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l'opnenxo /[. P. Moneni Ta METOIW TNPUNHATTS pIlIICHb BOJOHTEPAMH B
OTIEpaTUBHUX 3aBJIaHHSIX TPAHCIOPTHOI Jorictuku. — KBamidikariiina HaykoBa
mpaitlsi Ha IpaBax PyKOIHUCY.

Hucepramisi Ha 3100yTTS HAYKOBOTO CTyIEHS JJOKTopa (Qimocodii 3a
cremianpHicTIO 122 — Komm'torepHi Hayku. — HarioHanpHUN yHIBEPCUTET
«Onecpka nomitexuikay, MOH Ykpaian, Oneca, 2023.

Y Berynmi OOTpyHTOBAHO AaKTyalbHICTh MIATPUMKH TPUUHATTS PIlICHb
BOJIOHTEpAMHU TMiJI Yac PO3B’sI3aHHS ONEPATUBHUX 3aBJlaHb TPAHCIOPTHOI
JOTICTHKHU. XapaKTepHOIO OCOOIUBICTIO TAKHUX 3aBJIaHb B yMOBAaX BOEHHOTO CTaHy
€ BHUCOKa JMHaMiKa 3MIHM cutTyalii. OCHOBHUMU BHMOTaMHU TPH MNPUUHSITTI
pilleHb B Takiid CUTyallil € iX ONEepaTUBHICTb Ta AOCTOBIPHICTh. lligBUIIEHHS
OIEPATUBHOCTI Ta JOCTOBIPHOCTI MPUUHATTA PIlIEHb BOJIOHTEPAMH B MOJIOHUX
3aBJIAHHSIX TPAHCIIOPTHOI JIOTICTUKUA MO>KHA JIOCSATTH HUISIXOM PO3pOOKH MoOjeen
Ta METOJIB NPUHHATTSA pIIEHb A KOMaHAM BOJIOHTEPIB, SKI JO3BOJISIIOTH
BpaxoByBaTH 1H(OpMAIlIO MI0JI0 MOTOYHOTO CTaHy CHUTyallli, sika JUHAMIYHO
3MIHIOEThCSA. Bu3HaueHo 00'ekT, mpeaMmeT, 3ajadyi Ta METOAU JOCHIIKCHHS;
HABEJCHO HAyKOBY HOBHM3HY Ta MpPAaKTHYHE 3HAUEHHS OTPUMAaHUX pPE3yJbTaTiB;
BHCBITIICHO OCOOMCTHH BHecOK 3100yBada. Hapenaeno iHdopmartiito 1po
ampoOaitito poOOTH Ta ii CTPYKTYpY, @ TaKOX Mpo MmyOJikalli aBTopa 3a TEMOIO
JycepTalii.

Y nepmomy po3aiji aucepramiiiHoi poOOTH MPOBEASHO aHAI3 MOJEICH 1
METO/IB BHPIIICHHS 3aBJaHb TPAHCHOPTHOI JIOTICTUKH, SKI 3J1ACHIOIOTH
BOJIOHTEPH, Ta X OCOOIMBOCTI B yMOBaX 0OCTaHOBKH, IO JUHAMIYHO 3MIHIOETHCS
(nectiiika cutyanisi). ['0JOBHOIO 3a7ayer0 BOJIOHTEpIB € BHUOIp HAWKpauioro
MapuipyTy AJig AOCTaBKU pecypciB B MOTPiOHI MyHKTH. [Ipu 1npoMy BakKJIMBO He
TITBKH MIHIMI3YBaTH BUTPATH Ta Yac TPAHCIOPTHOI omeparlii, ajge i 3a0e3neunTu

0e3MneKy pecypcy 1 KOMaHIu.
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AHami3 JiTepaTypHUX JpKeped [0Ka3aB, [0 33J0BOJIEHHS BHUMOT
OTIEPATUBHOCTI Ta JOCTOBIPHOCTI MPU MPUUHATTI PIIIEHh B yMOBax HECTIMKOi
CHUTYAIli 3aJIC)KUTh BiJl HACTYITHOTO:

Mo-TIepIIie, BiJl ONEPaTUBHOCTI, IHPOPMATUBHOCTI, CBOEYACHOCT] Ta TOBHOTH
iH(bOpMarlii, sika, sIK MPABUIIO, OMUCYETHCS 3MIIMIAHUM THUIIOM JaHUX (KUTbKICHUM,
SKICHUM, pEJeHHUM) 100 CTaHy YyMOB TpPAHCIOPTYBaHHS SK Ha BChOMY
MapuipyTi, Tak 1 Ha OKpeMux Horo aurstHkax. lle moTpebye po3poOku HOBUX
MiXO0/1B 10 OTpUMaHHs 1H(hOpMAIlii;

HO-Apyre, OCKUIbKM 3aBAaHHsS TPAHCIOPTHOI JIOTICTUKH, K1 3A1MCHIOIOTH
BOJIOHTEpPU B yMOBaX HECTIHKOI cUTyauli, € OararokpurepiaJlbHUMH, TO IpHU
OPUIHATTI PIlIEHb HEOOXIIHO 3aCTOCOBYBAaTM METOAM OaraTOKpUTEPIaIbHOTO
€KCIIEPTHOT'O OLIIHIOBaHHS.

[IpoananizoBaHo  BiOMiI  OaraTOKpuTEpiaJibHI  METOJM  E€KCIEPTHOTrO
ominoBaHHs. [lokazaHo, 1m0 HaWKpaUUMH METOJAMHU E€KCIIEPTHOTO OIIHIOBAHHS
QIbTEPHATUBHUX PIIICHb MPU HASBHOCTI 1H(OpMAIlT 3MIIIAHOTO TUIY € METOIU
SMART Tta AHP, npoananizoBaHi ix nepeBaru Ta Henodiku. He3Baxkaroum Ha Te,
mo meton AHP € mpuitHATUM eramoHOM OaratoKpuTepialibHOTO EKCIEPTHOTO
OLIIHIOBaHHS, B pPOOOTI B sKOCTi 0OazoBoro OyB oOpanuii Meton SMART,
NEepPeBarol0 SIKOro € MIHIMAJIbHI YacOBI BUTPATH OCOOM, IO MpUHMAE pILICHHS.
OpnHak OCKUTHKM MOMY MPUTAMaHHUW CYTTEBHM HEHOJIK — HEBpPaXyBaHHS PI3HHUX
HaIpsMIB ONTHUMI3alli KpUTEpIiB MpHU HASBHOCTI 1H(pOpMallii 3MIIIaHOTO THILY,
3aIlpOINOHOBAHI IUISIXU HOT0 yI0CKOHAJIEHHS.

3a pe3yiabTaTaMM NPOBEICHOIO aHalli3y BHU3HAUCHO METy Ta 3aBIaHHS
JTOCITIIKEHD.

Y apyromy po3aiii po3poOieHO KOHIENTYalbHYy MOJENb OIlIHKH CTaHy
MapuIpyTy Npy BUPIIICHHI 3aBJaHHS TPAHCIIOPTHO1 JOTICTUKHA B YMOBaX HECTINKOI
cutyauii (puc. 1) A A0CTaBKU pecypceiB 3 MYHKTY R, B IIyHKT NOTPEOH y LIbOMY

ecypct Ry, sika BpaxOBy€ OCOOJHMBOCTI OTPHMMAHHS aKTyaJIbHOI OL[IHKH CTaHIB
E

YMOB TPaHCHOPTYBaHHS, M0 AMHAMIYHO 3MIHIOIOTHCS BHACTIAOK HAJ3BUYAMHHUX



3

CUTyaIlli Ta BpaxoByE OOMEXKEHICTh JIFOJCHKHX PECypciB KOMaHIU BOJIOHTEPIB 1
HenpodeciiHICTh 1 yYaCHHKIB.

Ocoboro, sixka mnpuiiMae pimenHs (OIIP) momo BubGopy Haiikpamoro
MapuIpyTy, € KOOpJUHATOP KoMaHAu BosoHTepiB (VIM ;). Jiid 3HaXOKEHHS
po3B’si3ky mpoOiemu OIIP Bupinrye HacTynmHi 3aBJaHHS: BHU3HAUEHHS LI,
GopMyBaHHS MHOXHHM MOXJUBHX MapmpyTiB A={4} (i =1,m), ymoB
NPOBEJCHHS OMepallii; OTPUMaHHS OI[IHOK MIOJO0 IOTOYHOTO CTaHy IMEBHUX
MapuipyTiB C; BiJl BOJOHTEPIB; MPUUHATTSA PIIICHHS; BUJAaya PIICHHS KOMaH/I1

BOJIOHTEPIB Ta 3/J1MCHEHHS KOHTPOJIIO 100 BUKOHAHHA 3aBIaHHS TPAHCIOPTHOI

JIOT1CTHKH.
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Puc. 1. KonnentyansHa MO/I€Ib OI[IHKYA CTaHy MaplIPyTy MPH BUPIIICHH]

3aBJaHHS TPAHCTIOPTHOI JOTICTUKU B YMOBaX HECTINKOI CUTYyarlii

KonnenrtyanpsHa Mojenb BijoOpakae HOBUM IMAXIA 10 OTPUMaHHS
1H(popMaIlii B yMOBaxX HECTIMKOI cUTYyalli Ta nepeadayae ouiHKy cTaHiB C; IEBHOTO

MapuipyTta A4;, 1o MICTUTh BU3HAUEHY HU3KY K MOKa3HHKIB, 110 OMHCYIOTh CTaH

KOXKHOI j-0i MUISHKM meBHOro Mapupyty A; - Cj; . 3rigno 3 mogemmo (puc. 1)
. k . . .

3Ha4YEHHS OMIHOK Cj; ONEpKAaHO 4YIeHAMM KOMAH[M BOJIOHTEPiB-CIIOCTEPiradis

ViM L (i=1,m, j=1n;), axi BUCTYnaOTh B SAKOCTI €KCIIEPTiB-BOJIOHTEPIB i

3aKpIIUIEH] 32 KOXHOIO j-OH0 IUISHKOI MEBHOro MapmpyTy A;. Jias oTpuMaHHA
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arperoBaHoi OIIHKM CTaHy KOXXHOTO MapuipyTy C; B OJAJBIIOMY BPaxOBYIOTHCS

OLIIHKM EKCTEPTiB-BOJIOHTEPIB Ui HU3KH TMOKa3HHUKIB C; = {Cl-k } (k=1LK), ne

n;
k _ k
ch=Yck.
j=1

3anponoHoBaHa KOHIIETITyaJlbHa MOJENb OLIHKH CTaHy MapuipyTy IMpu
BUpILICHH]I 3aBIaHHA TPAHCIOPTHOI JIOTICTUKH Yy TEOPETUYHO-MHOKUHHOMY

[MOJIAaHHI BUTJISAIAE TAK:
KM= <C,,GCs....,C,. A, Ay,...., A, > (1)

ChopmynboBaHO mepIIMA NYHKT HAYKOBOI HOBHM3HH:  BIIEpIIE
3aIpPONOHOBAHO KOHUENTYAJIbHY MOJEIb OLIHKH CTaHy MapUIpyTy MPH BHUPILIECHHI
3aBJaHHS TPAHCIOPTHOI JIOTICTUKM B YMOBAaX HECTIMKOi cuUTyalli, ska
BIJIDI3HSETHCS BIJI ICHYIOUMX THM, IO BpaxoBy€ JIWHAMIYHI 3MIHH CTaHy
30BHIIIHBOIO CEPENOBUILA Y BUIIISAL €KCIEPTHUX OI[IHOK IIOAO0 NOTOYHOT'O CTAHY
BIJIMOBITHOT JUISTHKA MapIIpyTy, OTPUMAHUX BiJ WICHIB KOMaHU BOJIOHTEPIB, 5K
3aKpIIUICH] 32 BIAMOBIIHUMH JUISHKAMUA MapUIpyTy, 10 JO3BOJIMIO PO3MOIIIUTH
GyHKLIT MK 4JieHaMd KOMAaH/AM, MiJIBUILIUTH ONEPaTUBHICTh Ta JOCTOBIPHICTH
MOTOYHOI OIIHKU CTaHy MapIIpyTiB.

JUist migBUIIEHHsT 1H(GOPMATHUBHOCTI OIIIHKM CTaHy KOXHOTO MOXIJIMBOTO

MapuIpyTy B LIJIOMYy Ha OCHOBI OI[IHOK AUTSTHOK MapIIpyTy Il HU3KU MOKa3HUKIB

C§ 3rIH0 3 KOHILENTYaJIbHOK Moje/o (puc. 1) yIOCKOHAJEHO METOA

(dbopMyBaHHS KOJIEKTMBHOI OLIHKM MMOTOYHOI'O CTaHy Mapuipyty. MeToa MICTUTh
HACTYMHI KPOKH:

1. dopMyBaHHS PO3MIMPEHOTO CIUCKY TOKA3HHUKIB OIHKH MOTOYHOTO
CTaHy MapuipyTy.
Axmo B KJIAaCMYHMUX 3ajadax BHOOpPY HAWKpANIOTO MapUIpyTy KPUTEPIsIMH, IO
MIHIMI3YIOTBCS, SK TIPaBWJIO, € Yac Ta BUTPATH, TO MJIs PINICHHS 3aBlaHb
OTIEPaTUBHOI TPAHCIOPTHOI JIOTICTUKM B yMOBax JWHAMIYHUX 3MIH BHUHHKAE
noTpeba y BpaxyBaHHI JJOJIATKOBUX MOKA3HUKIB OIIHKU MMOTOYHOTO CTaHy MEBHOTO

Mapuipyty. B pe3ynbTraTi mpOBEIEHOTO EKCIIEPTHOIO OIMUTYBAaHHS BOJIOHTEPIB
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OJICP’)KaHO BICIM OCHOBHHUX ITOKa3HMKIB: CEPEIHS IIBUIKICTh PyXy MO JUISHII

MapupyTy (nmoka3Huk C; ) — KUIbKICHUH THII IaHUX; AKICTb JOPOKHBOTO MOKPUTTS
(mokasuuk C,) — AKICHMH TWUN [aHWUX; HAasABHICTb IIyHKTIB 3allpaBKU
aBTOTPAHCHOPTY NanbHUM (moka3Huk C;) — penelHU THN AAaHUX; HasBHICThH
IyHKTIB PEMOHTY aBTOTpaHcHopry (mokasHuk C,) — penelHH TUI [aHUX;
HAsABHICTH CTilikoro 3B3Ky (moka3Huk Cjs) — peneHui THII JaHWUX; HasBHICTbH
YKPHTTIB Ta 3aXHCHUX criopy[ (moka3Huk Cy) — peneiHnil TUI JaHUX; HAasBHICTD
MEIUYHUX YCTaHOB Ta 3aco0iB IIBHUAKOI MeIU4HOi gomomoru (mokasHuk C,) —

peNeHUI TUI JAaHWX; HASBHICTh PETYJSIPHUX 3arpo3 JOCTYIMHOCTI MapuIpyTy

(mokaszHuk Cg) — peseifHuil TUIl 1aHUX.

2. ArperyBaHHsS €KCHEpTHUX OIIHOK Toka3HukiB C kg ypaxyBaHHSIM

THUIIB JaHUX.

KokHOMY 3 IOKa3HUKIB €KCIIEpTaMU IIPU3HAYAIOTHCS BIANOBLAHI Baru W, k =1,8.

[Ticas YCCPCAHCHHA IIPU3HAYCHUX CKCIICPTAMH Bar', OTPUMAHO HaCTyrIHI/II‘/JI BCKTOP

211121 1 1} .
——————— . Ha ocHOBI 1IuX Bar BH3HA4Y€HO

[816888161616

OLIIHOK Bar:

WMOBIPHICTh BKJaJy KOXXHOTO TOKa3HHWKa B 3arajibHy 1H(pOpMaIlilo Mnpo CTaH
JUISTHKA MapUIpyTy, MPU [bOMY TMepe10a4aeThes, M0 BEKTOP MOKa3HUKIB BU3HAYAE

MOBHY CUCTEMY TIOJIIiA:

W, 8
pr=—5——, =1 2)
ZWk k=1
k=1

JIist  OImiHKHM KUTBKOCTI 1HGoOpMaIlii, SKy BHOCHUTH KOXEH TIOKa3HUK,

3alpONOHOBAHO  BUKOPUCTOBYBaTH  iHQopMariitHy  eHtpomito  IllenHona
E, =—p; log, pr, (k=18). Tlpumyckaroum, M0 KOXKEH MOKA3HUK BHOCHTH

aINTUBHUYN BKJIaJ B 1H(POpPMAIIHY €HTPOMIiIo, 3araibHa iH(OpMaIliiiHa eHTpois

(Tabi. 1) po3paxoBYEThCA HACTYITHUM YUHOM:
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8
E=YE. 3)
k=1

3 Ttabmuii 1 BHOHO, MO 3 POCTOM KUIBKOCTI TIOKA3HWKIB JIJISI OINIHKH

MOTOYHOI'0 CTaHy MapIIPyTy BiOYBA€THCS 3pOCTaHHS 1HPOPMATUBHOCTI OIIHKHU.

Tabmuis 1. Po3paxyHok 3aranbHOi iHGOpMaIiiHOi eHTpoIii

E 1 2 3 4 5 6 7 8

8
zEk oir 0.5 0.75 1.13 1.5 2,0 2.25 2.5 2.75
k=1

OCKIIbKM ~ OIIIHKH  ITOKa3HHKIB C§ (k=18, i=1m, j=Ln)

MPEACTABISAIOTLCS PI3HUMHM TUIAMU JIaHWX, 3alpOMOHOBAHO [IJis arperarii
CKCIIEPTHUX OIIIHOK HAaJIaHUX EKCIEPTaMHU-BOJIOHTEPAMH BpPaxOBYBAaTH THUIU
JaHUX:

- Y pa3l KUIbKICHOI OIIHKA OOYHUCIIOEThCS CEpefHsl OIlIHKA KOXKHOIO

MOKa3HUKa MEBHOTO MapIIPyTy, BPaXOBYIOUH OIIHKY KOXKHOT IUISHKH MapuIpyTy:
k L Cg ~ . T
Ciagr = 2. (k=18,i =1,m), (4)
j=1 M

- y pasi AKICHO{ OIIIHKH - OI[IHKaM MPU3HAYAIOTHCA PAHTH R ;‘ (Tabm. 3) Ta

k
_ m R"
PO3PaxoBy€TbCS CepefiHiil paur R, = >’ —L 3 HojanbIMM 3HAXOKEHHSAM HOTo
j=1
inoi wactmum y 6ik 3menmenns CX =|-2|. Ck  onepxye skichy ouink
n y iagr — m . iagr ACPIKY y on Yy

BIJIMTOBITHO JIO OJIEPKAHOTO PAHTyY éiﬁgr (Tab. 2);

Ta6mui 2. [Ipu3HadeHHs paHTiB AKICHUM OIlIHKaM ITOKa3HHKIB

SxicHa oIliHKa | Jy’Ke MOTaHO | IMOTaHO | 3aJI0BUIBHO no0pe | BIAMIHHO

Panr 1 2 3 4 5
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-y pasi peneiHoi OIliHKY arperailist Bii0yBaeThCs 3a MPaBUIIOM:

Ci/;gr = 1, sik1110 O1TBII, HIXK 2/3 eKCTIEPTIiB- BOJIOHTEPIB HAJa)IH OIIHKY " TaK"

)

k .
Ciggr =0, B HIIOMY BUIIAJIKY.

Takum YmHOM, Ha OCHOBI arperaimii BEKTOpY OI[IHOK CTaHy AUISHOK

MapipyTy L, GOpMY€EThCS BEKTOP KOJIEKTUBHOI €KCIIEPTHOI OLIIHKY BIAMOBIIHUX

lj’

MOKa3HUKIB JUISL IIEBHOT'O MapupyTy

Ci:lCl c: .c: .ct c> .cS .C! C-SJ (i=Ln). Ileii Bexrop

iagr > ~iagr > “iagr > “iagr > “iagr > “iagr ° “~iagr > ~iagr
MOKa3HUKIB Jajll BUKOPUCTOBYETHCS B SIKOCTI 3HA4Y€Hb KPUTEPIiB I
0araTOKpUTEPIAIbHOTO €KCIIEPTHOTO OLIIHIOBAHHS aJIbTEPHATUBHUX PIIICHD, 11010
BUOOPY MOKIIMBUX MapUIPYyTIB AJi1 OCOOU, SIKa MPUHAMAE PIILICHHS.

ChopmynboBaHO APYTrMii MYHKT HAYKOBOI HOBM3HM: YJOCKOHAJIEHO METO[
(GopMyBaHHSI KOJIEKTMBHOI OL[IHKA IOTOYHOTO CTaHy MapIpyTy eKCIepTaMu-
BOJIOHTEpPAMU B YMOBaxX JUHAMIYHOI 3MIHM OOCTAHOBKH, SIKMM, Ha BIJMIHY BIJ
ICHYIOUHX, NPEACTABIECHUI BEKTOPOM MOKa3HUKIB CTaHy MapLIPyTy Pi3HOTO THUILY
(KIJIBKICHI, SIKICHI, PEJICHHI), Ta MPaBUJIOM arperyBaHHs €KCIEPTHUX OLIHOK LUX
MOKa3HUKIB MO BCIX 7 JAUISHKaX MapuipyTy, IO JO3BOJWJIO IiJIBUIIUTH
1HQOPMATUBHICTh OIIHKK TOTOYHOTO CTaHy MOXJIMBUX MapIIPYyTIB IS
HACTYIHOTO BUOOPY HAWKpAILIOTO 3 HUX.

Y TperboMy PpoO3ali  YIOCKOHAJIEHO METOJl 0OararoKpuTepiaabHOTO
excriepTHOro ouiHroBaHHS SMART, 3 MeTor0 MIABUILEHHS OMEPATHUBHOCTI MpHU

BHOOpI HaWKpamoro Mmapupyry 3 MoxiamBux A={A4;} ocoboto, mo mnpuiimae

pimeHHs. B sSKOCTI KpUTEpIiB ) ; 10 KOXHOMY MapIIpyTy BUCTYIQIOTh SK OLIHKH

k . . o . o .
Clygr - TAK 1 OLIHKH TIPUAHSTI 0COOOK0, SIKa MPHUIAMAE PILICHHSL.

VY nockoHasieHnii MeTo mSmart peaii3oBaHO HACTYITHUMU KPOKAMH:

Kpox 1. BriopsikyBaHHst KpHTEpIiB ) ; 32 BaXIIHBICTIO.

Kpox 2. Bubip Hanpsamy OararokpurepiaibHOi  onTuMmizamii - —

(MakcuMizaris/ MiHIMI3aIis).
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Kpok 3. IIpu3HaveHHs Bar KOKHOMY KpUTepito V;, j= Ln , Buxomstum 3
TOTO, 110 HAHOUIBII BaXKIMBUH 3 HUX OIIHIOEThCA B 100 OamiB.

Vi, ]:L_n

Kpox 4. HopmyBaHHS Bar KpuTepiiB: ®,; =
2V,
=

Kpok 5. ®opMyBaHHs MaTpulll pillleHb X pO3MIpYy mXn, PSAKU SKOI

BIANOBIIAIOTH MOXKIIMBHM PIlICHHSM MO0 BHOOPY Mapuipyry A., i=1,m,

CTOBIIL — KPUTEPIsAM Y ;, j=1,n:

Kpok 6. HopMmyBaHHSI KUIBKICHUX €JIEMEHTIB MAaTpPULl PIllIEHb B 3aJI€KHOCTI
BiJl HampsMy OaraTOKpHUTeplaJbHOI ONTUMI3aIli: y pa3l Makcumizaiii

3aCTOCOBYEThCS CIIBBIHOIIEHHS (6 a), y pa3i MiHiMi3alii (6 0):

ro=— 0 (6a), r,=1-—2_(66),

7€ r; - €TIEMEHT HOPMOBAHOI MaTpUIl PillIeHb R.

Kpok 7. HopmyBaHHS SIKICHUX OIIIHOK BiJIOYBA€ThCS 3 BUKOPHUCTAHHSIM
HIKajau XapiHrToHa.
Kpox 8. HopmyBanHs OIliHOK, IO € peleiiHUMHU, BiIOYyBa€ThCA 3

BUKOPUCTAaHHSAM OLIHOK €KCIIEPTHOIO OI[IHIOBaHHs, a came (Tad:i. 3):

Tabnuug 3. Hlkana 1y BUMIPIOBAHHS OLIHOK, IO € PEJIEUHUMHU

) MaKCHUMI3arlis MIHIMI3a1is
Ominka
Tak (0axaHo) Hi (He OakaHO) | Tak (He OaxkaHo) | Hi (0axaHO)
KinpkicHa omiHKa 0,67 0,33 0,33 0,67

Kpoxk 9. 3aranbHa oniHKa KOXHOi aJIbTEpHATUBHU, 11010 BUOOPY MapUIPYTy

3IACHIOETHCS 34 CIIBBIIHOIIIEHHSIM:
Vi =gy i =L, j=1n,

Jie T; - SIEMCHT HOPMOBAHOI MaTpHIIL PIllIeHb R
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Kpoxk 10. PanxyBaHHS LUX PIIIEHB 1100 BUOOPY MapUIPYTIB 3r1IHO 3 V).

Oco0aMBOCTI METO/Y: BpaxyBaHHS BHAY OaraToKpHUTEpialbHOT ONTHMI3aIlil
(kpox 3), HOpMYyBaHHs SIKICHUX Ta peJCHHUX OIlIHOK. BBeaeni kpoku 3, 5-7
JO3BOJIMJIM 3HU3UTH HABaHTAXEHHs 10710 (GopMyBaHHS MaTpuii pimens Ha OIIP,
IO COPUATHME MABUIIEHHIO OMEPATUBHOCTI 0araTOKpUTEPIaTbHOTO EKCIIEPTHOTO
OLIIHIOBAHHS.

[IpoBeneHo MOPIBHSIIBHUN aHali3 3alpONOHOBAHOTO METOIY Ta METOIY
AHP 3 Touku 30py 00uUMCHIOBaIBHOI CKJIAJHOCTI. BCTaHOBJIEHO, 1O NMOKAa3HUK
O0YMCITIOBAJIBHOI CKJIAJHOCTI y pa3l 3aCTOCyBaHHS METOQy mSmart HHKYE, HIK
st metony AHP B 1,14 -3,54 paszis. TakuM YMHOM, OTPUMAHO CYTTEBUU
oOuMCIIOBaJIbHUM BUrpam Meroay mSmart nopiBHaHo 3 AHP, mo 3menmye
BUTpPATH Yacy Ta MiJBUIIY€E ONEPATUBHICTD pillieHHs. J[J11 BCTAHOBJICHHS CTYIICHIO
JIOCTOBIPHOCTI OTpMMaHUX Ha OCHOBI MeToJa mSmart pilieHb OyJ0 MpPOBEIEHO
NOpiBHSHHSA pe3yibTaTiB 3 Merogamu AHP, MAHP, Smart ma MopenbHHX
CUTYyallisIX BUOOPY JIOTICTUYHOTO MapuipyTy. Po3paxoBaHi 3Ha4YeHHs KOE(]IIIEHTIB
panroBoi kopensanii Kenmamna Tta ChoipMeHa IMoka3aid, IO JOCTOBIPHICTH
pIlIEHHS, OTPUMAHOI0 Ha OCHOBI MeToJa mSmart, He 3MEHILIWIACh Ta € HE MEHIII
nocToBIpHUM Hix 3a Metogamu AHP, MAHP ta SMART.

CdopmynboBaHO TpeTiii MYHKT HAYKOBOI HOBU3HM: YJJOCKOHAJIEHO METO/[
OaraToKpuTepiaIbHOTO eKcrepTHoro oimiHtoBaHHI SMART, B sikoMy, Ha BIAMIHY
Bin Bigomoro meromy SMART, BpaxoByroTbcs pi3HI HampsiMH ONTHUMI3AIl]
KPUTEPIiB, 3aCTOCOBYIOTBCS CIICIialbHI INKAIW JJIs TEPEeBEACHHS SKICHUX Ta
pENeHMUX OL[IHOK y YHCEJIbHI, Ta POBOJAUTHCS HOPMYBAHHSA KiJIbKICHUX €JIEMEHTIB
MaTpHIll PpIlIeHb, MO0 JIO3BOJWJIO TIJBUIIUTH OMEPATUBHICTH EKCIIEPTHOTO
OLIIHIOBAHHSI MpU 30€peKEeHH1 JOCTOBIPHOCTI pE3yJIbTaTiB.

3 ypaxyBaHHSAM KOHLENTyanbHOi Mozeni (puc. 1) Ta yIOCKOHAJIEHOTO
METOy OaraTOKpHUTEpialbHOTO EKCIEPTHOTO OIIHIOBaHHS mSmart po3po0seHo
METOJ TPUHHATTSA pIillIeHb KOMAHJOK BOJIOHTEPIB MpH BUPIIICHHI 3aBJaHb
TPAHCTIOPTHOT JIOTICTUKU B YMOBaX HECTIMKOi cutyartlii. MeToa npuiHATTS pillleHb

KOMAaHJI0k0 BOJIOHTEPIB MICTHTh 3 OCHOBHI CTaii:
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Cranist 1 — Po30uTTs MapumipyTy Ha JIUISHKA 3 MPU3HAYEHHSIM €KCIIePTIB-
BOJIOHTEPIB.

Kpox 1.1. Koopmunatop KOMaHAud BOJIOHTEPIB OTPUMYE KOOPIWHATH
MYHKTIB BIJIMIPaBJIEHHSI Ta JOCTAaBKU pecypcy. 3a JOMOMOIOK Malld MICIIEBOCTI
BUOMPAIOTHCS HE MEHIIE, HIK TPU MOXKIMBUX MapuipyTu. KokeH 3 mapuipyTiB
PO30MBAETHCS HA AUTSTHKU.

Kpoxk 1.2. Ha xoxHi#l 13 OUISHOK MPU3HAYAETHCA €KCIIEPT-BOJIOHTED, 3 AKUM
BCTAHOBIIIOETHCSA ~ CTIMKUKA  3B'SI30K. EkcrepraM-BoNIOHTEpaM — MOSICHIOIOTHCS
NOKa3HUKHU OI[IHKM OTOYHOT'O CTaHy AUISHKH Ta CIIOCOOU iXHBOI OLIIHKH.

Cranisa 2 — [IpuliHATTS pilieHHS.

Kpok 2.1. 3a xomangoro OIIP Big ekcnepTiB-BOJOHTEpIB Ha AUISHKAaX

MapuIpyTiB MPUHAMAIOTHCS OLIHKY TOKA3HHUKIB CTaHY AUISTHOK le (k=18,i=1,m,

Jj =1L,n). Yac 360py indopmaii — 7, .
Kpoxk 2.2. Ha ocHoBI MeTony (hOpMyBaHHSI KOJIEKTUBHOI OLIHKH OTOYHOTO

crany Mapuipyty OIIP oTpumye BEKTOp MOKa3HUKIB OIIHKH MOTOYHOTO CTaHy

KOXKHOTO MapuipyTy Cl-le-1 Cl%,g,,,C;gr,C-4 c. ,ct .C] Ci%zng' Yac

iagr» iagr > “iagr > “~iagr> ~iagr

dbopMyBaHHS OLIHOK (arperyBaHHs) — ZJgr.

Kpok 2.3. Ha miacrasi meroxy mSmart OIIP oOupae nalikpamiuii MapmpyT.
Kpoxk 2.4. MapmipyT, sikuii oTpuMaB paHr 2 y MeToal mSmart, oOupaeTbes

K pe3epBHUl. Yac Ha BUKOHAHHS KPOKIB 2.3, 2.4 (MpuHHATTA pileHHs) — Iy, .

Kpok 2.5. ExcnepTu-BojOHTEpH Ha JUISTHKAX MapHIPyTiB, SKI OTPUMAIH
paHr MeHIIe 2, BIAKIIOYAKThCA Bl 3B'SI3Ky. EKCHEpTH-BOJIOHTEpU HA NUISHKAX
OCHOBHOTO MapuipyTy (paHr 1) Ta pe3epBHOTO MapupyTy (paHr 2) 3aJIMIIAI0ThCS
Ha 3B'SI3KY.

Cranig 3 — BukoHaHHSI TpaHCHIOPTHOT JIOTICTUYHOI OMepallii.

Kpox 3.1. Komannga BOJIOHTEPiB-BUKOHABIIB TOYMHAE PYX OCHOBHUM
MapuipyToM. Pyx komanau koHTpostoerhess OIIP. ¥V pasi 3Minu cutyartiii Ha CBOiH
JUJISTHIT, SIKa YHEMOXKITMBITIOE TIPOCYBAHHSI TUIBHHIICIO, €KCIIEPT-BOJIOHTED TMepeace

OIIP curnan tpuBoru ALARM.
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Kpok 3.2. Ilpu HanxomxeHHi curHanry ALARM 13 OUISHKM OCHOBHOI'O
mapuipyTy OIIP mnepemae komaHay BOJIOHTEpAM-BUKOHABLSM IIPO MEpexXia Ha
HaHOMIKYY MIJITHKY PE3EPBHOTO MapIIPyTYy.

Kpok 3.3. Ilicas JOCSTHEHHS NYHKTY JOCTaBKHM PECYpPCy BOJOHTEPH-
BUKOHABIl moBimoMisitorh OIIP mpo 3akiH4YeHHS 3aBOaHHS TPAHCIOPTHOI
JIOTICTHKH.

[IpoBeaeHO MOJENIOBAHHS METOAY MPUHHATTA pIlIEHbh KOMAaHIOI0
BOJIOHTEPIB MPU BUPILICHH] 3aB/IaHb TPAHCIOPTHOI JIOTICTUKHA B yMOBaX HECTIHKO1
CUTYaIlli, SIKe TT0Ka3aJio, 0 BIH MOXe OyTH pealli30BaHHi y pealbHOMY MaciiTabi
4acy, OCKUIBKM BUKOHYETHCS YMOBA — Yac MPUNHATTS PIlLICHHS HE MEePEBUIILYE Yac
Ha 301p 1 arperyBaHHs 1H(popMaIi:

TDM < call +T

agr*

Chopmynb0BaHO 4YeTBepTHH IYHKT HAYKOBOI HOBHM3HU: OTPHUMAaB
MOJAbIINKA PO3BUTOK METOJ MPUUHATTSA pIlIEHb KOMAaHAOK BOJIOHTEPIB INPHU
BUPIIIEHH] OMEPATUBHUX 3aBJIaHb TPAHCIOPTHOI JIOTICTUKH, SIKUM, HA BIIMIHY BiJl
ICHYIOUMX, BpaxOBYy€ JHHAMIYHY 3MiHYy OOCTaHOBKM Ta BHUKOPUCTaHHS IS
dbopMyBaHHS KOJIEKTUBHOI OILIIHKK TOTOYHOTO CTaHy MapIIpyTy HempodeciitHuMU
eKCIIEPTaAMU-BOJIOHTEpPAMH, 110 JO3BOJIMJIO MNOOYAyBaTH CHCTEMY MIATPUMKHU
NPUIHATTS PILIEHb KOMAaH/I0K0 BOJIOHTEPIB Ta KOHTPOJIIO MPOTIKAHHS OMeparlii M
yac BUKOHAHHS ONEpPAaTUBHUX 3aBJaHb TPAHCHOPTHOI JIOTICTUKH y pPEabHOMY
MaciiTadi yacy.

Y derBepTOMY PO3AiJIi BUKOHAHO MPOEKTYBAHHS Ta PO3pPOOKY MOOITBHOL
cucteMu marpuMku npuHATTS pimneHs (CIIIP) nis BupimieHHsS onepaTUBHUX
3aB/JlaHb TPAHCIIOPTHOI JIOTICTUKHA BOJOHTEepaMu. ApxitekTypa moOuibHo1 CIITIP
KOMaHJI1 BOJIOHTEpIB € KIi€HT-cepBepHOio (puc. 2). Excmepru-Bonontepu 3a
JIOTIOMOTO0 KJIIEHTCHKOT YaCTHHU BIJNIPABIAIOTh JaHI HAa CEpBEp 3a JOMOMOTOI0
MOOUIBHOTO 3B'A3KYy a00 MiAKIIOYeHHS A0 Mepexi Internet. MoOubHUI pUCTpid
OIIP € cepBepoM MOOIUIBHOTO 3aCTOCYHKY, SIKMI Ma€ TPUPIBHEBY apXITEKTypy:
pi1BEHb MOJIaHHS, PIBEHb JIOTIKM 3aCTOCYHKY Ta piBeHb JaHuX. Ha piBHI Joriku

3aCTOCYHKY pe€ali30BaHO TMIJICUCTEMY TNPUUHATTS PIIIEHh HAa OCHOBI METOIY
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dbopMyBaHHS ~ KOJEKTHBHOI  OIIHKK TOTOYHOTO CTaHy MapHipyTy Ta
YIOCKOHAJIGHOTO METOJy 0araTOKpUTEpiaIbHOTO EKCIIEPTHOTO  OIliHIOBAHHS
MSMART. OcobnuBicTIO po3po0JIeHOT apXITEKTypH € MOKJIHMBICTh CTBOPEHHS
pe3epBHOI KOITii TaHUX Ta pe3yJIbTaTiB 00UMCIICHHS B 0a3l JaHUX Ha BeO-cepBepi 3a

MO>KJIMBOCTI MIKIIFOUYCHHS 10 Mepexi [HTepHeT.
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Puc. 2. Apxitektypa MmoO1nbHOI CIIIIP a1 komaH 111 BOJOHTEPIB

Jlns nepeBipku npane3gatHocTi MoOuibHOI CIITIP 1 omiHkM onepaTUBHOCTI
1i poOoTH OyJ0 PO3IMIAHYTO 3aBJIaHHA JOCTaBKH T'yMaHITapHOI JOMOMOTH 3 M.

Opeca no M. Muxomnais (puc. 3).
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Puc. 3. Pe3ynbrat po3B’s3Ky 3aBAaHHS JOCTABKH I'yMaHITapHO1 JOTIOMOTH

VY mpoueci MOJeNOBaHHS 1 pealbHUX BUIPOOYBaHb 4Yac OTPUMAHHS

peKoMeHaIli 3a gornomMoror po3podsieHoi MmoouibHoi CIITIP ckiiaB B cepeTHbOMY
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2 XBWJIWHH, IO € JOCTATHIM JJIsl BUPIIIICHHS] OTIEPAaTUBHUX 3aBJaHb TPAHCTIOPTHOI
JIOTICTUKU B HECTIMKUX YMOBaXx.

Po3pobneni B po0oTi MeToAM Ta I1HCTPYMEHTaNbHI 3aco0M OTpUMAau
BIPOBA/DKCHHS y AISIbHOCTI OnarogiiHoro ¢ouay «lImax mpo cBoGoam»
(M. Oneca) Ta 3HaWNUIM BiJOOpa)KEHHS Y HaBYAJIBHOMY MpOIECI Ta HAyKOBIH
nisutbHOCTI HarrionansHoro yHiBepeutety «Opechka MOJTITEXHIKay.

Y BHCHOBKax cpopMyJIbOBaHO OTPHMMaHi B X0l poOOTH HaJ JHUCEPTAIIEIO
HAyKOBO-TIPAKTUYHI PE3yIbTaTH.

KuiouoBi ciioBa: xoHIENnTyajlbHa MOJIENb, TPAHCIOPTHA JIOTICTHKA, METOJ
OIATPUMKA  TPUUHATTS  PIlIEHb, CHCTEMa MMATPUMKH TNPUUHATTS PIIICHB,

npoektyBanHs apxitektypu CIIIIP, mporpamua peanizaitisi, 0a3a 1aHuX.

CIIMCOK ONNYBJIKOBAHUX MPAIlb 3A TEMOIO JJUCEPTAIIII

HaykoBi mpaii, B sKUX OIyOJIKOBaHI OCHOBHI HAayKOBI pE3yJbTaTH
JYcepTalii:

1. Daniil Horpenko, Natalya Volkova, Marina Polyakova, Victor Krylov.
2019. "Development of a mobile decision support system based on the Smart
method for Android platform." Eastern-European Journal of Enterprise
Technologies 3, no. 2 (99): 6-14. (Hayxose ¢axose suoanns Yrpainu (Kameeopis
"A"), Scopus). DOI: 10.15587/1729-4061.2019.168163

2. Horpenko D. R. "A conceptual model of decision-making support of the
volunteer team in conditions of dynamic changes". Herald of Advanced
Information Technology. 2022; Vol. 5 No. 4: 275-286. (Haykose gpaxose suoanms
Yrpainu (Kamezopia "b")). DOI: 10.15276/hait.05.2022.20.

3. . P. I'opnenko, B. O. bonarbonkoB "llopiBHsUIbHMI aHasli3 METOMAIB
pILIEHHS ONEpaTMBHUX 3aJa4 TPAHCIOPTHOI Jorictuku". IHpopmatuka Ta
MateMatnyHi Meronu B mozemtoBaHHi. 2023; T. 13 No 1-2, 34-47. (Hayxoge

¢axose suoanns Yrpainu (Kamezopia "b")). DOI: 10.15276/imms.v13.no1-2.34



14

4. Horpenko D. R. “Architecture of a mobile transport route selection system
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Advanced Information Technology. 2023; Vol. 6 No.2: 174 — 184. (Haykose
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5. Y. Kozina, N. Volkova and D. Horpenko, "Mobile Application for
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ABSTRACT

Horpenko D.R. Models and methods of decision-making by volunteers in
operational tasks of transport logistics. — Qualifying scientific work on the rights
of the manuscript.

Thesis for the Degree of Doctor of Philosophy in Computer Science,
Specialization 122 — Computer Science. — Odessa Polytechnic National
University, Ministry of Education and Science of Ukraine, Odesa, 2023.

The introduction substantiates the relevance of supporting decision-
making by volunteers when solving operational tasks of transport logistics. A
characteristic feature of such tasks in the conditions of martial law is the high
dynamics of changes in the situation. The main requirements when making
decisions in such a situation are their efficiency and reliability. Increasing the
efficiency and reliability of decision-making by volunteers in such transport
logistics tasks can be achieved by developing models and decision-making
methods for the volunteer team that allow taking into account information about
the current state of the situation, which is dynamically changing. The object,
subject, tasks and research methods are defined; the scientific novelty and
practical significance of the obtained results are given; the personal contribution
of the acquirer is highlighted. Information is given about the approval of the work
and its structure, as well as about the author's publications on the topic of the
dissertation.

In the first section of the dissertation, an analysis of models and methods of
solving transport logistics tasks carried out by volunteers and their features in
dynamically changing conditions (unstable situation) was carried out. The main
task of volunteers is to choose the best route for delivering resources to the
required points. At the same time, it is important not only to minimize the costs
and time of the transport operation, but also to ensure the safety of the resource and

the team.
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The analysis of literary sources showed that meeting the requirements of
promptness and reliability when making decisions in an unstable situation depends
on the following:

firstly, from the efficiency, informativeness, timeliness and completeness of
information, which is usually described by a mixed type of data (quantitative,
qualitative, relay) regarding the state of transportation conditions both on the entire
route and on its individual sections. This requires the development of new
approaches to obtaining information;

secondly, since the tasks of transport logistics performed by volunteers in an
unstable situation are multi-criteria, it is necessary to apply multi-criteria expert
evaluation methods when making decisions.

Well-known multi-criteria methods of expert evaluation are analyzed. It is
shown that the best methods of expert evaluation of alternative solutions in the
presence of mixed information are the SMART and AHP methods, their
advantages and disadvantages are analyzed. Despite the fact that the AHP method
is the accepted benchmark for multi-criteria expert evaluation, the SMART method
was chosen as the base in the work, the advantage of which is the minimal time
spent by the decision-maker. However, since it has a significant drawback - failure
to take into account various directions of criteria optimization in the presence of
mixed-type information, ways of its improvement are proposed.

Based on the results of the analysis, the purpose and tasks of the research
were determined.

In the second section, a conceptual model for assessing the state of the
route when solving the task of transport logistics in conditions of an unstable

situation (Fig. 1) is developed for the delivery of resources from point R, to the
point of need for this resource Ry, which takes into account the peculiarities of

obtaining an up-to-date assessment of dynamically changing conditions of
transportation due to emergency situations and takes into account the limited

human resources of the volunteer team and the unprofessionalism of its members.
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The decision-maker (DM) for choosing the best route is the Volunteer Team

Coordinator (VITM ;). To find a solution to the problem, the DM solves the
following tasks: determining the goal, forming a set of possible routes 4={4}(
i =1,m), set of conditions for the operation; receiving assessments of the current

state of certain C; routes from volunteers; decision making; issuing a decision to a

team of volunteers and carrying out control over the fulfillment of the task of

transport logistics.
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Fig. 1. Conceptual model for assessing the state of the route when solving the task

of transport logistics in conditions of an unstable situation

The conceptual model reflects a new approach to obtaining information in
the conditions of an unstable situation and provides for the assessment of states C;

of a certain route 4;, which contains a certain number of K indicators describing
the state of each j —th section of a certain route 4, - Cg . According to the model
(Fig. 1), the value of the estimates was obtained by the members of the team of
volunteer observers of VIM L (i=1lm, j= 1,_11,-), who act as volunteer experts

and are assigned to each j-th section of a certain route 4. In order to obtain an

aggregated assessment of the condition of each route C; the evaluations of
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volunteer experts for a number of indicators C; :{Cl-k } (kzl,_K), where

;i
Cl=>C} are taken into account.
i
=

The proposed conceptual model for assessing the state of the route when

solving the task of transport logistics in a theoretical-multiple view looks like this:
CM = <C,,Cs,....C,, 4, Ay,..., A, >. (1)

The first point of scientific novelty is formulated: for the first time, a
conceptual model for assessing the state of the route when solving the task of
transport logistics in conditions of an unstable situation is proposed, which differs
from the existing ones in that it takes into account dynamic changes in the state of
the external environment in the form of expert assessments of the current state of
the relevant section of the route, received from members teams of volunteers who
are assigned to the relevant sections of the route, which made it possible to
distribute functions among team members, increase the efficiency and reliability of
the current assessment of the state of the routes.

In order to increase the informativeness of the assessment of the state of

each possible route as a whole, based on the assessments of the sections of the

route for a number of indicators C§ according to the conceptual model (Fig. 1), the

method of forming a collective assessment of the current state of the route has been
improved. The method includes the following steps:

3. Formation of an extended list of indicators for assessing the current
state of the route.
If in classic tasks of choosing the best route, the criteria that are minimized are
usually time and costs, then for the solution of tasks of operational transport
logistics in the conditions of dynamic changes, there is a need to take into account
additional indicators of the assessment of the current state of a certain route. As a
result of the conducted expert survey of volunteers, eight main indicators were

obtained: the average speed of movement along the section of the route (indicator
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C,) - quantitative type of data; quality of road surface (indicator C,) — qualitative

type of data; availability of vehicle refueling points (indicator C;) — relay type of
data; availability of motor vehicle repair points (indicator C,) — relay type of data;
availability of stable communication (indicator C;) — relay type of data;
availability of shelters and protective structures (indicator C ) — relay type of data;
availability of medical institutions and means of emergency medical care (indicator
C,) — relay type of data; the presence of regular threats to the availability of the
route (indicator Cyg) — relay type of data.

4, Aggregation of expert assessments of C % indicators taking into
account data types.
Experts assign appropriate weights W, , k = 1,8 ,to each of the indicators.

After averaging the weights assigned by the experts, the following vector of weight

estimates was obtained: W = [2 L1121 1 i} Based on these weights,

8'16°'8 88161616
the probability of the contribution of each indicator to the general information
about the state of the route section is determined, while it is assumed that the

vector of indicators determines the complete system of events:

14

pe= e S p =1 @)
ZWk k=1
k=1

To estimate the amount of information that each indicator provides, it is
suggested to use Shannon's information entropy £, =-p, log, p;, (k=19).

Assuming that each indicator makes an additive contribution to the information

entropy, the total information entropy (Table 1) is calculated as follows:

8
E=YE. (3)
k=1
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Table 1 shows that with the increase in the number of indicators for

assessing the current state of the route, the informativeness of the assessment

increases.
Table 1. Calculation of general information entropy
E 1 2 3 4 5 6 7 8
8
Y E Dbit | 05 | 0.75 | 1.13 1.5 2,0 225 | 25 | 275
k=1

Since the evaluations of C§ (k=18, izl,_m, j=1,_n) indicators are

represented by different types of data, it is proposed to take into account the
following types of data for the aggregation of expert evaluations provided by
volunteer experts:

- in the case of quantitative assessment, the average assessment of each
indicator of a certain route is calculated, taking into account the assessment of each

section of the route:

Ci]fzgr:z_lj(k:fai:r); (4)

o R; .
finding of its whole part in the decreasing direction Cl.’;gr = { J } Ci’;gr receives a
m

quality assessment according to the received rank C¥ (Table 2);

iagr

Table 2. Assignment of ranks to qualitative evaluations of indicators

Qualitative ' '
very bad bad satisfactorily | good | perfectly
assessment
Rank 1 2 3 4 5

- 1n case of relay assessment, aggregation takes place according to the rule:
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Cl-];gr =1, 1f more than 2/3 of the volunteer experts gave a "yes"rating

(5

Cl-];gr =0, 1n the other case.

Thus, based on the aggregation of the vector of assessments of the state of

the sections of the route Z,, a vector of collective expert assessment of the

relevant indicators for a certain route 1S formed

C =|Chy CRorCl s Clo o CE o Cl €S | (1= 1m) This vector of

iagr > “iagr»>“iagr>“iagr»“iagr>“iagr>“iagrs
indicators is further used as criteria values for multi-criteria expert evaluation of
alternative decisions, regarding the choice of possible routes for the decision-
maker.

The second item of scientific novelty has been formulated: the method of
forming a collective assessment of the current state of the route by volunteer
experts in conditions of dynamic change of the situation has been improved,
which, unlike the existing ones, is represented by a vector of indicators of the state
of the route of various types (quantitative, qualitative, relay), and the rule of
aggregation of expert assessments of these indicators on all n sections of the route,
which made it possible to increase the informativeness of the assessment of the
current state of possible routes for the next selection of the best of them.

In the third chapter, the method of multi-criteria expert evaluation

SMART is improved, with the aim of increasing the efficiency of choosing the best

k
iagr>

route from possible 4={A4} by the decision-maker. Both C ratings and

decision-maker ratings are used as criteria )’; for each route.

The improved mSmart method is implemented in the following steps:
Step 1. Ordering of criteria by importance.
Step 2. Selection of the direction of multi-criteria optimization -

(maximization/ minimization).
Step 3. Assignment of weights to each criterion Yi»Jj= I,_n , based on the

fact that the most important of them is estimated at 100 points.
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Vi, ]:1,_”

Step 4. Normation of the criteria weights: w, =
n

2V,

J=1

Step 5. Formation of the decision matrix X of mxn size, the rows of

which correspond to the possible decisions regarding the choice of the route 4,

i= L_nq, and the columns y e J= ]_n correspond to the criteria.

Step 6. Normalization of the quantitative elements of the decision matrix
depending on the direction of multi-criteria optimization: in the case of

maximization, the ratio (6 a) is used, in the case of minimization (6 b):

ry = ——— (6 ), ry =1 ——L—(6b),
m m
2 2
Zx,'j le/
i=1 i=1

where ry - an element of the normalized decision matrix R.

Step 7. Standardization of qualitative assessments occurs using the
Harington scale.

Step 8. Normalization of relay grades occurs using expert assessment grades,

namely (Table 3):

Table 3. The scale for measuring relay grades

maximization minimization
Assessment
yes (preferred) | no (not preferred) | yes (not preferred) | no (preferred)
Quantitative
0,67 0,33 0,33 0,67
assessment

Step 9. The general evaluation of each alternative, regarding the choice of

route, is carried out according to the ratio:
I/i :n]a)j’ i=1,m, _] :],na
where ry - an element of the normalized decision matrix R

Step 10. Ranking these routing decisions according to V.
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Features of the method: taking into account the type of multi-criteria
optimization (step 3), normalization of qualitative and relay evaluations. The
introduced steps 3, 5-7 made it possible to reduce the burden on the DM regarding
the formation of the decision matrix, which will contribute to increasing the
efficiency of the multi-criteria expert evaluation.

A comparative analysis of the proposed method and the AHP method was
carried out from the point of view of computational complexity. It was found that
the computational complexity index in the case of using the mSmart method is
1.14 - 3.54 times lower than for the AHP method. Thus, a significant
computational gain of the mSmart method compared to AHP was obtained, which
reduces time consumption and increases the efficiency of the decision. To establish
the degree of reliability of the solutions obtained on the basis of the mSmart
method, a comparison of the results with the AHP, MAHP, Smart methods was
carried out on model situations of choosing a logistics route. The calculated values
of the Kendall and Spearman rank correlation coefficients showed that the
reliability of the decision obtained on the basis of the mSmart method did not
decrease and is no less reliable than the AHP, MAHP and SMART methods.

The third item of scientific novelty was formulated: the method of multi-
criteria expert evaluation SMART was improved, in which, unlike the well-known
SMART method, different directions of criteria optimization are taken into
account, special scales are used to convert qualitative and relay evaluations into
numerical ones, and quantitative elements of the decision matrix are standardized,
which made it possible to increase the efficiency of expert evaluation while
maintaining the reliability of the results.

Taking into account the conceptual model (Fig. 1) and the improved mSmart
method of multi-criteria expert evaluation, a decision-making method by a team of
volunteers for solving transport logistics tasks in an unstable situation has been
developed. The method of decision-making by a team of volunteers includes 3

main stages:
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Stage 1 — Dividing the route into sections with the appointment of
volunteer experts.

Step 1.1. The coordinator of the volunteer team receives the coordinates of
the points of departure and delivery of the resource. At least three possible routes
are selected using the terrain map. Each of the routes is divided into sections.

Step 1.2. An expert-volunteer is appointed at each of the sites, with whom a
stable connection is established. Indicators of assessment of the current state of the
site and methods of their assessment are explained to the volunteer experts.

Stage 2 - Decision making.

Step 2.1. At the DM's command, assessments of the indicators of the

condition of the sections are accepted from volunteer experts on the sections of the

routes C§ (k=18,i= I,_m, Jj= I,_n )-The time of information collection — 7, .

Step 2.2. Based on the method of forming a collective assessment of the
current state of the route, DM receives a vector of indicators of the assessment of

the current state of each route

Cr = |Chars CarrClap s Colir s Ci Cl s Chl CE o, | The time of formation of

iagr > ~iagr > “iagr > ~iagr ° “iagr > ~iagr® “~iagr

estimates (aggregation) — Tagr.

Step 2.3. Based on the mSmart method, DM chooses the best route.
Step 2.4. The route that received rank 2 in the mSmart method is selected as

a backup. Time for steps 2.3, 2.4 (decision making) — 77, .

Step 2.5. Experts-volunteers on sections of the routes, which received a rank
of less than 2, are disconnected from the connection. Volunteer experts on the
sections of the main route (rank 1) and reserve route (rank 2) remain in contact.

Stage 3 — Execution of a transport logistics operation.

Step 3.1. A team of volunteer performers starts moving along the main route.
Team movement is controlled by the DM. In the event of a change in the situation
in his area, which makes it impossible to advance through the area, the expert

volunteer sends to the DM an ALARM signal.
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Step 3.2. When an ALARM signal is received from the section of the main

route, the DM sends a command to volunteer volunteers to move to the nearest
section of the reserve route.

Step 3.3. After reaching the point of delivery of the resource, performing
volunteers inform the DM about the completion of the transport logistics task.

Modeling of the decision-making method by a team of volunteers when
solving transport logistics tasks in an unstable situation was carried out, which
showed that it can be implemented on a real time scale, since the condition is met -
the decision-making time does not exceed the time for collecting and aggregating
information:

+T

Tpy Ty + Log -

The fourth point of scientific novelty was formulated: the method of
decision-making by a team of volunteers in solving operational tasks of transport
logistics was further developed, which, unlike the existing ones, takes into account
the dynamic change of the situation and use for the formation of a collective
assessment of the current state of the route by non-professional volunteer experts,
which made it possible to build a system support for decision-making by a team of
volunteers and control of the flow of operations during the implementation of
operational tasks of transport logistics in real time.

In the fourth section, the design and development of a mobile decision
support system (DSS) for solving operational tasks of transport logistics by
volunteers was carried out. The architecture of the volunteer team's mobile DSS is
client-server (Fig. 2). Volunteer experts use the client part to send data to the
server using a mobile phone or Internet connection. The DM's mobile device is a
mobile application server that has a three-tier architecture: the presentation layer,
the application logic layer, and the data layer. At the program logic level, a
decision-making subsystem is implemented based on the method of forming a
collective assessment of the current state of the route and the improved mSMART

method of multi-criteria expert assessment. A feature of the developed architecture
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is the possibility of creating a backup copy of data and calculation results in a

database on a web server with the possibility of connecting to the Internet.
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Fig. 2. Mobile DSS architecture for a team of volunteers
The task of delivering humanitarian aid from Odesa to Mykolaiv was
considered in order to check the functionality of the mobile DSS and assess the

efficiency of its work (Fig. 3).
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Fig. 3. The result of solving the task of delivering humanitarian aid

In the process of simulation and real tests, the time of receiving
recommendations using the developed mobile DSS was an average of 2 minutes,
which is sufficient for solving operational tasks of transport logistics in unstable
conditions.

The methods and tools developed in the work were implemented in the

activities of charitable foundation "SHLIAKH DO SVOBODY " (Odesa) and were
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reflected in the educational process and scientific activity of the Odesa Polytechnic
National University.

The scientific and practical results obtained during the work on the
dissertation are formulated in the conclusions.

Keywords: conceptual model, transport logistics, decision support method,
decision support system, DSS architecture design, software implementation,

database.
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