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OIIHIOBAHHSA EEKTUBHOCTI TPAHCHOPTI-.I.Oi CUCTEMMU
3 IIEPEKAYYBAHHA EJIEKTPOIIPOBIJIHOI PIIMHHU
3A PE3YJIBTATAMU MATEMATUYHOI'O MOJAEJIFOBAHHSA

YV bacamvox eanysax npomuciosocmi HuHi icHye nompeba 8 nepexayy8am-
HI eNeKmponpogiOHUX piOuH. AKMyanbHUM 3A80AHHAM CMAE GU3HAYEHHS 3d-
JIeACHOCmel 8Mpam MUCKy Micyesux onopie nio uac meuii ei1eKmpomMacHimHux
PIOUH 8i0 eNeKmpoMAacHIMHUX ma 2i0OpoouHamiuHux napamempie. Ha ocrnosi yu-
CeNbHO20 MOOENI0BAHHS meyil eleKmponposioHoi piouru 8 KOliHi mpyoonposooy
3a 00NOMO02010 po38 ’s3anus pieHsanb Hae’e — Cmokca, ocepeonenux 3a Petinonbo-
COM, BU3HAYEHO 3ANIeHCHOCMI BMPAmM MUCKY HA N08opomi 8 KoliHi. Maenimue no-
Jle MA€ 3HAYHUL 8NIUE HA entopy WEUOKOCMI 00 NOBOPOmMY ma NiClsi HbO2O 6
KOJIIHI 8HACAIOOK MO020, WO BeKMOp MAacHIimHoi iHOYKYii abo Ha nepwii, abo Ha
opyeitl OinsaHYyi nepneHOuKyIaprHullt mpyoi. 3a NOpieHAHO MAIUX 3HAYEHb Yucel
Petinonvoca eénnue macnimuoco noas oyxce eelukuil, wo 30invuLye Koegiyienm
Micyesozo onopy Oinvuue Hidc y 15 pazie nopisnano 3 xoeghiyicumom o6e3 0ii mae-
HIMHO20 NOJIA.

KirouoBi cioBa: erexmponposiona piouna, KoniHo mpyoonposooy, koeqi-
yienm micyego2o onopy,; 4uUcenbHUll po3paxyHoK, Mamemamuyre Mooeno8aHHs:;
MazHImHa 2i0poOUHAMIKA.

© H. b. Yepuenbka-bisenska, A. C. Porosuii, M. B. Mipomnukosa, 2021
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Bo wmHocux ompacnax npomwiuienHOCmuU cywecmeyem HnompeOHOCMb
nepeKayku JNeKmponpo8oOHbIX dHcuokocmeu. AKmyanvHou 3adavell s61sAemcs
onpeodeneHue 3a8UCUMOCHIEll NOMePb OAGIeHUS MEeCHHbIX CONPOMUBTIeHUL Npu
meueHuu SIeKMPOMACHUMHBIX JHCUOKOCIEl OMm NeKMPOMASHUMHBIX U 2UOPO-
OuHamuveckux napamempos. Ha ocnoee uucnennoco mooenuposanus medenus
INEKMPONPOBOOAWEll HCUOKOCMU 8 KOeHe MPYOOnposooda ¢ NOMOWbIO PeuleHs.
ypasnenuii Hasve — Cmokca, ycpeouwenuvix 3a PetinonvOcom, onpeodenensl
3asucumocmu nomepv 0asieHus. HA Nnogopome 6 Konewe. Macnumnoe none
ModCem 6IUAMb HA DNIOPY CKOPOocmu 00 NOBOPOMA U NOCTe He20 8 KOoJeHe
gcredcmeaue moeo, 4mo 6eKMmop MASHUMHOU UHOYKYUU UTU HA Nep8OoM, WU Hd
8MOPOM yuacmke nepneHOuxyispen mpyoe. Ilpu cpasnumenvho manvlx 3Haue-
Husix uucen Pelinonvoca GnusHUE MACHUMHO2O NOJSL OYeHb 3HAYUMENbHO, YMOo
yeenuuueaem Kodpouyuenm mecmuo2o conpomusienus 6onvute yem 6 15 pasz no
CcpasHeruio ¢ Kosghguyuenmom 6e3 8030etcmausi MAcHUMHO20 NOJ.

KitoueBbie cnoBa: 21ekmponposooawas #uoKocmy, KOJLeHO mpyodonposo-
0a, KoIh@uyuenm mecmHo20 coOnpOMUBIeHUs; YUCTIEHHbII pacyem, Mamemamu-
yeckoe MOOeUPOBaAHUE, MAZHUMHASL 2UOPOOUHAMUKA.

Today in many industries there is a need to pump electrically conductive
fluids. In contrast to classical hydrodynamics, MHD modeling requires the simul-
taneous solution of the equations of hydrodynamics and electrodynamics, which
significantly complicates the modeling process. For electrically conductive fluids,
such a number of experimental studies has not yet been conducted, in addition,
the dependencies are complicated by the influence of the magnetic field and the
need to take into account their magnitude. An urgent task is to determine the de-
pendences of the pressure losses of local resistances during the flow of electro-
magnetic fluids on electromagnetic and hydrodynamic parameters. The develop-
ment of computational hydrodynamics in recent years has led to the fact that the
use of CFD-calculations can practically replace valuable experimental studies of
electrically conductive fluids by mathematical modeling. Experimental studies are
complicated by the use of powerful electromagnets and a variety of electrically
conductive fluids, which often have not only electromagnetic properties, but are
often non-Newtonian. Based on the numerical simulation of the flow of conductive
fluid in the pipeline elbow, the dependences of the pressure losses at the bend in
the elbow were determined by solving the Navier — Stokes equations averaged
according to Reynolds. The magnetic field has a significant effect on the diagram
of the velocity before and after the turn in the knee due to the fact that the mag-
netic induction vector in either the first or second section is perpendicular to the
tube. At relatively small values of Reynolds numbers, the effect of the magnetic
field is very significant, which increases the local resistance coefficient by more
than 15 times compared to the coefficient without the action of the magnetic field.
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Key words: conductive fluid; pipe elbow; local resistance coefficient;
numerical calculation; mathematical modeling; magnetic hydrodynamics.

ITocTanoBka npodjemMu. Y 0araTtbox raiy3sx MPOMUCIOBOCTI HUHI iICHYE
norpeba mepeKavyBaHHs €JIEKTPONpPOBiIAHUX piauH. Lle mpuBeno 1o cTBOpeHHS
OKpeMOi JUCHHUIUTIHK — MarHiTHOI rigpoauHamiku (MI']]), sika po3risgae muTaH-
Hi Ha TEpPeTHHAHHI JBOX AWCIUIUIIH: TIAPOJUHAMIKA Ta EJICKTPOIWHAMIKA
cyuiabHoro cepenosuia. O6’extoM nocnimkenuss MI'Jl € pyx miaa3smu, piIkux
METaJiB, COJOHOI BOAM Ta OyAb-KHX PIAMH, 10 BUSBJISIOTH €JIEKTPOIPOBIJIHI
BJIACTUBOCTI.

Ha BinMiHy BiJ KiacuuHOI TiipoauHamiku, MonentoBanHs MI'J] motpebye
OJIHOYACHOTO PO3B’S3aHHS PIBHAHb TiIPOAMHAMIKM Ta E€JIEKTPOJUHAMIKH, ILIO
3HAYHO YCKJIQJHIOE MpoIiec MoenoBanus |1, 2]. ExcriepumeHTanbH1 JOCIIIKEH-
HSl TIOBOJKEHHS €JICKTPOIMPOBITHUX PIIUH OOMEKEHI TOCHIHKCHHSIMH CIelliai-
30BaHOro ob6saaHanHs, Takumu sik: MI'J[-Hacocu, MI'JI-renepatisi enextpoeHeprii
toio [3-5].

INippaBniuHuil po3paxyHOK TPyOOINpPOBOIIB /AJIsi €IEKTPONPOBIAHOI PIIUHU
notpedye BUKOPUCTAHHS CHEIlabHUX 3aJIe)KHOCTEH /ISl BU3HAYEHHS BTpAT THUC-
Ky Ha MICIIEBUX OMOpax Ta Ha TEPTS MOI0HO J0 KJIIACUYHOI T1APaBIIiKU. 3BUYANHI
JUIS TIPABIIIKU 3aJI€KHOCTI OTPUMAHO MEPEBAKHO EKCIIEPUMEHTAIBHUM IIIIXOM
IPOTArOM 0araThbOX POKIB JOCHIKEHb. JlJii €JNEeKTpONpOBIAHUX PIOUH TaKOi
KUJIBKOCTI €KCIIEPUMEHTAJIBHUX JOCIIPKEHB 11Ie MPOBEAECHO HE O0yJ0, KpiM TOro,
3aJIe)KHOCT] YCKJIAJHIOIOTHCA 3a PAXyHOK BIUIMBY MAarHiTHOTO MOJiA Ta HE0O0-
X1JTHOCT1 BpaxyBaHHS B HUX HOTO BETMUYUHH.

Po3BuTOK 00UMCTIOBAIBHOI T1APOJUHAMIKH B OCTaHH1 POKH MPUBIB JI0 TOTO,
mo BukopuctanHs CFD-po3paxyHKiB /J103BOJIsI€ MPAKTUYHO 3aMIHUTH KOIITOBHI
eKCIIEPUMEHTAJIbHI JOCHIKEHHS €IEeKTPONPOBIIHUX PIIUH MaTEeMaTUYHUM MO-
JIeNIIOBaHHsM [6, 7].

AHaJti3 ocTaHHiX a0caizKeHb 1 mydaikamii. [lepmni TeopeTnyni Ta excre-
puMeHTasIbH1 po6oTi B ramy3i MI'/] 6yio nposeneno ['aptmanom y 1937 p. [8] Ta
HOOemBChKkUM JaypeatoM AmbBeHoM [9] y 50-x pp. XX ct. ¥V mpami [8] mo-
CJIIJKEHO TIOBOJDKEHHS PTYTI1 MMiJl BIUIMBOM MarHiTHOTO MOJsS Ta 3pO0JIEHO BHC-
HOBKM II0JI0 TEpexoay Tedii BiJ JaMIHapHOTO A0 TYpOYJEHTHOTO pyXy B
Kpyriiil TpyO6i. 'apTMan ymepie nmomiTHB, 110 KPUTHYHI 3HAUYeHHs 4ucen Peii-
HOJIbJICA, IKI BUKOPUCTOBYIOTh Y KJIACU4YHIH TiJIpaBiill, HE MOXHA BUKOPHUCTO-
BYBAaTH IS €JIEKTPOIIPOBIIHOI piIMHH. AJIbBEH B CBOIX HpalsiX CKOHIICHTPYBaB
yBary Ha TaKUX HampsiMax: Teopis MOJISIPHOTO CsiiBa, reOMarHiTHi Oypi, YTBO-
penHst COHSUHOI CUCTEMHM, TOMY BiH He 3aiiMaBcsl MpoOJIeMaMu TiApaBIidHOTO
pPO3paxyHKy Tedil piAHH.
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[Mopganpmmii po3sutok MI'J] wacTiiie mpoBOAWBCS HAa OCHOBI aHATITUYHHUX
po3paxyHkiB Teuii [10], mo He Ja€ MOXXIUBOCTI OIIHUTH TaKl MapaMeTpu SK
BTpaTH TUCKY Ha MICLIEBUX onopax. EkcrieprMeHTanbH1 JOCIIPKEHHS YCKIaHEH1
BUKOPUCTAHHSM TMOTYXXHHX €JIIGKTPOMATHITIB Ta PI3HOMAHITHICTIO €IEKTPO-
MIPOBIIHUX PIUH, SIKI 4acTO MarOTh HE JIMIIE €JIEKTPOMArHiTHI BJIAaCTUBOCTI, a
TaKOX € HeHbIOTOHIBCHKUMU [11, 12]. HeHbIOTOHIBCHKI PIIMHU TEX MAIOTh JIyKe
CKJIa/IHI 3aJIe)KHOCTI BTpaT TUCKY Ha MICLEBHX OIOpax, SIKI JOCITIIKYHOTHCS
eKCIIEpUMEHTAIbHO, POTE HHUHI JO0CI HE iICHy€ OJHO3HAYHMX 3aJICKHOCTEH IS
Oymb-sikux piaus [13-15].

MareMaTHuHe MOJIEIIOBAHHS HAa OCHOBI YHCEJIBHOTO PO3paxyHKy Teuii 1ae
MOXITUBICTh OTPUMATH TOYHHUH Pe3yJbTaT, IO MiATBEPMIKYEThCs mpamsmu [11,
12, 16, 17]. s enexTponpoBiAHUX PIIMH YaCTO BUKOPUCTOBYIOTh MOTYXKHI Me-
TOIU TIpsIMOTO YrcenbHOro MonemoBanHs (DNS) Ta meTox KpymHHX BHXOpIB
(LES), anme mi MeToau moTpeOyrOTh BEIMKOI KUTBKOCTI €JIEMEHTIB CITKH, a JUIs
IBOT0 HEOOX1THI JAyKe MOTYKHI KOMIT FOTEpH i 6arato Jacy Ha po3paxyHOK, IO
HEJIOLIBHO MiJ Yac 1HKEHEPHUX PO3PaXyHKIB.

Hunimnboro vacy Juist riipoAMHaMIgYHUX pO3paxyHKIB CTBOPEHO COTHI MO-
neneil TypOyJeHTHOCTI Ui CIIPOLICHHS CUMYJIALIN MiJl 4Yac BUKOPUCTAHHS oce-
pennenHs piBHAHb Hap’e — Ctokca 3a Pelinonbacom. Halibuibin yHiBepcanbHUMU
monensmu €: k-g, (RNG) k-¢, k- ta SST k-0 [18-22].

ToMmy akTyalbHHM 3aBIAHHSM € BHSBJICHHS 3QJIKHOCTEH BTPAT THCKY
MICIIEBHX OIMOPIB MiJ Yac Teii eNeKTPOMArHITHUX PiUH BiJ €JICKTPOMArHITHUX Ta
TIpOAMHAMIYHUX ITapaMeTPiB 3a JOMOMOT0K0 METO/IIB YHCEIbHOTO MO/IETIOBAHHS.

Merta cTaTTi — BU3HaYCHHS 3aJI€KHOCTEH BTpaT TUCKY Ha MICLIEBUX OMOpPAx
y KOJIiHI JUI Te4ii eeKTPOIIPOBIIHOT PIIUHU B KPYIJIUX TpyOax.

Pinuna BBaxkanmacst B’SI3K0I0, HECTHCIIMBOIO Ta €JIEKTPONPOBIAHOI0. PiBHSIH-
HSl PYXY PIIVMHH PO3B’SI3yBAUCS YHCEIHHO 3 BUKOPUCTAHHSIM METOIY KOHTPOIIb-
HUX 00’emiB y mporpamHomy cepenoBuii Ansys CFX. IIporpamuuii koMIuiekc
BUKOPHCTAaHO HAa YMOBAaX CTYJEHTCHKOI JIIEH31T 3 OOMEXEHHSIM Ha KUIbKICTh
€JIEMEHTIB, 1110 He nepesuirye 500 000.

Bukiaa ocHoBHOro marepiajgy. MaremaTHdHE MOJENIOBAaHHS pPYXy
€JIEKTPOIPOBIAHOI PIAMHY MPOBEIEHO Ha OCHOBI PO3B’SI3aHHS OCEPEJIHECHHX 32
Peiinonbacom piBHsab Ha’e — Crokca 3 piBHsHHAM SST (Shear Stress
Transport) mozeni TypOyJIeHTHOCTI, piBHSHHS HEPO3PUBHOCTI Ta piBHAHb Makc-
BeJUIa JUTsl Tewil HeCTHCIUBOI piguan [23-25]:

du; du; d

.2 [u+ ]au" + 1

dx; dx; 0 ;
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ox = (2)
f=0xB] (3)
V(oVe®) =V - [ou X B], (4)
V¢ =V -[axE], (5)

Je p — IYCTHHA; X; — I€KapTOBl KOOPAMHATY; U; — MPOEKLIi MIBUJKOCTI B JEKap-
TOBIM cHcTeM1 KOOPAMHAT; t — Yac; P — FIAPOJUHAMIYHUN TUCK; f; — MPOEKIi Bek-
TOpa MacoOBUX CHJI Ha Oci KOOpJAMHAT (y HaIIOMy BHNAaAKy — cuia JlopeHua); p —
JMHaMIuHa (MOJIEKYJISIpHA) B’ S3KICTh; Yy — TypOYJIEHTHA TUHAMI4HA B SI3KICTb; J —
IIIJIBHICTh €JIEKTPUYHOTO CTPYMY, L0 BHHUKAE B €JEKTPOIPOBIAHIN piluHi, sKa
PYXa€ThCs 31 MIBUIKICTIO 11 38 PAXyHOK MICLIEBOTO €JIEKTPUYHOTO MOJIst; B — BEKTOP
MArHiTHOI 1HAYKIil, ¥ — CKaIAPHUN EIEeKTPOCTATHYHUIA TOTCHIAT;, 0 — EIIEKTPO-
HPOBIJIHICTb.

TBepaoOTIIbHY MOJENb PIAMHM, 110 PYXA€ThCS B KOJIIHI IIJIABHOTO MOBOPO-
Ty Ha 90°, 300paxkeHo Ha puc. la.

0)

Puc. 1. Po3paxyHKOBI MOJiesi KoJliHa TPyOOIIPOBOTY: a) TBEPIOTUIFHA MOJIEIb;
0) ciTKOBa MOJIEITh
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Po3paxyHok BukoHaHO B nporpamHomy komiuiekci Ansys CFX 3 akagemiu-
HOIO CTYAEHTCHKOIO JineH3iero. CTyAeHTCchbKa JileH311 00MexXye KiTbKICTh BUKO-
puctanux eneMmentiB 500 000. CitkoBi Mmojeni 300paxeHo Ha puc. 16. Bonu mo-
OymoBaHi 3a JIOMOMOTOI0 MPH3MATHYHUX Ta TETPArOHAIBHHUX €IIEMEHTIB [26].
Ansys CFX € BaniioBaHuM AJis BCIX KJIaciB TeUiid, y TOMY YHCII JUIsl pO3PAXyHKIB
MAarHiTHOI riipoauHamiku [23, 27, 28].

Kputepismu 3aBepuieHHS pO3paxyHKY € yMOBH 3MEHIICHHS HEB’s3aHb
ycix piBHAHB 10 3HadeHb 10~ i 3a6e3nedeHHs MOCTIHHOIO mepenaay THCKY B
TpyOOIpOBO/II.

I'pannuHi yMOBM 3aB/1aBajycs TAKUM YHMHOM: Y BXiTHOMY MEPETHHI KaHAITY —
IBUKICTB 3a posnoiniom V = V(1 —r/R)Y ?max, Jie T — IOTOYHHH pajilyc TOYKU
B niepetuHi Tpyou; R = 0,05 M — paxiyc TpyOu. Y BHXiTHOMY NEPETHHI — BiIKpH-
Ta TPAHUIIA 3 HYJIBOBUM CTATUYHUM THCKOM. [HTEHCHBHICTH TypOYJIEHTHOCTI 3a-
naHa BeJnunHO 5 %. [l HepyXoMoi CTIHKH 3 TPaHUYHOI0 YMOBOIO BiICYTHOCTI
KOB3aHHS — CKJIIPHUH €IEKTPOCTAaTUUHUN MTOTeHIian d¢/dn = 0.

Jlng nopiBHsHHS pe3ysibTaTiB MI'Jl po3paxyHKIB BUKOPUCTOBYBAJIOCS KpHU-
TepianbHe uncno ['apTmana

Ha = BR./a/pv, (6)

Jie V — KIHEMaTHYHA B’ SI3KICTh.

3Bakarouu Ha Te, 0 I BepudiKallii MaTeMaTHYHOI MOJIEI MPOBOAMIIOCS
NOPIBHAHHS NPOQLUIIB MIBHIKOCTI 3 eKCIeprUMeHTaIbHuME Tpodimsivu [29-31],
HaBeJICHUMH B JociimkeHHi [11], uyucenpHi mociimkeHHs nposeneHi s 30 %
BoAHOTO po3uuHy rigapokcuay kamiro (KOH). OcHoBHI (i3WdHI BIaCTHBOCTI
pinuan: TyctuHa — 1280 kr/m3; aunamiuna B’s3kicTs — 0,00143 Tlaxc; kinema-
tnuHa B s3Kicth — 1,18x10° M%/c; emexktponposimmicts — 73,67 Cm/M; Temo-
npoBigHicTs — 0,727 B1/(M K); Temmoemuicts — 3000 Ix/(kxr K).

I'eoMeTpuuHi mapamMeTpu OCIIKYBAaHOTO MiCIIEBOTO OIOPY B KOJIiHI TO-
naHo B Tadi. 1.

Tabmus 1

I'eomeTpuuHi mapamMeTpu MicIIeBOI0 ONOPY

[TapameTp Koumnino
Hiametp TpyOH 10 IOBOPOTY, MM 100
Jiamerp TpyOu miciist HOBOPOTY, MM 100
JloBkHHA AUTBHUII O TOBOPOTY, MM 1000
JloBXWHA AUTBHUIN TICJIS TOBOPOTY, MM 2000
Paziyc moBopoty, MM 100
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Puc. 2. Po3noain mBHAKOCTI B3IOBX pajiyca: a) Ha BiacTani 500 MM
110 moBopoTy; 0) Ha BiacTaHi 1500 MM miciis MOBOPOTY

MarniTHe ToJie Ma€ 3Ha4YHUI BIUIMB Ha €MIOPY HIBHAKOCTI A0 MOBOPOTY Ta
MIiCJIsE HBOTO B KOJIiHI (pHUC. 2) BHACIIIOK TOTO, III0 BEKTOP MAarHiTHOI 1HAYKIIIi 200
Ha Tepuriif, abo Ha Ipyrid IUISHI MEepHeHAuKYISpHUi oci TpyOu. Lle mpusBo-
IUTh 10 Aedopmarlii emopu MBUAKOCTI Ta il BUTATYBaHHS 10 CTiHOK, TOOTO
301TBIICHHS IBUAKOCTI OIS CTIHOK, OPIBHSIHO 3 BUIIAJIKOM 0€3 MarHiTHOTO I10-
ns. MarniTHa iHIyKIis 3aaBanacs BeKTOpoM B (Bx, B, Bz) Tn TakuM YUHOM,

mo0 TUIBKM OJHA MPOEKIlis IbOTO BEKTOpa Oylla HEHYJIHOBOIO UISI MPOCTOTH
NOPIBHSHHS BIUIMBY MarHiTHOTO TOJIS Ha napameTpu Tedii. [LIBUAKiCTh HaIeKUTh
710 MAKCUMAJTbHOT MBUAKOCTI V.o, B IIEHTpI TPyOH, 110 3a7aBaiacs sk rpaHUYHA
yMOBa.
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PesynbraT po3paxyHKy Tedii B KOJIiHI 3 MOBOpoTOM Ha 90° 300pakeHo Ha
puc. 3.

L-..

r)

. Puc. 3. Po3r£onin [IBAIKOCTI n_izl yac Tedil B KOJIHI:
a) B (0,0,0) Tm; 6) B (2,0,0) Ti; B) B (0,2,0) Tor; 1) B (0,0,2) Tn
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Jlist MarHiTHOTO TOJISI MPAKTUYHO HE BIUIMBAE HA KAPTHHU Tedii B IUIAaBHOMY
oBOpPOTI Tpy6H (puc. 3), ane marHiTHe mosie 3 impykuiero B (0,2,0) Tn 36iburye
00J1aCTh BiZpUBY, i1 HABIIAKY 30HA BiPUBY 3MEHIIYETHCS U BUIIAAKY B (0,0,2) Tn.

Ha puc. 4 300pakeHO 3aJeKHICTH BTpaT THUCKY Ha DO3TISIHYTOMY
TiJIpaBIidYHOMY MicCLIeBOMY omopi Bix uucna ['aprmana. IlopiBHIOBaJIMCS BUNIAAKH
pi3HOI Opi€HTAIil MarHITHOrO MOJIS 32 PaXyHOK 3aBJIaHHS BEKTOPY MAarHiTHOI iH-
OyKIii 32 mpoekmisMu. Jliarma3oH 3MiHM TPOEKIii MarHiTHOI 1HAYKINT HA KOXHY
Bick — 0...2 T 3 inTepBanom 0,5 Ti. MoxHa 6a4nt, 10 KOe(iIiEHT MiCLIEBOTO
OTIOPY Ma€ KBAAPATUIHY 3aJICKHICTH BijJ yrcia ["apTmana (KoediieHT Kopemsii
[Tipcona nopisuioe 0,999).

Bz
12

3 P Bx
4 R
-

0 |
0 5 10 15 20 25
Ha

- By

Puc. 4. 3anexxHicTh KoedillieHTa MICIIEBOTO OIOpY BiJ uucia ['aprmaHa

OTxe, Koe(dilieHT MICLEBUX OMOPIB JJIs BUMAAKY Tedil eIeKTPONPOBIIHOL
PLAMHM 3aNe)XHUTh HE TUTBKH BiJ uncia PeiiHonbaca, sk 1€ BiiOyBaeThes i 3a-
rajJbHUX PIJUH, @ TAKOXK BiJl BEIMYMHU Ta HAIPSAMKY BEKTOpa MAarHiTHOT iHIYKII.
Ha puc. 5 300paxkeHo 3anexHICTh KoedilieHTa Bing ywcen PeifHombaca Tta
HANPSIMKY i1 MarHiTHOI iHAYKIii. MoxHa 0auyuTH, 10 MaKCUMalbHI 3HAYCHHS
OTOPY TPAIUISIFOTHCS TOJ1, KOJIM BEKTOP MArHITHOI 1HAYKII1 HAlIPaBJIEHO MEPIIECH-
TUKYJSIPHO 10 000X ITBHUIIL KOJiHA (BICH Z 3T1JIHO 3 puC. 1a).

100

— B(0,0,0)Tn
—— B(2,0,0)Tn
B(0,2,0) Tn
B(0,0,2) Tn

10

\~

0,1
1,00E+03 1,00E+04 1,00E+05 1,00E+06
Re

Puc. 5. 3anexHicTh KoedimieHTa MiCIIEBOTO OTIOpY Bij uncia PeliHonbaca
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31 30iIbIIeHHSIM uucen PelfHonb/ca i, BIAMOBIIHO, MIBUAKOCTI TeYii piaMHA
KoeillieHT Omopy MparHe 10 3Ha4eHb KOedillieHTiB onopy 0e3 il MarHiTHOTO Io-
7s. ACHMITOTWUYHI 3HaYeHHS KOE(]Illi€HTIB OMOpPY €IEKTPONPOBIAHOI PITMHU ITij
JII€0 Mar"iTHOTO TOJsl AJsi aOCOMIOTHO TNAAKOI TpyOu AOPIBHIOIOTH 3HAYCHHSIM
xoedillieHTiB MicIieBoro omopy 0e3 il MarmiTHOro omopy 3a 3HaueHp Re > 105,
AJte 3a MalMX 3HaueHb yKcell PeifHob/Ica BIUTMB MarHiTHOT'O MOJIS /1y’Ke 3HAYHUH,
o 30uiblrye KoedimieHT ¢ Outbine HIX y 15 pasiB. PiBHSHHA [uid po3paxyHKY
koe(iwieHTiB ¢ pogaHo B TadI. 2.

b ‘

5.768¢-002
5.191e-002
4.615¢-002 ‘
4.0386-002 ‘
3.4616-002
2.8840-002
2.307e-002
1.730e-002
1.154e-002 ‘
5.7680-003 (

0.000e+000 N
[m s*1]

oo
1.962e-001
1.766e-001
1.569¢-001 |
1.3736-001 ‘
1.177€-001
9.809¢-002
7.847¢-002
5.885€-002
3.924€-002 |
1.962e-002 | '{

+
= 52'(‘)](}()& 000 N

6)

4.152e-001
3.737e-001
3.321e-001
2.906e-001
2.491e-001
2.076e-001
1.661e-001
1.246e-001
8.304e-002
4.152e-002 {

0.000e+000
[m s*-1] \

B)
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Velocity

Contour 1
2.742e+000
2.468e+000
2.194e+000
1.920e+000
1.645e+000
1.371e+000
1.097e+000
8.227e-001
5.484e-001
2.742e-001

0.000e+000
[m s*-1]

\\ |
< B
r)

Puc. 6. Po3monin mBuaKocCTi mifg yac Tevil B KOJIiHI:
a) Re =3000; 6) Re = 15000; B) Re = 22000;
r) Re = 150000

KoeoinienT xopensuii oTpumMaHux 3anexHocTedt Oinbiie Hixk 0,9, 3amex-
HOCTI cTerneHeBi. HeoOXiHO 3ayBakMTH, 110 OTPUMAaHI PIBHSHHS BiIMNOBIIAIOThH
MarHiTHOMY TIIOJIIO 3 MOAYJE€M BeKTopa MarHiTHOi iHaykuii 2 Tn. 3aranowm,
koedimieHT ¢ € QYHKIIEIO JABOX MapaMeTpiB: dnuciao PeliHoibaca Ta BEKTOp Mar-
HITHOI iHAyKuii. ToMy 110 HampsIMOK 3HAYHO BIUIMBAE HA 3HAYCHHS OMOpPY HE
MO>KJIMBO 3HAMTH allpOKCUMYIOU€ PIBHSIHHS JUJIsl BC1X BUIIAJIKIB.

Tabmums 2

PiBHsIHHS U1 PO3PAaXyHKY KOe(illieHTy MiClIeBOI0 OIOpy

M]zl?lfiTT?{po'i PiBustHHs Koe(biuieliT

iHJIYKHﬁ KOopeianu
B(0,0,0) T | 11,6Re®?* 0,983
B(2,0,0) Tn | 406Re*** 0,908
B(0,2,0) Tn | 4360Re " 0,973
B(0,0,2) Tn | 25800Re % 0,992

Ha puc. 6 300pakeHO 3MiHYy KapTHHU Tedii 31 301LIBIIIEHHSAM IIBHIKOCTI,
BIJIMOBiAHO, ¥ uncna PeitHonbaca. [lomiTHe 30iMbIIEHHS 30HU BiIPHUBY 31 30171b-
LIEHHM yucia PeliHompaca.

BucHOBKH 3 JaHOT0 AOCJTII:KeHHS i NepCNeKTUBH MOAAJBIINX PO3BIAOK
y aanomy HampsiMi. Ha OCHOBI YHCENbHOTO MOJICTIOBAHHS TEYil EJIIEKTPO-
MPOBITHOT PiIMHU B KOJIiHI TPYOOIPOBOIY 3a JOIMOMOTOIO PO3B’sI3aHHS PIBHSHB
Hap’e — Croxkca, ocepennenux 3a PelHOIbACOM, BH3HAYEHO 3aJICKHOCTI BTpaT
THUCKY B TUIABHOMY ITOBOPOTI.
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1. MarHiTHe noje Ma€ 3HaYHHIA BIUTUB HA €MI0pY MIBUIKOCTI IO TOBOPOTY Ta
MICJIE HHOTO B KOJIIHI BHACIIZAOK TOTO, [0 OPi€HTAIlisI BEKTOpA MAarHITHOI 1HAYKII
a0o Ha mepmriif, a00 Ha IpyTiil AUIAHII mepreHauKyspHa Tpyoi. Lle nmpusBoauTh
1o nedopmarii emopyu MBUIKOCTI Ta A0 ii BUTATYBaHHS J0 CTIHOK, TOOTO 301J1b-
HIEHHSI IIBUKOCTI O/ CTIHOK, Y MOPIBHSHHI 3 BUNAAKOM 0€3 MarHiTHOI'O MOJIs.

2. KoedimieHT MiICIIEBUX OMOPIB JJII BHIAIKY Tedii eJICKTPONMpPOBITHOT
pIIVHU 3aJIe)KUTh HE TUIBKHU BiJ unciia PeliHonbaca, K 1€ BiOyBa€eThCs IS 3a-
rajJbHUX PIJHMH, @ TAKOXK BiJ] BEIMUMHU Ta HANPSIMKY BEKTOpA MAarHiTHOT 1HTyKIIii.

3. MakcuMaibHi 3Ha4eHHS OMOpY BiOyBarOThCS TOJi, KOJIH BEKTOp Mar-
HITHOI 1HIYKITIi HalpaBJIeHO B3/IOBX OJIHIET 3 0cel TpyOOIPOBOIy KOJIIHA.

4. AcuMNTOTHYHE 3HAYEHHS KOCQIIIEHTIB OMOPY EIEKTPOIPOBITHOT Piau-
HU IiJ{ II€10 MAarHiTHOTO TOJIs 30iraroThCs 31 3HAUEHHSIMU KOS(DIli€HTIB MICIICBO-
ro omopy 0e3 Jii MarHiTHOro oropy NpH 3HadeHHAX Re > 10°. Ane 3a manux 3Ha-
4yeHb yucen PeliHonblca BIUIMB MAarHiTHOTO MOJISl Ty’Ke 3HAUYHUU, 110 30UIbILIYE
KoedirieHT ¢ 6ubIIe HX y 15 pasis.
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TEXHONOTIN Ta MiXXHapPOAHOI NOriCTUKN
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JIO IUTAHHS 3ACTOCYBAHHSA I'IJIPOIUHAMIYHOI AHAJIOT'TI
JJISA TIPOUEAYPU PO3PAXYHKY ITAPAMETPIB
TPAHCIIOPTHHUX IIOTOKIB

Mamemamuune MO0en08aHHA MPAHCNOPMHUX NOMOKI6 | HUHI € 0OCUMb
CKIAOHUM Ma aKmyanibHum 3a80anuam. Haubinow oockonani mamemamuyti mo-
oelli MpaHCROPMHUX NOMOKI6 ONUCYIOMbCSL PIGHAHHAMU MAMEMAMUYHOL Qi3uKku.
3acanvnuti haxm @iominHocmetl 2i0OpOOUHAMIYHUX MOOelel MPAHCNOPMHUX NO-
MOKi6 810 8I0N0BIOHUX 2IOPOOUHAMIUHUX AHANO02I8 NOJISA2AE 8 3aNUci NPaesoi uac-
munu pieHsiHb. Lle cmocyemvbcst KOpekmuo2o 3anucy, sik npasuio, 2inepooiiyHux
cucmem pisHaAHb ma ix ougyziunux ananoeie. CKiaoHowi, wo SUHUKAIOMb 8 ONUCT
MPAHCNOPMHO20 NOMOKY, CXOMHCT 31 CKIAOHOCMAMU, SKI BUHUKAIOMb Ni0 YAC ONU-
cy mypOyieHmHoz2o pyxy piouHu.

Mema cmammi — no6yooga mamemamudHoi Mooeli, YUci08020 Memody, ai-
20pUMMY D038 A3Y8AHHS 3A0ayi Ma CMEOPEHHs NPOSPAMHO20 3aOe3nedeHHs Ol
00CNi0JHCeHHs OUHAMIKYU MPAHCNOPMHUX NOMOKIG. Y cmammi po3ensidaemvcs 3a-
0aua MoOent08anHs MpAHCNOPMHO20 NOMOKY AGMOMOOINIbHUX MPAHCNOPIMHUX 3a-
cobie. [{nsa onucy @izuunozco npoyecy euxopucmauo cucmemy pienaunua Hae'c —
Cmokca. Pospobneno memoouxy, aneopumm po3e a3y8anis 3a0a4i, ma npocpamHe
3abe3neyenus. [ 4UCI068020 THMeSPYBAHHA cucmemu OuQepeHyiarbHux pis-
HAHb BUKOPUCMAHO CKIHYUEHHO-00 emHuti memood. Ilposedeno mecmyeanHs pos-
pobnenoi memoouku. 3a pes3yibmamamu 4UCIO8UX PO3PAXYHKIE NOOYO08AHO
dynoamenmanvry diazpamy mpaHcnopmHo2o NOMoKy.
© A. B. Coxauskuii, O. B. Tpodimos, A. I. Ky3pmenko, 2021
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KitouoBi crnoBa: mpaucnopmui nomoxu, MakpockKOniuHi Mooeni; 4uciose
Mmooentosanns; pienanna Hae’e — Cmokca.

Mamemamuyeckoe moodenuposanue mpaHCNOPMHLIX NOMOKO8 U Ce200Hs.
A615emcsi 00CMAMOYHO CIONCHOU U aKkmyaibHou 3a0aveu. Haubonee cosepuien-
Hble Mamemamuyeckue Mooenu MmpaHCnopmHusblX NOMOKO8 ONUCHIBAIOMCS YPAG-
HeHuaMu mamemamudeckou uzuxku. Oowum paxmom omauyull 2UOPOOUHAMU-
yecKux mooeneti mpaHCnopmHulX NOMOKO8 OM COOMEEmCcmeyouux 2uopoOUHa-
MUYECKUX AHATI0208 3aKI0YAemcs 8 3aNUCU NPAGoll 4acmu YpasHeHutl. Imo om-
HOCUMCST K KOPPEKMHOU 3aNuUcu, KaKk npasuio, 2unepooiudHbix cucmem ypasHe-
HUti u ux oughghyzuonnvix ananozos. CnodcHocmu, KOmMopbvle 803HUKAIOM NpU
ONUCAHUU MPAHCNOPMHO20 NOMOKA, NOXONCU HA CIONCHOCHU, KOMOPble GO3HU-
Karom npu onucanuy mypoyieHmHo20 08UNCEHUs HCUOKOCTIU.

Lenvio cmamvu a6n1semca nocmpoenue Mamemamuieckol Mooenu, Yucio-
8020 Memooa, aneopumma peulenus: 3a0a4u U Co30aHus NPoSpaAmMMHO20 obecne-
YyeHusi 018 UCCIe008aHUsl OUHAMUKU MPAHCNOPMHBIX NOMOKo8. B cmamuve pac-
cmampugaemcs 3a0aya MoO0eIuposanusi mpaHcnopmuo20 NomoKd agmomooub-
HbIX MPAHCNOPpMHBIX cpedcms. [ onucanus guzuuecko2o npoyecca Ucnob3o-
sana cucmema ypasvenus Hasve — Cmoxca. Pazpabomana memoouka, aneopumm
peutenus 3a0ayu u npoepammuoe obecneuerue. /sl YUCIEHHO20 UHMESPUPOBAHUSL
cucmemvl OuhepeHyuanrbHbIX YpasHeHUll UCNOIb308AH KOHEYHO-00beMHblU Me-
moo. Ilposedeno mecmuposanue paszpabomannot memoouxu. Ilo pesyromamam
YUCTEHHBIX PACYemo8 NOCMPOEHA (QYHOAMEHMANbHASL OUazpamma mpaHcnopm-
HO20 NOMOKA.

KittoueBble ciioBa: mpancnopmmuvie nHOMOKU, MAKPOCKONUYECKUe MOOenu;
yucnennoe mooenuposanue, ypasrenus Hasve — Cmokca.

A mathematical modeling of traffic flow for today is rather intricate and ac-
tual problem. The most perfect mathematical models of traffic flow are described
by equations of mathematical physics.

In the theory of traffic flow there are various approaches to classification of
their mathematical models. One of widespread is classification on macroscopic
models and microscopic models. The whole group of transport vehicles, that is
described by the corresponding parameters of motion, is examined in macroscop-
ic models. Microscopic models are based on conception of safe distance to the
leader. The most known models are: model of optimal speed, following by a lead-
er model, Treibe’s model of clever driver.

Historically one of the first macroscopic models is a model of Lighthill —
Whitham — Richards (LWR). In it the stream of motor-car transport vehicles is
considered as an unidimensional stream of compressible liquid. In a model LWR
is accepted, that an unambiguous interconnection exists between speed and fluid
flow density, and the laws of maintenance of mass are satisfied.
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Other macroscopic models based on analogues of a traffic flow to the hydro-
dynamic features of compressible liquid flow exist. It is a model of Tanaka, Whitham.
Payne et al. The model of Helbing Eeler Navier Stokes is proposed in 1995. In this
model to the system of Payne’s equations the third equation that represents the law of
conservation of energy for variation of speed is added. In the second equation (law of
momentum conservation) an additional component is considered that allows to take
into account variation of speed. It should be noted that for the system of Navier —
Stokes equations it is not known how to formulate the initial Cauchy boundary value
problem in order the global solution is unique for all times.

The main difference between the hydrodynamic models of traffic flows from
the corresponding hydrodynamic analogs is the formation of the right-hand side
of the equations. This refers to the correct notation, as a rule, of hyperbolic sys-
tems of equations and their diffusion analogs.

The difficulties arising in the description of the traffic flow are similar to
those that arise in the description of the turbulent motion of a liquid.

The aim of work is a construction of mathematical model, numerical meth-
od, algorithm for obtaining numerical solutions and creation of software for stud-
ying the dynamics of traffic flows.

The task of modeling of traffic flows of motor-car transport vehicles is ex-
amined in the article. For description of physical process the system of equations
of Navier — Stokes is used. Methodology, numerical algorithm, and software, is
worked out. For numerical integration of the systems of differential equations,
finite volume method is used. The developed methodology was tested. Based on
the results of numerical calculations, a fundamental traffic flow diagram has been
constructed.

Key words: traffic flow; macroscopic models; numerical simulation; equa-
tions of Navier — Stokes.

IMocranoBka npo0aeMu. MatemMaTHyHEe MOJEITIOBAHHS TPAHCIIOPTHUX I10-
TOKIB 1 HMHIIIIHFOTO Yacy € JOCHTh CKJIaJIHUM Ta aKTyaJlbHUM 3aBaaHHsaM [1-5, 8].
HaiinockoHaminn MareMaTH4HI MOJEINI TPAHCIIOPTHUX TIOTOKIB OMHUCYIOTHCS PiB-
HSHHSAMH MaTeMaTHYHOT (Pi3UKH.

PeanbHi TpaHCIIOPTHI TOTOKM aBTOMOOLIBHUX TPAHCHOPTHUX 3aCO01B CKIIaI-
Hi Ta CTBOPIOIOTH NMPOOJIEMU TPAHCHOPTHOTO CHOJMY4YeHHs B MicTax. PiznyHe n10-
CJIIJDKEHHS IIUX MPOIIECiB OB’ A3aHe 31 3HAUHUMH MaTepiaJbHUMU 1 (PIHAHCOBUMHU
3aTparaMy. 3aCTOCYBaHHS MaTeMaTHYHOTO MOJETIOBAHHS JJIs TOCIHIHKEHHS TPo-
LIECIB Y TPAHCHOPTHHUX MOTOKAX € €PEKTUBHUM 1HCTPYMEHTOM PO3B’sI3yBaHHS MO-
CTaBJICHHUX 3aBJIaHb Ta MOUIYKY €()EeKTUBHHUX LUIAXIB MOKPAIIAHHS BUKOPUCTAHHS
TpaHcnopTHOI iH(ppacTpykTypu. Ilpore iXx MaTemMarnyHe MOJAETIOBaHHS i J0Ci
3aJIUIIAETHCS CKIAAHOK MPOOJIEMOI0 00UHCTIOBAIBHOI IUHAMIKM TPAHCIOPTHHUX
MOTOKIB.
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AHaJi3 ocTaHHIX JoCaiTxKeHb i myOJaikaniii. Y Teopii TpaHCIIOPTHHUX TTO-
TOKIB ICHYIOTh PI3HOMaHITHI MiAX0aU 10 Kiacudikalii iX MaTeMaTUYHUX MOJIe-
neil. OnHi€r0 3 NOUIMPEHHX € Kiacu@ikallis Ha MaKpOCKOIIYHI MOJIEJNI Ta MIKpO-
CKOMIYHI MoJieNi. B MakpOCKOMIYHUX MOJAENSAX PO3TIISIIAETHCS 1Iijia Tpyna TpaHC-
MOPTHUX 3aC00IB, SIKa OMHUCYETHCS BIAMOBIIHUMU MapaMeTpamMu pyxy. Mikpocko-
MIYH1 MOJIENI IPYHTYIOTHCS Ha KOHUENIIT NIATPUMKY O€3MeYHOi BiICTaH1 A0 Jije-
pa. HaitOGinpin BiTOMUMH MOJEISIMU € MOJIETbh ONTUMAJIbHOI IIBUAKOCTI, MOJIEIb
CJTITyBaHHA 3a JIIepOM, MOJIeTIb PO3YMHOT0 Boiis Tpaitbepa [6].

OpnHi€ro0 3 MepIIMX MaKpOCKOMIYHUX Mojienelt € Mmoaensb JlalTximia — Bize-
Mma — Pigapaca (LWR). VY Hiif moTik aBTOMOOUTEHUX TPAHCTIOPTHUX 3aC001B PO3-
TIIAJAETHCS K OJHOMIPHHM MOTIK CTHCIUBOI piguHu. B mogeni LWR npuiima-
€THCA, 110 ICHYE B3a€EMHHUI OJHO3HAYHUU 3B’S30K MOMDK IIBHUAKICTIO Ta TYCTH-
HOIO TIOTOKY, i BUKOHYIOTHCS 3aKOHH 30€peKEeHHS MACH.

[ToTiM 3’sIBUITKCS 1HIIIT MaKPOCKOITIYHI MOJIE, 1110 IPYHTYBAJIMCS HA aHAJIO-
rax TPAHCHOPTHOTO MOTOKY TiIPOAMHAMIYHHUM OCOOJIMBOCTAM Tedil CTUCIUBOL
pimuan. Lle monens Tanaka, Bizema, [leiina Ta in. Y 1995 p. 3’sBunacst MoJenb
XennOinra — Eitnepa — Has’e — Ctokca. B miit moneni g0 cucremu piBHsAHb [leii-
Ha JIOJA€ThCS TPETE PIBHSHHSA, IO BioOpa)kae 3aKOH 30€peXeHHsI eHeprii i
Bapiallii MBUAKOCTI. B apyre piBHAHHS (3aKOH 30€peKEHHS IMITYJIbCY ) BBOAUTHCS
J0JIaTKOBA CKJIAJ0Ba, 1110 YMOXJIMBJIIOE BPaxOBYBaTH Bapialito mBuaKocTi. Crig
3a3HAaYMTH, 110 Ui cucTeMu piBHsAHb Hap’e — CTOKca He BiIOMO, SIK TOCTaBUTH
MOYaTKOBY KpaioBy 3amauy Ko, abu riobanbHUil po3B 30K OyB €IMHUM 3a
BCIX 3Ha4Y€Hb yacy. 3a po3B’sA3aHHs Li€l npolieMu MaTeMaTUYHui 1HCTUTYT Kies
CHIA y 2000 p. mpu3HauMB MPEMir0 B OJIMH MUIBHOH J10J1apiB

3aranpHui (aKT BIAMIHHOCTEH TiIPOJAMHAMIYHUX MOJENeH TPaHCIIOPTHHUX
MOTOKIB BiJ BIAMOBITHUX TiAPOJWHAMIYHHMX aHAJIOTIB IMOJSTae B 3aMUCi MpaBoi
YacTUHM piBHAHB. Lle cTOoCyeThCs KOPEKTHOTO 3alucy, K MpaBuilo, rinepoosiy-
HUX CHCTEM PIBHSHB Ta iX JU(Y31iHHUX aHAIIOTIB.

Criz 3ayBaXKUTH, 10 CKJIAAHOIII, SKI BHHUKAIOTH IT1JT Yac ONUCY JUHAMIKA
TPAHCIOPTHOTO TOTOKY, CXOXKI1 31 CKIQAHOCTSIMU, 1[0 BUHUKAIOTH i 4ac OMUCY
TypOyJIEHTHOTO PyXy CTUCIHBOI piauuu [6, 7].

Merta crarTi. JlocnipkeHHsT TMHAMIKH TPAHCIIOPTHUX MOTOKIB — Iie eek-
TUBHUM IHCTPYMEHT JJIs MiJBUIIEHHS MPOITyCKHOI CIIPOMOKHOCTI aBTOMaricrpa-
Jei Ta moKpamaHHs Oe3mneku pyxy. Po3poOka HOBMX MaTeMaTHYHHX MoOJeneit
TPAHCMOPTHHX IPOIECIB € aKTyaJIbHUM Ta BOXJIMBUM 3aBIaHHSIM. MeTa cTaTTi —
noOy0Ba MaTeMaTUYHOI MOJIEN, YUCIIOBOTO METOy, aJTOPUTMY PO3B’S3yBaHHS
3a/a4l Ta CTBOPEHHS MPOrpaMHOro 3a0e3nedyeHHs IS AOCTIKEHHS TUHAMIKU
TPAHCIOPTHUX MOTOKIB HA OCHOBI T1IPOAMHAMIYHOI aHAJIOTI].
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Buxaan ocHoBHOro Mmarepiaiy. /[ po3s’s3yBaHHs 3a7a4 T1APOAMHAMIKH
HaWHAIIWHIIIIMHA € METOJIH, 10 0a3ytoThes Ha piBHsAHHSIX HaB’e — Ctokca. B ne-
KapTOBIH CHCTEMI KOOpAMHAT cucTema piBHsHb HaB’e — CTokca 3anmuieTbes
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BenuuuHy THUCKY B TedisX CTHCIMBOI PIAMHU 3HAXOJATh 3 PIBHAHHS TaKOIro
BUTJIAY:

p=(y—1)[Et —%p(uz V2 +w2)] ()

ae y = Cp / Cv — BIJHOIIIEHHS TUTOMUX TEIIOEMHOCTEMN.

CHiBBi}IHOI_HCHHH AJI1 BUSBHAYCHHA TCMIICPATYpPU Ma€ TaKWi BUTIIS,

T:Civ{%—%(u2+v2+wz)] (5)
1
ne C, =———~—
y(y ~1Mg

M, =U,/a, — xapakTepHe uucio Maxa;
a,— 130€HTPOIIYHA IBUIKICTb 3ByKYy B HE30ypPEHOMY MOTOLIL.

TpaHCTIOPTHUH MOTIK PO3MIISIIAETHCS SIK AHAJIOT TIOTOKY CTUCIIMBOI PiJIUHU.
[Ipote psan ¢i3UYHKUX SBUII, IO XapaKTEPHI JJIsl CTUCIMBOI PIAMHU B TPAHCIIOPT-
HOMY IIOTOLll, HE XapaKTepH1 /Ul IUHAMIKH PyXy TPaHCIIOPTHOTO MOTOKY. B meB-
HOMY HaOJIMKEHHI MOTOKOM TPAHCHOPTHHUX 3ac00iB A0 MOTOKY DPIAMHU MOKHA
3HexTyBaTu. OfHAK Y po3poOJIeHiii METOAMIII HE BPaXOBY€EThCS PIBHSAHHSA 30epe-
JKEHHsl eHeprii, TEH30pU HaAIPyKEHb Ta BEKTOPH TEIUIOBUX MOTOKIB. Buxoasuu 3
LIbOT'O Ta BPaXOBYIOUH T€, 1110 TPAHCIOPTHI 3aCO0M PyXarOThCs B OJIHIM IUIOIIUHI,
3aJjauy MOXKHA 3BECTH 10 JABOBUMIpHOI. BpaxoByroun Te, 10 THUCK € (DYHKIII€O
BiJl TYCTUHH MOTOKY (4), CHIBBITHOMIECHHS JJIsl TUCKY CIIiJ] BU3ZHAYATH K (PYHKIIIIO
BiJl TYyCTUHH MTOTOKY.

3 ypaxyBaHHSIM MPUAHATHX JOMYIICHb CHCTEMa PiBHSAHB ISl TPAHCIIOPTHHUX
MOTOKIB Ha OCHOBI TiJPOIMHAMIYHOI aHAJIOTIi 3aITUCYEThCA TaK:

0Q JE OJF
— 4t —4—=

—=0. 6
ot ox oy ©)

3 ypaxyBaHHSIM NpUHHATHUX AomylieHb BekTtopu Q, E, F, G, H Bu3HauaroTs-
Csl TAKMMH CITIBBITHOIIICHHSIMU:

P pu o
Q=|pu|, E=|[puw+pl|, F=| pw | (1)
el pyu V4D

ne p=f,-p.
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YucaoBuii Meroa. [yl YUCIOBOTO PO3B’SI3yBaHHsS CHUCTEMH PiBHSHBL (6)
BUKOPHCTAaHO METOJl KOHTPOJIBHOTO 00°’eMy. OCHOBHI 3acagyl METOy KOHTPOJIb-
Horo 00’emy (MKO) nonsiratots y TOMY, 10 PO3TISAAAI0THECS KIACHYHI PIBHSIHHS
Oanancy neskoi BennunHA Q B KOHTPOJIBHOMY 00’eMi V, 0OMekeHOMY TIOBEpX-

Hew S = Zsk 13 30BHIITHBO0 HOpMaLTio .

CKiHYEHHO-PI3HULIEBUI aHAJOT AU(epeHIiaTbHUX PIBHAHB (6) 3aMUCYETHCS
32 KOHTPOJIBHUM 00’€MOM MOAIOHO J0 TOTO, SIK BUKOHYETHCS 3aIUC IS TiIpOIH-
HaMivHOI 3aaui [6, 7].

Otpumana cuctema ainredpaiuHux piBHSHBb PO3B’si3yBajiacsi MmeronoM Efine-
pa. Po3pobniena meronuka, anropuT™ Ta IMporpamMHe 3a0e3NMeueHHs] TECTYBaIoCs
Ha psilli CTaHIAPTHHUX 33]a4.

TakuM 9MHOM, T TIPOTHO3YBAaHHS TPAHCHIOPTHHUX ITOTOKIB PO3POOIICHO METO-
JIMKY PO3PaxyHKY, &ITOPUTM Ta HAIMCAHO IporpaMHe 3ade3redeHnst. [y anpokcu-
Malrlii KOHBEKTUBHHX CKJIAJIOBUX BUXITHOTO PIBHSHHS ITEPEHOCY IMITYJILCY BUKOPHUC-
TaHO MOAM(IKOBAaHY MPOTUIIOTOKOBY cXeMy. BiAmoBigHO, po3po0iieHO MeXxaHizM
arnpokcuMallii 3Ha4eHb MYKaHUX (QYHKLIH HA TPaHsIX KOHTPOJIBLHOTO 00’eMy, SIKMA
rapaHTye YHUKHEHHS HEKOPEKTHHX HETaTUBHUX IIBHIKOCTEH TPAHCIIOPTHUX 3acCO-
0iB. AropuTM pO3pO0IIEHO TaK, 00 320€3MEYNTH BUKOHAHHS 3aKOHIB 30epeyeHHSI
(puc. 1). Unenn piBHSHD NpaBoOi YaCTWHH TIEPEHOCY IMITYJILCY 3a3BHYAi alpOKCH-
MYIOThCS 32 TICHTPAIIbHO-PI3HUIIEBOIO cxeMoro. Di3nuHi nporecu GopMyBaHHS TEH-
30py HaNpyXKeHb TUHAMIKH CTHCIHMBOI PIMHA BiIPI3HAIOTHCS Bif (DI3MIHUX TIPOIe-
CiB y TOTOIll aBTOMOOUIBHUX TPAaHCHOPTHUX 3aco0iB. L[ ocobmuBicTh ypaxoByBa-
JIack MiJT 9ac po3paxyHKy MPaBUX YaCTHH PIBHSHB IEPEHOCY IMITYIILCY.

3a pe3yiabTaTaMu TPOBEICHUX YUCIOBHX PO3pPaxyHKIB MOOYIOBAaHO 3aJIeK-
HOCTI iIHTEHCHBHOCTI PyXy TPaHCIIOPTHUX 3ac00iB SIK (PyHKIIiIO BiJl TYCTHHHU MOTO-
Ky. Ha puc. 2 300paxeno rpadik oTpuMaHuX 3alexxHocTeld. BujHO, 1110 pe3ynbratu
PO3paxyHKIB y3TrO/KYIOThCS 3 JaHUMH (DyHIaMEHTAIbHOI aiarpamu mparii [8].
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BucHOBKH 3 1aHOTO0 JOCTi/I:KEeHHS | NePCNEeKTUBH MOJAJbIINX PO3BII0K
y JaHOMY HANpsiMi. Y cTaTTi pO3rISHYTO 337a4y MOJEIIOBAHHS TPAHCIOPTHOTO
MOTOKY aBTOMOOUTHPHHMX TPAHCIOPTHUX 3aco0iB. s ommcy (i3muHOTO TpoIecy
BUKOpPUCTaHO cucTeMy piBHsAHHA HaB’e — Ctokca. Po3po0ieHo MeToauky, airo-
PUTM PO3B’sI3yBaHHs 3aj]ayi, Ta MporpaMHe 3abe3nedeHHs. J{Jis yuciaoBoro iHTe-
IpyBaHHs cHCTeMHU JAU(EpeHIiabHUX PIBHSAHb BHKOPUCTAHO CKIHYEHHO-
00’emuuit meroa. [IpoBegaeHo TecTyBaHHS PO3pOOIECHOT METOIUKH. 3a pe3yJibTa-
TaMM YUCJIOBUX PO3pPaxyHKIB MOOYA0BaHO (yHAAMEHTAIBHY JllarpaMy TPaHCHOPT-
HOTO TIOTOKY, IKa Y TIOJAJBIIOMY MOKe OyTH a/JlanToBaHa 0 3MiHIOBaHUX I1apa-
METPIB TPAHCIIOPTHUX MOTOKIB HANPYXKEHUX MICBKUX Marictpaieil.
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MODELS AND METHODS OF IMPROVING THE EFFICIENCY
OF WIRELESS ACCESS OF TELECOMMUNICATION SYSTEMS
AND NETWORKS

The peculiarities of construction of complex information and telecommuni-
cation systems of special purpose are researched in the work, the general and
special requirements to the applied telecommunication technologies are substan-
tiated on the example of the automated territorially distributed system of the uni-
form regional operative and dispatching centers. To take into account certain
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properties of the generated authorization keys, a comprehensive model of author-
ization and authentication of wireless access is proposed for the security assess-
ment of telecommunication systems and networks. The proposed territorial distri-
bution systems of unified regional operational control centers for special purpos-
es are based on the deployment of wireless telecommunication systems and must
meet the basic requirements of users with high mobility.

Consider the capabilities of these systems in terms of fulfilling special re-
quirements for ensuring the security of national information resources, personal
data, information with limited access and the security of communication proto-
cols, etc. An analysis is carried out in the specification of IEEE 802.16 series
standards on the use of various cryptographic protection mechanisms designed to
provide various security services and security in wireless telecommunication net-
works, representing various attacks aimed at disrupting the operation of authen-
tication and authorization protocols.

The communication protocols used in the deployment and use of wireless
telecommunication systems that provide an increased level of security, especially
regarding the issues of unauthorized interception of transmitted data and unau-
thorized access to various telecommunication resources, and violations associat-
ed with false authentication of devices in relation to users of certain elements of
telecommunication systems.

Basic models of wireless telecommunication systems are proposed, which are
deployed in accordance with the IEEE 802.16 specification and can be used to
build various information systems for special purposes, including geographically
distributed systems of unified regional operational control centers in Ukraine.

Key words: security; authorization; authentication; information and
telecommunication systems; wireless information network.

B cmamve uccnedosanvi ocobeHnocmu nOCMPOEHUs CLONCHBIX UHDOPpMA-
YUOHHO-MENEKOMMYHUKAYUOHHBIX CUCTEM CReYUaIbHO20 HA3HAYeHUs, HA npume-
pe asmomamu3upo8aHHol meppumopuUaiIbHO pacnpeoeneHHol CUCIeMbl eOUHbIX
PECUOHATILHBIX ONEPAMUBHO-OUCNEMYEPCKUX YEHMPO8 0OOCHOBAHbBL 0bWUe U che-
yuanibHvle Mmpebo8anHuss K NpUMEeHAeMbIM MeNeKOMMYHUKAYUOHHBIM MeXHOL02U-
am. J{nst yuumuleanusi OnpeodesieHHblX C8OUCME YopMupyemvix Krouel asmopusa-
yuu oyenku 0e30nacHOCmU MeNeKOMMYHUKAYUOHHBIX cucmem U cemeti npeoo-
JHCeHA KOMNJIEKCHASI MOOelb asmopuzayuu u aymenmuguxayuu 6ecnpo8ooHo2o
docmyna.

KitoueBble cnoBa: 6esonachocms, asmopusayus, aymeHmu@ukayus, uH-
GopmayuoHHO-MmereKOMMYHUKAYUOHHbIE CUCTeMbl;, 0ecnpo8oOHas uHgopma-
YUOHHASL Cemb.
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Y cmammi oocniooceno ocobrueocmi no6yooeu ckiaoHux iHgopmayiino-
MeNeKOMYHIKAYIUHUX CUCeM CReyialbHO20 NPUSHAYEHHS, Ha NPUKIAOl aemoma-
MU308aHOI MepUMOPIaIbHO PO3NOOLNEHOI cUCmeMUu EOUHUX Pe2iOHAIbHUX Onepa-
MUBHO-OUCNEMYEPCLKUX YEeHMPI8 0OIPYHMOBAHO 3a2ANlbHi MA CheYianbHi 6UMO2U
00 3ACMOCOB8Y8AHUX MENEeKOMYHIKAYIUHUX MexXHONo2il. /i 8paxyeanHs neeHux
gnacmugocmell (popmosanux Kuouie agmopuzayii oyinku Oe3neku meieKomyHika-
YIHUX cucmem ma mepedic 3anponoHO8aHA KOMNIEKCHA MOOelb asmopusayii ma
aemenmuixayii 6e3npo60006020 0ocmyny.

KirouoBi ciioBa: 6eznexa; asmopuzayisa; asmenmupikayis, ingpopmayitino-
meneKOMYHIKayiini cucmemu, 6e3npo8ooosa iHpopmayitina mepedica.

Introduction. The current state of informatization of various spheres of
human activity requires the introduction of the latest information and telecommu-
nication systems and technologies with a high level of quality of services, provid-
ing the necessary probability and time indicators at all stages of collection, pro-
cessing and transmission of information. Particularly stringent requirements for
the quality of telecommunications services in critical information systems, in
which the failure of any subsystem, or the failure of certain indicators beyond the
established limits is a real danger to life and health, industry, environment, bank-
ing, transport systems, etc.

Given the complexity and diversity of factors affecting the lives of Ukraini-
an citizens, almost any risk factor, namely: environmental conditions, man-made
disasters, natural disasters, epidemiological “outbreaks”, can have extremely seri-
ous consequences for many people who find themselves in zone of development
of a dangerous situation [2]. The consequences of such global problems can be
minimized only through the introduction of national security, control and re-
sponse systems, development and implementation of the latest systems for col-
lecting processing and transmitting critical information, in particular, creating a
territorially distributed system of single regional operational control centers based
on wireless telecommunications systems of special purpose. The implementation
of these tasks is the basis of national projects, which is accepted for implementa-
tion by the State Agency for Investment and Management of National Projects of
Ukraine [1, 2]. The introduction of a system of unified regional operational and
dispatch centers for special purposes at the national level will have the following
advantages [1, 2]:

— automation of receiving calls from the population and messages from or-
ganizations that serve the population;

— obtaining information to assess the status and priority of the use of re-
sponse forces, as well as forecasting the development of the operational situation;

— monitoring of mobile services deployed on emergency response vehicles;
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— assessment of actions on duty and development of further recommenda-
tions, control of response time and discipline of execution;

— recording of all actions of operators, recording of negotiations, estimation
of reaction time of all elements of system and participants of operation;

—ensuring effective interaction of structural units of the Emergency (Am-
bulance) Medical Care, the Ministry of Internal Affairs, the Ministry of Emergen-
cies and other units;

— formation of statistical reports and provision of reference information,
which allows, in particular, to take measures to prevent false calls and release the
next shift from routine work.

The automated territorially distributed system of the unified regional opera-
tive-dispatching centers of special purpose is built as modular, open and expanda-
ble. The automated system can be integrated with other automated systems or
take on part of the overall information load [3].

Analysis of recent research and publications. During the preparation of
the preliminary feasibility study of the automated system, the world experience of
implementing similar systems was studied. Their best samples were considered,
the possibilities of using modern technologies and equipment were assessed, tak-
ing into account the peculiarities of their use in Ukraine [5]. Among the main ad-
vantages of the implementation of such automated systems should be noted [3, 4]:

— significant reduction of processing time and response to calls from the
population;

— full automatic quality control of calls;

— reducing the number of false departures;

— uniform load distribution;

—a single information base available to all users of the system, regardless of
their geographical distance;

— increasing the level of protection and loyalty of the population to the work
of assistance services.

The system of communication of centers with each other, with divisions, in-
cluding the district level, with mobile subscribers, etc., is two different network
technology:

1. Departmental IP-network (fixed and mobile) based on packet switching,
which provides:

— receiving calls from subscribers from the Internet (e-mails, IP-telephony,
on-line messages);

— interaction with medical institutions, with mobile ambulance crews, in-
cluding GPS data transmission;

— centralized management of the departmental IP network;
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— data exchange between any point of the network, including multimedia
information (voice, video, graphics, telemetry data, etc.) to be transmitted during
emergency call processing, at all stages of its support, including receiving help
and advisory information, coordination with various institutions, etc.;

— access to common databases from any point of the network;

— control over the stages of implementation to the Center;

— similar-statistical processing of performance characteristics of all links,
etc.

2. Telephone network based on channels switching, which provides:

—receiving calls from telephone network subscribers (from fixed public
network operators, mobile network operators, private operators, networks of other
departments, etc.);

— telephone communication between institutions, including — communica-
tion at the level of cities and districts of the region;

— at the district level it is possible to deploy district emergency call centers
based on CATS equipment with telephone operators' workplaces;

— direct telephone communication of heads of services when using special
direct communication panels;

— reservation of IP-channels to UDF operators by telephone lines;

— registration of calls (including voice channels) serviced by switching
equipment of CATS (digital automatic telephone exchange).

—TD TDM / IP gateway functions (including media gateway functions and
signal gateway functions) to promote calls to UDF operators.

Each regional center includes an operational dispatch service (ODS),
equipped with jobs for operators implemented using IP technologies. In addition,
the service operators are provided with the usual telephone connection, which will
serve as a backup system in case of failure / failure of the IP network.

Thus, the creation of a territorially distributed system of unified regional
operational and control centers for special purposes is based on the deployment of
wireless telecommunications systems, which should provide the basic require-
ments [3-6]:

— construction of IP-oriented telecommunication network that is based on
information technologies with packet switching using IP protocols;

— high and ultra-high peak data rates to support advanced services and ap-
plications, data rates should be between 100 Mbps for users with high mobility
and from 1 Gbps for users with low mobility;

— dynamically collective network resources are used to support more simul-
taneous connections to one base station;
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— scalable channel bandwidth, high peak spectral efficiency;

— smooth process of transferring a subscriber’s session from one base sta-
tion to another via different networks;

— versatility and high quality of mobile services, including the provision of
various multimedia services.

These requirements are inherent in the latest telecommunications wireless
access systems of the so-called fourth generation (generation), or 4G for short.

The following special requirements are put forward to the additional re-
quirements to wireless telecommunication systems of special purpose, on the ba-
sis of which the territorially distributed systems of the single regional operational
and dispatching centers are deployed [5-7]:

1. Ensuring the security of state information resources.

2. Ensuring the security of personal data.

3. Protection of information with limited access.

4. Ensuring the availability and integrity of public information.

5. Ensuring the security of communication protocols.

The communication protocols used in the deployment and use of wireless
telecommunications systems should provide an increased level of security, espe-
cially in matters of unauthorized interception of transmitted data, unauthorized
access to various telecommunications resources, violations related to incorrect
authentication of devices and system users, violations or out of the set operation
modes of communication devices and individual elements of the system [5-6].

Therefore, an important and urgent task now is the principle of deploy-
ment of wireless telecommunications systems for special purposes. The aim of
the research is to use the latest information technologies related to the fourth
generation of digital data networks with the implementation of increased security
requirements for telecommunications systems and networks at all stages of collec-
tion, processing and transmission of information.

Presenting main material. Wireless telecommunication systems have
gained the most development in recent years, as they allow to provide high-speed
broadband access services, and, in practice, to ensure compliance with all re-
quirements for fourth-generation communication systems [6-8]. Their main ad-
vantage is the rapid deployment of large areas without cable laying and providing
end users with high-speed communication channels. This is especially true for
places with underdeveloped network infrastructure, such as new suburbs, historic
city centers, etc. The IEEE 802.16 series standards are a set of standards that de-
fine Wireless Metropolitan Area Network (WMAN) and have been developed to
provide wireless broadband access to fixed and mobile users [5-11]. The scheme
of standards of this series is given in figure 1.
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The IEEE 802.16 series standards define the radio interface for broadband
wireless access systems MAC (Media Access Control) and PHY (Physical layer)
with fixed and mobile subscribers in the frequency range 1-66 GHz, designed for
implementation in urban distributed wireless networks. Networks based on these
standards occupy an intermediate position between local area networks (IEEE
802.11x) and regional WANSs (Wide Area Network), where the application of the
IEEE 802.20 standard is planned [9-11].

: 802.16a. Wireless
8210 Wireless broadband fixed 802.16. Update
access for users access for users and fix errors
in line of sight, in the field In 802.16 and
10-66 GHz of indirect vision, 802.16a
2-11 GHz

802.16e. Update

802.16-2004 to 802.16. Updates

support mobile and fix errors in

users in licensed 802.16-2004 and

frequency bands 802.16e

below 11 GHz

Fig. 1. Scheme of standards of the IEEE 802.16 series

These standards together with the IEEE 802.15 PAN (Personal Area Net-
work) and IEEE 802.17 (MAC-level bridges) form a hierarchy of wireless com-
munication standards. The standards describe the MAC and PHY levels of the
reference model of open systems interaction (EMVVS - the basic reference model
of open systems interaction). The level of MAC is divided into sublevel conver-
gence, total and security. The convergence layer reconciles the top-level protocol
data formats and the 802.16 MAC layer data. The data is converted into MAC
SDU (Service Data Unit) packets, while the identifiers of connections, protocols
and the like are formed. The general part of the MAC sublevel performs the main
functions of planning, processing and allocating resources, establishing and main-
taining connections, maintaining QOS (Quality of service). At the security level,
data is encrypted to ensure the confidentiality of users. The physical layer deter-
mines the type of signals used for data transmission, methods of manipulation of
noise-tolerant coding, algorithms for forming logical channels and so on.
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Thus, the analysis shows that WiMAX (Worldwide Interoperability for
Microwave Access) is a long-range system that covers large amounts of space, and
which typically uses licensed frequency spectra (although possibly using unlicensed
frequencies) to provide an Internet connection type point-to-point provider to the
end-user. Different 802.16 family standards provide different types of access (fig. 2).

The IEEE 802.16m standard, also known as Wireless MAN-Advanced and
WiIMAX-2. This standard can significantly increase the bandwidth of wireless
networks (stationary equipment of the new generation will receive data at speeds
up to 1 Gbps, and mobile devices — up to 100 Mbps). At the same time backward
compatibility with the existing WiMAX equipment remains.

A promising version of the IEEE 802.16n standard (WiMAX 3.0), which
should provide the highest speed of access to networks, is planned to be adopted
in the next 3-5 years. It will provide speeds for fixed channels of 10 Gbps and for
mobile communications up to 1 Ghps.

The communication channel assumes the presence of two directions of
transmission: ascending channel (AS-BS, uplink) and descending (BS-AS,
downlink). These two channels use different frequency ranges for frequency du-
plex and different time intervals for time duplex.

The simplest way to represent the architecture of WiMAX networks is to
describe them as a set of BS, which are located on the roofs of high-rise buildings
or towers, and client transceivers. The basic model (BM) of the WiMAX network
IS a representation of its network architecture in the form of functional modules
and standard interfaces (connection points of modules). It includes three main el-
ements: a set of subscriber (mobile) stations (SS), a set of access networks (ASN,
Access Service Network) and a set of connection networks (CSN, Connectivity
Service Network). In addition, the BM includes the so-called base points (R1 ...
R8), through which functional modules are connected.

An ASN belongs to a network access provider (NAP), an organization that
provides access to a radio network for one or more WiMAX service providers
(NSPs). In turn, the WiMAX service provider is an organization that provides IP
connections and WiMAX services to end users. Within the framework of this
model, WIMAX service providers enter into agreements with Internet providers,
operators of other access networks, roaming agreements and the like. Service
providers in relation to the subscriber can be home and guest, each with its own
CSN network.

An ASN is a set of IEEE 802.16 wireless access stations and gateways for
communication with a transport IP network (local or wide area networks). In fact,
this network connects IEEE 802.16 radio networks and IP networks. The ASN
includes at least one BS and at least one ASN gateway. But both base stations and
gateways in one ASN can be several, and one BS can be logically connected to
several gateways. BS in this model is a logical device that supports a set of IEEE
802.16 protocols and external communication functions.
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Technology|| Standard Usage Bandwidth Range || Frequency

WiMax || 802.16d WMAN up to 75 Mbps |{25-80 km||1,5-11 GHz

WiMax || 802.16e || Mobile up to 40 Mbps || 1-5km || 2,3-13,6
WMAN GHz

| | | | | |

up to 1 Gbps
WMAN, | \wMmAN), upto || Asin
WiMax-2 || 802.16m Mobile

100 Mbps WiMax
WMAN 1 (Mobile WMAN)

WMAN up to 10 Gbps Standard || Standard

20 GHz

i ] Mobile (WMAN), up to in in
WiMax-3 || 802.16n WMAN 1 Gbps develop- || develop-
(Mobile WMAN) ment ment

Fig. 2. Information about WiMAX standards

The analysis of the architecture and basic model of wireless telecommuni-
cation systems, which are deployed in accordance with the IEEE 802.16 specifi-
cation, shows that they really meet the basic requirements for fourth generation
networks and can be used to build various special purpose information systems,
including geographically distributed systems. regional operational and dispatch
centers in Ukraine [5-6].

Consider the capabilities of these systems in terms of compliance with spe-
cial requirements for the security of public information resources, personal data,
information with limited access, security of communication protocols, etc.

The most important task facing the developers of the latest wireless tele-
communications systems is to ensure the protection of information at all stages of
its processing and transmission through communication channels. This is due to
the general availability of wireless data channels and, accordingly, the possible
interception of transmitted messages. Therefore, developing the standards of
wireless telecommunication systems of the IEEE 802.16 series, and especially in
the IEEE 802.16e specifications, special attention was paid to the security level
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[9-11]. The security layer provides authentication services (to authenticate the
user and the device he uses) and authorization (to match the authenticated user to
the list of services available to him). In addition, the security level of IEEE
802.16e standards meets the basic requirements of users of wireless telecommu-
nications systems, namely confidence in the confidentiality and integrity of data
transmitted over the network, as well as that the user will always be able to access
paid services. Therefore, all the tasks before him are solved in three ways [8-11]:

— using the tools of the EAP protocol (Extensible Authentication Protocol)
and the RSA algorithm (Rivest, Shamir and Adleman) for authentication and au-
thorization of the SS;

— implementation of cryptographic transformations on traffic, ensuring the
confidentiality, integrity and authenticity of data, as well as the authenticity and
integrity of MAC-level service messages;

— using Privacy and Key Management protocol (PKM) for secure key in-
formation distribution.

A stack of protocols for the security of wireless telecoms, based on the spe-
cifics of the IEEE 802.16e standards, contains the following components [8-11]:

— PKM key management protocol in WiMAX (Worldwide Interoperability
for Microwave Access) systems for the control of all components for security and
key management.

— The protocols for encrypting / authenticating traffic are designed to ensure
the confidentiality, integrity and authenticity of the data transmitted from the list
of symmetric encryption / decryption algorithms.

— The protocols for managing operations on operating systems are designat-
ed for managing MAC-level domains linked to PKM.

— Authentication protocols are designed to perform MAC-level message au-
thentication functions.

— RSA authentication protocols are designed to perform the authentication
functions of the SS and the BS using the digital certificates X.509 contained therein,
if the authorization method between the SS and the BS is selected by RSA.

—EAP encapsulation / deincapsulation protocols are designed to provide the
EAP protocol interface in the event that authorization or authentication between
the SS and the BS is performed using EAP.

— SA authorization / control protocols are designed to control the authoriza-
tion endpoint and the data stream encryption key endpoint.

— The EAP protocol and the EAP Method protocol are outside the security
level of the IEEE 802.16e standard.

It is worth noting that the PKM protocol has two versions — PKMv1 and
PKMv2. Both versions are included in the IEEE 802.16e-2005, 2009 standard,
but there are significant differences between them. In particular, support for the
RSA algorithm is mandatory in PKMv1 and optional in PKMv2.

ISSN 2521-6643 Cuctemu Ta Texnoorii, Ne 1 (61), 2021 39



To transmit messages, the PKM protocol uses MAC-level service messages:
PKM-REQ (uplink) and PKM-RSP (downlink). Each time one of these two mes-
sages is transmitted, the PKM message is encapsulated in it.

The analysis performed in the IEEE 802.16 series standard specification us-
es various cryptographic protection mechanisms designed to provide various se-
curity services. At the same time, as noted in works [3-5], the greatest threat to
security in wireless telecommunications networks are various attacks aimed at
violating the protocols of authentication and authorization, namely:

— the possibility of unauthorized connection of “self-proclaimed” base sta-
tions, which is due to the lack of a certificate of the base station;

— vulnerability related to non-random generation of authorization keys by
the base station;

— the ability to reuse TEK (Traffic Encryption Key) keys whose life has al-
ready expired. This is due to the very small size of the EKS field of the TEK key
index. Since the maximum lifetime of the authorization key is 70 days (100, 800
minutes) and the minimum lifetime of the TEK key is 30 minutes, the required
number of possible TEK key identifiers is 3360. This means that the number of
required bits for the EKS field is 12.

The greatest danger for security protocols are methods and algorithms for
generating authorization keys, because the properties of randomness and irrevers-
ibility of these keys are based on all assumptions about the security of other secu-
rity mechanisms, including traffic encryption mechanisms.

Based on the results of research and taking into account the importance and ur-
gency of solving problems of authentication and authorization of wireless access in
modern telecommunications systems and networks, we will conduct a security as-
sessment in terms of providing reliable protection against unauthorized access to
various telecommunications resources, faulty authentication and authorization of
devices and users. Since authorized access in these systems is provided by generating
the appropriate authorization key, the level of security will be determined based on
the properties of these keys and the potential for attackers to act on them to destroy,
distort, block information, its unauthorized leakage or violation of its routing. These
indicators and criteria for assessing the security of telecommunications systems and
networks related to the authentication and authorization of wireless access [4, 5]:

1. The probability P4 of exposing the rule of formation of access authoriza-

tion keys. It is assessed by the criterion of minimum risk, as the highest probabil-
ity of exposing the rule of forming the keys to authorize access by the attacker
when applying different strategies:

Pa = max{Pa(v1),Pa(vz2),..-.Pa(Vm)}, 1)
Pa(Vv;) — the probability of exposing the rule of formation when applying the
strategy by the attacker v;, V = {vl, v2,...,vm} — many possible strategies for
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the behavior of the attacker. The lower limit is the estimate P, <27, K — bit

length of the initiation vector when generating access authorization keys.
2. The probability of coincidence Pc of access authorization keys, which

characterizes the number of rules for the formation of their generation, in which there
is a coincidence (collision) of the generated authorization keys. The lower limit is the

estimate PQ < 27", n —bit length of the generated authorization keys.

3. The probability of unauthorized access authorization Py , which is de-

termined by the criterion of minimum risk by the formula P, < max{P;, PQ}.

4. Secure operation time O 4 Of access authorization keys, which is defined
as the inverse of the probability p,, of unauthorized access authorization, taking
into account the computing capabilities of the attacker:

G
AT )

v = 31 622 400 — numerical coefficient for conversion of seconds into years; ¥ —
performance of the computer system, which is available to the attacker.

5. Statistical security of the scheme of formation of keys of access authori-
zation. It is estimated by the international method of statistical testing of genera-
tors of random and pseudo-random sequences [5, 7-9] by forming a probability
vector of 189 statistical testsP = {P,, P,...P,gg }- The generator is considered

statistically safe when all the probabilities of the vector p satisfy the set thresh-
old, namely vi: P > 0,96 [5, 7-9].

We will consider the scheme of authentication and authorization of access
safe if:

—1
PA<27; Pc<27"; Py <max{Pa,Pc}i 0, = (F;ié\lf 3)

and when statistical security requirements are met.

Thus, if the inequalities in expression (3) are satisfied, the corresponding
values of k and n are decisive in justifying the level of security of telecommunica-
tions systems and networks in terms of the applied authentication and authoriza-
tion protocols.

Conclusions. The analysis showed that in accordance with the specification
of the considered wireless telecommunication systems and networks to ensure
security during authentication and authorization, modern methods and means of
information protection are used to ensure high resistance to exposing the rules of
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access authorization keys, i.e we will assume that the inequality Pa < 27K

holds. However, the experience of using wireless technologies and the large num-
ber of successfully implemented authorization violations suggests that modern

requirements for the probability P(; of matching access authorization keys are
not met, ie the assumption P < 2 "is incorrect. Since the remaining safety in-

dicators are a function from P, and Pa < 27K then the purpose of the work is
formally written in the form of an objective function min(P.) ., provided that

the following inequality holds Pa < 27K Thus, the scientific and technical task

of developing a method to increase the security of wireless telecommunications
systems and networks based on the formation of pseudo-random keys for access
authorization is relevant and important for the development of certain methods of
data theory to improve the security of wireless telecommunications systems and
networks, and in the applied sense for the construction of efficient methods and
computational algorithms for the formation of pseudo-random keys for wireless
access authorization.

A promising area of further research is the analysis of modern methods of
forming pseudo-random sequences and substantiation of ways to build secure
generators with the maximum period of formation of access authorization keys.
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TPaHCNOPTHUX TEXHOSONN Ta MXXKHapOOHOI
NOTiCTUKN YHIBEPCUTETY MUTHOT Cripasu

Ta iHaHcIB

I. 1O. JlecHikoBa, kaHONOAT TEXHIYHUX HaYK,
AOUEHT, AOUEHT Kadpeapn TPaHCNOPTHUX
TEXHONOTIN Ta MiXXHapPOAHOI NOriCTUKN
YHiBepcuUTeTy MUTHOI Cnpasu Ta gdiHaHCIB

JOCJIIIKEHHA XAPAKTEPY IIEPEBE3EHD B YKPAIHI
HA ABTOMOBIJIBHOMY TPAHCIIOPTI

Y ecmammi nazonoweno, wo asmompancnopm 8 Ykpaiui € 006ciy208y10uoio
JIGHKOIO 8Cb020 HAYIOHANLHO20 20CN00ApCmea, Gil GI0Ipae 8aAMNCIUEY DOb Y PO3-
BUMKY eKOHOMIKU Kpainu. IIpedcmagneno OuHamiKy asmonepeseseHb nacaxicupis 6
Vxpaini i na it ocnosi no6yooeano npocno3 cmawy yiei 2anysi Ha HACMYNHI WICMb
POKI8, AKUU € HeBMIWHUM 01 HAwoi depacasu. Hasedeno npuuunu yiei nosedinku
NPOCHO3HOI KPUBOi, NOOAHO CROCOOU NOKPAWAHHS Yi€i cumyayii, HAOAHO OUHAMIKY
nepegezenb 8aHMA’Ci68 A8MOMODLIbHUM MPAHCNOPMOM 8 VKpaini, a maxkoxc nooy-
008aHO NPOSHO3 HA MALOYMHI WICb POKIB, AKULL € Kpawum 3a nonepedHiti. Jloci-
Ooicero 38’5130k midic BBII Ykpainu ma asmonepesezennuamu. Haiikpaworo € an-
POKCUMAYISL Yb020 38 513KV NONIHOMOM N sImo2o cmenewsi. Y 0ocnioxcenHi 8usHa-
YeHO OCHOBHI WLTIAXU YCYHEeHHs 20JI08HUX NPOOIeM a8MOmMpaHCHOPMHOL 2any3i.

© 0. M. Ca3onensn, L. 1O. JlecHikoBa, 2021
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KirouoBi crioBa: asmompancnopm,; asmonepesesenHs nacaxicupie; npocHo3-
Ha Kpuea, noaiHoMm

B cmamve ommeuaemcs, umo asmompancnopm 6 Yxpaune aeisemcs o6-
CILYAHCUBAIOUUM 36EHOM 6C€20 HAYUOHANILHO2O XO3AUCMBA U USpaem BaNCHYIO
POJIb 8 pas3sumuu IKOHoMuky cmpanwl. Ilpedcmaenena ounamuxka nepeso3ox nac-
casicupog 8 Ykpaune u Ha ee OCHO8e NOCMPOEH NPOSHO3 COCMOSAHUSA IMOU OMm-
paciu Ha ciredyrowue wiecms jiem, KOMmopulil A6AAemcs: HeymeuumenibHblM 0
Hawetl cmpanvl. [lpusedenvl npuuuHvLl 3M020 NOBEOEHUs NPOSHO3HOU KPUBOUL.
Ilooanwl cnocodwvl ynyuwenus smou cumyayuu. [ana ouHamuka nepeeo3ox 2py-
308 ABMOMOOUNLHLIM MPAHCNOPMOM 8 YKpaune, makace nOCmMpoeH Npo2HO3 Ha
0yOywue wecmo jem, KOMopbwlil A61emcs ayduie npeovioyueo. Hccrnedosana
c653b medicoy BBII Ykpaunvl u asmonepesoskamu. Jlyuweil a611emcs annpoxcu-
Mayus dmotl c6:A3u NOJUHOMOM NAMOU cmeneHu. B cmamve onpedenenvl 0cHOG-
Hble NYMu peuleHust 21a6HbIX NPoodIeM a8MOMpPaHCNOPMHOL OMPACu.

KnroueBble cnoBa: agmomparncnopm; agmonepesosKi naccaxicupos; npocHo3-
Hasl KpUBAsi; NOITUHOM.

The article emphasizes that motor transport in Ukraine is a service link of
the entire national economy and plays an important role in the development of the
country’s economy. The advantages and disadvantages of each type of transport
are identified. It is noted that Ukraine is actively involved in world socio-
economic processes. It is stated that in order to increase the efficiency of the
transport system it is necessary to comprehensively update and modernize
transport, which will include a set of measures for regulatory and legal support
and the creation of a favorable investment climate, taking into account budgetary
and non-budgetary investment. It was emphasized that the implementation of the
transport strategy will contribute to the intensive improvement of the transport
system, sustainable economic development and welfare of Ukrainians.

The dynamics of road transport of passengers in Ukraine is presented and
on its basis the forecast of a state of this branch for the next six years which is
disappointing for our state is constructed. The reasons for this behavior of the
forecast curve are given, the most significant of which are military actions in the
East of the country. Ways to improve this situation are presented, first of all, by
implementing certain provisions on transport, which are declared in the docu-
ment on the association of Ukraine and the EU. The dynamics of cargo transpor-
tation by road in Ukraine is given and the forecast for the next six years, which is
better than the previous one, is also built. The connection between Ukraine’s
GDP and road transport has been studied. The linear relationship is shown to be
very weak. Other links checked. It is best to approximate this connection by a fifth
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degree polynomial. The solution of the system of equations is constructed, where
the coefficients of the polynomial variable are determined. Here, the coefficient of
determination is more acceptable than in the case of a linear relationship.

The article identifies the main ways to solve the main problems of the mo-
tor transport industry, where the issue of tax burden, international freight,
where it IS necessary to introduce partial compensation for resource costs, re-
construction of roads, introduction of economic security management methods
at transport enterprises.

Key words: motor transport; road passenger transport; forecast curve;
polynomial.

ITocTanoBka mpoO/jeMH. ABTOTpaHCHOPT B YKpaiHi € 00OCIyroBYHOUOIO
JIAHKOI BChOT'O HAIIOHAJIILHOTO rocrnogapcTBa. Bij ioro crany Oarato B 4yomy
3aj1e’KaTh MO3MLIT 1HIIKX Taixy3el, TOMY LIO 1HIII CEKTOPU FOCHOJAPChKOTO0 KOM-
TUIEKCY HAIoi Iep>KaBH € CIIOKMBaYaMH TPAHCIIOPTHHUX MocyT. TpaHcmopT Bifi-
rpae BaXJIUBY POJIb Y PO3BUTKY rocrnojapcTBa Oy/b-skoi nepxkaBu. Came BiH 3a-
Oe3neuye B3a€MOJIII0 OCHOBHMX KOMIIOHEHTIB IOCHOJApCTBA 1 LLIICHICTh YChOTO
roCHoAapchbKoro Komiuiekcy. OJHOYacHO TpaHCHOpPT 3abe3neuye 3AiHCHEHHS
MDKHApPOJHUX €KOHOMIYHUX 1 MOJITUYHHUX 3B’ SI3KIB.

3aBASKU ISUTBHOCTI TPAHCHOPTHOIO CEKTOpa €KOHOMIKM B Oyab-sKil KpaiHi
BJIA€ThCA JOCSITH 3a0€3MeUeHHs] MaKCUMAaJIbHOI 3aHATOCTI HACEJIEHHS], pallloHaIIb-
HOI'0 BUKOPHUCTAHHS BCIX BHJIB PeCypciB, NepeMillleHHs] BUPOOJIEHOT MPOIyKIIT 1
HAJXOJ/KEHHS! HEOOX1THMX IMIOPTHUX TOBapiB. PiBeHb 1 AKICTb PO3BUTKY TpaHC-
MOPTHOT CHUCTEMH 0araTo B YOMY BHU3HAYa€ yCIHILIHICTh 1 PIBEHb PO3BUTKY KpaiHU.
Hagith y Mexax oHi€l nepkaBu TepuTOpiaibHI BIAMIHHOCTI B PO3BUTKY TpaHC-
MOPTHOTO CEKTOPa BIUIMBAIOTh HA €KOHOMIYHY JUCHPOINOPLII0 TEPUTOPIATbHOTO
po3BUTKY perioHiB. Hampukmnan, TpancnopTHa cuctema Cxony Ta 3axomy YKpainu
BIAPI3HAIOTBCSA MK c00010. TOMy JUI OJAIBIIOTO YCIIIITHOTO PO3BUTKY €KOHOMI-
KM KpaiHu HEOOX1THUH KOMIUIEKCHHI PO3BUTOK YChOTO TPAHCTIOPTHOTO CEKTOPA.

KoskeH 3 BUIB TpaHCHOPTY Mae CBOI MepeBaru i HeOJIKU, a caMe MaHeBpe-
HICTb 1 3aJI€XKHICTh BiJ] HIOTOAHUX YMOB, KOM(OPTHICTD 1 IIBUAKICTD EPEMILIICHHS,
co0OiBapTicTh 1 Oe3neka. Po3BHBalOYM BCIO TPAHCIOPTHY CHUCTEMY B KOMIUIEKCI,
BJIA€THCS MTOETHYBATH MEPEBard KOKHOTO BUIY TPAHCHOPTY 1 KOMIICHCYBAaTH HO-
IO HEJOMIKH 32 paXyHOK 1HIIUX BUAIB. €AMHA TPaHCIIOPTHA cHcTeMa 3a0e3mneuye
Y3rOJKEHUH PO3BUTOK 1 (DYHKILIOHYBAHHS BCIX BHJIB TPAHCIOPTY 3 METOIO MakK-
CHUMAJIbHOTO 33JI0BOJICHHS TPAHCIIOPTHHUX MOTPeO MpH MiHIMAIbHUX BUTpATax.

VYkpaiHa aKTUBHO BKJIIOYA€THCSA B CBITOBI CYCHIUJIbHO-€KOHOMIYHI MPOLIECH.
Bona crana unernom CBiTOBOT opraHizailii TOpPriBii, OTpUMaia MpaBo acoIiioBa-
Horo uieHcTBa B €BporneiicbkoMy Cotro3i. TpaHcnopt, 1m0 € iHpacTpyKTYpHOIO
rary330, Ma€ PO3BUBATHCS BUIIEPEHKATBHUME TEMITaMH, II00 CIIPHUSITH IIBUIKO-
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My €KOHOMIYHOMY Ta COIIAJIbHOMY 3POCTaHHIO KpaiHW Ta i y4acTi B MI>KHApO/I-
HOMY moaini mpari. [{ng nigBumeHHs eeKTUBHOCTI TPaHCHIOPTHOI CUCTEMH He-
00X1/IHO KOMIIJIEKCHO OHOBUTH W MOJIEpHI3yBaTH TPaHCIOPT, 110 NependadaTu-
M€ KOMIUIEKC 3aXO0JiB I0JA0 HOPMAaTHBHO-IIPABOBOTO 3a0e3MeuYeHHs Ta YTBO-
PEHHsI CIPUATIMBOIO 1HBECTULIMHOIO KJIIMaTy 3 ypaXyBaHHSIM OIOKETHOIro i
HEeOI0/PKEeTHOro iHBecTyBaHHs. [Ipu3HaueHHs Takoi cTparerii y BU3HAYCHHI KITIO-
YOBHX MPOOJIEM, IJICH, IPUHITUIIB Ta MPIOPUTETIB PO3BUTKY TPAHCTIOPTHOI CUCTEMHU
HAaIloi KpaiHu 3 MOIVISAY 3arajlbHOHAILIOHAIbHUX BUKJIMKIB. Peanizaiis TpaHcopT-
HOI cTpaTerii CpusITUME IHTCHCUBHOMY MiJIBUILCHHIO €(heKTUBHOCTI TPAHCIIOPTHOL
CHUCTEMH, CTAIIOMY PO3BUTKY €KOHOMIKH i 10OpOOYTYy yKpaiHIIiB.

AHaJi3 ocTaHHIiX aocaikedb i mydaikanii. Heo6xinHoo0 yMOBOIO MO3H-
THUBHOT'O PO3BHUTKY aBTOMIANPHUEMCTBA € HOTO €KOHOMIYHA Oe3reKa, 3aXUILEHICTh
BiJl BIUIMBY JAeCTabuIi3yrounx (akTopiB sIK BHYTPIIIHBOT0, TaK 1 30BHILIHBOTO Ce-
penosua. IIpu npbomy mMoxe OyTH JOCATHYTO BHCOKOI €()eKTUBHOCTI rocrnoap-
CBKOI JTisUTBHOCTI, IO CIIPUsiE€ HOro po3BUTKY [1].

VY crarti [2] 30iiCHEHO KOMIUIEKCHUM aHami3 CTaHy 1 MPOOJIeM PO3BUTKY
TPAHCIIOPTHOI CUCTEMM YKpaiHM y CBITJII 3arpo3 Ta PU3MKIB, 1110 OB’ sI3aHl 3 KpH-
30BUMH nporiecamu. OcoOauBy yBary npuiiieHO MUTAHHAM ONTUMI3aLii QyHKIIO0-
HYBaHHsI TPAHCIIOPTHOT'O KOMIUIEKCY 3 BUKOPHCTaHHSAM MOTEHLIHHUX MOXKIMBOC-
Tell 1 KOHKYPEHTHUX IepeBar. ABTOpH 3a3HayaroTh, 110 cydyacHa YKpaiHa BHUpi3-
HSETHCS 3-TIOMIXK 1HIIMX KpaiH TOMY, 10 3HA4YHA KIJIbKICTh 11 HACEJIEHUX ITyHKTIB
pO3MileHa Ha TPAJUIIMHUX TPaHCTIOPTHO-KOMYHIKalIHHUX MapiipyTax €Bpasii.
JlepxaBa Ma€ JTOCUTh BHCOKHH KOe(DIIiEHT TPaH3UTHBHOCTI (TPAHCHIOPTHOI IPH-
BaOJIMBOCTI1), 1M MTOKA3HUK TOTEHIIMHUHN 1 MOYKe OyTH peani30BaHMi JIMIE y cep-
103HOMY KOHKYPEHTHOMY CEpEJIOBMILI 3 IHIIMMHU KpaiHamu. LlutecnpsmoBane ypa-
XyBaHHS TOTEHIIMHUX MOXKIIMBOCTEH cripusiTuMe YKpaiHi B JOCSATHEHHI HOBOTO
PIBHS PO3BUTKY B peatizallii CBOiX TOJOBHUX MPIOPUTETIB, y TOMY YHCH y chepi
TPAaHCIIOPTHOTO OOCTYTOBYBaHHSI.

Pi3Hi BapiaHTH I'pOMaJCHKOTO TPAHCIOPTY, IO IPYHTYIOTbCS HA PO3BUTKY
iHQOpMaIIHHUX TEXHOJIOTIH, SIKI MBUJIKO PO3BHBAIKCS Ha MOYATKY I[HOTO JCCS-
TUmTTS, po3risauyan A. A. Hasyis, K. Epsin Ta JI. Bapryceka [3]. Tpaucmopt €
BXJIUBUM €JIEMEHTOM 1 CIIYTY€E JDKEPEJIOM )KUTTEBOI CHIIM Ta €KOHOMIYHOT, COIIi-
aBHOI 1 TTOITHYHOT MOOUTBHOCTI HACEJICHHS, SIKa 3pOCTa€E Pa3oM 1 CIiaye 3a To-
JisiMU, 110 BiIOYBarOThCS B pI3HMX cdepax 1 ramxyssx. bararo TpaHcmopTHHX
KOMITaHI MPOTOHYIOTh 1 HAMararoThCs 3allyYUTH MAcaKUpiB, MI00 BOHM 3allika-
BIWJIMCH TPOJYKTaMM Ta MOCIyramH. SIBuIie po3BUTKY 1H(OpMaIifHUX TEXHOJIO-
rifl y uei nepioj MoJiNinye BUKOPUCTAHHS CIIOKMBauaMU I'POMAaJICBKOTO TpaHC-
MOPTY IIOJI0 JIOCTYITy Ta BapTOCTI, IMOJICTIICHHS 3aMOBJICHHS. [linnpueMcTBa, siKi
BUKOPUCTOBYIOTh BipTyalibHI IPOTrpaMu JUIsl MOJIETIEHHS 3aMOBJICHHS TPAHCIIOP-
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Ty, — 11e kommasnii Go Car (Go jek) ta Grab. EQexTuBHICTh IHCTUTYIIHHOTO IH-
3aifHy oprasi3ailii 4 Gi3HeCy aBTOpPH OLIHIOIOTh 3a IOTIOMOTOI0 aHATITUYHHX 1H-
CTPYMEHTIB, a caMe TpaH3aKLiIHUX BUTpaT. UMM BUILI BUTPATH, IOHECEH] B €KO-
HOMIYHIN JiSTIBHOCTI, TUM Hee()EKTUBHIIINM € IHCTUTYLIMHUA nu3aiiH. | HaBma-
KM, MEHIIIl BUTPATH, TOHECEHI B €KOHOMIUHIN JISTTbHOCTI, 03HAYaI0Th, IO 1HCTH-
TyliliHa e(eKTUBHICTh BUCOKA.

VY [4] dx. Actypis HaBOOUTH KiABKICHI MOJENI TOPTIiBIi, 110 BUKOPUCTO-
BYIOTBCS JJISI OLIIHKK HACIIJIKIB 3MIH TOJIITUKH MOJCIIOBAHHS TPAHCIIOPTHOI ra-
ay3i. Lleli MOKyMEHT pO3IIMpIOE CTaHIApPTHY MOJAEIb TOPriBiIi ApPMIHITOHA,
BKJIIOYAIOUYH OJIIFONOJIICTUYHO KOHKYPEHTHY TPAHCIOPTHY raily3b, y sIKiii BaHTa-
YKOBIJIIPABHUKH €HAOTEHHO OOMpalOTh TPAHCIIOPTHY TEXHOJOTII0. ABTOp 310paB
JeTajbHi 1aHi PO MPOMHCIOBICTE MOPCHKOTO TPAHCIIOPTYBAHHS B KOHTEHHEPAX,
mo6 BiakaniOpyBatu napamerpu Mozeni. IIoTiM BiH MpOBIB KUIBKICHI eKCHIEpH-
MEHTH, B SIKMX BiJIOYBa€TbCSI CUMETPUYHE MiABUIICHHS TapudiB. Y CepeIHbOMY
Ha 3MiHU TPAHCIOPTHUX BUTPAT NPUIAJAE MaibKe MOJIOBUHA 3MiH Y T0OpOOYTI.
i BUCHOBKHM CB1{4aTh MPO T€, [0 €HIAOTCHHICTh TPAHCIIOPTHUX BUTPAT € BaXKIIH-
BHM MEXaHi3MOM, 1110 BU3HAYA€E HACIIIKHA TaKOi 3MIHU MOITHKH I T0OpOOyTY.

[IpoananizyBaBIIM JI0CBI] BIIOMHX YKPAiHCHKUX 1 3apyOIKHUX YUEHHUX LI0-
JI0 BUBUEHHS TPAHCHOPTHOI cepu, HE0OXiTHO TOCIHIAUTH ii MPOTHO3HI MOKa3HU-
KH 1 3B’S30K 13 TOJIOBHUM 1HJIMKATOPOM PO3BUTKY €KOHOMIKH Kpainu — BBII.

Merta craTTi: npoaHaiizyBaTu JAWHAMIKy TPaHCHOPTHUX NEpEeBE3CHb Maca-
JKHUPIB 1 BAHTAXIB B YKpaiHi, CKJIACTH MPOTHO3 13 HOTO OLIIHKOI0, TOOYIyBaTH pe-
rpeciiiny 3anexsicte BBII Ykpainu Bijg o0csary aBTOMOOUIBHUX BaHTaKHUX Iie-
pEBE3EHb 1 Ha OCHOBI LII€i 3aJIEKHOCTI 3pOOMTH BUCHOBKHM IIOJO MOKpAIIaHHSA
CTaHy YKpaiHChbKOI TPAHCIIOPTHOI ray3i B KpaiHi.

Buxnan ocHoBHoro marepianay. B Hamiii kpaini (tabn. 1) BUKOpHCTaHHS
aBTOTPAHCIOPTY MacakupaMu YKpaiHM 3HMXKYETBHCS, 1 POTHO3 IIOA0 LbOTO TEX
HeBTilHU (puc. 1).

3HayHMI BIUTMB HA HETATUBHY JTUHAMIKY OOCSTY NMacakKUPChbKUX MEepEBE3EHb
MarTh CKOPOUYEHHS IMaCaKUPCHKUX IMOTOKIB Yepe3 BiChKOBI Aii Ha CXo/l KpaiHu.
Jis moToNTaHHsT HETATHBHUX SIBUII TOTPIOHO BHOCUTH 3MiHHM SIK 0 YKPaiHCHKOTO
3aKOHOJIaBCTBA, TaK 1 CMIBIpPAIIOBaTH 3 1IHO3EMHUMHU KpaiHaMu y cepi aBTOTpaH-
cnopty. Jleski Kpoku Bxe poOasThCs B IIboMy Hampsmi. CKaXiMo, 11e TPUHHATTS
y 2018 p. ITocranoBu Ka6inety MinictpiB Ykpainu Big 07.02.2018 Ne 180 “IIpo
BHeceHHs 3MiH 10 [lopsaky mpoBeneHHS KOHKYPCY 3 epeBE3eHHs MacaKUpiB HA
aBTOOYCHOMY MapIIPYTi 3arajJbHOIO KOPUCTYBAaHHS, 3TiHO 3 KOO ‘“KOHKYPCH
Ha Mi>K00JIacH1 aBTOOYCHI MapLIpyTH Terep OyIyTh MPOXOIUTH 3a 3asiBHUIIBKUM
npuHnunom” [6]. e momamo, mo THM NepeBi3HUKAM, SKi OHOBWIIM CBiil aBTO-
napK, Ha/IA€TbCs MOMKIIMBICTh MPOJIOBXKYBATH /110 JO3BOJIB.
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Ta0mms 1

JlnHamika aBTONEpeBe3eHb MACAKUPIB B YKpaiHi (mo0y10BaHO HA OCHOBI [5])

Poku [lepeBe3eHHs macaxupiB
1996 3 304 600
1997 2512 147,2
1998 2403 424,6
1999 2 501 707,5
2000 2 557 214,6
2001 2722 001,6
2002 3069 136,3
2003 3297 504,5
2004 3720 326,4
2005 3836 514,5
2006 3987 982
2007 4173 033,7
2008 4 369 125,5
2009 4 014 035,2
2010 3726 288,6
2011 3611 829,9
2012 3450173,1
2013 3 343 569,5
2014 2913 318,1
2015 2 250 345,3
2016 2024 892,9
2017 20193249
2018 1906 852,1
2019 1804 929,3
2020 1083 872,7

st mokpamjaHHsS CTaHOBUIA y Taly3l TPAHCIOPTY BIPOBAKYIOTHCS
OKpeMi TMOJOKEHHS II0JI0 TPAHCIOPTY, SIKI 3aJeKJIapOBaHi B JOKYMEHTI MpPO
acomianito Ykpainu ta €C. 3rigHo 31 cT. 368 Yroau npo acoriaiito, TocTyImo-
BO 3/1HICHIOBATHMETHCS OHOBJICHHS, PECTPYKTYpHU3aIlisl TPAHCIIOPTY, BOJHOYAC
YUHHI TOJIITHKA Ta CTaHAAPTH OyAYyTh TapMOHI3YyBaTHCS 3 ICHYIOYUMHU JOKY-

meHTamu B €C.
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Puc. 1. Ilporuos nuHamiky nacakupChbKUX IepeBe3eHb B YKpaiHi
Jlxepeno: moOya0BaHO aBTOpaMH 3 BUKOPUCTAHHIM JaHUX [5]

[TosutuBHOWO B 1t cepi € po30ya0Ba KOHIIECIHHUX JOPIT Y Halllii KpaiHi.
Le 3611bIIMTh TIEpeCyBaHHS MACAKHUPIB aBTOTPAHCTIOPTOM. 3apa3 yke BiI0yBaE€Th-
Csl 3pOCTaHHA 3pYYHOCTI NMpUAOaHHS KBUTKIB Ha TpaHcmopT. Cria 3a3HAYUTH, IO
2020 p. macaxupu 3aJ1i3HUYHOTO TPAHCHOPTY Kynuiu 66 % KBUTKIB OHJalH [7]. 3a-
pa3 Ha po3rysiai y BepxoBHiit Paji 3aKOHOIIPOEKT TPO JIepKaBHO-TIPUBATHE IMapPT-
HEpPCTBO Yy JOPOKHIM raiysi, o nepeadadae 3aaydeHHs] MPUBATHUX 1HBECTOPIB 10
OyIiBHHMIITBA aBTONLIAXIB. OKYMHICTh MPOEKTIB 3ariaHoBaHO ympoaosx 20-30
POKIB TIiCJIs 3aKiHYEHHs OyAIBHUIITBA, BCE 3aJIKaTUME BiJ] IKOCTI 30y I0BaHOI 1 B
MOJIaJIbIIIOMY YTPUMYBaHOI aBTOJ0poru. Jloporu He OyayTh MIATHUMH ISl TPO-
MazsH. [Ipu 1boMy MOXYTh cTATYBaTHCS IITpadu 32 HESAKICHE YTPUMaHHS JOPO-
T'Y Ta HEBIMOBIIHICTh PUWHATAM CTaHIAPTaAM.

[Ilo0 BaHTaXHHUX TEPEBE3eHb aBTOMOOUIHPHIM TPAHCIOPTOM, TO TYT Kap-
THHa Kpaiie (Tadi. 2).

SAx 6aunMo 3 puc. 2, 3a MPOTHO30M, HE3HAYHUH ITiIHOM BiOyBaTUMETHCS B
i ramysi.

Huspka mBHIKICTE 3pOCTaHHS TOKA3HUKIB IMMOB’s3aHA HAacamrepes 3 THM,
o 6arato nepeBi3HUKIB (01u3bk0 30 %) B YKpaiHi Bce 1Ie 3aTUIIA€ThCS B TiHI.
TakuM 4rHOM, OTIaTa 3a MEPEBE3EHHS 3MIMCHIOETHCSA B 0araTbOX BUIIAKAX TOTIB-
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kor0. OCHOBHMI BHECOK Y I1€ 3pOCTaHHS BKJIa[IalOTh TaKl Taly3i, K Oy/aiBesbHa,
XapuoBa, mepepoOHa. 3HaYHA YaCTHHA HAJICKUTh KOHTEHHEPHUM IEPEBE3CHHSIM.
HesBaxaroun Ha BUCOKY KOHKYPEHTHICTh PUHKY aBTOIICPEBE3CHb, aBTOIMEPEBI3HUKH
I1Ie He TOCTaTHhO OpraHi3oBaHi, OpaKye eheKTUBHUX 00’ €JHAaHb 1 acOLliallii aBToIe-
PEBI3HUKIB. SIK BUHATOK — MI>KHApO/IHI aBTONEpeBi3HUKH, 00’ enHaHi B ACMALIL

Ta0mus 2

JluHaMika nepeBe3eHb BAHTAKIB ABTOMOOIIbHUM TPAHCIIOPTOM B Y KpaiHi
(mo0yxoBaHO HA OCHOBI [5])

Poku ITepeBe3eHHs BaHTaXiB (THC. T)
1996 1 254 540,2
1997 1 249 866,6
1998 1081 326,2
1999 955 329,1
2000 938 916,1
2001 977 268,8
2002 947 323,8
2003 943 283
2004 1027 396,3
2005 1120 715,3
2006 1167 199,7
2007 1255 225,3
2008 1266 598,1
2009 1 068 857,9
2010 1168 218,8
2011 1252 390,3
2012 1259 697,7
2013 1260 767,5
2014 11313127
2015 1 020 604
2016 1 085 663,4
2017 1121 673,6
2018 1205 530,8
2019 1 147 049,6
2020 1232 391,9
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Puc. 2. IIporao3 nepeBe3eHb BaHTa)XKiB aBTOMOOUIBHIM TPAHCIIOPTOM B YKpaiHi
Jl>xepeno: moOy10BaHO aBTOPaMU 3 BUKOPUCTAHHSAM JaHUX [5]

VY ¢dyHKLIOHYBaHHI PUHKY aBTONEPEBI3HUKIB TPAIUISIFOTHCS CYNEPEYHOCTI
MDXK HOro yyacHMKaMH, IOB’s3aH1 3 TabapUTHO-BaroBUM KOHTPOJIEM Ha J0porax
(I'BK). Cnmig 3ayBakuTH, IO NEBHA YaCTHHA aBTOINEPEBI3HUKIB JOTPUMYETHCS
IpaBUJI ILOTO KOHTPOJIIO, ajie O1IbIla YacTUHA iX irHopye. Haiibinblne nopyuieHsb
I'BK BusiBns€eTbcs B arpapHoMmy cektopi, Ae ¢ikcyerbes npubmmuzno 60-65 %
MPOAYKIIii, [0 IepeBO3UThCA 3 opyuieHHsM [ BK.

Po3BUTKY aBTOTpPaHCMOPTHOI Tamy3i 3aBa)ka€ TaKOX HEJOCKOHAIICTh yKpa-
THCBPKOTO 3aKOHO/ABCTBA. ABTONEPEBI3ZHUKM IepeBaHTaXxeHi nojpaTkamu. Kpim
TOTr0, eHeproz0epexeHHs B YKpaiHi Ha Jy’e HU3bKOMY piBHI, 1110 MPU3BOAUTH 10
BEJIMYE3HUX BUTPAT PECYPCIB HA TPAHCIIOPTI.

HeraTuBHO BIJIMBAIOTH Ha PO3BUTOK TPAHCIOPTY TaKOXX 3HOLIEHICThH OC-
HOBHHUX 3ac00iB 00’€KTiB iHQPACTPYKTYpH, IO CTAHOBUTH 3arpo3y Uil BUHHK-
HEHHS aBapiiiHUX cuTyauiid. Yepe3 HU3bKY SKICTh TPAHCIOPTHOI IHPPACTPYKTYpHU
BUHUKAIOTh J0JJaTKOB1 HEMPOAYKTHBHI BUTpATH, SIKI T'aJbMYyIOTb 3POCTaHHs
BBII. [To3uTHBHICT, NMHAMIKK aBTOTIEPEBE3CHb BAaHTAXiB IOB’s3aHA 3 THM,
1110 BCe OiJIbIIe BaHTaXiB NEPEPO3NOAUIAETHCS 3 3aI3HUYHOTO TPAHCIIOPTY Ha
aBToTpancmopr [8].
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Hocninumo, um icHye 3B’ 5130k Mixk BBII Ykpainu Ta aBTOnepeBe3eHHIMH.
BizbMemo 3a 0OCHOBY aBTOTPAHCTIOPTHI MepeBe3eHHs BaHTaxIiB. JIiHIHMIA 3B’ A30K
nyxe cnabkuit (popmyina (1).

y = 0,3346x — 272037, (1)

Koedimient nerepminariii gopisHioe Bcboro auie 0,5234.

CnpobyemMo o0y myBaTu 1HIIN BUIW 3a]1eKHOCTI. HaltnpuitHATHIIIA 3 HUX —
MOJTIHOMiaJIbHA 3aJICKHICTD.

Hexaif Ham 1aHo JBa psiv CIIOCTEPEIKEHD X; (He3alle)KHa 3MiHHA) Ta y; (3a-
JIe)KHA 3MIHHA), i = 1, n. PIBHIHHS MOJIIHOMY Ma€ BUTJISI;

y= Ej":ﬂ b; o, )
Jie b; — MapaMeTpH JaHOro MONiHOMA. 3Haii/IeMO 38 METOIOM HAWMCHIINX KBaJ-
patiB mapameTpu b; MaHoi perpecii. MeToa HaWMEHIIMX KBAJAPATIiB IPYHTY€ETHCS
Ha MiHIMi3allii TaKOTO BUpa3y:

§ = 21, — y)? - min, )

ne ¥; — TCOpETHYHE 3HAYCHHS, 1110 € 3HAYCHHM IoJiHOMA (2) B Toukax x;. ITim-
ctaBisitouu (2) B (3), oTpUMaEMO:

S =Zr (T bjx, - }'f)z - min. (4)

Ha ocHoBi HeoOximHoi ymoBH ekctpemymy GyHKOil (k+ 1) 3MiHHHX
S = S(by, by, ... by) npupiBHIEMO 0 HYJISI il YACTHHHI MOXi/IHi, TOOTO:

Sy, =28 2f (S b —y:)p =0k (5)

[ToainuBiIM MiBY 1 MpaBy YacTUHY KOXKHOI PIBHOCTI HA 2, PO3KPUEMO APYTY
CyMy:

Z?ﬂﬂ (bﬂ+ byix; + byx? + - + bkx?) _E?ﬂxf.'}’i =0,p=
0,k (6)

Po3kpuBaroun JIy>KKH, TIEpeHECEMO B KOXXHOMY [P-My BHpasi OCTaHHIH J0-
JTAHOK 3 ¥; BIPABO 1 MOIITUMO OOM/IBI YaCTUHU HA N. Y pe3ynbTaTi y HaC BUHIILIO
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(k + 1) BUpa3iB, 1110 YTBOPIOIOTh CUCTEMY JIIHIHHUX HOPMAJIBHUX PIBHSAHb BITHOCHO
bp. Bona mae takuit BUTIISIA;

bo+ b X+ bx2+ -+ b xk=7
boX+ b x2+ b3+ + bl =%y @)
box?+ byx® + byxt + - + by x*? = x%y
Box® + by x*1 + by xk*Z 4 . + b x%k = xky
JIstst po3B’sI3aHHsI CHCTEMH PiBHSAHBb MOYKHA 3aCTOCOBYBATH OJIMH 13 YHCEIb-
HHMX METOJIB ITijI Yac MOJIEIIOBaHHS TPEHIy Ha KoMmil toTepi. [Ipu 1iboMy pe3yiib-

TaT 00YMCICHHS Oy/e JOCUTh TOYHUM. PO3B’sDKEMO CUCTEMY PIBHSHB JUIsl BiHA-
XOJDKEHHS [TOJIIHOMA I’ ITOTO CTEIEHS.

([ bo+b T+ bx:+byx3 +byxt+ b x®=7¥
byX+ byx*+ byx3 + byx*+ byx® + bsx% =
Box?+ byx3 + byx* + b3x® + byx® + bsx? =
box3 + byx* + bx5 + byx® + byx” + bgx® = x3
box* + byx® + byx® + bax? + byx® + bsx® = xty
\Bgx® 4+ byx® + byx7 + byx® + byx® + bsx10 = x5y

E

x (8)

2

]
=

-

Po3B’sxxemMo cucTemy piBHSIHB 3a 10IOMOroro metony l'ayca. BukimtoueHHs
["ayca rpyHTYIOTBCS Ha i/1ei OCTIIOBHOTO BUKIIFOUEHHS 3MIHHUX 10 OJHIN 10TH,
JIOKU HE 3aJIMIIUTHCS TUIBKH OJHE PIBHSIHHS 3 OJHIECIO 3MIHHOIO B JIiBiil YacCTHHI.
[ToTiMm 11€ piBHSHHS PO3B’A3YETHCSA 100 €IUHOT 3MiHHOI. TakuM YMHOM, CHCTEMY
PIBHSIHb MIPUBOJIATH O TPUKYTHOI (cTymiH4yacToi) dopmu. Jlms mporo cepen ene-
MEHTIB MEPIIOTro CTOBMIIS MaTPHILl OOMPaIOTh HEHYJIHOBHM (YacTillIe MaKCUMallb-
HUI{) eIEeMEHT 1 MepeMillyIoTh HOro Ha KpailHe BEepXHE MOJI0KEHHS ePeCTaHOB-
KOI0 psnkiB. [1oTiM HOPMYIOTH yCi PIBHSHHS, PO3IUIMBINY iX Ha KOEQIIEHT ai1
MmaTpwuili piBHsHH BimHOCHO (Di), e | — HoMep croBmuuka. Tomai OTpUMyEMO:

( by + b1x+ bzxz + b3x3 + b4x“+ b x5 y
bu+b1 +b2 +b3 +b4 +b5 ?
bo+ by S+by S +by S+ by S+ by T =2 9)
bo+b,5 +b2 +b3 —|—b4 +b52=:=%
bu+b1 +b2 +b3 —|—b4 s+ bsZ = @
bo+biZ+b S+ b5 +b4_+b5"1° =y
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[ToTiM BimHIMAIOTH TICHS MEPECTAHOBKH OTPUMAHUN TEPIIMNA PSIIOK 3 1H-
IIUX PSIIKIB:
'8

by + b X+ box? + bax® + byx* + bs _=y
Z ¥3 — . X xy
0+ by (= —%|+by (= —3Z )4 by —— 2 |4y =~ |+ bs ([ =—— )= 5
(7))o re(5-7)-F
S\ (F N[ N o Ay
0+b1 ?—x +b2 ?—x +b3 ? X +b4 ?—IA +b5 ?—x =?—y
xt P x° P - ¥ .\ xy _(10)
0+b1($—x)+b2(%—xz)+b3(% x)+b4(?—x")+b5(?—x)=?—y
x5 _ X8 X — X ¥ -\ xty _
0+ by ?—x + bo %—x + bs %—X + by ?—IA + bg ?—x =?—y
% ¥\ 8 (B [\ By
- 2 3 51— Y]
\0+b1(?—x)+bz(ﬁ—x)+b3(%—x)+b4(?— )+b5(?—x)—7—y

OTpuMyIOTh HOBY CUCTEMY PIBHSHbD, Y SIKIM 3aMIHEH1 BIANOBIAHI KOS(DIIIEHTH.
(bo + byay, + baay; + bzay; + byay, +bsays =y,

bo + byay, + baag, + bzazs; + byaz, + bsazs = y;

bo + byasy + byag, + bzaszs + byaz, + bsazs = y; (11)
by + byay, + baay, + bzay; + byay, + bsays =y,

b+ byas, + byas, + bzas; + byag, + bsags = y;

\bg + byag, + baag, + bzag + byag, + bsags = yg

[licna Toro, sik 3a3HayeH1 MEpPEeTBOPEHHs OyiM 371MCHEH1, NepIMi pAIoK 1
NEPLIMI CTOBIELb MOAYMKH BUKPECIIOIOTH 1 MPOJOBXKYIOTh 3a3HAYEHUN IPOLEC
IUTSL BCIX HACTYITHUX PiBHSHB, TIOKU HE 3AJTUIIUTHCS PIBHSIHHS 3 OTHUM HEBI1JIOMUM:
(bg + byay, + byay; + baaj; + byay, + bsays =y

0+ by + bya5, + byas; + byay, + bsay: = y3
0+ 0+ by + byall + byal, + bsayl = yy' (12)
0+0+0+ b3+ byayy +bsay: =y;"’
0+0+0+0+by+ bsal =yl
\ 0+0+0+0+0+bs=y""

3po6uMO Terep 3BOPOTHY MMiJCTAHOBKY. 3BOPOTHA ITiJICTAHOBKA Tepeadadae
MiJICTAHOBKY OTPUMAHOTO Ha MONEPEeTHFOMY KpOIli 3HaUEHHS 3MIHHOI b5 B ToMe-
peHi piBHSHHS:

b4 — y,l’,l',l’,l’,l’ b a.”.’.r.r
rer rErr er
by =yy — byayy —bsay;
rrr Hr 41
by = y3' — byaz; — byaz, — bsaz; (13)

m
by =y; — byay; — bzay; — byay, — bsa;;
’ r r [ r
bg=y; — byay, — byay; — bzai; — byai, — bsai;
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Po3B’s13yr0un 1110 CHCTEMY PiBHSHB 3a J0IOMOroo cuctemu Excel, orpuma-
€MO ToJiiHOM T’ sitoro nopsanky. Otxe, BBII Ykpainu Bupakaetbcs uepes aBToO-
MOO1JIbHI BaHTa)KHI [IEPEBE3CHHS TaK:

y=2x0,1"21x5 —0,1"4x* + 2 x 0,1°8x3 — 0,0248x% +
13467x — 3% 0,1° (14)

Tyt koediuieHT nerepmiHaiii MPUHHATHINIMK, HDK Y BHIAAKY JIHIHHOTO
3B’s13Ky (R? = 0,5743). Ase Bce 0JIHO 3B’ 30K CITaOKHiA.

Ha namry nymky, 1ie moB’si3aHO HacaMIiepell 31 3pOCTaHHSIM YacTKH TiHbO-
BOT'O PMHKY Ha TpPaHCNOPTI B YKpaiHi, yepe3 1o B oPiliitHiil ctaTucTull He ¢ik-
CYIOTBCSI 00CSITY BUKOHAHO1 pOOOTH Ha TPAHCIIOPTI.

BHCHOBKH 3 1aHOT0 JOCJIZKeHHS i NePCNeKTUBYU MOAAIBIIUX PO3BIOK
y AaHoMYy Hampsimi. BuzHauumMo nuisixu po3B’si3aHHS OCHOBHUX MPOOJIEM aBTO-
TpaHcnopTHOT ramy3i. Jlyis nporo HeoOXinHi Taki 3axonu. [lo-mepie, ciifg 3HU-
3UTH TOJAaTKOBE HaBaHTaKeHHS. Jlani HEeoOXiTHO 3BEpHYTH OCOOIWBY yBary Ha
MDKHApOJIHI BaHTaXKHI NIEPEBE3CHHS, /1€ HEOOX1THO 3apOBaIUTH YaCTKOBY KOM-
MIEHCAIlIF0 BUTPAT Ha pecypcHe 3a0e3neueHHs. it po3BUTKY Ili€i JaHKHA TOTPiO-
HO JIOOItOBaTH JeprkaBl 30UIbIIEHHS KBOTH BHJIadyl JO3BOJIIB Ha MIKHApPOIHI Tie-
peBe3eHHs B YkpaiHi. HeoOxijHa TakoX sIKICHA PEKOHCTPYKIISl TPaHCIOPTHUX
NUISAX1B, 110 3yMOBUTh HEMHUHYYY TPAH3UTHY MPUBAOJIMBICTh KPATHH Ta 3HIKCHHS
BUTpAT Ha PEMOHT TPAHCIIOPTHHUX 3aC001B, 3A1MCHIOBAHUX BITYM3HIHUMHU MiATPH-
emcTBaMu. [lepcreKTHBHUM € BUBUEHHS BHYTPILIHIX 1 30BHILIHIX 3arpo3, 1e He-
00X1JTHO 3ampOBA/)KYBaTH METOAM YIIPABIiHHSI €KOHOMIYHOIO OE3MEeKOI0 Ha TpaHC-
MOPTHUX MiIPUEMCTBAX.
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KOHCOJIITOBAHUM THOOPMAIIMHUM PECYPC
JIJI1 EGEKTHUBHOI'O KEPYBAHHS
ABTOTPAHCHOPTHUM HNIAIIPUEMCTBOM

Jlosedeno, wo niosuwenus epexmusHocmi pobomu asmMoOmMpaHCnOPMHUX
RIONPUEMCIME MONCIUBO TUULE 3A BNPOBAONCEHHS KOHUenyii yugposoi mpauc-
Gopmayii komnauii-onepamopa Ha 3acadax po3GUMKY AHANIMUYHO20 MEXAHIZMY
Kepyganus. Onucano OCHO8HI 3a0ayi, SIKi GUHUKAIOMb NIO YAC PO3POOKU KOH-
Coni008aH020 iHpopmayiinoco pecypcy 0OpobaeHHs iHpopmayii 3 ypaxyeaHHsIM
WUPOKO20 KOJIA YUHHUKIB 6naugy. Y cmammi 00CaiodceHo inpopmayiiHy mexHo-
J02i10, KA MiCmMumos 30UpaHHsa OAHUX, iIX ONPaAYlOBanHs ma amaniz, hopmysanHs
36imis. /[lemanbHo po32iaHymo NOKA3ZHUKU Ma CKIA006I IHGhopMayitiHoi cucmemu.

KirouoBi cnoBa: mpancnopm, yugposi mexunonoeii; inghopmayitini cucme-
Mu; yughposa mpancpopmayis.
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Jokazano, umo nosviutenue d¢pgexmusHocmu pabomsl asmMoOmMpaHcnopm-
HbIX NPeOnpusimuil 603MOJICHO MOIbKO NPU BHEOPEHUU KOHYEenyuu yugdpoesotl
mpaHcghopmayuy KOMRAHUU-ONEPAMOPA HA OCHOBE PA36UMUS AHATUMUYLECKO20
Mmexanusma ynpaenenusi. Onucansvl 0CHO8HbIE 3A0ayU, B03HUKAOWUE NPU Pa3pa-
bomKe KOHCOMUOUPOBAHHO20 UHDOPMAYUOHHO20 pecypca 0Opabomku ungopma-
YUU C YUemom WUpoKo2o Kpyea (akmopos éiuanus. B cmamve uccredosana un-
Gopmayuonnas mexuonoaus, cooepicauyas coOop OAHHBIX, UX 0OPAbOMKY U aHa-
U3, hopmuposanue omuemos. JJemaibHo paccmMompensvl NOKa3amenu u coCcmag-
Jsowue UHGOPMAYUOHHOU CUCTHEMBI.

KitoueBble cnoBa: mpancnopm,; yugpossvie mexnono2uu, uHGHopmayuoHHvle
cucmembsl; yugposas mparchopmayus.

Increasing the efficiency of motor transport enterprises is possible only for
the introduction of the concept of digital transformation of the operator. The
dominant problem of the formation of effective principles of management of such
systems is the development of a methodology based on the principles of a single
information space. In this case, we must take into account both technical and
economic components. Digital technology and transport service system should be
aimed at control all layers, in particular the quality of relations with each specific
consumer of transport services.

In order to implement, it should form an analytical control mechanism. The
analysis of modern approaches to informatization of business processes showed
that most motor vehicles uses programs that belong to local transport manage-
ment systems. They are designed for the needs of specific transport organizations,
on their orders, and most aimed at automation and information provision of func-
tional divisions. The proposed concept of an automated control system foresees
much information service tasks in the context of strategic and tactical manage-
ment, operational management, optimization of logistic business processes.

The basic tasks that arise when developing a consolidated information re-
source for information processing, taking into account a wide range of factors of
influence. A set of ordered elements that are interconnected and have a set of in-
tegrative properties are offered. Considering it from functional positions, based
on the focus on improving the efficiency of the enterprise, a set of solved tasks
(planning, accounting, control, etc.) is determined.

Information technology that contains data collection, their processing and
analysis, formation of reports is investigated. In detail, the indicators and compo-
nents of the information system are considered.

Key words: transport; digital technologies; information systems; digital
transformation.
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IlocTanoBka mpo6Jemu. TpaHcriOpTHA rany3b, KA € TEXHIKO-EKOHOMIY-
HOIO CHCTEMOI0, Oe3MepeyHo, BayKIMBa CKJIAJI0BA CTpATErii colialbHO-€KOHOMIY-
HOTO PO3BHUTKY KpaiHu. JlomiHaHTHOIO TpoOieMoro ¢GopMmyBaHHS €(EeKTHBHUX
3acaj KepyBaHHs TaKUMM CHCTEMaMHM € po3poOKa METOAOJOTI], sika 6a3yeThCsl Ha
3acajax €auHoro iHgopmaniiiHoro npocropy. Ilpu npboMy MaemMo OgHOYACHO
BPAaxOBYBAaTH K TEXHIYHY, TaK 1 HA EKOHOMIYHY CKJIQJIOBY.

be3 crabinbHOro Ta eeKTUBHOrO (PYHKIIIOHYBAaHHS YKPaiHChKOI TPaHCIOPT-
HOI CUCTEMH, sIKa HUHI He BUKOPHCTOBY€E CBOI KOHKYpPEHTHI IlepeBart, 00yMOBIIEHI
pO3TallyBaHHSIM KpaiHU y CEperHI MaTeprKa, Ha MEPETUHI 0araTboX JIOTICTUYHHUX
KOPHUJIOpPIB HE MOXJIMBUM €KOHOMIYHHUI iHHOBaLiHUNA PO3BUTOK KpaiHH, (yHAa-
MEHTAJILHOIO CKJIaJIOBOIO SIKOTO € pealtizallisi TPAaH3UTHOTO TIOTEHIaTy TPaHCIIOPT-
HOI CHCTeMHU, 1110, 31 CBOro OOKYy, 3a0e3Me4nuTh MOCHICHHS KOHKYPEHTO3IaTHOCTI
IHIINX TaTy3eH, MiIBUIICHHS PIBHS KUTTS HaceleHHs KpaiHu. OHaK HOBI MOKIIH-
BOCTI MOXYTh BHHUKHYTH JIMIIE NULIXOM yrnpoBamkeHHs digital-rexnomnoriii y
JUSUTBHICTh MIAOpUEMCTB cepu nepeBe3eHb. [liBuiieHHs eeKTUBHOCTI Ha 3aca-
Jlax TpaJuLiMHUX MiIXOAIB Ta BAOCKOHAJICHHS HasIBHUX IPOLIECIB Mailke He 3a0e3-
reuye 3pOCTaHHSA IOKa3HUKIB, YHEMOJIMBIIIOE CYTTEBE 3pOCTAaHHS IMPUOYTKIB.
YTiM B 1HOPACTPyKTypi aBTOMOOUIBHUX MEpPEeBE3€Hb MU MOXEMO CIIOCTEpiraTH
HEBIIOPSAIKOBAHICTh PI3HOMAHITHUX 0a3 JaHUX, K1 € HEOOXIJHOK CKJIaJI0BOIO
CHUCTEMHU KepyBaHHS TpaHCHOpTHUMH mianpuemctBamu Cdepa aBTONEpeBE3CHb
notpeOye BIPOBADKEHHS LUPPOBOrO MIAXOAY Ta PO3BUTKY aHAIITUYHOTO MeE-
XaHi3My 00po6ieHHs iHpopMallii 3 ypaxyBaHHIM HIMPOKOTO KOJIa YMHHHKIB BIUTH-
By. Maemo 3BepHYTH yBary, 00 CTBOPEHHS €(EeKTHBHUX 1H()OpMALIHUX CUCTEM
KEepyBaHHS MOJJIMBE JIMIIE Ha 3acajax YiTKOrO pPO3YMiHHA NPHHLUMIB 1 Me-
XaHI3MIB KEpyBaHHsI aBTONEpeBe3eHHAMHU. Haromonryemo, 1m0 Juisi MiANPHEMCTB,
K1 TPAIIOOTh Y cepi JOTICTUKH Ta aBTOTPAHCIIOPTHUX IEPEBE3€Hb, BKpail Bax-
JUBO JIOMIHAHTOIO BEJICHHsS Oi3HECY 3pOOWTH CHCTEMY KEpyBaHHsS Ha 3acajax Io-
TOKOBHUX IPOLECIB. ABTOPH MPONOHYIOTh JUISi BUKOHAHHS TaKUX 3aBIaHb Ha PiBHI
aBTOTPAHCHIOPTHUX MiAMPUEMCTB PO3POOUTH KOHCOJIIOBAaHUM 1HPOpMaLIHHUI pe-
Cypc, SIKUil 1acTh 3MOTy KepyBaTH Ha 3acajJiaX pe3yJbTaTiB JOKJIaJHOTO TIIMOOKOro
aHaJi3y JISUIbHOCTI MIANPUEMCTBA, MO3MIIH PO3pOOHHKA Ta KOPUCTYBauiB, PO3MO-
T poJiel MK SIKUMU 3/T1MCHEHO Ha 3acafax TOCIiKeHHs moTpeo.

AHani3 ocTaHHixX JociaizkeHnsb i myOaikanii. [IpoGiema nudposizarii Tex-
HiKO-€KOHOMIYHHX CHCTEM BKpail BakIMBa Ta aKTyalbHa. I MPUCBAYEHO HU3KY
JOCHITHUIPKUX, HAYKOBHX 1 MPaKTUYHUX JAOCHIPKEHb, 30KpeMa CIiJl 3BEPHYTH
yBary Ha [1-4]. Digital-tpancdopmartii B TpaHcOpTHIN 1HIYCTpii mpUcBsiYeHo [5].
Pi3HuM acnexktam po3poOku iH(OpMAIIITHUX TEXHOJOTIH Ta KOMII IOTEpHIN 1HXKe-
Hepil NPUCBSYEHO TOoCHipKeHHS [6, 7]. 30kpema, po3poOlili KOHCOMIJOBAHOTO iH-
dopmartiifHOro pecypcy aHalizy isUIbHOCTI MOPCHKHX MOPTIB MpUCBAYEHO [8].
[udpoBum acniekram iHpopmaTHzalii aBToTpancnoptHoi chepu — [9].
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Meta cratTi. Pe3ynpratu nociipKeHHS MpoOJIeMH, aHali3y MPaKTHYHHUX
HaNpaIioBaHb Ta HAYKOBUX JOPOOOK J03BOJISIIOTH BU3HAUUTH METY SIK PO3POOKY
KOHIIETITYaJIbHOI cXeMH Iu(poBoi TpaHcdopmarii KomImaHii-omeparopa aBTo-
TPAHCHOPTHOI Taiy3i, MiJBUIIEHHS e(PEeKTHBHOCTI (DYHKI[IOHYBaHHS BHACIIJOK
YIPOBAHKEHHS Cy4acHOi iH()OpMAIiifHOT CUCTEMH.

Buxiax ocHoBHOro MartepiaJty. 3aBiaHHs, sKe OKJIAAAETHCS HA cepy aB-
TOTPAHCIIOPTHHUX TEPEBE3EHb, MOJIArae y 3abe3neyeHHi eeKTuBHOro (yHKIIOHY-
BaHHS MaTepiaJibHUX, JIFOJACHKUX, CHEPreTHUHUX IMOTOKIB Ha 3acajax MiHimizarii
BUTpAT pecypciB: (iHAHCOBHX, JIIOJCHKHUX, 1HPOPMAIIITHIX, CHEPIreTUYHUX; Ha TJIi
3MEHILEHHS €KOJIOTTYHOr0 HABAHTAKCHHSI Ha HABKOJIMIIIHE CEPEOBUILE.

E-control morokoBMMH TmpoliecaMH Ha KOXXHOMY €Tali JIOTICTHYHOI'O
JIAHIIOTa CJIiJI PO3IJISIIaTH B KOHTEKCTI CYCIHIJIbHUX Ta €KOHOMIUHUX BIJTHOCHH:
iHTerpanii monuTty, BUPOOHUITBA, O0Iry TPaHCHOPTY Ha MiACTaBi iH(opMarii.
Jumkuranizanis nependadae sIKICHO HOBMH THI B3a€EMOIl Ha 3acanax ol-
TUMIi3alii MOTOKIB HUISIXOM MOIIYKYy MOOLTi3aIlii HasBHUX pe3epBiB Ta 3aCTOCY-
BaHH: 1H(QOpMaIITHUX TEXHOJIOTIN

CrpareriyHi Ta TAKTUYHI KepiBHI PILICHHS MalOTh 0a3yBaTUCs Ha:

e copMOBaHMX PUHKOBHX 30HAX Ta KJIacTepax 0OCIyroByBaHHS;

e IHTEPMOJAIBLHOCTI MIPOIIECIB Ta B3a€EMO/IIi PI3HUX BUIIB TPAHCIIOPTY;

® IPOrHO3aX MaTepiaJbHUX MMOTOKIB;

e (akTOpHOMY Ta KOMIIOHEHTHOMY aHaJIi31 CKJIaJJOBUX BUTpAT;

e (GopMyBaHHI MJIAHIB MEPEBE3E€Hb BAHTAKOIOTOKIB;

e BHOOPI ONTUMAJILHUX BU/IIB Ta TUITIB TPAHCIIOPTHHUX 3aCO0IB;

e BH3HAUYCHHI ONTUMAIBHUX MAPIIPYTIiB TOCTABIISIHHS;

e opraizallii, TUCTIeTYEpU3yBaHHI, OOJIKY, aHaJIi3y Ta PETyJIFOBaHHI TPaHC-
MIOPTHOTO TIPOIIECY;

® MOHITOPHUHTY PyXy BaHTaXIB 1 TPaHCIIOPTY;

e 3a0e3MnedeHH] TEXHOJIOTTYHOI €THOCTI TPAHCIIOPTHO-CKIIAJICHKOTO TIPOIIECY;

® ONTHMAaJbHOMY KE€pyBaHHI 3armacamu.

Indopmariiiine 3abe3nedeHHss TPAHCHOPTHOI JIOTICTUKM Mae€ BiAMOBIIATH
TaKUM BHUMOI'aM: PO3IJIsA] 00 €KTIB SIK CHUCTEM, IO CKJIAJA0ThCA 13 3aKOHOMIPHO
CTPYKTYpPOBaHUX Ta (YHKIIOHATBHO OPTaHI30BaHUX €JIEMEHTIB; IMOBHOTA iH(}OP-
MaliiHOro 0OCIyroBYBaHHs, OXOIUIEHHS BCIX TPAHCHOPTHO-JOTICTHYHUX IPO-
LIECiB; CUCTEMHICTh 00CITYTOBYBaHHS; IHTEIPOBAHICTh Ta IHTEPMOJAIBHICTh TIEpe-
BE3€Hb; ypaxyBaHHs XapakKTepy AisJIbHOCTI KOPUCTYBauiB; HAAINMHICTH 00CIYyro-
ByBaHHS; AU(EPEHIIOBaHICTh; 3a0e3neueHHs] MOTPiOHOI iH(OpMAaIliEr0 KOH-
KpETHOTo criokuBava (puc. 1).
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3abeaneyeHHa noTpibHoto iHdopMaLiew

CHCTEMHICTE NoBH oTa
indroprMayiiHoro
obcnyrosyBanna obcnyroByBaHHA

. HamHHICTL
+IAKOHOMIPHD )
cTpyKTYpoBaHi Ta | | - I ) «OXOMAEHHA BCIX

tyHKUIOHANBHO AwndepeHUIADBAHICTE TpAaHCNOpPTHO-
OpraxizoEaHi — NOTICTUHHWX
EeneMeHTK NpoUECIs

Cneundira

Puc. 1. Bumoru 1o indopmariiiinoro 3a0e3rned4eHHs TpaHCIIOPTHOT JIOTICTHKH

3abe3neueHHss (GyHKIIOHYBaHHS 1H(GOPMAIIHHOI CHCTEMH MOYKJIUBE JIUIIIE
3a HasIBHOCTI CYKyITHOCTEH:

® anapaTHO-TEXHIYHOrO 3a0e3Me4YeHHs — TeXHIYHUX 3aco0iB, 5Kl 3abe3Ie-
4yI0Th 00pOOKY 1 mepegavy JaHuX Ta iHPOPMAIIMHUX MTOTOKIB;

® MaTeMaTU4HOro, MPOrPAMHOr0 3a0e3NeyYeHHs — IHCTpyMEHTapilo po3B’s-
3aHHA (PYHKIIOHATFHHUX Ta YIPABIIHCHKUX 3aBaHb.

e iHpopMaliiiHOro Ta iHTepdelicHoro 3abe3nedyeHHs, sike nependadae 3a-
cobu (opmMaizoBaHOTO OMUCY JaHMX, 010J10TE€KH, JOBIIHUKH, KiIacudikaTopu,
Koau(ikaTopu, OTPUMAHHS, TOAaYl Ta MOJaHHA iH(opMaIIii.

Po3pobnena nnsi aBTOTpaHCMOPTHUX MIANPHUEMCTB, a TaKOXX aBTOTPAHC-
MOPTHUX MIAPO3AUIIB TOPrOBUX, BUPOOHNYMX Ta IHIIMX IiIIPUEMCTB, SIKi 3aCTO-
COBYIOTh 3ac00M I BJIACHUX MOTPeO, aBTOMATH30BaHa CUCTEMa KepyBaHHS Mae
nependayaT¥ BUKOHAHHS HU3KM 3aBJaHb 1H(POpPMaLiHHOTO OOCIYrOByBaHHS B
KOHTEKCTI (puc. 2):

® CTPATErivyHOro i TAKTHYHOI0 MEHEIKMEHTY,;

»  opeanizayii OisHec-npoyecis;

" VYNPAGNIHHA PYXOM KOWMIG,

" onmumizayis Kaopoeoi cKiaoosoi;

® ONEepaTHBHOIO KePYBaHHA;

" 00poOYi 3aM08IeHb HA Nepee3eHH s,

* popmyeanui gapmocmi nepese3eHHs;
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" CKIAOAHHI ONepamueHo20 Niawy podoomu nionpuemcmea ma 3abesne-
YeHHI GUKOHAHHS NOMOYHO20 NIAHY pOOOMU,

" QOCHIOMNCEHHI BAHMANCONOMOKIE,

"  NIAHYBAHHI ONMUMATLHUX MAPUPYMIE NEPEBEe3CHHS,

" 00K HAOAHUX MPAHCNOPMHUX NOCTLY2,

" OoyiHKa PIHAHCOB0T 8U200U 810 Nepee3eHHs,

= 002iK ma iHeeHmapu3ayisi,

»  MiHIMI3aYis QYIHAHCOBUX 8UMPAmM NIONPUEMCIBA,

= opeawizayis ma oyiHKa epeKmusHoCmi pobomu iocicmis i oucnemuepis,
3abe3neuents eeKmueHo20 BUKOPUCIAHHSA PYXOMO20 CKAAOY 3a HeoOXiOH020
PIBHA AKOCMI nepese3etv,

" oyiHKa epexmusHocmi pobomu 800iig;

= onmumizayia 800iliCbKO20 CKIA0Yy Ma Mapupymuux nepeee3ensv Ha 3aca-
oax oyinku eghekmugHocmi 600iig, momusayii ma oniamu npayi;

= KOHMPOIb UXOOY HA JIHIIO Ma PpOOOMY HA MAPUWPYMI;

" VYNPAGIIHHA CEPEICHUM 00CY208)Y8AHHAM MA PEMOHMAMU,

" 3a0e3neueHHs Oe3nexku pyxy mpancnopmuo2o 3aco0y Ha NiHiiy

=  KOHMPOIb CMAHY 3A6AHMAIICYBATILHO-PO3GAHMAIICYBANIbHUX NYHKMIE Ma
nio I3HUX WAAXI8;

" nidsuwjeHHs pieHs mMexanizayii, aemomamuzayii ma oioxcumanizayii;

" KOHMPOTb 34 GUKOPUCAHHAM I HOPMYBAHHAM UMPAM NATUBO-MACMUTb-
HUX MA [HWUX UMPAMHUX PECYPCi;

" KOpe2y8aHHs NIAHOBUX 3A680aHb V pa3i GUHUKHEHHS 8i0XUNeHb V npoyeci
nepege3eHv,

e omnTUMIi3alii JorictTH4HMX Oi3Hec-mpouecis.

e CTpaTeriyHMM Ta TaKTUYHUMU
MEHeDKMEHT

e onepaTuBHe KepyBaHHSA

e ONTUMI3aLifa norictrmnyHnx 6i3Hec-
npouecis

Puc. 2. 3apnanns iHhoOpMaIifHOTO 00CITyTOBYBaHHS,
SIK1 TOTPeOYIOTh PO3B’I3aHHS JIJIs1 aBTOTPAHCIIOPTHUX IMiAMTPUEMCTB
3 aBTOMaTH30BAaHUMH CHCTEMaMH KepPyBaHHS
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CrpaTteriyHuM 3aBIaHHSIM CHCTEMH KEpyBaHHS € CTUMYJIIOBaHHS ITiJI-
IPUEMCTBA /10 IHHOBALIHHOTO PO3BUTKY Ta 3MiH, caMe Ha 1€ MaloTh OyTH Opi€H-
TOBaHI OpraHi3amiiiHi CTPYKTypH. MOXeMO HHUHI aKIEHTYBaTH Ha HaHBax-
JUBIIIOMY YMHHUKY TpaHchopmarii GizHec-mMoaene — yugposux mexunonozisx.
Mera iX 3acTOCyBaHHS — 3a0€3ICUCHHS SKOCTI Ha BCiX €Talax B3a€EMOBITHOCHH Y
CHCTEMI MiAMPUEMCTBO — CIIO)KUBAY TPAHCIIOPTHUX TTOCIYT.

[ToTpiGHOT IKOCTI y KOHTEKCTI CTPATETIYHOTO Ta TAKTHYHOTO MEHEKMECHTY
MOXe OYTH JIOCATHYTa 4epe3 3a0e3neueHHs] KepiBHUITBA MOMIIMBOCTSIMU TSI Op-
rafizaiii mpormecy e(peKTHBHOIO BUKOPHCTAaHHS MaTepialbHUX, TEXHIYHUX, Kaj-
pPOBHX pecypciB, TexHOJIOrH Ta iHdopMmanii. Ocolu, AKi NPUEMAIOTh PIIIEHHS,
MaroTh OyTH 3a0e3reueHi MPO30PO0 y3aralbHEHO 1H(QOPMAIIIE 100 OIIHKH
CTaHy MiJIPHUEMCTBA, OE3MEKOBUX MOKA3HUKIB, MOXIIMBOCTI CBOEYACHOTO BHSIB-
JICHHS “‘BY3BKHX MICIIh”; TIEPCIEKTUB PO3BUTKY, CTPATETIYHOTO IUTAHYBAHHS Ta
IHHOBAI[IITHO-1HBECTUIIITHIX MEPCIEKTUB; BUKOPUCTAHHS 1HBECTOBAHOI'O KarliTa-
Jy Ta KepyBaHHsI MpoekTamu (puc. 3).

¢ [lpo3opa y3aranbHeHa iHgopMalisa wopao:

__—
ouioncranyimpnencrss
| Ge3neKoBuX NOKASHUKIE )

¢ MOXX/IMBOCTi CBOEYACHOr0 BUSIBNIGHHSA:
_—

«BY3bKHX MiCLb»
NepCneKTHB PO3BUTKY .

¢ CrparteriuHe nnaHyBaHHA Ta iHHOBaLUiWHO-
iHBECTULIMNHI NEepCNeKTUBY, —

¢ BuKkopucTaHHA iHBECTOBAHOro Kamnitany

¢ KepyBaHHSI NpoeKTaMu

Puc. 3. ETanu nocsrHeHHS SIKOCTI B KOHTEKCTI CTPATEri9HOTO
1 TAKTUYHOTO MEHEDKMEHTY
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Matoth OyTH 4YiTKO BH3HAYCHI MMOKAa3HUKH, Tpadiku, aiarpamu, sKi Hacamrie-
pel ciiJl HaJjaTu Ha BHUIIMH piBeHb KepyBaHHA. B OCHOBI Mae€ jexaTu po3yMiHHS,
o 1HQopMaliiHUI MOTIK B OpraHizamii MycUTb 3a0€3MEYUTH JOCTYIHICTH 1
CBO€YACHICTh MEPEeBIpEHOi Ta TOUHOI iH(pOpMaIlii KepiBHUKAM 1 CIIEIliallicTaM yCiX
piBHIB. ToOTO 00CsTr 1HpOpMaLii, SIKUIl IepeJaeThcsi Ha PIBEHb, MAa€ 3MEHIIYBATHU-
cs, a 11 aHAMTHYHE HAMOBHEHHS Mae 3poctat. Cria nepeadaynt o0poOKy MOTOKY
JAHUX Ha KO)KHOMY OIIepaTUBHOMY piBHI, aHali3 Ta y3aranbHeHHs. Ha Bummii
1m1abesnb KepyBaHHs Ma€ HAJAXOUTH JIMILIE PETeIbHO MepeBIpeHuil 1 onpalboBaHui,
HAOYHO TpejcTaBieHuit oocsr iHdopmarii. Po3s’s3anHs 11i€i ipobIeMu JISKUTh Y
L[ApUHI CTBOPEHHS 1HTENIEKTYaJbHUX MOIYIIB, sIKi O CIyTyBajy MOpPaJHUKAMHU KO-
pHUCTyBaueBi, 30KpeMa 0co0i, sika MpHUiiMae pillieHHs 100 OTPUMaHHS KOHCOJIA0-
BaHOi iHpopmauii. OCHOBOIO Ui LUX MOXYJiB MAarOTh CIYIyBaTH 3HAaHHS
excreptiB. HeoOxiqHo chopmyBaTu uiTKuil Habip MpaBuJl, SIK1 MiJ] Yac 3alUTIB KO-
pucTyBaya 3abe3neumsin O BAKOHAHHS €TaliB 1 IpoLeayp Ha MOTPIOHOMY PiBHI.

Ta 11bOro HEIOCTATHBO, CIIJ KOHCOJIAYBAaTH B €IUHY CTpATEeriyHy 1HHO-
BalliiHy I1HTErpoBaHy CHCTEMY pi3HI cdepu IiSUIBHOCTI Ta (YHKIIOHYBaHHS,
HaJIAIITyBaTH €()EKTUBHUI B3a€MO3B’SI30K Y TMOCTAYaIbHO-30yTOBOMY JIAHITIOTY.
KoHcomiganis faHux — BakJIMBa CKJIa/l0Ba aHAIITUYHOTO IpOLECy, ska 3a0e3re-
9qy€e BUCOKHI PiBEHb NMPHUUHATTS PillieHb, BOHA JOCUTH CKJIaJIHA Ta OaratoeTarHa.
BTiM ynpoBajKeHHS Takoi MPOLEAYpH Yy NPOLEC IHTENEKTYyalbHOI MisJIbHOCTI
JlaCThb MOXJIMBICTh F€HEPYBaTH HOBY 1H(GOpMaIif0, BUABISATH IPOOJIEMU YU HOBI
aCIeKTH, 3HAXOUTH HEeTPAAULIIHHI CIOCOOU PO3B’A3aHHS.

XapaKTepHOIO0 03HAKOIO0 CHOTOJICHHS € TOsIBa €KCIEAUIIIMHUX KOMITaH1i HO-
BOT'0 MOKOJIIHHS — IU(POBUX eKcHenuiiil. [neTbes mpo Kommaxii, siki B yMOBax
TEXHIYHHUX, TEXHOJIOTIYHHX, IHQPACTPYKTYpHUX Ta (PiHAHCOBUX OOMEXKEHb 3 Me-
TOI0 BpaxyBaHHs Oi3HEC-IHTEPECIB YYAaCHHUKIB TPAHCIIOPTHOTO IMPOIIECY Mpallto-
I0Th Ha OCHOBI JIOTiICTHYHO-1H(POPMaLiHHUX TPUHIIHITIB.

Y konmexcmi euxonannsa 3aedansv 3 ynpagiinnua pyxom Kowmie ciio 3a-
Oe3neuumu KepyBaHHs 1HOPMAIIIEIO TIPO:

® CTPYKTypy 3araJibHuUX i TUTOMHX BUTPAT;

e npuOyTOK KOMIIaHIi;

e BIIOUTTA BCiX (DiHAHCOBHX OMEpaIliil 3 TPOIMIOBUMH 3aco0aMu Ta (iHaH-
COBMMH IHBECTHUIIISIMH B OyXraJTepCchbKOMY, MOJATKOBOMY Ta YIPaBIIHCHKOMY
00TIKY;

® JI0XOJlM, BUTPATHU Ta B3aEMOPO3PAXyHKH 3 KOHTPAareHTaMH MPOTEPMIHO-
BaHy 3a00proBaHICTh 3a MEPEBE3CHHsI, OTPUMAaHHS OIUIATH 3a HaJlaHi MOCITYTH.

VYopoBamxenHs nudposizaiii, HOBUX TEXHOJOTIH Ta MPOrpaMHUX IPO-
IYKTIB CHpUsi€ ONTUMI3aLil KaJpoBOi CKJIaI0BOI, IEPCOHATY aBTOTPAHCIOPTHOTO
M1IPUEMCTBA.
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3aB1aHHA ONEPATHBHOIO KEPYBAaHHS CIIPSIMOBAHO Ha Oe3lepepBHE 3a-
Oe3MeYeHHs TUCTIETYCPCHKUX CITYXkO JIOTICTUYHOTO JIAHITIOTa TEPEBIPEHOI0, aKTy-
aJHHOIO Ta aJIEKBATHOIO 1H(OpMaIIi€ro Mpo:

e 1epedir MaTepiaabHUX, TPAHCIIOPTHHUX Ta 1H(OOPMAIIHHUX TTPOLIECIB;

® pecypcH AJisi BAKOHAHHS 3aMOBJICHb;

® yXe 3J1CHEeHI IepeBE3eHHS.

30Kkpema, JOTiICTUYHO-AUCIeTYePChKa TisUTbHICTh Nepeadavae MmiAroTOBKY
3MIHHO-1000BOTO 3aBlaHHsA. KokHe 3aMOBJEHHST Mae OyTH 11eHTH(IKOBaHO,
BU3HAYEHO TPAHCHOPTHUH 3aci®, BOJIIB, MOMOMIKHE CIeliaJibHe O00JaJHaHHS.
tomo. [Hpopmariis HaOyBae HOpMHU TOBAPHO-TPAHCIIOPTHUX HAKIAAHHUX 1 MOJO-
poxHiX JHUCTiB. JlokyMeHTH € mxepenoMm iHpopmamii A po3paxyHKiB, Hapa-
XyBaHb Ta IUIAaHYBaHHS IICJIsI BUKOHAHHS 3aMOBJICHHS 1 TIOBEPHEHHS TPAHCIIOPT-
HOT'O 3aC00y /10 aBTOTPAHCIIOPTHOTO IMiMPHUEMCTBA, TOOTO JiSUTBHICTH JIOTICTHY-
HO-JTUCTIETYEPCHKOTO TMIAPO3/IUTY TOB’s3aHa 3 TEXHIYHMM 1 (piHAHCOBO-OyXrai-
TepchkuM. Hampukinaz, naHi mo10 BUKOHAHHS POOOTH 32 KOXHUM 3aMOBJICH-
HSIM; YMOB 1 Pe3yJIbTaTiB pOOOTH BOJ1iB HAIXOJATH ISl BIJIMIOBITHOTO OOMIKY 1
po3paxyHKiB. BoHu € migcTtaBoro Juisi MpOBENECHHS TEXHIYHHMX OTJIAIB Ta pe-
MOHTIB, BU3HAU€HHS Tapu(}iB Ha EKCILTyaTallil0 KOXKHOI MOJEJi TPaHCIOPTHUX
3ac00iB, MPOBEJCHHSA TEXHIYHOTO OOCIyrOBYBaHHS, BU3HAYCHHS MOTpeOH y ma-
JMBO-MACTWIBHUX MaTepiasiax 3a KOXXKHUM MapIIPyTOM 1 KOHKPETHHM aBTO-
MoOineM Tomo. Lludpoi TexHOMOrIT Ta CHCTEMH TPAHCIIOPTHOTO OOCIYTrOBYBaH-
HS CIIPSIMOBaHI Ha KOHTPOJIb, 30KPEeMa, SIKOCT1 BITHOCHH 13 KOKHUM KOHKPETHHM
CHOXHMBAaueM TPAHCIIOPTHUX MOCIYT UM Ha MiATOTOBKY 3BITIB 10 JE€p>KaBHUX KOH-
TPOJIBHUX OpPTaHiB TOIIO.

Maemo mam’siTati, Io came podoTa JOTICTIB 1 AUCHETYEPIB € TUM CTPHIK-
HEM, HaBKOJIO SIKOTO (DOPMYEThCS BCS 1HINA JiSUTBHICTH aBTOTPAHCIIOPTHOTO
nianpuemMcTBa. [lpudomy ieTscss He JUIIE MPO TEXHIUHI abo (iHAHCOBI CKia-
JIOBI, ajie i mpo (OpMyBaHHS MO3UTUBHOTO 3arajlbHOTO CIIPUIHSTTS 1 OLIHKU aB-
TOTPAHCIIOPTHOTO MiANPHUEMCTBA, 3a0€3MEUEHHS MaKCHMAaJIbHOTO 3a7[0BOJICHHS
KIiHIIEBOTO CIIOXKHMBAYa.

Indopmarniiina migcucremMa MmiaTPUMKA TPUHHSITTS ONEPATUBHOTO PIIlIEHHS
JIOTiCTa Ma€ OpIEHTYBaTHUCSA HA LUK HAOIp (pakTopiB Ta yMOB, 30KpeMa (hopmy-
I0YU PO3HAPSIKM HA BUITYCK aBTOMOOLTIB Ta OOPMITFOIOUH MUISIXOBHUH JIUCT, BiH
Mae OyTH JOMYIICHUH 0 ONEepaTUBHOI MEepeBipeHoi i TouHOI iHdopMaIrii momao
NPUIATHOCTI aBTOMOOIIIS IS BUKOHAHHS PEUCY 32 TAKUMH MTOKa3HUKAMHU:

® THII, MOJIEJb 1 00JIaTHAHHS TPAHCIIOPTHOTO 3acO0y:

" HOMEpH JepKaBHOI Ta BHYTPIIIHBOI peecTpallii, HOMEpH JBUT'YHa, IIaci,
Ky3oBa, VIN, koumip;

® 3aKpIIUICHI 3a TPAHCIIOPTHHUM 3ac000M BOjIi, Tpadik poOOTH Ta OI[IHKH
JISUTBHOCTI, 1X MEIUYHI JOBIJIKH, BOJIMNCHKI OCBITYEHHS TOIIIO;
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" BAHTAXHICTH 1 BJIaCHA Bara, XapaKTepUCTHUKA MPUYEIIIB;

" KUIBKICTh OCEH 1 KOJIIC; THI ABUTYHA Ta MOTY>KHICTh, HABAHTAXKCHHS HA
BICB;

* rabapuTHI i1 KOPUCHI PO3MIpH;

" XapaKTepUCTUKa HEOOXITHUX MAJIUBO-MACTHIILHUX MaTepialliB Ta HOPMHU
IX BUTpaTH;

" CTaH IIMH, aKyMyJSTOpa; HAasBHICTb OyAb-KOTrO I1HIIOTO OOJIaHAHHS
anTeyKy, 3B’ 3Ky,

® XapaKTEePHCTHKA BAHTAXKY:

" HOMEHKJIATypa, aCOPTUMEHT;

* (Hi3UKO-XIMIYHI XapaKTEPUCTHKH BaAHTAXY;

* 0o0csr NpoayKIlii y HaTypaJbHOMY Ta BapTICHOMY BHMipax (Barosi napa-
METpHU: 3arajibHa maca, Bara-OpyTTo, Bara-HeTTO; rabapuTHI mapameTpu: 00’eM,
iouia, JiH1HHI po3MIpH);

" Tapa Ta croci0O naKyBaHHS;

" BIAMOBITHICTH BAHTAXY TPAHCIIOPTHOMY 3ac00Y;

® YMOBHU JJOTOBOPIB KYMIBIII-IIPOJAXYy, 30KpeMa, YMOBH IIOCTa4aHHsI, Iepe-
Ja4a y BJIACHICTb;

® yMOBH TpaHCHOPTyBaHHs Ta cTpaxyBaHHsa (KAPI'O);

e OpOHIOBaHHS KOHTEHHEPIB;

e 1iepeOyBaHHS B MOTOYHOMY PEMOHTI; 3alJIJaHOBaHI TEPMIHUA TEXHIYHOTO
00CITyroByBaHHS; 3aMiHa LUIMH 1 aKyMYJIITOPIB;

® HasABHICTh JIOKYMEHTIB 13 3akiHuyeHuUM TepMinoM nii (momicu OCATIO,
KACKO, ceprudikaru TOI10);

e [JJaHOBa COOIBAPTICTh MEPEBE3CHHS, HASABHICTh MaJMBHO-MACTHIIBHUX
MaTepiaiB.

OyHKIIOHATBHI MOXKJIMBOCTI 1H(POPMAIIIHHOI CHCTEMH MAalOTh 3a0€3MEeUNTH
KOPHUCTyBa4aM MOKJIMBICTh BIJICTE)XYBaTH:

® 33 KOXHHMM TPAaHCHOPTHHUM 3ac000M MpoOir (mpoOir i3 BaHTaXxkeM 1 Xo-
JIOCTHI) 1 MPOCTiH, TOKa3aHHS CIIJOMETPa, KUIBKICTh X0JI0K, 0OCST MepeBE3€HOTO
BaHTaXY;

® TEXHIKO-EKCIUTyaTaliiHi MOKa3HUKU:

" HampaifoBaHHs 00JaJHaHHS;

" KapTKy poOOTH TPAaHCIOPTHHX 3aCO0iB;

* niarpamy crany T3;

"  MiCIIe3HAXO/KEHHS, CTaH aBTOMOOIIIB (3aIlIaHOBaHUM y peiic, mepedy-
Ba€ B peiici, B pEMOHTI, 3aKOHCEPBOBAHUI TOIIO).

BopHouac, monpu motpely 3abe3redeHHs MaKCMMAaJbHOTO 3aJJ0BOJICHHS
KIHIIEBOT'O CIOXHMBAaya, 11010 HHOr0 Mae OyTH HEepeBipeHl MIaTOCIPOMOXKHICTD,
BIJICYTHICTb 3a00pOH Ha NIEPEBE3CHHS KOHKPETHOTO BaHTaxy. CItiz mepeadaunTu,
o0 JacTuHa iH(OpMaIiiHOT CHCTeMH, CIIPSIMOBaHA HAa OpraHi3aIliio OrepaTHB-
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HOTO KEpyBaHHS, COHpanacs Ha Taki KIIOYOBI TMOKa3HHKH, SK COOIBapTiCTh,
CTPYKTypa BUTpAT, piBEHb MPUOYTKOBOCTI, €)EKTUBHICTh BUKOPUCTAHHS TPaHC-
nopTHUX 3aco0iB. Tomy mOTpiOHO mepeadaynTH 3A1MCHEHHS PO3PAXYHKIB
BapTICHUX MOKAa3HHKIB MEPEBE3EHHs 3a HAOOPOM MapameTpiB, SKi MaIOTh ypaxo-
BYBATHCS MiJ] Yac MPUHHATTS pillIEHHs JIOTiCTOM 1 aucnieTuepom. Hacamnepen me
CTOCY€ThCS TUTAHYBaHHS BapTOCTI MEpPEeBe3CHHS Ta OONIKY HaJaHHX TPaHCIIOPT-
HUX TIOCIIYT.

KoHnconinoBanuii iHpopMaliiHUi pecypc Mae MICTUTH MOAYJb, SKUH
n03BOJIsIE (hOPMYBATH PaXyHKHU aKTiB 1 PEECTPIB 3a HaJaHI MOCIYTH, HA TiICTaBi
PO3paxyHKy BapTOCTI TPAHCIOPTHUX MOCIYT 13 3aCTOCYBAaHHAM MPEHCKYpaHTIB 1
tapudiB, 00JIK OTPUMAHKUX 3aMOBJICHb.

[Tin yac mpUMHATTA pileHHS MOAO0 (iHAHCOBOI MOMIIBHOCTI BUKOHAHHS
3aMOBJICHHSI Ma€ OyTH 3JiHCHEHa OLIHKa (DIHAHCOBOI BUTOJAM BiJ MEPEBE3CHHS
HIISIXOM BH3HAYCHHS OUiKyBaHOI pPeHTa0eIbHOCTI EpEeBE3CHHS.

[InanyBaHHA Ta KOHTPOJb 3@ HAIAXODKCHHSM 1 BHUTpaTaMu IajJHBHO-
MAaCTWJIBHUX MaTrepialliB, 3allaCHUX YaCTUH HAJla€ MOXKIIMBOCTI ISl ONTHMi3arlii
BUTpAT. Y yacTuHi 00JIiKy HasBHOCTI Ta PyXy MaJMBO-MACTUIBHUX MaTepiaiB 3a
KOKHUM TPaHCIOPTHUM 3ac000M MaroTh OyTH HaJlalITOBaHI HOpMH BUTpat. Ciij
3MIMCHIOBATH TOPIBHSIHHSA (DAKTHYHUX BUTpPAT 3 HOPMATHBHHMH, BECTH OOJIIK
HA/IXO/DKEHHS, BUJlaul Ta BUTPATH, SIKUM MIJKPIIUIIOBATH JAOKyMeHTamMH. BoaHo-
4yac MaloTh OyTH BpaxoBaHI YMOBU IEPEBE3EHb UEPE3 3AJEKHICTh BUTPAT MAIbHO-
IO Bijl IOTOJHUX YMOB Ta YMOB €KCILTyaTallii.

Po3paxyHok BUTpaT nmajuBa Ma€ BIANOBIIATH YAHHOMY 3aKOHOJIABCTBY, 30-
KpeMa JaBaTu MOXIIMBICTh PO3PAaXOBYBAaTH TaKi BUIU BUTPAT:

JIiHIHA BUTpAaTa Ha Mpo0ir;

BUTpAaTa Ha MPOCTIH 13 IPaLIOI0YUM JBUTYHOM;

BUTpaTa Ha TPAHCTIOPTHY POOOTY i HA 3MiHYy BIIAaCHOI Baru;
BHTpaTa Ha poOOTy 00irpiBaua;

BHUTpaTa Ha POOOTY CIIe100IaIHAHHS;

BHUTpATa Ha JOJATKOBI OMepaltii;

BUTpaTa Ha 3aIyCK JBUTYHA;

BUTpaTa Ha MpOOIr Mij Yyac BUKOHAHHS CIIeNiaJbHOI poOoTH;
Ha70aBKH (CE30HHI Ta 3a pOOOTY y BOXKKHX YMOBAX).

Cnig mepen®ayuTH pi3HI TUIM 3alpaBOK TPAaHCIOPTHUX 3aco0iB, JIOMy-
CTUMICTP iX 3I1MCHEHHS 31 CKJIaay Ha MiANPHEMCTBI, B 1I0po3i (3a TOTIBKY, 3a Ta-
JIOHaMH a0o Yepes3 MJIACTUKOBY KapTKY), B 3AMOBHHKA.

[TincymkoBy iH(OpMaIIifO TOIIIBLHO MOJATH Y 3BiTax MPO:

® pyX MaJUBHO-MACTWJIBHUX MaTepiaiiB, HAJXOPKEHHS/BUTPATH;

® 3arpaBKU TPAHCIIOPTHUX 3aCO0iB;

® BHUTPaTH NAJMBHO-MACTUIBHUX MaTepiajiB I10JI0 BOIIB;

e BIJJOMOCTI BH/Ia4l TAJIOHIB, TOTIBKH, KAPTOK, OTPUMAHUX KBUTAHIIIM.
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HismpHICTE 'y cdepi aBTOTpaHCHOpTy Tmepeadadae 3HAYHUN 0O0cCsAT
CKIIQJICBKUX Ollepaliid, ToMy iHpopMaliiiHa cuctemMa mMae 3a0e3MeduTu MpoBe-
JIEHHSl HAJXO/DKEHHS TOBapiB 1 MaTepiasliB Ha CKJaJ, BHYTPILUIHE MEPEMIILIEHHS
MK ckinagamu. Cruig mependadyuTd Mpolenypy CHUCAHHS OJHHUM 31 CHOCO0iB:
OIDO, JIIDO Ta 3a cepennim. Crienndika ramysi moTpedye BUHECCHHS B OKpe-
Muii 610K Ta BeJeHHsS JOKIAJHOrO OOJiKy KOMIOHEHTIB. IX moTpiGHO Bpaxo-
BYBaTHU B PO3pi31 KOXKHOI OKpPEMOi OJIMHUIIL, 30KpeMa HAEeThCS MpO IIWHU, aKy-
MYJIATOPH, AlITEUYKH TOLIO0. 3Ba)Kal0OUM HAa OCOOJIMBOCTI IPYIU Ta HENEPEPBHICTh
MPOIeCy BUTPAYaHHS, JOMUIFHO NEPeAOadYnTH JJIsI HUX JOJATKOBI MOXKJIMBOCTI
10710 OOPMIIEHHS JOKYMEHTAII].

3BepTaemo yBary, 1o indopmariiiiina mijcucrema o0JiKy Ta IHBEHTapu3alli
Mae€ 3IiMCHIOBAaTH BCEOIYHMN JeTaqbHUM OONIK HE JIMILIE arperariB, MajJuBHO-
MacCTWJIBHUX MaTepiaiiB 1 TEXHIYHUX PIJUH, 3allYaCTUH 1 BUTPATHUX Marepialis,
asie i HaBaHTaKEHHS BOIIB, moAgopoxHix auctis, JITII i mtpadis Tormo.

OntuMizaliis BOAIMCHKOTO CKJIaay Mae€ 3A1MCHIOBATHCS Ha 3acajax OILIHKH
e(eKTUBHOCTI BOAIiB, MOTHBaLii Ta omnaTH npaui. Came ToMy AOLIBHO MTPOBO-
OUTH OOJIIK 3IMCHEHUX IEepeBe3eHb, PO3paxoByBaTH poOOUMil 4Yac BOAIIB 1
HapaxyBaHHs 3ap0o0iTHOI IUIATH 3a JOPOXKHIMU JUcTaMu. HeoOXiqHO TOKyMeHTy-
BaTH OLIHKHU SKOCTI pOOOTH, TOTaHU, MO3UTHBHI T4 HETATUBHI BIATYKH, 0COOJIU-
BOCTI. 3BepTaEMO yBary, 1o Leil MOJyJIb HE € OKPEeMUM, BiH TICHO MOB’A3aHUH 13
(dhopMyBaHHSIM PO3HAPSIKA Ha BUITYCK aBTOMOOUTIB Ta 0()OPMIICHHSM IIIISIXOBOTO
1 peMOHTHOTO JucTa. [t BigOUTTA peaniil ciij nepeadaynTu AeKiibka crioco6iB
3nilicHeHHs1 HapaxyBaHb. [loTpiOHa cucrema QuibTpiB, AKka 0 BU3HaAyYaja crocid
HapaxyBaHHs Ta Tapu@ 3a KOHKPETHUMH KPHUTEPisIMU: MaplIpyT, TOBap, TPaHC-
MOpTHUH 3aci0, koHTpareHT. ToOTo ciia nependauuT HapaxyBaHHS 3a: BIIPSA-
HUMH Tapudamu Big BUPOOITKY; (PIKCOBAHOIO CyMOIO; BiJICOTKOM BiJ BUTOPTIY;
BIJICOTKOM BiJ 1HIIMX HapaxyBaHb. BoHOUYac MOTPIOHO BKIIOYUTH B pO3paXyHKU
JIOTINIATy 32 HIYHI TOWHU Ta mTpadHi CaHKIII].

[Ile omHiErO MOMIHAHTOIO B KOHCOMIOBaHIN 1H(MOpMAIiHIA CHCTEMI aBTO-
TPAHCIOPTHOTO MiJANPUEMCTBA Mae OyTH CKJaJoBa, sika 3a0e3leuye KepyBaHHS
CepBICHUM OOCITyTOBYBaHHIM 1 peMoHTaMu. Crij mependaunT Ta peaizyBaTH
¢GyHKUI TUIaHYBaHHS TEXHIYHOTO OOCIYTOBYBAaHHS W PEMOHTIB TPAaHCIOPTHHUX
3aco0iB. [Ipu 11boMy MOTPIOHO TTaM’ITATH TIPO MOKIIMBICTH ITPOBEICHHS iX, K Ha
BJIAcHIH pPEMOHTHIN 30HI, Tak 1 B CTOpPOHHIX aBTocepBicax. Cucrema Mae
3MIMCHIOBATH OOJIIK: 3aMOBJICHh Ha peMOHT (00JIIK 3assBOK Ha PEMOHT, 00JIIK arpe-
raTiB) Ta IUIAHOBE 1 CepBiCHE OOCIYrOBYBaHHS; BXKe MPOBEACHUX orepauiid. Mo-
TyJIb O0JTIKY pEeMOHTIB Ma€e (pOpMyBaTH 3BITH JIJIs1 aHATI3Y BCIX BUKOPUCTAHMX ITiJT
yac pEMOHTY BUTPATHUX MaTepiajiB i 3amyacTuH. JlopeyHO nependayuTu CKia-
JAHHSI PEUTHHTIB aBTOMOOLTIB 32 BUTpAaTaMH KOIITIB Ta 4acy Ha PEMOHT, MOJIaB-
1 ix y rpadiuniit popmi.
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JlomiibHO BECTH OOJIIK BUTPAUYCHHUX 3allaCHUX YaCTHH, BIACTE)KYBATH iX pyX
y CKJIAJChKIN cuctemi. Po3rissHemo, ik Ma€e BECTUCS OOJIK JaHUX y paMKax Iuia-
HOBOTO TEXHIYHOro 00cmyroByBaHHs. [lopsnok mepembadae po3risii KOXKHOTO
TPAHCHIOPTHOTO 3ac00y, BUXOJMYM 3 TAKUX MapaMeTpiB, K MPoOir, HalpalioBaH-
HS B MOTOTOJHMHAX, KajeHaapHa mnepioawuHicTh. Crnenudika podotu moTpedye
OKpeMO MNepedaunTy 3aMiHy IIMH, aKyMYJIATOPIB, (PUIBTPIB, 3aIIPaBICHHS BOIHE-
FaCHUKIB Ta JOYKOMIUIEKTYBAaHHS alTE€4yoK. 30KpeMa, aHaji3 MOTOYHOTO 3HOCY
BCTAHOBJICHUX B 1161 MOMEHT Ha aBTOMOOLII IIMH MAa€ BECTHCh HA MiJCTaBl JaHUX
moao mnpobiry. Takuil miaxil yMOXJIMBUTh BHM3HAYUTH NPOTHO3HI TEPMiHH
3aMiHU, 3aIJIaHyBaTH MOTPEOU MMiIIPUEMCTBA, 3AICHUTH BUT1IHY 3aKYIIiBIIIO.

Maemo Haragatw, 1o JUIs peajizaiii ynpaBTiHCHKUX (YHKIIH, 3a0e3re-
YEeHHsI IUIIJTHOTO aHali3y 1H(QOpMAaIio JIOIUIBHO Nepen0adynTH, y3arajlbHIOHuu
3BITH 3 YCIX 3aIJIaHOBAaHUX 1 MPOBEJCHUX TEXHIYHUX OTJISIB.

BHCHOBKM 3 JaHOT0 JOCJTiIKeHHS i NepCNeKTHUBH NMOJATbIUINX PO3BIIOK
y AaHoMy HampsiMi. Y cTaTTi 3alporOHOBAHO METOAOJIOriI0 MOOYyIO0BH KOH-
COJIIIOBAHOTO 1H(POPMALIIHHOTO Pecypcy, CIPSIMOBAHOTO Ha 3a0e3rneucHHs edek-
THUBHOI CHCTEMH KEPyBaHHS aBTOTPAHCIIOPTHHUM ITiAnprueMcTBOM. OCHOBHOIO TIepe-
Baroo € Te, IO BIH MICTHTh y cO0l BCIO HEOOX1HY Ta 00’ €KTUBHY iH(]OpMaIlio, a
1€ J]a€ MOKJIUBICTD IIBUJKO Ta SKICHO BUKOHYBATH MOCTaBJICHI Mepe]l KOPUCTYyBa-
yaMu 3aBIaHHs. [lepcriekTHBHICTh 3aCTOCYBaHHS 1H(OPMALIIHOT CUCTEMH /ISl aB-
TOTPAHCIIOPTHUX MINPHUEMCTB 1 JIOTICTUYHUX MiAPO31IIB HECIIPOCTOBHA, OCKLIb-
KA YMOXJIMBUTH YAOCKOHAJIUTH CUCTEMY MPUHHATTS YHPABIIHCHKUX DIllIeHb, OM-
TUMI3yBaTy pOOOTY, MOKPALIUTH €(EKTUBHICTb.
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B. B. KocTeHKo, cTapwunn Buknaga4
Kacbeapu KOMM'IOTEPHUX HAyK Ta iHXeHepii
nporpamHoro 3abesneyeHHs
YHiBepcuUTEeTY MUTHOI Cnpasu Ta giHaHCIB
O. ®. bynrakoBa, cTapLwunin BUknagay
Kacpeapu KOMM'IOTEPHUX HayK Ta iHXeHepil
nporpamMHoro 3abeaneveHHs
YHiBepcuTEeTY MUTHOI Cnpasu Ta giHaHCIB

BUKOPUCTAHHSA TEXHOJIOT'T AUGMENTED REALITY
B IPOTPAMHOMY 3ABE3ITEYEHHI
JIJIA IHTEPAKTUBHOI BI3YAJIIBAILIIL TPUBUMIPHUX OB’€EKTIB
HA ITPOMUCJIOBUX NIIAITPUEMCTBAX

Poszenanymo axmyanoui numanHs 3acmocy8aHHs MOXCIUBOCHEU 3Ac00i8
CYUACHUX [HGOPpMAYIIHUX MeXHONO02IU, MAaKux 5K OONOBHEHA peanlbHiCmb —
Augmented Reality, ons nidsuwenns egpexmusnocmi Odisnbnocmi ma 3abesne-
uenHs be3neku NPoMuUciosux nionpuemcms. [locaioxcyemocs npoepamme 3a6e3-
neuenus 0/ peanizayii iHmepaxmueHoi 8izyanizayii mpusumipHux oo’ exmie 3a-
cobamu OONOBHEHOI pearbHOCMI 8 PealbHOMY HACi 8 pealbHOMYy macuimadi 3
@yukyiero 30epedxcennus ma nepedavi cyew 3 00 ’€Kmamu HaA MAco8i MOOLIbHI
nPUCMPOoi, Wo 0a€ MONCIUBICINb eKOHOMUMU KOUMU NIONPUEMCMBA 30 PAXYHOK
3aMIHU BUKOPUCMAHHS 00P02020 0OIAOHAHHA MA MeXHON02il Oilb 0oCmyn-
HUMU THHOBAYTUHUMU DIULEeHHAMU.

© KO. B. YabsinoBcbka, T. M. PynsinoBa, A. O. Ouemyk, B. B. Kocrenko,
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KirouoBi cnoBa: donosunena peanvHicms, npoekm;, munu OAHUX, KOMA t0-
mepHa epagika; npoepamme 3a6e3neyeHHs.

Paccmompenvt  akmyanvhvie  6onpocvl  NpuUMeHeHus — 803MOMCHOCMEU
cpeocme CoBPEeMEHHbIX UHDOPMAYUOHHBIX MEXHOIO02UN, MAKUX KAK OONOTHEHHAs
peanvnocmu — Augmented Reality, ons nosviuwenus agpgpexmusnocmu dessmens-
HOCMU U obecneveHus 6e30NACHOCMU NPOMBIULIEHHBIX npeonpusmuil. Hcciedy-
emcs npoepammHoe obecnederue 01 pedaru3ayul UHMepaKmueHol 6U3yatu3ayuu
MpexmMepHblX 00BEeKMo8 cpedCmeamu OONOJTHEHHOU PealbHOCMU 8 pPedlbHOM
8peMeHU U 8 pealbHOM Mmacumabde ¢ yHKyuell coxpaneHus u nepeoadu cyeH ¢
00vbeKmamu Ha MAaccogvle MOOUNbHBLE YCMPOUCTEA, KOMOPAs NO360./15em IKOHO-
MUmMb cpedCcmea npeonpusamusl 3a cuem 3ameHsbl UCHOIb308AHUS OOPO2OCHOAUYE2O
000pY008aHUs U MEXHON02UL Dolee OOCIYNHLIMU UHHOBAYUOHHBIMU PEUUEHUAMU.

KitroueBbie ClIOBa: Q0NOIHEHHAs. peanbHOCHb, NPOeKnm; Munbl OAHHBIX,
KOMNbIOMEPHAs 2papuKa; npocpammuoe obecneyetue.

The digital economy is an important vector of the National Economic Strat-
egy of Ukraine. The digital economy opens new opportunities and incentives for
various areas of domestic business, including the development of industrial en-
terprises. Among the modern available digital technologies, the article considers
one of the most promising technologies — augmented reality. Interest in augment-
ed reality is shown by industrial enterprises that invest in its development, which
contributes to its spread and improvement. This paper investigates the methods of
application of AR in industry. The software application with the technology of
interactive visualization of three-dimensional objects is implemented in the work.
objects by means of augmented reality in real time and on a real scale with the
function of storing and transmitting scenes with objects in space to mass mobile
devices for implementation in industrial enterprises. Thanks to the existing scien-
tific achievements in this field, analysis and synthesis of publicly available scien-
tific works, the authors formed the main provisions of augmented reality and con-
sidered the main elements of this process in the chosen field. The experimental
part of the work was performed using a set of development tools for ArCore
tracking.

A feature of the proposed system is the ability to create and manage a
group of objects, presenting objects in real size and in real time for mass mobile
devices. It was possible to change the parameters of augmented reality objects
when visualized by entering a block of generalized parameters, which speeds up
the interaction and includes the ability to change in real time and simplify the us-
er interface. The mechanism and algorithm of manipulation of virtual three-
dimensional objects in space with the use of input methods with the possibility of
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simultaneous movement and rotation, as well as the speed and stability of work
and the technology of hiding objects are implemented.

A promising area of the study is the application of developed technologies
in various industries.

Key words: augmented reality; project; data types; computer graphics;
software.

ITocranoBka mpodiemu. L{udpoBa exoHOMiKa € Ba)XJIMBUM BEKTOPOM
HanionansHoi ekoHOMIUHOI cTparerii kpainu 10 2030 poky. Hudposa exonomi-
Ka BIIKPUBA€ HOBI MOKJIMBOCTI Ta CTUMYJIU JJIs Pi3HUX cep BITUUZHAHOTO 0i3-
HEeCy, B TOMY YHCJI1 JUIsl PO3BUTKY IPOMUCIOBUX HignpueMcTs. B HamionanpHii
eKOHOMIYHi# cTparerii Ha nepiog 10 2030 poky OJHI€I0 31 CTpaTEeriYHUX LiJIeH
PO3BUTKY TPOMHCIIOBOCTI BHU3HAYCHO BIPOBAKEHHS B YKpaiHi pecypco-
epextuBHUX TexHoyorii [1]. Cepen cyyacHUX JOCTYNMHUX LU(MPOBUX TEXHOJIO-
rii MOXHA BUJIUIMTH HAaWOUIBII MEPCIEKTHBHI, a caMe: JIONOBHEHA PeabHICTh
(Augmented Reality a6o AR), 3mimana peanbricts (Mixed Reality abo MR),
BUKOpHUcCTaHHs Benukux gaHux (Big Data), 6mokueitn (Blockchain), mryununii
inTenekt (Artificial Intelligence). Ilpu oMy AR Ta MR, 30kpema, manu 3a
OCTaHHE JNECATUIITTA JOJATKH, IO JEMOHCTPYIOTh €(EKTUBHHI IMOTEHINANl y
PO3B’s13aHHI TPOOJIEM IPOMUCIOBUX MIAIPUEMCTB [2].

Po3poOka MeroniB iHTerpauii TeXHOIOriH 3 miaTpuMkoo AR B mpomucio-
BICTb € JIOCUTh aKTyaslbHOIO MpoOiemoro. Hemae takoro Oi3Hecy, /i HE MOXKHa
Oyno 6 3actocyBatu AR a1 miABUINIEHHS MPOAaXK, MOMYJISIPHOCTI OpeHy, edek-
TUBHOCTI pOOOTH, HaBYAHHS, IMIBUIKOCTI BUKOHAHHS OyIb-sKUX Omepamiid Ta ix
TOYHOCTI, HAITPUKJIAJ: IHTEpHET-013HEC; BUCTaBKH, KOH(EPEHIIil; OpraHi3aiisi Be-
JIMKMX 3aXO0JiB JUIS MOKa3y MPOTOTHIIIB YCTAHOBOK, MAIIIMH 200 1HIIUX MPOJYKTIB,
SIK1 HEMOXKJIMBO MPUBE3TH Ha 3axij, a00 BOHM IIie mepeOyBaroTh Ha CTafii po3poo-
KU; 1BEeHT-013HeC; HABYaHHS CMiBPOOITHHUKIB; ONTHUMI3allisl MPOLIECIB 1 CepBiCHE 00-
CIIyrOBYBaHHS; piTeitn; mporpamu nosuibHOCTI 3 AR/VR; ymakoBka 3 10moBHe-
HOIO PeaJIbHICTIO; MPOCYBAaHHS B COLiaJIbHUX Mepexax [3]. Bukopuctanus mud-
POBHX TEXHOJIOTIH, sIKi BOyZOBaHI B MOOUIbHI MPHUCTPOI MAaCOBOI'O CHOXHUBYOIO
PHHKY, B SIKOCTI 3aMiHU TPaJUIIITHUX TEXHOJIOT1H, MOXYTb JIETKO CO01 103BOJIUTH
MIPOMHUCJIOBI KOMTIaH1i, 3aBASKHA IXHIM HEBEJIUKIM BapTOCTI, KPIM TOTO, po3podKa
BUIII€3a3HAYCHUX MPOEKTIB Ta iXHs 1HTErpaiisi y BUPOOHHUY IisUIbHICTH MOXE
OyTH e(peKTUBHOIO 1HBECTHIIIEIO PO3POOHUKA.

AHaJi3 ocTaHHIX aociailkens i myoaikamiii. HeoOxigHicTh B e(heKTUBHUX
cucTeMax BUPOOHUIITBA IIMPOKO BU3HAHA SIK KEPIBHUKAMU Tajly3ei, Tak 1 B aKaje-
MIYHUX KOJIaX, sIKi pO3pOOJIAIOTE METOIOJIOTI] 1 MIAXOAH JUI MiABUIICHHS 1X edek-
TUBHOI poOoTH. {7151 TOBHOTO pO3yMIHHSI MaTepialy MOTPIOHO YITKO PO3MENKOBY-
BaTH MOHATTA JONOBHEHOI Ta BipTyanbHOi peanbHocTel. Lli 1Ba MOHATTS po3Mexo-
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BYIOTBCSI TUM, 110 BIpTyajbHA PeajbHICTh — 1€ A0COTIOTHA B3a€EMOJIS 3 TUM YU 1H-
IIMM €JIEMEHTOM Yy BIPTyaJIbHOMY BHMipi, TOAl SIK JONOBHEHA PEabHICTh 1€ 1H-
CTPYMEHT 1110 NOB’s13y€ y co0l JiBa CBITU — pealbHUll Ta BipTyaibHUil [4]. [lonos-
HeHa peanbHicTh (AR) — 11e yHiBepcanbHH IHCTPYMEHT sl 30aradyeHHs peanbHO-
ro cBiTy UM(ppoBUM KOHTEHTOM. Po3milryroun iH(popMaliiro BIpTyaJbHO Ha rOJIOB-
HUX MPHUCTPOSIX, KOPUCTYBay MOXKE BUKOHYBATH Pi3HI 3aBIaHHS 06€3 JOIOMOTH PYK.

Texnomnorii AR 3acTocoByrOThCS B pi3HUX cepax. Tak, TiraHT yKpaiHChKO-
ro MoOiIBbHOTO 3B 53Ky KuiBcTap Bie Ma€ JOCSATHEHHS Y HanpsiMi BUKOPUCTAHHS
JIOTIOBHEHO1 peanibHOCTI B cepl pexsiamu. OHUM 13 MEPIIUX HOro J0JaTKIB € J0-
narok Kyivstar Reality, skuii 0xuBIIsie cTaTHyHE 300pa’keHHSI B PEXKHUMI peasibHO-
ro yacy mpsMo Ha ekpasi cmaptdona [5, 6]. Cepen ykpaiHChbKMX KOMMaHiH, 110
IPALIOIOTh y cdepi JOMOBHEHOI pealbHOCTI, MOYKHA Ha3BaTH crapran Simo AR —
PR Ta MapkeTHHroBHii iIHCTpYMEHT, @ TAKOK CEPBIC Bi3yalbHOTO MOIIYKY VIS 1H-
TepHET-Mara3uHiB, y IUIaHaX SIKOI'O — CTBOPEHHsI MOLIYKOBOrO Opay3epa 3 J10MOB-
HEHOIO PEANbHICTIO, 11 1aCTh MOKJIMBICTh KyIyBaTH TOBApH B OJUH KIIIK 3a JI0-
nomororw kamepu cmaprdona [5, 7]. CrapTan BUKOPHUCTOBY€E XMapHi PIlIEHHS Ta
BXE CTBOPUB MOOUIBHUI 10/1aTOK, SIKUH PO3ITi3HAE 300pa)KeHHS Ta JIOMIOBHIOE HO-
ro BipryanbHuUM KoHTeHTOM: 3D, HTMLS, Bineo. BiieokOHTEHT — 11 aHOHCH Io-
nii, Tpernepu 1o GiabMiB, pekiama. [lanopamy B 360° MOKYTh BUKOPHCTOBYBATH
pienTopchki kKommaHii Ta Typarenuii. 3a gonomororo HTMLS5 moxHa mpoBoautu
OIMUTYBaHHS Ta KBECTH, CTBOPIOBATH MiHi-irpu. 3D-dyHkiionan mimiiiae 3a0ymaoB-
HUKaM 1 IU3aiiHepChKUM KOMTaHisiM — B 3D MoxHa 1moka3aTu 1oma ta 00’ ektu [7].
3a3HauyeH1 NiAX0IU aKTyaJbH1 TaKOXK JUIsl HPOMMCIIOBUX HIANPUEMCTB Y KOHTEKCTI
pO3MillIeHHsT 00JaHAHHS, MMPOEKTYBaHHSA HNPUMIILECHb, TUIAHYBAaHHSA TakUX AiH y
BUIAJKY aBapiii, Ik eBakyaris ToIlo.

HesBaxaroun Ha nepeBaru AR, Take momanHs iHpOpMaLlii € HIIlIEBUM J0JaT-
KOM Yy BUpOOHUYiH iHaycTpii. [loku He 3po3yMisio, YM MOB’sA3aH1 NPUYMHH 3 J0-
CTYITHOIO TeXHOJIOTi€t0 AR abo 3 piBHEM NpUHHATTS KopuctyBaueM [8]. OcHOB-
Hi BJIACTHBOCTI CHCTEMHU JOTIOBHEHOI PEAJIbHOCTI: MOEJHAHHS BIPTyaJIbHOTO Ta
peanbHOro CBITY, B3a€EMOJIis B peajbHOMY Yaci, podorta B 3D.

AR 1 MR HHMHI 94acTO 3aCTOCOBYIOTHCS HE TITBKH B JJAOOPATOPHUX MacCIITa-
6ax, aje 1 Ha MPOMHUCIIOBOMY PiBHi, 0COOJIMBO y BUpOOHHMYOMY cekTopi. barato
nporpaMm AR/MR MoxxyTs OyTH aKkTyasbHi 11 MOHITOPUHTY i IEPEBIPKU SIKOCTI,
CKJIaJjaHHs, 00CIIyroByBaHHs Ta 6e3mexH [9].

[utanHss BIpOBaKEHHS JOMOBHEHOI PEaTbHOCTI y TPOMHUCIOBINA cdepi
OyJio pO3IJISIHYTO Ha mepuioMy ycraHoBuoMmy koHcopiiymi ARVIKA [10]. ¥V
IIOMY HPOEKTI B3SUIM y4acTh KiIbKa YHIBEPCUTETIB 1 KommnaHii 3 Himeuuunu, 30-
Kpema, 3 aBroMoOiIpHOTrO migpo3ainy [11]. J. Friind, J. Gausemeier, C. Matys-
czok, R. Radkowski B [12] 3anpornonyBaiu oaus goaatok AR killer mist mpomuc-
JIOBOCTI MOJIJIMTH Ha MPOMUCIIOBI 30HH, 1110 BUKOPUCTOBYIOTh AR, BiANOBIAHO /10
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MPOAYKTY 1 HOTO BJIACHOTO JKUTTEBOTO IUKITY, a came: JU3aiH MPOIYKTY, BUPOO-
HUIITBO, BBEJCHHS B EKCIUTyaTaIlilo, OTJISA 1 TeXHIYHE OOCITyroBYBaHHS, BUBE-
JIEHHS 3 eKCIUTyaTallil Ta pEeKOHCTPYKITis.

VY crarti [13] gaHo ominky peasibHOi MR-crucTeMu MoOpiBHSHO 3 KOMEpITiH-
HOIO TPUBHUMIPHOI PO3IOAICHOI0 CHCTEMOIO OTJIIAY MPOEKTY B TPHOX ACIHEKTaX:
JIOCITI/PKEHHS TOT0, K KOPUCTYBadl CIPUIMalOTh BipTyaibHI MOJIEII B MaTepiab-
Hiii MR-cucTeMi B TOpIBHSHHI 3 KOMEPIIIHHOKO CUCTEMOIO, BUMIP BITHOIIECHHS KO-
pucTyBauiB 10 eeKTUBHOCTI MarepiaabHOi MR-cuctemu 1 BUsBIEHHS IpobieMm,
1o noB’si3aHi 3 MR-inTepdeticom. [lokazano, mo peansna MR-cuctema Moxe To-
JIETITUTH PO3B’SI3aHHS MPOOJIEM 1 3MEHIITUTH 0OCST POOOTH 3a 3aJaHHi MPOMIKOK
yacy, a BIpTyaJdbHUN TU3ailH, KUl B110Opa)kaeThes B 3MillIaHil CIieHl, OyB KOpHC-
HUM ]ISl BUKOHAHHS 3aBJIaHHS BUSIBJICHHS MOMUJIOK NpOeKTyBaHHs. Y [14] mpomo-
HY€TBHCSI HOBUH MiX1A 10 BIPTYalbHOTO MPOTOTUITYBaHHA LU(POBUX MOPTATHB-
HUX TPOJIYKTIB 13 BUKOPHUCTAHHSAM B3a€MOJIIi HA OCHOBI JOTIOBHEHOI pealbHOCTI
(AR) Ta MmonenroBanHA (yHKIIOHAJIBHOT TOBEIiHKK. Ha 0CHOBI 3ampornoHOBaHOTO
niaxoay 0yi0 po3po6eHO Ta 3aCTOCOBAHO CUCTEMY MTPOTOTUITYBAaHHS JUISl OLIIHKH
NU3aiiHy pi3HUX IUGPOBUX MOPTATUBHUX BUPOOiB. Y mpami [15] momano HoBuiA
HIAX1J IO pealiCTUYHOI Ta €(PeKTUBHOI 1HTErpallii NPOEKTY 3 BUKOpUCTaHHSIM AR
y CHCTeMi YHPaBIIIHHS )KUTTEBUM LIUKJIOM MPOAYKTY. 3allpOMIOHOBAHO peai3allilo,
sIKa Ha3UBa€ThC JIOMMOBHEHUM OTJISAIOM MPOEKTYBaHHs uepe3 mepexy (ADRON) 1,
cepe 1HIIOro, 3abe3nevye anapaTHy FHYUKICTb (TOOTO pi3HY MIATPUMKY KOH(DIry-
pauii Ta ii po3MUpPEeHHs); THYYKICTh MPOTpaMHOro 3ade3neyeHHs: (ToOTO Po3IIu-
PEHHS Ta IHTerpaLis), IHTerparito Be0-KOHTEHTY TOLIO.

[ikaBe moenHaHHs TexHojorii 3D Bizyasnisalii Ta TEXHOJOTIN BIpTyaJIbHOT
peanbHOCTI. TpHUBHMIpHUH BipTyaJbHUH IHTEPAaKTUBHUI clieHapiii Moxke OyTu
pearizoBaHMi 3a JIOMOMOTOI0 IHTEPAaKTUBHOCTI NUISIXOM IHTErpamii HeZOpOrux
TEXHOJIOT1H BipTyanbHOi peanbHOCTI, Takux sk Oculus Rift DK2 i xoHTponep
Leap Motion, Ta BIpOBaKEHHS CHEMiaJbHOTO MPOTPAMHOTO 3a0€3MeUYeHHs 3a
noromororo Unity [16].

HaiiBa)kIMBIIIMM  acTIeKTOM, KM POOWUTH BIpTyaJIbHHH 00 €KT KpaIluM,
HIXK peaJlbHUN NMPOTOTHUIN, € WOro BilacHa yHiBepcalbHICTh. L{udpoBuit 06’ ekt
IpocTilie i MBUIIIE 3MIHUTH, HIK (DI3MYHUM, OCKIIBKH Y IbOMY BUIIAJKY HEMA€E
HEOOX1THOCTI y 3acTocyBaHHI (i3MuHUX 3ycwib. s mudpoBoro o0’ekTa MOKHA
IIBUIKO TIEPEHTH BiJ] OLIIHKH OJHIET Hioro Bepcii 10 1HIIO0T a00 3MIHUTH JIEsKi BiIac-
THUBOCTI, TaKi SK KOJip, TeKcTypa abo ¢opma. AR mMoxe OyTH BUKOPUCTAHHN IS
IPOEKTYBaHHS MPOAYKTY Oe3MocepeiHbO B pealbHOMY cepenoBuili. Jlias BUKO-
HaHHA TaKWX 3aBJaHb MOJXKHa BUKOPHUCTOBYBATH TMpOTpaMHE 3a0e3MeUeHHS
Construct3D, sike € cripo0Or0 MPEJICTaBUTH MPUMITHBU Y PeaTbHOMY CBITI 3a J0-
nomororo Studierstube [17].
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BaxnBo BUKOpHCTaHHS TEXHOJIOT1H JOMOBHEHOI PeaIbHOCTI Ul HaBYaHHS
OIepaTopiB Ha MiAMPHUEMCTBAX, SIKUM MPUTAMAaHHUN HEOE3NMeUHUi XapakTep BH-
POOHMIITBA, J1e¢ TIOMUJIKH ONEpPaTopiB MOKYTh MaTH CEpPHO3HI HACTIAKM Ui TeX-
HOJIOTIYHOTO TIporiecy 1 6e3neku. Sk 3a3HadaeThcs B mpaii [18], HaB4aHHS orie-
paTopiB HMHI CTHKAETHCS 3 JACIKUMH MpoOJeMaMy, TaKUMH SIK BUCOKI BUTpATH,
oOMexeHHs Oe3neku 1 Opak vacy, 10 00yMOBIIOE CIIPSIMOBAHICTb JOCIIIKEHHS
aBTOPIB CTATTI HA BUBYCHHS 1 BIPOBADKCHHS 1HTEPAKTUBHUX PIIIECHb 3MIMIAHOT
pEeaIbHOCT1 JUIsl A1arHOCTHKHU HEMOJIAZOK 1 JIONOMOTH y BUPOOHUYMX CHCTEMAax.
[IponoHyeThCs iHTENEKTyalbHe BEO-pIlIEHHS 3 TBOMa MOXKJIMBHMH 3aCTOCYHKa-
MH, BCTaHoOBJIeHMMH Ha cMapTdoHi Android 1 Microsoft HoloLens. Pimenus
CHPSIMOBAHO Ha OIOBIIIEHHS ONEPATOPIB IPO BUHUKHEHHS aBapiiiHOro CUrHaiy
3a OTIOMOT'OI0 MOBiJIOMJICHb, @ MOTIM HAa HaJaHHS 1HCTPYKLIH, HEOOXITHUX IS
YCYHEHHS BUSIBJICHOTO aBapiiHOTO CUTHATY.

IIporpamyBanHs noxatkiB AR crpolryeThbest 3a paxyHOK pyIliiB, BITOMHUX 3
irpoBoi chepu. ¥ mocmimkenHi [19] onucyroThcs mepiii KpoKH, 110 T03BOJISIFOTh
BUKopucToByBaTH AR y BUpoOHMUill cucTemi. BupobHuya cucrema npencrasiie-
Ha MOJEIBHUM 3aBOJIOM Y JabopaTopHOMY (hopMaTi 3 JOCTaTHHOIO CKJIAJHICTIO.
3B’s130K MK npuctpoeM AR 1 palpuxoro Mmozaenelt 3aiiicHioeTbest yepes WLAN,
cranfaptHy muHy Ta OPC UA.

Ha miacraBi mpoBeaeHOTO aHaNI3y JIITEpATypPHHUX JKEPEN MOXKHA 3pOOUTH
BHCHOBKH, III0 TEXHOJIOT1YHI MOXJIMBOCT1 JOTIOBHEHOI PEATbHOCTI MIPOIOBKYIOTh
3poctaTH. BUKOpHUCTaHHS 3a3HAUEHHX TEXHOJOTIH aKTyalbHO JUIsi BHUKOHAHHS
IIMPOKOT0 KoJia 3aBJaHb y Oi3Hecl, peKJaMHii JisuibHOCTI, Ha BUpOOHHUTBI. Ha
BUPOOHMYMX HiAnpueMcTBax TexHoiorii AR MoxyTh OyTH 3acTOCOBaHI AJs1 MO-
JIeNIOBaHHs, HABYAaHHS, 3aI00iraHHs HaA3BUYAafHIM CUTYAIlisIM TOIIIO.

Merta cTaTTi — CTBOPEHHS MIPOrPaMHOT0 3a0e3MeUYeHHs 3 TEXHOJOTIE0 1H-
TepaKTUBHOI Bi3yamizallii TpHBUMIpHUX 00’ €KTiB 3ac00aMH JOMOBHEHOI peajib-
HOCTI B peaJIbHOMY 4aci Ta B peaJlbHOMY MaciTadi 3 QyHKIIi€ro 30epekeHHs Ta
nepenavi CieH 3 00’ €eKTaMM y IPOCTOPi Ha MacoBi MOOUIBbHI MPUCTPOT ISt IPO-
MUCJIOBUX M1AITPHUEMCTB.

Buxaan ocHoBHOro marepiajy. /[onoBHeHa peanbHICTh Y MPOMHUCIOBOCTI
€ YHIKaJbHUM 1HCTPYMEHTOM, SIKUH MiJABHILY€ MPOIYKTUBHICTH Ta €KOHOMHTH
pecypcu. AR yMOXKIIMBIIIOE CYyTTEBO MPUCKOPHUTHU MPOLEC PO3POOKU HOBHX BHUPO-
01B, MPH LILOMY 3HMXKYETHCS YMCIO TEXHIYHUX MOMWJIOK MiJ 4Yac MPOEKTYBaHHS
BUPOOIB, TOMIIMIIYETHCS SIKICTh BUPOOIB 32 paxXyHOK KpaIioi 00poOKH, MpoayMaHoi
EproHOMIKH Ta 1HIIMX XapaKTePUCTHK, 3HIKYIOTHCSI BUTPATH Ha €KCIUTyaTalliio Ta
PEMOHT 3a paxyHOK OITPalfOBaHHS BUPOOHMYHMX 1 cepBiCHUX MporeciB [20].

VY 3a3Ha4eHUX TEXHOJIOTIAX BEJIMKE 3HAYCHHS MAaIOTh AITOPHUTMU OOpPOOKH
JaHUX, K1 0OUPAIOTHCS BIAMOBIAHO 10 3aCTOCOBYBAHUX TUIIIB IaHUX.
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Po3srnstHeMo MeTOaM TOTIOBHEHOT PEaIbHOCTI 3 ypaxyBaHHIM IIEBHUX 0CO0-
JMBOCTEH BUKOPUCTaHHA IHCTPYMEHTIiB AR Ha MPOMHUCIOBHX MiIIPUEMCTBAX.
3aBIsSKM HAasSBHUM HAyKOBHM JOCSTHEHHSM Yy JaHiid cdepi, aHANIi3y Ta CHHTE3Y
3arajJpHOIO0CTYITHOI iH(pOopMaIlii Ta BIACHUX CYIKEHb, CIIOCTEPEKECHD 1 PO3POOOK
aBTOpiB [22, 23], Oyi0 BU3HAYEHO OCHOBHI IMOJIOKEHHS JIOMOBHEHO! PeaIbHOCTI
Ta PO3MJISIHYTO OCHOBHI €JIEMEHTH JaHOTO MPOLIECy B 0OpaHii ramysi.

ExcniepuMeHTanbHa 4acTWHA JTOCIIHKCHHS MPOBOJIMIACH 13 BUKOPHUCTAH-
HsIM Habopy 3aco0iB po3pobku st Tpekinry ArCore. ArCore — ue Halip s
PO3pOOKH TTPOTPaMHOTO 3a0e3nedeHHs, po3podieHuii kommnaniero Google, sxuit
Jla€ MOXKJIMBICTh OyIyBaTH J0JIaTKU JOMOBHEHOI peanbHoCcTi. Google po3pobuiia
ARCore, mo06 BiH OyB JOCTYMHHH 3 JeKiIbKOX mmiatgopm po3podku (Android
[Java], Web [Javascript], Unreal [C++], Unity [C#]), uuM caMuM Hagar04du po3-
poOHMKAM OLIIbIIIe THYYKOCTI Ta MOXKJIMBOCTEH JIJIT CTBOPEHHS JOJATKIB HA Pi3-
Hux matdopmax. Koxxna nmnardopma Mae cBOI nmepeBaru i HEJOMIKH, BCI IJIaT-
dbopmMu OMHUPIOIOTHCS Ha BOymoBaHuit y mpuctpoi Android SDK. V crtarti 00-
pano miatdopmy po3podku Unity [21].

Posrasinemo, sk po3noauisroThes GyHKIII CHCTEMHU Bizyasisaiii 3acobaMu
AR 3a migcuctemamu. @yHKIIIO iHTErparii BipTyallbHOTO 00’ €KTa B CUCTEMY BH-
KOHY€ TPEKIHroBa MiJCHCTEMa, sSKa MPUHMAaE BiJCONMOTIK 3 KaMEepH, aHaII3y€e Ta
00po0IIsie Kaapu BiJICONOTOKY IUISXOM IEPEBIPKU HASBHICTH 3aJaHUX TOYOK Ha
noBepxHi. DyHKIIT 30epekeHHs iHdopMallli mpo TPUBUMIPHI 00’ €KTH BHUKOHYE
0a3a JaHUX, 3 SKOi 3aBAHTAXKYEThCS 1HPOpMaIlis mpo 00’ ekT. 3abe3meueHHs po-
00TH 3 300paKEHHSIM 3JIIUCHIOE TiJICUCTEMA Bizyaui3alii. PeamcTuanicTh pocsra-
Jach NUISIXOM BUKOPUCTAHHS TEXHOJIOTIH HE3aJNeKHOI TEKCTYpH 3aTEeMHEHHS.
B3aemonist 31 crokuBaueM NpPOTPAMHOTO TPOIYKTY YMOXKIIUBIIIOE pealli3yBaTH
rpadiuHuil iHTEpdEiic.

VY peanizoBanoMy iHTepdelici Bci ¢aiiiy Ha3uBalOThCs CIIEHAMU, 10 BiJIO-
Bifae ixHpomy 3micty. Ilig yac 3amycky mporpaMu aBTOMAaTUYHO BiIKPHUBAETHCS
HOBa creHa (puc. 1). s poOGOTH B mporpami MOXKHa BHKOPHCTOBYBAaTH HOBY
crieHy abo 3aBaHTaXUTH roToBi. [IporpaMHMii MPOAYKT MOKE OJJHOYACHO IPAIIIO-
BAaTH TUIBKH 3 OIHIET CIIEHOO.

Po3rnsHeMo MexaHi3M MaHIiMyJsLii TPUBUMIPHUMH 00’ €KTaMH JIOTTIOBHEHO1
peansHOCTI. [yt peanizamii iHTepdeiicy MaHimysiii 00’ ekTaMu 0yJI0 pO3TIISTHY-
TO BapiaHTH BUKOPHUCTaHHS KHOMOK 1 PI3HUX 1HIIUX BHUIB MaHIMyJIsLii (CKaxiMo,
MoB3yHKiB). OiHaK HabaraTo €()eKTUBHIIIUM PIIICHHSIM BHUSIBUJIOCS BUKOPHUCTAH-
HSl MAHIMyJISIIT y BUTTISIL TIAHENI 3 yCiMa MOXITUBUMHU (QYHKIISIMU (pHC. 2).

Po3pobnenuii anroputm, mo oOpoOIIsie BBECHHS 3 CEHCOPHOTO €KpaHa, Ta-
kuid. [1ig yac BUABIEHHS TOPKaHHS €KpaHa MPOBOIUTHCA MEpeBipKa, 4yu Big0yII0-
Csl TIOTPAIUISIHHS B OOJIACTh BIpTyalabHOTO 00’€kTa. /I 1IbOTO 3aCTOCOBYETHCS
METO]I BUHAYCHHS HAJIC)KHOCTI TOUKU. BipTyanbHHiI TPOMiHb IPOEKTYETHCS BiJl
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TOYKH JIOTHKY KOPHUCTYBa4eM CEHCOPHOTO €KpaHa, 10 PO3MIIIY€EThCS Ha TUTOIIHHI
eKpaHa, 3Hai/IeHo1 3a JomoMorow BipTyaiabHOi kamepu Unity. ¥V pasi nepeTuny
mpoMeHeM 00’€KTa TIOBEPTAEThCS IMO3UTUBHUN pe3ybTaT. [licis 1mporo B 3a3Ha-
YeHii TouIll 3’ ABISETHCS OOpaHMii paHilie 00’ €KT. 3a HASBHOCTI Ha CIEHI AEKiIb-
KOX BIPTyaJbHUX 00’€KTIB HEOOXITHO BHU3HAYHTH, 3 SKHUMH 3 HHX BiIOyBa€ThCS
B3a€EMO/Ii.

Group Name

AR Objects

Position

Puc. 2. Iarepdeiic kopucTyBaua i MaHIIyJsIil 00’ eKTaMu
p pucTy y
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CtBOpeHUl aNTOpUTM Ja€ MOXKJIMBICTb KOPHUCTYBAyeBl IMICIsS CTBOPEHHS
crieHu 30epertu ii Ta 3a JI0MoMOroio iHTepdeiicy KopucTyBada nepeiaTd HIIHNM
KOpUCTyBadyaM, y SIKUX € JOCTyn a0 aojaatka (puc. 3). Po3poGuenuil nonatox
Bi3yamizaiii 3a JOTMOMOTOK JOJAaTKOBOi pPEalbHOCTI MICTHTh 2 KJIACH:
ARObjectsGroupData i ARObjectData. Ha3Bani kmacu 30epiratiotb y cobi BCIO
iH(popMalliro npo po3MilieHi 06’ ekt B npoctopi. I1ig yac 36epexeHHs ClieHU KO-
pUCTyBadeM YCi JIaHi 3 IIUX JBOX KjaciB 30epiratoTbest B 0a3i JaHUX, 3BIIKH KO-
pHUCTyBau nepeaae ix Ha 1HIIKMNA MOOUIbHMM mpucTpiil. [laHa 30epexeHa cieHa,
3okpema naHi 3 ARObjectsGroupData i ARObjectData, OyayTh akKTUBHUMH IS
3aBaHTaxeHHS B cnucky “‘Jloctymni cuenn”. 106 BiampaBuTH 30epexeHy/ak-
TUBHY CLIEHY, IOTPIOHO i1 B110Opa3uTH Ha MOOLIBHOMY MPUCTPOT, 3 SIKOTO Bi10YBa-
TUMETBCS BIANpPaBKa, Ta BIIKPUTH BiAMOBinHE BikHO. Jlani Oyne 3ampornoHOBaHO
BBezieHHs |D MOOG1IBHOTO PUCTPOIO, HA SIKU Oyzie BIANIPABICHO aKTHBHY CLIEHY.

Ghost Mode

-

o |
User ID '.

Send Cancel

i =

Puc. 3. Pexum BiANpaBKH aKTUBHOI CIIEHU

Posrnsinemo pexkum mpo3opoi criiern. PoOoTa 3i CKIaJHUMHU CIICHAMH TI0-
TpeOye 3HAYHUX KOMII IOTEpHHX pecypciB. OIHUM 31 CHOCOOIB MOJIETICHHS 1
MPUCKOPEHHS pOOOTH 31 CIIEHOI € MPUXOBYBaHHS 00 €kTiB. lle mpuckoproe yac
00poOKH 1 BioOpakeHHs CIIeHH 3arajoM. [IpuxoBaHi 00’ €KTH HE MOXHA BHJILIN-
TH, OTKe, i miaaaTu oOpobui, moku BoHU npuxoBaHi. [1I{o6 mpuxoBatu 06’€KT, Ha
CIIEH1 BUKOPHUCTOBY€ETHCS BIMOBIIHUI MTparnopeib Ha KOMaHAHIM naneni (puc. 4).
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GhostMode W

Puc. 4. AkTuBHUI PEXUM IIPO30POI CLIEHU

[lin yac npoekTtyBaHHs TpadiyHoro iHTepdelicy KopucTyBaua HEOOXiTHE
3a0e3medYeHHs JOCTYITy KOPHCTyBada 0 TAaKUX OCHOBHHMX (DYHKITIH: MOXJIMBICTh
NeperisiAy JAOCTYIHHX JUIsi BHOOPY 00’ €KTiB Bi3yasizallii Ta BUOIp BiAMOBIIHOTO
00’€eKTa; 3MiHa IMEHI Ta HaJIlaHHs JOCTYIY 1HIIUM KOPHUCTyBadaM Yy BiKHI Hajaml-
TyBaHb MOTOYHOI Trpymnu; TpaHcdopmMallis odpaHoro o0’€kTa; CTBOpeHHs, 30epe-
KEHHS Ta 3aBaHTAXEHHS HOBOI IpyNH 00’ €KTIB.

JIJis HUpOKOro 3aCTOCYBaHHS KOPUCTyBayaMH I1€1 TEXHOJOTIT Ty’Ke BaxK-
JIMBI 3pO3YMITIICTh 1 3pY4HICTH POOOTH 3 MPOTPAMHHUM JOAATKOM, CaMe TOMY ITiJ]
gac Horo po3poOKH OCHOBHMI akIeHT 3p0o0JICHO Ha KiHIEBOro croxupaya. Crie-
1udika IpOEKTyBaHHS, MPU3HAYEHOTO Ul KOPUCTyBada iHTepdeiicy ans 1onat-
KiB 3 TEXHOJIOTI€I0 JOTIOBHEHOI PeaibHOCTi, B TOMY, 1110 HEOOXiJHO BpaxOByBaTH
TIOJIOYKEHHS TIPUCTPOIO B PyKaxX KOPHCTYBaya i MOJIOKEHHS CaMOTr0 KOPHCTyBaya.
ToMy nuTanHIO eproHoMiKH iHTEepdelcy 0ysi0 MPUALIEHO MiIBULIIEHY yBary.

BucHoOBKM 3 7aHOT0 J0CTiIKeHHS i NepCNeKTUBH NMOJATbIUINX PO3BiIOK
y AaHOMY HanpsiMi. Y CTaTTi po3rJsIHYTO CTBOPEHHS MPOrpaMHOro 3abe3nedyeH-
HS 3 TEXHOJIOTI€I0 Bizyalizalii BipTyadbHUX TPUBUMIPHUX 00’ €KTIB Y pealbHOMY
cepenoBHIIi 3ac00aMH JOMOBHEHOI peanbHOCTI. OCOOIMBICTIO 3amPONIOHOBAHOT
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CHUCTEMH € MOJJIMBICTh CTBOPEHHS Ta yMPaBIiHHS TPYHOI0 00’€KTIB, MOJAHHS
00’€eKTIB y peaJbHOMY pO3Mipi i y peaqbHOMY 4aci JUii MacOBHX MOOUIbHHUX
npucTpoiB. PeanizoBaHO MOXKJIHMBICTD pearyBaHHs nmapameTpiB 00’ekTiB AR mix
yac Bi3yaumi3allii BBEJEHHSAM OJIOKY y3arajibHEHOTO MapameTpa, Io, MOo-TepIie,
JIO3BOJIAJIO MPUCKOPUTHU B3aEMO/II0 1 3a0€3MeUnII0 MOXKIIMBICTh 3MIHU 00’ €KTIB Yy
peaIbHOMY 4aci, o-Apyre, YMOXKIUBUIIO COPOCTUTH iHTEpdeiic. 3aBIsKu IOMY
OyJ0 MiABUIIEHO 3PYYHICTh POOOTH 3 MPOTPAMHHUM JOAATKOM, LIO TO3UTHBHO
BIUIMBA€E HA CIIPUSHHS MPOAYKTY KIHIIEBUM KOPUCTyBayeM. Y MpOrpaMHoMy 3a0e3-
NICYCHHI, K€ OMMCAHO B CTATTi, Peaji30BaHI TEXHOJIOTIi MaHIMyJALii BipTyasb-
HUMU TPUBUMIPHUMH 00’ €KTaMH B IIPOCTOPI 3 BUKOPUCTAHHIM METOIB YBE/ICHHS
3 MOKJIUBICTIO OJJHOYACHOTO MEPEeMIIlIEHHSI Ta 00epPTaHHA, a TAaKOX MIBUAKICTIO 1
CTaOLIBHICTIO pOOOTH Ta TEXHOJIOTISI IPUXOBYBAHHS 00’ €KTIB.

[lepcrieKTUBHUM HAINPSIMOM TPOBEACHOTO JOCIIIKEHHS € 3aCTOCYBaHHS
PO3pOo0JIEHUX TEXHOJOTIH y PI3HOMaHITHHX cdepax HTPOMHUCIOBOCTI. Mojento-
BaHHs Ta Bi3yani3alis npuMinieHs 3acobamu AR 1acTth, KpiM TOro, MOXJIUBICTb
e(eKTUBHIIIOTO IUIAHYBAHHS pOOOYOr0 MPOCTOPY 3 YpaxyBaHHAM €proHOMIKU Ta
Oe3rneKu s MPaIliBHUKIB, 3201aUTh KOIITH JJIs 3aKyIIiBJIi 00JIalHAHHS, OCKLIb-
KU 3MEHIITY€ HMOBIPHICTh TOMUJIKH.
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YIPABJIIHHA BAHTA’KHUMMU IIEPEBE3EHHSAMMU
B YMOBAX PU3UKIB KOHKYPEHTHOTI'O CEPEJJOBHUIIIA

OcHosna npobrema, nopyuiena neped Yxpzaniznuyero, — ye nio8UUEHHS.
peHmabdenbHocmi i KOHKYPEHMOCHPOMONICHOCII HA OCHOBI NOJINULEHHST SIKOCHE
00C1y208)8aHH5, 800CKOHANIOBAHHA MAPUDHOI NOTTMUKY, MEXHONO02I] ma opeaHi-
3ayii BAHMANCHUX NEPEBE3EHD.

L npobnema s613€ c06010 KOMNIEKC 3A80aHb, WO NO8 A3AHI 3 OP2AHI3AYIEIO
BAHMADICHUX NEPEBE3EHD.

Xapaxmep i Ounamika yux npoyecie 3SHA4HOI MipOI0 BUSHAUAIOMbCSL CMPYK-
MYPOI0 G1ACHE PUHKY, 8 PAMKAX SIKOI MOJNCHA 8UOKPEMUMU 084 20JI08HUX CVO '€Kmu,
Wo 83AEMOOIIOMb. MPAHCNOPMHA CUCMEMA Ul CHONCUBAY] MPAHCHOPMHOIL NPOOYK-
yii — 6iONpasHUKYU 6anmaxicy i 6aHmasicoooepicyéayi. lxua cmpamezis no600xuceH-
Hl 00MA2aEMbCsl OCHOBHOI Memu — 3a80108AHHS HAUBUSIOHIUUX, OOMIHYIOUUX NO-
3uyill Ha MPAHCNOPMHOMY PUHK).

©OII. B. Bex, I'. I. Hectepenko, O. I'. Ctpeaxo, M. I. My3ukin, 2021
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Kito4oBi cioBa: npobiema KOHKYpEeHmMOCHPOMOACHOCII; 8AHMAICHI nepe-
6€3€HHs, PUHOK MPAHCNOPMHUX NOCILY2; ONepamuene NiaHy6anHs.

Ocnosnou  npobaemoti, cmosweu nepeo Ykp3anusnuyeu, a61s1emcs
nosviuieHue penmaderbHOCmu U KOHKYPEeHMOCNOCOOHOCMU HA OCHOB8E YIIVYUleHUs
Kauecmea 00CIYHCUBAHUSL, COBEPULCHCMBOBAHUS MAPUPDHOU NOTUMUKU, MEXHOL0-
2UU U OP2AHU3AYUU 2PY308bIX NEPEBO3OK.

Oma npobrema npedcmasisiem cobOOl KOMNIEKC 3a0au, C8A3AHHbIX C 0pea-
Hu3ayuet 2py308biX NePeso3oK.

Xapaxmep u Ounamuka 3mux npoyeccos 8 3SHa4umenbHOU cmeneHu onpeoe-
JIslemcsi CmpYKmypou cOOCMBeHHO PbIHKA, 8 PAMKAX KOMOPOL MOICHO 8blOEIUNb
08a 2/1ABHBIX B3AUMOOCICMBYIOWUX CYOBEeKMA. MPAHCNOPMHASL CUCeEMA U Nom-
pebumenu mpaHcnopmHou nPoOyKyuu — 2py300mnpasument u 2py30noiyyamel.
Hx cmpamezusi nosedenuss 006usaemcss 0CHOBHOU yenu — 3a60e8anus Hauboiee
8b1200HbIX, OOMUHUPYIOWUX NOUYUL HA MPAHCHOPMHOM DbIHKE.

KntoueBrble cioBa: npobrema KOHKYPEHMOCHOCOOHOCMU, 2py306bie nepe-
803KU,; PLIHOK MPAHCNOPMHBIX YCIye, ONepamusHoe niaHupo8aHue.

The main problem facing Ukrzaliznytsia is to increase profitability and
competitiveness by improving the quality of service, improving tariff policy, tech-
nology and organization of freight.

This problem is a set of tasks related to the organization of freight.

The nature and dynamics of these processes is largely determined by the
structure of the market itself, within which there are two main interacting entities:
the transport system and consumers of transport products — shippers and con-
signees. Their strategy of behavior achieves the main goal — to win the most prof-
itable, dominant position in the transport market.

Therefore, to form an equilibrium state in the market of transport services it
IS necessary to achieve a reasonable compromise between the subjects of the
competitive environment, which allows to obtain an integrated economic effect
for all market participants.

Freight traffic is the main source of income for the railways. Their technol-
ogy and organization fully determine all the economic performance of the rail-
ways. Therefore, first of all it is necessary to consider the state of this most im-
portant area of functioning of railway transport.

The transition to a market economy has dramatically changed the possibili-
ties of freight planning, which has become more difficult to implement, but re-
mained no less necessary.

There has long been a problem of computer operational adjustment of for-
mation plans, the main purpose of which should be to accelerate the promotion of
car traffic, as well as the allocation of destinations for increased transit.
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And only in the conditions of adjustment of plans of formation on the basis
of the periodic and continuous information in close interaction with operational
planning and the dispatching management of all levels it is possible to receive the
most effective system of management of processes of freight transportations.

Uncertainty of the time of arrival of goods reduces the competitiveness of
rail transport, sharply complicates the interaction with other modes of transport,
such as delivery of all goods for shipment by this vessel, which has become espe-
cially necessary in the emerging transport corridors.

Ukraine has relatively well-developed highways, not to mention European
countries, which are not so far away. Therefore, users of transport products are
increasingly making their choice not in favor of rail transport.

While the railways have not lost demand for their services and are making a
profit, not all cargo is transported by road and water — it is necessary to immedi-
ately take measures to increase the competitiveness of Ukrainian rail transport.

Key words: problem competitiveness; freight transportation; transport ser-
vices market; operational planning.

IlocTanoBka npo6aemu. Po3BUTOK TpaHCIIOPTHOrO PUHKY YKpaiHU MOpPY-
IIy€ Mepes] CyCMiIbCTBOM 0€3J1id CKIIaIHUX MPOo0JIeM, 110 BUHUKAIOTh Y 3B’ SI3KY 31
3MIHOIO €KOHOMIYHOI Ta MOJIITUYHOI CUTYaIIii sIK y KpaiHi, Tak 1 y cBiti. L{i mpobite-
MU pi3Hi. OfHI 3 HUX BUXOIATH 32 PAMKHU TPAHCIIOPTHOI TajTy3i i TICHO meperuieTe-
Hi 13 COLIaJbHO-EKOHOMIYHUMHU AaCTEeKTaMH KXUTTEIISUIBHOCTI AEp KaBH, 1HII —
OB ’s13aH1 3 IHTepecaMM Cy0’ €KTiB TPAHCIIOPTHOI'O PUHKY, TOOTO MarOTh CYTO
BHYTPIIIHBOTPAHCIIOPTHUNA XapaKTep.

Hes3Baxaroun Ha 1e, B TpaHCHOPTHIN Tany3i YKpaiHu BinOynacs iCTOTHa
Tparcopmarlis mijiel, Mo CTOATh Mepen Hero. ['0JoBHA 3 HUX — JOMaraTHCs
CTIKOT KOHKYPEHTO3JaTHOCTI Ha 30BHIIIHBOMY PUHKY, @ Ha BHYTPIIIIHBOMY PHH-
Ky 3a0e3rneuyBaTH BUCOKHI 1HTErpaJIbHUN pIBEHb peHTa0EIbHOCTI raity3i 3a yMo-
BU 33JIOBOJICHHS TOIMUTY Ha KUIBKICTh 1 AKICTh TPAHCHOPTHHUX MOCHYT SIK OJHY 3
HEOOXITHUX 1 TIEPIIOPSITHIX YMOB JKHTT€3a0€3MEUEHHS Cy9acCHOTO CYCIIIbCTBA.

AHaJi3 ocTaHHiX HocaiKeHb i myOaikamiii. /s 3ami3HMYHOTO TpaHCHOp-
Ty B Hallliif Iep>kKaBi BaXKJIMBE 3HAUEHHS Ma€ HE JIMIIE MOKPAIllaHH eKOHOMIYHHX 1
(biHaHCOBUX pe3yJbTaTiB, ajle i BIUIUB Ha pe3yJNbTaTh POOOTH IHIIMX Tady3el
CKOHOMIKH. YJOCKOHAJECHHS CHCTEMH B3a€MOJii 3ali3HHIb 3 BUPOOHUIITBOM
3IIACHIOETHCS B HAINPSIMKY IiBUINEHHS SKOCTI MEPEBI3HOTO MPOLECY 3 PO3IIH-
PEHHSM aCOPTUMEHTY TIOCIIYT, IO CHPUsIE 3pOCTaHHIO 00CSTIB TIepeBe3eHs [ 1].

3MIHM €KOHOMIYHHMX B3a€MOBIHOCHUH MK TOBapOBUPOOHHKAMHU 1 CIIOXKHU-
Ba4aMU i 3MEHIICHHS POJIi JIep)KaBH B MUTAHHAX PETYIIOBAaHHS [IUX B3a€EMOBIIHO-
CUH 0e3rmocepeIHhO TOPKHYIIHCS TpaHCIOPTHOI cdepu. 3a GyHKIIOHYBaHHS Ha-
POTHOTOCTIONAPCHKOT0 KOMIUIEKCY KpaiHH JO PUHKOBUX NEPETBOPEHb B €KOHO-
MiIll Bke Ha (a3i MIaHyBaHHS MEPEBE3CHb HAPOHOTOCIIOAAPCHKUX BaHTAXKIB 3a-
KJIaJaiics MPUHIUIY, 10 CIPHSIOTH iX 37em1eBIeHH 0. Lle nposBisiocs y neBHii
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CUCTeMi TJIaHYBaHHS TIepeBe3eHb 1 BIAMOBIIATHHOCTI 32 HEBUKOHAHHS IUIAHIB T1e-
peBe3eHb BaHTaxiB. [lnaH mepeBe3eHb BBaXKaBCS OJHHM 3 OCHOBHUX EIIEMEHTIB
OCHOBHOTO 3aKOHY, HEBUKOHAHHSI SIKOTO OYyJI0 HETIPUITyCcTUMO [2].

KonkypeHmist MK HiANPUEMCTBAMM Tally3l MOPYIIMIAa MUTAaHHA MPO TMij-
BUIICHHS! KOHKYPEHTOCIIPOMOKHOCTI HE TUIBKM 3aJli3HUYHUX MiJCHCTEM, Oe3ro-
CepeIHbO 3aMISTHUX y TEXHOJIOTIAX PyXy BaHTAXIB Ta MEPEMIIIEHHS MacaKUpiB,
ayie 1 opranizanii iHQppacTpykTypu. Lle cTocyeTbest Hacammepe MmiJCUCTEM 13 pO3-
LIMPEHHS TOCIYT Ta MOJINIIEHHS CEPBICY Ul NAacaKUPIB 1 BAHTAKOBJIACHHUKIB.

Jocsaraetbcest 3a0e3Me4eH s pIBHUX YMOB JJIs BCIX YYaCHHUKIB PUHKY 3aBJifl-
KM 3a00pOHI TPHOX KIIFOUOBUX aHTUKOHKYPEHTHHX Jii: MPUUHATTS YroJ, 1o 00-
MEXYIOTb KOHKYPEHIIII0; 3JI0BXXUBAaHHS JIOMIHYIOUUM (MOHOMOJBHUM) CTAHOBH-
IIeM Ta 3JUTTA, U0 MPU3BOIATH A0 JOMIHYIOUOI MO3HIIT HA PUHKY i OOMEXYIOTh
KOHKYpeHIio [3, 4].

Merta cTaTTi — 3aCTOCYBaHHS Ta BIPOBAKEHHSI HOBUX TEXHOJOTIH ympaB-
JHHS BaHTQ)XHUMH IIEPEBE3CHHSAMH Ha 3QII3HUIIIX YKpaiHu, 1m0 06e3 J0JaTKOBUX
KaImTaabHUX BKJIAJIEHD JaCTh MOXKIIUBICTh MIABUIIUTH KOHKYPEHTO3JATHICTH 3a-
JI3HUYHOTO TPAHCHOPTY, 30UIBIINTG (PIHAHCOBI HAJIXOPKEHHS Ta ONTUMI3YE Iie-
peBi3HUH TIpoIIeC.

Buxnan ocHoBHoro marepiany. OcHoBHa mpo0Ojema, IO CTOITh Tepen
VYKp3ami3HuLero, — 11e MiIBUIIECHHS PeHTa0eIbHOCTI i KOHKYPEHTOCIIPOMOKHOCTI
Ha OCHOBI TOJIMIIEHHS SKOCTI OOCIIyroBYBaHHS, BIOCKOHAIIFOBAHHS TapU(HOI
MOJIITUKH, TEXHOJIOT] Ta OpraHi3allii BAHTQ)KHUX MEPEBE3CHb.

s mpobrnema siBisie COO0I0 KOMILIEKC 3aB/aHb, 1110 OB’ SI3aHi 3 OpraHi3alli€lo
BaHTKHUX MIEPEBE3CHb, MOCIIOBHICTh BUKOHAHHSI IKHX 300pa)XeHO Ha puc. 1.

‘ 1. IlporHo3 napaMeTpiB BaHTXKHUX TEPEBE3CHb

v

2. CxnazmaHHs 1 KOperyBaHHS IUIaHiB (popMyBaHHS

!

3. Opranizaiis TATOBOro 00CIyrOBYBaHHS BAaHTAXHUX IOT3/iB

!

4. CxiaianHs TBepAUX rpadikiB pyxy BaHTaKHHUX TOi3]IiB

v

5. CTBOpeHHSI YMOB JIsl BBEJICHHSI BAHTAKHUX TOT3/11B,
1110 CHI3HIOIOTHCS, Y rpadik

6. O1iHKa SKOCT1 TPAHCIIOPTHOTO 0OCITYTOBYBaHHS

Puc. 1. IlocnigoBHICTh pO3B’si3aHHS MpoOIEeMU OpraHizarii
BaHTaXHUX NEPEBE3EHb
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3MICT KOKHOTO 3 €JIEMEHTIB KOMIUIEKCY 3aBIaHb OJaHO HHUXKYE.

1. IIporHo3 nmapaMeTpiB BaHTa)KHUX NIEPEBE3EHb.

Jlyist maHyBaHHS ¥ OopraHi3allii IepeBe3eHb 3aIi3HUIICI0 HEOOXITHO 3HATH
Take: pif 1 KITbKICTh BaHTaXy, CTaHIIi BIAIpPaBICHHs 1 MPU3HAYEHHS, Yac Ha-
CTYIIHOTO IiepeBe3eHHs 1 Haldlp BHUMOI KII€HTIB, SKI 3aJi3HUYHUKH 30-
O0B’s13aIUCs] BUKOHATH.

Benuuesnuil obcsr wiei iHpopmalii MoxHa 310patu il 00poOUTH TUIBKH 3a
JIOTIOMOT'00 Cy4acHOi 0O4MCIIOBaNbHOI TexHIKM. OJHaK LeHTpani3oBaHe 30U-
paHHs 1 KOMIT'I0TepHa 00poOKa 3asBOK KJIIEHTIB HAa MEPEBE3E€HHS BAaHTAXIB LIE U
JI0C1 HaJIGKHUM YMHOM HE OpPraHi30BaHi Ha HamMx 3ami3HuLsX. Lle 3mymrye Bu-
3HAYaTH i MPOTHO3YBATH 3a3HAYEHI MMapaMeTpH TepeBe3eHb Ha OCHOBI CTaTHCTHY-
HUX JITaHMX, aJie i 3@ TaKOTo MiJIX0/ly BUHUKAIOTh YUMaJl TPy IHOILII.

Ha 3ani3Huisgx Haiaro[keHo 30MpaHHS 1 KOMIT IOTEpPHY OOpOOKY JaHHX
PO BaHTaXI, 10 BIAIPABISAIOTHCA. Y Cl 3aIi3HULI 30MparoTh 1 epefatoTb iHpop-
MaIlio PO MPUOYTTS BaHTAXy B OOUHCIIOBAILHUN 1IEHTP, ajie JaHi PO TPaH3UTHI
BAaHTAXXOMOTOKU Ha 3aNI3HUILIX HE 30MparoThesl W HE MIIAIOTHCS KOMIT FOTEPHI
00pooT1Ii.

Tomy 3a HasBHOI CMCTEMH 3BITHOCTI JIMIIE OOYMCIIIOBAIBHUIN LIEHTP BOJIO-
Jlle HAWOUTBII MOBHOI 1H(OpMAIlI€0, 10 YHUTAETHCA OOYUCITIOBAILHOIO TEXHi-
KOI0, PO BUKOHAHI BaHTAXKHI MepeBE3eHHs 1 Ha/a€ 11 3alliKaBIEHUM OpraHi3alisiMm
3a YMOBH OILIATH.

Ockinbku 118 1H(pOpMaLs MpU3HaUeHa Ui pO3MOJUTYy JOXOIIB BiJ MepeBe-
3€Hb BaHTaX1B MIXK 3aJII3HULIIMU, TO BOHA MICTUTh JaHl PO MEPETUHAHHS CTUKO-
BUX IYHKTIB 3aJIi3HMLb O€3 MO3HA4YEeHHs BHYTPILIHIX cTaHIii. Tomy Ha oCHOBI
i€l iHdopMaIlii HEMOXKIMBO BH3HAYUTH MapIIPYTH MEPEBE3€Hb YCEPEInHI 3aIi3-
HUI[ ¥ pO3MOIITUTH BAHTAXKOTIOTOKH 3aJII3HUYHUMU JTIHISIMH.

JIist 1bOro MOTPIOHO BHU3HAYUTH MOXKJIMBOCTI BUKOPHUCTAHHS JOJATKOBOI
iH(pOopMallii, 1110 YATAETHCS OOUMCITIOBAIEHOIO TEXHIKOIO, CKIACTH KOMIT I0TEpHY
nporpamy i 00poOuTu iHpopMallito, iKa HAIXOANUTH 13 PI3HUX JIKEPETT.

HacTtynHe HeBUKOHaHe 3aBIaHHS — i€ KOMII IOTepHE BUIUICHHS, aHATI3 1
[IPOTHO3YBaHHA HANMOTYXXHIIIUX CTPYMEHIB BAHTA)KOIOTOKIB Ha OCHOB1 BEJH-
4Ye3HOro 00cATy BUXiAHOI iH(opMaIlii mpo BUKOHaHI nepeBe3eHHs. Lle 3aBnanns
KJIFOYOBE Y BUKOHAHHI CTpaTeTr1YHUX 1 TAKTUYHUX 3aBJaHb MIATPUMKHU i PO3BUTKY
TPAHCHOPTHOT 1HPPACTPYKTYPH, a TAKOXK y TUIAHYBaHHI i opraHizallii BAHTaXKHUX
nepeBe3eHb.

2. CkiaiaHHs ¥ KOpUTYBaHHS IJIaHIB OPMYBaHHS.

HeoOxigHO CTBOPUTH METOJUKY CKJIAJaHHS 1 MOTOYHOIO KOPHUTYBaHHS
TU1aHiB (JOPMYBaHHS Ha OCHOBI MPOTHO3HOI 1 ONEpaTUBHOI iHpOpMallii Mpo BaH-
Ta)XKOTIOTOKH 3 YpaxXyBaHHSM PETyJIIOBAIbHUX 3aXO0JliB MAaHEBPOBHX THUCIIETYEPIB,
110 3a0€e3MevyoTh CBoedacHe (popMyBaHHS i BiANIPaBIECHH MOI3/1B 3a rpadikoMm.
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3. Opranizarisi TATOBOro 0OCIYroByBaHHS BaHTaXHHX M0i31iB. Ciif CTBO-
PUTH METOJUKY PO3IMOALTY MEpexi 3ali3HHUIll Ha TUISHKA OOCITyroBYBaHHS BaH-
TaXHUX MOTSTIB JJOKOMOTUBHUMU Opurajiamu, 110 Mpalio0Th 0€3 BIANOYMHKY B
MyHKTaX 000poTy, 3 ypaxyBaHHAM OOMEKEHb Ha TPUBAIIICTh OE3yNUHHOI pOOOTH,
HOPM 4Yacy Ha 3/1aBaHHS-TIPUHHATTS JIOKOMOTHBIB TOIIO, & TAKOXX PO3POOHTH pe-
KOMEHJIallil 3 OOIPyHTYBaHHsS MEX AUISHOK 00epTy JOKOMOTHUBIB Y KOMILIEKCI,
110 3a0e3neuyoTh HalKpallll YMOBH JUIsl OpraHi3alii pyXy BaHTa)XHHX I10i3]IB 3a
rpagikom.

4. CxnaznanHs TBEpAUX rpadikiB pyxy BaHTaXHHUX MOI3/1B.

OOcAr BaHTa)XXHUX IEPEBE3EHb MA€ CE30HHY, MICAYHY, THXKHEBY 1 HaBiTh
1000BY HEPIBHOMIPHICTh, 00YMOBJICHY OCOOJIMBOCTSMH CLIHCHKOTOCTIONAPCHKOTO
i IPOMUCIIOBOIO BUPOOHUIITBA, HASBHICTIO HIYHUX MEpepB y poOOTi, HepoOoUunx
nHIB Ta 1H. Tomy Uil ckilaJaHHS BaHTaKHUX TpadikiB NOTPiIOHO BU3HAYUTH HE-
00XiJHY KUIBKICTh BAaHTAXXHHUX MOi3/1IB y Tpadiky Ta iXHii po3MOALT 32 4acoM J10-
0u, 3 ypaxyBaHHSAM MPOIYCKY MOI3/IB MaJbHBOTO MEPEMIIyBaHHSA, MICICBUX 1
IPUMICBKUX MACaXKUPChKUX MOI3/iB, a TAKOXK OpraHizarii micueBoi poOoTu i Ts-
rOBOro 00CIyrOBYBaHHS.

5. CTBOpeHHs YMOB 715l BBEIEHHS! BAaHTAXKHHUX IO13/11B, L0 CHI3HIOIOTHCS, Y
rpagik.

Ile o3Hauae HEOOXIAHICTH BHUIUICHHS pe3epBiB yacy B rpadikax pyxy H
YKUTTS OpraHi3aliifHUX 3aX0JliB 111010 CKOPOYEHHS 3aTPUMOK BaHTaKHUX I10Oi3-
IiB, BUKJIMKAHUX TEXHIYHUMU, TEXHOJIOTITYHUMH i OpraHizaliiHUMU TPUITHAMH.

6. OuiHKa SKOCTI TPAHCIIOPTHOTO OOCITyTOBYBaHHS.

Jlis 1boro HeoOXiJTHO PO3POOUTH METOIUKY KiJIbKICHOI OILIHKU KIIIEHTOM
SIKOCT1 0OCITyTOBYBaHHSI PI3HUMH BHJAaMH TPAHCIOPTY Ha OCHOBI €IMHOTO BapTic-
HOT'O TOKa3HHKA.

VYce e motpedye po3poOKH METOMIB CHHTE3Y aJanTHBHUX CTpaTeriid ym-
PaBIIiHHS TapU(PHOIO MOJITUKOIO B YMOBAX BIUIMBY €KOHOMIYHHUX (PaKTOPIB.

VY pamkax puHKOBOI €KOHOMIKH (ITi]] 4ac peani3alii IpUHLHUIIB MAapKETUHTY
1 JIOTICTUKHM) OCOOJIMBOTO 3HaYEHHsS Ha0yBalOTh NpobieMu (HopMyBaHHS, YIpaB-
JiHHSA W 3a0e3nedyeHHs] CTIMKOro (yHKIIIOHYBaHHS KaHaliB BaHTa)KOMOTOKIB,
ockibkH 90-95 % yacy JKUTTEBOTO LMKy TOBApH MepedyBaroTh y MPOLECi TpaHC-
MOPTyBaHHS. Y KpaiHax i3 pO3BHHYTOI0 PUHKOBOK €KOHOMIKOO TaKi KaHaJM CTBO-
PIOBAIMCS pOKaMHM, Hal4acTile METOAOM CIPoO 1 MOMUIIOK, 32 aKTUBHOTO BTPY-
YaHHs Jep’kaBu (116 0coO0nMBO XapakTepHo aisi KpaiH €C) 1 HUHIIIHBOTO Yacy
npakTu4Ho copmyBanucs. IIpo me cBiquuTh, HanpuKiIaa, cuctemMa Kpurcpkux
TPaHCIIOPTHUX KOPUIOPIB.

Xapakrep 1 AUHAMiKa [UX MPOLECIB BEIUKOIO MIpOIO BU3HAYAIOTHCS CTPYK-
TypolO BJAacHE pPHUHKY, B paMKaX sIKOi MOXHa BHOKPEMHMTH JiBa TOJIOBHHUX
Cy0’€KTH, 10 B3aEMOJIIOTH: TPAHCIOPTHA CHUCTEMA Ta CIIOXHBAadi TPAHCTIOPTHOI
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NPOYKIii — BiAMPaBHUKM BAHTAXYy i BAHTAK00JEPKyBadi. IXHsa cTpaTeris moBo-
JOKCHHSI JOCSATa€ OCHOBHOI METH — 3aBOIOBAHHS HAWBHTIIHINIUX, JOMIHYIOUHX
NO3MLINA Ha TPAHCIIOPTHOMY PUHKY. J[JIs1 crio’KMBaviB TPAHCIIOPTHOT MPOAYKIIT 1ie
03Hauya€ JOCATTH MaKCUMAaJIbHOIO CKOPOUYEHHsI BUTPAT Ha MEPEBE3CHHs, JAOCTYII-
HOCTI TpaHCTIOPTY B OyIb-sKHil 4ac 100H, 3a0€31eYeHHs] CXOPOHHOCTI BAaHTAXIB 1
JIOCTaBKM X YIiTKO B T€PMiH Ta iH. [ TpaHCHOPTHUX OpraHizauii BaXJIMBO 3a-
BOIOBATH 4YM 30€pertu HalOuIbll CHOPUATIMBE CTAHOBMILE HAa PUHKY TPAHCIIOPT-
HUX HOCTYT y MOPIBHSIHHI 31 CBOIMU KOHKYPEHTaMU Ta 3aJy4YUTH AJIs [IEepEeBE3CH-
Hs IKOMOTa OUIbIIE BAHTAXKIB. 3 II€0 METOIO MPOBOJAUTHCS POOOTA 3 MOIMIICHHS
TPAHCHOPTHOTO cepBicy, (HOPMYIOTbCS KOHKYpEeHTHOo34aTHI Tapudu Ttomo. Pe-
3yJIBTATOM IIMX 3YCHJIb € OIEp KaHHS MAKCHMAaJIBHOTO JTIOXOIY U MPUOYTKY.

Tomy nns popMyBaHHS pIBHOBaXXHOT'O CTaHY Ha PUHKY TPAHCIIOPTHUX I10-
CIIyT HEoOXi/IHE JTOCSTHEHHS PO3yMHOIO KOMIIPOMICY MIXK Cy0’€KTaMHM KOHKY-
PEHTHOTO CEpEeIOBUILA, 110 YMOKJIMBIIIOE OTPUMAHHS IHTETPaIbHOIO €KOHOMIY-
HOTO e(eKTy BCIM YJaCHUKAM PUHKY.

OCKibKM TpaHCIIOPTHA MPOIYKIIS HE “CKIAAYEThCA”, TO MPOMO3ULIIS MAE
MiJJTAIITOBYBATUCh ITiJT HAWBHUIIWK DPIBEHb MOMHUTY, IO AYXKE 3MIHIOETHCS I
BIJIUBOM PI3HUX CE30HHUX KOJMBaHb. T0OOTO 0OCSr mepeBe3eHb Ha TPAHCIOPTI
npuOIM3HO BUILIUBAE 31 3MiHU 00CATIB €KOHOMIUHOI AisuibHOCTI. ToMy monut, a
1HOM1 W mporo3uIli, ayxe MiHauBi. OCKiIbKM OOHMIBI I1I BEJIMYMHU BITHOCHO
HeeJIacTU4YH1, MPUHAWMHI IPOTIATOM KOPOTKOTO 4Yacy, TO MOXJIUBI 1ICTOTHI 3MIHU
I[iH 37aTHI IPUBECTH J0 MOPYUICHHS JOCATHYTOTO KOMIIPOMICY Ha PUHKY TPaHC-
HOPTHUX MOCIYT.

B ymoBax miaHOBOi €eKOHOMIKH 1 BIJICYTHOCTI KOHKYpPEHLli, HOTpedu B repe-
BE3EHHSX MEPEBUIILYBAJIM MOKIMBOCTI 3aJII3HUYHOTO TPAaHCTIOPTY. ToMy rooBHUM
3aBJaHHAM Horo Oysio 3aJ0BOJIEHHS IMX MOTped (MOIIyK BaroHiB, IiJABHUIIEHHS
MPOBI3HOI CITPOMOXKHOCTI Ta iH.). SIKICTh TPaHCHOPTHOTO OOCITYyrOBYBaHHS BBa)kKa-
Jacst po3B’s3aHOI0 TIPOOJIEMOIO 1 IOCI 3aTMIIIAE€THCS Maike Ha KOJMIIHEOMY PiBHI.

BanTakHi mepeBe3eHHsI — 116 OCHOBHE JDKEPENo OJep>KaHHsS JOXOJIIB s
3aJTi3HUIb. [XHS TEXHOJOTIS i oprasizarisi IJIKOM BH3HAYarOTh YCI €KOHOMIYHI
MOKAa3HUKHU poOoTH 3ami3HuIlb. OTXe, Hacamrepea HEOOXiHO PO3IJSHYTH CTaH
i€l HalBaXXIIMBIIIOT rayTy3i (GyHKIIOHYBaHHS 3aJ113HHYHOTO TPAHCIIOPTY.

Cucrema oprasizarlii mepeBe3eHHsI BaHTaXIB, 110 CKJIAacs Ha HAIUX 3aJTi3-
HUISIX, BKITFOYAE MPOIIECH, 300pakeHi Ha puc. 2:

— MJIaHyBaHHSI IEPEBE3CHb;

— MJIaHyBaHHs (popMyBaHHS MOT3/iB;

— CKJIaJlaHHs Tpadika pyxy;

— ONepaTHBHE TUIAHYBAaHHS NIEPEBE3EHb;

— IUCTIETYEPChKE KEPIBHUIITBO NEPEBE3ECHHAMM.
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Puc. 2. Ilponecu ynpaBiiHHS IEPEBE3CHHIMHI BaHTAXKIB

[lepexin 10 pUHKOBOI €KOHOMIKHM PI3KO 3MIHMB MOXJIMBOCTI IUIaHYBaHHS
BAaHTAKHUX IE€PEBE3€Hb, IO CTAJI0 BAXKO3AIMCHEHHMM, ajie 3aJHIIMIOCS He
MEHII HEOOX1THUM.

TexHooris CKIalaHHs MEPEXKHOT0 1 TOPOKHBOTO IUIAaHIB (POpMyBaHHS He
3MIHMJIACS, SIK 1 paHillle BOHA OPIEHTOBaHA Ha CE€peJlHl BArOHOMOTOKH, 1110 CYTTEBO
3MIHIOIOTBCS 32 MICSIISIMU, THSIMU THKHS 1 HaBITh yIIPOAOBXK 100U (puc. 3).

[IparHeHHsT CHIPSMOBYBaTH BaHTAXKOIIOTOKM HAWKOPOTIIMMH BiJICTaHSIMHU
MPU3BOJMTH 0 HETATUBHUX IMPOIIECIB, a CaMe:

— HampaBJIeHHsS BaroHOMOTOKIB Y MOpPYY PO3TallOBaHI pailoHU 3a1i3HUYHOI
Mepexi uepes pi3Hi CopTyBallbHI CTAHIII;

— BIJINIPABIICHHS BAarOHOIMOTOKIB AaJIbHIX MOOIXHUX NMPU3HAYEHb 13 CYCIAHIX
COPTYBAJIbHUX CTaHIIN By3Ia;

— BUKOPHCTAaHHS TEIMJIOBO3HMUX XOJIB 1 MajopeHTaOeIbHUX JIHIN 1 mpo-
MYCKY TPAaH3UTHOT'O TIOTOKY 32 HAasBHOCTI PIBHOODKHUX €IEKTPU(IKOBAHUX JIiHIH,
eKCIUTyaTalisl IKUX Mailke B 3 pa3u JelleBlie;

— piake GpopMyBaHHS BiIIPAaBHUIIBKUX MapUIPYTiB 13 TEXHIYHUX;
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— HEBUKOPHUCTAHHS MOKJIMBOCTI MPUCKOPUTH MPOCYBAaHHS BaHTaXIB 3a pa-
XYHOK peajtizallii BUIIO1 MacH MOTsITa, BIJIMOBUBIIKMCH BiJ] HAHKOPOTIIOTO IUIAXY;

— HEBUKOPUCTAHHS MOKJIMBOCTI 30UMBIIMTU YHI(IKOBaHYy BaroBy HOPMY
HUIIXOM (POpPMYBaHHS BaXKKUX MOTSATIB.

J7 [Ty akmms, HCTPYELN, HOPM, KepiBri A0KyMEHTH

= - \
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Puc. 3. Ilponecu mnanyBaHHst pOpMyBaHHS BAHTAXKHUX MOT3/iB

JlaBHO icHY€e mpobiaemMa KOMIT FOTEPHOTO OMEPATHBHOTO KOPUTYBAaHHS TUTA-
HiB ()OpMyBaHHS, TOJOBHOIO METOIO SKOTO Ma€ CTAaTH MPHCKOPEHHS MPOCYBAHHS
BaroHOIMOTOKIB, a TAKOXK BUJILJICHHS MMPU3HAYEHbD IT1JIBUIIICHOTO TPAH3UTY.

I TiTbKM B yMOBaxX KOpUTYBaHHS TUIaHIB (JOPMYBaHHS Ha OCHOBI IMEpiOaNY-
HOT Ta 6e3ynuHHOI iHhOopMaIlii y TiICHIH B3a€MO/IIi 3 ONEpaTHBHUM TUTAHYBAaHHSIM 1
JUCTIETYEPCHKUM KEPIBHULITBOM YCiX PIBHIB MOXKHA OJIep)KaTH HalOIblI edek-
TUBHY CUCTEMY YIPaBIiHHS NPOIIECAMHU BAaHTAXKHUX ITEPEBE3CHb.

Hutka rpadika He 000B’sI3K0Ba, a JIUIIE MOXKJIMBA JIJIsl TIPOITYCKY BaHTaX-
HOTO TOoi37a AIISHKO 3am3Huli. [Ipu nboMy 3a3maneriip HEMOXIHBO Tepeaoda-
YUTH, IKi HUTKU rpadika Oyae BUKOPUCTAHO JJIs MPOIYyCKY BaHTAXHUX TMOI3/IB 1
K1 MOTpeOyBaTUMYTh 3a0e3MeueHHs JIOKOMOTUBaMU i Opuragamu. IIpote ma-
HY€ThCS IPUB’sI3Ka JIOKOMOTHUBIB 1 OpUraj 10 BCiX HUTOK HOPMATUBHOTO rpadika
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BAHTAXXHHUX I0i3/11B, MIAPaX0OBYIOTHCS MPOCTOI IOKOMOTHBIB 1 OpHras Ta I mo-
ka3uuku. Lle, y kpamomy pasi, MOKHa PO3IJISIIATH JIUIIE K HAOIMKEHY OIIHKY,
KOPHCTH BiJI IKOi CyMHIBHA.

Oprasizariist pyxy BaHTaXHHX O3B 3a rpad)ikoM AacTh MOXKIIUBICTb:

— OpraHizyBatu poOOTy JOKOMOTHBIB 1 OpHUraj i3 MiHIMAJIbHUMHU BTpAaTaMu
yacy, CKOPOTHBILIY NEPEBIANOYUHOK y IIyHKTaX 00€pTy 1 OHAJl BU3HAYEHUI yac;

— 3MEHIIUTH MOTPIOHY KUIBKICTh BaHTAXKHHUX JIOKOMOTHBIB 1 Opurajn 3a pa-
XYHOK M1ABUIIICHHS TPOYKTHBHOCTI iXHBOT IIparli;

— 3HU3UTH EKCIUTyaTaliiiHi BUTPATH;

— 00CIIyroByBaTH KII€HTIB 3a rpadikoM Ha JOTOBIpHIM OCHOBI, IO MiJABH-
IIUTH JOXO/IH;

— JIKBI1yBaTU HEPIBHOMIPHICTh PyXy, CTBOPIOBAHY CHCTEMOIO OOJIIKY Iie-
penadi MmoTAriB, 1 yCYHYTH IPOOJIEMHU CTHKIB,;

— MPUCKOPUTU MPOCYBAHHS MOTSTIB 32 PaXyHOK CTBOPEHHS YMOB ISl iX-
HBOT'O PIBHOMIPHOT'O PO3IMO/LIY 32 4acOM J00H;

— CIIPOCTHUTHU CUCTEMY OOIIKY MEpeJaHuX MOTATIB 1 BArOHIB.

Taka TexHOJIOTIsl IepeBe3eHb BUTIAHA 3aJ13HULI 1 KilleHTaM. ToMy OJHi€r0
3 TOJIOBHUX IIUJIEH € po3po0Ka HAyKOBO-METOAMYHUX OCHOB OpraHizauii pyxy BaH-
TaXHUX TMOI3/1B 3a TpadikoM.

OCHOBHOIO NPUYMHOIO HEBU3HAUEHOCT] Yacy BIANpaBJICHHS M0137a 31 CTaH-
uii opMyBaHHS € BHUIIAJKOBHI NMPOLIEC HAKOMUYEHHS PYyXOMOTO CKJIaay BiAIoO-
BiTHO 710 IIaHy (popMyBaHHS i HOPMOIO IIOAO JOBXHHM 4u Macu. CyBope jo-
TPUMaHHS IIUX HOPM MPHU3BOIUTH O TOTO, IO B MPOIECI HAKOMYCHHS BaroHiB
Ha COPTYBAJIbHIN CTaHIlIi HA TOBHUH CKJIAJ M013/1a HE BUCTAYa€ OJTHOTO BaroHa, u
MO13]] CTOSITUME JOTH, JOKH 1€l BaroH He MpUOyJe Ha CTaHIlIo 1 y MpoIieci po3-
MyCKy 3 TIpKH HE CTaHEe Ha BiAMOBiAHY Koiito. OTKe, MOMEHT BiANpPaBICHHS TO-
i3na 31 craHMii GpopMyBaHHS BU3HAYAEThCA He rpadikoM pyxy, a 3a3ialeriap He-
BiJIOMHM YacOM F'OTOBHOCTI CKJIJy BaroHiB.

[IpakTHuHO HEMOXKIIMBO 17 Yac 0pOPMIICHHS JOKYMEHTIB Ha MEpeBe3eHHS
HaBITh 32 JOTIOMOTO HOBITHBOI OOYHMCIIIOBAIILHOT TEXHIKM BU3HAYUTH MOMEHTH
NpUOYTTS Ha COPTYBaJIbHI CTaHIli BaroHiB, IO MPSAMYIOTh y PI3HHUX MOi3/1aX, i3
AKUX OyZyTh (POPMYBATHUCS CKJIAJH 3 JAHUM BarOHOM, 1 CIIPOrHO3yBaTH MOMEHTH
BiJITPABJICHHS JaHOTO BaroHa. Taka oprasi3allis epeBe3eHb BUKIIOUAE HE TITBKU
JIOCTaBKYy BaHTaXXy J0 BU3HAUYEHOTO Yacy J00H, aje i MOXKIIMBICTb KEPYBAaTH UM
TIPOIIECOM.

HeBusnauenicte yacy npuOyTTs BaHTaXiB 3HMKYE KOHKYPEHTHO3JIATHICTh
3alI3HUYHUX MEePEBE3EHb, PI3KO YCKIAHIOE B3aEMO/IIIO 3 IHIIMMH BHAaMU TPaHC-
MOPTY, CKaXIMO, TOCTAaBKa BCIX BaHTAXIB IS BIANPABICHHS JAHUM CYJHOM, IO
CTaJI0 0COOJIMBO HEOOXITHUM B YMOBAaX CTBOPIOBAHUX TPAHCIIOPTHHUX KOPHIOPIB.
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TpuBasicTh HAaKONMWYEHHS CKIAAY MO0i3/1a BU3HAYAETHCS IHTEHCHUBHICTIO 1
MOMEHTaMH 4acy MiJX0ay A0 CTaHLii MOTATIB i3 BarOHAMU JTaHOT'O MPU3HAYCHHS,
110 HaJIS)KHUM YMHOM HE BPaXOBYETHCS B HASSBHUX 1H(OPMAIIITHAX CUCTEMaX IS
PO3paxyHKIB yacy 3akiH4eHHs! (pOpMyBaHHS CKJIaiB MOI3/IB 32 YMOBHU Pi3HUX pe-
I'YJIIOBAJIbHUX 3aX0/11B MAHEBPOBOTO AUCIIETUEPA.

Pi3kuii cnayx oOcsriB mepeBe3eHb 1 HeBU3HAUEHICTD Yacy MpUOYTTS MOI3IiB
Ha CTaHIll CIOBUIBHIIIM 0OpOOKY 1 HAKONMUYECHHS CKJIQIB IMOi3/iB, IO CYIPOBO-
JOKYETbCSl 30UIBIIIEHHSIM MPOCTOI0 BArOHIB Ha COPTYBAJBHHUX CTAHIISAX 1 HE KOM-
MICHCYETHCS PEryTIOBAIEHUMH 3aX0JaMH.

Jlo1laTKOBY HEBHU3HAYEHICTh Y BUKOPHUCTAHHI HUTOK rpadika CTBOPIOE Ha-
sIBHA CHCTeMa OOJIIKYy IepeaaHux 1 BIAMPABICHUX BaHTAKHUX MOI31iB Ha 18 ro-
nuH. Bimomo, 1m0 B ocTaHHI TOOWHM 3BITHOI JOOM KUJIBKICTH IIOI3IIB, AKI 31a-
I0TBbCs (MMPUAMAIOTBCS) 3pocTae y 2—3 pasd, a Ha MOYaTKy HACTYIHOI 3BIiTHOT
JIOOM KIJTBKICTh MEpPeIaHuX IMOTATIB Pi3KO 3MEHIyeThes. Llei cTBoproBaHmil 3a-
JTI3HUYHUKAMH NEepioj 3TYLICHHs MOi3/iB CHPUYHMHSIE JTaBHO BiJIOMI IpoOieMu:
3aTPUMKH TIOi3/1iB HA MiAX0/AaX 10 TEeXHIYHHUX CTAHLINA 4epe3 BiJICYTHICTh BiJlb-
HUX KOJIiH MPpUHOMY, PO3MIIIIEHHS IOi3/1B Ha MPOMIKHHUX CTaHIIAX, TOAATKOBY
HEPIBHOMIPHICTh HAKONMWYEHHs CKJIAJIB MOi3/1B 1 BiANpaBICHHA MOI3/iB, MOPY-
HICHHS PeKUMY pOOOTH JJOKOMOTHUBHHX OpHraj, “KUJIaHHS TOI3/iB, 3HUKCHHS
IPOIYKTUBHOCTI Mpati Opuraj i mpoOiry JIOKOMOTHUBIB. 3ryII€HHs OTOKY I0i3-
JliB CTBOPIOE JIy’K€ Ba)KKI YMOBH JJIsl iXHBOI'O MPOIYCKY Ha IIUIMX HAIpsIMKax,
CHPUYUHSE OPYIIEHHS TEXHOJOrIl, OpaK y poOOTi, CIOBIIBHIOE CTBOPEHHS T10-
i341B y nepioay HEMHHYYOrO 3MEHUICHHS MOTOKY I0i3/11B, BHOCUTb CyM SITTS i
HEBU3HAYEHICTbh y MPOLIEC IEPEBE3ECHb.

OTxe, WBUIKICTh IPOCYBAHHS BaroHa 3 BaHTAXXEM 3aJIEKHUTh HE TUIbKH Bij
TPUBAIOCTI HAKOTIMUEHHS CKJI/IIB MMOI3/IiB, ajie i BiJl MOKIIMBOCTEH MOTPATUISITH B
“3maBaJIbHI” TOI3IM.

3a Takoi oprasizalii pyxy BaHTa)KHUX IOTSTIB TATOBE 0OCIyroBYBaHHS 3a
rpadikoM HEMOXJIUBO. He BIaeThcst BUALIATH 3 Tpadika pyxy i “sapo” mocTiii-
HO MpU3HAUYyBaHUX MOi311B. ToMy OUIBIIICTH TOKOMOTHUBHUX OpHrajJ BaHTaX-
HUX I0{3/11B 1I3HAIOTHCS PO Yac BUXOJy HAa HACTYIHY IOi3/Ky JIMIIE HAPUKIHII
MONEPEIHBOI.

OcHarieHHs 3aTi3HUIb CYYaCHUMHU 3ac00aMH OOYHMCITIOBAILHOT TEXHIKHA Ta
3B’SI3Ky HE MIPHUBEJIO JI0 CYTTEBOTO TMOJIIMIICHHS OpraHizallii moizHoi podotu. [ie
CTapa cucTeMa IUIaHYBaHHS POOOTH CTMKOBUX CTaHIH, 1110 ITPYHTY€EThHCS Ha 3asB-
11l Ipo Mi/BiX Moi3/1iB, a HE Ha TBepAoMYy rpadixy. Hemae TexHomorii, sika ckopo-
Yy€ MPOCTOI MOi3/11B HAa CTUKOBUX CTAHIISAX JOPIT, 10 30UIbIIY€E TEPMIHU TOCTAB-
KU BaHTaXIB.

BucHOBKH 3 JaHOT0 AOCHII:KeHHS | NepCNeKTHBH MOAAJBIINX PO3BIOK
y AaHomy Hanpsimi. Bincrani nmepeBe3ens Ha YKpaiHi He Taki BeluKi, sk y Pocii,
Jie BaHTAKOBIAMPABHUKAM (BaHTa)XOOJepKyBauaM) Maibke HE 3aJIMIIA€THCS BU-
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00py y BUKOPHCTaHHI BHAY TpaHCHOpTy. Pi3Ha mmpuHa HaAmoi Ta 3axiTHOEBPO-
MEHCHKOI 3aNTI3HUNYHUX KOJIIKH MOTpedye MPOBENCHHS JTOJATKOBHX OIeparii (re-
pEBaHTa)XKEHHS, 3aMiHa BI3KIB TOWIO.), Kl BEAYTh A0 30UIbIIEHHS (PIHAHCOBUX Ta
yacoBUX BUTpaT. B YkpaiHi BiqHOCHO 100Ope pO3BHHYTI aBTOMAricTpaibHi IJIs-
XM, HE KaXXy4H BXKE PO €BPOMNEHChKI KpaiHH, A0 SKHX HE TaK Janeko. Tomy Ko-
pHUCTyBaui TPAaHCHOPTHOT NPOAYKIIT BCe YacTilie poOsTh CBiil BUOIp HE HA KO-
PHUCTB 3a1I3HUYHOTO TPAHCIIOPTY.

Iloxu e 3ami3HMLI HE BTPATWIM IOIMUTY HA CBOI MOCIYI'M i OTPUMYIOTh
npuUOYTKH, MOKHU IlI€ HE BCl BaHTaXl MEPEBO3ATHCA AaBTOMOOUIBHUM Ta BOJHHUM
TPAHCIOPTOM — HEOOX1AHO HEraifHO MPOBECTH 3aXOAU LIOJ0 MiJBUILEHHS KOHKY-
PEHTOCIIPOMOXKHOCTI YKPalHChKOTO 3aJli3HUYHOTO TpaHcnopty. He nepexianan-
HSIM CBOIX (DYHKIIIM Ha €KCIIeTUTOPIB Ta 1HILI MapajeiabHl KOMEpLiNHHI CTPYKTYpH,
a MPOBEACHHSAM IOBHOI peOopMH B YIPABIiHHI BaHTAKHUMH IEPEBE3CHHIMH 3
ypaxyBaHHSM JOCBiy PO3BUHYTUX KpaiH Ta BAMOT TPETHOTO THUCSIUOIITTS.
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Hlanoeni aemopu!

ITpocumo BpaxoByBaTH Taki BUMOTH 10 PYKOIHUCIB cTaTeil 1 MOpsAKY iX mo-
TaHHS 10 APYKY:

1. IlpuitmMaroTbCsl CTaTTi, HANMKMCaHI YKPaiHCHKOIO, POCIHCHKOIO, aHTIIINCH-
KOI0 MoBaMH, obcsirom 0,5 — 1 aBT. apk.

2. Pykonuc cTtaTTi HOBHHEH MaTH TaKi €lIEMEHTH:

— Ha TOYATKy CTaTTI aHTJIIHCHKOI MOBOIO: TIPI3BHINE IHIIIAM aBTOpa, Ha-
3Ba CTATTI, a{pECHi 1aHi aBTOPiB (Ha3Ba YCTAaHOBH, 3aKJIaJly, BiJIoOMYa HAJIC)KHICTb,
aapeca opranizariiii, Micto, kpaina, iHpopmaris moao ORCID (3apeectpyBatucs
MOXKHa 3a aapecoro https://orcid.org), posmmpeHa aHTIOMOBHA aHOTAIis (Bij
1800 3HaKiB), KIIOYOBI CJIOBA, MPUCTATEHHI CTUCKH BUKOPUCTAHUX JDKEPEN y PO-
MaHCbKOMY a]aBiTi (JIATHHUIICIO);

— IIPI3BHIIE Ta IHIIIAIIA aBTOPa, HAYKOBHH CTYITIHb, MOcaja (YKp. MOBOIO);

— Ha3Ba cTarTi (YKpaiHCbKOIO MOBOIO);

- V]K;

— aHOTAallis YKPaiHCHKOIO MOBOIO (@HOTAIIis 32 3MICTOM CTaTTi TOBUHHA MiC-
tuTH He MeHIne 450 3HakiB 6e3 mpooimiB. [Ipu nepeknani 3 podovoi ykpaiHChKOT
MOBH Ha POCIHCBKY Ta aHITIMCbKY MOBH KUJIBKICTh 3HaKiB HE Ma€ 3HauUeHHs. AHa-
JIOT19HO, 3 poO0U0i pociiichkoi (450 3HaKiB O€3 MpoOiTiB) — HA YKPATHCHKY Ta aH-
TIIHACHKY MOBH; 3 poOouoi anrmiicekoi (450 3HakiB 6€3 mpoOiiB) — HA YKpaiHCh-
Ky Ta POCIHCBKY MOBH);

— OCHOBHMI TEKCT CTaTTI;

— CIIMCOK BUKOPHUCTAHMX JIKEpell.

3. OCHOBHHI TEKCT CTATTi CKIAIAETHCA 3 TAKUX CTPYKTYPHUX €JICMEHTIB:

KirouoBi croBa (4-5 ciiB).

[TocranoBka mpobIeMH.

AHaJi3 0CTaHHIX JOCIIHKEHB 1 TyOTiKarii.

Merta crarTi.

Buxknan ocHoBHOTO Marepiaiy.

BucHOBKH 3 JaHOTO JOCHTIKEHHS Ta IEPCIIEKTUBH MOAATBIINX PO3BIIOK Y
JTAaHOMY HampsIMKY (Ha poc. MOBi, “BBIBOJIBI M MEPCIIEKTUBHI JaTbHEHIITX UCCIIE-
noBaHuii”’; Ha a1, MoBi “Conclusions and Future Researches”).

Cnucok Bukopuctanux mxepen (odopmmtoerses Biamosimao ao JACTY
8302:2015).

3a3HaueH1 eJIEMEHTH BUIIISIOTHCS B PYKOIIHMC] HAMIBXKUPHUM HIPUPTOM.
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4. Tekct craTTi Mae OyTn HaOpaHMii B TEKCTOBOMY penakTopi Microsoft
Word.

[Tons 3 ycix cTopid — 20 mMm.

[pudt — Times New Roman 14 3 intepanom 1,5.

Haii0inpin ckiaaHi MajJlOHKM IPONOHYETHCS HAOMpaTH, 3aCTOCOBYIOUHU
rpadiuamnii penaktop Microsoft Visio.

®opMynu TMPOMOHYETCS HAOMpPATH, 3aCTOCOBYIOUM BIAIITOBAaHMA y MS
Word penakrop popmyn MathType 4.0(6.0) Equation. Homepu dopmyn “nputn-
CKaIOThCs” 10 MPABOT0 Kparo CTOPIHKH, cama (popMyiia po3TalioBy€eThCS 110 cepe-
JTMHI CTOPIHKH.

[Mocunanns Ha JiTepaTypy 3IMCHIOIOThCS OE3MOCepeTHhO B TEKCTi. Y KBaj-
paTHUX AYKKaxX 3a3HA4YaeTbCs MOPSAIKOBUN HOMEp BHKOPHUCTAHOTO JIKepesa B
MOPSAKY 3raJlyBaHHs, a Yepe3 KOMY — KOHKpETHa CTOpiHKa.

5. Jlo penaxiii mogarThCs:

— IanepoBHi BapiaHT CTATTI 3a MiIHUCOM aBTOPA;

— JICKTPOHHUI BapiaHT CTaTTi;

— 3aBipeHa peleH3is JoKTopa abo KaHAuAaTa HayK BiAMOBITHOTO Mpodiio;

— JIOBiJIKa MPO aBTOpa YKPaAiHCHKOIO MOBOIO (TIPi3BUINE, iM s, IO OATHKOBI
MOBHICTIO, OpraHi3aiisi, mocaja, ajpeca, HAayKOBUM CTYIIHb, BUCHE 3BaHHS, KOH-
TaKTHI TeleOHHU, CICKTPOHHA ajpeca).

[Tepenpyk marepialiiB 103BOJSIETHCS JIUIIIE 32 TUCHMOBOI 3TOIA PEIAKIII].

Marepianu, mo myOmiKylOThCS, BiTOOpa)KaroTh MO3MIIIO aBTOpa, sKa
MOXKe He 30iratucs 3 MOTJISIOM peaakiii. 3a IOCTOBIPHICTH (akTiB, CTATH-
CTUYHUX JIaHUX Ta 1HIIOI iHpopMaIii BiAMOBIAAIbHICTE HECE aBTOP.

Penakist 3anuimae 3a co000 MpaBo HAYKOBOTO Ta JITEPaTypHOrO pena-
T'YBaHHS CTaTei 0e3 J01aTKOBOT KOHCYIBTAI] 3 aBTOpoM. JIucTyBaHHS 3 UMTa-
QaMI/I BE/IETHCS JIMIIIE HA CTOPIHKAX XKYypHATY. j
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