aTUCKY KOJIOHH HaBe/ICHI B TabI. 2.3.

Tabmuus 2.3 — TexHIYHI XapaKTEPUCTHUKU E€JIEKTPOJBUTyHA €IEKTPOMEXAHIUYHOI

T'OJIIBKH 34aTUCKY KOJIOHH

P, N e | KKIG | I | My [ Mpax
kBt | xB71 A % ? | My MHOM_

AIP56B2 0,25 | 3000 | 0,73 | 68 0,78 | 53 | 2,2 2,2

Tun nBuryna

PosmmdpyBanns mapkyBanHs nsuryna AIP5S6B2:

AIP 56 B 2 V3 AIP — 3aranbHONpPOMUCIIOBA CEPis €NEKTPOIBUTYHIB
(amamoru: AIPM, 5A, 5AM, 4AMY, 4AM Ta iH111);

56 — rabGapur nBUTryHa (3arajJbHONPUUHSATA BIJICTaHb BIJl OC1 OOEepTaHHS 110
MJIOIIMHYU KPIMJIEHHS: 56 MM);

B — BUKOHaHHS TOBXXWHU CEPICYHHUKA;

2 — KIJIBKICTh TOJIOCIB, BIJIMOBIJa€ 4acTOTI oOepTaHHS poTopa OJU3BKO
3000 06/xB;

V3 — kiMaTUYHE BUKOHAHHS «ITOMIPHUM KJIIMAT .
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[TapameTpu Ta yMOBH €KCILTyaTallii

Bci Texuiuni mapametrpu TpudasHoro enektpoaBuryHa AIP 56 B2 e
TUMOBUMU 1 Ma€ noTyxHicTh 0,25 kBT nmpu gakTuuHiii yacToTi oOepTaHHA Baja
2720 o6/xB. JIBUTYyH poO3pOoOJICHUM JIsI BUKOPHUCTAHHS B MEpPEKi 3MIHHOTO
ctpymy dactotoro 50 I'i 1 3 Hanpyroro 220/380 B (3'eqnanns oomotox A/ Y ).
Koedoimient xopucnoi nii (KKJ) cknanae 68,0%. [3ons1iss oOMOTOK cTaTtopa
BianoBigae kiacy F 1 moxe BuTtpumyBatu HarpiB jgo 150°C. IlinBumieHuit
3axucT kiuacy IP55 3a0e3medye 3aXUCT BiJ MOTPAIUIIHHS MHJIY Ta BOJOTH.
CamMuM oNTUMaJbHUM PEXKHUMOM eKcIulyaTaiii enexkTpomoTopa AIP56B2 €
pexum S, skl Mae Ha yBa3l TpUBaly poOOTYy 31 CTAOIbHUM HAaBAaHTAKEHHSIM.
Tpudaszni enexkrpomoropu AIP56B2 MatoTh KOHCTPYKTUBHI BUKOHAHHS .

Cami nomupeHi BapiaHTH:

IM 1081 — enextpoaBuryn AIP56B2 3 nmanamu. Jlanm n03BOJSIOTH
YCTAHOBUTH JBUTYH MapayesbHO J0 MOBEPXHI KPIIJICHHS.

IM 2081 — enextponsuryn AIP56B2 3 namamu 1 ¢manmnem. KombinoBane
BUKOHAHHS JI03BOJISIE BCTAHOBJIIOBATH JIBUTYH SK TMapajieibHO Tak 1
NEePIEeHIUKYISIPHO 10 MTOBEPXHI KPITJICHHS.

IM 3081 — enexkrponBuryn AIP56B2 3 ¢unanuem. ®nanenp nae
MOXJIMBICTh YCTAHOBUTH JBUTYH MEPHEHIUKYISIPHO 0 MOBEPXHI KPIMJICHHS.
HaBeneHni BuIille MOHTa)XHI BUKOHAHHS e€JIEKTPOABHTYHIB AIP polmare ix
YHIBEpCATbHUMU JIJIA pi3HUX 001aCTeil 3aCTOCYBaHHS.

BapianTu miagkiodeHb

Ha Talmu4iii KOXHOTO €JEKTPOJBUTYHA 3aBOJI-BUPOOHUK BIIMIYAE
MOXJIMBl BaplaHTH CXE€M MIJKJIOYEHHS OOMOTOK B 3aJIe)KHOCTI BiJl Hampyru
Mepexi kuBJeHHs. Y Bunaiaky 3 AIP56B2 maemo: «A /Y 220/380», ge: A -
CXeMa «TPUKYTHUK»; Y - cxeMa «3ipka»; 220, 380 - nanpyra mepexi (B), Bia
K01 Moxke >xuBuUTHCS MoTOp AIP56B2. JIns miaBoay kaOenio >KUBJICHHS 1
MIJIKIIOYEHHST OOMOTOK TO OJHIM 13 CXeM Ha JBHUTYHI € KJIeMHa KOpoOka.
Cxema «3ipka» OOmorku AIP56B2 migkmtodeHi 3aBOJOM-BUPOOHHMKOM 3a

CXEMOI0 «31pKa» I0 3aMOBuUyBaHHIO. JlaHa cxema 3a0e3neuye MOCTIHHY
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TpuBainy poboty enekTpojaBuryHa B mepexi 380 B 3 makcumanpaum KK/I.
Cxema «TpUKYTHHK» BukopuctoByeThcs s pobotu B Mepexi 220 B.
[Tinkmouenns tpudaznoro eiaekTpoaBuryna AIP56B2 mo cxemi «TpuKyTHUK»

BUKOHYETBCA TIJTBKU qepe3 KOHACHCATOP. BTpaTa HOTy}KHOCTi CKJIaIac OJIU3BKO

30%.

2.2 Po3paxyHok i BUOIp anapaTiB KepyBaHHS
TexHiIuHI XapaKTEpPUCTUKU EJIEKTPOABUTYHIB BepcTtara 2M57-2 HaBeneHl B

Tabi. 2.4.

Tabnuns 2.4 — TexHiuH1 XapaKTEPUCTUKHU €IEKTPOJBUTYHIB BepcTaTa 2MS57-2

Tun nBuryHa 5, n’_1 ler, | KK, cos I Monax
kBt | xB A % I, M, Mo
AIP56B2 0,25 [ 3000 | 0,73 | 68 | 0,78 | 53 | 2,2 2,2
AIP80A2 1,5 | 3000 | 35 | 785 | 0,84 7 2,2 2,3
AIP56A2 0,18 | 3000 | 0,55 | 65,7 | 0,77 | 53 | 2,2 2,2

2.2.1 Bubip komyTaniiiHux anaparis

MarHiTHi myckadi— eJIeKTPOMAarHiTHI KOMYTYIOUl PUCTPOi, MpU3HAYEH] JJIs
JTUCTAHIIMHOTO 3aIllyCKy Oe3Mmocepe/HIM MIIKIIOUEHHIM 0 MEpeXi, 3yMUHKA 1
peBepcyBaHHs TpU(a3HUX ACHUHXPOHHUX JBUTYHIB 3 KOPOTKO3aMKHEHUM

poropom [13]. 3aranpHuii 30BHIMIHIN BUIIISA MarHiTHOro nyckada [1IM noka3zaHuii

Ha puc. 2.1.
A1l g1 @F3 @5 g1
A7
A2 g2 @4 @6 12

Pucynoxk 2.1 - 3oBHilIHIN BUTIIA1 MarHiTHOro nyckaya [IM
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Hns  nuryHiB AIP56B2, AIP80A2, AIP56A2 wmarHiTHUA myckad
oOupaeMo 3a HOMiHaTBLHUM pobouuM ctpymoMm. O6pano myckau [IM 0-06-01 B7
24B, In.p. = 6 A; Ukep.=24 B (AC).

2.2.2 Bubip n1oaaTKoOBHX NPHUCTPOIB 10 KOHTAKTOPIB (TEMJI0BI peJe)

Hns neurynHiB AIPS6B2 it AIP56A2 obupaemo TermoBe pene PT-0305
(0,63-1A), Iycr.=0,63...1 A. nsa nBuryna AIPS80OA2 — PT-0310 (4-6A),
Iyct.=4,0...6,0 A, nuB. puc. 2.2.

Pucynok 2.2 - 3oBHimHii BUTIISIT TeruioBoro pene PT

2.2.3 Bubip KoHTpoJiepa Il KePYBAHHS €JEeKTPOABUIYHAMH
IIMAHIEs

Bubip koHTpoepa i KepyBaHHS €JICKTPOJBUTYHAMH IITIMHIEIS BEpcTara
3a3BUYal 3aJI€KUTh BIJ KITBKOX (haKTOPIB:

— Pi3Hl BepcTaTM MOXYTh BHMAaratv pi3HUX THUIIIB KOHTPOJIEPIB B
3aJIeKHOCTI BiJ] IXHIX TEXHIYHUX XapAaKTEPUCTHK Ta MOTPEO y KepyBaHHI.

— SIxuio BepcTar BUKOPHUCTOBYE cucTtemy uuciioBoro kepyBaHHsi (CNC),
KOHTpOJIEP MOBUHEH OYTH CYMICHHUM 13 LI€}0 CUCTEMOIO.

— Skmo motpiOHa BeMWMKAa TOYHICTP YHM BHCOKA IIBHUAKICTH pPEaKIii

CUCTEMU KEepyBaHHS, KOHTPOJIEP MOBUHEH MATH BIAMOBIIHI XapaKTEPUCTHKHU.
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— Sxmo noTtpiOHO, MO0 KOHTPOJEP B3aEMOIAB 13 IHIIUMH CHCTEMaMH
aBTOMaTH3allii abo MepekaMH, 1€ TAaKOK MOKE BIUTMHYTH Ha BHUOIP.

— SIkmo  BaM  TOTpiOHA MOMUIMBICTH PO3MIUPEHHS (DyHKIIOHATY Yy
MaliOyTHhOMY a0o0 OIbIII MOXJIMBOCTI, BHOIp KOHTpoJiepa 3 BIAMOBIIHUMHU
MOJKJIMBOCTSIMH PO3IIMPEHHS MOXKE OyTH BaXKITHBHM.

OOupaemo nBa KoHTposiepa. llepmmii nist kepyBaHHS JBUTYHOM HAcOCy
oxonokeHHs (Arduino Mega), KOTpuil XapakTepU3yeThCs ACHIEBU3HOIO. Jpyruii

I KEPYBAHHSA ABUT'YHOM IIIMHMHACIEA Ta 10AATKOBUM 06J'IaI[HaHHHM.

2.3 Po3paxyHok i BuOip anapariB 3axucrty
AnapaTu KepyBaHHS Ta 3aXUCTy BHOMPAETHCA 3 BUKOPUCTAHHS BIJOMOIi

YMOBH HOMIHAQJILHOTO CTPYMY, SIKHi BU3HAYa€ThCs 3 BigoMoi ymoBH (2.16):

Ipos. = X Inom. (2.16)
IPOB. = z IHOM. = 3,5 + 0,55 + 0,73 = 4‘,78 A

MaxkcumManbHUM CTPYMOBMK 3aXHCT HE TMOBHHEH CHPAlbOBYBAaTH IIPU

BUKOHAHHI yMOBH (2.17):

\Y

Iy.Max. K, - Il'IyCK (2.17)

ne K,=1,5...2,2.

Iy.MaX. >2-478=956A
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Jns cuctemu oOupaeMo aBTOMatuuHMi Bumukad wMozaeni SH203-B10
3 TphoMa mnoiocamu, |y, =10A; 3 criikictio TK3 6kA; U,,,—= 220/380B;
f=50I" [15].

Bce obnagnanHs Oyne po3MillieHO Yy cHelliaibHIk madi, M0 3HaXOAUTHCS
mopsit 3 BepcraroM. J[ims  i30nAmii  KOHTaKTiB, CKPYTOK BHKOPHCTOBYEMO

TEPMOYCAJKy TPYOKY, I'JIb3H, IJIACTUKOBI KOBIMAYKH TOIIIO.

2.4 Po3paxyHOK Ta BHOip NPoOBOJiB i kKadeiB sKMBJIEHHS

[IpaBunpHUil BUOIp MPOBIAHUKIB 1 KAOENIIB CUCTEMH KUBJEHHS 1 KEpyBaHHs
BEpCTaTy 3a0e3MeUnTh BUKOHAHHS OCHOBHUX BUMOT 10 Hei. [IpaBmiibHuil nepepis
3a0e3MeunTh HAIIMHICTh, O€3MeKy poOOTH BepCcTaTy y Oy/ib SIKUX peKuMax poOOTH
.OCHOBHHMM KpHUTEPIEM 0 BUOOPY MPOBOIIB 1 KaOEIIB € HOMIHAIBHUI CTPYM SIKUI
CIIOYKMBA€E BEPCTAT, THUII 1 HAIIPYra MEPEeX1 )KUBJICHHS , YMOBH €KCILTyaTallii.

HomiHanbHUM CTpyM, SIKHHA CIOXXHBA€ JIBUTYH TOJIOBHOIO PYyXy, JIBUTYH
HACOCY OXOJIOJ)KYBaJbHOT PIAMHM 1 IBUTYH €J1€KTPOMEXAHIYHOI TOJIIBKU 3aTHUCKY

KOJIOHH L, , A po3paxoByemo 3a popmyioro (2.18) [13, c. 90]:

P
[ = or ) 2.18
HOM. UHOM' . COS(p . T’ ) \/§ ( )

ne Pyou— HOMIHQJIbHA TOTYXKHICTh, KBT;
U.on — HOMIHAIBHA HamIpyTa, B;
Cos @ — KoedilieHT NOTY>KHOCTI;

7 — Koe(ILIEHT KOPUCHOT Jii.

1,5
[ = =35A
oM 0,38-0,84: 0,783
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Luow. = 018 =05A
"t 0,38:0,77-0,65-V3
0,25

=0,73 A

HOM.

©0,38:0,78-0,68-v3

HominanpHU# CTpyMm, IO CHOXKUBATUMYTh JBWUTYHH TOJOBHOTO IPHUBOMY,
HAcOCy 0XOJIO/KYBJIBHOI PIAMHU Ta €JIEKTPOMEXaHIYHOT T'OJIIBKA 3aTUCKY KOJIOHU
ckianae 3,5A; 0,5A; 0,73A BignosigHo. Tenep o6upaemMo BIAMOBIIHUNA TIPOBIT 13
KaTaJyory.

Jlns JKUBJIGHHS JBUTYHIB OOMpaeMo 4-X KWIbHUW MITHUNA KaOenb B
nomBiHUIXIopuaH1K 1301l [IBC 4x1,5 npoknaneHuii y moBiTpl 3 AOMYCTUMUM
JOBTOTPUBAIUM CTpyMOM 1., = 6 A [14].

[Ipu 3aranpHiéi TOTY>KHOCTI HaBaHTaxeHHs 1,5+0,25+0,18=1,9 kBt abo
1930 Br, nanpy3si mepexi 380 B, koedimienty notyxHocti 0,92 i1 Temneparypi

kabemto 30 °C Brpatu Hanpyru csraioTh 6,09 B abo 1,6%.

BucHoBKkH 10 po3ainy 2

1 3pilicHeHO TepeBipKy TMOTYKHOCTI  €IEKTPOJBUIYHIB HA  MpPEIMET
3MIICHEHHSI OTiepalliii CBepAJTyBaHHS BEPCTATOM.

2 OOpaHo amapaTypy MAHMCTaHIIHHOTO KEpyBaHHs, KOHTPOJIEP KEpyBaHHS
HIMUH]IEIEM BepcTara.

3 OO6pano amapaTw 3aXHCTy BiJ] KOPOTKHUX 3aMuKaHb, 30kpema SH203-B10
3 TpboMa momtocamu, |y, =10A; 3 cridikictio TK3 6kA; U,,,= 220/380B;
f=50I"m.

4 OOGpano npoBoja Ta KabeJl KUBJICHHS CUJIOBOI YaCTUHU 1 CXEMH KepyBaHHS

BEpPCTATOM BIAMOBITHO A0 BUMOT YNHHUX HOPMATUBHUX JTOKYMEHTIB.
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3 MOAEPHI3ALIA CUCTEMHU KEPYBAHHSA CBEPIJINJIBHUM
BEPCTATOM 3ACOBAMM TEOPIi ABTOMATHYHOI'O KEPYBAHHSI

3.1 Po3pobka cucreMH aBTOMATHYHOI0 KePYBaHHS [BUI'YHOM
IINUHAEIs

CeepmmiibHUE  BepcTaT Mojeni 2MS7-2  ckiaagaeTbCs 3 HACTYIHUX
CJIEKTPOJIBUTYHIB: IIMUHAENS, TIAPOHACOCY TOMIBKM, TIJPOHACOCY KOJIOHH,
TipPOHACOCY pyKaBa, OXOJIOKEHHS 1HCTPYMEHTIB pi3aHHsA. Po3risHeMo mporiec

MOJIEpHI3allii CHCTEMU KepyBaHHS €JICKTPOIBUTYHOM IIUHAENS (auB. puc. 3.1).

Bxigamnit Buxiaauii
CHI'HaJI EleKTpOIBITYH CHTHAI
KonTponep
10088050: 01 (0161
F Y
JlaBaa
3BOPOTHBOTO
3B' 3KV

Pucynok 3.1 - CtpykTypHa cxema el1eKTpOABUTYHA IIIMUHAENS CBEPIIUIBHOTO

BepcTata 2MS57-2 (y3araqbHEeHUN BUTJIS)

Ha cTpykTypHiii cxemi MOKa3aHO CKJIQJOBI YAacCTHHHU BY3Jia IIMUHICIS
CBEpJIUIBHOTO BepcTaTa 2M57-2. BXinHuil cUrHajn KepyBaHHS MEpPENacThCcsl Ha
KOHTpOJIEP, JO SKOTO MiJAKIIOUEHUN EJIEKTPOJABUTYH HINuHAeHd. DIi3uYHO BiH
OIAKIIOYEHUH 3a JOMOMOIOI0 JOJAaTKOBOTO O0OJaAHAHHA, 30Kpema JpaiiBepa.
EnextpoaBuryH 3a1HcHIOE onepalii CBep ITiHHS, PO3TOUYBaHHS TOIIO, BIJMOBIIHO
710 33J1aHUX 3HAYECHb.

Jlsis BU3HAUEHHS PI3HMII MK BXITHUM 1 BUXIJHHM CHTHAJIOM peali30BaHO

JlaBad 3BOPOTHOTO 3B’SI3Ky. Y pasl ICHYBaHHS Pi3HUII MDK BXIJHUM ¥ BUXITHUM
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CUTHAJIaMH PO3MOYUHAETHCS MPOIIEC 3aIMyCKy CUCTEMU aBTOMATUYHOTO KepyBaHHS,
MeTa KOTpOi MoJiArae y MiHiMizalii pi3HUIl CUTHAMIB.

Jnsg  omucy  mpolecy — KepyBaHHS — €JICKTPOABUTYHOM  INIUHAEIS
CBEep/UIMIIBHOTO  Bepcrara 2MS57-2  HeoOXiiHO 1OOyayBaTH  BIANOBIJIHY
nepenaBajibHy — (PYHKIIIO 3  BHKOPHUCTaHHSIM  IHCTpYMEHTapilo  Teopil
aBTOMATUYHOTO KEpyBaHHSI.

Binomo, OynyBaHHs TmiepeaBaibHUMX (PYHKIIH Moke BijOyBaTUCS 3a
JIOTIOMOTOI0 ~ KUTBKOX  METOMIB, 30KpemMa (I3UYHHUX, EeKCIepUMEHTAIbHUX,
11eHTudiKaIii cucTeM.

[Ipn BUKOpHCTaHHI KPOKOBOTO [IBUTYHA, VY SKOCTI €JIEKTPOJIBUTYHA

HIMTAHACTS, TepeaaBaibHa (QYHKIIIS IBUTYHA MaThMe BUTIsA (3.1):
W(s)=2p"2-F-n-L0/s"2-J+s-D+2p*2-F-n-10, (3.1)
ne P — KUIbKICTh Nap MOJIOCIB;
F — marmitauit motik (T - M*);
LO — cuna ctpymy (A);
J — MomeHT iHepii (kr - M 2 );
D — koedirient B s3x0ro Teptst (H M - ¢ - pax ' ).
[lepenaBanbHa QYHKINS pO3IMKHEHOT CHCTEMHU Ma€ BUTIA (3.2):
Wp(s)=Wkontpoir.( Was.WBaun) (3.2)
[TepenaBanbHa QyHKIliS 3aMKHEHOT cUcTeMHU Mae Burisia (3.3):

W3(s)=( WkonTpoi.-( WaB.-Wsai))/(1+( Wkontpon.-( Was.-Waan)) -WaaBaua ).

BignoBigHO 10 TEXHOJOTII MPOBENCHHS JIOCTIKEHb, 3a JIOMOMOIOIO

IHCTPYMEHTIB TeOpli aBTOMAaTUYHOIO KEPyBaHHS, IMPOBEAEMO MaTeMaTU4HI
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oreparlii Jyisi OTpUMAaHHS 3arajibHOi nepenaBanbHO1 GyHKIIL. [ToginuMo piBHSIHHS
nepenaBaibHOi (PYHKIII 3aMkHEHOi cucteMu (3.3) Ha mepenaBaibHy (PYHKIIIIO

po3imkHeHoi cuctemu (3.2), orpumaemo (3.4):

Wc(s)/Wp(s) = (Wxepysauuss(WnB.Wasain))/1+WkepyBanusa(\Was.Waai))
‘Wnagsaua) -(1/ Wkepysauus(\Was.Wsai)) (3.4)

Crpomryemo Bupas (3.4), e OgaeEMO XiJ CIPOINCHHS JJIsl TMOTIUOJIEHOTO

ocmuciieHns (3.5):

Wec(s)/Wp(s) =1/( 1+( WkepyBanus WnaBaua))

Bupa3 (3.4) m0o3BoJsi€ CTBOPHUTH 3arayibHy MepeaaBaibHy (DYHKIIIIO CHCTEMH,

KOTpa BpaxoBYy€e 3aMKHEHY i pO3IMKHEHY CUCTeMH i Mae Burisiz (3.5):

Wp(s)=1/(1+( WkonTtposa.- WnaBaua)) (3.5)

3aranpHa mnepenaBajibHa (YHKIIS CUCTEMU BUKOPUCTOBYBATUMETHCS IS
BU3HAYCHHS CTIMKOCTI Ta SKOCTI CTBOPEHOI CHCTEMHM W MOPIBHSAIBLHOIO aHATI3Y 3
YIOCKOHAJIEHOIO CUCTEMOIO KEpyBaHHS 32 HEOOX1THOCTI.

3.1.1 Bu3HaueHHsI CTIHKOCTI Ta SIKOCTi cucTEMH

AMitiTynHO-(a30BUl  KpUTEpi CTIMKOCTI 3a Kkpurtepismu HaiikBicta
noJyisirae 'y BHBYEHHI KpuBuX HalikBicTa, 10 MOpencTaBsAlOTH €000 Tpadik
KOMIUIEKCHOI TUIOIIMHH, JI€ Ha PIBHI peaybHOI BiCi BigoOpa)kaloThCs 3HAUYCHHS
aMIUTITYIM TIepeaaBaibHOl (PYHKINT, a HA BEPTUKAIBHIN Bicl - 11 (a3u s pi3HUX
JacTOT.

[TepenymMoBO0 BH3HAYEHHSI CTIMKOCTI CHCTEMHU 3a Kputepiem HaiikBicTta €
icnyBanHa mnepenaBanbHOl  (yHKmT  Wp(s)=1/(1+(Wkontpon.- WpaBauya)).

Peanizyemo CTIHKICTh CHUCTEMH 3a JIONIOMOI'OK0 MOBH INporpamyBaHHs Python Ta
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0i0moTtekn control, ne rpadiuHy IHTEpHpETaIlil0 IMOJAEMO 3 BHKOPUCTAHHSIM
010miorexn matplotlib.

import matplotlib.pyplot as plt

import numpy as np

import control as ctl

# 3amaHHs niepeaaBaibHOI PYHKIIIT
numerator = [1]

denominator = [1, 1] # 1 + WkonTpou * WnaBaua

# CTBOpPEHHSI CUCTEMH 3a NIepeAaBalibHOIO (QYHKIIIEIO

sys = ctl. TransferFunction(humerator, denominator)

# IloOynoBa kpuBux HaiikBicta

ctl.nyquist_plot(sys)

# BimoOpaxenHs rpadika
plt.xlabel('Real’)
plt.ylabel('Imaginary")
plt.title('Nyquist Plot")
plt.grid(True)

plt.show()
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Nyquist Plot
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Pucynox 3.2 - Kpusi HaiikBicra s mi€i nepegaBaabHOT QyHKITI
Wp(s)=1/(1+( WkonTtpos.- WiaBaya)) BU3HaY€Hi 3a JJOIMOMOTO0 0i0JIIOTEKH

control

Sxmo kpuBa HaiikBicTa He MmepeTUHaE BICh Y BI'€MHOMY HampsMKy abo He
Mae oOepTaHb HABKOJIO IIEHTpa KOOPAMHAT, 11€ MOXE CBITYUTH TPO CTIAKICTH
cucTeMu 3a kpurepiem HalikBicra.

3.1.2 IlixBuimeHHsa HagiiiHocTi Ta TOuHOCTIi cucremu 3acodamu ITI/I-
peryJjasitopa

Jlnst cTBOpeHHS HaAiiiHOT Ta CTallapHOI TMepeaaBaibHOI (YHKINT J0J1aMO
[Ipomopmiiino-iHTerpanbHO-Tudepentiiani  perynsarop. JonmaBanns  I1I1JI-
perynsTopa Jio nepeaaBaibHO1 QYHKIN, 3M1IMCHUMO MOMHOXUBIIKM Yactuny [11]-
perynstopa Ha icHyrouy (yHkIir0. [TogaeMo TekcT mporpamu peaiizaiii CHCTeMHU

KepyBaHHS 3 BUkopuctanasaMm [1IJ[-perynsropa.
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numerator = [[1]]

denominator = [[1, WkonTpon * WnaBaual]]

# Ilapametpu I1I/[-perymnstopa

kp=1
ki=0.5
kd =0.2

# I I-perynstop
pid_numerator = [[kd, kp, ki]]
pid_denominator = [[1, 0]]

# Ilomuoxenns [11/I-perynstopa Ha iCHyI0Uy NepeJaBaibHy (PYHKIIIO
numerator_pid = np.polymul(pid_numerator, numerator)

denominator_pid = np.polymul(pid_denominator, denominator)

# CtBopenHs o0'ekta cuctemu 3 [11/[-perynsitopom

system_pid = control.TransferFunction(numerator_pid, denominator_pid)

3a pesynpTaTaMu JIOCHIKEHb pO3poOJEHO TepenaBalibHy  (DyHKIIIIO
CHUCTEeMH KEpyBaHHsS INMUHACIEM BepCcTaTa, BHU3HAYCHO CTIMKICTh CHCTEMH Ta
YIOCKOHAJIEHO HAMIMHICTh cUCTeMH mmisixoMm noxaBanHs [IIJ[-perynsaropa.
Honasauns I1IJ[-perynaropa - 11e Juiie OJJUH 3 METO/IB yIOCKOHAJICHHS! CUCTEMHU
kepyBaHHA. OniHKa e€(pEeKTUBHOCTI YJOCKOHAJIECHHS CHUCTEMH 3a3BUYaAll BKIIOYAE
TECTyBaHHS HAa PEATbHUX yMOBax ab0 BIPTyalbHOMY CEpPEIOBUII, BPaXOBYIOUU
0araro(akTOpHICTh Ta BUMOT'M KOHKPETHOI 3a/1auli.

Tomy mpoBeneMo eKCIepUMEHTANIbHI J0JIaTKOBI TECTH Ta aHami3u, Mmoo
omiHUTH 4u € nonaaHHs [1IJ[-perynstopa mocTaTHIM A TOCATHEHHS TTOTPIOHOT

€(hEeKTUBHOCTI BaIIOl CUCTEMH.
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3.2 ABTOMAaTH3allisi CHCTEeMH OXOJIOJUKEHHSI CBEPIAJIHJIBHOIO BepcTara
3aco0amu Arduino
PosrnsHemo (opmanbHy TOCTAaHOBKY 3aBAaHHS aBTOMATH3allli CHCTEMHU
OXOJIO/DKCHHS ~ €JICKTPOJIBUTYHA CBEPIMJIBHOTO Bepcrarta. Hexair Maemo
TEeMITepaTypy, CTaH eneKTpoaBuryHa (1- yBiMKkHEHO, 0- BAMKHEHO).

MaremaTu4HO ¢ MO’KHa BUPA3UTH Y BI/II"JIH,ZIi CUCTCMHU YMOB:

Ao T > Typivknenns TaM = 0,Toni M = 1 (YBIMKHYTH eJIEKTPOJABUTYH).

Ao T < Tyymkuenns TaM = 1, Toni M = 0 (BUMKHYTH eJIEKTPOJBUTYH).

Jlis aBTOMaTH3allii CUCTEMHU OXOJIOKEHHS CBEPAJIMIIBHOIO BEpcTara BapTo
oOparu oOJaJHaHHSA, 30KpeMa KOHTpOJep, JAaBady TEeMIEepaTypu Ta pele 4YH
MOSFET moayinb. Lle 103BOIUTh YIOCKOHAIUTH ICHYIOUMI NMPUBIJA 32 PaxXyHOK
3MEHILIEHHS Yacy BMMKaHHS, MOXJIMBICTb IIBUAKOTO MEpEHANAIITYBaHHSI W
POCTOTO 0OCITYrOBYBaHHS.

Hanpuknaz, npaiisep Ha cuinoBomy MOSFET Ttpansucropi IRF520 no3Bomsie
BMUKATH / BUMUKATH MOTY>KHE HaBAHTAXEHHS 31 CTPYMOM J10 SA Ta Hampyroxo 0
24B. Ha BigmiHy BiJ peje HE Ma€ PyXOMHUX KOHTAKTIB, Kl MalOTh 3BUYAil
MiAropaTd 1 COpPAlbOBYE IIBHJIIE, a TaKOX MOMJIMUBICTh BHKOPHUCTOBYBATU
HIMPOTHO-IMIYJbCHY Moayssiiito (LHIM) [1].

VY saxocti koHTposiepa ooepemo Arduino Mega 2560. Arduino Mega 2560 - 1ie
MPUCTPiA Ha OCHOBI MiKpoKOHTpojepa ATmega2560. V¥ #ioro ckiaa BXOJAWTH BCE
HEO0OX1IHE JJIs1 pOOOTH 3 MIKPOKOHTpPOJIepoM: 54 nu(ppoBUX MOPTH BBOAY-BUBOLY,
3 skuX 15 MoxyThb BukopHucTOBYBaTHCs B sikocTi LIIIM, 16 ananoroBux BXOAiB,
4 UART, xBapuoBuii pezonatop Ha 16 MI't, Tposiua USB, TposiHf ;€ >KUBJICHHS,
pos'em ICSP niis BHYTPIIIHBOCXEMHOTO MpOrpaMyBaHHsI 1 KHONKA CKUaAaHHs. JIJis
NOYaTKy poOOTH 3 MPUCTPOEM JOCTATHHO MPOCTO MOJATH KHUBJICHHS BiJ ajgamntepa
abo Oarapei, a00 MIAKIIOYUTHA HOTro 0 KOMIT'IoTepa 3a gornomororo USB kabenro.

Arduino Mega cymicHuN 3 OUIBIIICTIO IUIAT PO3MIMPEHHS, PO3POOJCHUX s

Arduino [2].
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JIns TiAKITIOYEHHS EeJIEKTPOJBUTYHA HACOCy OXOJIOJKEHHS obepeMo 2-0
KaHaIbHUH MOayiab pene SB 10A 3 onroposs'sskoro (low level) [3]. Enexkrpuuna

NPUHIMIIOBA CXeMa 2-0 KaHalbHOro Moayis peine SB 10A 3 onTopo3B'sizkor0

MpeIcTaBJIeHa Ha puc. 3.3.

J1

‘||| JD-VCC « ;
vee
l -\ KI 3
DI
R1
' |

wo N 2 _':L/. 3 R /§>Ql
7 — O

PucyHok 3.3 - EnexkTpuyHa NpUHIMIIOBA cXe€Ma 2-0 KAaHAIBHOTO MOAYJIA pene SB

10A 3 ontopo3B'szkoro (low level)

Jpyruii kaHan MOZAyJis 3aJUIIMMO HE MiJ’€IHAHUM 3 METOI MOKJIMBOCTI
MalOyTHHOTO yIOCKOHAJEHHSI cucTeMH. [ po3poOku «1udpoBOTO IBIMHHKA
CHCTEMU KepyBaHHs BUKOpucTaeMo cepenopuie Wokwi. JlocmimkyBana cucrema

KCPpYBaHHA ABHUT'YHOM HaCoCy OXOJOAXKCHHA CBCPAJIUIIBHOT'O BCpCTaTa

npeJicTaBjaeHa Ha puc. 3.4.

#include <Wire.h>

(00:56.691 (#)46%
#include <LiquidCrystal I2C.h> // Ninknwuzemo bibnioteky on
#include <Onewlire.h>» . L

#include <DallasTemperature.h>

#define ONE WIRE BUS 13 // MiH, 00 AkOro nipknmueHui patumi
OnelWire oneWire(ONE WIRE BUS);
DallasTemperature sensors(&oneWire);

const int motorPin = 9; // MiH AnA ninkAWYeHHA enekTpoaBMry

LiquidCrystal_I2C lcd(@x27, 16, 2); // Iniuianizauin ob'exT]

void setup() {
sensors.begin(); // Iniuianizyemo pnatumk DS18B20
sensors.setResolution(12); // BcTaHoBaweMo po3ninbhy 3paT

pinMode(motorPin, OUTPUT); // BcTanoBmwemo niH ana e

Pucynok 3.4 - JlocnimkyBaHa cucTeMa KepyBaHHS IBUTYHOM HAacoOCy

OXOJIOJPKCHHS CBCPJIMIJIBHOI'O BEpCTATA
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Ha puc. 3.4 moka3zaHo mporpamHy peai3alil0 CHUCTEMHU aBTOMATHYHOIO
KEpYBaHHsS €JIEKTPOJBUTYHA HACOCY OXOJIO/DKEHHS. 3alpolOHOBAHUN KO
BKIItouae natuuk temmeparypu DS18B20, skuil 3unTye TemmepaTypy, a MOTIM
BUKOPHUCTOBYE 1€ 3HAYCHHS JIJIsi KEPYBaHHS €JEKTPOJIBUTYHOM B 3aJIe)KHOCTI BIJ
BCTAHOBJICHUX IMOPOTOBUX 3HAYEHb TEMIIEPATYPHU.

Jliis mornuOJIeHOTo aHalli3y THUIIB KOMITOHEHTIB (Taki sik Arduino Mega,
Moayne DS18B20, pene, LCD-nucmiieit) Ta iX po3TallyBaHHS Ha BIpTyalbHIN
JIOTIIII, & TAKOXK MIHIB KOMIIOHEHTIB 3'€THaHI Mixk c000t0 mogaemo JSON-daiin.

{
"version": 1,
"author": "Irop Mapuenko",
"editor": "wokwi",
"parts": [
{ "type": "wokwi-arduino-mega™, "id": "mega", "top™: 0, "left": 0, "attrs": {} },
{ "type": "board-ds18b20", "id": "templ", "top": -135.53, "left": 119.28, "attrs":
¢}
{ "type": "wokwi-relay-module”, "id": "relayl"”, "top": -115, "left"; 240, "attrs":
¢}

{
"type": "wokwi-lcd2004",
"id": "led1",
"top": -339.2,
"left": 5.6,
"attrs": { "pins": "i2c" }
¥

1,

"connections™; [
[ "templ:GND", "mega:GND.1", "black™, [ "v0"]],
[ "templ:VCC", "mega:5V", "red", [ "v57.6", "h-172.8", "v240", "h201.6" ] ],
[ "relayl:IN", "mega:9", "green”, [ "h0" ] ],



59

[ "relayl:GND", "mega:GND.1", "black", [ "h-48", "v66.8", "h-76.8" 11,

[ "relayl:VCC", "mega:5V", "red", [ "h-38.4", "v76.8", "h201.6", "v230.4", "h-
211.2"11,

[ "lcd1:GND", "mega:GND.2", "black", [ "h-67.2", "v537.6", "h240" 11,

[ "lcd1:VCC", "mega:5V", "red”, [ "h-57.6", "v537.7", "h220.8" 11,

[ "lcd1:SDA", "mega:20", "green", [ "h-19.2", "v144.2", "h230.4", "v115.2",

"h105.6" 11,
[ "lcd1:SCL", "mega:21", "green", [ "h-38.4", "v125.1", "h240", "v144",
"'h124.8" 11,
[ "templ:DQ", "mega:13", "green”, [ "v0"]]
1
"dependencies": {}
by

TakuM dYHHOM, PpO3TJISTHYTHA KOJ BHUKOPHCTOBYETHCS [IJII CTBOPEHHS
CUMYJIALII ~ amapaTHOI YacTUHU  €JIEKTPOJBUIYHA  HACOCY  OXOJIOKCHHS
CBEp/UIMIILHOTO BepcTaTa 10 TOro, sK Oy/le HamucaHWil BIACHUW KO JUIs
KOHTPOJTIO IIMX KOMITOHEHTIB.

st 3py4HOCTI KepyBaHHS Tepen0avyacTbCcsi MOXKJIUBICTh BUKOPUCTAHHS
KJIaBlaTypu JJiS KOpPETyBaHHS 3HAYCHHsS TapaMmeTpa TeMIepaTypu OOMOTKHU
CJICKTPOIBUTYHA.

[Ipn BUHUKHEHH1 aBapidiHUX CHUTYyalliif, BIAMOBIIHO 70 BUMOT ICHYIOUHX
CTaH/JapTIB, BUKOPUCTAEMO KHOMKY aBapiiiHOi 3yNHMHKHU eJNeKTpoABUryHa. s
IIOTO BHECEMO KOPEKTHUBH Y TEKCT ITPOTPaMH.

const int buttonPin = 8; // ITiH pisa miakIroUYeHHsS KHOIKU

bool isSensorWorking = true; // ®nar as BiACTEKEHHS pOOOTH J1aTunKa

void setup() {

// ... (pemTa Baloro HaJaIlTyBaHHS)

pinMode(buttonPin, INPUT PULLUP); // BcTanoBmtoeMo miH KHONKH SIK

BXI1]] 3 MATATYBAILHUM PE3UCTOPOM
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b
void loop() {

sensors.requestTemperatures();
float actualTemp = sensors.getTempCByIndex(0);
Icd.setCursor(0, 1);
lcd.print(* ");
Icd.setCursor(0, 1);
Icd.print(actual Temp);
float thresholdTemperature = 30.0;
float turnOffTemperature = 25.0;
if (digitalRead(buttonPin) == LOW) { // SIxu1o kHOIKa HaTUCHYTa
1sSensorWorking = false; // BcranoBmioeMo mparmoperlp, 0 JaTYUK HeE
MIPALIOE
digital Write(motorPin, LOW); // BumukaeMo el1eKTpoIBUTYH
by
if (isSensorWorking) { // SIkiio naTyuk npaioe
if (actualTemp > thresholdTemperature) {
digitalWrite(motorPin, HIGH);
} else if (actualTemp < turnOffTemperature) {
digitalWrite(motorPin, LOW);
b
¥
delay(1000);

}

VY 1pOMy KOJi KHOIIKA IMiJIKIIOYCHA 10 MiHa § Ta 34UTyeThes y 1ukii loop.
Sxro kHonka HatucHyTa (LOW), duar isSensorWorking Bcranosioethest B false,
00 TPU3BOJUTH JIO0 3yNUHKKM poOOTH 3 JaTYMKOM Ta BHUMKHEHHSIM

CJICKTPOABUI'YHA.
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BucHoBkm 10 po3aiay 3

1 CrBopeno nudpoBuii ABIMHUK CHCTEMH aBTOMAaTUYHOTO KEPYBAaHHS JIBUTYHOM
mnuHaens  Bepcrata  2M57-2.  OcoOMMBOCTAMM  CHUCTEMU  KEpPYBaHHS €
BUKOPUCTAHHS 3BOPOTHOTO 3B 53Ky, 1110 pPEaTi30BaHO 3a JOIMOMOTOIO BiJMOBITHOTO
naBayva.

2 TloObynoBaHo 3arajlbHy IiepelaBaibHy (YHKIIO CHUCTEMH KEpyBaHHS
IINUHSAS ¥ BU3HA4YCHO i1 e(PEKTHBHICTh 3a JIOMOMOTOK KPHUTEPII0 CTIMKOCTI
HaiikBictra Ta sxocti. KpuBa HailikBicra He mepeTWHae BICh Yy BiI'€MHOMY
HampsiMKy abo He Mae 0o0epTaHb HABKOJIO ILIEHTpa KOOPAMHAT, IO BKa3ye MO
CTIMKICTh CUCTEMH 3a KpuTepiem HaiikBicTa.

3 3amporoHOBaHO ICHYIOYY TEXHOJIOTII0 yIOCKOHAJICHHS HAIIHHOCTI Ta TOYHOCTI
cucTeMu KepyBaHHs iHcTpyMmeHTapieM [11]] perymtoBanHs.

4  ABTOMAaTH30BaHO CHCTEMY OXOJIO/DKEHHS Bepcrtara 3acobamu Arduino Mega

2560 Ta BIJMOBITHOTO AaBaya TEMIIEPATypPH.
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4 TEXHOJIOI'TYHA YACTHUHA

4.1 Opranizanisi MOHTAKY eJ1eKTPO00JIaJHAHHS BepcTaTa

Jns  opramizamii MOHTaxy enekTpooOjamHaHHs Bepctatra 2MS57-2
PEKOMEHYEThCS JJOTPUMYBATHCh HACTYITHUX KPOKIB [7].

[lepen moyaTKOM MOHTaXy MEPEKOHANTECh, 110 y Bac € IMOBHAa TEXHIYHA
JIOKYMEHTAIlisl, BKJIIOYAI0Ud KEPIBHUITBO 3 EKCIUTyaTallil Ta eNeKTPUYHI CXEeMHU
Bepcrara 2MS57. O3HailoMTech 3 yciMa BKa3iBKaMU Ta peKOMEHJAIIsIMU, 11100 MaTu
YiTKE PO3yMIHHS IPOLIECY MOHTAXKY.

[TouHiTh 3 MOHTaXXy cTaHWHU BepcTata 2M57-2. [lepekoHaiitecs, 110 CTAaHUHA
MIIIHO 3aKpiljieHa 1 MPaBHJIBHO BUPIBHIOEThCA. JlOTpUMyHTECh 1HCTPYKIH 3
MOHTaXy, HAJAaHUX BUPOOHHKOM.

[Ticnst 301pKKM OCHOBM PO3MOYHITH MOHTaX e€leKTpooOiaHanud. Lle Bkitouae
MIJKITIOYEHHS KaOemiB, pO3NOJUIBYMX IIUTIB, €IEKTPUYHUX MOTOPIB Ta I1HIIMX
KOMITOHEHTIB. JlOTpUMyHTECh €JEKTPUYHUX CXEM 1 Jiarpam 3'€qHaHb, HaJIaHUX
BUPOOHUKOM.

[Mepm HiX migkmtoyaTH BepcTat 2MS57-2 10 [xepena KUBJICHHS, TEPEBIPTE
BCI 3'€JTHAHHS 110JI0 TPABUIBLHOCTI 1 HaMiiHOCTI. [lepekonaiiTecs, 1o BCi MPOBOAU
HAJCKHUM YHHOM 130JIbOBaHI Ta 3aXWINEHI BiJi KOPOTKOTO 3aMHUKAHHS.
BukopucToByiiTe BUMHKAaUi 1 3aXMCHI NPUCTPOI BIAMOBIAHO JO HOPM O€3MEKHU.

[Ticns 3aBepieHHS MOHTaXy MIAKIIOUITE BepcTtar 2MS57-2 1m0 KUBIEHHS 1
nepeBipTe oro podoty. BrieBHIThCS, 110 BC1 €NEKTPUYHI KOMIIOHEHTH MPAIIOIOTh
HaJIC)KHUM YMHOM Ta BIJAMOBIIAI0TH O4IKYBaHOMY (DYHKITIOHATTY.

[lepeBipTe, un BiAMOBI A€ KUBIEHHS BepcTaTa 2M57-2 BuMoram, 3a3Ha4CHUM
y TexHI4HI# gokymeHTamii. I[IlpaBuiabHO MIAKIIOUITE BEpcTaT MO JDKepelia
KUBJICHHS, JOTPUMYIOUUCH BCIX O€3MEYHUX MPOLEAYP Ta HOPM.

[Ticns migKTIOYEHHS M0 JKUBJICHHS HajamrTydTe Bepctatr 2M57-2 3rimHo 3
IHCTpYKLisiMU BupoOHMKa. [lepeBipTe poboTy BCix (PyHKIIIM, EpeKOHAUTECS, 110

BEPCTAT MPAIIOE HAIGKHUM YMHOM Ta BUKOHYE TIOTPIOH1 omepaitii.
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3miicHITh BUNIPOOYBaHHS Oe3neku BepcTaTa 2M57-2, mo0 nepekoHaTucs, 110
BCl 3aXHMCHI MPHUCTPOi MpalIOIOTh HANEKHUM 4YHHOM. llepeBipTe enexTpuyHi
3a3eMJICHHS, (PYHKITIOHYBaHHS 3aXMCHUX KUI, CUCTEMHU aBapiitHOTO BiAKITIOYCHHS
TOIIIO.

3a0e3neuTe kBamiQikaliio Ta HaBYaHHS MEPCOHANy, SIKUU OyJe MpaiioBaTu 3
BepcratoM 2MS57-2. IlepekoHaiiTecs, 10 BOHHM pPO3YyMIIOTh O€3MEKOBl 1
eKCIUTyaTallliiHl MPOoIEeAypH, a TaKOX BMIIOTh KOPHCTYBATHCA yciMa (YHKIISIMH
BEpCTAaTa.

30epexiTh YCIO JOKYMEHTALl}0 MO0 MOHTaXy, HaJAIITyBaHHS Ta Oe3leKku
BepcTtata 2MS57-2. BcTaHOBITh perynsapHUil rpadik cepBiCHOTO 00CTyroByBaHHS Ta
IIPOBOJBTE NMEPIOJIMYHY MEPEBIPKY Ta OOCTYrOBYBaHHS YCTAaTKyBaHHS.

MoHTaKx MarHiTHUX IyCKaviB

MoHTaX MarHiTHUX ITyCKaudiB — 1€ MPOLEC BCTAHOBJIECHHS 1 MIJKIIOUYECHHS
MarHiTHUX IyCKauiB JI0 €JIEKTPUYHUX MEPEXK JUIsl YIPaBIIHHS €JIEeKTPOIBUTYHAMHU.
MarHiTHi myckadli BUKOPUCTOBYIOTBHCSI IS 3allyCKy, 3yIUHKH Ta 3aXHUCTY
€JIEKTPOJBUTYHIB BIiJ] [EPEBAHTAKEHb, KOPOTKOTO 3aMUKAHHS Ta IHIIUX
HECTPUATINBUX YMOB.

Ocb KpoKH, 5IKI MOKYTh OyTH BUKOHAHI IPU MOHTaXX1 MarHiTHOTO MycKaya:

— IligroroBka: Ilepen moyaTkoM MOHTaXy MEPEKOHAMTECS, IO y Bac €
HEOOX1HI 1HCTPYMEHTH, MaTepiaii Ta JOKyMeHTaiis. lleperiasiupre MOHTaxH1
THCTPYKIIi1, 100 O3HAOMHUTHCS 3 IPOLIECOM Ta BAMOTaMH BUPOOHHKA.

— BcranoBnenns: BcTaHOBITH MarHiTHUM IycKad Ha CTiHy a0o iHIIe
OiAXOASIIE MiCLie, BPaXOBYIOUM BHUMOTH WIOJ0 PO3TAllyBaHHS, 3a3€MJICHHS Ta
BeHTWsALIL. JloTpuMyiiTech BKa31BOK BUPOOHUKA JUIsl MPABUIILHOTO 3aKPIIUICHHS
myckauya.

— IligkmrodeHHS  €ICKTPUYHHUX  MPOBOJIB:  3a0e3rnedre  BHUMKHCHHS
JKUBJIEHHS Ta Oe3neyHy poOOTy 3 eNeKTPUYHMMH MpoBojgaMu. [IiAKIoUiTh
KUBJICHHS 10 BXIIHUX KJIEM ITycKada BiAMOBIIHO 0 CXEeMHU 3'€THAHHS, SKa
HajaeTbcss  BUpOOHHMKOM. [IpaBuipHO — miakmouiTe  (a3Hi, HYIBOBI Ta

3a3eMJIIOBaJIbHI IMpoBOJH.
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— IMligknmrouenns kepyBaHHs: [liIKIrO4ITH Kepyrodi MPOBOAM JIO KJeM
KepyBaHHA Myckaya. [le Moxe BKIItOUaTH MpPOBOAM BiJ KHOIOK 3aIlyCKy, 3yIMUHKH
Ta IHIIUX KEPYyHUMX MNPUCTPOiB. [lepexoHaiiTecs, MO MPaBUIBHO ITiAKITIOYIINA
KEepyIoUl CUTHAJIM JIO BiJIMOBIIHUX KJIEM.

— Ilepesipka: Ilicis miakIrOYeHHS MEPEBIPTE, YU BCl 3'€IHAHHS MPaBUIIBHI
Ta HaIHI.

MoHTa:K eJIEeKTPOABUIYHIB

MoHTax eneKTpoABUTYHA BKIIIOUA€ B ce0e KUJIbKa eTarliB, sIKi ONUCaH1 HUKYE:

[TinroroBka: Ilepur HI>K po3MOYaTH MOHTAX, MEPEKOHANTECS, IO y Bac € BCl
HEOOX1THI 1HCTPYMEHTH, O0yiajiHaHHs 1 maTtepiaynu. [lepernsHpre TOKyMEHTaIlilo
BUPOOHHMKA EJIECKTPOJBUTYHA, MO0 O3HAWOMUTHCS 3 TEXHIYHMMH BHMOTaMHU Ta
THCTPYKIISIMU 3 MOHTaXYy.

Bubip wmicusg: BcTaHOBITH €IEeKTpOJABHIYH Ha Iijajo31 abo Ha IMiJICTaBIIL,
3a0€e3Meuyloun CTIMKY OCHOBY [UIi HBOTO. 3BEpHITH yBary Ha JOCTyH [0
CJICKTPOJIBUTYHA JIJIsi OOCTYrOBYBaHHS Ta BEHTUJIALIIT, SIKIIIO 1€ TOTPIOHO.

[TinkmrodenHst enekTpornocTadanss: [lepen MiAKITIOUEHHSM EJICKTPOABUTYHA
NepeKoHaNTecs, 10 KUBJIEHHA BUMKHeHE. [[1IKII04iTh €IeKTPUYHI MPOBOAU BIJ
JoKepenia SKUBJICHHS 10 3'€JHYBAJIBHHX KJIEM eJleKTpoJBuryHa. [loTpumyiitecs
MPaBUIBHOI MOCIIJOBHOCTI MIAKIOYEHHS (Pa3HUX POBOIB, HYJILOBOTO MPOBOAY 1
3a3eMJICHHS BIJIMOBIIHO JIO0 BUMOT TEXHIYHOT JOKYMEHTAITIi.

[Tink/IF04eHHS] CUCTEMHU OXOJIO/DKEHHS: SIKIO €NeKTPOABUTYH MA€ CHCTEMY
OXOJIOJIPKEHHS, 3'€THAliTe BOJOMPOBIIHI TPyOW abo0 1HIINI KOMIOHEHTH CHUCTEMH
OXOJIO/DKCHHS 3 BIAMOBIAHUMH BXOJaMH Ta BHUXOJAaMH E€JIEKTPOJBHUTYHA.
[lepexkonaiiTecs, 10 CUCTEMa OXOJIO/HPKEHHS HAJIGKHUM YMHOM HajallToBaHa 1
i AKITI0YEeHA JI0 JKepeia 0XO0JIOKYI0YOro CEPEIOBHIIA.

[linkirodeHHsT CUCTeMH YIpaBIiHHS: SIKIO €NEeKTPOJBUTYH KOHTPOIIOETHCS
CUCTEMOIO YNPaBIIIHHS, 3'€IHANTE KEPYIOUl MPOBOJAU Bl CUCTEMH YIPABIiHHS 10

KEPYIOUYUX KJIEM €JIEKTPOJIBUTYHA.
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4.2 TexHiuHe 0OOCIYrOBYBAaHHSI Ta eKCILIyaTallisi eJeKTPooOJagHAHHA
BepcTarTa

Bepcrar 2MS57 Moxke MaTh NporpaMHe 3a0€3MEUYeHHs, SIKE KOHTPOIIIOE HOro
poboty. ko BUPOOHMK Ha/lae OHOBJICHHS MPOrPAMHOrO 3a0e3MedeHHs s
BEpCTaTa, TO JJIsI HOro OHOBJICHHS CJIiJT JOTPHUMYBATHUCh HACTYITHUX KPOKIB [7].

OtpumaHHS OHOBJIEHHA. 3B'SKITbCA 3 BUPOOHUKOM Bepcrata 2MS57-2 abo
nepeBipre iX BeO-caiT, MO0 oTpuMatH iHGOPMAIID TPO TOCTYMHI OHOBJICHHS
nporpaMHOro 3a0esnedyeHHs. llepekoHailTecs, MO0 BH OTPUMYETE OHOBIICHHS,
MpU3HAaYEHE came JIJIs Balllol MOoJIesi BepcTaTa.

O3HallOMJIEHHSI 3 THCTPYKLISIMUA. YBaXHO MNPOYUTANTE I1HCTPYKLIi, HagaH1
BUPOOHUKOM, IIOAO TMPOLIECY OHOBJCHHS TMPOTPAMHOTO  3a0e3MEYCHHS.
JloTpuMyiTECh yCIX KPOKIB 1 peKOMEH1alllii, HaJJaHUX BUPOOHUKOM.

[TlinrotoBka 10 oHOBueHHsS. Ilepekonaiitecs, mo Bepcrar 2MS57-2
3HAXOJUTHCS Yy CTaHl, SIKAWA J03BOJIAE€ OE3MEYHO BUKOHATH IMPOIEC OHOBJICHHS.
3abe3neure Hale)KHY JKUBJICHHSI BepcTaTa Ta 3a0e3mnedre MOoro 3axuIleHUM Bijl
BUITaIKOBOT'O BUMKHEHHSI ITi/T YaC OHOBJICHHS.

Bukonanust oHoBieHHsa. CiiyiTe 1HCTPYKIIISIM BUPOOHMKA JJII BUKOHAHHS
IpOIeCy OHOBJIGHHS TMporpaMHOro 3abesmeueHHs. lle wMoxke BriIouaTu
MIJKIIOUYEHHS BepcTara 10 Komm'torepa abo IHIIOTO MPUCTPOIO, BUKOHAHHS
MPOTrPaMHOTO  OHOBJIEHHS 32  JOTMIOMOTOI0  CHEIIaJbHOTO  MPOTrPamMHOTO
3a0e3MeYeHHsI Ta OUiKYBaHHS 3aBEPIICHHS MPOIIECY OHOBJICHHS.

[lepeBipka  poGotu. Ilicims  yCHIIHOTO  OHOBJIGHHS — TPOTPAMHOTO
3abe3reueHHs nepeBipTe poOoTy BepcTaTta 2MS57-2, 100 nepeKoHaTHcs, 1110 HOBE
nporpaMHe 3a0e3NedYeHHs Mpalloe HaJeKHUM YHHOM. BrieBHIThCS, 1110 BC1 QyHKIIIT
BepCTaTa MPAIIOIOTh K OYIKYBAJIOCS 1 BIMOBIJAIOTH BAIIUM MOTpeOaM.

Jlns ekcrutyaraiiii enekTpooOsiagHaHHs Bepcrata 2MS57-2 pekoMeHIyeThCs
JOTPUMYBATHUCh HACTYITHUX KPOKIB 1 IPOLICTYP.

VYBa)XHO MpoOUYMTANlTEe KEPIBHHUIITBO 3 EKCIUTyaTarlii, HajaHe BUPOOHUKOM
Bepcrara 2M57-2. O3HailiomMTech 3 YyciMa I1HCTPYKLISIMH OO0 OE3MEKH,

BKJIFOYAr04M I1IpaBrJia BAKOPHUCTAHHA Ta O6CJIerBYBaHH$I 06J'IaI[HaHH}I.
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[TpaBwibHO MiAKIIOUITE BepcTaT 2MS57-2 10 JpKepesa KUBJISHHS BIJMOBITHO
70 BKa3iBOK BuUpoOHHKA. [lepekoHaiiTecsi, 10 €JIEKTPUYHI MapaMeTpu
BIJIMOBIIal0Th BUMOTAM BEpPCTaTa, a TaKOK BHUKOPUCTOBYHTE BIAMOBIIHI 3aXUCHI
IIPUCTPOI.

[lepen mouyatkom poboTh 3 BepcraTomM 2MS57-2 mepeBipTe, Ul BCl pyXomi
JleTajil HaJIe)KHUM YMHOM 3aKpIiIUIeH1, Y BOHHU BUIBbHI BiJI TIEPEIIKO/ 1 YU HE MAIOTh
O3HaK IIOIIKO/KEeHb. Tako)X NepeBIpTe HAsSBHICTh HAJICKHUX IHCTPYMEHTIB 1
MIPUCTOCYBAHb JIJIs1 BAKOHAHHS 3aBJIaHb.

JloTpuMyHTECh BCIX BKa31BOK IOJI0 O€3MEKH IIiJ yac poOOTH 3 BEPCTATOM
2M57-2. BUKOpHCTOBYWTE 3aXWMCHI MPHUCTPOI, OKYJSPHU, B3YTTA 3 MIIHOIO
MIJONIBOI0O Ta IHINI 3aco0M 3aXHUCTy, SKI MOXYTh OyTH HEOOXigH1 st
MOTIEPE/IKEHHS TPABM.

[IpoBoabTe perynspHe TexHiUHEe 00CTyroByBaHHs Bepctara 2M57-2 3rimgHo 3
peKoMeHalisMu BupoOHuKa. lle BKirOYae OYHMIIEHHS, 3MAIllEHHS, MEPEeBIPKY
CTaHy JieTajeil 1 KOMIIOHEHTIB, a TAKOK 3aMiHy BUTPATHUX MaTepialliB 3a MOTPEOH.

BuxopucTtoByiiTe BiAMOBIAHI IHCTPYMEHTH JIsl poOoTH 3 BepctaToM 2M57-2.
JloTpuMyiiTeCh  BKa3iBOK IIOJAO BCTAHOBJIEHHS 1 BHUKOPUCTAHHA PI3ZHHUX
IHCTPYMEHTIB, IIMUHJENIB, IPUCTOCYBaHb Ta aKCeCyapis.

Crnocrepiraiite 3a podoToro Bepctata 2MS7 mij yac ekcrutyaTailii. 3BepHITh
yBary Ha Oynb-sKi HE3BUYAWHI 3BYKH, BIOpaIlito, rnmeperpiBaHHs ado iHIII O3HAKU
HecnpaBHOCTI. B pa3l BusBIEeHHS npoOJeM HEralHO BHUMKHITH BepcTaT Ta
3BEPHITHCS 10 (axiBIs JIJIs IEPEBIPKU 1 PEMOHTY.

VYHukaiiTe nepeBanTaxxeHHs Bepcrata 2MS57-2. JloTpumyiiTech peKOMEH a1l
I0JI0 MaKCUMalbHUX OOTSKEHb, MIBUIKOCTEW pPyXy IHCTPYMEHTIB Ta IHILIUX
napameTpiB pobotu. He BHKOpHCTOBYHTE BepCcTaT Mo3a HOTO PO3PaXyHKOBUMHU
MOXJIMBOCTSMH, 1100 YHUKHYTH TIOIIKO/DKEHHS oOJiagHaHHs abo TpaBM
KOPHUCTyBaua.

CrtBopiTh Tpadik 0OCIyroByBaHHS Ta TMepeBIpoK Bepcrata 2M57-2.
PerynsipHo nepeBipsiiTe cTaH AeTalield, IPOBOALTE 3aMiHy BUTPATHUX MaTepiaiis,

ouuIaite QUILTPU Ta CUCTEMHU OXOJIOKEHHS 32 BKa31BKaMHU BUPOOHUKA.
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HanaiiTe qoctatHiO HaBYaHHS Ta IHCTPYKTAX MEPCOHAIY, SIKUW MpaIlOBaTUME
3 BepcTatoM 2M57-2. [lepexonaiiTecs, 10 BOHU PO3YyMIIOTh MPOIeaypHu Oe3MeKH,
mpaBuiia eKCIUTyaTallii Ta TeXHIYHOTO OOCIyroByBaHHs. 3a0e3mnedre iM JOCTYIT 10
HEO0OX1THOT JOKyMEHTallll Ta KOHTaKTiB (paxiBIIiB, Kl MOXYTh HaJaTH JOTIOMOTY
pu HEOOX1AHOCTI.

TexHiuHa ekcruyaTaiisi IBUTYHIB 3MIHHOIO CTPYMY

TexHiyHa eKCIUIyartallis JBUTYHIB 3MIHHOT'O CTPyMy BKJIIOUae B ceOe psj
IpoLeAyp Ta MPaKTHUK, K1 JOMOMararoTh 3abe3neuntu Oe3mepediiiHy poboTy Ta
MPOJIOBXKUTH TEPMIH CIy>KOM NBUTYHIB. OChb €Kl Ba)JIMBI aCMEKTH TEXHIYHOT
eKCIUTyaTallii ABUT'YHIB 3MIHHOTO CTPYMY:

[lepeBipka 1 0OCIyrOBYBaHHS: PETYJISPHO TMEpPEBIpSITe CTaH JBUTYHA,
BKJIFOUYAIOYM HMOT0 30BHINIHINA BUIJIAM, BiOpallii, 03HAKH 3HOCY a00 ITOIIKOKEHb.
3aiiicHIONTE perysipHy OOCIyrOBYBaHHS, BKJIIOYAIOYU 3MAICHHS IMiANIMITHUKIB,
OYHIIECHHS BEHTUISILIIMHUX OTBOPIB 1 MEPEBIPKY EICKTPUUHUX 3'€/THAHb.

3axucT Bl NEPEBAHTAKEHHS: JOTPUMYUTECh PEKOMEH Ialllii BUPOOHUKA 111010
po0ouMX TapameTpiB JIBUTYHA, TaKUX SK CTPyM, HAIlpyra, TeMmIeparypa TOIIO.
BukopuctoByiiTe 3axucHI TOpUCTPOi, Taki SK 3amMo0DKHUKH abo  pene
NepeBaHTAXEHHS, TS 3ar00iTaHHs TIEPEBAHTAKCHHIO Ta TOIIKOKEHHIO JIBUTYHA.

[IpaBunpHa 130JId11is1 Ta 3a3€MJICHHS: TEPEKOHAWTECsS, MO0 BCl EJIEKTPHUYHI
3'eIHAaHHS BUKOHAHI HAJIGKHUM YMHOM 1 IO 130111 MK MPOBOJIAMH BiIIOBIIa€
cTaHaapraM Oe3neku. 3abe3neuTe HaJeKHe 3a3eMJICHHS JBUTYHA AJIA 3all001raHHs
CTAaTUYHOMY 3apsijly Ta 3aXUCTY BiJ] €IEKTPUYHOTO yapy.

Pexxumu mycky Ta 3yNMUHKH: BUKOPUCTOBYWTE HAJIC)KHI MPOICAYPH MYCKY Ta
3YIIUHKHU JIBUTYHA JIJIs1 3a1I00IraHHs BEJIMKUM CTpyMaM ITyCKy 1 CTprUOKaM HampyTH.
Po3risiHpTe BUKOPUCTAHHS MYCKOBUX IPUCTPOIB, TAKUX SIK M'SKI MycKadi, JIs

SMCHIICHHA HABAHTAKCHHS Ha IBUT'YH IIPHU ITYCKY.
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4.3 Mo:xJMBI MOIIKOKEHHSI i PEMOHT eJIeKTPOo00JIaTHAHHS BepcTara

Mo>JIHBI MOIIKOIKEHHS eeKTpoobIagHanHs BepcTata 2MS57-2 BKIIIOYaIOTh
HacTymHi pooiemu [8]:

HenpaBusibHe KUBIICHHS, IEpeHANPYTH a00 3aMUKAHHSI MOXKYTh CIIPUUMHUTH
MONIKO/KEHHSI  €JICKTPUYHUX KOMITOHEHTIB, TaKuX SK MOTOpH, pene abo
KOHTPOJIEPH.

HemnpaBunbHe BUKOpHUCTaHHS a00 3ITKHEHHSI 3 IHIIMMHU O0'€KTaMU MOXKYTh
MPU3BECTH JI0 TIOMIKO/DKEHHS PYXOMHUX JeTajiel, IIMUHAENIIB, MPUCTPOIB
aBTOMATHUYHOIO MOJ[aBaHHA a00 1HIIUX MEXaHI3MiB.

Buacmiiok TpuBanoi ekcruryarainii abo HEempaBWIBHOTO OOCITYyrOBYBaHHS
MOXYTh BHUHHUKATH 3HOC, BHPHBAaHHs, IIOJIOMKH a00 BTpaTh poOOYHX
XapaKTEPUCTUK PI3HUX KOMIIOHEHTIB BepCTaTa.

[ToMusiku B mporpaMHOMY 3a0e3Me4eHH1, HECHPABHICTh CEHCOPIB abo 1HIII
CJIEKTPOHHI MPOOJIEeMH MOXKYTh BIUIMBAaTH Ha (PYHKI[IOHYBaHHSI BepcTara Ta HOro
CJIEKTPOHHUX CHCTEM.

B  pa3i  momkomkeHHS ~— eJeKTpooOsamHaHHS —~— Bepctata  2MS7-2
PEKOMEHY€ThCSI POBECTH HACTYTHI ii:

BumkHiTh BepcTaT. 3abe3neute 0e3neKy, BAMKHYBIIH KUBJICHHS BepcTaTa Ta
BIIKJTIOUMBIIH HOTO BIJT JPKEpEIa )KUBJICHHS.

Buknuk ¢axiBig. Skmo y Bac Hemae HEOOXITHOTO JOCBily a00 3HaHb IS
CaMOCTIITHOTO PEMOHTY, 3BEpPHITHCS /10 KBaji(hikoBaHOTO (axiBisg ado CEpBICHOTO
LHEHTPY BUpOoOHMKaA BepcTaTa 2MS57-2. BoHu 3M0OXKyTh A1arHOCTyBaTH MpodIemMy Ta
3MIACHUTH NPOPECIHHUNA PEMOHT.

3amiHa TOMIKO/KEHUX 4YacThH. [licisi BUSIBIICHHS MOIIKOJKEHHS (paxiBellb
3MOYKe TiAI0paTy Ta 3aMIHUTH MONTKOKEHI €JICKTPUYHI arapaTH.

Y €Bpomi, I8 PEMOHTY e€JIEKTpOOOJIalHAHHS BepcTaTa Ta JAOTPUMAHHS
0€3MeKOBUX CTaHAAPTIB, PEKOMEHAYETHCS TOTPUMYBATHUCS HACTYITHUX KPOKIB:

Buxonanns enexrpobesnexu: Ileprn 3a Bce, mepekoHAWTECs, IO KUBICHHS
BepcTaTa BIIKJIIOYEHE Ta 1110 BC1 3aX01 0e3MeKH BUKOHAHI Mepe]l MoYaTKoM Oy/ib-

SKHX POOIT.
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JiarHoctuka mpoOjeMu: BukoHaliTe neTanbHy [IIarHOCTHUKY MpOOJIeMH,
BUSIBITH TOIIKOIKCHI KOMITIOHEHTH Ta BH3HAYTE MPUYMHY IMOJOMKH. SIKIO y Bac
HEeMae HeoOXITHUX 3HaHb a00 JOCBIMY, Kpalle 3BEPHYTHUCS 0 KBajli(hiKOBAaHOTO
(axiBI a00 CEpBICHOTO LICHTPY.

3amiHa KOMMOHEHTIB: Ilicisi BHSBICHHS IIOIIKOJDKCHHUX KOMIIOHCHTIB,
3aMIHITh 1X Ha HOBI a00 HaJeKXHO BIJHOBJICHI. BaXIMBO BHUKOPUCTOBYBATH
OpUTIHAJIBHI 3am4yacTUHU a00 eKBIBaJEHTHI 3aMIHHUKH, $KI BIJIOBIJIAIOTh
cnenudikalisM Bepcrara.

Hamaromxennss Ta tecryBaHHs: Ilicias 3amMiHM KOMIIOHEHTIB IIPOBEHITH
HEOOXI1JHI HaJAIITYyBaHHS Ta TECTyBaHHsA BepctaTta. llepexonaiitecs, 1o BcCl
(GyHKUIT MPaLOTh HAJIEKHUM YHHOM 1 BIAMIOBIJAIOTh BUMOTaM O€3IEeKH.

3anobiranHs MaOyTHIM NOJIOMKaM: PerysisipHO mpoBoJibTe 0OCIyrOBYBaHHS
Ta MEpeBIpKy BepcTara, o0 3amo0irTy ManOyTHIM MojoMKaMm. JloTpumyiitech
peKOMEeHJIallli BUPOOHMKA II0J0 TEXHIYHOTO OOCIYyroByBaHHS Ta 3aMIHU
3HOIIEHUX JETAJICH.

JIoOKyMEeHTYBaHHS PEMOHTY: BaKJTMBO BeCTH 3alMCH TIPO TIPOBEICHI PEMOHTHI
poOOTH, BKITIOUAIOUX 3aMIHEHI KOMIIOHEHTH, JIaTy Ta BAUKOHABIIS PEMOHTY.

PeMOHT TemioBux peJie

PemoHT TemoBux perne Moxke OyTH BHKOHAHMM 3a yYMOBH, IO BU MAa€Te
JIOCTAaTHI 3HAHHS 1 HABUYKHU B Tally31 €NEKTPOTEXHIKU Ta Oe3neku. OaHakK, 3a3Hauy,
[0 PEMOHT TEIJIOBUX pPEJIe BUMara€ TOYHOCTI Ta MPABUIBHOTO PO3YMIHHS HOTO
OPUHITUIY 1ii. SIKII0 BM HE Mae€Te BIAMOBIAHOTO JOCBiy, Kpalle 3BEPHYTHUCS [0
KBaI(hiKOBAHOTO (paxiBIsl a00 CEPBICHOTO LUEHTPY ISl IPOBEACHHS peMOHTY. Tum
HE MEHIIe, S MOXY HaJaTH 3arajbHl BKa3iBKU II0J0 MOMJIMBUX KPOKIB MpH
PEMOHTI TETJIOBUX peTie:

BUMKHITH JKHUBIICHHS: TMepeJ TOYaTKOM PEMOHTY TIepeKOHANTecs, 110
JKUBJICHHS JI0 TEIUIOBOTO pejie BHUMKHEHO 1 3a0esrmedeHa Oesmneka Bil

€JIEKTPUYHOTO yAapy.
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BizyaneHuiil ornsia: oryisHbTE TEIUIOBE pelie, 00 BUSBUTU OYIb-sIKI O3HAKU
MOIIIKOKEHb, 3HOCY a00 BUTOKY. [lepekoHaifTecs, Mo BCl KOHTAKTH HAJICKHUM
YUHOM ITiIKJTFOYCHI.

[lepeBipka KOHTAKTIB: BUKOPUCTOBYIOUM BUMIPIOBAIBHUMN MpUIIaf, MEpeBIpTEe
CTaH KOHTAKTiB Ha TEIUIOBOMY petii. BoHM MOBUHHI OyTH YHCTHMH, HEOKHUCICHUMH
1 IpaBUJILHO 3aTHCHYTHUMH. B pa3i HEOOX1THOCTI, OUYHUCTITh KOHTAKTH BiJl Opy1y
ab0 OKHMCIICHHS.

[TepeBipka TeMIiepaTypHOTO €JIEMEHTA: MEPeKOHANTECs, M0 TeMIIepaTypHUN
€JIEMEHT B TEIUIOBOMY pEJll MpaIlO€ HaJCKHUM YMHOM. 3BEPHITh yBary Ha Oyjb-
K1 O3HAKU MOUIKOJIXKEHHS a00 3J1aMy.

3amiHa JeTajneii: Ko BUSBIICHO IMOITKO/KCHHS KOHTAKTiB, TEMIIEPAaTypHOTO
€JIeMEHTa YW IHIIUX KOMIIOHEHTIB, fKI HE MOXYThb OYyTH BiIpEMOHTOBaHI,

PO3IIISTHBTE MOKJIMBICTh 3aMiHU LIUX JETajeH.

BucHoBkmu 10 po3ainy 4

1 3’scoBaHO 0COOIMBOCTI MOHTaXYy €JIEKTpOOOIaHAHHS BepCcTaTa.

2 JlocimiKeHO alfOPUTM JiH MO0 TeXHIYHOTO 0OCTyrOBYBaHHS BepCcTaTa.

3 Bwusnaueno  ocobmuBOCTi A NpM  TOMIKOPKEHHS W PEMOHTI

GJ'ICKTp006JIaI[HaHH$I BCpcCTarta.
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BUCHOBKH

[IpoBeneHo  TOpPIBHAJNBHUN  aHANi3 CHUCTEM  KEpyBaHHS  BEpPCTaTiB
CBEpJUITMJIBHOT TPyHH Ta BHU3HAYEHO OCOOJIMBOCTI BEpCTAaTIB-aHAJIOTIB, KOTpI
JO3BOJISITh  MOJICPHI3YBaTH JOCHIPKYBaHHN BepcTar. 3’SCOBaHO OCOOJMBOCTI
BUOOPY CHUCTEMHU EJIEKTPONPHUBOAY, METOAIB PEryJIOBaHHA IIBUJIKICTIO U
raJlbMyBaHHSI.

3M1CHEHO TEPEeBIPKY MOTYKHOCTI ~ €JIEKTPOJBUIYHIB HA  MpPEeIMET
3MIMCHEHHS ~ omepauil  cBepaidyBaHHS  BepcTtatoM. OOpaHo  amapartypy
JTUCTAHIIIMHOTO KepyBaHHs, KOHTPOJEp KepyBaHHS MIMUHAeneM BepcTata. ObpaHO
amapatd ~ 3axXMCTy  BIJl KOpPOTKMX  3aMuKaHb, 30kpema  SH203-B10
3 TphoMa mnodrocamu, |y, =10A; 3 criikictio TK3 6kA; U,.,,= 220/380B;
f = 50I'u. O6Gpano mpoBoja Ta KaOem >XUBJICHHS CHJIOBOI YaCTHMHHM 1 CXEMU
KEepyBaHHs BEPCTATOM BiJMOBIIHO 10 BUMOT YNHHUX HOPMATUBHUX JTOKYMEHTIB.

CrBopeHo 1u¢poBUil JBIMHUK CHCTEMHU aBTOMATHYHOTO KEPYBAHHS
JBUTYHOM LINUHAENS Bepcrara 2M57-2. OcoOIMBOCTAMH CUCTEMH KEPYBaHHS €
BUKOPHCTAHHS 3BOPOTHOTO 3B’S3KY, 110 peaji30BaHO 3a JOTOMOIOK0 BiJIMOBIIHOTO
naBaya.

[TobynoBano 3aranpHy TiepeAaBaibHy (QYHKIIIO CHCTEMH KEpyBaHHS
HINUHAENS W BU3HAYEHO ii €(EeKTUBHICTh 3a JIOMOMOrOI KPUTEPIK CTIHKOCTI
HaiikBictra Ta skocti. KpuBa HaiikBicTa He mnepeTuHae BICh Y BiJ'€MHOMY
HanpsMKy abo He Mae oOepTaHb HaBKOJIO LEHTpa KOOPAMHAT, L0 BKa3ye IMpo
CTIMKICTh CUCTEMH 3a KpuTepiem HaiikBicTa.

3anponoHOBAaHO ICHYIOYY TEXHOJIOTIIO YAOCKOHAJIIGHHS HAJIHHOCTI Ta
TOYHOCTI ~ CUCTEMHU  KepyBaHHS  iHCTpyMeHTapiem IIIJI  perymtoBaHHS.
ABTOMATH30BaHO CHCTEMY OXOJIO/PKEHHS BepcTata 3acobamu Arduino Mega 2560
Ta BIJIMOBITHOTO JaBaya TEMIEPATypH.

3’4COBaHO  OCOOJMMBOCTI  MOHTaXy  €JEKTPOOOIaJHAaHHS  BepcTarta.
JocnipkeHo aiaropuT™ Al 1IOJ0 TEXHIYHOTO OOCIyroBYBaHHs BepcTarta.
BusnaueHo ocoOnMMBOCTI Aiil MPHU MOIIKOKEHHS W PEMOHTI €IeKTPOOOIaTHAHHS

BEpcTara.
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Honmatok A

Po3znain 1 (anrmidicbka Bepcis)

1 SELECTION AND JUSTIFICATION OF OUTPUT DATA

1.1 Comparative analysis of existing drilling group machines and
their control systems

In modern production, drilling lathes are the most common among
metalworking machines [1]. They have different equipment and structure of the
executive part of the machine and a significant variety of tool support. Today,
manufacturers offer various models of drilling machines that can drill and ream
holes, countersink and tap internal threads.

Drilling is mechanical processing of materials, for which a special cutting
tool is used - a drill. With the help of this operation, holes of various shapes and
sizes are made. The drilling process is used when it is necessary to countersink,
expand and bore holes [2].

Countersinking, opening holes and drilling can be performed using vertical
metal drilling. Using various tools and devices during vertical processing of
materials, it becomes possible to perform thread cutting on vertical drilling
machines.

On a vertical drilling machine, work on mechanical processing is performed
using cutting, namely drilling.

Drilling is a process in which a rotating drill bit forms various holes that
vary in depth, size, and configuration [2].

Countersinking is a semi-pure mechanical method of processing a workpiece
using a suitable tool. Processing in this way is carried out in cases of increasing the
diameter of the hole, calibrating it, cleaning it from burrs or reducing stiffness.

Reaming is a processing method similar to countersinking. The difference
between them is that drilling is considered final, finished and is performed after
using a drill and a countersink. With the help of this method, the vertical

processing of the inner surface of the hole can be done very precisely remove
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allowance in the form of the thinnest shavings. Reaming is necessary to obtain
bearing mounting holes, plunger holes, reduce surface roughness, and prepare for
threading.

One of the subtypes of vertical metal processing is radial drilling [2].
Compared to vertical drilling machines, the drill is moved relative to the
workpiece, and the workpiece itself is fixed on the machine, and this makes it
possible to process large workpieces.

The vertical drilling machine 2T150, which is shown in Fig. 1.1, is a
representative of drilling machines, the processing of parts on which is performed

with both manual and mechanical spindle feeding.

5 ¢
! 7
3
8
2
1
a) 0)

1 — base; 2 —table; 3 — column; 4 — fence; 5 — drill head; 6 — electrical equipment;
7 — lamp; 8 - cooling
a) structure of the machine:
b) appearance
Figure 1.1 — Vertical drilling machine model 27150
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The main nodal parts of the machine are located on a huge bed equipped
with vertical guides. These guides move the table on which the drilling head is
located [1].

An electric motor, a gearbox, a feed mechanism and a spindle are installed
on the cast-iron drilling head. Cartridges of various designs and purposes are
attached to the spindle. To turn on and off, speed control switch is provided. The
drill is fed in one way: manually through the steering wheel or mechanically.

Radial drilling machine has a more complex structure and significant
capabilities [1]. The spindle of this type of machine can be moved to any point of
the horizontal workpiece. But in addition, the principle of operation and structure
are no different from the entire set of hand drills. Consider the radial drilling

machine 2A554, which is shown in Fig. 1.2.

1 - electric motor; 2 - cross-arm; 3 - column; 4 - electric motor; 5 - spindle head;
6 - spindle
a) structure of the machine:
b) appearance
Figure 1.2 - Radial drilling machine 2A554
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This machine is designed for drilling, countersinking, trimming the ends in
both directions, unfolding, boring holes and cutting threads.

The sequence of operations on this machine is as follows: first, the
workpiece is fixed on the foundation base and then, using the rotating movement
of the spindle or drilling head with several spindles, its processing is carried out.
When making one hole after another, the spindle or drilling head is moved along
with the traverse around the column, while the traverse moves vertically along the
column guides. The spindle is rotated and supplied by the motor 1. Vertical
movement of cross-arm 2 along column 3 is performed from electric motor 4.
Regarding the structure of the drilling head, it can be added that it contains
hydraulic mechanisms for switching and speed and feed boxes.

Horizontal drilling there is a drilling machine of this type, in which the
spindle is installed parallel to the floor [1]. The structure of the machine as a whole
is similar in design to a vertical drilling machine with a difference in spatial

placement. The appearance of the horizontal drilling machine is shown in Fig. 1.3.

Figure 1.3 - Horizontal drilling machine SvGD
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Consider machine control systems. Automatic Machine Control System
(ACMS) is a set of technologies and software designed to automate machine
control processes. It allows you to programmatically control various parameters of
the machine, such as the speed of rotation of tools, material supply, machining
accuracy, etc.

This system can use various control methods such as numerical control
(CNC), program control (PLC), process visualization systems and sensor systems
to ensure machining accuracy and machine efficiency.

1.1.1 Control principles in drilling group machines

If the process of processing the object of labor is repeated many times (for
example, the process of processing parts in mass production), that is, only the same
parts are processed on the machines, then the movement of the machine's working
mechanism (the law of process control) will repeat the cycle many times,
remaining constant [3]. In this case, the number of predefined control techniques is
limited, and simple automatic devices can be used to perform them. With
continuous production, products often change (somewhere from 2 to 40 different
processed blanks per month), so you need to be able to reconfigure the work of
machines, presses, etc. In such cases, a more complex system of additional
equipment of the machine is required.

A set of controlled objects (machines) and automatic control devices
(without operator participation) (a set of means for collecting, processing,
transmitting information and generating control commands), whose actions are
aimed at improving the performance of control objects and are an automatic
control system [3].

The automatic control system should form with great accuracy the execution
of commands for the movement of the working bodies of the machine tools, the
synchronism of their movement in different cycles, ensure the speed of
transmission and execution of the commands themselves, the ability to execute a
significant number of instructions (changing the supply and speed of rotation of the

spindle, changing the position of the turret). The cost-effectiveness of the process
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iIs ensured by the simplicity of the design, reliability, the ability to quickly
reconfigure and the low cost of the CAC components. The automatic control
system will justify itself only if it provides the necessary machining accuracy,
performance and economy. The cost of parts processed in this way will be lower
than without the use of the system. ACES differ in such factors as the degree of
centralization of control, the type of software carrier, the mode of influence, the
presence of feedback, the principle of synchronization of the movement of the
operating mechanism, the number of controlled coordinates, etc.

Having considered the types of control systems, we can say that each of
them has its advantages and disadvantages, namely [3]:

1) Centralized systems have a central command post (camshaft, control
unit), which is responsible for the operation of the machine or automatic line. The
system is simple and reliable in operation. To turn off the machine in cases where
commands from the central command point cannot be executed, which leads to
damage or damage to the machine, the machine must have additional safety
devices.

2) With a decentralized system, control is carried out using separate devices
of the machine or the flow line. This type of control is performed through various
equipment associated with a particular device. Typically, such equipment are track
switches and switches that are turned on and off by moving parts of the machine or
automated line. All drives are connected to the switching system, and the operating
mechanism can perform the following action only after the completion of the
previous action. In this system, a significant number of switches are in the working
area of the machines and are contaminated with cutting fluid and dust, which
causes damage, thereby affecting the reliability of the control system.

3) Mixed control system combines centralized and decentralized control
systems. Specific process nodes are managed decentrally, while others are
managed by a central command post. In the event of an accident, the central

command post stops issuing commands. For example, the camshaft must stop
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when the limit switch notifies you that the previous action of the actuator is not yet
complete.

1.1.2 Distribution of control systems by methods of influence on
machine (machine) operating mechanisms

According to the method of influencing the working mechanism of the
machine, the control systems are divided into continuous and discrete
(intermittent) [3]. In a continuous control system, a command is a continuous
function of time and a controlled signal. In systems of periodic (discrete) control,
given commands come in separate pulses at certain time intervals.

In some cases, automatic control systems do not respond to changes in the
characteristics of the process itself, so information about the input process is not
supported. For example, if when a part is rotated, its diameter increases due to the
operation of the tool, the system does not respond to this change and the
processing will continue until the intervention of the fixer, who must correct the
position of the tool or install a new one.

An open system can be considered a system in which there is no connection
between the control process and its passage. The system is considered closed or
adapted if the connection between the control process and its passage is available.

If there is a need to control the process in which the parameters must be
strictly observed, then a closed control system should be used. In such a system,
there is a need to obtain information about the course of the process, that is, the
existence of feedback. These are feedback systems. For example, during the
grinding of a part, when the operation of the grinding wheel increases the size of
the workpiece by a certain amount, automatic adjustment of the position of the
grinding wheel is activated (so that the spindle is supplied with it) and the wear of
the wheel can be compensated. Such automatic regulators (auto-controllers) make
it possible to quickly take into account and correct deviations from the given
process characteristics, that is, to carry out the execution of exact replacement parts
[3]. The use of automatic control devices deprives workers (adjusters) of the task

of changing the position of tools on the machines, which reduces the time for
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setting up the machine, so that the adjusters can repair more machines, that is,
increase the productivity of workers.

There is a defined sequence for each individual control command. Messages
(pulses, signals, commands) required to perform controlled movements are issued
when the parameters to be responded to are changed. For example, when the
workpiece is fed into the chuck, the air drive handle must be rotated to secure the
workpiece in the chuck of the machine. In this example, the direct execution of the
control movement consists in turning the handle of the pneumatic drive to clamp
the workpiece [3].

Sometimes, after issuing a command requiring a certain control action
before execution, an intermediate action is necessary. For example, after the
grinding machine stop command appears, when the part reaches a given size, the
command does not need to be executed immediately, and the exit process delays it.

Therefore, in any control order, two or three phases can be distinguished -
the appearance of a signal to perform work (command), its immediate execution
and intermediate actions, if necessary.

1.1.3 Basic structure of the control system

The control system contains two main units (see Figure 1.4): control object
and control device, sometimes also called regulator [4]. Based on one or more
predetermined actions Y(t) determining the control sequence, the control device
generates a target action G(t) and maintains at a predetermined level or changes the
state Y(t) according to a certain law, the value of which can be displayed at its
output through the corresponding signal y(t). The control device is faced with the
task of ensuring the specified quality of the system operation in all practically
important modes, especially when external disturbances and instability factors X(t)
affect the object. Management devices are created by system developers based on

knowledge of the properties of managed objects and mandatory system tasks.
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Figure 1.4 - Control system of formal automation object

External communications of the control object are shown in Fig. 1.4, where
X is the channel of the medium action on the object and the control device, Y is the
channel of the object action on the medium or the information channel of the state
of the object, U is the channel of the control action on the object, G is the setting
action, Yos is the feedback signal [4].

Maintaining a certain pattern of change in one or more physical parameters
of the process occurring in the control object is one of the main tasks of
management. These parameters are called controllable (direction of movement of
the tool, liquid level, temperature, pressure).

The control object always contains a control body, under the action of which
the parameters of the control object (resistors, valve, shutter, etc.) are influenced.
The physical quantity U(t) at the input of the control is called the input quantity or
the control action on the object.

The structure of the control object necessarily includes a sensitive element
[4], which converts the controlled value into a proportional value suitable for use in
a control system. The Y(t) value at the output of the sensor is called the output
value of the control object. In most cases, it is an electrical signal (current, voltage)
or mechanical movement. Thermocouples, tachometers, levers, pressure sensors,
position sensors and more can be used as a sensitive element.

Control action U(t) is performed by control device and acts on object control
element to maintain required value of controlled value. The control action can be

carried out by motors, electromagnets. The structure of the control system also
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contains a setting unit. It generates a program for changing the control action,
namely, it gives a setting signal U(t). The setting unit is implemented as a separate
device generating a signal G(t) at the input of the control device, and may be
placed in the middle of the control device or not exist at all. The clock pendulum
may be an example of a master block.

The value of X(t), which has an effect on the control object and, if
necessary, on the control device, is called perturbation [4]. It shows the effect of
changes in the environment, load, etc. on the initial value of Y (t).

Generally speaking, all communications in the control system can be multi-
channel (multi-dimensional), and the action itself is an information signal on a
material carrier of any physical nature (electrical, magnetic, mechanical, optical,
etc.).

The main types of systems according to the principles and patterns of
operation of the control device are divided into: stable systems, software, tracking
and self-regulating, among which extreme systems, optimal systems and adaptive
systems can be distinguished.

Systems for ensuring stability (stabilization) maintain unchanged the value
of the controlled value in all types of disturbances, namely, y (t) = const. The
setting unit generates an exemplary signal with which the output value is
compared. Typically, the setting block allows you to adjust the sample signal,
which makes it possible to change the value of the original value.

The software system provides changes in the controlled parameter
corresponding to the program specified at the input of the control device or
generated by the setting unit. Systems of this type can represent players, software
machines, etc. There are systems with time programs that provide y = f (t), and
systems with spatial programs that provide y = f (t) and are used in cases where it
Is important to obtain the desired trajectory in space at the output of the system.

The tracking system differs from the software system in that the program

y=f (t) or y = f (x) is not known in advance. A device that tracks any changes in
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external parameters acts as a setting block. These changes will determine changes
to the original y (t) value.

The systems of the considered three types can be constructed according to
any of the three principles of control (open system, compensation, feedback). Their
characteristic is that the output value (system state) must correspond to a given
value uniquely determined at any time.

Self-regulating systems are characterized by an active setting unit, which
determines the value of the controlled value, which is in a sense optimal.

In extreme systems, the output parameter must always be equal to the
extreme value of all possible values, which is indefinite in advance and can
change. To find them, the system performs small experimental movements and
analyzes the behavior of the output parameter on these events, after which control
actions are generated that bring the output value closer to the extreme value. The
process is continuous and is performed only through feedback.

An optimal system is a more complex variation of an extreme system. Here,
in general, there is a complex processing of information about the nature of
changes in initial values and perturbations, about the nature of the influence of
control changes on initial values is possible with the involvement of theoretical
and heuristic information. The presence of computer technology is the main
difference between extreme systems. These systems can apply any of the three
basic principles of control.

In an adaptive system, you can automatically adjust parameters or change
the structure of the system to adapt to changing external conditions. Therefore,
there are adaptive systems that self-regulate and self-organize.

1.1.4 Types of control systems according to the principle of operation

There are many options for automatic control systems for machines with
different principles of operation and methods of information processing. Automatic
control systems can be divided into three groups [3]:

1)  According to the type of program carrier, automatic control systems of

machine tools are analog, numerical and cyclic. The analog system uses physical
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simulation of processing components as software. Templates, copiers are used as
physical simulators (software media). To provide information in a numerical
system, a combination of numerical codes is used that describes the outline of the
part and the main technical functions that it performs. Punches, magnetic tapes and
storage devices are used as program carriers. In a loop system, plug-in panels,
mounting pads, etc. are used as software media for allocating a series of base
loops, and on this basis, motion values in the main loop are programmed to build a
complete loop of processing details.

2) Based on the influence of input information, all automatic control
systems are divided into two groups:

— Automatic control systems included in the first group operate on the
basis of complete, well-developed control programs. Changes or corrections to
them are not allowed. This group includes camshaft control systems, copying
systems, cycle control systems and some numerical program control systems.

— The automatic control systems included in the second group operate on
the basis of incomplete input data or data that can be changed during processing
based on the involvement of current technical information about the controlled
process in order to improve the technological processing of the workpiece. This
group includes control systems in which optimal control: is carried out by
changing control actions; is achieved by changing the values of the machine-
instrument-tool-blank system; is performed by changing the sequence of control
execution.

3) By the presence of feedback, automatic control systems are divided
into open and closed.

In an open system (see Figure 1.5) there is only one channel of information
receipt from the control program to the part processing operation, thanks to which
the information entered in the program carrier is transmitted to the part. We draw
attention to the fact that in this system there is no check of the real state of the
executive body. The quality of the work performed will depend on the exact

movements of the mechanisms.
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Figure 1.5 - Open automatic control system

Camshaft system, copy mechanical system, CNC systems with flywheel
supply wire are open control systems.

Closed systems use several channels of information provision, at which one
of them is direct, and others are additional channels of information. Closed systems
can be divided into two types:

1)  Actuator position feedback control system (see Fig.1.6).
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Figure 1.6 - Closed control system by actuator position
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This type of system includes a tracking copying system, a closed-type CNC
system.

2) The control system with position feedback and with the presence of
sensors for measuring the parameters of the part processing process for making
changes and correcting the forward information channel (see Fig.1.7).

This type of system includes numerical control systems that contain

additional blocks that solve the issue of optimizing the part processing process.
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Figure 1.7 - Closed automatic control system by the position of the actuator and

control of the cutting process parameters

Each of the automatic control systems contains devices connected to specific
working elements of the machine [3].

Quite common in mechanical engineering control system with a camshaft. It
has many positive aspects, and the main thing is a significant centralization of the
sensors-fists located on the camshaft, because this provides a clear synchronization
of the provision of control signals for driving the working bodies of the machine.
The working body begins to perform the necessary movements after calculating the
profile of the cam (lifting, lowering). Also, cams, the structure of which can be
found in Fig. 1.8, in addition to the control function, use levers to move the

working elements of the machine.
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1 - cam; 2 - camshaft; 3 - spring; 4 - front caliper; 5 - workpiece; 6 - rear caliper;
7 - balance lever; 8 - knife

Figure 1.8 - Cam mechanism:

This system is characterized by reliability, provides an opportunity to make
calculations in advance and at a particular time to perform a working cycle of
varying degrees of complexity. But the system also has a drawback - this is the
lack of feedback, that is, the system is open, which leads to the urgent need for a
significant number of checks of finished parts for timely maintenance of the
machine. The adjustment worker has the opportunity to inspect a small number of
such machines (no more than 10) [3]. It should be borne in mind that it takes a lot
of time to reconfigure the machine to another part, and therefore the system with
the camshaft is carried out in large-scale and mass production. To speed up the
reconfiguration, devices are used to change the direction of movement of the
working body without changing the cams. Also in mass production, you can
replace the entire cam block with a camshatft.

When using a control system with stops, it should be noted that the stop,
which is a program carrier, must be fixed in a certain position on the machine [3].
The command to change the direction or speed of movement occurs when the

moving part of the machine approaches the stop, while the machine is stopped.
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Only then will the actuators perform a change in the movement of the machine
parts.

Adjustment of direction of table movement to its reverse by means of stops
is performed on grinding machine (see Figure 1.9). Advantages of the control
system with stops are remote control, simple structure of the structure, low cost. It
should be noted that the lack of the ability to control the placement of the executive
body during its movement creates certain difficulties in synchronizing the
execution of commands for several working devices and is a significant drawback
of this control system. The proposed control system is recommended to use with a
small number of working bodies, for example, when automating universal

machines. This system is used on automatic lines.

1 - stop; 2 - projection of lever, which presses stop; 3 - lever head; 4 - levers

Figure 1.9 - Control by stops:

In the control system with copiers, the program carrier is a copier (made of
plastic, steel) placed on the machine. The direction of movement of the working
organ of the machine is performed according to the profile of the copier [3].

Copying control systems are divided into two groups:

The first group. The cam is firmly fixed on the working body of the machine
and moves the assembly with the tool and the feed mechanism in one or two

coordinates. In this case, the movement of the second and third coordinates is
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carried out by the machine feed mechanism. The diagram of the power control
system of the copying control can be found in Fig. 1.10).

The second group. The copier only transmits information and carries a slight
load. The influence on the direction of movement is performed by the

corresponding converter and the power drive of the machine.

1 - the part to be machined; 2 - milling cutter; 3 shows a probe roller which is
connected to a spindle head of a milling machine; 4 - copier; 5 - table feed drive

Figure 1.10 - Copy control power system diagram:

For the control system of the first group, the copier's reaction to the
influence of the information supply is slow and this leads to a decrease in the
accuracy of processing subsequent blanks. The system has a steel, heat-treated
copier, which is characterized by high wear resistance and strength [3]. For the
control system of the second group, the copier does not require significant strength
and wear resistance, has a simpler structure, lower cost and high accuracy of
machining parts. Combined control systems are also used. These include
pneumohydraulic, hydraulic, electric, electromechanical, combined electro-
hydraulic copying systems. In combined control systems (see Fig. 1.11) the
probe 5 placed in the command driving mechanism of the copying head 4 moves
along the copier 6. In this case, the table of the machine performs movement with a
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constant predetermined feed Szad. Probe 5, depending on the angle of the profile
of the copier a receives a feed Ssl., which is transmitted to the tool 1 by the
executive body - power motor 2. Through the feedback 3, the vertical movement of

the actuator 2 is instantly transmitted to the copy head 4.

3 1

P S

Figure 1.11 - Tracing Copy System Diagram

The universal machine can have a control system with built-in copiers.
When using this system, the machine is quickly reconfigured to process the second
blanks, but the disadvantage is the significant cost of producing copiers and the

ability to automate only working moves.

1.2  Brief technical characteristics and description of the main units of
the machine

The 2M57-2 machine is a universal metalworking machine that is widely
used in manufacturing plants for various processing operations of metal products.
The main technical characteristics of the 2M57-2 machine include [5]:

Machine type: universal machine.

Maximum processing diameter: depending on the specific modification,

usually up to 570 mm.
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Maximum processing length: also depending on the modification, usually up
to 2000 mm.

Central height of the machine: approximately 285 mm.

Power of the main drive: depends on the specific modification, usually in the
range of 7.5 - 11 kW.

Main spindle speed: Has several speed modes, usually 20 to 1600 rpm.

Spindle type: DIN 55027 landing spindle.

Spindle cone: Morse 5.

Machine weight: depends on the modification, usually in the range from
2500 to 4000 kg.

The machine 2M57 has the following main units [5]:

— Steel base on which all other units of the machine are located. The cradle
provides stable support and rigidity of the entire structure.

— Main spindle: This is the main rotating shaft of the machine, which
performs the processing of parts. The spindle rotates the cutter or tool required to
process the metal. The spindle speed can be adjusted depending on the processing
requirements.

— Frame: This is a rigid metal frame that holds the cradle and other units of
the machine. The frame provides stable support and shock absorption of vibrations
during operation of the machine.

— Carriage: This is a movable structure that moves along the bed and
contains a tool for processing parts. The carriage may have different driving modes
such as feed and return.

— A unit that allows you to adjust the angle of the tool to perform various
operations, such as threading or milling.

— A mechanism with different gears that allows you to adjust the spindle
speed and tool feed. It contains elements such as clutch, gears, shaft and various

regulators.
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— An electric motor that drives the main spindle and other moving parts of
the machine.

In addition to the above technical characteristics, the machine provides the
following.

Processing materials: The 2M57-2 machine is designed to work with
different types of materials such as metal, wood, plastic, etc. This gives ample
opportunities in the processing of various products and parts.

Load and power: The 2M57-2 machine has a certain load capacity and
power that affect its working capacity. This information helps users determine how
large and complex products can be processed on this machine.

Control: The 2M57-2 machine can have different control systems, including
mechanical, electrical or software control. This affects the ease of use and the
ability to configure working parameters.

Availability of additional accessories: In some models of the machine,
additional accessories may 2M57-2 be available that expand its functionality. It
can be levers, locks, nozzles, etc., which facilitate the processing of parts and
provide more flexibility in work.

This additional information will help users better assess the capabilities and

suitability of the machine 2M57-2 to their specific requirements and tasks.

1.3 Requirements for electric drive and automation

Requirements for the electric drive and automation of the machine may
2M57 depend on the specific model and manufacturer. However, the basic
requirements include the following [6].

The 2M57-2 machine is usually powered by an electrical network with a
voltage of 380 V three-phase current. It is important to observe the correct voltage
and phase balancing for efficient operation of the machine.

The machine is equipped with an electric motor for driving the main spindle

and other moving units. Motor requirements include power, speed, and torque.
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Typically, asynchronous three-phase motors with appropriate characteristics are
used to perform various operations.

The machine can 2M57-2 be equipped with an automatic control system that
allows you to program the sequence of operations and control the movements of
the machine. This may include a numerical programming system (CNC) or other
types of automated control systems.

The machine can have a control panel with buttons, switches and indicators
for starting, stopping, speed control, feed control and other functions of the
machine.

It is important that the electric drive and automation of the machine provide
appropriate safety measures such as overload protection, system emergency
shutdown, short circuit protection and other measures to prevent accidents and
equipment damage.

Additional automation requirements and recommendations for the 2M57-2
machine may include the following:

The presence of an automatic control system: The 2M57-2 machine can be
equipped with an automatic control system that allows you to program the
sequence of operations and control the movements of the machine. This greatly
facilitates the work and provides greater accuracy and repeatability of operations.

User interface: The control panel of the machine should 2M57-2 be clear
and user-friendly. Buttons, switches and indicators should be located conveniently
and have clear icons or inscriptions.

Programmability: It is recommended to be able to program the sequence of
operations and motion parameters of the machine 2M57-2. This allows you to
customize it to perform various tasks and optimize the production process.

Saving settings: It is important to be able to save and restore the 2M57-2
machine settings. This allows you to conveniently switch between different types
of work and save settings for specific tasks.
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Protection against erroneous operations: It is recommended to have
protection mechanisms against erroneous operations, such as blocking certain
functions or warning signals when incorrect settings.

Overload prevention: The automation of the machine must 2M57-2 have an
overload protection system. This may include monitoring of power, temperature or

load and automatic shutdown in case of exceeding the permissible limits.

1.4 Selection of current type and supply voltage value

The choice of the type of current and the voltage of the power supply of the
machine 2M57-2 usually depends on the established standards of electricity supply
in the country or region where it will be operated.

Usually, machines 2M57-2 operate on three-phase current, or AC [7]. Most
2M57-2 machines are designed to work with a voltage of 380 V. This is the
standard voltage for many countries, including the European Union and some other
countries. However, other regions, such as North America, may use other voltage
standards, such as 440 V or 480 V.

Most countries have a standard frequency of 50 Hz or 60 Hz for power
supply. The machine can 2M57-2 be designed to work with both frequencies, and
the manufacturer can adapt the machine to the appropriate standard depending on
the region in which it will be operated.

Recommendations for choosing the type of current and the magnitude of the
power supply voltage of the machine 2M57-2 depending on the use of solar panels
and inverters may include the following:

Use of solar panels. If you plan to power the machine 2M57-2 from solar
panels, it is important to take into account their characteristics and system
requirements. Since solar panels generate direct current (DC), you might consider
using an intermediate alternating current (AC) inverter to convert the direct current

to the alternating current required by the machine.
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Select the inverter. When choosing an inverter for a 2M57-2 machine with
solar panels, make sure that its characteristics correspond to the power of the
machine and its electrical requirements. It is important to note that the inverter
should be able to convert direct current from solar panels to alternating current of
the desired voltage and frequency that correspond to the machine.

Mains connection: If the machine is 2M57-2 planned to be used in
combination with solar panels and mains power, it is recommended to use a
"hybrid" power supply system. Such a system allows you to switch between solar
energy and mains power depending on the availability of sunlight and the needs of
the machine. Usually, special controllers or inverters are used for such systems,
which provide a smooth transition between energy sources.

When choosing the type of current and the voltage of the power supply
network for a 2M57-2 machine with solar panels and inverters, the following
factors should be considered:

Nominal power of the machine. Before choosing the type of current and
voltage, it is necessary to determine the rated power of the 2M57-2 machine. This
will help determine the appropriate power of the solar panels and inverter to ensure
efficient power supply.

Voltage and frequency standards: Explore voltage and frequency standards
in the country or region where the solar panel 2M57-2 machine will be used.
Verify that the selected solar panels and inverters support the appropriate
standards.

Power supply. If the machine is planned to be connected to the mains power
supply, the characteristics of the network, such as voltage and frequency, should be
taken into account in order to select the appropriate current type and voltage value
for the machine and ensure its compatibility with the network infrastructure.

Location and zoning: Consider the location of the machine 2M57-2 with
solar panels and inverters. In some countries or regions, there may be restrictions

on the use of solar energy, as well as rules on the zoning and certification of solar
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systems. Compliance with these rules is important for the safe and legitimate

operation of the system.

1.5 Selection of electric drive system, speed control and braking
methods

When choosing an electric drive system for a drilling machine, several
factors must be considered to ensure efficient and reliable operation. Here are some
key aspects to consider:

— Type of work and requirements: Consider what type of drilling you will
perform on the machine and what are the requirements for speed, torque and
accuracy you have. For example, if you need high drilling speeds, it may be
advisable to choose a variable speed system or inverter drive.

— Machine capabilities: Make sure that the selected electric drive system is
compatible with the drilling machine. Check its input parameters such as supply
voltage, power, phase characteristics, etc., and ensure that the selected system
meets these requirements.

— Drive type: There are different types of electric drives such as direct
current (DC), alternating current (AC) or hybrid systems. Each of these types has
its advantages and limitations. For example, DC drives can provide high torque at
low speeds, while AC drives are usually more affordable and easy to use.

— Control and automation: Consider the possibilities of controlling and
automating the electric drive system. For example, whether you need the ability to
program operating modes, speed control or integration with other automatic

systems.

Section 1 Conclusion

A comparative analysis of control systems of drilling machines was carried
out and features of similar machines were determined, which will allow
modernizing the investigated machine. The features of the choice of the electric

drive system, methods of speed control and braking are clarified.
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I.B. Mapuenko, mazicmp

Hayionanvnuii ynisepcumem «Illonmascwvka nonimexuixa imeni FOpia Konopamiokay

MOJIEPHI3ALIS EJIEKTPOOBJIATHAHHS PAIIAJIBHO-
CBEPJAJINJIBHOI'O BEPCTATA MOJIEJII 2M57-2 TA JOCJILIXKEHHSA
HMOI'0O XAPAKTEPUCTUK

Enepretnyna He3aJlIeKHICTh KpaiHM mnoTpedye HasSBHOCTI  BIAMOBIIHOTO
OpOMUCIIOBOTr0 oOmagHaHHs [1], 30kpema MeTal000OpOOHMX BEPCTATiB, KOTPI
JT03BOJIATh BUTOTORJISTH BIAMOBIAHY POAYKIIit0. MeTanooOpoOHi BepcTaTH, 30KpemMa
CBEPUTHIIBHOT TPy [2], KOTpi BHKOPUCTOBYIOTHCS Ha IPOMHUCIIOBUX TTiAMPUEMCTBAX
noTpeOyOTh TEPMIHOBOI MOJIEpHI3aIlii. 3BaKal04M Ha 11e, aBTOPAMHU 3apPONOHOBAHO
KJIACUYHUHN MIAXi BUPIIICHHS MPOOJIEeMH, KOTPUN BUCBITIIOETHCS Y MariCTepChbKin
poboTi 3a TeMoro «MojiepHizallisl eJIEeKTPOooOJIalHAHHS PaialIbHO-CBEPITUIBLHOIO
BepcTaTta Mojenl 2MS57-2 Ta TOCHIIKEHHS] HOTO XapaKTEPUCTHK.

BianoBigHo 10 kaneHgapHoro Iuiany npoekty (11.10.23 — 13.12.23 p.)
3aMpONOHOBAHO HACTYMHI eTanu BuUpimeHHs npoonemu. Etan 1. Anani3 icHyrouux
JOCJIKEHB 11010 aBToMaTHu3allii BepctatiB. Etam 2. Onuc TeXHIYHUX XapaKTePUCTUK
Bepcrara. Etan 3. Po3paxyHok motyxHOCTi aBuryHiB. Etan 4. Po3poOka cucremu
KepyBaHHS TrojoBHOTO mnpuBoaa. Eram 5. MoaepHizaiis 3aco0iB aBTOMaTH3allii
BepctaTa. Etam 6. AHali3 oTpuMaHuX pe3yJbTaTiB Ta MPUIHATTS PIIICHb.

TakuM YWHOM, 3ampONOHOBAHI 17l JIO3BOJIATH YAaCTKOBO  BHPIIIUTH
npo0ieMaTUKy €HEPreTUYHOI HE3aleKHOCTI KpaiHM [UISIXOM BUKOPUCTAHHS
cydyacHoro oOnamgHanHs. Bkasane  oOmamHaHHS ~— CIIOKMBAaTUME — MIHIMyM
eICKTpOeHePTii, Oy/Ie JSIIEBIINM 3a aHAJIOTIYHE 00JIaJHAHHS Ta HATIHHIIITHM.
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AKTYAJIBHICTb POBOTU

MammHoOyayBaHHS HaJCKUTh J0
HAWTIOTY>KHIIIHAX rainysen HapOJIHOTO
roCIoAapcTBa, 3a0e3leuye BHUCOKY SKICTh 1
TOYHICTh BHPOOIB B3araji Ta 0OpoOIIOBaHUX
MIOBEPXOHB JIeTaJIeil MaIlluH 30Kpema.

EdexruBHe BUKOPHUCTAHHS
ABTOMAaTHU30BaHUX yCTAaHOBOK, POOOTH30BaHHUX
CHUCTEM, OCHAIIEHUX MIKPOMIpOlecCopamMu abo
OOYHCITIOBATBPHUMHU TIPUCTPOSIMA HEMOXKITUBE
0€3 CTBOPEHHSI Cy4acCHOTO 1HCTPYMEHTAJIBHOTO
CIIOPS/HKEHHS MIBUILEHOI HAIIMHOCTI, sIKe O
3a0e3medyBajo  €KOHOMIYHE BUKOPHUCTAHHS
JOPOT0i MPOrPECUBHOT TEXHIKHU.

.
[ls oOcTraBMHA 3yMOBIIIO€ MIABUIICHI BUMOTH J0 METAJOpPi3ajbHUX IHCTPYMEHTIB, iX SKOCTI, €(peKTUBHOCTI. Tomy
MaiiOyTHi (paxiBli B ramy3i MeTajJoOOpOOKM MOBHHHI BMITH HPOEKTYBATH Pi3HI BUAM I1HCTPYMEHTIB, a TaKOX
BIOCKOHAJIIOBAaTH  iX IS  BEpPCTaTiB-aBTOMATIB, aBTOMATWYHUX JiHIA, BepctariB 3  UYIIK, mBuako
NEpEeHaIaro)KyBajJbHIUX TEXHOJOTIYHUX CHCTEM 3 ypaxyBaHHSM BHMOT JO OOpoOIIOBaHUX AeTaliel, 0coOIMBOCTEN
yCTaTKyBaHHS.

3agauero kBagidikaniiinoi podoTH € MPOBEICHHS aHAI3y pOOOTH ICHYIOUMX BEPCTATiB CBEPAJIMIBHOI IPyHH Ta iX
CHUCTEM KEepyBaHHS B LILIOMY, pO3po0Ka MOIEpHI3allli CUCTEMU KEpyBaHHs BepcTaTa.

00'exT pocaigxenns. [Ipoiec y1ocKkoHaIEHHS CUCTEMU KEPYBAHHS BEPCTATOM.

IIpeamer pociimkennsi. MomepHizallis e1eKTPOOOIaHAHHS PaaialbHO-CBEPUTHIILHOTO BepcTara Mozaem 2M57-2.
Meta po6oTH: MomepHi3allis eIeKTPOOOIaTHAHHS PajiaJbHO-CBEPUIHIIBHOTO BepcTata Mmomeni 2MS7-2 misxom
BUKOPUCTAHHS CYYaCHUX TEXHOJOTIH.



MOPIBHAJIBHUM AHAJII3 BEPCTATIB CBEPIJIMJIBHOI I'PYIIA

a) 0)

1 — ocHoBa; 2 — ctin; 3 — KOJIOHA; 4 — OTOPOXKA;
5 — cBepAsIMIIbHA TOJI0BKA; 6 — €JeKTpOooOIaIHaHHS,;
7 — CBITHJIBHUK; 8 - OXOJIOMKCHHS

a) OymoBa BepcTata, 0) 30BHINIHINA BUTJIS

BeprukajbHo-cBepIINIbLHUN BepeTat mozeni 2T150

OpHuM 13 TABUIIB BEPTUKATIHLHOTO OOPOOJIEHHS METalry
€ pajianbHe CBEpAJIIHHA. Y MOPIBHSHHI 3 BEPTUKAIBHO-
CBEP/UTMJILHUMHU BEpCTaTaMU CBEPIIO MEPEMIITY€ETHCS
BITHOCHO JI€TaJli, IO OOpOOISIEThCS, a caMa JeTaib, 10
00pOoOISETHCS, 3aKPIIUTIOETHCS Ha BEpPCTaTi, 1 Ie Jae
MOYKJIMBICTH OOPOOISATH BETUKOTa0ApUTHI 3aTOTOBKH.

1 — enexTpuyHUil IBUTYH; 2 — TpaBepca; 3 — KOJIOHa;
4 — eNEKTPUYHHN JBUTYH; S — IIMHUH/IEIbHA Oa0Ka;

6 — mmuHIeIb
a) OymoBa BepcTarta; 0) 30BHIIIHIN BUTIIS

PagianbHo-cBepaMIbHMIE BepeTaT Moaeni 2A554

PanianbHO-CBEpTMIIBHUN BEpCTAT Ma€ OLIbII CKIAIHY
OymoBy Ta 3Ha4YHI MOXJIHBOCTI . lIImuAIETs IHOTO THITY
BEpCTATIB MOXKHA IMepeMillyBaTu B Oyab-Ky TOUKY
TOPU30HTAIBHOI 3aTOTOBKH.




CxeMma 3arajbHOTIO
BUIJISITY BepcTara

['opuszonTansHO-
CBEPUTIIBHUM €
CBEPJIMJIbHUNA BEPCTAT
TaKoOro THUIY, B IKOTO
IINUH/IEb BCTAHOBJICHUN
napaesibHO JI0 IT1JIJIOTH.
bynosa BepcTara B 1ijioMy
CX0’a 3a KOHCTPYKIIIEO 3
BEPTUKAIBHO-
CBEpUTMIILHUM BEPCTATOM
3 BIJIMIHHICTIO Y
MPOCTOPOBOMY PO3MIIIEHHI.
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CTpyKTypHa cxema eJeKTPOJABUTYHA MIMUHAES CBEPITUILHOIO Bepcrara 2MS57-2
(y3araJbHEHUM BUIIISIA) Ta NepeiaBajibHa (QyHKIIIS IBUTYHA

Bxiaanii Buximgamii
CHTHAaJ ENleKTpOIBHIYH CHI'HaJI
KonTponep
IIITHHIEIS
F
JlaBaa
3BOPOTHHOTO
3B'I3KV

Ilpr EBExopECTAHEE] EKpPOKOEOTO JABEIYHA, ¥ AKOCTI ENeKTPOABEIVHA

MITEEAEN, TepefaBalbEa (PYERTIA ASETYHA MATEME BHETILAL
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L0 — cEna crpyvay {A);
J — momerT 1Hepmi (BT - M 2 )
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3arajbHa nepeaaBajibHa (PYHKIIAA CUCTEMHM Ta 1i IporpamMHa peaJiisauis

Nyquist Plot
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Kpusi HaiikBicTa nms 11i€i nepenaBaibHOi QyHKITIT
Wp(s)=1/(1+( Wxontpom.- WnaBada)) Ha OCHOBI
TEOpEeTUYHMX JaHuX. ba3zoBa nmporpamua peamizaiis

import matplotlib.pyplot as plt
import numpy as np
import control as ctl

# 30AQHHA NEPEAQBAAbHOT COYHKLLIT
numerator = [1]
denominator = [1, 1] # 1 + WKOHTPOA * WaQBa4Q

# CTBOPEHHS CUCTEMM 3A MEPEATBAABHOIO
AOYHKLIED

sys = ctl.TransferFunction(numerator,
denominator)

# MNoByAaoBa KpMBMX HaMKBICTO
ctl.nyquist_plot(sys)

# BiAODPOXKEHHS rpAdDika
plt.xlabel('Real’)
plt.ylabel('Imaginary’)
plt.title('Nyquist Plot')
plt.grid(True)

plt.show()



Cxema cucreMu oxosomxeHHs Bepcrara 3acooamu ARDUINO

BaBI[aHHH: aBTOMaTI/IBaI_[iSI CUCTCMHU OXOJIOJPKCHHSA CICKTPOABUI'YHA CBCPAJINIIBHOIO BEpCTaTa.

Cran enekrpoasuryHa (1- yBiMKHEHO,

0- BUMKHEHO).

MaremMaTu4HO IIC MOKHA BUPA3UTH Y BI/II“JUII[i CHCTCMH YMOB.

Axwo T > Toivknenns T@ M = 0, TOAl
Axkmo T < Tyumxaenns TA M = 1, ToAi
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#include <Wire.h>

#include <LiquidCrystal_I2C.h> // Ninknmwouaemo bibnioTeky an
#include <OneWire.h> ]
#include <DallasTemperature.h>

#define ONE_WIRE_BUS 13 // MiH, [0 AKOro nigknwuyeHWd AaTyui
OneWire oneWire(ONE WIRE BUS);
DallasTemperature sensors(&oneWire);
const int moterPin = 9; // Miw AnA nidknwueHHA enexTpogewry
LiquidCrystal I2C lcd(ex27, 16, 2); // Iniuianisauia ob'ekT
void setup() {

sensors.begin(); // Iniuianizyemo naTuuk DS18B2@

sensors.setResolution(12); // BcTaHoBAWEMO po3f4inbHy 3maT

pinMode(moterPin, QUTPUT); // BcTaHoBmweMo niH anA e

@ @ (00:56.691 (#)46%
i 25

M = 1 (YBIMKHYTH €JIEKTPOJBUIYH).
M = 0 (BUMKHYTH eJIEKTPOJABUIYH).

EnexTpudHa mpuHIIUIIOBA
cxema 2-0 KaHaJIbHOTO
Moxayns pene SB 10A 3

ontopo3B'szkoro (low level)

JocnipxyBaHa cuctema
KEepYBaHHS JBUTYHOM
HACOCY OXOJIO/IKEHHS

CBEPUTHIILHOTO BepcTara



BMCHOBKMUI

[IpoBeneHo MOPIBHAIBHUN aHaJI3 CUCTEM KEpYBaHHS BEPCTATIB CBEPJIMILHOI TPYIU Ta
BU3HAYEHO OCOOJMBOCTI  BEpPCTATIB-aHAJIOTIB, KOTPl JIO3BOJISITh  MOJIEPHI3yBaTU
JTOCIIPKYBaHUN BepcTar. 3’sCOBaHO OCOONMBOCTI BHOOPY CHUCTEMHU EJIEKTPOIPUBOIY,
METO/I1B PETYJIFOBAaHHS IIBU/IKICTIO M rajJlbMyBaHHS

3M1ICHEHO TEPEBIPKY MOTYKHOCTI €JIEKTPOJBUTYHIB Ha MPEIMET 31MCHEHHS OIepalliii
cBepTyBaHHsI BepcTatoM. OOpaHO amapaTrypy JAMCTAHIIIHHOTO KEpPyBaHHS, KOHTPOJEP
KEepyBaHHS IINMHUHACIEM BepcTaTa. OOpaHO amaparu 3aXUCTY BiJ KOPOTKUX 3aMUKaHb

CrBopeHo 1ubpoBUl ABIMHUK CUCTEMH aBTOMATUYHOTO KEPYBaHHS JBUTYHOM
mnuHaeas Beperara 2M57-2. OcoOMMBOCTAMHM CUCTEMU KEPYBaHHS € BUKOPHUCTAHHS
3BOPOTHOTO 3B’SI3KY, 1110 PEATI30BAHO 3a JOIIOMOI'OK0 BIIMOBIIHOTO J1aBaya.

[loOyoBaHO 3arajibHy mnepenaBajibHy (PYHKIIIO CHCTEMH KEpyBaHHS IIMUHACIS i
BU3HAYEHO i1 €(DEKTUBHICTh 3a JOIMOMOTIOK KPUTEpI0 CTiiikocTi HalikBicTa Ta SIKOCTI.
KpuBa HaiikBicTa He mepeTHMHAE BiCh y BII'€MHOMY HampsiMKy abo HE Mae OOepTaHb
HABKOJIO LIEHTPa KOOPJIMHAT, 1110 BKa3y€ MPO CTIMKICTh CUCTEMHU 3a KpuTepieM HalikBicTa.

3anmponoHOBAHO ICHYIOUY TEXHOJIOTII0 YIOCKOHAJIECHHS HAAIMHOCTI Ta TOYHOCTI CHCTEMU
KepyBaHHS  1HcTpymeHTapiem IIIJ[  perymioBaHHsS. ABTOMaTH30BaHO  CHCTEMY
OXOJIOPKeHHS Bepctata 3acobamm Arduino Mega 2560 Ta BigmoBIZHOTO JaBaua
TEeMITepaTypH.

3’sicoBaHO OCOOJIMBOCTI MOHTaXY €JIEKTPOOOIIaiHaHHs BepcTara. JlocipKeHo allropuTm
I 1040 TEXHIYHOro OOCIyrOByBaHHSI BepcTara. BH3HAYeHO OCOOMMBOCTI M1 TIpH
MOIIKO/IPKEHHS U PEMOHTI €JIeKTpoOo0sIaJHaHHS BEpCTaTa.



