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Abstract

This study aimed to analyze and compare the critical factors influencing the selection of optimal
transportation routes for agricultural products, using a case study of durian transport from chanthaburi
province to the Chiang Khong customs house in Chiang Rai province. A comprehensive review of domestic
and international studies identified 35 relevant factors. The frequency ranking technique was applied to
prioritize and select 9 key factors: transportation time, cost, distance, road conditions, pavement quality,
road width, frequency of acceleration, route characteristics, and facility availability. The analysis employed

a multi- criteria decision-making (MCDM) approach using the simple additive weighting (SAW) method to
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evaluate route suitability. The results revealed that Route 3-1 obtained the highest total score, followed
by routes 1-1 and 3-2. In contrast, routes 2-4 and 4-2 received the lowest scores, indicating potential
infrastructure deficiencies and environmental challenges. Routes 3-1 and 4-3, with total scores of 7.6469
and 5.6250 respectively, Therefore, it could be concluded that they were the most suitable routes for
durian transport. Based on the consistency of factors of time, cost and route quality, the research shows
that considering multiple factors together increases route selection accuracy, reduces risk and enhances

the competitiveness of the Thai agricultural sector.

Keywords: Optimal route, Frequency ranking, Multi criteria decision making, Simple additive weighting; SAW.
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Figure 1 Frequency ranking of factors in the study.
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Table 1 Factors used in selecting agricultural product transportation routes.

No.

Factor

Description

Measurement Method

1

Transportation time

The amount of time required to travel from the origin  Measured by travel time

to the destination

2 Transportation cost /  The amount of cost incurred for transportation, such ~ Measured by cost per
Expense as fuel costs, driver wages, vehicle depreciation, traveled distance
maintenance costs, etc.
3 Distance The distance from the origin to the destination Measured by the
traveled distance
4 Road condition The importance and role of the road within the Measured by road
transportation network classification number
reflecting structural level
5 Road surface quality /  The characteristics of the road surface along the Measured by the type of
Road type transportation route material used in road
construction
6  Road width The number of traffic lanes on the transportation Measured by the number
route of lanes
7 Speed frequency The frequency or the achievable speed for trucks Measured by average
along the transportation route speed (km/h)
8  Route characteristics The nature of the route, e.g., flat, hilly, or Measured by the type of
mountainous route
9  Facilities The number of truck stops, convenience stores or Measured by the number

restaurants, truck maintenance centers, roadside

hotels, and fuel/gas stations along the route

of available facilities on

the route
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Table 2 Routes used in the study.

Number of
Route . Provinces
Provinces Passed

1-1 14 Chanthaburi, Rayong, Chonburi, Chachoengsao, Samut Prakan, Bangkok, Pathum
Thani, Ayutthaya, Ang Thong, Sing Buri, Chai Nat, Nakhon Sawan, Phichit, Phitsanulok

1-2 12 Chanthaburi, Sa Kaeo, Prachinburi, Nakhon Nayok, Saraburi, Ayutthaya, Ang Thong,
Sing Buri, Chai Nat, Nakhon Sawan, Phichit, Phitsanulok.

1-3 10 Chanthaburi, Sa Kaeo, Prachinburi, Nakhon Ratchasima, Saraburi, Lopburi,
Phetchaburi, Nakhon Sawan, Phichit, Phitsanulok.

2-1 6 Phitsanulok, Uttaradit, Phrae, Lampang, Phayao, Chiang Rai; Destination: Chiang
Khong Customs Checkpoint.

2-2 6 Phitsanulok, Uttaradit, Phrae, Lampang, Phayao, Chiang Rai; Destination: Chiang
Khong Customs Checkpoint.

2-3 7 Phitsanulok, Uttaradit, Phrae, Lampang, Lamphun, Chiang Mai, Chiang Rai;
Destination: Chiang Khong Customs Checkpoint.

2-4 5 Phitsanulok, Sukhothai, Lampang, Phayao, Chiang Rai; Destination: Chiang Khong
Customs Checkpoint.

3-1 14 Chanthaburi, Rayong, Chonburi, Chachoengsao, Prachinburi, Nakhon Nayok,
Saraburi, Ayutthaya, Ang Thong, Sing Buri, Chai Nat, Nakhon Sawan, Kamphaeng
Phet, Tak.

3-2 14 Chanthaburi, Rayong, Chonburi, Chachoengsao, Prachinburi, Nakhon Nayok,
Saraburi, Ayutthaya, Ang Thong, Sing Buri, Chai Nat, Nakhon Sawan, Kamphaeng
Phet, Tak.

3-3 12 Chanthaburi, Sa Kaeo, Prachinburi, Nakhon Nayok, Saraburi, Ayutthaya, Ang Thong,
Sing Buri, Chai Nat, Nakhon Sawan, Kamphaeng Phet, Tak.

4-1 5 Tak, Lampang, Lamphun, Chiang Mai, Chiang Rai; Destination: Chiang Khong
Customs Checkpoint.

4-2 q Tak, Lampang, Phayao, Chiang Rai; Destination: Chiang Khong Customs Checkpoint.

4-3 Tak, Sukhothai, Phrae, Lampang, Phayao, Chiang Rai; Destination: Chiang Khong

Customs Checkpoint.
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Figure 2 Study routes comprising four sets of route data.

3. NM5AATIZRLAZATUIMA2ENsTUIUNISAnaUTaLUURANEINMY (Multi-Criteria Decision Making; MCDM)

f1835829UMINKNATINDEYN9418 (SAW)
3.1 NMsMrunAIUIvLnYesuRazUae

nszvauntsindaulanuu SAW T eusziduanudagesuaazUade Tned19dan1sluatuiminain
N5%UIUNT Analytic Hierarchy Process (AHP) ilsgaunudnfey 9 AU hansszaun1siuTouliisulang

Table 3 AL UUII8DUBY Saaty (Brunelli, 2014)

Table 3 Levels of importance comparison.

Level of ) .
Meaning Description
Importance
1 Equal importance Both factors are equally important.
3 Moderate importance of one over One factor is moderately preferred over the
another other.
5 Strong or essential importance One factor is strongly preferred over the other.
; Very strong or demonstrated One factor is very strongly preferred over the
importance other.
) There is conclusive evidence that one factor is of
9 Extreme importance ) ) )
the highest possible importance over the other.
Used as compromise values to reduce the gap
2,4,6,8 Intermediate values between levels; indicate partial or intermediate

preference between two factors.
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3.2 AMMUAAIATIUUAIEISNSIWSBULTiBULdeg (Pairwise comparison matrix)
Tudunoudiifeyanniafosne q IsunsieneiasUssduaiasuuulagli35ioudoud g
(Pairwise comparison matrix) Fatfumaiiafigagliasaseuiisuanudfyvestadoudazsnonisldedis
wiind Tnensadraavinduunn n x n 81 n fesuautadefidesnmsdioudiou udwmiudunamaslusuai
dieusuraruddylvegluras 0-1 Feasvhliaunsniouifoumiuddyuestiadslalnglaidueg fumiaetn
LazyuAUesAndile (Fan, 2010) feil

a1 aqp ... Qi
Qz1 Q22 7 Qpp

A= : R (Eq.2)
Am1 Amz2 " App

o o o o O LA ooy o, , o1 o .
lnghl a;; Ao ArAudIAnveslade i euiulade j au Saaty’s Scale uag a;; Wiy — (vnlade i
3]

fAaudrdunndn j, Awes jileuiu i azdudundu)
NUUATNTINNINGN1sFnaula elinsientadefinmuanndade wavhnismanudfgvedus

v ¥
Y

avtady wavyuanIsATWIMYBILAarUaTETINRHATINIULULIAY (Fan, 2010) 9nkUUI1a89ll

X11 X1z - X1in
X1 X227 Xop
D= : L
Xm1 *m2 7 Xmn (Eq.3)

e a;j Ao Aveamnadeni i meldwdninasidl j, m fie Siuaumaden, uaz n fie Sruundninass

vdmndildrasuve i Isidunsuasniminanuddgyuesiiafeussidiulaeynisusu
rasmvaasaradelivinfy 1 wagyhnisiumnIsmAHAsILLILeY WamAmtinvesnasifiansaning
mIsmaedsveusazilade

3.3 Madneiiazaguanuddnyvesadsitlédmiunadendunanissudedudinuns
ﬁm%’“umfim31xﬁLLazaQUm’mﬁﬁmmmﬂﬁﬂLﬁamilﬁaﬂLé’umnmimuéﬁuﬁwmwmﬁwLﬁumﬂmmi
AnaAauddguuuuesiialad (Normalization) Fadunisusuaveusasinasilieglugae 0-1 mugns
normalization 1t elsfanunsniFsuiisusuldegnainioudu wed Snsdidesinnsmundufiee 2 nad
(Triantaphyllou & Mann, 1995) il
N3 1 HuinasifiFesnisengean (Benefit criteria) faunslunisduandeil

.
v max(x;;) (Eq.4)

o

nadifl 2 HunausifiFesnisasign (Cost criteria) Tamnslunisiunnell
Tnedi 1y fD mﬁgﬂﬁ%mmgwma&muﬁaﬂﬁ i aelduwdnnasii , x;j AD AnfuveImadent i
min(xi]-)
TR (Eq.5)

elananinaeiil j, max(x;;) Ao AEEAYBINIT j W min(x;;) Ao AMNEATDNNMINTN |
, Y 9 9 o
Wemuruauestialagumingnisdndula (Normalization) LA2Y1NTATUIMAINATINLUUA NN
(Weighted sum calculation) WAfiH1uN15N1TARFULY LalnauiuaAIadIdnvewAasnannMa (w)) Wi
FAHAANS (Triantaphyllou & Mann, 1995) fiaannsil
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S = (W'xri-)
; Xy (Eq.6)

Tned s, Ao ArAsuuusINTBIMAEend i was w; Ae AE TN Ye NN T j Gﬁﬂﬁaaﬁmasﬂu‘m
0<w; <1 LazNaTIIVeIRamTnda Ay 1

MnsInaAunIa@en (Ranking) IBesaRuA1ves s; 3nunluiloy ‘vmLﬁaﬂﬁﬁﬁmmﬁqmﬁawmﬁaﬂﬁ
aﬁqﬂ wazyinsUssuiisulazdnaifunigden (Ranking the alternatives) dal3ssanauvosaziuY s; 31ANNTY
fou uazynadeniiilnzuuusiugsan e fudeniiafian

NAN1SIY

1. malnnsitadeilddmiunmadondumslunsvudsdudinens

PIMTiaTiematiansIasusumuAud (Frequency ranking) wuin "szezianiunisauds (ulade
AfmnudAygeanuazgnnanianniigaluissanss Wesniinalnonssenuninvesdud armsandaluns
49310U LAYAIIALAMNLATYFRAIVDINTHUIUNTVUAS Tsasn oA "Funumsvuds’ uas "szogvng’ Fadeidu
sefUszneundniasieufivlsyavsnminesnessyuuuddudneas uenanil nan1sinseiduandiivhud
arwddyostiadeses Idun anmaesouy AunvesuRInuY KayAssuIANAYAINTE WINeMne Bedaud
unuwlunsduaduninuvasads anannudsslunisvuds Insnglunsdlvesdudinunsilasousnssunn 1wy
waldfan ansvdrdymanilfinngnssmuaiuumdndielflumsiauuuuassnisinsgidundivnzan
MU Iwaztdenly Table 4

Table 4 Assignment of variable values for factors used in agricultural product transportation route selection.

Variable Factor
X1 Transportation time.
X2 Transportation cost / Expense.
X3 Distance.
X4 Road condition.
X5 Road surface quality / Road type.
X6 Infrastructure / Road width.
X7 Speed frequency.
X8 Route characteristics.
X9 Facilities.

v
° %

2. MIIATTRLaznIsAIUINlAgnsTUIUNITAnaulanuUaneInaeiRe3Ta2stntineasINeE19918 (Simple
Additive Weighting; SAW)

Tunsdnwni I@iidunmsiieseidunnsouddudninus eeldnsdinvinsoudmdsunndmin
Funy3 Gluma) ludsinumaninsifesres Smiadesse Uarema) Wemmadeniifianumnzauign laold
Hafusiuau 9 Tadeiidmualfidosiu uasiinssvinudduduneudsil

1. Mavssduanimdnveusasinuiilaelfinadansiesesiidunmuuunatsinns (SAW) Tngads
M31USEULTgULTag (Pairwise comparison matrix) Wiodmsziruddyresnariwtasdady Snzuuuimn
anmsfununudeyaidsinavsusarladelunndunsiidnuiliinnnisinsinna Table 1 Tned
{Afoaghmaudasdeyaifeiinasinarlddulumuddudu 1 81 9 uagvimsenisindula (Decision matrix)
ileFeuifisuanuddgueausia tadedesindiunisiioudisuiunndade wansiogsmssmsiIeudiouls
f9Table 5



Table 5 Example of pairwise comparison of factor importance.
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Factor Rating Factor
X1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X2
X1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X3
X1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 Xa
X1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X5
X1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X6
X1 9 8 v 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X7
X1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X8
X1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X9
X2 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X1
X2 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X3
X2 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 Xa
X2 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X5
X2 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X6
X2 9 8 v 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X7
X2 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X8
X2 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 X9

2. M3afemuuning ieuansnasnnsAdminvesudazinueiann1siuTeulisudiee lngende
Joyalu Table 6

Table 6 Weights of each factor criterion.

Factor X1 X2 X3 X4 X5 X6 X7 X8 X9
X1 1 3 3 3 3 5 5 5 7
X2 1/3 1 1 1 1 3 3 3 5
X3 1/3 1 1 1 1 3 3 3 5
X4 1/3 1 1 1 1 3 3 3 5
X5 1/3 1 1 1 1 3 3 3 5
X6 1/5 1/3 1/3 1/3 1/3 1 1 1 3
X7 1/5 1/3 1/3 1/3 1/3 1 1 1 3
X8 1/5 1/3 1/3 1/3 1/3 1 1 1 3
X9 1/7 1/5 1/5 1/5 1/5 1/3 1/3 1/3 1

3. AIATUIUAIUINTNANEIAYTOINAINeN1TUSUNETIYOuRaE Uade (Aoduil) Tivindu 1 uag
a¥13¥ade (redutl) UminlagnsmAedeveufazinl kasasUNan1IAILINIAETILNATINMLIALAZULILOY
Y93AANLEAY WamunAtnvesnazinasnldlun T gsidunslutunsudely fauanslu Table 7

Table 7 Weights of criteria used in the SAW technique and total weights.

Horizontal % of
Factor X1 X2 X3 X4 X5 X6 X7 X8 X9 eight )
Sum Weight
X1 0.3251 0.3659 0.3659 0.3659 0.3659 0.2459 0.2459 0.2459 0.1892 2.7154 0.3017 30.17
X2 0.1084 0.1220 0.1220 0.1220 0.1220 0.1475 0.1475 0.1475 0.1351 1.1739 0.1304 13.04
X3 0.1084 0.1220 0.1220 0.1220 0.1220 0.1475 0.1475 0.1475 0.1351 1.1739 0.1304 13.04
X4 0.1084 0.1220 0.1220 0.1220 0.1220 0.1475 0.1475 0.1475 0.1351 1.1739 0.1304 13.04
X5 0.1084 0.1220 0.1220 0.1220 0.1220 0.1475 0.1475 0.1475 0.1351 1.1739 0.1304 13.04
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Horizontal ) % of
Factor X1 X2 X3 X4 X5 X6 X7 X8 X9 Weight
Sum Weight
X6 0.0650 0.0407 0.0407 0.0407 0.0407 0.0492 0.0492 0.0492 0.0811 0.4562 0.0507  5.06
X7 0.0650 0.0407 0.0407 0.0407 0.0407 0.0492 0.0492 0.0492 0.0811 0.4562 0.0507  5.06
X8 0.0650 0.0407 0.0407 0.0407 0.0407 0.0492 0.0492 0.0492 0.0811 0.4562 0.0507 5.06
X9 0.0464 0.0244 0.0244 0.0244 0.0244 0.0164 0.0164 0.0164 0.0270 0.2202 0.2202 243

Vertical Sum 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 9.0000  1.0000 100

4. MsvfuAnnnsgIumsiadula (Normalization) Ifaenndeafutasafivsnzanvesusazilade Taoflus
aviladvaziifoyaiianuunnsatu dstladodts 9 dadoludeyadid 2 ned Ao nedifidunaridesnsangean uas
nydifidunasidesnisaiign wu Jadedunalunsuudsdisingn fe aidign vistadesumuniises
auuAgean Ae AfiaTian uazimadnsAldinlflunaeieudeyafiovnsinseiludunousely Fashldiu
iafeunatiatasiiduinilunans 1 duns widhdeyavestiadediaustunadnsiildasunndnatu
Foyathiunlflumsiinzsidesinuiiteinnain vieidoRnmaniitosann ¢ Table 8

Table 8 Normalized decision matrix of each factor.

Factor

Route X1 X2 X3 Xa X5 X6 X7 X8 X9
1-1 0.7231 1,200.54 47.5462 8.1538 9.00 8.3077 66.5654 10.00 3.5385
1-2 0.9182 1,445.22 57.2364 7.3636 9.00 7.0909 62.9877 10.00 3.7273
1-3 1.2513 1,850.26 73.2778 6.4444 9.00 5.8889 59.3670 10.00 3.6667
2-1 1.4400 2,111.32 83.6167 7.4450 9.00 6.1667 58.1729 8.67 4.1667
2-2 1.4247 1,959.82 77.6167 6.4450 9.00 5.8333 54.8363 8.67 3.6667
2-3 1.6467 2,184.13 86.5000 7.2857 9.00 6.0000 56.4194 7.43 35714
2-4 2.1510 2,864.36  113.4400 6.3340 9.00 5.6000 52.8418 9.20 3.6000
3-1 0.7508 1,257.45 49.8000 8.7692 9.00 8.4615 66.9156 10.00 4.1538
3-2 0.8262 1,280.18 50.7000 7.6923 9.00 7.0000 61.2314 10.00 4.0769
3-3 0.9509 1,512.48 59.9000 8.0909 9.00 7.2727 63.4015 10.00 4.0909
4-1 2.0093 2,779.52  110.0800 7.6000 9.00 6.4000 58.2916 8.00 4.0000
4-2 2.1558 2,966.24  117.4750 7.0000 9.00 6.2500 53.1784 9.50 4.0000
4-3 1.6556 2,219.05 87.8833 6.3333 9.00 5.6667 53.7813 9.00 3.6667

5. MsAmaAzwuudnsunsAadenidunslagldnsyuiunisdadulanuuraisinast (Multiple Criteria
Decision Making; MCDM) fa833s1simiinrasinegising Tnstharaudfaiildanduneudounduasen
wasgrumsinadlansuiy Wermuassiuazuudluisasiduma Tagldnisimauissdusestoyavowusas
Hadeliusaziasnseunquariiegluveundifmundmiumsinalulflumsiieszideya wlsszdueenidu 9
fu FadunasFeuiisuuardmnsuuluitosdunamatoyalu Table 9

Table 9 Results of scores using the SAW method.

Factor X1 X2 X3 X4 X5 X6 X7 X8 X9 Total
Weight 0.3017  0.1304  0.1304 0.1304  0.1304  0.0507  0.0507  0.0507 0.0245 1
1-1 7.875 7.875 7.875 6.75 7.875 6.75 2.25 9 5.625
1-2 7.875 6.75 6.75 5.625 7.875 4.5 3.375 9 6.75
1-3 6.75 5.625 5.625 3.375 7.875 2.25 4.5 9 5.625

SAW 1-1 2.3760 1.0272  1.0272 0.8804 1.0272  0.3422  0.1141  0.4562 0.1376 7.3881
SAW 1-2 23760 0.8804 0.8804  0.7337  1.0272 0.2281 0.1711 0.4562 0.1652 6.9183
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Factor X1 X2 X3 X4 X5 X6 X7 X8 X9 Total
SAW 1-3 20365 0.7337  0.7337  0.4402  1.0272 0.1141  0.2281 0.4562 0.1376 5.9074
2-1 5.6250 5.625 5.625 5.625 7.875 3.375 4.5 7.875 7.875
2-2 6.7500 5.625 5.625 3.375 7.875 2.25 4.5 7.875 5.625
2-3 5.6250 5.625 5.625 45 7.875 2.25 5.625 6.75 5.625
2-4 45 3.375 3.375 3.375 7.875 2.25 6.75 9 5.625

SAW 2-1 1.6971  0.7337  0.7337  0.7337  1.0272  0.1711  0.2281 03992 0.1927 5.9165
SAW 2-2 20365 0.7337  0.7337  0.4402 1.0272 0.1141  0.2281 0.3992 0.1376 5.8504
SAW 2-3 1.6971  0.7337  0.7337  0.5870  1.0272  0.1141  0.2851  0.3422 0.1376  5.6577
SAW 2-4 1.3577  0.4402 0.4402  0.4402  1.0272 0.1141 03422 0.4562 0.1376 4.7556

3-1 7.875 7.875 7.875 7.875 7.875 6.75 3.375 9 7.875
3-2 7.875 7.875 7.875 5.625 7.875 4.5 4.5 9 6.75
3-3 7.875 6.75 6.75 6.75 7.875 3.375 3.375 9 6.75

SAW 3-1 23760 1.0272  1.0272 1.0272 1.0272 0.3422  0.1711  0.4562 0.1927 7.6469
SAW 3-2 23760 1.0272  1.027r2  0.7337 1.0272  0.2281  0.2281 0.4562 0.1652 7.2688
SAW 3-3 23760 0.8804 0.8804 0.8804  1.0272 0.1711 0.1711 0.4562 0.1652 7.0080

a-1 4.5 4.5 4.5 5.625 7.875 3.375 4.5 6.75 6.75
4-2 45 3.375 3.375 45 7.875 3.375 6.75 9 6.75
4-3 5.625 5.625 5.625 3.375 7.875 2.25 6.75 7.875 5.625

SAW 4-1 1.3577 05870 05870  0.7337  1.0272  0.1711  0.2281 0.3422 0.1652 5.1990
SAW 4-2 1.3577  0.4402 0.4402  0.5870  1.0272  0.1711 03422  0.4562 0.1652 4.9869
SAW 4-3 1.6971  0.7337  0.7337  0.4402  1.0272 0.1141 03422 03992 0.1376 5.6250

nanTlATIgideIstanimnasiuegadie (SAW) uandliiuin dunsiideruuugediaaluudasngu
Usznoulusg dunianguil 1 Ae 1dumns 1-1 feazuun 7.3881 1un1enaudl 2 Ae wdumna 2-1 foaziuy
5.9165 Wunsnguil 3 Ao 1@uNe 3-1 feAziuY 7.6469 uaziduvnangud 4 Ao 1duma 4-3 feAzuuL 5.6250
Farhlugmsaguidumafivsnzaslunisvudsangadumaludsatema Tnsanunsautangudumaldanazuund
frnsfumanian Gl dumagadl 1 Jszneuludaeduna 3-1 way 4-3 wasidumeed 2 Ussnauludae
s 1-1 way 2-1 Wudumeioanzaudmiumsvudsdudinuasidussavsnimanniign
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