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AHoTarisg

Kpamidikamiitna pobora mnpucBsiueHa po3poOIll MPOTrpaMHO-aapaTHOTO
KOMITJIEKCY JIJI1 BUBYCHHS MPUHITUIIOBUX CXEM 3aJII3HUYHOI aBTOMATHKH. OmHUCaHO:
METOJIOJIOTII0 MOJETIOBAHHA EJEKTPUYHUX KUT 3a JIOTIOMOTOI KOMII'FOTEPHUX
0o0YHUCIIeHb, BUKOPUCTAHI ISl 11€1 METH TEXHOJIOTii, a TakoXX Oe3mocepeHbO caMm
IPOIIEC PO3POOKH.

Po3pobieno mporpamHe 3a0e3medeHHs, MPOTECTOBAHO Ha MPHUKIAIlI CXEMU
3a;mi3HUYHOI aBTOMaTuku. CxeMy mMoOyAOBaHO y BIPTyaldbHOMY CEPEIOBHINI 3a
JIOTIOMOTOI0 peJlakTopa Ta MoOyAO0BaHO 4acoBl aiarpamu pobotu pene. OTpumani
pe3yNbTaTH Y3TOJKYIOTHCS 3 OYIKYBaHOIO IOBEIIHKOK CXEMH, IO JEMOHCTPYE
TOYHICTh MOJICJTFOBAHHS 1 MPABWIBHICTh peaizailii alrOpUTMIB pO3PaxyHKY.

OnuH 3 po3auTiB poOOTH MPUCBSIYCHHUA PO3IIISY NMUTaHH OXOPOHH Mpalli Ta
3a0€3MeUeHHI0 OE3MeKM B yMOBax HAJA3BHYAWHUX CHUTyallld. Y 1bOMY pPO3Aidi
BUKOHAHO aHaN3 MOTEHIIMHO HEeOe3MeYHUX 1 MIKIUBUX (PaKTOpPiB BHPOOHUUOTO
CEpellOBHUIIA, a TAaKOXK 3alpONOHOBAHO 3aXOAM IIOAO IMPUBEJAEHHS YMOB Mpalil y
BIJIMOBIIHICTH /10 YNHHUX HOpMATHBIB. KpiM TOTO, HaBEIEHO PO3PaXyHKH 3aXHUCHOTO
3a3eMJICHHSI.

Kmiouosi caoBa: IHTEPAKTHUBHICTH, ITPOTPAMHO-ATIAPATHUI
KOMIIJIEKC, ITPOI'PAMHE 3ABE3IEUYEHHS, MOJIU®IKOBAHUIM METO/]
BVY3JIOBMX IIOTEHIIIAJIIB, OXOPOHA ITPAIIl, 3A3EMJIEHHS, PEJIEMHI
CUCTEMU, 3AJIIBHNYHA ABTOMATUKA.




Abstract

The qualification work is devoted to development of the hardware and software
complex for studying circuits of railway automatics. There were described: the
methods of modeling electrical circuits using computer calculations, technologies used
for this purpose, and also the development process itself.

The developed software is tested with an example of a railway automatics circuit.
The circuit was created in the virtual environment using the editor, and time diagrams
of relay functioning are plotted. The obtained results match the expected behavior of
the circuit, demonstrating modeling accuracy and correct calculation algorithms
implementation.

One of the sections of the work is dedicated to consideration of the labor
protection and safety in emergency situations. This section provides an analysis of
potentially dangerous and harmful industrial environment factors, as well as proposed
measures to bring working conditions in line with the current regulations. In addition,
there are presented calculations for protective grounding.

Keywords: INTERACTIVITY, HARDWARE AND SOFTWARE COMPLEX,
SOFTWARE, MODIFIED NODAL ANALYSIS, LABOR PROTECTION,
GROUNDING, RELAY SYSTEMS, RAILWAY AUTOMATICS.
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Beryn

B cywacHOMy CBITI 3aJi3HMYHHUA TpPAHCHOPT - 1€ HEBIJ'€eMHa YacTHUHA
TPAHCIOPTHOI 1H(PACTPYKTYpH, M0 3abe3nedye MIBHAKUN 1 Oe3neyHuid cnocid
MEePEBE3CHHS BAHTAXKIB 1 MacaxupiB. CUCTEMU 3aJ13HUYHOI aBTOMATHUKH - 11€ OCHOBA
st 3a0e3nedyeHHss O0e3neKku, HaJAldHOCTI Ta e(EeKTUBHOCTI pyXy Moi3/iB. BuBueHHs
MPUHIUITIB POOOTH LUX CUCTEM - 11€ BOXKJIMBHI eTarl MiAroTOBKHU (axiBIiB y Tramys3i
3QJII3HUYHOTO TpaHcnopTy. OaHak TpaauliiHi METOJIM HaBYAHHS, YacTO 3aCHOBaHI
BUKJTIOYHO Ha 3aCBOEHHI TEOPETHYHOTO MaTepially, MOXYTb OyTH CKIAQIHUMH IS
CHPUHHATTS 1 HE 3aBXIH JO3BOJISIIOTH CTYJIEHTaM IMOBHOIO MipOI0 OTPUMAaTH TIOBHE
ySBJIEHHS TMpO pOOOTY CKJIAJAHMX CHUCTeM. ToMy BHUHHUKAae HEOOXIJIHICTh Y
BUKOPHUCTAaHHI TEXHOJIOTIM, IO CIIPOIIYIOTh MPOIEC HABUAHHSI.

Po3poOka mporpaMHOTO KOMIUIEKCY IS BHBYCHHS MPHHIMIIOBUX CXEM
3aIi3HWYHOI aBTOMATHKH - II€ 3aBJIaHHs, HAIJICHE Ha CIPOIIEHHS Ta IiJBUIICHHS
e(eKTUBHOCTI HABYAJIBHOTO Mpolecy. BUKOpUCTaHHS 1HTEPAKTUBHUX 1HCTPYMEHTIB,
TaKUX SIK TPEHaXXepH ab0 CUMYIISITOPH, A€ 3MOTY CTYJCHTaM HE TUIBKH TEOPETHYHO
03HAHOMUTHCS 3 IPUHIIMIIAMH POOOTH CXEM, aJie i MPOCTEXKUTHU 33 IXHROIO pOOOTOIO B
nuHaminl. [le oco0auBo BaXIMBO B yMOBaX, KOJIM TOCTYII IO peaibHOTO 00JaHAHHS
oOMexxeHud abo HEMOXJIMBUN, TaKOX 1€ CIHPUATHME TIUOIIOMY PO3YMIHHIO
IpeAMETHOT 00J1acTi.

Hapasi icHye psa nporpamMHUX PillieHb JJISI MOJICTIOBaHHS CICKTPHUUYHUX CXEM,
takux sk Multisim, Proteus i LTspice. Ognak OinbIIicTh 3 HUX a00 HE BPAaXOBYIOTh
0COOJIMBOCTI 3aJI3HMYHOI aBTOMATHUKH, a00 3aHAJATO CKJIAJHI JJIsI BUKOPHUCTAHHS B
HaBYaTbHOMY mporieci. KpiM Toro, mi iHCTpyMEHTH 4acTO HE BPaxOBYIOTh MOTpeOHU
MOYaTKOBOT'O PiBHS MATOTOBKY CTYACHTIB, 1[0 YCKJIATHIOE X 3aCTOCYBAaHHS B OCBITHIX
IITISTX.

Omxe 3arasbHa MeTa JaHoi KBamidikamiitHOi poOGoTH - 1€ po3poOKa
IPOrpaMHOro 3a0e3MEeUeHHsT JUIsi MOJENIOBAHHSA ENEKTPUYHUX CXEM 3alli3HUYHOI
aBTOMAaTUKH, SIK€ CHPOCTUTH MPOLEC HABYAHHA Ta MiJBULIUTH SAKICTh MiATOTOBKU
MaiOyTHIX (haxiBIIiB.
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Bunyckna kBamidikamiiiHa poOoTa mpUCBSYEHA PO3pOOI MHPOrpamMHO-
anapaTHOrO KOMIUIEKCY /Il BABUCHHS MPUHIIUIIOBUX CXEM 3aTI3HUYHOI aBTOMATHKH 3
METOIO0 CITPOILCHHS Ta MiABUIIEHHS €()EKTUBHOCTI MPOIIECY HABYAHHS, JO3BOJSIOUU
YYHAM B IHTEpAaKTUBHIA (PopMI O03HAMOMUTHUCS 3 MNPUHLUINAMH POOOTH peNIeUHUX
CHCTEM.

B po6oTi nmpoananizoBaHO TpaAWIliHI Ta 1HTEPAKTUBHI METOAU HABYaHHS, a
TaKOX PO3TIITHYTO BXKE iICHYIOYE MpOorpaMHe 3a0e3MeueHHs, [0 BHKOPUCTOBYETHCS B
HaBYaJIbHOMY mponeci. OOrpyHTOBaHO AOLUIBHICTh PO3POOKU CHEIiadi30BaHOTO
pimeHHs1, chOpMOBaHO BUMOTH JO HBOT'O Ta OMKCAHO METOJOJIOTII0 MOJIETIOBAHHS
CJNIEKTPUYHUX K1JI.

Jlami mpeacTaBIeHO 3aralibHy apXiTeKTypy NpOTpamMHOro 3a0e3NedyeHHs,
OMKMCAHO OCHOBHI MOJIYJII Ta MPUHIUIIH iX B3a€EMOJII.

Ocob6nuBy yBary mpuaiIeHO Oe3mocepeaHbOMY MPOIeCY PO3pOOKH: BHOOPY
cepelloBHIIa PO3pOOKH, MOBHU MPOrpaMyBaHHs 1 JOJATKOBUX TexHoJorii. [IpoBeaeHo
TecTyBaHHS Ha npukiaal cxemu YKADB 3ani3HUYHOT aBTOMATHKHU, a TaKOXK OMUCAHO
PEKOMEHI0BaH1 BUMOTH JI0 arapaTHOi YaCTUHHU JJIs CTa01IbHOT POOOTH pO3POOIECHOTO
IPOrpaMHOro 3a0e3MneyeHHsl.

OkpeMo pOo3rJISHYTO MUTAaHHS OXOPOHHU Ipaili Ta Oe3meku. OnrucaHo MOXKITHBI
PHU3HKH TIiJT 9ac pOOOTH 3 KOMIT'FOTEPHOIO TEXHIKOIO, a TAKOK MOXKJIMBI HaJA3BUYANHI

CHUTYyaIlii, IO MOXKYTbh CTaTHCh 11 YaC POOOTH 3 €IEeKTPOOOIIaTHAHHSIM.
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