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TPAHCIIOPTHBIE 3AJTAYU. IOCTPOEHUE HAYAJIBHOI'O

IIJIAHA TIEPEBO30OK
1. eanb 3aHaATHS

N3yueHne paziuyHbIX METOAOB MOCTPOEHUS HAYaJIbHOTO OIMOPHOTO
IiaHa TPAHCIOPTHOM 3a/1a4d ¢ BBIOOPOM HAMITYUILIETO.

3ananue. JlaHa cOanaHcupoBaHHasi TpaHCHOpPTHas 3ajaya. Hailtu
JUIA HEE HAYaJIbHbIA OIOPHBIM IUIAH CIECAYIOIUMU METOJAMU: CEBEPO-

3amagHoro yria, MUHUMalIbHOro Tapuda u dorens v BbIOpaTh HAUTYUIINAN
0 KPUTEPHUIO MUHUMAJIBHOM CTOUMMOCTH.

2.KpaTkue TeopeTudeckue cBeleHUs

2.1. IlocTaHOBKA TPAHCIIOPTHOM 3a1a4H

HyCTB UMECTCI M CKJIaJ0B Ai’ ey An, Ha KOTOPBIX HMMCCTCS 3allaChbl

OJHOPOIHOM MPONYKIUU B KOJHYECTBAX & (i =1,m), N IMYHKTOB
norpeOneHust (pOo3HUYHBIX MarasuHoB) By, ..., B, C BenmumHO#l cmpoca

L m n
b; (]zl,n), OpU4YeM HMMEET MECTO PABEHCTBO Zai :ij, TO €CTb

i=1 j=1
CyMMapHBIM 3alac paBeH CYMMapHOMY CIIpOCY, Takas TpaHCIIOpPTHas
3aja4a  Ha3bIBaeTCi  cOanaumcuposannou. JlaHa  Takke  MaTpuIa
C =(ci, j), i=1m,j=1n yneabHbIX TPAHCHOPTHBIX PACXOIO0B, TJE C

1]
CTOMMOCTb JIOCTaBK{ OJIHOM CIWHUIIBI MPOAYKIIUU OT i-TO IMOCTABIIHKA |-
MY HOTPEOUTEIIO.

X

i,j — 00bEM IOCTABOK NPO/IYKLKH OT I-TO IOCTABUIMKA -My MOTPEOUTENIO,
IpH  KOTOPOM  3aItackhl

TpeOyercst HalTH MIaH MepeBO3oK X =(Xi j), i=1m, j=1n, rae

BCEX IIOCTABUIMKOB BBIBO3ATCS, TO €CTb
n _

& —in’ j» I=Lm, cnpoc Bcex moTpeOUTENCH YHOBICTBOPEH, TO €CTh
j=1
m _

b; —in,j, J=1n, u cymmapHble TpPaHCIOPTHBIE PACXOMAbI SBISIOTCS
i=1

m n
MHUHUMAJIBHO BO3MOXHBIMU, TO €CTb Z = szi j — min. HonyqaeM

i=1 j=1
MAaTEMATHYCCKYIO MOACIIb BHA.



z:izn:xi,j — min, (1)

i=1 j=1
n -
j=1
m -
i=1

2.2. MeToabl HAXO0XKAEHHUSI HAYAJIBHOIO pellieHUs] TPAHCHOPTHOI
3a1a4u

Ha npakTuke penieHre TpaHCHOPTHOM 3ajauu pa3OMBaeTcs Ha JBa
srana. Ha nepBom 3rane HaXOIUTCSA HAYaJIbHBIM OMOPHBIN ILIAH, KOTOPBIU
Ha BTOPOM IJTall€ JOBOAUTCS J0 ONTHUMAJIBHOIO UTEPALMOHHBIM METOAOM
NOTEHIMAJIOB. [103TOMY OYEHb IIEHHO Ha IIEPBOM JTale HAWTH HadyaJIbHbIN
IJiaH, KOTOPBIM ABJISETCA MaKCUMaldbHO OJM3KMM IO 3aTparam K
onTuMaabHOMYy. [T03TOMY OOJBIIIOE 3HAUEHNE UMEIOT KOHKPETHBIE METOIbI
pacuyera HA4aJIbHOTO IIJIaHA.

2.2.1. MeTtoj ceBepo-3anajJHOro yrJja

BrinonHeHne HayuMHAETCs C BEpXHEW JIeBOM sdeiiku  (ceBepo-
3amaJIHOTO yIiia).

[ar 1. Tlycts mbl Haxomumes B staekike (I, J). IlepemeHHOH X; |

(BHa4aJjle 3TO MEPEMEHHAs X;) IPHCBAUBAETCSI MAaKCUMAJIBHOE 3HAYCHUE,

JOIMyCKaeMOe OTPAaHUUYCHHUSIMU Ha CIIPOC U MPEITIOKEHUE.
[Iar 2. BbluepkuBaeTcsi CTpoka (WM CTOJIOEH) C TOJHOCTBIO
peaTM30BaHHBIM TpEAJIOKEHUEM (YIOBIETBOPEHHBIM CIPOCOM), TO €CTh

MBI TIpuMeHsieM (GopMmyiny X =min{ai,bj}. Ecim  omHOBpeMeHHO

i, j
YAOBJIETBOPSAIOTCS U TPEIJI0KEHHE B CTPOKE M CIPOC B CTOJIOIE IyTeM
BBIOOpA OMNPEICICHHOTO 3HAYCHUS Xi j» TO HEO0O0XO0/IMMO BBIUEPKHYTh HJIU
CTPOKYy WJIM cTojiOen, HO He o00a BMecTte. Bo Bcex chydasx mocie
HaXOXICHHS BCIMYMHBL X j B TEKYyIICH KICTKE, KOPPEKTHPYETCs
OCTAaTOYHOE MPEII0KEHNE B CTPOKE | M OCTATOYHBIM CIIPOC B CTOJIOILE | 110

[Ilar 3. Ecnu npu BBINIOJHEHWM IIara 2 Mbl HAaXOJWJIWCh B KIJIETKE
(m,n), To ecTh B NOpaBOM HMKHEH, TO BBHIYUCICHHEC 3aKaHUYMBACTCS,
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HayaJlbHBIM IUIaH mocTtpoeH. MHade, ecnu Ha 1miare 2 ObUI BBIYEPKHYT
CTOJIOELI, MEPEXOIUM B IIPABYIO COCETHIOIO KJIETKY, TO €CTh IEpEMEIAeMCS
II0 CTPOKE, €CJIM K€ BBIYEPKUBAJIACH CTPOKA, IEPEXOAUM B COCEIHIOIO
HUKHIOIO KJIETKY, TO €CTh JIBUTAa€MCSl BHU3 IO CTOJOIy, MEPEXOAUM Ha
mar 1.

IIpumep 1. TpaHcriopTHass KOMIIAHHMSI TIEPEBO3UT 3E€PHO C TpPeEX
3JIEBATOPOB K YETBHIpEM MeENbHULAM. J[aHbl 3amachl 3JIEBATOPOB U CIIPOC
MEJBHUIL B 3¢€pPHOBO3aX M YKa3aHbl TPAHCIOPTHBIE 3aTPATHI B ThIC. PyO. 1O
TPAHCIIOPTUPOBKE OJHOIO 3€PHOBO3Aa U3 KAXKJOI0 IYHKTA OTIIPABJICHUS B
KaXXIbI IMYHKT Ha3HayeHWs. HalTu HayaibHBIN IUIaH NEPEBO30OK U €ro
LIEHY METOJOM CEBEPO-3amagHoro yria. McxoaHsle NJaHHbBIE NPUBEACHBI B
§K:10910%00 (N

MensHuIb!
DJIeBaTOPHI 1 5 3 4 [Ipenyioxxenue
10 2 20 11
1 15
X1 X12 X13 X14
12 7 9 20
2 25
Xo1 X2p X53 Xo4
4 14 16 18
3 10
X31 X3 X33 X34
Cnpoc 5 15 15 15 |50 50
Pemenue.

OcymIecTBIISIEM METO/T CEBEPO-3aMaJHOTO YIJIA MO IIaram.
1)

b =0 —x; =5-5=0;

cmonbey 1 eviuepkusaemcs, waz 6npaso (i, i ) = (i, j +1) =(1,2)

2)

(i,j)=(12), %, =min{a,;,b,} =min{10,15} =10, a =a, — X, =10-10=0,

cmpoka 1 evluepxueaemcsi, wiae 6Hu3 (i, Jj ) = (i +1,; ) =(2,2)

3)
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(i,1)=(2.2), x,, =min{a,,b,} =min{25,5} =5, a, =a, —X,, =25-5=20,
b, =b, —X,, =5-5=0;
cmonbey 2 8vluepKuBaemcs, uiaz npaso (i, j):= (i, Jj +1)=(2,3)
4)
(i,1)=(2,3), X3 =min{a,,b;} =min{20,15} =15, a, =a, — X,3 = 20-15 =5,
b; =b; —X,3, =15-15=0;
cmonbey 3 8blUEPKUBAEMC, WA BNPABO (i, J ):: (i, J +1) =(2,4)
5)
(i,j)=(2,4), o, =min{a,,b,} =min{5,15} =5, a, =a, — x,, =5-5=0,
b, =b, — x,, =15-5=10;
CMpoKa 2 8bl4epKUBAemcs, ulae GHU3 (i, j):: (i+1, j)=(3, 4)
6)
(i,j)=(34), X34 =min{ag,b, } =min{10,10} =10,
a3 =83 — X34 =10-10=0,b, =b, — X3, =10-10=0

KOHely pacuema.

5 10 0 O
[Tonyunnmu matpuny mimana X =0 5 15 5
0O 0 0 10

L[eHa 9TOrIO IUIaH4, ECHA IICPBOHAYAJIbBHOI'O IJIAHA 3a1a491 paBHA

3 4
z(X)=> > X;;Ci;=510+10-2+5-7+15-9+5-20+10-18=
i=1 j=1
=50+ 20+35+135+100+180 = 520.
OnucaHHBIN AITOPUTM MOXKET OBITh IPOMJUIIOCTPUPOBAH CICAYIOIIEH
JTAarpaMMOu:



JneBaTopbl MenbHuubl lNpegnoeHne
1 2 3 4
1 10 2 20 11 15
@ 3* 13 X4

2 12 | 4 7 9 20 |25

21 ) (L3 @
3 4 14 16 | |18 |10

X3 32 X33
Cnpoc 5 15 15 15 50 50

2.2.2. MeToa HAMMEHbIIEH CTOUMOCTH

JIaHHBIM METOJ HAXOAUT JIyYIIEE HAYAIbHOE PEIIEHUE, YEM METO/I
CEeBEpO-3alaJIHOr0 yIyla, TaK KaK BbIOMpAET IMEePEMEHHbIC, KOTOPHIM
OTBE€YaOT HANMEHBIIINE CTOUMOCTH.

ChHavana BO Bcel TpPaHCHOPTHOM TaONMIlE MINETCS s4Yeiika C
HAaWUMEHBIIIE CTOMMOCTBIO, TEPEMEHHOW B JTOM suelKe NPUCBAUBACTCS
HauOoJIpIlIee 3HAYCHHE, JIOMyCKaeMOe OrpaHUYCHHSIMM Ha CIOpPOC U
npeyiokeHue (ecid sYeek C MHHUMaIbHONW CTOMMOCTBIO HECKOJBKO,
BbIOMpaeM 00yi0 u3 HHUX). Jlanee BBIYEPKMBAETCS COOTBETCTBYIOIIMI
cTonber] WM CTpPOKa, W KOPPEKTUPYIOTCS 3HAUY€HHE CIpoca U
NPEUIOKEHUsI, COOTBETCTBYIOIME BBIOpaHHOM suelike. YKa3aHHBbIC
JEUCTBHUS MOXKHO OTPEeTUTh (hOpMyJIaMu:.

(i,j)=argminC,;

(k,l)eT

Xi | :min{ai,bj};

L3 0) =0y =X j;
8, =0=>T=T\T,;

(3 >0 Abj=0)=T =T\T,;

Jlanee paccMaTpUBAIOTCS HE BBIYEPKHYTHIC SUEHMKH, U MPUMEHSIETCS
TOT e anroputM. [Ipouecc 3akaHunBaeTcs, korga OyAayT, TAKUM 00pa3oM,
BBIOpaHbl M+ N —1 Ga3UCHBIX SYEEK.

Ilpumep 2. IlpuMeHUT, METOA HAUMEHBIIEW CTOMMOCTH K
TPAHCHOPTHOM 3ajaue U3 npumepa 1.

ai=ai—X



Pemienue.

1)

(i,j)=argminC, , =(1,2);
(kJ)eT

X, =min{a;,b,} =min{15,15} =15;

a =& —X,=15-15=0;b, =b, — X ; =15-15=0;

a =0=>T =T\T,, —eviuepxnynu nepsyio cmpoxy.

NmeeM ocTaBuIyrocs TabIUILy:

InesaTopsl MenbHuubl MNpeanoxenune
1 2 3 4
1 10 2 20 11 -
0
i1 15 X3 14
2 12 7 9 20 25
X1 e X3 Xy
3 4 14 16 18 10
X3 X32 X33 X34
Cnpoc 5 0 15 15
2)

(i,j)=argminC,, =(3,1);
(kJ)eT

X3, =Min{ag,b } =min{10,5} =5;
Q3 =83 — X313 =10-5=5/b =b, — X3, =5-5=0;

b, =0=T =T\T,, —eviuepxnyru nepsuiii cmonbey.

3nesaTopbl MenbHuubl MNpeanoxernune
1 2 3 4
1 10 2 20 11 R
)
Sp 15 A3 Xy
2 12 7 9 20 25
) A X3 X4
3 4 14 16 18 5
5 X3 X33 Xy
Cnpoc 0 0 15 15




3)
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(i,j)=argminC,, =(2,2), C,, =T,

(kJ)eT

X, , =Min{a,,b,} =min{25,0} = 0;

b, =0=T =T\T, , —eviuepxnyru emopoii cmonbey.

OctaToyHas Tadauna:

Inesaropbsl MenbHuubI MNpeanoxenue
| 2 3 4
1 10 2 20 11 ~
. )
BYp 15 X3 X4
2 12 7 9 20 25
) 0 %23 X24
3 4 14 16 18 5
X3, X33 Xy,
Cnpoc 0 D 15 15
[
4)

(i,j)=argminC,, =(2,3), C,5=9;

(kJ)eT

X, 3 =min{a,, by} = min{25,15} =15;

[TonmyyaeM OCTaTOUYHYIO TaOJIHUILY:

— BbIUEPKHYIU mpemuti cmonoey.

3neBarTopbl MenbHuup! MNpepnoxenue
2 3 4
1 10 2 20 11 "
X1 15 13 14 s
2 12 7 9 20 10
X5y 0 15 Xy
3 4 14 16 18 5
5 X3, X33 X34
Cnpoc ? D 0 15




5)
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(i,j)=argminC,, =(3,4), C;, =18;

(kJ)eT

X34 =Min{ag,b, } = min{5,15} =5;

a3 =0=T =T \T;, —6bruepkuyiu mpemvio cmpoxy.

OctaToyHas Tadauna:

IneBaropol MenbHuupl MNpepnoxenue
] 2 3 4
1 10 2 20 11 ~
0
A1 15 A3 Xis
2 12 7 9 20 10
X5, 0 15 X4
3 4 14 16 18 2
5 X5 X33 > .
Cnpoc 0 ) 0 10
|
6)
(i,j)=argminC, , =(2,4), C,, = 20;
(kJ)eT
X, 4 =Min{a,,b,} =min{10,10} = 10;
Pacuért 3akoHucH.
OcrarouHas TabauLa;
|
InesarTopbl MenbHuup! MNpepnoxenue
] 2 3 4
3 10 2 20 11 R
5 0
2oy 15 X3 X4
2 12 7 9 20 5
X5, 0 15 10
3 4 14 16 18 2
5 X3 X33 3 !
Cnpoc 0 D 0| 0
|
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0 15 0 O
[Tonyunnu matpuny mimana X ={ 0 0 15 10
5 0 0 5

LIeHa 9TOr0 INIaHa, TO C©CTb MHCHA IICPBOHAYAJIBHOI'O ILIaHA 3aJa4n

3 4
2(X)=> > X;;C;j=15-2+15-9+10-20+5-4+5-18=

i=1 j=1
=30+135+200+20+90=475.

Takum 00pa3oM, METOJ HAUMEHBILIETO 3HAYEHUSI TTO3BOJIUI MTOTYYUTh
HayaJlbHOE NPUOIMIKEHUE ONTUMAJIbHOIO IUIaHA TPAHCIOPTHOW 3a/1ayu
Jy4lllee, YEM B CIIydae MPUMEHEHUS METO/IA CEBEPO-3aI1aIHOTO YIJa.

OnucaHHbBIN aITOPUTM MOXKET OBITh MPOUJITIOCTPUPOBAH CJICAYIOIICH
~ InarpaMMoMu:

paBHa

JneBaTopbl MenbHuub [pegnoxexune
1 2 3 i
1 10 2 20 11 15
X @ X13 X14
2 12 7 9 20 25

3 4 14 \rs\ "“* 18 | 10

Cnpoc ) 15 15 15 50 50

2.2.3. Metoa Doreis

Llae 1.

Jns kaxaon cTpoku (cTondia), KOTOpPOHM COOTBETCTBYET CTPOIO
MOJIOKUTENIPHOE TPEMIOKEHHE (CIpOC), BBIYHCISAETCS IITpad) MyTeM
BBIUYMTAHUS HAaMMEHBIIIEH CTOMMOCTH W3 CIEAYIOMIEH II0 BEIWYUHE B
JTAHHOU CTpOKe (CTOoJIOIIE).

Lllaz 2.

Brigensiercs crpoka uiau cronbern ¢ HamboibmmM mrpadgom. Ecim
TaKOBBIX HECKOJIbKO, BBIOOp MpOM3BOJIeH. M3 BBIIEICHHOW CTPOKH HWIIH
cTonbma BBIOMpACTCS TIEPEMEHHAs, COOTBETCTBYIOIIAs MHHHUMAIBHOMN
CTOMMOCTH M €W TPHUCBAWMBACTCSA HAWMOOJIbIIIEE 3HAYCHHUE, ITO3BOJISIEMOE
OTpAaHUYCHUSMHU. 3aT€M, B COOTBETCTBUHM CO 3HAYCHHEM, MPUCBOCHHBIM
BBIOpAaHHON IIEPEMEHHOH, KOPPEKTHPYIOTCS BEIMYHHBI OCTATOYHOTO
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HEYJIOBJIETBOPEHHOI'O MPOCa U HE PEATH30BAHHOTO MPEIIOKEHUS B CTPOKE
U CTojOIE BbIOpaHHOW mnepemMeHHOW. CTpoka C HYJEBBIM OCTATOUYHBIM
OPEIJO)KEHUEM WM CTOJIOEI] C HYJIEBBIM OCTAaTOYHBIM  CIIPOCOM
BBIYEPKHUBAIOTCA, TIPUUEM, €CJii 00€ OCTATOYHBIC BETUYUHBI OOHYIIMIUCH,
BBIYEPKMBAETCS TOJBKO OJHA CTPOKA WJIM CTOJIOEL, BBIOOP HpPU 3TOM

IIPOM3BOJIEH.
Illazc 3.
MenbHULBI [Htpadwl
DJ1eBaTOPHI 1 5 3 4 [Ipennoxenue cTpoK
10 2 20 11
1 15 10-2=8
X X, X3 X4
12 7 9 20
2 25 9-7=2
X21 X22 X23 X24
4 14 16 18
3 10 14-4=10
X31 X32 X33 X34
Crpoc 5 15 15 15 50 50
Wrpad | 14 46 | 7 025 | 16.9=7 | 18-11=7
CTOJIOLIOB

[locne momyyeHus M+nN—1 Oa3UCHBIX KJIETOK BBIYUCICHHUS
3aKaH4YMBaIOTCA. EClii He BBIUEPKHYTHI TOJIBKO OJIHA CTpOKa (CTONOel) ¢
MOJIOKUTEIHHBIM 3HAYEHUEM TPABOMl 4acTH, TO B 3TOM CTpOKe (CToJOIIe)
BbIOMpatoTCs Oa3uCHbIE KJIETKA METOJOM HAaWMEHBIIEro 3HA4YeHUs U
BBIYMCJICHUS 3aKaHYMBalOTCA. Eclii B 0cTaTOYHOU TabyMile BCE BETMYMHBI
OCTaTOYHOI'O MPEUIOKEHUsSI U crpoca paBHbl (0, K OCTaTOYHOM TaOIMIIE
OPUMEHSIETCS. METOJ HAWMEHBIIEro 3HA4YeHUuss U 0a3uc JOMOJIHSETCS
KJIETKaMH C HYJI€BOM BEJIMYMHOM X; ;. B OCTaNbHBIX CIIy4asx BO3BpaIacMCs

K mary 1.

Ipumep 3. Ilpumenuts meton dorenss K TPaHCMOPTHOW 3ajadye U3
npumeposB 1, 2.

Peuenue.

1) Beibupaercs cTpoka 3, Kak HMEoIas HauooIbIni mTpad v B Hel
kieTka (3, 1) kak Kj1eTka ¢ HAMMEHBIIINM 3HAYCHUEM.

X3, =Min{10,5} =5;

a;=10-5=5;

b,=5-5=0.

Cmonbey 1 evluepxusaemcs.
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2)
MenbHuLBI [tpadwl
DI1eBaTOPHI 1 5 3 4 [Ipennoxenue eTpoK
10 2 20 11
1 15 11-2=9
Xll X12 X13 X14
12 7 9 20
2 25 9-7=2
X21 X22 X23 X24
4 14 16 18
3 5 16-14=2
5 X32 X33 X34
Crpoc 0 15 15 15 50 50
Hlrpag 7-2=5 | 16-9=7 | 18-11=7
CTOJIOIIOB

BriOupaercsa cTpoka 1, kak nMeronias HauOONbIIMK WITpad U B HEH
kietka (1, 2) Kkak KJIeTKa ¢ HAMMEHBIINM 3HAYCHUEM.
X, =min{15,15} = 0;

a, =15-15=0;
b, =15-15=0.
Cmpoxa 1 evluepxusaemcs.
MenpHHIBI [rpads
DneBaTopsl 1 5 3 4 [Tpenyioxenue cTpoK
10
1 2 20 11 0
Xll 15 X13 X14
2 12 ! 9 20 25 9-7=2
X21 X22 X X24
23
4 14 16 18
3 5 16-14=2
5 X32 X33 X34
Cnpoc 0 0 15 15
Hlrpag 14-7=7 | 16-9=7 | 20-18=2
CTOJIOIIOB

Bribupaercs cronber 3, Kak UMEIOIUK HaMOOJbIIHK ITpad U B HEM
KJIeTKa (2, 3) Kak KJIETKa C HAMMEHBIIUM 3HAYCHUEM.

Xo3 = Min{25,15} =15;

a, =25-15=10;
b, =15-15=0.

Cmonbey 3 eviuepkusaemcsi.
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MenbHHLBI [Htpadwl
DneBaTophl 1 5 3 4 [Ipennoxenne eTpoK
1 10 2 20 11 0
X1 15 X3 X1
12 7 9 20
2 15 20-7=13
X21 X22 15 X24
4 14 16 18
3 5 18-14=4
5 X32 X33 X34
Cnpoc 0 0 0 15
Hirpa 20-18=2
CTOJIOIOB

BriOupaercsa cTpoka 2, Kak UMEIOIIMI HauOonbIUi mTpad U B HEM
KJIeTKa (2, 2) Kak KJeTKa C HAMMEHBIIUM 3HaUYCHUEM.

X,, =Min{15,10} = 0;

a, =15-0=15;
b,=0-0=0.
Cmonbey 2 eviuepkusaemcs.
MenpHH1BI [rpads
9HeBaT0pLI 1 2 3 4 HpeI[JIO}KeHI/IC CTPOK
1 10 2 20 11 0
X1 15 Xi3 Xiq
12 7 9 20
? Xa | 0 | 15 %, b
4 14 16 18
3 5
5 X32 X33 X34
Cnpoc 0 0 0 15
rpad
CTOJIOIIOB

OcTasncss OOWH HEBBIUEPKHYTHIM CTONOEI 4 C TMOJOXKUTEIbHBIM
3Ha4YeHUEM cIipoca. B naHHbI MOMEHT BbIOpaHO 4 Oa3uCHbBIC KIJIETKH, JJIs
noysiyyeHuss Oaszuca B crtosiOue 4 cHavyana BeiOMpaeM KieTky (3,4) co
3HaYeHueMm 5, a 3areM Kietky (2, 4) co 3HauenueM 10. OxoHYATETBHO

nojiyqaeM 0a3MCHOE PeIICHUE 3aauH:
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MenbHuUIBI
DJIeBaTOPHI 1 5 3 4 [Ipennoxenue
10 2 20 11
1 15
X1 15 Xi3 Xi4
12 7 20
2 9 25
X1 0 15 10
4 14 16 18
3 5 | % | % | 5 °
Cnpoc 3) 15 15 15
0 15 0 O
[Tonyunnu matpuny mmana X ={0 0 15 10 |.
5 0 0 5

I_IeHa 9TOr0 INNIaHa, TO C©CTb MHCHA IICPBOHAYAJIBHOI'O IIIaHA 3aJ1a4M1

3 4
2(X)=> > X;;C;j=15-2+15-9+10-20+5-4+5.18=
i=1 j=1
=30+135+200+ 20+ 90 = 475,
Takum O6pa30M, merox Dorens ITPUBCII K TUIAHY TAKOT'O K€ Ka4CCTBaA,
9TO U MCTOJA HAUMCHBILICT'O 3HAYCHUA.

paBHa
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3. I/IHIII/IBI/IIlya.TILHI)Ie JaJaHUA

No Tabnuiia TpaHCHOPTHOM 3a1auu
[TocTaBmukn [loTpeburenu [Ipennoxenne
1 2 3 4
1 10 2 20 11 10
X1 Xi2 Xis Xi4
1. 5 12 7 9 20 25
X21 X22 X23 X24
3 4 14 16 18 10
X31 X32 X33 X34
Cnpoc 5 15 10 15
[ToTpeburenu
IlocTaBuinku 1 5 3 4 [Ipennoxenne
10 2 20 11
1 10
X1 X2 X3 X4
2. 12 7 9 20
2 25
X21 X22 X23 X24
4 8 16 18
3 10
X31 X32 X33 X34
Cnpoc 5 15 10 15
[ToTpebutenu
IlocTaBiinkn 1 5 3 4 [Ipennoxenne
10 2 20 11
1 10
X1 X2 Xis X4
3. 12 7 9 10
2 25
X21 X22 X23 X24
4 8 16 18
3 10
X31 X32 X33 X34
Cnpoc 9) 15 10 15
[ToTpebutenn
[TocTaBmuku 1 5 3 4 [Ipemnoxenne
10 2 20 11
1 10
X1 Xi2 X3 Xi4
4, 12 7 9 20
2 25
X21 X22 X23 X24
4 8 16 18
3 12
X31 X32 X33 X34
Cnpoc 9) 15 10 17
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No Tabnuiia TpaHCHOPTHOM 3a1aun
[loTpeburenu
IlocTaBuinku 1 5 3 4 [Ipennoxenne
10 2 20 11
1 10
X1 X2 X3 X4
5. 10 7 9 20
2 25
X21 X22 X23 X24
4 8 16 18
3 12
X31 X32 X33 X34
Cnpoc 5 15 10 17
n [ToTpeburenu .
OCTaBIIUKHU 1 5 3 4 pEIIOKEHHE
10 6 20 11
1 10
X1 X2 Xis Xi4
6. 10 7 9 20
2 25
X21 X22 X23 X24
4 8 16 18
3 12
X31 X32 X33 X34
Cnpoc 5 15 10 17
[TocTaBmuku Hotpeburenn [Ipennoxenne
H 1 2 3 4 pea
10 6 20 11
1 10
X1 X2 X3 Xi4
1. 10 7 9 20
2 22
X21 X22 X23 X24
4 8 16 18
3 12
X31 X32 X33 X34
Cnpoc 5 12 10 17
[ToTpebutenn
[TocTaBmuku 1 5 3 4 [Ipemnoxenne
10 6 20 11
1 10
X1 X1 Xi3 Xi4
8. 10 7 4 20
2 22
X21 X22 X23 X24
4 8 16 18
3 12
X31 X32 X33 X34
Cnpoc 5 12 10 17
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No Tabnuiia TpaHCHOPTHOM 3a1aun
[loTpeburenu
IlocTaBuiuku 1 5 3 4 [Ipennoxenne
10 6 20 11
1 10
X1 Xi2 Xis Xi4
9. 10 7 9 20
2 22
X21 X22 X23 X24
4 8 3 18
3 12
X31 X32 X33 X34
Cnpoc 5 12 10 17
ITocraBuuku [ToTpeburenu IIpennoxenue
1 2 3 4
1 10 6 20 11 10
X1 X1 Xi3 Xi4
10. 5 10 7 9 20 22
X21 X22 X23 X24
3 4 8 16 4 12
X31 X32 X33 X34
Cnpoc 5 12 10 17
[ToTpebuTenu
IlocTaBinku 1 2 3 4 [Ipennoxenne
10 6 20 11
1 10
X1 X2 X3 X4
11. 10 7 2 20
2 22
X21 X22 X23 X24
4 8 16 18
3 12
X31 X32 X33 X34
Crnpoc 5 12 10 17
[ToTpebutenn
[TocTaBmmku 1 5 3 4 [Ipemnoxenne
10 6 6 11
1 10
X1 X2 Xis X4
12. 10 7 9 20
2 22
X21 X22 X23 X24
4 8 16 18
3 12
X31 X32 X33 X34
Cnpoc 9) 12 10 17
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No Tabnuiia TpaHCHOPTHOM 3a1aun
IlocTaBuiuku 1 Hnge6HTeH;I 4 [Ipennoxenne
10 6 20 11
1 X1y X1 Xi3 Xiq 10
: 10 7 9 20
N S A
3 X3y X3, X33 X34 10
Crpoc 5 12 10 15
IlocTaBuinku 1 H;Tp e6HTeH§I 4 [Ipennoxenne
10 6 20 11
R B e
) S - A
3 X31 X3, X33 X34 10
Cnpoc 5 12 10 15
IlocTaBinku 1 H(Z)Tpe6HTeH3H 4 [Ipennoxenne
10 6 20 11
! | K | e | 10
5 7
o 2 X51 X822 X263 X284 22
4 1 1
3 X31 X32 X33 X34 10
Crnpoc 5 12 10 15
[TocTaBmmku 1 Hnge6HTeH3H 4 [Ipemnoxenne
10 6 20 11
R I I
1 7
o , X51 X222 X263 X284 22
4 1 1
3 X3y X3, X33 X34 10
Cnpoc 9) 12 10 15
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No Tabnuiia TpaHCHOPTHOM 3a1aun
IlocTaBuiuku 1 Hnge6HTeH;I 4 [Ipennoxenne
10 6 20 11
1 X1y X1z Xi3 Xiq 10
: 10 7 9 10
N S A
3 X3y X3, X33 X34 10
Crpoc 5 12 10 15
IlocTaBuinku 1 H;Tp e6HTeH§I 4 [Ipennoxenne
10 6 20 11
R B
S i A U
3 X31 X3, X33 X34 10
Cnpoc 5 12 10 15
IlocTaBinku 1 H(Z)Tpe6HTeH3H 4 [Ipennoxenne
10 6 20 11
1 Xi(; X1 Xés Xé4 10
1 7
+ 2 X51 X822 X263 X284 22
4 1 1
3 X31 X32 X33 X34 10
Cnpoc 5 12 10 15
[TocTaBmmku 1 Hnge(SHTeH;I 4 [Ipemnoxenne
10 6 20 11
1 Xl(; X1 Xi3 ;18 10
1 7 4
2 , X51 X822 X263 X284 22
4 1 1
3 X3y X3, X33 X34 10
Cnpoc 9) 12 10 15
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No Tabnuiia TpaHCHOPTHOM 3a1aun
IlocTaBuiuku 1 Hnge6HTeH;I 4 [Ipennoxenne
10 6 20 11
1 X1y X1z Xi3 Xiq 10
: 10 7 9 20
N U A
3 X3y X3, X33 X34 12
Cnpoc 5 12 12 15
IlocTaBuinku 1 H;Tp e6HTeH§I 4 [Ipennoxenne
10 6 20 11
R B e
N N A
3 X31 X3, X33 X34 12
Cnpoc 5 12 12 15
IlocTaBinku 1 H(Z)Tpe6HTeH3H 4 [Ipennoxenne
10 6 20 11
R
1 7
> 2 X51 X822 X§3 X284 22
4 1
3 X31 X32 X33 X34 12
Crnpoc 5 12 12 15
[TocTaBmmku 1 Hnge(SHTeH;I 4 [Ipemnoxenne
10 6 20 11
1 Xl(; X1 Xés Xiq 10
1 7 5
w4 , X51 X822 X263 X284 22
4 1 1
3 X3y X3, X33 X34 12
Cnpoc 9) 12 12 15
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No Tabnuiia TpaHCHOPTHOM 3a1aun
IlocTaBuiuku 1 Hnge(SHTeH;I 4 [Ipennoxenne
10 6 20 11
1 X, X, X, X,, 10
: 10 8 9 20
.
3 X3y X3, Xa3 Xs4 12
Cnpoc 5 12 12 15
[TocTaBmmku 1 H02Tp e6HTeHH3 4 [Ipennoxenne
10 6 20 11
I I
T Ly
3 X3y X3, Xa3 Xs4 12
Cnpoc 5 12 12 15

4. KoHTpOJIbHbIE BONIPOCHI

1. HpHBCCTI/I MATEMATHYCCKYIO MOICJIb TpaHCHOpTHOﬁ 3aa4H.

2.Ha kakve aBa OCHOBHBIX 3Tama JCIUTCA IPOILECC HAXOXKICHHUS
ONTUMAJILHOIO PEIICHUSI TPAHCIIOPTHOM 3a1a4n?

3. O0BsICHUTH 3HAYEHHUE ATalla TOMCKA HAYAJILHOT'O OMOPHOTO TUIaHa.

4. OnucaTh aITOPUTM CEBEPO-3aIaJHOIO YIIIa.

5.1IpuBecTu onucanue aIropuTMa HaMMEHbIIIETO 3HAYCHHUE.

6. Onucarp anroputm Dores.



