Nekyusa 2

Meton setBeu u rpaHuy

1. Obwaa cxema
2. 3apa4Ya KOMMUBOsXepa

€TO4 BETBEW U rpaHuLy
3agada KOMMUBOSTKEpPA



Meton BetBeu U rpaHuy
Branch-and-Bound Method

BapuaHT noucka ¢ so3epatleHuem.
Kaxaoe pelweHue umeeTr cTOUMOCTb.
TpebyeTcsa HaUTU peleHe MUHUMATIbHOU CTOUMOCTU.

TTpumeuaHue. TTouck ¢ Bo3spallieHUemM NpUMeHsarsncs B
cUTyaumuax, rae Haao 6b1no HauTu xota bbl 04HO, NMbo Bce
cylyecTByrolyme pelieHa KOMbUHATOPHOU 3aAa4M.

Tenepb xe peyb MAET 06 o NMMMU3AYUOHHBIX KOMOUHATOPHBIX
3044a4aX, B KOTOpbIX HAAO0 HAUTU (BbI6pATH) U3 BO3MOXHBIX
peleHnA Hausydlsee NO HEKOTOPOMY KpUTepuHo.

09.02.2016 MeToa BeTBEW U rpaHuLL 2
3agava KOMMUBOSTKEpPA



MeTon BetBeu U rpaHuy

C>0
Bce pelseHus

C>5M\

1 rpynna peweHuu 2 rpynna pelueHum 3 rpynna peleHuu

TTony4yeHo
OTHOCUTESbHO
xopoluee
peweHue C=20

09.02.2016

Fpynny
NNOXUX
peleHum
MOXHO He
nccneaoBathb
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Meton setBeu u rpaHuu

Branch-and-Bound Method
TTpumep: 3aaaya 06 ONTUMANBHOM MApLIPyTe KOHS

Ha LWAaXMaTHOW AOCKe

HavTu nyTb KOHS U3 0A4HOrO 3aAAHHOINO Nonga B Apyroe,
coAepXxawmm MUHUMANbHOE YUCNO LWAroe
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Hekotopoe pewieHne  &vHWW
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INyuJwee pelueHmne
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INyuJwee pelueHmne
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Ycnosua npUMeHnMmMocTum
meTtoaa BeTBeu U rpaHul (MBT)

1.lns KaXa0ro YacTUYHOTO pelueHUsa A0MXKHA BbITh
onpegeneHa ctoumoctsb Cost(a,, a,, .., a,)

2.[Ana Bcex YacTUYHBLIX pelleHUN U UX paclmpeHum ONXHO
6bITb BLINOSIHEHO

Cost(a,, a,, .., a, _,) ¢ Cost(a, a,, .., q,,, a,)

Toraa qacmql—loe pelleHue (a ... G4, G,) MOXeT 6bITb
oTbpolueHo, ecnu ero CTOMMOCTb 5 CTOUMOCTH paHee
BbIUMCIIEHHBIX pelueHMIA

B 6onblimHcTee cnyvaes Cost(a,, a,, .., a,) 2 0 u aaxe
Cost(a,, a,, .., a) = Cost(a,, a,, .., a ;) + C(a),
rae C(a, ) 2 0 ang scex aq,.
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Obwmm anroputm MBT

S;=A k=1 cost=0; LowCost =+ e
while (k>0) { //noka He Bce pelweHUa HaaeHbI
while ((S, 1= ) && (cost < LowCost) ) { // npoasuxeHue snepea:
a, = 3nemeHT u3 S ; //Bb160p OYepeaHOro afemeHTa us S,
S,=5,.-{a}):
cost = f_cost (a,,.., a, ,,0,).
if (((a,..... a,_;.a,) - peweHne) && (cost < LowCost)) { LowCost = cost;
/*pukcuposatsb (a;,..., G, 0, ) KaK TEKYLMIA MUHUMYM */}
else {
// nepexop K crepyroleMy YpPOBHHO
K ++:
BBIYUCIIUTD S,

}

} // end while npogguxeHusa snepéa
k --; // backtrack
cost = f_cost (a,,..,a,):
} // nocnepHee coxpaHaemoe pelueHUe umeeT HaMMeHbLUYHO CTOUMOCTD
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3apaya kommusoaxepa (3K)
The Traveling Salesman Problem (TSP)

Kommuosxép - b6poasymin Toprosel - KopobelHuK

Kommueosxép [ qpp. commis voyageur ] - pasbe3sgHoW areHT
TOProBOU PUPMbI, Npeanararoliv NOKynaTesam ToBapbl No
UMerOLUMCS Y Hero obpasLam, KaTanoram u T.n.

Ycnosus 3aaauv
MHoXecTBO ropoAOB = MHOXeCTBO BeplUUH rpada.
Konudyectso ropoaos - n.

Pebpa (ayru) rpagpa coeauHIrOT BEPLUMHBI, MeXAY KOTOPbIMU
paspelleHb Noe3aKu.

CTOUMOCTb NOEe34KU U3 OAHOTO ropoAaa B Apyrov - Bec pebpa
rpaga.
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TTpumep (n = 5)

MaTpuua ctoumocTen
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LaHo: 1. n - konu4yecTBO ropoaos

4 = {Cij} Lj=1.n ~ MaTpuLia CTOUMOCTEU

Hawtu: mapwpyt obvessga scex ropoaos (Kaxaoro no
OAHOMY pasy) C BO3BPATOM B UCXOAHLIU MYHKT, MpU 3TOM
CTOMMOCTb NOe3AKU AO0JIXHA 6bITb MUHUMASIbHOM.

= Permutation(l..n) = [lepecmanosxa(l..n)
t=(nr),7(2),..,7(n)),
Vi,jell.n},i# j:n(i))yzn(j), n(i)ei{l.n}

n—1
J(m)= ch(i),n(z’Jrl) ¥ C:r(n),n(l)
i—1

T =m111;1 JB T :argmig{J(ﬂ')}
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Merton setsen u rpaHul B 3K

OcHOBHbIE naeu:

. BetsrieHue - buHapHoe: Ha Kaxaom Lware
MapLpyThI pa3buearoTCa Ha ABe rpynnbl -
Bkarovarowme ayry (i, j) v 3anpewarowme

(i, §)
2. Onepauus «npuseneHUsa maTpuLibl»

3. 3BpucTUKa B BbI6OpE Ayri MaplipyTa ANs
BeTBJSIeHUs B AiepeBe BapUAHTOB

Ayry

09.02.2016 MeToa BeTBEW U rpaHuLL
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BeTeneHue

yk:{(iy Uk (o \ink)}

BknroyeHHas
Ayra

N cKknroueHHas
Ayra

yLefT(k) - yk U {(ij J.)
Zy ety = L Y QL 1Dk

HewcTeug:

1) BoiuépKkuBaHue i-u CTpPOKU U
j-ro ctonbua (pasmep

|

MATPpULbL YMeHbLaeTcs Ha 1)

2) aAobasrieHvie B TeKyLu,y
peweHue (i, j)

3) 3anper (§, i)

/

09.02.2016
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Y, - MHOXeCTBO
BKJTFOYEHHbI X B MAPLUPYT
nyr;

L, =~ MHOXeCTBO
UCKIFOYEHHbI X BYT
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Onepauus «rpuvseaeHUs maTpuLibl»

1) Ilo cTpokam:
ana Vi€l n: i

g; = min{C;;: j€1..n}
g, - MUHUMGAIbHAS CYMMaA, AOCTATOYHAS
ANQ Bble3a Kyaa-simbo u3 ropoaa i O

o cTonbuam:
ans VjEl.n
hJ. = min {(Cij -g) i€l.n}
h.- MUHUMaANbHAA Cymma, AOCTATOYHAS
ANs Bbe3aa OTKyAa-smbo B ropoa, |

N
—
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TTpuseneHHaa matpuua
C . = C.-g.-h >0
ij o iy Ji
2ic1n9i* Ljeinhy=d
d - HUXHA9 rpaHULa CTOUMOCTU JIFO6Oro peleHus, He
3aBUCUT OT T, T.K. KAXAbIU FOpOA
nocelLaeTcs poOBHO OAUH pas.

T.0.

n—1
J() =) Crnn +Criman +d 2d
=1

CTOUMOCTb NO NpUBEAEHHON MATpULie U3SMEHUNACh, HO
ONTUMaNbHOE pelleHue OCTaHeTCs Tem xe (CTOUMOCTb BCexX
AOMYCTUMBIX MAPLUPYTOB YMeHbLUeHa Ha OAHY U Ty Xe
BeJIUYMHY)
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TTpumep
BeyumuTaHMWe no cTpokam
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BervumutaHue no ctonbébuam

1]2|3]4]5
fo|0]|15|6 |2
200 | [12]25]20
318|14| = | 5| 0
4 34418 = | 0O
515| 1| 0| 3| =

d=44+3 = 47

HuxHaga rpaHuua
CTOUMOCTU
nroboro peleHus
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PesynbTat onepauuu npuseneHus manpuybl

B kaxaou cTpoke
N B KAXO0M
ctonbue umeertcs
X0T4 661 0auH O

Pl 2 D v 5
N ee| O [[15] 3| 2
2l 0| [12]22(20
31814« [ 2 | O
4 3 144 (18| o | O
S15[ 1 | O | O [ e
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HuxHaa rpaHuua
cTOUMOCTU NHoboro
peweHus d = 47
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BknroyeHue ayru i-j (neeasa Beteb AepeBa)
Hanpumep, 3-5

eUCTBUS Haa MATPULIeU:

1) BbiuépkusaHue i-u
CTPOKU U |-TO
cTonbua (pasmep
MATpULLbT

yMeHbluaeTcs Ha 1)
2) 3anper (j, i): C; = +eo

3) 3aTem HOBas onepayus
npuviseaeHus

09.02.2016

112|345
1 0 15| 3 | 2
20 0|~ |12(22]20
A8t 2D
a 3 (44|18 |0
515|110 |0 |
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BbiuepkusaHue 3-1u cTpoku u b-ro ctonbua
(pasmep MaTpuLb yMeHbligetcs : 4x4 smecTo 5x5)

09.02.2016

i 235 W2 S v
|0 [15]3 2| 1= |0]|15] 3
20|« |12(22]20| 2/ 0|« [12,]22
31814~ | 2 | 0| 43 44, (18| = | -3
434418 = | 0| 5151 | = |0
5151 |0 |0 | - 12 - 15
e

HoebIv Wwar onepaumu npuseseHuUs

MeToq BeTBEWN 1 rpaHunL,
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WckntoyeHue ayru i-j (npasas seTeb Aepesa)
Hanpumep, 3-5

Lencteua Hag
maTpuLien:

1) sanper (i, j): CiJ. := +o0

2) 3aTtem HoBas

onepayus

npuvBeaeHUs

Hoeasa HUXxHsas
rpaHULIA CTOUMOCTU
nroboro pelueHus
d=47 +2 =49
Ad =2

09.02.2016

1]2]3]4]5
fw|0]|15]3 ]2
2l 0|« [12]22]20
318 (14| = | 2 | w
4 3 (44[18| = | 0
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TTocne BetBneHus no ayre (3,5)

112(3]4]5

47

albleolNl
*Q k| *f *

1121314 112]3]4]|5
Mool * 1 * Moo = [+1*
2 * ) * 2 * - *
4' * * to q* * 0 * 0
5 0 4|* o] *
5 * * )
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Kakoe BeTBneHue caenartb Ha NepeoMm Lware ?

Lyra (3,5) 6b1na paccmoTpeHa B kayecTse npumepa
BO3MOXHOr0 BbIbopa.

KakoBbI «xopolume» BapuaHThI AN BbI6opa?
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KaHaunaaTbI Ha BeTBSlieHue
(BKNFOYEHUe-UcknroYeHue)

S 1\\2 345
Ad = 15 || 0[15] 3|2
\2‘0 © [ 122220
318(14| = | 2 | 0 +——Ad=2
4 3 (44|18 © | 04+—Ad=3
515 1 | 0 [ 0 | =

Ad =12 ¥ =%, e Ad =2
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DBPUCTUKA™: BLIOOP AyrU ANS BeTBNEHUS

TTpu nepexopne B npasyro BeTBb HOBAS HUXHAS rpaHULa
cToumocTu noboro peweHus B 3Tou BeTBU ecTb  d + Ad.

B Hawem npumepe Ans HyneBbIX 3571eMeHTOB MaTpULibL
pPaccmMaTpuBarOTCS BAPUAHTBI:

(,)) [(1,2) | (2,1) | (3,9) | (4,9) | (5,3) | (5,4)

Ad 3 15 2 3 12 2

//

P
4 Ecrm €. 20,10 Ad=0 ().

Makcumym
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DBPUCTUKA: BLIOOP AyrU Ans BeTBNEeHUS

Bb16bpath B NpuBeAEHHOU MaTpULie TAKOU HyJsleBoU
3/leMeHn) KOTOPbLIWU NOCSe 3aMeHbI Ha = U

nocneayrolero npuseaeHUs maTpuLibl
AACT MAKCUMATbHYHO HUXHIOFO FPaHULly
CTOUMOCTU Noboro peleHus

(1.e. makcumansHoe Ad u, cneposatensHo, d)

MeTtamopa: cambIf TAXENLIA HOMb!
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IBPUCTUKA:

Paccmotpum mHoxecTeo nap (v,A), TGKUX, 4To C*V,A: O:
I={(vA): C*V'Az 0,veIl A€ L},
rae I, I, - MHOXecTBO ropoaos Ang BLI60Opa MO CTPOKAM U
no ctonbuam, cOOTBETCTBEHHO.
TTyctb gna (v,A)EI umeem
Ad(v,A)=min {C*V’p: pzA} + min {C*o, RE;1%2

Bezbupaem (i, j) = arg max {Ad(v,A): (v,A)E I}
TTpu atom Ad = Ad(i,j)

TTpumeuaHue: 6onee TouHO Be3ae ucnonb3oeatb hum(i), num(j) - Homepa
ropoAaos, a i, | — UHAEKCLI MaTpuLibl
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NTtak, B npumepe, crneays ykasaHHOM 3BpPUCTUKe, BbIOUpaeTCs
pe6po (2, 1)
INesas seteb (Bkntouas (2, 1))

12//3/75\\2 3|45
el 0]15|3 |2 o |15 3|2 -2
10 [=|12]22(20] 314|=|2]0
318 14| » |2 | 0| 444|18|= |0
4 3 |44 (18| = [ O S 110 (0|
5015| 1 [ 0| 0 | = 1 -3
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TTocne seteneHus no ayre (2,1)

112(3]4]5
11> 47

albleolNl
*Q *j *

(2,1) 62=47 + 15

50=47+3

R e 1|2(3]4]5
1] * 1M1~ =[x *
3 * ] 2 | o || &
4 * ) * q e} * *
CHEHEE Paccmotpum y E =

l npoAonxeHue CE =
JleBOU BeTBU
(Yepes cnauia)
30
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TTpasasa setsb (Ucknouas (2, 1))

A T TR et N T B T S
fw|0]|15]3 |2 || 0[15] 3] 2
2w | o |12|22(20[12 2/~ |~|0|10] 8
31814« | 2 | O 31514« | 2 | O
4 3 44|18 = | O 4 0 44|18 = | 0
515 1| 0| 0 | 512 1|00 |«
=3 - 15

09.02.2016
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Ad =13 50—

09.02.2016

TTonnepeso ot BeTku (2, 1)

18

.0
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3agava KOMMUBOSTKEpPA
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INeeas seteb (Bkntouas (4, b))

09.02.2016

D\ g o2

9 |3 5 1N « |13 | 1
1| o |13 0 /313oo 2
313 o 0 5 0|0 |e
443 |18 0 5|34
5 0|0 o0 1|« [12] 0
311 |0

5 00|
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TTpaeas seteb (Ucknrouas (4, 5))

3

13

13

c0

43

18

AN | b | D

0

09.02.2016

- 18

2 5
1N o |13 0
3 13| 0
425 0 00
5 0 | O 00
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68=50+18
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68=50+18

KaHanaater Ha BeTsneHue ysna (4, D):
(1,4): Ad=12
(5,3): Ad=12

o8 3

1 o [ 12

3 11|

5 010
09.02.2016
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2|34
|« 12| 0
3 11|« |0
5 0(0 e
T

+ 3anpet (4, 1)
?22?

MeToq BeTBEWN 1 rpaHunL,
3agava KOMMUBOSTKEpPA

TTonnepeso ot BeTkM (4, 5)

65=53+12
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3anpert (4, 1) ???

YacTtuuHoe peweHue (2,1), (4,5), (1,4) vnu

2-1-4-5
3anpetutb HyxHo (5, 2) !
2o 2 | 3
J 11| 3 O [ e
5 w | 0 " Hle| 0| [6453+11

Hanee octarotcsa (3, 2) u (5, 3),
T0.2-1-4-55-3,3-2,

CtoumocTb = 64. Jlerko nposepuTb NO MatpuLe:
5+31+6+7+15=64

T.e. pelwleHue ecTb mapwpyT (umkn) 2-1-4-5-3-2

09.02.2016 MeToa BeTBEW U rpaHuLL
3agava KOMMUBOSTKEpPA
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K 3TOMy MOMEHTY Bce pelueHus

(4,9)

(1,4)
64 65
(9,3) 5.3)
75=64+11
(3,2)
64
2-1-4-5-3-2
09.02.2016 MeToa BeTBEW U rpaHuLL

3agava KOMMUBOSTKEpPA
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BeteneHue y3na (2,1)

Ad =3 Ad =8 . 1lpasas BeTBb ((4,0)

1 \2 3 V4 5 I aa "B 44" 5
1|« | 0 15/' 3| 2 lw]|o0l|15]3]2
2w || 0 |10] 8 2w |w|0]|10]8
315(14]| o | 2 | 0<4pd=2 33 15(14| 2| 2 | O
4 04418 » | 0tAd=0 4 2 (44|18]| « [ O
512/ 1 | O] O | = 5121 1 | O | O | =

AdtO e = - 12
Lo =12 o 74 =62 + 12
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09.02.2016

TTopnepeso ot BeTku (2, 1)

(2, 1)

MeToq BeTBEWN 1 rpaHunL,
3agava KOMMUBOSTKEpPA
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(4,1) — neeaqa BeTBb y3na (2,1)
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Tt |95 WL 4 8 45 AN e S
1] O [15)F3 | 2 1 0 |15 2
202 | | 0]10]| 8 2l > |0 ([10( 8
15|14 = | 2| 0 14| | 2|0
4 0 44118 o | O 5 1|0 |0 | e
12| 1 1 0| 0 |

Ad=0
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BeteneHue y3na (4,1)

(2, 3)
?? 70=62+8
23|45

pa=3_1.0]15] =] 2

2 =] 0|10]8
Ad =8+

3 14| =| 2| 0|ad=4

5100

o0
) "4 \
09.02.2016 > MeToa BeTBEW U rpaHuLL 4 42
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(2, 3) - neeas BeTka y3na (4,1)

2145
1 0|=]2
3|20
5 1|0
Ad =0
d =62

MeToq BeTBEWN 1 rpaHunL,
3agada KOMMUBOSTKEpPA
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09.02.2016

BetesneHue y3na (2,3)

66=62+4

f
Ad =3

MeToq BeTBEWN 1 rpaHunL,
3agava KOMMUBOSTKEpPA
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BeteneHue y3na (2,3)

66=62+4

PeweHume + (1,2) + (5,4)

T.0.(4,1),(2,3),(3.5),(1,2), (5,4)
nnu

1-2-3-5-4-1

09.02.2016 MeToa BeTBEW U rpaHuLL 45
3agada KOMMUBOSTKEpPA



MTGK Bce peweHus

(1,4)

(5,3) %%3 (3,5) 70
75=64+11 62 \\§§%66
(3.2) %
64
2-1-4-5-3-2 1-2-3-5-4-1
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CNOXHOCTb aNropuTMa

CnoxHoCTb TouHOro anroputma 3K (metoaom Bul)
B cpedHem (MpU «CNyUYamHBIX» maTpuLax
CTOUMOCTEWN)

=C" rpe C=1.26

AMNUpuYeckut pesynbtat (ONbITHEIM NYyTEM)
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TTpubnuxeHHbIe pelweHus
(He MMHUMANBHOU CTOUMOCTU)

3ayem HyXHbI NpUbnnxeHHbIe peleHna?
1) «bbrcTpble» pelueHUs

2) Olna oueHKU rpaHUL, Npu Noucke
TOYHOro pelueHus!
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TTpnbnuxeHHbIe pelleHus

(He MUHUMANbHOU CTOUMOCTU)

1. Anroputm 6nuxanwero cocena (ABC)

HauuHas ¢ nroboro ropoaa, BbIbUpaem Ha KaXAOM Liare crelyrowmm
ropoA, CTOUMOCTb Mpoe3aa B KOTOPLIU U3 AAHHOTO ropoAaa MUHUMATIbHA

1N11-2-3-5-4—-1. ctommocCTb
= 25+17+1+10+9 = 62

IcoBMNagaeT co CTOMMOCTbHIO

Tl a8l 37k 485
11 o [25(40 (31|27
2l 5| (173025
19|15 = | 6 [ 1
4 9 15024 | 6
922 8 | 7 [10| e

09.02.2016

onTUMarnbHoro pelexHus (!).

Ecnu anemeHT matpuusr (4,1)
3aMEHUTb Ha 9+X, TO CTOUMOCTb
eweHusa AbBC ctaHeT 62+, raoe X

nroboe umncno (1)
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2)
3)

2

TTpumepsr obxonos AbC

4

S

25

40

31

27

o0

17

30

25

15

1

9

50

24

6

gDl wlN

22

8

10

(o 0)
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2—1-5—-3-4-2:ctoummocTb = 5+27+7+6+50= 95
3—-5-2—-1—-4-3:crtommocTtb = 1+8+5+31+24= 69

4Y4-5-3-2-1-4:
CTOUMOCTb = 6+7+15+5+31 = 64

5)5-3-4-1-2-5:
CTOUMOCTb = 7+6+9+25+25 =72

Ntak, ABC: 62, 95, 69, 64, 72
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1

2

4

Ewe npumep: n= 6
OnTtumanbHoe peweHne 1-4-3-5-6-2-1.
CtoumocTb = 16+25+5+5+5+7 = 63

D

o0

27

43

V.

16

30

26

14

(o 0)

16

1

30

25

20

13

35

5

21

16

25

o0

18

12

46

27

48

o0

D1 O | B WIN

23

S

9

S
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/6/1) 1-4-2-3-6-5-1:

CtoumocTb = 16+16+16+0+5+12
= 65

2) 2-4-5-6-3-1-2:
CtoumocTb = 1+18+5+5+20+27
= 76

3) A:3-6-2-4-5-1-3:
CtoumocTb = 0+5+1+18+12+43
=79
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3

)5:3-6-5-1-4-2-3:
CTOUMOCTb =
0+5+12+16+16+16 = 65 (cm. 1)

1% (2| 8 4‘}
1 o |27 (43|16 30|26
2l 7 | 2 (16] 1 |30(|25
320113 = |35 5| 0
421(16]125| » (18|18
512|146 (27|48 | © | 5
6(23| 5|59 S | =
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4) 4-2-1-6-3-5-4:
CtommocTb = 16+7+26+5+5+48
= 107

5 A:5-6-3-2-4-1-5:
CtommocTb = 5+5+13+1+21+30

Lt s

5 b:5-6-2-4-1-3-5:
CtoumocTb = 5+5+1+21+43+5
= 80

6) A:6-2-4-5-1-3-6:
CtoummocTb = 5+1+18+12+43+0
= 79 (cm. 3A)

6) 6:6-3-5-1-4-2-6:
CtoumocTb = 5+5+12+16+16+25
= 79 (cm. 3A)

6) B:6-5-1-4-2-3-6:
CtoummocTb = 5+12+16+16+16+0
= 65 (cm. 3b)

WUtak, 65, 75, 76, 79, 80, 107

MeToq BeTBEWN 1 rpaHunL,

3agava KOMMUBOSTKEpPA
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OueHKa cTeneHu npubnmxeHus
anroputma bnuxanwero coceaa (AbC)

N, - mapwpyTt ABC, [N | - ero anuHa (ctoumocTs).

O, - ONTUMASIBHBIN MApLIPYT,

1O, | - ero anuHa (ctoumocTb).

Y1eepxaeHue. Ecnu matpuua {CiJ.} - (a) cummeTpUyHa U
(6) ynosnetBOpseT HepaBeHCTBY TpeyroJibHUKa

C.<Co* Cyiu Vi, K,

TO

N
“O" <1(llog,n |+1).

09.02.2016 MeToa BeTBEW U rpaHuLL
3agava KOMMUBOSTKEpPA
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2. ANropuTMm BKIrOYeHus bnuxanwero ropoaa (ABBIN)

Ecnu ecTb Lemouka v,y = Vi = = Vi 1y~ Vigy:
TO ClefyHroWmMMm BbIbUpaeTcs ropoa V.,
bIMKAULWUK K 3TOU LienoudKe,

T.e. UMeroLWMA MUHUMAIBHYHO U3 CTOUMOCTEU C
(ana q=1,.. k), u atoT ropoa

BCTABNSAETCA B TeKyLMMN MapLipyT

BCJleA, 3a TOpOAOM V.

I(q)
Yio ™ Vi@ T Ve Vi Vien T Vien T Vi

09.02.2016 MeToa BeTBEW U rpaHuLL
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TTpumep: n = 6
OnTtumanbHoe peweHne 1-4-3-5-6-2-1
CtoumocTb = 16+25+5+5+5+7 = 63

1" w2e-| 6 84 || 5" |50
11 o |27 (43|16 (30|26
2l 7 | 2 [16] 13025
320|113 = |35 5 | O
421(16]125| ~» (18|18
512146 (27|48 | © | 5
6(23| 5|5 |9 ([D |
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Ny N Tt
CtoumocTb = 16+16+16+0+5+12
= 65 (cosnapaeT c ABC )
D) GG " L8 [ o

>

—

—_—
e

CtoumocTtb = 16+0+5+12+21+16
= Ay
3) 3-6-2-1-4-5-3:

ST AL OS2 =N 3

5) 5-6-3-2-1-4-5:
5+5+13+7+16+18 = 64 !
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3agava KOMMUBOSTKEpPA



TTpyumep nonyveHusa obxona ABBT
Al o B o

5

09.02.2016

MeToq BeTBEWN 1 rpaHunL,
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TTpyumep nonyveHusa obxona ABBT
Al o B o

0) CtapToBbint ropoa: 2
314 |5 | 06 Uenouka:?2-2

bnvxanwmm K uenoyke ropoa: 4
(LueHa nepexoaa OT LenoYyku oo
ropoga =1)
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TTpyumep nonyveHusa obxona ABBT
Al o B o

1) obasnsetcs ropos 4.
R 4{ 5 | 6 Uenouka: 2-4 -2

Ak 1b 30 | 26 brvkannm k uenovke ropoa: 1
s 161 1 [ 30|25 (LueHa nepexoaa OT LenoYyku oo

NN

N

ropoga =7)
20 [16 [ %5 5 | ¢
o|25

2111

oD

12146 | 27 | 48

D 1| B W IN

23 5[5 |9
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TTpyumep nonyveHusa obxona ABBT
Al o B o

2) Jobasnsetcs ropof 1.
Llenouka: 2-1-4 -2

bnvxanwmm K uenoyke ropoa: 3
(LueHa nepexoaa OT LenoYyku oo
ropoaa =16)

.
1| = |27
2l 7|
320 | 13
4 211 | 16
5 12 | 46
623 | 5

09.02.2016
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TTpyumep nonyveHusa obxona ABBT
Al o B o

2| 3 5| 6
1| o | 27|43 30 | 26
27| |16 30 | 25
32018 = 5
4l 21|16 | 25 18 | 18
5 12 | 46
628 | 5
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3) dobaenseTca ropog 3.
Llenoyka: 2-3-1-4 -2

bnvxanwmm K uenoyke ropoa: 6
(LueHa nepexoaa OT LenoYyku oo
ropoga =0)
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TTpyumep nonyveHusa obxona ABBT
B IRG _ pa B, D
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4) Nobasngaetcsa ropof 6.

2 4{ 5 | & Lenoyka: 2-3-6-1-4 -2
74|43 1b 30 | 2p bnvxanwmm K Lienoyke ropog:
2l 7 | 2 (ueHa nepexoda OT LernoYkn o

ropoga =95)
3 20 [ 13
4 21 (16
o 12 | 46
628 9
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TTpyumep nonyveHusa obxona ABBT
GG pie B D

5) JobasnsieTcsa ropoa 5.
‘l 45 6 Llenouka: 2-3-6-5-1-4 -2

5 (2743|1613

Q)

O | O

2
2

P

b [35] 5 ci)

5| » |18 18
7

48| = | 5

D 1 | BT WIN

Bls55]a] 5|
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TTpyumep nonyveHusa obxona ABBT
3-6-2-1-4-5-3

5

09.02.2016
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TTpyumep nonyveHusa obxona ABBT
3-6-2-1-4-5-3

0) CtapToBbint ropoa: 3
Llenoyka: 3 -3

bnvxanwmm K uenoyke ropoa: 6

(LueHa nepexoaa OT LenoYyku oo
ropoga =0)

2
3
4 21|16
5 12 | 46
6 23| 5

09.02.2016
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TTpyumep nonyveHusa obxona ABBT
3-6-2-1-4-5-3

1) obaBnsietcs ropop 6
Llenoyka: 3-6 -3

bnwxaulume K Lenoyke ropoaa:

2, 5 (LeHa nepexoda OT LenoyKku
00 ropoga =95)

2
3
4 21|16
5 12 | 46
6| 23| 5
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TTpyumep nonyveHusa obxona ABBT
3-6-2-1-4-5-3

2) [lobaengaetcs ropoa 5
$ 45 Llenoyka: 3-6-5 -3

b 2|6 Brivvkanwimm K Lenoyke ropoa: 2
0 2|5 (ueHa nepexona OT LienoYKM A0
ropoga =95)

2 co
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TTpyumep nonyveHusa obxona ABBT
3-6-2-1-4-5-3

3) flobasnsgetcsa ropof 2
:L $ 45 Llenouka: 3-6-2-5 -3
|3 bnvxanwmm K uenoyke ropoa: 4
A 71 o |16 (LueHa nepexoga oOT Lienoyku Ao
ropoga =1)
320 |13
421116
5 12 | 46
6233 D |9 |[H|®
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TTpyumep nonyveHusa obxona ABBT
3-6-2-1-4-5-3

4) Nobasnsetca ropon 4
:L ‘{ ill) f]} Llenouka: 3-6-2-4-5 -3

4|3 1b 3|O 2|6 bnwxanwmm K uenoyke ropoa: 1
2 16 | 12 | 30 2|5 ﬁgScH)Zanig?XOﬂa OT LIENOYKM A0
32018+ [35] 5 |0
421(16125| « [18]18
oy 12146 (27 |48 | ¢ | o
6|23 [ Js | D | 9| Jo | &
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TTpyumep nonyveHusa obxona ABBT
3-6-2-1-4-5-3

5) JobaensieTcsa ropog 1

{ 2 $ fJ[s Llenoyka: 3-6-2-1-4-5 -3
il % (27 [43]16|30|26
A 7| & |16 1|30 z|5
320 (18| 5 | g
4 21|16 | 25 18 | 1l8
5 1p | 46 | 27 » | 5
6285 | 5 g, | &
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OueHKa cTeneHu npubnuxeHus ABBI

I - mapwpyT ABBI, |T | - ero anuHa (ctoumocTs).
O, - ONTUMANbHLIN MapLIpPYT,
|O, | - ero anuHa (cToMmocTb).

Y1BepxaeHue. Ecnu matpuua {Cij} - (a) cummeTpuyHa u (6)
yAOBNEeTBOpAET HepaBeHCTBY TpeyronbHUKA

C,<Co* Cyiu Vi, K,

/

n

O,

<2
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CNOXHOCTb NPUBNUKEHHBIX ANrOPUTMOB

ABC % C.n°

ABBI # C,n?, ecnu ana kaxaoro ropoaa, He
BKJTFOYEHHOr O B MApLpyT, XpaHUTb AAGHHbIE O
bnuxavem K HeMy U3 yxe BKITHOYEHHBIX B

MapLpyT. Ha Kaxaom ware 3T AAGHHbIE
KOppeKTUpOBATb 3a CYET HOBOTO BKJTHOYEHHOrO.

Ecm u apyrue npubnumxéHHble pelweHUs
(cm. cnean. pasgen -
MUHUMaJsIbHoe OoChbBHOe AepeBo rpaga)
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KKKKKKKKKKK

KOHEL, NEKLAW

KOHELl JEKLW
KOHELl NEKLMW

KOHEL HNEKUAW
KOHELl NEKUMW

KOHELL NEKUMN

09.02.2016 MeTopn BeTBen
3apava K BOSXXEpa



