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mandatory creation of bank reserves to cover possible losses from lending activities as well as
the introduction of economic regulations aimed at risk mitigation. However, the impact of such
methods is rather indirect and more focused on avoiding systemic risk.

Minimizing credit risk at the bank, unlike compensation from reserves, involves an
active influence on the likelihood of adverse events. Therefore, in practice, the emphasis should
be shifted from the repayment of losses to previous minimize them. Primarily minimizing credit
risk is to be effected by the banks themselves with active methods of influence on the
probability of default of loans and interest on them downward. The objective is to improve
banks’ internal credit risk management. Increased competition serves as a motivation, but that
at the state level should be addressing information, legal, general economic mismatch issues.
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Pe3tome. Ha niocmasi nposedenoco ananizy pooim npuceayenux 30iUCHeHHI0 MINCHAPOOHUX 8AHINANCHUX
nepegezenb, 30Kpemda MeXAHiZMy NepemuHy MidCHApPOOHO20 KOPOOHY, 8 cmammi po3poOieHO MamemamuiHy
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MoOenb 00CIY208Y8AHHS ABMOMPAHCROPIY HA MUMHUX NYHKMAX Nponycky. [{nsa no6yoosu mooeni 8UKOPpUCINAHO
meopiio Macogozo obcryzosysanus. Lle 0ano 3mozy 3a 3a0aHUMU NAPAMEMPAMYU BAHMAICONOMOKY SUSHAYUMU
00IPYHMOBAHY KINbKICMb Cepeicie (3acobi 00Cy208y6aHHs) MA ONMUMATIbHE CHIGBIOHOUIEHHS MIJIC BUMPAMAMU
HAa YMPUMAHHsL Cepeicie I apmicmio 4acy o4ikysawHs 600iie. Bnposaodoicenns po3pobienoi mooeni 003601ums
npo8oOUMU ONMUMIZAYII0 6AHMANCONOMOKIE MA 6 NIOCYMKY MIHIMI3Y8amu uepau Ha NYHKMAx nponycKy.

Kniwouosi cnosa: mamemamuuna mooenv, meopis Maco8oeo 00CIY208Y8aHHI, NOMIK 3dA60K, MOOelb
yepeu, eKCnOHeHYIaNbHUll PO3NOOiL, THMEHCUBHICMb 00CIY208Y68aHHs, 00BXCUHA Yepeu, 8apmiCHI napamempu
Mooeri.

Dmytro DMYTRIV; Olena ROGATYNSKA,; Yuriy KAPATSILA

PROBABILITY MODELING OF AUTOMOBILE FREIGHT FLOWS
THROUGH THE CUSTOMS BORDER

Ternopil Ivan Pul uj National Technical University, Ternopil, Ukraine

Summary. The mathematical model of vehicles service at customs checkpoints is developed in the article
and is based on the analysis of papers devoted to the realization of international freight transportations and the
mechanism of crossing the international border in particular. Queuing theory is used to build the model. This
made it possible to determine a reasonable number of services (facilities maintenance) and the optimal balance
between costs of services maintenance and cost of drivers waiting time due to set parameters. Implementation of
the developed model will allow to optimize freight flows and as a result to minimize queues at checkpoints.

Key words: mathematical model, queuing theory, applications flow, queue model, exponential
distribution, intensity of service, queue length, cost parameters of the model.

IlocTanoBka npod.emu. J[nHaMika €BpOIHTErpalliiHUX MPOLIECiB HA Cy4YaCHOMY eTarli
BUMarae Big VYKpaiHM JOTpUMaHHS €BPOINEHCHKUX CTaHAAPTIB y (PYHKIIOHYBaHHI
1H(paCTPpyKTYpHUX MIPO3/LTIB, 1, B IEPUIY YEPry, 1€ CTOCYETHCSI MUTHUX KOPJOHIB Y KpaiHu.
Sk mokasye mpakTHUKa TEPETHHY JePKaBHOTO KOPJIOHY, Ha IMYHKTAX MPOITYCKY MArOTh MicCIe
YTBOPEHHS Yepr, 1110 HETaTUBHO B10Opa)ka€Thbcs 30KpeMa Ha JAisIIbHOCTI aBTONEPEBI3HUKIB.
[Tupoke po3MmOBCIOMKEHHs 1HGOPMALIHHUX CHCTEM 1 TEXHOJIOTIH, BIPOBaKEHHSI HOBITHIX
HIIXOAIB Yy Tajly3l TPAaHCHOPTHUX TEXHOJOTIH, a TaKOX 3acTOCYBaHHS MaTeMaTHYHOTO
MOJIEJIOBaHHSI JalOTh MOJKJIMBICTH PO3pPOOJSATH ONTUMI3alliiHI MOAENI, SKI 3a YMOB iX
BIIPOBA/KEHHSI J03BOJIATh MIHIMI3yBaTH a00 MOBHICTIO BHKJIIOUUTH YE€Prd Ha MUTHHILSX.
Tako OJTHUM 3 eJIEMEHTIB JIIKB1JIALil Yepr € MiHIMi3allig yacy 00CIyroByBaHHs TPAHCIIOPTHUX
3aco0i1B Imi/1 yac 0POPMIICHHS TOKYMEHTIB Ta OTJISITY.

AHaJji3 ocTraHHix gociailzkeHb i myOaikamiii. CydacHl TpaHCIOPTHI TEXHOJOTII,
MeXaHI3MH iX peasizallii Ta OOrpyHTOBaHI METOJMKH IX BIIPOBAPKEHHS PO3TIISHYTI B poboTax
M.®. Imutpuuenka, II.P.JleBkoBus, A.M. Tkauenka, O.C. Irnatenka, JLI'. 3alionunka,
.M. Crarauka, I.I'. CmupnoBa, T.B. Kocapesoi, .M. Cokypa, B.B. I'epacumuyxka [3, 5, 7, 8].
[TutanHsaM mpolecy 3A1MCHEHHS MDKHApOIHHUX IMEepeBe3eHb, OpraHizaiii poOOTH MHUTHHUX
NYHKTIB MPOIYCKY Ta YNPaBIiHHA Ha aBTOMOOUILHOMY TPaHCIOPTI MPHUCBATWIIM CBOI Iparli
I.A. Bikosuu, LJI. Camcin, P.B. 3inbko, T.I. bongapesa, O.O. Jonuenko, /I.B.3epkanos,
O.1. Menbhniuenko, O.I'. Kazauenko, B.S. Caenko, B.A. l'aiinykesuu [1, 2, 4, 6].

MeToro 1aHoi cTaTTi € po3p0oOICHHS MaTeMaTUYHOI MOJE [l BU3HAUEHHS KIJIBKOCTI
CepBiCiB 00CIyroBYBaHH, 3BaKatoud Ha poOoUl XapaKTePUCTUKU MOJETI, a TaKOX 3HAlTH
ONTUMAaJIbHE CIIBBITHONICHHS MK BHUTpaTaMHd Ha YTPUMAaHHS CEPBICIB 1 BapTICTIO Yacy
OYIKyBaHHS BOJIIiB.

Bukaag ocHoBHoro Mmartepiany. OyHKIIOHYyBaHHS CyO’€KTIB TOCIOJAPIOBaHHS B
yMOBaxX JIUHAMIYHOTO PO3BUTKY EKOHOMIKM HEMOXXJIHMBE O3 YIpOBaPKEHHS Cy4acHHX
iHpopmamiiitHux cucrem. OpHi€l0 3 mepeBar, sKi HaJalOTh iHGOpMaIliiiHI CHUCTeMH Ta
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TEXHOJIOT11, 11e aBTOMAaTH3allis i TMPOBEICHHs ONEPAaTUBHUX PO3PAXYHKIB IIOAO IMOTOKEHHS
iHpOopMaLiiHUX, MaTepiaJbHUX, (PIHAHCOBHUX Ta TPYJOBUX IMOTOKIB Y KOHTEKCTI 3a0e3MmeueHHs
Oe3nepepBHOr0 BUPOOHMUOro mporecy. BaxiupicTh 3abe3meueHHsT BYACHOI JOCTaBKH
CHPOBHMHH, MaTepiamiB TOIIO (MaTepialbHUI MOTIK), 30KpeMa JOTpUMaHHS KoHmenii «Just In
Time» Bimirpae 4yu HE BUPIIIAIBHY POJIb y JNOTpHUMaHHI Oe3mepeO0iiHOro BUPOOHUIITBA Ta
MOCTaYaHHS CIOKMBAYiB TOBapiB, OCOOJMBO 3 OOMExeHUM TepmiHoM mpumatHocti. Lo
CTOCYEThCS YKPATHCHKUX pealliid, TO MPoOIeMaMy BITYM3HSHUX ITiITPHUEMCTB, SKi 3aiMarOThCS
30BHIITHHOCKOHOMIYHOIO JIISUIBHICTIO BUCTYIAIOTh 3HAYHI BUTPATH, MOB’sA3aH1 13 MPOCTOSIMHU
BaHTQXXIB HA MUTHUX KOpAOHax. Tomy Iy MiHiMi3amii BTpaT K 4Yacy, Tak 1 ()iHAHCOBHX
pEeCypCiB IOIIIBLHO ONTUMI3yBaTH aBTOMOOUTbHI BAHTA)KOITOTOKH 32 MUTHHIISIMH.

3arpuMKa 4acy IiJ 4ac MepeTuHy KOpAOHY MOB’s3aHa 3 Yepram, SiKi BUHHKAIOTh Ha
MUTHHIISX Yepe3 HEPO3MOAUICHI MOTOKH BaHTaXIBOK. Lle, B CBOO Yepry, 3yMOBIICHO THM, IO
y MapHIpyTHIM JOKyMEHTaIllli Ha KOK€H BaHTa)XHUU aBTOMOOLIb, KU PyXaeTbCsa 3a MExi
YkpaiHu, 4iTKO BCTAHOBJICHO, Yepe3 KUl MUTHHI TepMiHal BiH Ma€ MPOXOIUTH TPAHHIIIO.
BinnoBigHo Ha JesSKUX TepMiHalaX BiI0YBA€THCS MepEeHAaBAHTAXKEHHS TPAHCIIOPTHOTO MOTOKY.
YCcyHyTH HEpIBHOMIPHICTh TPAHCHOPTHUX IOTOKIB MOKJIMBO 32 JOIOMOTOI) BUKOPHUCTAHHS
iHpopMmamiifHuX TexHomorii, 30kpemMa GPRS-texHonoriid, sKi 103BOJATHMYTH BOJIIIO
BaHTAXXIBKH, 1[0 PYXaTUMETHCS 10 MUTHHMIII, MOHITOPUTH ii 3aBaHTa)KEHICTh Ta OOMPATH MEHIII
3aBaHTAXXEHY MUTHHUIIIO.

[Ipu mmanyBaHH1 MapUIPYTY BITYM3HSHUM MEPEBI3HUKAM HEOOXiqHO MPOBOIUTHU aHATI3
BAaHTA)KOMIOTOKIB TUMH YW IHIIMMH MUTHUMH KOPUAOPAMH 32 KBapTaJlaMH 1 HaBIiTh MiCSISIMH,
OCKUIPKM MHTHUM IYHKTaM MpPHUTAaMaHHA II€BHA CE30HHICTh Y HABAaHTAXCHHI (HANPUKIIAJ,
30UIBIIEHHS] TPAHCIOPTHOTO TOTOKY Yy JITHIO TMOPY POKY, TOB’sI3aHE 3 BHUBO30M BPOXKAIO
CUIBCBKOT'0O TOCIIO/IaPCTBA, 3 CE30HOM BIAIIYCTOK TOIIO).

IIporiec mpOXOMKEHHSI BAaHTa)KHUX aBTOMOOLIIB 4Yepe3 MHUTHUI KOpIOH MOXKHA
NPEJCTaBUTH SIK CHCTEMY MacoBOTO OOCITYroByBaHHs. BUMankoBWil MOTIK 3asBOK 1 Hacy
00CITyroByBaHHSI TPU3BOAWTH IO TOTO, IO CHCTEMa BHSBISIETHCS 3aBAHTAXKECHOIO
HepiBHOMIpHO. [I[o6 perymoBaTH 11 mpolecH UUISIXOM MPUNHATTS 3BAXKEHUX Ta
OOIPYHTOBaHMX YIPaBIiHCHKUX PIIIIEHb BUKOPUCTOBYETHCS TEOPisi MACOBOT'O 0OCITYrOBYBaHHS.
Bynyerscsi maremaTHyHa MoOJieNb, sIKAa MOB’S3Yy€ 3aJlaHi YMOBH POOOTH CHUCTEM MacOBOTO
0o0cayroByBaHHs (YMCIO KaHaliB, iX MPOAYKTUBHICTh, XapakTep IOTOKY 3asBOK) 3
MOKa3HUKaMH €()EKTUBHOCTI X CUCTEM, III0 OMHICYIOTh 1X 3AaTHICTH CIIPABIISATHCS 3 TOTOKOM
3as1BOK.

Bynp-sxuit MeTo 1 TOCTiKEHHS CHCTEMH Yepr 1 M0OYA0BHU BIAMOBITHOT MOJIENI BUMArae
BU3HAYEHHS HACTYITHUX BEIUYHH:

1. KinpkicTh 3asBOK (3aBAaHb) y CHUCTEMI: YHMCIIO 3asBOK, IIO OOCIIYTOBYIOTHCSI B
JaHUW MOMEHT, 1 3aBOK, 1110 3HAXO/STHCS B Yep31 HA OOCITYyrOByBaHHS.

2. KingpKicTh 3asBOK y 4ep3i: YUCIIO 3asiBOK, SIKI OYIKYIOTh Ha 00CITyrOBYBaHHS.

3. TpuBasnicTh nepeOyBaHHs 3asBKM B CHUCTEMI: IHTEpBaJ 4acy BiJf MOMEHTY, KOJIU
3asBKa HaJAIHIIA B CUCTEMY, 1 O MOMEHTY, KOJIU BOHA MOKHHYJA cucteMy. Jlanuil intepBan
qacy BKJIIOYAE 1 4ac Ha 00CITyrOByBaHHSI.

4. TpuBaiicTh nepeOyBaHHS 3aiBKU B 4ep3l: IHTEPBAJI MK MOMEHTOM 4acy, KOJIH
3asBKa Ha/IMIIUIa B CUCTEMY 1 JJO MOMEHTY, KOJIH 11 oyayii 00CIyroByBaTH.

Icnye xinbka mopneneii yepr: A/B/S, ne A — Tun IMOBIPHICHOTO PO3MOJITy MOMEHTIB
yacy HAAXOKEHHS 3asgBOK Yy CHCTeMy, B —Tum ¥HMOBIpHICHOTO pO3MOAUTY dacy
00CITyTOBYBaHHsI, § — KUIBKICTh CEPBICIB.
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ExcrioHeHIianbHU pO3MOJIIT MOXKE OINUCYBAaTH MPOIEC HAIXOMKEHHS 3asBOK Y
cucremy. lllogo 3akoHy po3moainy dacy oOCIyroByBaHHS, JOCTaTHbO 3HATH HOTO CEpeIHE
(MaTeMaTHuHe o4iKyBaHHs) 1/41 mucnepcio o°.

Jly1st cTamioHapHOiT MOJIeNTi YepT CEePeIHsI KITbKICTh 3asBOK Y CUCTEMI

L=AW, 1)
ne A — IHTCHCUBHICTh HaJIXO/KCHb 3asIBOK Y CHCTEMY;
W — cepenniii yac nepeOyBaHHs 3asBKH B CUCTEMI:

- @
(u—2)
CepenHst KUTBKICTB 3asBOK Yy Uep3i (cepeaHs TOBKHUHA YEPTH ):
L= W, 3
ne W, — cepeHiii yac O4iKyBaHHS B uep3i.
Cepenniii yac nepeOyBaHHS B CUCTEMI:
W=w, +1/u, 4
Jie (4 — CepelHs IHTCHCHBHICTH 00CITYTOBYBAaHHSI 3a5BOK CEPBICOM.
VIMOBIipHICTB TOTO, 110 CUCTEMA TIOPOXKHS,
P 1
0 n
sl @l (1, ®
=0l st (1-(4/su)
OuikyBaHa KUTBKICTh 3asBOK Y 4ep3i
s+1
R 7] A
yl (6)
(s—-1ps—=1 -
U
KoedimienT 3aBaHTa)keHHS CUCTEMHU
. ¢
U

®opmymu (1) — (7) 103BONAIOTH OOYUCIUTH 3HAYEHHS OCHOBHHX XapaKTEPHUCTHUK
moneni Wy, W, L nns fOBUIbHUX 3HaU€Hb A, 4, a TAaKOX JUIsl TOBUIBHOI KIJIBKOCTI CEpBICIB ().

MuTHUIT KOPAOH MOXHA PO3TIISAIATH K CUCTEMY 4epr 3 cepBicaMu 0OCITyroBYBaHHS.
[Toctae 3amaya BU3HAUEHHS BapTOCTI Yacy OUIKYBAHHS, KOJIM Yac OYIKYBAaHHS JJISl BOJISl CTa€E
HENPUWHATHUM 1 TPU3BOJUTH 1O 30MTKOBOCTI. 3HAWTH ONTHUMAJIbHE CIIBBIAHOIICHHS MiX
BapTICTIO MOKpaIeHHs! 00CIyroByYBaHHS 1 BAPTICTIO Yacy, BUTPAUE€HOr0 Ha O4iKYBAaHHS B Uep3i.
3amaya 3BOAWTHCS OO TMOOYAOBH BapTicHOI Mopeni uepru. Posrismaemo wmojens 3
EKCTIOHCHITIAJIBHAUM  PO3MOJIOM Yacy HAIXO/DKEHHS 3asgBOK 1 dYacy oOOCITyroByBaHHS
(puc. 1-3).
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Pucynoxk 1. Pe3ynbrati 004ncCIIeHb A5t MOJIET 3 OJTHUM CEPBiCOM
Figure 1. The results of calculations for the model with one service
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Pucynoxk 2. Pe3ynpraTi 004nCIIeHb 715t MOJIEN 3 IBOMa CepBicaMu

Figure 2. The results of calculations for the model with two services
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A, B C O E F G H | J
1 | XapakrepucTurH 9epro M/A/s
¢ | IHTEeHCHBHICTL HAAXOAXEHL 3aABOK 0,08 HMaMHaNE TTRHMUCKEETECA, W0 Yas HADKOLHKEHHA
J | iHTEHCHBHICTL DfCAyroByBaHHA 0.1 MaLMHAMNE B CHOTERY | Y3 0OCIYroEYEaHHA
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Pucynox 3. Pesynprati o04ncieHs A1 MOJEI 3 TPhOMa cepBicamMu

Figure 3. The results of calculations for the model with three services

3HaNUIIOBIIN XapaKTePUCTUKHU L, Ly, W, W,, BU3HAUUMO ONTUMAaJIbHY KUTBKICTh 3aC001B
00CITYyroBYBaHHS, a TaKOX IPOBEIEMO aHAJI3 3aJCKHOCTI pO3B’s3Ky Bij mapamerpa C,, —
BapTOCTI (3a roJ) O4iKyBaHHS 3as1BKU B CUCTEMI.

BapricHi XapakTepuUCTUKH:

Cs — BapTiCTh (32 TO/1) YTPUMAaHHS 3ac00y 00CITyrOBYBaHHS.

C\ — BapTICTh (3a roJ) O4IKYBaHHS 3asiBKU B CUCTEMI.

3aranbHa BapTIiCTh 00CIyroByBaHHs ckiafgae Cs x s X n.

Cs — BapTicTh 00CTyroBYBaHHSA (3a TOJl) OJHOTO CEPBICY, S — KUIBKICTh CEpPBICIB, 7 —
KUIBKICTh TOJTMH POOOTH KOXKHOT'O cepBica (TpUBAIICTh 3MiHH).

BapricTs ouikyBanHs = Cy x Ly x n.

Ls — KUIBKICTB 3as1BOK B U€p3i, KOJIM MPAIIOIOTh S CEPBICIB.

3B(s) = Cs xs + Cyy x L.

3B(s) — 3aranpHa BapTICTh (3a T0J1) BUKOPUCTAHHSA S 3aC001B 00CTyrOBYBaHHS.

3aaya 3BOAUTHCA 10 BIAIIYKYBAaHHS Takol KUJIBKOCTI CEpBICIB S, 00 QyHKiis 3B(s)
HaOyBaja HaMMEHIIOro 3HauyeHHA. SIKIIO § 30UIBLIYETHCS, TO BapTICTh 4Yacy OYIKYBaHHS
3MEHUIYEThCS, BApTICTh 0OCIYroByBaHHA 3pocTtae. Harra 3ajaua — 3HalTH Take 3HAYCHHS S,
106 cyMa IMX JBOX BapTocTel Oyna MiHiMaiabHa. Ha skasb, BaXKKO BUBECTH HOPMYITY, SKa A€
ontuMalibHe 3Ha4eHHs. [locTaBieHy 3aqaqy MOXKHa PO3B’s3aTH, BUKOPUCTOBYIOUH €IEKTPOHHI
tabnuui Microsoft Excel, 3anasmm 3nauenns Cs 1 Cyy 1 00UHUCAMBIIN BapTiCTh 00CITYTOBYBaHHS
1 BapTICTh OYIKYBaHHS JUIsl P13HOI KUIBKOCTI CEPBICIB 0OCIYyrOBYBaHHsI, MICIs YOTO MOPIBHATH
3arajibHy BapTiCTh JUIsl pOOOYOi 3MiHH.

[TopiBHsIEMO 3aranbHy BapTiCTh s §-TOJUHHOT poOOYOi 3MIHHU MPH Pi3HIM KIJIBKOCTI
cepsiciB. Sk 6aunMo, MpH IBOX cepBicax 3arajibHa BapTICTh MeHIIA (puc. 4).

Jlis BHU3HAUEHHS YYTJIMBOCTI PO3B’S3KY BIAHOCHO 110 BaprocTi () CTBOPIOETHCSA
Tabnui miactaHoBku. JlocmimkyroThes 3HadueHHs Cy, Bix 0 1o 160 (puc. 4).
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A
1 |Bapricte oficnyroeysanHA 3a rog
2 |BapricTe 0YiKyBaHHA 3a rog
3
4
b |KinkkicTs cepaicis
5] 1
7 2
8 3
9
10} |BapricTe ouikyeanHa 3a rog
11 0
12 20
13 40
14 60
15 80
16 100
17 120
18 140
149 160

B o B E
50,00 Tpweanicte 8
100,00 3MIHW, rog,
CepenHa Bapricts BapricTs JaransHa
OOBMMHA YeprM CepBiCY OYiKyBaHHA BApTICTE
4 400 3200 3 600,00
0,9524 800 761,92 1 561,92
0.,8189 1200 65512 185512
3600 156192 185512
400,00 800,00 1 200,00
1040,00 952 38 1331,02
1 680,00 110477 1 462,05
2 320,00 1257 15 159307
2 960,00 1409 54 172410
3 600,00 1 561,92 185512
4 240,00 1714,30 1 986,14
4 880,00 1 866,69 217 A7
5 520,00 2 019,07 224819

Pucynok 4. ExoHomiunuii anani3 mozeni 3 1, 2 i 3 cepBicamu

Figure 4. Economic analysis models 1, 2 and 3 services

[Ilo6 mpocmigkyBaTH XapakTep MOBEIIHKH OTPUMAHUX 3HAYEHb 3arajbHOI BapTOCTI,

noOyayemo rpadik (puc. 5).

6 000,00
5 000,00 +
4 000,00 +
3 000,00 ~

2000,00 +

3aranbHa BapTicTb

1000,00

0,00 + . .

0 20 40 60 80

100 120 140 160 180

BapricTb ouikyBaHHSA 3a rog

—— BaprTicTe ogHoro cepsica

—B—BapTicTb 4BOX CepBiciB

BapricTe TpbOX cepsicis

Pucynoxk 5. 3anexxHicTh 3araqbHOT BapTOCTI BiJl BAPTOCTI OUiKyBaHHS

Figure 5. The dependence of the total value of the cost of waiting

OpuH cepBic 00CIYroByBaHHS € ONTUMATbHUM po3B’si3koM 1pu Cy, < 20, 1Ba cepBicH €
KpauuMm pitmenHsM npu 20 < Cy, < 160.
BucHoBku. Y cTarTi po3po0JieHO MaTeMaTHYHY MOJENb JJisi BU3HAYCHHS KIIBKOCTI
CEpBICIB OOCIYroByBaHHS, 3Ba)kKalouW Ha pPoOOoUl XapakTepucTuku wmojeni. OouunciaeHo
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BapTIiCTh O0OCIYroByBaHHA 1 BapTicTh oOdwikyBaHHs i 1, 2, 1 3 cepsiciB (3aco0iB
ob6cmyroByBanHs1). [lopiBHIOETBCS 3arajibHa BapTIiCTh ISl 8-TOJWHHOI poOOYOi 3MIHHM TIPH
KiIbKOCTI cepBiciB s = 1; 2; 3. [loka3zaHo, 110 BIAKPHUTTS APYroro cepBicy 0OCIyroByBaHHS
3HaYHO 3MEHINy€ Yac OYiKyBaHHA BOJIIB y uep3i, mpoTe noTpedye noaarkoBux 3arpar. Ilpu
JIBOX CepBicax 3arajibHa BapTICTh MiHIMalbHA. BIIKpUTTS TPETHOTO CEPBICY BXKE HE Jae
3HAYHHX PE3yJIbTATIB.

[Moganpmni  JOCHIKEHHS MOXKHA CHPSAMYBaTH Ha PO3POOJICHHS  TJIOOQIBHOL
iHpopMariiHol cucTemMun Ha 0a3i Acomiamnii MiKHApOJHUX aBTOMOOITBLHUX TMEPEBI3HUKIB
VYkpaiHu, sika JacTh 3MOTY CKJIAJIaTH ONTHMaJIbHI MapIIpyTH BaHTaXonepeBe3eHsb. Lle MokHa
JOCATTA 3a paxXyHOK Y3TO/KEHHs 3arajibHOi 0a3W JaHMX 3IIHCHEHHS IepeBe3eHb 3a
HarpsIMKaMd Ta BIJMOBITHOTO PO3IMOAUICHHS BAaHTAKOIMOTOKIB 4Yepe3 MHUTHI KOPHIOPH B
PEXUMIi peaslbHOTO Yacy.

Conclusions. The mathematical model of the amount of maintenance services
determination, taking into account model’s working characteristics, is developed in the article.
Maintanance costs and costs of waiting time for 1, 2 and 3 services (facilities maintenance) are
calculated. Total cost for the 8-hour work shift at a number of services s = 1; 2; 3 is compared.
It is shown that opening a second service reduces drivers waiting time in line, but requires
additional costs. Total cost is at its minimum when two services are used. Opening the third
service does not give significant results.

Further research can be directed to the development of global information system based
on the Association of International Automobile Carriers of Ukraine, which will make it possible
to create optimal routes of freight transportations. This can be achieved by agreeing a general
database of freight transportations by directions and appropriate distribution of freight flows
through customs corridors in real time mode.
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YK 338.242.2; 378.141.4; 519.156
Koctsntun 3EJIEHCBKUM; Irop JIVIIIB

HIABULIEHHSA KOHKYPEHTOCITPOMOKHOCTI HABYAJIBHOI'O
IIJIAHY HA OCHOBI I'PA®O-KOMBIHATOPHOI'O
MOJIEJIOBAHHA

Tepnoninbcokuu HayionanbHuu mexuivHuu ynigepcumem imeni leana Ilynios,
Tepnoninw, Yrpaina

Pe3tome. Oonicio i3 cKadosux cmanoapmy U0l 0Ceimu U020 HABUATLHO20 3AKAA0Y € HAGYANbHUL
naan. Koukypenmocnpomoscnuil HaguanbHutl niaH 3a0e3neuye nioBUeHHs KOHKYPEeHmoCHPOMOICHOCTI GULY020
HABUANLHO20 3aKAady. Y cmammi 00cniodiceno enaue YnpagiiHCobKux (akmopie Ha CmpyKmypy HABYANIbHO2O
naany. Hasedeno npuxiadu MmoOemosanHs CMPYKMypu HAGUANbHUX NIAHIE 13 3ACMOCYBAHHAM epago-
KombOinamopnux nioxodie. Ilob6yoogano mamemamuyny MoOeib OOUUCIEHHS MHOJICUHU NPOEKMOBAHUX
HAGUANbHUX naaHie. s nioguujeHHsi KOHKYPEHMOCHPOMOICHOCMI HABYANLHOZ0 NAAHY NPONOHYEMbCA.
30inbUYBAMU YUCTIO NOEMANHUX 3ACMOCO8Y8AHb YUPABIIHCOKUX (haKmopie; 00 €Onysamu HABUANbHI KpeOumu y
2PYNU 30 HAGYANbHUMU OUCYUNITHAMU, O0BLIbHO POMIWYS8AMU HAYATbHI OUCYUNTIHU ) ceMecmpi; 3MeHuLy8amu
KIbKICMb HABYAIbHUX CeMecmpig.

Knrwuosi cnoea: nasuanvHuil niaH, ynpaguiHCoKuil akmop, HAYAIbHUL Kpeoum, 2pag, MHONCUHA,
KOHKYPEHMOCTPOMONCHU.

Kostyantyn ZELENSKYY; Igor LUTSIV

CURRICULUM COMPETITIVENESS INCREASE ON THE BASIS OF
GRAPH-COMBINATORIAL MODELING

Ternopil Ivan Pul’uj National Technical University, Ternopil, Ukraine

Summary. The university curriculum is one of the components of higher education standards.
Competitive curriculum enhances the competitiveness of higher education. This paper examines the influence
effect of managerial factors on the curriculum structure. These managerial factors can be assessed as follows: 1)
division a set of few weeks in training subsets - semesters; 2) selection of the educational credits set according to
the semesters; 3) arbitrary order of studying credits per semester arrangement. Mathematical model calculations
of designed curriculum set have been developed. The techniques for curriculum structure graph-combinatorial
modeling are proposed. The calculation examples of curriculum set structure and design are given. The way of
the curriculum structure varying based on: 1) the number of semesters; 2) the number of academic weeks in the
semester. It was found that: 1) a set of planned curriculum is proportional to the set of possible educational credits
arrangement; 2) the number of managerial factors increase reduces the set of possible educational credits
arrangement. The competitiveness of the curriculum improving can be reached at: 1) increase in the number of
managerial factors stage by stage applications; 2) combining educational credits into groups in regard to the
academic disciplines; 3) random allocation of academic subjects per semester; 4) reducing the number of
semesters. It is proposed to use as managerial factors in a complex way the following: Ministry recommendations;
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