Proceedings of the 7th International
Scientific and Practical Conference
«Science: Development and Factors NO

its Influence» 289
(April 6-8, 2026). | C
Amsterdam, Netherlands NTERLONF

SoenTIF PubLiHNG CenTe

INFORMATION AND WEB TECHNOLOGIES

MporpamHi 3acobu peanisauii metoay
aHani3y iepapxiv onsa NOpiBHAHHA
cuctem 6a3 paHmx

Tpetsak Bauecnas ®epoposuu’ -, Konominuee Onekcin Bonogumuposuu? =,
BopoHiH Biktop Banepinosuu® = , OAmitpice Oner Mukonamnosuu* =,
Ba6enko OnekcaHap IsBanosuu® ' , Kanauosa Biponixka BanepiisHa® " ,
Fanuuskum Oner ®enikcosuu’ - , Becnanbko OneHa BanepiiBna® ',
Momoraes Irop Bonoaumuposuu® = , Kyw, NMaesno Cranicnasosnu’™ ',
CasenbeB AHppin Mukonamnosmu' '~ , Tax'an Kpuctuna AnsbeprisHa’? ",

Yumbanra Emma Kcenia'® ', Cragniuenko 3axap Bonogumuposuu'4

! KaHOMOAT TEXHI1UHMX HaykK, IOLEHT, CTapliMii HAayKOBMI CIiBpoOiTHUK,

HAYKOBUM CNiBpoOiTHMK HaykKoBO-mociyiimuoro Binmmimy;
HayKoOBmyM IHeHTp IloBiTpsHnx Cui,
XapxiBCBKMI HAI[1OHaJBEHMM yHIBepcuTeT [IoBiTpsHmxX Cuin imeHl IBaHa Koxenmyba,; YkpalHa

? BaciyXeHnl BMHAX1OHMK YKpalHM, IOKTOP TEexHiuHMX Hayk, npobecop;
HarioHanbHMY TeXHIUHM) yHIBepcHTeT «XapK1BCBKMM IIOJI1TeXHIUHMM I1HCTUTYT»; YKpaiHa

3 KAHIOUOAT TEXHIUHMX HayK, IOLIEeHT,
CcTapumii HayKOBUM CHiBpoOiTHMK HaykKOoBO-ZmocjimHoTo Binmisy;
HayKoBmyM HeHTp IloBiTpsHnx Cui,
XapxiBCBKMI HAI[1OHaJIEHMY yHIBepcuTeT [IoBiTpsHmxX Cuin imMeHl IBaHa Koxenmyba,; YkpalHa

¢ DOKTOp TexHIuHMX Hayk, Npodpecop, MNPOBIAHMM HAYKOBMI CIiBPOOITHUK
JepxaBHMI HAYKOBO—-IOCJ1OHMM 1HCTUTYT BuOpoOyBaHb 1 cepTm@pirarii
036pO€HHsT Ta BIMCBKOBOI TexHikmM; YKpaiHa

5 KAHIOUOAT TEXHI1UHMX HaykK, IOLIeHT,
NpOBilAaHMIM HayKOBMM CHiBpoOiTHMK HaykoBO-IOCJimHoTo Bimmisy;
HayKoBmy HeHTp IloBiTpsHnx Cui,
XapklBCBKMI HalllOHaJIBHMY yHIBepcureT [oBiTpsaHmx Cui imeHi IBaHa Koxenyba, YkpalHa

¢ KaHOMOAT TEXHI1UHMX HayK, IOLEHT, CTapliMii HAayKOBMIM CIiBpoOiTHMK,
cTapumy HayKOBMUM CNiBpoOiTHMK HaykKoBO-mocijizmnoro eimmimy;
HayKoBmy HeHTp I[loBiTpsHnx Cui,
XapklBCBKMI HalllOHaJIBHMY yHIBepcureT [oBiTpsaHmx Cui imeHi IBaHa Koxenyba, YkpalHa
7 KaHIMOAT TexXHiUHMX HAyK, HOLEHT, CTapumii BuKIamad Kadempu;
XapkiBCBKMI HalloHanbHMM yHIBepcurer [oBiTpsHmx Cuin imeni IBaHa Koxenyba,; YkpalHa

8 cTapumit HAyKOBMM CIiBPOOIiTHMK HAyKOBO-INOCJiOHOTO Bimmisy;
HaykKOBMM IeHTp lloBiTpsHux Cui,
XapkiBCBKMI HalloHanbHMM yHIBepcurer [oBiTpsHmx Cuin ivenl IBaHa Koxenyba,; YkpalHa
° crapumit BUKIJIAmad kadempu;
Xapki1BCBKMI HallOHANBHMY yHIBepcureT [oBiTpsHmx Cmi imenHi IBaHa Koxenyba, YkpalHa
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10 crapumit BMKJIamau xabedpu;
XapklBCBKMI HallOHAaJIBHMY yHIBepcureT [oBiTpsaumx Cmin imeni IBaHa Koxenyba, YkpalHa
1 HaykOBUM CHNiBpoOiTHMK HaykKOBO-AOCJimHoro Bimmisy;

HayKOBMH IeHTp lloBlTpsHnx Cuii,

XapkiBCBKMI HaljloHanbHMIM yHIBepcureT [oBiTpsHmx Cuin imeHl IBaHa KoxenmybBa,; YkpalHa
12 cTapumit HAYKOBUM CHiBpOBIiTHUK HAYyKOBO-IOCJ1iAHOTO Bimmijy;

HayKoBmy 1HeHTp IloBiTpsHnx Cui,

XapkiBCBKMI HaljloHanbHMIM yHIBepcureT [loBiTpsHmx Cuin imeHl IBaHa Koxenyba,; YkpalHa

13 lepxaBHMI HAyKOBO-IOCJI1OHMI 1HCTUTYT BUIpOOyBaHbL 1 ceprmpikarnii
036poeHHS Ta B1MCBKOBOI TexHIKM; YKpalHa
M crynenT xadempu iHbOOpMALiMHMX TEXHOJIOT1M Ta eJIeKTPOTEexXHIuHuX cucrem,
bakynbTeT aBlauiMHOTO TpPaHCIOPTY;
XapkiBCBKMI HalloHanbHMM yHIBepcureT [oBiTpsHmx Cuin imenHl IBaHa Koxenyba,; YkpalHa

MeTon aHaniz’y iepapxiy € omHMM 13 HawbOijabml [DOMUPEHUX
ningxonis O6araTOKPUTEPlajiIbHOT'O MNPUMHATTS pPllleHb, WO IIOEOHYE
MaTeMaTUUH1 OBUMCJIEHHA Ta eKCIepTHi ouiHky . JMoTo mporpaMHa
peanizaunisa opieHTOBaHa Ha: NOOYIOOBY lepapxiyHOol CTPYKTYPH;
bopMyBaHHS  MATPUIEL  [OMNAPHMX  [TOP1BHSAHB; OoBUMCIIEHHS  Bar
(BJTacHMX BEKTOP1iB); nepeBipky yaromxeHocTi (CR); Bizyamnizauiwn
pe3ynabTarie [1-2, 6].

CyuacHi npoTrpaMHi 3acobm MOXHa kjlacubikyBaTu 3a
apxiTexkTypol Ta OyHKUIOHAJLHICTIO, a came:

1. CneuiamnizoBani AHP-cucTemm (mnpodbecimui DSS) .

SuperDecisions (https://www.superdecisions.com) -
nigrpmuMye AHP Ta ANP, oOpleHTOBaHMM Ha CKJIamH1 lepapxidHl Ta
MepexeBl MOIesyii, HOO3BOJISE BPaxXOBYyBaTM HeMaTeplaJbHl dakTopu;
IIMPOKO BUKOPUCTOBYETHCSH Yy HAYKOBUX IOoCHimxeHHAX. OcoOIMBiCTh:
ninrpuMmka ANP (poz3umpeHHsa AHP) [3].

Super Decisions Main Window. ¥ acation.mod: ratings
e Dedign fssess/Compae Networks [est Help
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PucyHok 1
InTepderic SuperDecisions
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Expert Choice (https://www.expertchoice.com) — komepuiHa
cucTeMa NiOTPUMMKM [NPUMHATTSA plmeHb; opleHToBaHa Ha OisHec-
aHaJiTUKYy; NOiOTpuMye TpPYyHLOBe IMIPUMHATTS pllleHb; Mae 3acodbu
IPOTHO3YBaHHS Ta onTmuMmizanii pecypci. Ileperara: iHTerpauis 3
yIpaBJiHHAM npoekTammu [4].

B Expert Choice  Odnos-s-klijentima.ahpz
File Edt Assessment Inconsistency Go Teols Help
DFHY IRIEBLSEE™
St 1Mo GE F ¥ ) 1
Ciklus obnove HW i SW
I

Compare the relative importance with respect to: Utjecaj na odnos s klijentima

|
PodrSka upravljanju
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PucyHOK 2
InTepderic Expert Choice

Spicelogic AHP Software (https://spicelogic.com) -
nigrpuMye pisHi MeTomm oOumcyieHHs (Eigenvector, Geometric
Mean) ; 3MEHIYyE KinmpxkicTsb [IOMapHUX NOPiBHAHL uepes
TPaHBUTUBHICTE; IO3BOJIAe OyIyBaTH CkJanHl iepapxii. IlepeBara:
onTyMizallisg npouecy BBemeHHS nmaHux [5].

. SpiceLogic Decision Tree Analyzer
View  Prelerences  Reporting  Settings  Help -
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PucyHok 3
InTepderic Spicelogic AHP Software
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2. OHjaMH-IJIaT@opMU Ta BeO—-CHUCTEeMU

AHP App (https://ahpapp.com) - npocTa peanizauis AHP y
Bpay3epl; aBTOMATMYHI POBPaAXyHKM; MNiOXOOUTH HOJS HABYAJILHUX
3amay [6].

When contudenng Skl whech one 1§ Whot 14 the mont importont criter for
suporior? you?
- =3 A
Rate your choce on @ scole of 2-9 Rote your choice on @ scole of 2-9

< ] @ 5 < ® ®

PucyHok 4
InTepderic AHP App

AHP-0S (https://bpmsg.com) — 1ue Oe3KOWTOBHMUI Beb-
1HCTPYMEHT BUKOPUCTOBYE MeTon aHalizy lepapxil Ta npmusHaudeHUM
IJiS OOIOMOTM Yy IMHNPUMHATT1 pimeHb. BiH MOXxe OyTM KOPMUCHMM SK
IJis BUPlIMIEHHS MNPOCTMX 3aBIaHb Yy IOBCAKIOeHHiM pobori, Tak 1
IJisg NPUMHATTS CKJAIOHMX pllleHb, NepeBaxHO y BiMCbkOBiM cnpari.
[lepeBara: KOJIEKTMBHA eKCIepTHa OLiHKa, mo € ebeKTUBHUM
3acoboM y BuUpOOJeHH1 pimens [7].

Decision Hierarchy

Level 0 Level 1 Level 2 Globa
Priorities
Sub-criterion A0.5 15.0 %
Crnter|on-1|0.3
Sub-criterion B 0.5 15.0 %
AHP-Project
Sub-criterion C 0.5 350 %
Criterion-2|0.7
Sub-criterion D 0.5 35.0 %
1.0
PucyHok 5
InTepderic AHP-OS
AHP Analyser (https://nahep.naarm.org.in/ahp) - peanisye

AHP gKx eKCIepTHY CUCTEMY; BUKOPUCTOBYE KoOedilileHT y3TOmKeHOCTI1
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(CR); He norpebye =0epexeHHS HOaHMX. l[lepeBara: WBUIKMM aHajilisz
6es iHcTanguii [8].

§ HIPHY - AT Pl yfiana vdy e '@
4 IMIMW.IMW&MW “J,,

=N E=u En

HP Analyser - Project Pri a

PuCcyHOK 6
InTepdersic AHP Analyser

3. PosumpeHl Ta ribpunHi cucTewmm:

Fuzzy AHP Software (https://onlineoutput.com/fuzzy-ahp-
software) — peanizye HeulTkuy AHP; ninrpumye HeuiTkl wkau;
TeHepye MNOBH1I 3BiTM, mo monomarae y BuboOpl pauioHambHOTO
BaplaHTy MNPUMHATTS pilleHb. llepeBara: poboTa 3 HEBM3HAUEH1CTO

[9].

Hierarchy structure.
Hierarchy structure
L4 L] a a
L L]
-] L] L

PucyHok 7/
InTepderic Fuzzy AHP Software
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Sourcetable (https://sourcetable.com) — iHTerpanis AHP =3
AI; ofOpoOkxa dYepe3 I[IPMPOOHY MOBY; aBTOMaATHYHA IIlepeBipka
y3romxeHocTi. [lepemara: MiHiMiszauia pyuHux po3paxyHkir [10].

4. TabmmuHl Ta yHiBepcalJibH1 1HCTPYyMeHTHU

Excel + AHP Hapnb6ymoBum (https://bpmsg.com/) - ninTpuumka
BEJIMKUX MaTPMLb; 1HTeTrpalis 3 TabIMUHYMM JaHUMM; COPTYBaHHS
anmbTepHaTUB. llepeBara: T'HyYkicTb 1 pmocrynHicTe [11].

A - wrt AHP priorities - or

B? Equal How much more?

1 @ Crit-1 OCrit-2 @1 0203040506070809

2 ® Crit1 OCrit-3 @1 02030405060708009
3 @ Crit2 OCrit3 @1 02030405060708079

CR = 0% Please start pairwise comparison

PucyHok 8
IuTepderic Excel + AHP HapzbynoBm

[IopiBHANBHMM aHAaJI13 OpoTrpaMHMX 3acoOliB OpPedCcTaBJIEHO B
Tabamui 1.

N
Tabsmis 1
NopiBHANBHMII aHaNis
Knac cucrem I[lepeBarn Hegmomnikm
CneniajisoBaHi BMCOKA TOUYH1CTL, IIOBHUM CKJIAOH1CTh,
byHKII1OHAJ He Oe3KOUTOBHO
OHJIaMH npocToTa, OOCTYIHICTH obmMexeHa
byHKII1OHANBHICTDL
T'idpmoui poboTa 3 HEeBMBHAUEHI1CTIO CKJIAOH1CTBb
(Fuzzy, AI) inTepnpeTanii
TabamuHil YHiBepcaJbHiCTBH BimcyrTHicTh
aBTOoMaTM3all

[leperaru cydacHMX 3acob®iB: aBToMaTMUzalis obumcieHb AHP;

ninTprMKa TPYyHOBUX pimeHs; Bisyanizanisa pe3ynbpTaTiB;
nepeBipka y3TOIXEHOCT] .

Henomikwu: BMCOKAa CkJamHicTe 0OpM BeJIuMKiy  kijgbkocTi
This work 1s distributed under the terms of the Creative 1 8 5
Commons Attribution—-ShareAlike 4.0 International License

(https.//creativecommons.org/licenses/by—sa/4.0/).
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KpUTepils (kimpxiCTh IIOPlBHSAHD 3pocTac KBaIpPaTMUUHO) ;
BimcyTHicTh 1HTerpauil 3 onTuMiszsauinvHmMm MomeJsiaMmm  (IJII) —
BinpmwicTe CUCTEM JIMIIE BUKOHYITH OYHKII1ID PaHXyBaHHS; OOMexeHa
nigrprMka amanTUBHUX/OMHAMIUHMX CleHapiis; ciiabka iHTerpalig
3 BiMCBKOBUMM Ta PO3MNONiJIEHMMM CuUCTeMamu/

BukoHaeMoO MNOPiBHSAHHS cucTeM 0as IaHMX MEeTOIOM aHaJizy
iepapxin. Po3rysaiaeTbCsa MHOXMHA ajlb TEPHATUB :

A={ai1,az,as,as,as}

ne: al — pensninai Bll; a2 — mokymeHTHI BJl; a3 — rpagoBi FE]l;
a4 — kiou/3HaveHHsa; ab —crosnmes[12].

MHOXMHa KpUTEepliiB:
C={ci,c2,C3,Caq,Cs5}

ne: Cci1 —NPOOYKTMBHICTE, C2 — MacmraboBaHICTB, C3 — I'HYUYKICTh;
C4 — CKJIQJHICTEH BalMUTIB; Cs5 — Y3IT'OIXEHICTH.

2. MaTpuisa HONAPHUX [NOPlBHSAHbL KPUTEP1liB:

1 1/2 3 4 1/3
2 1 2 5 1/2
MO={1/3 174 1 2 1/5
1/4 1/5 1/2 1 1/6
32 5 6 1

BekTOop Bar xpmumrepiir (HopManisanis):
w=(0.23, 0.30, 0.10, 0.07, 0.30)

3. Marpuui anbrepHaTturB (5x5)/
3.1 KpuTepiM C1 NPOAYKTMBHiCTE:

1 1/3 1/5 1/7 1/3
301 1/3 1/5 1
MY=l5 3 1 1/3 3
75 3 1 5
301 1/3 1/5 1
This work is distributed under the terms of the Creative
1 8 6 Commons Attribution—ShareAlike 4.0 International License
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p®™=(0.05,0.10,0.25,0.45,0.15) .

3.2 Kpurepim c: MacwraboBaHiCTh:

1 1/3 1/5 1/5 1/4
31 1/3 1/2
MP=l5 3 1 2 3
5 2 1/2 1
4 1 1/3 1/2

p@=(0.06, 0.14, 0.34 ,0.26, 0.20).

3.3 KpuTepiM c3 THY4YKiCTh:

1 1/5 1/4 1/6 1/3
5 1 2 1/2 3

MO =4 1/2 1 1/3 2
6 2 3 1 4
3

1/3 1/2 1/4 1
p=(0.05, 0.30, 0.20 ,0.35, 0.10).

3.4 Kpurepim c4 CKIAQOHICTE BanuTiB:
(MeHmEe — Kpale)

1 3 5 7 4
/3 1 3 5 2
MO =1/5 1/3 1 3 1/2
1/7 1/5 1/3 1 1/4

/74 1/2 2 4 1
p®=(0.40, 0.25, 0.10 ,0.05, 0.20).

3.4 Kpurepil cs5 ySTromXeHiCThb:

1 3 5 7 4
/3 1 3 5 2
MO ={1/5 1/3 1 3 1/2
1/7 1/5 1/3 1 1/4
/4 1/2 2 4 1
Commons it Sharais 4.0 maatinay Livonse 187
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p®=(0.42, 0.23, 0.10 ,0.05, 0.20).

4. IuTerpajibHa OLI1HKA

5
P, = kapgk)-
pa

PesyneTarT:

p=(0.20, 0.18, 0.21, 0.23, 0.18)
5. PaHXyBaHHA:
ad>a3>al>a2=ab

TakMM UYMHOM, HAMKpAaUOn € CucTeMa KJIod/3HadyeHHSd, 1o
IoCATaeThbCsa BUCOKOK NPOAOYKTMBHIiCTIO Ta MacmraboBaH1CTO.

IIporpaMHa Python-peasniszanisa nopiBHSHHSA cuUcTeM ©0as3 OaHUX
METOHOOM aHaJllzdy lepapxim:

import numpy as np
def ahp weights (matrix):

eigvals, eigvecs = np.linalg.eig(matrix)
max index = np.argmax(eigvals.real)
weights = eigvecs([:, max index].real

weights = weights / np.sum(weights)
return weights

# MaTpuus xpurepiis

M criteria = np.array ([

(1, 1/2, 3, 4, 1/31,

(2, 1, 4, 5, 1/21,

(1/3, 1/4, 1, 2, 1/51,

(1/4, 1/5, 1/2, 1, 1/6],

(3, 2, 5, 6, 111)

w = ahp weights (M criteria)

# Tpukjian g OOHOTO KpUTepiwn
M1 = np.array ([

(r, /3, 1/5, /7, 1/31,

(3, 1, 1/3, 1/5, 11,

[ 3, 1, 1/3, 31,

(7, 5, 3, 1, 51,

[ 1, 1/3, 1/5, 111)

pl = ahp weights (M1)

# 36ip ycix BekTOpPiB

1 This work 1s distributed under the terms of the Creative
8 8 Commons Attribution—-ShareAlike 4.0 International License
(https://creativecommons.org/licenses/by—sa/4.0/).
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P local = np.array ([

[0.05, 0.06, 0.05, 0.40, 0.427,
(0.10, 0.14, 0.30, 0.25, 0.23],
[0.25, 0.34, 0.20, 0.10, 0.107,
[0.45, 0.26, 0.35, 0.05, 0.057],
(0.15, 0.20, 0.10, 0.20, 0.20]
1)

# ToobanbHi OUIHKMY

P global = np.dot (P _local, w)

print ("Baru xpurepiis:", w)

print ("I'moBaneHl ouinkm:", P global)

print ("OnTmManeHa ankTepHaTuBa:", np.argmax (P global) + 1)
BucHOBKM. ICHYHOUl nporpaMHi 3acodmu 3abesneuyinTb ePeKTUBHY

peanizaunin kjJacuuHOTO MeTonmy AHP. Hambisnebm QYHKI1IOHAIBHUMM €

crnelianisoBaHli cucTeMu (SuperDecisions, Expert Choice).

OHJlaMH—-1HCTPYyMeHTHK 3abes3neuyinTb I[IPOCTOTY BUKOPUCTAHHSA, ajle

MalTb oOMexeHHS. OCHOBHMM HeIOJIIKOM € BizmcyTHicTbp iHTerpanil

3 MeTomamMM OonTuMmiszsanii. IIepCHekKTVMBHMM HANpsSMOM € po3pobka

ribpunHuux cucTtem AHP + IJIII + paHTOBMM NOingxim, MmO OO3BOJIUTH

3aCTOCOBYBATHU Taxky koMBiHauin OHJIaMH—-1HCTPYMEHT1iB v

BiMicbkoBiM cnpari Ta B 1HmMX cexTopax Oe3Ieku.
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