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Ya0CcKOHAICHHSI TPAaHCIOPTHO-EKCIEAUTOPCHKOI

BaHTaKaMHM

podOTH 3 KOHTECHHEPHUMHU

Y cmami poszensnymo eapianm mexnonozii nepesesentsi KOHMEUHEPHUX BAHMAICI6 NPUCKOPEHUMU NOI30aMU 080Md
OKPEMUMU MAPWPYMamu, SIKi 0aroms 3M02y 00Cmasisimu 6aumadici 8 kpainu €gponeticoko2o Co103y CyXOnymHUM WIsIXOM
Ha 3ax00i Hawoi Kpaini ma yepe3 nopmu YOPHOMOPCHKO20 Y30epedcaicst;, nioXoou, wo 0aroms 3Mo2y He miibKu 0opamu

ONMUMATbHULL  BAPIAHM  MEXHON02IT NnepeseseHHs KOHMEUHEPHUX BAHMANCIE NPUCKOPEHUMU  ROI30aMu,

are u

VOOCKOHAIUMY SUKOPUCMAHH MPAHCNOPMHUX 3ac00i6 6 ymosax obmedcenocmi pecypcis. Payionanvhicmio 3axo0ig
NIOBUWEHHSL AKOCMI OP2aAHI3AYLT BAHMANCHUX NepPese3eHb € He MIbKU eKOHOMIYHULL eghekm 610 8UMpPam HA Nepese3eHHs.

BAHMADICIB, 4 MAKOIIC | YaAC OOCMABNEHHS BAHMAICY.
Kniouosi cnosa: 3aniznuynuii  mpaucnopm,
B8AHMAIICONOMIK, NEPeBEe3eHHS.

KoHmetiHepusayis,

IIpo6sieMa NOCTAHOBKHU JA0CJIiIzKEHHS

VY cucremi TpaHCHOPTHOI Tamy3l YKpaiHu 3aii3HUL
30epiraioTh HaiBaxnuBime wmicue. B ymoBax BOeHHOro
CTaHy TPAHCIOPTHUI KOMIUIEKC YKpaiHH BUKOHYE Oararto
Ha/I3BUYAITHO BaYKITHBHX 1 OMATKOBHX MiCiil. X BHKOHAHHS
nependayvae qOCTABICHHS BIHCHKOBOI TEXHIKHM, 0OIaIHAHHS
Ta 030pPOEHHS, BaHTAXIB T'YMaHITAPHOTO XapakTepy TOIIO
no Bciit Tepuropii Ykpainu. 30inbLICHHS O0OCSATIB,
HAINpPSIMKIB i HOMEHKJIATYpU BaHTaXIB, SIKI IEPEBO3SATH Y
KOHTelHepax, JIacTh 3MOory e(eKTUBHIIIE
BUKOPDHCTOBYBAaTH BaroHHMW 1 KOHTEHHEpPHUI mapKy,
3MEHIIYBaTH IXHI MOPOXHIN MPOCTiil 1 BAKOPUCTOBYBATH
MOXIIUBICTh IXHBOTO 3BOPOTHOTrO 3aBaHTaXeHHs. [licis
24 mrororo 2022 poky 4depe3 OKyHalild YOPHOMOPCHKUX
LUISIXIB, HABITh KOJH JAESKI €BPOMEHCHbKI KpalHH, Taki sK
Pymynis, Tlonbia ta kpainu bantii, norogunucst Hamatu
BJACHI MOPTH Ul HOIAJBIIOTO MEePEeBE3CHHS 3EPHOBUX
KYJbTYp MOPEM, OCHOBHUMH JIAHIFOTAMH IIOCTaBOK CTalOTh
cyxomyTtHi kopuaopu 3 kpainamu €C. Cyrh MaiilOyTHBOTO
edekTy mosirac B iHTETpyBaHHI B TPAHCIOPTHY CHUCTEMY
3aco0iB aBTOMOOUIBHOTO Ta 3aJII3HUYHOTO TPAHCIIOPTY.
3MilaHi, MyJIbTUMO/IANIBHI, IHTEPMO/IANBHI 1 KOMOIHOBaHI
TiepeBe3eHHs 3’ €QHYIOTh Y €IUHUNA TPAHCIIOPTHUH TMPOIieC
IBa JOMIHYIOYWi BHAM HA3eMHOTO TPAaHCIOPTY —
aBTOMOOUIBHMM 1  3aJi3HHYHUNA, OCHOBHA 4YaCTHHA
BaHTa)KHHX IepeBe3eHb Oy[ae BUKOHYBATHCS 3alli3HUYHHM
TPaHCHOPTOM.

AHaJgi3 ocTaHHiX my6Jaikamiii

3arajypHa ~ YacTKa  KOHTEHHEPHHX  IEepEeBE3CHb
3IACHIOETECS TEPUTOPI€I0 YKpaiHW aBTOTPAHCIIOPTOM.
[Ipore 3arampHa dYacTka aBTOTPAHCIIOPTY B 00CH31
KOHTEIHEpHHX MepeBe3eHb MOCTYIIOBO 3MEHIIYEThCS, a
3aJII3HUYHOTO TPAHCIIOPTY, HABIAKH, 30UIbIIyeThCA. Taxk,
sk y 2013 poui 6nusbko 75 % ycix KoHTeitHEpiB
MePEBO3MIN aBTOMOOLTBHAM TPAHCIOPTOM, To Bike y 2021
© JIOMOTBKO /. B., HECTEPEHKO O. O. 2024

KOHmMeUHep, MYIbMUMOOAIbHI — Nepese3eHHsl,

poILIi YacTKa KOHTEHHEPIB, 1110 IEPEBO3MITH 3aTi3HUIICIO,
3pocia g0 40 % [1, c. 13]. ¥V 2021 porii 3ani3uume 6yao
MepeBe3eHO PEKOPJHY KUIBbKICTh KOHTelHepiB — 445 Tuc.
TEU (+7 % mo 2020 poky). JuHamiky 3MiHH OOCATiB
3ali3HUYHUX KOHTEHHEPHUX IepeBe3eHb 300pa)KeHO Ha
niarpami (puc. 1).

MoykHa T00auuTH, 1110 YacTKa KOHTEHHEPHUX BAaHTaXIB
y 3arajJbHUX 00csArax 3ali3HUYHUX IIEpEeBE3eHb HOCTYIIOBO
3pocrae — 3 0,5 % y 2009 poui 1o 2,8 % y 2021 poui, xo4a
B JISSIKHMX KpaiHax €BpOMH 1ei mokasHUK pocsrae 45 % [1,
c. 13]. 3a wanpsMkamu TpSIMYyBaHHS KOHTCHHEPIB
3aITI3HULICIO NIEPEBAYKAIOTh MIXKHAPOHE CIIONy4YCHHS — 76
% (excriopt — 40 %, imnopt — 27 %, tpamur — 9 %), y
BHYTPILIHBOMY CIIOIy4YeHHI npsmye 24 % koHrelHepis [2,
c. 13].

3 24 motoro 2022 poky OJ0KyBaHHS MOPCHKUX HOPTIB

VYkpaiHu [Opu3BeNO A0 MOPYUIEHHS  HAaJarofKEHUX
JIOTICTUYHMX CXEM IIOCTa4aHHS Ha CBITOBI PHUHKHU, I€
BIUIMHYJIO HE TIIBKA Ha €KOHOMIKY YKpaiHH, ajie i BCIO
CBITOBY €KOHOMIKY B IIJIOMYy, 30KpeMa 1 CBITOBY
TPAHCIIOPTHY CUCTEMY.
Ie crocyeTbest 1 KOHTeHHepHUX mepeBe3enb. Y 2020-2021
POKH YOpPHOMOPCHKI TIOPTH Y KpaiHu mepepoOIisuIn Olibine
1 mua TEU, 6inbliie NOMOBUHY 3 KX CKJIaaaB iMmoprt [3,
c. 13], omHak i3 MOYaTKOM BOEHHOTO BTOPTHEHHS poOOTa
MOpTIB MOBHICTIO 3ynuHMiacs. Skmo y 2021 pomi
MiCSYHUI KOHTEHHepooOir B YKpaiHi ckiagaB 6mau3pko 70
tuc. TEU, To y 2022 pori 1eit moka3HUK BIaB 110 6,5 THC.
TEU [4, c. 13]. Iepuri 03HaKH JKATTEBOI MisUTHHOCTI TIOYAITH
BimOyBatucs 3 cepmHs 2022 poKy — 4acTHHA MOPTiB Oyia
pO30JIOKOBaHa, BHUKIIOYHO [UISi EKCIOPTY 3EpHOBHX
KyneTyp. Pi3ke CKOpOYeHHS JiHIMHOTO CIIOTY4YeHHS 3
YOPHOMOPCHKHM PETiIOHOM TIO3HAYMIIOCS HAa TI00aThHHUX
JOTICTUIHAX Mepekax 1 TOCHIIIO TMepeBaHTaXEHICTh
mopTiB y €BporIi.

IKC3T, 2024 Nel
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Puc. 1. O6csru 3ami3HIYHUX MepeBe3eHs KouTeiHepis (2009-2021 pokwu)
Yei ui  ¢akTopy COpHsUIM  3pOCTaHHIO BapTOCTI BaHTaXiB (CKiIaau 1 HamiBnpuyenu), noptd tomo. Jo

KOHTEHHEpHHX IepeBe3eHb y TpaBHi-uepBHi 2022 poky Ha
50 %. Tax crasnocsi, 1110 NPUKOPIOHHI TepMIiHAIH CYCIIHIX 3
VYkpainoto kpain €C 31aTHI epepoOUTH MPOTSITOM POKY
maibke 1,5 mua TEU, a mami — maume 170 tue. TEU.
BomHodac TOTY)KHICTh TOPTOBUX TepMiHATIB Y KpaiHU
cranoButh 2,5 miia TEU Ha pik, To0TO B YKpaiHi € cyrTeBa
JUCTIPOTIOPIISE  MOTY)KHOCTEW y  KIHIIEBUX  IYHKTax
MYyJIBTUMOJAIBHOTO MapIpyTy YopHe Mmope — €Bporma. [{is
BUpILICHHS i€l cUTyalii HeoOXiHO 3aJTy4aTH 1HBECTHIIIT B
OYIIBHHIITBO Ta PO3BUTOK MYJIBTUMOIAIBLHHX LEHTPIB Yy
OPUKOPIAOHHUX PEerioHax KpaiHu.

Merta crarTi

OpnuM 13 3aBlaHb B OpraHizaiii TpaHCHOPTHO-
eKCIIE/IMTOPChKOI POOOTH € opraHizaiisi Ta ONTHUMIi3allis
TPAHCIIOPTHOI'O TMOTOKY Ta PO3MO/LT JIAHIFOra MOCTABOK
BaHTAXIB 3a0€3leUeHHs] IIBUAKICHOTO JIOCTABJICHHS
BaHTAXIB 1 CKOPOYCHHS 3aTPUMOK Ha IMPUKOPJOHHUX 1
MepeBaIbHUX CTAHIIISAX.

MeTor IOCHiPKEHHS € aHaldi3 MOXIMBUX LUIAXIB
YIOCKOHAJICHHSI TPAHCIIOPTHO- EKCIIEAUTOPCHKOI pOOOTH 3
KOHTEHHEPHUMHU BaHTa)KaMH Ha 3aIII3HUIIX 1 PO3POOICHHS
NPOIMO3MIII  I0M0  OOIpYHTYBaHHS  HEOOXITHOCTI
CTBOPEHHS CUCTEMH MPUCKOPEHUX KOHTEHHEPHHX IMOi3/IiB.

BukJjiageHHsi OCHOBHOI'O MaTepia.ﬂy

[ocnigoBHMI JOTICTUYHUNA TPAHCIOPTHUH JAHIFOT
(JITJI) nomaHo AK CYKYNHICTh OOCIYTOBYIOUHX amapartiB i
HakonWdyBadiB. Jlo HaKOMMYyBadiB BIAHOCSTH MICTKICTh
CTaHIIWHUX KOJIH 3aTi3HMYHOI CTaHIIIi 1 Miclb 30epiraHas

OOCNYroBylOYMX  amnapariB  BIJIHOCSTh ~ MaHEBPOBI
JIOKOMOTHBH, HaBaHTa)XyBaJIbHO-PO3BAaHTaKyBaJIbHI
MaluHe 1 aBTotpancnopt [5, ¢. 13].

OCKITbKH  pO3MOIIT  HPOAYKIHI  (TpaHCIOPTYBaHHS,
HABAaHT@)XCHHs, CKJIAIyBaHHS) BHKOHYIOTh Yy pI3HHX
enemenrax JITJ[, To [uis1 NPUMHATTA ONTUMAJILHOIO
pillieHHs HEOOXiTHO BpaxOBYBaTH IOTPEOM CYMDKHUX
CKJIAJIOBHX YacTUH (BUIIB TpaHcropty). ToOTo oOMexeHi
pecypcu (iHBecTHIlii) HEOOXIAHO PO3MOIUIMTH TakK, 00
Oynu peainizoBaHi Bci 3aBAanHs QyHkuionyBanus JITJI, a
caMe JIOCTaBIICHHS BaHTaXIiB «TOYHO B TEPMIiH» 3
MiHIMAIBHUMH BUTpaTaMH JUIS BAaHTAXKOBJIACHHMKA 1
MepeBi3HUKA.

Sk kpuTepii ONTHMANBHOCTI MOYKHA BUKOPHCTOBYBATH
1 IHIOI TOKAa3HUKH, L0 XapaKTepPH3YIOTh 3alliKaBIICHICTH
yCiX yYaCHHKIB JIOTICTUYHOrO pO3MOALTY BaHTaxiB. Ha
e(eKTUBHICTh  3alpPONOHOBAHOI Yy CTaTTi METOIUKH
3HAXOMKEHHS ONTHUMAIBHOTO PEXUMY (QYHKLUIOHYBaHHS
JITJI KimbKICTh KpHUTEPIiB YaCTWH JIAHIIOTIB BIUIMBY
MPAKTHYHO HE Mae.

3a nuboBy (DYHKIIIO, IO BUCTYMAE K KOOPAMHYIOYA,
MPUIMAIOTh Yac JOCTAaBJIECHHS BAHTAXIB, IO € BAXIHBUM
mokasHukoMm sikocTi podoru JITJI. 3aBmaHHs monsrae B
TOMY, 100 PO3TOALINTH 3araibHi BUAUICHI IJIs1 OCHAIICHHS
NeBHOro 00’ekTa pecypcu Tak cepen dactud JITJI, o0
3a0€e31eunTy MIHIMQJIBHUN Yac HA JOCTABJIECHHS BaHTaXKiB
KOHTEHHEPHUMH TI0{34aM1 TIPH BUKOHAHHI OOMEKEHb, IO
BIUIMBAIOTh HA COOIBApTICTh, MPOITYCKHY CHPOMOXHICTD
JITJI i cymapsi Buainesi pecypen [5, c. 13].

IKC3T, 2024 Nel
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CBITOBWHIA TOCBIJ] TIOKA3YeE, 0 KOHKYPEHTHA O0poThOa
3 1HIIUMU BUJAMH TPAHCIOPTY IMOAO0 3aJy4eHHS HOBHX

BAaHTAXXOIOTOKIB ~ 3MyCHJa  3ali3HHII  Oe3mepepBHO
MOKpaIyBaTH TPaHCIIOPTHE 00CITyroByBaHHS
BaHTaXXOIOTOKIB, MiJBUIIYBaTH  PIBEHb cepBicy,

301IBIITYBaTH TIEpeJIiK 3aPONIOHOBAHNX MOCIYT.

VY TpaHcriopTHOMY CeKTOpi chopMyBaBcsl TOMUT Ha Ti
MOCIYTH, fKi JOMOMAraroTh MOKPAIUTH CTAH HA PHUHKY
TPAaHCHOPTHUX  MOCIYr 3aBISKA  KOMIUICKCHOMY, 3
ypaxyBaHHAM  HOro  3aIlikaBJICHOCTi, TOYHOMY i
JOCTYITHOMY, 3 TOYKH 30py Tapu®iB, 00CIyroByBaHHIO.
3arasibHa KOMIUIEKCHA OIlIHKA SIKOCTI OOCITyroBYBaHHS
BiIOOpaXye  KOHKYPEHTOCHPOMOXKHICTh  3aJII3HHYHOTO
TPAHCHOPTY II0J0 HOr0 KOHKYPEHTIB.

BuMoru BaHTa)KOBJIACHHUKIB 10 SKOCTI TPAHCIIOPTHOTO
00CIyrOBYBaHHS MOXHA OXapaKTEepU3yBaTH HHU3KOIO
MOKA3HUKIB, TaKMX SK TapaHTOBAHUH dYac IOCTAaBICHHS,
peryaspHICTE 200 PUTMIYHICTH TOCTABJICHHS BaHTAXIB,
3a0e3meueHHsT 3aco0aMM IepeBe3eHHs, THYUYKICTh Yy
3aJI0BOJICHHI 3MIHIOBAHMX BHMOr 13 OOKy KII€HTYpH,
3a0e3MeueHHs 30CpeKEHHS BaHTAXIB, IO TIEPCBO3STH,
eKCILTyaTalliiiHa HaliiHICTh YCiX €JIEeMEHTIB JIOTICTUYHOI O
nanimrora (JITJI) mocraBieHHS BaHTaXiB, KOMIUIEKCHICTb
TPaHCIIOPTHOTO 00CITyrOByBaHH, TPaHCIIOPTHA
3a0e3nedyeHicTh TepUTOpii 1 JOCTYMHICT KOPHCTYBAdiB,
Oe3rieka InepeBe3eHb, EKOJIOTIYHICTh TPAHCIOPTY TOIIO [6,
c. 13].

JIJ'IH BHUKOHAaHHS OUX BUMOI' MOKHAa BUKOPHUCTOBYBAaTH
KOMOIHOBaHI TIepeBE3eHHs, a caMe OpraHizaiii Ha Mepexi
3aJi3HMIb BAHTKHUX KOHTEHHEpHUX moi3aiB. Lle oqun i3
METO/IIB T IBUILICHHS SIKOCTI TPaHCIIOPTHOTO
00CITyrOByBaHHSI.

Oprani3arii KOHTeWHEPHHX TMOi3/IiB IAIOTh 3MOTY, KPiM
NPUCKOPEHHS  JOCTAaBIEHHA BaHTAXIB 3a PaxyHOK
CKOPOYEHHSI ITPOCTOK0 BaroHIB HAa CTAHIISIX HABAHTAXKEHHS
B OYiKYBaHHI BiJIIIPABIICHHS, 3MEHIIUTH Yac 3HAXO/PKEHHS
BaHTaXIB Yy JIOPO3i, CKOPOTUTHU YacC O4iKYBaHHS MOJIAaBAHHS
BaroHiB Ha HaBaHTAXXYBAJIbHO-PO3BAHTAXKYBAIBHI (DPOHTH
CTaHI# NpU3HAYCHHS, 320e3MeYnTH BUCOKE 30epemeHHS 1
HA/IHHICTh MEepeBe3eHb MPOTATOM YChOIO MAapIIPYTy
TIePEBE3CHHS.

[pu upomy 3a0e3nedeHo:

- BIICYTHICTh ~ TEpEBAHTAXKECHHSI
KOpIIOHAX;

- Ha/IIHKUI TPAaHCTIOPTHHIA 3B'S30K Yepe3 TepMiHaIN;

- TOCTaBJICHHS BaHTaXXIB «BiJ ABEpe 10 ABEPEii»;

- CTOKEHHS 3a BaHTa)XaMH Ha BCBOMY LUIAXY
MIPSIMYBAHHS, IO BKJTFOYAE OMOBIMICHHS IPO BiAMIPaBICHHS
i mpuOyTTS BaHTaXiB, MO A€ 3MOTY IOKPAIIUTH
BUKOPHUCTAHHS  PyXOMOTO  CKJady, KOHTEHHepiB i
HAIIBIPUYEIIiB.

KpiM TOro, MoxHa CKOpOTUTH OOOpPOTHI aKTHBH Y
KIII€HTIB, 30UTBIIUTH OOCATH TIEPEeBE3CHb 1 MPHOYTKOBI
HAJXOJPKEHHS Bif MBI 3 OIUIATH 32 BATOHM i KOHTEHHEPH,
3HIDKKH 32 MapIIPYTHI BigIpaBIeHHS i 000pOT TPOIMIOBUX
KOINTiB, OCKUTBKA B KOHTEHHEpax IepeBO3sATh IIiHHI
BaHTaXI.

YMoBaMu oprasizariii KOHTEHHEpHUX O3B €:

BIJMPaBOK  Ha

- po3poOieHHS dITKOI TEXHONOrii TiJABE3eHHS 3
0a30BUX  TEpMiHANIB  KOHTEHHEPIB, TOTOBHX [0
BiIMIPaBIICHHS;

- 3MCHIIICHHS XaOTWYHOTO BiJIIPaBIICHHS BaroHiB i3
HaTlBIpUYCIIaMH;
- BIIPOBA KEHHS, HE3aJIC)KHO BiJl HASBHOCTI BaroHiB i3

BaHTaXeM, JEKIJIbKOX JKOPCTKMX HHTOK  Tpadika
KOHTeWHEepHUX moi3aiB [5, ¢. 13].

Juis BU3HAYEGHHS  JOLIIBHOCTI (dopmyBaHHS
KOHTCHHEPHOrO  IOoi3Aa  HEOOXiHO  IpoaHaIi3yBaTH

(hakTOpH, 110 BIUIMBAIOTH HA YMOBHU HOTO QYHKIIIOHYBaHHS.
JorinsHicTh popMyBaHHS KOHTEHHEPHOTO MOI3/1a
BHU3HAYAIOTh JII€I0 KOMIUICKCY (haKTOpPiB: CKIIaja (Barona
HOpPMa), CEpPEeIHBOXOJO0BA INBUAKICTh, IEPIOJUYHICTD
o0epTaHHsL, KOPCTKHH rpadik pyxy (BIpOBaHKEHHS
MOT3/1iB PEryISIPHOrO PYXY), BapTiCTh BAHTAXKHOI MAaCH,
OCKIJIbKH OCHOBOKO CHCTEMH IMEPEBE3CHHS BAHTAXKIB y
KOHTEiTHepax € BUKOHAHHS OCHOBHOT'O MPUHIHITY — OalaHC
KOHTEWHepiB, AKi  HagXoAiATh  Ha  TepMiHalm i
BIIMPABIISIOTHCS 3 HHOTO.

IIpoBeneHo aHami3 BUPOOHHYMX MOKA3HHUKIB HA OCHOBI
JIBOX  3aji3HM4YHMX  craHmid:  cr.  «KwuiB-Jlickm»
perionanbHol Gimii «IliBaeHHO-3axiqHa 3aTI3HULD 1
«XapkiB-CopryBaibHuii» perioHanbHol Qinii «IliBnenna
3AIII3HULIY.

OCHOBHHUM BI/IXi}IHI/IM JaHUM JJIsL ImoJgaJIbIInX
PO3paxyHKIB € KUIbKICTh KOHTEHHEpPIB, IO MPOXOIUTH
4yepe3 BaHTAKHUH JBIp 3aJi3HUYHUM Ta aBTOTPAHCIIOPTOM,
3aBaHTXXCHUX 1 BHBAaHTAXEHWX KOHTekHepiB. Jlms
BU3HAUCHHS TEXHOJIOTTYHMX 1 EKOHOMIYHHX IIOKa3HUKIB
po0OTH HEOOXiZHO B MEPIIy Yepry 3HATH BaHTaXKOIOTOKH
HAJXO/PKCHHS KOHTEHHEpPIB HAa BaHTAKHUK OBIp i
BIJNIPaBIICHHS! 3 HBOrO KOHTEiHEpiB. lmeTbest sk mpo
KOHTEWHEepH 3 BaHTaXaMH, Tak 1 NopoxHi. OCHOBOIO
CHCTEMH TIIePeBE3CHHS BaHTAXIB Yy KOHTeiiHepax €
BUKOHAHHSI OCHOBHOT'O IPHHIMITY — 0ajJaHC KOHTEHHEPIB,
SKi HAAXOASATh HA TEpMiHAN, Ta SIKI BIANPABIAIOTHCS 3
HBOT0.

Tomy nuist mpoBeeHHs aHaJli3y OyJIeMOo CUpaTHCs Ha
OCHOBHI TOKAa3HUKHU: KUIBKICTh MOJAHUX KOHTEHWHEPIB Ha
KOHTeWHEpHUH  TYHKT,  3aBaHTaXEHI  KOHTEWHepH,
BUBaHTa)keHI  KOHTeiiHepu 3  BaroHiB. HeoOximHy
iHpOpMaIliF0 OTPUMAHO 31 3BITiB MPO PyX KOHTEHHEPIB —
¢dopma KE3-3, 3atBepmkena Hakazom AT «Ykp3amizHuLsD
Big 17.08.2007 poky Ne 410-11.

Ha Puc. 2 300pakeHo cTabinbHi BUPOOHNYI OKA3HUKU
MO/IaBaHHs KOHTEHHEPIB PI3HUMH BHIaMH TPAHCIIOPTY.
TTomiTHMII cmag  3aBaHTAXKEHHA Ta  BHUBAHTAXKEHHSA
kouTeitHepiB y 2020, 2021 pokax Moxke OyTH 00yMOBICHHIA
ceitToBoto mangemietro COVID-19, a kputuunmii crnag y
2022-2023 pokax 3a KUIBKICTIO KOHTEHHEpiB, IO
MPOXOIUTHh dYepe3 BaHTAKHUM [Bip 3ali3HUYHUM Ta
aBTOTPAHCIIOPTOM, — 3 ITIOYATKOM BOEHHOI arpecii.

IKC3T, 2024 Nel




IHPOPMAIIMHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIOPTI
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M [MofaHO KOHTEMHepIB y BaroHax Ha KOHTEMHEPHWUIA MYHKT - BCbOFO

W 3aBe3eHO KOHTelMHepiB aBTOTPAHCNOPTOM - BCbOFO

3aBaHTaXXeHO KOHTEWHEPIB - BCbOTO

BuBaHTaXeHO KOHTEMHEepIB 3 BaroHiB - BCbOro

Puc. 2. KinbkicTh KOHTEITHEpIB, 110 poXoauia yepe3 BaHTaxxHUH Bip cT. «Kuis-Jlicki» y nepiox 3 2019 no »oBTeHb
2023 poky

Ha Puc. 3 300pakeHO 00’€éMH HaBaHTaXCHHS Ta
KIJIbKICTh KOHTEHHEpIB, 10 MPOXOAUTh uepe3 cT. «Kuis-
Jlickm» y mepion 3 ciuns 10 x0BTeHb 2023 pOKY BKIIIOYHO.
3 nouatky 2023 poky BUIHO, SIK KUIBKICTh KOHTEHHEDIB,
NO/IaHUX 3aJi3HUYHUM TPAHCHOPTOM, 3 TIOYaTKy POKY
JOMiHYBajia, a 3 MOYaTKy JIiTa JIOCTAaBJICHHS BaHTaXiB
ABTOTPAHCIIOPTOM 3HAXOAUTHCS HA MIKOBUX MO3UIIISX.

O0’eM 3aBaHTaXXEHOCTI BHUPOOHMITBA HA MEHILOMY
piBHI, Hix OyB y MUHYJI POKH, — Iie 00yMOBIJICHE THM, IO
YacTHHA KOHTEHHEPHHX I0i3/1iB 3aJI3HUYHOTO MAapILIpPYyTy
Kurait — €Bpona He 00CIyroByrOTbCA UM TEPMIHAIOM Y
3B’S3KY 13 BBEJICHHSIM BOEHHOT'O CTaHy B Y KpaiHi.

OcHoBHOM

N\
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OcHOBHOM AK\

BaroHax Ha KOHTEMHepPHUI

OcHoBHOM

NYHKT
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~i— 3aBe3eHo KOHTelHepiB
aBTOTPAHCMOPTOM

Kinbkictb, oa.

OcHoBHOM

oevommon Lg% Y
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Puc. 3. KinbkicTh KOHTEHHEPIB, 10 MPOXOAMIIA Yepe3 BaHTAKHUM IBIp cT. «KuiB-Jlickm»

y niepiof ciueHb-x0BTeHb 2023 poky

Hpyruii  TepmiHai,  SKMHA ~ 3HAXOAUTHCS Ha
ct. «XapkiB-CopryBanbhuii», nouaB mpamtoBatu 3 2020
poky, TomMy iH}popMalliro OyneMo BpaxoBYBaTH 3 MOYATKY
BBEJICHHS MOTO B EKCIDIyaTallil0; TaKOX 3a BECh Tepiof
pobotu oreparii 3 3aBE3CHHS KOHTEWHEpiB
ABTOTPAHCIIOPTOM He BigOyBajmcs, TOMY iX BPaxOBYBAaTH
He Oymemo.

CBoOiX MiKOBHX MOKa3HWKIB Oyno mocsarayto y 2021
poli, Maibke TaKy caMy KUIBKICTb KOHTEHHepiB Oyio
MTOJJAHO 3aJII3HUYHUM TPAHCIIOPTOM Ha TepMiHal cT. «KuiB-
Jlickmy.

3 Puc. 4 BUHO KUTBKICTh KOHTEHHEPIB, 1110 IPOXOIUIa
yepe3 BaHTKHUHN JBIp CT. «XapkiB-CopTyBaIbHUID.

OCHOBHOI0O 0233010 /Il HABaHTa)KCHHS BUPOOHUIITBA
Oynu moi3an 3ami3HMYHOro Mapmpyry Kwrait — €Bporna,
TOMY MU 0auumMo pizkuii criag y 2022 pori Ta MiHIMaTbHY
3aBaHTaXxeHicTh ¥ 2023 pori, mo ckrangae 14,5 % o6’emy
2021 poky.

IKC3T, 2024 Nel
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OcHoBHOM . . .
OcHosBoHoBHOHOBHOM

OcHOBHOM OcHoBpeHoEREHOBHOI OCHOBHRHIosAGHOBHOM

OcHoBHOM

2020 2021 2022 10-mic. 2023

M [oaaHo KOHTeHepiB y BaroHax Ha KOHTEMHEPHUIA MYHKT
1 3aBaHTa)KeHO KOHTelHepiB
BuBaHTaXXeHO KOHTEMHEPIB 3 BaroHiB

Puc. 4. KijbKiCTh KOHTEHHEPIB, 110 MPOXOIUIIA Yepe3 BaHTAXKHUK IBIp CT. «XapkiB-CopTyBaIbHHUI) Y TIEPiof 3
2020 1o xoBTeHb 2023 poky

Ha Puc. 5 300paxkeHo 00’eMu HaBaHTaXEHHS, IO MNPOXOJHUTh uepe3 cT. «XapkiB-CopTyBalbHHN» Y
niepioz i3 ciuHs 1o xoBTeHb 2023 poKy BKIFOUHO.

OcHoBHOM
MNoaaHo KOHTENHEpIB Y
BaroHax Ha
KOHTEMHEPHUI NYHKT
—— 3aBaHTaXeHo

Oo OBHOM
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Puc. 5. KinbkicTh KOHTEITHEPIB, 1110 TPOXO/IIIA Yepe3 BaHTAKHUIA ABIp CT. «XapKiB-CopTyBaIbHHI
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y Tepiof ciueHb-koBTeHb 2023 poky

7 IKC3T, 2024 Nel




IHPOPMAIIMHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIOPTI

[IpoananizyBaBIM OTpUMaHi 1aHi, MOKEMO 1TO0AUUTH,
0 3aBaHTa)XKEHICTh KOHTEHHEPHUX TEPMIHANIB € 30BCIM
HEICTOTHOIO  TIOPIiBHAHO 3  BUPOOHWYUMH  JAHUMH
ronepeaHix pokis. [HpacTpykTypa TepminaiiB Ykpainu €
JIOCUTh PO3BHHEHOI0 Ta 3abe3ledye sK HUHINIHI, TaK i
TIEPCIIEKTHBHI 00CATH KOHTEHHEPHUX IEePEBE3EHb.

Cxnamnicts Texnoxorii JITJI, BunankoBuii xapakrep
MOTOKIB BAaroHiB 1 BaHTaXiB, IO HAIXOAATh, BEJIMKA
KUIBKICTh OOMEXeHb 1 (aKTOpiB BHKIMKAIOTH 3HAuHI
TPYAHOIII TP PO3B’sI3aHHI 3arajbHOI 3a7adi OMTHUMIi3allil
PEeKUMIB 11 QyHKIIOHYBaHHSI.

KpiMm Toro, po3mipHiCTh 1 CKJIAQAHICTh 3HA4YHO
301IBLIYIOTECS Y BUIAJIKy OLIHIOBAHHS €(EKTHBHOCTI B
YMOBaXx BEJIMKOI KUIBKOCTI KPUTEPIiB, IO XapaKTepHU3yIOTh
skictb 11 poborn. Tomy Yy 3B’S3Ky 3 TpyZHOIIAMH
pO3B’si3aHHS 3alad onTuUMi3alii 00’€KTIB Takoro pomxy
Oinbin eheKTUBHMM HEOOXiTHO BBaXKaTh OaraTopiBHEBHMH
MiAXiA, IpH SKOMY 3a/ada, o po3B’S3yeThCs, TO/IaHa SIK
iepapxiuHa cucTemMa OLTbII IPOCTUX 33/1a4, PO3B 30K SIKUX
a/IeKBaTHUI PO3B’SI3Ky 3arajibHOI 3a/1aui.

Orxe, moBHI BuTpatn Fuc M1  KOHTEHHEPHMX
nepeBe3eHb Yy  BUNAAI  BAHTXHOTO — MOIYIS i
KOHTEHHEPHOI'0 M0i3/]a B HESIBHOMY BHIJISI/II MOYKHA MOAATH
K IiJbOBY (YHKILIIO

Frc = f(Fcp; Fpp; Fac; I:pk; Fap; D— min, (1)

ne Fegp — nuroMi  BUTpaTM Ha  HaBaHTaXEHHS,
PO3BaHTaXXEHHsI KOHTeHHepa, TPH/KOHTEHHED;

Fop— nmmTOMi BUTpatM Ha pyx
I'pH/KOHTEHHED;

Fac— muTOMI BUTpaTH Ha PyX KOHTEHHEPHOrO I0i3/1a,
I'pH/KOHTEHHED;

Fok— mUTOMI BHUTpaTH Ha BHUKOHAHHS TEXHIYHHX
orepaliif Ha BaHTAXHIN CTaHIIT 3 KOHTEHHEPHUM M0i3]10M,
I'pH/KOHTEHHED;

Fap— muTOMI BHTpaTH Ha omepamnii Ha MOMYTHHX
TEXHIYHHUX CTAHIIISNX, TPH/KOHTEWHED;

KOHTEMHepa,

| -  iHTCHCHBHICTB
KOHTeIHep/n00a.

Ha cxanosi ¢popmynu (1) HakIa1eHO 0OOMEKEHHS

Fie >0
{ 1=0

Smax =85>0
Je S — KUIBbKICTh KOHTEHHEpIB, 10 HEOOXiTHO BiIPaBUTH
31 cTaHIii B TOTOYHY 100y, KOHTEHHEp/100a;

Smax — MaKCHMaJIbHa KiJIbKICTh KOHTEHHEPIB, KA MOXe
3HAaXOJIUTUCh Y KOHTEHHEPHOMY IOT3/1i.

OntuManbHUIL  BapiaHT TEXHOJNOTIT NPUCKOPEHHS
NPOCYBaHHA  3aNi3HUIPIMA ~ TPaH3UTHUX  BaHTaXiB
BUOUPAETHCSI HAa OCHOBI PO3PaxyHKIB EKOHOMIYHOT'O
epeKTy  BII  BIPOBADKCHHS  KOMIUIEKCY  PI3HHX
opraHizaiiiHo-TeXHONOTiuYHKuX 3axofiB [7, c. 13].

3 METo  CIpPONIEHHS  PO3paxyHKIB  3poOJIEeHO
TIPUITYLIEHHS, 1110 eKOHOMIis BiJl IPUCKOPEHHS 00iry BaroHa
3 KOHTElHEpOM 3a pIK MOXe OyTH KpuTepiem
ONTHMAJIBHOCTI OOpaHHS TEXHOJIOTII PyXy KOHTEHHEPHOro
noi3ga  TOpIBHSAHO 31 3BUYAHOIO  TEXHOJIOTIEIO
JIOCTaBJICHHS:

MOTOKY  KOHTEWHepiB,

’

E = Ane,_,24, 2)
ne E — ekoHOMIs B TpHCKOPEHHS 00ITy BaroHa;
AN — KiNBKiCTh BUBIJILHEHHUX BaroHiB;
€s—.— BHUTPATHA CTaBKa OJHIE] BaroHO-TOJMHHU B PYCi

(5,61 rpH).

Po3paxyeMo KIUIBKICTh BUBIIBHEHHUX BaroHiB 3
KOHTeltHepamu An:
An=49U, ?3)
Jie An — KUIBKICTh BUBIIBHEHUX BarOHIB;
AY — npucKopeHHs 00Iry BaroHa, /100a;
U - pobGora 3amizuumi (mupexuii), U=40 Bar. 3

KOHTelHepamu/no0a.

[Mpuckopennst 06iry Barona (Puc. 6) BU3HAYa€THCs 5K
pi3HHL O0Iry BaroHa 3a MPOTHO3HHUI 1 PO3PaxXyHKOBHIA
nepiozu.

© OcHOBHOM
g
.= OcHoBHOM
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Puc. 6. IIporao3yBanHs 3Ha4eHHS 00Ty BaroHa 3 KoHTeitHepamu mo AT «YKp3aTi3HUID» Ha OCHOBI paHille OTPUMAaHUX
JMaHUX (ONTUMICTHYHHUN BapiaHT)
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IHPOPMAIIMHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIOPTI

3a TpOrHO3HWH TIepiof O00Ir BaroHa MpPUIHATO 3a
MIPOTHO3HOIO 1H(OpMali€r0 (BUKOHAHO IMPOTHO3YBaHHS 3
BukopuctanusiM Excel) i ckinamae 491= 10,88 nobu (six y
2022 pomi), a 3a pO3paxyHKOBHH IepioJ po3paxoBaHoO,
TIOAIIMBINY (DaKTUYHY BiJICTAaHb HA OTPUMAaHy MapIIpyTHY
mBHAKICTh. [ligBHUIIEHy MapmIpYTHY HIBHIKICTH IPUHHSATO
400 xM/moba, a y 3B 3Ky 3 THUM, IO CHOTOJHI B HAC €

I1 K
X > >

143 xm 342 xm

316 km

MOXKJTHBICTh TIOCTABIISATH BAaHTAX1 B KpaTHH €BPOIEHCHKOTO
Coro3y depe3 CyxOITyTHI NUISXY Ha 3aXO0Jli HAIIIOI KpaiHi Ta
MOPTH YOPHOMOPCHEKOTO y30epeiKs, JOIMUTFHO POBOIUTH
PO3paxyHKH B [IUX TBOX HATIPSAMAX BiIIIOBITHO 300paKEHIX
Ha Puc. 7, Puc. 8.

K O
> >
479 km

Puc. 7. KypcyBaHHs1 KOHTEHHEPHOTr0 10i3/1a 1o TepuTopii Ykpainu Bijx cranuii X mo cranmii O

I1 K
X > >

143 xm 342 kM

541 km

JI M
> >

229xMm

Puc. 8. KypcyBaHHs1 KoHTeHHEpHOro noi3aa 1o Tepuropii Ykpainu Bin cranmii X 1o cranmii M

Omxe, CKIaBIIM BCIO  BIACTaHb  KypCYBaHHS
NPUCKOPEHOT0 KOHTEHHEPHOro Toi3Ja MO TepuTopii
VYxpainu Big cranmii X mo cranmii O (S1) i Bix cranmii X 10
cranuii M (S2), maemo:

S1=143+342+316+479=1280 &M;

S2=143+342+541+229=1255 kM.

BusHauaemMo 00ir BaroHa 3a pO3paxyHKOBHUH Mepiof,
noAiMBIIM (PaKTHYHY BiICTAHb HA MApUIPYTHY IIBUAKICTh:

492 (1)=1280/400=3,2 mo6wu;

A92 (2)=1255/400=3,14 nobwn.

3BijcH TpHCKOpeHHs 00iry BaroHa y 2023 poui
CKJIaJIae:

11,25-3,2=8,05 nobu 3a mapupyrom (S1);

11,25-3,14=8,11 no6u 3a maprupyrom (S2).

Kinbkicts 00iriB 3a cTapoto TexHoorieto y 2023 poui
CKJIaJIae:

365/11,25= 32,445 ~ 33 06ir/p.

KinbkicTh 00ITiB 32 3aIPONOHOBAHOI0 TEXHOIOTIE0
CKJIaJIae:

365/3,2=114,06 = 114 o6ir/p. 3a mapuipyrom (S1);

365/3,14=116,24 ~ 116 o6ir/p. 3a mapmpytom (S2).

HonatkoBa KinmbkicTh 00iriB Ha 2023 pik  Bifg
BIIPOBA/DKEHHS ~ HOBOI  TEXHONIOTIT  PO3paxOBYETHCS
BiHIMAHHAM OOIriB 32 CTapol0 TEXHOJOTIE Bij
3aIpOIOHOBAHOT TEXHOJIOTII:

114-33=81 0bir/p. 3a mapmpyrom (S1);

116-33=83 06ir/p. 3a mapiipyrom (S2).

KinbkicTh BUBIJTbHEHUX BaroHiB:

An =81*40=3240 Bar 3a mapuipyrom (S1);

An =83*40=3320 Bar 3a mapuipyrom (S2).

[MincraBnsroun 3HaueHHss An = 3240 3a mapupyTom
(S1) i An = 3320 3a mapmpyrom (S2) xo dopmynu (2),
orpuMyeMo a1 ymoB 2023 poky:

E=3240%*5,61*24=436 234 rpu 3a mapmpyrom (S1);

E=3320*5,61*24=447 004 rpu 3a mapuipyrom (S2).

Tenep MoXkeMO po3paxyBaTH BUTPATH Ha TIOBEPHEHHS
BaroHiB Q 3risiHo 3 TapugHOI0 cxemoro 14.2:

Q= 4n (S1)*x (S1)* & 3a maprpyrom (S1);

Q=4n (S2)*x (S2)* A  3a mapmpyTom (S2),
e An (S1), An (S2)* — KinbKiCTh BUSBICHHX BaroHiB IO
KO)KHOMY MapLIpyTy;

X — Tapu(Ha cTaBKa MOBEPHEHHS BaroHa 3TiJIHO 3
TapudHo0 cxemoro 14.2;

0, — KUIbKICTB OCell y BaroHa.

Q=3240*810,0*4=10 497 600 rpu 3a mapmpyrom (S1),

Q=3320*810,0*4=10 756 800 rpu 3a mapmpyrom (S2).

VYV Tabmmmsa 1
e()eKTUBHICTh Bifx
KOHTEMHEPHOr O 1013/1a.

BiJJOOpa<eHO
BBEJICHHS

iHpopMaliito Tpo
HPHCKOPEHOT0
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IHPOPMAIIMHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIOPTI

Ta6mus 1
OCHOBHI TIOKa3HHUKY 32 JIBOMa PI3HUMH MapIIpyTaMu MpSIMyBaHHS
OOir Barona Exonomis Bijg
Ts JloBxuHa 3a IIpuckopenns | [lomatkoBa Kinbkicte IIPUCKOPEHHS
MapupyTy, | po3paxyHKo- 00iry BaroHa, KiJIbKICTb, BUBUIbHEHUX 00iry BaroHa 3
MapipyTy 9 ; : : -
KM BUI TIEpiof, noba 00ir/p. BaroHiB, Ofl. KOHTEIHepOM 3a
noba piK, TpH
S1 1280 3,2 8,05 81 3240 436 234
S2 1255 3,14 8,11 83 3320 447 004
[Tpuckopenns o0iry BaroHa 3 KOHTEHHEpaMH JIa€ 3MOT'y ~ BaroOHO-TOIMHH.  AHAJOTiYHUM 4YHHOM  PO3paxoBaHO

BUBIJIBHUTH BaroHHWW TMapK sl JOJATKOBUX IEPEBE3EHb.
ExoHoMist Bii MpUCKOpEHHs 00iry BaroHa 3 KOHTeHHepamu
3a 2023 pik cxinanae 436 tuc. rpH 3a mapupyrom (S1) i 447
TUC. TpH 3a MapuipyroM (S2). Llell mapk BH3HAYarOTh SIK
JNOOYTOK JTOCATHYTOrO TIPUCKOPEHHs 00Iiry BaroHa Ha
pobory perioHanbHOl ¢inii (mupekuii), a eKOHOMIYHMIA
edexT — 1 Ha BUTpaTHY CTaBKY OJHi€l

€KOHOMIIO BiJl PUCKOPEHHS 00Iry BaroHa 3 KOHTEHHEPOM
3a IHIII POKHU 3 ypaxyBaHHSIM MPOrHO3HOI'O 3HAYCHHS 00Iry
Baroda B TaOmui 2.

[MpuBeneHHsT pe3ynbTaTiB 1 BUTpPAT pI3HUX POKIB
nepiogy pearnizaiii TPOEKTY 10 PO3PAXYHKOBOI'O POKY
3MIMCHIOETBCS MHOXKEHHSIM iXHBOI BapTICHOI OIIHKA 3a
KO)KHHH pik Ha KoeillieHT MPUBEICHHS ar, 110 BIAMOBIAE
JTAHOMY POKY.

Tabnuust 2
Buxinni gaHi st po3paxyHKy
Homep IToka3auk 3HayeHHS
3/m
1 Po6Gora 3ami3Huii 3a 100y (BaroHiB y ckiai 40
oi3/1a 3 KOHTEIHepamHu)
2 [TutoMi BUTpaTH Ha OIHY BarOHO-TOAMHY B PYCi, 5,61
rpH/TO
3 [puckopeHHs 00iry Barona 3a pokamMu 3a MapuIpyTom
(S1) (S2)
2023| 805 8,11
2024 8,41 8,47
2025 8,78 8,84
2026 9,02 9,08
4 JIMcKOHTHA CTaBKa KOMeEpIiHHNX OaHKIB 3a
JeNIO3UTHUMHE BKITagamMu, %0 14
5 OuixkyBaHmif piBeHb iHGISIIT, Y% 7
OntuMmizamiss Tpomecy TepeBe3eHh MNUIIXOM YChOTO Mapmpyry mnpsmyBaHHA. OTKe, 3allpOIIOHOBaHA

oprasizaiii MPUCKOPEHOr'0 PyXy KOHTEHHEPHUX MOi3MiB €
BA)XJIMBUM DPE3EPBOM CKOPOYCHHS TPAaHCIOPTHUX BHUTPAT
(Ta6mums 3). [pu mocTaBiieHH] BAaHTaXKiB KOHTEHHEPHUMH
NOI31aMH  TIOKPALIYETHCSl TPAHCIIOPTHE OOCITYTrOBYBaHHS
BaHTa)KOBJIACHUKIB, ITiBUIILYETHCS PIBEHh TPAHCIOPTHOTO

cepBicy, 3a0e3MedyeThCsl CXOPOHHICTE BaHTAXY MPOTITOM

TEXHOJIOTis TIEpeBE3eHb BiAPI3HAETHCS BiJ YMHHOI THM, IO
TEPMiH JOCTABJICHHS 3MEHIITYETHCS, & BUTPATH, TIOB sI3aHi 3

CYTTEBO
TIOPIBHSIHO 3 TPAAUIIIHOIO CXEMOIO TIePEBE3CHHS.

OpTaHi3ali€l0  JOCTABIICHHS, CKOpOYYIOTHCS

10
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IHPOPMAIIMHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIOPTI

Tabmums 3
Po3paxyHOK eKOHOMIYHOTO e(heKTy BiJl BIPOBAXKEHHS KOHTEHHEPHHUX TMOI3/IiB HA TEPUTOPIii YKpaiHH.
PO3PAXYHKOBUU MTEPIOJ
INOKA3HUK
2023 pik 2024 pix 2025 pix 2026 pix
Piuna exoHoMis Bizt (S1) 436234 447005 447005 452390
BIPOBAKCHHSI KOHTEHHEPHUX
TIOI3IB IO TEPUTOPIi
Vipainu, rpH (S2) 447004 457776 457776 463162
KoedimieHT npuBeneHHS (S1),
€KOHOMIYHOI' 0 e(beKTy o (SZ) 121 1,136 1,066 1.000
PO3PaXyHKOBOTO POKY Q¢
ExonoMiummii edexr 3 (S1) 528434 507797 476507 452390
ypaxyBaHHSAM MPUBEACHHS JI0
PO3PAXYHKOBOTO POKY, IPH (S2) 507957 520034 487989 463162
ExOHOMiTHEH edexT i3 (S1) 528434 1036231 1512738 1965128
HapOCTAIOUUM IiJICYMKOM,
rpH (S2) 507957 1027991 1515980 1979142
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IHPOPMAIIMHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIOPTI

BucHoBku

[lporiec  mocTaBlIeHHS BaHTaXIB KOHTCHHEPHUMHU
MOI3aMH HEOOXIMHO PO3MIISANATH SK BaXKJIMBUI €IEMEHT
JIOTICTUYHOTO TPAaHCHOPTHOIO JIAHIIOTa MIiXXHAPOTHUX
TPaHCHOPTHUX KOPHIOPIB. [poseneno aHayi3
y3arajJbHEeHOl €KOHOMIKO-MaTeMaTHIHOT Mozeni
KOHTEHHEpHUX II013/1iB, sIKa BKJIIOYA€ OCHOBHI KpuTepii i
mapaMeTpH, 10 BPaXOBYe TEXHIYHE OCHAIICHHS JAHIIora i
TEXHOJIOTII0 TPAH3UTHUX IIOTOKIB, KOJIH B KOXKHIH YacTHHI
JITJT moxyrs OyTu KaHanu OOCIyroByBaHHS pi3HOL
MOTY)KHOCTI, IO MAlOTh pi3Hy BapTiCTb 1 BIUIMB Ha
MIPOCYBaHHS BaroHOMOTOKIB. 3ampoNOHOBaHa MOJEIb
BAHTA)XHOTO  KOHTEMHEpHOro  moi3la  Jae  3MOry
YJOCKOHAIUTH TEXHONOTII0 TIePeBe3eHh BAHTAXIB Y
KOHTEHHepaXx 3a y4acTiO 3aJi3HUIIb.

[Ipu po3pobieHHI Moneni 3aBe3eHHS 1 BHBE3CHHS
BaHTaXiB 3a JOMOMOIOK aBTOTPAHCIOPTY HEOOXiIHO
ypaxyBatd ToW (akT, IO B CyJ4aCHHX yMOBaxX o00CATH
NepeBe3eHb JpiOHUMH BiJITpaBKaMu MIPAKTUYHO
JIOPIBHIOIOTH HYJTIO. 1€ TOSCHIOETHCS THM, 1110 BOHH I0POTO
KOLITYIOTh (BHCOKAa TEpeBi3Ha TI1aTa), MalTh HHU3bKY
CXOPOHHICTh BaHTaXIB 1 BEJIHMKUN TEPMiH JIOCTABJICHHS.
[lpakTvyHO BCi BOHM Ha CHhOTOIHI  TEPEBO3SATHCS
ABTOMOOUTBHUM TpPaHCIIOPTOM, TOMY pO3IIISIATH iX SIK
NEPCIIEKTUBHUNA HANpsMy NOJAJIbIIOMY PO3BUTKY IOCIYT
TPY 3aBE3CHHI 1 BUBE3CHHI BAHTAXKIB HEAOMLILHO.

3poOuBIIM PO3paxXyHKH EKOHOMIi Bifl MPUCKOPEHHS
00iry BaroHa 3 KOHTEHHEpaMH, BCTaHOBJICHO, IO
BIZIIPABIICHHs] KOHTEWHEpIB y CKIaai MapIIpyTHOTO
KOHTEHHEpHOro moi3na Habarato edekTuBHilIE, HIK Y
CKJIaJ[i MapIIpyTHOI TPYIH, TOMY IO TEPMIH JOCTaBICHHS
BaHTaxy IBuamie i ckiagae 8,05-9,08 nobu. Ile cyrreBo
MEHIIIe, HiXK 33 TPaIULIiHHOT TEXHOJIOTIT JOCTABICHHS.

ExoHomito Bixg mpuckopeHHs o0iry BaroHa 3
KOHTeWHepOoM 3a pik otpumyemo B mexax 430-450 tuc. rpH.
Exonomiunuii edexT Bif BHOPOBAKEHHS KOHTEHHEPHHX
MOI3/(iB Ha TepUTOPii YKpaiHu 3a 11’SITh POKIB eKCILTyaTalii
1 965 128 rpu mns mapupyry (S1) i 1 979 142 rpH 3a
Mapipytom (S2).

[epcriekTHBOIO PO3BUTKY 3aIPOIIOHOBAHMX ITiXOIIB €
YTOYHEHHST TPOrHO3y OOCATIB TepeBe3eHb 1 CKIIAJI0BUX
BUTpAT, TOB’S3aHUX 13 TPAaHCIOPTYBAHHSIM BaHTaXIB Yy
KOHTelfHepaX, 3a PaXyHOK BHUKOPHUCTAHHS CTOXaCTHYHUX
METO/IIB MOJICITIOBAHHS 1 IITYYHOTO iIHTEJIEKTY.
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Lomotko Denys, Nesterenko Oleksandr
IMPROVEMENT OF FREIGHT FORWARDING
OPERATIONS WITH BULK CARGO

Abstract. The article considers the option of the technology
of bulk cargo transportation by accelerated trains, based on
two separate routes that allow delivering goods to the
countries of the European Union by land in the west of our
country and through the ports of the Black Sea coast.
Approaches that allow not only choosing the best option for
the technology of transporting bulk cargo by accelerated
trains, but also improving the use of vehicles in conditions
of limited resources are considered. The rationality of
measures to improve the quality of freight transportation
organization is not only the economic effect from freight
charges, but also the time of delivery.

Conclusions. The analysis of the generalized economic-
mathematical model of container trains, which includes the
main criteria and parameters taking into account the
technical equipment of the chain and the technology of
transit flows, when in each part of the LTL can exist service
channels of different capacity, with different costs and
effects on the development of road traffic. The model of a
freight container train proposed in this section improves the
technology for the transport of goods in containers with
railways. In developing a model for the delivery and export
of goods using vehicles, it is necessary to take into account
the fact that in the present conditions, the volume of small-
scale transport is almost zero. This is because they are
expensive (high transport fee), have low product safety and
long delivery time. Almost all of them are now transported
by road, so it is not recommended to consider them as a
promising direction in the further development of services
for the import and export of goods. After calculating the
savings from acceleration of
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car turnover by containers, it was found that shipping
containers in a block container train is much more efficient
than in a block group, As cargo delivery times are faster,
ranging from 8.05 to 9.08 days. We get savings from
acceleration of car turnover by containers for a year within
430 - 450 thousand UAH. Economic consequences of
introduction of container trains in Ukraine for 5 years of
operation 1 965 128 UAH. for the route (S1) and 1 979 142
UAH. on route (S2). The prospect of developing the
proposed approaches can be clarified by predicting the
volumes of transport and the costs of components associated
with the transport of goods in containers, by using stochastic
modelling methods and artificial intelligence.

Keywords: rail transport, containerization, container,
multimodal transportation, freight traffic, transportation.
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I'YPUH /1. O., maricTpant

(YkpaiHcbkuii Iep>KaBHUHN YHIBEPCHTET 3aJII3HUYHOTO TPAHCIIOPTY)

Opranizanis ~ (QyHKUiOHYBaHHHA  iHTErpOBAaHUX  NACAKHPCHKHX
3aJII3HUYHMX MEPEeCa0OYHUX KOMILJIEKCIB HA 3aCa1ax JIOTICTUKHU

Anomauin. [Ipoyec opeanizayii nacaxrcupcoKux 3a1i3HUYHUX nepese3eHb nompebye niosuweHoi yeazu, 0cooauso 6
nepioo 8oenHo20 cmamy 6 kpaini. OOHUM [3 KPUMUYHUX MICYb Y YbOMY NPOYECi € 30CePeONCeHHsl 3HAYHOIL KiIbKOCMI
nacaxdcupie y Mexicax 0K3aNy I NPUBOK3aNbHOI naowi, Oe 6i00ysacmvcs nepecadka Ha IHWl 6udu MpaHcnopmy.
Ilposedenuii ananiz no kpainax €C, CLIA, Ilisoennoi Kopei, Beauxoi bpumanii, Kumato ceiouums, wjo OCHOBHOI
MEHOEHYIEIO 8 YUX KPAIHAX € Nepexio YHIBePCANbHUX 3AM3HUYHUX 80K3AI6 00 IHMEe2POBAHUX 3AN3HUUHUX NepecaoOyHUX
Komnuekcig. Taxuili nepecadouHuil KOMNLEKC GUKOHYE (DYHKYIL 00 €OHaHHs PI3HUX GUOIE MPAHCNOPMY. 3ANI3HUYHOZO,
asiayitinozo, Micbko2o, NPUMICbko2o, i 3abe3neuye Haubib WEUOKY NepecacKy nacaicupis, wo sanodicac eghexmy
CIBOPEHHS HEKOHMPONbOBAHO20 HaAmoeny. [is OYiHIO8AHHA Napamempié nacadcuponomoxie 6 YMoeax maxoz20
meeanonica, sx Kuis, 6yno nposedeno 0ocniodcenns, ki n0OaHO y Uil NO20OUHHUX OUHAMIK PO3NOOLTY KIIbKOCHI
nacadlcupie, Nepede3eHUx Pa3om y MidCPecioHAIbHOMY I NPUMICLKOMY CROIYYEHHI, | 008€0€HO ICHYBAHHS «PAHKOBO20Y |
«6euipHbo2oy eqhexmis. Lle cnpuyunse 30inbuieHHs KilbKOCMI NACANCUPI8 Ma YCKIAOHIOE YNPAeiinHa nomoxamu. s
nepexody 3anisnuunozco eoksany Kuis-Ilacadycupcokuii 'y cmamyc iHmespaibHo20 nepecadoyHoz0 KOMIAEKCY
3anponoHO8ano 06 ’€OHamu 8 €OuUHy CUCMEMY 3ANI3HUYHY CMAHYII0, B0K3AJ, NPUBOK3AILHY NIOULY, O€ 30CEPEONCEHO
BYRUHKU MICbKO20 MPAHCNOPMY, 6KIIOYHO 3 MEMpPONONIMEeHOM, Ni0 YHNPAGLIHHAM €O0UHO20 [HMEPMOOAILHOZO
NACAdCUPCLKO20 Onepamopa. 3a0ist YNpaesiinHs NACANCUPONOMOKAMU 6 MAKil cucmemi chopmMo8aHo onmumizayiimy
MamemamuyHy Mooeib i3 Yilb08olo (DYHKYIEIO, Wo AGI[E COO0I0 CYMAPHUL YAC HA NEPEeCYBAHHs NACANCUPIE KONCHOIO
ck1a008010 cucmemu. Cucmema obmedNceHb MICIMUMb YMOBY 30epeACeHHs. RACANCUPOROMOKY | MEXHON02IYHT napamempu
wo0o inmepaanie yacy npubymms noizois.

Ypaxosyouu, wo natibineu kpumuuHumMu Micysmu 6 cucmemi € yac nepeOysamnHs nacaxicupia y 6yoieni 60k3auy i
YAC 3HAXOOJICEHHs] HA NPUBOK3ANbHILL NIOWI, Ol YNPAGIIHHA NACANICUPONOMOKAMU HA YUX eNeMEHMAX SUKOPUCHAHO
anapam meopii ounamiku Hamogny. IIpoyec nepecysanis nacaxcuponomoxie Oyoienero 8oK3aLy NOOAHO K XGULbOGULL
npoyec. Ilpu ybomy xodcrhe npubymms noizoa ymeopioe xeumo nacaxcupie. /[ns gpopmanizayii ybo2o xeunenodionozo
npoyecy 8UKopucmano xeunvoge pisusnius Lllpedineepa y gopmami 2D, obmesicennsimu € nuan 6yoieni eoxksany. Taxy
MoOenb QOYIIbHO GUKOPUCIOBY8AmMU Osl (DOPMYBAHHSI PO3YMHOI cucmemu opicumayii nacascupie na 6oksani. Jns
VNPABNIHHA NACAHCUPONOMOKAMU HA NPUBOK3ATbHIU NAOWI 3aNPONOHOBAHO GUKOPUCMAMU KOMNIEKC MAMeMamuyHux
MoOenei: Onsi hopmanizayii pyxy nacadicupié 00 3YRUHOK MICbK020 mpaucnopmy — pieuanus Etkonana, a o0ns
CUHXPOHI3aYii NAcaxicuponomoxis iz 4acom i MICMKICMIO MiCbK020 Mpanchnopmy — mMooesi meopii po3xkiaoy.

Ilpoyec ynpasninHa nacaxcuponomoxkamu HA iHIMEZPOBAHOMY NepPecaoOyHOMY KOMMIEKCI 3anponoHO8AHO
Op2aHizyeamu Ha cCmpyKmypi po3nooiienux cucmem niompumku nputinamms piuwers (CIITIP) nio kepisnuymeom €Ounozo
NACANCUPCLKO20 IHMEPMOOATbHO20 ONepamopd.

Knrouosi cnosa: nacasxcuponomoku, 3a1i3HUYHUL 80K3Al, IHME2POBAHUL nepecadoyHULl KOMNIEKC, MAmMeMamudHi
MoOeiti, MiCbKUti MpaxHcnopm.

Beryn TOJIOBHUM  3aBJIaHHSAM Yy Tpoleci  (YHKIIOHYBaHHS
TpaHcHnopTHOI cucreMu Ykpainu 1a AT «YKp3amiz3HAID
30kpeMa. OCOOIHMBO 1€ CTOCYETHCS BEJTMKUX METAIOIICIB,
JIe KOHIIEHTPYIOTHCS TMACAKUPOIIOTOKH 1 BiIOYBa€ThCS

[Ipomec opranizamii TacaXHPCHKOTO 3aJII3HHIHOT O
CIIONIy4eHHs, 30KpeMa IIBHIKICHOrO, € HaJI3BHUYaiiHO

CKIIaJHUIM B YMOBaX BOEHHOI'O CTaHy B YKpaiHi. A i : i
AT «YKp3ai3HAL» 3AHMIIACTECS OCHOBHMM B33€MOMIS  3ali3HMYHOIO 1  MICBKOrO  TPaHCIIOPTY:

CTpATerivHMM IIEpEBi3HHKOM BaHTaXiB | macaxupis. METPONOIITEHY, MICHKOrO €EKTPOTPAHCIOPTY (TpamBaid,

HaiiiHicTh caMoro nepeBesenHs i Gesneka nacaxupis ¢ — TPOEHOYC), MapuIpYTHUX Takci TOIIO, 3YMHHKH SIKHX
30CepEe/PKEHO Ha IPHBOK3AIIBHI TLIOLI.

©BYTBKO T. B., KPUBHUY A. B., SIIIIYK IO. L., 'YPHH [1. O.,2024
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VY 1pOMY KOHTEKCTi 3alli3HWYHY CTAHI[II0, BOK3all
pa3oM i3 MPHUBOK3aJIHHOIO IDIONMICIO JOIUIEHO PO3TIISAATH
SK  BEJIMKAN  TacaXKUpcbkuii  xab  (iHTerpajbHUiA
mepecajiouHuil  komrurekc). s Toro mo0 3amolirTu
CKYITYCHHI0O TACAXUPIB y Takiil cHcTeMi, IOUUIBHO
CHHXPOHI3yBaTH (YHKIIOHYBaHHS BCiX ii €IEMEHTIB Ha
3acajiax JIOTICTHUKH, TOOTO 3a0€3MEeYUTH YiTKY B3aEMOJIII0
3aJII3HUYHOIO i MiChKOT'O TPAHCIIOPTY.

ITocTanoBka npodiaemu

[linBumieHHs pIBHS ~ KOHKYPEHTOCIPOMOXKHOCTI
3aJI3HUYHOTO TPAHCIOPTY Ha PHHKY MaCaXKHPChKHX
IepeBe3eHb OOYMOBJICHO MEPEBAYKHO PIBHEM OpraHi3allii,
koMopTy 1 Oe3neku mporecy MepeMilieHHs] MacaXkupis.
Oco0nMBOi aKTyaNbHOCTI i MUTaHHS HAO0YBalOTh y Mepiof
BOEHHOT'O CTaHy B YKpaiHi.

OmHuM 13 KPUTHYHMX Miclb Yy  IpoIeci
MepeMillieHHs] TacaKHUPiB € TmepeOyBaHHs 1X Y MeKax Takoi
CHCTEMH, SK IHTETPOBAHHUI MepecajiodyHuil KoMIuieke. Sk
BIIOMO,  Aaca)kKUpOIOTOKaM, SKi  MpuOyBawOTh 1
BIJIMPABJIAIOTHCS 3 3ATi3HAYHOI CTaHIIii, MPUTAMaHHUIA TaK
3BaHUI «PaHKOBHI» 1 «BEUipHi» e(eKT, 10 MPU3BOIUTH
JI0 3HAYHOTO 301MIBIIEHHS MacaXUpiB y Beill cuctemi. Lleit
epeKT OOYMOBJICHHUH  MIIBUIICHHSAM  IHTEHCHBHOCTI
HaJIXO/DKEHHST 1 BIANMPABJICHHS  NPHUMICBKUX 1
MDKpEriOHaJbHUX MOI3MIB y TNEBHI Mepionu Jo0H, 10 Y
CBOIO Yepry CHpPUYMHSE 3HAYHY HEPIBHOMIPHICTh Y
(YHKI[IOHYBaHHI 3a3Ha4eHOl BHIIE CHCTEMH Ta YCKIIAIHIOE
i yrpaBiiHHS. Y PaxoBYIOUH, IO MACAKUPCHKI 1 MPUMICHKI
NOT3/IM HAIXO/ATh HA CTAHIIIO 3 TIEBHUM 1HTEPBAJIOM Yacy,
HEOOXITHO TaK CKOOPJIMHYBATH PyX MAacaXUPOIOTOKY B
cHCTeMI, 11100 3araJlbHUi 4Yac 3HAXOMKECHHS IACaKHUPIB Y
Hill OyB sIKOMOra HaliMEHIINM, TOOTO HE CTBOPIOBATH eeKT
«HEKOHTPOJIbOBAHOI'O HATOBILY».

VYrpaBiiHHs MacaXUPONIOTOKAMH BiJIOYBAETHCS Ha
OCHOBI ~ CTBOPEHHS pPO3YMHOi CHCTEMH  Opi€HTallii
nacakMpiB 1 y3ro/pkeHoro rpadika TiIBEICHHS Ha
MIPUBOK3aJIbHIHN IJIOII MiCbKOT'O TPAHCIIOPTY JI0 3YITHUHOK.

Omxe, HeoOXigHUM € (QOPMYBAHHS KOMILIEKCY
MaTeMaTHYHUX MOZENeH, [0 aJeKBaTHO BiATBOPIOIOTH
MPOLIEC PYXY MAacaKUPOIOTOKIB BiJ MIaT(OPMHU Ha CTAHII],
4epe3 OyIiBIII0 BOK3aJly, MPUBOK3aJIbHY ILIOILY 10 3YIUHOK
MICBEKOr'O TPaHCIOPTY.

AHaJgi3 nocaifzkeHb i myomikanii

Sk moBomuth aHami3, y Oinbinocti kpain €C Ta
IHIMX KpaiHax 3aji3HUYHI BOK3aJdM MEPETBOPWIHCA Y
CKJIaJIOB1 1HTETPOBAHUX TPAHCIIOPTHHUX BY3JIiB, a TACAKUPH
BCE YaCTillle CKJIAJAIOTh MAapLIPYTH, BUKOPHCTOBYIOUH
JeKinbKa TOi3aiB a0 pi3Hi Buam TpaHcmoptry. llurtaHHsIM
oprasizarii (yHKITIOHYBaHHS TIepecaiOTHIX
MMACAKUPCHKUX KOMIDIEKCIB MPHUCBIYCHO OaraTo yBaru B
CyJacHHX HAyKOBHUX IOCITIKEHHSAX. Tak, y JOCIHiIKeHHI
[1] mms Bu3HAYEHHS PO3MONUTY IIUIBHOCTI MOTOKY
MTACaKUPiB HA BOK3aJIi OYII0 3aIpOITOHOBAHO METOIOJIOTIIO,
IO TOEAHYE METOAM MAaTeMaTUYHOI CTATUCTHKH Ta
iMiTamiifHOTO MopenroBaHHA. Ller weron mae 3Mory
BU3HAYUTH  HEOOXiMHY  TPOIYCKHY  CIIPOMOXKHICTb
MIIOXiTHAX KOMYHIKAIlif Ta ONTHUMAaibHY IIBHIKICT
mepecaioyHux MOTOoKiB. OmHaK Takuii Meron moTpedye
NPOBEICHHS  CKIAQAHUX  CTaTHCTUYHHMX  JOCTI/DKEHb
mapaMeTpiB  MACaXUPONOTOKIB, $Ki MOXYTh 3HA9HO
BIJIPI3HATHCS 32 PI3HUMHU 3aJI3HUYHUMH BOK3alaMHu. Y
nocmiukeHHi  [2], 1m0 CcTOCyeThCS — 3aBaHTaKEHHS

3almi3HUYHOro Bok3any B [yamwxoy (Kwurait), Oymo
3aIpOIOHOBAHO  CMOCIO  MOJETIOBAHHS  OpTraHi3arlii
MacaXKHPOITOTOKIB i3 BUKOPUCTaHHSAM KJIITHHHUX aBTOMATiB
1 TeHeTMYHOro anroput™my. Y pobori [3] aBTOpamwu
3a3Ha4€HO, II0 PO3IOBCIO/KEHHS  IAacaXMPOHOTOKY
BinOyBaeTecs B iH¢opMmamiiiHoMy momi. Ilpm mpomy
YMOBOIO (pOpMYBaHHS TMOTEHIIHOT (yHKIII Ha BCid
obnacTi BH3HAYEHHS palOHy IepecajKd € HaWKopOTIIa
BiJICTaHb JI0 TJI00AJBbHOI METH 1 BiTUYTTS JUCKOM(DOPTY
ot mepermkon. Jlnsg Qopmanmizamii  mporiecy  pyxy
MacaXUpiB  3alpoOIIOHOBAHO BHKOPHCTAHHS  PiBHSHHS
Eiikonana. Y poOori [4] po3po0iaeHO MOAEb Y3TOIKCHHS
rpadika TMiJBEIEHHS pPYXOMOTO CKJIaay pi3HUX BHIIB
TPaHCIIOPTY A0 3aJi3HUYHOTO IEPecajouHOro KOMIUIEKCY
Ha OCHOBI KOMIUIEKCHOTO BHKOPHCTaHHS METOMIB TEOpil
PO3KJIaTy Ta TCHETUYHUX AJTOPUTMIB, 1110, HA BIJMIiHY Bif
HasiBHUX METOJIB, Jla€ 3MOT'Yy BH3HAYHMTH OIJIbII TOYHHN
rpadik npuOyTTS 1 BIAIPaBICHHS MiCHKOTI'0 ITACAXXHUPCHKOTO
TPaHCIIOPTY y B3aeMOAli 3 3aJi3HUYHUM 32 YMOBH
rapaHTOBaHOrO 3a0e3MeueHHs] BapiaHTIB Iepecajku B
MeXaX JUPEKTHBHHUX CTPOKIB.

[lpoBenenuii  aHayi3 [JOBiB, IO CKJIAAHICTh
(hopmasizanii nporecy opraHizalii MOTOKIB MacaKUpiB Ha
3ali3HUYHOMY BOK3aJi TMpW  3JIHCHEHHI IepecajKu
noTpedye po3poOJICHHST HOBUX METO/IB, SIKi O ayiu 3MOry
peanizyBaTH MOJIENb HAIIPaBJIEHOTO PYXyY
[ACaKUPONOTOKIB 3 YpaxyBaHHAM  IHIUBITyalbHOI
TIOBEIIIHKM TAaCaXUPiB Ha IHTETPOBAHOMY IEpecaouHOMYy
KOMIUIEKCI.

MeTa nocCaixKeHHs

Ddopmarnizaris npoLeypu YIIpaBITiHHS
MACAKUPOIMOTOKAMHM Ha 1HTETPOBAHOMY TACAKUPCHKOMY
3aTI3HIYHOMY IIEPECaOYHOMY KOMILIEKCI.

BuKJ1aieHHs] 0CHOBHOI0 MaTepiaty J0CiI)KeHHS

OfHMM 13 OCHOBHHMX 3aBJaHb (DYHKIIOHYBaHHS
3aI3HUYHOI ~ TPAHCIIOPTHOI ~CHCTEMH €  OpraHi3aris
HaIiiHOrO 1 Oe3MeYHOro NepeBE3eHHs MaCaXupiB 1
BaHTaxiB. OCOOMMBOI aKTyalbHOCTI HAOYBa€ 1ie 3aBIAHHSI
B TEpiol BOEHHOTO CTaHy B YkpaiHi. Y HaJA3BHYaWHHX
ymoBax AT «YKp3adi3HUI» BHKOHYBalia 1 BHKOHYE
GyHKIIT, Bi SKUX 3aJ€KHUTh ICHYBaHHS YKpaiHCHKOI
Hepxasu. SIk Bimomo, Tibku 3a mnepiue miBpiads 2023 p.
00CArH TEepeBe3eHb BAHTAXIB 3aTI3HUICI0 CTAHOBUIIU
70,5 MIH T, a y BaXJIHMBOMY JJIsl KpaiHH EKCIIOPTHOMY
cnonydenHi — 40 % 3aranpHux o0csriB nepeBedeHb. AT
«YKp3aJi3HUID»  TaKOXK  3MAIACHIOBaJA  MacHITaOHi
eBaKyaliiiHi 3aX0/¥ 3 IepeBe3eHb HACENEHHS 0 3aX1THUX
obmacTeii (IepeBe3eHo 4 MITH TacaXHPiB) 1 32 KOPIOH
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IHOPOPMAIIIMHO-KEPYIOUI CUCTEMU HA 3AJII3BHUYHOMY TPAHCIHOPTI

(mepeBezero 600 Tuc. macaxxupi). Y IbOMY KOHTEKCTI
0COOJIMBY yBary CIiJ MPUIUTATH caMe MUTAHHIM Oe3MeKH
IIpY TIepeBEe3E€HHI HACEeNIeHHS, OCOOJIMBO 3Ba)KarouM Ha
TpariuHi noxii Ha Bok3aii B M. Kpamaropcek. Came Taki
moxmii  CIIOHYKAlOTh  PO3INISIAATH  CHCTEMHO  IPOIEC
TiepeBe3eHHs 33,151 0e31eKN 1 KOMQOPTY Macaxupis.
[Ipouec mepeBe3eHHS NACAXKUPIB 3aNI3HULICIO HE
3aKIHUYEThCS TAKOK TOI€r0, SIK TPUOYITS TOTATa Ha
BiJNOBiMHY m1aTopMy Ha craHuii. Jlani macaxxupornoToku
MIEPEMINIYIOThCS a00 OYIiBICIO BOK3ay, a00 IMi3eMHIMH
TYHENSIMH 1 BHUXOMASATh Ha MPUBOK3AJbHY IUIONLY JUIS

mepecajkd Ha  MICBKHH  TpaHCIOPT, BKJIIOYHO 3
MmerpononiteHoM. CHCTeMHHMI mifxin mependadae, 1o
3ai3HUYHY CTaHIN0, BOK3aJl Pa3oM i3 MPUBOK3ATBHOIO
TUTOMIEIO JIOMIJIBHO PO3TJISIIATH K BETUKHUI MACAKUPCHKHMA
xab, TOOTO 00’€mHATH 11X y €IWHY CHCTEMY TIif
YIPABJIiHHAM €IMHOTO IHTEPMOAAIBHOIO OIEpaTopa, KU
3a0e3euye CHHXPOHI3AINI0 TPH B3a€MOJIT 3aII3HUYHOTO i
MICBKOTrO TpaHcrmopTy. CxeMy pyxy Maca)KHpPOIIOTOKIB Y
TaKii CHCTeMi HaBeICHO puc. 1.

Anp(t)

Anp(t)

»
>

A(E)

3ali3HUYHA CTaHIIA

A (1)

Ai(t)

A 4

A;(t)

\ 4

i
| |

3a3HUYHUNA BOK3aJl

A0 =20+ 2@
I1AC l J

J

i A ()

i A (t)

A (8)

\ 4

[TpuBoOK3anbHa MO, MICHKUH
TPAHCIIOPT, METPOIIOTITEH

\

/.

L) A Alt)  A®)

A(t) =

ITAC

Y A ()

Puc. 1. Cxema pyxy naca>KHpOIoTOKiB

Tyt )lnp (t) — IHTEHCHBHICTh HAJXOMKCHHSI

MPUMICBKOTO  3aJII3HUYHOTO TPAHCIOPTY; A‘I"(t) -
IHTEHCUBHICTE HaIXOKEHHS MDKpETiOHaTBHIX

Ai(8) -
MIPUMiCHKOTO TAaCaKHUPOIIOTOKY; Aj(t) — IHTEHCHBHICTB

() -

MTACaKUPCHKUX O3 /1iB; IHTEHCUBHICTH

MDKpPETIOHAIFHOTO  TTaCa)KHPOIIOTOKY;
IHTEHCUBHICTh TIACAXXMPOITOTOKY Ha K- BHI MiCBKOTO
TPaHCIIOPTY.

SIK BiZOMO, IHTEHCHBHICTh 3a1i3HUYHOI'O
TPAHCIIOPTHOTO MTOTOKY B 3arajIbHOMY BUIAJIKY €

¢yHKIi€ero vacy, i B inTepani vacy L [0,7 5—

2] 'O/l miAmopsIKOBY€ETHCSI HOPMAJIbHOMY 3aKOHY

po3moaity

1 _ |x—At|?
f(x) - —exp( T

NeTii ).

JIe X — BUIAJKOBE 3HAYE€HHS KIJIBKOCTI ITOI31B;

@)

A= /117 P + Ar - cepenHs TONMHHA IHTEHCHUBHICT.

¥ menmomy nepioni wacy t < 0,75 rop,
KUTBKICTB TIOI3/IiB T IOPSAKOBYETHCS 3aKk0oHY [lyacona

PX=x)= 0" i

t x!

Jost

@

OLIIHIOBaHHSA 0COo0IMBOCTEN 3MIHU
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IHOPOPMAIIMHO-KEPYIOUYI CUCTE

MU HA 3AJTIIBHUYHOMY TPAHCIIOPTI

IHTEHCHBHOCTI ~ TAaCa)KHUPOIOTOKY Ha  IHTEIPOBAHOMY
TriepecagouHOMy KOMIUIEKC OyJI0 ITPOBENEHO JTOCIIPKECHHS
B ymoBax craHmii i1 Box3anmy KuiB-Ilacaxxupcekuid.
Pe3ynpraTi TaKMX AOCITIDKEHb ITOJAHO Y BUIIIAl TUHAMIK
pO3IIOAINTy  KUIBKOCTI — IMAcaXwpiB, IO TNPHOYBAIOTh
TIOTOIMHHO (Pa3oM y MDKpErioHaJIbHOMY Ta MPHMiCHKOMY
cronydeHHi (puc. 2) i OKpeMo Yy IPUMiChKOMY CIIOTYy4YEHHI

(puc. 3)), ta ouineno Taki mapamerpm: IN — cepenms
TOMMHHA IHTEHCHBHiICTh, O — CEpeAHbOKBAPATHIHE
Binxmmemns 3a wac t ta K H —  KoepimieHT
HEpIBHOMIPHOCTI.

&
9

Puc. 2. JIlHEaAMiKa po3NoJiay KiTbKOCTi NepeBe3eHHX MacakHpiB
pa3zoM ¥ MPHMICBKOMY Ta MIKpPerioHaTbHOMY CHONYUEHHL
NoroaHHHO 3a A00Y

(N=42967,7;0 = 1645,6;ky = 1,2)

Puc. 3. JluHaMika poinogily KUIBKOCTI NepeBeIeHnx
NACAKHPIR PATOM ¥ TPHMICEKOMY COOTYIeHH]
NoTOAHAAD

(N=21712,9;0 = 601,1; ku = 1,1)

AHani3 guHaMiK Ha puc. 2, 3 JOBOOWTH iCHYBaHHS
TaK 3BaHOTO «PAHKOBOT'O» 1 «BEUIPHBOTO» €(EeKTiB, KON
KIUJIBKICTB TIacaXupiB 30UIbIIyeThCst TprOM3HO Ha 20 %, a
caM IpoLEC HaIXOKEHHS MacaXupiB MOXKHA TTOIATH SIK

XBWJICMIOAIOHUI 13 Pi3HUMH aMILTiTyJAMH.

Just Toro mo6 3amoOirTH BHHUKHEHHIO €(eKTy
«HATOBITY», JOLUIGHO CHHXPOHI3YBAaTH (YHKIIOHYBaHHS
CJIEMEHTIB CHCTEMH 3aJi3HMYHA CTaHIis, BOK3all,
MIPHUBOK3aJIbHA IIJIOMIA — BIIIOBITHO 710 TXHIX MPOITYCKHUX
cnpoMokHOcTell. Iy ¢opmamizamii 1pOro Imporecy
cOpMOBaHO ONTUMI3aliiHy MaTeMaTHYHy MOJAENb i3
IUTEOBOIO (DYHKIIIE€I0 TAKOTO BUTIISLY:

F(t,n) = tnnat + tBOK3 + tHNpuB. I >

mn 3)
net —yac;
1 — KUTBKICTh MTACAKHUPIB;
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IHOPOPMAIIIMHO-KEPYIOUI CUCTEMU HA 3AJII3BHUYHOMY TPAHCIHOPTI

tIuTaT — 9ac MpOXO/PKEHHS ITacakKUpiB I10 1aThopMi;
tBOK3 — yac repeOyBaHHS TacaKUpiB Ha BOK3aJi;
trpuB. 11 — yac nepeOyBaHHs MacaXupiB Ha
TIPUBOK3JIBHIN TUIOII.
[Tpu poMy Yac Mi>k HaAXOKEHHSIM MacaXKUPChKUX
TIOI3/1iB, Y TOMY YHCIIi IIPUMICBKHX, tIT Ma€ OyTH OUTBIINM,
H)XK 9ac MPOXOKEHHS NMACAKHUPIB 110 BOK3aITy:

ty = tBOK3. (4)
Yac migBeeHHS MICBKOIO  TpPaHCIOPTY HA
NpuBOK3aiIbHY wionty LT p Mae Bimmosinatu ymosi
tyrp < tBOK3. (5)
Taxox Mae BUKOHYBAaTHCh YMOBa 30epe)keHHs
[aCaXXUPOIOTOKY
tniaT+tBoK3 ¢rgC - /1(15) dt = t t *
0 f 0
Ak(t) — Nnep, (6)

e Noep — KUIbKICTh TacaXwupiB, SKi 3aJMIIAIOTBCA Y
OyIiBIi BOK3aJly JUIs IEpEcaKy Ha THIII MOi3u (TpaH3UTHI

nacamnff_m%.
0o0ro Bupasu (4)-(6) sBIsSIFOTH COOOIO CHCTEMY

00MeXeHb MaTeMaTHYHOI MOJIETI.
HaiiGinpim kputHaauMy Micisamu y Gopmymi (3) e
yac niepe0yBaHHsI aca)xxupiB y OyaiBil Bok3aiy tnac i yac
TXHBOT0 3HAXO/PKEHHS Ha MPUBOK3JIbHIH IJIOIL tIIPUB. TUL.
3 METol0 YNpaBIiHHA MAacaKUPOIOTOKAMU IPH
iXHBOMY TIepeMillleHH] OyIIBJIE0 BOK3ally JAOLIIBHO
BHUKOPHCTOBYBATH TEOPIiO JUHAMIKHM HATOBITY. Pa3oM i3 Tum
CKJaJHICTh (hopMaizamii pyxy nacaXMpChKUX MOTOKIB Ha

3aI3HUYHOMY  BOK3aJi ~ BHM3HAYA€ThCS  TEXHIYHUMU
(mpocropoBuMH) TapaMeTpamu  OyaiBIi  BOK3ady Ta
HEpIBHOMIDHMM  XapakTepoM y d4aci 1 mpocropi

MepeMIllleHHs] CAaMUX Maca)KUPOMOTOKIB. AHAJI3 HAIPSIMIB
JOCIIDKeHb y cdepl MaTeMaTHYHOTO MOJICTIOBAHHS
JIMHAMIKH PYXy MOTOKIB JIFOAEH JTOBOIUTH, IO iX MOXHA
MOAUTMTH HA MaKpOCKOIIYHI B HENepepBHOMY HPOCTOPI,
MIKPOCKOMIYHI B JUCKPETHOMY IIPOCTOPI Ta TiOpHIHI, SKi
MOETHYIOTh OCOOJIMBOCTI 1 TepeBard JIBOX MOIEpPEeaHiX
TAOiB ~ Mozenei. Mopeni  MaKpOCKOINIYHOTO — PiBHS
ONMUCYIOTh PyX MMAacaXHPCHKUX TOTOKIB Yy MUIOMY,
HAIPUKJIa Ha OCHOBI PiBHSHB ra30- i TiIpOINHAMIKH, SKi
Tar0Th IyKe HaOIDKEHL PpimeHHs. Mopeni
MiKPOCKOIIYHOTO PiBHS OMHCYIOTHh ITOBEAIHKY OKPEMEX
MACAKUPIB y TIOTOIli, TOOTO BOHM BPaXOBYIOTh COLiaJbHI
3B’SI3KU: i€ TACaKUpP OKPEMO UM TMACaXUPH PyXaroThCs
rpynamu (poauHa 3 JiTbMH 1 6araxem Tomo). GopmyBaHHA
riOpumHIX Mozenel moTpedye mepexoay Bifl AUCKPETHOTO
MIPOCTOPY 10 HETlepepBHOT 0. J[11s1 TOT0 1100 acaXupoIoTiK
y3araji pyxaBcs, HAaBKOJIO ACAKUPIB Ma€ iCHYBaTH 30HA
KOM}OPTY, IKY TOUITHHO YIBUTH SK KOJO 3 pagiycom 0,5-
0,8 M 3aneKHO Bi TPYNH, Yy SKiii PYXaeThCs MACaXHP.
OTxe, TUCKPETHHI TIPOCTIp MEPEBOJUTHCS B HETIEPESPBHUIN
npocrtip 2D (kopaunatu (X,y)), A€, SK BIJOMO, BU3HAYEHA

oreparis TUQepeHITiFOBaHHS.
BUILICHABE/ICHE, copmyemo
MacaXUPOIIOTOKIB TiOPHIHOTO THITY.
3 MEeTOr0 MOJIETIIOBAaHHS 1 OpraHizallii nmpouecy pyxy
MacakupiB yABIMO, 110 KOXKHE MPHOYTTS I0i3/1a yTBOPIOE
XBWIIO TACaXHUPiB, SKa PO3MOBCIOIKYETHCS OYIiBIEIO
BOK3aJy 3 JeSKOr MmBUAKICTIO V. Il XBWiIs Moxe
MOCTYIIOBO 3aracaTd (3MEHIIYEThCS aMILTITyAa XBHJI) i
yepe3 Taki (akTopH, SK AUQY3is MacakupiB ycepeauHi
BOK3aJly 200 BUXiJ IX i3 BOK3aJly Ha IPUBOK3aJIbHY ILIOMLY.
TobTo pyx macaxupiB M0 BOK3aJly OB’ SI3aHUH 3 XBHISIMH,
II0 TEHEPYIOTbCS TPHOYTTSIM HOBHX moi3aiB. Jlis
BIITBOPEHHSI I[bOT'O TPOLECY CPOPMYEMO MOJENb, Y SKil
MAacaXKUPOIIOTOKH MOXKHA YABUTH SIK XBHJIbOBI (DYHKII, i

Cnuparounchb
MOZEIb

Ha
pPyxy

CKOPHCTAEMOCSI  XBHJIBOBMM  PIBHSHHSM, aHAJOTIYHHM
piBusHHO [peninrepa [3, 6].
%Y _ v - B Y

2 - -2 5 (7
ot ot

e l/) (X f t) — XBWJIbOBA (DYHKIIis, 1[0 OMUCYE MIUTBHICTD
(KINBKICTh TMacaKUpiB Ha BOK3aJl 3aJIeKHO BiJ 4acy t i

IXHBOIO0 MICIIE3HAXOKEHHS X xy)

MIPOCTOPY);
V — IIBHIKICTh PO3MOBCIOKCHHSA XBWII (IIBUAKICTH

PyXy nacamnpiBQ NIPU HA/IXOJDKEHHI MOTATa;
2
2 — .0
=l
dx ay
OITKCYE PO3MOJILIT aCAKUPIB 10 OY/iBII BOK3ay y popmarti
2D.

KOOpJIUHATH

— onepatop  Jlanmaca,  Axui

X —xoedillieHT 3aracanHsl, SIKUii MOXKe OIHCYBATH
3MEHILICHHS aMIUTITYI! XBHJII 13 4acoM.

OOMexXeHHSIMH B MOJIEITi € IPOCTOPOBI MapaMeTpu
OyniBii Bok3ady B IuiaHi. PO3B’SI30K Mopeni MogaeThes y
Bursial cymu yskuii becens 1 Helimana.

Taky Momenp [OLINBHO BHKOPUCTOBYBATH UL
pEryJIIOBaHHs CHCTEMH Opi€HTalii Maca)KMPOIMOTOKIB Ha
BOK3aJli 3ajyisl 3MEHILECHHS uacy ImepeOyBaHHS tBOK3 i
3armo0iraHHsl CTBOPEHHIO e()eKTy «HATOBITYY.

3 METOI0 3MEHILICHHsI Yacy nepeOyBaHHs MacaxHupiB
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IHOPOPMAIIIMHO-KEPYIOUI CUCTEMU HA 3AJII3BHUYHOMY TPAHCIHOPTI

Ha TPUBOK3JBbHIA IUIOMI (NPHB. IUT 3alPOIIOHOBAHO
KOMIUIEKC BIJNOBIMHUX MoOAEIeH — Ie MOAeN pyxy
MacaXMpiB 110 TPHUBOK3AJIBHIM IUIONI Ta Y3TODKEHHS
rpadika MiIBENEHHS pPYXOMOI'O CKJIany pIi3HHX BHUIIB
MICBKOTO TPaHCHOPTY A0 3aJi3HUYHOTO IEepecaoqHoro
KOMIUIEKCY 3aJI€)KHO Bifl IHTEHCUBHOCTI ACAXKUPOIIOTOKY.

VYpaxoByroun (akTopH, SKUM HaIalOTh ITIepeBary
TMaca)XMpH MpH BUOOPi MapuIpyTy Ha MPUBOK3AIBHIH IO
JUISl TIepecajki Ha MICBKHH TpaHCHOpPT, —HAHKOpOTIIa
BIICTAHb 1 BIMYYTTA AUCKOMQOPTY OUIA TEepeIKo,
JOIIJIBHO SIK MOJIENb PYXy NacakKUpOIOTOKIB o0parn
piBusuHs Efikonana [3].

Jnist 3MeHIIeHHS Yacy OYiKyBaHHS MacaXHMpaMu
puOyTTS 0a’kaHOrO BUAY MICBKOTO TPaHCHOPTY, TOOTO
CUHXPOHI3aIi XBUJICTIONIOHOT IHTCHCHUBHOCTI
MACaXUPOIMOTOKY 3 YacoM MIiJBEACHHS 1 MICTKICTIO
MICBKOT'O TPAHCIIOPTY, MOLIJIBHO BUKOPHCTOBYBATH MOJIEIi
Teopii poskiany (anmt. Sehedule theory) [4].

3anpornoHoBaHui KOMILJIEKC MaTeMaTHYHUX
MoJIeJIel sl ynpaBiiHHS (QYHKIIOHYBaHHSIM CHUCTEMH
«3aJli3HUYHA CTaHIlisg, BOK3aJ, MPUBOK3AIbHA ILIOIIA»
MOKe OyTM BHKOPHCTAaHMH JJIsl TIPOLIECIB  IOCAIKH
nacakupiB y NOI31M YK BUCAJKH 3 HUX. [H(popMaliiiHo nei
npolec MOXKe OyTH OpraHi3oBaHUH y pO3MOALIEHIH cucTeMi
HIATPUMKH TPUHHATTA pilleHh Ha aBTOMAaTH30BaHMX
poOOUNX MICLSIX NMEPCOHATY 3aJi3HUYHOI CTaHIIii, BOK3aly
Ta JMCIIETYEPCHKOTO IEPCOHANy Di3HUX BUJIB MICBKOTO
TPAHCIIOPTY il KEPiBHUIITBOM €JIMHOTO TMAaCaXKHUPCHKOTO
IHTEpPMOJIaJILHOTO OrepaTopa Ha ocHOBI Internet/Intranet-
TEXHOJIOTI.

TOT3/1iB.

Jlyis ynpaBiiHHS Taca)KUPOITOTOKaMH Ha eJIeMEHTax
CHCTEMH BHKOPHCTaHO TEOpif0 JUHaMiku HatoBmy. [Ipm
IIbOMY TIPOIIEC HAJXOKEHHS 1 TepecyBaHHS IMacaKHpiB
OyniBiel0 BOK3aJIy IIOAHO SIK XBHWJICTIOMIOHWHA, SKHH
TeHEpYETbCS ~ TPHOYTTSIM  KOKHOro  motrsra.  J{is
hopmaitizarii OO TpoIIEeCy 3aIpPOIIOHOBAHO
Bukopuctanus piBHsHHs Llpeninrepa y d¢opmari 2D, a
oOMexXeHHsM € TulaH OyamiBii Bok3ady. BukopucranHs
TaKOro MiJXOAy — II€ OCHOBa (POPMYBaHHS «PO3yMHOD»
CHCTEMH Opi€HTalii Maca’kupiB Ha BOK3aJl, IO 3MEHIIYE
Yac IXHBOT0 nepeOyBaHHs B HHOMY.

Jus  ynpaBiiHHS MacaKUPONOTOKAMHU Ha
NPUBOK3aJbHINA IUIOII  3alpPONOHOBAHO BUKOPHUCTAHHS
KOMIUIEKCY ~MaTeMaTUYHHX MOJeNiei: MOoJell pyxy

MacaXHupiB N0 TI00anbHOI MeTH (3ymMHKAa MiCBKOTO
TPAHCIIOPTY) HA OCHOBI PiBHsHHs ElikOHANMa CHHXpOHI3aIlil
IHTCHCUBHOCTCH MaCa)KUPOIMOTOKIB 13 YacOM ITiIBEACHHS i
MICTKICTIO MICBKOTO TPaHCIOPTY Ha OCHOBI Teopii
po3KIamy.

ChopmoBaHO KOMIUTIEKC MaTEMaTUYHUX MOJIEIIEH SIK
ocHoBHy CIIIIP na APMax BiaNoBiIHUX MpaI[iBHUKIB,
3aIpPOIIOHOBAHO OPraHi3yBaTH HAa CHCTEMI PO3MOMIICHUX
CIIIP mig yOpaBmiHHAM — €QUHOTO  IACa’kKUPCHKOr0
IHTEPMOAILHOT'O OIIEPATOPA.

Cnucok BUKOPHUCTAHHUX JKEpeJT

BucHoBkn )

3 METOI MiBHMIICHHA HAmifiHOCTI i KOMQOpPTY 1. Topomior B I. Po3Burok NacakHpChKHX KOMIUIEKCIB Ha
3aJTi3HAYHEX TACAKUPCHKUX MEPEBE3EHb 3aMPONOHOBAHO OCHOBI 3aKOHOMIPHOCTCH opmysans
nepexia yHiBepcaJIbHUX BOK3AIliB y CTATYC iHTEIPOBaHHX NACAKUPOIOTOKIB: aBTOPed. IMC  KaHj. TEXH.
NAcaKMPCHKUX — TIEPECajOYHUX  KOMIUIEKCIB  IUIAXOM nayk: 05.22.01 / KuiBcbknit iH-T 3ani3HHYHOrO
00’€IHAHHS B €IUHY BipTyaJbHy CHCTEMY 3aJi3HHUHOI TPAHCIOPTY XapKIBChKOT AepiK. aKaj. Sayli3HAY. Tp-
CTaHIIii, 3a]li3HUYHOTO BOK3ay i IPUBOK3aJIBHOI IUIOMI, JIe Ty. Kuis, 2001. 21 c. o
30CepeHKEHO 3yIMUHKU MICBKOr0 TPaHCHOPTY. SIK TOBOAUTH 2. Wand W, Huand H .The Optimization _Study on
amanis no kpaimax €C, Bemnkoi Bpuramii, CIIA, Passenger Organlzatlon_ at Passe_ng_er Statlop Ba§ed
[MiBgennoi Kopei, Kurato Tomo, Takuii mepexij 3MeHIIIye on _CA_‘S' Tra”SPO”aF'O“ .LOQ'S“CS Engmeerl_ng
yac TepebyBaHHS MACAKUPIE y CHCTEMi Ta 3amobirae Institution, HoHai Un_lver5|ty 210098, P.R. China
CTBOPCHHIO e()eKTy «HEKOHTPOIBOBAHOTO HATOBILY», SIKIIO PHD Of_ Business School. 2007.
CHUHXPOHI3YBaTH (DYHKI[IOHYBaHHS €JIEMEHTIB CHCTEMHU. DOI110.2991/iske.2007.166.

Tl owinioBaHHS TapameTpis macaxuporotokip y o byreko T. B., Ilpoxopuenxo A. B., XKypba O. O.
TaKiii CHCTEMi TPOBENEHO CTATHCTHYHI OCTiIKEHHS B qDOpMyB?fIH’I MOJEJIL OpTaHI3allil MacaKUPONOTOKIB
yMoBax cTaHmii i Bok3any Kwuis-Tlacaxupchkuii Ta TIpH  3/UMCHCHHL  NICPCCAlKK  Ha  SQIISHATHOMY
OTPUMAHO JMHAMIKH PO3MOJLITY HOTOXMHHOI iHTEHCHBHOCTI BOK3aJI1 3 BAKOPUCTAHHSM KOJICKTHBHOTO 1HTCIICKTY.
MACAKWDIB,  SKI  NPHOYTH  MiKpEriOHATBHAMH i Imjyopmamu;.qo-Kepymz cucmemu Ha 3a1I3HUYHOMY
OpuMickkuMu  Hoizgamu.  JloBeleHO  iCHYBaHHS mparcnopmi. 2010. Ne 2. C. 57'61' )
«PAHKOBOTO» i «BedipHBOro» edekTis, mo mpussouts g0 4 2Kypoa O. O. Dopmysanms Mozieni ysrojukenns rpadixa
36iIbIIEHHs iHTEHCHBHOCTI MACAKMPOIIOTOKIB TIPHOIH3HO MABOLAY  PYXOMOro  CKIaldy — pISHMX — BHIIB
Ha 20 %. TPAHCIIOPTY 10 3aJII3HUYHOTO BOK3aIy. 30ipHUK

CdopmoBano onTuMizalliiiHy MaTeMaTHIHY MOJICIb
(YHKIIOHYBaHHS TaKOTO iHTETPOBAHOTO TACAKUPCHKOTO
IepecaioyHOr0 KOMIUIEKCY TpPU B3a€EMOJIl 3 MIiCHKHM
TpaHcnopToM. SIK HiahoBY (QYHKII0 00paHO CyMapHUH dac
nepeOyBaHHS MTACAKUPIB Ha KOXKHOMY €IEMEHTI CHCTEMH.

Cucrema 0OMEXEHb BKIIOYAE YMOBY 30epeKeHHs
MTACAKUPOIIOTOKY 1 TEXHOJIOTIYHI MTapaMeTpy HAIXOIKEHHS
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naykoeux npays. lonenpk: Jon 13T, 2010. Bum. 22. C. 62-

68.

5. Schrodinger E. An Undulatary Theory of the Mechanics
of Atoms and Molecules.Physical Review. 1926.
28(6). P.1049-70. doi:10.1103/PhysRev.28.1049.

Abstract. The process of organizing passenger
railway transportation requires increased attention,
especially during the period of martial law in the country.
One of the critical places in this process is the concentration
of a significant number of passengers within the station and
the station area, where transfers to other modes of transport
take place. The analysis carried out for the countries of the
EU, USA, South Korea, Great Britain, and China shows
that the main trend in these countries is the transition of
universal railway stations to integrated railway transfer
complexes. Such a transfer complex performs the functions
of combining various types of transport: railway, air,
urban, suburban and ensures the fastest transfer of
passengers, which prevents the effect of creating an
uncontrolled crowd. In order to evaluate the parameters of
passenger flows in the conditions of such a metropolis as
Kyiv, studies were conducted, which are presented in the
form of hourly dynamics of the distribution of the number of
passengers transported together in interregional and
suburban traffic, and the existence of «morningy and
«eveningy effects was proven. This causes an increase in
the number of passengers and complicates flow
management. For the transition of the Kyiv-Pasajyrskyi
railway station to the status of an integral transfer complex,
it is proposed to unite the railway station-station-station
square into a single system, where city transport stops are
concentrated, including the subway, under the management
of a single intermodal passenger operator. In order to
manage passenger flows in such a system, an optimization
mathematical model with an objective function representing
the sum of the times for the movement of passengers through
each component of the system was formed. The system of
restrictions contains the condition of maintaining the
passenger flow and technological parameters regarding the
time intervals of train arrivals.

Given that the most critical points in the system are
the time passengers stay in the station building and the time
they are on the station square, the crowd dynamics theory
apparatus was used to manage passenger flows on these
elements. The process of movement of passenger flows
through the station building is represented as a wave
process. At the same time, each train arrival creates a wave
of passengers. To formalize this wave-like process,
Schrédinger's wave equation in 2D format was used, and
the plan of the station building acts as a limitation. This
model should be used for the formation of a smart passenger
orientation system at the train station. It is proposed to use
a set of mathematical models to manage passenger flows at

the station square, namely: to formalize the movement of
passengers to city transport stops - the Eikonol equation,
and to synchronize passenger flows with the time and
capacity of city transport - timetable theory models.

The process of managing passenger flows at the
integrated transfer complex is proposed to be organized on
the basis of the structure of distributed decision support
systems (DSS) under the leadership of a single passenger
intermodal operator.
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YK 681.31 DOI: 10.18664/ikszt.v29i1.300911

KAYAHOB I1.0., noktop TexHIYHMX Hayk, mnpodecop, npodecop 3BO kadbenpu
ABTOMATUKW 1 YNPaBIiHHA B TEXHIYHMX cucTeMax HailoHanbHOro TEXHIYHOIO
YHIBEPCUTETY «XapKIBChbKUW MOMITEXHIYHUM YHIBEPCUTET»

CUTHIK b. T., kanauaaT TEXHIYHUX HayK, IOIEHT, qo1ieHT 3BO

MIPOIIHUK A.M., acmipanT kadeapu aBTOMATUKHU 1 YOPABIIHHS B TEXHIYHUX
cuctemMax HailloHanbHOTO TEXHIYHOIO YHIBEPCUTETY «XapKIBChKUW MONITEXHIYHUN
YHIBEPCUTET»

YaockoHaeHHSI MO/ Ta METOAY CTPYKTYPHOI ineHTHikamii
napaMeTpiB iHepuiiiHUX 00'€KTiB

IIpeocmasus 0.m.H., npoghecop Ilpuxoovko C.I.

Y nockoHaneHo modeni ioenmugixayii napamempie ma CmpyKmypu CK1aoH020 OUHAMIYHO20 PYXOMO20 00'ckma
(PO) ons nobyoosu adanmuenux cucmem xkepysanns (ACK) 0ns kopexyii napamempié HanawmysanHs pe2yisimopis.

Ilokasano, wo napamempuunuti 8uxio a0anmueHo2o Yu@dposoco Ginempa MOHCHA SUKOPUCTOBYEAMU AK NPU
asmMoMamuyHOMy KOPUSYS8aHHi Napamempis Kepoeanozo Qirbmpa max i npu asmoMamuiHOMy KOpU2y8anHi napamempie
pezynsamopa 8 KOHMypi pe2ynio8ants CUCIEMU KePYBaHHs. 6 0OMedceHoMy OlanasoHi 3mMiH Koe@iyienma adanmayii, wo
po3uuploe  chepy 3acmocy8anHs 3anpoNOHOBAH020 Memooy i0eHmuixayii. 3uauenus KoeqhiyicHmie 3HAMEHHUKA
Gopmyrovozo pinempy modeni nOCiIid06HO 3MIHIOIOMbCS HA i0eHmughikosani 3Havenuss Koediyicnmie nepedasanvbHoi
@yuryii 06'ekma ai, 8z...an1 018 3HAXOONHCEHHA HOBUX 3HAYEHb Koeiyicnmie an B asmomamuunomy pescumi pobomu
ioenmuchixosani pauiwie 3Havenus Koe@iyicumie 00'ckma NOGUHHI 3aNamM'Mosysamucs i 6600UmMvCsi vy opmyroyui
Qinemp, 3minioOUU 11020 CMPYKMYPY mMa NOPAOOK, 018 OOYUCTEHHA 3HAYEHHA GeIUHUHU HACIYNHO20 Koeiyienma
00'exma. Ilicna ioenmugbixayii neobxionux 3uauenv xoeiyiecnmis nepedasanvhoi @ynkyii 06'exkma ai, dz...an npoyec
i0enmucpixayii nosmMopOEMbCst NOCAIO08HO Y KONCHOMY YUKIL nepexionux npoyecie cucmemu xepysanns. Iliokmouenist
00'exma 00 Gi0N0GIOHUX 6X00I8-8UX00i6 popmylouux ¢inempie npucmporo idenmupixayii 30IUCHIOEMbC TOTYUHUM
NPUCMPOEM.

Knmiouosi cnosa: cmpykmypHo-napamempiyna ioenmugixayis, adanmueHa cucmema Kepyeanns,
BUCOKOWBUOKICHUTL pYX, (hopmytouuti ¢inemp.
Berym. [udposi cucremu kepysauns (IICK) [10, 11] na

3aJI3HNYHOMY  TPAHCIOPTI  BHUKOPHCTOBYIOTBCS B
CKIIATHUX l€papXidHUX CHUCTEMaX MU(PPOBOTO KepyBaHHI

3HIWKEHHS ~ BUTpaT  TNajgWBa Ta  €Heprii

BUcOKomBHAKICHUX PO moB's3aHe 3 HEOOXIIHICTIO
PO (poboramu. apoHamMu. JTOKOMOTHBAMH Ta iH.), B

CHCTeMax HarsAy 3a CTAHOM KOJTil, MOCTIB, CIIOPY/ TOIIIO.
Ipuknan Takoit cucremu 3 OiokoM wuaeHTH(DIKAIIT Ta
aganrruBHIM [11/[-perymsaTopom HaBeneHo Ha puc. 1.

CTBODEHHS CHCTEeM aBTOMAaTHYHOIO KEpyBaHHS, iX
imeHTH]IKaIIi€r0, ONTHMI3AIl€r0 Ta aganTaiieo [1, 2, 12-
22], 3abesmeuyeHHsAM  Oe3mekd  OOCIYTOBYIOYOTO
MEPCOHATY, BHCOKOK IIBHUAKOMI€I0 oOJamHaHHA Ta
00MEXEHUMH peakIisMu JoauHu [23-25], mo motpudye
Horo BUKIIOYEHHS 3 Mporiecy yrupasiiaasi PO.

AHaJi3 HasIBHUX pillleHb.
© KAYAHOB I1.0., CUTHIK B. T., MIPOLLIHUK A.M., 2024
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Pucynok 1 — Ctpykrypa cuctemu 3 6y10koM inenTudikamii Ta agantuBaam T11/1-

PEryIsTOpOM
[poBiaHuu 3aJTI3HUYHA KOMITaHii [5-9]
BIPOBA/DKYIOTh  KBAJPOKOMTEPH Ul  KOHTPOIO  Ta

JIlarHOCTYBaHHS 3aJII3HUYHHUX 00’€KTiB, OOPOTHOM 3
KpaJi>KKaMH, BAHAAII3MOM Ta BUPIILIEHHS 1HIIUX MPo0iIeM

Hponu
M1 ABULLATH

Ha TIANPUEMCTBAX  3aJi3HHUIb. 301paoTh
iH(popMallio, o0 20%
MIOKa3HUKH Oe3MeKU Ta 3HAYHO 3MECHIIUTH BUTPATH.
Hamnpukian, 3a nanumu komnanii BNSF (CILA)
KO)KHA KOJNisl JIBi4i Ha TIDK/ICHb IOBHHHA MEPEBIPATHCS
o0xigHuKamMu. be3niyoTHUI KOHTPOJIb KBaJPOKONTEpaMU
30UIBLIMTH  YacTOTy IEPEBIPOK JUIst

MOKPAIIEHHs CTaHy Oe3MeKU pyXy MOTSITIB.

sKa  JI03BOJISIE

MOXe Komii

Benuka KUNBKICTh CydacHUX HAYKOBHX JOCIIIXKEHb
ta peamizaniii ACK mnpucBsueHa CTBOPEHHIO pOOACTHHX,
HEeWpOMNoAiOHNX, HEUITKUX, IHTEIEKTYalbHUX (DIIBTPIB Ta
perymsropis [1, 2, 3].

ACK [2, 3] 3HaX0#ATh 3aCTOCYBaHHS SIK CHCTEMHU
KepyBaHHS CKJIaTHUMH HECTAL[lOHAPHUMHU
0araToBUMIpHMUMHU 00'€KTaMH, 110 CYTTEBO IMOKpAIye IX
XapaKTePUCTUKH  HAJIHHOCTI
MMOKAa3HUKH. 32 HAYKOBY OCHOBY JOCIHIDKEHb OYIIO B3SITO
pobotu BueHux becekepcrkoro B.A., 3arapis I'.1., 3ame
JLA, JlazapsiHa, B.A., Ilocienosa . A., [unkina 51.3.

Ta

Ta TEXHIKO-€KOHOMIYHI

PoGoru 1mx Ta Oarathox iHmmMx BueHHxX [1-30]

CTBOPHJIM METOJMYHI Ta TEOPETHYHI

po3BuTKy Teopii ACK.

NEPESYMOBH

MeTta g0CaiKeHHS.

MeToro ToCHiKEHHS € 3a0e311eYeH s MOXKIUBOCTI
ineHTudikalii BCIX CTAaTUYHUX Ta JMHAMIYHUX MaPaMETPiB
IHepIIMHUX 00'€KTIB LUISIXOM OpraHi3aiii MociiJOBHOCTI
BU3HAUCHHS MapaMeTpiB MpoleciB ifeHTudikamii Ta
JIOTiKK opraHi3auii miaKinodeHHs 00'ekTa 10 GopMyrounux
¢binbTpiB cucremu ineHTHdIKAIIT.

ITocTanoBKa 3aaaui.

3aBIaHHsIM JIOCHI/DKEHHSI € pPO3pPOOJICHHSI HOBHX
Mozenel inenTudikanii napameTpis ta crpykrypu PO s
KOpPEKIii MOTOYHMX MapaMeTpiB HAAIITYBaHH U(YPOBUX
perymsitopiB ACK.

OcHoBHMii MaTepiaJ.

PosriisimemMo  oOMexeHHA BIZOMOI  MOZEINI
METO/Iy MEPEIIKO0 3aXHUIeHOI ineHTudikamii. CTpykTypa
cxeMma BiJOMOi MOJIelTi HaJlaHa Ha puc.2.

Ta
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Pucynok 2 — CtpykTypa cxema BiJIoMoi Mozierti.

JlnHaMigH#U#i 00'€KT MOYKHA YABHTH NIEpe/IaBabHOI
. e
¢byukuieto BunyW (s) = 0 =
o

cisk+..+cas2+c1s+1

Ko
e”(cksk+...+czsz+cls+1) =
Ko Ko
- (is +1)M(cks K.+ c2s 2+c1s+1)~ ans™..+azs+ais+1
1)
Oe N=m+Kk,

Ko - cratnunuii KoeilieHT MOCUIICHHSI.

B [1] npu Ko=1 3amponoHoBaHO A7 BU3HAUYCHHS
3Ha4YeHb MAPaMETPIB &1 1 82 BAKOPHUCTOBYBATH TEOPEMY
PO KiHIIEBE 3HAUEHHS (PYHKIIIT 1 HOMIJIKY ineHThu(iKalii
1(S) B peskuMi, 110 BCTAHOBUBCS B HACTYITHOMY BHTJISITI

e@®=W ©-WEW )X (s)(2)
1 @1 4 ') 6x
i
e1(0) = stim {[Wy, (5) = Wo(&)Wy, (9] Xu()} (3)
Ta QUILTPU

1
quz(s) = W 4)
1

1
Wy, (s) = s+l (5)

Henomixom mi€ei Mozeni € Te, o BOHa KpiM

imeHTH(iKalii AMHAMIYHEX NapaMeTpiB HAJTAIITYBaHHS a1

1 a» He BW3HaYae Hi HOro craTMIHOTO KoedimieHTa
mocwineHHs npu Ko£l HI imeHTHOIKALII0 THHAMIYHUX

napaMmeTpiB iHepIiHHNX 00'€KTIB a1 1 8 Mpu a  Fa

o ¥4
npu BBefeHHI B mpucTpii [16, 17 ] amepiomudnoro ta
aJlanTUBHOTO (DUIBTPIB, IO MiJKIIOYAIOTHCS J0 BXOIY Ta
BUXOJly 00'€KTa, BiJITIOBIIHO, IIPY BIUTHBI HA CUCTEMY
inenTudikarii
XapaKTePUCTHKAMH.

MePELIKO/ 31 3MIHHUMHA

Kpim Toro us Monenb He Moxke OyTH pO3LIMPEHA Ha

ineHTudikallio MOTOYHUX IapaMeTpiB 00'€KTiB N-0ro
HOPSIAKY 3 OyIb-SIKUMU 3HaUeHHAMU: Ko, a1, a2, ...an. SIKIIO

1
aq) * aq) ,Tonpu X (S) = _Ha BUXOJax 00YNCITIOBAYa B
1 2 BX s

PEeXuMi, 1110 BCTAHOBHUBCS t — 00,5 =0 dopMytoThes
CHUTHAIN

X«bvcl(s) = el(s) =

(6)

ag, a252+(a2+a1a¢, 25 +(agp 2+a1—a4v, 1)

(azs?+a1s+1) (ag,st1)(ag,s+1)

X;ble (0) = ad,z +a; — aq;,l. (7)
X, (S) IIyKaeThCs K 300pakeHHs iHTerpana Bij
TTOMUITKH 1eHTH iK1

x(s) = stim {[W(W(s)

- Wo(s)WtiJZ (S)Wf(s)] sz(s)}
ne Wi(s) popmyrounit dpinbtp mozegi (POM) 3

nepeaBaibHOW QyHKLiero W (s) = ia #
apzs+1 #3
a, *a b,
exs
Xeblxz (S) = _Z-(_)_
s
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X (S) _ e2(s) _ a¢2a252+(a2+a1a¢ 2_‘11‘1(1' 1)s +(agp z—a(/, 1)
661X s s (azs?+ais+1)(ap s+1)(ap s+1)(ais+1)
1 2

(8)

3 1LOro BUILUIMBAE, I03a A, *+ a
(/)1 (/]2

X(fbl)cz (0) = 00,
TOOTO cHUCTeMa Hemparie3faTtHa i, KpiM IbOro, BOHA HE

Tpaitoe, Ko Ko Biapi3HAEThCS Bif 1.

V cucremi igentudikaii [1], cTpykTypHa MoAeTb
KOl HaBeJeHa Ha PWC.3, APYTUH MapaMeTpHYHUI BUXiZ
JIpyroro agantuBHoro ¢inerpa (A®D), miAKIIOYEHOrO 10
BUXOAy oO'ekta  (puc.3), BHKOPUCTOBYETHCS IS
BCTAHOBJIGHHSI TIOCTIHHOI ~dYacy JApYroro KepoBaHOI'O

MiJIKJIFOYEHOI0 0 00'€kTa, YUM

¢inpTpa, BXOAY
3a0e3meuyeThesl PIBHICTh INMOCTIHHMX Yacy IIEpLIOro Ta

Jpyroro (GiuIbTPiB IPU 3MIHHUX MEPENIKOAAX.

O6'ekT
P ineHTUdIKaLii > 5
Ko, a1, a,...an
1y \ 4
Keposannii pinbtp 1 Tonm AgantusHUiA ¢inbTp 2
2 2 . ,
H/:!H (S) < I't/’."’; (.S ’I
6
2
1 ObuunycnioBatenb |4
di, d2 7;
8
Pucynok 3 — CtpykTypHa cxema
. . . 1S
TIEPEIIKOI0 3aXUIIIEHOT CHCTEMH ieHTH(DIKAaIIii. X (= X (s), 9)
6bIx1 (a252+a15+1)(%§2—1) 6x
X (&)= X (5),(10)
Omke, HaABHICTH I{i€l  BIAMITHOI  O3HAKH 6bIx2 s (azsttarstD(agstD(as+l)

OPU3BOAUTH [0 BHUKIIOYCHHS PYYHOrO HAIAIITyBaHHS
GNBTPIB TpU 3MIHHHMX MEpelKoAax, M0 3ade3nedye
pIBHICTH iX TOCTIHMX Yacy 1 TOYHICTh BHMipIOBAHHSI
napamerpiB 00'ekTa, MIO JOCHIKYETBCS, 1 € METO
pobotu.

Ha Bxix apyroro ¢inbTpa HaaXOOWTh BHXITHHN
curHan o0'ekTa 3 agUTHBHOIO mepemkozoro. [lepenatHa
GbyHKIis1 gpyroro ¢ineTpa omucyeThest BupazoM (5), e a o,

- CHTHAJI JIPYroro BXOJy IMEPIIOro KepoBaHOro (iibTpa.
Tak sx ag1 =ap , = Topm TO repeaaBanbHl  QyHKIIT
nieprnoro (GineTpa Ta gpyroro GinbTpa piBHI.
IIpu ay, = ag, = ap = Tonr Ha BUXOHAX 7 i 8,
BiMOBiTHO, OOYHCITIOBaYa B PEXKIMI, III0 BCTAHOBUBCS
1
mpu t— 00,5 >0 ta npu X, () =- dopmywoTses
N

CHUTHaJIN

Ha Buxonax o0uncimoBada (GOpMyIOThCSI CUTHAIIU
XBbIX1 (0) = inszxz (0) = ay, (11)
SKi He 3aJexarh BiJl 3MIHHHX TapaMeTpiB
(binbTpiB.
[IporioHoBaHa Mozenb  NEPELIKOAO-3aXUILIEHOL
cucTeMu iieHTHdIKallil, CTPyKTypHa cXeMa SIKOl HaBe/IeHa
Ha puc.4, Moke OyTM pO3IIMpeHa Ha iAeHTUdIKAaIlio
MOTOYHUX TMapaMeTpiB 00'€KTIB N-0ro MOPSAKY 3 OyIb-
SKAMH 3Ha4eHHAMU: Ko, @1, do,...dn IPH JOCITIHKEHHI Ta
HaJIarOJDKEHHI CHCTEM aBTOMAaTHYHOTO DPErYJIIOBAaHHS B
YMOBaX BIUIMBY Ha HUX HEPENIKO]] 3MiHHOI IHTEeHCUBHOCTI.
IepenatHa QyHKis 06'ekTa N-0ro NOPSIAKY 3
napamerpamu: Ko, ai, da,...an. Mae takuii Burmsn (1). o
TaKHUX BITHOCSTBCS, HANPHUKIAL, 3aMKHYTI
KOHTYpH KEPYBAaHHS IOTSATH 3 DPI3HAM YHCIOM BaroHiB

pizHoi Macu [23-25].

CHUCTEM
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Pucynok 4 — CtpykTypHa cxema IIPONOHOBAaHOI MEPENIKOA0-3aXUIIEHOT CUCTEMH 11eHThdiKalliT BCIX TapaMeTpiB
00'eKTIiB N-0ro NopsAKY 3 OyAb-SIKUMHU 3HAUSHHSIMH TlapameTpiB: Ko, a1, ao, g
o

W (s) =
Beenemo B ctpykTypy Mozieni popmyrounii hinbTp ’ (ans"+..+azs?+ars+1) (ags+1)
3 MepeiaTHO (PYHKIIIEO « (14)
_ £
Wf (s) = BusHaueHns CTATHYHOIO Koediuienta

bms™+..+b2s2+b1s+bo '
nocujieHHs1s 00'exkra. [[d1 BHU3HAYCHHS CTaTHYHOIO

(12)  xoedilmieHTa BUKOPUCTOBYEMO a00 METOI MOMITY

Tomi mepenaTHa GpyHKIiA MOAEN 3 GOPMYIOUHM Ta BHUXITHOrO CHTHally 00'€KTa Ha BXiTHUH, a00 MeTox
KEpPOBaHUM (ilbTpaMu JOPiBHIOE napaMeTpuyHoi ineHTHdiKamii MeTromoM  MiHiMi3amil
W, (s) = Ky ’ MOMMIKM BHUXIIHMX CHUTHaIiB o0'ekta 1 Momeni
(bms™+..+b2s2+b1s+bo) (agps+1) MPOIYIICHUX Yepe3 alalTUBHUIT | KepoBaHUH (iIbTpH.
(13) IIpouexypa BHU3HAYEHHsI BCiX AMHAMIYHUX

1 1 ' 1 . o oo
a mepeaTHa (yHKILsA MOz 06'€KTa, 110 JOCTi UKYETECS, napameTpiB nepenaBajibHoI pyHKIIT 00'€KTa a1, @z... an
3 AD Mae HACTYITHHN BUTIISI

3HalaeMO TIOMUIIKY

We(s) = Wi(s) =Wy (s) =
Kf Ko

(bms™+... +b3s? + bis + bo)(ags + 1)  (aps™+...+azs? + ais + 1)(ags + 1)
_ Kr(ansn+... +azs? + ais + 1) — Ko(byms™+... +bys? + bis + bg)

(bms™+... +b252 + b1s + bo)(ans™+... +azs? + a1s + 1)(ags + 1)
BCTAHOBMMO 3HAa4YCHHS KOe(illieHTIB TepeaaBaibHOI

Busnauennsi 3HauenHs al. Beegemo B Mozens byskuii Mmogerni dpopmyrodoro ¢imsrpa bo=1, b;=0,
dopmyrouoro dinerpa orpumane 3HauenHs Ki=Ko i  52=0,..., by=0. Toxi orpumaemo K
_ Ko _ Ko = °=FK
W.(s)=_, ) . 5 =
f b 5™+ FbstFbs+b g s+1)y O+ .. F0s2F+05+ D@ s+1) T °
m 2 1 0" @ b
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IHPOPMAIIMHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIOPTI

Ko(aps+...+azs2 +ai;s+ 1) — Ky —
2 P L1
S'F...Tad S T A ST ST 1)
(an 1 a
= Ko(aps+...+azs? + a;5)

(e s+ Fast+a s+ s+1)
¢

We(s) = Wn(s) —W,(s) =

n 2 1
JinuMo 3HayeHHs cuTHany Xewx,(S) Ha Ko, i

1, . ..
Buximumii  curranX (s) mpu X, (8= = IHTEerpyeMo HOro, a Ha BMXOMi iHTerpatopa Koo ;1 (0) B

HoPiBHIOC peXHUMi, IO BCTAHOBUBCA, OTPMMA€EMO 3HAYECHHS
8b1x (s) =W, (s)* X,, (S) = riapamerpa ai
K@s+..+as’+as) 1 Xy, (0) = Uty Kot g s Kora

[ s o 1

- A—o—8— 2 2 1 *—— ]
~(as +...+as +as+1)(a s+1) S~
n Buznauenns 3HAYEHHsA ay. Bcranosumo

kKoeirieHTn repeaBajbHOL KIi{ MOJEN]
(a . li (a+3a S++ ;Sa-iz-?l_)-{aal)s +1) (bop(%)&l}oqoro (biJ'ILI”I)‘p)E:l[, BBIBIIM B (bMygz[élm 0Tp1/n\)41aHi

3Ha4YCHHs KoedillieHTa nepenaBaibHol QyHKIIT 00'ekTa a;

V pexuMi, 110 BCTAaHOBUBCS ta Kr. Hactymaum unnom: K=K, bo=1, bi=ai, b,=0,...,
X,y (0) = JimgW, (5" X, (5)) = br=0. Toai orpviacuio
. Toxai Mozenb Mae repesaTH HKLIFO BUJ
s lim W, (s)* X _(s) =slim X (s)= peatity dy Y
—_— 6x s——0 (fbl/\l W, (S)
) K {a ”_1+...+a +a (aqg) 5+1)(0xs™+...40xs2+a1s+1)
=slim [ {as §+a) ]=Ko*a *s .
s—10 (ansn +.+a 2S2 +as+l)(a oS +1) ! BusHaunmo nepenatHy QYHKINO ITOMHIKA MOJIEIN]
oG'exta W, (s)
We(s) = Win(s) = Wo(s) =
— K” — Ko =
(ags + D0 *sm+...+0 xs2 + a;s + 1)  (aps"+...+azs? + ais + 1)(ags + 1)
Ko(apsn+. .. +azs? + a;s + 1) —
=K s+ FustF+uas+rDhos+ s+
1o n 2 1 1 @
= Ko(ansn+. . . +a;s?)
oS FT St a 3-1—1)\(1 S+ D@ s+ 1)
n 2 1 1 &
SbDCZ(O) =S IImO(W (S)*sz (S)) (We(S)* sz (S) =
Ko(a " +.+a s) 1
II 4\ £ 4\ * - =
S—~U(db . +db +db+l)(db+l)(d SFi) s
@
) Ko(ans +..+as %)
= lim e 2 it it f
§ — K
n 2 1 1 &
o - o o 2
Xeble(O) =S lgm 0, lim Oes 'l_H|m 0 5
,.;____ « S«
BBmiHA 3HAYEHHS @3, AHAJIOIYHO JOIAEMO B
Posnminumo X,,.2(S) Ha oTpuMaHe 3HAYCHHS MOJIETb OTPHMAaHi 3HauCHHS KOeili€HTIB IepeaaBatbHOl
koedirmienra Ko i 1Bidi mpoiHTErpyeMo ¢dyrkmii 06'ekta Ko, a11 a2
N X@Z—(i)- S?2K, * ay
ng,xaz (0) = limy K s? lim” 0 R NG
[ S 2

=
e
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We(s) = Wi(s) —Wo(s) =
_ Ko

2 1

¢
— Ko(aps+...+azs?2 + a1s + 1) — Ko(azs? + ai;s + 1) _

n 2 1 2 1
= Ko(a,s™+.. . +aszs?)

— KO =

n 2 1 7]

o

s 5 4 5 4 -
wsr..vas~ras+1jlas~+as+1)ja s+1)
1 2 1 p

n 2

1
Kowe (8) = We(s) * X (8) % —=
Ko(ansni?. .ta,s?)

— Ko(a,s"3+...+as3)

T 4 2 4 4 S 4
s FustFousT s+ st+us+1)
n 2 1 @ 2 1

Pospinuum X .. (S) Ha OTpUMaHe 3HAYEHHs

(ans™+...+azs? + a1s + 1)(ags + 1))(azs? + a1s + 1)

X - im m>s — Um>
6bLX3(0) Ss lim Oegx s l:m 0, Ss Lﬂ-‘ 0, 3
=

L g

(0) - Xewr3(0) =a

661Xa3 K, 3
3HaveHHs Koe(illieHTiB 3HAMEHHHKA (pOopMyrouOoro
GiIbTpY
ineHTndiKoBaHl 3Ha4YeHHs Koe]ilieHTIB NepeaaBaIbHOI

Mozeni [OCIIIOBHO  3MIHIOIOTBCA  HA
¢byHKIiT o0'ekTa 81, a2...an-1 IS 3HAXOMKEHHS HOBHUX
3Ha4YeHb Koe(ilieHTIB an, B aBTroMaTuuHOMY pexumi
pobotu inenTH(ikoBaHi paHille 3HAYEHHS KOS(Ili€HTIB
o0'ekTa TOBMHHI 3amaM'sTOBYBaTHUCSI 1 BBOAUTHCA Yy
dbopmyrounii  QinbTp, 3MIHIOIOYM HOrO CTPYKTYpy Ta
HOPSIIOK,  JUIst
HacTymHoro koedimienra o6'ekra. Ilicns inenTudikamii
HEOOXITHUX Koe(ilieHTIB  mepeaaBaibHOL
¢yHKIiT  00'ekTa @1, a...an mpouec imeHTUdiKAamii
TIOBTOPIOETHCS TIOCIIIOBHO Y KOXKHOMY LUK MEPEXiTHUX

O00YHCITEHHS 3HAYCHHA BCIMYHNHU

3HA4YCHb

MPOLIECiB cHCTeMH KepyBaHHs. [linkiroueHHs 00'ekTa /10
BIJIMOBIIHUX  BXOJIB-BUXOMIB  (HOPMYIOUHX
MPUCTPOIO  ifieHTUdIKalil  3IiHCHIOETHCS

npuctpoeM. Sk BummBae 3 Bupasis (4), (5) 3HaueHHs
MIOCTIHAUX Yacy He aJalTUBHUX (iIBTPIB HE 3aJISKATh Bij
XapaKTePUCTUK IEPEeIKO/, IO BHUMAarae IONEepPeaHbOro
HaNAITYBaHHs (DIMBTPIB HA MEBHUI CHEKTP MEPEeIIKOJ, a
pu Horo 3MiHI MOXKe MPHU3BECTH JI0 3HAYHOTO 3HIDKEHHS
TOYHOCTI BHUMIpPIOBaHHSI IapaMeTpiB (]
JOCHTIDKYeThCs. Tak SK 4acTOTHHH CHEKTP MEPEIKoa y

¢binbTpiB
JIOTTYHUM

00'eKTa,

BXIJJHOMY Ta BHXiJHOMY CHTHaJlaX BIMipIOBaHOTO 00'€KTa
3aBXIW PI3HHUN, TO TPH BCTAHOBJCHHI aJaNTUBHUX Ta
KepoBaHMUX QUIBTPIB iX MOCTIiHHI Yacy OymyTh

koedinienTa KO i Tpu pa3u Ipo iHTErpyBaBIlIN OTPUMAEMO
3HayeHHs KoedilieHTa a3 Ha BMXOXi imeHTH(ikaTOpa
Xls’blxag (0)1

BCTAQHOBJIFOBATHCS ~ aBTOMAaTHYHO 0€3  TOmepeIHbOro
HaJIAIITYBaHHs, 1 TIPH 3MiHI aMIUNITYIHUX Ta YaCTOTHHX
XapaKTepPUCTHK IEepeIiKo] y BXiTHOMY Ta BHXIJHOMY
CUrHasiax o0'ekTa a b, =G, Ap, = A, 1, OTXKe, TIPUCTPIi
CTa€ mpare3IaTHUM.

AHani3 cTilikocTi HU(POBOro aganTUBHOIO
¢inbTpa. CTpyKTypHa CcXema BiZIOMOi OOYHCIIOBAIBLHOT
udpo-ananoropoi iMitaniHol moxeni AD, cuHTE3 SKOI
npoBenieHo y poborax [16-19], HaBeneno Ha puc.5. AD
[16-19] BriIrOYaE iHTErpaTOp, BHXIi/ SKOTO € aaallTHBHUM
BUXOZOM  IPUCTPOIO, HAa  SKOMYy  (OpMyeThCs
BiAQinbTpOBaHUi cUrHai, OJOK MOJiNTYy, BHXIJ SIKOTO €
IPYTUM BHUXOAOM IIPHCTPOIO, Ha SIKOMY (DOPMYETHCS
CHTHAaJ, 3BOPOTHO-TIPONOPIIHM I
eKBIBaJIEHTHOI Yacy afanTuBHOro ¢inbrpa. ExBiBaneHTHA
nocriiHa vacy A® 3MIHIOETBCS TaKMM YHHOM, 1100
3a0e3neynTH eQeKTHBHE NPHIYIICHHS NEePelKOoqH NpH
MIiHIMaIbHUX aMIUTyIHUX 1 (a30BHX CIIOTBOPEHHSIX
KOPHUCHOT'O CUTHAIY.

IIpu MomenmoBaHHI MEPEeKo]] 3aMiCTh TeHepaTopa
IIyMy MOXX€ BUKOPUCTOBYBATHUCS T€HEPATOp BHCOKOI

IOCTIHHOI

qJacToTH M>>Mp, a IpH MOZETIOBAHHI KOPHUCHOT'O
BUIAJIKOBOIO CHTHaly - amnepiofndHuii (QiibTp, IO
B1IOLTIOE CHUTHAIL.

Pe3ynbraTii MOnENtOBaHHS Ha MIPOTPaMHOI MOAETL

afanTUBHOrO 1dpoBoro GinbTpy HaBEeAEHO HA pHC. 6.
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IHPOPMAIIMHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIOPTI

yu(t)-
BUXiZHUI
curHan
NoXuAaHou
x(t)+f(t) y(t) - BUXigHMIA
— (¥ AUn — BroK AMTE I curHan Ad
> AU noainy U IuTerpatop| - V(K)
A onm b)) ~
napameTpuUYHUii
BUXif, CUrHany
Te ineHTUdIKauii
Anroputm  LUO
06uYnCNeHHA
HacTpoloBaHb
Ad

AT — ananoro-tm¢posuii nepersoproBad, 11O — nudposuit oduncntoarens, L{AII i E — mudpo-ananorosuii
MEPETBOPIOBAY Ta EKCTPAIOIATOP 3 NepenaBanbHoio GyHkiieto W,(S), I — inTerparop i3 nepeaaBaabHOI0 (YHKIIEIO
K(s), Tk— mepion kBauTyBaHHs (nuckpeaunTaiiii), Ky - koedimieHt aganrarrii.

Pucynok 5 - CtpykTypHa 0J0K-cxeMa 004HCITIOBAILHOT M po-aHanoroBoi iMitaniiHol Mmogeni AD

. |

Ll | i
; A\ / :

W oy

f u‘w'

2. 0 1000 2000 3000 4000 5000 6000 7000 8000 900 10000
o 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

a) 6)
a) Buxinnuit curnan ¢inetpy ¢ 3aBazoto filter out+E(N1,1), 6) Curnan 3aBaa F Ha Bxoni GinbTpy.

Pucynok 6- Pezynbpratt monenmoBanus AD
ED(N1,1)=EA(N1,1)+m_d;

B  m-¢aiti  mporpamuoi  S-momemi AD YA(N1,1)=filter_out(N1-1,1)"2+m_d;
BHKOPHCTOBYBAITUCS HACTYITHI (HOPMYITH: Y1(N1,1)=E(N1,1)*YA(N1,1)/(ED(N1,1));

m_xam=1.0; AwmmiiTyma BXiZHOTO CHTHAIy Kb(N1,1)=YA(N1,1)/(m_d+ED(N1,1));
¢bigpTpa;

m_xch=2.0; Yacrora BXifHOro curHany QinbTpa;

n=0:0.001:9.999; m_t=0.001; m_mod=10.0; m_ti=0.01; filter_out(N1,1)=(0.5*m_t/m_ti)*(Y1(N1,1)+Y1(N

m_d=0.1; m_m=1.0; NI=m_mod/m _t; 1-1,1))+filter_out(N1-1,1).
E(N1,1)=X(N1,1)-filter_out(N1-1,1)+F(N1,1); Pe3ynbTaTii MOJIETIOBAHHS HACTYITHI:
EA(N1,1)=E(N1,1)*E(N1,1); Bxiguuii curaan X=1sin(m_xch*n).
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IHPOPMAIIMHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIOPTI

Bximamit  curmanm  3aBax  F(N1,1)=%3.5*sqrt((-
2)*log(A)).*cos(2*pi*B), ne A=rand(NI,1), B=rand(NI,1).
Buxigauit CHUTHaJ Y c 3aBafioOk0

filter outtE(N1,1)=1+(0.1£1.5)sin(m_xch*n), TOOTO
piBeHb 3aBaja 3.5 3MIHIOETBCS TIPH 3MiHI aMIUTITYIH

BuxinHuit curHanm 3MiH KoedillieHTa amanTaii
Kb=6i0 2.3 do 35.

CTpyKTypHY CcXeMy OOYHMCIIOBaJIbHOI —mU(pO-
aHajyororoi imiTauiitHoi mMozeni kepoBaHoro (inerpa [1]
HaBEJICHO Ha puc.7.

curHany Big 0.1 go 1.5.

u(t)+v vt
—>| IE > BN —» E [ |
eq( ry Tonm (K3,)
t)
T

Pucynok 7 — CTpyKTypHa cxeMa 00YHUCITIOBaIbHOT IU(PO-aHATIOr0BOI IMITAIIHOI MOJIEIII KEPOBAHOTO (BiIbTpa.

IE-iMmynbcHuit enement, BI1 — 0ok noauny, E-excrpanonsrop, I-inTerpatop
Ts - HeoOximHa moctiiHa uacy ¢inbTpa 3a

KOpPHUCHHUM CUTHAJIOM,

IlepenatHa (byHKH'Sﬂ AD KaHaIoM X—Y JIOPIBHIOE
Y = Kb - koedinienT apanrarii,

w (s)=" ,

b2 x(s) Tonms+1

Q i R — noTOouHI 3Ha4YeHHsI PIBHIB CIEKTPAIbHUX
(15) T'YCTHH TIEPEUIKOM Ta KOPUCHOTO CUI'HAIB, BiAIIOBIIHO.
IMpu mnepexonmi 10 1M(GPOBHX aHAJIOTIB JIAHOK
CTPYKTYPHUX e€JeMeHTIB  (iNnbTpiB  MOjeli  HaBiTh
CTPYKTYPHO CTIHKi JIAaHKM TEPIIOro TMOPSAKY MOXYTh
BTpayaTH CTIHKICTh 3a CITiBBI{HOIIICHHIX
napaMeTpiB IMX JIAHOK 1 MEepioJioM JUCKpEeTH3allil.
Biamosiaro mo [18, 19] mwist peanizariii mndpo-aHaaoroBoi
iMmiTaniiinoi wmomeni A® wMoxe OyTM BHKOpPHCTaHA
cucTeMa, CTPYKTypHA cXeMa sIKoi HaBeIeHa Ha puc. 8.

ac

(16)

NCBHUX

OINTHUMAaJIbHE 3HAUYEHHS MOCTIMHOTO Yacy (GinbTpa,

"
1G]

3
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BII — 6ok moxiny; I — inTerparop; BM — 0110k MHOXKEHHS;, A - MaJia BETMYMHA, 110 BBOAUTHCS B IUTBHUK IS

BUKJITKOYCHHA HOI[iJ'Iy Ha HYJIb.

Pucynok 8 - CtpykrypHa cxema 1udpoBaaHaioroBoi imitamiiHoi Mozeni nudposoro AD

Buximuuii curHan OJOKYy TOAUTY JTOPIBHIOE
MOTOYHOMY 3HaueHHI0 Kp koedimieHTa amanramii i Moxke
OyTH BUKOPUCTAHHH ISl aBTOIIACTPOIOBAHHS ITapaMeTpiB
HaJAIITYBaHHSI [HU(QPOBUX  PEryasITopiB 3a  3MiHH
ONTUMAJIBHOIO  3HAYCHHSA TMOCTiHHOro uacy Ad.
[MocnigoBHUM 3'€qHAHHAM aIanTHBHUX (UIBTPIB MOXKe
Oyrtu pearnizoBaHa cTpykTypa A®D BHUIIOTO MOPSAKY.
[epenarouna ¢yHkuis posiMkHyTOro (inmpTpa 3
¢dyukiiero nepenaBands K(S) 3 excrpamossitopom We(s)
Ma€ BUIISIA:
1-e=St 1
W(s)=W(@)K(s)=___-
Tonms

17
Ie Na 1 N, - po3psaHocTi neperBoproBauiB AL ta ITATI,
Koy = 2" ™- migcymMKoBui cratHuHMil KoediuieHT

nepenaui nepersoptoaviB ALIIT ta [TATL

Z-niepeTBOpEHHS 1Ii€] TepeaaBaibHOi (yHKIIT Mae

BUTJIS
W (Z) — T
P Tonm(Z—1)
(18)
Z-nepenaTouHa (YHKIS 3aMKHYTOrO KOHTYpY
(cymatop. OJIOK MHOXEHHs, iHTerparop) uudpo-

aHasoroBoi imitauiiHoi moxeni uudpoBoro AdD mae
BUIJIS

T 2" AZ)
H(Z) = T ey = ?Z)
Tonm(Z—1+ T )
onm
(19)
Hast aHaJizy CTiIHKOCTI PO3TIITHEMO

XapaKTepPUCTUIHE PIBHAHHA 3aMKHYTOr0 KOHTYpY (19)
B(Z)=Z -1+ 1:2"™™ = 0.(20)
Tonm

3acTocyBaBILH JI0 IIbOTO PiBHSHHS OiTiHIlHE
MEPETBOPEHHSI, OTPUMAEMO

1+w Ty 2ma
B(W)zl_W_1+ Tonm
Ta
T2ne T2ne _
Tonm W + 2 - Tonm - 0-

(21)

3a xpurepiem ['ypBinma 1 cucrema CTilKa, SKIIO

BHKOHYETHCS yMOBa TO3MTHBHOCTI Koedirientis do>0 i
d:>0,

Tana_nu
nged =, a
0

T Znu—nu
— K , To0TO 0 <

TOI'IT

d1 =2
Tonr
T2ne
— <2

Ton m

Omxe, s criiikocti mudposoro A® HeobOxinHO,
Tg _ TpNQ+d _ a

06 noctikiui gacy Tg, Tomr =
VR+A

Kp ¢2
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i R¥24~ ony—na+1p
Koedinient apantauii K = \/Q—Z Ta Tk mepebyBanu y BiJJHOIIIEHHI 3 ypaxyBaHHSM pPO3PSIHOCTI
+
TAKHX MEXax neperBoproBauiB AL n ITAII.
1 2 Ananiz  cucremm  inentudikamii. Ilpuxitan
0< T < T onany MOJICITIOBaHHS CHCTeMH ifeHTH(iKamii o00'ekTa, 10
onm k . .
260 JIOCITIIKYETHCS, 3 TIEPEAAaTHOI (YHKIIEI TPETHOro
gnunatly TIOPSIAKY MA€ BUTJISI
O<Kp<——

Tk W,(s) = 3

-3 .z - .
(22) 6s +10s +5s5+1
. HJ'ISI CIIPOIIEHHS PO3ITIAHEMO CXEMY IPUKIIaIy 0e3
OIIITHKN

JIOTIYHOT'O TIPUCTPOIO, MIAKIIOUMBINK MOJENI 00'eKTa
Oe3mocepeHLO J0 BiAmoBiMHUX BXOmiB 1, 2, 3, 4 Ta
Buxomie 1, 2, 3, 4 dQopmyrounx OinbTpiB cucremMu
imeHTUdIKaIT

[Ipy mnparHeHHI [0 HyNsS CKJIAI0BOI
Jucnepcii 3a kopucHuM curraioM (Q—0), 1t HepiBHICTH
MOXe OyTH MOpYILEeHa, 1 B IIbOMY BUNIAJIKY B aJJalITABHOMY
(iNbTpi BUHUKHYTH HECTIHKI KOJMBAHHS, [0 PO3XOJSATHCS.

JIg 1X YCYHEHHS HeoOxigHo a0 Bennd R i ofaTu .
A yeyH JIHO 1 Q zon Komm'torepHa Mopenb 3amponoHOBAaHOI CHUCTEMH

ineHTrdikaii Ta i CTPYKTYpHUX €JIEMEHTIB, a TaKOX
rpadiky nepexigHuX MpoLeciB i1eHTudiKalii napamerpis
Ko’ a, a2 a3, iHepuifHOro 00'eKTa HABEICHO Ha PHUC.9.

1 )

KOHCTaHTY A Mayol BeJIMYMHH, 110 OOMEXYe Jiarna3oH

amanrarii koedimienra K _ JEE4 mpu  3ajnaHOMy
b= Vo+a

& Scopes [m] X
DEBUG MODELING FORMAT file Tools View Simulation Help ~
Stop Time | 160 1 o) - 0P =-Q-C-F2-
<« @ Wb L
A Nor . , , P I
FILE | LIBRARY £pARE || Normal Step Run Step EVIEW RESULTS 2
@ Fast Restart Back ~ - Forward n
> -4 Y MULATE ¥ ol L L L L L :
: |o 20 40 60 80 100 120 140 160
Ident?_K0_a_b |
“|Ready Sample based  T=160.000
@ [*alldent7 KO_a b P -
File Tools View Simulation Help »
Q@ o
Q- o0OP® - Q- Q- FA-
a “ - Oblectparamets Scope’s " =
" T Ko
- -l iN) :“ O . —0 A / ‘I
. T '{ [rrery L] 2+
“_;, ....... L = L L J
Object paramety Scope 3 0 20 40 60 80 100 120 140 160
ia e
I ‘ = Ready Sample based | T=160.000
= s —= =
Object parametr "= File Tools View Simulation Help >
Ko, 20¢ Object parametr g ~ o, . *
b az Adope Q- B0PE® Q- C-FI-
s [ - 10 T T v o3|
: = ] T ]
L " | L
Object parametr 0 20 40 60 80 100 120 140 160
a3
scope Ready Sample based  T=160.000
’9 File Tools View Simulation Help ~
=—] 9 OP® =-qQ-C-FA-
- = ; ‘ ‘ : =
FTwTE /
< L4 T T L 1 =
L 0 20 40 60 80 100 120 140 160
[ [Ready Sample based  T=160.000

O 4 B g = ® w0

22.11.2023

Pucynok 9 — Komm'rorepHa Mozielns cuctemMu ieHTudikarii
MPOMYIICHUX Yepe3 aJaNnTHBHUKA 1 KepoBaHUU (iIbTpU
Komn'rorepra mMoznens cucteMu ineHTH(iKarii (abo }impTpHU 3 OAHAKOBUMH MTOCTIHHIMH Yacy) s

cTaTHIHOro KoedimienTta mocmieHHs Ko METOJIOM TOZLTY
BUXITHUX CHUrHamiB o0'ekta W (s) = i Momeni
o 205249s+1

00'exTa, IO MiAKITIOYaeThCs 10 Bxoxy 1 i Buxomy 1
cucTeMH ineHTndikarii HaxaHa Ha puc. 10.
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» [Pa|Subsystem

Blok ident

Bxia mogenu Ko
Ko, 1c Object parametr
Object 1 Ko

EDE=ED — -

s+1

Pucynoxk 10 — Komm'totepaa mozens cuctemu iieHTrdikaiii cratuaHoro koedimnienTta nocuiaeHHs Ko meromgom
MTOJTITY BUXITHUX CHTHAJIIB 00'€KTA 1 MOIEIII MPOIYIIICHUX Yepe3 aJanTUBHUM 1 KepoBaHui GibTpu (200 QibTpH 3
OJTHAKOBHMHU MOCTIHUMHU Yacy) Jisi 00'€KTa, IO MiIKITI0YAETHCS JI0 BXQILY 1 i Buxony 1 cucremu imeHTudikamii
W (s) = METOZIOM  MiHIMIi3aIlil  HOMWIKA
© 2052+9s+1

Komn'torepra Mozenb CHUCTEMHU ineHTHQIKaIl
BHXIIHUX CHT'HAJIIB 00'€KTa 1 MoJeNi HaaHa Ha puc.11.

cratuyHoro koeginienta nocwieHHs Ko s 00'ekty

G =

Pucynok 11 — Komm'totepra Mmoziens cucteMu ineHTugikarii cratuaHoro koedirienTa nocuieHHs Ko Mmeromom
MiHIMI3aLil TOMUIKY BUXIAHUX CUrHAJIIB 00'€KkTa 1 Mozei
CurHamu mpomylleHi d4epe3  aJanTHBHUM 1 I'padix ycranoBku Ko mis ob'exra Wo(s) =

KepoBaHUH QinbTpu (ab0 GIIBTPH 3 OXHAKOBUMH + HamaHo Ha pwuc.12. Komm'orepHy Mogjens
20s44+9s+1

nocTiiHauMy yacy). O0'exT migkirodaeTses 10 Bxoay 1 i . .
Y) A o Yy JIOTIYHOT0 TIPUCTPOIO MiAKIIOUEHHS 00'€KTa 10 CUCTEMHU

Buxony 1 cucremu igentudikaiii. lo Bxoay 2 mogaerbces
curHan igentudikamii (Bxig o0'ekry), a Ha BuXome 2
(dbopmyeTbes 3HaueHHs KoediienTta mocuneHHs Ko .

imeHTHdiKamii HaBeneHo Ha puc.13.
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Pucynok 13 — KoMm'toTepHa MoJIeib JIOTIYHOTO MIPUCTPOIO MiJKITIOUYEHHS 00'€KTa 10 CUCTEMH 1aeHTu(iKaIil

Bucnosku
Y nockoHaeHO Mozeni CTPYKTYpPHO-
mapaMeTpudHoi (32  3aMpPOIOHOBAHOK  IPOLEAYPOIO)

imeHTHdiKaIii CTPYKTYpH Ta YCiX, Ha BiIMiHY BiJ BiTOMHX
Mozeneli, mapamerpiB ckmagaoro PO 1 moOymoBm
aalITUBHUX CHCTEM KepYBaHHS Ul KOPEKILii IMOTOYHHX
mapaMeTpiB HaNAIITYBaHHS PETYISATOPIB IMapaMeTpaMu

imeHTH}iKamii.

[Tapamerpuanmit BHXiJ AD
BUKOPHCTOBYBATH IIPU aBTOMAaTHYHOMY KOPUI'YBaHHI
napaMeTpiB KepoBaHOro ¢uibTpa i 3a0e3MeueHHs
imeHTUdIKaI] BCIX CTATUYHNX Ta TUHAMIYHHUX apaMeTpiB

o0'exTa.

MOXKHa

IToxazano, 110 MapaMeTPUIHIA BUXi]] aJaIITHBHOTO
mupoBoro  QGimbTpa MOXHA BHKOPHUCTOBYBATH IIPHU
aBTOMaTHYHOMY KOPHUTYBaHHI IapaMeTpiB pPEryasTopa B
KOHTYpI peryIiOBaHHS CHCTEMH KEpyBaHHS B
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00MEXEHOMY Jliala3oHi 3MiH aMIUTITYJHUX 1 YaCTOTHHX
XapaKTEePUCTUK KOPHCHOTO CHTHAJy Ta IEPEeIIKoJ B

. . .. R+4
niamasoHi amanTarii koedirienta amanrtamii K, = V' o+a

2Tg

Tk

3aCTOCYBaHHS 3alIPOIIOHOBAHOT0 METONY 1/IeHTU]iKaIlii.
[epcriekTHBOIO MOJANBIIMX PO3POOOK Y LiH ramysi

IIPH 33JTAHOMY CITiBBITHOIICHHI ~ *, M0 PO3IIUPIOE chepy

peanizamis mporpaMHHX [UGPOBUX  MOJAEIeH
inenTH(iKamii s KOpPEeKLii mapamMerpiB HalallTyBaHHS
IU(POBUX perysIsATOpiB MapaMeTpaMu ieHTHdiKalii,

peamizaiis CTaHUId KEepyBaHHS DEryIsTOpaMu 3
MOXIIUBICTIO 0€3 yIapHOro MpPOrpaMHOr0 BBEICHHS
BXIJIHAX CHTHAJIIB iIcHTU(IKAIT B 00'€KT y pydHOMY Ta
ABTOMAaTUYHOMY PEXKHUMax poOOTH CUCTEMH KEpPYBaHHSI.
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Kauamnos II. O., Cutnik b. T., Mipomauk A. M.,
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00OMeXXeHOMY JNiama3oHi 3MiH KoedillieHTa ajanTarii, mo
po3mmproe  cepy 3acTOCYyBaHHS  3alpPOIIOHOBAHOTO
MeToxy  imeHTHikarii. 3HaueHHs  KoedimieHTiB
3HaMEHHHUKa (OPMYIOYOro (inbTpy MOAeNi MOCIiZOBHO
3MIHIOIOTBCSL Ha 1IeHTU(]IKOBaHI 3HAYeHHS KOe(illi€HTiB
mepefaBagbHOi  QYHKINI  o0'ekta &y, JUTS
3HAaXO/DKEHHS HOBHUX 3Ha4YeHb KoedilieHTiB an B

dz...dn-1

ABTOMAaTUYHOMY PEXUMi poOOTH imeHTH(iIKOBaHI paHimie
3HAYEHHS KOe(]iIlieHTIB 00'ekTa TOBHHHI
3amam'siTOByBaTHCSl 1 BBOIUTHCS y (opmyrouunit ¢inbTp,
3MIHIOIOYH HOTO CTPYKTYPY Ta MOPSAOK, ISl OOUHCIECHHS
3HAYEHHs BEJIMYMHU HACTYIHOro KoedimieHTa o00'ekTa.
[Micns imenTudikamii HEOOXiTHUX 3HAYCHH KOCQII[IEHTIB
nepefaaBanbHOi  QyHKIIT 00'€ekTa @1, @z...an TpoIeC
ineHTH(IiKaii MOBTOPIOETHCS TMOCHIZIOBHO y KOXHOMY
LOUKJI  TepexifIHMX TMpOLECIB CHUCTEMH KEpyBaHHS.
ITigxiroueHHs o0'ekTa A0 BIAMOBIAHUX BXOJIB-BHXOIIB
¢dopmyrounx  QIABTPIB  MPUCTPOIO
3IIIHCHIOETHCS JIOTIYHUM MPHUCTPOEM.

imeHTH}IKAIT

Kachanov P. O., Sytnik B., Miroshnyk A.
Improved model and method of structural
identification of parameters of inertial objects. Models
for identification of parameters and structure of a complex
dynamic moving object (MO) have been improved for the
construction of adaptive control systems (ACS) for
correcting the parameters of regulator settings.

It is shown that the parametric output of the
adaptive digital filter can be used both for the automatic
adjustment of the parameters of the controlled filter and for
the automatic adjustment of the controller parameters in the
regulation circuit of the control system in a limited range
of changes in the adaptation coefficient, which expands the
scope of the proposed identification method. The values of
the coefficients of the denominator of the forming filter of
the model are successively changed to the identified values
of the coefficients of the transfer function of the object as,
a...ana to find new values of the coefficients a,. In the
automatic mode of operation, previously identified values
of the coefficients of the object must be remembered and
entered into the forming filter, changing its structure and
order, to calculate the value of the next coefficient of the
object. After identifying the necessary values of the
transfer function coefficients of the object ai, a;...an, the
identification process is repeated sequentially in each cycle
of transient processes of the control system. The
connection of the object to the corresponding inputs-
outputs of the forming filters of the identification device is
carried out by a logical device.

Keywords: structural-parametric identification,
adaptive control system, high-speed motion, shaping filter

Peniensenr a.1.H., mpodecop

(VxpAY3T)

Haoitwno

Kauanoe Ilempo Onexcitiosuu, 0.m.H., npogecop,
npogecop 3BO kagedpu asmomamuxu i YNpaeuiHHs 6

mexuiunux  cucmemax  Hayionanvnoco  mexniunozo
YHigepcumemy «Xapxiscoruii noaimexHiuHuil
YHIgepcumem.y,

e-mail:petro.kachanov@khpi.edu.ua
https://orcid.org/0000-0002-7532-5913
Cumuix Bopuc Tumitiosuy, kanoudam mexHiuHux
Xapxie,  Vkpaina. E-mail:
http://orcid.org/0000-0002-

Hayk, — OoyeHm, M.
bts12021947 @gmail.com
9664-5617

Mipownux  Anamonivi  Muxonatiosuu,

acnipanm
Kageopu «Asmomamuxka ma Kepy8amHs Y MEXHIYHUX
cucmemax, AYTCy», HTY «XIII», m. Xapxis, Yipaina.
e-mail: anatolii.miroshnyk@nure.ua
https://orcid.org/0000-0001-5702-9611

Kachanov Petro Oleksiiovych, doctor of technical
sciences, professor, professor of the Department of Higher
Education automation and control in technical systems of
the National Technical University "Kharkiv Polytechnic
University"

e-mail:petro.kachanov@khpi.edu.ua
https://orcid.org/0000-0002-7532-5913

Sytnik Borys, Ph.D., associate professor, Ukrainian
State University of Railway Transport, Kharkiv, Ukraine.
e-mail: bts12021947@gmail.com, http://orcid.org/0000-
0002-9664-5617

Miroshnyk Anatolii, graduate student of the
department "Automation and control in technical systems,
ACTS", NTU "KhPI", Kharkiv, Ukraine.

e-mail: anatolii.miroshnyk@nure.ua
https://orcid.org/0000-0001-5702-9611

36 IKC3T, 2024 Nel



https://web.kpi.kharkov.ua/auts/ua/
https://web.kpi.kharkov.ua/auts/ua/
mailto:%20oleksandr.shkil@nure.ua
mailto:bts12021947@gmail.com
http://orcid.org/0000-0002-9664-5617
http://orcid.org/0000-0002-9664-5617
mailto:anatolii.miroshnyk@nure.ua
https://orcid.org/0000-0001-5702-9611
mailto:%20oleksandr.shkil@nure.ua
mailto:bts12021947@gmail.com
http://orcid.org/0000-0002-9664-5617
http://orcid.org/0000-0002-9664-5617
mailto:anatolii.miroshnyk@nure.ua
https://orcid.org/0000-0001-5702-9611

IHOPOPMAIIIMHO-KEPYIOUI CUCTEMU HA 3AJII3BHUYHOMY TPAHCIHOPTI

YK 681.31 DOI: 10.18664/ikszt.v29i1.300988
MIPOIIIHUK M. A., a.t.H.,, npodecop, mnpodecop Kaeapu TEOPETUUHOI Ta
MPUKJIAJHOI CUCTEMOTEXHIKH, XapkiBcbkuil Harionansauii YHiBepcurtet imeHi B. H.
Kapasina,

I[TAXOMOB 10. B., k.T.H., A0UEHT KadeIpy KOMIT IOTEpPHUX HAyK Ta iHPOpMALIMHUX
TEXHOJIOT1i, XapKIBCbKUI HAllIOHAJbHUN YHIBEPCUTET MICBKOIO IOCIOJIaPCTBA IMEHI

O. M. bekerona,
NIIEHMYHU K. IO,
00YHCITIOBAILHOT TEXHIKH,
PamioeNIeKTPOHIKH,
[IIAOPAHCBKHII A. B,

acHmipaHt

Kadeapu
XapKiBChKHM

acmipanT Kadeapu TEeOpeTUYHOT

aBTOMaTu3aIii
HaI[IOHAJIbHUNI

IPOEKTYBAHHS
YHIBEPCUTET

Ta TMPUKIATHOI
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AcepuiiiHa Bepu@ikauisa Mmoaesied NPUCTPOIB PeaJIbHOI0 Yacy 3
HeJleTePMIHOBAHUMM 30BHILIHIMY MOAiIMH

Ilpeocmasue 0.m.n., npoghecop Ilpuxoovko C.1.

3anpononosarno memoo eepughixayii moodenetl NPUCMpois pearvbHo20 Yacy 3 00poOKO
308HIWHIX NOOIU 13 HEOEePMIHOBAHOW MPUBANICMIO, WO ONUCAHI 3 BUKOPUCMAHHAM MO8 ONUCY
anapamypu (Hardware Description Language, HDL). ¥ memooonozii suxopucmano anapam acepyiii
0J151 ONUCY MEMNOPANILHOI NPUPOOU BULYE3AZHAYEHUX MOOeTIell.
Knrwouoei cnoea. aBTomatuzailisi pOEKTYBaHHS, MoOen08anHs, BEepUQIKaAIlisl, CHCTEMH PEaIbHOTO

4acy, Mo/il, TeMIopaabHui Tpad mepexois.

Beryn

JloriuHi cHCTEMH KepyBaHHS € BaXJIMBUM
eneMeHTOM Oynb-skoi 1uppoBoi cucremu. Taki cucremMu
BUKOPHCTOBYIOTh JBIMKOBHH an(aBiT Ui BU3HAYCHHS
MOBE/IIHKK OJloKka KepyBaHHs. Bimomo, mo 1mabioH
kinneBoro asromara (Finite State Machine, FSM) e
NOMYJIAPHOI0  MOAENUTI0 il Takux cucreM. Crig
3a3HAYUTH, IO KIHIEBUA aBTOMAT € MaTeMaTHYHOIO
abcTpakii€ero, Ky MOXKHA TOAATH PI3HUMH CIIOCOOaMH,
TaKUMU SK TaOJHIS TIepexXoniB CTaHiB, Jiarpama CTaHiB
(rpa¢ mepexomiB), rpad-cxema anropurmy Toro. Ilpu
BHUKOPHUCTAHHI MIa0JIOHY aBTOMAaTa BaXKIIMBO PO3YMITH, IO
MOBEMIHKA IIJILOBOI CHCTEMH 3aJ€KHUTh Bl IOAIH, sK1
BiIOYBarOTHCA B 30BHIIIHEOMY CEPEIOBUILI. Y KiHIIEBOMY
aBTOMATi TOAil BUKOPHCTOBYIOTHCS IS MOJICIIOBAHHSI
MIEBHUX 3OBHIMHIX MAilf, SKi BHUKIUKAIOTh MEPEXOIOH 3
OmHOTO CTaHy B iHmuWHA. [lo momiil HamexaTh CHUTHAIH,
BHKITUKH, TIEBHUN POMiIXKOK dacy abo 3mina crany. [lomii
MOXYTh OYTH CHHXpDOHHUMH 4YH AacHHXPOHHHMH; IX
BHPaKEHHA Y KiHIIEBil MOJIEINi — OJfHA 3 KITFOYOBUX YaCTHH

mporecy npoektyBanHs. OKpiM TOTo, iCHYE KIlac

MPUCTPOIB, JIOTIKA SKUX 3aJISKUTh HE TUIBKW BiJ| 4acy, y
SKAN HAIXOMATh Il MOJIi, aje 1 4acOBUX XapaKTEPHCTUK
ux noxii. IIpuknagoM Takoi mofii € 3aTUCKaHHS KHOIIKH,
1110 TIPU3BOJUTH 1O BUMHKAHHS IIPUCTPOIO.

Bigomo, mo Bepudikamis 1mudpoBUx Iu3aliHIB,
pospobnennx Ha 6asi Application-Specific Integrated
Circuit (ASIC), Field Programmable Gate Array (FPGA),
System on Chip (SoC) 3aiimae 10 70 % 3aranpHOro gacy
npoektyBanHs [1]. Sk pesynbrat, 10 80 % KomoBoi 6aszm
dpoBoro au3aiiHy 3aiimMae koi TecTyBaHHs (testbench).
3MeHIIIeHHS [TUX JBOX MapaMeTpiB 3MEHIIYE Yac BHITYCKY
NPUCTPOI0 Ha pHHKY (time-to-market) 1 € omamM i3
TOJOBHUX 3aBJaHb Taly3l aBTOMATH3alil MPOEKTYBAHHSI
00YHCITIOBAIIEHOI TEXHIKH.

AHaJi3 HasBHUX pillleHb

Y poboti [4] po3rIsHYTO y3araidbHEHY MOIETh
4acoBOr0 aBTOMAara 3 TaWM-ayraMH 1 YacOBUMH
OOMEXKEHHSIMU Ta BUXIJHUMH 3aTpUMKaMU. Y3araibHeHa
MOJIENIb  CTPYKTYPHOTO  TEMIOPAILHOTO  KEPYH4Oro
asTomata Y (t) = g(X(t), Z(t), T), Z(t +1) = f (X (t), Z(t), T),
e X — MHOYKHHA BXIJIHUX CUTHANIB, 7 — MHO)KHHA
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BHYTPIIIHIX 3MIiHHMX, $Ka BH3HAYa€ CTaH
aBTOMaTa, Y — MHOKMHA BUX1THUX CUTHAIIB, { — MaITHHHMH
Yac, 10 BU3HAYAEThCA B aBTOMATHYHHMX TakTax, d —
¢yHKIisT BUXONiB, f — QyHKIIS IEepexoniB CTPYKTYPHOI'O
aBtomara. T = {T¢, To, Tda} € MHOXHMHOIO YACOBHX
rapameTpiB aBTOMara, e t. — JacoBi oOMeeHHs, t, —
BXIJHI TalM-ayTH, tq — BUXiTHI 3aTPUMKH.

Mopenp aBTOMaTa peaybHOrO 4acy € CIIoco0oM
OITUCY CHCTEM pEANbHOr0 4acy, sIKMid OyB BBENCHUH Y
poborti [2]. T'padhoBa Momens aBTOMaTa JOMOBHIOETHCS
JIMCKPETHOI0 MHOXXHHOIO ~TalMepiB, 10 HaOyBaroTh
HATypalbHUX 3HAYEHb. SIK i B KITACHYHOrO rpada, BEepLUInHA
HAa3MBAIOTHCA «CTAaHAMM», a IYTH «mepexomamm». KoxeH
TaliMep OOHYJISETHCS B MOMEHT ITEPEXOy 1 301IBIITYETHCS 3
KOXKHHUM TaKTOM aBTOMara. 3 KOXHHM [EpPeXoJoM
moB'si3aHO  yacoBe oOMexeHHs (clock constraint), 1m0
BKa3ye, M0 MEpexill MOXJIMUBHH JIMIIC B TOMY BHIIAJKY,
SIKIIIO TIOTOYHI 3HaUeHHs TaliMepa BiJINOBIIAIOTH 33 JaHOMY
oomexenHro. KokHa To3uIis TakoX TOB'si3aHa 3
0OMEXEHHSIMH TalMepiB — iHBapiaHTaMM; CHCTEMa MOXKe
nepeOyBaTH B I[iH MTO3MLIT A0 THX Iip, TOKK BUKOHYETHCS ii
iHBapiaHT.

[MutanHs ~ moxmemoBaHHA — Ta  Bepudikamil
U(PPOBUX TUCKPETHHUX MOMIEBUX CUCTEM PO3IIIAAAETHCS B
pobori [3], ae BBemeHO 3B'130K Mixk MeToooriero Event-B

1 aBTOMAaTH30BaHMM MojentoBaHHsAM. Lleit nokymeHT
BaYJIUBUH [T BepHdikallii Mojesieii Ha OCHOBI aBTOMATIB.

VY poboti [4] momgaHo CrociO MiaBUINECHHS IKOCTI

Bepu(ikaiii YacoBUX aBTOMATIB IUISXOM BHPAKCHHS
YacoBHX MEpPEeXONiB 3@  JOIOMOIOI  PO3IIMPEHHS
ABTOMATHOrO  IAOJIOHY  JIOAATKOBUMH  acepLiiHUMH
KoHCTpyKIisiMu MoBoto System Verilog Assertions (SVA).
[lokazaHo, sIK Takuil MiAXi CKOPOYYE dYac TOIIYKY
TIOMUJIKH orepatopa B System Verilog koi.
Y pobGoti [S] pO3MNISIHYTO NHTAHHS JIOTIYHHX CHUCTEM 3
00pOOKOI0 30BHIIIHIX MOJIH 13 MiHIMAJILHOIO TPUBAIIICTIO,
3aIpOIIOHOBAHO HOBUM BMJI IIEPEXONY, KUK BPaxOBYE HE
TIJIKH 30BHIIIHIO MOI0, ale 1 11 TpuBaiticth. TexHi4HO 1e
peamizyeTbcs 3a JOIMOMOTOI0  JIOAATKOBOTO TaiMepa.
Po3risiHyTO pi3HI BapiaHTH MOBEIIHKM aBTOMATa 3aJIeKHO
BiJl TPHBAJIOCTI 30BHIIITHBOI MOIi.
Y poboti [6] pO3rIsHYTO HPUHIUIN TOOYIOBU CHUCTEM
Bepudikaiii ta BOyJIOBaHOI CaMOIIarHOCTUKH CHUCTEM Ha
kpuctani (SoC), mo wMictaTh cucteMy o00poOku PS
(processing system) 1 mporpamoBaHy Joriky PL
(programmable logic). Peamizamiss Mozmeni mpUCTporO
KepyBaHHS cBiTIIO()OpPOM BUKOHaHa MOBOIO
pOrpaMyBaHHS C 3 BUKOPHCTaHHAM cTeKa
iHcTpymMeHTansHuX 3aco6iB CAIIP Vivado/Vitis/Vitis HLS.
HepyiiHiBHHI ~ MiarHOCTUYHUN  €KCHEPUMEHT  TaKOX
peainizyeTscs 3a HOMOMOror0 MoBd C MIISIXOM ITOBHOTO
00X0ay BCIX MOXJIMBHX OYT Tpada, sIKHiA OIMICY€E CHCTEMY
JIOTIYHOT'O KepYBaHHS.

Meroro  gOCHi/DKEHHS € 3MEHIICHHS dYacy
Bepudikamii 3a paxyHOK BBeZIeHHsI Ha umninkoBocTi y HDL-
MOZIENb  TNPHUCTPOI0  PEANTBHOTO dYacy 3 0OpoOKoro
HeJIeTepMiHOBaHMX 30BHIMIHIX MOJIN — MeXaHi3My acepii
[7-10], sixuit mae 3MOry SIBHO BHpPa)KaTH XapaKTEPUCTHKH
mu3aiiHy Ta aHamizyBat moMwmwikd HDL-komy mim gac
MOJIEITIOBaHHSL.

ITocTanoBka 3agaui

Po3po0uTH MOfETh BHPAKEHHSA TEMITOPATbHUX
BJIACTUBOCTEH MOJIeJel TMPHUCTPOIB PEanbHOr0 dacy 3

HEJICTepMiHOBAaHUMH  30BHIIIHIMU  TIOJISIMH  IIUIIXOM
posumpenas HDL-ommcy  mpuctporo  acepuiiHUMUA
KOHCTPYKILIISIMH.

OcHoOBHHI MaTepiaJa

MeTta nocaimkeHHS

BizyanbHUM oImEcOM MOJEN 4acOBOTO aBTOMATa i
HOro MOBHOK MAaTEMAaTHYHOK MOJCIUTIO € TEeMIIOpaNbHUIt
rpad nepexoxiB. Takuii rpad po3MIMPIOETHCS TaiiMepoM,
AKAH ~ peaylidye  3aTpUMKM Yy  craHax. Taiimep
BHUKOPHCTOBYEThCS JIsl TepeOyBaHHSA y CTaHi BIPOMOBXK
MEBHOI KUIBKOCTI TakTiB cuHXpocurHany. Ha pwuc. 1
HaBE/ICHO MPHKJIA]] aBTOMATA 3 YACOBHMH MEPEXOIaMU.

Sk yxe Oyno 3a3Ha4yeHO, ICHYe KaTeropis
NPUCTPOIB, SIKI BIAPI3HSAIOTHCS PpEaKLi€l0 Ha MOAii, L0
TpuBalOTh y daci. [[ns wmiel rpymu mpHCTpOiB BakiIHBi
9YacoBi MapaMeTpy 30BHINIHBOT mofil. YacoBi 0OMEKeHHS
nomii — me 3HaueHHs t(X(i)) = [cl], mo Bkasye Ha
MiHIMaJIbHUI Yac TPUBAIOCTI MEBHOTO BXIIHOTO CHTHAIY.
VY npukiiaji 3 KHOMKOK OJ0KYBaHHS MOOIJIBHOTO TelleOHY
tc = 3 (ans 3py4HOCT] 3HA4YCHHS MOJAHO B ceKyHzax). Lle
00MEXKEHHsI BUpa)KEHO Ha TeMIopaibHoMYy rpadi y dopmi
nepexony. Ilpym BU3HAYEHHI LLOrO MEPEXOAY HEOOXiITHO
BPaxOBYBaTH 3HAUCHHS Taimepa 3i 3HaueHHsM tc(X(i)).

Ha puc. 2 HaBeneHO NpHKIAA TaKoro Iepexomy.
SIk 1 y BUNAgKy TEMIIOPAJBHOrO MEPEeXoay, B YMOBI
OepeTbCs 10 yBaru cTaH TaiiMepa. ['0JIOBHOIO BiJIMiHHICTIO
€ Te, IO TaiiMep Terep Ma€ HWKHIO TPAaHMIIO, TOOTO IS
YCIIIIHOT 3MiHU cTaHy a2/a3 HeoOXiqHO, abK CUTHAI MOJii
evnt OyB akTHBHUM (HaOyBaB 3HAY€HHs BHCOKOTO DiBHS,
T00TO ‘1°) 1 TaliMep OLTBIINM 3a 3Ha4YCHHS tc(evnt).

T-1

A

¥
(99

A T-1&&X |

Puc. 1. [Ipuknaa remnopansHOro rpada nepexoin
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ag a3
A
A
evnt &&
tc(evnt) timer>cq -1
timer < ¢4 &&
evnt’ evnt
a2 asfreset «—— a, ——» aplinc
rst rst
a a4

Puc. 2. [lpukian TemnopansHOro rpada nepexoiB i3 30BHIIIHBOO MOJIIEF0 3 MiHIMAIBHOIO TPUBAJICTIO

Y pobori [5] po3rnsHYTO pi3HI  BHIAJIKH
TPUBAJIOCTI MOAIT Ta BIANOBIAHI peakiii aBToMaTa Ha HUX:
1) 30BHIIIHS TIOisI TPUBAE PiBHO CTLIBKH YaCy, CKiTbKA
BKAa3aHO y Crienu(ikaItii; 2) 30BHIIIHS OIS TPUBAE MEHIIIE
HEOoOXiHOro uacy;, 3) 30BHILIHSA MOJis TpUBae Olnblie
HeoOXiHOro 4acy; 4) 30BHIIIHS TMOJisl HE BiIOYBa€eThCS.
OueBuano, mo HDL-onuc Mae BpaxoByBaTH BCl MOXJIUBI
cuenapii. OkpiM Toro, Ii TOBEIIHKA MarOTh OYyTH
MOKPUTUMHU TECTOBUMH ClieHapisimu testbench y mporeci
Bepudikaryi.

Juist inrocTpariii 3anpornoHOBaHUX METO/IIB OyIeMo
BUKOPHCTOBYBaTH MOJENIb MOAYIS 30epexeHHs CeHeprii.
Monyne mpamioe y IBOX peXHMax: CTaHAAPTHOMY 1
eHeprozoepexeHHs. Bxiguuit andaBiT CKIAAETBCS 3
neiikoBux curHaiie X = {onn, evnt}, me oNN — cUrHaN ISt
BMHUKaHHS aJITOPUTMY €Hepro30epexeHHs, evnt — curHai
CIIOBIIIIEHHS MIPO TE, IO CTAIacs 30BHIIIHSA OIS, 1 cUcTeMa
Mae BUITH 3 peXUMY eHepro3oepexeHHs. BuxinHi qBiiikoBi
CHTHAJIM HAaJaIITOBaHI Tak: Y = {Save}, me Save o3Hayae
BXiJ] Y PEKUM €Hepro30epekeHHsI.

Buginumo craan aBToMara, o onucye (yHKIIOHAIbHICTh
MOIYJIS:

— CTaH a; — MOXYJh MpAIIOE€ B peXuMi 00X0ny, TOOTO
30BHIIIHI TIOAI] HE BiICTEXYIOTHCS;

— CTaH 8, — pO3PaXyHOK PEXXHUMY €HEpPro30epeKeHHs: SKIIO
mpoTaroM (HiKCOBAHOTO Yacy HE BiIOYBAE€TBCSA JKOMHUX
NoJIii, aBTOMAT IEPEXOAUTH Yy CTaH as;

— CTaH a3 — PeXKHUM CHEpro30epeKeHHsI.

AnroputM pobotu Momyns 30epekeHHS eHeprii
nocuth mpoctuid. [opa3y, xoiwm 1meit OJOK BMHKA€THCA
CHUTHAJIOM ONN, BiH IMOYHHAE MOHITOPHHT BXiJTHOTO CUTHAITY

evnt. SIkmio curHam evnt He 3’ABISETHCS MPOTATOM
(ikcoBaHOTO 4acy, cHCTEMa Ma€ IepeiiTH B PEXUM
eHeprozoepexkeHHs1  (30€peKEHHsT BUXIJHOTO CHTHAJy
BCTaHOBJICHO Ha BHCOKHH piBeHb). CUcTeMa BUXOAUTH 13
pexumy 30epekeHHs B pa3i BCTAHOBJICHHS CHUTHalIy evnt
ab0 BHMKHEHHS MOXYJIsS 4epe3 BXiJHUN curHai ONnn i3
HOJaNbIIMM 3HATTSM CUrHany 30epexeHHs. Ha puc. 3
300paxkeHo Tpad mepexoniB aBTomara Mypa TaKoro
HPHUCTPOIO.

ﬁ as

[}
= |
- =

82 L/)/

Pa
2 a
s C]/ 3
{Save}

Puc. 3. I'pad mepexoniB kiHreBoro aBTomMaTa Mypa s
MOIYIsI eHepro30epekeHHS
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Ha puc. 4 300pakeHO mporiec mepexoiB Takoro
aBTOMara MoBoro Verilog.

System  Verilog  Assertions (SVA) e
MIMHOXKHHOIO MOBH Verilog, M0 1ae 3MOry BHpakaTH
0COOMBOCTI  JW3aliHy 3a JOIMOMOIOK  CIeHiadbHUX
KoHCTpykuid. Cmif 3a3Ha4MTH, MO BCi KOHCTPYKIii SVA
ICHOPYIOTH MiJl Yac CHHTE3Y, a OTXKe, HisIK He BIUTMBAIOTh Ha
KIiHIIEBY CXEMY.

TemmopanbHi BractiBocTi 0yap-sxoi HDL-moneni MoxyTh
OyTH BHpaskeHi 3a IONOMOT0I0 TPhOX KOHCTPYKIiKA SVA:

always
case
al:

(state)
if Conn) begin

@(state, evnt, onn,

— Sequence —  BHUKOPHCTOBYETBCS IS
MOCIIIZIOBHOCTI ~ MMOAIA  MOJENIOBaHHS B
BUPAXKAETHCS IUKJIAMH CHHXPOCHUTHAILY;

— property — KOHCTPYKIIis, o 00’€HYe pi3HI sequence 3
BUKOPHCTAHHSIM oriepaTtopiB SVA;

— assert — mogae acepiiifHy TOYKY, sIka BUKOPHUCTOBYETHCS
JUIS TIepeBipKH Property mg vac MoOACTIOBaHHI abo
(hopmasbHOi Bepudikarii.

MOJaHHS
yaci, SKHi

count)

next_state = a2;
end
else begin
next_state = al;
end
a2: if (lonn) begin
next_state = al;
end
else if (Ccount >= C1 - 1 && !evnt) begin
next_state = a3;
next_count = 3'd0;
end
else if (levnt) begin
next_state = a2;
next_count = count + 1'bl;
end
else begin
next_state = a2;
next_count = 3'd0;
end
a3: if (lonn) begin

next_state = al;
end
else if (Cevnt) begin
next_state = a2;
end else begin
next_state = a3;
end
default: begin
next_state = al;
next_count = 3'd0;
end
endcase

Puc. 4. Verilog omwc mportecy mepexoiiB MOIYIIS €HEPro30epeKeHHS

OnwuieMo MOXKIINBI CIIeHApPii TOBEMIHKA J3aiiHy 3alIeKHO
Bil TpWBANOCTI 3OBHINIHBOI TMOMii 3a IOMOMOTOIO
BHIIE3a3HAYCHUX KOHCTpYyKmiH. Ha pmc. 5 HaBemeHo
KOHCTPYKIIIO  Property, sxa oOmucye MepeayMOBY
OOYHCICHHS pEXKUMY €HEepro30epekeHHI — MOIYNb
BBIMKHEHUH, 30BHIITHS OISl BIICYTHS, CHTHANI Save Mae
HU3bKUH JIOTIYHUH PiBEHb.

sequence no_event;
(onn && !evnt && !save);
endsequence

Puc. 5. SVA-omuc mnepenymMoBH OOUYUCICHHS PEXKUMY
eHepro30epeKeHHAS

HactymauM kpokom HE0OXiTHO OMTUCATH MOXKIIUBI
cUTyalii moBemiHKK au3aiHy. Ha puc. 6 HaBeneHO ommc
TOBEAIHKHM, KONM 3OBHINIHA TIONis TpUBAE HEOOXiTHY
KUTBKICTh TAKTiB — Y I[bOMY BHIIAJIKY 5 TaKTiB.
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property exact_match;
disable iff(rst)

@(posedge clk) no_event

endproperty

I=> !'evnt [*5] |=> save;

Puc. 6. SVA-onuc noBeiHKY, KOJH 30BHIIIHS MO/Iisl TPUBAE HEOOX1THY KiJIbKICTh TaKTiB

Ha nactynmHOoMYy TakTi cuTHaJ SaVe MOBUHEH MaTu
BHCOKHIA JIOTIYHUH piBeHb. YacoBy miarpamy, sika OITHCYE
TaKy CUTYyallifo, HaBefeHO Ha puc. 7. JKOBTOIO CTPUIKOIO
M03HAYE€HO MOMEHT TOYaTKy OOYMCIICHHS BIIACTHBOCTI —
BUKOHaHHs ymMoBH Onn && levnt && !save, 3eneHo0 —

clk

count([3:0]

evat
save

onn

rst

save
state[2:0]

next_state[2:0]

MOMEHT YCIIIIHOTO OOYHCIIEHHS BJIACTUBOCTI — CHTHAI
save HaOyBa€ 3HAYCHHS JIOT19HOI ouHUII. CITiJT 3a3HAYHTH,
110 I1€ ONKC CUTYallii, KOJW 30BHIMIHA OISl TpUBA€E Oinblie
HEOOXIHOT KiJTbKOCTI TaKTiB.

Puc. 7. YacoBa niarpama oOpoOKH 30BHIIIHBOI MOJIi1, SIKa TPUBA€E HEOOX1THY KiIbKICTh TAKTIB

AHANOrYHO ONMUIIEMO CHTYAII0, KOJW 30BHILIHS
TIOZIisl HE 33JJ0BOJIBHSE YacoBi BuMoru. Ha puc. 8 HaBeneHo
SVA-xox ommcy Takoro cueHapio. BinnoBizHa udacoBa
niarpama 3o0paxena Ha puc. 9. UepBOHOW CTPLIKOIO
MO3HAYEHO MOMEHT MMOYATKY OOYMCIICHHS BIACTHBOCTI —

BUKOHaHHS yMOBH 0NN && levnt && lsave, xoBToro —
MOMEHT, KOJIM CHrHal evnt HaOyBae 3HAYEHHsS JIOTTYHOL
OJIMHUIII, 3€JICHOI — MOMEHT YCHIIIHOrO OOYHMCIICHHS
BJIACTHBOCTI: CUTHaJl Save HaOyBae 3HA4YeHHs JIOTIYHOTO
HYJISL.

property smaller_match;

disable iff(rst’
@(posedge clk:
endproperty

no_event

I=> evnt |[=> !save;

Puc. 8. SVA-onuc noBeIiHKY, KOJIH 30BHIIIHS TTO/Iisl TPUBAE MEHIIIE HEOOX1IHOI KUTLKOCTI TaKTIiB

clk
count[3:0]
evnt

onn

rst

save

state[2:0]

next_state[2:0]

save

Puc. 9. YacoBa aiarpama o0poOKH 30BHIIIHBOI MO/, KA TPHBAE MEHIIE HEOOX1JHOT KIJTbKOCTI TAKTIB

OcraHHIlI BapiaHT TOBEOIHKH —  MOIYNb
BBIMKHEHHI (CHTHaJI ONN Ma€ piBEHb JIOT19HOI OAWHHUII),
CHUTHAJI eVNt Mae BUCOKWI JIOTI9HUI piBEHb YBECH Yac
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(30BHIIIHS TTOAIs He BinOyBaeThcs B3araii). SVA-
OIIHC TaKol MOBEIHKY IoaHo Ha puc. 10.

property event_all_time;

disable iff(rst’

@(posedge clk) onn and evnt |=> !save;
endproperty

Puc. 10. SVA-onuc noBeIiHKH, KOJIU 30BHIILIHS I10is HE 3a0BOJILHSE YaCOBI BUMOI'H
evnt, >KOBTUMH — MOMEHTH YCIHIIIHOIO OOYUCIEHHS
BimnosimHa yacoBa Jmiarpama 300pakeHa Ha PUC.  BIACTHBOCTI: CHTHAJI Save HaOyBae 3HAYCHHS JIOT1YHOTO
11. YepBOHHMHU CTpiIKAMH TO3HAYEHO MOMEHT TOYAaTKy  HYJIS.
OOYHMCIICHHS BJIACTUBOCTI — BHKOHAHHS YMOBH ONN &&

ount[3:0]

evnt
onn
rst
save

state[2:0]

Puc. 11. YacoBa giarpama po00TH aBTOMAaTa, KOJIH 30BHIILIHS TIOJIisl HE BIAOYBA€ETHCS
HEeoOXiHO 3HATH, YW aKTHUBYe TecToBHit Kox (testbench)
Baxsneum ACTIEKTOM HamuCaHHA Taki cueHapil. J{ns BupimeHHs 1ux 3aBmane y SVA
BepuQiKalliifHOro KOAYy 3 BHKOPHCTaHHSAM acepliiii € BHUKOPHUCTOBYIOTh KOHCTPYKIIT assSert Ta COVer BiAroBiIHO.
BU3HAYCHHS [OBEAIHKU CEpPEIOBHIa MOACIIOBaHHs B pa3si Ha puc. 12 HaBegeHo (parMeHT BHKOPUCTAHHS IIHX
HOPYIICHHS BH3HAYEHHX BIACTHBOCTeH. OKpIM TOro, KOHCTPYKLIil s paHilie pO3IIsTHYTHX BIACTHBOCTEH.
BpaxoBYIOYHM IMIUTIKAIifiHy TPUPOAY BIIACTHBOCTEH,

hssert property (exact_match); // acepuiitHa Touka
cover property (exact_match); // Touka ¢yHKU1OHANBHOrO MOKPUTTS

Puc. 12. BukopucraHHs omepaTopiB assert property ta cover property s BH3HAYEHHS TOYOK acepiii Ta
(HYHKIIIOHATTFHOTO TIOKPHTTS
paHille OMUCAaHHX BJIACTUBOCTEH — Yy LBOMY BHIAIKY
Ha puc. 13 nokaszano nommiky oneparopa B HDL-  exact_match 3 3a3nadyeHHsIM mO4aTKOBOI Ta KiHIIEBOI TOYKU
KOIi aBTOMaTa 1 BIAMOBIMHY peakmilo CepeldoBUINAa OOYMCIICHHS BIACTHBOCTI.
MonemtoBaHHS. [licms  3amycKy TecTiB 3 SBISIOTHCA
TTOMUJIKOBI TIOBiJOMIICHHS, SIKi CBiYaTh MPO MOPYIICHHS
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assign save =

Assertion
Assertion
Assertion
Assertion
Assertion

Error:
Error:
Error:
Error:
Error:

ASRT_0005 design.sv(87):
ASRT_0005 design.sv(93):
ASRT_0005 design.sv(93):
ASRT_0005 design.sv(93):
ASRT_0005 design.sv(93):

FAILED at time:
FAILED at time:
FAILED at time:
FAILED at time:
FAILED at time:

state == a2; // Nomunka B HDL koai

30ns

150ns
170ns
190ns
210ns

start-time:
start-time:
start-time:
start-time:
start-time:

testbench.inst,
testbench.inst,
testbench.inst,
testbench.inst,
testbench.inst,

150ns,
170ns,
190ns,
210ns,
230ns,

scope:
scope:
scope:
scope:
scope:

Puc. 13. ITomunka HDL-onepaTopa Ta peaxiiisi cepeIoBHILa MOICTIOBAHHS

Omxe, 3HAYHO 3MEHIIYETHCS Yac TOIIYKY
nomuikoBux HDL-omepaTopis i koHCTpyKLii. OKpiM TOTO,
3a paXxyHOK oIlepaTopa COVer Property npoexTyBajbHUK Ma€e
3MOry 0a4nTH, SIKi ClIeHapii HOBEIIHKH OKPUTO TECTAMHU.

OOroBopeHHs pe3yJIbTaTiB

VY cTarTi pO3MIISHYTO MHUTaHHS CKOPOYEHHS 4dacy
Bepudikamii NUGPOBHUX NPUIATIB IIUIIXOM BBEICHHS
JonaTkoBUX KoHCTpykuid B HDL-kxon onucy npucrtpoto. Ha
NpaKTHIl ~ [OKAa3aHO  BHKOPHCTaHHI  MoOBH  SVA
(migmHOXMHU MoBH Verilog) mis omucy acepuidHHX
KOHCTpYKIiH. Citiji 3a3HaYMTH, 10 3aMPOIIOHOBAHI MiIXOTH
TAKOXX MOXKHAa peaji3oByBaTH TpU JIIarHOCTHII Ta
Bepudikalii aBTOMaTHUX MOJIEJIeH, HAMCAHUX 13

BUKOPHUCTaHHSIM MOB mnporpamyBanHss C/C++, siKi Takox
MaloTh MiITPUMKY acepuiliHuX KoHcTpykuii. Ha puc. 14
TOKa3aHO TIPHKIIAJ] BUKOPHUCTAaHHS orepartopa assert mpu
HalMCaHHI  TECTOBOIO KOAY IIPUCTPOIO  JIOTIYHOTO
kepyBaHHs  cBiTIopopom  MoBoro  C.  OcoOnuBy
aKTyaJIbHICTh IIeH MiAXiJ Mae Npu peasizauii MpHUCTPOIB
JIOTIYHOrO0 KepyBaHHs B KiacudHuX SoC, HaIlpukiajn
cimerictBa ZYNQ-7000 ¢ipmu Xilinx Inc [6]. Peanizamnis
MOJIENi MPUCTPOI0 KepyBaHHs MOBOIO mporpamyBants C 3
BUKOPHUCTAHHSIM acepliifHUX KOHCTPYKIIH Ha 0a3i creka
incTpymenTansaux 3acobis CAIIP Vivado/Vitis/Vitis HLS
Jla€  3MOTy BHKOHATH HACKpi3HE TMPOEKTYBaHHS Ta
BepudiKallilo sK amapaTHOi YaCTHHH IPOrpaMOBaHOI
norikn  (PL), Tak 1 TpoOIECOPHOrO MPOrPamMHOI0
3a0e3nedyeHHs B yacTuHi PS.

(fsm.get_current_state() == fsm_states::A1)

( 1= i< T1; ++1) {
street_fsm_controller(
street_fsm_controller(

OnSignal
OnSignal

control_output
control_output

(fsm.get_current_state() == fsm_states::A7)
(fsm.get_control_signals() == YGR)

Puc. 14. BukopucranHs onepaTopa assert y rectoBomy koji MoBoro C

BucHoBku

3anpornoHoBaHo Mojielb  Bepuikalii 4YacoBUX
ABTOMATIB i3 30BHIIIHIMHU TOMAIIMH 3 HEAECTEPMiIHOBAHOIO
TPUBAJICTIO LUIIXOM BBEIEHHS IONATKOBUX acepuiiHUX
KOHCTPYKIIH, SKi OMUCYIOTh MOXKJIMBI CIICHAPil MOBEAIHKH
aBTOMaTa 3alleKHO BiJl TPUBAJIOCTI 30BHIIIHBOI MOZII.
AcepuifiHi TOYKH € TIOTY)KHHM I1HCTPYMEHTOM, SIKi
CIPOIYIOTH NOMYK mommtkoBoro HDL-onepaTtopa mig gac
Bepudikamii mpoekty. OKpiM TOro, IMOKa3aHO, M0 acepii
MOJKHA BHKOPHCTOBYBATH JUTS TIiABHIICHHS SIKOCTI TECTiB
(functional coverage), 3MeHITyr0Yrl 4ac Bepudikalii i, Ik
HACNIJIOK, Yac BUITYCKY TI'OTOBOTO HPOAYKTY HA PHHOK
(time-to-market).

3ampornoHoBaHi TEOPETUYHI BHKJIAJIKU
TIPOLTIOCTPOBAHO Ha MpUKIIaai posiupenns Verilog omucy
aBTOMAaTa MOZYIS CHEPro30epeKEHHS 3 BHKOPHCTAHHIM
MoBu SVA.

Cnucok BHUKOPHUCTAHHUX JKepe

1. Bergeron Janick. Writing testbenches:
functional verification of HDL models. Boston: Kluwer
Academic Publishers. 2001. 354 c.

2. Design timed FSM with VHDL Moore
pattern / M. A. Miroschnyk, A. S. Shkil, E. N. Kulak, D. Y.
Rakhlis, A. M. Miroshnyk, N. V. Malahov. Radio

3. Electronics, Computer Science, Control.
2020. Ne 2(53). P. 137-148.

43

IKC3T, 2024 Nel




IHOPOPMAIIIMHO-KEPYIOUI CUCTEMU HA 3AJII3BHUYHOMY TPAHCIHOPTI

4. Tlabah Al-Fedaghi. Modeling Physical.
Digital Systems: Formal Event-B vs. Diagrammatic
Thinging Machine. International Journal of Computer
Science and Network Security. 2020. No. 20 (4). P. 208—
220. hal-02614504, version 1 (20-05-2020).

5. Miroshnyk A. M., Kulak G., Pshenychnyi K.
Y. Assertion Based Design of Timed Finite State Machine.
2021 IEEE East-West Design & Test Symposium (EWDTS).
Batumi, Georgia. 2021. P. 1-4.

6. Temporal events processing models in finite
state machines / M. A. Miroshnyk, S. I. Shmatkov, O. S.
Shkil, K. Y. Pshenychnyi (2023). Radio Electronics,
Computer Science, Control. (4), 49.

7. IlpoexryBaHHS Ta caMo[iarHoCTHKa
Kibep(hi3nuHUX MPUCTPOIB KepyBaHHs Ha ruiatdopmi SOC /
O. C. ki, . FO. Paxmic, 1. B. ®ininenko, B. P.
Kopuienko. Cyuachuti cman HAyko8ux OOCHIOdNCeHb ma
mexnonociti ¢ npomucnogocmi. 2023. No 4 (26). C. 122—
134.

8. Components of a complete assertions-based
verification solution. Cadence. 2005. URL:
www.cadence.com/products/functional_ver/abv_dt.aspx.

9. IEEE Std 1076-2002, IEEE Standard VHDL
Language Reference Manual. 124 p.

10. IEEE Std 1364-2001, IEEE Standard for
Verilog Hardware Description Language. Electrical and
Electronics Engineers, Inc.USA. 2003. P. 1-23.

11. Xaxanos B. I., Kamunceka M. A., 3aitueHko
C. O. Bepudikauis mudgpoBUX NPUCTPOIB HA OCHOBI
BUKOPHCTaHHSI aHalli3a TeCTONPHIATHOCTI Ta acepiiiiHuX
6i0miotek  (pocilickkoro MoBow). ACY ma npunaou
aemomamuxu. Xapkis, 2007. Ne 140. C. 75-83.
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duration described using hardware description languages
(HDLs) verification method, is proposed. The methodology
uses the apparatus of assertions to describe the temporal
nature of the above models. It is shown that the introduction
of additional HDL structures allows to increase the level of
testability and reduce the wverification time without
additional hardware, time and energy costs of the digital
product. The effectiveness of the proposed approaches was
illustrated on the example of the energy saving module
model. The HDL code of the device has been extended with
additional constructs in the System Verilog Assertions
language to describe the nature of the model depending on
an external event. Different scenarios of the device were
considered depending on the duration of the external event
with corresponding illustrations on time diagrams. It was
also shown how the proposed methodology can be used in
automatic models of digital devices described in the C
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IHOPOPMAIINHO-KEPYIOUI CUCTEMU HA 3AJII3HUYHOMY TPAHCIOPTI

YK 656.2 DOI: 10.18664/ikszt.v29i1.300904

[TAPXOMEHKO JI.O., k.T.H., [IPOXOPOB B.M., k.1.H., KAJIJAIIIHIKOBA
T.1O., k.1.H., OBCAHHIKOB JI.O., (YkpaiHCbKUli A€ep>KaBHUU YHIBEPCUTET
3JII3HUYHOTO TPAHCIIOPTY)

@®opMyBaHHsI MOJeJi YHNPABJIIHHA NPIOPUTETHICTIO
BArOHIB HA TEXHIYHUX CTAHLISIX B YMOBAX HEBU3HAYEHOCTI.

00po0Ku

3abesneuenns ceocuacnoi 00CmagKu BAHMAICIE € KIOHYOBUM MOMEHMOM NEPesizH020 npoyecy i
BUPIULATIBHY POTb 68 YbOMY NUMAHHI NOBUHHI 2pamu 3aMi3HUYHI MEXHIYHI CManyli, maxk K came 60HU KepyIOmb
npoyecom 0bpodxu eazononomoxie. Craaduicmov eupiutenus yiei npobremu Nnoasieae 6 HAAGHOCHI HUSKU
gaxmopie nesusnauenocmet, AKi MalOMb NOMEHYIIHULL NIUE HA NPOYEC NPULHAMMS piuleHb, ane 32i0H0 00
MPAOUYIIHUX MEXHONI02IU YAPABGIIHHS IX 63a2alli QYoHCce 8ANCKO OYIHUMU, A MUM NAYe 8PAXy8amu npu NPUILHIMMmI
ynpasnincokux piviens. Cmammsi npuceésiuena npoonemi ioeHmuixayii paxmopis, Ki HeoOXIOHO NEPUIOUEP2080
epaxogysamu npu npuliHammi - piulens, 3 yiclo Memoio 0y10 3anPONOHOBAHO MOOeNb  BUSHAYEHHS
npiopumemnocmi 00pOOKU 8A20HIE HA 3ANIHUYHUX MEXHIYHUX CIAHYIAX 3 Memoio NOOAIbUlol agmomamu3ayii
npoyecy ynpaeninms.

Bynu npoananizoeani sik haxmopu HeBU3HAYEHOCMI, W0 MONCYMb YCKAAOHIOBAMU npoyec 00pooKu
ma opmysannss noizdie ma ix nNpocy8amHs 3ANIZHUYHOIO Mepedicero, MAaK I napamempu 6a20Hi8, 3a SKUMU
O0YibHO  GU3HAYAMU NPIOPUMEMHICMb 0OPOOKU BA2OHIE 3 Memolo 3a0e3neyentsi C8OEHACHOI O00CMasKu
6AHMANCI6 MA 3MEHWEeHHs. 30UmKI6 3ani3HUYHUX nepesisHuxie. Cmamms nponoHye pienHs y 6uisioi
Hetipomepediceoi Mooei, CheyiaibHo po3pooienol 0 U3HAYEHHS NPIOPUMEmMHOCHL 00pOOKU 6a20HIE.

Ocho6Hi PyHKYiOHANbHT OIOKU MO0 6KII0UAOMb 8 cebe 6XIOHULL uap, o 8paxosye pisHi pakmopu,
MAKi 1K 3aMpumKd, 3aIUKO8UL Yac, gearuduna wmpady mowo. llpuxosani wapu o6yucioroms 83aemMo0iio yux
Ghaxmopie, a euxionuil wap ceHepye oYiHKU npiopumemy OJisk KOJICHO20 8A2OHA.

Mooenw knacugixye eazonu 3a Homupma Kiacamu npiopumemHoOCmi: 36UHaiHUll, cepeOtiil, GUCOKULL
ma BUHAMKOBULL i BUBHAYAE BeNUHUHY abconomHo20 npiopumemy. Takuil nioxio 0038014€ MAKCUMATLHO MOYHO
NPOSHO3YEAMU  YYMIUBICIb Npoyecy 00poOKU 6a20Hie 00 Kepyiouux Oill 3 Memowo 3abe3neveHHs OJs
MAKCUMATLHOT KIIbKOCHI 8a20H16 MOdiciueocmi "Hazoocnamu” epaghix ma YHUKHYmu ump a@QHux caHkyiil.

Bucnosox cmammi exazye ma easxciusicmov po3pobieHoi mooeni 0nsi nOOAIbUWol agmomamu3ayii
npoyecy YnpaeuinHs MeXHIYHUMU CMAHYISIMU 3 MEMOI0 VHUKHEHHsI 3aMmpUMOK Yy 00CMAsyi 6aHmMadxicie ma
WMpPAGHUX CAHKYIIL.

Knrwouosi cnosa: dompumanns mepminy 00CmMaeKu 6aHMAXCI8, NPIOPUMEMHICIb 00pOOKU 8A20HIS,
asmomamu3ayis ynpaeiiHHa MexHiYHO CIMAHYIEI0, HeBU3HAYEHICMb, HelipOMepeHce8d MOOeb.

IMocTanoBa npodemu.

3ami3HUIl € BaXJIMBUM  JIAHIFO)KKOM  3BICHO MOMPH (paKTOp BiliHH, € BCE K TaKU Hee()eKTUBHE

JIOTICTUYHOTO BaHTAXKHOI'O TPAHCIOPTY, a e(EeKTHBHE
YIpaBIiHHS OOpPOOKOI BaroHiB HAa CTaHIAX Mae
KpUTHYHE 3HAueHHA U1 3a0e3ledeHHs HaIiHHOCTI
npolecy nepeBe3eHb. | KO HEemIoNaBHO OJHUMH 3
OCHOBHHX TipoOiieM Ha Mepexi AT YipzamizHuist Oymu
HEcTaya pPYXOMOIO CKJIaay: BaHTOXHUX BaroHiB i
JIOKOMOTHBIB, TO 3apa3 CTPIMKO HaOmpae 00epTH iHIIa
mpobaema HEBUKOHAHHA TEPMIHIB  TOCTaBKH
BaHTaXIB. 3BiCHO (akTOp BIfiHM € ONHIEI0 3 TPHYUH
JaHol mpoOieMu. AJie TaKOX CIiJ KOHCTaTyBaTH TOU
(axr, mo mpobieMa HeTOTPHUMAHHS TEPMiHIB JOCTABKH
BaHTaXXiB HE € HACIIJKOM MPOOIeMH HecTadi PyXOMOro
CKJIaNy, aJiKe I mpodiieMa OiTbIIIOr0 MipOFO BCE K TaKH
OyIa ocTaHHIMH pOKaMH BHpitIeHa. ToMy CItiJi BU3HATH,
[I0 OCHOBHOIO CKJIQJIOBOIO NMPOOJIEMH HETOTPUMAHHS
TEPMiHiB JOCTABKH BaHTaXIB,

olepaTHBHE YIPABJIIHHS IEPEBI3HUM IPOLECOM Ha
3aTI3HULL.

3anava BHU3HAYCHHS MIPiIOPUTETHOCTI
00pOoOKH BaroHiB y 3aJli3HUYHUX IEPEBE3CHHSAX MMOCTAE
BHACTIIOK psiny (DaKTOpiB Ta BUKIHUKIB, 1[0 BUHUKAIOTh
y Cy4YacHHX JIOTICTHYHHX Tiporecax. Jlekinmpka
KITIOYOBMX MOMEHTIB, SIKi TIPU3BEH JO IIOCTAHOBKH ITi€]
3a/1a4i, MOXYTh OyTH TaKUMHU:

1. OnruMizaris JOTICTHYHHUX  IIOTOKIB:
3pOCTaHHA OOCSTIB BaHTAXKOIIEPEBE3EHb HA 3aJI3HHUIIIX
MPHU3BOANUTE 10 TOTPEOM B ONTHMI3aIlii JIOTiCTUYHUX
TIOTOKIB; BU3HAYEHHS NPIOPHUTETIB y 0OpOOIll BaroHiB
MOXKE CTIPHSITH €(EKTHBHIIIOMY PO3IIOALTY PECYpCiB Ta
3HWKEHHIO 3aTPHMOK.

O©IMAPXOMEHKO J1.O.,JTIPOXOPOB B.M., KAJIAIIHIKOBA T.10., OBCSHHIKOB /1.0.2024
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2. TTigBUIIEHHST KOHKYPEHTOCIPOMOXKHOCTI:
3aJII3HUYHUI TPaHCHOPT KOHKYPY€E 3 1HIIMMHU BUAAMHU
TPAHCIIOPTY; IIBUJIKE Ta TOYHE COPTYBAaHHS BaroHiB
JIO3BOJISIE 3aJTI3HUIIM 3a0e3MeuyBaTH BHCOKY SIKICTB
0OCITyrOByBaHHS, IO € KIIOUYOBHM (HaKTOPOM JUIS

3aTy4eHHS KJIIEHTIB Ta MiATPUMKH
KOHKYPEHTOCITPOMOYKHOCTI.
3. Minimizamist mrpadiB: mTpadu 3a

MOPYIICHHS! TEPMiHIB JIOCTABKH BaHTaXy MOXYTb
CTaHOBUTH 3HAYHY YaCTHHY BHUTPAT IS 3alli3HUYHUX
KOMITaHii; e(QEeKTUBHE BW3HAUCHHS IPIOPUTETHOCTI
JI03BOJISIE YHUKHYTH 30UTbIIEHHS ITpadiB 1 30L1b0IyE
(biHaHCOBY CTIHKICTB JIOTICTHYHHUX OTEPaTOpiB.

4. BuKOpHUCTaHHS Cy4YacHHX TEXHOJOTIH:
3aBIISIKM PO3BUTKY CYYacHHX TEXHOJIOTIH, TakuX SK
IaTepuer peueii (10T) Ta cucTeMH ITYYHOTO 1HTETCKTY
(Al) crano MmoxMBUM eeKTHBHE BUKOPUCTAHHS JIAHUX
JUTSL TIPUAHATTS PIllIeHb Y peajibHOMY Yaci, 10 BaKJIMBO
JUIsl ONTUMI3allii 0OpoOKY BaroHis.

OTxe, IOCTAHOBKA ITi€T 3a1a4i 0a3yeThCs Ha
motpebi  TOKpAImIeHHS  JIOTICTHYHHX  TMPOIIECIB,
3a0e3MeYeHHs BUCOKOI SKOCTI OOCIYroBYBaHHS Ta
BUpIilIeHH] ()IHAHCOBUX BHKIHKIB, 110 BHHHKAIOTH Y
3aJlI3HUYHUX NIEPEBE3CHHSIX.

TakuM YHMHOM, aKTyalbHOIO € mpobiema
npiopuTe3anii 00poOKM BaroHiB Ha 3aJli3HUYHIN CTaHIIT
1 moOymoBa  aBTOMAaTH30BaHOI  CHCTEMH,  sKa
BpPaxOBYBaTUMeE BCi BaXJIWBI (DaKTOpH BIUTUBY IS
€(eKTUBHOTO IPUIHATTS PillICHb.

Amnauiis OCTAHHIX
nyomikaniii.

[pobnemu

AocCaigKeHb i
BU3HAYCHHS MPUOPITETHOCTI
00poOKM  BaroHiB Ha  TEXHIYHMX  CTaliiX €
cneuuiuHUMU 1 Jy)Ke 3ajJexarb BiJl CHCTEMH
oprasisailii BArOHOIIOTOKIB. ToMy HayKOBHI 1HTEpeC JI0
JIaHOi TEMH € He Jy)KEe BUCOKHUM Yy 3aXiTHUX PO3BHHEHUX
KpaiHax, OCOONMBO B THX, Ji¢ MpAIIOIOTh 0arato
JpIOHUX omepaTropiB, HATOMICTh OLIBLIMH 1HTEpec
MOXHa crocTepiratu B kpaiHax CximHoi €Bpomu Ta
A3zii, ToOTO B THX KpaiHax, B sKHX a0 cucrema
oprasi3ailii BArOHOIIOTOKIB CX0Xa 3 PaJiIHCHKOI, abo
BOHA B3arajii Iie 3HAXOAUTHCS Ha CTAJil PO3BUTKY.
IMpuknamom 1poro € cratts [1], mo omy6iikoBana came
B MaJia3iiiCbKOMY HayKOBOMY KypHaili. OpUTiHANBHICTh

CTaTTi TONATaE B 3aCTOCYBAaHHI MaTEeMATHIHOTO
MIXoQy — MOHENi TPIOPUTETHOrO  IMiJIbOBOTO
nporpaMyBaHHS —  JUIsi  BUPIIIEHHS  3aBIaHb

MeperuianyBaHHs pyxy Mo 3amizaumi. Ledt migxin
J03BOJISIE €(EKTHBHO BPAaXOBYBaTH BHMOTHU OIlepaTopa
Ta 3a0€3MeYNTH ONTUMAIIbHE YIIPABIIIHHS, 3MEHIIYIOUN
3aTPUMKH Ta T IBUIIY IO H HaIINHICTE
o0cyroByBaHHs. YCIIIOIHE 3aCTOCYBAaHHSI MOJETi B
eKCIepUMEHTI Ha pealbHId 3alli3HUYHIA Mepexi
CBITUUTH TIPO ii MOTEHIIWHY 3aCTOCOBAHICTh B YMOBAaX
BUHUKHEHHS TOMIH Ta 3aTPUMOK, II0 POOUTH CTATTIO
3HAYYIIOK  UIS  ONTHMi3amii Ta  yIOpaBIiHHS
3aN3HUYHAM TpaHcropToM. OOHAaK € BUKIIOYCHHS 1
cepe PO3BHMHEHUX 3axXiTHUX KpaiH, SK OCh, HAIPHUKIIAT,
crarts [2] mpodecopiB JIIOHIOHCHKOT'O YHIBEPCUTETY,
sSKa TaKOXX BHCBITIIIOE TPOOIEeMH 3aTpUMOK 1

HECBOEYACHOI JIOCTaBKM BaHTaXiB Ha OpHUTaHCHKIH
3ai3HuIi. ABTOpM BOAYalOTh TOJIOBHOIO IPHYHHOIO
OpOro sBHIIA caMe ImpoBeneHy Yy 90-x pokax
npuBaru3amio ramxy3i. OpHaKk aBTOPH MEPEBAXKHO
PO3TIISIAIOTh €KOHOMIUHI 1 OpraHi3amiiiHi YWHHUKH
IIbOr0 HETAaTWBHOTO SBHIIA 1 Maike HE TOPKAIOTHCA
texHonoriunux. llikaBoro Takox € crartsa  [3]
KATAHCHKUX JOCHIHUKIB. Y CTaTTi PO3NISATAETHCS
ONTHMI3allisl JOCTaBKM Ta BHUBE3CHHS BAaroHiB Ha
3aJi3HMYHY  CTaHIiI0 3  PI3HOI0  TEPUTOPIEI0
o0cnyropyBanHsl. HaBeneHO mMareMaTHYHYy MOIENTb Ta
BUKOPHCTAHO ANTOPUTM BiJITaJTFOBaHHS Ut
pO3B's3aHHA  3a7avi. BusABIEHO, [0  aNTOPHUTM
BiIAIIOBaHHS C(CKTUBHIMIMKA 3a TEHCTWYHUH Ta
aJropuT™M MomyKy Tadymsuii. [Ipote craTTs oOMexeHa
BUBYCHHSM JIMIIE paiflOHIB HaBaHTaXEHHS 1 He
PO3IIIsIa€ MOXKIIMBOCTI TIPHCKOPEHHST 0OpPOOKY BaroHiB
Ha TexHiyHuX craHuisx. llle ogua moniOHa crarts [4]
MPUCBAYCHA OaraTolibOBi ONTHMI3AIli MPOIECY
BUBE3CHHS Ta pO3MIILEHHS BaroHiB Ha CTraHUii 3
BpaxyBaHHSIM KIJIBKOX UTLOBUX KpHTEpIiB.
BHKOPUCTOBYIOUH MOJIEb ONTHMI3allil 3 00MEKEHHSIMH
IOJI0 MOXKJIMBOCTEH JIOKOMOTHBA Ta MPIOPUTETIB ISt

nepenadi MK JUISHKaMH, 10 OOCIYrOBYIOTBCS,
3aCTOCOBAHO aﬂFOpPITM Billl'la.]'[I'OBaHHﬂ JJIs1
3HaXOJDKEHHs ONTHUMAIILHOTO pilleHHs. Bukopucrano
BUIAJ0K PpO3MIIIEHHS Ta BHBE3CHHSA BaroHiB Ha
3QII3HUYHIA CTaHIl [is Bepudikamii Momeni Ta
anroputMmy. Pe3ynbratm  cBigyath, 10  MOJEIb
BIJINIOBI/Ja€ BUMOT'aM CXEMH PO3MIILIEHHS Ta BUBE3CHHS
BaroHiB 1 e(eKTUBHICTh OOYMCIICHb BIiJIIOBiJAE

norpedam 3aji3HUYHOI ekcrutyaTanii. OfHaK CTaTTs He
PO3IIIsIa€ acleKTH MPUCKOPEHHSI 00POOKHM BAaroHiB Ha
TEXHIYHUX CTaHLIAX Ta OOMEXKEHa aHaji30M JIuIle
rimkonoAiOHux ninsHok. Hactynna crarrs [S] Takox
NPUCBSYCHA ONTUMI3alii CHUCTEMH pO3MILIECHHS Ta
BUBE3CHHS  BAaroHIB Ha  TUIKOMOMIOHIM — Mepexi
BaHtaxxuux onepanidi (PTWS-BSFON) B Kurai.
PosrisinyTo mporec oneparnii PTWS 3 Tppox acrekTis:
mijicucreMa po3dopmyBaHHs-()OpPMYBaHHSI BaroHiB Ha
TEXHIYHIM BaHTaXHI{ CTaHIIil, MiJIcCHcCTeMa PO3MIIIIEHHS
MiCLIEBHX BAaroHiB Ta MiACHUCTEMa BUBE3EHHS MIiCLEBUX
BaroHiB. Po3po0ieHo miatdopmy ajist cumMymsiii 1BOX
TUIOBUX PEXKUMIB PO3MIILICHHS Ta BUBE3CHHS BaroHiB
3a JOMOMOrOI IpOrpaMHOro 3adesmnedeHHs Arena.
3a3HaueHo iepapxXidyHy  CTPYKTYpYy  CTparerii
PO3MIIIIEHHS Ta BUBE3CHHS B CUMYJIALI#HIN mmaTdopmi
quisi cueHapiiB PTWS-SO ta PTWS-SSMS. Pesynbratu
CHMYJIAILIi Ha KOHKPETHHX IpPUKJIAZaxX CBigYaTh IIPO
OOTPYHTOBAHICTE METOMOJIOTI] 3aCTOCYBaHHS PI3HHUX

cTpaTerii Ta mokpameHHs edektuBHOCTI PTWS-
BSFON. Ogpmak crarTs  po3niAigae  MHTAHHA
NPUIIBUAIICHHS  TPaHCHOPTYBAaHSA BAaroHIiB  JIMINE

TepeBakHO B KOHTEKCTI ONMTHMIi3allii MicieBoi poboTH.
BuniienHs HeBHpilIeHNX paHillle YacTHH
3arajbHoi MpodaemMu.
Sk mokazaB aHami3 HAYKOBHX MyOJiKarliit
OCTaHHIX POKiB, pobiieMa TpiopHuTe3arii 00poOKu
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BaroHiB Ha 3II3HUYHUX TEXHIYHUX CTaHIis B HHUX
JMOCHTIDKCHA Jy)Ke 3BepxHbo. OcCTaHHI HayKOBi
myOumikamii B 00JAcTi 3alli3HUYHOT'O TPAHCIOPTY Ta
JIOTICTUKM ~ CBi4aTh MNpo Te, MmO mpobnema
npiopuTu3anii 0OpoOKH BaroHiB PiKO PO3TIIANAETHCS
SIK OKpeMa 1 4iTKO BH3HAYeHa 3aJaya. bBiuTbIIicTh
HasIBHUX JOCJI/KEHb KOHIIEHTPYIOTHCS Ha 3arajibHUX
MMUTAHHSAX OINTHMI3allil 3aJi3HWYHUX IIePEeBE3CHb Ta
YIIPaBJIiHHS JIOTICTHYHUMH TIOTOKaMH, HE HaJIalouH
JOCTaTHBOI yBarm crenudini oOpoOKM BaroHiB Ha
TEXHIYHHUX CTaHIISX.

Henmonixku B iCHYFOUMX  JIOCIIIKEHHSIX
TMOJIATAIOTh Y BiZICYTHOCTI BU3HAYEHOCTI y METOIUKax
Ha/IaHHS MIPIOPHUTETIB JUIS BAaroHiB, BPAXOBYIOUW iXHIO
KOHKpEeTHY cHuTyanito Ta mortpebu. Ilpu 1pomy,
CHCTEeMaTHYHMH MiJXiJ 0 NpiopUTH3allii BaroHiB, SKui
BpaxoBye pPi3HOMaHITHI (haKTOpPH, TaKi 5K 3aTPUMKH,
3aJMIIKOBMA  4Yac Ta  IOTpadu,  3aJIMIIAETHCS
MaJIOAOCTIPKEHUM.

HeBu3HaueHicTh y NHTaHHI NpiopHTH3ALii
BaroHiB yCKJIaJHIOE pOOOTY 3alli3HUYHUX KOMIaHil Ta
JIOTICTHYHUX OIEPaTOpiB, SKi MOXYTb CTHKaTHCS 3
Herepen0avyBaHUMH 3aTPUMKaMH Ta Hee()eKTUBHICTIO
B yIpaBJIiHHI TPaHCIOPTHMUMHU NoTokamu. Kpim Toro,
BIZICYTHICTh YIiTKOI METOMOJIOTrIi mpiopuTH3amii Moxe
NpU3BOAMTH 110 (DiHAHCOBHMX BTpaT dYepe3 wmTpadHi
CaHKIIi 32 MOPYIIEHHS] TEPMiHIB JIOCTaBKH.

Omxe, HeBUpiNIEHICTh L€l mpobieMu
BUKJIMKA€ HEOOXIIHICTh MNONAJIBIIUX JOCHIIKEHb Ta
pO3pOOKHM HOBHUX METOMIB MpiopuTH3alii 00poOKH
BAaroHiB, CIPSMOBAaHHMX Ha MOKpAILEHHS e(pEeKTUBHOCTI

Ta TOYHOCTI yIpaBITiHHS 3aJTI3HHYHUMU
HIepPEeBE3CHHAMML.
DopMyJIIOBAHHSA nijaei. Mertoro

JOCIIJDKEHHSI € YIOCKOHAJICHHS IIPOLIECY YIPaBIiHHS
NepepoOKOI0 BarOHOMOTOKIB 32 paXxyHOK (popMyBaHHs
MOJIeJTi BU3HAUEHHS IMIPIOPUTETIB 0OPOOKH BaroHiB Ha
TEXHIYHUX CTAHIAX.

BukinaneHHss  OCHOBHOro  martepiamy
JOCTIIKEeHHA.
B CY4acHHUX YMOBax YIIPaBIiHHS

3aJI3HUYHUMH TEXHIYHUMH CTaHIISIMU OINEpaTUBHHIA
KEpiBHUI MIEPCOHAN CTUKAETHCS 3 PSIIOM BUKIIHKIB, SIKi
BIUIMBAIOTh HA e()eKTUBHICTH 00pOOKH Ta popMyBaHHS
BaHTa)XHUX I0i3/1iB. 30KpeMa, HeCTIO/IiBaHi KOJUBaHHS
BaHTa)XHMX IIOTOKIB Ta TEXHIYHI Herapaszgyl MOXYTb
3HAYHO YCKJIAJHIOBATH MPOTIKAHHS IUX TPOILECIB.
JunaMika Ta 00CAT TIepeBE3CHb MOXYTh
3MIHIOBATHCS, BHUKIUKAIOYA HECTaOLIBHICTH Y pOOOTI
cranniid. TexHIYHI HECIIPaBHOCTI Ta aBapiiHi CHTYaIlii
MOXXYTh NPU3BOAUTHU JI0 HEepen0adyBaHUX 3aTPHUMOK
Ta 0OMEXEHB Y PyCi MOi3/IiB, IO YCKJIAHIOE BHPIIICHHS
3amad o0poOku BaroHiB. KpiMm Toro, miaHyBaHHSA Ta
KOOpIWHAINS pPyXy IOi3IiB Ha Mepexi Moxe OyTu
BUKJIMKaHa HeTpaBHIEHHMH YIpaBIiHCBKHIMH
pIIIEHHAMH, IO MPHU3BOAWUTH IO Hee(EKTUBHOCTI Ta
3arpuMoK. KiriMaTtidai yMmoBH Ta cTaH iH(ppacTpyKTypH
TaKOXX MOXKYTh BHOCHTH CBiif BKIIaJl y Heriepen0avyBaHi
obcraBrHA. HecTaOlIBHICTE BArOHOMIOTOKIB — I1€ TAKOXK
Oy)X€ BAXJIMBUN UYWHHHUK, SKWH 3HAYHO ITOCHIIIOE

CTYNiHb HEBU3HAUCHOCTI 1 Oe3rocepeHbO BILUTUBAE HA
MOXJIMBICTh BaroHa "Hazmorsat" rpadik mepeBisHOTO
mporecy, ajpke y pa3i HEHaJaHHSA  ITiJBHIICHOTO
NPIOPHUTETY BaroHaM IIEBHHUX HAINpPSMKIB 1, HAPHUKIIA,
MOATBIIOMY 3HaYHOMY PI3KOMY 3HIDKEHHIO Tpagiky
BaroHiB IIbOT0 200 IMOMYTHUX HANPSIMKIB Kpi3b CTAHIIIIO,
MIBUAKICTH (POPMYBaHHS COCTaBiB HOrO HAMPSIMKY Ha
CTaHIii MOXX€ 3HAYHO YNOBUIBHUTHCH, IIO TPU3BE/IE
JUIIEe N0 TOAANBLIOr0 30LMbIIEHHS BiJCTaBaHHS IiX
BaroHiB BiJ rpadika Ta, SK HACTIIOK, HEIOTPHMKH
TEpMiHIB JJOCTaBKH Ta HapaXyBaHHS IITpadiBs.

VY TakOoMy KOHTEKCTI BUHHKA€ HEOOX1THICTh
BJIOCKOHAJICHHSI CHICTEM YIIPaBJIiHHS Ta BIIPOBaKEHHS
e(eKTUBHHUX PpIlIeHb Ui MPHUCKOPEHHS OOpOOKH Ta

(bopMyBaHHS BaHTOKHUX IOi3/iB. 3aCTOCYBaHHS
HEHPOMEPEKEBUX MOJIEIEH JTOOMArae BUPIIIUTH IIi
BUKJTHKH, JIO3BOJISIFOUH ABTOMATH3yBaTH Ta

ONTHMI3YBaTH IIPOLIECH YNPABIIHHSI Ha TEXHIYHUX
CTaHIifX, 3a0e3Meduylour TMpH IbOMY LIBHIKICTH Ta
e(eKTUBHICTh OOpPOOKM BaroHiB y HEBU3HAYEHUX
YMOBax.

[Mepmmii Ta BupilanbHUA  QakTop Yy
BU3HAUCHHI TpiOpUTETy OOPOOKM Ta BiqIpaBICHHS
BaroHa Yy CHCTEMi B3aJli3HMYHHMX IepeBe3eHb - Ie
IMOTOYHa 3aTpHUMKa. 21)'[5[ O6‘IHCHCHH${ ObOIr'o IMOKa3HHUKa
BUKOPHUCTOBYETHCSL PI3HHI MK (DAKTHYHUM YacoM
l'IpI/I6y'IT${ BaHTaXy A0 NYHKTY NPU3HA4YE€HHA Ta TUM, IO
Oyno po3paxoBaHO Ha MoyYaTKy Mapumpyty. [Ipu npomy
BPaXOBYEThCSI ITIOTOYHE MICLIE3HAXOMKEHHS BaroHa,
BiICTaHb OO IYHKTYy MpU3HAYECHHA Ta IIOTOYHA
HMIBUAKICTH JUIsl KOHKPETHOI KaTeropii moi3iB.

Jpyruii acnekr, sKuil CliJi BpaxoByBaTH, -
e 3aJIMIIKOBUI 4ac, SIKMA BU3HAYAETHCS SK PI3HHIIL
M) OpHUriHAJIBLHO PO3PaxXOBAaHMM TEPMIHOM IOCTABKH
Ta (aKTUYHHM 4dYacoM. BakiuBO 3a3HaYMTH, IO
HAsABHICTH  3HAYHOIO  3aJMIIKOBOIO  4acy  Mae
CTpaTeriyHe 3HAuYCHHS, OCKUIbKH 1i¢ HaJa€e I0JIaTKOBI
MOXKITUBOCT] ISl BXKMBaHHSI 3aXOJIiB IIOJI0 BHUPIIICHHS
MOXIMBHX TpOOJIeM 1 yHUKHEHHS HaJMIpHOTO
30LIBIICHHS PIOPUTETY JJIsl KOHKPETHOTO BaroHa.

Tperim  ¢akropoM  JOMITBHO  00OpaTH
BEJIMUMHY 10Tpady, Ky OyAe CTATHYTO 3 3aIi3HUYHOTO
MIIMPUEMCTBA Y Pa3i HEIOTPUMAHHS TEPMIHY JIOCTABKH
BaHTaXy. TakuM YMHOM, HANPHKIAM, 3 JABOX BArOHIB,
SKi MalpTh OJHAKOBHUMH BCi 1HII (aKTOpH, CiIix
00poOIsITH TepmuM TOH BaroH, 3a IIEPEeBE3CHHS
BaHTaXYy SKOTO OyiTa cruradeHa OiuTbIIa MPOBi3HA IUIaTa.
Tob6to e abo gopokumii BaHTax, ab0 OLTBIIA BiJICTaHB
mepeBe3eHHs. Xoda J0roBopd abo iHIII HOPMATHUBHI
JOKYMEHTH, 3TiTHO 1O SKHX HapaxOBYIOTBCA CyMma
mrpady, MOXKYTh MICTUTH ¥ iHIII YMOBH, ajie BCE XK
TaKH OCHOBOIO 3a3BMYali € caMe IMPOBi3Ha IUIaTa.

Bubip mMaTtemaTndHOTO amapaTy HEHPOHHUX
Mepex s TMOOYZOBHM MOJENi OIIHKH IIPiOPUTETY
00poOKH BaroHiB BH3HAYAETHCH IXHBOIO 3JATHICTIO
BpaxOBYBaTH CKJIQJHI Ta HENIHIHHI 3aJEKHOCTI MiX
pizHUME (aKTOpaMH, SKi BIUTHBAIOTH Ha OOpPOOKY
BaroHiB Ha 3aJI3HUYHUX TEXHIYHUX CTAHINIAX.
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MarematuuHa ~ amapaTypa — HEWpOHHHX
MEpEeX JT03BOJISIE aBTOMATHYHO BU3HAYATH ONTHUMAJIbHI
BaroBi KoedimieHTH Is pi3HUX (akTopiB BHOOPY
MOPAAKY OOpOOKM BaroHiB, BpPaxOBYIOUM iXHIO
BaXJIUBICTh Ta B3aemofito. Ile 0coOIMBO BaXKIMBO B

KOHTEKCTI OOpOOKM BEIUKOi KIJIBKOCTI JaHHX Ta
PI3HOMaHITHHUX BX1THHX [TapaMeTpiB.
Heiiponni ~ Mepexi  miaxomiare  uis

PO3B's3aHHS 337124 NPOTHO3YBaHHA Ta Kiacudikarii,
OCKIJIbKH BOHH MOXYTh aJanTyBaTHCS JO CKJIAJHUX
HECTPYKTYPOBAHUX JaHUX Ta €()EKTHBHO BPaXOBYBATH
B3a€MO3B'SI3KM  MDK DPI3HUMH 3MiHHAMH. Mepexi
MPAIOTh 32 TNPUHIUIOM B3a€MO3B'SI3aHUX IAPIB
HEHPOHIB, SIKi ABTOMATHYHO HABYAIOTHCS 3/1iHCHIOBATH
nepeadavYeHHs Ha OCHOBI BXIJTHHUX JTAaHHX.

[Ipu BUKOPHUCTaHHI HEHPOHHHX MEPEK ISt
MOJICTFOBaHHSI TIpIOpUTETy OOpPOOKHM BaroHiB, MH
MOXXEMO BpPaxOBYBAaTH Di3HI NapaMeTpH, Taki sSK 4ac
3aTPUMKH, 3QTUIIKOBUI Yac, BeIMYMHY MTpady Ta
iHI, Ta HABYHUTH MOJEIb aBTOMATHYHO BH3HAYATH
TXHIO BATOMICTh Y BU3HAYCHHI TOPSIKY OOPOOKH.

Taxuii miaxia K03BOJIsE CTBOPIOBATH THYYKI
Ta aJanTUBHI MOfeNi, SKI MOXYTh e(eKTHBHO

NPAIIOBATH 31 CKIIAIHUMHU 3aJIOKHOCTSIMH B JAHUX, 10
CrpHsie TOUHIIIN Ta HaIMHIIIINA OIHII MPIOPUTETIB
00pOOKH BaroHiB Ha 3aTI3HUYHUX TEXHIYHUX CTAHIISX.

Y paMkax HeHpoMepekeBOI Momei Jyis
BU3HAYECHHS TPIOPUTETHOCTI  OOpOOKM BaroHiB y
3aJII3HUYHMX ~ HEPeBEe3CHHSX, IPOLEC BHU3HAYCHHA
MPIOPUTETY MOXKE OYTH PO3TIISTHYTHH SK ONTHMIi3arlist

BaroBMx Koe(]illi€HTIB, SIKI BH3HAYAIOTh Ba)KIIMBICTh
pi3HUX (QakTOpiB y BUOOPI MOpsAKY 00poOku. Mozens
BHUKOPHCTOBYE apXiTEeKTypy MOBHO3B'SI3aHOT HEHPOHHOT

Mepexi 3 HACTYITHUMH eTariaMu o0poOKH:

1. Ha T[OYaTKy, BXiOHUH map Mepexi
NPE/ICTAaBIsiE  Pi3HI  (aKkTOpW, Taki SK MOTOYHA
3aTpUMKa, 3aJIMIIKOBHI Yac Ta BeJIHMYHHA Tpady, sKi
BpaxOBYIOThCS PU BU3HAYCHHI NPIOPUTETY 00OpOOKH
BaroHy;

2. crmijioM 3a UuM, iHQoOpMallis HPOXOIUThH
4yepe3 TPUXOBaHI MIApH MEpexi, Je HeHpOHU
0OYHUCITIOIOTh B3aEMOJIIIO Pi3HKUX (DAKTOPIB Ta IX Bar;
Barv HAJAIITOBYIOTHCS MiJl Yac TPEHYBAHHS Mepexi
Ha ICTOPUYHUX JIAHHX;

3. Ha BHUXOIi MEpeXi pO3TAIIOBAHUNA BUX1THUN
map, sIKHA MiCTHTh HEUPOHH, SIKi TeHEPYIOTh OIIHKH
MIPiOPUTETIB IS KOKHOTO BaroHy; (PyHKIIiSI aKTUBAIIii
Ha I[bOMY IIapi BUPIMIYe, 5K IIi OLIHKA BPaXOBYIOThH
(baxropu;

4. (GyHKIIS BTpaT OLIHIOE PI3HUIIO MDK
pO3paxoBaHWM  IIPIOPUTETOM Ta  (aKTHIYHUM
NPIOPUTETOM Ha TPEHYBAIBHHX IaHHX; Mepexa
HAMAra€eThCs MIHIMI3YBaTH IIO0 PI3HUIIO B TIPOIEci
HaBYaHHSL

5. JUIE  KOpeKIii Bar BHKOPHUCTOBYETHCS
ONTUMI3aTOp HAa OCHOBI BTpaT Ta TPAII€HTIB,
3BOPOTHE TOIMIUPEHHS MOXMOOK IONOMarae Mepexi
ajanTyBaTHCS JO 3MiH Yy Barax Uil MOKpPAILCHHS
TOYHOCTI TIPOTHO3YBAHHS MPIOPUTETY; TAKAM YHHOM,
HelpoMepexkeBa  MOJETb  BHUKOPHCTOBYE  CBOIO

apxXiTEeKTypy Ul aBTOMAaTH30BAHOI'O BPAaxXyBaHHS Ta
onTuMizanii pi3HHX (aKTOpiB, IO BIUIMBAIOTH HA
MIPOIIEC PO3COPTYBAHHS Ta BiANPABICHHS BaHTAXKIB.
Ha puc. 1. HaBemeHO Mofenb Ha OCHOBI
apxiTeKTypM MOBHO3B’S3HOI  HEHpPOHHOI  Mepexi
NpsSIMOTO  PO3MOBCIOUKEHHST  CHTHaly, ImIo Oyna
chopMoBaHa JUIS BHUpINICHHA 3a7adi  Bi3auCHHS
MPiOpUTETIB 0OPOOKH BaroHiB. Mojenb Mae 3 BXifHi 1 2
BUXIJIHI TApaMeTpH.

NOMOYHD 3AMPUMKO
2.30nuwkobud vac crdybakg ’
J.npobisHo nnama

Input

:
{ Hidden '}

W b

{ Output Y

W b

1knac npiopumemHocmi
2BenuyuHa npiopumemy

3 Cutput

Puc. 1. — ApxiTekTypa MoBHO3B I3HOI HEHPOHHOT
Mepexi IPSIMOr0o PO3IOBCIODKEHHS CUTHAITY

OOuKClieHHsT Y Mepexi HaHOl apXiTeKTypu

MalTh TEBHI  OCOOJIHMBOCTI. Po3paxynok
IiJICYMOBYBaHHS Bar Ui HEHpoOHA Yy IPUXOBAHOMY
Lapi MOXHa BHPasuTH (GopMyIIoKo:

Z =Zi=1(Wi'Xi)+b,

@
e n . KUTBKICTh BXIJHHX MapaMeTpiB,
Wi - BaroBWH KOEQiIli€HT, Xi - BXiIHWI mapamerp,

b - 3CyB.

V xonTekcTi HefipoaHux Mepex "3cys" (bias) -
L€ IOJITATKOBUH MapameTp, sIKUH JOJAETHCS 4O 3BAKEHOL
CyMU BXi/IHUX CHTHAJIB Iepell 3aCTOCYBaHHAM (DYHKIIIT
akTuBaIlii. 3CyB I03BOJISIE
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3cyBaTH (3MIIyBaTH) pE3yibTaT 3BaKEHOI CyMH, IO
IHKOJIH € BaXJTUBUM JUTS KOPEKTHOI poOOTH HEHWpOHa.

MaTeMaTI/I‘lHO, SIKIITO Z — 3Ba)K€Ha CyMa

BXI/IHMIX CHTHAJIB, a b — 3CyB, TO BXOIH Y QYHKIIifO
aKTHBAIil BUTJISIAI0TH TaK:

f(z+b),
@

3CcyB JMO3BOJNSE MOJNENi BHUBYATH 3MiICHHS
BiJTHOCHO HYJILOBOT'O BXOAY 1 MOXKE OYTH KOPHCHHUM ISt
ajanTamii 10 pi3HUX YMOB Ta HaBYaHHS ONTHMAIbHHX
rapameTpiB HEHPOHY.

VY skocti QyHKUii akTHBaUii JIs HEHpoHA y
MIPUXOBAHOMY mapi Oyna 3aCTOCOBaHa
nmorcurmoinaneHa  ¢Qyakiis  (logsig), dopmyny skoi
MOXKHa 3aIMCAaTH HACTYITHIUM YHHOM:

f(2)= —

1+ e
@3)

ne a - napamerp, SIKUM KOHTPOJIIOE HaXMII
(slope) ¢ynkuii akruBamii. lleit napamerp Moxe
BapilOBaTHCsl 1 BIUTMBATH Ha KpyTicTh (Steepness)

"cxuny" dynkuii. 3a3Buuaii a o0HpaeThCs SIK TEBHA

KOHCTaHTa (Hanpukiax, O = 1), ane B OCSIKUX
BHIIaJIKaX BiH MOKE OyTH MapamMeTpoM, SIKH i JyIsirae
OIITUMI3alil i Yac TPEeHYBaHHsI HEUPOHHOI Mepexi.

VY BUXiIHOMY WIapi, 1e h BEKTOp aKTHBAIlii

NPUXOBAaHOTO  INAapy,  BUXIJHUH 0
PO3PaxOBYETHCS aHAJIOTTIYHO:

0= (wh )+b

m

— KUIBKICTh HEHPOHIB Yy NPUXOBAHOMY
| . -

aKTUBAIIHUI BUXia HEHpOHA y IPUXOBAHOMY IIapi.

CHUTrHaJ1

)

e

mapi, BaroBuil  KoeQiIli€eHT,

i ¢opmyan gomoMararoTb  BH3HAYHMTH
MaTeMaTUYHHI acreKT poOOTH OKPEeMOro HedWpoHa Ta
Mepexi B LIOMY, BPaxOBYIOUM BaroBi KoedilieHTH,
(yHKIIT akTHBaii Ta 3CYBH.
3rizHO 710 00paHOi apXiTeKTypH HEHPOHHOI Mepexi
Oymo pospobieHe IporpaMHe 3a0e3lEYeHHs B
cepenosuim  Matlab, B  xomi MomemoBaHHS Ta
ONTHMIi3alil CTYKTypH Mepexi OyJIo BCTaHOBJIEHO, IO
CTBOpEHa MoOJeib 3a0e3leuye SKICHUH pe3ynbTar 3a
YMOBH, IO NPUXOBAaHWH Iap MICTUTH Onm3bKo 80
HelipoHiB. Ha puc. 1 HaBemeHO nianoroBe BIKHO
MPOIIECY HABYAHHS MEPEXi 32 METOIOM 3BOPOTHOIO
PO3TIOBCIOIKCHHS TTOXUOKH.

Natworn Daagram
Trakming Rosuhs
Epoch 18020
-
Traiming Progress
Unit Inatial Vaton Corvont Vialue  Target Value
Elapsed Time 320
Par » S Lo
Gradent 1 -
shdation Chech
Tiaining Algoeithea
Dats Divislon  Random
Tralesng Scaled Congugate GraSert
Parfermance Cross Extropy
Calouletioms  MEX
Trakming Plots.
Partirrance g Slne
Eror HsOgAn
Recever Operating Craractenst

Puc. 2. Jlianorose BiKHO MpOIIeCy HAaBYaHHS Mepexi 3a

METOAOM 3BOPOTHOI'O PO3MOBCIOHKCHHS ITOXHUOKH

VY xozi TpeHyBaHHs OyJI0O OTPUMAHO HACTYIIHI
rpadiky, 10 UTFOCTPYIOTh JUHAMIKY MPOIeCy HABYaHHS
HeliponHoi Mepexi. Ha mnepmiomy rpadiky, 1m0
MpeACTaBisie AWHAMIKY MOXMOOK HaB4YaHHA (puc. 3.),
IaHl pO3AUIAIOTBCI HA TPU OCHOBHI  Habopu:
HaBYAIIBHUA, TECTOBHIA (mepeBipouHmii), i
BaJIl JALl HIH.
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Best Validation Perforrmance is 038065 at epoch 7

Mean Squared Etror {mee)

Train
m—\falidation
= Test

L] 10 12

13 Epochs

Puc. 3. JluHamika cepeTHbOKBaIpaTHYHNX TTOXMOOK B TIPOIIEC HABYaHHS PO3pO0IIEHOT MEpEeXi i3 3aCTOCYBaHHIM
HaBYAJILHOT0, BaJIIAIIIIIHOTO Ta TECTOBOr0 HAOOPIB JAHMUX.
Graciest = 0060215, at epock 13

HapuanpHuii HaOlp BHUKOPHCTOBYETHCS IS
HaBYaHHsA caMoi Mozeni. Mojenb ajganTtyeTbes 0
JAHUX [[LOr0 HAOOpy, OOUUCIIOIOYHU TPATIEHT QYHKLIT
BTPaT 1 OHOBIIIOIOYM MapaMeTpH Ui MiHiMi3amii wmiel
GbyHKii.

TecroBa BUOIpKa HE BUKOPUCTOBYETBHCS IiJ|
4yac TPEHYBaHHS], aje BUKOPUCTOBYETHCS Ul OLIHKH
MPOJYKTUBHOCTI MOJZEINI MICJIsl 3aBEPILCHHS] HaBYaHHS.
Mopenb OLIHIOEThCS HAa TeCTOBIH BHOIpIH, 1100
BU3HAYUTHU, HACKIJIBKH JI0OOpE BOHA y3arajbHIOETHCS Ha
HOBUX, paHillie HeOaueHUX JIaHHX.

Baninaniiina BuOipka BUKOPUCTOBYETBCS JUISI
TOHKOI'O HANAIITYBaHHS MapaMeTpiB Mojeni Ta
3armo0iraHHsl TMepeHaBYaHHI0. Y Tpoleci HaBYaHHS
MOJICTIb  OLIHIOETHCSI HAa BaliJalidHI BUOIpHi, 1
OTPUMaHiI  pe3ylbTaTH  BHKOPHCTOBYIOTBCS IS
peryIIoBaHHs TinepmapaMeTpiB, TaKuX SK IIBHUAKICTH
HaBYaHHA. Ba)XJIMBO PO3AUTHTH aHi Ha i TPU BUOIpKU
JUisl e(peKTUBHOTO OL[IHIOBAHHS YCHIIITHOCTI MOJIENi Ta
VHUKHEHHS IIepeHaBYaHH], IO € CTaHAapTHO
MIPAKTHUKOIO B 00JIACTI MAIIMHHOT O HABYAHHSI.

Hacrymuwuii rpadik (puc. 4.), skuii Bimodpaxkae

OUHAMIKY  TEpeBIpOYHOrO Habopy, JIO3BOJISIE
BU3HAYUTH, SK TOYHICTh YH TIIOMHJIKA MeEpexi
3MIHIOIOTBCST Ha TEpPEeBIpOYHUX JaHUX M dac

TpeHyBaHHA. Lle BaKITMBO U1 OIIHKK TOTO, HACKUTBKA
e(peKTHBHO MepeXkKa y3araJbHIOE CBOI 3HAHHS Ha HOBUX
JTaHUX.

V‘_Ho.(hds-ﬁ,lgaodﬂ )

6
) B
4 .
=
- ¢
=
2 “
S B
L e S ; .
0 2 4 & 8 " 12
13 Fpochs

Puc. 4. Ilunamika: a) rpagieHTy Ta 0) MOMHIOK
BaJTi a1l B poLieci HaBYaHHS PO3po0IIeHOT HeUPOHHOT
Mepexi.

I'padik ricTorpamMm TOMWJIOK Yy TpoIieci
HaBYAaHHSA HEWPOHHOI Mepexi (puc. 5.) BimoOpakae
PO3TIONINT BENWYHMH TTOMIUIOK MiXK TPOTHO30BAHUMH Ta
(aKTUYHAMH ~ 3HAYCHHSAMH. BakJIMBUM  acreKToM
aHAITI3Y € CIOCTEPESKEHHS 32 HOPMAIBHAM PO3MOIIIOM
MOMWJIOK, SIKUM BKa3dye Ha eQEeKTHBHICTh MOJENI.
30inpIIeHAs PO301KHOCTI BiJf HOPMAIIEHOTO PO3TIOALTY
MOJKE CBITYHMTH TPO MPOOIEMH, TaKi K IepeHaBYAHHS
(amrm.  overfitting) abo HemoHaBUaHHS  (aHTII.
underfitting), M0 BIJIMBAIOTh Ha y3araJbHIOIOUY
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3/IaTHICTH MOJIEINi 10 HOBUX AaHuX. OIiHKa po3oiny HeJIOHaBYaHHS CIPHSIE ONTHMI3allii TPEHyBaHHS MOJIEN]
MOMWJIOK Ta BHSBJICHHS SIBHII TIEPEHaBYAHHA YU JUISL IOCSITHEHHS! 0a)kKaHUX pe3yJIbTATIB.

Emor Histogram with 20 Bin
=i B Trzining
I/ alidation
I Tt

Zero Errar

IMstarces

b = — O WL o ~ & iy o o ~F I k- Ny Ly I ~— =F ko

i I I ~ F~ MN OO0~ ~F — — =& i 0 ™4 LUy Ly WO IO O

= I = I == = e O O o
ll.l.c.

Puc. 5. T'icrorpama po3nofisny KUIbKOCTI €K3eMILISIPiB OL[IHIOBAHHS BUXIJIHUX CUTHAIIIB MEPEXi 3TiJHO 10
BEJIMYMHU TTOXUOKH
BIAMOBIIHUMHU  PIBHAMH  TPIOPUTETY  EK3EMILIPIB
Ha nacrymHomy TpuBuMipHOMY rpadiky (puc. JIAHUX, 110 TPEJICTABIAIOTh 1H(OPMAIIIIO PO BAHTAXKHI
6.) HaBeJIeHa Bi3yastizallis pe3yabTaTy Kiacupikaii 3a BaroHW Ha CTaHIII.

Puc. 6. Bizyamizamist kiacugikalii BaroHiB 3a JOMTOMOT O HEHpOMepexi 3TiTHO 10 YOTHPHOX KIIACIB
TIPIOPUTETHOCTI.
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OTxe Oyno chopMOBaHO HEHPOHHY MOJIEb,
MIpU3HAYEeHY JUIl BU3HAYEHHS NPIOPUTETHOCTI 00pOOKH
BAaroHiB Ha 3aJi3HUYHMX TEXHIYHHUX CTaHmisx. Ll
MOJIETTb BHPOOJIS€ 1Ba KIIOYOBHX IApaMeTpH, IIOo
CHPHSIOTH YIPaBIIHHIO Ta ONTUMi3alii Mporecamu
COPTYBaHHsI BaroHiB.

[epmmii mapamerp — "ki1ac nmpiopureTHoCTI"
— BH3HA4ya€ KaTEropil0 MPiOPUTETHOCTI Uil KOXKHOTO
BaroHa. Mojenb Kiacugikye BCIo MHOXKMHY BaroHiB Ha
BaroHW '"3BWYalHOro mpiopurery", "CEepeaHBOro
npioputeTy”, "BUCOKOTO NpiopUTeTy" Ta "BHHATKOBOTO
npiopurety”. Lls knacudikamis Hagae 3pydHU crocio
iTeHTU(IKAIl Ba)XJTUBOCTI BaroHa JJIs TEXHIYHOI
cranl.

Hpyruit rnapamerp - "BeIMYNHA
abcomoTHOro Tmpiopurety” BU3HAYa€ KOHKpPETHE
YHCIIOBE 3HAYEHHS IPIOPUTETY U KOXKHOT'O BaroHa.
Ie#t mapamerp BpaxoBye BCi (pakTOpH, IO BH3HAYCHI
MOJIEJIUTIO, Ta BKa3ye Ha 3arajibHe 3HAUEHHS BaXKJIMBOCTI
BaroHa, BPaxOBYIOUM BCI BaroHM Ha CTaHIil, IO
i JJIATal0Th IepepoOI.

BukopuctaHHs 1MX JBOX IlapaMeTpiB
poOuTh Halry MozeNnb OLTbII €)EKTHBHOIO Ta THYYKOO
y BHUpILIEHHI 3aBJaHb IPIOPUTETHOI'O COPTYBaHHS
BaroHiB. Kitacudikarris Ha KijbKka KaTeropii gomomarae
orepaTopam IIBUIIIE Ta 3PYYHIIIe KePyBaTH MOTOKAMH
BAaroHiB, BH3HAYAIOUM 1X BaXJIMBICTh. BennmunHa
aOCONIIOTHOTO MNPIOpUTETY HAAA€ TOYHY KIUIbKICHY
OLIHKY, IO IOJIETIIye MPOrHO3YBAaHHA Ta IUIAHYBaHHS
pOOIT Ha TEXHIYHIN CTaHIIII.

BaxnuBo BiA3HAUUTH, IO HE AUBJISYUCH HA

Te, W0 MOAETb MOXKE BH3HAYaTH aOCONOTHUIL
OpiopuTeT IS KOXKHOrO — BaroHa,  PO3LIMPEHHS
¢bynkmionany go  kimacudikamii  Ha  Kareropil
MIPIOPUTETHOCTI BUSIBUJIOCS KOPUCHUM i
0OIPYHTOBAHUM.

[Mo-nepmie, knacudikallisi BarOHIB Ha KUJIbKa
KaTeropii BijioOpakae MPHUHIKIT poOOTH HEHpoMepexKi,
sIKa CTeialli3yeThCsl Ha PO3MO/LIL 00'€KTIB B KOHKPETHI
KJIaCH B 3aJIOXKHOCTI BiJ ix xapakrepucthk. Lle cTBoproe
OUIbIl HIOAHCOBAHY CHCTEMY OIIHKH Ta KepyBaHHS
NpIOPUTETaMHU, 10 BigoOpakae  PI3HOMAHITHICT
(bakTOpiB BILTUBY Ha OOPOOKY BaroHis.

[o-mpyre, xnacudikarisi cripusie 3pyIHOCTI
Ta HarJsIIHOCTI. BoHA 103BOIISIE omepaTopaM TEXHIYHUX
CTaHIIN MBUAKO PO3MOALTISATH BarOHH 3a KATETOPisMH,
IO TMOJETUIye MPUHHATTS ONEPAaTUBHUX pilleHb.
MaHeBpOBHM JHCIIETYEPAM CTA€ JIETIIe B3a€MOIIATH 3

CHCTEMOI0, BH3HAYAalO4Yd MPIOPUTETH Ha OCHOBI
BYKJIMBOCTI Ta TIEBHUX MApaMeTpiB, SKi BU3HAYAIOTHCS
MEPEeXEIO.

Otxe, BHOIp  BUKOPHCTAHHSI  JBOX

3a0€3MeYNTh MOMKIIMBICTD PO3POOKM BHCOKOSIKICHHX
cucteM MATpUMKH TpudHATTS pimens (CIIIIP) mos
OIEPaTHBHOI'O YIIPaBIIiHHS IIEPCOHAITY.

Mognens HelpoMepexi JIO3BOILAE
3IIMCHIOBATH aBTOMATHUYHHUHA aHaNi3 Ta KIacH(iKaIiio
BaroHiB 3a TpIOpUTETaMH, MI0 pOOUTH TpoIeC
YIpaBiHHA OUIbII ePEeKTMBHUM 1 IIBUIKUM. Takum
YIHOM, MOJIENb 3a0e31euye MOXKIMBICTh ONIEPATUBHOMY
KEepiBHOMY TICPCOHATy CTaHI JIETKO aHaji3yBaTH,
IHTEpIIpEeTYBaTH Ta BUKOPUCTOBYBATH JaHi, SIKi HaJae B
pexuMi peansHoro vacy cucrema ACK BII V3 €, ms
TOPUAHATTS HIBUITKHX Ta O0TpYHTOBaHUX
YIIPaBIIHCHKUX PillIeHb.

Mopenb Takok Mae 3a METy 3MEHIICHHs
CTyIEHsl HEBU3HAUCHOCTI NPY NPUHHSATTI PillIeHb LI0JI0
MOpSIAKY OOpOOKHM BaroHiB Ta COCTaBiB Ha CTaHIII.
CripaBXHsl CKJIaJHICTh TIOJISITA€ B TOMY, IO TOYHO HE
BiJIOMO, sIKi caMe BaroHU 3 TEPMIHOBOIO JOCTABKOIO, y
pasi 3MiHM MOpsAKy oOpoOKH, 3MOXYTh "HazgorHatu'
rpadik Ta yHUKHYTH HapaxyBaHHs mrpadiB. OpHax
caMme HelpoMepe)keBa MOJIelNb J03BOJISE MaKCUMaJIbHO
TOYHO MPOTHO3YBATH 111 MOII.

3acTocyBaHHS ~MojeNni poOUTH  TIpoIEC
VIPaBIiHHSA  CTAaHI€I0 MEHII BHUIQJKOBHUM  Ta
3a0e3neuye mpaiiBHUKaM Oinblie iHpopmaiii s
NPUIHATTS OOTPYHTOBaHMX pillleHb. MaKkcuMaibHO
TOYHI TPOrHO3M 3a0e3MeuyloTh HaAIWHY OCHOBY JUIs
VIPaBIIHCHKUX PillleHb, 10, B CBOIO 4Yepry, CIIPUSE
e(eKkTUBHIi poOOTI CTaHIIi Ta YHUKHEHHIO MOXJIMBUX
mrpadis 3a nopyiieHHs rpadiky 10CTaBKH BAHTAXIB.

Otmxe, chopMoBaHa MOZEHb € BaXKIMBUM
KPOKOM Y PO3BHUTKY TEXHOJIOTIH A5l 31I3HUYHOT Taty3i,
OCKIJIbKM BOHA JIOTIOMAra€ IOKPAILUTH OIepaTHUBHI
NpolLecH Ta 3MCHIIUTH 3alIeKHICTh Bifl PYYHOrO
BTpydaHHs. 1i BNPOBa/UKEHHS B CHCTEMH YTPABJiHHS
CTaHIISIMU BIJJKPUBA€E TEPCHEKTUBH ISl MOJAABIINX

JIOCITI JPKEHB Ta PO3BUTKY IHTErpOBaHUX
ABTOMATU30BaHHUX pIllIEHb Ui Taly3l 3aJli3HUYHOrO
TPaAHCIIOPTY.

BucHoBku.

Otpumani pe3yNbTaTH BU3HAYCHHS
NPIOPUTETHOCTI OOpOOKM BaroHiB  CBiAYaTh MpO

BXIIMBICTh ONTUMI3alli IBHOro Mpolecy y ranysi
BaHTQXXHUX 3aI3HUYHHUX IMepeBe3eHb. Y KOHTEKCTI
TiABUIIEHHST e()eKTUBHOCTI Ta CBOEYACHOCTI JOCTABKH
BaHTaXiB, BUKOPHCTaHHA MaTEeMaTHYHOI MOJENi Ha
OCHOB1 HEHPOHHOI MEpeXi TSI BU3SHAYCHHS MIPIOPUTETY
BaroHiB BHABHJIOCS BaYKIMBUM KPOKOM Y 3a0e3IeueHHi
ONTHMAJIBHOTO YIPABIiHHSL.

Pesynmbrati aHamizy MiATBEPIKYIOTH, IO
onTuMizamis mpouecy OOpoOKH BaroHiB, 30KpeMa 3
ypaxyBaHHAM (aKTOpiB, SKi BHU3HAYAIOTH IPIOPHUTET,

mapaMeTpiB — KJ1acy MPIOPUTETHOCTI Ta aOCOMOTHOTO ~ MOXKE TPH3BECTH O 3MCHIICHHS 3aTPUMOK Ta
MIpiOpHUTETY — 301bIIye (DyHKI[IOHATBHICT MOAENI T4  MiJBHINCHHS  3arajibHOl  e(EeKTHBHOCTI  CHCTEMHU
pobuth ii Oinpml eheKTHBHOIO s MOTpeOd CydacHMX  3aji3HMYHHX [EPeBe3eHb. 3aCTOCYBAHHS IMOAIOHOI
TEXHIYHUX CTAHIHN. MOJENll  CTa€  BAXKIMBUM  IHCTPYMEHTOM IS

Ls ™momenp Bifirpae BaXJIWBY poidb y  aBTOMAaTW3aIlii Ta  YHAOCKOHAJCHHS  COPTYBaHHA
KOHTEKCTI MOMANBIIOl  aBTOMATH3AaIii  yIpaBIiHHI BaHTAXIB.
3aIII3HHYHUMHA TEeXHIYHUMU CTaHIII IMU. Ii
BIIPOBA/DKEHHS BXKE€ HA [bOMY €Tali pO3BUTKY
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Taxuit MAXI1T o BU3HAYEHHS
MIPIOPUTETHOCTI MOXKE€ MaTH BaroMuil BIUIMB Ha
3a0e3MeueHHs] SIKICHUX Ta CBOEYACHUX IIEPEBE3CHb B
paMKax 3aJi3HWYHOI JoricTuky. [lomanpinmii anamis Ta
BIIPOBA/DKEHHSI  PE3YNIBTATIB  JIOCHIDKEHHS  MOXe
CIIPUATH  ONTHMIi3allii JIOTICTUYHUX TPOLECiB  Ta
TIOMIIIIEHHIO 00CTYrOByBaHHS BAaHTa)KOIIEPEBE3CHb.

Takum umHOM, chopmoBaHa MaTeMaTHIHA
MOJIETTb MOXK€E OYTH 3aCTOCOBaHA y SIKOCTI OCHOBH IPH
nobynosi CIIIIP onepaTuBHOrO IIaHyBaHHS POOOTH
3aJII3HUYHUX TEXHIYHUX CTAHIIHN.
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Neural

Parkhomenko L.O., Prokhorov V.M., Kalashnikova
T.Yu., Ovsiannikov D.O. Development of a Model for
Managing Priority in Wagon Processing at Technical
Stations under Conditions of Uncertainty.

Ensuring timely cargo delivery is a crucial
aspect of the transportation process, with railway
technical stations playing a decisive role in handling
wagon flows. The complexity of addressing this issue
lies in various uncertainty factors that may potentially
impact decision-making processes. However, traditional
management technologies struggle to accurately assess
and incorporate these factors into decision-making. This
article addresses the identification of key decision-
making factors, proposing a model for determining the
priority of wagon processing at railway technical
stations, aiming to further automate the management
process.

Both uncertainty factors complicating wagon
processing, formation, and their movement through the
railway network, as well as wagon parameters suitable
for determining processing priority to ensure timely
cargo delivery and reduce losses for railway carriers,
were analyzed. The article proposes a solution in the

form of a neural network model specifically designed to
determine wagon processing priority.

The main functional blocks of the model
include an input layer considering various factors such
as delay, residual time, penalty magnitude, etc. Hidden
layers compute the interaction of these factors, while the
output layer generates priority estimates for each wagon.
The model classifies wagons into four priority classes:
ordinary, medium, high, and exceptional, determining
the magnitude of absolute priority. This approach allows
for accurate forecasting of the sensitivity of the wagon
processing process to control actions to ensure that a
maximum number of wagons can catch up with the
schedule and avoid penalty sanctions.

The article’s conclusion emphasizes the
importance of the developed model for further
automating the management process of technical
stations to avoid delays in cargo delivery and penalty
sanctions.

Keywords: on-time cargo delivery, wagon
processing priority, automation of technical station
management, uncertainty, neural network model.
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MODEL OF THE SPEAKER IDENTIFICATION
AND VERIFICATION SUBSYSTEM

Abstract. The paper is focused on the pressing problem of authentication and verification of speakers based on voice information,
which plays an important role, for example, in online or remote communication and information exchange in all
spheres of life, including scientific communication. The aim of this paper is to create a model of a speaker
identification and verification subsystem. To achieve this goal, the following tasks were accomplished: the connection
of the modules of the proposed model was explained, the voice information analysis module was explored, while
ensuring the scalability of the system with a significant increase in the number of users, and the results were analyzed.
The developed pseudo-ensemble-based neural network module was tested on a dataset prepared on the basis of the
LibriSpeach corpus, an open English speech corpus based on the LirbiVox project of voluntarily provided audio books.
The result of applying the developed module on the selected dataset is demonstrated, demonstrating that in order to
implement the subsystem in a neural network training system, the proposed pseudo-ensemble should be trained on at
least 120 epochs using noise reduction methods at the stage of audio sequence preprocessing.

Key words: machine learning; speaker diarization; classification; pseudo-ensemble; sincnet; librispeach; librivox.

Introduction
Paper [1] presented a system of scientific
communication and knowledge sharing for young
scientists. The system operates in several modes: data-
storage, data processing, and voice information access.
These modes of operation are enabled by a number of
subsystems.
The data processing mode operates on the basis of
the following subsystems:
- subsystem of speakers’ identification and
verification
- subsystem for vectorization of scientific
papers
- subsystem for clustering vectorized scientific-
papers by research topics using the method of
textual proximity
The functional diagram of the proposed system of-
knowledge exchange of young scientists is shown in the
figure 1.

h 4

F

Data accumulation

A B C D
E
Data access Intellectua! Data
M Analysis
F

Figure 1 — Functional diagram of the proposed system
of knowledge exchange of young scientists.©
Vladyslav Kholiev, Olesia Barkovska 2024

When considering the functionality of the system
in each mode, it is important to understand what the
inputs and outputs of each mode are:
marker A: data is accumulated in the form of user voice
data for further training, as well as in the form of
electronic documents of scientific papers for
vectorization and further clustering of papers similar in
topic.
marker B: the repository subsystem receives various
requests: for access to scientific papers in various forms,
for user data and metadata (for example, for the
subsystem that provides social rooms), as well as
requests for verification and identification of users.
marker C: the relevant modules receive voice data for
training, or classification and research documents for
further vectorization and clustering.
marker D: as a result of the analysis mode, neural
network models are trained on the basis of voice data
and their weights are saved to the repository, and based
on the uploaded research documents, their vectorized
representation is formed and saved, and the documents
themselves are assigned to a group with similar topics.
marker E: if there is a need to identify or verify users,
requests are sent with the relevant data (user ID(s)
and/or conference IDs, etc.);
marker F: in response to the queries, either individual
neural networks or a pseudo-ensemble module is
deployed based on the stored weights of the trained
networks.

This paper proposes a solution, the results of which
can be used in subsystems that maintain virtual
conference rooms and security, performing the
following functions:
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diarization of a virtual conference by means of speaker
identification.
user authentication by verifying the speaker.

[Tporo3uwist pilieHHs ONMCaHa y BUTIISI MOIYIIS
Ha OCHOBI PO3MOIJICHUX HEHpOMEpPEKEBUX MOJEICH,
SIKi BUKOPUCTOBYIOTh apXiTekTypy SincNet [2].

An important aspect of modern life, present in an
increasingly large part of it, is the authenticity of an
individual and the ability to verify it. If earlier it was
possible to uniquely identify a user by simple data such
as email and password, nowadays, with computing
power that is many times greater and allows to bypass
more and more complex methods of personal
identification, such data is not sufficient. For this reason,
methods of identity identification and verification based
on biometric data, such as fingerprints, retinas, face, and
voice, are gaining popularity [3]. Among them, the voice
identification method stands out due to its accessibility
and convenience for the user.

Audio information plays one of the most
widespread and important roles, as it is primarily used
for communication and information exchange in all
aspects of life, including scientific communication, or
rather, inward-facing communication [4-5]. Scientific
conferences, symposia, forums, etc. are mostly held in
the format of audio reports or discussions accompanied
by visual material, usually presentations. However, the
accompanying visual material is mostly optional, and the
participants' presentations are often designed to be
listened to, so all the necessary information is contained
in the report.

Diarization is an audio signal processing and
transformation process that results in segmentation and
labeling of the audio signal according to the sources of
sound. In other words, diarization answers the question
"who speaks when?" or "what sounds when?". This
process generally consists of several stages, such as pre-
processing the input audio to improve the quality and
accuracy of the result, detecting and splitting the audio
stream into segments when an audio event occurs,
encoding (embedding) signal characteristics, and further
clustering or classification depending on the task [6].

Over the vyears, algorithms and approaches to
individual stages, or even to the process as a whole, have
been changing and improving. Modern approaches to
diarization include the so-called end-to-end neural
diarization, where individual submodules of the
traditional speaker diarization system mentioned above
can be replaced by one or more neural networks [7-10].
With the rapid development of deep learning and
ensemble approaches, this strategy is gaining
popularity [11-13]. This paper focuses on the stages of
audio classification and labeling.

Diarization is used to solve a variety of
applications, such as speaker recognition, audio
analysis and segmentation, and others (fig. 2):

Application of
diarization

Speaker

.| Speech recognition
recognition "

enhancements

I
h

\oice separation Audio data analysis

'y
h

Voice tracking Audio segmentation

Figure 2 — Applications of diarization.

1. Speaker recognition: ldentifying the voices of
specific people in an audio recording.

2. Voice separation: Distinguishing
different voice sources in audio data.

3. Voice tracking: Tracking voice sources over time,
useful in analyzing dynamic scenarios.

4. Speech recognition enhancement: Improving the
accuracy of speech recognition systems by taking
into account individual voice characteristics.

5. Audio data analysis: Identification of the time
intervals in which speech occurs, as well as pauses
and background sounds.

6. Audio segmentation: Dividing an audio recording
into segments with homogeneous sound sources.

between

The aim of the work is to create a model of a
speaker identification and verification subsystem. To
achieve this goal, the following tasks must be done:

- Tosubstantiate the interconnection of the modules
of the proposed model;
To investigate the module of voice information
analysis, taking care to ensure the scalability of the
system with a significant increase in the number
of users;
- Toanalyze the obtained results
To accomplish these tasks, we propose a method
of analyzing voice information based on artificial neural
networks represented by a neural network pseudo-
ensemble using the convolutional network SincNet.
This method is a component of the voice information
analysis module of the proposed model of the speaker
identification and verification subsystem.

Materials and methods

The speaker identification and verification
subsystem consists of the following modules:
voice information analysis module;
authentication module;
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- module for interaction with social and conference models that receive the same input signal in waveform format
rooms; in combination with a decision-making algorithm based on a
The paper proposes the analysis of voice informatiovnoting algorithm.
based on a distributed neural network pseudo-ensemble, which
is a collection of individual, independent neural network

Individual pre-trained

SincNet models User se_lection Users
algorithm Databaze
e e I i
Input i j' ) ) i
wavemrmi Input signal F'hy:slcal prnperhes of i
signal | processing via | e inbut signal v | Probabilistic
: the Sinc band | models
i filters lzyer Individual | predictions
! 7Y » models' : Y Yy
i classifications | User D
| | .| Making the final
R . ! " decision
GPU CPU
Figure 3 — Generalized block diagram of the speaker identification and verification module.
The function block (FB) processes the input signal Speaker Classification
through a layer of filters based on the mathematical %
filtering function sinc works on the basis of pre-trained [ Softmax ]
SincNet networks [2]. SincNet is a CNN architecture in
which the first layer is replaced by a convolution with 1
sinc filters (fig. 4). [ CNN/DNN layers ]
Unlike similar approaches, the SincNet network
receives the signal in its original form, and bandpass [ Leaky RelLU ]
filters are used as convolutions, the parameters of which i
are determined by the network during training. For each [ Layer Norm ]

filter, only 2 parameters are trained - the high and low
frequencies. Thus, the network learns data in the context
of only certain frequency ranges, while working with the

T
< R
original signal, which reduces the necessary 5

WW. AR -
o

| T

Speech Waveform

[

%
3

Figure 4 — SincNet model architecture [2, p.2]

Bandpass filters themselves are represented as the
difference of two low-pass filters, and when translated into
the time domain, the filter is the difference of two sine
functions. Multiplying the original signal by the resulting
convolution is equivalent to selecting a signal of a certain
frequency band.
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Thus, at the first level, SincNet learns filters with faster convergence, fewer parameters, and less noisy
physical content based on the input signal in the audio filters (fig. 5).
waveform format. This approach provides SincNet with a
number of advantages over conventional CNNs, such as

Y lLA.,_._
0 n 250 0 n 250 0 n 250 0 n 250 0 n 250 0 n 250
0 f[Hz] 4000 0 f[Hz] 4000 0 f[Hz] 4000 0 f[Hz] 4000 0 f[Hz] 4000 O f[Hz] 4000
(a) CNN Filters (b) SincNet Filters

Figure 5 — Examples of filters learned by standard CNN and SincNet (using the Librispeech corpus). The first row
shows the performance of the filters in the time domain, and the second line shows their amplitude-frequency
response [2, p.4].

The final decision-making FB works as follows: Id = max([p1, p2 .., Pnl),
each of the models in the system is fed the same audio Q)
stream as input, after which each of the models performs where Id — internal identifier of the neural network, which
a binary classification (despite the basic capabilities of corresponds to the internal identifier of the user,
SincNet to perform multi-class classification). Each px — probabilistic score of an individual neural network
neural network trained to recognize a single speaker obtained as a result of classification,
gives a numerical probability value of the speaker's it — the number of neural networks (corresponding to

belonging to the neural network class (user ID). After the number of users) in the pseudo-ensemble at a particular
that, the probabilistic assumptions of individual models  point in time.

are collected into a collection and a decision is made at

the third stage of the module (fig. 6). When interpreting This algorithm is dictated by both the system concept and
the result, the weighted voting method is used, i.e., the the intended generalized use case — only one model should
class is determined by the number of the neural network identify the user, while the others should demonstrate low

that showed the maximum value at the output. scores.
User selection algorithm Isers Database
Probabilistic l
models Internal

predictions Selecting the model | user D
——» with the maximum

output value User ID
.| Mapping of the =&
g E—
user IDs
GPU CFU

Figure 6 — Decision-making algorithm at the module level.

This approach provides flexibility and supports the
idea of system modularity, as well as ensures that the
system responds with a low degree of error in the event that
more than one neural network has given a high probability
of the input signal belonging to their user class (for
example, if there are people with similar voices among
users).

Experiments
As a dataset, we chose a dataset that was
independently generated on the basis of the LibriSpeech
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corpus [14], which, in turn, was generated on the basis of
the LibriVox audiobook project [15], which is in the
public domain, or rather its segments in English.

The corpus is divided into several parts, available

training sample in three archives — 100-, 300-, and 500-hour
archives. In total, the corpus includes 982 hours from 2338
speakers.

separately: a test sample in a single archive, as well as a

Table 1. — Data subsets in LibriSpeech

subset hou per-_speake female male total

minutes speaker speake speake

dev-clean 5.2 8 20 20 40
test-clean 5.2 8 20 20 40
dev-other 5. 10 16 17 33
test-other 5.1 10 17 16 33
train-clean-100 100 25 125 126 251
train-clean-360 363 25 439 482 921
train-other-500 496 30 564 602 1166

The authors of the corpus have created several fragments and removing recordings that contained

annotation  files: matching speakers and their
characteristics with the subsets to which they are assigned,
matching speakers and chapters of books whose records
were taken for the corpus, and matching the books
themselves with their identifiers used in other annotation
files.

From these parts, subsets of 100 and 300 hours were
taken, totaling 464.2 hours and 1172 speakers, which is
approximately half of the total volume.

Initially, the corpus was created for the task of speech
recognition, as well as identification and/or classification
of certain characteristics of speakers (age, gender, etc.). To
create the corpus, two stages of alignment were first
performed using a variety of tools and speech models [9],
which were aimed at dividing the recordings into

discrepancies with the text due to human error (inclusions,
substitutions, deletions, and permutations). These
alignment steps resulted in approximately 1200 hours of
recordings up to 35 seconds long, after which the data was
segmented into smaller fragments based on pauses of at
least 0.3 seconds. The test data was segmented similarly to
the training data, but with the additional condition of
splitting fragments only at sentence boundaries to better
model language usage.

Due to additional pre- and post-processing stages, the
balance of speakers' genders was ensured, and cases of
recordings with multiple speakers were eliminated (by filtering
individual recordings as well as certain genres that by their
nature land themselves to multi-speaker recordings).

ID | SEX| SUBSET |[MINUTES| NAME

14 | F | train-clean-360 | 25.03 | Kristin LeMoine
16 | F | train-clean-360 | 25.11 | Alys AtteWater
17 | M | train-clean-360 | 25.04 | Gord Mackenzie
20 | F | train-other-500 | 30.07 | Gesine

23 | F | train-clean-360 | 25.23 | Anita Roy Dobbs
25 | M | train-other-500 | 30.16 | John Gonzalez
26 | M | train-clean-100 | 25.08 | Denny Sayers

27 | M | train-clean-100 | 20.14 | Sean McKinley
28 | F | train-clean-360 | 25.03 | Kristin Hughes
29 | M | train-other-500 | 30.10 | Linton

31 | M | train-other-500 | 23.79 | Martin Clifton
32 | F | train-clean-100 | 24.01 | Betsie Bush

36 | M | train-other-500 | 25.85 | Chip

8824 | M | train-clean-360 | 25.21 | Mark Johnston
8825 | F | train-clean-360 | 23.93 | Erin Schellhase
8838 | M | train-clean-100 | 25.06 | Kevin Owens
8855 | M | train-clean-360 | 25.01 | Eric Metzler
8975 | F | train-clean-100 | 25.11 | Daisy Flaim
9022 | F | train-clean-360 | 25.17 | Claire M

9023 | F | train-clean-360 | 25.19 | P. J. Morgan
9026 | F | train-clean-360 | 21.75 | Tammy Porter

Listing. 1. — A fragment of one of the annotation files

As mentioned in Section 3.3, each of the models in
the system is fed the same audio stream. This is done in the

same way as in [2], i.e., each audio recording with a
speaker is divided into short fragments (up to 200 ms) to
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ensure that only one speaker is present in one audio
fragment, and fed to the inputs of individual models. Other
parameters and initialization values are also used similar to
those presented in the original work, as they are good
baseline values, namely: 80 filters of length 251 were used
for the band pass filter layer, with the Xavier initialization
method.

As a result, a vector of predictions from individual
models is obtained for each fragment and the class with the
highest probability is selected. Based on the classes, most

fragments are assigned a speaker class for recording. For
example, if the output of the module is a vector of output
values [0.2, 0.6, 0.4], the second component of the vector
has the maximum value. So, the class to which this
example belongs will be 2.

Results
The results of the tests are provided in Table 2.

Table 2. — Bacamoghakmopna mampuys nianysanns mecmis

Test Nsl;)?abkeer Number of Levelrs] ooi];ea, d(;jE Average accur
1 0 94.02
2 60 25 92.13
3 50 74.14
4 0 95.16
5 2 80 25 93.67
6 50 91.17
7 0 98.70
8 120 25 96.36
9 50 93.60
1 0 93.45
1 60 25 92.07
1 50 71.34
1 0 94.80
1 5 80 25 92.15
1 50 89.92
1 0 98.55
1 120 25 96.03
1 50 93.77
1 0 93.33
2 60 25 91.21
2 50 71.04
2 0 94.32
2 10 80 25 92.58
2 50 89.27
2 0 98.47
2 120 25 96.63
2 50 93.89

As shown in the multifactorial planning table, 27
tests were conducted, which differed in the following

factors:
- f ies fi
ber St 199
the neural networks were trained;
three levels of additional noise (nonoise, 25dB, and 50dB).

num

two.to ten
num gv

uring w%.ich

The accuracy of the entire pseudo-ensemble is calculated
using the arithmetic mean formula:

1
=_YX Acc
AccCapg KZL.=1 o

(2)
where Accqyg is arithmetic mean of the accuracy of
individual neural networks,

60

IKC3T, 2024 Nel




IHPOPMAIIMHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIOPTI

Acc,— accuracy index of an individual neural

network,
R} — the number

(corresponding to the number of users) in the pseudo-

ensemble at a particular time.

It isapparent that there is a correlation between accuracy,

noise level, number of epochs, and number of speakers,
of neural networks especially in the effect of noise level, which suggests the need

speaker's audio.

to pay more attention to noise reduction and isolation of the

100
" /
S 90
>
© 85
>
[&]
< 80
75
70
60 80 120
Number of epocs, 2 speakers
== () D == 25 Db 50 Db
(@) 2 speakers
100
$ 90
>
8 85
>3
8
<< 80
75
70
60 80 120
Number of epocs, 5 speakers
== () D) =25 Db 50 Db
(6) 5 speakers
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Figure 7 — Graphs of accuracy versus noise level for
different number of epochs

With an increase in epochs, the accuracy rate increases
by an average of 10.3%, which is logically consistent with
the principles of deep learning, according to which longer
training time leads to better learning of features, which in
turn results in a better accuracy rate.

At the same time, as the level of speakers increases, the
accuracy slightly decreases by 0.91% on average, as more
networks lead to more errors.

The effect of noise level on accuracy is negative. As the
noise level increases, the accuracy drops by 10.2% on
average, regardless of the number of epochs and speakers.

Conclusions

In this paper, a model of the voice information analysis
module of the speaker identification and verification
subsystem was proposed, which will be used in the virtual
conference room and security subsystems to perform
diarization and authentication functions. This will ensure the
scalability of the subsystem with an increased number of
users, thanks to the proposed method of analyzing voice
information based on artificial neural networks, represented

by a neural network pseudo-ensemble using the
convolutional network SincNet, which is capable of
replacing individual neural network models in its

composition, which in turn eliminates the need to re-train a
single neural network model for each new user (assuming
that the volume of users to be added is calculated in
hundreds), as well as greater reliability and robustness.

The obtained results show the negative impact of noise
on the quality of speaker classification (on average by 10.2%
when the noise increases from 0dB to 50dB), which is
partially compensated for by increasing the training epochs
of the neural networks that make up the proposed pseudo-
ensemble (on average by 10.3% when the number of training
epochs increases from 60 to 120). This allows us to conclude
that in order to implement the subsystem in the system,
training of neural networks as part of the proposed pseudo-
ensemble should be performed at least on 120 epochs, using
noise reduction methods at the stage of audio pre-processing.

Since the main focus of the work was on the classification stage
itself, future improvements will be focused on the decision-making
unit, and more specifically on the ability to support simultaneous
speech by multiple speakers, as well as combining the proposed
module with audio signal pre-processing approaches to ensure the
best performance of the module.
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Mopess migcucremu inenTudikanii Ta Bepudikanii cnikepis
Vladyslav Kholiev, Olesia Barkovska

AHorauisi. PoGora mnpucBideHa akTyasbHiH Hpodsemi
aBTeHTH(iKaili Ta Bepudikauii CIiKepiB 3a  T'OJIOCOBONO
iH(OopMalli€ro, 1110 BiAirpae BaXKIUBY POJib, HAIPUKIIA[, TIPH OHJIANH
YM JMCTaHLIWHOMY CIIIKyBaHHI Ta OOMiHi iHdopMmalieo B ycix
cdepax KUTTS, BKIIOYAIOUH HAYKOBY KOMYHiKalito. MeTorw naHoi
poOOTH € CTBOpPEHHS MOZAEN MiACHCTeMH ineHTHQiKanmil Ta
Bepudikanii crikepiB. s qocsrHeHHs 1iel MeTH Oyl BUKOHaHI
HACTYIHI 3aJa4i: 00IPyHTOBAHO 3B’5130K MOJYJIIB 3aIIPOIIOHOBAHOI
MOZIeNi, IOCHTiPKEHO MOZYJb aHallizy roiocoBoi iHdopmarii, 3
JNOTPUMAHHSIM 3a0€3MeUCHHS MacITaOyBaHHA CHCTEMM IIpU
3HAYHOMY 301IBIICHHI KiTbKOCTi KOPHCTYBAYiB Ta MPOaHAIII30BaHO
oTpHMaHi pe3ynbTaTti. Po3pobienuii HeiipomMepeskeBUH MOIYIb Ha
OCHOBI IceBa0-aHCaMOII0 OyB MPOTECTOBaHMI Ha HAOOpI JaHUX,
mo OyB miaroroBieHuii Ha oOcHOBI kopmycy LibriSpeach —
BiJIKPUTOrO KOPILYCY aHIJIIHCHKOI'O MOBJICHHS, 3aCHOBAHOTO Ha
npoekti  JA00poBIIBHO — HajgaHux  aygiokmur  LirbiVox.
[IponemMoHCTpOBaHMI pe3yabTaT 3acTOCYBaHHSA PO3POOIEHOrO
MOAYJIsl Ha OOpaHOMY HaOOpi JaHMX, SKHH TIOKa3ye IO IJIs
iMIUIeMeHTalii MiJICHUCTeMH B CHCTEMYy HaBYaHHS HEHPOHHUX
MEpex y CKJIaji 3alpoIIOHOBAHOIO IICEBJIO AHCAMONIO MOBMHHO
BHUKOHYBAaTHCs He MeHII Hix Ha 120 emoxaXx, BUKOPHCTOBYIOUH
METOIM IIYMONPUTHIYEHHS HA eTam MomepeAHbol 00poOKU
ayniopsiny.

Karouosi caoBa: machine learning; speaker diarization;
classification; pseudo-ensemble; sincnet; librispeach; librivox
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TPaHCIOPTY

TeopeTnko-MeTOA0/10TIYHI 3acaau Opradizamii CHCTEMH IHTEPMOJAJIbHHUX
nepeBe3eHb B YMOBaX iHTeponepade bHOCTI

Anomauin. Y cmammi asmopu 00Caiouiu meopemuyri ma Memoooao02iuti 3acadu opeanizayii IHmepmoOaIbHUxX
nepesesenb 6aHmanicie 8 Ykpaini 6ionogiono 00 esponeicokux cmanoapmis. Ilsixom pemenvnozo ananisy simepamypu
0y10 8UABNEHO WICMb PI3HUX NIOX00I8, SKI AKYEHMYIOMb VY8acy HA NPUHYUNAX KOOPOUHAYLl, iHmespayii mexnono2iu i
NIAHYBAHHS OP2AHI3AYI cucmeMu IHMepMoOaIbHUX nepesesens. Ha niocmasi yux yaenens agmopu 3anponoHysaiu Hoeull
@petimsopx, adanmosanuil 00 BUKIUKIE, susHaueHux y «Hayionanonii mpancnopmmuiti cmpamezii 0o 2030 poxy». 1leti
nioxio 8ionogioac cmpameiunum 3A60AHHAM | 2APMOHIUHO [THMESPYEMbCS 3 3A2ANbHOEEPONEUCHKOI0 CUCTHEMOIO
IHMEPMOOAILHUX NePese3eHb GAHMAICI8. ABMOPCbKA cucmema hoKyCyemMvCs Ha KO4Y08UX NPUHYUNAX — eqeKmUGHOCHI,
cmanocmi, eKOHOMIYHOCHI, 2HyuKocmi, besneyi ma inmeponepadeibHoCcmi — i NiOMPUMYEMbCS BUCOKOMEXHOLOSIUHUM
incmpymenmapiem. Tlomenyitini pesynibmamu  6KI0YAI0OMb NIOBUUEHHS eDEKMUSHOCE cUcmeMu ma NOTNUEHH S

eghexmusrocmi 63aeMo0il.

Knrouosi cnosa: inmepmooanvhi nepesesenns, iHmeponepadeibHicms, CUCeMa Opeanizayii iHmepmooaibHUX

nepeegesenb, NPUHYUNU IHMEPMOOATLHUX NEPEeBE3EeHb.

Beryn.

VY noctiiiHO 3MiHHOMY CBITI IN10OaIbHOI TOPTIBII 1
TPaHCNOPTY e(pEeKTUBHICTh JIOTICTUKM BaHTaxiB HalyBae
BEJIMKOTO 3HaYeHHs. YKpaiHa, po3TalloBaHa Ha MepexpecTi
OCHOBHHX MIXXHAPOJIHUX TPAHCIIOPTHUX MAPILIPYTiB, HAPa3i
3ITKHY/Nacsi 3 3aBJaHHSIM ONTHUMI3allii CBOEl cUCTEeMHU
NepeBe3eHb  BaHTAXKIB. |HTEPMOIAIbHI  MEpEeBE3CHHS,
HE3BAXKAIOYM HA CBIM 3HAYHUI INOTEHIa], CTAHOBIATH
JHIIe MapriHajJbHy 4YacTHHY TpPAHCIOPTHOTO pPHHKY
VYxpainu. Ha cporomui Bonu ckianatoth Menme 0,5 %
3arajJbHOr0 O00CATY IepeBe3eHb, BIJCTAIOYM BiJ| KpaiH-
ynieniB €C Ta IHIIUX PO3BUHEHUX Jiepxkan [1].

AXTyanpHICTh ~ BHUpIIICHHS  [OTO  PO3PHBY
miKpecmoeTbess B 3arBep/pkenHi  «HamionampHoT
TpaHcnopTHOi crparterii Ykpainu g0 2030 poky» [1], ne
BH3HAYCHO KOHKPETHI MWiJli MIOAO0 YaCTKH IepEeBEe3CHHS
BaHTaXIB i3 BHUKOPHUCTAHHSIM IHTepMOIATBHIX
TPAHCIIOPTHUX ONWHHUIG. AMOIMIHHUM 3aBIAHHIM €
nocsirtu oocsriB He Mente 10 % mo 2025 poky ta 20 % mo
2030 poky 3arajJpHHUX IEPEBE3CHb.

VY craTTi MU omparoeMo GopMyBaHHS TEOPETHIHUX
1 METOHONOTIYHMX OCHOB IS OpraHi3amii CHCTeMHU
IHTEpMOIANBPHUX IIEPEeBE3€Hb BaHTaXiB B  YKpaiHi.
CrpykTypoBaHUil aHami3 Oyae peTenpHO PO3TIAIATH
HasBHI TEOPETWYHI IMIXOMH, 30CEPEPKYIOUNCh Ha
KITFOYOBUX MPUHIIAIAX, TAKUX SK iHTepOonepadenbHICTh.

© T'OJIOBKO T. B., IEMYEHKO 1. C. 2024

Kpim Toro, Mu posrisiHemo rpadosuii Meron [2],
CrelialibHO PO3po0IICHHH ISl TEXHOJIOTT KOHTeHHepH3ailii
B CHCTEMI IHTEpMOJIaIbHUX TIePEBE3CHb BAHTAXIB.

3arpornoHoBaHa TEOPETUYHA KOHIICIILIIS Ma€ Ha METi
HE JIMIEe BUPIIIUTH MpodJieMy Hee(eKTUBHOCTI MOTOYHOT
CHCTeMH, aje W BIINOBIAATH CTPATETIYHUM  IIUJISIM,
BU3HaueHUM Yy HauioHanpHii TpaHCIOPTHIM cTparerii.
[TinBuieHHs eeKTUBHOCTI BCIET TPAHCIIOPTHOI MEPExi Ta
CTpSIMYBaHHS Ha TIOKpAILlEHHS B3a€MOJIi — 1€ KIOYOBI
ACIIeKTH 3aIPOIIOHOBAHOTO MiAXOY.

BasxiuBicTh IIHOTO 3yCHIIIS 3yMOBIJIEHA TOTOYHUMHU
npoOlieMaMu  YKPaTHCBKOI  CUCTEMHU  IHTEPMOJAIBHUX
nepeBe3eHb BaHTaxiB. He3Bakarouum Ha Te, m0 YKpaiHa
Mexye 3 TpaHC'€eBpONEHCHKOI0 TPAHCHOPTHOIO MEPEKero
(TEN-T), cmocrepiraerbcs  HHU3bKHHA  piBeHb i
iHTeporepabenbHOCTI  Ta  3arajibHe  TEXHOJOTIYHE
BizmcraBaHHs Big TEN-T.

Merta crarTi.

IIpoBenenuii aHami3 i TEOPETHKO-METOMONOTIUHI 3acaiu
JUIA OpTaHizallii CHCTEeMH IHTepPMOJAJIbHHUX IIepEeBE3CHb
BaHTAQXIB MalOTh HA METi CTATH CTPATET1UYHUM IUIAHOM ISt
OIITUMI3allil TPAaHCIIOPTHOI CUCTEMHU Y KpaiHu.

64 IKC3T, 2024 Nel




IHOPOPMAIIIMHO-KEPYIOUI CUCTEMU HA 3AJII3BHUYHOMY TPAHCIHOPTI

AKIEHTYIOUH yBary Ha HUHIIIHIX Mpo0jeMax i BUKOPHUCTOBYIOUN
BH3HAYEHI MOXKJIIMBOCTI, 3alPOIOHOBAHUHA ITiJXiJ] TOTIOMOXE B
peamzamii  copMmynboBaHMX ~ 3aBJaHb y  HamioHamnbHIH
TPaHCIIOPTHIH cTpaTerii.

MeToa gocaigskeHHS.

Jns ormsamy niTepaTypu MH BHKOPHCTOBYEMO METO
KpUTHYHOrO iHTeprperatuBHoro cuHTedy (CIS) [3], mob
pETENBHO OIIHWTH pi3HI TEOPETHYHI MAXOAU JO CHCTEMH
iHTepMOzabHHX IepeBe3eHb BaHTaxiB. Merox CIS BummBae 3
HOro 31aTHOCTI HajaBaTH BCeOIUHY OLIHKY IepeBar i 0OMeXeHb
pI3HOMaHITHHX TeopeTHYHHUX pamok. OOpoOka miteparypu 3
KPUTHUYHOIO YBaror, MUTaHHS 0a30BUX IPHIYLIEHb 1 B3a€MOJis
MIX JIOKa3aMH 1 Teopi€ero poonsath CIS MiITHIM iHCTPYMEHTOM ISt
aHaJi3y, KKK 1a€ 3MOT'Y IIEPEeTBOPUTH HOT0 Ha Ji€BUH iHCANT is
PO3POOJICHHST aBTOPCBKHX TEOPETHKO-METOONOTIUHUX — 3acal
YIIOCKOHAJICHHSI CHCTEMH iHTEPMOIATLHIX NEPEBE3CHb BAHTAXKIB.

Orasj gitepatypu.

Ilixg yac AOCTIIKEHHS TEOPETHKO-METOMONIOTIYHIX
3acaj] CHCTEMH iIHTEPMOJANbHUX TEePEBE3CHb BAHTAXKIB MU
MpoaHaNi3yBalH pi3Hi TeopeTHyHi miaxoau [1, 4—12]. Lei
cuHTe3 0a3yeThcsi Ha TpalsX sSK YKPalHChKHX, Tak i
3apyOiXKHUX YUEHHX, IO € KIIFOUOBHUM ACMEKTOM, OCKITbKH
VKpaiHa ajanTyeTbcsi 10 €BPOIEHCBKOI  CHCTEMHU
IHTEpMOJIaJIbHUX IepeBe3eHb BaHTaXiB. Humxde HaBeneHO
JIesIKi aBTOPCHKI IMiAXOM, HA OCHOBI SIKMX 3I1HCHIOBAIOCS
(GhopMyBaHHS  aBTOPCHKHUX  TEOPETUKO-METOMOJOTIYHUX
3acan  mono  (GOpMyBaHHS ~ CHUCTEMHM  Oprasizarii
IHTEpPMOJIaJIbHUX NIEPEBE3EHb.

[Miaxig 1. Tpuniunm, BukianeHi B National Urban
Freight Planning Principles [9], miakpecnow0Th
cTpaTeriyHe  IUIAHYBaHHs, 3axHCT  1H(PaCTPyKTypH,
ineHTudikamifo 00'ekTiB, e(EeKTUBHY EKCIUTyaTallilo,
JNOCTYIHUI JM3aliH, HaJaHHS 3pY4HOCTEH 1 THYy4Ke
amantyBanHs. [ligxix € BceocshkHUM 1 mepenbauae
BHUCHOBKOBHUI TeopeTnyHuii kapkac. IIpore ycminiHa
peadizauis motpedye BUPILIEHHS CKIIaIHOIIIB KOOPIUHAIIT,
KOH(UIIKTIB BUKOPUCTaHHS 3€MJIi, BHUKIHMKIB PO3MOILTY
PECypCiB i MOXKIIMBOTO OTOPY JI0 aIalTallii.

Migxig 2. e#t migxing [4] nependavae MPUHIMITN
IUIaHyBaHHSA BaHTa)KOIIEPEBE3EHb y MicTax,
30CepePKYIOUYHNCh Ha CTPATEriYHOMY IUIAaHYBaHHI, 3aXUCTI
iHppacTpykTypH, ineHTH(IKalil 00'€KTiB, e]eKTHBHIN
eKCILTyaTallii, JOCTyITHOMY Iu3aiiHi, HaJJaHHI 3py4HOCTEH 1
THy4KOMY  QJANTyBaHHIO, AaKLEHT  3po0JeHO  Ha
JIOBTOCTPOKOBOMY 0a4yeHHI — TO3MILIOHYETHCS SIK IIHHHUMN
IVl CTaJloro YNpPAaBIiHHA BaHTa)KOIEPEBE3CHHAMH Y
MicTax.

Higxin 3. HokymenTt [l] BuCBiTIIOE TpoOIEMHU
TPAHCIOPTHOI CUCTEMM YKpaiHH, BKJIIOYAIOUM HU3bKHUIl
TEXHOJIOTTYHUAHN PO3BHTOK, o0MexeHy
KOHKYPEHTOCIIPOMOXKHICTh Ha CBITOBHX PHHKAX 1 HU3BKHMA

BIJICOTOK IHTePMOAATBFHUX 1 MYJIBTAMOJIATBHIX
nepeBe3eHb. Y  JIOKYMEHTI 3alpollOHOBAaHO MAacCOBY
KOHTEHHepH3allilo, iHTEeponepadeTbHOCTI Ta

BIIOCKOHAJIEHH] TEXHOJIOTIH.

Hinxig 4. Leit Teopermuni miaxin [11] ommcye
MpaBWja, 3aCHOBaHI Ha «IPUHIMII MEpexi», sKi
BH3HAYAIOTHh FOPUINTHUHN 3aXHCT TIEPEBI3HUKIB BiJ] PH3HUKIB
i 9ac iHTepPMONATBHUX TEPEBE3CHb; ale el Miaxin He
HaJa€ TPAKTHYHUX IHCTPYMEHTIB ISl BUPIMICHHS IIHOTO
muTaHHSA. J[71s KOMIUIEKCHOTO aHawi3y mi€l peKoMeHOamii
oTpiOeH MOJATKOBUI KOHTEKCT UM JIETali.

IMigxin 5. Y miaxomi [12] HaromomeHo Ha
PpO3pO0IICHH] HAIliOHANFHUX MPOTpaM MYIbTHMOIATHHUX

nepeBe3eHb,  (IHAHCOBOMY  pealli3Mi,  e(EKTUBHOMY
BUKOpHCTaHHI komTiB €C Ta 3alydeHHI HPUBATHOTO
cekropa. Cepen BHKIHMKIB — KOOpAWHALis, (hiHaHCOBA
CTIMKICTP 1 YydYacTh NPUBATHOI'O CEKTOpa. Y CHIIIHO
BIIPOBAJPKCHUH, BIH MOXE CIPHATH MIIHIH TpaHCIIOPTHIN
iHppacTPyKTYypi.

[Minxin 6. VYkpaincekuit aBtop [13] HaBOOUTH

OPUHIMION, aKIEHTYIOUYH Ha €JUHOMY KOMEpIiHHO-
MPABOBOMY PEXKHMI, TOKPAIIICHOMY IIEPEBE3CHHI BAHTAXKIB,
CIPOIIEHNX  MHUTHHX TIpoleaypax 1  po3poOiieHHi
KOMIUIEKCHOI ~ Tapu(HOi  MOMTHKH.  PexomeHmye

KOOPJIMHAIIF0, TEXHOJIOTIYHI JOCSITHCHHS Ta CITiBIIPAIIO
JUTS 3I00YTTS] KOHKYPEHTHOT ITepeBaru.
3aranoMm IiIXo/u BiJpi3HSAIOTHCS B aKLEHTYBaHHI Ha

NPUHIUIIAX Ta IHCTPyMEHTaX, aje CIHiIbHI  TeMH
BKIIIOYAIOTh ~ HEOOXIJHICTH  KOOpAWHAIi, iHTerparii
TEXHOJIOT1# Ta yJacTi MPUBATHOTO CEKTOpa JJIs YCIIIIHOL
CHUCTEMH IHTEPMOJATEHUX BaHTaXXOMCPEBE3CHb.

CKIIaJHOII BIPOBA/KCHHS IIJAKPECIIOIOTh BaXIJIUBICTh
BUPILIEHHS JIOTICTUYHUX Tpo0ieM, (iHaHCOBOI CTIMKOCTI
Ta OMOPY JO ajanTamii. Yce Ie MiJKPECTIOE BaXKIUBICTh

(dhopmyntoBaHHs IH/IMBI1yaIbHOTO migxomy o
TEOPETUYHUX 1 METOOIOTTYHIX 3aca]] OpraHizallii CHCTeMHU
IHTEpMOJAIbHUX  BAaHTaXONEPEBE3eHb 13  TaKUMHU

HEBIJ'€EMHUMH CKJIQJIOBUMH, SK TPUHIMIIN, IHCTPYMEHTH
JUTS TIXHBOT M ITPUMKH Ta MOKITUBI PE3yJIbTaTH.

3niACHUBIIM  PETENbHUN  aHaji3 TEOPETUYHHX
MIAXOIB IIOA0 OpraHi3allii iHTEPMOAAILHHUX ICPEBE3CHb
BAaHT@XIB, MM BHU3HAYMWIM KJIIOYOBI MPHUHIMIIHK, IO
CTaHOBJIATh OCHOBY e(eKTHBHOI cucremu. Lli mpuHImnmM
BKJIIOYalOTh  ©(eKTUBHICTb, CTANliCTh, EKOHOMIYHICTB,
THYYKICTb, O€3MeKy, a TAKOK KPUTHYHHIi aKLIEHT Ha
iHTeponepadebHOCTI.

IHcaiiTi, oTprMaHi 3 PI3HUX TEOPETHYHHX ITiAXO/IB,
JAI0Th 3MOry HaM c(OpMYyBaTH IPOIO3UIII0 BIACHOI
CTPYKTYPH, SIKa BiJIIIOBIJIA€ YHIKAJIbHUM BUKJIMKAM 1 IIJISIM,
Bu3HaueHuM y «HamioHanpHiit TpaHcmopTHiii crparerii
VYkpainu Ha nepiox 1o 2030 poky». Hamr miaxin He jwuiie
BIJIMOBI/Ia€ CTpATeriuHMM 3aBJAHHSM, BU3HAYCHHM Y
JIOKyMEHTI, ajie i IHTerpyeThCsl 3 3aralibHOEBPOIECHCHKOIO
CHCTEMOIO IHTePMOJANIbHUX MepeBe3eHb BAHTAXKIB.

Lleit  iHAMBIAYyambHO  PO3POOJICHMH  MIAXi[
(OKyCyeThCS Ha ABOX BaXIMBHX CKIAJOBHX: MIPUHIMIAX Ta
IHCTpyMEHTaxX, HEeOoOXiJHUX sl T1XHBOTO  CTaJloro
3aCTOCYBaHHS. ba30Bi NpHHIMIKM OpraHizamii cucreMu
IHTEPMOTAIBHIX nepeBe3eHb B YMOBax
iHTeporepadenbHOCTI, SKI ~MH  TPOIIOHYEMO,  —
epeKTHBHICT, ISl  TMOKpAIIEHHS  MPOXYKTHBHOCTI
(efficiency), cramicth IS BIANIOBINATBHOCTI Tepen
cepenoBuiieM  (sustainability),  eKkoOHOMIYHICTH  JUIst
€KOHOMIYHO1 JKATTE3IATHOCTI (cost-effectiveness),
THYYKICTh [JIs ajanTamii A0 OWHAMIYHHAX CIICHapiiB
(flexibility), meBimmoBHa yBara mo Gesmexu (safety and
security), mo 0a3yeTbcsi Ha Oe3mepepBHIN B3aeMomii
(interoperability).

ITix ymoBaMu iHTEpoOIepaOETHHOCTI TPAHCTIOPTHUX
CHCTEM pPO3YMIIOTH 3a0e3ledeHHs TOro, IO pi3HI BHIH
TpaHCHOPTY (3aMi3HUYHHUNA, JOPOXKHIHA, MOPCBHKHHA i
MOBITPSIHAN) MOXYTHh O€3MepeImKOTHO 3'€NHYBATHCS i
OOMIHIOBAaTHCSI BaHTaKeM 0€3 3HAYHHX JIOTICTHYHMX a0o
TEXHIYHUX HEPEIIKOI. Le MOXe BKJIFOYATH
CTaH/ApTH3alil0 Tpouenyp OOpOOKHM BaHTaXy, CYMICHI
CHCTeMH KOHTEHHEpIB, CyMiCHI TEXHOJIOTI1 BiACTEXEHHS 1
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TpacyBaHHsA, a TaKOX KOOPJMHOBaHI  MeXaHI3MHU
IUIAaHYBaHHS MapIIPYTiB MO Pi3HUX MEPeKax TPaHCIOPTY.
JU7ist miATpUMAaHHS 1IMX MPUHIHIIE MU MPOMOHYEMO
BHKOPHCTOBYBATH KOMILJIEKC BHCOKOTEXHOJIOTiYHHX
iHCTPYMEHTIB, TAaKuX SK I[POTHO3YBAHHS aHANITHKH
(predictive analytics), crpaTerii posmoziny pecypciB
(resource allocation), anropuTMH OnTHUMI3alii MappyTy
(route optimization), MexaHi3Mu BiJICTEKEHHS B PEAIbHOMY
yaci (real-time tracking) i monenroBanHs rpadikiB (graph
modeling). Ii iHCTpyMeHTH pa3oM YTBOPIOIOTh MEXaHi3M,
IO CIpHSE MOTY)KHOCTI HAIIOi CHCTEMH Ta BUPIIICHHIO
BUSIBJIIEHHX TIPOOJIEM 1 IPHCKOPIOE TOCSTHEHHS BU3HAUCHUX
LIUIEH.
MoxkauBi pe3yJibTATH BHKOPHCTAHHS [MX TMPUHIIHIIIB,
MiJKPITUICHUX BIPaBHHAM 3aCTOCYBaHHSIM OOpaHHX HaMH
IHCTPYMEHTIB, NBOEOMHI — MiABUIICHHA €(PEKTUBHOCTI
cucremu (increased system efficiency) i mokpamieHHs

®
=
/A

CunbHui

CepeaHin

Cnabkui

Hema 3sB'ssky

edexruBHOCTI B3aemopii (effectiveness of interoperability).
Hami Mum rmmlme  po3miIsiHEMO — JeTalli  KOXKHOTO
KOMITOHEHTa, PO3KPUBAIOYM IXHIO B&KIMBICTD  JUIS
TIEPETBOPEHHS JIaHMMA(PTY IHTEPMOAAIbHUX IepeBe3eHb
BaHTaxiB. [IJ1a Bizyamizallii b0ro KOMIUIEKCHOT'O TiIXOy
MH BUKOpUcTOBYeMO Y-shaped matrix [14] — moryxHuit
IHCTpYMEHT, SKHUH Y3arajbHIOE B3a€MO3B'S30K HaIINX
NPUHLUIIB Ta IHCTPYMEHTIB, MNPOIOHYIOYM Bi3yaJbHUH
HapaTWB JUIS YITKOrO PO3YMIHHS HAIIoOi iHHOBALiHHOI
merofonorii.  [Hrerpyroun  TeopeTwuHi  iHCaWTH 3
NPaKTHYHAMHM METOJaMHM, Hall MiAXil MOXE CIPHATH
JOCSITHEHHIO HOBOT'O piBHS €(EeKTHBHOCTI Ta CTaNOCTi
HalliOHAJIbHUX BaHTa)XOIlEpeBE3€Hb, SK II0Ka3aHO Ha
PHCYHKY.
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Leit iHCTpYMEHT CIIYXXHTh HE IIMIIE Bi3yali3allielo YHpaBJIiHHA Ta aAanTamii 10 3MiHHUX YMOB i BUMor. Takuid
HAIIOro KOMIUIEKCHOTO TiIX O[Ty, aJle i LTFOCTpalli€lo piBHA ~KOMIUIEKCHUI TiJIXiJ 10 MOJENIOBaHHS 1 BIJICTE)KEHHS B
B3a€MO3B'SI3KIB MK PI3HHMHU CKJIQJIOBHMU: TNPHHIMIIAMH, peaJbHOMY Yaci MO)Ke BH3HA4YaTH CTpaTerii i TeXHOJOrii
IHCTpyMeHTaMH Ta pe3yabratamu. Lli 3BsI3ku MOXXYTh OyTH KOHTEIfHepu3allii, 110 MiBUIIYIOTh PiBeHb €PEKTUBHOCTI Ta
cHIIbHUMH (strong), cepeaniMu (medium) abo cnaOkumu  eEeKTUBHOCTI CHCTEMH B3a€MOJIiT BaHTa)KOIEPEBE3CHB.
(weak), BimoOpakylouM  CTYMiHb  B3AEMOMII  MiXK BUCHOBKHM.

OCHOBHMMH CKJIaJIOBUMH HAIIOl METOIOJIOT].

JlocnmimKeHHsT TPYHTYEThCSl HA TEOPETUYHUX 3acaiax i
CTpaTerisfiX  OpraHizallii I1HTEPMONAJIBHUX  BaHTAKHHUX
mepeBe3eHh B YKpaiHi  BIINOBIAHO IO €BPONCHCHKHUX
craniaptiB. Oz JiTepatypu po3risifae pi3Hi TEOpeTHYHI
MiAXOMW Ta BU3HAYAE KIIOYOBI MPUHIMIIA 1 BHUKJIUKH.
3anporoHOBaHUi HAMU MIAXiJ TONSTAa€E B KOMILIEKCHOMY
MOEJHAHHI TEOPCTUYHHUX TMPHHIUIIB 13 MPaKTHYHUMU
METOJJaMH, CIELiaIbHO PO3pOOJICHUMH /ISl BUPILIEHHS
BUKIHMKIB  Cy4aCHMX  IHTEPMOJAIbHHX  BaHTAKHHUX
nmepeBe3eHb. Ha BimMiHy BiI ICHYIOYMX, HaIl ITiJIXi]
MIKPEC/IIOE  He JIMIIe TEOpeTWYHI KOHHemuii, a ¥
BHUKOPHUCTAHHS MEPEIOBUX TEXHOJOTTUHUX IHCTPYMEHTIB IS
MOHITOPHHTY B PEaJIbHOMY 4Yaci, MPOrHOCTHYHOrO aHaji3y i
PO3MOALTY PeCypCiB, Bi3yalbHO MogaHuX y BUIIsl Y-shaped
matrix. Ile copusie po3yMiHHIO B3a€MO3B'S3KIB MK
MPUHIMITAMY, [HCTPYMEHTAMHU 1 pe3ylbTaTaMH CHUCTEMHU
IHTEPMOTATBLHHUX nepeBe3eHb B yMOBax
iHTeporepadenbHOCTI.

OuiHIOBaHHS ~ MIIHOCTI  3B'I3KYy MIX  pI3HHUMH
CKIIaJIOBUMU  CHUCTEMH  0a3yeTbCs  Ha  ICHYIOUHX
TEOPETHYHHX MiJAX0AaxX, 3a3HaueHWxX Bumie. OmHUM i3
TOKA3HUKIB, SIKMH CYTTEBO BIUTMHYB Ha Hally €KCIIEPTHY
JYMKY TIpM BCTaHOBJICHHI piBHS 3B'SI3Ky, € dacTora
BUKOPHCTAaHHS MEBHOTO 1HCTPYMEHTY VISl MiATPUMaHHS
TOrO YM IHIIOrO IMPUHIWIY Ta JOCSATHEHHs Oa)XXaHoro
pe3yapTary. Hampuknam, s aHamizy 3B'S3Ky Mix
MPUHIMIOM  iHTEpONepadenbHOCTI Ta  1HCTPYMEHTOM
MOJICTTIOBaHHs Tpadika € 4acToTa BHKOPHCTaHHS LOI'O
IHCTPYMEHTY JUIs ONTUMI3allii MapIipyTiB 1 IIaHyBaHHS
nepeBe3eHb y CBITOBIM 1 HalliOHANBHIM TPaHCIIOPTHIN
ramy3i. 3 orsay Ha Te, IO JIOTICTHYHI MapuIpyTH
TIOBCIO/IHO TUIAHYIOTBCSl 32 JIOMOMOrOI0 IBOT'O METOY,
MOYKHA CTBEP/IXKYBATH, 10 3B'30K € CUIILHHUM.

L1 BaxiMBa XapaKkTepUCTHKa Ja€  JOJATKOBE
PO3YMIiHHS TOrO, SIK CKJIaJOBi CIIBBIIHOCATBCS Ta
B3a€Mo;1i}9Tb, CHIPHSIONH  Y3TO/KEHHIO 1 pO3ropTaHHIO CIHCOK BHKOPHCTAHHX IKepest
HAILIOro MAXOAY B MPaKTHIL. 1. IIpo cxBanenns HarioHanbHOI TpaHCIIOPTHOT

J , .
Icye MILHHH 3B A30K MDXK TPUHIAIOM - 153 rerii Vipainu Ha nepion 10 2030 oKy : po3TOpsPKEHHS

<<iHTCpOl‘lepa6eHbHOCTi>) Ta «Bi}lCTﬁ)K@HH.SIM Y peaibHOMY KaGinery Minictpie Yipairn iz 30.05.2018 p. Ne 430-p :
yaci». OcoOnMBHI AKIICHT HA TEXHONOTIT BIACTEKCHHS B .0 o0 Ha 3 Tpas. 2023 p. URL:

pealbHOMy —4aci Jae 3MOTY CHCTeMi DEKTHBHO pyine.//7akon rada.gov.ua/laws/show/430-2018-p#Text (nata
B3aeEMOAIATU 3 pyXOMI/IM BaHTAXXEM, IO IMACHIKOE 3BepHeHH}1 040 1 2024)

0e3IieKy, 1 OnepaTUBHO pearyBaTH Ha Oy[b-iKi 3MIHU 4H 2 Mates W. C., Frazzon E. M., Ehm J. A Graph
MpOOIEMH, 1110 BUHHUKIIH. Model for the Integrated Scheduling of Intermodal Transport

3acTocyBanms iHCTpYMEHTY “ONTUMAILHAX  parations in Global Supply Chains. Dynamics in Logistics.
TPAHCTIOPTHUX ~ MApWIPYTiB»  CHpuse  NMOKPAWIEHHIO (13 p 301 311,
TpOTHOSYBAHES  IOCTABIICHE 1 ONTHMISAIl  BHTpAT 3. Critical interpretive synthesis: what it is and why
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IHCTpyMeHT «HpOrHOSYBATBHITA aHa3 iy International Journal of Computers Communications &
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nocraBieHHs. OTXKe, IPOTHO3YBAIBHHUH aHANI3 JOroMarae

peamizyBaTH  TPUHIMII  iHTEPMOAATBHOCTI  MUIIXOM

3a0e3redeHHs TOYHMX Ta  e(pekTUBHHX  BUOOpIB

TPAHCIIOPTHUX MAapIIPYTiB Ha OCHOBiI IependadeHb

MalOyTHBOTO TIOITUTY 1 YMOB.

He#t migxing copuse He  JUIIE  ITiJBHUIICHHIO
MIPOAYKTUBHOCTI B3aeMopii, ane i 3abe3nedye THYUKICTh
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I.  S. Demchenko, T. V. Golovko

Theoretical and methodological principles of the

organization of the system of intermodal transportation in
conditions of interoperability

Abstract. This article explores the theoretical foundations
of intermodal freight transportation in Ukraine, aligning with
European standards. The literature review analyzes diverse
theoretical approaches, drawing from Ukrainian and
international scholars. Six distinctive approaches emphasize

coordination, technology integration, and private sector
involvement. Challenges underscore the need to address
logistical complexities, financial stability, and resistance to
adaptation. A tailored framework is proposed, aligning with
Ukraine's challenges outlined in the "Approval of the National
Transport Strategy of Ukraine for the period up to 2030." This
approach integrates seamlessly with the European intermodal
freight transportation system. It centers on principles
(efficiency, sustainability, cost-effectiveness, flexibility,
safety, and security) and a high-tech toolset (predictive
analytics, resource allocation, route optimization, real-time
tracking, and graph modeling) to address issues and expedite
goal achievement. The outcomes include increased system
efficiency and improved interoperability. Subsequent sections
detail each component's significance, utilizing the Y-shaped
matrix for clarity. Integrating theoretical insights with
practical methods, our approach catalyzes a new era of
efficiency, sustainability, and uniqueness in freight
transportation. In conclusion, the study reviews literature and
proposes an integrated framework tailored to Ukraine's
challenges, aiming to transform intermodal freight
transportation. The conclusion outlines next steps for further
refinement and practical implementation.

Keywords: intermodal transportation, interoperability,
system of organizing intermodal transport, principles of
intermodal transportation.
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Bukopucranus

IFr¢eHETHYIHUX aJIFOpI/ITMiB

IpH IUIAHYBAHHI  3aJi3HHMYHHUX

nepeBe3eHb Y MidKHAPOAHOMY CHOJTYYEHHI

Cmamms posensdae npobremu i nepcnekmugu po3gumky npuKopOOHHUX mepminanie Yxpainu 3 kpainamu €C y
BOEHHULL MA NICIAGOEHHUT nepioou. [IposedeHo ananiz Cy4acHo2o CMAany 6aAHMANCHUX NEPEeEe3eHb Y €6PONECoKOMY
HAnpsamKy, npobnemu ma Kopomko- i 00820CMPOKOGI NEPCReKMUGU PO3GUINKY 3ANi3HUYb. 3ANI3HUYHUL MPAHCIOPM
gidiepae Kmouo8y cnpusiouy poav 00 iHmeepayii Yxpainu y eeponeticoky mpancnopmuy cucmemy. Lle siokpusac
MOdCIUBOCIE 00 peanizayii niany ioby006u ma po3eUmKy 3aii3Hulb.

Kniouogi cnosa: 3anizHuuna inpacmpykmypa, 6aHmMANiCHI NEPEE3eHHsl, KOHMEUHEPHI NePede3eHH s, 2eHeMUYHI

aneopummu, OnmMuUManbHul Mapupym.

Beryn

HesBakarouu Ha MOTEHIial JyIsl LIBUAKOTO PO3BUTKY,
YkpaiHa  3HaXOAUTBCA Yy  JOCUTb  Bpa3lIUBOMY
€KOHOMIYHOMY cTaHOBUII. OCHOBHMMHU TpoOjieMaMH y
KpaiHi JI0CI 3aJMIIAIOTBCS  KOPYIILS, BiJIKIaJaHHs
nposezieHHs pedopm Ta 3 mortoro 2022 poky 10 IBOro
JonaeTbes BiitHa npotu PO. CranoM Ha ocinb 2023 poky
NOBHOMAcHITa0HE BTOPTHEHHS Ta BEACHHS OOHOBMX i
P® npotu YkpaiHu 3aIMILAEThCS T'OJIOBHUM HETaTUBHUM
YUHHUKOM, SIKMH YCKJIAIHIOE Ta YIOBUIBHIOE YCi
€KOHOMIYHI Ta MOJITWYHI mpouecu y Kpaini. OmHak 3
HILIOT CTOPOHM TETEPILHS CUTYALlisl 3MILHIOE CTOCYHKH 3
kpainamu €C, CTBOPIOE NEpelyMOBHU JUIsl 1HBECTYBaHHS Y
BiOyJOBY  KpaiHM Ta  MOJEpHi3alii0  icHYyKUOol
IHQpPaACTPYKTYpH; OCKIJIbKM  3aJli3HMYHUI  TPaHCIOPT
VYkpainu mignagae mix  JaHy KaTeropitoo, JOLiJIbHO
OCBITHTH MPOOJIEMH 3aJTI3HHUIL Ta NUIIXH X BUPIIICHHS.
AKTyaJbHiCTh

AT «Yxp3anizHuisy yBIWIDIA Y BOEHHHH TEpiof sK
HaKOUIBIIKI poboTONaBels KpaiHu 31 mraroM y 231 Tucsiuy
MpaIiBHUKIB, PUOYTKOM y 17 MinbiioHiB nonapi y 2021
poui, kommaHis 3abesmeumna 82% BaHTaxHHX 1 50%
nacaxMpchbkux mnepeBeseHb. Ha mepion 2022 3 ciuns 10
KBITHS Oyno 3IifiCHEHO mepeBe3eHb Ha 65,9 MIH TOHH
BaHTaxiB. [lopiBHIOOYM 3 MUHYIHM pokoM (2021), Takuii
MOKa3HUK BIJNOBIZA€ IIICTAECATHA IEB’ATH BiICOTKAM BiJ
yCiX BaHTaXXiB, TPAHCIIOPTOBAHUX 3aJi3HUIEI0. BomHoUac y
ciyni-kBiTHI 2022 pOKy 3aTi3HHICIO IEepeBe3eH0 7,4 MIIH
MacakupiB, mo Ha 1,5 MIH macaxkupiB Oinble, HiX 3a
BimnmoBimgauid mepiox 2021 poky. HaibGimpmmii mpupict
(64%) BinOyBca y Oepesni 2022 poky uepe3 eBaKyaliro
moneit. Take mepeBe3eHHs Oyno 6e3komToBHIM. BonHo9ac,
IiCIA CKOPOYEHHS Ta IIOCTYNOBOTO CKACYBaHHS PYXY
€BaKyallifHUX  TIOI3MiB, MACaXHUPOIIOTIK  CYTTEBO
3MEHIINBCA, SIK HACHiIOK — y kBitHI 2022 poky Oymo
mepeBeseH0 Ha 19% MeHme TacaxupiB, HDK 3a
AHAJIOTIYHUI Tepio] MOmepenHbOoro poky. Binm modatky
BIfiCPKOBHX TMOMif B VYKpaiHi 3ali3HHUI TIepeBe3na
MMACaKUPCHKUMH BarOHAMH y CXiJTHI PeTiOHHU OLTBII HiXK CIM
THCSY TOHH T'yMaHITapHOI JOTOMOTH. TakoX pO3BHBAETHCS
HanpsIMOK BaHTAXXHUX MeEpeBe3eHb — Le IOHAJ THCAYa
YOTHPHUCTA BarOHIB 32 MiCAIb 3
© Kosaganos JI.J1. 2024

T'YMaHITapHUMH BaHTa)XaMH i3 3aKOPJIOHY J10 HAHOUIBIITHX

YKpaTHCBKUX MICT. YKp3aJi3HMIPl 3/IMCHIOE €BaKyallito
JIIOJIeH: y cCepeTHbOMY 3 MITH Maca)XMpiB Ha MiCsIlb, Y TOMY
ypcai 40 Tuc. macaxupiB - 10 cycimHix kpain. Ha Beix
BY3JIOBHX CTaHI[SIX [acakupaM HAJAE€TbcAd HEOOXiaHa
Jo1romMora, BUBAHTaXYETHCA ryMaHiTapHa JornomMora,
3IIICHIOETBCA XapuyBaHHS Ta CHOpAMXKeHHA. BoaHowac
gyepe3  OoifoBi  mii  BiAOyJMOCS — 3HAYHE — MATiHHA
BaHTa)OMOTOKIB (32 4 micsii 2022 poky Ha 31% nopiBHSIHO
3 BianmoBigauMm nepiogoMm 2021 poky). daktuyHo Oys0
IepepBaHO TPAH3UTHE CIOIYYCHHS Ha MIDKHAPOIHUX
KOpPHJOpax, IO Crojiy4aiTh A3ito — €Bpony. Tpanzuthi
MepeBe3eHHs 3aJi3HUIICIO 32 Yac BiiiHU (Oepe3eHb-KBITEHb
2022 poKy) 3MEHIIWJIMCS IIPOTH PIBHS BIANOBIAHOTO
nepiony 2021 poky na 88,4%. [IpoTuBHMK NOCTIHHO 3aBla€e
NPULIJIBHAX ~ PAaKeTHUX  ynapiB 1o  iH(pacTpyKrypi
VYkp3anizauui. CranoMm Ha r’site TpaBHsi 2022p 3aranbHa
cyma 30uTkiB, 3aBmaHux AT «Ykp3amizHuLs» uepes
3HUIIEHHs] akTHBiB KoMmaHii BHACIHIZIOK BOEHHOI arpecii
CTaHOBUTH 6,8 M1 I'pH.

AHAaJi3 D0CTiIKeHb i My iKamii

IaTepec  agenTiB  TPAaHCHIOPTY O  PO3BUTKY
KOHTEIHEpHHX TepeBe3eHb cTabinpHO 3poctae [5,8]. Lle
MOB’S3aHO 3 TepeBaraMM Ta  OCOOJHBOCTSIMH,  SIKi
KOHTEHHEpHI  TMEepeBe3eHHs  MaroTh  MOPIBHSIHO  3i
3BHYAMHAMH CITOCOOAMH TpaHCTIOpTYBaHHs [6,7].

Takox cmig BpaxoOBYBaTH Cy4YacHy MOJITHYHY
CHUTYAIIIfO Ta MPOIECH SKi BiZOyBalOTHCS HA MPUKOPIOHHIX
TEpMIHAJIAX ITiJ] Yac BOCHHOI'O CTaHy B Kpaiui [3, 4].

Meta nocaigKeHHs

Meta [mOCTIKEHHS TONATaE B YIOCKOHAJIEHHI
MpOIeciB  IUTAHYBAHHS — 3aJi3HUYHUX MEPEBE3CHb Y
MDKHapOZHOMY crmoiydeHHi. Lle MOXJIMBO JOCSTTH
MOIIYKOM MUISAXIB IEPEepO3MOLTYy BaroHOIMOTOKY Ha
MPUKOPJIOHHNX TepMiHamax Yxkpaian. OCKITBKH 3amada
HOCHTHh ONTHUMI3aliiHIA XapakTep, IOIUIBHO MOPIBHITH
MEeBHI MaTeMaTWdHI Mozeni, Oepyan 1m0  yBaru
TPYAOMICTKICTB 3aBIaHHS. [lepcnexkTuBHUM €
BUKOPHCTaHHA T€HETHYHUX AaJTOPUTMIB, OCKUJIBKH BOHH
MOXYTh OyTH e(eKTHBHO 3aCTOCOBAHI Yy TpPaHCIOpPTHii
3aJTI3HWYHIN JIOTICTHIIl YKpaiHu.
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BuxiiaieHHs1 0CHOBHOI'O MaTepiany H0CTiKeHHsI

BimnoBigHO 10 POCKTY IUTaHY BiTHOBIICHHS Y KpaiHU
(Bumanmii 'y 2022p) BUIUIIIOTH 2 TUNW TpoOJieM, IO
MOTPeOYIOTh BUPIIICHHS: TEPMIHOBI Ta JIOBTOCTPOKOBI.
Ockinbkr  Tema  poOOTH  TPHUCBSYCHA  3aJ3HUII
PO3IJISAIAIOTECS JIMIIE TMOTPeOU MOB’sI3aHi 3 UM BUIOM
TPaHCIIOPTY.

TepmiHOBa motpeba: YCYHEHHS HEPEIIKO]] CITBITpaL
3€C

VY 2021 pomi ocHoBHUE ekcriopT Ykpainu (80% 3a
o0cAroM) 1 BemUKa 4YacTKa KPUTHYHOTO iMIIOPTY
(Hanpuknax, BYriUis) WODIM 4epe3 TOPTH, sIKi 3apa3s
3a0iokoBaHi. HaBiTh sIKIIO Oyae MOCSTHYTO NMPUITUHEHHS
BOTHIO/3HATTA OJIOKaau, IUBepcudikais JOTICTUKU €
Ba)KJIMBOIO BUCOKHUII MIPIOPHUTET.

PosumpeHHst  mpOMyCKHOT
KopJoHax 3 €C:

- ByniBHMITBO MOMATKOBHX 3aii3HHUIL 0 KOPJOHY
€C i [Jlynaro Juis po3MIMPEHHS MYJIBTHUMOAAIBHOCTI i3
3amizHuEMH €C 1 TyHalHCbKUMU ITOPTaMH;

- ByiBHHUIITBO TPAHCKOPIOHHUX
CLIBCHKOTOCTIONAPCHKUX ~ TPAHCIOPTHUX 3acobiB  €C.
CXOBHIII 1 TEPMiHAIIIB;

- PeMoHT 1 MOAepHIi3alis 3ali3HUYHUX COPTYBAIbHUX
CTaHII{ Ha KITIOYOBHUX MaplIpyTax (30KpemMa eKCIIOPTHHX);

- Texuiune oOcnyropyBaHHs, OOJNaHAHHS JUIS
nepeba3yBaHHS BAHTKHHUX BaroHiB i3 kouii 1520 Ha 1435
MM - MogaepHizartis ICHYIOYHX
aBTOMOOITbHUX/3ai3HUYHUX IYHKTIB MPOIYCKYy Ha
kopoHi 3 €C Ta OyIiBHUITBO JI0JATKOBHX;

- Po3BUTOK iHGPACTPYKTYpH 1 MPOITYCKHOI 3AaTHOCTI
noptiB JlyHaro.

JIOBrocTpOKOBI 1ijli: OHOBUTH 1H(PACTPYKTYpy Ta
3MILIHUTH B3a€MO3B’SI30K.

Y MuHynomy TpaHcnopTHa iHdpacTpykTypa Oyna
3HAYHO HEJIOIHBECTOBaHA (Hanpukia, 94% JIOKOMOTHBIB
crapumie 25 poKiB, a aKTUBHa PEKOHCTPYKIisS JO0pir
nouaiacs e B 2018 poui). Kpim Toro, € 3Ha4HI 30UTKH
BiJl BiliHM, YKpaiHa JOCUTh BeJHMKa KpaiHa, 1 HeraTUBHHUN
BIUIMB TIOraHoi iHYPaCTPYKTYPHU MOCUITIOETHCS.

1. TepminoBa  BigOymoBa  Ta
1H(pacTpyKTYypH:

- BynyBaHHs1, BiTHOBJICHHSI Ta TIepe0OIaJHAHHS KOJIii
(BKJIFOUHO 3 IIOIIKO/DKEHHSIMH BiMHH), 3a0C3IECUCHHS
MYJIBTUMOJAIBHOCTI 3  YKpailHCBKMMH IOpPTaMH  Ta
sam3uuamMu €C;

- DBynmiBHUITBO, pPEKOHCTPYKINS Ta MOAEPHi3allisd
JOpir Ta MOCTiB (BKIIOYWaloud 30WTKH BiJ BilHH),

CIIPOMOXKHOCTI  Ha

PO3BUTOK

3a0e3MedeHHs MYJIbTUMOAAIBHOCTI 3 YKpaiHCBKHMU
MIOPTaMH Ta 3aJII3HUIICIO;

2. JoBrorepminoBa BimOymoBa Ta PO3BUTOK
1HQpaCTPyKTYypH:

- BynyBanHs1, BIZHOBIEHHS Ta TiepeoOiafHaHHs KOMiH
(BrITFOYArOUH eleKTpudiKaIito), 3a0e3meueHHs

MYJABTUMOJNATBHOCTI 3
3amizauiero €C;
- OHOBJICHHS 3aJTI3HUYHHMX BaroHIB 1 IOKOMOTHUBIB,

- BynyBanHs1, BiTHOBJIEHHS Ta TiepeoOIaHaHHS IOPIT,
3a0e3MeueHds MYJABTUMONATBHOCTI 3  YKPAiHCHKIMH
TIOPTaMH Ta 3aJIi3HHUIICIO;

- ByniBHUIITBO BUCOKOMIBUAKICHOI 3ami3HuUIl KuiB—
Bapmasa. Ile po3mmputs MYIFTUMOIANBHICTE i3
samzuumsamu €C.

YKpailHCBKUMH ~ TIOpPTaMH  Ta

Buxoxsun 3 3ampoONOHOBAHOTO  3aXiJTHUMH
nmapTHepaMH  ieldl 3  MojepHi3amii  IpPUKOPIOHHHX
TEepMiHaJiB, MOXXHA MIWTH BHCHOBKY, IO IOJAJIbIIa
PEKOHCTPYKITiSl CTaHIIIH TPU3BENE JI0 IIe OUTHIINX TMPOCTOIB
Ha HUX. TOMy € IOUIJBHMM pO3MIISHYTH MepepO3HnOIi
BaroHOIOTOKIB 13 HaWOIJIbII HaBaHTAXEHUX CTAHIII Ha
MeHII 3aiHATi. Taka iges mependavae IOBOJI MacHBHUMA
rpad 3 BEIHMKOK KUTBKICTIO TOYOK Ha MEPEXi 3aTi3HHILb.
[pornoHyeThCst 3aCTOCYBaHHS MATEMAaTHYHHUX METOIB Ha
eTami TUTAHYBAaHHS 331 TONIYKY HAaWONTUMAJbHIIIOTO
HITSIXY.

CriekTp 3acTocyBaHHS MaTeMaTHYHHX MoOjeleil Ta
MI/IXO/IiB TIOCTIHHO PO3IIMPIOETHCS B Tajly3i TPAHCIIOPTHOI
norictukd. [lomyk onTuManbHUX MapIipyTiB CIliZyBaHHS
TPaHCIIOPTHHUX 3ac00iB € OJHIEIO 13 33/1a4, SIKY AYXKE JIETKO
copMyiIOBaTH, aje YacoM CKJIaIHO BHUpIimMTH. Bona
NOJIsITae y TOIMIYKY HANMKOPOTHIOTO YM HalelIeBIIOro
MapIIpyTy Bijl MOYATKY IO KiHI[S, MAFOUX 0€3J11Y MOXKITUBUX
HUTSIXIB citityBanHs. KoHKpeTHUM po3B's30k 3aqay4i (aHati3
JIOBXKMH YCIX MOXKJIMBHX BiJJpi3KiB Ta 00paTy HAHKOPOTIIHHA
BapiaHT) 3a3BHYall OIMHAETHCS JOBOJNI TPYAOMICTKHM
nporecoM. Marour 15 Toyok Ha rpadi Mu oTpumyemo 43
MUTBSIpIM MAPIIPYTIB Ta 115t 18 TOHOK KUIbKICTh 3pOCTaE JI0
177 OinbiioniB. [y mpukinagy ysaBIMO, IO MH MaeMO
CYNepKOMII 10Tep, SIKUi Buaae pe3yibTaT st 30 Toyok 3a
60 XBWIMH; y TAKOMY BUNAAKY A1 32 TOYOK MOTPiOHO
BUTPATUTH O1IbII HiXk | MicsIb Ha MOLTYK BiIHNOBIJII.

ANTOpPUTMH  TIOIIYKY ONTHMAJIBHHX  MAapLIPYTiB
MOXKHa MOJUISIOTh HAa 2 TPYNM: TOYHI Ta EBPUCTUYHI
(HeTouHi) MeToIH.

Touni MmeToan. XapakTepHa OCOOIMBICTb IIUX METO/IIB
- TapaHTis 3HAXO/KEHHS ONTUMAJBHUX pIlIeHb [pU
BUCOKIH 3araibHiil TpymomicTkocTi mpouecy. Tomy TouHi
METOJHM 3JeOUIBIIOr0 3aCTOCOBYIOTH IPHU  pPOOOTI 3
MOPIBHSHO MPOCTUMHU 33/1a4aMH, 1[0 HE MICTSTh BEIMKOL
KIJIBKOCTI JJaHuX Jyisi 00poOku. He3Bakarouu Ha 1ie BOHH
HaOyBaIOTh LIMPOKOT0 3aCTOCYBaHHS, KOJIM MOBA 3aXOJUTh
Npo ONTUMI3alliifHI mpolecH Yy Taly3l IepeBe3eHb,
MPOMUCIIOBOIO BUPOOHUIITBA, YIIPABIIHHI MaTepiallbHUMHU
HOTOKaMH TOLIIO.

Jlo TOYHHX METOHIB BIAHOCATH: METOA ITIOBHOI'O
nepe6opy (Brute Force), meron rinok ta mex (Branch and
Bound), merom muHamiunoro mporpamysanus (Dynamic
Programming) Toro.

Metoxn noaoro nepebopy (Brute Force). Anropurm
MOBHOTO TIepebopy (MeTox rpy0oi CHitH) IPOBOIUTH TOIIYK
yCiX MOMIIMBHX BapiaHTIB BHpIIICHHS 3aBHaHHSI. BiH €
HaOLIBII TOYHUM, aje aKTyalbHUH JIUIIE TPH HEBEIUKIN
KimpkocTi maHux. Lleil meron rapaHTye 3HAXOKECHHS
ONTUMAJIEHOTO BHUPIIIEHHA «3aJadi KOMiBOSDKEpay, aje
yepe3 CBOK MPSIMONIHIAHICTE HOro HE JOMUTBEHO
3aCTOCOBYBATH TPH POOOTI 3 BENUKUMHU 00 €MaMH JaHUX;
OCKUIBKH i€ MPU3BOAUTH O 3HAYHUX YaCOBUX BHUTpAT Ha
TIOIIYK PO3B’SI3KY.

Mertop rinok Ta Mmex. [IpencTaBieHui TOYHIA METO]]
€ MOJZICpHI3aIli€r0 METOy Tpy0oi chith, ane Ha
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BiIMiHY BiJl OCTAaHHBOI'O BiH HE BPaxOBYye BapiaHTH SKi
3a3/aNeriib He MaroTh MPaBWJIBLHOTO BHpIMIEHHS. Meton
TJIOK Ta MeX 30epirae yci rmepeBard TOYHHX aJITOPUTMIB,
OJIHAK TMpPU BEIMKMX 3HAYCHHAX TOYOK N HOro
BUKOPDHCTOBYBAaTH He JouuibHO. Jlns poborm Ta
JIOIIJIBHOCTI 3aCTOCYBaHHS METONy HEOOXimHI 2 yMOBH:
PO3TaTy’)KEHHS 1 3HAXOKEHHSI OLIHOK (TPaHHMIIb).

[lepmie omwmcye Tpolec YTBOPSHHS ITiIMHOXHH
MEHIIHUX PO3MipiB BiJl MOYATKOBOI KUIBKOCTI JOMYCTUMHX
3Ha4YeHb 3MiHHOI X. OTpUMaHi MiIMHOXHHH CTBOPIOIOTH
YMOBHE «JIEPEBO», OT0 TaKOK HA3WBAIOTH JIEPEBOM MEX
Ta TUIOK, ab0 JepeBOM TOIMYKY. ['iTkaMu YTBOPEHOTO
JiepeBa BBKAIOTh I IMHOKUHU 3HAYEHb 3MIHHOI X.

TomoBHMIA  HEMONIKOM I[HOTO METomy — Iie
HEeOoOXiTHICTh TOBHICTIO BHpIIIYBaTH 3ajadi JiHIHHOTrO
MIporpaMyBaHHsI, aHaII3YI0YH YCi FHOTETHYHO JIOMYCTHMI
pitnenns. 'pomiski 3a 00'eMOM TaHUX 3aBIaHHS POOJISITH
METO/I TJIOK 1 M&X HEJIOIIJIbHUM Yy BUKOPHCTaHHI, X04a BiH
3acIyroBye TOBHOI  JIOBipH Yy BHpilleHI  3ajgad
LJIOYMCENILHOTO JIIHIHHOTO ITPOrpaMyBaHHSI.

Meron aumHamiyHoro mnporpamyBanHs (Dynamic
Programming). BukopucroByroun JIMHAMIYHE
NpOrpaMyBaHHA Ui IOIIYKY Cepel YCiX MOXKIMBUX
BapiaHTIB IIYKalOTh ONTHUMAaJbHE pIllIEHHs, TOOTO Take
1100 TOCATTH €KCTPEMAIbHOTO 3HAYCHHS MEBHOI MiTHOBOT
¢byukmii. OnTuMizamis 3agaHol 3aaadi  MPOBOTUTHCS
po3monijaoM ii Ha CKIamoBi, OLTBII MPOCTi 3amadi. Takum
YHHOM MOYKHA 3HaYHO CKOPOTHTH 4ac POOOTH aJTOPUTMY
NOPIBHSHO 3 OUIBII NPSMOJNIHIMHUMKH MeToiaMu. Bce
3BOJAWTHCS IO BHUPIMICHHSA TaKUX «Iig3agad» Ta
00’e/lHAHHS ~ OTPUMAaHUX  PE3YJbTaTiB  pa3oM s
oiepKaHHsI OCTATOYHOrO (ONTUMAIILHOTO) PIILICHHS.

3arajoM, 3aCTOCYBaHHS JIMIIE LUX METOAIB HE €
noctaTHiM. OCKIIBKY, BUTPATH Yacy Ha IMOIIYK ONTHMYMY
He € NpuHHATHIMY. CHIIbHA CTOPOHA TOYHUX METOAIB — Lie
100% BupimeHHs 3aadyi, 32 yMOBH HEBEIMKUX BXiIHHX
JAHUX, YU BIJCYTHOCTI MOTPeOM Yy TEPMIHOBOCTI
OTpUMAaHHS PillICHHS.

EBpuctuuni (Herouni) meromu. s kommeHcarnii
HEJOJIKIB TOYHUX METOMIB YacTO BHKOPUCTOBYIOTHCS
HETOYHi, a00 eBPUCTUYHI AITOPUTMHU 1 MeToau. OnHi€e i3
OCHOBHHUX IIepeBar € Te, IO BOHM MAlOTh HAaJ3BHYAHO
IIBUJKMH Yac BUKOHAHHS OIepalliif, TMOpIBHIHO 3
ToyHUMH. lle cTae MOXIJIMBHM 3aBASKH TOMY, IO BOHH
HaBITh He OEpyTh 10 yBaru HEMiIXOJII Ui OOYUCICHb
mani. Takwii miaxin Habupae MUPOKOTO 3aCTOCYBAHHS IS
BEJIMKMAX 3a KUIBKICTIO JAHMUX 3aad OITHMI3alil MiJb0BOI
GbyHKii.

Aunroputm Kpicrodineca (Christofides’ Algorithm).
[IpencraBnennit  anroputM €  pilleHHAM  3a7adi
KOMiBOSDKEpa JUII BUIAIKIB, /€ BIJICTaHI YTBOPIOIOTH
METPUYHUI TPOCTIp Ta BUKOHYIOTHCS CHMETPHUUHICTH 1
HEepiBHOCTI TPUKYTHHUKA. Omnmcano ANTOPUTM
«HAOIKEHHs, SIKAI TapaHTye, IO OTPUMAaHe pIiIICHHS
Oyme Ha Bincrani He Oimbmre 3/2 Big JOBXHHHA
ONTHMAaJIbHOTO BUPIIICHHS.

AJroput™m K-HalOmmKIIX cycimis
(NearestNeighbour). KnacudikamiiftHuii miaxin, K
3aCHOBaHMI HAa BUKOPHCTAaHHI, O0YMCIEHNX MiXK 00'€KTaMu
BimcTaHel, g kinacudikamii iHITIX 00'€KTIB Y MPOCTOPi
ix BractuBocTe. OO0'ekTM 3 HAWMEHIIOK O HHUX
BiJICTAaHHIO YTBOPIOIOTh OKPEMHUH KJIac.

Meron k-naitbmmkunx cyciniB (KNN) € merpuaanm
QJITOPUTMOM, SIKAIl BUKOPHCTOBYETHCS JUISI aBTOMATHYHOT
k1acudikaii 06'exris. Moro rooBHmii IPUHITHII MONATaE B
TOMY, 110 00'€KT MEPEXOIUTh B KIIAC, JI0 SIKOT'0 HAJIEXKAaTh
HaMOLIBIII 32 KUTHKICTIO IPEACTABHUKH Cepe HOTro CYCiIiB.

Kaniounit anroput™m (Greedy). XKaniOuuit anroput™ -
e TPOCTUH 1 NPSMONIHIMHMNA EBPUCTUYHUI aJrOpHTM,
KN 3aCHOBYETHhCS Ha BHOOpI HaWKpalIoro BapiaHTy Ha
KOXXHOMY KpOIIi Ta HE 3BEPTAE yBaru Ha MOXKJIMBI HACII1JIKH.
Moro Mera - OTpUMATH ONTHMAlbHE pIillGHHS B KiHI
NpoLeCy, BUXOMSYM 3 HasBHUX JaHWX Ha TIEBHOMY €Talli.
Onrtumizaiis MapmpyTy 3a3BH4ail Moyke OyTH BUpiIlIeHa 32
JIOTIOMOT0F0 KaJliIOHOr0 aJITOPUTMY, SIKMH € MPOCTUM Y
BUKOHAHHI 1 4acTO JyXe IBUAKAM. HaBiTh K10 1 iICHYIOTH
3anauyi, SKi He MOXYTh OyTH MOBHICTIO pO3B'si3aHi 3a HOro
JIOTIOMOT'010, BHMKOPHMCTaHHS >kKamiOHOi crTpaTerii Bce X
MOX€ JIaTH 33I0BUTbHUI pe3yJIbTaT.

[MopiBHIOIOYM poOOTY KagiOHOrO ajIropuTMy i3
METOJIOM JTMHAMIYHOTO TIPOrpaMyBaHHs, MO>KHA 3a3HAYHTH,
1110 Jka/1i0Ha CTpaTeris MpaLioe 3rOpH IOHHU3Y, 341 HCHIOI0YH
MIOCITIZIOBHI JKa/iOHI BHOOpH, y TOM yac sSK JUHAMIYHE
NporpamMyBaHHS  PO3B'A3ye  3ajady 3HH3Y JOTOPH.
JKaniOuuit miaxig obilsge 3HAXOAUTH HE JIMIIEC PO3B'S30K,
ase i onTHMalIbHE PIllIeHHs], IISIXOM CKOPOYEHHSI BEJTMKOL
3a/1a4i 10 MEHIINX Mig3aaad.

TaOy-nomyk (TabuSearch). Anropur™m Taby-HOLIIYKY
(TII) - me eBpPUCTHYHUII aNrOPUTM, IO BHUKOPHUCTOBYE
JOKAaJbHUH TOLIYK, 1100 YHUKHYTH 3alaJlaHHd B
HepeavacHi JOKaJdbHI ONTHMYMH IIIIXOM 3a00pPOHH PYXiB,
SKi TIPUBOIATH JI0 TIOBTOPEHHsS IONEpEHIX pillleHb Ta
mukiaiyHoi poborr. TII mNOYMHAETBCS 3 MOYATKOBOrO
pitenns. Ha koxHiii iTepanii renepyetbcst Habip pillieHs, i
HaiiKpaile 3 boro Habopy OOUPAETHCS SK HOBE PIlLICHHSI.
[TeBni aTpuOyTH mOMEpeHiX pilieHb 30epiralTbes y
"Ta0y-CrucKy", SIKMH OHOBIIIOETHCS B KIHII KOXHOI
itepauii. Bubip Halikpamoro pimenHs i3 HaOopy
3/IHCHIOETBCSL 3 ypaxyBaHHSIM 3a00pOHEHUX aTpUOYTIB.
Haiikpame ponycTume pilieHHS B JaHUA MOMEHT
OHOBIJIIOETBCS, SKIIO HOBE IIOTOYHE PIIIEHHS € KpallyM.
[potec TpuBae N0 NOCATHEHHS OJHOTO 3 BOX KPHUTEPIiB
3aBEpIICHHS: MaKCUMaJlbHa KiIBbKICTh BUKOHAHHX 1TEpariif
abo MakcuMallbHa KUIBKICTH iTepaliii 0e3 MoinmeHHs
pILICHHSL.

Myparmmnauii anroput™ (Ant Colony Optimization).
OnuH 13 Hale(eKTUBHILIMX MOTIHOMIaJbHUX aJTOPUTMIB
JUTS TIPHOIKEHOTO PO3B'SI3aHHS ONTHMI3AIliHNX 3a/1a9 Ta
MOIIYKY MapIIpyTiB Ha rpadax - e Miaxig, SKui
BUKOPHCTOBYE MOJENb MOBEIIHKA MYpAIIOK, 5K IIyKarOTh
NUIAXHA BiX KONOHII M0 /pkepena Dki. PoGora amroputmy
MOYMHAETHCA 3 PO3MIIEHHS MYPAIIOK Yy BEepIINHAX rpada,
1 Jajti MypaIiKy pyXarThes 1o rpady BUMAIKOBUM YHHOM,
KepYIOUHCh IMOBipHICHUM METOIOM.

Buxinauit pe3ynprar MOoXke OyTH HETOYHHM, OIHAK
HOBTOPCHHS aITOPUTMY MOXKE HPHU3BECTH IO (JIOCTaTHBHO)
TOYHOTO Pe3yNbTAaTy uyepe3 UMOBIPHICTD PillIEHHS.

l'enernunmit  anroputMm. BigmoOpakae mporec
TIPUPOIHOL CENEKIIii, Jie HaliKpaIli OCOOMHU BiOUPAIOTHCS
JUIS BiATBOPEHHS HACTYIMHHX MOKOMiHb. OCOOIUBICTIO
TEHETHYHOI'0 QJITOPHTMY € AaKIEHT Ha BHUKOPUCTAaHHA
omeparopa «CXpEUICHHs», SKHH BUKOHYE OIEpallilo
pexoMOiHamii pinreHb-KaHIUAATIB, PONb SKOI aHAIOTiYHA
poui cxpemieHHs B kuBiil nmpupoxi. Ha psny 3
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MypalliHUM  QJITOPUTMOM, T'CHETHYHUI BBaXKA€THCS
HaMOIIbII eQEeKTHBHUM Ta IIUPOKO 3aCTOCOBYETHCS HA
npaktini. OCKUIBKH, 32 TOPIBHAHO KOPOTKHH dac
rapaHTyIOTh MAaKCUMAJILHO OJIU3bKE ONTUMYMY PiILICHHS.

Byno crBopeno Oesnid mporpam, s BHpPIIICHHS
JlaHOi Tpo0IeMH, SIKi MalOTh 32 OCHOBY II€BHI aITOPUTMH,
METO/IH Ta MaTeMaTH4yHi Moziesti. OTHUM 13 JTiZepiB y HaHIi
rajty3i € TeHETHYHI alrOpUTMU; IIed POrpaMHHi TIPOITYKT
JI03BOJISIE CKOPOTHTH 4Yac Ha NOIIYK HaWBHUTiAHIIIOrO
BapiaHTy IlepeBe3eHb | YHUKHYTH JI0IaTKOBUX BUTpaT. BiH
no0pe cebe 3apeKOMEHAYBaB Ta MIMPOKO 3aCTOCOBYETHCS
HaBITh 3a MEXaMH TpaHCIOPTHOI Tamy3i. OCKiIbKH
QITOPUTM € JOCHTh T'HYYKHM 1 Jla€ 3MOTy ONepyBaTd 3
BEIMKUMH 00’€MaMH  JIaHUX TPOIOHYETHCS  HOTO
BHUKOPHCTAHHSL.

3a NpUHIIUIIOM CBO€T pOOOTH, allTOPUTM, IO HAaraaye
Tpo1ec JlapBiHIBCHKOT €BOJIIONIT, BIJIPI3HAETHCS
BUIIAJIKOBICTIO Ta irepariiHicTio. EBomonis 3a3Buyaii
PO3IIOYMHAETHCS 31 CIIJIBHOTH BUITAIKOBO YTBOPEHUX OCi0,
SIKI CTAaHOBJIATH IOKONIHHSA Ha KOXHii itepamii. KoxxHa
0co0a y MOmyJsIiii OMIHIOETHCS 33 CBOEHD MPHIATHICTIO,
sIKa 3a3BMYail BU3HAYAETHCS 3HAYEHHSM LTbOBOI (DYHKIIIT
B ONTHMi3alifiHI} 3agadi, Mo BUpimlyeTbes. HaiOinmbm
NpUAAaTHI OCOOMHM, CTOXAaCTUYHO BimiOpaHi, 1 T€HOM
KOXHOT OCOOM BHJIO3MIHIOETHCSI (EBONIOLIOHYE), MI00
YTBOPUTH HOBE MOKOMiHHs. HoBe mokomiHHS (eHOoTHIIIB
nanmi Oepe y4acThb y MOJAIBIINX ITEPAIisIX alrOpUTMY.
AJNTOpUTM 3aKiHYYETHCS, 32 YMOBH SIKIIO BifiOpaHo, abo
MaKCUMaJIbHY KUIBKICTh TOKOJIiHb, a00 JOCSTHYTO
3aJI0BIJIBHOTO PiBHS MPUIATHOCTI OCOOUH.

Takum 4YMHOM, Becb Ipouec POOOTH MOXKHA
PO3IIOALIMTH Ha 3 OCHOBHI €TaIlH:

1. dopmyBaHHS CTAPTOBOI MOIYJISLIIT;

2. Anani3 QyHKUii aAanTUBHOCTI AJ1sl KOKHOT 0cO0H;

3. Iteparist 1o MOMEHTY 33/I0BOJICHHSI YMOB IOLIYKY:

- Cerexkist 0ci0 13 MOMyJIsIii;

- Myraris abo/Ta cXpelyBaHHS;

- AHai3 QyHKIIT aanTHBHOCTI AJIs 1S BCIX 0Ci0;

- CTBOpEHHsI HOBOT MOMYJISILIi (HOBE MOKOTiHHS).

Yci onepallii BUKOHYIOTBCSI TIOCTYIIOBO B CTPOrOMY
nopsiaKy. CXeMaTHYHO e BUIJISAAAE HACTYITHUM YHHOM:

Mouarok

p >
DopMyBaHHA MOYATKOBOT NONyNALi
Pt = {H1, H2...HN}, t=0

|

OujiHka tyHKuji npuaatHocTi ‘

f{Hj) —> max , j=1,2,3.N

~" 3apoBOneHHA ymoB
. 33BEPIIEHHA NOWYKY _

4{

Tak

Peaynerar

| Kikeue ,

CxpeujysaHHa

Puc. 1. ITpuaIun poGOTH THITOBOTO TEHETUYHOTO
AITOPUTMY

CrtBopenHss mouaTkoBoi momynsii. Lled eran
3aJIeKUTh BiJl IPUPOAN 3aBIAaHHs, 3a3BHUYall THUIIOBA 33/1a4a
Ma€ ONM3BKO JEKIJIBKOX COTEHb, a00 HaBiTh THCAY
MOXIIMBHX pilleHb. [lepima TOmyssimis CTBOPIOETHCS
BUIAJKOBO, OCKIJIBKM HE Ma€ CEHCy HaMmaraTucs
BIITBOPUTH HA/ATO IPHCTOCOBAHKX OCI0 3 CAMOT0 ITOYATKY.
3a YMOB HEKOHKYPEHTO3JaTHOCTI MOMYJISAIii, TeHeTUIHUH
AJITOpPUTM [EPETBOPUTHL Ii B IPUIATHY M KUTTS
nonyssiniro. Hacimiakom nepmioro Kpoky € nomystsuist P, o
Haniuye H oci6.

BinOip. Y mpormeci CTBOpeHHST HOBOI'O MOKOJIHHS,
KOXXCH HACTYITHWI LUKJI TPU3BOAWUTH N0 BiOOpY MEBHOI
YaCTHMHU HasBHOI momyssimii. [HauBixyampHi pilieHHS
BHOMparoThes 3a noroMororo Fitness-based mporecy. B
JTAHOMY BUIAJIKy NOKa3HUK Fitness xapakrepusye 3Ha4EeHHS
MPUCTOCOBAHOCTI  KOXHOI  0coOH. «BwxuBarote» Ti
IHAMBIAN SIKi MAIOTh HAWOiIbIIE 3HAUEHHS QyHKIIT Fitness.
BoHa BH3HAuaeThCd TEHETHYHWUM MPEACTABICHHAM 1

BU3HAYAE SKICTh TMPEACTABICHOr0 pilieHHs. OyHKIIs
Fitness 3aBx ¢ 3aJICKHUTH Bl MPOOIEMHU.
Hons  Fitness oci0 sBusie coboro  mapamerp

TEHETUYHOT0 aJTOPUTMY, HOro 3a1aroTh 3a3Aajeriip Imin
Yyac CTBOPEHHS Mporpami, abo AaloTh 3MOTY PETrYIIOBATH
i1 4ac poOOTH 3 alITOPUTMOM.

CxpelryBaHHS (Po3mHOXeHHS, KPOCHHI'OBED).
CxpeliyBaHHs — 1ie ONepaTop, KUl BHKOPUCTOBYEThCSI JIJISI
KOMOiHalil reHeTndHoi iHQopMmamii ABOX uuM Oijblie
0aThKIB 3 TIONANIBIIMM BIATBOPEHHsM wi€l iHpopmaii y
Hamanka. OCHOBHa yMOBa JUisi PO3MHOXEHHSI IOJISTae y

3a0e3MeueHHl  HalaJIKiB  3JaTHICTIO  YCMaJKOBYBaTH
XapaKTePUCTUKH BiJl yCiX OaThKiB.
TpaauuiiiHi  reHeTH4Hi anroputMHu  30epirarThb

TeHeTUYHY I1H(QOpMAI[il0 B XPOMOCOMI, HpEICTABICHIH
OitoBuM MacuBOoM. KpocuHroBep OITOBHX MAacHBIB €
HOMYISIPHAMHM 1 HAOYHMM  IPUKJIAZAOM  T'€HETHYHOI
pekoMOiHarlii.

Myraiis. Myranii HaOyBalOTh TAKOr0 )X 3HAUEHHSI, SIK
1 TIpolleC PO3MHOXEHHS: Y TeHETHIHOMY aJTOPUTMI iCHYE
napameTp M, sIKKid MPEACTABIISIE KUTbKICTh «MYTaHTIBY, 1 Ha
Kpomi Myramid HeoOximHo BuOpatn mH ocib, ski
NOTpeOyIOTh 3MIiHH, BHKOPHCTOBYIOUM 3aJiaHi oreparii
MyTaIi.

MareMaTH4Ha OCHOBA T€HETHYHOI'O aJTOPUTMY.
OCKITbKH 1/iesl TeHETHYHOr0 AJTOpPUTMY 3acCHOBaHAa Ha
eBONIONIIHIA Mozeni JlapBiHa, Mae CEHC pO3MIISAATH
MaTeMaTH4He OOTpYHTYBaHHS KOXHOT'O eramy
EBOJIIOIIIITHOT O TIPOIIECYy.

CranzapTHe IpecTaBIeHHs KOKHOTO KaHAUIATa - [e
MacuB 0iTiB. MacHBH iHINMX THIIB Ta CTPYKTYp MOXKHA
BHKOPUCTOBYBATH Tak camMo. ONHI€I0 3 TOJOBHUX IepeBar
TeHETHYHHUX YSIBJICHD € 1X 3pydHa BUIIPABHICTh, OCKUIBKH 1X
KOMIIOHEHTH JIETKO YIOPSJIKOBYIOTHCS 3aBISKH CTaJlOMYy
po3Mipy, IO CHpoITye MpOBeAeHHS KpocuHroBepa. [licis
TOro, K TCHETHYHE TPENCTaBICHHS Ta (iTHeC-QyHKIIA
BU3HAYCHI, TEHETHYHHH aJITOPUTM IEPEXOIUTh IO
iHimiam3anii momymAmii, a moTiM I BIOCKOHANICHHS 11
IUISXOM TOBTOPHOTO 3aCTOCYBAaHHS OIEPATOpIB MyTalii,
KPOCHHTOBEpA Ta CEJEKIIii.

IHimiamizamis. Tlepen moyaTkoM BUKOHAHHS POOOTH
Tpeba 3aJaTH MmapaMeTpy aIrOPUTMY, TaKi SIK: JOBXKHHA
XPOMOCOMH (PO3Mip MacHBY JaHUX) Ta PO3MIp TIOMYISIII.
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KoHkpeTrHO uIs 3aBHaHHS ONTHMI3allii TIEPCBE3CHB,
MOTPiOHO TAKOXK BPaXOBYBATH MIBHKICTh TPAHCIIOPTHOTO
3aco0y, BiJICTaHi MK CTaHITiISIMH, a00 MiCTaMU, SKiCTh Ta
3aBaHTAXCHICTh MAPIIPYTiB TOIIO. JIJIsT I[hOr0 BBOISTHCS
JOMATKOBI KOHCTaHTH, a0o 3MiHHI BenmuuwHH. Jlis

MJABUIIEHHS  IIBWAKOCTI  PO3pAaxyHKIB IIUIIXH  SIKi
3a3/ayeriib He BUKOPHUCTOBYIOTHCS JIOLIJIBHO JIIKBITyBaTH.
dopmyBaHHS TIO4YaTKOBOL TIOITYJISIIIIT. B

KOMIT I0TEPHOMY IIpOrpaMyBaHHI (popMyBaHHS TOYaTKOBOI
TIOMYJISIT 3a3BUYaH 1€ PE/ICTABIISETHCS MACHBOM JIAHHX:
Pt={H1,H2..Hn}, t=0, (1)
ne P — momysis;
H — ren;
t — HOMep momyswii. t npuiiMaeThes 0, apke MU MaEMO
BHITAJKOBO 3T€HEPOBaHI JaHi.

OuiHka iHAWBIAIB 32 QYHKLIEIO TPUIATHOCTI. Psaok
f(Hj) -- > min, j = 1, 2, 3 ... N neMOHCTpY€E 3/iiCHEHHS
MiHiMi3anii naHux. Bimdip ¢okycyeTbes Ha ocobax 3
HaliMEHIIMM 3HA4YeHHSIMHU. 3aJIeKHO BiJl 3aBIaHHS MOXeE

BHUKOPHCTOBYBaTHCs, a00 omepamis MiHiMizamii, abo
Makcumizanii GyHKIIT MpUAaTHOCTI.
Maxkcumizanis Gpyukiii mpumatHocri fitness k:
it _ fxi) — Imin AKio[™max % [min
fl nessk - { [max — [min
min 1,HI'CHIOImax = [min
I = mlnxeyf(x)
Imax = max ’ 2
x€Yf(x) ( )
ne | - HaGip (iHAMBiAM) 3HAa4YeHb WITHOBOI (QYHKLII B

JIAHOMY TIOKOJIiHHI;
f(XK) - 3HaueHHs 3amaH0il HTEOBOI HYHKIIIT;
X - (peHOTHIT;
k = Homep npucBoeHuit heHoTUmy.
Misimizartist pyHkii npunataocri fitness k:

Imax — f(xk) AKmo[™¥ % Jmin

= { Jmax — [min ’

1, HKH_[OImaX = [min

f itnessk

(3)

[epeBipka nmanmx. HacTynHuit Kpok Mae cyro
NEepeBIpOYHUI XapakTep. A caMe YH 3aJ0BOJBHSIOTH
iCHyrOU1 1aHi YMOBH 3aJa4l, SIKIIIO TaK TO poOOTa mporpaMu
MIPUNMHAETBCS 1 pe3yabTaT BUBOAUTHCS Ha ekpaH. B
IHIIOMY BHIIAAy TMOYMHAETHCSA LUKJ OIepariii Binoopy —
CXpEIlyBaHHS — MyTalii, SKUA HTOBTOPIOBATHMETHCA
BCTaHOBJIEHY KUIBKICTh ITOKOJNIHB, a00 O THX Mip JOKH
KOpHCTyBa4 HE OTPHUMAE 33J0BIILHUI PE3YIbTaT.

Bin6ip. Bimbip - omepaTop BHIIQAKOBOIO BHUOOPY
omHoro iHgmBima 3 momyismii. Ormepatop —cemekmii
TPYHTYETBCS Ha 3HAaYeHHAX (YHKHIi MPUAATHOCTI BCIX
IHAWBIMIB TOTOYHOI TMOMyNALi AN BUKOPHCTaHHS
0o0paHOro iHIMBIIA B omepaTopi cxpenryBaHHs. [Ipu mpomy
WMOBIpHICTH BHOOPY y IHAWBIAIB 3 OUTBII BHCOKOIO
MIPUIATHICTIO BUINE, HDK y IHAWBIAIB 3 OUTBII HHU3BKOIO
TIPUIATHICTIO.

[ponopmitina  cemekiis. MOXIHUBICTE  BHOOPY
€IIEMEHTa TPOIOPITiiiHa 3HAYCHHIO MPUIATHOCTI 1HIUBIAA.
Hanuit BuUA cenekmii MOXXe TMPAIIOBATH TiTBKH 3
TTO3UTUBHUMHY 3HAYEHHSAMH MPUAATHOCTI.

IIponopiiiHa celreKIlis BU3HAYAETHCS 32 (POPMYIIOF0:

fitnessy

P = 37 Fitness,”
T finess, (4)

Junst BubOopy oco0u HEOOXiJHO 3a BHIIAJIKOBHM
YHCIIOM 00paTH iHIMBI/Ia Ha SIKOTO BOHO BKAa3Ye:

- pOsMINTEHHA HMOEIpHOCTEH
mocTigosso Ha Biapisey [0; 1];

o0HMpaeM0 EHNAJEOEE
) "[“ _ HCT0 ¥ paMEax sipizsy [0; 1];

- SHAXOJHMO CTOX3CTHYHO
] Eiifpanoro HIHETa.

Puc. 2. [Iporiec Bubopy ocodu

CxperntyBaHHS (Kpocunrosep). CxperntyBaHHs
BiJmoBimae  OilomoriuHOMy — mpouecy — pekoMOiHarii
xpomocoM. ['eHeTMuHa  pekoMOiHAIsA- 1€ OOMiH

TEHETUYHHM MaTrepialioM MK PI3HUMH OpraHi3MamH, IO
NPU3BOJMTH 10 OTPUMAHHS IOTOMCTBA 3 KOMOIHAIIi€I0
O3HAK, 110 BIJPI3HSIOTHCS BiJl O3HAK, SIKi 3HAXOIATHCA Y
Oynb-KOro 3 OaThKiB.

Kpocunrosep 3 oamieto Toukoro  (Single-point
crossover). Touka Ha XpoMocoMax 000X OaThbKiB
BI/I6I/Ipa€TI>C$[ BUIIAIKOBHUM YHUHOM i IMIO3HAYa€ThHCA

«TIepexpecHor0 TOYKow»(crossover point). bitu npaBopyd
BiJl Li€] TOUYKK PO3MILIYIOTHCS MiX BOMa 0aThbKiBCHKHMU
xpomocomami. L{e mpu3BoANTE N0 NBOX HAILA/IKIB, KOXKHHUN
3 SIKMX Ma€ MEeBHY TeHeTH4Hy iH(pOpMalilo BiJ 000X
0aTbKiB.

NepexpecHa
TOYK

a
0 oll‘o‘o‘

]'l‘l[]

XpomocommM BaTekis

: OO

o T IS

XpOMOCOMM Hawaakie

Puc. 3. Ilpukiag KpocHHroBepa 3 OHIEI0 TOUYKOO

KpocunroBep 3 mBoma, um Oinbire toukamu (TwWo-
point and n-point crossover). Y KpOCHHTOBEpi 3 OBOMa
TOYKAMHU JIBI XPOMOCOMH BHOHMPAIOTHCS BUIAJIKOBUM
YUHOM 13 OaTBHKIBCBKHX XpPOMOCOM. bBIOKHM MiX aBOMa
TOYKAMU OOMIHIOIOTBCS MIXK OpTraHi3MaM{ HAIIaJKiB.
Kpocuurosep 3 7BOMa TOYkaMu piBHOZHAYHUIN BUKOHAHHIO
JIBOX KPOCHHTOBEPIB 3 OIHIE€I0 MEPEXPECHOI0 TOYKOK Y
pi3HEX MicIpIx MacuBy. Ls ctpareris Moxke OyTH BUKOHAHA
J0 N-TOYKOBOTO KPOCHHTOBEPa ISl OYIb-sKOTO JOAATHOIO
[UTOTO N, BHOMPAIOYH N MIEPEXPECHUX TOUOK.
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MepexpecHi ToukK

0|0I 1‘[0
]UOll 0|1

XpOMOCOMM HaLWaaKIB

o|n 0|1|u n|

IOJI‘I]

Xpomocomu BaTbkie
Puc. 4. Tlpuknag kpocuHroBepa 3 JBOMa TOYKaMHU

Myranis. Myranist - omepaTtop, II0 BiJIOBiTae 3a
TCHETHYHE PI3HOMAHITTS IOYHWHAIOYU BiJ TEPIIOro
MIOKOJIIHHSL XPOMOCOM aJrOpUTMYy 10 HactymHoro. lle
aHaJIor O10JOTIYHOI MyTalii 1 3a3BUYail 11l 3MIHM HE3HAYHI.
Myrartist BU03MIiHIOE JICKiIbKa a00 HABITh OJTHE 3HAUCHHS
reHa BiJ| Io4yaTkoBoro cra”y. Ilpu BHKOHaHHI omepariii,
KOKHUH TEH 3 Ti€l0 4YH IHIIOK  HWMOBIPHICTIO
BUI03MIHIOETHCS, TOOTO OTPUMYE MTPOTHIICKHE 3HAYCHHSI.

VY TreHeTMYHOMY ajropuTMi MyTamii oOMparThes
cepel TPhOX BapiaHTIB: CUJIbHA, cila0ka Ta CepeHs
MyTaltii.

1
{ —, IKIIlO MyTallid cJlabKa
3n
1 .
p(mut) = —, AKII0 MyTal[isl cepeHs ,
n

3
{min (n—, 1), K10 MyTallisl CUJIbHA

Jie N - TOB)KWHA BeKTOpa OiHAPHOT 3a1a4l ONTHMI3alIil.
CxeMaTH4YHO 1€ BHUIJBIIAE SIK OPOCTE 3MIHEHHS
3HAYEHHsI OJIHOI'0 OJIOKY MacHBY Ha MPOTHIIEKHE:

o mymauii

nd |11/1/1/0/0]0

llicna mymauii

nd |111/011/1]0

Puc. 5. Ipuknan myraiii TppOX TeHIB

IlepeBaru Ta HENONIKM TEHETUYIHOTO AJTOPUTMY.

IlepeBaru:

1. l'eHeTHYHMIA aITOPUTM MPAIOIOTH 3 KOAAMH, IO
MPE/ICTABISIOTE 00010 (hOpMai30BaHUi BUIIIA HAOOpy
mapamMeTpiB. B mporeci poOOTH TeHETHIHOTO aIrOPUTMY
MaHIMyIALIi 3 KOZaMH BiIOYBAarOThCSA HE3AJICKHO Bif iX
3MiCTy, TOOTO KO PO3TIIAIAETHCS IPOCTO SIK PSIIOK OITiB.

2. lle oauH i3 HAWMIBUAIIMX 33 TOLIYKOM
ONTUMANIBHOTO PIIIeHHS anTopuTM. B cBOill poOoTi He
BHKOPHUCTOBYE JOAATKOBOi iH(popMarii, a mpamoe 3
JAHUMU B 00J1aCTi JOMYCTHMHUX 3HAUCHb MapaMeTpiB.

3. Ipu peanizamii npoleaypy MOIIYKY, TeHETHYHHN
anroput™M  00poOIIIE  OAHOYACHO  AEKUTPKA  TOYOK
TIOITYKOBOT'O TIPOCTOPY, a HE MePEeXOANUTh TOCITIIOBHO Bif
TOYKH IO TOYKH, K B TPATULIHHAX METOIAX.

4. BukopucTaHHi JBOX MEXaHI3MiB
JNETEPMiHOBAHOTO Ta WMOBiIpHICHOTO.

pilens:
Lle nae 3mory

oTpuMaTty OUThII e(eKTUBHI Pe3yabTaTH, aHDK SKII0 O MU
BUKOPHCTOBYBAJIN OJIMH 3 IIUX MEXaHI3MIB.

5. 3maTHHI MpaIFOBaTH 3 BETUKUMU 00’ €MaMU JJAHUX.

Henomnikn:

1. He 3aBxu rapaHTye onTHMaJIbHE pillleHHs. [HKoIH
noTpeOye Apyroi cpody Ha MOIIYK ONTHMYMY.

2. Cxnamauii B peanmizamii. Jlume mnpodecionan B
o0yacTi TeHeTHYHOr0 MPOTrpaMyBaHHS MOXE peajli3yBaTd
CKJIQJIHI 32 CBOEIO TIPHPOJIO0 TIPOEKTH.

3. Hecraua pi3HOMaHITHOCTI B IHAMBimaxX. Y
NOMYJISI] IBUAKO BiAOYBA€ThCA BUIUICHHS €IUHOTO
TEHOTHITY, IO IPEACTABIISIE COOOI0 MAaKCHMAaJIbHE JIOKAJIbHE
3HA4YeHHs, 1 BCl 1HII OCOOMHM BHUSBIISIOTHCS HEAOCTATHHO
KOHKYPEHTOCIPOMOXXHUMH y BigOopi. Hacmigkom 1poro €
MOIIMPCHHS KOMii JaHoi 0coOM cepenm BCiel MOMyJAIii.
Xoua BKe iICHYFOTh METOZM OOPOTHOU 3 IIiEr0 MPOOIEMOIO.

MarematnuHa Monenb Ha  0a3l  TeHETHYHHX
anropuT™MiB. J{OLIBHO pPO3MIISAJAaTH 1 BHUKOPHCTOBYBATH
JIeKITbKa KPUTEPIiB, 3a SIKUIMU MH OTPUMYEMO (hiHAIBLHUI
pe3yabTar. HeoOXigHO BHIUIMTH N-KiJIBKICTH MAacCHBIB
JIAHUX, 110 OJIOMY JUIsI KOOKHOTO 3 KpuTepiiB. TpaHcriopTHa
JOTICTHKA, y OIJBIIOCTI  BHUMAJKIB, CTHKAETHCS 3
MUTaHHSAMHM CTPOKIB JIOCTaBKH, O€3MeKH Ta BHUTPAaTH Ha
TpaHcroptyBanHs. 11[06 MaT BUOip HaiOIBII BAXKIMBOTO

KpPHUTEpilo, CiJl 3anporoHyBaTH Kilbka HaWKpalmx
BapiaHTiB, NpOTE KIiHIIEBE PILICHHS 3AJIMINAETHC 32
moauHOK. Po3paxyHKM THpOBOAATBCA —OKpeMo, 10O

YHUKHYTH KOHKYPEHLIT MIX JaHUMH I1J1b0BO1 (DyHKII.
LinboBa (hyHKIIisL, 110 OITKCY€E BAPTOCTI JOCTaBKU:

3C=MB+ > C;— min,

(6)
Je MB - MuTHa BapTicTh;
Ci — cobiBapTicTh TmepeBe3cHHS i-r0  BHIY
TPaHCIIOPTY;

3C —3aranbHa BapTiCTh IIEPEBE3CHHS;

Sk 3a3Ha4YeHO BHIIE y CTATTi, POJIb MHUTHUX BHUTPAT
Ba)XKJIMBa MU BH3HAYEHHI 0a3MCHHX YMOB. ICHye Kijbka
METOJIIB PO3PaXyHKy MHUTHHX BUTPAT, 1 JJIsl HAIIOI pOOOTH
MU BHUKOPHUCTOBYEMO METOJ NOZaBaHHsS BapTocTi. OuiHka
MUTHOI BapTOCTi BKJIIOYA€E B ce0e pO3paxyHOK Pi3HUX BHIIB
BUTpAT Ta IPHOYTKY eKCIOopTepa.

dopmyna po3paxyHKy MHUTHOI BapTOCTI Ha OCHOBI
nonaBanHs (MB) BU3HAYa€ThCS:

MB = BB + B/I + HII + BII + JIII + 4II, (7)

me YIl - BignoBigHa 4dacTmHAa mNPHUOYTKY BiX

TIOZIAJTBLIOTO TIEPENPOIaKy TOBAPIB, 110 HAKOIUIYETHCS y
MPOJABIL;

HIT— npubytok excmoprepa; BII— Burpatu
TIOKYTIIIS;

BB — BapricTh MatepiaiiB i BUTpaT, BHPOOHHKA
TIpY BUPOOHUIITBI TOBAPIB;

B — Burpatu Ha
TPAaHCIIOPTYBAaHHS 1 CTpaxyBaHHS,
Ykpaini;

PO3BaHTAXKCHHA,
HaBaHTa)XCHHA B
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HA 3AJIIBHUYHOMY TPAHCIIOPTI

JIIT — mimeH3iHi mIaTexi 3a poboTy 3 00'ekTamMu
IHTENEKTyaIbHOT BJIACHOCTI.
[inboBa QyHKIIIS, IO ONMHUCYE Yac JOCTABKH:

Trocr = Tp + Tu—i + Ty + Tg = min, (8)

ne To-x — yac BUTpayeHW Ha MOYATKOBO-KiHIIEBI
orieparii;

T6 — 6ydepnuii yac;
Tn — gac npocToiB;
Tp —uac ciigyBaHHs.

CroxacTnyHa MOJENb Ma€ TIeBHI OOMEXKEHHs
uinboBoi (yHKHiI. Y HamoMmy BHNAAKY, Il OOMEXEHHS
BHU3HAYAIOTHCS BBEICHUMH  KOPHCTYBadeM JaHHMHU.
OckinbKi HeMae (IKCOBAHOI BEJIMYMHHM, IO OOMEXYE
BapTICTh 1 Yac TMepeBe3eHHs, 11i 3HaUeHHS MOBHHHI OyTH
BKIIIOYCHI B alTrOPUTM KOXHOro pasy. Hampukman,
MakCHUMaJbHUA 4Yac TEpEeBE3CHHS  BCTAHOBJIIOETHCS
CTOPOHOIO 1 aJrOPUTM HE TIOBHHEH HOr0 MEpEBUIIYBATH.
Ile mo3BoONsie BUKIIOUUTH Oarato BapiaHTiB, sKi HE
BiJINIOBIIAIOTh YMOBaM NEPEBE3EHHS 1 BUMOTaM KJI€HTIB
HanepenonHi. Te % caMe CTOCYEThCS i BApTOCTI TOCTABKH.
VY4acHUKU TIepeBE3eHHs BCTAHOBIIOIOTH MaKCUMaJIbHY
CyMy, B M@XKaX SIKOi IPOBOJHTHCS MOIIYK ONTHMAaJIbHOTO
PpillIeHHSI.

Hns  nmpukinagy Oyao pPO3MISHYTO —TepeBe3CHHS
3aJli3HUYHUM TpaHCHopToM 3 M. XapkoBa 70 M. bepiH.
OnuuM i3 cepBiciB 3 BiakputM jgoctynoMm € Logistics
explorer, sKkuil TpPONOHYe HACTYNHUH MapuIpyr 3
MiHIMaJIbHHUMHU BUTPaTaMHU.

Puc. 6. Bapiant nepeBe3ennst uepe3 goaatok Logistics
explorer

3actocyBaBmm Merton nomyky ['A OyB 3HaineHuit
HaCTYNHHUI MapmpyT. Ha morryk ontiMaisHOro MapuipyTy
nporpama BHTpaTWwia npuOmM3HO 22 cekyHau. Bechb
Mapupyr cknajgae npubnmszHo 1941 kinomerpa, s
NPOXO/KEHHST  AKoro ToTpibHO 59.2 romuum  (6e3
ypaxyBaHHS IPOCTOIO HA TEXHIYHUX CTaHIIIsX).

Bydgoszcz
(3

// —Poland
Poznaft S

Biaystok Belacus

o
Prague KatowhceS Kaakom e
3 Ko ooz

Czechia Ostiava
8mo
T

Ukraine

Puc. 7. BapiaHT nepeBe3eHHs 3 BUKOPHCTAHHSIM METOLY
A

['eHeTHUHMI aNTOPUTM TPOMOHYE OLIBII JICIIEBY Ta
IIBUJIIY aJIbTEPHATHUBY ACSKMM 1CHYIOUMM BapiaHTOM. 3a
HAlUMHM PO3paxyHKaMM IIOKa3HUKH HOBOTO MapIIpyTy
YMOBHOTO TIEPEBE3CHHS 3ali3HHYHHM TPAHCIOPTOM 3a
MmapuipyroM XapkiB — bepiin Oinblie 3a10BOJBHSIOTH
noTpedu mepeBifHMKIB. Pe3ynmbTaTd st 3pY4HOCTI
HaBeJeH1 y Tabmui 1.

Tabmus 1

[TopiBHSAHHS TEXHIKO-€KOHOMIYHHX MOKa3HUKIB

dakropu r'A IcHyrounit BapianT
1. CepenHsi TeXHIYHA IIBUIKICTH COCTaBY, KM/TOJ 16,28 14,42
2. Yac crityBaHHs BAaHTaXxy, TOJ 119,2 1429
3. Bigcranp nepeBe3eHHs, KM 1941 2061
4. CobiBapTicTh IEpEeBE3CHHS, TPH 124600 132350
5. ExoHOMi4HMii e(eKT, TpH 7750 -
6. Piunuii ekoHOMIUHUIA e()eKT, MIIH. TPH 22436,25 -
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BucHoBkn
PunkoBa  ekoHOMiKa Ta  3pOCTaHHA  OOCSTIB
MDKHapOJHOI TOPTiBIIi  CIIOHYKa€ TEPEeBI3HHUKIB 10

TIOKpAIIEeHHs Ta pallioHaji3alii IJIaHyBaHHS ITepeBE3eHHS.
Komrr’rorepusariist JaHOTO ITPOIIECY 103BOJIUTD:

1. 3MeHmMTH Yac TMOIIYKY HaWOUIBII epeKTHBHUX
pillleHb, BpaXOBYIOUH KpPHUTEpil IIBUIKOCTI Ta BaAPTOCT;

2. 3HM3UTH HMOBIPHICTH TIOMHWJIOK 1 DU3HKY
BUHHMKHEHHS! HETATUBHUX HACIIiJIKiB;
3. bpatm 1o pospaxyHKIB IIpaBOBI HOPMH Ta

MTOJIOXKCHHSL KpalH, 0 BHKOHYIOTH POJIb IMIOPTEpiB abo
EKCIIOpTEPIB.

[IportonyeThCsl PO3TIAAATH ONTUMI3aliiHy CHUCTEMY
HeBiApuBHO Bif icHytounx ACY Ha 3anizHumsax. Takwuii
T AX1/1 crpusie iHTerpaiii 3anpornoHoBaHOTO METO/Y Ha BKe
ONEpYIOYM CUCTeMax ympaBiiHHs. [li yac mpoBeneHHs
PO3paxyHKIB €eKOHOMIYHOT0 e()eKTY BiJl BEJICHHS 1HHOBAIII1,
pe3yapTaT OyB MO3UTUBHHUM Ta MOKA3aB TEPMiH OKYITHOCTI
CKJIa/Ia€ 2 POKH.

CTBOpEHHS aBTOMATH30BaHHX CHCTEM II03UTHBHO
CIIPHUATHME Ha TPAHCIOPTHO-JIOTICTHYHY r'ajly3b B Y KpaiHi.
Hama kpaina mae BeIHMKI MOMJIMBOCTI JUIS TIOJIIIIICHHS
NEePEeBI3HUX MOCIYT i CTBOPEHHS CHPHUSTIMBUX YMOB IS
NOKpalIeHHs MKy YKpaiHH Yy 3aKOpJOHHUX KIII€HTIB.
3anponoHoBaHa IHHOBaIiss HE TOTpeOye 3HAYHMX
KaliTaloOBKJIAJAEHh 1 MOXE TPHHOCUTH TO3UTHBHUM
€KOHOMIYHUIA e(eKT IUIIXOM 3HIKEHHS Cco0iBapToCTi
BIPOBa/PKEHHS BUCOKUX TEXHOJIOT1H.
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Kovalov D.D. The use of genetic algorithms in the
planning of rail transportation in the international
connection

Abstract. The article explores challenges and opportunities
related to the growth of Ukrainian border terminals with EU
nations during both wartime and post-war periods. It
conducts an analysis of the present condition of freight
transportation towards Europe, addressing immediate issues
as well as short- and long-term prospects for railway
development. The pivotal role of railway transport in
facilitating Ukraine's integration into the European
transportation network is emphasized, presenting
possibilities for realizing plans for railway reconstruction
and advancement. It has been established that container
transportation already occupies a significant share of the
market and the tendency to use it is only increasing.
Ukraine, as a transit state (there are 4 out of 10 existing pan-
European transport corridors pass through the territory of
Ukraine), has great potential for the development of its own
railway transportation system. On practice container
transportation allows to reduce the cost of packing
operations by more than 2 times, increase labor productivity
by 4-5 times, and provide conditions for complex
mechanization and automation of transshipment operations.
Transport and logistics system of Ukraine is at a rather low
level compared to other countries of the world. Therefore,
this article studies the ways of optimizing the container
movement from Ukraine to EU countries, using certain
mathematical algorithms and methods. One of these
methods described is genetic algorithm, which is considered
to be one of the best mathematical algorithms for the task
described above. It could play a crucial role in establishing
a decent logistical railway system at the western border of
Ukraine. Also, it could help to optimize the border crossings
passage to implement and expand transport capabilities of
Ukrainian railways. It could not only help to find the fastest
or cheapest route but also shows the weak points of
Ukrainian border terminals. Based on this information,
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more ways of improvement could be proposed to modernize
and expand border terminals and stations, with further
integration into the European transport system.

Keywords: railway infrastructure, cargo transportation,
container transportation, genetic algorithms, optimal route.
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