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JKEJIE3HOAOPOKHOI0 TpaHcnopTa M. akan. B. Jlazapsana, Ykpanna
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Po3Burox indopmaniiiHuX TeXHOJIOTIH i cucTeM AJ151 yIPaBJIiHHA aAMIHICTPATUBHO-
TePUTOPIATIbHUMH KOMILJIEKCAMHU

[Tineko O. M., Ckanosy0 B. B., /lHinponeTpoBChKUil HalliOHATBHUNA YHIBEPCUTET
3aJII3HUYHOTO TPAHCIIOPTY iMeHi akajaemika B. Jlazapsna, Ykpaina

OOTroOBOPIOIOTHCSI  OCHOBHI  MPOOJEeMH, MOJETl Ta METOAW IIOAO CTBOPEHHS Ta
(dbyHKIIOHYBaHHS 1H(OPMAIIHHUX TEXHOJOTIH 1 KOMIUIEKCHMX aBTOMAaTH30BaHUX CHCTEM
YIIPaBIIiHHS CY4aCHUMH aJMiHICTPaTUBHO-TEPUTOPIAIbBHUMH KOMIUIEKCAMHU.

Po3rnsiHyTi NMTaHHSA 100 PO3BUTKY PEUTHMHIOBMX MOJeNeil Ta BIANOBIIHUX HHUM
iHpopMaLifHUX TEXHOJOTiH, NpPU3HAYEHUX JJIs BHPIMIEHHS KOMIUIEKCY 3agad  cdepu
CTPATETIYHOTO IJIAHYBAaHHS PO3BUTKY aIMIHICTpaTUBHO-TepUTOpiaibHuX 00 €qHanb (ATOO), a
TaKOX 0araTOKpUTEPiaIbHOTO YIMPABIiHHS €KCILTyaTalli€l0 HEOJHOPIIHUX KJaciB CKJIAAHHUX Oa-
raronapamMeTpuyHux o0’ekTiB. Ilpu BupilIeHHI TakuWX 3aBJaHb CTPATEriuHOrO IUIAHYBAHHS
3aCTOCOBYETHCS KOMILJICKC Y3TO/DKCHHX METOMIB. A caMe — 0araTOKpUTEpiaJbHOTO aHATi3y BJa-
CTHBOCTEH 00’€KTIB IMJIaHyBaHHS 1 YIPAaBIiHHSA, JIarHOCTUKHU MapaMeTpiB CTaHy, MPOTHO3YBaHHS
Ta YIpaBIiHHSA CKJIAJHAMU CHUCTEMaMH PI3HHX KJACiB, CTaHW SIKUX OI[IHIOIOTHCS Habopamu
PI3HOSIKICHUX MNOKa3HMKIB, a TaKOX IPEICTABIAIOTHCS 1HAMBIIYyalbHUMU MOJEISIMU INPOLECY
¢bynkumionyBanHs. s peamizamii KOMIUIEKCY 3aBJaHb CTpPATETiYHOTO IUTAHYBAaHHS Ta
yIpaBJIiHHS 3alPONOHOBAHO 1 cTBOpeHO iHbopMaliiiny TexHonorito (IT), sika MicTuTh mporeny-
pH BUpIIIEHHS THIIOBUX 3aBJaHb, IO pealli3oBaHi HA OCHOBI MporpamMHoro 3abesnedeHHss MS
SQL Server.

Jlyis BUpIIICHHS 3a3HAYSHUX 3aBJaHb 3allPOIIOHOBAHO MiAXin A0 (GopmyBaHHS Mojenei
aHaJi3y 1 yNnpaBliHHS KJIacaMM CKJIaJHUX CHUCTEM Ha OCHOBI PEHTHHIOBHUX OLIHOK. OTpuMaHO
PO3BUTOK PEUTHHIOBUX MOJENEH 3 aHai3y OararonapaMeTpUyHUX 1 OaraToKpuTepiaJbHUX CHUC-
TeM, KEepyBaHHS SKMMU BHKOHYETHCSI HA OCHOBI IapaMeTpiB MOTOYHOTO Ta MPOrHO30BAHOTO
CTaHiB, NUIAXOM PO3MOAUTY HEOJHOPIMHUX pecypciB. [lpu 1mpomy po3pobiieHO Mpolenypy
aHaJi3y 4YYyTIMBOCTI PEUTHMHTOBOI MOJENI J0 3MiH MapaMeTpiB pPO3MOALTY HEOJAHOPITHUX
pecypciB. IT crpareriuHoro IjaHyBaHHS Ta YIpPaBIiHHS HEOJHOPIAHMMU KilacaMu OO0’ €KTIiB
BIJIPI3HAETHCS BiJ] BIIOMUX BUKOPUCTAHHIM MOJIENI PEUTHHTOBUX OIIHOK.

HayxoBa HOBH3HA Ta mpakTH4YHA LIHHICTH po3po0Ku I'T BU3HAUAETHCS TaKUM.

1. 3anopnoHOBaHO MiJXiJl 10 BUKOPUCTAHHS CYKYITHOCTI Pi3HOPIIHUX MOKAa3HUKIB PEUTH-
HTYBaHHS SIK 3arallbHOi MOJIEJIi JUIsl CTPATEeTiYHOTO IJIAHYBaHHS PO3BUTKY Ta YIPABIiHHSA HEOI-
HOPIJAHUMU KJ1acaMH 00’€KTiB, SIKI MOKYTh OyTH OXapakTepH30BaHI HabopamM mapameTpiB, BU-
MIpSIHUX 32 PI3HUMH IIKanaMu. [Ipy bOMy KOHTPOJIb 32 OKPEMUMH €JIEMEHTAaMH Peajli3yeThCs
HIJIIXOM OOYZOBH 1 3aCTOCYBaHHS 1HIMBIYaJIbHUX 1HTEIEKTYaJIbHUX MOJIeNel mpoleciB pyHK-
L[1I0HYBaHHS.

2. Po3pobneHo mporietypy OILIIHKHM JOCTOBIPHOCTI NMPOTHO3YBaHHS Ha OCHOBI MeToay Oa-
raTOBUMIPHOI JIIHIMHOT €KCTPAITOJISITI.

3. 3anponoHOBaHUi METOJI CTPATEriYHOIO IUIAaHYBAHHS PO3BUTKY CKJIAJHUX CHCTEM Ha
OCHOBI PEHWTHMHTOBHUX MOjJEJNel, a TakoXX po3polsieHa iH(popMalliliHa TEXHOJIOTiS CTBOPIOIOTH
KOMIUIEKC aBTOMATM30BaHMX 3aco0iB s 3a0e3nedyeHHs e(EeKTHBHOTO  EKOHOMIKO-
TEXHOJIOTIYHOTO  yNpaBIiHHS MHOXHHAMHM HEOJHOPITHUX KIJaciB OaraTtomapaMeTpUyHUX
00’ €KTiIB.

4. B indopMaliiiHiil TEXHOJIOT1i pEHTHHIOBOTO OLIHIOBAHHS PEalli30BAHO MPOIEIypU BU-
pillIeHHS TUIIOBMX 3aBAaHb 13 CTPATETIYHOTO IJIAaHYBAHHS PO3BUTKY Ta YNPABIIHHS CKIaJHUMU
o0’exTamMH (BM3HAUYEHHS PEUTHUHIY, aHaNi3 YYTJIMBOCTI, KilacTepHu3allis, AlarHOCTYBaHHS, MpPO-
THO3YBaHHs, PO3MO/ILT pecypciB, OaraTokpuTepianbHuiA BUOIp iH.). 3aCTOCYBaHHS MPOMTOHOBAHOT
iH(OopMaIifHOT TEXHOJIOTIT JO3BOJISIE aBTOMATHU3YBATH 3aBIaHHs aHAIi3y Ta CTPATEri4YHOro IJia-
HYBaHHS PO3BUTKY aJIMiHICTPaTUBHO-TEPUTOPIAIbHUX KOMILJICKCIB.
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5. Meroau ta IT MoxxyTs OyTH 3acTOCOBaHa JJIsi KOHTPOJIIO, aHAJI3y, CTPATEriyHOro IIa-
HYBaHHS Ta yNpPaBJIiHHA PO3BUTKOM OJIHOYACHO JIEKIJIbKOX THUIIIB CKJIaJHUX CHCTEM.

VY po6oTi BUKOHAHO PO3BUTOK MOJEJEH JJISi CTPATEriyHOro IUIAHYBaHHS PO3BUTKY CKIIaJl-
HUX COIlaJIbHO-€KOHOMIYHMX, aJIMIHICTPAaTUBHO-TEPUTOPIAIbHUX, BHPOOHUYO-TEXHIYHHX Ta
IHIINX CHCTEM, a TaKOXXK METOAIB 1 1HPOPMALIHHIX TEXHOJOTIH MO X YMpaBIIHHIO Ha OCHOBI
y3araJbHEHUX PEUTHHIOBUX OLIHOK. [IpH 1IbOMY BpaxOBYeThCS OCHOBHUM HPUHIMIT (POPMYBaH-
HSl CHCTEMHOTO YIPAaBJIiHHS, sIK€ TMOBHHHO BiANMOBINATH BUMOTaM 1 KpPHUTEpPisAM 3a0e3MeUeHHS
crajgoro po3BUTKy. OcHOBOO po3pobieHux mozeneit 1 IT e ocobmuBocTi 3aBaaHb 1 Mojenen
yIpaBJIiHHS HA OCHOBI peiTuHroBux omiHOK (PO). lle BUKIMKaHO THM, IO IPOOJIEMU KEPOBAHO-
0 PO3BUTKY CKJIQJIHUX COIIaJIbHO-€KOHOMIYHUX YTBOPEHb TICHO TOB’sI3aHI 3 OOMEXKEHUMH
MOJIMBOCTSAMHU (popmMaiizamii 3amgay ympaBiiHHSA. Y 0araTboX BHIIaJKaX TYT MalOTh MiCIe
cnabodopmarizoBaHi 3aBJaHHS B 00JacTi IMOJAHHS JAHWUX, MOJICTIOBAaHHS 1 BIAMOBIAHO —
yrpasiinHs. [IpyyrHaMyu BUHUKHEHHS TaKUX THUIIIB 3aB/JaHb € HAaJA3BUYaiHO BUCOKA CKIIQJHICTh
PO3IJISIHYTUX  OO’€KTIB  YNpaBIIHHA, a TAaKOX INPUTAMaHHUX iM KOMIUIEKCIB yYMOB
HeBU3HaueHOoCTi. MeToponoriyHa Ta iHpopmMaliifHa TiATPIMKA TaKUX MPOLECIB yIIPaBIiHHS MO~
BHHHA pealli3yBaTUCA LUISIXOM BHUJUICHHS 1 (hopMyntoBaHHS 6a30BOoro Habopy THUIOBHX 3ajad,
K1 3a0€3MeUyIOThCS BIAMOBIIHUMU BUXIMHAMHU JaHUMU. 3acobu IT CTBOPIOIOTH yMOBH ISt
peanizanii METOAIB pO3B’s3aHHs BU3HAUEHOI 0a30BO1 CYKYMHOCTI THUIIOBHMX 33ay, a TaKOX JUIs
(dbopMyBaHHS Ta TIATPUMKH B aKTyaJIbHOMY CTaHi HeoOXigHOi iH(popMaiiiHoi 6a3u.

VY po3risHYTUX 3a/layax YHOpPaBIiHHS CKJIAJHUMH 00’ €KTaMHU MOXKYThb OyTH BUALUIEHI TaKi
TUTIOBI CKJIAZIOBi: YMOBH, (DOPMYIIOBaHHS 3aB/aHb, MOJENbHI (opMH BimoOpakeHHS 00’ €KTa
aHalizy, 3B 3Ky M BHYTPIIIHIMH 1 30BHIIIHIMH €JI€MEHTaMH YMOB, BCTAHOBJICHI Ta HESBHI
3aJIeKHOCTI 1 0OMEXKEHHsI, pPI3HOMaHITHA 4yacTo HermoBHa iHpopmarist mpo 00’ ekt iH. Koxxnomy 3
[IEPEepPaxOBAHUX €JEMEHTIB MOXKHa MOCTABUTH Yy BIJNOBIJHICTH BJIACTHUBOCTI, 110 BHU3HAYaIOTh
ciabKy (opMmaini3aliio 3aB/laHHs B CHIIy HETIOBHOT 1H(GopMallii Ipo yMOBH Ta 1H.

OcHoBHI TpyaHOUIl cTBOpeHHS mponoHoBaHoi IT 3yMoBiIeHI KOMIIJIEKCOM 3aBJaHb,
MOB’S3aHUX 3  OTPUMAHHSAM 1  YIOpaBIIHHAM  HEOAHODiTHOIO  iHpopMmamieo, 3
0araToKpuTepiaJbHUM aHaNi30M JISUIBHOCTI, a TaKOX IUIAHYBAaHHSAM CTpaTerii pO3BUTKY Ha
ocHOBI peiiTuHroBux ouiHok (#ani ITPO). BinminHOIO pucoro 00’€KTiB, A SKUX MpPU3HAYEHA
ITPO, € 3aranbHa cTpykTypa iH(popMaliifHOT 6a3u — CHCTEMH PI3HOSKICHMX MOKa3HMKIB, 110
MO/Ial0Th PE3YNbTAaTU JISJIBHOCTI 3a JAesKl nepiofgu (1HIII BJIACTUBOCTI CHCTEMH), 3rPYHOBaHI
3ajaHuM criocoboM. [Ipu 11boMy depe3 YuclieHHICTh HaOopy pO3IJISHYTUX CKJIAJOBHX Ta 1H., HE
ICHY€ 3araJibHOi MOJIeJIl CUCTEMH YNIpaBIiHHSA. J{J1s1 HOPIBHSAHHS OKPEMHX €JIE€MEHTIB MHOXKHH, Ha
OCHOBI SIKUX BUKOHYETbCS aHaJIi3 BIACTUBOCTEH CUCTEMH 1 ii CKJIaJOBHUX, IPUMMAIOTHCS PILIEHHS
10 YIpaBIIIHHS, BBOJSATHCS MpaBWJIa OI[IHKM Ta MOPIBHSHHS — PEHTHHIOBI OLIIHKU. 3a JJOTIOMO-
roro PO pamxyloTbCsi €leMEHTH, W0 CIYXUTh 3arajbHOI0 BiTHOCHOIO OIIHKOIO SIKOCTI
€IIEMEHTIB, a YIPaBIiHHA OKPEMHMH €JIeMEHTaMU 3B’S3YEThCS 3 TMiABHINEHHSIM PEHTHHTY
00’eKTa y cBOEMY Kiaci. ABTOMaTH30BaHE PO3B’S3aHHS TUIIOBHX 3ajiay OaraTOKpUTEpiaIbHOTrO
BHOOpPY BapiaHTIB, YMPaBIIHHSI MHOXWHAMU OO0 €KTIB, MPOTHO3YBAaHHS MapaMmeTpiB CKIIAJHUX
CHCTEM Ha OCHOBI €TaJoHIB peanizoBaHo Ha ocHOBl 0a3 manux CYBJl MS SQL Server. Taka
ctpyktypa ITPO BinkpuBae MOXIUBICTH YHPAaBIIHHA MIMPOKUM KOJIOM CKJIQJHUX CHUCTEM
(AnminictpatuBHi Teputopiansai O0’en-Hanns — ATOO, mianmpueMcTBa, HaBYAIbHI 3aKJIajy,
MePCOHAJI Ta 1H.) HA OCHOBI 3arajJbHOI TEOPETHUYHOI 1 TPHUKIaAHOI 0a3u. [locrtanHs Ha PUHITUTT
CTaJIOrO PO3BUTKY (SIK CTPATEri4HOro 3aBJaHHS (OPMOBAHOTO YIPABIIHHA) Bi0OpaXkae BUMOTY
I0J10 BCEOIUHOTO aHali3y BJIACTUBOCTEH, MOTOYHUX 1 MEPCHEKTUBHUX MOTPEO €EeMEHTIB CHC-
teM. B uinomy 3aBnanHsM ctBopeHHs ITPO € 3a0e3nedeHHS MOXIMBOCTI IiJABUIEHHS
OOrpYHTOBAHOCTI Ta JI€BOCTI IUIaHIB PO3BUTKY CKJIAQJHUX COI[IaJIbHO-€KOHOMIYHUX CHCTEM,
nporenyp ix peamizaii.

dopMaTbHOI0 XapaKTEPHOIO BIIMIHHICTIO BHU3HAYEHOTO HaMHM OO ’€KTa YIMpaBIiHHS €
HasBHICTh JCKUTHKOX KJIAciB KEPOBAaHUX 00’ €KTIB (KaTEropiii), IO CKIAJAIOTHCSA 3 YHCICHHHUX
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noMiOHUX eneMeHTiB. OJHOYAaCHO 3 IIMM PECypCH 3 YIPaBIIHHS € 3aralbHUMHU — HEOAHOPIIHI,
oOMexxeHi 1 KiHIeBl. PasoM 3 TUM Jeski MOAEai, METONHMKH Ta aBTOMATH30BaHI 3aco0u
yIIpaBIIiHHS MHO)KMHAMH TEXHIYHUX CHCTEM, TapKaMU, YaCTKOBO MOXKYTh OyTH BUKOPUCTAHI JJIs
00’extiB ATOOG.

BaxnnBoro 0co0NMMBICTIO PO3TISIHYTHX 3aBJaHb € 3HAYHI TPYIHOIII IIOJ0 BCTAHOBJICHHS
KPUTEPIiB, sIKI JOCUTH ITOBHO XapaKTepU3yBaaK O B LIIOMY IPOLIECH iX PO3BUTKY, TOOTO TYT Mae
MiCIle HEBM3HAYCHICTh IIIel ympaBiiHHA. Ha mpakTHili HEMOXIJIMBO YSBUTH KOMIUIEKCHI,
OaraTtorpaHHi 3aBJaHHs PO3BUTKY BEJIUKHX MICT, TEPUTOPIH, MEpCOHATY, K peai3aliro Moaesl
JESIKOTO OJTHOTO MPUHIHITY, HAPUKJIIAJI, «BUTPATH — BUTOANY», «BUTPATU — €()EKTUBHICTHY TOILO.
Tomy BBa)KaeThCs, 110 HAWMOUIBII JOIIILHUM I peajlizallii 3aBJaHb pPaIliOHAJBLHOTO (OITH-
MasibHOTO) yripaBiiHHs ATOO € MpUHIMIT «BUTPATH — PE3YNbTATH». 3TITHO 3 UM MPHHLIUIIOM
palioHaJIbHUM CJIiJ] BBAXKATH TaKe YINPABIIHHSA, AKe 3a0e3reuye HaOUIbII MOKIUBOCTI IMO3H-
TUBHHX 3MiH B KOMIUIEKCI cep, 10 XapaKTepu3yoTh GyHKIIOHYBAaHHS MicTa, pallOHY, pETiOHY,
OKpPEeMHUX MIANPUEMCTB, TepcoH 1 iH. TyT HAOYHOW 1 O0’€KTUBHOIO MIPOI JOCSTHEHHS
pe3ybTaTIB «PO3BUTKY» € 3MiHA PEHTHHTY.

VY ITPO nuianyBaHHs 1 yIIpaBiIiHHS peali3oBaHe 3a JOMOMOIo0 3aco0iB aBTOMAaTH3allil 10
peari3yroTh Taki 3aBAAaHHS: y3araJlbHEHHS JaHWX HAa OCHOBI IPYIyBaHHS (KJIacTepH3allisi, BU3HA-
YeHHs «OJMU3bKUX» MK c00010 Ipyl 00’ €KTIB) 3 METOIO 3aCTOCYBAHHSI IIPU YIIPABIiIHHI OJIHAKO-
BUX CTparteriil aiii; OaraToKpuTepialbHUN ONTUMAIbHUI BUOIp, SIK OCHOBa M (hOpMyBaHHS
pallioHaNbHUX T[UIAHIB YOPAaBIIHHSA, TMPOTHO3YBaHHS HA OCHOBI TMPOTOTHUIIIB (ETaNOHIB,
MPELEACHTIB 1 T.7.) 3ac00aMU €KCTPAMOJIAIIil.; aHaJi3 YyTJIMBOCTI (BITMBOBOCTI) PiBHIB 3HAYCHb
OKpeMHX MOKa3HUKIB Ha 3arajlbHUN PEUTHHI CKJIaJHOI CUCTEMH; MOJIEIb 1aJ0rOBOro aHamisy (B
¢dopmi IUIOBOI TpH) KEPOBAHOCTI KOMILJIEKCOM IMOKA3HUKIB AISTIBHOCTI CUCTEMH; — MPOLEAYpa
IUIAaHYBaHHS Ha OCHOBI 3aCTOCYBaHHsS ONTHUMAaJIbHOrO po3noniny pecypciB. Cucrema ITPO
3a0e3neyuye MOXIIMBICTh BUPIIIEHHS 3aBJaHb YIPABIiHHSA PO3BUTKOM B PI3HUX Cepax 3acToCy-
BaHHS BIAMOBIAHO 10 MPUHIUILY «BUTPATH — PE3YIbTATH.

3amaui Ta 3arajibHa CTpyKTypa iHpopmaiiitHoi TexHosorii ITPO, sk aBTOMaTH30BaHOTO
(¢bopMyBaHHS 1 ONTUMAJIBHOIO IUIAaHYBaHHsS CTpaTerii pO3BUTKY, BKJIIOYAIOTh: METOAMKH 3
peastizallii 3aB/laHb IJIaHYBaHHS CTpaTerii po3BUTKY (IUI0B1 irpH, MOPIBHSUIBHUM aHaji3, ONTH-
MaJlbHE IUIAaHYBaHHs IIapaMeTpiB CTpaTerii pO3BUTKY); CHCTEMY IOKa3HHUKIB JUll OLIHKH
JUSTBHOCTI a00 BJIACTUBOCTEW OO0 €KTIB; MaTeMaTH4HI MOJENl PEUTHHTOBOTO OIIHIOBAaHHS Ta
aHaJi3y e(eKTUBHOCTI YIPaBIiHHA, 3aXO0/IiB Ta iH.; IporpaMHe 3a0e3NedyeHHs 10 aBTOMaTH3allii
3aBJlaHb aHaNi3y, MPOTHO3YBaHHS Ta IUTaHyBaHHA. KOXHE 3 mepepaxoBaHUX 3aBJaHb — MEBHUM
CLIEHapii TOCIIIPKEHHsI BIACTUBOCTEN 00’ €KTIB SIK CUCTEMH MOKAa3HUKIB, 110 y3arajlbHIOETHCS Ha
OCHOBI pelTHHroBux wmojeneid. Metogu PO 10moBHIOIOTBCS 3aco0amMM aBTOMAaTH30BaHOTO
OaratokpuTepiaJbHOrO aHami3zy (iepapxiuHa kiacugikauig) i BHOOpPY 3axXOIiB 3 IUIaHYBaHHS
CTpaTerii po3BUTKY, SIK CKJIaJJOBUX CUCTEMH MIATPUMKHU MPUHHSATTS PIIIEHb MIOA0 CTPATETTYHOTO
po3Butky ATOG i iH.

Crpykrypa nporpam ITPO 3aGe3neuye aBToMaTn3oBaHe PINICHHS HACTYITHUX 3aBJaHb Y
cdepi ynpaBIiHHA CKJIAJHUMU CUCTEMaMU: YIPaBIiHHA JeKiJIbkoMa 0a3aMH JaHHUX; aBTOMAaTH4-
HE JIOCIIIJIPKEHHsI BIACTUBOCTEN UYTIMBOCTI, SIK 3MiHA PEUTUHTY CUCTEMH IPHU 3MiHI pIBHIB 3Ha-
YeHb  MapaMeTpiB, a TakoX rpadiuHe  BiJOOpaKeHHsS  IOKA3HUKIB  YYTIUBOCTI;
OaraTokpuTepiaJibHUN aHali3 1 BUOIp yHpaBlliHb Ha OCHOBI METOJly aHATITHYHUX l€papXii 1
Mo udiKalliil IIbOro METOy; aBTOMAaTHYHUI BiJI0ip Ha ocHOBI Mipu XXypaBiboBa cucTeMu Oara-
TOTAPAMETPUYHHX TPOTOTHUIIIB, EKCTPAIIOJIAIIITHE IPOTHO3yBaHHS 3HAYCHD ITOKA3HUKIB IS HO-
BHUX YMOB, 31 CTAaTHCTUYHOIO OILIIHKOIO JOCTOBIPHOCTI OUIKYBaHOI'O pe3yjbTaTy; KEpOBaHE y3a-
raJlbHeHHS, «CTUCHEHHS» JaHUX — IX TPyIyBaHHS B KiacTepu. [lepepaxoBaHi 3aBIaHHS MOXYTh
BUKOPHUCTOBYBATHCSA JJISl PI3HUX KaTeropiil cucteM, noganux B 6azax xomriekcy ITPO.
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ETCS braking curve

Havryliuk V. 1., Dnipropetrovsk National University of Railway Transport
named after Academician V. Lazaryan, Ukraine

To ensure the train movement safety two basic principles are widely used in practice. The
first one is usually used for a conventional signalling system and is based on trains’ separation in
fixed block distance. The block-section can be occupied by only one train at a time and the train
in rear needs under all conditions to be able to stop just before the border of an occupied block
section in front of it. The distance between two following trains must be more than the maximum
braking distance plus the length of the block section, plus an additional safety factor. The block-
sections are equipped by train location sensors (rail circuits. axels counters, balises, etc.).

Another method for ensuring train movement control (so called moving block-sections me-
thod) is based on principle that distance between two trains moving in the same direction on the
same route must be not lower the maximal available on this section braking distance plus addi-
tional safety factor. This method can be used to increase rail line capacity and is developed for
ERTMC/ETCS level 3. The ETCS onboard computer must predict the decrease of the train speed
in the future from a mathematical model of the train braking dynamics and of the track characte-
ristics ahead. This prediction of the speed decrease versus distance is called a braking curve. The
purpose of braking curves is to assure that the train remains within the given speed and distance
limits.

Today the ETCS specifications lay down the basic principles for the braking curves and the
associated information displayed to the driver, but there is still no harmonized method to com-
pute them. In the absence of any requirement, the algorithms of the ETCS on-board suppliers
lead to different braking distances for a given type of rolling stock. This makes the engineering
of the ETCS trackside not only dependent on the pure performance of the rolling stock braking
system, but also on the ETCS on-board supplier. For cross border trains, the differences through
national rules require the implementation in the ETCS on-board of several national braking
curves. It can obviously induce increased costs (soft-ware design, cross acceptance tests, soft-
ware upgrade necessary whenever a national parameter is amended).

The purpose of this article is to pr-sent an overview of the ETCS braking curves according
to the European specifications, including the following main aspects: basic principle to ensure of
the train movement safety, the main types of ETCS braking curves, the input parameters for
braking curve calculation, construction of the emergency brake deceleration, and guaranteed
emergency brake deceleration.

There have been considered in the work the main ETCS braking curves and the supervision
limits of the EBD braking curves, the movement authority, the end of authority, the most restric-
tive speed profile, the supervised location and others. Differences in braking on dry and wet rails
are considered. The braking on dry rails is relatively easy to represent through a statistical model
that take into account the dispersion of the braking performance. But on wet rails the physical
phenomenon that occur when braking are still today extremely difficult to model. In order to
overcome this difficulty, two distinct rolling stock correction factors have been considered in
order to get the guaranteed emergency brake deceleration.

The braking on dry rails is relatively easy to represent through a statistical model that take
into account the dispersion of the braking performance. But on wet rails the physical phenome-
non that occur when braking are still today extremely difficult to model. In order to overcome
this difficulty, two distinct rolling stock correction factors have been created in order to get the
guaranteed emergency brake deceleration. On the one hand, these two correction factors offer the
advantage to be strictly under the responsibility of the railway undertaking, because only related
to the rolling stock characteristics.
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Application of the wavelet transform in fault diagnostics of
the neutral signalling relay armature

Havryliuk V. 1., Dnipropetrovsk National University of Railway Transport
named after Academician V. Lazaryan, Ukraine

Signalling relays are used for safety critical and safety related applications in railway sig-
nalling systems, so they should be properly maintained and periodically tested to ensure their
safe and reliable performance. During relay test sets the operating voltage, contact and coil resis-
tances, switching time etc. should be measured. Most tests are performed manually. The method
for relay armature condition monitoring, based on analyzing of transition current in relay coil
during its energizing-de-energizing, have been proposed in literature, but the sensitivity of the
transient current variation to the armature faults appearing was not high enough for successful
visual analysis. In order to improve relay's fault feature extraction the mathematical model of
electromechanical processes in the relay during its energizing and the method used the artificial
neural networks (ANN) for fault recognition have been considered in literature.

The aim of the work is the investigation of the application of the wavelet transform for
fault diagnostics of the neutral signalling relay.

For investigations there were taken ten different signalling neutral relays in operable condi-
tion. The dependences of transient current in relay coil on time during relay energizing at differ-
ent applied voltages with subsequent it de-energizing by short-circuiting of the coil have been
measured. After this measurements the faults of the relay armature in a form of curved contact
springs have been artificially created and electrical measurements with defective relays have
been repeatedly carried out.

Analyses of the transient currents were performed by using of segmentation of the relay
current characteristics. The transient currents at the first and third segments that corresponded to
unmovable anchor, increased with time approximately as the exponential function.

The time constants calculated by fitting of the transient current at first segment by using of
the exponential function were practically independent on contact springs faults but strongly de-
pended on condition of relay coil and magnetic circuit. Such behavior allows us to conclude that
time constants for first segment can be used for monitoring of relay electromagnetic system con-
dition.

The faults caused by defects of armature and contact springs led to the appearance of addi-
tional features on the second segment of the transient current which corresponded to the move-
ment of the armature

During the armature movement, contacts and springs mechanically connected to it are bent.
As a result the some tiny features appear at the second segment of the relay transient current.
These features can't be extracted properly by the traditional spectral methods such as fast Fourier
transform or short time Fourier transform, etc., because of non-periodic transient current. For
analysis such non-periodic non stationary signals the wavelet transform is widely and successful-
ly used last two decades.

The features (spikes) at the relay transient current curve which correspond to contact
springs faults were clearly distinguishable by using wavelet transform modifications (CWT,
DWT, DWPT), which allowed us to clearly extract fault features. The relative differences in val-
ues of spikes for DWT and DWPT energy plots were caused by different scale parameters used
in these transforms.

Since the number and amplitude of spikes on DWPT energy plots increased with increas-
ing of armature and contact springs faults, it allows us to use single integrated parameter for the
fast monitoring of the relay armature and contacts condition. It was shown that for these purpos-
es can be used the WEPSE of transient current, which values increased with the increasing of the
faults in relay contact springs.
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Investigation of the distribution of traction current harmonics in rails

Havryliuk V. 1., Dnipropetrovsk National University of Railway Transport
named after Academician V. Lazaryan, Ukraine

Electrified railways are one of the most powerful wide frequency range sources of distur-
bances to signaling and telecommunication systems. Electromagnetic compatibility (EMC) in
railways have been became more important last decades because of implementation high speed
railways (HSR), and new types of rolling stock with pulse-width modulation, that are in opera-
tion at the new and old railway systems. The increasing complexity of railway systems requires
to use both test measurements and simulation-based techniques in order to evaluate the EMC of
the traction network with railway signalling systems.

The new types of rolling stock before putting into operation have to be subjected tests on
EMC according European standards and national regulations. In some cases under unfavorable
operational conditions the trains  that successfully past tests can generate disturbances high
enough to cause faults to signalling systems.

The high unbalance of traction current in rails, low rail-to-earth conductance, great number
of trains in feeder zone are some of the unfavorable factors for electromagnetic compatibility in
traction network. According to European Standard prEN 50238, in order to ensure the EMC of
rolling stock with track circuits it is need the accurate modeling of the test cases prepared to
proof the EMC. There are many works in literature devoted to modeling of the distribution of the
traction current and its harmonics in rails. Modeling of the traction current harmonics influence
on track circuits were considered in literature.

In present work the model of distribution of the traction current harmonics in double track
AC traction network with several trains in feeder zone, considered by author in previous work,
has been improved and used for tests of new types of trains on EMC with track circuits. Traction
network is modeled with standard presentation as a chain circuit with multiconductor transmis-
sion lines (MTL) that are cut into several sections by the shunt or series elements with lumped
parameters. All the traction line sections are modeled with MTL equations. Disturbance current
was measured both in train power circuits and rails.

The model has been simplified as follows. The lines with equal or close to each other po-
tentials are represented as a single line with equivalent electrical parameters. The disturbing ve-
hicles are modeled as sinusoidal current sources with several set of frequencies that are
represented by current vector. Only return current harmonics with frequencies that lie in fre-
quency range of track circuit receiver were considered.

The distribution of the traction return current harmonics was computed for direct feeding
traction network 1x25 kV AC electric railway system with two-side electrical supply stationa
(ESS) and with 1 to 5 vehicles in feeder zone.

The distribution of the traction current harmonics in rails of own and neighbor tracks from
several trains in feeder zone have been investigated depending on operational conditions. Ob-
tained results allow determining possible unfavorable combinations of the operation conditions
that can cause faults in track circuits.

The traction harmonic current in rails are increased with increasing of train number in
feeder zone and with decreasing of the rail-to-earth conductivity. The interference at 25 Hz in the
rails area near the ESS for one locomotive in feeder zone don’t exceed a limit value of 1 A even
in unfavorable operation conditions for the rail-to-earth conductivity equal to 0.02 Sm/km. If
number of trains are increased (from 1 to 5) the interference at 25 Hz also increased and it values
can exceed the limit current of the interference at 25 Hz in rails.

Therefore to ensure the safety operation of the new types of rolling stock at the old railway
systems it is necessary to properly process the results of train tests using accurate modeling.
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Software for analyzing the operation of automatic blocking

Romantsev I. O., Dnipropetrovsk National University of Railway Transport named after
Academician V. Lazaryan, Ukraine

An integral part of the educational process is the training of future employees which are
services of any technical devices. In systems of railway automation and telemechanics, the level
of knowledge and practical skills must be at an appropriate level, which is due to the observance
of safety rules and high requirements for reliability parameters. These parameters directly de-
pend on the technical level, which increases with the use of simulators in the study of disciplines
in educational institutions and during increasing service staff skills. Improvement of practical
service skills is based on knowledge of the functioning of devices and systems. It can be
achieved by using technical devices that are simulators or full analogs of the working devices,
and software with functions of visualizing the work of the simulated system or device. Advan-
tages are independent of the technical condition of the device-imitation, which is constantly in
workable condition, the possibility of distance learning or raising the level of knowledge about
devices and systems, their functioning, much lower cost of training facilities.

In this work software development for the analysis of the operation of automatic DC
blocking is performed. As a result, work analysis can be used both for advanced training and for
improving an educational process.

As an object of development the system of automatic blocking of constant current is used.
In particular, the circuit of automatic blocking system of a DC with linear circles. The designed
circuits include: a pulsed-conductive circle of DC with a pulsed polarized relay for one track of
two-way auto-blocking DC system; decoder for determining the state of the electrical rail circle
along the length of the time parameters of the received signal; linear circle for implementation of
communication between signaling devices of one station-to-station block direction; signal
control relay for controlling the current signaling and addition signal control relay of red light
with the enabled indication; it is used the movement in the established direction according to the
indication of the passing and locomotive traffic lights, and in the opposite direction - according
to the indication of only the locomotive traffic light.

As additional features are taken into account: turning on the red light on the previous
passing traffic light during the breaking of the filament of the current signal; protection of the
electrical rail circle from direct supply or from a source of interference; protection of schemes of
autoblocking in case of breakage of a linear circle or rail of impulse-conducting rail circle;
protection of the circuit when the red light is switched on during the signals are switching
between permitted lights.

To develop the software, the LabView software environment has been used. The main
features of the selection include the formation of a separate program independent of the
operating system and software installed on a computer or a separate gadget; the ability to modify
the software to form links with analog-to-digital and digital-to-analog converters. The program
interface (front panel), which shows simulated circuits, as well as a block diagram that performs
all necessary logic of interactions of a virtual device, is presented in the work. The interface of
the program involves indicating the operation of the units of automatic blocking with oscillation
of pulse parameters, the ability to connect measuring devices to certain measuring points. Block
diagram sets the logical dependencies of electrical signals, which can be further changed to
simulate changes in the normal operation of electrical circuits. By studying the form of current
signals, displayed on the interface of the program, perform an analysis of the work of individual
units of automatic blocking or analysis of the operation of automatic blocking system in
common.

The developed software allows improving the perception of information in the process of
training and training of personnel for servicing railroad automation systems.
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ABTOMATHYECKAs CHCTEMa YHnpaBJi€eHUSA HeJHNHEHHBbIM 00hLeKTOM Ha 0a3e MEPEBEPHYTOTO
MasiTHUKA

bacosa A. E., Haunonanbuslii a3poxkocmuueckuii yuusepeutet uM. H. E. XKykosckoro
«XapbKOBCKUH aBUALIMOHHBIA HHCTUTYT», Y KpauHa

ObecneueHust HAASKHOCTU HKCIUTYaTAI[TH MOCTOB SIBJISIETCS OJTHOM M3 OCHOBHBIX 33]a4 Ha
KEJIEe3HOJAOPOKHOM TpaHcnopre. Kak M3BECTHO, B OOpPax MOCTOB BO3HUKAKOT AMHAMUYECKHE
Kosie0aHus, KOTOpPBIE MMPUBOJAT K HEYCTOHUYMBOCTU. Takxke KosedaTenbHbIe MPOIECcChl BCTpeda-
FOTCSI B YIPABJICHUH PA3JIUYHBIX CUCTEM, C MOJBUKHBIM OCHOBAHHEM U BEPTHKAJIBHBIM IEpeMe-
meHueM oobekta. TakuM 00pa3oMm, BO3HUKACT 3a/1a4ya UX TalllCHUsS WM YIPaBICHUS CUCTEMOMN
IIPH 33/IaHHBIX YCIOBUIX (DYHKIIMOHUPOBAHHUSI.

3amaya cHHTE3a YIpaBICHUS HEYCTOWYMBBIM OOBEKTOM, CTA0MIM3AIMHA HYKHOTO PeXIMa
€ro paboThI COMpPSHKEHA C ONMpeAeIEHHBIMU TPYJHOCTAMU. Pecypchl pealbHON CHUCTeMBbI yIpaB-
JIEHUS OTPAaHUYCHBI, TOITOMY HEYCTOUUYUBBIA OOBEKT MOKET OBITh BHIBEJCH HA HY>KHBIN PEXKUM
paboThl HE U3 BCSIKOTO COCTOSIHMS, HO C IPYroil CTOPOHBI MPHU YCIOBUH MPABHIBHOTO YIIpaBlie-
HUS TAaKUMH CHUCTEMaMHM MOKHO JOOUTHCS OOJBIIOrO OBICTPOAEWCTBUS M IMOBBICUTH OTKAa30-
ycroitunBocTh. [Ipu ocyilecTBieHHH YIpaBlIeHUS HEYCTOWYHBBIMU OOBEKTAMH HEOOXOAMMO
YUUTBHIBaTh UX (PU3NYECKYIO NMPUPOAY, OCOOEHHOCTHU UX CTPOEHUs M (PpyHKUHOHUpoBaHUs. Kax-
Il 00BEKT pU (QYHKIMOHUPOBAHUH JIOJKEH UMETh TpeOyemoe noBeaeHue. [[is HeTpaibHOTro
U, TeM 0oJiee, HEYCTOWYMBOTO OOBEKTA CIEAyeT JOOUTHCS YCTOMUMBOTO moBeaeHus. Kpome sro-
ro, He00X0AUMO 00€CIIeYNTh HHBAPUAHTHOCTD (HE3aBUCUMOCTD) MJIM MAIYIO0 YyBCTBUTEIBHOCTh
YIPaBISIEMbIX KOOPAUHAT K CUTHAJIBHBIM M TapaMeTpuuecKuMm Bo3myleHusM. K Takum cucte-
MaM MOKHO OTHECTH MEpPEBEpPHYThIE MAITHUKH C MOABI)KHBIM OCHOBaHHEM (KOJIECO, IIapHUD),
CIOCOOHBIE KaTaThCsl 0€3 MPOCKANb3bIBAaHUS IO ONOPHOM MOBEPXHOCTH. ITOT OOBEKT C ABYMS
CTETEeHSIMH CBOOOJIBI M OJJHUM YIPABISIIOIIMM MOMEHTOM. J[MHAMUYeCKHe MOJENU MepPeBEpHY-
THIX MasTHUKOB UCIOJIB3YIOTCS TP CPABHEHUU METOJIOB CUHTE3a aJITOPUTMOB aBTOMAaTUYECKON
crabminzanui. B pa3paboTke TakMx CHCTEM pEIIAlOTCs CIEAYIOUIME 3a/laul: MOCTPOEHUE Bep-
OaJIbHOM, rpaUIECKON U MaTeMaTUYECKOW MOJIENeH; MOydYeHHEe JUHAMUYECKUX U YACTOTHBIX
XapaKTePUCTHK; PEIIAIOTCS 3a/1a4ll CHHTE3a; (POPMUPYIOTCS aNTOPUTMbI YIIPaBIEHUS MPU 3a/1aH-
HBIX HayaJbHBIX YCIOBUSX W MPH BIMSHUN BO3MYILIECHHI; 0OecreueHus aBTOKOJIeOaHil Ha BbI-
XO0JI€ C 3aJaHHOM AMIUIUTYAOW M YacTOTOM; SKCIEpPUMEHTalbHasl peanu3alis MOCTABICHHON
3a/1a4n.

Cucrema ynpaBieHHs IEPEBEPHYTHIM MATHUKOM COAEPKUT BEPTUKAIBHO MOCTABICHHYIO
m1aTGopMy, BHIMIOIHEHHYIO U3 MOJIMMEpP METHJIMETAKpuiIaTa U Ha KOTOPOW pa3MEIIeHO yIpaB-
JISTOIIEe BRIYUCIUTEIBLHOE YCTPOHCTBO U naTuuk. K mmatdopme KecTKo Kpemnsarcs CTaTOphl IBU-
rareneil mocTosHHOro Toka. Ha potopax asurareneil 3akperieHsl koseca. Maes paboTsl ycT-
pOICTBa COCTOUT B TOM, YTOOBI MOJJIEPKUBATH BEPTUKAIBHOE TOJOXKEHHE poO0Ta, MyTeM Bpa-
LIEHMSI KOJIEC, MO/IEP>KUBAsi paBHOBECHE OaaHCHPOBKOM.

Jlnis onpeneneHus yria OTKIOHEHUS TIaT(GOPMBI OT BEPTUKATBLHOUM TUIOCKOCTH UCIOB3Y-
€TCsl TPEXbOCEBOM aKCEIEPOMETP, KOTOPBIM U3MEPSIET MPOEKLHUIO Kaxyllerocs: yckopenus. Eciu
Ha aKcelepoMeTp ACHCTBYET TOJIBKO CUila MPUTSHKEHUS 36MIIM, TO, OIIPEIEIUB BEIUUUHY MPOEK-
LMH YCKOPEHUsI Ha OCH, MOKHO BBIYHMCIUTH TAHTEHC yTjla HAKJIOHA aKCEeIepOMeTpa OTHOCUTEN b-
HO BEPTHKAIBHOTO TMOJOXKEHUS U IyTeM MPeoOpa3oBaHUs OINPEIEIUTh TPEOYEMYIO BBIXOIHYIO
BEJIMYUHY. 3a1alo1iee BO3ICHCTBHE, B BUIE HANIPSDKEHUS MToJaBaeMoe Ha ruiatdopmy hopMupy-
eTcs Ha KoMIbIoTepe. B nmpoektupyemyto cucreMy BBEACH BRIUUCIUTENbHBIN 010K Arduino Uno,
JUI OTpa0OTKM aJrOpUTMOB M 3aKOHOB yrpaBieHus. [Ipu momoiu naHHON BBIYUCIUTEIHHON
m1aTGOpMBl OCYIIIECTBISICTCSl YIPABIEHUE NAaTYMKOM W HCIOJIHHUTEIbHBIMUA OpraHamu. Jlims
OCYULIECTBJIEHUS JIBM)KEHHS KOJIEC HUCIIOJIb3YETCS MPUBOJHON MEXaHW3M B BUJE KOJUIEKTOPHBIX
JIBUTATENICH.
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ABTOMaTH30BaiHA CHCTEMA yNpaBJIiHHSA «HOHIOycoM» B TexHoJorii SKy Way
Bonikos B. B., IliBaiuno-cxigauii HaykoBuii ieHTp HAH 1 MOH VYkpainu, Ykpaina

AmHauti3 cyyacHUX TEHJEHIH o070 (yHKIIOHYBAaHHS TPAHCHOPTHUX CHUCTEM Y PO3BUHEHHX
KpaiHax CBITY JOBOJie, IO JIFOJICEKUI (haKTOp 3HAYHOIO MIpOIO BIUIMBA€E HA HAIIHHICTH 1 cTali-
JBHICTh MACAKUPCHKUX Ta BaHTAKHUX MEPEBE3CHb, a OUIBIIICTh CYyYaCHHUX aBTOMATHYHHUX CHC-
TEM YIPaBIIHHS, K1 3aCTOCOBYIOTHCS JAJIsl aBTOMAaTHU3alii TPaJULIMHUX TPAHCIOPTHUX CHUCTEM,
BUPILIYIOTH TUIBKH OKpeMi OJIOKH 3aBJIaHb.

ABTOMAaTH30BaHl CUCTEMHU YIPaBIiHHI Ta yHIKaJbHA JorictTuka TexHonorii Sky Way mo-
3BOJISIE 3HAUHO 3HM3UTU BUTpATH (KamiTajbHi, EKCIUTyaTalliiiHi) y TOPIBHAHHI 3 IHIIMMHU TpaHC-
IOPTHUMHU CHCTEMaMH, MiJIBULIUTU PIBEHb OE3MEKU Ta AKICTh MACAKUPCHKUX I BAHTa)XKHUX IIe-
peBeseHb. KommakTHicTh iHQPACTPYKTYpH TPaHCIOPTHOI cucteMu Apyroro piBas SKy Way no-
csraeTbes 0€3 3HMKEHHS CIIOKHUBYUX SIKOCTEH 3aBASKM BUKOPUCTAHHIO CTPYHHUX TEXHOJIOTIH Ta
HOBOMY BHJy TPAHCIIOPTY «IOHIOyC», SIKUH BIAPI3HAETHCS B TPATUIIMHUX MOOUTBHICTIO, Mae
Bi/IMIHHI aepOJWHAMIYHI MOKa3HUKH, BUKOPHCTOBYE IHIII aJrOPUTMU PO3TOHY, TalbMyBaHHS,
BUi31y 1 B'I3[ly Ha CTaHIIi{0, OLIBII BUCOKI MIBUKOCTI PyXy Ta aBTOMaTH30BaHY CHCTEMY YIIpaB-
ninHA (ACY) pyxoM BHCOKOIIBHAKICHOTO PEIKOBOTO aBTOMOOLIS.

ACY roni0Oycy sBsie COO0I0 BUCOKOIHTEICKTYaIbHY O0UMCITIOBAIIbHY CEpely B CYKYITHOCTI
3 CUCTEMaMHM 3B'SI3Ky 1 BUKOHaBUYMMH 3ac00aMu i MeXaHi3MaMH, siKa He OoTpe0ye MpUCYTHOCTI
JIOAMHU Ha OOPTY Uil KepyBaHHS TPAHCIOPTHUM 3aCO00M, NMpPU3HAYCHA IS BUKOPUCTAHHS B
SKOCTI OOPTOBOTO MPUCTPOIO YIpaBIiHHA ¥ 00poOku iH(oOpMaIllii, BUSHAYCHHS HaBIraliitHuX
napameTpiB, IpuoOMy-Tiepeiadi TaHuX 1Mo pamiokaHanrax. OIiHKa CUTyallii, IPUHHSITTS PIlICHb
Ta X BUKOHAHHS IOKJIAJIEHO Ha JaHy CUCTEMY, sIKa BIICTEKY€E CTaH TPAHCIOPTHOI 1HPpaCTpyK-
TypH 1 3/1aTHa aJIeKBaTHO pearyBaTy Ha BUHUKAIOUl HA IUISAXY PyXy 1OHI0ycy nepemkoan. Kox-
HUI TpaHCHOPTHUH 3aci0 Mae MOXKJIUBICTb Ui aBTOHOMHOI poOOTH B Mepel BiANOBIAHO 10
IHTEJIEKTYJIbHUX aJropUTMIB 00poOKH iH(popMallii, Oe3nepepBHO OOMIHIOETHCS 1HPOPMALIIETO 3
IHIIMMHU Y4acCHUKaMH pyxy, a chopMoBaHa Mepexa mnepefadi iHpopmalii J03BOJIsE OLIIHIOBATH
00CTaHOBKY y BCbOMY pailoHI poOOoTH TpaHcnopTHO-IHPpacTpykTypHoro kommiekcy (TIK)
SkyWay.

ACY TIK SkyWay BukopucroBye TpamuiliiiHi iHpOpMaIiiiHI Ta eIEKTPOHHI TEXHOJOTII i
CKJIAJJA€ThCS 13 HACTYITHUX CHCTEM: €Hepro3ade3neueHHs; ONTHKO-€JIEKTPOHHOIO M paioeneKT-
POHHOTO OTJIsAy; 3a0e3medyeHHsl pyxy; YIpaBliHHS (YHKIIOHATLHUM OOJIaJHAHHAM; O€3MeKu;
No3MII0HYBaHH; nepenayi qanux; bIYC; intepdeiic B3aemoii 3 KOPUCTYBaYEM.

ABTOMAaTH30BaHa CHCTEMa VIPABIIHHSA TPAHCIOPTHO-IHPPACTPYKTYPHOTO KOMILIEKCY
SkyWay 3a6esneuye:

- OTPUMAaHH JUCIIETYEPOM BCIX JaHUX MPO OYyAb-SKUN I0HIOYC (KOOpAMHATH, KYpC 1 MIBUJI-
KICTh pyXy) Ta iX BiioOpa’keHHsI Ha 10ro MOHITOpI 3 MPHUB'SI3KOIO JI0 MJIaHY MiCLIEBOCTI;

- Oe3nepepBHY aBTOMATHYHY CaMOJIIarHOCTUKY CHCTEMH Ta BiJICTS)KEHHSI BIIXUIICHb 3 BH/A-
Yel0 MOB1IOMIIEHb IPO BUSBJICHI HECTIPABHOCTI TUCTIETYEDPY;

- aBTOMaTHYHY MiJIFOTOBKY 3BITIB PO POOOTY €NEKTPOKapy 3a BUZHAUEHUH MepiofT;

- OJTHOYACHY W He3aJIe)KHY POOOTY AMCHETUEPIB 3TiAHO 3aKPIIJICHUX 33 HUMU MapHIpyTiB i
KpIM TOTr0, OJTHOYACHO, B 3aJI€KHOCTI BiJl ONEpPaTUBHOI O0OCTAaHOBKU, KOKHOMY 3 JMCIIETYEPiB
npUiMaTH y4acTh Y BUPILICHI MMO3aIUTAaTHUX/aBapiiHUX CUTYyalil (ONepaTUBHY KOPEKIi0 Map-
HIpyTiB, rpadikiB pyxy TOILO);

- MOBHMH 3B'A30K MIXK JTUCIIETYEPOM Ta OOCIYTOBYIOUUM IIEPCOHAIOM.

TakuM 4YMHOM, aBTOMAaTHM30BaHa CHCTEMa YIPAaBIIHHS TPAHCHOPTHO-IHYPACTPYKTYpHUM
komiiekcom SKy Way no3Boiisie peastisyBaTH LiTiCHE PIllICHHS Ha OCHOBI aBTOMATH3allii OCHOB-
HUX OTepallii TEXHOJOTIYHOTO Tpoliecy. AJle, HEOOX1THICTh y4acTi JIIOAMHU B OKPEMHX OTepa-
LISAX 3aIUIIAETHCA, 0 OB’ I3aHe 3 X CKIAAHICTIO 00 HEAOIJIBHICTIO aBTOMAaTH3Aalli].
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MogaeanpoBaHue npomecca ONTHMHU3ANNHM HHBECTULMI HA pa3BUTHE NPEANPUSTUS NIPH
CJIy4ailHbIX 3aTparax

I'acanoB 3. M., JlHenponeTpoBCKUi HAIIMOHAIbHBIN YHUBEPCUTET KEJIE3HOAOPOKHOTO
TpaHCHOpTa UMEHU akajeMuka B. Jlazapsna, Ykpauna

Heunp. [TpubbL1p 1 peHTA0ETBFHOCTH JII000T0, B TOM YHUCIIE TPAHCTIOPTHOTO, MPEATIPHUITHS —
3TO OCHOBHBIE SKOHOMMUYECKHE MOKa3aTesn YPPEKTUBHOCTH pabOThl NPEANPUATHS. DTH IIOKa3a-
TEJIN OTPAXKAIOT PE3YJbTAThl U YCIEIIHOCTh paboThl npennpusatus. C npyroit croponsl 3¢ dex-
TUBHAs JIEATEJIHOCTh NPENPUATHS B JOJTOCPOYHOM MEpCIEKTUBE, 00ecleyeHne BBICOKUX
TEMIIOB €T0 Pa3BUTHUS U MOBBIIICHUS KOHKYPEHTOCIIOCOOHOCTH B 3HAYHMTENBHON Mepe ompere-
JISI€TCSl YPOBHEM €r0 MHBECTULIMOHHOM aKTUBHOCTH M JUAIa30HOM HWHBECTULIMOHHOW JEATEIIb-
HocTH. Llenpio JTaHHOTO HCCaeI0BaHus ABISETCS 0OOCHOBAHUE METO/1a ONPEACTICHUS ONTHMANb-
HOro oObeéMa MHBECTUIMH Ha yJIy4IIEHUs 3TUX WU APYruX (BBIOMpaeMbIX PyKOBOACTBOM Ipe-
MPUATHUS) OCHOBHBIX SKOHOMHYECKUX MOKa3aTelei 3 (PeKTUBHOCTH pabOThI MPeITpUITHSI.

B nanHoil pabGoTe mpuUBOIMTCS METOJIMKA pacdeTa MUHUMAJIbHOIO 0ObeéMa MHBECTHIIMN

1718 JOCTHIKEHMS 33/IJaHHBIX 3HAYEHHUH K — 4MCTOM NpUOBIIM U K — PEHTAa0eIbHOCTH MpEl-

npusitust. [Ipeanonaraercst, YT0 U3BECTHBI 3aTPATHI a'_’”l'J, b=+l Hioi g+

Abl  OT (R, RJ) 7 6 6 y

YPOBHHA 3HAYCHUU IMPpHUObLIN u PCHTAOCIIbHOCTH a0 YPOBHECH
(F>i+11 RJ)'(IDU RJ+1) i (F)i+1, RJ+1)
I:)I<F)I+:|.’ RJ<RJ+1 |=0,1,,Nk, j201L1Mk

Ha Mepexo-

COOTBCTCTBCHHO, Irac

— HOMeEpa IIaroB pacyera, a I1aroM pac-
4yeTa BBICTYNAET MECSI, KBapTaj WM TOfl. DTH 3aTPaThl CUUTAIOTCS CIy4YalHBIMHU BEIMUYMHAMU
C 3aJJaHHBIMU 3aKOHAMH PaCIPEIEICHHUS.

Meroauka. B ocHOBe mpeniiaraeMoil METOJIUKH OIpPEACIICHHUs] ONTUMAILHOTO 00beMa UH-
BECTULMH JIE)KUT TEOPHsI ONITUMAJIBHOTO YIPABJICHUs], B YACTHOCTH, IPOLEAYPA AMHAMHUYECKOTO
MIPOrpaMMHUPOBAHHUS, TaK KaK YIpaBISEMBbIi MPOLIECC Pa3BUTHUS MPEANIPHUATHS SBISETCS MHOIO-
sTanHbIM. Vcronb3ys mo3TanHoe IUIAaHMPOBAaHUE C T€HEpalMed 3aTpaT Ha MEepexXolbl U CTaTH-
CTHUYECKON 00pabOTKH MOJYyYEHHBIX PE3yJIbTaTOB, MOJYYEHO pEIICHHE 3a/ladl ONTUMU3ALUH, K
KOTOPOM HEb3 MPUMEHUTH METO/Ibl MATEMaTUUECKOTIO aHAJIN3A.

Pesynbrare. O60cHOBaHA 11€71€C000Pa3HOCTh MPOBEICHUS PACUETOB JJIS ONPEICICHHS OTI-
TUMaJIbHOTO 00bEMa WHBECTULUH Ha 00ECIEeYeHMsI BBHICOKUX TEMIIOB Pa3BUTHUSA MPEINpPUATHS,
KOTOpO€ SBJISIETCS 3a10rOM 3(P(EKTUBHOCTH JEATEIBHOCTH MPEANPUATHS B JOJITOCPOYHOU HEp-
CMEKTHUBE U MOBBIIICHHUS €r0 KOHKYPEHTOCIIOCOOHOCTH.

Hayunas HoBu3Ha. [lokazaHo, YTO C MOMOIIBI0 METOJOB TEOPUU ONTHUMAIILHOTO YIIpaBiie-
HUS MOXKHO TPOU3BECTH pacueT MUHUMAIILHOTO 00beMa KaUTaJIbHBIX BIOXKEHUN Ha YIy4IIeHUS
SKOHOMMYECKUX TOKa3aTeseil, KOTopble OnpelnessitoT 3(pQPeKTUBHOCTU PabOThl MPEIIPUSITHS.
[IpennoxkeHHass METOAMKA pacdyeTa HE 3aBUCUT OT KOHKPETHOIO COAEPKAaHMSI SKOHOMHUYECKHUX
nokasaresnei. DPPEeKTUBHOCTh TaHHOW METOAMKH pacyeTa MPoJEMOHCTPUPOBAHA Ha MOJIEIILHOM
IIpUMepe.

[IpakTuueckast 3HaunMocThb. Ilpeqnaraemas B paboTe MeToauMKa pacueTa MUHUMAJIbLHOTO
o0beMa KalMUTaIbHBIX BIOXKEHUN JUIS yIy4IICHHs SKOHOMMUYECKHX IoKa3aTeneill 3¢ (peKTUBHO-
CTH MPEANPUATHUS TOBOJILHO MPOCTA, HO B TO )K€ BPEMs MO3BOJISIET, C OJHOM CTOPOHBI, ONpeie-
JUTh NPUOPUTETHHIE HAIIPABIICHUS WHBECTHIMOHHOW AesaTenbHOCTH npennpuarud. C npyroi
CTOPOHBI TIOBBIIIAET YIPABISIEMOCTh U MPO3PAYHOCTh XO3SHCTBEHHON JESTENbHOCTH MPEIIpH-
ATHS, IOBBIIIAET YBEPEHHOCTh PYKOBOJAUTENS B IPABUIIBHOCTH IPUHUMAEMBIX PEIICHUN.
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YaockoHa/IeHHs JIOKOMOTHBHUX NMPUCTPOIB 3a0e3nevdeHHs1 0e3MeKn pyxy noisjia

I'ongapos K. B., Ko6muk K. I1., I'perisko O. C., [IHIIponeTpOBChKUN HAI[IOHATBEHUI
YHIBEPCHUTET 3aJII3HUYHOT0 TPAHCTIOPTY iMeHi akanaemika B. Jlazapsna, Ykpaina

besneka pyxy moi3ga 6arato B YoMy 3aJ€XKHUTh BiJ HafiiHOT Ta epeKTUBHOI pOOOTH MpH-
CTpOiB JIOKOMOTHBHOI aBTOMAaTHKH, 32 JOIOMOTOIO SIKHX KOHTPOJIIOETHCS IIBUIKICHUHA PEXUM,
BH3HAYA€THCSI MICLIE3HAXOKEHHS T0i3/1a, MEePeBipsAEThCS MUIBHICTh MAIIMHICTa. B cyuacHHX
JIOKOMOTUBHUX IPUCTPOsIX 3a0e3MedeHHs Oe3MeKku pyxXy oi3/1a JOIyCTUMa IBUAKICTh BU3HAYa-
€TbCS HE JIMILIE 3 YpaxyBaHHSAM IOTOYHOI MOI3HOI CUTYyalii, aje 1 3 ypaXyBaHHAM IOCTIHMX
MIBUJIKICHUX 0OMEXEHb, 1110 00YMOBJICHI OCOOIMBOCTSIMU MIEBHOI JISTHKHA KOJIIi.

B pociiicekiii cuctemi 3abe3nedeHHs Oesneku pyxy mnoizga KJIVB-Y, ska BUKOpHUCTOBY-
€TbCA B TOMY YHMCII 1 B YKpaiHi, Ui BU3HAUYEHHS MICLE3HAXOKEHHs I0i3/1a Ta AOIMYCTHUMOI
IIBUJIKOCTI BUKOPHCTOBYETHCSI MOAYJb CYIMYTHHUKOBOI HaBiraiii Ta eJIeKTpoHHA KapTa, A0 KOl
3aMUCYIOTHCS TeorpadivHi Ta JiHIHHI KOOPIUHATH 3aTi3HUYHUX 00’ €KTIB (CTPLIOK, CBITIO(DOpIB,
Nepei3/IiB Ta iH.), @ TAKOXK TOCIITOBHO PO3TAIOBAHUX KUJIOMETPOBUX CTOBIYMKIB MO MAPIIPYTY
pyXy moi3zna. 3a IOMOMOrOK HaBIralifHOTO MOJIYJSl BU3HAYAIOTHhCA TreorpadivyHi KOOpAWHATH
moi3/1a, a MmoTiM 3 eJIEKTPOHHOI KapTH 34UTYEThCS iH(OpMAIlis Mpo JOMYyCTUMY MIBHIKICTh IS
JAHOT NUISHKU KOJIII Ta BH3HAYAIOTHCS JIBI HAHOMMIKYI TOYKH, reorpadidyHi KOOPIUHATH SKHX
MPUB'SI3aH1 10 3aJII3HUYHUX (JIHIHHUX) KOOpAUHAT eeKTpOoHHOI KapTu. [licis mporo po3paxoBy-
€ThCsI IOTOYHA JIiHIKHA KoopAuHAaTa jokoMoTuBa. [Ipuuomy B cuctemi KJIYB-Y BukopucroBy-
€TbCS METO/l BU3HAYECHHS JIIHIHHOT KOOPAMHATH, IKUH HE BPaXOBYE KPUBU3HY Ta HAXWJI KOJIIi.

B naniit poGoti Oyna mpoBeaeHa OIliHKa MOXUOKM BU3HAUYEHHS JIIHIHHOT KOOPJIMHATH CHC-
temoro KJIYB-Y. Bynu BuKkoHaHi po3paxyHKH Ui TUISTHKH JOBXHHOIO | KM 3 pajiilycoM KpUBH-
3au Big 700 mo 10000 m. BeranosneHo, mo nmoxubka merona cuctemu KJIYB-Y 36inbmryerbes
P 3MEHIIIEHHI pajilyca KpUBU3HU Kouii. MakcuManbHa noxuoka 82,9 M Mana micuie Juis KpUBoi
paaiycom 700 m. Takum yunoM, cuctema KJIYB-VY no3Bosisie TOUHO BUSHAYUTH MOTOYHY JIHIAHY
KOOPJAMHATY TO13/1a JIMIIIE HA TPSIMOIIHIMHUX IIJITHKAX KOJIii.

[IponoHyeThCsl yIOCKOHAIEHHSI METO/ly BU3HAUYEHHs JIHIMHOI KOOpIMHATH MMOoi3da 3 ypa-
XYBaHHSM KpHUBH3HM Kojii. CrouaTKy BM3HA4YalOThCsl MOTOYHI reorpadiuHi KOOpAMHATH JIOKO-
MOTHBaA Ta PO3PAXOBYIOTHCS BIJICTaHI J0 HaWOMMKUUX OMOPHUX TOYOK EJIEKTPOHHOI KapTH, a
TaKO’K BIJICTAHb MIXK OIMOPHUMHM ToukaMu. ITicyis bOro po3paxoByeThCs pajlyc KpUBU3HU KO,
KYT, II0 BIAMOBIZA€ My31 MK MEPIIOI OMOPHOK TOYKOK Ta MOTOYHUM MiCII€3HAXOIKEHHSIM
Moi3/1a, BU3HAYAETHCS JIOBXKHUHA Ii€1 AyrW Ta JiHIAHA KoopauHaTa moi3zna. [Iposemeni gocii-
JDKEHHS TIOKa3allk, 10 3alpOTOHOBAHUN YIOCKOHAIEHUH METOJ JI03BOJSIE TOYHO BHU3HAYHTH
JHIAHY KOOPJIMHATH Ha AUISHKaX 3 pIBHOMIPHUM pPaJiycoOM KpUBU3HM, a JUIsl KPUBUX 3 HEPIBHO-
MIPHUM paJilyCOM Ta HaXWJIOM Ja€ MOXMOKY 3HAYHO MEHUIY, HDK TPaJULINHUN METOJ CUCTEMHU
KIIVB-Y.

B pamkax naHoi po60TH Takox O0yB po3poOJIeHUH JIOKOMOTHUBHUN HaBIralliiHUM MPUCTPIi,
KU BKJIIOYae B ce0e MO/AYNb CYMYTHHKOBOI HaBiramii, pagap /lomiepa ta qBa JaTYMKU LUIAXY
ta mBUAKocTI (JLLIC). Anroput™m poboTH NPUCTPOIO PO3POOIIEHUM TaKUM YMHOM, 11100 BUKIIIO-
yutu HeOe3neuHi BinMoBH. Koxken natumk J(LLIC kpinutbes Ha OyKCOBHN B30I KOJIICHOI mapu
Ta (QopMye MPSAMOKYTHI IMITYyJbCH, YacTOTa SKHUX IPOIOpIiiiHa 4yacToTi oOepTaHHS KoJjeca.
Ile no3BOMSIE BU3HAUMTHU MIBUAKICTH PyXy MOi3Ja Ta JiHIAHY BIACTaHb BiJl OCTAHHBOI OMOPHOT
touku. Pagap Jlomnepa Takox mpu3HaueHUI JUIsi BUMIPIOBAHHS IIBUIKOCTI. Y pa3l po301KHOCTI
nanux JJIIC Ta pagapa Jlomiepa B sKOCTi (paKTUYHOT IIBUIKOCTI MO13/1a MPUHMAETHCS HAOLIb-
IIe 3 OTPUMaHUX 3Ha4eHb. MOy/Tb CYIyTHHKOBOI HaBiTaIlii MpU3HAYCHNUHN 111 OTPUMAHHS T'e0T-
padiyHUX KOOPAMHAT MO0i3/1a, SIK1 B MOJAIBIIOMY 3a TOTIOMOTOI0 €JIEKTPOHHOI KapTH IHepepaxo-
BYIOTbCA Y JIiHIMHI. Y pa3i HECIIPaBHOCTI MOAYJIS CYIIYTHUKOBOT HaBiraiii BiICTaHb BiJl Hail01u-
K401 ONMOPHOI TOYKM BH3HA4YaeThes 3a gonmomororo naryukiB JIIIC. 3anponoHoBaHuil HaBira-
LIAHWIA MPUCTPIid, a TAKOXK METOJI BU3HAYCHHS JIHIHHOT KOOPAMHATHU 10i3/1a MOXKYTh OYTH BHKO-
pHCTaHi 17151 YIOCKOHAJICHHS JIOKOMOTHBHHUX MPHUCTPOIB 3a0e3MeUeHHs Oe3MeKH pyXy Moi3a.
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KOHIIel'IIIiﬂ PO3BUTRKY CXEM 30BHIIlIHHOTO CJICKTPONOCTAYaHHSA TATOBUX l'[i)ICTaHIIiﬁ

Homancekwii 1. B., Koctun I'. H., HartionanpHu# TeXHIYHUNA YHIBEpCUTET “XapKiBChKHMA
NOJITeXHIYHUH IHCTUTYT, YKpaiHa

3HWKEHHSI BUTPAT HA 30BHINIHE €JIEKTPOINOCTaYaHHs MpH eleKTprudikaiii HOBUX IIJISTHOK
BUMarae 30UTbIICHHS BifcTaHed Mik TsaroBumu miacraniismMa 10 80—100 kM i 3acTocyBaHHs
HOBHUX CXEM JKHUBIICHHSI 3 peajizalli€o rIMO0OKUX BBOJIIB BUCOKOI Hanpyru (miakmoueHHs a0 111
220, 330 kB) i mepceKTUBOIO NEPEXO0Ty 10 BIACHUX po3noaiibHuX Mepex 110 kB. Tyt moxiu-
Ba y MEpPCHEKTUBI PO3B’A3Ka 3 CUCTEMOIO 30BHIIIHBOTO €JIEKTPOIIOCTaYaHHs Yyepe3 Koja MOCTii-
HOTO CTPYMY 1 BUPIIIEHHS MUTAaHHS €JIEKTPOMArHiTHOI CyMiCHOCTI.

Jy1s 3HMDKEHHST BTpAT €HEpTii MPOIMOHYEThCS: peati3allis pamioHaIbHOTO rpadika pyxy mo-
i371iB 1 TTUOOKMX BBOAIB BHCOKOI HAIIPYTH 3 MEPCHEKTHBOIO MEPEXOAY /10 BIACHUX PO3MOIIIEHUX
Mmepex 110 kB, monepHizaltisi 1 OCHAIIEHHS CYYaCHUM €JIEKTPOYCTaTKYBaHHSIM PyXOMOT'O CKIIaay
Ta IHPPACTPYKTYpH OCHOBHHUX 1 MEPCIIEKTUBHUX HAIPSIMIB 3aJ113HULb.

HaiiBaxuBimmMuy 3ajjauaMu € BIIOCKOHAJICHHS BITUM3HIHHUX CTAllIOHAPHUX 1 MEPECYBHUX
MIJCTAHINA Ta THIIUX JTIHIHHAX 00’ €KTIB TSATOBOTO €JICKTPOIIOCTAYAHHS MIISIXOM KOMIDICKTAIIIT
(GYHKIIIOHATBHUX MOJYJABHUX OJIOKIB CydaCHUMHU KOMYTallIMHUMHU anapataMmu 3 HU(GpPOBUM pe-
JEWHUM 3aXMCTOM Ta J[IarHOCTUKOIO TATOBUX MEPEX; MICIIEBOTO Ta TUCTAHIIHHOTO YIpPaBIiHHS
KOMYTallifHUMHU anaparaMu IpU€eIHaHb, a TAKOXK A1arHOCTUKY BUMHKAYiB Ta CAMOJ11arHOCTUKH.

3 ypaxyBaHHSIM BUMOT €JIEKTPOSHEPTeTUKN Y KpaiHH 3aIpOIIOHOBAHO:

— npuennannsa 10 mepesxxk HEK Ykpenepro (220-330 kB) m1s migBUIIEHHS SIKOCTI €IEKTPO-
eHeprii Ta 3HWKEHHS BUTPAT 1 yacy Ha OyniBHUITBO HOBUX TI1I;

— CTBOPEHHS TPAHCIOPTHO-CHEPTETHYHUX KOPHUIOPIB Yy MOJIOCI BIAUYKEHHS 3aJ113HHIIb, 110
e(peKTHUBHO MpH CIIOPYKEHHI HOBUX 3aJlI3HUYHHUX JIiHIHM B eHeproAepiuTHUX perioHax;

— MIJBULICHHS HaJlHHOCTI 1 6e3neku enekTpornocrayanHsd TII misxoM po3BUTKY BIACHUX
KUBWIBHUX eNeKTpruuHux Mepex 110 kB 1 nepecyBHUX migcTaHIliil HOBOrO MOKOJIHHS 3
PII-110 xB;

— OOrpyHTYBaHHSI CTBOPEHHS BJIACHHX MOTYXKHOCTEH TreHeparlii eJeKTPUYHOI 1 TerIoBO1
€Heprii AJIs CTalllOHapHOI EHEPreTHKU;

— 3HIDKEHHS MEPETOKIB MOTYKHOCTI 1 BTpAT €Heprii B Mepekax eNeKTPOTSTH Ta >KUBUIbHUX
Mepexax eHeprocucTeM;

— 3HWKEHHS KOIITIB Ha 3aKYITIBIIIO €IEKTPOCHEPTii NIUITXOM PO3BUTKY cxeM npueaHanHs TI1
JI0 MEPEK 30BHIMTHHOTO €JIEKTPOIIOCTavaHHs 3a nepuum kinacom (35, 110, 220, 330 xB).

[lepcieKTUBHUMH € Taki eTamu peanizallii KOHIEMIii 30BHIIIHBOTO eIeKTPONOCTaYaHHS
TII npu icHyroUuX pexuMax poOOTH €HEProCUCTEM:

— po3po0OKa 1 TeXHIKO-€KOHOMIUHE OOTPYHTYBaHHS MPOIO3UIIiil 3 KOpETryBaHHS 1 B3a€MHOT
yB’SI3KM 1HBECTULIIMHUX MPOTPaM PO3BUTKY Ta TEXHIYHOTO MEPEOCHAIICHHS €JICKTPUUHUX
Mepex [TAT «Ykpzamizuuisay, HEK «Ykpenepro», O6neHepro 3 migBUIIEHHS HaIIHHOC-
Ti enekrponioctayanus TI1 3ami3HUIE,

— PpO3paxyHKH PEXUMIB POOOTH EJIIEKTPUYHUX MEPEkK 30BHIIMIHBOTO EIEKTPOIOCTAYaHHS
TII i miAroTOBKA pEeKOMEHAIlIN 3 MiABUINEHHS HAIIMHOCTI ICHYFOUMX CXEM, 3MEHIIICHHS
MEPETOKIB MOTYXHOCTI Ta BTPaT €Heprii.

Ha ocHOBI cuCTeMHOTr0 aHami3y BITUYM3HSIHMX 1 3apyODKHHMX CHCTEM TSITOBOI'O Ta 30BHILI-
HBOTO E€JIEKTPOITOCTaYaHHs, OOTPYHTOBAaHA 1 3alpPOTIOHOBAaHA KOHICMIIS 1X PO3BHUTKY MUITXOM
MiABUILEHHS Hampyrd Ta MiHIMi3allii NepeToKiB MOTY)KHOCTI 1 BTpaT €Heprii, mo 3ade3mneuye
pecypco- Ta eHepro30epekeHHs 1 eHepro0e3neKy Mmpolecy MepeBe3eHb. 3anponOHOBAaHO 1HBEC-
THIIHI IPOTPaMU CTPYKTYP, IO BXOAATh 10 ckiany [TAT «Ykp3ami3Huis CHHXPOHI3YBaTH 3a
CBOIMHU TEXHOJIOTTYHHUMHM TMOKAa3HUKAMH, @ TAKOX 32 KPUTEPISIMU €Heproe()eKTUBHOCTI Ta SIKOCTI
eHepro3ade3neveHHs 3 aHAJIOTIYHUMH IHBECTHIIIHHUMHI TTpOorpaMaMu 30BHINIHBOI €HEPTETHKH.
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HOprI H METOAbI HCIILITAHUSA IMMOABUKHOI'0O COCTaBa HA JIEKTPOMATrHUTHYIO
COBMECTHUMOCTD C CHCTEMAaMM CUTHAJIN3allMH1 U CBA3HN

Kenynuenko E. P., 'appuirok B. 1., JlHenponeTpoBCKUi HAlMOHAIbHBIM YHUBEPCUTET
JKEJIE3HOJOPOKHOIO TPAHCIIOPTAa UM. akazemuka B. Jlazapsana, Ykpanna

DNeKTpOMarHuTHOU coBMeCTUMOCTHIO (DMC) TeXHUYECKHX CPEJICTB HA3hIBAETCS CIIOCO0-
HOCTb UX (PYHKIIMOHUPOBATh C 33/laHHBIM KaY€CTBOM B 33JJaHHOH 3JIEKTPOMAarHUTHOM 0OCTaHOB-
K€ U HE CO3JaBaThb HENOIMYCTUMBIX AJIEKTPOMAarHuTHeIX nomex (OMII) npyrum TexHHYECKUM
cpeacTBaM. DneKTpuuurupoBaHHbIe Xene3Hble foporu (DXK/I) sBiasioTCS MOLIHBIM NPOCTPaH-
CTBEHHO paCHpeAeJICHHbBIM HMCTOYHHKOM 3JIEKTPOMArHMTHBIX IMoMeX. Bompockl obecneueHus
JIEKTPOMArHuTHOM coBMecTUMOCTH DK/ co c1aboTOYHBIMU JMHHUAMHU aBTOMATHKH U CBSI3U
pelancy Ha Ha4aJlbHOM 3Tare MPOEKTUPOBAHUS U dNEKTPpU(UKALUY jKeIe3HbIX Jopor. OHaKo
pobiemMa 3JIeKTPOMAarHUTHOM coBMecTUMOCTH Ha DXK]I coxpaHseT CBOIO aKTyaJlbHOCTh U B Ha-
cToslIee BpeMs. DTO 00YCIIOBJIEHO NMPUMEHEHUEM B IIOCIEAHEE BpPEMs Ha MaruCTpPalbHOM Ke-
JIE3HOJJOPOXKHOM TpaHCHopTe 3JeKTponoJBmxHoro cocraBa (OIIC) ¢ acMHXPOHHBIM TATOBBIM
npuBojoM (ATII), yBenuueHueM CKOpOCTEW IBUKEHMSI MOE€3]10B, BHEJPEHUEM HOBBIX MHKpPO-
IIPOLIECCOPHBIX CUCTEM KOHTPOJISI U YIIPABJICHUSI IEPEBO3KAMH.

Lenbrto paboOTHI SBISIETCS MPOBEACHUE 0030pa HOPM M METOAOB HCIIBITAHUSI HOBBIX THUIIOB
IIOJIBUJKHOTO COCTaBa Ha JJIEKTPOMATHUTHYIO COBMECTUMOCTb C CUCTEMAMM CUTHAIM3aLUU U
CBSI3M B COOTBETCTBUU C MEXIYHAPOJIHBIMH HOPMAaMH U C YYETOM CIEUU(UKH YKPAUHCKUX CHC-
TEM YIIPaBJICHUSI IBUKEHUEM I10€3/10B.

Hosbie Tumner noasuxHoro cocrasa (I1C) mepen BBOJOM B IKCIUTyaTallUIO TOJBEPraroT
IIPUEMOYHBIM HCIBITAHUAM II0 ONPEACIECHHOW MpOorpaMMe, KOTOpas BKJIKOYAET MCIBITAHUS Ha
OMC. B VYkpaune ucnbitanust Ha OMC 10 HEaBHETO BPEMEHHM IMPOBOAMIN HAa COOTBETCTBHE
HOpMaM W3 TE€XHHYECKHUX YCIIOBHM Ha MOABM)KHOW COCTaB, KOTOpbIe 0a3MpOBAIMCH, TIIaBHBIM
oOpa3zoM, Ha Takux HopMatuBHBIX AokymeHtax: Hb XXT LT 03-98 «Onexrponoesna. Hopmbl
6e3onacHoctu», Hb XKT LT 04-98 «2OnextpoBo3sl. Hopmbl Oe30macHOCTHY, a TaKKe CTaHIapTe
I'OCT 29205-91 na pagmonoMexu MHIYCTpUATBHBIE OT AJIEKTpoTpaHcnopta. [IpuMenenne mo-
CJIEZIHETO CTaHJapTa ObLIO pa3pelieHo BKIUYEHHUEM €ro B IepeYeHb HAllMOHAJBHBIX CTAH/IapTOB
JUIS JTOKa3aTelnbCTBa COOTBETCTBUS MPOAYKIMHM TpeOoBaHUSM TeXHHYECKOro perjamMeHTa Io
OMC, yrBepxeHHoro noctaHoBienueM Kabunera MunuctpoB Ykpausst oT 29.08.09, Ne 785.

B Espomneiickom coroze B 2004 rony 6sina mpunsita Jupextua 2004/108/EC "Dnektpo-
MarHuTHasi coBMecTUMOCTh - Electromagnetic compatibility directive (EMC)", koTopas onpeze-
JIsi71a OCHOBHBIE TPEOOBAHUS O AJIEKTPOMATHUTHON COBMECTUMOCTH, 0053aTeIbHbIE JUIsl BBINOJI-
HEHMsI TPOU3BOJIUTEIIEM, HUMIOPTEPOM MM AUCTPUOBIOTOPOM, a TaKXKe €BPONEeWCKHEe HOPMBI
(EN), permamenTupytone TpeOOBaHUS Ha AJIEKTPOMATHUTHYIO COBMECTHMOCTH MPOIYKITHH.
B3amen stoit nupektuse 18 ampens 2014 Oblia BBeieHA HOBas AUPEKTHBA HA 3JIEKTPOMArHUT-
Hyto coBmectuMocTh 2014/30/EU. B ycnoBusx pacmimpeHusi KOOMepaluu yKPanHCKUX Kele3-
HBIX JIOpOT, UCIIOJIb30BAHMSI HOBBIX THIIOB IMOJBMKHOI'O COCTaBa ¢ ACHHXPOHHBIM TSTOBBIM MPH-
BozioM (ATII), BHenpeHUST HOBBIX MUKPO3JIEKTPOHHBIX CHUCTEM YIPABJICHUS JBUKEHUS MOE3/I0B
HE00XO0/AMMO COBEpPILICHCTBOBAaHME HAIMOHAIBHOM HOPMAaTHUBHON 0a3bl MyTeM rapMOHHU3ALUU C
MEXIYHApOAHBIMU CTaHJIAPTAMU C YYETOM TEXHUYECKUX 0COOEHHOCTEN HAIlMOHATIbHBIX CHCTEM.

Bonbiioe pasHooOpasue cucTEM 3IIEKTPOCHAOKEHHUS, CUTHAIM3ALMN U CBSA3M B €BpONEH-
CKHX CTpaHax BBI3bIBAET HEOOXOJIMMOCTb IPOBEJACHUS UCIIBITAHUN MOJABUKHOIO COCTaBa B Kax-
JIOH CTpaHe OTAEIbHO, C YYETOM OCOOCHHOCTEH MCIOIb3yEMBIX B HEMl TEXHMUECKUX CUCTEM CHUT-
HaJIM3aIUH U CBS3H, YTO 3HAUUTEIHHO YBEIMYUBAET CTOUMOCTh IPUMEHEHHUSI HOBBIX THUIIOB MOJ-
BIKHOTO cocTaBa. OCOOEHHO 3TO OTHOCUTCSI K HMCHBITAaHHIO BO3JCHCTBUS 3JIEKTPOMArHUTHBIX
IIOMEX Ha PENIbCOBBIC IIyTEBbIE JATYNKH, ABTOMAaTUYECKYIO JIOKOMOTUBHYIO CUTHaJIM3aLMIo. Pa3-
pabGotanHblii B EBpocoio3e HOBBIM cTaHAapT MpuU3BaH YHU(DUIUPOBATH METOJUKY WCIBITAHUN
noJBM>XHOTO coctaBa Ha OMC ¢ penbcoBbiMu HensiMu 1 AJIC.
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BI/IOMeTpI/I‘{eCKaﬂ I/I)IeHTI/I(l)I/IRaIII/Iﬂ JJUIHOCTH B I/I361/IpaTeJIBHLIX nmpoueccax

Nmnanmsunm JI. 1., MamBunu I'. H., l'ogepazumsunm I'. U., l'acuramBuim 3. A.,
begunenmBuau M. M, Hamswnou H. T'.,
I'py3unckuii Texandeckuit yuusepeuret (I'TY), ['py3us

buomeTpruueckrue TEXHOJIOTHH SIBISIFOTCS OJTHUM U3 JPEBHEUIINX CIIOCOOOB MOJTBEPIKIIC-
HUs (MaeHTU(UKANUK) JIMYHOCTU. Pa3Buthe WHGOPMAIMOHHBIX TEXHOJOTHH MPEIOCTaBUIIO
BO3MOYXHOCTh aBTOMAaTH3aI[UH MPOILIECCOB U MCIIOIH30BAHUSA OMOMETPHH ISl TTOBBIIICHUS Y100-
CTBa M OE30MACHOCTH PA3IUYHBIX CUCTEM, TPEOYIOIIUX MOATBEPKIACHUS JTHYHOCTH TOJIb30BaTE-
nsi. CerogHsi OMOMETPUYECKUE TEXHOJIOTUN MPHUMEHSIFOTCS B CaMbIX pasHbIX cepax — oT opra-
HU3AIHUU JOCTYMa K pabouyuM MecTaM 10 WACHTU(DUKAIMK JTHYHOCTH MPH OCYIICCTBICHUU TLIa-
TeXKHBbIX omnepanuii. OCOOCHHO aKTyallbHO BHEAPEHUE 3THX HOBEHMIIHUX CPEACTB 3aIIUTHl MPHU
BEJICHUH JIEKTPOHHOI'O OM3HEca, OCYLIECTBIEHUN OaHKOBCKOW JesTeabHOCcTU. C A0CTaTOYHOU
YBEPEHHOCTHIO MOKHO TOBOPUTH O TOM, YTO BCKOPE OMOMETPUICCKUE TEXHOJIOTHU OYIyT IUPO-
KO BOCTpEOOBaHBI KaK CPEJICTBA MICHTU(HUKAIIMHA BO MHOTHX cepax.

B nocnennbie TobI CTANO aKTyalbHBIM BONPOCHl IPUMEHEHUE OMOMETPHUUECKUX METOJIOB
Y TEXHUYECKHUX YCTPOWCTB B M30MpATEILHBIX MPOIeccax, T.K. B CHCTEMaX T'OJIOCOBAHHUS TJIaBHAsS
npoOyieMa — rapaHTUpPOBaHHAs WAcHTH(HUKAMS u3dupatens. [IpoBeeHHbIC B pa3HBIX CTpaHax
UCCIIEIOBaHMs MOKa3alu, HauboJjee JO0CTOBEPHBIM METO/I0M UACHTU(UKAIMI JTUYHOCTU (CYyODb-
€KTa) SIBJICTCA OMOMETPUUECKUN METOI.

st GnomMeTpuueckor MACHTU(PUKAIMK JIMYHOCTH MOXHO TPUMEHSTh Pa3InYHbIE Xapak-
TEPUCTUKH M YEPTHl YEJIOBEKA, KOTOPbHIE MOAPA3ACIAIOTCS HAa CTATUYECKHE U JUHAMUYECKHUE.
[[Iupokoe mpuMeHEHUE HA JTaHHBIA MOMEHT HAXOJSAT METO/bl PACO3HABAHUE JTUYHOCTHU IO OT-
MeYyaTKy najiblia, pagyXKHOW 000s04Ke ri1a3a U n3odpaxenuto auua. [Ipuuém gakTuiiockonuye-
CKast uAeHTU(DUKAIMS IO TPUMEHUMOCTH M JJOCTYITHOCTH ¢ (DMHAHCOBOW TOYKH 3PEHHUSI IIPEBOC-
XOJIUT BCE IPYTUE TEXHOJOTHUU B HECKOJIBKO Pas3.

B pesynbrare skcnieptHOM onieHKM bXY ycTaHOBJIEHO, YTO HU OJIHA U3 XapaKTEPUCTUK HE
YIOBJIETBOPSIET TPEOOBAHUAM TIO TMEPEYUCICHHBIM cBoWicTBaM. HeoO0XoIuMbIM yClIOBUEM HC-
nosib30BaHue TeX Wik UHbIX bXY sBlseTcss UX YHUBEPCATBHOCTh U YHUKAIBHOCTD, YTO KOCBEH-
HO MOET OBITh 000CHOBAHO WX B3aMMOCBSI3bIO C TEHOTUIIOM WJIM KaPHUOTUIIOM YE€IOBEKa.

st cucteM OMOMETPUYECKOTO TOJIOCOBAHUS BAXKHEHIIMM TpeOOBaHUEM SIBISIETCS UX Ha-
JIEKHOCTh, TIO3TOMY HAWIYUIIMMH TOKa3aTeIsIMUA HaJSKHOCTU ObUTH BBIOpAaHBI OMOMETpHUUe-
CKHE MOKa3aTeIN paaTy>KHOW 000J0UKH Ti1a3a, JaKTUIOCKOTMMYECKU 1 reoMeTpun juma 2D/3D.

PaccmoTpensr BapuaHThI IPUMEHEHUSI HE OJHOTO, a TPEX OMOMETPUUYECKHX XapaKTepH-

CTHUK, YTO 3HAYUTCIBbHO YIIYYIIUT Ka4€CTBO I/IJIeHTI/I(l)I/IKaHI/II/I I/IS6I/IpaTeJ'15I.

33



I'néxue AUTHH-HOHHDbIE AKKYMYJISITOPbBI HOBOTO MMOKOJICHUA B yCTpOﬁCTBaX PE€3€PBHOIO
IJICKTPONIUTAHUS mene3nou0p0mnoifl ABTOMATHUKHU U CBA3HU

KoBanenko A. A., Cepaiok T. H., Macnennukosa B. B., /lnenpoBckuil HallmoHaIbHBIN
YHHBEPCHTET JKEJIC3HOI0POKHOTO TPAHCIIOPTa UMEHH akaaemuka B. Jlazapsiaa

VY CTONUMBOCTD M HAIEKHOCTh CHUCTEM 3JIEKTPONUTAHMs 00eCreyrBaeT KauecTBO pabOThI
YCTPOMNCTB 7KEJIE3HOJOPOKHBIX ABTOMATUKH U CBSI3U, UTO FapaHTHPYET O€30MaCHOCTh ABHIKEHHS
noe31oB. Takum 0Opa3om, 3a/1a4a MOJEPHHU3AINN CUCTEME PE3EPBHOTO AJIEKTPOCHAOKEHHUS YCT-
pONCTB aBTOMATHKHU U CBSI3H, @ UMEHHO, aHAJIN3 BO3MOKHOCTH IIPUMEHEHHS] COBPEMEHHBIX TH-
OB aKKyMYJIATOpHBIX Oatapeii (AB) sBnsercs akTyanbHOM. L{enbio HaydHO-HCCIIEA0BATENBCKOM
paloThl ABJISETCSA YIydLIEHHE MapaMeTpOB KayecTBa 3JEKTPUYECKON 3HEpruu M olserdyeHue
YCIIOBUH TPyZa 3a CYET MOACPHU3ALNN PE3EPBHOIO ITUTAHHUS.

B ycrpoiicTBax kele3HOMOPOKHOM CBSI3M HMCIONB3YIOTCS Ui PE3€PBHOIO 3JIEKTPOCHAO0-
KEHHSI HUKEJb-KaJIMUEBBIE ILIEJIOYHBIE aKKyMYJISITOPBI € paspsaHoi eMKocTbio 105 A-u Hanps-
xeHueM +12 B, +24, +48 B. YacTo B ycTpolCcTBaxX CBSI3U 3aMEHSIOT IIEJIOYHbIE aKKYMYJISTOPbI
Ha kucioTHble (ABH-80). Peneiinble cXxeMbl CUTHAJIBHBIX YCTAaHOBOK YCTPOMCTB aBTOOJIOKHPOB-
ku ¥ toct D1 momyuarot nutanue ot BJI CLIb 6 (10) kB, a pezepsroe — BJI [12 6 (10) xB. s
PE3epBHOrO MUTAHUS MPUMEHSIOTCS KUCIOTHO-CBUHIIOBbIE akKymyssiTopsl Tuna CK wim ABH-
72, ABH-80.

KucnorHsle akKyMyJIsITOpbI UMEIOT O0iee BBICOKHH K03()(DULIMEHT MONe3HOro AelcTBUs U
MEHbUIEE CHUKEHUE HANPSDKEHUS NpPU pas3psle, OTAAIT 3HAYMTEIbHBIE TOKM IIPU paspsze, a
11eJI04YHbIe 00J1a1al0T 00Jiee BHICOKON MEXaHMYECKOW IMpoYHOCThI0. HenocTtatkaMyu CBUHIIOBBIX
ADB sBrsieTcst HU3Kas IJI0THOCTh YHEPTHU B aKKyMYJIATOPE, 3HAUUTENbHBINA Bec OaTapen u Bpe-
HBIE YCJIOBHS TPYJa, LIEJIOYHBIE, B CBOK 0YEpPE]b, TAKKE MMEIOT CBOM “‘HENOYETHI“: MEHbIIAs
SJIC, 6onee nuzkuit KI1J] u Oonee BbIcOKast CTOMMOCTb B CPABHEHUH CO CBUHIIOBBIMU. Benenct-
BHE 3TOrO, /U1 MOAECPHHU3ALUN U YCOBEPIIEHCTBOBAHUS CUCTEM PE3EPBHOTO JIEKTPOCHAOKEHHUS
YCTPOMCTB aBTOMAaTHKH U CBSI3U, BO3MOKHO IPUMEHEHUE COBPEMEHHBIX TUIIOB AKKYMYJIATOPHBIX
Oarapeil HOBOTO MOKOJIEHHSI — THOKUX JIMTUI HOHHBIX aKKyMYJISITOPOB.

I'maBHBIM npenmymiecTBoM Li-l0N-akkyMynsTOpoB sIBIsSIETCA MX HEMPUXOTIUMBOCTD U MPO-
CTOTa B 00CIIy’)KMBaHUU. BbICOKas MJIOTHOCTh SHEPTUU U KaK CJEACTBUE OOJbIIasi eMKOCTh IpU
TeX K€ CaMbIX rabapuTax 1o CpaBHEHUIO C aKKyMYJIATOpaMHU Ha OCHOBE HUKeNs. Tak jke Hu3Kas
CTOMMOCTb OOCITYXHBaHMs — Pe3yJbTaT OTCYTCTBUS 3(dekTa mamsTu, He TpeOyroLero nepuo-
JIMYECKHX LUKIIOB pa3psiia /s BOCCTAHOBIICHUS €MKOCTH, U HU3KHUiI camopaspsia. Li-ion Gara-
peu BaBoe npeBocxonar NiMH ananoru mo eMKOCTH M TIOYTH B TPU pa3a — MO yAEITbHON MOII-
HocTU. OfHako B TUTHEBBIX AB Hcronb3yeTcs 3leKTPONUT B BUJIE Tellsl, U IPHU HENPaBHUIbHOM
HCIOJIb30BAHUU MOXET MPOU30UTH BO3TOpaHHe WM B3pbIB. [ Toro, 4ro Obl 3TO MpenoTBpa-
TUTH TPeOYyeTCsl U3MEHUTh KPUCTAIMYECKYIO CTPYKTYPY KaTo/ia JINTUI-NOHHOTO aKKyMYJIsATOpa.
Jlnist IOJ0KUTENBHOTO 37ekTpoaa rudkoro Li-lon Ab tpeOyercst ucnonb30BaTh TUTHPOBAHHBIN
docdar xenesa, a A7 OTPULATEILHOTO — TOHKOIIJICHOYHBIA aMOpP(HBII KpeMHUH.

BrenpeHnne NMTHII-MOHHBIX aKKyMYJITOPOB HOBOI'O IOKOJIEHMS Pa3psAIHON €MKOCTBIO
100...360 A4 mo3BOJIUT COKpaTuTh pasmepsl U maccy Ab B 8...10 pa3, a Takke MO3BOJIUT HUC-
KJIIOUUTh BPEAHBIE YCIOBUS TPYJa, BOSHHUKAIOUIME IPHU yXOJ€ 3a CBUHLOBBIMHU M LIEIIOYHBIMHU
AbB. Ilpoxnutcs cTpok ciyxObl Oarapeid, a Tak *e YIY4LIUTCS SKOHOMUS JIE€HEKHBIX CPEICTB,
UCXOJs M3 pacxoa Ha MEpUOJUYECKHE 3aMEHbl M YTUIU3ALUI0 CBUHIOBBIX aKKyMYJISTOPHBIX
Oatapeii. B HacTosmiee BpeMs CyIMIECTBYET HECKOJIBKO (DUPM-IPOU3BOIUTENCH JIMTHIA-
MOJINMEPHBIX aKKyMYJIATOPOB. JIUJepoM Mo KOJIMYECTBY BBIMYCKAEMbIX aKKyMYJISITOPOB U OJ-
HUM U3 TIEpBBIX 10 KayecTBy siBisiercs Kokam. fnonckast kommanust Toshiba Beimyckaer xaue-
CTBEHHBIC TUTHIH-HOHHBIE akKyMynsaTopbl. C 2008 r. Toshiba nmpoasuraer akkymymasiTopbl MOJ
opennom SciB (Super Charge ion Battery), koTopble XapakTepu3ylOTCsl HOBBIIIEHHOW EMKOCTBIO,
3HAYUTEJIBHBIM YMCIIOM LIUKJIOB IIOBTOPHOTO 3apsAia M YCTOWYUBOCTBIO K U3HOCY.
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IIuTanHsa po3BUTKY TEXHOJIOTIH Ta po3po0ka aBTOMaTH30BaHOI0 001Ky 3HIMHHX JeTaJiei
BAHTA’KHOI'0 BAarOHY

Kogsanenko JI. O., xkomsp A. M., dinis «[1IKTb IT» [TAT «Ykp3anizaunsmy, Ykpaina

EdexTiBHE BUKOPUCTAHHS PYXOMOIO CKJIay s 3a0€3NeueHHs] 3pOCTarouux IMoTped
3aJI3HUIb Y BaHTOKHUX BAaroHaX 3aBXIU € aKTyaJlbHUM. JlOCATHEHHS L€l METH MOXXe OyTH B
TOMY YHCJIi 32 paXyHOK 3MEHIIICHHS B1JIMOB BaroHiB y Mi>KPEMOHTHHM MEPIOJ.

ABTOMaTH30BaHUI OOMIK 3HIMHHX JeTallell JacTh MOXIJIMBICTh CBOEYACHOT'O MOHITOPUHTY
TEXHIYHOTO CTaHy KOJIICHMX Map, OOKOBHX paM Ta HaJIpEeCOPHUX OaJOK Bi3KIB BaHTaKHHX
BaroHiB Ta 3amo0iraHHIO iX HECAaHKLIOHOBAHOI 3aMiHM, IO 0e3MOCepeHhO MAaTUME BIUIMB Ha
pecypc BaHTOKHHUX BaroHiB Ta OE3IMEKy PyXy B ILJIOMY.

HeoOxigHOI0 YyMOBOIO JUIsi aBTOMATH3AIlI] JAHOTO HAMPSMKY € PO3p0oOKa aBTOMATH30BaHO-
IO BEJIEHHS KapTOTEK KOJICHMX Iap, HaJpecoOpHUX OaJoK Ta OOKOBUX paM BaHTAXXHHUX BaroHiB,
10 BKJIIOYae 30ip, 30epiranHs Ta BUIa4y IOHOMEPHUX BiJIOMOCTEH, BKIFOYAIOUYH 1X JUCIIOKAIIIIO,
TEXHIYHUH 1 eKCIUTyaTaliiiHUI cTaH Ta MOBMHHA 3a0€3MeUnTH peai3allito HACTYIMHUX (YHKIIIH:

BBEJICHHS JJAHUX B PO3pi3i TEXHIYHUX MACIIOPTIB Ta PEMOHTHUX KAPTOK KOJICHUX I1ap BaH-
Takuux BaroHis 10 6a3u ACK BII V3-€;

BBEJICHHS JaHUX B PO3pi3i TEXHIYHUX MACIOPTIB Ta PEMOHTHHX KapTOK HAJPECOPHUX Oa-
JIOK Ta OOKOBHUX paM Bi3KiB BaHTaXHUX BaroHiB 10 6a3u ACK BII V3-€;

CTBOPEHHSI KapTOTEKH KOJICHHUX Iap, HAAPECOPHHUX Oanok Ta OOKOBHX paM BaHTAXKHHX
BaroHiB HaIllOHAJLHOTO PiBHSI.

Iadopmaniiine 3a0e3nedeHHs naHoi 3aaa4i Oyae pearizoBane 3acobamu APM I1TO BUJ
Ha 0a3i cucremu BeleHHs BimoOpaxkeHux mojeneir (CBBM), skuii Mmae OyTu BCTaHOBIIGHUH Ha
MIJIPUEMCTBAX,  MIANOPAJKOBAaHUX  JEMapTaMeHTy  BaroHHoro rocmogapctBa  ITAT
«YKp3aJIi3HULIS, SI10 BUKOHYIOTh PEMOHT, TEXHIYHE 00CIYroByBaHHS Ta BUTOTOBJIEHHS ((hopMy-
BaHH$) KOJIICHUX Map, OIYHUX paM Ta HaJpeCOpPHUX OalOK BAHTAaXXHUX BaroHIB.

APM IITO BY/l (CBBM) Bukonye ¢opmyBanHs nosigomieHas y XML-¢popmari 1o ACK
BII ¥3-€ B po3pi3i nacnopTiB Ta pPEMOHTHUX KapTOK 3HIMHUX JI€TaleH.

OCHOBHUMM TOJISMH, SIKI TOBUHHA aBTOMAaTH3yBaTH pO3poOKa KapTOTEKU KOJIICHUX Map,
HaJpecopHuX Oanok Ta OOKOBUX paM BaHTa)KHUX BAroHIB €:

TexHosoriuxi onepariii, IpoBeIeHI Ha PEMOHTHHUX, €KCIUTyaTallliHUX MiANPUEMCTBAX Ta
MiAMPUEMCTBAX iX BUTOTOBIICHHS:

— peecTpallis HOBO{ JeTalli;

— TepecUJIaHHS;

— HaJaxoJDKeHHs (BUXiA) B (3) pEMOHTY;
— BUKJIIOYEHHS 3 00iTYy.

KoxHa mopais ineHTH(IKye eKCIulyaTalliiHMi Ta TEeXHIYHUW CTaH JAeTajl, BKIIOYalo4H
JMCIIOKAIlI10, 11 TEXHIUHI XapaKTePUCTUKU Ta KOHCTPYKTUBHI OCOOIMBOCTI.

ABTOMaTH30BaHa KapTOTEKa HAIIOHAJILHOTO PIBHS CTBOPHUTH YMOBH IS PO3POOKH Ta
BIIPOBAKEHHs BinnoinHoro iHgopmariiinoro oominy ACK BII ¥Y3-€ 3 IBMY IOI] 3A 3 me-
TOIO MIJABUIIECHHS €()EeKTUBHOCTI YNpaBIiHHS MPOIecCOM 3a0e3MeYeHHs] TEXHIYHOTO CTaHy BaH-
Ta)KHUX BaroHiB JJIS1 XOJIOBUX YaCTHH.

CrBopena iH(dopmariiiiHa 06aza 3HIMHHUX JeTajlied HagacTh MOXJIMBICTh BHUPIMICHHS
(GyHKLIOHATBHUX 3aJ]la4, HAaIpaBJIeHUX Ha 3abe3nedeHHs o0JiKy 00’eMy poOiT 3 JeTayulo, Mu-
TaHb 0€3MEKU PYyXy, 30epeKeHHs eTanei, 0e3nepeOiifHol HassBHOCTI X Ha MEPEexi.

30ip Ta 30epiranHs iHdopMalii MO 3HIMHUX JAETalsAX BAaHTAKHUX BaroHiB JJO3BOJMTH 3a-
0e31eunTH HalO1IBII TOBHUHM MOPIBHAJIBHUAN Ta CTATUCTHYHUMA aHaII3 JaHUX B pO3pi3i 4yacy, 1o
B CBOIO Yepry JIOMOMOKE ONTHUMI3yBaTH BUTPATH HA PEMOHT PyXOMOTO CKJIaay Ta MPHU3BEAE 10
3HAYHOT'O €KOHOMIYHOTO e€()eKTy B raiysi.
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MeToa moumyky onTUMAJIbHOIO PO3MOALLY COPTYBAJBHUX KOJIili Mi’k pery/jioBajibHUKAMHU
HIBMIKOCTi BAroHiB

Kozauenko /{. M. JIHimponeTpoBChbKUI HAllIOHABHUM YHIBEPCUTET 3QJII3HUYHOT'O TPAHCIOPTY
iMeHi akagemika B. JlazapsiHa, Ykpaina
I'peBuoB C. B. JIbBiBChKHUI KOJIEIK TPAHCIIOPTHOI iHPpACTpyKTYypH JHITPOIIETPOBCHKOTO
HaIlIOHAJILHOTO YHIBEPCHUTETY 3aJII3HUYHOTO TPAHCIIOPTY IMEHI akajemika B. Jlazapsua, Ykpaina

OcHoBHUM 3ac000M po3¢hopMyBaHHSA-(POPMYBAHHS COCTaBiB BAaHTAXHUX TOI3NIB Ha
3QTI3HULIAX € COPTYBaIbHI Tipkd. SIKICTh iX poOOTH 6araTo B 4YOMy BH3HA4ae K COOIBapTICTh
MIEPEBI3HOTO MpOLIECy, TaK 1 HOro Oe3mnexy, 30epeKeHHs pyXoMoro ckiany i Bantaxis. Ha 87%
COPTYB&JIBHUX TipKaXx YKpaiHM 3acTOCOBYEThCS OalllMauHEe TajlbMyBaHHS JUI PEryJIOBaHHS
IIBUJIKOCTI CKOUYyBaHHS BimuemiB. OKpiM TOro, y 3B’S3Ky 31 3HAQUHUM 3HOCOM TaJIbMOBHX
yIOBUIBHIOBAUIB, OalliMayHe TallbMyBaHHS IHTEHCHBHO BUKOPHCTOBYETHbCS 1 Ha TipKax Jie
MeXaHi30BaHi yci raibMoBi no3ullii. Tomy mpoOiema ympaBiiHHS PO3IYCKOM COCTaBiB Ha COP-
TYBaJIbHUX T1pKaxX 3 HEMEXaH130BaHUMU raJIbMOBUMHU MO3ULISIMU € aKTYaJIbHOIO.

XapakTepHUMH YMOBaMU poOOTH COPTYBAJIBHUX TipOK 3 HEMEXaHI30BaHUMH TaJIbMOBUMHU
NO3ULISIMA €, MO-TIepIle, py4YyHE YHPABIiHHSA IMPOLIECOM TajllbMyBaHHSA Ha OCHOBI JIaHMX
MEPEBI3HUX JIOKYMEHTIB, a TAKOX Bi3yaJbHOI OLIIHKH XOJOBUX XapaKTEPUCTHK BIIYEIiB i yMOB
ix ckouyBaHHs Bka3zaHi (hakTopu BUKJIMKAIOTh MOXMOKHU SIK Ha €Talll BU3HAUYEHHs ONTUMAJIbHUX
PEeXUMIB raJIbMyBaHHS, Tak 1 Ha etami ix peamizamii. [lo-gpyre, GyHKIIOHYBaHHS COPTYBAIBHUX
ripoK 3 HEMEXaHI30BaHMMHU TaJbMOBUMM HO3MLISAMU IOB'SI3aHO 3 mepeOyBaHHSAM JIIOJEH B
HeOe3MeyHii 30Hi, 0 Pi3KO MiBHUIIYE BUMOTH 10 OE3MEKH COPTYBAIBLHOTO MpoIiecy. Y 3B'3KY 3
UM, JUIS COPTYBaJIbHMUX TIPOK 3 HEMEXaHI30BAaHUMM TaJIbMOBUMH IO3ULISIMH 3HAYyHY pPOJIb
BIJIIFpa€ eTal IUIaHYBaHHS pO3MYCKY, Ha SKOMY NOBHHHI OYTHM BCTAHOBJIEHI HECIPUSATIMBI
MO€JHAHHS BIJTUEMIB 1 BXKUTI 3aX0/H 11010 3a0e3neueHHs 0e3M1eYHOro MPOTiKaHHS COPTYBAJIBHO-
IO TIPOIIECY.

B npoueci qocmikeHHs: BUBYAIach poOOTa COPTYBAIBHUX TIPOK 3 MEXaHI30BAHUMHU Tajlb-
MOBUMH TIO3UIIISIMH Ha CITYCKHIM YaCTHHI 1 HEMEXaH130BaHUMH TaJbMOBHUMH TO3UIISIMHA Ha COP-
TyBaJbHUX Kodisx. Ilpu oMy po3cdopmMyBaHHS cocTaBa pO3MIIAJAETHCSA K 0araTOKPOKOBHM
mporec, 1€ OKPEeMHM KpPOKOM € CKOYyBaHHS YEproBOTO Bimdema. B sgkocTi kepoBaHHX
napameTpiB Ipu po3(hopMyBaHHS CKJIAy MPUHHATI HACTYIIHI:

— KUIBKICTb MOCHIIOBHUX KOJiH, K1 00CIyTrOBYIOTHCSI KOXKHUM PETYIIOBATbHUKOM HIBU-
nkocTi XreX, r=1..R (TyT R — KUIbKICTh peryiroBaIbHUKIB IIBUIKOCTI BarOHIB);

— KUTBKICTh BiYEIiB y Tpymi mo po3(popMoByeThCsi 6€3 mepepBH y po3mycky Js, S=1..S
(TYT S — KUIBKICTb TpYI BiAUEMIB Y COCTaBI);

— IIBMJIKOCTI PO3ITYCKY IPYII BIAYEMIB Vys;

— MIBUAKOCTI BUXO/Y BiI4EMiB i3 ralbMOBUX MO3HLH VjeV, j=1..n.

Meroro pinleHHs 3aadi € MiHIMi3allid yacy po3(opMyBaHHs cOCTaBa 1, 10 3a0e3medye
MaKCHUMaJIbHY MepepoOHy CIIPOMOXKHICTh T1PKU

TP = iTp,s (Vp,S'V' X) + (S _1)tnep — min
s=1

ne Tps(X, Vs, V) — TpUBaNiCTh PO3ITyCKY BAaroHIiB S-i IPYIHN BiUEIIiB y 3aJISKHOCTI BiJ] BCTAHOB-
JICHOTO 3aKpiIJIEHHS PETyJIIOBAIBHUKIB 32 COPTYBAJBHUMHU KOMIAMHU X, MIBUIKOCTI 11 PO3MYCKY
Vs Ta peXXUMY TaJilbMyBaHHS Bifguernis V;

thep— TPUBAIIICTB NIEPEPBH y PO3ILYCKY IICIsA pPo3(OPMYBaHHS IPyIH BlAYEIIiB;

S — 4uco rpyn Big4eniB y po3hOpMOBYEMOMY COCTaBl MK SIKUMH HEOOX1THO mependa-
YaTu MepepBy I 3a0e3MeueHHs] BUMOT PO3JIJICHHS BiAUeNiB HA OallIMayHUX T'aJlbMOBUX IMO3U-
L15IX.
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3amada Mae OOMEXEHHsI 32 YMOBAaMH MPHUIUIBHOTO Ta IHTEPBAIBHOTO PETYIIOBaHHS ILIBU/I-
KOCTI CKOUYBaHHS BiUeIliB, OOMEXEHHS TI0 MaKCUMaJIbHIA Ta MiHIMAJIbHIA JTOMYCTHUMIN IIBU/I-
KOCT1 PO3IYCKY COCTaBa, 0OMEXEHHS IO 3arajibHiii KiJIbKOCTI PETyIIOBAIBHUKIB, IO YIIPaBIIs-
I0Th IIBUIKICTIO BiJYEIIB Ta 3a MaKCUMaJIbHOIO KUIBKICTIO KOJIiH, IO MOXKE OOCIyroByBaTH
OJIMH PETYJIOBaIbHHUK.

YMOBHU peryiioBaHHS MIBUIAKOCTI PyXy BiUeIiB KOKHOTO COCTaBa iCTOTHO BiIPI3HSIOTHCS
B 3aJIGKHOCTI BiJl XapaKTEPUCTHK BaroHiB i CTYNEHS 3alIOBHEHHS COPTYBAIBHUX KOJIii. Y 3B'S3Ky
3 UM, BIAMOBIAHO 10 «IHCTPYKIII peryiaroBaIbHUKA HIBUAKOCTI BAaroHiBY», MEPE] PO3MYCKOM
CTapIIUi PEryiOBaIbHUK IIBUIKOCTI BarOHIB PO3CTABIISIE PErYIIOBAIBHUKIB 110 COPTYBAILHUX
KOJIISAX 3 ypaxyBaHHSAM OOCSTY 1 pUTMY iX pOOOTH, CTYIEHS 3allOBHEHHSI COPTYBAJIBHUX KOJIH 1
MOroJHUX yMOB. B nmaHumii yac HaBeleHa 3ajada BUPILIYETbCS HA IIJICTaBl JOCBiNY CTapLIMX
peryIIoBaIBHUKIB IBUIKOCTI BaroHiB. ABTOMAaTH3allis PIICHHS JaHOI 3a7a4i JO3BOIUTh 3a0€3-
MIEYUTH TiABUIICHHS IIBUAKOCTI po3()oOpMyBaHHS COCTaBiB MpHu 0€3yMOBHOMY BUKOHAHHI BUMOT
0€3MeKU PO3IYCKY.

3 orisimy Ha Te, IO MPH OOCITYrOBYBaHHI OJHIET COPTYBAIBHOTO KOJil OJHUM PEryliro-
BaJIbHUKOM IIBUKOCTI BaroHiB JOCSATA€ThCA MIHIMYM HMOBIPHOCTI HEpO3/iJieHa BiIYemiB, L0
HAJXOATh B OOCIyroByBaHHS Ha OamimauHi rajbMoBi moswmiii, To mpu k>N 3amgaua mae
TpUBiaJbHE PIIICHHS - HA KOXKHY KOJIiI0 MIOBUHEH OYTH MpPU3HAYEHUI OJUH PEryIroBaIbHUK, TPU
[[bOMY YaCTHHA PETyJIIOBAILHUKIB MOXKE OyTH He 3aisHa. Y pasi SKio KXma=N pitieHHs 3aqa4i
TaKOX € TPUBIATBHUM, TaK SIK KOXKEH PErylIOBAIbHUK MOBUHEH OOCIYroBYBaTH MaKCHMajlbHO-
MOJKJIMBY KUIBKICTh COPTYBaIbHUX KOMiH. SKIIO %K KKN<KXmax, TO HEOOX1IHO OIIHIOBATH BILIHB
PO3MOJIITY COPTYBAIBHUX KOJMIM MK PEryOBaIbHUKaAMH Ha YMOBHU po3(GOpMyBaHHS COCTaBiB.
[Ipu npoMy Mae nOTpUMYyBaTHCS yMOBa |<Xi<Xmax TaK, SK 3aJUIIATH HE3aJiTHUMH YaCTUHY
PEryIIOBANBHUKIB IBUAKOCTI BarOHIB B IIMX YMOBAX € HEPAI[iOHATLHUM. 3 OTJIsIy HAa OOMEXKEHY
KUIBKICTh BapiaHTIB pO3MOJLIY, 33/Ja4a MOXKe OyTH BHpIllIEHa LUISXOM iX MOBHOTO mepedopy.
OpHak, BpaxoBYIOUHM, 1[0 BHU3HAUEHHS Yacy PO3MYCKY COCTaBiB BHUKOHYETHCS IMOBIPHICHUMH
METOJaMH Ha MiJICTaBl 0araropa3zoBUX OOUYMCIIOBAIILHUX E€KCIEPUMEHTIB, TO BHHHUKAE 3a/aua
3MEHIIEHHS KUIBKOCTI PO3IJIsIa€MHUX BapiaHTIB 3a paXyHOK BIJICIBY HepalliOHaIbHHMX. 3 Ii€l0
METOI0 Y SIKOCTI MaTeMaTUYHOTO METO/AY PO3B'A3aHHS 3a7aul MOKe OYyTH BUKOPUCTAHUN METOJ
TUIOK 1 MeX, SIKUH MOJISIrae y 3HaXO0/PKeHHI BEPXHBOT MeXI1 pillleHHs T, sIKa BiAMOBiAae Halkpa-
IOMY B1JIOMOMY PO3IOIUTY COPTYBAJIbHUX KOJIM MK PEryItOBAIbHUKAMU IIBUKOCTI BaroHiB,
10 33JI0OBOJIbHSIE OOMEXKEHHSAM, 1 HIDKHBOI MEXI1 PIIIeHHs Ty, [0 BiAMOBiZa€ BiJIOMIiH OLiHIII
TPUBAJIOCTI PO3IMYCKY COCTaBa TaKii, 110 3a3/1aJIeri/ib He MepeBuIye (akKTUIHY TPUBAIICTD PO3-
MyCKY.

[Ipn BHOOpPI MOYATKOBOIO PO3MOALTY COPTYBAJBHUX KOJIM MIXK perynoBaJbHUKaAMU
IIBUAKOCTI BaroHiB IS OI[IHKA BEPXHBHOI MEXI pillleHHs [, JOLITFHO BHOpaTH BapiaHT 3 Haii-
MEHIIOK KUIBKICTIO PO3JIJIOBHX TpyH 3 MOCHIJOBHUX BiguemiB. [ OI[IHKM HUXKHIX MEX
pimeHHs T,; B paMKax JOCHIIDKEHHS pO3pOOJEHO KOMIUIEKC TMpaBWil, $Ki JO3BOJISIOTH
OLIIHIOBAaTH TPUBAJIICTh PO3MYCKY COCTABIB Ha MiJIcTaB 0OMEXEHOI KUIBKOCTI MOJETIOBAHb CKO-
YyBaHHS BiIYeiB.

3anporoHoBaHa METOMKA TO3BOJISIE BUKOHYBATH IJIAHYBaHHS PO3ITYCKY COCTaBa i 3a0e3-
MevYyBaTH HAWMEHIy WOTO TPUBATICTh MPH BUKOHAHHI BHUMOT O€3MEKH pyXy B yMOBax
BIJICYTHOCT1 TOYHOI iH(opMaIlii Mpo XOJ0BI BJIACTUBOCTI BIUYEIIB Ta YMOBH iX CKOUYBaHHS, a
TaKOX JO03BOJISIE CKOPOTUTH Oinbllle HiX y 6 pasiB BUTpPATH Yacy Ha MOIIYK ONTHUMAIbHOTO
pIIIEHHS] Y IOPIBHSIHHI 3 TOBHUM Mepe0OpOM BapiaHTIB, 110 € BAXKJIMBUM JUIsl CUCTEM PEalbHOTO
qacy.
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Buo6ip napamMeTpiB KOHTPOJII0 CTaHY KOPILYCHOI i30/1511il eJIEKTPHYHUX
MAIIHMH JOKOMOTHBIB

Kosuk 0. I'., Jlaryra B. B., JIninponeTpoBchbkHii HalliOHAIbHUM YHIBEPCUTET 3aJII3HUYHOTO
TpaHCIIOpTYy iMeHi akaaemika B. Jlazapsua, Ykpaina

Jnst Ge3BimMoBHOT pobotu TsaroBux enekrpoiBuryHiB (TEJl) Ta iHmoro emekrpoycraTky-
BaHHS JIOKOMOTHBIB HEOOX1IHHI Oe3MepepBHUN KOHTPOJIb CTaHY SKOCT1 €JICKTPUYHOI 1301111,
ko He mpuUAMaTH BITHOBIIOBATHHUX 3aXOJiB MIOAO MOJIMIICHHS SKOCTI 130JI1ii, TO B TO-
JANBIIIOMY MOKJIMBHUH ii Tpo0iif 1 Kk Hachigok - BigmMoBa TEJ]. AHaii3 BIIMOB JIOKOMOTHBHOTO
MapKy IMOKa3ye, MO KUIBKICTh TMOUIKOKEHb KOpIycHOI i30isMii oomorok TEJ] Ha 1 MiaH KM
npo0iry B CEpeIHbOMY CTAaHOBHTH 1O INECTH TaKMX BHUIAJKIB. BiamoBigHO a0 cTparerii
YKpaTHCHKUX 3aTi3HUIb 3aBJAHHIO TIBHINEHHS EKCILTyaTal[iiHOI HAIMHOCTI 130JIA1ii TATOBHX
€JIEKTPOJIBUTYHIB MPUILISIETHCS MOCTIMHA yBara.

Icuyroua cucrema miarpuMku HagiHOCTI 130ssiii TEJ] mo mpobiry, mo 3acToCOBYETHCS B
JaHW Yac, He € palioHaIbHOK. YMOBH ekciutyaTalii TEJ] Ha 3ami3HUIsX pi3Hi, OTXKe, He OJHA-
KOBO BiIOYBa€ThCS 1 3HOC 130JISMI1 1, SKIIO OIIHIOBAaTH pEabHUM TEXHIYHUHA CTaH 130J1ii, TO
MO’KHA 3 MEHIIMMH BUTpaTaMH MPOJOBKUTH TEPMIH 11 CiIy>kOu 0e3 3HMKEHHS HaliiHOCTI pobo-
. Taka MOCTaHOBKA MUTAHHS CTa€ OCOOIMBO aKTYaJIbHOIO Yy 3B'SI3KY 3 Je]iluToM pecypcis.
Jly1st BUPIIICHHS JTAHOTO 3aBaHHS HEOOX1THO MaTH apceHall METOIB 1 MPUIaIiB I 00'€KTUBHOI
OIIIHKY CTaHY 130JIAL1 1 TPOTHO3YBaHHS i 3aJIUIIIKOBOTO PECypCy.

Merta nociipKeHHs - BU3HAUEHHS O3HAK IO BioOpa)karoTh MPOLEC CTApiHHS 130JIA1Ii 1 10-
3BOJISIFOTH ITPOTHO3YBATH 3MiHY 11 TEXHIYHOTO CTaHy B YMOBAaX €KCILTyaTarlii.

HeoOxignicts nporHo3yBanHs ctany i3oisiuii TEJ] cTBoproe mepenyMoBH [Isl BUSHAYCHHS
pamioHaIbHUX TEPMiHIB MpPOBeNeHHS ii MpodiTaKTHYHUX 3aXO0iB 1 peMOHTIB. Take MpPOrHO3y-
BaHH$ JIOIIBHO MPOBOJUTH Ha OCHOBI MaTeMaTUYHUX MOJENel 3MiHH CTaHy 130s11ii. J{o Teme-
PIIIHBOIO Yacy po3po0JieH] MaTeMaTU4YH1 MOJENl MOCTYIOBOrO 3HOCY 1301111, 1110 JO3BOJISIOThH
MIPOTHO3YBATH 3MiHY iI TEXHIYHOTO CTaHy B PeaJbHUX YMOBAX €KCILTyaTarlii.

Kak mokazamm wucclieoBaHUs, HaWOOJBIIYI0 WH(OOPMATHBHOCTH O IPOIECCE CTAPCHHUS
M30JISIIMA UMEIOT MapaMeTphl, CBA3aHHbBIE C MpoieccaMu abcopOiuu (mporiece 3apsaa HEOqHO-
POJIHOM M30JSMH C HAaKOIUIEHHEM MOTJIOLUIEHHOIO 3apsiaa) U pecopOuii (mpouecc u3MepeHus
BO3BpPATHOTO HAMpPsHKEHHS, 00YCIOBICHHOTO OTJa4ell MOTJIOMIEHHOTO 3apsia) B THHAMUKE.

Sk mokazanu AOCHIIKEHHS, HalOUIbIly 1H(QOPMATUBHICTh MPO MPOLEC CTAPIHHS 130T
MaloTh MapaMmeTpH, MOB'sA3aHi 3 mporecamu adcopoOiii (mporec 3apsay HEOTHOPIAHOT 130111 3
HAaKOMMYEHHSAM IHOIJIMHEHOTO 3apsiy) 1 pecopOilii (mpoiiec BUMIPIOBaHHS 3BOPOTHOI HampyTH,
00yMOBJIEHOT BiJIa4yer0 MOTJIMHEHOTO 3apsay) B AMHAMILI.

CryniHb HEOJHOPIAHOCTI BHYTPILIHHOTO MOJISI MOKHA OLIHIOBATH Koe(ilieHToM abcopOii
TUTst 00’ €KTiB Maoi eMHOCTI. Y IIMX BUMAKAX OMip 130111 Ma€ 3HAUHY BEIUYUHY. Y BUIMAIKY
130JIIMHUX KOHCTPYKIIN BEJIMKOI €MHOCT1 (HapUKIIa, IPU OLIHII CTaHY 130JIS1I11 e1eKTpuy-
HUX MalllMH) KOpUCTyBaTHUCs KoedilieHToM abcopOrii HeedekTuBHO. 3MiHM MakpoabcopOLii Ta
OTopy 130J141111 MOXJIMBO BpaxyBaTU BUMIPOM Hacy, MPOTATOM SKOrO 3BOPOTHA HaIpyra Jo-
csira€ MaKCUMAallbHOTO 3HAYCHHS.

[Tix 9ac mpoBeCHHS TOCIIKEHb YCTAaHOBIICHO, IO UMM IIBU/IIIIC B Yaci HAPOCTA€E 3BOPOTHA
Hampyra i YuM MIBU/IIEC BOHA CMaJla€, TUM Kpaliuid cTaH i3ouimii. | HaBmaku, YuM MOBUIBHIIIE
HapoCTa€ 3BOPOTHA HAIPYTa, 1 UMM MOBUIbHIIIE BOHA CMAJA€, TUM TIPIINI CTaH 130JISIII1.

OriHroBaHHS CTaHy 130JiA1ii 3a BigHomeHHsAM Ri/R;— (me Ry — omip i3omsii pu mepiio-
My BUIIpOOyBaHHI, a Ry — npu HacTymHOMY BuMipi) He € edeKTUBHUM. BenuunHa onopy 130:1smii
CHJIBHO 3aJICKUTh B/l HEOJJHOPIAHOCTI BHYTPIIIHBOTO Ta 30BHIIIHBOTO MOJIB EJIEKTPOI30JISAIIHHOT
KOHCTPYKITIi.

S iHTeTrpabHUN TOKa3HUK OIIIHKU MIITHOCTI 130JIA1li1, SIKUM HalOUIbII TOBHO XapaKTepH-
3y€ IOTOYHUHN CTaH 1301111, € TUIOIIA SIKY OOMEKY€E KPHBa 3BOPOTHOI HAPYTH.
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Onpeuenenne PalHOHAJBHBIX NIEPUOAOB HapaGOTKI/I HpO(l)HJIaKTI/IKH CUCTEMBbI
)KeJIeZ’-HOIIOpO)KHOﬁ ABTOMAaTHUKHU H TC¢JICMAaXaHUKH
C HECTAIMOHAPHBIM IIOTOKOM OTKa30B 3JICMCHTOB

Jlaryra B. B., /IlHenponeTpoBCKHUil HAIlMOHAbHBIA YHUBEPCUTET KEIE3HOIOPOKHOTO
TpaHCIIOpTa UMEHHU akaneMmuka B. Jlazapsna, Ykpauna

CucTeMsl KeNe3HOJ0POXKHOM aBTOMATUKU U TEIEMEXaHUKH OTHOCATCS K TaK HAa3bIBAEMbIM
CJIO’)KHBIM CHCTEMaM HETPEPbIBHOTO JACHCTBUS, UTO TPEOyeT MPOoJyMaHHON OpraHU3aliHi TEXHH-
4ecKkoro oOciyxuBaHus. BakHoN 3amadeil siBiseTCsl ONpesieieHue MEepUoioB 00CITyKHBaHUS
3JIEMEHTOB COCTaBJIAIOIINX CHCTEMY — HHTEPBAIOB HApaboTKu (0OBIMHO BpeMs), uepe3 KOTOpoe
HE00XO0AMMO BBINOIHATE 00CITYKUBaHUE 3JIEMEHTOB CUCTEMBI HJIU €€ YaCTH.

OTHOCHUTENBHO CHUCTEMBI KEIE3HOJOPOKHON aBTOMATUKU (Aajee CUCTEMA) CAEIAEM Clle-
JYIOLIME MPENOI0KEHUsA: CUCTEMa COCTOUT U3 N JIEMEHTOB, KOTOpPbIe 00CITY)KHBAIOTCS HE3aBH-
CHUMO JpYyr OT Apyra, OTKa3 JI000ro 3JIeMEeHTa NMPUBOAUT K OTKa3y BCEH CHCTEMbI, HHTCHCUB-
HOCTh OTKa30B BO3pacTaeT OT OJHOTO MOMEHTa OOCIYXMBAaHUS K CIEIYIOLIEMY, BO3MOXKHA
TOJIBKO TIooYepeHas NpoduIakTuka (00CITyKHBaHUE [0 COCTOSHUIO HE IPEAYCMOTPEHO).

Takas 3agaya onpeneseHus] NEpPUOIOB OOCITYKUBAHHUSI CUCTEMbl UMEET MECTO, €CJIU 3Jie-
MEHTBI CUCTEMBI UMEIOT JIOCTATOYHO OOJIBILIYIO Pa3HOPOJHOCTD (3TO KA4E€CTBO MPUCYIIE CUCTE-
MaM JKEeJIEe3HOAOPOKHOM aBTOMATUKM) WM BCIIEACTBUE TpeOOBaHMM ynoOCTBa 3KCILTyaTalUH.
EctecTBeHHO TpeOOBaTh, UTO MOJPA3AEICHUSIM OOCIYKUBAHUS JIEMEHTOB CUCTEMbI HEOOXO0/1H-
MO MMETh YETKOE€ pacliCaHHe BBHINOJIHEHUS HE00X0AUMOro oobema npoduiIakTUYECKHX Mepo-
MPUATHH, KOTOpOoe obecreunso Obl MaKCUMalIbHOE BpeMs HapaOOTKU cucTeMbl B LiejaoM. OObId-
HO TNPH PaCCMOTPEHHH BOIPOCA pacnucaHus NPO(YUIAKTUKH CUCTEM HENPEPBIBHOIO JIEHCTBUS,
paszeneHue ee Ha DJIEMEHTBI HE pacCMaTpUBACTCS.

OTHOCHTENBHO i-T0 JIEMEHTA CHCTEMBI ClIeNIaeM PEIOII0KEHHE: TOTOK OTKAa30B - HeCTa-

[UOHAPHBIA TyaCCOHOBCKHI TMPOIIECC C BEPOSTHOCTHIO R('(r,t) - BEpPOSATHOCThH MOsIBIICHUS K

OTKa30B I-r0 3JIeMeHTa B MPOMEXYTKE HapaOOTKH OT I 70 t; BpeMs BOCCTAHOBIICHHUS UMECT He-
KOTOPOE pacnpeie]IeHUue ¢ NEPBbIM KOHEUHBIM MOMEHTOM M.

YCTaHOBUM TMOPSIOK MPOBEIACHUS TEXHUYECKOTO OOCITY)KHBAHHS: I-H JJIIEMEHT CHCTEMBI
CTaBUTCS Ha 0OCTy)KMBaHWE Ha BEIMYMHY BPEMEHH (]; IO UCTEYEHUHU HEKOTOPOTO BPEMEHH IO-
ciie obcmykuBanus i-1 anemenTa, Juisieiicss Bpemst (.. OnTuMabHbIe IEPUO/ bl HAPAOOTKH IS
MIPOBEICHUST OOCTYKUBAHUS ONPEACISIOTCS U3 YCIOBUS MAaKCUMH3AIUN BEPOSTHOCTH UCIIPABHO-
IO COCTOSIHUSI CHCTEMBI B JITIOOOM MOMEHT BPEMEHH.

Jlna perieHusi TOCTaBIEHHOM 3a7jau HEOOXOAUMO: OMPEJEIUTh BEPOSTHOCTH UCIIPABHOTO
COCTOSIHHSI CHCTEMBI JJIs JITIOOOTO MOMEHTa BPEMEHHU; OMPENETUTh BEPOATHOCTH HCIPABHOTO
COCTOSIHUSI CUCTEMBI JUIs JJF0OOr0 MOMEHTa BPEMEHHU U3 K-To MHTEpBaja; MOJIYYUTh YpaBHEHUE
JUTSL OTIpEIeTICHUSI ONTUMAIBHBIX MEPHUOJ0B HApaOOTKU TEXHUYECKOTO OOCITyXuBaHUs. Bpems
BOCCTAHOBJICHUS Ka’KJIOTO dJIEMEHTA CUCTEMBI OTCUMTHIBAETCS OT MOMEHTAa BO3HMKHOBEHHS I10-
CJIEHETO OTKAa3a.

OnTuManbHble TePUOIbl TEXHUYECKOTO OOCITYKMBAHHSI CHCTEM JKEIe3HOIOPOKHON aBTO-
MAaTHUKHU M TEJIEMEXaHUKH KaK CIIOKHOW CHCTEMBI ONPEICISIFOTCS U3 PEIICHUS 3a7a9i MaKCUMH-
3allMi BEPOSATHOCTU HAXOXKJIEHUS CUCTEMbI B MCIIPABHOM COCTOSIHUH. [I0TOKM OTKa30B 3JIeMEH-
TOB CHUCTEMBI — ITyaCCOHOBCKHE HECTAI[MOHAPHBIE, pacHpelesieHne BPEeMEHU BOCCTAHOBIICHUS
Oepytcs npousBoiibHO. [Ipeanonaraercs, 4To B paccCMaTpUBAaEMOM CHCTEME KEJIe3HOJOPOKHOM
ABTOMATHUKH BO3MOXKHA TOJIBKO TMOoOdYepeHas MpopuIakTUKa KaKJIOTO €€ DJIEMEHTa, KOTopas
BO3BpaIaeT 00CIyKUBAEMBI SJIEMEHT CUCTEMBI B UCXOHOE COCTOSIHHE.
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Ouemca MEPCHNEKTUB MPUMEHECHUS PA3JIMYHBIX BUI0B JMHMI CBA3U

JIeicrok B. B., Cepatok T. H., Jlaryra B. B. JlnenponeTpoBckuii HAIMOHAJIbHBIM YHUBEPCUTET
JKEJIE3HOAOPOKHOIO TpaHcnopTa uM. akal. B. JlazapsiHa, Ykpauna

B kauecTBe NpPOBOAHBIX JUHHUHA CBA3M B OCHOBHOM HCIIOJIB3YIOTCS TeJIe(OHHBbIE JTUHUU
(Bo3mymIHBIE, HO ceiyac Bce dalle KabenbHBbIC) W TelNeBU3MOHHBIE Kabenmu. TemedonHOM mpo-
BOJIHOM CBSI3U MPHUCYILU CEPbE3HbIC HEAOCTATKU: IOJBEPKEHHOCTh IIOMEXaM, 3aTyXaHUe CUIHa-
JIOB TIpM TepeJade UX Ha 3HAYUTENbHBIC PACCTOSHUS U HU3KAas MPOITYCKHAsE CIIOCOOHOCTh. DTHX
HE/I0CTAaTKOB JIMILIEHbI ONTOBOJIOKOHHBIE JIMHUM — BUJI CBSI3U, IPU KOTOPOM MH(oOpMalus mepe-
JaeTCsl TI0 ONTUYECKUM AMAJICKTPUUECKUM BoJHOBOAaM ("omruyeckoMy BOJOKHY'). Takum 00-
pa3oM, paboTa, CBA3aHHAs C M3YYEHUEM HAJEKHBIX M KaYeCTBEHHBIX CIIOCOOOB OpraHu3aluu
CBSI3H, SIBJISIETCS aKTyalbHOW Hay4YHO-TEXHUYECKON 3anauel. Llenbto paboThl ABIIsETCS MPOBEE-
HUE aHajin3a CYLIECTBYIOIIMX BUA0B ONTOBOJOKOHHBIX JIMHUM, OLlEHKa JOCTOMHCTB U HEel0CTaT-
KOB, BO3HHUKAIOIIUX MPU UX OOCITY)XKMBAHWU, U OIPEICIICHUE HANpaBJICHUS B MOJCPHHU3ALUU U
Pa3BUTHM JIMHUHN CBSI3U JKEJIE3HBIX AOPOT YKPaUHBI.

Ha ceropnsmnuii 1eHb BosiokoHHO-onTuueckue JuHuu (BOJI) o0nanaror camoil BBICOKOM
IIPOIYCKHOM CIIOCOOHOCTBIO Nepeayn JAHHBIX U MO3BOJIAIOT 3HAYUTEIBHO YBEIUYUTh PACCTOS-
HUE MEXJly pEereHepallMOHHBIMU IIYHKTAMU B CPABHEHUU C JAPYTUMU JIMHUAMHU CBsI3u. OnTuue-
CKO€ BOJIOKHO M3IOTOBJIEHO U3 KBaplla, OCHOBY KOTOPOI'0 COCTABJISET JBYOKUCh KPEMHHUS — LIM-
POKO PacIpoCTPaHEHHOI'0 U HEJAOPOroro Marepuania, B oOTiMuue oT Meau. OHaKo JOCTOMHCTBA
U HEJOCTATKU, KOTOPbIE NPOSBIIAIOTCS B YCIOBUSAX 3KCIUTyaTallMU TaKUX JIMHUM Ha YKpPaUHCKUX
MKEJIE3HBIX JIOPOT, 10 CUX IOp NPEACTABISAIOT HEMaJIbIi HHTEPEC.

CpaBHEHHE OTKa30B B BO3AYLIHBIX M THOA3EMHBIX KaOJNbHBIX JMHUAX (IO JaHHBIM
Bellcore) moka3ssiBaet, uTO B BO3AYIIHBIX JIMHHUSAX CBSI3U OHU BcTpevatorcst B 10 pas pexe. [Ipu
TOM, 4YTO BO3AYIIHBIE JUHUU CBA3U SBIAIOTCS MEHEE HaJeKHBIMU. OCHOBHBIMU IPUYMHAMU OT-
Ka30B KaOENbHBIX JIMHUUM CBSI3U SBISIOTCA: CTpoUTeNbHblEe paboThl (58,8 %), HekauecTBEeHHas
skcryatarus (7,5 %), rpezyssl (7 %), moxaps! (3,2 %), Huzkas Temnepatypa (3 %), nonaga-
Hue BoAbl (4,5 %), KOHTAKT ¢ (pa3HBIM MTPOBOJOM BBICOKOBOJIBTHOM JIMHUU AnekTponepenay (1,5
%), ronosnenoobpasosanusi, unei (1,5 %), monaganue mosuuii (1,5 %), npoune (11,5 %).

Buibl onTOBOJIOKOHHOTO Kabesist, KOTOpPhIE Yallle BCETO MPUMEHSIOT Ha KeJIe3HbIX TOporax
Vkpaunsl. [Ipexne Bcero, oH pasnensercss Ha HapyXHbIH M BHYTPEHHUH (U1 YKJIQAKU BHYTPU
nomenieHui). CylecTByeT elle MHOXKECTBO BHUJIOB KJAcCH(HKAIMKA ONTHYECKOTO Kadens, K
IIpUMEpY C 3alUTON U 03 3alUThl, OJJHOMOJIOBBII U MHOIOMOJI0BbII. Ha npakTrke MOHTaKHU-
KM MHTEpHET-NPOBaiiiepoB Yallle BCero padOTalOT ¢ HAPYKHBIM OJTHOMOJOBBIM ONTOBOJIOKOH-
HBIM Kabenem c 3amuTod. Tun kxabenst ompenensercss cnocoOOM MPOKIAAKU MarucTpaabHOro
KaHajia. BHENIHIO JHMHHUIO ONTUYECKOM CBSI3W MOKHO HPOJOXKUTH: 1) 1Mo BO3ayxy (IIOJIBECHUTH
Ha onopax JIDII unu Ha Apyrux omnopax); 2) moJ 3emieit (HemocpeICTBEHHO B TPYHTE, B KaOelb-
HOM KaHaJIM3alluY, B KOJUIEKTOPax U TYHHEIAX); 3) MO/ BOJIOM — 3TOT BUJI IPOKJIAJAKU U COOTBET-
CTBYIOIIMHA eMy THN Kalels y Hac MPHUMEHSIOTCS Ype3BbIUAiHO PEIKO BBUAY JOPOTOBU3HBI U
CJIOKHOCTH.

Ilo uroram skcruryatanuu JuHuil cBs3u IlpuaHenpoBckoit sxene3Hoil nopore, rae BOJI
obopynoBaH y4acTok «JIHempomneTpoBck — CHHEIBHOKOBO-2», 4TO cocTaBiseT meHnee 10 % ot
BCEll MPOTSHKEHHOCTH JIMHUM CBSI3M, OCHOBHBIM HEJOCTATKOM BOJIOKOHHO-ONTHUYECKOTO Kabes
SIBJIIETCSL XPYNKOCTh ONTUYECKUX BOJIOKOH. W ecnu mpu pabote ¢ 3Tum kabenem He OyIET BbI-
JepKaH paguyc YKJIaJIKH, TO BOJOKHA MOT'YT IOBPEIUTHCS, YTO MPUBEAET K UCKa)KEHUIO ONTHYE-
CKOT'O CHTHAJIa TIepe/laBaeMoro mo 3Tomy kabemto. Ha BHOBB mpoektupyeMom yuactke «H.-JI.
VY3en», KOTOpbli B Hacrosee Bpems obopyayetcs MIIL-Y «Mmynbe», ucnonb3yeTcst ojec-
ckuii kabenp OKJIKK-2-/] 3x4 E1 ¢ 12 0oq1HOMOIOBBIMU BOJIOKHAMH W JIBOMHBIM OPOHEBBIM I10-
kpoBoM. Crioco0 mpOKIIaJKH — MO 3eMJIeH, ObLIT BRIOpAaH KaK CaMbIi HaIeKHBIM.
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AHaJii3 rpagiky 10CTaBKH BAHTAXKIB
Osuapenko C. M., dinis «IIKTB IT» ITAT «Ykpainceka 3ami3Huissy, YKpaina

3aTpUMKH MPU NPOCYBaHHI BaHTAXIB MOXYTh BUHHKATH 11032 IOi3laMH 1 B moi3nax. 3a-
TPUMKH 11032 TOi3laMM MOXYTh BUHUKATH Ha CTaHLISX 3A1HCHEHHS BaHTAXHMUX OIepalliid, Ha
TEXHIYHUX CTAHIISIX Ta HA CTAHIISAX BIMYEIICHHS Ha NUIAXY MPSAMYBAHHS 4epe3 HECIPaBHICTh
BaroHa y TEXHIYHOMY a00 KOMEPIIHHOMY BiHOIIIECHHI, a Y M0i3aax — BiJ (opMyBaHHS (TIpHYETI-
JIeHHA) 70 po3(opMyBaHHS (BiTUETIIICHHS) 32 BUKIIOUEHHSAM MEPiOAY, KOJH MOi3[ «KUHYTHIY; Y
CKUHYTHX» TI013/1aX (SIK 3 BUHH BaHTAXXKOOIEP)KyBaya, TaK 1 3 BUHH 3aJTI3HUIII).

BcraHoBJIeHHS TPUYMH 3aTPUMOK MPOCYBAHHS BaHTAXIB 1032 MOT34aMH 311HCHIOETHCS HA
mijicTaBi iHGOpMaIlii MPO BUKOHAHHS HOPM IIPOCTOIO HA CTAHINISAX Ta MOMITOK MPO CTaH CTaIlio-
HapHUX Ta PyXOMHUX 00’€KTiB, TOOTO mpo 3adikcoBaHi moaii BiAXWIEHHS BiJ] HOPMAJIBHOTO iX
(GyHKITIOHYBaHHSI.

[Tpu 3aTpuMmIIl BaHTaXIB y «KHHYTHX)» MO137]aX 3 BUHU BaHTAXKO0OAEpKyBaya, OCTaHHIN 1H-
(bopmyeTbes PO (aKT TaKol 3aTPUMKH 3 000B’SI3KOBUM 3a3HAYECHHSM IEpeiiKy BaHTaxiB. Tpu-
BaJIICTh IIi€] 3aTPUMKH HE BIUTMBA€ HA BUKOHAHHS TEPMiHY JOCTAaBKU, OCKUJIBKU BiH MOJAOBKYETh-
cs Ha 11 TpuBamicth. [IpoTe 00dik Ta aHai3 TaKUX 3aTPUMOK HEOOXITHUM JUIs MOCIiAYIHOUYOro
BpaxyBaHHS NPH TVIAHYBaHHI TIePEBE3CHb.

BcraHoBiIeHHS IPUYMH 3aTPUMOK BaHTaXIB Y «KMHYTHX)» M0i3/1aX 3 BUHU 3ai3HULI 3/1Hc-
HIOETHCS Ha IMIJCTaBi iHPOpMaLii Mpo MPUUMHY KHIAHHS Ta TOMITOK PO CTaH CTAalliOHAPHUX Ta
PyXoMHX 00’ €KTIB.

VY iHmMX BUMNAIKax aHali3 3aTPUMOK MPOCYBAaHHS BAaHTAXIB y MOi3/aX 3MIMCHIOETHCS HA
MiJICTaBl OMITOK MPO CTaH CTAllIOHAPHUX Ta PyXOMHX 00’ €KTiB, ONEPATUBHO 3a3HAYEHUX T'OC-
MIO/IapCTB Ta MPUYUH, 1110 BIUIMHYJIM Ha 3aTPUMKY Y IIPOCYBaHHI BIAMOBIJHO JI0 IHCTPYKIIii 3 00-
JIKY 1 aHaJi3y BUKOHAHHS rpadika pyXy NacaXUpPChbKUX, MPUMICHKHX Ta BAaHTKHUX TOi3]1iB.

[IporoHyeThCst HACTYIHI MOJIOKEHHS 1HPopMarliiiHoi B3aemoii AC Ta KOpUCTyBauiB y ce-
penosuii ACK BII Y3-€ npu ananizi 3aTpuMOK IPOCYBaHHS BAaHTaXKIB:

— 30epexxeHHs 1H(OpMallii HeoOX11HO BUKOHYBATH B: onepatuBHii bJl mpo BUKoOHaHY poOoTy
3 Moi3JaMH, JIOKOMOTHMBaMH, OpHrajgamu, BaroHaMH, IpO CTaH O0’€KTIB Ta ONEpPaTHBHO
BCTaHOBJIEHI TOCIOAAPCTBA 1 IPUYMHH, 1110 BIUIMHYJIN Ha 3aTPUMKY Y IPOCYBaHHI BaHTaXIB;

— 1H(popmauiiiHe 3a0e3reyeHHs] Ta B3aeMOAls KopucTyBauiB 13 bl BUKOHYeThCs cepBepamMu
3acrocyBanb (C3) iHpopMmarriiinoro 3ade3nedenns (13): C3 I3-€ — ocHOBHUH 1IEHTPaIBLHOTO
piBHA (B3aeMojisl 3 HIIMMU cepBepamu 3actocyBanb); C3 JI'TI-€ — APM LII'TI Ta APM
AT'BP uentpansnoro piBasi; C3 13-3 — piBHs perioHanbHOi (inii (oauH abo Aekiibka cep-
BepiB 3anexxHo Bia kutbkocti APM CT JI ta JHII, mo oGcnyroyrotees); C3 JAI'TI-3 —
APM JII'TI Ta AI'BP piBHs perioHanbHOi ¢inii;

—  HaJlaHHS OTEepaTHUBHOI 1H(OpMAaIIii 3MIHCHIOEThCS Ha yc1 APM BiamoBiaHO 10 QyHKITIOHATB-
HUX 000B’sI3KIB MPaIliBHUKIB;

—  BBEJCHHS omepaTHBHOI iH(opMaIllii (OBIIOMIIEHb) MPO MOl 3 MOi3aaMH, JTIOKOMOTHBAMH,
Opuragamu, BaroHaMu, cTaH 00’ €KTiB Ta BCTAHOBJICHI rOCMOJAPCTBA 1 MPUYMHH, 11O BIUIM-
HyIM Ha 3aTPUMKy Y TPOCYBaHHI BaHTaxiB, 31ilcHIOeThes depes APM CT JI ta
APM JIHIJ;

—  ¢QopmyBanHs cratuctuuHOi BJ] BUKOHYETHCS IIISIXOM BHKOHAHHS PO3PaxXyHKY Ta 0OpOOKH
onepatuBHuX qaHux Ha C3_JII'TI-3 13 mociinyrounm 30epeXeHHSIM;

—  aHaJi3 3aTPUMOK Ta BCTAHOBJICHHS Pe3yJbTYIOUUX MPUYMH BUKOHYeThCS yepe3 APM AI'BP
UIIXOM B3aeMoii 31 ctatuctuuHoro b/ wepes C3 JII'TI-3 ta C3_AI'TI-€;

—  MIJICYMKOBa CTaTUCTUYHA 1H(OpMAIIisl IIIOJI0 PE3YIBTYIOUNX MPUYUH 3aTPUMOK Ha YCiX PiB-
HSX YIPaBIIiHHS HOCTYyIHA yepe3 iHpopMmaniiaux nmoptan (EKIIT V3).
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YcoBepuieHCTBOBaAHME CHCTEMbI BU/I€OHAOJII0OIeHUSI HA KeJIe3HOA0POKHOM Nepee3jie

Onmneitnuk A. P., Peibanka P. B., JIlHenponeTpoBCKuii HallMOHAIBHBIA YHUBEPCUTET
JKEJIE3HOJAOPOKHOIO TpaHcnopTa uM. akal. B. JlazapsiHa, Ykpanna

Ha cerogusmnuil eHb CylecTByeT akTyalbHas IpoOsieMa olecreyeHus 0e30MacHOCTH
JBYDKEHUS Ha JKEJIEe3HOAOPOXKHBIX repees3iax. OTHUMHU U3 OCHOBHBIX NMPUYHH SBJISIFOTCS yBEJH-
YEeHHE KOJUYECTBA ABTOTPAHCIIOPTHBIX CPEJICTB M HEAOCTATOUYHO BBHICOKUH YPOBEHb AMCLUILIU-
HBI BOJIUTENEH, KOTOpble Tpy0o HapymaroT [IpaBuia JOpOKHOTO JBMXKEHUS TPU JIBUKCHUU Ye-
pe3 JKeNe3HOA0POXKHBIH Iepee3 .

C 1enpio CHIDKEHHS] pUCKa BOSHUKHOBEHHS JOPOXKHO-TPAHCIIOPTHBIX MPOUCIIECTBHNA MPH
JIBMDKEHUM aBTOTPAHCIIOPTA Yepe3 Iepees3ibl, MociaeHue 000pyayroTcs pa3InuyHbIMU YCTPOHCT-
BaMH M CHUCTEMaMH, HallpUMEp, YCTPOMCTBAMHU 3arpaxkIeHus (IuiarOaymbl, 3arpajuTelIbHbIC
OapbepHble YCTAaHOBKM), CUCTEMaMU KOHTPOJISI COCTOSIHUS Iepee3na (IaT4MKH, BUJEOHaOI0Ae-
Hue). [lepcnexkTuBHOI Mepoii, oOecrieunBaroe KOHTPOJIb OMACHONW 30HBI YKEJIE3HOOPOKHOTO
nepee3sia U WACHTU(DUKAIMIO aBTOTPAHCIOPTHBIX CPEJICTB, SIBISETCS BHEApPEHHE BUIEOHAOIIO-
JICHUS Ha Tepee3 iax.

JUis TOBBILIEHUSI CKOPOCTH IIepeiadl U YMEHbLICHUs pa3Mepa BUICOIaHHBIX, B CUCTEMAaX
BUJICOHAOIIOICHUS TIPUMEHSETCS CxKaThe n300paxeHnui. /i JOCTIKEHHST BO3MOYKHO OOJIbIIEH
CTEIIEHH CHKaTHsI MCIIOJIb3yeTCsl CxKaTue ¢ norepsaMu. OHUM U3 3PGEKTUBHBIX U MAIOPacCHpOCT-
PaHEHHBIX METOJOB TaKOro THIA sBJseTcs (pakTampHOe cxarue. K mpenmymiecTBaM JaHHOTO
METOAa OTHOCATCS: BO3MOXKHOCTb IOJYYEHHS OYEHb BBICOKUX KOI(PQHUIHMEHTOB CHKATHUS IPH
MOJIXOASIIEM BU3YAJIbHOM Ka4yeCTBE; OBICTPHIM MpOIecC IEKOANPOBAHUS; MPOSBICHNUE TTOTEPh B
BUJIE «Pa3MBITUA», @ HE BBICOKOYACTOTHBIX IIIyMOB B O0JIACTH ME€PEXO/IOB.

B cooTBeTcTBUU ¢ anropuTMOM (DpPAKTAIBHOTO CHKATHS B M300paKCHUW BBIJEISIOTCS JIBA
MHOJKECTBA: Hemepecekaromnmecs («paHroBbiey) obmactu (060ku) U 00JaCTU, KOTOPHIE MOTYT
npeceKaThesl («IOMEHHBIe»). Il KaXI0To paHTOBOTO OJIOKA alTOPUTM KOAWPOBAHUS HAXOHUT
HauboJee MOAXOAAMINN TOMEHHBIH 0JI0K ¥ KO3 UIMEHTHI Tpeodpa3zoBaHus, KOTOpoe 0ToOpa-
YKaeT 3TOT JOMEHHbIN OJIOK B KOHKPETHBIN paHroBbId. Jlanee mapaMeTpbl paHTOBBIX U JOMEHHBIX
0JI0KOB, a Takke K03 puLneHTs TpeoOpa3oBaHus A KaXJI0r0 paHroBOro OJI0Ka 3alMChIBAIOT-
csi B (paiiy1, KOTOPBIHA SBISIETCS PE3YIBTATOM CXKATHSI M COJEPIKHUT ONMHCAHUE CTPYKTYpPHI H300pa-
KEHHU.

[Tpobnema Takoro cKaTwst B TOM, YTO JUI HAXOXJIEHHUS HAMIY4IIEro JTOMEHHOTO OJoKa
(U1t 0OTOOpaXKEeHUsI B paHTOBBIN) TpeOyeTcsi MOTHBIN Nepedop BCEro MHOKECTBA JIOMEHHBIX 0J10-
KOB. YUHTBIBas, 9TO JIsi KQKJOTO PAHTOBOTO OJIOKA BBIMIOIHSAETCS CPaBHEHUE C MPeoOpa3oBaH-
HBIM JIOMEHHBIM, ONepanys KOJWPOBAaHHs 3aHUMAET JI0CTaTOYHO JUIMTENbHOE BpeMs. [l ycko-
pPEeHHS KOIMPOBAHHS MPUMEHSETCST OOJIBIIIOE KOJIMYECTBO CITOCOOOB, CPEIU HUX: OTPaHUYCHUE
KOJIMYecTBa MpeoOpa3oBaHMii; METO/] KBAIPOJEPEBa; METO/I KIacCU(UKAIUS IOMEHOB.

B pabote mpeiaraercst HCIIONB30BaTh TOT (aKT, YTO B CHCTEME BHICOHAOIIOICHHS Ha TIe-
peesne, M300pakeHUe, MOIY4YeHHOe C (PUKCUPOBAHHON BHIEOKaMepbl, 00JIaZaeT H3BECTHOU
CTPYKTYpOi (pacmoio)kKeHHUE aBTOMOOUIIBLHOM JIOPOTH, JKEJIE3HOJOPOKHOTO MYTH). YUET HEOH-
HaKOBON MH(OPMATHUBHOCTH Pa3HbIX 00JacTel M300pa)KeHHUs MO3BOIUT c(HOPMUPOBATH HAUATb-
HOE MHOXKECTBO PaHTOBBIX oOyacteil. KimaccuduimpoBarhs paHTH Mpeiaraercsi ¢ MCIOiIbh30Ba-
HUEM CYOBEKTHUBHBIX OLIEHOK M300pa)KeHHUs Mepees3/ia U CUCTEMbl HEUYETKOTI'O BBIBOJIA, B PE3YIlb-
TaTe 4ero OYJEeT COCTaBJICHa «MacKa» M300paKEeHHsI, KOTOpas pa3JesuT €ro Ha o0JacTH B aua-
Ma30HE OT CYObEKTUBHO 3HAYMMBIX JI0 HE3HAUUMBIX.

BoiBonpl. [Ipeanaraemsrii coco0 mpeaBapUTeabHOM 00pabOTKKU M300pa)KEeHHS JKEIEe3HO-
JOPOXKHOTO Tepee3sia IpU KOJUPOBAHUU (PpakTaqbHBIM METOJOM ITO3BOJIUT: COKPAaTHTh BpEMs
KOAMPOBAHUS 3a CUET UCIOJIb30BaHUS HEOAMHAKOBONW MH(POPMATUBHOCTHU Pa3HbIX oOjIacTel u3o-
OpakeHUs Tepee3a; MoydyuTh Oosiee BbICOKHE KO3 PUIMEHTHI CkaTUsl U300paKeHUs MIPH O~
XOJSIEM BU3yalbHOM KauecTBe.
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O0J1ik BarOHHNX NapKiB BAHTA)KHUX BaroHiB Ta IX CepeJHBOI0 4acy 3HAX0/:KeHHs Ha
00’exrax inppacrpykrypu AT «Ykp3anizHumi».
ABToMaTu3auia ckiaaaannda 3BitiB J1O-2AP ta J10-6A.

[TaBmtoukona I'. JI., Bunorpanos B. B., Anocos A. JI.
¢imist «IIKTB IT» ITAT «Ykp3anizHuipsi», Ykpaina

OnHuM 3 HaAWBaXJIMBIMIUX €JIEMEHTIB O0JIIKY HA 3aJi3HUYHOMY TPAHCIIOPTI € BaHTAXKHUI
BaroH. /o o0JiKy HasiBHOIO BaHTa)KHOTO MApKy BAaroHIB BKJIIOYAIOTHCS BAaroHH, L0 Ha KiHEIb
3BITHOI J00M (DaKTHMYHO 3HAXOAWJIUCHh B Mekax «YKp3ami3HHIl». OCHOBHHUMH TOKa3HHKaMU
00JIIKY BaHTQXXHOT'O TAPKY €:

— HasIBHICTh BAaHTA)XHUX BaroHiB Ha 00’ekTax iHPpacTpykTypu [TAT «Ykp3ami3Huis»;

— TEXHIYHHMH CTaH BaroHiB;

— cepenHil Yac 3HaXO/KEHHS Ha 00’ €KTi 00IiKY.

OO0mik BeeThCs 10 BaroHax poOoYoro napky (BaroHu, o 3aisiHi B BAHTAKHUX
MepeBe3eHHX ) Ta HepoOOUOTo MapKy (BaroHu, ki 6e3mocepeHb0 HE 3a/lisHi B IEPEBE3CHHSX ).

OcHOBHUMH 3BITHUMH (OpMaMU /715l 0OJTIKY IMOKA3HUKIB BAaHTaKHOTO NTAPKy BAaroHIB €:

— «3BIT Ipo cepeaHiii Yac 3HAXO/PKCHHsS BaHTAKHUX BAaroHiB Ha 3ai3HWYHINA CTaHIi, Ha
JTUPEKIII] 3a/II3HUYHUX MepeBe3eHb, perionanbHiil ¢inii, [TAT «Ykp3anizHuiii» B minomy
b.J10-6A»;

— «3Birt npo BaroHHui napk» ¢. JJO-2AP.

3sit ¢.JJO-6A 1a §.JO-2AP dpopmyrotsesa B cucremi ACK BII V3-€ na ocHOBI maHux
IHTErpOBaHOI 0a3u, siKa BKIItOUaEe B ce0e BarOHHY Ta MOi3HY MoJeni YKkp3ami3HuIli. OCHOBOIO JJist
HAaIOBHEHHS 0a3u € moBigoMiIeHHs, 1m0 Haaxoaath Big APM TBK, APM npuiiomo3naBaibHuKa,
APM JICII, APM IIKO, APM IITO Ta sSBISIFOTHCS BioOpaskeHHSM ONEpalliid, 0 BUKOHYIOTHCS
3 BArOHOM.

Otpumani naHi npu ¢popMyBaHHI BkazaHux 3BiTiB B cucteMi ACK BII V3-€ moxyTth OyTH
BUKOPHUCTaH1 KEPIBHUIITBOM Ta ONEPATUBHUM MEPCOHAIOM JIJIS:

— aHali3y eKCIuTyaTaliiHoi poOoTu;

— 3a0e3rneueHHs IUTaHy MEePEeBE3CHHS BAHTAXIB;

— SIKICHOTO PO3IMOAUICHHS BATOHHUX MAPKIB IO POy PyXOMOTO CKJIaTy;

— MaKCHMaJbHOTO BUKOPUCTAHHS MPOMYCKHOI CIIPOMOKHOCTI T1THHHUIIb;

— CKOpOYEHHS eKCIUTyaTalliiHUX BUTPAT;

— KopuryBaHHs rpadiky pyxy Ta IU1aHy (popMyBaHHS MOi3/iB;

— TMPOTHO3YBAaHHSA Ta PETyIIOBAHHS BArOHHUX MapKiB Ta BArOHOMOTOKIB;

— aHaii3y BUKOHAHHS MMOKa3HUKIB MOi3HOI Ta BAHTaKHOT pOOOTH;

— MIiJBUIICHHS SIKOCTI BUKOPUCTAHHS BaroHIB Ta JOKOMOTHBIB;

3BITH 03BOJIAIOTH OTPUMATH 1H(OPMALIiIO IO BaHTAXKHUX BaroHax 8-Mu 3HA4YHOI Hymepa-
1ii (KpiM BaroHiB 3 Hymeparli€to Ha «1») ycix ¢popM BIACHOCTI 3 PO3NOAUICHHAM 3a:

— THUIIOM IapKYy;

—  POJIOM pyXOMOTO CKJIaNy;

— TPUHAIEKHOCTI JI0 aMiHICTpaIlli-BIaCHHIII,

— KaTeropi€ro BaroHis;

— TEXHIYHUM CTaHOM BaroHy.

— 3BiTH GOPMYIOTHCS 11101000BO Ha 3BITHY FOJUHY:

— JUISL CTAHIi — HOMEpHI Ta MiJICYMKOBI JIaHi;

ABromaruzoBane QopmyBaHHs 3BiTiB ¢.JJ0-6A Ta ¢.JJO-2AP B ACK BII V3-€
MIJIBUIIUATH TOCTOBIPHICTH, 3PYYHICTh Ta OMEPATUBHICTH 00JIIKY pOOOTH BaroHHHMX IapKiB a Ta-
KOX CKOPOUYEHHS TPYIOBUTPAT.
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Onrumisaiisi cucTeM 0X0J10/I>KEHHS ACHHXPOHHUX TATOBUX IBUTYHIB

[Terpenko O. M., XapkiBCbKu# HaIllOHAIBHUI YHIBEPCUTET MICHKOTO TOCIIOAApCTBA IMEH1
O. M. bekeroBa, Ykpaina, JIrobapcekuii b. I'., HarlionansHuil TeXHIYHMI YHIBEPCUTET
“XapKiBChKHM MOJITEXHIYHUHN IHCTUTYT, YKpaiHa

Jlnist 3MEHIICHHSI TeMIepaTypy Ha TATOBUX JBHTYHAX 3aCTOCOBYIOTHCS CHCTEMH OXOJO/I-
JKEHHS, IO MiJBHINYIOTh ¢(EKTHBHICTh TEINIOOOMIHY €JIEMEHTIB KOHCTPYKIlii aBuryHa. OmHaK
CHCTEMH OXOJIO/PKEHHS MOTPeOYIOTh AOAATKOBUX BHUTpAT Ui CBO€i epekTuBHOI poOOTH, IO B
CBOIO 4epry, 3menurye KKJI enekrpopyxomMoro ckiany B IUIOMY.

TeroBi mporecu y TSITOBUX [JBUTYHAX XapaKTEPH3YIOTHCS BEIMKHMU 3HAYCHHSIMHU
nocTiiiHOo1 Yacy, mo Moxe cranoBuTH 10..30 xB. HarpiB nBuryHa 10 HOCTIHHOI TeMIiepaTypu
Moke TpuBatu 35...100 xB. OpjHaK eleKTpPOMEXaHIYHI MPOIECH MPH PYCi €ICKTPOPYXOMOTO
ckiaay Oinmbin quHamMivHi. Pexxum poOOTH TSIroBOro MpuBOAY MOXKE 3MIHIOBATHCS KiIbKa pasiB 3a
oHYy XBWIMHY. ToMy [UIsi BU3HaUEHHS TEIUIOBOTO CTaHY TATOBOTO IBUTYHA HEOOXITHO Bpaxy-
BaHHS TEIJIOBOI'O HaBaHTAXXEHHs 3a Bech yac poOoTu. [Ipu poOOTi TArOBOro NprBoay MOUIMPEH]
pPeKUMH BHOITY Ta MEXaHIYHOro (ITHEBMATHYHOTO) TAJIbMyBAaHHS NPU SIKUX HEPETBOPECHHS
eHeprii y TATOBOMY JBUTYHI HE BiZJOYBa€eThCs 1 BiH mepedyBae B MPOLECi OXOJIOIKEHHS, MAKCH-
MaJIbHa TEMIIEpaTypa TATOBOTO JIBUTYHA MOK€ OyTH 3HaYHO HIDKYE 33 TEMIIEparypy, IO BCTa-
HOBMJIACSl, Ta BUMAraTu 3Ha4HO MEHII OTYXHIIIOT CUCTEMU OXOJIOKEHHS.

Y  po6oTi po3po0JIEHO METOAMKY ONTHMi3amii KepyBaHHS MOTOP-BEHTHIIATOPOM
BEHTHJIALIT T4 OXOJIOJUKEHHS TATOBUX JBUIYHIB BAHTQ)XKHOT'O JIOKOMOTHBA 3 ACHHXPOHHUM TSTO-
BUM IIPUBOOM IIPH PYyCi HA TUIAHII 13 33JaHUMH TIpodisieM Ta rpadikoM pyxy, 0COOTUBOCTIMHU
AKOi € HacTymHe: METOJWKAa OCHOBaHA Ha BUPINIEHHI 3aJadyi yMOBHOI MiHiMi3amii 3a
MOJICpPHI30BaHUM KPHUTEPIEM €KOHOMIYHOI €(DEeKTUBHOCTI CUCTEMU BEHTHWJISIIT T4 OXOJIOKEHHS
MeToAoM Beilng 3a y3aranbHEHUM 30JI0TUM MEPETHHOM; B SKOCTI HapaMeTpiB ONTHUMIi3alil
oOpaHil HAcCTyIHI BEIMYMHM: TeMIlepaTypa BKJIIOUEHHS MOTOP-BEHTHIATOPY Ta KIJIbKICTH Iap
MIOJIFOCIB JIBUTYHA MOTOP-BEHTHJISITOPA, TAKOK BCTAHOBJIEHI OOMEXEHHS y BUIJIS/1I HEPIBHOCTEH;
3aauya aHali3y CHCTEMH BEHTHJIAII] Ta OXOJOJDKEHHS TATOBHX [BUTYHIB OCHOBaHa Ha
MO/IeNIIOBaHH1 TemIoBUX pexxuMiB AT/ 3a y3araabHEHOIO €KBIBAJIEHTHOIO TEMJIOBOK CXEMOIO.

Jlst TecToBOi 3a7a4i ONTUMI3allii KepyBaHHS CHCTEMOIO BEHTHJIAIIT Ta OXOJOKEHHS, Ha
MPUKIIAZL IEPCIIEKTUBHOIO BaHTaKHOTO €JIEKTPOBO3Y, po3po0IeHOro Ha 6a3i BaHTAXKHOTO TeI-
noBo3y 2TE25A, npu pyci 3 coctaBoM 13 60 4OTHPHbOXBICHUX BaroHiB 3arajibHor0 macoro 3600
TOH B PEXMMI MIATPUMAHHS CEPEIHbOI MBUJIKOCTI B 20KM/T0/1, OTpUMaHI HACTYIHI ONTHUMAaJIbHI
3HAYCHHS:

— TeMIlepaTypa BKIKYEHHS MOTOP-BEHTHIIATOPY — 64,1 °C;

— KUTBKICTB TIap MOJIOCIB IBUTYHA MOTOP-BEHTUIISTOPY — O,

— pO3paxyHKOBa 4acToTa 00epTaHHs MOTOp-BeHTHIIsATOpa — 570 00/XB.;

— MOTpiOHA MOTYXHICTh MOTOP-BEHTHIIsITOpa ckianae 370 BT, 1o 3Ha4HO MEHIIE 3a TIOTY-
KHICTh 0a30BOr0 MOTOP-BEHTHJIATOD, IO ckiagae 22 kBT Ta mae yactoTy obepranns 2950
00/XB.;

— KpUTEpil ONTUMAIBLHOCTI Y pO3TJISHYTIH 3a1a4ui cTaHOBUB 3HaueHHs 0,03.

Bcranosneno, 1o HaiO1IbIIe TIEperpiBaHHS Ma€ JIoOOBa yacTuHa 00MOTKHU ctatopy AT/,
mo ckiagae 137,7 °C na 4155¢ 3 novatky pyxy 1 He epeBuIye gonycrume 3HadeHHs y 140 °C.
BxtouenHs ~ MOTOp-BEeHTWIISITOPY BinOyBaeThess Ha 584c 3 mowarky pyxy. Mam motop-
BEHTHJIATOP IPALO€ 31 MITATHOIO YacTOTOI0 obepTanHs 570 06/XB.

BucHOBOK: BupilieHa HayKOBO-TIpaKTHYHA Mpo0ieMa CTBOPEHHS HAyKOBHUX OCHOB IIOJIO
BUOOpPY ONTUMAIBHUX MapaMeTpiB Ta peKUMIB pOOOTH CHCTEM OXOJIOJKEHHSI aCHHXPOHHUX Tsi-
TOBUX JIBUTYHIB €JIEKTPOTPAHCIIOPTY.

44



Ilusaxu peopradizanii aBTOMaTH30BaAHOI CHCTEMH YNPABJIiHHA eKCILIyaTalli€lo Ta
PEMOHTOM BaroHiB Ta 00CJYTOBYBAHHSIM NacaKMpPiB y moizaax

[Tieens B. O., Kgipikaaze B. P., ba6aes A. 1O., bimii FO. O.,
¢inis «IIKTB IT» ITAT «Yxkpaincbka 3amizHuis», YKpaina

Bix camoro mouarky cTBOpeHHs ABTOMAaTH30BaHOI CHCTEMH YIpaBJIiHHS eKCILTyaTarli-
€10 1 PEMOHTOM MacaXUPChKUX BaroHiB Ta OOCIYroBYBaHHSM macaxupiB B moizgax (ACY
EPIIB) BuKOHYBanoCh B yMOBaX 3HAYHOI CaMOCTIHHOCTI Cy0’€KTiB rocrnogaproBaHHs (maca-
KUPCHbKI BaroHH1 JI€M0 Ta AUIBHUII) B YIpaBiIiHHI BUPOOHUYOIO i ()iHAHCOBOIO AiSIIBHICTIO.
Koxen cy0’ekT rocrnogaproBaHHsi popMyBaB MOBHHUI CHEKTP CTaTUCTUYHOI 1 hiHAHCOBOT 3Bi-
THOCTi, TOMY PO3p00OKa Opi€HTYBaJlach Ha JII0YYy HA TOW Yac CTPYKTYPYy YIpPaBJIiHHS Iaca-
KUPCHKUM BaroHHHM T'OCIIOZapCcTBOM. B Xomi peopMyBaHHs 3ali3HUYHOI Taiy3i naHi ¢yH-
kiii mepevnun 1o [lacaxkupcbkoi kommarii Ta JlemapraMeHTy NMacakKUPCHKUX IEPEBE3CHb
JAJIEKOro croiydeHHs. Peopranizamis YKp3ami3HHIII B HaNpsMKY IEHTpali3alii motpedye
neperisay KoOHUenuii no0yJJ0B1U CUCTEMU.

3rigHO Mif090i Ha TEMEepilIHii Yac HOPMATUBHOT JOKYMEHTAIII1 3/1i1ICHIOEThCSI:

—  KOHTPOJIb MAPKy MAaCAKUPCHKUX BaroHiB (KOHTPOJb KOHCTPYKTHBHOTO YCTPOIO, BUKOPH-
CTaHHsI, TPOOIry, pEeMOHTY, TEXHIYHOTO 00CIYyroOBYBaHHS, MICI[€3HAXOJKEHHSI, TEXHIYH O-
ro CTaHy BaroHiB, IJJAHYBaHHS PEMOHTY Ta TEXHIYHOTO 0OCIIyrOBYBaHHs; (opMyBaHHS
periIaMeHTOBaHOI CTATUCTHYHOI 3BITHOCTI);

—  KOHTpOJIb pOOOTH MOi3HUX Opuraj (TUIaHyBaHHS 1 aHaji3 3aBaHTa)XEHHsI Opuraja, KOHT-
poJib TomyckKy 10 pobotu, B3aemonis 3 ACY Kanpu, HapaxyBaHHs 3apo0iTHOI muaTu, me-
penada HapaxyBaHb 10 ACBO ®OBOC);

— KOHTpOJIb BUKOHaHHs 0a30BHMX Oi3Hec-IpoleciB (MiJAroTOBKa COCTaBiB B peiic; OOk,
3aMiHa 1 pEMOHT KOJIICHUX Tap, 00JIIK MOCIYT, [0 HAJAIOTHCS y MOi37aX 1 T.I1.).

Ha Tenepimmniit vac nani ACY EPIIB 30epiratorhcs JIOKaabpHO, HAa CEpBEpax, Mo po3-
TalllOBaH1 B JIIHIMHUX CTPYKTYpHUX migposainax. Llenrpansuuii cepsep ACY EPIIB BcTano-
BJIeHUH y BipTyasnbHOMYy mnpoctopi B ['IOL], Mmae oOMexxeH1 amapaTHI pecypcH Ta BUKOHYE
pOJIb 1HTETpalii JaHuX JJIs OTPUMAHHS IIEHTPaIi30BaHOT BUPOOHUYOT 1 CTATUCTUYHOI 3BITH O-
cTl 1 3a0e3nedeHHs1 1H(OpMaLiifHO-AOBIIKOBOTO OOCIYyroByBaHHS KepiBHUITBA 1 (axiBIliB
JenapTaMeHTiB. 30epiraHHs JaHUX PO PEMOHTH BaroHiB Ha cepBepax JIHIMHOTO piBHA MpPU-
3BOAMTH JI0 iX HEY3TOPKEHOCTI 1 B1JICYTHOCTI MOBHOI 1CTOPIi eKcIyaTallii 1 peMOHTIB BaroHa
B ogHOMY Micii. Uepes 1e ckiagHo KOHcoiayBaTu i maHi. [lpu mepemgadi BaroHiB iHIITUM
MIANPUEMCTBAM, BIJANPaBIl B PEMOHT a00 y BIAPSKEHHS TaKOX BUHUKAIOTh KOH(IIIKTHI
cUTYyaIrii, mo MmoB’s3aHl 3 MOMEHTOM Tiepe/adl BiAMOBITAIBHOCTI 3a KOHTPOJb BaroHa BiJ
OJIHOTO MIJPO311y A0 1HIOTOo. L1 00CTaBUHM MOTIPIIYIOTh MOXIMBOCTI MOAJBIIOTO PO3BU-
TKy aHaJlITHYHUX Ta IHIIHUX (YHKIIH CUCTEMH, 30KpeMa y 3B 43Ky 31 3MiHaMH B CTPYKTYpi
YOpaBIiHHS MAacaXUPChbKUM TOCHONAPCTBOM YKp3adizHULI. s BUpIMIEHHS LUX MNpoosieM
HeoOximHa 1HGOpMAIiiiHA TEXHOJOTisA, IO JJ03BOJISIE KOHCOJIAYyBAaTH JaHli Ha OJHOMY
LEHTPaJILHOMY cepBepi, Oe3mepepBHO KOHTPOJIIOBATH BUKOPUCTAHHS KOXKHOTO BaroHa i CBO-
€4aCHO BUPIIIYBATH MMUTAHHS PO IEHTP BiAMOBIAATBLHOCTI.
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HeonHo3HauHe TiyMaueHHsS HOPMAaTHBHUX JOKYMEHTIB 3 MHUTaHb mpaii i 3apo0iTHOI
IJIaTH Ha PI3HUX 3aTI3HULSX, IPU3BENIO 10 PI3HOTO MOPSAAKY HapaXyBaHHs 3apoOiTHOI miaTtu
NOI3HUM OpHragaM B CTPYKTYPHHUX IiJpO3ALTax MacakHupchKoro rocnogapcTsa. Ilo pizHomy
omayyeTbcst poO0oTa B XBOCTOBUX BaroHax Ta y BUXIJHI AHI. Y 6aratboxX CTPYKTYpPHUX ITiJI-
po3inax 3HAYHWMA piBEHb MOHATHOPMOBHUX TOJHUH, SIKI OTUIAYYIOTHCS 3a MiJBHUIIEHUM TapH-
¢om. CtBopenns Ilacaxkupcbkoi KommnaHii 103BOJIsSE€ MPUHLIUIIOBO 3MIHUTH OPTaHi3aliio po-
060TH MOi3HUX Opuraj, ajie e MOXKJINBO TUIBKH MIPH CTBOPEHHI BiAMOBIIHOT LIEHTPaATi30BaHOT
CUCTEMHU.

€IMHa cucTeMa KepyBaHHS OpTaHi3alli€lo mpaili mNoi3HUX OpUraja J03BOJIHTH:

—  ONTUMI3YBaTH IJIaHYBaHHS POOOTH HAYAJIIbHUKIB IOi3/1B, MPOBIIHUKIB 1 MOI3HUX €JEKT-
poMexaHikiB (IUIIXOM BUKOPUCTAHHS PECYPCiB PI3HHUX MiAPO3/iJiB);

— 3HU3HTH PIBEHb MOHATHOPMOBHUX TOJIHH;

—  BECTH €IMHY MOJITUKY OOJIKY Ipalli Ta HapaXyBaHHs 3apoOiTHOI TIaTH;

— 3HU3HUTH BUTPATHU Ha IUIAHYBAHHS 1 KOHTPOJIb POOOTH MOIZHUX OpHUTaI.

Cnin 3a3HaYMTH, IO CTaH JIHIMHUX CepBEpiB HE3aJOBUIbHUI, TEPMiH IX eKcILTyaTalii
JaBHO NEPEBUIMB HOPMATUBHUN 1 HAOIUKAETHCS 10 KPUTUUHOTO, BIAKPUTUMH 3ATHILAIOT b-
Csl NUTAHHA 3 1X TEXHIYHOro OOCIYroByBaHHS, MIATPUMAaHHA B Mpale31aTHOMY CTaHl Ta pe-
3epBHOTO KomitoBaHHA 0a3 manux. OOcTaHOBKa YCKIaJAHIOEThCS Ha ()OHI OCTAHHIX BIpYCHHX
aTak, KoM Ayke 0araTo 4acy iiJie Ha BiIHOBJICHHS 0a3 AaHUX 1 (YHKI[IOHYBAaHHS CHUCTEMU B
uiomy. Jlokamizamis 6a3 JaHUX MO OKPEMHM CEpBepaM 3HAYHO 3MEHIIY€ HaJIMHICTh CHUCTe-
MU, TiABUIIYE HMOBIPHICTh BTpaTH JaHUX. Yepes BijocoOieHicTh 6a3 AaHMX HE MOXKIMBO
chopMyBaTH B pealbHOMY PEXHMMI yacy iHGOpMaIilo II0JI0 CTaHy MapKy MNacakKMPChKUX Ba-
rouiB mus cneuiamictie LJI, TIK, IIPb, UV i, six HacnigoK, 3HUKYEThCS €(EeKTUBHICTh TP U-
HWHATTS yOpaBIiHCHKUX PIIIECHb.

BpaxoByroun gaHi 06CTaBUHU JOLIIBHO cTBOpUTH LeHTpanizoBaHy ACY EPIIB, npu
po3po01Ii SKOi BpaxyBaTH BCl MepesiueHi Helomiku. Lle 103BouTh B peaqbHOMY PEeXHUMI Ya-
Cy IUJIaHYBaTH U KOHTPOJIOBATH POOOTY Maca)XMpPChbKOTO BarOHHOTO MapKy, MOI3HUX Opuran,
0a30BHUX Oi3HEC-MPOIIECIB, a TAKOX MIABUIIUTH HATIWHICTh 30€peKEHHS NaHUX HUISIXOM iX
PO3MIIIIEHHsI HAa €MHOMY IIeHTpallbHOMY cepBepi. OKpiM ToOro, ieHTpani3oBaHa 0a3za JaHUX
ACY EPIIB cTBOpIo€ nepenyMoBH JIsl po3p0oOKH 1 BIPOBAHKEHHs aHAIITHYHOT CUCTEMH, 110
CIpsIMOBaHa Ha BU3HAYEHHS CTpaTerii MOJadbIIOr0 PO3BUTKY Y Kp3ali3HHUIIL.
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JImHamika BiIMOB eJieMeHTIB 3aJ1i3HMYHOI aBTOMATUKU O1eCbKOI 3aai3HuIi

Cepmrok T. M., JIHIDpONIETPOBCHKHI HAIIIOHAIBHUMA YHIBEPCUTET 3aJII3HUYHOTO TPAHCIIOPTY
iMeHi akagemika B. Jlazapsina, Ykpaina

3ai3HUYHA CTAaTUCTHKA, IK HEOOXITHUN €JIEMEHT YIPaBJIiHHS 3aJi3HUYHUM TPAHCIIOPTOM,
B Pi3HUX KpaiHaX Mae pi3Hy CTYIiHb PO3BUTKY 1 B YACTHHI CUCTEM ITOKa3HHUKIB, III0 BUKOPHCTO-
BYIOTHCS, 1 B YaCTHHI OpraHi3aniiHux Gopm.

AKTyalbHICTh. BiIMiHHOIO OCOOJIMBICTIO CHCTEM 3aJII3HUYHOT aBTOMATHUKH 1 TEIIEMEXaHIKU
(C3AT) € Hag3BU4aitHO BiAMOBIJAIbHA POJIb Y BUKOHAHHI IIEPEBI3HOTO MPOIIECy Ta 3a0e3IeueH-
Hs Oe3MeKu pyxXy MOi3MdiB, BIIMOBU SKHX MPU3BOISATH HE TUIBKH JI0 3HMIKCHHS €()EeKTHBHOCTI
MEePEBI3HOTO TPOIIeCy, aje 1 10 HeOe3nmeuHux HacaiakiB. OTke HayKoBO-AOCHigHa poOoTa, sKa
MOB’si3aHa 3 BHU3HAYCHHSAM SIKICHUX TNPHYUHHO-HACTIJIKOBUX 3B'SI3KIB Y BIJMOBaxX INPHCTPOIB
C3AT 3 MeTor0 MOKpAaIIeHHs CUCTEMHU iX TEXHIYHOIO OOCIYrOBYBAaHHS 1 PEMOHTY, € aKTyallb-
HOIO.

Merta nocnikeHHs: IepBUHHA 00po0Ka criocTepexeHb npo BigmMosu npuctpoiB C3AT 1 ix
MOPIBHSHHS, BHU3HAUEHHS SKICHUX NPUYMHHO-HACTIIKOBUX 3B'SI3KIB Yy BIMOBaX IPHCTPOIB
C3AT Ta cTpyKTypH BiAMOB CUCTEMH 3aJII3HUYHOI aBTOMAaTHKH B MEXax OKpeMOi JIUCTaHLIi CH-
THaJTI3aIii Ta 3B 3Ky JUIS TOJTINIICHHS ii CHCTEMH YTPUMaHHSI.

3afaua JOCHIKEHHS — HIATOTOBKA JaHUX JI0 IPOBEIEHHS MAaTEeMaTUYHOIO MOJIEIIFOBAHHS
po6otn C3AT s OLIHIOBAaHHS TOTOYHOTO CTaHy IMPHUCTPOIB CHUCTEMH 1 MPOTHO3YBAaHHS IX
pecypcy HaAliHOCTI.

JluHamika BiIMOB IMPHCTPOIB 3aii3HMYHOI aBTOMaTuku OAEchKOl 3ali3HMII CrocTepira-
nack Ha npoTs3i 3 01.01.2011 mo 31.12.2015 pp. Byno npoBeaeHo iX CTaTUCTUUHUN aHATI3.

Bukonani mocnmipkeHHs MOKa3ajiu, 110 3HAa4YHA YacTHHA BIJIMOB amaparypH 3aji3HUYHOI
aBTOMAaTHKH MPUXOAUTH Ha 130JII0I0U1 CTHKH, OCHOBHOIO MPOOJIEMOIO SIKUX € «1po0iit». JIlnHami-
Ka BIJMOB I0Ka3aJja, 1110 BIIMOBH peikoBuX Kia 3 mouyaTky 2013 poky no kinug 2014 poky cyt-
T€BO 3MeHIIUIHNCS 3 43% BiJ 3araabHOI KUTBKOCTI BiAIMOB 10 29%, 3aBASKHM MacoOBiil yCTaHOBIII
MOJIIMEPHUX 130JIIOI0UMX CTHKIB Ha FOJIOBHUX KOJIISIX CTAaHIIM Ta y MEPEeBIAHUX KPUBUX CTPLIOY-
HUX NEPEBO/IB, SKi 32 CBOIMM XapaKTePUCTUKAMU CYTTEBO BIAPI3ZHAIOTHCA BiJ] THX, IKUMHU BUKO-
pucroByBanucs panimie. B cnoctepesxkennsix 3a 2012 — 2015 pp. BusiBIEHO, IO MEPIOTUIHO 301-
JBIINIACH KUTBKICTh BIAMOB KaOeNbHUX JIiHIM, CUTHANIB, 1HIIOI anapaTyp, a Takox 3 2013 p.
3pociia KUJIbKICTh BIIMOB €JIEMEHTIB 3aXUCTy. Y €JIeKTPOIpPHUBOJAX CTPUIOK 3 cepenunu 2012
poky 1o cepeannu 2015 poky Takox 30UTbIIMIIACS KIIBKICTh BiIMOB. [lynbTH, Tabno, anapaTypa
KEepyBaHHS Ta MPUCTPOI EIEKTPOKUBIICHHS CYTTEBO HE 3MIHIIN CBOi TTOKa3HUKH.

MaremaTruHe MOJETOBaHHS pouecy BiiMoB NpUcTpoiB C3AT po3risHyTO SIK OJUH 3 1H-
CTPYMEHTIB JTOCIIDKEHHS CTPYKTYpU BIAMOB ISl PO3OUTTS CKJIAJHOI CUCTEMH YTpPUMaHHS Ha
HiACUCTEMH ISl OUTbII €eKTUBHOTO IJIAHYBAaHHS OOCIYrOBYBaHHS €JIEMEHTIB 3aJli3HUYHOT aB-
TOMATHKH.

Pesynpratu. Ha mijncTaBi oTpuMaHoi CTPYKTYPHOT MOAENI MPOLECY BiIMOB MOKHA 3pO0u-
TH BHCHOBOK CTOCOBHO CHpOIIEHHS KepyBaHHS cuctemu yrpumanHs. C3AT moxHa po3aunutu
Ha MIJICUCTEMH: MiJCUCTEMY YTPUMaHHS CTaTHBIB; MIJCUCTEMY YTPHUMAHHS CUTHANIB; MiICUCTe-
My YTPUMaHHS TYJbTiB, TabJO, amaparypu KepyBaHHS, MiJCHCTEMY YTPUMAaHHS €JIEKTPOIBUTY-
HiB, CTPUJIOK 1 FapHITYpH; MIACUCTEMY YTPUMAHHS €HEpPrOKUBICHHS.

BucnoBku. Ilokpariensst excrulyaTaliiHUX MOKa3HUKIB POOOTH MPHUCTPOIB 3alli3HUYHOT
aBTOMAaTHKH MOXe OyTH JOCATHYTO 3a JIOTIOMOT'O0 JOJAaTKOBUX PEMOHTHHUX BIUIMBIB Ha PEHKOBI
KOJia, anaparypy, kKaOeapH1 JiHii, eIeMEHTH 3aXUCTy Ta pesielHi madu.
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JInnamika BiAMOB ejieMEHTIB 3aJ1i3HMYHOI ABTOMATUKH isl O1ecbKoi 3ai3Hu L

Ceparok T. H., [IlnenponeTpoBCKUil HAITMOHATIBLHBIA YHUBEPCUTET KEJIE3HOIOPOKHOTO
TpaHIIOpTa UMEHHU akaaemuka B. JlazapsHa, Ykpanna

3ai3HUYHA CTAaTUCTHKA, IK HEOOXITHUN €JIEMEHT YIpaBIiHHS 3a1I3HUYHUM TPAHCIIOPTOM,
B PI3HUX KpaiHax Mae€ Pi3HY CTYIiHb PO3BHUTKY 1 B YACTHUHI CUCTEM IOKAa3HMKIB 110 BUKOPUCTO-
BYIOTHCS, 1 B YaCTHHI OpraHi3aliiHux Gopm.

Axmyanvricms. BiIMIHHOIO OCOOIHBICTIO CUCTEM 3aJII3HHYHOT aBTOMATHKH 1 TeJIEMEXaHIKH
(C3AT) € Hag3BUYaliHO BIAINOBiIAJIbHA POJIb Y BUKOHAHHI IIEPEBIZHOTO MPOLIECY Ta 3a0e3MeueH-
Hs O€3MeKH PyXy MOi3diB, BIIMOBU SKUX MPU3BOAATH HE TUIBKU 1O 3HWKEHHS €()EKTHBHOCTI
MEPEBI3HOTO MPOIIECY, alie 1 10 HeOe3MeUHNX HACIIIKIB.

Mema oocnioxcenns. TleppuHHa 00poOKa criocTepekeHb mpo BiaMoBu npuctpoiB C3AT 1
iX MOpiBHAHHA. BU3HaueHHs SKICHUX NPUYMHHO-HACIIAKOBUX 3B'SI3KIB y B1JIMOBAaX MPHUCTPOIB
C3AT Ta CTpyKTYpH BiJIMOB CHCTEMH 3aTI3HUYHOI aBTOMATUKH BUOPAHOT TUCTAHIIIT JUISI TIOJITI-
LIEHHS 1i CHCTEMU YTPUMAaHHS.
3aoaua Odocniddcenns = MIATOTOBKA JNAaHUX JO MPOBEICHHS MATEMAaTUIHOTO MOJICITIOBAHHS
po6otu C3AT st OLiHIOBaHHS MMOTOYHOTO CTaHy MPHUCTPOIB CHUCTEMH 1 MPOTHO3YBaHHS iX pe-
CypCy HaAlIHOCTI.
JluHamika BiIMOB TPUCTPOIB CUCTEMH 3aJIi3HUYHOI aBTOMATHKH OAeChKO1 3ai3HUII CIIO-
crepiranack Ha poTsa3i 3 01.01.2011 mo 31.12.2015 pp., IpOBEACHO iX CTATUCTUYHHUMA aHAIII3.
3HauyHa YyacTHWHA BIJIMOB amaparypu 3ali3HUYHOI aBTOMATHKHM IMPUXOIUTHh Ha 130JFOOUl
CTHKH, OCHOBHOIO TPOOJIEMOIO SKHX € «IIpo0iii». J[nHaMmika BiZIMOB MOKa3aia, 1o BiJIMOBH peii-
KOBHX KiJ 3 mouatky 2013 poky 1o kxinig 2014 poky cyrreBo 3meHumucs 3 43% Bia 3aranbHOT
KUTBKOCT1 BIIMOB 710 29%, 3aBASKM MacOBiil yCTaHOBII MOJIMEPHHUX 130JIFOFOUMX CTUKIB Ha TOJI0-
BHHUX KOJISIX CTaHLIN Ta y MEePEeBIIHUX KPUBHUX CTPUIOYHUX MEPEBOIB, K1 32 CBOIMHU XapaKTepH-
CTMKAaMHU CYTT€BO BIJIPI3HAIOTHCA 3a Ti, 1[0 BUKOPUCTOBYBAJIMCS paHile. B crnocrepekeHHsIX 3a
2012 p., 2013 p., 2014 p. Ta 2015 p. BUSABIEHO, IO MEPIOANIHO 30UTBITUIACH KITBKICTH BIIMOB
1HIIOI anaparypu, 30UIbIINIACh KIIBKICTh BIIMOB KaOeJbHUX JIiHIHM, curHamiB, a Takox 3 2013 p.
30UIBIINIIACH KUTBKICTh BIIMOB €JeMEHTIB 3axucTy. Ilyneru, Tabmno, amaparypa KepyBaHHS Ta
MIPUCTPOT EIEKTPOKHUBIICHHS CYTTEBO HE 3MIHIIIN CBOI MOKA3HUKU. Y €IEKTPOIIPHBONAX CTPIIOK
3 cepeaunu 2012 poky no cepenuny 2015 poky Takox 301IbIIMIIACS KUIBKICTD BIMOB.
MaremaTnuHe MOZEIOBaHHS pouecy BiiMoB npucTpoiB C3AT po3risHyTO SK OJHH 3 1H-
CTPYMEHTIB JIOCII/DKEHHSI CTPYKTYpH BIJIMOB JUIsl PO30OUTTS CKJIAAHOI CHCTEMU YTPUMAHHS
C3AT na migcucremu Juis O11bII €(EKTUBHOTO IIAaHYBAaHHS 0OCIYrOBYBaHHS €JIEMEHTIB 3alli3-
HUYHOI aBTOMATHKH.
Pezynomamu. Ha miacraBi oTpuMaHoi CTPYKTYPHOI MOJIENl TIPOIIECY BiJIMOB MOXHA 3PO-
OUTH BUCHOBOK CTOCOBHO CIPOIIEHHS KepyBaHHs cucTeMu yrpuManHa. C3AT MoxHA po3aUIUTH
Ha I JICUCTEMHU YTPUMaHHS:

® TiJCHCTEMY YTpPUMaHHS CTAaTHBIB;

® TiJCHCTEMY YTPUMaHHS CUTHAJIB;

® [iJCHCTEMY YTPHUMaHHS IYJbTIB, Ta0J0, anlapaTypu KepyBaHHS;

® [IiJICUCTEMY YTPHUMAaHHS €JIEKTPOABUTYHIB, CTPLIOK 1 TapHITYpH;

® iJICUCTEMY YTPHUMAaHHS E€HEPrOKUBJICHHS.

Bucnoexu. TlokpaiieHHsl eKCIulyaTallifHUX MOKa3HUKIB POOOTH MPHUCTPOIB 3ali3HUYHOT
aBTOMAaTHKH MOXe OyTH JOCATHYTO 3a JIOTIOMOT'OI0 JOJATKOBUX PEMOHTHHUX BILUIMBIB Ha PEHKOBI
KOJ1a, anaparypy, KaOeabH1 JiHii, eIeMEHTH 3aXUCTy, pelieliHi madu.
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I[I/Ial"HOCTI/Ip()BaHI/Ie MOIIIHBIX ABHIraTejei MMEPEMEHHOI0 TOKa

Cepatok T. H., [IlnenponeTpoBCKUl HAITMOHAJIbHBIA YHUBEPCUTET KEJIE3HOIOPOKHOTO
TpaHncnopta um. akaj. B. Jlazapsna, Ilogdepéskun M. C., HukonaeBckuil rIIMHO3EMHBIH 3aBOJ,
000, Ykpauna, Ceparok K. H., JlnennponeTpoBCKuil HalIMOHAJIbHBIN YHUBEPCUTET
JKEJIE3HOJAOPOKHOIO TpaHCnopTa uM. akal. B. JlazapsiHa, Ykpanna

HuxonaeBckuii rmuHozemubiid 3aBos (HI'3) crenmanusupyeTcss Ha MPOU3BOJCTBE METaJ-
nyprudeckoro rimHosema (Al,O3) mo cocoOy baiiepa, Tpuruapara okcuaa aTfOMHHUS, TAIUTHS
TEXHUUYECKOT0, MEJIKOJIMCIIEPCHOTO U IUIaM/KeKa INIMHO3EMHUCTOTO U SIBJSIETCSl OJJHUM U3 Haubo-
nee 3HeprodPPEeKTUBHBIX TIMHO3EMHBIX MpeanpusTHii B Mupe. Cpenu TIMHO3EMHBIX 3aBOJIOB
ctpan CHI" o6iiagaet caMbIM BBICOKUM YPOBHEM aBTOMAaTH3AI[MU TEXHOJIOTHYECKUX MTPOLIECCOB.

JUig HakauMBaHUS KUIAKOW 3€MJIU, [NIMHO3E€Ma IPUMEHSIOTCS CIIELIMaIbHbIE HACOCHI, B Ka-
YecTBE KOTOPBIX HCIONB3YIOTCS MOIIHBIE Tpex(a3Hble aCMHXPOHHBIE JABUTaTENIH C KOPOTKO-
3aMkHYTHIM poTopoM MEUL 355L4 u ABB M3 BP355 SMA mormraocTRIO 250 KBT, 1151 puny-
murenbHoro oxuaxaeHus B cucreMe — RH 500 M4 mornaoctsio 1210xBT.

Haunbonee pacnpocTpaHEeHHBIMH HEHUCIPABHOCTSAMH ACHHXPOHHBIX JIIEKTPOABHTrATENCH
MIEPEYMCIICHHOTO BBIIIE TUIIA SBJISIIOTCS Meperpys3ka mwin neperpes craropa — 31 %, MEXBUTKO-
BO€ 3aMbIKaHue — 15 %, MOBpeXIeHUS MOAMUITHUKOB — 12 %, moBpexaeHne 0OMOTOK cTaTopa
win u3onanuu — 11 %, HepaBHOMEPHBIN BO3MYIIHBIN 3a30p MEXKIY CTaTOpoM U potopoMm — 9 %,
pabota anekTpoaBuraTess Ha AByx (azax — 8 %, 0OpsIB Win ociabiaeHUe KPETUICHUs CTep KHEN
B Oenmuubeil kneTke — 5 %, ocnabieHue KperieHus oOMOTok ctaropa — 4 %, nucbanaHnc poropa
anekTpoasurarens — 3%, HecoocHOCTh BajioB — 2 %.

HeucnpaBHOoCTH 1 MOBPEKICHHS JIEKTPUUECKUX MAIINH, BBI3BIBAIOIINE OTKA3, HE BCEra
yaercs 0OHApYKUTh MyTEM BHEIIHErO0 OCMOTpPa, TaK KaK HEKOTOPbIE U3 HUX (B OCHOBHOM JJI€K-
TPUUYECKUE) HOCAT CKPBITBIA XapakTep U MOTYT ObITh OOHApy>XEHbI TOJIBKO MOCJIE€ COOTBETCT-
BYIOIIMX WCIBITAHUN U pa300pKku MamuHbl. TakuMm oOpa3oM, paboTa Mo NpeJpeMOHTHOMY BbI-
SIBJICHUIO HEUCIIPABHOCTEH U MOBPEKICHUN JIEKTPUUECKUX MAIIMH SBJISIETCS aKTyaJbHON Hayuy-
HOMU 3a7aden.

Jlist peryaupoBaHHUs CKOPOCTH BpAIEHUs pOTOpa ABHraTelsl MCIOJIb3YeTCs 4aCTOTHBIN
npeoOpaszoBarens Tuna Altivar 12, KOTOpblil NpenHa3HaueH A BBINOJHEHUS CIEIYIOIINUX
GyHKUIMN: peryaupoBaHME CKOPOCTH BpAIIEHUs pOTOpa ABUraTens IO CKAIIPHOMY 3aKOHY
(U/f — perynupoBanme), IByX- U TPEXIPOBOIHOE YIIPABICHUE OCHOBHBIMU M BCIIOMOTATEIbHBI-
MH HacocaMH, 3alliuTa OOCIIy’KMBAIOIIETo MepcoHana U 00OpYyAOBaHUS OT KOPOTKOTO 3aMbIKa-
HUS, KOHTPOJIb HEAOTPY3KH (IEperpy3kH), 3aluTy oT paboThl Ha xojocToM xoay. [Ipu 3Tom
npeoOpa3oBaTeslb YaCTOThI BBIAAET OMIMOKU, KOTOPbIE BO3HUKAIOT B Mpoliecce paboThl ABUraTe-
751 (cTapeHue U30JIAIHH, TIPOOOH, KOPOTKOE 3aMBbIKaHUE | T. 1.), «10 (aKTy» B CAMBOJIHHOM BH-
1e 1 cOPMHUPOBAHHBIM B ClIELaNbHYIO Tabnuily. To ecTh B OMMCAHHOMN BBIIIE CHCTEME OTCYT-
CTBYET MPOTHO3UPOBAHUE BBIXO/A U3 CTPOS HJIIEMEHTOB aCUHXPOHHBIX JBUTaTeNeil. A Hercnpas-
HOCTH THUIa: OMeHUe MOJIIUITHUKA, CTaTHYeCKas U TUHaMU4YecKas HeOalaHCHOCTh Macc poTopa,
TEIJIOBOM M TEXHOJOTHYECKHM HeOanaHe, paclieHTPOBKa He ONpeAessatoTcs BooOIe.

ABTOpaMHM TpejuIaraeTcsi CUCTeMa JUarHOCTUPOBAHMS JBUTaTelNs, OCHOBAaHHAs Ha CIIEK-
TpaJIbHOM aHaJu3e Toka craropa. [Ipm BOZBHHKHOBEHUHU HEMCIPABHOCTH BUA «OUEHHUE TOIIIHII-
HUKOB» B CIIEKTpe pabodero Toka nospisgiorcs 4actoTsl oT 10 go 150 I'm kpatueix 10 I'n. Ipu
BO3HUKHOBEHHUU HEHMCIPABHOCTH BHUJA «K3» WM MPOOOH M30JSALMH B POTOPE B CHEKTPE TOKa
MOSIBJISIFOTCS] TAPMOHUKH KpaTHbIe 10 yactote 50 ', [Ipu KOpoTKOM 3aMBbIKaHUH BETHYHMHA TOKA
OyneT O60mbIIe B HECKOIBKO pas.

[IpumeHeHne NpeasioKEeHHONM CUCTEMBl MOHUTOPHHIA I103BOJMT CBOEBPEMEHHO OIIpElie-
JUTh HEMCIPABHOCTH Ha paHHEH CTaauM MX BO3HUKHOBEHHS, MUHUMH3UPOBATh PACcXO/Ibl HA JIU-
KBHJAIIMIO TIOBPEXACHUH, a Takke B JajJbHEWIIEM OCYILIECTBUTH IE€PEX0J]] OT IUIaHOBO-
MPeyNpPeaUTEeIbHOTO PEMOHTA IO PEMOHTA 0 COCTOSTHUIO 00BEKTA.
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yCOBepHIeHCTBOBaHI/Ie METOda TUATHOCTUPOBAHUSA HeI/ICHpaBHOCTeﬁ CTPECJIOIHBIX
IJICKTPONPUBOI0B C ABUTaTECJIAMHU IEPEMEHHOI0 TOKa

Cepmrox T. H., ITokorunos . 4., [Ipodarunos B. U. JlnenporneTpoBcKuii HAIIMOHAIBHBII
YHHUBEPCHTET JKEJIC3HOI0POKHOTO TpaHCHOpTa UM. akaj. B. JlazapsiHa, Ykpanna

Kene3zHoqopOoKHBIM TPAHCIIOPT UTPAET BAXKHYIO POJIb B MACCAXKUPCKUX U IPY30BBIX MEpe-
BO3kax YkpauHbl. BecombiM ¢akTopom obecriedeHusi BHICOKON 3(PPEeKTUBHOCTU IKCILTyaTallH-
OHHOM PabOTHI KEIE3HOJOPOKHOTO TPAHCIIOPTA SBISETCS COKpAIICHUE BPEMEHU JAUArHOCTHPO-
BaHUSA M YCTPAHEHHUS OTKa30B DJIEMEHTOB CHUCTEMbI 3JEKTPHUUECKOM LeHTpanu3auuu. CBoeBpe-
MEHHOE M Ka4eCTBEHHOE TEXHUYECKOE OOCTY)KMBAHUE YCTPOWCTB YIPABICHUS TBUKCHHEM I10-
€3/10B, 3HAUUTEIHHO IMOBBIIIACT HAJIEKHOCTh U 0E30MacCHOCTh PAOOTHI KEIE3HOAOPOKHOTO
TpaHCIIOpTA.

OTKa3bl MeXay CIyX)O0aMH KeJIe3HOM JOPOTrH pacHpeesiFoTCs HEPaBHOMEPHO, OombIast
9acTh MPUXOAMUTCS Ha CIIY)KOy CHTHAIHM3AIMK U CB3U — 35 % OT BCeX OTKAa30B HaA JKEJIE3HOJ0-
pOXKHOM TpaHcmopTre. V3 HUX Ha CUCTeMbl aBTOOJIOKMPOBKH MpuxoauTcs npumepHo 40 % otka-
30B, @ HA CUCTEMBI JICKTPUIECKOH HeHTpanm3anun — 38 %. B cBoro oyepenp, B cucTemMax dJeK-
Tpuueckoi nentpanuzanuu (O1) 21 % oTka30B NPUXOIUTCS HA CTPEIOYHBIC SJEKTPOIPUBOJIA U
niepeBobl (CII), 4To BBI3BIBACT 3a/IEPKKU B JBUXKEHUU MOE3/I0B U MIPUBOAM K JOMOJHUTEIbHBIM
SKOHOMHUYECKUM 3aTpaTaM.

OcCHOBHbBIE HENOCTATKH CYIIECTBYIOLIUX TEXHOJOTUH OOCITY)KMBaHHS CTPEIOYHBIX Iepe-
BOJZIOB TPEJCTABJICHbl 3HAUYMUTEIbHBIMU 3aTpPaTaMU BpPEMEHH, CBSI3aHHBIMU C IEPEXOJaMU U
OOJIBIIIMM YHCJIOM PYYHBIX OIEPAIli, BBITOTHACMBIX OOCTYKHBAIOIIUM TEPCOHAIOM, HEBO3-
MO>KHOCTh B PEalbHOM BPEMEHH KOHTPOJUPOBATH U BBISBIATH SIBHBIE M CKPBIThIE NEPEKTHI U
noBpexaeHus. KoHTponb paboToCroCOOHOCTH CTPEIOUHBIX AIEKTPONPUBOIOB OCYIIECTBISAETCS
MOCPEACTBOM M3MepeHus: pabouero Toka, Toka paboThl IBUTATENS HA (PPUKIIUIO, COTIPOTUBICHUS
0OMOTOK M M30JISILIMM M BHEUIHET0 ocMOTpa. Takum oOpa3omM, padoTa, cBsi3aHHasi C aBTOMaTU3a-
el koutpons mapametpoB CII u pa3paboTkoil CUCTEMBI TUCTAHIIMOHHOTO TUATHOCTHPOBAHUS
HUX TEXHUYECKOTO COCTOSIHUS, MIPEICKa3bIBaHUSI BOSHUKHOBEHHSI HEMCIIPABHOCTEH, SBIISICTCS aK-
TyaJIbHOW Hay4HO-TEXHUYECKOM 3a1a4ei.

B 80x rr. XX B. ObI1a TIpeasiokeHa CUCTEMa TUarHOCTUPOBAHMS JIBUTATENST CTPEIIOYHOTO
ANEKTPONPUBOJIA, KOTOPAs MpEAroiaraia ero OTKI0YeHHe sl 0OHApYKEHUS TISTH BUIOB HEHC-
MPaBHOCTEH. DTOT METOJ| 3aKJIF0YaeTCsl B ociuiorpadupoBaHuu HanpsbkeHus, a Tounee J/1C,
KOTOpasi BO3HUKAET B OOMOTKaX 3JEKTPOIBUTATENs MOCIE €ro OTKIIOUEHHUsI OT CETH, KOTJa po-
TOp JeJIae€T HECKOJIbKO 00OpOTOB 110 MHEPIMH 10 MOMEHTa OCTaHOBKHU. PacmpocTpaneHus aaH-
HBIM METO/ TUArHOCTUKYU HE MOTYYUII.

[Ipemyoxen METOI TMATHOCTUKH JBUTATENICH CTPEIIOYHBIX DJICKTPOMPUBOIOB MTEPEMEHHO-
ro TOKa U CTPEJOYHBIX MEPEeBOJOB, OCHOBAHHBIN HAa CHEKTPAIbHOM aHAIHU3e KPUBOU pabouero
TOKa CTaTopa, 4To He TpeOyeT crieualbHbIX YCIOBUN peaTr3aliu.

B pesynbpTaTe HayuHO-IKCIIEPUMEHTAIBHON pabOThI OBLIO YCTAHOBIIEHO, YTO MPU BO3ZHUK-
HOBEHUH HEHCIIPAaBHOCTU BHJIa «KOPOTKOE 3aMbIKaHHE» WIIH MPOOOM U30JISIIUU B POTOPE B CIIEK-
Tpe TOKA IMOSIBJIAIOTCS TApMOHUKU KpaTHbIe 1o yactore 41,7 I'm +10 % (1. e. 37,5 ... 459 ') y
neurareneit Tuna MCT-0,25, 42,5 +10 % (t. e. 40,3 ... 44,6 I'n) y aBurareneit tuna MCT-0,3 n
47,5 £10 % (t. e. 42,3 ... 52,3 ') y nBuratenet Tuna MCT-0,6. HencnipaBHOCTH BHIA «K3» U
«po0OM M30JIALMHU JIUCTOB» MOXKHO PA3JIMYUTh MO BelduurHe Toka. [Ipu «k3» ammiuutyna rap-
MOHHK 00JIbIIIe B HECKOJIBKO Pa3.

[Ipy BO3HUKHOBEHUW HEHCIPABHOCTH BHIAa «OUEHHE MOIIIMITHUKOB» B CIIEKTPE paboyero
TOKa MOSBISAIOTCS rapMOoHUKU yacToTod ot 10 mo 150 'y kparssie 10 I'n ¢ ammutynoit 0,5 ...
0,8 A. IIpr BO3BHUKHOBEHHHM HEUCHPABHOCTU BUJIA «IIPYKUHHOCTh OCTPSIKOB» B KOHIIE NIEPEBOJIA
CTpeNKU (PUKCHUPYETCS HEKOTOPOE YBEIMUYEHUE TOKAa B MOMEHT, KOTJla OH JIOJDKEH OTCYTCTBO-
BaTh.

50



OI[TI/IMI/I3aIII/Iﬂ MyTEBOI'0 Pa3BUTHUSA KEJIE3HOAOPOKHBIX CTAaHIMH
B COBPEMCHHBIX YCJI0BUAX

Tepemenxo E. A., benopycckuil rocygapcTBEHHbIN YHUBEPCUTET TPAHCIIOPTA,
Pecniy6iinka benapych

XKeneznonopoxuslii TpancnopT Pecybnuku benapyck B COBpeMEHHBIX yCIOBUAX (DYHK-
LUOHUPYET B YCIOBUAX PEryJIAPHOIO M3MEHEHUs SKCILTyaTallMOHHOM Harpy3ku. JlaHHbli ¢a-
KTOp SIBJIICTCSI OCHOBOIIOJIATAIOMIMM B OIPENEICHUH HEOOXOJAUMOCTH ONTUMHU3AINH O0BEK-
TOB €ro0 HH(PPACTPYKTYPHI B LIEIOM.

PachopmupoBanre moe3noB Ha CTaHIUAX, KaK OJHA U3 BAKHEHIIMX TEXHOJIOTMYECKHX
ornepauui, cnocoOcTByeT 0€30MacHOM U KaueCTBEHHOM nepepadoTKe ¢ OBICTPBIM IPOJBUXKE-
HHEM BarOHOIIOTOKOB U COXPAHHOCTH BaroHHOTo mMapka. D QeKTUBHOCTH Ipolecca Moe3a00-
Opa3oBaHUsl HENOCPEACTBEHHO 3aBUCHUT OT MOLIHOCTH IYTEBOTO PAa3BUTHUS COPTHUPOBOYHBIX
MApKOB M MPUMEHSIEMON TEXHOJIOTMHU UX HCIIOJIb30BAaHMs. Takke B MPSAMOM KOpPPENALUU C
HUM HaxoJsTcs (paKkTopsbl, onpeaessieMble KauecTBOM 00pabOTKU U yIpaBlIeHUs! BCeMU UH(O-
PMaIMOHHBIMH ITOTOKaMH KaK Ha BHYTPUCTAaHLIMOHHOM, TaK U Ha JOPO’KHOM YPOBHE.

B HacTosmiee BpeMs Ha COPTUPOBOYHBIX CTaHLUAX benopycckoil sxene3Hoil 1oporu MHO-
I'€ COPTUPOBOYHBIE ITYTH UMEIOT MOJIE3HYIO JUIMHY, IPEBBILIAIOIIYIO TIOTPEOHYI0, 00ecneun-
BAaIOLIYI0 HAKOIUIEHHWE U ()OPMHPOBAHUE COCTABOB YCTAHOBJIEHHOW AnuHbl. Hanmnuue Ha cra-
HIMM MHOTOYMCIJIEHHBIX MEJIKUX Ha3HAYEHUH, (POPMUPYEMBIX TOTOKOM MPUMBIKAIOIIHUX MECT
o0111ero 1 HeoOLIero MoJb30BaHMs, @ TAKXKE MPUIIETaloIUX IPOMEXYTOUHbIX CTaHLUH, Tpe-
OyeT COpTHUPOBOYHBIX IyTel HeOonbmon mHBL [losTOMy menecooOpa3HO pPaccMOTPETh
npobsemMy NoBbILIEHUS 3()()EKTUBHOCTH HCMOIBb30BAHUS CYIIECTBYIOIIUX COPTHPOBOYHBIX
yTel, Tak Kak 3()PEeKTUBHOCTH UCIIONb30BAHUS HATMYHOIO MYTEBOTO Pa3BUTHUS COPTUPOBOY-
HOTO TapKa OIpeesisieT dKCIUTyaTallhOHHbIe MToKa3aTenu padoThl CTaHIUU. B 3TOM OTHOIIE-
HHUH BO3MOYKHOHM PallMOHAIBHOM MEPOH SBISAETCS PAa3felICHUE CYIIECTBYIOUIUX ITyTEH COPTH-
POBOYHBIX MAPKOB Ha Psi/i TEXHUYECKH 000COOIEHHBIX YYaCTKOB ITOCPEICTBOM MX CEKIIMOHU-
pOBaHMsI C BO3MOXKHOCTBhIO HAaKOIUIEHHUSI HA OJHOM JUTMHHOM ITYTH HECKOJIbKMX Ha3HaueHUi
10 I1aHy (POPMUPOBAHMUSL.

CeKIIMOHMPOBAaHNUE COPTUPOBOYHBIX IMYTE€H JOCTUTaeTCsl MOCPEICTBOM YKIAJIKU psala
CTPEJIOYHBIX NIEPEBOJOB B ONPEEIEHHOM NIOCIEN0BATENIBHOCTH, YTO IIO3BOJIUT aAallTUPOBaTh
TEXHOJIOTUIO NepepabOTKH BarOHONOTOKOB HA CTAHLIMU K 00BEMY U CTPYKTYype nepepadaThi-
BAaE€MOI'0 BaroHonoToka. COOTBETCTBYIOIIME OILIEHKH TMOKa3bIBAIOT, YTO NMPU 00BEME COPTUPY-
€MOr0 BaroHONOTOKa Ha cTaHIMU cBbille 2500 BaroHOB B CYTKU 4acTh IyTel COPTUPOBOYHO-
o MapKa MOXeT ObITh BbII€JICHA B TPYIITUPOBOYHBIN MapK /sl HAKOIUIEHUS U (POPMHUPOBAHHUS
MHOTOTPYIITHBIX COCTABOB.

CekuMOHMpOBaHUE MyTeH MpeACTaBIAET COO0H CUCTEMY TEXHMUYECKHX M TEXHOJIOTHYEC-
KHX Mep, CIIOCOOHBIX obecreunTh 6osee 3p(GeKTUBHOE HCIIOJIb30BAHNE HATMYHOIO ITYTEBOTO
Pa3BUTHS COPTUPOBOYHBIX M YUACTKOBBIX CTaHIIMHA C MaccoBOW mepepabOTKON MECTHBIX Ba-
TOHOIIOTOKOB. B 3TOM OTHOIIEHUM Lienecoo0pa3HO MPOBEIEHHE KOMIUIEKCHOIO HCCIe0Ba-
HUS TI0 BBIOOPY PAllMOHANBHBIX TEXHUYECKUX PEIICHUH, CBSI3aHHBIX C MCIIOJIb30BAaHHEM pa-
LMOHAJILHBIX CXEM YKJIaJIKU ChE3/I0B HAa CMEXKHBIX COPTUPOBOYHBIX MYyTAX, 00ECIEUNBAIOIINX
JOCTaTOYHYIO JUIMHY OTAEIbHBIX CEKIMH, BBIOOPOM MapLIPYTOB JBHXKEHHs OTLENOB IOCIE
pachopMupoBaHus Ha TOPKE U TEXHOJIOTUN (OPMUPOBAHUS 110/1a4, TIepeiay M0 CEKUUAM, KaK
IIOJIHOLICHHBIM Ha3HAa4eHMUsIM. BakHO OLIEHHUTH TEXHOJIOTMYECKHE NPEUMYIIECTBA CEKIMOHH-
pOBaHMsI MyTe COPTUPOBOUHOTO MapKa, MPOSIBISIIOIINECS B MOJHOM 00bEME B YCIOBUSX He-
3HAUUTENIBHBIX 10 BEJINYMHE Ha3HAYEHUH, HO KPUTUYHBIX C TOUKH 3PEHUs, HAlIpUMEp, CPOKOB
JOCTaBKU I'PY30B WJIM COXPAHHOI'O COCTOSHUS JOPOTOCTOSILEro MOJABHXKHOro cocrasa. [Ipu
3TOM ONTHUMM3ALUS MYTEBOIO PAa3BUTHUS CTAHIUI MOTPeOYET COOTBETCTBYIOIIETO KaueCTBEH-
HOT'0 U3MEHEHHs MHPOPMALMOHHBIX M TEXHOJOTHYECKUX MTPOLIECCOB HA PA3HBIX YPOBHSX.
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Opranizaniss aBTOMATHYHOI0 pe;KMMY POOOTH CHCTEM NPOEKTYBAHHS

Tumodiesa H. K., Mi>kHapoiHHi1 HAyKOBO-HaBYAIbHUHN IIEHTP
iHdopmariitHux TexHomorii Ta cucreM HAH ta MOH VYkpainu, Ykpaina

Sk nmpaBuio, poOOTY CUCTEM MPOEKTYBaHHS, OPIEHTOBAHUX HA PO3B’sI3aHHS PI3HUX KIIACIB
3a7a4 KOMOIHATOPHOI ONTUMI3allil, CKJIAJHO OPraHi30BYBaTH B aBTOMATUYHOMY PEXKHUMI i3-3a
HEBU3HAUEHOCTI pi3HOI mnpupoau. HeBusHaueHicTh B 1UX 3ajayax 1moB’s3aHa: [) 3
HEOJIHO3HAYHICTIO PE3YNbTaTy, OJIEP>KaHOTO 3a 3MOJIEIIbOBAHOI0 IUILOBOIO (yHKIiew; Il) mae
Miciie Tpu BHOOpPiI CcrmocoOy OIIHKH TOYHOCTI poboTu meBHoro anroputmy; lllI) BuHuKae
BHACIIIJIOK OCOOJMBOI CTPYKTYpH MHOKMHH KOMOIHATOPHHMX KOHQIrypariii, 1o € aprymMeHToM
nuboBoi GyHKIT; V) HEBU3HAYEHICTh B OaraToKpuTepialbHIA ONTHMI3aIlli XapaKTepU3yEThCs
THM, 110 32 KOKHUM 33JJaHUM KPUTEPIEM 3HAXOIATHCS Pi3HI ONTUMANbHI PO3B’A3KH, SIKI MOXKYTh
HE 3aJ0BOJILHATH METI JOCIHIIKEHHs; V) BUHHUKAE BHACJIJOK HEIOBHOI BXIJHOI Ta IMOTOYHOI
iHpopmanii; VI) HeBH3HAYCHICTH MOB’S3aHA 3 HEUITKO PO3pOOJICHHMH MpaBHIaMH OOpOOKH Ta
OLIIHKY 1H(opMaIlii, HeKOPEKTHUM BUKOPHCTAHHSAM PO3POOJICHUX MPaBHII, 3 ACSIKUMHU HE3aIeXK-
HUMH (paKTOpamu, SKi CKIIaJHO MMPOTHO3YBATH.

[Ipuknagni 3amayi  KOMOIHATOPHOI oONTHMI3alii CKIAgHI 3a CBOEK MPUPOJOI 1
PO3NUISIOThC Ha MiA3azadvi, A7 PO3B'SI3aHHS SKUX PO3pOOIISAIOTH TiOpuaHi anroputvmu. B
mpolieci iXHbOi poOOTH TpH nepeaadi iHdopmallii Ha BXiJl HACTYIIHOTO aITOPUTMY, SIKA € Pe3YJib-
TATOM PO3B'A3KY IMOMEPENHBOI 3a4adi, MOXYTh 3'SBISATUCS HOBi, HEBH3HAuUCHI NapameTpH,
HeoOXiH1 /Ui PO3B'sI3aHHS YEeProBoi 3a/1adi 1 Ki HEMOKJIMBO 33[aTH Y BXITHUX JaHUX 32 YMO-
BOI0. BuHmkae npoGiiema 3HaXOKEHHS TTapaMeTpiB B yMOBaX HEBU3HAYCHOCTI, sIKA MOB’s3aHa 3
HETIOBHOIO BX1JIHOIO Ta MMOTOYHOO iH(OpMaIri€ro.

JUig pi3HUX NpPHUKJIaJHUX 3a/ad OrOBOPEHA CHUTYyallid HEBU3HAYEHOCTI BUPIIIYETHCS IO
pizHOoMy. B oaHMX BHMajgKax MPOBOAUTHCS aHaNi3 MOBEAIHKM CHUCTEMHM 3a MEBHHUHM MPOMIXKOK
gacy 3 TOJAJBIINM BCTAaHOBJCHHSM IIE€BHOI 3aKOHOMIPHOCTI, $5IKa BPaxOBYEThCS MpHU
IIPOrHO3yBaHHI MallOyTHIX pe3y/ibTaTiB Ha MOTOYHOMY Bi/Ipi3Ky 4acy. B iHImMX Bumajakax BUKO-
PUCTOBYIOTh €KCIIEPTHI CUCTEMHU. A JUIsl IOBHOI aBTOMAaTH3allll po3B’sI3aHHS MTOCTABJIEHOI MPO-
O6eMH  pO3poOIIAIOTBCS CaMOHAJAro/KyBalbHI QJITOPUTMU TE€HEPYBaHHS MapaMeTpiB, sKi
HEOOX1/IHO 3a/1aBaTH AK BXIJIHI JaHl JJIsi 4EpPrOBOT0 AJITOPUTMY 1 SIKI HEMOXJIMBO 33J1aTH Ha TI0-
4aTKy o04MCIIOBaJIbHOTO Mpolecy. Lle 103Bosse B npolieci po3B’si3aHHs NEBHOI 3aadi 3 ypaxy-
BAaHHSM TOTEPEIHIX PE3YNIHTATIB T€HEPYBATH JIOJATKOBY MOTOYHY 1H(OPMAIliIO 3 MPOTHO3YBaH-
HAM MalOyTHIX pe3ynbTaTiB. B 1boMy pa3i mpu MOIATOTOBII BXiJHUX JAaHUX YBOJAATHCS
dbopmanibHi mapameTpu. JlificHI mapameTpu, 3a SKUMHU 3HAXOIUTHCS ONTUMAJIbHUN PO3B’S30K,
TeHEPYIOThCSI AaBTOMAaTHYHO CaMOHAJIaro/KyBaJIbHOIO MPOrPaMoOIO-TeHepaTopoM 3a po3podiie-
HUMH TpaBWiIaMu. ToOTO, UIS IPUHAHSTTS ONTHMAaIbHOTO PIlIEHHS B yMOBaX HEBU3HAYCHOCTI B
HUX peajli30BaHO €JIEMEHTH MPOrHO3yBAHHS Ta MOBEPHEHHS 10 NEPEOLiHKU MONEpPeIHbOro pe-
3yJbTaTy B aBTOMAaTHYHOMY pexuMi. Taka opranizailis OOYHCIIOBAJILHOTO MPOIECY CHUCTEM
MIPOEKTYBAHHS J103BOJISIE AaBTOMATU3YBAaTH BECh OOUMCIIIOBATILHUIMA MIpOIIeC.

Orxe, yBeneHHs (opMaJbHUX MapaMeTpiB Ha €Tami MiArOTOBKM BXiAHOI iH(popmamii Ta
BUKOPHUCTaHHS CaMOHAIAro/KyBIbHUX alTOPUTMIB JO3BOJISIE T€HEPYBATH HEMOBHY BXITHY 1
MOTOYHY 1H(pPMALIIIO Ta 3HAXOAUTH MapaMeTpU B YMOBaX HEBU3HAYEHOCTI, 110 3a0e3Mevye MoB-
HY aBTOMaTH3allil0 0OYUCIIOBATBHOTO MPOLECY CUCTEMH NPOeKTyBaHHs. OnucaHa oprasizaris
OOYHCITIOBAIFHOTO TIPOIECY JMO3BOJISIE JIOCHTh THYYKO TIEpPENIalliTOBYBATUCS HA PI3HI THITH
IHAVBIAyaTbHUX 3a7a4, HE NOoTpeOye MOomepeaHb0l MArOTOBKM O0i0MIOTeK, M0 € JOCUTh
TPYAOEMKOIO POOOTOI0, CIPOIIY€E SKCILTyaTaIlIF0 TAKHX CHCTEM.

AHaJOriYHO MOKHA BUPINIYBAaTH CUTYallil0 HEBU3HAYEHOCTI Ta OPTraHi3yBaTH poOOTY B aB-
TOMaTUYHOMY PEXKHMI THIITUX CUCTEM NMPOCKTYBAHHS YW YIPaBIIIHHS, 30KpeMa 1 Ha TPaHCITOPTI.
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CUCTEMMU KEPYBAHHSA TEXHOJIOI'TYHUMHA
HPOUECAMMU, MIKPOITPOLECOPHI CUCTEMH
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Anredpanyeckuii annapar JJs NPOeKTUPOBAHMS AJTOPUTMOB YIIPABJICHUSA
TEXHOJOTN4YeCKHUMHM MPOoLeccaMu

Axynosckii B. I'. YHUBepcuTeT TaMOXKEHHOTO Jiefia U (PMHAHCOB, Y KpanHa
Jopowenko A. E. Macturyt nporpamMubix cucteM HAH Ykpaunnsbl, Ykpauna

OObeM 3azay, peuraeMblX COBPEMEHHBIMU CHCTEMAMHU YIIPABJIEHHUS TEXHOJIOTMYECKUMHU
nporeccaMu, 00yCIOBHII BBICOKHE TPEOOBAHMS K TEMIy pa3pabOTKU MX MPOrPaMMHOTO oOectie-
YEeHHUs, & OTBETCTBEHHOCTh ITHX 3aJad — BHICOKHE TPEOOBAHUS K KaYECTBY 3TOr0 00ECIeUeHMs.
OpHMM M3 NEPCIEKTUBHBIX HAIIPABJICHUH B IPOrpaMMHPOBAaHUM, OPUEHTUPOBAHHOM Ha YAOBJIE-
TBOpEHHE 3THX TpeOOoBaHUil, sABIsAeTCA (hopMann3alus U aBTOMATU3aLuUs Ipolecca pa3paboTKu
aIropuT™MOB M niporpamM. CyIl1eCTBEHHbIE pe3yJIbTaThl B 3TOM HalpaBJICHUU I10JYyYEHbI yUEHBI-
mu KueBckoll anreGpandeckoil 1IKOJbI, KOTOPbIE HAIIM CBOE BOIUIOLIEHHME, B YAaCTHOCTH, B
anredpo-aIropuTMHUYECKOM MOAXO0/€E K MporpaMMHpoBaHuto. OpueHTalMs YKa3aHHOIO 01X01a
Ha KJIACC CUCTEM aBTOMAaTHUYECKOrO YIPABJICHHUS SIBIISIETCA OQHOW M3 3a7a4 Hay4HbIX MCCIIEJOBa-
HUM, BBIIOJIHSEMBIX aBTOPAMH, HEKOTOPBIE aCIIEKThI PEIICHNUS KOTOPOHN IPUBEICHBI HUXKE.

UpesBbluaiiHas Ba)XHOCTb JJAHHBIX B MPOIPAaMMHPOBAHUU JIaBHO M3BECTHA U3 padOT aBTO-
pUTETHBIX aBTOpOB. Mcxoas u3 atoro, Obuta MmoauduumpoBana uzBecTHas Moaens OBM [mym-
KOBa 3a CYET JIONOJIHEHMsI €€ HOCUTEISIMU JAHHBIX U OIIEpaTOpaMH, Ha BXOJIE€ U BBIXOJE€ KOTOPBIX
cnenupuupyroTcs oOpadaTbiBacMble JaHHbIC, Ha3BaHHBIME Jl-onepaTopamu. Takas momaudu-
Kallusl MOJIENIM II03BOJIMJIA UMIUIAHTUPOBATh JaHHBIE B ONMCAHUE AJITOPUTMOB, BBECTHU HOHATHS
COCTOSIHME BBIYHMCIUTENIBHOIO Ipoliecca U (UKCUPYIOIINE JIOTUUECKUE YCIOBUS.

Ha ocnoBe moauduuupoBanHoit Mosienu 9BM mocTpoeHa TpexXOCHOBHasl cUCTEMa alro-
puTMHUECKUX anreOp (anredpa aaropuTMOB C JAHHBIMH), OOECIEUMBarollas BOCXOIALIYI0 U
HUCXOJSILYIO CTPAaTE€ruy NMPOEKTUPOBAHUSA, PEAM3alUU IIOAXOAA OT JAHHBIX, OT YIPaBICHUSA
(pyHKIMOHATBHO-OPUEHTUPOBAHHBINA MIOXO0/1) U UX COYETAHUS M COTJIaCOBAHHOCTH clielu(uKa-
Uil o0pabaTbiBaeMbIX JAHHBIX C (YHKIMOHAJIBHOCTHIO J[-omepaTopoB, oOpaldaThIBAIOIIUX ITH
JaHHBIE, HAa BCEeX ATamnax pa3padotku. [IpemioxeHHbIi aredpandeckuil anmapar He YCTYMaeT 1Mo
CBOMM HM300pa3UTEIbHBIM BO3MOXKHOCTAM anreope I'mymkosa u e€ Mmoandukanusm, odecrnedn-
Bas peayn3alliio olepaliy NpOrHO3MPOBAHUS BBIYMCIUTEIBHOIO IIpoliecca U popMasIbHbIE TIpe-
00pa3oBaHMs IPOEKTUPYEMOTO aITOPUTMA.

Jliig opueHTauuu GpopmMaabHOrO anmapara Ha KJIacC CUCTEM YIPaBIEHMS TEXHOJIOTHYECKU-
MU IpPOLECCAaMU OIPENEIECHbl BBOAUMBIE U BBIBOAMMBIE IAaHHBIE, XapaKTEPHbIEC Ul CUCTEM
YIpaBJICHUS, BBEJCHBI CPEACTBA CUHXPOHU3ALMH U MOKa3aHAa BO3MOXHOCTb ITOCTPOCHHUSI ITPOU3-
BOJHBIX CPEACTB CUHXPOHM3ALUU I [apajlIeIbHO BBINOIHAEMBIX BETBEH aJITOPUTMA, KAK IS
MHOTOMAIlIMHHOM, TaK M JUIsi MHOT033JauHoi €ro peanu3anuu. Y HOMSHYTbIE BbIIE (PUKCUPYIO-
M€ YCJIOBUS MOTYT OBITh MCIIOJIB30BaHbI B Cilydae pa3pabOTKH CHCTEM JIOTHYECKOTO yIrpaBiie-
Hus. KpoMme TOro, oHM SIBIIIFOTCSL CPENCTBOM peav3alii KOHUENINH 3alIUIIEHHOIO IPOrpaM-
MHUPOBAHU.

Anrebpa alIropuTMOB C JAaHHBIMU — HOBBIN alreOpanydeckuil annapar, OpUeHTUPOBAHHBIN
Ha IIPOCKTUPOBAHUS AJITOPUTMOB U IPOrPaMM IIHUPOKOrO KJIacca CUCTEM, B YACTHOCTHU, CUCTEM
yIpaBiIeHUS! TEXHOJOTUYECKUMHU IpolieccaMu. Apeasl IpUMeHeHus anredpa MOXKeT paclIupsTh-
Cs 3@ CUET IIOCTPOCHMS HOBBIX AJITOPUTMUYECKUX KOHCTPYKLUN, OPUEHTUPOBAHHBIX HA CIIECIH-
¢buKy pa3pabaTbiBa€MbIX MPOTPAMMHBIX cHcTeM. VMeromascs BO3MOMXHOCTh aBTOMaTH3aI[MHU
npolecca MpOeKTUPOBAHUS 00ECIIeUnBaET NEPCHEKTUBHOCTh MCIIONB30BAaHUS are0Opandeckoro
anrmapara.
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HpnMeHeHne METOda MPAMBIX IIPU PCHICHUA 3a/iaY YIIPpaBJICHUA
AJIsA CUCTEM C 3ana3JibiIBaHUEM

Bocrpukos 1. B., MI'Y umenu M. B. JIomoHocoBa, Poccus

JlanHast paboTa MOCBSIIEHA YIPABICHUIO CUCTEMOM ¢ 3ana3ipiBaHieM. OCOOCHHOCTBIO Ta-
KHX CHUCTEM SIBJIsieTCs OECKOHEUHOMEpHAs Mpupoza (ha30BOro COCTOSIHUSA, TIPU 3TOM HaXO0XKJICHHE
pelieHrs B 00paTHOM BPEMEHH SIBJIIETCS HEKOPPEKTHO MOCTaBIeHHOM 3aaaueil. [loaTomy 3amaua
LIEJIEBOIO YIIPABJICHUS, [IPH PELIEHUU KOTOPOU TpeOyeTCsl HaXOAUTh HOMATHBIE MHOXKECTBA J0C-
THXKUMOCTH, TpeOyeT peryispusainuu, 00ecrednBaronlyl0o KOPPEeKTHYIO cxemy pemieHus. Jlan-
Has mpoOiema, 0e3yCIOBHO, aKTyaJbHO, TaK KakK 3aJaydl YIPABJICHUS BO3ZHUKAIOT BO MHOTHX
00JacTAX 4eI0BeUECKOM 1eaTeIbHOCTH.

PaccmaTpuBaercs nuHeliHas ynpasisieMas CUCTEMA C ITOCTOSHHBIM 3alla3/bIBAHUEM U T€0-
METPUYECKUMH 3JUIMIICOUIATbHBIMU OTPAaHUYECHUSIMU Ha YIIPABIICHUE:

X[t/=Ao[t)x [t +A (t)x[t—h)+B(t)ult], (1)
x(z)=x,(t),r€lte—h L], (2)

u(r)ee(p2).PE)reltt) @

rae &(pl).P(r)] - smmmcounn ¢ nentpom plc] m matpueii P(c).

Texyiasi MO3UIHUSI {t,xt()} JaHHOM CHCTeMbl IOHMMAETCs KaK Iapa, COCTOSIIAs U3 TEKY-
Iero MOMEHTa BpeMeHH t u (QyHkimu X¢() pelenns B TeKymmii MOMEHT BPEMEHH BMECTE C
npeapicTopreii Ha uHTepBaie [t-h,t).

JIi1si BBEZIGHHOM CHCTEMBI pacCMaTpUBACTCS 3ajava IeJCBOr0 YIPaBICHHs U3 3aJaHHOTO
MHOKeCTBa X HaYallbHBIX COCTOSHUI HA MHOXECTBO M.

TpeGyeTcsl IOCTPOUTL CUHTE3 yNpaBieHus B Buae pyHkiuu U (t,Xt()) (BooO1IE TOBOPS

MHOTO3HAYHOH ), KOTOpasi 3aBUCHUT OT TEKYIIEH MO3UIHA ‘{t,Xt ( )} cuctemsl (1),(2).

B cuny Gonpiioil BEIYUCIUTETBHONW CIOKHOCTH JAHHOM 3aJayd MCXOHAsl CHCTeMa C 3a-
Ma3IbIBAHUEM aIIPOKCUMHUPYETCSI CHCTEMON OOBIKHOBEHHBIX AU GEpEeHIINATHHBIX YPaBHEHUH C
MOMOIIBI0 METOAA MPSIMBIX JIJIsl 3TOI CHCTEMBI MOXHO TIOCTPOUTH YIpaBlieHUE B (hopMe CHHTE-
3a, UCTIONB3YSl METOJ] JMHAMHUYECKOTO ITporpaMmMupoBanusi. Ho BeuncieHne Takke COmpsiKeHo ¢
BBIYUCITUTENBHBIME CIOKHOCTAMU. UTOOBI YMEHBIIUTH O0BEM BBIYHCIEHUH, MHOKECTBO pa3pe-
IIUMOCTH 3aMEHSETCS Ha €r0 BHYTPEHHIOK dJUTMIICOUIATBHYIO OIeHKY [2], [3]. DTO BO3MOXHO,
€CJIM 1IEJIEBOE MHOXECTBO CHCTEMbI SIBISIETCS JIIUINCOMAOM. M cuHTE3 cTpouTcss Ha OCHOBE
(YHKIIUH 1IE€HbI, BBIYUCIIIEMOH C IOMOIIBI0 BHYTPEHHEN AJITUIICOUIANBbHOMN OlleHKH. CII0KHOCTD
MOJIYYEHHOTO AJTOPUTMA YMEHBIIIAETCS, YTO MO3BOJIIET CTPOUTH YIPABICHUE JMHAMUYECKUMU
00BEKTaMHU B PEKHME PEATBHOTO BpeMeHHU. PaccCMOTpeH mpuMep yIpaBJICHUS KOHKPETHOM JIH-
HAMHUYECKOU CUCTEMOM.

CHnmcok CChUIOK
[1] Kypxanckwuii A.,b.: K anmpokcumMariuu JuHEHHBIX audepeHInalbHbIX YPaBHEHUH ¢ 3amas3-
neiBanueM.// nddepenu. ypasn. 1967. 3. Nel2. C. 2094-2107.
[2] Kurzhanski A.,B., Valyi I.: Ellipsoidal Calculus for Estimation and Control. Boston:
Birkhauser, 1997.
[3] Kurzhanski A.B. and Varaiya P., Ellipsoidal Techniques for Reachability Analysis: internal
approximation, System and Control Letters, v.41, pp.201-211, 2000.
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MoximBocti Bukopuctanns IIJIIC nas anaparHoi peasizanii popMyBaHHA IporpamMu
PO3IYCKY 3QJi3HUYHHUX COCTABIB

J3106a B. B., lllanoBanos B. O., J{HiTponeTpoBChKHiA HAIliOHAIBHUI YHIBEPCUTET 3aII3HUYHOTO
TpaHCIOpTy iMeHi akajgemika B. Jlazapsna, Ykpaina

[Tpuctpoi 0O6poOku iH(OpMarlii, ynpaBimiHHA Ha CTaHLIAX 3aJi3HUYHOTO TPAHCIOPTY, 5K
MpaBUJIO0, peai3oBaHl Ha 3acTapislii eleMeHTHiM 0a3i. BukopucranHs B HMUGPPOBUX CHCTEMax
CY4acHHUX IMporpamyeMux JIOTiyHUX iHTerpanbHux cxeM IIJIIC i MOB mpoekTyBaHHS anapaTHHX
3ac00i8 HDL nae moxxnuBoCTI:

- CKOPOTHTH 4Yac pO3pPOOKH TAKMX CHUCTEM, OCKUTBKH CXEMOTEXHIYHA YACTHHA CXEMH peai-
3oByeThes y TJIIC;

- HQ/IaTU MOXJIMBICTh OHOBJICHHS Ta MOJi(iKaIlii CHCTEMH 3a paxyHOK MepenporpaMmyBaH-
Hs [TJIIC Ge3 3MiHM anapaTHOI YaCTUHU CUCTEMU;

- CKOPOTHUTH PO3MIipH PO3POOITFOBAHOTO MPUCTPOIO Ta 3MEHIIIUTH PO3MIpI CUCTEMH;

- BIIMOBHUTHCH BiJi BUKOPHCTaHHS KOMII FOTEPIB 1, BIAMOBITHO, ONEpAIlIHHUX CHUCTEM Ta
BHPIIICHHS BCiX MpoOJeM, 10 TOB'sI3aHi 3 1X BUKOPHUCTAHHSIM - KOPUCTYBad ab0 BipycC HE 3MOXKeE
BHecTu Moaudikaii 1o 13 Ta HapymuTH Npane3gaTHicTb NPUCTPOIO;

- BUKOHAHHS OTIEepalliii mapajenbHo, o B ACAKIX CIyJasx € MepeBarolo Ta MPUIUHOI0 BU-
kopuctanus [1JIIC 3amicTs piteHHs Ha 6a31 MIKPOKOHTPOJIEPIB;

- 3aXHCTY Bia Mofidikarii mpucTporo, 30epiraHasi BHYTPIIIHUX aJTOPUTMIB Ta MPUHIUIIIB
poOOTH IIPUCTPOIO BiJl CTOPOHHIX OCI0.

OcHoBanmu Henoiikamu BukopucTanss [1IJIIC € HeBenuki po3Mipu CHHTE30BaHOI olepa-
THUBHOI NaM'siTi (110 BUPIIIYETHCSI BCTAHOBIEHHSM 30BHILIHBOI MaM'sTi HEOOX1THOTO pO3Mipy) Ta
CKJIQ/IHICTIO TECTYBAHHS PO3POOJIEHOTO MPOAYKTY.

B naniit po6oTi B SKOCTI HpUKIaAy PO3MISHYTa MOXJIMBICTH amapaTHOI peaiizauii Ha
IJTIC mpuctporo ¢opMmyBaHHS TporpamMu po3MmycKy coctaBy. L{s mporpama HeoOXimHa st po-
00TH TIPKOBOTO MPOrpaMHO-3a/1al0Y0r0 MPHUCTPOI0. Y BHIVIALI OKPEeMHX KOMaHJl BOHa Oyne
MOCJIIJOBHO TPAHCIIOBAaTUCh Y MPHUCTPOi TIPKOBOi aBTOMAaTUKU Ta KepyBaTH poOOTOIO
aBTOMaTH30BaHOI COPTYBAIbHOI T1PKH.

[IporpamMa po3mycky cocTaBiB 3700yBa€TbCcs Ha OCHOBI COPTYBaJIbHOIO JIMCTA
PO3QOpMyEMOTO COCTaBY, B SIKOMY 30epiraeTbcst HalOUIbII MMOBHA iH(opMalis npo Bixdenu (6
atpuOyTiB). B mporpamy po3mycky cocTaBy HEOOX1THO MEPEHECTH TIIBKH 3 aTpUOYTH IS KOX-
HOTO Bijgyeny (HOMep, MapupyT Bi;{qeny 1 KUIBKICTh BaroHiB y Biguemni). B po3pobasemomy
PUCTPOT nepez[6aqaeTLcs[ OKpeMa mam’aTh (YMOBHO Ha3BEMO IEPIIOI0) JJISi COPTYBaJIHHOTO
JUcTa 1 OKpeMa Mmam’sTh (JIpyra) Juis HporpaMu po3mycKy cocTtaBy. KoskHoMmy Biguemy
Bignosigae 1 3amuc. Buxozsum 3 BMicTy aTpuOyTiB (CyMapHOi KiJIBKOCTI CHMBOJIIB), B MEpIIiit
nam’Ti 715 30epekeHHs 3a1ucy JOCTaTHbO 5 0aiTiB, a B Apyriil — ogHOoro 6aiiTy. MakcuManbHa
KUIBKICTh 3anuCiB (BiaueniB) MoxkHa npuiinatu 100 (MakcuMaibHa KiIbKICTh BarOHIB y COCTaB1).
Taxkum uynHOM, A7 Tepioi nam’sTi notpideH 06’em 500 Gaifris, a 1 apyroi — 100 Gaiitis. Ta-
Ky NaM’aTh MOXHa peanidyBatu (mpaktuyHo B Oyab-sxuii IIJIIC FPGA) sk posnoniieny
Distributed, Tak i 6;1ouny BlockRAM.

B npuctpoi nependauvarotbest iHTepdeiicu (cTannapTHi abo HECTaHIAPTHI) JUIsl BBEACHHS
(mpuitomy) iHdopManii copTyBaJbHOTO JHCTa 1 /Ui BUBEJCHHA (mepeaadi) abo penaryBaHHs
(06’eqHanHs, 1poOJIeHHS BinyeniB) iHpopMarlli chopMoBaHOi MporpaMu po3nycky cocraBy. Lli
iHTepdeiicu, K 1 Bech NPUCTpiH, onucyroThes onHieto 3 MoB HDL (nampuxiag, VHDL) i peani-
3ytotbess B IIJIIC. [Inst BenmeHHs Adlajiory oleparopa COpTYBaJIbHOI TOPKH 3 MPHUCTPOEM
nepeadavyaeThCsl BAKOPUCTAHHS CIEliali30BaHol KaBiaTypu 3 3aBJaHHUM HaOOpOM HEOOXiTHUX
CHUMBOJIIB, Ta ITU(POBOTO AUCIUICIO.

Po3pobnene pimeHHs Oyzae sABIATH cOOOI0 MPHUCTPiM, IO JIETKO MiAKIIOYYETHCS, HE
noTpelye TPUBAJIOTO Ta CKJIAJHOIO HAJIArOJXKEHHS, I0IYCKAE TUPAXKYBaHHS.
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AHaJIN3 0IIMOOK onpe/ieSieHHsI MesKOCEBBIX PACCTOSIHHIT BATOHOB HA TPEXTOYeYHOM
KOHTPOJbHOM Y4YacTKe

Eropos O. U., UBuH II. B., Tpoumn E. A., /lHenponeTpoBCKuii HallMOHAIbHBIA YHUBEPCUTET
KEJIE3HOJOPOKHOIO TPAaHCIIOPTa UMEHN akajgemuka B. Jlazapsna, Ykpanna

OnpeneneHrne MeKOCEBBIX PAaCCTOSHUN MOJBUKHBIX €JUHUI] IPUMEHSETCS B Pa3IU4HbIX
cucTeMax aBTOMAaTU3MPOBAHHOIO YIIPABIEHMsI HAa COPTUPOBOYHBIX CTaHUUsAX. Haubonee akry-
aJIGHO 3TO B 3aJla4ax OIpeJeJICHUs TUIA TOABIKHBIX €AMHUI], 0a3bl BaroHa WX OTIIETa, CUCTe-
Max cyera ocei u T.1. [Ipy 3TOM NpuUMEHSIOTCS pa3IuyHble METOAbl UACHTU(UKALUHU, UCTIONb-
3yIOIIKE CHelHalbHbIe KOHTPOJIbHbBIE YYaCTKHU, BKIIOYAOIINE B ce0sl TOUCUHBIE ITyTEBbIC 1aTYH-
KM, PEIbCOBBbIE LIENH, (POTORIEMEHTHI M JIPYroe HaIoJbHOE 000pYyJOBaHUE, NMPUMEHSIEMOE Ha
KEJIE3HOJOPOKHOM TpaHcopTe. B nanHON paboTe paccMaTpUBAIOTCS METOJIbI, HCIIOIB3YIOIINE
KOHTPOJIbHBIM Y4aCTOK, KOTOPBIH COCTOUT M3 TPEX KOHTPOJBHBIX TOUYEK (TOUEUHBIX MYTEBBIX
natyukoB). IlorpemiHocTy, BO3HUKAIOIMIKE MIPU UCIOIb30BAaHUM TaKUX METOJOB, CBS3aHbl C He-
COBIIAJICHUEM MOMEHTa CpabaThIBaHUs MYTEBOI'O TOYEYHOI'O JaTYMKA C MOMEHTOM MPOXOXKIAECHUS
KOJIeca BaroHa HaJl FEOMETPUUYECKUM ILIEHTPOM JlaTuMKa. Takoe HeCOBNaeHUE B pabOTe IPUHSTO
KaK ciy4aiiHas BeIMUMHA, paclipeieIeHHas 10 HOPMalbHOMY 3aKOHY.

JlaHHBIE 0 BO3MOXHBIX 3HAUEHUSIX OMMOOK ONPEACTICHUS MEKOCEBBIX PACCTOSHUN MOYKHO
MOJYYUTh C MCIIOJIb30BAaHHMEM MMMTALMOHHONW MO, WM BOCIOJIb30BABIINCH aHAJTUTUYECKH-
MU 3aBHCUMOCTSIMH, JUIsl BBIOPAHHOI'O KOHTPOJIBHOI'O Y4YacTKa, JATUUKOB U MEXOCEBOIO pac-
CTOSIHUS TMOABMKHBIX €IUHMIL. J[aHHBIE AJI ONpelesieHus TOIMYCTUMBIX 3HAUYE€HUI OMIMOKHU OI-
peleneHust MEeXKOCEBBIX PAaCCTOSTHUN HEOOXO0AUMO MOKHO B35Th U3 TaOJIHII MEXKOCEBBIX pPacCTOs-
Hull napka BaroHoB kosien 1520. JlonycTuMble 3HaU€HUs OIUMOOK MPEICTABICHBI B BUE pPa3HU-
I[bI MEXOCEBBIX PACCTOSHUN JBYX MOJBHKHBIX €IMHHI] OJMHAKOBOM OCHOCTH U ¢ Hauboiee
ONMM3KUMU 3HAYEeHUSAMU. {71 BBINOJIHEHUsI CPAaBHEHUS BBIIOJHUM NMPeoOpa3oBaHKE JTOMYCTUMBIX
3HauYeHUN OMIMOOK OT aOCONIIOTHBIX 3HAUEHUH K 3HAUEHUSM CPEJHEro KBaJpaTUYECKOro OTKIIO-
HEHMsI, UCIIOJIb3Ys Ul 3TOTO MPaBHIO 3-X CUI'M. AJNTOPUTM MpeoOpa3oBaHUs COCTOMT U3 Cle-
JYIOIIAX OTNEpalnii:

- BBIOMpaAroTCs /1Ba HauOosiee OMU3KHE 3HAYECHUS MEXKOCEBOI'O PACCTOSHUS MOJIBHIKHBIX
€IMHUII pa3HbIX TUIOB. IIpu 3TOM OTAENBbHO OyZeM paccMaTpUBaTh PACCTOSIHUS MEX]Yy OCSIMU B
TEJIEKKE U MEXY BHYyTPEHHUMHU OCSIMU TMOJBUKHBIX €IUHUILL;

- onpefensieTca abCOITHOE 3HAUEHUE PA3HOCTH JJAHHBIX BEJIMYUH U JIEIUTCS MOMOoJIaM;

- TIOJIy4YE€HHasl pa3HOCTh AEJIUTCS Ha 3, COINIaCHO MpaBUILy 3-X CUI'M C BeposATHOCTHIO 0,997
MPUHATON 3a TeXHUUYECKyto eauHuiy. [lomyuyeHHoe 3HaueHue OyaeM paccMaTpuBaTh Kak cpei-
Hee KBaJpaTHYECKOE OTKJIOHEHHE JAOMYCTHUMOIO 3HAYeHMs OLIMOKU OMpEeIeNICHHs] MEKOCEBOTrO
paccTosiHus.

IIpyn paccMOTpEHUH MEXOCEBBIX PACCTOSIHMM MEXKIYy BHYTPEHHUMH OCSAMH IOJBUKHBIX
ObLIO OTMEUYEHO, YTO Pa3HbI€ TUIBI MOABM)KHBIX €AMHHI] UMEIOT OJAMHAKOBBIEC JaHHbIC BEIUUHU-
HBI, THOO Pa3HOCTh 3TUX BEJIMYMH OYEHb Maiia, MpuMepHo 6 — 20 MM. OmnpenenuTh MeX0oCceBoe
paccTosiHue C TaKOH TOYHOCTBHIO MPAKTUYECKH HEBO3MOXKHO.

IIpoBens aHamu3 MEKOCEBBIX PACCTOSHUN BarOHOB MOKHO CZEJIATh CIEAYIOLIEE 3aKIIOUe-
Hue: Haubosiee ONTHUMAaJbHOE KAaueCTBO MAECHTU(UKAIMK TMOJABMKHOM €IMHUIBI MOXKHO TOJY-
YUTh TOJIBKO IPU JJIMHE KOHTPOJIBHOIO y4acTKa paBHBIM HE MeHee 12 M U cpefHe KBajapaTHue-
CKOM OTKJIOHEHUH 30HBI cpabaThiBaHus AaTunka He Oosee 3 Mm. OHAKO B psjie CIy4aeB 3TO HE
ABJIAETCS IPUEMIIEMBIM KaK Ul JUIMHBI KOHTPOJIBHOTO YYacTKa, TaK U JJI BO3MOXKHBIX XapaKTe-
puctuk aatuuka. [losToMy HeoO6XoaMMO pa3paboTaTh COOTBETCTBYIOLIYID METOIUKY, KOTOpas
JIacT MOJIOKUTEIbHBINA PE3yIbTaT IPU KPUTUUECKUX 3HAUEHUAX UCXOIHBIX JAHHBIX.
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HOFpeIIIHOCTL onmpeaecjJacHus Tuna NOABUKHBIX €IUHUIL 10 MEKOCEBOMY PACCTOAHUIO

Eropos O. U., Kopsituenko O. I'., JlnenponeTpoBCKU HallMOHAIbHBIN YHUBEPCUTET
YKEJIE3HOJOPOKHOTO TPAHCIIOPTAa UMEHU akajemuka B.JIa3apsHa, Ykpauna

WnenTudukanys NOABMKHBIX €IMHUL] 3aKII0YaeT B ceOe omnpeeeHue pa3InyHbIX Xapak-
TEPUCTUK: KOJIMYECTBO OCEW, KOJIMYECTBO BAarOHOB U MX OCHOCTb, HOMEpa BaroHOB, OCHOBHOE
yIIelIbHOE COIIPOTHUBIIEHUE ABMKEHHIO U T.A. CTeneHb UACHTU(PHUKALMY 3aBUCUT OT Habopa JaH-
HBIX, HEOOXOAMMBIX HAa JAHHOM TEXHOJIOTUYECKOM YYacCTKE WJIM JUIS JAaHHOH CHCTEMbl aBTOMa-
tu3auui. OJHUM U3 BO3MOXHBIX CHOCOOOB MAECHTH(MKALMK NOJABMXKHBIX €IMHMIL, & UMEHHO
UACHTU(UKAIIMY UX THIA, 3aKJIF0YAETCS B ONMPEICTICHIH UX MEXOCEBBIX pacctostHuid. Ho B psine
CllyyaeB Pa3HMULIA MEXJY 3TUMH PacCTOSHUAMM O4eHb Maisa, 1160 BooOmie paBHa 0. I[Tostomy
IpU WACHTU(UKAIMH TTOABWKHBIX €TUHHI] BO3MOXKEH BapUaAHT C pa3JelIeHHEM BCEX IOABHKHBIX
eauHuL Ha rpynnsl. [Ipy neseHun Ha rpynnbsl yYUTHIBAIOTCS TOYHOCTH OIPENEICHUS MEXOCE-
BbIX paccTosiHUM. Tak, Ipyu TOYHOCTU ONPEJEIICHUsI MEKOCEBBIX paccTOssHUM paBHOM 50 MM mo-
JIy4aroTcsl OfHa IpyIIa U3 TPeX MOABWKHBIX €IUHULl, TPH — U3 [BYX, a BCE OCTAJIbHBIC I'PYIIIIbI
coJiep KaT Mo OJHOW MOJBMKHOHM equHHIe. TO €cTh, B 3TOM CiIy4ae IMPOMCXOTUT WIACHTU(HUKA-
LU TOABUKHOM €IMHULBI C TOYHOCTBIO JI0 OlpenesacHus rpynmnsl. KoandecTso rpynn u ux co-
CTaB MOKET MEHATHCS B 3aBUCUMOCTH OT TOYHOCTH HICHTH()UKALINH.

B pe3ynbrare npoxokIeHus MOJABUKHOM €IMHULIEH KOHTPOJIBHOIO Y4acTKa BBIYUCIISFOTCS
BCE €€ MEXKOCEBbIe paccTOsiHU. [ onpeneneHus TUIa MOABMXKHOM €IMHULBI WM TPYIIIbI, K
KOTOPOM OHa OTHOCHUTCS, HEOOXOJMMO PEIINUTh CIEAYIOIIUE 3a/1a4H:

- OIPEJEIUTh OCHOCTh MOJBUKHOW €AMHUIIBI;

- OIIPEIEIUTh KAKOE U3 3aMEPEHHBIX PACCTOSIHUM SIBIISIETCA PACCTOSIHUEM MEXKIy BHYTPEH-
HUMH OCSIMU;

- 10 3aMEPEHHOMY M ONPEJECICHHOMY PACCTOSIHUIO MEKIY BHYTPEHHUMH OCSMU IOJBHXK-
HOM €IMHUIIBI OTIPEAEIIUTh €€ THUIIL.

JUia onpeneneHus TUNA MOABMKHOM €IMHULIBI UCIIOIb3YEM BEPOSTHOCTHBIA moaxon. s
3TOro HEOOXOAMMO HCIOIb30BaTh 0a3y AAHHBIX O MOJBHUKHBIX €IUHHIIAX, COAEPIKALIYIO UX Me-
&KoceBble paccTosHus. Omuoka onpeaeaeHus MEXOCEBBIX PAaCCTOSIHUNA MOJTYMHSAETCS HOPMaslb-
HOMY 3aKOHY pacmpeaenenus. [loaTomy B kauecTBe WASHTUDUIIMPYEMON MOIBUKHON €IMHUIIBI
MOJKET OBITh JIt00ast, /U1 KOTOPOI BEpHO HEPABEHCTBO

1
S-3-0,<S'<S+3-0, M
,

r7ae S — paccTOsIHUE MEX]ly BHYTPEHHUMHU OCSIMU MTOABM>KHOM €IMHUIIBI [TO KaTaJory,

S’ — 3aMepeHHOE pacCTOSHUE MEXy BHYTPEHHUMH OCSIMH MOJBUKHON €IMHHULIBI;

oAS — cpenHee KBaJpaTHUECKOE OTKJIOHEHHWE OLIMOKH ONpENEeNIeHHS MEXOCEBOIo pac-
CTOSIHHUSL.

CornacHO IUIOTHOCTH BEPOSTHOCTU OIIMOKHU OMPENEICHUS MEKOCEBOIO PAaCCTOSHUS IS
KaX/I0TO M3 BaroHoB, OyAeT BaroH, MMEIOLINI HauOOJIbIIYI0 BEPOATHOCTh M BaroH, UMEIOIINI
HaMMEHBIIYIO BEPOSTHOCTD, a TAK)KE BaroHbl C MPOMEKYTOYHBIM 3HAUEHHEM BEPOSITHOCTHU Tpa-
BWIbHOHN uaeHTUHKamu. OJHAKO CeNaTh BHIBOJ O TOM, YTO WIACHTU(UIIMPYEMBIM BarOHOM C
HauOOoJIbIIeH BEPOSTHOCTHIO OINO0YHO. BriosHe BO3MOXKHO, UTO MPHU UACHTU(DUKAIIMY JaHHOTO
BaroHa omrOKa JaT4YuKa UMella CBOE Mpe/ieibHOEe 3HAaUeHUe, U B IIpoliecce UACHTU(DUKAIIMH Me-
KOCEBOI'0 pacCTOsIHUS Obli1a 0MyIeHa rpyoas ommoka.

PesynpTaTom uaeHTHUHUKAIMH, C UCIIOIb30BAHUEM PEASIaraeMoro MeTo/a, sIBJISIETCs TOY-
HO€ OIpeJIelIeHUEe TUIA TOABUKHOW €IMHUIIBI WJIM OTPAaHUYEHHOM rpynibl, K KOTOPOH OHA OTHO-
curcs. [Ipu 3ToM OyIeT HOMOIHUTENBHO UCIOIb30BaHa HH(POpMAIIHUS O NepeMeleHHE TTOBIX-
HBIX €JIMHHII OT CHCTEM BEPXHETO YPOBHSL.
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ABTOMATHYECKOE ONpe/ieeHNe BHITIOJHAEMOi onepany TeXHOJI0TH4ecKoro npomecca
7KeJIe3HOI0POKHBIM TPAHCIOPTOM HA NPOMBINLIEHHOM NpPeANPUATHH

Kyxosuuxuii 1. B., 3aen A. I1., [lnenponeTpoBCKuii HAlIMOHAIbHBIA YHUBEPCUTET
JKEJIE3HOJOPOKHOT 0 TpaHcnopTa UM. ak. B. JlasapsiHa, Ykpanna

Ha coBpeMEHHOM KpyNHOM MPOMBIIUIEHHOM MpPEINPHUATHH, I'/l€ OCHOBOW BBIIIOJHEHUS
€IMHOT0 TEXHOJIOTHYECKOIo Ipoliecca sIBISIETCS KayeCTBEHHOE U CBOEBPEMEHHOE BBIMIOJIHEHUE
IIOCTABJIEHHBIX 33/a4 >KEJIE3HOJA0POKHBIM TPAHCIIOPTOM, IIPY BHEIAPEHUHU CUCTEM MOHMTOPHHIA
U KOHTPOJISI TPAHCIOPTAa HEOOXOAMMO KPOME CheMa SKCILTYyaTallMOHHBIX XapaKTEPUCTUK €Ile U
UX COIOCTaBJIEHUE ¢ TPAHUYHBIMU HOPMATUBHBIMU WJIM ONlEpaTMBHBIMU IOKazaTesnsMu. 1 eciou
IUIl KOHTPOJIE OAMHOYHBIX IIapaMETPOB peEIIeHUE AAHHOW 3afaud He OyAeT CIO0XKHBIM, TO Ui
KOMIUIEKCHBIX TOKa3aTeield HeoOxoauma pa3paboTKa CHelHalbHbIX METOIUK pacueTa M airo-
PUTMOB CpaBHEHHUSI.

OpnHol M3 TakuX 3a/a4 SIBJISETCS ONpe/AeSeHUE BUA BBINOIHIEMON OINepaluu B yKa3aH-
HOM IPOMEXYTKE BpeMeHH. UTOOBI NMPOU3BECTH C JOMYCTHMMON TOYHOCTBIO aBTOMAaTHU3ALUIO
KOHTPOJISI BHIIOJIHEHHS pab0T, YCTaHOBIICHHBIX IJIAHOM-TPa(QHUKOM KEJIe3HOIOPOIKHOTO TPaHC-
[OopTa Ha MPEINpPUATHH, 3a4aCTyI0 HEJOCTAaTOYHO TPAKTOBATh MOCIEI0BATEIbHOCTD MOCEIIEHUS
r€030H KakK IPOU3BOJICTBEHHYIO 3a/auy. TakKe cielyeT yuuThIBaTh, YTO Ha IMPAKTHKE MPOLIECC
HayaJlbHOM HACTPOMKH TUIOBBIX MAapIIPYTOB OKA3bIBAETCS €I U JOCTATOUHO TPYIOEMKHUM.

Enunuueild paboTel MaHEBPOBOIO KEJIE3HOIOPOKHOIO TPAHCIIOPTA Ha MPEANPUATUH HPU-
HATO CUUTATh noiypeiic. Kak n3BecTHO, MaHEBPOBBIH MOJypeic MOKET COCTOATh U3 CIETYIOLINX
AJIEMEHTOB: pa3roHa, TOPMOXKEHHUS, BUKEHHUS C YCTAHOBUBILIEICS CKOPOCTBIO U JIBUIKEHUS I10
uHepuun. Kaxaplit U3 3TUX 3JIEMEHTOB MOXKET OBITh ONpEeeNIeH CIEAYIOUIMM HabopOM IKCILTya-
TallMOHHBIX MOKa3aTesel, CUYNTAHHBIX C JaTYUKOB, KOTOpPbHIE YCTAaHOBJIEHbl Ha TPAHCIOPTHOM
CpeAcTBe: CKOPOCTH (TIOJIydeHa ¢ reorpoleccopa TepMHUHAa), YCKOPeHHs (TI0JIyUeHO C aKcelle-
pomMeTpa), reono3uluii U BpEMEHU Hayalla U OKOHYAaHMsI JABM)KEHHUs (IIOJIy4€HbI C TepMHUHAIA).
Takum 00pa3oM MosBISIETCS BO3MOXXHOCTh AudepeHnpoBaTh Bech mpoiecc paboThl TpaHC-
nopta Ha cocrasisomue. CiaenyromuM maroM Heo0X0IuMO CrPyIIMPOBATh MOIYPEICHl B ITa-
bl TexHoJormdeckoro mpouecca. bonpmmuacTBo ETII nmpeanpusaTuil BBIIEISIOT CIEAYIOLIUE
3Talbl C Y4aCTHEM JKEJIE3HOAOPOKHOIO TPAHCIOPTA: I10/lada BaroHOB HA MOABE3JHON IyTh,
pacopMupoBaHue MepeIaTOYHOTO Moe3/a, Mo/laua BaroHOB Ha Ipy30Bble (POHTHI, [10J1a4a Ba-
TOHOB Ha ()POHTHI B3BELLIMBAHUS U JO3UPOBKH, B3BEIIMBaHHE U TO3UPOBKA BaroHOB, I10/1a4ya Ba-
TOHOB U3-TIOJI BBITPY3KH IO/ NMOTPY3KY, YOOpKa BaroHOB C Ipy30BbIX (PPOHTOB, (OpMHpPOBaHUE
NEPeaTOYHOro Moe3/1a, HAKOIUIEHHE Ha COCTaB MEPEeJaTOYHOro IM0€37a, BO3BpaT BarOHOB Ha
CTaHLIMIO IPUMBIKaHUS U HEKOTOPBIE JPYTHE.

Jlia onpezneneHuss NPUHAAIEKHOCTH TPYIIBI MOJYpEeHCOB K OAHOMY W3 JaHHBIX STaIoB
HE00XO0AUMO JOMOJHUTEIBHO aHAIU3UPOBATH KOJIMUYECTBO OOOPOTOB ABHUTraTessl, MO3UIIUIO KOH-
TpoJuiepa MAIlIMHUCTA, 1aBJIEHHE B TOPMO3HOI MarucTpaiu U IPOrHO3UpyeMYI0 HH(OPMALIHIO O
TPAHCIIOPTUPYEMBIX BaroHax. B CBsI3U ¢ BBICOKOH CIIOKHOCTBIO U CHJIBHOM 3aBHCHMOCTBIO OT
MHQPACTPYKTYphl MPEANPUATHS BMECTO MPOEKTUPOBAHMS JTAHHOTO ajJropUTMa Mpejiaraercs
pelleHre yKa3aHHOW 3a/laud, Kak 33Ja4d Kjaccu(UKalUi Ha OCHOBE MCKYCCTBEHHOW HEHpPOH-
HOMW CeTH, MOCKOJIbKY KOJUYECTBO KJIACCOB 3apaHee OIPaHMUYEHO U €CTh BO3MOXKHOCTH C(OPMHU-
poOBaTh 00YYAIOIYIO BBIOOPKY Ul OOYUEHUS CETU C yuuTeneM. BXOTHBIMU TaHHBIMU JIJIs1 TAKOM
ceTd OynyT NMPU3HAKHU - HAOOPHI IKCIITYyaTAllMOHHBIX XapaKTEPUCTUK MOJy4YaeMbIX C JATYHKOB,
YCTaHOBJIEHHBIX Ha TPAHCIIOPTHOM CPEACTBE, a KJIaCCaMM - JTalbl TEXHOJIOTMUYECKOTO MpOLIECCa,
BBITIOJTHSIEMbBIE KEJIe3HOAOPOKHBIM TPAHCIIOPTOM.
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MuxponpoueccopHasi CHCTeMa KOHTPOJIS YTeYKH PUPOIHOI0 rasza
WNamunu H. I'., XyramBunu 0. b., I'py3unckuil Texuuueckuit yausepcurer, [ py3us

IIpemioxxena pa3zpaboraHHast B ['py3MHCKOM TEXHMYECKOM YHUBEPCUTETE HOBask MHUKPO-
IIpOLIECCOpHAs cucTeMa OOHAPYKEHUs YTEUKH I'a3a B )KWIbIX IOMELIeHUsAX. M3BecTHO uTo, Ipu
UCIOJIb30BAHUU NPUPOHOro ra3za (MeraHa) yacTo OBIBAIOT Cilydall yTE€UKH U HAKOIJICHUS Ia3a,
YTO OYEHb OIACHO, T.K. BO3MOXHBI B3PbIBbl, BOSHUKHOBEHHS [10’KapOB U OTPABJICHUE JIFOJEH.

Jlns penieHus BO3HUKUIMX IpoOieM u  oOecrieyeHHs 0€30M1acHOCTU HaceJIeHUs Heo0Xo-
JMa yCTaHOBKAa B KBapTUPAX M JIOMax NpUOOPOB OOHApYXKeHUS U (PUKCALMM YTEeUKHU MeTaHa. B
HacTosIee Bpemsi BOo MHOrux crpanax EBpomnbl, a Takxke B CIIA, Kuraii, Poccun u Ykpaune
IIPOU3BOJIAT CUTHAIM3ATOPHI U JAETEKTOPHI sl OOHAPYKEHUs pa3HbIX ra3oB. V3BecTHBI psj aB-
TOMAaTHYECKUX CUTHAJIN3AaTOPOB cieayromux ¢upM u komnanuu: Ceutpon, Onumnus, Temmuo,
ABanrapj, ['a30TpoH U MHOTHX JIp., KOTOpbIE OTJIMYAIOTCA JAPYT OT JApyra Ha3Hau€HUEM, CTPYK-
Typoi U BBINOJHAEMbIX QYyHKIMU. CUTHANIM3aTOPbl MOTYT HE TOJILKO OOHApYKUTh U 3a(UKCH-
pOBaTh yTEUKy ra3a B KBApTHPE, HO U BbIpa0OTAaTh KOMAH/y 3aKPBITUS 3JIEKTPOMArHUTHOIO KJja-
IaHa Juisd [peKpalleHus MOCTyIuleHUs rasa. IIpubopbl MOTYyT OTJIMYATCs TakKe IO CIOCO0y
JIEKTPUUYECKOTO MUTAHUS: YacTh MPUOOPOB MUTAOTCS TOJIBKO OT CETH, WU TOJIBKO OT aKKyMYy-
JIATOpHOI OaTapeil. Penko BcTpedaroTcst npruOopsl ¢ KOMOMHUPOBAHHBIM TUTAHUEM.

[Ipeiaraemass MHMKpPONPOLIECCOPHAs CUCTEMa NpeAHAa3HAYeHa Uil OOHApyKEHHs YyTeuKU
METaHa B KBapTUpE, CBETOBOW M 3BYKOBOM CHTHaIM3allMM 00 3TOM U YTO CaMOe€ IVIaBHOE — 3a-
KPBITHS CIIEHUAIBHOTO 3J1. MATHUTHOTO KJIAIlaHa.

MuxkpornpoueccopHas CUCTEMAa COCTOUT U3 TpPEX 4YacTeu:

1.IHomynpoBoaHuKOBUi faTuuk (ceHcop) pupmbl Purapo (SAmnoHus);

2. DAEKTPOHHBIA MUKPOIPOIIECCOPHBIN OJI0K;

3. DNEeKTpOMarHuTHBIN KJIalaH.

N3rortoBneHa onbITHAS MAPTHS CUCTEMBI, KOTOpas MPOLIUIA  MCIBITAHUS HA CHELUAIBHOM
ucnelTaTenbHOM cTeHe. [logana 3asBKa B maTeHTHOE BeIOMCTBO I'pys3um.

B cucreme B kauecTBe NMEpBUYHOrO IpeodpazoBarens (JaTyMKa) MCIOJIb30BAaH CEHCOP
TGS 2611. IIutanne curHanuzaTopa MOXKHO OCYLIECTBUTH KakK OT CE€TH, TaK U OT aKKyMYJIs-
TOpHOM Oarapeil C aBTOMATHYECKUM NEpPEeKII0YEHHUEM OT OJHOTO BHJA MHUTAHUS Ha JAPYroi.
IIpenycmoTpeHa camMOOUArHOCTMKA M CUTHAJIW3alMs O HEUCIPABHOCTIX B LIEMSIX HarpeBaHUs
IIOJIYIIPOBOJIHUKOBOTO JIaTYMKA U YIpaBieHUs KianaHoM. OT CyIIECTBYIOIIMX aHAJIOTHMYHBIX
npUOOPOB U CUCTEM TMIpeJlaraeMas CUCTEMa OTIMYAeTCsl HECKOJIBKUMHU MPpU3HAKaMHM, YTO odec-
MI€YMBAET BHICOKYIO YYBCTBUTEIBHOCTD U TOYHOCTh PAOOTHI CUCTEMBI.
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JlocriIzKeHHSI MOK/JIMBOCTI CTBOPEHHSI CHCTEMH CaMOJiarHOCTYBaHHA iH(popManiliHo-
BHMIipPIOBAJILHOI CMCTeMHU BUNIPOOYBaHb TiAPaBJIiYHMX Nepeaay Tenjai0Bo3iB

Kmromnuk 1. A., JIHINponeTpoBChKUI HAIlIOHANBHUHN YHIBEPCUTET 3ai3HUYHOTO TPAHCIIOPTY
iMeHi akazemika B. JlazapsiHa, Ykpaina

B Ykpaini cboromHi Juisi BUKOHAHHS 3aBOJICHKHX BHITPOOYBAHb TiIPaBIiUYHUX epeaad Terio-
BO31B BUKOPUCTOBYIOThCSI TUTIOBI CTEH/IH, SIKI HE B TIOBHIM Mipi BIJMOBIJAI0Th CydaCHUM BUMOTaM JI0
BUIPOOYBaHb, SIK 3 TOUKU 30py BUMIPIOBAHHS KOHTPOJIBHUX MAPAMETPIB TaK 1 iX 0OpOoOKH 1 aHAMi3Y.
3a y4yacTio aBTOpa BUKOHAHO Psijl POOIT 3 YAOCKOHAJIEHHsI BUIIPOOYBAIBHOTO CTeH Ty Ha 0a3i J[Hin-
POBCBKOTO 3aBOAY [0 PEMOHTY TeII0B03iB «IIpoMTeruioBo3»». [list icHyrodoro creHty Oyna crpoe-
KTOBaHa Ta BIPOBAHKEHA 1H(POPMaIiHHO-BUMIPIOBAIIbHA CHCTEMA.

Jlnst 3a0e3nedeH s IepeBipKU TEXHIYHOTO CTaHy JATYHMKIB Ta JIiHINA 3B 53Ky 3 HUMU 3BUYAIHO
MOJKJIMBO TIOCHIJIOBHO OpaTy JEKiabKa BHOIPOK OTPHMMAHUX JAHWUX IPH MPOBEACHHI CIICIiaIbHUX
TECTOBUX BUIPOOYBaHb CUCTEMH Ta 32 JOTIOMOTOI0 PO3PaXyHKIB BIIEBHIOBATHUCH, 1110 1HIII TTapamMeT-
Y OTpUMaHi BiJl IHIITMX JaTYUKIB ICTUHHI.

SIK MOKa3y0Th TOCTIHKEHHS 110 JJaHid TeMaTHIIl, 0 BUPIIICHHS CUCTEMH TU(EPEHIIIIHNX Pi-
BHSIHbB, TUIBKU JUIS TIEPEBIPKH MapaMeTpiB OTPHUMAaHUX BiJl OJTHOTO TiapoTpaHchopmaropa morpedye
3HAYHUX SIK OOYHMCITIOBAILHUX PECYPCIB, TaK 1 BEIMKOI KUTBKOCTI BUXITHHX JAHUX TiIpoTpaHcgop-
Mmaropa. Ha npaktuiii B yMoBax 3aBoJly OTPMMAaHHS TAKUX JAHUX JIOCUTh yCKiIaaHeHe. s nepesip-
KU IIMX €JIEMEHTIB TiAPaBIiYHOI Mepenadi TakoX MOTPIOHI TaTYMKH, i TOMY IIi KOMIOHEHTH HEeoO-
X1JTHO pO3IJISIIaTH SIK OKpeMI MIJICUCTEMH Y SKUX BU3HAYEHHS TEXHIYHOTO CTaHy NOTpeOye CKiIagaH-
HS HE MEHIII TPOMI3JIKHX CUCTEM JTU(EPEHIIIHHIX PiBHSHb.

Tako>x npu OTpUMaHH1 PO3paxOBaHUX JAHUX X HEOOXIJHO SIKUMOCh YMHOM IOPIBHSATHU 3 pea-
JBHUMH JJAHUM 1 BCTAHOBUTHU JIOCTOBIPHICTh po0OTH cucTeMH. OCKUIbKH B JAHOMY BUIIAJIKy HEMO-
AJIMBO YITKO CKa3aTH MPO MPaBWJIBHICTh YW XMOHICTh OTPUMAHUX PE3YJbTaTIB, TO MPONOHYETHCS
BUKOPHCTOBYBATH METOM HEUITKOI JIOTIKH .

Cnmparodnch Ha BUCYHYTI BHIIE BUMOTH B JJAHOMY BHUIAJKY JOLIIBHO 3aCTOCYBAaTH HeHpo-
(a331 KoHTposep. JOUIBHICTh TAKOTO PILIEHHS OYEBHUIHA, aJLKE MO CYTI JUIi MEpEBIpKH poOOTH
JIATYUKIB OKPEMUX TIJICUCTEM CTEHAY BUIPOOYBaHb TiJIPaBIIIYHOI Mepeaadl HeoOX1HO CTBOPUTH
OKpeMi HEHpPOHHI MEpPEeXi 3 THTErPOBAaHUM KOHTPOJIEPOM HEUITKOI JIOTIKU Ul BU3HAYEHHS! ICTUHHO-
cTi gaHuX. Takuil miaxix 3HAYHO CHPOLIYeE PO3POOKY 1 JO3BOJISE MMOBHICTIO BIIMOBUTHUCH BiJ] IOCHTh
CKJIQTHMX MaT€MaTHYHUX PO3PaxyHKIB 3a paxXyHOK BIIPOBA/KEHHS €JIEMEHTIB IITYYHOTO IHTEIEKTY.

Tak sik cucTeMa BUKOHYe BUMIpIOBaHHS ITapamMeTpiB rigponepenad tuny YI'TI 750, ne HasiBHO
JIBA OKPEMHX T1IpOTpaHchOopMaTopu, TO CUCTEMY CaMOMIarHOCTHKH TOTPIOHO PO3IUIMTH Ha B
OKpeMi HiJnporpaMu JJs MepLIoro Ta APYroro rifiporpaHcdopmaropiB BiAMOBIAHO. K BioMo 3
Teopii MPOEKTYBAaHHS TiAPABIIUYHUX Tepeaad Ta 3aBOJCHKOI JIOKYMEHTAIlli TipaBliyHUX Iepeaad
JesIKl apaMeTpH (CTpyM 1 Hampyra MPUBOJHOTO JIBUTYHA, YacTOTa 0OEpTaHHS MPUBOIAHOIO JBUIY-
Ha, 9acToTa 00EPTaHHS «IaTYHKa IIBUIKOCTI), 0 BUMAPIOETHCS MOKIIMBO PO3paxyBaTd B ycTae-
HOMY peXuMi. 3a IHIIMMH [TapaMeTpaMu (CTpyM 1 Hallpyra remeparopa, TeMIepaTypu Macia Iep-
I0T0 TiApOoTpaHchopMaTopa Ta APYroro riiporpaicdopmaropa, 4acTrora 0OepTaHHs HaBaHTaXKyBa-
JIBHOTO T'eHepaTopa, TUCK Maclia MepIIoro ripoTpaHchopMaTopa Ta Apyroro riaporpaHchopmaTo-
pa, Temreparypa Maciia Ha BXOJ1 Ta BUXOJIl Tiporiepesadi) BiIOMUX MaTeMaTUYHUX PO3PaxXyHKIB
He icHye . Tomy 1U1s1 IepeBipKH JaHUX MTapaMeTpiB AOLLIBHO 3aCTOCYBAaTH HEMpO-(hazsi KOHTpoep.

OTmxe, pO3IIISIHYTO MOXIIMBOCTI CTBOPEHHSI CHCTEMU CaMOJIarHOCTYBaHHS 1H(opMalliifHO-
BUMIPIOBAJIBHOI CUCTEMU BUIPOOYBaHb TiJPaBIIUHHUX Iepead TEIUIOBO3IB 3a JOMOMOIOK0 Pi3HUX
3aco0iB: 3a JI0IIOMOT'0l0 CKJIQIHUX MaTEMAaTUUHUX PO3PaxXyHKIB (cucTeM AudepeHIliaIbHUX PIBHSIHb)
Ta 3 BUKOPUCTAHHSIM E€JIEMEHTIB IITYYHOT'O IHTENEKTY (Helpo-(a33i koHTposnepis). [Ipu yomy oue-
BUJTHO, 1110 peati3allisi CHCTEMH CaMO/IIarHOCTYBaHHs Ha 0a31 Helpo-(a33i KOHTPOJIEPIB € HAWOUTBIIT
paLlioHaTbHUM PIIICHHSM.
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MyJabTHCTPYKTYPA HHTE/LUIEKTYAJIbHOI0 YIIPABJICHHSA

Kocomanos A. A.
JIHEenponeTpoBCKUil HALMOHAJIBHUM YHUBEPCUTET
JKEJIE3HOJOPOKHOIO TpaHcnopTa uM. akaz. B. Jlazapsna, Ykpauna

[IpoexkTupoBaHue U pa3BUTHE CYLIECTBYIOIIMX CUCTEM CIEP’KUBAETCS MPOOJIEMON onuca-
HUS UX BUJOB OOECIIEUEHUs B YCIOBHUAX MPOKISATHS Pa3MEPHOCTH. DTO OCOOEHHO Ba’KHO B MPO-
[[eCCe CHCTEMHOI0 MPOEKTHPOBAHUS, YTO BO3BpAIIAET HAC K OCHOBAaM CEMUOTHKH, KOTOpas B
MocJieiHee BpeMsl MOJIyunsia pa3BUTHE B HOBBIX METOJIUYECKUX MOJX0JaX K CO3/IaHUIO U U3yue-
HUIO HMHTEIUIeKTyanbHBIX cucteM (Pozenbepr, W.H. (2017). UnTennekryanbHOE yHpaBieHHUE.
CoBpeMmeHHBIC TexHOJIOrHK yrpasienus. Retrieved from http://sovman.ru/article/7608). B mpen-
JaraemMoi paboTe mpeacTaBiIeHa HOBass CEMUOTUKO-areHTHO-OHTOJIOTUYECKasi MOJIENIb UHTEIJICK-
tyansHo#l cucteMbl (MHTC) - CAO-Mozens, KoTopast SBJISE€TCS Pa3BUTHEM CEMHUOTHYECKON MO-
nenu J1.A. Ilocrienosa.

NutC Gynem onuckeiBaTh B BUJIE AEBSITKH MHOXKECTB

SM :<A’RC’RS’Rp’KC’KCS’KCSp’RV’KCSpV>’ 1)
riue AI{Zi}

1N — MHOKECTBO 0a30BBIX aTOMapHBIX CUMBOJIOB (3HAKOB, TEPMOB, arcH-

TOB), MCIIOJIL3YEMBIX JUIS IOCTPOEHUS CHHTAKCUYECKUX KOHCTpYKmMi (3); Zj = (ﬁi ; 4 ) - KOM-

MJIEKCHBIMN aTOMapHBIﬁ HapHLIﬁ arcHT, COCTOSIIIMKA U3 CTaTHYECKOM ai KOMIIOHCHTBI, IIPCACTaB-

Jsgronell 00beKT, U JUHAMUYECKAH KOMIIOHEHT 5i, OMHCHIBAIOIIUI Tpolecc (GYHKIIMOHUPOBA-

= . - R .
HUS 4, (VI S Cj) (ai)—°> ch - MHO’>KE€CTBO CHMHTAaKCHYECKH NMPABUJIBHBIX KOHCTPYKIIUU

KCj , HOCTPOCHHLIX U3 CTATUYCCKUX aTOMAPHBIX CUMBOJIOB (06LCKTOB) C MIOMOIIBKO MHOXXCCTBA

. . ~ R
NpaBUJl CUHTAKTHKH R, ;(‘v’l € Cj)(KCj,ai)—S) Kcsm - MHOX>KECTBO CEMaHTHYECKH IIpa-

BUIIbHBIX KOHCTPYKIMH Kigpy, , TONYIEHHBIX M3 CHHTAKCHYECKH MPABUIBHBIX KOHCTPYKIMH ch

~

U JUHAMHYECKOH COCTaBIIAIOIICH ATOMApPHBIX AI'CHTOB ai C MOMOMIBIO MHOKECTBA IIPaBUJI CC-

R
: p i
mantukn Rg; (VM) Kogy —— Kcspm MHOKECTBO TPArMATHYECKH MPABUIBHBIX KOHCT-

pyKIuii (cucrem) Kcspm , IOCTPOCHHBIX U3 CEMAHTUYECKU HPABHIBHBIX KOHCTPYKIMH Ky ©

RV
MIOMOIIBI0 MHOKECTBA MPABHII TPArMATHKH Rp, (Vm) Kespm —> Kespym - MHOKECTBO

HOBBIX, BBIBOJUMBIX ITPABUJIBHBIX KOHCprKI_II/Iﬁ (CI/ICTCM) Kcspvm C IOMOIIIBIO Ha6opa paBUJI

BBIBO1a RV . Rsl Rp, RV - MHOX>KCCTBA IIpaBUJI CUHTAKTUKHW, CCMAaHTHUKHN W IpPaBUJI BbBIBOJA, KO-

TOpbIE OMUCHIBAIOTCS (MHTEIPUPOBAHBI) B OHTOJIOTHYECKON Oa3e 3HaHUi.

IIpennoxennyro CAO-Mozi€ns MOKHO MIPENCTABUTD B BUAE MYJIBTUCTPYKTYPHOU CXEMBI U
OTIpeIeNIUTh BCE BUJIBI CTPYKTYP U UX pecypcHoe oOecnieuenue. [IpennoxkenHas cxema onupaer-
Csl HAa MHTEJUIeKTyanbHbId Oank 3HaHuit (Mb3, BkIrovaronuii nepapxuto 0a3 3HaHMi: 0azy ¢ak-
ToB, wiu AaHHbIX (B/]), 6a3y 3nanuii. unu npasun (b3) u 6a3y ueneii (bL]), koTopbie B ceMHOTH-
K€ COOTBETCTBYIOT CHHTAaKTHKE, CEMAaHTUKE M IparMaTUKe. baHk 3HaHM peanu3yeTcss Ha OCHOBE
oHToNOrMii. Ha HIKHEM ypOBHE CTPYKTYpHI paclioyiaraeTcsi OHTOJOrHYeckas 06a3a 3HaHUHU, KO-
TOpasi ONUCHIBAET OPraHNU3aALMOHHO-TEXHOJIOTHYECKUI MAaKpOYPOBEHb OOBEKTa YIIPABICHHUS.
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YCTpoiicTBO ynpaB/ieHHsI COJTHEUHBIMH MAHEJIAMH
HA OCHOBeE HCHoJab30BaHus miaTgopmel Arduino Uno

Kocrepnas E. lO., HanmoHanbHbINH a3pOKOCMUYECKU YHUBEPCUTET
uM. M. E. XXykoBckoro «XAMN», Ykpanna

Hcnonp30BaHue COMHEYHBIX MaHEJeH, KaK MCTOYHUKA SHEPTHH, SBISETCS aKTYaJIbHOW Te-
MOIi Ha CErOHSAIHUHN 1eHb. OCHOBHBIEC TPEUMYIIECTBA COTHEUHOW OaTapen 3TO: aBTOHOMHOCTb,
BBICOKAasl HAJEXKHOCTb, JIOJTOBEYHOCTh, OTCYTCTBHUE MPOMEKYTOUHBIX (a3 MpeoOpa3oBaHUS
SHEpPIruy, MUHUMAIBHOCTh O0CTyXHBaHUs. HemocraTkaMu CONHEUHBIX OaTtapeil sSBIsIETCS HU3-
KUH KO3 HUIMEHT MOJIE3HOTO JIEHCTBUA M YyBCTBUTEIBHOCTh K U3MEHEHHIO OcBemeHus. [lpu
peoOpa3oBaHUU COJIHEYHOH SHEPIHM B CHCTEME YIPABJICHUS BOSHHUKAIOT 3HAYMTEIbHbBIC BHYT-
PEHHHUE TIOTEPU SHEPTUH U3-32 CPABHUTEIFHO BEICOKOTO BHYTPEHHETO COIPOTHBIICHHS.

Vcnonp30BaHne COMHEUHBIX MaHENEH Uil pelIeHus 3a/a4d KaueCTBEHHOTO AJIEKTPOIUTA-
HUS TIOTpeOuTeNel KacaeTcsi HECKOIBKUX MPUHIMITAATBHBIX acTIeKTOB. Bo-TIepBhIX, HANPsKEHUE
Ha BBIXOZE Oarapen MMEeT 3HAYMTENbHYI0 3aBUCHMOCTh OT KOJHMYECTBAa MOTpEOHTENeH, BO-
BTOPBIX, B CIy4ae KPYIJIOCYTOYHOH HENpPEepBIBHOW pabOTHl CHCTEMBl MHUTAaHUS K HEW JOJDKEH
MpUJIaraTbCsi BTOPOW aBTOHOMHBINM MCTOYHUK DJIEKTPOIHEPTUU — aKKyMynsaTopHas Oatapes. Ta-
KUM 00pa3oM, B CHCTEME Kaue€CTBEHHOTO JICKTPOCHAOKEHHS CIIeyeT PUMEHUTh CTaOUIH3aTOp
HaNPsDKCHUS IMHBI MIATAaHUST U KOHTPOJUIEP B3aUMOJICHCTBUSL PETYISATOPOB NEPBUYHBIX MCTOY-
HUKOB SHEPTHH.

B nmoxiage paccMarpuBaeTCsl BOIPOC M MPEICTABICH Pe3yJabTaT HCCIEHOBAHUS CHCTEMBI
AIEKTPOCHAOKEHUS Ha 0a3e COTHEYHOM MaHeNln HEOOJBIION MOIIHOCTA U aKKYMYJISITOPHOM Oa-
Tapeu, KOTopasi MUCIOJIb3yeTcs BO MHOTHX ITOBCETHEBHBIX JJIEKTPOHHBIX ycTpolcTBax. OCHOB-
HOM 3a7aueil pa3pabOTaHHON cUCTEMBI SIBIISIETCS OOecliedeHHe HAINpsHKEHUs Ha LIMHE 3JIEKTPO-
CHAOXXEHMS 3aJIaHHOTO YPOBHS CTAOMJILHOCTH B JIFOOOM MOMEHT BpEeMEHH. 3a/iaua CTaOMIH3alun
Y B3aUMO/ICHCTBHS IBYX OTAEIBHBIX PETYISTOPOB, @ HIMEHHO TOTO, YTO PYKOBOJHUT aKKyMYJISITO-
pOM H, B ciryyae HEOOXOJMMOCTH, MOBBIIIAET €T0 HANpPSHKEHUE, U IPYTroro (A1 CONHEYHOH Oa-
Tapeu), IMEIOLINI HalpsbKeHHe OaTaper CHIKATh, PEIIAeTCs TI0 UCIIOIB30BAHUIO YIIPABIISIOIIE-
0 MUKPOKOHTPOJUIEpHOTOo MoAyIs Ha riatdopme Arduini Uno.

Arduino Uno — 3To ycTpoHCTBO Ha OCHOBE MUKpOKOHTposuiepa ATmega328, mo3sossioriee
BBITIOJTHATH BBIIIE OMUCAHUE 3a/1a4H, JUTSI JOCTIDKEHUS CTaOMIM3HPOBAHHOTO HampshkeHus. Pas-
paboTaH alropuT™M, KOTOPBIN peaTn3yeT B3aMMOICHCTBHIE IBYX HCTOYHHKOB SHEPTUU — COJTHEU-
HOI OaTapen M aKKyMyJIsITopa.

[Tocne mpoBeneHus psiza SKCIIEPUMEHTOB, ObLIa MOJIydeHa CTa0MIN3UPOBaHa BBIXOJHOE Ha-
npsDKeHHe, muTatomiee notpedurers. OTpaboTaHHBIE Pa3TUYHbBIC BUIBI BOSMYIIAIONINX BO3/ICH-
CTBWIA, AEUCTBYIONINX Ha OOBEKT M CUCTEMY B IejoM. CucTeMa 3JIeKTPOCHA0KEHUSI aBTOMATH-
geckn paboTaeT ¢ KOMOWHAIMeH IBYX HCTOYHUKOB TMHTAHUS (CONHEYHAs W aKKyMYJSATOpHas
Oarapesi), 4TO 0OecreyrBaeT HEMPEPHIBHBIN Mpolecc CTaOMIN3alUU U JIEKTPONUTAHUS MOTpe-
ourens. PazpaboranHoe yCTpONCTBO YIpaBIeHHs] MOKET MCIIONB30BAThHCS ISl TIPOBEJCHUS HC-
CJIeIOBaHMM HA TAOOPATOPHON YCTAaHOBKE COJIHEUHOM OaTtapen Jisl 1abopaTOpHBIX padoT.
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AnnapaTHaﬂ CUCTEMA XPAHEHUSI MHOTOPa30BbIX naponeﬁ

Mortsuienko B. A., Ocranen . A., JlHenponeTpoBCKHU HAIMOHAIbHBIN YHUBEPCUTET
YKEJIE3HOJOPOKHOTO TPAHCIIOPTa UMEHM akajemuka B. Jlazapsina, Ykpauna

[ToBceMecTHOE pacpOCTpaHEHUE OTKPBITHIX INIOOANBHBIX CEeTel 3acTaBMIIO 00ECIIOKOUTh-
sl JII0JIe O coXpaHHOCTH KOoH(uIeHIManbHOM nHpopmanuu. [llupokoe pacrnpocTpaHeHue mo-
Jy4YUJ MapoJbHBIA (pakTOp ayreHTHUUKALUUH, T.K. ISl €r0 BHEAPEHUS JIOCTATOYHO OBLIO JIHILb
aJIMMHHUCTPATUBHBIX cpencTB. Ho ¢ pocToM BBIYMCIHUTENBHON MOIIHOCTU pOCiia U yrposa mnepe-
Oopa maposieil. YBelInyeHHe CI0KHOCTH MapoJieil pemaer 3Ty npodieMy, HO CO3JaéT HOBYIO —
HEYZI00CTBO MX XpaHEHHUSI.

B kadecTBe pelieHus yka3aHHBIX IpoOJeM, a TakKe BCIEICTBUE YACHIEBICHHUS 000pyo-
BaHUS HAYaJIOCh aKTHBHOE BHEAPEHHE Opyrux (GakTopoB. BHeapenne HoBoro (akropa ayTeHTH-
¢bukauu 171 cepBuca B ceTd IHTepHET TpeOyeT MOMOIHUTENbHBIX YCHIINHN U1 aIMHUHUCTPATO-
pa sToro ceppuca. B paboTe BhINONHEH 0030p U aHAJIU3 CYIIECTBYIOUIMX CUCTEM ayTeHTU(UKa-
uuu. B kauecTBe peleHus: yKa3aHHBIX HEJAOCTATKOB MapOJbHBIX U UMYIIECTBEHHBIX CUCTEM ay-
TeHTU(UKALUK TpeJularaeTcs UCIOIb30BaTh allapaTHyl0 CHUCTEMY XpaHEHHUs Haposieid. Amma-
paTHasl CUCTeMa XpaHEHUs MapoJieil MO3BOJISIET MOJIb30BATENsIM HE 3a00THUTHCS O COXPAHHOCTHU
CEKpPEeTOB, a TAaKKe A00ABIISET MOANEPKKY BTOPOTo (akTopa Ui TeX CEPBHCOB, KOTOPHIC MOJI-
Jep >KUBAIOT JIUIIH MAPOJIBHYIO ayTEHTU(PUKAIHIO.

Ha prinke cymecTByeT 0OJbIIOe KOJIMYECTBO MOXOKUX YCTPOMCTB, BCE MX MOXHO pasfe-
JIUTh Ha HECKOJIBKO IPYII:

1) AnmapaTHbele TOKEHBl — YCTPOHCTBA, O0OeCleYrBalOIMe UMYIIECTBEHHBIH (akTop ay-
TEHTU(UKALINY;

2) 3amm@poBaHHbIE XpaHWIMIIA — CPEACTBA XPAaHEHUs JOKYMEHTOB C 3alllUTON OT He-
CaHKLIMOHMPOBAHHOI'O JOCTYTIA;

3) Cucrembl XpaHEeHHsI MHOTOPa30BbIX MapoJiell — CUCTEMBI, OTJIMYAIOLINECs OT 3audpo-
BaHHBIX XPAaHWJIMIL Y3KOW HaIlPaBI€HHOCTbIO U OPUEHTUPOBAHHOCTHIO Ha YJOOCTBO MOJIb30Ba-
Tesl.

B nmannoii paGoTe npencTaBiieH eTaabHbI 0030p CYIIECTBYIOMMNX PEIICHUHN ¢ ONTMCAaHUEM
U aHaJU30M CLEHApUEB MX MCINOIb30BaHMUs. OCHOBHBIMHU HEJOCTaTKaMU TaKHX YCTPOWCTB SIBJISI-
eTcs UX y3Kas 00J1acTh IPUMEHEHHSI U JOPOTOBHU3HA.

B paGoTe OCHOBHBIM HampaBiIeHHEM BbIOpaHO OOecredeHHne BO3MOMKHOCTH pacIIdpsieMO-
CTH mporpammHoro obdecneuenus. [{ns storo pazpabarsiBaercs crenuanbHoe APl Ha coBpeMeH-
HOM 0€30IacHOM f3bIKE MpPOrpaMMHUpoBaHMs Rust, KOTOpBIA MO3BOJISIET pealn30BBIBAaTh “‘Oec-
nminaTHeie” abcTpaknuu. B kadecTBe ammapaTHOW Tu1aTGoOpMbl BBEIOpAaH MHUKPOKOHTPOJIIED
STM32 u3-3a ero MUpPOKON paclpOCTPAHEHHOCTH, YTO MO3BOJIUT MOBTOPUTH PEATU3ALIUI0 JaH-
HOTO MPOJYKTA.

3a COXpaHHOCTbH IOJIb30BATEILCKOTO CEKpeTa B pa3pabaThlBAEMOM KOMIIJIEKCE OTBEYAET
CUMMETPUYHBIN anroputMm OmouyHoro mmdposanust AES256, pexomennoBanusiii AHB CIIA.
Taxoke 3TOT alNropuT™M UMEET OTHOCUTENIBHO MPOCTYIO PEaIM3aluI0 U MOXKET OBITh peann30BaH
Ha 0a3e BeIOpaHHOM anmapaTHOH ruatdopmbl. s mpeaoTBpalieHus nepedopa MacTep - KIioda
B IIPOTpaMMHOM OOecrieueHHH MPeIyCMOTpEHa 3aluTa oT nepedopa.

DTOT KOMIUIEKC MOXET OBbITh UCIOJIb30BaH KaK MPAKTHUYECKU, TaK U B y4eOHOM MpoIecce
JUISL IEMOHCTpAIMK paboThl 3aLIUIIIEHHOTO MEHeKepa mapoJIeH.
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KomnbloTepHble ceTH B yNpPaBJIeHUH TeXHOJIOTHYeCKUMU MPo1eccaMu
COPTHPOBOYHBIX CTAHIMI

Herpeii B. f1., bypuenkos B. B.,
benopycckuil rocy1apCTBEHHbI YHUBEPCUTET TPAHCIIOPTA,
Pecniy6onmka benapychb

CoBpeMeHHbIN ypoBeHb TPeOOBaHUI K COPTUPOBOYHBIM CHUCTEMaM CTaBSIT HOBBIC 3a/la4yH
JUig ToBbIIeHUs 3G (HEeKTUBHOCTH UX paboThl. [losToMy akTyalnbHO co3llaHuE IJii COPTUPOBOY-
HBIX CTaHIUN €IUHOW MHTETPUPOBAHHON CHCTEMBbI aBTOMAaTU3UPOBAHHOIO YIIpaBIlIeHUs, oOecrie-
yyBatoieil 6ezonacHoe u 3¢h(eKTUBHOE YIpaBleHHE HAa OCHOBE NaHHBIX, MOCTYMAIOMIUX OT
CTaHIIMOHHBIX YCTPOHCTB aBTOMAaTUKH B PEAIbHOM BPEMEHHU.

Ha MHOrHX COpTHPOBOYHBIX CTAHIUSAX BHEIPEHBI Pa3JIMYHbIE YCTPOWCTBA U CHCTEMBI aB-
TOMATH3aIMM U LEHTPaIU3alliy KOHTPOJSI M YIpaBJICHHs, HApUMEpP, KOMIUIEKCHAs CHUCTeMa
aBTOMATHUYECKOTO yrpalieHus: coptupoBodyHbIM npoueccom KCAY CII, ropoynast aBromaruye-
CKasl JIOKOMOTHBHAsI CUTHANIU3alMs C UcTosib3oBanueM paauocssizu ['AJIC P, ropounas Mukpo-
npoueccopHas nentpaiuzanus [ ML-I'TCC, maneBpoBasi aBToMaTu4eckasi JOKOMOTHBHAsI 1ICH-
tpanuzanus MAJIC, aBToMaTudeckas CUCTeMa KOMMEPYECKOTO OCMOTpa MOE3/I0B U BAaroHOB
ACKO IIB, ycrporictBa koHTpoJis 3anoyiHeHus nyteid K311, aBromaTtu3upoBanHasi cuctema KOH-
TpoJisi MHBEHTapHbIX HOMepoB BaroHoB ACKUWH, a taxke psiag  Apyrux CUCTEM KOHTPOISA U
ynpaieHus. OIHAKO K 3HAYUTETBHOMY POCTY Oe3omacHOCTH U 3((HEKTUBHOCTH KEIE3HOA0-
POXHBIX NEPEBO30K ITO HE MPUBEIIO U3-3a KOHLIEHTPALIMM YCUIINI OOJBIIMHCTBA pa3pabOTYMKOB
Ha CO3JaHUU Y3KO(QYHKIIMOHAIBHBIX CUCTEM YIPABICHMS, HE HHTETPUPOBAHHBIX CO CMEKHBIMHU
yCTpOHCTBaMHU, 0COOEHHO OTHOCSIUMHUCS K APYroMy Xo3sicTBy. Kak mpaBuiio, HOBbIE CHCTEMBbI
yIIpaBJICHUS] HE MEHSUIN CIIOKUBIIYIOCS TEXHOJOTHIO PabOThl CTAHIIMU U HE PaCIIUPSIN CYIIECT-
BYIOILYIO 30HY aBTOMAaTH3allMi, OTPAHUYMBASACH COBEPIICHCTBOBAHMEM TEXHHUYECKUX CPEJCTB.
ITpu 5TOM HU OJIHA U3 YKAa3aHHBIX CUCTEM HE (POPMHPYET NOJHOLEHHYIO aJIeKBAaTHYIO BarOHHYIO
U TIO€3JTHYIO MOJIeNIb COPTUPOBOYHOTO MPOIECCa B PealbHOM MaclITabe BpeMeHH. JTO CBSA3aHO C
TEM, YTO OHH CJIab0 B3aMMOJIEHCTBYIOT MEX/1y COOOH, HE 00ecTIednBal0T KOMIUIEKCHOTO OXO0-
Jla K IepEeBO30YHOMY ITPOLIECCY B LIETIOM.

CylecTBEHHOM 3TaroM COBEPIICHCTBOBAHUS MPUHIIMIIOB YIPABJIECHUS M KOHTPOJS MpO-
MBILIUICHHBIMU TPEANPUATHIMU U IPOU3BOJCTBAMU SIBJISIETCS IPUMEHEHHE MEePCIIEeKTUBHOM TeX-
Hosornu Murteprera Bemeit (Internet of Things 10T). Yka3aHHas TEXHOJIOTHsS MpeaIojaract
o0beTMHEeHNE HEeCKOJNbKUX DBM, ynpaBisiomux ¥ KOHTPOJIUPYIOUIMX HEKOTOPBIH 3aMKHYTHIN
MIPOU3BO/ICTBEHHBIH MpoLIeCcC, I MMOJHOW aBTOMaTU3allMH 3TOT0 MpoLecca U Bbllauu HH(opMa-
UM O TOKazaTeNsx KauecTBa mporecca. OCOOEHHOCTBIO ATOM TEXHOJIOTUH SIBIISETCS CIIOCO0-
HOoCcTh DBM «o0maTbes» Mexay coOoil /Ui MOBBILIEHUS HAJAEKHOCTH YIPABICHHUS MPOMBIII-
JICHHBIM IIPOLIECCOM MJIM €T0 ONTHMHU3ALUHU 0e3 yyacTHs ONepaTopoB M NPEICTaBIEHUE Omepa-
THUBHOM nHpopMarmu B pexkume On—line.

Konnenryanbnas cxema loT ans ABTOMAaTH3MPOBAaHHOW CHUCTEMBI YIPaBJIEHUS COPTHPO-
BouHoM cTtanimu ACY CC npeanonaraeT OpraHu3alnio CaMOONTUMU3UPYEMBIX KOMITBIOTEPHBIX
pabounx cranumii (work station), OTIeNBbHO peIIAIOIIUX OINpEeICHHbIC 3a/laud U B3aUMOYBSI-

3aHHBIX MEXIy COOOW MJIsi NMPHUHATUS HamOoJee palMOHAIBHBIX PEIICHHH C YY4eTOM BCEX
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Brustiomux gaxktopoB. Ilpoekt IoT mpemycMaTprBaeT Mocieq0BaTENbHYIO PEeANTU3alni0 TeXHO-
JIOTHYECKU ¥ UH(OPMAIIMOHHO YBA3aHHBIX KOMIUIEKCOB, HAUMHAs OT IUIaHa pachopMUpOBaHUS U
(bopMHpOBaHUSA MMOE3/I0B J0 KOHTPOJS €ro MCIOJHEHHs. VIcnoiap3oBaHKWE AAHHOW TEXHOJIOTUU
Ha COPTUPOBOYHBIX CTAHIIMX MOJPa3yMeBaeT HEMpEphIBHYIO paboTy DBM c makeramu TaHHBIX,
nepeAaBaeMbIX B JIOKaJIbHOM BhruuciuTenbHol cetu JIBC copTupoBOYHOr0 KOMILIEKca ISl pea-
JM3AIMH [IEPEBO30YHOTO mporecca. s JOCTIKEHHs MON0KUTENbHOTOo 3(dekra Heo6X0auMO B
pPEeKUME pealbHOTO BPEMEHHM IOJIy4aTh HH(POPMAIIMIO O MECTOHAXOXKJICHUU U COCTOSHUU KaXK-
JIOTO BaroHa M JIOKOMOTHMBA. 3/1€Ch U BCTYMNaroT B JAeiicTBue TexHonoruu loT: nerepmunupoBas-
Hbl€ JJaHHbIE OT MHOTOUYMCJIEHHBIX JaTYUKOB O KaKJOM KOHKPETHOM BaroHe€ U JIOKOMOTHUBE CO-
OuparoTcs B €AMHYIO 0a3y JUIsl MOCJICYIONIETO aHAIM3a ¥ paObOThI ¢ HUMH.

TunoBo# moaxox K opraHU3aly €AMHOr0 OOMEHA JaHHBIMM IIpeJIoyiaracT He OrpaHUYU-
BaTh nepenavy uHbopmanuu Mexay Tpems IBM copTupoBOUHOM CTaHIIMU. DTO JOJKHO OBITH
COYeTaHWe TMPEIBAPUTEIBHO OOPa0OTAaHHBIX JAHHBIX Ha TOAXOJ MOE30B M PEKOMEHIYeMOro
IrOpuTMa MX KCIOJIb30BaHUs. Pa3HOOOpazne BO3ZMOXKHOCTEH MHTEpIpPETAaluy JaHHBIX PaCIlIM-
psieT mepeyeHb peain3yeMbIX YCIYI U OyJIeT CTUMYJIMPOBATH Pa3BUTHE MPOLECCa UHTETPALUU
YIPABISAIOLUX CUCTEM COPTUPOBOYHOIO KOMILIEKCA C MUHUMM3AIMEN pyYHOro yIpaBiIeHUs.
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3aco0u aBTOMATH30BAHOI0 MPOCKTYBAHHS eJIEMEHTIB cHCTeM 3axucry ingopmauii

HogikoB M. M., Ocrarnens /l. O., JIHinponeTpoBChKUI HalllOHATBHUN YHIBEPCUTET
3aJII3HUYHOTO TPAHCIOPTY iMeHi akanemika B. JlazapsHa, Ykpaina

BianoBiJiHO 10 YNHHOI'O 3aKOHOJABCTBA Y KpaiHU, BUMOI OKPEMUX HOPMATUBHUX JOKyMe-
HTiB, 3akoHy Ykpainu "llpo 3axuct iHpopmanii B iHpopMaLiiHO-TEICKOMYHIKALIHHUX CHUCTe-
Max" Ta 3akony Ykpaiau "[Ipo 3aXucT nepcoHaIbHUX JaHHUX' 0OOB'SI3KOBOMY 3aXHUCTY MiJIATae
iH(oOpMallis, 110 € BIACHICTIO IepKaBH, a00 iH(popMarlist 3 0OMEXEHUM JOCTYIIOM, BAMOTH 00
3aXMCTY AKOi BCTAHOBJIEHI 3aKOHOM.

Caiit lep>kaBHOI CiTy>KOM CHEIialIbHOTO 3B'SI3KY Ta 3aXUCTy iH(opMalii YKpaiHu MiCTUTh
nepenik 3aco0iB 3axucty iH(opMartii, sKi BiANOBIalOTh BUMOTaM HOPMAaTHBHHX JTIOKYMEHTIB 3
nutanb T3I Ta 3acBimyeni cepTu¢ikaToM BiAMOBITHOCTI a00 MO3UTUBHUM €KCIIEPTHUM BHCHOB-
KOM, OJIep’KaHUMHU y HOPSAKY, SIKHI BCTAHOBJIEHO HOPMAaTHUBHO-IIPABOBUMM aKTaMH.

Lleit mepenik BUKOPUCTOBYETHCS ITiJ] Yac CTBOPEHHS, MOJIEpHi3allii Ta BIPOBAPKEHHS CHUC-
TeM 3axucTy iHpopMarii. 3a3Buuail miadip eIeMEeHTIB 3 MepelliKy BUKOHYETHCS CaMOCTIHO, 0e3
BUKOpUcCTaHHA goxatkoBoro I13. Jlns exkoHoMii 4acy Ta BUKIIOUYEHHS MOXKJIMBUX TMOMHJIOK TPU
IIPOEKTYBaHHS Oyin0o O 3py4yHO BMKOPHCTOBYBAaTH CHUCTEMY aBTOMATUYHOI'O MPOEKTYBaHHS, SKa
J03BOJIMTH Mi1I0OpaTH eJIEeMEHTH 32 3alaHUMH KPUTEPISIMH.

Ormsn Ta aHami3 JOCTYHHHUX JDKEpes MOKa3aB, 10 CUCTEMH aBTOMAaTH30BAaHOIO MPOEKTY-
BaHHS €JIEMEHTIB CHCTEM 3axHCTy iH(popmarii ado moaiOHUX M aHANOTiB Ui BUKOPHUCTAaHHS B
VYkpaini (BIAMOBITHO 1O YUHHOI HOPMATUBHOI 0a3n) BiACYTH.

Po3pobmroBana CAIIP — me crerianizoBaHe MporpaMHe 3a0e3MEYCHHS, SKE JTOMOMOXKE
MPOEKTYBAaTH CUCTEMU 3axUCTy iHopMalii (sIKi BiANOBIIal0Th BUMOTaM 3aKOHOAABCTBa YKpai-
HU), HA OCHOBI KpUTEPIiB OTPUMAHUX B KOPHUCTyBaua, 3a SIKUMHU B1JJOYBa€eThCs B1AOIp €JIEMEH-
TiB 3 nepeniky, npenacrasieHoMmy Ha caifti JJCC331. CAIIP cknaznerscst 3 IEKUIBKOX MOJYJIIB:
oTpuMaHHs Ta (opmanizaiiss KpUTepliB BiJ KOPUCTyBadya, OTPUMAHHS JIIIIEH30BAHUX 3ac00iB 3
caiity JICC33U, dopmyBaHHS ONTUMAIBLHOIO BapiaHTy KOH(Irypaiii cuCTeMHU 3axHucTy iHpop-
mari.

OTpumaHHs KpUTEpIiB BiJl KOPUCTyBaua BiA0yBA€ThCS B A1aJIOTOBOMY PEXHUMI Ta 3 MOXKIIHU-
BICTIO BHOOpPY HEOOX1AHOTO (QyHKIIOHAIBHOTO Npodinto. KoprucTyBauy IpOnOHYIOTHCS TUTAaHHS
3 BIATIOBIASIMH, K1 XapaKTepU3ylOTh HEOOXiIHY cucTeMy. 3 OTpUMaHUX BiANOBiAeH GOpMyrOTh-
csl KpUTepii AJi BUOOpY €J€MEHTIB.

OTpumaHHS NepesiKy Ta aHalli3 XapaKTePUCTUK €JIeMEHTIB BiOyBa€eThCs 6€3 ydacTi Kopu-
cryBaya. [IpencraBnenuii Ha caiTi mepeik MICTUTh ONMKC KOKHOTO 3ac0o0y 3axucTy 1HpOopMaIlii.
[IporpamMHuii MOJTyJIb BUKOHYE aHaJi3 OMUCY KOXKHOTO €IeMEHTA 1IHTENEKTYyaJIbHIM aJlrOPUTMOM,
SIKAWWA BU3HAYa€ TUM €JIeMEHTa Ta MOCIYTH, sIKi BOHM HaJaroTh. OHIE 3 TPOOJIeM € po3pi3He-
HICTh ONHCAHHS OJHAKOBHUX XApPaKTEPUCTHK y PI3HUX €JIEMEHTaX Ta MOKJIMBICTb BUHUKHEHHS
JIPYKapChbKUX TTOMUJIOK IIPU J10/1aBaHHI eJIeMEHTIB Ha calfT. [Ipuitmaroun 1ie 10 yBaru, oTpuMaH-
HS TIEPETIiKY CKJIAJa€ThCs 3 TaKUX eTamiB: po30ip html TeriB (st OTpUMaHHS OKPEMHUX elleMeH-
TiB 3 TaOIMII), BUAAJIEHHS 3aiiBoi iH(popMallli, HopMasizalis OTpUMaHUX AaHUX (JUIs1 3MEHILEH-
HSl KUIBKOCTI JPYKapChKUX MOMUJIOK), Ta OTPUMaHHS XapaKTEPUCTUK €JIEMEHTIB (BUKOPUCTOBY-
I0UYU PETYJISPHI BUpPa3H).

Ha erami ¢opMyBaHHS ONTUMAIBHOTO BapiaHTY KOPUCTYBay Ma€ 3MOT'y YTOYHIOBAaTH KpH-
Tepii, VISl OTPUMAaHHS BapiaHTY, 1110 HAWOLIbII B1IMOBIAA€ HOTO BUMOTaM.

Hana CAIIP Oyne xopHcHa crieniansictaM 3 3aXUcTy iH(opMarlii, ki CTBOPIOIOTh, MOJEP-
HI3YIOTh Ta BIIPOBA/KYIOTh CHCTEMH 3aXUCTy 1H(QOpMAIil 3TiJHO 3 YHHHUM 3aKOHO/IaBCTBOM
VYkpainu. Takox il BUKOPUCTaHHS MOXKJIUBE B HaBUAIHHOMY IPOIIECi JJisi OUTBII HATJISIHOL Jie-
MOHCTpAIIii Ta KPaIoro 3aCBOEHHS MaTepialy CTyIeHTaMHu crierianbHocTi «KibepOesnekay.
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CpaBHe}me U aHAJIU3 CUCTEM YIIPABJICHUA HAKJI0OHA Ky30Ba

Hypues P. I11., HanimoHnanbHbIN TEXHUYECKUN YHUBEPCUTET «XapPbKOBCKUH MOJTUTEXHUYECKUI
UHCTUTYT», YKpauHa, [lomanckas I'. A., [lHenponeTpoBCKUii HAllMOHAIbHBIA YHUBEPCUTET
KEJIEe3HOAOPOKHOI0 TpaHCIIOpTa UMEHHU akaaemuka B. Jlazapsna, Ykpanna

Cucrema HakJIOHA Ky30Ba JUJIsi COBPEMEHHOTO IOJABM)KHOIO COCTaBa SIBJSETCS MPUHLUIIN-
aJIbHO HEOOXOJMMBIM KOMIIOHEHTOM, KOTOPBIN CIIOCOOEH pealn30BaTh MaKCUMaJIbHO KOM(OPT-
HbIE YCJIOBMSI NOE3AKHU JUIsl IACCAKUPOB 3JIeKTpornoe3a. CpaBHUM pa3iIU4HbIE BUJbI CUCTEMBbI
yIpaBJIEHUS HAKIIOHOM Ky30Ba IPUMEHSAEMbIE B COBPEMEHHOM IIOJIBU)KHOM COCTaBe.

Cucrema ynpaBiaeHHs] HAKJIOHOM Ky30Ba MOKET OCHOBBIBATHCSl Ha JAHHBIX, I1OJTY4aE€MbIX
TpeMs MyTSMH: OT JaTYUKOB, YCTAHOBJIEHHBIX Ha NEpeJHEH TeJeKKe, OT MapKepoB, pacloiio-
KCHHBIX Ha MYTEBOU CTPYKTYpe, TMO0 Ha OCHOBAHUU JAHHBIX O ITYTH, 3aJI0KEHHBIX B OOPTOBOM
KOMIIbIOTEpE 0€3/1a U BBIYUCIECHUH €r0 TEKYILEro MOJIOKEHHs 110 CUTHAJIaM CUCTEMBbI IJ100alb-
Horo nosunuonuposanus (GPS). Ilpu cxeme HenmocpeACTBEHHOIO U3MEPEHHUS YIJla HaKJIOHa Y-
TH WU HENOTalleHHOro OOKOBOIO YCKOPEHMS, M3MEPEHMs BEAYTCS B HAIPABICHUU JIBHKCHUS
JBYMsI aKCEJIEpOMETPaMU U JIBYMsI TUPOCKOIIaMH Ha 3aJ{HEH TEJIekKKE, a TAK)KE JIBYMS aKcesepo-
MeTpaMH Ha NepeHel Tesle)KKe ToJJIOBHOTO BaroHa. I ' MpoCcKombl MpeAHa3HaueHbl ISl U3MEPEHUs
M3MEHEHHUS BO3BBILIEHUS] HAPYKHOTO pellbCca B KPUBBIX. AKCEJIEPOMETPHI ONpPEAEIAIOT U3MEHE-
HUEe OOKOBOr0 yCKOpeHUs Ha Tejiekke. CUrHajlbl THPOCKOIIOB M aKCEIEPOMETPOB, a TaKXkKe AaH-
HbIE O CKOPOCTH 00padaThiBalOTCS MUKPOIPOIIECCOPOM, U Ha UX OCHOBE BbIPAOATBHIBAETCS CHUT-
HaJl YIpaBJICHUsI CUCTEMbI C OTPULIATENIbHOW 00paTHOM CBS3BIO Ul CUIOBOTO MPUBOJA. MUKpO-
IIPOLIECCOp IEPeNaeT TAKKE JTAaHHBIE O HAKJIOHE U CKOPOCTH OT T'OJOBHOI'O BaroHa — K IocJje-
nayrouM. Takum oOpazom, o0ecrieunBaeTcss KOPPEKTHPOBKA BEJIWYMHBI HAKJIOHA Ky30BOB I1O-
CIIEYIOIIMX BaroHOB C YYETOM HX yJaJ€HHs OT TOJIOBHOTO. BTopas cuctema nmpumeHsieTcss Ha
noesgax SMoHWM, TIe B KAUECTBE CUIIOBOIO IIPUBOJA HUCIIOJIB3YIOTCS THEBMAaTHUYECKUE LIUIMH]-
pel. Huzkoe ObicTposelicTBHE THEBMAaTHUECKOTO MPUBOAA TpeOyeT yNpexkaarolero cpadarsipa-
HUS MeXxaHu3Ma HaksIoHa. [losToMy naTumku, nepeaaroiiye HHGOpMaIUIO CUCTEME YIPaBIeHHUS,
PacIIOJIOKEHBI HA HEKOTOPOM YJAJIEHUH OT Hadajla IepexonHor kpuBo. Ha ocHOBe mosmyden-
HBIX JAHHBIX CUCTEMOW YMpaBJE€HHUs BBIYUCIISIETCS Yroj, Ha KOTOPbI HEOOXOIUMO MOBEPHYTh
Ky30B BaroHa. Mcnonb3ys JaHHbBIE O KPUBOM, COXpaHsEMbIE€ B MOE3JHOM KOMIIbIOTEpE, HAKIOH
Ky30Ba HAYMHAETCSI HA HEKOTOPOM PACCTOSHUM Mepe]] BXOAOM KPHUBYIO, YTOOBI KOMIEHCUPOBATh
MHEPLMOHHOCTh cucTeMbl. TpeThsi cucTema, Ha3BaHHas OIEpeXKarolleil, Obula MpUMEHeHa Ha
noesge ETR 600. Ona ocHOBaHa Ha KMCNOJNB30BAaHUM IPEJBAPUTEIBHO 3alIMCaHHBIX B 3allOMMU-
HAIOILIEM yCTpPOWCTBE OOPTOBOM CHCTEMBI YNpaBJICHHs CBEACHUHM O MapuipyTe, O KOTOPOMY
CIIeyeT NOE3/1 U paJuyce BIEPEIUICKAIINX KPUBBIX, a TAKXKE MOJYYEHUN JAHHBIX O MECTOIIO-
JIOKEeHUH Toe3aa npu nmomoniu cucteMbl GPS. JlanHasg cucrtema 3apaHee JOKalu3yeT Moe3[ B
peaJbHOM BpEMEHHU U 3a0J1aroBpeMEHHO MPUBOJIUT B JEMCTBHE MEXaHU3Mbl HAKJIOHA Ky30BOB,
yllydinasi TeM CaMbIM OLIyIIeHHEe KOM(OpTa y MacCaKUpOB 3a CUET HaJuuus OOJIbLIEro 4ucia
BapHaHTOB HAKJIOHA Ky30Ba IIPH BXOJI€ II0€3/1a B KaXKAYIO KPUBYIO.

YcTaHoBIEHO, YTO Hauboee MPOrpeCCUBHBIM BapUAHTOM pean3alii CUCTEMbl HaKJIOHA
Ky30Ba MpEACTaBISIeTCs MPUMEHEHHE «THOPUIHON» Onepexaronieil cucreMsl ynpaBieHus, Mo-
3BOJISIFOLIEH 3apaHee MOArOTOBUTh MEXAHM3M HaKJIOHA KO BXOAY B KpuByro. Tekyiuil yroia Ha-
KJIOHA MO>KET KOPPEKTUPOBATHCA IO CUTHAJIAaM OT MECTHBIX JTATYMKOB — aKCEIEPOMETPOB U T'M-
POCKOIIOB. YUMTHIBasi HEOOXOIUMOCTb PErYIMPOBAHUS KECTKOCTH IMHEBMOPECCOP JUIsl IPEIOT-
BpAllEHHs 3aBAJIMBAHUS Ky30Ba HapYyXKy KpUBOW, HEOOXOAMMO OOECIeYUTh BBOJ B MHKPOIIPO-
LIECCOp JaHHBIX 00 MX BbICOTE. BBICOTY ympaBisieMbIX MHEBMATHYECKUX PECCOP MOXKHO MOJ-
Jep>KUBATh JHOO0 MOCTOSHHOH, JINOO peaan30BaTh (PYHKIMIO aKTUBHOT'O HAKJIOHA Ky30Ba BHYTPh
KpPUBOM UMH Ke€.
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MHKpOl’[pOIIQCCOprIe CUCTEMBI HECHTPAJIM3 AU HA KEJIC3HBIX N0porax praI/IHLI

Owmennu M. A., Ceparok T. H., JlHenponeTpoBCKUi HallMOHAIbHBIN YHUBEPCUTET
JKEJIE3HOJAOPOKHOIO TpaHcnopTa uM. akal. B. JlazapsiHa, Ykpanna

Jlo HemaBHEro BpeMEHHU Ha JKeJe3HbIX Joporax Ykpaunbl U crpan CHI' mpumensuch
TOJILKO CHCTEMbI CUTHAIIM3aNuH, neHTpanmm3anuu u 0inokupoku (CLB), mocTpoeHHbie Ha pere.
Jlonroe Bpemst 3Ta 00JIaCTh OCTaBajlaCh KOHCEPBATUBHOM B OTHOLIEHUWH MPUMEHEHUS KOMIIbIO-
TEepHBIX TexHoJoTui. CyIecTBYIOIIUE pelIeHHBIE CHUCTEMbl SJEKTPUUYECKOM LEHTpaTU3alUn
(BL) uMerT psii HEAOCTATKOB: 3HAYMTEIBHBIM OOBEM peIeHHON ammaparypsl, TPEOYIOIIHMA
OOJNBIINX TOMEIIEHUH W Pa3NUYHBIX PadOT MpH OOCITYKMBAaHWW; HHU3Kas HMH(POPMATUBHOCTh
IyJbTOB-TA0JIO; MCIIOJIB30BaHUE TOJIBKO PYYHOH YCTaHOBKM MapIIPYTOB; OTCYTCTBUE CPENICTB
JMAarHOCTHKH pabOThl CUCTEMBI U €€ TEXHHUYECKOro oOciyxuBaHus. Takum oOpa3om, perne Kak
JJIeMEHTHasi 0a3a 3JEKTPUYECKOM LEeHTpalu3aluuu cels MpakThuyecku ucyepnanu. IloneiTku
YIIY4IIUTh [TOKA3aTeN U paclIMpuTh GpyHKUIUN penelinoil DL BeayT K yBeJIMUEHUIO YHClia pelle,
noTpeOIsIeMO AIEKTPOIHEPIUH, 3aTpaT HAa TEXHUYECKOE 00CITyKUBaHHE.

MuxkponpoueccopHas TexHuka B ycrpoiictBax CLIb He Hamuia mIKMPOKOro pacnpocTpaHe-
HUS B YKpauHe, Tak Kak ee BHeIpeHHe ObUIO CBSI3aHO ¢ OOJIBIIMMU SKOHOMUYECKMMHU 3aTpaTaMu
U CIIeIUaIbHBIM 00y4eHHneM oOcmykuBaromero nepconana. Ho ¢ 2000-x rr. Haganoch BHeape-
HUE CHCTEM >KEJIE3HOJOPOKHONW aBTOMATUKKM HOBOTrO NokoisieHus. IlepByro cucremy B YKpauwe,
PIILI maneBpoBoro paiiona cranuuu «Kues-Texuunueckuit» (HIIII «KennopaBromaTikay).

B nacrosmiee BpeMs MUKPOIIPOLIECCOPHBIE M PEIEHHO-IIPOLIECCOPHBIE CUCTEMBI LICHTPAJIH-
3auuu crpenok u curHanoB (MIIL u PIIL) namum BHeapenue Ha 30 craHuusx YKpauHbI, IPU
obmeM konudectBe 1614. Takum oOpa3zoM, Bcero okojo 2 % Kelne3HOAOPOKHBIX CTaHIUH YK-
pauHbl 000PYIOBAaHO CHCTEMaMH LEHTpaIU3alluid HOBOro MokojeHus. B To Bpems kak B Poccun
UX YHUCIIO cOCTaBIsAET 6,7 %. BUIHBIMU OTE€4ECTBEHHBIMU NIPOU3BOAUTEISIMA HOBBIX ITPOTrpamMM-
Ho-anmapatHeix pemeHuit sistores OO0 HIII «KennopaBromatuka» u «CtanpOHeproy» (T.
XapbkoB), MITO «Mmnynsey (1. CeBepoponenk), OOO «AnTpon», "ABToTentpanc” (r. Kues) u
OOO "HKII KC-MUCAT" (r. XapbkoB). Ha xene3nogopoxHsix ctaHuusx «KpacHorpany,
«ITonTaBay KOxxHOM *Kene3HOM 1oporu i ONbITHOM 3KcruTyaTanuuu Obln BHeapeHs! PIIL, paz-
paborannsie OAO «PagmoaBuonuka» (r. Cankr-IlerepOypr), Ha yuyacTke «Jlo3zoBas - KpacHo-
rpag» MIIL] Ebilock-950 (ILBerwst).

[IpenmyIiecTBa MUKPOIIPOLIECCOPHBIX CUCTEM B CPaBHEHHUH C pelieHbIMU cuctemMamu L]
SBJISIIOTCS: HAKOIJICHHE 331aBa€MbIX MapLIPyTOB M aBTOMATHUYECKUI BBHIOOpP Tpacchl MapLipyTa;
aBTOMATHUYeCKasi YCTAaHOBKA MapIIPYTOB B COOTBETCTBUM C TEKYLIUM BPEMEHEM M TpapuKOM
JBUKECHMSI TIO€3/10B; MOAJEPIKKA ONIEPATUBHOIO MIEPCOHANIA B HEIUTATHBIX CUTYalUsAX; aBTOMATH-
YyecKas perucTpanus AEHCTBHN ollepaTopa W XpaHEHUE MX B maMmsatu DOBM; aBTomarmueckoe
MPOTOKOIMPOBaHUE ((PYHKIIUH «YEPHOTO SIIMKA); ONEPATUBHOE MPEOCTABICHNE HOPMATUBHO-
CHpaBOYHON MH(pOpManMK; peanu3anuu QyHKIUNA JTUHEHHOro MyHKTa TUCHETYEPCKOM IeHTpa-
JIM3AIMH, IPOCMOTP U CTaTUCTHUYECKast 00paboTka oTka3oB B DL, ENMHCTBEHHBIM HEJOCTATKOM
MHUKPOMPOIIECCOPHBIX CUCTEM SIBIISIETCSI OTHOCUTENLHO HE JIOJITHI CPOK CiyKObl. Penelinbie cuc-
TEMBI HKCIUTYaTUPYIOTCs 3adacTyto Oosiee 50 jer, Toraa Kak MUKPOIPOLECCOpHAs TEXHUKA He
paccuuTaHa Ha CTOJIb JOJTUN CPOK IKCILTyaTaluu.

Cpenu nepeunciieHHBIX BhIIIE K BHEAPEHUIO HA KEJE3HBIX 10porax YKpauHbl MOKET ObITh
pekomenoBana MIIL[-Y «Mmynbc» OTEYECTBEHHOTO MPOU3BOAMTENS, MPEIHA3HAYCHHAS JISI
CO3/1aHHS MUKPOIIPOLIECCOPHBIX LIEHTPAIM3ALMI CTPEIOK U CUTHAJIOB XKEJIE3HOAOPOKHBIX CTaH-
IMH pa3IUYHBIX KJIaccoB, UMEoIas cepTUUKAT, MOATBEPKAAOINN (QYHKIIMOHATIBHYIO 0€30-
nacHoCcTh U HaaéxHocTh cornacHo JICTY 4178-2003, u eBponeiickuii cepTuHUKAT HyHKIHO-
HaJbHOM 0€30MMacCHOCTH C MPHUCBOSCHHWEM YPOBHS MONHOTHI Oe3omacHocTy SIL4. JlokazaTtenber-
BOM BBIIIE€ U3JI0)KEHHOI'O CIIY>)KMT BBEJEHHME €€ B JKCIUIyaTaluio Ha craHuuu «HwuxHenHen-
poBck-Y3en» [IpunnenpoBckoi x.1. k Hadainy 2018 r.
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Kommuieke 6ioMeTpuyHoi inenTudikanii Ta ayrentudikanii kopucryBayis 3a
KJIABIaTypPHUM MOY€PKOM

[etpyk T. O., Ocraneus /1. O., IHinponeTpoBChKUI HAIlIOHATBHUN YHIBEPCUTET 3aTI3HUYHOTO
TpaHCIIOPTY iMeHi akaaemika B. JlazapsiHa, Ykpaina

JIJis1 KO’KHOT aBTOMATHU30BAaHOI CUCTEMH 3aBXKIH € aKTyaTbHUM OOMEXEHHS Koja 0cif, 1o
MaroTh 110 Hel goctyn. [nenTudikaris Ta ayreHTHdIKAIll 3aCTOCOBYIOTHCS 1T OOMEXEHHS 10C-
TYIy HE3aKOHHUX CYO'€KTiB (KOpPHUCTyBadi, MPOLIECH) aBTOMATU30BAaHUX CUCTEM JI0 ii 00'€KTIB.
HasBnicTe nponeayp ayrentudikarii i/ado igeHTHdiIKaIii KOpUCTyBavYiB € 000B'SI3KOBOI0 YMO-
BOIO OYy/Ib-SIKOi 3aXMIIEHOT CUCTEMH, OCKUIBKH BCi MEXaHI3MH 3aXUCTy iH(OpMaIii po3paxoBaHi
Ha po0OTy 3 NOIIMEHOBaHUMHU Cy0'eKTaMM 1 00'€KTaMHM aBTOMAaTH30BAHUX CUCTEM.

3aranpHUl aNITOPUTM POOOTH TAKUX CHCTEM IOJSrae B TOMY, 00 OTPUMATH BiJ KOPUCTY-
Baya iH(oOpMaIlilo, 110 3acBiAUye HOro ocody, MepeBipuTH ii CIIpaBXHICTh 1 MOTIM HagaTtu (abo
HE HaJaTH) IbOMY KOPUCTYBA4Y€Bl MOXKIIMBICTH POOOTH 3 CUCTEMOIO.

Binowmi Tpu dakropu ayreHTH]IKAIIi: Mapoik, IpUCTpiil ayreHTudikamii abo GioMeTpuuHi
XapaKTepUCTHKH KopHcTyBadiB. [Ipu moOynoBi cucrem imeHTudikaii i ayreHTudikanii BHHUKae
npo6iema BHOOPY iAeHTU(IKATOPY, HA OCHOBI KOO 3A1MCHIOIOTHCS MPOLEAYPH 1AeHTUdIKAIT 1
ayreHTudiKamii kopructyBada. KoxkHHIA 3 METOJIIB Ma€ CBOT HEJOMIKHA 1 9acTO OJMH y3sTHIA (ak-
TOp HE MOXe 3a0e3neyuTy HaaiiiHui 3axucT. ToMy IOLUIBHO BUKOPUCTOBYBAaTH JBO-, TPHOX-
¢bakTopHy ayTeHTH(IKALIIO.

biomMeTpHuuHi CUCTEMH € aKTyaJbHUMM Ta MOCTIHHO PO3BUBAIOTHCS Ta BIOCKOHAIIOIOTHCS.
biomerpuuni MeTonu ineHTHdikarii/ayreHTU(IKAil pO3IUISIOTh HA JIBA KJIacH: CTATUYHI, SKI
BUKOPHUCTOBYIOTh XapakTepHi (i3UyHi MapamMeTpu JIOJUHH, Ta JUHAMIUHI — MOBEIIHKOBI Xapak-
TEPUCTUKH JTIOAMHHU. [0 mepiinx HauexaTh: BIIOUTKU MajbliB, popma J07I0HI Ta/abo po3Tainy-
BaHHS BEH Ha 30BHIMIHIA CTOPOHI JIOJIOHI, CITKIBKa OKa, opma o0iuyusi, TepMorpama ocoou,
reOMeTpis pyKu ToImo. Jlo Apyrux BIAHOCSTHCS: TOJOC, TEMIT HaOMpaHHs TEKCTY Ha KJaBiaTypi
KOMIT'I0T€pa, PyKOIIUCHUM MMOYEpK, X0a JHOAUHH.

B poGoTi 6yB 3pob6sieHuii aHai3 BUIE 3a3HaYEHUX METO/IIB Ta Oysno 0o0paHO 1BO(GAKTOPHY
ayTeHTH(IKallil0 Ha OCHOBI MAapoJBHOIO 3aXHCTy Ta JMHAMIYHOI OiomeTpii, a came
KJIaBlaTypHOTO mouepky. OOpaHi GakTopu HEe OTPEOYIOTh TOAATKOBUX 3aTPaT Ta B CYKYITHOCTI
MOXYTh 3a0€3MeUUTH JOCTaTHIH pIBEHb 3aXUCTy aBTOMATHU30BaHOI CHCTEMH, TaKOX ICHYE
MO>KJIUBICTh IPUXOBAHOT'O MOHITOPHHTY, 1110 J103BOJISIE BUSBUTH MiIMIHY KOPUCTYyBaya.

AHani3z JOCTYMHMX JDKEpen IoKas3aB, IO METOAM TOPIBHSAHHS — XapaKTepUCTUK
KJIaBIaTypHOTO TOYEpPKY ICHYIOTh 3 BUKOPHCTAHHSM HEHPOHHUX MEpeX Ta WMOBIPHICHO-
CTaTUCTHUYHHUX METO/IIB.

g peamizauii OyB 0OpaHuUH TiCTOrpaMHUN METOJ, BUKOPUCTAHHS SIKOTO Ja€ BHILY
TOYHICTh HDK y HaiOUIbII BXXMBAHOTO METOAY MO BiacTaHi Xemminra. OOpaHuil MeToj He
notpelye BEIMKUX OOYUCITIOBATHHHX ITOTYKHOCTEH Ta TPUBAJIOTO HABUYAHHS KOMIUIEKCY.

Po3po6mioBanmii KOMIUIEKC — 1€ CIelialli3oBaHe IMporpamMHe 3a0e3MeueHHs, L0 Mae
JeKLTbKa peKUMIB: PEKUM HAKOTIMYCHHS CTATHCTUKU — OTPHMAaHHS €TaJIOHy KOpHCTyBada (Tipo-
rpama Oyje mpaioBaTid (OHOBO 1 HAKOMUYYBAaTH CTATHCTUKY, OHOBIIIOBATH €TaJOH KOPHCTYBa-
Ya, 1110 JO3BOJIUTH 30epiraTu HOro akTyalbHICTh), PEKUM ileHTUu(IKalil 1 ayTeHTUdIKauii Ta
MOCTIHHUI NPUXOBAHUHN KJaBlaTypHUI MOHITOPHHT, 1110 BUABISATHME IiIMiHY 3aKOHHOT'O OIlepa-
Topa 1 6iokyBatume podoty 1K y pa3i BUsBIEHHS MIMIHU.

JlaHuit KOMIUIEKC MOKe OyTH BUKOPUCTAHUH SIK Ui 3BUYaiiHOro kopuctyBanHs Ha 1K Ha
MIJIPUEMCTBAX, TaK 1 B HaBYaJbHOMY IpOLECl JUIsl O3HAHOMIIEHHS CTYJEHTIB CIELialbHOCTI
«KibepOe3neka» 3 meromamu OiomeTpuuHoi ifeHTH(iKaii/ayTeHTH}IKAIl 32 JOMOMOTOI0
KJIaB1aTypHOTO TIOYEPKY.
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3ananmne ckopocreii Bbixoaa oruenos u3 TII
HAa OCHOBeE NPOIrPaMMHUPYEMBbIX JIOTHYECKHUX CXeM

CamkoB A. H., Tpomms E. A., JlHenponeTpoBCKUil HALIMOHAIBHBIN YHUBEPCUTET
KEJIC3HOJOPOKHOI0 TPAaHCIIOpTa UMEHU akasiemuka B. Jlasapsna, Ykpanna

OpnHOH M3 OCHOBHBIX 3aJa4, PEIIAEMBIX IIPU POCIIYCKE COCTaBOB, SIBIISIETCS OIPENEICHUE
TpeOyeMBbIX CKOpOCTEN CKaThIBaHUS OTLENOB. [l 3TON LeIM BO MHOTHX CTpaHax pa3paboTaHbl
CUCTEMBI, [IOJIyYHBIIME HAa3BAaHUE CUCTEMBI ABTOMAaTHYECKOI'O PEryJUpPOBaHUs CKOPOCTH OTLE-
1oB (APC). Llenblo JaHHBIX CUCTEM SIBIISICTCS YIPABIEHUE CKOPOCTBIO CKAaThIBAaHUS OTLEIOB C
nomotnbsio Topmo3Hbix no3unuii (TIT), obecneunBas MUHMMaNIbHOE BpeMsi pacOpPMHPOBAHUS
COCTaBOB C COOJIIOZICHUEM BCEX TEXHOJIOIMYECKUX OIPaHUYEHHH.

ANTOPUTMBI M CITIOCOOBI YIIPABJICHUSI CKOPOCTHIO OTILIETIOB MPH CKATHIBAHUU OTIPEIEISIOTCS
KOHCTPYKLIMEH TOpKH, TpeOyeMOHl TOYHOCTBIO YIPaBIEHUS, MPUMEHSEMbIMH TEXHUYECKUMHU
cpeactBamMu. Ha oTedecTBEHHBIX KEJIE3HBIX JOPOrax TOpPKU KPYIHBIX COPTUPOBOYHBIX CTaHIIUM
OCHAILlEHbI, KaK MPaBUJIO, TPeMs TOPMO3HBIMH MO3ULUAMU. B mpouecce ynpaBieHust TOPMO3HbI-
MU HO3ULUSAMHU YUUTHIBAIOTCA JUIMHA, CKOPOCTb, COMPOTUBIIEHUE JBUKEHUIO, CTPENIKA pa3felie-
HUS CKAaThIBAEMOr'0 M BIepenu Hayuero oruenos. Haubonee moiaHbINA aaropuT™M BBIYMCIEHUS
CKOPOCTEM OCHOBAaH Ha MOJEJIMPOBAHUU CKAaThIBAHUS CMEXHBIX OTLIETIOB U I10 €r0 pe3ysbTaTaM
ornpeneneHue TpedyeMbix ckopocteil Boixona u3 TII. Pe3ynbraTsl MoJenupoBaHusl CKaThIBAHUS
Pa3IMYHbIX COUYETAaHUM OTILIETIOB JAIOT BO3MOKHOCTh PEAJIM30BaTh JOCTaTOYHO MPOCTOE U Jellie-
BO€ YCTPOHCTBO Ha OCHOBE CXEM IIPOrPaMMHUPYEMOM JTOTHKH.

CyTtp mpepyaraemMoro croco0a 3aKkJIFo4aeTcsi B TOM, YTO B KAYECTBE MCXOJHBIX JAaHHBIX HA
BXO/] YCTPOWCTBA 3a/1aHUsI CKOPOCTH IOJIAIOTCS XapaKTEPUCTUKH OTLIETa, [IEPEUUCIICHHbIE BBIIIIE.
[IprueM 3Tu XapakTEpUCTHKH 3aJJal0TCS HE B BUJE KOHKPETHBIX (PU3NYECKUX BEJIMYMH, a B BUJE
JBOMYHOTO KOJia, B KOTOPOM OJIHA JIBOMYHAs €AMHULA ONPENEIAET MUHUMAIbHOE 3HAYEHHE CO-
OTBETCTBYIOLIEH IEPEMEHHOM.

BxonHble nepeMeHHbIE, 3aJjaBacMble C JOCTATOYHOW CTENEHBIO TOYHOCTH, OINPENEISIOT
TpeGyemyto paspsauocts I; =109, N;

3neck Nj - uncno rpajanuil COOTBETCTBYIOIIMX BEIWYMH. [[J1s1 3a1aHUsA X0J0BOrO COIPO-
TUBJIEHUS ) W BIEpPEAH U C3a1d UAYIIET0 OTILENOB HE0OX0AUMO 3-4 NBOMYHBIX paspsaa, s
3aJlaHUsl CKOPOCTH BIIEPEAM MAYILErO OTLENa AOCTATOYHO 4-X pa3psiioB U JUIsl BpEMEHHOIO MH-
TepBaJla MeX1y otuenamu — 4-5 pazpsuoB. Takum oOpa3oM ais 3ajaHUsl CKOpOCTEH BBIXOJ1a
otuenos u3 | u Il TIT tpeGyercs Bxoanas undopmarus 18 — 20 6ut. [Ipu 3TOM 4nCIO BO3ZMOX-

HBIX COUYETAHUU MPU3HAKOB COCTABIISIET 2 ? OnHako peaqbHOE YHUCIO CKOPOCTEH, 3a/1aBaeMbIX
st TT1 naxoautest B muanaszone (1-5) M/c u 15 IpeicTaBiIeHus ¢ TOUHOCTRIO 0,25 M/c TpebyeT-
csl Bcero 4 IBOMYHBIX pa3psiyia. XapaKTePUCTHKHU OTIENOB MOTYT OBITh MOJTYYEHBI U3 COPTUPO-
BOYHOTO JINCTA HA TPUOBIBAIOIITNI TIOE3].

Peanuzamus Ha coBpemennsix [TJIMC nmo3BossieTr mOCTPOUTh HEAOPOTOE U HAAECKHOE YCT-
porictBo misa ynpasieHus TII. Huzkas cToMmMocTh yCTpOMCTBa 1aeT BO3MOKHOCTH IOBBICUTH
HAJEKHOCTh 332 CUET HEOOXOIUMOW KPATHOCTH PE3EPBHPOBAHMS, BKIIOYAs BO3MOXXHOCTH HC-
MOJIb30BAHUS] MAKOPUTAPHBIX CXEM.

DTOT e MPUHIIUIT MOXKET OBITh MCIOIH30BaH C HEOOMBIIMMHE JOMOJIHEHUSIMHU U AJIs 3a7a-
HHSI CKOPOCTEW POCHYyCKa B CHCTEME aBTOMATHYECKOIrO 3aJaHus CKOPOCTEW POCIyCKa OTILEMNOB
JUISL peau3aliy POCIyCKa OTLENOB C IEPEMEHHOM CKOPOCTHIO.
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Tpenamepbl MAalIMHUCTOB. HyTI/I YCOBEPIICHCTBOBAHUA.

Xwmapckuii FO. ., CmupaoB O. O, JIHenponeTpoBCKUil HALIMOHAJIbHBIN YHUBEPCUTET
KEJIEe3HOAOPOKHOTr0 TpaHcnopta uM. Jlazapsina B.A., Ykpauna.

[Ipumenenne y4yeOHBIX TpeHaXepOB sl MOATOTOBKH MAIIMHUCTOB MAaruCTpaibHBIX JOKO-
MOTHBOB 3HAYUTEIBHO YIy4IIaeT YPOBEHb MPAKTHUYECKOTO OOYYEHHS B HIKOJAX MAUIMHUCTOB,
BBIBOJIUT €r0 Ha COBPEMEHHBIN YpOBEHb. UTO MPHUBOJIUT K HEOOXOAMMOCTH OCHAILIEHUS Kaxa0h
IIKOJIBl MAIIMHUCTOB MOJOOHBIMH TPEHAXKEPAMHU M TOATOMY CO3/IaHUE TPEHAXKEPOB SIBIISAETCS
aKTyaJbHOM 3ajauell. PIHOK TpeHa)XepoB HE CTOJIb BEJIUK U, KPOME TOTO, KaXIblii TPEHAXKEP
M3TOTABJIMBACTCS TOJIBKO MO ONPEAETICHHbIN, crenn(uIeckuid, KOHKPETHBIN TUIl JIOKOMOTHBA.
Tak kak B HacTosiIee BpeMs NapK JOKOMOTHBOB Ha >KEJIE3HbIX Jloporax YKpauusl ¥ crpadn CHI'
OTJIMYAETCS OYCHb OOJIBIIUM MHOTOOOpa3ueM, TO JUIs IIKOJI MAITMHUCTOB HEOOXOMMO OO0JIBIIOE
YHUCJIO Pa3HbIX TPEHAXKEPOB, YTO HepeasbHO. [103TOMy BO3HUKAET ecTecTBEHHAs 3ajlaya MOUCKa
BO3MOYKHBIX ITyTeH YHU(PUKAIIMHA TPEHAKEPOB. YKPYITHEHHO CTPYKTYpa TpEHaKEepa UMEET BUJIL:
I'me: IIKIID — nepcoHanbHBI KOMIBIOTEP, 00ECIIEYNBAIONIHMI BHIBO/I HA TAHOPAMHBIN KpaH;

IKMC — nepcoHanbHbI KOMIIBIOTEP, PEAIU3YIOLUINI THHAMUYECKYIO MOJEb I10-
e3na.

B s10ii cucteme Hambosee 3aTpaTHBIMHU SIBIISIIOTCS TIEPCOHAIBHBIE KOMITBIOTEPHI , Tpe-
OyIOILIMEe MOIIHOTO MPOrpaMMHOTO 00€CleYeHHs] U, COOTBETCTBEHHO, MOIIHBIX TEXHHYECKUX
CpeAcTBE W DKpaHbL. B TOXe BpeMs (yHKIHHU 3THUX YCTPOWCTB ISl pa3HBIX THIIOB JIOKOMOTH-
BOB B OCHOBHOM OCTAalOTCS OJJUHAKOBBIMU. HeoOXoauma JIUIs HeKOTOpas KOPPEKIUsS BXOIHBIX
naHHbIX s peanusanuu mojenu B [IKMC. HauGonbiieMy M3MEHEHHIO MOMJICKUT CHUCTEMA
cbopa u BblAaun MHPOpMaMK KaOuHBI MamuHucTa. CpencTBa ympaBleHUS U WHIUKAIUHU, UX
pacnosokeHue B KaOMHe U PYHKIHMU MOCTOSIHHO MEHSIOTCS JaKe JUUIsl OAHOTO THIMa JIOKOMOTH-
Ba. B ToXe BpeMs HMEHHO 3Ta 4acThb CHUCTEMBbI JIOJKHA TOUYHO BOCHPOM3BOJIUTHCS NMPH 00yde-
Huu. HauOonblieMy UW3MEHEHHIO MOJABEpraercs
TOPU3OHTANIbHAS ~TAHENIb  YOPABJIEHUS  IyJIbTa
YIpaBIEHUs U, MEHEEe 4acTo, KOHTposuiepsl. B 06-
meM ciaydae Uil YHUQUKAWW TpeHaxepa JITH
4acTU CUCTEMbl HEOOXOAMMO JieJaThb ChEMHBIMU U
CHELUATU3UPOBAHHBIMU ISl KaXJA0r0 TUIA U CIe-
uupukanuu JokoMoTHuBa. IlpumepHbI BUA YHU-
@ © "H::::MH BEPCAJIBHOTO MyJbTa MTOKa3aH Ha pucyHke 2. Ceer-

JBIM CEpbIM I[BETOM BBIJIEJIEHbI ChEMHBIE CIeIua-

' JIM3UPOBAHHBIE YACTU = MMAHEIb NEpeKIoyaTenei u

CBEMHBIM KOHTPOJUIEp MaluHUCTA. TeMHBIM ce-

PBIM [IBETOM BBIJICIICHBI DKPAaHbI — SKpaH MPUOPOB U
ITAaHOPaMHBIN SKPaH.

besycnoBHO yHubukamus Tpedyer TIaTeIbHO-
ro aHaJi3a KaOWMH MAalIMHHUCTA BCEX TUIIOB JIOKOMO-
TUBOB, KOTOpbIE OyJIeT MMUTUPOBATH TPEHAXEp IS
MaKCHUMaJIbHOTO TpUONMKEHUSI K oOpuruHaiam. B
cBs3u ¢ nosieineHueM B ctpaHax CHI' umnHOcTpaHHBIX
AJIEKTPOIOE3/I0B B HACTOSIIEE BpeMs IMPOBOJIUTCS
HCCIIEOBAaHUE BO3MOYKHOCTH IIOCTPOEHHUS YHHBEP-
CAJIbHOTO TpeHaXkepa ISl DJIEKTPOINOE30B KaK OTe-
YECTBEHHOI'0, TAK 1 MHOCTPAHHOT'O IIPOU3BO/ICTBA.

Manopamusiii axpan

) nKN3 1

Cucrema cbopaum

NKMC

.- -

N\
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IHTEJIEKTYAJIBHI IH®OOPMAIINHI TEXHOJIOI'I TA
TPAHCIIOPTHI CUCTEMHA
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Security in web applications world can never be overpriced
Hanna Shkliarova, Central Innovation Pty Ltd, Sydney, Australia

More than 4000 ransomware attacks have occurred every day since the beginning of 2016.
That's a 300-persent increase over 2015, where aproxymatly1000 ransomware attacks were per
day. Two attacks by ransomwares WannaCry and Petya alone in a timeframe of one month in
2017 have infected more than 230000 computers in over 150 countries. Why the applications are
that vulnerable? The current model of development is: requirements, design, implementation
(manual code reviews as security), verification (manual tests as security), and maintenance. This
model works on long term product development. The way of build software is changing. There
are no 3-6 month development cycles in web applications world. Instead there are small 5-10
people teams, Agile development methodology to move faster, developers do everything (De-
vOps practice), continuous integration and continuous delivery (C1/CD) for daily deployment to
production to move even faster.

What motivates a hacker? The most common motivations are money, politics, religion,
fun/fame, world domination. Malware targets home users, businesses, and government networks
and can lead to loss of information, disruption to regular operations, financial losses incurred to
restore systems and files, and potential harm to an organization’s reputation. If someone decides
to attack your service there are only two questions: when and what will they do?

The model of security which is good for developers to think about while creating the appli-
cation contains four stages: prevent, detect, response, recover.

The first thing you should think about is prevention: how to stop the malicious party of
gaining access to data? It’s the first and the most important part. It’s very hard to find out where
is the weakest part of the software. To help here one of the models in use is Attack Trees from
Bruce Schneier. The idea of attack trees is simple: first you consider to what date malicious party
try to get access to and then you enumerate the ways it can access that data. Then when all tree
levels have values pay more attention to ones which cost less for malicious party as most likely
here is the breach points. The levels with high cost will be barely used as the price to access this
data will be more then profit from it.

Use the cryptography for data security as part of prevention. There are most common ways
to encrypt information: random numbers, hashing presented by secure hash algorithms (SHA
Family) and message authentication code (HMAC), secure password storage, Ssymmetric encryp-
tion using advanced encryption standard (AES), asymmetric encryption using Rivest-Shamir—
Adleman algorithm (RSA), digital signatures. The best strategy is to use combination of encryp-
tions, which calls hybrid encryption. One of the examples is hypertext transfer protocol secure
(HTTPS). It provides two-way encryption of client-server communication.

The second part of security model is detection. The main question here is how we know
that someone got access to your system? The OWASP Top 10 vulnerabilities list can help here.
One of the simplest decisions here is keep logs tracking. This can be part of the created software
or just use the third party helpers (e.g. Elasticsearch, Logstash, Kibana).

Once the malicious attack is detected, you must find out how to response. The response is
often done in the haste, so the best politics here is to get the ready with couple of scenarios, when
there is no attack. Once we responded we can think out the recovery and how to get system back
on track. The basic here is backups. If you have a backups and know they work you can recover
more easily and then what you can do is burn the whole thing down on attack with no risks.

Hope is not a strategy when it comes to security. It should be part of development process
and be provided of all levels form planning to delivery. It’s not possible to foresee all vulnerable
parts of the software, but it’s possible to be prepared for most likely attack scenarios to recover
and keep on track fast.
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Using DSS NooTron for multiple-criteria decision analysis of technologies

Kuznetsov Vladimir, Yevtushenko Halyna, Yehortsev Kyrylo,
National metallurgical academy of Ukraine, Ukraine

The technological processes of complex systems such as metallurgical production, and
transport systems are characterized by a large number of elements; connections between the ele-
ments are polytypic and nonlinear. Some of the information about the system can be represented
in a qualitative way. The functioning and controlling of the system comes under multicriteriality,
fuzziness and uncertainty. It is often necessary to take into account the human factor: expert
knowledge, values and experience.

For solving these problems it is advisable to use, along with the traditional mathematical
modeling, simulation modeling and knowledge engineering methodologies, such as multi-criteria
analysis, expert systems, fuzzy modeling and control. Modern information technologies and sys-
tems, such as decision support systems (DSS), allow combining approaches for solving these
problems on the basis of the modern concept of system modeling.

The library of methods of decision support system NooTron (http://nootron.net.ua) current-
ly includes 10 multiple-criteria decision analysis (MCDA) methods as analytic hierarchy process
(AHP), weighted sums method (WSM), decision matrix method (DMM) and their modifications,
and integrated versions.

Along with approach to comparative analysis and choice as scalarization using quantitative
methods of MCDA, DSS Nootron is improved by including the approach based on narrowing the
original set of alternatives by constructing the so-called “sets of optimal (or “effective”) solu-
tions” — Pareto, Slater, Smale, Bartini. The authors have developed a unified approach on the
basis of combining the analytic hierarchy process and optimal sets. The idea of the algorithm is
to perform consistently pair-comparison of the alternatives profiles and remove the dominant
alternatives at each step. This approach allows, from several points of view, to evaluate more
completely the stability of optimal solutions in accordance to the change in the parameters of the
problem.

DSS NooTron recently was applied in research of the following issues:

- recyclable energy resources allocation at metallurgical plant: the optimization model of
heat-and-power system at metallurgical production included 2 complex criteria of efficiency;
there were proposed approach to optimization to find for each criterion sets of optimized para-
meters (suboptimal variants), then multi-criteria decision analysis was held for received subop-
timal variants using integrated method AHP + DMM; this made possible to prove the choice of
variant that was the best on set of criteria;

- comparative analysis of iron metallurgy technologies: there were compared 6 technolo-
gies of iron metallurgy with respect to 8 criteria divided into 2 groups (economic and technologi-
cal); WSM with nonlinear convolutions was used;

- comparative analysis and construction of optimal options sets for the activation of coal
water fuel: the Multiple-criteria comparative analysis was performed for 3 technologies of the
coal water fuel activation from brown coal with a different ratio of solid and water phases based
on the AHP with additional construction of optimal solutions sets (Bartini, Pareto and Slater),
with approach proposed by authors;

- comparative analysis of oxygen-converter processes (purging): 3 processes of purging
were compared with respect to 6 criteria; normative variant of the AHP (AHP variant “in abso-
lute measurements”) was used.

DSS NooTron allows carrying out a comparative analysis of alternatives using several
MCDA methods and several convolutions, whereby the validity of the decision-making can be
improved.
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Development of quantum satellite

Pantelienko K.S., Shulgina V.
Dnipropetrovsk National University of Railway Transport named after Academician V. Lazarian,
Ukraine

First, as known, a year ago, Chinese physicists launched the world’s first quantum satellite.
The physicists designed it to send and receive bits of information encoded in delicate photons of
infrared light. It is a test of a budding technology known as quantum communications, which
experts say could be far more secure than any existing info relay system. They have kept the
satellite busy. The famous group has published several papers in Science and Nature in which
they sent so-called entangled photons between the satellites nicknamed Marcius, after an ancient
Chinese philosopher and multiple ground stations. If quantum communications were like mailing
a letter, entangled photons are kind of like the envelope: They carry the message and keep it se-
cure. Jian-Wei Pan of the University of Science and Technology of China, who leads the re-
search on the satellite, has said that he wants to launch more quantum satellites in the next five
years. By 2030, he is hoping that quantum communications will span multiple countries. In 13
years, you can expect quantum internet. “Quantum internet’ is a vague term,” says physicist of
the University of Waterloo. That is because so much of the technology is still in its infancy. Phy-
sicists still cannot control and manipulate quantum signals very well. Pan’s quantum satellite
may have been able to send and receive signals, but it cannot really store quantum information-
the best quantum memories can only preserve information for less than an hour. In addition, re-
searchers still do not know what material makes the best quantum memory. They also are not
sure how they would transmit signals efficiently between the nodes of the future quantum web.
Blanketing Earth in quantum satellites is expensive-Pan has cost $100 million. Ground-based
transmission via optical fiber is not perfect either: Quantum signals die out after about 60 miles
of transmission. The signals cannot be amplified like an electronic signal, either. Therefore, re-
searchers are developing special devices known as quantum repeaters that can transmit signals
over long distances. That research will take time. Even if Pan gets his international network up
and running by 2030, it is not as it will be hand your social media feed by then. In addition,
maybe we would not want it to, either. Just because something is “quantum” does not mean it is
automatically better. “In many cases, it doesn’t make a lot of sense to communicate quantum
mechanically”. Quantum signals have weird properties like superposition, where a particle’s 10-
cation is a probability distribution, and it has no precise location. Most communication between
humans would still be far easier to express by encoding regular old 1’s and 0’s in blips of elec-
tricity.

So what is the point of it? In the near future, the quantum internet could be a specialized
branch of the regular internet. Research groups all over the world are currently developing chips
that might allow a classical computer to connect to a quantum network. People would use clas-
sical computing most of the time and hook up to the quantum network only for specific tasks.
The quantum internet could also be useful for potential quantum computing schemes, says Fu.
Companies like Google and IBM are developing quantum computers to execute specific algo-
rithms faster than any existing computer. Instead of selling people personal quantum computers,
they have proposed putting their quantum computer in the cloud, where users would log into the
quantum computer via the internet. While running their computations, they might want to trans-
mit quantum-encrypted information between their personal computer and the cloud-based gquan-
tum computer. “Users might not want to send their information classically, where it could be
eavesdropped,” Fu says.
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High performance time measurements in Unity profiler

Olexiy Zakharov
Unity Technologies, Copenhagen, Denmark

Profiler is an essential analysis tool in software development. It provides insight into a
program, allows to determine performance critical code and helps with optimization. There are
different types of profiling techniques such as sampling, instrumentation and simulation. Game
development engine Unity has built-in instrumentation profiler.

Instrumentation profiler performs dynamic analysis by adding additional instrumenting in-
structions into a program.

Code execution data in forms of timestamps is then collected during the program execu-
tion. This technique provides very accurate time information about specific program blocks on a
specific hardware. However, additional instructions alter the program and might affect results.

The cost of a single instrumentation call is the most important characteristic of instrumen-
tation profilers. Lower boundary of such call is defined by “get time” operation. And it is essen-
tial for profiler itself to execute this operation as fast as possible. For that reason CPU clock
counters are usually used as a time equivalent. Apart from that timestamps should satisfy the
following conditions - be monotonic and be clock invariant, so analysis can be considered cor-
rect. Clock counters might violate these conditions and existing system solutions provide me-
chanisms which return reliable timestamps doing additional corrections. Thus these solutions are
relatively slow.

The study focuses on exploring the possibility of using raw clock counter as a high resolu-
tion clock invariant timestamp equivalent on x86 and ARM CPUs. As performance analysis is
performed offline outside the program run, counters correction can be applied also offline.

The report gives examples of the use of RDTSC (x86), MRC p15 (ARM) instructions, as
well as methods for correcting the obtained values, which allow correctly interpret the results of
dynamic monitoring of program code.

A discussion is also given of the features of the application, the general characteristics, and
the main differences between the basic techniques for profiling code.

Additional information on the topic

https://msdn.microsoft.com/en-us/library/windows/desktop/dn553408(v=vs.85).aspx
http://infocenter.arm.com/help/index.jsp?topic=/com.arm.doc.ddi0344b/Bgbjjhaj.html
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Anomaly detection of network device behavior

Shatokhina Karyna, Dnipropetrovsk National University of Railway Transport named after
Academician V. Lazaryan

Anomaly Detection is the process of finding outlying record from a given data set.

A record is said to be anomalous or outlying if its behavior does not conform to the beha-
vior of the majority of the dataset. These records have been of increasing interest because their
presence could indicate a failure in part of the system or a diagnosis of a disease.

There are many domains, which require anomaly detection systems. One of which is intru-
sion detection where a user can try to gain extra privileges on the system or an unauthorized user
can try gain access on the system. One of the main challenges in this domain is that the data size
is enormous thus, even small false alarm rates would overwhelm the analyst.

In this diploma the program that will analyze network devices anomaly behavior will be
developed. In every network there are some global variables that can be profitably used for de-
tecting network anomalies, regardless of the type of network users and equipment.

The following network and devices properties will be used to determine anomalies: device
CPU utilization; device memory utilization; network traffic.

This application will be one of the plugins that extends existing network management
system. This system provides following main features:

— automatic detection of all resources (network devices, systems, and their relationships)
and the construction of topographic maps of connections;

— monitoring the status and availability of the network, systems and application infrastruc-
ture by means of active and passive monitoring techniques; timely notification via SNMP-traps
are and Syslog messages from network devices;

— creating reports - standard and custom reports provide a comprehensive overview of the
status of the network infrastructure.

The basic algorithm that is taken for anomaly detection based on the assumption that val-
ues of feature’s are distributed according to Gaussian distribution:

— choosing features x; that might be indicative of anomalous examples;

2

—  fit parameters p;, ..., ., 07 o, 05 p; = — X2 X 07 = :E“’:ij‘} — ;)

— given new example x, compute plx):
p(x) = (x5, 07) = [Tey —— exp(— S50
d J
— anomaly if p(x) < £, is some threshold probability value which we define, depending on
how sure we need/want to be.

It should be decided upon a minimum membership probability that a new sample must
meet in order to qualify as a 'normal’ sample - this can be derived upon by a little experimenta-
tion and finding the minimum membership probability observed over the training set. In order to
make sure that values of features dataset are distributed according to a Gaussian distribution
Kolmogorov—Smirnov test is used.

If the distribution of the continuous data is non-normal, transformations of data are applied
to make the data as "normal” as possible. The log transformation is, arguably, the most popular
among the different types of transformations used to transform skewed data to approximately
conform to normality. If the original data follows a log-normal distribution or approximately so,
then the log-transformed data follows a normal or near normal distribution. In this case, the log-
transformation does remove or reduce skewness.

As a result, the plugin for anomaly detection is developed. The main algorithm uses Gaus-
sian distribution to detect the anomalous behavior of devices.
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Psychological provision of processes modernization of management of metallurgical
production

Shevyakov O. V., Samoylov S. P., Dnipropetrovsk National University of Railway Transport
named after Academician V. Lazaryan, Ukraine; Karpov O. N., Dnipropetrovsk National
University named after O. Honchar, Ukraine; Chugai A. A., Dnipro Humanitarian University,
Ukraine

The creation of an psychological methodical approach to the processes modernization of
metallurgical production management, which involves a human factor at the difficult man-
machine system development and exploitation and the realization degree estimation of ergonom-
ic requirements on the different stages of operator's activity planning.

An analytical model of the organization of the research works devoted to the psychological
modernization of man-machine systems was developed. Searching and purpose-oriented investi-
gations on the different stages of man-machine system development and exploitation were mod-
eled from the sketchy projection till the exploitation of the system. Theoretical, system analytical
and experimental methods were used.

The results of processes psychological modernization of metallurgical production manage-
ment were discussed in two countries under new economic (market) conditions. The factors,
which define the tension in rolling-mill operator's activity, were exposed. Some recommenda-
tions on modernization of the existing technology and labor organization were formulated.

The scientific novelty consists in the development and adaptation of the methodical ap-
proach that describes adequately the cognitive complexity and psychophysiological tension in
operator's activity as the modernization factors of modern metallurgical production in two coun-
tries.

The practical value is the creation of an psychological ensuring system of development, ex-
ploitation and modernization of difficult men-machine systems and metallurgical production
management processes.

Difficult and strenuous conditions of the operator's metallurgist’s activity demand a due ap-
proach to the whole man-machine system optimization. This approach must consider all the op-
erator’s activity features (psychological ones first) and include appropriate research methods and
psychological planning ones.

The consideration of psychological factors in the development of new technical means of
activity and modernization of the available ones is an indispensable condition to realize their
economic efficiency.

The methodological basis of the research was O. Shevyakov's psychological providing con-
cept of the men-machine system development and exploitation.

The problem of increasing the efficiency of the “Rolling-Mill” man-machine system operat-
ing isn't new. As a result of the analysis of some theories which concern rolling-mill operator's
activities and were published in different time researches, we can distinguish some real-life ap-
proaches to the issue. A technological approach is aimed at the local automatization and the
commitment of the rolling mill during a shift as well as at the idle times of the rolling mill and
their reasons. A sanitary and hygienic one is aimed at the assessment of the complexity and ten-
sion in rolling-mill operator’s activity. And an psychological approach is mostly reduced to the
rationalization of control panels and organization of work stations. Foreign researchers
(G.Bedny, I. Brito, A. Chapanis, I. Foley , G. Thu) define technology features and the level of
management automation as the external determinants of psychological tension and stressful fac-
tors in the activity of metallurgical unit operators. An analysis of modern foreign psychological
literature revealed the presence of theoretical assumptions of the operator’s activity optimization
in different countries. The psychological direction of metallurgists™ activity optimization, which
developed fragmentary in Ukraine continues our research.
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Microservices and advantages of using Docker
Skalozub M.V., Genera Networks AB, Sweden

The microservices architecture is becoming the preferred approach for distributed and
large or complex applications based on multiple independent subsystems in the form of autono-
mous services. Microservices apps are on the opposite side of monolithic applications. The latter
run all operations as a single process, or a set of large processes, whereas microservices break an
app into a large number of small processes. In a microservice-based architecture, the application
is built as a collection of services that can be developed, tested, versioned, deployed, and scaled
independently. And an autonomous database can be used.

Docker Containers are becoming the de-facto standard in the container industry, supported
by the most significant vendors in the Windows and Linux. Container-based solutions provide
the important benefit of cost savings because containers are a solution to deployment problems
caused by the lack of dependencies in production environments. Containers also significantly
improve DevOps and production operations.

Container-based orchestrators like Kubernetes, Mesos DC/OS, and Docker Swarm and
Azure Service Fabric are indispensable for any production-ready microservice-based and for any
multi-container application with significant complexity and scalability needs.

Advantages of using Docker:

1. Saving costs: the reduced infrastructure requirements provide to organizations possibil-
ity to save on everything from server costs to the employees needed to maintain them. Engineer-
ing teams can be smaller and more effective.

2. Standardization & productivity: repeatable development, build, test, and production en-
vironments.

3. Cl efficiency: the same image can be used across every step of the deployment process.

4. Compatibility & maintainability.

5. Simplicity & faster configurations.

6. Rapid Deployment.

7. Continuous Deployment & Testing: containers are configured to maintain all configura-
tions and dependencies internally.

8. Multi-Cloud Platforms: all major cloud computing providers, including Amazon Web
Services (AWS) and Google Compute Platform (GCP), have embraced Docker’s availability and
added individual support. Docker containers can be run inside an Amazon EC2 instance, Google
Compute Engine instance, Rackspace server or VirtualBox, provided that the host OS supports
Docker.

9. Isolation: each container has its own resources that are isolated from other containers.
Docker also ensures that each application only uses resources that have been assigned to them.

10. Security: Docker ensures that applications that are running on containers are com-
pletely segregated and isolated from each other, granting you complete control over traffic flow
and management, each container gets its own set of resources ranging from processing to net-
work stacks.

With Docker, you can run each service inside a container, and combine those containers to
compose a complex application.

Docker makes it easier to create and manage a microservices application than the old SOA
paradigm allowed. With Docker, once your services have been Dockerized so that they can run
in containers, you can deploy those containers to any server with Docker installed. You can also
move them around between hosts for portability. And you can use container orchestration tools
for automatic provisioning.
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Microservices as the new architecture paradigm
Torskyi A.V., Lenslogistics AB, Sweden

Microservice architecture is a distinctive method of developing software systems that has
grown in popularity in recent years. This architectural paradigm is considered particularly ideal
when you should enable support for a range of platforms and devices, like spanning web, mobile,
Internet of Things, and wearable, or simply when you’re not sure what kind of devices you’ll
need to support in future.

There is no formal definition of the term microservices, no standard model that is repre-
sented in every system based on this architectural style but most microservice systems have a
few notable characteristics. Software built as microservices can, by definition, be broken down
into multiple component services. The microservices style is usually organized around business
capabilities and priorities. Microservices act somewhat like the classical UNIX system: they
receive requests, process them, and generate a response accordingly. In a microservice applica-
tion, each service usually manages its unique database.

Microservices are designed to cope with failure. Since several unique and diverse services
are communicating together, it’s quite possible that a service could fail for one reason or an-
other. In these instances, the client should allow its neighboring services to function while it
bows out in as graceful a manner as possible.

Using microservices is a method of developing software applications as a suite of inde-
pendently deployable, small, modular services in which each service runs a unique process and
communicates through a well-defined, lightweight mechanism to serve a business goal.

The choice of changing the architecture by adopting microservices and containers has been
driven to exploit their major benefits.

For example, each microservice is totally independent of other ones in terms of resources.

The small dimension of microservices makes simple to understand how it works and the
logic behind. Each service can be deployed independently of other services.

To implement microservices, it is possible to use the more suitable technology and this can
be done without taking care of the technology used for the other ones.

It's easier to scale development.

Microservices improve fault isolation. For example, if there is a memory leak in one ser-
vice then only that service will be affected. The other services will continue to handle requests.
In comparison, one misbehaving component of a monolithic architecture can bring down the
entire system.

When developing a new service, you can pick a new technology stack. Similarly, when
making major changes to an existing service you can rewrite it using a new technology stack.

As every approach, an architecture based on microservices and containers has a number of
drawbacks to consider. For example, developers must deal with the additional complexity of
creating a distributed system; testing could be more difficult; the inter-service communication
mechanism must be also implemented; implementing use cases that touch multiple services
without using distributed transactions might be difficult.

The microservices and containers architecture represents the current frontier of the way to
implement applications. The adoption of this architecture increases the initial effort to define the
patterns but simplifies the maintenance and the natural life-cycle evolution of every complex
application.
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Cloud Transport System
Tsypkin Mykhailo, Tsypkina Kateryna, Germany

The transportation systems around which the modern world has been built are on the verge
of a significant transformation. Intelligent transportation systems are making driving and traffic
management better and safer for everyone.

Currently most traffic systems are build on spoke-hub distribution paradigm which is a
form of transport topology optimization in which traffic routes are organized as a series of
'spokes’ that connect outlying points to a central 'hub’. Simple forms of this distribu-
tion/connection model may be contrasted with point-to-point transit systems in which each point
has a direct route to every other point, and which was the principal method of transporting pas-
sengers and freight until the 1970s.

Cloud Transport System is based on shared transport infrastructure and modes instead of
being owned by a single operator. This approach provides a possibility to avoid misunderstand-
ing between different participants of the traffic and allows to make a route based on the informa-
tion of all others participants. It consists from three types of elements: computing centers, data
storages and data gathering points.

Each participant of the traffic should be a data gathering point and collect data about the
environment and current traffic situation and then send this data to the data storage. The type and
amount of data that should be gathered depends on type of vehicle. Each type of vehicle has its
own standardized set of sensors and other equipment that will collect and preprocess data based
on vehicle size and purpose.Also all gathered data is grouped by importance and accuracy of
measurements.

Data storages contains a two types of data. First type is a current traffic situation. The data
of this type represents a current situation and ready to be quickly extracted and analyzed. The
efficiency of this storage is achieved by sorting this data by exact area and importance. The
second type of data is archive. This data is gathered to keep sequence of events and then used for
analyzing and machine learning. For storing this type of data technology “Data Lake” is used.
Which means all the data is highly compressed and in easy way could be read and written but
cannot be modified. All data of first type are becoming a second type data over time.

The main part of the system is a cloud computing center which makes a decision based on
information from the data storage. The decision making process consists of three steps: analyz-
ing current situation, creating possible approaches and approaches evaluation. During the first
step all needed data is requested from the data storage and analyzed. During this analyzation
situation are classified on type and threat amount. The more risky situations have a high level of
priority during the processing. Then for each type of situation the banch of possible approaches
are picked. This approaches could be presented by humans as common ways how to behave in
this situation or could be dynamically generated based on previous cases. Then each approach is
evaluated, based on previous experience. Depending on type of situation different methodologies
are used to evaluate it. For example neural networks could be used to measure threats and risks
amounts and some prediction algorithms could be used to predict the impact of each approach on
the other participants of the traffic and hole system. After that the most highly evaluated ap-
proach is picked and then it will be transformed to the set of instructions which will be sent to
the all vehicles participated in this situation.

The Cloud Transport System will be able to provide users with safer and more efficient
plan services according to a multi-modal transport connectivity, under spoke-hub public trans-
port networks. This is going to change the way how people will use transport in the future.
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Analiza uwarunkowan funkcjonowania modowych lancuchéow dostaw
Yuliia Bulhakova, Uniwersytet Ekonomiczny w Poznaniu, Polska

Przed zarzadzaniem tancuchem dostaw w branzy odziezowej stoi wiele wyzwan. Jednym z
nich jest nieprzewidywalno$¢ popytu wywolana dynamiczng zmiang trendow mody.
Skuteczno$¢ kazdego tancucha dostaw zalezy od szybkos$ci reakcji na zmiang popytu. Zdaniem
autorki dla zrozumienia zaleznos$ci moda — tancuch dostaw nalezatoby najpierw postawic
pytanie: czy moda jest wynikiem preferencji konsumentéw, czy ,,zmowa” kreatorow mody?
Odpowiedz na nie mozna znalez¢ w rezultacie analizy proceséw kreowania mody i identyfikacji
czynnikow ksztaltujacych popyt w branzy odziezowej. Wedtug autorki wyniki tej analizy moga
pomdéc w zidentyfikowaniu szans zmniejszenia nieprzewidywalnosci popytu i1 wskazad
mozliwo$ci zmniejszenia wrazliwosci tancucha dostaw na zmiany mody. Zgodnie z
zaprezentowanym algorytmem rozwigzania okreslonego problemu przeanalizowano zlozony
proces kreowania mody w branzy odziezowej. Oficjalnie ,,trendwatcherzy” (eksperci, ktérzy na
biezaco obserwuja kultur¢ masowa) podrézuja po $wiecie 1 przygotowuja raport zdjeciowy
bedacy synteza najwazniejszych tendencji oraz prognozg trendéw mody. Dzigki tej informacji
Trend Union raz na dwa lata tworzy Trend Book — Ksigzke Tajemnic, w ktorej znajdujg si¢
kolaze zdje¢, probki materiatow krawieckich, rysunkow, tkanin wraz z opisami.

Trend Book formutuje si¢ na podstawie informacji od Pret-a-Porter. Oznacza to, ze
kazdego marca i pazdziernika w Londynie, Paryzu, Nowym Jorku, Mediolanie odbywajg si¢
pokazy $wiatowych marek Dior, Prada itd., a po pokazach ta informacja (raport zdjeciowy) jest
przekazywana do trendwatcherow, Trend Union i projektantéw. Nastepnie tzw. biura stylu za
posrednictwem dziatu logistycznego rozsytaja Trend Booki, ktore kosztuja po kilka tysiecy euro,
do wielkich sklep6w sieciowych, Haute Couture i innych projektantow. Wielkie sklepy sieciowe
przekazuja z kolei informacje do sklepow tworzacych wlasne kolekcje. Dzigki trendsetterom
bedgcym posrednikami trend zostaje zaadaptowany i trafia do szerszego grona konsumentéw. W
odniesieniu do Haute Couture stosuje si¢ troche inne podejscie polegajace na produkcji odziezy
na zamowienie w pojedynczych egzemplarzach dla §wiatowej Smietanki towarzyskiej. Dopiero
pozniej trendsetterzy pomagaja w dostarczeniu produktéow do konsumenta masowego. Inni
projektanci, np. Armani, ktorzy pracuja samodzielnie, kreuja kolekcje 1 korzystaja z ustug
trendsetterow.

W rezultacie analizy procesu kreowania trendéw mody powstaje pytanie: dlaczego w
efekcie koncowym wszyscy projektanci maja powtarzajace si¢ motywy i/lub kolorystyke? Czy
jest to rezultat korzystania z jednego zrodia informacji czy poprostu wzajemna inspiracja, a
moze zmowa pomiedzy producentami a projektantami odno$nie do tkanin, kolorow, akcesoriow?
Jak naprawde powstaje Ksigzka Tajemnic? Popyt jest naturalny czy jest to manipulacja
preferencjami konsumentéw? Skad si¢ bierze popyt?

Zeby odpowiedzie¢ na te pytania, podjeto probe okreslenia glownych czynnikow
ksztattujacych popyt.

W branzy odziezowej wystepuja dwa kluczowe czynniki ksztaltujace popyt:

* cena (bardziej dla odziezy klasycznej),

» moda (bardziej dla fast fashion — odziez modna).

Poniewaz przedmiot badan bezposrednio dotyczy fashion industry, kluczowym
czynnikiem ksztattujacym popyt jest moda, a doktadniej zmiany trendéw mody. Analiza procesu
powstania trendow mody pozwala przypuszczaé, ze popyt nie jest naturalny, poniewaz
trendsetterzy manipulujg i ksztattujg preferencje konsumentéw. Trudno jednak ustali¢ czy
manipulowanie i ksztaltowanie preferencji konsumentéw jest wynikiem zmowy kreatoroOw czy
interpretacji przeprowadzonych przez ekspertow w sferze ewolucji gustow i potrzeb
konsumentéw segmentu fast fashion.
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IIporpamue 3a6e3neuyennst ACY npouecoM KpynmHOro Apo0JieHHS 3aTi3HAKY

Anexkcees M. O., Yaosuk I. M., Maittok C. M.,
JepxaBHuUl BUIITUI HaBYAIBHUH 3aKiia «HarlioHaIbHUI TIpHUYUN YHIBEPCUTET», Y KpaiHa

ACY mporiecoM KpyImHOTO IpOoOJIeHHS sBIIsi€ COO0I0 TBOPIBHEBY CUCTEMY YIIPABIIIHHS, 110
Mpalloe y pealbHOMY MaciTali yacy.

Jo cknany ii mporpamuoro 3aoesneuenns (I13) Bxoauts 3aranpHe 1 criemianbhe [13. 3ara-
npHe [13 BU3HAYAETBCS ApXITEKTYpPO OOYHMCIIOBAILHOT CUCTEMH 1 JTO3BOJISIE 3/IIMCHIOBATH Ha-
CTPOWKY KOMITOHEHTIB creriaabHoro [13 1 moganpimmii Horo po3BUTOK. Sk cTaHAapTHHI Oa30Be
13 3 ypaxyBaHHsIM peKOMeHalii [Hryiaenkoro ripHn4yo-36arauyBajgbHOIO KOMOIHATY BUKOPHUC-
TOBYETBHCSl KOMILIeKC nporpamuux 3aco6iB TRACE MODE 6.

[Iporpamu cnenianbHoro 13 BupinIyt0Th 3aBAaHHS CUHTE3y ONTUMAIBHOTO YIPaBIIHHS 1
CTPYKTypHO-TIapaMeTpu4Hoi inenTudikamii npoueca KJI. Inrepdeiic ACY mponecom KJI Bino-
Opakae KOHTYpH YIIPaBIIHHS Ta CTaH €JIEMEHTIB IPOOUIBHOTO KOMILIEKCA:

1) KOHTYp KOHTPOJIIO 1 YIPaBIiHHS MIPOCUCTEMaMU JPOOapOK;

2) KOHTYp YyIpaBIIiHHS KOHBEEPAMU Ta )KUBUIbHUKAMU;

3) inTepdeiic BimoOpakeHHs Mpoliecy yHpaBliHHA Apobapkamu. Bkitouae BUOip pexxumy
KOXKHOI 3 HHX, iH(opMaIito mpo poOoTy, a TAKOXK JliarpamMu, PiBHI 3aBaHTAXKEHHS, TEMIIEPATYPY 1
CTOXHMBAaHI MOTY>KHOCTI;

4) inTepdeiicy BimoOpa>keHHs CTaHy mepeaadi JaHHuX.

3aBaHHs CTPYKTYpPHO- TapaMeTPHIHOI meHTmplxauu nporneca K/I Bupinryerbcs Ha OCHOBI
B3a€MOJIIT MOBU POrpaMyBaHHs Java i gogatkiB Matlab, 1151 94oro BUKOPUCTOBYIOTHCS JTUHAMI-
yHa Oi6mioteka JmatLink 1 yrunita Matlab Builder JA (puc. 1).

BikHO mporpaMu cTpyKTypHO-TIapaMeTpuyiHoi iaeHTH}iKamii (puc. 2) MICTUTH MEPEITiK OB
JUISL 3aTIOBHEHHS, B SIKUX HEOXOJMMO BKa3aTH MapaMeTpU HEHPOHHOI Mepexi, MOAENb 00'€KTY, 110
1IEHTU(IKY€ETBCS, 1 TUI KPUTEPIO, 332 SKUM MPOBOJUTUMEThCS 1eHTU(iKamis. [ BUKOHaHHS
CTPYKTYpHO-TIapaMeTpu4Hoi 1neHTHdiKarii mporeca K]l moTpiOHO MpoiTH HACTYITHI €TaIu:

1) BuOip MeTOAY OMTUMI3ALIIT;

2) BubOip OazucHoi QyHKii (apxiTekTypu Heiipomepexi). [Ipu BuOOpi 6asucHOI (yHKIIi
CTaHJIapPTHI JIaH1 BBOASTHCS aBTOMATHYHO, a Jalll iX MOXHAa 3MIHIOBATH;

3) BBEJCHHS KUIbKOCTI HEHPOHIB B IIPUXOBAHOMY IHapi;

4) BuGip ¢ynkuii aktusamii TF i anropurmy HaBuanus TrFen. [[s 6a3uchoi ¢ynkimii RBF-
Mepexi aJrOpuTM HaBYaHHSA 1 GYHKIlIS aKTUBALlii BIJICYTHI;

5) BHOIp MOYATKOBUX JAaHUX MPO MPOIEC Ta HOTO MOJENI, IO IAeHTH(IKYEThCS;

6) BUOIp THIY KPUTEPIIO;

7) micist TOro, sIK BCi MIOYATKOBI JaHi BBEJCHI, MOTPIOHO HATUCHYTH KHOIKY «BHKOHATHY i
MTOYHETHCS TpoIiec 11eHTUIKaii.

mbuild | £| Diploma = | G )
M-daiin
! Matlab MeToa onTUMMzaLM: Th it
Compiler 2

"*Par.nonoxenne xomnunatopa Java | APXUTERTYPE CeTH: HCP -

Hcxoamusiii kog, Java

3 Konmi4ecTso HEfpPOHOE B CKPBITOM Crige: 25
<
*—1 @ DYHKLYA aKTMBALMM TF: 5 -
Obbexthbi paiin | e e AnropuTh ofyueHia TrFcn: 1 -
5 Pepaxrop ' v
cBA3ei WoxoaHbie aaHHbIe: | SKcmepemeHTanbHbie M -
J Matlab Java Math Library

Mogens uaeHTMdMLpyeHoro ofbexTa:
Matlab Java Graphic Library

P

- HeT Moaenk ofisekTa(EKnepemMeHTaNEHEIT) -
v L Enbnuorexa Java Tin kpyTepS:
Mcnonnsembii - - -
¢aﬁ" OTHoCMTENEHBIA CpEAHEKBAAPATHHECKMK KDMTEPHMN HECMELLEHHOCTI -
Beixon BrinonH1Th
Puc. 1. MixmiatdopmeHe 3acTOCyBaHHS Ha OCHOBI Java i Puc. 2. 'onoBHE BIKHO CTPYKTypHO-ITApaMeTPUIHOT
Matlab ineHTUdiKamii

[Nonanbii JociipKeHHs HapaBieHi Ha po3po0Ky KOMILJIEKCHOI CHCTEMHU YIIPABIiHHS MPO-
1ecaMu pyAOIiArOTOBKH (IIpoliecaMu KPYITHOTO APOOIEHHS Ta caMO3ApiOHIOBAHHS 3aJTI3HSKY ).
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AI[al'[TI/IBHLIe IKCHEPTHBLIC CUCTEMBI B 3a1avdax Knﬁep6e30nacnocnl

AxwmetoB b. b., Kacniuiickuii rocy1apcTBEHHbI YHUBEPCUTET TEXHOJIOTUM U MHKUHUPUHTA
nMmenu II1. EcenoBa, Ka3zaxcraH.
Jlaxno B. A., EBporneiickuii yHuBepCUTET, Y KpauHa.
Maruesckuii B. B., JIyranckuii HanmoHanbHbld yHuBepcuTeT uMeHu 1. IlleBueHko, YkpauHa.

[Ipobneme MHTEIIEKTyaIU3aluy 3a7ad KuOep3amuThl U odecnieueHus: HHPOPMaMOHHON
0€30MacHOCTH, B TOM YHCJIE, 337a4aM MOACP)KKH MPUHATHS PEIICHUH NPU paclo3HaBaHUH yT-
po3 u anomasinii B KBKC B HacTosiee Bpems yAenseTcsi 3HauuTeIbHOE BHUIMaHUE BO BCEM MU-
pe. Uccnenosarenu CIIA, EC u Kutas sBisitoTCss MUPOBBIMH JIHJIEpaMH B 00J1acTH pa3pabOTKH
HKCHEPTHBIX CUCTEM I10 KHOepOe30MacHOCTH, KOTOPBIE CTPOSTCS B OCHOBHOM Ha MCIIOJIb30BaHUU
HCKYCCTBEHHBIX HEHPOHHBIX CETEH, KOTHUTUBHBIX MOJEJIEH U METOJOB KJIACTEPHOIO aHaIu3a.
OnHako MCHOJIb30BaHUE B YKpanHe pa3padOTaHHbIX UMU PEILICHUI CYLIECTBEHHO YCIO0XKHIETCS
10 Psiiy MPUYMH: 3aKPHITOCTHIO METOAOB M MOJIEIEN HAa KOTOPHIX OAa3UPYIOTCS JaHHbIE MPOAYK-
Thl, BBICOKOM CTOMMOCTBIO, HEZJOCTATOUHOM aJJallTUBHOCTBIO K peajlbHbIM 00beKTaM Kubep3alu-
ThI, &, CJIEZIOBATEIbHO, U OKHUJAAEMBIM PE3YJIbTaTaM IKCIUTyaTall|H.

AHanu3 Hay4YHO-TEXHHYECKUX paboT B 00JacTH pa3pabOTKH W MCIOJIB30BaHUS SKCIEPT-
Heix cucteMm (OC) u cucrem nomuepxkku pemenuit (CIIIIP) mo Bonmpocam wHpOpMAIMOHHON
6e3onacuoctu (Mb) mo3Bonun chopmynrpoBaTh CleAyIONUE BBIBOIBI:

— CYIIECTBYIOIIME KOMMeEpYecKHe JKcmepTHhle cucteMbl mo Wb u kubepOe3omnacHOCTH
(KB) umeroT 3akpbIThIil XapakTep, U UX MPUOOpPETEHUE CBSI3aHO CO 3HAUYUTENBbHBIMU (PUHAHCO-
BBIMH 3aTpaTaMy;

— CYLIECTBYIOIME HEKOMMEPYECKUE DKCIIEPTHBIE CUCTEMBI M CUCTEMBI MTOAJIEPKKH pellle-
HUM 10 3amuTe mHpOpManuu M KuOepOe30macHOCTH MMEIOT HEIOCTaTOYHYIO (PYHKIMOHATIb-
HOCTb;

— B HAcCTOsILEE BpeMsl HE3aIIOJHEHHOW OCTAaeTCs HUIIA IPUMEHEHUs SKCIIEPTHBIX CUCTEM U
CHCTEM HOJIEP)KKH NMPUHITHS PELICHUH B 33/1a4ax, CBA3aHHBIX C paclO3HaBaHUEM HOBBIX KuOe-
PYrpo3 U JJINTENbHBIX LIEJIEBBIX KHOEpaTak, HE COMPOBOXKIAIOLINXCS SBHBIMU MPU3HAKAMM;

— pa3paboTka 3(pPeKTUBHOIN aganTUBHON SKCIEPTHOM CHUCTEMBI PACIO3HABAHUS YIPO3 B
KpUTHYECKH BaxxHbIX KoMmbloTepHbIX cuctemax (KBKC) mpennonaraer ucrnoib30BaHuE METO-
JI0B TEOPUH 3aAIIUTHI HH(POPMALMU U KJIACTEPHOTO aHalIM3a, MOJIeNIel U MHTEIEKTyalbHbIX TeX-
HOJIOTUH MAIIMHHOTO O0y4Y€HUS! U TEOPUU HEYETKUX MHOKECTB.

M3BecTHBIE 3apyOeXHbIE aHAJOTH CYIIECTBYIOIIMX SKCIEPTHBIX CHCTEM M CHUCTEM IO/
JepKKU IPUHATHA peleHui o 3amure nHpopmanuu u kubepoezonacnoctu KBKC nmetor 3a-
KPBITBIA XapakTep, YTO He MO3BOJISET YIOCTOBEPUTHCS B UX (DYHKIIMOHAIBHOCTH U HaJIeKHOCTH.
Kpome Toro, oHH XapakTepHU3yrOTCS 3aBBIIIEHHON CTOMMOCTBIO.

Poct xonnuectBa kubeparak Ha KBKC 3a nmocneanue rojisl BbI3Bal MHTEpEC K pa3paboTke
3¢ (HEeKTUBHBIX CHCTEM MHTEIIEKTYaJIbHOTO pacro3HaBaHusl KUOEpyrpo3, aHOMalIHui 1 kudepaTax
(CUPKY). OtaenbHbIM HalpaBiIeHUEM HCCIEI0BAaHUM B 3TOM 0071acTH cTamu paboThl MO pa3BU-
THIO METOJIOB, Mojiesiei u mporpammHoro obecniedenus (I10) mis CIIIIP u 3C B obnactu un-
dbopmarmonnoi 6e3omnacuoctu (MUB).

Cno>XHBIMHU JUISI aHAIU3a U MOJAEPKKHU NMpuHATHA pemeHnid, kacaomumxcs b KBKC, sB-
JsK0TCs cnabo mojaromuecs GopManuzanuud M cTpykrypusanuu 3agaun Kb npu nossineHun
HOBBIX KJlaccoB aTak. B aTom ciydae mapametpsl coctosinusi b KBKC, moryt ObITh npezacTas-
JICHbI KaUeCTBEHHBIMU MOKA3aTesIMH, UTO HE BCET/a 1eJ1eco00pasHo.

Otmetum, uTo aHanuzy crenenu 3amumeHHoctTd KBKC u BeipaOoTke miiaHa mpoTUBOJEH-
CTBHSI TapreTUPOBAHHBIM KHOEpaTakam, AOJDKEH IMPEIIIeCTBOBATH 3TAll BBISBICHUS OCHOBHBIX
yrpo3 u ys3BuMocTel. [Ipu 3ToM ciioHO# ocTaercs 3aaada GopManu3aluu CBI3ed MEXKIYy YT-
po3amu u yszBuMoctsiMu B KBKC, He0OX0IuMO MPOJOIKUTh UCCIAEIOBAHUS 110 MPAKTUYECKH
peanmuzyembiM petenusm st ADC u CIITP B chepe Ub KBKC.
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JlocriIzkeHHS aJITOPUTMIB KJacTepu3anil 0araToBUMIpHUX JaHUX U1 BUSHAYECHHS THILY
PAaKOBHX KJITHH MOJIOYHOI 32J1031

Amikinaszi M.b., /IHinponeTpoBChbKuUil HAIliOHATBHUN YHIBEPCUTET 3aI13HUYHOTO TPAHCIIOPTY
iMeHi akazemika B. JlazapsiHa, Ykpaina

Beryn. ¥V cydacHomy cBiTi npubim3Ho 7,6 MisibiioHa JIt0/1ei TPOrparoTh CBOIO OUTBY 3 pa-
KOM mIOpoKy, 3 akux 10,3% — marieHTd 3 pakoM MOJIOYHOI 3a7103U. ICHYye BHCOKa WMOBIPHICTh
NEPEMOrTH HEIYTY JIMIIE B TOMY BHIQJKY, SKIIO paK BUSBIAETHCS Ha NepeayacHiil cramii i
KJIaCU(PIKYEThCSA y BIAMOBITHUN TUI. TakuM YMHOM, PO3pOOKAa CHCTEMH TOYHOI Kiacudikarii
BUJIIB paKy MOke OyTH Jy:Ke KOPHUCHOIO [t 60poThOM 3 HUM. MeTOI0 J0CIiPKEHHS € BUOIp Ta
HaJAIITYBaHHS AJIrOPUTMY KiacTepu3alii, sSIKHHA T03BOJIUTH €(PEKTUBHO KIacH(piKyBaTH TUIU
paky MoJIo4HO1 3ay03u. JlochmimpkeHHs npoBoauiucs Ha omyOnikoBaHomy iTRAQ mportokoi
npodintoBanHs 77 3pa3KkiB paky MOJOYHOI 3ano3u, oTpumanomy Kuiiniunum Koucopriymom
anamizy nporeomiunux myxiuH (NCI/NIH). Bin mictuth 3Hadersst 12000 OGUIKIB U1 KOKHOTO
3paskKy.

MeTtoau pociipkeHs. MeTo 1 KilacTepu3aiii JaHuX HaHOUTBI I IXOUTh JIJIS TOCITIKCHHS
OTPUMaHUX JaHUX, TOMY IO KUIbKICTh THUIIB PaKOBUX KIITUH 3a3faleriip Hesimoma. Jlms
peamizarii mMeroay OyB oOpaHW HAWOLIBII PO3MOBCIOHKCHHUN alTOPUTM Kiactepm3arii K-
Means.

Anroputm K-Means kiiactepusye AaHi, HAMararouuch BiJOKPEMHUTH 3pa3Kd B N Tpymax
piBHOT nucmepcii, MiHIMI3YIOUM KpUTEpiil, BiIOMHI sK iHepiis abo CYKYyIHICTh KBaJpaTiB
BCepenuHi Kiactepa. [ 1poro aaroputMy moTpiOHO BKa3aTH KUTBKICTh KIACTEPiB. ANTOPUTM
K-Means mae Ha MeTi BUOMpATH LIEHTPOIIH, SKI MIHIMI3YyIOTh 1HEpIIi0, a00 KpUTepiit KBapary B
MeXax KiacTepa.

Pesynpratu. Y nmouatkoBoMy Habopi AaHUX Oy BHUSBJICHI BIJICYTHI 3HaU€HHs, Ki CKJa-
nanu MeHie 5% Bij 3aranbHOI KUIBKOCTI 3pa3kiB. ByB mpoBeneHuil aHami3 JaHUX, B X0/l SIKOTO
Oynn BUSBIICHI PAAKH, sIKI Maju Oe3lnepepBHI Ta AUCKPETHI BIJICYTHI 3HaueHHS. TakuM 4YMHOM
BUPIIICHO 3aMIHUTH 111 MOKa3HUKU CEpPEAHIM 3HAUEHHSM LUIMX JaHUX PAJKA.

byno peanizoBano anroputM K-Means Ha MoBi nporpamyBanHHs Python. Takox OyB
peai3oBaHMi MiA0Ip HAHOUIBII TOYHOT KUIBKOCTI KiactepiB. [IpoBoauiiocs: mopiBHIHHS poOOTH
QITOPUTMY 3 KUIBKICTIO KJacTepiB Bifg JBOX 10 miecTd. OIIHKa TOYHOCTI KacTepu3auii
B1J10yBajacs 3a JJ0MOMOI'0 HACTYITHUX PO3paxOBaHUX MOKA3HUKIB!

- Silhouette Coefficient, sikuii po3paxoBy€eThCsl 3 BUKOPUCTAHHSAM CEPEAHbOT BHYTPIIII-
HbOKJIacTepHOi EBKII0BOI BiJICTaHI Ta CEpelHbOI BIACTaHI OJMXKHBOIO KilacTepa
JUIsL KO>KHOTO 3pa3Ka,;

- Homogeneity Metric, mo BU3HAYae, M0 pe3yJbTaT KJIacTepu3allii 3a10BOJIHHSE OJ1-
HOPIHICTH, SKIIO BCl MOro KJIacTepu MICTITh JHINE JaHi, fKi € WieHaMH OIHOTO
KJIacy.

TakuM YKMHOM, 3TITHO 3 OIIIHKOK TOYHOCTI KJIacTepu3allii, ONTUMAIBHOI KUTbKICTIO
KJIaCTepiB JJIsl OOpaHUX JIaHUX € TPH.

Jlis TigBUINEHHS TOYHOCTI PO3MAUICHHS JaHUX HA BIAMOBIAHI THUMKM PAKOBHX KIITHH
HeoOX1/1Ha O1IbIa KITBKICTh 3Pa3KiB.

JUist Kpamoro po3yMiHHS OTPUMAHUX Pe3yNbTaTiB iX Oyno HeoOXigHO BisyamizyBaTu. s
LbOTO J1aHi Oy/M B110OpaxeH1 y BUTIISAI TETIOKAPTH.

BucHoBku. TakuM unHOM, peanizoBaHUN METOJI KJIacTepHu3allil JO3BOJIUThH KiIacu(iKyBaTh
KJIITUHU paKy MOJIOYHOI 3aJ103U Ta 00paTu BIAMOBIIHUN METOJ JIKyBaHHS ISl NAIIEHTIB. 3pyd-
Ha rpadiyHa Bi3yanizalis JaHUX CIIPOIILYE PO3YMIHHS Ta CIPUHHATTS OTPUMAHHUX PE3yJIbTaTiB.
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CucreMH TEXHIYHOT0 30py TPAHCHOPTHUX KOMILIEKCAX
barincekuii C. B., Hamionanbanii aepokocMiunuii yHiBepcuTeT iM. M. €. )KykoBcskoro "XAI"

AKXTyanpHICTh POOOTHM NPOAWKTOBAHA MOXKJIMBICTIO BHPIIICHHS HaBIraliiHUX 3a/1ad4
MOOUTPHUMH PYXOMHMH pPOOOTaMU IO 03700J€HI ONTHUYHUMH JaTYMKAaMH 30KpeMa, He
BHUPINICHO JO KiHIM mpobnemy Hapiramii Ta cralimizamii Ha OCHOBI BiJICOJAHMX, 3aaadi
crabim3anii BiJ€0-300paKEHHsI MPU 3MOMIIl 3 PYXOMHUX OO’€KTIB JOCI HE MAlOTh PIIICHb 13
3aJJOBUTFHOIO COOIBAPTICTIO Ta MacO-rabapuTHUMH XapaKTEPUCTUKAMH.

O06’ekTOM AOCTIHKEHb € CUCTEMA TEXHIYHOTO 30pY MOOULIHLHOTO po0OTa, a MpeaIMeToOM -
po3poOka merona crabimizamii Bigeo-300paKeHHSI OTPUMAHOTO 3 KaMepH, [0 BCTAaHOBJICHA HA
MOOUTHhHUI pOOOTH30BAaHUN KOMITJIEKC.

3amauero CTBOPEHHS BUCOKOE()EKTUBHUX CHUCTEM YIIPABIIHHS TPAHCIOPTOM, poOOTH30Ba-
HUMHU CHUCTEMaMHU Ta 1HIIMMU BHJIAMHU TPAHCIOPTY, CYNPOBOKYETHCS BIPOBAHKEHHIM CHUCTEM
TeXHIYHOTO 30py. JlaHi cucremu Kinacu(ikyrOThCS Ha TPH OCHOBHHUX ITiJIKJIACH: HU3BKOTO, Ce-
PEAHBOTO, BUCOKOTO PiBHIB. OCHOBHI pUCH JaHUX CHUCTEM: BUIUICHHS iHQopMmarlii 3 6araTcTBa
HE3AJIeKHUX O3HAK; MOXUIMBICTH 10 HAaBYAHHS HA MPUKIAAaX HOBOI iH(OpMAaIii; MOXKINUBICTh
JIOTIOBHIOBATH HEMOBHY 1H(OpMAIliI0; MOXJIHMBICTH (OPMYIIOBATH 3a7adl IO MOCTaBIEHIN
3ajadi.

CucreMu TEXHIYHOTO 30py HAIpaBJICHI HAa BHUPINICHHS KOHKPETHUX IOCTaBJICHHUX 3a]ad
nepen 06’ extoM. CepeHiii piBeHb CUCTEM TEXHIYHOTO 30pY 0a3yeThbcsl HAa CErMEHTAIli1, OTHCY Ta
po3mi3HaBaHHA OKpeMux 00’€kTiB. Bucokuil piBeHb 00’€qHYe MOmepeaHi piBHI Ta BUPINIYIOTh
BCI TIOCTaBJIEH] 3a/1a4i.

BupimyBaHnoro 3amaueio SBISETbCS CTBOPEHHS CHCTEMH TEXHIYHOTO 30pY 3 BIIKPUTUM
MIPOTPaMHUM KOJIOM Ta 3 MiHIMaJIBbHUMH PECypCaMu, IO JIO arapaTHOTo Ta MPOTrpaMHOro 3abes-
nevyeHHs. Takoxk po3poOka cucTeMu cradinizallii Biieo 300pakeHHS 3a JOMOMOTOI TEXHIYHUX
pimeHb (kapiaHHUM migBic) Ta BOynoBaHUX amapaTHuUX 3aco0iB. IlporpamHa wacTuHa
pearizoBaHa 3a JOIOMOT0I0 00'€eKTHO-OpiIEHTOBaHOI MOBHU IporpamyBanHs C++1 OpenCV

3 Metoro kinacudikaiii METOIB Ta MiIXO/IB, IO 3aCTOCOBYIOTHCS B CUCTEMAaX TEXHIYHOTO
30py, TEXHIUHE CIOCTEPEKEHHS PO3OUTO HA TPU OCHOBHI MIAKIACH: 30py HU3BKOTO, CEPEIHHOIO
Ta BUCOKOTro piBHS. CHCTEMH TEXHIYHOTO 30pY HM3BKOTO pIBHS MNpHU3Ha4YeHl g 0OpoOKu
iH(popmarii 3 naTuukiB. L{i cucreMu MOXXHA BITHECTH /10 KIJIACy «IHTENEKTYalbHUX) MAIIHH, SK-
110 BOHH BOJIO/IIFOTh HACTYITHUMH O3HAKaMH (0O3HAKaMH 1HTEJIEKTYaJIbHOTO TIOBEIIHKH):

1) MOXTMBICT BUALIEHHS ICTOTHOT iH(pOpMAaIIii 3 6e31i4i He3aJIeKHUX O3HAK;

2) 3AaTHICTb /10 HAaBYaHHS Ha MPUMIPHHUKAX Ta y3araJlbHEHHI LIUX 3HaHb 3 METOIO iX 3aCTo-
CYBaHHS B HOBUX CHTYallifX;

3) MOXJIMBICTH BiTHOBJIEHHS TMO/1H 32 HEMOBHOIO 1H(OpMaITi€o;

4) 31aTHICTh BU3HAYATH 111 1 POPMYTIOBATH TUTAHU IS JOCATHEHHS IHUX IIUICH.

B 3B’s13Ky pO3IIITHYTOIO BUIIIE TEMOO, MOYKHA BIIPOBAJUTH CHCTEMY TEXHIYHOTO 30pY JJIs
MiABUIIEHHS e(QEeKTUBHOCTI MPOLECIB YNpaBliHHA B TPAHCIOPTHIM cHucTeMi 30KpeMa Ha
3alI3HUYHOMY TpaHCHOpPTi. BupimeHHst 1poro muTaHHsS J103BOJISIE CTBOPUTH O€3MEUHIIly TpaHC-
MOPTHY CUTYaIlil0, aHai3yBaTH TPAHCIIOPTHI MOTOKU Ta 3arno0iraTu HaJ3BUYalHUM CHUTYaLlisM.
CucreMu TEXHIYHOTO 30py BCTAHOBJIEHI SIK HA CTATMYHUX Ta Ha IMHAMIYHUX 00’€KTaxX CTBOPIO-
I0Th JIONIOBHEHY PEAJIbHICTh JUISl CIIOYKMBAya, 110 JOMOMarae y BUpilleHHI Oarathox 3axad. Ha-
MUK aHalli3 TPAHCIOPTHHUX TMOTOKIB, 3a0e3MedeHHs Oe3MeYHHX IepeBe3eHb BAHTAXIB Ta
MACaKUPIB, BIJCTEKEHHS MIBUAKOCTI Ta MICHEMOJIOXKEHHS TPAaHCIOPTY. A TaKOX CHUCTEMH
TEXHIYHOTO 30pY 3a JIONOMOIO0 aJTOPUTMIB BUIUICHHS KOJBOPY JI03BOJISIIOTH BIACTEXKYBAaTU
CHTHAJIIB 3 CBITJIOOPIB Ta 3yCTPIUHOTO TPAHCIIOPTY B TEMHUH Nepio]l Yyacy Ta B Pi3HOMaHITHUX
MOTOAHUX YMOBAX.
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JocairzkeHHs e(peKTUBHOCTI iHTeIeKTyaJIbHUX AJITOPUTMIB ONTHMI3allii TAa MOLIYKY HA
rpadgax
binenpkuii A. C., IHINpONETPOBCHKHIA HAI[IOHAIBHUHN YHIBEPCUTET 3ai13HUYHOTO TPAHCIIOPTY
iM. akazn. B. JlazapsHa, YkpaiHna

bararo nmpuknaaHux 3amad onTuMizamii MOXYTb OyTH copMynboBaHi y ¢opmi TOro 4u
IHIIOTO 3aBJIaHHS ONTUMI3allii Ha rpadax. 3 YMMaJIOro YHMCia TUIIOBHX 3aJad ONTHUMI3allli Ha
rpadax MOXHa BUAUTUTH OCHOBHI, IKi B TIEBHOMY CEHCI CTaIM KJIACUYHHMH JJIS TAHOTO KIIacy.
J1o HUX BIJTHOCATH 33/a4l MOUIYKY HalKOPOTILIOrO UIAXY, MiHIMAaJIbHOI'O OCTOBOI'O JepeBa, MaK-
CHUMaJIbHOTO MOTOKY B rpadi, KpUTHYHOTO IUIAXY, 3a/1a4i PO3MILICHHS Ta TaK 3BaHi 3aja4i JHC-
TOHOIIIH 1 KOMIBOSIKEPA.

KoxHa 3 nux 3a1a4 Moxke OyTH BUpIILIEHA 32 JOMTOMOTOI0 JEKITbKOX albTePHATHBHHUX all-
ropuT™iB. Taki aIrOPpUTMH MarOTh CBOi OCOOJIMBOCTI, CHIJIBHI Ta CJIa0Ki CTOPOHH, sIKi Tpeba Bpa-
XOBYBATH TPH 3aCTOCYBaHHI KOHKPETHOTO ITOPUTMY JJIsl BUpiIIEHHS 3a7adi. ToMy mocrae mu-
TaHHs BUOOPY HalOUIbII €(heKTUBHOTO aIrOPUTMY Cepell albTePHATUBHUX, /ISl BUPILICHHS KOH-
KpeTHoi 3anadi. J[1s BUpIICHHS [IbOTO MUTAHHS OYB IMPOBEICHUI aHAJI3 JIITEPaTypH Ta MaTepi-
asiB Mepexi Internet, ctBopeHo mporpamHe 3a0e3nedeHHs 711 MOAEIOBAaHHS 1 IPOBEICHHS 10C-
JiAiB poOOTH arOPUTMIB Ha rpadax.

Y paMmkax IOCHIPKEHHS PO3TIsSHYTO anropuTtm Jlelikcrpu, anroputm bennmana-®opra,
anroput™ Kpyckana, anroputMm [pima, anmroputm @opaa-dDankepcoHa, alropuT™M MPOIITOBXY-
BaHHS MPEINOTOKY Ta iHMmI. JIJIS OIIHKM alropuTMIB BHUKOPHCTAHI TakKi KpUTEpii sIK YacoBa
CKJIaJIHICTB, IPOCTOPOBA CKJIA/IHICTh, TOBHOTA BUPIIIECHHS, PECYpC Mapajeli3My ajJropuTMy.

3a LUMU KPUTEPISIMU MOXKHA JJaTH 3arajlbHy OLIHKY aJITOPUTMY, aje BOHU BPaxOBYIOTh HE
BCl HIOACH pOOOTHM KOHKpeTHHX anroputmiB. Hampukinazn, anroputm JleWKcTpu, A MOIIYKY
HaAMKOpOTHIOro NUIAXY, HE Ja€ aeKBaTHUX Pe3yJbTaTiB SKIIO Ha BXiJ MOAaHui rpad 3 peOpamu
HETaTHUBHOI Baru, a JIesKi alTOPUTMH HE MPAIIOIOTh Ha Tpadax, B AKUX € IMHUKIU. Tomy Tpeba
BpPaxoBYBaTH TaKi 0OMEXEHHS aJlrOpUTMIB /Js1 BUOOpY HailepeKTHBHIIIOrO.

[Iporpamue 3abe3neueHHs po3pobieHe B paMKax OCIHIKEHHS HAJa€ MOXKIMBICTh MPOBO-
JMTH BIIACHUN aHaNi3 TOTO YM 1HIIOTO aJIFOPUTMY MOJAI0YU Ha BX1J pi3HI BUIU rpadiB — OpieH-
TOBaH1, HEOPIEHCTOBAHI, 3BYKEHI, IIUKJIIYHI Ta iHIII. 3a7aBaTu Taki rpadu nependadyeHo TreHe-
PYIOUHM iX 3a JIOTIOMOI'O0 FeHepaTopa ICEeBIOBUIIAIKOBUX YUCeN ab0 BBOJOM 3 KiaBiaTypu. AJl-
TOPUTMH, SIKI BUKOPUCTOBYIOTBHCS JJISl OCHIJKEHHS, 3TPYIOBaHi 10 3ajjayaM skl BOHU BHUPILIY-
I0Th 1 pearnizoBaHi Ha MoBi JavaScript. [Ipu 1iboMy cucteMa Hajae MOXJIMBICTh BHOCUTH MOJU-
¢ikamii B Ko aaroputMmy. Tam 4YMHOM MOXKHA JJOCTIIUTH SIK KOHKpPETHa MporpaMHa peaizallis
BIUIMBA€ Ha €()EKTUBHICTh AITOPUTMY.

Cucrema [103BOJISIE BIJICTEXKYBAaTH KOKE€H KPOK POOOTH alIrOPUTMY y BUIJISIII TEKCTOBOTO
Jory uM rpadiqHOro mpecTaBieHHsa. TakuMu KpokaMu Ha rpadi BUCTYMalOTh Taki Aii SK BiABi-
JyBaHHS BepIIMHU rpada, 3MiHa Baru pedep, BUOIp albTepHATUBHUX BEPIIMH JJIS BiABITYBaHHS
tomto. J{s Bizyamizalii airoputMy KOpUCTYBay 3allyCKae OOpaHUi aJrOpuTM 1 CUCTeMa MoKa3ye
poOOTY aIrOPUTMY TIEPEXOIAYN BiJl OJHOTO KPOKY IO HACTYITHOTO 3 TIEBHUM iHTepBasioM. [leit
IHTEepBaJ 33Ja€ThCS KOPUCTYBAaUeM y ceKyHaax. KpiM TOro € MOXIUBICTh NMPU3YIIUHUTH BUKO-
HaHHS aIropuTMy a00 Bpy4HY NEpelTH Ha HACTYNMHUMN 4M nonepeaHii kpok. Taki ¢pyHKIIOHATb-
Hi MOKJIMBOCT1 CUCTEMH JIOTIOMAratoTh Mpy BJIACHOMY aHaji3i poOOTH TOTO UM 1HIIOTO alITrOpPHUT-
My 1 SIBHO JAEMOHCTPYIOTh BIIMIHHOCTI MIX aJIbTEPHATUBHUMHU aJITOPUTMAMH MPU BUPIMICHHS
KOHKPETHO{ 3a/1aui.

Takum 9MHOM pe3yabTaTOM JOCIIKEHHS € MPOTpaMHe 3a0e3MeueHHs, 1110 HAJa€ THCTpyMe-
HTapiil Ui BIACHUX JOCIIKEHb aJTOPUTMIB ONTUMI3allii Ta MONIYKY Ha rpadax i momomarae
3HANTH Hale(EKTUBHIIINN aJTOPUTM BHPIMIEHHS KOHKPETHHMX 3aJad Takoro Tumy. KpiM Toro
crcTeMa Moke OyTH BUKOPUCTaHA CTYACHTAaMH IIPH BUBYCHHI aITOPUTMIB Ha rpadax.
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HNudpopmauuonnas cucrema «k WASTE-WATERS-TREATMENT»
1J1s1 olleHKH 3P PeKTUBHOCTH PadOTHI OYUCTHBIX COOPY KEeHM i

benses H. H., Kozauuna B. A., Jlemem1 M. B., JIHenponeTpoBCcKHil HallMOHAJILHBIM YHUBEPCUTET
KEJIC3HOJOPOKHOI'0 TPAaHCIIOpTa UMEHU akajemuka B. JlazapsHa, Ykpanna

B pabore mpencraBisercs  uHpopmanuonnas —cucrema «WASTE-WATERS-
TREATMENT» st ouenku 3¢ peKTHBHOCTH pabOThl OYUCTHBIX COOpyX)eHuil. Pa3paboTka Ta-
KOW CHCTEMBI CBsI3aHa C T€M, UYTO B HACTOSIEE BpeMs B YKpaWHE OTCYTCTBYIOT METOJbI KOM-
IJIEKCHOM OLIEHKH 3()(PEKTUBHOCTU pabOThI Pa3IMUHBIX OYUCTHBIX COOPY>KEHUH, KaK €IWHOTO
nenoro. IIpeacTaBnsioTcs T€ 3IEMEHTHl pa3padOTaHHON CUCTEMBI, KOTOPHIE OTHOCSATCS K OUHCT-
KE BOJIBl B OTCTOMHUKAX W B a’poTeHKax. OCHOBOH paboThl pa3paboTaHHOW MHGOPMAITMOHHON
CHCTEMBI SIBJIIETCS KOMIUJIEKC MaTeMaTHYeCKHUX MoJeNel, KOTOphlid pazpaboran Ha Kadeape
«I'mapasnuka u BogocHabxkenue» JJHY3T.

Jist onieHKH 3 (GEKTUBHOCTH PadOThI OTCTOWHUKOB MCIOJIB3YIOTCS CIEAYIOMINE THAPO -
HaMHUYECKHE MOJIEIH:

1. Ypasuenust HaBbe-Crokca.

2. YpaBHeHus Diiepa.

3. Mojens NOTeHIHATBHOTO TEYCHUSI.

[Ipouecc pacmpocTpaHeHUs 3arpsI3HUTENS B OTCTOMHUKAX pAacCUMTHIBAeTCsS Ha Oa3e ypas-
HEHUs1 MaccoIlepeHoca.

[IpencraBiensl pe3ynbTaThl MPUMEHEHHUS pa3pabOTaHHON CHCTEMBI A7l OLIEHKH 3(dek-
TUBHOCTH CIIEAYIOIHNX OTCTOMHUKOB:

1. 'opu3OHTaIBHBIE OTCTOMHUKH.

2. BepTukanbHbIE OTCTONHUKH.

3. MoaudunnpoBaHHble OTCTOMHUKH, UMEIOILTUE CIIOKHYIO THIPOANHAMHUKY.

st onieHku 3G (PEeKTUBHOCTH pabOThI a3pOTEHKA-BBITECHUTENS pa3paboTaH OJIOK, KOTOPBIi
BKJIIOUYAET B ce0sl ABa BUAA MOJIETCH:

1. IsyxmepHasi MOJIENIb TUAPOJIMHAMUKH TE€UCHUs + MOJIEIh MaccorepeHoca (MOJeb YIu-
TBIBAa€T T€OMETPHUECKYIO (hOPMY adpOTEHKA, MACCOMIEPEHOC 3arps3HUTENS, KHCIOPoa,
AKTUBHOTO HJIA).

2. OgHOoMepHas KMHEMaTH4ecKass MOJelNb, KOTopasi YYUThIBA€T MAcCOMEPEHOC 3arpsi3HUTe-
7151, KUCJIOPOa, aKTUBHOTO MJIa

Jlns penieHus ypaBHeHUN pa3paboTaHHBIX MOJIeNIel UCIONB3YIOTCS METOI Diffiepa U HesB-
HBIE Pa3HOCTHBIE CXEMBI:

1. [TonepeMeHHO-TpEYTOIbHAS PA3HOCTHAS CXeMa.

2.Meton A. A. Camapckoro.

3. MeTtoa cyMMapHO anmpoKCUMAalUH.

4. Meron JInbmana.

Brinonnena nporpaMMHasi peaau3aius NOCTPOSHHBIX YUCIEHHBIX Mojenen. st koaupo-
BAaHMS MCHIOJIb30BaJICs anroputMuuecknii si3pik FORTRAN.

[IpencraBieHsl pe3ynbTaThl IPOBEACHHBIX PACYETOB Ha Oa3e pa3paboTaHHOI WH(pOpMAIIH-
OHHOM CHCTEMBI JIJIsl Psiia OYUCTHBIX coopyxeHui JlHenpornerpoBckoi obdnactu. [Ipu mposene-
HUU BBIYMCIUTENBHBIX SKCIIEPUMEHTOB HM3ydajach THAPOJUHAMUYECKAs] KapTUHA B OYUCTHBIX
COOPY)KCHMSIX W BIUSHUE HA HEE PA3IMYHBIX JOMOJHUTEIBHBIX JIEMEHTOB (IJIACTHHBI, TIEPETO-
POJIKH U T.IL.).
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YnpasJ/ieHue NOTOKAMHU TPAHCIOPTHBIX CHCTEM VISl 00ecTedeH sl IKOJIOTHYeCKHU
0€30MaCHOT0 COCTOSTHUSI BO3YIIHOM Ccpe/bl

benses H. H., /IlnenponeTpoBCKUil HALMOHAIBHBINA YHUBEPCUTET JKEIE3HOLOPOKHOI O
TpaHCHOpTa UMEHU akajeMuka B. Jlazapsna, Ykpanna
Pycaxosa T. W. /InenpoBckuil HallmoHanbHbIM yHUBEpcuTeT uMeHH Onecst ['onuapa, Ykpauna

bonbiioe 3HaueHue Aig pa3BUTHS SKOHOMHUKH JIF0OOTO rOCylapcTBa MMEET aBTOTpPAHC-
MOPT, OJIHAKO OH OKA3bIBACT CYIIECTBEHHOE BJIMSIHUE HA HKOJOTUYECKOE COCTOSHUE BO3IYIIHON
Cpelbl TOPOJIOB, KOTOPhIE UMEIOT Pa3BUTYIO CETh aBTOMAarucTpasiei.

ABTOTpPaHCIIOPT BBHIOPACHIBACT B aTMOC(HEPY BMECTE C BBIXJIOMHBIMU ra3aMHd MHOT'O XHUMH-
YeCKUX BeIIeCTB M coequHeHHH. [locTosIHHBIN poCcT aBTOMOOMIBHOIO MapKa BbI3bIBAET 3HAUM-
TEJNBHOE 3arpsS3HEHHE OKPYKAIOIIECH cpeibl KPYIHBIX Topo1oB. OO0BEM TpaHCIOPTHBIX BHIOPOCOB
BpEAHBIX BEUIECTB B aTMoc(epy Ha JOporax Moyt B JABa pa3a Oouiblie 00beMa BBIOPOCOB IMPO-
MBIIIICHHBIX TPEINPUITANA. BBIXIIONMHBIC Ta3bl aBTOTPAHCIIOPTA PACIPOCTPAHSIOTCS HETIOCPEI-
CTBEHHO Ha yJHUIaX TOPOAOB BAOJIb aBTOMAruCTpajieil. IT0 MPUBOJUT K HETATUBHOMY BIIUSHUIO
Ha TeNIEX0/I0B, )KUTEJEeH MPHIECTAIOIIUNX MUKPOPAMOHOB, TIPEICTaBUTENICH )KUBOTHOTO U PAcTH-
TEIBHOTO MHUpA. DKOJIOTMYECKAsh CUTyallHsl YCIOXKHSETCS TeM, YTO 3arps3HSIONIME BellecTBa
HaKaIUIMBAIOTCS B MPU3EMHOM CJI0€, @ UMEHHO B 30HE JIbIXaHus 4esioBeka. [Ipu sTom mpotekaer
MHOKECTBO XMMHUYECKHUX IMPEBPALEHUI 3arps3HSIONMX BEIIECTB B BO3Ayxe. VHTEHCHUBHOCTDH
paccerBaHMs 3arps3HAIONINX BEIIECTB 3aBUCUT OT XapakTepa 3aCTPONKH, KITUMATHYECKUX YCIIO-
BUI, a Tak’keé MHTEHCHUBHOCTH TPAHCHOPTHBIX MOTOKOB. I[lepeuncrieHHble 0COOCHHOCTH Tepe-
JBUKHBIX UCTOYHUKOB BBIOPOCOB MPUBOIAT K TOMY, YTO aBTOTPAHCIIOPT CO3JAET B ropojiax 00-
IIMPHBIE 30HBI C YCTOMYMBBIM MPEBBILICHUEM YPOBHS 3arpsisHeHus atMochepHoro Bo3ayxa. Ta-
Kas cUTyaIusi 00yclaBiuBaeT HEOOXOAUMOCTh pa3pabOTKU METOJIMYECKHUX TMOIXO00B K Omepa-
THBHOH U JIOCTOBEPHOM OIIEHKE XapaKTepa U CTETICHU 3arpsi3HeHUsT OKPYXKAIOIIeH cpeibl Ha Tep-
PUTOPUSIX, TPHIIETAIOIINX K aBTOMATUCTPAISIM.

B nanHoit pabote pa3zpaboTaHa npukiagHas MaTeMaTudeckas MOJAENb MepeHoca MPUMeECH,
MOCTYMUBIIEH OT JIMHEHHO pachpe/ieIEHHOTO MCTOYHMKA 3arps3HEHUs HAa OCHOBE JBYMEPHBIX
ypaBHEHU MaccornepeHoca. MeToanka pacuera yYUTHIBAe€T MPOIECChl XMMUYECKHUX MpeBpaliie-
HU ¥ GoTonu3a B aTMocdepe ITUX BEHIeCTB. B pacuerax XMMHYECKUX MPEBPAIICHUIN MPUHSTO
BO BHUMaHHE TO, 4yTo BbIOpoc NO; cocTaBisieT BenTU4uHy mnopsiaka 5% ot BeIOpoca BCeX OKCH-
noB azora NOy, a octabHas 9actb, opsaka 95%, 3ro Beiopoc NO, omrako Beiopockl NO; sB-
TSI0TCS Hanbosiee HeOIaronpUsSTHBIMU JJIs 3I0POBBS YETTOBEKA.

Pazpaborannas MeToauka v MporpaMMHOE 0O0ECTICUCHHE TTO3BOJISIOT ONEPATUBHO MPOTHO-
3UpOBaTh YPOBHH 3arps3HEHUs] aTMOC(HEPHOTO BO3/IyXa BHIOpOCAMH aBTOTPAHCIIOPTA C YUETOM
XUMHYCCKHUX TPEBPANICHUH 3arps3HSIONINX BEleCTB. [IpoBeicHIEe BBIYUCIUTEIBHBIX KCIIEPH-
MEHTOB TO3BOJIWJIO HA MPAKTUKE YCTAHOBHUTH IMHAMUKY COJEpKaHUS JUOKCHU]IA a30Ta B BO3AYXE
B paiiOHaX, MPUMBIKAIOIINX K paccMaTrpuBaeMoM aBToMaructpaiu. [IpoBeaeH cpaBHHUTENbHBIN
aHallM3 U3MEHEHUS KOHIEHTPAIlMU JUOKCHA a30Ta OTHOCUTEILHO €ro MpeleiabHO AOMYyCTUMOMN
KOHIICHTPAIlUU B aTMOC(hepe U CPETHETOI0OBBIX 3HAUCHHH.

Pa3paboranHas mporHo3Hasi METOAMKA MOXKET OBITh UCTIONB30BaHa MIPH IIAHUPOBAHUU aB-
TOMarucTpajieii B HOBBIX pailOHaX TOPOJIOB WJIM NMPH PEKOHCTPYKIIMH CTAPBIX IS MMPOBEICHUS
cepuil pacdeToB, TpeOyrOImUX Mnepedopa pa3IUYHBIX BapUAHTOB PACIIONOKEHHUS aBTOMAarucTpa-
Jie TpU OMPEJEICHHBIX METEOPOJOTHUECKUX YCIOBUAX. [loydeHHbIE 3aKOHOMEPHOCTH pac-
MIPOCTPAHEHHUS 3arPS3HSIONINX BEIIECTB HAa PAa3HBIX YIAJICHHUSIX OT aBTOMArucTpald PpeKOMEHY-
€TCs PUMEHSTH JIJIT CBOCBPEMEHHOTO BHEIPSHUS MPUPOIO0XPAHHBIX MEPOTIPUSTHH.
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Nudopmanuonnas cucrema «RISK-2AIR» /151 OHeHKH TEXHOT€HHOI'0 PHCKA
NPH YPe3BbIYAHHBIX CHTYalUsIX HA TPAHCIIOPTE

benses H. H., CanuBonuuk /1. I1., JlHenponeTpoBCKUil HallMOHAIBHBIN YHUBEPCUTET
JKEJIE3HOJOPOKHOI0 TPAaHCIIOPTa UMEHH akajgemuka B. JlasapsHa, Ykpanna
Kamamnukos U. B., I'ocygapcrsennoe npennpusitue «IIpoekTHO-U3bICKATENbHBIA HHCTUTYT
HKEJIE3HOJOPOKHOTO TPAHCIIOPTA «Y KP3aIM3HBIUIIPOEKT», Y KpauHa

B nacrosimee Bpemst Al MPOTHO3a PUCKA M IKOJOTMUYECKOrO yIiepda B ciaydae dKCTpe-
MaJIbHBIX CUTYallui IIPU NEPEBO3KE ONACHBIX I'PY30B UCIIOJIB3YIOTCS METOJUKH, OCHOBAHHBIC HA
IIPUMEHEHUH SMIIMPUUYECKUX 3aBUCUMOCTEN (HOpMATHUBHAs METOJAMKA) WM aHAIUTUYECKUX pe-
LIEHUH ypaBHEHHMH MaccomnepeHoca. Takod MoaXoa He MO3BOJIAET YyUYEeCTb psiji BaKHBIX (aKTo-
POB, KOTOpBIE CYHIECTBEHHO BIHUSIOT Ha (JOPMUPOBAHHME 30H XMMHYECKOTO 3apa’keHus (HecTa-
LIMOHAPHBIM IpOLIECC SMUCCUHU, HATMYKME 3aCTPOMKH U T.1.). Kpome 3TOro, mpuMeHsemMble MeTo-
JUKH HE TIO3BOJISIIOT OIPENEIUTh KOHKPETHOE KOJIMYECTBO BPEJAHOIO BELIECTBA, KOTOPOE MONAJI0
Ha KOHKPETHYIO TEPPUTOPUIO U TEM CAMBIM KOJIMYECTBEHHO OLICHMBATh MACIITA0 3arps3HEHUs
oKpy»Katomel cpenbl. [loaToMy pacuer 3KoJ0rHMUecKoro yiepoa Ha OCHOBaHMM HOPMATHUBHOMN
METOJUKH WUJIM AHAJUTHUYECKUX MOJEINIEH SIBISAETCS HEPEAINCTUYHBIM U HE OTBEYAET COBPEMEH-
HBIM TPEOOBaHUSIM.

B pabote npencrasnsiercs HoBas mHpopmarmonHas cucremMa «RISK-2AIR» mis oneHku
TEXHOT€HHOI'0 PUCKA IIPU YPE3BBIYANHBIX CUTYalUsAX, KOTOPhIE BOZHUKAIOT B CIIy4ae TPaHCIIOP-
TUPOBKU OHNACHBIX Ipy30B. OCHOBOW pa3pa®oTaHHOW HH(POPMAIMOHHON CHUCTEMbI SIBISETCA
KOMIUIEKC YHMCICHHBIX MOJENEN JUIsl OLEHKHU YPOBHS 3arps3HEHUs aTMOCPEPHOIo BO3Jyxa Mpu
aBapUMHBIX CUTyalUsX Ha TpaHcnopTe. /sl OLIEHKU pUCKa UCIOJIb3YHOTCSI YUCICHHBIE MO,
MTO3BOJIIOIINE NMPOTHO3UPOBATh KOHIICHTPALIMIO OMACHBIX BELIECTB HA TEPPUTOPHUH, IPUIIETAIO-
e K TPaHCIOPTHOMY KOPUIOPY. DTH MOJENH JAIOT BO3MOKHOCTb OLIEHUTH PUCK IOPAKEHUS
JOJIeN KaK Ha OTKPBITOM MECTHOCTH, B YCIOBHSX 3aCTPOMKH, TaK M BHYTpU 3AaHuil. Pa3pabo-
TaHHBIE MOJIENHU 10 OLIEHKE PUCKAa MOTYT OBbITh MCIIOJB30BaHbI KaK Ui CiIydas SMUCCUH Omac-
HBIX BEIIECTB OT HEMOJBUKHBIX UCTOUHUKOB (HampuMmep, 30Hbl aBapUMHOIO pasiiuBa), TaK U OT
JOBUKYIIUXCS UCTOUYHUKOB.

JlJi OLIEHKHM 3KOJIOTHYECKOro yiiep0a B cilydae BbIOpoca 3arpsA3HSIOLIMX BELIECTB, IPU
Ype3BBIYANHBIX CUTYAlMSIX UCIOJIB3YIOTCS YACIEHHBIE MOJIENH, TO3BOJIIOIINE PACCUUTATE:

1. PacceuBanue onacHbIX BEIIECTB B aTMocdepe.

2. Maccy 3arpsi3HsIOIIMX BELIECTB, OCEBUIMX HA KOHKPETHOW TEPPUTOPHUH.

Jliia pacueTra pacceMBaHUS 3arpsA3HSIIONINX BELIECTB B aTMOC(epe UCIOIb3YIOTCS ypaBHE-
HUS a3pOJMHAMUKU U MaccornepeHoca. Ha 6a3ze 3TUX ypaBHEHM BBINOIHIETCS YUCIEHHOE MO-
JEIIMPOBAHKE IPOIIECCA PACCEUBAHMS MPHUMECH IPU aBapUAX, B YCIOBUAX NPUMaruCTpaIbHOU
3acTpoiiku. PazpaboTaHHble YHCIEHHBIE MOJIENTU YUUTHIBAIOT:

1. CxopocTh 1 HampaBJICHUE BETPA;

2. CocrostHue aTMOC(]EpHI;

3. BO3MOXHOCTh BEIMBIBAHHSI IPAMECH OCAJIKAMU;

4. XuMHUeCKH pacriajl 3arpsa3HUTENs B aTMOcdepe;

5. PaznuyHblil TUIT SMUCCUM 3aTPSA3HUTENS (3aJIIIOBBIA BEIOPOC, OTYHETIPEPHIBHBIN U T.11.);

6. Hanmuuue 31aHMi Ha IPUMarucTpaibHON TEPPUTOPUH.

UucieHHOe MHTErPUPOBAHUE YPAaBHEHUH MOJIENIEH OCYLIECTBIISIETCS C MTOMOIIBI HESIBHBIX
Pa3HOCTHBIX CXEM.

[IpencraBnens! pe3ynbTaThl PEIICHUS IPUKIAJIHBIX 3a70a4.
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NudopmannonHas cucreMa IKCIEPTHON OLEHKH 3arpsi3HeHHs aTMOC()epHOro Bo31yxa B
NPOMBIILIEHHBIX PerHOHAX YKPauHbI

benses H. H., Coitauk B. H., HewaeBa A. O., /[HenponeTpoBcKuii HallMOHAIbHBINA YHUBEPCUTET
KEJIE3HOJOPOKHOIO TPAaHCIIOPTa UMEHN akajgemuka B. Jlazapsna, Ykpanna
Kupnuenxo II. C., KpuBopokckuii HallMOHAJIBHBIA YHUBEPCUTET, Y KpauHa

MHorue peruoHsl YKpauHbl SIBISIOTCS PETMOHAMU C KpaliHe HEOJaronpHUsTHON 3KOJIOTH-
yeckol oOctaHoBkou. K Takum permonam otHocutcss KpUBOpPOXKCKHI paiioH, TIe pa3MeEIIeHbI
00BEKTHI TOPHONPOMBIIUIEHHOTO KOMILIEKca cTpaHbl. DyHKIIMOHUPOBAHUE pa3IMUYHBIX Mpea-
NPUATUI TOTO KOMIUIEKCA COMPOBOXKIAETCS dMHUCCHUEH OOJIBIIOr0 KOJUYECTBA 3arpsA3HSIOLINX
BemiecTB B atMocdepy. Ocobo onacHoe 3arps3HeHne aTMOC(EpPHOro BO3AyXa HMEET MECTO MpHU
B3pBIBaxX B Kapbepax. B HacTosIiee BpeMs JUIsl MPOrHO3a BIUSHUS 3aJIIOBBIX BBIOPOCOB B Kaphe-
pax MCHOJB3YIOTCS YNPOLIEHHbIE UHXEHEPHbIE METOIUKHU, Pa3pabOTaHHbIE HECKOJIBKO JECATHU-
JeTUH Ha3aJ. DTH METOJHMKH MO3BOJSIOT MOJYYHTh JTOCTATOYHO «TPYOYI0» WH(POPMAIHIO OTHO-
CHUTEJIBHO YPOBHS 3arpsi3HEHHsI aTMOC(EPHI, YTO CBA3aHO C TEM, YTO MHOTO(AKTOPHBIN MpoIece
paccenBaHMs BBIOPOCOB HE MOXKET OBbITh OIMCAH Ha OCHOBE MPOCTBIX IMIUPUUYECKUX 3aBHCHMO-
crei. C y4eToM COBPEMEHHBIX TPEeOOBAaHMM K YPOBHIO HKOJOTHMUECKOW, MPOMBILIIIEHHON 0e30-
MAaCHOCTH, BO3HUKIIA OCTpasi HEOOXOIUMOCTh Pa3padOTKH HOBBIX, 00JIee COBEPIICHHBIX METO/IOB
IIPOrHO3a.

B nannoii paboTe npencrapisercs HOBas MH(OPMAIMOHHAs CUCTeMa Ul aHalu3a U Mpo-
IHO3a YPOBHS 3arpsi3HEHUs aTMOC(hepHOro BOo3AyXa B cliyyae B3pbIBOB B Kapbepax. JlaHHas cuc-
TeMa pa3paboTaHa JUIsl OLIEHKH TWHAMHKH 3arpsi3HEHUs] aTMOC(EPHOTO BO3/1yXa MOCIEe B3PHIBOB
C LIEJIBIO BBISIBJICHUS 30H OMACHOT'O 3arpsiI3HEHUS HA TEPPUTOPUSX, IPHIIETAIOIINX K KapbepaM.

OcHOBOI  pacueTa SBISETCS UYHUCIEHHOE MOJEIMpOBaHHWE Ha 0a3e ypaBHEHUS
I'. . Mapuyka. /laHHOe ypaBHEHHE yYUTHIBA€T CKOPOCTh M HalpaBJIEHUE BETPa, aTMOC(hHEpHYIO
¢ ¢y3uto, BEIMBIBAHUE MPUMECH OCAJKaMH, PEXKUM 3MHCCHU 3arpsi3HAOMUX BemecTB. s
YHCJIEHHOTO MHTETPUPOBAHMSI IPUMEHSETCSl HEsIBHASI Pa3HOCTHAs CXeMa paclieryieHus o pu3u-
4ecKUM mpoleccaMm. Pa3paboTaHHas 4MCI€HHAs MOJENb JONOJHIETCS IMOAMOJEISIMHU, MO3BO-
JSAIOIMMHU PacCCUUTBIBATE KOJIMYECTBO 3arpsA3HAIONIETO BELECTBA, OCEBILIErO0 Ha KOHKPETHBIN
Y4acTOK TEppUTOpPUH, MpUJIEralolieldl K Kapbepy, TakkKe 3aTeKaHHWe 3arpsA3HEHHOTO BO3ayXa
BHYTpb 31aHuil. MonenupoBanue Ha 0a3e pa3pabOTaHHOW MH(OPMALMOHHOW CHCTEMBI JIAeT
BO3MOXHOCTB!

1. OueHnTh AMHAMUKY 3arpsi3HEHUs BO3JYLIHOM Cpelbl BHYTPH NOMELICHUH 371a-
HUM, KOTOPbIE PacoJIaraloTcsl B 30HE BIMSHUS UCTOYHHKA BbIOpOCa (Kapbep).

2. Paccuurars auHaMuKy (hOpMHUPOBaHUS 30HBI 3arps3HEHUs BOJIM3U Kapbepa.

Oco6eHHOCTBIO TpeIaraeMoil HH(POPMAIIMOHHON CHUCTEMBI SIBJISETCS BO3MOXXKHOCTH €€
UCTIOJIBb30BAHUS /ISl OLEHKH YPOBHS 3arpsi3HEHHsI aTMOC(HEpPHOro BO3ayxa BOJIM3M OTBAJIOB.
[IpumeHeHne cucTeMbl MO3BOJISIET BBIAIBUTH PailOHBI, MPUIIETAIONINE K OTBajaM, I7ie BO3MOKHO
HapylIeHHEe 3KOJIOTHYeCKuX HopMaTHBOB. [IpuMeHenune pazpaboTaHHON cUCTEMBI Ja€T BO3MOXK-
HOCTB IOJTyYUTh OLIEHKY YPOBHSI 3arpsi3HEHUSI aTMOC(EPHOTo BO3/lyxa B TeueHUH 5-10 cex Kom-
NBIOTEPHOTO BPEMEHHU. 30HBI 3arpsi3HEHHsI aTMOC(EPHOro Bo3/ayXa NpeACTaBIsIOTCS B BUJIE U30-
JUHUI WM MaTpUIl paclpeneseHus] KOHLIEeHTpauuu npumMecH. [Ipu ncnonp30BaHny MOJenu mo-
Jy4aroTcs JaHHbIE O JMHAMMKE 3arpsi3HEHHs aTMOC(EpPHOro BO3JyXa B JIIOOOH TOUke paiioHa.
PaccmarpuBaercss MOAM(PUKAIMS MOJIEIH [T OLIEHKH 3((EKTUBHOCTH MBUICTIOaBICHUS 00JIaka
3a CYET UCII0JIb30BAHUS I STOW LIENH MIaXTHBIX BOJ.
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HNudpopmanuonnas cucrema «KGROUND WATERS-2D» 1711 0OleHKH TeXHOT¢eHHOI0
3arpsi3HeHHs MO/I3eMHBIX BOJ

bensera B. B., JlnenpoBckuii HaninoHanbHbIM yHUBEepcuTeT uM. O. 'oHuapa
Honuna JI. @., /IHenponeTpoBCKUM HAIMOHAJIBHBIA YHUBEPCHUTET KEJIE3HOIOPOKHOIO
TpaHCIIOpTa UMEHHU akaneMmuka B. Jlazapsna, Ykpauna
SAxy6osckas 3. H., YkpanHCKHi TOCYy1apCTBEHHBINH XUMHKO-TEXHOJIOTHYECKUA YHUBEPCUTET,
Ykpanna

B pab6ore npencrasiena nndopmarmonnas cucrema «GROUND WATERS-2D» nns ana-
JM3a U OLUEHKU JAMHAMUKH 3arpsi3HEHUS MOJ3EMHBIX BOJ IOJ ICHCTBUEM pPA3IMYHBIX TEXHOI'€H-
HBIX UCTOYHHUKOB 3arps3HEHUS:
1. Xpanwnuiia Ha TEPPUTOPUU TPOMBIIIICHHBIX 00bEKTOB (He(TEXpaHUIIHIIA U T.I1.).
2. Tlpynbl OTCTOWHUKH (IPYABI C MPOMBIIUIEHHBIMA CTOKAMU Pa3IUYHBIX POU3BOJICTB).
3. Ilpyapl HaKOMUTENW MAXTHBIX BOA (IIAXTHBIE BOJABI C YIIIEJOOBIBAIOIINX PETHOHOB,
BOJIbI U3 IIAXT MO JOOBIYE JKEIE3HOU PYIbI).
Pazpaborannas nHpOpMALIMOHHAS CUCTEMa BKJIIOYAET B ce0sl HECKOJIBKO OJOKOB, KaXIbIi
13 KOTOPBIX Peau3yeT YUCICHHYIO MOJIENb ONPEIEIEHHOTO (PU3NYECKOTO Mpoliecca:
1. Tlpomecc 6e3HanOpHOM HUIBTPALIUY.
2. Tlporecc HarmOpHOW PUIBTPALIHH.
3. Tlpomecc murpanuu 3arps3HSIONIMX BEIIECTB B MOJI3EMHBIX BOJIAX.
4. Tlpouecc copOruu 3arpsa3HSIIONINX BEIIECTB.
HccnenoBanusi mpoBeieHbl Ha 0a3e pa3padOTaHHON YWCICHHONH MOJEIH TeOMHIPAIUH.
Jliig pacyeTa moiisi CKOPOCTH MOA3EMHOTO MOTOKA MCIOIB3YIOTCS TBYXMEpHBIC TUIAHOBBIE ypaB-
HeHust (uiabTpauuu. YucieHHOe MHTErpUpOBaHHE MOIEIUPYIOLIUX YpPaBHEHHH MpPOBOJUTCS C
MOMOIIIbIO HESIBHBIX PA3HOCTHBIX CXeM. J[JI1 4MCIEHHOr0 MHTETPUPOBAHMS YPABHEHHUS T'€OMHU-
rpalyy MPUMEHSETCSl MONEePEMEHHO-TPEYrojibHasl HesiBHAs pa3HOCTHas cxema. PaspaboranHas
crcTeMa OpUEHTHPOBAHA /ISl peIIeHUs CIeIYIOIUX 3aJad B 00JIACTH HKOJIOTHYECKOM OGe3omac-
HOCTHU:
1. TIporHo3upoBaHHE U3MEHEHUS PeKUMa MOA3EMHBIX BOJl U COOTBETCTBYIOLIETO H3MeE-
HEHUsI TUHAMHUKUA MX 3arps3HEHUs MPU MHTCHCUBHBIX OCAIKaX WM MPOMBIBKE TPYyH-
TOB.
2. OueHka IWHAMH 3arpsS3HEHUS TOA3EMHBIX BOJI MPU JJIUTEIBHON yTeUKe MOJUTIOTAaHTa
W3 XpaHWJIHI (XpaHUIUIIe He(TemPOyKTOB, )KUIKIUX OTXOJIOB | T.1.).
3. MonenupoBanue 3arpsi3HEHUs MOJ3EMHBIX BOJ NMPH YT€UKaX Ha MyHKTaX 3alpaBKd
(cnuBa) LMCTEPH.
4. MopaenupoBaHu€e 3arpsI3HEHHS TTOA3EMHBIX BOJI PH MHTCHCUBHBIX aBapUHHBIX pa3iiv-
BaX Ha TPaHCIOPTE.
Kpome nepeurcieHHbIX KIaccoB 3aja4 co3JaHHas MHPOPMAIMOHHAs CUCTEMa MO3BOJISET
pelaTh JA0MOJIHUTENIbHbIE CIIEIUAIbHBIC 3a4a4Uu:
1. OueHka BAMSHMS MOJ3EMHBIX 3aIIUTHBIX COOPYXKEHUI Ha JIOKAJIU3allMI0 30H 3arpss-
HEHHUS B IOJI3EMHBIX BOJAX.
2. OreHka BIUSHHS APSHUPYIONMNX CKBAXWH HA JIMKBHIAIMIO 30H 3arps3HEHUS B BOJIO-
HOCHBIX TOPU30HTAX.
3. OrmeHka BIMSHUS 10Ja9d HEHTPATU3YIONIMX PACTBOPOB HA JIMKBHJIAIIUIO 30H 3arpsi3-
HEHHUSI B MOJI3EMHBIX BOJOHOCHBIX TOPU30HTAX.
[IpencraBastoTcss pe3yabTaThl KOMIUIEKCA MPOBEIEHHBIX BBIUMCIMTEIbHBIX 3KCIEPUMEH-
TOB Ha 0a3e peabHBIX UCXOJHBIX NaHHBIX. [IpeacTaBiieHbl pe3ynbTaThl MO0 OleHKe Y (HEKTUBHO-
CTH HCIIOJIb30BAHMSI MOA3EMHBIX 3AIIUTHBIX CTEH, MOTJIOMIAIOIINX CKBAXKUH JJIsl JIOKAJIU3alUN
30H TEXHOTE€HHOT'0 3arps3HEHNUS B NIOJI36MHBIX BOAAX.
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IIpo pisHOBHAM anropuTMiB aHadi3y iHopmanii web-nonaTky
boxyxa JI. M., JIHinpoBChKH HalllOHAIbHUN YHIBepcuTeT iMeHi Onecs ['onuapa, Ykpaina

CrBopenHs web-caiiTy, sikuit Oyie MaTH NPUEMHUIA AW3aiH 3 QYHKI[IOHAJIBHUM, 3pO3yMi-
JIUM 1 3py4HUM iHTEep(dErcoM, CUCTEMOIO HaBiraiii, 11e Iepmuii KpoK J0 HAPOJKEHHS JTOJATKYy.
HaiironoBHimmmu 3aBAaHHSAMU, SIKi CTOSTH Iepell PO3pPOOHHKOM web-caiTy, CTOITh 3amydeHHs
caMe TUX KOPUCTYBadiB, sIKi € I[IJTbOBOIO ayJAMTOPI€I0 g Web-caliTy, Ta HaJlaHHS MaKCUMaJIbHO
moBHOI iH(opMaIIii 171 KOpUCTyBaya B MPOIIECi MONIYKY Ta MiJ00Py TOBAPiB Ta MOCIYT.

KinpkicTh KOMITaHi|, iX TOBapiB Ta MOCIYT IMOCTIHHO 3POCTAE 10 BEIMYE3HUX MOKA3HUKIB.
KopucryBauam crae Bce Baxxue 3HAXOJUTH KOpUCHY st ceOe iHdopmariro. Lle BrumBae Ha cra-
BJICHHS KJIIEHTIB JIO PI3HOMAHITHUX PECYpPCIB Ta iX MOJAJbINY B3aeMOJI0 (M 11 BIICYTHICTH) 3
naHuM pecypcom. [lomykoBi cucteMu Web-caidiTiB MOKYTh NMOBHICTIO HE BHPIIIYBaTH i€l Tpo-
OmeMu uyepe3 HU3KY NMPUYUH: Clielializallis Ha MIMPOKIH MHOXHUHI iH()OpMaLiifHUX KaTeropi,
10 3MEHIITY€ X KOPUCHICTH y OLIBII BY3bKHX IMONIYKOBHX OIEPAIlisAX; HE3MATHICTh 3HAXOKECHHS
CXO0XHX MK COOOI0 TOBapiB Ta MOCIYT; BIJICYTHICTH 300py BIATYKIB Ta PEKOMEHJIAIN II0A0
KOHKPETHUX TOBAPIB Ta MOCIYT.

[TocTtae nuTaHHs PO3pOOKH 3pYyIHOTO cepBicy (BOYAOBAHOTO MOYJIS) aHAII3y HaHux Web-
JOJATKY JUIi OCOOMCTOTO KaOiHETY KOPHUCTyBadya 3 BUKOPUCTAHHSIM PEKOMEHIAIIHHUX alrOpUT-
MiB. [Ipu 3acTocyBaHH1 Pi3HOMAHITHUX ANTOPUTMIB (PinbTpalii gaHUX (TOBapiB, MOCIYT) 3MEH-
IIYETHCS KUTBKICTH iH(pOpMaIii, o Mae OyTH CIIPUIHATA KOPUCTYBAueM, a OTKE 30UTBIIYETHCS
Koe(illieHT KOPUCHOCTI POOOTH KOPHCTYBava B 0coOMCcTOMY KabiHeTi Web-momarky.

HenepconanizoBaHi peKOMeHAaIliifHI aITOPUTMU HAJAIOTh PEKOMEHAALIi y BUTJISAI 3ara-
JbHOI CTaTUCTUKU: HaMKpallle NpoJaeThecsl, HalOUIbII OaxaHe, MOMyJIpHe, pa3oM 3 X KyIylOTb
Y. Ilpu BukopucranHi anroputMy ¢insrpauii no koHteHTy (Content Based Filtering) xopucty-
Bayi Ta MPOIYKTHU MPEACTABIAIOTHCA BEKTOPOM aTpUOYTIB (PO3MIPHICTH MPOCTOPY JIOPIBHIOE
KUIBKOCTI BCiX aTpuOyTiB). OOUMCIIOETECA KYT MK BEKTOpaMH, YMM MEHIIUHN KyT, TUM Kpauie
IPOAYKT MiIXOAUTh KOPUCTYBauy, Ha OCHOBI IIbOTO 1 pOOUTHCS pEKOMEHIALlis.

[Tpu BuKOpHCTaHHI aropuTMy KoiabopartuHoi ¢insTpariii (Collaborative filtration) posr-
JSITA€ThCS [IBI MOJENi B3a€EMO3B‘sI3Ky MK 00°‘ekramm Web-momatky. Monenb «KOpUCTyBad-
kopuctyBaud» (User-User abo User-based filtration) Hagae MOXITHUBICTh 0OYUCITIOBATH TOAIOHICTD
MK KOpUCTYBa4aMH, BUKOPUCTOBYIOUM KOE(]ILI€HT KOPEJALii, 110 MiApaXxOBYETbCS Ha OCHOBI
XapaKTePUCTHK KOpHUCTyBaviB. [y HamaHHS peKOMEHAAlid KOHKPETHOMY KOPUCTyBady oOupa-
IOTBCSl MOTO «HAaWOMMKUl CyCiiM» Ta BUKOPHCTOBYIOTHCS 1XHI OILIHKM KOHKPETHUX IMPOJYKTIB
abo mocnyr. Ha 1iif ocHOBI MiJpaxoBYeThCS 3arajbHa OllIHKAa KOHKPETHUX CYTHOCTEH, Hailuac-
Tillle BUKOPUCTOBYETHCS 3BAXKEHE CEPE/IHE, JIe PEUTHHI «OJMKYMX» CYCiJIIB Mae OUIbLIY Bary.
Mopens «rpoaykT-ipoaykt» (Item-to-Item a6o Item-based filtration) Hagae MoxaMBICTH aHai-
3yBaTH MOMAIOHICTh MIX MPOJYKTaMu. LI «CX0XiCTb» MPOJYKTIB HE € TI€I0 XapaKTEPUCTHKOIO,
sIKa TBUIKO 3MIHIOETHCS. J{J1s1 TOPIBHSIHHS MPOIYKTIB BUKOPUCTOBYETHCS TOH KE alTOPUTM, IO
1 17151 MOJIEN1 «KOPUCTYBA4-KOPUCTYBAU».

Jlj1g cyTTEBOTO 3MEHIICHHS eeKTy NnepeHaBYaHHsl, 301IbIIEHHS TPOYKTUBHOCTI Ta IOJIe-
TIIEHHS BIIPOBA/PKEHHS MOXKHA BUKOPUCTATH ciMeiicTBO anroputmiB SlopeOne. Bukopucranus
crpoIieHoi Gpopmu perpecii ABOX aTpuOYTIB YChOTO 3 OJTHUM IapaMeTpoM MOTpedye B JBa pasu
MEHILIE TTaM’SITi.

VY KxopucTyBauiB HE 3aBXKIH € MOXJIMBICTh BUCTABISATH OLIHKHM TOBapiB Ta mocayr. OTxke,
U1 KotabopaTuBHOT (uIbTpanii MOXKYTh OyTH TOCTYIIHI TiJIbKU JBiMKOBI JaHi (KymyBaB, Meper-
JISTHYB KOPUCTYBAd TPEJAMET YH Hi). Y TaKWX BUMAIKAaX MOKHA BBOKATH HECPEKTHBHUMH aJro-
putMu SlopeOne Ta iHIII, SKi 3a71€KaTh BiJl OLIHOK TOBapiB, MOCIYT.

Po3pobieHnii MOAyNIb aHai3y gaHux Web-1omaTky s 0coOrCTOro KabiHeTy KOPUCTYBa-
Ya 3 BUKOPUCTAHHSIM PEKOMEHAALIMHUX JITOPUTMIB BUKOHYE peaii3allifo MMOCTAaBICHUX 3aJad
MIOITYKY TOBApPiB Ta MOCIIYT.
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Hapa.]].]]e.]]bl—[blﬁ reHeTHYEeCKHH AJTOPpUTM JId 3aja91 0 MAKCUMAJBHOM IMOTOKE

bounapenko B. O., Oneitnuk A. A., Cyo6otun C. A.,
3anopoXKCKUi HAlIMOHAJIbHBIA TEXHUYECKUN YHUBEPCUTET, Y KpauHa

3agada 0 MaKCUMaJIbHOM IIOTOKE SIBJII€TCSI OJIHOM M3BECTHBIX 3a]la4 KOMOMHATOPHOM oIl-
TUMH3AIMY Ha B3BEIICHHBIX OPHUEHTHPOBAHHBIX Tpadax. DTa 3a7aua MUPOKO HCCIeI0BaIACh U3-
3a ee BaXKHOCTHU JUIsl MHOTMX NPHKIAJHBIX cep, TAKUX KaK CETH CBS3H, INIAHUPOBAHUE aBHA- U
aBTOIEPEBO30K, KOMIIBIOTEPHBIE HAYKH, 3JIEKTPUUECKHE MOILIHOCTH U MHOTUX JIPYTHX.

3azaya 0 MakCHUMaJbHOM IIOTOKE IpEAIoJiaracT YCTaHOBJIEHUE BO3MOKHOI'O IOTOKA OT
UCTOYHMKA K IPUEMHHKY B CETH C MAKCUMAJIbHBIM [TOTOKOM.

Meton ®Dopna-DynkepcoHa sBiseTcss Hanbojee IMUPOKO HCIONb3YeMbIM METOJOM IS
peleHust 3a1a4d 0 MaKCUMajbHOM IOoTOKe. OCHOBHAs €ro ujaes COCTOMT B TOM, YTOObI HalTh
MyTh 10 Tpady OT UCTOYHMKA (HAYAIIBHOTO y3I7la) K MPUEMHUKY (KOHEUHOMY Y3I11y), TaK YTOOBI
HaIPaBUTh [IOTOK YEPE3 ITOT MyTh, HE IPEBBIIAIOIINNA €0 EMKOCTb.

JUs 3a1a4l MaKCHMAJIbHOTO MOTOKAa HEOOXOJMMO BBINOJIHUTH JIBa yCIOBUsA: 1) MOTOK Ha
KaXJOM Kparo He JIOJDKEH IPEBBILIaTh €r0 €MKOCTh; 2) B KaXJ10H BEpIIMHE BXOJSAIIMNA MOTOK
JIOJKEH OBITh PaBeH UCXOJALIEMY IIOTOKY.

Crnoxzoctb Merona opra-dynkepcoHa Bbicoka. [1o3ToMy A pelieHus 3agadd O Mak-
CHUMAaJIbHOM IOTOKE II€JIECO00pa3HO pacCMOTPETh PA3IMYHBbIE METOMbI, TO3BOJISIIOIINE CHU3UTD
CJIO’KHOCTB PELICHUS 3aa4H.

Jlis peuieHus 3aJadyd ONTHMHU3ALMKM MAaKCHMAJIBHOTO MOTOKA IpeJlaraeTcsi NPUMEHHUTh
TFeHETUYECKUH MOUCK. J{J1s mpeacTaBiaeHusl KaXJ10ro peleHns BO3MOKHO HUCII0JIb30BaTh MaTpH-
1y notoka. durHecc-QyHKIMS MOXKET OBITh OIpeJieNIeHa C YIETOM JIBYX XapaKTepUCTHK: OaaH-
CHUPOBKH BEpPUINH M CKOPOCTH HACBILLIEHUS NToToKa. HaunHas ¢ momynsiuuy paHa0MU3HPOBaHHbBIX
peuIeHni, FTeHETUYECKUN TIOUCK NPUMEHSIETCS B TEYEHHUE 3aJaHHOTO YMCJIA UTEPALUM U1 HAaX O-
KJIECHHS ONTHUMAJIBHBIX PELICHUM.

Pemenue 3amaum mpejuiaraeTcs pealn3oBaTh C HCIOJIb30BaHHWEM HHTepdelica nepenauu
coobmenuii (MPI), KOTOpBIIi MOKET HCIOJB30BaThCS Ui Pa3pabOTKU MEPEHOCHMBIX Tapali-
JeNbHBIX Nporpamm. OIEHKY BO3MOKHO BBINOJIHATH C TOUKH 3PEHHS CKOPOCTH M IapajlIeIbHOM
3¢ (HEeKTUBHOCTH B 3aBUCHUMOCTH OT Pa3HBIX pa3MEpPOB CETEBBIX JAHHBIX M PAa3HOIO KOJIMYECTBA
IIPOLIECCOPOB.

[TapannenpHblii TEHETUYECKUI MTOMK BO3MOXKHO PEaIn30BaTh Ha MHOTOSJEPHOM IpOLEC-
cope. Takas peanuzauus OyneT nmogoOHa peanu3alyl B pacIpeeIeHHON cucTeMe, HO B JaHHOM
ciyyae rpad IeJUTCS Ha pa3HOE YUCIIO MOTOKOB, KK/l U3 KOTOPHIX paboTaeT Ha OTAEIbHOM
sape. Kaxaeni moarpad nmeer HaOOp MOTOIHSIOMUX MYTEH, MOITOMY KaXKIbIM MOTOK OyaeT
BBIUHCIISATH MAKCUMAJIbHOE 3HAUEHHE MTOTOKA /ISl CBOMX COOCTBEHHBIX Y3JIOB.

OKCIIEpUMEHTAIBHOE MCCIEA0BAHNUE PELIEHUS 3aJa4yd MPOBOJWIOCH JJI1 Pa3HOrO 4Hcia
MIOTOKOB U CETeH C pa3HbIM YHCIIOM Yy3JI0B. Perienne 3a1aum oCcyIecTBIsIOCh HA OCHOBE Mapa-
JIEIIBHOTO TE€HETUYECKOro IOMCKAa. Pe3ynpTaThl CpaBHUBAINUCH C IOCJIEN0BATEIBHOM BEpCHEN
METO/a U MOKa3alu XOpolllee YIydllIeHHe C TOYKU 3PEHUs] BpeMEHH padOoThl U MPOU3BOIUTEIb-
HOCTH CHUCTEMBI.

[lepcnekTHBB! AaTbHEUIIMX MCCIETOBAHUN 3aKIIFOYAIOTCS B TOM, YTOOBI pazpaboTarh Me-
TOJABI PELIEHUs 3aJlayl Ha OCHOBE 3BPUCTUYECKUX, METAIBPUCTHUECKUX HIJIM 3BOIIOIHMOHHBIX
METOJI0B, METOJIOB POEBOT0 MHTEJJIEKTa, KBAHTOBBIX BbluMcIeHUH U np. [lapamienshyto peanu-
3alMI0 COOTBETCTBYIOIIMX METOJIOB LIEIecO00pa3HO CPaBHUTH C MpeajaraeMoi B JaHHOM pabo-
T€, a pe3yJbTaThl METOJIOB — CPABHUTH C TOUKH 3PEHHSI TOUHOCTH U IPOU3BOIUTEIBLHOCTH.
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KineHT-cepBepHblii KOMILTIEKC 3a1IUTHI MIPOrPAMMHBIX NPOAYKTOB
OT HeJIMI[EH3MOHHOT0 UCIIO0JIb30BAHMS

Bacunesunkasa M. O., Ocranen /1. A., J[HenponeTpoBCKUil HALlMOHAJIBHBIN YHUBEPCUTET
’KEJIE3HOIOPOKHOTO TPAHCIIOPTa UMEHU akazeMuka B. Jlazapsina, Ykpanna

CeroaHs MporpaMMHbIE IPOAYKTHI - 3TO 4acTh [IOBCEJHEBHON JKU3HU: IPOTPAaMMHbIE IIPH-
JIO’)KEHUS, UIPbI JUIsl JOMAIIHETO KOMIIBIOTEpA, MPOrpaMMHPYEMbIE CUCTEMBl YIPABICHMS Ha
npousBojacTBe. s paspaboruukoB mporpammuoro obecnedenust (I10), oxnoit u3 nambonee
OCTpPBIX MPOOJIEM SBISETCS 3alUTa CBOEro MpoaykTa. OCyIECTBUTh 3TO MOXKHO Ojaromaps cy-
IIECTBYIONIEH 3aKOHOAATENbHOHM 0ase, JMOO APYrUMH METOJaMH, B IEPBYIO OuYepelb, MPO-
IPaMMHBIMM U alllapaTHO-IIPOTrPAMMHBIMHU.

OCHOBHBIMU HOPMAaTUBHBIMH JIOKYMEHTaMH B 3TOW 00J1acTH sABISIOTCA: bepHCKas KOHBEH-
1us 00 OXpaHe JUTEPaTYPHBIX M XYJ0KECTBEHHBIX Npou3BeneHui, JJoroBop BecemupHoii opra-
HU3AlUN UHTEIUICKTYaIbHOW COOCTBEHHOCTH IO aBTOPCKOMY IpaBy, [ paxaaHCKuil KOJaeke Y K-
paunbl, 3akoH YkpauHsl "OO0 aBTOPCKOM MpaBe U CMEXHBIX IpaBax'. 3aKOHbI yCTaHABIUBAIOT,
YTO KOMIIBIOTEPHBIE IIPOrPAMMBbI OXPAHSIIOTCS KaK JINTepaTypHble pou3BeaeHus. Pa3paborunku
IIPOrpaMMHOT0 O0OECTIEUeHHUs PEJIKO IOJIaraloTcs TOJbKO Ha HOPMAaTUBHYIO 0a3y.

Cpenu momnynispHbIX Ha JJaHHBIM MOMEHT METO/OB M CPEJCTB 3allUThl MOYKHO BBIIEIHUTH
IporpaMMHble (Hampumep, oOdyckanus, SaaS — mnepeHoc AaHHBIX B OHJIAMH) M anmapaTHo-
nporpammHsie (Takue, kak SecuROM, HASP).

CoBpeMEHHBIMU MEXaHU3MaMH 3alUThl aBTOPCKUX MPaB MPOrPpaMMHOr0 0OECIieueHus sIB-
JISIOTCSA: JIOKAJIbHBIN, CETEBOM, 3all[uTa HOCUTEIEH JaHHBIX, UCIIOJIb30BAaHUE AIEKTPOHHBIX KITIO-
4eil, mepeHoc NporpamMM OHJIaiH, MPUBA3Ka K XapaKTEepUCTUKAM KOMIIBIOTEpA.

B pabore npoBezieH 0030p U CpaBHUTENBHBIN aHAJIN3 M3BECTHBIX MPOAYKTOB: SecuROM,
StarForce ProActive, StarForce MMOG, StarForce Crypto, StarForce Disc, SafeDisc, HASP,
Guardant. Ha ocHOBaHMM NPOBEIEHHOT0 aHaIM3a BHIOPAH METOJ IMPUBSI3KH K IapaMeTpaM KOM-
nbpoTEpA.

Kommekc npezacrasnser coboil crienuanu3upoBaHHOE MPOrpaMMHOE OOecreueHue, pas-
pabarteiBaemMoe B cpene nporpamMupoBanusi Delphi. Kommiueke cocTouT U3 KiIMeHTCKON U cep-
BepHO# uacted. KnmeHTckas yacth — 3T0 HaOOp OMONMMOTEK, MOJKIIOYAEMBIX B 3alIUIIAEMOM
[10. CepBepHast yacTh MpeACTaBIseT cOOON KOMIUJIEKC CPEACTB JIJS XpaHEHUs UHQOpMAIUH O
3alUIIAeMOM IPOAYKTE U KIMEHTCKON padouelt cTaHIMK (CEpUIHBIX HOMEPOB, aKTHBAIIMOHHBIX
KOJIOB, X3IIeH XapaKTepUCTUK KOMITBIOTEpPA) U B3aUMOJIEHCTBUS C KIIMEHTCKOM YacThiO B PEKHU-
Me (GOpMUPOBAHUS U TPOBEPKU aKTUBALIMOHHOIO KOJA.

WNudopmanus, ucnonszyemasi npu GOpMUPOBAHUM AaKTHBALMOHHOIO KOJA, MOXKET Mpes-
CTaBJIATh COOOI0 COBOKYITHOCTh HEKOTOPBIX IapaMeTpoB pad ouel CTaHIMU: BEpCHUsS OIepaliu-
OHHOHM CHCTEMBI, MOJIeJIb MAaTEPUHCKOMN TaThl, TUI W Bepcust BIOS, mapameTpsl mporeccopos,
CEeTEBBbIX ILIAT, )KECTKUX TUCKOB.

KomMruiekc MokeT UCoap30BaThCs Kak pa3padoTYMKaMu MPOrpaMMHOT0O 00ecrieueHus st
3alIUThl aBTOPCKUX IIPAB, TAK U B y4eOHOM IIpo1iecce.
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JocaigeHHs1 IPAHUYHUX YaCOBHX NMOKA3HUKIB MPOrPaMHUX CePe0BHIIL
OC peaabHoOro uacy

Bosomun /1. O., /[HinponeTpoBChKUii HALlIOHATBLHUHA YHIBEPCUTET
3JII3HUYHOTO TPAHCIIOPTY iM. akaj. B. JlazapsiHa, Ykpaina

3 nojanblIMM HOUIMPEHHSM KOMII IOTepi3alli MpoLeciB, BCE YaCTIIIEe JAOBOIUTHCS
3yCcTpidaTucs i3 3aBJaHHAMH, SKi BUMAararoTh YIPaBIiHHS CKJIaJHUMH Iporecamu abo obiai-
HaHHAM 3a fgonomororo EOM. Ilpu nipoMy BCi 3a1adi, 110 BUPIIIYIOTHCS MOXYTh OYTH TOJiIEH
Ha TPH KaTeropii: 3aja4yi He KPUTHYHI JI0 4Yacy iX BUPIMIEHHS, 33Ja4i M SIKOTO PEaTbHOTO Yacy
(konmu epeBHUILIEHHS Yacy BUPIIICHHS He Oa)kaHo, ajie JOMyCTHMO) 1 3a/1a4i )KOPCTKOTO peabHO-
ro yacy (Ko IEpEBUINECHHS Yacy BUPILMICHHS MOKE IMPU3BECTH 0 KAaTacTPODIYHUX HACTIIKIB).
Tomy, OIiHKa IPaHUYHHUX YACOBUX XAPAKTEPUCTUK MPU PO3poOLl MPOrpaM peaibHOTO Yacy €
000B’SI3KOBOIO MPOIIETYPOr0. TpaguIliiHUM METOJIOM OIIHKH YaCOBUX XapPaKTEPHCTHUK € TUHA-
MIYHUH MeTOJ| (CTaTUCTUYHHUN aHai3 pe3yJbTaTiB 0aratboX BHIPOOYBaHH POOOTH MPOrpaMu
OpH Pi3HUX BXiMHHUX AaHKX). L{eil MeToa He MOXKe rapaHTyBaTH OTPUMAHHS TPaHMYHUX OL[HOK
4acy, OCKUIbKH BC1 MOXKJIMBI KOMOIHAIll BXiIHUX NAHUX MOXYTb OyTH HeBimomi. CTaTU4HUN
METOJ 103BOJISIE OLIHUTU AIWCHUM HaAWripIiuii yac BUKOHAHHS 4yepe3 aHalli3 BUXIAHOTO KOy
MPOrpaMH 1 OIIHKY BCIX NUISIXiB 11 BUKOHAHHS. Lleil MeTo1 103BOJISIE OI[IHUTH YaCOBi XapaKTepH-
CTHKH 0€3 BUKOHAHHS caMoi IpOrpamH, aje moTpedye JUIsi bOTO0 KOMIUIEKCHI aObCTpaKkTHI MOJeni
amapaTHUX 1 MporpaMHUX 3aco0iB. ICHye TakoX TpeTiii, MEHII PO3MOBCIOJKEHUH, TiOpUIHUI
METOJ, AKUH MO€HY€E MepeBark TUHAMIYHOTO 1 CTATUYHOI'O METOJIB 1 JJO3BOJIsIE OTPUMATH Ha-
OJIMDKEHY 4acoBY OLIIHKY 0€3 BUKOPUCTaHHS CKJIaHUX a0CTPAaKTHUX MOJIEIIEH.

I'iOpuaHMii METOJl OLIHKM I'PaHMYHHMX YaCOBUX XapaKTEPUCTHUK IOJIATa€ Yy BUKOPUCTaHHI
JUHAMIYHUX 1 CTATUYHUX TEXHIK: JUHAMIYHI TEXHIKH BUKOPUCTOBYIOTHCS ISl BA3HAYEHHS 4acy
BUKOHAHHS OKPEMHUX CETMEHTIB, 3 SIKUX CKIIQJIA€ThCS MPOTpaMa, a TEXHIKH CTATUYHOTO aHATi3y
BUKOPHUCTOBYIOTBCS JUIsI TIOIIYKY HAWOBIIOTO HUIAXY BUKOHAHHS, OCHOBYIOUMCH Ha OIlIHKAaX
OKpeMHX CErMEHTIB HUIAXY, sIKi OyiaM OTpHMaHi AMHAMIYHMMHU TeXHIKaMH. | 0JIOBHOIO mepeBa-
rOI0 TiOpUAHOTO METOAY Iepesa AWHAMIUHUM, € Te, U0 TOpUAHUN METOJ J03BOJISE OTPUMATH
came HaWJOBIIMHM NUISIX BUKOHAHHS MPOTpPaMH, KOJIU AMHAMIYHUYN He Hajae Takoi rapanTii. [le-
peBara x rnepej CTaTUYHUM METOJOM TMOJISATa€e y BICYTHOCTI HEOOX1THOCTI BUKOPHUCTAaHHS a0CT-
PaKkTHUX MOJENEH 1 J03BOJIsE HE MPUB’ A3yBATUCH 10 KOHKPETHOI arnapaTHO-MPOrpaMHOl KOHPI-
rypartii.

OcHoBHOIO TIPOOIIEMOIO, sIKa BCE 1€ 3aUIIAETHCA TPU BUKOPUCTAHHI T1OpPUIHOTO METOY
€ HecTaTMYHa MPUPOJA MPOrPaMHOI0 CEpeOBUIIA ONEPAIifHOI CUCTEMH, B SKill BUKOHYETHCS
nporpama. OCKIbKY TIOpUIHUNA METOJ] BAKOPUCTOBYE AMHAMIUHI TEXHIKH JUI BU3HAYCHHS Yacy
BUKOHAHHS OKPEMHX CETMEHTIB, TO BiH HE MOXKE TapaHTYBaTH, 110 HA MOMEHT BUKOHAHHS 3aMi-
piB cTaH cucteMu OyB HaWripmui 3 ycix MoxuiuBux. OJHaK, Ha MPAKTUL, JUIsI OTpPUMaHHS 0e3-
MEYHOI TPAHWYHOI OLIHKM, BIUIMB IIMX JMHAMIYHUX XapaKTEPUCTHK CEPEOBHUINA MOXE OYyTH
HiBEJIbOBAHMM JOaBaHHAM JI0 OTPUMAHOI0 Yacy BUKOHAHHS J10/1aTKOBOTO Yacy MOTPILIHOCTI.

Jlnist BU3HAUEHHS 3aCTOCOBHOCTI T1OPUIHOTO METOY JJISi OLIHKMA TPAaHWUYHHMX YAaCOBUX Xa-
PaKTEpUCTUK TIpOrpam, IO BUPIMIYIOTH 3a7a4l PEaIbHOTO Yacy HEOOX1THO BHU3HAYUTH CTYIMIHB
BIUIMBY TNporpamHoro cepenouma OC Ha 1o omiHKy. IJisl IbOTO MPOIMOHYETHCS MPOBECTH T10-
PIBHAJILHUM aHAaJ3 pe3yNbTaTiB FOPUAHOIO 1 CTATUYHOTO METOIB Ha TECTOBIN BUOIpLII Tporpam
B KOHKPETHIN orneparliifHiii cucTeMi Ha 3aJJaHOMY anapaTHoMy 3abe3nedenHi. [IpoananizyBaBuu
OTpUMaHUIl piBEeHb PO30IKHOCTI Pe3ybTATIB, MOXKHA Oyae 3pOOUTH BHCHOBOK IIIOJIO 3aCTOCOB-
HOCTI TiOpUIHOTO METOMY 1 CTYIEHs BIUIMBY IporpamHoro cepenosuiia OC Ha rpaHUYHY 4Yaco-
BY OIIIHKY.
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Buxopucranus JaHUX TUCTAHIIHHOI0 30HAYBAaHHS TA HA3eMHUX BUMipPIOBaHb /LISl
MO/IeJII0BAHHSI TPAHCIIOPTHUX 00’ €KTIB i mpoueciB

I'epa b. B., MatsiiB B. B., JIbBiBcbKa istist J{HITPONETPOBCHKOTO HALIOHATIBHOTO YHIBEPCUTETY
3II3HUYHOTO TPAaHCIIOPTY iM. akaj. B. JlazapsiHa, Ykpaina

3ami3HUYHUN TPAHCIIOPT MA€E TEPUTOPIATIBLHO PO3NOAITICHY CTPYKTYpy. KoxkHa cranmis, ai-
JISTHKA KOJIii, MiAIPHEMCTBO MAlOTh HE JIMIIE HAKONMUWYEHY 1H(GOpPMAIlil0 B TEKCTOBOMY, TaOIMy-
HOMY 4¥ rpa)iyHOMY BUIJISA/Ii, BOHH TaKOXX MAlOTh reorpadiyne po3ramryBaHHs 1 Kaprorpadiuny
MPUB’ 3Ky B NMPUUHATIA cucTeMi KoopAauHAT. [ Takux 00’€KTiB 0COOJMBO HAOYHMM BU3HAHO
noJaHHs iH(opMarii y BUIIIAA TeMaTHYHUX HU(PPOBUX KapTorpadidyHUX 300paKeHb JOMOBHE-
HUX TaOJUIIMHU Ta CXEMaMH, 110 33/Ial0Th Ta BiIOOpakaroTh ix BiaacTuBOCTi. CydacHi reoiddo-
pMaitiiiti (reopessiiiiHi) CHCTeMH BIAMOBIAAIOTH MOTpedaM NpuB’sI3KKM aTpHOyTUBHOI iH(pOpMa-
1ii MPO BJIACTUBOCTI 00’ €KTIB 3 TX po3TallyBaHHSIM Ha 3eMHii moBepxHi. [IpoTe BUHUKAIOTH TPY-
JHOIII TIPY aHaji31 MPOLECIB MOB’sI3aHUX 3 YaCOBUMH 3MiHAMH IIMX BJIACTUBOCTEH Ta po3Tally-
BaHHSAM 00’ €KTIB.

Y po0oTi MpoBEACHO aHai3 MMepeMillleHb MAHEBPOBOT'O JIOKOMOTHBA 3 BUKOPUCTAHHSIM T¢-
oiH(popMaIliiHOT CHCTeMH 3a JAaHUMU MPO WOTo MOTOYHI KOOpAWHATH 3 iHTepBaioM 10 c., oTpu-
MaHMMH JHUCTaHIIHHO 3acobamu 6optoBoi cucremu «Jlenpray HBO Jlnimporextpanc. JaHi y
BUTJIA1 TaOJIMIb BHOCUIIMCSA B reoiH(OpMalliiiHy CUCTeMyY 3arajlbHOr0 MPU3HAYEHHS, 110 J03BO-
JIUJIO 3aIyCKaTH MPOLEAYpPH, B Pe3yIbTaTi BUKOHAHHS SKHX BiJICIIIIKOBYIOTHCS MapIIpyTH Iepe-
CyBaHHS JJIOKOMOTHBa. HaknaaHHs 1HIIMX TEPUTOPIaJIbHUX TEM MOJIETIIY€e CIPUMHATTA Ta aHa-
ni3 ingopmarii. Kpim toro, Oynu ctBopeHi mporpaMui Moy (Scripts) Ha MOBI IpOTpaMyBaHHS
Avenue, 1m0 JaTh MOXIJIHUBICT ONPAIbOBYBATH JIaHI OTPUMYIOYH €KCIUTyaTaliiHl 1 TEXHOJIOT -
YH1 TOKa3HUKU (PYHKIIOHYBAHHS JIOCIHIIKYBAHOT CUCTEMM. TpYyJHOIIl BUHUKAIOTh IpPU OTPHU-
MaHHI MUTTEBOI MIBUAKOCTI MEPEMIIICHHS JOKOMOTHBA BHACIIOK HAIBHOCTI MOXHUOOK BXiTHUX
naHuX. BoHn MeHIIe Biq4yBaloThcs MpH 301IbIIEHH] YaCOBUX IHTEPBAIIB Ta BiJCTaHEH mepeMi-
IIEHb, 110 MPUUMAIOTHCS U OTPUMAHHS CEPEeIHIX HIBUIKOCTEH.

I'eoinopmariiiHa cucTeMa TakoX BUKOPUCTOBYBAJIACh JUIsl B1IOOpaKEHHsI Ta aHAJI3Y Ja-
HUX Ha3eMHHUX BUMIPIOBaHb, 110 MIPOBOJIMINCS JJISl IPOEKTYBAaHHs KOJMiHHUX pooiT. [IpoBenenHs
TaKMX I0JIbOBUX BUMIPIOBaHb Ja€ CYKYIHICTbh JAHUX MPO KOJii (KOOpAMHATH TOUOK Ha peiikax 3
KPOKOM Y JIECATKU METPIB, MPOo(iib KOJIii), a TAKOXK pO3TalllyBaHHS (KOOPIAMHATH) HA CYMDKHHMX
00’ektax (cToBmH, Ooparopu ToIIo). B sikocTi mosiroHy majis mojeni iHGopMaliitHoT CUCTEMHU
BUOpanu AiISHKY Kodii JIbBiBCchbKOi 3ai3HuLI 30m04iB — 3aBapHulls. [lani Oynu oTpuMaHi 1 Ha-
JaHl B KOOpAuHaTHIN ¢opMi JlepkaBHUM MiANPUEMCTBI IPOEKTYBaHHs 3aii3HuLb. i nani Oymu
a/IafTOBaHi 710 CIPUIHATTS reoiHGOpMAaIifHOI0 CHCTEMOIO, 3/IIHCHEHO TX MPHB’SI3KY A0 BiJMOBI-
JTHOT CUCTEMHU KOOPJIMHAT Ta MPOBEACHO Y3ro/KEHHS 1H(GOpMAIli OTPUMAHOI 3 PI3HUX JKEPE.
Bueceni y Tabnuii arpuOyTiB reoiH(popMaliifHOT CHCTEMH BOHM MOCIYXXHJIHM OCHOBOIO JIJIs
CTBOpPEHHS BUJly 3 CYKYITHICTIO T€M, 110 MICTATh TOYKOBI, JIHIIHI Ta MOJIrOHAIBHI 00’ €KTH, 110
HaJIeXaTh J10 BUOpaHOT AUIAHKY Kodii. [t kaprorpadiyHoro BijoOpakeHHs BHECEHUX 00’ €KTIB
TaKoX BUKOpHCTOBYBaslacs Ludposa kapta micueocti macimrady 1:200000. [Iposeneno o0umc-
JICHHS OKPEMHX XapaKTePUCTHK U PO3TJISHYTOI AUISHKU KOJdii (BiZCTaHi, KUIbKICTh 00’ €KTIB
MIEBHOTO BUAY Ha BUOpaHiil AUISHII).

Bucnosku. IIpu Bukopucranni ['IC 3aransHoro npuszHaueHHs s iHdopmaiiifHoro 3a6es-
Me4YeHHs poOIT Ha 3alTI3HUYHOMY TPAHCIOPTI JIOLUIBHO CTBOPIOBATH AEKUIbKA BUIIB AJIs Mpea-
CTaBJICHHS 00’€KTIB Pi3HOro Maciitady (3aii3HUI, HiAMPUEMCTBO, COPTYBaJIbHA CTAHIIS, JUIs-
HKa Kouii). 3aly4eHHs JaHuX 3 PI3HHUX JDKEpes, 30KpeMa, TaKuxX K TornorpadiyHi Ta TeMaTH4H1
KapTu noTpelye iX B3a€EMHOTO Y3TO/KEHHS Ta KaprorpadiuHoi mpus’si3ku. /s posmmpeHHs
KJIaciB 3a/ad, 110 MOXXYTh PO3B’SI3yBaTHCS 3a JOTMOMOTOI0 TeoiH(OpPMAIliiHUX CHCTEM, IiIBH-
IICHHS] TOYHOCTI Pe3yabTaTiB 00YUCIICHb, TONUILHO MOEAHYBATH JaH] TUCTAHI[IHHUX 1 HA3EMHHX
BHMIPIOBaHb.
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Pa3paﬁoTKa MOOMJILHOIO NPUWJIOKEHUSA NJI MHOI'OBAPpHAHTHOI'0 Bblﬁopa IIPOEKTOB B
«CEePBIX» YCJIOBHUAX

['ony6 b. 1., Koconanos A. A.
JlHenponeTpoBCKU HAIMOHAJILHBIA YHUBEPCUTET
YKEJIE3HOJOPOKHOTO TpaHCIopTa uMeHu akaj. B. Jlazapsna, Ykpanna

CoBpeMeHHbIE aBTOMATU3UPOBAHHBIE CUCTEMBI YIIPABJICHUS MPEANPUATHIMU B MPOMBIIII-
JIEHHOCTHU U Ha TPAHCIIOPTE SIBJSIETCSI MHOTOYPOBHEBbIE, TEPPUTOPUATIBHO paCIpECIICHHbIE CUC-
TEMBI C CETEeBOM apXUTEKTYPOH, B3aUMOICHCTBYIOLINE B peXUME peanbHOro BpeMenu. Co3naHue
HOBBIX CHUCTEM OCYILIECTBIISIETCS Ha OCHOBE KOMIUIEKCHBIX METOJUK CHUCTEMHOIO MPOEKTHUPOBaA-
HUS, B KOTOPBIX OLleHKa 3()()EKTUBHOCTU M MOUCK PallMOHATIbHBIX BApUAHTOB CBSI3aHHBI C MPO-
OJIeMOW TPUHSATHUSL PEIICHUN O HECKOJIBKUM KPUTEPUSM M OTpaHUYCHUsM. Kputepuu MOryT
OBITh YUCIIOBBIMH NapaMeTpaMH WM HEYETKMMH IKCHEPTHBIMH OIIEHKaMH. B 3TuX ycnoBHsX
aKTYaJIbHOCTb TEMBI OTIPEACIISIETCS CICAYIOMUMHU (haKTOPAMH.

Ecnu paccMaTpuBath CUCTEMY B KOTOPOH OTCYTCTBYIOT aHAJIMTUYECKHE MOJENHU OLEHKU
UX 3apaKTEPUCTHUK, TO O TAKOH CUCTEME rOBOPSAT KakK O "4epHOM sIIMKe", TO BApUaHTOB JJIs pea-
JU3aluy JAaHHON CUCTEMBI MOXKeET ObITh MHOTO. B cityuae ¢ cuctemoit ¢ moaHsIM HaOOpOM Mo/Ie-
JIeH ISl IPUHSITHS PEIICHU - TOBOPST O "OeJIbIM SITUK' C BO3MOYKHBIM €TMHCTBEHHBIM ONTHMa-
TBHBIM perieHneM. Cpen peanbHbIX CIOKHBIX CHCTEM 4Yallle BCTpeyaroTcs ""cepble” CUCTEMBI, B
KOTOpBIX 4acTb MH(POpPMAIMK O CUCTEME — M3BECTHA, YacTh - HEU3BECTHA. B Takux cucremax
BCEr/la MPUCYTCTBYET HEOMPEIEIICHHOCTh M HEMOJIHOTa UCXOAHBIX JaHHBIX, YTO JaeT Pa3HO00-
pasue nocTtynHbix pemeHui. "Cepblil" aHanu3 NO3BOJIET B TAKUX YCIOBHUSX HAalTH Hawilydllee-
npoektHoe pemenue (Chan W.K., Tong T.K.L Multi-criteria material selections and end-of-life
product strategy: Grey relational analysis approach, Materials & Design, Volume 28, Issue 5,
2007, p. 1539-1546).

B teopuu "ceprix" cuctem "cephlil" pensIMOHHBIN aHAIU3 YIAaBIMBACT OTHOIICHUS MEXKITY
TJIaBHBIM (paKTOPOM M JIPYTHUMH BCIIOMOTaTeNbHBIMU (DaKTOpaMU B HccienyemMon cucteme. B
MIPOLIECCE UCCIIEIOBAHMS ITAJIOHHAs MOCIIEI0BATEIbHOCTh COOTHOCUTCSI CO CPAaBHUMBIMH IOCIIE-
JOBATEIbHOCTSAMH, KOTOPBIE ITOKA3bIBAIOT HEKOTOPYIO CTENEHb CXOJCTBA C ATAJIOHHONW MOJEIBIO,
U TaKuM 00pa3oM, ONpeeNsaeTcs JIydluas U3 HuX.

CymecTByronme METOIMKH OLEHKH U BBIOOpA PallMOHANBHBIX MPOEKTOB CUCTEM TPEOYIOT
00pabOTKM MHOTOYMCIICHHBIX JAHHBIX, TPEOYIOT MHOIO BPEMEHHU M CTALMOHAPTBIX YCIOBHM
paboThl aHAMUTUKOB. MOOUITBFHOE MPHUIIOKEHNE CO3aHO Il aBTOMATHU3AIMH Mpoliecca MpUHs-
THS HaWIydIlIEero MPOEKTHOIO PEIIEeHUs, YTO MO3BOJIUT MPOEKTUPOBILUKY OBICTPO MOJYUUTH
ONTUMAJIFHYIO0 KOH(DUTYPAITUIO CUCTEMBI, HE YTIYOISIsICh B pean3alliio HCIOIb3YEeMOTr0 METOIa.

JIJ1g HaxOKJIEHUs TMPOEKTHOTO PELISHHs MOJIb30BaTeNl0 MPOrpaMMbl HEOOXOIUMO BBECTH
HCXOJHBIE JAHHBIE O MPOEKTUPYEMOM CUCTEME U JOTIOIHUTH €€ CBOMMHM SKCIIEPHBIMH OLIEHKAMHU.
['a ocHOBe BBENIEHHBIX JTaHHBIX MPUIOKEHHE ONPEACTUT ONTUMAIbHYIO KOH(PUTypaIUIO CHCTe-
MBI.

MobwipHOE mpuoxkeHne paspadotano mis mwiarGopmer 10S. [ns pazpaboTku mporpam-
MBI UCHOJIb30BAJICS MEPCOHATBHBIA KOMIbIOTEp (MAT HOYTOYK (pupmbl Apple), Ha KOTOpOM yc-
TaHOBJIEHA cpesia pa3paboTKU MporpaMMHoro odecrneueHus: Xcode. B kauecTBe si3pika mporpam-
MUpOBaHMs ObLT BbIOpaH Swift. DTOT SA3BIK MMEET psAJ MPEUMYIIECTB [0 CPAaBHEHUIO C KOHKY-
peHTaMHu, 0 4éM NopoOHee MPeICTaBICHO B JJOKIIAJE.

B pesynbrare pazpaboTku nmporpaMMbl MOOMIJIBHOTO MPHIIOKEHHS TPOSKTUPOBIIUKUA CHC-
TEM I0JIy4al0T BO3MOXKHOCTb B «I10JIEBBIX» YCIOBUAX (Ha KOH(PEpEeHIUIX, B KOMaHIUPOBKaxX, Ha
COBEILLIAHUAX, IPU U3MEHEHUSAX UCXOAHBIX JAaHHBIX IIPOEKTOB U T.I.) ONEPATUBHO KOPPEKTUPO-
BaTh BBIMOJHATh KOPPEKTHPOBKY BHIOMPAEMOro HaUAYYIIEro MpoeKTHOro pemieHus. [lnanupy-
eTcsl pacmuperne (pyHKIMOHAIBHOTO Habopa MporpaMM AJisi CUCTEMHBIX aHATTUTHKOB.
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ITepeBara 6araToBMMIpHOI0 MO/I€JIIOBAHHS YaCOBUX pAdiB QizMUHMX MpouecisB 3a
J0TIOMOT0K0 peKYPEHTHUX HelipoHHUX Mepexk LSTM

Hannes /1. B., [lninpoBcbkuil HamioHANbHUN yHiBepcuTeT iMeHi Onecst ['oHuapa., Ykpaina

YacoBi psAaM € HAMMOMMPEHIIINM Ta HAWJOCTYMHIIIMM THUIIOM JaHUX Y HABKOJHIIHBOMY
CEPENIOBHUIIlI, TOMY CKJIAIHO MEepPeOiIbIINTH BaXKIMBICTH CTBOPEHHS METOMIB Ta aJTOPUTMIB iX
OCMHUCIIEHOT iHTeprpeTaii. Y 3B’3Ky 3 €KCIIOHEHIIaJbHUM POCTOM KIJIBKOCTI CEHCOpIB Ta Jat-
YHKIB, Hapa3l iCHye MOKJIMBICTh OTPHUMaHHS 0AaraTOBUMIPHUX YaCOBUX JAaHUX SIKi IOB’sI3aHHI 3
IIEBHUM BiIOKpeMJIEHUM nporiecoM. OTxe, AOCHIKEHHS e(peKTUBHOIO BUKOPUCTOBYBAHHS Oa-
raTOBUMIPHUX JaHMX € BKpail Baknue. (OCHOBHAa MeTa METOJIB aHaNli3y YacOBUX PAIIB — L€
BUSIBJICHHS CTPYKTYPH, Ta IPOTHO3YBaHHs JAMHAMIUYHUX IPOLECIB IO JIeXKaTh B iX ocHOBI. Of-
HUMH 13 HAUTIEPCIIEKTUBHIIINX TAaKUX METOJIIB € BUKOPUCTAHHS PEKYPEHTHUX HEHPOHHUX MEPEK
(PHM) Ta pexypenTtHuii Kinbkicauid anami3 (PKA). Uepes Te, 1m0 npukiiajgHe BUKOPUCTAHHS J1a-
HUX METOJIIB € BEJIbMH HOBITHIM, iCHY€ moTpe0a y eKCcriepuMeHTYBaHHI Ta MOpiBHAHHI iX edex-
THUBHOCTI.

VY naniil mocmiHUIBKIH poOOTi 3ampornoHoBaHi ogHoBuMipHa (M1) Ta aBoBumipHa (M2)
HEHpOHHI MOJeNi JUIsl aHalli3y Ta MPOrHO3yBaHHS YaCOBMX PSAIB, Ta PO3IJIIHYTO BIUIMB BiJ J0-
JaBaHHS goAaTkoBoro BuMipy. CTpykTypa 000X Mozaeneit 6a3yerscs Ha Moaudikarii PHM apxi-
tektypr LSTM 3 momanusm mMomynst “YBaru” Ui Kpamioro po3mizHaBaHHS KoHTekcTy. LSTM
(long short-term memory) - mo6pe MiaAXOAUTH I HABYAHHS 3 JOCBIAY 3 METOIO Kiaacubikariii,
00poOku abo nependaveHHsS YacOBUX Ps/IIB B YMOBAX, KOJIHM Mk BaXXIMBHUMH MOAISIMH iCHYIOTb
YaCcOBI 3aTPUMKH HEBiIOMOI TPHBAIOCTI 3aBISKH JOAATKOBUM BYy3JiaM IaMm sti. BiqHocHa HedyT-
JMBICTH A0 MOBXWHU mporaiuH aae LSTM mnepeBary B YHCICHHHUX 3aCTOCYBAaHHSAX Hal albTep-
HatuBHUMU PHM, mpuxoBaHUMH MapKOBCHKMMH MOJIENISIMH Ta IHIIMMH METOJAAMH HaBYaHHS
nociiioBHOCTeH. Moynb “YBaru” B CBOIO 4epry BUKOHYE 00OB'SI3KH apOiTpy, Y TOMY CEHCI, 110
CTBOPIOE TaK 3BaHUM “KOHTEKCTHUH BEKTOP” KU Ha/la€ KOXKHIM TOYIll 4aCOBOTO pALy Koedilli-
€HT BIUIMBY. [laH1 /Uit ekcriepuMeHTy O0yso oTpuMaHo y BUIIIsiAl BuMipiB 3 20 natuukiB EEI'. ¥V
pamMKax eKCIepuMEHTY AaHl Oynau po30uTI Ha HAOOpH ISl TpEHYBaHHs, TecTy Ta Bamijanii. Ta-
KO JUIs TOPIBHSAHHS OyJI0 BUKOPUCTAHO 0a30BYy MOJIEIb aHaJli3y Ha OCHOBI METOAY HalMEHIINX
kBazapatiB (MHK).

ExcniepuMeHT cKaaeTbes 3 TPhOX OCHOBHMX YACTHH: MO-TepIie - OOYMCIeHHs JeBiallii
HACTYIHOI POrHO30BaHOI MOJIi, MMO-Ipyre — reHepalis 4acoBOIrO psiAy 3a JOINOMOIOI MOJENl
Ha OCHOBHI moyaTKkoBoro Habopy 13 100 TO4YOK, Mo-TpeTe — 0OUNCIEHHS TPaeKTOP1i KOOPAUHAT
3aTpuMKH. B pe3ynbrati nepmux crpo6 Oyio BUSABIEHO, 1m0 6azoBa Moaenb MHK He nuiie He B
3MO31 3/IIHCHIOBAaTH JIOBrOTPHBANy F€Hepallilo 4YacoBOro psijay aje i Maja CyTTeBI TPYIHOLI B
PO3yMiHHI AMHaMIYyHOro mpouecy. M1 Monens mokasana cyrreBo ripui (<15%) pesynbratu y
TOYHOCTI MPOTHO3YBaHHI HACTYMHOI MOAIl HIX M2, 110 MOSACHIOETHCS MEepeHaBUYaHHSAM MOJIEIIL.
®dakT nepeHaBuaHHa Mojiemi M1 mpu3BiB 10 HE3AATHOCTI TeHepallii YacoBOTO PsAY IOBIIE HIXK
20 TOYOK, B TOM yac ssk M2 HaBYMJIaCh T€HEPYBATHU YacOBl PSIU JAOBUIBHOT AOBXKHMHU. OOumC-
JICHHS TPA€EKTOpPil KOOPAMHAT 3aTPUMKHU HaJlaJlo 3MOTY Bi3yalli3yBaTH JUHaMIKy npouecy y 2D Tta
3D.

B minoMmy ponmaBaHHS 10JaTKOBOTO BUMIPY MOKa3ajo 3HAYHY MEpeBary y po3yMiHHI Ta
MIPOrHO3YBaHHI JUHAMIYHOT MOBEIIHKM CUCTEMH Yy TOPIBHSAHHI 3 OAHOBUMIpPHOIO Mozeto. Ta-
KO BO)XJIMBUM PE3YyJIbTaTOM € 3HAYHA IepeBara HOBITHIX HEHPOHHMX METOJIB Yy MOPIBHSAHHI 31
CTaHJApTHUM METOJOM HalMEHIIMX KBajapaTiB. PO3IrIsHYTI METOAM Ta MOJAEN MOXYTh 3HAUTH
MOIIMPEHE 3aCTOCYBAHHS Y PI3HHMX Taly3siX — BiJ TPAHCIOPTHUX CHCTEM Ta POOOTOTEXHIKH J0
MEIUIIMHY Ta OCBITH.
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33}13‘11/1 JOKAJbHOM HABMTallUU U OLlEHKH nmapamMeTpoB IBHKCHUS TPAHCIIOPTHLIX CPEACTB
B CHCTEMAX TEXHHUYECCKOI'0 3peHUA

Hepraués K. 0., HanmonaneHelil aspokocmuueckuil yausepeuteT uMm. H. E. XykoBckoro
«XAWN», Ykpanna

[Ipu npoexkTHpOBaHUU COBPEMEHHBIX CUCTEM TEXHUYECKOIO 3pEHUs, JUIsl TPaHCIOpTa, po-
00TOTEXHUKHU, OECIIUIIOTHBIX JIETaTEIbHBIX AINIapaToB U psiia APYTUX aKTyalbHbIX MPHUIIOKEHUH,
pa3paboTYMK Bcera HAXOIUTCS B YCIOBHSIX JOCTATOYHO >KECTKHX OTpaHUYCHHH. Bo-TIepBBIX,
HEe00XO0JIMMO HCIOJB30BaTh MPOCTYIO, HAJEKHYIO M JOCTaTOYHO JACIIEBYIO allapaTHYIO IUIaT-
(dhopMy U MIMPOKO PaCHpPOCTPAHECHHBIC CTAHAAPTHBIE CPEICTBA MporpammupoBanus. [Ipu sTom
HY)KHO 00€CIEeYUTh BBICOKYIO TOUHOCTh M3MEpPEHHUS MH(POPMAILIMOHHBIX MapaMeTPOB U OOJIBIIOE
ObIcTposeiicTBHE (OOBIYHO CHCTEMbI TEXHUYECKOTO 3pEHUsS JOJDKHBI ()YHKIIMOHHUPOBATH B pe-
aTbHOM MaciTade BpEMEHH ).

Ceroans 1151 peuieHus 3a7a4 MO3UIIMOHUPOBAHUS IIIUPOKO MCTIOIB3YIOTCSI CUCTEMBI CITYT-
HukoBble Hapuranuonuele cuctemsl (CHC) GPS u I'JIOHACC. OcHOBHBIMU MpEeUMYIIECTBAMU
CHC riio6anpHBIid OXBaT W JIOCTATOYHAS TOYHOCTH OMPEICIICHUS MECTOIOJIOKEHUSI BHE TIOME-
IICHUH MPH HCIOJIb30BaHUM AU GEepeHINaTIbHOI0 pPeKMMa MO3UIMOHMPOBaHUA. B kauecTBe
ocHoBHBIX HepocTtaTkoB CHC 1ienecooOpa3Ho BBIIETUTh 3aBUCUMOCTh OT MOTOJIHBIX YCIOBUM U
MPUHIMITHATIBHYI0O HEBO3MOKHOCTh UCIOJIB30BaHUSI B MOMEIIEHUSIX, KPBITHIX CKIAAax, MOA3EM-
HBIX TAPKUHTaX, B TYHHEIAX, [0 MOCTaMH, B TOPOXKHBIX Pa3Bs3KaxX, YTO CYIIECTBEHHO OTpaHHU-
YHBaeT, 00JIaCTh UX MPUMEHEHUS JAJIsl pPellleHus 3a7ad JOKaIbHON HaBuranuu. Ha3BaHHbie He-
JIOCTaTKU CIOCOOHBI UCTIPABUTh CUCTEMBI JIOKAJIHLHOTO MO3UIIMOHUPOBAHMSI, OCHOBHBIM TIpEIHa-
3HAYEHUEM KOTOPBIX SIBISIETCSI OBICTpOE MO3UIIMOHUPOBAHUE JUISl PEUIeHHs 3a7a4 HABUTAIMH B
CJIO)KHOM TTOMEXO0BOM 0OCTaHOBKHU: Ha CKJIa/Jax, Ha napkoBke TC, mapkuHrax, npu nujaoTHpoBa-
HUU Ha MECTHOCTH CO CIIOKHBIM penbedoM.

Hewusmenno aktyanbHOM MpoOIeMOil TEXHUYECKOTO 3peHus siBsgeTcs 3G(HEeKTUBHOE pelie-
HUE 33/1a4i OOHAPYKEHUSI TPAHCTIOPTHBIX OOBEKTOB U OLIEHKH MapaMeTPOB UX JIBUKECHHS C BbI-
COKOW CTENEeHbI0 TOYHOCTH B pealbHOM MaclliTabe BpeMeHU Ha 0a3e OTHOCHTEIBHO MPOCTBIX
anmnapaTHbIX U TPOTrPaMMHBIX CPE/ICTB.

B 3amaue oOHapykeHMs M OIICHKHU MapaMeTPOB JBMKEHUSI 00bEKTa, HEOOXOIUMO YCTIEITHO
pPELINTh TPU OCHOBHBIX BOIIPOCA:

- HaJIeXHO OOHAPYXUTh HAOIIOMAEMbId OOBEKT IMPH PANTMUYHBIX YCIOBUSIX OCBEIICHUS
CIICHBI Ha ()OHE BO3MOXKHBIX MTOMEX;

- OLIEHUTH €T0 MPOCTPAHCTBEHHYIO JIOKAIU3AIMIO B KAJP€e C TOUHOCTHIO JI0 TTUKCEJIS;

- TI0 BHJICOTIOCIIEIOBATEIbHOCTH PACCUUTATh MapaMeTphl TPACKTOPHUH (IaTbHOCTh 0 Hava-
J1a KOOPJIMHAT, YTII0BOE MOJIOKEHNE 1 TTapaMeTPhl CKOPOCTH JIBHIKCHHUS ).

TpaguioHnHo pelieHre TeX 3a1ad OCYIIECTBIIEeTCS Ha 0a3e aNropuTMOB aHAIKM3a ONTHYe-
ckoro mortoka (mo Jlykacy-Kanane), onieHkH NBHKEHHS OOBEKTOB IO METOIY COMOCTAaBJICHUS
OJIOKOB U MCIOJIb30BAHUS KOPPESAIMOHHO-IKCTPEMATIbHBIX aITOPUTMOB. DT METOJIbI OTINYAET
HEJIOCTaTOYHAsI TOYHOCTh, OOJIBIIION 00bEM BBIUMUCIEHUH, a, CIEIOBATEIBHO, U HEBBICOKOE OBI-
cTpoaelictBue. Takue orpaHudeHHs] HE MO3BOJISIIOT d()DPEKTUBHO KCIIONIB30BATh ATH aITOPUTMBI
JUTs1 pabOTHI B MOOMJIBHBIX CUCTEMAaX TEXHUUYECKOTO 3PCHHUS.

B pabote BBIMONHEH aHAINU3 CYNIECTBYIOMIUX aITOPUTMOB M MPEIOKEH HOBBIM MOAXO0] B
BHJI€ KOMIUIEKCHOTO JITOPUTMA, KOTOPBIA MOXET OBITh UCIIOIH30BaH IS JIOKAIbHOW HaBHUTAIlUN
KaK MOOHMIJIBHBIX pOOOTOB TaK W TPAHCHOPTHBIX CPENICTB, OCHAIIEHHBIX CHCTEMaMHU TEXHUYECKO-
ro 3peHus. HampaBrneHuneM nanpbHEWIEro HMCCIEIOBAHUS SBISETCS SKCIEpPUMEHTaIbHAs OTpa-
00TKa KOMILIEKCHBIX QJITOPUTMOB C IENbIO MOBBIIICHUS TOYHOCTH HABUTALMOHHBIX OMpesesie-
HUH.
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APpXHMTEKTYpa HHTEJIEKTYAJbHON CUCTEMBbI MOJ1€P’KKHA MPUHATHUSA PellIeHNH B YCJIOBHUAX
Ype3BbIYAHHBIX CUTYAIUii PUPOJIHOI0 XapaKTepa

Kapukosa M. B., Koporyn A. B.,
XepCOHCKHI HAITMOHAJIbHBIA TEXHUYECKU YHUBEPCUTET, Y KpauHa

Ilepbie necarwiennss XXI Beka XapaKTEpU3YHOTCS aKTMBU3ALMEH ONACHBIX ITPUPOIHBIX
nporeccoB. CTpeMUTENbHBIMU TEMIIAMU PACTYT 3KOHOMMUYECKHE YOBITKU OT YpE3BbIUAHBIX CH-
Tyauuid npupogHoro xapakrepa (YCIIX). Poct macimitaboB OnacHbIX MPUPOAHBIX IPOLECCOB
CBSI3aH C TaKUMM (paKTOpPaMH, KaK pOCT YMCIECHHOCTH HACEIEHUS U IIPOMBILIIICHHOI'O IPOU3BOI-
cTBa, ypOaHU3aIysl, AeTpaalns IPUPOAHON cpepl, rIio0anbHOe MOTEIUIeHUE U T.1. Takum 00-
pa3oM, B HacToslIee BpeMsi Haubosiee OCTPO CTOUT MpaKTHUYecKasi IpodaeMa CBOEBPEMEHHOTO U
000CHOBAHHOTO TPHUHSITHS YIpaBIeHYECKUX pemieHuil B ycioBusx YCIIX, 4To MO3BOIUT CHH-
3UTh MOTEHLUAIbHbIE YOBITKU OT BO3MOKHBIX UCIIX. Iloanepkka NpuHATHUS PELIEHUH B yCIo-
Busix UCIIX HemocpeACTBEHHO CBsI3aHA ¢ OIEHKOW MPUPOHOTO PHUCKA.

B  nmamHoM  goxilane  mpemlaraeTcsd  ApXMTEKTypa  MHTEIUIEKTYalbHOM — PUCK-
OpPUEHTUPOBAHHOW cucTembl noaepxku npunarus pewenuit (CIIIIP) B ycnoBusx YHCIIX.

B cucreme peannzoBaHa BO3MOXKHOCTb IOCTPOEHUS IEKTPOHHON KapTbl TEPPUTOPHUM C
HaHECEHHBbIMHU Ha Hee IeHHbIMU oObekTamu (L1O), kotopeie TpedyroT 3amuTtsl oT YCIIX. Puck B
pamMKax JaHHOM cucTemsl npussasal K [{O u paccMaTpuBaeTcs Kak BO3MOKHOCTb TOTO, YTO LIEH-
HbI 00bekT Oyaer oxBaueH UCIIX, B pe3ymbraTe "ero emy OyneT HaHeceH ymiepO. Puck s
O paccuutsiBaetcsa Ha ocHoBe Moaenu nuHamuku UCIIX. Tpebyemoe ObicTpoaeiicteue CIIIIP
MOJKET OBITh JIOCTHTHYTO C ITOMOIIBIO TIPaBaono100H0H Gopmanbaoit mogenn YCITX, koTopas
JI0JKHA HOCUTH NMPUOIMKEHHBIN XapakTep, BCIEICTBUE YEro I'paHMLbl KOHTypa OynyT pa3Mbl-
TeiMH. [locTpoenne npubnmxenHoit mogenu YCIIX TtpebyeT npuMeHEHHUs] MHTEIEKTYalbHbIX
METO/IOB, B KQU€CTBE KOTOPBIX MPEI0KEHO UCIIOIb30BaHNE NPHOIMKEHHBIX MHOXKECTB.

ApXUTEKTypa CUCTEMBI COCTOMT M3 CIEAYIOLIUX IMOACHUCTEM: XPaHWIMILE JAHHBIX, MOJ-
CHUCTEMA MOJEIMPOBAHNUs, MOJCUCTEMA MOHUTOPUHIA, MOACUCTEMA NOIIEPKKU NPUHATHUS pe-
[IEHUM.

XpaHWIHIIEe JaHHBIX COJEPKUT HEOOXOIUMBbIe JUIsl (PYHKIMOHUPOBAHUS CUCTEMBI pecyp-
cbl. Cpeiv HUX MOYKHO BBIACIUTH CIEAYIOIIKE: JaHHbIE MOHUTOPUHTA; CTATUCTUYECKUE JIaHHBIE;
HACTPOMKHU CUCTEMBI U €€ OTAEIbHBIX 2JIEMEHTOB; IPOMEKYTOUHBIE JAHHBIE PACUETOB U T.JI

B noxacucreme monenupoBaHus conepkutcs komiuieke mozeneit nuHamuku YCIIX ompe-
JIeICHHBIX KJIACCOB, MO3BOJISIOIIMX PAacCUUTBIBATh CKopocTu pacmpoctpanenus YCIIX. O6-
nacte, 3ansaTas YCIIX, nuckpetusupyercs ¢ MOMOIIBIO CETKH M3 PABHOBEIMKUX KBaJIPATHBIX
Aueek. B mopcucreMe MOIEIMPOBAaHUS TAaKKE OLIEHUBAETCS CTENEHb NMPUHAIJIEHKHOCTH Ka)KJIOU
saeiikn ob6actr, oxBaueHHon UCTIX.

B nmoacuctemMe MOHUTOpPHHIA OCYLIECTBISIETCS KOHTPOJIb 32 COCTOSHUEM LIEHHBIX 00bEK-
toB B ycnoBusix YCIIX, ocymectBisiercs o0paboTKa CUTHAJIOB OT JaTYUKOB, YCTAHOBJICHHBIX Ha
KOHTPOJMPYEMBIX CTAllMOHAPHBIX U MOJBMKHBIX O0BEKTaX, B peajbHOM MaclITabe BpEeMEHH,
MIPeI0CTaBIEHNE MOHUTOPUHTOBOM M apXWBHOM HMH(OpMalMM JAONYHIEHHBIM MOJIb30BATENSIM B
pearbHOM Maciitabe BpeMEeHH, CO3/JaHne U MoAJiepKaHue apxuBHoi B/l, 3annce MOHUTOPUHTO-
BOU MH(pOpPMAIH B ApXUB.

[Toncucrema MOAAEP)KKM HPUHATHS PpeIICHUI NpeAaHa3HaueHa A WHPOPMALMOHHOTO
o0ecrnieueHus mpoliecca NPUHATHS YIPaBICHUYECKUX PEIIEHUI MO SKCTPEHHOMY pearupoBaHUIO
Ha yrpo3y uiu Bo3HukHoBeHue YCIIX u ruiannpoBaHus UX peanu3aiyi.

Hcnonb30BaHre CUCTEMBI TTO3BOJIET YBEIUYHUTh CTENEHb 3PGEKTUBHOCTH NMPUHUMAEMBbIX
pemennii pu jukBupamuu YCIIX 3a cuer ux MHPOPMAIMOHHO-aHAIUTHUYECKOW MOJICPIKKH;
xpanenus napopmanuu B bJ] ¢ mpusszkoit k oovekram YCIIX; aHanu3a onepaTuBHON 00OCTa-
HOBKH; €IMHOT0 MH()OPMAIIHOHHOTO IIPOCTPAHCTBA.
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JocaiizkeHHs] MeTOIIB BiICTe/KeHHS NPoLeciB PpO3poOKH Ta BiluIaroJzKeHHs porpam

XKesaro O. O., lllunkapenko B. 1., /[HinponeTpoBchbKUii HallIOHATBHUN YHIBEPCUTET
3aJII3HUYHOTO TPAHCIIOPTY iMeHi akajemika B. Jlazapsua, Ykpaina

[Ipouecu po3poOKM TEKCTy MporpaM i HOro moJajibIIoro BiAJaroJKEHHs BIUIMBAIOTh Ha

TEPMiHU Ta AKICTh pe3ynbTaTiB. Ha chOroH1 €IMHOI0 MOMKIIMBICTIO JJISl aHAJI3y CTHIIIO POOOTH €
0e310ocepeIHE CIOCTEPEKSHHS 3a MPOLECOM Po3poOKH. TOMY NpPOMOHYEThCS aBTOMATH3ALis
JaHOTO TPOIECy 3a JOMOMOTOI0 CIIEIialbHO PO3POOJICHOTO JONOBHEHHS JIO0 CEpelOBUINA PO3-
pOOKH.

OmHuM 3 HaUMOMMPEHIMUX cepenoBUI po3poOku mporpamaux 3acobiB (IDE) mms OC

Windows € Microsoft Visual Studio. 3acTocyBaHHsS cuUCTeMH aHali3y SKOCTI pO3pOOKH Ta
BimaropkeHHs A0 Visual Studio € myxe 3pydHHM, OCKUIBKM Ma€ MOKJIMBOCTI JIO JIOTIOBHEHBb
CTOPOHHIMH PO3POOHHKAMH, OKPIM TOTO HOTO IIMPOKO 3aCTOCOBYIOTh Ha BUPOOHHIITBI, Ta Y
HaBYAJILHOMY ITPOIIECI.

3 TOUKH 30py pealizailii iCHye TP METOAM PO3IIUPEHHS:
CTBOPEHHSI MaKpOCiB — 3aMuC /i KOpUCTyBaya Jyisl iX aBTOMAaTU30BaHOTO TIOBTOPEHHS;
cTBopeHHs ponaTkiB (add-in) — interpoBanux mo cepemosuma COM-00’ekTiB 3 Maiike
MIOBHUM JIOCTYIIOM JI0 cepeoBuia Ta ioro API;
cTBOpeHHs inTerpoBanux HabopiB (VSPackage) — € pekomenmoBanuM 3ac060M pO3poOKH
PO3IIMPEHB, JT03BOJISIE TIOEHYBATA B COOl aBTOMATH3AIII0 YIPABIiHHS KOMIOHCHTAMHU
IDE uepe3 00’exTHY MOieNb aBToMaTu3allii. J{03Bosisie BiicTeKyBaTH YBECh MPOLIEC PO3-
poOKH Tporpam 3a JOIMOMOTOK IiJMUCKKA HA BiAmoBimHi moxii. [louwmnHaroun 3 Bepcii
Visual Studio 2010, 3’aBunack MOXKIMBICTh ICTOTHO CIIPOCTUTH po3ropTanHs VSPackage
Moayneir 3a pomomoror VSIX makeriB. @aktuyno VSIX ¢aiin — e moBHOIIHHUMN
IHCTaJISATOP, KU JO3BOJIIE BCTAHOBUTH IMAKET METOJIOM «OIHOTO KIiKy». [lyOmikarris
VSIX nakery Ha odiuiitHomy caiiti IDE posmmpens Visual Studio Gallery no3Bonautsb
KOPHCTYBady BCTAHOBIIIOBATH TaKUil MOJAYIIb Yepe3 CepelIOBUIIIE.

Bnacniziok ananizy Oynu BUIIIJIEHI HACTYITHI METOJM OTPUMAaHHS JTaHHUX MPOIECIB PO3PO0-

KH Ta Bi,[[HaI‘OI[)KCHHH nporpam:

KOIIFOBaHHS 3MICTY BIJIKPUTHX BIKOH — JO3BOJISIE «0auuTH», HA IO 3BEPTAE yBary po3-
POOHUK, SIKUMH IHCTPYMEHTAMH MEPEBAKHO KOPUCTYETHCS;
CTBOpPEHHSI HOBOTO MOAyJisi obuncients BupasiB (Expression Evaluator) — no3Bossie o1-
pUMYBATH 3allUTH KOPUCTYyBaya IMIOJ0 KOHTPOJBHHUX 3Ha4Y€Hb. MOJYJIb Bi/IaroKeHHs
(Debug Engine) 3BepTaetbcest 10 Moayst oouncieHHs BupasiB (Expression Evaluator) mis
BH3HAYCHHS 3HAYEHb KOHTPOJBHHMX BHpPA3iB, BBEJACHHX KOPHCTYBadueM. TakMM YHUHOM,
3aMIHMBIIY BOY/IOBaHUN MOJYJb Ta MEPEXONUBIIHN BINOBIIHI BUKIUKH, MOKHA OTpUMa-
TH 1HGOpMAITi0 TTPO BUPA3H, 3HAUCHHS SIKHX KOHTPOIIOE KOPUCTYBAY;
CTBOpEHHs HOBOro Moayuns BiamarompkenHs (Debug Engine) — 3a momomMororo 3amifw,
MO>KHa 3a0€e3MeYuTH OTpUMaHHA iH(opmalliro npo Oyab-gKi Al KOpUCTyBaya, OB’ A3aHi 3
BiIaro/KeHHssM. €  pEeKOMEHJOBaHMM  3acO00M Il BIJICTE)KEHHS  IPOIIECIB
BiJIJTArOJIPKEHHS TIPOTpaMm.

Takum 9MHOM, METOAM MOHITOPUHTY CTHIIIO PO3POOKH 1 BIIArOHKCHHS € TAIPYHTSAM IS

MiABUILEHHS PIBHS MPAaKTUYHOI MiJTOTOBKU CTYJEHTIB, 3MEHIICHHS 4Yacy, KU BUKOPUCTOBY-
IOTHCSl HEPALlIOHAJIBHO B MPOIIECi po3poOKU Mporpam CTYJEHTOM Ta IPU KOHTPOJII MPOIIECiB BU-
KOHaHHS 3aBJJaHb BUKJIA1a4eM.
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dpakTajbHi MeTOAU 00pOOKH 300pakKeHb
JJISL TOCJTiI’KEeHHsI PI3HUX THITIB IPUPOAHUX 00’ €EKTIB

Kypba A. O., AprembeB A. O., HammionanpHa MeTanypriiina akajemis Ykpaiau, YKpaiHa

binpuiicTh MpUPOIHUX CTPYKTYP, SKI CbOTOJHI IIUPOKO JTOCIHIKYIOTHCS 32 JIOIIOMOTOIO
KOMIT' IOTEPHUX HAayK MAalOTh CKJIaIHy (pakTaibHy CTpYKTypy. PpakTanbHMH aHali3 TaKUX
CTPYKTYpP BUKOPHUCTOBYETHCS Uil MOJICJIIOBAHHS, JOCHIKEHHS 1 OACHEHHSI BIACTUBOCTEH IO-
BEPXOHbB 1 CTPYKTYP CKJIATHUX 00’ €KTIB y PI3HUX 001aCTAX HAYKH 1 TEXHIKH.

Jlo TOBEpXOHb 1 CTPYKTYp, IO TMPOSBISAIOTH (hpaKkTalbHI BJIACTUBOCTI BIIHOCATH
pI3HOMaHITHI MeTaleBi MaTepiajlii, TNPHUPOIHI PECypCOYTBOPEHHS, Taki fAK KpUCTaJH,
naHamagTHI TOBEPXHI, CTPYKTYPH METAIIB Ta iH. Y 3B’A3KY 3 UM JOUUIBHUM € JOCIIKEHHS
UX CTPYKTYp QpaKTaIbHUMU METOAAMHU.

BaxiuBoro KIJIBKICHOIO XapaKTEPUCTHUKOIO, IO OHucye ¢pakran, € «ppakranabHa
PO3MIpHICTE». Y po0OTI Mmif «(ppaKTaIbHOI PO3MIPHICTIO» MAEThCS Ha yBa3l po3MipHiCTh Xayc-
nopda-besukoBruua (BUX0As4M 3 BU3HaueHHs ¢pakTana no b.Manaens0poty).

Ockinbku pUpoHi (PpaKkTaId HE € CTPOrO CaMOMOIIOHUMH, (PpaKTaIbHA PO3MIPHICTD IS
HUX HE BU3HAYAETHCSI TOYHO, a OLIHIOETHCA 32 HEMPSIMUMU OOuuciieHHsIMH. Tomy npu po6oTi 3
TaKUMH CTPYKTYpaMH BaXKJIIMBO MPAaBWJIBHO oOpatm Meroa abo KOMOIHAII METOIiB
OLIIHIOBaHHS (paKTAIbHOI PO3MIPHOCTI. 3allpOIIOHOBAHO MPOBOJIUTU OOPOOKY 300paKe€Hb 3 BH-
KOPHUCTaHHAM TaKMX (PaKTAIbHUX XapaKTEPUCTUK SK (paKTaabHA PO3MIPHICTB, (PpakTaibHi
po3noiiyieHHs Ta (hpaKTaIbHI CUTHATYPHU, a TAKOXK (paKTalbHA CErMEHTAIlis 300paKeHHSI.

Jis obGumcneHHs: PpakTaabHOI PO3MIPHOCTI OiHAPHUX 300pakeHb Oys0 00paHO METON
knacuunoro BOX COUNTING, ockinpku BiH MoOke OyTH 3aCTOCOBaHHUI 10 300paskeHb OyIib-
SKOI CTPYKTYpPH Ta JO3BOJII€E BU3HAUUTU (PPaKTaJIbHY PO3MIPHICTH HE CTPOro CaMOMOIIOHMX
00’€KTIB.

[Ipu dpakranbHOMY aHami31 300pakeHb PO3PI3HSIOTH INI00ANBHY Ta JIOKAJbHI (paKTaIbHI
po3mipHocTi. I1ix rno6ansHO0 PpakTalbHOIO PO3MIPHICTIO MalOTh Ha YBa3i pO3MipHICTh BChOTO
300paXkeHHs, a 3a JIOKaJIbHI (pPaKTaJIbHI PO3MIPHOCTI NPUKHMAIOTh PO3MIPHOCTI PI3HUX
¢parmeHTiB 300paxkeHHs. DpaxTanbHa PO3MIPHICTH KOXXKHOTO (hparMeHty Oyzae pi3HOw0 i
BIJIPI3HATUMETHCS BIJ PO3MIPHOCTI BChOro 300pakeHHs. CuiIbHA 3a€KHICTh BEIMYMHU
¢bpakTaabHOI PO3MIPHOCTI BiJl ()parMeHTy 300pa)KeHHs MNEePelIKo/Kae 00’ €KTHBHINM OLIHII
PO3MIPHOCTI.

Jlnst BupimeHHs 1i€i mpodaemMu HeoOX1IHO pPO3ALTUTH 300pakeHHs Ha Majli ()parMeHTH 1 B
UX (parMeHTax OLIIHIOBATH JIOKAIbHI (paKTaIbHI PO3MIPHOCTI. SKIIO (hparMeHTH 3HAXOAATHCS
Ha 300pakeHH]1 (pakTaia, 10 Ma€ OJHAKOBY PO3MIPHICTh, TO 1 3arajibHa OLIHKA PO3MIpHOCTI MO
nux ¢parMeHTax 3aJUIIATHCS HE3MIHHOW. JIJIs BH3HAYEHHS JIOKAIBHHUX PO3MIpPHOCTEH
BUKOPHUCTOBYETHCS METOJ  KOB3AaIOUOro BiKHA, SKHH IOJisAira€ y BHU3HAYCHHI (PpakTaibHOI
PO3MIpHOCTI B MeXaxX BiKHA, pO3MIp SKOTO MOXHa 3aJaBaTd JOBIIBHO. BiKHO momiKceasHO
NepeMIIIy€eThesl 0 300pakeHHI0. [Ipu 1bOMy Ha KOXKHOMY KpOIli OOYHCIIOEThCA (paKTaibHa
PO3MIpHICTh 300paXKeHHs, 0 MOTPANMIO y KoB3atoue BikHO. CkitagHi 300pakeHHs abo 300pa-
KEHHS, 110 CKJIaJaloThes 3 0e3miul pparMeHTiB pi3HOI MPUPOIH, MICHs OOUMCICHHS JIOKAIbHUX
pO3MipHOCTEHN MaroTh OaraToMojanbHI po3moaiau. KokHa Moma Takoro po3mojauly BiAMOBIAAcE
KJ1acTepy 300paXKeHHs, 110 Ma€ OJIM3bKI 3HAUEHHS JIOKAIbHUX PO3MipPHOCTEH.

[Ilo6 maTu MOXIMBICTH PO3PI3HATH (paKTalu, IO MAIOTh €JIEMEHTU PI3HHX PO3MIpIB,
HEOOXITHO NMPOBOAUTH aHAJ3 HA JIEKIJIBKOX MaciiTabax OJHOYAcHO. Y TakoMy BHIAAKy Oyne
OTpUMaHa He OLIHKa (ppakTaabHOI PO3MIPHOCTI, a 11 3aJEXKHICTh BiJ MacmTaly y JBOHHOMY
norapupMidHOMY MacITadil, sKa Ma€e Ha3BY (paKTaibHa CUTHATypa abo (pakTalbHUI KEemcTp.

Ha 3aBepmienHs MokHa Bi3HAUMUTH, M0 (paKTaabHI METOIU 0OpOOKH 300pa’KeHb B IITH-
POKOMY CEHC1 3aCHOBaHI Ha Tii YacTHHI iH(OpPMAIlii, KA NPH KIACUYHUX METOAAX Oe3MOBOPOT-
HO BTPAYa€ThCs, 0 MPU3BOAMUTH JI0 BTPATH 1HGOPMAIIIT PO BIACTUBOCTI TOBEPXOHb.
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JocaigxeHHs1 aIanTUBHUX BJIACTUBOCTEH MPOrpaMHHUX CUCTEM
roJI0COBOIr0 PO3Mi3HABAHHS

3uma I'. O., Auapromenko B. O.,
JIHITpONETPOBCHKUI HAIlIOHAIBHUI YHIBEPCUTET
3aJII3HUYHOTO TPAHCIOPTY iMeHi akaaeMmika B. Jlazapsna
TexHouorist ro10COBOrO po3Mmi3HaBaHHS MOB'SI3aHA 3 TEXHOJIOTIE€I0 PO3MI3HABAHHS MOBH,
sIKa MEePETBOPIOE BUMOBJICHI CJIOBa B IIU(POBI TEKCTOBI CUTHAIH, HUIIXOM MPOBEACHHS MPOLECY
po3mnizHaBaHHA MOBU MamirHamu. OOWB1 TEXHOJIOT1] BUKOPUCTOBYIOTHCS ApajiesIbHO: 3 OJHOTO
00Ky 115 imeHTr(diKalii ro10cy KOHKPETHOIO KOPUCTYBaya, 3 1HIIOrO OOKY A iAeHTHdIKAIil
rojJOCOBUX KOMaHJ 3a JIONOMOIOI  pO3Mi3HaBaHHS MOBHU. Posmi3HaBaHHS — rojocy
BUKOPUCTOBYETHCS B 010METPUYHHX IUISIX O€3MEKH, 1100 BU3HAUUTH T'OJIOC KOHKPETHOT JIIOINHHU.
L{s TexHOMNOTIA cTaja AyXe MOMYISIPHOIO B PI3HUX raly3sx, TAaKUX SK MOOUTbHHI OaHKIHT,
KU BUMarae ifeHTudikauii aBTeHTUYHOCTI KOPUCTYBaYiB; 1IeHTU(IKAIi]l AUKTOpa AJsl CyI0BO-
MEIMYHUX I[UIeH; pO3Mi3HaBaHHS MOBH Yy BIMCHKOBUX LIISAX; PO3Mi3HABaHHS rojiocy B cdepi
OXOpPOHHM 3/I0pOB'A. AJle, HaXKajb, ICHYIOTh IPOOJIeMH, SIKI CTOATh Ha LUISIXY PO3Mi3HABaHHS T'0O-
JI0cy, Taki K IpoOJieMd 3 TOYHICTIO PO3Mi3HABAaHHS Ta HU3bKHI piBeHb Oe3rneku Bepudikaiii
JTUKTOPA.
Jlyis BU3HAuUEHHS aJaNTHBHUX BJIACTUBOCTEHM CHCTEM TOJIOCOBOTO PO3IMi3HABaHHS OOpaHi
Taki YMOBH, K1 MalOTh BIUIUB Ha TOYHICTH T'OJIOCOBOTO PO3Mi3HABAHHS:
—  MOoXIHMBICTb pO3Mi3HABAHHS PI3HUX MOB;
— Po3mizHaBaHHA IiaJeKTIB;
— Po3nizHaBaHHs 1e(eKTHOT MOBHY;
—  CTilKICTh 10 3MiH TOJIOCY;
— Cri¥KICTh J10 30BHIIIHIX LITYMIB.
Takox oOpaHi Taki KpuTepii SIKOCTI, K TOYHICTb PO3IMi3HABAHHS MOBJIEHHS Ta IIBUAKICTb
il 00poOKH.
B To0i1 ke "ac, mokazHUKaMu TOYHOCTI Ta MIBUIKOCTI pO3Mi3HAaBaHHSI MOBU BU3HAUEHI:
— Biacotok npaBmisHO posmizHanux ciaiB (WRR — Word Recognition Rate);
— Tloka3uuk nomuiiok po3mizHaBanHs (pas/peuensb (SER - Sentence Error Rate);
— Biacorok kopektHo pacmiznanux ciiB (WCR — Word Correctly Recognized);
— ®nextuBHa noMumiika posmizHaBans ciiB (IWER — Inflectional Word Error Rate);
— B3BaxeHui#l moka3HuK HenmpaBuibHO posmizHaHux ciiB (WWER — Weighted Word
Error Rate);
— Tlokasuuk mBunkocti (SF — Speed Factor).
Jnst mocmipkeHHsT OyAyTh BUKOPHCTaH1 Bigomi Oi0J10TEKH TOJIOCOBOTO PO3IMi3HABAHHS
Google Cloud Platform, Microsoft Speech SDK Tta Yandex Speech Kit.
Pesynbrarom  pocnmipkeHHs OyAe  BHU3HAUEHHS IapaMeTpiB  CUCTEM  TOJOCOBOTO
PO3Mi3HAaBaHHS, NPHU AKHUX SIKICTh PO3Mi3HaBaHHs OyJ/ie HAWIINIIOW Y 3a3HaYeHHUX BHILE YMOBaX.
Takum 4MHOM, NUISIXOM MOPIBHEHHSI BJIACTUBOCTEH, MOKHA Oyzae oOpaTH BIAMOBIIHY CHCTEMY,

341711 KOHKPETHUX YMOB.
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BOIIpOCbI HCCJICI0BAHUA U OIITUMHU3AIIMHU KOMIIOHEHTOB JTHMHAMHUYCCKHUX TeHed B
111/13aiz'mepc1mx NMPpOrpaMMHBIX CUCTEMaX

3unosseB /1. K., JlHenponeTpoBCKui HAlMOHAIBHBIA YHUBEPCUTET JKEJIE3HOIOPOKHOTO
TpaHcnopTa uM. akaj. B. JIazapsna, Ykpanna

HccnenoBanue M oNTUMU3ALKA JUHAMUYECKMX TEHEH B JU3allHEPCKUX IMPOTrPAMMHBIX
cucTeMax MPOBOAMTCS VIS TMONYYEHHUS PEATUCTUYHOTO M300paKEHHS OKPYXEHHM, MPH J0CTa-
TOYHO HMU3KHUX 3aTpaTax PecypcoB LEHTPaIbHOI'O MPOLIECCOpa, BUAE0AANTepPa, a TAaKKe orepa-
TUBHOM mamsTH. /[luHamMHueckue TeHU CiIy)aT XOpPOIIMM MHCTPYMEHTOM JJIsl YBEJIMYEHMsI pea-
JIM3Ma IOJy4YEHHOro n300paxkeHus. [ J1aBHBIM OTJIMUMEM CTaTUYECKUX TEHEH OT TMHAMUYECKHUX
SIBJIIETCS TI€pECUET KapThl TEHEU IS CLIEHBI B PEAJIbHOM BPEMEHH, IIPU ITOM 3aTpaThl PECYPCOB
BBIIICYTIOMSHYTBIX YCTPOWCTB  MEPCOHAIBHOIO KOMIIBIOTEPA BO3PACTAIOT JIMHEHHO B 3aBUCH-
MOCTH OT YacTOThl KaJIpOB M KOJMYECTBA OOBEKTOB CIOCOOHBIX HAKJIAJbIBaTh TE€Hb HA OKpPY-
Karomue 0O0beKThl. J{JIs MOBBIIICHNUS TPON3BOIUTEILHOCTH MIPUMEHSETCS IPHEM KEIIMPOBAHUS
KapT TEHEW AJi KaXJ0ro MCTOYHHMKA CBETA IOCIE COXPAHEHUS Pe3yNbTaToOB IIIyOMHBI O BCEX
00BEKTax Ha BUPTYAJbHOU CIIEHE, KOTOPhIE HE M3MEHSIOT CBOE MOJIOKEHHE B TEYEHUN BPEMEHHU
(MHaue roBOps SABJISAIOTCSA CTATUUHBIMH).

Takum 006pa3oM MbI MOKEM KaKIIbIid pa3 MOCIIe N3MEHEHHS PACIIOJIOKEHUS JUHAMHUYECKUX
00BEKTOB MOBTOPHO HCIOJIB30BATh COXPAaHEHHBIE KApThl TEHEW, TaK KaK CTATUYECKHE OOBEKTHI
HE U3MEHSIOT CBOEr0 PacHoIOKEeHUs. MOXXHO HCIOIb30BaTh €11 OJIMH MPUEM ISl TOBBILICHUS
MPOU3BOIUTEIHFHOCTH — 3alUChIBATh BCE KapThl TeHEW B ofuH Oonbinoi O0ydep. K mpumepy
BMECTO HCIIOJIb30BaHUSI MHOYKECTBA TEKCTYp pazMepoM 256 Ha 256 nukcenel, JTydile HCIob30-
BaTh OJHY TeKCTypy pa3mepoM 4112 Ha 4112 nuxcenelr. Takum oOpazom JocTyn K 00JacTu
MaMsTH 32 HEOOXOAMMOMN KapToi TeHel OyneT MpOU3BOAUTHCS OBICTPEH.

[Ipennaraercs mist pa3pabOTKM KOMIIOHEHTOB JTMHAMUYECKUX TEHEW BBIOpATh ONTHUMHU3A-
LMIO C IPUEMOM KEIIMPOBAHUS KapT TEHEH MOCIe 3Tana BU3yalln3alui CTaTHYECKUX OOBEKTOB.
Taxxe npeanaraercs UCHOIb30BaTh MyJl PECYPCOB JJIsl XpaHEHUs, IEPEUCIIONb30BaHUS U CBOE-
BPEMEHHOI'0 y/IaJeHMs PEIEBAHTHBIX LIEHIEPOB, TEKCTYpP, 3BYKOB, MOJIENIEH U PEHIEPTapreTOB.
B pesynbTare npu UCNONIb30BAaHUM YK€ 3arpy>KEHHOT0 pecypca, IOBTOPHOE BbIIEICHUE MaMsATH
MpoUCX0oauTh He OyneT. U B To ke Bpemsi, €clii KOJIMYECTBO CChUIAIOIINXCS Ha pecypc 00BEKTOB
COKpamjaercs A0 HyJs, MPOMCXOIUT OCBOOOXJECHHE MaMSITH HCIOJIB3YEMOW 3THM PECYPCOM.
Taxum 006pazom Mpu MOMOIIH ITyJIa PECYPCOB MOXKHO OYAET COKPaTUTh KOJIMYECTBO HUCIOJIb3Ye-
MO olepaTUBHOM MaMATH BUIEOAJanTepa M IEHTPAIbHOIO MPOLEccopa, a ¢ MOMOIIBI0 Kellu-
pOBaHMsI KapT TE€HEW MOBBICUTH MPOU3BOAUTEIHHOCTh HEHTPAIBHOIO IpOLEccopa U BUIeOa an-
Tepa HU3-3a COKpAIICHUs KOJIMYECTBA BEI30BOB OTPUCOBKH.

Taxxe s yBenmudyeHHs] MPOM3BOAMTEIHLHOCTU OYAET MCIOb30BaH MeXaHU3M instanced
OTPHUCOBKH, C TMOMOIIBIO KOTOPBIM OOBEKTHI C OJUHAKOBBIMU MOJENSIMU MOKHO OTPHCOBaTh Ha

BI/IpTyaJ'II)HOI\/'I CIEHE 3a BCECT'O OJJUH BBI3OB OTPUCOBKH.
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CucreMu pe3epBHOI0 KONMiIOBAHHS TA Bi/IHOBJIEHHS — AIK 3aCi0 MiATPUMKH HAINHOTO i
epeKTUBHOrO PyHKUiIOHYBAHHSI KOPIOPATUBHOI MepesKi

IBuenko 0. M., JIHinponeTpoBChKHIA HAIIIOHAILHUI YHIBEPCUTET 3aI13HUYHOTO
TpaHCHopTy iM. akanemika B. Jlazapsua, J[Hinpo, Ykpaina
Isuenko B. I'., BIT «/[ninpoBchke Bigainenus» ¢inii ['TOL, ninpo, Ykpaina
I'onmap O. M., BII «/IxinpoBcrke Bigainenns» ¢iii I'TIOLL, J{ninpo, Ykpaina

Pobota 3 Oyap-IKMMH TaHUMH 3aBXKIU MOB'sI3aHa 3 MOTEHIIHHOIO MOXKJIMBICTIO X BTpATH.
Jlani MOXyTh OyTH BTpad€Hi B pe3yJbTaTi BILUIMBY pi3HUX (akTopiB. [ 3aXUCTy BiJ BTpaTu
iHpopMalii BUKOPHCTOBYIOTHCSI CHCTEMH PE3E€PBHOTO KOIMIIOBAaHHS Ta BIJHOBJICHHS ITaHUX SIK
nporpaMHuil abo NporpaMHO-anapaTHUN KOMILJIEKC Ul CTBOPEHHS KONIM JaHUX 3 IEBHOIO
NEPIOANYHICTIO A X TOAAJBIIOTO BiTHOBICHHA. 3aleXHO Big cdep BUKOPUCTAHHS
PO3PI3HAETHCS 1IHA CUCTEM PE3E€pPBHOIO KOIIIOBAHHS 1 BITHOBJICHHS JIaHUX, 110 BUKOPUCTOBY-
I0Th Pi3HI THUIIM CXOBHWIL, TUIH TUIATPopM, QyHKIIH, mo HamatoTees 1 T.4. [t 30epiranus pe-
3epBHUX KOIMii MOK€ BUKOPUCTOBYBATUCS CTPIUKa, ONTUYHI TUCKH, «OKOPCTKI» AUCKU, MEPEXKEBI
CXOBHMINA. 3a THUNAMH IUIATOPM PO3PI3HAIOTH CHCTEMH pPE3EpPBHOTO KOIIIOBAHHS Ta
BIJTHOBJICHHS, L0 pealli3oBaHl y BUIJISI MPOrpaMHOro 3a0e3NedyeHHs, IPOrpaMHO-arnapaTHoro
KOMILIEKCY 200 y BHIJIA/II OCTYTH. 3apa3 psiJi KOMITaHId MPOMOHYIOTh BUKOPUCTAHHS PE3EPBHO-
IO KOMIIOBaHHA SIK MOCIYTY, /i€ BCe KEPYBAaHHS «XMapHUM» CXOBHUIIEM BUKOHYE MOCTAYaJIbHHUK
MOCIYTH, @ KOPUCTYBAY JIMIIE 3aJJMBAE Ta BITHOBIIIOE JaHi.

Cucremu pe3epBHOTO KOIIIOBaHHS 1 BIJHOBIEHHS JaHUX BIAPIZHAIOTHCA 1 32 QYHKIIISIMH,
SKi BOHM HAJal0Th. YMOBHE MOXXHA BUAUTUTH «0a30Bi» 1 «posmmupeHi» ¢ynkmii. JJo 6a30Bux
GbyHKIIH MOXKHA BiJHECTU POOOTY 3a pO3KIIAAOM, CTUCHEHHS 1 IH(PPYyBaHHS PEe3EPBHUX KOTI.

JonatkoBi GyHKIIT pi3HOMaHITHIII: AyOIt0BaHHS, AeIyIUIIKAallisl, CTBOPEHHS 00pa3iB CHC-
TeMM, OajaHCyBaHHS HABAHTA)KEHHS, PI3HI 1IHCTPYMEHTH JUIS BIJJIaJ€HOTO aJMIHICTPYBaHHS,
poOoTa 3 BIPTyaJIbHUMU MPUCTPOSIMH, po0OTa 3 «XMAPHUMHU» CXOBMILAMHU,  aJITOPUTMH
BIJTHOBJICHHS JJaHUX.

Jlnis aBTomMaTu3alii pe3epBHOTO KOMIIOBaHHS Uil cucTeMd Windows BHUKOPUCTOBYETHCS
6e3koiToBHE NporpaMue 3abe3neueHHs Cobian Backup. [Iporpama xomitoe aitnu 3 iX nepBHH-
HOTO MICIl pO3TalllyBaHHS B MEBHY JAMPEKTOPII0 Ha I[bOMY a00 Ha BIIJAJIEHOMY KOMII'IOTEpI.
ITporpama 3a0e3nedye OCHOBHI (YyHKIIOHAJIbHI MOXJIMBOCTI JUIsl CTBOPEHHS CUCTEMH PE3EPBHO-
ro xomitoBaHHs. OcoOIMBOCTI peanizaiii: Jyisi 30epiraHHs pe3epBHUX KOMiH BHKOPHUCTOBYETHCS
okpemuii cepsep; iH(opmaris 30epiraeTbest Ha Hocisix Tuy USB HDD; nani mo mepexi nepe-
JAr0Thes 3a 1ormomororo mpotokony FTP (SSL-FTP), Ha cepBepi 3 pe3epBHUMHU KOIIISIMH Hajall-
tToBaHui FTP-cepBep; Ha KO’)KHOMY cepBepi 3 JaHUMHU JUIsl pPe3epBYBaHHS BCTAaHOBJIEHO JOJATOK
Cobian Backup sik ciy»x0a, CTBOpeHi 3aB/IaHHsI KOIIIOBAHHS; YIPABIiHHS Oy/b-SIKHM 3aBIaHHIM
MO>KJIMBO 3J1HCHIOBaTH O€3MOCEpPEeHbO 3 CepBEpa PEe3epBHUX KOMil, BUKOPUCTOBYIOUYM BOYIO-
Banuii ¢pyHkirionan Cobian Backup.

PesepBytoThes: daiinu pesepBHux komiit 6a3 manux (SQL); Bl APMis, BJ] Cucremu
MOHITOPHUHTY MeEpexXi; 3MIHM KPUTHUYHO BaXJIUBUX CIYKO 1 J0JaTKiB (KOHLIEHTPATOpU
inpopmanii, DHCP, Active Directory, DNS, FTP); BUKOHyeTbCS KOIIIOBaHHS HaOOpy
KoH(irypariiit 3a Taiimepom; oopasu BipTyansHux cepBepi (Hyper-V); Baxnusi daitnu (3 DFS);
iHm fmadi (3a 3asBkamu). Jlnsg HamIMHOCTI AaHi AyONIOIOTHCS HA PI3HUX HAKOMUYyBadax.
KomiroBanHst Bi1OyBa€ThCs 32 PO3KIATOM.

CucteMu pe3epBHOTO KOIIIOBAHHS 1 BITHOBJICHHS JJaHUX € HEOOXITHUM eJIeMEHTOM Oe3re-
Ki Oynp-fKkuX 1HGOpMAIIMHUX CHUCTEeM. BOHW T03BOJSIOTH 3pOOMTH TMPOIEC PE3EPBHOTO
KOMIIOBAaHHS HIBUJIKUM 1 3py4HHM JJIsi KOpHCTyBauiB. JloOpe po3polbiieHa mosiTuka 0e3neuHoro
30epiraHHs JaHUX crpuse eGeKTHBHOMY BUKoprcTaHHio cuctemu Cobian Backup, mo g03Bossie
NPAKTUYHO HE OOMEXYyBaTH (PYHKI[IOHAIbHI MOXIMBOCTI pOOOTH KOpPUCTYBaudiB Ha POOOUMX
MICIISIX.
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Mipa ck1agHOCTI KOHCTPYKTHBHHMX CTPYKTYP Ta KOHCTPYKTHBHHMX 00’ €KTIiB

Inmpman B. M. JIHinponeTpoBChbKUil HAIlIOHATBHUN YHIBEPCUTET
3II3HAYHOTO TPAHCTIOPTY M. akan. JlazapsiHa B.A., Ykpaina

KoucTpykTuBHa CTpyKTypa, fika po3poOjeHa HayKOBISIMH Kadeapu KoM(Q IOTepHHX
indopmariiaux texnosori JIHYXT [Ineman B.M., Ckano3y6 B.B., Hluakapenko B.1., 2009] i
BIIOJANIBIIIOMY PO3BHHEHA HAYKOAIsIMU I€T K Kadeapu, 3arajioM MpeAcTaBiisie CUCTEMY, KOTpa
yTBOpEHA CKJIAZIOBUMHU KJIacaMH HOCISl CTPYKTYpH, CUTHATYpH, YUCICHHIM Ta BUKOHABISIMU. B
CBOIO YEpTy CKJIQJI0OBI MOIENi KOHCTPYKTHBHOI CTPYKKTYPH TaKOX MOXXYTh OYTH Pi3HOPIIHUMHU
MiCUCTEMaMH, OTXKE KOHCTPYKTHBHA CTPYKTypa € CKJIaJHUM O0’€KTOM MOJIECNIOBAaHHS, KU
HeOoOX1IHO OILIIHIOBATH 3a CKJIQIHICTIO.

3anporoHoBaHi Mojielli KOHCTPYKTUBHOI cTpykTypu (KCM) B 3a51e’KHOCTI Bi IpeaAMETHOL
o0racTi, sIKy BOHM MOJIENIOIOTh, MAIOTh PI3HUNA 3MICT ii CKIaJOBUX 1 1[I KOMIIOHEHTH Pi3HUMH
3aco0amMy TOB’s3aHI MiXK c000r0, TOMy B IboMy HampsaMmky st KCM Takox HeoOXiTHO
MIPOBOJMTH OIIHKY CKJIQJHOCTI.. € IIe OJHa OCOONHMBICTHP KOHCTPYKTHBHOI CTPYKTYpa, BOHA
MOKe OyTH MOPOKYIOYEI0, TOOTO MOPOIKYBATH 00’ €KTH IMPEIMETHOI 00JIacTi. 3araiom mporec
MOPO/IPKETHHSI € HE MPOCTUM 1 TOMY MOTPeOy€ OIIHKU CKIaJAHOCTI.

Buxonsuu 3 o3nauenunx ocobnuBocreir KCM, BBaxaemo, 110 CKIaJHICTh KOHCTPYKTUBHOT
CTPYKTYpH BioOpakae ii SKICTHY XapaKTEpUCTHKY y KiJIbKICTHOMY 3HA4€Hi, SIKa BITBOPIOETHCS
3MiCTOM, OYIOBOIO 1 IHIIIMM MOJIEII CHCTEMHOT CTPYKTYPH.

3 cucTeMHOI TOYKH 30py Ha MOHATTA ckiaagHocTi KCM CTpyKTypu MOKHA ITUBUTHCS 3
no3umix 1 jgekommosuiii abo kommo3umii. Y  JOMOBiAI TEXHOJIOTIYHY CKIIAJHICTh
KOHCTPYKTUBHOT CTPYKTYpU BHU3HAYA€THhCS 3a JIOMOMOTOI0 JEKOMIIO3UTUBHOTO MiAXOAY, SIK
ckiaaHicte KCM, sika 3a/1a€ThCsl BEKTOPOM CKJIQJHOCTEH, KOMIOHEHTH KOTPOTO € CKJIaTHOCTI
CKJIaIOBUX KJaciB CTPYKTYpH: HOCIS, CUTHATYpH, YHUCJIEHHA 1 BHUKOHaBLIB. ToOTO BeKTOp
CKJIAJTHOCT1 KOHCTPYKTUBHOI CTPYKTYPH 334a€ThCS BITOOPaKEHHSIM Ha i1 IEKOMITO3HITISX.

CknaiHICTh KOMIIOHEHT BEKTOpa MOXKE€ BUMIPSTUCS PI3HUM YMHOM, ajieé Tak 1100 BUMipU
3aJI0OBUTHHSIIA aKC1IOMaM CUCTEMHOT CKJIaTHPCTI:

- cepen KJaiB KOMIIOHEHT icHye Takui mifakiaac KCM, 1o ckiagHicTh HyIIbOBA;

- MDK KJacoM 1 MOro miKiacoM ICHYe i€papxisi Taka, L0 CKJIQJHICTh MIAKJIAcy He
NIEPEBUIIIYE CKIIATHOCTI KJIacy;

- SKIIO KJAacC KOMIIOHEHTH YTBOPEHUN TapaliebHUM 3’€IHAaHHSM MIJIKJIaciB, TOIl
CKJIQIHICTh CHUCTEMH BHM3HAYA€THCS UYepe3 MaKCHMalbHE 3HAUEHHS CKJIAJHOCTEeH BCIX
napanenbHO 3B’ S3aHHX M1IKIACIB;

- TpU TOCHIJOBHOMY 3B’S3KYy MiJKIACIB KIJIacy, CKJIAQIHICTh KJacy HE MEPEBHILYE CYyMHU
CKJaJHOCTEH IMiAKIIACIB;

- CKJIAJHICTb MiJKJIacy JIESKOTO KJIaCcy TaKOoro, IO Ied MiKIIac YTBOPSHHUI ABOMA 1HITUMH
mikiacaMu 3 OOCpHEHMM 3B SI3KOM, HEMEpEeBUINYEe CYMH CKJIaJHOCTEH LHUX IBOX
MiKIaciB 1 IX CKIaJHOCTI Ha 00EPHEHHOMY3B SI3KY.

HaBenenux akcioM JOCTaTHbO [uIs OOrpYHTYBaHHS BHOpaHOi MipH CKJIQIHOCTI
KOHCTPYKTHUBHOI CTPYKKTYPH.

B gomoBial 3anmponoHOBaHO TakoK BUMIp Moka3HMka ckiagHocti KCM Ha ocHOBI
BEKTOPHOI CKJIATHOCTI 1 HA OCHOBI 1HPOPMAIIITHOTO IMiAX0TY BUSHUCHHS CKJIaHOCTI.

Takoxx 3amporOHOBAHO BHUMIPATH CKJIAJHICTh KOHCTPYIOBAHHS TMOPOKEHUX 00’ €KTIB.
Buxopnsuu 3 Toro, 1mo KokeH MOpPOJKEHUN 00’ €KT XapaKTepU3YeEThCs CBOIM 3MICTOM 1 (popmoro
noOynosu y KCM, ToMy BHKOHYIOTbCS BUMIpU CKJIQAHOCTI 3MicTy 1 opmu xoHcTpykuii. Ha
OCHOBI ILIMX BUMIpPIB CJIaJHOCTI MOPOJHKEHOI KOHCTPYKIIi BBEIEHO BUMIP KOHCTPYKTHBHOTO
MOKa3HUKA SK BITHOIICHHS CKJIATHOCTEH (opmu 1 3micTy 00’ekty. Jlyisi mpuKiIagy po3riisiHyTO
rpaMaTU4Hy KOHCTPYKTHBHY CTPYKTYpPy 1 BUIBHY MOBY HEIO TOPOKEHY. 3HHICHO MIipy
KOHCTpYKTUBHOTO TMoka3zHuka KCM Ta BcTaHOBIIEHO (hpakeTaabHOCTI Liel MOBU. BcranoBieHo,
1110 TIPABO 1 JIIBO JIIHIAHI rpaMaTHKU MalOTh OJJTHAKOBUI MOKA3HUK (PpaKTaTIbHOCTI.
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CucreMH KOHCTPYKTHBHHMX CTPYKTYP Ta iX Tpancdopmanis

Ineman B. M. JIHinponeTpoBChKUI HalllOHATBHUN YHIBEPCUTET
3TI3HAYHOTO TPAHCTIOPTY iM. akan. Jlazapsaa B.A., Ykpaina

CucTtemMHe BIIAIITYBAaHHS 1 PO3BUTOK OTOYYIOUOTO CBITY SIK Ha MaKpo, Tak 1 MIKPO PiBHSIX
KOHCTPYKTUBHE. Tak pO3BUTOK JIOJCHKOTO I1HTEIEKTY CYHPOBODKYETHCS KOHCTPYIOBAHHSIM
QITOPUTMIB Ta 1X peali3alli€lo; TisIbHICTh JIFOJAWHM 3aCHOBaHAa Ha KOHCTPYIOBaHHI MHTaHb
OPUKAHATTS  pillleHb, KOHCTPYKTUBHOMY BHOOpI HAampsIMKy KepyBaHHS, KOHCTPYIOBaHHI
TEXHOJIOTIYHUX MPOLECIB MIPEIMETHUX rany3eil 1 Hioro. KoHCTpytoBaHHS raiy3eBoro npeamera
3aJISKUTH BiJl piBHS IHTENEKTY JIOAWHU, PO3BUTKY HAayKH. 3apa3 JIOACTBO BCTYNUJIO Y aKTHBHY
(dhazy JochmiKeHb 1 BIAMOBITHO KOHCTPIOIOBAHHS PI3HOMAHITHUX POOOTH30BAaHUX CHCTEM,
THYYKHX aBTOMaTH30BaHUX BUPOOHUIITB TOILO.

bynp sike KOHCTpYIOBaHHS CHUCTEMHOIO IpPEIMETY Y3rOJUKEHO 3 IEBHOI0 METON Horo
(dbopmyBaHHS 1 MOJeENbIO 11 BUpimeHHS. BaXITMBOIO 4aCTUHOIO Yy KOHCTPYKTHBHOMY MiIXOMi €
eTarl 3aHypeHHs MOZIeJ y NMpeIMeTHY 001acTh. BupilleHHs MX Ta IHIIMX OUTaHb PO3IVISIHYTO B
3alpOIOHOBAHI MOJENi KOHCTPYKTUBHOI cTpykTypu [Inbman, Ckano3y0, llIuHkapeHHTKO,
2009], ska B MOAANbIIOMY PO3MVIAHYTa 1 BJOCKOHAJIEHA IMPHU PO3ISAAl MPHUKIAJHUX MUTAHb
dopmansux rpamatuk [llluakapennrko, Imeman, 2009], tpancnoptaux cuctem [Ckanosyo,
Ineman, 2013], nporpamyBanns [[llunakapernrko, 3abya, 2016].

VY HacTymHOMY TMOBIZIOMJICHI PO3JISIHYTO MOJIENIb KOHCTPYKTHBHOI cTpykTypu (KCM), six
CKJIaJHOI cucteMu Mmojenell KoHcTpkeTuBHUX cTpykTyp (CKCM), KoXHa 3 SKHX € OKpPEMOIO
MPEIMETHOI  OIHOPITHOI KOHCTPYKTUBHOIO CTPYKTYpOIO abo TiOpiHOI  CHUCTEMOIO
KOHCTPYKTUBHUX CTPYKTYp, TOOTO PO3IJIIHYTO OaraTopiBHEBY KOHCTPYKTUBHY CTPYKUYpy. PiBHI
TaKKOi CUCTEMHOI KOHCTPYKTHBHOT MOJIeJIi BU3HAYAIOTHCS PIBHSMH HaBaHTAKEHOTO aTpUOyTaMu
CKJIaJJOBUX CTPYKTYpH (CUTHATypH, YHCJIEHHS Ta BHMKOHABLIB) JlepeBa, JIUCTSI SKOTO
BiNOB1Aa0Th HynboBoMY piBHIO CKCM. Kopinpe nepeBa Binnosigae BuiioMy piBHeBi CKCM
cTpykrypu. Ciij 3BepHYTH yBary Ha Te, 10 BEpIIMHAMH KOHCTPYKTHUBHOT'O JiepeBa BUCTYNAIOTh
¢daxktuuro Hocili KCM cTpykTypHOI Mojeni 1 mporec moOyaoBH 00’ €KTIB MPeaMETHON 00JacTi
BiIOYBa€ThCS TIOPIBHEBO BiJ] HYJIbOBOTO pIBHS KOHCTPYIOBaHHS [JO HaWBMIIOIO piBHSA
dbopmyBaHHST KOHCTPYKIli. VY JOMOBiAI HaBEACHO CXEMAaTUYHUN mpukian (opmyBaHHS
OaraTopiBHEBUX KOHCTpYKLIH 3a cTpykryporo CKCM nepeB, BeplIMHAMM SIKUX € CYKYIHOCTI
KCM aBToMariB, aropuTMiB, IPOrpaM Ta 1HIIUX KOMILIEKCIB.

JlocnmiJpKeHHsT  NMpeAMeTHUX — o0ylacTed, 30KpemMa  aJrOpUTMIUYHUX  CTPYKTYp 1
nporpaMyBaHHsl BKa3zytoTh Ha Te, mo CKCM Mojneni He 3aBXIM MarTh JIIHIHHY CTPYKTYpPY
IIPEJCTABICHHS, TOMY KOHCTPYIOBaHHS Ha TaKUX MOJENSAX MOXYTb OyTH PEKYpCHBHUMH, IIO
MOXK€ TMpEeACTaBIATHCS rpadamMu 3 CKIHYEHHMMM, [PU HAsIBHOCTI YMOBHU 3YIHHKHU
KOHCTPYIOBaHHSI a00 HECKIHUEHUMHM HUISXaMU KOHCTpYyIOBaHHA. 3’sicoBaHo BinactuBocti CKCM
JepeB, 3a SKHUMH BCTAHOBJIEHO, IO KOHCTPYKTHBHI CTPYKTYpH JAEpPEB MOXYTh OyTH
pi3HOMaHITHI: 30aJlaHCOBaHi 1 He 30ajlaHCOBaHi, OJHOPLKHI MO TNMOMHI a00 Hi, PIBHOMIPHO
HaBaHTakeH1 a0o Hi Ta iHm. [Ipuunuoro pizHoOapBHOCTI KCM € 0co0namBOCTI MpeaMeTHUX
obmacteil Ta BiAMOBigHa TpaHchopMallis iX Moxened. Po3risiHoO TpaHcgopmallio KiaciB
KOHCTPYKTHUBHOI CTPYKTYpH HOCiSl, CHTHATYPH, YMCIIEHHS Ta KICYy BHKEOHABIIIB. 30Kpema, B
nporeci ¢ynkiuiroBanast CKCM Moxke po3BHBaTHCs3a 3a paXyHOK HaOyTTs HOBHUX 3HaHb,
PO3BUTKY CHCTEM IITYYHOrO 1HTeNEKTy 1 iHmoro. KOHCTpYKTHBHO pO3BUTOK MOJeIl
BiIOYBa€ThCS 3aBISKM PO3IMIMPEHIO MOMKJIMBOCTEH CHTHaTypHOro kiacy abo moOynoBi
PO3IIMPEHNX BIJHOLIEHb Ta BigoOpakeHb. B 10mMOBiAl HaBeleH1 OKpeMi BUIU TpaHChopMalii
KCM rTaki, sk anrebpaiuHi He pPO3MIMPSAIOYl KOHCTPYKTHBHI CTPYKTYpH, anreOpaidHi He
MOPOJUKYIOYl Mojesi, andaBiTHI MOJENi, CHeliadbHI MO NpPeIMETHHX oOyiacTed Ta ix
KOMIO3ULIN 1 JaHa HWXKHS MeEXa KUIBKOCTI MOMIJIMBHUX pPI3HOMaHITHOCTEH TpaHchopmariit
KOHCTPYKTUBHUX CTPYKTYD.
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ABTOMaTH3allis TEXHOJIOTIYHOI0 Npouecy 00/1iKy NaIHBHO-MACTHILHUX MaTepiajiB
(IIMM) na 6a3ax nmaJuBa JJOKOMOTHBHHUX /€10

Kameneupkwuii C. B., lllenensB. B., ¢inis «I[IKTB IT» ITAT «Ykpaincbka 3aii3Huis», Ykpaina

Hapsiny 3 ekoHOMi€IO €HepropecypciB, 1m0 00yMOBJICHO MiABUIIEHHSM iX cOOIBapTOCTI Ta
HEOoOXiTHOCTI B 6e3mepepBHOMY 3a0€3MeUeHH] TATOBOTO PYXOMOTO CKJIa1y, OKpiM HOPMYBAaHHSAM
Butpat I1IEP Ha Tary noizais, peanii cbOro/ileHHsl BAMAratoTb 4iTKOTO JOTPUMAaHHS KOHTPOJIIO 110
npuiiMaHHIO, 30€piraHHio, BIAIYCKY Ta 00Ky HaJMBHO-MacTHiIbHUX MatepiamiB (IIMM) na
0a3ax najauBa JOKOMOTUBHHX JEIIO.

Jlnst BUpiIIEHHS JaHUX MHUTaHb PO3POOJIEHO Ta BIPOBAKEHO CUCTEMY OONIKY MMaJHBHO-
MactuibHuX MarepianiB (IIMM) Ha 6a3ax manauBa JOKOMOTHBHUX jAerno Ha miaTdopmi ACK BIIT
V3 €, sika BKIIIOYaE:

—  APM npauiBaukiB 6a3 manusa JjokomotuBHOro aeno (APM THTC);
— cucremy GopmyBaHHs 3BITHOCTI 11 00miky IIMM Ha 6a3ax nanumsa.

OCHOBHOIO 33/1a4€i0 aBTOMATH3aIlii pOOOTH MpaIiBHUKIB 0a3 MaJMBa JIOKOMOTUBHOTO JIETIO
(APM THTC), € enexTpoHHHI 00JIIK MaJIUBHO-MACTHIBHUX MaTepialiB 3T1IHO TEXHOJIOTTYHHX
orepauii Bij mpuiiManHs Ha BianoBimaasHe 30epiranass THTC mo eximipoBKH TATOBOTO pyXo-
MOT0 CKJaJly Ta BIAIYCKY CIIOKMBayaM MaJIMBHO-MAaCTHJIBHUX MaTepiaib.

Cucrtema mpu3HaueHa JJIsl aBTOMaTH3alii oOpoOKHM Ta pO3paxyHKiB IMOKa3HUKIB HAIXO-
JDKEHHS, 30epiraHHs 1 BiIMyCKy MaJMBHO-MACTUIFHUX MaTepiaiiB Ha poOOUMX MICISAX OmepaTo-
piB 0a3u manvBa JOKOMOTHBHHX Jeno. J[03BoJisi€ IPOBOJUTH OTEPATUBHUI KOHTPOJIb Ta MOHi-
topuHr 3a pyxoMm [IMM na THTC. Onniero 3 pyHKIIOHATBHUX OCOOIMBOCTEH 3aadui € MiroTo-
BKa KOMIUIEKTY IepelaBaIbHUX JOKYMEHTIB st 30epexxenHs B 6a3i mannx ACK BII V3-€ mus
MOJIAJIBIIIONO BUKOPUCTAHHS 1HIIUMH ITPOrPaMHUMHU KOMITJIEKCAMH.

Ha BigmiHy OCHOBHUM (QYHKIIISIM MO aBTOMaru3alii poOOTH NpaliBHUKIB 0a3 MajauBa,
APM THTC Bupintye cynyTHi 3aJ1adi 10 BUKOHAHHIO CyYaCHUX BUMOT J0 JIOKyMEHTOOOITy:

—  MiHIMI3alis CKJIaJ0BOi TEXHOJIOTIT NanepoBOro 00Ky Mpy BUKOHAHHI B3aEMOPO3PaXyHKIB
MIDX MIJIPO3AUIaMH CIIOKMBauYaMu a0o mocradanbHukamu [IMM;

—  PpO3MEeXyBaHHs KIJIbKICHOTO Ta Oyxrantepcbkoro ooaiky [IMM Ha Ga3zax manuBa s sKic-
HOT'O KOHTPOJIIO HAassBHOCTI Ta NpoBezeHHs iHBeHTapu3anii [IMM na THTC;

APM THTC, mo ¢ynkuionye Ha miardpopmi ACK BII ¥3-€, Bukopuctoye iH(hopmalliro

3 IHIIUX CUCTEM Ta 3a/1a4:
—  JIaH1 JJOKOMOTHBHOI MOJIeJ1 (BKITFOUAIOUU CEKI[IHHY MOJIEh);
—  JlaHl 3 eJIEKTPOHHUX MEPEBI3HUX JOKYMEHTIB.
[To o6csry inpopmanii, nani APM THTC moxyTh BUCTyNaTu JpKEPEIOM JIJIs:
—  (opMmyBaHHS PO3JUTIB €IEKTPOHHOTO MapUIPyTy MAIIUHICTA,
—  BHKOpHCTaHHS B po6oTi Oyxrantepcskoro 06aiky [IMM (ACBO ®OBOC);
— ¢opMyBaHHS 3BITHOCTI BUKOpucTaHHs [IMM nenapraMeHTiB JOKOMOTHBHOIO FOCIIOAAPCTBA
Ta TOCIIOIapPCTBA MPUMICHKUX MACAKUPCHKUX ITEPEBE3CHb.

Ha mizacraBi qaHux 3 MEpBUHHUX €JIEKTPOHHUX (popm ob6miky [IMM, orpumanux 3 APM
THTC, popmyroTbes pi3HOMaHITHI JOBIAKH, 3BITHI Ta 001iKOBI ¢popmu. BuxigHi ¢popmu po3mi-
IIeH1 Ha poOoyoMy ToJIi euHOr0 iHpopManiiHoro noptany (€KIII V3).

Takum ynHOM TexHonoriuHui npouec oomiky IIMM Ha 6azax manuBa JTOKOMOTHUBHUX Je-
IO 1 TMpoLeC KOHTPOIIIO 31 CTOPOHH JlenmapTaMeHTy JIOKOMOTHBHOTO IOCIOAPCTBA, TIaHyBaHHS
notpebu crpyktypHux miapo3ainiB  [IAT «Ykp3amizHuimi» y 3a0e3neyeHHl IMaJuBHO-
MacCTWIBHUMHU MaTtepiajlaMH, TMpOXOJATh MapajenbHo 0e3 BinBousikanHs mepcoHany THTC Bin
BHKOHAHHS OCHOBHUX MOCAJOBUX OOOB’SI3KIB MO MPUHMAaHHIO, TPAHCTIOPTYBaHHIO, 30€piraHHIo,
BimycKy Ta ooisiky [IIMM.

110



ABTOMaTH30BaHA cucTeMa 00JIiKY i aHATi3y MOKAa3HMKIB 3 Mpaui Ta MOTHBaNil IepCcoOHALY
Kanycrtsan /1. B., Bonomun ®@. 1., ¢pinis «I[IKTb IT» ITAT «Ykpaincbka 3ami3HUID», YKpaiHa

MerToro po3poOKH aBTOMAaTH30BaHOI CUCTEMH OOJIIKY 1 aHaNi3y IMOKA3HUKIB 3 IMpalli Ta MO-
tuBauii nepconany B [IAT «Ykp3ani3HULS» € CTBOPEHHS MPOrPaMHOro 3a0e3MeyeHHs AJs aHa-
73y Ta MiJBUIIEHHS €(EKTUBHOCTI yIPaBIiHHS TPYAOBUMHU PECYpPCaMHU.

3aBJiaHHs pO3pOOKHU NOJSATalTh Y HACTYITHOMY:

1) aBromaru3aiis mporeciB 30upaHHS Ta OOpOOKM Hakomu4eHHs iHpopmanii y cdepi
YIpaBIiHHSA TPYJOBUMHU PECYypCaMU Ha PI3HHUX PIBHSX;

2) 3a0e3MeyYeHHs KOHTPOJIIO 3a JOTPUMAaHHIM HOPM YHHHOIO 3aKOHOJABCTBA y cdepi ormia-
TH TIpaIti;

3) BHSBJICHHS PE3epBIB ONTUMI3AIIIT TPYIOBUX PECYPCIB;

4) ynOCKOHAJICHHS CHCTEMH IUIaHYBAaHHS MOKA3HHKIB 3 Tpalli;

5) 3abe3mneycHHs MPO30POCTI CHCTEMH MOTHBAIIIT TIpaIli;

6) 3amoGiranus HeeheKTUBHOMY BUKOpUCTAHHIO KOIITIB [TAT «YKp3ami3HULIsI».

O06'exToM aBTOMAaTH3AIIIT € TEXHOJOTTYHHIA mTporec popmyBaHHs iHPOpMAIIii 010 3apooi-
THOT maTt npaniBHUKIB [TAT «Ykp3anizHUIS»

Iadopmartis momo BuTpat Ha oruiaty npami Gopmyerses B ACBO «®oboc» ta ACY KA-
JIPU BinmoBigHO 10 BUIIB mpodeciii 1 mocaa, HOMEHKIATypy HalitMeHYBaHb 1 KOJIIB BUIB OIIa-
TH 1 yTpUMaHb i3 3ap0o0ITHOT IIATH MPAI[iBHUKIB 3aII3HUYHOTO TPAHCHIOPTY Y KpaiHU, HOMEHKJIA-
TypHY BUTPAT 3 OCHOBHUX BUIB €KOHOMIYHOI JISUTbHOCTI 32 BEPTUKAIAMHU YIIPABIiHHS.

TexHonoriunuii nmpomec OyayeTscst Ha 6a3i nmepBUHHOI iH(OpMaIii, BBEIESHHS SKOi 3/iiic-
HIO€eThes Oe3nocepenbo B ACBO «®oboc»y ACY KAJIPU Ta TICB H/II Ha poGounx Micmsax
OyxranrepiB BUpOOHUYMX CTPYKTYPHUX IMIJIPO3ALIIB Ta PLIIN.

Excnopt iHdopmarii oo BUTpaT Ha OIJIaTy Ipalli B €IUHY KOHCOJIOBaHy 0a3y JaHUX
noTpedye MPOBEACHHS CBOEYACHOTO PO3paxyHKY 3apoOiTHOI IUIaTH 3TiJHO HOPMATUBHUX JOKY-
MeHTiB [IAT «Ykp3zanizauis» B8 ACBO «@o6oc» Ha piBHI BUPOOHUYOTO CTPYKTYPHOTO MiApO3-
ITy, BHECEHHSI OCTOBIpHOI 1H(opmaii npo BiampaunboBanuid ®PY Ta nparniBHukis. [Hdpopma-
i B €IMHIA KOHCOMiIOBaHiM 0a3i nmaHuX Kiacu]iKyeTbcs 3a MOcajaMu Ta KBadidikamiiHUMU
MMOKa3HUKaMH IPaIiBHUKIB.

CdopmoBana B ACBO «®oboc» iHpopMallis nepelaeTbcs B KOHCOMIIOBaHY 0a3y JaHUX
piBua [IAT V3 y ¢popmari XML-paitny, 3a nonomororo ETL-niponiecy, nani ouninarooThes, nepe-
TBOPIOIOTHCS TA 3aBAHTAXKYIOTHCS /10 CXOBUILA JaHMX, sIKe 30epirae arperoBaHi Ha H’XKHIM PiBHI
neTami3anii 1ani HeoOxiaH1 s 3aBaHTaxkeHHs 10 OLAP kyO0iB.

OLAP ky6u OynyTb BUKOPHUCTOBYBATUCH SIK JDKEpesa JaHUX JJIs IPOrpamMHOro 3adesrme-
YyeHHsI O13HeC aHaji3y Ha pi1BHI KOPUCTYBayiB, 10 3/11MCHIOE y3arajJbHEHHS Ta GOpMyBaHHS J0BI-
JIOK, aHAIITHYHUX (POPM II0JJ0 YHCEIBbHOCTI MPALlIBHUKIB, BUTPAT HA OIJIATy Ipalli Ta iHIIe.

[Iporpamue 3a0e3nedeHHs: Oyae BUKOPUCTOBYBAaTHCH BIANOBITAILHUME (axiBUsMu Jlenap-
TaMEHTY OILIIHKM Ta MOTHBALil TEpCOHaNy, perioHanbHuX (i Ta Gpuniit [TIAT «YKp3amizHULs».

3a nomomoror OLAP ky6iB y MS Excel HagaeTscst MOXKIUBICT (pOPMYBaHHS aHATITHY-
HO{ 3BITHOCTI y BUTJISAL 3BeieHUX Tabauip no mianpueMctBaM [TAT «Ykp3amizHus».

[lepeBaramu 3amponoOHOBAHOTO METONy (DOpPMYBaHHS aHATITHYHOI 3BITHOCTI € 3pYYHICTb
OTpUMaHHS Ta aHaJi3y iHdopMaIlii npo 3apobiTHY MIary y pis3HoMaHiTHUX po3pizax OLAP ky6iB
Ta BIJIHOCHO HEBEJIMKa BapTiCTh MEPEXO/y B 3aCTaplIMX METOJIIB Ta KPOIITKUX POOIT BeEHHS
¢inaHcoBoi Ta OyXraaTepchKoi 3BITHOCTI /IO 3aCTOCYBAaHHS Cy4acHUX Oe3marnepoBUX TEXHOJIOTIH,
TaKUX SIK CTBOPCHHS 3BITIB y BUIIIAI 3BeieHHX Tabuuib. Bubip MS Excel y sikocti iHCTpyMeH-
Ty (OpMyBaHHS 3BITHOCTI € ()iHAHCOBO BUT1THUM, OCKUIBKU yCi MpAIiBHUKU (PIHAHCOBOTO CEK-
topy ITAT «Ykp3ami3HHI) BOJIOAIIOTH HABUYKAMUA POOOTH 13 MM MPOTPAMHUM 3a0e3medeH-
HSIM, SIKE€ HasiBHE Ha yCiX pOOOYMX MICIISIX.
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Bonpocsl n3MmepeHus CTPYKTYPHOM CJI02KHOCTH MPOrPpaMMHOI0 o0ecreyeHust
NPH NOMOIIH METPHUK

Kemox P., /IlnenponeTpoBCKyil HALMOHAIBHBINA YHUBEPCUTET JKEIE3HOLOPOKHOTO
TpaHCHOpTa UMEHHU akajeMuka B. Jlazapsina, Ykpauna

[Ipobnema CTPYKTYypHOH CIIOKHOCTH MPOTPAaMMHOTO OOEClieYeHHe H3ydaeTcsi yKe He-
CKOJIBKO JI€CATUJICTHH, OJJHAKO KOHCEHCYC OTHOCHTEIHHO JAHHOT'O BOIIPOCA JI0 CUX IOp HE ObLI
nocturnyT. Crangapt IEEE 610.12-1990 onpezensieT clioHOCTh MPOrPaMMHOTO OOecriedeHust
KaK «CTEMeHb, B KOTOPOH crcTeMa Wi €€ KOMIOHEHT UMEeT JU3ailH WM OCOOCHHOCTH pa3pa-
OO0TKH, KOTOPBIC 3aTPYTHSIOT UCIIOJIb30BAHNE TPOrPAMMHOTO 00CCIICUEHUS WIH BEpUDUKALIAION.
Cucrema MOXET B3aMMOJIEHCTBOBATh C KOMIIBIOTEPOM. B TakoMm ciydae Ci10KHOCTh ITPOrpamM-
HOTO oOecreueHus ONpeaessieTCsl BpeMEHEM MPOBECHUS ONEpalli U pecypcamMH MaMsTH, He-
00XOTUMBIMHU ISl 3aBEpIICHUS BhIYMCIeHUs. Eciu ke monb3oBarens B3aUMOJICHCTBYET C CHC-
TEMOM, TOrJa CI0KHOCTb OIPEIENSIETCS HENOCPEACTBEHHBIM HCIOIb30BAaHUEM MPOTrPAMMHOIO
obecneuenuu (I10), uTo MOkKeT ObITh TPAKTOBAHO KaK KOJMYECTBO PAa3HBIX CIIOCOOOB, KOTOPHIMHU
I10JIb30BATENb JOJDKEH WIN MOXKET B3aumozeiicrBoBath ¢ I10. Takoro pona cioXHOCTb MOKET
ObITh cBsi3aHa c usability (JIErKOCTh MCIIOJIB30BAHUSA) WK K€ C (PYHKIIMOHAIBHON CII0KHOCTBIO,
HarpuMep, KOJIMYeCTBO (GYHKIUOHAIBHBIX BO3MOXHOCTEH, KoTophie [10 mpeaocTaBisioT Mosib-
3oBarento. Merpuka «Albrecht's function points metric» 1 Mo00HBIC, 3aHUMAIOLIUECS U3MEPE-
HUEM (YHKIIMOHAIBHOTO pa3Mepa, HaXOAT MIMPOKOe MPUMEHEHHE JUISI H3MEPEHUS CIIOKHOCTH
I1O Takoro xapakrepa. Ecnu xe cucremoit B3aumopeiictsus ¢ [10 sBnsercs e€ pazpaboTuuk, TO
3/1ech HE00X0AMMO OOpalaTh BHUMaHUE HA CIOKHOCTh TaKMX 33/1a4, Kak KOAUpOBaHME, aedar-
THHT, TECTUPOBaHHE U U3MEHEHHE MMPOTrPAMMHOT0 00ecredeHus. DTOT THII CIOKHOCTH KaK pa3 u
Ha3bIBACTCS CTPYKTYpHOU ci0kHOCTRIO [10. On oTtoOpaxaet kak [10 cTpykTypupoBaHO U opra-
HU30BaHA €ro CTPYKTypa B Pa3HBIX €ro 4acTsaX, Kak Ha TTyOOKOM, TaK M HA MOBEPXHOCTHOM
YPOBHSIX.

Koppemnsus Mexay MeTpuKaMu CIOXKHOCTH MPOTPaMMHOTO OOecTeyeHUs] U acleKTaMu
TEXHUYECKOro OOCIy)KHMBAaHUS IIMPOKO H3ydaluch. B Xozxe uccienoBaHuii Obuia BBISIBIECHA
CUJIbHAsl 3aBUCHUMOCTb MEXAY cl0oXHOCThIO IO M yBenmnuuBIIelcs BBITOJAOW MPH MPOBEACHUU
nporenyp noaaepxkku 10, konuecTBOM 6aroB U U3MEHEHUHN B KOJIE.

@.I1. bpykc ompenenser HELOCTATOK JIEHUCTBUTEIBHO XOPOLIUX METPUK CTPYKTYPHOU
cnoxxHoctd [1O kak oHO M3 TPEX OCHOBHBIX MPOOJIEM B MHUpE KOMIBIOTEPHBIX HayK: «Y Hac
emé HeTy TeOpeTHUeCKON 0a3bl, KOTOpas Obl MPeIOoCTaBUIIa HAM METPHUKY JJIsi U3MEPEHUsl WH-

66,9

(dbopMaruu 3aKIr04EHHON B CTPyKType. MBI HE MOXKET cKa3aTh, YTO 3TO B “X” pa3 CIIO)KHEE, I/e
3Ha4YeHue “X’ ABJSUIOCH Obl KAKMM-TO YMCIOM». Kak TONBKO MIeabHOE 3HAUEHHE OIpEeeNIEHO,
MeTpuKa OyJIeT MEHSATh CBOE 3HAUEHHE B 3Ty CTOPOHY, ITOCKOJIbKY KOMaH/la HaYMHaeT paboTaTh
Ha JOCTHKEHHE JTOM Lenu. M3mepsas ciioKHOCTb, MBI MOXKET IOHATH €€ IPUYUHBI, OIIPENCINUTD
KaKHA€ YaCTH CHUCTEMBI SIBJIIFOTCS MOTCHIMAIBHBIMA MCTOYHUKAMH CIOKHOCTEH TEKYIIETo WU
MOTEHIMAJILHOTO O0CIIY)KHBAaHUS U, CIEIOBATEIbHO, ONPENEINUTh, YTO U KaK JOJDKHO OBITh M3-
MEHEHO.

B nenom, u1st TOro 4TOOBI U3MEPUTH CTPYKTYPHYIO CIOXKHOCTH MIPOrPaMMHOr0 olecreye-
HUS He0OXO0IMMO pa3uyaTh MOAXO0/IbI, HalpaBJIeHHbIE Ha OLEHKY cioxHocTu [10 B 1enoMm u Te,
KOTOpBIE HAIlEJIEHbl HA U3MEPEHUE CI0KHOCTU OTAENbHBIX Moayiel 110. IlepBrie ckIOHHEBI TTO-
jaratbcs Ha rpaduK MOAYJIbHBIX 3aBUCUMOCTEN U MOHSTUN, TAKUX KaK 3alleTlJIeHHE U CBSI3HOCTb,
B TO BpeMsl KaK MOCJEIHHE UCTIONb3YIOT MMOJAPOOHBIN aHAN3 MOTOKA YIPABICHUS WU CTPYKTY-
PBI IOTOKA JAHHBIX MOIYJIS.

B noxiage Takyke MpUBEIEHBI IIPUMEPHI UCIIOJIB30BaHUs METPUK IIPU OLIEHKE CTPYKTYPHOU
cinoxkHoctH [10, a Takke OTAENbHBIX AJITOPUTMOB, IPEJCTABICHHBIX OJOK-CXEMaMHU.
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K Bonpocy ucnosib30Banusi METPUK NPOrPaAMMHOI0 00ecneyeHus
€ Y4€TOM YCJIOBHIi cpebl pa3padoTku

Kemox P., /lnenponeTpoBCKkuii HALMOHAIBHBINA YHUBEPCUTET JKEIE3HOLOPOKHOTO
TpaHCHOpTa UMEHHU akajeMuka B. Jlazapsina, Ykpauna

MeTpuku mporpaMMHOTO 00ECTIeYeHHUs SBISIFOTCA CTAHJApTOM B MPAKTUKE MPOTrPaMMHON
uH)XeHepuu. B HacTosmiee Bpemst BCE OosiblIee KOIMYECTBO 3aKa3UMKOB BKIIKOYAIOT OTUETHOCTb,
OCHOBaHHYI0O Ha METPHUKAX, B CIUCOK TpeOOBaHWM NpHU 3aKIIOUEHUU KOHTPakToB. KoMmmanum
pa3pabOTUYMKOB, B CBOIO OYepelb, UCIOJIb3YIOT METPUKH, YTOOBI Jydllle INOHUMATh, CIEIUTH,
KOHTPOJIMPOBAaTh M OCYILECTBIATh IUIAHUPOBAHHE IIPOEKTOB IO pa3pabOTKe MPOrpaMMHOIO
obecnieyenus (I10), comyTCTBYIOMIMX MPOLIECCOB.

[Tocnennue HayuHble paboThl 3aTparuBatoT TepMuH «Metpuku [10» B pa3HbIX acnekrTax, B
3aBUCUMOCTH OT TOrO, KEM, KOI/la M AJIs KaKOW IeJd IIPOBOAMIOCH Hccnenoanue. Hampumep,
uenb uccnenoBaHus MeTpuk 110 MoxkeT packpblBaTh HIMPOKUM CIIEKTP TEM - OT U3AEPIKEK MPo-
M3BOJICTBA UJIM IPOTHO3UPOBAHUS BBITObI, 10 y4€Ta OIIMOOK M aHaIM3a NPUYMH X BO3HUKHO-
BEHUS, JINOO K€ METPUKU TECTOBOTO MOKPBHITUS W MOJAEIHPOBAHUE MPOU3BOAUTENBHOCTH. Beé
3TO MPUMEPHI TOI'O, YTO MOXKET MO/Ipa3yMeBaThCs Mo TepMUHOM «MeTpuku». s Toro, 4To0b!
U3y4yeHHE METPHUK MPUHOCHUJIO MOJIOKUTENbHBIM pe3yapTaT A KOPIOpaluu U MPeJoCTaBIIsIo
I0JIE3HYIO0 MH(POPMAIUIO BECh IEPCOHAJI, KOTOPbIN 3a/1€CTBOBAH B BBIOOPKY, IPOEKTUPOBAHUE,
IIpUMEHEeHHE, cOOp U UX MPUMEHEHHUE JTOJKEH YETKO MOHUMATh ONpeAeieHne METPUK U UX KO-
HEYHYIO 11eJ1b. BO-TIepBBIX, HY)KHO HICHTU(OUIIUPOBATH MOTPEOUTENS ISl KQXKIOU OTJEIBHO B35-
Toi MeTpukH. [loTpeduTeneM MOXKET SIBIATHCS 0c00a MM TPyIa JI0AeH, KOTOpble OyayT Mpu-
HUMaTh pEIIeHUs, ONupasch Ha MeTpUkH. CyIIecTBYIOT MHOTO BHUJIOB MOTpeOUTeNel NaHHbIX,
npenocrabisgeMbix Merpukamu [10. DTo MHOrokpaTtHo yciokHseT mpouecc paspadorku I10,
MOCKOJIbKY KaXK/bIil MOTpeOHUTENb BBICTABISAET CBOU TpeOOBaHUS K J10ObIBaeMOW HMH(pOpPMAIHH.
[ToTpeOuTensiMu MOTYT BBICTYNATh:

e otraen (GyHKIHOHAIBLHOIO MEHEPKMEHTa — 3aMHTEPECOBAH B YJIYULIEHUU MPOLIECCOB pa3pa-
ootku [10, ymenbienun puckoB u Mmakcummszanuu ROI (Return of Investment);

® OT/EN YNpPaBJIEHUS MPOEKTOM — 3aMHTEPECOBAH B TOYHOM IUIAHUPOBAHWU M KOHTPOJE HC-
MI0JIb30BaHUS PECYPCOB, COCTaBIEHUH OIOJKeTa U paboyel mporpamMMsl,

e uHXKeHepsl o pa3padorke [10 (mporpaMMUCTBI) — 01, KOTOPbIE HETTOCPEICTBEHHO 3aHSThI
paszpabotkoii I10. SIBns0TCS OTBETCTBEHHBIMU 32 cOOp OoJbIIel YacTH MHPOpPMALUHU, HEO0O-
XOIMMOM [T BEIYUCIICHHSI METPUK;

® OT/EN TECTUPOBAHMSI — OTBETCTBEHEH 3a MPOBE/ICHNE BepU(PUKALUU U BaIUJALUU JEATEIb-
HOCTH Ha MPENPUSATHH;

® 3aKa3YMKH/KOHEYHbBIE IOJIb30BATENU — 3aUHTEPECOBAHbI B CBOEBPEMEHHOM TOCTaBKE IpPO-
JOYKIIMH BBICOKOT'O Kau€CTBAa U YMEHBIIEHUH KOHEYHONH CTOUMOCTH.

Hcxons U3 BBIIEN3II0KEHHOT0, €CIIM METPUKA HE UMEET CBOErO MOTPeOUTENs, TO €€ u3Me-
pEHME CTAaHOBUTCS HEAOMYCTHUMBIM. A yYUTHIBas Takue (hakTOphl, KaK BHICOKAs CTOMMOCTH cOO-
pa JaHHBIX, COCTABIIEHUS OTYETHOCTH, MPOBEACHUS aHalIM3a — MIPOU3BOJICTBO TAKUX METPUK SIB-
JsieTCcsl HepallMOHAbHOM TpaTol BpEeMEHHM M JIEHEXHBIX pecypcoB. TpeOoBaHUS K METpHUKaM,
BBICTaBJIsIEMbIe MMOTPEOUTENSIMHU, BCETa JOJKHBI SABJIATHCS HANpPAaBIIAIOMIEH Haleil JesTeslbHo-
CTH. B MpoTHBHOM cllydae BO3HMKAeT PUCK CO3JaHUSl HE HYKHOTO Ha PhIHKE MPOTrPaMMHOIO
npoaykra. Onpenenenne NOTeHUUAIbHBIX MOTpeOUTeNel U BOBJICUEHNE UX HA PAHHUX CTalUAX
pa3paboOTKU MPOEKTa 3HAYUTEIHHO YBEIMUMBAIOT IIAHCHI HA €T0 YCIIEX, C y4eTOM TpeOOBaHUH K
METpHUKaM.
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MojeupoBaHue OHTOJOTHYECKUX 00bEKTOB H CBsI3eil NPH TpexXmiaTgopMeHHOM
NpeACTABJIEHHH CTPYKTYPbI 00pa30BaTeIbHOI0 NPOCTPAHCTBA
o0acTi HHGOPMALMOHHBIX TEXHOJIOTHii

Kopotenko I'. M., Kopotenko JI. M., Xaps A. T., ['ocymapcTBeHHOE BbICIIEE yueOHOE
3aBeficHUE «HanvoHaNbHBIN TOPHBIM YHUBEPCUTET», Y KpauHA

B o0mem npencraBiaenun o «rpex miatdopmax» crnenuanmctoB IDC, Gartner m maorux
JPYTUX UCCIIEIOBATEIBCKUX M KOHCAJITHHIOBBIX KOMITAaHUH, CHEIMATM3UPYIOIUXCs Ha 0030pax
U NIPOTHO3aX PAa3BUTHS PHIHKOB MH()OPMAIIMOHHBIX TEXHOJOTHH, epBOH IIIaTHOPMON SIBIISETCS
T.H. JUHUS MIHH(peMoB, KoTopas Havanack B 1950-e rozpl, ¥ MPOJ0IKACT UCIOIB30BATHCS 1O
ceil neHb. Bropoil mimardopmoil mpezncraBisercs cucTeMa KIMEHT-CEpBEp, HadaBlLIash OTCYET
cBoero paszsutus B 1980-x romax. W, Hakonen, tperbeii siBisieTcs miardpopma SMAC (social,
mobile, analytics and cloud — coumasnbHbie ceTH, MOOUIIbHBIE TEXHOJIOTHH, AHATUTHKA OOJIBIIHNX
JaHHBIX, 00JIAYHBIC CEPBUCHI U TEXHOJIOTHH).

VYpoBeHb abcTpakiuii, GOpMHUPYIOLIUX JaHHOE IMpPEICTaBlIeHHE MIaTGopM U MX KOMIIO-
HEHTOB, TPEACTABISIET KOHIJIOMEPAT CYIIHOCTEH, B YHCIO KOTOPBIX BXOMAT amliapaTHbIC, KOM-
IBIOTEPHBIE, BBIYMCIUTEIbHbBIC, TPOrPAMMHBIE, TEXHOJOTHYECKUE M HEKOTOPbIE JIPYrHe BUbI
w1athopm, a TaKKe UX B3aUMOCBS3H.

[lo nmocneqHUM AaHHBIM, B MHpe HacuuThbiBaeTcs 4,7 MIIpA MOOMIIBHBIX HOJIb30BATENIEH:
3 mupa — moxakIOYeHHBIX K MHTepHery, 1,7 mupa — tonbko coumanbHOM cetn Facebook u
1 muipzt monb30Barteneil MOOMIIBHOIO KpoccIulaTopMeHHOTo MecceHkepa WhatsApp, He yuu-
THIBasi MHOTHUX JPYTUX JOCTYIHBIX MPAKTUYECKU KAKIOMY BIIAJIENBIy MOOHMIBHBIX YCTPOMCTB
pa3HOO0Opa3HbIX IPOrPAMMHBIX CPEACTB U PECYPCOB.

KonnuectBo 00BEKTOB MHOMXECTBA B3aMMOJECUCTBYIOUIMX CYIIHOCTEH paccMaTpuBaeMoi
CTPYKTYpPbI IOCTOSIHHO YBEIMYHMBAETCS, TaK KaK TPeThs MiaTdopMa XapakTepusyercs CTpeMH-
TEJBHO PACcTYIIUM KOJHYECTBOM IOAKIIOUAEMBIX K MHTEepHETY MOOHMIIBHBIX YCTPOHCTB B cOUe-
TaHUM C IHUPOKUM MCIIOJIb30BAaHHEM COLMANIBHBIX CEeTe M pa3BUTOM 001a4HON MH(DpacTPyKTY-
PBI, IPUMEHSEMOH IS PEHICHUs] KOMIUIEKCHBIX aHAIMTHYECKUX 33134 C MMOMOIIBI0 TEXHOJIOTHIA
«OOJBIINX JAAHHBIX» U UCKYCCTBEHHOIO MHTeIUIeKTa. [loa TepMHHOM «OOJbIIME JaHHBIE)» MbI
MMOHMMAaeM TPHU acrekTa: O0oJblIoi 00beM HHGOpPMAIMH, €€ pasHOoOOpa3ue U HEOOXOJIUMOCTh
0o0pabaTbIBaTh JaHHbIE OYE€Hb ObICTPO. [Ipyrumu cinoBamu, MOJ ITUM TEPMHHOM CJEIyeT MOHH-
MaTh COBEPIIEHHO KOHKPETHBI HAOOp TOJXO/I0B M TEXHOJIOTHH, MPU3BAHHBIX PEHIUTH JaHHBIC
3aauu. OTH (aKTOPbl IPUBOJAAT K TPYIHOCTSIM ONEPATUBHOI'O BHECEHHSI KOPPEKTUPOBOK B MPO-
rpaMMbl AUCLUMIUIMH U y4eOHbIE TUIaHbl 0071acTh MH(GOPMALIMOHHBIX TEXHOJIOTUN MPU 00y4YeHUN
B YHHMBEpCHTETaX.

Jlyia perieHust JaHHOM MpoOJieMbl TpeJyIaraeTcsl MOIX0/l, HalpaBIEeHHBIA Ha MOCTPOCHHE
CMELUANTN3UPOBAHHBIX OHTOJIOTHYECKUX 0a3 3HAHUH, OPUEHTUPOBAHHBIX HAa PabOTy C MHOXECT-
BOM Pa3HOPOIHBIX PECYpCOB KaK MCTOYHHKOB JaHHBIX IO OTPEACTICHHON 00pa3oBaTeNbHOM Te-
MaThke. OCOOEHHOCTBIO TaKOTO TMOJX0/1a SABJSETCS CBSA3bIBAHUE TPEXIUIATGOPMHOTO MpeacTaB-
JICHHUS JUCIUTUTHHAPHON CTPYKTYpPBI B KOHTEKCTE BBISIBJICHUS CBSI3€H MEXIy Mpo(dhecCHOHAIb-
HBIMU KOMITETEHIMAMU. {71 BBISBIEHUS TaKUX CBS3€H MEXIy CYLIIHOCTSIMH 0Opa3oBaTEIbHOTO
MIPOCTPAHCTBA IPEJIaraeTcsl MOIX0, OCHOBAaHHBIN Ha OHTOJIOTHSX, MPUMEHEHHE KOTOPBIX TI0-
3BOJISIET 00ECIIEUNUTh KaK CBEJCHHUE PECYPCOB B €MHOE MH(POPMALMOHHOE POCTPAHCTBO, TaK U
OpTaHU3aIMI0 YAAJCHHOTO JIOCTYNa K HUM. VICroib30BaHHE OHTOJIOTHH JUISL TOCTPOSHHUSI JIOTH-
YEeCKOM MOJENH TpeJCTaBlIeHHUs] 3HAHWN MO3BOJIAET CHCTEMAaTU3HpOBATH CTPYKTYPY U CBS3U
KOMIIOHEHTOB 00J1acTH MH(OPMAIMOHHBIX TEXHOJOTHHA UIsI KOPPEKTUPOBKU CHEKTpa (HOpMU-
PYEMBIX KOMIIETEHIUH, 4TOOBI IIEIOCTHO MPEACTaBUTh TaKyl0 TPYAHO (popmaiau3yeMyro mpen-
METHYIO 00J1acTh, KaKk HH()OPMAITMOHHBIC TEXHOJIOTHH.
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¢ dexTHBHOE pelIeHHe 32124 IV100aTbHOH ONTHMU3AIUT

Kocomnan A. 1., 'ocynapcTBeHHOE BBICIIEe yueOHOE 3aBE/ICHUE «Y KPAauHCKHUI
roCyJapCTBEHHBIM XUMHUKO-TEXHOJIIOTMYECKUN YHUBEPCUTET», Y KpauHa

CymiecTByeT O0JIBIIIOE YHCIIO 3a7a4, KOTOPBhIE OTHOCATCS K Kiaccy NP-ClI0oXHBIX U 1)1 KO-
TOPBIX TIOKa HE pa3paboTaHbl 3PPEKTUBHBIC aNTOPUTMBI pelieHus. MHOTo Takux 3a7ad BO3HH-
KaeT Ha TPaHCIOPTE. DTO ONTHMAJIbHBIA BBIOOP TPAHCHOPTHBIX CPEICTB, Uil OOCITYKHMBaHUS
MapIIpyToB, 3a7a49d TEOPUH PACITUCAHHMA, POPMHUPOBAHUS MTOE310B, MHOTOIIPOAYKTOBBIC TIOTOKU
u MHorue apyrue. Ha manHoe BpeMs Takue 3a7avd PeIialoTcsl PAllMOHAIBHBIM 00pa3oM U 3TH
pelIeHUs NaJeKd OT ONTHUMAJBHBIX. DTO TPUBOAWT K 3HAYUTENBHBIM MOTEPSM BpPEMEHU U
cpenctB. [ToNBITKH HAWTH ONTHUMAlbHBIC PEIICHUS B ATHX 3aJladyaX HATAJIKWBAIOTCS Ha HETpe-
OJIOJIUMBIC BBIYMCIUTENbHBIE TpyaHOCTH. OCOOCHHO, YYUTHIBAs TO, YTO TAKHE 3aJa4d MUMEIOT
OOJIBIIYI0 Pa3MEPHOCTh U SBJISIOTCS MHOTOKCTpeMalbHbIMU. MHOrAA, yuuThiBas crenudpuky
KOHKPETHOW 3a/layd, yJaeTcs MOCTPOUTh NMPHOJFMIKEHHBIC aTOPUTMBI PEIICHUS TAaKUX 3ajad.
DTO O3HAYaeT, YTO PELICHUE KaXI0i 3a7auu TpeOyeT 3HAYUTEILHOTO BPEMEHU U CPEACTB, IS
€ MPAKTUIECKOro BHeApeHUs. JIydImuM BBIXOJOM W3 JTAHHOW CHTYAIlMH SBISETCS pa3padoTka
obmero 3¢pexTHBHOr0 MeToAa I pelieHus JaHHOTO Kjacca 3aaad. Takod meTon ObLI paszpa-
00TaH aBTOPOM M IMOJYYHJI Ha3BaHUE METOAA TOYHOW KBAJAPATUYHOHN pEeryisipu3amuu. ITOT Me-
TOJ MOKa3ai cBO 3 (PEKTUBHOCTh MPH PEIICHUH MHOTHX TECTOBBIX M MPHUKJIAJHBIX 3a/1a4. bbI-
JI1 TIPOBEJICHBI 3HAYUTEIILHBIC CPABHUTEIBHBIC YHCICHHBIC SKCIIEPUMEHTHI TI0 PEIICHUI0 OoJiee
300 croKHBIX TECTOBBIX 3aJ]a4, U MPAKTUYECKH JJISl BCEX 3a]a4 JJAaHHBIM METO/ MOKa3all JTy4lIne
pe3yNbTaThl. DTUM METOJIOM TAaK)KE PEIIATNCh MPUKIIATHBIC 33a4d TEOPUU PACIHCAHWH, Ha-
JEKHOCTH TEXHUYECKUX CPEJCTB, PAaCKpOs MaTepuasioB, KIACTEpU3ALUU JAHHBIX U Jpyrue
CJIOKHBIE 3a/1a4d, KOTOPHIE CIOKHO PEIIUTh TPATUIIMOHHBIMH METOJaMU. DTH PENICHUS TOJ-
TBEPKJIAI0T, YTO METOJI TOUHOM KBaJpaTUYHON PETYIIpU3aUU SBISETCS YHUBEPCAIBHBIM METO-
JIOM JUTSI PEIICHUS CJIOKHBIX ONTHMHU3AMMOHHBIX 3a7ad. [IprdemM JaHHBIM METOJIOM MOXHO pe-
math 3aJa4d OONBIION pa3MEepHOCTH, YTO OYEHb BAXKHO MPU PEIICHWU MPAKTHMUECKUX 3a/ad.
Eme oMHUM JOCTOMHCTBOM METOJA SIBISIETCS TO, YTO OH SBIISIETCS MPOCTHIM ISl POTPAMMHOMN
peanuzanuu. [t UCTIONB30BaHMS 3TOTO METO]a HEOOXOUMBI MIPOCThIE MPEOoOPa30OBAHUS UCXO/I-
HOM 3a/1a4M C UCIOJIb30BAaHUEM TOYHOM KBAJPAaTUYHOW pErysisipu3aliuy, a TaKXKe Iporpamma
METO/1a JIOKAJIbHOM ONTUMHU3AIMU B METOJ AUXOTOMUU. JIJis TOKAIBbHON ONTUMU3AIMU pa3pado-
TaHbl ¢ hekTrHBHBIC MeTOABI. OHUM U3 JTYYIIUX SBIISICTCS MPSIMO-IBOWCTBEHHBIN METOJ BHYT-
PEHHEH TOYKH, KOTOPBIHM UCITOIB30BAJICS aBTOPOM JIsI PEIICHUS TECTOBBIX U MPUKIIATHBIX 3a7au.

Tounas xBajgpaTWyHas PeryJsIpU3alvs MMO3BOJSIET MPeoOpa3oBaTh BCE CIOXKHBIC 33Ja4H
ONTUMHU3AINY K MAaKCUMH3AIIMH HOPMBI BEKTOPA Ha BBITYKJIOM MHOXKECTBE. DTH CIIOXKHBIE 3a]1a-
M BKJIFOYAIOT U JIUCKPETHBIC, B KOTOPBIX NMEPEMEHHBIC MPUHUMAIOT OYJIEBBI, ICIOYHCICHHBIC
WM TUCKPETHOE MHOXECTBO 3HadeHHW. Bo MHOrmx ciydasx mpeoOpa3oBaHHas 3aiada Oyner
OJTHOOKCTPEMABHOM, B TO BpeMsl KaK MCXOJHAs 3ajJiadya MOXKET COJEP)KaTh MHOTO JIOKATbHBIX
IKCTpeMyMOB. Hampumep, eciu BBIMYKIIOE JOMYCTUMOE MHOXECTBO MpeoOpa3oBaHHOW 3ajauu
SIBJIICTCS TIPSMOYTOJIBHBIM ITApAJIICIICITATIC/IOM WM BIIMCAHHBIM MHOTOTpaHHHUKOM. Yacto mpu
CMEIIIEHUH JIOMYCTUMOTO MHOKECTBA B HAIPABICHUU OUCCEKTPHUCHI MOJOKHUTEILHOTO OpTaHTa
peoOpa3oBaHHAs 3ajadya CTAHOBUTCS OJHOIKCTpEeMalbHOW. B oOmiem citydae, JUisl perieHus
3a/la4yl MaKCUMyMa HOPMBI BEKTOpa Ha BBHIMYKIOM MHOECTBE 3 (HDEKTHBHBIMU SIBIISTFOTCSI ABOM-
CTBEHHBIC METOTbI WJIH ITOJTYOIIPEACIICHHOE MTPOrPaMMHUPOBAHHE.

Takum obpazom, mst pemeHnst NP-clioXKHBIX MHOTOAKCTpEeManbHBIX 3a]a4 Haubolee 3¢-
(EKTHBHBIM METOJIOM SIBJISICTCS METOJ TOYHOW KBAJPATHYHOW pETyJIspHU3aIfH, YTO IMOATBEP-
XKJICHO MHOTOYHUCIICHHBIMH CPaBHUTEIILHBIMH SKCIIEPUMEHTAMH.
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Konunenmust MOCTPOCHHUSA AJATOPUTMOB oﬁnapymennﬂ 00bEKTOB U OLlCHKA MapaMeTpoB UX
ABHIKCHHUSA B CUCTEMAX TEXHHUYECCKOI0 3pCHUA

Kpacnos JI. A., HanmonanbsHbii adpokocmuueckuil yausepeuteT uM. H. E. XKykosckoro
«XAWN», Ykpanna

BoJIbIIMHCTBO COBPEMEHHBIX CHUCTEM CBSI3aHBI ¢ 00paOOTKOM M MCIOJIb30BaHUEM BHUJIEO-
nH(pOpMALIUK C PErHCTPATOPOB, pa3MELIEHHBIX Ha MOOWIBHBIX MaTdopmax. B aTux ciyuasx
MPUXOJUTCS pPelaTh 3a/1a4d yIpaBICHUS ABI)KEHHEM B paMKaxX yKa3aHHBIX orpaHuueHuid. Ta-
KHE MPOEKThl OPUEHTUPOBAHBI Ha HCIOJIb30BAHUE OJIHOIUIATHBIX KOMIbIOTEpoB Raspberry Pi u
s3pIKa TIporpamMmmupoBanus Python B koMOuHammm ¢ OuOIMOTEKOH 00pabOTKH M300pakeHUU
OpenCV (Open Source Computer Vision Library). Cesizka Python ¢ OpenCV mno3BossieT nmpoBo-
IUTH 00pabOTKYy BHUICOJAAHHBIX B PEAlbHOM BPEMEHHU C MPUMEHEHHEM COBPEMEHHBIX alTrOpHUT-
MOB.

[lenbto maHHO# pabOTHI sABISETCS pa3pabOTKa KOHUEMIUU CO3/aHusl 3PQPEKTUBHBIX aNro-
PUTMOB OOHapyKEHHsI OOBEKTOB M OICHKH ITapaMeTPOB MX IBMKCHUS MO pPe3yiabTaTaM BUICO-
HaAOJIOACHNS, TIPEAHA3HAYCHHBIX 111 pa0OThI B peaIbHOM MacIiTabe BpeMeHH Ha 0a3e KOMITbIO-
Tepa Raspberry Pi ¢ momomsto si3pika nporpammupoBanust Python u 6ubnuorexku OpenCV. s
oOHapyKeHHs U TTO3UIIMOHUPOBAHUS MOJIOKEHUSI HAOII0JaeMbIX OOBEKTOB B KaJpax BHIEOMOC-
JIeIOBATEIBHOCTH HEOOXOIMMO UCTIOIH30BATh MX IIBETOBBIC XapAKTEPHCTUKHU.

B cootBercTBHM € MOCTaBICHHON 3aaueid sl peain3alui aIrOpUuTMOB ObUT BBIOpaH Hau-
OoJiee CymeCTBEHHBI HH(POPMAITMOHHBINA MPU3HAK — HY)KHAsI KOMIIOHEHTa B COOTBETCTBYIOIIEH
L[BETOBOM MOJIETH KaJpPOB PETUCTPUPYEMON BHUICOINOCIEIOBATEILHOCTH, KOTOPAs HAWITYYIIUM
00pa3oM COOTBETCTBYET IBETY HAOIIOJaeMOr0 00BEKTa U HAJICKHO OTIUYACT ero oT (oHa CIie-
HBI IPU PA3JTUYHBIX YCIOBHUIX OCBEIICHUS.

OpnHolt U3 ocoOeHHOCTEN HamMcaHus KOAOB Ha si3blke Python sBisiercss HeoOxonuMocThb
(bopMHpOBaHUS HYXHBIX BO3MOXKHOCTEH MPOrpaMMHPOBAHUS 3a CUET IMOJKIIOYEHUS BHELIHHUX
O1OIMOTEK.

JU1st TOUHOM MPOCTPAaHCTBEHHOM JIOKAIN3aluu 00beKTa HaOI0IeH!s Aajee Obljla UCTIONb-
30BaHa MpoIeaypa Mpeodpa3oBaHMsl BBIZCICHHON I[BETOBOM KOMITOHEHTHI KaJ[pa B TIOJYTOHOBOE
n300pakeHre U Mocjeyronas ero OMHapu3alys ¢ OTCEYEHUEM IO MOPOTY SPKOCTH. 3aTeM A
OMHApHOrO N300pakeHUs BHIYMCISICS HAaOOp MHBApUAHTHBIX MOMEHTOB HyJseBoro (m00) u nep-
Boro (m01 u m10) nopsaka, onpeAessomNX KOOPAMHATHI IEHTpa HabI01aeMoro 00beKTa.

Ha 3akmountensHoMm sTane oO0paOOTKH BUJCOJIAHHBIX OCYIIECTBIISUIOCH MPeoOpa3oBaHHE
CHCTEMbI KOOPAMHAT M300pakeHHs B MPaBYIO LEHTPATIbHYIO HPAMOYTOJIbHYIO CHCTEMY KOOPIH-
HAT, ¥ TIPOBO/IMIIACH MTPOIIETyPa BIYUCICHUS TPACKTOPHBIX ITapaMeTPOB HAOIII0JaeMOT0 OOBEKTA.

Cy1iecTBeHHOE BHUMaHKE OBLIO yJEJIEHO MOCTPOSHUIO0 HHTEPAKTUBHOTO MHTEpdeiica npo-
rpaMMBbI U rpaduyecKoMy OTOOpaKEHHIO pPe3yIbTaTOB 0OPa0OTKH JIaHHBIX.

B pabore npennoxeHa KOHLEMIUSA TOCTPOSHUS aJTOPUTMOB OLIEHKU ITapaMeTpoB JIBHXKe-
HUS 110 BUICO/IaHHBIM Ha OCHOBE aHaJIN3a KOMIIOHEHT I[BETOBOTO MPOCTPAHCTBA U JaHbI BapHaH-
Thl TIPAKTUYECKOM peanu3aluu 3THX MeToJ0B. IIpoBeneHa onTUMH3aMs CTPYKTYpPhl aJTOPHUT-
MOB c ucrnosib3oBanueM ¢yHkiui oudnuorekn OpenCV Ha s3pike nporpammupoBanust Python.
DKcIepUMEHTaIbHbIE MCCIIE0BAHUS MOKa3all JJOCTATOUHYI0 YCTOMUMBOCTH K JEHCTBHUIO pas-
JMYHOTO POJa TIOMEX M XOopoliee ObICTPOJCHCTBHE, YTO BIIOJIHE COOTBETCTBYET TPEOOBAHUSIM K
MIPOEKTY.

[Tonmy4yenHble maHHBIE OYAYT IOJIE3HBI JJIS AJANTAllMA aJTOPUTMOB M TPOTPAMMHOTO
o0ecreyeHrsl ONTUYECKUX CUCTEM TPACKTOPHBIX M3MEPEHUH K paboTe B pealbHOM BPEMEHU Ha
MOJIBIKHBIX HOCUTENSIX C UCIOJIb30BaHUEM MUKPOKOMIIbIoTepOB Raspberry Pi
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JocaiizkeHHs] MeTOIB NOCTOPIHKOBOIO 3aBAHTAKeHHS i Bil0OpaskeHHS T1aHUX B
MOOIILHUX J0JATKaX

Kpeuer P. C., /lHinponeTpoBChbKUil HAIlIOHATBHUN YHIBEPCUTET 3ai3HUYHOTO TPAHCIIOPTY M.
akaz. B. Jlazapsana, Ykpaina

['010BHOIO METOI0 JOCHTIJKEHHS METOJIIB IOCTOPIHKOBOTO 3aBaHTAKEHHS € BUPILICHHS
npoOseMu mojaaHHs iHGopMallii y BHIJISII CIHCKY 3 HEKOPEKTHUM BUBOJOM naHuX. Lls mpo-
OnemMa IpUCYTHS JIUIIE B MOOUIBHUX JI0/1aTKaX, /1€ TIOHATTS CTOPIHKU — aOCTpaKTHE I KOPHUC-
TyBaya, a Bi3yaJbHE PO3MEKYBAHHS C€JIEMEHTIB PI3HUX CTOPIHOK — BijacyTHE. CTOpiHKA SIBIISIE
co0oro BHOIpKY eJIeMeHTIB (DIKCOBAHOI KITBKOCTI, 110 3aBaHTAXKYEThCS 3 0a3u JaHUX Ta/abo 3
Mepexi [arepnert. Ilicnsa 3aBaHTa)KeHHS CTOPIHKM JaHUX KOPHCTYBady HEOOXIJTHO MEPEUTH 10
CaMoTO HU3Y CTOPIHKHU JJISl TOTO, 00 3aBaHTAXXHUTU HACTYIIHY CTOPIHKY JaHUX.

KitouoBi mpobniemMu mpu peanizailii JaHOrO MeXaHi3My — Iie¢ AYOJIIOBaHHS €JIEMEHTIB Y
CIHMCKY JJAHMX, 110 € TIOMITHUM JJIs1 KOPUCTYBaya, MpOTe HE € AyXKe KPUTUIHHUM, Ta BTpaTa ele-
MEHTIB y CIIUCKY JIaHUX, 110 € HEMOMITHUM JUIS KOPUCTYBaya, aje € JyKe KPUTHIHO, OCOOIHBO B
Takux chepax MisTbHOCTI, IK METUIIHA.

[Ipu mpoBeaeHHI NOCHIHKEHHS OyNo: BUAUIEHO METOAM MOCTOPIHKOBOTO 3aBaHTAKCHHS
TaHuX 1 mpaBmiia (OpPMYBaHHS CIHCKIB JIAaHMX, MOPIBHSHO METOAW MOCTOPIHKOBOTO 3aBaHTa-
KEHHS JaHUX MPH BUKOPHUCTAHHI PI3HUX MpaBWI (OPMYBAHHS CIHCKIB JJAHUX, CTBOPEHO KOM-
TUIEKC TIPOTPaM Uil BUPIIIATbHUX BUSBICHUX MTPOOIIEM.

Cepen MeTO/1iB TOCTOPIHKOBOTO 3aBAHTAKEHHS JAHUX PO3TIISIHYTO:

— METOJI, 3aCHOBAaHHI Ha 3CYBi — Y SIKOCTI MTapaMeTpy BHKOPHCTOBYETHCS 3HAUECHHS 3CYBY,
II0 BKa3ye Ha KUIBKICTh €JIEMEHTIB, sIKi HEOOX1THO MPOITYCTUTH, Ta MICIIs SIKUX 3aBaHTa-
JKUTH HACTYIHY CTOPIHKY JaHUX;

— METOjI, 3aCHOBaHWI Ha 4Yaci — y SKOCTI MapaMeTpy BHKOPHCTOBYETHCS 3HAYCHHS Yacy
(cTBOpeHHs 200 OCTAHHBOTO PearyBaHHS KOXKHOIO 00’ €KTY CIHCKY), 10 SKOTO HEOOXi/-
HO 3aBaHTAKUTH HACTYITHY CTOPIHKY JIaHUX;

— METOo/1, 3aCHOBaHUI Ha Kypcopi — MOJIOHO MonepeHbOMY METOY, Y SKOCTI MapaMeTpy
BUKOPUCTOBYETHCS 3HAUEHHSI, IO YHIKAJIBHO 1IEHTU(IKYE KOKEH 00’ €KT CIUCKY.

JIJ1 KO’KHOTO 3 METOJIB JIpYTMM MapaMeTpOM € 3HAYEHHs JIMITY, [0 BKa3y€e Ha KUIbKICTh
€JIEMEHTIB, SIKI HEOO0X1/JHO 3aBaHTAKUTH y HACTYIHIHM CTOPIHIII JaHUX.

Bunineno HactynHi npaBuiia GopMyBaHHS CIIMCKIB JaHUX:

— CTaTU4HI CIMCKH, 110 3 YaCOM He 3MIHIOIOThCS, HAITPHUKIIAJ], CIIUCOK MOIITOBUX 1HEKCIB,;

— JMHaMIYHI CTIHMCKH, B SKUX HOBI 3alMCH JIOJAIOTHhCS B MOYATOK B OyAb-SKHI TPOMIKOK
qacy, HalpuKJyaJl, CIIMCOK aKTUBHOCTEH KOPUCTYBaya,

— JIMHAMIYHI CIIMCKH, B IKUX HOBI1 3aITMCH JI0JIAI0THCS B MOYATOK, a Oy/Ib-sIK1 paHilie J0/1aHi
3aMiCcH MOXKYTh OyTH BUJIAJICH1, HATPUKJIAI, CIIUCOK €IEKTPOHHUX JIUCTIB.

[Tig gac mocmimxkeHHs OyJ0 3’5ICOBAHO, IO MPOOJIEMH, OB’ sI3aHi 3 MEXaH13MOM TOCTOPiH-
KOBOT'O 3aBaHTa)XCHHS TAaHWX, BUHUKAIOTh JIUIIE JUIT METO.y, 3aCHOBAHOTO Ha 3CyBi, Ta 3 000oMa
npaBwiaMu (GOpMyBaHHS TUHAMIYHUX CHOUCKIB JaHUX. CIUCKH, B SKUX paHIIIe T0JaHi 3alucu
MOXYTb OYTH BUJAQJICHI, MICTATh MTPOOJIEMH CIIUCKIB 0€3 BUIAJICHHS 3alUCIB T4 MAIOTh III€ OJIUH
crnenudiyHuX BUMaAkiB. Tox came A Ii€l mapu JaHE JOCHTIDKEHHS BUPINIYE BU3HAYEHI MPO-
0J1eMu, BUKOPUCTOBYIOUYH IMOPIBHSIHHS (METOJ] €MIIPUYHOIO JOCHIJKEHHS) Ta aHalli3 1 CUHTE3
(MeToI TEOPETHYHOTO JOCHIHKEHH).

3a pe3yibTatamMu AOCTIHKEHHST OyJI0 PO3POOJICHO MPOTPaMHHUI KOMILIEKC, MO0 HE TITBKH
BUpIIIy€e BUSBJICHI IPOOJIEMH, ajle i HAOYHO JAEMOHCTpPYE 3HalIeH] pieHHs. YacTuHa KOMIUIEK-
Cy, II0 caMe BUPIIIy€e MPOOJIeMH, Ma€ TIEPCIICKTUBY BUKOPHUCTAHHS Y PO3pOOIll Oyab-SIKuX MoOi-
JBHUX JI0JIaTKaX, 110 MAIOTh CIUCKU JaHUX, IIJIIXOM BIIPOBAKEHHS YHIBEPCATHHOTO MOYIIIO.
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JocaizkeHHsI aIrOpuTMIB cliBCTaBJIeHHs! (pparMeHTiB TeKCTIB i (popMyJ1 B JOKyMeHTax
MS Word i Latex

Kysnenos /I. B., /lHinponeTpoBChbKUil HalllOHATBHUN YHIBEPCUTET 3aTI3HUYHOTO TPAHCIIOPTY
iMeHi akagemika B.JIazapsHa, Ykpaina

VY Ham yac Maiike y BCiX TEKCTOBHX pelakTopax € (yHkiis nomyky. Tomy 3aBxau MOXHA
0e3 YCUISKMX 3yCHJIb 3HAUTHU MOTPIOHUHN (PparMeHT TeKCTy y mokyMeHTi. OnHak, OyBarOTh BUIIa-
JIKH, KOJIX HE BiJOMO, 1[0 IIYKAaTH 1 MOTPIOHO MPOCTO 3HANTU (PparMEeHTH TEKCTY, SIKi TOBTOPIO-
IOThCS B OJJTHOMY a00 KUIBKOX JIOKyMeHTax. Taka MOKJIMBICTh MOXe OyTH Jy>Ke KOpUCHA Y SIKOC-
Ti BUSIBJIIGHHS IIJIariaTy y HAyKOBHX Ta KypCOBHX po0OOTax, a TaKOX Ui BUSBJICHHS MOBTOPIB 3
METOIO MOJIMIIEHHS SKOCT1 TEKCTY.

OcHoBHa MeTa 11i€1 pOOOTH MOJIATAE Y TOCIIKEHH] aJITOPUTMIB, SIKI MOKYTh OYTH BUKOpPHC-
TaHi JUIsl 3HaXOPKEHHS MOBTOPIB Y TEKCTi. Y SKOCTI MOBTOPIB PO3IJISAAIOTHCS B HEPUIY Yepry,
JIOCUTh BEJHKI, 1IEHTUYHI1 (parMEHTH TEKCTY, y IKUX CIIBIAJAI0Th YC1 CUMBOJIH. Y SIKOCTI TE€KC-
TOBHUX JOKYMEHTIB PO3IJIsiaaloThest popmatu qokymentis Word a Latex.

OkpeMHM TyHKTOM Yy AaHii poOOTI MOXHA BHAUIATH BUSBIICHHS MOBTOPIOBAHUX MaTeMaTH-
yHuX Gopmyn. B Latex ¢opMynu BUIAUISIOTHCS CHEIialbHUMHU CIOBaMHU-MapKepamu, SKi JI0IO-
MaraloTh BU3HAYUTH 1 PO3MI3HATH 1X B TEKCTI1 JI Mojaibinoro nopisusuus. Y Word, dopmynu €
o0'ekTaMu, TOMY iX pO3Mi3HaBaHHA BIJIPI3HIETHCS Bl 3BUYAHOIO TeKCTy. AJie IX MOXHa BUSBU-
TH, 32 JIOTIOMOTOI0 JOTIOMDKHMX IPOrpaMHuX 01010TeK, st po36opy daitny. Bapro takox 3a-
3HAYMTH, 1110 3AJIEXKHO BiJl TOTO, IKUM YHHOM (popMysia Oysia CTBOpEHA B IOKYMEHTI (HallpUKJIaj
yepe3 MathType abo MS Equation) 36epiratucs y ¢aiiii BoHa Oy/ie 1o pisHOMY.

Jlnst BUpIIIEHHS 3a]ia4i BUSBJICHHS MMOBTOPIB OYJIM JOCIIIKEHH] aITOPUTMU HAa OCHOBI CTH-
CHEHHs JaHuX 0e3 BTpaT LZ. AIITOPUTMH I[LOTO THITY IPUITYCKAIOTh BUSBIICHHS YHIKQJIbHUX JIaH-
IFOXKKIB CUMBOJIIB 1 30€peKeHHs X y CIOBHUK. SIKIIO JIAHIIIOKOK BXKE € y CIIOBHUKY, BiH BBaXka-
€TbCSI IOBTOPIOBAHUM 1 HOMY NPUCBOIOETHCS BIAMOBIIHUM 11eHTU(IKAaTOp 13 ciaoBHHUKA. Came
BUSIBJICHHS TIOBTOPIOBAHMX IOCIiAOBHOCTEH CUMBOJIB 1 pOOUTH JaHi aJITOPUTMI MEPCIIEKTUBHU-
MU TSI BUSIBIICHHSI TTOBTOPIB.

JeranbHo Oynu po3risiHyTi anroputmu LZ77, LZ78, LZW, ski HanexaTb ciMeicTBy LZ.

LZ77 ta LZ78 aBns0TbCS yHIBEpCAIbHUMH QJITOPUTMAMH CTUCHEHHSI, Y SIKUX CIOBHUK (O-
PMYETbCS Ha OCHOBI Bake 00p00JIeHOT YaCTUHH BX1THOTO MOTOKY.

OcobnuBicTio anroputMmy LZ77 € BukopucTaHHS Tak 3BaHOTO MEPECYBHOTO BiKHA, a0 cio-
BHUKA. Y SIKOCTI CJIIOBHHMKA aJITOPUTM BHUKOPHCTOBYE OJIOK BXKE 3aKO/I0BAHOI MOCIIOBHOCTI. Sk
MIpaBWJIO TIO Mipl BUKOHAaHHS 0OpOOKH, MOJIOKEHHS 1IbOro OJIOKY BITHOCHO MOYaTKy MOCHTII0B-
HOCTI TIOCTIMHO 3MIHIOETHCSI.

Ha Bigminy Bin LZ77, axuit GyHKIIIOHYE 3 BK€ OTpUMaHUMU JaHUMHU, LZ78 opieHTyeTbCs
Ha JaHi, K1 TUIbKH OyIyTh OTpUMaHi. AJITOPUTM 3UUTYE CUMBOJIM TEKCTY J0 TUX Tip, MOKH Ha-
KOIMHMYEHA MOCIIJOBHICTh IIJIKOM BXOJUTH JI0 OHIET 13 Ppa3 caoBHUKA. SIK TIIBKH 1151 MTOCTIIOB-
HICTh TIepecTaHe 3aJOBOJIBHATH Xo4ya O OJHIM (pa3i CIOBHMKA, aJTOPUTM TE€HEpYye KOJ, IO
CKJIQ/Ia€ThCS 13 1HAEKCY JIaHLIOKKa CUMBOJIIB Y CIIOBHHUKY, Ta CUMBOJY, 110 MOPYIINUB 30ir JIaH-
1r0kKa. [10TiM y CIIOBHUK J10/1a€ThCsS HOBA MOCHIIOBHICTb.

Anroputm LZW Biapizusierbes Big LZ78 tum, mo nepenbavae ClOBHUK, SIKUN BXKE 3all0B-
HEHMH yciMa 1-CUMBOJIbHUMH 3HAYeHHSAMHU. TakoXX Micis 3aHECEHHsI HOBOI MOCIIJJOBHOCTI J0
CIIOBHHKA, 3YMTYBAaHHS HOBOTO JIAHITIOXKKA, i3 BXIIHOTO TIOTOKY CHMBOIIIB, IOYMHAETHCS 3
OCTaHHBOT'O CUMBOJTY, TIOTIEPETHBOTO JIAHIIOXKKA.

OTxe, anrTOPUTMU Ha OCHOBI CTHCHEHHS JaHWUX MArOTh NMEPCTIEKTHUBY y BHPIMIECHHI 3a1adi
pO3Mi3HaBaHHS MOBTOPIB Y TEKCTI, 32 YMOBI JoAaTKoBO1 Moaudikarii. Tomy manuit miaxia Moxe
3aCTOCOBYBATHUCS Ul PEATIbHUX 3a1a4.
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3acrocyBaHHs IHTepAKTHBHMX iHpOpMaNiliHO-aHAITHYHHX 0a3 JaHUX
B CHCTeMi YNIPaBJIiHHA TPAHCIOPTHOIO iH(PPACTPYKTYPOIO

Kyrtupes B. B., Ynpasninus opranizaiiii MUTHOTO KOHTPOIIIO
Honenpkoi mutauii JJPC, M. Mapiynomns
[Taciunuk A. M., YHiBepcuUTEeT MUTHOI clipaBH Ta (iHaHCIB, YKpaiHa

OnHi€ro 13 OCHOBHUX YMOB YCITIIIIHOTO BUPIMIEHHS 3a7a4 1HTETpallii TPaHCIIOPTHOI CHUCTe-
MU YKpaiHU B MEPEXy €BPONEHCHKUX TPAHCIIOPTHUX KOPHJIOPIB, @ TAKOXK (PaKTOPOM IiABHILIECH-
Hs €(DEKTUBHOCTI CUCTEMH YIIPaBJIiHHS TPAHCIIOPTHOIO iH(OPACTPYKTYPOIO € HASBHICTH JOCTOBI-
PHHX JIaHUX IPO CTaH Ta HAasBHI MOTYKHOCTI TPAHCIIOPTHOI CUCTEMH KpaiHu.

AHaJi3 maxomiB, sIKi 3aCTOCOBYIOTHCS ISl OLIIHKK TPAHCIIOPTHOI 1HPPACTPYKTYpH B Hail-
OUTBII TPAHCIIOPTHO-PO3BMHEHUX KpaiHax J103BOJISIE 3pOOMTH BUCHOBOK, IO HAMOLIBII mporpe-
CHUBHUM IHCTPYMEHTOM CTBOPEHHsI iH(hopMalliiHO-aHATITHYHUX 0a3ax JdaHuX B cdepi TpaHCIOp-
Ty € TpEICTaBICHHS IHTEPAaKTUBHUX reorpadiyHux KapT Ha 0a3i HasBHHX BeO-CepBepiB
(«HEPGIS», «Google Earthy Ta inm1.), siki KpiM i1HIIOTO J103BOJSAIOTH IPOBOJUTH aHAIII3 HasBHOI
iHpopmanii Ta HagAIOTh IHCTPYMEHTH IUIAaHYBAaHHS TPAHCIOPTHOTrO mporecy. OCHOBOIO st
CTBOPEHHS TaKUX KapT BUCTYIA€ CHUCTEMaTH30BaHa 1HQOpMAaLlis PO TPAHCHOPTHI MAPIIPYTH Ha
BIJIIOBITHUX BHUIAX TPAHCIOPTY Ta iHQoOpMamis Mpo TpaHCHOPTHI By3nu. llpexcraBienHs
iH(popMmalii Takux 0a3 JAaHUX Y BUTIISAII IHTEPAKTUBHUX KapT J03BOJISIE BUKOPUCTOBYBATHU 1X SIK
Jiep>KaBHAM OpraHaM JJisi BUPILICHHS MMUTaHb HAI[IOHAIBHOI O€3MEeKH, TaK 1 MpUBaTHUM (pipmam
Ta rpoMajisHaM Juist 3a0e31e4eHHs IIepeBe3eHb BAHTaXIB Ta MaCaXUPIB.

[ToTy>)xHu#l PO3BUTOK MPOTIAroM ocTaHHIX 10 pOKIB KOMIT'IOTEPHUX TEXHOJOTIH
yIIpaBJIiHHS TPAHCIIOPTOM Il 4ac NEepeBe3eHHs BAHTAXXIB CTBOPIOE HAJ3BUYAWHO CHPUSATIMBI
YMOBH Il CTBOPEHHS IHTEPAaKTUBHHUX IH(OpMaliiHO-aHATITUYHUX 0a3 AaHMX TPAHCIOPTHUX
00’€KTiB Ta IHPPACTPYKTYypH B YKpaiHi, 10 JO3BOJUTH JAOCITTH HACTYITHHX II1IEH:

3a0e3MeyeHHs Iep)KaBHUX OpPraHiB aKTyaJbHOI 1H(OpPMAIIIEI0 PO TPAHCIIOPTHI 00’ €KTH,
sKka OyJne BUKOPUCTOBYBATUCS I MiABHMILEHHS O€3MEeKH KpaiHW, pOo3pOOKH Jiep>KaBHHUX MpoO-
rpam, 3 ypaxyBaHHSIM peajbHOI CHTYallii B TPAHCTIOPTHOMY CEKTOpI;

BU3HAYECHHS MpPOOJEMHHUX OO’€KTIB TPAHCIOPTHOI 1H(QPACTPYKTYpPH SKI MOTPEOYIOTH
MepIIOYEepProBoi pEKOHCTPYKIIi Ta MOJEpHI3allil;

MiABUILEHHS. TPAH3UTHOTO MOTEHIIay YKpaiHU yepe3 BIIKPHUTICTh Ta MPO30PICTh TpaHC-
MOPTHOTO CEKTOPY, 3AIyYEHHs 10 poOOTH B YKpaiHi MIXKHAPOJHUX TPAHCIIOPTHUX KOMITaHI1H, sIK1
OpIEHTYIOTbCS Ha €BPOIEHCHKUM piBEHb CEPBICY;

dbopmyBaHHS AOCTYMHOTO 1H(OpMaIIHHOrO 3a0e3nedyeHHsT ISl TMPOBEICHHS HAYKOBHX
JOCIIJPKEHb HalllOHAJIbHOTO PiBHS Ta OTPUMAaHHS peajbHUX Pe3yJbTaTiB y BUTIIAAL aKTyaIbHHUX
peKOMeHalil 1100 MiJBUIIEHHS KOHKYPEHTOCIPOMOKHOCTI TPAaHCIOPTHOI 1H(PACTPYyKTypHu
VYkpaiHu Ha MDXHAPOJHOMY PUHKY TPAHCIIOPTHUX TMOCIYT;

3a0e3neyeHHs MPO30POCTI BUTPaUyaHHs Jep>KaBHUX KOMITIB y TPAHCIIOPTHOMY CEKTOp1, Ha-
caMmIiepe]] 4Yepe3 MOXKJIHUBICTb OTPUMaHHSA JOCTYNY TPOMAJICBKOCTI JIO BIIOMOCTEH Mpo
BUJIJICHHSI KOLITIB Ha PEKOHCTPYKI[IIO HASBHUX TPAHCIOPTHHUX OO €KTIB Ta 1HPPACTPYKTYpH Ta
CTBOPEHHSI HOBUX 00’ €KTIB, BIJICTEKEHHSI Pe3yJIbTaTiB BUTPAT LIUX KOMITIB.

AKTyalbHa OIIIHKa MOTYXXHOCTEH TpaHCHOPTHOI 1HGPACTPYKTYpH KpaiHU HaJae
MO>KJIMBOCTI HiIBULIUTH O€3MeKy JepaBH, NUISIXOM BU3HAUYEHHS KPUTHYHUX TPAHCIIOPTHHUX
00’€KTiB SIK y BIHCHKOBOMY TaK 1 B €KOHOMIYHOMY KOHTEKCTi, 30UIBLIMTH MPO30PICTh Ta
3pO3YyMLIICTh TPAHCTIOPTHOTO CEKTOPY B MPOLIECi MPUHHATTS pillleHb YKPaiHChKUM Ta IHO3eMHUM
613HecoM, copMyBaTH Ta MIATPUMYBATU HaJlIHI JAepKaBHI JIOTICTUYHI 3B’SI3KU 3 METOI0 OTPHU-
MaHHs HaIllOHAJBHOTO MPUOYTKY, CTBOPUTU OOIPYHTOBaHY Ta INepeBipeHy 0a3u JUisl BUKOPH-
CTaHHS B HAyKOBUX JOCIHIDKEHHSX, [TOB’A3aHUX 3 TPAHCIIOPTHUM CEKTOPOM €KOHOMIKHU 3 METOO
OTPUMAaHHS IOCTOBIPHUX PE3YJIbTATIB AOCIIKEHB SIKI MOXKIIMBO peaji3yBaTy Ha MPaKTHIIL.
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JlocriIzKkeHHS Ta MO/IeJIIOBAHHS 0araTOBUMIipHHMX Npo1eciB 3ac00aMy iHTeIeKTYaIbHOI0
aHaJIi3y JaHMX Uil POTrHO3YBAHHS XBOPOoOM AJiblreiiMmepa

JleBuenko 1. A., IHINpONeTpOBCHKUIT HAIlIOHATBHUHN YHIBEPCUTET 3aTI3HUYHOTO TPAHCIIOPTY
iMeHi akazemika B. JlazapsiHa, Ykpaina

Beryn. 3rigHo 31 3Bitom BceecBiTHbOi (enepanii xBopoou Aunbureiimepa (Alzheimer's
Disease International) 3a 2016 pix y cBiTi mpuOaM3HO 46 MIJIBHOHIB JIFOIEH ypasKeH] UM 3aXBO-
proBaHHsM, X04a y 2005 iX KUIbKIiCTh csirana juiie 26 MitH. SIk mpaBuio, XBopoba ypaskae JTHIX
Jmroel mcis 65 pokiB 1 MOPYIIye XiMiro “cipoi pedoBHHHU™, 10 MPU3BOAWTH HE JIMIIE J0 MPO-
O6nmem, abo HaBiTb BTpaTH, Nam’sdTi, ajle W JO mporpecyrdoro ciaboymcra. Came
J1arHOCTYBaHHsI CKJIaIa€Thes 3 pe3yabrariB MPT 1 TecTyBaHHS mam’siTi Ta IHTEICKTY.

Takum yuHOM, po3poOKa crcTeMu OiHapHOI KiIacudikalii cTaTyCcy 3aXBOPIOBAHHS MOXKE
OyTH KOPUCHOIO IIPU JiarHOCTYBaHH1. MeTOl0 MOCIiKeHHS € BUOIp Ta 3HAXOHKCHHS aJTOPUTMY
kiacudikamii Ta HOro rimeprapaMeTpiB, M0 JACTh MAKCUMAIBHO MOJMJIMBY TOYHICTBH Tif 4Yac
JlarHocTyBaHHs. 30ip AaHuX MpoBoauBCs Menuunum iHctuTyToM ['oBapna I°ro3a, pedynpratu
Oynu mepenani HayKOBO-JOCIITHUIIBKOMY IIEHTPY XBOpoOu AublreiiMepa y BammHrronchKOMy
yHiBepcuTeTi Ta Oynu omyOiikoBaHi y BiIKpUTOMY AocTymi. JIBa Ha®opu HaHUX MICTATh
iHpopmairo mpo 416 Ta 150 ocib.

Metoau nocmimxkenb. s 3’scyBaHHS HASBHOCTI XBOPOOM BHKOPUCTOBYIOTHCS HANHOUIBIIT
MOIMpeHi MeTou Kiacudikamii: gepeBo yxBajieHHs pimeHb, Mmetoa K-cyciniB, MeTo]; OmopHUX
BEKTOPIB.

ANTopuTM N1epeBa yXBaJCHHS PIlICHb KJIACH(iKye NaHi, aBTOMATUYHO OYAYIOUH MOEIh
pillIeHb Ta X HACHIJAKIB, /I IIIbOB1 3MiHHI MOXYTh MPUIMATH JUCKPETHUN HaOip 3HAYEHbD.

Meton K-cyciniB nonsirae y Tomy, mio Juist Kiaacu@ikarii 00'eKTiB y paMKax IpoCcTOpy Bia-
CTMBOCTEH BUKOPHCTOBYIOTHCS €BKJIIJIOBI BIJICTaHi, MOpaxoBaHi 70 ycixX iHImuUX o0'exTiB. Jami
BHOUpPAIOTHCS 00'€KTH, J0 SIKUX BIJICTaHh HAaWMEHINA, 1 BOHU BHUIUISIOTHCS B OKPEMHI Kiiac.
OO0'eKT MPUCBOIOETHCSA TOMY KJacy, sIKHH € HalOLIbII MOLIIMPEHUM cepejl CYCIIiB JaHOTO elle-
MEHTA.

OcHOBHA iJiess METOJly ONOPHUX BEKTOPIB - MEPEBEJCHHS BUXITHUX BEKTOPIB B HPOCTIp
OUTBII BHCOKOI PO3MIPHOCTI 1 MOIIYK MOAUIAIOYOI TIMEPIUIONIMHU 3 MAKCHUMAaJIbHUM 3a30pOM Y
1IbOMY IpocTopi. /IBi mapasiesnbHi rineprulomuHu OyayroThes o 00uIBa OOKH TNepIUIONIMHY, 110
pOo3AUIA€E KJIAacH. AJITOPUTM TIPALIOE B MPUITYIICHHI, 1[0 YUM OUIbINA Pi3HUIT ab0 BIJICTaHb MK
LIUMH TapajieIbHUMHU TiNepIUIoMHAMU, TUM MeHIle Oy/ie cepe/iHs MOMMIKa Kiacudikaropa.

Pesynbraru. Byno peanizoBaHo aropuTMu aepeBa yxBaJeHHs pilieHb, K-cyciiiB Ta onop-
HUX BEKTOpiB Ha MoOBiI nporpamyBaHHs Python. Takox Oyno peanizoBaHuii minOip HalOLIbII
MIIXOMAIINX TIMEPBEIUYUH XaAPAKTEPHUX MJII KOXKHOTO aITrOpUTMy. Y KIHII TPOBOIUIOCS
MOPIBHSHHS POOOTH SIK aJITOPUTMIB Mi’K COOOI0, TaK 1 OOAMHII 3 PI3HUMHU TileprapaMeTpamH.

Ominka TO4YHOCTI Kiacudikamii BimOyBasiacs 3a JIOMOMOro MeTtoxy F-score, 1o
BUKOPHUCTOBYETHCS TIPU OIIIHIOBaHHI OiHapHOI Kiacugikaii, e cama OLiHKa € rapMOHIHHUM
CepeHIM 3HAu€HHSM TOYHOCTI Ta MOBHOTH 1 JIOCSTa€ HaWKpamioro 3HaueHHsd npu 1 (izeanbHi
TOYHICTb Ta MOBHOTA), a Hairipma - 0.

Takum 9rHOM, 3TiTHO 3 OILIHKOK TOYHOCTI Kiacudikalii, HalKpaie MmokasaB cede ajiro-
PUTM JiepeBa yXBaJeHHs PillIeHb 13 rinepnapaMeTpoM IuOuHu fepesa 12.

BucnoBku. Takum unHOM, HailycHimiHime migiopanuil MeTo1 Kiacugikalii J03BOJIUTH J0-
MoMaraTy Mpu J1arHOCTyBaTH XBOpoOH AJbIreiimepa.
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3acTocyBaHHSI KOHCTPYKTHBHO - IPOAYKIIHHUX CTPYKTYP Y CHCTEMHOMY MO/I€JIIOBaHHI

JlutBunenko K. B., JIHInNponeTpoBChKH HAIIIOHAIbHUIA YHIBEPCUTET 3aJ1I3HUYHOTO TPAHCIIOPTY
imM. akan. B. JIazapsiHa, Ykpaina

[TosicHeHHs! MeXaH13MiB MOBEAIHKH CKJIQJAHUX CUCTEM, a TAKOX JOCSTHEHHSM HEI0 IIPOTHO-
30BaHMX CTaHiB, IMOB'I3aHUI TEpIII 32 BCE 3 BUABJICHHIM NMPUTAMaHHUX il BIACTUBOCTEH 32 MEB-
HUX YMOB (DYHKITIOHYBaHHS. AHaji3 00yMOBJICHOCTI HEOOXIJHUX BIACTHBOCTEH HAWOLIBII JIeTa-
JBHO PO3pOOJIEHUH 11l OMHOKOMIIOHEHTHUX HE CKJIaJIeHuX cucteM. [Ipobiema cuHTe3y ckiaje-
HUX CHCTEM, SIKI MalOTh HEOOX1HMI HaOlp BU3HAYEHUX BIACTUBOCTEH, 3aJIMIIAETHCS TOJOBHOIO
Ta HE PO3B’s3aHOI0 MPOoOIIeMOor0. ['0JIOBHY poJib B BUPILIEHHI BKa3aHOT MPOOIEMH AaTyTh METO-
JTM Ha OCHOB1 MAIIMHHOT'O MOJICTFOBAaHHSI HA OCHOBI BEJIY4O0i poJii cTpaThdiKaIiii.

Sk Bimomo, cTpaTudikoBaHi MOJENI € MAaTeMaTHUYHUMH OIMCaMHU iepapXii 3B s3KiB, CTPYK-
Typ Ta KOMIIOHEHTIB y CKJIQJIHUX 0araTOKOMIIOHEHTHHX cucTeMaXx. B Hux BinoOpaxkyroTbcs sK
CTPYKTYpOBaHi 3HaHHSI PO CHCTEMY, TaK i crerudika THOCeoIoTiuyHOol (YHKINT abcTparyBaHHs.
Ie nocaraerbes MUTIXOM JieTaii3alii — 3aCTOCYBaHHAM IPU MOJAETIOBAHHI CUCTEMHU (OpMaTIbHUX
CTPYKTYp Pi3HHX KOMIIO3UIIHHHUX Ta airedpaiuHuX CHUIbHOCTEH Ta MOOAaBIEHHS O MOJENei
(bakTopiB, B/ AKUX Ha MOYATKY abCTparyBaiucs.

CrparudikoBani MO CUCTEM MPEACTABISAIOTh MAIIMHO - OPIEHTOBAHI MOHSATTS, B SKUX
KOHCTPYIOIOThCS 0a3M JaHUX Ta 00YMCIIOBAJIbHI IPOLIECH BUPILIEHHS MOCTaBJIEHUX 3ajjay CHC-
TEMHOTO aHaJli3y Ta CHHTE3Y. YTOPSAKYBAaHHS TOIIYKY PO3B’S3KY Y IUIECIPSIMOBAHUN MPOIIEC
HampsIMy 3aJIeKUTh BiJl TOTO, HACKUIBKH MPOAYKTUBHUM € (opMaibHI METOAN (POpPMYBaHHSA ie€-
papxii IpUYMHHUX 3B’SI3KIB Ta BHUSBICHHS MOBEIIHKH Ta CTPYKTYpPH PI3HUX KIIACiB CKJIaJIEHUX
CHCTEM.

CucremH1 rpadu pi3HUX paHTiB HEBU3HAYEHOCTI Ta IHTErpauli MOXYTh CIyryBaTH OCHO-
BOIO MOP(}OJIOTIYHOTIO ONKCY CKJIaJIeHOI CUCTEMH Y TEXHOJIOTIi CHCTEMHOI0 MOJIETIOBaHHs. Xa-
PaKTEPUCTUKHU 00’ €KTY BUCTYIAIOTh aTpuOyTaMyu KOMIIOHEHTIB CUCTEMH, a CTPYKTYPH JTaHUX —
6a3010 3a7a4yl MOJEIIOBaHHS. SIKIO PO3IJISAATH BEPIIMHU CUCTEMHOTO rpady sK ABIMKH, 110
CKJIa/Ial0ThCsl 3 POJAMH BXO/1B-BUXO/AIB Ta MHOXHHH aTpUOYTIB, TOJI CUCTEMHUN Irpad OMUCY€ETh-
cst MyabTorpadoM Ha MOBHIN anredpi 3 BUKOpUCTaHHAM Hocis. [Ipu moOynoBi crpatudikoBaHoi
MoJienl JIsl KOMIIOHEHTIB CUCTEMHOI'O rpady OnepyroTh MHOKMHAMU aTpUOYTIB, K1 1 BUKOpPHUC-
TOBYIOTBCSI TP MOJIEJIIOBAHHI CHUCTeMHU. BpaxoByrouu, 110 B 3arajJbHOMY BHIAJKy MOXKJIHBO
OTpUMAaTH JIeKUJIbKA BapiaHTIB 0a3 cTpaT, TO B LIJIOMY 0a3a JaHuX sIBJIsie COOO0I0 1EpEBO, B By3J1aX
SKOTO € 6a3u cTpar.

[nsax q0 moOyI0BU CKIIAJICHUX MOJIEJIEH CUCTEM Yepe3 aHCcaMOJIl MaTeMaTUYHUX MOjIeen
LIJIKOM TPUPOAHO TMOB'SI3aHUM 3 MAIIMHHOIO TEXHOJIOTIEI0 MOJETIOBaHHS 3 MPUYMHU BUCOKOI
CKJIQJTHOCT1 aHAJIITHYHOTO OTMHUCY Ta 0OYNCITIOBATBHUX €KCTIEPUMEHTIB.

Cepen miaxoiB 10 BUPILICHHS BKa3aHUX BHILE MUTaHb CUCTEMHOTO MOJIENIOBAHHS CIiJ
BKAa3aTH IMIX1J] HA OCHOBI MaTeMaTHUKO-aJITOPUTMIYHOTO KOHCTPYKTHBI3MY. [Ipobiema moaensb-
HOTO CTPYKTYpPYBaHHSI MOXe OyTH pO3B’sA3aHa 3a JOMOMOIOI0 KOHCTPYKTHBHO-TIPOJTYKIIHHUX
ctpykryp (KIIC), yBenenux B.I. lllunkapenko ta B.M. Inpbmanom. Y BkazaHoMy miaxoji i
KOHCTPYKILISIMU PO3YMIETHCS CKIACHUN, CTPYKTYpOBaHHH 00’ €KT a00 MOJENb 13 3aJaHUMU BJa-
ctuBocTsiIMHA. Hociii ckitagaeTses 3 aTpuOyTOBaHUX KOHCTPYKTUBHUX €JIEMEHTIB, & KOHCTPYKTOD
KIIC dopmye MHOXKHMHY KOHCTPYKIIHA Ha HOCIi CTPYKTYpH 3a ONepalisMH 1 BiIHOIIEHHSIMH CHUT-
HaTypH, NpaBUIaMH aKCIOMaTUKU Ta omepamiil BuBoay. 3acrocyBanns KIIC, oueBuano, 103Bo-
JUTH PO3MIIAAATH MOOYIOBY CHCTEMHHX TpadiB sK 3a7auy KOHCTPYIOBaHHS IpadoBHX MOJeENeit
13 ypaxyBaHHSIM OCOOJMBOCTEH CHCTEM Ta aJIrOPUTMIYHMX BiacTuBocTeil. Ha TenepimHiii yac
CTOITh IUTAHHS ONKCY IPAMaTHKH JEPEB, sika OyJie BiAirpaBaTH BaXXIIUBY poJib y cTpaTudikoBa-
HOMY IMIXO/1 CHCTEMHOTO MO/ICTIOBAHHS.
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00 HCcmoJIb30BAHNH OHTOJIOTHYE€CKOT0 MOJC/IMPOBAHUS NJIHA pa3p360TKn
HHTC/VICKTYQAJIBbHBIX CUCTEM HA KEJIC3HOAOPOKHOM TPAHCIIOPTE

Jlo6oma . I'., JInenponeTpoBCKUil HAIMOHAIBHBIA YHUBEPCUTET
KEJIe3HOI0OPOKHOI0 TpaHcnopTa UM. akaj. B. JlazapsHa, Ykpauna

B HacTodmee BpeMs, CyHUIECTBYIOT PA3JIMYHBIE MOJIXOJbl, MOJEIHN U SI3bIKU, OPUEHTUPO-
BaHHbIE HAa MHTETPUPOBAHHOE ONMMCAaHWE JAHHBIX U 3HaHUM. OJHAKO Bce OOJBLIYIO MOMYJISp-
HOCTB IPHOOpPETAeT MOJCIMPOBAHIE, OCHOBAHHOE Ha OHTOJIOTMYECKOM TOAXO/IE.

[IpuMeHeHre OHTOJIOTUYECKOTO MOJIECTIUPOBAHUS ISl TOCTPOCHUSI 0a3 3HAHUM B cuUcTeMax
MCKYCCTBEHHOTO MHTEJJICKTa HAILIO OTPaKCHHE B caMbIX pa3HbIX cdepax. Koneuno ke, oHO
KOCHYJIOCh aBTOMaTU3HPOBAHHBIX CHUCTEM YIPABIIEHUS U MPOCKTUPOBAHUS, 0OpaOOTKU U HAKOTI-
JICHUS JaHHBIX, CUCTeM OOy4YeHHS U T. 1.

Cpenn MHOECTBA MPOAHATU3UPOBAHHBIX PA0OT MOXKHO BBLACIUTH CIEAYIOIINE HAIpaB-
JIEHU S, IPEAJIaraloIliie WIA UCIOJIb3YIOUINE KOHLIETIIUIO OHTOJIOIHYECKOT0 MOIEIUPOBAHUS:

- Pa3pabotka cucreM u obecrnieueHue NOACPKKU IPUHATHS PEIICHUM;

- CucteMbl XpaHEHMsI U yIIPaBJICHUs 3HAHUSIMU;

- [Touck undopmanuu;

- MapopmanmonHOe B3aMMOJICHCTBUE CUCTEM;

- Pa3paboTka omnpeneneHHbIX METOI0B U MOJIENICH;

- AHayM3 IpEeIMETHBIX 00J1acCTeH U MPOIECCOB;

- OOpazoBarenbHas 1€ATEIbHOCTb.

[IpuBeneHHbIE HANpaBIEHUSI CBUAETEILCTBYIOT O Pa3HOCTOPOHHOCTH OHTOJOTHYECKOTO
WHXUHUPUHTA - BO3MOKHOCTH IIPUMEHEHUS TPAKTUUECKH JUTsI IF000M 3a/1auH.

[Tockonbky paboTa OpUEHTHpPOBaHA HA IOCTPOECHUE OHTOJIOTMYECKHUX 0a3 3HAHUM B JKeJe3-
HOJIOPOKHOM OTpaciii, HEOOXOUMO YUUTHIBATh OMBIT YK€ PealbHO MPEUIOKEHHBIX PELICHUIH
Ha OCHOBE OHTOJIOTHYECKOTO MOAX0/1A.

Tak, uccnenoparensMu yHuUBepcuTeTa [ 'eHyn ObUT peIokKeH MPOEKT, CBI3aHHBIN ¢ Auar-
HOCTHUKOW TMOJBUHOIO COCTaBa Ha OCHOBE OHTOJIOTHMHU. B pamkax 3Toro mpoekra Obu1 pa3pabo-
TaH NPOTOTHUN AHAIU3ATOPA YCIOBUN HEKOTOPBIX KPUTHUECKUX MOJICUCTEM, MpEeTHA3HAUYCHHBIN
JUI yCTAaHOBKHU Ha 3ieKTpoBo3 Trenitalia E414. Hapsay ¢ AMarHOCTUKOW MOJCHUCTEM, JIPYrUM
MEPCHEKTUBHBIM I1arOM, CIOCOOCTBYIOIIMM IPOLECCY HHTEUIEKTYaIU3allM Ha YKEeJIe3HOMA0-
POKHOM TpaHCHOPTE, SBJISETCS MEepPexo] Ha MPOrHOCTUYECKOE OOCIyKMBaHUE, C TIOMOIIbIO KO-
TOPOr0 BO3MOKHO OLICHUTh BpeMs BO3HUKHOBEHMS OIIMOKM M COOTBETCTBYIOIIMM 0Opa3oM
aJanTUpoBaTh Mepbl 00chHykuBaHHA. Takas BO3MOXKHOCTh ObUIa TPEUIOKEHA IPOEKTOM
EuRoMain FP5-IST, u ona cHOBa omupanack Ha UCIOJIb30BaHKe 0a3bl 3HAHUI.

Eme ogHoM BaXkHOU 3a7a4eil, UCMOIB3YIOIIEH OHTOJIOTHYECKOE MOJICTUPOBAHUE, SIBIISIETCS
MHTErpanus JaHHBIX Ha JKele3HbIX aoporax (mpoekr AMaaS). OcHOBHas Ipeanochbulka UIeU
WCIOJIb30BAaHUS UHTErPalliy JAHHBIX 3aKJII0YAeTCs B TOM, YTO €CJIM HH()OPMALIMOHHBIE CUCTEMBI
MOTYT OBITH ONpEeJeNeHbl TaK, YTOOBl MCIIOJIb30BaTh OOIIME CIOBAPH, TO MHTEp(ENCh MexXay
TaKUMHU CHCTEMaMHU YIPOIIAIOTCS, TAK)KE KaK U Mpoiiecc oomMeHa nHpopmaiuei.

UccnenoBarenbekas rpynmna mo KOMMYHUKAIMOHHBIM cucTemMaM rnpu KuiabckoM yHUBEp-
CUTeTe Takke oOpaTHiia BHUMaHUE Ha MPEUMYILECTBAa OHTOJOTHYECKOT0 MOJETUPOBaHUs. Yua-
CTHUKHM TPYIIIBI, B OYE€PETHON pa3, OTMETHIIN acHeKT (popMalu3alliy SKCIEPTHHIX 3HAHUH, CIO-
cOOCTBYIOIINI YJIYYIIICHHUIO MPOIlecca TJIaHUPOBAHUS Ha JKelle3HOU fgopore. B ux uccnenoBanu-
SIX OHTOJIOTHYECKasi METOIOJIOTHsI HAMpaBlieHA HA pelIeHHe 3a/laun BepupuKauuu HHPpacTpyK-
TYpBI KEJIE3HOJOPOKHON CETH.

Cy1ecTByeT elle LeN0e MHOKECTBO IPYrMX 3a/ay, ONUPAIOIIMXCS HAa OHTOJIOTMYECKOE
MOJIETTMPOBAaHUE U OPUEHTUPYIOLIUXCSI HA BHEJPEHUE B KEJIE3HOJOPOKHOM cpene. Bee aTo cBu-
JETENLCTBYET O BBICOKOW CTEMEHM aKTyaJIbHOCTH PacCMAaTPUBAEMOrO MOAXO0/a U MOAYEPKUBAET
€ro COBPEMEHHOCTb.
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MeToabl aBTOMATH3AIMH pa3pa60Tlm TEKCTa NMporpamMmm

Jlykun E. B., llunkapenko B. U., [[HenponeTpoBCKUil HAIlMOHATBHBIA YHUBEPCUTET
JKEJIE3HOOPOKHOTO TpaHcnopra umenu B. JlazapsiHa, Ykpanna

B cBsi3M ¢ TOCTOSIHHBIM Pa3BUTHEM OTpAciId MHPOPMAITMOHHBIX TEXHOJIOTUH U aBTOMATH3a-
IIUM MHO’KECTBA MPOLIECCOB, TIOCTOSIHHO PAacTyT U 00beMbl paspabdatsiBaemoro I10. TTosromy Bo-
MPOC aBTOMATHU3AIMHU TIPolecca pa3paboTKH CO BPEMEHEM CTAaHOBHUTCS BCE 00JIee aKTyaIbHBIM.

Ha mannbiii MoMeHT ocHOBHas 4acTh 11O pa3pabaTsiBaeTcs Bpy4HYIO, a 3TO BIIEYET 3a CO-
001 nBe MpoOIEMBl: pa3pabOTYMKy MOXKET OBITh CIIOKHO BPYYHYIO ONPEICTUTh KaKOH METO[
MOJIOW/IET JTy4Ille BCETO JIJIsl PEIICHUs] KOHKPETHOW pobiemsbl, npotiecc Hanucanus [10 3anuma-
€T MHOTO BpeMeHH. M3 3ToTo ciiefyeT, 4To s 6osee KaueCTBEHHOM U ObIcTpoi pa3padorku 110
ATOT MPOLECC HEOOXOAUMO aBTOMATHU3UPOBATh.

YHUBepCAIbHBIM METOJIOM JIJIsl TAKOHM 3a/1a4l MOXKET CTaTh MCIIOJIb30BAaHUE MAaTEeMaTHKO-
AITOPUTMUYECKOTO KOHCTPYKTHBHU3MA C YYE€TOM 3HAaHUH 00 3JIEMEHTHI KOHCTPYKIMU. B ocHOBe
3TOTO METOJIa JISKHUT 0a3a 3HAHUI U KOHCTPYKTUBHO-TTPOAYKIIMOHHBIC CTPYKTYPHI.

baza 3HaHumii mpezcraBiseT coboit Habop pparMeHTOB Kona ¢ MHPOpPMAIUEH PO HUX —
cnenupukanueir. OHa MOKET IMOCTOSIHHO JIOTIOJIHATH M COBEPIICHCTBOBATHCS.

Jnst ommcaHusi crielu@UKANUKA HAWIydlIIMM OOpa3oM TOJXOAUT SI3BIK CIEIU(pUKAIMNA
RAISE (RSL). Tak kak OH O3BOJISICT ONUCHIBATh CIICHHU(PHUKAIUK B (POPMATU3UPOBAHHOM BHJIE.

Crenudukanuy npeicTaBisiioT co00i MoJieNb cucTeMbl. Ha MX 0CHOBE MOYKHO TeHEepUpo-
BaTh MHOXKECTBO QJIFTOPUTMOB, YJIOBJICTBOPSIONIMX CIICITUDUKAIIHH.

Mopenu, npencraBieHHbIe B BUe PopMaIbHbIX crieluduKanui, 001a1aT CiIeayOMUMHA
CBOMMH CBOMCTBaMHU:

— abCTpakTHOCTh — OTBJIEYCHHME OT JIeTaJiei, HECYIIECTBEHHBIX JUIsl MOCTABIEHHBIX
Lenen,

—  CTpPOroCTb — TOYHOCTb M HEJIBYCMBICICHHOCTh ONMUCAaHUs Mojaeiau. CTporocts Mo-
TIeTTU JIeTIaeT BO3MOXKHBIM €€ OOBEKTHBHBIN aHaJH3, T.€. BOCIIPOU3BOIUMEBIH, BBIOJI-
HUMBIHM pa3HBIMH JIOJIbMU U JTAIOLIUI KaXKIbII pa3 OJHU U T€ K€ Pe3yNbTaThl;

— (opManbHOCT — MpejAcTaBlIeHUEe Ha (POpManbHOM s3bIKE, MOPOKIAAEMBbIM (op-
MaJIbHBIMU TPaMMAaTHUKAMH.

Jlns aBTOMaTU3alui MPOTPaMMHUPOBAHUS CHeNM(pHUKAMN JTOTIOHUTENFHO JTOJDKHBI 001a-
JaTh CIEAYIOIIMM Ha0OpOM CBOMCTB:

— TOHATHOCTb M €CTECTBEHHOCTbH (T.€. COOTBETCTBHME pPELIaeMON 3ajaue — TOYHOMY
3amannio TpeboBaHMiA) JuIsi moiib3oBaTeneid. [lonp3oBarenu cnenuduramuii — 3T0
CHETIM(PUKATOPHI, TPOSKTHPOBIIHUKH, TECTHPOBIIMKH | TIP;

—  OJHO3HAYHOCTb, HEJIBYCMBICIICHHOCTb;

—  HEMPOTHBOPEUYUBOCTH — BO3MOXKHOCTh KOPPEKTHOH peanu3arun. FHOT/1a BBIIEISIOT
BHYTPEHHIOIO COTJIaCOBAaHHOCTh, KOHCUCTEHTHOCTb, KOTOPasi MOXKET OBITh IIPOBEpeHa
aBTOMATHUYECKH, HAIIpUMeEp, Ha OCHOBE MPaBHII THITH3AIINH;

— nonHoTta. CnenuduKanuy T0HKHBI 3a/1aBaTh BCe HEOOXOAMMbIE CBOMCTBA CUCTEMBI;

— abcrpaktHOCTh. CrnenuduKanuu HEe JODKHBI HAaKJIaJbIBaTh HECYIIECTBEHHBIX, HE
HYXXHBIX JUIS PEIIaeMOM 3a/1aui OTpaHUICHUI.

C moMoIipi0 KOHCTPYKTUBHO-TIPOAYKIIHOHHOT'O MOJICIIMPOBAHUS Pean3yeTcs Mpolecc re-
HEepaluy KOHEYHOTO TEKCTa MPOrpaMMbl M3 JIEMEHTOB KOJIa C YYETOM UX crenu(uKanui u 3a-
TaHHBIX YCIOBHH. [IpenMyIiecTBOM TaKoro MoaXo/Aa SBISIETCS TO, YTO 0a3a 3HaHWUH MOXKET I0-
CTOSIHHO JIONIOJTHSITHCSI HOBBIMH 3JIEMEHTAMHU KOJIa ¥ CTIeU(DUKAITISIMI.
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Koopannanusi B3auMo/1eiicTBHsi OPraHOB yIIPAaBJIEeHUA B YCJIOBUSAX BO3SHUKHOBEHHS
KPYNHOMACIITAOHBIX YPe3BbIYAHMHBIX CUTYAIUI

JIsmenko E. H., XepcoHCKHI HAIMOHATIBHBIN TEXHUYECKUI YHUBEPCUTET

OpHol 13 BaXHBIX (YHKIMI yIpaBJIeHUs B YCIOBHUSIX BO3HHUKHOBEHHS KpYyMHOMAacIITa0-
HBIX Ype3BbrdaiiHbIX cutyanuit (UC) sBisieTcs KOOpIMHAIMS B3aUMOJICUCTBHS CHIT TPAXKIAHCKOM
3amuThl YkpauHsl (I'3Y), koTopeie 00ecreuyrnBarOT BBIMOJTHEHUE KOMIUIEKCA MEPONPUITHH U
paboT MO TMKBUIAIMH MTOCIEACTBHN B 30He BOZHUKHOBeHUs YC.

AHanu3 (HakTOpoOB U OCOOCHHOCTEH MPHUHATHS YIPABICHUESCKUX pemeHuid B ycioBusx UC,
MO3BOJISICT C/IENATh BBIBOJ, YTO PEIICHUS O MPOBEACHUU pabOT MO JIMKBUJAIMU TOCIIEACTBUN
kpynHomacitabHeix UC, 0cOOEHHO Ha MEepBOHAYAIBHOW CTAaMU UX BO3HUKHOBEHUS M Pa3BU-
THSI, IPUHUMAIOTCSI B YCJIIOBUSX HEONPEAEICHHOCTH M HEMOJIHOTH MH(OPMAIMK O TMapameTpax
pacnpoctpanenuss UC, TpeOyembIx Temmax JIUKBHIALWU, HEOOXOTUMOM O0BEME pPEecypcoB, a
TaKXe YpOBHE CIIOKHOCTH padboT mo smkBuaanuu YC. IIpu 3ToM CKIIaapIBaIOMIUNACA B YCIOBHUSIX
UC peduuut BpeMeHH AJisi BCECTOPOHHETO aHain3a 00CTaHOBKHU B 30HE BOo3HUKHOBeHUs UC, a
TaKKe HEOPIUHAPHOCTh BOZHUKAIOMIMX YIPABIECHYECKUX CUTyallUid ycyryomuser mpoliemy Ko-
OpJMHALIMU, KOTOPAsi CTAHOBUTCS TPYAHOPA3PEIIMMOM.

Takum oOpa3zom, pa3paboTKa MOJENH, KOTOpas MO3BOJUT OCYIIECTBISTH KOOPIMHAIIUIO
B3aUMOJICICTBUSL OPraHOB YIPaBJICHUS NMpPH JUKBUAAUUU nocieactsuil YC sBisieTcss Ba)XHOU U
aKTyaJIbHOM Hay4YHO-IIPAaKTUYECKOM MpoOIeMOoi.

B pabote npencTaBieHbl pe3yiabTaThl UCCIECAOBAHMS B 00JaCTH MOJAETUPOBAHUS MIPOLIEC-
COB KOOpPJMHAIMN B3aUMOJICHCTBUSI OPIaHOB YIIPABJICHUS B YCIOBUSX BOSHUKHOBEHMS KPYIIHO-
MacimtabHbix YC.

Meroasl HCCIIEIOBaHUs BKIIOYAIOT MATEMAaTUYECKUU anmapar TEOPUH HEPAPXUYECKUX
MHOT'OYPOBHEBBIX CHCTEM, JIOTUKY IIPEINKATOB, & TAK)KE MPUHIIUIIBI IEHTPAIU30BaHHOIO YIIPaB-
JIEHUs, KOTOPBIE IPEAIONAraloT HaJIu4YKhe €AMHOT0 KOOPANHAMOHHOTO IEHTPa YIIPaBJICHUS NIpU
BO3HUKHOBEHUHU KpynHoMacmITaOHbIX UYC, ONpenensionero OCHOBHbIE MpaBuiia B3aUMOACHCT-
BUS CHJI U CPEJACTB IIPH pean3allii TaKTUUECKUX IJIAHOB JAEMCTBUI MO JOKAJTU3alUU U JUKBH-
nmanuu nocnencteuit UC.

Ha ocHoBe pa3zpaboTaHHON MOAENHU MPEIOKEH NOIX0/ K PEHICHUIO 3a7aul KOOpAUHAINH
B3aMMOJICHCTBHSI OPTaHOB YIPABJICHUS IPU JIMKBUAIMN TOCIEACTBUM KpynmHoMaciuTabubix YC.

Creunguka MOJENN 3aKJII0YaeTCsl B UCIOJIb30BaHUN MAaTEMAaTUYECKOro ammnapara TEOpHH
HEPAPXUYECKUX MHOTOYPOBHEBBIX CHUCTEM M JIOTMKM IPEIUKATOB [UIsl PEeaTU3aluy IPOLEAYp
COTJIACOBAHUS TPEX THUIOB LieJiei, (OpMaIbHO OMMCHIBAEMBIX TPEeMs THIaMH 3adad: 1) riobaib-
HOM 3aJ1auu, pelIeHrue KOTOpOoil HalpaBIeHO Ha JOCTH)KEHUE 001el ri100anbHON 1elTu CUCTEMBI,
3aKIIovaroleicss B MUHUMU3aK nocienctsuil ot YC; 2) 3amauu KOOPAMHUPYIOLIErO OpraHa
yIIpaBJIEHUs, B XO/€ PELICHHUs] KOTOPOH JTOCTUTAETCs COrjlacoBaHHOE (DYHKIIMOHMPOBAHUE CIIe-
LMATU3UPOBAHHBIX aBapUHHO-CIIacaTeNbHbIX (POPMHUPOBAHUI U MOAPA3AEIEHUN MPU OCYIIECTB-
JICHUH KOMIUIEKCAa MEpOTNPHUATUN MO JUKBUAALMHU TMOCIEACTBUNA B 30HE BOo3HMKHOBeHHs UC; 3)
JIOKaJIBHBIX 33J1a4 OpraHoB yrpasieHus Jukuaanuen YC, pemeHre KOTOpbIX HANPaBIECHO HA
JOCTIKEHHE 0011el r1o0albHON el CUCTEMBI.

[TonydyeHHble pe3yabTaThl CTaIM OCHOBOM Al pa3paboTKW MH(DOPMAIIMOHHOW CUCTEMBI
KoopauHaroHHoro yrnpasieHus (CKY) B ycinoBusix Bo3HUKHOBeHHs KpynHoMacmTaOHbix YC.

Haznauenne CKY 3akmtouaercsi B o0ecrieueHnd PYKOBOJIUTENEH MO JTMKBHUIAIMH TTOCIE -
crBuii YC nH(pOpMAIIMOHHON MOAJIEPKKOM MPH BBIMOJIHEHUH OCHOBHBIX 3a/1a4 KOOPAMHAIIMOH-
HOTO yIPaBJICHUs NpH JTukBuAanuu nocuneacteui YC.

PesynpraTthl paboThl Takke€ CMOTYT HAaWTH NMPHIOKEHHE B 3aJadyaX KOOPJMHALMOHHOTO
YIPaBJICHUS U MPUHATHS PEIIEHUN B UEPAPXUUECKUX MHOTOYPOBHEBBIX CHUCTEMaxX [ paxkIaHCKoM
3alUThl HacesneHus u teppuropuii ot UC.
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BOl'[pOCLI HCCJICI0BAHUA U OIITUMU3AIIMHA KOMIIOHCHTOB I[H3aﬁHepCKI/IX NMporpaMMHbIX
CHUCTEM

Mapuenko O. C., JlHenponeTpoBCKU HAIMOHATBHBIM YHUBEPCUTET 7KEJIE3HOT0POKHOTO
TpaHcnopTa uM. akaj. B. Jlazapsna, Ykpauna

B pabote paccMOTpeHBI BOIIPOCHI OIEHKH Y(PPEKTUBHOCTH KOMIIOHEHTOB HHTepdetica qu-
3ailHEPCKUX MPOrPAMMHBIX CHUCTEM, aHAJIU3 CYLIECTBYIOLIMX IMPOTrPAMMHBIX CPEACTB C LIEJIBIO
OIpeJIeJIeHUs] OCHOBHBIX AJIEMEHTOB MHTEpdeiica, a TakKe aHaIu3 Hanbosee pacpoCTPaHEHHBIX
croco00B BOCIPOM3BEICHUS ayaro (aiios.

HccnenoBanue u onTuMu3anusi naTepdeiica qu3aifHepCKUX MPOrpaMMHBIX CUCTEM B Iep-
BYIO OUY€pe/lb CBA3aHA C HUCIIOJIb30BAHMEM PECYPCOB KOMIIBIOTEPA, TAKMX KAK ONEpaTHBHAs Ia-
MATHh (2 UMEHHO O0BEM HCIOJIb3YEMOI ONEpaTUBHOW MaMsITH), LHEHTPAIbHBIA Ipoieccop (3a-
TPYKEHHOCTh IIEHTPAIbHOTO Ipoleccopa). [ maBHoM 3amaueil uaTepdeiica monb3oBarens sBIs-
€Tcsl, C TOYKU 3pEHHsI POrPaMMUCTa, HHTEPAKTHBHOCTG. M3BecTHO /1Ba crioco0a OTPUCOBKH MH-
tepdeiicoB nonp3zoBatend: ¢ nomouibto GDI/GDI+ (manpumep, C# Windows Forms), mpu mo-
momu DirectX (Hampumep, C# WPF). Takke cymecTByeT mpo0iieMa onpeIeIeHus TPHHAICK-
HOCTHU BBIOpAaHHOM MOAENU (CTPYKTYpbl MHOKECTBAa TOUYEK B MPOCTPAHCTBE) K OMpPEIEICHHOMN
rpynne, a UMEHHO: MOJIEJIH OKPYKEHHsI, MOJIETN PACTUTEIbHOCTH, CTATUYECKUE MOJEIH, TNHa-
Mudeckue Mojaenu. OmpeneneHne OyAeT BBIMOIHITHCS MO HEKOTOPOMY HEYETKOMY 3HAUEHHUIO.
Taxoke n3BeCTHBI TPH OCHOBHBIX CITOCO0A 3arpy3Kd M 00pabOTKU ayauo: CTaHAapTHOE CPEACTBO
JUISL TIPOUTPBIBaHUS ayauo (ailyioB, CpeaCTBO IS 3arpy3ku, 00pabOTKU, BOCIPOU3BEICHUS ay-
muo ¢aitnos Ha ocHoBe DirectSound u OpenAL.

[Ipennaraercss ans pa3pabOTKU KOMIOHEHTOB AW3aMHEPCKUX MPOTPAMMHBIX CHUCTEM BBI-
Opatb oTpucoBKY uHTepdeiica mpu nomoiu DirectX ucnonb3yst s3bIk porpammupoBanust C# u
¢bpeitmBopk WPF, Tak kak mpousBogutensHocTh WPF Bhimie, uem y GDI+ 3a cuér ucnons3oBa-
HUS anmnapaTHoro yckopenus rpaguku uepe3 DirectX. Ha ocHOBe npoBeeHHOTO HCCIe10BaHUs
CYIIECTBYIOIMX TU3AaHHEPCKUX MPOrPaMMHBIX CHCTEM ObUIM BBIOPAHBI CIEIYIOLINE 3JIEMEHTHI,
KOTOpbIe 00s513aTeNbHO JOJDKHBI MPHUCYTCTBOBAaTh B MHTep(erice. ITO: 3JIEMEHT OTOOpaxeHUs
BCEX MOJIesIel Ha BUPTYaJbHOM CLIEHE, AJIEMEHT I IepeMelleHns, TOBOpoTa, MacIITabupoBa-
HUS MOJIENH, DJIEMEHT JUIsl HACTPOMKU OCBELIEHHOCTH MOJEIH, 3JIEMEHT JJIsi HACTPOUKH KOJUIH-
3Ui MeXay 00BEKTaMH, IEMEHT JJIs BBIOOpa TEKCTyp Mojenu. Takxke mosBiseTcs HaJ0OHOCTh
B DJIEMEHTE THUIIA «KOHTEHHEep» /Ui OOJIBIIMHCTBA 3JIEMEHTOB. J[aHHBIIN 31€MEHT J0JKEH OyneT
10 OIpEe/eNIEHHBIM IPU3HAKaM ONpPEeAETATh KaKoil HaOOp BIOXKEHHBIX AJIEMEHTOB B HEM JIOJKEH
OBITH.

B pamkax 3amaun ontumu3zanuy ObUT HailieH HanboJiee MOAXOIAIIMNA BapUaHT U3 BO3MOXK-
HBIX apXUTEKTYPHBIX PELIEHUH MPH CO3JaHUH KOMIIOHEHTOB U3alHEPCKUX MPOrpPaMMHBIX CHC-
TEM, 3aKJII0Yaroleecs B KOMOMHUPOBAHUU OTIPE/ICIEHHBIX Aa0JI0HOB MTPOSKTUPOBAHMUS.

HccnenoBanuss BO3MOKHOCTEH BOCHPOU3BENEHUS ayauo (DailjioB BBIABHIIO HAWITYYIIHH
Coco0, KOTOPBIM SIBJISETCS MCIIOJIb30BaHME KPOCCIIATGPOpPMEHHOro HMHTepdeiica mporpaMmu-
poBanusa npwioxkenud OpenAL, npuunHoi nmociyxuino 1o, uto OpenAL no3Bossser HacTpau-
BaTh ay/IMO MCTOYHMKH Oosiee TWOKO 3a cueT Oojiee HU3KOYPOBHEBOTO NMPOTPAMMHUPOBAHHS U
paboThI C 3BYKOBOW KapTO, UTO 0OECIeuynBaeT BICOKOE KaueCTBO 3ByKa M BBICOKYIO IPOU3BO-
JUTEIBHOCTD 3a CUET aIlllapaTHOIO YCKOPEHMSL.

B pabote paccmoTpeHsl mpuMephl MO aHaau3y 3PQGEKTUBHOCTH KOMIIOHEHTOB JAM3aiiHep-
CKUX TPOTPaMMHBIX CHCTEM, C(OPMYJIMPOBAHBI 334l ONTHMM3ALMU C LEJNbI0O HAXOXKIACHUS
KOMOMHAIMK abJIOHOB MPOEKTUPOBAHMSI, IIPH KOTOPHIX HCIOJIb30BAHHE OMEPAaTUBHOMN MaMsTu
Oy/eT HaMMEHBILIUM, U CKOPOCTh OTKJIMKA MHTEpdeiica Mpu B3aMMOAECHCTBUH C IOJIb30BaTEIIEM
HauMEHBUICH.
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TexHos0risi NPOrHO3yBaHHs NePBUHHOI iHBAJIAHOCTI B YKpaiHi Ha 0a3i JiHiliHOrO
perpeciiiHOro aHajizy

Manyra O. M., Tarapuenko . O
JIHITpOBCHKHI HamlioHAIbHUNA YHiBepcuTeT iMeHi Omnecst ['onuapa, Ykpaina

[TporHo3yBaHHS IEPBUHHOI IHBAJIITHOCTI € 0230BOI0 CKJIAIOBOIO CUCTEMH TUTAHYBAaHHS [li-
SUTBHOCTI MEIMKO-COITIaJIbHUX €KCTIIEPTHUX KoMiciii B YkpaiHi. Ha cboromHimHiNi 1eHb BiMOBII-
Hi OTpaHu OXOPOHH 370POB’SI MPOBOASITH MOHITOPUHT EPBUHHOI 1HBAIITHOCTI, 32 pe3yJbTaTaMu
SIKOTO PO3paxOBYIOTh CepeHI 3HAYCHHsS MOKA3HMKIB 3a TIEBHI POKH, OI[IHIOIOTH BIJICOTOK 3MIiH
100 MUHYJIOTO POKY Ta BiJIHOCHUH PHU3MK 3pOCTAaHHS MEPBUHHOI 1HBAIIJHOCTI Y HACTYIIHOMY
portii, aie 6e3mocepeHbO MPOrHO3 HE POOJIATh. 3 MeTOr0 3a0e3neunTr (axiBIiB B raay3i Meau-
KO-COIiaJIbHOI €KCIIEPTU3H IHCTPYMEHTOM IS IKICHOTO IPOTHO3yBaHHS NIEPBUHHOI 1HBAJIIHOC-
Ti Oyna po3pobineHa iHpopMaliiiiHa TEXHOIOT1s, 10 0a3yeThCs Ha aJalTUBHUX METO/AAX 1 J03BO-
JISI€ TIPOBOJIUTH TIPOTHO3YBAHHSI JIJIs TIEBHOT aIMiHICTPATHBHOIT TEPUTOPIi, BHKOPUCTOBYIOUH JaHi
3a monepeaHi poku Jumie i€l Tepuropii [1]. TIpoTe akTyaqbHUM 3aJIMINAETHCS TUTAHHS ITiBH-
IICHHS! TOYHOCTI IPOTHO3yBaHHS.

VY naniit po0OTi 3alPONOHOBAHO TEXHOJIOTIO, 1110 BUKOPUCTOBYE perpeciiHuil miaxija i gae
MOJKJIMBICTB IIiJT YaC MPOTHO3YBaHHS BPAaXOBYBATH JIaHI CyCITHIX aJMIHICTPATHBHHUX TEPUTOPIi.
IIponoHOBaHa TEXHOJIOTIS MICTUTh YOTUPHU €TAIIU:

1. BuOip MakcUMaiabHOI KUTBKOCTI aIMIHICTPATUBHUAX TEPUTOPIN ISl BKIIOUYEHHS Y MOZIEIh
IIPOrHO3YBaHHS.

2. Bubip MakcMMaibHOI KiJIbKOCTI MOMEPEIHIX POKiB, Ha a3l IKUX MO>KHA TPOBOJHUTH MPO-
THO3YBaHHS Ha HACTYIHUM piK.

3. TloOymoBa Mozeni MpOTrHO3YBaHHS, sSIKa BpaXOBYe MEPBUHHY iHBAIIHICTD B JaHIN Ta Cy-
CIIHIX TEpUTOPIAX 3a MornepeaHi poku. Mojenb OyayeTbes HUISIXOM BIAHOBIIEHHS JIiHIH-
HOI perpecii TOKPOKOBHM METOJIOM [2].

4. TlepeBipka aJleKBaTHOCTI TOOYI0BaHOI MO/IEINi MIPOrHO3yBaHHS [2].

[Tporpamue 3abe3nedeHHs, M0 peali3ye 1aHy TEXHOJOT10, CTBOPEHO Y cepenoBull Visual
Studio 2017 na moBi C#. IIporpama HaJae MOXKJIMBICTh KOPHCTYBady 3aBaHTaXyBaTH 3 (aitmy
JaH1 110710 TIEPBUHHOI 1HBAJIHOCTI 32 MEBHOI HO30JIOTIE€I0 JIJISi TIEBHOTO THUITY HACEJICHHS Ta
OyayBaTH MPOHO3 HAa HACTYMHMH pIK A7 0O0paHOi aAMiHICTPAaTUBHOI TEpUTOPii, BPaXxOBYIHOUU
JUHAMIKy MEpBUHHOI 1HBAJIAHOCTI Ha CYCIIHIX TepUTOpisAx. J{js BU3HAYEHHS CYCIIHIX TEpUTO-
piii KOPUCTYBay MOBUHEH 3aBAHTAXUTH JOJATKOBHUI (haii 3 MaTpUIIEIO BiCTaHEH MiX aJMiHic-
TPaTUBHUMHM TepUTOpisAMU. fIKII0 Horo He Oyze 3aBaHTa)X€HO, BUOIp TEpUTOpPiN y Imporpami Bij-
OyBaeTbCsl BUMAJIKOBUM YMHOM. TakoX, y KOpUCTyBaya € MOXJIMBICTh BKa3aTH MapaMeTpu AJs
MOJIeJIl POTHO3YBaHHS (KUIBKICTh CYCITHIX TEPUTOPIM Ta KUIBKICTh MONEPEIHIX POKIB, Ha 0a3i
AKUX Oyze moOyaoBaHa MPOrHo3Ha Mozenb). [Iporpama Mae iHTYITUBHO 3pO3yMUIHMI Ta IpYKHIN
iHTepdeiic. PezynpraT ycix o04HMClIeHb BUBOAATHCA y TaOMMUI Ta Ha rpadiku JUIsl MOXKIMBOCTI
X aHai3y KOPUCTYBAUYEM.

Pe3ynbratu TecTyBaHHsS MporpaMM Ha JaHUX MOHITOPHHIY INEPBUHHOI 1HBAJIIIHOCTI B
VYKpaiHi 3aCBIJUMIN J€KBATHICTh 3aPOINIOHOBAHOI TEXHOJIOT].

Biosiorpagiuni nocuianus
1. Manyra O.M. IndopmariiftHa TEXHOJIOTisI KOPOTKOCTPOKOBOTO MMPOTHO3YBAHHS MEPBUH-
Hoi iHBanigHoCTI B YKpaini / O.M Manyra, I.B. JIpoznosa // AkTyanbHi npo6iieMl aBTOMaTH3a-
ii Ta iHpopmariitaux TexHosmorii. 36. Hayk. mp. — J.: Bun-Bo Juinp. ya-Ty. — 2013. — T.17. —
C. 30-41.
2. Jlpetiniep H. IlpuxmanHoit perpeccuonHslid ananus: 3-e¢ uza. / H. peiinep, I'. Cmut. —
M.: U3patennsckuii oM «Buabsmcy, 2007. — 912 c.

126



EdexTnBHe ynpasJ/iHHS NPoLecoM po31IMPeHHs] BUPOOHUITBA MiANPUEMCTBA

Muxaiinosa T. @., JIHIMponeTpOBChbKUN HaIlIOHATBHUHN YHIBEPCUTET 3II3HUYHOTO TPAHCIIOPTY
imM. akan. B. JIazapsiHa, Ykpaina

B ymoBax cy4yacHoi eKOHOMIKH iCHye 6arato miANpPHEMCTB, SIKUM, 100 HE BTPATHTH MO3U-
mii Ha puUHKY 30yTy, HEOOXITHO PO3IMIMPIOBATH BUPOOHWYY 0a3zy. PosmmpeHHs BUpPOOHHUIITBA
JOCUTh CKJIaJHUI Ipolec, IKui MoTpedye AeTalbHOIO IJIAHYBaHHA. 3alpOOHOBaHA METOIUKA
JOTIOMO>K€ BUJIUIMTH KOIITH 3 BHYTPIIIHIX PE3€pBiB MiIMPUEMCTBA Ta CINIAHYBAaTH BKJIAJCHHS iX
y PO3IIMPEHHS BUPOOHHIITBA TaK, MO0 MPUOYTOK OYB MaKCUMATBHIM.

Jlnst moOyioBM MoJieni MOTpiOHO BUKOHATH TPU e€Tamu po3paxyHkiB. Ha mepmiomy erari
JUIsl TOOYIOBU BHPOOHMYMX (YHKIIH I KOXKHOTO IIEXY IMANPUEMCTBA BUKOPHUCTOBYIOTHCS
CTaTUCTHYHI JaHi mpo poOOTy 1exiB 3a MuHyJi nepioau. Lli ganHi BKIOYaOTh B cede: BUTpATH
MaTepialiB, CyMy aMOPTH3aliiHUX BiJpaxyBaHb, (OHJ 3apoOITHOI IJIATH 3 BigpaxyBaHHIM Ha
COLICTpax Ta IHIIUMU BiIpaxyBaHHIMH, 10XiJ 1exy. s modyaoBU MyIbTHILIIKATUBHUX BUPOO-
HU4KnX (QyHKIIH Bukopuctano maker EXEL.

Ha npyromy erami MoJentOBaHHS CyMapHi peCypCH IiJIIPUEMCTBA PO3MOAUTUTH MIX IIe-
XaMH TOTPIOHO Tak, MO0 J0XiJ mignpueMcTBa OyB MakCUMalbHUM. {11 IbOTO BUKOPHUCTaHO
METOJ, AMHAMIYHOTO NPOrpaMyBaHHA. 3TiJHO 3 LHUM METOJOM , PO3MNOAUIAIOYM PECypCH,
yIpaBIiHHS Ha KOXHOMY KpOIl HEOOXIJHO OOMpaTH YOpaBIiHHSA 3 YpaxyBaHHSIM HOTO
MaiOyTHIX HaCNiJKiB, MO0 MaKCMMaJIbHUM OYB CyMapHUH JOXii Ha [JaHOMYy Ta BCIX
MOCTIIYIOUMX KpOKax. 3a JOMOMOTOI0 OCHOBHOI ()OPMYJIM ITWHAMIYHOTO MPOTPaMyBaHHS, IO
BUKOPHUCTOBYETHCS HAa KOXXHOMY KpOIli, OJIepKaHO MaKCUMAaJIbHUH OX1] NIANPHUEMCTBA Ta IUIaH
PO3MOALTY PecypciB, 3a SKOI0 OTPUMaHO MAaKCUMAIIbHUM JJOX1]I.

[Ticas po3paxyHKy JOXOJy Ha TPETbOMY €Talll pO3paxoBYeThCS MPUOYTOK MIAIPUEMCTBA
Ta BIJACOTOK KOIUTIB, IIO0 BUAUISETbCS Ha pO3MIMpeHHs BUpoOHuuTBa. I1l06 BU3HauuTH Ha
CKUIbKH TpeOa po3MMUPUTH BUPOOHUIITBO JJIsl TOTO 11100 OTPUMATH BIAMOBIIHUN JOX1], MOTPIOHO
BCl KOIUTH, 110 BHUJUIEHI HAa PO3LIMPEHHS BUPOOHUITBA, BUTPATUTH Ha 3aKYNKy pecypciB. 3a
JOTIOMOTOI0 METOJIy JWHAMIYHOTO MPOTpaMyBaHHS KOIITH PO3MOAUISIOTECS MK IEXaMHu CIO-
YaTKy HE BPAaxOBYIOUH MaKCHUMaJbHY iX BHPOOHHYY CHPOMOXKHICTh. Lleil mporec HUKIiYHO
MIOBTOPIOETHCSI JIOKM HE OTPUMAEMO HEOOXIAHMH AOXiJ, MPUYOMY 3 KOXHHMM IOBTOPEHHSIM
301BIIYETHCSI 00’ €M PECYpCiB 10 POMOIIIAETHCS MIXK [IEXaMH.

[Ticns oTpuMaHHs HEOOXigAHOrO MpUOYTKY BU3HAYaIOTh SKUM li€XaM 1 Ha CKUIbKU Tpeda
PO3IMIMPUTH BUPOOHUIITBO.

JUist 1IbOTO OTPUMYIOTH PI3HHUIIO MK KIUJIBKICTIO PECYPCiB, 110 IIeX BUKOPHCTOBYE ISl OT-
pUMaHHS BIAMOBITHOTO T0XOAY, Ta MAKCUMAJIbHOIO CIIPOMOXKHICTIO 1Iexy. [Ipu nonaTtHiil pi3HHII
BBOJIUTHCS SIK €K30TCHHHM TapameTp, cyMa KOINTIB,II0 HEOOXigHa JUIsi TOTO,I00 30UIBIINTH
BUPOOHUYY CIPOMOKHICTB IIEXY JI0 MOTPIOHOTO PiBHS.

Posznoain pecypciB mpoBOAUTHCS OAWH pa3 3a BIAMOBIAHMMA mepiof. TakuM YMHOM MOXKHA
BU3HAUUTH KIUIBKICTh TEpiOAiB, IO HEoOXigHa Ans pO3MHUPEHHS BUPOOHUITBA. Po3poOka
JI03BOJISIE BAKOHATH PO3MIMPEHHS BUPOOHUIITBA 32 PAXYHOK BHIUICHHS KOIITIB, SIKE HE BIUIMBAE
Ha CTaOlIBHICTh Ta HE 3MEHIIIYE MPOTYKTUBHICTH POOOTH MIANPUEMCTBA.

Cucrtema 1Mo TUIaHYBaHHIO €(EKTHBHOTO PO3IIMPEHHS BHUPOOHUIITBA MOXKE 3aCTOCOBYBa-
TUCh Y BIAJUII MPOTHO3YBAaHHS Ta MJIAaHYBaHHS 1 MpU3HAYCHA Ui aBTOMATH3Allil Mpolecy Iuia-
HYBaHHS PO3IIMPEHHA BUPOOHUITBA. ['0I0BHA MeTa MoJeli-1ie pO3IIUPEHHsT BUPOOHUITBA 32
PaxyHOK KOIIITIB, IO BUAUISIIOTHCS 3 BHYTPIIIHIX PE3EPBIB MiANPHUEMCTBA.
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JouinbHicTh BU3HAYEHHS PALIOHAJBLHUX CXeM 00iry JIOKOMOTHBIB HA OCHOBI FT€eHETHYHOT' 0
AJITOPUTMY 3 HLJIOYHCETbHUM KOTYBAHHAM

Mys3ukia M. 1., JIHinponeTpoBChbKUil HAIlIOHATBHUN YHIBEPCUTET 3aI3HUYHOTO TPAHCIOPTY
iMeHi akagemika B. JlazapsiHa, Ykpaina

Bupimensro 3aBganas BUOOpY cxeM 00Iry JOKOMOTHBIB Ha 3alli3HUYHIA MEpexi IpucBsde-
HO 0araTo HayKOBMX JOCIIPKEHb Ha BCIX €Tarax po3BUTKY 3aJII3HUYHOIO TPAHCIIOPTY Y KpaiHH.
[IpoBesneHi HayKOBi AOCHIKEHHS MiATBEPKYIOTh CKJIATHICTh BUPILICHHS JAHOTO 3aBIAHHS 3
IPUYMH HOro 6araToeTanHoCTl Ta B3a€MO3B’A3KYy 3 PI3HMMU KPOKaMHU B IIPOILEC] IUIaHYBAaHHS
NepeBe3eHb.

3riIHO 10 JII0YMX IHCTPYKTUBHHUX JOKYMEHTIB Ha 3aJi3HUYHOMY TPAHCHOPTI YKpaiHU eTar
MOIITYKY MEX IIIbHHIb OOCIyrOBYBAaHHS JIOKOMOTHBIB 1 JJOKOMOTHUBHHX OpHTrajJ BUKOHYETHCS
micis po3poOku iany GopMyBaHHS MOI3/IB 1 € BUXIIHUM Il TOOYI0BH rpadika pyXy MOi3/IiB.
JlaHuii eTam IPyHTY€EThCS HA EKCIEPTHUX TEXHIKO-€KOHOMIUYHUX pO3paxyHKax, sKi 3aCHOBaHI Ha
PEKOMEHI0BAaHUX BIJICTaHIX palliOHAJIbHUX JOBXHH IUIBHUIB 00€pTaHHS JOKOMOTHUBIB, 1110 BU-
3HAYeHi /I HAalOUIbII TUITOBUX YMOB poOoTH. Takuii miaxix € HeJOCKOHAUM, TaK SK HE BUPI-
LIye 1aHy 3aJa4y KOMILJIEKCHO 3 OIHOYACHUM IIPOBEAECHHAM PO3PaxXyHKIB JUIs n0n1r0Hy Mepexi,
HE BPaXOBYETHCS JNETATBHO XapaKTepP BArOHOMOTOKIB 1 BIJICYTHS aBTOMAaTH3allisl pO3paxyHKIiB.
OTxe, BC1 B1JIOM1 HAyKOBI JOCIIJDKEHHS JUISL 3aIi3HULb Y KpaiHH, a0o IM NoaiOHUX, CIpSIMOBaH1
Ha YCYHCHHSI BHIIIE 3a3HAYCHUX HEJOJIKIB.

IIpoBeneHe 1oCiiAKEHHs CTaBUIIO 3a METY yJIOCKOHAJIIEHHS! METO/IIB BU3HAYEHHS CXeM 00iry
JIOKOMOTHMBIB Ha 3aJli3HUYHIA Mepexi YKpaiHW B yMOBax IPUCKOPEHOTO MPOIYCKY OKPEMHUX
BaroHOIOTOKIB 3 ypaXyBaHHAM IX TEXHOJOTTYHUX OCOOIMBOCTEH.

Jlist TOCSITHEHHSI ITOCTABJICHOT METH BHPINIYBAJIOCS HACTYITHE 3aBIaHHS TOCIIKEHHS:

— JUISL TJIBUIIEHHS €(QEeKTHUBHOCTI pIIIEHHS pPO3pOoOJeHOI MaTeMaTH4HOi Mojeii BHOOpY
cXeM 001ry JOKOMOTHBIB Ha 3aJII3HUYHIN Mepex1 3aCTOCYBAaTH ONTUMI3ALIMHUNA METO]T HAa OCHOBI
T€HETUYHOTO AITOPUTMY.

Po3pobnena panime MareMaTHYHa MOJEIb, SIKA JO3BOJISIE 3HAUTH Macy TOi3]1iB Ha MapIIpy-
Tax CJiJyBaHHsS BarOHOMOTOKIB, CXeMH 00Iry JOKOMOTHBIB 3 BpaxyBaHHSAM JUCIOKaLlli AapKy 3a
PI3HUMH CEpISIMM Ha MOJIrOHI MepexXi, CXeMH poOOTH JIOKOMOTHBHUX OpHUTrajJ B yMOBax iCHYIO-
YUX TEXHIYHUX 1 TEXHOJIOTIYHMX MOMJIMBOCTEH JIOKOMOTHBHOTI'O TOCHOAAPCTBA 1 3aJli3HUYHOI
1H(PaCcTPyKTYpH, y 3araJiIbHOMY BUTJISZI BJII€ COOOI0 MOCTAHOBKY B1I0MOi 3aja4i MOKpUTTA. B
JaHii 3a7a4i MOKPHUTTS 13 MHOXKMHU BCIX MOXJIMBHUX BapiaHTiB TATOBOTO 3a0€3MEYeHHs 1 BCTa-
HOBJIEHOT MacH 1013/1a He00X11HO BUOpaTH ONTUMAJIbHY MIIMHOKUHY TaKUM YHMHOM, 11100 KOXKHA
3aJi3HUYHA JIIBHULS 32 MApIIPYTOM 33JaHOT0 BAHTA)KOMOTOKY BXOJAMJA JI0 Iuie4a 0O0CIyTroBY-
BaHHS JIOKOMOTHBIB BIJIMOBITHOT cepii Ta poOOTH TOKOMOTHBHUX Opuran. BpaxoByrouu, mo Ha-
BITh y 3arajlbHOMY BMIJISJI 3ajjaya MOKPHUTTS BIJHOCUTHCA 3a CKIaIHICTIO 10 NP-moBHHX Ta
OCKUIbKHM Ha JaHWH Yac He ICHY€ MOJIIHOMIAIbHOTO aJrOpUTMY i1 BUPILIEHHS, B pOOOTI 3amporno-
HOBAHO BUKOPHCTATH HAOMM>KEHUI METO/| PILLIEHHS 13 3aCTOCYBaHHSAM I'€HETUYHOT'O aJITOPUTMY.

['eHeTHYHUIT aNTOPUTM BIHOCHTHCS IO €BPHCTUYHUX METOJIB PO3B’S3aHHS, CKIIAIHICTIO
3aCTOCYBaHHS AKOTO € MOOYy/Z0Ba CXEMH KOJyBaHHS XPOMOCOMH, IO BijoOpakae 3MiHHI mapa-
METpU MaTeMaTHYHOI MOJIEII 1, IK HAC110K, pe3yJIbTaT PIlIeHHs [TOCTAaBJIEHOI 3a/1a4i.

VY ¢itHeCc-(DyHKIIIT J7AHOTO T€HETUYHOTO aITOPUTMY BUKOHYEThCS MPOLEAYypa 1€KOTyBaHHS,
TICJIsl NEPETBOPEHHS 3MIHHUX MOJIENI PO3paxoBYeThCA 1UJIbOBA (QYHKIIIS MaTeMaTUYHOT MOJIETII.
Jiis 061iKy 0OMEKeHb MOJIENIi 3aCTOCOBAHO MiAXiJl Ha OCHOBI 6€3yMOBHOT OMTHUMI3AIli] 32 SIKUM
KOXHE 3 00MEXEHb OI[IHIOETHCS 3aB/SKU BBEICHUX MTpaHUX PYHKIIIH.

OTtpumani pe3ynbTaTy pO3B’s3aHHS MMOCTABJICHOI 33/1a4l Ha ToBUIbHOMY Tpadi G i3 BUKOpH-
CTaHHSAM T'€HETHYHOIO aJrOpPUTMY 3 BIJIACHOIO CXEMOIO KOAYBaHHs 3MIHHUX OyiIM €KCIEpTHO
NepeBipeHi Ha MPABWIBHICTh MOOYI0BU CXeM 00Iry JJOKOMOTHUBIB 1 JJOKOMOTHUBHHX OpHrai, I1o
MIITBEPUIIO aJIEKBATHICTh PO3POOJICHOI MaTeMaTUYHOT MOJIETII.
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Cucrema «RISK++» 17191 0l1leHKH TEXHOT€HHOI0 pHCKa
NPH IKCILIYaTAIUH 7KeJIe3HOA0POKHOI0 TPAHCIIOPTA

MynTas JI. 4., JlHenponeTpoBCKUI HALIMOHAJIbHBIM YHUBEPCUTET KEIE3HOJAOPOKHOTO
TpaHCHOpTa UMEHU akajeMuka B. Jlazapsina, Ykpanna

[Tpu sKkcmTyaTanuy TETIOBO30B OCYIIECTBIISIETCSI HHTCHCUBHAS YMUCCHS B aTMOC(hEpHBIN
BO3/1yX IMPOAYKTOB CrOpaHusl AM3EIbHOTO TOIUIMBA. PaccemBaHMe 3TUX MPOAYKTOB CrOpaHUs
MPUBOJIUT K 3arps3HCHHUIO aTMOC(HEPHOTO BO3AyXa W IMOJACTUIIAIONICH MmoBepxHOCTU. [loaTomy
BO3HHUKAIOT JIBE aKTyaJlbHbIE 3a7]aui B 00JacTu 3Kojorudyeckor 6ezonacHoctu. [lepBas 3amaua —
3TO OIIEHKA YpPOBHS 3arpsi3HEHUs aTMoc(epHOro BO3ayXa C TOYKHA 3PCHHS OMNpPEICIICHUs
pa3MepoOB U UHTEHCUBHOCTH 30HBI 3arpsAA3HEHUS U OLEHKH MACChl TOTO WJIM MHOTO 3arpsA3HUTEINS,
MOTIAaBIIETO Ha MOYBY M T.A. BTOpas 3amaya — SKOHOMHYECKas OLEHKa ymiepOa, HAaHECEHHOTO
OKpyXarlel cpene. B HacTosiiee BpeMs, B YKpauHe, OTCYTCTBYET Hay4dHO-OOOCHOBaHHas
METOAMKA, KOTOpas MO3BoJIsiIa Obl PEIIUTH MEPEUYUCIICHHBIE 33/1a4d ¢ YIETOM 3MHUCCUU BPEIHBIX
BEILIECTB OT JABUXKYILErOCs UICTOYHUKA.

[IpencraBisiercst HOBasi 4MCIEHHAasT MOJEIb, KOTOpas IOJIO)KEHa B OCHOBY CO3/IaHHOM
cuctembl «RISK++» nna pemenus nepeuncnenneix 3amad. Mopelb OCHOBBIBAa€TCS Ha
YUCJICHHOM HWHTETPUPOBAHUM TPEXMEPHOTO YpPaBHEHHsS MaccorepeHoca. JlaHHoe ypaBHEHUE
JOTIOJTHSICTCS YPAaBHECHUSIMHU, YYUTHIBAOIIMMU XHUMHUYECKYIO TpaHC()OpPMAIHIO BBIOPOCOB B
atMocgepe. PazpaboranHas yucieHHas MOJENb YUUTHIBAET METEOYCIOBHUS, TapaMETPhl SMUCCUU
BPEIHBIX BEILIECTB, IIPU pabOTe TEII0BO3a, CKOPOCTh JBUKEHHS TEIIOBO3a, €ro Mapiipyrt. Jlis
YUCJIIEHHOTO HWHTEIPUPOBAHUSA MOJEIUPYIOIIEr0 YpPaBHEHHUS MacCONEpeHoca MPUMEHSETCs
HEsSBHAs pA3HOCTHAs CXeMa. YPaBHEHHS, OIHCHIBAIONINEC XHMHUYECKYIO TpaHchopmaruio
BBEIOPOCOB B aTMocdepe, YHUCIEHHO WHTETPUPYIOTCS C MOMOIIBIO MeToaa Ditnepa. Paspaborana
IporpaMma Juisi peaju3aliy pacueTa Ha MepcoHabHOM KommbioTepe. Pacuer Ha 6a3e maHHON
MporpaMMbl TpebyeT MeHee | MUH KOMITBIOTEPHOTO BPEMEHH.

C nomouIb10 NOCTPOSHHOM YUCIIEHHOM MOJIENIM MOYKHO peliaTh CIEeIYIONINE 3a1a4u:

1. OueHuTs ypOBEHb 3arps3HEHUS MOICTUIAIOIIEH TOBEPXHOCTH.

2. OImeHHTh TUHAMHUKY 3arpsi3HeHUs1 aTMoc(hepsl Ipu paboTe TeIIoBo3a.

3. O1eHuTh HHANBUAYAIBHBIN PUCK Ha TPUMATUCTPATBHON TEPPUTOPHH.

PazpaGorannas uncieHHas wMonaenb ObUTa WCHOJIB30BAaHA Il OLEHKH JUHAMUKH
3arpsi3HEHUs MPUMATrUCTPAIbHBIX TEPPUTOPUI B Clydae HKCIUTyaTalldu MOJBUKHOTO cocTaBa. B
paboTe MpeacTaBiICHBI PE3yJbTaThl BBIYUCIUTEIBHBIX JKCIEPUMEHTOB IO OIIEHKE Pa3MEepoB,
(hOpMBI 1 THTEHCUBHOCTH 30H 3arpsi3HEHHs aTMochepsl mpu paboTe MaHEBPOBOTO TEIJIOBO3a Ha
KEJIE3HOAOPOXKHBIX CTaHIMsAX JlHempomneTpoBckoit obmactu. IlpencTaBisroTcss pe3ynbTaThl
TECTOBBIX PACUETOB:

1. CpaBHeHHME 4YHCICHHBIX JaHHBIX C pe3yJIbTaTaMH M3MEPEHUN, TIOJyUYCHHBIX B

a’pOIMHAMUYECKOU TpyOe.

2. CpaBHEHHE YHCIICHHBIX JIAHHBIX C Pe3YJIbTaTaMH JJA00PATOPHBIX UCCIICOBAHU.

3. CpaBHEHHE YHCIIEHHBIX JTaHHBIX C aHATUTUYECKIUMH PEIICHUSMHU.

Pazpaborannas yuciaeHHas MOJIETh MOXKET OBITh TaKXE MCIOJIb30BaHA /IS OIIEHKH PUCKA
MIPH YpE3BbIUAHBIX CHUTYAIUSIX HA TPAHCIOPTE (aBapuitHbIe BEIOPOCHI, Pa3JIiBBI):

1. Omenka pucka TOKCHYHOTO TOPAKEHUS JIFOJICH B CETUTEOHON 30HE, MPUMBIKAIOIICH K

TPAHCIIOPTHOMY KOPHUJIOPY.
2. BO3MOXHOCTH ydYeTa JBIDKEHUS WCTOYHHKA OMHUCCHHM (pa3repMeTH3HpPOBAHHAS
IMCTEpHA) Ha (pOpMHUPOBAHHE MOJISI TEPPUTOPUATBHOTO PHUCKA.
Oco0eHHOCTBIO pa3pabOTaHHOW YUCICHHOW MOJENW SIBISETCS TO, YTO OIIEHKA PUCKA MOXKET
BBITIOJIHATCS. HE TOJBKO JJISI MOCTOSHHO JIEMCTBYIOIIETO HMCTOYHMKA SMHUCCHUU ONACHOTO WIIU
BPEIHOTO BEUIECTBA, HO U JUJISl OJIYHENPEPHIBHOTO NCTOYHHKA.
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yCOBepHIeHCTBOBaHI/Ie Mojaeaei u KOMIIBIOTEPHBIX CUCTEM UHTC/UICKTYAJILHOI'0 aHAJIHU3a
IMpoHeCcCoB ¢ HCYHCTKHMHU NPU3HAKAMHU

Mypamie O. B., JlHennponeTpoBCKui HallMOHAIBHBIN YHUBEPCUTET XKEJIE3HOAOPOKHOTO
TpaHcnopTa uM. akaj. B. Jlazapsna, Ykpauna

B mHactosmiee BpeMsi cepbl MPUMEHEHHSI METOIOJIOTHH KOMIBIOTEPHOT'O MOJICITHUPOBAHHS
MOCTOSIHHO PACIIUPSIIOTCS, YCIOXKHSIOTCS OOBEKTHl M MPOLIECCHI MCCIICOBAHUS, a TaKXKe IMPo-
rPaMMHO-TEXHUYECKHUE CpeacTBa s peanusanuu. Cpeau 3aJaHuil KOMIIBIOTEPHOT'O MOJIEIUPO-
BaHUE CHUCTEM Ba)KHOE MECTO OTBOJIUTCS UCCIIETOBAHUIO PA3IMUHBIX MTPOLECCOB, KOTOPHIE B CBSI-
3M CO CJIOKHOCTBIO 00BEKTa MOTYT OBITh IPEICTABJICHBI JIUIIL C TOMOIIBIO MOCIEA0BATEIbHO-
CTel BeTMYMH, KOTOPBIE OMPEEIISIOT MapaMeTphl npoiiecca B AuHamuke. [Ipu 3Tom Hanbosnbinee
pacmpoCTpaHEHUE U BBICOKYIO CTEMEHb TEOPETHYECKOTr0 OOOCHOBAHUS IMOJYYWIH MPOLECCHI,
MPEACTaBICHHBIE BPEMEHHBIMU MOCJIEIOBATEIBLHOCTIMU (psAlaMU) C I€TEPMUHUPOBAHHBIMU T10-
KazareasiMu (WM CITydalHbIMH), YTO MOJYYEHBI Yepe3 ONMpe/IesieHHbIE, TUCKPETHBIC HHTEPBAIIbI
BpeMeHH HalOumojeHuid. Bmecte ¢ 3TUM CyIIecTBYyeT MHOTO MPOIIECCOB, KOTOPbIE MOTYT OBITh
OTpesieNieHbl TOJBKO C TIOMOIIIbI0 HEYETKUX BEIMUYWH, MOTYYCHHBIX Yepe3 HEUeTKUE POMEXKYT-
Ki BpeMeHH. [IpuMepamMu Takoro pojia MPOIEeCCOB MOTYT OBITh PE3yJIbTaThl HAOIIOJACHUN HaJ
rapamMeTpamMu CIOKHBIX TEXHUYECKUX CUCTEM HKEJIE3HOJAOPOKHOTO TPaHCTIOPTa (BaroHOB, JIOKO-
MOTHUBOB, JIEKTPUUYECKUX JABUTATENICH CTPEIOYHBIX IMEPEBOIOB JIpP.), MOJYUYCHHBIX B MPOIIECCE UX
JKCIUTyaTallui, KOTJAa W3MEpPEHUs IUIAHUPYIOTCA 1O BBINOJHEHUS M 0e3 COONI0/IEHUsT YETKOTrO
BPEMEHHOI'0 MHTEpBaia. Takke TaKUMHU CBOMCTBaMM 00a/al0T HAOMIOACHUS 3a MMapamMeTpaMu
COCTOSIHHS YeJOBeKa MpHU 3a00JEBaHUAX, apXEOIOTHYecKrue HaOMI0ACHUs (BpeMsl OnpeensieTcs
HEYETKO) JIp.

B nokiane mpuBeeHBI OCHOBHBIC ITAlbl Pa3BUTHS TEOPUU HEUCTKUX BPEMEHHBIX PSJIOB,
OCHOBHBIE METOJIbl U MHCTPYMEHTHI MHTEIUICKTYIbHOTO aHalin3a. B CBsA3M ¢ HEOOXOAMMOCTHIO
BbIOOpa 2P PEKTUBHBIX CPEACTB MOJCIUPOBAHMS HA3BAHHBIX MPOIIECCOB, PACCMOTPEHBI MOIXO-
TIbl, TIOHSATUSL ¥ METOJIbI HEYETKOW Perpeccuu, rpaHyIMPOBAaHHOTO BPEMEHHOTO psna, Gpopmanu-
30BaHHOM TMOCTAHOBKM 3aJla4M HEUETKOW KJacTepu3aluu. B pamkax ucciieoBaHUS BbBIICICHBI
oTmpe/ieJICHHbIE KIIACChI 33/1ay, KOTOPhIE XapaKTePU3YIOTCSI HEYETKUMH TOKa3aTeNIsIMH, OTpeie-
JIEHHBIMU Yepe3 HEUETKUI IPOMEKYTOK BPEMEHHU.

PaccMoTpensl 1 00CYKAAIOTCSI OCHOBHBIE 3TAIlbl TOCTPOCHUSI MOJIEIM HEUETKOM TEeHACHIIUU
1 0COOGHHOCTH PACIIO3HABAHUS HEUETKUX TEHACHIIUN, BOIIPOCHI MCMOIB30BaHUs HEUETKON Heil-
POHHOM CEeTH HJsl paclo3HaBaHUs HEYETKUX TeHAeHIHH. OCOOEHHOCTH MHCTPYMEHTa MOCTpoe-
HUS QYHKIIMOHAIBHON 3aBHCHMOCTH HEYETKHX OTHOIICHUH B BHUJIC armapata HEYSTKUX HEUPOH-
HBIX ceTel. JlJist 3TOro BBOISATCS KIACCHYECKUE HEUETKUE HEUPOHBI, B KOTOPHIX OINEpalUU CJI0-
KCHUS M YMHOKEHUS 3aMEHSIOTCS TPUAHTYISAPHBIMUA HOpMaMu. [IpeicTaBIIeHbl OIEHKH BIUSHUS
JUTMHBI MTHTEPBAJIOB HA PE3YJIbTAThI MPOTHO3UPOBAHUS TSI JIBYX 3BPUCTUYECKUX METOJIOB OIpe-
JIeNIeHUs] TON UIMHHBI — MOAXO0/1 «paclpeeNieHus» U MOAX0] «CPEAHETo ypoBHI». OTMEYEHO,
YTO JAHHBIE TIOJIXO/IbI YITYUIIaI0T TOYHOCTh MMPOTHO3UPOBAHHUS HEYETKOTO BPEMEHHOTO PAJIa.

B kadecTtBe mpumepa HEUETKMX BPEMEHHBIX PSIOB OBLIN MCCIICIOBAHBI PsAJIbI HAOIIOICHUN
MIPOIIECCOB JICUEHHUS PA3INUHBIX 3a00JIEBaHUI MO3Ta, TAKMX KaK PACCETHHBIA CKJIEpO3 U 00JIe3Hb
Anbureiimepa.

Ha ocHoBe nmpoBeeHHBIX HCCIEOBAaHUN YCTAaHOBJIEHBI OCHOBHBIE COBPEMEHHBIE HaIlpaBie-
HUS TI0 (JOPMHUPOBAHHUIO YCOBEPIICHCTBOBAHHBIX MATEMATUYECKUX M MPOTPAMMHBIX MOJEINEH,
METOJIOB ¥ KOMIIBIOTEPHBIX CPEJCTB, MPEAHA3HAYECHHBIX [IJIs aHAJIN3a U MPOTHO3UPOBAHUS pe-
3yJIbTATOB PAa3BUTHUS IIUPOKOTO KPyra TEXHUYECKUX M JIPYTUX MPOIECCOB, KOTOPhIE UMEIOT He-
YETKUE XapaKTEPHUCTHKH, MPECTABICHHbIE KaK HEYETKHE BpPEMEHHbIE psnbl. B nmampHeimem
MPEeIyCMAaTPUBACTCS BBITIOJIHEHUE CPABHUTEIHLHOTO aHAIHM3a PE3yJbTaTOB TAaKOTO MOJAEIUPOBA-
HUS, TIOTYYEHHBIX 10 HECKOJILKUM HM3BECTHBIM METOIUKAM, a TAK)KE€ YCTAHOBJIICHHS a/IEKBATHO-
CTH MOJYYCHHBIX PE3yIbTATOB MPUMEHUTEIHHO K HCIIOIb3yEeMbIM JIaHHBIM HAOIIOICHUH.
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IIporno3 1MHAMHMKH 3arpsi3HeHNs OKPY:Kalollel cpeaAbl PU TPAHCIOPTHPOBKE YIJIsl HA
0a3e cucTeMbl KOMIIBIOTEPHOI'0 MO/1eIHPOBAHUSA

Onaguno Mytuy Omnaroiie, /lHenponeTpoBCKUI HALIMOHAIBHBINA YHUBEPCUTET
’KEJIE3HOIOPOKHOTO TPAHCIIOPTa UMEHU akazeMuka B. Jlazapsna, Ykpanna

[TepeBo3ka yriist Kene3HOJOPOKHBIM TPAHCIIOPTOM IIPUBOAUT K MHTEHCUBHOMY 3arpsi3He-
HUIO aTMOC(EPHOro BO3[yXa. YTOJIbHAA MbUIb OCEAAeT BHYTPH TPAHCHOPTHOTO KOpPUIOpa, MO-
MaJaeT B COOPYKEHUs, KOTOPbIE HAXOMASATCS BO3JIE KEJIE3HOAOPOKHOU Maructpaiu. Kpome »to-
ro, BBIHOC YIOJIbHOM IBUIM U3 MOJyBarOHOB IIPUBOAUT K OTEPHU IPy3a.

B pabore paccmarpuBaeTcst paspaboTaHHAs CHUCTEMa KOMITBIOTEPHOTO MOJICITHPOBAHHS
paccenBaHMs YroJbHOM NIbUIM U3 MONXYyBaroHoB. l[IpeioxeHHas cucreMa IMO3BOJSET pellaTh
CIIEYIOINE 3aJauH:

1. IIporHo3 OTUHAMHKH 3arps3HeHHs aTMoc(epHoro Bo3ayxa B maciitabe «microscale». B
pamKax 3Toro macmrabda M3y4aercs MPOIEeCcC PAacCEHBAHMS YTOJBHOW IMBUTH BOJU3U I10-
JyBaroHa.

2. IIporHo3 nuHaMKKH 3arpsizHeHUs: aTMocepHOro Bo3ayxa B maciirade «local». B pamkax
3TOro Macitaba M3ydaeTcsl MPOLECC PacCeMBaHUS YrOJIbHOW MbUIM BOIU3U TPAHCIOPT-
HOTO KOPHUA0pPA, C YIETOM JIBIKEHUSI COCTaBa C yIJIEM.

B ocHOBy pa3pa0oTaHHON KOMIIBIOTEPHON CHUCTEMBI MOJOKEHBI YHUCICHHBIE MOAETH JIs
MPOTHO3a YPOBHS 3arpsi3HEHUs] BO3AYIIHOW CPENbl BO3JIE TPAaHCIOPTHOro Kopuaopa. OCHOBY
pa3paboTaHHBIX YHCICHHBIX MOJEINEH COCTaBIISIIOT ypaBHEHUSI MAaCCONEPEHOCca U a3pOIMHAMUKH.
[Iponiecc MmopenupoBaHus BETPOBOIO OTOKA BO3JIE MOJTYBaroHa ¢ yrjiieM OCHOBBIBAE€TCS Ha MPH-
MEHEHMM ypaBHeHus Jlamiaca, omuChIBaIOLIEro MOTOK MACAIbHOU XUAKOCTH. [lone ckopoctu
BO3JIYIITHOTO TIOTOKA, TPU OOTEKaHWH TMOJIyBaroHa C yrieM pacCUMTBHIBACTCS Ha 0aze Tpexmep-
HOUW U IBYXMEPHOU MOJIEJIEH IMOTEHIIUAIBHOIO TEUCHUS.

VYpaBHeHHE MacconepeHoca, KOTOPOE UCHOJIb3YEeTCs Ul MOJIEIMPOBAHUS Ipoliecca pac-
CeMBaHMS MBUIM B aTMoc(epe, YUUTHIBAET CKOPOCTh M HANpaBlIEHUE BO3AYLIHOTO MOTOKA, CO-
crostHue armocdepsl, atMmochepHyto TypOyieHTHyo Auddy3uro. OcoOOEHHOCThIO MOJIETUPYIO-
1IeH CUCTEMBI SIBJISIETCS TO, YTO MPHU pacUeTe MHTEHCUBHOCTU MBUIEBBIACICHUS OT Pa3IMYHBIX
YYaCTKOB I'py3a YUUTHIBACTCS JIOKAJIbHAs CKOPOCTh BO3IYIIHOTO MOTOKA. JTa CKOPOCTh OIpese-
JII€TCA MPU PELICHUH 331a4l a3POIMHAMUKHU.

JIJ1sl 9MCTIEHHOTO MHTETPUPOBAHUS MOJACIUPYIONINX YpPaBHEHUN HCIOJIB3YIOTCSI HESBHBIC
pa3HOCTHBIE cXeMbl. OCOOEHHOCTHIO MTPUMEHSIEMBIX Pa3HOCTHBIX CXEM SIBJISETCS TO, YTO MO TO-
CTPOEHHUIO — ITO HESIBHBIE PA3HOCTHBIE CXEMBbI, HO TTPaKTUUYECKasi peain3alus STUX CXEM OCYIIle-
CTBIISIETCA TIO SIBHOM cxeMme Oerymiero cueta. C MOMOIIBI0 MapKepOB 3aJaeTcsl, MOI0KEHUE HKe-
JIE3HO/I0POXKHOTO BaroHa, ero ¢opma, popma «HachIIu» CBIITyYEro rpysa B nosxyBarose. Paszpa-
OOTaHHBIC MOJIETH W CO3/IaHHBIE HAa MX 0a3e KOMIBIOTEPHBIC MPOTPaMMbl OPUEHTHPOBAHBI Ha
perieHne KOMITIeKca 3a71a4, CBSI3aHHBIX C aHAITM30M 3arpsI3HEHHST OKPYKAOIIECH Cpe/bl PHU YHO-
C€ YTOJIbHOW MbUIN:

1. OueHka MHTEHCUBHOCTH BBIHOCA YTOJILHOW MBUIX U3 MOJTYBaroHa Mpu pa3InuyHON CKOPO-
CTH JABUKEHUS COCTaBa.

2. IIporHo3 ypoBHS 3arpsi3HEHUs aTMOC(EpPHOTO BO3AyXa IMPH UCIOIH30BAHUU Ha TOJTyBa-
rOHaX Pa3JIMYHBIX METO/IOB 3aIIUTHI.

B kadecTBe 3amUTHI UCTIOIB3YIOTCS JOTOTHUTENBHBIC OOpPTa Pa3TUIHON KOH(PHUTYpauu 1
BO3yIIHAs 3aBeca. OCOOEHHOCTh Pa3pabOTaHHOW KOMIBIOTEPHON CHCTEMBI SBISETCS OBICTPOTA
pacdeta — 5-10 cex Ha pacyeT OJHOTO BapHWaHTa 3agavyd. B maHHON paboTe Takke MpUBEICHBI
PE3yNbTaThl AKCIIEPUMEHTATBLHOTO UCCIeNOBAaHUS d(PPEKTUBHOCTH MPUMEHEHUS JOMOJHUTEIb-
HbIX OOPTOB Ha BaroHe JUIi MUHUMHU3ALMU BBIHOCA YTOJIBHON MbUIH. JlaHHBIE SKCTIEpUMEHTAIb-
HBIX HUCCJIEIOBAHUI COMOCTABIIAIOTCS C pacyeTamH, MPOBEACHHBIMU Ha OCHOBE pa3paboTaHHOMN
KOMIIBIOTEPHOM CHCTEMBI.
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Anantanust SCRUM 1151 npoeKkToB BHEIPpeHUs TUIIOBOTO MPOIYKTA
Oneitnuk . B., «Onun Cepuc. Buenpenueckuii nenTp», Poccus

I'nOkue (agile) MeToqukn HaXOIAT CBOE MPUMEHEHHS B Pa3IMYHBIX MPOM3BOJICTBEHHBIX 00-
nactsax. Meromuka «Kanbany mnpuMeHsieTCst Ul YIPaBICHUs TPOIIECCAMU MPOU3BOJICTBEHHBIX
MIPEANPUATHIL. JTa K€ METOMKa, alanTupoBaHHas oA | T, mpuMeHsieTcst Ui yIpaBieHus pelieHu-
€M 3a/1a4 TOJICP)KKH, HanpuMep, BHyTpeHHUMH | T-otnenamu komnanuii. Meroguka SCRUM mipu-
MEHSIETCSl JUIA YIPaBJICHHUS IPOEKTaMH M B TPOAYKTOBOH paspabotke. Jlamee peub MOWAET O
SCRUM niprMeHHUTENBHO K IPOSKTaM BHEApEHHs TUTIOBBIX TpoaykToB (TTI).

B nepByto ouepenp omnpenennM, 4eM OTIMYAETCS MPOEKT pa3pabOTKH HOBOTO MPOAYKTA OT
npoekTa Baeapenus TI1. Bo-miepBbix, BHeIpeHUECKas KOMIIAaHUS OTpaHUYeHa IIaTGOpMOii U apXu-
TEKTYPHBIMHU pEIIeHUAMH, 3anoxkeHHbIMH B TI1 — mosToMy komaHze Bceraa NpuxoauTcsi GanaHcu-
POBaTh MEXITy KEITaHHAMH 3aKa34hKa M BO3MOKHOCTSMH MPOAYKTa. BO-BTOPBIX, MPUMEHHUTEIBHO K
Meroauke SCRUM BbI3bIBaeT crnoxHOCTh (popMyimpoBka u peanmmzauust «MVP» (MuHMMansHO
KHU3HECTIOCOOHOTO TPOJIyKTa) HE C YMCTOIO JIUCTA, TOCKOJIBKY MHHUMYM YK€ 0003Hau€H BO3MOXK-
HocTsiMU camoro TII. B-TpeTbux, JOCTaTOYHO CIOMXKHO MPU BHEAPEHUN THUITOBOTO IMPOIYKTa COTPYI-
HUYaTh 10 cxeMe «time-and-material» - 3akazunku BHeapenus TII Bceraa oxumaroT GUKCHPOBaH-
HYIO CTOUMOCTb, ITOCKOJIbKY camu T1I peam3yrorcs 1o mnpaicy.

Takum 0Opa3oM, opraHu3zalysaM, pPeaIu3yIOLUM MPOoeKThl o BHeApeHuto TII HeoOxoaumo
anantupoBars Meroauky SCRUM k BoimeHasBanubiM ocoOenHoctsiM. [lepBeiii atan 8 SCRUM —
910 cocraBieHus «Od3kioray (backlog — crmcok TpeGoBanmii) nmpoekra u Gopmynupoka MVP.
[TpumenuTensHO K KopropaTuBHBIM TII MUHUMABHBIN KU3HECTIOCOOHBIN MPOAYKT OyIeT orpere-
TAThCSL (PAKTOM OTKasza OT MPEIbIAYIIel CUCTeMbl B MMob3y HOBOM. [Tostomy peamuzammss MVP —
310 90% Bcero npoekta. M3-3a 3toro oauH 3 npuHImIoB (1 npeumymiects) SCRUM «ocrosHHO-
r0 HapallMBaHUs OM3HEC-IIEHHOCTH» OKa3bIBAETCs OECCUIbHBIM. DTa 0COOCHHOCTh IPUBOJMT K He-
00XOMMOCTH TIPOBEJICHUS WIPEANPOSKTHOTO 00CIIEIOBAHUS, B PE3YNIbTaTe KOTOPOTO KIUEHT I10-
JYYUT OOIIYIO KapTHHY MPOEKTa B BUJIE «KAPTHI BO3IEHCTBUINY U «KAPTHI MOJIH30BATEIILCKUX HCTO-
puit», a BHEJpEHYECKast KOMIIaHUS! CMOXKET OLIEHUTH MPEABAPUTEIbHYIO CTOUMOCTb. POpMyIHpPOBKa
KPHUTEPHEB MPUEMKH TIEPEHOCHUTCSI Ha a3y UTEPATHBHON pa3pabOTKH.

[TnanupoBaHue oyepeqHOM uTepaluu 1 pa3padoTka TpeOOBaHUN MO XOJy MTEpaluy Mpouc-
XOJIUT C TUTOTHBIM YYacTHEM IPEACTaBUTENEH 3aKa3unKa ¢ TeM, YTOOBI MIPEABSIBIISEMBIN PE3yIIbTaT B
KOHIIE UTEPAINU OBLT 0)KUIAEMBIM.

TectupoBanue BO3MOXHO ToJbKO rocne pazpadorku. [Togxoast TDD u BDD enpa mm npume-
HUMBI B npoekTax BHeapeHus TII. Bo-nepBrix, nocraBimuk TII He mocTaBisieT TecTOBbIE HAOOPHI —
3TO €ro BHYTPEHHSS KyXHs, COOTBETCTBEHHO HEBO3MOKHO a/IallTUPOBATh CYIIECTBYIOIINE TECTHI MO
Mepe KacTOMH3alUM MpoayKTa. Bo-BTopeIX, MpoBoanuTh TectupoBanue TI1 coOCTBEHHBIMM CHIaMU
HeleNIecoo0pa3Ho 1Mo (PMHAHCOBHIM MPUYMHAM. B-TpeTbuX, MOCTOSIHHO MEHSIIOIINeCs: TpeOOBaHHS
10 X0y UTEpaIMU He TO3BOJIAT CO3/aTh CTAOMIIbHBIN TECTOBBIM HAOOp 10 OKOHYAHUS peaTi3alliuu
¢yHkmonana. Takum 00pa3oM, BO3MOYKHA OPTaHU3AIUsl PETPECCHOHHOTO TECTHPOBAHUS C HEKHM
BPEMEHHBIM JIaroM TI0 OTHOIIEHHIO K pa3paboTKe.

IMockonbky npoext BHeapeHus TII ue sBisercs SCRUM B uncrom Buzie — Hy>)KHO TOHMMATh,
YTO JICHBTM BHEIPEHYECKAss KOMIIAHUS MOJYYUT HE TOCTE PErJIaMEHTHOTO JMEHCTBHUS «IEMOHCTpa-
IIMM Pe3yJbTAaTOBY» B KOHIIE UTEpAIMH, a MOCNe Mpolecca MPUEMKH padoT, Korja MpecTaBUTeIH
3aKa3uMKa CaMM MPOBEPST TEKYILYI0 Bepcuro aganthupoBaHHOro TII Ha cOOTBETCTBHE KpHUTEPHUSIM
NpUEMKH, 3aUKCUPOBAHHBIX aHATUTHKaMH. COOTBETCTBEHHO HEOOXOIMMO CO3/aTh W TPENOCTa-
BUTb 3aKa3YMKY yJOOHBI MHCTPYMEHT Ul (pUKCAllMK pe3ysabTaToB MpoBepKu. DakTUYecKu 3aKa3-
YUK JIOJDKEH CTaTh COABTOPOM M PEIICH3EHTOM TEXHHUYECKOW IOKYMEHTAIIMU U CaMOT'0 TIPOTYKTa.

Takum oOpazoM, B3siB 32 ocHOBY SCRUM wu mocieoBaTeIbHO COBEPIICHCTBYS TPOIECC C
y4ETOM BHEIIHUX OrPaHMYCHUM, BHEAPEHUECKas OpPraHu3alysl MOXKET MOJyYUTh BCE BBITOJBI THO-
KHUX METOJIUK YMpaBiieHHs MpoekTtamu B Toi cepe IT, rae TpaAuIMOHHO MTPUMEHSIETCS «BOOMA-
HBII» MOIXO0/ MO0 MOAX0J] «CTAHAAPTHOTO BHEAPEHUS», TPEOYIOIIUN N3MEHSTh OH3HEC-TIPOIECCHI
NPEIPHUATHS IO UICOIIOTHIO TUIIOBOTO MPOTPAMMHOTO MTPOIYKTa.
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BararokpurepianbHi Mojei IVIAHYBAHHSI HEOAHOPITHUX TPAHCIIOPTHHUX NOTOKIB

[Tanik JI. O. JlnenponeTpoBCKHil HAITMOHAIbHBIA YHUBEPCUTET
YKEJIE3HOJOPOKHOTO TpaHCIopTa uM. akal. B. Jlazapsua, Ykpauna

VY poboti mobynoBaHi Ta AOCHIPKEHI y3arajdbHeHi Mojeni Bapapoma, mpusHaueHi Juis
aHaJi3y Ta IIaHYBaHHS HEOJHOPIAHUX MTOTOKIB y TPAHCIIOPTHUX Mepexax.

VY CBOi#l OLIBIIOCTI TPAHCTIOPTHI MOTOKH HEOMHOPIAHI — MICTAThH €JIEMEHTH 13 Pi3HUM BJIa-
CTMBOCTSIMU LIOJI0 BJIACHOCTI, ()YHKIIOHAJILHOI'O MIPU3HAYCHHS, 1aCAXKUPONOTOKY a00 BaHTaXo0-
MMOTOKY, BUMOT' JI0 TIPOIIECY TPaHCIIOPTYBAaHHS, Iepioay Ta cepmiciB iH. Ilpu mimanyBaHHI Ta
parioHabHIN opraHizaiii nmepeBe3eHb (GOPMYIOTh OJHOPIIHI Y TIEBHOMY CEHCI MPOIECH, BPaxo-
BYIOUM TOJIOBHI BHMOTM Ta BIACTHBOCTi. 3 ypaxXyBaHHSM IIbOI'O PO3pPOOJIEHO PI3HOMAaHITHI
MOJIeJIi TPAHCHOPTHHUX MPOIIECiB, B TOMY YHCIHI K MaTeMaTHYHHUX 3aBJlaHb ONTHUMAJIbHOTO abo
pamioHabHOTO TUTaHYBaHHS. PO3BUTOK 3ac00iB aHasi3y BIACTUBOCTEH €IEMEHTIB Ta IJIaHyBaH-
HS OIOJI0 peatizallii mepeBe3eHb, a TAKOXK CTBOPEHHS Cy4acHHUX iH(OpMaIiifHO-KOMYHIKaIiHHUX
TEXHOJIOTI! 1 CHCTEM, JAI0Th MOMJIMBOCTI BCE OIJIBIN MOBHOTO ypaxyBaHHS BHUMOT 1 BIACTHBO-
CTel OKpeMMX KaTeropii eJeMEHTIB TPaHCIOPTHUX IOTOKIB, a TaKOX iX B3aeMofil0. Y
TeMepillHiA Yac OAHHUM 13 TTI00aNbHUX PilIeHb MPOoOJIeM opraHizailii Ta ynpaBiIiHHS TPaHCIOPT-
HUMH [IOTOKaMHM SIBJISIETHCSI CTBOPEHHS Ta MPOCYBAHHS 1HTENEKTYalbHUX TPAHCIOPTHUX CHCTEM
(ITC). dns pi3HUX BUIIB TPAHCIOPTHUX MOTOKIB BUMOTH BCTAaHOBIIEHHS BJIACTUBOCTEH 1010
HEOJTHOPIIHOCTI iX eJIEMEHTIB HE OJHaKOBi. BOHM BU3HaualoTh NOTPEeOM ypaxyBaHHS OKPEMHUX
nofidi abo TpaBWI B3AEMOAIl ENEMEHTIB, IO pPEaTi3yeThCsl IUISIXOM  3alpPOBAKCHHS
cnenn(iyHUX TEXHOJIOTIH. YpaxyBaHHS crenu(iqHUX KaTeropiii BUMOr abo BIacTUBOCTEH
TPAHCIIOPTHUX ITOTOKIB CYTTEBO BIUIMBA€ HA 3MICT Ta CKIAJHICTh BIINOBIIHHUX MOJEICH 1
METOIB 1X aHami3y Ta IJIaHyBaHHS.

Hocaiaumo nesxi mozeni ¢GopMyBaHHS 1 aHaii3y (IPUHILMIIN) MOTOKIB aBTOTPAHCIOPTY.
Jlns BU3HAUEHHS OOCATIB 3aBaHTAXEHHS MeEpeXi BUKOHYETbCS MOJICNIIOBAHHS TPAHCIOPTHUX
MIOTOKIB, SIKE PO3TJISAAETHCA SIK 3a/iaua MPUMHATTS piieHb. [Ipu 11boMy B mepiry uepry BHUSBIIS-
IOThCS 3arajibHi MpaBuia, 3a SIKUMH OKpeMi TPaHCIOPTHI 3aco0u (Bojii) 0OMparoTh MapLIpyTH
pyxy. Y TpaHCHOpTHIN Haylli BiJOMI NOBEAIHKOBI MPUHLUIN KOPUCTYBadiB aBTOTPAHCIOPTHOI
Mepexi, cepel HuX — NpuHuUnu Bapapona:

1. Heszanexxuuit BUOip MapupyTy CIiyBaHHS, BIANOBIIHOTO MiHIMaJlbHUM TPAaHCHOPTHUM
BUTpaTaM KoxHoro (mpunuun Bapapomna 1).

2. Bubip mapmpytiB cCIligyBaHHS KOPHUCTyBadyaMH BHXOISYM 3 MiHIMI3allii 3arajJbHHUX
TPaHCIIOPTHUX BUTPAT B Mepexi (nmpuHiun Bapapona 2).

BinnmoBigHo 1m0 mepmoro mnpuHuouny Bapapoma po3mogun  TpaHCHOPTHUX MOTOKIB
BI/INOBIZIa€ KOHKYPEHTHI#l Oe3koailiiiHiili piBHOBa3i (TeOpeTHKO-irpoBa ONTHUMI3allis IpU3HaYe-
Ha JIJIS 3arajibHOi XapaKTepUCTUKH palliOHATbHOT MOBEAIHKH KOpUCTYBauiB). Jpyruii npuHIum —
nepeabavyae IEHTpalli3oBaHEe YIPABIIHHA pPYXOM B Mepexi (CHCTEeMHa ONTHUMI3allis).
Binnosiguuii HoMy po3noAis TPaHCIIOPTHUX MOTOKIB HA3UBAIOTh CUCTEMHUM ONITHUMYMOM.

3ayBakuMo, 110 3a3HA4€HI NMPUHLMIN piBHOBaru Oynu chopMyibOBaHI sl OJHOPIAHUX
ABTOTPAHCTIOPTHUX MOTOKIB. Y JTOMOBIAI JAETHCS IHTEPIPETAIIiS MM MMPUHIIUIIAM MOJICTIOBaHHS
TPaHCIOPTHOI piBHOBaru Bapapomna 3 TOUkH 30py 3arajJbHUX METOJIB (POpMyBaHHS KPHUTEpIiB
ONTHUMAJIBHOCTI JUUISl BUPIIICHHS 3aBJaHb aHaNi3y 1 MJIaHyBaHHS, a TaKOX 3 ypaxyBaHHSM BBe-
JIEHHS TOAATKOBUX BUMOT OO «IHIUBIIyaIbHUX) BIACTUBOCTEHN ISl KJIACIB OKPEMHUX 00’ €KTIB
B MOJIETISIX IJITaHYBAHHS 1 yIIPaBIiHHS HEOAHOPIAHUMHU MOTOKaMHU.

B po6oTi po3KpUTO MOXKIMBOCTI 3aCTOCYBaHHS y3arajJbHEHMX NpPUHIMMIB Bapapoma s
palioHaJIbHOTO TJIAHYBAHHS HEOJTHOPIIHUX TPAHCIIOPTHUX MOTOKIB. Ilpu npomy mis nodynosa-
HUX y3araJlbHeHUX MoJiesiell MJIaHyBaHHs 3a3HAa4eHUX MOTOKIB c(hOPMOBAHO MOJIENI MEPEK Ta
MOTOKIB 1 TPOBEJACHO KOHTPOJBbHI pO3paxyHKH. AHali3 pe3yabTaTiB IJIaHYBaHHS II0Ka3aB
BIJIMOBIAHICTh IUX MOJAENECH PO3MIMPEHUM pAIliOHATFHUM TMPUHIUIAM PyXy, IO BPaXOBYE
crieriagizoBaHi BJaCTUBOCTI HEOTHOPITHUX HOCIIB MTOTOKIB.
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IHTeJ’[eKTyaJ’ILHa CUCTEMA BUSIBJICHHS HE3APECECTPOBAHUX TPAHCIIOPTHUX 3aco0iB

[Tanteneena O. FO., JIHITpONeTpOBCHKUI HAIlIOHAIBHUIN YHIBEPCUTET
3aJII3HUYHOTO TPAHCIIOPTY iMeHi akaaemika B. Jlazapsna, Ykpaina

CTpiMKUH PpPO3BUTOK PHUHKY CHCTEM O€3IeKH, 3a3HauYeHWW TOSBOIO I1HHOBALIMHHUX
TEXHOJIOTiH 1 CMUIMBHUX TE€XHIYHHX PIIICHb, B MEPIIY YEPry, BUKIMKAHUIA 3DOCTAaHHIM CIIOXKHB-
yux 3anuTiB. Ha gaHuiit MOMEHT Ha PUHKY MPEACTaBICHO 0€3J1iY pillleHb 010 BiJI€OaHATITHKH.
[TpoGnema imeHTUdIKAIIT ABTOMOO1IIS 32 PEECTPaLliiHUM HOMEPHHUM 3HAKOM € BOXKJIMBUM aCIeK-
TOM KOHTPOJIIO 1 3a0e3meueHHs] Oe3MeKnu JOPOKHBOTO pyXy. [IpoaykTu, 31aTHI BUPIIIYBATH 1€
3aBJlaHHsl, 3aTpe0yBaHi B caMux pizHuX cdepax. [Ipukiagom MOXyTb CIyKUTH aBTOTPAHCIOPTHI
HiANPUEMCTBA, aBTOMOOUIBHI CTOSHKH, TapakHiI KOONEpaTHWBH, KOTEIDKHI CEJHINA, 3ampaBHi
CTaHIli, MyHKTH KOHTPOJIIO B3]y HA TEPUTOPitO 00'€KTa 1 T.II.

Cucrema po3mi3HaBaHHS aBTOMOOLIPHUX HOMEpIB 3IIHCHIOE TOIIYK HOMEPHHUX 3HAKIB B
30HaxX pO3Mi3HABaHHA i, IPU BUSABJICHHI HOMEPHOTO 3HaKa, PO3IMi3HAE HOTo i3 3aMcoM JaTH Ta
yacy noaii. Kpim 11p0ro BUKOHYeThCs 3amuc Gororpadii HOMEpHOro 3HaKa 1 aBTOMOOLIA. 3aB-
TaHHS PO3Mi3HaBaHHS (GOPMH 00'€KTIB, SIKi MMONAIOTHCS Y BUTIISAL OiHAPHUX 300pakeHb, BUHUKAE
B 0OaraTthOX JOAAaTKaX, HANPHUKIAA, TpH OiomerpuyHOoi imeHTH(iKamii ocoOucTocTi,
pO3Mi3HaBaHHI MO3U 1 KECTiB JIIOJUHU, B CUCTEMaX ONTUYHOIO PO3Mi3HABAHHS CUMBOJIIB Ta iH.
Haii6inpm Bianor Moaeuo (GOpMH € OMHC y BUTIISAII CKeJIeTHOTO Tpada, Mo MpeCTaBIIsie€ Co-
0010 cepenrHHI oci Pirypu.

Posrnsnaroun pimeHHs TpoOieMu pO3Ii3HABaHHS aBTOMOOULIHPHOTO HOMEpPA, MOXKEMO
MPUNATH 0 BHCHOBKY, III0 KOMITJICKCH, SIKi HAa JAaHWH MOMEHT IIPEJICTaBJICHI Ha PUHKY, BCE XK HE
MOBHICTIO BIJMOBIJAIOTh 3allUTaM KJIi€HTIB. Bennka ix yactuHa 3po0seHa 3a KOPJOHOM i, Ha
’KaJlb, HE MOXE aICKBAaTHO MPAIIOBATH 3 YKPATHCBKUMH HOMEPaMHU.

B nanwmii yac He icCHY€e yHIBEpCaIbHOTO METOAY JJIsl MOPIBHIHHS (OpM OIHAPHUX PACTPO-
BUX 300paxkeHb. OTxe, Ui KOKHOIO HOBOIO JoJaTKa MHUTAaHHS BU3HAUYEHHS MIPU CXOXOCTI
BUPILIYETHCS 3aHOBO. A 3HAUUTH ICHYE MpodieMa y MBUJIKOMY OOUHMCIEHH] Ta BUOOPY aIroOpuT-
My. 3B'SI3Ky 3 IIUM Oyno po3poOJeHO YHIBEpCATbHUUA METOA IS PO3Ii3HABAHHS
aBTOMOOUTbHOTO HOMepa. [Ipuuomy HeoOXinHuI eheKTUBHUI anropuT™M HOro OOYUCIIEHHS, 110
JI03BOJIsI€ TIOPIBHIOBATH 00'€KTH B peaibHOMY 4aci. OcTaHHS BUMOTa IPE/ IBISETHCS] BUXOASIUH 3
MPAKTUYHMX 3aCTOCYBaHb pO3Mi3HaBaHHs 00pas3iB.

Hogwii anroputm 0yB otpumanuii Ha ocroBi LBP (Local Binary Patterns) axroputmy ta
anroputmy ckenetuszaiii. LBP 3acTocoByeThbCs 17151 TEKCTYPHOTO aHali3y 300pa’keHb Ta € OHUM
3 HaWOLIbII BUKOPUCTOBYBAHUX METOJIB IpHU peanizalii KOMI'TOTEPHOTo 30py 1 PO3Ii3HABAHHS
oOpasiB. TekcTypa BimoOpakae BHYTPINIHIO OyJOBY 300pa’K€HHsI, a TAaKOX B3a€EMHE PO3Tally-
BaHHS yTBOPIOIOYMX HOTO €JIEMEHTIB, 1, TAKHM YHHOM, € BaXKIIMBOIO XapaKTEPHCTUKOIO 300pa-
KeHHsA. TakoX € e(eKTUBHUM B OOYHMCIIOBAIBHOMY IUIaHI, TaK SK HpaIOe TUIBKH 3
UJTOYHUCENTBHOI0 apu(PMETHKOIO (11€ T03BOJISIE€ OCsTaTh real-time mMpoAyKTUBHOCTI B IEIKUX 3aB-
JIAHHAX ), @ TAKOXK BIH 1HBapiaHTHUH 710 3MiH SICKPABOCTI Ha 300pa)KeHH1, BUKJIMKAaHUM 3HOMKOIO
B PI3HUX YMOBaX OCBITJICHHS. AJITOPUTM CKeJIETH3AIlil CIPOIIye MOJaNbILy PoOOTY 3 300paxeH-
HAM Ta CTIMKui 10 mymy. OCHOBHUM MpPHU3HAYEHHSM Oyb-SKOTO alrOpPUTMY CKeJleTu3alii €
MaKCHUMaJlbHe YTOYHEHH BCIX JiHIM Ha GiHapHOMY 300paXKeHHI, 1110 MPU3BOIUTH 10 OTPUMAHHS
CKeJeTa, B IKOMY BCI JIiHII MalOTh TOBIIMHY B OJIMH MiKcelb. [0 Hel0MiKIB TaKOro MepeTBOPEH-
HSl CUMBOJIY BIIHOCSITHCSI MIMOBIPHICTh MOPYIIEHHS 3B'I3HOCTI 1 BIIHOCHO BEJMKI YacoBl BUTpa-
Td. OTpUMaHi pe3ynpTaTu OyAyThb KOPHCHI IpPU PO3pOOI METOIIB 1 aNropuTMIB CerMeHTAIlil
300pakeHb CKJIAAHUX 00'€KTIB, a TAKOXK arperoBaHUX YTBOPCHD.
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InTenekTyasbHA cUCcTEMA CBITJI0()OPHOTO peryTl0BaHHs 3 JTUHAMIYHOIO
3MiHOI0 (pa3 MPONMYCKY TPAHCHOPTHHUX 3aCO0iB 32 HANIPSAIMKAMU PyXy

[MTaciuauk A. M., 3abpona A. O., YHiBepcuTeT MUTHOI clipaBu Ta (hiHaHCIB, YKpaiHa
[Taciunuk B. A., /IHinponeTpoBchbKUid HalioHaabHUN yHiBepcuTeT iM. O.I'oH4apa, Ykpaina

Bes 3pocrarodua posib  aBTOTPAHCHOPTY B OKUTTI CYCHUIBCTBA BHMAara€ CTBOPEHHS
HEOOXIIHUX YMOB Ui 3a0e3nedeHHs €QEKTHBHOCTI Ta SAKOCTI (YHKI[IOHYBaHHS CHCTEM
YIIPaBIIiHHS TPAHCIIOPTHUMU MOTOKAMU MICBKHX Ta MariCTpaJbHUX IMEPEeBE3CHb MACAXKHUPIB Ta
BaHTaxiB. ToMy po3poOka HOBUX MOJieel Ta METO/IB YOCKOHAJICHHS CUCTEMU CBITIO(OPHOTO
pPETYIIOBAaHHS TPAHCIOPTHUX TOTOKIB CTae OCOOJIMBO aKTYyaJlbHOK IS ONTHMI3alii
(YHKIIIOHYBaHHSI MICHKHUX TPAHCIOPTHHX Mepex. I 11boro HeoOXiqHO MOCTIMHO MPOBOIUTH
pPOOOTH O OCHAIIEHHIO BYJIMYHO-IOPOKHBOI MEPEXI CydaCHUMH IPOTPAMHO-TEXHIYHIUMH 3aCO-
O6amu oprasizalii JOpPOKHBOTO PYXY.

Ha cporomuimHiil 1eHh B CHCTEMax CBITIO(OPHOTO PEryIIOBaHHS TPAHCIIOPTHUX IOTOKIB
3MIIHCHIOETHCS HAa OCHOBI CTanuX (a3 MPOIyCKy aBTOMOOUIBHUX TPAHCIIOPTHUX 3aCO0iB B Pi3HUX
HanpsSMKax, pO3paxOBaHUX HA OCHOBI TEXHIYHMX MapaMmeTpiB, BUXITHUX Ta CTATHCTUYHUX Ja-
HuX. OCHOBHI NapaMeTpH, BiJ SKHUX 3AJIE€KHUTh poOOTa CUCTEMHU CBITIIOPOPHOIO PETYIHOBaHHS,
BU3HAYAIOTh Yac poOOTH (TOPIHHSI) J03BOJSIOUOr0 CHIHATY CBITIIO(POpPA JJIsl KOXKHOTO HAIpsIM-
Ky, PIBEHb 3aBaHTA)XEHHS, 1IHTEHCHUBHICTh IOTOKY Ta HPOIYCKHY CHPOMOXHICTb NEPEXpPecTsl.
[IponyckHa CIIPOMOJKHICTH MaricTpajili B NEpPeTHHI CTOM-JiHIi BHU3HAYAETHCS IPOITYCKHOIO
CIPOMO>KHICTIO OJIHIET CMYTH, KIJIBKICTIO CMYT PYXY, OPTaHi3alli€lo pyXy y BY3Ji, peXKHUMOM pe-
T'YJTIOBaHHS.

3ane)XHo BiJl YMOB 1 opraHizaiii pyXy MakCUMajabHa KUIBKICTh TPAHCIIOPTHUX 3aC00iB, 110
MIPOXOJATH MO CMY31 (Yepe3 CTOM-IHII0) MPOTAroM | rox B 0AHOMY HampsSMKY NpU JTOTPUMaHHI
YMOB O€3MeKH pyXy — LI MPOIYCKHA CIPOMOXKHICTh CMYT BYJIUIIb 1 IOPIT PETYIbOBAHOTO PYXY.
[TponyckHy CHpPOMOXKHICTh BH3HAUA€ YacTKa 4Yacy BiJ TPUBAIOCTI IUKIY, Yepe3 Ky BUpaxKa-
IOTBCSl YMOBHU OpraHizallii pyxy.

Jnst  po3paxyHKy TIPOIYCKHOI CIPOMOXKHOCTI TE€pPEXpecTs 3acCTOCOBYIOTHCS — PI3HI
MaTeMaTH4YHI MOJIeNI, Kl y OUIBIIOCTI BUMAKIB CKIIAJAIOTHCS 3 TPhOX CKIAJOBUX YaCTHUH: MO-
nenel mpuOyTTS TPAaHCIOPTHOIO 3aco0y, OUIKYBAHHS 1 BUOYTTS 3 UEPIH MPOTATOM Jili 3€J€HOTr0
curHaily. B cucremax ympaBiiHHS TOPOXKHIM PyXOM HaiO1JIbIIe pO3MOBCIOJKEHHSI Ma€ MOJIENb
BeOGcTepa, 3a sSIKOI0 TpUBAIICTh OCHOBHOTO TAaKTYy B 1—# (pa3l perysroBaHHS PO3PaXxOBYETHCS 3a
bopmyoro:

Ti=(Tij = To)Yii /Y, 1)

ne Yij — da3oBuii koedirieHT J-To HampsAMKY pyxXy B i—if ¢a3si perymoBaHHS; Tu — Yac IUKITY

CBITJIOOPHOTO PETYJIOBaHHS, C; Tn — CyMa TPUBAJIOCTI MPOMIXHHX TaKTiB, C.; Y — cyma po3pa-
XYHKOBHUX (a30BUX KOE(DILI€HTIB.

JUnst MiJBUILEHHS MPOIYCKHOI CIPOMOXHOCTI Ha MepexpecTi MPOMOHYEThCS Yac LHUKITY
CBITIIO(OPHOTO PETYIIOBAHHS PO3PAXOBYBATH B 3aJIEKHOCTI BiJl KUTBKOCTI aBTOMOOUTIB y dep3i
Ha MPOXOJ/UKEHHS MepexpecTss B KOXKHOMY 13 MOXKJIMBUX HANpsSMKIB PyXY, 110 BU3HAYA€ThCA 32
JIOTIOMOT OO CIEIiaTbHO BCTAHOBIICHHUX BiJIEO PEECTPATOPIB TPAHCIIOPTHUX 3aco0iB. [Ipu mipoMy
BPaxXOBYIOThCS 3araJbHONPUIHATI OOMEXEHHS Ha 4ac IMKIY CBITIO(OPHOTO PEryaroBaHHS Bif
25 o 120 c, a BigMOBITHO TPUBAIICTH Yacy MPOMDKHHX TaKTiB BU3HAYATH B 3AJICKHOCTI Bif
KUTBKOCTI TPaHCIIOPTHUX 3aC001B Ha MPOXO/PKEHHS MEPEXPECT] Y IEBHOMY HAINpsIMKY.

Pesynpratn mpoBeeHHX pO3paxyHKIB MOAETBHOI 3aadi MOKa3ykoTh, IO 3aCTOCYBAHHS
3alPONOHOBAHOTO METOAY AMHAMIYHOTO BU3HAYEHHS TPUBAIOCTI MPOMDKHHMX TAKTiB Ta LUKITY
CBITIIO(OPHOTO PETYJIIOBAHHS JTO3BOJISIE€ 30UTBIIUTH MPOIYCKHY CIPOMOXHICTh TIEPEXpecTsi Ha
16 % (3 446 no 519 aBt./ron).
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JocainkeHHss BUKkopuctanus TexHoJiorii MPLS B indopmaniiino-TenekomyHikaniiHii
cucrtemi IlpuaHinpoBchbKoOi 3ai3HUI

[TaxomoBa B. M., Jlomanceka I'. A., ['pubentok A. B., JIHINpOneTpOBCHKHUI HAI[IOHAIBHUIH
YHIBEpCUTET 3aJII3HUYHOTO TPAHCIIOPTY iMeHi akaaemika B. Jlazapsna, Ykpaina

MepexxHuil Tpadik € OJHMM i3 HaAWBAXUIMBIIIMX IOKAa3HUKIB POOOTH iH(pOpMaIiifHo-
TeneKoMyHikariiHoi cucremu [IpunHinpoBcbkoi 3amizHuI. OCTaHHI JTOCTIKEHHS TTOKa3yIOTh,
o B3aram Tpadik iH(opMaIliiHO-TeTEKOMYHIKAIIIHOI CUCTeMH IS OUTBIIOCTI BHIIIB CEPBICIB
SIBJISIETHCSL CaMOTIOMIOHMM ((ppaKTaTbHUM), TOCTIHE 30UIBIIEHHS SIKOTO TPUBOIUTH 10 HEOOX1]1-
HOCTI BU3HAUEHHS B PEalbHOMY Yaci NMEepeBaHTaKEHHS B MEPEXki Ta 3A1HCHEHHS KOHTPOJIO IO-
TOKIB AaHuX. OHUM 13 MOKJIMBHX PIIICHh € METOJ| IPOTHO3YBaHHS MEpPEXKHOro Tpadiky 3 BH-
KOPUCTaHHAM HEHPOMEPEKHOI TEXHOJIOTIi, sIKa TO3BOJUTH MPOBECTH YNPABIIHHA TpadikoMm B
PEeKUMI pealbHOTO 4acy, YHUKHYTU MEpPEBAHTAXEHHS CepBepa Ta IMiJABUIIUTH SKICTh IOCIYT.
Kpim Toro, icaye Texnomnorisst MPLS (Multiprotocol Label Switching), sika anamni3zye nmakeru na-
HUX HE Ha KOKHOMY MapUIpyTH3aTopi, a Ha Toulll BXxoAy B Mepexy MPLS, mo niarsepmxye
aKTYyaJIbHICTh TaHOI TEMH.

Jlo ocobnmuBoctelt TexHomyorii MPLS cnigye BigHECTH: MOMXIHMBICTH POOOTH 3 PI3SHUMHU
MIPOTOKOJIAMH; BBEJICHHS pi3HHUX KiaciB obcinyroByBanHs (Class of Service); 3a0e3neueHHs 3a-
naHoi sikocTi oociyroByBanHs (Quality of Service, QoS). Texunonoris MPLS no3Bossie BuGparu
MOTPIOHUI pekuM Tiepenadi Tpadika B 3aJeKHOCTI Bl BUMOT mociyru. TexHomoris MPLS me-
pendauae 1Ba TUIM MapUIpyTU3aTOPiB: OJHI BCTAHOBJIEHI Ha BXOJl B MEpEXy Ta MOXYTb J10/a-
Batn/Bunainstu mMitku — LER (Label Edge Router); iHmi € npoMiXHUMHU Ta TiJIBKU 00pOOIISIOTH
iH(popmariro 3 MiTok Ha maketax — LSR (Label Switching Router). /lani nepenatotbes 3a 10mo-
moroto msxiB LSP (Label Switch Path). V 3aronoBky makera € MOXIJIMBICTh CTaBUTH HE OJIHY
MITKY, a LIUIMH CTeK, L0 sIKpa3 1 J03BOJIsIE CTBOPIOBATU i€papXii0 MOTOKIB B Mepexi MPLS i
oprasizoByBatu TyHenl. [mxunipunr tpagiky (Traffic Engineering, TE) no3Bosisie ontumizyBaTu
Mapuipytuzauito [P-tpadiky 3 ypaxyBaHHSIM 0OMeXeHb, K1 HAKJIQJIal0ThCs EMHICTIO Ta TOIOJIO-
riero MepekHoi Marictpaii. Y MPLS TE no tpagiky iCHY!OTh BUMOTH II0JI0 ITOJIOCH IIPOIYCKY,
BHMOTH JI0 CepeJIOBHILA Niepeiadi, BAMOTY MPIOPUTETHOCTI Ta 1HIII. MeToa IHXUHIPUHTY Tpadi-
Ky HaBITh pO3Mi3Ha€e MepekH1 3001 Ta BIIMOBH, 1110 3MIHIOIOTh TOIOJIOTII0 MEPEXKI, Ta IPUCTOCO-
BYETBCS J10 HOBOI'O Ha0Opy 0OMEXKEHb.

VY3arani po3B’s3aHHs 3aJa4l IPOTHO3YBaHHS MEPEKHOI0 Tpadiky MOKIMBO HA OCHOBI BH-
KOPHUCTaHHS HACTYITHUX HEWpPOHHUX Mepex: OaratomiapoBoro mnepcentpony (Multi-Layer
Perceptron, MLP); paniansHo-0a3ucHoi mepexi (Radial Basis Function Network, RBF); y3a-
rajgbHeHo-perpeciiinoi Mepexi (General Regression Neural Network, GRNN); mepexi Enmana;
amanTUBHOI Mepexi HewiTkoro BUcHOBKY (Adaptive-Network-Based Fuzzy Inference System,
ANFIS). Jlnst MozentoBaHHsS TaKUX HEHPOHHUX MEPEX MPU3HAYEHUH LU psija HelpomakerTis,
JUTSI TIOJTAJIBITIOTO JTOCHIKeHHsT 00pano nporpamy MatLLAB. CproromHi Takoxx iCHYIOTh MpoOTpa-
MH, [0 JIO3BOJISIIOTH CTBOPIOBATH CKJIQJHI MOJENi, B TOMY YHCHIi ¥ iMmitamiini. Hampukman,
CBWFQ nanamryBanus Big CISCO Systems nns mogentoBanas Tpadiky MPLS, moaemtoroua
cucrema OPNET Modeler. [Ins ¢parmenty inpopmariitHo-TenekomMmyHikariitnoi cucremu [Ipu-
JTHIIPOBCHKOI 3aJli3HMIII CTBOPEHA IMITaliiiHa MoOJenb 0e3 BHUKOPUCTAHHS 1 3 BUKOPHUCTAaHHSIM
texHosorii MPLS, mo Oynye TyHeni Ha OCHOBI JIaHUX NPO PO3TALlyBaHHS MapLIPyTHU3aTOpiB,
KJIacu Tpadiky, mapaMmeTpu SKocTi Ta moToku Tpadiky. B iHdopmamiiiHO-TenekoMyHIKallIHHIN
cucremi [IpuaHIpoBchKO1 3a1i3HULI 00pobistoThes HacTynHi Tpadiku: TCP, UDP, ESP, ICMP,
GRE, OSPFIGP. [lns Toro, mo6 3abe3neunty pizHi mapametpu QoS [uis pi3HUX KiaciB Tpadika
HEOOXiTHO ISl KOXKHOTO Kiacy Tpadika BctaHOBUTH B MPLS mepexi okpemy cuctemy TyHeIneH.
[Ipu 1poMy TSI YYTJIIMBOTO K 3aTpUMKaM Kjacy Tpadika HEoOXiTHO BHUKOHATH pPE3EpBYBaHHS
TaKUM YMHOM, 11100 Koe]illieHT BUKOPUCTAHHS TyHEN 3HaxoauBcs B aianasoni 0,2—0,3. Biqomo,
o TCP — uyrnuBwuii Tpadik n0 nepeBantaxkenns, a UDP — neuytnuswmii Tpadik.
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JocaiizkeHHsI IPOTOKOJY MAPIIPYTH3aLii B KOMII'I0TepHiil Mepeski
HA 3AJTI3HUYHOMY TPAHCIOPTI

[TaxomoBa B. M., Ckabamnanosud T. 1., Maunu6ypa €. C., JIHinponeTpoBChKUI HAI[lOHAIBHUHT
YHIBEpCUTET 3aJII3HUYHOTO TPAHCIIOPTY iMeHi akajaemika B. JlazapsHa, Ykpaina

OnHOIO 3 OCHOBHHMX BUMOT, 1[0 BHCYBAIOTHCA 10 aIrOPUTMIB MapUIpyTU3allii, € IX MIBHIKA
301KHICTh /10 ONTUMAJIBLHOTO PIIICHHS, SIKE MPOAMKTOBAHO HEOOXIAHICTIO X MPOTOKOJBHOI pea-
mi3anii B pealbHOMY MacmTadli yacy B yMOBaX XapakTepUCTHK Tpadiky, TOMoJorii Ta 3aBaHTa-
YKEHOCT1 KOMIT FOTEPHOI MEpPeXi 3aTI3HUYHOTO TPAHCIIOPTY, IO MOCTIHHO 3MiHIOIOThCs. Knacuy-
Hi QJITOPUTMU TOLIYKY HalKOPOTIIOro NUIAXY Ha rpadi, Taki 1k anroputmu [Ipuma ta [lifikcTpa,
bennmana-®opna ta Kpyckans, He 3a0e31e4uytoTh NPUHHATHOTO PIBHSA pillleHb B TAKUX YMOBaX.
OxHuM 3 MIXOAIB pO3B’SA3aHHA 3ajadl MapHIpyTH3alii B KOMIT IOTEpHIN Mepexi € HayKOBUH
HanpsM «lIpupoaHi o6uuCIeHHs», IKUI TO€JHYE METOAU 3 IPUPOAHUMHU MeXaHi3MaMH IpUIH-
ATTS pillIeHb, @ caMe: MypalliHi Ta TeHETUYHI alrOPUTMHU; HEHPOHHI Ta HEHPOHEUITKI Mepexi,
110 MiATBEP/UKYE aKTyaJbHICTh JJAHOT TEMHU.

s hparmenTy iHOpMaIiifHO-TEIIEKOMYHIKAIIHHIN cructeMu [IpuIHITPOBCHKOI 3aTi3HH-
i B mogentorouiid cucremi OPNET Modeler cTBopena BifmoBigHa imiTalliiiHa MOJIENb, Ha SKIH
3a PI3HUMH CIICHAPIsIMH JOCIIDKYEThCsl BUOip mpoTokony Mapuipytusanii RIP ra OSPF.

Ha cpboroasi icHyI0Tb METOJM BU3HAUYEHHS ONTHUMAJbHOIO MapLIpyTy Ha OCHOBI HacTyI-
HUX HEHPOHHUX Mepek: OaraTomapoBoro mepcentpony (Multi-Layer Perceptron, MLP); pania-
npHO-0a3ucHOi Mepexki (Radial Basis Function Network, RBF); mepexi Xomndinaa; agantuBHOi
Mepexi HewiTkoro BucHOBKY (Adaptive-Network-Based Fuzzy Inference System, ANFIS). [lns
MOJAJIBIIIOTO JTOCHIDKEHHS KOMIT I0TepHO1 Mepexi [IpuaHinmpoBCchKOi 3ami3Hui oOpaHa HEHpo-
HeviTKa Mepexa (ribpuaHa cucrema), sika 00’ eIHye B co01 mepeBaru HEHPOHHUX MEPEX 1 KI1acH-
YHUX HEUiTKuX cucteM. Ha BiAMiHY BiJ HEHPOHHHMX Mepexk, HeHPOHEUITKI Mepexki XapaKkTepu-
3YIOThCSl YITKUM YSIBJICHHSIM 3HaHb, 1110 MICTATHCS B HEUITKUX NpaBuiax. KpiM toro, HelipoHeyi-
TKI Mepeki MOXKHa HaBYaTH 3a JOIIOMOI'OI0 METOAY 3BOPOTHOIO MOIIMPEHHS MOMMUJIKH Ta €BO-
JOUIWHUX aJTOPUTMIB.

s poGoTu 3 HelpomakeTaMu MpH3HauYeHi Oe3niu crerianizoBaHux nporpam: MatLAB,
Statistica, BrainMaker, NeuroShell, NeuroShellPredictor, Fann Explorer, Deductor Studio,
GeneHunter ta iHmi. [[yis cTBopeHHs HelpoHeuiTKoi Mepexi oOpaHa mporpama MatLAB, mo
Mae ANFIS-penakTop, AKuil MiATpUMY€E MPAKTUYHO MOBHY aBTOMAaTHU3ALI0 MPOLECY CTBOPEHHS
HEHpOHEUITKOI Mepexi, MOXKIUBICTh NEperiasay copMoBaHUX MpaBUJI 1 AOAAHHS IM JIHTBICTH-
YHOI IHTepHpeTalii, 110 J03BOJSE PO3MIAJATH amapaT TiOpHIHUX CHCTEM, K 3acid 3100yTTs
3HaHb 3 0a3 JaHMX 1 CYTTEBO BIJpi3HS€ JaHi Mepexi BiJ kiacuuHux HeilpoHHux. ANFIS-
penaKkTop J03BOJISIE MOOYIyBaTH HEHPOHEUITKY MEpeKy 3a anropuTMoM CyreHo Ta CKIIaJIaeThCs
3 II’SITU 1IapiB: MEPETBOPEHHS BX1IHOI 3MIHHOI y HeuiTKuid TepM (1ap 1); popmarizaris Ta Bubip
npaBuia (mmap 2); 004YHCICHHs] HOPMOBAHOI CHJIM MpaBwmiia (map 3); po3paxyHOK BHECKY KOKHO-
r0 HeYiTKOTro MpaBuia y Buxij (map 4); o0unciIeHHs BUX1THOTO 3HAUeHHS (1ap 5).

Bubip ontumanbHOrO MapuipyTy 3A1MCHIOETHCS Ha OCHOBI IIPOTHO3Y Yacy MPOXOKEHHS
nakeTa B KoM toTepHiid Mepexi [IpuaHinpoBcbkoi 3amizHuii. s JiHIBICTUYHOT OLIHKK BX1JI-
HUX 3MIHHUX BHKOPHUCTaHI HACTYITHI TEPM-MHOXKHHH: KUTBKICTh MapIIpyTH3aTOPIB, IO CKJIaaa-
I0Th MapuIpyT (MakcUMaibHa, Cepe/iHs, MiHIMalbHA); IHTEHCUBHICTh HaJIXO/KEHHS 3aluTiB (Ma-
KCUMaJibHa; OlIbIla 3a CepeHIo, ajie MEHIIAa MaKCUMAJIbHOI;, CepelHs; OUIbIna 3a MiHIMAJIbHY,
aJie MeHIlIa CEepeHbO1; MiHIMaJIbHA); 3aTPUMKaA MapIIpyTU3aTopa (MakCUMalbHa, Cepe/iHs, MiHi-
MajibHa); JOBXKHHA MaKeTy (MakcuMalbHa, MiHIMaIbHA). SIK BUXiJHA 3MIHHA PO3IJISAA€THCS Yac
nepeaayi makery 1mo KOMIT IOTepHIM Mepexi (MakcuManbHUN; OUTHIINKA 3a cepenHiil, ane MeH-
U MaKCUMaJIBLHOTO; CepeAHii; OUThIIMN 3a MiHIMAJBbHHM, ajle MEHIIWA CEpeIHbOro; MiHIMa-
npHM). [IpoBeneHo nociiKeH s apaMeTpiB HEHPOHEUITKOI Mepexi, sIKa B MOJAIBIIOMY CKJIa-
JIe OCHOBY 1HTEI'POBAHOI CHCTEMH MapIIPYyTH3aIlii B KOMIT IOTEPHIN MEpPEexKI.
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IToToxoBi XAPAKTEPUCTUKHU CRIAAHUX MEPEK

[Momimyk O. 1., [nctutyT npukiaaaux npobiaem mMexaHiku i Mmarematuku iM. S. C. IligcTpuraya
HAH Vkpainu, Ykpaina

OnHUM 13 HamNpsIMKIB CUCTEMHUX JOCIIJDKEHb, IKUH 1104aB OypXJIMBO PO3BUBATHCS MPOTS-
TOM OCTaHHIX JIECSATHJIITh, CTaJO BUBYCHHS CKIagHUX MepexxkeBux cuctem (CMC). Mepexesi
CTPYKTYPH € y MIKpO- Ta MaKpOCBITi, 010JIOTIYHUX CHCTEMax Ta JIFDJAChKOMY coliyMi. TpaHcmop-
THI MepeXi PI3HUX THUIIB € MHUPOKO PO3MOBCIOKEHUM MPHUKIAIOM TaKUX CTPYKTYp. 3 MOMiIX
OCHOBHHX HOHATH Teopii ckiagaux Mepex (TCM), sika peani3ye CTpYKTYpHUN HAMPSMOK JOCITi-
mxeHb CMC, MOXHa Ha3BaTH OPIEHTOBAHICTb MEPEXi, JOKaJbHI XapaKTEPUCTUKU BY3JIB Ta
3B’SI3KIB, 3arajibHi TOIOJIOTIYHI BJIACTUBOCTI MEPEKEBHUX MiJACTPYKTYP (KIiKiB, CHIHBHOT TOMIO)
Ta Mepexi B 1inomy. Ilpeamerom nocnimkernass TCM € cTBOpeHHs yHIBEpCaTbHUX MOJeNei Me-
PEKEBUX CTPYKTYp, BU3HAUEHHsS CTATUCTHUYHUX BJIACTMBOCTEH, SIKI XapaKTepU3YIOTh iXHIO IO-
BEIHKY Ta MPOTHO3YBAaHHS MOBEAIHKH MEPEX MPH 3MiHi iX CTPYKTYpHHX BiacTuBocTeil. [lpupo-
IHI Ta WTy4Hi, Qi3udHi Ta O10JOTIYHI Mepexki, Mepeki MIKpO- Ta MaKpOCBITY MaroTh 0araTo
critbHOTO. OHAK, HE3BAKAIOYN HA MPAKTUYHY ICHTHYHICTh CTPYKTYP, 1€ € CYTTEBO Pi3HI CHC-
TeMu. CXOXKICTh MEPEKEBUX CTPYKTYpP JOMOMArae y po3poOIli yHiBepCalbHUX METOIIB AOCHTij-
KEHHS IUX CTPYKTYp, aJie He 3aBXIH BIAMOBIAHUX cucTeM. CHCTEMHI AUCIUIUTIHY, SKi 3arajioM
pearnizytoTb (PYHKLIOHAJBHUNA HAaIpPSIMOK CUCTEMHHUX JIOCIiIKEHb, ONEPYIOTh TAKUMU MOHATTS-
MU, SK [UTb, (DYHKIIIS, CTaH, MPOIIEC, MOBEAIHKA, CTIMKICTh, KEPOBaHICTh TOIO. [IpeameroMm ix
JIOCHIJKEHHSI € BMBUYEHHS PI3HUX KJIACiB Ta TUIIB CUCTEM, OCHOBHHX INPHHLMIIB Ta 3aKOHO-
MipHOCTEH iXHBOI MOBENIHKH, MPOIIECIB MIJICYTBOPEHHS, (PYHKI[IOHYBaHHS, PO3BUTKY Ta B3a€MO-
i1 13 30BHIIIHIM CepeJOBUILEM. 3arajjoM y CUCTEMHMX AMCLUILIIHAX CTPYKTYpa CUCTEMHU PO3-
TIIAJAETHCS COUIBHO 3 (QYHKLISIMM, SIKI PEaTi3yIOThCsl CKIaJI0BUMHU 111€1 CTPYKTYPH T4 CUCTEMOIO
3arajioM, MpuuoMy (yHKIIisl Ma€ MPIOPUTET HaJ CTPYKTyporo. OfHI€I0 3 BUZHAYAIbHUX OCOOIH-
BocTel peanbHo (yHKIIoHyIounx CMC € pyx moTokiB y Hux. B ogHux Bunagkax 3abe3nedeHHs
PYXY IOTOKIB € OCHOBHOIO IIIJTIO YTBOPEHHS Ta (PYHKIIOHYBAaHHS TaKUX CUCTEM, Y 1HIIHUX — OC-
HOBHUM TIPOIECOM, SIKMI 3a0e3reuye iX KUTTEMISIbHICTh. Y JIOMOBIII BU3HAYAETHCS SIKUM YH-
HOM aHaJli3 MEpeXeBHX MOTOKIB JI03BOJISE HAOIM3UTH (DYHKIIOHAIBHUN Ta CTPYKTYpHUI Harm-
psamMku gocaimpkenb CMC Ta BUPIIIMTH HU3KY NMPAKTUYHO BaXJIMBHUX NMPOOJIEM, IKI BUHUKAIOTh
IiJ yac MOJIENIOBaHHA iX MoBelMiHKU. [lokaszyeThbcs, 110 BpaxyBaHHS PyXy IOTOKIB y Mepexi
n03BoJIsie HaOM3uTU npodsiematuky TCM no npoOieMaTHKi CUCTEMHUX JUCIUIUTIH: TPOBOIH-
TH KJIacUQIKaIil0 MEPEKEBUX CUCTEM, 1I€HTHU(IKYBAaTH LI IX YTBOPEHHS Ta PO3BUTKY, BU3HA-
yaTu (QYHKIIII, K1 COPHUSAIOTh peajizaiii uX Iie Tomo. Bu3HaueHHs MOTOKOBUX XapaKTepH-
CTMK MEpeXi J03BOJSIE Y KOXKHOMY KOHKPETHOMY BMIIAJKy MOOYAyBaTH MOTOKOBY MOJENb
peanbHOI MepekeBOl CUCTEMH, CBOEYACHO 11 KOPEryBaTH Ta BU3HAYATHU IIEPCIIEKTUBU PO3BUTKY
CMC. IToToKOBI XapaKTEPUCTHUKU MEPEKEBUX CHCTEM JI03BOJISIOTH OUIBII peaiCTUYHO BHU3HA-
YaTh HAIpPSIMKHU MPIOPUTETHOTO POCTY 1 MEPEBAXKHOTO MpUETHAHHS Y 6e3MacITabHUX Mepekax
Ta JOCTiKyBaTu npouecu ¢pyHkuionyBaHHs CMC Ha ycix eramax ix >KUTTE€BOTO LMKIY. BoHH
TaKOX Jal0Th MOXJIMBICTh 3MEHIIYBaTH po3MipHicTh Mojeneir CMC Ta miaBUILYBaTH iX alek-
BaTHICTb, TMOB’SI3yBaTH 3 €JI€MEHTaMH CTPYKTYPU MapaMeTpH ix (yHKIIOHyBaHHS Ta BU3HAYaTH
KPUTUYHO 3aBaHTaXEH1 CKIAMoBI cucteMu. [loeqHaHHS CTPYKTypHOro Ta ()YHKIIOHATBHOTO
HaMpsMKIB JOCITIJDKEHHSI MEPEKEBUX CHUCTEM J03BOJISIE€ PO3B’SI3aTH HU3KY BAKJIMBHX 3a/ad, SIKi
Hapasi Mpo0JIeMaTUYHO BUPIMIUTH 3 BUKOPUCTAHHAM BUKIIOYHO MoxuiuBocTel TCM: inentudi-
KyBaTH (DIKTHBHI Ta MPUXOBaHI BY3JIH 1 3B 3K Ta BU3HAYaTH pealibHy CHUIIY B3a€MOJIT MIXK BY3-
JIaMH Mepexi, 3[11CHIOBAaTH MOIIYK aJIbTEPHATUBHUX HUIAXIB PyXY MOTOKIB B 00X1/1 130Jb0BaHUX
30H MEPEeXki TOMIO.
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CTpYKTYpHIi cepueBHMHH Mepe:K Ta IIOTOKOBI CeplieBHHH MepesKeBHX CHCTeM

[Momimyk O. 1., [nctutyT npukiaaaux npobiaem mMexaHiku i Mmarematuku iM. S. C. IligcTpuraya
HAH Vkpainu, Ykpaina

ITix wac gocmimpkeHHs ckiagaux mepexkeBux cuctem (CMC) mocrae nmpobiema po3mipHOC-
Ti ix mogeneit. Cxnanui mepexi (CM) MOXYTh HaldiuyBaTH MUITBHOHU Ta MUIBSPAN €JIEMEHTIB
(By3miB Ta moeaHyrounx ix pedep). KumbKicTh mporieciB, sKi MPOTIKAIOTh y CUCTEMaxX 3 TaKOIO
CTPYKTYpOIO € MPUHANHMHI Ha MOPSA0K OUIbIIOI0. 3a3BU4ail OCHOBHHUI CHOCIO BHpIIIEHHS MPO-
0JIeMH PO3MIPHOCTI MOJIATAE Y CIPOIIEHHI MOJIENI 3apaXxyHOK BiJKUIaHHS HAMMEHII BaXKJIMBUX 3
TOYKH 30py IOCIiAHMKA efaeMeHTiB. OnHak, I yac TaKoro CIpOILICHHS BUHHUKAE Mpobiema 30e-
pexeHHs anekBaTHOCTI Mojeni. OauH 13 crocoOiB ciponieHHs Mozeneir CM mosnsrae y BBEEeHHI
MOHATTS K -ceplieBUHU Mepexi, TOOTO HaiOutbmoi migmepexi BuximHoi CM, yci By3nu sSKOi
MalOTh CTPYKTYPHHUH CTYIiHb HE MEHIIWH 32 K Ta BWIIyYeHHI 31 CTPYKTypH Mepexi BYy3IiB 3i
cryneHeM MeHIIUM 3a K. BuxopucranHs motokoBux xapaktepuctuk CMC no3Boiisie BBECTH
MIOHATTS IOTOKOBOT CepLieBUHU MepexkeBoi cucteMu. Ilorokosi cepueBnnu CMC naroTh MOXIIU-
BiCTh OyayBaTH 3HAYHO AJCKBATHINI 3 (DYHKIIOHAIBHOI TOYKH 30pY CHPOIIEHI MOIEI MEpex,
HIX 1X K -CeplieBUHHU.

Bynp-sika peanbHa cUCTeMa € BiAKPUTOIO, TOOTO BOHA B3a€EMOJIE 3 IHITUMH CHCTEMaMH.
OpHuM 13 pi3HOBU/IB MIKCHCTEMHHUX B3a€MO/IIN € TaK 3BaH1 MYJIbTHIUIEKCH, Y IKHX BY3JIH OAHI€T
Mepexi MOXKYTh OJJHOYACHO OyTH By3JIaMu 0aratbox iHIMX Mepex. Koxkna Mepexa, ska € cKia-
JIOBOIO MYJIBTUIUIEKCY, Ha3UBAETHCS IApoM. MK By3JIaMH OKPEMHUX MEpEKEBUX LIapiB 3a3BU-
Yaii ICHYIOTh Pi3HI BUIM B3aeMoii. Lli B3aeMoii MOXKyTh MaTu pi3Hy IpUPOAY, IPU3HAUCHHS Ta
MaTtepiajibHuil HOC1i. OCKUIBKHM KOXKHA MepexXa € CTPYKTYPOIO [IEBHOTI MEpEXeBOi CUCTEMH, OJIUH
1 TOH e BY30JI MYJIbTUIUIEKCY € €JIEMEHTOM 0araThbOX CHCTEM, peai3yloun B HUX pi3HI QyHKIIII.
ITig yac nocmiJKeHHs] MyJIbTUIUIEKCIB TAKOXK BUKOPUCTOBYETHCS TIOHATTS K-CEPLEBUHM , 5K 110~
€THaHHS K-CepIieBUH OKpPEeMHX IIapiB-Mepe:k. MU BBOAMMO TOHSTTS SIpa MYJIBTHILICKCY, SK
CTPYKTYpH, Ta IOTOKOBOI CEPLIEBUHU MYJIBTUILIIEKCY, SIK CUICTEMH B3a€MOJIIIOYHMX B MIPOLEC] CBO-
ro QyHKIIIOHYBaHHS IIapiB — MepexeBUX cucTeM. LI MOHATTS 103BOJIAIOTH CHPOILYBATH MOJIEN]
CHCTEMHHX B3a€MOJII MyJIbTHIIEKCHOTO THITY, 30KpeMa TPAHCIIOPTHUX MYJIbTHUIIIIEKC-CUCTEM.

He MeHm BaxnuBUMU Ta PO3MOBCIOJKEHUMH SIK M1J 4ac JOCTIIKEHHS (PI3UYHOTO CBITY,
TakK 1 B JIOJICBKOMY CYCIUIBCTBI € 1€papXiuHi CTPYKTYpH. lepapxXiuHuil miaxiJ € iCTOPUYHO MiIT-
BEP/PKEHUM CIIOCOOOM €(EeKTUBHOTO YINpPaBIIHHS Ta HAyKOBOTO Mi3HAHHS. 3a3BUYail MiJ 4ac
JOCIIJIKEHHSI MEPEXEBUX CTPYKTYpP Y HUX HE BPaXOBYEThCS HasBHICTh IEBHOTO BIOPSAKYBAaHHS
YU TIANOPSIKYBaHHS CKJIAJOBUX, X04a BOHO O€3yYMOBHO ICHY€E Yy TIEpeBa)KH1H OLIBIIIOCTI Mepe-
KEBHX CHCTEM. 3 IHIIOrO OOKY, i€papXiyHi CTPYKTYpH HE BPAaXOBYIOTh 3B’SI3KH MIX CKJIaJJOBUMHU
OJIHOTO piBHA lepapxii. Y TOM ke yac HaBITh y CTPOrO 1€papXiuHUX CUCTEeMaXxX Taki 3B’S3KH 3aB-
KM MaroTh Miciie. ToOTo, CTPYKTypa pealbHUX ITYYHUX Ta MPUPOJHUX CUCTEM HE BKJIAJA€Th-
Csl Yy TIOHATTS «UUCTOI» Mepexi abo iepapxii. lepapxiuHo-MepekeBl CTPYKTYpH OLIbII TOYHO Ta
IPUPOJHO BiIOOpaXKarOTh OCOOIMBOCTI B3a€MOJIN y CKIagHUX cucTeMax. [IOHATTS MOTOKOBOI
CEpLIEBUHU MEpPEXkKl1 J03BOJISE 3MEHIIYBAaTH PO3MIPHICTh MOJENEH CKIaJHUX l€papXiuHO-Mepe-
xeux cucteM (CIMC). Mu posrisgaeMo pi3HI BUAM MOJENel TakuX CHCTEM, aHalli3yeMO iX
MepeBaru i HEJOMIKH Ta MPOMOHYEMO CIIOCOOM BHKOPHCTAHHS IIMX MOJENEH sl TOHOTaHHS
npoOJeMH CKJIaJHOCTI, IO MOPOJUKYETbCS BETUYE3HHMH 00’eMaMu iHQOpMaIllii, sKka OMuCye
nporiec GyHKIionyBaHHsS M0BUTEHOI peanbHoi CIMC. BBoasThCS OHATTS acorriailii, KOHTJIOMe-
pary Ta CUCTEMHOTO CEpeJOBHUIIA, SIK TPhOX PI3HUX THUIIIB MDKCUCTEMHUX B3a€MOJIiH, sSKi MOs-
ratoTh y cnisibHoMy (hyHKuioHyBaHHI Kutbkox CIMC ckian e1eMeHTIB SKUX HE IePETUHAETHCS.
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Buxopucranns ingopmauii Bia npucTpoiB cucTeM CyIIyTHHKOBOI HaBiraumii B
exciiryataniiinii gissibHoCTI [TAT «Ykp3anizHuus»

Pema A. I1., Kiiiko I. M., bposkina 1. YO. ¢inii «I[IKTB IT» I[TAT «Yxkp3amizHuUIs»

Ha notouynuii MOMEHT He iCHye iHIIMX 3ac00iB 3a0€3MeYNTH aBTOMATHYHUHN 30ip TOYHOI
iHdopmartii mpo AMCIIOKAIIIO 1 MEPEeMIIIEHHS PYXOMHUX OJMHHIIL 110 BChOMY TOJIITOHY KOJIiH 3a-
rasibHOrO KopuctyBaHHs [TAT “Ykp3amizHuims”, KpiM 3aco0iB CUCTEM CYITYTHHKOBOI HaBirarii
(manmi — CCH). Pimennst mpo0yiieMy IIISXOM B3aEMOJIIT 3 CHUCTEMaMH 3alli3HUYHOI aBTOMATHUKH
oOMexeHa TOJIrOHAaMU BIPOBAKEHHS CYYaCHHX CHCTEM JIMCIETYEPCHKOTO KOHTPOJIO 1
neHTpanizanii (011 2 TUC. KM NUIAXiB 3aranbHOro kopuctyBanus [IAT “Ykp3anizaurs”).

Ha nonironi [TAT «Ykp3ami3HULS» B peKUMI TMOCTIHHOT €KCIUTyaTallil MpaIffoe mporpam-
HO-amapaTHU KoMIUIeKe B3aemo/ii 3 3acobamu CCH TsroBOro pyxomMoro ckjiamy, sSIKHid peai-
3y€ TEXHOJOTII0 BiZICTEKEHHS TUCIOKAIild Ta MepeMilleHb PyXOMHUX OAMHHUIL Ta (OpMYyBaHHS
00JIIKOBUX omepaliid pyxy Mo MPOXOMKEHHIO KOHTPOJIBHUX TOYOK BXOAY — BUXOY MO CTaHIi Ta
Bici ctaHIii. B mpoueci excrutyaTarlii BUSBIEHI HEIOJIKH TEXHOJIOT aBTOMaTHYHOTO (GopMmy-
BaHHS MOMIH PyXy, SKi IPU3BOIATE J0 BiIMIiHA aBTOMAaTHYHUX (011 5% BiJl 3araibHOT KUTBKOCTI
aBTOMAaTUYHO c()OPMOBAHUX Olepalliif) Ta BBEACHHS “pydyHUX’’ MOBIJOMIIEHb PO PyX MOI3IY 3
HACTYITHUX MPUYHH:

—  KOpUT'YBaHHSI KOJiH MpuOyTTs / mpociiayBaHHS moi3ay (kouii omepaiiii popMyroThbes 3a
JaHUMH HOPMAaTHUBHO — JIOB1IKOBOI iH(oOpMaIlii CUCTeMH);

—  3aMiHa Yacy MPOXOKEHHs MOI3AaMU PO3IUILHUX ITYHKTIB;

—  BBEIEHHS oIepalliii mpuueruieHHs / BiT4eIyIeHHs JIOKOMOTHBIB 13 3aIli3HEHHSM.

JlocBi, HAKOMTMYEHUH B TPOIIECI eKCIUTyaTallii, J03BOJIsi€ BU3HAYUTH HAMIPSIMOK PO3BUTKY
TEXHOJIOTIT 1 HEOOXITHICTh pIlIEHHS MPOOJeM NUISXOM peai3allii IMOCTIHHOTO BiJICTEKEHHS
JMCIIOKALIN Ta MepeMillieHb PyXOMHUX OJAMHUILb 110 KOJIAX eeKTPOHHOT KapTH KOJIIHHOTO PO3BH-
TKY. 3aX0/1y 3 peajizalii JaHoi cTparerii nepeadayaroTh HACTYIHI €TaIlu:

— CrBOpEHHS €NeKTPOHHOI KapTH KOJIHHOTO PO3BHUTKY non1r0Hy ITAT Ta 3aco0iB 11 miATOTOB-
KU Ta BeJIeHHA (3 (ikcalli€ro KoiB KOJii CTaHIiH 1 MeperoHis, iX JiHIKHUX KOOPIMHAT, 30H
CTaHLIH{, 1eno TOIIO).

— OOmagHaHHS BCHOTO TATOBOTO PYXOMOTO CKJIaJy, IKUH Mae€ MMpaBo CaMOCTIMHOrO BUXOAY Ha
KOJII1 3araibHOro KopucTyBaHHs, 3acobamu CCH 1 3a0e3nedeHHst NOCTIHHOT MIATPUMKH Ho-
ro B poO0OYOMY CTaHi.

— Po3po0Oka TexHoJ0r1i Ta MPOrpaMHOro 3ade3neyeHHs 3ac001B KOHTPOIIO JUCIIOKaIli 1 epe-
MileHb pyxoMux oauHMLb 3a JaHuMu CCH (B T.u. aBTomMatuuHe (opMyBaHHS OOITIKOBHX
orepariii pyxy) HUISIXOM MOCTIHOTO BiJICTEKEHHS MepeMillleHb MO eJIeKTPOHHIN KapTi Ko-
JIHOTO PO3BUTKY Ta HaJlaHHA 1i€l iHpopMallli B popmax rpadiky BUKOHAHOTO PyXy Ta HOi-
3HOTO MOJIOKEHHS B APM.

— lloeramna miarotoBka (mo ainsakax JIHII) enekTpoHHOT KapTH 1 BOPOBaP)KEHHS TEXHOJOTI1
KOHTPOJIIO TUCIIOKAIII] Ta MepeMillieHb pyXOMUX OJMHUIb 3a JanuMu CCH.

— 3abesnevenns npakTuyHo 100% n0CTOBIpHOCTI AUCIOKALIHHUX JaHUX MPO oreparii 3 mois-
JaMH 1 JIOKOMOTUBAMH IUISIXOM JIOTTYHOTO KOHTPOJIIO AUCTOKAIIHUX JaHUX “pydHHX’ IMO-
BitomiieHb 3a nanumu CCH.

Peanizanig mux poOiT cTBOpIOe HEOOXiIHI 1 JOCTaTHI YMOBH JUIsl peajizalii iHIINX mepc-
MMEKTUBHHUX HAIPSMKIB PO3BHTKY:

—  Kontponp aucnokariii i poOOTH JOKOMOTHBIB Ha i i3HUX KOJISIX MPOMHUCIOBHUX MiANPH-
€MCTB.

— ABromaruyHe GpopMyBaHHS 7-TO po3AlTy MapuIpyTy MamuHicta 3a ganumu CCH.

— OnepaTuBHUN KOHTPOJb MOPYLUIEHb DPEKUMY PyXy JIOKOMOTHBIB 3a JaHUMHU Mojenei
ACKBII ¥Y3-€, 061iky 00MeXeHb MBUIKOCTI PyXY 1 MOMEPEHKECHb.

— AHai3 peXHMiB BUKOHAHOTO PYXY JIOKOMOTHBIB 3 BUKOPHUCTAHHSIM 3aJlad TATOBUX PO3pa-
XYHKIB 1 IaHUX MPO MOT3IU Ta HASBHUM OOMEKEHHSIM.
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JKcnepTHas olleHKA 3(PPeKTHBHOCTH CNENUATBHBIX METO0B 3aIUTHI BO3YIIHOH Cpeabl
OT 3arpsi3HeHHUs1 Ha 0a3e KOMIBIOTEPHOT0 MOIETHPOBAHUS

Pocrounno H. B., /IHenponeTpoBCKri HALIMOHAIBHBIA YHUBEPCUTET KEJIE3HOIOPOKHOTO
TpaHCHOpTa UMEHU akajeMuka B. Jlazapsina, Ykpauna

[IpencraBnsieTcs KOMIJIEKC KOMIBIOTEPHBIX MOJIENIEH, MTO3BOJISIONIMX B PEKUME PEalbHO-
ro BpeMEHHU OIIeHUBaTh 3((HEKTUBHOCTh MPUMEHEHHUSI COBPEMEHHBIX METOJIOB 3aIMTHI BO3IYIII-
HOW Cpefbl OT 3arpsi3HEHHsI, KOTOPbIe MPUMEHSIOTCS B CIIy4ae TEpPakTOB, aBapuil, CONMPOBOXK-
JAIOIIMXCS SMUCCUEH XMMHMYECKH OMAacHBIX BellecTB. PazpaboTaHHbIE KOMIBIOTEPHBIE MOAEIU
00BeIMHEHBI B MH()OPMAIIMOHHYIO CHCTEMY. JTa CUCTeMa OPUCHTHPOBAHA Ha CHEIM(PUICCKHIA
KJIacC 3aj]a4 — OLIEHKA YPOBHsI 3arps3HEHMsI BO3AYIIHON CPEbl B 3JaHUIX [P MOMAJaHUH B HUX
OTaCHBIX BEILECTB C HAPYKHBIM BO3AyXoM. JlaHHas nH(OpMamoHHas cHcTeMa TaKkKe MO3BOJIS-
€T OLIEHUBATh YPPEKTUBHOCTD 3AIUTHI 3[aHUI OT TPOHUKHOBEHUS B HUX OIMACHBIX BEIIECTB.

Pabora nH(pOpMaIMOHHON CHCTEMBbI OCHOBBIBACTCS Ha YHCICHHOM PEIICHUH 33734 adpo-
JUHAMHUKU M MaccollepeHoca, KOTOPbIe BO3SHUKAIOT MPU MPOEKTUPOBAHUU JIOKATHHOW 3aIIUTHI
3nanuii (Hampasnenue «shelter-in-place»). Jlist nokanbHOW 3aIIUTHI MPUMEHSETCS] BO3AYIIHAS
3aBeca, KOTOpasl CO3[aeT T'MAPOJMHAMUYECKUI Oapbep Ha MyTH MUTPHUPYIOLIETO B aTMocdepe
OITACHOTO BeIecTBa. TeM camMbIM NpH WHOUIBTPAIIUU HAPYKHOTO BO3/yXa BHYTPH MTOMEIICHHUS
MOCTYMAaeT MEHbIIEe KOJIUYECTBO OMAcHOro BemiecTBa. [l oneHku 3GGEeKTUBHOCTH TaKOH JI0-
KaJbHOM 3alIMThI pa3paboTaHa YnuciIeHHas Mojelb. PazpaboTanHas yncieHHass MOJIENb BKIIOYa-
eT B ce0s /1Ba pacueTHBIX OJIOKa:

1. baox «Pewenue azpoounamuyeckol 3adayuy» — 3TO MOJEIH, HA OCHOBE KOTOPBIX
OCYILIECTBISIETCS pacyeT MOJsi CKOPOCTH BO3AYIIHOTO IMOTOKA B YCIOBHIX 3aCTPOUKH.
JlaHHBIN OJIOK BKJIIOYAET B ce0s IBE THAPOJUHAMUYECKUE MOJCIU - MOJIEIh Oe3BUX-
peBoro TeueHus uaeanbHou kuakoctu (2-D ypaBHenue Jlamnmaca nns moTeHIMana
CKOPOCTH) ¥ MOJIEJTb OTPBIBHBIX TCUCHUH HIeaTbHON KHUIKOCTH.

2. bnok «Pewenue 3adauu macconepeHoca» — pacdeT pacCceuBaHUs OMACHOTO BEIIECT-
Ba U peareHra B aTMOoc(epe B YCIOBHIX 3aCTPOUKH. B maHHOM GJIOKE OCYyIIECTBIISET-
Csl YUCIIEHHOE pellleHUe YpaBHEHHs MaccollepeHoca NpUMeCcH B aTMocdepe.

UuncaeHHOe WHTETPUPOBAHUE MOJACTHPYIONNX YPAaBHEHHH OCYIIECTBIISIETCS C ITOMOIIBIO
HESBHBIX PA3HOCTHBIX CXEM paclleruieHus. J[is mpakTHYecKoro MoJIb30BaHUS MOCTPOSHHBIX
MoJiesiel pa3padoTaHbl CIEIHATN3UPOBAHHBIE TTAKETHl MPOTPaMM, KOTOPBIE MO3BOJISIOT OTepa-
TUBHO PacCUMUTHIBATh d(PPEKTUBHOCTH JAHHOTO METOJA 3allUTHI 3aHUN OT MOMaJaHUs B HHUX
omnacHbIX BemiecTB. OCOOEHHOCTHIO Pa3pabOTaHHOM CUCTEMBI SIBJISIETCS ONEPATUBHOCTD MOJyYe-
HUS IPOTHO3HBIX JaHHBIX — BpeMsl pacuera nopsiaka 5-10 cek.

[TpuBoOATCS pe3ynbTaThl TEOPETUICCKUX HCCIICTOBAHMM O OIeHKE () (PEKTUBHOCTH TPH-
MEHEHUS:

1. PKpaHOB — OHM PACIIONATAOTCS PA3IMIHBIM 00pa30M BO3JIE 3[IaHHSI M CIYXKAaT ISl OTKIIO-
HEHUs 00J1aKka TOKCUYHOTO Ta3a OT 3[aHus;

2. METOJI HEWTpalM3allii — Peajn3yeTcsl Mojada HEHTpPaIM3YIOIIEro pacTBopa B obOiaka
TOKCHYHOTO Ta3a, KOTOPOE JBIIKETCS Ha 37aHHe. DTOT METOJ| 3alIUThl MOXKET ObITh HC-
MOJTb30BaH Ha KPYITHBIX XUMUYECKH OIMACHBIX 00BEKTaX;

3. mpuMeHEeHHe BO3AYIIHOW 3aBEChl, KOTOpask YCTAaHABIMBAETCS BO3JIE 3/IaHUS H SBISETCS
A’POTMHAMHYECKUM METOJIOM 3aIlUTHI 3/IaHUS OT TPOHUKHOBEHUS OITACHBIX BEIICCTB;

4. mpuMeHeHue COPOUPYIONINX MOBEPXHOCTEH — OHU Pa3MENIaloTCsl BHYTPU MOMEIIECHUN U
CITY’KaT JUTsI TTOTJIOMICHUS OMTACHBIX BEIIECTB M3 BO3IYITHON CPEJIbI.

Pa3paboranHas KOMIIBIOTEpHAs] CUCTEMa UMEET Psifl CIECIHAIbHBIX MOIYJICH, OPHEHTUPO-
BaHHBIX Ha pelleHue crenuduueckux 3agad. Hampumep, onpeneneHue TUHAMUKUA U3MEHEHUS
KOHIIEHTPAILMU OTACHOTO BEIIeCTBA BHYTPH MOMEIICHUI NpU 3aTEKaHWH B HUX 3arpsi3HEHHOTO
aTMOC(EepHOTro BO3ayXa.
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Jloruyeckuii MeTOl aHAJIU3A POTrPaMM

Pyxasa X. M., Tubya JI. T., IIxakanze C. B.
TOunucckuii rocy1apcTBEHHBINA yHUBepcuTeT nMeHn VBans [xaBaxumBmim. ['py3us
CyXyMCKUI rOCy1apCTBEHHBbI YHUBEPCUTET. [ py3ust

B knure Y. Yens, P. JIu «Maremarnueckasi JIOTMKa M aBTOMAaTUYECKOE J0KAa3aTEIbCTBO
TEOpeM» U3JI0KEH JIOTHYECKUH METOJ] aHaJIu3a MPorpaMM. DTOT METOJ] ONIUPAeTcs Ha TOT (pakT,
YTO MCIIOJIHEHHSI MPOTPaMM OIUCHIBAETCS C MOMOIIBIO JIOTHYECKUX (HOpMys, a METOJ pe3oIIto-
MU 1aET OTBET HA HIKECIIEIYIOIINE BOIIPOCHI:

1. 3agaua o 3aBepuieHHH PaOOTHI: 3aKOHYUT JIM Iporpamma paboTy npu AaHHOM BXoje?

2. 3amava 0 peakIuy: eclid PH TaHHOM BXOJE MPOrpaMMa 3aBepIaeT padoTy, KakoB OyaeT
BBIXO/]I TOM MPOTPaMMBbI?

3. 3amaya 0 MPaBUIBHOCTHU: MPU JAHHOM BXO0j€ OyIeT JIM BBIXOJ ATOW MPOTrpaMMbl YAOBIIE-
TBOPSITH crienuuKanuy (OTHOIIEHUIO BXOJ — BBIXOJ) MPOrpaMMbi?

4. 3amaya 00 KBUBAJIEHTHOCTU: OyIyT JIM JIB€ JaHHbIE IIPOrPaMMBbl 1aBaTh OJHU U TE K€
pe3yJIbTaThl, €CJIM UX BXOJbI OJHH U Te Ke?

5. 3agaua o cnenumanuzanuu. [lycts nana nporpamma [11, HanucanHas B pacueTe Ha HEKO-
TOpO€ MHOXECTBO A BX0A0B. Ecnu Mbl 3auHTEpecOBaHbI JIUIIL B HEKOTOPOM HEIYCTOM MOJ-
MHOKecTBe B MHOkecTBa A, Kak Mbl MOXeM ynpocTutTh [I1 u moiayuuts Apyryro mnporpamMmy
12, paboTarornyro Ha B OvicTpee, uem 1?7

OdeBHIHO, YTO I OTBETA Ha MOCTABIICHHBIC BHIIIE BONPOCHI, HAM HYXHa HEKOTOpas WH-
¢dopmanus. B obmem ciayyae 3To creayromas HHGopManus:

a) AKCHOMBI, ONUCHIBalOIIME IporpamMmel (06o3HaunM uepe3 All); 6) Akcuomsl, OTHOCS-
1IMecsi K KOHTPOJIbHBIM IpeauKaTaM M (PYHKIHSM, yJYaCTBYIIMM B MPUCBAWBAHUAX (0003HAYUM
gyepes AS); B) AKCHOMEI 0 BxoJie (0603HauuM uepe3 Al).

Kpome TOro, Mel npeanosiokuM, 4yto KOHBIOHKIMS Al u AS HenpoTuBopeunBa, a TaKxke
HenpoTtuBopeunBa KoHbIOHKIMS All, AS u Al. Torna cripaBeyIMBBI CIEAYIOIINE TEOPEMBI:

Teopema 1. [lns ganHoit nporpammsl I1 mycts AIl — MHOXECTBO THU3IOHKTOB, MPE/ICTAB-
JSIOIMIMX ONKCchIBaroIyto Gpopmyiy nporpammsl I1. Torna All BeimonHuMa.

Teopema 2. Ilycts nst nansoi nporpammsl 11 yepe3 C 0603HaYeHO MHOKECTBO JIU3IOHK-
TOB, npezacTasistoniee KOHbIOHKIMIO All, AS u Al. Torna C BeimoaHUMO.

Teopema 3. Jlna manHoit nporpammsl II nmycts AT — dopMmyia, noiaydeHHast U3 OMHCHI-
Batoieid ¢opmynsl  AIl myrem BbIYepKkHMBaHUS Bcex Jjurep, coxaepxkamux QH (crom-
npenukat). Torna I1 3aBepuiaer paboTy B TOM M TOJBKO B TOM Cilydae, Korja KOHBIOHKIMS All,
AS u Al mpoTuBOopedmBa.

Teopema 4. Ilycts II — nmporpamma. [lycts C 0003Ha4aeT MHOXKECTBO IU3BIOHKTOB, IIPEI-
crapisiee koHbloHKIUIO All, AS u Al Ilporpamma II 3aBepmiaer paboTy Torja U TOJBKO TO-
I71a, KOT/ia CYIIEeCTBYET BBIBOJ CTOI-AU3bIOHKTa M3 MHOXKecTBa C (110 MPaBUITY PE30JIIOLIUN).

AHaoru 3Tux pe3ysibTaToB HAMU OBLIH J1I0Ka3aHbl B Teopun TSR.

Pabora Bemonnena mpu momanepkke rpanta (GNSF/FR/508/4-120/14) mamumoHaibHOTO
Hay4yHoro ¢gouzaa I'py3un umenu lllora Pycrasenu.
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Me:xayHapoaHasi 31eKTPOHHAST KOMMePLHA 1JIsl MAJIBbIX M CPeIHUX MpeInpUusATHI

Canyra A. A., CiioBaukuii 5KOHOMUYECKUI yHUBepcUTeT, ClloBEHUS,
Axynun A. A., kopnopanus «IIpomrenekom», YkparnHa

B Hactosiiee Bpemst o01muii 00bEM 3IEKTPOHHONM KOMMEPIIMU B MUpE COCTaBIIAET Oosee
14%. IIpn4€mM TeMIIbI pa3BUTHUSA ITOTO CEKTOpA YKOHOMUKH HAXOAATCA Ha OYEHb BBICOKOM YpPOB-
He. JIoCTaTOYHO OTMETUTB, YTO JaXKE B PA3BUTHIX CTPAHAX JIEKTPOHHAS KOMMEPLIHS I10Ka3bIBACT
IBY3Ha4YHbIN pocT. OXuUIaeTcs, 4TO Takas TEHJCHLUS COXPAaHHUTCSA, KaK MMHUMYM, Ha OJvKaii-
mme 5 Jier.

Haubonpiiee pacnpocTpaneHue MOTYYHIN Pa3InYHble UHTEPHET Mara3uHbl, HAuWHas OT
KpPYIHBIX TOPrOBBIX LIEHTPOB ebay, amazon, alibaba 1 KoHYass COTHAMHU THICSY PETMOHAIBHBIX,
KOPIIOPAaTHUBHBIX, MPOMMIBHBIX, CICHUAIN3UPYIOLINXCS HA ONpeNeNéHHbIX yeiryrax u np. Kpyn-
HBI OM3HEC TaK)Ke aKTUBHO MCIIOJB3YET HOBBIE TEXHOJIOTUM 3JIEKTPOHHOM KoMmMepuuu. B oc-
HOBHOM IIpeBajupyeTr OuzHec-mozaenu B2B, koTopble aKTUBHO, B OHJIAWHOBOM pEXHME, IPOBO-
IAT OUpKeBble TOPTH, ayKIMOHBI, TEHAEPa, OKa3bIBAIOT APYT APYry JIOTUCTHUECKUE U Ipoydne
YCIIyTH, COITPOBOXKAIOIINE IPOLECC KYTIIIU-TIPOJAKH.

Marnblit U cpeHuil OM3HEC TaKKe OCBOWIJI MHOTHE JIOCTYIHBIE M APPEKTUBHBIE TEXHOIOTHH
kommepuu. OHaKo, UX IPUMEHEHNUE OTPaHUYEHO, B OCHOBHOM, HallUOHAJIbHBIMU MAacCIITa0aMHU.
UYro kacaercs MEXIyHApOIHOM TOPIrOBIM, TO €€ Pa3BUTHE IS MAJbIX U CPEIHUX NMPEANPUATHI
CIIepXKHUBaeTCA LENbIM pAIoM NpuuuH. OCHOBHBIMM U3 KOTOPBIX SIBJISIFOTCA: SI3BIKOBOM Oapbep,
MaJIOYMCICHHOCTh IITAaTa U OTCYTCTBHE KBAIM(HUIMPOBAHHBIX CIIELMATUCTOB B 00JIACTH MEXIY-
HapOJHOI TOProBiIU. DTO OTHOCUTCS K COOJIOEHHIO COOTBETCTBYIOIMX HAIIMOHAIBHBIX U MEX-
JYHapOJHBIX 3aKOHOAATENBHBIX aKTOB, TAMOKEHHBIX IIPOLEAYP, CTPAXOBAHHUS, JIOTUCTHKH.

BwMmecte ¢ TeM B Mupe pa3zpaboTaHbl COOTBETCTBYIOLIME TEXHOJOTHH W HAKOIUIEH OIpe[e-
NEHHBIA OMBIT MO PEUICHWI0O MHOTUX OPraHU3allMOHHO-TIPABOBBIX TMPOLEAYp, OOJIeTrdaromux
B3aUMOJICVICTBME UMEHHO JIJII MAJIbIX U CPEIHUX ITPEATIPUATHI.

ba3oBoil TexHonoruel, B 3ToM 1ane, ssiusercs cuctema EDI FACT, kotopas no3Bosisier
CTPYKTYpUPOBaTh M WACHTU(HUIMPOBATH MHYOPMAIUIO, OCYIIECTBIATh Nepeaayy, CeMaHTHue-
CKYI0 00pabOTKy MEXy pa3IMYyHbIMHU MOJb30BATEISIMU BHE 3aBUCMOCTH OT UX HAllMOHAJIbHOU
IIPUHAJIEKHOCTH. J[aHHAs cHCTeMa HENPEPHIBHO Pa3BUBACTCS, HAMOIHIETCA PA3JIMYHBIMU MPU-
KJIQAHBIMU MPOTPaMMaMH, KOTOpbIE YIPOLIAOT 0OMEH MH(OpMaIel B CUCTEMaX Pa3In4yHOIO
HazHaueHus. EDI FACT sBasiercst npeo0iafaomuyM cTaHIapTOM BO MHOTHX CTpaHax U IIUPOKO
HCIOJIb3YETCS] KPYITHBIMH KOMITAaHUSIMHU.

Yro xacaeTcs MaiblX U CPEIHUX MPEANPHUATHI, TO UMEHHO OCBOEHHUE JTaHHOT'O CTaHAapTa
U TIepexo/l Ha HOBbIE TEXHOJIOTHH IpeJCTaBleHUsI U 00pabOTKM HMH(pOpMAUK MO3BOJSET UM
aKTHUBHO Y4aCTBOBATh B MEXIYHAPOJHOMN 3JEKTpPOHHOM KomMmepuuu. Hamu paszpaboraHa u BHe-
ApseTcs JIEKTPOHHAs IUIOIAJKa, KOTOpas UMEET BO3MOKHOCTb MHTETPUPOBATH NIEATEIBHOCTD
MaJIbIX U CPEIHUX MPEANPUATHIA B MEKTYHAPOIHYIO TOPTOBIIIO.

@YHKIIMOHAIBHBIE BO3MOKHOCTH IIIOIIAIKH [TO3BOJISIOT ITPOBOJIUTH TOPrOBBIE MEPOIIPH -
THS B 2JIEKTPOHHOM (hopMe B TOM UHCIIE CO37aBaTh OTKPBIThIE KOHKYPCHI, arpErUpoBaTh 3asiBKU
Ha y4acTHE CPEIU UIPOKOB PETMOHAIBHBIX IUIOIIAJ0K, OLEHUBATh JIOTUCTUYECKHE U3JIEPIKKH, a
TaK XK€ MOJy4yaTh KOHCYJbTALMU IO IOPUIUYECKOMY OOCITY)KMBAHUIO M BAIIOTHBIM pPUCKaM
CHCIIKHU.

OCHOBHBIMU LETSAMH PaOOTHI MJIOLIA/IKU SBISIOTCS:

- 00bEIMHUTD U MOAJIEPKaTh MOKYINaTeNlel U MOCTaBIIMKOB U3 Pa3HbIX CTPaH

- CBSI3aTh YYaCTHHUKOB TOPTOBBIX MEPOIPUSATHI ¢ KOHCAITUHIOBBIMU (UPMaMU U MEXKIY-
HapOJHBIMU ITEPEBO3KAMU

- OKa3aTh UH()OPMALIMOHHYIO U IOPUAMUYECKYIO TIOJIEPKKY

- IOMOYb MOJIOJBIM KOMITAHUSIM BBIMTH Ha MEKyHAPOIHBIN PHIHOK C MUHMMAJIBbHBIMU U3~
JEPKKaMHU.

IlepBas BepcHs ILIOIIANKHN PEAIU3YETCS HA PYCCKOM U aHITIMHCKOM si3bIKax. Jlokanusanus
Ha JIPYTHX SA3bIKaX TaKXke [PeIyCMOTpeHa U OyAeT IPOXOANUTh MOITAIHO BMECTE C HAapallUBaHU-
eM (PyHKIIMOHAJIBHBIX BO3MOXKHOCTEH M pacUIMpPEHUEM PhIHKA.
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O0uuciaoBaIbHE AP0 ABTOMATH30BAHOI CHCTEeMH BH/IiJICHHS 1y/KOPiTHUX 00’ €KTIB y
BigeomoToui

Cuu M. 1., Manyra O. M.
JIHITpOBCHKHI HamlioHAIbHUN yHiBepcuTeT iMeHi Omnecst ['onuapa, Ykpaina

OnHi€l0 3 aKkTyaldbHHX 337a4 OOpOOKM BiEO € BHJIICHHS YYKOPITHHX OO0 €KTIB, IIO
3’SBISIOTBCS y BigeonoToui. Hampukman 1t aBTOMaTHIHOTO PO3PAaxXyHKY TPaHCIOPTONOTOKY
Ha 3aMiCBKMX JIOPOTaX, y BiI€ONOTOII HEOOXiaHO BULIATH TPAHCIOPTHI 3aco0u. IX MoxHa BBa-
XKaTH YY>KOPITHUMH 00'ekTamMu Ha (JOHI TAKUX CTAIUX TEKCTYP fK MOJjIe, J0pOora, JIic 1 T.1I.

VY poboti ctBopeHo cucremy «FramesSegmentation» ams BUpimieHHs wiei 3amaui. [i
peainizoBaHO Ha MOBI mporpamyBaHHs Scala 3 Bukopucranusm 6iomioreku ScalaFX mis crBo-
penHs rpagiqHoro inrepdency.

OO6uuciroBanbHe AP0 CUCTEMU pealli3ye HACTYIHI MPOLEIypU: CErMEHTAIlll 300paxeHb
(kazmpiB Bie0) Ha OKpeMi TEKCTYpH, (POPMYyBaHHS CIIMCKY €TATOHHUX TEKCTYp, MIOPIBHSIHHS TEK-
CTYp 3 eTalioHHUMH. OCKUIBKH Il MPOLEaypH MOTpeOyroTh 00pOOKH KOXKHOTO MiKcens 300pa-
KEHHSI OKpPEMO, TO JUIsI 3MEHIIEHHS CKJIaJHOCTI OOYHCICHb KaJpH BiJeo yTHUCKatoThes. Jlist
3MEHILEHHS PIBHS IMITYJIbCHOTO IIYMY Ha 300paKE€HHSAX IO HUX 3aCTOCOBYETHCS HETIHINHUI
FIR-¢inbTp, a came, megiaHHUN QUIBTP.

VY cucremi B mpoieci 00poOku BinmeodaprMeHTy KaJpu IOCITIIOBHO CErMEHTYETbCA Ha
OKpeMi TeKCTypH, YyKOPiTHUMHU BBKAIOTHCS Ti TEKCTYPH, 110 HE CITIBIIAJAI0Th 3 €TAJIOHHUMH.

CermeHnraitiist 300pakeHHS peali3y€eThCs 3a CXEMOI0, IO € MOAU(DIKAIIEI0 3aMpPONIOHOBAHOT
y po6oti [1]. Cioyatky BUKOHYEThCS TIepeXijl Bl KOJabopoBoi cxemu RGB 10 koibopoBoi cxe-
mu HSV. KoxkHa ofHOpiiHA TEKCTypa Ha 300payKeHH]1 PO3MIISIAETHCS SIK OKpeMuil 00’ ekt. s
BCIX KOJBOPOBHX CKJIAZIOBUX OYIyIOThCS TiCTOTpaMH BIJHOCHHUX 4acTOT. KojkHa okpema TeKCTy-
pa Oyzae yTBoproBaTH Mik Ha ricrorpami. s ix BuaineHHs BukopuctoByerbess Hill Climbing
anroput™. Ilicist mporo Bel mikcenm 300paXKeHHS PO3AUISIOTBCS HAa TEKCTYpU Ha OCHOBI
BIJICTaHEH MK 3HAYEHHSIMH KOJbOPOBUX CKJIAJIOBUX IIKCENS Ta TOUYKAMH, B SKUX 3HAXOIATHCS
miku ricrorpam. TyT HEOOXiIHO 3a3HAUMTH, 0, H-ckitagoBa kobopoBoi Mojaeni HSV e «3amk-
HeHow». ToMy BiicTanb Mik 1BoMa 3HaueHHssmu h1 ta h2, h2 > h1 po3paxoByersces sik min(h2 —
h1, 360 — h2 + hl).

Jns GopMyBaHHS €TaJIOHHMX TEKCTYp BHKOPHCTOBYIOTHCS Bi€O(pparMeHTH, IMpo sKi
B1JIOMO, III0 Ha HUX HeMae 9y»opinHux o0’ekTiB. KoxkeH kazp BigeopparMeHTy CETMEHTYEThCS
3a JIOMOMOTO0 OINHUcaHol BUIEe cxeMu. KokHa BHJIEHA Ha HbOMY TEKCTypa MOPIBHIOETHCS 3
TEKCTypaMHU y HasIBHOMY CIIUCKY €TaJIOHIB 1, SIKIIO BOHA HE CITIBIIAJIa€ 3 KOJHHUM 13 €TAJIOHIB,
JOJIA€THCS 10 CUCKY. B pe3ynbTaTi OTpUMYETbCS CUCOK YHIKAJIbHUX €TaJOHHUX TEKCTYP.

[TopiBHSIHHS TEKCTYp 3 €TAJIOHHUMHM 3[IHCHIOETHCS IIJISXOM IOPIBHSHHS CEpelHIX Ta
Jucriepciii 3a fornomororo F-tecty ta t-tecty [2]. TekcTypu BBaXKaroThCsl OJHAKOBUMH TUIBKHU 32
YMOBH PIBHOCTI CEpPE/IHIX Ta TUCHEPCIN I BCIX KOJIbOPOBUX CKIJIAJOBHX.

TectyBanHsi po3pobsieHOi cucTeMd Oyja0 HPOBEIEHO Ha pealbHUX BifeopparMeHTax,
BIJI3HATHUX JAPOHOM II1J] 4aC MOJBOTY HaJ MOJSIMU (Y KaApl 3HAXOAATHCS TEKCTYpH OIS 1 JOPOTH,
qy)KOPITHUMH BBA)XalOThCS MAIIMHHU, II0 MEPIOAWYHO 3 ABISAIOTHCS Ha jao0po3i). Cucrema
YCHIIIHO BUAUISAE OKpeMI TEKCTYpH TMOJIB, IOPOTU 1 MAIllMH, a TaKOX MPaBUIbHO BU3HAYAE Ma-
IIMHU K 9Y>KOPIJHI 00’ €KTH.

Biosiorpagiuni nocuianus
1. Prystavka P. The mathematical foundations of foreign object recognition in the video
from unmanned aircraft / P. Prystavka, A. Rogatyuk. / Proceedings of the National Aviation
University. — 2015. — Ne3 (64). — P. 133-139.
2. Cratructuuna oOpoOka nanux / B.II. babak, A.f. binenpkuii, O.I1. Ilpucraska,
I1.0. IMpucrarka. — K.: MIBBII, 2001. — 388 c.
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InBecTuLiliHa MOeIb PO3BUTKY 3aJIi3HUYHOIO TYPU3MY Ha 3akapnarTi

Ckanosy0 B. B., /[HinponeTpoBCchbKuii HalllOHATBHUHN YHIBEPCUTET 3II3HUYHOTO TPAHCIIOPTY
iMeHi akagemika B. Jlazapsina, Ykpaina
bapam 1O. C., IHinponeTpoBChKUi HAIlIOHAIBHUN YHIBEPCUTET 3aJII3HUYHOTO TPAHCIIOPTY iMEHI
akanemika B. JIazapsiHa, Ykpaina
Mapruentok JI. B., JIHinmponeTpoBChKUiT HAIliOHAIBHUIN YHIBEPCUTET 3aJII3HUYHOTO TPAHCIIOPTY
iMeHi akagemika B. Jlazapsina, Ykpaina

VY TenepimHii nepioa B Ykpaidi ¢pakTUUHO BIACYTHS cepa 3ali3HUYHOTO TYpU3MY, X04a
JUIS 1i€1 TisUTBHOCTI ICHYIOTh YCi He0OX1/IHI IepeyMOBH.

3MmicT poOOTH CHIPSMOBAHWN Ha MiABUIICHHS €()EKTUBHOCTI isUIBHOCTI IMacaKUPChKOL
kommadii [TAT «YkpaiHcbka 3aii3HHUIID 32 PaXyHOK BIIPOBA/PKEHHS 3aJII3HUYHOTO TYpH3MY 10
BY3bKUM KoJisiM. [Ipu mmanyBaHHi Ta BUOOpI ONTHUMAIBHUX TYPUCTHYHHX MApIIPYTiB Ha Mpak-
THUILI HE YPAaXOBYETHCSI HEOTHOPITHICTH YMOB peaiizallii OKpeMUuX MapuIpyTiB. 3B’sA3aHICTh 3ai-
3HHYHUX KOJIiH, BIIMIHHOCT1 Y MOXJIMBOCTSIX 13 YBEICHHS OKPEMUX TYPHUCTHYHUX MapIIPYTiB, a
TaKOXX iXHbOI'O YHOPSAKYBAaHHS, YpaxyBaHHs 0araTOETANHOCTI «3allyCKy» HNEBHHMX IpyIl Mapli-
PYTiB, pa3oM i3 0OMEKEHICTIO 3aCTOCYBAaHHS MOKa3HUKA PEHTA0ENbHOCTI — CYTTEBO BILTUBAIOTH
Ha MOJIEJNb 1 MPOLEAYpPY ONTUMAIBHOTO TUTAHYBAaHHS PO3BUTKY 3aJIiI3HUYHOTO TypHU3My Ha 3aKa-
pnarti. MeToanuH1 MiIX0a1, MOJENI 1 METOIU TJIaHYBaHHS 3a3HAY€HOI TYPUCTUYHOI IisTIbHOCTI
OyII0 TOCTIKEHO aBTOPAMH TE3.

[Tomepenapo Oynu BH3HAYEHI MapHIpyTHi BincTani Mik cranmismu (CBansBa-Jlucuyoso,
JIucuyoBo-Mixrip’sa, Mixrip’s-Xycr, Xycr-BunorpazniB; BunorpamiB-XMigbHUK, XMIiJbHHK-
Beperose; XminbHuk-Ipmasa; IpmaBa-MykaueBo; MykaueBo-CBasiBa) Ha 3aii3HHULI, cHOpMOBaHi
10 TypHCTHUHHMX MapILIpPyTiB, JUI BCIX TYPUCTUYHUX CTaHIIM 3p00OJIeHI OLIHKH KUJIBKOCTI MOTEH-
1iitHuX KopuctyBayiB. KpiM Toro, Bu3HaueHi OCHOBHI XapaKTEPUCTUKHU CKJIaJOBUX MPOEKTY.

ABTOpaMHU pO3IJIIHYTO MOXJIMBOCTI PI3HOMaHITHUX BapiaHTIB PII€Hb 337aul ONTUMAaJlb-
HOTO IJIaHYBaHHS B 3aJIE)KHOCTI BiJl 30BHIIIHIX YMOB 1 TUITy BUXiHOT iHpoOpMarllii. A came: Bapi-
aHT Bl (pe3ynbTaToM ONTUMAalIHOTO MJIaHYBaHHS SBISAETbCA BUOIP OAHOTO MapIIPYTY), BapiaHT
B2 (Bubip oaHOro BapiaHTy TYpUCTHYHOIO MapLIpyTy 3 ypaxyBaHHSM pPHU3MKIB), BapiaHT B3
(rpynu MapuIpyTiB, sIKi pa3oM 3a/J0BOJIBHSIOTH OOMEXEHHSAM IO pecypcax), BapiaHT B4 (Bubip
IpyIH MapuIpyTiB, SIKI pPa30M 33J0BOJIBHSIOTH OOMEXKEHHSM IO Pecypcax 3 ypaxyBaHHSIM PHU3H-
KiB), BapianT BS (popmyBaHHs Mojemni Koomeparlii omeparopiB (MapuipyTiB), sika 3abe3nedye
MaKCUMYM KpHUTEpio MpHu KoMmOiHalii MapmpyTiB (KOXKHUHN 13 MapIIPYTiB ONTUMAIbHOI Ipynu
Ma€e 0COOMCTY PO3paxOBaHy YACTOTY pealtizallii, ajie 3a0e3MeuyeThCsl MAaKCUMAJIBHHH 3araqbHUAN
piBeHb MOKa3HUKA €PeKTUBHOCTI). /1)1 OI[IHKM €TanmHOCTi YBEACHHS OKPEMUX TYPUCTUUYHUX Ma-
PLIPYTIB B poOOTi TaKOX JOCIIJKEHO BapiaHT IMOCTaHOBKH B6, B IKOMY ypaxoBYe€TbCsS HEOIHO-
PIAHICTH YMOB peai3allii OKpeMUuX MapuIpyTiB (HE BCl OAHOYACHO TOTOBI JJISl TYPUCTUYHOI Jis-
JIBHOCTI TOI0) MOXJIUBO BBECTH MOKa3HUK rOpU30HTY IutanyBaHHA (15-20 pokis.). [Tpu npomy
JUIS TAPaxXyHKy, HANPUKJIaA, peHTa0eIbHOCTI MapuIpyTiB (TaKOX 1 TPYyN ONTUMAIbHUX MapIi-
PYTIB) OLIIHIOIOTHCSI OTPUMAaHI MOKa3HUKHU 3a YBECh BU3HAUEHUH 1HTEpBaJ (0 TOPU3OHTY IJIaHYy-
BaHH:). TakoX U1 IbOTO 3aCTOCOBYETHCS MOKA3HUK YUCTOT MPUBEIEHOT BAPTOCTI.

OTtxe, aBTOpamu Brepuie copMOBaHO EKOHOMIKO-MaTeMaTUYHI MOJeNl 6araToeTamHoro
IUTAHYBaHHS ONTUMAJIBHOTO PO3BUTKY chepH 3alli3HUYHOTO Typu3My Ha 3akapratTi. [Ipu npomy
Ha OCHOBI JIBOCTAITHUX MOJIeNeil TUCKPETHOI0 MaTeMaTUYHOIO MPOrpaMyBaHHS 3 YpaxyBaHHSIM
MOXJIMBUX PU3UKIB BU3HAYAIOTHCS ONTHUMAJIbHI 32 KPUTEPIEM YHCTOI IPUBEACHOI BApTOCTI 3ali-
3HWYHI TYPUCTUYHI MapUIPyTH BY3bKOKOJIHHOT 3a1i3HHILIL.
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Po3po0ka inTesnekTyaIbHUX Npoueayp npoueciB (popMyBaHHA
BAHTAKHUX 0araTorpynHux 3ajJi3HUYHUX COCTABIB

Ckospon L. 4., binmii b. b., /IHinponeTpoBchKuii HalllOHATBHUNA YHIBEPCUTET 3aT1I3HUYHOTO
TpaHCIIOPTY iMeHi akaaemika B. JlazapsiHa, Ykpaina

VY [onoBiai po3risAaoThCs MUTAHHA M0130yTBOPEHHS Ha COPTYBAJIBHUX CTAHLIAX Ta METO-
I TiABUINEHHS iX edexktuBHOCTI. O0’€KTOM aHAi3y SBISIOTHCS 3aBIaHHS MO (HOpMyBaHHIO-
po3dopMyBaHHIO OaraTorpyIrHuX 3aTI3HUYHUX COCTaBIB Ta Cy4acHi MeToau 00poOku iHdopmarrii.

VY TtenepiniHiii 4ac cTBOPEHO e(EeKTUBHI METOJ pO3paxyHKy Ta ONTUMI3alii (OpMyBaHHS-
po3dopMyBaHHS 6araTOrpymHUX COCTaBIB, SIKi BpaXOBYIOTh KOMOITHATOPHH XapaKTep 3aBJIaHHS.
AJNTOPUTMH METOJIIB MPOTrpamMHO peallizoBaHl. Pa3oM 3 muM aHaji3 mokaszaB ps iX HEHOJIKIB:
KO)KHE 3aBJIaHHSI, PO3TIIAIAETHCS K HOBE; HE BPAaXOBYIOTHCSI paHillle po3paxoBaHi BapiaHTH; BiJ-
CYTHI 3B’SI3KH MK OKpEMHUMH TpyIaMy 3aBJaHb; BIACYTHI OLIIHKU CTYIEHS BILTUBY €BPUCTUKU
ITOPUTMIB Mepedopy, B pe3ybTaTax BPaXOBYIOTHCS JIMIIE YacOBI BUTPATH, HE BPAXOBYETHCS
JIOBXXMHA TPYIT BarOHIB Ta BUTSHDKHOTO LUIAXY, a00 TipKH.

Ha mincraBi aHanizy BUKOHAHUX JOCTIIKEHB 1 pO3p000K TeXHOIOril opMyBaHHS Oarato-
TPYIHUX COCTaBiB BU3HAYEHO MOJKJIMBOCTI MIOAO i YAOCKOHAJCHHS Ta PO3BHTKY. KirrowoBum
SBIISIETBCS 3aBIAHHS 13 CTBOPEHHS CIIEI[iaJli30BAaHOI 1HTEJIEKTYaIIbHOI TEXHOJIOTIi 3a3Ha4eHuX
MPOLIECiB, KA Ma€ BIAMIHHICTH BiJ ICHYIOUHX BiMOBOIO BiJl OJHOT'O IMOTOYHOTO OKPEMOTO 3a-
BaanHa ¢opmyBaHHs coctaBy (3DC). Came Taka mpoueaypa BUKOHYETHCS B iICHYIOUHX METOIH-
Kax 1 TEXHOJIOTISX, 10 BU3HAYEHHs HOBOT'O 3aBJIaHHSI 111010 3B’ 513Ky 1iboro 3PC i3 paHilie BUKO-
HaHUMU po3paxyHkamu. [lig mporo pesynbratu (popMyBaHHS COCTaBiB HEOOXiTHO 30epiraTu B
0a3ax JaHUX aBTOMAaTU30BaHOi cucTeMu (popmyBaHHs OararorpynHux cocrasiB (ACDBC). B
pamkax mponoHoBaHoi ACDBC oxpeme 3aBnanHa 3DC peanizyeTbcs Ha OCHOBI TaKHX IpoLe-
Ayp:

— momyk y 06a3i 1aHuX (B MOAaNbIIOMy 0a3i 3HaHb) HAMOIIBII «CXOXKOT0» Y JesKii BU3HA-
YeH1H MeTpHIll Ha TOoToYHe 3aBnaHHs BapianTy 3DC, mabnony mist 3OC;

— BUKOPHUCTAaHHS L[LOTO BaplaHTY sIK OcHOBH Il JoopmyBanHa 3MC Ha OCHOBI BU3Haue-
HUX HIBUJIKUX aJITOPUTMIB PO3PaXyHKY IUIaHIB;

— mepejiaya pe3yibTaTy po3paxyHKiB s peanizanii orpumanoro 30C;

— MpoJoBKeHHs po3paxyHKiB 3C Ha OCHOBI NMOBHUX AJITOPUTMIB, IEPEHECEHHS OTpUMa-
HUX pe3yNbTaTiB 70 0a3u 1mabIOoHIB, PO3IMIMPEHHS 1 HAJAIITYBaHHS KaTajoriB iH(opMariitHol
cucremu ACDBC.

VY 1omnoBiai OOIPYHTOBYIOTHCS MUTAHHS 1010 PO3BUTKY 3a3HAYEHOI BUILE 1HTENEKTYyalb-
HOI CKJIa/I0BO1 TEXHOJOTii (hopMyBaHHS cOCTaBiB. 3a3HauyaeThes, M0 B 3OC BUHUKAE HOBE 3a-
BJIaHHS 13 aHATI3y BapiaHTIB po3()OpMyBaHHS COCTaBIB, a TAKOXK PO3POOKU MPOIEAYP KIaCTEPH-
3awii TaHUX BapiaHTiB GOpMyBaHHs OaraTorpynmHux coctaBiB. OKpeMUM 3aBJaHHSIM TAaKOX CTa€
po3poOKa CTpyKTypH 3a3HaueHoi iHTenekTyanbHoi cuctemu ACDOBC.

[Toka3zaHo, 110 TOJIOBHUM 3aBJAaHHAM JOCIIKEHHS I[bOT0 HAMPSIMKY € TOPIBHIHHA Ta Ie-
peBipka eeKTUBHOCTI POMOHOBAHOTO METOAY Iepes iCHYyIouuMH. TakoxX po3risgaroThes CIo-
coOu MiJBUIIEHHS €eKOHOMIYHOI e(peKTUBHOCTI MpolieciB po3dopMyBaHHA-(HOpMyBaHHS OaraTor-
PYIHUX COCTaBiB MOTSITIB, B SKMX BU3HAYEHO OCHOBHI CKJIJI0BI €(DEKTUBHOCTI: 3MEHIIIEHHS Tep-
MiHY (POpMYBaHHS, 3MEHILEHHS MMaJMBHO-EHEPreTUYHUX BUTpaTa iH. Y JOMOBIJl 0OrOBOPIOIOThH-
Csl MUTaHHS I0JI0 BUOOPY CTPYKTYypH 0a3 3HaHb, SIKi BAKOPHCTOBYIOTHCS JUISl y3arajJbHEHHS pe-
3yJIbTaTiB po3(GopMyBaHHA-POPMYBaHHS COCTaBIB.
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33}13‘13 CHHTE3a UHTC/VICKTYAJIbHBIX CUCTEM YIIPABJICHUS OPraHU3alluOHHO-
TEXHUYCCKUMMU MpouneccaMm

Camoitnos C. I1., /InenponeTpoBCKUii HAIIMOHAIbHBINA YHUBEPCUTET KEJIE3HOJOPOKHOTO
TpaHCHOpTa UMEHU akajeMuka B. Jlazapsina, Ykpauna

B Hacrosimiee BpemMsi 0O4eHb BaKHOE 3HAYECHHUE U aKTYaJIbHOCTb MMEET 3a/1a4a CO3JaHUs HO-
BbIX KOHUENUMN CUHTE3a CUCTEM YIIPaBJICHUS OPraHMU3allMOHHO-TEXHUYECKUMHU mpoueccamu. B
TaKMX KOHLENIUAX AOJDKHBI COAEPKATCA NPUHIMIIBI COBMECTHOIO MCIIOJIB30BAHUS KAK pEry-
JISIPHBIX, TAK U MHTEJUIEKTYaIbHBIX METOAOB U IBPUCTUYECKUX CIIOCOOOB.

B cBs13u ¢ 3TUM BO3HUKAET NpobIeMa KOMOMHUPOBAHHOTO MCIIOJIb30BaHMs (hOpMaTu30BaH-
HBIX METOJIOB U 3BPUCTUYECKHUX CIOCOOOB MPU MOCTPOSHUU MHTEIEKTYAIbHBIX CUCTEM YIpaB-
JICHUS OPTraHU3aAIMOHHO-TEXHUYECKUMHU mporueccaMmu. OOBEKTOM HCCIEeIOBAaHUS MPU ITOM SIB-
JISIFOTCSL METO/Ibl CUHTE3a aBTOMATU3MPOBAHHBIX MHTEIUIEKTYaJIbHBIX CHUCTEM YIPAaBIEHUS Opra-
HU3AL[UOHHO-TEXHUYECKUMH ITPOLIECCAMM.

Lenbto sBnsieTcss moBBIMIEHHE S(PQPEKTUBHOCTH (PYHKIIMOHUPOBAHUS OpraHU3alMOHHO-
TEXHUYECKUX IPOLECCOB Ha OCHOBE pa3pabOTaHHON HOBOM METO/0JIOIMH CUHTE3a U pealln3alun
ABTOMATHU3HPOBAHHBIX MHTEIEKTYaJIbHBIX CHUCTEM YIPaBJICHHs, OCHOBAHHBIX Ha 3HAHUAX (9B-
PHUCTHKAX ), KOMOMHHPOBAHHBIX MMOAX01aX K MPUHATHIO PEILICHHIA.

JlanHOe MccneaoBaHue AOHKHO BBISIBIATH U PElIaTh HAYYHO-TEXHUUYECKYIO MPoOIeMy cO3-
JaHus 1 000CHOBAHUS TECOPETUUYECKON KOHIICTIMU YHUBEPCAIHHOM KOMOMHUPOBAHHOM MpoIlie-
Iypbl TPUHATHUS PEIICHHH B MHTEIUIEKTYaJIbHBIX CHUCTEMax YIPABICHUS OpPraHU3alMOHHO-
TEXHUYECKHMH TPOIECCaMi. B COOTBETCTBHUHU € MOCTaBICHHOM IIENBIO JOJDKHBI OBITH pEIICHBI
CJIe1YIOLIUE 3a/1a4uu:

e (opmynupoBaHHE NPUHIMUIIOB CO3/1aHUS HWHTEIUIEKTYalbHBIX CHCTEM MPUHSITHS
YIPaBJICHUYECKUX PEIICHUN U ITOKA3aTENEeN CTENEHN MHTEIUIEKTYaIbHOCTH aBTOMATH-
3UPOBAHHBIX CUCTEM YIIPABICHUS OPraHU3alHOHHO-TEXHUYECKUMU IIPOLIECCAMU
(OTID);

® aHaNU3 CBOMCTB OpPraHM3AIMOHHO-TEXHHYECKHUX MPOIECCOB Kak Kiacca OOBEKTOB
YIPaBJICHUS;

e pa3paboTka KOMOMHMPOBAHHOTO METOJa MPUHATHS YNPABICHYECKHX pPELIeHUH B
CJIOXKHBIX OPraHU3alMOHHO-TEXHUYECKUX CUCTEMAX;

e pa3paboTKa METOAMKU NMPUMEHEHHs MPUHIIMIIOB MHTEUIEKTYyalHu3allii Ha OCHOBE
KOMOMHHPOBAHHOTO 1Mo/xo0/1a Ais cucteM ynpasienus OTII,

e anpoOarus METOJOJOTHH CHHTE3a KOMOMHHUPOBAHHBIX WMHTEIUIEKTYaJIbHBIX CHUCTEM
ynpaBieHus Ay KoHKpeTHhIX TumoB OTII B pa3nuuHbIX 00nacTsax, Hampumep, B
MIPOMBIIIIIEHHOCTH HA MPUMEpE MPOU3BOACTBA U3JIEIUN U3 KOMIIO3UTHBIX MaTepua-
JIOB, TPAHCIIOPTUPOBKU Ta3a, pabOThl TPAHCHOPTHO-3KCIEAUTOPCKON KOMIAHWHU, B
MEIUIMHE U IKOJIOTUH, TIPU OpTaHU3aIMH 3JIEKTPOHHOTO JOKYMEHTO000pOTA.

Jlnst perieHust HOCTaBJIEHHBIX 33]a4 He0OXO0MMO HUCIOIb30BAHNE TEOPUH YIIPABICHUS, Me-
TOOB HMCKyccTBeHHOro uHreuiekta (M) m maremaTMueckoro MoJenMpOBaHMs, CUCTEMHOIO
aHaJM3a, MHOTOMEPHOIO IIKAJIUPOBAHUS, OOIEH TEOpUN CUCTEM, TEOPUM MPHHATUS PELICHUH,
JIMCKPETHON MaTeMaTUKH.

OTnuuuTeNbHOM 0COOEHHOCTBIO M3JIaraeMoro MOJXO0/a SIBISETCS TO, YTO PE3YJIbTaThl HMC-
CJIEIOBAaHUM B BHJI€ KOHKPETHBIX MHTEJUIEKTYaJbHBIX CUCTEM WM KOMIIOHEHT YIIPABIECHHUS Op-
TaHMW3alMOHHO-TEXHUYECKUMHU TpolrieccaMu (0OBEKTaMM) MOTYT OBITh JOBEAEHBI JI0 YPOBHS
MIPOMBIIIJIEHHOTO BHEAPEHUS B Pa3IMYHBIX 00JACTSIX. DTO JIOJKHO SIBUTHCS MOATBEPKIACHUEM
IIPaBWJIBHOCTH IPEAIAraéMoil METOM0JIOTMH MOCTPOEHMsI MHTEIeKTyalbHbIX ACY pasHOpoa-
HBIMHU OPTaHU3ALMOHHO-TEXHUYECKUMU MTPOLIECCAMM.
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MeToabl IOJIYHATYPHOI0 MO/€JIMPOBAHUS MHOTOYPOBHEBBIX CHCTEM yNPABJICHUS
TumammoB A. A., UacturyT kxubepuetuku uMm. B.M. I'nmymkoBa HAH Vkpaunsl, Ykpanna

MeToabl OTyHATYPHOTO MOJICIIMPOBAHUS 3aHUMAIOT CBOIO OCOOCHHYIO HUIILY MPU MPOECK-
TUPOBAHHUHU CIIOXKHBIX CUCTEM yIpaBieHus. MaremaTrueckoe MozenupoBanue Haubosee 3ddex-
TUBHO Ha PaHHUX CTAIUAX MPOEKTUPOBAHUS, HATYPHOE — HAa 3aKIIOUUTENIbHBIX, IOJIYHATYpHOE
MO/JICJINPOBAaHUE UCIIONIb3YEeTCA HAa MPOMEXYTOUHBIX CTaausAX npoekrupoBanus. Korga skcnepu-
MEHTAaJIbHBIN 00pasel anmaparypbl YK€ TOTOB, HO HE OTJIQXKEHBI aJITOPUTMBI 00paOOTKK CHTHA-
JIOB, HE MCCJEeI0BaHbl OCOOCHHOCTH paboThl almapaTypbl BO BCEM JAMana3oHe U3MEHEHMs Iapa-
METPOB BXOJHOI'O BO3AECUCTBUS, TO HA 3TOM 3Tale MOJYHATYPHbBIE METO/IbI MOJIEIUPOBAHUS BbI-
XOZAT Ha MepBbl M1aH. OCOOEHHOCTH MCIIOJIBb30BaHUS 3TUX METOJIOB IPOSIBIAIOTCS MPH MPOEK-
TUPOBAHHUHU CIOXKHBIX CUCTEM. YK€ Ha PAaHHUX CTAIMIX MPOCKTHPOBaHUS 3()(HEKTUBHBIM OKa3bl-
BAeTCs BKIIIOYEHHE B COCTaB (DYHKIIMOHAJIBHON CXEMbl MOIYHATYPHOW MOJEIN €€ KPUTHUYECKUX
3JIEMEHTOB.

[TonmyHaTypHOE MOAEIMpPOBAHUE MPEACTaBISIET COOOM HCCIe0BaHUE YIPABISEMbIX CHC-
TEM Ha MOJEIMPYIOMIMNX KOMIUIEKCaX C BKJIIOUEHHUEM B COCTAaB MOJENU PEAbHON ammapaTypsl.
OTO MOJENUpPOBaHKE C PealbHON annapaTypoil, IpU KOTOPOM YacTh CUCTEMbI MOJICIUPYETC, a
OCTAJIbHAsI YacCTh sIBJSAETCA peasbHOW. Hapsany ¢ peasbHON anmapaTypodl B 3aMKHYTYI0 MOJEINb
MOTYT BXOJUTh UMUTATOPbI BO3AECHCTBUM U MOMEX, MaTeMaTHUECKUE MOJIENIN BHEIIHEH cpeabl U
IIPOLIECCOB, JJIsl KOTOPBIX HEW3BECTHO JOCTaTOYHO TOYHOE MAaTeMaTH4eCKoe onucaHue. Bxiro-
YEeHHE peallbHOW ammaparypbl WIK PeabHbIX CUCTEM B KOHTYpP MOJEIUPOBAHMS CIOXKHBIX MPO-
LIECCOB TIO3BOJIIET YMEHBIIUTh AIPUOPHYIO HEOIPEAEICHHOCTh U MCCIIEN0BATh MPOLECCHI, TS
KOTOPBIX HET TOYHOI'O0 MaTeMaTHYECKOIO ONUCAHMSL.

[Tocne n3rotoBneHus: pazpaboTaHHOrO 00pasiia anmnapaTypsl, B psijie Clly4aeB MPOBEACHHE
HaTYPHOTO MOJIEIMPOBAHUS 3aTPYJHEHO HJIM BOOOIE HEBO3MOXHO. DTH OTPaHUYEHUS MOTYT
OBITH CBSI3aHBI C BOMpPOCAMU OE€30MACHOCTH, SHEPTrONMOTPeOICHUST MpU pean3allid BXOIHOTO
BO3/ICHCTBUS Ha pa3zpabaTbiBaeMylo anmaparypy. Kpome Toro, npoBezieHre HaTypHOIO MOJIEIH-
pPOBaHMSI MOXET OBITh IMPOCTO MPEXKIAEBPEMEHHBIM, T.K. QJITOPUTMBl YIPABIECHUS CUCTEMOU U
00pabOTKM CUTHAJIOB €llle He OTJIaXeHbl. IMEHHO B 3TOM cilyyae Ha MEpBBIN IJIaH BBIXOAAT Me-
TO/IbI IOJIYHATYPHOTO MOJIEJINPOBAHMUSL.

Opranuzanus peanpHol pabodelt 0OCTAaHOBKM B HATYpHOM 3KCIEPUMEHTE C MHOI'OKpaT-
HBIM NTOBTOPEHHEM CUTYallui JIOBOJBHO 3aTPYAHUTEIbHA HE TOJIBKO B MHKEHEPHOM, HO U B Op-
TaHMW3aLMOHHOM IJIaHe. boJpIoe 4ncino oJHOBPEMEHHO BO3JEHCTBYIOMINX (HaKTOPOB, H3MEHe-
HUE MX COCTaBa U XapaKTEPUCTHK BO BPEMEHH, U3MEHEHMsS €€ CTPYKTYpbl TpeOYyIoT 00s3aTelNb-
HOTO Y4€Ta, 4TO P MaTEMaTUYECKOM MOJEINPOBAHUU HE NIPEJCTABIISIETCS BO3ZMOXKHBIM.

[Ipn uccienoBaHMM XapaKTEPUCTUK CHCTEMbI THUM METOJOM OHa MOXET paboTaTh B
IITaTHOM pPEXHMME, a Pa3IMUYHble U3MEHEHUS CUTYalluil, BXOJHOW MH(OpPMAIUK, JMHAMUKA BCeE-
BO3MOXXHBIX MTApaMETPOB, CUTHAJIBI U IOMEXH a €€ BXO/JIE CO3/1al0TCs CTIeUaIbHON ammnaparypoit
B COOTBETCTBHMHM C 3a/laHHON O0OCTaHOBKOW M JMHAMHUKOW M3MEHEHHUs ee BO BpeMmeHu. [Ipu sTom
4acTh pealbHbIX Y3JIOB CUCTEMBI MOKET OBITh 3aMellleHa X MaTeMaTH4eCKUMH MoaensMu. [loc-
TOBEPHOCTb PE3YJIbTATOB MOJYHATYPHOI'O MOJEINPOBAHUS B 3HAYUTEIBLHOU MEPE ONPEAEIAETCS
TOYHOCTBIO UMHUTAIMKM MH(OpPMAIMKM Ha BXOJI€ CUCTEMBl U YHCIIOM €€ PEaJIbHBIX Y3JIOB, y4acT-
BYIOLIMX B MOJIETTUPOBAHUMU.

[Iepexox OT 3Tama KOMIBIOTEPHOTO MOJEIMPOBAHMS K peanu3aluu B ‘kenese”, mo-
BUJIMMOMY, SIBJISIETCSI CaMbIM TPYIHBIM. DTO CBA3aHO, B IIEPBYIO OUEPEllb, C TEM, YTO HUKAKas
MareMaTudeckas MoJiesib, HACKOJIbKO Obl TOYHOW OHA HU ObLIa, HE CIIOCOOHA YYECTh BCEX OCO-
6ennocreil cuctemsl. [1o 3T0i MpUYUHE TPYAHO MEPEOLICHUTH 3HAYUMOCTh PE3YJIbTAaTOB MOJIyHa-
TYpPHOI'O MOJEITUPOBAHMSL.
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HocuixxeHHs1 onepaTuBHOIO iHGopManiiiHOro 3a0e3ne4eHHsI CHCTeMHU aHecTe3il

®ypcenko M. A., Isanos O. I1., JIHInponeTpoBChKHA HAIlIOHAIBHUIN YHIBEPCUTET 3a1i3HUYHOTO
TpaHCHOPTY iMeHi akaaemika B. Jlazapsina, Ykpaina

MenunuHa - HEBiI'€MHAa YacTHWHA JKUTTS KOXKHOI JroAMHU. BoHa 3'sBuiacs 3 mepmmmu
XBOpoOaMH 1 Bce 1€ MPOAOBXKYE CTPIMKO po3BuBaTHCcs. OqHak B chepi MenuIMHM 1yKe Oarato
pPOOOTH JICKUTH HA JTIKAPAX.

VY HuUHINIHIA Yac, 1e TEXHOJOTIi PO3BUBAIOTHCS 3 AYXKE BUCOKOIO MIBUAKICTIO 1 TPAKTHYHO
HEMae JII0JCH, y AKUX Hemae TenedoHa, Oararo XTO BHUKOPHUCTOBYE MOOUIBHHK TeiaedoH HE
TUIBKH JIJIS1 pO3Baru, a v it poootu. OcoONMMBO aKTyaabHOK B HUHINIHIN Yac € aBTOMAaTH3aIlis
poboTu B MeauuHii cdepi.

Bci 3HaroTh, 1m0 3aBOaHHs aHeCTe310JI0Ta IIiJl Yac Oomeparii 11e He TUIbKH 3a0e3MeueHHs
a"ecTte3ii MpU rocTpux OOJIHOBHUX CHHIPOMAX, IMOKOBHX 1 TMATOJIOTIYHHMX CTaHaX, TpaBMax i
XIpypriyHuX  BTpPYYaHHSAX, a 1[Ie ¢ BUPIOICHHA 3a4adi MITPUMKHA  [apaMeTpiB
KHUTTE3a0€3MEUCHHS, a caMe JAUXaHHs, KPOBOOOITy, MATPUMKH ()YHKIIIOHYBaHHS KUTTEBO BaXK-
JMBHUX OpPTaHiB, TOMEOCTAa3y Ta iHIIOTO.

JlJis o0 icHYE O€3I1iU Pi3HHUX MpernapariB, KOXKEH 3 SKUX 3aCTOCOBYETHCS TUIBKH B TIEB-
HOMY BHUMAJKY 1 3 IEeBHOIO M03yBaHHAM. [1lo 6 30epertu >KUTTS MAIiE€HTY JiKap-aHECTE310JI0T
3000B'13aHUIl TOYHO BM3HAYUTHU HEOOXIAHMH Ipernapar 1 Horo 103yBaHHS, BUTPAYyalOyd Ha L
BEJIMYE3HI 3yCHJIIA 1 Macy 4acy.

3aBISKU TEXHIYHOMY MPOTPECy, ICHYE MOXIIUBICTh 3A1MCHIOBATH OOUYMCIICHHS J103yBaHHS
npenapariB 0e3MOMMIIKOBO 1 IIBUJKO Ha KOMITHOTEpi abo Tenedoni. [Iporpama «MoOinbHMIA
MOMIYHHK BEJCHHS OTepaliil [Uisi aHecTe3i0JoriBy Oy/e 3aTpedyBaHa 3aBsSKH MBUAKOCTI BUKO-
HaHHS PO3PaxXyHKIB, MOXKJIMBOCTI TOYHO 1 IIBUAKO BU3HAYWTH JO3yBaHHS JJISI KOXKHOTO KOH-
KpETHOTO Tpernapary, a TaKk CcaMO MOJKJIMBOCTI PO3MEXKYBAHHS «J0», «IIJl 4acy 1 <«aIicis»
omepariii.

Xouga iCHyIO‘-Ii IpOorpaMHi MPOJIYKTH 1 JO3BOJISIOTH BUKOHYBAaTH 9aCTHHY HEOOX1THUX
pOBp&XYHKlB Il pO3paxyHKHU BKpall HEMOBHI, MaJlo q)yHKuloHanbm 1 ONMUCYIOTH JIUIIE JEsKi
OKpeMi BUI/IKH, 1110 HEJOCTAaTHHO I IOBHOTO BEJEHHS Omeparlii, a Tak camo He BHIIPABJIOBY€
BUTPATH Yacy Ha MIJATOTOBKY PO3paxyHKiB. Y Hall yac iCHYIOThb SIKICHI Ta MOTY)XHI Telae(oHH,
SK1 J03BOJIAIOTh BHUKOPHCTOBYBAaTH OaraTo(yHKIIOHAJIbHI MPOrpamMHi MPOIYKTH 1 HMPOBOJUTH
CKJIaJiH1 pO3PaxyHKH.

«MoOUTbHUN TIOMIYHUK BEIEHHS OIepaliil JUis aHecTe310JI0TiB» JacTh MOKJIMBICTh
31ACHIOBaTH MIBUAKUI 1HIMBIIyaJbHUN PO3paxyHOK 1HCYJIIHOTEpaAIii /Ui Mali€HTIB 3 TSHKKOIO
dhopmoro 1ykpoBoro niabery, BUPOOISATH JUHAMIYHY KOPEKI[IIO0 IMIBUAKICHUX J03yBaHb Ba30aK-
THUBHUX TpenapariB, po3paxoByBaTH 1HAUBIAYyanbH1 OOJIIOCHI 1 HABAaHTAXXyBaJIbHI 03U CE1aTHUB-
HUX, aHAJITETUYHUX MpenapariB, MIOPEIAKCAHTIB Ta IHIINX MEIWKAMEHTIB BUKOPHCTOBYBaHHUX B
XOJIl HapKO3Yy, 3/1MCHIOBATH PO3PaXyHOK 1 KOpeKI_IiIO KpPOBOBTpPATH B 3AJIEKHOCTI BiJ] CTaii mIo-
Ky, TPOBOJUTH HEOoOXiH1 pO3paxyHKH 3a Hl,[[anYHKOM JI03yBaHHA  JUIs 6e3miui p13HI/IX
npenapaTus BIILCTC)KyBaTI/I HaIli€nHTa «I10», i yacy 1 «aicyis» onepariii Ta 30epiratu Jeski 1aHi
PO Ty YM 1HIIOI orneparii.

[Iporpama Oyne peanizoBaHa 3a IOIIOMOTOI0 MOBH Java 3 BUKOPHCTAaHHIM cepelld po3po0-
ku Android Studio 2.3. BubGip miei cepenu po3poOkH OyB Ha OCHOBI 11 BETHKOI
(YHKIIOHAJIHOCTI Ta YHIBEPCAJIbHOCTI Ta HAsBHOCTI 3BYYHOIO amapary po0otu 3 popmamu u
BiKHaMH 1HTep(eEiCy.

Pe3synbratom po3poOKku mporpaMHOro MpoaykTy Oyae pecypc, SKUil 1acTh IIBUJIKUHA JOC-
Tyl 70 BCIX HEOOXIHUX aJrOpuTMiIB OOYMCIEHb 1 BHUPOOJSE ABTOMAaTUYHHHA PpPO3paxyHOK
(dhapmakonorigHoro 3a0e3meueHHs MaIi€HTIB B IepA0NepallioHHOM TEpioJi.

OCHOBHOIO TIEPEBArol0 CTBOPEHOTO MPOAYKTY OyAe (PyHKIIOHANbHICTH 1 3pYYHICThH JJIS
JiKapiB, i3 3aIpPONOHOBAHUM IEPETIKOM HAWMOMyNISpHIIIUX MenukaMeHTiB. Lle mo3BonuTh 3a-
OLIA/IMTH Yac B YPIreHTHUX CUTYAIisIX, HEOOXITHUHN U1 MEIMYHUX PO3PaxyHKiB, a TAKOXK YCYHY-
TH BCl IOTEHI[IHHI PpOoOJIeMH, 3aCHOBaHI Ha JIFOJICBKOMY (pakTopi.
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MeToauka PAIUOHAJIBHOI0 YIIPABJIECHUSA TPAHCIIOPTHBIMHA IIOTOKAMH

Xapuna H. H., HaunonanbHsiil aspokocmuueckuid yaupepcuteT uM. H. E. )KykoBckoro «XAN»,
Ykpanna

TpeboBanust k 0€30MAaCHOCTU JIOPOKHOTO JIBUKEHHS Y)KECTOUYAIOTCSA C Ka)JbIM T'OJIOM.
s obecrieueHunst 3pGEKTUBHOTO TIEPEIBIKEHUS B PaMKaX JIOPOKHON CETH HEOOXOIMMO yIie-
JUTh BHUMaHHUE PEUICHHIO 3ajaud IJIAaHUPOBAHMS TPAHCIOPTHBIX MOTOKOB. B oOmiem ciydae
3aJlaya pPalMOHAIBHOIO IJIAHUPOBAHUS TPAHCIOPTHBIX NOTOKOB MHOTOKpUTEpUabHAs U 3aBU-
CHT OT MHOKECTBA IUI0XO0 (opManu3yeMbix (hakTopoB. B mepByro ouepenp 3T0 CBsI3aHO C HECTa-
LIMOHAPHOCTHIO CaMOr0 TPAHCIIOPTHOTO MOTOKA Kak 00bekTa yrnpasieHus. Ero ocHoBHbIe napa-
METPBI ABJSIOTCS HEIWHEHHBIMU (DYHKIMSIMH BPEMEHU M MOTYT PE3KO U3MEHSTHCS CIydailHbIM
oOpazom. CnenoBaTenbHO, JUIs PElICHUs MOCTAaBICHHOW 3aJaud ONpeAesieHUs paluOHaIbLHOTO
IJIaHA YNPAaBJIECHUS TPAHCIOPTHBIMU MMOTOKAMHU CTaHAAPTHBIE AITOPUTMbI ITOMCKA KpaT4yanIlero
IIyTU HE NoAXoAT. [I[puMeHeHne paloHaIbHOM METOAUK B paMKax pabOThl MHTEIEKTYaIbHON
TPAHCIIOPTHON CHUCTEMBI MO3BOJUT PA3TPy3UTh 3arpyKCHHbIE BETKH JOPOXKHOM CHCTEMBbI 0e3
YBEJIMUCHUS MPOITYCKHON CIMOCOOHOCTH JOPOT, W JTOPOTOCTOSIICH MEPEeCTPOWKH CaMOW CETH.
TpaHcnOpTHBIN MOTOK MPEICTABISIET COOOM COBOKYMHOCTh JBHUKYIIUXCS B OJIHOM HaIlpaBJICHUU
TPAHCIOPTHBIX cpeAcTB. [InaHupoBaHue MOTOKOB B paMKax JOPOKHO-TPAHCIIOPTHOM CETH SIBJISI-
€TCsl IEPBOCTENIEHHOM 3a]a4eil HE TOJIBKO B KPYIIHBIX TOpOJax. POCT KoJiMyecTBa TpaHCIOPTHBIX
CPEICTB U pEUIa€MbIX MPOMBILIIEHHBIX U 3KOHOMUYECKU-TPAHCHOPTHBIX 33Jad 3a MOCIEIHUE
rOJIbl PE3KO YBEJIMYMJIICS - BBIPOCIU U TaKHUE€ MOKA3aTeIU KaK: NHTEHCUBHOCTh JABUKEHUS Ha J0-
porax; KOJIMYECTBO JOPOKHO-TPAHCIIOPTHBIX MPOMCIIECTBUM; KOJIMYECTBO MPOOOK HA JOpOrax,
0cOOEHHO B Yac-NMHK; NOTpeOsIeHue TOIUIMBA TPAHCIIOPTHBIMU CPEJCTBAMHU; M3HOC 000pYyI0Ba-
HUS MalIMH BCJIEACTBHE IJIOXOT0 KAa4eCTBA JOPOKHOTO MOKPBITHS; BPEIHbIE BHIOPOCHI B aTMO-
cdepy; IIyMOBOE 3arpsi3HEHUE.

CHu3uTh HeraTuBHBIE Y(PPEKTH MOMOXKET PALMOHAIBHOE IUIAHUPOBAHUE TPAHCIOPTHBIX
MIOTOKOB. YTIPaBJI€HHE MOXHO MPOU3BOJUTH MOCPEACTBOM (POPMHUPOBAHUS PALMOHAIBHBIX
MapIIpyTOB JUIsl BOJAUTENEH OTJEIbHBIX TPAHCIOPTHBIX CPEJICTB, IEPEHANIPABICHUEM WM IUHA-
MUYECKMM H3MEHEHUEM I1apaMeTpoB MOTOKOB Ipu ucnoib3zoBaHuu cpeacrs UTC. B pamkax
METOJIMKH PallMOHAJILHOIO IUIAHWPOBAHMSI TPAHCHOPTHBIX MOTOKOB IMpEJIaraeTcs peuarh cie-
IYIOIUE 3aJa4H:

a) IMHAMHMYECKOE ONpeeNICHHEe TeKYIUX apaMeTpoB MOTOKA U U3MEHEHUE UX 3HAUYEHUS B
CUCTEME YIpPaBJICHHUS;

6) momolIs BOAUTENO (POPMUPOBATH PALMOHATIBHBIM MO HECKOJIBKUM KPUTEPHUSIM MapIIpyT
TPAHCIIOPTHOI'O CpeACTBa (pacCTOSIHUE, 3aTPauyeHHOE BPEMsl, 3arpyKEHHOCTh BbIOpaH-
HOTO y4acTKa JOPOrH, Ka4yeCTBO JOPOMKHOTO MOJIOTHA, 3aTPaThl TOIIMBA HAa JOPOTY U
Apyroe);

B) M3MEpEHHE MapaMeTphl IOTOKA B X0J1€ aHAJIN3a TEKYIIEeH CUTyalluu;

I') CJIEKEHUE 33 OCHOBHBIMHU IapaMeTpaMH JABM)KEHHS TPAHCIOPTHOIO CPEACTB M INpeEndy-
npexaeHue 06 OMacHOCTH.

JluHamuueckoe obecreueHne aaropuTMOB MapIIpyTH3alluK aKTyalbHON HMH(opMaruei u
B3aumoJeiictaue ¢ noacucremamu UTC no3BossieT BHIOpATh TYyUYHIMM IO HECKOJIBKUM KPUTEPH-
M MapLIpyT TPaHCIOPTHOIO CpeAcTBAa. B oCHOBe MH(POPMALMOHHOTO OOecredeHus Jexar xa-
PAKTEepUCTUKH TPAHCHOPTHBIX MOTOKOB, YTO IO3BOJAT JTOOMBATHCS XOPOIIMX PE3YJIbTAaTOB IO
yIPaBJIEHUIO TOTOKaMH, 3(p(PEKTUBHO pelaTh 3a/1a4i UX IUNIAHUPOBAHHUS.

150



Kommn’orepHa onepaTuBHAa JIarHOCTHKA (PYHKUIOHAJIBLHOIO CTAHY
onepaTopa CKJIaJHUX ABTOMATU30BAHUX CUCTEM

UYyraii A. O., JIHinpoBCchbKHiA TyMaHiTapHUH yHiBepcuTeT, YKpaina; Kapmos O. M.,
JlainponeTpoBCchbKui HallioHaAIBHUH yHiBepeuTteT iMeHi O.1'onuapa, Ykpaina; [llessxos O. B.,
JIHIpoBCHKHI TymMaHiTapHU# yHIBepcuTeT, YKpaina; Camoiinos C. I1., JIHinponeTpoBChKUiA
HaIllOHAIBHUI YHIBEPCUTET 3aII3HUYHOTO TPAHCIIOPTY iMeH1 akaaeMika B. Jlazapsna, Ykpaina

BaxmuBoro mpoOneMoro  iH)KEHEpHOi ICHUXOJIOTii €  OmepaTHBHA  JIIarHOCTHKA
(YHKLIOHAJIBHOTO CTaHy JIIOJMHHU-OIEpAaTOpa CKIAJAHHUX AaBTOMAaTH30BAaHMX CHUCTEM. 3acolu
OTIEPaTUBHOI JTIarHOCTUKHU TOBHHHI OyTH HENpsMi, AWCTaHIlIHI 1 OakaHo Oe3koHTakTHIi. [{um
BUMOTaM  BIJIMIOBiZa€ TUIBKM aKyCTWUYHA CIIOHTaHHa MOBa. BipHilIe MOKa3HUKOM
TICUXOEMOIIIMHOTO 1 (YHKIIOHAJIHHOTO CTAaHy JIOAWHU € JAWHAMIYHI MapaMeTpu aKyCTHYHUX Ta
TEMIOPAJIbHUX (YACOBUX) XapaKTEPUCTHK CIIOHTAHHOI MOBH. SIK YCTaHOBJIEHO TOCIIIKEHHIMU
napaMeTpH MiJIrOTOBJICHOT MOBU HE BiJOOpaXaroTh ICTUHHUIN IICUXOEMOLIHHUM CTaH JIIOAUHU.

Cytp mpoOsieMu, IO PO3TIIANAETHCA, TMOJATaE B PO3poOll CyYaCHUX KOMIT FOTEPHUX
3ac00iB sIKi 0 B peaJlbHOMY 4aci po3Mi3HaBallv Ta BUAUISIIM JUHAMIYHI iH)OPMATHBHI TapaMeTpu
3 MOBHHMX CHTHANiB, IO BiI0OpaxalTh (YHKIIOHAIBHUNA CTaH JIIOJUHHU-ONEpaTopa.
[ligkpecnuMo, $K yCTAHOBJIEHO JOCHIIKEHHSMHM HapaMeTpu MiJrOTOBJICHOI MOBU HeE
BiJI0OpaKarOTh ICTUHHUIN TICUXOEMOIIMHUN CTaH JIFOIMHH.

MoBHUII cUTHAT — II¢ BUTIQJIKOBUI HECTAI[IOHAPHUHN TPOIIEC. Horo XapaKTEPU3YIOTh Yac-
TOTHa, AaMIUIITy[lHa Ta dYacoBa HecTalioHapHOCTi. [lepBUHHMII aHa/i3 MOBHUX CHTHAJB
3JIIACHIOETHCS 3a JTonoMororo 6aszucHux ¢yHkui @yp'e. HaitOi1pm iHpopMaTUBHUMHU NapaMeT-
pamu, 10 BiJoOpaxaioThb (YHKIIOHAJBHUN CTaH JIIOJWHU-ONEPAaTOpa, BU3HAYMIINCH:
1HTOHAIlI}HI KOMIIOHEHTH MOBH (JI€Biallisl 4aCTOTH OCHOBHOT'O TOHY TOJIOCY; JIEBIKI[iSI YaCTOTHO-
IO CHEKTPY BChOI'O CUTHANY, JAEBiallis 4yacTOTH (OPMAHT; JeBiallisl IHTEHCUBHOCTI Ta T'YYHOCTI
MOBHOT'O CHUTHAJIy); JI€Biallisl MapaMeTpiB TEMIOPATbHUX XapaKTEPUCTHUK MOBH (TPUBAIICTh BU-
CJIOBY, TEMII apTUKYJIAILII1, IUCTIEPCisi MOBHOTO CUTHAIY, JaTEHTHUHN Nepio]l BUCIOBICHHS).

OuiHky (YHKIIOHAIBHOTO CTaHy JIOJMHU-ONEpAaTOpa 3pY4YHO NPOBOJUTH B CHUCTEMI
MOPIBHSUIBHUX BUMIPIB, TPYHTYIOUMCh Ha BXIJHMX O3HAQUE€HUX [apaMeTpax MOKa3HHUKIB
(cramioHapHl IapaMeTpud CTaHy OIEpPaTHUBHOIO CIIOKOK, BBaXar4u iX (IKCOBAHOIO
ncuxo(i310J0rIYHOI0 HOPMOIO, 3 JAMHAMIYHUMHU [apaMeTrpamMu B CTaHl (yHKIIOHAJIbHOT
JUSITTBHOCTI).

Ane MOBa Ma€ BHKIJIIOUHO CKJIQJHY IPUPOAY, OOYMOBIIEHY OHOYACHO HAsSBHICTIO YHCIICH-
HUX BHYTPIIIHIX 1 30BHINIHIX (aKTOpiB, 110 NPUHMaIOTh y4acTh B MpoIieci MOBO yTBopeHHs. Lle
IHAMBIAYyalbHI 0COOIMBOCTI MOBOTBOPHOTO TPAKTy, MCUXO(i31010TIUHI BaJd, EMOLIMHUNA CTaH,
eMOIlilfHa CTPeCOCTINKICTh, XapaKTep Ta TEMIIEPAMEHT.

Ha akycTu4yHy MOBY BIUIMBAIOTh Pi3HI aKyCTHYHI HIYMH, IMITYJIbCHI MepenIkoau i inme. B
IpoIieci MepeTBOPEeHHsI 3BYKOBOI (aKyCTHYHOI) MOBH B EJEKTPUYHHN CHTHAJI TMPUBHOCATHCS
€JIEKTPUYHI IIYMH, K1 B 3HA4HIM Mipl CHOTBOPIOIOTH MOYATKOBHM CUTHal. A 1€ O3Hayae, 110
eJIEKTPUYHHUI CUTHAJ MOTpedye MOCTIMHOT HeWTpasi3alii nepemko Ha BCIiX eTanax amaparyp-
HOTO aHaJi3y, 110 3HAYHO YCKJIAJHIOE MPOIIEC aHali3y. B MpoOMUCIOBUX LIJSX CAMHUMH MPOCTHU-
MH, TIOMIXO CTIHKHMH 1 JETKO BIJIOKPEMJTIOBAHUMH SIBIISIIOTHCS TIApaMETPH TEMIIOPATbHUX Xa-
PaKTEPUCTUK MOBH.
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CTBOpeHHﬂ CHUCTEMHU peKOMeH)IaIIiﬁ HA OCHOBI CUHTYJ/JIPHOI'0 PO3KJIAJaHHA

[lIepemert A. C., Manyra O. M.,
JIHinpoBchKUi HallioHaNBHUMA yHiIBepcuTeT iMeHi Ounecst 'onyapa, Ykpaina

CphOro/iHi, KOJIM KIJIBKICTh MPOIMIOHOBAHUX TOBAPIB 1 MOCIYT 30UIBIIYETHCSA KOXKHOTO JTHS,
HEOOXIAHICTh TIOpaar BUOOPY HAHOUIBII PEIeBAaHTHUX 00 €KTIB € aKTyalbHOK 3amadeto. Taxi
nopaau GopMyroThes, SIK MPaBWIO, pEKOMEHAAUIMHUMU cucteMaMu. llpukiiagu iX ycminrHoro
3aCTOCYBaHHS MOXHA Oa4UTH B €JICKTPOHHUX MarasWHax, cepBicax peKOMEHJamii MyTiBOK YU
MapHIpyTiB, a TAKOX (1IbMIB YA KHIKOK.

Jlara po0OoTa MpUCBSYEHA CTBOPEHHIO CUCTEMH PEKOMEH/IAIIT JUIsl YUTAYiB KHUKOK.

Cucrema sBisie CO0010 BEO-CalT 13 MOMIIMBICTIO PEECTPAIlii KOPUCTYBAYiB, TEperysaaHHs
KHIKOK, HaJaHHS CBO€ET OI[IHKM KOHKPETHiM KHu31 (pedtuHr Bix 1 10 10) Ta oTpUMaHHS CIIUCKY
pekomeHoBaHux KHUT. CepBepHa yacTuHa po3pobiieHa 3a gornomororo ASP.NET WebAPI Core
y cepenopumti Visual Studio 2017, kimieHTchka yacTuHa Hamucana Ha Angulard 3a gomoMororo
Visual Studio Core. Jlani (pedTHHIM KHUT Ta JOAATKOBA iH(GOPMAILis PO KHUTH 1 KOPUCTYBAYIB)
30epiraroTbes y 0a3i manux MsSQL. Pekomennariii po3paxoBylOTbCs OEKIpayHIHUM IPOIECOM
3TiTHO PO3KJIaNy, IKHi BCTAHOBUB KOPHCTYBAY.

AJNTOpUTMIYHE SIIPO CHCTEMH, IIO BiATOBITAE 32 HaJaHHS PEKOMEHIallil, moOynoBaHe Ha
OCHOBI KoJabopaTouBHOI (PUIBTpallii, 30KpeMa CHHTYISIpHOTO po3kiananHs (SVD) marpuii peii-
tuHriB A. Inest 3actocyBanns SVD B cucremax pekoMmeHaanlii momnsrae y Hacrymaomy [ 1, 2]. Cun-
TYJISPHUNA PO3KJIa] MaTpUIli A po3mMipHOCTI NXM (N — KiTBKICTh KHHUXKOK, M — KUIbKICTh YUTAYiB)
SBIISIE COO0I0 JOOYTOK TPHOX MATPHILIb: A = UxExV', ne U i V oprorosansHi MaTpuri po3mipHoc-
Ti NXN Ta MXM BiAMOBIAHO, £ — JiaroHAJIbHA MATPHIL PO3MIPHOCTI NXM. I3 CHHTYIISIPHOTO PO3K-
Jay MOXKHA OTPUMATH HAOJMKEHHS MaTpuili A MaTpuiiero panry K<n: A = Uk><2k><VkT, e Uy,
Yk Vi — Mmarpuri, orpumani 3 U, X, V ob6pizannsam mo K crosmiis. [To3nauusmm P = UgxZy,
Q =V, Maemo, 1o A ~ PxQT. Martpuns P mictuTh (hakTopu, 110 OMUCYIOTh KHUTH, a MaTpuIls Q
— ¢akTopH, MO OMUCYIOTh KOPUCTYBaviB. B pekoMeHaaIiitHuX cucTtemMax IIyKaroTh HaOIMKEHHS
Matpuii A no0yTkoMm MmaTpuis P 1 Q musixom miHIMIZaIil cepeHbOKBAAPATHYHOI MOMIIKA Ha
HEMOPOXKHIX €JIEMEHTaX MaTpULll peUTUHTIB. [l po3B’si3aHHs Li€] ONTUMI3ALIMHOT 3a/1a4l y po-
00Ti BUKOpHCTaHa peryispu3allist Ta METOJl CTOXaCTUYHOro rpagieHTa. Ha ocHoBi 3Haiinenux P 1
Q IPOTHO3YIOTHCS HE TIPOCTABIICHI KOPUCTYBaYaMU PEHTHHTH.

TectyBanHs Ta mpakTUyHa anpoballis CTBOPEHOT CUCTEMH 3/11iCHEHI Ha peaTbHUX JaHUX i3
BIZIKPUTOTO pecypcy, 3i0paHux i BHKIaJeHHX yHiBepcuterom ®DpeiinOypra [3]. Jdani mictuim
PEUTHHIH, BUCTaBJIEH] MPUOIM3HO ABOMCTaM THUCSYaM KHMXKOK MPUOJIM3HO JABOMAcTaMH THUCS-
yamu KopucTyBadi. OKpiM pelTHHTIB Ui KO>KHOT KHUTY Oyla 3a7aHa iHdopMallio Ipo aBTopa,
pik myOumikanii Ta BUJaBHUIITBO, a JUI1 KOXXHOTO KOpHUCTyBava — Bik Ta kpainy. Lli nani Oynu Bu-
KOPHCTaH1 B CTBOPEHIH cucTeMi JUIsl HaJlaHHS PEKOMEH Al K okpeMi (hakTopu (TOpsi 3 TUMU,
1110 OTPUMaH1 Ha OCHOBI CUHTYJISIPHOTO PO3KJIaJaHHS).

Bioaiorpagivyni nocuianus

1. Billsus D. Learning Collaborative Information Filters / D. Billsus, M.J. Pazzani // Pro-
ceedings of the Fifteenth International Conference on Machine Learning, July 24-27, 1998. —
1998. — P. 46-54.

2. Paterek A. Improving regularized singular value decomposition for collaborative filtering
| A. Paterek // Proceedings of KDD Cup and Workshop 2007. — P. 5-8.

3. Book-Crossing Dataset. Mined by Cai-Nicolas Ziegler, DBIS Freiburg. — Pexxum noctymy
http://www?2.informatik.uni-freiburg.de/~cziegler/BX/
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JocaixzkeHHs1 Mojesiell OHTOJIOTIYHMX CHCTEM TPAHCHOPTY Ta 3ac00iB IX (popMyBaHHA

[epemer M. B., Inbman B. M. JIHinponeTpoBChKUil HAIlIOHAIBHUN YHIBEPCUTET
3II3HAYHOTO TPAHCTIOPTY M. akan. Jlazapsiaa B.A., Ykpaina

CyvacHuii CBIT 3alIIIOB y €py BHCOKMX TEXHOJIOTiH PO3BUTKY CHCTEM INTYYHOTO
IHTETNeKTY, SIKI CIIUPAIOThCS HA IOCUTh PO3BMHEH1 HAYKOBI CUCTEMH TakKi, AK 0a3u 3HaHb Ta 1HIII
HayKOBI JIOCATHEHHS . B ocTaHiil 4ac 1HTEHCHBHO 3aCTOCOBYETHCS B 1H)KCHEPIi 3HAHBb IMOHSATTS
onronorii. He 3Bepraroun yBary Ha Te, 10 B HAYKOBOMY 1 iH)KEHEpPHOMY CBiTi 1€ TIOHATTS J0-
CUTh IIOLIMPEHE, BUIAHO 0araTo HAyKOBUX CTaTed, po3po0JEHO OHTOJIOIIYHI CepeloBHIA
BiJITBOPEHHS 3HAHb TaKi K CJIOBapHi, Oi3Hec-oHToNOTIi [Pybamkin, 2002], oHTONOTIS, HE Mae
enuHHOTO BHU3HaveHHS [KiempoB, Aprem’eBa, 2001]. Tak icHye BuzHaueHns [Studer,1998], 3a
SAKHUM OHTOJIS € (POPMaibHOIO CreU(IKAIEI0 PO3MOAICHOI KOHIENTYaIbHOI MOJIENI 3HAHb.
OHTOJIOTIs CKIAAEThCs 3 KIIACiB CYTHOCTEH IpeAMeTHOi 00jacTi, BIACTUBOCTEH LMX KiAcCiB,
3BSI3KIB MIXK ITUMa KJIacaMH 1 TBEPKEHb, MOOYIOBAaHMX 3 IUX KJaciB. BiTbII TaKOHIYHO 3 IIOTO
MIPUBOJIY BHUCIOBIIOEThCST aBTopu [l 'aBpinoBa, XopomeBckuit 2000] «Ouronoris — une b3
CTEUiaTbHOTO TUITY, KOTPi MOXKYTh «9UTATHCS» 1 PO3YMITHCS», BITUyKyBaTHCS BiJl pO3pOOHHKA 1
/ abo (Hi3UYHO MOUIATUCSA iX KOPUCTYBaueM». ICHy€e JIeKisibKa MiIX0/iB A0 MOHSTTS OHTOJOTIS.

JUnist MpaKTUYHKX 33724 MPEIMETHUX 00JIacTeil 3HaHb 3aCTOCOBYETHCS i PO3ILT iHKEHepis
3HaHb, KUK 1HKOJIM HA3MBAIOTh 1HXKEHEPHOIO OHTOJIOTIEr0. OMHAK, CIIiJl MONEPEeauTH, e 307I1-
KCHHS IUX Ha3B HE 30BCiM KOPEKTHE TOMY, III0 OHTOJIOTis, IMO-TIepIlie, BU3HAYAE€THCS POCTOIO 1
3pO3yMUIOI0 YMOBOO, BOHA ITOBMHHA MaTH O0YMCIIEHY (YyHKLIOHANbHICTh [OBAEH 1 iH., 2004]
4Oro HeMae y iHKeHepii 3HaHb. 3BEPHEMO TaKOX yBary Ha Te, II0 3aCTOCYBaHHS BJIACTUBOCTEH
OHTOJIOT1] IMPEeIMETHUX 00JacTel TaKMX SIK KOHIENTYyali3allisi, 3HaHHA, JIHCHICTh OBHHHI MO-
JIENIIOBaTHCS €IMHOI0 MaTeMaTUYHOI0 KOHCTPYKIIEI MpU MaTeMaTuyHoMy miaxoxi [Kiempos,
Aptem’eBa, 2001].

3ani3HUYHUN TpaHCHOpPT YKpaiHU Mae psij mpoOseM, siKki HE0OX1THO po3B’sA3yBaTH, SIK Ha
TE€XHIYHOMY, TaK 1 Ha TEXHOJOTIYHOMY DPIBHIX. PO3risiHEMO JesKi TeXHOJIOTIYHI MUTaHHS, SKi
NOTpeOyIOTh BUPIIIEHHS.

OnHi€I0 3 OCHOBHUX TEXHOJIOTIYHUX 3a7a4 € poOoTa 3ali3HUYHOIO TPAHCIIOPTY JEpKaBHy,
sKa TOB’si3aHA 3 PALIOHAIBHOIO OHTOJIOTIYHOIO OpraHi3alll€l0 BaroHO-NMOTOKIB Ha MEpexi
3ani3HuIb YKpainu . [lig-oHToNorisiMH 11i€i CUCTEMHOT 3ajadi €:

- OHTOJIOTIYHA 3aJa4ya (pOpMyBaHHS BaHTaXIB NEPEBE3CHHS BiJ CTaHLIi MOCTaBKU 0
CTaHLIi JOCTAaBKH;

- OHTOJIOT1sI JOPMYBAHHS 1 3aBaHTAXKEHHS BaroHiB;

- OHTOJIOTiSl ()OPMYBaHHS BarOHOIIOTOKIB BAHT)KHUX IE€PEBE3€Hb BiJl MyHKTIB BiANpaB-
KM TO13/11B /10 MyHKTIB MpU3HAUYEHHS;

- OHTOJIOTIS 3a/1a4l CUCTEMHOT'0 KepyBaHHS MiJ1-33J]ayaMH TPAHCIOPTHUX I1E€PEBE3EHb.

Bci BukoHaH1 AOCTIKEHHST TPAHCIOPTHOI OHTOJOTIT 1 X ()parMeHTH PO3TIATAIOTHCS B
€MHIN MOJieNli KOHCTPYKTUBHOT CcTpyKTypH [Ineman, Ckano3y0, Hlunkapenko, 2009], sika Tpan-
chopMoOBaHa IiJ1 OpraHi3alilo CUCTEMH 3HaHb TPAHCIIOPTHUX IIEPEBE3EHb.

dopmaizaliiss Ta peanizallis HaBEIEHUX MPOIECIB TPAHCHOPTYBAHHS BaHTaXIB IMPOBO-
JTUTHCS TIPU HASIBHOCTI BIAMOBIIHUX 0a3 3HAHB Y MOJI€JIl KOHCTPYKTUBHOI CTPYKTYpH, TIPH IILOMY
b3 MoxyTh opMyBaTHCS 30BHIIIHIM BUKOHABIIEM a00 KOHCTPYIOBATHUCS y caMiil CTpYKTypi 3a
JIOTIOMOT'OI0 BHYTPIIIHIX BUKOHABIIIB.

Ha mopneni OHTONOTIYHOT KOHCTPYKTHBHOI CTPYKTYpPH PO3pOOJIEHO AEKUIbKAa OOYHCIIIO-
BaTBHUX (PYHKITIH TSI CKIIQIOBUX CHCTEMH TPAHCIIOPTHHX TIEPEBE3CHb.
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BukopucTaHHsl KOHCTPYKTHBHO-TIPOAYKUIIHUX CTPYKTYP
IS 00POOKH MOBHHUX KOHCTPYKIii

HIunkapenko B. 1., Kyporn’stauk O. C., /[HInponeTpoBChbKUIl HAIlIOHANBHUN YHIBEpPCUTET
3aJII3HUYHOTO TPAHCIIOPTY iMeHi akaaemika B Jlazapsna, Ykpaina

Po3BuTOK 1HPOPMALIHHIX CUCTEM, 30KpEMa CHCTEM IITYYHOT'O 1HTEJIEKTY HEBIAPUBHO IO-
B'sI3aHUN 3 aBTOMATH3alli€l0 0OPOKH MOBH Ta i1 KOHCTPYKITiHA. CKIIagHICTh pOOOTH 3 MPUPOTHOIO
MOBOIO 0OYMOBJIEHAa TaKUMH i OCOOJIMBOCTSMHM SIK €BOJIIOLINHICTD, IO Nepeadavyae 3pOoCTaHHS
Ta 3MiHM CJIOBHHMKA 1 MPaBUJI, HAAMIPHICTh, OaraTo3HAYHICTh, PI3HOMAHITTS (HOPM MpEACTaBICH-
Hs. ABTOMaTH30BaHa 00poOKa He MOXITHBA 03 monepeaHpoi hopmarrizaiii.

MopentoBanHs 3aco0amMu KOHCTPYKTUBHO-TIpoayKiiHuX cTpyKTyp (KIIC) mo3Bomnsie dhop-
ManizyBatu MoBY. [Ipomonyetsesi KII-Momens o0pa3iB MIOIUHM, KA BKIIOYAE AUHAMIYHUN HO-
ciit (0Opa3u), curHarypy (Habip BiJHOIIEHB Ta omepaliii HaJl oOpa3amMu) Ta KOHCTPYKTUBHY aK-
cloMaTHKy, 110 BU3HAYa€ MpaBHUja BUKOHAHHS omepamii curHatypu. I[lix obpa3zom pozymierscs
Jesike B110OpakeHHsI Ha MaTepialbHOMY HOCIEBI peaibHOr0 UM BIPTyaJIbHOTO 00’ €KTy (y MIUpO-
KOMY 3Ha4€HHi clI0Ba) — mpao0pasy, o Moke OyTH CHPUHHATO OKPEMO BiJ IHIIOTO.

O6pa3u MOXyTh MOAUDIKYBATHCS, OYTH MOEAHAHUMHU B OUTBII CKJIa/IHI 00pa3u — BCTAHOB-
JIOIOTHCS BigHOMmIEHHS. OTpUMaHi KOHCTPYKIIi Ta BIATOBIIHI BiJHOIIEHHS TaKOX € 0Opa3zamH.
MoBa € CyKynHICTIO KOHCTpYKLiH, mooynoBanux Ha HocieBi KIIC. Tak, Hanpukmnajn, cioBo €
00pa3oM — KOHCTPYKII€I0, TOOYA0BaHOIO 3 00pa3iB-3ByKiB. KOHCTPYKIIii-CIIOBY B SIKOCTi aTpH-
OyTy CTaBUTBHCS y BIAMOBIIHICTH 00pa3-3HAaYeHHs, 110 BiJMOBIAaE MPooOpasy, sike HA3UBAETHCS
CIIOBOM.

[Tpu noOya0Bi CIOBOCHIONYYEHB, peUeHb (Ta OLIBII CKIATHUX KOHCTPYKIIiil) 00pa3u-cioBa
BCTYMAIOTh y BITHOILIEHHS, YTBOPIOIOYM 00pa3u OLIbII CKJIaJHOI Oy/I0OBU Ta MOMOBHIOIOYU HOCIH.
Takum uHOM Oy/b-sIKa MOBHA KOHCTPYKIIiSI € KOHCTPYKIli€ 00pa3iB, AKill BIAMOBia€ CKIaIeHUIN
o0pa3 — 3HaYeHHS! MOBHOI KOHCTPYKIIIi.

TekcTy sk MOBHIM KOHCTPYKIIi MOKHA IOCTABUTH Y BIJIOBITHICTb JIBI KOHCTPYKIIii 0Opa-
31B: mepiua BIANOBiae o0pa3aM CIliB, pyra — 3HaUE€HHIO TEKCTy — 00pasaM, SIKi BIAMOBIIAIOTh
Ha3BaHUM clI0OBaMH Ipoobpazam. OTpumaHi 00pa3u MOXKYTh OyTH BUKOPUCTAHHI JIJIsl HOPIBHSH-
HSl CMHCJIOBOTO HaBaHTA)KEHHSI TEKCTiB, B TOMY YHWCIi 3 METOI0 BHUSBJICHHS 3amo3wueHb. JlJis
OCTaHHbOI'O MPOINOHYETHCS BUIUINTH MHOXKMHU O0pa3iB IPYKOBAHUX CIIB KOHKPETHHX BHUKO-
HaBIIiB, TIOB'I3aHUX 3 MOPIBHIOBAHUMH TEKCTaMH. 3a JaHUMHU 00pazamMu MOXYTh OyTu chopmo-
BaHi 00pa3u 3HaueHHs, 10 Hece TekcT. DopMyBaHHA 00pa3iB Moke OyTH ONMMCAHO 3a J0MOMO-
roto onepatiii KIIC o6pa3zis moaunu. IIpaBuna BuBoay KIIC no3BonsitoTh moOyayBaTH KOHC-
TPYKIIiF0 00pasiB, 110 BiAMOBi1a€ 3MiCTOBI MOBHOI KOHCTPYKIIi.

KoncTpykiii 06pa3iB 3HaU€HHS TEKCTIB € (hopMaTi30BaHUMH 3aIIUCAMH CEMAaHTUKU TEKCTY.
KoxHili onepariii, ska BAKOPUCTOBYETHCS JJIsl TOOYIOBH KOHCTPYKIIII MOXe OYTH MOCTaBJICHUH
y BIANOBIJHICTH NMEBHUM alTOPUTM, SIKUH BpaxoBye OCOOIMBOCTI Horo BUKoHaBI. Kpim Toro,
OCKIUJTBKH OTepallii BUKOHYIOThCSI Ha HOCI€B1, HAIOBHEHHS SIKOTO TaKO 3aJICKUTh BiJ] BAKOHABIIS
KII-moneni, To BpaxOBYEThCS HE JIUIIE OCOOTUBOCTI «pOOOTHY BHKOHABIIS, & HOTO «ITiITOTOBJIE-
HICTB». TaKoX CUTHATYpPOIO Mepe10aueHo PO3LUIMPEHHS HOCIS.

BpaxoByroun BHCOKMI CTyMiHb BIUIMBY BUKOHABI Ha poOOTY MoJeni Mpu o0pobIi MHO-
KMHU KOHCTPYKIIN (B TOMY YHCIi 00pa3iB TEKCTY) CIil BAKOPHUCTOBYBATH OJJHOTO i TOTO caMo-
ro abo moII0HMX BUKOHABLIB ISl 3SMEHIIIEHHS BIUIMBY 1HTEpIIpETALlii.

Bukopucranas o0pa3HOro miJIxoiy /103BOJIsSi€ 3MEHIIUTH BIUIMB MOBH, Ha sIKiil mpencTas-
JIeHa KOHCTPYKUIi At 00poOku (mopiBHSHHS, criBcTaBiieHHs). Bukopuctannus KIIC no3osse
OIKCAaTH MHOXHHY ICHYIOUMX KOHCTPYKLIN B (popMani3oBaHOMY NpEACTaBICHHI Ta mependayae
amapart po3mupeHHs Hocis. Jlaauil miaxina Moxe OyTH BUKOPHCTAaHHM B aBTOMaTH30BaHHMX CHC-
TeMax MiJIBULIIEHOTO CTYMEHs IHTENEKTYalbHOCTI, /Ul PO3B’A3aHHS 3a7a4 CEeMaHTHUHOI 0OpOOKHU
MOBHHX KOHCTPYKITIH.

154



BuBueHHsI MOBHHX cTpaTeriii cyyacHux noJjirukis y 3MI

[ymigenko T. C., [IHIpONeTpOBCHKUI HAIlIOHAIBHUI YHIBEPCUTET 3aJII3HUYHOTO TPAHCIIOPTY
imeHi akagemika B.JIazapsHa, Ykpaina

[TomiTryHa AISUTEHICTH BIITpae 0COOIUBY POJIb Y )KHUTTI CyCIUIbCTBA. He MEHIIT BAXKIMBUM €
1 croci6 11 mpe3eHTallii MONITHYHUMH JIiIepaMH JepKaBH. 3a JOMOMOTOI0 MyOJiYHUX BHCTYIIIB
MOJIITUKU MAalOTh MOKJIMBICTh 3BEpPHYTHUCS K J0 MDKHAPOJHOTO CIIIBTOBAPUCTBA, TaK 1 0 rpoMa-
IsiH cBO€i kpainu. IlomiTuana mpoMoBa € HAOUIBII MPOTOTUITHAM YKaHPOM TOJIITHYHOTO JAUCKYP-
Cy, 1ie MyOIIYHUN BUCTYTI, SKUH € ePEeKTUBHUM 3aCO000M JEMOHCTpAIIii JIIJIEPCTBA, caMe TOMY BHB-
YEeHHS] MOBHHUX CTpATerii, SKi BUKOPUCTOBYIOTHCS IIPH LIbOMY, € HAJ3BHUYAHO aKTyaJIbHUMH.

MoBHa cTpaTeris CTaHOBUTh IIEBHY CXEMYy il y paMKax KOMYHIKaTHBHOTO IPOILIECY, IO
BH3Ha4a€e BUOIp MOBHUX 3aCc00IB 1 CIIOCOOIB BUPAKEHHS 3MICTy, O€3MIOCepEHBO OB’ I3aHOTO 3
JNOCATHEHHSIM MeTU. Bimomo, 1o MOBHI 3aco0u, SKUMH KOPHUCTYIOTHCS YOJOBIKH 1 KIHKU
BiJIPI3HAIOTHCS PI3HOMAHITHICTIO Ta XapaKTEePU3YIOTh OCOOIMBOCTI YOJIOBIYOI Ta KIHOYOi MOBHOT
MOBEAIHKU. BiIMIHHICTH >KIHOYOi 1 4YOJIOBIYOI MOBU JOCHIKyBalid Oarato BUYEHHUX,30KpemMa
Tk Jlakodpd, 3.Tpemeno-Ilnern, K.Onepman, H.b,MeukoBcpka, B.A.MacioBa ta iH. Ha
CHOTOJIHI BaXXJIMBUM BHJIA€THCS BHUBYEHHS OCOOJMBOCTEH MOBHOI MOBEIIHKM 000X cTaTeil B
KOHTEKCTI X MpOQeciiiHOi MisITHOCTI, /¢ HaI3BUYAlHO I[IKaBUM OO0 €KTOM JIOCIIKSHHS
BHUCTYIIa€ MOBHA CTPATETis MOJIITUKIB .

Byxe 3BHYHO BBaXKA€THCS, IO KOMYHIKATUBHA CTPATETis YOJIOBIKIB-TIOJITHKIB 3BOIUTHCS
710 TOTO0, MO0 MiJl Yac AMCKYcii BUOOpoTH Ui cebe Micle Jiaepa, MiAKOPUTH 1HIIUX 1 3MYCUTH
ciiyBaTH 3a c00010. OTKe, TOJIOBHOIO METOIO YOJIOBIKA € JIOCSITHEHHS JOMIHAHTHOTO TIOJIOKCH-
HS IUISIXOM TMPUTHIYEHHS THUX, XTO He 3rojieH. J[Js 11boro BiH BUKOPHCTOBYE Taki MOBHI 3aco0w,
SIK TUPEKTUBHI MOBHI ATTEPHU, BJaJle IEPEPUBAHHS OIOHEHTIB, P13Kl BUCIIOBIIIOBAHHS 100 iX
TiSUTBHOCTI, ToImo. JKiHKM K MparHyTh A0 MIATPUMKH Ta B3a€EMOPO3YMIHHS, JO BCTaHOBICHHS
TICHUX CTOCYHKIB MDXK IpE€ACTaBHUKaMH I€BHOi CIUIBHOTH, HAPOJKEHHS B HIW BIAYYTTA
enHocTi. Taka crpaTeris, MOXINBO, OUTBII OIAaropojHa, ajie HEPiIKO He MPUHOCUTH MEPEMOTH
KIHKaM-TIOJIITUKaM, aJKe, BIAUYBIIM €JUHHUI MOPHB, 3TypTOBaHI BHOOpPII BIOUYyBalTh cede
CWJIBHIIIUMHU 1 BIAMOBITHO, OIJBII HANAITOBAHUMHU HA KPUTHUKY CBOTO X KaHaujaata. Jlo Toro x
He ciij 3a0yBaTy, 10 MI€BHA YaCcTHHA BHOOPIIIB CB1IOMO IparHe o0paTu KaHAWAaTa, sIKUM J103-
BOJIUTH M 3HATH 3 ce0e BiAMOBINATIBHICTH 3a Mojaiblmi moaii B kpaiHi. Llg kareropis moneit
3aBXKIM TOJIOCYBaTHME 3a OUTBII PaJUKAILHOTO KaHAWATa, M0 BHCTYIAE HAJ3BHYANHO Iepe-
KOHJINBUM Ta KAaTE€rOPUYHMM, HAaBITh PI3KUM Yy CBOIiX MyOJIYHMX BUCTyMHax. 3BICHO, TYT Hepe-
MOJXKIIEM 3aBXAM OyAe YojoBIK. 3 IHIIOrO OOKY, Ha ChOrOAHI 0arato IHOK € BILUTUBOBUMU
TNOJITUKAMH, SIKHX TOBAXKAIOTh,i 32 AKMX BiJJalOTh CBOi I0OJIOCH MilbioHHM BHOOpIIB. IX cexper
MOJISITa€ B TOMY, 110 Y CBOiX BHCTYIaX BOHU YaCTKOBO a00 1 MOBHICTIO BIZIMOBHJIUCH BiJ] MOBHOT
cTparterii, e BUpa)kald MOCTIHHY TOTOBHICTb [0 CIIBUYTTS, CIIBIIpalli, KOMIIPOMICY, €THAHHS, a
CTaJI MaKCUMAaJIbHO HAOIMKATHCH JI0 YOJIOBIYOT MOBHOI cTparerii . [IpukiazomM poro MoxyTh
O6ytu Buctynu Maprapet Teruep, Xinnapi Kninton, [lani I'pibayckaiite, Tomro.

MoskHa 3 BIIEBHEHICTIO CKa3aTH, 10 Ha CHOTOJIHI I€BHA arpeCUBHICTh Ta PI13KICTh BUCIIOB-
JIIOBaHb JIONIOMArae >KiHKaM-TIOJITUKaM MiATPUMYBATH BUCOKI PEUTHUHTH, aJke BUOOPIIi BIpATh y
T€, 110 KIHKA-TIOJITHK, 3 OTHOTO OOKY, HE TSXKI€ 10 BIHCHKOBUX KOHQIIIKTIB, paJUKaIi3My B yCIX
I[bOTO HETaTUBHUX MPOSIBAX, a 3 IHIIOT0, MAIOYH PIlIy4yiCTh TA CTIMKICTh, MOXE T'iIHO BiIMOBICTH
Ha HEeJIETKi BUKIIMKH, SKUMHU Oarare Haile CbOTO/ICHHS.
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Po3po0xa Tunosux komnoneHtis APM na niaargopmi WPF
Hetitnin C. 0., bposkina 1. 0., ¢inis «IIKTb IT» ITAT «Ykpaiaceka 3ami3Huis», YKpaina

Opnnum 3 HanpsamkiB pooit ¢inii I[IKTB IT € po3pobka aBToMaTn3oBaHUX CHCTEM OOJIIKY Ta
KoHTpoto iH(popmMartii. ToOTO € sKack mpeaMeTHa 001acTh, B KM BUIJICHI 00'€KTH 1 3B'SI3KH MIXK
HuMH. Bee 11e mpecTaBiseTses y BUTTISAL TaOIuIb B 6a3i 1aHuX, a 0a30BUid QpyHKIIOHAT T01aT-
Ka IOJIATa€E B TOMY, 11100 BUKOHYBaTH HaJ MMM TaOIULSMU YOTUPU OCHOBHUX [Iii: CTBOPEHHS,
Moudikalio, mepersia i BunaneHHs 00'ekriB. ToOTO mepen po3poOHMKOM aBTOMAaTH30BaHOI
CHUCTEMHU CTaBHUThCS 3ajada ctBopeHHs 1 HajamrtyBanHs CRUD (create, read, update, delete) —
¢dbyHKIiOHANBEHOT cucTeMu. [lai, Ha 10 OCHOBY HAKJIAAI0Th JIOJaTKOBY O13HEC-JIOTIKY, MOIYIh
3BITIB 1 IHIIWA HEOOX1THUM (PYHKITIOHAI.

Kpim TOro, HaK/I1agaroThes MEeBHI BUMOTH 11010 apXiTEKTYpH IMPOEKTOBAHOI CUCTEMH, a Ca-
Me:

—  HasBHICTH KIIi€HTCHbKOI yacTuHu APM, po3po6iienoi Ha muratdpopmi WPF 3 Bukopucranusm
oi6miorerti DevEXpress;

— 30epexenns panux y b/l ORACLE na cepgepi;

—  B3AEMOJIA KIIEHTCHKOI Ta CEPBEPHOI YaCTWH aBTOMATHU30BAHOI CHCTEMH 3a IOMOMOTOIO
cepicy WCF.

3 oruAly Ha OJHOTUITHICTh BUKOHYBAHUX POOIT 3 MPOEKTYBAHHS JAHOTO BUAY CHUCTEM Ta 3
METOK CKOPOYECHHS 4acy Ha ii po3poOKy 1 SK HACTIJIOK 3HAYHE MiABUIICHHS NPOAYKTUBHOCTI
PO3POOHHKIB aBTOMAaTHU30BAaHUX CHCTEM, OyJO MPUWHATO PIIIEHHS CTBOPEHHS 1HCTPYMEHTapiio
JUTSL IPOCKTYBAHHS MTO1I0HOTO THITY CHCTEM.

CxJ1aJoBUMH YaCTHHAMH L[bOTO IHCTPYMEHTAPIIO €:

— mabJIOH KJIIEHTCHKOTO noaatka y cepeposuii Visual Studio, crBopenuit Ha ocaoBi WPF-
N0JIaTKa, IKMM MICTUTh TUIIOBY PO3MITKY TOJ0BHOM cTopuHKH APMy Ta HeoOxiaH1 Hajam-
TyBaHHs a7 B3aemoii 3 WCF-cepBicom Ta 6107110T€KOI0 TUITOBUX KOMITOHEHTIB;

— Oi10mioTeKka TUIMOBUX KOMITOHEHTIB, SIKa MICTUTh OCHOBHI €JI€MEHTH YIPaBIIHHS IJIs pO3-
poOku 1 cTBOpeHa 3 BUKopucTaHHAM Oi6mioteri DevExpress. Jlo Takux THMOBHX
KOMITIOHEHTIB BiJTHOCSATHCS, HAPUKJIIAL:

— rojoBHe MeHI0 APMy,

— MEXaHi3M aBTOpH3allli KOpUCTyBaya B CUCTEMI,

— tunosuil konTeiHep H/I,

— KJIacH TIOB1IOMJIEHB (TIOTIEpe/KEHb) Ta 1HAMKAIIT MpOoIlecy BUKOHAHHS MPOTrpamH,

— IPOTOTHI «KOHTPOJIa KOPUCTYBaua» JUIs peajizalii inTepdeiicy neBHOro (yHKIioHaIy,

— MPOTOMHTH JiaJIOTOBUX BIKOH,

— Habip peanizoBaHuX (YHKILIN (3aBaHTaXEeHHS (ailny, 3BiTH, BaliJlalii 1aHUX, TO II0).
Takox 1 6i0mioTexka MICTUTh Hablp €IMHUX CTHIIB Ta MIA0JIOHIB TMOBEIIHKH €JIEMEHTIB
VIIPaBITiHHSA, SKi CTBOPIOIOTHCS Y paMKaX IMPOEKTOBAHOT aBTOMAaTU30BaHO1 CHCTEMH,

—  equauii WCF-cepBic a1 311CHEHHS THIOBOI B3a€MOJIii MK KJIIEHTCHKOIO Ta CEpBEPHOI
YaCTUHAMHU MPOEKTOBAHOI aBTOMATU30BaHOI CUCTEMH, a TAKOXK OOMiHY JaHUMH 3 CEPBEPOM
3anuTiB DAS;

— ©0aza ganux ORACLE s 30epexeHHs JaHUX IpO KOPUCTYBauiB Ta aBTOMATH30BaHI CHC-
TE€MH, K1 pO3pOOJISIOTHCS 3a JOMOMOTOK JaHOTO 1HCTPYMEHTapilo, Ta BUKOHYE (DYyHKIIi
aJIMiHICTPATUBHOTO MOPSIIIKY.

Kpim Toro, 3 Meroro yHidikarii Ta 611b1I eeKTUBHOIO BUKOPUCTAHHS JAHOTO 1HCTPYMEH-
Tapilo HaMpPalbOBAHO PAJ PEKOMEHAIliH, 11010 Mo0yI0BH JaHUX 00MiHy Mixk moxyismMu JSON,
TEXHOJIOT11 TOOYI0BH MOJIEJICH TaHMX, 3MIMCHEHHS JIOTTYHOT'O KOHTPOJIIO 1H(hOpMaIIii.
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Buxopucranns napajiejbHUX aJIrOPUTMIB 00pOOIeHHS JAHUX
B iHpopMaNiiiHUX TEXHOJIOTIAX JOCTIIKEHHSA CKJIATHUX CUCTEM

SAmxax M. C., [nctutyT npukinagaux npodiaem mexaHiku i maremaruku iM. 5. C. [ligcrpurava
HAH VYkpainu, Ykpaina

[Tig cxmagaoro cuctemoro (CC) Mu po3yMieMo 00’ €KT, SIKHW CKJIAIa€ThCs 3 Oaratbox B3a-
€MO3B’S13aHUX €JIEMEHTIB PI3HOIO THUIly Ta NPU3HAUYEHHS, MOXE peali3yBaTu 3HAYHY KUIbKICTh
pi3HOMaHITHUX (QYHKIIIH, a HOro CTaH 3MiHIOEThCs B yaci. [Ipu npoMy (yHKIIIT CUCTEMH € KOM-
nosuiiero GyHKIIH, ki MOXKYTh peanizyBaru ii enemenTy. [Ipukiagamu CC € TpaHCIIOPTHI CHC-
TEMH, CHCTEMH BOJIO-, Ta30- Ta EHEProlOCTaYaHHsI OKPEMHX MicT ab0 PErioHiB, CHCTEMH 3B’S3-
Ky, OaHKIBChKI YCTAaHOBH TOIIO. 3apa3 ISl TOCHIPKEHHsI TAKUX CHCTEM BCE 4acTille po3pooiis-
10Th iH(popMariitai TexHosorii (IT), mo rpyHTYIOThCS Ha BUKOPHCTAHHI HOBITHIX YHCIOBUX Me-
TO/IB Ta aJTOPUTMIB, a TaKOX e()EeKTHUBHHUX amapaTHUX 3aco0iB ix peanizamii. OgHak, y nepena-
KHIHM OUTBIIOCTI Il YUCIIOBI METO/IM Ta aJITOPUTMH HE BPaxOBYIOTh YCIX MOKIMBOCTEH CydacHHX
JOCTYIHUX BUCOKOIMPOAYKTUBHUX arapaTHUX 3aco0iB. ToOTO iCHYe MeBHA HEBIAMOBITHICTh MIXK
HAsBHUM TPUKJIAJHAM aJTOPUTMIYHUM 1 IPOTPaMHUM 3a0€3MEeYCHHSIM Ta apXiTeKTyporo cydac-
HUX OOYMCITIOBAJIbHUX 3aC00IB — 0araTtosiepHUX KOMIT IOTEPiB, KJIACTePiB, TOpUIHUX 3acO0iB,
BHCOKOITPOAYKTUBHUX OOYHMCIIOBATBHUX CEPEIOBHIL TOLIO. 3a3HAYMMO, IO KJIACTEPHU € Jele-
BHUM BapiaHTOM 3ac00iB MacoOBOT0 Mapalieli3My 1 MOXKYTh 00’ €IHYBaTH Yy BUTJISAI OKpEMHUX 00-
YHCITIOBATBHUX BY3JIB SIK IEPCOHAIBHI KOMII FOTEPH BiIHOCHO HEBEIHMKOI MPOAYKTUBHOCTI, TaK 1
cynepkomn’orepu. I'iOpuaHuMu 3acobaMu MU BBa)KAEMO KJIACTEPH, 10 SKUX Y SAKOCTI MPHUCKO-
PIOIOYHX OJIOKIB CHEIialli30BaHUX 00YHCICHb MOXKYTh JTOJIydaTHCs rpadiuHi Mporecopu, CUCTO-
JYHI Ta KBa31CUCTOMIUHI CTPYKTYpHU. L]0 ) cTOCYeThCsl BUCOKOMPOAYKTUBHHUX CEPEAOBHIL, TO
BOHU TIOBHICTIO B1I00OpaxaroTh CTPYKTYpy JociikyBanoi CC, enemMeHTH abo MiJICUCTEMH SIKOT €
TEPUTOPIAIbHO BiJIaJIEHUMHU MiXK COOOIO.

3 iHmoro 60Ky, Mij] 4ac JOCHIPKEHHS CTaHy Ta sikocTi pyHkuionyBaHHs CC, 3a3Buyail BU-
KOPHUCTOBYIOTBCS 3HAUHI OOCSTH BXIJHUX JaHMX, BEJIMKA KUIbKICTh apaMeTpiB 1 KPUTEPIiB OLli-
HIOBaHHSI, PO3IJIAAETHCS HU3KA PeXKUMIB (DYHKI[IOHYBAHHS CUCTEMU Ta ii CKJIaJOBUX 1 IPU 11bO-
My B OLIBIIOCTI BUIMAJAKIB Taki AOCHIKEHHS MOTPiOHO MPOBOAMTU B PEKUMI PEaNbHOTO 4acy.
Tomy mig wac crBopenns [T aisa nocnipkenns CC abo okpeMux iX CKIIaJoBUX HEOOX1THO PO3po-
OJISATH BUCOKOMNapaseabHi alTOPUTMU OOUYHMCIICHb, OPIEHTOBAHI HA pealli3allilo Ha Cy4acHUX M-
POKOJIOCTYITHMX OOUYHUCIIIOBAJIBHUX 3ac00aX.

Benuki macuBu BXigaux ganux (Big Data), 1110 BUKOPHUCTOBYIOTBCS il 4ac AOCIIIKCHHS
CC, MOXyTb OyTH NOILIKOI)KEHUMHU, HETOYHUMH a00 CIIOTBOPEHUMH, TOMY IEpEe] MOAATIbIINM
BUKOPUCTaHHAM iX MOTpiOHO momnepeaHbo o0poduTH (BiAdiIbTpyBaTH) A1 MOBHOTO 260 xo4a 0
YaCTKOBOT'O YCYHEHHS MPOOJIEMHHUX (PparMeHTiB. 3 €0 METOI0 HAMH 3alpOMOHOBAHO Ta JA0CHi-
JDKEHO MapasebHi MeTOIH Ta allrOpUTMHU HHU(POBOT PiIbTpallii JaHUX.

30kpema, 3arpoTrOHOBAHO KBA3ICUCTOMIYHUN METOA MOOYIO0BH ONTUMAIBHUX 32 IIBUIKO-
niero (y BKa3aHUX Kjacax) MapajelbHO-KOHBEEPHHUX AITOPUTMIB PO3B’sI3aHHS 3a7ay HUPPOBOi
¢iapTpalii pi3HOI BUMIPHOCTI Ha CIEiali30BaHUX OOYMCIIIOBAIBHUX 3ac00aX — KBa31CHUCTOMIY-
HUX CTpYyKTypax. Po3pobieHo meron moOyaoBH mapaieabHUX aJrOpUTMiB 3 aBTOHOMHUMHU Tifl-
KaMH JUTsl pOo3B’si3aHHS 3a/1a4 GUIbTpalii pi3HOI BUMIPHOCTI Ha 3aco0ax yHIBEpCaJIbHOrO MpU3HA-
YeHHs1 — 0araTosiIepHUX KOMII'IoTepax 1 KjacTepax. 3alpornoHOBAaHO HU3KY MiIXOMAIB JI0 po3ma-
panentoBanHs obuncieHb B IT gociimkeHHs cTaHy, SIKOCTI (PYHKIIIOHYBaHHS Ta B3a€EMOJIT OKpe-
MUX MIJICHUCTEM 3aJ1I3HUYHOT TPAHCIOPTHOI cucteMu YKpainu. s po3poOiaeHux mapaneibHuX
QIITOPUTMIB OJIEpKAHO OI[IHKU MPUCKOPEHHS, K1 MiITBEPIXKYIOTh IX TOCTaTHbO BUCOKY €(eKTH-
BHICTb 1 JJO3BOJISIIOTH 3aCTOCOBYBATH HA MTPAKTHIII.

[Tomani B 1i#i poOOTI HAYKOB1 PE3yJIbTATH € JOBOJI YHIBEPCATLHUMH 1 MOXKYTh OYTH BHKO-
pHCTaHi s JOCHIKEHHS y pexxuMi peanbHoro yacy CC, siKi MOCTiIHHO pO3BUBAIOTHCS, Ha MifC-
TaBl 3aCTOCYBAaHHS CYy4aCHOI'0 IPOrPaMHOTI0 Ta alapaTHOro 3a0e3MedeHHs .
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ETanu BnpoBajxkeHHsI NPOrpaMHoro 3ade3neuyeHHs '""Po3paxyHok kacoBo-(piHaHCOBOI
3BITHOCTI /1J151 mepeBe3eHHsI BAHTAKIB HA OCHOBI €1MHOT0 10TOBOPY"

Spom P. T., [Henenesa JI. B., ¢imig "TIKTB IT" ITAT "Ykp3anizauus", Ykpaina

B 6epesni 2017 poky Oynu ykimai mepiii €1uHi TOTOBOPH 3 6 TUIATHUKAMU Ta MIOYWHAIOYN
3 01.04.2017 o0mik po3paxyHKiB KOPUCTYBadiB MOCIYT BEAETHCA 3 ypaXyBaHHSIM HaJaHHS MOC-
JYT 32 yMOBaMM €JMHOTO JIOTOBOPY Ta €JMHUM KOJAOM IulaTHUKa. Ha TenepimHiii MOMEHT, Kijib-
KICTh KIII€HTIB, AKi YKJIAJIM €IMHI JOTOBOPH MNepeBuILye 2 tucsdi. Lle roBopuTh, B mepiy uepry,
IIPO NO3UTUBHY OLIIHKY KOPUCTYBadyaMH MOKIIMBOCTEH, SIK1 HaJal0Th YMOBU POOOTH 110 €JUHOMY
JIOTOBOPY, 30KpeMa - 3pYYHOCTi OOJIIKY pO3paxyHKIB 3a MEPEBE3CHHS Ta CIPOLICHHS MPOLECY
iHpOpMyBaHHS MPUYETHUX MPAIIBHUKIB MPO 3MIHU CTaHy OCOOOBOTO PaxyHKy KOPHCTYBadiB
TOCTIYT.

Pospoonukamu dinii «I[IKTh IT» nmpoBenena poboTa 1Mo JTOONPAIFOBAHHIO MMPOTPAMHOTO
3a0e3neueHHs 3apaxyBaHHs KOUITIB, IEpepaxoBaHUX Ha OIJIATy NMEPeBE3CHb 3alli3HUYHUM TpaH-
CIIOPTOM, PO3PaxyHKYy ONEpaTHUBHOIO Ta JI0OOBOIO cajibJ0, (POPMYBaHHS JOBIJOK s IUIATHU-
KkiB, crremianicTiB €PI] Ta kepiBauNTBa [IAT «YKp3ami3HUI.

JUis IUIaTHUKIB, K1 YKJIAJIU €IMHUM JTOTrOBip, peani3oBaHa Iepeaaya Ha iX eJIeKTPOHHY al-
pecy oco00BUX PaxyHKIB Ta MEPENIKiB 3aTI3HUYHUX JOKyMeHTiB. [lepenaya iHIMIFOETCS TaiiMe-
PHOIO 3a/1a4ero, pe3yabTaT poOOTH SKOT MOKHA OOAYUTH Y J0oBiALl 8692msg, e BimoOpakeHi
BCI TUTATHHUKH, 110 pe3yJbTaTax poOOTH KUX Oynu cOpMOBaHi Ta mepeaani TOBIIKH, Ta IX eJIeK-
TpPOHHI afgpecu. Ha TemepimiHiii MOMEHT BeneThCsl poOOTa, 100 aHANIi3y CEepBICY JIOCTaBKU Ta
fioro BimoOpaxxeHHs. Bpasi, skmio neperniku abo 0co00BI paxyHKH HE OTPHMaHI KOPUCTYBaueM
MOCITYT 3aTi3HUIll, HATAEThCSI MOXKIIMBICTh BiqnoBinaasHuM mnpaiiBuukam €PI] 3acobamu EKIIT
chopMmyBaTH Ta TepenaTd ix KopucTyBadaM. [ImaHyeThcsi HaacCHUIIaTH Ha EJIEKTPOHHI alIpecu
IUTATHUKIB, 10 YKJIAIM €IMHHUM 0roBip, iH(popMaito no Po3mmpeHomMy nepeniky 3aai3HHYHUX
JTOKYMEHTIB.

Jlnst 00Ky KITI€HTIB, 10 YKJIAIW €JUHUNA JTOTOBip po3polieHa JoBijaka «Peectp KopucTy-
BayiB 3aJ13HUYHUX MOCIYT, 10 YKJIAIHU €AUHUHA JOTOBIPY.

Po3pobineni Ta po3po0IIsIOTECS AOBILAKH IS TOJOKYMEHTOIO BiJOOpaXXeHHS MPOBEACHUX
pPO3paxyHKIB 3a MOCIYTU MpHU MEepeBe3eHH] y BaroHax IlepeBi3HUKa, y BaroHax BJIACHOCTI (uii
«ITJI» 3 MOXIIMBICTIO AeTani3auii no 6anaHcoyrpumyBadaM. Tak, HaIPUKIIAA, CyMICHO 3 CIIeli-
anicramu TM Codra, peanizoBaHa AoBijika «Po3paxyHkoBa BIJJOMICTb JJisl HApaXyBaHHS IJIaTH
3a KOPUCTYBaHHS Ta TEXHIUHE 00CIYroByBaHHs BIaCHUX BaroHiB IlepeBizHUKa».

OKpeMoro YaCTHHO pO3pOOOK BBAXKAEMO PO3pOOKHU AOBIIOK 1Jisi MiHicTepcTBa 0OOPOHH.

IIporpamue 3a0e3nedeHHst (popMyBaHHS (DIHAHCOBOI 3BITHOCTI, MOOYJAOBaHO Ha 0a3i po3-
paxyHkiB uepe3 ¢imiro «E€PLy 3 nnaTHUKamu, K1 Npallo0Th 3a €IUHUME JloroBopamu 3a yMOBHU
napajieabHoOro (hPyHKIIIOHYBaHHS PO3paxyHKIB depe3 BUPOOHUYO-CTPYKTYpPHI MiAPO3ALIH (imii
«EPL» 3 mIaTHUKaMH, SIKi MPALIOIOTh 32 JOTOBOPAMH 3 BIANOBITHUMH PETIOHATBHUMH (LIISIMU.
®opmyBaHHS (PiHAHCOBOI 3BITHOCTI 3a TakMX yMOB Oyze 3aiiicHioBaTucs B muiomy no ITAT
«Ykp3anizauis», no ¢inii «€EPL» ta BianoBigHux perioHanbHux ¢uaisx. [loBropHe noormpaiito-
BaHHS mporpaMu (opMyBaHHS (iHAHCOBOI 3BITHOCTI BiJIOYJIOCH Y 3B’SI3KY 13 BBEJCHHSM B [iIO
nomoBHEHHs 10 po3auny I Tlepeniky KoiB miiatu, MO CTOCYBAIUCSA TIJIATH 3a TIOCIYTH TIPH TIe-
peBeseHHi y BaroHax BiaacHOCTI [TAT «Ykp3amizauirs» 3 o3Hakoro «[TJD».

OTtxe, Oyno0 oornpaliboBaHe nporpamue 3adesneueHHs GopmyBanHs 3BiTIB DAY -3, OJIVY-
4, ®JIY-5, 3BiTy HapaxOBaHUX CYM Ta JOJATKIB A0 HUX. Pazom 3 num, noomparsoani ®PY-32,
KoHTpoJsibHA AoBiaka 1o BOJ-2, daitnu oominy st cuctem AC OJJHCBK, MJIB i AC POIY3
¢imii «I'IOL», aBTomMaTu3oBane popmyBanHs MakeTiB F23, F24.
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Models and Methods for developing Model Tracing Cognitive Tutors

Chukhray A. G., Martinez Bastida J. P., National Aerospace University “Kharkiv Aviation
Institute”, Kharkiv, Ukraine

Firstly, an investigation of the actual tendencies and approaches for developing Model
Tracing Cognitive Tutors (MTCT) is presented. Models and Methods for developing such of
tutors have been widely documented, described and implemented in the worldwide scientific
literature, but the lack of formalized models and methods for generating pedagogical interven-
tions are commonly absent; this creates a gap between researches and the methodologies that
difficult the conditions for developing faster and better solutions in the different fields of study.
The subject of research is the development of a MTCT based on those models and methods that
dynamically generate pedagogical interventions for a constructive learning path.

This framework starts from the study and analysis of the learning domain and the devel-
opment of a training curriculum based on it. The determination of the relevant knowledge com-
ponents (KC) was realized. Once KCs were determined, we proceeded to develop a task model
in base of several interactive tasks that help to train these relevant KCs. The task model was
structured on different leaning modules in accordance to the training curriculum and containing
tasks with different complexity levels. Complexity levels were defined and selected in accor-
dance of the assessment of the number of KCs that each task trains, and how some of them may
be observable or unobservable. Cognitive processes are the kind of information that is based on
the analysis and interpretation of uncertainty information and datamining for education that are
dynamically obtained while learners use the MTCT. Many approaches in the literature may be
found for the interpretation and assessment of cognitive processes in MTCTs, but an approach
called Knowledge tracing (KT) has been widely implemented and documented with successful
results. This approach has been implemented for building the learners model, it uses the benefits
of Bayesian Networks (BN) by means like a probabilistic model. However, KT models presented
on the literature assess prior probabilities of mastery in KCs equally, without taking in account if
they were or were not misused. Thus, a novel BN topology based on the KT approach is imple-
mented for creating the learner model [1]. This topology increases assessment fidelity by imple-
menting in the BN’s topology a diagnostic model. The topology assumes that each task depends
on individual KCs. Thus, the set of relevant KCs in a task are individual cognitive processes,
when a learner attempts to complete a task, KCs can be applied independently one from another,
so their posterior probability of mastery should be assessed separately. After, the learner model
that employs the assessment model above explained is conformed, then it is used to perform
another pedagogical interventions. The selection of tasks is one of the important services in a
MTCT that uses the learner model to be performed.

Furthermore, a method for supplying pedagogical feedbacks is presented. They are offered
after learners attempt to complete a task. Hints are also supplied after an attempt in order to as-
sist learners as well. They are intended to avoid frustration or employing repetitive misconcep-
tions or error patterns. In addition, MTCT computes how many times the student has properly
employed a specific KC and how many times he has misused it. This information is also in-
cluded in the learner model

Obtained results from the implementation of the models and methods above proposed,
demonstrate effectiveness of the approach in based of the increment of the degree of mastery of
KCs in learners. Students obtained up to a 42% better performance than those ones that did not
receive any kind of pedagogical assistance, and it proves the positive educational impact in
learners when the proposed approach is implemented in a MTCT.

[1] Mertononorus o0yuenusi anroputmaMm [Tekcr] : monorpadus / A. I'. Uyxpait. —
Xapwkos : Harr. aspokocm. yH-T uMm. H. E. XKykoBckoro «XapbkoB aBuair. uH-T», 2017. — 336 c.
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Innovative Information Technologies Implementation
into Teaching of Economic-Mathematical Courses in Higher Education

Plynokos D., Shyshkanova G., Shcherbyna O.,
Zaporizhya National Technical University, Ukraine

Modern educational system should correspond to the rapid development of electronic tech-
nologies in our century. The analysis of the current situation of teaching economic-mathematical
disciplines in higher educational organizations has shown that traditional educational methods
still prevail. On the one hand, it is necessary to preserve the traditions of classical academic edu-
cation, in which more than a generation of talented specialists has grown in Ukraine. On the oth-
er hand, informatization of the society has changed the attitude towards knowledge, information
and methods of teaching. It objectively made the modern student with new type of thinking. As
well as the requirements for the results of training, competencies and qualifications of the gradu-
ate from the side of the employers are changed absolutely.

It is possible to solve the problem of high-quality economic-mathematical students’ prepa-
ration under conditions of global informatization using appropriate innovation technologies.
University lecturers more and more often use e-learning techniques in addition to the classroom
traditional methods. New technologies can significantly complement the classroom activities, as
well as take the studying process out of university, providing an interaction between students and
teachers at a distance. Such technologies application becomes especially relevant in the condi-
tions of the necessity of organizing the students’ independent work out of classroom.

The traditional education strong sides are important to keep. The search for new forms,
methods, tools and content of training in the implementation of distance learning forms in the
traditional educational process has led to the emergence of the so-called process of blended
learning. The blended learning helps to integrate the best of classroom and distance learning with
the use of elements of e-learning and mobile learning, and does not contradict the realization of
the competence-based approach. Today, most Ukrainian universities as well as Zaporizhya Na-
tional Technical University use e-learning technologies and distance learning technologies in the
field of educational activities.

Many researchers point out that today the paradigm of blended learning is becoming ex-
tremely popular. However, fully implementation of the blended learning technology is still not
possible. Lectures and practical classes are still by the prerogative of the teacher. Especially this
is relevant for economic-mathematical directions of study. Here one can see the level of stu-
dents’ preparation, as well as the level of their social maturity. Therefore, we can only talk about
the elements of blended learning that are successfully implemented into the learning process.

The most pressing today is the task of understanding what exactly is subject to the so-
called electronization. The basis of the educational process in blended learning is the purposeful
students’ independent work. Due to the usage of the elements of the distance learning, the tradi-
tional learning becomes more flexible. There is an opportunity to formulate for each student
his/her own strategy and methodology of study, taking into account the preoperational level and
the experience. The relationship between teacher and students is changing. The didactic oppor-
tunities are expanded.

We can conclude that the common information and educational space must be created to
develop and implement a blended learning model at university. Successful implementation of the
blended learning model depends strongly on the teacher’s potential. He/she has to possess the
necessary knowledge, the professional experience, the qualifications and the competences in the
e-learning. This should also be supported by a clear coordination of the activities of teachers
with methodologists and programmers. The presence of a computer or mobile devices with
access to the Internet is necessary. Student readiness is required for the implementation of
blended learning, which is defined by the understanding of learning as part of a mixed approach
and
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Academic Integrity Support System based on individual study trajectories
for Ukrainian Universities

Zharikova M. V., Sherstjuk V. G., Kherson National Technical University, Ukraine

The University is a learning community within which students and staff learn from each
other, from their peers andthrough original research. The goals of teaching, learning, and re-
search can only beaccomplished in environments in which ethical standards are upheld. Howev-
er, it is still rare for Ukrainian educational institutions to show their commitment to the prin-
ciples of integrity. Instead, it is more common to find the subject of academic dishonesty.

Most of Ukrainian students use plagiarism in their studying stealing someone else’s work
or ideas and presenting them as their own. The habit to steal is becoming a part of Ukrainian
culture in the period of socialization of individuals, and it appears that the University is the place
where this habit reinforces. Now, the University does not teach the students to steal explicitly but
teach them to the thought that picking somebody’s brains is acceptable. Consequently we obtain
society where any possessions, not only intellectual, lose any validity.

The next big problem is corruption in education. It is difficult to make clear who initiator
of corruption is: teachers or students. As a result, both sides win: the teachers obtain financial
benefits, students save their strength. However, spreading the corrupt practices makes obvious
the gap between student’s interests and teacher’s goals.

The educational system put a big part of compulsory subjects upon the students. Students
have no opportunities for choosing subjects, they are forced to learn a lot of unnecessary infor-
mation, and accordingly it is easier to pay than waist time.

As the result, students know that they should not strain to get University diploma, so the
process of obtaining the knowledge is simple imitation. Thus, the University and the high educa-
tion in Ukraine generally is becoming a school of imitation, dishonesty and cynicism. Academic
dishonesty has become a part of “academic culture”, which deforms society as a whole.

In such conditions overcoming the academic dishonesty requires complex program of ac-
tions. The efforts should be aimed at institutional changes in educational sector.

The goal of this paper is to present web-oriented information system aimed at maintaining
academic integrity in Ukrainian educational institutions. The system provides continuous as-
sessment to track student performance, offer strong student instructional experience. The indi-
vidual study trajectories included in the system enable students toacquire in-depth theoretical and
methodological knowledge in accordance with their ownpreferences and unlock their personal
potential in studying.

The main idea of the system is to educate independence, responsibility, integrity, creativity
among students and applicants, which leads to reduce the risk of plagiarism and unfair that will
raise education quality and obtain graduates, who will be more socially responsible and adapted
to the European society.

The system consists of the following subsystems: the subsystem of diagnostic of Al viola-
tion committed by EP participant, the subsystem of decision support in academic dishonesty sit-
uations, the subsystem of the assessment of Al participant’s rating, the subsystem of creating
individual study trajectory for each student.

Described system will be implemented and start for pilot using in Kherson National Tech-
nical University based on existing infrastructure. The system encourages the responsibility of all
participants of educational process for academic integrity, develops fair and creative forms of
assessment of their activity, reduces opportunities to engage in academic dishonesty. It helps to
maintain academic integrity as a core institutional value that will help reduce corruption, build an
honest and conscientious society and contribute to the integration of Ukrainian universities in the
European Community.
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Impact of Information Technology in Education

Parimal Chandra Biswas, Manisha Das
Adamas University, India

Actuality and vitality of the topic:

We can’t imagine our modern life without Information Technology. Information technolo-
gy (IT) has a significant effect on the way how we live, study, work and communicate world-
wide. IT challenges the traditional process of thinking, making decisions on teaching and learn-
ing and the way the process of education is managed. IT provides instant access to a vast array of
data, information, challenging assimilation and assessment skills. Due to IT learning process
becomes a truly lifelong activity of continuous education and development.

Novelty of the paper:

How integration of IT at Adamas University has significantly changed the effectiveness of
education and management processes.

Analysis in the paper:

This paper analyzes the impact of IT on methods, purposes, scopes, contents of teaching
and learning. It studies the overall effect of IT on teachers, students, their interrelations and per-
ceived potential of education and consequently human progress. It shows how IT revolutionizes
the field of education.

Main body:

The student - teacher dynamic has drastically changed since the introduction of technology
based class structure. The instructor is no longer the king of the classroom but rather a middle-
man between information and student. Instead of a passive sponge soaking up knowledge, the
student has now become an active informational architect, procuring, rearranging and displaying
information.

Information and ideas that were previously out of reach are a click away. Students of all
ages can connect, share, and learn on a global scale. Traditional classrooms became virtual ones,
traditional teachers became virtual instructors. A person in a distant and without actually going
there became possible, thanks to the advent of computer and the internet. Traditional chalk board
setting has now evolved into digital projectors, interactive board even, physical library to virtual
library.

At Adamas University we are using multi-technologies in imparting education. We are
having access to all facilities in terms of educational technology such as multimedia system,
LAN and World Wide Web. With the help of IT we provide audio visual education. The learning
resources are being widen. IT has provided immediacy to education. The pace of imparting
knowledge is very fast and distant learning is becoming more popular.

Every Internet user has a free access to many powerful search engines like Google, MSN
or Yahoo, which can assist in finding any specific information or data within a few seconds. In
addition to that, today’s Internet offers its users an opportunity to watch videos and TV shows
online, read newspapers and books, download a great number of movies, PC games, music,
software and so on. It gives an opportunity to access electronic libraries, e-book catalogues and
databases, scientific documents and academic works, news, educational websites, etc., and can
be of a great help when writing academic researches and course works.

Conclusion

The integration of information technology in teaching and learning is a central matter in
ensuring growing potential and quality in the educational system overall and particularly at
Adamas University. Students become familiar with the use of information technology, since all
competitive jobs in the society are related with IT.
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Po3pobka inTe/IeKTya/IbHOI KOMIT’IOTEPHOI CMCTEMH, 10 HABYAE MPOEKTYBAHHIO CHCTEM
YHPaBJIiHHSA 0e3NIJIOTHUMMU JIITAIOYMMHU anlapaTamu

Bbuukosa 1. B., Hauionansuuii aepoxocMiunmii yHiBepcureT iM. M.€. XKykoBchKoro
«XapKiBChbKUH aBiamiitHuil 1HCTUTYT, YKpaiHa

B cyuyacHux ymoBax pegopMyBaHHsS OCBITHHOTO MPOLECY OUIBINICTh HAYKOMICTKHUX Tally-
3ell 3HaHb 3a3HAIOTh CIIPOILEHHS [IPU BUBYEHHI, 1110 B CBOIO YEpry BIUIMBA€E HA SIKICTh OCBITSH 1
HayKku B 1iiomy. 11106 He BTpaTUTH BUCOKI TEMITH B OCBITi, 3 pO3BUTKOM iH(POPMALIHHUX CUCTEM
OyJ10 3aImpONOHOBAHO ACKUIbKA NUISIXIB MO0 J0nmoMory y HaB4yaHHi. [lepiii ciipobu peanizyBa-
TH TaKi 1HTEIEKTyaJbHI KOMII IOTEPHI CHUCTEMH JATYIOTHCS CEPEAMHOI0 MHHYIIOTO CTOPIdYsl.
Bigomi cydacHi cucremu, 110 Ha0y/IM MIMPOKE BU3HAHHS MAIOTh BIJHOIIEHHS /10 BUBYEHHS Ma-
TEMAaTUKH, aHamizy (QyHKUiH, mporpaMyBaHHs, PO3yMIHHIO KIIMAaTHYHUX 3MiH Tom[o. Takox y
0araTboX KpaiHax CBITY BeAYTbCS JOCTIIKEHHS 10 aKTMBHOMY 3aly4Y€HHIO IHTEJEKTyalbHUX
KOMIT'FOTEPHHUX HAaBYAIOUUX MPOTpaM [0 MOJIMIIECHHS SKOCTI OCBITHBOTO IPOIIECY, a caMe 3HU-
’KEHHs HaBaHTa)KEHHS Ha BUKJIA/1adiB, MIJBUIIEHHS YBaru 10 KO)XHOro yuyHs. Koyio pisHOMaHIT-
HUX HalpsMKiB y BUKOPHCTAaHHI HABUAIOYHMX CHCTEM MOXeE OYTH CYTTE€BO PO3LIMPEHE 1 TOMY J0-
CJIIJDKCHHSI TIPUHITUITIB, MOJIEICH, METOMIB aJTOPUTMIYHUX 1 MPOTPAMHOI0 3a0€3MeYCHHS 1HTE-
JEKTYAIbHUX KOMIT FOTEPHUX HABUAIOUMX TPOTPaM € aKTyallbHUM. A camMe MOKE CYTTE€BO IOK-
palUTH SIKICTh Y HaBYaJIbHOMY IpPOIEC 3 MPOEKTYBAaHHS CHUCTEM YHPAaBIiHHS O€3MiIOTHUMHU
JTaTbHAMH anapaTaMm, 00 cydacHi TEXHOJIOTIi BUMAraroTh JI€TAIBHOTO ONPAIFOBAaHHS BEITMKOTO
00’emy iHpOpMaIIii.

[To-nepe, Tpeba Ga3zyBaTucs Ha IETATLHOMY BUBUEHHI IPOrpaM HaBYaHHS Ta MaTepialiB,
K1 Oy/ie TTOKJIaJeHO B OCHOBY KOMII FOT€PHOI CUCTEMH, a TAKOXK JOCIIPKEHHIO TUIIOBUX MPOBa-
JIiB y BUBYEHHI Marepially, TaKMX K HE PO3YMIHHS SBHIL Ta MPOIECIB, HE BOJIOAIHHS HAaBUUYKaMU
Ta MOCIIOBHOCTSMHU y PO3PaxyHKaX, OCKIJIbKH TUIBKM NPU BUCOKOMY piBHI aHali3y Mpobiiem
HaBYaHHS BJACTbCs peai3yBaTH sSKICHE MOKpAIIeHHs Ta JIONOMOry BHUKiaaauesi. Jlami Tpeba
PO3pOOUTH MOJIENb 3aB/IaHHS Y PI3HUX PEXHMAaxX: HABUAHHS, 3aKPIIUICHHS, TECTYBaHHA. A TaKOX
Ha IIbOMY €Talll HeOOX1JHO JIOMOBHUTH Ta PO3IMIMPHUTH ICHYIOUY MOJENb OCOOH, L0 MIJJISrae
HaBYaHHIO Ta MoJeni JaHux Ta SQL-3amuTiB, 10 BUKOPUCTOBYE IHTENEKTyallbHA KOMI IOTEpPHA
cuctema. Ha TpeTboMy eTarii miaHyeTbCsi po3poOKa METO/1iB aBTOMAaTUYHOI reHepallii 3aB/IaHb Ta
CTPYKTYpPHU PO3paxyHKiB, 3 MOKJIMBICTIO HAKONMUYEHHs 1H(popMalii mpo XiJ Ta yac HaBYAIbHOTO
MpoIlecy Ta BKIIOYEHHS HOBUX KOMIIOHEHTIB JI0 CHCTeMH. Ha 3akito4HOMY eTarni 3ariaHOBaHO
PO3po0Ky MaTeMaTHYHOIOo, MPOTrpPaMHOro 3a0e3NedeHHs MPUKIAJHUX IHTENEKTyaJbHUX Mpo-
rpaM, 10 HaBYAIOTh IMPOEKTYBAHHIO CUCTEM YIPaBIIHHS O€3MIJIOTHUMU JITAJIbHUMU anaparamu,
a TaKOXX IPAKTUYHE BIIPOBA/KEHHSI TA OL[IHIOBAHHS PEe3yJIbTATIB BIIPOBAIXKEHHS.

[TpoBeaeHo aHaii3 CydyacHOTO CTaHy PO3BUTKY aHAJOTIYHUX JOCTIKeHb. [lepeBakHa Oi-
JBIIICTh JOCTYMHUX aHali3y CUCTEM — 1€ KOTHITUBHI IPOrpaMH, 3aCHOBaHI Ha Teopii Mi3HaHHS.
[IpoTe BOHM MarOTh ACKUTbKA HEJOJIKIB, TAKHX SIK OOMEXEHa Taly3b BUKOPUCTAHHS Ta CKIa-
HICTh PO3POOKH MpaBHJI, [0 MOXKYTh OyTH HECKIHUEHHI Ta 0OMEXYIOTh XiJl BUPILICHHS 3aj]ady.
Tako BiZOM1 CUCTEMH HaBYaHHS, 10 0a3yIOThCS Ha OOMEXKEHHSX, MPOTE€ BOHU TaK0X MAarOTh
HEJI0JIIKH, TTOB’SI3aHUM 3 1X HEJOCKOHATICTIO. ToMy po3poOKH 1HTENEeKTyaJIbHUX CUCTEM, 10 OY-
IyTh 0a3yBaTHCS Ha KpalldX HAJOAaHHSIX Ta Cy4aCHUX MAaKCHMyMaxX TEXHOJOTIYHUX JTOCATHEH-
HSX CHOTOJICHHS, TAKUX K JBa IIMKJIM — 30BHIIIHBOTO, 10 BiAMOBiAE 3a BUOIp 3aB/laHb Ta MpoO-
1[eC HAaBUaHHS YYHs, Ta BHYTPIIIHBOTO — IO JOIOMAarae Ha KOXXHOMY KpOIl MpHU pO3B’S3aHHI
3aBJaHb.

TakuM 4MHOM, PO3TIISIHYTO TEPCIIEKTHBHI HANPSMKHA MO0 BUKOPUCTAHHIO IHTEIEKTYaTbHOT
KOMIT F0T€PHU30BaHOI CUCTEMH SIK MIAX1J 10 BUPIIIEHHS MPOOJIEMH MOMIMIIEHHS SKOCTI HaBYaHHS
MPOCKTYBAHHIO CUCTEM YIPABIIHHS OC3MUIOTHUMH JIITAILHUMH arapaTaMy NUISIXOM. Takuid 1mi-
IX1J 10 HaBYaHHS Ma€ psAJl CYTTEBUX IEpeBar y MOpiBHAHHI 3 Hapa3i y)xuBaHumu. [lnanyerscs
BIPOBAKEHHS K B ayITUTOPHUI HABYAIBHHI MPOIIEC, TAK 1 B CAMOCTIHHY MIATOTOBKY yUHIB.
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PesyabTaTsl ycroituusoctu oopasosaresbHoro TEMPUS npoexkra CITISET
B 00JIACTH MHTE/JIEKTYAJIbHBIX TPAHCIIOPTHBIX CHCTEM

Boanap b. E., Xykosunkuit 1. B., Ckano3y6 B. B., Uepnosa H. C.,
JlHenponeTpoBCKUl HAIMOHAJIbHBIA YHUBEPCUTET
YKEJIE3HOJOPOKHOTO TPAHCIIOPTAa UMEHM akaaemuka B. Jlazapsina, Ykpauna

B noxnane oOcyxmaroTcsi OCHOBHBIE pe3ynbTaThl 1o ycroruuBoctd TEMPUS mpoekra
«KomMmyHUKanmmoHHele M MH()OPMAIIMOHHBIE TEXHOJIOTUU JJIsi oOecrieueHus: 0e30MacHOCTH U
3G (GEKTUBHOCTH JIBUXKEHUS TPAHCIOPTA: €BPONEHCKO-POCCUNCKO-YKPAaUHCKasi Marucrepckas U
JOKTOPCKasi MPOrpaMMBbl 110 MHTEJUIEKTYalbHbIM TpaHcopTHbIM cuctemam» (CITISET). Ycroii-
YMBOCTh IPOEKTA XapaKTEPU3YETCsl HENPEPBIBHBIM Pa3BUTHEM U PACIPOCTPAHEHUEM €ro pe-
3y/lbTAaTOB, B TOM YMCJIE MOJTYYEHHBIX IIOCIIE 3aBeplleHus npoekTa. [Ipu 3ToM pe3ynbrartsl mnpo-
€KTa pacCMaTPUBAIOTCS HA NMHAUBUAYAIbHOM, HHCTUTYLIMOHAJIBHOM U PETMOHAIbHOM YPOBHSIX.

B nHacrosiee BpemMss BO MHOTHX pa3BUTBIX cTpaHax mupa. EBpocorosa, B Poccun n Yk-
panHe Bce BO3pacTarolllee BHUMaHHE YAEIeTCs IN100aabHbIM IPpoOaeMaM TPaHCIOPTa, BKIIIOYast
MIOBBIIICHUS €ro 0€30MacHOCTH, 3((HEKTUBHOCTH ¥ MOOMIBHOCTH, YMEHBIIICHHE BIUSHUS TPaHC-
IIOpTa Ha OKPYXKAIOILIYI0 cpeAy U psana aApyrux. [Ipu 3ToM B KadecTBe cpencTBa pelIeHus Ipo-
OJIeM TPUHATO CO3/IaHUE, WCIOJIB30BAHNE W PA3BUTHE WHTEIUICKTYAIBHBIX TPAHCIIOPTHBIX CHC-
teM (UTC), xoTOpble aKKyMyJUPYIOT U UHTETPUPYIOT B ce€0e KOMIUIEKCHI JTOCTHXEHUH u3 00-
JACTH TEIEKOMMYHHKAIMA, WHPOPMAIIMOHHBIX TEXHOJIOTHI, METO/IOB MHTEIICKTYAIbHBIX CHC-
TEM, CIIyTHUKOBBIX TEXHOJOI'MH MO3UIIMOHUPOBAHUS, Teorpapuueckux MHPOPMALMOHHBIX CHC-
teM. [liis co3nanus v 3GEKTUBHON IKCILTyaTalliy TaKUX CIOXHBIX cucteM, kak UTC, Heo6xo-
JMMa MOATOTOBKA BBICOKOKBAJIM(UIIMPOBAHHBIX CHELMAINCTOB, MarucTpOB U JoKTOpoB phD, co
3HAHWSMM U HaBbIKAMU CHUCTEMHOIO aHaJlM3a, MPOEKTHPOBAHMS, INIAHUPOBAHUS, CO3/aHUSA U
yIIpaBJIEHUs TPAHCIIOPTHBIMU cucTeMaMu HoBoro tumna — UTC.

Koncopruym yuactHukoB coBMectHoro esporeiickoro npoekra CITISET cocrosin uz 12
yHuBepcuteToB (1o 4 — ot EC, Poccun, YkpanHsl), KOTOpbIE OXBaThIBaJIU 4 BHUa TpaHCIOPTA:
aBUAIMOHHBIN, MOPCKOM, JK€IE€3HOIOPOKHBIN, aBTOMOOMIIbHBIH, a TaK)Ke OJHOTO NMPEATNPUATHUS -
Poccuiickuii HHCTUTYT paJlOHaBUTallUd U BPEMEHHU. YYAaCTHUKH: yHUBepcuTeT CayTreMnToHa
(Benukobpuranus), Cankr-IlerepOyprckuii rocyaapcTBEHHBI YHUBEPCUTET a3POKOCMUYECKOTO
npubopoctpoenuss (Poccus), HanpoHanbHbIH a3pOKOCMUYECKHI YHUBEPCUTET «XapbKOBCKHUN
Asunannonssii Uuctutyr» (Ykpauna), MHctuTyT Tpancnopra u cBsizy, (JlarBus), Mypmanckuit
rocynapcTBeHHbI TexHudeckuil yHuBepcuteT (Poccus), Onmecckuil HaIMOHAIBHBIA MOPCKOM
yHuBepcuteT (Ykpauna), YauBepcurer Jlundyonunra (IIBenust), Camapckuil rocynapcTBeHHBIN
TexHuueckuil yuusepcureT (Poccust), JKutoMupckuii rocyiapcTBeHHbIH TEXHOJIOTUYECKUN YHU-
BepcuteT (Ykpauna), Cunesckuil yauBepcurer texnosoruit (Ilonmpmia), MockoBckuii rocynap-
CTBEHHBI YHUBEpPCUTET myTei coobmenus (Poccust), JlHenponeTpoBckuii HAIMOHAIBHBIA YHU-
BEPCHUTET KeJIe3HOJO0pOoKkHOTO TpaHcnopTa (Ykpauna), OAO «Poccuiickuil HHCTUTYT pajloHa-
BUTAIMK U BpemeHn» (Poccus).

[enp mpoexTa 3akioyaiach B yBeIMYEHUU 0e30MacHOCTH U 3((HEKTUBHOCTH TPAHCIOPT-
HBIX TTOTOKOB, U MpeaycMaTpHuBaia pa3paboTKy MarucTepcKux M JOKTopckux phD mporpamm B
obnactu UTC B poccHHCKUX M YKPAaWHCKUX YHUBEPCHUTETaX B COOTBETCTBHM CO CTaHAapTaMH
EC. Peanu3zanus npoekTa 1mo3BoJisieT TOTOBUTh JAUIIOMHUPOBAHHBIX CHEIMAIMCTOB, CIIOCOOHBIX
Ha BBICOKOM YpPOBHE HCIIOJIb30BaTh KOMMYHUKAIIMOHHBIE TEXHOJIOTUU JJIsi oOecrieueHus 6e30-
NAacHOCTH U 3(P(PEKTUBHOCTH TPAHCIOPTHBIX MOTOKOB. B KaknoM yHHMBepcuTeTe ObLT CO3/1aH
o0Opa3oBaTeNnbHbIN HEHTP sl 00y4eHUs CTYACHTOB, BKJIIOUas COBPEMEHHBIE KOMITbIOTEPHI, TIPO-
rpaMMHOE 0OecleyeHHne, HaBUTAIMOHHOE 000PYIOBaHUE CUCTEM, a TAKXKE AIICKTPOHHBIE BEPCUU
JIOKYMEHTOB, PYKOBOJCTB, YY€OHBIX MaTEPHAIOB U JJAOOPATOPHBIX padoT.

06 ycroitunBoctu pe3ynbraroB npoekta CITISET cBuaeTenbCcTBYeT MONOXKUTEIbHAS TU-
HaMMKa OOLIMX M3MEPHMBIX HHIUKATOPOB AKTYaJIBHOCTU PE3yJbTATOB INPOEKTA: KOJIMYECTBO
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YYaCTHUKOB, TI0JIb30BaTENICH PE3ylbTaTOB MPOEKTA, YUCIO pa3pabOTaHHBIX y4eOHBIX IUIAHOB U
KypCOB, KOJIMYECTBO MOATOTOBJIEHHBIX U BBINYIIEHHBIX MyOnIMKanui, ydeOHUKOB MU MOHOTpa-
¢uit. MHaMKATOPHl aKTyaJbHOCTH MPOEKTA BKIIIOYAIOT: KOJHYECTBO CIIyIIATeNeH-CTy/lIEeHTOB,
KOJINYECTBO 3aIMIIEHHBIX MAarMCTEPCKUX PadOT, YHUCIIO 3alIUIEHHBIX JTOKTOPCKUX U KaHIUAAT-
CKHUX JIUCCepTaluii IO TEMATUKE MPOEKTa, KOJUYECTBO MOCTYNUBIINX B ACIIUPAHTYPY.

PackpsiBarorcst nenu u tutansl npoekta CITISET, kotopsie Bce ObLITM JOCTUTHYTHI, MPH-
YeM I10CJI€ 3aBEPILEHUS [TPOEKTA IPOU30IIIO UX CUCTEMHOE Pa3BUTHE KOJIMYECTBEHHO U KAyeCT-
BeHHO. B Hacrosiiee Bpemsi pazpaboTaHHbIE MarucTepckue U gokropckue phD mporpammsl no
WUTC BHenpeHbI B YHUBEpPCUTETaX CTpaH-MapTHEpoB. IloBbimieHa kBanuduKanus mpernojaBaTe-
ne#t B yausepcuterax EC. OnyOnukoBaHbl yueOHO-METOIUYECKHE MaTEPHAIIbI IO MAarMCTEPCKOM
U JTOKTOpCcKOoU mporpamMmam. OTKpbITH 1aboparopuu UTC B yHuBepcUTEeTaX CTpaH-MApTHEPOB.
BHuenpena cucrema obecrieueHus kauecta o0y4ueHHs ¢ yueToM omnbiTa yHuBepcuteroB EC. Cos-
JaHa coBMecTHas »JekTpoHHas OubOnuoreka cpencts MTC. IloaroroBieHbl CHEUATUCTHI 110
HOBOM Marucrepckoit nporpamme B cpepe UTC. PacripocTpaHeHbl pe3yabTaThl IPOSKTa MEXTY
apyrumu npoduinbHbIME yHUBepcuTeTamu Poccnn u Ykpaunsl. B /I Te BeimonHeHo paciiu-
peHHE CHEKTpa JAUCLUIUIMH 110 BBIOOPY CTYAEHTOB B HOBBIX MarkMCTEPCKUX M JOKTOpckux PhD
IIporpaMMax MOJrOTOBKH, I'/I€ BO3MOXHO (JOPMUPOBAHUE MHAMBUAYAIbHBIX IJIAHOB, COOTBETCT-
BYIOILMX MTOTPEOHOCTSAM MCCIEIOBAHUM U Pa3pabOTOK.

B nacrosmmii nepuon 49 crynentoB ¢akynerera «Texnuueckas kuoepHeruka» JJUNTa,
CHELUAIBHOCTEN «KOMITBIOTEPHBIE CUCTEMBI U CETH» M «IIPOrpaMMHOE 00eCleYeHUE CHUCTEM»
MOJIYYMJIM JUIJIOMBI MarucTpa 1o cnenuainzauuu «/HTemiekTyaabHble TPAaHCIIOPTHBIE CUCTE-
Mbl». B Tekymem y4eOHOM roay 3akaHUMBAIOT MOATOTOBKY euie 32 maructpaHTa. B pamkax
npoekta CITISET B yHuBepcurere 060pymoBaHa 1a00paTOpHs WHTEIUIEKTYaJIbHBIX TPAHCIOPT-
HBIX cucteM. Ha ocHOBe HMCIO/Ib30BaHMsl €€ MPOrpaMMHO-TEXHUYECKUX CPEJICTB ObUIM pa3pado-
TaHbl Psii MaruCTEPCKUX MPOEKTOB, 3allMIllEHa OJHAa KaHJIUAAaTCKas JuccepTalus, MOAroToBiIe-
HBI K 3ammte emle 3. B 2016 rogy ais nonydeHus cteneHu nokropa phd B aciupanTypy yHUBEp-
cuteta noctynwin 2, B 2017 romy emie oIMH COMCKATENb, UCCIEIOBAHUS KOTOPBIX OyayT mpo-
BOAUTHCS B obnacTtu pazsutus UTC.

BaxupiM ¢akTopoM, CBHUIETENBCTBYIOIIMM OO0 YCTOWYMBOCTH pE3yJbTaTOB IPOEKTA
CITISET, sBasercs BbimosnHeHue yHuBepcutreroM B 2017/18 rogax rocOroKeTHOTO Hay4HO-
UCCIIEeI0BATEeNbCKOro ImpoekTa «lloBblllleHNE KOHKYPEHTOCIOCOOHOCTH >KEIE€3HOJIOPOKHOTO
TPaHCIOPTa Ha OCHOBE YHU(HUIIMPOBAHHBIX MHTEIJICKTYaIbHbBIX TEXHOJIOTHI MPOLIECCOB MEPEBO-
30K M 9KCIUTyaTal[My MapKoB TEXHUYECKUX cUcTeM». Llenb mpoekTa 3akiarodaercs B MOBBIILIEHUN
3G HEKTUBHOCTH KEJIE3HOJOPOKHOIO TPAHCHOPTA YKpauHbl NMyTeM CO3JaHHUS MHHOBAIIMOHHBIX
MHTEJJIEKTYaJIbHBIX TEXHOJIOTUH M COBEPLIEHCTBOBAHMSI aBTOMATHU3MPOBAHHBIX CHUCTEM YIIpPaB-
JICHUS TIPOLIECCAMU MEPEBO30K M AKCIUTyaTalluM MapKOB TEXHUYECKHX CHUCTEM Ha OCHOBE (op-
MUPOBAHUS WHTEJUIEKTYaJIbHBIX CHCTEM Kere3HoaopoxkHoro tpancrnopra (MCXKT). B nem 005-
€KTOM HCCIJIEJOBaHMsl SIBJIAIOTCS aBTOMATU3MPOBAaHHBIE NMPOLIECCH] YIPABIEHUS TPY30BBIMM I1€-
PEBO3KAMHU M JKCIUTyaTallued MapKoB kKeyne3HOJopoKHBIX TexHuueckux cuctem (IDKTC). Pac-
CMaTpPUBAIOTCS MHOTOYPOBHEBBIE MPOLIECCH YIpaBiIeHUs nepeBo3kaMu U 3kcruryaranuuu [IDKTC
B peaJbHOM MaciuTabe BpeMEeHH, a Takke HHGOPMAIMOHHO-YIPABIISIIONIME TEXHOJIOTHU, HC-
II0JIb3yEMBIE B CTPYKTYpPaxX HMHTEIUIEKTYyaJIbHBIX aBTOMAaTHU3UPOBAHHBIX CHUCTEM IKEJIE3HOJOPOXK-
HOTO TpaHCHOpTa YKpauHbl. B HUX yUHTBHIBAIOTCS YCIOBUSI MHOTOKPUTEPHAIBHOCTH, pacipese-
JICHHOCTH U BBICOKOW pa3MepHOCTH 00BEKTa, a TaKkKe (paKkTOPbl HEOAHOPOAHOM HEONpeIeIeHHO-
CTH COCTOSTHUHM U CIIO)KHOCTH OLIEHKH U y4eTa BeJIMYMH TeKYIIMX JaHHbIX. MccaenyroTes uHHO-
BaIlMOHHBIE YHU(DUIIUPOBAHHBIE MOJIEIM W MHTEJUIEKTyaJbHbIE TEXHOJOTMU YIPaBIIEHUS MpO-
reccamu nepeBo3ok u skcrryatanuu [DKTC, amantupoBaHHBIE K YCIOBUSM (PYHKIIMOHUPOBA-
HUS aBTOMaTHU3UPOBAHHBIX CUCTEM, KOTOpBIE Jajiee UCTIONb3YIOTCS s 3((HEeKTUBHOTO aHAIN3a,
IUTAHUPOBAHMS U YIIPABJICHUS B YCIOBHAX HEONPEAEICHHOCTH Pa3JINYHbIX THUIIOB.
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[TpoekT mMeeT MEeXIUCHUILTUHAPHBIA XapakTep, TpeOyeT WMHTErpalud pe3ylbTaToB OT-
JIeJIbHBIX HAIIPABJICHUSI UCCIIE0BAHU, a UMEHHO: - (POPMUPOBAHUE CUCTEMbI MHTEIJIEKTYaJIbHO-
aHasiuTudeckux cepsucoB ynpasieHus (MACY), monenupoBaHue M aHalIM3 MPOLECCOB IPy30-
BBIX [1€PEBO30K C UCIOJIb30BAHUEM JAHHBIX CIYTHUKOBOM HaBUI'alLlMU; - pa3pabOTKa TeopeTHye-
CKHX OCHOB M IpOLEAYp IO MPUMEHEHHWIO METO/I0B ONTUMAJIbHOW alPOKCUMALUU CIIOXKHBIX
(GyHKUIMH B METPUYECKUX MPOCTPAHCTBAX C MHTErPabHOW METPUKOM, NOIY4EHHUE OLEHOK TOY-
HOCTH aNIpoKCUMAIHii; - pa3padoTKa MHTEJUIEKTYaIbHBIX METOJOB U CPEJICTB YIPABIECHUS IIPO-
LeccaMM IE€PEBO30K M JKCILIyaTallMy IAPKOB TEXHUYECKUX CUCTEM C y4E€TOM MHOTOKPUTEpH-
QIBHOCTM M HEOJHOPOJHON HEOIPENEICHHOCTH IIapaMeTPOB TEXHOJOTMYECKUX IPOLIECCOB,
dbopmupoBanue 6a3 3Hanuit UACY; - pa3paboTka U Ucciae0BaHUE METOA0B OIIEHKH 3 (HEKTHB-
HOCTH (DYHKIITMOHUPOBAHMS IMPOrpaMMHO-annapaTHbIX cpeaax ACY Kene3HOA0pOKHOTO TpaHC-
nopta; - (GopMHUpOBaHHE METOAOB M yHuuMpoBaHHbIX cpeactB g MACY, uccnenoanus
s dpextuBHOCTH 1 6e30nacHocTr MACY Kelne3HOI0pOKHOTO TPAHCIIOPTA.

OO6cyxnaoTcss 0cOOEHHOCTH pa3padaThIBAEMOI0 METOAOJIOIMYECKOr0 MOAXO0/a, MOAEIH,
METO/JIbl U CPEJICTBA, KOTOPbIE UMEIOT PsAJl OTIMYMN OT U3BECTHBIX. PaccMaTpuBatoTCs BOIPOCHL:

- CO3/1aHue YHU(DPULUPOBAHHOM M CHELMATM3UPOBAHHOW CTPYKTYpPbl HMHTEIUIEKTYyaJlbHO-
AQHAJIMTUYECKUX CEPBHUCOB il popMupoBanus mozeneid 1 Mero10B MACY xene3Ho10poKHOro
TPaHCIOPTA;

- pa3BUTHE MOJENIEH U METOJI0B ONTUMAIbHON alIPOKCUMALIUU CIOXKHBIX (PYHKIIMHA B MET-
PUYECKUX NPOCTPAHCTBAX C MHTErPajbHONM METPUKOM, MOJYYEHHs TOUYHBIX OLEHOK aIlllPOKCH-
Malui Ha OCHOBE IIPOCTPAHCTB ¢ KOHEUHBIMU METPUKAMU;

- pa3BUTHE METO/0B aHAJIN3a, KJIacCU(UKALUU U MPOTHO3UPOBAHUS JUHAMUYECKUX IPO-
LIECCOB, MIPE/ICTABICHHBIX AHTUIIEPCUCTEHTHUMbI BDEMEHHBIMU PsJIaMU;

- pa3BUTHE METOJO0B aHAIN3a TEXHOJOTMYECKUX IPOLECCOB, IPEACTABICHHBIX HEYETKUMHU
BPEMEHHBIMU PSIIAMU C HEYETKUMHU HMHTEpBaJlaMU, KOTOPbIE OTJIMYAETCS OT M3BECTHBIX IpOIie-
JypamMH NPOTHO3UPOBAHUS 3HAYEHMM HEYETKUX IOKA3aTeled B YCTaHOBJICHHBIX Y3J1aX PaBHO-
MEpPHOU CETKH

- YCOBEPILIEHCTBOBAHUE MOJAEIEN U METOJOB MHOTOKPUTEPUAIBHOIO YIIPABJICHUS IIPOLEC-
caMM SKCIUTyaTalluy NapKOB TEXHUYECKUX CHCTEM Ha OCHOBE MapaMeTPOB UX TEKYLIETro U IMpo-
THO3UPYEMOTI'O COCTOSIHUS, KOTOPOE OIPENEIAETCS IPOLEypaMu KCTPAIOJISALINAN;

- Pa3BUTHE METO/IOB aHAJIN3a U MPOTHO3UPOBAHUS MTPOLIECCOB AKCIUTyaTallUU 10 TEKYLIEMY
COCTOSIHUIO MapKOB MOJBH)KHOTO COCTaBa U OOBEKTOB MH(PACTPYKTYpPHl HA OCHOBE MHIMBUAY-
aJIbHBIX HEMPOHHO-HEUETKUX aJaNTUBHBIX MOJENEH, CO3/1aBaeMbIX MO TEKyIIUM JaHHbIM ACY
KEJIE3HOJOPOKHOTO TPAHCIIOPTa,

- COBEpIIICHCTBOBAHUE METOJIOB U CPEJICTB OIPENEICHUs OUYEPETHOCTU POCITYCKa COCTaBOB
IIpU [UIAHUPOBAHUHU IIOE3/10II0TOKOB Ha IOCIEN0BATEIBHOCTH COPTHUPOBOYHBIX CTaHLIMHA C HC-
nosib3oBanueM AaHHbIX ACK BII V3-E xene3nonopoxHoro Tpancnopra Y KpauHsl.

Obecneuenne ycnexa U yCTOMUMBOCTU TaKUX MPOEKTOB TPeOYyIOT 3(h(HheKTUBHOTO aMUHU-
CTPaTUBHOTO M (PMHAHCOBOTO PYKOBOJICTBA, O€3yCIIOBHOTO, MOJHOTO M CBOEBPEMEHHOE MpPOBE-
JIEHUE MEPOIPUATHI MTPOEKTa, CBOEBPEMEHHON U MOCTOSIHHOW MOJArOTOBKM OTYETHOHN JTOKYMEH-
Taluu, 00ecreyeHus! JOBEPUTEIbHOCTH, B3aMMHOIO YBaXEHUS MPaB U MHTEPECOB YYaCTHUKOB
MIPOEKTa, UX KOPPEKTHOro, 3(p(heKTUBHOTO M IMPO3pauyHOro B3auMoaeucTBHs. CyIiecTBEHHBIM
(dakTopoM sBIsETCS OoOecrneueHue NpeyCMOTPEHHON MPOEKTOM 3allUThI MPaB MHTEIIEKTYalb-
HOM U IpyTux popM COOCTBEHHOCTH.

[TapTHEpcTBO yHHBepcuTeTOB-ydacTHUKOB Ipoekta CITISET Ha ypoBHe pa3BuTus OT-
JIeTbHBIX HalpaBJIeHUI UCCIeI0OBaHUN, MMPOBEACHUS U Y4acTHs B KOH(EPEHIUIX, MOBBIIICHUS]
KBaJIM(UKAIMK, PELEH3UpPOBaHUs MOHOrpaduii, nucceprauuid, HaydHbIX MyOJMKaIMil — Mmpo-
JOJKAETCA.
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IMapameTpbl HH(POPMALMOHHBIX CUTHAJIOB

benses H. b., JlHenponeTpoBCKUI HALIMOHAIbHBIN YHUBEPCUTET JKEJIE3HOLOPOKHOTO
TpaHCIIOpTa UMEHHU akaaemuka B. Jlazapsna, Ykpanna

B panuorexHuke, TEXHUKE CBSI3M M MH(OPMAIMOHHBIX TEXHOJIOTUSAX HMH(POpPMallMOHHbIE
CUTHAJIbl XapaKTepU3YIOTCSl CHUJIOBBIMU (HAIpPsDKEHHE, TOK) M SHEPreTHYeCKUMHU (MOILHOCTB,
SHEprus, INIOTHOCTh IOTOKA MOIIHOCTH M 1p.) mapaMerpamu. Yamie BCero MHTEPECYHOTCS He
a0COIIOTHBIMH 3HAYEHUSIMU DTHX napamMeTpoB, a UX OTHOUICHUSAMMU. Ho IIpu 3allMCH TaKUX OT-
HOIICHUN BO3HUKAET HEYA0OCTBa. Bo-miepBhIX, HEOOXO0IMMO 0053aTeNbHO YKa3bIBAaTh IJIsl KAKUX
(CUIJIOBBIX MJIM PHEPreTHUYECKUX) IIapaMeTPOB 3TO OTHOLIEHME 3anucaHo. Bo-BTOpbIX, pH OTHO-
LICHUM MEHBIIEM E€IMHMIBI 3HAYCHHUs U3MEHAIOTCS B quanaszone oT 0 no 1, a nmpu oTHOIIEHHH
OoJblle €TUHUIIBI - B IMana3one oT 1 1o +00. B-TpeTbux, COBpEeMEHHbBIC TEXHHUECKUE YCTPOMT-
Ba MMCHOT JOCTATOYHO 0O0JbIIIME 3HAYECHUS KOG(i)I/IIII/IeHTOB KakK OCJIa6JIeHI/I$[, TaK U YCUJICHMUA,
YTO BBIHY/Ia€T ONEPUPOBATH C OOJIBIIUMU YHUCTAMH.

N36exats 3TH HeynoOcTBa mo3Boisier equauna CU norapudmuyeckoll OTHOCHTEIBHOM
BEJIMYMHBI, HA3BAaHHOW B 4ECTh aMepUKaHCKOro yueHoro A.I'. bemna. B aToii ennHune 3a ucxon-

b,

HO€ OTHOILEHUE OepeTcs OTHOLLIEHUE SHEPTeTUYeCKUX napamerpos: 16 = lg (F*j npu P, = 10P;,,
F, —,

rae Py u P; — sHeprerudeckue napameTpsl, win 15 = Elg(;] npu F, =+ 10F, - 11 CUI0BbIX

napameTpoB. OO0bryHO npuMensroT 0,1 gomo bemna — neumben. Takum o6pazom, nenuben (nb,
dB) paBeH mokaszaTeiro CTENEHH, YMEHBIICHHOMY B JECATh pa3 Ul SHEPreTUYECKUX IapaMeT-
pPOB WK yMeHbIIEHHOMY B 20 pa3 Jjisi CHJIOBBIX MapaMeTPOB, B KOTOPHIH HAJ0 BO3BECTH YUCIIO
10, 9TO OBI MOTYYUTH OTHOILIIEHHWE COOTBETCTBYIOIIMX [TapaMETPOB, BHIPAKEHHOE B pa3ax.

[Tone3Ho 3aroMHUTH:

1nb # 1,26p. mo momHOCTH U * 1,12p. 110 HANPSHKEHUIO;

3ab % 2p. mo MomHOCTH U ¥ 1,4p. 110 HANIPSKEHUIO;

- 1nb 7 0,79p. nmo momHOCTH U ¥ 0,89p. O HANPSKEHUIO;

- 3ab # 0,5p. mo momHOCTH U & (,707p. O HANPSHKEHUIO.

Torna, manpumep, 46ab = (40+3+3) ab — 10 000 x 2 x 2 = 40 000p. MO MOIIHOCTH WJIH
200p. mo Hanpspkenuto. [Ipu m3mepeHnn aOCONIOTHBIX BEIMYMH CUTHAIOB B b 3a yCIIOBHBIN
HYJIEBOM YpOBEHb CHTHaja MPHUHATAa MOIIHOCTh, paBHas | MBT, BblAensieMoil B Harpy3ke ¢ ak-
TUBHBIM conpotuBiieHreM B 600 Om. IIpu Takoi MOIIHOCTH U IIPU TAKOM 3HAYEHUH COMPOTHUB-
JIEHUs Harpy3KH JefCcTBYIOllee 3HadeHue HampspkeHus Oyzaer paBHo 0,775 B. DT1o 3HaveHue
MIPUSATO 32 HYJICBOM YPOBEHB HAIPSDKEHUS. DTOT YPOBEHb HANPSHKCHHS UCIIOJIb3YETCS M B CIy4a-
SIX, KOTJIa CONpOoTHUBIIeHUE Harpy3ku He paBHO 600 Om. Takum 00Opa3oM, ypOBEHb MOIIHOCTU
CUTHaJa, BRIpaKEHHBINH B b, paccuntbiBaetcs Lab = 10 l2(P)+ 30, a YPOBEHb HANPSKEHUS -

u
NaB = 20lg (——

B, TO ypoBHHU IOJOKUTEIBHBIE, B IIPOTUBHOM ClIydae — OTPULIATENIbHbIE. ECIIM CONIPOTHUBIICHHE
Harpy3ku He paBHO 600 Om, TO ypoBEHb HaNpsKEHUs, BEIpAXKEHHBINH B 1b,He Oy/l1eT COOTBETCT-
BOBATh YPOBHIO MOIIIHOCTH, BBIPA)KEHHOMU B 1b.

Tax ’xe A 3anucu OTHOIIEHUH MapaMeTPOB CUTHAJIOB MCIOJB3YETCS €IUHUIA Jorapud-
MHUYECKOM OTHOCHUTEIIBLHOM BEJIMYMHBI, HA3BAHHOM B 4€CTh LIOTIAHACKOro maremaruka /x. He-

nepa. B aroi eauHMIlE 3a MCXOTHOE OTHOIICHHWE OEpeTcss OTHOUICHHE CHIIOBBIX MapaMEeTpPOB:
F,
IHo (Np) = In (;‘) npu F, = eF), & 2,718F,, rne F,u F; — cunoseie mapamerps! win 1Hio =

0,5ln (%] npu P, = e*P,, riie Pou Py — SHepreTudeckue mapaMeTpsl.

). Ecnu momrHocTh curnana 6onbine 1 MBT wnu Hanpsbkenue 6omnbiie 0,775

Taxum 0O6pazom, Herep paBeH MOKA3aTEeN0 CTENEHH JJISi CUIOBBIX MMapaMeTpOB WM YIBO-
CHHOMY 3HAUEHMIO II0Ka3aTess CTEHNEHM JJIs YHEPreTMUECKUX I[apaMeTpoB, B KOTOPBIA Halo
BO3BECTH 4HCIIO € ¥ 2,718, 4ToObI MOJIy4YUTh OTHOIIEHWE COOTBETCTBYIOUIMX MapaMeTpOB, BbI-
paxxeHHoe B pazax. 1Hn = 8,686ab. 115 =0,115Hm.
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Po3po0Kka cucTeMH YNpPaBJIiHHA KOPIOPATHBHUM CATOM
3 pukopucranuam PHP-¢peiimBopky Laravel

binokypos O. I1., Koconanos A. A.,
JIHITpONETPOBCHKUI HAIlIOHAIBHUI YHIBEPCUTET
3II3HAYHOTO TPAHCIOPTY iMeHi akaz. B. JlazapsiHa, Ykpaina

l'onmoBHOIO 3amopykor ycmiXy B Oyab-SIKOMY TOYMHAHHI - TPaMOTHHUM MiaOip
iHCTpYMeHTY. Y po3po0i1ii BeO-caifTiB BUOIp IHCTPYMEHTY KPUTHUYHO BaXKIIUBUI, TaK SK came Lei
BHOIp BH3HAYUTh IIBUJKICTh, BAPTICTh, PO3IINPIOBAHICTh 1 MaciTaboBaHICTh caiTy. Lli obcra-
BUHU O0YMOBIIIOIOTh aKTYaJIbHICTh TEMH, 10 PO3TIISAAETHCS.

Ha nanuit MoMeHT, HalfuacTiue, BUOIp 3BOAUTHCS 10 OJHOI'O IUTAHHS: PO3POOIIATH CAHT 3
BukopuctanuaMm roropoi CMS (Content Manage System) a6o na PHP Framework'y. Koxna 3
w1aTGopM Mae psiji epeBar 1 HeI0iKiB, MOB'SI3aHUX 3 MapaMeTpaMu 1 OI0JKETOM IPOEKTY.

CMS sBisie coboro mporpamMHy miatgopMmy Ui CTBOPEHHS CalTiB MPOCTOTO PIiBHS, IO
BUKOHYE (DYHKIIIIO agMiHICTpyBaHHS KOHTeHTY. CMS 311aTHI 3HaYHO MOJIETUTH POOOTY 3 KOH-
TEHTOM CalTy, HaJIArOAMBIIH YIIPABIIHHS 1 00CTyroByBaHHS [HTEpHET-TIPOCKTY.

Jlo mepeBar JaHOl CUCTEMH MO>KHA BIIHECTH MPOCTOTY IPOTPaMHOI CKJIal0BOi, 3aBISKU
YoMy INa0JIOHHUN CalT 31 CTaHJApTHUM (YHKIIIOHAJIOM MOXKHA CTBOPHTH Y YK€ CTHCII
TEPMiHH.

Jlo HenoJiKiB CHCTEMH MO’KHA BiJJHECTH HAsSBHICTh BEIMKOTO (YHKIIOHATY, SIKAI HE3Ba-
KAlO4YM Ha CBOIO HAasABHICTb, y OUIBIIOCTI BUMAAKIB He moTpiOHmil. Kpim 1mporo, caiitwu,
po3po0iieHi i3 3acrocyBaHHAM CMS HEe MOXXYTh IMOXBAJTUTUCS NPUHHATHOIO IIBUIKICTIO POOOTH,
caMme TOMy JaHa cucTeMa IpU3HaueHa JIMIIE Ui CalTIB HEBUCOKOTO PIBHS CKJIAaJHOCTI. Y CIH-
cok ycmimuanx CMS moskna 3anectu targopmu Bix Drupal, Joomla, WordPress.

@peitmBopk (Framework anrn. Kapkac) - ne ¢yHnameHT, sikuii BU3Ha4ae apXiTEKTypy
MalOyTHBOTO CalTy 1 MICTUTh y cOO1 HalaroJK€HUN KOJ, /ISl BUPILIEHHS YacTO BUKOPUCTOBY-
BaHUX 3aJ]au BeO-pO3pOOHMKaA, TaKUX K podoTa 3 ¢popmamu, 0a3010 JaHUX, MAOJIOHAMHU, CTBO-
PEHHS TOYKU BXOJy Ha CaiiT, CTBOPEHHS MEXaHI3My Baijalii BX1THUX apaMeTpiB.

I'onoBHi nepeBaxkHi Big3Haku (ppeiimBopkiB Bix CMS:

— gKICHMM Matepian - (GpelMBOpPKM HamMcaHi PO3pOOHHMKAMM [UIs PO3POOHUKIB, WIO
JI03BOJISIE MaTH Ha BUXO/I1 100pe HaMCaHUN KOJ 1 CBOEYACHE BUIIPABIEHHS TIOMUJIOK;

— THYYKICTh 1 MaciuTaOyBaHHS - 3aBXI1 Ma€ e(pEeKTUBHI pIlIEHHS HECTAaH/IApPTHUX 3aB/laHb
1 MOKJIMBICTh TOJIAJIBILIOTO PO3IIUPEHHS (PYHKIIOHATY IIJITXOM MIJKIOYEHHS] CTOPOHHIX
610:mi0TeK a00 OKpEeMHUX KJIaciB;

— MPOAYKTUBHICTH - MBUIIIE TUIbKK yncTuil PHP, skuii sk nmpaBuio He 3aBxkau Oesmneu-
HUI;

;
— Oe3neka - BUIANSIOTHCS BCl MPOJIOMU B Oe3Melli, MPaKTUYHO HEMA€ BY3bKHX MICIb JUIS
SQL-iH'ekriit.

Jlo HenomikiB (peiiMBOpPKIB MOXHa BIJIHECTH Mpoliec OOCIYyroBYBaHHS IPOEKTY, BiH
CKJIaHIIINHI 3 TPUYMHU YHIKAIBHOCTI IPOCKTY.

[Tpu Bu6opi PHP-dpeiimBopky OyB BpaxoBaHUU psii KpUTEPIiB, B XOJ1 BUBYCHHS SIKUX MU
3YMUHUINCH Ha (periMBOpKy Laravel, 60 BiH 3a70BOJIbHSE (PYHKIIOHATIBHUM ITOTpEOaM MPOEKTY
CTBOpPEHHSI KOPIOPATUBHOTO CAlTy YHIBEPCUTETY, Ma€ BUCOKHUN piBEeHb MacIITa0yBaHHS, MpPO-
CTUH y BUBUYEHHI, aKTUBHO PO3BHUBAETHCS 1 MIATPUMYETHCS, 1, IO Ty>KE BAXKIUBO, 10OpE 3aJI0KY-
MEHTOBaHHM.

B nmonoBini po3rismaoThbes  peai3oBaHa MiJICUCTEMa MPOCTOTO Ta e(eKTUBHOTO
YOpaBIiHHSA CAaTOM YHIBEPCHUTETY, 30KpeMa MEXaHI3MHU IOJadli HOBHMH Ha CalT 3 (PyHKIIi€O
miATBEp/KeHb. B manmii yac Bxke po3poOsieHa 1 TPOXOIUTh TECTYBaHHS HOBa BepcCis
YHIBEPCUTETCHKOI0 KOPIIOPATUBHOI'O CANTY.
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OnepaTmsﬂoe YipaBJicHUEC pacCliuCaHueM

bpenyn J1. C., lnenponeTpoBCKUiA HAITMOHAIBHBIA YHUBEPCUTET 5KEJIE3HOIOPOKHOTO
TpaHCIOpTa UMeHH akaj. B. Jlazapsana, Ykpanna

KauectBOo 00pa3oBaHus, ypoBEHb MOJATOTOBKH CIIELUATINCTOB U B OCOOEHHO 3(PPeKTUB-
HOCTb MCIIOJIb30BaHUS HAYYHO-IIEAArOTMYECKOro IOTEHLHANA HANpPSIMYH 3aBHCIAT OT YPOBHS
opranuzanuu yueOHoro mnporecca. OqHa U3 COCTaBISIOUIMX 3TOrO Mpoliecca — paclucaHue 3a-
HATHUHA, KOTOPOE OIpeeisieT Harpy3Ky Ha KaKIyl0 U3 TPYHI CTYACHTOB, TPYAOBOM PHUTM, IIO-
3TOMY €ro MOXKHO paccMaTpuBaTh Kak ()aKTOp ONTUMHU3ALUHU HUCIOJIb30BaHHUS OTrpaHMYEHHBIX
PECYpCOB — MPENoOAaBaTENbCKOTO M ayauTopHOTro (poHma. Pacrucanue 3aHsATHII TpencTaBiseT
co00if pe3ysbTar pacrpeneiacHus yueOHbIX 3aHATUN 10 Y4eOHBIM HEIesIM C YKa3aHHeM IIpero-
JaBaTens, BpEMEHH M MecTa MpoBeAeHUs 3aHATUH. Heo0X0oauMo yCTpaHUTh M Pa3pelIuTh BCe
HaKJIaJKU, HEM30€KHO BO3HUKAIOIIKE B MPOIECCE COCTABJICHUS PACITUCAHUS, 3aHATHUS JOJKHBI
OBITH pacmpezeNiCHbl Ha 10 BPEMEHHU MPOBEACHUS U B TOAXOIAIINE JUTSI HUX IO CHEIMaIH3aui
U BMECTUMOCTU ayAUTOPHH. Tak ke, M0 BO3MOXKHOCTH JIOJDKHBI ObITh YUTEHBI MOKEIaHUS OT-
JENbHBIX IPENOaBaTeliell KacaTeIbHO MX 3aHATUM. B pacnucaHuu ciieyeT HCKIIOYUTh OKHA
JUIS y4eOHBIX TPYII C Y4eTOM OCOOCHHOCTEH IiaHa oOpa3oBaHusl U pecypcoB By3a. [locne yT-
BEPXKACHUS PACIUCAHUsA, MOKET BOSHUKHYTb CHTyalus, KOTJa €ro NPUXOAUTCS MEHATH C yde-
ToM BHemHUX (GakTopoB. [lockonbky Bce (hakTOpbI, BIUSAIONIME HAa pacHUCaHHe, MPAKTHUYECKU
HEBO3MOXXHO y4eCTh, @ HHTEPECHl YYaCTHHKOB YU4E€OHOTO Mpoliecca MHOTOOOpAasHEbI, 3aja4a Co-
CTaBJICHUSA PACIIMCAHUS SBISETCS MHOTOKPUTEPHAILHOM ¢ HEYETKHMM MHOXECTBOM (DaKTOPOB.

[IpennoxxeHa KOHCTPYKLMOHHO-IIPOAYKIIMOHHAsL MOJENb Npeo0pa3oBaHMsl, MO3BOJISIOLIAT
(hopMHUpPOBATh U OMEPATUBHO YIPABIATH pacrucaHueM 3aniatuid. [IpeanoskenHas Moaens npeoo-
pa3oBaHUs BKJIIOYAET KJIAcC OA3UCHOI0 M KOHCTPYHPYEMOI'O HOCHUTENEH, KJacC CUTHATYyp omepa-
1M, OTHOIIIEHUH U OTOOpaXKEHHI, KJTacC UCYUCIEHUH NEeHCTBUI Ha BBEJCHHOM KJIacCe CUTHATY-
pBl U Kiacc ucnojHuTenen aerctBuil. KoHcTpynpoBaHue TpUBHAIBHBIX OOBEKTOB, KOHCTPYK-
THUBHBIX ONEpalUi U 0TOOPAKEHHM, CIOKHBIX 00BEKTOB M MHOYKECTBEHHBIX OOBHEKTOB BBITIOJIH -
€TCs B CIEAYIOLIEH IOCIIEI0OBATEIBbHOCTH: C ITOMOIIBIO BHEIIHErO MCIOJIHUTENS B IPEIMETHON
00J1acTH BBIOMPAIOTCS JIEMEHTApHbBIE POCThIEe 0OBEKTHI, IPUHIUMAEMBbIE 3a Oa3HCHbIE OOBEKTHI;
C MPOCTBHIMU O0BEKTAMH aTPUOYTHUBHO CBSI3bIBAIOTCS 10 OTHOIICHUSIM CUTHATYPbI UX CBOICTBA, B
pe3yibTare o0pasyercs Kiacc 00beKTOB HYJIEBOTO MOPSIKA.

Ha nannbiit MoMeHT HaxoauTtcs B pa3padotke 110, koTopoe perraer Bonpockl HhopmMupoBa-
HUS paclMCaHus 3aHATHH, LI€Jb KOTOPOTO MAKCUMAIbHO aBTOMATU3MPOBATh 3TOT MPOLECC.DTO
[1O yuuThIBaeT 3HAUNUTENIBHOE KOJIMYECTBO KPUTEPUEB BIHSAIOIINX HAa KAYECTBO PACIIUCAHUS 3aHsI-
TUWA U MOKET U3MEHSATh MPUOPUTETHOCTh KpUTEpUB. Cpei HUX BBIACIIECHBI CIEIYIOIINE: KOIHYe-
CTBO OKOH B pacllMCaHHH IperoiaBaTesiell 1 CTyIeHTOB, PABHOMEPHOCTh pacipeeneHus padoueit
HArpy3KH Ha TPYIITYy CTYACHTOB U apyrue. [Ipeanaraercs Ucmoinb30BaTh pa3padOTaHHYIO KOHCT-
PYKTHBHO-TIPOAYKLIMOHHYIO MOZENb MpeoOpa3oBaHus B pazpadaTbiBaeMoM Mojyie. JlaHHbIi Mo-
ZyJIb OTBEYAET 3a OCYLIECTBIICHUE 3a/1a4 ONIEPATUBHOIO PENAKTUPOBAHUS PACIIMCAHMS U MTO3BOJIS-
€T, OTCIIEKHUBAsI MAaKCUMAaJIbHO BO3MOXKHOE KOJIMYECTBO KPUTEPUEB U OIPAaHUYECHH, OCYIIECTBIISATh
U3MEHEHHUs B PACIIMCAHUH, KaK HA BPEMEHHOM, TaK U Ha IIOCTOSIHHON OCHOBE.

Co>XHOCTB 3aJ1a4M ONEPAaTUBHOIO YIIPABIEHUS PACIIHCAHUEM 3aHATHI BBI3BIBAET CIOKHO-
CTH C OTCJIS)KMBAHHEM BCEX KPUTEPUEB, ITO MOXKET CIIOCOOCTBOBATh U3MEHEHHSIM B PACIHCaHUU
CKa3bIBAIOIMMCS HETaTUBHO HA €ro Ka4eCTBEHHYIO OLIEHKY. PaccMOTpEHBl OCHOBHBIE TEOPETH-
KO-MHO>KECTBEHHbIE OINEpaIllii U HEKOTOpble MX Moaupukanuu. BriepBble mpeanokeHa KOHCT-
PYKTHUBHO-TIPOJIYKIIMOHHAs MOJIENb MpeoOpa3oBaHMsl OMUCHIBAIOIIAs MPOLECC ONEpPaTHUBHOIO
YIPaBJIECHUS PACTIMCAHUEM.
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ABTOMATHU3HUPOBAHHAS CHCTEMA TECTUPOBAHUSA 3HAHUI M0 MaTeMaTHKe
JJISI HHTEJUIEKTYAJIbHOH KOMIILIOTEPHOM MOIEPKKHA 00yUeHU st

I'aBpunenxo E. B., TopxkoB A. A., HanmoHanbHbIN a3pOKOCMUYECKUN YHUBEPCUTET
uM. H. E. )KykoBckoro “XapbKOBCKUM aBUALIMOHHBIN UHCTUTYT , Y KpanHa

B coBpeMeHHBIX yCIOBHSX CO3/laHME aBTOMAaTU3MPOBAHHOM CHCTEMBl TECTUPOBAHUS 3Ha-
HUHI B paMKaxX MHTEIUIEKTYaJIbHOTO KOMIIBIOTEPHOIO OOyUYEeHMsl SIBJIETCS aKTyaJlbHOM TeMOH, B
CBSI3M C TEM, YTO MHOTHE 3a/lauM, KOTOPbIE PAHbIIE pEellall NPENoJaBaTeNlb, celiyac BO3MOKHO
3aMEHUTh yJOOHON NMPOrpaMMHOM CUCTEMOH. DTO 0CBOOOXKIAeT IpenogaBaresst OT MHOTUX Y-
TUHHBIX pabOT, TaK KaK MCIOJIb30BAHUE BBIYMCIMTEIBHON TEXHUKH PACIIUPSET BO3MOKHOCTH
YeJIOBEKA B IJIaHE OBICTPOAEHCTBUSI, 00bEMa, PACHIMPSAEMOCTH U TOYHOCTH 00paboTKU MH(OP-
MaIlfH, YTO KPUTHUECKU BAXKHO 11 () (HEKTUBHOTO TPYIIIOBOTO OOyUYESHHUS, B TOM YHCJIE U AUC-
TaHI[MOHHOT'O 00pa30BaHMSL.

Lenb nmpeacraBieHHONW pabOThl — MOBBIIIEHHE KAyecTBAa TECTUPOBAHUS 3HAHUN CpeHel
LIKOJIBI 10 MATEMATHUKE C TIOMOILBIO ABTOMAaTU3UPOBAHHON CUCTEMBI, a TAK)KE MTOBBIILIEHUE a/lall-
TUBHOCTH Ipolecca TECTUPOBAHUS IOCPEJICTBOM CO3/aHUs THOKHUX MOJEJEeN IeHepUupOBaHUS
BapUaHTOB 33aJaHUN JJI1 MHTEJJIEKTYaJIbHOTO KOMIIBIOTEPHOI'O O0yUYEHHUS.

Jlnst o0ecrieyeHns YHUKAJIbHOCTH KaXKIOTO 3a/IaHusl ObIT pealn30BaH aIfOPUTM aBTOMAaTH-
YeCKOH reHepanuu, KOTOpbelid (OpMHUPYET 3a/laHusl U OTBETHI IIPU CTapTe TeCTUPOBAaHUA. Takum
00pa3om, CO3IAI0TCSI MAaKCUMAIIbHO KOM(OPTHBIE YCIOBHS paboThl 00y4aeMoro U rapaHTHPYyeT-
csl OObEKTHBHAS OLIEHKA PE3yJIbTAaTOB, TaK KaK CHUXKAETCS BEPOSITHOCTb MOBTOPEHUS OJHOIO U
TOTO € BONPOCa y OAHOI'O TECTUPYEMOTO WIH Y HECKOJIBKUX OJHOBPEMEHHO MPOXOASIINX JaH-
HbIi TecT. Kpome Toro, 3To 0cBOOOKJaeT MpernoaaBarelis 0T HE0OX0IMMOCTH COCTaBIICHUS pas3-
JIMYHBIX OJHOTUIIHBIX 3aJaHull A rpynnsl yuamuxcs. Kaxnas moaens popmupyercs no onpe-
JIeICHHOMY aJITrOPUTMY, IJIe 3HAUE€HHUS NMEPEMEHHBbIX B 3a/IaHHOM JMara3oHe BBIOMPAIOTCS CIy-
YailHBIM 00pa3oMm.

Mopnenu 3amganuii GopMUpyIOTCS U3 3a7ad pa3HOW CloxkHOCTU. YacTh Mojeneil oOcHOBaHa
Ha (OPMUPOBAHUU ANTOPUTMOB PEUICHMs, UCXOAS U3 YCIOBHS, a Jpyras 4acTb — (GOpMHUpYET
JITOPUTM PELICHMs, OTTAIKHBAsICh OT OTBETa. DTU K€ MOJENU MOTYT ObITh MCIIOJIb30BaHbl Ha
sTane o0y4yeHus ¢ MoACKa3KaMH, PU 3TOM YPOBEHb CIOXKHOCTU OyJeT aAanTHUpPOBaThCs K YPOB-
HIO OTBETOB 00y4aeMoro.

Jlig TOCTUKEHUS MOCTABJIEHHBIX L€ MpU MPOEKTHUPOBAHUM MPOTrPaMMHOI0 obecreye-
HUS TIPUMEHEH NPUHIMI OBICTPOTrO0 aBTOMATHU3WPOBAHHOTO CO3JIaHMsI 00YdYaIOIIMX KOMIIbIOTEp-
HBIX cucteM. J[ns ruOkocTy 100aBiIEHMs] HOBBIX MOJENEN pealn30BaHbl TaKue MATTEpPHBI, Kak:
«Model-View-Controller» — mns monnoro ympasieHus npuioxenueM, «Command» — s
yIpaBJieHUs] JEeHCTBUSIMHU TecTupyemoro, «Data access objecty — miust ymoOcTBa 3amucu BCeX
JTaHHBIX O TecTUpyeMoM, «Factory method» — ans gopmupoBaHus KaKAblil pa3 YHHKaJIbHOTO
3aJlaHus TI0 OJIHOM M TOM e MOJIEIH.

B nmporpammHOil peanuzanuy NpeagokKeHHbIX alllTOPUTMOB Ul KaXJI0To TecTa OyJeT oT-
BEJICHO ONpEJIEJICHHOE BpeMs, KOTOpPOE OTOOpa)kaeTcsl CTYIEHTY, YTOObl OH MOT KOPPEKTHO
pacxoJ0BaTh €ro Ha pemeHue 3aganuid. Kpome toro, Oyner peann3oBaH UIPOBOM MPHHLMUI, KO-
r71a TECTUPYEeMbIi OyIeT BUAETh HE TOJILKO CBOM PE3YJIbTaThl, HO U MPOrPecc APYTUX ydaliuxcs,
B X0Jie yero OyneT popMHpOBATHCS CTUMYIUPYIOIIMKA COPEeBHOBATENbHBIH MOMEHT. Takxke Oy-
JeT HaYUCIAThCA mTpadHOE BpeMs 32 HEMPaBHIbHBIE OTBETHI.

Taxkum o6pazom, copMHUPOBAaHBI MOJETH 33Ja4 U MPOEKT aBTOMATU3UPOBAHHOW CHCTEMBbI
TECTUPOBAHUS 3HAHUN MO MaTeMaTHKe, KOTOpas MOMOKET IPENoAaBaTeNl0 HEMOCPEICTBEHHO
IPU TECTUPOBAHUU TPYIIBI 00yd4aeMbIX, IPEAOCTABIISASA BOSMOXKHOCTh CPOKYCHPOBATHCS HA Me-
TOIMYECKHUX M MEJarorn4eckux npolsieMax, B YaCTHOCTH, Ha PACHIMPEHUN MHOYKECTBA MCXO[-
HBIX Mozenel. Takke paspaboraHa oOIIas apXUTEKTypa HMHTEIJICKTYAIbHOM KOMIBIOTEPHOM
o0yyaroIei nporpaMmsl, BKIKOYAOLIEH aBTOMAaTU3UPOBAHHYIO CUCTEMY TECTUPOBAHMUS.
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CucremHuble acneKTbl 3(Pp(eKTHBHOI0 UCII0JIb30BAHUS TPAHCIIOPTHBIX KOPHAOPOB
Benukoro Ileaxkosoro Ilyru no reppuropuu TypkMeHncTana

lNonoBauy A. K., YO «benopycckuii rocy1apCTBEHHbI YHUBEPCUTET TpaHCIopTa», benapyce,
Xomxanenecos K. A., TypkMeHCKuii rocy1apCTBEHHBI HHCTUTYT TPAHCIIOPTA U CBA3H,
TypkMeHucran

Hctopuueckoe 3Hauenue Benukoro HlenkoBoro Ilytu 3akitouaercs B TOM, 4To Oosee yem
3a JIBYXTBICAYEIIETHUN IIEPHUOJ CBOErO CYLIECTBOBAHHUA 3Ta camasi IPOTSKEHHAs TPAHCIIOPTHAs
KOMMYHHKAaIMs o0ecrieunsia pa3BUTHE HECKOJIBKUM MOT'YILECTBEHHBIM UMIIEPUSIM, CIIOCOOCTBO-
BaJla PaCIIMPEHUIO0 TOPrOBO-IKOHOMUYECKUX OTHOLICHUH, B3aUMHOMY KYJIbTYpHOMY oborare-
HUIO M MPOCBEIIEHHIO. MHOrO4YHCICHHBIE KapaBaHbl, MPOOMBABIINE CBOW MYTh 4Yepe3 TOpbl U
IIECKH, C TEYEHUEM BPEMEHU IMPEBPATUINCh B aBTOMOOMJIBHBIE U JKE€JI€3HbIE JIOPOTH, CTAHOBU-
JIUCh TIYHKTaMU MPUTSDKEHUS PA3IMYHBIX CEIMTEOHBIX MMOCTPOEK, KOTOPHIE Pa3BUIIUCh B COBpE-
MEHHbIE KpYNHbIe ropoja. TpaHCIOpTHBIE apTepuu yXke ¢ INIyOOKOW JPEBHOCTU OCO3HABAIUCH
KaK CBO€0Opa3Hble KaTaIM3aTOPbl Pa3BUTHUS OTAEIbHBIX XO3AHCTB U LEJIBIX TOCY1apPCTB.

Benukwii lllenxoBeiii [lyTe 0003HaYMII TPaHCHOPTHBIE KOPUIOPHI COBpeMeHHOCTH. ['eo-
rpadus ero HampaBJICHUN OCTAeTCs aKTYaJbHOM M B HacTosllee Bpems. TypKMEHUCTaH 3aHUMa-
€T JJOCTaTOYHO BBITO/IHOE I0JIOKEHHE, HAXO/IACh Ha NEPECEUEHUH BaXKHBIX TPAHCIIOPTHBIX KOM-
MYyHHKAIUi, 00ecreunBaoIIKX JOCTaBKYy IPy30B IIMPOKOW HOMEHKJIATyphl ¢ BocToka Ha 3aman
u oOpatHo. HeliTpanbHblif cTaTyc CTpaHbl M CTaOMJIBHOCTh SIBJISIFOTCS TapaHTHEN HaJIeXKHOIo
TpaH3uTa 4epe3 pecrnyonuky. Ocoboe 3HaYeHHE UMEET KOMIUIEKCHOE HCIOJb30BAaHHUE MPEHMY-
LIECTB PA3JIMYHBIX BUJIOB TPAHCIIOPTa Ha HanpasieHusx Benukoro Hlenkosoro Ilytu ¢ nepena-
4el TPYy30B IO JKEJIE3HBIM JI0POraM C IIEPEBAJIKON B PEYHBIX U MOPCKHX IOPTaxX, aKTUBHOMY HC-
I0JIb30BAHUIO TPAHCIIOPTHBIX KOPUIOPOB TypKMEHUCTaHa B MEXAYHapOIHOM M MECTHOM CO-
oOmeHusx. Pemenne MaHHBIX BOIPOCOB COMNPSKEHO C MOCTAHOBKOM LIENOT0 psijia TeopeTHue-
CKHX 3a/1a4, UMEIOIUX BaXKHOE NMPAKTUYECKOE Ha3HAYCHHUE.

DddexTuBHbIE HHOPACTPYKTYPHBIE CUCTEMBI B3aUMOJICHCTBUS PA3JIMYHBIX BHJIOB TpPaHC-
nopra (yHKUMOHHUPYIOT B JIOCTaTOYHO Y3KHMX JHAala3oHax MapaMeTpPUYECKUX XapaKTepUCTHK
OTJENbHBIX MOJICUCTEM, TEXHOJIOTHS NepepadOTKU IPy30B B TAKMX MYJIbTUTPAHCHIOPTHBIX Y3J1ax
JIOJKHA JIOCTaTOYHO TOYHO IMOJIBA3BIBATHCSI COOTBETCTBYIOIIMMU IpaduKaMH MOAX0J1a IepeBo-
304HBIX CPEACTB B3aMMOJEHUCTBYIOIIMX BHUJIOB TpaHcHopTa. Hamuuue mupokoro HOMEHKIaTyp-
HOTO psJia TPy30B, OOJIBIIOTO KOJIMYECTBA MX Ha3HAueHUIl mpenomnpeaenser 3¢p(HEeKTUBHYIO J0-
TMCTUKY JIBI)KEHUS, TepepabOTKH, XpaHEHUs TPY30B.

Tpancnoptabie kopunopsl Bemukoro IllenkoBoro ITytu oGecrieunBaroT nepenayy rpy3oB
gyepe3 rocylapcTBEHHbIE TPAHUIIBI, YTO NMPUBOJUT K HEOOXOIUMOCTH HMPOBEIEHUS ONpe/escH-
HBIX TaMOXEHHBIX Omepanuid, TpeOyIOLIMX COOTBETCTBYIOLIETO BPEMEHH U MPHUBOIAIIMX K 3a-
MEJIEHUIO MPOJIBHKEHUS TPY30B. BajkHO MpOCUNTHIBaTH 3KOHOMHYECKHE MTOTEPHU OT 3a/I€PKEK B
IIyTH CJIEIOBAHUS U IIPU 3TOM YUUTHIBATh TOCYIaPCTBEHHBIE HHTEPECHI.

be3onacHOCTh ABMKEHUS U COXPAHHOCTh IPY30B SIBISIOTCS 0€3yCIOBHBIMU TPEOOBaHUSAMU
JUIs TI000M TEXHOJIOTHH OOCIyKUBaHUS MepeBO30K. JlaHHbIe TpeOOBaHUS AOKHBI ObITh KOJIH-
YECTBEHHO ONPEIENIIEMbIMH, KOTJIa HEKOTOpasi CTENEHb OMACHOCTH MPOCUUTHIBAETCS COOTBETCT-
BYIOIIMMH METOJIMKAaMH C BBIYUCIIEHHEM 3KOHOMHUYECKMX moTepb. KoMIuiekcHas Meroauka
OLIEHKU (P PEKTUBHOCTH MPUHUMAEMOM TEXHOJIOTUU OOeCleYeHus] IepPeBO30K 3a/JaHHOr0 00be-
Ma JIOJDKHA YYMTHIBAaTh MOTEPU U DKOHOMHUHU OT BCEX ATANOB MPOABM)KEHUS I'PY30IIOTOKOB Ha
MIOJIHOM JIoTUCTHYeCKOM MapuipyTe. Crenyer oOpaTuTh BHUMaHuE Ha HEOOXOIUMOCTh IMOJTyde-
HUS MaKCUMAJIBHOTO CHCTEMHOr0 3(pdeKTa OT UCHOIb30BaHUs TPAHCIIOPTHOTO Kopuaopa Benu-
koro IlenkoBoro Ilytu. Ha HEKOTOpPBIX JOrMCTUYECKUX AJIEMEHTaX OOIIero Mapupyra MOTYT
OTpeOOBATHCS JOMOJHUTENbHBIE KAlUTAJIOBIOKEHUS, YTO MPUBEIET K 3aTPATHOCTU KOHKPET-
HOW TEXHUKO-TEXHOJIOTUUECKOM mocucteMbl. OHaKO Ipu 3TOM 3P (HEKT B MOCIEAYIONIEM 3BEHE
JIOTUCTHKHU TIEPEKPBIBAECT ITH IOTEPU, YTO B KOHEYHOM MTOIE€ JAHHYIO TE€XHOJIOTMIO CTaBHUT B
pa3ps KOHKYPEHTOCIOCOOHBIX, KOTOPBIE CIIEyeT OIICHUBATh Ha 3aBEPIIAIONIEM dTale CpaBHU-
TEJIBHOI0 PKOHOMUYECKOTO aHAIM3a.
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AIanTUBHUI KOMIT'IOTEPHUI TECT B CHCTEMi IMCTAHUIITHOT0O HABYAHHS

I'pumeuxkin C. A., [HITponeTpOBCHKUI HAIlIOHAIBHUI YHIBEPCUTET 3QJII3HUYHOTO TPAHCIIOPTY
imeHi akagemika B. JlazapsHa, Ykpaina

JucTtaHuiiauii Kypc 3 Oyab-fKOi JMCIHHUIUIIHK CKJIAJAEThCS 3 HaBYAJbHUX MarepiajiB
(;mexii (Bizeo/mpe3eHTalii/TeKCTH), MPaKTHYHI 3aHATTS TOIIO) Ta NOTOYHHUX 3aBJIaHb, SIK MIPABH-
710, y BUTJISAL TecTiB. [HopMallis, ssika OTpUMaHa B pe3yJbTaTi MOTOYHOTO, 3a3BUYail MOTHKHE-
BOT'0, TECTYBaHHS, BUKOPUCTOBY€ETHCSI BUKJIAIa4eM Ul KEPyBaHHS TUCTAHIIHHUM HAaBYaHHSM.
VY pa3i HEBUCOKOr0 pe3yJsbTaTy, OTPUMAHOr0 CTyAE€HTaMH, BUKJIaJa4d Ha GopyMi JUCTaHIIIHOTO
KypCy 3all04aTKOBYE OOTOBOPEHHS HaWOUIbII MPOOJIEMHUX MUTaHb TecTy. | HaBmaku, SKIIO pe-
3yJIbTaTH JOCTATHBO BUCOKI, Ha (POPyMi OOTOBOPIOIOTHCS O1IBIIT MTMOOK] MUTAHHS JUCIUILTIHH.

HenonikoM KIIaCMYHOTO TECTYBaHHA € Te, IO KOXXHE HACTyIHE 3aBIaHHS TECTY
BUOMPAETHCS BUMAIKOBUM YMHOM 3 OaHKY TECTOBMX 3aBJaHb. 3a TAKOro MiAXO1y MOXE Tparu-
TUCh CUTYallis, KOJIM MEHII MiJrOTOBJICHUH CTY/IeHT Oy/e OTpHUMYBATH 3aBJaHHs OUIbII BHCOKO-
IO PIBHS CKJAQJHOCTI, HDK CEpelHii, 10 HpuBele 10 HEe0O €KTHBHO 3aHM)KEHOI'O PE3yJbTaTy
cTyzaeHTa. A OUIbII MIATOTOBJIEHUH CTYAEHT MOXKE OTPUMATH JIETKI 3aBJaHHS, M0, TAaKOX, HE
JacTh HOMY peali3yBaTu CBOi 310HOCTI.

[IeBHOIO MipOIO YCYHYTH HEIOJIIKH KIACHYHOTO TECTY MOYKHA, CTBOPUBIIH Pi3HOPIBHEBHM
0aHK TECTOBMX 3aBJaHb. 1€CTOBI 3aB/IaHHS I'PYNYIOThCA 3a NEBHUMM O3HAKaMHU B KaTeropii, a
TeCT POPMYETHCS 13 BU3HAYCHOT KIJIBKOCTI 3aB/IaHb 13 PI3HUX KaTETOPii.

[ToBHICTIO YCYHYTH 3a3HA4€HI HEJONIKM MOXIIMBO peai3alli€elo aJanTHUBHOro TecTy. B
MOJIeINII alalTHBHOTO TECTYBAaHHS KOXKHE YEProBe TECTOBE 3aBJaHHS BHOMpAEThCS 3 OaHKY Ha
MiJCTaBl OTPUMAHOTO PE3ybTATy 3a MOMEepPeHE TECTOBE 3aBAaHHs. Y pa3i MpaBUIbHOI BIAMOBIII
piBEHb HACTYITHOTO 3aBJAaHHS BHIIUH, SKIIO BiJIMOBiIb HEMpPABWIbHA, TO HACTYIHE 3aBIaHHS
HIDKYOro piBHs. Takuil iTepauiiiHuil mpouec 3a0e3nedye 301KHICTh O ONTUMAJIbHOI OLIHKH 32
paxyHOK MiHiMi3allli TOXMOKHU Me1aroriYyHoro BUMIpIOBaHHS.

[Ipobnemu opranizaiiii aJanTUBHOTO TECTYBAaHHS PO3IJIAAAIOTh, 3a3BHYail, B IBOX aclekK-
Tax: METOAUYHOMY Ta TeXHIYHOMY. /[0 MeToanyHuX MpoOieM BIAHOCATH: 1) MIArOTOBKA TOMO-
TeHHUX TECTOBHX 3aBJlaHb; 2) IUIaHYBAaHHS IPOBEAEHHS TECTYBaHHS;, 3) BHU3HAYEHHS METOIY
OIIIHIOBaHHS PE3YJIbTATIB TECTyBaHHA. TexHIuHI mpobnemu 1e: 1) hopmyBaHHS KaTeropii Tec-
TOBMX 3aBJaHb; 2) BHUKOPHCTaHHsS IapaMeTpiB TECTyBaHHA; 3) peajizalis aJIropuTMy
OLIIHIOBAHHS 3HAHb.

ITig yac miArOTOBKM TOMOT€HHUX KaTeropiil TECTOBMX 3aBJlaHb CIiJl KEPYBaTHUCS, B MEPLIY
4epry, iX TeMaTUYHOIO 03HaKoo. [lo-apyre, B KOXKHIM KaTeropii TeCTOBI 3aB/IJaHHS TOBUHHI MaTu
oHYy (hopMy: 3aBIaHHS 3aKpPUTOro THUITYy, ab0O 3aBJaHHS BIJKPUTOTO THIy, a0O 3aBJaHHS Ha
BIAMOBIAHICTH TOMIO. [To-TpeTe, 3MicT 3aBIaHb B OKpeMiid KaTteropii MOBUHEH OyTH OJM3bKUM:
HanpuKia, HaOlp JiHIHHUX/KBaApaTHUX PiBHSIHb, a00 3aB/aHb Ha PO3yMiHHS rpadikiB GYHKIIH
Toio. I, HalirosoBHillIe, B UeTBEPTUX, TECTOBI 3aBJJaHHS MOBUHHI PO3PI3HITUCS 32 KOTHITUBHOIO
O3HAKOI0, HANpPUKIAA, y BIAMOBIZHOCTI 1O TakcoHomii bimyma. A came, OyTH 37aTHUMHU
nepeBipuTu: | «3HaHHA», TOOTO 3aTHICTH CTYJCHTIB BIATBOPUTH OTpuUMaHy iHdopmarito. e
O3Hayae NepeBipKy (OpMYNIOBaHb 3aKOHIB, BU3HaueHb, Gopmyin. Il «po3ymiHHS» — 31aTHICTH
CTYJCHTIB HaBOJIUTH MPUKIAAH, NEPEBOIUTH 1HPOpMAILitO 13 0/HI€T (opMHU (TEKCTOBOI) B 1HIY
(rpacdiuny/maTematuuny) tomo. Il «3acTocyBaHHsA» — 34aTHICTD po3B’sI3yBaTH 3ajadi Tomo. [V
«aHaJi3» — 3/IaTHICTh BCTAHOBIIOBATH B3a€MO3B’SI3KM MK OKPEMHUMH €IEMEHTAMH CHUCTEMH,
KOHCTPYKIIi TOIO. V «CHUHTE3» — 3[IaTHICTh 13 OKPEMHX YaCTUH CTBOPIOBATH IIiJie 3 HOBUMH 03-
HakaMmU. VI «oliHKay — nepeBipKy LbOro PiBHS TECTYBAaHHSAM BaXKKO pealli3yBaTH.

@®opmyBaHHS OaHKy TECTOBHUX 3aBIaHb 3a TaKOK CTPYKTYPOIO A€ MOJKJIHMBICTb
peanizyBaTu aanTHBHE TECTYBaHHS 3 OJ0YHOIO afanTailiero. ToOTo, TeCTyBaHHS Mij Yyac sIKOTO
pillIeHHS PO 3MiHYy MOPSAAKY BUOOPY UEproBOTO 3aBIAaHHS 3/1MCHIOETHCS Ha MiICTaBl 00OpoOKU
0JIOKY 3aB/IaHb TIEBHOTO KOTHITUBHOT'O PiBHS.
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PoJib yHAaOUHeHHS B TUCTAHUiIiHUX Kypcax

I'pumeukuna T. C., JIHINpONIETPOBCHKHI HAIIIOHAILHUMA YHIBEPCUTET 3aJI3HUYHOTO TPAHCIOPTY
imM. akamemika B. Jlazapsina, Ykpaina

VY aMcTaHLIMHMX KypcaX Jye BaXKJIHMBa POJb YHAOUHEHHs, Bisyamisamii inpopmarii. 1T
OCHOBHA 33/1a4a — CIPOCTUTH Nojady iHpopmarii, MOKpaIIUTH PO3YMIHHS MaTepiay ciliyxauem
Kypcy KoJu BUKJaia4a Hema nopsj. [lonynspue npucinis’s — «Kpaie oauH pa3 nodayutu, HixX
CTO pa3iB MOYYTH» — CTOCOBHO IHMCTAHIIMHOTO KypCy HaOyBa€ J0JAaTKOBOi aKTYaJIbHOCTI Ta
3HauymiocTi. Bimomo, 1o mroauHa cipuiiMae 6im3bko 70% indopmartii BizyansHo. | mBHAKICTH
CIPUHHATTSA Bi3yaJdbHHX 00pa3iB Ha 60% OublIa HIK CIPUHHSATTS TEKCTOBUX JaHHUX. ToMy A
CTBOPEHHSI Cy4YyaCHOI'O SIKICHOTO JAMCTAHLIHHOIO Kypcy BXe€ HEJOCTaTHbO MaTH KOPHCHUH Ta
AKICHUN TEeKCTOBUI KOHTeHT. Came Bi3yallbHa CKJIaJI0Ba KypCy 3allydae ayIuTOPilo Ta 3aBOHOBYE
11 yBary.

OCKiNBbKM JMUCTaHLIAHI KypCH AWCIUIUIIH, SIKI BUKIAQAAlOThCSA y JIHIMpomeTpoBChKOMY
HaI[IOHAJILHOMY YHIBEPCUTETI 3aJi3HUYHOTO TPAHCHIOPTY iMeHi akajemika B. JlazapsHa, — 1e
NEPEeBaXHO TEKCTOBO-TpadiyHi pecypcH, e 03Havae, m0 CIPUIMAIOTHCS BOHH caMe 3a JI0MOMO-
rol0 30py, OTXKE, Ha HUX OyayTh MOIIMPIOBATUCS MPUHLMUIK MOJaHHS iH(OpMAIli Ha eKpaHi.
Cepenn OCHOBHUX MPUHITUIIIB BiIMITUMO HACTYITHI:

1. Tlpunnun oporopiii

2. TlpunHnun nopsaxy

3. Ilpunnumn piBHOBaru

4. TlpuHIHWI aKIEHTYBaHHS
5. IlpuHnumn egHOCTI

[IpuHUMI nponopiii BU3HAYa€ ONTUMAaNbHI CHIBBIIHOIIEHHS MK pO3MipaMu 00'€KTiB 1 1X
PO3MIILIIEHHSM Ha ekpaHi. BiH BuMarae, o6 pi3Hi 00'ekTH OyJiu HE XaOTUYHO PO3KUJaHi 1O eK-
paHy, a 3rpyrnoBaHi B IEBHUX 30HAaX, sIK1 IOBUHHI BIAJUIATHCS OJTHA BiJl OJTHOI.

[TpuHIMN NOpsAAKYBU3HAYa€e TaKy OpraHi3allilo po3TallyBaHHs 00'€KTIB Ha €KpaHi, sKa
BpaxoBye pyx ouell. BcTaHOBIIEHO, 10 OKO MPU YUTAaHHI TEKCTY MOYMHAE PYyX BiJl JIIBOI'O BEpX-
HBOTO KyTa €KpaHy Ta PyXa€eThCs M0 €KpaHy JI0 IPaBOro HUKHHOTO KyTa.

[IpuHumn piBHOBaru nepeadavyae piBHOMIPHUI PO3MO/LTI ONTHYHOI BaXKKOCTI 300pa’KeHHS
Ha eKkpaHi. BBaxaeTbcs, 10 ypiBHOBaXK€HE 300pak€HHS CTBOPIOE y KOpHCTyBaya BiAUYTTS
CTaOlJIbHOCTI, @ HEBPIBHOBAXXEHE MOYKE BUKJIMKATH TUCKOM(OPT.

[TpuHIMI aKIEHTYBaHHS — 1€ BUIUICHHS Ha €KpaHl HalOUIbII BaXKIIMBOTO 00'€KTa, KUl
MOBUHEH OyTH CIIPUMHATUIN B nepiy yepry (¢hopmyiia, BaxIIMBE IPaBUIIO, 3aKOH Ta 1H.)

[TpuHiun enHOCTI BUMarae, mo0 eJIeMEeHTH Ha eKpaHl BUIVIAJAld B3a€MOIIOB'SI3aHUMH,
MPaBUIILHO CIIBBIIHOCUITUCS 32 PO3MipoM, (OPMOI0, KOJIbOPOBOIO TaMOIO.

3acTocyBaHHs BMIEO3HAYEHUX MPHHLHUIIB y JUCTAHLUIHHOMY Kypci JO3BOJUTH CTBOPUTH
JIHACHO SIKICHUW KOHTEHT. AJIe IJIsl Kpaloro CIOpUWHSITTS HA04HOI 1H(pOpMAaIlii HEOOXiTHO TaKOXK
320€e3MeUnTH KypC OJHOTHITHMMHU Ta 3pO3YMIUIMMM HaBiralifHUMH eleMeHTaMu. [l 1boro y
CJIH Moodle, Ha skiif po3TamioBaHi KypcH AMCIHILIIH, MepeadavyeHi MHPOKi MOXIUBOCTI Ta
1HCTpyMeHTapiil.

Takox mpu po3poOIll Kypcy HEOOXITHO MaM’ ATaTh MPO YUTAOETbHICTh TEKCTY, BUKOPH-
CTOBYBaTH Mpu ohopMIIeHI KOIbOPOBi eneMeHTH. CTBOPEHHS JOTIYHUX OJIOKIB, PO3/LTIB TaKOXK
MO3UTHBHOBIUIMHE HAa HAOYHICTb.

HanoBHeHHsI Kypcy HAOYHMMHM TpHKIagaMH, iHorpadikoro, aiarpamamu, TaOMUISIMH 1
PI3HUMHU MYJbTUMEAIMHUMH 3acO0aMH HaBUYAHHS HE JIUIIE CIIPOCTUTh COPUUHATTA 1H(OpMallii, a
W MABUIIMTB JOBIPY A0 KypCy. AJKe HasBHICTb Y JIEKLIi JUCTAHI[ITHOTO KypCYy OKpIM TEKCTY
xo4a 0 KapTUHOK MiABUIIY€E OakaHHs MTPOUTH i 10 KiHist Ha 80%.
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Po3po0ka iHCTpyMeHTAIbHUX 32C00IiB CUCTEMH IMCTAHIIHMHOI OCBITH.
Moayab pekoMeHaaNlii JIaHY HABYAHHS.

I'pumenko 1. J1., Augpromenko B. O.,
JIHITpONETPOBCHKUH HAIlIOHATBHUI YHIBEPCUTET
3aJII3HUYHOTO TPAHCIIOPTY iMEHI akaaemika B. JlazapsHa

CyvacHuii Ta edeKTHBHUU TIpOIleC TMPOTHO3YBAaHHS Ta IUIAaHYBAaHHS HEBiJ €MHO
MOB’sI3aHUM 3 BUKOPUCTAHHSAM OCTaHHIX iHGopMamiitHux TtexHosoriid. YiTtka crpykTypa i
MOCJTIIOBHICTh BUBYEHHS MaTepially € He0OXiTHOI B y4OOBiH cdepi, 1 JIeKIli 3aKiIa1alTh OC-
HOBUM HAyKOBUX 3HaHb B y3araJibHEHid (opMi, MPAKTUYHI 3aHATTSA MOKJIMKAHI TOTIHOWTH Il
3HAHHS.

OcHoBHa mnpoOiema mpu (GopmyBaHHsS €()EKTHUBHOI IMOCIITOBHOCTI BHUBYEHHS Y4OOBUX
MaTepiaiB — BUSBJICHHS 3aKOHOMIPHOCTI 3B’M3KIB MK YaCTHHAMHU Marepially, II0 CTOCYETHCS
OJIHI€T TeMU I BUBYCHHS, a TAKOX BIJICYTHICTh IOCTATHHO TOYHOTO MEXaHI3MYy aHaNi3y Xapak-
TEPUCTUYHUX MapaMeTpiB TeKCTy. OCHOBHUMH METOJaMH OLIIHKU €()eKTUBHOCTI IPOrHO3YBAaHHS
3B’SI3KIB €: METOJI MAPaXyHKY MipH CXOXKOCTi MIXK IOKYMEHTaMH, €KCIIEPTH1 OLIIHKH.

s BupimieHHs mpoOiaeMHu 00 MiApaxyHKY peKoMeHpalii, Oyae CTBOpEHUN MOAYINb
I0J10 TJIAHYBaHHS BUBYEHHS y4OOBOrO Marepiany, KU 31HCHIOBaTUME aHaNi3 MPEACTaBICHO-
ro ydboBOro wmarepianxy, a TaKOX BIJIOKPEMIICHI METPUKH [UJIsl OI[HIOBAHHSA SIKOCTI ILIUX
PEKOMEHTaITIi.

Amnani3 yuboBoro Matepiany Oyzae 311HCHIOBATUCS 32 QITOPUTMOM OLIIHKU CTAaTUYHOT MipH
cxoocTi 3micty nokymenTtie — TF-IDF (term frequency, inverse document frequency). Hacrym-
HUM KPOKOM aHalizy Oyje BUSBIEHHS HAMPaBICHOCTI JTOKYMEHTIB 3a JOIMOMOTOIO alTOPUTMY
BUSBIICHHS 3B’SI3KY — MPUYMHA-HACTIIOK. [l Oinbll e()eKTUBHOTO Pe3yNabTaTy, eKCIepTy Oyne
HaJaHa MOXKITUBICTh KOPETYBAaTH CIIPOrHO30BaHY MOCIIIOBHICTh BUBYCHHS MaTepialiB.

Monyns Oyme peanmizoBaHo sk BeO-cepic Ha Mosi JavaScript (NodelS — ceprepHwmii
BapiaHT MoBH JavaScript), mo Oyae nmpuiiMaTH Ha BXiJ KOJEKINIO JOKYMEHTIB 3 TEKCTOBUMH
JAaHUMH, aHali3yBaTH 3MICT JOKYMEHTIB 1 paxyBaTH iX KOpENALilo, a TaKoX BHSBISATH
HAMpPaBIIEHICTh CXOXKUX JOKYMEHTIB, SK pe3yibTaT BHAABaTH HA BHUXIJ BiJICOPTUPOBAHY
MOCTIIOBHY CTPYKTYpY IoKyMeHTiB. IlepeBara peamnizariii Monyns sik BeG-cepBiCy B TOMY, IO
BiH € JIOCTaTHbO AaBTOHOMHHM, Ma€ 4YiTKy (popMy CHIIKYBaHHS 3 CHCTEMOIO 3a JOIOMOTOIO
apxitekrypHoro ctuio REST.

OTXe, METOI0 JaHOTO MOJYTI0 € 3a0e3MeYeHHS CUCTEMHU IUCTAHIIIIHOI OCBITH JOBOII
SKICHUM MEXaHi13MOM BHSIBIICHHS B3a€MO3B’SIKY MK yUOOBUM MaTepiaioM, MOKJIMBICTh BHECEH-
HSl BJIACHOPYYHHUX 3MiH B CTPYKTYpY yuOOoBuX MarepiaiiB. PesynbraTrom poboTH Moayns Oyxe
pEeKOMeHI0BaHUH HalIp TOKYMEHTIB, III0 MAa€ MEBHY MOCTIIOBHICTh, 5Ika 00YMOBIIOETHCS alro-
PUTMOM BHUSBIIEHHS X CXOXOCTI.
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Hroru padorsl yHuBepcuTeTa B eBponeiickoM npoekre SEREIN

Kykosuukuii U. B., JlHenponeTpoBCKUil HAIMOHAJIBHBIM YHUBEPCUTET KEJIEC3HOAOPOKHOTO
TpaHCIIOpTa UMEHHU akaaemuka B. Jlazapsna, Ykpanna

Jletom 2017 rona 3aBeprumiics eBporneiickuii mpoektr SEREIN — Modernization of Postgra-
duate Studies on Security and Resilience for Human and Industry Related Domains (MoaepHu-
3a1Ms MOCIeAUIIIIOMHOTO 00pa3oBaHusl M0 OE30MACHOCTH U YCTOMYMBOCTU B TYMaHUTApPHBIX U
MPOMBIIICHHBIX 00sacTsx). PaboTa Haj MPOEKTOM ocyiecTBsiach ¢ aexadps 2013 roga mo
utoHb 2017 roga. Yuyactue B mpoekTe NpUHUMANM 5 eBponeiickux u 6 ykpauHckux BY3os, B
TOM uucie U JJHemponeTpoBCKUil HAlIMOHAIBHBIN YHUBEPCUTET KEJIE3HOJOPOKHOTO TPAaHCIIOpTa
nMmenn akanemuka B. Jlazapsua (JJHY3T). KoopaunatopoMm mnpoekta BeICTYNWI TalNIMHHCKUN
TEXHOJIOTMYECKUN YHHUBEPCHUTET, a KOOPAMHATOPOM C YKPaMHCKOM CTOpOHBI — HanmoHanpHBII
a’pokocmuueckuid yausepcuteT uM. H.E. Xykosckoro (XappkoB).

OcHoBHas 11eJ1b MPOEKTa 3aKIF0Yanach B MOJATOTOBKE HOBOTO MOKOJIEHUSI TEXHUKH U HayY-
HBIX COTPYIHUKOB, CIIOCOOHBIX BBIMOIHITh KOHCTPYKTUBHOE Pa3BUTHE B OIIEHKE M 00ecreueHus
K1OepOe30MmacHOCTH.

B pamkax mpoekTa Obutd pa3zpaboTaHbl psija y4eOHBIX MPOrpamMM ISl TIOATOTOBKH MarucT-
poB u goktopoB (PhD) ocHOBHBIM MexaHu3MaM KuOepOe3omacHOCTH. Ha OCHOBaHHMH 3THX IIPO-
rpaMM MOATOTOBJICHBI yueOHbIE MTOCOOUS (Ha aHTTIMIICKOM SI3bIKE) M TIOCOOUS AJIsl MPAKTUYECKUX
1 1a00paTOPHBIX 3aHATHHA. J[aHHBIE METOIMYECKHE MaTepHUaIbl CBOOOAHO PacIPOCTPAHSIOTCS H
MOTYT OBITh UCTIIOIB30BaHbI YKpanHCKuMH BY 3amu.

Hammm ynuBepcuTeToM Oblia pa3paboTaHa mporpamMma Kypca, MOJITOTOBJICHO y4eOHOe
nocodue u mocodue JUis MPAKTHYSCKUX M JTadOpaTOPHBIX 3aHATHII o Kypcy «System and Net-
works Security and Resilience» («be3onacHOCTh U PE3MIILEHTHOCTh CHCTEM U ceTeii»). [Toaro-
TOBJICHHBIE MaTEpHaibl JIETTH B OCHOBY Kypca «be30macHOCTh MHTEIUIEKTYa bHBIX TPAHCIOPT-
HBIX CHCTEM», KOTOPbIM M3y4atoT MaructpanThl pakynsrera TK Hamero yHuBepcurera, crierua-
JU3UPYIOIIUECS B 00JaCTH MHTEIIEKTYalbHbBIX TPAHCTIOPTHBIX CUCTEM.

st peanu3anu NpoeKToB B ykpanHCKUX BY3ax Oblmu chopMupoBaHbl crieriuaiIn3upo-
BaHHBIE JJabOpaTOpUu MO0 KUOEpOE30MacHOCTH, 000PYAOBaHUE /JIsi KOTOPHIX 3aKYIUICHO 3a CUET
cpenctB EBpocorosa (90%) u ynusepcureroB (10%). Ha sTu nenu B OrokeTe mpoekTa ObLIO
IPESYCMOTPEHO OKOJIO 25 ThIC. €BpO Ui KaKA0ro ykpanHckoro BY3a. B wactHocTH, Ham yHU-
BEPCUTET 3aKynuil cereBoe obopynosanue Gupmbl CISCO, Bemymieit MupoBoii GUpMBI IO TIPO-
M3BOJICTBY O0OPYIOBaHUS Ui KOMIBIOTEPHBIX CETEW, B TOM YHCIE — JUIsl oOecriedeHus 0e30-
MACHOCTH KOMITbIOTEPHBIX ceTeil. Takoil BbIOOp OBl 00YCIOBIEH TEM, UTO CETeBOE 000pyI0Ba-
Hue ¢pupmbl CISCO ycTaHOBIEHO Ha BCEX BBIYMCIUTEIBHBIX IIEHTPAX KOMIBIOTEPHON CETH XKe-
Je3HbIX Aopor YkpausHsl. KpoMe Toro, Ham yHuBepcUTET MMeeT craryc «CereBas akageMus
CISCO». B cocTaB 060pyaoBaHus BXOJUT MOITHBINA (aipBOi (CETEBOM dKpaH), cepBep ¢ Ha0O-
poM pabouyuX CTaHIMHA, KOMMYTaTOPbl U MapIIpyTH3aTOPbI, KOTOpble OOBEANHEHBI B YUEOHYIO
ceTb. [Imanupyercs, yTo B HealeKoM OyayleM Halld CTYACHThl CMOTYT HOJy4aTh cepTuduka-
To1 hupmer CISCO.

JlabopaTopus knbGepOe30macHOCTH HAIIETO YHUBEPCHUTETA MOXKET OBITh MCIIOJIb30BaHA HE
TOJIBLKO /17151 00y4yeHus cTyaeHToB (pakynbrera TK Hamero yHuBepcuTeTa, HO U JJIsl TOBBIIICHUS
KBaJTM(HUKAIMKA PAOOTHUKOB BBIYMCIUTENBHBIX IIEHTPOB Y 3.

B nmanpHeliemM oT HaIero yHuBepcuTeTa MOTPeOYIOTCS YCUITUS TSl 0OSCTICUCHHS YCTOM-
yuBoro pa3sutus npoekra SEREIN u pacnipoctpanenue ero pe3yabTaros.
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Bonpockl mocTpoennsi HOBOro J1adopaTopHoro crenaa st o0ydenuss SCADA cucrem

Nmuanmsuim JI. 1., benunenmunu M. M., TNopepazumBunu I'. Y., Mamsunu H. T,
I'py3unckuii Texunueckuii yausepcurer (I'TY), I'py3us

Bo mHorux B By3ax o0yuenne SCADA cucteM BeneTcs Mo JByM METOIOJIOTHSIM: C TOMO-
IIbIO BUPTYAJIbHBIX M PEAIbHBIX y4EOHBIX CTEeHIOB. OMBIT MMOKA3bIBAET YTO, BUPTYaAJIbHBIEC YueO-
HbIE MaTepHaJIbl HE TAIOT BO3MOXXHOCTH MOJHOCTHIO U3YYUTh BOIIPOCH! MMPOEKTUPOBAHMS TTOH00-
HBIX CHUCTEM M B IOCIEACTBUU, BCE TAKU NMPUXOAUTHCS MPOBEACHUE MPAKTUUECKUX 3aHATUU HA
peaJIbHBIX CUCTEMAX.

dusnueckue yueOHbIe CTEH/IbI OJJHOBPEMEHHO JAa0T BO3MOXXHOCTh M3YYHUTh KaK BOIPOCHI
npoektupoBanus SCADA cucreM, Tak M MX JKCIUTyaTallud. B mepBoM cirydae CTEHABI MOXHO
MIPUMEHSTH JUIsl 00Y4YEHHUs CTYJEHTOB C KOMIIbIOTEPHON MH)KEHEPHON OpHEHTaluel, BO BTOPOM
cilydae — Juis TEXHOJIOTOB, C II€JIbI0 U3YyYEHUsI BOIIPOCOB JKCIUTyaTalMu. Eciau cTyaeHTbl KOM-
MBIOTEPHON MHKEHEPHOH CHEeUaIbHOCTH JI0JKHBI TTIyOOKO 3HATh anmnapaTHble U MporpaMMHbIE
Borpockl npoektupoBanust SCADA cucteM 1 UMETh TIPU 3TOM IPECTABICHUE O TEXHOJIOTHYe-
CKOM ITPOLIECCE, TO TEXHOJIOTU JIOJIKHBI TTTyOOKO 3HATh TEXHOJIOIMUECKUE MPOLIECCHI, UMEs IIPU
3TOM HEKOTOPOE MpeACTaBICHNE 00 anmapaTHBIX U nmporpaMMHbIX cpeactBax SCADA cucrem.

Jlaboparopuoe pabouee mecto SCADA mpezcraBiser co00il cCHCTEMY MHKPOIIPOILIECCOP-
HBIX YCTPOMCTB M NEPCOHAJIBHOIO KOMIIBIOTEpPA CBA3AHHOI'O MEXAY COOOM MOCHIeA0BATEIbHBIM
unTepdeiicom RS-485. OtkpeiTas apxutekrypa npeaaraemoro gadoparopaoro SCADA crenaa
MO3BOJISIET paclIMpUTh €€ (QYHKIHMOHAIbHBIE BO3MOXHOCTU. YKAa3aHHBIM CTEHJ JaeT BO3MOXK-
HOCTh peanu3oBath SCADA cucreMy mo TpaaMIIMOHHOW CXEME pPealM3yeMOM IO CIIEeTYIOIIeH
MIOCJIEZI0BATEIBHOCTU: paboyee MECTO orepaTopa - KaHajl CBS3M - YCTPOMCTBA BBOAA-BbIBOJA -
UCIIOJIHUTENIbHBIE OOBEKTHI U CEHCOPHI.

ApXHUTEKTypa CUCTEMbl OCHOBaHa Ha MpoAyKuuu komnaHuu Lumel. B xauectBe moxayseit
BBO/Ia-BbIBOJIa MCIIOJIb30BaHbl MYJIbTU(YHKIIMOHATbHBIE OsIokKM BBoAa: IIpeoOpasoBarens TeMm-
nepaTypsl u crangapTHbeix curHasioB (P30U). manpspkeHue, TOK, COMPOTUBIIEHUE, TaTYUKH TEM-
nepatypbl U TepMmomnapsl); [IpeobpazoBarens mapamerpoB onHodazHoi anextpocetu (P30U);
bnox BBoia GuHapHbIX curnanos (SMS5) u biok BeiBoga OuHapHbIX curHainos (SM4).

C Touku 3peHust GyHKIMOHAIBHBIX BO3MOXHOCTEH, pa3padOTaHHBIM CTEH/ JaeT BO3MOXK-
HOCTh HM3y4yaTh YpE3BBbIYAIHO HIMPOKUN CIEKTp BONpPOcoB. OUeBHUIHO, YTO (PYHKIMOHAIbHbBIE
BO3MOXXHOCTH J1labopaTtopHoro creHaa SCADA cucreM He MCUEPHBIBAIOTCS MEPEUHUCICHHBIMU
BbIIII€ BOIIpocaMu. Ero BO3MOXHOCTH MOJHOCTBIO OyyT pacKpBIThl U PacIIMpPEeHbl Ha MPAKTUKE.
Kpome Toro, oTkpbITas apXUTEKTypa CTE€HAA JaeT BO3MOKHOCTh 1I00aBUTh B CTPYKType Apyrue
MOJIYJIA WJIH CTielraibHble GU3NYECKUE MOJIEIN TEXHOJIOTHUECKHUX MPOIIECCOB.

Paccmotpensl Bonmpockl (PyHKIMOHMPOBAHUS HOBOTO JIa0OpAaTOPHOTO CTEHJA OOydeHUus
SCADA cucrem, KOTOPBI OXBaThIBAET MUPOKUH CIIEKTP M3ydaeMbIX BOMPOCOB. [Ipemmoxken-
HBIM CTEH/I OTIMYAETCs OT MOJOOHBIX YCTPONHCTB YHUBEPCAILHOCTHIO IPUMEHEHHS], OPUTHHAII b-
HOM OTKPBITON apXUTEKTYpOU U MIPOCTOTOM peannu3amuii.
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AjanTuBHe TeCTYBaHHSI Ha OCHOBI mpogiiais IRT
IckannmapoBa-Maia A. O., JIHINPOBCHKUH Jep)KaBHUN TEXHIYHUM YHIBEpCUTET, YKpaiHa

Poinb TecTyBaHHS B OIiHIII 3HaHb Ta BMiHb OararorpanHa Ta IepIl 3a BCe MO3UTHBHA. AJle
HE JMBJIYUCH HA YSABHY IPOCTOTY METOAY, TECTyBaHHS MOTpeOye 00epe HOro MmiIXoay Ta BH-
KOpUCTaHHA Ha npakTuii. KoxkHe 3aBaHHs MOBHHHO JIOCTOBIPHO OLIIHIOBAaTH PiBEHb 3HAHb CTY-
JICHTIB, 110 MPU3BOJUTH 0 HEOOX1JHOCTI KOHTPOJIIOBATHU SKICTh TECTY, & CaM MPOIleC TECTyBaH-
HS TIOBUHEH BPAaXOBYBAaTH iHAMBITyanbHI 0COOIMBOCTI KOXKHOTO PECIIOHJICHTA, B HACIIJOK YOTO
HEO0OX1IHO BUKOPHUCTOBYBATH aAalTUBHUM ITiJIX1]] 10 TECTyBaHHSI.

[TosiBa amanTUBHOTO TECTyBaHHS Oylla BUKJIMKAHA MPArHEHHSIM J0 MiJBUIICHHS eQeKTHB-
HOCTI MEAAaroriyHUX BUMIPIOBaHb, sKa, K MPaBWIIO, MOB'I3yBanacs 13 3MEHIICHHSIM YHUCIa 3a-
BJIaHb, YacCy, BapTOCTI TECTYBAaHHS, a TAKOX 3 IIBUIICHHSIM TOYHOCTI OI[IHOK y4HIB. B OCHOBI
aIalTUBHOTO MiAXO/y JIEKUTh 1HAMBIAYyali3allisl Mpoueaypu BiIOOpy 3aBAaHb TECTY, SKa 3a pa-
XYHOK ONTHMI3allii CKJIaTHOCTI 3aBJJaHb CTOCOBHO JI0 PIBHIO ITiITOTOBJICHOCTI YYHIB 3a0e3medye
reHepaiito e(eKTUBHUX TECTIB.

Tineku mpodeciiiHe MPOBEACHHS TECTYBAHHS 1 3aCTOCYBaHHS MaT€MaTHKO-CTATHCTUYHUX
MetoiB cydacHoi Teopii TectiB (IRT- Item Response Theory) mis anamizy naHux TecTyBaHHS
JI03BOJISIFOTh BpaxyBaTH 1HIWBIAyaJlbHI OCOOIMBOCTI CTY/JCHTIB, MOOYIyBaTH THYUKY MPOLEAYPY
MepeBipKU 3HaHb Ta OTPUMATH TiHCHO HOCTOBipHi oriHKU. Bukopuctanus IRT nae neoOxigHy
iH(pOopMAIifO 711 OpraHi3alii aAanTHBHOTO TECTYBAHHS — PIBEHbB ITiJITOTOBIICHOCTI PECTIOH/ICHTIB
Ta CKJIa/IHICTh MUTaHHS.

KnacuuHoro mozemto it mpodisiiB 3anuTaHh BBAXKAIOTH JBOMAPAMETPUYHY MOJenb bip-
HOayMa. BUKOPHCTOBYIOUH 110 MOJENF OTPUMYEMO OIIHKY PiBHS 3HAHb PECIIOHACHTA Ta OI[IHKY
PIBHS CKJIQAHOCTI 3aBJJaHHS TECTY.

V pesynbrati po3BuTKy Teopii IRT, mo 3a0e3nedye €uMHy iHTEpBaIbHY MKy IS OL[IHOK
rapameTpiB PECMOHACHTIB Ta TPYAHOII 3aBJaHb TECTY, 3'sIBUIACS MOXJIMBICTH MTO-HOBOMY 3/11ii-
CHHUTHU ONTUMI3AIliI0 MPOLEAYPH BIIOOPY 3aBIaHb Ul MOJENIOBaHHSA €()EeKTUBHUX aJalTUBHUX
tecTiB. CTanu po3BUBATUCS OAraTOKPOKOBI CTPATEril alallTUBHOTO TECTYBaHHS, B paMKaxX SKHX B
npolieci BUKOHaHHS HaOOpiB 3aBIaHb KO>KEH BUIPOOOBYBAHHM PYXa€eThCs 32 CBOEIO 1HIUBIAYya-
JILHOIO TPAEKTOPIEIO.

Jlns peanizanii CHCTeMH aJallTHBHOTO TECTYBaHHS aBTOPOM IPONOHYEThCS BUKOPUCTOBY-
Batu 3akoH [lapero. [lepmmmu BUIaOTHCS MUTaHHS, 110 MiAIOpaHi BUMaJAKOBUM yuHOM. Jlaii,
KOJIH B3ke C(hOPMOBAHO PiBEHB MiATOTOBIEHOCTI, BUKOPUCTOBYETHCS 3aKOH «20/80».

Obupaemo QyHKII0 HaOmkeHHS. B naHoMy BUmNanKy HeBU3HAu€H1 KOe(IIIEHTH 3a/aHi
HE JHIAHO, ISl BUKOPHCTAHHS METOAY HaWMEHIIMX KBaJApaTiB MOTPIOHO MPOBECTH JOJATKOBI
noOy0oBH, SIK1 JiHEeapi3yloTh (3a KoedinieHTaMu) QYyHKI1F0 HAOIHKEHHS.

@ikcyrouH piBeHb MiATOTOBIEHOCTI PECIIOHIEHTA Ta BUKOPUCTOBYIOUH 3aKoH [lapeTo mok-
POKOBO Mi0MpaeMo MUTaHHS. PO3riIsTHEMO MPUKIIA] BUKOPUCTAHHS OTPUMAHOTO alrOPUTMY Ha
ocHoBI1 nooynosu nmpo¢inis IRT.

OcHOBHA IIUJTH JAHOTO TECTY — MPOBEACHHS M1JICYMKOBOT'O KOHTPOJIIO 3HAHB 3 TUCIUTIIIHN
«ExoHOMIYHA TeopisH» JUIsl OTPUMAHHS CTYACHTOM 3aJ1IKOBOi OLIIHKH.

3MICT TECTOBUX 3aBJaHb BIJIOBiae poOoUiil mporpamMi JUCIUILTIHU Ta JUI BUKOHAHHS 3a-
BJIaHb JIOCTaTHHO 0A30BOTO PiBHS 3HaHb. Bechoro tect MicTuTh 30 mutans 1 4 BapiaHTH BIAMOBI/I,
TUIBKY OJHA 3 SKMX BipHA. 3aBJIaHHS TECTYy BapilOIOTHCS 3a PIBHEM CKIJIAJIHOCTI: Hailyermie 3a-
BIaHHs Mae ominky 0.09, a HaiiBax4e — 0.4; 10 CTOCY€EThCS CTY/ACHTIB, PIBEHB OIIHKHU MiATOTOB-
JICHOCTI KpaIIoro y4acHHKa TecTyBaHHs nopiBHIoe 0.93, a ripmoro — 0.53.

Buxopucranss amanTariii 3aBjaHb MiABUINYE SIKICTh MUTAHHS 3 TOYKH 30py OUGEPEHIIIHHOT
3IaTHOCTI, OCKUIBKHU II€H TMpoIeC J03BOJISIE IPUBHECTH B CTAHIAPTHI TPYMOBI TECTH €IEMEHTH
1HAMBITyani3alii, BpaXyBaHHA IHIMBIAYaJbHUX OCOOJIMBOCTEH KOXHOTO JIOCIHIIKYBaHOTO B
MpoIIeCi TECTYBaHHS.
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HocaixzkeHHst epeKTUBHOCTI 0iOHIYHMX CTOXaCTHYHHUX AJTOPUTMIB BUPilIeHHS 32124
rJ100aJbHOI onTHMIi3aIii

Inpuenko I1. B., /[HinmponeTpoBChKUi HAIlIOHATBHUHN YHIBEPCUTET 3JII3HUYHOTO TPAHCIIOPTY
imeHi akagemika B. Jlazapsina, Ykpaina

[Ipu BupimeHHi 6araTb0X MPaKTUYHKUX 3aBJaHb YAaCTO BUHHUKAE HEOOXIIHICTh BUOOPY Hall-
Kpaloro pilleHHs 3a AEAKUM KpPUTEpieEM 3 MHOKMHHM MOJIMBHUX. MaTremMaTMYHO Takuil BUOIp
dbopMaizyerecs y BUTIISL 3aBAAHHS ONTHMI3aIlii.

HIupoko BioMi METOIM MAaTEMaTHMYHOI'O IPOTrpaMyBaHHs JUIs BUPIIIEHHS 3a7a4 ONTHMi-
3aii ABISAIOTH COOOI0 IeTepMIHOBaHY iTepamiiiHy Mpoueaypy HOKPOKOBOTO MOJIMIIECHHS TOTOY-
HOro pineHHs. EQeKTHBHICTh TaKUX aJITOPUTMIB IPYHTYEThCA Ha BUKOPUCTAHHI 3pyYHHX 3 TOY-
KH 30pY ONTHMI3aIlil BIACTUBOCTEH (OMYKJIICTh, TIaAKICTh, 1 T.I1.) HUIBOBOI (PYHKIIIT, 5IKi, 1O TOTO
XK, Bigomi 3a3manerias. st 6araThoX MPaKTUYHHX 3aBJAaHb TaKi BJIACTUBOCTI a00 HE BUKOHY-
10Tbcs, a00 HEB1IOMI 3a37alieriib, TOMY BHUKOPUCTAHHS IT€pAIlIfHUX METOMAIB € HEIOILIbHUM.
Jl71s BUpIIIEHHS TaKUX 3aBJJaHb BUKOPHUCTOBYIOThCSI HEJIETEPMIHOBAH1 (CTOXAaCTUYHI) alrOPUTMH,
SIK1 TIPAIIOIOTh OJHOYACHO 3 BEJIHMKOI KUTBKICTIO TOTOYHHX pilieHb. BoHu € Oinpm ehekTuBHU-
MU Ta yHIBEPCAIbHUMH.

OnuH 3 HAWOLIBII MOMYJISIPHUX Ta YacTO BUKOPHUCTOBYBAaHHMX OIOHIYHMX METOMIIB € METOJ
POIO YaCTOK, BIIOMHU SIK 3TpaifHHid anroput™ onTuMizarii. [lanuii meron OyB 3amporoHOBAaHUI
JUIs pO3B'sS3aHHS 3a/1a4 O€3yMOBHOI ONTHUMI3allii 3 AilicHumMu 3MiHHUMU Kenneni 1 D6epxapTom y
1995 pori. Ines 3rpaiiHoro anropuTMy Oyina 3armo3udeHa 3 COMiaabHOI OBEIIHKY 3rpai KOMUTHUX,
NITaxiB, KOCSAKIB puO 1 T. 1., TOOTO MPOLIEC MOUIYKY ONTHUMAIBHOTO PIIIEHHS TaHUM METOAOM iMi-
Tye MOILYK 11 IPyIor0 TBapUH, KOMaxX YM MTaxiB OAHOro BUAY 0€3 yTouHEeHHs camoro Buay. Kpim
METOJy POIO YAaCTOK € 0374 1HIINX aJITOPUTMIB, aHAIOTIYHUX HOMY, aJie SIKi IMITYIOTb JIesKi BJla-
CTHUBOCTI 200 MOBE/IIHKY KOHKPETHUX BUJIIB TBApUH (HANPUKIIAJ, alTOPUTM HOUIYKY 303YJib, CBIT-
JISTYKIB, Ka)KaHIB, 3rpai BOBKIB, aJITOPUTM OJKOJMUHOI ciM’1 Ta 1H.). [IpukianiB O10HIYHUX METOIIB
MO>KHA HaBOJMUTHU O€3114, a/Ke 3 KOXKHUM POKOM X po3poOisieTbes Bce Outbie. Cimin TakoX 3a-
3HAQUUTH, 110 OUIBIIICTh aITOPUTMIB 3rpaifHOrO TUIY CHOYATKy pO3pOoOJIeH] sl pillleHHs 3a/1a4
0e3yMOBHOI onTuMi3alii 3 JIHCHUMHU 3MIHHUMH, 1 BCl BOHU MarOTh /€K1 apaMeTpH, Ki HEOOX1-
HO MiAOUpaTH MpU BUPILIEHH] TOTO YW IHIIOTO 3aBJaHHs (HaHBaKIMBILIMM € PO3MIp MOMYJISLii
MOTEHIIIMHUX PILIEHB ).

[Ipote pik 3a poKOM MPONOHYIOTHCS Pi3HI MOAMQIKALIT IIMX METO/IB, OB sI3aHi 3 ridpuau3a-
LI€10 AJITOPUTMIB, HAJIAIITYBAHHSIM X MTapaMeTpiB Ta PO3IIMPEHHIM KOJ1a BUPILIYBaHUX 3aBJIaHb.

OpHak JAOCHIPKEHHS MMOKA3aJd, 0 HEMOXKITMBO 3a3/1aJIeTi/[b BU3HAYUTH, SIKUI came 3 aj-
TOPUTMIB CJIiJ] 32CTOCYBATH JUIsl pO3B'sI3aHHs Ti€T UM 1HIIOT ONTUMI3aliiHOI 3a/1a4i, KpiM TOTO, 5K
BXke OyJI0 3a3Hau€HO, JJIS KOKHOTO alrOpUTMY MOTPiOHO BUOMpATH 3a3/1ajieriib po3Mip MOIy-
TSI MOTEHIIMHKUX PIIIeHb, 110, Y CBOIO YEPTY, TAKOXK € CKIIATHUM 3aBIaHHSIM.

Takum unHOM, MeTa POOOTH TOJATAE B MiJBUIICHHI €QEKTUBHOCTI BHUPILICHHS 3aBIaHb
onTHUMI3alii OIOHIYHMMH AJITOPUTMAMH 32 paXyHOK aBTOMAarH3allii ix BUOOpY 1 HaJlalITyBaHHS
napametpiB. [loctapnena meta 3ymMoBUiIa HEOOX1IHICTh BUPIIIIEHHSI HACTYITHOT'O KOMILJIEKCY B3a-
€MOIIOB'SI3aHUX 3aBJIaHb:

1. Hocnigut epeKTUBHICTD PI3HUX O10HIYHMX METOJIB JJISl PIIICHHS 3a/1a4 YMOBHOI 1 0e3y-
MOBHOT oNTuMi3allii 3 JiicCHUMHU Ta OGIHAPHUMHU 3MIHHUMU, BU3HAUUTH HAUOUIBIT eeKTHB-
HUU.

2. Po3poOuTH KOJEKTHBHUN CaMOHAIAr0/DKyBAIbHUI OIOHIYHHUN aNTOPUTM JUIsS BUPIIICHHS
3aJa4 yMOBHOI 1 0€3yMOBHOI onTHMi3alii 3 JIHCHUMHU 3MIHHUMU.

3. Po3pobutn moamdikaiiro HOBOTO aaTOPUTMY JUIS PIllICHHS 33724 YMOBHOI 1 0€3yMOBHOI
onTUMi3arii 3 O1HApHUMHU 3MIHHUMH.

4. PeanizyBatu po3poOJeHi aTOPUTMHU y BUTIISAL MPOrPAaMHUX CHUCTEM 1 OLIHUTH iX edex-
TUBHICTh HA TECTOBUX 3aB/IaHHSIX.

5. TIpoBectu ampobarito po3poOJIeHUX aITOPUTMIB MPH BHUPIIICHHI PEaTbHUX MPAKTHUYHUX
3a1ad.
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YueOHblii CTeH/ I H3yYeHHsI OPraHu3alHH Mapa/LIeIbHOr0 BBOAa\BHIBOIA B
MHUKPOINPOLECCOPHBIX CHCTEMAX

WBun I1. B., /IHenponeTpoBCKUI HallMOHAIbHBIA YHUBEPCUTET
KEJIE3HOJOPOKHOIO TPAaHCIIOPTa UMEHU akajemuka B. Jlazapsna

OpnHol U3 BaKHEHIIKX 3aJa4, pelIacMbIX B IIPOLIECCE MPOEKTUPOBAHUS MUKPOIIPOLIECCOP-
HBIX CHCTEM, SIBJSICTCSl OpraHM3alus BBOJA\BbIBOJA. VIMEHHO, O3TOMY OOJIBIIOC BHHUMAaHHE B
M3yYeHUH AUCHUILTHHBI «[IpoeKkTupoBaHre MHUKpPOIPOLECCOPHBIX CUCTEM» OTBOJIUTCS 3HAKOM-
CTBY U MPAKTHYECKOMY OCBOCHHIO CPEJICTB PEaM3YIOIINX KaHAIbI BBOIA\BBIBO/IA.

JUnist IOBBIIIEHUS] KaueCcTBa 00pa30BaHMs, aKTyaJbHBIM SBJISIETCS IOUCK HOBBIX (POPM H3-
JIOKEHHUS METOAMYECKOT0 MaTepualia, pa3padoTKa BCEBO3ZMOKHBIX CPEICTB, KOTOPHIE AAalOT BO3-
MOKHOCTh CTYACHTaM JIydllle YCBOWTBH IIOJIYYCHHBIC 3HAHHS M MPOOOBaTh MPUMEHHTh UX Ha
npaktuke. K unciny takux ¢opMm U CpeacTB, HECOMHEHHO, MOKHO OTHECTH Y4eOHBIE IIPOTrpaMM-
HBIE KOMILJIEKCHI, CTEH/Ib ¢ MUKPOKOHTPOJUIEPHBIM YIIPABICHUEM U T.I1.

CpezcrBa peanu3aiyy KaHaIOB BBOAA\BBIBO/A ATO PEaIbHO CYIIECTBYIOLINE MUKPOCXEMBI,
M3Y4YEHHE KOTOPBIX MOKHO pa3JelMUTh Ha JiBa dTana:

M3yYeHHE TEOPETHYECKUX CBEICHH, KaK BBIICPKKU W3 MHCTPYKIHHA 1O MPUMEHEHHIO, C
JIOTIOJIHUTEIbHBIMU MOSICHEHUSIMU OT IpernojaBaTesis, BCEX HIDAHCOB pabOThl C MUKPOCXEMOIA;

[IPaKTUYECKOE IPUMEHEHUE 3HAHUI, OJYyYEHHBIX Ha IEPBOM 3Talle, YTO TPeOyeT UCIOJIb-
30BaHUE OIPEAEIECHHBIX JJAOOPATOPHBIX CPEACTB (YUEOHbIE KOMIIEKCHI, CTEH/IbI).

W3 MHOrOOOpa3usi BUIOB KaHAJIOB BBOJA\BBIBOJIA, MOKHO COCTaBHThH JIBE TPYIIIbI, OTIH-
YaroIMXcs 1o crnoco0y nepenadyn nHGOpMalny: napauleIbHbIe U OCe10BaTEIbHbIE.

B nannoit pabore OyayT paccMOTpEHbI BOIPOCH! pa3pabOTKU CTEHJA JUIsl U3YUEHHs opra-
HU3AIMHU TapauIeIbHOTO BBOA\BBIBO/IA M, KaK CJICJICTBUE, M3YUYCHHE PeaTH3alUH MapalielIbHO-
r'0 aCHHXPOHHOT0, CHHXPOHHOTO, TIOJIYyTUIEKCHOTO KaHAJIOB BBO/1a\BBIBO/IA.

I'maBHBIM 00BEKTOM M3YY€HHUsd, B pa3pabaThIBAEMOM CTEHJE, siBseTcss Mukpocxema BIC
Intel8255a, oHa MOYKET HCIIOIB30BATHCS U1 OPraHU3aIlMY TapalIeIbHOTO BBOIa\BBIBO/IA.

Ananus onucanus Intel8255a nokazan psa KiI0YEBBIX MOMEHTOB B M3YUEHUU MPUHIUIIOB
ucrnons3oBanus Intel8255a. Bee onn Hanwm cBoe oToOpakeHHe B yueOHOM CTEHJI€ B BUE TOJ-
CUCTEM:

- BBOJIa YNIPABJISIIONIETO CJIOBa Il BbIOOpa pexxuma padoTel Intel8255a mnm ycTaHOBKH
paspsnoB opta C (ynpasieHHE MPOIECCOM Tepenadu nHopMaIum);

- BBOJIa 3HaUEHUS MepeaaBaeMoro 0airta HHPpopMaIiK; BIOOpa COCTOSHUM, TaK Ha3bIBae-
MBIX, «CUTHAJIOB PYKOTIOXKATHS;

- oToOpaxkeHus pexuma paboTsl Intel8255a, ¢ yuerom BBEIEHHOTO YIPaBIISIIOIIETO CIOBA
U ONMCAaHUEM Pa3HOBUIHOCTH PEaN3yeMOro KaHajaa BBOJIa\BbIBOIA;

- 0TOOpa’keHusl COCTOSTHUS BceX MopToB Intel8255a 1 «CUrHaIoB pyKOMOXKaTUS.

B kagecTBe OCHOBHOTO, YIPABISIONIETO YYEOHBIM CTEHJIOM dJIeMEHTa, ObUT BHIOpAaH MUK-
poxonTposuiep Atmega AT8515. Peanuzamnus pa3paboTaHHBIX aITOPUTMOB PaOOThI MHUKPOKOH-
Tpoliepa M CTEHAA LEJIUKOM, BBINONHAJIACh B  CHELMAIM3UPOBAHHOM  IPHJIOKEHUH
CodeVisionAVR Evaluation, ¢ ucronbs30BaHueM si3bIKa IporpamMmmupoBanust C++.
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Oco0MBOCTI pO3p0OOKH HABYAJIbHMX IVIAHIB 32 IMCTAHUIITHOIO (P)OPMOIO HABYAHHS
y 3aKJ1a/1aX BUIIIOI OCBITH

Kosznogscrka JI. B., Marsieako O. B., Mozonesuu I'. 5., Xynenko B. .
JIHITpONETPOBCHKUH HAIlIOHATBHUI YHIBEPCUTET
3aJII3HUYHOTO TPAHCIIOPTY iMeHi akaaemika B. Jlazapsua, Ykpaina

B VYkpaini Habupae o0epTiB KOHKYpEHIlsSI MiX 3akKjaaMd BHIIOiI OCBITH 3a HaJlaHHS
OcBiTHIX mociyr. L{e 00yMOBII€HO 3 OHOTO OOKY 30UTBIIEHHSM MPOIO3UIliT HA PUHKY, a 3 1HIIO-
r'o 3MEHIICHHSM PEATBHOTO MOIUTY 3a PaXyHOK AeMorpadiuyHOT KpU3H Ta Mirparii Moio/i.

B Takux ymoBax OJHHM i3 coco0iB CTAlOTr0 PO3BUTKY YHIBEPCHTETY € BHKOPHCTAHHS
JMCTaHIIHOT (JOPMH HABYANBLHOTO MPOLECY. Ii MepeBarol € 3Ha4yHe 3MEHLICHHS BUTPAT Ha
TPAaHCIOPTYBaHHS Ta MPOKUBAHHS CTYJCHTIB, IO MPAIIOIOTh 11032 MICIIEM pO3TalllyBaHHS yHi-
BEPCUTETIB B TOMY YHCIIi 32 KOPZAOHOM.

JIHIpOTIeTPOBCHKUI HAI[IOHAIBHUN YHIBEPCUTET 3ai3HHYHOTO TPAHCIIOPTY iMEHI aka-
nemika B. JlazapsiHa mpaiftoe Haj po3BUTKOM JMCTaHIIMHOT popMu HaByasibHOro npomecy. On-
HUM 13 aKTyaJIbHUX [TUTaHb HOTO CTAHOBJIEHHS — € po3poOKa HaBuanbHUX 1aHiB. 1o BimpisHse
iX BiJ] HABUAJIBHHX IUIaHIB CTYJEHTIB 3a04HOT OpMHU, SKi OCOOIUBOCTI, Ha 110 Tpeda 3BEpHYTU
yBary HayKoBo-mefaroriyaux npamisaukis (HITIT)?

[adopmariiitHi TexXHONIOTIi B IIbOMY KOHTEKCTI 3HAYHO 3MIHIOIOTH miaxonu. HaBuanbHuit
nporec nepexoauts B Maibke 100% camocTiiiHy poOOTy Haa TUCTAHLIHHUMH KypcaMmu, 3a BU-
KIIFOUEHHSIM JIESIKOTO TepeltiKy 1abopaTopHux podit, mo norpedye poOOTy CTyaeHTa i3 o0nai-
HaHHsM. ToOTo, Ha BinMiHY Bix 3a0uHOi (hopMu y mepeniky aynutopHoro HaBantakeHHs: HITIT
BIJICYTHI JIEKIIii, TPAKTUYH1 3aHATTS — B1ICYyTHI HACTAHOBHI cecii y CTY/ICHTIB.

YV HaB4anbHOMY IUIaHI IPONIOHYETHCS BBEJCHHS MOHATTS OHJIAH Ta 0 ¢IIaiiH €J1eMEHTIB.
Jo nepuoi kateropii Bxoaats podotu HIIII i3 cryaenTamu, 1o nepenbaydaroTh iX B3a€EMOJIII0 B
paMKax TEXHIYHHX MOXKIJIMBOCTEH cucTemMu nucrtaniiitHoro Hapuanus (CJIH). Hanpuxmnan, xox-
HY AMCUMIUIIHY MOXYTh CYIMPOBOIKYBAaTH NEKiTbKa OHJAWH JIEKIIM BUKIaAaya i3 HaHOiIbII
CKJIQJIHUMHU JUIsl PO3YMIHHSI TeMaMu, IiJ Yac SKUX BiH OPraHi30BYIO JUCKYCIIO 13 CTyIE€HTaMH,
BIJINIOBIJIa€ HA 3alMTaHH:], 110 OJHOYACHO 3 JIEKILI€0 (OPMYIOThCS cTyAeHTamu. [Ipu 1pomy,
nepeJi KaMeporo JIEKTOpY MO)Ke OyTH 3pyuHille BECTH HaBYAIbHUI MpoOIeC HIXK B JIEKIIHHINA ay-
IUTOpIi. AJKe BIH MOKE€ OJJHOYACHO MEePEeYUTYBATH 3alIUTaHHA Ta 3ayBa)XEHHS J0 TOTO UM iHILO-
ro Marepiaiy, IIBHJKO NEPEBIPUTU T'OTOBHICTh CTYJIEHTIB /0 JIEKIIi 32 paXyHOK 1H(pOpMaIiiHIX
moxknuBocteir CJIH Tomro. Takoxx 1o mepimioi kaTeropii BiTHOCATHCS OHJIAMH KOHCYJbTallli Ta
YaTy, 110 3@ BIJOMMM JJIsl CTYJEHTIB IpadiKoM MOXe IPOBOJNUTH BUKIagad. /s TUX CTYIEHTIB,
1110 3a IPUYMHAMU 3aiHATOCTI He Moruu npaioBatu 3 C[IH B MOMEHT npoBe/ieHHs OHJIaliH 3a-
X0JIiB, pOOMTHCSI aBTOMAaTUYHUH 3amic poOOTH BUKIIaga4a Ha KaHaii YouTube abo iHIION 10CTY-
ITHOI CTyZIeHTaM cucTeMH. | 1aii B iucTaHuiiHoMy Kypci Ha (hopyMax BHKIJIaJaueM MPONOHYETh-
Csl «BIJICYTHIM» Ha OHJIAMH JIEKIIi CTyJ€eHTaM 03HaHOMHUTHCH 13 BiJleO-MaTepiajaMH.

Jlo npyroi kaTeropii BiJTHOCUTBECSI poOOTa BUKJIalauya JUCTAHLIHHOTIO KypCy 3 peleH3yBaH-
HS Ta OI[IHKH 1HJWBiTyaJTbHUX 3aBJaHb, IO BUKOHYBAIHNCH CTYJCHTAMH, CTBOPEHHS Ta BEICHHS
¢dopyMmiB, BIIMOBII Ha 1HUBITyalbH1 MUTaHHS, 1110 HAJINIIUIA Ha €IEKTPOHHY MOIUTY YU B 0COOH-
CTUX MOBioMIIeHHsIX. OCOOIMBY yBary BHKIIA/Ia4 MOBUHEH MPUIUISTH MTUTAHHIM Ta TEMaM, 110 3a
aBTOMATHYHOIO OLIIHKOIO CTY/IEHTIB CUCTEMOIO HUMH OYyJIM HE JOCHUTh 3pO3yMUINMH.

OxpemMuM CKJIQAHUM NUTaHHSIM € HopMyBaHHs pobotu HIIII Ta cTyaeHTiB npH ckianaH-
Hi HaBYAJILHOT'O IJIaHy. SIK 1MoKa3ye MpOBEIeHUN aHali3 y 3aKiIajax BHIOi OCBITH, 1110 3aCTOCO-
BYIOTh T€XHIUYHI MOXJIMBOCTI JUCTAHIIMHOIO HaBYaHHS, 3HaYeHHsI TTOKa3HUKIB Ta KaTeropii cyT-
TEBO BiAPI3HAIOTHCSA. B 3B’S3Ky 3 IUM IIe aKTyanbHe AJs oprasizauii poOOTH yHIBEpCUTETY MH-
TaHHs OTPeOye OUIBII JETATHHOTO JTOCTIKSHHS.
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IIpumeHeHnne cTaHAAPTOB NporpaMmMmupoBanus Ha C++ 1Jis1 00ydenus cryaeHToB I'T
CIenraJIbHOCTEH MJIAIIIUX KYPCOB YHHUBEpPCUTETA

Koporenko I'. M., Kopotenko JI. M., 'ocynapcTBeHHOE BBICIIee yueOHOE 3aBe/ICHUE
«HannoHaIbHBIN TOPHBIA YHUBEPCUTETY», Y KpanHa

O6o03peBas OeckpailHUi NTaHAMAPT W3/1aBaeMbIX KHUT MO MPOTPAMMHUPOBAHUIO HA S3BIKE
C++, npuXoANUTCs KOHCTATUPOBATh, YTO B HUX aBTOPBI-IPOrPAMMUCTBI IUIITYT UCKIIOYUTEIBHO
JUIL CBOMX COOpaTheB — MPOTPAMMHUCTOB. A OIHON M3 OCHOBHBIX OCOOCHHOCTEH KOHTHMHIEHTA
MIIQJIINX KypCOB YHUBEpCUTETa SBJISETCA MPAKTUYECKU IOJIHOE OTCYTCTBHE 0a30BOW MOATro-
TOBKH I10 POrpaMMHpOBaHuI0. 1, XOTs cpeau nepBOKypCHUKOB €CTh MPOCIIONKA TEX, KTO YMEET
IIPOrpaMMHUPOBaTh (B TOW MM MHOH CTENEHH), OHA, BO-NIEPBbIX, MAJIOUYUCIIEHHA, 4, BO-BTOPbIX —
MEHBIIE BCEro HYXAAaeTcs B yciayrax npenojaBareieil (1o MporpaMMUCTCKUM Ipeameram). Ec-
JIM OPUEHTUPOBATHCS HA HUX, TO IIOCTPAIaeT OCHOBHAS YacTb ayJUTOPUU.

DTy CUTyalMio yCyryousser oOmas TeHACHIHS W3JI0KEHHS MaTepualia B y4yeOHUKax I10
C++, koTopast CBOIUTCS K MPEACTABICHUIO OCHOB MPOrpaMMHUPOBAHUs KaK MCIIOJIb30BaHUs BCeE-
MO3MOKHBIX CPEJICTB 3TOr0 s3bika. [Io yMoI4aHHIO CUMTAETCs, YTO YK€ Ha CTapUIMX Kypcax
CTY/EHTBI OCBOAT IPHHLMUIIBI IPOEKTUPOBAHUS M KOHCTPYHUPOBAHUSA MPorpamm, a o6 ux odopm-
JICHUM Y3HAIOT €IIE M03XKE — yKe «Ha hupmem.

Lenbto naHHON paboTHI sABIsIETCS 0OOCHOBAHME HOBOTO MOJXO0/a K IPENoJaBaHMIO IpO-
IrpaMMHUPOBAaHUS Ha MJAAIIUX Kypcax YHuBEpcUTETOB. OCHOBHBIMH MOJOXEHUSAMHU 3TOTO MOA-
XOJla SIBJIAIOTCS: HUCXOJLIEe MPOEKTUPOBAHUE MPOrpPaMM METO/0M IOLIAroBOH JAeTaln3aluy;
CTPYKTYpPHOE MPOrPaMMHUPOBAHHE C UCTIOIb30BAHUEM OCHOBHBIX 0a30BBIX CTPYKTYp si3bika C++;
«CranaapT nporpaMMmupoBaHus Ha s3bike CH++» (nanee «CrtaHzmapr»), YTBEpXKIECHHBIH Ha BBI-
nmyckarouiei kageape YHuBepcurera.

B 2016 rony na xadenpe [I3KC I'BY3 «HI'Y» Obln yTBepkaeH U npuHAT «CTaHmapt»,
KOTOpBI OCHOBaH Ha nokymeHTax: «Coding standards on 64-bit platforms IBM Knowledge
Center» (IBM) u «Google C++ Style Guide» (Google). 13 cranaapra IBM aBropamu ObLT HC-
nonb3oBaH T.H. «BepomtoxuitPeructp» (CamelCase) misi onmucanus MepeMEHHBIX. 3a OCHOBY
ObUIM MPHUHATHI UMEHHO OCHOBHBIE MoJIoXKeHUs crannapra Google. EctecTBeHHO, 4TO ObUIH HC-
KJIFOUeHbl MOMEHTHI, cBA3aHHble ¢ OOII. Onupasich Ha MOJI0XKEHUS CTPYKTYypHOU Teopembl boma
u J[»kakonmuHU, OCHOBHOE BHUMaHHE aBTOPHI yAeamIn 0a30BbIM cTpykTypam s3bika C++: CJIE-
JOBAHME, PA3BUJIKA u LHUKIIL Ilpu 3TOM y4YHTHIBaIIOCH, YTO B si3bIke C++ KOHCTPYKIHS
CJIEJOBAHUE He OTHOCUTCS K IpyIIE YIPAaBIAOIUX CTPYKTYP, K KOTOPOH OTHOCSITCS Olle-
paropsi if, if/else, switch. for, while, do/while. TToatomy, kKoMMeHTHpOBaHKE (DYHKIIHOHATBHOTO
HA3HAYEHUS JAaHHBIX CTPYKTYp BBIIEIEHO B OTAEIbHBIE mozpasnensl. llpemnaraemslii moaxon
ObUI IPUMEHEH C TOW 1LIEJbI0, YTO JUJAKTUYECKONW «U3IOMUHKOM» ISl CTyJIEHTa SBISETCS TOT
¢baxT, yTO IpU KOMMEHTHPOBAHUU BBEJIECHHOW CTPYKTYpBI, OH JOJDKEH 3aJyMaThCsl O €€ Ha3Ha-
yeHuu. Taxke, oco00oe BHUMaHHE B Ipoliecce 00ydeHus YAeNnseTcss OCBOEHUIO CTYy/I€HTaMH dJie-
MEHTOB MOJYJIBHOTO IporpaMMupoBaHus. B ymomsHyrom Bbime «CTaHIapTe» yKas3blBaeTcs,
YTO HEOOXOAMMO B BBI3BIBAIOLIEH (DYHKIIMM KOMMEHTHPOBATh BBI30OBBI (PYHKILIUN, HO, TI1aBHOE —
nucaTh KOpoTKHe (PYyHKIMH, MpHuaepkuBaThes «CTaHaapTa» Npu BbIOOpEe MMEH (DYHKIIHMMA, BbI-
JepKUBATh MOPSAAOK UX MapaMEeTPOB, KOMMEHTUPOBATh Ha3HAYEeHUE PYHKIIMHA U UX TapaMeTPOB.

Kak ormeuan [Ixxek PuB3 B xxypHane «C++ Journal» ocenbro 1992 roga: «IIporpammupo-
BaHHe — 370 npoektupoBanue [10». [ToaToMy aBTOpBI CUMTAIOT, YTO MOATOTOBKY OYAYyITUX TIPO-
(eccroHamoB-IPOrpaMMHUCTOB HEOOXOJMMO HauMHATh C MEPBOro Kypca YHuBepcutera. Mcmo-
JB3Ys KaKk KyOuku 06a30Bble CTPYKTYpHI si3bika C++ Bmecte co CtanaapTom, Oyaymue «poduy»
B 00J1aCTH IPOTPaAaMMHUPOBAHUS CMOTYT HAWTH CBOE MECTO B PA3IMYHBIX OpPraHU3alUsAX, TaKe HEe
JIOTaIbIBAIOLINXCS O BHEAPEHUHU B UX JI€ATEIBHOCTh coBpeMeHHoro I10.
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CoBepuieHCTBOBAHUE METO/I0B MPeNogaBaHus KOMIbIOTEPHBIX AUCHUILIMH B BY 3e

Koporenko I'. M., Koporenko JI. M., Congatenko JI. B. ['ocynapcTBeHHOE BEICIIEe yueOHOE
3aBeficHUE «HanvoHaNbHbBIN TOPHBIM YHUBEPCUTETY, Y KpauHa

CKOpOCTh pa3BUTHA MATH OCHOBHBIX OTpaciieii 3HaHWM, ONMPEIEINSIONINX «IUI0» COBpe-
MEHHOT'O KOMIIBIOTEPHOTO MUPA, IIOCTOSHHO BO3PACTaeT. ITO OTPAXKAETCSI B CaMOW IMHAMHKE U
94acTOTE€ M3MEHEHHsI OCHOBOMOJAralolUX IOKYMEHTOB, OTHOCSIIMXCS K CIEIYIOLUIMM cdepam
oOydenus Oynymmx crienuanuctoB: Kommnbiorepusie Haykn — Computer Science (CS), Kommbro-
tepuas umkeHepuss — Computer Engineering (CE), Ilporpammuas umkenepuss — Software
Engineering (SE), Uudopmarnmonnsie cucremsl — Information Systems (IS), Mudopmarnmonssie
texnosnorud — Information Technology (IT). Pa3Butrem u cOBEPIICHCTBOBAHHEM HAITOJIHEHHS
COBPEMCHHBIM COJICpKAaHHEM B JIaHHOW 0O0JIAacTH, SIBISIOTCS OPraHM3alMOHHBIC CTPYKTYPHI
CIOA: Acconmanusi BEIYHCIUTENbHON TexHUKH (Association for Computing Machinery, ACM)
U MIHCTUTYT MHXKEHEPOB JIeKTpoTeXHUKH 1 nekrponuku (Institute of Electrical and Electronics
Engineers, IEEE) Ha OCHOBE MOCTOSHHO pacIIMpSIONMXCS TpaHul] cBopa 3HaHuWi (Body of
Knowledge, BOK) coBOKyImTHOCTH 0XBaThIBAEMBIX JTUCITUTLIHH.

Bwmecte ¢ tem, yxe B 2013 roay, B nokymente CS2013, pa3paboTaHHOM BBIIICYKa3aHHbI-
MU OpraHU3alMsIMH, OBUTO MTOKa3aHO, YTO Pa3BUTHE KOMIIBIOTEPHBIX HAyK MOTPEOOBAIO BBEJIC-
nus B BOK HoBbIX oOnacreit 3Hanuii (Knowledge Area, KA), 4To moBiekiao HEOOXOAMMOCTh
OCBOCHHS YYaIIUMUCSI HOBBIX TPEOOBAaHUI U M3MEHEHHS HEKOTOPBIX CTAPBIX KOMIIETEHTHOCTEH.
Cpenu 3THX HOBBIX OOJIACTEH CIIeyeT OTMETUTH cienyronue: MHpopmannonHas 6€30macHOCTh
u 3amura uapopmanuu — Information Assurance and Security (IAS), CeteBoe o6opynoBaHue u
cBs13b — Networking and Communication (NC), [TnatdopmeHHO-OpHeHTHpOBaHHAS pa3padoTKa —
Platform-Based Development (PBD), IlapamnensHblii U pacnpeieieHHbI KOMIIBIOTHHI —
Parallel and Distributed Computing (PD), OcHoBBI pa3paOoTKu HNporpaMMHOro oOecreueHus
(ITO) — Software Development Fundamentals (SDF), OcHoBbl (h)yHKIMOHHpPOBAHUS CUCTEM —
Systems Fundamentals (SF). He mpomiio u detbipex jier, a Ha MOAX0/A€ MPOCMATPUBAIOTCS €IIIe
0osee «coBpeMeHHbIe» nucHUIUINHBL: MHTepHeT Bemel — Internet of Things (IoT), MoOuibHbIE
texHooruu — Mobile Technology (MT), Uckyccreennsiii uatesuiekt — Artificial Intellect (Al),
Oo6unaunbie Berancnenns — Cloud Computing (CC) u uensiii psix Ipyrux.

BwMmecte ¢ Tem, mapaniensHo ¢ mporeccoM (GOpMUpPOBaHMsS 00pa30BaTEeNbHBIX MPOrpamMM
o0y4yeHHs OynyIUX CHENHATUCTOB, aKTUBHO Pa3BUBAETCS LIEJIbIN CIIEKTP COBPEMEHHBIX MOAXO-
JI0B 1O ()OPMHUPOBAHUIO MPAKTUK MCIOIB30BAHUS BCETO CIIEKTpa HOBEHIIMX KOMIOHEHTOB 10 u
anmapaTHbIX KOMIIOHEHTOB, a TaKXKe MPEIOCTABICHUS OPTraHU3alUsIMHU YCIyT B 00JIaCTH BHEpE-
Hus 1 ucnonb3oBanud UT Ha 6a3e bubnuoreku nHdpacTpykTypsl HHGOPMAIIMOHHBIX TEXHOJIO-
ruit — Information Technology Infrastructure Library (ITIL), onuparomeiics Ha KOMIUIEKC Mpak-
tuk Ynpasnenus cepucamu UT — IT service management (ITSM). [Ipyrum MocTukom, coeau-
HSIOUIMM TPOJBIKEHHE CIEIHATUCTOB B cepy NMPOEKTUPOBAHUS, pa3padOTKU, BHEAPEHUS U
sKkcrutyataruu cpeactB 10 Ha Bcex ypOBHSX €ro mpuUMEHEHHs (OPMHUPYIOTCS M COBEPIIEHCT-
BYIOTCS B3aWMOIIPOHUKAIOIINE TOAXO/IbI CIEAYIOIIEH TpyNIbl: YIpaBiIeHUs KU3HEHHBIM LUK-
noM nipuiioskeHnit — Application Lifecycle Management (ALM), XKu3HeHHbIH UK pa3paboTku
I1O — Software development lifecycle (SDLC) u Pa3pabotka u sxcrutyararust — Development
and Operations (DevOps).

B HacTosiee Bpemsi, pu NPeoIaBaHiH TUCIIMIDIHH B BBICIINX y4eOHBIX 3aBEACHUSAX HC-
MOJTB3YETCS pa3elieHne Ha YaCTH €IMHOTO IMpoIliecca MpoPecCHOHATbHON eI TeTbHOCTH, BhIIe-
TsIs1 B HEM TIPEKIE BCErO TEOPETUIECKUN U TIPAKTUYECKUi actieKThl. Ho coBpeMeHHas reaaroru-
Ka («rmegaroruka KOMIIETEHINI»), HEe OTPHUIas HEOOXOTMMOCTH aHAJTHTUYECKOTO pPa3/IeIeHUs
pu 00y4eHHUH, BHICTYIIAET 3a JaJbHENIIee CHHTETU3M, TO €CTh 00bEeIMHEHNE TEOPUU U MPAKTH-
KM, JIOCTUTAETCS B MPOIECCE HEMOCPEACTBEHHON MPO(ECCHOHANTBHOMN eI TeIbHOCTH WM €€ UT-
poBoii umMuTanuu. Ha 3Tux sTamax mpeiaraercsi BHEAPATH CIEIyIONUe 00ydarole TeXHOIO-
rUH: MeTOJ| KeiicoB (case method), u3yuenue kericoB (case study), meron noptdonuo u pa3Bu-
BAIOIIHME TEXHOJIOTHUH KOOTIEPALIUH.
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Pa3paboTka KOMIBIOTEPHBIX 00YUYAKOLIMX POrpaMM Ha Kadeape
CHCTEM YNpPAaBJIeHUS JIeTATeIbHBIMH aNlllapaTaMu

Kynuk A. C., Uyxpaii A. I'., 'aBpunenko E. B. HarnonanbHbiif a3pOKOCMHUECKUI YHUBEPCUTET
uM. H. E. )KykoBckoro “XapbkoBCKUI aBUALIMOHHBIM HHCTUTYT , Y KpanHa

Ha ¢one coBepiieHCTBYIOMEHCS BEIYUCIUTEFHON TEXHUKHA M TIOCTOSIHHO PacTyIIUX 00b-
eMOB HH(pOpMAaIK, HEOOXOJUMOH Il YCBOSHUS CTYACHTAaMH, Ha Kadeape CHCTEM YIpaBJICHUS
neratenbHbiMH anmapatamMu (CYJIA) yxe B Haudane 2000-x TT. Havaja OIIyIIaThCS HEXBATKa
MporpaMM, MOMOTAIONIMX MPENoIaBaTeNsIM B MPOBEICHUU J1a00paTOPHBIX U MPAKTUYECKUX 3a-
Hatuid. Benencrsue atoro ¢ 2004 r. npenogaBatensmu u cryaeHtamu kadeapsl CYJIA co3naBa-
JUCH 00yYaroniye KOMIIbIOTEpHBIE MTPOrPaMMBbI JIJIsl aBTOMATU3allMK PELIeHUs 3aja4, XapakTep-
HBIX JUIsl IUCUUIUIMH WHXKEHEPHON HANpPaBJIEHHOCTH, U TPEOYIOIIUX TPYAOEMKHX MaTeMaTHue-
CKHMX BBIYHCIICHUU.

B 2006-2007 rT. KOJJIEKTUBOM IpenojaBaTesiel U CTyIEHTOB pa3padoTaH KOMIIbIOTEPU3H-
pOBaHHBIN J1a0OPAaTOPHBINA MPAKTUKYM 1O Kypcy «MogenupoBanue cuctem». Ilpu npoextupo-
BaHUU JJaHHOTO MPOIPaMMHOI0 KOMIUIEKCAa OCHOBHOM aKIIEHT C/€JIaH Ha HarIsAHOCTh U MOJIHO-
Ty nogaun marepuana. Ocobennoctu kypca TAY, 6azoBoro s kapeaper CYJIA, nmorpeboBaim
co3anus 0oyiee MHTEPAKTUBHBIX 3a/IaHUM, COJIEPKaINX TOMOIHUTEIbHBIC rpaduueckue peaak-
TOPBI I TOCTPOEHUSI PYHKIMOHAIBHBIX M CTPYKTYPHBIX CXEM, JTHHEApU3aLUN XapaKTePUCTHK.
Takue GyHKIUU AOCTYIHBI BO MHOTMX MaTE€MaTHUECKHX U WHKEHEPHBIX MPUIIOKEHUSAX, HO HE
MIPUMEHHUMBI JIJIs1 paboThl B peKUMe 00yUYeHHS ¢ MOJCKa3KaMHU UM aBTOMaTHU3UPOBAHHOTO TeC-
TUPOBAHUSI KOHKPETHBIX HABBIKOB CTY/ICHTOB.

B cBere HaMeueHHOro HampaBiICHHsS Ha CO3JAHUE WHTEIJIEKTYaJbHBIX KOMIIBIOTEPHBIX
obyuatomux nporpamm (MKOIT) cpenu pazpadotok 2007-2008 TT. ciemxyeT OTMETUTh MPOTpaM-
My «Perata», peaau3yrouryro, IOMUMO OCHOBHBIX ()YHKIIMI OOy4EHHsS] CUHTE3y CHUCTEM YIpaB-
JIeHUs, ellle U UTPoBOM MpHuHIMIL. bezycnoBHbIM marom Brnepea B pazpadotke MKOII 65110 co3-
nanue B 2008 r. oOyyaromieil mporpaMMsl JJisl MOATOTOBKM YUYEHUKOB LIKOJ JJIsl YCHEIHOM caa-
Y BHEIIHEr0 HE3aBHCHMOI'O TECTUPOBAHUS MO MareMaTHKe. KOHCTpYKTMBHO HOBBIM MOIXOA K
MOJICJIMPOBAHUIO 3a/1a4, 3aJI0)KEHHBI B MPOTrpaMMy, 3aKJIIOYaeTCcsl B TOM, 4TO (HOpMYyIUpPOBKA
Ka)KJ0TO U3 3a/IaHUi TEHEPUPYETCS I10 3aJI0)KEHHBIM ITapaMeTPU30BaHHBIM MOJIEIISIM.

AHanu3 HaKOIJIEHHOT'O OIBITA MOKa3all, 4YTO He0OXOAUMO BhIpa0OTaTh YHU(DHUIIMPOBAHHBIN
MOAXOJ K afaNnTalluy MOJl YPOBEHb 3HAHUM Ka)KIOTO M3 y4alllUXCsl, MO3BOJISIOUIUN pealn30Bbl-
BaTh BETBSIIUECS CUEHApUU OOYYEHHs B Pa3IMYHbIX YUEOHBIX TUCIHUIUIMHAX. Takod moaxon
ob11 chopmupoBan B 2009 r. 1 pa3paboTaH MPOTOTHUI YHUBEPCATHLHON CPE/Ibl CO3/JaHUs U TPAHC-
nsuu oOygarorux porpamm «IT Creator.

B 2014 r. mosny4eHbl cUCTEMHBIE PE3YJIbTAThl UCCIIEIOBAaHUN B BHIe 0000IIEHHOM KOHIIETI-
MU Pa3pabOTKU MHTEJUIEKTYaJbHBIX KOMITBIOTEPHBIX MPOrpamMM, OOYYalOIIUX PEHICHUI0 ajro-
puTMHUUecKHX 3aj1ad. [IpakTuueckast peanu3amus 3TOM KOHLENIMU B pa3pabOTaHHBIX Ha Kadenpe
CVJIA HKOII oGecrieunny mosydyeHne TEKyIed OLEHKH, MO3BOJISIONEeH TPUHUMATh UHTEIICK-
TyaJIbHbIE PELICHUS O BHJIE U KQUeCTBE MO/ICKA3KU, KOTOPYIO JaeT MporpaMma o0ydaeMomy.

B Hacrosiee BpeMsi MOXXHO c(hOpMyTUpOBaTh JBa OCHOBHBIX HAIlPaBJICHUS HAYYHBIX HC-
cnenoannii kapeapsl CYJIA B chepe pazpabotku UKOII: 1. Co3zganue BepoSITHOCTHONW MOIEIH
nporecca oOydeHus ¢ UCIOIb30BaHUEM JUHAMUYecKuX OallecoBckux cereil. 2. PazpaboTka cuc-
TEMBI JIEKCUYECKOTO U CHHTAaKCUYECKOTO aHaIn3a OTBETOB 00y4aeMoro.

Taxum, 00pa3oM, HaKOIUIEHHBIN ONBIT Pa3pabdOTOK M peaju3alus JABYX 0003HAYEHHBIX
BhIe wae mo3Bosmt co3naBath MKOII, cmocoOHbie oOecrieunBath CBOEBpeMeHHBIE, Y ]ek-
THUBHBIE U NEJAarornyecku 00OCHOBAHHBIE OOpATHBIE CBSI3U CHUCTEMBI C 00y4aeMbIM, O3BOJISAIO-
M€ pa3rpy3UTh NPEnojaBaTeist B YaCTH BBINOJIHEHHS MOBTOPAIOMINXCS (PYHKIMA U TOBBICUTH
aJIalTUBHOCTH Ipollecca Mepeaaydl 3HAHUN MPU COXPAHEHUWHU TPYIIIOBOTO OOYYEHUS WU TpHU
nepexoie Ha TMCTaHIMOHHYI0 (hopMy 00pa3oBaHuUs.
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Inpopmaniiini cucremn B xutTi BH3

JlockytoBa I'. A. JIHimponeTpoBChKU HAIIOHATLHUN YHIBEPCUTET 3aTi3HUYHOTO TPAHCIIOPTY
imeHi akagemika B. Jlazapsina, /[ninpo, Ykpaina

3anexHICTh Cy4acHOI JIFOJUHM BiJ iHQOPMAIIHHUX TEXHOJIOTINH HE 3MeHIIyeThes. [Ipuun-
HOIO € JIOCSTHEHHs UB1TI3allii 1 OakaHHS JIFOJMHY T13HABAaTH HOBE. TOMY CTBOPEHHSI OY/b-SIKHX
OCBITHIX 1 1H(MOpMAIIHHUX TEXHOJIOTIH € JIOCUTh aKTyaJIbHOIO 3aa4ycio. 3aBISKA CYYacCHUM
TEXHOJIOTisIM, 1H(QOPMAaLiiHI TeXHOJOTrIl 3 HaJaHHS Ta OOMiHY iH(pOpMaIlli€lo 3MOTTIM BUITH Ha
HOBHIA PiBEHb.

Ha crorognimmuiii aeHs BukopuctanHs B BH3 enekTtponHux iHOpMaIiiHUX CHUCTEM HE
pinkicte. BmpoBamkyroTbcs HOBI  iHGOpMAIiiiHI  TEXHOJOTIi CHUIKyBaHHS CTY/EHTIB,
a0iTypi€HTIB 3 BUKJIaJauaMH 1 IOHECEHHSI IOBIIKOBUX BIIOMOCTEH J0 JFO/ICH 10 HABYAIOTHCS Ta
npautorots y BH3.

VY rtenepimHii yac, ;g BH3 BaxnuBo BUALTUTH HAHOUIBII HEOOXiAHY iH(OpMAILiO 1 3po-
OUTH ii JOCTYMHOIO, Ta TAKOIO IO JIETKO OHOBIIOETHCSI.

IcHye 6e31iv iHTEpaKTUBHUX 1HPOPMALIWHUX CTEHIB, SKi MAlOTh Pi3HI HAa3BH, BU/H, aje
CyTh 1 MeTa iX Of]Ha - TOHOCHUTH iH(POPMaILit0 OyAb-IKOT0 XapakTepy 1 miaBummty imimx BH3.

IaTepakTuBHI 1HGOpMaIiiiHI CHCTEMH ITOYMHAIOTH 3aMiHIOBAaTH YHCICHHI Mamipiii,
MIPUKPIMIIEH]I Ha JepeB'sHI IOIIKH, a TAKOX JOMOMAraloTh 30PIEHTYBATUCS Y MICIEBOCTI 3aBISKU
Hagirauii mo BH3. Hepinko 3ycrpivatorscst BH3, y sikux Kopirycu po3KuaaHi o0 BCbOMY MICTY,
HE KaXy4dd mpo Te mo s abitypieHta abo rocts BH3 momyk kabinery abo aymutopii B
KOpITyCl HEepiaKO € CKJIaaHOow 3agauero. Cucrema Hapirauii mo yd400BOMY 3akiiaay JI03BOJIHUTH
CTY/EHTY, abITypi€HTY 1 TOCTIO IIBUJKO Ta 0€3 TPYIHOILIIB 3HAUTH pO3TallyBaHHS MOTPiOHOrO
MpUMIILIEHHS (ayIuTOopii, IeKaHaty 1 T.4.) 1 moOynyBaTH MapuipyTu Bcepeanti BH3, npu nupomy
HE BTpadarodu JOPOTOIIHHUHA Jac.

JlocTyn 0 HaBiramiiiHoOi cucTeMM MoXe 3I1HCHIOBATHUCSA 3 MOOIIBHHMX MPUCTPOIB abo 31
CTalLlIOHAPHUX 1HPOPMALIIHHUX CTEHIB BCTAHOBJIEHUX Ha TEPUTOPIi HABYAJILHOTO 3aKJIa1y.

B indopmariiiHoMy cTeH i abiTypi€HTH Ta TOCTI TaKOX 3MOXKYTh 3HaWTH 1H(OPMALIIIO TPO
¢dakynbreru, Kadeapu, 1e MOXKyTh o3Hallomutucs 3 icropiero BH3 1 maliGyTHIMU BUKIIagada-
Mu. Tam ke BOHHM OTPUMAIOTh JOBIJIKY ITPO KOHKYPC HAa BCTYIMHHX ICIHMTax, a TAaKOXX O3HaioM-
JATbCA 3 pe3yabTaTaMH NMPOWIEHUX icUTIB. [H(popMmalliiiHi cucTeMu 3py4HO BUKOPUCTOBYBATH
JUIS OMOBILIEHHSI TIPO MEPEiKU HEOOX1THUX JOKYMEHTIB Ui BCTyny. Tak camo iHpopMaiiiHui
CTEH]] MO’KHA BUKOPUCTOBYBATH ISl 1HIITNX JOBIIOK:

- rpadika 3aHsATh,
- IEPEHOCH 3aHSTh;
- TEPMIHHM 37141 ICTIMTIB 1 3aJ1KiB TOIIIO.

Jna  iHdopMaliHOTO CTEHAY XapakTepHa MIBUAKICTh 1 ONEPaTUBHICTb OHOBJIEHHS
aKTyanbHOI iH(opMaIii.

["onoBHOMO mepeBaroo iHPOpPMaLiIHHOI CUCTEMH € CTBOPEHHS 3B'I3KY MK KOPHCTYBAayeM 1
aJIMIHICTpAIlI€lO, JIe CTYIEHTH MOXYTb 3aJaBaTH MUTAaHHS 1 OTPUMYBATH Ha HUX BiAmoBial. s
OTIOBILIEHHS CTY/IEHTIB 1 BUKJIaayiB iHGOpMaLiiHUI CTEH ] MICTUThH 1H(GOPMAIIIO PO BaXKIUBI
noii Ta 3axomu. IHdopmarlis MoBHMHHA HaJaBaTHUCS MIHIMYM TpbOMa MOBAaMHU YKPaiHCHKOIO,
pOCIHCBKOIO Ta aHTJiHChKOI0. BukopucrtanHs iH(opmamiiiHux creHaiB a03Boiauth BH3 He
TUIBKU HAJIaBaTH BAKJIWBY 1H(POPMAIIiIO, ajie ¥ MATPUMATH IMIJIK Cy4aCHOTO Ta 1HHOBAIIMHOTO
HaBYaJIbHOI'O 3aKJIALTy.

185



(I)OpMaJIHl}aIIHH HHTEIrPAllMOHHBIX MMPOLECCOB MEKAY OﬁpaSOBaTeJIbHLIMI/I
! IIPOU3BOACTBCHHBIMUA CUCTEMaAMMU

Mopozosa O. U., Haunonanbubiil a3pokocmuueckuii ynusepcutet umenu H. E. J)KykoBckoro
«XapbKOBCKUH aBUAIMOHHBIA HHCTUTYT», Y KpanHa

B Hacrosimiee BpeMsi KOHKPETHOE MPEINPHUITHE MOTIIO ObI CAMOCTOATEIHHO cHhOPMHUPOBATH
MUHU y4eOHBIH MJIaH U OCYIIECTBISATH MOJATOTOBKY CHEIUAINCTOB AJIs CBOCH 00JacTH MO STUM
IUTaHAM B JIUCTAHIIMOHHOM PEXHME C HCIIOJIb30BAHHEM BY30BCKOUW MOJENH 3HAHUM, CHOPMUPO-
BaHHOI Onarogapsi yueOHBIM U paboYMM IporpaMMaM Ha OCHOBE 3HAHUM, YMEHHUI M HABBIKOB.
3T0 MOXKET OBITh OaKaaBp UM MAarucTp, y KOToporo copMupoBaHa cucreMa npoQeccuoHatb-
HBIX 3HaHW, yMEHHI 1 HaBbIKOB. KpoMme 3Toro, paboronarenu U MeHeKEphI 0 KaJpaM MOTIU
OBl MPOCIEANTH TpOoIecC (POPMHUPOBAHKS CUCTEMBI MPOPECCHOHATBHBIX 3HAHUN Y CTYIEHTOB CO
BTOPOTO M0 MATHIN Kypc. st penieHus nepeurciaeHHbIX Bhllie Mpo0eM mpeiaraeTcss UCIoib-
30BaTh (HOPMAITU3AIINI0 HHTETPAIMOHHBIX IMPOIIECCOB MEXKTYy 00pa30BaTCIbHBIMH H IIPOU3BOICT-
BEHHBIMH CHCTEMaMH, KOTOpasi UCIOIB3YET MPOIeAYPbl U METObI OHTOJIOTUYECKOTO MOAEIHPO-
BaHMSI, 9BPUCTUUECKHE, a TAK)KE JIOTUCTUUYECKUE METO/IBI.

[TepBpIM 3Tanom GopMann3auu HHTEIPAMOHHBIX MPOIIECCOB MEXAY 00pa30BaTEIbHBIMU
Y TPOW3BOJICTBCHHBIMH CHUCTEMAaMHM SIBIISICTCS CTPYKTYPHBIH M (YHKIIMOHATBHBIA aHAIU3 Gop-
MaJHM3yeMbIX MPOIIECCOB, & UMEHHO HaXOXJICHHE UX OCOOCHHOCTEH, orpeneieHre 00bEKTOB U
WX THUIIOB, KOTOpPBIC TOUIekKaT (hopMaIu3aliid U MOCTPOCHHUE Il HUX Mojenei. Takum oOpa-
30M, OJJTHOW U3 BaXHBIX COCTABJIAIOMIUX (hOpMATHU3AIMH ABISETCS MOCTPOSCHUE Mojelel 00beK-
TOB mpeaMeTHON obmactr. OCOOEHHOCTRIO (hopMaTH3aIM MHOTOOOPA3HBIX MPOIIECCOB B CHUC-
TeMax oOyuyeHus, 00pa3oBaHMs U MPOU3BOJICTBA SBJSETCS MPUMEHEHUE OHTOJIOTUYECKOTO MOJIe-
JUPOBaHUs, TaK KaK HE BCE MPOLIECCHI U SIBJIEHUS MOYXHO TIPEJICTaBUTh B 00pa30BaTeIbHON CHC-
TeMe IBPUCTUYECKUMHU U JOTHUYECKMMH MeToaaMu. Co3/laHHbIE MOJAENTH OOBEKTOB MPEIMETHOM
obJacTu, 0OecrieunBarOT MPEICTaBICHNE 3HAHUM KaK dBPUCTUYECKUMH, JOTHYECKUMHU TaK U OH-
TOJIOTMYECKUMHU METO/IaMU. B miepBoM ciyyae UX COCTaBISIOUINE CIYKAT TS 3a/IaHUSI COOTBET-
CTBYIOIIUX 9BPUCTUK B MOJIEJSAX TMPEICTABICHUS 3HAHHUM, BO BTOPOM, MX CHMBOJIBI 00pa3yroT
andaBuT ogHON M3 POPMATBHBIX CHCTEM, a B TPEThEM CIIydae MX COCTABIISIIOIIME CIY>KaT IS
CTPYKTYPUPOBAHUS U IOCTPOCHUS CBA3EH MEXKIY pacCMaTPUBAEMBIMU OOBEKTaMH.

dopmanuzanusi UHTETPAIIMOHHBIX MPOIIECCOB MEXKIY 00pa30BaTeIbHBIMU U MPOU3BOJCT-
BEHHBIMU CHCTEMAaMH COCTOUT W3 TPEX OCHOBHBIX BeTBeW. [IepByI0 BETBb COCTaBJISIOT JIOTUYE-
CKH€ METOJbI MOJECTUPOBAHUS 3HAHUN, B OCHOBE KOTOPBIX JIeKaT (opMabHbIE CHCTEMBI. BTo-
PYIO BETBb, COCTABIISIOT dBPUCTUUYECKHE METO/IbI, KOTOPBIE 0A3UPYIOTCSl HAa TIPE/ICTABIICHUE 3HA-
HUW CHUCTeMaMU MPOIYKIIMI, CEMaHTUYECKHUMH CeTsMU, PpeiMaMu U IPYTUMH 3BPUCTHKAMHU.
TpeTbio BETBb COCTABISIOT OHTOJOTHYECKUE METOJIbI, KOTOPHIE MPUMEHSIIOTCS JIJIsl CTPYKTYpPH-
poBaHus 3HaHUN 00 00BEKTax uccienyeMoil odnactu. [IpuMeHeHre OHTOIOTHYECKUX METO/I0B
MO3BOJISIET CIPABUTHCA C TAKOM CJIOKHOW 3aJa4e€il COrJlacOBaHUs KOHUENTYaJIbHBIX OMMCAHUN
MH(OPMAIIMOHHO-UHTEIJIEKTYaIbHBIX PECYpCOB, KOTOPHIE COCTaBJICHBI PA3TMUYHBIMH CIICIIUAITH-
CTaMu.

Crnenyrouum stanoM (HopManu3aIii SBISIETCS MOJCIUPOBAHKUE TIPOIIECCOB U SIBJICHUN HA
OCHOBE MaTeMaTudeckoro amnmnapara. B qanHoMm ciyyae Hanbosee MOAXOAAIIUME SBIISIOTCS Me-
TOJIbI TEOpUU KaTeropuii 1 GyHKTOpOB. Llenb 3Toro aTama 3akirodaeTcs B CO3JJaHUE METaMoje-
JIM, KOTOpasi 00bEeIMHUT BCE TPU BETBH (POpMAIIU3AINH, TO €CTh MPOIEYp MOCTPOSHUS MOJeIen
MpPeIMETHBIX 00acTel.

Takum 06pazom, B paboTe OblTa mpe/ioxkeHa hopMann3anus HHTETPAIMOHHBIX TTPOIIECCOB
MEXIy 00pa3oBaTeIbHBIMU M MPOU3BOJCTBEHHBIMU CHCTEMaMH, KOTOpPasi UCIOJIb3YeT OHTOJIO-
rHYecKoe MOJEIMPOBAHKE, IPUMEHUMOE Ul CTPYKTYpUPOBAaHUS 3HAaHUUA 00 OOBEKTax Hcclie-
JyeMoil  o0lacTM ¥ COTVIACOBaHMWS  KOHICNITyalbHBIX  OMUCAaHUN  WH(OPMAIMOHHO-
MHTEJJIEKTYaJIbHBIX PECYPCOB.
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ITepeBipka HaBH4YOK NPOrpaMyBaHHS 3a 10NIOMOI0I0 OHJIAWH-CY/I

Mixas B. B., llenTpanbsHOyKpaiHCHKHI IepKaBHUMN MTearoriYyHUui YHIBEPCUTET
iM. B. Bunaudenka, Ykpaina

CucremMa aBTOMAaTHYHOI IEPEBIPKU Po3B’s3KiB (ommaiH-cyuas, online judge) — kmienT-
CepBEpHA CUCTEMA, IO 3/IMCHIOE MEePEeBIpKY KOPUCTYBAIBKOIO KOJY Ha HAOOpi TECTOBHX 3aB-
JaHb Y paMKax HaBYaHHs a00 MPOBEJICHHS 3MaraHb 13 MPOrpaMyBaHHS.
Heski IT-komnanii npu HaboOpi MpOrpamicTiB BUKOPUCTOBYIOTH CIEIlialli3oBaHi OHJIAH-
cyaui, Taki sk Sphere engine Ta Qualified, nns oninku iXHIX npodeciiiHuX HaBUYOK. Taki cuc-
TEMHU MalOTh BIACHUN PelaKkTOp KONy, L0 J03BOJI€ BCTAHOBIIOBATU JOJATKOBI OOMEXKEHHS Ta
KOHTPOJIOBATH XiJi BUKOHAHHS 3aBHaHHs. L[i MOXXIHBOCTI KOPUCHI JJIsi IIOTOYHOTO KOHTPOJIIO
HAaBUYOK MPOTrpaMyBaHHS CTYJEHTIB, IPOTE BAPTICTh TAKMX CHUCTEM HE J03BOJISIE BUKOPHUCTOBY-
BaTH iX Y BUIIUX HaBYAJbHUX 3aKJIa/ax.
Mu po3pobuiu teajudge — cucremy aBTOMaTHYHOT EPEBIPKU PO3B’S3KiB 3 BIAKPUTHUM KO-
JIOM, SIKY MOKHa BCTAaHOBUTH Ha CE€pBEpPl YHIBEPCHUTETY IiJl KEPyBaHHSIM OIEpalliiiHoi cucTeMu
Debian a6o Ubuntu. L{s cucrema Hajmae HacTymHI MepeBard nepel 3BHYaWHUMH METOJaMHU
MePEBIpKU:
1. ABromaruzailis mpolecy NepeBipKu J1a€ MOKIUBICTh 3HAUHO MOJETIIUTH HOTO SIK JUIs
BUKJIJa4iB, TaK 1 JJIs CTYJCHTIB.

2. Pobora xopucTyBalbKUX MPOTpaM y €IMHOMY OTOUYEHHI Ta (PIKCOBaHICTb MHOXKHHU
TECTOBHX 3aBJIaHb MiABUILYIOTh 00’ €KTUBHICTH OI[IHIOBAHHS.

3. TlepeBipka Moxe 3MIMCHIOBATHCS TUCTAHIIIIHO, 3aBIIKH YOMY MO>KHA OIIHFOBATH SIK
pOOOTY CTYIEHTIB Ha 3aHSATTAX, TaK 1 MiJ] YaC BUKOHAHHS CAMOCTIMHUX Ha 1HAUBIAya-
JHHUX 3aB/IaHb.

4. 30epira"HHsi MPOTPaMHOTO KOy, HAMHCAHOTO CTYJIEHTaMHU, T03BOJISIE TMOPIBHIOBATH

pOOOTH CTYJEHTIB MiXk COOOI0 Ta aHANII3yBaTHU MOMHUIIKH.
5. BuxonaHHs KoAy B 0OMEKEHOMY CEpPEIOBHUII J1a€ MOXKIIMBICTh OLIIHUTU HE JIMIIE KO-
PEKTHICTh peajizallii alropuTMy, a 1 Horo onTUMasabHICTb.

6. st poOOTH i3 CHCTEMOI HEOOXIIHHI JTHIIIe CydacHui Web-neperisiay.

7. BuxopucTanHs BOYJOBAaHOTO Y WED-CTOPIHKY pelakTopa KOy Ja€ MOKJIHUBICTh 0JI0-
KyBaTH JJIs pelaryBaHHsI MIEBHI JAUISHKY MA0IOHY BIJIMOBIA1 Ta BIATBOPIOBATH MPOILIEC
BBEJICHHS KOMY.

Hama cucrema mae 0OMeXeHHS — BIAMOBIIb Ma€e MIiCTUTH Jiniie ofauH (daitn. [Ipote e xa-
paKTepHO 15 OLIBIIOCTI OHJIAWH-CY/JIIB Ta HE KPUTUYHO MPH BUKOHAHHI Ja0OpaTOPHUX POOIT.

CTyneHTChKHIA KOJT MOXKE MICTUTH MTOMMJIKH, 3[]aTHI TIOPYIIUTH MPANE3IaTHICTh CUCTEMH,
abo k OyTu olpa3y Opi€EHTOBAaHMM Ha 3aBJaBaHHs WIKoAU. IlepeBipka Kooy BiIOyeThCS Ha
cepBepi, TOMy 0COOJIMBY yBary HEOOXiTHO MPUIUIATH 3aXUCTY BiJl HECAHKIIIOHOBAHUX Jill KOpH-
CTYBAalIbKUX IMpOrpaM, TaKUX K peaaryBaHHsS (aiiiiiB, 3aXOIJICHHS ycCl€i maM’sTi Y O004MCITIO-
BaJIBHUX pecypciB. OnepaniiiHi cuctemMu Ha 06a3i siapa LiNUX 1aroTh MOKIMBICTE KOHTPOJIOBATH
Ii1 mporpam Ta BCTaHOBJIIOBaTH OOMEKEHHsI Ha JOCTYIHI pecypcH 3a JOMOMOTOK CHUCTEMHHUX
BukiuKiB chroot, setrlimit, setitimer, seccomp ta ptrace. Mu Bukopuctanu 6iomiorexy libsand-
bOX — MOTy)XHHUI Ta THYYKHI IHCTPYMEHT, SIKHiA JI03BOJISE 33J]aTH OOMEXCHHS JUIsl TIPOTpaM, sKi
MarOTh JIMIIE OAWH TOTIK. J[yi1 mporpam 3 OaraThMa MOTOKaAMH HEOOXI1JHI 3HAYHO CKJIAIHIMIL
KOHTEWHEpH, POTe JIJIsl TAKOT CHCTEMH JJOCTATHHO OOMEKEHHS Ha OJINH TIOTIK.

3acTocyBaHHS OHJIAHH-CYIIB JJIs1 MIATOTOBKH CTYJEHTIB 3HAYHO IOJIETIIYE MPOIEC HaB-
YaHHS Ta HAJa€ BUKJIaAa4aM OlIbII IIUPOKI MOMKIIMBOCTI JIJIsl aHATI3Y BiAOBIACH.
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3acTocyBaHHAI Mepe:KeBUX TEXHOJIOTiH y miAroToBui
Maii0yTHixX (axiBuiB 3 iHGopManiiHUX TEXHOJIOTIH

Hexywmipa O. 1., [IHinponeTpoBChKHiA HAIlIOHATILHUN YHIBEPCUTET 3aII3HHYHOTO TPAHCTIOPTY iM.
akanemika B. Jlazapsina, Ykpaina

Iarerpamiiini  mpomecu BXOMKEHHS YKpaiHM B €BpPONEWCHKE 1 CBITOBE OCBITHE
CIIBTOBAPHCTBO JAMKTYIOTh HOBI BUMOTH JIO SIKOCTI Ha/JIaHHS OCBITHIX IMOCTYT 3 OPIEHTAIlIEI0 Ha
3aJJOBOJICHHS TOTped OCOOMCTOCTI MIONO peamizalii IHAMBINYaIbHOI OCBITHBOI TPAEKTOPII.
DyHKITIOHATBHI MOXJIMBOCT1 KJIACHYHOI ()OPMH HABYAHHS HE 3aBXKJIU MOXKYTh 3a0€31eunTH 0e3-
nepepBHe npodeciiiie 3poCTaHHs 0COOUCTOCTI, 110 MOCHITIOE HEOOXIHICTh MONIYKY ONTHMAIIb-
HUX NUBIXIB MOEIHAHHS TPAIUIIMHUX Ta 1HHOBAIIMHUX, MEPEKEBUX TEXHOJOTIH HaBYAaHHS Yy
MiArOTOBII MalOYTHIX (haxiBILiB y 3aKJIaaxX OCBITH.

3acToCcyBaHHS MEpPEXKEBHX TEXHOJOIIM B OCBITHIX LIAX IOB’S3aHO 13 yJOCKOHAJIECHHIM
npodeciifHOT MATOTOBKY Ha OCHOBI MMOBHOTO ¥ JOIIIEHOTO BUKOPHCTAHHS 1HTEPHET-TEXHOJIOTIH
y HaBUYaJbHOMY TMPOIIECi, CTBOPEHHSIM EJIEKTPOHHUX Oi0MiOTeK, perno3utapiiB, iHGopMaIiiHo-
AQHATITHYHUX CHUCTEM, OAHKIB JaHWX TOII0. HallOuIbI OMyJIIPHOIO SIEKTPOHHOIO IIAT(OPMOIO
JUIS  3MIACHEHHS MEpEeXeBOi B3aeMOAii y MIArOTOBII MaiOyTHIX (axiBIiB € cHCTeMa
aucTaHIiifHoro HaB4aHHS Moodle, sixka 3a0e3nedye MOIyJIbHY CHCTEMATH3allI€l0 HaBYAIBHOI
iH(dopMallii y JUCTaHLIMHOMY Kypcli W HaJa€ MOKJIMBICTH OIMOBHIOBAaTH OCHOBHI MaTepiaiu
JIOJAaTKOBUMHU MOXYJSIMH, OJIOKaMH, TIakeTaMH. 3MICTOBi, TIpolecyaibHi, TEXHI4HI Ta
MYJIbTUMEIIIHI CKIIaZ0B1 AUCTAHLIHHOTO KYpCY CUCTEMHO 3a0e3MeuyloTh B3aEMOJIII0 MK ydac-
HUKaMH JTUCTAHI[IHHOTO HABYAHHS.

VY miaroroBi ¢axiBiiB 3 iHPOPMALIIHHUX TEXHOJIOTIH MPAKTUKA JTUCTAHIIIHHOTO HAaBYaAHHS
€ aKTyaJIbHOIO 1 MpogeciiiHo BaxIMBOIO. Ajke cnenudika MailOyTHBOI MpoQeciitHOl AISIbHOCTI
nepeadayae MOXIIMBE MOJICIIOBAHHSA OKPEMHUX CKJIQJIOBUX IPOrpPaMHHMX KOMILJIEKCIB: 3MICTY
MPEIMETIB, PO3MIIIEHHS i TMPOTrpaMyBaHHS CTPYKTYpH HABYAJBHUX MOIYJIB Yy E€IEKTPOHHUX
wiargopmax, 3a0e3MeUeHHs] SKOCTI KOHTEHTY, ()OPMYBaHHS Bi3yaJIbHOTO PAIY, PO3pOOJIEHHS
MYJIbTUMEINHUX €JIEMEHTIB TOIIIO.

Haouna nemoHcTpalisi cTyJeHTaM IMPHUKJIAiB BUKOPUCTAaHHS MEPEKEBUX TEXHOJIOTIH Y
HaBYaJIbHOMY TMpOIleci 3HAYHO MIABHUINYE piBeHb C(HOPMOBAHOCTI IXHBOI MpodeciiHol
KOMIIETEHTHOCTI, fKa, MO CyTi, AN MaiOyTHiX (axiBuiB 3 iH(pOpMaliMHUX TEXHOJIOTIH
OTOTOXKHIOETHCS 13 1H(OpMallIiHO-KOMYHIKaliiHOI0. be3ymMoBHO, 1110 QpyHIamMeHToM popmyBaH-
Hs IKT-xoMmeTeHTHOCTI € 1H(pOopMaliifHO-KOMYHIKalliiiHe OCBITHE CEpeJOBUILE Yy HABUATbHOMY
3aKiajl, sIke JAa€ 3MOry MalOyTHIM ¢axiBUsaM 3 1H(OpMaLIHHUX TEXHOJOTH HaOyTH HEOOX1TH1
KOMIIETEHTHOCT1 i YCHIIIHO BUKOPUCTATH iX Y MOAabIlii npodeciiHiil AisibHOCTI.

Cdopmosani IKT-HaBUYKH CTYIEHTIB 1100 SKICHOTO BUKOHAHHS Mpo(deciiHUX 3aBllaHb Y
IUIOIIMHI BHMBYEHHS CIELIAIbHUX IPEAMETIB KOMIUIEKCHO 3a0e3NedyloTh JOCATHEHHS
IHTErpaJIbHOTO pe3yJbTaTy HaBuaHHS — NpodeciiHO KOMIETEeHTHHH MaiOyTHiN ¢axiBeup 3
iHpopMaLiiHUX TeXHOIOrid. BapTo 3a3HaunTH, 1110 y 3aKi1agaX OCBITH Cy0’€KTH HaBYaHHS 3J10-
OyBaroTh 0a30B1 OCHOBH Ipodecii, TEXHOJIOTYHUN Ta MpodeciiHu PO3BUTOK SKHUX MAa€E MOTHUBO-
BaHO 3/1HICHIOBATUCS OCOOHCTICTIO YIIPOAOBK YChOTO KHUTTSI 3 METOIO pealizallii iHAuBIayalbHOT
TPAEKTOPIT OCOOUCTICHOTO 1 TTPO(ECiitHOTO PO3BUTKY.

[TocTiitHMI MPOrPEeCUBHUIA MOCTYI MEPEKEBUX TEXHOJIOTIH Ta pO3IIUPEHHS cdep iX 3acTo-
CYBaHHS B yMOBax BHMCOKOTEXHOJIOIITYHOTO BHPOOHHUIITBA MPOTHO3YE Oe3nmepepBHUMN IMOUIYK
MI€/IaroriyHO JOLIJIBHUX CIOCOOIB IX 3aCTOCYBaHHS y INMPaKTHIl HAaBYAHHS, OPIEHTOBAHOTO Ha
MIArOTOBKY MaiOyTHIX (axiBLiIB, 3JaTHUX YCIIIIHO 3[1MCHIOBaTH mnpodeciitHi (yHKUii B
iHpOpMaLiiHOMY CepeIOBHILI.
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Po3po0ka MeTOAMKH BUKOHAHHSI KYPCOBOI'O NIPOEKTY 3 Aucuuiuiinu « Teopis
NPOEKTYBAHHS KOMII'KOTEPHUX Mepex»

[TaxomoBa B. M., bonmapesa B. C., Horyr C. B., /IHinponeTpoBChKUi HAIlIOHATHHHIA
YHIBEpCUTET 3aJII3HUYHOTO TPAHCIIOPTY iIMEHI akazemika B. JlazapsHa, Ykpaina

[lin Yac BUKOHAHHS KypCOBOTO MPOCKTY 3 JaucHUIUIiHK «Teopiss mnpoeKkTyBaHHS
KOMIT'IOTEPHUX MEpex» 3700yBau CTYNEHs BHIIOi OCBITM «MaricTp» clelialbHOCTeN
«Komn’rorepna imxkeHepis» 1 «Kibepbesneka» mMae HABUNTHCH BH3HAYATH aKTYAJIbHICTh TEMH,
dhopmyIrOBaTH METY Ta 3aBJaHHS, NMMPOBOJUTU 1HGOPMAIIHHUN MOMIYK 13 HAYKOBOi MpoOJIemMHu,
dbopMyBaTH CTPYKTYpPY pO3AUIIB KYpCOBOTO TIPOEKTY, pO3pOOJATH IMITaliiHi Mozemi
KOMIT FOTEPHOI MEpPEeXKi, OPraHi30BYyBaTH €KCIEPUMEHTAIBHI JTOCIIKEHH S, aHAII3yBaTH OTpHMa-
Hi pe3ynbTaTH Ta 0OPMIISATH MaTepiaj BIAMOBIAHO 10 BUMor. Ha xaito, cboroaHi He iCHye yHi-
BepcaJIbHOT METOJMKH, BHACIIIOK SKOI MOXKHA IPOBECTU MOBHUIN KOMIUIEKC 3aXO[iB IO MPOEK-
TYBaHHIO KOMIT FOTEPHOT MEPEXKi, 10 MIATBEPKYE aKTYaIbHICTh JAHOT TEMH.

MeToro KypcoBOro TMpOEKTy € TNpuAOaHHS NPAKTUYHUX HABUYOK IPOEKTYBaHHS
KOMIT FOTEPHOT MEPEkKi 3 BUKOPUCTAHHSM METOJIIB: IMITAI[IHHOTO MOJICITFOBAHHS, TEOPil TUIaHy-
BaHHS €KCIIEPUMEHTIB, IITYYHOI'O 1HTEIEKTY. 3aBAaHHA A0 KypCOBUX IPOEKTIB MOXKYTh Iepe-
0ayaTy MPOEKTYBaHHS JIOKAIBHUX, KOPIIOPATHBHUX, 00’ €JHAHUX KOMII I0TepHUX Mepex. Kypco-
BUI MPOEKT CKIIAJAEThCA 13 HACTYMHHUX PO3/UTIB: TEXHIYHE 3aBJaHHS; CTBOPEHHS IMITAIliTHUX
MoOJIeNIell KOMIT IOTEepHOI MEepeXi; OpraHi3amis eKCIepUMEHTIB Ha IMITAIlIHUX MOJETSIX 3 BHUKO-
PUCTaHHSIM METOJIIB TE€Opii IUIaHyBaHHS €KCIIEPUMEHTY; OpraHi3allis JI0CHIi)KeHb B HEWPOIaKeTi
Ha OCHOBI BHKOPHCTaHHS METOJIB IITYYHOTO IHTEJNEKTY (HEHpOHHI Ta HEMPOHEWITKI Mepexi,
MypalliHi Ta TeHETUYHI aITOPUTMH).

IcayroTs iporpamu, 10 103BOJISIOTH CTBOPIOBATH CKJIAJHI MOJIENI, B TOMY YHCHI i iMiTa-
uiiHi. Tak, HanmpuKIaa, BiaNanae HEOOXIAHICTh Y TPYIOMICTKUX PO3paxyHKax JJis MOILIYKY cia-
OKHuX Micllb KOMIT I0TepHOI Mepesxi B Moaemorouiil cucremi OPNET Modeler npu BukopucTtansi
HactynHux MonyniB: ACE (Application Characterization Environment); SCE (Server
Characterization Editor); FA (Flow Analysis); NetDoctor. 3piBHSHHSI pi3HUX CIIEHApiiB PO3BUT-
Ky KOMIT FOTEPHOI MepeXi JJO3BOJIMThH 3alO00IrTH MOMMJIOK Ha eTarli ii npoekTyBaHHs. Ha imiTa-
LIHHIA MOJEINl KOMIT IOTEpHOI MepeXi BU3HAYA€ThCS HEOOXITHICTh BUKOPUCTAHHS TEXHOJIOTIH,
10 MalOTh AYXX€ MIUPOKI MOXKJIMBOCTI MIATPUMKH PI3HHMX THMIB Tpadika, sfKi 3a0e3meuyroTh
skicTh o0ciayroByBanHs: ATM (Asynchronous Transfer Mode) Ta MPLS (Multiprotocol Label
Switching). 3a gochimkeHHAMH Ha IMITAIlITHUX MOJAENSAX MEpeki MOXKHA MOOAYUTH HASIBHICTH
MEPEBAHTAKEHUX JIISTHOK MEpexi, sIKl ABISAIOTbCA KPUTUYHHUM JIAHIIOTOM Y (YHKIIIOHYBaHHI
BCIET MEpeXki, a TaKOX MPOBECTH EKCIIEPUMEHTH 0 MOJEpHi3alii OKpeMHUX YaCTUH Mepexi 3
METOIO MiJIBUILEHHS 3arajbHoi MPOMYCKHOI CIIPOMOKHOCTI Ta BiAMOBOCTIMKOCTI BCi€i Mepexi B
itoMy. 3a pe3yabTaTaMu €KCIIEpUMEHTIB 3p0OUTH peKOMEH Al 1o MoJepHizallii Mepexi IuIs-
XOM 3aMiHH aKTHUBHOTO 00OJjaJHaHHA abo mepeTBOpeHHs Tomojorii Mepexi. ExcriepumenTtu Ha
iMiTaIifHi}l MO/Iel MOBUHHI MPOBOJUTHCS 3 BUKOPUCTAHHSM METOJIIB TE€Opii MIaHyBaHHS €KC-
MEepUMEHTIB. 30KpeMa, IIpU OpraHi3allii JBOPIBHEBOI'O E€KCIEPUMEHTY OCHOBHHMH €TallaMu €
nepeBipKa OJHOPITHOCTI CTaTUCTUYHOIO Marepiainy 3a kpurepieM KoxpeHa, BU3HaueHHs 3Ha-
4yeHb b-koedirieHTiB Ta iX CTAaTUCTHUYHOI 3HAYUMOCTI 3a kpuTepieM CT’10/IeHTa, aHal3 OTpUMa-
HOT eMIipUYHOi MOJIelNi Ha aJeKBaTHICTh. PO3B’s13aHHs O/HIET 13 3a4a4 (MapuIpyTH3allii, IPOrHO-
3yBaHH$, 3aXUCTY) NMPOBECTU 3 BUKOPUCTAHHSIM HITYYHOIO 1HTENEKTy. BiAmoBigHo 10 1boro po-
3pobnserscst mporpama «ProjectNetwork» 3 HacTymaumm pexumamu: «KanengapHuil mian»;
«PexomenoBani mxepena»; «Bumorn no odopmuenus»; «TexHiune 3aBmaHHs»; «TexHOIOTIT
Mmepex»; «OPNET Modeler»; «Teopis mimaHyBaHHS ekcriepuMeHTiBY; «LLTyunuii iHTEIeKT»;
«JloCmKeHHs», 110 NMPU3HAYeH1 s BUKOPUCTaHHS CTYIACHTOM IIPH BUKOHAHHI KypCOBOTO
MPOEKTY 3 JAUCHUILTIHU «Teopist mMpoeKTyBaHHS KOMIT IOTEpHUX Mepexk». OCHOBHI 13 Ha3BaHUX
PEXKUMIB HaJIalOTh TEOPETUYHI BITOMOCTI, BIAMOBIIHI MPUKJIAX Ta KOHTPOJIbHI 3alIUTaHHS.
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IIporpamuumii komILIeke f1eMoHcTpanii 00Miny 3a nporokoiiom HTTPS

Cononwuna /J[. €., Ocranens /. O., /[HinponeTpoBCbKUi HAIlIOHATBHUN YHIBEPCUTET
3aJII3HUYHOTO TPAHCIOPTY iMeHi akaaemika B. JlazapsHa, Ykpaina

Bce Oinbiie 1 6inbie mpuBaTHOI 1H(POpMAIIil IepeaacTbes 4yepe3 BeO-caliTi 6e3 KOTHOTO
PIBHS 3aXHCTY BHKOPHUCTOBYIOYM NMpOTOKOJ mepenayi panunx HTTP. [{ns Bupimenas npobiem
3aXHUCTY MEPCOHANIbHOI 1H(popMalii, TakumMu komnaHisMu sk Google, Facebook, Twitter, Oymno
NpUKHATE PIIICHHS BUKOPUCTOBYBATH MPOTOKOJ MEpefadi AaHWX Yy 3aXHUIIEHOMY BHIJISAIL
HTTPS, po3pobnenuii komnanieto Netscape Communications.

HTTPS (Hypertext Transport Protocol Secure) - e mpoToko, sikuii 3ade3mneuye KoHbime-
HIIHHICTH OOMIHY JAHUMH MK CAUTOM 1 MPU3HAYCHUM JIJI1 KOPUCTYBada NpucTpoeM. besneuni
3'eJHaHHS PEACTABISIIOTH CO00I0 KoMOiHalito 3 1Box mpoTtokomiB: HTTP ta SSL/TLS. Ocranni
€ KpunrorpadiYyHIMHU MPOTOKOJIAMH, sIKI IU(PPYIOTh 3'€qHaHHS Mepexi. OCHOBHOIO METOIO MPO-
Tokoiy TLS € CTBOpEeHHsI MK JIBOMA By3J1aMU MEpPeXi 3aXUIIEHOT0 Bijl IPOCIyXOBYBAaHHS KaHa-
7y 3B'13KYy, BUKOPHCTOBYBAHOTO JJIs IIepejadl JOBUIBHUX JJaHUX B 000X HaIpsIMKax, EPEBIPKY
iX IUTICHOCTI, a TaKOX 3a0e3rnedyeHHs ayreHTudikamii cropin. Mojaens 3arpo3 TLS nepenbauae,
10 aTaKyIOUYUil Ma€ MOBHUI JOCTYI 10 KaHAITY 3B'A3KY, HAIIPHUKIIAA, MOKE aKTHBHO IiJIMiHIOBa-
THU TAKeTH, IepepUBaTH 3B'SI30K B KaHAII.

Po3po0GroBanuii mporpaMHuii KOMIUIEKC BKIIOYae B ceOe kiieHTChKy yacTuHy (KY) 1 2
cepBepHi: BeO-ceprep (BC) i menTp ceprudikaii (LIC).

OcHOBHI eTany 1eMOHCTpallii poOOTH IPOTOKOJTY HACTYIIHI.

Kopucrysau 3anyckae BC 1 Hazncuiae 3a ioro nonomororo 3anut g0 L{C Ha oTpumanHs
ceptudikaTa. Jlani kopuctyBauy HeoOXiqHO 3reHepyBatu ceptudikar mis ganoro BC. Bin BBo-
TUTh HEOOX1AHY 1H(DopMartito 1 3a gornomororo L{C cTBoproe yHiKambHUN cepTU(IKAT IS IBOTO
BC. B ceprudikati mMictarbes 2 kiatoda (mpuBatHuil 1 myOniunuii). CepTudikar BiIpaBIs€eThCs
BC. Kopucrysau 3a nonomororo KY nancunae 3anut 10 BC Ha BcTaHOBNIEHHS 0€31€4HOTO 3'e 1
HaHHi. BC, oTpumaBmm Takuil 3anuT, BiAmpasise cepTUdikaT 3 MyOlMiyHUM KIHOYEM KIIEHTA.
Otpumasuiu ceptudikar, KU HeoOxigHO nepeBiputu Horo AifcHICTh. [Ipyn HaTHCKaHHI KHOIKH
BiH Hajacuiae 3anuT y [{C 3 npoxaHHAM nepeBipuTH Liel cepTUdIKaT B cBOiil 6a3i. Y pasi HasB-
HocTi gaHoro ceptudikary B LIC, KUY nepexonyerbes B Tomy 1m0 BC Toid, 3a koro cede Buaae. 3a
nonomororo KU cTBOpIOETHCSI CEaHCOBUHN KITIOY, SAKMM OyayTh HIM(PYBATUCS MOBITOMIICHHS.
[Ticns uporo, BUKOpUCTOBYHOUM aropuT™M RSA, mmdpyerbes ceaHocoBuil KoY MyOIIYHUM 1
Binnpasnatbes 10 BC. [licns orpumanns BC 3amm@poBaHoro kitoua, BiH 3a JOMOMOTOK0 MpPH-
BaTHOTO KJI04Ya po3mudpoBye MoBiAoMiIeHHS. Po3muppoBaHe MOBITOMJIEHHS € CEaHCOBUM
KITII04eM i 000X ctopiH. KilieHT 1 cepBep MaroTh OJJHAKOBUIM CEAHCOBHM KIIOY. 3a JOIMTOMOT'0I0
cumetpuyHoro mudpysanHs RC4 6yayTs mm@pyBaTHCs 1 po31MHPPOBYBATHCS TOBIJOMIICHHS.

KopucryBau mae MOKIMBICTh MOJUBUTHUCS SIK BUIJIsSIIa€ cepTUdikaT, myOniuHui 1 mpuBaT-
HUH Krodi. Tako BiH MOKe TOJUBUTHUCS SIKAN BUTJISA MAIOTh 3ami(poBaHi MOBIJOMIICHHS Ta
3pO3YMITH POOOTY CUMETPHUYHOTO 1 aCHMETPUYHOTO IIU(PPYBaHHS.

Po3pobiroBanmii KOMIUIEKC — 11€ CTIeIiali30BaHe MpoTrpaMHe 3a0e3MeueHHs, M0 PO3pooIs-
€ThCSI B cepefioBUIIl TporpamyBaHHs Delphi 1 103Bosisie mpoBecTH JEMOHCTpALII0 MpoLecy 00-
MiHYy AaHUMHU 3a npotokonom HTTPS.

JlaHuii KOMIUIEKC MOKe OyTH BHKOPHCTAHUI B HaBYAIBHOMY IPOIECI A AEMOHCTpaLii
3aXUIIEHOTO 00MiHY maHuMu 3a mpoTokosoM HTTPS Ta kparmioro 3acBoeHHs Matepiainy CTyIeH-
TaMU BIAMOBIIHUX CIIEIIAJIBHOCTEMN.
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Po3pobka npouexypu ouiHKM IKOCTi 3aBIaHb CUCTEMH JIMCTAHUINHOI OCBiTH

CremuenkoBa K. C., JIHimponeTpoBChKHi HAIlIOHAIBHUIN YHIBEPCUTET
3aJII3HUYHOTO TPAHCIOPTY iMeHi akanemika B. JlazapsHa, Ykpaina

OmHuM 3 BaXJIMBIIIUX €TariB HaBYaHHS OYIb-AKid TUCHUILUIIHI € MPAaKTHYHI 3aBIaHHS.
SIKII0 JIEKIIisl 3aKjIa/la€ OCHOBH HAYKOBHX 3HAHb B y3arajibHEHiH (opMmi, MpaKTHYHI 3aHATTS IMO-
KJIMKaH1 TIOTJIMOWTH, PO3IIMPUTH 1 JETadi3yBaTH Il 3HAHHS, CHPHUATH BUPOOJICHHIO HAaBUYOK
npodeciiinoi mispHOCTI. [IpakTHuHI 3aHSATTS PO3BUBAIOTh HAYKOBE MUCIICHHS 1 MOBIICHHS
CTY/ICHTIB, I03BOJISIIOTH MIEPEBIPUTH iX 3HAHHSA, B 3B'A3KY 3 UMM, BIIPaBH, CEMiHapH, JJaOOpaTOpHi
poOOTH BUCTYNAIOTh BXKJIMBUM 3aCO00M JTOCUTH OMEPATUBHOIO 3BOPOTHOIO 3B'SI3Ky. Y Hall yac
IHTENeKTyallbHI CUCTEMH aKTyajbHI B 0aratbox cepax J0JAChKOI AisIIBHOCTI, Y TOMY YHCII 1 B
OCBITI.

Jlyig OLIiHIOBaHHS 3aBJaHb CIPOEKTOBAHI METPUKH, IIO0 OKPEMO OyAyTh OI[IHIOBATH Pi3HI
TUOM TPaKTHYHUX 3aBJaHb, HANPUKIAL, O3HAHOMIIIOBaJIbHI (TECTOBI 3aBHaHHA abo 3
BIJIMOBI/I0, IO MICTUTH OJHE a00 MEKIIbKA CIIIB) Ta aHAIITUYHI (PO3TOPHYTA BiAMOBI/H).

Cepen MeTpHWK OILIHIOBaHHS TPUCYTHI Taki METPHKH SK OIIHKAa JOLIIBHOCTI Ta
aKTYyaJbHOCTI 3aBJaHHS, YM HAJICKUTH 1€ 3aBJAaHHS TEMi, [0 PO3TIISAAETHCS, YA OXOILTIOE BOHO
TEeMy LIJIKOM, YU € cepell 3aBJaHb YCl THIH MUTaHb, YU € NPUOIN3HO HeoOxiaHa iHdopmaris y
JeKii abo MEeTOAMYHUX MaTepiaiax, ud He € IIi 3aBJaHHs MOIYJIIPHUMH, Ta y 3B 53Ky C IUM BXKE
BHPIIICHUMH.

AHaini3 3aBJaHb peanizoBaHO 3acO00M MAPCUHTY BEO-CTOPIHOK 3a 33JaHOI0 TEMAaTHKOIO.
HInsxoM BHOKpEMJIEHHS KJIFOUOBHX CIIiB 1 BUPa3iB, BUKOHAHA MEPEBIpKa HASBHOCTI IIUX CIIB Y
TEKCTi 3aBJIaHb Ta MOXJIHMBHUX BIIMOBIASX, TOOTO y SKOCTI BXIAHHMX JaHUX KOPUCTYBAY MOXKE
HaJaBaTH He TUILKH TECT 3aBJaHb, a i MOKJIMBI BIAMOBIAl 200 KIIOYOBI CJIOBA, [0 BOHHU MICTSITh
JUTS O1IIBII TOYHOT OILIIHKH.

B cucremi npucyTHiii MOJlyab Ul BU3HAYEHHSI Barv TECTOBUX 3aBJaHb HUISXOM aHAJI3y
BIMOBIAEH cTyaeHTiB. IIpn HEOOXITHOCTI PO3AUIUTH BXKE ICHYIOUl TECTHM Ha PI3HOPIBHEBI (3
PI3HOIO KUIBKICTIO OalliB), aHAI3yIOThCS BIANOBI/AI HA MUTAHHSA, Al IIJIIXOM CKJIAJaHHS CHCTe-
MU PIBHSIHb KO’KHOMY NMUTaHHIO IPU3HAYAETHCS Bara (KiabKicTh 0aiiB). Tak, MUTaHHS, 110 MaJIH
HallMEHIly KUIBKICTb TNPaBUJIBHUX BIAMNOBIEH, MaTUMYTh OUIbINY KUIBKICTH OaliB B
MiJICYMKOBI# K1IBKOCTI OaliB.

Monynb peani3oBaHO SK JOJATOK A poOOYOro CTONy Ha 00’ €KTHO-OpIEHTOBaHIM MOBI
nporpamMyBaHHs Java, 0 MICTUTh PEAAKTOP /IS TEKCTIB 1 3arajibHUX MUTaHb Ta 00poOIIsie pi3Hi
TEKCTOBI (hOopMaTH 3aBJlaHb, Taki sk *.txt, *.doc, *.pdf Ta iHII, MOXXITUBO BIZICOPTOBAHI 32 TUIIOM
(o3HalOMITIOBANIbHI, aHATITHYHI).

VY sKocTi pe3ynapTaTy poOOTH MporpamMu KOPUCTYBad OTPUMYBATHME NMPUOIHU3HY SIKICTbH
MPAKTUYHUX 3aBJaHb Y BiJICOTKAX, TEKCT OyJie OLIHIOBATUCS 32 METPUKAMHU, 1110 OMUCAHI BHIIE 1
pe3yabpTaT Oyae OTPUMaHO 3 JEKUIBKOX HAIMPSMKIB OI[IHIOBaHHSI.

OTxe, MPaKTUYHI 3aHATTS € CBOEPIIHOIO (HOpMOIO 3/1IHCHEHHS 3B'A3KYy Teopii 3 MpakTH-
ko1o. CTpyKTypa NpakTHUYHHUX 3aHATh B OCHOBHOMY OJHAKOBAa — BCTYI BHKJIaJaya, MUTaHHA
CTY/ICHTIB 3a MaTepiaJioM, KW BUMAarae JI0JJaTKOBHX PO3'SICHEHb, BIACHE MpaKTHYHA YaCTHHA,
3aKJIIOYHE CJI0BO BUKIagaya. CTYJASHTH MOBUHHI 3aBX/M OauuTH MPOBIJIHY 17110 KypCy 1 3B'SI30K
il 3 mpakTHUKO0. MeTa 3aHiTh NOBHUHHA OyTH 3p03yMijia HE TIJIbKM BUKJIAJauyeBl, a i CTyJAEHTaM.
Monaynp OIIHIOBaHHS 3aBAaHb CTBOPIOEThCS [UI TOTO, MO0 BHUKIAgadi MOTJIM IIBHIKO
[IpOaHaJII3yBaTy Ta OL[IHUTHU MiATOTOBIEHI MPAKTHUYHI MaTepiaj Ta MPOBOAUTU OUIBII KOPUCHI
Ta IIKaBiI 3aHATTA.
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HNHuTe/uiekTyalibHAsi KOMIIBIOTEPHAs POrpamMMa 00y4aroiasi BbINOJIHEHNI0
AJITOPUTMUYECKUX 3aJaHU

Yensaun A. A., Haunonanbssbiil Aspokocmuueckuil YausepcureT um. H. E. XKykoBckoro
“XAWN”, Ykpauna

[Ipouecc 0OyueHus sBIsIETCS OYEHb CJIOKHBIM. [IOMMMO MCUXOJOTHYECKUX U MeJaroruuec-
KHUX TOJXO/J0B K BOCIIUTAHUIO M YMEHHIO IMPETOJHECEHHUsI MHPOPMALMU, OH BKJIIOYAeT B ceOs
PYTHUHHBIE TIPOIIECCHI COCTABICHUS 33/1a4 M TECTUPOBAHMS 3HAHUH ydaruxcs. Pazsutue uadop-
MAalMOHHBIX TEXHOJOTUHA HAYMHAas C CEPEeIUHbI MPOIUIOrO BeKa Hayalo NPUHOCUTH CBOM ILIOABI
B ctepe oOyuenue. [losiBaeHHE WHTEIIEKTYaJlbHBIX KOMIBIOTEPHBIX OOYYaIOUIMX MPOrpaMm
(MKOII) B 3HauMTEIHHON CTENIEHU YIPOIIAET MpoIlecc 00ydYeHus i IpernoaaBareis. B HacTo-
s1ee BpeMs ¢ TEHJECHUUEH pa3BUTH UCKYCCTBEHHOIO MHTEIEKTA U MOJIXO0B K €ro peanusa-
MU IPUBOJUT K pa3BuTuio HoBoro nokoneHuss UKOII. A pa3Butre KOMIIBIOTEPHBIX CETEH Ipe-
JOCTaBJISIET BO3MOXKHOCTh M30aBUTHCSI OT MHOTHUX HEIOCTATKOB aBTOHOMHBIX KOMITBIOTEPHBIX
00yJarouXx MporpaMmM.

[Ipemioskena HSBpHCTHYECKAass MOJENb CETEBOW, CaMOOOYyYaroIIeHCcsl HMHTEIICKTYaJbHON
KOMITBIOTEPHOU 00y4aroIiel MporpaMMbl BBIMOTHEHUIO alTOPUTMHUECKUX 3a1aHuil. B HacTos-
ee BpeMsl CyliecTByeT Lemblid psa npunnumnoB co3fanus MKOIL, koropselil BkiItouaeT B cedst
MIPUHLMIIBI U30BITOYHOCTH, JEKOMIO3UIIMM KOMIIOHEHTOB 3HAaHUM M YMEHUI, aBTOMaTHYeCKOI
reHepanuu 3aJaHuii, nepexojia MeXy 3aJadyaMH, IMarHOCTUPOBAaHUS 3HAaHUW U yMEHUH, ajar-
Taluu, caMoOOyUYeHHs], CETEeBOM OPUEHTHUPOBAHHOCTHU U T.1. Maes 3aknrovaercs B co3ganuu [10
C LIEHTPaIN30BaHHON apXUTEKTypoil ceTu. Takast apXuTeKTypa MO3BOJIAET XPAHUTh U 00pabaThI-
BaTh MH(GOPMAIUIO B IIEHTPAIM30BAHHOM CEpBepe. DTO YIPOIIAET BO3MOKHOCTh OOHOBIIEHUS
[TO, mpenocraBisieT CBOOOIHBIN NOCTYI K TIporpamMMe 4epe3 JIF0ObIe YCTPOMCTBA C BBIXOJOM B
cetb Internet. Ho camas BakHas 3amaya - mojgydeHHe oOpaTHOM CBSI3U OT 00y4aeMbIX B pealib-
HOM BpPEMEHH, UTO BKIJIIOYAeT B ce0sl HE TOJIbKO MH(OpMAIUIO O mporpecce o0ydyaemMoro, Ho U
HE0OXO0IMMBbIE CTATUCTUUYECKHE JaHHbIE O Mpoliecce o0yueHus (podeMHbIe 30HbI Yy OOJIBIINHC-
TBa y4allMXCs, YCHEIIHOCTh MPOX0XKAECHUS 3aJaHuM, TeMI 00y4eHHs U T.1.), KOTOpble HeoOXo-
VMBI JUJIS YCOBEPIIEHCTBOBAHUS M CO3/aHUS HOBBIX MOJENEH CTYACHTOB, OTUArHOCTHYECKHUX
MOJZENEN U T.A4. DTO MO3BOIUT yryqumuTs npouecc agantanuu MKOII mox cryneHTos.

OOBIUHO CYIIECTBYET MHOXKECTBO MyTEW pelIeHUs OJHOM W Tou ke 3amauu. [losTomy
NKOII nomkHa HE TOIBKO YMETh paclo3HaBaTh BCE MPAaBUIbHBIE aJITOPUTMBbI, OTJIIMYHBIE OT 3Ta-
JIOHHOTO PEIICHUs TOCTABICHHOM 3aJ]auM, HO U YYUThCA Ha HUX. Tak Mbl MOJXOJUM K IPUMEHE-
Huto camooOyyaroreiicss MKOII. [Ipu momomy coBpeMeHHBIX METOJ0B MAIIMHHOTO O0Y4eHUs
(B yacTHOCTH HEMpPOHHBIX ceTeil), MoxkHO nocTpouth UKOII, koTopast Oyner oOyuaTbcsi Ha HO-
BBIX BO3MOJKHBIX aJITOPUTMAX PEIICHUS, MPEAJIOKEHHBIMH y4YalllUMUCA. DTO MO3BOJUT BHECTU
HOBBIE CTETICHU OLIEHKH AJITOPUTMOB IO PA3IMYHBIM KpUTEpUsM 3PGEKTUBHOCTH, a TaKKe 00Y-
yenne MKOII no3BoiuT cTpOUTh HOBYIO CTPYKTYPY MOJACKA30K Ui yJalIuxcs B MpobiemMaTuy-
HbIX 30Hax. C Jpyroi CTOPOHBI Ha OCHOBE CTAaTUCTUYECKUX JaHHBIX O MpOrpecce yyaliuxcs,
camoobyuaemble IKOII cmoxkeT caMOCTOATENbHO CTPOUTH MEPEXObl MEXY 3aJlaHUSIMU M HO-
BbIE CITIOCOOBI UX OLIEHKH. T0 €cTh, MOAU(PHUINPOBATH 33aHUs M0 CTENICHU BOCIIPUSATHS MaTepH-
ajna yJaruMHcs.

Taxk, nannas moxaenb camooOyuatomeiics MKOII ¢ ceTeBoit OpueHTHPOBAHHOCTHIO TTO3BOJIUT
W3MEHHUTh MOAX0Jl K CO3JaHUI0 U paciupuTh 30Hb npumeHenuss UKOII nocpencrBaMm ucmnosib-
30BaHUs MeTOM0B MammmHHOTO 00yueHus. Takue MKOII cMOoryT caMOCTOSTENEHO IIEHTPAIH30-
BaHHO COOMpATh JaHHbBIC U COBEPIICHCTBOBATHCSA HA OCHOBAHUH OOPATHOM CBSA3M OT y4aluxcs.
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PeCprKTypI/I3aHHH KIIMCHTCKOI'0O MPUJIOKEHUS AJIs HHTeJIJIeRTyaJIbHOﬁ oﬁyqammeifl
CUCTEMBI 110 JIECKTPOHUKE C HCIIOJB30BAHUEM ICKJIAPATHBHBIX JHArpamMMm COCTOSIHUA

[atanosa M. O., HanronanbHbli a3pokocmuueckuid yausepeutet uM. H. E. XykoBckoro
«XapbKOBCKUH aBUAIMOHHBIA UHCTUTYT», Y KpauHa

B cBs13u ¢ HENPephIBHBIM Pa3BUTHEM TEXHUYECKUX YCTPOWCTB COBPEMEHHbIE KOMITBIOTEP-
HbIE€ CUCTEMBI, B T. Y. MHTEJJICKTYyallbHbIE 00yYarolIe MPorpaMmBbl, TO0JKHBI OIIEPaTUBHO pearu-
poBaTh Ha U3MEeHEHUs. Takue MPUIIOKEHUS TOJDKHBI PEaTH30BbIBATh 3asBICHHBIA (PYHKIIMOHAI,
a nHTep(eic MPUIOKEHNUI MOXKET CYIIECTBEHHO BUIOM3MEHSTHCSA OT BepcuU K Bepcuu. Jlobas-
JICHWE WM M3MEHEHHE CYIIECTBYIOUIMX OKOH MPUJIOKEHUS MOXET CTaTh CJIOKHOM 3amadeil, Ko-
I7la KOJMYECTBO 3TUX OKOH CTAHOBUTCS OOJBLINM, a MEPEXO0Jbl MEXY HUMHU MHOI'OYHMCIICHHbI-
Mu. Taxke COBpeMEHHBIC MPHIOKEHHS HEPEJKO BKIIOYAIOT MHTEPAKTUBHBIC KOMITOHEHTHI U
BU3YyaJIbHbIE 3PPEKTHI, BO BPeMsl aKTUBHOCTH KOTOPBIX I0JIb30BaTEIb MOXKET YMBILIUICHHO WU
CIly4aifHO HAPYIIUTh MPEIYCMOTPEHHYIO Pa3padOTYMKaMU MOCIIEI0BATEIbHOCTD JICHCTBUIA.

Lenbto mpeacTaBiaeHHON paboThl ABISETCA PECTPYKTYpHU3aLUs KIMEHTCKOrO MPHIIOKEHHS
B COCTaBe 00y4arouiel CUCTEMBI C OTJEICHUEM (PYHKIIMOHAIBHON YaCTH OT MOJIb30BATEIBCKOTO
uHTepdeiica. [l 3Toro HE0OXOAUMO HCCIIEAOBAaTh CYIIECTBYIOUIME PELICHHUS aHAJIOTMYHBIX
3aJa4; OINpPENeNINTh, KaKas 4acTh MPOTPaMMBI OTBEYaeT 3a rpaduueckuii nHTepdeiic, a Kakas
BBINOJIHSAET BCE OCTaJIbHbIE (DYHKIIMM, BBIHECTH 3TU YAaCTH B Pa3Hble MOIYIH; MPOTECTUPOBATH
BBIOpaHHOE pEIIeHHEe, MCIPABUTh OOHAPY)KEHHBIE OMIMOKH, ONTHMHU3UPOBATH MPOU3BOIUTEIb-
HOCTB; OIIPEJCINTh IPEUMYILECTBA U OrpaHUUYEHHsI BHIOPAHHOTO MOAX0/1a.

Ha nanHBIi MOMEHT ONTHMAaIBHBIM METOJIOM JOCTH)KEHUS TIOCTABICHHOMN IIETH SIBIISICTCS
peanmu3zanus B oOydaroniei cucreme mabdiaona Mogens-Ilpeacrasnenne-Konrponnep. B Hamem
cllydae MpejylaraeTcsl MCIoJb30BaTh MOAU(PUKALIMIO JAHHOTO 11a0JI0HA, BKIIOYAIOIIYIO 3JIEMEH-
Thl KOHEUHOTO aBTOMaTa. B Xoz1e pecTpyKkTypH3aluy NpUMEHSIIACh CIEAYIOIIas METOAUKA:

1) pa3aenuTh GyHKIIMOHAT MPUIIOKEHHS Ha JIOTHYECKUE OJIOKH;

2) onucaTh yCJIOBHS BBIMOJIHEHUS NIEPEXO0I0B MEXTy STUMHU OJIOKaMH;

3) onucatb MPOTOKOJI B3aUMOJICHCTBHUS JIOTHYECKUX OJIOKOB C MOJIb30BATEIHCKIM HHTEphEHcoM;
4) nepeHecTH NMPOrpaMMHBIN KO/ (PYHKIIMOHAIBHOM yacTu U3 Qaiinos rpaduyeckoro naTepdei-
ca B CYIIHOCTH ()YHKIIMOHAIBHBIX OJOKOB (9TO MO3BOJUT YIPOCTUTH MPOTPAMMHBINA KO U U3-
Oexatb ero 1y0nupoBaHus);

5) mporecTupoBaTh pabOTOCIIOCOOHOCTH CUCTEMBI ITOCJIE BHECEHUSI N3MEHEHUH.

OnucaHHBI MOJIXOA MPUMEHUM B HPUIOKEHUSAX C OOJIBLIIMM KOJMUYECTBOM MEPEXO0B
MEXy Pa3IMYHBIMH COCTOSIHUSIMHU, B YAaCTHOCTH, B CHCTEMaXx, pabOTaIONINX 10| YIPaBICHUEM
MOOMJIBHBIX M CTAIIMOHAPHBIX ONEPALMOHHBIX CHCTEM.

[TpenmymiecTBaMu JaHHOTO TIOJIXO/1a SIBIISIETCS TO, YTO OH ITO3BOJISIET BHOCUTH U3MEHEHHUS
B rpaduueckuii uarepderic 6e3 n3mMeHeHHs: (yHKIMOHAIBHOCTU MPHIIOKEHUS; YIPOILAET J0-
OaBjieHME HOBBIX (PYHKIIMOHAIBHBIX OJIOKOB, B T. 4. 0€3 rpaduyeckoro uHrepderca; mo3BosseT
MPOBOJIUTH (YHKIIMOHAJIBHOE TECTUPOBAHUE NPUIIOKEHUS 0e3 HCIOJIb30BaHUS TpaduUIecKoro
uHTepdeiica. K HemocTaTkaM moaxo1a MOXHO OTHECTH TO, YTO MPH HEOOIBIIOM pa3Mepe MpPOoeK-
Ta (HECKOJIbKO OKOH U MEPeXOJ0B MEXJy HUMH) JaHHBIA MOJXOJ MOXKET OKa3aTbCs M30bITOY-
HBIM; BO3MOXXHOE CHMKCHHE TPOM3BOJUTEIHHOCTH CHUCTEMBI M3-32 HEOOXOJIUMOCTH JIOTIOJTHU-
TEJILHOW Mepejau yIpaBJIsIONINX JaHHBIX MEXy OlokamMu rpaduueckoro uurepgeiica u J1oru-
YeCKUMU OJIOKaMHU.

OnucanHast pecTpyKTYpH3alMs MO3BOJIAET YAYUIIUTh PACHIMPAEMOCTh MPOEKTa, a TaKKe
obJerdaer ero mojAepKKy U (pyHKIIMOHATIbHOE TecTUpoBaHue. Ha manHoM stame paboT B 00y-
YaoIIeH crcTeMe pealn30BaH MOJb30BATEIbCKUN MHTEpQENc I KOMITBIOTEPOB, CIEAYIOIIUM
LIaroM SIBJISIETCS pean3anus UHTepdencoB Ui MOOMIBHBIX yCTpolcTB. biaromapst onucaHHo-
My TOJXOAY 3Ta 3ajaya CBOAMTCS K aJalTalliil BHU3YaJbHBIX 3JIEMEHTOB CYIIECTBYIOIIUX HH-
Tep(deicoB K UCTOIb30BaHUIO HA MOOMIIBHBIX YCTPOMCTBAX.
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Po3po0ka inTesieKTyaJbHUX 32C00iB r0JI0COBOT0 KePYBAHHS
1Jis1 popMyBaHHSI KOHTEHTY AMCTAHIIIHOI OCBITH

[leBuenko 1. B, /lHinponeTpoBChbKUil HAIlIOHATBHUN YHIBEPCUTET 3aTI3HUYHOTO TPAHCIIOPTY
iMeHi akagemika B. JlazapsHa, Ykpaina

CpOroiHi KOMIT'FOTEp € MIMPOKO PO3MOBCIO/HKECHI Ta Ma€ 3aCTOCYBAHHS B Pi3HOMAaHITHUX
obmactsix — B pPOOOTI, HAyKOBUX BHHOXOJAaX, HaBYaHHI. be3nocepelHbO BUKOPUCTAHHSA
KOMIT'I0T€pa € BKIMBOIO YACTUHOIO HAaBYAHHSM, 3 JIOTIOMOTOIO SIKOTO MOXKJIMBA IIBUJKA B3ae€-
MOJisl MK JIFOJIbMH, a00 MIBUIKWMA MOMIYK Marepiany. TpaguiiiiHuM criocoOOM KepyBaHHS 3a-
IIyCKOM Iporpam, MpolecaMHd HajalTyBaHHS Ta Habopom iHdopmamii B pi3HHX T0JaTKax €
KJIaBlaTypa 4 MuIla abo pi3HOBHIM MaHINyJIATOPiB. Ta iHOI HEMae MOMJIMBOCTI BUKOPHUCTOBY-
BaTH PI3HOMAaHITHI MaHINMyJisaTOpH, a00 moTpiOHO 3amucaty iHdopmanito B pexxumi online, ms
[OJIAJIBLIION0 BUKOPUCTAHHS — HAWOUIbII OYEBUHUM BHPILIEHHSAM JIaHUX IPOOJIEM € rojocoBe
KepyBaHHS.

I'onocoBe KepyBaHHS MOKJIMBO PO3JAUIMTH Ha JIEKUIbKa YAacCTHH: OTPUMAaHHsS I'0OJIOCOBOI
iHpopMarii; po3mi3HaBaHHS TOJOCOBHX KOMAaHJ]; BUKOHAHHS T'OJOCOBHX KOMaHJ. [ '0J0COBi KO-
MaHAM TOBHMHHI OYTH pO3Mi3HaHI BIANOBITHUM YWHOM. 3ajaya pO3IMi3HABAHHS KOMaH]I
CKJIAJAa€ThCsl 3 JCKUIBKOX YacTHH: OOpoOKa camMoro 3BYKOBOTo (ailly, BHIUIMTH caMme
iH(OpMAaTUBHY YaCcTUHY, MPUOPATH IYMU Ta €EKTH rojiocy (EMOLIHHOTO CTaHy, 0COOIUBOCTEN
rOJIOCOBOTO amapary Tomio); ¢GopMyBaHHS 0a3W 3pas3kiB Tojocy s Qikcarlii MOXKIHBHX
KOPUCTYBayiB Ta CTBOPEHHs 0a3u €TaJOHIB JJIs pO3Ii3HAaBaHHS KOHKPETHOI KOMaHIM; CUCTEMa
MOPIBHSHHS OTPUMAHOT KOMaH/IH 3 €TAJIOHaMU Ta (POPMYBaHHS TEKCTOBOT'O BUIY KOMaH/IH.

['onocoBi KOMaHAM TaKoX MOXYTh (OpMyBaTH 06a3y KOHTEHTY JUIsl AMCTAHLIMHOT OCBITH
3a JIOTIOMOTOIO 3aMrCcy KOMaH/ — K TeKCT. /licTaHIiifHa OCBITa € aKTyaJbHOI TEMOKO CYy4acHO-
ro CTOJIITTS, LIe € HOBa, chenudiuHa GopMa HaBUAIBHOTO IMpPOIECY, BIIMIHHA BiJ 3BUYANHHUX
(¢opM HaBuaHHs. BaxinBe Miclie y HaBYaJIbHOMY Tpolieci — € JeKUiHHuM MaTepian. Jlekuist — ue
JIOT1YHO 3aBEpILEHHM, MOCIIJOBHUHN 1 CHCTEMaTHU30BaHUI BUKJIAJ EBHOI'O HayKOBOTO MUTAaHHA,
TEeMH YU PO3[LTYy HABYAIBHOTO MPEAMETY 3a HEOOX1JHOCTI UIFOCTPOBAHUM JI€MOHCTPYBaHHSIM
nocniiiB. BoHa TicHO moB’s3aHa 3 yciMa IHIIMMH (popMaMH HaBYAJIBHOTO MPOIECY — MPaKTHY-
HUMHU 1 1a0opaTOpHUMU 3aHATTAMU. KoKHa JEeKIis CKIaJaeThCsl 3 3MICTY, OCHOBHOI YaCTUHU Ta
BHCHOBKY.

3aBAsIKM aHaII3y JIEKL1i MOXJIMBO 3pOOUTH OLIIHKY 3 TOYKHU 30pY MPOCTOTH 1 TOBHOTH BHK-
nany, YiTabeabHOCTI Ta aKTyaJlbHOCTI iH(OpMaLii, sIKy HEelOCepeHbOI0 OL[IHIOE YUTay — IO
JIOTIOMOX€E BIOCKOHAJIMTH MaTtepiaji i MOJAIbIIOr0 BUKOPUCTAHHS B JUCTAHIIINHIA OCBITI .
JUis TakuX OIIIHOK BHMKOPHCTOBYIOTHCS LIIMH HaOlp CKIAQAHMX aJlrOPUTMIB OOpOOKH, sKi
OLIHIOIOTh TEKCT 1 POPMYITIOIOTH KJIIOUOBI1 MOKa3HUKU. O/IHI 3 OCHOBHHMX MOKAa3HUKIB TEKCTY €:
YHIKaQJIbHICTD Ta MPUPOIHICTb.

Ha ocHOBI MOKa3HUKIB TEKCTY MOKJIMBO MPOBECTH aHalli3 OyAb-sIKOTO TEKCTY, OTpUMAaTH
YHIKaQJIbHICTb, IPUPOHICTh Ta aKTyalbHOCTI iHpopMarii. OTpumaru rpadik 4aCTOTHOCTI CIIIB Ta
BHUCHOBOK 3a 3akoHOM llinda. 3 oTpumaHMX NOKa3HUKIB MOMJIMBO aBTOMATUYHO OTPUMATH
aHaJi3 Ha MOTPIOHICTH (pOopMaTyBaHHS OTPHUMAHOTO TEKCTYy. TOOTO MpU OTPUMAHMX HU3BKHX
MOKa3HUKAX - TEKCT (POPMATYETHCS 10 THX IIp TOKU TEKCT HEe Oy/e BIAMOBIIATH ONTUMAIBLHUM
MOKa3HUKAM YHIKaJIbHOCTI Ta IPUPOTHOCTI .

Jli1s popMyBaHHS YHIKAJIbHOTO TEKCTY BUKOPUCTOBYETHCS LU HAOIp CKIIQIHUX aHAI31B
Ta MEPEBIPOK, SIKI OLIHIOIOTh TEKCT 1 (POPMYITIOIOTH KIIFOYOBI MOKa3HUKHA — HA OCHOBI SKHX pPO3-
pobneHnii yHIKaIbHUN MeTon (opmyBaHHs HOBoOro Tekcty. lllo B momampmomy momomoske
[poaHai3yBaTl OTPUMAHMM TEKCT, Ta MPEJACTaBUTH aOCONIOTHO HOBUH, YHIKAaJbHHIA,
JOCKOHATIIINKA TEKCT, KM MOJANBIIIOMY MOXJIMBUAN B BUKOPUCTAHHI AUCTAHIIINHINA OCBITI - 5K
POCTUH, YUNTAOCIbHUHN Ta aKTyaIbHUN KOHTEHT.
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CTBOpEHHS iIHCTPYMEHTAPII0 CTATUCTUYHHUX OI[IHOK YACOBUX XaPAKTEPUCTHUK 3a1a4
peajJibHOro 4acy.

[emnens [I. C. JIHinmponeTpoBChKUI HALlIOHAIBHUN YHIBEPCUTET
3aJII3HUYHOTO TPAHCIIOTY iIMEHI1 akajeMika JlazapsiHa, YkpaiHna

[Iporec 30iIbIIEHHSAM HPOIYKTHBHOCTI OOYMCIIOBAIBHUX CHUCTEM CIIOCTEpIraeThcsi B Oa-
ratbox cdepax IisIbHOCTI JIOAMHU: IPU KOMIUIEKCYBaHHI CUCTEM aBTOMAaTH3allil MPOEKTyBaH-
Hs1, 300py, 30epiranHs i aHai3y iH(pOpMaIlii B METUYHUX YCTaHOBAX, pOOOTO-TEXHIYHHX-CHCTEM,
KOHTOPCHKHX 1 OaHKIBCBKHUX CHCTEM, CHEPronOCTaYaIbHHUX MignpueMcTBax i T.4. IlpupomHo,
AKIO JesKa OOYMCITIOBaIbHA MalllMHA BUKOHYE (YHKIIi KOHTPOJIO AUISHKA BHPOOHHIITBA, TO
BOHA IMOBMHHA pearyBaTy Ha BCi MOJil B pealbHOMY MacIITadi yacy, TOOTO 4ac peakiiii CHCTeMHu
Ha moxii Mae Oyt "mpuB's3aHa" O peaJbHUX MPOMDKKIB Yacy - CEKYHIH, XBHJIMHH, TOJUHHM 1
T.1. Taki cucTeMu Ha3UBAIOTh CHCTEMaMH PEAIBHOTO Yacy. AJie He KOXKEH OKPEeMO B3ATHI Mpo-
rpaMHHIA 3aci0 MOKe BIATOBIZaTH MPOrpaMHHUM 3aco0aM BHpIMICHHS 33/1a4 B pealbHOMY dYaci,
TOMY IMOTPIOCH IHCTPYMEHT SIKUII MaTHMe 3MOTY INEpEeBIpUTH NMPOTpaMHUI 3acid Ha 3IaTHICTH
BIJITOBIATH BUMOTaM BHPIIIICHHS MTOCTABIICHHUX 3aja4d Y pealbHOMY 4aci. [lepepaxoBaHi BuIie
00CTaBMHU 3YMOBWJIHM BHOIp 00'€KTa JOCIIKEHHS, SIKUM MOXKe OyTH OXapaKTepU30BaHHMA SK
IHCTpyMEHTapiil CTAaTHCTUYHUX OIIHOK YaCOBHX XapaKTEPHCTHUK 3ajad pealbHOTO Yacy.

HeBia'eMHO0 YacTHHOIO 3aBIaHHS € 30ip Ta aHAIII3 TAKUX JAHUX SK:

— Yac BUKOHAHHS MEPEepPUBaHHA 1 IX 00poOKa;

— yac BUKOHAHHS CUCTEMHUX BUKIIHUKIB 1 iX 00poOKa;

— yac Ha IUIaHYBaHHS 3a/1a4i.

310paHi CTaTUCTUYHI JaHHI OOPOOJISIFOTHCS 32 IONOMOIOI0 MAaT€MaTU4YHOI CTaTUCTHKH, II0
Ha/1a€ MOXKIIUBICTh OTPUMATH MaKCHMaJIbHO TOYHUH pe3yJIbTar.

BiamoBigHO 10 mocTaBIeHOT METH aBTOPOM BUPIIIIEH] HACTYITHI 3aB/IaHHS:

— po3po0seHul anapaTHO-POTPAMHUN KOMIUIEKC JUIsl BUMIPIOBAHHS YaCOBUX Xapak-
TEPUCTHK 1 OLIIHKM MapaMeTpiB MO BUMIPSHUM XapaKTEpUCTHKaM (Yac BUKOHAHHS
nepepuBaHHs 1 iX 00poOka, yac BUKOHAHHS CUCTEMHHUX BUKJIMKIB 1 iXx 00poOka, yac
Ha MJIaHyBaHHs 3a]1adl, 3arajJbHUI 4ac BUKOHAHHS MPOTPaMHu);

— po3po0seHi METOM BUMIPIOBAaHHS YaCOBUX XapaKTEPUCTHK aJTOPUTMIB 1 Mporpam,
10 JI03BOJISIE OIIHIOBATH YaCOBI XapaKTEPUCTHKH BHKOHYBAHWX MOJYIIB IPOTpaM-
HOTO 3a0€3MeYCHHs, a TAKOXK 3a JOMOMOTO MaTEeMAaTUYHOI CTATUCTHUKU OTPUMYBa-
TH KIHLIEBUH pe3yJIbTarT;

— TIPOBEACHI EKCHEPUMEHTAIbHI JOCHIKEHHS, IO MiATBEPIKYIOTh €()EKTUBHICTH
METO/IB OI[IHKM YaCOBUX XapaKTEPUCTHK B allapaTHO-MIPOTPAMHOMY KOMITJIEKCI.

Takum 4MHOM, aBTOP LUIAXOM CTBOPEHHS 1HCTPYMEHTAPil0 CTAaTUCTUYHMX OIIHOK YaCOBHX
XapaKTepUCTHK 3aJau peaIbHOro Yacy, IKUW BKJIIOYae B ceOe 30ip Ta aHaii3 CTaTUCTUYHUX Ja-
HUX, TMPEJICTAaBICHHS IX B HAIJSIIHOMY BUIJSAI B BUJII TpadikiB 4acoBOl 3aJ€KHOCTI, IO
3a0e3meuye BUPIIICHHS MOCTaBJICHOI 3a1a4i. A caMe OTpUMaHHs CTATUCTUYHHUX YaCOBUX OIL[IHOK
po0OOTH KOXXHOTO OKpPEMOTro MPOrpaMHOTO 3abe3leueHHs, Ta IMepeBipka WOro Ha 3[aTHICTh
BIJNIOBIJaTH IPOTPAMHUM 3ac00aM BUPILICHHS 3a/1a4 B pealbHOMY 4aci.
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O pa3BuTHHu OHJIANH-00yYeHHUS

[Iymeitko A. A., [IHenpOBCKHI TOCYAapCTBEHHBIN TEXHUYECKUI YHUBEPCUTET, Y KpauHa
[eBuenko I'. A., OO0 «Hoocdepay, Ykpanna

Tembl oHsaiiH-00yueHMs!, Kak Obl €ro HU Ha3bIBAJIM, AUCTAHLIIMOHHOE WJIM YAAJICHHOE, U
Kak Obl K HEMY HE OTHOCWJIMCh, HETATUBHO MJIM BOCTOPXKEHHO, PACTYT B T€OMETPHUECKON MpPO-
rpeccun. Ha ceropnsamHuii neHb 00be€M MHPOBOrO pblHKa oOpa3oBaHus cocrasiser 4,5-5,0
tpaH. USD, u B Onmwkaiimue roasl OH o0OeIaeT yBepEeHHO PAacTU M MPEOA0IeTh pyOoex B 6—7
tpaH. USD, a nons onnaifH-o0y4eHus B 0OIIKX MOKa3aTesix cocTanisier okoio 3% (165 mupa.
USD). DTomy phIBKY HpEALISCTBOBAN 3TAll U3yYCHHUsI Kpyra IOJIb30BaTeIel yCIyraMu OHJIAiH-
o0y4yeHHs U (POPMHUPYIOIIEroCcs PhIHKA 3TUX YCIYT U, KaK CJIeICTBHUE, pa3pabOTKH U BHEJPEHUS
HEOOXOJMMBIX TEXHOJIOTHH, KaK METOAMYECKHX, TaK M IMPOrpaMMHO-HH(OpManuoHHbx. He-
CMOTp# Ha TO, YTO, Ha MEPBBIN B3I, OHJIAHH-00yUYeHUE YKe IPOHUKIIO BO Bce cdephl 001ecT-
Ba, OHO SIBJIIETCSI CPABHUTEIHLHO HOBBIM DJIEMEHTOM B CHCTEME 00pa30BaHMsl, 1 OCHOBHBIE 00pa-
30BaTeNbHbIe M OM3HEC-MOJENM elle MPOoAOIDKalT (GopmupoBarbesi. CaM TEpPMUH «OHJIAMH-
o0y4eHHe» He SBISETCS YCTOSBIIMMCS U OXBAaTHIBAET MHOKECTBO CXEM M KOHCTPYKIIHH, CBA3aH-
HBIX C IIPOLIECCOM IOJIyYEHUS 3HAaHUH U YMEHMH C MCIIOJIb30BAaHHMEM KOMIIBIOTEPHBIX TE€XHOJIO-
THid, HE3aBHCUMO OT TOTO, TJi¢ IPOTEKAET Mpolecc 00yueHHs, OT MHOXKECTBA THOPHIHBIX (HhopM
IIPEoIaBaHusl 10 MOJy4YeHUs BbIcLIero oOpa3oBaHus MOJIHOCTHIO B pexkuMe oHJaiH. IlombiTka
BITUCATHCS B OHJIAH-00yUYEHHE C KJIACCHYECKUM ITOAX0JI0M K 00pa30BaTeIbHOMY IPOIIECCy BbI-
IISAAAT KaK «IIPOKPYCTOBO JIOXKE», KOIJ1a-To, JOCTATOYHO HEJIAaBHO, Ha TEJEBUACHUE MIpUIJIalla-
71 IPO(heccopoB, KOTOPBIE «IUCTAHITMOHHOY MPOBOAMIHN 3aHATHS JJIS IIKOJIEHUKOB, MOJPOOHO
U KauyeCTBEHHO paccKasbiBas O (U3UKEe, MaTeMaTHKE W JPYrux mnpeaMerax. Temepb 3Ty HUILY
3aHsUIM BeOMHApHI, IIe HE BCEr/la XOpOIIO U He BCerja KauyecTBEHHO, M, KaK MpaBuio, He Oec-
IUTaTHO, y4yaT BCEMY, OT pelieHus TudepeHMalbHbIX YPaBHEHUH 10 KyJUHApHBIX CEKPETOB,
BBIXOJIAIMBasl BCE PEUMYILECTBA U BO3MOKHOCTH OHJIaH-00y4€eHuS.

Jlnst ocyliecTBICHHUs OHJIAH-00y4eHHsI HY>KHO UCIOJIb30BaTh T€ BO3MOXHOCTH, KOTOpBIE
MIPEIOCTABIIAIOT COBPEMEHHbBIE MHCTPYMEHTHI pabOThl C MHTEPHET, MPEXIE BCEro, 3TO THIeEp-
TekcT. Mcnonp3oBanue oHnaiiH nqokymentoB *.pdf umm  *.doc, 3T0 Bce paBHO, YTO BOpAYb JIO-
maapb Ui €3/l B aBToMoOuiIe. BaKHBIM 3JIEMEHTOM SIBIISIETCS HaJIM4YWe NMHAMUKH Ha CTOPOHE
KJIMEHTa, TO €CTh aKTHBHas mepectpoiika DOM-nepeBa ¢ HCIOJIb30BaHUEM javascript, B TOM
yucine 1 APl HTML-5, u, HakOHel, HCII0JIb30BAHUE BBIYMCIUTEIBLHBIX BO3MOKHOCTEN cepBepa,
9TOOBI KJIIMEHT UMeJl BO3MOXKHOCTh BO BpeMs Ipoliecca OOydeHUs pelaTh 3a]laud, JeKaliue B
pamKax M3y4aeMoil TeMbl WM mpeamera. Vcrnonb3oBaHHe NEPEeYUCIEHHBIX UHCTPYMEHTOB I1O-
3BOJISIET MO-UHOMY IOCMOTPETh Ha caM Ipoliecc NMoy4eHus 3HaHui. Cpeau mporueccoB paspa-
OO0TKM MPOrpaMMHOT0 OOecreueHusi, OJHUM M3 Haubosiee MOMYJISIPHBIX SBISETCS CHHpaibHas
MO/IeJIb, TIPH KOTOPOIl pa3paboTUMKK BO3BPAILAIOTCS K yXKe MpOoiIeHHOMY (parMeHTy MpOEKTa,
YTOYHSSL €r0 LIETH U XapaKTepUCTHKHU, TEM CaMbIM IOBBIIIAs KauecTBO MpoekTa B 1esnoM. OH-
NaifH-00y4YeHHne Takke JOJDKHO MPOUCXOIUTH MO CIIUpaiy — BHavYale o0ydaeMblil 1mosryyaer o0-
1[1e MOHATUS O JAHHOM pasjielie, IOTOM peajln3alyio TeX WIM WHBIX aJrOpPUTMOB, BO3MOXKHO,
eMy aToro Oyzaer u jgoctarouHo. Ecim ke 3Toro ypoBHs Oyaer maio, To (B paMKax TOTO ke
HTML-nokymenTa!) Hy)KHO NMpPeAOCTAaBUTh BO3MOXHOCTh OoJsiee TIIyOOKOTr0 pacCMOTPEHHUS Te-
MBI, IPU HEOOXOAMMOCTH, C MATEMAaTHUYECKUMH KOHCTPYKIMSMH U JT0Ka3aTeIbCTBAMU. 371€Ch JKe
JOJKHBI IPUCYTCTBOBATh IIPUMEPHI, KOTOPBIE TOJKHBI pearupoBaTh Ha H3MEHEHHUs, BHOCUMBIE
KJIMEHTOM M, CaMO€ IJIaBHOE, IPOrpaMMHBIE BO3MOXHOCTH I PELICHUs OHJIAWH 3a/ad, UHTE-
PECHBIX KIIMEHTY, U3-3a Yero OH, COOCTBEHHO IOBOPS, U MPHUHSII peleHrue 00 00y4eHUH OHJIalH.

B pamkax mpemiokeHHOH mapaaurMel HamMu Ha pecypcee http://sciencehunter.net/ npen-
IIPUHATA IONbITKA OPraHMU30BaTh OHJAH-0OyueHue aucuuiuinHe Data Mining — MHTENIEKTY-
anpHast 00paboTKa TaHHBIX.
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