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IHTEJIEKTYAJIbHI CUCTEMH GPS-MOHITOPUHTY TA
KEPYBAHHS HA 3AJIIBHUYHOMY IMTPOMUCJIOBOMY
TPAHCIIOPTI

Po3po6sieno matemaTHuHe, indopmauiiite i 6aratonaarpopmue nporpamue 3a-
Ge3meveHHsi, NpH3HAYeHe /Ui peajizauii 3aBaaHb iHTenekTyaabHoro GPS-
MOHITODHHIY i OMEepPaTHBHOIO KepPyBaHHS PYXOMHMH 00’€KTaMH 3a/i3HHYHOIO
NMPOMHCJI0BOr0 TPAHCMOPTY HA OCHOBI TeJleMaTHYHOro Tepminany FORT-111.

PaspaboTano matemaTuudeckoe, HHpopMaLHOHHOEe H MHoromjaTgopmenHoe
nporpamMMHoe obecneuyenue, nNpeJHasHAueHHOE [UISi PeaJH3aLHH 32424 HHTEJJIeK-
TyasbHoro GPS-MOHHTOPHHIa H ONEPATHBHOIO YNPaBJeHHsl NOABHAKHBIMH 00beK-
TaMH XKeJIE3HOA0POKHOT0 NPOMBIILJIEHHOr0 TPAHCNIOPTA HA OCHOBE TejleMaTHYec-
koro tepmunana FORT-111.

In the article the mathematical, information and many platform software
designed to meet the objectives of intellectual GPS-monitoring and operational
management of moving objects rail transport industry based telematics terminal
FORT-111.

Kawuosi ciosa: inTesextyanbHi cucremu, GPS, MoHiTopuHr, 3amisHuunmii
MPOMHC/IOBHI TPAHCMOPT, ONepaTHBHE KePYBaHHs, PYXOMi 00’€KTH, MaTeMaTHYHe
i nporpamue 3abe3neyeHHs, cTalioHapHi i MoGIILHI TPHCTPOI.

Beryn. 3anisHHYHMI TPaHCTIOPT BETMKUX MPOMHCIIOBHX MiANPHEMCTB Tip-
HUUYO-METaTyprifHOro KoMruiekcy YKpaiHH Ma€ 3HauHi JJIOKOMOTHBHI Ta BaroH-
Hi Mapku, po3rajyeHe Ta 3HaYHOI JOBXKHHH KOJIiHHE TOCMOJapcTBO, CKajHi
TPaAHCIIOPTHI Ta BIANOBIAHI iHpOpMaUiiiHi TexHosorii. [TigBHuEHHsS edeKTHB-
HOCTI eKCIUTyaTauil Ta yNpaBJliHHS PYXOMHMH 3ali3HHYHUMH 06’ €KTaMH LUX
MANPUEMCTB UTAXOM 3aCTOCYBaHHS CydacHUX TexHouoriii GPS-MoHiTopuury
€ OJIHUM i3 MPIOPUTETHUX 3aBJaHb. [HHOBALIHMM pilIEHHAM OO peanizauii
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LbOro 3aBIaHHA € (HOpMyBaHHS, CTBOPEHHS i 3aCTOCYBaHHS iHTEJIEKTYaJIbHUX
aBTOMaTH30BaHUX CHCTEM KepyBaHHs. 3ampoBa/DKEHHS Takux 3acobiB aBToMa-
TH3aLii NO3BOJISIE CYTTEBO €KOHOMHMTH TPAHCIIOPTHi BHTpaTH, MiABMILYBaTH
piBEHb KOHTPOJIIO Ta yMNpaBJiHHA TPAHCIOPTHHUMM TEXHOJIOTIYHMMH Mpolieca-
MH. Po6oTa mpucBsueHa AOCIHiMIKEHHIO BUMOT i BJIaCTMBOCTel 3acobiB CTBO-
peHHs, a Tako)X po3pobui MaTemMaTH4HOro, iHpopmauiiiHoro i 6GaraTtoruiat-
¢opmHOrO MporpaMHoro 3abe3neueHHs i3 peasisauii 3aBOaHb iHTENEKTyalbHO-
ro GPS-moniTopunry [8; 10] Ha ocHOBi TenematuuHoro Tepminany FORT-111
[3; 6] i 3aBmaHb KepyBaHHsA pyXOMHMH 06’ €KTaMU MPOMUCIIOBOTO 3aJi3HHUHOT O
TPaHCIOPTY, JIOKOMOTHUBAMH. AKTYalbHICTb po6OTH BH3HA4YA€EThCS MOTPe6OIO
MiIBULIEHHS e(pEKTUBHOCTI 3ali3HMYHUX TPAHCIIOPTHUX MPOLECIB BEIHUKHX
TIPOMHUCIIOBHUX MMiANPHEMCTB, HEIOCTAaTHIM PO3BUTKOM Ta 3aCTOCYBaHHSM iHTe-
JIEKTyaJIbHHX CHCTEM CYIyTHHKOBOI HaBirauii, MOHITOPHHTY Ta ynpaBJiHHs, AKi
IIMPOKO BHKOPHUCTOBYIOTbCS IHIUMMH BHAAMH TPaHCIOPTY, B MEpUly Yepry —
aBTOMOOIIbHUM.

VY cTaTTi mpeactaBiieHO pe3yibTaTH AOCHTIIKEHb i NMPOrpaMHO-TEXHIYHUX
po3pobok y ranysi 3acTocyBaHHS Cy4acHMX iH(popMaLiifHHX i TeJieKoMyHika-
LiHHMX TEXHOJIOTiH, Y TOMY YHCJIi Ha OCHOBI IJ106aMbHUX HaBirauifiHHUX CHCTEM
ctexenHsn (GPS, I'TIOHAC [6]), mis MOHITOPHHIY Ta YMpaBJiHHSA 3aJli3HUYHU-
MM TPaHCMOPTHHMMH 3acobaMHM Ha BEJIMKUX METATYpPriifHMX MiAnpUEMCTBAX.
OTpumaHi B X0/1i MPOMHUCIOBUX BUMPOOYBaHb pe3ybTaTH, 3a3HadyeHi B poboTi,
3acBiguuan e(EeKTUBHICTh LIMX TEXHOJIOTiIH MOHITOPHUHIY, a TakoX noTpedy
NOJANLIIOr0 YOOCKOHAJIEHHs [UIA BHpIlIE€HHS 3aBJaHb OMNepaTHBHOIO IuUIa-
HyBaHHs, 3 METOIO palliOHaJLHOrO BUKOPHUCTAHHA TATOBOTO PyXOMOro CKJamy
(TPC), KOHTpOJIIO eKCIUTyaTaliiiHMX XapaKTepUCTHK JIOKOMOTHBIB, e€(heKTHB-
HOCTi BUKOpHCTaHHs po6oyoro yacy, naimsa iH.

O6’ekTOM [OCIHiIKEHHS € TIPOLECH eKCIulyaTauii JIOKOMOTHBHHMX MapKiB
NPOMUCIIOBUX MiANPHEMCTB, a TaKOX iHpOpMaliiiHi CHCTEMH TX MOHITOPHHIY
3a JaHUMM TEXHOJIOTii CyMyTHHKOBOI HaBirauii. [IpeaMeToM — iHTeNeKTyalbHi
6aratorarhOpMHi MporpaMHi CHCTEMHU MOHITOPHHIY, OTNIEPAaTHBHOIO KapTor-
padiyHoro BimoGpaXkeHHs, a TaKOX ONTUMI3alii NpoLeciB eKCIUTyaTallii JIOKo-
MOTHMBHOTO NMapKy MPOMHCIOBUX MiAMPHUEMCTB.

HaykoBa i TexHoJioriyHa HOBH3Ha po6OTH MoJIAraE y CTBOPEHHI iHTeNeKTya-
JNBHOI KpocnIaT(hOpPMEHOi CUCTEMH MOHITOPHHTY MapaMeTpiB 3ali3HUYHHUX py-
XOMHX 00’€KTiB, 3 METOI0 MiABHILEHHA e(PEeKTUBHOCTI Ta Ge3neKkH TpaHCNOpT-
HHX npoueciB. [Ipu upOMy TakoX AOCHTiKEHO (popMaTH OOMiHY NaHMX y Kli-
€HT-CEPBEPHUX CHUCTEeMax, kaprorpadiyHi cucTeMu MOOGIIBHHX MPUCTPOIB Ta
NpoLIEAypH NEPETBOPEHHs reorpad)iyHUX JaHUX y pacTpoBe BinoOpaXkeHHs, 110
JO3BOJIMJIO MiABHUILUTH TOYHICTh Ta MOJIMILHUTH CIPUHHATTA rpadivHUX OaHHX.
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Ilpn po3pobxax npoekTy BHKOpHCTaHi MeTogu GPS MOHITOpHHIY, METOIH
iHTEJIEKTyaJIbHUX CHCTEM, KOMIT'IoTepHOi rpadiku, TexHosorii 6a3 maHux, cy-
YacHi METOAY Ta 3acO0M po3poOkH MporpaMHoro 3abe3neyeHHss aBTOMaTH30Ba-
HHX cucteM [4; 6; 8; 13].

CyTTeBHUH acneKkT 3anpONOHOBAHOTO BHPIlllEHHS 3aBAaHb iHTEJIEKTYalbHOIO
MOHITOPHHTY nojsrae y (popMyBaHHi 3aco6iB aBTOMaTH3awii, IPU3HAYEHHX IS
Pi3HHX THIIB TEPMiHAJIBHUX MPHUCTPOIB — CTAL[iOHAPHHUX Ta MOOUIBHUX. Takox
no6y/I0BaHO MpOrpaMHi MeXaHi3MH 3BOPOTHOIO 3B’A3KY Oreparopa 3 JOKOMO-
THBaMH 3 METOIO MiIBUILIEHHSA Ge3rneky TpaHCIOpTHUX mpoueciB. Po6oTa BuKo-
HaHa 3a NiATpUMKH kopropauii «[IpomMTenexoMy mist JOCAiIAHOTO BIPOBAIKEH-
Ha Ha BAT «3anopixcTanby.

IlocTaHOBKa 3aBAAHHs. 3arajbHa CTPYKTYpa CHCTEMH MOHITOPHHTY Ta
ynpaBiiHHs HactynHa (puc. 1). IlepemaBau GPS pyxomoro o6’ekta (KOHTpO-
JIboBaHHU#) GopMye noBifoMIIEHHS, 3anucaHi y GiHapHOMY (opMmarti, ki npu-
B'A3aHi [0 Yacy i MicL, MiCTATb MapaMeTpH BHUMIPIOBaHHX TEXHONOTIYHHX (Te-
XHIYHHX Ta iH.) XapakTepucTHk. [ToBiqoOMJIEHHS Bi cTalioHapHUX i MOGINBHUX
NPHUCTPOIB HAAXOHATH y cucTeMy MOHiTOpHHry ACMTPC, KOHTpOMIOIOThbCA,
nepeTBoproloThca y 3anucu SQL [4; 12], nani BoHu 36epiraioTbcst Ha cepBepi.
Jinsg migBUILEHHs e(eKTHBHOCTI NPOLECIB eKCIUlyaTalii JOKOMOTHBHHX MNapKiB
MeTanyprifiHuX niAnpUeMCTB NOBUHHI OyTH peayi3oBaHi NpoLeAypH mepejaui,
HAaKOMMYEHHSs, aHajily, iHTeprnperauii Ta MOJENIOBaHHS IMpPOLECIB HA OCHOBI
LMX JAaHHX, a TaKOX (PyHKLil KOHTPOJIIO, MOHITOPHHTY Ta YNpaBliHHA, L0 BH-
KOPHCTOBYIOTb METOMHU iHTE/IEKTYalbHHX CHCTEM.

IIpn po3pobkax aBromMaTH30BaHOI cHcTeMH GPS MOHiTOpHHrY ekcrulyara-
nifHux xapakrepuctuk TPC nianpuemcts (ACMTPC) BuaineHo kinbka 0CHO-
BHUX THMNIB B3aeMoJii sk pyxomux 06’exTiB (PO, 10kOMOTHBIB), Tak i pyXOMHUX
00’ekTiB Ta iH(QpacTpykTypH, 1m0 pa3oMm ¢opMyloTb Mozeni iHdopMauiiiHoi
B3aeMozii B cucteMi. Criermdikauis uux moneneit no3ponse yHidikysaru npo-
LielypH OO0 BUPIIIEHHS pAAy OCHOBHHX 3aBJaHb KOOIEPAaTHBHOI B3aEMOJIT B
iHTEeNeXTyalbHUX CHCTEMaxX 3aJli3HMYHOro TpaHcropty (8], B mepmy uepry
MPOMUCIIOBUX MiAnNpueMcTB. Baxnsoio ocobnusictio ynpasniHua B ACMTPC
€ Te, IO BOHO, MO CYTi, BEAETHCS 3a BiAXWIEHHAMHU Bil HOPMATHUBIB, AKi 4acTO
BH3HAYaIOTHCA JOCIIJHHMM IUIAXOM, Ha OCHOBI NOMEpeNHiX JaHHX NpPO pPe3yJb-
TaTH (PyHKL[IOHyBaHHs KepoBaHOTO 06’€kTa. Takui THIT yNpaBaiHHA € THIIOBHM
1A TeJIeMaTHYHHX CHCTEM TPAHCMOPTY, IS iHTENeKTYadbHHX TPaHCIMOPTHHX
cucrem (ITC).

3actocyBanHs MertoniB i TexHosnorii ITC, iHCTpyMEHTIB TeneMaTHYHOro
ynpaeiiHHa [8; 10], cipamoBaHe Ha MiABHILNEHHS €()EKTUBHOCTI 3ai3HHUHUX
nepese3eHb abo npoueci ekcrutyartauii TPC. BinzHaunmo nepuopsiiHy posb
npoLeayp aBTOMAaTHYHOr0/aBTOMATH30BAaHOTO MOHITOPHHIY MapaMeTpiB Npo-
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LeciB nepeBe3eHb (EKCIIyaTalii), HeoOXiaAHICTh onepaTUBHOT B3a€MOii pyxo-
MHX 06’€KTiB 3 iH(pPACTPYKTYpOIO, BaXJIMBY poJib Ak (POPMyBaHHS, TaK i BUKO-
pucTanHs 6a3 JaHUX i 3HaHb, 3aCTOCYBAHHSA METO/IB iHTEJIEKTYalbHOTO yIpaB-
JiHHA (po3ni3HaBaHHA, Kiacupikallis, ynpasaiHHsa 3a wabiowamu Ta in.) [7; 9].

INIOHACC/GPS

Hpeanpuarne

L e menemamuyecKkuii
napk
mennoeoios ’ !’

nonslosamenscxue
pabouue mecma

. TCP/IP
mpancnopmuwiis

ducnemuep M Web-cepsep

\ J \ y

Puc. 1, 3aranbHa cxema GpyHKUioHyBaHHS CHCTEMH MOHITOPHHTY i ynpasainus

Komriekc TEXHOJIOTIYHUX Ta eKCIUTyaTallifHUX 3aB/aHb, AKi BUHUKAIOT, i
peanizoBaHMX TNpH LbOMY, @ TaKOX IHTErpoBaHMX iH(opMaliiiHo-
TeJeKOMYHiKaLliHHUX TEXHONOTiH, OpieHTOBaHMX Ha (hOpMyBaHHs, iHTEpNpeTa-
il0 | BUKOPUCTAHHS MOZeJeil NMPOLECiB 3ali3HMYHUX TepeBe3eHb i 3acobiB ix
pauioHansHOro 3acrocysanns [7; 9; 10], naloTh 3aranpHe ysBJIEHHS PO BUMO-
TH [0 3MICTY iHTeNleKTyanbHuX 3aBaanr ACMTPC.

IIpo6siemu KoonepaTHBHOI B3a€MOAii y TPAaHCNOPTHHUX cucTemax. Y na-
HUit yac cpopMOBaHO KOHUEMNLIi i po3BHHEHI 3ac06M KOONIEPaTUBHOI B3aEMOIT
MiJCHCTEM, B OCHOBHOMY, MUl aBTOMOGibHOrO TpaHcnopty. Po3pobaeni Taki
CHCTEMHM B3a€EMO/Lil, 1110 TPYHTYIOTBCS Ha BUAAX 3B’A3KY MiXK CKanoBumu [17]:

—Vehicle-to-vehicle (V2V) or Car-to-car (C2C);

—Vehicle-to-infrastructure (V2I) or Car-to-infrastructure (C2I);

—Vehicle-to-other participant;

*In general vehicle-to-X communication (V2X).

Bin3HauMMO OCHOBHi BHIM KOOMEPAaTHBHHUX CHCTEM: MEPiOAMYHI MOBiIOM-
JIEHHs, «MasKu», 3abe3neuyloTh OTpUMaHHs iH(opMallii, 3 METOIO BHUABJIECHHS
nebe3neunoro Tpadiky; cucTeMH MOBiZOMIEHb PO noAii (HOCcTOBipHi i #MOBI-
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PHi); 3aJaHUil CTYNiHb NMOIIMPEHHs iHopMallii Bia 06’€KTa; ypaxyBaHHA MOX-
JIUBOCTI 3aTPUMKH NOBigoMJIeHs [18; 20 — 22].

VYV €Bponi peanizoBaHi NMpoekTH KkoonepaTHBHUX cucteM: CVIS (2006-
2010), SAFESPOT (2006-2010), I-WAY (2006-2009), COOPERS (2006-2010)
[11 — 13] in. Ilpu upomy 3actocoBaHi CALM-npuHuumy, siki 3abe3nevyroTsb
ONnTHMaJibHE BUKOPHCTAHHA 0€3ApOTOBHX TeJNEKOMYHiKaUifiHHX 3acobiB Maco-
BOi iH(hopMauii B 6yab 1KOMY KOHKPETHOMY Miclli (10CTYyTN 10 KOMYHikaLil s
Ha3zeMHUX MoGinsHuX Tenedonis). CALM-cTtaHnapTH repeBipeHi B koonepaTu-
BHoMmy npoekTi CVIS. ITnatdopma CVIS 3abesneuye Ge3nepepBHUl 3B’SA30K
s poaatkiB Ha ocHoBi craHmapTiB ISO CALM. CimeiicTBO MiXHapOAHHX
cTaHiapris, 3acHoBaHnx Ha CALM-koHuenuii, BU3Ha4ya€e 3arajibHy apXiTekTy-
Py, MepexeBi NpoTokonu, intepdeiicu koMyHikauii ans xpotosoro i 6e3npoTo-
BOTO 3B’513KY 3 BUKOPHCTaHHAM Pi3HUX TeXHoJjorii pocrymny [20].

V crBoproBauiii cucremi ACMTPC peanizoBaHo Kilbka BHIIB 3ag0ans iH-
menexmyaibH0o20 aHanizy Ta ynpaeninns, AKi 3ajexarh Bil TAKMX CKJIAQJOBHX!

- yHclia KOHTPOJIbOBaHUX 00’ €KTiB, Jkepen JaHuX (oauH abo 6araTo);

- ypaxyBaHHS B3aeMOJii 06’€kTiB Mixx c06010;

- NPUCYTHOCTI 00’ €KTa-/KepeJa, IO BH3HaYae iHppacTpyKTypy;

- MOXJIMBOCTi mepeOylOBH CHCTEMHM Tepefadi MOBiAOMIIEHL (3MiHa yHcna
NepeflaHuX MapaMeTpiB MO KOMaHAI Bill «iH(QPacTpyKTypu», Bill KepylouHx
nporpaM abo MiKpONpoLEeCOPHOT CUCTEMH Ha BOPTY, pyXOMHX 00’ €KTiB);

- MOXJIMBOCTI Mojaui nomnepeixyBajJbHHX MMOBIAOMJEHb Y MOOUIbHY CHC-
TeMy;

- MOXJIMBOCTI Nojayi KOMaHJ yNpaBjliHHs, ONOKYBaHHS, HanpuKIaA, NpH
aBapiiHOMY peXHMi, KKl He PO3Mi3HAETHCA MOOITLHOIO CHCTEMOIO.

Jlns 3a3Ha4eHUX KJIACiB IHTEJEKTYalbHUX 3aBJaHb C()OPMYJIbOBaHI CHELH-
¢ikauii mwoxo ix npu3Ha4YeHHs Ta nobynoBaHi MOAEIi NPOLIECIB, SKi peali3oBaHi
3aco6aMH KOMyHikali#l i nporpaMyBaHHS.

HaBeneMo npuxiIagy OCHOBHMX iHTErPOBAHUX iHTENEKTYaJIbHUX TEXHOMOTIH
TpaHcnopty [8; 10]:

- TepeBe3eHHs 3 BJIACTMBOCTAMH IHTEJIEKTYaIbHUX TEXHOJOTiH (MicTATh
€JIEMEHTH aBTOMATHYHOTO: 300py NaHHX PO YMOBH NEpEBE3eHb, MOAETIOBAHHA
NpOLECiB, MOPiBHAHHA 3 WA6IOHaMH, pO3Mi3HaBaHHA HELUTATHUX CHTYauilt abo
MOX/IMBOCTEH iX BHHHKHEHHs, IUIAHYBaHHsA INapaMeTpiB NpOLECY NepeBe3eHb
Ta iH.);

- TEXHOJIOTIT iHTeIeKTyaNbHOrO BaHTaXy (BaHTaXcy, AKHii B poueci nepese-
3EHHSI «aBTOMATHYHO IIOBiJOMJISE MPO CBOI BJIACTHBOCTI», L0 BHKOPHCTOBY-
€ThCS [UIS MOHITOPHHTY Ta YNpaBliHHA NEPEBE3CHHAMM);

- TEXHOJIOTIT 32 NPHHLMIIAMH BiICTEXXEHHS JIOTiICTUKH BaHTaxiB (iHpopma-
WifHi Ta TesIenaTHYHI TEXHOJIOrl Ta CUCTEMH, fKi peani3yloTh 3arajibHi BAMOTH
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OO BiCTEXKEHHs BaHTaXiB, BPaXOBYIOTh BUMOTH iHTeponepabenbHOCTi, B3a-
emonii [8]);

- aBToMaTH4He kepyBaHHA PO (iHhpopMyBaHHA TPaHCMOPTHHX CHCTEM IpPO
YMOBH, palioHaIbHi MapIIPYTH i pe)XHMH, BPaxOBYIOYH B3a€MOJII0 MiX y4ac-
HHKaMHU pyxy [17]).

Bin3nauumo, mo B ACMTPC peanizoBaHi OKpeMi elleMeHTH pi3HUX Mepeni-
YEHHX TEXHOJIOriH, 3 ypaxyBaHHAM crieuudiku 3aBaaHb eheKTUBHOIO 3acTOCy-
BaHHA TPC 11 BUKOHAaHHA TepeBe3eHb Ha MiANPHEMCTBAX.

MeTon BupilleHHs1 3aBaaHHs. [ BUPiLIEHHS KOMIUIEKCHHUX 3aBIaHb i3
NiJBUIIEHHA e(pEKTUBHOCTI TPAHCOPTHUX TEXHOJIOTIH BEJMKHUX METATypriii-
HHUX MiANPHEMCTB 3aMpONOHOBAHO i po3pobieHo crewianizoBaHi MaTeMaTHuHi,
inpopmauiiini, a Takoxx nporpamHi 3aco6u iHTenekTyamsHOi cuctemn GPS-
MOHITOPUHTY Ta KepyBaHHS PYXOMHMH 3aJli3HHYHUMH 06’ €KTaMH IPOMHCIIOBO-
ro TPaHCMoOpTy, JIokoMoTHBamMu (auB. puc. 1). Biaminnicts cuctemu ACMTPC
TaKOX MOJIAra€ y 3acCTOCYyBaHHi LIMPOKOrO CIEKTpa METOLIB iHTENEKTyalbHUX
CHCTEM MpH peai3awil npoueayp aBTOMaTU3aLil UIA CTaLliOHapHUX Ta MOOLIb-
HHUX NpHcTpoiB. CTBOpIOBaHa CHCTEMa MOHITODUHTY i KepyBaHHA peajibHOro
yacy (yHKLIOHY€E Ha OCHOBi JaHUX Bif TeleMaTHYHUX TepMiHais [13], po3ta-
LIOBaHMX y JIOKOMOTHBaX miAnpueMcTtBa. 3ibpaHa iHopMaLlis KOHTPOIOEThCS,
BHKODMCTOBYETBCS U aHaJli3y Ta MOIENIOBaHHA, a TAKOX IUIs HaNaHHA KIIEHT-
CbKHM JIONIaTKaM B PeXHMi peajlbHOro yacy, 3 METOIO ONepaTUBHOTO KepyBaHHs
Ta opraHisauii ix B3aemonii. @yHKLUii MporpamMu Taki: NpuioM JaHHUX Bil Teje-
MaTHuHMX TepmiHaniB FORT-111 Ta mepesipka ix uinicHocti; 06po6ka oTpu-
MaHHMX [JaHMX, pO3KJaJaHHA y CTPYKTYpM HaHuX, 30epexenHs y Bl (¢popmar
MySQL [12]); 3a6e3ne4yeHHs MOXXIUBOCTI 3BOPOTHOI B3a€EMO/Ii 3 JIOKOMOTHBA-
MM LIAXOM BiJIpaBleHHs KepyIOUMX CHrHajis y ¢gopmi SMS nosinomieHs;
HaJlaHHA KJII€EHTCBKUM OoJaTkaM iHTepdeiicy B3aemonii 3a TexHonorieio REST
[2] 3 Takumu yHKUIAMH: ayTeHTH}iKaLlis B CUCTEMI; OTPUMAHHS KOOPAMHAT
YCiX KoJliif MiAMPHEMCTBA; OTPHMMaHHS OMKUCY YCiX JIOKOMOTHBIB MiANPHEMCTBA,;
OTPMMaHHs yCiX OHOBJIeHb (TepeMillieHb), ki BinOy/nucs i3 BCTaHOBJIEHOTO
yacy, OTpUMaHHsA yCiX nepeMilleHb 3a MeBHUH NMPOMDKOK 4acy; OTpHMaHHA
icTopii ycix nepemilieHs 3a Bech yac poGOTH CHCTEMH; MOCHIAHHS €KCTPEHOT
KOMaHI¥ BU3HAYEHOMY JIOKOMOTHBY; rpadiuHe BiZoOpaXkeHHS TEXHOJOTIYHMX
NpoLECiB Ha KapTi.

3aBaanns i3 popMyBaHHS iHTeJIEKTyaJbHHX CHCTEM MOHITOPHHTY i Ke-

PYBaHHS HA CTAliOHAPDHHX Ta MOGIILHHX MPHCTPOSIX

["any3p GPS-MOHITOpPUHIY TpaHCNOpPTY AyX€ LIBMAKO PO3BUBAETLCS, MAE
6e31iu rOTOBUX KOMIUIEKCIB 3 BeNIMKOIO (yHKUioOHanbHicTIO. IIpu LBOMY mnepe-
BaxKHa GiNbLIICTB 3 HUX OPIEHTOBaHA Ha aBTOTPAHCIIOPT, JIMILE OAMHHLI NAIOTh
NiATPHUMKY 3ali3HMYHOMY TpaHcropty [8; 10]. LliHoBuii mianasoH cucteMm, 1m0
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MaloTh Ge3slid HajuIMIKoBHX (yHKUiM, ctaHOBUTH 75 — 150 THC. rpH. YacTo
CHCTEMH MOXIHBO BUKOPHCTOBYBATH JIMILIE HA YMOBaX abOHEHTChKOI IUIaTH, Y
cepenHboMy 120 — 150 rpu/Micsaus uis oauuuLi. Ilpu upomy Bes iHdopMais
KJlieHTiB 30epiraeTecs Ha cepBepax KOMIIaHii-rocTayajbHUKa CUCTEMU MOHITO-
pUHTY, SKMA BigmoBigae 3a 1i Ge3nexy Ta koH(imeHUilHicTh. Uepe3 MOXIIHBI
3HAYHi PU3UKH MMPOMHCIIOBHX | TPAHCIIOPTHHX KOMIIaHi# BUKOPHCTAHHA MOAI0-
HHUX CHCTeM OOMexeHe. YCi CHCTeMH MOHITOPHHIY HaaloThCsi TOTOBHM IIpO-
OYKTOM «3 KOpOOKH», He BifICYTHS MOMNUIMBICTH MOAM(ikaLii KOMIUIEKCY, IO
obMexye criellianisaLilo, rHy4ke HaJallTyBaHHS CHCTEMH, CTBOPEHHS BJIACHHX
monaynis. Po3pobka cneuianizoBanoi cucteMu GPS-MOHITOpUHTY 1)1 Cy4acHO-
ro 3aJli3HHYHOT'0 IPOMHUCIIOBOTO TPAHCIIOPTY € aKTYaJbHOIO i AOLLIBHOIO.

Ha BigMiHHICTD Bif OiNbIIOCTI iCHYIOUHX CHCTEM, NPH3HAYEHHUX Ul NEPCOo-
HaIBHUX KoMI’loTepiB, y cucteMi ACMTPC nepenbaueHo iHterpaniio no
NPOLECIB MOHITOPUHTY TaKOX MOGINbHUX MPHCTPOIB, 3abe3MeYeHHs iHTENeKTy-
JIBHOI MIATPUMKHU MPOLECIB YNPaBIiHHA PyXOMHMH 00’€KkTaMH, IO POOHTH iX
WHPIUUMH | 3pYYHIIINMH, JO3BOJISIE 3aBKAN ONEPaTUBHO BUKOPHCTOBYBATH BCi
HeoOXiaHi faHi.

CrBopioBaHa KIIiEHT-CEpBepHa CHCTEMa peaiidye TEXHOJIOTilo opraHizauil
0a3 gaHMX Ha CTALiOHApHHUX Ta MOGIIBHHMX MPUCTPOSX, L0 BUKOPHCTOBYIOTh
onepauiiiny cucremy (OC) iOS [11], a Takox ¢perimBopk CoreData sk nomat-
KOBMI MexaHi3M 3 onrtumisauii po6otu 3 SQL-6a3010 naHux i3 cneuudivHuM
CHHTAKCHCOM Ta OTepaTopaMM ynpasJiinus aanumu [16]. Ipu pospobkax cep-
BEPHOI CKJIaI0BOI NpoekTy 6yno mociimkeHo popmaTn o6MiHy JaHHX Mix cep-
BEPOM Ta KJIIEHTOM, 3 METOI0 BHOOPY ONTHMaibHOTro. Sk Moka3as MOpiBHANIb-
Huif aHani3, nepesary Mae opmat JSON [15].

JlocnimKkeHO MUTAHHA WOAO e()eKTHBHOCTI BUKOPHCTAHHA KapT Pi3HHUX BH-
po6HukiB (Apple Ta Google) y nporpami MOHITOPUHTY Ha MOGLUIBHHMX TPHCTPO-
X, a TAKOXX TEXHOJIOTiH iHTerpauil kapT y MobinbHMIT nonaTok. 3apa3 icHye
JOCHTD BEJMKA KiJIbKICTh Po3po60oK KOMMaHiH, AKi AAI0OTh MOXIIMBICTb iHTErpY-
BaTH kapTu B MoGimbHi npuctpoi (Google, Yandex, Apple, Nokia). CyuacHa
onepauifina cucrema iOS Hajae MOXJIMBICTH BHKOPHUCTOBYBaTH KapTh [11]
komnauiit Google, Yandex, a y 2013 poui xomnaHiero Apple po3po6ieHi BiacHi.

VY npoexti ACMTPC Bukopuctani kaptu Apple uepe3 ix BiANoBimHiCTh
BCTaHOBJIEHMM IJIs ITiANIPHEMCTBA YMOBaM, uepe3 BiACYyTHicTh y Google xapT
MOXXJIMBOCTI HaKJIaJaHHS BJIACHUX 1IapiB rpaiuHMX €NEMEHTIB, a HE BUKOPHC-
TaHHA JIMIIE 3a3fanerifp peanizoBaHux. Kaptu Apple BHnepemxaroTh KapTH
Google 3a xapakTepHCTHKaMH JOAATKOBOTO po3Mipy npoekty (xaptu Google —
MiHiMyM 5 MG po3mipy, kapTH Apple He 36ibIIyIOTE PO3MIp NPOEKTY), MPOAY-
KTHBHOCTI. AHani3 kapt Google Ta Apple 3 6oky kopuctyBaya (HeoOXiaHi (pyH-
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KIIii) He Mmoka3aB iX CYTTEBHMX BiaMiHHOCTel: kapTn Google nemio kpauli B niaHi
MacwtabyBaHHs, a KapTu Apple — B AKOCTi CYITyTHUKOBHX 3HIMKiB.

CrBOpeHa micucTeMa MOHITOPUHTY i YNpaBiaiHHA W1 MOGITBHUX MPHCTPO-
B Ma€ Taki OCHOBHi (pyHKLiOHIbHI XapaKTEePUCTUKH: OOMiH JaHUMHM 3 BUKOPH-
crandsim HTTP-npotokony Ta ¢opmaty JSON; nepeTBOpeHHs OTPUMaHHX na-
Hux 3 JSON-thopMaty B hopMaTH JOTIYHMX CTPYKTYp AaHMX; BiZoGpakeHHA
XapaKTepUCTUK PYXOMHUX 00’€KTiB, MiCLIE3HaXOKEHHS Ha KapTi Ta JeTalbHHUX
XapakTepuUCTUK 06’€kTa micis BUGOpY HOro Ha kapTi; peaiizaiis MexaHisMy
yTpaBiiHHA K 3BOPOTHOTO 3B’A3KY 3 KepyIouMM NMPHCTPOEM Ha 06’€ekTi (TepMi-
Hasom Fort-111 [13]); (bopmyBaHHx nosigomnens B JSON- (bopmarl anpaB-
JIEHHs iX Ha CepBep; peatizallis MexaHi3My MoGyAOBH 3BiTiB LIOAO AMHAMiKH
napameTpiB JIOKOMOTHBA; (DYHKLiOHYBaHHA CHCTeMH MoHiTopuHry Ha OC
iOS v6.1 i Bume [11].

MoGinsHuit momaTtok po3pobnenuii 3acobamu KOMMiIbOBaHOi 06’€KTHO-
opientoBaHoi MoBH mporpamysanHs Objective-C, uio nobGynoBaHa Ha OCHOBI
moBu C Ta mapaaurMm Smaltalk. CepenoBuuie po3po6ku XCode [5] MoxHa 6e3-
KOLITOBHO 3aBaHTaXXUTH 3 Mac App Store.

Ha puc. 2 mokazaHo npuknaj iHtepdeiicy cMcTeMH ympaBiliHHA JIOKOMO-
THBaMM SK €KpaHy BBIMKHEHHsS/BUMKHeHHs BifobGpaxeHHs PO Ha xapri, wo
CKJIAa€Thci 3 TEKCTY, CMHCKY JIOKOMOTHMBIB 3i CBOIMHM elleMEHTaMu-
riepeMUKavyaMH, TpH BBIMKHEHHi SKUX JIOkoMOTHB (i iioro mapameTpu) 306pa-
XKYy€ETbCs Ha KapTi. Puc. 3 AeMOHCTpye mpuKnan npoueaypH KOHTpOJIO mapa-
MeTpiB.

BrmowTe/BuiknioMiTe 0TOGPAXEMUHE
NOKOMOTUBA Ha KAPTE

locomative 8 . @
locomotive 9 " @)

Puc. 2. EkpaH BBiMKHeHHs1/BHMKHEHHS BiloOpaXKeHHs JIOKOMOTHBA HA KapTi
Po3pobneHo pernament, ¢opmat i mpouenypn obMmiHy iHpopmauicio Mix

TenematiuHuM TepMminaniom FORT-111/FORT-111GL ta cepBepom 3 BUKOpPHC-
TaHHAM BiANMOBiAHOroO KoMyHikauiiiHoro nportokosny [13]. Takoxx no6ynoBaHo

221



[Tumanus npuicnaonoi mamemamuxu i mamemamuyno2o mooemosanns. /., 2014

nporpamMHi 3acobu eKCTPeHOro YnpasJliHHA JIOKOMOTHBAMH Ha OCHOBI BiAmnpas-
KH TepMiHajiaM Kepylounx SMS noBigomiieHb.
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Puc. 3. liarpama KOHTPOJII0 BUTPAT NAJHBA JJOKOMOTHBAMH

CepsepHi cknanosi nporpamuoro kommiexcy ACMTPC

CTBOpEHHS! KOMYHiKaL{iifHOrO NPOTOKOJY cepBepa BUKOHAHO 3a I0TIOMOTOI0
CTHJIIO MporpaMHoi apxitexTypu Representational State Transfer (REST [16]),
1o 3abe3neuye: MacuITabOBAHICTH B3a€EMOJIT KOMIIOHEHTIB, CMiNBHICTb iHTEp-
(peiiciB, He3aJieKHE BIIPOBAZKEHHS KOMIIOHEHTIB, 3aCTOCYBAaHHS MPOMDKHHX
KOMIOHEHTIB Ul 3HW)KEHHS 3aTPHUMKH Ta MOCWJIEHHA Oe3neku. Y pospobkax
peani3oBaHi rosioBHi obmexeHHs apxitextypu REST. A came: TexHonoris
«KnieHT-cepBep» (KJIIEHTH BiJOKpeMJIEHI Bil CepBepa €AHHUM iHTep(eicoM,
cepBepH MOXYTb OyTH NMpOCTIIIMMH i Oinbll MaclITAOOBAHUMH, BOHH MOXYTh
PO3pOOAATHCS 1 3aMiHIOBATHCS HE3AJIEXKHO, JOKH HE 3MIHMTBCS iHTepdeiic); Oe3
cTaHy (B3a€EMOJifl KJIiEHT-cepBep 0OMEXYEThCS BiACYTHICTIO 36€pexkeHHs1 KOH-
TEKCTY KJIEHTA Ha cepBepi MiX 3alUTaMM; 3aMUT Bil KJIi€HTa MICTHTb BCIO He-
00xiaHy anst o6¢nyroByBaHHs iH(popMaLiio, Oyab-a1Kkuii cTaH cecii 36epiraeTbes
B KJIIEHTI; cepBep Moxxe OyTH 3i cTaHOM, fIKMIl Ha CTOPOHI cepBepa Mae OyTH
azpecoBanuit yepe3d URL six pecypc); KepoBaHICTh (KJIIEHTH MOXYTb KellyBaTH
BiANOBiAi; 1Oo6Gpe kepoBaHe KellyBaHHA 4YacTKOBO YCYBAa€ HesiKi B3aeMOJIT Kiie-
HTa i cepBepa, MiJBHILYIOYH MacliTaboBaHICTb i MPOAYKTHBHICTDL); 6araTopis-
HEBIiCTb CHCTEMH (IJTIEHT HE MOXKE OJHO3HAYHO BH3HAYHMTH, MiJKJIIOYAETLCA BiH
GesrnocepelHLO 0 cepBepa abo 10 nocepeqHHKa; MOCEPEIHNK CepBepa MOXKe
NOJIINIKTY MacwTaboBaHICTh CHCTEMH, 3abe3nedyioun GasaHCyBaHHA HaBaH-
TaXXEHHs); KO Ha BUMOTY (CepBepH MOXYTb THM4aCOBO PO3LIMPHTH ab0 HaJla-
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IWTYyBaTH (YHKIIOHAJNBHICTh KJIi€HTa, Mepenalouu WOMY BHKOHYBaHy JIOTIKY);
enuHuit intepdeiic (Mix xiieHTamMM i cepBepamMu CHpOILLYE i pO3AiIsE apXiTek-
TYypY, AO3BOJISIIOYHM KOXKHil 4YaCTHHI pO3BUBATHCS CaMOCTiiiHO).

Ba3u naHux cucteMH HOpMyIOThCA 3a JOMOMOrol0 6araTomnoTOKOBOTO cep-
Bepa MySQL [2; 4; 12], axuit 3a6e3neuye: miaTpUMKY HEOOMEXEHOT KiJIbKOCTI
KOpHCTyBadiB, L0 OJHOYACHO NpalolOTh 3 6a30l0 JAHMX; YMCIO 3amUCiB Y
Tabnuuax — g0 50 minbitoniB; MySQL BBaxa€Tbcsi HANLIBUAIINM CEPBEPOM 3
icHytounx; npocTa i epexTuBHa cuctema 6e3nexu. Pazom 3 uum y MySQL Bin-
CYTHi: MiATPYMKa BKJIAICHUX 3aMMTIB i TpaH3akwUii, HEMa€ MiATPUMKH TPUreEpiB
i 36epexxenux mnpouenyp. Aje Taki MOXKJIMBOCTI HE € KPUTHUYHUMH TIPU CTBO-
penni Web-nonatkis. ['Hyukicte CYB]] MySQL 3a6e3neuyeTbcst miaTpUMKOIO
BEJIMKOI KUIBKOCTI THUMIB Tabjulb, a TaKOX CrHElialbHUM THIOM TabauLb
EXAMPLE, 1110 IEMOHCTPY€ NPUHLMIN CTBOPEHHS HOBUX THIIIB TaOIMLb.

Hocnimxenns edpekTuBHocTi popmaTiB 0GMiHY naHHMH

V Tenepiwniii yac cepen 6GarathoX icHylounx ¢opmatiB 0O6MiHy HaHUMH
MiX cepBepoM Ta Kii€HTaMH Haiibinpm nomupeni XML ta JSON. Ilpu ctBO-
PEHHi MporpaMHoi CHCTEMH Lii popMaTH AOC/IIKEHO 3 METOIO BUABJIEHHS, AKHIA
i3 HUX Halle)eKTHBHIIIMIA /1S MPOEKTY: BUKOPUCTAHHS (pOPMATy He NPHUBOIHTD
10 3aiiBUX BUTpAT iHTEpHeT-Tpadiky, 06pobka He BHUKIHKAE MpobJeM, popmar
NOWIMpPEHHH Ha yci nonmynapHi mnatdopmu. Lle nuTaHHSA Ba)KJIUBE yepes Te, 110
Npu po3pobKax cepBepy HEMOXJIMBO 3HATH, fAKi KIEHTCHKI MOAAaTKH OyayTh
3actocoByBatucs (web, Windows, Linux, iOS, Android i T.11.).

TexcToBuit ¢opmat 06MiHy manumu JSON (JavaScript Object Notation),
BBAXXAEThCs HE3aJIEXXHUM BiJl MOBH nporpamyBanHs [11, 15], mis 6aratbox MoB
icHye Kom Ans CTBOpeHHs Ta 006pobku manux y ¢opmari JSON. V mosi PHP,
NOYHHAIOYH 3 Bepcii 5.2.0, nintpumka JSON BK/IIOYEHa B AAPO 'y BUMJAAL QyH-
kuiit json_decode() i json_encode(), siki cami nepeTBopATh THNH aaHux JSON y
BinnoBiaHi TMnu PHP i HaBnaku. Pe3ynabTaTu MOpiBHANBHOrO aHamizy (YMCIO
NONIaTKOBMX CHMBOJIIB Ha KOIYBaHHS NaHHX) Ha pi3HUX 06’€Max NaHUX HaBe-
neHo y tabn. 1 (konyBaHHS OQHOTO MOJIs AaHMX) Ta Tabil. 2 (KOAyBaHHS MacH-
By nmaHux). Takox koxHoMy Habopy XML pnanux mnepemye psmok ?xml
version="1.0" encoding="UTF-8" 7>», po3mip sixoro = 39 Gaiir.

Tabnuys 1
Kinekicth KinekicTh
®opmar IIpencraBnenHs KOPHCHHUX J0OAaTKOBHX
JaHux, OaiT JaHux, 6aiit
JSON «speed»: 80, 1 9
XML <speed>80</speed> 1 15
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Tabauys 2
KinskicTs KinekicTs
®opmat IMpeacraBneHHs KOPHCHHUX JIOaTKOBHX
JlaHuX, OalT JIaHUX, 6aiiT
- JSON {«array»: [1, 2, 3, 4, 5]} 5 16

‘ <array>1</array>

XML 5 15x5 =175
<array>5</array>

O6unsa (popMaTn Ayxxe MOLIMPEHi, yCi CydyacHi MOBM MporpaMyBaHHA Mil-

TPUMYIOTh POGOTY 3 HHMH, JeiKi MOBH

MaloTh BOYHNOBaHy MiATPUMKY

JSON/XML. Jlna npoexty BukopuctanHs popmaty JSON € Gibi JOLIIEHHM,
CKOpPOTHUTh iHTepHeT-Tpadik npubnusHo B 1,5 pasu. O6pobka JSON € meHU
TPYAOMICTKOIO, L0 03BOJMTH 3MEHLINTH HABAHTAXXEHHS Ha MPOLECOPH CepBe-
py i xiientis, JSON Gibm 3pyuHHii U YHTAHHS JTIOJHHOIO.

CTpyKTypa cepBepHOI CKJIaJ0BOi CHCTEMH

Ha puc. 4 HaBe#eHO Aiarpamy KJaciB CEpBEpHOI YaCTHHH MporpamH, noby-
noBaHoi 3 BukopuctaHHam Metony CRC-kapTox st 06°€KTHO-Opi€HTOBaHOTO
npoextyBaHHs [5; 11]. CRC-kapTku CTaHOBJIATH i€papxilo KjaciB i (popmu
«cmiBpo6GITHULITBA) 06’ €KTIB.
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Jinst po3po6ky cepBepHOro NMporpaMHOro 3abe3neyeHHs 3acTOCOBaHI MoOBa
PHP i cepenoBuwe Sublime Text 2 [2; 5], ske Mae Taki mepeBaru: po6orta B
Linux, OS X ta Windows; mBHAKICT poOOTH; HasBHICTb HyYKHX HalalTy-
BaHb; MiJICBiY€HHs CUHTAKCUCY 6araTb0X MOB MpPOrpaMyBaHHsi, B TOMY YHCIi i
PHP; HasBHICTh BEJMKOI KiJILKOCTI TMJariHiB myis BiAJaro/UKEHHs i IOHIT-
TecTyBaHHA; minTpuMka VIM-pexumy.

B skocti CKB]] 3actocoBaHo cepep MySQL, sikuit ninTpuMye MOBY 3amnu-
TiB SQL y ctanmapti ANSI 92; mae po3wmpenHs, BincytHi B inmmx CYB/] [2,
12], a moBa PHP Mae B6ynoBaHy miaTpumky uiei CYB/I.

CyTtHocTi, npeactasneHi y BJ] cucteMu, MaloTh JOCHTh PO3BHHEHY CTPYK-
Typy. [louaTkoBe npencTaBieHHs cyTHocTi Locomotive 306paxkeHe Ha pHc. 5.

] [ ] [poeon]

[ IWTMI[M“IIMl

[ *o | [owuree] | 288 |

Puc. 5. Indopmauiitna monenan cyrHocti Locomotive

ITpn oTpMMaHHI NaHUX BiA TeJIEMaTHYHHUX TEPMiHaJiB Mporpama nepesipse
X LiNICHICTh U BUABJIEHHSA MOXJIMBUX NMOMMIIOK (Mix yac mepemayi, 3601 Tep-
MiHany iH.). IH]opmauis npo mapaMeTpu TpPaHCHOPTHOrO 3aco0y MOAAETHCA Y
BHIJIANI CTPYKTYpPOBaHOTO CUMBOJILHOTO PSNKY, LIO MiCTHTh TaKi MapaMeTp:
IIBMAKICTB, Mpo6ir, BUTpaTa MajyBa, piBeHb nanusa B 6aky, 06epTu, Temnepa-
Typa ABMIyHa Ta iH. I KOHTPOJIIO CTPYKTYPH i LiTICHOCTI AaHUX MOBiZOM-
JieHb Mpo mapameTpu 06’ekTiB 3actocoByetbcs LL(1) rpamaruka [1]. V pasi
HEBiAMOBIAHOCTI OTpUMAaHUX Bil TepMiHaly NaHuWX nobynoBaHiif rpamartHui,
[aHi BBa)KAIOThCsI HEMpPaBHIbHUMH, POPMYETHCS 3aMMC MPO BTpATy MakeTy Mo-
BiZIOMJIEHbB.

Po3pobnennit mporpamuuii 3aci6 n03BOJIs€ CTBOPIOBATH KITIEHTCbKi Mpo-
rpamu (web, i0S, Android, Windows, OS X ToI10) 11 MOHITOPHHTY PyXOMHX
06’€KTiB Ha MPOMMCIIOBUX MiANPUEMCTBAX 3ali3HMYHOrO TpaHcmopty. Hanpu-
KJaj, He 3MiHIOIOYM CTPYKTYpy i HaBiTh KOX CepBEPHOI MPOrpaMu, MOXKJIUBE
pO3IUMpEHHs cucTeMHu nonatkamu Ha 6a3i OC Android [15], ska € Haii6Ginbux
TNOMyApHOI0 MOGiILHOIO OnepalliifHoI0 CHCTEMOIO. 3aCTOCYBaHHS MPOrpaMHO-
ro xomuiekcy nepenbauene y BAT «3anopikcTanby; 3aBasKH HYUKii cUCTEMI
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HalalWTyBaHb KOMIUIEKC MOXXHA BHKOPHCTOBYBATH i Ha iHIUMX NMPOMHCIOBHX
MiANPHEMCTBAX.

Jocninxkenns kaprorpadgivyHux npoueayp

Ins po3po6ku cHCTEMH MOHITOPHHTY PO 3ali3HUYHOrO TPaHCIOPTY BaX-
JMBUM € 3aBaHTaXeHHs 300paxkeHHA reorpadiyHoi KapTH MicUEBOCTI i
NpuB’A3Ka A0 reorpaiuyHUX KOOpPAMHAT M BimoOpaXKeHHs Ha Hiif Micue3Ha-
XOIKEHHs pyxoMmux o6’ekTiB. [Ipu BinobpaxkeHHi HEOOXiAHO MPOBECTH AEKib-
Ka IEpeTBOPEHL IaHHX, OTPUMAHHX BiJl cepBepy (epeTBOpeHHs reorpadiuHux
KOOpAMHAT (LIMPOTH/IOBroTH) B JlekapToBi KOOPAMHATH IPOEKLii, NpoeKLis
Mepxaropa [7], nepeBefeHHs NpoeKLiiHOT MO3KLIT 06’€KTa B MO3ML{IO Ha pac-
TPOBOMY 300pakeHHi KapTH, a TakoX Y 3BOPOTHOMY mnopsaxy). Y po6oti xoc-
JliDKEHO METOIM HABE/ICHUX NEPETBOPEHb KOOPAMHAT i3 OJHIET CHCTEMH B iHIy.

JocnikeHHs NMPOBOAMIUCA Ha 300paXkeHHI KapTH AiNSAHKH 3 NPUOIM3HUMH
po3mipamn 1300x500 MetpiB. BumipioBaHHs po36iXXKHOCTEH BUXIAHHX JaHHX 3
KiHUEBMMH NPOBOAMIMCA 32 JONOMOrOI0 iHCTPYMEHTY SIHAEKC-KapT, LIO Haxae
MOJMJIMBICTh BHUMIpIOBaTH BiICTaHb y MeTpax Mix oOpaHUMH Toukamu. OTpu-
MaHi rpadiuHi no3uuii 6ynu nepeHeceHi Ha SIHOEKC-KapTH y peXXUMi MaKchma-
JibHOro MacmTaby 3 MeTOIO MiHiMi3aLil BiAXWIEHHs Bigo6GpaxeHOro Micue3Ha-
XO/KEHHs B Mporpami Ta kaprax Be6-cepBicy. Y Xomi HOCHiIKeHHS OUiHIOBa-
Nlach TOYHICTb BifoOpakeHHs No3uLil 06’€kTa Ha 300paXkeHHi KapTH Uia pis-
HHMX METOMIB; BCTAHOBJIEHO, IO NoxHOKa Micle3HaXOMKeHHs 00’ekTa Ha SIH-
NEKC-KapTax Ul METOY MOJIiIHOMiallbHUX NepeTBopioBaHb — 10 1 M. ITpu Bigo-
6paxceHHi pyxoMmHX 06’€kTiB ypaXoBYIOTbCS TaKi MOTOYHI BeIMYUHH: reorpadi-
YHi KOOPAMHATH MiCLE3HaXO/MKeHHs (IUMpOTa, AOBroTa), BUCOTA HAJ PiBHEM
Mopsl, BaJliIHICTh reorpa)iyHUX KOOPAMHAT, IUBMAKICTh PyXY, HAaNpAMOK pyXy
(BigHOCHO MiBHOWi), 4ac CTBOPEHHSA i OTPUMAaHHA MAaKeTy cepBepoM. Pesysbra-
TOM po6OTH MporpaMu € BifioOpaKk€HHA KapTH MiCLEBOCTI, 3aJli3HUYHMX LLIS-
XiB, BiloOpa)ceHHs MiCLE3HaXOMKEHHSI PyXOMUX 00’ €KTiB Ha KapTi MicLeBOCTI
3a JOMOMOrOIO CleLiajbHUX MO3HAYOK; LUIAX PyXy 00’€KTa y BHUINIAAI KOHTPO-
JBHUX TOUOK, B AkuXx Oyna 3adikcoBaHa iH(opmaLis, 3a Bka3aHuii iHTepBan
yacy. Takox po3paxoByIOThCS Taki XapaKTepPUCTUKH, HEOOXiAHI Ang ynpaBiniH-
HA: Tabauusg DaHMX Npo napameTpu obpaHoro pyxomoro o6’ekra B obpaHiii
KOHTPOJNIBHIA TO4Li; TabNHLUA NOPIBHAHHA NMOTOYHOI iHdopMalii o6paHHX py-
XOMHX 06’€KTiB: WBHAKICTb, PiBEHb NMaNMBAa iH.; rpadiku MPOMAEHOro LUIAXY,
PiBHA NanvBa QN1 06paHUX PyXOMHX 00’€KTiB 3a BKa3aHHi iHTepBaJ uacy; BH-
HiNeHHs NMO3Ha4YKH HaHOmMx4yoro pyxoMoro o6’ekra J0 BKa3aHOi MO3MUii Ha
3Ti3HUYHOMY LIIAXY.

PeanizoBaHa MOXnHBicTE BUGOPY TPaHCIMOPTHOro 06°€kTa AN OTPUMAHHA
naetanbpHOl iH(opMauii: Micue3HaXOMKeHHS, KIIOYOBi NMapaMeTpu Y KOHTPOJIb-
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HHX TOYKaX, MiCLIE3HaXOIDKeHHs i napameTpu oOpaHoro o6’ekra 3a BKa3aHMi
nepioa.

AHaJli3 OTPHMAaHHX pe3yJibTaTiB i BUCHOBKH. Y pe3yJjibTaTi BUKOHaHUX
AociimKeHb po3pobieHo MaTeMaTHuHe, iHpopMmauiiiHe i GaraTorutatopmHe
nporpamHe 3abe3nedyeHHs, Npu3HaueHe Ui peanidalii 3aBOaHb iHTENEKTyalb-
Horo GPS-MOHITOpHHIY i OnepaTUBHOrO KepyBaHHS PyXOMHMMH 00’€KTaMH 3a-
JIi3HUYHOrO MPOMMCIIOBOTO TPAHCIOPTY HAa OCHOBI TEJIEMAaTHYHOTrO TepMiHanly
FORT-111. Cucrema ACMTPC 3a6e3nedyye MOXJIMBOCTI 3aCTOCYBaHHs CTa-
LioHapHUX 1 MOGUIBHMX KJIEHTCHKMX NONATKiB, B Hill peanizoBaHO (yHKUIT
Kooneparmmo'i B3aeMOAIl pyxoMux 06’ekTiB, (pOpMyIOThCA iX IHAMBINYyaNbHi
mozeni (yHkUioHyBaHHs. PeanizoBaHo lHTeHeKTyaJIle npoueaypH KepyBaHHs
pyXoMHMMH 06’€KTaMH Ha OCHOBi MeXaHi3My po3Mi3HaBaHHs 3pa3KiB i nepenayi
BianoBinHUX SMS-noBifOMIIEHb.

E(dekTHBHICTb iHTENEKTyalbHOI CHCTEMH  MOHITOPHUHTY | KepyBaHHA
ACMTPC nokomotusamu ans BAT «3anopixcranb» BU3HAYa€ThCA MiABHILEH-
HAM €KOHOMIYHMX MOKa3HHKIB poOOTH TPAHCMOPTHOTrO KOMIUIEKCY MiANpPHEM-
CTBa: EKOHOMisl MaJIMBO-MacTHILHUX MaTepianis 18 — 30 %, ckopoyeHHs Tep-
MiHy npoctoto 10 — 15 %, ckopoyeHHs HeBHpoOHUYMX MpocToiB a0 30 %. Ta-
KOX BiI3HAYa€ETHCS aBTOMATH3aLlis MPOLIECiB MapLIpyTH3aLlil TpaHCMOPTY i MiaHy-
BaHHA poOiT, ninBUIIEHHA Ge3neku Ta TOYHOCTI pyXy TPaHCTIOPTHHX 3ac0biB.
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