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1.1. Bosep

Bo TekoT Ha 21 BeK, BUCOKOTO 06pa3oBaHHe HampeJHyBa KOH
KOPHUCTEHE HOBHM UHTEPAKTUBHU TEXHOJIOTUH, KO TY 3aMeHyBaaT
NeHKaJIaTa U KHUTHUTE, 110 1[eJl 1a Ce TOMOTHe IIPH PEeHECYBabEeTO
Ha 3HAeWEeTO Ha CTYJleHTUTe, a THe U IO0eJHOCTAaBHO Ja Tro
COBJIAZlaaT MaTrepujaoT. [leHec, TpaJULIUOHATHUTE METOAU KOU
ce KOpUCTaT BO 06pa30BaHMETO U HACTABaTa, MAKO CO 3HAYUTETHO
noJ00peHH TEXHUKH Ha [Ipe/laBakbe, He I'o 3a/jpKyBaaT UHTEPeCcOoT
Kaj CTy/leHTUTE KOU IopacHasie KOPUCTEjKHU UHTEPHET, MOOUIHU
TesepoHU U TabseTh. BakBUOT HeJLOCTAaTOK 0cCObGeHO ce
3abeJiexKyBa Kaj CTyZIeHTUTe Ha UHXXEHEPCKUTE HAyKH, a 0CO6EHO
Kaj MexaTpOHUKaTa.

CoBpeMeHUTe MHPOPMATUUYKO-KOMIjyTEPCKU TEXHOJIOTHUH, GP30
ce yCBOjyBaaT M MpUMeHyBaaT O0O6Gpa30BHUOT MpoOLEeC MpHU
M3y4dyBale Ha MexXaTPOHUKATA, KAKO aJlaTKa 3a 360raTyBambe Ha
NPaKTUYHOTO UCKYCTBO Ha CTyJAeHTHUTe. [I[pakTuyHaTa paboTa e
KJIY4eH JieJ1 0] 06pa3oBaHUETO Ha CTYJEeHTHUTE 110 HHXKEHEPCKUTe
npeaMeTu. Cemak, BHMCOKaTa IleHa 3a CIpPOBeAyBame Ha
JIabopaToOpUCKU BexOU (3a 06pa3oOBHU IiesiM), HaBeAyBa Jia ce
pa3BHBaaT BUPTYEJHU IPOCTOPUH BO KOM MOXKe MPAKTHUYHO Jia ce
CUMyJiMpaaT U KOHTpPOJIMpaaT BeXOW BO BUPTYyeJHA pPeaHOCT
(BP).

Myatumenuckute U BP TexHos10rMM HyAAT rojieM NOTEHIMjal 3a
npe3eHTHpakbe Ha TeopHja U U3BeJyBambe Ha JIabopaTOPUCKU
BEeXXOM Ha MoJ0OpeH U HHTepeceH, HO CeNak €eKOHOMCKHU
MNOUCIJIAT/IUB HAa4HMH.

CTyZileHTUTEe ce BO MOXKHOCT /ia I'M BU3yeJU3UpaaT allCTPAKTHUTE
KOHLENTH, Ja Hab/byJyBaaT HACTaHU BO MHUKpPO WJIM MakKpo
pa3MepH, [Jla TMOcCeTyBaaT pasHU pabOTHU OKOJHMHUM U Ja
WCTpaXKyBaaT ypeAu U Jja CMUMYJIMpaaT cOCTOjOU, KOU BOOOHUYAEHO
nopaagu 6e3begHoceH ¢dakTop He ce gocranHU. BP
JIabOpaTOPUCKUTE CHUMYJIALlMd OBO3MOXKyBaaT HWHTEPAKTUBHO
HCKYCTBO 3a CTyZieHTHUTe. KOpuCHUIIUTE MOXAT CJ0OGOAHO Ja ce
JIBIDKAT HU3 CHUMYyJIMpaHaTa paboTHa OKOJIMHATA, Aa paboTaTa co
CUTe ypeJiy, 1a BpPIIAaT UCIHUTYBamkha, a AO0HEeCYBaaT OAJYKU U Ja
npaBaT TpellKH, ceé JoJeKa KOMIUJIETHO He ja coBJjajaaT
KOHKpeTHaTa TeMa..




1.2. WN3y4yBarbe Ha MexaTpOHUKaTa

MexaTpoHuKaTa e o0b6nacT Koja npeTcTaByBa CUHeprvja w
coenHYBatbe Ha MEeXaHWYKU, eNEKTPUYHN U KOMMYTEPCKU CUCTEMMU,
KaKo WTO e NpuKaxKaHo Ha camKka 1.1. OTTyKa, eBMAEHTHO e AeKa oBaa
061acT e MHTepaKTUBHA KOMbOMHaLUMja Ha MALIMHCKO UHXKEHEpPCTBO,
E€NEKTPOHUKA M KOMMNjyTEPCKM TEXHONIOFMKU, CO LEN Aa Ce NOCTUTHE
naoeanHa pamHoTeXKa nomery MexaHM4YKaTa CTPYKTypa WU Hej3uHO
LEeNOKYyNnHO u3BeAyBakbe W ynpasByBawe. [logcuctemn  Ha
MexXaTPOHMKaTa ce eNleKTpomMexaHuKa, poboTMKa 1 ynpaByBakse.
MynTMancuMnAMHApHMOT nNpUcTan, BO CMOj CO MEXAaTPOHMYKOTO
MHXEHEepCTBO, M3MCKyBa BMCOKO aKademMcko obpasoBaHue BO
cooaBeTeH 6anaHC CO MOMKHOCTUTE 33 WCTParKyBakbe M pPasBoj.
O[HOCHO, WVHXWHEPU KOM Ce KBAaNMPUKYBaHM U o0byyeHn 3a
Au3ajHuparbe, NPOWM3BOACTBO, CrnpoBeayBakbe M 0b6e3benyBarbe
YCNYTY BO HUBHUTE NPOdECMOHANHM, NOTeCHM obnacTu.

Bo momeHTOB, Npegasarbata N0 MeEXaTpoOHMKa ce nogesneHn Ha ABa
Aena: TeOPeTCKM NpesaBakba U NPAKTUYHM NabopaTopUCKM BEXKOU o
nssenba Ha EKCNnepuMeHTU cnopes METOAOT ,y4Yere MNpekKy
NPaKTUYHA peannsaumja”.

1. W nokpaj orpaHMYeHMOT NpucTan 40 MAWMHUTE KOj FO umaar
CTYAEHTUTE, npakTU4YHaTa nabopaTtopucka pabora
OBO3MOXYBa MOCYWTMHCKO pa3bupare Ha TeopeTcKuTe
npegaBarba. Cenak, cKanaTta onpema W OrpaHUYEHOTO Bpeme
33 0b6yKa Ha CTyAEeHTUTE He pe3yNTMPaaT CO O4EeKYBAHOTO HMBO
Ha coBnagaHo 3Haewe. JonosHUTENHO, Nopagn GaKToT AeKa
cekoja nabopaTtopwuja e HaarneAyBaHa 04 TEXHUYKU NepCcoHan,
KaKo M TOa AeKa CTyAeHTUTe Npu u3BeayBakbe Ha BeXbuTe ce
noAefieHn BO MOMaaWn rpynu, NOoCToM OrpaHUYEH BPEMEHCKM
nepuog, 3a u3BeayBare Ha CeKoja Bexba.

2. Bo HeKowu cnyyawm, CTyAeHTUTe n3BenyBaaT BeXOW 3acHOBaHMU
BP3 CMMYAAUUM M y4aT KaKo GYHKLMOHMPAAT MeXaTPOHUYKUTE
CUCTEMM W ypeauTe BO PeasiHOCTa, HO cenak Toa MoXe Aa
nsrnefa ancrtpakTHO WM HejaCHO 3a CTYAEeHTUTE U O3 He !
OTC/IMKYBa BO LENOCT GM3NYKUTE PEHOMEHU Ha oAapeaeHMU
npoLecu n cocTojou.




OnuwaHuTe HeaocTaTouM MpU  M3ydyBakbe HA MEexXaTpPOHMKATa
3HauuTeNHO ce nogobpyBaaT AOKO/IKY HacTaBaTa MOXe ga buae
noaapxaHa og BP TexHonorwja u anatkm 3a BP. BuptyenHute
NnabopaTopun Kora ce KOPUCTaT 3a BaKBa NPUMEHA, Ha CTYAeHTUTE UM
Hy4aT WMHTEPAKTMBHO WMCKYCTBO. Haj3HauyajHMOT wmcxon e Toa LWTO
CTYOEHTUTE NEeCHO MOMKAT Aa MM HayyaT U COBNAAAAT ancCTPaKTHUTE
KOHLeNnTn, buaejkm moxKaTt ga rm goxueeaT M BM3yenusMpaaTt BO
BMPTYeNHATa OKONIMHA.

1.3. BupTyeneH cnpema peasieH ceeT

BupTyenHaTa peanHocT, cnopes OCHOBHOTO AedUHUPatbe, 3aHUYM AeKa
OBO3MOXYBA MCKYCTBa M MHTEPaKUMM 3a CTYAEHTUTE KOW Ce WM
HenpaKTUYHU AN HEBO3MOXHMW [ia Ce U3BeAaT BO ,peasiHUOT cBeT”,

BupTyenHata peasiHOCT KaKO TexHOJ0rMja NocTtoena BO Pa3/INYHU
dopmu ywTe BO MoyeToKOT Ha 1960 roamHu Kora 6une pasBueHU
npPBUTE CUMYNATOPU 33 AUTMTANHM NeToBU. KaKo WTo Hanpeaysana
TexHonorvjata, ,BUMpPTyeNHaTa peanHoCT CcTaHana HayYuH Ha
NPUKaXyBatbe Ha ypeam Kou co3gaBaaT MMMPECUBHA, MHTEPAKTUBHA
cpegMHa co BM3yenusaumja Ha peanHocTa. BuptyenHa peanHocT 3a
npecoHasieH KoMnjyTep, ce NojaBuaa BO NOYETOKOT Ha 21 Bek, buaejku
NepcoHanHUTE KOMMjyTepwn cTaHane A0BOIHO MOKHM 3a Ja MOXe Aa
CMMYINPAAT M OBO3MOXKAT 3/[], BUPTYE/IHM CBETOBMU.

Cnwuka 1.1. NMpunkas Ha
CTPYKTypaTa U KNy4yHuTe
e/leMeHTU Ha
MexaTpOHMKaTa




BoeaHo, cumynaumjaTa Ha BUpPTyenHaTa peanHoCT e ynotpeba Ha 34
06jeKTN 1 paboTHM OKOIMHK 3a CO3aaBakbe Ha NPMBAEYHA CpeanHa 3a
yyerbe. MPUHLMNOT Ha e-ydyere 3a BUPTye/sIHA PeasHOCT € Jda ce
npeHecart, BexbaaT 1 NpoBepyBaaT 3HaeHaTa Ha KOPUCHUKOT, NPEKY
NPUMEHa Ha MHTEPAKTUBHM CUEHAPKUja M OKOIMHU 3a Aa Ce NPUKaXKaT
cuTyaumm og, peanHuot KueoT. Kopuctejkm 3[ TexHosoruja, Koja
0BO3MOXYBa CMMYy/aauMja Ha OKOIMHW Of, PeaNHUOT CBET, Ce CO34aBa
oApeneHO OMKPY)XyBakbe MAW cuTyaumja. Taka, cummynaumjata Ha
BMPTyenHaTa peanHocT obe3besyBa MHTEPAKTMBHO OMKPY)KyBate U
nckycteo. CTygeHTUTEe MorKaT cn1ob604HO Aa ce ABUXKAT HU3 paboTHaTa
OKO/IMHATa, AMPEKTHO JAa aHanu3upaaT npegmeT, pna BpLiat
NCNUTYBaka, Aa AOHECYBaaT OA/IYKM M MOXKAT Aa NpaBaT rpeLuku ce
[04€eKa He ja coBlafaaT KOHKpPeTHaTa Tema.

1.4. lMpoekKTtoT ViMela

BupTtyenHata nabopaTopuja no mexaTpoHuka (eng. Virtual
Mechatronic Laboratory — ViMela) npetctaByBa MHOBaTMBHa anaTtka
33 OfpXKyBare HacTaBa M ydyere Nno mexaTpoHuKa. KoHuentoT ce
3aCHOBA Ha KOMBWMHMpPAH MeToA, Ha y4eHe NPEeKy YacoBM Mo Teopuja u
BUPTYenHa peanHocT -BP Kako anaTka 3a eKcnepumMeHTupame.
KombuHMpaHOTO y4yewe npeTctayBa XuOpMAEH MEeToh KOoj I
KOMbBUHMpPa aurutanHute meanymum (npeky BP) co TpagnumoHanHute
METoAM BO Y4YMAHMUATA M € noedeKTUBEH MpU U3yyyBare Ha
MeXaTpoHMKaTa, CnopeaeHo Co MOCTOjaHO OA4PMKYBaHUTE YAaCcOBM AnLe
B AMuUe CcO CcTyaeHTuTe. MOXKHOCTAa 33 /1IeCHO MeHyBakbe Ha
BMPTYENIHUOT CBET, OAHOCHO PabOTHA OKO/IMHA, HYAN HOBM MOXKHOCTHU
3a TecTuparbe 1 paboTa co onpema, 6e3 notpeba oa HabaByBarbe Ha
CKana peanHa onpema.

"Tell me and | forget. Teach me and | remember.
Involve me and | learn."

(as per Benjamin Franklin)

Bo NpoeKTOoT ce pa3BueHM TpU CLeHapuja:

1. KoHCTpyKuMja 1 NPUHLMNM Ha paboTa Ha eIeKTPUYHN MOTOPY;
2. [logBuKHa NeHTa 3a COpTUpPatbe CO MHEBMATCKN KOMMOHEHTH;

3. CenekKumja Ha oTNag Ha NOABUKHA NEHTA.




MHOBATMBHOCTA Ha NPeasIONEHNOT KOHLLENT Ce 40/I*KW Ha Pa3BOjoT Ha
HOB W OPUIMHANEH NpUCTan 3a M3y4vyyBatb€ Ha MEXaTPOHWKaATa,
3acHoBaH Ha BP TexHonorunja. KOHKpeTHO, co34afeHa € M pa3BMeHa
KOMMjyTepCKa MHTEPAKTMBHA OKONINHA - GpabpurKa, KaKo LITO MOXKe Aa
ce BMAM Ha cAuKa 1.2, Kage ce wm3gBoeHW nocebHM mecTa 3a
n3BedyBarbe Ha cuTe Tpu cueHapuja. CTyaeHTOT moxKe Aa HabsbyayBa,
0a Bnese M Oa ce ABUXM HWU3 paboTHATa OKOJIMHA, CO MOMKHOCT a
BHECYBa U AMHAMMUYKU NPOMEHMU 0, CLLEHAPMO A0 CLEHAPMO.

"EAVMHCTBEHMOT M3BOP Ha 3HAEHE € UCKYCTBOTO'

(AnbepT AjHLITajH)

i

Cnuka 1.2. Xana Bo
dabpuKa pasBMeHa BO
npoektoT ViMela co
npumeHa Ha BP




2. CueHapno 1 — KoHCTpyKUMja M NpUHUMNK Ha paboTa
Ha e/IeKTPUYHM MOTOPM

2.1. Uen Ha cueHapuno 1

Uenta Ha oBOj gen on anavkauuwjata BP e 3anosHaBarkbe Ha
KOPUCHUKOT CO e/IEKTPUYHUTE MOTOPU, HUBHUTE OCHOBHU AE/I0OBU U
KOHCTPYKLMjaTa, KAaKO U CO HUBHUTE NPUHLMNM Ha paboTa. 3aToa, 3/
MOAENIN HA LLIECT aBTEHTUYHWN eNIEKTPUYHN MALLNHU Ce NOAFOTBEHU BO
OKO/IMHaTa Ha BP. OBa cueHapmo ce coctom o4 aBa gena. MNpsunot gen
oA BexbaTa Ke MM OBO3MOMMW Ha CTyAeHTUTe Aa MM HayyaT rnaBHuTe
COCTaBHW AeN0BU 04, n3bpaHUTe TUNOBM Ha eNEKTPUYHM MALLUMHKU U Aa
CTEKHAT BELWTWHA 3@ BUPTYE/IHO CK/OMyBakbe WM PACK/IONyBatbe Ha
€N1eKTPUYHM MalMHM BO Kopenauunja co npaBuUAHUMOT M36Op Ha
HWBHWUTE FNaBHU AOeN0oBM (T.e. CTAaTOPCKO jaApo, POTOPCKO jagHo,
NnepmMaHeHTHM MarHeTu, HaMOTKM, Jarepu, BpaTUIa, 3alTUTHWU
KyKuwTa u cn.). CMMynaumMcKMoT Moayn e An3ajHMpaH 4a rv NpeTcTaBm
NPUHUUNNTE HA MALIMHUTE LITO Ce KOPUCTAT BO MEXaTPOHMYKUTE
cuctemun. Bo BTOpMOT aen of NpPBOTO CLUEHApPMO, BO BUPTYESIHUOT
MOZEN HAa CMHXPOH MOTOP CO MEPMAHEHTHW MarHeT CTyAeHTUTe Ke
MOXKe Aa ro aHanu3MpaaTt B/IMjaHUETO Ha BAe3HUTe napameTtpu (np.
Pa3NIMYHU BPpeAHOCTM Ha HAaNoH, peKBeHLMja) Bp3 HerosuTe paboTHu
KapaKTEPUCTUKN U OCOBUHMU.




2.1.1. AcMHXxpoH moTtop (AM)

ACUMHXpPOHA MallMHA € OHaa Kaj Koja HaM3MEeHUYHUTe CTpyu ce
ncnopavysaaT AUPEKTHO 04 HAMOTKMUTE Ha CTaTOPOT U NOJ, 4ejCTBO Ha
TpaHchopmaumja (MHAYKLUMja) Ha pOTOPOT. MPOTOKOT Ha MOKHOCT 04,
CTaTOPOT BO POTOPOT € MOBpP3aH CO NPOMEHa Ha ¢ppeKBeHUMjaTa, a
M3Ne30T € MeXaHU4yKa MOKHOCT MpeHeceHa KOH ONToBapyBak€TO
NOBP3aHO Ha MUCTA OCKa CO MOTOPOT. ACMHXPOHMOT MOTOP € Haj4yecTo
KOPUCTEHNOT MOTOP BO WHAOYCTPUCKOTO M KOMEPLMjANHOTO
NUCKOPUCTYBatbe Ha eNeKTpuyHaTa eHepruja. MNpnunHmMTe 3a BaksaTa
NPMMEH/IMBOCT Ha aCUHXPOHUTE MOTOPMU, Ce A,0/1KM Ha: e 4HOCTAaBHUOT
OMn3ajH, pobycTHa M goBepamnBa paboTa, HUCKA LiEeHa, MUHUMANHU
OApXKyBaka N BUCOKA ePUKACHOCT. POTOPOT Ha aCMHXPOHUOT MOTOP
MOXKe Aa 6uae mM3BedeH Ha ABa HauuMHWU. Kaj moTopuTe co HamoTaH
poTop, pacnpegeneHaTa pPOTOPCKAa HAaMOTKA Ha eAHMOT Kpaj ce
n3BeayBa A0 TPUTE NIN3raykm NPCTEHM LBPCTO CBP3aHM CO POTOPOT U
ce BpTaT 3aeAHO co ockaTa (cn. 1.3). BTopuoT TUN ce Hapekysa
aCMHXPOH MOTOp co KadeseH poTtop (ca. 1.4), Kage WTO BO KaHanute
Ha POTOPOT Ce MOCTaBYyBAAT KPYXHW MNPOBOAHULM - NPAYKK, KOM HA
604YHUTE CTPaHU Ha POTOPOT KyCO ce NOBpP3yBaaT Co NpcTeHn. Bo 0Boj
CNy4aj BIe3HMUTE KpaeBW Ha POTOPOT He ce AO0CTaMnHK, 3a pasanKa o4
MOTOPOT CO HaMOTaH pOTOp, Kage MPUKAYYHUTE KpaeBM Ha
POTOPCKATa HAMOTKA Ce NOBP3aHU CO U30JMPAHU IN3rAYKM NPCTEHU U
ce NoCTaBeHM Ha ockaTa. [padUTHMUTE YeTYnHba LITO Ce NPUKAYEHM Ha
OBMeE MPCTEHU MM NPaBaAT NPUKIYYHUTE KPAaeBU Ha POTOPOT AOCTaMHMU
33 HagBopeLwHocTa Ha MoTopoT. Kaj TpmdaseH aCMHXPOHMOT MOTOP,
TPUTE HAMOTKM Ha cTaTopoT Tpeba Aa cO343aAaT KPYKHO BPT/IMBO
none, T.e. Tme Tpeba Aa 6GuaaT m3BeAeHM BP3 MPUHUMNUTE Ha
TpUdasHM HaAMOTKKN CO NPOCTOPHO M3MECTYBarbe 3a +21/3 U HU3 HUB
Tpeba pa npoTekyBaaT TpMda3HM CUMETPUYHU CTPYW, BPEMEHCKMU
n3mecTteHu 3a +2n/3. MpumeHaTa Ha TpudaseH HaNoH Ha cTaTopcKaTa
HAaMOTKa pe3yaTupa Co pes3yntTmpa €O NojaBa Ha BPT/IMBO MArHETHO
none. JacHO e [AeKa WMHAyUMPaHUTE CTPyM BO POTOPOT (mopasgu
BPT/AMBOTO NONE) 3aeMHO AejcTByBaaT CO MO/EeTo 33 ga npoussesaT
BPT/INB MOMEHT LUTO O BPTM POTOPOT BO HACOKa Ha BPT/IMBOTO noJe.
[naBHW cocTaBHU AenoBu Ha cekoj AM, ce:

e CTaToOpPCKO MAarHeTHO jaapo, COCTaBeHo oA MefycebHo,

M30/IMPAaHN MArHETHN IMMOBM,
e CraTopCKa HAaMOTKa,
e POTOpPCKO MarHeTHO jagpo, COCTaBeHO oA mefycebHo,
N30/IMPAHN MArHETHU TINMOBM,

e PoTtopcKka HamOTKa,

e OcKa Ha Koja e nocTaBeH poTOpPOT,

e Pamkara Ha CcTaToOpOT CO NeKULWITA,

e Cucrtem 3a nageme,

e Kykuuwre.




ACUHXPOHUTE MaLLNHKU MOXe Aa buaaT KnacuduumpaHm cnopea,
pPacANYHU OCHOBU. HEKOM TUMOBM Ha aCMHXPOHM MALLMHU CE:

e Co BPT/IMBO UV INHEAPHO ABUXKEHE,

e EpHodasHu, TpndasHu nan nosekedasHM MallUHMU,

e Co HamoTaH 1 KadeseH poTop.

i

Cnunka 1.3. ACUHXPOH
MOTOpP CO HaMOTaH
poTop

Cooling Fan Stator

_ Cnnka 1.4. AcMHXpOH
Rt . e e 4 Shaft MOTOP CO KadeseH
poTop

2.1.2. CnHXpOHU MaLwmnHK (CM)

CUMHXPOH MOTOpP € MallMHa Koja ja TpaHChopmMupa eneKkTpuyHaTa
eHeprvja BO MexaHM4YKa, MAM obpaTHO, Taa e reHepaTop Koj ja
TpaHchoOpMMpa MexaHMYKaTa BO efleKTpuYHa eHepruja. OBa 3Hauu
AEKa CUMHXPOHUTE MALUMHU Ce PEeBEP3UBUNHN ENEKTPUYHN MALLMHW.
MoTo4YHO, OBa BaXKM U 3a CUTe APYrU BPTAUBU €NEKTPUYHU MALLUHU,
KaKO LWTO C€ aCUHXPOHWUTE MALIMHM U EeAHOHACOYHUTE MALUMHW.

Bp3nHaTa Ha BpTeHE HA POTOPOT BO HOMUHANEH PeXUm Ha paboTa e
LLe/I0CHO NPONOopLMOHanHa co GpeKkBeHUMjaTa Ha CUCTEMOT Ha Koj e
noBp3aHa mawmrHaTa. OCcBEH aKo He e MOMHaKy HaBeAeHo, reHepasHo




ce noapasbupa AeKa CUHXPOHMOT MOTOP MMa MarHeTHM MoJioBU
BO3OYyAEHM NPeKy HAMOTKa HM3 Koja NpoTeKyBa eAHOHACo4YHa CTpyja.
Bo HeKkou HOBM TOMosnOrMM, BO3byAHATA HAMOTKA Ce 3aMeHyBa CO
NePMaHEHTHM MarHeTu M Npu Toa MMaMe CMHXPOHA MalUMHA COo
nepMaHeHTHM MarHeTn. Bo nocneaHUTe  HEKOAKY  FOAWHM
NPOU3BOAUTENUTE HA ENEKTPUYHM MALMHM MMAaT TeHAeHuuja Aa
npou3eeayBaaT CUHXPOHW FreHepPaToOpPM CO MEPMAHEHTHN MarHeTu Koum
rNaBHO CE KOPUCTAT KaKo BETPOreHepaTopu.
CMHXPOHMOT MOTOP € COCTaBeH Of, efeH CeT Ha Hau3MeHM4YHa
auctpmbympaHa nonndasHa HaMoOTKa, Ha3HayYeHa co apmaTypa, Koja
BOOOMYHO e Ha CTAaTOPOT M € NOBP3aHa CO CUCTEMOT 3a CHabAyBarbe COo
Han3meHM4Ha eHepruja. KoHdpurypaumnjata Ha ApyrvoT Aen-poToporT,
ro oApenysa TMNOT HA CUHXPOHMOT MoTop. MOTOpUTE CO eAHOHACOYHa
BO3OyAHA HAMOTKA MOCTAaBEeHA Ha MCMAKHATUTE MaHEeTHW NOJI0BU Ha
POTOPOT, HajyecTo co MoKHocTM nomery 150 kW-75 MW u noronemu,
ce AOMWHAHTEH WHAYCTPUCKM TuM. Kaj 6e34eTKMYHMOT CUMHXPOH
MoTOp, Bo3byaaTa ce obe3benyBa nNpeKy MCNpaByBayu NocTaBeHM Ha
OCKaTa, KoM ce HanojyBaaT Co Han3meHW4YHa Bo3byaa. Kaj CMHXpPOHMOT
MOTOP CO JIM3ra4ykM npcTeH, Bo3bypata ce wumcnopadvyBa oA
BO3OyAyHMLA NOCTaBEHA HA OCKaTa UK NPeKy 044e/1HO e AHOHACOYHO
HanojyBakbe.
CUMHXPOHUTE MOTOPWM KOM WMMaaT MOKHocT nog 4 kW, mn Kowm
BOO6MYAEHO ce HanojyBaaT nNpeky 6P3MHCKO-yNpaByBaHM MHBEPTOPW,
ce AM3ajHMPaHM TaKa WTO MMaaT pa3MyHa MarHeTHa penykTaHca BO
BO3A4YLWHMOT 3jaj, refaHo No nonpeyHaTa M NOA0MKHATA 0CKa, CO WTO
Ce pa3BMBA PENYKTAHTEH BPT/IMB MOMEHT, Na Taka OBME MALUNHU Ce
MO3HATU KaKo PenyKTaHTHU moTopu. OBME MOTOPM HEMAAT M3BOP Ha
BO30yAa 33 CMHXPOHO paboTerbe. CUHXPOHUTE MOTOPU KOWM KopucTaT
BO36yAHO none og, NepMaHEeHTHU MarHeTM U Kou ce ynpaByBaHU O,
MHBEPTOPOT NPUKAYYEH HA e4HOHACOYHO HaMnojyBake, Ce HapeKyBaaT
6€e34eTKMYHN egHOHACOYHN MOTOPMU, @ AOKOJ/IKY Ce HanojyBaaT nNpeky
Tp1da3HO HaMojyBarbe, TOraw ce HapeKyBaaT CMHXPOHW MOTOPU CO
nepMaHeHTHU MarHeTu.
Bo 0BOj Aen ce npeTcTaBeHU PasANYHUTE KOHPUIYpaLUM Ha MOTOP CO
NEePMAHEHTHN MArHeTU U PenyKTaHTeH MOTOp, CO Orneg Ha Toa WTo
OBME TUMOBM MALUMHWU CE BK/YY4EHWU BO aHANM3aTa U CKAOMYBAYKMOT
Aen Ha cueHapuo 1. TpuTe OCHOBHW FEOMETPUCKM AUCMNO3ULMU HA
nepmaHeHTHUTe marHetn (cn. 1.5), 3@ MaWWHM CO NEPMAHEHTHU
MarHeTu u KOHBEHUMOHANHW CTAaTOPW Ce:
1. TMoOBPLMHCKM NOCTAaBEHU MArHeTU.
2. BHaTpelwHO NOCTaBeHU MarHeTu.
3. BKonaHW marHeTw.




Air gap

Magnet (c)

Ha cnuka 1.6 e npuKakaHa OCHOBHaTa marHetHa mopdosorvja Ha
MOTOPOT CO MarHeTu MNOCTaBeHM Ha MNOBpLUMHATA Ha POTOPOT M
KOHBEHLMOHANHO HamoTyBatbe Ha HamoTKaTa Ha cratopoT. OBaa
KOHPUrypaumja He NOKaXKyBa HEKOW BaXKHU MEXAHWYKM acnekTu Ha
MallMHaTa, KaKo LWTO Ce HauyMHUTE Ha MNPULBPCTYBarbe Ha
NepMaHeHTHUTE MarHeTM Ha POTOPOT, U BAaKBMOT NpuKas Tpeba aa ce
npudaTth Kako reHepaeH. [lonoNHUTENHO, OBaa LeMa U ApyruTe Wemm
WTO Ke cnegat He Mopa 3Hauu aeKa Ke bupat Bo obem wWTO Ke
Pe3ynTMpa BO CKNOMNEHUTE BPTIMBU MALLUHM.

‘rm

Cnuka 1.5. HaumH Ha
n3BeayBatbe Ha
NepMaHeHTHUTe
MarHeTu Ha POTOPOT Kaj

CM co nepmaHeHTHMU
MarHeTu
a) BHaTpelHo

MOCTaBEHM MarHeTH,
b) BkonaHu marHeTtw,
c) MoBpPLWMHCKM
MOCTaBEHM MarHeTu
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Cnunka 1.6. CnHxpoHa
MallnHa co
NePMaHEeHTHU MarHeTu
CO MOBPLUMHCKMU
nocTtaBeHu marHeTu (no
[ABa MarHeTn Ha CeKoj
non)



OBaa c/NMKa faBa NPUKas Ha aKCWjaneH npecek Ha MallMHa Co LWwecT
nonosu (p = 3). Lectre marHeT ce NocTaBeHM Ha LUINHAPUYEH POTOP
,»jaapo“, AN ANPEKTHO Ha OCKaTa (3a manu motopw), M3paboTeHn og,
depomarHeTHM matepujanu. BoobnyaeHo, osa 61 6Mno YennyHa ocka,
T.e BpaTuno. Bo HeKou annukaumm, marHetute moxke pga 6buaat
€4HOCTAaBHO OUKCUMPAHU HA YeNMKOT. 3a anvMKauum BO  Kowm
CMNojyBaH€TO CO /IENW/IO HE T'1 3340B0/1yBa YCN0BTE (Ha Np. 33 MaLLMHK
co ronema 6p3rHa Ha BpTere), NoTpebeH e HEKAaKoB BUA CTPYKTYpa 3a
CNojyBatbe Ha POTOPOT UM NOTNOPEH NPCTEH.

HamoTKaTa Ha CcTaTopoT Ha OBaa MalUMHA e ,KOHBEHLMOHaNHa",
OAHOCHO MHOry € C/IMYHA Ha OHaa Ha AaCMHXPOHWMOT MOTOP, KOj ce
COCTOM Of, NMPOBOAHWULM CMECTEHW BO KaHanu pacnpefeneHun no
LenaTa akcujanHa AoNXKMHA Ha jaapoTo Ha ctatopoT. CaMoTo jaapo Ha
CTaTopoT e u3paboTeHO of NamuHUpaH depomarHeTeH matepwujan
(0BbUYHO NMMOBM 04, CUIMKOHCKO Xenes3o). KapakTtepoT n aebenvHarta
Ha OBMEe NMMOBMW ce ogpeayBaaT cnopen dpekBeHuMjaTa U baparbaTta
3a epMKaCcHOCT Ha MmawmHaTta. OBMe numoBKM Tpeba Aa rnm nogHecar
HaU3MEHUYHUTE MArHEeTHW MOMMHA, TaKa LWTO Tue mopa ga buaat
NTAaMUHUPaAHM CO Len ga ce Hamanar 3arybouTe Bo BUOPHM cTpyun. OBOj
BMA, MallMHA € MHOry eAHOCTaBHa KOHCTPYKUMCKM. MoxKe aa ce
3abenexun gexka geka paboTHaTa rycTMHa Ha MarHeTHUOT GayKC BO
BO3AYLUMHOT 3jaj € CKOPO MCTa KaKo U Kaj MarHeTHUTe MoJIoBM, TaKa
WTO OBOj BMA MalIMHA HE MOXEe Aa MMa TFYCTUHW Ha GAyKc BO
BO3AYLLUEH 3jaj NOroneMun oA, oHaa Ha NocTojaHaTa rycTuHa Ha paykcoT
Ha marHeTuTe. [JOKO/IKy ce KopucTaT GepuUTHM MarHeTu jagpa co HUCKa
LeHa, Toa 3HauyM M penaTMBHO HWUCKAa MarHeTHa MWHAYKUMja W
CNeACTBEHO, PenaTMBHO HUCKA ePUKACHOCT M TyCTMHA Ha MOKHOCT.
Tpeba aa ce HanomeHe AeKa cenak, CO COBPEMEHU, NepPMaHEHTHU
MarHeTHM MmaTepwujann co BUCOK KBAJIUTET, BO KOM MOXKe ryCTUHATA Ha
pemMaHeHTeH MarHeTusam pga 6bupge op pea 1,2 T, ryctuHuTe Ha
pPaboOTHMOT MarHeTM3am BO BO34YXOT M NPA3HUHUTE MOXKaT ga buaat
oA pea 1 T. NcTo Taka, BaXKHO € Aa ce HanomMeHe AeKa MarHeTute Bo
0BOj AM3ajH ce HaBWUCTMHA BO ,BO3AYLIHMOT 3jaj“ Ha MalWHaTa, U
3aT0a Ce M3/1I0XKEeHM Ha CUTE BPEMEHCKM U NPOCTOPHU XapMOHULUM 0Of,
CTaTOpCKaTa HaMOTKa. buaejkM HeKou nOCTOjaHM MarHeTm mMmaat
eN1eKTPUYHA CNpPoBOAIMBOCT (0COBEHO HEKOM MarHeTu Co NOBWMCOK
KBAZIMTET), CUTE ACUHXPOHM MNOAUHKA WMAaT TeHAeHUMja [Aa
npousseayBaaT BUOPHM CTPYM, a CO Toa 3arybu Bo marHeTuTe.



Cnuka 1.7. CuHXpoHa
MaLLMHA CO BHATPeLHO

NOCTaBEHU
‘ nepmMmaHeHTHU MarHeTu

Cnuka 1.8. CMHXpOH
MOTOP CO BKOMaHMU
NnepMaHeHTHU MarHeTu

[M3jaHOT Ha POTOpP CO BHATPELIHO BKOMNAHM NEPMAHEHTHM MArHETHU,
€ pa3BMeH CO Uen ga Ce eJIMMUHMPAAT HEKONKYTE OuYMUrieaHM
He[,0CTaToUM Ha MOTOPU CO NOBPLUMHCKA NOCTaByBakbe HAa MarHeTUTe:

e [IM3ajHNTe €O KOHUEHTpauMja Ha (AYKCOT OBO3MOXKYBA
rycTuHata Ha @¢AykcoT BO 3jajoT Aa buae norosema of
KOHUEHTpauMjaTa Ha GAYKCOT BO CaMUTeE MarHeTu.

e Bo pgu3ajHMTE CO MarHeT 3a BHaTpewHM paboTn, noctou
ogpepneH cTeneH Ha 3alWTUTEHOCT Ha MArHETUTE 04 NPOCTOPHMU
XapPMOHWYHM NONMHA 04, BUCOK pes o4 CTpaHa Ha MarHeTHuTe
nap4untoa.

e [locTtojaT npegHOCTM BO HAYMHOT HaA ynpaByBakbe 3a OBME
TUNOBM Ha MOTOpPM.

e Hekou BMAOBW BHATPELWHWN AN3ajHN 3@ MarHeTu umaat (uam ce
TBPAM [AEeKa MMaaT) CTPYKTYpPHM NpeaHOCTM BO OAHOC Ha
ON33ajHUPAHMUTE MArHETU Ha NOBPLUMHATA

feomeTpujaTa Ha efeH MOTOP CO BHATPEnHO NOCTaBeHM U MOTOpP CO
BKOMAHW MarHeTu ce NpuKaxkaHu Ha ca. 1.7 un camka 1.8, coogseTHO.
MpuKaxaHa e 4YeTMpM-NoNoBa MalKnHa. BoobuyaeHo, He ce o4eKyBa
MaLlIMHUTE 33 KOHLUEeHTpaumja Ha dayKe Aa umaat man 6poj Ha Nos1oBY,
buaejkn Tewko e ga ce Aobue norosnema NoOBpLUIMHA BO POTOPOT




OTKOJIKY OKOJly HeroBaTa nepudepujata. Og gpyra cTpaHa, MalnHa
KOHCTPYMpaHa Ha 0BOj HAYMH, HO 6e3 3HaUYMTe/IHa KOHUEHTpaLMja Ha
bnyKc, cenak Ke MMa CBOjCTBA Ha M3pPa3eHW MarHeTHM nonosu. Ha npse
nornes, OoBMe MaLUIMHM CE YMHW [eKa Ce [0CTa KOMMAULMPAHM 33
aHanu3a.
[naBHW cocTaBHU Aenosu Ha cekoja CM co nepmaHEeHTHU MarHeTy,
ce:

e CTaTOpCKO MarHeTHO jafpo, COCTaBeHO oA MefycebHo

N30AMPaHN MarHeTHU IMMOBMN,

e CraTtopcka HamOTKa,

e PoTOpCKO MarHeTHO jaapo,

e PoTtopcKka HamOTKa,

e OcKa Ha Koja e nocTaBeH poTopoT,

e PamkaTa Ha CTaToOpOT CO NIEKULWITA,

e Cwuctem 3a nagemve,

e KyKkuuwre.
Bo HapegHwoT gen Ke 6uae Oane KpPaTOK BOBe[, BO €JIEKTPOHCKU
yNpaByBaHMOT PeNyKTaHTEH MOTOP WU HEroBMUTE NPUHLMUMNKN HA paboTa.
KnyyHo 3a ga ce pasbepe npuHUMNOT Ha paboTa Ha ceKkoja BPT/IMBaA
MalWnHa e ga ce cdaTm NPUMHUMNOT Ha MPOU3BOACTBO HAa BPT/AUB
MOMeHT. [oBp3aHOCT Ha MPUHUMNOT Ha paboTa Ha MallMHaTa W
HEej3MHUTEe UCTAaKHATU KapaKTepUCTMKKU ce aobuBaaTt og M3pas3oT Ha
BPTAMBMOT MOMEHT. M3pasoT Ha BPTAMBMOT MOMEHT Gapa BpcKa
nomery pacTypHWOT GAYKC UMAM MHAYKTMBHOCTA M nosaoxbata Ha
poTtopoT. Mpn Toa ce aePpuHUpaaT pPaboOTHUTE KAPaAKTEPUCTMKM Ha
MallnHaTa, O4HOCHO BPTIMBMOT PpabOTEH MOMEHT HA MaLLUMHATA MOXKe
[a ce NpuKarke co 0AHOCOT Ha MHAYKTUBHOCTA HAacnNpoTK 6p3nHaTa Ha
BPTEHE Ha POTOPOT M, BO COMMACHOCT CO ApPYrMTe MALLMHKM, Ce
dopmynmpa T.H. AMHAMUYHOTO EKBUBANEHTHO KOO HA €/IEKTPOHCKMU
ynpaByBaHMOT penykTaHTeH MmoTop. [locTojaT noBeKke pas/nyHU
KOHpUrypauum Ha BakBuTe MoTOopu. Ha npumep egHodasHMOT
€/1eKTPOHCKM  yNpaByBaHUOT pPEeNyKTaHTEH MOTOP Hajuyecto ce
NPMMeHyBa BO anJuMKauMM Kage wuma notpebu of MNOHUCKK
nepdopmaHcu.
Opf 1969 rogmHa, NnpeanoXKeH e penyKaTHTeH MOTOP CO MPOMEHAMBA
6p3nHa. N noKpaj Toa WTO OBaa MallMHAa e edeH BUA CUHXPOHA
MaLMHA, Taa MMa oApeneHN HOBU KapaKTEPUCTUMKU. Bo 0BOj canyyaj
CTaTOpCKaTa HAaMOTKa e M3BeAeHa WMCTO KaKo Kaj eaHOHAaco4YHMOT
MOTOP U HEMA HAMOTKM MW MArHeT Ha HEroBMoT poTop. U ctaTopoT
M POTOPOT MMAAT UCTAKHATM NONOBM; OTTYKA MaluMHaTa Ce HapeKyBa
[ABOjHO UCNAKHaTa MalumHa (cnunka 1.9). PoTopoT rvu ycornacysa ceouTe
NoJI0BM Kora ce Bo3byaeHu AnjaMeTpasiHO Ha CNPOTUBHUTE CTONOOBM.
Bo marHeTHO Ko0s10, pOTOPOT ce CTpemu aa Aojae BO No3uuuja Ha
MMWHMMAZIHA MarHeTHa OTMOPHOCT- PEe/AyKTaHCa BO MPOUECOT Ha
BO36yayBarbe. [loaeka ABaTa NOM0OBM Ha POTOPOT Ce YCOrNaceHU co
ABaTa Nona Ha CTaTopoT, APYr CeT Ha POTOPHM CTONOOBU e He ce




yCcorsiaceHu BO O4HOC Ha APYrnoT CeT Ha NON0BM Ha CTaTopoT. lNa TakKa
OBOj Map MOMI0BM Ha CTAaTOPOT ce TaKa BO3byaeHW Aa rv npuaBuKaT
napoBUTE MOSIOBUTE Ha POTOPOT 3a Aa ce ycornacaT. McTo TaKa, co
pefocnegHoTo NywTakbe Ha CTPyMTe BO HAMOTKMTE Ha CTaTopoT,
POTOPOT 3aM0YHYyBa 43 CEBPTU. 3a4BUKYBAHETO Ha POTOPOT, cnopes,
TOQ CO034aBake€TO HA BPT/IMB MOMEHT W MeXaHW4Ka MOKHOCT,
NnoBNAEKyBa penocnefHo NpPoTeKyBakbe Ha CTPyUTe HWU3 CTAaTOPCKUTE
HAaOMTKM COOABETHO Ha BapujauMjaTa Ha peslyKTaHcaTa, na 3aToa
BaKBaTa BapujabUNHOCT Ha Op3nMHaTa Ha BPTEHE HA MOTOPOT €
KapaKTepMUCTMKA HA OBOj €/1EKTPOHCKM YyNpaByBaHWOT pesyKTaHTeH
MOTOp.

Cnuka 1.9. CuHxpoHa

PENYKTAHTHA MallW1Ha

[naBHM COCTAaBHM OEN0BM Ha CeKoja penyktaHTHa CM, ce:

e CTaTOpPCKO MarHeTHO jaapo, CO NCMAaKHATM NOI0BMU

e CraTopCKa HaMOTKa

e POTOPCKO MarHeTHO jaapo, CO UCMAKHATU NOJIOBU

e (OcKa Ha Koja e nocTaBeH poTopoT

e Pamkarta Ha CTaTOpPOT CO NeXuULWTa

e Cucrem 3a nagemre

e Kykuuwre.
BoobunyaeHo, cTaToOpoT U POTOPOT Cce M3PaboTeHM CO pa3nmyeH 6poj Ha
McnakHaTu nonosu. MNMpumep 3a NpMKas Ha pasINYHM KOMOBUHaUKMKM 3a
nssenba Ha 6pojoT Ha NOMOBM Ha CTAaTOPOT M POTOPOT, € AaZEeHA HA
cnunka 1.10.




a) 8/10 poles b) 16/12 poles c) 24/18 poles

2.1.3. MalmnHKu Ha egHoHaco4Ha cTpyja (MEC)

NCcTOpUCKKN rnegaHo, eAHOHACOYHMUTE MALUWHKU ce NPBUTE ypeau Kou
Ce KopucTtene 3a efieKTpOMexaHMYKa KOHBEp3Wja Ha eHeprujara.
Mo3HaTuTe ekcnepumeHTn Ha Papagej, posene A0 NOHATaMOLLHWU
NpOHajaoUM KOOW NpuaoHecne BO eBO/yUMjaTa Ha eAHOHACOYHUTE
MaLUVHK BO NPBUTE ypeam 3a NPOU3BOACTBO Ha e/IEKTPUYHA eHepruja,
KOja Ce KOpUCTeNa Camo 3a OCBET/IyBakbE.

HajuctakHaTaTa KapaKTepucTMKa Ha egHOHaco4YHaTa MallnHa e
HEeHWBHaTa pasHOBPCHOCT. MalinHaTa e peBep3nbMIHA, TaKa LWTO
MOXKe ga paboTu UM KaKo reHepaTop LWTO ja NPeTBopa MexaHUYKaTa
eHepruja Bo eJIeKTpUYHa eHepruja Bo popma Ha eiHOHACOYHa CTpyja
M HAMoH, NN KaKo MOTOP, NPETBOPajKM ja enekTpuyHaTa eHepruja Bo
KOpUCHa MexaHM4yKa paboTta. EaHOHacouyHuTe reHepaTtopu BO
nocneaHo BpemMe He ce KopucraT, buaejkm npor3BoACTBOTO, MPEHOCOT
M aucTpmbyumjata Ha enekTpuMyHaTa eHepruja ce NOMOBOJIHM 0OA
E€KOHOMCKa rniegHa TO4YKa Kora ce W3BeAyBaaT CO HaM3HEMMUYHMU
roneMmuHn. EAHOHACOYHUTE FreHepaTopM MOMKAT Aa Ce KopucTaT BO
CMTyaLMKM KOra NOTPOLIYBayYKaTa Ha eNeKTPMYHa eHepruja ce oaBMBa
MHOry 6/1MCKy [0 NIoKaumMjaTa Ha NPOM3BOACTBO, M BO C/ly4anm Kora e
noTpebHO WM3M1e3HMOT HaMoH Aa € MOoAyAupaH crnopen CTPoro
pednHnpaHn BpeaHocTn. OBa MOXKe Aa ce U3Beae M CO KOPUCTEHE Ha
ncnpaByBayu Ha HAMMEHMYEH HAMOH.

EqgHOHaco4HaTa MalMHA € BPT/IMB Yyped 3a KOHBep3uja Ha
E€NEeKTPOMEXaHMYKaTa EHEpPrMja, KOj MMa CTaTop CO M3Pa3eHU NONOBMH,
a Kou Nnak ce Bo36yAeHM cO NMOMOL Ha eAHa WA NoBeke BO3OyaHMU
HAaMOTKW. HamoTKaTa Ha pPOTOPOT CAYXM 33 CNpoBeAyBak€ Ha
€NEeKTPMYHATa EHEPTM 04, UM KOH MallMHaTa, a Toa € U3BeAHO NpPeKy
rpaPuUTHM YETKMLM MOCTaBEHU Ha KOMyTaTopcuUTe amenun. HanpeyeH
npeceKk Ha e4HOHACO4YEH MOTOP CO ABa MAarHETHM MOJ1a,e NPMKAXaH Ha
Cchvka 1.11.

HamoTkaTa Ha poTOpOT ce cocoTu oA ronem 6poj Ha HaBUBKU, KOU ce
CMECTEHWN BO KaHANMUTE Ha POTOPOT M Ce NO3ULMOHMPAHM NapaneaHo

Cnuka 1.10. Pa3nanyHu
KOHPUrypumm Ha
CUHXPOHW PEeNYKTaHTHMU




Ha OCOBMHATa Ha MOTOpOT. HM3 BO3byaHaTa HAMOTKa ce cnpoBeayBa
€[, HOHACO4YHa CTPYja M KaKo pe3yaTaT Ha Toa GpAYKCOT BO BO34YLIHMNOT
3jaj € peumcun KOHCTAHTEH NoA CeKOoj n3paseH marHeTeH non. Bo pexxum
Ha reHepaTop, POTOPOT Ce BPTWU CO KOHCTaHTa 6p3uKHa, a Toa pesyntupa
CO MHAYUMpPaH€ HAaNoOH Ha POTOPCKaTa HAMOTKaA.

Stator with windings
Armature (rotor)

Commutator

‘rm

Cnwnka 1.11. iBo-nonos

eJHOHAaCOYeH MOTOP CO
NHAYuMpaHUTE HaMOHK Ce CO HEKaKBa HasUMeHW4Ha opma M Mopa  Lamortan craTtop

Aa ce TpaHcpopmmMpaaT BO e4HOHACOYHM, CO Len Aa ce npoussese
eQHOHACoYHa efleKTpU4Ha eHepruja. McnpasyBarbeTo Ha popmata Ha
HaNoHOT ce M3BeAyBa CO ynoTpeba Ha KOMyTaToOp, KOj MPaKTUYHO e
LUMIMHAOEP NOCTABEH Ha POTOPOT U € dopmMpaH o 6akapHU CErMEHTHU
N30/IMPaHN eHN o4 APYrK, KaKo M 040COBMHATa Ha POTOPOT.
[lenoBute Ha KOMYTaTOPOT ce MOBP3aHU MpPeKy rPadUTHU YETKUYKM.
KomyTaTopoT BO CylWITMHA € MEeXaHWYKMU Leno-6paHoB McnpasyBau.
MarHeTHOTO MoJie Koe BOCMOCTaBEeHO O, eiHOHACco4YHaTa CTpyja BO
B03byAHaTa HAMOTKaA, € HEMOABUXKHO BO 04HOC Ha cTaTtopoT. CTpyuTe
HW3 pPOTOCKaTa HAaMOTKAa reHepupaaT CTauMoHapHa pecnpeaenba Ha
MarHeTHMOT GIYKC YMja OCKa e nof npas aron BO 04HOC HaoCKaTa Ha
B036yaHOTO none. MHTepakuujaTa Ha ABaTa GAyKCeBM CO34aBa BPT/INB
MOMEHT BO eHOHacoYHaTa MallMHaTa.

Kaj Hekou nMoHOBM ToMonoruu, Bo3byaHaTa HaMOTKa Ha CTaTOPOT ce
3aMeHYyBa CO MePMaHEHTHM MarHeT U MOTOPOT BCYNHOCT NpPeTcTaByBa
e4HOHACco4YeH MOTOP CO MEepPMaHEeHTHM marHeTu. Mpernen Ha BaKoBs

TUN HAa MOTOP € NPEeTCTaBeH Ha cnurKa. 1.12.




NaBHW COCTaBHU AeN10BU Ha CeKOj €4HOHaco4YeH MOTOopD, ce:

el. connections

commutator permanent magnet housing

Cnwnka 1.12. iBo-nonos
brush system (extemal) (magn. return)

eaAHOHaCco4YeH MOTOp CO
nepmMmaHETHU MarHeTu

CTaTopCKO MArHeTHO jaapo, CO UCMAKHATM NONOBU M HAMOTKA
WK CTaTOPCKO jaZpo CO MEPMAHEHTHU MarHeTy,

PoToOpcKO MarHeTHO jaapo, BanabeHn KaHanu,

OcKa Ha Koja e nocTaBeH poTOpOT,

PamkaTa Ha CTaTOpOT CO NeXuLWTa,

Cuctem 3a nagemve,

Kykuwre.

2.2. BupTyenHo coctasyBare Ha eNeKTPUYHUTE
MaLLNHN

PaboTHaTa oKo/IMHa 3a NPBOTO CLEHapUO e Xana Bo pabpurka Kage nma
noanuM 1 paboTHa maca 3a coCTaByBakbe Ha MalnHuTe. MpuKas Ha
oBaa paboTHa OKo/NIMHa e AaseH Ha cankal.l13. Mpernes Ha paboTHaTa
NOBPLIMHA Kaje ce COCTaByBaaT MAaWMHUTE e AafeH Ha cauKa 1.14.
NoefHMHEYHNTE AEN0BU HA CUTE LWECT TMMNA Ha MalUMHU Ce NOCTAaBEHMU
Ha NoaAMUUTE N TUE Ce NPUKarKaHu Ha camkmte 1.15, 1.16 1 1.17.




ifyou are done 4
enginein the gree

Cnunka 1.13. lNpunKas Ha
paboTHaTa OKOMMHA 3a
cueHapuo 1 -
CocTtaByBakbe Ha
€NIeNKTPUYHU MALLMHN

Ifyou are done Putthe
engineinthe green area.
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Cnuka 1.14. lMpwkas Ha
paboTHaTa nosBpLMHA
BO cUeHapuo 1 —
CocTtaByBakbe Ha
enesikTPUYHN MaLLNHU




Cnuka 1.15. MpwKas Ha
noAnumTe N o4peneHu
OEN0BU 33 CK/IONyBakbe
Ha enekTpuyHuTe

MaLUMHW 3a cueHapmo 1

‘im

Cnuka 1.16. MpurKas Ha
noavunTe u ogpeseHu
0E/10BU CKIONYBakse Ha
€N1eKTPUYHUTE MALUUHMU
3a cueHapmo 1

‘im

Cnuka 1.17. MNMpuKas Ha
noAnuMTE N O4peneHMU

0eN0BM a CKnonyBakbe
Ha eNeKTPUYHUTE

MaLUMHK 3a cueHapuo 1
Ha cekoj cTyaeHT Ke My ce daje 3a4aya Aa COCTaBM efeH TUN Ha
eNeKTpMYHa MallnHa n3bpaHa oA HaBeAeHMUTE LWeCcT MallMHK, WTo bea
npetxogHo onuwaHu. Co KopucTerwe Ha BUPTYESIHUTE KOHTpoOepu-
nanku, crtygeHTtotr Tpeba ga rnm cobepe noTpebHUTe aenosu 3a
MallMHaTa of, NoAuuuTe U @ M NOocTaBM Ha paboTHaTa NOBPLUMHA.




MpuKas Ha nankute 3a pabota BO BP oOKonuHaTa, e pageH Ha
chmka 1.18.

Co nomoLl Ha oBMe ABe CEH3UTUBHM NaJIKM, KOPUCHUKOT MOXKe Aa ce
OBWXKN HU3 pabOTHMOT NPOCTOP, Aa NOMECTYBa AEN0BM O MaLLUHUTE
M Aa rm coeamnHyBa uctute. FoNemmnoT Kpyr KOj € NoCTaBeH 0403ropa u
Ha cpeguHa (1) (cn. 1.18) cnyXu 3a ABUMKEHE HU3 MPOCTOPOT
(TenenopTtupatrbe). Jasnueto Ha AHOTO Ha Mankata (7) ce Kopuctu 3a
nogurHyBarbe Ha Ae10BW M NOCTaByBakbe Ha paboTHATa NMOBPLUMHA,
KaKo LUTO € NpuKaxaHo Ha cauka A.l. [IoKonKy KOPMCHUKOT caka Aa
3eMe HeKoj efieMeHT og nonauuata, Tpeba BHMMATENHO Aa ja
No3nuMoHNpPa NankaTa 6AUCKy A0 NOCAKyBaHMOT AN WTO Caka 4a ro
nsbepe. LUTom nankata e 4OBONHO BANCKY, KOHKPETHUOT eNeMEHT Ke
6uae obenexkaH co *KONTa rpaHUYHa IMHMja U Toralw noTpebHo e aa ce
noB/seye ja3nyeTo Ha 3aJHaTa CTPaHa Ha payKaTa, T.e. Aa ce aKTMBMpa
W [a ce 334pKM BO Taa No3vumja cé Ao4eKa KOPUCHMKOT caka ga ro
noctasuM AenoT Ha paboTHaTa nosplwumHa. OTKAKO Ke ce OThyLwwTu
jasnyeTo, genot ce cnywTa M ce no3uumoHupa. MNpukas Ha nsbpaHu
CTAaTOPCKMU jagpa ce gageHn Ha Cn. 1.19, Cn. 1.20n Cn. 1.21.

MpWKas Ha M36paHM, OAHOCHO CeNeKTUPaHW jaapa Ha PasNIUYHU
TUMOBU HA POTOPU, OCOBMHU U NIEXKMLUTA CE€ NPUKaXKaHU Ha Cna. 1.22,
Cn. 1.23, Cn. 1.24, n Cna. 1.25. HamOTKUTE Ha CTaTOPOT M HA POTOPOT,
OCKUTE Ha POTOpUTE M NIM3ravyknTe NPCTEHU, KAKO U KOMyTaTopuTe ce
npukaxaHu Ha Cn. 1.26, Cn. 1.27, n Cn. 1.28. Ha Cn. 1.29 1 Cn. 1.30 ce
NnpuKarKaHn M3bpaHN NepmMaHeHTHM MarHeTy 3a ABa TMNa Ha MOTOpPMU.
MUcTo Taka, Ha Cn. 1.31 ce npeTcTaBeHU rOPHMOT U AONHMOT Aeno 40
KYKMLITETO Ha MOTOPOT, @ Ha Cn. 1.32 ce nmpuKarKaHW NPeaHUOoT U
3a4HMOT gen opf, KyRMWTeTo. 3a ofiecHyBakbe Ha Bexbute, Kora
paykaTa e g0BOMHO B6AUCKY A0 ogpedeH eNleMeHT U TOj ceyliTe He e
n3bpaH, ce nojaByBa KPATOK OMUC 33 UCTUOT TOj E€/IEMEHT.

m

Cnwnka 1.18. NpurKas Ha
ABeTe nasku Bo BP
OKOJIMHA, BUAEHM NPERY
BP ounna




@%wmela

a) [len o4, acMHXPOH MOTOpP

a) Jen op, eHOOHACOYEH MOTOP CO
NepMaHEHTHU MarHeTu

a) CMHXPOH MOTOP CO NEPMaHEHTHM
MarHetu

b) len oa cMHXpOH MmoTOp CO
nepmaHeHTHM MarHeTu

b) EAHOHAcO4YeH MOTOpP CO KOyMTaTop
CO HaMOTaH poTop

b) EaHOHacoueH MOTOp cO KOMyTaToOp

‘rm

Cnunka 1.19. NpurKas Ha
CeNeKkTUpaHo
CTaTCOPCKO jaapo

Cnwnka 1.20. MNpurKas Ha
CENEKTUPAHO CTAaTOPCKO

jappo

‘rm

Cnunka 1.21. NpurKas Ha
CeNIeKTMPaHO CTaTOPCKO
jaapo Ha penyKTaHTeH
MOTOp

‘im

Cnuka 1.22. MpuKas Ha

POTOPCKUTE jaapa Ha
oApeneHn TUNOBK Ha
MaLLMHN



Cnwnka 1.23. NpurKas Ha
POTOPCKUTE jagpa Ha
oapeneHn TUNOBM Ha

a) PeNyKTaHTeH moTop b) AcuHxpoH moTop MaLWUHN

Shaft XL

Cnuka 1.24. NpurKas Ha
N36paHnN OCOBUHMU

Cnunka 1.25. NpurKas Ha
n3bpaHu nexxunwTa

Cnwnka 1.27. NpurKas Ha
CeNeKTUPaAHN HAMOTKM

S h O rtin . Cnuka 1.27. MNpurKas Ha
Q R N g n36paHM NPOBOAHMU
’ LWUWMMKK 1M NPOBOAHMU
npcTeHu 3a opmuparse

Ha KacbesHaTa HaMOTKa
Ha aCUHXPOH MOTOpP

1 h,;_i'vimela




Cnuka 1.28.

MpwnKa3 Ha n3bpaH
KomyTaTop 3a
e4HOHaco4YeH MOTOp CO
NepMaHeHTHU MarHeTu

‘rm

Cnwnka 1.29. NpurKas Ha
n3bpaHM NepMaHeHTHU
MarHeTu NoTpebHU 3a
CUHXPOH MOTOp CO
NepMaHeHTHU MarHeTu

Cnuka 1.30. MNMpwrKas Ha
n3bpaHn NepmaHeHTHU
MarHeTu notpebHu 3a

e HOHACo4YeH MOTOp CO
NepMaHeHTHU MarHeTu

‘rm

Cnunka 1.32. NpurKas Ha

n3bpaHu ropeH u JoneH
Oen of, KyRULWTEeTo
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OTKako cuTe aenoBu Ke buaaT nocraBeHW Ha paboTHaTa NOBPLUMHA,
KOPUCHUKOT MOKe Aa NPOAONXKMU CO COeAMHYBakte Ha eNeKTPUYHa
MalwuHa. MNpBo, KOPUCHUKOT Tpeba Aa ro KOHCTPyMpa POTOPOT. 3HauUM
ocoBMHaTa Tpeba Aa ce NOCTaBM Ha jagapoToO Ha POTOPOT, a NOTOa U
asete nexuwta. OBa ce peansmpa Ha TaKOB HA4YMH LWITO Kora
OCOBMHATa Ha POTOPOT e 6/1M3y A0 TOYHATa No3uLMja, aBTOMATCKM Ke
ce 3a4pKM BO jaApoTO Ha POTOPOT. AKO POTOPOT MMa HaMOTKa, Tpeba
[a ce NoCTaBM HAMOTKaTa M aKo MOTOPOT MMa NEPMaHEHTHU MarHeTw,
Tpeba ga ce MoOHTMpaaT marHeTute. [lONOAHUTENHO, KOra MOTOPOT
MMa KomyTaTop, Tpeba Aa ce MOHTMpa M KomyTaTopoT. [loToa,
KOPUCHUKOT Tpeba Aa NPOAO/IKM CO coeauHyBarbe Ha CTaToOpOT.
HamoTKaTa Ha cTaTopoT Tpeba Aa ce NOCTaBM BO KaHaNMUTE Ha CTaToOpPOT
MAWN Ha NONOBMTE Ha CTAaTOPOT, 32 eAHOHACo4eH MOTOP. AKO MOTOPOT
MMa CamMO NEePMaHEHTHN MarHeTu Ha CTaTopoT, Toral camo Tue Tpeba
Aa 6uaaT NocTaBeHM Ha jaApOoTo Ha CTaTopPOT.

Cnuka 1.32. NpukKas
Ha M3bpaHu npegeH
W 3a4eH aen Ha
KYKULLTETO




2.2.1. CHHXPOH MOTOpP CO NepMaHeHTHN MarHeTu

[enosuTte Ha MOTOPOT Ko Tpeba Aa ce coeanHar ce:

# [enoBu Ha moTopoOT Bpoj Ha napuuma

1 Cratopcko jagpo co 36 KaHanm 1 ﬁ]

CraTopcKa HamoTKa

1
PoTtopcko jagpo 1
1

MepmMaHeHTHU marHeTy 6 (3N & 39) Tabena 1.1. CuHXpOH

Nlexkuwita 2 MOTOpP CO NepMaHEHTHU

2
3
4  OcoBuHa
5
6
7

Kykuwre 1 MarHeTu

MpwKas Ha geNoBUTE Ha MOTOPOT ce AafeHu Bo Tabena 1.2.

# [enoBu Ha moTopoT Mpernep,

1  CratopcKo jagpo co 36 KaHanu

2  Potopcko jagpo

3 OcoswuHa Tabena 1.2. MpuKas Ha rnaBHUTE

AeN0BU Ha MOTOPOT

4  [lepmaHEHTHM MarHeTu

Cute noTtpebHM AenoBu ce NOCTaBEHM Ha nonvuuTe BO paboTHaTa
npocTtopuja cumynmpaHa Bo BP okonunHa. KopucHuKoT Tpeba aa ja
3anoyHe BexkbaTa co Toa WTO Ke rv u3Baau AenoBuTe oA noanuarta u
Ke ' NOMecTun KoH paboTHaTa noBpLimMHa. lNpBo, KOPUCHMKOT Tpeba aa
ja BMeTHe OCOBMHAaTa BO jaApoTO Ha POTOPOT, a notoa Tpeba Aa
aopage nexuwTta. MNoaouHa, NepmaHeHTHUTe MarHetu Ke 6Guaat
NoCTaBeHM BO NpaBMIHA NO3MUMja M COOABETEH peaocnes Ha jagpoTo



Ha POTOPOT. Bo cneAHMOT YeKop, HaMOTKUTE Ha cTaTopoT Tpeba Aa
61aaT NocTaBeHM BO KaHanuTe Ha jaflpoTo Ha ctatopoT. ChegHuoT
YeKkop e Aa ce NocTaBW LEeNMOT pPoTop BO OTBOPOT Ha jaApoTo Ha
CTaToOpPOT, @ NOTOa FOPHMOT U AONHWOT [eN Ha KyKUMWTeTo Aa ce
[0[anaT Ha coeauHeTMoT moTop. Co 0BOj mocnedeH Yekop, NPBUOT
aen op sexxbaTta e 3aBpLUeH.

2.2.2. ACUHXPOH MOTOpP

[[eJ'IOBI/ITe Ha MOTOPOT KOH Tpe6a Aa ce coeJUHaT ce:

# [enosu Ha moTOpPOT Bpoj Ha napuuma

1 CraTtopcKo jaapo co 24 KaHanu 1
2 CraTopCKa HaMOTKa 1
3 PotopckKo jagpo co 19 KaHanu 1
4 Tlpayku Ha poTopoT 19
5 CnojHu NpCTeHM Ha pOTOpPOT 2
6 Komytartop 1
7 NexwuuwTa 2
8 KyKuwre 1

MpuKas Ha A4eNoBMUTE HA MOTOPOT ce AafdeHu Bo Tabena 1.4.

#  [Oenosu Ha MOTOPOT Mpernep,

CraTopcKo jagpo co 24
KaHanu

PoTopcko jagpo co 19
KaHanu

3 OcoBUHa

KadeseH potop coctaBeH
4 of NpPayvyku U CNOjHU
NpCcTeHN

Cute noTtpebHM AenoBu ce NOCTaBEHM Ha nonvuuTe BO paboTHaTa
npocTtopuja cumynmpaHa Bo BP okonuHa. KopucHuKoT Tpeba aa ja
3anoy4He BexkbaTa co Toa WTo Ke r'v n3Baau AenoBuTe oa noauuaTta u
Ke ' NOMecTun KOoH paboTHaTa noBpLuMHa. lNpBo, KOPUCHMKOT Tpeba aa

Tabena 1.3. ACUHXpOH
MOTOP

‘im

Tabena 1.4. MNpukas Ha
rNaBHUTE 4eN10BU Ha
MOTOPOT



ja BMeTHe ocoBMHaTa BO jaApoOTO Ha POTOPOT, a noToa Tpeba Aa ce
AoAaaat nexuwrTa. MoTtoa, ce cmecTyBaT NPOBOAHUTE Te HaKapHM
WKUNKKM BO 19 KaHanM Ha jagpoTo Ha poToporT. [oToa, ABaTa NpcTeHu
ce nocTaByBaar co WTo ce popmupa KadesHaTa HamoTKa. Bo cnegHuot
YyeKop, HaMOTKMTE Ha cTatopoT Tpeba ga 6uaatr nocrtaseHM BO
KaHanuTe Ha jagpoTo Ha cTatopoT. CheaAHNOT YeKop e Aa ce BMEeTHe
LLe/IMOT POTOP BO OTBOPOT Ha jaApoTo Ha CTaTOPOT, a MOTOa rOPHUOT U
AONTHMOT Aen Ha KyKMLLTEeTO Aa ce 4043AaT Ha cocTaBeHUoT moTop. Co
0BOj NocneneH Yekop, NPBUOT Aen o BexbaTta e 3aBplUeH.

2.2.3. ENeKTpOHCKU ynpaByBaH PeNyKTaHTEH MOTOP

[lenosuTte Ha MOTOPOT Kom Tpeba Aa ce coeanHar ce:

# [enoBu Ha MOTOPOT Bpoj Ha napuMma
1 CraTopcKo jaapo co 8 N0JI0BM 1 CTaTOPCKA 1
KOHUEHTPUYHA HaMOTKa

2 POTOpPCKO jaapo co 6 UCnakHaTK NOIOBMU 1
3 OcoBuHa 1
4 Jlexuvwra 2
5 Kykuuwrte 1

MpuKas Ha Ae/IoBUTE HAa MOTOPOT ce AaaeHu Bo Tabena 1.6.

# [JenosBu Ha moTopoT Mpernep,

1 CTaTOpCKO jafpo co 8 nososu

PoTopcko jagpo co 6 ucnakHatm
nosioBu

3 OcoBuHa

Cute noTtpebHWM OenoBu ce NOCTaBEHW HA MoauuuTe Bo paboTHaTta
npocrtopuja cumynmpaHa Bo BP okonuHa. KopucHuKoT Tpeba aa ja
3anoyHe BexkbaTa co Toa WTo Ke r'v u3Baau AenoBuTe oA noanuaTta u
Ke ' NOMecTun KoH paboTHaTa noBpLimHa. lNpBo, KOPUCHMKOT Tpeba aa
ja BMeTHe ocoBMHaTa BO ja4pOTO Ha POTOPOT CO 6 MCMaKHATK NOM0BU

‘im

Tabena 1.5.
EnekTpoHCKM ynpaByBaH
Pe/IYKTaHTEH MOTOP

‘rm

Tabena 1.6. MNMpukas Ha
rnaBHUTE AEeN0BU Ha
MOTOPOT



n Tpeba Aa rv goaage nexxuwTtarta. Bo cneHMOT YeKop, HAMOTKUTE Ha
cTaTtopoT Tpeba ga 6MAaT noctaBeHM Ha 8 MCNakHATU MOMIOBU Ha
jaapoTo Ha ctatopoT. CeaHNOT YeKop e Cce BMeTHe Le/noT PoTop BO
OTBOPOT Ha jaApPOTO Ha CTAaTOPOT, a MOTOA FOPHUOT U AOJHUOT AeN Ha
KYKMLITETO Aa ce A04aAaT Ha coeguHeTMoT moTop. Co 0Boj nocneaeH
YyeKop, NPBUOT Aen o BexkbaTa e 3aBpLUeH.

2.2.4. EQHOHAcO4YeH KONeKTopcKku motop (EKM)

[lenosuTte Ha MOTOPOT Kou Tpeba Aa ce coeanHar ce:

# [enoBu Ha MOTOPOT Bpoj Ha napuuma

1 CraTopcKo jaapo co ABa Nosa 1

2 CraTopKa HamoOTKa 2

3 POTOpPCKO jaapo co 12 KaH/n U pOTOpPCKaA 1
HaMOTKa

4 ocoBuHa (ronemuHa XL)
5 Komytatop

6 Jlexuwra (ronemuHa XL)
7 KyRuwre

RN R

lMprKas Ha AenoBMTE HA MOTOPOT Ce AaaeHu Bo Tabena 1.8.

# [Jenosu Ha moTopoT Mpernegp,

CTaTopcKo jagpo co
1  MCMaKHATM MOJIOBU U HA HUB
noctaBeHa CTaTOPCKa HAMOTKa

2 PoTopcko jagpo co 12 kaHanu

3 KomyTaTop u YeTkuumn

4 OcoBuHa (ronemmHa XL)

CuTe noTpebHM AenoBM ce NOCTaBEHM Ha MoAMuuTe BO paboTHaTa
npocTopuja cumynmpaHa Bo BP okonuHa. KopucHuKoT Tpeba aa ja
3ano4yHe BexkbaTta co Toa LWTO Ke r'M U3Baau AeNoBuUTe o4 noavuata u

‘im

Table 1.7. Wound stator
DC commutator motor

m

Tabena 1.8. MNpukas Ha

rnaBHUTE AeN0BU Ha
MOTOPOT




Ke r'm MomecTu KoH paboTHaTa noBpwuHa. NpBo, KOPUCHMKOT Tpeba aa
ja BMeTHe ocoBMHATa BO jaApOoOTO Ha pOoTOpOT co 12 KaHanum, a notoa
Tpeba pa rM gopage HamoTKaTa, KOMYTaToOpoT WM NexuwTaTta. Bo
CNepHMOT YeKop, HAMOTKMTE Ha cTaTopoT Tpeba aa bupat noctaBeHn
Ha ABaTa MCNAKHATM NONOBM Ha jagpoTo Ha cTaTopoT. ChegHNOT YeKop
€ Ce BMeTHe LennoT poTop BO OTBOPOT Ha jagpoTo Ha CTaTopoT, a
NnoToa rOPHWOT U AONHMOT AeN Ha KYRUWTEeTo Aa ce A043AaaT Ha
coegnHetnotr motop. Co 0BOj mocnepeH 4Yekop, NPBUMOT Aen of
Be)baTa e 3aBpLUeH.

2.2.5. EHOHaco4YeH MOTOP CO NepPMaHEeHTHMU
MarHeTu

Jenosute Ha MOTOPOT KOU Tpe6a Aa ce coegunHar ce:

# [enoBu Ha moTOpOT Bpoj Ha napuMma
1 CratopckKo jagpo 1

2 TepmaHeHTHM MarHeTu 3a ctatopot (1-N and 1-S)
3 PoTopcKo jaapo co 12 KaHanu

4 POTOpPCKa HaMOTKa

5 OcoBuHa (ronemuHa XL)

6 Komytartop

7 JNlexuwrTa (ronemmHa XL)

8 KyKuwre

R(INR|R[R RN

MpuKas Ha genosuTe Ha MOTOPOT ce gaaeHun Bo Tabena 1.10.

# [Aenosu Ha moTopoT Mpernep,

1 CTaTopCcKo jagpo co 2
nepmMaHeHTHU MarHeTu

Jappo Ha poTtop co 12
2 KaHa/u 3a CMecTyBake Ha
HaMOTKaTa Ha poTopoT

v/

#

3  KomyTaTop co YeTknyum _

A

4  OcoBWHA Ha MOTOPOT

‘i

Tabena 1.9.
EaHOHaco4YeH moTop co
NepMaHeHTHU MarHeTu

‘im

Tabena 1.10. Mpwukas Ha
rNaBHUTE AeN0BMU Ha
MOTOpPOT



CuTte noTpebHWM OenoBu ce NOCTaBEHW Ha MNoauuuTe Bo paboTHaTta
npocrtopuja cumynmpaHa Bo BP okonuHa. KopucHuKoT Tpeba aa ja
3anoyHe BexkbaTa co Toa WTO Ke r'v u3Baau AenoBuTe oA noanuaTta u
Ke ' NOMecTun KOoH paboTHaTa noBpLimHa. lNpBo, KOPUCHMKOT Tpeba aa
ja BMETHe 0COBMHaTa BO jaApOTO Ha POTOPOT co 12 cKaHanu, a noToa
Tpeba pa ™M popage HamMoTKata Ha POTOPOT, KOMYTATOpPOT U
nexuwrTaTta. Bo cnegHMoT Yekop, ABaTa NOCTojaHM marHeTM co N m S
nonaputet Tpeba ga buaat NocTaBeHM Ha jaApoTO Ha CTATOpPOT.
CnegHMOT 4YeKop e Aa ce MNOoCTaBuM LEenMoT pPoTOop BO OTBOPOT Ha
jaApoTo Ha CTAaTOPOT, @ NOTOA FOPHUOT M AOJIHUOT AEN Ha KYKMLWITETO
03 ce noAaaaT Ha KomnaetTupaHMoT moTop. Co 0BOj NocneaeH Yekop,
NnpBMOT Aen og BexkbaTa e 3aBpLUeH.

2.2.6. [eHepaToOp CO NePMAHETHU MArHeTu

Jdenosute o, reHepaTopoT Kou Tpe6a Aa ce coeaunHar, ce:

# [enoBu Ha moTopoOT Bpoj Ha napuMma
1 CratopckKo jagpo 1

2 CraTopCKa HAaMOTKa

3 [lepmaHeHTHU MarHeTu 3a potoport (2-N and 2-S)
4 POTOPCKO jagpo

5 OcoBuHa
6

7

JlexknuwTta
Kyknwte

RINR|IR[D[R

MpuWKas Ha 4enoBUTe Ha MOTOPOT ce AaaeHu Bo Tabena 1.12.

#  [enosu Ha MOTOpOT

Mpernep,

Jappo Ha cratopor co 12
1  KaHanu 3a cmeTyBakb€e Ha
HamoOTKaTa

Jappo Ha potop co 4
2 NepMaHeHTHU marHetu (2-N
n 2-S)

3 OcoBWHa Ha MOTOPOT

‘rm

Tabena 1.11. l'eHepaTop
CO NEPMaAHEHTHMU
MarHeTu

‘im

Tabena 1.12. Mpwkas Ha

rnaBHuUTE Ae/10BUN Ha
MOTOpPOT



CuTte noTpebHWM OenoBu ce NOCTaBEHW Ha MNoauuuTe Bo paboTHaTta
npocrtopuja cumynmpaHa Bo BP okonuHa. KopucHuKoT Tpeba aa ja
3anoyHe BexkbaTa co Toa WTO Ke r'v u3Baau AenoBuTe oA noanuaTta u
Ke ' NOMecTun KOoH paboTHaTa noBpLimHa. lNpBo, KOPUCHMKOT Tpeba aa
ja BMeTHe ocoBMHaTa BO japOTO Ha POTOPOT, NoToa Tpeba Aa Aogase
4 nepmaHeHTHM marHetn no pegocnen N-S-N-S, u ga rm nocrasu
NexuwrTata. Bo cnegHMoT Yekop, HaMoTKaTa Ha ctaTopoT Tpeba aa
6mae nocraBeHa BO KaHa/nuTe Ha jagpoTo Ha ctatopot. ChegHuot
YyeKkop e Aa ce NOCTaBWU LEenMoT pPoTop BO OTBOPOT Ha jagpoTo Ha
CTAaTOpPOT, @ NOTOA FOPHMOT U AONHWOT AeN HA KyKMWTeTo Ja ce
AopanaTt Ha cknoneHMoT moTop. Co 0BOj NocneaeH YeKop, NPBUOT Aen
oz BexkbaTa e 3aBpLUeH.

3abenewka:

OTKaKo MOTOpOT e coeauHeT, Tpeba Aa ce NocTaBuM BO O3HaueHaTa obnact Ha
paboTHaTa noBplIMHA. AKO MOTOPOT € NPaBWIHO CKAONEH, BeXbaTa aBTOMaTCKu
ce 0ABMBa Ha CNeAHOTO HUBO- MNpPUHUUNKN Ha paboTa Ha eNeKTPUUHUTE MALLUHMU.
AKO MOTOpPOT He e NPaBUJIHO CKNAONEH, KOPUCHUKOT Ke MMa yLuTe ABe LaHCKU aa ro
coegMHU Ha3HauYeHUOT MOTOop.

2.3. [TpuHUMNK Ha paboTa Ha eNeKTPUYHUTE
MaLLMHM

Bo 0Boj aen og BexkbaTa ce UCNUTYBA CUHXPOH MOTOP CO NepMaHeHu

MmarHetTu. MoTopoT ogHanpe e coegMHeT M e NocTaBeH Ha paboTHaTa

nospLuMHa (Kako Ha Cn. 1.34), 3aeaHO co ocTaHaTa onpema notpebHa

3a ucnuTyBake. HommMHanHMUTE NogaToum 3a 0BOj CUHXPOH MOTOpP CO

nepmaHeHHM marHetn, ce: Un=50 V=const., nn=1000 min-1,

In=11.38 A.

NcnuTyBareTo HaMoOTOPOT Tpeba Aa ce peanmsmpa cnopes crnegHuTe

HEKO/IKY YeKopu:

Step 1 — MoTopoT Tpeba Aa se nNoBp3e co HamnojyBarbe, Mo WTO TOj €
noAroTBeH 3a TeCTUPakbe, KaKo LWTO e NpuKaxkaHo Ha Ca. 1.35.

Step 2 — Ce Bknyyysa kon4veto ON.

Step 3 — Co KopucTere Ha ro Kon4yeTo 3a KOHTPOJIa Ha arofoT Ha
ONTOBaApyBakbe, Ce 3aN04YHyBa CO ONTOBAPYBaHe HAa MOTOPOT
CO oApeaeH 4YeKop 3a 3ronemyBakbe Ha aronoT Ha
onToBapyBakbe (Ha MpMMep CO CTamnKa Ha 3rosiemyBarse o, 5°
nnn 10°). Mo cekoja npunaroaeHa BpPeAHOCT, ce NPUTUCKA
KONYeTo 3a 3a4yyByBatb€ Ha PerncTpupaHuTe BpPeaHOCTU
(Record Data). CHumeHuTe nopatoum Tpeba pa 6Guaar
NPUKaXKaHW Ha rpadMKOT KaKo HOBa TOYKA MM MOXKaT Aa
6MAaT nNpUKaXKaHW KaKo JIMHMja WTO M NOBP3yBa




NPeTXoAHUTE U3MEPEHU TOUKU. MeperaTa NpoaoKyBaaT cé
10 MOMEHTOT KOra MOTOPOT NpecTaHyBa Aa paboTu nog aron
Ha onToBapyBate oA 90 °; NPeKMHyBayoT 3a BKAyYyBarbe /
NCKNyYyBatbe Tpeba aBTOMaTCKU Aa ce npedp/iv Ha no3numja
OFF

Step 4 — OTKaKo Ke 3aTcaHe MOTOpPOT, Ke ce NojaBu CayyajHo u3bpaHo
npaware CO HEKOJIKYy MOHYAEHW OAroBOPU U CTyAHETOT
Tpeba aa u3bepe eaeH oarosop 3a Aa 4o6ue NoeHw.

Mo 3aBplyBarETO Ha ABaTa Aena o4 0Ba CLUEHapuo, Ha CTyAeHTUTe
MM ce OoAenyBaaT MOEHM BP3 OCHOBA Ha HMBHATa e(pMKACHOCT BO
ABaTa Aena of BexkbaTta M 04roBopoT Ha CNy4YajHO A34EHOTO Npallarbe
Ha KpajoT o4 cueHapuoTo. [lOKONKY CTYAEHTOT o COCTaBUA COOABETHO
03OeHMOT MOTOp Npu HerosMoT Nps obua, Ke my bupat goaeneHu
100% opn, 60p0BUTE 3a oBaa ¢a3a, Ha HEroBMOT BTOP ycrelweH obua,
Ke pobue 75% op 6040BMTE M Ha HErOBMOT TPeT ycnelweH obua Ke
bupaT poaeneHn 50 % oa 6oa0BMTE. AKO CTYAEHTOT I'M MPOMaLLKM cUTe
Tpu 0b6uan, He f,O6MBA NOEHU U Ce 3aKNy4vyBa AeKa He ja u3pabotun
Be)kbaTa. 3a BTOPMOT Aen og BexbaTta u cnyyvajHO AaAeHOTOo npallakse,
CTYAEHTOT Ke MMa camo efeH 0bua,. JOKoNKy CTyAeHTOT NPaBUAHO ro
noBp3e MOTOPOT M MPaBWIHO FO CNPOBEAE MCMUTYBakeTo, Ke my
buaaT goaeneHn BKYNHMOT 6poj Ha NnoeHu. MICTOTo BaskK 1 3a c/1y4ajHo
03a0eHOoTOo npalakbe. 3a norpellHa NoBP3aHOCT U NorpeLweH oArosop

He cneayBaat NOEeHMW.
///

/

Pin (W)
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Cnwnka 1.33 Npernep Ha

NcnnTyBaHMOT MOTOD,
MoBpP3aH Ha ornpemarta
3a ucnmntyBame




3. Scenario 2 -CONSTRUCTION AND OPERATING PRINCIPLES of
Electric Motors

3.1 FBD (®yHKumMckn 610K anjarpam) jasuk

FBD (®yHKUMCKM 610K aunjarpam) e rpadmyku jasuk. N3spyBareTo
Ha nMporpamaTa ce 3aCHOBa Ha NPOTOK Ha CUFHANM CIMYHO Ha TEK Ha
efeH CUrHan nomery enemeHTUTe Ha cuctem 3a 06paboTKa Ha
curHanu. TeKOoT Ha CUrHanNoOT e of, M3ne30T (JecHa cTpaHa) Ha
dyHKUMjaTa MAn GYHKUMCKMOT 610K KOH NOBP3aHWOT Be3 (neBa
CTpaHa) Ha cnegHaTta GyHKUMja amn GyHKUMCKK 6ok [1].

paduuknute cumbonm co Koum ce npeTcTaByBaaT MNoOeAUHEYHUTE
enemeHTn BO 610K AnjarpamoT 3a NoBp3yBarbe ce NPaBoarosHMLM, a
ynpaByBauykuTe enemMeHTU ce MOoBP3yBaaT CO XOPWU3OHTANHU U
BEPTUKANHU NNHUK. TTpumep 3a oBa BO FBD jasnMKOT e npuKaxKaH Ha

Cnunka 3.1. %

OR _
11 Q2 Figure 3.1. FBD - the

example of the OR

function

Kono - onpegener 6poj Ha 610KoBM (e1EMEHTHM Ha ja3UKOT)
noBp3aHu co nHUK[1].
MpaBwnaa 3a M3BpLYBatbe Ha Nporpamort [1]:

1. BpeaHocTa Ha 610 KOj enemeHT BO KOJIOTO He e onpesesieHa,
OCBEH aKO He ce onpeaeneHun BpegHOCTUTE 3a CUTE B/IE30BM.

2. OnpepenyBareTO Ha BPEAHOCTa Ha HEKO] €/IEMEHT 0f, KON0TO
He e 3aBpLUeHa, aKo BPEAHOCTUTE Ha CUTE MU3/1e3U Ce yLlTe He
ce onpeaeneHu.

3. M3BpwyBarETO Ha Nporpama 3a LenoTo KO0 He e 3aBpLIeHa,
aKo BPEAHOCTUTE HA CUTE EIEMEHTU He ce onpeseneHu.

4. Kako pen op codrBepckaTa oOpraHusaumcka eauHuua,
M3BpLUYBakETO Ha Nporpamara 3a KonoTo Ke buae 3aBpLueHa
npes, Aa Aojae Ha pen, cNefHOTO KONO, BO Koe ce KopucTaTt
n3nesnTe og NPeTXo4HOTO KoJo.




MpaBuna 3a co3gaBare Ha Kona [1]:

1. U3nesute op oyHKUUCKMTE ONOKOBM He Tpeba pa ce
noBp3yBaaT 3ae4Ho.

2. AKO NMHUUTE KoM NOoBpP3yBaaT Pas/INYHN eIeMEHTU 0 KO0TO
ce ceyat nomery cebe, Kopuctete cMmMb0IM 33 NPEMUHYBaHE
Ha IMHKja 6e3 noBp3yBam-e.

3. CTpyKTypaTa Ha nporpamara Tpeba ga buae nnMHeapHa, co WTO
€ MOXHO noman 6poj Ha NpeceyHn NMHKUKM, 3a Aa buge wWTo e
MOXKHO NOYnUTANBA.

4. Moe paa ce npaBaT MOBPaTHWM BPCKM BO KO/Ma Kage LWTO
n3nesoT og PpyHKUMja nam dyHKUMCKM 610K npeTcTaByBa B/e3
3a Apyra ¢yHKUMja namn pyHKUMUCKM 610K BO KOIOTO.

5. PepocnenoT no Koj Ke ce M3BpLUYBaaT KonaTa MOXKe Aa ce
MEHYBa CO MHCTPYKLMM 33 CKOKakbe.

3.2 OcHoBHUM 610KO0BM BO FBD jasnkoTt

Bo FBD ja3MKOT ce pa3/inKyBaaT ciegHuTe 610K0Bu:

Nornyka ¢yHKumnja AND — 3a nsnesot ga ce cetupa Ha 1, cute
Bne3osu Tpeba aa ce Bo coctojba 1 [2];
Nornyka ¢pyHKumja OR —3a n3nesoT Aa ce cetmpa Ha 1, 6uno Koj oz
B/ie30BUTe Tpeba aa e Bo coctojba 1 [2];
Nornyka ¢yHKumnja XOR — 3a M3ne3o0T ga ce cetmpa Ha 1, npu
HenapeH 6poj Ha Bne3oBu Tpeba aa e Bo coctojba 1 [2];
N3nesHnTe 6/10KOBU — ce KopucTaT Aa ce aeduHUpa u3neseH burt.
Tue ce ekBMBaneHTHM Ha LD HamoTKu. [locTojat 2 un3nesHu
6noKkoBu 3a Siemens S7-1200 KoHTponepu [2]:

O UM3Ne3eH 610K,

O HermpaH msneseH 610k.
BnoKoBM 3a ceTUparbe U peceTuparbe:

o 610K 3a ceTupamre (set, S) — Kora e aKTMBMpaH, Toralu
BpeAHOCTAa Ha MpPOMeHAMBaTa Ha M3ne3HaTa ajgpeca ce
ceTMpa Ha 1, a KOra He aKTMBMpPaH Toraw BpeaHOoCTa
OCTaHyBa HENMPOMEHETa;

o 610K 3a peceTupamse (reset, R) — Kora e akTMBMpaH, Torau
BPEAHOCTA Ha MPOMEH/IMBATA Ha M3ne3HaTa ajpeca ce
cetupa Ha 0, a Kora He aKTMBMpAH Toraw BpepHOCTa
OCTaHyBa HeNpoMmeHeTa.

NornuknTe GyHKUMM MMaaT HajMmanKy ABa Bnesa v egeH usnes. 3a aa
ce npeTcTaBaT NpuMHUMNUTE Ha paboTa Ha cekoj oa 6noKoBuTe, ce
KopuCcTaT TabamumM Ha BUCTUHUTOCT, KOM ja NOKaxKyBaaT coctojbaTta Ha

n3ne3oT BO 3aBUCHOCT OA COCTOj6aTa Ha Bne3osute. Bnesosute un




n3nesnTe BO JIOTMKATa co OUTOBM MOXe Aa MmaaT ABe COCTojou:
HWCKa-03Ha4vyeHa Kako 0 (Hyna) 1 BUCOKA 03Ha4YeHa Kako 1 (eanHuua).
Bo FBD rpadnyKkmnOT jasuK, Koj ce KOPUCTU 3a Nporpamuparse Ha PLC,
noeanHeyHuTe GyHKUUM MMaAaAT CBOM rpadryKmM cumbonu.
padnuknte cumbonn Ha normykute OyHKUMKM co Tabenn Ha
BUCTMHUTOCT C€ NPUKaXKaHW Ha cnukuTte 3.2, 3.3 1 3.4,

n 12 Q
AND

1 0 0 0

- = 1 0

i 0 0

1 1 1

a) b)
1 12 Q
OR
1 Q 0 0
= | . 1 1
12
— 0 1
1 1 1
a) b)
n 12 Q
XOR
11 Q 0 0
— | 1 1
12
— 0 1
1 1 0
a) b)

Kaj BnesoBute ” un31e3UTE HEKoraw e noTpebHo Herupame.
HernpaHuoTt Bnes unm nsnes ro UHBEpPTUpPE CUTHaNOT CO CMPOTMBHA
BPeAHOCT, OAHOCHO TOj Ce MeHyBa 0, IorYKa eAnHMLa “1” Bo 1orMyka
Hyna “0” u obpaTHo. MNMpMmep 3a HerMpaHu BNE30BU Ce AaAeHM Ha
cn. 3.5, poaeKa 3a HerMpaHu nsnesn Ha cn. 3.6.

‘im

Figure 3.2. Function
AND:

a) FBD symbol,

b) truth table

‘im

Figure 3.3. Function OR:
a) FBD symbol,
b) truth table

rm

Figure 3.4. Function
XOR:

a) FBD symbol,

b) truth table




a) b)

n 12 Q
OR
9 0 0 1
— O— 1 0
12

— 0 0
1 1 0

a) b)

3.3 CraHgapaHu GyHKUMCKM B10oKoBM

BuctabunHutTe enemeHTM OBO3MOXKYBaaT YC/IOBHO CeTUparbe WAn
6puwere Ha oapeaeH HUT BO MEMOPUCKMOT NpocTop. BAIOKOT coapru
ABa ynpasyBa4yku Bne3oBu S u R n egeH nsnes. PegocnenoT Ha oBue
BNE30BM rO oApeayBa NPUOPUTETHUOT BAE3, a Toa ro geduHUpa u
BMAOT Ha buctabunor [3]. Moxke aa ce pedunHupaaT aAse coctojomn[2]:
e RS — e ceT fOMMHaHTeH buctabun. Ako curHanute cet (S1) n
peceT (R) ce eanHuumn, nanesot Q ke buae eguHULa.
e SR —e pecetT AOMWHAHTEH 6buctabun. Ako curHanuTte cet (S) u
pecet (R1) ce eanHnum, nanesot Q ke buae Hyna.
['padpuukute cumb60s1 3a RS 1 SR 6ucrabuiute co Tabauuu Ha
BUCTUHUTOCT Ce NpUuKaxaHy Ha CJ1. 3.7 1 3.8

S1 R Q
RS previous*
S1 Q o 0 =tate
R 0 1 0
1 1

‘rm

Figure 3.5.

rm

Figure 3.6.

rm

Figure 3.7. RS bit latch:
a) FBD symbol [1],
b) truth table [2]




R1

SR

TepmunHOT “npeTxogHa cocTojb6a” 3HAauYM AeKa MHCTpyKuMjaTa He ce
M3BpLUYBa aKo cocTojbaTa Ha cMrHanoT Ha ABaTa Bne3aSM R e 0. Toraw

a)

N =TT

R1

0
1
0
1

b)

Q

previous*

state
0
1
0

coctoj6arta Ha CUrHaNOT Ha OMepaHAoT Ke OCTaHe HenmpoMeHeTa.

Bpojauute ce KopuctaT 3a 6poerbe Ha BHATPEWHW HACTaHU BO
NPOrpamoT WM 3a BHATPELWHW HACTaHW BO MPOLLECOT, KAKO WTO ce
6poerbe Ha NPUTUCKaHE Ha KONYMHbaTa UaK bpoere Ha akTUBUpPaHbe
Ha KpajHUTe NnpeKknHyBauu. [2].

TyKa ce HaBeZeHW OCHOBHUTE TUNOBW Ha Bpojaun [2]:

e CTU — pacteuku 6pojau.
e CTD —onarayku 6pojau.

e CTUD — pacteyko-onarayku bpojau.

CuMO60/1MTe Ha MOeJUHEYHUTE 6pojadyu ce mpukakanu Ha Ci. 3.9.

CTU

=17 1¢

CD

LD

PV

CTD

BpoeweHe Harope CTU (Cn. 9a):

(i
Ci
R_
0
PV

CTUD

c)

e CU-run 6pOVI pactedyknTe nBnun Ha BAE3HUTE CUITHANN,

e (CV — MOMeHTanHa BpeaHocCT,

e R -—pecer,

e PV- npeTxoaHo nocraBeHa BpeaHOCT,

e Q-wu3ne3 Q; Ha n3nesot Q ce nojasysBa NOrMYKa egmHmLa - 1,
Kora CV=PV.

‘im

Figure 3.8. SR bit latch:
a) FBD symbol [1],
b) truth table [2]
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Figure 3.9. Counters:
a) up,

b) down,

c) up-down [1] [2]




Q

T com—

]

Pv=3 0

L]

Pabotata Ha pacTeyknMoT 6pojay Mmoxe fJa ce NpeTcTaBu MNpeky
BPEMEHCKM curHann. Osue 6paHoBM 0BNMLM Ce NpPUKaXKaHU Ha
Cn. 3.10.

Onarauku 6pojau CTD (Cn. 3.96):

CD —r1 6pomn pacTeykuTe UBULM HA BIESHUTE CUTHANN,

CV —MmomeHTanHa BpegHocT, a) 6) 8) Cn. 5: bpojayn: cobuparse
(a), onzematrbe (6), cobupare-oazemamse (B)

LD — onToBapyBatboe,

PV — npeTxo4HO NOCTaBeHa BPeaHOCT,

Q — un3nes3 Q; Ha nsnesot Q ce nojaByBa JOrMYKa egmHMLaA - 1,
kora CV=0.

Pa6oTaTa Ha onmaraykdoT 6pojay MoOXKe JZila ce MPEeTCTAaBU MpPEeKy
BpeMeHCKM curHaju. OBHe OGpPaHOBU OOJIUIM Ce MPUKAKAHU HA
Cn. 3.11.

CD

LD

It

|

C  cm—

3

PV=3

rm

Figure 3.10. Counter up
time signals [2]

rm

Figure 3.11. Counter
down time signals [2]




Pacreuko-onaraukure 6pojaun CTUD (Cn. 3.98) e KombuHaumja opg,
6pojaumte CTU 1 CTD. 3aToa Mma ABa 6pojaykm Bne3osu 1 2 n3nesu, a
OOMNONHUTENHO MMa efeH Bne3 33 peceTupare U eneH Bnes 3a
NoSHEHE.

PaboTtata Ha paTceyko-onaraykmMoT Bpojay moxKe Aa ce MNpeTcTaBu
NpeKy BpeMeHCKKN curHanu. Osue 6paHoOBM 061MLM Ce NPUKAXKaHW Ha
Cn. 3.12.

o LU LU

[L]1

S :
RO A : |
SO B R IR IR N o 1 ‘m
' : ' pos 1ot X ro
. . . ' Figure 3.12. Counter
PV=4 E E ; ' ' down time signals [2]

0

L
—

Ccv

;
8

QU
QD

_I
Tajmepute ce PyHKUMCKM BNOKOBM KOWM Ce KOPUCTAT 33 BPEMEHCKa
3aJpLUKa NPU BKAYYYBakbe AN UCKAYYYyBakbe, 3eMajKn ' BO Npeasus,
BpeMeHCKUTe ycnoBu (Ha np. gouHeweTo) [1].
TyKa ce HaBeZeHW OCHOBHUTE BUAOBM Ha Tajmepu[l]:

e TP —wumnynceH,

e TON —3aapLuKa Ha BKIydyBatbe,

e TOF —3appLwka Ha UCKay4vyBame. ﬁ]
Cumbonute 3a pasnMYHUTE BMAOBM Ha TajMepU Ce MpPUKaxKaHU Ha
Cn. 3.13.
TP TON TOF Figure 3.13. Timers:
g = g 0 g N
PT PT PT a) TP,
T T ] o T & b) TON,

c) TOF [1]



Tajmep TP (Cn. 3.13a):
e |IN —Tpurep Bnes3 Ha TajmepoT,
e PT - npeTxogHO NOCTaBeHO Bpeme,
e ET —BpemeHCKa 3ajpLuKa,
e (Q-wu3nes.
Pabotata Ha TP TajmepoT MOKe Aa ce NPEeTCTaBu NPEKY BPEMEHCKM
curHanu. Osue 6paHoBM 06MLM ce NpuMKaXKaHu Ha Cn. 3.14.

‘rm

Figure 3.14. Timer TP

time signals
Tajmep TON (Cn. 3.136):
e IN—Tpurep Bne3 Ha TajmepoT,
e PT—npeTxo4HO NOCTaBeHO BpeMme,
e ET - BpemeHcKa 3agpLiKa,
e Q-—wu3nes.
Pa6ortata Ha TON TajMepoT Moxe Ja ce NpeTCTaBU IpPeKy
BpeMeHCKM curHaiu. OBUe OGpaHOBH OOJIMIM Ce NMpPUKaKaHW Ha
Cn. 3.15.
N Ll i
; : : :
Q 1
— . : i . . L—— Figure 3.15. Timer TON
N . ! ' ' ' ' time signals

ET

Tajmep TOF (Cn. 3.138):
e [N —Tpurep Bnes Ha TajmepoT,
e PT—npeTxo4HO NOCTAaBEHO BpeEME,
e ET—BpemeHCKa 3agpLuKa,

e (Q-—wun3nes.




Cn. 3.15.

IN

dyHKUMKTE 3a cnopedyBatbe Ce KOPMCTAT 3a crnopeayBake Ha ABe
noAaToOYHU BPEeAHOCTU 04, UCTU TUNM, AOLENEHM Ha BNe3oBuTe 11 1 12.
AKo e ucnosiHeT ycnoBOT 3a cnopeaba. Ce nojaByBa nornyka 1 Ha
nsnesot Q. Cumbonunte Ha GYHKUUMUTE 33 cropeayBare Ce NPUKAXKaHK
Ha Cn. 3.16 [2].

Pabotata Ha TOF TajmepoT MOXe Ja ce NpeTcTaBu npeky
BPEMEHCKM curHanu. OBue H6paHOBM OBAUUM Ce MPUKaKaHU Ha

a)

<>

d)

C I R N B
B B B

AN

12

12

12

f)
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Figure 3.15. Timer TOF
time signals

‘im

Figure 3.16. Comparison
of functions with
different types of
relationships:

a) equal,

b) greater-equal,

c) lower-equal,

d) different,

e) greater,

f) lower [1]




3.4 Construction and Operating Principles of
Controllers

MporpamabuneH NorMykM KoHTponep - PLC npetcraByBa
WNHAYCTPUCKM KOMNjyTep KOj ' U3BPLUYBA CieaHUTe GYHKLMM 3apaam
ynpaByBakbe BO PeasIHO BPEME Ha efeH U3BpLIeH cuctem [1]:

1. npaBu akBM3ULMja HA MEPHU Pe3yaTaTU NpPeky AUTUTANHUTE U
aHaNorHuTe B/Ie30BU, Kade ce NOBP3aHU CEH30PM U MEPHU ypeau;

2. u3BpwyBa KOPUCHUYKM NPOrpamMmm KOW COAPXKAT KoAUpaHu
KOHTPOAN M anropuTMM 3a NPOLECUPAbE HA CUTHANN, KOPUCTEjKRM
T pobueHnTe noaaTouM 3a MPOLECOT 3a ynpasByBakbe WAM 3a
HEeKoja MalluHa;

3. reHepupa KOHTPOJIHA CUFHaAM WTO Ce MPUIarogeHn Ha
pesynTtatuTe oA, NpecMeTKUTe Ha KOPUCHMYKaTa nporpama M HuB
rM npocneayBa NPeKy UsnesHuTe Moayau A0 APYrM KOMMAOHEHTU
WU U3BPLUHU yYpeau;

4. npeHecyBa nNOAATOUM KOPUCTEJKM MOAYIM W  BPCKM 3a
KOMYHWKauMmja;

5. wu3BpwyBa AWjarHOCTUUKN YHKUMM Ha CcodPpTBEPOT M  Ha
XapAsepor.

Cnopeg gednHunumjata, PLC-To npeTcTaByBa MHAYCTPMUCKU KOMMjyTEP.

O4 TMe NMPUYMHKM, KOHCTPYKTMBHA u3Beaba Tpeba Aa Ha/MKyBa Ha

KOMMjyTepCKn KomnaeT. 3aegHUYKUTE esleMeHTH 33 OBMe ABa ypeaun

ce: MmuKponpouecop, RAM u ROM memopwuja, marucrtpana,

onepaTMBEH CUCTEM (3a KOHTposiepuTe Toa cUCTemM Koj paboTu Bo
panHo Bpeme). MNoKpaj Toa, PLC-TO € onpemeHo co BNe3eH M nsneseH

CUCTEM NPEKY KoM ce pa3meHyBaaT MoOMery KOHTPOEPOT U OKOIMHATA.

MoeaHOCTaBEHA APXUTEKTYpA Ha TUMMYEH NporpamabuneH Nornyku

KOHTpONEep e NpuKarkaHa Ha cauka 3.17.

Databus
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Real Time

Operating System

PLC memory
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Cnuka 1.

NoeaHoCTaBeHa
apXUTKTypa Ha PLC [4]



3.5 Onuc Ha VR nporpamot

MecToTo 3a M3BeayBat-e Ha Bexkbu Bo VR NpocTopoT 3a oBa cueHapuo
e ¢abpuruka xana. Bo xanata Mma cTaHMa CO KOJIMYKA Koja ce ABUXKM MO
WnHM 1 nynT co PLC 3a cumynaumja. M3rnegoT Ha npoctopujata co
onpemartae NpuKarkaH Ha camKa 3.18.

i

Cnuka 3.18. ®abpuuka
Xana

TuUratallo

TOrntanye

TUrta )

"“'Hlnl)l(

LLemaTa Ha CcTaHuWuaTa e NpuMKaxKaHa Ha camka 20. Koaunykata e
onpemeHa CO CONCTBEH MOroHCKM cuctem RL, CO KOj ce ABUXKM.
Konnukata moxe pa ce agsumxu no wuHute R-L, og A po B. 3a
npedpayBate Ha cocefHaTa naTeka e noTpebHa poTtaumja 3a 90 °.
Mnatpopmute 3a potauumja A n B ce Kopucrat 3a poTtaumja Bo aBeTte
Hacokn. Cekoja nnaTtpopma € OnpemeHa CO COMCTBEH MOFOHCKM
CUCTEM — MOTOHCKM cucTem A 1 MOroHCKM cuctem B. CeKkoja AnHKUja nma
CBOj KpaeH NpeKkuMHyBaun: NnHuja A — KpajHu npeknHysauun Al un A2,
AvHKWja B — KpajHu npeknHysaum Bl u B2 u nnHmja RL — KpajHU
npeknHyesaunm R um L.

Cn. 3.19: llema Ha
CTaHMUaTa

Trolley
—

Diive system AL




Track A Track B

Track A Track B

Cumynaumonmot nyat co PLC coapku 6mubnmoteka co PpyHKLUMCKM
6n10KoBM, paboTeH NPOCTOpP Kage LWTO MNporpamckute 610KoBM ce
noctaByBaaT M Ce MOBP3YBaaT, WU BAE3HM M3/1E3HU MPUKIYHOLM.
M3rnepot Ha nynatoT 3a cmumynaumja co PLC e npuKaxKaH Ha camKka 22.
PLC cumynatopoT uma 4 6uMHapHWU BNE30BUM U 6 BUHApPHWU M3nesu.
CeH30puTe Cce MOBP3aHM Ha B/AE30BMTE: [ABa Of, HWB [AaBaaT
nHbOopMaLMja fann KONMYKATa ce Haofa Ha NnaTdopmaTa 3a poTaumja,
OAHOCHO Janu e Ha poTMpadKka nnatdopma A uaM Ha poTUpayka
nnat¢opma B m pBa ceH30pu KoM paBaat MHbOpmauuja ganm
KO/IMYKaTa CTUrHaNa Ha KPajoT oA InHKja A naun nvHunja B. BuHapHute
n3nesun AaBaaT KOHTPOJIHM CMFHANW 3a: poTauMmja Ha naatpopmaTa —
TMEe ja aKTMBMpaaT poTauujata Ha naatpopmmTe BO HACOKa Ha
CTpesKnTe Ha YacoBHUKOT — CW 1 BO cCnpoTMBHA HAaCOKa o4 HacoKaTa
Ha CTPeNKUTe Ha 4YacoBHMKOT — CCW, Kako M ABa CUTHANM KOU ro
aKTUBMpPAaT NOroOHOT Ha KO/IMYKaTa (n1eBo 1 JecHo).

orkspace

Binary inputs

Hapg, nyntot 3a cumynaumja co PLC ce Haofa 6ubnnoTteka co GyHKLUCKK
610KoBW. Taa M COAPKU CNeAHUTE eNeMEHTH:

rm

Cnuka 3.20.
a) CtaHuuaTa;
b) MNornen opo3ropa

‘im

Cnuka 3.21. MynT 3a
cnmynaumja co PLC




nornykn epyHkummn: AND, OR 1 XOR,
e 610K 3a Hernparse: NOT,
e 6Hucrabunun: SR and RS,
e Tajmep: TON.
[ope cnomeHaTUTE efleMeHTU ce BKyYeHW BO Bep3ujaTa Co ABa Uaun
Tpu Bne3osu. NNoKpaj Toa egocTaneH v pasaeneH 610K Koj rm oaBojyBa
CUTHaANUTe U emuTep Koj 610Knpa 1 Ha NOrMYKKM nsnes.
OcHoBHUTE cumbonn Ha 6nokoBuTe BO 6OubAMoTeKkaTa Ha PLC
CMMYNATOpPOT Ce AaaeHun Ha Cn. 3.22.

Kora ce co3gmaBa nporpama 3a ynpaByBatbe Ha WHAYCTPUCKA
anaunKauuja ce bapa noctaByBarbe Ha COOABETHU GYHKLIMCKM 610KOBM
BO PabOTHMOT NPOCTOP M BOCNOCTaBYBake Ha MPaBUIHU BPCKU NOMery
HMB. BnoKoBUTe ce npesB3emaaT oA 6uBAMOTEeKaTa CO MOMOLW Ha
BMPTYye/IHa paKka Koja ce ynpaByBa CO MaHunynatop. BAoKoT Koj e
npes3emeH og 6uMbnnoTekarta Tpeba ga buae noctaseH Bo paboTHUOT
NpocTop 1 NoToa Aa ce KoMbUHUpa co apyrn 6aokosu. Moxe aa ce
noBp3e Ha M31e30T oA efieH 610K U Ha BNE3OT Of CNeAHMOT B/IOK.
BAoKOT HemoXKe Aa ce NoBp3e camo Ha u3nesn og 6n1okosute. Cekako
MOMHO € Ja ce pasfenat M3nesHWTe CUrHaAnM co MNOMOLW Ha
pa3aenHuoT 610K. 3a Aa ce cTapTyBa NporpamaTa, HEONX04HO e Aa ce
BHece 6/10KOT emuTep. Konmykata moxKe ga ce Npemecty Ha NoYeTHa
nosuumMja Co KONYETo 3a peceTmpatrbe, Koe e NocTaBeHo BegHal o PLC
CUMYNaTopOoT.

PedepeHum

[1]. Kasprzyk J., Programowanie sterownikdw przemystowych,
WNT Warszawa 2006

[2].Simatic S7 Programowalny sterownik S7-1200. Podrecznik
systemu, Wydanie 04/2009

[3]. Kwasniewski J., Sterowniki SIMATIC S7-1200 w praktyce
inzynierskiej, BTC Legionowo 2013

[4]. Kwiecien R., Komputerowe systemy automatyki przemystowej,
Helion Gliwice 2013
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Cn. 3.22: Cumbonu Ha
bYHKLMCKM 610KOBU Ha
PLC cumynaTtoporT:

a) GYHKUMCKM BNOK CO
[Ba B/e3a,

b) dyHKUMCKM 60K co
TpW BNeE3a,

c) Tajmep TON,

d) 610K 3a Hernpare
NOT,

e) pasaeneH 610K,

f) emutep




CueHapuo 3 — JlnHuja 3a ceneKkumja co
becKkoHeYHa NeHTa

4.1. Uen Ha cueHapuoTo

Bo nocneaHuTe AeKkagm, Kako TemMa Ha MHTepec BO LLe/INOT cBeT belwe
aBTOMaTCKaTa cenekumja Ha oTnaaoT. Ha HayyHo none, 6ea HanuLwwaHu
MHOrYy TPYAOBW 33 HOBUTE METOAM, CEH30PW WMAW 3a[BUXKYBayu 3a
ceneKkumja Ha oTnaaoT Ha edMKaceH HaumH.

CTyAeHTUTe Ke ce 3ano3HaaT Co MPOLLeCOT HA peunKanpare, Koj BO
Hajroiem Aen npeTcTaByBa ceneKkuuwja Ha otnagoT. [JonosHUTENHO
CTyAeHTUTE Ke MMaaT MOXHOCT pga noctaBaT M ga KopucTaT
€/1eKTPOMArHeTHM CEH30PM U 3a4BUKYBa4YM, KoM ce ynoTpebyBaaT Ha
ZIMHMWjaTa 3a cenekuuja.

Cenak, BO MHAYCTPMjaTa MeLWaHMOT OTNag, ce cesleKTMpa BP3 OCHOBaA
Ha KOHBEHUMOHanHM meTogu. NoBeKeTo OTnagHW maTtepujanu ce
HanpaBeHW o4, MeTan, CTak0, XapThja, NnacTMKa uan buopasrpagnms
oTnag oA KyjHu. OBMe maTepujanyM MoXKe Aa ce peuukanpaaT 3a
noHaTamowHa ynoTpeba. [MpBMOT YeKop BO pPeuMKANParbeTo e
cenekunjata Ha oTnagoT. [peKy npaBewe Ha ANHMjaTa 3a ceneKkumja
Ha 0Tnaj, KOPUCHMKOT MOXKe A3 Hay4yMn KaKo NpaBUAHO Aa MM noctasu
M Aa rM KOPUCTU CEH30PUTE U 33 BMIKYBAUYUTE, KOW CE NpeaBUAEHN 32
oBaa Berkba.

I 4.2. Bosep

MocTojaT ABe NOTKAaTeropuu 3a cefekumja, O4HOCHO AOMalLeH 0Tnag,
M MHAYCTPUCKM oTnaA. 3aToa BO BexxbaTa MMa M ABe cueHapuja 3a
n3bop: cenekumnja Ha gOMaLLeH OTNaL U Cenekumja Ha UHOYCTPUCKU
oTnag. N36opoT morKe Aa ce Hanpasu BO [NTAaBHOTO MEHU NPUKaXKaHO
Ha cnmka 4.1. CTpenkaTta BO BTopaTa /IMHMja gaBa MOXHOCT 3a nsbop
CO KOe CL,eHapno KOPUCHMKOT CaKa Aa pabotu:

= JlomalweH oTnag

"  UHAYCTPUCKM OTNAL
MNpun ceneKkumja Ha AomalleH OTNAL MNOCTOjaT TPU KaTeropuu Ha
maTepujanu:

= OpraHcku oTnag,;

=  CTakno (Wwuwnma);

= [lnacTvKa (OnaKoBKM 3a xpaHa).




Toggle Scenario O)

Industrial 9

T
G eate 9 Capacitive

Inductive
pown Rate  Actuator

Cancel

Mpw cenekumja Ha MHAYCTPUCKN OTNAZ, UCTO TaKa MMA TPWU KaTeropum
Ha maTtepujanu:
=  depomarHeTHM U M30/1aUMOHM (KAKO LITO e KenesoTo of
MarHeTHOTO KOJ10 Ha MOTOPUTE U M30/aLMjaTa Ha KabauTe);
= [lpoBogHu U HepepomarHeTHM (KaKo LUTO ce aNYMUHUYMCKN U
H6aKkapHM NPoBOAHMLM NPOPUAHU UK CO KPYXKEH HanpeyeH
npecek ocCTaHaTM of W3paboTKaTa Ha HAMOTKUTE Ha
moTopuTe);
= [lnacTMKa (4enoBuM o4, MOTOPUTE KOW Ce HamnpaBeHW Of
nnacTuka).
Bo oBa cueHapvo moOXe Oa Cce KOpUCTaT [Ba BMAA Ha CEH30pMu:
WHOYKTUBEH W KaMauuTUBEH CeH30p. MHAYKTUBHMOT CEH30p MOXe Aa
Pa3NIMKyBa MeTasHM 0f depomarHeTHU npegmeTH, [Aojeka
KanaunTUBHUOT CEH30P CE KOPUCTU 3a CENEKLMja HA NNACTMKA, CTAK/0
M opraHcku otnagd. Kora ceH3opuTe Ke ro AeTeKkTMpaaT HaBeaeHUoT
MaTepujan BO OTMAZOT, 3a[BUXKYBauMTe r0 TypKaaT CeNeKTUPaHUOT
oTnaz BO COOABETHATA Kopna.
KopucHuKoT Tpeba Aa ja nmoaecu AuMHMjaTa 3a cenekumja. Hema
BPEMEHCKO OrpaHMyyBakbe 3a NOAECYBatbe Ha IMHKWjaTa 3a cenekumja.
McTo Taka BO FaBHOTO MEHM MMA MOXHOCT Aa ce nogecat 6p3nHaTta
Ha [ABWXXerbe Ha JIeHTaTa M y4yecTanocTa Ha bOyTKakbe Ha OTNaaoT BO
COOABETHUTE KOPNMU.

‘im

Cnuka 4.1. TnaBHO meHM




4.3. BupTyenHo cknonysak-e Ha NMHKWjaTa 3a
cenekumja

CeH3opuTe 1 3a4BUKyBaunTe Tpeba Aa rm NOCTaBM KOPUCHUKOT (Toa
ce NpaBu CO KONYeTo “Kpeunpaj” Bo rNaBHOTO MeHU, Buam cn 4.1.) n aa
ce CTaBaT BO HoBogedUHMpPaHUTE no3numm. OBa e 0cobeHO BaXKHO,
6uaejkn npetogHo AedPUHMPAHMOT KaHan e wupok 20 cm, a
MHAOYKTUBHUOT CEH30P YMj AMnjameTap e ucto Taka 20 cm, Tpeba ga ce
CTaBW BO TOj KaHan. KanauuTUBHMOT CEH30P KOj ma gujameTtap e 20-
60 cm, moke aa 3adatv Ao Tpu npeaeduUHMpaHM KaHanu o egHaTa
CTpaHa Ha TpaKaTa (enekTpoau 3a HanojyBatbe) WU TPM KaHanu opg
ApyaTa CTpaHa Ha TpakaTa (3a3emjeHu enekTpoau). 3aABUXKYyBauUTe
MCTO TaKa Tpeba Aa ce nocTaBaT BO NPETXOAHO AebUHUPAHUTE KaHaNW.
Cute ceH3opu M 3aaBMKyBaunm Tpeba pa OuMAaT NOCTaBEHWU Ha
HoBoZePUHMPAHM NO3MUMM BO CMEUMjaNHM KaHAAM Ha TpaKaTa 3a
cenekumja. 3agBuxysaumTte Tpeba Aa buaat nounpaHm CNPOTUBHO Of,
CeKoja Kopna.

3a peanusaumja Ha NnpMmepoT, Ha Cn.4.2. e NpuKaxKaHa eaHa MOXHa
KOHUrypaunja Ha MHKNja 3a cenekunja 3a CueHapuo A (CS n CSG ce
ABeTe NA04YM Ha KanauUTUBHUOT CEH30p).

= =
cs A cs A
«—» «> «—» «>
I | | I | | l | I | | J
trash
Sorting
CSG CsG Bin
«——» «——»
I | | | l | I |
Sorting Sorting
Bin Bin
Cnuka 4.2. MoxHa

KoHdUrypaumja Ha
JINHUWja 3a cenekuumja
Mocne cknonyBakbe Ha AMHKMjATa 3@ CeneKkuuja, mopa Aa ce nogecat
napameTpuUTE Ha CEKOj CEH30P M 3a4BMXKYBau.
MpeKy KAMKHYBakbe Ha HEKOj npeameT MOXe pJa ce nogecat
noTpebHUTe peneBaHTHM NapamMeTpu BO 3a434€EH Oncer.




4.4, KanauuTmseH CeH30p

KanauMTMBHMOT CEH30p Ce COCTOM OZ ABE e/IEKTPUUHM NAOUN: 04, KOU
eaHaTa e 3a3eMjeHa, a gpyrata ce yKay4yyBa Ha HAU3MeHMYEH HamoH.
MapuyeTo oTnag ke buae AeTeKTUPAHO A0AEKa MOMMHYBa NOMery oBue
NA0YM. 3apaam Pas3NINYHUTE AMEeNEeKTPUYHM CBOjCTBA Ha Nap4YntbaTa 04
OoTNaz KoW ce cenekTmpaart, ce nojaByBaaT NPOMEHM BO BPeAHOCTa Ha
KanauuTeToT, KoOja ce AeTeKkTupa npeKky ceH3opoT. CeHsopoT
€ NPUKaxaH Ha cnunka 4.3.

(- Capacitive : 3 0 3 "

veRage

Freguoncy

JONKnHATa Ha eneKkTpUYHUTE NA0YM e npomeHnmBa. KOpUCHUMKOT
MoXe Aa nsbepe ponkunHa og 20, 40 nam 60 cm, Koja 3adaka 1, 2 nam
3 KaHa/n No A0NXKMHATa Ha TpaKaTa.

KOPUCHUKOT MOKe Ja KAWMKHE Ha 3HAKOT NJAyC Ha CEH30pOT Ha
CEH30POT U Ke ce OTBOPM MEHMTO. TyKa KOPUCHUKOT MOKe A3 ja
nogecu ronemMmHaTta u GpeKkBeHUMjaTa Ha NPUAOKEHMOT HanoH. UcTo
TaKa MoXe ga ce usbepe goaKuHa Ha naoumnte oa: 20, 40 unm 60 cm.

‘irm

Cnwuka 4.3. KanayutmseH
ceHs3op



MoKpaj Toa WTO AOMKMHATA Ha NAOYMTE MOXe Aa Ce MeHyBa, MMa U
npeTxoaHo AeduHUpaHu paboTHM oncesn 3a ¢pekBeHuumjaTa M
NPWUIOXKEHNOT HanoH. Tue ce cnegHuTe:

10 kHz<f<20 MHz

100 mV<sV< 20V

Ha Kpaj, amnutygata Ha cTpyjata o4 0BOj ceH3op ce gobuBa co
penaumjata

V1

I = V2rfC [A]

=
jwC

CTpyjaTa Koja WTO KanauuTUBHUOT CEH30P MOXKE Aa ja AeTeKTupa ce
[ABWXKM BO CieHUTE rpanLm:

50 [pA]<I<10 [mA].

AKO M3ne3HaTa cTpyja e nomana og 50 pA, nctata He ce Haofa BO
OnceroT Ha AeTeKuuja, Na 3aToa Hema fa ce reHeppa U3fie3eH CUrHan.
AKo cTpyjaTa nma BpeaHocT norosema og, 10 mA cuctemot Ke nojasu
anapm, buaejkm nocne onpeneneHo Bpeme CEH30pPOT MOXe Aa ce
nperopu (nperpesBarbe Ha ceH30poT). Cekako, ao CTpyjaTa e BO
rpaHuum og 50 PA po 10 mA, KanauMTUBHMOT ceH3op pabotu
KOPEKTHO.

4.5. NHAYKTUBEH CEeH30p

MHOYKTUBHMOT CEH30pP MOXe fga [AeTeKTMpa MpPOBOAHU W
depomarHeTHM npeameTu. MNMPUHUMNOT 33 AeTeKuMja Ha NPOBOLHM
npeameTtn ce 6a3vpa Ha BMOpHUTE CcTpyu. Kora HM3 HamoTKaTa Ha
WMHAYKTUBHNOT CEH30pP NPOTEKYBa BPEMEHCKM NPOMEH/INBA CTpYja (Kaj
HaLWMOT CeH30p TOa e Hau3MeHMYHa CUHyCcoMAanHa cTpyja), ce jaByea
3rofiemyBatbe€ Ha BMOPHUTE CTPyM BO MNPOBOAHWUKOT, KOU ja
moanduumpaat pacnpegenbarta Ha marHeTHoTo none. MPUHLMNOT Ha
AeTekTuparwe Ha depomarHeTreH martepujan ce 6Hasumpa Ha
MmoamnduKaumja Ha pacnpegenbata Ha MarHeTHOTO none, 6uaejkm

(eq. 3)



depomarHeTHMOT nNpeameT ce CTpeMu Aa M MNpUBAEYe CUAOBUTE
JIMHUM Ha noneTo.

CeH30pOT € HanpaBeH 04 HAMOTKA NOCTaBEHA Ha Kene3Ho jaapo, Koja
Ce HanojyBa CO HaM3MEeHWYEeH HanoH M NponycHa nosplwuHa. Kora
HamMOTKaTa He e onToBapeHa (Hema AeTeKTUPaHO HU GepoMarHeTHU
HW NPOBOAHM MpeaMeTH), UCTaTa MMa onpeaeneHa MMNegaHca Ha
eNeKTpuYHOoTO Koso. Kora ce Haofa npoBoaeH npegmer npeg
CEH30pOT, MMMNeaHcaTa Ha HAMOTKaTa Ke ce Hamanu. Kora npes Hea
ce Haofa ¢epomarHeTeH npegmeT, UMMegaHcaTa ce 3roaemysa.
NHAYKTUBHUOT CEH30p € NPUKaXKaH Ha CanKa 4.4.

(— Inductive : 0 T -

Volteoe
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Cn. 4.4. NupyKTUBEH
ceH3op

KOPMCHUKOT MOXKe [ia KNMKHE Ha CEH30POT U ce OTBapa MeHMUTO. TyKa
KOPUCHUKOT MOXe Aa ja noAecu ronemuHata u ¢ppekBeHuUmjaTa Ha
MPUNOMKEHNOT HAMOH.

®pekseHumjaTa f U amnantygata V Ha NPUIOKEHNOT HaNoOH MOXKe Aa
ce MeHyBaaT BO oZHanpes, onpeaeneHu oncesu, Kou LWTo Ce:

(eq. 4)
10 kHz<f<1 MHz

100 mV<V< 10V @

Ha Kpaj, amnauTynata Ha cTpyjata o4 OBOj ceH3op ce gobwsa co
penaumnjata

[ = v ._ Y A
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CTpyjaTa Koja MHAYKTMBHMOT CEH30pP € CNocobeH Aa ja AeTeKTMpa e BO
CnepHUOT oncer:

50 [pA]<I<10 [mA].

AKo n3ne3Hara cTpyja e nog 50 WA, Taa He € BO ONCEroT Ha AeTeKumja
M Hema Ja ce reHepupa curHan. AKo cTpyjata HagmuHysa 10 mA
CUCTEMOT Kpeupa anapm, bugejkm nocne Hekoe Bpeme CEH30pPOT
MOXKe Aa nperopu (NnperpeBakbe Ha ceH30poT). MefyToa, aKo cTpyjaTa
e BO rpaHuum og 50 pA go 10 mA, WHAYKTUBHMOT CeH3op paboTm
KOPEKTHO.

4.6. EneKTpomarHeTeH 3a48MXKyBaY

3a4BUKYBAYOT € 04, MarHeTHO K010 M HaMOTKa. Kora npoTeKkyBa cTpyja
HW3 HaMOTKaTa, MOABWMMKHMOT AeN Of4 3a4BUXKYBayoT (O3HA4YeH co
upBeHo Ha cn. 4.5a) ce BoBneKyBa BHaTpe BO 3a[BMXKYBa4yoT
(aBukerbe oa fony-Harope Ha cn. 4.5a) v Toraw KoTeaTa (03HayeHa co
3e/1eHO Ha cn.4.5a) TypKa napye otnag. Kora ce npeknHyBa Te4eHeTo
Ha CTpyjaTa, NOABUXKHUOT Aen M3nerysa HaABOP OA 33a4BMMKYBAYOT
(aBukerbe og rope Hagony Ha cn.4.5a) n KoTeBaTa ce Bpaka BO Hero.
EnekTpOMarHeTHMOT 334B8MXKYBay KOj ce Kopuctn Bo CLeHapuoTo e
NPWKaXKaHo Ha cnuka 4.56.

Q Electronic Actuator -’
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KOpUCHUKOT MOKe Aa KAMKHE Ha 33a4BUXKYBAYOT M Ce 0TBaTa MEHMUTO.
Bo Hero KOpUCHMKOT MOXe Aa ja nogecu bp3vHaTa Ha KoOTBaTa.
bp3vHaTta e BO penaumja co cunata Ha TypKakbe, Koja NaK e
nponopunoHanHa co BPeaHOCTa Ha CTpyjaTa Ha KBagpar.

‘im

Cnuka 4.5.
EnekTpomarHeTteH
3a4BUXKYyBay



MoTpebHO e 3aABuMKyBayoT Aa 6uae BO KOMYHMKalLMja CO CBOjOT
CEeH30p, a Toa ce npaBuM CO u3bMparbe HOA /SMCTaTa Ha Beke
KpempaHUTe CEH30PMU, KaKo LITOE MNPUKAXKaHO Ha CaunKa 4.56.
3a4BMKYBAYOT e cnocobeH ga ro TypHe napyeto oTnaj BO KOpnaTa,
CamMoO aKo HeroBaTa Op3MHa e noaeceHa BO COOABETEH OnNcer Ha
BpeaHoCTU. Bo cnpoTvMBHO, NpeameToT Ke bmuae TypHaT HaZBop oA
KopnaTa Uu Ke OCTaHe Ha TpakaTa.

Mopa ga ce nocTaBu BPpeMEHCKa 3apLUKa Ha 3a4BUXKYBaYOoT. 3Haejku
ja 6p3nHaTa Ha TpaKaTa (BugeTe ro rnaBHOT MEHM) M pPacTojaHMETO
nomery 3eneHuTe (M1n LpBEHUTE) Nperpaam Ha TpakaTta, Kou ce no 20
CM, MOXHO € fa ce NpecmeTa BUCTMHCKaTa BpeMeHCKa 3aJpLUKa Koja
Tpeba aa ce nogecu.

4.7. Pabota Ha neHTaTa 3a cenekumja

OTKaKo nuHMjaTa Ke ce MocTaBuM, KOPUCHUKOT ja BKAy4dyBa.
BpemeTpaereTo Ha 0BOj Aen of BexbaTta e ABe MUHYTW. 3a aa ce
aKTUBMpa mam naysmpa CueHapmoTo, KOPUCHMKOT Mopa Aa NPUTUCHE
“MpomeHn CueHapmo” Bo rnaBHoTo meHu (Buam Caunka 4.1).

Bp3 ocHOBa Ha 6p0ojoT Ha NPaABUAHO CeNeKTUPaHW NapyMkba OTNag,
KOPUCHUKOT Ao6buBa pe3ynTaT 3a Toa KOAKY Napyukba OTnag ce
KOPEKTHO/HEeKOpeKTHO cenekTnpanu (snam Cnmnka 4.6).

Organic

Incorrect:

Correct:

Cnuka 4.6. Kopna 3a
OpraHCcKku oTnaa u
pe3yntaT




Hopnatok A -HTC VIVE: YITATCTBO

Bosep

OBa ynaTcTBO € HameHeTo ga buae OCHOBEH BOAMY 32 KOPUCTEHE U
ofprKyBarbe Ha kKomnnetoT Ha HTC Vive VR. YnaTcTBOTO COApKMU
OCHOBHW MHCTPYKLUMM KOM ce NOTPebHU npu CKNOMNYyBarbeTO M MNpu
NpBO BKAyyyBakbe Ha Vive. Bo Aenot 3a ynpasyBamweTo MMa efHa
Le/IMHA BO KOja e OnuLlaHo KaKo aa ce asmxuTte Bo VR okonHaTa. Ha
Kpaj BO Aenot 3a VR KOH30/1aTa € ONMLIIAHO KakKo CaMOCTOjHO Aa ja
4YMCTUTE U OApPKYyBaTe UcTaTa. YNaATCTBOTO ce 6asmnpa Ha oduumnjaiHNOT
BoAu4d Ha HTC Vive:
https://www.htc.com/managedassets/shared/desktop/vive/Vive

I KomaHau

Konye 3a meHun

Konue 3a no3mymoHmnpate BO NPOCTOPOT

Cuctemcko konye

CseTno 3a cocTtojba

ApanTtep 3a USB nonHay

CeH30p 3a NO3nUMOHUpPatbe

Konue 3a akTuBMpare

Konue npeky Koe ce AeTeKkTUpa AeKa KOHTPOEPOT Ce 4PN BO
pakKa

© N Uk wN R
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Cnnka A.1. KomaHgm BO

Vive




AKTUBUpaHe

3a fa ro BK/Ay4YMTE KOHTPO/NEPOT, MPUTUCHETE TO WU ApPXKETe ro
CUCTEMCKOTO KOMye ce A0AeKa He CyLHeTe 3By4eH CUrHan. 3a ga ro
MCKNYYMUTE KOHTPONEPOT, UCTO TaKa o MPUTUCKATE WU TO APXKUTE
CUCTEMCKOTO KOoMye ce AOoAeKa He cnywHeTe 3By4YeH curHan. Kora e
BKAYYEH 33 MNpB NaT, KOHTPONEPOT aBTOMATCKM Ce MOBpP3yBa CO
Cnywankute. 3a Aa ce HanpasuM pPayHO MOBP3yBakbe, Ce CTapTyBa
anauvkauujata Steam VR, a noTtoa ce ogu Bo Settings = Devices = Pair
Controller

CseTn0 3a cocTojba

beno ceBetTno nokaxyBa AeKa KOHTPOJIEPOT € Ue/IoCHO HaMoJHeT,
[0JeKa e Ha NonHewe
1. Tpenkayko CMHO CBeT/I0 MOKaXXyBa [eKa KOHTPOo/aepoT ce
nosp3ysa co VR KOH30AaTa.
2. KOHTMHYMPaAHO CMHO CBETNO NOKaXyBa fAeKa KOHTPOJIepoT e
noBp3aH.
3. Tpernkayko UpPBEHO CBETNO MOKaXkyBa [eKa KOHTPONepoT e
ncnpasHer.
4. KOHTUMHYMpPaHO MOPTOKA/NIOBO CBETNO MNOKa)KyBa  [AekKa
KOHTPONIepOoT ce MOHMU.
5. KOHTMHYMpPaHO 3e/1eHO CBET/I0 NOKaXKyBa AeKa KOHTPONEPOT e
aKTUBEH.

Ynotpeba
Co uen pa ce gsuxknte BO VR OKOAIMHATA, HacoyeTe ro KOHTPOEpoT
KOH CaKaHaTO MEHW M NPUTUCHETE IO KOMYETO 3a aKTUBUpPAHbE.
KonyeTo 3a No3nuMoHMpatrbe Ce KOPUCTU 3a ABUXKeHEe BHaTpe 8O VR.
3a Aa ro HanpaBuTe OBa, APXKETE o KONYETO 33 MO3ULMOHMpPatbe Kage
Ke ce NpoeKkTupa MHAMKaTOp 3a TesenopTtauuja. Co NpuUTUCKare Ha
KONYyeTo 3a MO3UUMOHMpPAHE Ce TeNenopTupa KOPUCHMKOT Ha
nsbpaHaTa NoKauumja.

CUCTEMCKOTO KONYe MOXKe Aa ce KOPUCTU 3a Aa ce BAie3e BO MMaBHOTO
meHu Ha Steam VR og 6mno koja VR okonurHa, a ucToto moxke ga buae
N OHEBO3MOXKEHO CO NPUTUCKAHE Ha CUCTEMCKOTO KOMYe no BTOp naT.
MeHuTo Ha Steam VR He ce nojaByBa orneganHo NnpecanKkaHo, ocBeH
aKo ce usrybu pesonyumjara.




ba3Ha cTaHuMua

CseTno 3a cocTtojba

LED nekn

NHpmKaTop 3a KaHanm

MpuKAy4oK 3a HanojyBarwePower port
Konue 3a KaHanm

MPUKAYYOK 32 CUHXPOHM3aUMja
Mpukny4oK 3a mukpo USB
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o o o o Cnuka A.2. OcHOBHMU
eleMeHTH

WHcTanauuja

MocTaBeTe rn 6a3HUTE CTAaHMLM AWjarOHANHO BO NpOCTOpMjaTa U Hag
BallaTa BUCMHA. 3apaguM NpPaBUAHO clefere, ocurypajte ce geka
MaKCMManHOTO pacTojaHMe nomery ase 6a3HM CTaHMUM e Ao 5 m,
a MMHUManHOTO e 2 m. Cekoja 6a3Ha CTaHMUA MMa oncer Ha
BuanmsocT og, 1202, Ce npenopadyyBa TMe Aa buaaTt HakNoOHeTU Haaone
nopg aron nomery 3092 - 459,

up to 5 meters
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Cnuka A.3.




AKTUBUpaHe

OTKaKo Ke ro nosp3eTe KabenoT 3a HanojyBare Ha H6asHaTa cTaHuUa,
NPUTUCHETE FO KOMYeTo 3a KaHa/AW Ha 3agHaTta cTpaHa og, 6a3Hata
CTaHWUa, TaKa LWTO eAHaTa 6a3Ha cTaHMLUA Ke ja NocTaBUTE Ha KaHan

llbll “w_n

, @ Apyrata Ha KaHan C .

CseTn0 3a cocTojba

1. KOHTMHyMpaHO 3eneHO CcBeTNo0 Kora 6as3Hata cTaHuua e
aKTMBHa.
TpenkayKo 3e/1eH0 CBET/10 Kora 6a3HaTta cTaHuua e Ha standby.
KOHTMHYMpaHO BMONETOBO CBETNO Kora 6asHaTa CTaHuua ce
obnayBa fia ce CUHXPOHU3UPA.

4. Tpenkayko BWMOJIETOBO CBET/I0 KOra CUHXPOHWU3UPAHETO Ha
6a3HaTa cTaHuLa e 610KMpPaHo.

VR KOH30A13

MopecyBarbe Ha nekute

3a pa ro nogecuTe LEHTPaANHOTO pacTojaHue nomery nekuTe, ce
KOPUCTU BPTIMBUOT NPOLOMKETOK NOCTAaBEH HA A0OJ/IHATA /IeBa CTPaAHa
oa VR KoH3o0naTa.

Cnunka A.4.



Yuctere Ha NepHUYETO 3a Anue

3a 4a ro UcYMCTMUTE NepHUYETO, oa/eneTe ro o4 AseTe cTpaHu Ha VR
KoH30aTa. MoToa M3bpuLieTe ro co Ba*kHa MasHa Kpna 1 UCyLLeTe ro
Ha cobHa TemnepaTypa. Hemojte ga ro nortonysaTe, nosvBaTe,
rpebete, HATY Aa ro u3benysaTte NepHUYETO.

‘rm

Cnuka A.5.

Yucrerbe Ha nekute

3a ga M ucumuctute nekute Ha VR KoH3onaTa, m3bpuwerte rv co
MUKpodpubepHa Kpna HaTomeHa cO anKoxon (MnM co cpeactBo 3a
YnCTeHE Ha /IeKN) CO KPYXKHU ABUXKEHA. He ' n3noxkyBajTe NeknTe Ha
OVPEKTHa COoHYeBa CBETAMHA, buaejkM Toa MoXe Aa o OWTeTu
aucnnaejor.

‘rm

Cnuka A.6.




CseT/10 3a cocTojba

1. KOHTMHYMpaHO 3e/1eHO CBET/NI0 NOKaKyBa AeKa VR KoH301aTa e
aKTMBHa

2. Cnopo TpenKkayko 3e/eHO CBET/I0 MOoKaxyBa pgeka VR
KOH30/1aTa e Ha standby

3. KOHTMHYyMpaHO LpPBEHO CBET/NIO NMOKaXyBa [eKa ce nojaBuaa
rpeLwwka Bo kKabnurte nau Bo gucnnejor

Cnunka A.7.

MpuKAy4YHa KyTHja

3a pa ce nosp3e VR KOH30/1aTa Ha KOMNjyTep Ce KOPUCTU NPUKAYYHATA
KyTMja n cooaBeTHuUTe Kabau. VR KoH30naTa ce HanojyBa Npeky
nocebeH NOAHAY NOBP3aH NPeKy NPUKAYYHATA KyTHja.

Kaben 3a VR KoH30naTa
MpPUKAYYOK 3a HanojyBare
USB npuKknyyok

Mini Display npukny4ok (3ameHa 3a HDMI)
HDMI npuny4dok

v N



Cnuka A.8.

Cnuka A.9.

MopecyBare Ha annkaumjataSteam VR

Mpen fa moxeTe ga ro kopuctute Vive, Tpeba ga ro 3aspuiute
NPOLECOT Ha nogecyBakbe, KOj BKAy4yBa AeduHMparbe Ha BallaTa
obnact Ha penysarbe. Ha nouetok Tpeba Aa ja mayHnoaupate wm
WMHCTaanpaTte ananKaumjata Steam oz,
http://store.steampowered.com/about/.

Tpeba pa Kpeupate Baw Steam npodun. Kora Beke crte ro
MHCTanMpane Steam MK ako BeKe ro MMaTe UCTMOT, oaeTe Bo Library
= Tools 3a Aa ja MHCTanupaTe anauKauujata Steam VR. Kora Ke
3aBpLUM MHCTaNaumjaTa, anamkauymjaTta Steam VR Ke cTapTysa.

Bo annukauymjata Steam VR cenektupajtre Run Room Setup = Room-
scale n cnepete r1 ynatcTBaTa Ha €KpaHoOT.
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