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PE®EPAT

Po6ota o6csirom 111 cropinok, mictuth 30 pucyHkiB, 17 Tabmumi ta 30
JTEPAaTypPHUX MMOCUIIAHbD.

B cyuacHoMy CBITI, 3 pocToM ypOaHi3aimii Ta HACHYEHHSIM MICT
TPAHCIIOPTHUMU 3aCO0aMHU, AKTYaJIbHUM CTA€ MUTAHHS €()EKTUBHOTO MOHITOPUHTY
IPOMAJICBKOTIO TPAHCTIOPTY. BaXKIMBICTh LIbOIO BUPAXKAEThCSI HE TUIBKU B MOTpeO1
3abe3rneueHHss kKoM(opTy macaxupiB, aje 1 B 3a0e3medyeHHi Oe3MeKu, TOYHOCTI
CIIKYBaHHS 3a MapIIpyTamMH Ta OIEpPATUBHOCTI YIPaBIiHHS TPAHCIOPTHOIO
1HPPaACTPYKTYpPOIO.

Metoro maHoi poOOTH € pPOo3poOKa KOMIUIEKCHOI CHUCTEMH MOHITOPHHIY
IpPOMAJICBKUM TPaHCIOPTOM MiCTa, sika BKIJIIOYae B cebe cydacHi MeToau 300py,
00poOKu Ta aHanizy aaHuX. B po6oTi Oyino mpoBeaeHO TMOOKHUI aHali3 Oi3Hec-
npoiieciB 'y cdepi TpoMaJChKOTO TPAHCIOPTY, OIS CYYaCHHUX TEXHOJIOTTUYHUX
pIIlIEHb, a TAKOXK METO/I1B 3a0e3nedyeHHs 1H(OpMaIiifHOT 0e3MeKH.

Po3pob6nena cucrema 6a3yeThCcsi HA BAKOPUCTAHHI CydaCHUX TEXHOJIOT1M: B
nataukiB GPS mis TOYHOro BU3HAYEHHS TEOJIOKAIIT 10 3aCTOCYBAaHHS MAITUHHOTO
HaBYaHHS JUIsl aHAJI3y Ta MPOTHO3YBaHHS PyXy TPAHCHOPTHUX 3aco0iB. Cucrema
peanizoBaHa Ha MoBi mporpamyBanHs C# 1 BUKopuctoBye 6a3zy manux MS SQL
Server nmst 30epiranss Ta 00po6ku iHdopmarii.

Pe3ynbrati TeCTyBaHHsS Ta BIPOBAKCHHS CUCTEMH NOKA3aJId 11 BUCOKY
e(eKTHBHICTh: 3a0€3MEYEeHHs] TOYHOTO CIIJKYBaHHA 3a MapIIpyTaMH, IIBUIKE
pearyBaHHs Ha 3MIHHM yMOB pyXy, a TaKOX HaJIHHY CHHXPOHI3AIIO JaHUX MK
CEepPBEPHOIO YACTHHOIO Ta 0a30r0 AaHUX. Takui Miaxig MOXKE CTATH MOJICIIBHUM IS
MaciTabyBaHHS CHCTEMH Ha PIBEHb PET10HY a00 KpaiHu.

KJIFOUOBI CJIOBA:

I'POMAJICBKMII  TPAHCIIOPT, MOHITOPUHI, VYPBAHI3AIIIS,
BE3IIEKA, MAIIMHHE HABYAHHA, GPS, C#, MS SQL SERVER,
TEXHOJIOI'TYHI PIIIIEHHS, IHOOPMAIIMHA BE3IIEKA.
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BCTVYII

VY cydacHOMY CBITI TpaHCHOPTHA 1HPPACTPYKTYypa BIAITPAE KIIOUOBY POJIb Y
COLIIAJIbHO-€KOHOMIYHOMY PO3BUTKY KpaiH Ta perioHiB. I poMaicbKuil TpaHCIIOPT €
OIHUM 13 HalBaXJIMBIIIMX KOMIIOHEHTIB TPAHCHOPTHOI CHCTEMHM, SIKHUM
0e3mocepe/IHbO BIUIMBAE HA SAKICTh KUTTS rpoMajsiH. B VkpaiHi, sk 1 B 6aratbox
IHIIKUX KpaiHax, CHCTEMa TPOMAJICHKOTO TPAHCIIOPTY CTUKAETHCS 3 PSIOM MPOOIIEM:
HEPEryJSIPHICTb PYyXy, NEPEeBaHTAXEHICTh, BIACYTHICTh YITKOI 1H(pOpMalii mnpo
PO3KJIaJIN Ta MApUIPYTH, a TAKOXK MPOOJIEMH €KOJIOT1i Ta eHeproeeKTUBHOCTI.

3 ypaxyBaHHSM 3pOCTAI04YOro O0CATY MacaKUpONEePeBE3CHb, aKTYaIbHICThH
CTBOPEHHS €()EKTUBHOT CHCTEMHU MOHITOPUHTY TPOMaJICBKIM TPAaHCIIOPTOM MiCTa €
6e3cyMHiIBHOIO. L{e 7103BOIMTh HE TUIBKHU MIJBULIUTH PiBEHb KOMGOPTY MacaXxupis,
ane 1 3a0e3meynTy OUTbI e(PEeKTUBHE BUKOPUCTAHHS PECYpPCiB, 30KpeMa MabHOTO,
IO € aKTYaJIBHOIO TTPOOIJIEMOTO /ISl EKOHOMIKH Y KpaiHH.

Po3BuToK 1H(pOpMAIIHHUX TEXHOJOTIA BIAKPUBAE IMIMPOKI MOMKIMBOCTI JJIs
IMIUIEMEHTAI[li aBTOMAaTU30BAHMX CUCTEM MOHITOPMHTY, IO 0a3yloTbcs Ha
BukopuctanHi GPS-tpekinry, loT-cencopi, Big Data Ta iHmHMX cy4acHUX
TEXHOJIOT1M. Xoua €IuH1 CTaHAAapTHU JJI1 TaKUX CHCTEM Ile He cHOpMOBaHi, BXKe
ICHYIOTb BJaJI1 IPUKJIAAN iX BIPOBAIKEHHS B Pl pO3BUHYTUX KPAiH.

[InsgxoM KPUTHYHOTO aHaJi3y ICHYIOYHMX PIIlIEHb MOXXHA KOHCTAaTyBaTH, IO
OUTBIITICTH 3 HUX a00 HE MpHU3HAYEHI JJIs1 MaciiTabyBaHHS, a00 (POKYCYHOThCS Ha
PO3B'sI3aHHI JIMIIE OKPEMHUX AaCMEKTIB MpoOseMu. TakuM YHMHOM, € aKTyaJIbHOIO
norpeba B KOMIUIEKCHOMY TMIiAXOA1 JI0 CTBOPEHHS CHCTEMH MOHITOPHUHTY
TPOMAJICHKOTO TPAHCIOPTY, sika OM BpaxoByBaja crenudiky yKpaiHCBKHX MICT, 1
Oyna 6 30pieHTOBaHA HA MAaKCUMAJIbHY €()EeKTUBHICTh Ta TOCTYIHICTb.

BaxxnuBo migKpecauTH, MO YCIIITHA pearisamis Takoi CHCTEeMH MOYKEe MaTH
MO3UTUBHUI BIUIMB HA TPAHCTIIOPTHY O€3MEKY, €KOJIOTTUHY CUTYaIli0, @ TAKOXK MOKE
CTaTW KaTali3aTOpoM JJsi PO3BUTKY CMapT-MicT B YKpaiHi. BpaxoByrouu
CTpaTeriyHi HaMpsSIMKH PO3BUTKY HAIIOi KpaiHU, 30KpeMa B KOHTEKCTI iHTerpairii 3

€pponeiicbkkum Cor030M, 1€ JOCTIKEHHS € HE TUIBKH aKTyadbHUM, aie U



HEOOXITHUM JUIsl TOJAJBIIOTO MPOrpecy B 00J1aCTI TPAHCHOPTHUX TEXHOJOTIH Ta
ypOaHICTUKH.

Merta po0GoTu nosisirae y po3po01li KOMILIEKCHOT CUCTEMHU I MOHITOPUHTY
Ta YNPaBJIiHHA MICBKUM T'POMAJCBKUM TpPAaHCIOPTOM 3 METOK ONTHUMI3aIlii
TPAHCIOPTHUX MOTOKIB, MIJABUIICHHS piBHSA O€3MeKHU Ta KOMQPOPTY Macaxkupis, a
TaKOX IHTEerpalli CydyaCHUX TEXHOJOTTYHUX PIIIEHb.

Buxosum 13 mocTaBiaeHOT METH, MOKHA BUJUIMTH TaKl OCHOBHI 3a/a4i:

— JOCJIJDKeHHsT  O13HEC-TIpoIleciB  MpeaMeTHoT obisacti. BupdeHHs
OCHOBHHUX TPOIIECIB AISUNIBHOCTI MICBKOTO TPOMaJChKOTO TPAaHCIOPTY, aKTOPiB Ta
iXHIX (QYHKIIH, a TAKOXX CTPYKTYpU OCHOBHUX O13HEC-IPOLIECIB;

— BUOIp METOJIONIOTIT Ta TeXHIYHUX pimeHb. O1iHka Ta BUOip muiatdopm
U pO3pOOKH, MOB TIPOTpaMyBaHHS, CUCTEM YIPaBIiHHS 0a3aMH TaHUX, a TAKOXK
aHaJIi3 BUMOT Ta MOJICITIOBAHHS TPEIE/ICHTIB,;

— NPOCKTYBaHHS Ta po3poOka cuctemu. CTBOPEHHS CTPYKTypH Oasu
JaHuX, po3po0Ka aJIropuTMIB Ta MPOTPAMHOTO KOIy, pealizallisi CepBepHOl
YaCTUHU, KOH]ITypallisl Ta ONTUMI3aIlisd CUCTEMU;

— TECTyBaHHS Ta Baijamig. [IpoBeJeHHS KOMIUIEKCHUX TECTIB IS
nepeBipku QYHKIIIOHATHHOCTI, HaAIMHOCTI Ta €()EKTUBHOCTI CHUCTEMH, a TaKOX
aHaJi3 OTPUMaHMX PE3YJIbTATIB IS MOAJBIIOT OITUMI3AIL].

KoxHna 3 mux 3amad € CKIaJ0BOI0 YAaCTHHOIO 3arajibHOi METH 1 BUMAarae
JETAaIbHOTO JOCIIDKCHHS Ta TPAKTUYHOI peaiizaiii. BukoHaHHs 1ux 3amay
JI03BOJIUTH JOCSTHYTH IMOCTABICHOT METH Ta 3a0€3MEYUTh YCHIIIHY IMIIJIEMEHTAIII0
CUCTEMU MOHITOPUHTY Ta yNPaBIiHHSA MICBKUM I'POMAJICEKUM TPAHCIIOPTOM.

OO0'ekTOM JaHOTO JOCHIKEHHS € CHCTeMa MICBKOTO0 TPOMAJChKOTO
TPAaHCIOPTY, IO BKIIOYAaE B ce0e KOMIUIEKC B3a€EMOIIOB'I3aHUX EJIEMEHTIB:
TPAHCTIOPTHI 3ac00H, IHPPACTPYKTYpY, MACAKUPCHKI MMOTOKH, a TAKOK MEXaHI3MH
VIOPABIIHHS Ta MOHITOpUHTY. Ll cuctema mopomxye psa npoOJIeMHUX CUTYaIliH,
TaKUX SIK TIEPEBAHTAXEHICTh, HEE(PEKTUBHICTh MAPIIPYTiB, TPOOIEMHU 3 OE3MEKOI0

MaCaXUPIB Ta €KOJIOT1YHI BUKIIMKH, SIK1 CTAIOTh MPEIMETOM JTOCTIIKEHHS.



[IpeameroM MAOCHIIKEHHS € METOAUM Ta TEXHOJOTIYHI PIINIEHHS IS
MOHITOPUHTY Ta YIPABIIHHSA MICBKMM I'POMaJICbKUM TpaHcropToM. KoHkpeTHo, 11e
BKJIIOYA€ B c€0€ aJITOPUTMU ONTHUMI3alli MapIIPyTiB, MEXaHI3MU JJis1 3a0€3MeUEeHHS
0e3neKkr MacaxupiB, TEXHIYHI 3aco0U JJiE MOHITOPUHTY CTaHy TPAHCIOPTHUX
3aco0iB, a TakoX po3poOKa MPOrpamMHOrO 3a0e3MeyeHHs IS LEHTPaIi30BaHOTrO
yIPaBIIiHHS Ta MOHITOPUHTY.

3 MEeTOI0 JIOCSTHEHHSI KOHKPETHHUX 3aja4, IOCTaBICHUX B JOCTIKEHH1 OYI10
00paHO HACTYITHI METOJU JOCIIIKCHHS:

— AHAITHYHUNA METOJI. BUKOpHUCTOBYBABCS IS JOCIIIKCHHSI ICHYIOUHX
CUCTEM MOHITOPHUHTY Ta YIPaBJiHHSA MICbKUM I'POMaJICBKMM TPAaHCIIOPTOM, a TAKOXK
JUIsS aHajizy Ol3Hec-TpolleciB y mpeameTHid obOmacti. llelt meron pomomir y
BUSIBJICHHI KJIIFOUOBHX MPOOJIEM, sIKi MOTPeOYIOTh PIllIeHHS;

— EKCIIEpUMEHTAIbHUN MeETOJl. BUKOpPHCTOBYBaBCS Il TECTYBaHHS
NPOTOTHITY CHUCTEMH 3 METOI BHSBJICHHS MOXIMBHX IOMHJIOK, OIlIHKH
e(hEeKTUBHOCTI Ta HAIITHOCTI PO3POOIEHOT CHCTEMH;

— CTaTUCTHUYHUN METO. 3aCTOCOBYBABCS JJIsl aHATI3y OTPUMAaHUX B X0/
excriepuMeHTy AaHuX. CTaTUCTUYHUI aHaji3 J103BOJMB 3pOOUTH BHCHOBKHU IIPO
e()EeKTUBHICTh Ta HAAIWHICTHP CHUCTEMM, a TaKOX 1AEHTU(IKYBaTH acIeKTH, IO
OoTpeOYIOTh MOIAJIBIIIOT ONTUMI3alIi].

— METOJI KPUTUYHOTO aHami3y. BUKOPUCTOBYBABCS ISl OTJISIY CXOXKHUX
Ha PO3pOOJIFOBaHY CHUCTEMY pIillleHb, a TAKOX JIS OIIIHKA METOMAIB 3a0e3neUeHHs
0e3MeKn B CHCTeMax yMPaBIiHHS TPOMAICBKUM TPAHCIIOPTOM.

HaykoBa HOBU3HA Ofiep>KaHUX PE3yJbTATIB MOJSATAE B IHTErpaIlii TeKUIHKOX
JITOPUTMIB ONTUMI3AIT JIJIs1 TOCATHEHHS OUTBIIOT €peKTHBHOCTI MapIIPYTIiB, IO €

BIIMIHHUM BiJl TPAIUIIHUX OJTHOKPHUTEPIATbHUX METOIIB.



1 IPOEKTHI ACIIEKTHU CTBOPEHHSA KOMIIVIEKCY JJIsA
MOHITOPHUHI'Y TA YIIPABJIIHHSA MICBKUM I'POMAJACBKUM
TPAHCIIOPTOM

1.1 JocaimkeHHs 0izHec-npoLeciB mMpeIMeTHOI 00,1aCTi

CydacHi MiCTa CTHUKAalOTbCA 3 HHU3KOIO BUKIUKIB y cepi rpomMaachbKoro
TPAHCIIOPTY, CEPE AKUX MEPEBAHTAKEHICTh, HEOCTAaTHIN piBEeHb O0€3MEKH, a TAKOXK
Hee()EeKTUBHICTh MapuIpyTiB. Po3poOka KOMIUIEKCHOT CHCTEMH MOHITOPHHIY Ta
yNPaBJiHHS MICBKUM TPOMAaJICbKUM TPAaHCIOPTOM BUMAra€e riambOKOro po3yMiHHS
O13HeC-TIpoIIeCiB, SIKI JIe)KaTh B OCHOBI Ill€i AISUTBHOCTI. BiICYTHICTH Takoro
PO3YMIHHSI MOKE MPU3BECTU O CTBOPEHHS CHCTEMH, 110 HE BPaXOBYE KOHKPETHI
noTpedu Ta OCOOJMBOCTI MISJIBHOCTI TMEPEBI3HUKIB, OpraHiB YIpaBIiHHSI Ta
nacakupis. ToMy nepiioueproBUM 3aBAaHHSIM € AeTAIbHUN aHalli3 Ta JOCITIIKEHHS
KIIFOUOBHX O13HEC-TIPOIECIB Y JaHii mpeameTHid obnacti. Ile 103BOIMTH B
MOJAJIBIIIOMY BUOYAyBaTH CUCTEMY, SIKa MaKCHMAJIbHO BIIMOBiAa€e moTpedaM BCIX

3aIliKaBJICHUX CTOPIH.

1.1.1 OcHoBHI npouecu AiAIBLHOCTI

OcHoBHI Oi3Hec-Tiporiecd B c(epi MICBKOTO TPOMAJCHKOTO TPAHCIIOPTY
BIJIIrparoTh KIOYOBY poJIb y 3abe3reueHHi e()eKTUBHOI, Oe3meuHoi Ta KoMmpopTHOT
nepeBe3eHHs TmacaxupiB. Lli TporiecH OXOIUTIOIOTH TUIAHYBaHHS MAapIIPYTIB,
yIOpaBIiHHA TPAaHCIOPTHUMHU 3acobamu, 3abe3neueHHs OC3MEeKH IMacaKHpiB Ta
MEPCOHANy, a TAaKOX MOHITOPHHT 1 KOHTPOJb SIKOCTI OOCTyroByBaHHS. Y CIIiIlTHA
oprasizailis X eJIEMEHTIB € BAXKJIUBUM (DAKTOPOM JIJISl MIATPUMKH BUCOKOTO PiBHS
cepBicy Ta 3a0e3nedeHHs CTabUILHOCTI TPAHCIIOPTHOI CHCTEMHU MICTA.

Huxde neranbHO pO3TIISIHYTO KOYKEH 3 OCHOBHUX MPOIIECIB:

IInanysanns mapupymie ma epagixis

[TnanyBanHs MapmipyTiB Ta TpadikiB 3AIHCHIOETECS Ha OCHOBI TJIIMOOKOTO
aHaI3y JaHWX, SKi BKIOYAIOTh 1H(OPMAIIIIO PO MACAKUPOIIOTOKH, YACOBI PAMKH
HaWOUTBINIOT TACAXUPCHKOI AKTHBHOCTI, TOTPEOW JKHUTENIB B TPAHCTIOPTHUX

MOCIyrax, a TAKOX XapaKTEPUCTUKHU Ta CTaH TPAHCHOPTHOI IHPpacTpykTypu. Llei



MIPOLIEC HE JIUILE A0MOMAra€e B ONTUMI3alli MapIIpyTiB 1J1s1 HAHOUIbII €()EeKTUBHOTO
BUKOPHUCTaHHSI TPAHCIOPTHUX 3ac001B, ajie TAaKOX BIJIIrPa€ BAXKIUBY pOJb Yy
3HIKEHHI BUTpAT MajJbHOr0, 3MEHUIEHHI Yacy B J0p031 JJIsl MacaXupiB 1, B
KIHIIEBOMY PaxyHKY, y HOJINIIEHH] SIKOCTI dUTTSI MICHEBUX KUTEIIB.

OcoOnuBa Bara MNPUAUISETbCS CTBOPEHHIO Takux TIpadikiB  pyxy
TPAHCIOPTHUX 3ac00iB, AKI 0 MakCUMalbHO BIAMOBIIAIM MOTpedaM Maca)upis,
3a0e3mneuyoun npu oMY €(PEeKTUBHE BUKOPUCTAHHS TPAHCIIOPTHUX pECypciB. Y
IIbOMY KOHTEKCTi MPOBOJUTHCS MOCTIMHWN MOHITOPUHT MACaKUPOMOTOKIB, IO
JI03BOJISIE TIBUJIKO pearyBaTH Ha 3MiHU B MACAKUPCHKili aKTUBHOCTI Ta 3abe3medye
THYYKICTh Y TUTaHYBaHH1 MapupyTiB Ta rpadikis [1].

Vnpaeninnsa mpancnopmuumu 3acobamu

VYrpaBniHHS TPaHCIOPTHUMH 3aco0aMu € CKJIQJHUM 1 OaraToacneKTHUM
npolecoMm, o Mae 0e3nocepeHiil BINIMB HA poOOTY BCi€l TPAHCIIOPTHOT CUCTEMHU
micta. Leit nmporiec BKITtoYa€e MIaHyBaHHS Ta PO3MOIUT TPAHCIIOPTHUX PECYPCiB, MO
OXOTUTIOE BU3HAYEHHSI HEOOX1THOT KUTBKOCTI TPAHCTIOPTHUX 3aCO0IB JIsi KOXKHOTO
MapHipyTy, po3poOKy rpadikiB iX TEXHIYHOT0 OOCITYrOBYBaHHS Ta BCTaHOBJIECHHSI
KPUTEPIIB JAJI 3aMIHU CTApPOro TPAHCIIOPTY HOBHM.

TexHiYHUN KOHTPOJb Ta OOCIYrOBYBaHHS TPAHCIOPTHUX 3acO0IB € 1HIIUM
BKJIMBHM acCIEKTOM, SIKMH Oe3MocepelHhO BILIMBAE Ha OE3MEeKy MacaXMpiB Ta
nepcoHany. CuCTEeMaTUYHUIM TEXHIYHUN OTJISA], MJIAHOBE Ta HEIJIAHOBE PEMOHTHI
pobOTH, a TaKOXK NEpPEeBipKa BCIX CUCTEM OE3NEKH € HeOOXITHUMU KOMIIOHCHTaMHU
€(EeKTUBHOTO YIIPABIIHHS.

Kpim Toro, ekoHoMiuHa €hEKTUBHICTh YMPAaBIiHHA MAapKOM TPAHCTIOPTHUX
3aco0iB TICHO TIOB'I3aHA 3 ONTHMI3AIEI0 BUKOPUCTAHHS PECYpCiB, 30Kpema
MajgbHOTO0, 3aIMMYACTUH Ta PoOOUYOro yacy nepcoHany. Lle Bumarae Bij opranizaiii,
[0 YIPAaBISIOTh TPOMAJACHKAM TPAHCTIOPTOM, BIPOBAKEHHS Cy4YaCHUX METO/IIB
MOHITOPUHTY Ta aHaJTi3y JaHUX JUIsl TOCTIMHOT onTUMIi3aIlii podounx mporiecis [2].

3abesneuenns be3neku nacaxrcupie ma nepcoHany

3abe3nedeHHs Oe3MeKn MacaXUpiB Ta MEPCOHATY HATIUY€E HE TUTbKHA TEXHIUHI,

ajie 1 oprasizaiiifi acnekTd. TeXHI4H1 aCTIEKTH IMEPIII 32 BCE BKIIOYAIOTh PEryJIsipHe



Ta sIKiICHE OOCIIyrOBYBaHHSI TPAHCIOPTHUX 3ac00iB, MEPEBIPKY poOOUOro CTaHy
raJIbMIBHUX CUCTEM, CUTHAITI3AIII] Ta IHIIMX KPUTUYHUX KOMITIOHEHTIB. BaxxnuBum €
BIIPOBAPKCHHSI CYYaCHUX CHCTEM O€3MEeKH, TaKUX SIK aBTOMATHYHI CHCTEMH
KOHTPOJTIO MIBUAKOCTI, CHCTEMH BiZICOCITOCTEPEKECHHS B CAJIOHAX Ta HA 3yIMUHKAX, a
TaK0X CHCTEMH PaHHBOTO BUSBIICHHS aBapiiHUX CHUTYaIlil.

Opranizaiiiiiii aceKTH 30CEPEeKYIOThCSI Ha MIATOTOBIIl MEPCOHANY Ta iX
nocTiitHoMy npodeciiiHoMy po3BUTKY. Bojii mpoxoasaTh cnemniainizoBaHi KypcH 3
Oe3MeKn JOPOKHBOTO PYXy, a TaKOXK PErylsipHO MiANAIOThCS MEIMYHUM
nepeBipkaM Ta MOHITOPUHTY iXHBOro ()I3MYHOIO Ta MCUXoeMolliiiHoro ctany. Lle
JI03BOJISIE BUACHO BUSBIISITH MOXIIMBI TPOOJIEMH, 110 MOXKYTh BILTMHYTH Ha O€3MeKy
acaxupis.

Kpim Toro, akieHTyeTbcs yBara Ha po3poOlll Ta BIPOBAIKEHHI MTPOTOKOIIIB
pearyBaHHS Ha HaJ3BHYaiiHI CHTYyallil, [0 BKJIIOYae B ceOE HE JIMIIEC INBHIKE
pearyBaHHs CIy»KO Oe3neku, ajge 1 TOTOBHICTh MACaXXUpiB JO Ai B KPUTUYHUX
cuTyallisax. Bei mi 3axoau cpsiMOBaH1 Ha MIHIMI3aIlI0 PU3UKIB Ta 3a0€3MeUeHHsI
BHUCOKOT'O piBHs 0€3MEeKH MacaxupiB Ta rnepcoHany [3].

3abe3neuenns be3nexKu nacaicupie ma nepCcoHay

3a0e3nedeHHst Oe3MeKu MacaKupiB Ta MEPCOHANY € BaXKIUBOIO CKIIAJJOBOIO
yIOPaBIiHHA MICBKHM TPOMAJCBKUM TPAHCIIOPTOM. 3 OJHOrO OOKY, BEJIHUKHUI
HArojloC KJIAJEThC Ha TEXHIYHE OOCIyroByBaHHS TPAHCIOPTHUX 3aco0iB.
PerymnspHi TeXHIUHI TepeBIPKH, a TAKOK CBOEYACHUN PEMOHT KPUTUYHUX CHCTEM —
raJIbM, PyJIbOBOTO YIIPaBJIiHHS, CHTHAI3allii — CIPSMOBaH1 Ha MIHIMI3aI[il0 PU3UKY
aBapiiiHUX CUTYaIli}.

3 i"moro OOKy, oOpraHi3amiiiHi aclieKTH He MeEHII BaximBi. Ilepconan,
30KpeMa BOJIii, MPOXOIATH CIIElialli30BaHy MIATOTOBKY 3 TUTaHb OE3MEeKu
JOPOXKHBOTO PyXy. MOHITOPUHT CTaHy BOIIB BKJIIOYAE PETYJsApHI MEIUYHI
MEePEBIPKU Ta OIIHKY iX IMCHXO0(i310JIOTTYHOTO CTaHy, IO J03BOJISE BUSBHTH Ta
BYACHO YCYHYTH (DaKTOpH, IO MOXYTh HETAaTUBHO BIUIMHYTH Ha Oe€3MeKy

NIepeBE3EHb.



Takox BaKJITMBUM € BIPOBAIKEHHSI CHCTEM BiIEOCTIOCTEPEKEHHS HE TUTbKU
BCEpEANHI TPAHCIIOPTHUX 3ac001B, ajie 1 Ha 3yIUHKAaX, 10 J03BOJII€E KOHTPOIIOBATH
CUTYallil0 B peaJIbHOMY 4Yacl Ta pearyBaTy Ha HaJ3BHYaliHI CUTYaIlli.

Bei 1i 3axo/1u CUIbHO CTBOPIOIOTH KOMILIEKCHY CUCTEMY, III0O MAa€ Ha METI
3a0e3Me4YnT BHCOKHMI pIiBEeHb O€3MEKH MacaKUpiB Ta NEpCcOHATy B YMOBax
MOCTIMHOI JWHAMIKM Ta 3MIHHOCTI YMOB €KCIUTyaTalli MICBKOTO T'POMaJICbKOTO
TpaHcnopry [4].

Mouimopune ma KOHmMpobL AKOCMI nepese3etb

MOHITOPUHT Ta KOHTPOJIb $IKOCTI TEpEeBE3€Hb B YIPaBIIHHI MICHKUM
IPOMAJICBKUM TPAHCIIOPTOM 3a0€3MeUyloTh CHUCTEMATUYHICTh 1 MPO30PICTh BCIX
nporiecis. [TocTiitHuii 301p JaHUX PO PyX TPAHCIIOPTHHUX 3aCO01B CTBOPIOE HE JIUIIIE
MOJIMBICTb JIETATLHOTO BiICTIIKOBYBaHHSI MapUIPYTHOI JISJILHOCTI, ajie 1 hopmye
OTIEPATHBHHI IHCTPYMEHTApild IJIs MIBUAKOTO pearyBaHHs Ha HemepenadadeHi
ob6ctaBunu. Lle Moxke OyTH 3aTOp Ha 10PO31, aBapis abo 1HII HaA3BUYAMHI CUTYAIlI],
SIK1 BUMArarTh HETAHHUX (.

CucremMaTHyHUN aHaII3 3alOBHEHOCTI TPAHCIOPTHUX 3aco0iB  CTae
KIIOUOBMM JUIS palliOHAJBLHOTO IIJIAHYBaHHS MapHipyTiB Ta TpadikiB pyxy.
[Hdopmarllis Tpo 3alOBHEHICTh JI03BOJISIE HE JIMIE ONTUMI3YBaTH KUIBKICTh
TPAHCIIOPTHUX 3aC001B Ha KOHKPETHHUX JUISHKAX, ajie 1 3MEHIIYE Yac OYiKyBaHHSI
Naca)KMpiB Ha aBTOOYCHHMX 3yNMMHKAX Ta CTAHIIISX METPO.

JlotpumanHss TpadikiB pyxXy TpPaHCHOPTY € IIE OJHUM AacIeKTOM, SKUU
MiJJIATae€ TOCTIMHOMY KOHTPOJIO. BiAXWIIEHHS Bill PO3KIaay MOXKE MPHUBECTH [0
MepeBaHTAXECHHS JUITHOK MapIIpyTy, IO B KIHIIEBOMY pe3yJbTaTi MPU3BEAE /10
3HIDKEHHS SIKOCT1 OOCITYTOBYBAaHHS Ta 3araJIbHOI 33/I0BOJICHOCTI MTACAXKUPIB.

OpHi€ro 3 KIIOYOBUX KOMIIOHEHTIB B CHUCTEMI KOHTPOJIO SIKOCTI € 30ip
3BOPOTHOTO 3B'A3KY Bij] MacaXupiB. AHaII3 BIATYKIB Ta CKapr 3a0e3nedye BaKINBY
iHbOopMarlito ipo ciradki MicIls B pobOTi TpaHCTIOPTHOT cucteMu. Lle, B cBOIO uepry,
HAJIa€ MOXJIMBICTh IS BHECEHHS KOPEKTHB y IUIAaHYBaHHS Ta EKCIUIyaTallito
TPAHCTIOPTHUX 3aco0iB, MO0 CHOPSIMOBAHO Ha 3a0E3MEYCHHS BHCOKOI SKOCTi

NepeBe3eHb.



KoskeHn 3 nmx mpoIieciB € B3a€MOIOB'SI3aHUM 1 Ma€ CBOIO crnenu@iky, sika
MOBUHHA OyTH BpaxoBaHa MpU PO3pOOII KOMIUIEKCHOI CUCTEMU MOHITOPUHTY Ta
VIOPABIIHHS MICBKUM TI'POMAJChKHM TpaHCHOPTOM. PO3yMiHHA LMX MPOLECIB €

KPUTUYHO BAKJIMBUM [3S].

1.1.2 Akropu i ixHi pyHKuIii

B cucreMi MOHITOPUHTY TPOMaJICHKUM TPAaHCIIOPTOM MICTa MOKHA BUJITUTH
KUTbKa KJIIOYOBHX aKTOPIB, KOXKEH 3 SIKUX BIJIIPAa€ CBOK CHEUU(IYHY pOJib B
oprasizailiii Ta KOHTPOJI1 IEPEBE3EHb.

— BONii Trpomaachkoro TpaHcmopty. OcHOBHa (yHKIS i€l TpymH
noyisrae B 0e€3MOCcepeIHbOMY YIIPaBIiHHI TPAaHCIOPTHUMHU 3acobamu. Bonwu
BIJIMOBIAAIOTH 3 IOTPUMAaHHS MapuIpyTiB, IPadikiB, a TAKOXK 3a O€3IeKy MacakupiB
i 9ac rmepeBe3eHHS;

— nucnetdepu. LI crenianicTd KOOPAMHYIOTh pOOOTY TPAHCHOPTHUX
3aco0iB y peasibHOMY 4aci. BoHM MaloTh JOCTYyN 10 CUCTEM MOHITOPHHTY 1 B pasi
NoTpeOr MOXKYTh KOPUTYBATH MapILIPYTH JJIsl ONITUMI3AIIT PYXY;

— TeXHIYHUN TepcoHasl. Llg rpyma BKJItoYae MeXaHIKIB, 1HXEHEpIB Ta
IHIITUX CIIEIIaTICTIB, K1 BIIMOBIJAIOTH 3a TEXHIYHUM CTaH TPAHCIIOPTHUX 3aCcO01B,
iX 00CIyroByBaHHS Ta PEMOHT;

— aHAJIITUKYU Ta IJIaHyBaJdbHUKU. L{i cremiamicTy 3aliMarOThCs aHAJI30M
JaHUX 3 CHUCTEMHM MOHITOPUHTY, IUIAaHYBaHHSM ONTHMAIbHUX MAapIIPyTiB Ta
rpadikiB, a TAKOX OILIHKOIO €(hEKTHBHOCTI CUCTEMH B I[LIIOMY;

— nacaxupH. Xoda Mmacaxupu He € 0e3MocepeIHO BKIIOUEHI B CUCTEMY
yOpaBIiHHSA, IX pOJb HE MOXHA HEIOOLIHIOBaTH. BOHM € OCHOBHUMH
KOpPUCTyBa4aMU CHUCTEMH Ta JPKEPEJIOM BaXKJIMBOTO 3BOPOTHBOTO 3B'SI3KY IS
MOJAJbIIOTO 11 BAOCKOHAJIICHHS;

— opraHu MicuieBoro camoBpsiayBanHs. LI iHCTHTYIIT 3a3BU4Yaid
(b1HAHCYIOTH Ta PETYIIOIOTH MISTIBHICT TPOMAJACHKOTO TPAHCIIOPTY, BCTAHOBIIOIOTh
MpaBWJIa Ta HOPMATHBH, 1 BOHU 3aIliKaBJICH] B €(DEKTUBHOCTI Ta HAIIWHOCTI CHCTEMH

MOHITOPUHTY.



KoxeH 3 akTopiB B3a€MOJIE 3 CUCTEMOIO MOHITOPUHTY Ha PI3HUX PIBHAX 1 B
pI3HUX acneKTax, GOpMYIOUHU CKJIAIHY, ajle TApMOHIMHY CTPYKTYpY, 10 3a0e3nedye

e(EeKTUBHICTb Ta HAAIMHICTh NEPEBE3EHb Y TPOMAJACHKOMY TPaHCIOPTI [6].

1.1.3 CtpykTypa 0OCHOBHMX Oi3HeC-TIpouLeciB

Crpyktrypa Oi3HEC-TIPOLIECIB B CHCTEMI MOHITOPUHTY TI'POMaJChKUM
TPAHCIIOPTOM MICTa BioOpaxkae ii 6araroacnekTHy NMPUPOAY Ta PI3HOMAHITHICTb
3aBJaHb, KI HEOOXITHO BUpIIIYBATHU JJIsi 3a0e3reueHHs €(eKTHUBHOI AISTBHOCTI.
OCHOBHI €JIEeMEHTH L€l CTPYKTYpU MOKHA MOJUTUTH HA YOTUPH OCHOBHI OJIOKH:

— IUIaHyBaHHs Ta koopauHaiis. Lleir 0ok Bkitouae B cebe mpoiecH
aHai3y MacakKMpoIOTOKIB, MJIAHYBaHHS MapIIPYyTiB Ta rpadikiB, a TAKOK PO3MOLT
TPaHCIIOPTHUX pecypciB. BiH € BUX0I0M IS BCIX MOJAIBIINX il 1 3amy4ae B cede
aHAJIITUKIB, IJIAHYBAJIBHUKIB Ta OPTaHU MICIIEBOTO CAMOBPSTYBaHHS;

— oreparliiiHe ympaBiiHHSA. Y I[bOMY OJIOKY peati3yroThCs MPOIECH
0e31ocepeTHbOTO YIPABIIHHS TpaHCIOPTHUMHU 3acobamu. lle Bkimrodae B cebe
poboTy aucneTdepiB, BOAIIB Ta TEXHIYHOTO IMEPCOHATY, SKI KOOPIAUHYIOTH PYyX
TPAHCIIOPTY, 3a0€3Me4yl0Th MOr0 TEXHIYHUN CTaH Ta pearyloTh Ha HaJI3BUYAMHI
CUTYyaIIii;

— MOHITOPHHT Ta KOHTPOJb. B 11boMy cermeHTi hoKycyeTbesl Ha 300pi,
aHaji3l Ta BUKOPUCTAaHHI JIaHMX JIS OIIIHKK e(eKTHMBHOCTI cuctemu. [Iporecu
MOHITOPHHTY TOTpUMaHHs rpadikiB, 300py 3BOPOTHOTO 3B'SI3KY BiJ MacaXupiB Ta
aHaTi3y 3aMOBHEHOCT] TPAHCTIOPTHUX 3ac00iB BiAIrpaloTh KIOUYOBY POJIb B ILOMY
0JIOKY;

— 3abe3nedeHns Oesneku. KiouoBuMu mporiecaMu B 1bOMY OJIOKY €
oOCITyroByBaHHSI Ta PEMOHT TPAHCIOPTHUX 3aco0iB, MIATOTOBKA IEPCOHAIY,
CHUCTEMHU BIJICOCTIOCTEPEKEHHSI Ta 1HINI TEXHIYHI Ta OpraHi3amiiHi Mipu s
3a0e3neyeHHs 0e3MeKH MacaxHpiB Ta MEPCOHATY.

Bci 11i 6710kM He 13071b0BaHI OJIMH BiJl OJHOTO, a B3a€EMOIIOB'I3aH1 Yepe3 psil
KJIFOUOBUX MpOLECiB Ta B3aeMoAid Mik akrtopamu (puc. 1.1). Taka cTpykTypa

3216631'[6‘-1}’6 FHy‘-IKiCTI) Ta aI[aHTI/IBHiCTI) CUCTCMH, IO € KPUTHUYHO BAXKJIWMBUM JJIA



€(EeKTUBHOIO YMPABIIHHA CKJIAJHUM 1 JUHAMIYHUM CEpPEOBHILEM YIPaBIIHHA

IPOMAJICBKAM TPAHCIIOPTOM.

3abesneyeHna Besnexu -
MOHITOPHHI Ta KOHTPO/b

OBcyroByBaHHA Ta PeMOHT . MoHiTopuHr rpadikis

Nigroroexa nepcorany 36ip 3BOpOTHBOrD 3B'A3KY

BigeocnoctepeieHHa

| ]

OnepadivHe ynpaBniHHA

AHaniz 3anoBHEeHOCTI

Auncnetyepm [MnaHyeaHHA Ta KoopAWHaLis

AHanis naca:xMponoToKie
Boaii

r'y

[MnaHyBaHHA MmapLupyTis
TexHiyHui NnepcoHan

Posnogin TpaHCNOPTHMX pecypcis

Pucynok 1.1 — Cxema B3aeMo/1ii OCHOBHUX Oi3HEC-IIPOIIECIB

B3aeMoiss M1’k OCHOBHHMU OJIOKaMH CTPYKTYypH O13HEC-TIPOIIECiB B CHCTEMI
MOHITOPHUHTY TPOMaJICBKIM TPAHCIIOPTOM BiJOYBa€ThCSI HACTYITHUM YHHOM:

— IIaHyBaHHA Ta KoopauHamis. Ileit Omok 3abesneuye aHami3
MMacaXUPOIMOTOKIB, IUTAHYBAaHHS MapIHIpyTiB Ta TpadikiB, a TaKOX PO3IMOILIT
TPAHCTIIOPTHUX pecypciB. Bin B3aeMozie 3 6io0koM «Ornepaliiiie yrnpaBiiHHDY IS
nepenadi iHgopmarrii mpo rIaHoBaHi MapiIpyTu Ta rpadiku. Takox meit 070K MoXke
KOPHUCTYBATHCS JaHUMH 3 070Ky « MOHITOPUHT Ta KOHTPOJIb ISl KOPEKIIil IJIaHiB;

— omepariiine  ympaBmiHHA. Ileii  OIOK  30cepelKyeThCA  Ha
Oe3rmocepeTHHOMY YIIPABIIIHHI TPAHCIIOPTHUMU 3aco0amu. BiH B3aemotie 3 6110koM
«IInanyBaHHA Ta KOOpAMHAIIS» Ui OTPUMAHHS TUIAHOBAaHMX MAapIIPYTIB Ta
rpadikiB. Ileir OJ0K TakoX MOXK€ HAJCWIATH JIaHI MPO pEaTbHUN CTaH pyXy Ta
HaJ3BUYalHI cUTYyaIlii 10 010Ky « MOHITOPUHT Ta KOHTPOJIbY;

— MOHITOPUHT Ta KOHTPOJIb. Leit 010K 30cepemKyeThes Ha 300pi, aHami31

Ta BUKOPUCTAHH1 JAaHUX JIJIs1 OLIIHKY €(DEeKTUBHOCTI CUCTEMU. BiH MOXe oTpuMyBaTu



naHi Big 050Ky «Omnepailiiine yrpaBiiHHs Ta B3aeMoie 3 0okoM «lmanyBanHs Ta
KOOpJMHALISD JJI1 KOPEKIIil MJIaH1B Ha OCHOBI 310paHUX aHUX;

— 3a0e3neueHHs Oesneku. Lleli 00k (POKycyeTbcsl Ha TEXHIYHUX Ta
opraHizaliiiHMX Mipax AJis 3a0e3neueHHs1 Oe3MeKu nmacakupiB Ta nepcoHainy. Bin
MOXKE B3aeMOIIATH 3 OsokoM «OmepauiifHe ymnpaBliHHS» AJid pearyBaHHS Ha
HaJ3BUYalH1 cuTYyarlii Ta 3 0J0KOM «MOHITOPUHT Ta KOHTPOJIb) JJIsl aHATI3Y TaHUX
po Oe3MneKy.

I{i 6710KkM He 130JIbOBaHI OJIMH BiJ OJHOTO, a B3a€MOIOB'S3aH1 4epe3 psij
KIIFOUOBHMX TPOIIECIB Ta B3a€MOJiN Mk akTopamu. Taka CTpyKTypa 3abesneuye
THYYKICTh Ta aIallTUBHICTh CUCTEMH, 1110 € KPUTHYHO BAXKIUBUM 7151 €(EKTUBHOTO
YIPaBIiHHS CKJIQJHUM 1 JIUHAMIYHUM CEpPEOBHUIIEM YIPaBIiHHSA TPOMAJCHKUM

TpaHcnoptTom|7].

1.2 Orasig ¢X0KHUX Ha po3po0JIIOBAHY CHCTEMY pilliecHb

B cyuacHHX MICBKUX YMOBax, CHCTEMH MOHITOPUHTY TPOMAJCHKOTO
TPAHCIIOPTY € HE JHIIe aKTyaJbHUMH, ajieé ¥ HEBI'€EMHUMH €JIeMEHTaAMHU
€(eKTUBHOTO YIPaBJIiHHS TPAHCTIOPTHUMU MTOTOKAMHU.

GeolLocate Public Transport

Cucrema «GeoLocate Public Transport» po3poOieHa 3 METOIO MOHITOPUHTY
Ta YOPaBIIHHS TPOMAJICHKUM TPAHCIOPTOM B peajdbHOoMy daci. Llg cucrema
CIIpSIMOBaHA Ha MiJBUIICHHS €()EKTUBHOCTI TPAHCIIOPTHUX IOCIYT, 3MEHIICHHSI
qacy O4YiKyBaHHS JUIsl TACAKHUPIB Ta ONMTHMI3AIliI0 MAPIIPYTiB.

OcHoBHI (yHKIIIT CUCTEMH:

— MOHITOPDUHT B peajpHOMYy dYaci. BimoOpakeHHsS aKTyaJabHOTO
MICIIe3HAaXOPKCHHS TPAHCITIOPTHUX 3aC001B;

— aHai3 MapmpyTiB. OnTUMizallis MapIuIpyTiB Ha OCHOBI aHAITI3Y JaHUX;

— iH(hOopMaITiitHI TOBIMOMIICHHS. ABTOMAaTHYHA BiANpPaBKa IMOBITOMIICHb
Maca)Xupam mpo 3MiHU B TpadiKy;

— 3BITHICTh Ta aHANITUKA. [ 'eHepariis 3BITIB [ aHami3y e€()EeKTHBHOCTI

CHCTCMU.



Ha puc. 1.2 mpeacraBneno intepdeiic kopuctyBaua cucremu Geol.ocate

Public Transport.
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Pucynok 1.2 — Inrepdeiic kopucryBaua «GeolLocate Public Transport

[ cucreMa € KOMIUIEKCHAM DIIIEHHSM, 1110 BKJIFOYA€ B ce0€ psijl TEXHOJIOT 1
Ta QyHKOIA 11 e)EeKTHUBHOTO MOHITOPUHTY Ta YIOPABIIHHA TPOMAJCHKUM
TPAHCIIOPTOM.

[lepeBaru cucTeMu BKIIFOUAIOTh:

— TOYHICTb MOHITOpUHTY. Bukopucrtanus GPS-texnosnoriii 3abe3neuye
BHUCOKY TOYHICTb BIJICT€KEHHS MICII€3HAXOKEHHS TPAHCTIOPTHUX 3aCc001B;

— omtumizaiis ~ MapmipyTiB.  Cucrema  103BOJISIE  JTMHAMIYHO
ONTHUMI3yBaTH MAPUIPYTH HA OCHOBI 310paHUX JTAHUX, IO MiABHUINYE €()EKTUBHICTD
TPaHCTIOPTHO1 CUCTEMU;

— 3pYYHICTh Il TacaxupiB. MOOUTBHMI JOJATOK HAJAA€E KOPUCHY
iHbOpMAaIIito I MacCaKUPIB, 30KpeMa Mpo Jac MpUOyTTS TPAHCIIOPTY;

— aHANITHKA Ta 3BITHICTh. [HTETpOBaH1 IHCTPYMEHTH ISl aHATI3Y JAHUX
Ta TeHepailii 3BiTiB.

Henoniku:

— BapTICTh YCTAaHOBKHU Ta 00cayroByBanHs. Becranosnennst GPS-momymis

Ta XMApPHOI'0 CXOBHIIA MOKEC 6YTI/I KOIITOBHHUM,



— 3aJIEKHICTD B1J] IHTEpHET-3'€JHaHHS. J{1151 eeKkTuBHOI poOOTH CUCTEMU
HeoOX1He CTaOUIbHE IHTEpHET-3'€HAHHA, L0 MOXKe OyTH MpoOJIEeMaTUYHHM B
JESKUX PEerioHax;

- npoOaeMu 3 KoH(DineHITIHHICTIO. 301p Ta aHaII3 TeOJIOKAI[IHHUX JaHUX
MO>K€ MOPYLIYBaTH MUTaHHS KOH(D1IEHUIIHHOCTI.

Otxe, cucrema «GeoLocate Public Transport» € KOMIJIEKCHUM PIlIEHHIM
JUISI.  MOHITOPMHTY Ta YOPABIIHHSI TPOMAJCHKAM TPAHCTIOPTOM. 3aBISKH
BukopuctanHio GPS-TexHoMOr# Ta XMapHUX pillleHb, CUCTEMa 3a0e31euye BUCOKY
TOYHICTh MOHITOPHUHTY Ta MOXJIMBICTh JWHAMIYHOI OINTHUMI3aIlll MapUIpyTiB.
MOoOiTbHUN J0JIaTOK POOUTH CHUCTEMY 3PYYHOIO I KIHIIEBMX KOPHCTYBAdiB,
HaJar04M 1M aKTyaJIbHY iH(OpMAaIlito PO PyX TPAaHCIIOPTY.

Onnak, cucteMa mMae Jesikl HeJI0JIIKH, TaKl SK BUCOKa BapTICTh YCTAHOBKH Ta
MOTEHIlIHI mpobnemMu 3 KoHOimeHmiiHicTIO. 3aramoMm, «Geolocate Public
Transport» Moxke 0yT e(heKTUBHUM PIIICHHSIM JIJIsi MICT 1 PET10HIB, AKl MParHyTh
MOJICPHI3YBaTH CBOK TPAHCIOPTHY 1HQPACTPYKTYypy Ta TIJABHUIIUTH SKICTh
o0ciyroByBaHHS macaxupis [8].

TransitTrack

Cucrema «TransitTrack» po3poOieHa st MOHITOPUHTY T'POMAJICHKOTO
TPAHCIIOPTY B pealbHOMY 4Yaci 3 METOI0 IMABUIIEHHS €(PEeKTUBHOCTI Ta KOM(OpTY
nacaxupcbkux nepeneses (puc. 1.3). Cucrema crnpsiMoBaHa Ha 3MEHIIICHHS 4Yacy
OUYIKyBaHHSI TACAKHUPIB Ta TOJINIICHHS KOOpPAWHAINI MIDK pI3HUMH BHJIaMHU
TPAHCTIOPTY.

OcHoBHI GYHKIIIT CHCTEMH BKJIIOYAIOTh:

— MOHITOPDUHT B peajpHOMYy dYaci. BimoOpakeHHsS aKTyaJabHOTO
MICII€3HaXOPKCHHS TPAHCIIOPTHHUX 3ac001B 3a normomororo GPS;

— iHTeTpalia 3 po3kiagamu. CucreMa aBTOMaTUYHO CHHXPOHI3YETHCS 3
odiiiHUMHU PO3KIaAaMu, HATAIOUH TOYHY 1H(HOPMAIIIO MTPO Yac MpUOyTTS;

— TOBITOMJICHHS JUIS TTaCaXXUPiB. ABTOMAaTHYHA BiANIpPaBKa MOBiIOMIICHb

PO 3MIHU B PO3KIIA/Ii, BIAXUICHHS BiJ] MApIIPyTy a00 HAI3BUYAMHI CUTYAITii;



— aHAIITHUYHI IHCTPYMEHTH. 301p Ta aHaji3 JaHUX MPO MNACaKUPOMOTIK,
3aIMOBHEHICTh TPAHCIIOPTY Ta 1HILI KJIFOYOB1 MOKa3HUKH.

Cucrema «TransitTrack» € e(pexkTUBHUM IHCTPYMEHTOM [Jisi YIpaBIIHHS
IPOMAJICBKUM  TPAHCHOPTOM, SAKHH  MOXE€ 3HAYHO  MOJIMIIUTUA  SKICTh
oOCnyroByBaHHsI  MacaXXuUpiB Ta  ONTUMIZYyBaTM  poOOTYy  TPAHCIOPTHOT

1HQPaCTPYKTYpPH.
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Pucynok 1.3 — Intepdetic kopuctyBaua «TransitTracky

[lepeBaru cuctemMu CKIaAar0Th:

— 1HTEerparlis 3 po3kiiajaMu. ABTOMaTHIHA CHHXPOHI3aIlisg 3 o(iiiHUMHI
po3KIIalaMu 3a0e31eduy€e TOYHICTD 1 aKTyaJIbHICTh 1H(pOpMAIIii 11l TacaXupis;

— OararodyHkiioHanbHICTE.  CuctemMa  HE  TUIBKH  BIJICTEXKYE
MICIIE3HAXO/PKCHHsI TPAHCIIOPTY, ajie 1 3a0e3mneuye aHadiTUYHI THCTPYMEHTH IS
ontuMizaiii poooTH;

— KOMYHIKaIlig 3 macaxkupamu. MOXKIMBICTh aBTOMATHYHOI BiIMPaBKH
MTOBIJIOMJICHB MPO 3MIiHU B PO3KJIAJII ITIIBUIILYE PIBEHb CEPBICY;

— rHydkicTb. CucremMa Moke OyTH ajanToBaHa JUIS PI3HUX BHIIIB
IPOMAJICHKOTO TPAHCTIOPTY, BKIFOYAIOYN aBTOOYCH, TpaMBai, METPO.

J1o HEeIOIIKIB MOJKHA BiTHECTH:



— 3aJIEKHICTh BI TeXHIYHOI 1H(ppacTpykTypu. HasBuicte GPS-monyniB
Ta CTAaOUIBHOIO IHTEPHET-3'€JHAHHS € 000B'A3KOBOIO;

— CKJIQJHICTh HaNAIITyBaHHA. [HTErpamis 3 ICHyIOUMMHU PO3KJIaJaMu Ta
CUCTEMaMU MOe OYTH TPYJIOMICTKOIO;

— BapTicTh. JIilieH31iH1 BUTpATH Ta BUTPATH Ha OOCIYyrOBYBaHHS MOXKYTh
OyTH BUCOKHUMH, 3aJI€KHO B1J] 00CATY Ta (DYHKIIIOHATBHOCTI CUCTEMH.

Otxe, cucrema «TransitTrack» mpencraisie co000 IHTErpoBaHE PIIEHHS
JUTSI MOHITOPUHTY Ta yNPaBIIHHS TPOMaJChKUM TPAHCIOPTOM. 3aBJSIKU HTUPOKOMY
criekTpy GYHKIIH — BiJl BIICTEKEHHS MICIIE3HAXO/KCHHSI TPAHCIIOPTHHUX 3aCO01B
JI0 AaHATITUYHUX IHCTPYMEHTIB — CHUCTEMa MOKE 3HAYHO MIABUIIUTH €(DEKTUBHICTD
Ta SIKICTh 0OCITYyroByBaHHS nacaxxupiB. O1HaK, HEOOXITHO BPaXOBYBATH TEXHIUHI Ta
(b1HAHCOBI aCMEKTH MM ii BIPOBaKEHHI. 30KpeMa, BUCOKA BApPTICTh Ta MOTpeda B
CTaOUTbHOMY IHTEpHET-3'€AHAHHI MOXYThb OYTH OOMEXKYyHUUMH (aKTOpamu.
3aranom, «TransitTrack» € mepcrneKTUBHUM pIMICHHSIM [JIsi Cy4YaCHUX CHUCTEM
TPOMaJICHKOTO TpaHCTOPTy [9].

Moovit

Moovit € yHiBepcaIbHUM MOOUTBHUM J0JIATKOM JIJIs TUTAHYBaHHS TIOJIOPOKEN
Ha rpomMajickkoMmy TpaHcropti (puc. 1.4). Lleit 3acToCyHOK NIpHU3HAYECHHM IS
ITUPOKOTO CIIEKTPY KOPUCTYBAUiB, BiJl MEIIKAHI[IB BEIMKHUX MICT 0 TYPUCTIB, 1 Mae
Ha METI TOJIETIIMTH HABIrali0 Ta ONTHUMI3yBaTH BHKOPHUCTAaHHS TPOMAICHKOTO
TPAHCTIOPTY.

@OyHKI11] JaHOTO JOJATKY CKJIAJaI0Th:

— po3kianu Ta Mapupytu. Jlomaroxk Hajmae axkTyadbHI pO3KIaAM Ta
ONTUMAJIbHI MAPIIPYTH IJIs PI3HUX BUIIB TPOMAJICEKOTO TPAHCTIOPTY;

- YKUBUM MOHITOPHUHT. BicTe)XKEHHS MICIIe3HAXO0KCHHSI TPAHCIIOPTHUX
3aco0iB B pealbHOMY 4Yaci;

— CHOBINICHHS. ABTOMAaTHYHI TMOBIOMJICHHS TPO 3MIHH B PO3KIAI,
3aTpPUMKH, a00 HAJ3BUYAIHI CUTYaIlii,

— iHTepakTHBHA KapTa. KapTta micTa 3 mo3HaueHHSIMHU 3yMUHOK, CTaHLIN

Ta IHIIUX KIFOYOBHUX TOYOK;



— NEepCOHaIbHI HAJAIITYBaHHS. 30€peKeHHs ya00JIeHUX MaplIpyTIiB Ta
3YNUHOK ISl IIBUJIKOTO JIOCTYILY;

— cowianbHl GyHKLII. MOXKIUBICTH AUTUTUCS 1H(YOPMALIEIO Ta 3BOPOTHIM
3B'SI3KOM 3 THIIIMMH KOPUCTYyBayaMu.

Takoxx Moovit € ogHUM 3 HaAMOUIBII MNOMYISPHUX Ta (DYHKIIOHATBHUX
JOJIaTKIB 111 TPOMAJCHKOTO TPAHCIOPTY, SKHM BpaxoBye MOTpeOU pPI3HUX
KaTeropii KOPHUCTYBaylB Ta HaJa€ KOMIUIEKCHUN Hallp IHCTPYMEHTIB IS

e(heKTUBHOI HaBITAIlii.

Request an Uber
Tar

Home
2 52 Leaves

Work
2 820 Leaves at12:21pm

Sync Calendar

Easily navigate to all your events

Pucynok 1.4 — Iatepdetic kopuctyBada «Moovit»

[TepeBaru nogatky «Moovity CTaHOBIIATH:

— yHiBepcalbHICTh. [linTpuMKa BeNMMKOT KUTBKOCTI MICT Ta BH/IIB
IPOMaJICEKOTO TPAHCTIOPTY;

— IHTYITUBHUN 1HTEepdeic. 3pydHuil Ta 3pO3yMUTUN AW3aiH, SKHMA
TMOJICTITY€E BUKOPUCTAHHS JIOJIATKY;

— peanbHui MOHITOPHHT. MOoXITHBICTH BIJICTEXKYBaTH
MICIIE3HAXOPKCHHSI TPAHCIIOPTY B PEAIbHOMY 4aci,

— NepCoHaIbHI HANAMTYBaHH. 30€peKeHHS yII00JICHUX MapIIpyTiB Ta

SYIIUHOK I HMIBUAKOI'O JOCTYILY.



— comianbHl QyHKIIl. [HTErpamis 3 COLIAIBHUMU MeEpexXamMu Ta
MOXJIUBICTh OOMIHY 1H(POPMAITIEIO.

Jlo HegomikiB «MooVvit» BIZHOCSTE:

— oOMexxeHui (yHKIIOHAT B oQuiaiiH pexkumi. buibmicts ¢GyHKIIM
J0JIaTKy HelOCTYyMHI1 0e3 [HTepHeT-3'eNHaHHsI, 1[0 MOXKe OYTH KPUTUYHUM Y ITEBHUX
CUTYaIIISX;

— KOMIUIEKCHICTh 1HTepdercy. s HOBUX KOpPUCTYBadiB MOXE OyTH
CKJIQJHO 3pO3YyMITH BC1 MOXKIIMBOCTI IOAATKY, IO YCKIAAHIOE HOTO BUKOPUCTAHHS;

— TOUYHICTb JJaHUX. [HO/1 Moke OyTH HeBipHa iHGOpPMaIlis Yepe3 3MIHU B
po3kiagax abo TeXHIYH1 IpoOIeMH;

— pekinama. B 6e3komToBHINA Bepcii MPHUCYTHIA peKJIaMHUNA KOHTEHT,
KU MOKe OyTH HE3pyYHHUM JIJIsl KOPUCTYBaya;

— CHOXKUBaHHS pecypciB. JlomaTok Moke OyTH BUTPATHUM 3 TOUKH 30PYy
OaTapei Ta MOOUTbHUX JTAHUX.

Otmxe, Moovit € BHCOKOE()EKTUBHUM Ta YHIBEPCAIBHUM JOAATKOM JIJis
IUTAHYBAaHHS T4 MOHITOPUHTY MOJOPOXKEH HA TPOMAJCHKOMY TPAHCIIOPTI. 3aBIsSKH
IIUPOKOMY CHeKTpy GYHKIIH, BiH 3a0e3nedye KOpUCTyBauyaM THYYKICTh Ta
3pYYHICTh IPU BUOOP1 ONTUMANILHUX MapiipyTiB. OHaK, HEOOXITHICTh MOCTIHHOTO
IHTEepHET-3'€IHAHHS Ta HASBHICTh PEKJIaMH B OE3KOIITOBHIM BepCii MOXKYTh CTaTH
HE3HAYHUMH HEJOITIKaMH. 3arajioM, JaHWUW JO0JaTOK € IIHHUM 1HCTPYMEHTOM IS
e(hEeKTUBHOTO BUKOPUCTAHHS TPOMaJICHKOT0 Tpancmopty [10].

[Ticas aHATITUYHOTO OTJISIAY PUHKY MPOTpaMHUX PIIIEHb JJISI MOHITOPUHTY
IpPOMaJICbKOrO TPaHCIOPTY, MO)KHAa KOHCTAaTyBaTH, II0 KOXKHA 3 PO3MVIAHYTHX
CUCTEM Ma€ CBiil HaOlp CHIBHUX CTOPIH Ta OOMeXeHb. JIJist 3pydHOCT] TOPIBHSHHS
Ta OO'€KTMBHOI OIIHKK ITUX XapaKTEPUCTHUK, OyJI0 CTBOPEHO 3BEACHY TaOJIHIIO
aHamizy (tabmn. 1.1), sika BimoOpaxae KIFOUOBI MapaMeTpu KOKHOTO 3 POTISTHYTHX
MPOTrpaMHUX MPOAYKTIB.

Tabmurs 1.1 — AHani3 aHAIOTIYHUX MTPOTPAMHUX PIIICHB



Omnrii GeoLocate TransitTrack Moovit Po3pobiiene
Public I13
Transport
[arepdeiic Cnponienuit Komnnexcuuii | [HTyiTHBHMI [HTYiTUBHUI
IIpOrpaMu
Oyuknionan | upokuit [Hnpoxnii [npoxwii HeoOxignuit
JUIst OUIBLIOCTI
KOPHUCTYBAauiB
TexHiuHi Huzbki Cepenni Bucoki Huzbki
BUMOTH
Bapricth YMOBHO YMOBHO beskomroBHuit/ | beskomToBHMMA
Oe3komToBHUM | 6e3komToBHuM | [ImathHuit  6e3
peKiIaMu
VYkpainceka | Hemae Hemae € €
JIOKaJTi3aris

Buxonsum i3 mpoBeaeHOro aHali3y aHAJOTIYHUX MPOTPAMHHX PIillleHb IS
MOHITOPHUHTY TPOMAJICBKOTO TPAHCIIOPTY, MOKHA 3pOOUTH BUCHOBOK, 110 KOXHA 3
ICHYIOUMX CHCTEM Ma€ CBOi IiepeBaru ta Heaoniku. OmaHak, po3pobiieHe mporpamMHe
3a0e3MeueHHs] HE JIMINE BIJIMOBiNAa€ KIFOYOBUM IMOTpeOaM KOpPHUCTyBauiB, ajie u
IPOIOHYE Ps YHIKAJIBHUX XapaKTePUCTHK, SKI BHAUISIOTH HWOro Ha TIIi
KOHKYPEHTIB. 30KpeMa, 11€ CTOCYEThCS TaKUX (QYHKIIIOHATbHUX MOKJIUBOCTEH:

— iHTYiTHBHUN 1HTEepdeiic 3 ¢GokycoM Ha mOTpedax KOpUCTyBadya.
Pozpobnene 113 6yne matu iHTYiTUBHUN 1HTEpdEiC, sskuil Oyae 30cepeKeHnid Ha
dyHKIiOHAI, HEOOXigHOMY nJsi OulbmiocTi KopucTtyBauiB. lle mo3BomuTh
3a0e3MeUYn T BUCOKHI PiBEHh KOPUCTYBAIIBKOTO JOCBINY;

— onTUMi30BaHuN (DYHKITIOHANI. 3aMiCTh MIMPOKOTO CIEKTPY (YHKIIIH,
[13 6yne 30cepemKkeHo Ha KIOYOBUX MOTpedax KOPHUCTYBAdiB, IO 3pOOUTH HOTO

O1bI e(heKTUBHUM 1 MEHII TIEPEBAHTAKCHHM;




— HU3bKl TexHIYH1 BuMoru. [I3 Oyne mnpamoBaTH Ha MPUCTPOSAX 3
HU3bKMMHU TEXHIYHUMH XapaKTEPUCTUKaMH, 10 POOUTHh HOro OOCTYNMHUM IS
IIMPOKOI0 KOJia KOPUCTYBAIB;

— NOBHAa YKpaiHchKa Jjokanmizanisi. Po3pobnene I13 Oyae mMoOBHICTIO
JIOKaNI30BaHe i1 YKPAiHCHKUX KOPUCTYBAYiB, 110 € BaXJIMBUM (PAKTOpPOM s
nonyJsipu3alii NPoAYKTY Ha BITYU3HAHOMY PHUHKY;

— 0e3komToBHICTh. [I3 Oyne MOBHICTIO OE3KOIITOBHHUM, IO 3POOUTH
foro OUIbII MPUBAOIMBUM JUIsl KOPUCTYBaudiB B TMOPIBHSHHI 3 aHAJIOTaMH, SIKi
IPOMOHYIOTh YMOBHO O€3KOIITOBHI 200 IMJIaTHI BEPCii.

Bci 1i yHiKagbH1 XapaKTepUCTUKH POOJISTH po3podiieHe B pamkax podotu 113
HE MPOCTO aJbTEPHATHBOIO ICHYIOUMM PIIIEHHSM, & MPOIAYKTOM, SKHUH BPaXOBYE

cnenu@iky Ta noTpedu yKpaiHChKOI0 PUHKY Ta KOPUCTYBayYiB.

1.3 JlocaixxkeHHs1 MeTOMIB 3a0e3me4YeHHs] 0e3NMeKH CHCTeM YNpPaBJIiHHSA
rpoMaJCbKUM TPAHCIIOPTOM

CucremMa MOHITOPUHTY TPOMAJICHKOTO TPAHCTIOPTY HA/Ia€ MOKIIUBICTH 300Dy,
00poOKHM Ta aHaJi3y BEJIUKOI KUIBKOCTI JaHUX B peadbHOMY 4aci. OgHak 11e TaKoX
CTaBUTh MHUTAHHSA TPO Oe3meKy mepeiadi JaHUX BiJ TPAHCIOPTHUX 3aco0iB 0
HEeHTpaTbHO1 0a3u maHuX. st IbOro HEOOX1AHO PO3TISHYTH METOAH 3a0€3ICUCHHS
Oe3IeKy nepeaadi JTaHuX:

IIpomoxon HTTPS 3 06ocmopouuboro aymenmugikayicio

B nmanomy BapianTi BukopuctoByeThes npotokon HTTPS (HTTP Secure),
KWW € pO3MUpPEeHHSIM cTaHaapTHoro npotokony HTTP 3 mogaBanHsSM migTpUMKu
mudpyBaHHs Ha ocHoBl mportokomy SSL/TLS. Jlns ngomatkoBoi Oe3mexu
3aCTOCOBYETBCS ~ JBOCTOPOHHSI ayTeHTiikaiisg 3a JOMOMOTOI IU(POBUX
ceprudikariB, ska 3a0e3neuye HE TUTbKH MUGPYBaHHS JaHUX, alle 1 MEePeBipKy
ABTEHTUYHOCT1 000X YYaCHUKIB KOMYHIKaIIil.

3acrocyBanus nporokowry HTTPS 3 aBocTOpoHHBOIO ayTeHTH(iKaIi€0 Ha
OCHOBI cepTH(}IKaTIB € OJHIEI0 3 HAAIMHUX TEeXHIK 3a0e3NeUcHHs OC3MeKHu IpPHU

nepejayi JaHux. B 1bOMy KOHTEKCT1, IBOCTOPOHHS ayTeHTH(IKaIlis O3HAYAE, 1110 K



cepBep, TaK 1 KIIEHT (B HALIOMY BUNAAKY, TPAHCHOPTHUM 3aci0) MiATBEPAXKYIOTh
CBOIO JIETITUMHICTb 32 JOIIOMOT0I0 HU(PPOBUX CEPTUPIKATIB.

Buxopucranuas HTTPS 3a0esneuye mudpyBaHHS [JaHUX Ha OCHOBI
nporokony SSL/TLS, mo poOuTh HEMOXIMBUM IX NEPEXOIUIEHHS abo
Moaudikalilo TpeTiMU ocodamu. JIBOCTOpOHHsSI ayTeHTHQIKalii Ha OCHOBI
cepruikaTiB A0JA€ 1€ OAUH pIBEHb O€3MEeKH, 3MYyIIYIOud OOWJBI CTOPOHH
MiATBEPAUTH CBOIO ayTEHTUYHICTh TIEPET BCTAHOBJICHHSM 3'€THAHHS.

[Tpomec BCcTaHOBICHHS 3'€THAHHS TMOYMHAETHCS 13 3alUTY TPAHCIIOPTHOTO
3aco0y 110 cepBepa 1 0OMiHy ceptudikatamu ansa ayreHTudikamii. [licnsa ycmimHo1
ayTeHTU(ikalii 1 BCTAHOBJEHHS 3aXMILEHOrO KaHaly [UIsi KOMYHIKallii,
TpaHCTIOPTHHH 3aci0 Moke Oe3meyHo nepeIaBaTu AaHl 0 cepBepa 1 HaBIaKH.

Lleit MmeTom € 0COOMMBO KOPHCHHUM I CUCTEM, JI€¢ BUMOTH JI0 OE€3IMEKH €
BUCOKHMH, 1 JIe HEOOX1THO 3a0e3rmeunT KOH(DIACHIIIHHICTD, UTICHICTh, & TAaKOX
ayTeHTH}1KaIil0 000X y4acHUKIB KoMyHikaii [11].

VPN 3 [Psec 0115 3axuueHo20 myHeuro

VPN (Virtual Private Network) 3 mpotokonom IPsec (Internet Protocol
Security) CTBOpIOE 3aXUIIEHUN TYHEIb MIX TPAaHCIIOPTHUM 3acOo00M 1 CepBepoOM
0a3u nanux. lle 3a0e3neduye KOHPIAEHIIHHICTD, ayTeHTU(DIKAIIIIO, @ TAKOXK 3aXUCT
BiJl aTaK TUIy «IIOAMHA mocepeaHuk» (Man-in-the-Middle).

Bcranosnennss VPN 3'ennanns 3 BukopuctanHsMm I[Psec € edexktuBHUM
METOAO0M JIs 3a0€3IeUeHHs Oe3MeKU TaHuX, sIKi IEPeIaroThCsl MK TPAHCTIOPTHUM
3acobom Ta cepBepoM. B manomy Bumaaky, VPN choyxuTe a5 CTBOpEHHS
BIPTYyaJIbHOTO 3aXUIICHOTO KaHATy MIX JBOMa TOYKAMH, 4Yepe3 SKHUH MOXKe
Oe3revyHo nepeaaBaTucs iHdopmarris.

[Psec, sk wacTHa ILOTO PIlICHHS, 3a0e3Meuye KilbKa KIFOUOBUX ACIEKTIB
oesmeku. Ilo-mepmre, BiH mmdpye nani, sSki nepenaroThes mo VPN-3'eqHaHHIO,
3abe3reuyoun KoH(QiaeHiiHICTh iHpopMarii. Ile o3Hawae, MmO HABITH SKIIO
3JIOBMUCHUK BIACThCSI IEPEXONUTH MTAKETH JIAHUX, BIH HE 3MOXKe iX po3mudpyBaTH
0e3 BigmoBimHMX KimodiB. Ilo-mpyre, IPsec 3abe3medye IiTiCHICTh JaHUX,

rapaHTyouu, 1o iHpopmallis He Oyna 3MiHeHa i yac nepenadi. [To-tpere, [Psec



J03BOJIIE ayTCHTU(IKYBATH JDKEPENIO JaHWX, IMEPEKOHYIOUUCh y TOMY, IO
iH(dOopMallis AiMicHO HAAINIUIA BIJ] JIETITUMHOTO BiIMIPaBHUKA.

[Iponiec BcranosnenHs: VPN 3'ennanns 3 [Psec Bkitouae B ceOe MiIHSITTS
VPN-cepBepa, KoH(irypaiiro mnapamerpiB O€3NeKd Ta PO3MOAUT KIIOYIB MDK
ydacHUKaMHu 3'enHaHHs. [1icist BCTaHOBIEHHS 3'€ JHAHHS, TPAHCIIOPTHHM 3aCci0 MOXKe
0e3MeyHo nepeaaBaTH JaHl 10 CEpBepa, BUKOPUCTOBYIOUH LEH 3aXUIIEHUH TYHEb.
Taxum ynnoMm, VPN 3 IPsec He nuiie 3a6e3neuye KoH(D1ACHIIAHICT Ta [UTICHICTD
JaHUX, aje 1 JO3BOJIsiE 3a0€3MeYUTH BUCOKUM piBEHb ayTeHTU(iKalli yYaCHHUKIB
KoMmyHikarrii [12-13].

JWT (JSON Web Tokens)

OpuH i3 CydacHUX METOJIIB 3aXHUCTY Mepeiadi JaHUX MOJIsATae y BUKOPUCTaHH1
JWT (JSON Web Tokens), sikuif akTUBHO BUKOPHUCTOBYETHCS HJisi OOMIHY
ayTeHTHU(}1KOBaHOIO 1H(OpMAIlI€I0 MK PI3HUMH CHCTEMaMH.

JWT ckmamaerbes 3 TpbOX OCHOBHUX YaCTHH: 3aroJI0BKa, BUAAa4Yl Ta MIIUCY.
3arojoBOoK 1 BHJaya MICTATh MeTajaHl Ta iHdopMaIliio, ska HeoOXiaHa It
inenTudikamii Ta ayreHTudikaii kopucrtyBadya abo cuctemu. [{udpoBuii miamuc
3a0e3neuyeThes 3a gornoMororo anroputMy HMAC, sikuii rapaHTye, 1110 TOKEH He
OyB 3MIHEHHUH 1] Yac mepeadi Ta 1o BiH OYJI0 CTBOPEHO JIETITUMHOK CTOPOHOIO.

B cucremax MOHITOpHHTY TpOMaICbKOT0 TpaHcnopty, JWT TokeH moxke OyTu
3TCHEPOBAHMM TMPsSAMO HA TPAHCHOPTHOMY 3aco0i Imiciasi WOro  yCHINIHOT
ayteHTudikamii. [Ticis renepairii, TOKEH HIAMUCYETHCS 32 JIOIMIOMOTOI0 JITOPUTMY
HMAC, BUKOPUCTOBYIOYM CEKPETHHUU KIIIOY, SKHM 30epiraerbcsi sSK Ha
TpPaHCTIOPTHOMY 3ac001, Tak 1 Ha cepBepi 6a3u ganux. Ilicns mignucy, JWT TokeH
BIJIMIPABIISIETBCS. HA CEPBEP Pa3oM 3 HeoOXimHuMHU gaHuMH. Ha cepBepi miamuc
TOKEHY MEPEBIPAETHCS, 1 AKIIO BiH BipHUIA, aHi 00poOIstOThCs BiAMOBIAHO [14].

Orxe, BukopuctanHs JWT 3 HMAC mnignucoM 103BOJIIE HE TUIBKH
3a0e31meun T KOH(IASHIIMHICTD Ta IMITICHICTh JaHUX, aje 1 3a0e3MeYnTH BUCOKHI
piBeHb ayTeHTH}IKAIlT TPAHCTIOPTHOTO 3aC00Y, 110 € BAXIIUBUM IS 3a0€3MeYeHHS

0e3MeKn BCi€l CHCTEeMH MOHITOPHHTY TPOMAJChKOTO TPAHCTIOPTY.



KoseH 13 1iux MeTO/1iB Ma€e CBO1 MepeBaru 1 HeMOI1KH, a BUOIP KOHKPETHOTO
METOMY 3aJIXKUTh Bl CIEUPIYHUX BUMOT A0 OE3MEKH, TOCTYITHOCTI pecypciB Ta
IHIIUX (HAKTOPIB.

[Ipu po3pod1l cucTeMU MOHITOPUHTY TPOMAJICBKUM TPaHCIOPTOM MiCTa
KIIIOYOBUMHU KpUTEpIIMU Il BUOOpY MeTony 3a0e3nedeHHs Oe3neku €
€(EeKTUBHICTb, MBHUJIKICTh OOPOOKH, THYUKICTh, @ TAKOXK 3[aTHICTh MPAaLIOBATHU Ha
pI3HOMaHITHOMY amnapatHoMy 3a0e3neueHHi. [lns peamizamii cuctemu  Oyio
npuifHsTe pitieHHs BukopuctoByBatu JWT, Tak sik BiH 3a0e3meuye:

— edexTuBHICTh pecypciB. JWT € BIZHOCHO JIErKMM METOJIOM, IO HE
BUMAara€ BEIUKUX OOYHMCIIOBAIIBHUX TOTYKHOCTEW IJIsi TeHepalii Ta Bajimaii
TokeHiB. {e 0coOMMBO BaXITMBO TSl BOYTOBAHUX CUCTEM, TAKUX K KOHTPOJIEPH Ha
TPAHCTIIOPTHUX 3ac00ax, sIKI MOKYTbh MaTh 0OMEXEH1 00UHCITIOBAIBHI peCypCH;

— mBUAKICTE 00poOku. Ockiibku JWT moke OyTH MiATOTOBICHUM 1
nepeBipeHuil ayke MIBUIKO, Ie 3abe3leuye MiHIMaIbHI 3aTPUMKH B KOMYHIiKaIlii
MDK TPAHCIIOPTHHUM 3ac000M 1 cepBepoM. Lle KpuTHYHO AJi1 cUCTeM MOHITOPUHTY B
peaJpHOMY Yaci;

— rHydYKicTb. JWT MoXke JIeTKO IHTeTpyBaTHCS B Pi3HI YACTUHU CUCTEMH,
BKJIFOYAIOUM MOOLIBHI TOAATKH, BeO-1HTEpdeiicu Ta cepBepH 6a3 JaHUX;

— CYMICHICTh 3 pI3HOMaHITHUM amnapaTHuM 3abe3nedeHHsM. JWT moxe
OyTH peani3oBaHMi Ha PI3HUX IUIaTGopMax, BKIIOYAIOYM BOYTOBaHI CHUCTEMH 3
00MeXEeHUMHU pecypcamu, TakuMH K Arduino.

BpaxoByroun Bci mi pakropu, JWT € ontuManbHUM BUOOPOM JJII CUCTEMHU
MOHITOPUHTY TPOMAJICBKUM TPAaHCIIOPTOM MICTa, HaJalouu e(peKTUBHUMN, IIBUIKHMA

Ta THYYKHI MeTo 3a0e3nedueHHs Oe3neku nepenadi qanux [15].

1.4 TIlocTanoBka 3agayui
I'pomancekuii TpaHCIIOPT € HEBIA'€MHOIO YACTUHOK KHUTTS MicTa.
EdexktuBHICTh #lor0 poOOTH, a TaKOXK 3pYYHICTH Ta JOCTYMHICTH IS TPOMAJISH,

30KpeMa JJig 0ci0 3 OOMEXEHHMH MOXJIHUBOCTSMH, € KPUTHYHO BaKJIMBUMU



aCIEKTaMU CY4aCHOI'O KHUTTS B MICTi. B KOHTEKCTI IIMX BUKJIMKIB BUHUKAE MTOTpeda
B PO3pOOI1I KOMIUIEKCHOI CUCTEMU MOHITOPUHTY T'POMAJICBKOTO TPAHCIIOPTY.

Meroro naHoi pobOTH € PO3poOKa CUCTEMH MOHITOPHHIY TPOMaJChbKOIO
TpaHCIOPTYy MicTa 3aco0amMu MoBU TporpamyBaHHs C# 1 6a3u manux MS SQL
Server.

OcHOBHI 3aB/IaHHS:

1. Po3pobutu cTpykTypy 0a3u gaHUX:

— tabmuusg  Bopaii  (Driver). 306epirae iHdopmarliito 10po BOAIIB,
BKJIIOUAIOYH 1IeHTU(DIKAIHHUNA HOMED, MPI3BUILE, IM', KOHTAKTHY 1HQOpMaIlil0 Ta
JOCBI] pOoOOTH;

— tabnui TpancropTHi 3acobu (TransportVehicle). MictuTh nani npo
TUIIU, MOJENI, pEecTpalifHi HOMEpU Ta IHII TEXHIYHI XapaKTEPUCTHKU
TPAHCIIOPTHUX 3aC001B;

— tabnuit Mapuipytu (Routes). Bkiirodae B cede iHhopmaliiro npo Ha3By
MapIIpyTy, MYHKTH BIANPABICHHS Ta MPUOYTTS, Yac Ta BiICTaHb;

— tabmuit Ictopis pyxy (MovementHistory). ®ikcye icTopito pyxy
KO’KHOT'O TPAHCIIOPTHOTO 3ac00y, BKJIIOYAIOUHU Yac BiAMPABICHHS Ta MPUOYTTS;

— tabnui PemonTHi po6oTtn (Maintenance). 36epirae iHdopmalliro npo
IIPOBEICHI TEXHIYHI 00CIIYTOBYBaHHS Ta PEMOHTH.

2. PeanizyBatu pyHKIIIOHAJIBHICTH MOIIYKY:

— MONIIYK TPAHCIOPTHUX 3aco0iB. @DyHKIIOHAN, 10 J03BOJISE
BUKOHYBATH TMONIYK TPAHCIIOPTHHUX 3aCO01IB 32 PI3HUMH MapaMeTpaMu, TAaKUMHU K
THII, MO/I€JIb, PIK BUPOOHUIITBA TOIIO;

- MOIIyK BOAIiB. MexaHi3M 11 3HAXOJDKCHHS BOJIiB 3a IMEHEM,
npi3BUIEeM abo iIeHTU(]IKAIIHHIM HOMEPOM.

3. Po3poOuTH 3BIiTHICTB:

— PO3paxyHOK CepeqHbOI MIBUAKOCTI Ui KOXKHOTO TPAHCHOPTHOTO
3aco0y Ha OCHOBi JaHMX MOHITOPHUHTY;

— BU3HAYEHHS KUIBKOCTI TPAHCHOPTHHUX 3acO0IB Al KOXKHOTO THUITY

MajanuBa;



— BUSIBJIEHHSI MapLIPYTIB 3 MAaKCUMAJIbHOIO Ta MIHIMAJIbHOO BIJICTAHHIO;

— OTPUMAaHHS CIIMCKY MapUIpyTiB, SIKI BUKOHYIOTbCS TPAHCIIOPTHUMHU
3aco0aMu Ha eJIEKTPOCHEPTII;

— BUOIpKa MapIIPyTiB, AOCTYIHUX JUIsl 1HBATIIIB.

4. 3a0e3neynTH IHTErpamio 3 CUICTEMaMU MOHITOPUHTY Ta BIJICTEXKEHHS

— iHTerparis 3 GPS-cuctemamu aBTOTpaHCTIOPTY AJISE OTPUMAHHS JaHUX
PO MICLIE3HAXO/KEHHS Ta IIBUJIKICTh TPAHCIIOPTHUX 3aCO0I1B;

— CHIBIIpalls 3 CHCTEMaMHM JIOKYMEHTYBaHHS JiJIsl 30epiranus iHpopMmarii
npo nojii Ta Jii KOpUCTYBAaviB.

5. PeanizyBatu inTepdeiic sl KopucTyBaya:

— po3pobka rpadiuHoro iHTepdeicy, 1mo 3ade3nedye 3pyuHui JOCTYII 10
BCIX ()YHKIIIH CHUCTEMH, BKIIFOUAIOUH MOIIYK, 3BITHICTh Ta aHAJITUKY;

— BIIPOBA/KEHHS CHCTEMH ayTeHTHdIKaIlli Ta aBTOpU3alil s PI3HUX
poJIeH KOPUCTYBaUiB.

OO0'exTH IOCIIIKEHH :

— Bonif;

— TpancnopTHi 3aco6wu;

— Mapuipytu;

— TpancnopTHI 3yITUHKWY;

— PemonTHI po60TH;

— Cuctema MOHITOPUHTY Ta BIICTS)KCHHS;

- Jloru moiii;

— Kopuctysaui cucremu;

- Meroauka peaizaitii.

st peamizaiiii TMOCTaBJICHUX 3aBlAaHb OyJe BHUKOPHUCTOBYBATHCS MOBa
nporpamyBanHs C# mis peanizamii cucremu Ta MS SQL Server s 3a0e3nedeHHsS
30epexeHHs qanux. Crucrema Oyze po3pobnsarucs 3 ypaxyBanasam npuamnumnis OOI],
a TaKoX 3 BHUKOPHCTAHHSAM CyYaCHHUX METOJOJIOTIH pPO3pOOKH MPOrpaMHOro

320€e3IeYeHHA.



Po3pobnena cucrema Oyne crpomokHa 3a0e3neuyBaTH e€(EKTUBHUI
MOHITOPUHT TPOMaJChKOTO TPAHCIOPTY, BKJIIOYAKOYM 3pYy4YHI MEXaHI3MH IOLIYKY,
BHJIaul 3BITIB, Ta IHTETpallil0 3 CUCTEMaMH MOHITOPUHTY Ta BiAcTexeHHs. Lle
MOKPAIIUTh SIKICTh OOCIYrOBYBaHHS NacCaXHUpiB Ta 30UIBIIUTH €(PEKTUBHICTh

yIpaBJliHHS TPAHCIOPTHOIO IHPPACTPYKTYPOIO MICTA.

BucHoBoK 10 po3ainy

VY pamkax naHoro po3ainy Oyso MPOBENECHO 3arajibHe JOCIIIHKEHHs Oi3HeC-
npoiieciB 'y cdepi ynpaBiiHHS TPOMAJCHKUM TpaHCHIOPTOM. BU3HAUY€HO OCHOBHI
pOLECH AISUIBHOCTI, TaKl K IJIaHYBaHHS MaplIPyTiB, YIPABIIHHSI TPAHCIIOPTHUMHU
3acobamu, 3a0e3neueHHs 0e3MeKy nacaXupiB Ta MepCcoHalTy, a TAKOXK MOHITOPHHT 1
KOHTPOJb SKOCTI TepeBe3eHb. BHUBUEHO posib aKTOpiB Ta iXHI (PYHKIIOHAJBHI
000B'SI3KH, a TAKOXK CTPYKTYPY OCHOBHHUX O13HEC-TIPOIIECIB.

Ormsig cxoxux cucteM, Takux Kk GeolLocate Public Transport, TransitTrack
ta Moovit, 103BOJMB BU3HAYUTH KJIIOYOB1 aCMEKTH, SIK1 CIJiJl BPaXxOBYBaTH IPHU
po3pobmi. Crerudiyno, Oyino MPOBEACHO AOCHIIKEHHS METOAIB 3a0e3nedeHHs
Oe3reKku B CUCTEMax YIMpaBliHHA TPOMaJChKUM TpaHcnopToM. Ilicis getanbHOrO
anamizy obpano merong JWT (JSON Web Tokens) nns 3abe3neueHHs Oe3neku
nepeaayvi JaHuX, BpaXoBYIOUH HOTO €(pEeKTUBHICTD, IIBUIAKICTE 0OPOOKH, THYYKICTh
Ta CYMICHICTb 3 PI3HOMaHITHUM alapaTHUM 3a0€3MEeUCHHSIM, BKIIOYAIOYU
BOYy/IOBaH1 CHCTEMH.

B pe3ynbTaTi mpoBeneHoro 10CHiKeHHS 0y10 chOpMYITHOBAaHO TTOCTAHOBKY
3ajauyi Ha pO3pOOKY CHCTEMH YINPAaBIIHHSI Ta MOHITOPUHTY TPOMAJCHKOTO
TpancnopTy Micta. CPopMOBaHO CHCTEeMHHI MiAXid 10 3a0e3meueHHs Oe3meKu
JaHUX 1 BUOpaHO ONTUMAalbHI MeTonu mudpyBanHs. Bee e cTBoproe GyHaaMeHT
JUTSI TIOTATTBITIOT pO3POOKHU CHCTEMH, sTKa MAaTHME BUCOKY OTIEPATHBHICTh, HATIHHICTh

Ta 3a0e3MeUnTh BUCOKHUIA PIBEHB O€3MeKkn Ta KOM(DOPTY ISl Macakupis.



2 BUBIP METO/10JIOI'Il TA TEXHIYHUX PIIIEHD 1151
HNPOI'PAMHOI'O KOMIVIEKCY MOHITOPHUHI'Y
2.1 Ouinka Ta BUOIp TeXHIiYHUX 3aC00iB
BaxnuBuM eranoM po3poOKH CHUCTEMH MOHITOPUHTY T'POMaJChKOTO

TPAHCIOPTY € OLIIHKA Ta BUOIp TEXHIYHUX 3aC001B, K1 Oy 1y Th 3a/I151H1 Y L1 CUCTEMI.

2.1.1 MoBa nporpaMmyBaHHA

Bin BuOopy MOBM nporpaMyBaHHS 3aJIEKUTh HE TUIbKHU IBUAKICTH PO3POOKH
Ta BIPOBAJKEHHS CHUCTEMH, aje 1 11 HaAIMHICTh, MacIITa0OBaHICTh, a TaKOXK
3arajbHi BATPATH HA MITPUMKY Ta PO3BUTOK.

[Tpu BHOOPi MOBH MporpaMyBaHHs BaXJIMBO BPaXOBYBaTH psii Kputepii. [1o-
mepiie, MoOBa TOBMHHA MAaTH BUCOKUM pIBEHb MIATPUMKH O10J10TEK Ta
(GpeiiMBOpKIB, SKI 3MOXYTb CIPOCTHUTH PO3POOKY 1 CKOPOTHUTH TEPMIHU
BIIPOBA/DKCHHS CcUCTeMH. [lo-nmpyre, HEOOXigHO 3BEpHYTH yBary Ha CHUIBHOTY
pPO3pOOHMKIB, OCKUIBKM 1i aKTUBHICTh 1 pO3MIp BIUIMBaIOTh Ha IIBUIKICTH
BUPIIICHHS TEXHIYHUX MPOOJIEM Ta MOITYKY ONTUMAIbHUX pilieHsb. [lo-TpeTe, MoBa
NporpaMyBaHHsS TOBUHHA OyTH MPUIATHOIO ISl peaizallli BUMOT JO BUCOKOT
JOCTYITHOCTI, IMIBHJKOJII Ta MAacIITaOOBaHOCTI, Kl € KPUTHYHO BaKJIWBHUMU ISl
CHUCTEM MOHITOPHHTY B pealbHOMY Yaci.

VY 3B'13Ky 3 BUIIIE3a3HAYCHUMH KPUTEPISIMU, MOBU MPOTPAMyBaHHS TaKl SIK
Python, Java abo C# moxyte Oytu BigmMiHHUM BuOOpoM. Python mnpomonye
MUpoKKuii HaOip O010mioTeKk s 0OpOoOKM MaHWX Ta BeO-PO3POOKH, a TaKOK
Bi/I3HAYAETHCS JICTKICTIO BUBUCHHS Ta MIBHJKOI PO3POOKOI0. Java € BUOOpOM IS
PO3POOKH BETUKHUX, MACIITAOOBAHUX 1 HAMIMHUX CUCTEM 3 BHCOKOIO MPOIYCKHOIO
s3matHicTIO. C# BiI3HAYA€THCS BHUCOKOIO MPOAYKTHUBHICTIO Ta IHTETpaIli€lo 3
€KOCHUCTEMOI0 TNpOoAYKTIB Microsoft, sika Moxke OyTH KOPUCHOIO TpU BUOOPI1
TEXHOJIOT1YHOTO CTEeKYy [16].

Python Bim3HaYaeThCsl MHUPOKOIO MIATPUMKOIO 0i10Ti0TEK Ta (PEHMBOPKIB,
0 3HAYHO CHpOLIyEe po3poOKy. Bennka Ta akTHBHA CHUIBHOTA PO3POOHMKIB

J03BOJISIE€ MIBUAKO 3HAXOAUTH PILICHHS JJIs PI3HOMAHITHUX TEXHIYHUX MPOOJIEM.



lomo mBuakoxali ta MacmrtadoBaHocTi, Python Moxke 3abe3neuntu moctaTHIN
piBEHb 3aBISKM ACMHXPOHHOMY MPOTPaMyBaHHIO Ta ONTUMI30BaHUM O010110TEKaM
[17].

Java € imeasibHUM BapiaHTOM JJIsI PO3POOKH BEIUKHUX, MacCIITaOOBaHUX
CHUCTEM 3 BUCOKOIO MPOIYCKHOIO 37aTHICTIO. [ MOBa Mae GaraTuit HaG1p 610110TEK
Ta GperdMBOPKIB, a ii CHUILHOTA PO3POOHUKIB € OJHIEI0 3 HAMOUTBIINUX 1 HAMOUTBII
JOCBITYEHUX, 1110 TAPAHTY€E HAJIMHY NIATPUMKY Ha BCiX eTanax po3poOku [18].

C# € me oHUM TOTY>KHUM IHCTPYMEHTOM JIJIsi PO3POOKH, OCOOJIUBO SIKILIO
BpaxyBaTH TICHY IHTETpalilo 3 eKOCUCTEMOIO MpoiykTiB Microsoft. Xoua cnipHOTa
po3pobHuKiB C# Moke OyTH MEHIIIOI 32 po3MipoM nopiBHsAHO 3 Python abo Java, i
aKTUBHICTH 1 (DOKYC Ha SAKICTh 3a0e3MeuyroTh BUCOKUHN piBeHb miaTpuMku. Cama
MOBa BIJI3HAYAETHCSI BHUCOKOIO MPOAYKTHBHICTIO Ta MOXMJIMBICTIO CTBOPEHHS
MaciTaboBaHUX Ta HAJMIMHUX cucteM [19].

Y Ttabn. 2.1 HaBeneHW TOPIBHAJIBHUNA aHaNmi3  (PYHKIIOHAIBHUX
MO>KJIMBOCTEHN KOKHOT MOBU ITPOrpaMyBaHHSI.

Ta6mums 2.1 — [opiBHATBHHM aHaI3 MOB IIPOrpaMyBaHHS

XapakTepucTuka Python Java C#
KomMnonenTHa Bincyras Bincyras ITpucytns (WCEF,
apxiTeKTypa WPF)

[aTerpamis 3 Windows | [TomipHa [TomipHa Bucoka
JleckTomHi Tkinter, PyQt | Swing, JavaFX WPF, WinForms
bperiMBopKH

[TinTpumka Scikit-learn, | Weka, DL4J ML.NET,
MAaIlIMHHOTO HaB4aHHs | TensorFlow Accord.NET
PosmmpenicTs Bucoka Bucoka Bucoka

O6rpynryBanHss BuOopy C# 11 po3poOKH CHCTEMH MOHITOPHUHTY
IPOMAJICBKOTO TPAHCIIOPTY 0a3y€eThCs Ha KIJTLKOX KIIOUOBHX XapaKTEPUCTHUKAX ITiET
MOBH TporpamyBaHHs. 30kpema, C# BOJIOJIE€ TOTY)KHUMH MOKIIMBOCTSIMH IS

KOMIIOHEHTHO-OPIEHTOBAHO1 apXiTekTypu 3aBasiku TexHosnorisim WCF ta WPF. Lle



3a0e3mneuye BUCOKUI pIBEHb THYYKOCTI 1 I03BOJISIE JIETKO MOJAU(DIKYBATH CUCTEMY.
o crocyerbes 1HTerpauii 3 Windows, C# mae BOynoBaHy HIATPUMKY Ta
ONTUMIZAIlII0 TiJ [0 MiIaTGopMy, MO0 pOOUTH HOro OCOOJIMBO KOPUCHHUM ISt
CUCTEM, pO3TOpHYTUX B cepenoBuilli Microsoft. LI MoBa Takox xapakTepu3yeThCs
BHCOKHUM PIBHEM PO3LIMPEHOCTI, IO CHpPHUE JETKiil 1HTerpanii HOBUX MOJYJIB Ta
KOMMOHEHTIB. Ha nogady, y KOHTEKCT1 AECKTOMHUX noaaTKiB, C# Hajae BEeTUKHUI
BUOIp 1HCTPYMEHTIB AJig po3poOku 3a gonomororo WPF ta WinForms. 3a ymoBu
BCIX IIMX XapakTepucTtuk, C# € onTuMagbHUM BapiaHTOM JUIsl pO3pOOKH HaIIHHOI,

FHy‘IKOi Ta BI/ICOKOHPOI[yKTHBHOI CUCTCMHU MOHiTOpI/IHI‘y rpoMaacCbKoro

TPAHCTIOPTY.

2.1.2 CepenoBuiie po3pooku

JIJ1st po3poOKH CUCTEMH MOHITOPUHTY TPOMAJIChKOTO TPAHCIIOPTY MiCTa, 110
0a3yeTbcsi Ha MOBI mNporpamyBaHHs C#, MOXHaA PO3TJISHYTH TaKi CEpeOBHINA
po3pobku, sk Microsoft Visual Studio, Visual Studio Code Ta JetBrains Rider.
KoxHe 3 1x cepeioBUIll Ma€e CBOi yHIKaJIbHI MIEpeBaru Ta MOXJIUBOCTI, 1110 MOXKYTh
OyTH KOPUCHUMHU B 3aJICKHOCT1 BiJl KOHKPETHUX MOTPEO MPOEKTY.

Microsoft Visual Studio Bim3HauaeTbcss BHUCOKHM piBHEM 1HTerpaiii 3
texHoyorisiMu  Microsoft, Bxmouaroun mmardopmy .NET, mo pobuts #oro
i71IcaTbHUM BHOOPOM JIJIs1 KOMIUIEKCHHX Ta MacIITaOHUX mpoekTiB. Lle cepenopuiie
TAaKOXXK HaJa€ IMHMPOKUN HAOIp 1HCTPYMEHTIB JUIS BiJJIaroJKEHHS, TECTYBaHHS Ta
npodTIOBaHHS KOaY, IO € HE3aMIHHMM ISl 3a0e3MeYeHHS BHCOKOI SIKOCTI
mporpaMHoro 3aoesmneucHus [20-21].

Visual Studio Code mnpomoHye NerkoBICHMI Ta MIBHIKHHN iHTepdeiic 3
MOXKJIMBICTIO TJIMOOKOI HACTpOWKH dYepe3 cucrteMmy ruiaridiB. lle poOuth ioro
XOPOIIUM BHOOPOM JIsl PO3POOKH MPOTOTHIMIB a00 KOJIU MIBUIKICTH PO3POOKH €
MPIOPUTETHUM (HAKTOPOM.

JetBrains Rider, 3 cBo€i cTOpOHU, MPOMOHYE PO3IMHUPEHI MOMKIMBOCTI IS
pedaKkTOpUHTY KOy Ta BUCOKY CYMICHICTB 3 IHITUMHU MpoAyKTamu Bin JetBrains. Le

MOXe€ OyTH BaXJIMBHUM, SIKIIO B MPOEKTI IUIAHYEThCS BUKOPUCTOBYBATH 1HIIII



IHCTPYMEHTHU IIbOTO BUPOOHMKA, HANPUKIAJ, Ul YIpaBiiHHA 0a3zaMu JaHUX a0o
IUIsL HeTepepBHOT 1HTerpanii [22].

B tabnuui 2.2 HaBeAeHU MOPIBHSAIBHUN aHajl3 1HTETPOBAHUX CEPEIOBHUL
po3pobku (IDE).

Tabnuus 2.2 — IopiBHSUIBHUI aHAII3 CEpeOBUIL PO3POOKH

XapakTepucTHKa Microsoft | Visual Studio JetBrains

Visual Studio Code Rider

[aTerpamiss 3  TexHomorisimMu | Bucoka Cepenns Hwuzpka

Microsoft

Ha6ip  inctpymentiB  aus | [loBHuii Obmexennit | OOMexeHui

B1JJTArOJUKECHHS

[TigTpumka apTomaTnyHoro | [IosHa YacTkoBa YacrtkoBa

TE€CTYBaHHS

[IpodintoBanus Koxy BOynoBani UYepes Uepes
3aco0u TIJIar1HA IJIar1HA

[aTerparis 3 cucrtemamu | [loBHa YacTkoBa YacTkoBa

KOHTPOJIIO BEPCIii

3 ypaxyBaHHSM HaBEJCHUX XapakTepucTuk, Microsoft Visual Studio e
HAWOLIBII ONTUMAJLHUM BHOOPOM JUIS PO3POOKH CHCTEMH MOHITOPUHTY
IpPOMaJICBKOTO TPAaHCIIOPTY MicTa Ha MOBI mporpamyBaHHs C#. Lle cepemoBuie
po3poOKKM Hajae HAWOUTBIIMK HaOIp IHCTPYMEHTIB nJsi €(eKTHBHOI poOOTH,
BKJIFOYAI04H BOYIOBaHI 3acO0M JUTsl BiJJIarO/KEHHS, TECTyBaHHS, MPOQITIOBAHHS
KOZy Ta IHTerpamii 3 cHCTeMaMH KOHTPOJIO Bepciil. Takok BapTO BiI3HAYHUTH
BHCOKHUI piBeHBb IHTErpallii 3 TexHoJorissMu Microsoft, 10 € KPUTUYHO BaXKJIMBHM

JUTSI YCITIXY TTPOCKTY.

2.1.3 Cucrema ynpasBJliHHs 0a3aMu JaHUX
JI1s1 po3p0oOKH CUCTEMH MOHITOPUHTY TPOMAJICBKOTO TPAHCIOPTY MICTA, 1110

0a3yeThcs Ha MOBI nporpamyBanHst C# Ta iatgopmi .NET, Ki1r040BUM acriekToMm €



BUOIp cucteMu ynpabiiHHa 0azamu ganux (CYB/]). Lleii BuOip BIiuBae Ha HU3KY
KPUTUYHUX NapaMeTPiB CUCTEMHU: MPOJYKTHUBHICTh, MACIITA0OBaHICTh, HAIIUHICTD
Ta Oe3neky 30epiraHHs JaHUX. Y IIbOMY KOHTEKCTI PEKOMEHIYEThCS PO3IJISHYTH
taki CYB/I, sik Microsoft SQL Server, PostgreSQL Ta MongoDB.

Microsoft SQL Server € BUCOKOSKICHOIO PEJISIINHOI0 CUCTEMOIO YIPABIIHHS
6azamu nanux (CYB/), sika oTpumalia mupoKe BUSHAHHS HA PUHKY 3aBJASIKA CBOIM
MEPEeIOBUM TEXHOJIOTISIM, HaAIMHOCTI Ta CYMICHOCTI 3 IHIIMMHU MPOJYKTaMH Bij
Microsoft. CnpoexkToBaHa 3 ypaxyBaHHSIM BHUMOI' JI0 BEJIUKMX O0'€eMIB JaHHUX 1
BUCOKO1 ocTymHOCTI, 111 CYB/] iHTerpyerhes 3 iHppacTpyKTypOrO KOPIIOPAaTUBHUX
CHUCTeM Ha pPI3HUX eTamax — BiA pPO3pOOKH /10 BIOPOBAHKCHHS Ta MOJAIBIIOT
miaTpumMKH [23].

Onniero 3 kmouoBUX xapaktepuctuk SQL Server € HoOro mnoTy>XHHM
ONTUMI3aTOp 3aMuTiB. 3aBASKA KOMIICKCHHM alTOPUTMaM aHallizy, CHUCTeMa
31aTHa €()eKTUBHO MPAIIOBATH 3 BEJIMKUMHU HA0OpaMH JaHUX, MIHIMI3YIOUU 4Yac
BiAryKy Ha SQL-3anutu.

PostgreSQL BIJI3HAYAETHCS BHCOKOIO IPOYKTUBHICTIO Ta
MacIITabOBaHICTIO, @ TaKOX IMITPUMKOIO IIUPOKOTO CHEKTPY THUIIB JaHUX 1
THYYKICTh y cTBOpeHHi ckmannux 3anuTiB. g CYBJl € BinkpuTuM mnporpaMmHuUM
3a0€e3IeUeHHsIM, 110 3a0e3Medye T0JaTKOBY THYUKICTh IIPH aJanTarii cucteMu [24].

MongoDB € mnpeacraBamkom NoSQL 0a3 maHuX 1 XapakTepU3YyeEThCS
BEJIMKOIO IIBUIKICTIO 3alKMCY Ta YUTAHHS, @ TAKOX THYYKICTIO CTPYKTYpPU JAHUX.
Bona moxe 0yTH eheKTHBHOIO MpH 30epiraHHi BEITHUKUX 00'€MiB HECTPYKTYPOBaHUX
a00 YaCTKOBO CTPYKTYypOBaHMX AaHUX [25].

VY Tabn. 2.3 HaBeneHO MOPIBHSUIBHUMA aHali3 MOMKIJIUBOCTEH PO3TISHYTHX

CYB/, axuit cTane B MpUTo/ii IPU BUPIMICHH] MpobiieMu 30epiraHHs JaHUX.

Ta6muns 2.3 — [opiBHsIbHM aHaNi3 cxoBHIl b/l

XapakTepucTuka Microsoft SQL | PostgreSQL | MongoDB

Server




[HTeTpallis 3 TEXHOIOTIIMU Bucoxka Hwu3bka Hwu3bka
Microsoft
ABTOMAaTH3AIlisl PE3EPBHOTO BoynoBani Yepes Yepes
KOIIIOBaHHS 3acobu IUTariHu IUIariHu
Bucoka noctynHicThb Tak YacTkoBa YacTtkoBa
[TinTprMKa TpaH3aKIIii [IoBHa [IoBHa Ob6mexeHa
besneka nanux Bucoxkwii pisens | CepeaHiit Cepenniit
p1BEHb piBEHb

3 ypaxyBaHHSIM IUX XapakTepucTuk, Microsoft SQL Server e HalOLIBII
ONTUMAJIBLHUM BHOOPOM I CHCTEMH MOHITOPUHTY TPOMAJICBKOTO TPAHCIOPTY
micta. Bucoka iHTerparis 3 texHonorismMu Microsoft, BOymoBaHi 3acobu mis
aBTOMaTM3allli PEe3epBHOTO KOTMIIOBAHHS, BHCOKA JOCTYMHICTh Ta MiATPUMKA
TpaH3akiik pobssats 10 CYB/] oco61muBo npuBabIMBOTO 11 TPOESKTIB, 3aCHOBAHUX

Ha iatdopmi NET [26].

2.2 AHaji3 BMMOI Ta MOJeJIOBAHHA mpeuneaeHTiB 4epe3 Use-case
aiarpamMu

JUiss TpOBENEHHS  JIETAIBHOTO OmHCY (YHKIIOHATIBHUX XapaKTEePHUCTUK
CUCTEMH MOHITOPHHTY TPOMAJICBKOTO TPAHCIOPTY MiCTa Ta JUIsl TOYHOTO
BU3HAYCHHS BapiaHTIB il BUKOpHUCTaHHSA 3 OOKYy KOPHCTYBadiB, HaJ3BHUYAIHO
pPEJICBaHTHUM € 3aCTOCYBaHHS miarpaMu TperieAeHTiB. lleit MeromosnoridyHuii
IHCTPYMEHT  BiJiIrpa€  KIIOYOBY pPOJb Y  BiIOOpPaKEHHI  KOMIUIEKCHUX
B3a€EMOBIIHOCUH MDK YYaCHMKaMH CHCTEMH Ta MOKJIMBUMHU CIEHApisIMHU 11
(yHKIIOHYBaHHS.

[IpenieneHT y gaHOMY KOHTEKCTI TPEICTaBIsi€ COOOK KOHKPETU30BaHUH
BapiaHT B3a€MOJIIi KOPUCTyBaya 3 CUCTEMOIO 3 METOIO JOCSTHEHHS BH3HAYCHOTO
pesynbraty. OTXe, KOXHHUI TpENEJeHT € eIeMEHTapHOW (DYHKIIIOHATBEHOIO

OJIMHUIICIO CHCTEMH Ta BioOpakae crienudiyHuil acrieKT 11 BAKOPUCTAHHS.



BukopucrtaHHd = JgilarpaMM = OpelEeHTIB B CHUCTEMI  MOHITOPUHTY
IPOMAJICBKOTO TPAHCHOPTY MICTa CIPHUSE IKICHOMY OMUCY TUIOJIOTTYHUX MOJIeNen
B3a€EMOJIIi MDK PI3HUMHU KaTeropisiMU KOPHCTYBadiB Ta cucTeMoro. JlaHuii
THCTPYMEHT TaK0X [03BOJISI€ JETadi3yBaTH 30BHIIIHI KpUTEpli Ta BUMOTU 0
(GYHKIIIOHYBaHHS CHUCTEMH, IO € KPUTUYHO BaXJIUBUM sl 11 edexkTuBHOT
eKCIUTyaTallii Ta moIajbIIoro po3BUTKY [27].

3 ypaxyBaHHSIM BH3HAUC€HHMX IUJIeH Ta 3aBAaHb JaHOT HAYyKOBO-TEXHIYHOI
poOOTH, MOXXHa CQOpPMYIJIIOBaTH KOMIUIEKC (YHKUIOHATBHUX BUMOT 10
IUTAHOBAHOTO MPOTPAMHOr0 3aCTOCYHKY. JleTayi30BaHMil mepenik LHUX BUMOT
Npe3eHTOBaHO y Tab. 2.4 7aHOTO JOCIIKEHHS.

Tabmuis 2.4 — OyHKIIOHAIBHI BUMOTH 10 IOJATKY

Bumorn Onuc

REQ-1 IMmemMeHTallist MEXaHi3MiB peecTpallii Ta aBTOpU3allli KOPUCTYBaviB 3

PI3HUMH POJIIMH JIOCTYITY A0 CUCTEM

REQ-2 dikcarris Moid Ta A1 KOPUCTYBAUIB y CHCTEMI

REQ-3 | ®opMyBaHHs Ta pefaryBaHHs OOJIIKOBHX 3allMCIB KOPUCTYBayiB, IO
MICTATh HEOOXinHy iHdopMaliro s ineHTUdIKamii Ta KOHTPOJIO

JOCTyITy

REQ-4 JlomaBanHs Ta Moaudikallis 3anuciB B Tabaunsgx 0a3u gaHux (Bojii,

TPAHCIIOPTHI 3aCO0H, MapUIPYTH, PEMOHTHI pOOOTH TOIIIO)

REQ-5 | Peanizamis yHKITIOHATY MOIIYKY TPAHCIIOPTHUX 3aCO0IB Ta BOAIIB 3a

PI3HUMH aTpUOyTaMu

REQ-6 | CtBopeHHSs MOIyNIiB 3BITHOCTI, IO BKJIIOYAIOTh PO3PAXyHKHU
CEpeHbOI IMIBHUIKOCTI, THUIIB MajlWBa, aHaNI3 MapHIPyTIB Ta IHIII

aHATITHYHI TapaMeTpH

REQ-7 | Iarerparis cuctemu 3 icHyrounmu GPS-cucremMamu MOHITOPUHTY TSI
OTPUMAaHHS JIaHUX TPO  MICIE3HAXOPKCHHS Ta  IIBUIKICTh

TPAHCTIOPTHUX 3aC001B




REQ-8 | Inrerpamis 3 cucreMamMu JOKYMEHTYBaHHS Ta YIpaBIIHHSA IS

30epiraHHs apXiBHUX JaHUX Ta A1 KOPUCTYyBayiB

REQ-9 | Po3poOka kopuctyBalbkoro inrepdeicy, mo MakCuMaibHO CIPOIILY€

JOCTYT 10 (DYHKI[IOHATBHUX MOXKJIMBOCTEH CUCTEMU

REQ-10 | BrmpoBamxeHHss cucTeMH aBTeHTU(iKalii Ta aBTopW3alii i

KOPHMCTYBAYiB 3 PI3HUMU POJSIMU 1 JO3BOJIAMHU

B pamkax maHoi cuctemu, HepyHKITIOHAJIbHI BUMOTH CIYTYIOTh KPUTHYHUM
KOMITOHCHTOM JIJISl aHaTi3y SKICHMX TOKa3HWKIB CHCTEMH 1 CTOCYIOThCS TaKHX
aTpuOyTiB, sIK €()EKTUBHICTh POOOTHU, CTAOUIBHICTh, OCTYMHICTh, 3aXUIICHICTD,
aJaNTHBHICTh, 3PYYHICTh KOPHCTYBAaHHS Ta IHIINI XapaKTCPUCTHKH, HE MPSIMO
noB'si3aHi 3 (QyHKmioHanmeHicTIO.  [leramizoBana — cmemudikaiis — IUX
HEe(YHKIIOHATBHUX BUMOI TIpUBelE€Ha B Tabnuii 2.5 JaHOTO HAyKOBOTO
nocnimkenns. el ancamOibp BUMOT CIipusie TIIMOOKOMY OCMHUCIEHHIO (haKTOPiB,
10 TIOBUHHI OYTH B3ST1 O YBaru Nnpu IMPOCKTYBaHHI Ta OIIHIOBAaHHI CHCTEMH 3
HOTJISAY 11 SAKICHUX XapaKTEPUCTHK 1 BIAMOBIIHOCTI OYIKYBaHHSM CTEHKXOJJIEPIB.
Takum 4ymHOM, He(YHKIIOHATBFHI BHUMOTH BIIIrpalOTh KIKYOBY pOJb Y
3a0€3IeUeHHI BUCOKOT'O PIBHS SKOCTI PO3POOJIEHOT CHCTeMH Ta ii BiIMOBITHOCTI
CTaHJapTaM Ta MoTpedaM KOPUCTyBadiB.

Tabmuns 2.5 — HedyHKI1ioHaIBEHI BUMOTH 0 JIOAATKY

Bumorn Onuc

REQ-11 Cuctema moBuHHA 00POOJIATH BEIUKI OOCSITH JaHUX B PEATbBHOMY

gaci, 3a0e3Meuyr4r HU3bKi 3aTPUMKHU BIITYKY

REQ-12 Cucrema OBHHHA TapaHTyBaTH CTaOUIbHY poboTy 24/7 Ta Matu

BIIMIHHI ITOKa3HUKHU B1JHOBIIIOBAHOCTI ITICJIS 3001B

REQ-13 Cucrema moBuHHA OyTH JOCTYITHOIO 3 PI3HUX THUIIIB IPUCTPOIB Ta
MaTH THYYKl TapamMeTpu JOCTYIMHOCTI [JIi pI3HUX Tpym

KOPHCTYBayiB




REQ-14 3a0e3nedeHHs] 3aXHMCTy JaHUX KOPHCTYBaudiB Ta CUCTEMHU B
OUIOMY, BKIIOYAalO4M IMHQPYyBaHHA, ayTEeHTHU(QIKAIil0 Ta

aBTOPU3ALIIIO

REQ-15 Cucrema mNOBMHHAa OyTHM THYYKOIO Yy IUIaHI PO3MIMPEHHS

(YHKII0HAIBHOCTI Ta MIATPUMKHU BETUKOIO YMCIa KOPUCTYBaUiB

REQ-16 Kopucrysaipkuii iHTepdeiic Mae Oyt 1HTYITUBHO 3pO3yMUIUM

Ta JIETKUM Y BUKOPUCTaHHI

REQ-17 Cucrtema MoBUHHA BiJIMOBIIATH HAILlIOHAJIBHUM Ta MIKHAPOIHUM

cTaHgapTam 30epekeHHs Ta 00pOOKU TaHUX

REQ-18 Cucrema TmOBMHHA MIHIMI3yBaTH CHOXKHUBAaHHS  PECYpCiB,

BKJIIOUAIOYH €JIEKTPOCHEPTiI0 Ta 00UUCITIOBAIbHY MOTYKHICTh

OCHOBHUMH Y4YaCHUKAMH, 110 B3aEMOJIIOTH 3 MPOEKTOBAHOK CHCTEMOIO, €
aJMIHICTpAaTOpu Ta 3BMYAlHI KopucTyBaui. Lli akTopm mnpencrtaBisioTh c00OO0IO
KPUTHUYHI CTEUKXOJJEpH, IO Oe3MocepelHbO B3aEMOJIIOTh 3 CHCTEMOIO IS
3niiicHeHHs cnenudiuanx 3ana4d. KoxkHa 3 1ux rpyn Mae BiacHUi HaOip Iisiei, mo
BioOpakae iXHI MOTpeOM Ta acmeKTH B3aeMoii 3 cuctemoro. [leramizoBaHa
XapaKTepUCTHUKA aKTOpIB Ta iX IUJIEH y B3a€MOIl 3 CHCTEMOIO TpejCTaBieHa B
Ta0JuIi 2.6 JaHOTO JOCIIIHKEHHS.

Tabmums 2.6 — AkTopu iXHI 1T Y CUCTEMI

AxkTopu i1

Anminictpatop | OCHOBHA IUTh  aAMIHICTpaTopa TONArae B  e(HEKTUBHOMY
aJAMIHICTpYBaHHI OOJIIKOBUX 3aIUCIB, 3 METOIO 3a0€3MeUYeHHs 1X

cTabUTbHOT (DYHKITIOHATFHOCTI Ta YIPABIIHCHKOI AISTTBHOCTI

Kopucrysau 3aBIaHHs KOPUCTYBada MOJSATAE YB3a€EMOJIi 3 CHCTEMOIO Yepes

BUKOPHUCTAHHS JOCTYMHOTO (DYHKITIOHATy Ta CEPBICIB

baza nanux OcHoBHa ¢yHKIi 0a3u JaHMX — 3a0C3MEeUYCHHS HaIIHHOI

KOHCepBaIlii Ta eeKTUBHOTO yNPaBIiHHS JaHUMU




BapiaHTu BHKOpHUCTAaHHA XapaKTE€pPU3YIOThbCS K crenudiuHi

MOJIeNl

B3a€EMOJIIi MK CyO'€KTaMU B3a€MOJIl Ta CHUCTEMOIO, CIPSIMOBAHI Ha 31HCHEHHS

BHU3HAYEHMX 3aBJaHb. B Tabn. 2.7 BUCBITIEHI KIIOYOBI CIieHapii BUKOPUCTAHHS B

pamkax cucteMu. KoxHUI Takuil cLieHapid mpeacTaBiisie COO0I0 OKPEMUI MpUKIa

B3a€MO/III, SIKUM aKTOPU MOXYTh peai3yBaTH 3 CHCTEMOIO, BUXOJSYU 13 CBOIX

KOHKPETHHUX NOTpeO 1 3aBJaHb.

Tabnuus 2.7 — Onuc BapiaHTIB BUKOPUCTAHHS TOJATKY

Bapiant | IM’s Onuc
UC1 CrtBOpeHHs Jlo3BOJIsIE  KOpHUCTyBady 1HIIIIOBATH MPOILIEC
0OJIIKOBOTO 3amucy | peectpallii Ta popMyBaHHS HOBOTO OOJIIKOBOIO
3aIUCy B CUCTEMI
UC2 Inentudikaris 3abe3neuye KOpHUCTYBauy MO>KJIUBICTb
KOpHCTYyBaya Bepudikarii CBOET 1IEHTUYHOCTI IS
OTPUMAaHHS JIOCTYITY 10 (DYHKIIIOHATY CHCTEMH
UC3 [lepermsin  criucky | Jlo3Bossie aZMIHICTpaTOPy CUCTEeMH
KOPHCTYBayiB O3HAHOMUTHCS 3 TEPETIKOM 3apeecTPOBAHUX
KOPHUCTYBayiB
UC4 JlomaBaHHsI 3abesneuye  aaMIHICTPATOPy  MOJXKJIMBICTH
KOpHCTyBaya IHKOPIIOpYBaHHS HOBOTO KOpPUCTyBaya [0
CUCTEMU
UC5 Mopaudikaris naaux | Jlo3Bonsie  aaMiHICTpaTopy 3MIHIOBaTH —Ta
KOpHUCTyBaua OHOBIIIOBAaTH  JIeTalli  OOJIIKOBOTO  3amluUCy
KOHKPETHOTO KOPUCTYyBaya
ucCv [lepernsim ~ coucky | 3abe3nedye MOXKIUBICTh O3HAMOMIICHHS 3
BOJIIIB MIEPEIiKOM BOJIIiB, 3aPEECTPOBAHUX B CHCTEMI
ucCs JlogaBaHHS BOIIs Jlo3Bouisie 3amovyaTKyBaTH IPOIIEC peecTparii
HOBOTO BOJIiSI B CHCTEMI
uC9 OHoBnenHa aanux | Jlo3Bomsie Moau(piKyBaTH icCHyIOUYy
BOJIIS iHbOpMAaIIio PO BHOPAHOTO BOIIS




UC10

[lepernsin mepeniky

3abesmneuye

A0CTYyII a0 KaTajaory

TPaHCIIOPTHUX TPAHCHOPTHUX 3ac00iB, MO (YHKLUIOHYIOTH B
3aco01B cucremi
UC11 JlonaBaHHs Jlo3Bouisie po3movaTu MPOLEAYpPY peecTparlii
TPAHCTIOPTHOTO HOBOT'O TPAHCIIOPTHOT'O 3aCO0y
3aco0y
UC12 Monudikanis Jlo3Bosie 3MIHUTH aTpuOyTH Ta
iHpopmarii XapaKTepPUCTUKH BUOPAHOTO TPAHCHOPTHOTO
TPAHCTIOPTHOTO 3aco0y
3aco0y
UC13 [lepernsin mepeniky | 3abe3neuye  JAOCTYNl IO  CHOUCKY  BCIX
3YITUHOK TPAHCIIOPTHUX 3YIHUHOK, IO BXOIATH JIO
CUCTEMU
UCil4 CrBopenHss  HOBOIi | Jlo3BouIsi€ IHIIIFOBATH MPOIIEC 0/ IaBaHHS HOBOT
3YNUHKH TPAHCIOPTHOT 3yMUHKU
UC15 OHoBiieHHa fAaHuXx | Jlo3Bonsie  pemaryBaTd Ta  OHOBJIKOBATH
3YITUHKU 1H(pOpMaIIiIO PO KOHKPETHY 3yNMUHKY
UCl16 [IpesenTartis manux | 3abe3neuye  AOCTYNl IO  JE€Talied  BCIX
npo TO MPOBEJIEHUX TEXHIYHUX 00CITYrOByBaHb
uci7 HonaBannas TO Jlo3Bosigse  3amyckaTd  MpOLEC  3aHECECHHSA
iHbopMarii po HOBE TEeXHIYHE
o0cIyroByBaHHS
UCi8 Mopaudikaris naaux | 3abe3neuyye  MOXKJIUBICT,  3MIHM  JaHUX
TO 00paHOT0 TEXHIYHOTO 00CITYyrOBYBaHHS
UC19 Kontpons Jl03BOJIsSIE  KOpUCTYyBauy HaJallTOBYBaTH Ta
MapIIpyTiB HIIIFOBATH HOB1 MapIIpyTH
uC20 Emynsamis  poGotu | 3abe3neuye MOKIIUBICTh KOPUCTyBauy
CUCTEMU CUMYJTIOBATH MISUTBHICTh CHCTEMH B PEAUTBHOMY

qaci




ucC21 [omryk 3abe3neuye (yHKL10HATIBHICTh ISt
TPAHCIIOPTHUX 3HAXOJKEHHS  KOHKPETHUX  TPAHCHOPTHUX
3ac001B 3ac001B B 0a31 JaHUX

ucC22 [Tomyx panux mpo | Jlo3Bomnse KOPUCTyBavyy 3M1IACHIOBATU
BOJIIIB ¢dubTpaLito 1 nomyk iHdopmarlii mpo BoAliB

ucCz23 BinoGpaxenus Hamae nmoctym ngo jory momiid, 110
CUCTEMHUX MOA1I 3apeeCTPOBaH1 B CUCTEMI

uC24 ['enepariis 3BITIB J103BoJIsSIE KOPUCTYBAaYy KOMITUTIOBATH 3BITH Ha

OCHOBI 310paHNX CUCTEMHUX JaHUX

3a 1onmoMororo aHami3y BXIAHUX JaHUX OyJiM CTBOPEHI JlarpaMy BapiaHTIB
BUKOPUCTaHHS, WIO UIIOCTPYIOTh (DYHKIIOHAIbHI MOKJIMBOCTI CHUCTEMHU JUIS

CHUCTEMHOr0 ajMiHicTpaTopa (puc. 2.1) Ta 3Bu4aitHOro Kopucrypaua (puc. 2.2).

C1cTeMa MOHITOPUHTY rPOMAa/ICbKUM TPAHCMOPTOM MicTa
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Pucynok 2.1 — Jliarpama use-case JjIsl poJil «aIMIHICTpaToOpa



CucTeMa MOHITOPUHTY rROMAACEKM TPAHCMOPTOM MicTa
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Pucynok 2.2 — Jliarpama use-case JjIsl poJii «KKOPUCTYBaY»

2.3 IIpoekTyBaHHsI CTPYKTYpH 0a3u aaHux 3 BUkopuctanusam ERD Tta
OIMC CYyTHOCTEH

B pamkax panoi mociimkyBanbHOI poOoTu Oyno cdhopmoBano Entity-
Relationship Diagram (ERD), mo chnpsiMoBana Ha JAeTali3allil0 CYTHOCTEH Ta
B3a€MO3B'SI3KIB Y CHCTEM1 MOHITOPUHTY TpOMaJChbKOro TpaHcmopTy micta. ERD
BKJIFOYA€E B ce0e psij KIIFOUOBUX CYTHOCTEH, SK1 g OyayTh po3risiHyTi [28].

Jlns mpeamerHoi obmacti Oyna crtBopeHa ER-miarpama, ska m03Bojisie
BiI0Opa3UTH CYTHOCTI Ta 3B'SI3KM MK HUMHM y 111K cucteMi. ER-miarpama Bkimtouae
HACTYIHI CYTHOCTI Ta iX aTpuOyTH:

— cyTHicTh «Maintenance» nmpu3HaueHa it 30epiranis iHgopmMarlii mpo
TEXHIYHE OOCIYrOBYBaHHS TPAHCHOPTHUX 3aco0iB. lle KpUTHYHO BaKIMBUIA
KOMITOHEHT JIUIS 3a0€e3MeUeHHs HAIIHHOCTI 1 0€3MeKH eKCILTyaTallii TpaHCIIoPTY;

— CyTHICTh «Routes» pempe3eHTye MapmpyTH, MO SKHX KypCYHOTh
TPaHCTIOPTHI 3acO0u;

— cyTHicTh «TransportStop» ciyrye st 30epiranHs iH(popMarii mpo

TPaHCTIOPTHI 3YMTUHKH;



— cyTHIcTh «TransportVehicle» mpencrasisie TpaHCHOpPTHI 3aco0H, 110
BXO/ISITh JIO CKJIaJly TPOMAJICBKOTO TPaHCTIOPTY;

— cyTHicTh «Driver» cayrye nns IHKamncyJsuii Ta 30epiraHHs Bciel
KIIF0YOBO1 1H(oOpMalii mpo BOJAIB TI'poMajchbkoro TtpaHcnopry. Llg cyTHICTBH
HeoOXiaHa JuIsl 3a0e3MedYeHHs] ONEepaTHMBHOrO AOCTYNY A0 JaHUX MpOo BOJAIIB, iX
ocobucToi iHpopmMarlii, Ta pob0UOro AOCBINY;

— cytHicTh «MovementHistory» BianoBigae 3a 30epiraHHs iHpopmarlii
PO ICTOPIIO MepeMillleHHs TPAHCHOPTHUX 3ac00iB. LI CyTHICTH € HEOOXITHOO AJIs
aHalizy e(peKTUBHOCTI MapIIPyTiB, KOHTPOJIIO 32 JOTPUMAHHSAM PO3KIAy, a TAKOX
JUIS PETPOCTIEKTUBHOTO aHAITI3Y PYXY TPaHCIIOPTY;

— cytHicTh «MonitoringAndTracking» mnpusHadueHa mia 30epiraHHs
JaHUX, OTPUMAHUX B peaJbHOMY Yaci BiJ CUCTEM MOHITOPUHTY 1 BiJICTEKEHHS
TPAHCIIOPTHUX 3aC001B;

— CYTHICTb «LOogs» CyKUTb 17151 30epiranHs iHdopmarlii mpo Bci moii Ta
i1, 10 B1AOYJIUCS B CUCTEMI.

CdopmoBaHi CyTHOCTI TPEACTABISIOTh KJIFOYOBI KOMIIOHEHTH IaHUX, SIKI
3aCTOCOBYIOTBCS B IHJKEHEpli  aBTOMATHU30BAaHOiI  CHUCTEMHU  YIPABIIHHS
TEIJIOTIOCTAaYaHHAM Ha BUPOOHMUIM Turomaami. ILli cyTHocTi 3abe3nedyroTh
eekTUBHE 30epiraHHs Ta CTPYKTYPYBaHHS PEJIEBAHTHUX JAHUX IS MOJAIBIIOT
ekcruryatanii Ta aHamiTukh. ER-miarpama, pospoOiieHa niis 1i€i iHIIIATHBH,
3abe3rieuye TpadidyHe MPENCTABICHHS B3a€EMO3B'I3KIB  MDK  BIANOBIIHUMH
TaOJIUIISIMU Ta ACOI[IHOBAaHUMU 3 HUMHU TaHUMH. Pe3ynbTat mpoekTyBanHs 1iei ER -

JiarpaMu MpeaCcTaBICHO Ha puc. 3.3.
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Pucynok 2.3 — ER-niarpama 6a3u nanux

2.4 KoHuenuisi apXiTeKTypHUX pillleHb

ApXITEeKTypa JIaHOi CHCTEMH MOHITOPHUHTY I'POMAJICBKOTO TPAHCIIOPTY MicTa
0a3yeTbCst HA TPHOXPIBHEBIN CTPYKTYPI, sIKa OXOTUTIOE TaKl KOMIIOHEHTH:

— piBEeHb KOpHCTYBaIbKOTO iHTepdeiicy: Lleit BepxHiil piBeHb BiMIOBITAE
3a Oe3MmocepeIHI0 B3aEMOIIF0 MK KOPUCTYyBaueM Ta cucteMoro. JIis 1iel cuctemu,
KOPHUCTYBAIbKUM 1HTEpderc po3po0IeHO 3 BUKOPHUCTAHHIM TEXHOJIOTIYHOTO CTEKY,
[0 BKIIOYa€e cepenonuiie po3podku Visual Studio 2022 Ta MOBY mporpaMmyBaHHS
C#. lleit piBeHb MICTUTh pPI3HOMAHITHI KOPHUCTYBalbki (OpMH, Ha SKUX
MpeACTaBiIeHl HEOOXiMHI JaHi Ta IHTEPAaKTHUBHI CJIEMEHTH [JIsi B3aEMOJIl 3

KOpPHUCTYBAYEM,;



— piBeHb Oi3Hec-noriku: Lle neHTpanbHuil piBeHb, KN 30CEPEIKYE B
co01 J10riKy 00pOoOKH JaHMX Ta AITOPUTMU (PYHKIIOHYBAaHHS CUCTEMU. BiH MICTUTH
KJIacM Ta METOIM, SIKI BIIMOBINAIOTH 3a aHami3, OOpOOKYy Ta MapIIpyTH3AIiIO
TPaHCMIOPTHUX MOTOKIB, & TAKOXK 32 B3aEMOIII0 3 0a3aMU JJaHUX;

— piBeHb ymOpaBimiHHS gaHuMu: Llell HWKHIM piBeHb 3alMa€eThCs
30epiraHHsIM Ta MaHIMyJsALier0 JaHuMU. Bid Bkitodae B ceOe kitacu Ta QyHKIII, K1
3a0€3MeuyIoTh IHTerpallito 3 023010 JaHUX, JOCTYII /10 HEl Ta ONTUMI3allil0 3alHTiB.

Taka TpbOoXpiBHEBa apxXiTeKTypa MA03BoJiA€ €(EKTHUBHO  PO3JIUIUTH
(YHKIIOHAJIBHICTh CUCTEMH HA JJIEKOMITO30BaH1 MOYJI1, 1110 TOJIETIIY€E i MoJabIle

TECTyBaHHS, MOAU(IKAIIIO Ta MACIITA0yBaHHS.

2.4.1 Po3poOka piBHS J0CTYNY 10 JaAHHUX

VY noyaTkoBOMY eTari po3poO0KH CUCTEMH OyJIO CTBOPEHO CIeIliali30BaHU
Iap JJis YIpaBIiHHS JTOCTYIIOM JIO JIAHUX, KM CKIIaIa€eThCs 3 AeB'aTH Kiacis. 11
KJIaCH MaroTh 1IeHTHdIKyouni cydikc «Provider» B Ha3Bi, 1110 € AEMOHCTPATUBHUM
BIIOOpaXKEHHSAM 1X (YHKI[IOHATBHOTO mpu3HaueHHsI. KoxkeH 3 I1MX KIaciB
KOPECIIOHAYE 3 KOHKPETHOI TaOJHUIEI0 Yy peNAIiiHIA 0a3l JaHUX, CTBOPIOIOUH
TaKUM YHMHOM a0CTpaKIliro HaJ (I3UIHUM 30€piraHHsIM JaHUX.

CnemudivHicTh IIUX KJIAciB IOJIATa€ B HAJIaHHI PO3IIMPEHOr0 HAbOpy
METO/IB, sIK1 JO3BOJISIOTH B3a€EMOJIIATH 3 623010 JaHUX Ha PI3HUX PIBHAX a0CTpaKIIii.
Ile BkirOUaE omeparlii 3YMTYBaHHS JaHUX, J0/IaBaHHS HOBHUX 3alUCiB, MOaudiKaIii
ICHyIOUMX Ta iX BHWJAQJCHHA. 3aBISKH TaKOMY IMiIXOJy, PO3POOHUKH MOXKYTh
B3aEMOJIATA 3 0a3010 JaHUX Yy BIJOKPEMJICHIM MaHepi, HE 3adimarodu
HU3BKOPIBHEBY JIOT1KY JOCTYIY 70 TAHUX.

JIyist Bi3yasbHOTO TPEACTABICHHS apXITEKTYPHOI CTPYKTYpH IIapy JOCTYITY
710 TaHuX OyJI0 CTBOPEHO Jiarpamy KjaciB, sSika MpecTaBieHa Ha pucyHky 2.4. L
JiarpamMa He JIMIIE BioOpaXkae iepapXiro Ta BITHOIICHHS M OKPEMUMH KJIacamH,
ajie 1 IeTaln3ye METOJIH, SIKi KOJKEH KJlac HaJlae JyIsl B3aEMOIil 3 0a3010 maHux. Taka
JiarpamMa J03BOJISIE€ 3pO3YMITH, SIK 1HKAICYyJIhOBaHI B KJIacaX METOJI B3a€EMOIIOTh

MIDXK c00010, Ta SIKl MEXaH13MU BOHU BUKOPUCTOBYIOTh JIJIsl JOCTYIY O 0a3u JaHUX.
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Pucynok 2.4 — Jliarpama kiiaciB piBHS JaHUX

Hiarpama kiacis, 0 300pakeHa Ha puc. 2.4 CKIaIa€ThCA 13 TAKMX OCHOBHHUX

KJIACIB:

— kiac DriverProvider ciayxuTh ais ynpasiinas Tabnurero Driver B 6a3i

nanux. Knac Hamae meronu st oOpoOku iHopMallii mpo BOIiB TPOMaICEKOTO

TPaHCTIOPTY, BKITIOYAIOYH iX IM's, Ipi3BHUIIIE, TeNe(OH, aapecy eIeKTPOHHOT MOMITH

ta iHmi. Lel kmac 3abe3nedye MOKIUBICTD JI0/laBaHHS, OHOBJICHHS Ta BUAAJICHHS

3amuCiB MPO BOAIIB B 0a3i TaHUX;




— kinac LogsProvider Bimmosigae 3a poOoty 3 Tabnwuiero Logs B 0asi
nanux. Bin mae meroau mms 30epexeHHs 1HGopMalii Ipo moaii, mo BiAOYIUCS B
CUCTEMI, TaKl SIK Ha3Ba MO/i1, jaTa Ta 1eHTU(PIKATOP KOPUCTYBaya, MOB'A3aH1 3 II€I0
nozaiero. Leit knac 3abe3nedye B3aeMo1it0 3 023010 JAHUX JIJIS 3aITUCY Ta OTPUMAHHS
JIOT1B CUCTEMH;

— ki1ac MaintenanceProvider 3aiiMaeTbcs B3a€EMOJIEI0 3 TaOJIHUILEIO
Maintenance B 6a3i manux. Kiac MiCTUTh MeTOaM JJisl YIPaBIiHHS 1HGOPMAIIIEIO
Opo TEXHIYHE OOCIYroBYBaHHS TpPAHCHOPTHUX 3aco0iB, Takow $K Jara
0o0CIIyrOByBaHHS Ta OMHUC BUKOHaHHMX poOiT. Ile mo3Bossie 3iilicHIOBATH 3amuc,
OHOBJICHHS Ta BUJAJICHHS JaHUX PO TEXHIYHE 0OCITyrOByBaHHS;

— ki1ac  MonitoringAndTrackingProvider B3aemomie 3  TaGauIErO
MonitoringAndTracking B 6a3i manux. Lleii kiac Hajgae MmeToau 151 0OPOOKH JaHUX
MOHITOPUHTY Ta BIJCTEXKEHHS pyXy TpaHCIOPTHUX 3aco0iB. Bin 30epirae
iHpopmartiito Taky sk GPS-nokamis, MmMBUAKICTH, AKTMBHUM MapUIpyT, Yac
BiIpaBieHHs Ta npuOyTTs. Kiac 103Bosisie 1ogaBaTH, OHOBJIIOBATH Ta BUAAJSATH
3aMKiCH MOHITOPUHTY Ta BiICT€KEHHS,

— kiac RoutesProvider dhokycyeTbes Ha ynpaBiinHi Tabiuiero Routes B
6a31 manux. lleil knmac Hamae meronu Ajig poOOTH 3 MapIIPyTaMHU T'POMACHKOTO
TPaHCIIOPTY, BKIIOYArO4YW 1HGOpPMAIlI0 MPO HA3BYy MapUIPyTy, 1IEHTU(DIKATOPHU
3YIIUHOK BiAMpAaBJICHHS Ta NPHOYTTS, Yac BIANPABICHHS Ta MPUOYTTS, a TaKOX
BiZicCTaHb MapuipyTy. Kiac mo3Bossie mojaBatu, pefaryBaTd Ta BUIAISTH 3alHCH
PO MapHIpyTH B 06a3i JaHUX;

— kinac TransportStopProvider 3miiicHioe B3aemofito 3 TabIUICIO
TransportStop B 6a3i manux. lleit kmac Mae MeToau AJisi yIpaBliHHA JTaHUMHU PO
TPAHCTIOPTHI 3YNMUHKH, TaKUMHU SK Ha3Ba 3ynuHKA Ta ii omwuc. lle mo3Bosie
3MIACHIOBATH OMeparlii oJaBaHHS, OHOBJICHHS Ta BHUAAJNCHHSA iHGOpMAIii Mmpo
TPAHCTIOPTH1 3YIMUHKH;

— knac UsersProvider ciayxuth mns ynpasminas tadmuneio Users B 0asi
nanux. Llel kmac MICTHTh METOJH, IO JO3BOJISIOTE 00pOOIATH iH(POPMAIIIIO TIPO

KOpHUCTYBauiB cucteMu. J[o aTpuOyTiB, Kl MOKHA MaHIMYJIIOBATH 32 JOIMOMOIOI0



LBOT0 KJacy, HajiexaTh IM'd, MpI3BHILE, JIOTIH, Napojib, poJib KOpUCTyBaya Ta
eleKkTpoHHa anapeca. Kiac 3a0e3nedye MOXIMBICTH  JIOJlaBaHHS  HOBHUX
KOPHUCTYBaulB, peJlaryBaHHs ICHYIOUMX IpO(]1TiB, a TAKOK BUAAICHHS KOPUCTYBayiB
3 CUCTEMH.

[lepeniueHi knacu piBHSA JaHUX BIAITPAIOTh KIIOYOBY pOjib y 3a0e3MeyeHH1
(YHKII0HAIBHOCTI CUCTEMH MOHITOPUHTY TPOMAJICBKOTO TPAHCIOPTY, CIYT'YIOUd

MOCTOM M1 023010 JTaHUX Ta 013HEC-JIOTIKOK CUCTEMU.

2.4.2 Po3pobOka Oi3Hec-J10TiKN

®opmyBaHHSI OI3HEC-JIOTIKM € KPUTUYHUM KOMIIOHEHTOM Yy TIpOLeci
CTBOPEHHS MPOTrpaMHOro pimeHHs. L morika Bigirpae KJIrO40OBYy poyib Y BAKOHAHHI
Oi3Hec-orepaliii Ta 3a0e3MeUYeHH] KOOPAMHOBAHOI pOOOTH CUCTEMH. 3a3BHYAM,
Oi3Hec-Torika 130JIbOBaHa BiJl B3aeMOAll 3 0a3010 JaHUX Ta KOPUCTYBAIBKOIO
iHTEp(EHCHOIO YaCTUHOIO, IO TapPAHTYE 11 HE3aJEKHICTh Ta YHIBEPCATbHICTb.

CrpykrypyBaHHS  Oi3HEC-JIOTiKM Ha  JIOTIYHI  MOXYJdl  crpusie i
MacitaboBaHOCTI Ta MoaudikoBaHOCTi. lle Hamae MOXIUBICTH ajanraiii 10
3MIHHHUX BUMOT 3aMOBHHMKA UM TE€XHOJOTTYHOTO cepeoBHIla Oe3 nepedy0Bu BCiel
CUCTEMH.

OxkpiM TOrO, 13015111 O13HEC-JIOTIKM BiJ KOPUCTYBallbKOTO iHTEep(deiicy Ta
0a3u JaHUX COPUSIE TOMY, III0 CUCTEMY MOXKHA JIETKO aJalTyBaTH 10 BAKOPUCTAHHS
pizHMX 0a3 maHux abo0 KOPUCTYBAlbKUX iHTep(eiciB 0e3 HEeOOXiMHOCTI 3MIH Y
OCHOBHIH Jorini gonatky. s apxiTexkTypHa pimeHHs 3a06e3Mmedye CUCTEM1 BUCOKY
aJanTUBHICTH Ta THYYKICTh [29].

Bizyamnizartist apxitekTypu O613HeC-JOTIKH MpeicTaBIeHa Ha puc. 2.5.
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Pucynok 2.5 — Jliarpama kmiaciB 0i3HeC-JI0TiKU

Jliarpama KiaciB piBHsI O13HEC-JIOTIKH CKJIAJIa€ThCsI 3 TPhOX OCHOBHMX KJIACIB:

— kiac ReportingBLL cinyxute nis oO6pobku Ta GopMyBaHHS 3BITIB Y
CUCTEMI MOHITOPHHTY IPOMaJICHKOTO TPaHCTIOPTY. BiH BKIItOYae MeTonu it 300py
JAHUX 3 PI3HUX YaCTHUH CHCTEMH, iX aHaJi3y Ta KOHBepTallii B HeoOXigHui hopmar
3BiTy. lleli Kkimac € M™MocToM MDK 30€peKeHMMH JaHUMHU Ta KIHIEBUM
npecTaBieHHIM iHdopMalii y popmi 3BiTiB;

— kiac Role App Bu3Hauae poii kopuctyBadiB y cuctemi. Lle moxxe OyTu
agMIHICTpaTop, AUCIIeTYEpP, BOAIN Ta iHIIl. BiH Mae MeToau Jjis YCTaHOBKH, 3MIHH
Ta MEPEBIPKH PoJiel KOPUCTYBayiB, IO JO3BOJISE€ HANAMITYBATH JOCTYM 10 PI3HUX
YaCTHH CHUCTEMH BIAMOBIIHO J0 POJIi KOPUCTYBaua;

— kiac ValidationMy BigmoBigae 3a mepeBipKy BX1THUX IAHUX B CHCTEMI.
Bin micTuTh HaOip METOMIB IJIs Badifallii pi3HUX THIIIB JaHUX, TAKHX K CICKTPOHHI
aapecu, Homepu TenedoHiB, reorpadiuHi KOOPAMHATH TOIO. BukopucTanHs 115010
KJIacy CIpusi€ 30UTBIIEHHIO HAIHHOCTI CHCTEMH Yepe3 BiJICIFOBAaHHS HEKOPEKTHUX

a00 MIKIMBHUX JaHHUX;



— kiac EncryptData BinnoBifae 3a mudpyBaHHS YyTAUBOi 1H(pOpMalii B
cuctemi. Bin mae Metoau s mu@pyBaHHs Ta po3MIU(pPyBaHHS JaHUX, TAKUX SIK
napoji, HOMEpPH KpPEAUTHUX KapTOK Ta IHIA KOH(piAeHuiiHa 1Hpopmarlis.

3acTtocyBaHHS LBOTO KJacy 3a0e3euye BUILIUNA piBeHb Oe3neku Hdopmarlii.

2.4.3 Po3poOka KopuCTYyBalbKOI0 iHTEepdeicy

JUist piBHA KOPHUCTYBAalbKOro 1HTepdeicy Oylio CTBOPEHO KOMIUIEKC
B3a€MOIIOB'13aHUX QOpM, fK1 € Bi3yaJIbHUM IPEJICTaBIECHHAM 1HTepdeiicy cucreMu
MOHITOPUHTY TPOMaJChKOTO TpaHcrmopty. KokHa 3 1mux (opMm ckiIamaerbest 3
Oararoro HaOOpy €JEMEHTIB KEpyBaHHS, BKIIFOYAIOYH, aj¢ HE OOMEXKYIOUHCH,
KHOIIKH JIJISI BAKOHAHHS KOMaH]1, TEKCTOBI TTOJIS IS BBEJACHHS a00 BiOOpakeHHS
JAaHUX, a TAaKOXK TaOJIUIII I CTPYKTYPOBAHOTO MPEICTaBICHHS iH(popMarrii.

Li eneMeHTH KepyBaHHS HE JIMIIE CIPOIIYE B3aEMOIII0 MK KOPHUCTYBadueM
Ta CUCTEMOIO, aJie ¥ CIy)KaTh MEXaHI3MOM B3a€MOJII1 3 O13HEC-JIOTIKOI0 Ta IIapoM
JOCTYITY 70 JaHUX. 30KpeMa, 3a JOIMOMOI0K OOPOOHMKIB MOIIH, MO 1HIIIFOIOTHCS
IpU B3a€EMOJIIT KOPUCTYyBaya 3 eJIeMeHTaMHU KepyBaHHs, 3a0e3MeuyeThcs nepeaayda
JAHUX Ta KOMaH]I 10 BiJMIOBITHUX PIBHIB CUCTEMHU.

Lle#i piBeHb iHTEp(EiiCy BiTIrpac KPUTUYHY POJIb Y B3a€MOJ1i KOpHUCTyBaya 3
CHUCTEMOIO: BIH JIO3BOJISIE BBOJHWTH HEOOXiAHY 1H(OpMaIliio a1 0oOpoOKH,
HIIIIOBATH Pi3HI BUIU TIOIIYKY, MEPErsaaaTH akTyajdbHY 1H(OpMAIII0 PO CTaH
IPOMAJICBKOTO TPAHCIOPTY Ta OTPUMYBATH pE3yJIbTaTH B aJalTOBAHOMY 1
3pydHOMY (opMaTi.

BaxxnmuBo Big3HauMTH, IO JAW3aH Ta CTPYKTypa KOPHCTYBAI[bKOTO
iHTepdeiicy Oynau po3poOsieHl TaKMM YHUHOM, MO0 MaKCHMalbHO CIPOCTUTH Ta
ONTUMI3yBaTH TPOIECH B3a€EMOJII KOpUCTyBada 3 cuctemoro. lle BakiamBo st
3a0e3MedeHHs] BUCOKOT MIBUIAKOCTI peakirii Ta e(eKTUBHOCTI poOOTH BCi€l cucTeMu
[30].

Jlist tirOmIoro po3yMmiHHS CTPYKTYPH Ta B3a€EMO3B'S3KIB MK €JIeMEHTaMU

KOPHUCTYBAIbKOTO iHTEpdeicy Oyo CTBOPEHO Jiarpamy, sika HaBeJeHa Ha puc. 2.6.
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MPEACTaBUTH APXITEKTYPY AAHOTO PIBHS CUCTEMH.
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Pucynok 2.6 — [liarpama iaTepdericy cucteMu

Jliarpama JTaHOTO PiBHS CKJIQJAE€ThCS 3 JBAANATH YOTHPHOX KJIACIB PIBHS

KOPHUCTYBAIbKOTO iHTEepdeicy 1 € moximaumu Big kinacy Form:



— kinac UpdateTransportStopForm mnpusHaueHuid Jjsi peaaryBaHHS
1HpOopMaIlli Npo TPAHCIIOPTHI 3YITUHKH B cucTeMi. @opMa bOTO KJIacy MICTUTD Psij
TEKCTOBHUX MOJIIB, B SIKMX MOKHa 3MIHIOBATH HAa3BYy 3YIHUHKH, il ONUC Ta IHIII
XapakTepucTUKh. J[omaTkoBo, popMa BKIIIOUAE KHOTIKU TSI 30€peKEeHHs] BHECEHUX
3MiH abo ix ckacyBaHHA. lle 3a0e3nedye THYYKICTh YOPABIIHHS JAHUMHU IPO
TPAHCIIOPTH1 3yIUHKU;

— kiac UpdateTransportVehicleForm BignoBigae 3a pegaryBaHHsl JaHUX
po TpaHCcHopTHI 3acobu. dopma Hajlae KOPUCTYBAdy MOXKIIMBICTh 3MIHIOBATH TaKi
napaMeTpH, SIK THI TPAHCIIOPTY, PEECTPAIlitHII HOMEp, MOJIEIb, Pik BUPOOHUIITBA,
KUTBKICTh MicIb Ta iHIIl. dDopma TakoX Mae KHONKU i 30epexeHHst 3MiH a0o
CKacyBaHHs omepartii;

— kiac MonitoringSysMDI € ronosuoto ¢popmoro 6aratopikonHoi (MDI)
CUCTEeMH MOHITOPHHTY TpOMaJIChbKOTO TpaHcmopTy. Lls dopma ciayxuTth
KOHTEeiHEpOM g 1HmUX (opM cucTeMH Ta 3abe3nedye OCHOBHI (yHKIIIT
yrpaBIiHHA HUMHU. BoHa BKJIIOYa€ MEHIO JJIsl HaBiraiii, maHexi iHCTPYMEHTIB st
IIBUKOTO JIOCTYIY JI0 KJIIFOYOBHX (DYHKITIHM Ta 30HY BiIOOpaXeHHs TOYIpHIX GopM;

— kinac UpdateRoutesForm BUKOpPHCTOBY€TbCSI JJisi BHECEHHS 3MIH [0
iHpopMalii nmpo mapmpyTd B cucteMi. g popMa MICTHTH TEKCTOB1 TOJS AJIS
penaryBaHHs XapaKTEPUCTUK MapIIPyTy, TAKUX SIK HAa3Ba, IIYHKTH BIAMPABICHHS Ta
npuOyTTs, a TAKOXK Yac BiAINpaBiIeHHS Ta MpuOyTTsa. DdopMa TakoX HAAAE KHOIKH
U1 30epeKeHHs 3MiH a0 cKacyBaHHS OIeparlii;

- kiac RoutesForm BigmoBingae 3a BimoOpakeHHsI 3arajbHOil iHhopMalii
PO AOCTYITHI MapmpyTu. Ll ¢popma BiIrogae TabIuIkO 11 BiTOOpaKeHHS JIeTanei
KOXXHOTO MapIIpyTy Ta KHOMKH JJIS 1HIIIIOBaHHS [ild, TAKUX SK peAaryBaHHSA a0o
BUJIAJICHHS] MaPIIPYTiB;

— kiac SimulForm go3Bossie kKopucTyBady IpOBOJUTH CUMYJIISIIIIO PYyXY
TPAHCTIOPTHUX 3ac00iB 0 MapiipyTax. PopMa MICTUTh €JIEMEHTH KEPyBaHHS IS
BUOOPY MapIIpyTy, TPAHCTIOPTHOTO 3acO0y Ta IHITUX apaMeTpiB cumydsiii. [Ticus
3aIyCKy CUMYIIAIII, pe3ylbTaTH MOXYTh OyTH BimoOpaxxeHi y BUTIISIAL Tpadikis,

TabIUIs 00 THITKX Bi3yasi3allii;



— kiac UpdateDriverForm 3a0e3neuye MOXIMBICTh pearyBaHHs TaHUX
po BoA1iB. @opma MICTUTH TEKCTOBI MOJIs AJ1sl BBEACHHS 200 3MiHM 1H(popMallii mpo
BOJISI, TaKOi SIK iM's, mpi3BHILEe, HOMEDP Tenedony Ta 1Hm. g popma Takox mae
KHOIIKH JIJIS1 TOJAAJIBIIOr0 30€pe’KeHHs 3MiH a00 iX CKacyBaHHS.

— knmac  UpdateMaintenanceForm — cayxutb A yOpaBiIiHHS
1HOpMaIlI€0 PO TEXHIYHE 00CIYTrOBYBaHHS TPAHCIIOPTHHUX 3aCO01B;

— kinac DriverForm 3ocepemxenuii Ha BimoOpakeHH1 1HopMarlii mpo
BOAIIB cuctemu. @opma BKIIOYAE TAOIMIO JUIsl BIAOOPaKEHHSI JaHMX MPO BCIX
BOJiB, a TaKOX KHOMKH JUIS BHUKIMKY (OpM pemaryBaHHs abo BUJAJICHHS
BuOpanoro Bojiga. Llsg ¢dopma ciyXuTh UEHTpasli3oBaHUM 1HTepdercoM Jyis
yIpaBIiHHS TaHUMH TPO BO/IIIB;

— kiac MaintenanceForm g03Bosisie  KOpuCTyBauy NeperjisgaTH Ta
YIPaBIATH 1HOOPMAIIEI0 PO TEXHIYHI OOCIYrOBYBAaHHSI TPAHCIOPTHHUX 3acCO0iB.
s dopma wmicTuTh Tabnuirro, 1O BigoOpakae aeTaiai KOXXHOTO TEXHIYHOTO
00CIIyrOBYBaHHs, BKIIIOYAIOYH JIaTy, OITKUC POOIT Ta TPAaHCTIOPTHUM 3acib, 10 SKOTO
BOHU BigHOCATHCS. JlomaTkoBo, dopma HaAae KHOMKMA JUIS 1HIIIFOBAHHS JIiH
penaryBaHHs a00 BUJAJICHHS 3aIUCIB;

— Kimac TransportStopForm moknukanuii 3a0e3neunt iHTepdeiic mis
yIpaBIiHHA Ta Neperisaay iHGopMmalrii mpo TpaHCTIOPTHI 3ynmuHKH. DPopMa MICTUTh
TaOIMITI0, 0 BioOpa)kae KITFOYOBI aTpHOYTH 3YIHUHOK, TaKi SK iXHI Ha3BU Ta
omucu. Jna GyHKIIOHAIBHOCTI yIpaBiiHHA, ¢dopMa Mae KHOMIKU JUIS JTOJaBaHHS
HOBUX 3yIMMHOK, pEJIaryBaHHS ICHYIOUHX Ta 1X BUJIAJICHHS;

— kiac TransportVehicleForm cTBopenuii aist meperiisiny Ta yupaBiiiHHS
iHbopMarliero mpo TpaHCMOpPTHI 3acoOu. dDopma BKItOUae B ceOe TaOIHIO, sKa
BitoOpakae netanbHy iH(OpMaIlito PO KOXKEH TPAaHCIIOPTHUIA 3aci0, a TaKoXK HAO1p
KHOIIOK JISI TOJaBaHHs, pelaryBaHHs Ta BUJAICHHS 3aIUCIB;

— kmac AccessibleRoutesReportForm mpusnauenuii s reHepainii Ta
BiTOOpaXeHHSI 3BITIB MPO MApIIPYTH, JOCTYIHI g OCi0 3 OOMEKEHUMH
MOXIUBOCTIMH. Dopma MICTUTH psif GUIBTPIB AJisi BUOOpPY MEpioay yacy, TUITY

TPAHCIIOPTY Ta IHIIMX MMapaMeTPiB, HA OCHOBI IKUX Oyze chopMOBaHUil 3BIT;



— kinac AverageSpeedReportForm ciykuTh st CTBOpEHHs 3BITIB MPO
CEpelIHI0 MIBUIKICTh PYXy TPaHCHOPTHUX 3aco0iB mo Mapuipytax. Popma Hajgae
MO>KJIUBICTb BUOOPY KOHKPETHOrO MEPIOoly Yacy Ta THUILYy TPAHCHIOPTY, 3a SIKUMU
OyJie MpoBEeICHUI aHali3;

— kiac FindRoutesByElectricVehiclesForm 3a6e3neuye kopucTyBaya
iHTepdeiicoM A TMOUIYKYy MAapUIpyTiB, sIKI OOCIYTOBYIOTHCS EJIEKTPUUYHUMHU
TpaHCIOPTHUMU 3aco0amu. DopMa MICTUTH P PUIBTPIB AJI1 yTOUHEHHS KPUTEPIiB
MOITYKY, TAKUX K TIEpPioJl 9acy, THIT TPAHCTIOPTY a00 KOHKPETHA 3yIMHHKA,;

— Kiac FuelTypeReportForm nilicHo KpuTU4YHUIM 1181 Bi3yastizailii 3BITiB,
10 CTOCYIOTHCSI BAKOPUCTaHHS MAIbHOTO PI3HUMH TUTIAMHU TPAHCTIOPTHHUX 3aCO01B.
Le#t kiac MICTUTh KOMIOHEHTH i GUIBTpalii JaHUX 3a MEPIoJIOM Yacy, THIIOM
NajgbHOTO 200 THUIIOM TPAHCIIOPTHOTO 3ac00y. 3a JOMOMOTroto 11i€1 hOpMHU, CUCTEMHI
aJMIHICTPATOPU Ta IHIII KOPUCTYBadl MOXYTh OTPUMAaTH arperoBaHi JaHi Mpo
BUKOPHUCTAaHHS TAJILHOTO, M0 € KIOYOBHM JUIsl CTPATETiYHOTO ITUIAHYBaHHS Ta
onTUMI3aIlii pecypcis.

— ki1ac  MinMaxDistanceRoutesReportForm  po3pobnennit s
BUBEJICHHS 3BITIB MPO MApUIPyTH 3 MIHIMAJIbHOI Ta MaKCHMAJIbHOKO BiJCTaHHIO.
dopma mae HaOip (UIBTPIB, MO JO3BOJISIOTh KOPHCTyBayaM BHOMpPATH TEPIOaH
gacy, THUIl TPaHCIOPTY Ta IHII MapaMeTpW [Js TeHeparlii 3BiTy, IO €
1HGOPMATUBHUM JIJIs1 YIPABIIHCHKUX PIIICHB;

— kinac DriverSearchForm 3a6esneuye iHTepdeiic s po3mMpeHoro
MOIIIYKY BOJIiB B cucTeMi. LI ¢opma MICTUTH psiJi TEKCTOBUX TOJIIB, BUTIAAI0UNX
CIIUCKIB Ta IHIINUX €JIEMEHTIB KEPYBaHHS, SIK1 JO3BOJIAIOTH 3a7]aTH KPUTEPIi MOITYKY,
Taki K iM'sl, TIPI3BUIIE, CTAX BOJIS, Ta 1HIIE;

- kimac TransportVehicleSearchForm € menTpanpHUM MicleM IS
BUKOHAHHS TONIYKOBHX 3aluTIiB A0 0a3u JaHWX TPAaHCIOPTHUX 3aco0iB.
KopuctyBau Moke BBOAWTH Di3HI MapaMeTpH [JIs TOMIYKY, BKITIOYAIOYH THII

TPAHCTIOPTHOTO 3ac00y, PEECTpaliiHUM HOMEpP, pIK BUPOOHUIITBA Ta IHIII

aTpuOyTH.



KoskeH 3 1iux Kj1aciB CTBOpEHUH 3 METOIO ONTUMI3allil B3a€MO/I1i KOPUCTyBaya
3 CHCTEMOIO, IO CIPSMOBaHAa Ha MOHITOPUHI I'POMAJCHKOIO TpaHCHopTy. BoHu
BIJIIFPAIOThH BaXJIUBY POJIb B apXITEKTYpP1 MPOrPaMHOT0 3a0€3MeUEHHs, CIPOLTYIOUH

3a/1a4i yIpaBJliHHS Ta aHATI3y JaHUX.

2.5 O0rpyHTYBaHHSI BUOOPY KOMIIOHEHTIB CHCTEMH

Jiist peanizaiiii CHCTeMHU MOHITOPUHTY TPOMaJICBKOr0 TPAHCIIOPTY MicTa 0yIiio
BuOpano koutposiep Arduino Uno (puc. 2.7). lleit koHTposnep OazyeTbcsi Ha
MikpokoHTposepi ATmega328P ta npaitoe Ha TakToBiN yacToTi 16 MHz. OcHOBHI
XapaKTepUCTUKH BKItO4aroTh 14 mudposux I/O mopTiB, 6 aHanoroBux BXO[IB, a

takoxx Moayini UART, SPI ta [12C qis komyHikartii.

v
¢ rxwmd - ARDUINO

“
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Pucynok 2.7 — 3oBHimHIN Burisa MikpokorTpoisepa Arduino Uno

Crenudikaiiii KOHTposepa:

— mikpomnporecop: ATmega328P;

— yacrtoTta: 16 MHz;

— mudposi I/O noptu: 14;

- aHaJOroB1 BXOOU: 6;

— KUBJICHHS: 7-12V.

Bubip Arduino Uno MoKHa apryMeHTyBaTH 3 KUTBKOX IPUYHH:

— BimkpuTHii KoaA. Arduino Uno Mae BiIKpUTHH KOJ, IO JO3BOJISE
IHXKeHepaM Ta PO3pOOHMKAM JIETKO MOAM(DIKYBaTH Ta aganTyBaTH CHCTEMY 0

KOHKPCTHHUX HOTpGG Ta BUMOTI',



— THYYKICTh Ta MaciuTa0yBaHHsS. 3aBISKH BIAKPUTOMY KOy, ICHYE
MOXJIUBICTh JJII PO3POOKM crneuu@iyHUX MOJYNIB Ta IUIAriHIB, SKI MOXYThb
BpPaxoOBYBAaTH JIOKaJIbH1 OCOOIMBOCTI Ta MOTPEOH;

— CYMICHICTh 3 pi3HOMaHITHUMU fatyukamu. Arduino Uno cymicHui 3
IITUPOKHUM CIIEKTPOM JaTYMKIB, III0 BUMATA€THCS JJISI KOMIUIEKCHOTO MOHITOPHHTY
napaMeTpiB rpOMaJCbKOTO TPAHCTIOPTY;

— JOCTYIHICTh Ta BapTicTh. Lle ekoHoMIuyHO eexTuBHMI BUOIp, 1110 HE
BIUIMBAE Ha (YHKLIOHAIBHICTh Ta HAAIMHICTH CUCTEMH.

Otxe, Arduino Uno € onTuManbHUM BHOOPOM U JAaHOI CHUCTEMH,
3a0e3mneuyoun HeoOXiqHUM OamaHc MK (QYHKIIOHAIBHICTIO, THYYKICTIO Ta
BapTICTIO.

JIsi TIOBHOIIIHHOI CHCTEMH HEOOXITHUM € minlip JaT4uKiB, SKI MOXYTh
e(eKTHUBHO BIJCIIIKOBYBaTH PI3HI MapaMeTpu pyXy Ta CTaHy TPaHCIOPTHUX
3aco0iB. Lle y cBOIO uepry BKIIOYA€E JATUYMKH MIBUIAKOCTI, TEMIEPATypy IBUTYHA,
piBHS MaJiiBa, a TaKOXX CEHCOPH, SKIi MOXXYTh BH3HAuaTH TE€OJIOKAI[IMHI daHI,
MIBUIKICTh PYyXy TPAHCIIOPTHOTO 3ac00y Ta 1HII BaXJIUB1 (paKkTOpH.

Jl1s1 BU3HaUeHHS reosiokaiinaux qanux oopano GPS-narunk NEO-6M, sxuii
XapaKTepU3y€eThCS BHCOKOIO UYTJIMBICTIO Ta HHU3BKMM PIBHEM CIOXHBAHOT
MOTY>KHOCTI, III0 POOUTH HOTO €(heKTUBHUM JIJII BUKOPUCTAHHS B peaJIbHUX YMOBAX,
JIe eKOHOMIsI eHeprii € KpUTUIHOO. JKUBICHHS MOIYJISl BAPIIOETHCS Bill 3 110 5 BOJIBT,
10 pOOUTH HOTO CYMICHUM 3 OUIBIIICTIO MIKPOKOHTPOJIEPiB, 30kpema Arduino Uno.

NEO-6M moxxe mpairoBaTé 3 4acTOTOIO OHOBIICHHA Bim 1 mo 5 repi, mo
703BOJIIE  3a0€3MEYUTH JOCHTh TOYHY 1 akTyajdpHy IH(QOpMAIiio Mpo
MICIIE3HAXO/KCHHSI TpaHCIOpPTHOro 3acoly. IuTtepdeiic momyns OGasyerbcs Ha
UART, sxuii € MUPOKO PO3MOBCIOKEHHM Ta J00pe MIATPUMYBAHUM, TOMY
IHTETpaIlis B CHCTEMY HE BUKIIMYE TPYAHOIIIIB.

OpHi€l0 3 KIIOYOBUX OCOOJMBOCTEH € HWOTO 3[aTHICTH 3abe3nedyBaTu
reoJIOKAIiiHI JaHi 3 TOYHICTIO a0 2,5 merpa. Llg xapaktepucThka € BKpai

B)KJIMBOIO JIJISI CACTEMU MOHITOPUHTY TPAHCHIOPTY, /1€ HEOOX1JHA BUCOKA TOUYHICTh



BU3HAYEHHSI MICIIE3HAXO/KCHHS Il 3a0e3nedeHHs e(eKkTUBHOI HaBiraiii Ta

YIOPABIIHHS TpadiKoM.

Pucynok 2.8 — 3oBHimHi# Bursag gatunka NEO-6M

Otxe, GPS-monyns NEO-6M He nuiie BiAMOBia€ BCIM TEXHIYHUM BUMOTaM
JUISI CHCTEMH MOHITOPHHTY T'POMAJICBKOTO TPAHCIIOPTY, ajie W TPOIOHYE P
nepeBar, TakuxX SK BUCOKAa TOYHICTh, HU3bKE CITOKMBAHHS €HEPTii Ta THYYKICTh B
HaJaIITyBaHHI Ta BAKOPUCTAHHI.

Jatuuk mBuakocTi Ha ocHOBI edexTy Xoyua A3144 (Hall Effect Sensor) €
BaXJIMBUM KOMITIOHEHTOM B CHCTEM1 MOHITOPUHTY I'POMaJICEKOT0 TpaHcnopTty. Llei
JaTYUK BIA3HAYAETHCS BHUCOKOK UYTJIMBICTIO 1 MOXE BU3HAYATH IIBUIKICTD
oOepTaHHs Kosieca 3 TOYHICTIO 10 | MM. 3aBIsKH MIMPOKOMY J1ana30Hy >KUBJICHHS,
Bin 4,5 mo 24 BOJBT, MAaTYUK JIETKO IHTETPYETHCSA B PI3HI CJICKTPUYHI CHUCTEMHU
TPaHCIIOPTHHUX 3ac00iB. BUXigHUN CUTHAN JaTYuKa € IUGPOBUM, IO CIIPOIITYE HOTO

00poOKy Ta iHTErparlito 3 IHITUMU CUCTEMaMHU.

Pucynok 2.9 — 3oBHimHI# Burisg gatanka A3144



Onniero 3 kiouoBux nepesar A3 144 e iioro HaaIdHICTh Ta TOBTOBIYHICTh, L0
poOUTh HOro ineaJbHUM BHUOOPOM /Ji1 BHUKOPUCTAaHHS B YMOBAaX IHTEHCUBHOI
eKCIUTyaTallii, Kl € XapaKTepHUMHU ISl TPOMAJICbKOro TpaHcnopTy. Lleit nartumk
JI03BOJISIE TOYHO MOHITOPUTH IIBUAKICHUN PEXHUM TPAHCIOPTHOIO 3acoly, L0 €
KPUTUYHO BaXKJIMBUM JJI O€3MEKU MacakUpiB Ta €PEKTUBHOCTI PyXy TPAHCHOPTY B
MICTI.

BpaxoBytouu Bci 111 pakTOpH, MOKHA CTBEPAXKYBATH, 110 TaTUYMK IIBUIKOCT1
A3144 € ontumanbHUM BHOOpPOM JUIsI CHUCTEMHU MOHITOPUHTY TPOMAaICHKOTO
TPaHCHOPTY, SKa Ma€ Ha METI He JIMIIE BIJICTEXKEHHS MICLE3HAXO0HKEHHS
TPAaHCIOPTHUX 3ac00iB, ajie 1 KOHTPOJb IXHBOTO JOTPUMAaHHS BCTAHOBIIEHUX
MIBUAKICHUX PEKUMIB.

BpaxoByroun oOpanuii 1is 1i€i cucreMu kKoHTposiep Ha 6a3i Arduino Uno,
KJTFOUOBHMM aCTEKTOM € CyMICHICTh Mk 4G/5G MOeMOM Ta caMUM KOHTPOJIEPOM.
Arduino Uno ninrpumye komyHikaiiito yepe3 UART, SPI ta 12C intepdeiicu, Tomy
pu BUOOP1 MojieMy OyJio 3BEPHEHO YBary Ha HasiBHICTh OJTHOTO 3 ITUX iHTep(deiiciB
71 3a0e31eueHHs MPOCTOol 1 HaAIHHOT IHTeTpallii.

Onu 3 nonynsipHUX Mozenei 4G MofieMiB, SIKHIl MOKHA BUKOPHCTOBYBATH B
takux cuctemax, — 1e SIM7600E-H 4G HAT. Lleit monem cymicHuii 3 Arduino
Uno Ta Mae mMMpPOKUN Jiana3oH MiATpuUMyBaHUX dacToT. Bin minrpumye UART

iHTepdeiic, Mo J03BOJISE JETKO MiAKIIUUTH Horo 10 Arduino Uno.

® @ ® ® ®@ @ 6

Pucynok 2.10 — 3oBHimHiI# Burisg gatanka SIM7600E-H 4G HAT



Taka koH]irypanis He TUIbKM 3a0e3ledye HaJliHy Ta HIBUAKY Iepeaady
JaHUX, ajie 1 JI03BOJISIE BUKOPUCTOBYBATU PO3MIMPEHUN HAOlp (PYHKIIIH, TaKUX SK
SSL-mudpyBanus ansg 3ade3neueHHs Oe3neku AaHuX. KpiM Toro, BUKOPUCTaHHS
Takoro MojieMy 3a0e3nedye MOMUIMBICTh MalOyTHBOIO  OHOBJIGHHS  Ta
MaciTa0yBaHHs cCUCTeMH 0e3 HeOOX1THOCTI 3aMIHU OCHOBHOI'O KOHTpOJIEpa.

Jnst  3a0e3nedeHHs CTaOUIbBHOI pOOOTHM BClET CHUCTEMU MOHITOPUHTY
HEOOXITHO BpaxyBaTH NHUTAHHS €()EKTUBHOIO Ta HAAIMHOTO OJIOKY >KUBJICHHS.
BuOip 3aiiicHIOETBCS 3 OTJISy HA Takl MapaMeTpu SIK BXiJAHA Ta BUXIJHA HAIpyra,
CTaOUTbHICTD KUBJIEHHS, €(DEKTUBHICTh IEPETBOPEHHSI €HEPrii, a TAKOK CYMICHICTb
13 BUKOPUCTOBYBaHUM KOHTpoJiepoM Arduino Uno Ta miAKIIOYEHUMHU JaTYUKaAMHU.

Omun 13 BapiantiB — 1e DC-DC koHBepTep Hampyru, kUil Moxe OyTH
HIKTIOYEHUN Oe3MmocepeiHbO 10 aKyMyJisiTopa TpaHCHOPTHOro 3aco0y. Takwuii
KOHBEpTEP MOKE MEPETBOPIOBATH BX1IHY HANPYTY 3 Alana3zoHy, Hanpuknazu, 12-24V
no HeoOximHux S5V mis xuBineHHs Arduino Uno 1 IMAKITIOYEHUX JaTYUKIB.
BaxnuBo, 11100 KoHBEpTEp MaB 3aXUCT BiJl KOPOTKOTO 3aMUKaHHS, IEPEBaHTAKEHHS

Ta TIepeHarnpyrH, mob 3ade3neuntu 6e3nepediiiHy poOOTy CHCTEMH.

Pucynok 2.11 — [Nonmxkyrouwnii neperBoproBauy DC-DC
Koxen 3 mux natunkiB OyB BUOpaHMIA 3 ypaxyBaHHIM CIeM(iKA BUMOT 10
CUCTEMHU MOHITOPUHTY TPOMAJCHKOTO TpaHCHOPTy. BoHM 3a0e3meduyioTh BHCOKY
TOYHICTh BUMIPIOBaHb, HA/IIHHICTH B pOOOTI Ta CYMICHICTh 3 KOHTpOJIepamMu Ha 0a3i

Arduino.



BucHoBoK 10 po3ainy

B pamkax paHoro posnury Oyio 3A1CHEHO KOMIUIEKCHHUH minlip Ta
OOIpYHTYBaHHS KIIOYOBHX TEXHIYHMX PIIMIEHb JJs MPOrpaMHOr0 KOMIUIEKCY
MOHITOPUHTY T'poMaJicbkkoro TtpaHcnopty. Ilo-mepmie, miciasi aHamizy KUIbKOX
NOTEHIIIHHUX MOB mporpamyBaHHs — Python, Java, C# — 3poOneno BuOip Ha
kopucTh C#, 1110 3a0e31euye BUCOKY IPOIYKTUBHICTh Ta IHTErPALLi0 3 MIATHOPMOIO
Microsoft. CepenoBuiiie po3poOku, oOpaHe sl peanizailli MPOeKTy, CTajo
Microsoft Visual Studio, sike Hafjae MIMPOKUI CIEKTP IHCTPYMEHTIB 1Sl €(hEeKTUBHOT
po3pobku. Illono cuctem ympaBiiHHS 0a3amMu JaHUX, OyJIO PO3IJISTHYTO JEKUIbKa
BapiaHTiB, 30kpeMa Microsoft SQL Server, PostgreSQL, MongoDB, Ta BuGpaHno
Microsoft SQL Server, sikuii Haiikpalie BiAMOBIIa€ MoTpedaM MPOEKTY.

BaxxnuBum etanom crango MojAeroBaHHs 013HEC-TMPOIECIB Ta B3AEMOJIIN MIXK
KOMIIOHEHTaMH cuctemMu dyepe3 Use-case miarpamu. lle namo 3mory d9iTko
BU3HAUMTHU TPAHULll CUCTEMHU Ta 1i OCHOBHI (DyHKIIIOHATBHI MOKIUBOCTI. [lami, 6ymo
CIIPOEKTOBAHO CTPYKTYpy 0aszu AaHuX, 30kpema noodynoBaHo ER-miarpamy, ska
BiJI0Opaka€e KIIFOYOBI CYTHOCTI Ta 3B'SI3KU M1K HUMHU.

ApPXITEKTYpHO, cucTeMa 0a3yeThCs Ha TPhOXPIBHEBIA MOJIENI, 10 BKIIIOYAE
PiBHI JIOCTYIy 70 JaHUX, O13HEC-JOTIKM Ta KOpPHUCTyBallbkoro iHntepdeiicy. Takwmii
miaxia 3a0e3nedye THYYKICTh, MOAYJIBHICTh Ta MOXKIJIMBICTH JIETKOI ajanTallii 10
3MiH.

OxpeMy yBary mnpuiiieHo NiAOOpPY amapaTHUX KOMMOHEHTiB. OO6paHo
koHTposiep Arduino Uno, 10 sIKOTO MIAKIIOYEHO JAeKiibka gatyukiB: GPS-momynb
NEO-6M 1t BUBHa4YCHHS Te0JI0Kallii, JaTIYMUK MIBUIKOCTI Ha OCHOBI epekTy Xoiuia
A3144 ta mogyns SIM7600E-H 4G HAT nnst nepenaui nanux a0 6asu.

OTxe, po3po0bsieHa cUCTEMa € THYYKOI, MAacIITAOOBAaHOIO Ta BIKPUTOIO 10
MOAANBIINX MoAu(iKaIii, mo poOUTh 11 aKTyaJIbHOIO Ta TMEPCIEKTHBHOIO IS

BUPIIICHHS 33714 MOHITOPUHTY TPOMAJIChKOTO TPAHCTIOPTY.



3 IMPOEKTYBAHHS TA PO3POBKA CUCTEMUW MOHITOPUHI'Y
I'POMAJICBKUM TPAHCIIOPTOM MICTA

3.1 CTBOpeHHA CTPYKTYPH 0a3M JaHUX

Cnemudika 1pOro MIAPO3AUTY TMOJSATa€ B JACTAIBHOMY  PO3IVISIAL
KOHIIENTyaJIbHOI Ta (Gi13uyHOT Mojeni 0a3u, BKJIIOYAOYM BUOIp THUIMIB JaHUX,
CTBOpPEHHS TabJIMIb, BCTAHOBJICHHS 3B'A3KIB MI)K HUMH, a TAaKOX pO3poOKa 3aco0iB
JUIst 3a0€3MeYeHHs HUTICHOCTI Ta O€3MEeKH TaHuX.

Konnenryansaa Moaens 6a3u qaHux € GyHIaMeHTaIbHIM €TaroM B po3pooiri
aBTOMAaTH30BaHO1 iHGOpPMAIIfHOT CHCTEMH [UIsl MOHITOPUHTY TPOMAJICHKOTO
TpaHcropTy. Ll Momens cilyrye sk KOHIIETITyallbHUH Kapkac, Ha SIKOMY OyIyTh
0a3yBaTHCS BC1 HACTYITHI €Tany MPOEKTYBaHHS Ta peajizailii CUCTeMH. 3HAYyIIICTh
i€l MOJIEN1 TIOJISATAE B MOKIIMBOCTI IIUTICHOTO Ta CTPYKTYPOBAHOTO MIPE/ICTABICHHS
JIaHuX, skl OyayTh 30epiraTucs, oOpoOJIATHCS Ta aHANI3YBATHUCS B MPOrPAMHOMY
pIlICHH].

[IpeamerHa 06acTh BKIIFOYAE TaKi OCHOBHI CYTHOCTI:

— oAl (Driver). CytHicTs «Bomiit» BimoOpakae iHGoOpMaIliio Mpo
OKPEMUX BOJI1iB IPOMAJICBKOTO TpaHCIIOPTY MicTa. BoHa MiCTUTB aTpuOyTH, TaKi K
inenTudikaTop BOJisA, TTOBHE iM's, BIK, TelaedoH, aapeca, Ta qocBia. Lls cyTHICTH
KJII0YOBa JUIsl BENIEHHSA JaHMX MPO TMEPCOHAN, IO OOCIYyroBy€ TI'pOMAJCHKHIA
TPaHCIIOPT;

— TexHIgYHe oOcayroByBaHHs (Maintenance). Ll cyTHiCTh TpeacTaBisie
3aMKCH PO TeXHIYHE 0OCITYrOBYBaHHS KOKHOTO TPAHCIOPTHOTO 3ac00y. OCHOBHI
aTpuOyTH  BKIIOYAIOTh:  iAeHTU(IKATOp  OOCIYrOBYBaHHS,  1ACHTH(IKATOP
TPAHCTIIOPTHOTO 3ac00y, /1aTy MPOBEIECHHSA Ta OMUC BUKOHAHUX poOiT. CyTHICTH
JI03BOJISIE CIIIKYBATH 32 TEXHIYHUM CTAaHOM TPAHCIOPTHHUX 3ac00IB Ta IJIaHYBAaTH
MalOyTHI TeXHIYHI BTPYYaHHS;

— ictopia pyxy (MovementHistory). CytHicTb «IcTOpist pyxXy» MICTHTH
iHQOpMaIlio TIPO PyX OKpEMUX TPAHCTIOPTHHX 3ac00iB IO MapHIpyTaM. Ii aTpubyTH
BKJIFOYAIOTh: 1ACHTH(IKATOP 3amucy, iIeHTU(IKATOp TPAHCIOPTHOTO 3acoly,

iaeHTudikaTop MapupyTy, JaTy 1 4ac BiANpPaBICHHS, Ta JaTy 1 yac npuOyTTs. s



CYTHICTb HEOOXIJHa JJii MOHITOPUHTY Ta aHali3y e(pEeKTUBHOCTI POOOTH
TPAaHCIIOPTHO1 CUCTEMH;

— mapuipyT (Routes). CyTHICTh MICTUTH 1HPOPMALIIO MPO MapILIPYTH
IpoMajICbKOro Tpancnopty. OCHOBHI aTpuOyTH: 11eHTU(dIKATOp MapLIpyTy, Ha3Ba,
MOYaTKOBa 3yNHUHKA, KIHIIEBA 3YyNHHKA, Jara/yac MNpUOYTTs, Ta BIJACTaHb,
1IGHTU(IKATOP TPAHCHOPTHOTO 3aco0y. Ll CyTHICTH J03BOJISIE CUCTEMATU3YBATH
JaHl MPO MAapUIPyTH Ta 3a0e3leuye B3a€MO3B'SI30K 3 IHIIUMU CYTHOCTSIMHU 0a3u
TaHHX;

— TpancnopTHuil 3acid (TransportVehicle). 1ls cyTtHicTs 30epirae
iHpOpMaIlil0 PO TPAHCIOPTHI 3ac00M, SKI BXOASATH JO CKJIaay TI'pPOMaJChKOIO
TpaHcnopTy MicTa. OCHOBHI aTpUOyTH BKIIIOYAIOTh 1€HTU(IKATOP TPAHCIIOPTHOTO
3aco0y, THII, peeCcTpaliiHui HOMEp, MOJIeb, PIK BUPOOHHIITBA, KUIBKICTh MICIIb,
JMOCTYMHICTh JJi1 0ci0 3 I1HBaNIJHICTIO, THUI TMajKBa, KUIOMETpax, CTaTyc
TPAHCIIOPTHOTO 3acO0y Ta 1IeHTU(DIKATOP BOMIIS;

— synuaka  (TransportStop). CyrtHicts «3ymuHKa»  BigoOpaxkae
iHpOpMaIlil0 PO OKpeMi 3YNMUHKH Ha MapuIpyTax TPOMaJChbKOTO TPaHCIOPTY.
ATpuOyTH CyTHOCTI: 1IeHTU(IKATOP 3YNMMHKH, Ha3Ba, Ta OMKC MICIIE3HAXOHKEHHS.
CytHicTh 3abe3neuye BaXJIUBY iH(opMaIlito sl IJIaHyBaHHS MapIIPyTiB Ta
CIIY)KUTh BaXJIMBUM 3B'SI3KOM 3 IHIIUMH CYTHOCTSMH B 0a3i TaHUX;

— kopuctyBad (User). CyTHICT, mpeacTaBisie 1HGOpPMAIIO PO
KOPUCTYBayiB CHUCTeMH MOHITOpUHTY. OCHOBHI aTpUOYTH  BKJIIOYAIOTh:
11IeHTH(IKaTOp KOPUCTyBaya, iM’si, IPi3BHUILIE, JIOTiH, MApOJib, iNeHTUdiKaTop pomi,
€JIEKTpOHHA ajpeca Ta jgodarkoBuil omuc. CyTHICTH [03BOJIsAE€ 3a0€3MEYUTH
KOHTPOJIb JOCTYIY IO CHCTEMH Ta ii pecypcis;

— MOHITOPUHT Ta BiAcTexxyBaHHS (MonitoringAndTracking). CyTHICTB
mpeacTaBisie iHGOPMAIito TPO MOHITOPUHT Ta BIICTEKEHHS TPAHCTIOPTHUX 3aCO01B
B cuctemi. OCHOBHI aTpuOyTH CYTHOCTi: iMeHTHU(}IKATOp MOHITOPUHT Ta
BicTexxyBanHs, jgani GPS, mBuakicTe, aKTUBHMH MapmipyT, gaTa/dac

BiJIIIpaBJICHHS, AaTa/dac MpUOyTTS, i1eHTU(DIKATOP TPAHCTIOPTHOTO 3aC00Y.



3 ypaxyBaHHSIM CyTHOCTEH Ta iXHIX aTpuOyTIB, MOKEMO BU3HAUUTH HACTYIIH1
KJIFOUOBI 3B'SI3KM y TAaOIUIISIX 0a3u JaHUX:

— 3B'SI30K «OAMH N0 0ararbox» MK TeXHIYHUM OOCIyroByBaHHSM 1
Tpancnoptaum 3acobom: OAMH TpPaHCHOPTHUM 3aci0 MOXKE€ NPOXOAMUTH dYepe3
KiJIbKa eTamiB TEXHIYHOTI0 00CIyroBYBaHHs, sIK1 (DIKCYIOThCS y 0a3l 1aHHUX;

— 3B'I30K «OAWH /10 6aratbox» Mixk TpaHCOpTHUM 3acoOoMm 1 IcTopiero
pyxy: OnuH TpaHCHOPTHUM 3aci0 Moxe OyTH 3aiIHUMA y KUTbKOX MapuipyTax, 110
(IKCYIOTBCS SIK OKPEMI 3aMKUCH B ICTOPIT pyXYy;

— 3B'130K «0arato 1m0 OaraTthox» Mixk MapuipytoMm 1 3ynuHkoro: OjHa
3yMUHKA MOKE€ OYTH YaCTHHOIO KUTBKOX MAapHIPYTiB, i, HABMAKW, OAMH MapIIpyT
MOJKe BKJTIOYATH KiJIbKA 3yMTHHOK;

— 3B'SI30K «OJMH 10 OaraTthox» MK Mapmpyrom 1 Posknagom: Onun
MapuIipyT MOKE€ MaTH KUIbKa 3alucCiB B PO3KJIail, 1[0 BIAOOpakaroTh pI3HI JHI
THOKHS YM YacH BiIIPaBJICHHS;

— 3B'SI30K «oAuH a0 omHoro» Mik Kopuctrysauem i Ilomismu: Koxen
KOPHUCTYBa4y MOKe 3/IIMCHIOBATH OaraTo Jiid y CUCTEMI,;

— 3B'I30K «OJMH JO OaratboXx» MK TpaHCHOpTHHM 3aco0oM i
Posknagom: OnuH TpaHCTIOPTHHIM 3aci® MOKe MaTH KUTbKa 3aIllUCiB B PO3KIIaIi, 10
BiIOOpaKarOTh HOro podbounii rpadik B pi3Hi JHI;

— 3B'I30K «OJIMH 710 6aratbox» Mixk TpaHncnopTHUM 3aco0oM 1 TexHIYHUM
oOcnyroByBaHHsIM: OJMH TPAaHCIIOPTHHM 3aci0 MOXKe IHIIIIOBATH KUIbKa MPOIECIB
TEXHIYHOTO 00CITyTOBYBaHHS,

— 3B'SI30K «OAMH 10 Oaratbox» MK Mapmpytom i TpancmopTHUM
3acobom: OamH MapmipyT Moke OyTH OOCIyroBaHWUW KUIBKOMa TPAHCTIOPTHUMU
3aco0amu, SIK1 3MIHIOIOTBCS 3TITHO PO3KIIaay a00 Ha TEXHIYHUX MPUYNHAX.

Ha puc. 3.1 300pakeHO KOHIIENITyaJIbHY MOJEINb 0a3u JaHux y HoTtamii YeHa.
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HacTymHuM KpOKOM € CTBOpEHHs peisIiiiHoi Mojeni 0a3u JaHuX €
KJIFOUOBHMM €TarioM Y CTBOPEHHI CTPYKTYpPH JjIsl 30epiraHHs JaHUX, sKa BiJIIOBiIa€e
BUMOTaM 1 (DyHKITIOHAJTBHOCTI CHCTEMHU MOHITOPHHTY IPOMaJICBKOT'O TPAHCIIOPTY.

Hwxue mpuBeneHO OCHOBHI TaOMMIN Ta aTpUOYTH, IO BKIIOYAIOTHCS 10
penAIiiHOol MoJIesl 0a3u TaHMX:

Tabauus 3.1 — Atpudytu cyrHocTi «Drivers

Ne | HatmenyBanns | Tun manux [Tpu3naueHHs
1| Driverld INT InenTudikarop Bomis
2 | FirstName NVARCHAR(50) Im'st Bofist
3 | LastName NVARCHAR(50) [pizBuie Bomis
4 | Phone NVARCHAR(20) Howmep Tenedony Bomis
5 | Address NVARCHAR(MAX) | Anpeca Bois
6 | Email NVARCHAR(MAX) | Anpeca eneKkTpoHHOT ITOIITH BOJIsI
7 | Experience INT Crax Bois




Ta6muus 3.2 — Atpubytu cytHOCTi «Maintenancey

Ne | HalimenyBaHHs Tun nanux [Ipu3HaueHHs
1 | Maintenanceld INT Inentudikarop
00CIyroByBaHHs
2 | TransportVehicleld | INT Inentudikarop
TPAHCHOPTHOTO 3aC00Y
3 | MaintenanceDate DATETIME Jlata 00CITyroByBaHHSI
4 | DescriptionOfWork | NVARCHAR(MAX) | Onuc BUKOHaHHX pOOiT
Tabmuis 3.3 — Atpubytu cyTHOCTI «ROUtes»
Ne | HalimenyBaHHs Tun nanux [Ipu3HaueHHs
1| Routesld INT Inentudikarop Mmapupyty
2 | RoutesName NVARCHAR(150) | Ha3Ba mapuipyty
3 | TransportStopDeparturel | INT Inentudikarop  3ynmuHKU
d BiJIIPaBICHHS
4 | TransportStopArrivalld INT InenTudikatop  3yIMUHKH
npUOyTTS
5 | DepartureDateTime DATETIME JlaTa Ta yac BiAIpaBICHHS
Ha MapuIpyT
6 | ArrivalDateTime DATETIME Jlata Ta yac mpuOyTTS Ha
MapIupyT
7 | RoutesDistance FLOAT Bincranp wMapmipyty B
KUTOMETpax
8 | TransportVehicleld INT Inentudikarop
TPaHCIIOPTHOTO 3ac00y, 110
00CITyTOBY€ MapuIpyT




Tabauus 3.4 — AtpuOytu cytHOocTi «MovementHistory»

Ne | HalimenyBaHHs Tun nanux [Ipu3HaueHHs
1| MovementHistoryl | INT Inentudikarop ictopii pyxy
d
2 | TransportVehicleld | INT Inentudikarop
TPAHCHOPTHOTO 3aC00Y
3 | Routeld INT InenTudikatop MapmpyTy
4 | DepartureTime DATETIME Yac BianpaBieHHS
5| ArrivalTime DATETIME Yac nmpulytts
Ta6nuus 3.5 — Atpubytu cytHocTi « TransportVehicley
Ne | HalimeHnyBaHHs Tun nanux [Ipu3HaueHHs
1 | TransportVehicleld INT Inentudikarop TpaHc. 3aco0y
2 | Types NVARCHAR(50) | Tum TpaHCmopTHOTO 3ac00y
3 | RegistrationNumber | NVARCHAR(50) | Peectpaniiinuii HoMep
4 | Model NVARCHAR(50) | Mozenb TpaHCIIOPTHOTO 3ac00y
5| YearOfManufacture | INT Pik BUPOOHHIITBA
TPAHCIIOPTHOTO 3aCO0y
6 | NumberOfSeats INT KinpkicTh cHASYMX MICIL Yy
TPaHCIIOPTHOMY 3ac001
7 | Status NVARCHAR(50) | Cratyc TpaHCIOPTHOTO 3ac00y
8 | LastMaintenanceDate | DATETIME JlatTa OCTaHHBOTO TEXHIYHOTO
00CITyroByBaHHS
9 | Mileage FLOAT [TpoGir TpaHCcmopTHOTO 3aco0y
B KiIoMeTpax
10 | FuelTypes NVARCHAR(50) | Tumu naJibHOTO MaJIbHOTO
11 | Driverld INT InenTudikaTop BOiA, SAKHH
00CITyTOBy€ TPaHCIIOPTHUI
3aci0




Tabmuis 3.6 — Atpubytu cyTHOCTI « TransportStop»

Ne | HalimenyBaHHs Tun nanux [Ipu3HaueHHs
1| TransportStopld INT Inentudikatop 3ynmuHKA
2 | TransportStopName | NVARCHAR(150) | Ha3Ba 3ynuHku
3 | Description NVARCHAR(MAX) | Onuc 3ynuHKd

Tabmuus 3.7 — Atpubytu cytHocTi «Client»

Ne | HalimenyBanua | Tum naHux [Ipu3HaueHHs
1| Logsld INT InenTudikarop 3anucy xxypHaity
MO1i
2 | Usersld INT InenTudikatop  KopucTyBaua,
SIKAH BUKOHAB ITO/IIF0
3 | EventNameShow | NVARCHAR(MAX) | Ha3Ba Ta onuc moii
4 | EventDate DATETIME Jlata Ta yac mmomii
Tabmums 3.8 — Atpubytu cytHocTi «USersy
No | HalimenyBanHsa | Tum maHux [Ipu3naueHHs
1| Usersld INT InenTudikaTop KopucTyBada
2 | FirstName NVARCHAR(50) Im'st KopucTyBaya
3 | LastName NVARCHAR(50) [1pi3BuIlle KOpUCTYBaya
4 | UsersName NVARCHAR(50) Im'st KOpUCTYyBaya 151 BXOAY
5 | UsersPassword NVARCHAR(50) [Tapons KopuCcTyBaua
6 | Roleld INT Inentudikarop podi
KOpHCTyBaua
7 | Description NVARCHAR(1000) | Ommc KOpHCTyBaua
(MakcuManbHa JOBXKUHA)
8 | Email NVARCHAR(150) Anpeca  eNEeKTpPOHHOI TOIITH

KOpHCTyBaua




Tabmuus 3.9 — Atpubytu cytHocTi «Client»

Ne | HalimenyBaHHs Tun nanux [Ipu3HaueHHs
1 | Monitoring INT Inentudikatop MOHITOPUHTY Ta
AndTrackingld BIJICTC)KCHHS

2 | GPSLocation NVARCHAR(100 | I'eorpadiune pO3TanryBaHHs
) (xoopaunatu GPS)

3| Speed FLOAT HIBuAKICTD pyXy

4 | ActiveRoute NVARCHAR(150 | AkTuBHHMII MapIIpyT
)

5 | DepartureTime DATETIME Yac BianpaBieHHs

6 | ArrivalTime DATETIME Yac nmpubyrrs

7 | TransportVehicleld | INT Inentudikarop TPAHCIIOPTHOTO

3aco0y

Ili Tabmumi 3a0e3meuyroTh MOBHOTY Ta IUTICHICTH 1H(pOpMAIIAHOT MOJel,
JI03BOJIIIOYM CUCTEMI1 €(DEKTUBHO YIPABJISATH BCiMa acleKTaMH OPEHIU TOPTrOBUX
IUTOII: BiJl YKJIaJaHHS JOTOBOPIB 10 KOHTPOJIIO IJIATEXKIB, MTpadiB Ta pEMOHTHUX
po6iT. KoxHa TaGauIlsg MICTUTh KIIOUOB1 aTpuOyTH, HEOOXITHI JIJIs 30€peKeHHS Ta
00poOKHM BIIOMOCTEH B paMKax 3alaHUX O13HEC-TPOIIECiB.

[Ticnsa 3aBepiieHHsT MPOIECY MPOSKTYBAHHS KOHIENTYyaJIbHOI MOJEi 0a3u
JAaHUX, HACTYITHUM €TaroM € ii i3uuHa peaizaltis.

Jist bi3nuHOi peanizaitii 0a3u JaHUX BUKOPUCTOBYETHCS CHCTEMA YIIPABIIiHHS
6a3zamu nanux (CYBJ]) Microsoft SQL Server.

Jlns onrumizamii 3anmuTiB g0 0a3u JaHWX, OyJ0 CTBOPEHO IIEPBUHHI Ta
yHIKanbHI KItodi. JlogaTkoBO, Oys0 BUKOPUCTAHO IHAEKCH JJIA TOJIB, SKI YacToO
BUKOPUCTOBYIOTHCS B 3aITUTaX, 30KpeMa JIJIsl TIOJIiB, IO MICTSTh TaTH.

CkpunTu CTBOPEHHS Ta0IUIb 0a3U JaHUX MPUBEJEHO Y A0JIaTKy A, a Ha puC.

3.2 300paxeHo (i3UIHYy MOJICTh 0a3H JaHUX ITICIIS BIAIPAIIOBAHHS ITUX CKPHUIITIB.
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Pucynok 3.2 — ®i3uuna Mojens 6a3u TaHuX

3.2 Po3po0ka ajJirOpuTMiB Ta MPOTrPAMHOI0 KOAY JJIsi KOHTpoJiepa

Cucrema MOHITOPUHTY TPOMAJCHKOTO TPAHCIOPTY MicTa Oa3yeThCs Ha
MikpokoHTposepi Arduino Uno, mo B3aemozmie 3 narunkoMm Xojia A3144 ta GPS

moxaynem NEO-6M. [Ins nepenadi JaHUX Ha BIIJATICHUN CEPBEP BUKOPUCTOBYETHCS

Wi-Fi moxyns ESP8266.

Jlns peamizariii 3aga4 mpoekTy OyJI0O BHKOPHUCTAHO JACKUIbKA J0JaTKOBUX

616motex mis Arduino (mict. 3.1):

— NeoGPS nanae intepdeiic as podotu 3 GPS monynsamu, BKrogarodn
NEO-6M. Bona no3Bossie eheKTHBHO 3UunuTyBaTH Ta 00podsstu NMEA cenTenitii,
OTPUMYIOUM 3 HHUX Teorpadiydi KOOpPAWHATH, IIBUAKICTh, BHUCOTY Ta IHIII

napamerpu. L{s 6i01i0TeKa € ONTHMI30BaHOKO 3a MIBHJAKICTIO Ta PeCypCaMH, IO €

KPUTUYHO JJIs1 MIKPOKOHTPOJIEPHUX CUCTEM;



— SoftwareSerial — e 6i6mioTeka, sika JO3BOJISIE CTBOPIOBATH JJOJJATKOBI
MOCJIIOBHI MOpTH Ha miHax Arduino. lle KOpHCHO, KOJM OCHOBHUH amapaTHUI
MOCIOBHUN MOPT BXKE€ BUKOPUCTOBYETHCS, HAMPUKIA, JJs Aebary abo IHIIUX
3aad;

— TinyGsmClient — 6i6mioTeka it poOOTH 3 PI3HUMHU MOOLTBHUMHU
MojeMamHu, Bkiovarouu 4G, 3G, ta 2G Moayii. Y KOHTEKCTI IbOT'0 POEKTY, BOHA
BUKOPHUCTOBYEThCSL Il 3a0e3medyeHHsT KoMmyHikamii depe3 4G wMepexy 3a
nonomoroto moayist SIM7600E-H 4G HAT;

— PubSubClient — e xmientcbka 6i0aioreka it MQTT mpotokody,
AKa MOXE BHKOPUCTOBYBATHCS s MyOuikauii Ta mignucku Ha teMu B MQTT
Opokepi. Xoua B JaHOMY NIPOEKTI MPsAMO HE BKazaHo BuUkopuctaHHi MQTT, ms
6i0mi0oTeKa MOke OyTH KOPHCHOIO JJisi peanmizallii MmoaiOHMX KOMYHIKAIIHHUX
CIIEHapIiB.

Jlictunr 3.1 [ligknrodenHs 010110TeK 10 TPOEKTY

#include <NeoGPS.h>

#include <SoftwareSerial.h>

#include <TinyGsmClient.h>

#include <PubSubClient.h>

B apxiTekTypi CHCTeMH MOHITOPUHTY T'POMAJChKOTO TPAHCIOPTY
BUKOPHUCTOBYIOTHCSI HACTYMHI MHU MikpokoHTposiepa Arduino Uno (micT. 3.2):

— hallSensorPin = 2: Ileli miH BUKOPUCTOBYETHCS JI 3YUTYBAHHS
curHany 3 naranka Xomia A3144. JlaTuuk BiamoBizae 3a BUMIPIOBaHHS IIIBUIKOCTI
TPaHCIIOPTHOTO 3aC00Y;

— gpsSerial(3, 4): Ilinm 3 Ta 4 BUKOPHCTOBYIOTBCS JIJIS ITOCIiOBHOT
komyHikaiii 3 GPS monynem NEO-6M uepe3 SoftwareSerial. Ilin 3 ciyrye mns
npuitomy ganux (RX), a min 4 — nns nepenadi ganux (TX);

— simSerial(5, 6): [litn 5 Ta 6 BUKOPUCTOBYIOTHCS IJIsi TOCIIAOBHOI
komyHikaiii 3 4G monynem SIM7600E-H uepe3 SoftwareSerial. Ilin 5 ciyrye mis
npuitomy ganux (RX), a min 6 — nns nepemadi ganux (TX).

JlomaTkoB1 3MIHHI:



— previousTime Ta currentTime: Ili 3minHi Tunmy unsigned long
BUKOPHUCTOBYIOThCSL i1 30epiraHHs MOMEPEAHHOTO Ta TMOTOYHOTO Yacy s
BUMIPIOBaHHS MIBUJIKOCTI TPAHCIIOPTHOTO 3aCO0Y;

— wheelPerimeter = 0.6283: 3MiHHa, sika 30epirae nmepuMeTp Kojieca B
MeTpax. BoHa BUKOpUCTOBY€EThCS Ui MepepaxyHKy oOepTiB Kojeca B IIBUIKICTb
PyXy;

— speed = 0.0: 3minHa 17151 30epiraHHs 00YKUCIICHOT MIBUAKOCTI B METPax
3a CEKYyHJY.

Jlictuur 3.2 — OroJyionieHHs 3MIHHUX

// Tlinn

const int hallSensorPin = 2; // Jlatuuk Xona Ha miHi 2

SoftwareSerial gpsSerial(3, 4); // RX, TX

SoftwareSerial simSerial(5, 6); // RX, TX

unsigned long previousTime = 0; // 36epiranss monepeaHbOro 4yacy

unsigned long currentTime = 0; // 36epiranHs MOTOYHOTO Yacy

float wheelPerimeter = 0.6283; // IlepumeTp Kojeca B MeTpax

float speed = 0.0; // HIBUOKICTE B M/C

HactynHum KkpokoM € peamizaiis KOAYy i TPOBEAEHHS IOYaTKOBOTO
HaJaITyBaHHS KOHTpPOJIEpa 3 MOMEHTY HOTO BKJIIOUCHHs (J1icT. 3.3).

Jlictunr 3.3 — [IpoBeeHHs HAIAIITYBaHHS CHCTEMH

void setup() {

// nimiamizamis Serial 1 WiFi
Serial.begin(115200);
WiFi.begin(ssid, password);
// TlepeBipka cTany miaKimro4eHHs 10 Wi-Fi
while (WiFi.status() '= WL_CONNECTED) {
delay(1000);
Serial.printin(*Connecting to WiFi...");
¥

// 1H11am3aris miHiB



pinMode(hallSensorPin, INPUT); // latuuk Xoina
gpsSerial.begin(9600); // SoftwareSerial nns GPS
simSerial.begin(115200); // SoftwareSerial nns 4G moxymio
pinMode(someOtherPin, OUTPUT),
pinMode(anotherSensorPin, INPUT);

¥

Oynkuis setup() B koa1 Arduino BiAmoBigae 3a iHIIIATI3alil0 OCHOBHUX
napaMmeTpiB Ta KOMIOHEHTIB cucteMu. CrovaTKy 1HIIAII3Y€EThCS CEpIMHUNA MOPT 3
mBuakicTio 115200 Gox nans AlarHOCTUKM Ta MOHITOpUHTY. Jlami cucrema
HamaraeTbes minkmounTcs 1o Wi-Fi mepexi, iHdopmarlis po siKy 30epiraerbes y
sminaux ssid Ta password. Ilicms ycmimmHOro migkarOYeHHS g0 Wi-Fi
HIMIATI3YI0ThCS TiHU 711 qatuuka Xoia, GPS monymio ta 4G Moyio.

[Ticna uporo peanizoBano ¢yHkiiro sendDataToServer, sika BiAmoBimae 3a
BIJIMPaBKY JaHUX MPO MIBUJKICTH Ta TEOJIOKAIII0 Ha BimmaneHuit cepBep. Bona
npuiiMae Ba apryMeHTH: MIBUJIKICT Ta JIaHi reosiokarii Ha Bxinx (ict. 3.4).

Jlictunr 3.4 — OyHKIIS A7 BIATPABKU JaHUX HA BIAAJICHUN cepBep

void sendDataToServer(float speed, String gpsLocation) {

if (client.connect(server, port)) {
String postData = "GPSLocation=" + gpsLocation + "&Speed=" +
String(speed);
client.print(String("POST ") + resource + " HTTP/1.1\r\n");
client.print(String(""Host: ") + server + "\r\n");
client.print("Content-Type: application/x-www-form-urlencoded\r\n*);
client.print("Content-Length: " + String(postData.length()) + "\r\n\r\n");
client.print(postData);
unsigned long timeout = millis();
while (client.available() == 0) {
It (millis() - timeout > 5000) {
Serial.printin(*>>> Client Timeout !");

client.stop();



return;

¥
¥

[Toyarok ¢yHKIII MICTUTH CIPOOY MIAKIIOYEHHS 10 cepBepa 3a AOIMOMOTOI0
Merony client.connect(server, port). Ko MAKIIOYEHHS YCIIIHE, (opMyeThCs
psanok postData, sikuii Mictuth napametpu 11t HTTP POST 3anury.

Ham Buxonyetbcsi (opmyBanHs Ta BinnpaBka HTTP POST 3anuty Ha
cepBep. Cnepmry Bimgmpabiserbcsi HTTP 3aronoBok, 1o BKJIIOYa€ THIT 3aIuTy,
BEPCII0 MPOTOKOITY, XOCT Ta THUM KOHTEHTY. [1icist IbOTO BiANPaBIsSETHCS came TiJI0
3anuty — postData.

[Ticns BignmpaBku 3amuTy, QYHKIIS OYIKYE BIJIMOBIAI BiJ cepBepa. SKIIo
BIJIMIOBIAb HE HAJIN/IE IPOTATOM 5 CEKYH]I, BUBOAUTHLCS TOBIIOMIICHHS TIPO TaiM-
ayt (>>> Client Timeout !), 1 3'€1HaHHS 3 CEpBEPOM IMEPEPUBAETHCS METOJOM
client.stop().

g dyskis € kIro4oBoro JuIs peamizamii (QyHKIIOHATY MOHITOPHUHTY,
OCKLUTBKHM caMe 3aBJISKM HiM JaHl 3 JaTYUKIB MOXKYTb OyTH MepeiaHi Ha cepBep s
MOTAJIBIIIOTO aHATI3Y Ta OOPOOKH.

B xiHmi Oyno peanizoBano (yHKIIO loop, 1m0 € OCHOBHOWO pPoOOYOIO
¢yHkimiero B Arduino Koai 1 BUKOHYETbCS ITUKIIYHO IIICJISS BCTAHOBJICHHS
HajamTyBaHb. Kox nmanoi GyHKIli mpuBeaeHo y icT. 3.5.

Jlictunr 3.5 — Peanizantis mukIi9HO1T (QyHKITIT

void loop() {

int hallState = digitalRead(hallSensorPin); // 3untyBanHus ctany naruuka
if (hallState == HIGH) {
previousTime = currentTime; // 36epexeHHs TOTePeTHHOTO Yacy
currentTime = millis(); // 36epexeHHs] MOTOYHOTO Yacy
unsigned long timelnterval = currentTime - previousTime; // O6uncneHHs
IHTEpBaIly 4acy B MUTICEKYHaX

If (timelnterval > 0) {



speed = (wheelPerimeter / timelnterval) * 1000.0; // OGuucneHus
IIBUIKOCTI B M/C

}

sendDataToServer(speed, gpsLocation);

}

delay(100); // 3aTpumka 11 crabuti3anii 3YMTyBaHb

¥

Oynkuis loop() B Arduino kol HMKIIYHO 34YUTY€ CTaH JaTyuka XoJjuia,
o0UHrCIIOE MBUAKICTH PYXy TPAHCHOPTHOTO 3aco0y Ta BiAMpaBisie 11 JaHi Ha
cepep. ko gaTyuk XoJuia BUSIBJISE€ BUCOKUHN piIBEHb CUTHAIY, CUCTEMa OHOBIIIOE
NoTnepeHIN Ta MOTOYHUI Yac, 0OUMCIIOE THTEPBAl Yacy MK 3UMTYBaHHSIMH Ta Ha
il OCHOBI po3paxoBye MBUAKICTb. Ilicas mporo Bimmpasasersbcss HTTP POST
3alUT Ha cepBep 3 OOYHMCICHOIO MIBUJKICTIO Ta reosiokaiiero. DyHKIS TaKoX
MICTUTBH KOPOTKY 3aTpuMKy B 100 MisicekyH /uist cTa0uni3anii 3UMTyBaHb.

Kon minoro ckerdy, mo npaoe Ha CTOPOHI KOHTpOJepa MpeACTaBICHUN Yy

noaaTky A.

3.3 PeaJiizanisi cepBepHOI YACTUHU MOHITOPUHIOBOI CHCTEMH
CepBepHa yacTuHa Oyjie BIJIIOBIIaTH 32 0OpOOKyY Ta 30epeKeHHs JaHuX, SKi
HAIXOJATh BIJ PI3HUX JaTYMKIB 4epe3 BiJAaleHl KIIEHTChKI mpucTpoi. Taka
apXiTeKTypa HE TUIBKM CIPOIIY€ VIOpaBIiHHA JaHUMH, aje 1 3abesrneuye
MacmTaboBaHICTh Ta THYYKICTh cUCcTeMH. [[1s1 mouaTky Oysio po3poOIeHO KO, IO
npenacrasise coboro kimac koutposepa B .NET Tta cimyxuts mans o6pooxu HTTP
POST 3anuTiB Ha cepBepHiit yacTuHi (J1icT. 3.6).
Jlictunr 3.6 — Peamizanis koxy aist oopooku HTTP POST 3anuris
[ApiController]
[Route("[controller]™)]
public class MonitoringController : ControllerBase{
[HttpPost]
public 1ActionResult Post([FromForm] MonitoringModel model){



// BeraBka ganux B MS SQL
using (SqlConnection connection = new SqlConnection(connectionString)) {
string sql = "INSERT INTO [dbo].[MonitoringAndTracking]
(GPSLocation, Speed) VALUES (@GPSLocation, @Speed)";
using (SqlCommand cmd = new SqlCommand(sgl, connection)) {
cmd.Parameters. AddWithValue("@GPSLocation", model. GPSLocation);
cmd.Parameters.AddWithValue("@Speed", model.Speed);
connection.Open();
cmd.ExecuteNonQuery();

connection.Close();

}
return Ok();

}

Kontponep nazsano MonitoringController 1 BiH HacigyeThcsi Bix 6a30BOTO
kinacy ControllerBase. Atpubyr [ApiController] Bkasye, mo uei kmac € API
KoHTpoJiepoM, a [Route("[controller]")] 3amae mabioH MapmpyTy s TOCTYIy J0
METO/1B KOHTpOJIEpa.

Merton Post mpuitmae Momens MonitoringModel sk mapamerp i3 dbopmu
([FromForm]). Metoa BignoBizae 3a BCTaBKY JaHHUX IPO I'€OJIOKAIIIIO Ta IIBUIKICTD
y 6azy mamux MS SQL. [ns mporo BukopuctoByeThes SqlConnection s
3'eqnanHs 3 6a3or0 nanux 1 SqlCommand mis Bukonanus SQL 3amuty. 3amut SQL
BcTaBisie 3HadeHHs mapamerpiB  GPSLocation Ta Speed y Tabmuirio
MonitoringAndTracking.

[Ticnsa Bukonanus SQL 3amuTy, 3'eqHaHHS 3 0a3010 JTaHUX 3aKPHUBAETHCA, 1
meron mnoseprae cratyc "OK" sk Biaryk ma HTTP POST 3amut. lleir meton €
KITFOUOBOIO YaCTUHOIO CEPBEPHOI JIOTIKH, siKa 3a0e3nedye 30epeKeHHsT OTPUMaHUX

JTAHWX JUIS TIOJIAJTBIIOTO aHAJ3y Ta OOPOOKH.



Y  nopanbmioMy — eTami  po3poOKHM  30CEpEKEHO Ha  CTBOPEHHI
KOPHUCTYBAIlbKOTO 1HTep(deiicy Ta ronoBHOi mnaHem Hapiramii. ns uporo mo
rOJIOBHOTO BIKHA IporpamMu Oyso 10AaHO KOMIOHEHT menuStrip. Lle Hagae 3mory
KOpPUCTYyBauaM JIETKO B3a€MOJIISITH 3 MPOrpamMoro, BUOUparuu HEOoOXiIH1 OmIlii Ta
aKTUBYIOUM PI3HI QyHKUII mporpamu. BidyanbHuil BUIJISA I1bOro 1HTEpdeiicy
IIPEACTABIEHO Ha puc. 3.3.

Cucrema MOHITODWHIY rp0OMaACEKUM TRAHCNOPTOM wmicTa EI@
Kepyeanna  Josigiuen  [owyk [ 3siw | Cuctema

Cepeans LIBNAKICTE KOKHOMD TPaHCNOpTHOT o 3acoby

KinekicTe TpancnopTHux 3acoBie Ana KOXHOMO TURY Nanuea
MapLupyTi, AKi MaroTe HaABINbLLY | HaAMEHLLY BIACTaHE
MapLupyTi, sKi BUKCHYHOTECR TpaHCNOpTHUMU 3acoBamu, LS 4oCTyNHI 405 iHBaNiais

MapLupyTh, Ak BUKOHYHOTECA TPAHCNOPTHUMMK 3acoBarin Ha eneKTpoEHERTIT

Pucynok 3.3 — Pearizaltis roJJOBHOTO MEHIO
KoxxHOMY ITyHKTY MEHIO MPU3HAYEHO KOJI, 110 iHiIianizye HoBy popmy. [Ipu
BUOOpP1 MYHKTY, BIANOBIIHE BIKHO aKTHUBYETHCS, IPU IOMY IOTEPEITHE
ABTOMAaTHUYHO 3aKPUBAETHCS, MO0 YHUKHYTH KOHQUIIKTIB. Takmii migxina
3aCTOCOBAHO JIJIsl BCIX MYHKTIB MEHIO JJIs 3a0€31eYeHHs iX KOHCUCTEHTHOI pOOOTH.

[Tpuknan koxy A7 TAKOTO MEXaHI3MY MPEACTaBICHO Ha puc. 3.4.
private wvoid npancnopTHi3aceGuTeoolStripMenultem_Click(object ) 1
CloseAlLLwWi

Tra ehicleForm transportVehicleForm
. transportVehicleForm.MdiParent = this;

! transportVehicleForm.WindowState = FormWindowState.Maximized;
transportVehicleForm.Show();

Pucynok 3.4 — Kox nonaBaHHS! MyHKTY MEHIO
[Ticas poro Oyso po3polbsIeHo Kiacu Jutst poboT 13 6azoro maHux. Hmkue

MIPUBEJICHO YacTKOB1 peaii3alii METOJIB PI3HUX KJACIB 13 JIETAJIbHUM OIHCOM.



Hanpuknan, s BUBEACHHA MJAaHUX TMPO MApUIPYTH, SKi BUKOHYIOTHCS
TPaHCHOPTHUMU 3aco0aMH, 110 JOCTYIHI JJIsl 1HBAJIIAIB OyB CTBOPEHUU METOJ 13
Ha3Bolo «GenerateAccessibleRoutesReport, ko gaHOrO METOAY MpEACTaBICHO Ha

puc. 3.5.

GenerateAccessibleRoutesReport(T textBox)
r reportBuilder = 5

WHOHYHNTECA TPaAACNOPTHHMMK M, OOCTYNHAMA ONA iHBanigie:" -'J;

reportBuilder. AppendLine(n=

on connection ew n{_ConnStringl) {

uery, connection)) {

~ = command . ExecuteReader{]] {

(reader.Read()

route_name = reade .ToString(];
drc le route_distance = .ToDouble(reader["RoutesDistance"])
reportBuilder. AppendLin azea M route_name}");
reportBuilder. AppendLin b {route_distance} um"];
reportBuilder. AppendLine(nes

o ¥y

Pucynok 3.5 — Kog merony «Generate AccessibleRoutesReporty»

Merton GenerateAccessibleRoutesReport BinkpuBae 3'eqHaHHS 3 0a3010
nanux depe3 kinac SqlConnection 1 Bukonye SQL 3amuT, sxuii 00'eqHye TaOIHIl
Routes 1 TransportVehicle. 3anut ¢inprpye 3amnucu, BHOMparOYW JUIIE Ti
MapHIPyTH, JIe TPAHCIIOPTHHUH 3aci0 JOCTYITHHMM JJIs 1HBATIIiB.

[Ticns Bukonanuss SQL 3amuTy, MeToj yuTae pe3ylibTaTd 3a JTOMOMOTOIO
SqlDataReader. Koxxen 3amuc nepeTBOpIO€THCS Ha PAIOK Y 3BIT1, BKIIIOYAIOUH HA3BY
MapHipyTy Ta woro Bifactanb. L{i psanku momarorbest ao StringBuilder 1, B kiHIT
BUKOHAHHSI, BECh 310paHU TEKCT BUBOAMUTHCS B TeKcTOBe mosie RaportTBox Ha
dbopmi.

J11s1 BUSIBIIGHHSI CEPEIHBOT IIBUIKOCTI KOKHOTO TPAHCIIOPTHOTO 3ac00y OYyB
po3pobnennit meton GenerateAverageSpeedReport (puc. 3.6). Bin BukopucTtoBye
PAIOK MiAKIIOYeHHS 10 0asu ganux 1 SQL 3amut mis 30opy indopmarrii. 3amur
PO3PAaXOBYE CEPEIHIO MIBUAKICTD JJIsi KOKHOTO TPAHCIIOPTHOTO 3ac00y, TPyImy0du
naHi 3a i1eHTU(HIKaTOPOM, TUTIOM Ta PEECTPAIIHIM HOMepoM. Pe3yipTaT 3anuty

MOTIM YUTAIOTHCS 1 JOAAKOTHCA J10 TEKCTOBOTO 3BITY. 310paHuil TEKCT BUBOJUTHCS B



TEKCTOBE moJjie Ha (opmi, 3a0e3Meuyloun KOPUCTyBauyy AOCTYH 1O aHAJIITHYHOI

1HpopMaIlii Ipo MBUAKICTh TPAHCIOPTHUX 3aCO01B.

| GenerateAverageSpeedRepo
s r reportBuilde
reportBuilder. AppendLine(
reportBuilder. AppendLine(new s

connection = ne

connection.Ope

tring query =

reportBuilder. AppendLine
reportBuilder. AppendLil
reportBuilder. AppendLine
reportBuilder. AppendLine(n=

Pucynok 3.6 — Kog merony «GenerateAverageSpeedReporty»
[lo 3aBeplIeHHIO CTBOPEHHS KiaciB Jisi 00poOKku naHux, Oynu po3poOieHi
KOPHUCTYBalbK1 1HTepdercHu aJid B3aeMO/Iii 3 cUcTeMor0. 30KpeMa, Oyiia CTBOpEeHa

dbopma a1t oprauizarii MapIIpyTiB, sSIKa IEMOHCTPYEThCS Ha puc. 3.7.

Hazsa mapupyTty: *

Buizn
SynuHka: " ~

lata: 18 xoBTHR 2023f~
Yac 15:49:13 ~

MNpuayTTa

3ynnHKa:

Dara 18 xoBTHA 2023~
Yac: 15:4%13 ~

OansHicTs:

|

TpaHcnopT:  * ~

Pucynok 3.7— ®opma aiis nmaHyBaHHS MapiipyTiB
[Tpu imimiamizamii ¢GopmMu, B 1 KOHCTPYKTOPI AaKTHUBYETHCS METO]
"LoadAllDate". I{e#i MeTO1 3aITOBHIOE BHIIAal041 CIUCKH JAHUMHM ITPO TPAHCIIOPTHI

3aco0Ou Ta 3yNMUHKH, K I1e 300pakeHo Ha puc. 3.8.



LoadAllDate(]

TranspurtvehlcleLlst _TransportVehicleProvider.GetAllTransportVehicle();
TransportVehicleCBox.DataSource = _TransportVehiclelList;
TransportVehicleCBox.ValueMember =
TransportVehicleCBox.DisplayMember = "

_AirportList = _TransportStopProvider.GetAllTransportStop();
_AirportDepartureList = GetTransportStopList(_AirpertList];
_AirpertArrivallist = GetTranspertSteplList{_AirpertList);

TransportStopArrivalCBox.DataSource = _AirpertArrivallist;
TransportStopArrivalCBox.ValueMember = "T
TransportStopArrivalCBox.DisplayMember = "Trans

TransportStopDepartureCBox.DataSource = _AirpertDeparturelist;
TransportStopDepartureCBox.ValueMember = v
TransportStopDepartureCBox.DisplayMember

Pucynok 3.8— Kox merony «LoadAllDatey
B ycix cTBOpeHux @QopMax IMIJIEMEHTOBaHA TIE€peBipKa MPaBUIBHOCTI
BBEJICHUX JaHMX. J[J1s1 bOTO y KOXKHIN (hopMi pealni3oBaHO CIieliani30BaHui METO/
"IsDataEnteringCorrect", sikuii Banmiaye iHGopMalilo B OOOB'A3KOBUX TMOJISIX.
4 M : n "
[lpuxian merony, mo 3ailicHI0e mnepeBipky B ¢opMmi "RoutesForm", moxhna

no6aunutu Ha puc. 3.8.

IsDataEnteringCorrect()
isCorrect = true;
if (_validation.IsDataEntering(RoutesNameTBox.Text)) {
RoutesNameValiadtionlbl.Text Na mButtons.RequiredValidation;
else {
RoutesNameValiadtionlbl.Text Na Buttons.ErrorValidation;
isCorrect = false;
if (_validation.IsDataConvertToDouble(RoutesDistanceTBox.Textl}) {
RoutesDistanceValiadtionlbl.Text = NamesMy.Pr mBu s.RequiredValidation;

} else {
RuutesﬂlstsncEUalladtluanl Text MamesMy . P1 rttons.ErrorValidation;
isCorrect =

I

if (Convert.ToInt32 TranspnrtvehlcleCch SelectedvValue)
TransportVehicleValiadtionLbl.Text = ogramb 15 . RequiredValidation;
else {
TranspurtvehlcleUdlladt1uanl Text = 1 amB ns.ErrerValidatien;
isCorreet = fa

Pucynok 3.8— ®@parmeHT Koy nepeBipKy MPaBUILHOCTI BBEACHUX JTAHUX



Jlnist Bizyautizanii pe3ysibTaTiB NPOBEAECHHS MOHITOPUHTY CUCTEM PO3POOIEHO
noaito SimulTimer Tick, , 110 BUKOHYETbCS NpHU KOKHOMY THKY Taimepa 1

CUMYJIIO€ PyX TPAHCIIOPTHUX 3ac001B 1Mo MapuipyTax (puc. 3.9).

id SimulTimer_Tick ect sender, Eve
ime = Dat Now;

i

ute in _Routeslist) {
if (!currentCoordinates.ContainsKey(route.RoutesId)) {
le initialLatitude = 56.4581 + rand.NextDouble() #* 8.1;

¢ Lle initiallLongitude = 5234 + rand.NextDouble() * 8.1;
currentCoordinates[route.RoutesId] = (initiallatitude, initiallongitude);

r (currentlLatitude, currentLongitude) = currentCoordinates{route.RoutesId];

currentlLatitude += (rand.NextDouble(] - 8.5) = 8.81;
currentLengitude += (rand.NextDouble() - 8.5) * 8.81;

currentCoordinates[route.RoutesId] = (currentLatitude, currentlongitude];

= speed = 48 + rand.MNextDouble() * 18;
0 gpsCoordinates = $"{currentlLatitude:F4} {currentlLongitude:F4}";

_MonitoringAndTrackingProvider.InsertMonitoringAndTracking{route.RoutesId, gpsCoordinates, speed,

route.RoutesName, route.DepartureDateTime, reoute.ArrivalDateTime);
- g output = §"R {route.RoutesName}, GPS: {gpsCoordinates}, Speed: {speed:F2} km/h\r\n";
RaportTBox.AppendText{output];

Pucynok 3.9— PeanizoBanuit kox mosii SimulTimer Tick

Crneprry MeToJl OTpUMY€E TOTOYHUM yac cuctemu. [loTiM Juisi KOXKHOTO
MapiipyTy B cnucky RoutesList MeTon Bukonye psia aid. IlepeBipsie, un € Bxke
iHiI[la)1i30BaHi KOOPAUHATH IS JaHOTO MapuIpyTy B cioBHUKY currentCoordinates.
ko Hi, TO 1HIIATIZYE X BUMAAKOBUMH 3HAYCHHSAMHU OIS 3a1aHUX reorpadigHux
KOOpJINHAT.

Jlani BinOyBa€eThCS OHOBJICHHS IUX KOOPJMHAT, JOJAABAaHHIM BHUITaJIKOBOTO
3CYyBYy J0 TMOTOYHHMX 3HAUYEHb IMUPOTH Ta JOBrotu. Lli HOBI KoopaAWHATH
30epiraroThCsl Ha3aa y CIOBHUK. MeTO/ TaK0XK TeHepYy€e BUIAAKOBY MIBUAKICTh TS
KOXXHOTO MapIipyTy.

[Tics bOTO METOT BUKIIMKAE PYHKITIIO JIJIS 3aITUCY IUX IAHUX B 0a3y JaHUX.
B ki1, BiH (hopMye psIIOK 3 yCi€ro i€k iHPOPMAIIIEIO 1 T0Ja€ HOTO 10 TEKCTOBOTO
nosist RaportTBox Ha dhopwmi.

Otxe, B TaHOMY ITiIPO3/IiJ1i OYJI0 MTPOBEICHO YaCTKOBUM OIMKC peajTi3oBaHO1

CHCTCMU.



3.4 Kondirypauisi Ta onTuMizauisa CUCTeMH

[Ticns incrananii Arduino IDE, Arduino UNO nata moxe 0ytu 3'enHaHa 3
koMmI'rorepom yepe3 USB-kabenws. Oapa3zy micns 3'eqnanus, cimioaion "ON" Ha
iaTi BMHUKAeThCs, a cBimioAion "L" mouynHae MUITITH, IHOWKYIOUM aKTUBHICTD
MIKpPOKOHTpoJIepa 1 3aBochKo1 mpormBku Blink.

Hnst nmonanemoi po6otu 3 Arduino UNO B Arduino IDE, nHeoGxinHO
Bu3Hauutu Homep COM-mnopry, 10 sKoro miakiaroyeHa miuarta. lle moxHa
BCTAHOBUTH, NepermoBiu a0 Jucneryepa npuctpoiB y Windows 1 3HaWIIOBIIN
BignoBiaHuM nopt B cexuii "Iloptu (COM 1 LPT)". Tam Oyne BkazaHo HOMED MOPTY

nopsi 3 iMeHeMm Arduino UNO (puc. 3.10).

m Awcnetyep yorpodcTs

D©ain  Jeicteme Bmg  Cnpamca

e MmO Hm B EXE

~ @ DESKTOP-RTSTB4Y
i Ayamomrogs W yaMOEbOLM
S BupecaganTepe
- LMCEOBLIE yETPORETES
i 3eyxombie, MrpOBBIE N EMZEOYCTRORCTES
— Knaeuarypei
B* KomnorenTo nporpammmoro oBecnedenna
3 Komnueorep
== Koxtponnepe IDE ATASATAPI
§ Kenrpoanepw USB
S KoWTpoanepel 1aN0MMHEIOLI YCTROACTE
» [ Monmrope:
u Miiiuin 1 MHBIE YEAIBIBIFOLLUME YCTPOMCTES
= Ouepean mevwat
v i NMopre (COMuULPT)
i Arduino UNO (COMS)
'ﬂ MecnegoearensHsi nopr (COMT)
B Mpeorpammsie yerpodictea
[ NMpoueccope
(5F Cerepste apanTepsl
I3 Cucremnme yeTpoRcTes
g Yorpoiicrea HID (Human Interface Devices)

Pucynok 3.10 — Iucnetuep npuctpoiB Windows
[Ticns toro, sx Arduino UNO 3'eqHano 3 Komm'torepoM 3a gornoMoror USB-
3'enHadHs, iHAUKaTOp "ON" Ha IIaTI BMHUKAETHCS, BKa3ylOUW Ha 1i aKTUBHICTbH, a
cBitiomion "L" MUTOTHTH, CUTHATI3YIOUH ITPO BUKOHAHHS 3aBaHTAXEHOT HA 3aBOJI1
npomuBku Blink. Jlns kondirypamii Arduino IDE pnst cmiBnpaii 3 Arduino UNO
HE0OX1HO BCTAaHOBUTH, uepe3 skuit COM-mopT 1miata 3'eqnana 3 kommn'rorepom. Ls

iHpopMalis noctynHa B Jucnerdepi npuctpoiB Ha Windows, e ToKa3aHO HOMEpP



COM-nopry, acouiiioBanuii 3 maroro. Lleit Homep Moske OyTH pi3HUM B 3aJI€KHOCTI
Bl IHIIMX MIAKIIOYEHUX nOpuctpoiB. Jns iHpopmyBanHsa Arduino IDE mpo
BukopuctoByBanuit COM-nopt, HeoOxiaHO y MeHto "CepBic" 00paTu BIANOBIAHUN

"ITocnigoBuuit mopt" (puc. 3.11). lle M03BONHUTH MNPaBWIBLHO HAJNAIITYBAaTH

CepelIoBULIE /JIs 3aBaHTAKEHHS KOAY Ha IUIaTy 1 MOHITOPUHTY JaHUX.

& OrientationSpace | Arduino 1.8.19

Qain Mpaska Cieta  Wncrpyiientsi Momouwis

[E::*} fi‘f‘:. E:"] E;.:] - AsToDopmatuposatne CtrlsT
ApaMBAPOBATE CRETY
Ullérﬂﬁtil:ll'lg[-ﬁﬂ'.‘ 5 H’:"Faﬁﬂ'b KOANPOBKY W NEPEIArPYIHTE
¥npasnate GubGadoTecam.., Ctrl+5hift+|
1on 1 'iﬂi'ldl_' L_ j:: . MouuTtop nopra Ctrl+Shift+ M
R o :-::.qu MNnoTrep no nocnegosatensHOMY cosgumennte  CtrlsShift+L
=onst int echePin . — ;
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Pucynok 3.11 — Bu6ip nopry mis 3’ eqnanns koHTposiepom Arduino UNO

[Ticns 3aBepmieHns npouecy iHcramsnii Arduino IDE 1 migknrouenns Arduino
UNO no xomm'torepa yepe3 USB-iHtepdeiic, BaxiInMBO 3poOUTH HEOOXiIHI
Hactpoiiku B Arduino IDE s B3aeMoii 3 miaKII0UeHUM MIKPOKOHTposiepoM. J{is
[LOT0, KOPUCTYBa4 NMOBUHEH rnepeiti B meHto "Cepgic", ne € myHkT "[lnara". Tyt
31 CIIMCKY JOCTYIHUX IUIaT HeoOximHo BuOpatu Mojaenb "Arduino UNO". Taka
koH(irypairist qo3Bossie Arduino IDE posmiznaTy, sikuii caMme TUIT MIKPOKOHTpoJIepa
OyJZie BUKOPUCTOBYBATHCS I 3aBAaHTAKEHHS TPOTrPAMHOTO KOJTY.

[Ticas 1bOrOo HACTYMHUM KPOKOM € KOMIUISINS MPOTrpamMHOrO KOAY st
MEpeBIPKA Ha HASABHICTH MOMUJIOK. lle MokHa 3pOOMTH, BUKOPHCTOBYIOUU
kiaBimHy koMOiHatiro "Ctrl+R". ¥V pa3si ycminiHoT KOMITIAIi Ha eKpaHi 3'IBUTHCS
BiAmoBiHE moBimoMieHHS "KoMminsiis 3aBepiieHa’, mo miaTBepKy€e BIICYTHICTh

ITOMUJIOK Y KOJIi 1 TOTOBHICTH ITPOTPaMH JIO 3aBaHTAXKEHHS Ha MIKPOKOHTpOJIEp (pHcC.

3.12).



Arduino Leonardo Ha COM3

Pucynok 3.12 — [IpoBeneHHs] KOMOUIALIT TPOEKTY

[Ticnsa Toro, sik kommumsiiisas koay B Arduino IDE 3aBepriwiacs ycrHiiiHo,
HACTYIMHUM €TanoM € (Ii3UYHE 3aBaHTaXEHHS IbOrO0 MPOrpaMHOro KOy Ha
MmikpokoHTpoiep Arduino UNO. [ns iHimiamii mporo Mporecy, KOPUCTyBady
notpioHO Binkputu rojoBHe MeHI0 Arduino IDE i o6patu nyskT "Cketd". B pomy
PO3I1I1 MEHIO 3HAXOAUTHCSA OIIlisl "3aBaHTakeHHs'", Ky 1 TpeOa BUOpatw s
3amycKy MpoleypH nepenadi Koay Ha miaaty (puc. 3.13). 3amyck i€l onii iHiIioe
npolec 3aBaHTaKEHHsI, 1 MICIIs HOro 3aBepleHHs nporpama Oyje iHCTalbOBaHa Ha
MIKPOKOHTPOJIEPI.

® Crientation5pace | Arduine 1.8.19

©ain lMpaeka Crety WHcTpymentel Momows

Mpoeepute/KomnunwposaTe Ctrl+R
3arpyzka Ctri+L
Orientations 3arpyauTe 4epes nporpammarop  Ctrl+Shift+U

JkcnopT BuHapHoro daina Ctrl+Alt+5

// BHM3Ha4dac

const int t Mokazate nanky ckeTya Crl+E

Sonst int E Meaenounte BuBanoTey ]

// BH3HAYAE .

long Durati AoBaenTe dain..

int Distance;
Pucynok 3.13 — 3aBanTakeHHs IPOrpaMu Ha KOHTPOJIEP
[o 3aBepieHHIO TIPOIIECy Mepeaadi MPOrPaMHOTO KOy Ha MiKPOKOHTPOJIEP
Arduino UNO, y Bikai Arduino IDE 3'sButhcs cmemianbHe moBimomieHHs. e
MOBIJOMJICHHS TIATBEPKYE, IO Mporpama Oyina yCHIIIHO 3aBaHTaKEHA Ha TUIATY
MIKPOKOHTpoJepa. [leTani mporo moBioMIEeHHS MOKHA TIEPETIISTHYTH Ha pucC. 3.14,
7€ BiIOOpakeHO BCIO 1H(GOPMAIIIO TTPO CTATYC 3aBAHTAKCHHS, BKITIOYAIOYU OYIIh-

SIK1 CHCTEMHI IMOBIIOMJIEHHS a00 ITOMHMJIKH, SIKIIO TaKl BUHUKIIH.
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Arduino Leonardo na COM3

Pucynok 3.14 — IloBimoMiieHHS TTPO 3aBaHTAXKEHHS MPOTPAMU Ha KOHTPOJIEP

3.5 IIpoBeaeHHA TECTIB Ta aHAJII3 OTPUMAHMX pe3yJbTaTIiB

[Ticns  mpoBeACHHS  EKCICPUMEHTAIBHOI  TMEPEBIpKH  pO3p00JICHOTO
NPOrPaMHOTO 3a0€3MEUCHHS IS CHUCTEMAaTHYHOTO MOHITOPUHTY MapIIpyTiB
IPOMAJICBKOTO TPAHCIOPTY OyJio OTpuMaHO Benukuil o0'eM nanux. [l1 mani
BKJIIOUAIOTh B ce0e HE JHIle TeoJOKallliiHl MapaMeTpu, ajle W JuHaMIYH1
XapaKTepUCTUKH PYyXYy TPAHCHOPTHUX 3aco0iB, Taki SK IIBUIKICTb, a TaKOX dYac
BIJIIPABJICHHS Ta MPUOYTTS O KIHIIEBUX MYHKTIB MapuipyTy. BapTo migkpeciuTH,
110 BCi 111 faHi 0ynu epekTUBHO 30epekeH1 B crienianizoBanii 6a3i naaux MS SQL.
Taxuit migxig He Jnumie 3a0e3NeduB IHTErpUTeT 310paHoi iHdopMmallii, ame i
JI03BOJIUB BUKOHYBATH MIBUAKUAN Ta 3pYYHHI TOCTYI 10 JAHUX IS X MOAAIBIIOTO
aHaji3y Ta Bi3yaiizarii.

AHaji3 OTpUMaHMX JaHWX BHUSBUB JEKiIbKa KIHOYOBHX MOMEHTIB, SKi
3aCIyroBYIOTh Ha yBary. [lo-mepiie, BUCOKa TOYHICTh BUMIPIOBaHb I'€OJIOKAIIHHIX
Ta JWHAMIYHUX TIapaMeTpiB CBIMUMWTH MHPO BHUCOKY HAMIMHICTH Ta BalliIHICTh
po3pobiieHoi cuctemu. Lle miaTBepmKye, MO cUCTEMa MOXE OyTH BUKOPHCTAaHA B
peaNbHUX YMOBAX JIJI MOHITOPUHTY TPAHCTIOPTHUX MOTOKIB.

[lo-gpyre, MBUAKICT, pearyBaHHA CHUCTEMHU Ha pi3HI 3MIHM B PyXy
TPAHCTIOPTY € IOCUTh BHCOKOK. lle o3Hadae, mo cucrema MOKe HaJaBaTH
aKTyasbHY 1H(QOpMAIliF0 B pEaTbHOMY 4Yaci, IO € KPUTUYHO BAKIUBUM IS

e(eKTHBHOTO YIIPaBJIiHHS TPAHCTIOPTHUMHU MEPEKAMHU.



[To-Tpete, cTabiibHA Ta HAJlIHHA CUHXPOHI3a11sl MK CEPBEPHOIO YaCTHUHOIO 1
0a30r0 JTaHuX rapaHTye Oe3nepeOiiiHy poboty cucteMu. lle mo3Bossie YHUKHYTH
BTpaTH NaHUX Ta 3a0e3leuyye BHUCOKY JOCTYIHICTh CUCTEMHU MJIA PI3HUX BHU[IB
aHaJi3y Ta Bi3yaiizailii.

TakuM YMHOM, KOMIUIEKCHA OL[IHKA pOOOTH CUCTEMU MIATBEPIKYE ii BUCOKY
e(eKTUBHICTh Ta TOTOBHICTh /10 BIPOBA/KEHHS B peanbHUX ymoBax. Ha puc. 3.16

MO>KHA MOOAYMTH Bi3yasli30BaH1 JaHi, 310paHi CHCTEMOIO 3a IEBHUI NEpioJl yacy.

CHCTEME MOHITOPWHTY FPOMaACEEAM TRAHCNOPToM MicTa - [Cumynauia noizgok]

ot Kepyeanna  [JosigHmkn  Mowye  3sitn Cucrema - 5 X

Route: npoe. Ctapomiceka, GPS: 58,4947,38,5638, Speed: 41,28 km/h Y
Route: nnomwa ropogouska, GPS: 58,5278,38,5316, Speed: 43,44 km/h
Route: npoeynok Biuesa, GPS: 58,4562,38,5347, Speed: 42,32 km/h
Route: eyn. lopegoubka, GPS: 58,5338,38,5382, Speed: 41,55 km/h
Route: Koniiswwxw malpad, GPS: 58,5113,38,5328, sSpeed: 47,76 km/h
Route: ropomoubka mahpad, GPS: 58,5118,38,5516, Speed: 47,86 km/h
Route: eynuua Biuyeea, GPS: 58,5457,38,6159, Speed: 41,66 km/h

Route: npoe. BwhHMkis, GPS: 58,4573,38,5999, Speed: 49,16 km/h
Route: lopoacubka madpad, GPS: 58,5372,38,5524, Speed: 49,16 km/h
Route: Biuesa maWmaH, GPS: G8,4686,38,8859, Speed: 42,3% km/h

Route: FymoHOro MmaWpad, GPS: 58,5856,20,5928, speed: 46,44 km/h
Route: MonoaisHa wmadgad, GPS: 58,4733,38,6138, Speed: 43,65 km/h
Route: Biuesa madmaH, GPS: G58@,5355,38,5326, Speed: 41,27 km/h

Route: np. By3wbka, GPS: 58,4546,38,5138, Speed: 42,34 km/h

Route: npoe. HwwaHkiscbkoro, GPS: 58,4765,38,5582, Speed: 41,73 km/h
Route: np. CTpMAcbka, GFS: 58,5183,38,5864, Speed: 47,24 km/h

Route: BynuuAa CTpWicoka, GPS: 58,4912,38,5358, Spesd: 48,79 km/h
Route: ropogoubka madgaH, GPS: 58,5825,38,5888, Speed: 41,28 km/h
Route: npocnekT ropoaouska, GPS: 58,5415,38,5337, Speed: 49,18 km/h
Route: nn. 3eneda, GPS: 58,5195,38,5582, Speed: 45,81 km/h

Route: nnowa HwkaHklecekoro, GPS: 58,5255,38,5499, Speed: 46,15 km/h
Route: NicTa madgaH, GPS: 5@,5@1G,32@,5948, speed: 43,22 km/h

Route: Nicta maWmaH, GPS: 5@,4743,30,5433, sSpeed: 45,79 km/h

Route: npoeynok Koniiemwaw, GPS: 58,4623,38,5023, Speed: 48,37 km/h
Route: EpOXOEMYiE mMadgaH, GPS: 58,4863,328,5668, Speed: 41,88 km/h
Route: BySbka malWpad, GFS: 58,4688,30,5856, Speed: 48,84 lkm/h

Route: BynuuAa KoniismuHu, GPS: 58,5229,38,5442, Speed: 41,34 km/h
Route: nnowa Nicra, GPS: 58,4782,38,5189, Speed: 41,56 km/h

Route: CTpWHCbK3 Maigad, GPS: 5@,4724,38,6855, Speed: 41,87 km/h

Pucynok 3.15 — [Iporpamna Bizyamizaiisi OTpUMaHUX TaHUX
Ha ocHOBi mpoBeieHOro aHajizy Ta Bizyali3allii pe3yJabTaTiB MOXKHA OLIHUTH
HACTYIIHE:
— cuctemMa e(EKTHBHO BHKOHYE CBOi (YHKIIi, Hamar04dM TOYHI Ta
CBO€YACHI JIaH1 /ISl MOHITOPHHTY TPOMAJIChKOTO TPAHCTIOPTY;
— MOPIBHSHHS 3 AHAJOTIYHUMHU CHCTEeMaMH BKa3y€ Ha BHCOKY

KOHKYPEHTOCTIPOMO>KHICTh PO3pPOOJIECHOTO PIllICHHS;



— BUSIBJICHO MTOTPEOy B ONTUMI3AIIli aITOPUTMIB JJIA 11€ OLIbII IIBUAKOTO
pearyBaHHs Ha 3MIHU B pyXy TPAHCIIOPTY Ta MOXJIMBICTh aJlanTallii 10 pi3HUX YMOB
eKCILTyaTalii.

OTxe, MpoBeAeHE MOCIIKEHHS Ta aHami3 310paHuX JMaHUX MIATBEPIUIU
e()EeKTUBHICTh Ta MpaIle3JaTHICTh PO3POOJIEHOTIO MPOrpPaMHOro 3a0e3MeUeHHs IS

MOHITOPUHTY TPAaHCIIOPTHUX MAPUIPYTIB.

BucHoBoOK 10 po3ainy

Hanuii po3nin OyB NMPUCBSIYCHWH NHTAHHSIM IPOCKTYBaHHS Ta PO3POOKHU
KOMIUICKCHOT CHCTEMH MOHITOPHHTY TPOMAJIChKOTO TpaHCHopTy Micta. Crepiry
Oyna po3pobJieHa CTpYKTypa 0a3u JaHuX, 1o 0asyBayiacs Ha aiarpami HoTallii YeHa,
Ta OyJnia cTBOpeHa ii gpiznuHa Mozensb. Lle qano 3Mory cucreMaTndHo 30epiraTi BCrO
HeoOXiHY 1H(opMaIlito Ta 3a0€3MEUUTH 11 IITICHICTh Ta IOCTYIHICTD.

Jani Oyma 3xaiiicHeHa po3poOKa aJropuTMiB Ta MPOTPAMHOTO KOJY s
KoHTpoJiepa. lle cramo ocHOBOW g peanizaiii (yHKI[IOHAIBHOCTI CUCTEMH B
peanpHUX yMoBaxX. B xonai po3poOKkHM cepBepHOi YacTHMHM OyJIM BpaxoBaHI BCI
0COOJUBOCTI PoOOTH 3 0a30l0 JaHMX, 110 3a0e3Meuyusio HaJiiHy Ta epeKTHUBHY
00poOKy TaHUX.

B cekmii npo koHirypaiiro Ta ONTUMI3amilo OyJIH PO3IJISHYTI NMUTAHHS
HAJNAIITYBaHHS TApaMeTpiB CUCTEMHU IJisi JOCSITHEHHS HaWKpaliuxX TOKa3HHKIB
npoyKTUBHOCTI. Lle BKitodanmo B ceOe HamamTyBaHHS 3B'SI3KY MK CEPBEpOM Ta
KOHTpOJIEpaMH, ONITHMI3AIlit0 KOAY Ta 1HII TEXHIYHI aCTICKTH.

3aKIIOYHUM €TaroM CTajo TPOBEJEHHS TECTIB Ta aHali3 OTPUMAHUX
pesynbratiB. JlaHi, 310paHi B X0/l TECTYBaHHS, MIATBEPAMIA BUCOKY TOYHICTB,
HAJIMHICTh Ta €QEKTUBHICTh CHUCTEMHU. TecTyBaHHA TOKa3ajo, IO CHUCTEMa
CIIPOMO>KHA OTIEPATHBHO pearyBaTH HAa 3MIHU IMapaMeTPiB MapIIpyTy Ta 3abe3nedye

HAJIITHY CHHXPOHI3AIII0 JJaHUX.



BUCHOBKH

PoboTta Oyna mpucBsiueHa MPOEKTYBaHHIO Ta PO3POOIIi KOMIUIEKCHOI CUCTEMH
JUIsT MOHITOPUHTY Ta YIpaBiIiHHA TPOMAJCBKAM TpaHCHOPTOM Micta. Bona
CKJagayacs 3 TphOX KIFOUOBUX PO3LITIB, KOXKEH 3 IKUX BIIIIPaBaB BaXJIHUBY POJIb Y
(opMyBaHH1 KIHIEBOTO IIPOJYKTY.

VY nepiiomy po3aiii 0yJ10 3M1MCHEHO TITUOOKE JOCTIIKEHHS O13HEeC-TIPOIIECiB
B 00JIacTi TPOMAJICBKOTO TPAHCIOPTY, BKIIOYAIOYM IUIAHYBaHHS MaplLIpYTiB,
YIpaBJiHHS TPAaHCIOPTHUMH 3acobamu, 3a0e3reyeHHs Oe3NMeKu MacaXupiB Ta
MIepCOHAITy, a TAKOXX MOHITOPHHT Ta KOHTPOIIb SIKOCTi MepeBe3eHb. 30Kpema, OyIio
PO3IJIIHYTO OCHOBHI aKTOpH Ta iX (PYHKIIIi, @ TAKOXK CTPYKTypa OCHOBHHMX Oi3HEC-
npoiieciB Oyna BigoOpakeHa Ha cxeMi. bysio mpoBejeHO aHajl3 CXOXKHUX PIIICHb,
takux sk Geolocate Public Transport, TransitTrack Ta Moovit, Ta mocaimKeHo
MeTonu 3abe3nedyeHHs Oe3meku, BKIIOYaruu BUKopucTaHHs npotokony HTTPS,
VPN 3 [Psec ta JWT.

Y apyromy po3iiiai OCHOBHUH aKIIEHT 0ys10 3p00JIeHO Ha BUOOP1 METOI0JIOT11
PO3pOOKHM Ta TEXHIYHUX 3ac001B. Lle MUTaHHS € KPUTHYHO BOKIIMBUM, OCKUTBKH BiJl
HBOTO 3aJIC)KUTh HE TUIBKU (PYHKIIOHATBHICTh CUCTEMHU, ajie 1 11 MacITab0BaHICTb,
Oesneka Ta JIOBrOCTpOKOBa MiATpuMka. Bubip moBu mporpamyBanHst C# Oyio
3YMOBIJICHO MTOTpeO6aMu BUCOKOT MPOAYKTUBHOCTI, CHIBLHOT THITI3aIlii Ta BOYI0BaHO1
HiATPUMKH 00'€KTHO-OPIEHTOBAHOT'O MPOrpaMyBaHHS.

Bubip cepemoBuimia po3podbku —  Microsoft Visual Studio —
OOTPYHTOBYBABCSI OTO MIUPOKHUMH MOKJIMBOCTSIMU I PO3POOKH, TECTYBaHHS Ta
BiIJIaroJDKEHHS TIporpaMHoro 3abesnedeHHs Ha 1atdopmi NET. Illomo 6a3m
naHux, BuOip 3ynuHuBcs Ha Microsoft SQL Server uepes fioro HagiiHICTh, BUCOKY
MPOYKTUBHICTh Ta THYYKICTh B YIPABIIiHHI BEIUKUMHU 00CATaMU JaHUX.

CtBopennst ER-giarpamMu 1aino 3Mory riamoIie 3po3yMiTé CTPYKTYPY JTaHUX
Ta B3aEMO3B'I3KM MDK CYTHOCTSIMH, IO € KIOYOBUM sl €(EeKTUBHOTO
MPOCKTYBaHHS 0a3u naHux. TpboXpiBHEBa apxiTekTypa, 1o Oyma mpuifHATa B
po0OTi, 3a0e3meunia 9iTke po3AUICHHS JIOT1KHA JOCTYIY J0 JaHUX, O13HEC-TIOTIKHU Ta

MPE3CHTAI[IMHOTO PIBHS, [0 CHOPUSIIO MOYJIBHOCTI Ta MAaCIITAOOBAHOCTI CUCTEMH.



Tpetiii po3ain OpucBsYeHHI Oe3MocepeHbO MPOLECY MPOEKTYBaHHSA Ta
peanizaiii cuctemu. Po3pobka miarpamu HoTarii Yena ta ¢izuuHoi moaeni 6a3u
nanux Ha MS SQL Server ctana ocHOBOIO JUIsl MOAAJIBLIOI pealtizallii cepBepHOT
yactunu Ha C#. Lleii etan 3a06€3MeUnB CTIHKICTh 1 THYYKICTh CUCTEMH, TO3BOJISTIOUN
e eKTUBHO 30epiraTu, OOpOOIATH Ta aHANI3yBATH BEJUKI 00CcATH 1HPO pMallii.

Buxopucranusa marpopmu Arduino UNO asis koH$irypartiii Ta ontumizarii
CUCTEMH T0Ka3ajo BHCOKY €(EeKTHBHICTh B IHTErpallii 3 pi3HUMHU AaTYMKAMH Ta
monynsimu. IlpoBeneHi TecTH Ta aHali3 OTPUMAHUX peE3yJbTaTiB HE TUIBKH
MIATBEPAUIN HAJIIMHICT, CHCTEMH, ajie 1 BKa3aJii Ha MOXJIMBI BEKTOpU IS
IIOJAJBIIOrO 11 BAOCKOHAJICHHS.

30kpeMa, cuctemMa MNPOJAEMOHCTPYBaJia BHCOKY TOYHICTh BHUMIPIOBaHb
TeOMO3MIIil Ta MIBUAKOCTI, IIBUJIKE pearyBaHHs Ha 3MiHH YMOB, a TaKOX HaJiliHy
CHUHXPOHI3AIII0 MK CEpBEPHOIO YacTUHOIO Ta 0a3or manux. Lle migTBepmkye ii
BUCOKHMI TIOTEHIliaJl JUIsl IMAPOKOTO BIPOBA/DKEHHS B CHUCTEMaX TIPOMaICHKOTO
TPAHCTIOPTY.

3aranom, poOoTa € IMUTICHUM MITX0JI0M JI0 peajizaiii KOMIUIEKCHOT CHCTEMH
MOHITOPUHTY T'POMAJCBKOTO TPAHCIOPTY, BIJ aHamizy OI3HEC-MPOIECIB 10
IpakTUYHOI peamizarii. BoHa neMOHCTpye, SK CUCTEMHHMM IIAXiJ, MPaBUIbHUN
BUOIp TEXHOJIOTIN Ta JeTaJibHA pealizallii MOXYTh IPHU3BECTH JO CTBOPEHHS
e()EeKTUBHOTO Ta HAJIMHOTO PIIICHHS, TOTOBOTO JI0 HIMPOKOTO BIPOBAKCHHS B

IPOMaJICBKOMY TPAHCIIOPTi.
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USE [master]
GO
[****** Qpject: Database [DB] Script Date: 17.10.2023 19:49:08 ******/
CREATE DATABASE [DB]
CONTAINMENT = NONE
ON PRIMARY
( NAME = N'DB', FILENAME = N'C:\Program Files (x86)\Microsoft SQL
Server\MSSQL12.SQLEXPRESS\MSSQL\DATA\DB.mdf', SIZE = 5120KB , MAXSIZE =
UNLIMITED, FILEGROWTH = 1024KB )
LOG ON
(NAME = N'DB_log', FILENAME = N'C:\Program Files (x86)\Microsoft SQL
Server\MSSQL12.SQLEXPRESS\MSSQL\DATA\DB _log.ldf', SIZE = 1024KB , MAXSIZE =
2048GB , FILEGROWTH = 10%)
GO
ALTER DATABASE [DB] SET COMPATIBILITY_LEVEL =120
GO
IF (1 = FULLTEXTSERVICEPROPERTY (IsFullTextInstalled"))
begin
EXEC [DB].[dbo].[sp_fulltext_database] @action = 'enable’
end
GO
CREATE TABLE [dbo].[Driver](
[Driverld] [int] IDENTITY/(1,1) NOT NULL,
[FirstName] [nvarchar](50) NULL,
[LastName] [nvarchar](50) NULL,
[Phone] [nvarchar](20) NULL,
[Address] [nvarchar](max) NULL,
[Email] [nvarchar](max) NULL,
[Experience] [int] NULL,
PRIMARY KEY CLUSTERED

(
[Driverld] ASC
)WITH (PAD_INDEX = OFF, STATISTICS_NORECOMPUTE = OFF, IGNORE_DUP_KEY
= OFF, ALLOW_ROW_LOCKS = ON, ALLOW_PAGE_LOCKS = ON) ON [PRIMARY]
) ON [PRIMARY] TEXTIMAGE_ON [PRIMARY]
GO
[****** Qpject: Table [dbo].[Logs] Script Date: 17.10.2023 19:49:08 ******/
SET ANSI_NULLS ON
GO
SET QUOTED_IDENTIFIER ON
GO
CREATE TABLE [dbo].[Logs](
[Logsld] [int] IDENTITY(1,1) NOT NULL,
[Usersld] [int] NULL,
[EventNameShow] [nvarchar](max) NULL,
[EventDate] [datetime] NULL,
PRIMARY KEY CLUSTERED

(
[Logsld] ASC



)WITH (PAD_INDEX = OFF, STATISTICS_NORECOMPUTE = OFF, IGNORE_DUP_KEY
= OFF, ALLOW_ROW_LOCKS = ON, ALLOW_PAGE_LOCKS = ON) ON [PRIMARY]
) ON [PRIMARY] TEXTIMAGE_ON [PRIMARY]
GO
[****** Qpject: Table [dbo].[Maintenance] Script Date: 17.10.2023 19:49:08 ******/
SET ANSI_NULLS ON
GO
SET QUOTED_IDENTIFIER ON
GO
CREATE TABLE [dbo].[Maintenance](
[Maintenanceld] [int] IDENTITY(1,1) NOT NULL,
[TransportVehicleld] [int] NULL,
[MaintenanceDate] [datetime] NULL,
[DescriptionOfWork] [nvarchar](max) NULL,
PRIMARY KEY CLUSTERED

(
[Maintenanceld] ASC
)WITH (PAD_INDEX = OFF, STATISTICS_NORECOMPUTE = OFF, IGNORE_DUP_KEY
= OFF, ALLOW_ROW_LOCKS =ON, ALLOW_PAGE_LOCKS = ON) ON [PRIMARY]
) ON [PRIMARY] TEXTIMAGE_ON [PRIMARY]
GO
[****** Qpject: Table [dbo].[MonitoringAndTracking] Script Date: 17.10.2023 19:49:08
******/
SET ANSI_NULLS ON
GO
SET QUOTED_IDENTIFIER ON
GO
CREATE TABLE [dbo].[MonitoringAndTracking](
[MonitoringAndTrackingld] [int] IDENTITY(1,1) NOT NULL,
[GPSLocation] [nvarchar](100) NULL,
[Speed] [float] NULL,
[ActiveRoute] [nvarchar](150) NULL,
[DepartureTime] [datetime] NULL,
[ArrivalTime] [datetime] NULL,
[TransportVehicleld] [int] NULL,
PRIMARY KEY CLUSTERED

(
[MonitoringAndTrackingld] ASC
)WITH (PAD_INDEX = OFF, STATISTICS_NORECOMPUTE = OFF, IGNORE_DUP_KEY
= OFF, ALLOW_ROW_LOCKS = ON, ALLOW_PAGE_LOCKS = ON) ON [PRIMARY]
) ON [PRIMARY]
GO
[****** Qpject: Table [dbo].[MovementHistory] Script Date: 17.10.2023 19:49:08 ******/
SET ANSI_NULLS ON
GO
SET QUOTED_IDENTIFIER ON
GO
CREATE TABLE [dbo].[MovementHistory](
[MovementHistoryld] [int] IDENTITY(1,1) NOT NULL,
[TransportVehicleld] [int] NULL,
[Routeld] [int] NULL,
[DepartureTime] [datetime] NULL,



[ArrivalTime] [datetime] NULL,
PRIMARY KEY CLUSTERED

(
[MovementHistoryld] ASC
JWITH (PAD_INDEX = OFF, STATISTICS _ NORECOMPUTE = OFF, IGNORE_DUP_KEY
= OFF, ALLOW_ROW_LOCKS =ON, ALLOW_PAGE_LOCKS = ON) ON [PRIMARY]
) ON [PRIMARY]
GO
[****** Qpject: Table [dbo].[Routes] Script Date: 17.10.2023 19:49:08 ******/
SET ANSI_NULLS ON
GO
SET QUOTED_IDENTIFIER ON
GO
CREATE TABLE [dbo].[Routes](
[Routesld] [int] IDENTITY(1,1) NOT NULL,
[RoutesName] [nvarchar](150) NULL,
[TransportStopDepartureld] [int] NULL,
[TransportStopArrivalld] [int] NULL,
[DepartureDateTime] [datetime] NULL,
[ArrivalDateTime] [datetime] NULL,
[RoutesDistance] [float] NULL,
[TransportVehicleld] [int] NULL,
PRIMARY KEY CLUSTERED

(
[Routesld] ASC
)WITH (PAD_INDEX = OFF, STATISTICS_NORECOMPUTE = OFF, IGNORE_DUP_KEY
= OFF, ALLOW_ROW_LOCKS = ON, ALLOW_PAGE_LOCKS = ON) ON [PRIMARY]
) ON [PRIMARY]
GO
[****** Qpject: Table [dbo].[TransportStop] Script Date: 17.10.2023 19:49:08 ******/
SET ANSI_NULLS ON
GO
SET QUOTED_IDENTIFIER ON
GO
CREATE TABLE [dbo].[TransportStop](
[TransportStopld] [int] IDENTITY(1,1) NOT NULL,
[TransportStopName] [nvarchar](150) NULL,
[Description] [nvarchar](max) NULL,
PRIMARY KEY CLUSTERED

(
[TransportStopld] ASC
JWITH (PAD_INDEX = OFF, STATISTICS_NORECOMPUTE = OFF, IGNORE_DUP_KEY
= OFF, ALLOW_ROW_LOCKS = ON, ALLOW_PAGE_LOCKS = ON) ON [PRIMARY]
) ON [PRIMARY] TEXTIMAGE_ON [PRIMARY]
GO
[****** Qpject: Table [dbo].[TransportVehicle] Script Date: 17.10.2023 19:49:08 ******/
SET ANSI_NULLS ON
GO
SET QUOTED_IDENTIFIER ON
GO
CREATE TABLE [dbo].[TransportVehicle](
[TransportVehicleld] [int] IDENTITY(1,1) NOT NULL,



[Types] [nvarchar](50) NULL,
[RegistrationNumber] [nvarchar](50) NULL,
[Model] [nvarchar](50) NULL,
[YearOfManufacture] [int] NULL,
[NumberOfSeats] [int] NULL,
[IsAccessibleForDisabled] [bit] NULL,
[Status] [nvarchar](50) NULL,
[LastMaintenanceDate] [datetime] NULL,
[Mileage] [float] NULL,
[FuelTypes] [nvarchar](50) NULL,
[Driverld] [int] NULL,

PRIMARY KEY CLUSTERED

(
[TransportVehicleld] ASC
JWITH (PAD_INDEX = OFF, STATISTICS_NORECOMPUTE = OFF, IGNORE_DUP_KEY
= OFF, ALLOW_ROW_LOCKS =0ON, ALLOW_PAGE_LOCKS = ON) ON [PRIMARY]
) ON [PRIMARY]
GO
[****** Qbject: Table [dbo].[Users] Script Date: 17.10.2023 19:49:08 ******/
SET ANSI_NULLS ON
GO
SET QUOTED_IDENTIFIER ON
GO
CREATE TABLE [dbo].[Users](
[Usersld] [int] IDENTITY(1,1) NOT NULL,
[FirstName] [nvarchar](50) NULL,
[LastName] [nvarchar](50) NULL,
[UsersName] [nvarchar](50) NULL,
[UsersPassword] [nvarchar](50) NULL,
[Roleld] [int] NULL,
[Description] [nvarchar](1000) NULL,
[Email] [nvarchar](150) NULL,
PRIMARY KEY CLUSTERED

[Usersld] ASC
)WITH (PAD_INDEX = OFF, STATISTICS_NORECOMPUTE = OFF, IGNORE_DUP_KEY
= OFF, ALLOW_ROW_LOCKS = ON, ALLOW_PAGE_LOCKS = ON) ON [PRIMARY]
) ON [PRIMARY]
GO
USE [master]
GO
ALTER DATABASE [DB] SET READ_WRITE
GO
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#include <NeoGPS.h>
#include <SoftwareSerial.h>
#include <TinyGsmClient.h>
#include <PubSubClient.h>

// Tlian

const int hallSensorPin = 2; // Jlatuuk Xosuta Ha miHi 2
SoftwareSerial gpsSerial(3, 4); // RX, TX

SoftwareSerial simSerial(5, 6); // RX, TX

unsigned long previousTime = 0; // 306epiranss momepeIHLOTO Yacy
unsigned long currentTime = 0; // 30epiraHHs MOTOYHOTO Yacy
float wheelPerimeter = 0.6283; // IlepumeTp Kosieca B MeTpax

float speed = 0.0; // l1IBuaKicTh B M/C
/' Ob'exTH
NMEAGPS gps;

TinyGsm modem(Serial AT);
TinyGsmClient client(modem);
PubSubClient mqtt(client);

// 3miHHI

float speed = 0.0;

String gpsLocation = "";

int transportVehicleld = 1; // [neaTudikarop tpancnopry

void setup() {
// iimianizamis Serial 1 WiFi
Serial.begin(115200);
WiFi.begin(ssid, password);
// TlepeBipka ctany miakao4eHHs 10 Wi-Fi
while (WiFi.status() '= WL_CONNECTED) {
delay(1000);
Serial.printIn("Connecting to WiFi...");
}
// 1Hiiani3anis MMiHiB
pinMode(hallSensorPin, INPUT); // Jlarunk Xosuia
gpsSerial.begin(9600); /I SoftwareSerial g GPS
simSerial.begin(115200); // SoftwareSerial nns 4G momyto
pinMode(someOtherPin, OUTPUT);
pinMode(anotherSensorPin, INPUT));

}

void loop() {
int hallState = digitalRead(hallSensorPin); // 3unTyBaHHs cTaHy 1aT4YMKa
if (hallState == HIGH) {
previousTime = currentTime; // 36epexeHHs MONEePeAHbOrO Yacy
currentTime = millis(); // 30epexkeHHsI HOTOYHOI0 4acy
unsigned long timelnterval = currentTime - previousTime; // OOuuCICHHS iHTEpBaly Yacy B
MUTICEKyHIaX
if (timelnterval > 0) {
speed = (wheelPerimeter / timelnterval) * 1000.0; // O6uucieHHs IIBUAKOCTI B M/C



ky

sendDataToServer(speed, gpsLocation);

¥

delay(100); // 3aTpumka uist cTaburizamii 3UUTyBaHb

ks

void sendDataToServer(float speed, String gpsLocation) {
if (client.connect(server, port)) {

String postData = "GPSLocation="+ gpsLocation + "&Speed=" + String(speed);
client.print(String("POST ") + resource + " HTTP/1.1\r\n");
client.print(String("Host: ") + server + "\r\n");
client.print("Content-Type: application/x-www-form-urlencoded\r\n™);
client.print("Content-Length: " + String(postData.length()) + "\r\n\r\n");
client.print(postData);

unsigned long timeout = millis();
while (client.available() == 0) {
if (millis() - timeout > 5000) {
Serial.printIn(*>>> Client Timeout !");
client.stop();
return;

¥
¥

// 3unTyBaHHS BIANOBIAI BiJ CEpBEpa
while(client.available()){
String line = client.readStringUntil('\r");
Serial.print(line);
}
}
}



Honarok B. JlicTHHIM nnporpamu

Jlictunr 1. Kox knacy «RaportingBLL»
using System;

using System.Collections.Generic;
using System.Ling;

using System.Text;

using System.Threading.Tasks;

namespace MonitoringSystemApp.BLL {
internal class RaportingBLL {
public List<TransportVehicle> SearchByTransportType(List<TransportVehicle> vehicles,
string type) {
return vehicles.Where(v => v.Types == type).ToList();

¥

public List<TransportVehicle> SearchByPartialRegistrationNumber(List<TransportVehicle>
vehicles, string partialNumber) {
return vehicles.Where(v => v.RegistrationNumber.Contains(partialNumber)). ToList();

¥

public List<TransportVehicle> SearchByY earOfManufacture(List<TransportVehicle>
vehicles, int selYear) {
return vehicles.Where(v => v.YearOfManufacture <= selYear).ToList();

¥

public List<TransportVehicle> SearchByNumberOfSeats(List<TransportVehicle> vehicles,
int selSeats) {
return vehicles.Where(v => v.NumberOfSeats >= selSeats). ToL.st();

¥

public List<TransportVehicle> SearchByAccessibility(List<TransportVehicle> vehicles, bool
isAccessible) {
return vehicles.Where(v => v.IsAccessibleForDisabled == isAccessible). ToList();

¥

public List<TransportVehicle> SearchByTransportStatus(List<TransportVehicle> vehicles,
string status) {
return vehicles.Where(v => v.Status == status).ToList();

}

public List<Driver> SearchByFIO(List<Driver> drivers, string FIO) {
return drivers.Where(d => d.FIO.Contains(FI0)).ToList();

}

public List<Driver> SearchByPhone(List<Driver> drivers, string phone) {
return drivers.Where(d => d.Phone.Contains(phone)).ToList();

}

public List<Driver> SearchByEmail(List<Driver> drivers, string email) {
return drivers.Where(d => d.Email.Contains(email)). ToL.ist();

¥



public List<Driver> SearchByExperience(List<Driver> drivers, int selExperience) {
return drivers.Where(d => d.Experience >= selExperience).ToList();

¥

¥
k

Jlictunr 2. Kox knacy «SimulForm»
using MonitoringSystemApp.AppCode;
using MonitoringSystemApp.Providers;
using System;

using System.Collections.Generic;
using System.ComponentModel;

using System.Data;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Threading.Tasks;

using System.Windows.Forms;

using static System.Windows.Forms.VisualStyles.VisualStyleElement.Rebar;

namespace MonitoringSystemApp.Forms.Controls {
public partial class SimulForm : Form {

Random rand = new Random();

private RoutesProvider _RoutesProvider = new RoutesProvider();

private List<Routes> RoutesList = new List<Routes>();

private MonitoringAndTrackingProvider _MonitoringAndTrackingProvider = new
MonitoringAndTrackingProvider();

// CnOBHUK 11 30€piraHHs MOTOYHUX KOOPJIWHAT JJIsI KOKHOTO MapIIpyTy.

Dictionary<int, (double latitude, double longitude)> currentCoordinates = new Dictionary<int,

(double, double)>();

public SimulForm() {
InitializeComponent();
_RoutesList = _RoutesProvider.GetAllRoutes();
if (_RoutesList[0].Message != NamesMy.NoDataNames.NoDatalnRoutes) {
// THiliami3amis KOOPAWHAT JIJ1s KOKHOTO MapIIpyTYy.
foreach (var route in _RoutesL.ist) {
double initialLatitude = 50.4501 + rand.NextDouble() * 0.1;
double initialLongitude = 30.5234 + rand.NextDouble() * 0.1;
currentCoordinates[route.Routesld] = (initialLatitude, initialLongitude);

¥

SimulTimer.Enabled = true;

}else {
RaportTBox.Text = NamesMy.NoDataNames.NoDatalnRoutes;

¥
¥

private void StopBtn_Click(object sender, EventArgs e) {



if (SimulTimer.Enabled) {
SimulTimer.Enabled = false;
StopBtn.Text = "3anyctutn";
}else {
SimulTimer.Enabled = true;
StopBtn.Text = "3ynunutn";

¥
¥

private void SimulTimer_Tick(object sender, EventArgs e) {
DateTime currentTime = DateTime.Now; / OTpuMaHHS IIOTOYHOTO Yacy
foreach (var route in _RoutesList) {
// TlepeBipka, Y¥ IOTOYHUHN Yac BXOJUTH B IHTEPBAJI MAPLIPYTY
// OTpuMaHHS TOTOYHUX KOOPAUHAT
if (currentCoordinates.ContainsKey(route.Routesld)) {
// THII1an13a1isi KOOPAUHAT, SIKIIO 1€ MEepIIMK pa3 A JAHOTO MapUIpyTy
double initialLatitude = 50.4501 + rand.NextDouble() * 0.1;
double initialLongitude = 30.5234 + rand.NextDouble() * 0.1;
currentCoordinates[route.Routesld] = (initialLatitude, initialLongitude);
}
var (currentLatitude, currentLongitude) = currentCoordinates[route.Routesld];
/I OHOBJIEHHSI KOOPJIUHAT
currentLatitude += (rand.NextDouble() - 0.5) * 0.01;
currentLongitude += (rand.NextDouble() - 0.5) * 0.01;
// 36epiranHs HOBUX KOOPIUHAT
currentCoordinates[route.Routesld] = (currentLatitude, currentLongitude);
// Tenepartisi BUITaIKOBOT IIBUIKOCTI
double speed = 40 + rand.NextDouble() * 10;
string gpsCoordinates = $"{currentLatitude:F4},{currentLongitude:F4}";
// 3amuc B 6a3y maHuX
_MonitoringAndTrackingProvider.InsertMonitoringAndTracking(route.Routesld,
gpsCoordinates, speed,
route.RoutesName, route.DepartureDateTime, route.ArrivalDateTime);
// dopMaToOBaHUI BUBIJ B TEKCTOOKC

string output = $"Route: {route.RoutesName}, GPS: {gpsCoordinates}, Speed: {speed:F2}

km/h\r\n*;
RaportTBox.AppendText(output);

¥
¥

¥
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Jlictunr 3. Kox knacy «AccessibleRoutesReportFormy»
using System;

using System.Collections.Generic;

using System.ComponentModel;

using System.Data;

using System.Data.SqlClient;

using System.Drawing;

using System.Ling;



using System.Text;
using System.Threading.Tasks;
using System.Windows.Forms;

namespace MonitoringSystemApp.Forms.Raport {
public partial class AccessibleRoutesReportForm : Form {
private string _ConnString =
System.Configuration.ConfigurationSettings. AppSettings["CONNECT"];

public AccessibleRoutesReportForm() {
InitializeComponent();
GenerateAccessibleRoutesReport(RaportTBox);

¥

public void GenerateAccessibleRoutesReport(TextBox textBox) {
StringBuilder reportBuilder = new StringBuilder();
// 3aronoBOK 3BITY
reportBuilder. AppendLine("3BiIT mpo MapuipyTH, skl BAKOHYIOTHCSI TPAaHCIIOPTHUMU
3aco0aMu, JOCTYITHUMU ISl 1HBAIAIB:");
reportBuilder.AppendLine(new string(’-', 80));

using (SglConnection connection = new SglConnection(_ConnString)) {
connection.Open();

string query = @"SELECT R.RoutesName, R.RoutesDistance
FROM Routes R
INNER JOIN TransportVehicle TV ON R.TransportVehicleld =
TV.TransportVehicleld
WHERE TV.IsAccessibleForDisabled = 1
ORDER BY R.RoutesDistance DESC";
using (SqlCommand command = new SqlCommand(query, connection)) {
using (SglDataReader reader = command.ExecuteReader()) {
while (reader.Read()) {
string route_name = reader["RoutesName"]. ToString();
double route_distance = Math.Round(Convert. ToDouble(reader["RoutesDistance™]), 3);
reportBuilder. AppendLine($"Ha3sa mapmipyty: {route name}");
reportBuilder. AppendLine($"Bincranp mapmipyty: {route distance} km");
reportBuilder.AppendLine(new string(’-', 80));

¥
¥
¥
¥

// BuBin 3reHepOBaHOTO 3BITY Y TEKCTOBE I10JIE
textBox.Text = reportBuilder. ToString();

}

¥
¥

Jlictunr 4. Kox knacy «AverageSpeedReportFormy
using System;



using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Data.SqlClient;
using System.Drawing;

using System.Ling;

using System.Text;

using System.Threading.Tasks;
using System.Windows.Forms;

namespace MonitoringSystemApp.Forms.Raport {
public partial class AverageSpeedReportForm : Form {
private string _ConnString =
System.Configuration.ConfigurationSettings. AppSettings["CONNECT"];

public AverageSpeedReportForm() {
InitializeComponent();
GenerateAverageSpeedReport(RaportTBox);

¥

public void GenerateAverageSpeedReport(TextBox textBox) {
StringBuilder reportBuilder = new StringBuilder();

// 3aronoBOK 3BITY
reportBuilder. AppendLine("3BiT mpo cepenHo MBUAKICT, TPAHCIIOPTHHUX 3aC00iB:");
reportBuilder.AppendLine(new string('-', 80));

using (SglConnection connection = new SqglConnection(_ConnString)) {
connection.Open();

string query = @"SELECT tv.TransportVehicleld, tv.Types, tv.RegistrationNumber,
AVG(mt.Speed) AS AverageSpeed
FROM TransportVehicle tv
JOIN MonitoringAndTracking mt ON tv.TransportVehicleld =
mt. TransportVehicleld
GROUP BY tv.TransportVehicleld, tv.Types, tv.RegistrationNumber";

using (SgqlCommand command = new SqlCommand(query, connection)) {
using (SglDataReader reader = command.ExecuteReader()) {
while (reader.Read()) {

reportBuilder. AppendLine($"ID TpancmopTHOro 3aco0y:
{reader["TransportVehicleld"]}");

reportBuilder. AppendLine($"Tum: {reader["Types"]}");

reportBuilder. AppendLine($"Peecrpartiiinuii Homep:
{reader["RegistrationNumber"]}");

reportBuilder. AppendLine($"Cepenns mBuakicts: {reader["AverageSpeed"]}");

reportBuilder. AppendLine(new string('-', 80));

¥
¥
¥
¥



// BUBiI 3reHEPOBAHOTO 3BITY Y TEKCTOBE T10JIC
textBox.Text = reportBuilder. ToString();

¥

¥
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Jlictunr 5. Kox knacy «FindRoutesByElectricVehiclesForm»
using MonitoringSystemApp.Providers;
using System;

using System.Collections.Generic;
using System.ComponentModel;

using System.Data;

using System.Data.SqlClient;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Threading.Tasks;

using System.Windows.Forms;

namespace MonitoringSystemApp.Forms.Raport {
public partial class FindRoutesByE lectricVehiclesForm : Form {
private string _ConnString =
System.Configuration.ConfigurationSettings. AppSettings["CONNECT"];
private List<TransportVehicle> TransportVehicleL = new List<TransportVehicle>();
private TransportVehicleProvider _TransportVehicleProvider = new
TransportVehicleProvider();

private List<TransportVehicle> TransportVehicleSearchL = new List<TransportVehicle>();

public FindRoutesByElectricVehiclesForm() {
InitializeComponent();
_TransportVehicleL = _TransportVehicleProvider.GetAllTransportVehicle();
_TransportVehicleSearchL = FilterByElectricFuel(_TransportVehicleL);
GenerateElectricVehicleRoutesReport(RaportTBox, _TransportVehicleSearchL);

¥

public void GenerateElectricVehicleRoutesReport(TextBox textBox, List<TransportVehicle>
electricVehicles) {
StringBuilder reportBuilder = new StringBuilder();

// 3aron0BOK 3BITY

reportBuilder. AppendLine("3BiT mpo MapuIpyTH, SKi BAKOHYIOTHCSI TPAHCIIOPTHUMU
3aco0aMH Ha eJleKTpoeHeprii:");

reportBuilder.AppendLine(new string('-', 80));

// Cnucok 1D enekTpuuHUX TPaHCIIOPTHUX 3aCO0IB
var electricVehiclelds = electricVehicles.Select(ev => ev.TransportVehicleld). ToList();

using (SqglConnection connection = new SqlConnection(_ConnString)) {
connection.Open();



string query = @"SELECT RoutesName, RoutesDistance, TransportVehicleld
FROM Routes
ORDER BY RoutesDistance DESC";

using (SgqlCommand command = new SqlCommand(query, connection)) {
using (SglDataReader reader = command.ExecuteReader()) {
while (reader.Read()) {
int vehicleld = (int)reader["TransportVehicleld"];
if (electricVehiclelds.Contains(vehicleld)) {
reportBuilder. AppendLine($"Ha3Ba mapmipyry: {reader["RoutesName"]}");

reportBuilder. AppendLine($"Bincranp mapuipyry: {reader["RoutesDistance"]} km");

reportBuilder.AppendLine(new string('-', 80));

// BuBig 3reHepoBaHOTO 3BITY y TEKCTOBE TOJIE
textBox.Text = reportBuilder. ToString();

¥

public List<TransportVehicle> FilterByElectricFuel(List<TransportVehicle> vehicles) {
return vehicles.Where(v => v.FuelTypes.Contains("Enexrpuka")). ToList();

¥

k
ki

Jlictunr 6. Ko xnacy «FuelTypeReportFormy
using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Data.SqlClient;
using System.Drawing;

using System.L.ing;

using System.Text;

using System.Threading.Tasks;
using System.Windows.Forms;

namespace MonitoringSystemApp.Forms.Raport {
public partial class FuelTypeReportForm : Form {
private string _ConnString =
System.Configuration.ConfigurationSettings. AppSettings["CONNECT"];

public FuelTypeReportForm() {
InitializeComponent();
GenerateFuelTypeReport(RaportTBox);

¥



public void GenerateFuelTypeReport(TextBox textBox) {
StringBuilder reportBuilder = new StringBuilder();

// 3aro0BOK 3BITY
reportBuilder. AppendLine("3BiT po KiTbKICTh TPAHCIOPTHUX 3acO0IB 3a THIIaMU najiusa:");
reportBuilder.AppendLine(new string(’-', 80));

using (SglConnection connection = new SglConnection(_ConnString)) {
connection.Open();

string query = @"SELECT FuelTypes, COUNT(*) AS VehicleCount
FROM TransportVehicle
GROUP BY FuelTypes
ORDER BY FuelTypes";

using (SqlCommand command = new SqlCommand(query, connection)) {
using (SglDataReader reader = command.ExecuteReader()) {
while (reader.Read()) {
reportBuilder. AppendLine($"Tun manusa: {reader["FuelTypes"]}");
reportBuilder. AppendLine($"KinbkicTh TpaHCIOPTHUX 3aCO0IB:
{reader["VehicleCount"]}");
reportBuilder.AppendLine(new string(’-', 80));

¥
¥
¥
¥

// BuBig 3reHepoOBaHOTO 3BITY Yy TEKCTOBE TOJIE
textBox.Text = reportBuilder.ToString();

¥

¥
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Jlictuar 7. Kopx xknacy «MinMaxDistanceRoutesReportFormy
using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Data.SqlClient;
using System.Drawing;

using System.L.ing;

using System.Text;

using System.Threading.Tasks;
using System.Windows.Forms;

namespace MonitoringSystemApp.Forms.Raport {
public partial class MinMaxDistanceRoutesReportForm : Form {
private string _ConnString =
System.Configuration.ConfigurationSettings. AppSettings["CONNECT"];

public MinMaxDistanceRoutesReportForm() {



InitializeComponent();
GenerateMinMaxDistanceRoutesReport(RaportTBox);

¥

public void GenerateMinMaxDistanceRoutesReport(TextBox textBox) {
StringBuilder reportBuilder = new StringBuilder();

// 3aroJI0BOK 3BITY

reportBuilder. AppendLine("3BiT mpo MapmpyTs 3 HaHOLIBIIO Ta HAMMEHIIIOO
BiZICTaHHIO:");

reportBuilder.AppendLine(new string(’-', 80));

using (SglConnection connection = new SglConnection(_ConnString)) {
connection.Open();

// 3anuT Ui 3HaXOIXKEHHS MapUIpyTy 3 HalOUIbIIO BIICTAHHIO

string maxDistanceQuery = @"SELECT TOP 1 RoutesName, RoutesDistance
FROM Routes
ORDER BY RoutesDistance DESC";

// 3anuT Ui 3HaXOXKEHHS MapUIpyTy 3 HAHMEHILIOIO BiZICTaHHIO

string minDistanceQuery = @"SELECT TOP 1 RoutesName, RoutesDistance
FROM Routes
ORDER BY RoutesDistance ASC";

// BukoHaHHsI 3anTUTIB 1 HOpMyBaHHS 3BITY
using (SqlCommand command = new SqlCommand(maxDistanceQuery, connection)) {
using (SglDataReader reader = command.ExecuteReader()) {
if (reader.Read()) {
double maxDistance = Convert. ToDouble(reader["RoutesDistance"]);
reportBuilder. AppendLine($"MapmipyT 3 HailOLTBIIO BiICTaHHIO:
{reader["RoutesName"]}");
reportBuilder.AppendLine($"Bincrans: {maxDistance.ToString("F3")} km");

¥
¥
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reportBuilder. AppendLine(new string('-', 80));

using (SgqlCommand command = new SqlCommand(minDistanceQuery, connection)) {
using (SglDataReader reader = command.ExecuteReader()) {

if (reader.Read()) {
double minDistance = Convert.ToDouble(reader["RoutesDistance"]);
reportBuilder. AppendLine($"MapuipyT 3 HalfMEHIIIOO BifICTAaHHIO:

{reader["RoutesName"]}");

reportBuilder. AppendLine($"Bincrans: {minDistance.ToString("F3")} km");

}

¥
¥

reportBuilder.AppendLine(new string(’-', 80));
}



// BuBiI 3reHEpPOBAHOTO 3BITY Y TEKCTOBE I10JIC
textBox.Text = reportBuilder. ToString();

¥

¥
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Jlictunr 8. Kop kinacy «GenerateDatay
using System;

using System.Collections.Generic;
using System.Data.SqlClient;

using System.Data;

using System.Ling;

using System.Text;

using System.Threading. Tasks;

using Bogus;

namespace MonitoringSystemApp.Providers {
internal class GenerateData {
private string _ConnString =
System.Configuration.ConfigurationSettings. AppSettings["CONNECT"];

public void PopulateDrivers(int numberOfRecords) {
// BctanoBneHHs yiokani Bogus aiis Ykpaiau
var faker = new Faker("uk");

for (int i = 0; i < numberOfRecords; i++) {
// Tenepartisi BUTIaIKOBUX JaHUX TSI BOIIIB
string lastName = faker.Name.LastName();
string firstName = faker.Name.FirstName();
string phone = faker.Phone.PhoneNumber();
string address = faker. Address.FullAddress();
string email = faker.Internet.Email();
int experience = faker.Random.Number(1, 30);

// BctaBka qaHux B TaOJIMIIO 0a3u JaHUX
InsertDriver(lastName, firstName, phone, address, email, experience);
}
}

public void InsertDriver(string LastName, string FirstName, string Phone, string Address,
string Email, int Experience) {
string SqlString = "INSERT INTO Driver (LastName, FirstName, Phone, Address, Email,
Experience) " +
"Values(@LastName, @FirstName, @Phone, @Address, @Email, @Experience)";

using (SqglConnection conn = new SqlConnection(_ConnString)) {
using (SglCommand cmd = new SglCommand(SqlString, conn)) {
cmd.CommandType = CommandType. Text;



cmd.Parameters.AddWithValue("@LastName", LastName);
cmd.Parameters. AddWithValue(" @FirstName", FirstName);
cmd.Parameters.AddWithValue(" @Phone", Phone);
cmd.Parameters. AddWithValue("@Address", Address);
cmd.Parameters. AddWithValue("@Email™, Email);
cmd.Parameters. AddWithValue(" @Experience"”, Experience);
conn.Open();

cmd.ExecuteNonQuery();

conn.Close();

¥
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public void GenerateRandomTransportVehicles(int numRecords, List<Driver> drivers) {
var faker = new Faker("uk");

// Tunu TpaHCHOPTY

string[ ] transportTypes = { "ABTobyc", "Tponeitdyc", "Tpamsaii", "Cnenrpancnopt",
"Enextpokap" };

string[] fuelTypes = { "ben3un", "duzens", "Enexrpuka", "I'az" };

string[] statusTypes = { "B ekcruryaraii", "Ha TO", "B pe3zepsi" };

for (int i = 0; i < numRecords; i++) {
string types = faker.PickRandom(transportTypes);
string registrationNumber = "AA" + faker.Random.Number(1000, 9999);
string model = faker.Vehicle.Model();
int yearOfManufacture = faker.Random.Int(2000, 2023);
int numberOfSeats = faker.Random.Int(10, 60);
bool isAccessibleForDisabled = faker.Random.Bool();
string status = faker.PickRandom(statusTypes);
DateTime lastMaintenanceDate = faker.Date.Past();
double mileage = faker.Random.Double(1000.0, 200000.0);
string fITypes = faker.PickRandom(fuelTypes);

// Bubip BoIis 3 IepeaHOTO CITUCKY
int randomDriverIndex = faker.Random.Int(0, drivers.Count - 1);
int driverld = drivers[randomDriverIndex].Driverld;

// BeraBka aHuX B 0a3y JaHUX
InsertTransportVehicle(types, registrationNumber, model, yearOfManufacture,
numberOfSeats,
isAccessibleForDisabled, status, lastMaintenanceDate, mileage, fITypes,
driverld);
}
}

public void InsertTransportVehicle(string Types, string RegistrationNumber, string Model,
int YearOfManufacture, int NumberOfSeats, bool IsAccessibleForDisabled,
string Status, DateTime LastMaintenanceDate, double Mileage, string FuelTypes, int Driverld)
{
string SqlString = "INSERT INTO TransportVehicle (Types, RegistrationNumber, Model,
YearOfManufacture, NumberOfSeats,"” +



" IsAccessibleForDisabled, Status, LastMaintenanceDate, Mileage, FuelTypes, Driverld) "
+

"Values(@Types, @RegistrationNumber, @Model, @YearOfManufacture,
@NumberOfSeats, @IsAccessibleForDisabled, @Status, " +

"@LastMaintenanceDate, @Mileage, @FuelTypes, @Driverld)";

using (SglConnection conn = new SqlConnection(_ConnString)) {
using (SqlCommand cmd = new SglCommand(SqlString, conn)) {

cmd.CommandType = CommandType. Text;
cmd.Parameters. AddWithValue("@Types", Types);
cmd.Parameters.AddWithValue(" @RegistrationNumber”, RegistrationNumber);
cmd.Parameters. AddWithValue("@Model"”, Model);
cmd.Parameters.AddWithValue("@YearOfManufacture”, YearOfManufacture);
cmd.Parameters. AddWithValue("@NumberOfSeats”, NumberOfSeats);
cmd.Parameters. AddWithValue("@IsAccessibleForDisabled”, IsAccessibleForDisabled);
cmd.Parameters. AddWithValue(" @Status”, Status);
cmd.Parameters.AddWithValue(" @LastMaintenanceDate", LastMaintenanceDate);
cmd.Parameters. AddWithValue("@Mileage", Mileage);
cmd.Parameters. AddWithValue("@FuelTypes"”, FuelTypes);
cmd.Parameters. AddWithValue("@Driverld", Driverld);
conn.Open();
cmd.ExecuteNonQuery();
conn.Close();

public void InsertRandomTransportStops(int numberOfStops) {
var faker = new Faker("uk");

for (int i = 0; i < numberOfStops; i++) {
string randomStopName = faker. Address.StreetName();
string randomDescription = faker.Lorem.Sentence();

InsertTransportStop(randomStopName, randomDescription);

¥
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public void InsertTransportStop(string TransportStopName, string Description) {
string SqlString = "INSERT INTO TransportStop (TransportStopName, Description)
Values(@TransportStopName, @Description)™;

using (SglConnection conn = new SqlConnection(_ConnString)) {
using (SgqlCommand cmd = new SglCommand(SqlString, conn)) {
cmd.CommandType = CommandType. Text;
cmd.Parameters. AddWithValue("@TransportStopName", TransportStopName);
cmd.Parameters. AddWithValue("@Description”, Description);
conn.Open();
cmd.ExecuteNonQuery();
conn.Close();



¥
¥

public void InsertRandomRoutes(int numberOfRoutes, List<TransportVVehicle>
transportVehicles, List<TransportStop> transportStops) {
var faker = new Faker("uk");

for (int i = 0; i < numberOfRoutes; i++) {
string randomRoutesName = faker.Address.StreetName();
DateTime randomDepartureDateTime = faker.Date.Recent();
DateTime randomArrivalDateTime =
randomDepartureDateTime. AddHours(faker.Random.Int(1, 5));
double randomRoutesDistance = faker.Random.Double(1, 100);

int randomTransportVehiclelndex = faker.Random.Int(0, transportVehicles.Count - 1);
int randomDepartureStoplIndex, randomArrivalStoplindex;
do {
randomDepartureStoplindex = faker.Random.Int(0, transportStops.Count - 1);
randomArrivalStoplindex = faker.Random.Int(0, transportStops.Count - 1);
} while (randomDepartureStoplndex == randomArrivalStoplndex);

int randomTransportVehicleld =

transportVehicles[randomTransportVehicleIndex]. TransportVehicleld;
int randomDepartureStopld = transportStops[randomDepartureStoplndex]. TransportStopld;
int randomArrivalStopld = transportStops[randomArrivalStoplindex]. TransportStopld;

InsertRoutes(randomRoutesName, randomDepartureStopld, randomArrivalStopld,
randomDepartureDateTime, randomArrivalDateTime, randomRoutesDistance,
randomTransportVehicleld);

¥
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public void InsertRoutes(string RoutesName, int TransportStopDepartureld, int
TransportStopArrivalld,
DateTime DepartureDateTime, DateTime ArrivalDateTime, double RoutesDistance, int
TransportVehicleld) {
string SqlString = "INSERT INTO Routes (RoutesName, TransportStopDepartureld,

TransportStopArrivalld, " +

"DepartureDateTime, ArrivalDateTime, RoutesDistance, TransportVehicleld) " +

"Values(@RoutesName, @TransportStopDepartureld, @TransportStopArrivalld,
@DepartureDateTime," +

" @ArrivalDateTime, @RoutesDistance, @ TransportVehicleld)™;

using (SglConnection conn = new SqlConnection(_ConnString)) {
using (SqlCommand cmd = new SglCommand(SqlString, conn)) {
cmd.CommandType = CommandType. Text;
cmd.Parameters. AddWithValue("@RoutesName", RoutesName);
cmd.Parameters. AddWithValue("@TransportStopDepartureld”,
TransportStopDepartureld);
cmd.Parameters. AddWithValue(" @TransportStopArrivalld”, TransportStopArrivalld);
cmd.Parameters.AddWithValue(" @DepartureDateTime", DepartureDateTime);
cmd.Parameters. AddWithValue(" @ArrivalDateTime", ArrivalDateTime);



cmd.Parameters.AddWithValue(" @RoutesDistance", RoutesDistance);
cmd.Parameters.AddWithValue("@TransportVehicleld", TransportVehicleld);
conn.Open();

cmd.ExecuteNonQuery();

conn.Close();
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public void InsertRandomMaintenance(int numberOfRecords, List<TransportVehicle>
transportVehicles) {
var faker = new Faker("uk");

for (int i = 0; i < numberOfRecords; i++) {
DateTime randomMaintenanceDate = faker.Date.Past();
string randomDescription = faker.Lorem.Sentence();

int randomTransportVehiclelndex = faker.Random.Int(0, transportVehicles.Count - 1);
int randomTransportVehicleld =
transportVehicles[randomTransportVehiclelndex]. TransportVehicleld;

InsertMaintenance(randomTransportVehicleld, randomMaintenanceDate,
randomDescription);
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public void InsertMaintenance(int TransportVehicleld, DateTime MaintenanceDate, string
DescriptionOfWork) {
string SqlString = "INSERT INTO Maintenance (TransportVehicleld, MaintenanceDate,
DescriptionOfWork) " +
"Values(@TransportVehicleld, @MaintenanceDate, @DescriptionOfWork)";

using (SglConnection conn = new SqlConnection(_ConnString)) {
using (SqlCommand cmd = new SglCommand(SqlString, conn)) {

cmd.CommandType = CommandType. Text;
cmd.Parameters. AddWithValue("@TransportVehicleld", TransportVehicleld);
cmd.Parameters. AddWithValue(" @MaintenanceDate", MaintenanceDate);
cmd.Parameters. AddWithValue(" @DescriptionOfWork™, DescriptionOfWork);
conn.Open();
cmd.ExecuteNonQuery();
conn.Close();



