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1. Beryn.

MaTtepianu nocibHuka MOXyTb BUKOPUCTOBYBATMCH, K BUKNagayeM Tak i
CTYOEHTOM MpuX OMpautoBaHHi TeM, MOB'A3aHUX 3 BUBYEHHSM OMTUMI3AUiMHNX
MoOAernen TPaHCMOPTHOTO TuMy.

B HbOMY pO3rnsiHyTO NUTaHHA K OBrpyHTYBaHHS, TakK i MPaKTUYHOro
3aCTOCYBaHHS OCHOBHWX METOAIB PO3B’A3yBaHHS TPAHCMOPTHMX 3afdad, SKi €
CKMagoBUMW KypcCiB MaTeMaTU4yHUX MeTodiB AOCHiOKEHHS onepauin Ta MeToAiB
onTumizauii, 3okpema, nobygoBa TPaHCMOPTHUX MOAENed B  MaTPUYHIN
noctaHoBUi (36anaHcoBaHux, He3banaHCOBaHWX, 3 OBOMEXEHHSIMW MPOMYCKHUX
CMPOMOXHOCTEWN KOMYHiKaLii), BNacTMBOCTi 36anaHCcoBaHNX TPaHCMOPTHUX 3adad
Ta yMOBM IX PO3B’A3HOCTI, MeToaM nobydoBM MNOYATKOBUX OMOPHUX MaHiB
36anaHcoBaHMX TPaHCMOPTHUX 3aday, MeToA noTeHuianiB po3B’sa3yBaHHA
36anaHcoBaHUX TPaAHCMOPTHMX 3ag4ay Ta MWOro 3B'A30K 3  MoaudikoBaHUM
CMMMIEKC-MeToAoM, 3BefeHHs He3banaHcoBaHUx mogenen Ao 36anaHcoBaHux,
0COBnMBOCTi 3aCTOCYBaHHA MeTOAY NOTeHUianis A0 PO3B’si3yBaHHS TPAHCMOPTHUX
3a4a4y 3 06MeXeHHAMM NPONYCKHUX CMIPOMOXHOCTEN KOMYHIKaL|il.

TeopeTuuHi TBEpOKEHHs Ta MeToau MpOoIMCTPOBaHi npukriagamu,
NPOMOHYIOTbCA  3aBAaHHA AN  CaMOCTIMHOMO OnpautoBaHHA Ta  BignoBigHi
nabopaTopHi poboTu.

Y popaTky HaBedeHa nporpaMa  BiAMOBIAHOrO — po3giny  Kypcy
“OocnigXeHHs onepadin”.

2. 36anaHcoBaHa TpaHCNOpTHa 3agava.
2.1. 3micToBHa Ta MaTeMaTM4Ha NOCTaHOBKA TPaHCNOPTHOI 3aAaui.

3MiCTOBHO TpaHCMoOpTHa 3agjaya nonsdrae y BigwykaHHi HawWbinbLu
[JeLleBoro nnaHy nepeBe3eHb [AEsiKOro OAHOPIAHOIO MNPOAYKTY 3 MYHKTIB i3
3afaHNMK 3anacamu LbOro NpoAyKTY Y MyHKTWU 3 BiAOMMMUK noTpebamu y HboMy
3a YMOBM, WO NepeBe3eHHS NPOAYKTY MOXMIMBE 3 KOXHOrO MyHKTY 36epiraHHa y
KOXXHWI NMYHKT BUKOPUCTAHHS Ta BijoOMa BapTiCTb NEPEBE3EHHS OANHULI NPOAYKTY
32 KOXXHMM TakMM MapLUpyTOM.

Mobyayemo maTtemaTuyHy MoAernb TPaHCNOPTHOI 3aaavi.

Hexam B m nyHkTax A;,A,,..,A, 36epiraeTbcs abo BMpobnseTbcs
OeAKUA OHOPIAHUIA NPOJYKT BiAMOBIOHO B KiMbKOCTSAX a;,d5,...,d,, OAWHULL. Llen
NpPoAayKT BWKOPUCTOBYETLCA abo CrMoXWBaeTbCA B MNyHKTax B;,B,,..B, B

ob’emax, BignoBigHo, b;,b,,...,b, 0ANHULbL. TpaHCNOPTYBaHHA NPOAYKTY MOXIVBE
3 KOXHOro MyHKTY BIiANpaBkn A; (i=1,m) B KOXHUA MNYHKT MPU3HAYEHHSA

B; (j = 1,n) . BapTicTb nepeBe3eHHs OAWHULI NPOAYKTY i3 MyHKTY A; (i =1,m) B
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NyHKT B, (j =1,n) nosHa4yumo  4epes  ¢; (i:],_m,jzl,_n). MaTpuuto

C= "cl-]»"‘ 7 _-— Ha3NBaIOTb MaTPULIEO TPAHCMOPTHIX BUTPAT.
“li=L,m,j=1,n

BBegemo 3MiHHi 3agavi, a came, NO3Ha4YNMMO Yepes

x;20(i=1m,j=1n) @D

KiNIbKICTb OAMHULL MPOAYKTY, LIO NEepeBo3sATbCs i3 A; (i = I,_m) y B;(j= I,_n) .
Togai 3aranbHa BapTiCTb BCix NepeBe3eHb Oyae piBHa 3Ha4YeHH0 dyHKUIT

m n
L(X)= z ZCijxij, (2.2)

i=1j=1

Ae x; >0 € enemeHTamn maTpuLi X:"xi].". —— o Ky Ha3uBaloTb NNaHoM
“i=im, j=1,n
nepeBe3eHb.
Y HannpocTiloMy Bunagky MOTPiOHO BMBE3TW BECb MPOAYKT i3 BCiX

NyHKTiB 36epiraHHs, TOGTO NOBUHHI BUKOHYBaTUCb YMOBM

n
Zx,-j:a,»,izl,m, (2.3)
j=1

a TakoX 3aBe3TM WMOro BCIM CroXuBadam piBHO 3a FIOTpe6aMI/1, O O3Ha4yae
BUKOHAHHA yMOB

m R
lejzbj,jzl,n. (2.4)
i=1

3ayBaxumo, wo cucrema (2.3), (2.4) 6yae matv AONycTMMi pO3B’A3KU
(My noBefemo ue HWXKYe) Toai i Tinbku ToAi, konu 6yae BMKOHYBaTUCh YMOBA, SIKY
Ha3MBalTb yMOBOH banaHcy mpaHCcrnopmHoi 3adaqi

m n
Zai = ij . (2.5)
i=1 j=1
Camy TpaHCMopTHY 3agady Y UbOMY BuMNadKy HasuBaloTb 36asaHcogaHo abo
3aKpumor.

Omxe, 3 Mamemamu4HOi MO4YKU 30py 3banaHcoeaHa mpaHCropmHa

3alayva nonsezae y sidwykaHHi makoi mampuui X = — , efleMeHmu fiKor

||x,,- ||l-=m, j=Ln
3a 8UKOHaHHs ymosu banaHcy (2.5) 3adosonbHsoms ymosu (2.1), (2.3), (2.4) i Ha
SKil docsizaembCsi MiHIMYM TiHIGHOT GhyHKUIT (2.2).

Hapani 36anaHcoBaHy TpaHcrmopTHy 3agady Oygemo HasuBatn T-
3agaveto.

YmoBu T-3agadi 3pyyHO nogasaTu y BUrMsiAi Tak 3BaHOI TPaHCMOPTHOI
Tabnuui



3alavero JiHIGHO20 rfpoepamMy8aHHs 3 4YUCJIOM 3MIHHUX mxn

b;
R b, b,
4
a i €12 Cin
a, €21 €22 o Con
Cmli Cm2 Cmn
am

3anunwemo obmexeHHs T-3apadi (2.3), (2.4) y po3ropHyTOMy BUrMsAi

X]1+X12 +...+X1n =aj,
X +X22 +...+x2n =da,

xqg + Xy + Xy =by,
xp2 + X + X2 =b,,
Xin + Xop + Xy bn
(2.6)

3 suensady (2.6) Henpsamux obmexeHb T-3alauyi sunnueae, W0 80Ha €

Pi8HSIHb m+1n .
Mo3Haunmo yeped T MaTpuLlo KoedilieHTiB NpU HEBIOOMUX CUCTEMMU
NiHIMHUX piBHSAHB (2.6).
Bektopu-ctoBnui matpuui T 6yaemo HasuBaTu 8ekmopamu KOMyHikauil
i nosHavaT sk P, :

P;=(00....0,10...0, 1 0,..0)".
1

m+j

m+n

i Yyucnom



7|00 . 2.7)

Axwo BBECTU no po3rnsgy BEKTOP 3anacis-notpeb
Py =(a;,a,...a,,b;,by,...b,) , To Henpsimi oBMexeHHs (2.6) T-3apaui MoxHa
nepenucaTn y BEKTOPHOMY BUMMAAi

m n
2.2 x5Pi=Phy, (2.8)
i=1j=1
AKMA Ham Oyde KOpMCHUM npu  OBrpyHTyBaHHi MeTody noTeHuianis Ans
po3B’sidyBaHHA T-3agaui.

2.2. OcHoBHi BnacTtuBocTi T-3agaui.

Teopema (KpuTepin icHyBaHHA JonycTUMUX po3B’A3kiB T-3agadi).

Ymoea b6anaHcy (2.5) € HeobxiOHOH i 0CMamHbO YMOBOK ICHY8aHHS
donycmumux po3e’askie T-3adaui.
DoBepneHHA. HeobxigHicTb. Hexan T-3agaya mae pgonyctumi poss’asku. Lle

O3Hayae, WO icHye MaTtpuus X:||xl~|| — —, €efemMeHTn x;  SKol
y i=Im,j=1,n Y

3a40BOJIbHAKTL YMOBU

n —_
X =a;,i=1m, (2.9)
1

~.
L

xj=bj, j=1n. (2.10)

Il

I
~

MipcymyBaBsLM piBHOCTI (2.9) no BCiX i=1,_m, a (2.10) — no Bcix j =1,_n ,
OTPUMaEMO

m n n

Sa=5 30 =3b,.

i=1j=1 Jj=1



wo i Tpeba Gyno goeecTu.
HocTaTtHicTb. Hexan BukoHyeTbcst ymoBa 6anaHcy (2.5). Mo3Haumo

m n

d= Zai = zbj
i=1 J

“ =
i noknagemo

TOOTO maTpuua X = ||)CU|| i € gonyctuMmmnMm nnaHomMm nepeBe3eHb T-3apaui.
i=Im,j=1,n

Teopema foBeaeHa.
Teopema (npo paHr matpuui T ).
PaHe mampuui T dopieHe m+n—1 .
DoBepeHHA. Ockinbkn 4ucno obmexeHb T-3apgadvi  piBHe m+n, TO
rangT <m+n.[JoBegemo, wo rangT <m+n—1.

Hexan peskmn nnaH nepeBeseHb X :"x,]" 3a]0BOSbHSAE BCi

i:ﬁ,j:l,n
obmexxeHHs (2.6) kpim nepLuoro. MNokaxemo, Wo BiH Oyae 3a00BONbHATY i nepLue

PIBHSIHHA.
CknagemMo noYneHHo piBHAHHSA (2.3) 3 2—-rono m—Te,a(2.4)-3 I-ro

no n—Te:

m n m

X2xi=24a, 2.11)
i=2j=1 i=2

n m n

PIRTEDIIE (2.12)
Jj=li=1 j=1

BigHimatoum nouneHHo Big piBHoOcTi (2.12) piBHicTb (2.11), oTpumaemo 3
ypaxyBaHHsaM ymMoBu 6anaHcy (2.5):

n m m m m
Z ini - ini = Zai - Zai
j=Ni=1 i=2 i=1 i=2
abo



n
ZXIA]' :a] .
i=1

Otxe, nnaH nepeses3eHb X=||xij|| —  3aJ0BOJSbHAE i nepuie piBHﬂHHﬂ

i=Ilm,j=1,n
cuctemn obmexeHb (2.6) T-3apgadi. Tomy paHr maTtpuui T He Moxe OyTtu
OinbLWNM, HXXK m+n—1:
rangT <m+n—1. (2.13)

Mokaxemo, Wwo paHr matpuui T He Moxe OyTVM MeHLMM Yncna m+n—1 .

Mobynyemo matpuuto 7' 3 nepLumnx (m+n—])-e'|' KOMMOHEHT BEKTOpPIB
Prs Poysees Py Prps Prgssees Prp-1

PP, ..P.P,P,. P,

10..01 1 ..1
01..00 0..0
m
, |00 .. 100 0
T =
00..010 0
00..00 1 0
n—1
00..00 0 1

Matpuus T' 3BOANTLCS [0 OAWMHWYHOI PoaMmipy (m+n—1)x(m+n—1) wnaxom
BiHIMaHHA Big nepworo psgka CyMU OCTaHHIX (n —1)— ro psgkis. Tomy
rangT'=m+n—1.Ockinekn T' € nigmatpuueto T, TO

rangT >m+n—1. (2.14)
3 HepiBHOCTeW (2.13), (2.14) BUNnNuBae piBHICTb

rangT =m+n—1.
Teopema goBefeHa.

Teopema (Npo po3B’a3HiCTb T-3agaui).
36anaHcoeaHa mpaHcropmHa 3adava 3aexou Mae onmumarnbHUl
PO38’530K.

DoBeneHHs. OCKiNbKM KOXHa 3MiHHA x; (i=1,m, j=1,n) T-3agavi 3a00BONbHSE
yMOBY

0< X < min(ai,bj),



TO ii gonyctuma obnacTte obmexeHa i € baratoBumipHuM napaneneninegom. Ha
Taki obnacTi niHinHa dyHKUia (2.2) 9k HenepepBHa AoCsarae CBOro HaNnMEHLLOro
3Ha4yeHHs1, To6To T-3agava 3aBxamn po3B’A3Ha.

TeopeMma foBeaeHa.

2.3. OnopHi nnaHu T-3agadi, iX BNacTUBOCTI.

Ockinbky TpaHCNOPTHA 3a4a4va € 3af4a4eto NiHIMHOro NPorpaMyBaHHs, TO
ANa Hel 3anuWwaeTbCad B CWMi O3HAYEHHs OMOPHOro nnaHy sk 6asncHoro
JOnyCTUMOro po3B’A3Ky 3afadi NiHIMHOro NporpamyBaHHs.

Hassemo gogaTtHi nepese3eHHA Xjj nnady nepeses3eHb X OCHOBHUMU

(kniTMHM TpaHcnopTHOI Tabnuui, B SKMX BOHU 3HaxXoOATbCsl, TakoX Oyaemo
Has3uMBaTW OCHOBHUMWK). Togi nnaH X Oyde onopHum nnaHom T-3agadi, SKLLO
BEKTOPW KOMyHiKauii, Lo BiANoBigaldTb WOro OCHOBHWM MepeBe3eHHsM,
YTBOPIOKOTb MiHINHO HE3aNEeXHy CUCTEMY.

[ns petanbHOro 3'sCyBaHHs BRacTMBOCTEN OMOPHWMX MNnaHiB T-3agadi
ckopucTaemochb i rpacpiyHoto iHTepnpeTauieto. NocTaBumMo y BignoBigHiCTb T-

3ajadi HeopieHTOBaHUi rpad, B IKOMY KOXHa BeplunMHa A; (i = I,m) cronyyeHa 3
KOXHOW BepLnMHOO B (j =1,n) BiAnosigHAM pebpom, sike Hapani Gyaemo

Ha3MBaTW KOMYHIKaUi€elo i no3Hadatn $K A4;,B; . 3ayBaXUMO, WO KOXHIN

KOMYHiKaLii 4;,B; BiANOBIAAE TiNbKM OOMH BEKTOP KOMYHiKauin P; i TiNbkM ogHa
KniTMHa TpaHCNOPTHOI Tabnuui, sika CTOITb Ha NepeTwHi ii i—ro psgka i j—ro
CTOBMYMKA, @ TaKOX €A4WHe MepeBes3eHHst x; MnaHy nepeseseHb X , WO
3aHECEHEe Y L0 KNiTUHY.

O3HayeHHs (NaHulora Ta UMKna KoMyHikauin). lMocnidosHicmb KoMyHikauit
Ai1B.// ’Aiz B.// ’Aiz B./z ’""Aiijv—l ’Ai.c B.j.v > (2.15)

Oe ceped Homepie i (k:I,_s) Hemae o0Hakosux i ceped Homepie j, (I :],_S)
makox Hemae 00HaKogux (mobmo iy # i, npu 6cix k =1,k e{l,2,...s}l e {l,2,..,s} i
Jx#j; npu ecix k=lkel{l2,..  shle{l2,..,s}), Hasueaoms naHuo2OM, WO
crionyyae nyHkmu A4; i B; . JlaHytoe KoMyHikauid (2.15), 0o sikoe2o npuedHaHa

KoMyHikauis A; B; , Ha3ugaembcsi YUKIIOM.

SKWo 8 O03Ha4YeHHsIX JflaHytoea ma yukna KoMyHikauili 3amiHumu
KOMyHikauii 8i0rnosiOHUMU KnimuHamu mpaHcrnopmHoi mabnuyi, mo ompumMaemo
O3HaYeHHs1 JlaHuloea ma Yukrna KimuH mpaHcropmH{oi mabnuui.
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3a 03Ha4YeHHSAM LMKNa KOXHi MOoro ABi KMiTMHM, WO BignNoBigatTb MOro
CYMiKHUM KOMYHikauismM, nexaTts abo B ogHomy psgky, abo B ogHOMY CTOBMU,, i
XKOOHUX IHLIMX KNiTWH, WO HanexaTb LUKy, B LbOMy psaKy abo CTOBYMKY HEMAE.
Tomy 4MCrno KMiTMH OOBINBHOrO LMKna 3axaun napHe. OCKiNbKM KOXHA BEPLUMNHA,
yepes AKy MPOoXoauTb LMK (He BaXNUBO fKka 4; 4n B ), € CMINbHOK TiNbKM 4NN

OBOX KOMYHiKaLi LUKy, TO B KOXXHOMY LIMKITi YMCIO 4; NyHKTIB BignNpaBreHHsI
AOPIBHIOE YNCNY B; MYHKTIB NMPU3HAYEHHSI.

Teopema (KpuUTepiln NiHINHOT HE3aNEXHOCTI BEKTOPIB-KOMYHIiKaLil).

Hexali R= {P,-j }(; ek dosinbHa cucmema eekmopig-koMyHikauil, E —

MHOXUHa 8i0nosiOHUX M KrimuH mpaHcrnopmHoi mabnuyi. Cucmema R €
JiHIGHO He3anexHor modi i minbku modi, Konu i3 KOMyHikauili, 8i0rnogiOHux
8eKkmopam cucmemu R HEMOXIIUBO ymeopumu LUKI.

DoBepneHHA. HeobxigHicTb. Hexan BektopM cuctemm R € MiHINHO
HesanexHumn. Big cynpoTmBHOro npunyctumo, Wo icHye nigmMHoxuHa E'c E
Taka, WO BignoBigHi kNiTuHam E' KOMYHiKaLiii yTBOPIOIOTb LMK

4,B;.4,B;.4,B;,...4, B; .4 B;. 4B,

T06TO
E' =iy, j )2, ) gs ) (g o s 7)o i) -
PosrnsHemo niHiNHY komOGiHauilo BekTOpiB cuctemn R'= {P,-j}(l_ HeE' Takoro
BUINSAY:
Pi/.// - I)iz./l + },iz.fz - I,ij./'z toem Pl‘s./‘x—/ + })isj: N Pi/./'s =Pp. (2.16)

KoxeH Homep i, (k=],_s) 3yCTpivaeTbca y MiBii yacTuHi (2.16) Tinbkn y ABOX

BEKTOpIiB cucTeMn R' = {P

) wyn
ij }(i,j)eE" npu UboOMy OOMH pa3 BEKTOP Ma€ 3HakK , a

Apyrun pas — 3Hak “-”, ToMy KoopAuHaTa Bektopa P 3 HOMEepoM i (k:I,_s) y
npasin yacTuHi (2.16) ©Oyde OOPIBHIOBATU HYMIO SIK Pi3HWUS ABOX OAMHMLUb.
AHanorivyHo, KOXeH Homep j; (l:1,_s) 3yCTpiYaeTbCa y NiBin YacTuHi (2.16) Takox

TiNbKN y ABOX BEKTOPIB CUCTEMU R' = {Pu

O MalTb Pi3Hi 3HaKKW, TOM
i e P oMY

KoopauHaTta BekTopa P 3 HOMepom m+ j, (lzm) TakoX OOpiBHIOE HyneBi. Bci
iHLWIi KoopauHaTK BekTopa Py npasiii YacTuHi (2.16) AOPIBHIOTL HYIHO, OCKINbKM
BOHW JOPIBHIOIOTb HYIHO Y BCiX BEKTOPIB y NiBili YacTuHi (2.16). Tomy P =0, To6TO

BEKTOPU CUCTEMMU R’={P,-j}(4 ek’ € niHinHo 3anexHumn. Ockinbkn R'< R, TO
iI,j)e

NiHiMHO 3anexHow Oyae i cucrtema R:{P-»

’/}(i,j)eE’ o cynepeynTb ymMoBam
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HeobxigHocTi. OTxe, npunyLeHHa 6yno xMbHUM i KOMYyHikauii, Lo BiANOBIAATb
BeKTOpam cuctemMn R = {P , LMKNiB HE YTBOPIOKOTb.

i i, peE
DocTtaTHicTb. Hexal i3 KomyHikauin, WO BiANOBIgAOTb BEKTOPAM CUCTEMU
R:{Pl.j}(_ \op+ HEMOXIMBO yTBODUTM UMKII. Mokaxemo, WO R — MiHilHO
i,j)e

HesanexHa cucTema BEKTOPIB.

Big CynpoTMBHOro, npunyctumo, WO BEKTOPU CUCTEMU R:{Pij}(i,j)eE

niHinHO 3anexHi. Lle osHavae, Wo icHyloTb uicna  ay, (i, 7)€ E, Cepep skux €
BiAMIHHI Big HyNs i Taki, WO
@, /)eE

Hexaw Ans BU3HaAYeHOCTI a;, #0,((y, j)) € E). Togi

—a;,;, B = YaPy, (2.18)

(i,/)€E,;
pe E;=E\{i;, ). Koopanrata 3 HoMepom i, Bektopa a;,; P, ; Y Nigiit 4acTuki
(2.18) BigMiHHa Big Hyns. Togi i npaBa YacTuHa (2.18) mae BigMIHHY Bif Hyns
koopauHaty 3 Homepom i;. Lle osHauae, Wo cepen BekTopiB Py, (i, /)€ E;

3HaaeTbCA NPUHANMHI OOMH BEKTOp, ANS BU3HAYeHHOCTI Hexan ue 6yae P, 3

12

BiOMIHHMM Big Hynsa koediuieHTom a;,j, #0. lMepeHecemo uen BekTop y niBy

YacTuHy piBHOCTI (2.18). OTpumaemo

Pil.i1 _aidzpidz = zaiJPij ’ (2.19)
@, ))eE,

ne E,=E;\{i,j,)}. Tenep 3HOBY, OCKinbkM j, # j;, KOOpPANHATA 3 HOMEPOM

4,

m+ j, NiBOI YaCTUHW BEKTOPHOI piBHOCTI (2.19) Byae BigMiHHOW BiA Hyns (BOHa
AOpiBHIOE #0). Tomy cepepq BekTopiB npasoi YyactuHu (2.19) obos’'a3koBO
#0.

i)
3HangeTbCs NPUHaNMHI OAMH BEKTOp P,
MepeHiclum noro y niBy YacTuHy (2.19) matumemo

P, P, P, = ZaijP,-j , (2.20)

g g T Yty T %), GHeE
L,])eks;

, Ona akoro koediuieHT a,j,

ne E;=E;\{(i2,/>)}

Mpouec nepeHocy BeKTOpiB y NiBY YacTuHy piBHOCTI (2.20) mMoxe 6yTn
NPOAOBXEHWI i Aani.

Mpunyctumo, WO BXe 3AINCHEHO 2s—1 KpOKiB (4ns BU3HAYEHHOCTI
4YMCIO KPOKIB NnepeHocy BMOpaHe HenapHuM). Toai Mae micLe criBBiAHOLIEHHS
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K s—1
- Zai/(J'/(Pi/J/( - zaiﬂkupikfku = zaijpij ’ (2.21)
k=1 k=1 (i, ))€E
ne Ex_;=Ej 5\ J)f-
Oani moxnuei gBa BMNAOKM (SIKLWO OCTa@HHIM MEpPEHECEHUM € BEKTOp

P, 3iHpekcom j): abo i, =i, ,a60 i #i,, Ae t € {l,2,...s 1} .

Akwo i, =i, t e {I,Z,...,s—]}, TO MpOUEC MEepPEeHOCY 3aKiHYYeETbCH, Npu
LbOMY i3 KOMYHiKaLlilA, Lo BiAMOBigal0Tb BEKTOPaAM
Pi[js (s=i, =B

I)[zj1+1 ’Br+ljr+1 ’I)iHIjHZ ""’I‘)is—ljs ’ s T I)ir.f: )

NiBOI YacTUHM PiBHOCTI (2.21), MOXHa YTBOPUTU LMKI
A B; ,A B; o di By A B (i =)

TR RN Rl VRS R VRN P

Ao K iy #i,te{l2,..,s—1f, TO cepeq BekTOpiB Py, (i,j)e Ey ; Yy Npasin
vactuHi  (2.20) 06oB’A3kOBO 3HaWAETbCS BekTop B ; 3  HEHynboBUM
KoediLieHTOM, KU MOXXHA NepeHecTy B NiBY YaCcTUHY PIiBHOCTI i T.A4.

OpHak npouec nepeHocy He MOXe MNpOJOBXYBaTUCh HECKIHYEHHO,
OCKiNbKMN OOBINbHUIA BEKTOP P; mae B TOYHOCTI m+n KOOPAWMHAT, i KOXHUIA pas3s

cnpasa HaniBo NEPeHOCUTLCA BEKTOP, KM BiAMIHHUIA Bif, BEKTOPIB MiBOi YaCTUHM
piBHOCTI (2.20) TUM, WO Ma€e HEHynbOBY KOOPAMHATY, sika y BCiX BEKTOpIB IiBOi
YacTWHM piBHA Hymo. ToMy 4epe3 CKIHYEHHE YMCMO KPOKIiB, YMCIIO SKUX He
nepeBullye m-+n HeobXiQHO TpanuTbCsl BMNAZOK, Konu Oyae nepeHeceHwi

BekTop Py, HEHymNMbOBi KOOPAMHATU AKOro ByayTb MOPI3HO 36iraTucs 3 ogHieto i3

HEHYNbOBMX KOOpPAMHAT [OBOX Pi3HMX BeKTOpiB niBoi 4YactuHu (2.20), wo
npuBoauTb A0 MNOSIBU UMKMY ceped KOMYHiKauin, BignoBiAHWMX BeKTopam niBoi
yactuHu (2.20).

Omxe, cucTemMa KOMyHiKaUin, BIOMNOBIAHUX BekTopam cuctemu R, 3a
NpUNyLWEeHHS Npo MiHiINHY 3aneXxHiCTb LUUX BEKTOpIB, 3aBXAW MICTUTb LMK, WO
cynepeynTb ymoBaM AOCTATHOCTI.

Teopema foBeaeHa.

Ha oCHOBI i€l TeopeMy MOXHa aTy Lie OAHE eKBIBaNeHTHE O3HAYEHHsI
onopHoro nnany T-3agadi.
O3HauveHHsA. [TnaH T-3adayi Ha3ueaembCsi OMOPHUM, SKUWIO i3 (1020 OCHOBHUX
KOMYHiKayili HeMOXUu80 ymeopumu YUK/I.

Posrnsag o6rpyHTyBaHHA MeTOAiB pO3B’'s3yBaHHA T-3agadi NpMBOAMTL A0
HeobXigHOCTI BiALyKaHHS po3knagiB BUOpaHMX BEKTOPIB-KOMYHIKaLin 3a MiHinHO
He3aneXHUMN cucTeMamu, yTBOPEHNMU 3 BEKTOPIB-KOMYHIKaLLi.

12



Teopema (Npo po3knaa BEKTOPiB-KOMYHiKaLlii).
Hexal R= {Pij }(, VeE Oesika JliHIUHO HesalnexHa cucmema 8eKmopis-
1, ])E
KOMyHikauyil, E —MHOXUHa 8i0rnoeiOHUX M KIlimuH mpaHcropmHoi mabnuuyi.
Bexkmop Py, € niHitiHoto kombiHaujieto eekmopie cucmemu R modi i

minbKku modi, Konu i3 KoMyHikauil, 8idrnosiOHUX eekmopam cucmemu R, MOXHa
ymeopumu naHuyro2 , Wo cronydyae nyHkmu A, i B; .

HoseneHHsA. HeobGxiaHicTb. Hexan P,; moxe OyTv nogaHun y BUrMSAI NiHINHOT
KombiHauji BekTopiB cuctemun R . Togi, npwegHaswu P, [O cuctemn R,
OTpUMaeMo TiHiiHO 3anexHy cucTemy sektopis RU{P;}. Sk sunnusae 3

[oBefeHHs1 KpuTepisa NiHINHOI He3aneXHOCTi BEKTOPIB KOMYHiIKaUin (ocTaTHICTb),
ue npusBede OO0 NOSBM LUMKIY Y MHOXMHI KOMYHiKauii, WO BianoBigalTb
BekTopam cuctemn RU{P,}. Lleit umkn nouHeH MicTUTM B COBi KOMyHiKaLito

A B, 000OB’A3KOBO, OCKINbKM B iHLWOMY BWNaaKy BiH cknagasca 6 Tinbku 3

KOMYHiKaLUii, siki BignoBigaloTb BEeKTopaM CUCTEMM R, WO cynepeynTb MiHinHInN
He3anexHoCTi BEKTOPIB CUCTEMU R 3a TUM Xe KpUTEpIiEM MiHINHOI He3aneXHOoCTi

BEKTOPIB KOMYHiKaLuin. Toai BCi KOMyHikauil LbOro LUmkny, 3a BUAHATKOM A, B, i

YTBOPIOKOTb LLUYKAHWI NTAHLIOT.
DocTtaTHicTb. Hexan icHye naHutor i3 KOMyHikaLiii, BiANoOBIOHMX BekTOpam
cucteMn R, sikuin cnonyyae nyHkTn A, i B;. [Ins BU3Ha4eHOCTi Hexan BiH Mae

BUMMSAA

AB;, A B, A B, .. A B, AB AB,. (2.22)

Ona BekTopis, siKi BiNOBIiAalOTh KOMYHiKaUigM naHutora (2.22), Maemo:
P —-PB; +P; =P,

i ]2

Py ~P +P

i2]> irjz = ijj >

(2.23)

[opasLim noyneHHo piBHOCTI (2.23) Ta CKOPOTMBLUM Y OTPMMaHOMY BMpasi cnpasa
i 3niBa Big 3HaKa PiBHOCTI OAHAKOBI YNIEHW, OCTAaTOYHO OTPMMAEMO TaKUIM pPo3Krag,
BekTopa Py, 3a cuctemoro R

Pk[:ijI_P i +P

ij irj,

P

rj, Fot B

s B TR, -

(2.24)
Teopema goBeaeHa.
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3BaxaluM Ha 3B'I30K MK KOMyHiKaUieto AB; , BiANOBIAHUM i1
BEKTOPOM P; Ta KIITMHOW TPaHCMOPTHOT Tabmuui (i, /), pesynbTati AOBEAEHNX

TeopeM MOXHa nepedopMynioBaTi y BUrMaAi Taknx ABOX NPAKTUYHUX NPaBun:
1) Ons niHiGHOI Hes3anexHocmi cucmeMu  8eKMopig-KOMyHikauil
R= {sz }(4 B HeobXxiOHO i docmamHbo, wob i3 KnimuH mpaHcrnopmHoi mabnuui
i,j)e

(i, j) € E Hemoxnueo byno 6 ymeopumu YUKIT;
2) wob sHalmu po3knad eekmopa P, 3a cucmemor JliHIUHO

He3anexHux eekmopie--koMyHikauiti R = {P docmamHbo npuedHamu

"f}u,j)eE’
KknimuHy (k,l), 8i0nosiOHy eekmopy Py, 00 MHOXUHU KAiMUH MpaHCropmHoi
mabnuyi E, 3Halmu YUK Ha MHOXUHI KITimuH {(k,l)}UE , 8IOKUHYmMU 3 HbO20
knimuHy (k,l) i 3anucamu posknad (2.24), sukopucmosyro4u ompumaHull npu
ubomy naHuyroe i3 knimuH (i, j) € E , 8idnogiOHuli naHuroay i3 KoMmyHikayil (2.22).
SKwo0 makoeo YUKy He icHye, mo He iCHye i posknady eekmopa Py, no cucmemi
R= {Pff }(i,j)eE :

Haragaemo, wWo paHr maTpuui koediuieHTiB nNpy HeBiJOMUX CUCTEMU

obmexeHb T-3apadi popiBHoe m+n—1. Tomy p[oBiNbHUM 6Gasuc cuctemn

BEKTOpPIB YMOB {P,] }i:ﬁ i<Tn T-3agadi 3aBXgu MicTuTe m+n—1 Bektop. KnitnHm

TpaHcnopTHOi Tabnuui, 4ki BignosigawTb BekTopam 0a3ucy, Ha3MBawTb
6asncHumn. Mpu 3aHeceHHi onopHoro nnaHy T-3agadi y TpaHCMOPTHY Tabnuuwo
3aMnoBHIOTL NUwe 6as3ncHi KniTuHW. Mpyn UbOMy BCi ©asucHi knitTMHM OyayTb
3anoBHEHI JOAATHMMMU MEepeBE3EHHAMM, SAKLWIO OMOPHUIA NMITaH HEBUPOOXKEHUN, i
YacTMHa 3 HUX MiCTUTUME Ba3uncHi Hyni, SKLLO ONOPHWIA MaH 6yae BUPOOKEHUM.
HebasncHi nepeBe3eHHsT (BOHM 3@ O3HAYEHHSIM [OPIBHIOOTb Hynw) B
TpaHCNOpTHY TabnuLo He 3aHOCATL B3arani.

3ayBaxumo, Lo cucTeMa 6asmMcHUX KNiTUH OOBINbHOMO OMOPHOTO MnaHy
T-3apgayi aumkniyHa (To6TO HE MICTUTb LMKIIB) BHACNIAOK MiHINHOI HE3aneXHOCTi
BekTopiB 6asucy. OgHak, npueaHaHHA o cuctemm 6asvCHMX KNiTUH OOBINbHOI
KNITUHW TPaHCNOPTHOI Tabnuui NOPoMKYe €AVHUI LMK BHACMIAOK TEOPEMU MpPo
€OVHICTb po3knagy BekTopa no 6asucy.

Ockinbkv BigWykaHHA poO3Knazy [AOBINbHOrO BEKTOpa KOMYHiKauii Mo
6asncy BigOMOro omnopHoro nnaHy T-3ajadi, a TakoX nepeBipka OMOPHOCTI
Jeskoro il nNnaHy nepeBe3eHb, 3BOAATLCHA A0 MOLWYKY LUWKMIB Ha MiAMHOXMHI
BMAINEHUX KNITUH TPaHCMOPTHOI Tabnuui, TO BMHWMKAE NUTaHHA Npo mpoueaypy
TaKOro noLuyky.

Po3srnaHemo MeToq BUKPECIIOBaHHSA, KU LO3BOMSE 3HANTU TaKi LUKMW,
SKLWO BOHM iCHYlOTb. Hexan § — migMHOXMHa KNiTUH TpaHCnopTHOI Tabnuui,
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BUAINEHNX 33 SIKOKCb 03HaKol (Hanpuknag, S yTBOPHTL KITiITUHM 3 4OAATHUMU
nepeBe3eHHsMM).
Anroputm mMeToAy BUKpPECITHOBaHHS.

1. MpornspatTb pAaKUM TPAHCMOPTHOI Tabnuui i BUKPECNoTb Ti 3 HUX,
AKi MICTATb He Binblue ofHiei BUAINeHoi knitnHn. BukpecneHi psagkn TpaHCnopTHOT
Tabnuui 3 NnoganbLWOro po3rnsaay BUKIHOYaTHCS.

2. MpornsgaTb CTOBMYMKU TPAHCMOPTHOI Tabnuui i BUKpecniowTb Ti 3
HUX, SIKi MIiCTATb He Oinblue OAHIiEl BUAINEHOI KNiTUHW. BUKpecneHi cToBMYMKu
TpaHCNOPTHOI Tabnuui 3 NoAanbLUIOro po3rnsagy BUKMHYaTbCS.

3. [ii nyHkTiB 1 i 2 34INCHIOITL JOTW, MOKM HE TpanuUTbCA OAWH 3 ABOX
BUNaJKiB: a) BCi KMiTUHWM TpaHCNOpTHOI Tabnuui BuKkpecneHi; 6) npouec
BUKPECIIOBaHHS NPOJOBXYBaTN HEMOXIIMBO, OCKINbKN B HEBUMKPECTEHMX psiaKaXx i
CTOBMYUKaxX TPAHCMOPTHOI Tabnuui € NpuHarMHI No ABi BUAINEH KIiTUHN
i3 §.

Akwo Tpanmecs BUMAOOK a), TO i3 KMNiITUH MHOXMHW S HEMOXNMBO
YTBOPUTK LMKN. [iACHO, NpuMnycTUMO Big CYMPOTMBHOIO, LUO TaKUA LMK iCHYE.
Toai KoXHa Moro BMKpecreHa KniTuHa 3a npasunamMy MeToy BUKPECIIOBaHHS He
MOXe OyTW BMKPECIEHOK paHille, HiX CycigHs i KniTuHa uukny no psaky abo no
cToBnYmMKy. Todi KniTMHa UMKy, sika BUKPECNEeHa NepLuoto, B3arani He Moxe 6yTn
BUKPECIEHOI0, IO cynepeuntb yMoBi Bunagky. OTXe, MpUMYLLEHHSI HeBipHe, i
S — auuKkniyHa MHOXUHA.

Sokpema, skwo S  ymeoprwowmb  KaimuHU 3 GodamHumu
rnepeseseHHAMU Oesikoeo rnaHy repese3eHb T-3alayi, MmO makul nnaH €
OMOPHUM.

Ao Tpanuecsa BUNagokK 6), TO NiAMHOXMHA HEBUKPECTIEHUX KITITUH i3 S
MICTUTL UMKnu. [iACHO, NpunycTUMO CynpoTWBHE, TOOTO, WO HEBUKPECHEHi
KNITUHW i3 S UMKNIB He YTBOPIOKOTb. Todi NigMHOXWHA HEBUKPECNEHMX KIITUH i3
S ©Oype cknagaTucsa 3 CKIHYEHHO eNneMEHTHUX naHutoriB. Ane 3a npasunamu
MeTodY BWKPECIMIOBaHHSA KiHLUEBI KMiTUHW NaHUIorB MOBWMHHI OyTWM BUKpecneHi,
OCKiNbkM BOHM eauHi abo B psagky, abo y crtoBnuuky. OTxe, npouec
BUKPECIIOBaHHS MOBMHEH NPOAOBXKYBATUCS, LLO CyNepeynTb YMOBI BUNAOKY.

3okpema, sKWoO 3a S nNpuUlHAMU CyKynHicmb 8cCix 6a3ucHUX KimuH
desiko2o oriopHo20 rnnaHy T-3adauyi i 0dHiei Heba3ucHoi (iy, jy), mo S 6byde

micmumu eduHul Yukn, KUl 3aexou MoxHa 3Halimu MemoOOM 8UKPECIIH8aHHS,

i mum camum 3aexdu mMoxHa 3Halmu posknad dosinbHozo eexkmopa P, ;  3a

6a3ucom 8i00OM0O20 OrOPHOEZO0 r11aHy.

15



2.3.1. Npuknagu.

Mpuknapg 1. 3’dAcyBatv, 4M € LUMKNM HA MHOXWHI S BUAINEHUX KNITUH
TPaHCMNOPTHOI Tabnuui.

Po3B’a3yBaHHA. Hexan enemMeHTamMn MHOXWHU S € BiATOHOBaHI CipyM KNiTUHK
Tabnuui. [Ons 3'AcyBaHHS auMKIIYHOCTI MHOXMHM S 3acTocyeMO MeToA
BUKPECMIOBaHHSA, 4ucna 3Hu3dy Ta 300Ky Tabnuui BKasyloTb MOCMILOBHICTb
3aKpecrnoBaHb.

(1,2) (1,5)
(2.1) | (2,2) (2,4)
(3.2) | 3.3)
(4.1) (4.4)
(5,2) (5.4)
(1,2) (1,5)
(2.1) | (2,2) (2,4)
(3.2)
(4.1) (4.4)
(5,2) (5.4)
(1,2)
2.1) | (2,2)
(3.2)
(4,1)
(5.2)
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MHOXMHa HeBUKpeCneHNX TOHOBAHMX KNITUH MICTUTb LMKNW. Hanpuknag,
LMKN, SKUA MW No3Hauumo sk C,, yTBOpIOWOTL KituHu (2,1), (2,4), (4,4), (4,1);
iHWWA umkn C, YTBOPIOWTL KNiTUHY (2,2), (2,4), (5,4), (5,2).

Mpuknag 2. 3’acysatu, uM Oyae niHINHO He3anexHOK CucTeMa BEKTOPIB-
KOMYHiKaLii, sika BiANoBigae NO3HAa4YEeHUM KriTMHaM TPaHCMOPTHOI Tabnuui.

(1,1)
21 [ (22) | 23)

(4.3) | 4.4)
(54) | (55)

Po3Bs’asyBaHHA. 3a kpuTepiem niHINHOI HEe3aneXHOCTi BEeKTOPiB-KOMYHiKaLin
BKa3aHa cuCTeMa BEKTOPIB-KOMYHikauin Oyae NiHIMHO He3anexHow Togdi i Tinbku
TOAi, KONMU MHOXMHA MO3HAYEeHUX KITITUH HEe MICTUTUME LMKIIB. ALUMKNIYHICTb Uiel
MHOXWHW NepeBipeEMO METOAOM BUKPECHOBaHHS (SIK i y nonepeaHbOMY Npuknagi
yncna 3HM3y Ta 360Ky Tabnuui BKadytoTb NOCNIAOBHICTL 3aKPECMOBaHb).




N O =

N O =

3 4 8 9 5

Ockinbku BCi MO3HAYeHi KMiTMHW BUKPECHNEHIi, TO iX MHOXWHA LIMKIIB HE MiCTUTb, a
TOMY BiAMOBIAHI NO3HAYEHUM KNiTUHAM BEKTOPU-KOMYHIKaLA YTBOPIOOTL MiHIMHO
He3anexHy cuctemy. binblue Toro, Us cucTeMa BeKTOpiB-KOMYHiKaLii yTBOpoE
6asuc  B={P,;,P,, Py, Ps;,P;3,P;3, Py, Ps;, P55} BCi€l  cucTemMu  BekTopi-

KOMYHiKaLUin P,-j (i= Ej = 1,_5) , OCKINbKM ixX uncno pieHe m+n—I1=5+5-1=9.

MNpuknapn 3. 3HanTn posknag BeKTopa P 3a 6a3ncom
B={P,;,P>;,Psy,P5;,P;5,P;3, Py, Ps, P55} CACTEMM  BEKTOpIiB-KOMYHiKaLii,

3HangeHoMy y npuknagi 2.
Po3B’sa3yBaHHs. Mo3Havyaemo B ymoBax npuknagy 2 knituHy (1,5). Otpumaemo
Tabnuuto

1.1 (1,5)
(2,1) | (2,2) | (2,3)

(4.3) | 4.4)
(54) | (55)

MpueagHaHHs 4O MHOXWHM Ga3nCHUX KNiTUH HeGasucHoi knituHu (1,5) nopooxye
eanHui unkn C , KU 3HaXO4MMO METOAOM BUKPECITHOBAHHS.



Ockinbkn C = {(1,5),(1,]), (2,1),(2,3),(4,3),(4,4),(5,4), (5,5)}, TO Ans posknagy P;; 3a
6asncom B mMaemo Pjs =P, — Py + Py; — Py3 + Py — Py + Pss .

2.4. MeToau BigWwyKaHHA NOYaTKOBUX ONopHuUX nnadHiB T-3agauvi.

Bci meToam nobyaoBm novaTKoBMX OMOPHMX MIIaHIB BigpisHAOTLCS nuyLle
nopsaKkoM 3anoBHEHHA 6asncHuX KniTuH. Cnocib iX 3anoBHEHHS 3anuwacTbCs
OOHUM i TUM Xe, a came, MOPIBHIOETBCS 3aNULLIOK 3anacy i3 3anvkomM noTpedu
Ons BMOpaHOi KNiTMHK | MiHIManbHa 3 UMX OBOX BEIIMYMH 3aHOCUTLCA Y KIiTUHY.
Micna uboro, AKWO MiHIMYM OOCAraeTbCA Ha PSAKY, TO BUKPECHOTbL 3 Tabnuui
PSOOK, SKLWO MiHIMYM [OCSIraeTbCA Ha CTOBNL|, TO BUKPECTIOTb CTOBMELb; SKLLO
— i Ha psaKy | Ha CTOBMYMKY OOHOYACHO, TO BUKPECITIOKTDL | PSAOK | CTOBMYUK, ane
npv LbOMY 3aHOCATb Ga3ncHe HynboBe MEPEBE3EHHS B OJHY i3 HEBUKPECEHMX
KNiTMH psgka abo CToBYMKA, WO MNOBWHHI OyTM BuKpecneHi. Takui cnocid
rapaHTye 3anoBHEHHS B TOMHOCTI m+n—1 KNiTUHWU, NpU LbOMY iX MHOXMHa Byae
aUMKNIYHOO,  OCKiNbkM  BOHa  OyaoyeTbCa 3 BUKOPUCTaHHAM  MeTody
BuKpecnoBaHHsa. OTxe, nobyaoBaHuin Takum crnocobom nnaH nepeseseHb byne
OONYyCTUMUM i auMKNiYHUM, TOGTO ONOPHUM.

2.4.1. MeTop niBHiYHO-3axiAHOro KyTa.

MeToa Mae Taky Ha3By, OCKIfbKM Ha KOXXHOMY MOro KpoLji 3anoBHIOETLCA
BepXHS niBa (MiBHIYHO-3axigHa) HEBUKPECNeHa KriTuHa TpaHcnopTHoI Tabnuui. Ha
nepLiomMy Kpoui 3anoBHOeTbea knituHa (1,1). MNoknagatoTe x;; = min(a;,b;) .

MoxnuBi Tpu BUNaaku:

1) a;<b;, TOOI Xx;; =a;, | 3anNUWIKX 3anacy y NyHKTi A4, i notpebu y
NyHKTi B, GyayTb BiANOBIAHO PiBHI ay) =a;-x;;=0, by) =b; —x;; > 0. OcKinbku
o6’em 3anacy nyHKTa A4, BuMYepnaHui, TO NepLuMin pSAOK TPaHCNOPTHOI Tabnuui
BMKPECHIOIOTh;

2) a;>b;, TOAI X;;=b, af,]):a]—x” >0, by):b]—xH:O i, OCKiNnbKM,
o6’em noTpebu y nyHKTi B; BWYepnaHui, TO BUKPECIIOIOTb NEPLUNA CTOBMYMK
TpaHCNopTHOI Tabnuuj;
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3) Cl]:b], TO,CI,i tzaI:b], a;l)zaj—xH:O, b;I)Zb]—XJIZO, |
BMKPECIIOBaHHIO NiANAraTb i NepLmnin paaok, i nepwmin CTOBMYMK TPAHCNOPTHOI
Tabnuui. LUWo6 36epertm  BIgNOBIAHICTE MK 3aMOBHEHHAM  KNITUHW i
BUKPECIIOBaHHAM, Y LbOMY BUNaAKy B OAHY 3 BiNlbHWX KNITUH NepLuoro psgka abo
CTOBMYMKa 3aHOCUTLCS Ba3NCHUIA Hyrb.

Micns uporo nepexodsTb OO HACTYMHONO KPOKY MeEeTody, 3HOBY
BMOMpalouM Ana 3anoBHEHHSA HEBMKPECTeHy MiBHIYHO-3axigHy KniTuHy. lMpouec
3aMOBHEHHS KNITUH | BUMKpPECnioBaHb psigkiB abo CTOBYMKIB NPOOOBXYHThL A0TH,
nokn He OyayTb BUKPECneHi BCi KMiTUHW TpaHCnopTHOi Tabnuui. Takmx
BUKPECIIOBaHb, $K | 3amnoBHEHMX KMiTMH, Oyae B TouyHocTi m+n—1. 3a
nobynosoto nnaH 6yae AoNyCTUMKM | aUMKIiYHUM, TOGTO ONOPHUM.

Heponikom meTogy NiBHIYHO-3axigHOro KyTta € Te, WO BiH HEe BpaxoBYeE
cneumngiky matpuui TpaHcnopTHux sutpat C .

2.4.1.1. Npuknadu.

Mpuknag 1. 3HaWTKM NOYATKOBWUA OMOPHWA MNfaH OaHOi TPaHCMOPTHOI 3apadi
MEeTOAO0M MiBHIYHO-3axiaAHOro KyTa (ame. Tabnuuto 1).

3
Po3p’saisyBaHHA. [lepeBipsemo ymoBy 6anaHcy: Sa;=12+5+18=35,
i=1

4
ij =10+11+8+6=35.3agava 36anaHcoBaHa.
J=1
Tabnuuga 1
b,
p 10 11 8 6 a; =X
10 3 5 8
12
5 7 6 4
5
1 4 3 7
18
bj - X

1kpok. O6uncnoemo
X171 =min(]2,10)=]0, a;—Xjj 212—]0:2, b]—X11 210—1020,

3aHOCUMO AaHi y Tabnuuio 2 i BUKPECTHOEMO NEPLUNIA CTOBMYUK.
2 kpok. O6uuncnoemo

xpp=min2,10)=2, a\ —x;,=2-2=0, by —x;,=11-2=9,
20



3aHOCKMO AaHi y Tabnuuto 3 | BUKPECNHEMO NepLUMIA PSAOK
Tabnuus 2

3 kpok. O6uuncnoeMo

Xy =min(5,9)=5, ay—xy=5-5=0, b —xy,=9-5=4,
Tabnuusa 4
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3aHOCKMMO AaHi y Tabnuuto 4 | BUKPECneMOo ApYyrni psagok.
4 kpok. O64ymcnoemo

X =min(I8,4) =4, a3 —x3,=18-4=14, b —x;,=4-4=0,

3aHOCMMO AaHi y Tabnumuto 5 i BUKpeCnioemMo Apyrnii CTOBMYUK.
Tabnuusa 5

5 kpok. O6umncnioemo
x33 =min(/4,8) =8, al) —x;3=14-8=6, by —x;3=8-8=0,

3aHOCMMO AaHi y Tabnuuo 6 i BUKpECnoeMO TPETili CTOBMYKK.
Tabnuusa 6

6 kpok. OGuncnoeMo
X34 =min(6,6)=6, a¥) —x3,=6-6=0, by~x3,=6-6=0,

3aHOCMMO AaHi y Tabnuvuto 7 i BuKpecnioemo abo TpeTin pspgok, abo vyeTsepTuit
CTOBIMYUK.
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Tabnuusa 7

OcTaTo4yHO MAEMO TaKMI NOYATKOBWIA OMOPHWUIA MMaH

0 2 0 0
XMH3K = 0 5 0 0 )
0 4 8 6

SKOMY BiAMOBIAA€e 3HAYEHHS LinbOBOI yHKLUiT 3agavi
L Xymp3)=10-10+3-247-5+4-44+3-84+7-6=223.

2.4.2. MeToq, MiHiManbLHOro enemMeHTa.

Llen meTtop 8idpisHsiembcs 8i0 Memody MigHiHHO-3axiOHO20 Kyma mifbKu
opsiOKOM 3aro8HEHHS1 KNimuH mpaHcrnopmHoi mabnuui. Ha KoxHomy Kpoui
MemoOy 3aro8HIEMbLCSI He8UKpecsieHa KhnimuHa, sKil eidrnosidae HaliMeHwe
3Ha4YeHHs1 mpaHcrnopmHux eumpam (cnocié 3anoBHEHHS1 KNITUH 3anuWaeTbCs
MM camum). Tomy cnig odikyBaTtu, Wo B BinbLIOCTi BUNagkie MeToq MiHiManbHoro
eremeHTa gactb Ginbll €KOHOMIYHMI OMOPHWI NNaH y MOPIBHAHHI 3 METOOO0M
NiBHIYHO-3axigHOrO KyTa.

2.4.2.2. lNpuknadu.

Mpuknag 2. 3HaWTK NOYaATKOBUI ONOPHWUIA NNaH TPaHCMOPTHOI 3agadi npuknagy 1
(amB. 2.4.1.1) meTogoM MiHiManbHOro enemeHTa. PO3B’A3kM MOPIBHATM 3a
3HAYEHHSAMM LiNbOBOT PYHKLUIT.

Po3B’sizyBaHHA. 1 Kpok. Bubupaemo knituHy (3,1) 3 HaiMEHLWUM 3HAYEHHAM
TPaHCNOPTHUX BUTPAT c;; = /. OBuncnioemo

x3;=min(18,10)=10, a{" ~x3,=18-10=8 , b ~x3,=10~10=0,
3aHOCMMO AaHi y Tabnumuo 8 i BUKpecntoemMo nepLumin CTOBMYKK.
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Tabnuusa 8

bj
11 8 6 a; — Xy
a;
3 5 8
12
7 6 4
5
4 3 7
18 8
b —x;

2 kpok. Cepen HeBUKpecneHnx knituH Agi knitnkm (1,2) i (3,3) maoTe HanmeHLwi
TPaHCMOPTHI BUTPaTU ¢;; =c33 =3 . CnoyaTky 3anoBHUMO KMiTUHY 3 MEHLIMM

HoMepoMm psgka (1,2). Obuncnroemo
xpp=min(I2,0 =11, a’ —x;;=12-11=1, b;—x;3=11-11=0,
3aHOCKMMO AaHi y Tabnuuto 9 i BUKPECNHEMO APYruiA CTOBMYUK.

Tabnuusa 9
b,
8 6 a; = x;
a;
5 8
12 1
6 4
5
3 7
18 8
bj - X

3 kpok. 3anoBHeMO KniTuHy (3,3). Obumcnioemo
x33=min(8,8)=8, al’) —x33=8-8=0, by —x33=8-8=0,

3aHocumo faHi y Tabnuvuto 10 i BUKpecnioemMo TpeTin psaokK i TPETid CTOBMYMK.
Mpn ubomy 3aHocumo 6GasuvcHuin Hynb B opHy 3 knituH (1,3), (2,3), (3.,4),
Hanpuknag, y knitury (1,3): x;3=0.
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Tabnuua 10

4 KpOoK. 3anoBHIOEMO KNiTUHY (2,4). OBbuncnoeMo
Xy =min(5,6)=5, ay) — Xy =5—5=0, b4 — Xy =6—5=1,
3aHOCKMMO AaHi y Tabnuuto 11 i BUKpeCnioeMo Apyrun psaok.
Tabnuus 11

5 kpok. O6uncnoemo
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xpp=min(L,ly=1, &\ —x;,=1-1=0, b] —x;,=1-1=0,

3aHOCMMO AaHi y Tabnuuio 12 i Bukpecntoemo abo nepLumnin pagok, abo yetseptui
CTOBMYUK.
Maemo Takuin BUPOKEHWIA NOYATKOBUIA OMOPHUIA NiaH

0 11 0 1
0 0 & 0

Ha KoMy UinboBa yHKUiA 3agadi HabyBae 3Ha4YeHHs
L Xyyp)=3-11+8-1+4-5+1-10+3-8=95.
Ockinbkn L(X e ) < L(X pz3rc) » TO METOA MiHiManbHOro enemeHTa Aas GinbLu

E€KOHOMIYHWUIA MOYaTKOBUI OMOPHUIA MITaH.

HapelwuTi 3ayBaxunmo, L0 iCHYIOTb i iHLWIi MeToan nobyaoBM NOYaTKOBMX
OMOPHUX NNaHIB, HaNpuWKnag, MeToA NoABINHOIT NepeBary Ta MeTo, anpokcumaLii
®dorena. OgHak BOHWM 3HAYHO CKNafHiWi Bif pO3rNsSHYTWUX, a pe3ynbTaT OaloTb
6nun3bKMIA 0 pe3ynbTaTy MeToay MiHiManbHOro enemeHTa.

2.5. iBoicTa 3apgayda go T-3apgavi.

Mobyayemo aBoicTy 3agadvy Ao 36anaHcoBaHOI TPaHCMOPTHOI 3adadi. 3
LiiEl0 METOI 3HOBY PO3rMSHEMO i OOMEXEHHS y PO3ropHYTOMY BUIMSgi

X1]+X]2 +...+X]n =aj,
X2 +X22 +...+X2n =da,

XIn + X2,
3ayBaxumo, WO nepwi m PiBHAHb LUiEi cucTeMy BIOHOCATLCH 00 pPSaKiB
TpaHcnopTHOI Tabnuui, HacTtynHi n — pgo 1ii croBnuukiB. [loctaBumo y
BiAMOBIAHICTb KOXHOMY PIBHSAHHIO cucTemn (2.25) aBoicTy 3MiHHY. [BOICTi 3MiHHi

BiflbHi 3a 3HAKOM, OCKINbKM BOHM BiAMOBiAalOTb PIBHAHHAM-OOMEXeHHAM (2.25)
npamoi 3agavi. Mpu uboMy ABOICTY 3MiHHY, sika Bignosigae psagky TPaHCNOPTHOI

Tabnuui 3 Homepom i (i = 1,m), NO3HAYNMO K u; i HA3BEMO MOTEHLianoM Liboro
psigka, a ABOICTYy 3MiHHY, sika BignoBigae CTOBMYMKY TpaHCMOPTHOI Tabnuui 3
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HOMepoM j(j=1,n) nNO3HAYMUMO $K v; | Has3Bemo MoTeHLjanoM LbOoro

cToBnYMKa. Bektop noTeHuianis no3Ha4ymmo vepes Y =(uj,uz,...,um,vl,vz,...,v”)T
T-3agava Mae ctaHgapTHy opmy

L(X)= i Zn:c-»x- — min

it
i=1j=1
m n
22 x5iPi=h, (2.26)
i=1j=1
X;i >0(i=1,m,j=1n),
ae P; =(0.,0....0,10.,....0, 1 0,.007 - BEKTOP-KOMYHiKaLii, a
i m+j
m+n

Py =(a;,ay,....apy,b;,bs,...b,)T — BekTOp 3anacie-notpe6. Tomy asoicta Ans Hel
3anunweTbes TaKk

POT Y — max,
r (2.27)
B ¥ < ¢y,

abo y po3ropHyTOMY BUMAgi
m n
D au; + » bv; — max,
i=1 j=1 (2.28)
up+v; <c,i=1m, j=1n
Ockinbkn obMexeHHs Ha 3HaK ABOICTUX 3MiHHMX BIACYTHIi, TO BEKTOP MOTEHLianis
3aBXau MoXHa BMbpatu y Burnsgi ¥ =(—ul,—uz,...,—um,vj,vz,...,vn)T. Topi gBoicta
3apava go T-3agadi matvme BuUrnsag,

m n
=D au; + Y bv; — max,
i=1 j=1"

(2.29)

vi—u;<cp,i=1,m, j=1,n.

J ij
Hapgani mn 6ygemo BMKOpUCTOBYBaTU came Taky hopMy 3anucy ABOICTOI 3agadi
0o 36anaHcoBaHOi TpaHCNOPTHOI 3aaaui.
2.6. MeTon noTeHuianiB po3B’siayBaHHA T-3agadi.
MeTton noteHuianiB 6a3yeTbcsi Ha 3acToCyBaHHi  MoAMdIKOBaHOro
cumnnekc-metoay Ao T-3agadi sk 3agadi NiHiMHOro nporpaMyBaHHS.
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2.6.1. O6GrpyHTyBaHHA MeTOoAy NoTeHUianiB.

3rigH0 3 MOAMMIKOBAHMM CUMMMIIEKC-METOAOM Ha KOXHIN  iTepadii
00UNCIIOITL BEKTOP CUMMITEKC-MHOXHUKIB

yT :ch,] ’ (2.30)
LLIO 3pY4YHO pobUTKM came Tak, OCKiNbkM Bigoma obepHeHa A0 NMOTOYHOI 6asncHoi

mMaTtpuus B! T-sagavya Mae cTaHgapTHy dopMy i Ana Hel AouinbHiwe
BMKOPUCTOBYBaTW ANsi 06uYMcrieHHs Bektopa Y 6GasucHy Matpuuto B, siKy
3aBXOW MOXHa Nerko 3HawTu 3a BiJOMMM OMOPHUM NnaHOM. TOMY MOMHOXUMO
(2.30) cnpaBa Ha MaTpuuto B, TPaHCMOHYeEMO OOWABI YaCTUHW OTPUMAaHOI

piBHOCTI Y'B :c5T i OTPMMaEMO MiHiliHy cUCTEMY, PO3B’A3KOM SIKOT € BEKTOp Y ,
B'y=c¢;. (2.31)

Y Bunagky T-3agadvi maTpyusi B CKNafaeTbCs i3 BEKTOPIB Py 6asncy Bigomoro i

OMOPHOTO MiaHy, a BEKTOpP ¥ € BEKTOPOM MOTeHLianiB.

Omke, Hexan X — Bigomm  onopHu  nnaH  T-3agaui,
By = [Pizjz’Pizjz ,...,P,-WHJ-WJJ — BignoeigHa nomy ©Ga3sucHa maTpuuda. Togi
cuctemy (2.31) MoxHa 3anucaTtu Tak
P’{J)Y = Ci/f/ ?
PiszY:Cizjz’ (2.32)
":mfljmw# = Cim+nfljm+nfl :
Ockinbkn Pij:((),0,...,(),{,0,...,0,m{r/,0,...,0)T i Y:(—ul,—uz,...,—um,v],vz,...,vn)T, TO
m+n ‘
cuctema (2.32) HabyBae Burnagy
vf/ _uil :Ci/./l’
Vi, THi, =Ciyj,o (2.33)
Jman-1 Vlmen-t :Cim+nfljm+n71'

Cuctema (2.33) mae m+n HeBigOMWUX i m+n—I piBHAHHA. MaTtpuus By i
KoedilieHTIB Npu HeBigoMux HeocobnuBa sk GasucHa, TOMy, MPUAHSABLLKM 3a
[OOBINbHY cTany ofHy i3 HEBIAOMMX, 3aBXAW MOXHA 3HANTW 3aranbHUA PO3B’'SA30K
uiei cuctemm 3 TOuHicTIO o crtanoi. OgHak y UbOMY HeMae HeobXiaHOCTI,
OCKiNbKM MOXHa B3ATW OOBINbHMI po3B’a30k cuctemu (2.33). A Tomy BubnparoTb
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HaWNPOCTIWMA  Ti YaCTUHHUA PO3B’A30K, SKUM 3aBXAM MOXHA OTpMMaTH,
NOKNaBLUN 3HAYEHHs1 AOBINbHOI CTanoi y 3aranbHOMY PO3B'S3KY PIBHWM HyrO.
Omxe, NOKNaBWKM OAMH 3 MOTeHUianiB, HECYTTEBO SKUN ui(ie{l,z,l..,m}) un

vj(je{l,z,...,n}), piBHUM Hyno y (2.33), oTpumMaemMo cuctemy MniHinHUX

anrebpaiyHnx piBHAHb 3 HEOCOBNMBOK MaATpuULEl, sika Mae m+n—1 PiBHSAHb i
CTiNbKK K HEBIOOMMX, | SIka 3aBXOW Mae €OUHUIA PO3B’A30K. 3ayBaXmMMo, WO Us
cuctemMa  OOCUTb  MPOCTO  PO3B’A3YETbCA  MOCNIAOBHMM abo  pekypeHTHUM
crnocoboMm, a came, MOKNaBLUM OAMH 3 MOTEHUianiB piBHUM Hyno y (2.33), mn
OTpPMMaeMo ofHe abo Kinbka piBHSAHb, SKi MaloTb TiMbKW MO OAHOMY HEBIJOMOMY
noteHuiany. Poss’ssaBwn Ui PiBHAHHA BIAHOCHO HEBIQOMUX MOTEHUianis i
NiACTaBUBLUM X 3HAYEHHS B iHLWI PIBHAHHS, SKi X MICTATb, MW 3HOBY OTPUMAaEMO
PIBHSIHHA, $Ki MalTb TiNbKM MO OOHOMY HEBIAOMOMY noTeHuiany. 3HOBY
pPO3B’AI3YEMO Ui PIBHAHHA BiAHOCHO HEBIAOMWX MOTeHUianiB i niacraBnsemMo ix
3HAYeHHs B iHWI piBHAHHA i T.4. OCKiNbKM cuctema Mae €aMHUIA PO3B’A30K, TO LS
npoueaypa po3B’si3yBaHHA 0O0B’A3KOBO 3YNMUHUTLCS, KONM ByayTb OBYMCNEHi BCi
noTeHuianu.

Micns pos3B’asyBaHHs cuctemn (2.33), To6TO 06GYMCNEHHS BekTOpa
noteHuianis Y, AkMn Bignosidae onopHoMmy nnaHy X, 3a anroputMoMm
MOOVIKOBAHOTO CUMMIIEKC-METOAY HEBAXKO OOUYMCITUTU OLLiHKK 4; Heba3ncHux

BEKTOpIB Py (T-3apayva € 3agadeto MiHimisaLii):
= —_ T T e — . .
Ai=c; =Y Py=c;—v;+u;.
OuiHkn 6a3UCHUX BEKTOPIB P; PIBHI HYMto:

Aif = Cl/ — vj +u; = 0, (234)

10670 (abo B cuny cuctemun (2.33)) v;-u; =¢; ((i,j) — GasucHa knituHa

TPaHCMNOPTHOI Tabnuui). 3a 03HaKo ONTUMANBHOCTI CUMMIEKC-METOAY OMOPHUIA
nnaH T-3agavi € onTMMarnbHUM, SIKLLO OLHKM 4 BCiX Heba3nCHNX BEKTOPIB Py,

a, 3Ha4mUTb, i BIANOBIAHUX IM KNITUH TpaHCNOPTHOI Tabnuui, 6yayTe HEBIA EMHUMU:

Ay=c;—v;+u; 20, (2.35)

T06TO v; —u; < ¢; ((i,j) —HebasncHa kniTuHa TpaHcnopTHOT Tabnuui).

3ayBaxumMo, WO HaBedeHi yMOBM  ONTMManbHOCTI  36iratoTbes
(oocTaTHiCTb) 3 ABOICTMM KpUTEPIEM OMTMMArbHOCTI JiHIMHOrO NporpamMmyBaHHS
ana T-3apgadvi Ta KpuUTepiemM onTumanbHOCTI KaHTopoBumya onopHoro nnady T-
3apadi:

Ona onmumarnbHocmi oriopHoz2o rnnaHy X T-3adayi HeobxioHo i

docmamHbO iCHysaHHs Yuces-nomeHuyianie u; (i = 1,m) i v; (j = 1,n) makux, wo

vi—u=c

j npu x; >0,

i
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Vi—u; < Cjj

Akwo ans onopHoro nnaHy X T-3agadvi yMOBM ONTMMAInbHOCTI He
BMKOHYIOTbCS1, TOGTO iCHYOTb HEBGA3UCHI KNiTUHW (i, j) , ANSA AKUX 4;<0,TOSKIY

npu x; =0.

MoaundikoBaHOMY CUMMIIEKC-MEeTOAI nepexoasTe [0 HOBOrO OMOPHOro NiaHy
LUNISIXOM 3aMiHVM OOHOro BEKTOpa Yy 1oro 6asuci.

Omxe, Hexan X — onopHun nnaH T-3agadi, SKMN He 3a40BOMbHSAE
03HaKy onTumanbHocTi (2.34), (2.35); By — MHOXMWHa #oro 6a3vcHMX BeKTopiB

P;, Ex — MHOXWHa BiQNOBIAHMX M 0a3nCHUX KNITUH TpaHCMOPTHOI Tabnuui,

A,«k].k < (0 — HalMmeHLa Bif'eMHa OLiHKa cepep OuiHOK HeGa3ncHux BekTopiB. Toai

BekTop F; ; Mae 6yTn BBeAeHuM y 6asuc By . NpuegHaemo knituny (iy, j;) B0

MHOXWHW E, Ta 3HangeMo €OVHUA LUKN, KWW NOPOOXKYE Take MpUedHaHHS.

Hexal ons BU3HaA4YeHOCTi Len UMK Mae BUMMs,
C:{(ik’jk)’(ik’j])’(ilvj])a(i]’j2)"">(is—lsjs)’(is’js)’(is’jk)}'

Topi 3a TeopeMoto NPO po3knaj BEKTOpa-KOMYyHiKkaLin oTpUMaemMo

Pfk]k :Pikjl _I)i/jl +Pl‘1.1'2 _I)izjz tot Pl}-/js _Pst +I)[sjk : (2.36)
PiBHicTb (2.36) nepenuiuemo y Burnsai
I)ik.jk - I’ikjl + }’il./l - },il./z + },izfz T P’L/./x + Pix./x - })ivjk =0 (2'37)

Ta posib’emo umkn C y BiANOBIAHOCTI i3 3Hakamu koedilieHTiB piBHOCTI (2.37) Ha
[Ba TaK 3BaHi NiBUMKNK — goaatHuin C* i Big’eMHnin C™:

C* ={ls i )s Gps J)svens (s o) Gigs )Y »

C™ = 7 i Yoo i) i)}
MosHaunmo koedpiuieHTn posknagy (2.36) BekTopa P, s3a 6asucom

By vepes q; . Topi 3 (2.36)

]5 ‘5 j C75
ay=] D GIE (2.38)
=1, Goect.
Ockinbkn
2 xiPi =Py, (2.39)
(i,/)eEx

TO KoedpiLieHTamMn posknagy Bektopa P, 3a 6asucom B, € KOMMNOHEHTU

OMNOpHOro NnaHy X , sikui BigoMuin. Toai 3a anropuTMOM CUMINIIEKC-MeToay

. Xij .

0=, min \—= min x; (2.40)
{i.pec ey lipec|
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i 3 6asncy By MNOBWHEH OyTW BUBedeHW BekTop P; AKWIA BiANOBIAAE KMITUHI

1
(i,,j,) , Ha sk pocaraeTecs 6 , TO6TO

x“
(@i, j;) = argmin Y = argmin X - (2.41)
i )ec | % i jec)
KomMnoHeHTM HoBoro onopHoro nnaHy X' T-3agadi obuucnioTbes  3a
hopmynamu CMMMIEKC-NepeTBOPEHHS
xU - 00“1/’ (I’J) € Ca
Xij = ..
x, (0, ))& C.

Mpu ubomy BuBeAeHHs Bektopa P

po3puBy umkny C Ha KniTuHi (i, j;), TOBTO BigkMAaHHSA i 3 MHOXWHWM Ey .

(2.42)

3 Gasncy By 30IACHIOETBCA LUSIXOM

OcTaTo4yHO OTPMMAEMO HOBUM auUKMiYHUIA, TOMY OMOPHUIA, NNaH X', Ans IKOro
By =By \{P,; DUIP, }
Ey = (Ex \{Gip, DU i)} -

2.6.2. Anroputm meTtoay noTteHuianiB ansa T-3apaudi.

1. OOHMM 3 BiAOMMX METOAIB 3HANTM MOYATKOBUIA OMOPHWUIA MraH X
Hexait yxe 30iiCHEHO ¢ KPOKIB MeToAy noTeHuianiB i 064McrneHnii onopHUn nnax

X9 MepeitTit 1O HACTYMHOTO NYHKTY.
2. OO6umcnuTn noTeHUiann psiakie u}t) (i=1,m) Ta CTOBMYMKIB

vS-t) (j=1,n) TpaHcnopTHOi Tabnuuj, NoKnNaBLWM OAWH 3 MOTEHLianNIB PiBHUM HYIHO
Ta PO3B’A3ABLUN HA MHOXWHI E 6a3nCHUX KNITUH NNaHy x® cuctemy
&) _, (1) _ o
v;'—u’ =cy, (L)) € E

MepeWT 4O HACTYMHOIO NMYHKTY.

X(/‘l -

3. O6uwwcnutn  ouinkn AP =c; —v{) +u)  nebasuchmx  knitum

(LNEE o TpaHCNOpTHOI Tabnuui Ta NepesipuTu ymMOBY 4{)2(), GNEE o -
AKWO yMOBa BMKOHYETBCS, TO — KiHeLb 0BYMCneHb — MOTOYHUIA OMOPHWI MnaH
X ontumanshuit. B iHLWOMY BMNagKy — NepenTn 0O HACTYMHOro NyHKTY.

4. BusHauutu KNiTUHY (i, j;) 3 HaNMEHLUO BiA’€MHOK OLHKOK

4“-/ <0, npuegHaTtu ii 0O MHOXWMHU E 0Ga3nCHNX KIITUH MnaHy X® ta

x®
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3Hantn umkn C (Hanpuknag, MeToOOM BWKPECIIOBAHHS), SIKMA MOPOMAXKYE Le
npvegHaHHA. NepeiTn 4o HACTYNHOMO NYHKTY.
5. Po3outn uukn C Ha popatHun C* Ta Big'eMHWA C NiBUMKIN

(MpakTnYHO Take po3BMTTS 3AOJIACHIOTL 3a [AOMNOMOrow obxody UMKy 3a
rOOWHHMKOBOKD CTPIMKOK YM NPOTH, Lie He CYTTEBO, i MEPLUOK BigHOCAYM OO

pgopatHoro miBumkny C* KMiTWHY (i, j,) , HACTYMHY 3@ HEl MO UMKy — [o
Big'’eMHoro niBumkny C~, HacTynHy 3a Ui€l KNiTMHOK — 3HOBY A0 Ao4aTHOro
nisumkny C*, gani — s3HoBy Ao Big'emHoro C~ i T.4., noku, obiwoswm ukn  C
3a BMOpaHMM HanpsiMKOM i Yeprytoun BigHECEHHsT KNiTUH umkny C 8o NiBUMKAIB,
He NOBepHYTbCA A0 KNITUHU (i, ji) ).

3HanTn KNiTUHY (i, j;) € C~, SIka Mae HalMeHLle nepeBes3eHHs cepef

KNiTUH Big’eMHoro niBuukny C~ (cpopmyna (2.41); SKWO TaKUX KMiTWUH Kinbka, TO
BUGMpaioTb Byab-siky 3 HUX, ane Tinbku oAHY) Ta moknactu 6 =x; ; (bopmyna

(2.40)). MNMeperT 4O HACTYMHOTO NYHKTY.
6. OOuMCnNUTM HOBWUIA OMOPHUI NnaH X(”]), pofjatoum 6, po

nepeBeseHb AopaTHoro niBuukny C*  Ta BigHiMawun ¢, BiO nepeBeseHb

Bif’eMHoro nisuukny C~. Posipsatn umkn C Ha KniTuHi (i, j;) . MNepentn po
NYHKTY 2.

3ayBaxxeHHA [0 MeToay MNoTeHuWianiB. Xouya 3auuknoBaHHA — MeToay
noTeHuianis ManonMoBipHE, BCE > 3aBXOW NpU BU3HAYEHHI KNiTWUHW AN
BBEAEHHS Y MHOXMHY 6asnCHMX, a TakoX Npu BU3HAYEHHI KMiTUHKU, sika NOBWMHHA
OyTn BMBedeHa i3 MHOXMHM GasucHUX, MOTPIOHO 3acTocoByBaTWM NPaBMIIO, LUO
rapaHTye OAHO3HaYHICTb BKasaHux BuOOpPIB. Hanpuknag, SKWO Kinbka KMiTWH
MarTb HalMeHLWy Bi4’EMHY OUiHKY, TO ONS BBEAEHHS Y MHOXWHY GasncHux
BUOMPAETLCS KMiTMHA 3 HAMMEHLUMM HOMEPOM psfka. AKLWO y BUOpaHOMY psaKy
Kinbka Takux KNiTWH, TO cepef HWUX BUOMpPaloTb KNITUHY 3 HAVMEHLNM HOMEpPOM
cToBMYMKa. Te X came NpaBuUo 3aCTOCOBYIOTb | A0 BUOOPY KITiTUHK, ika MOBUHHA
6yTn BUBEAEHa 3 MHOXWHWN Ba3NCHWX.

2.6.3. NMpuknaagw.

Mpuknag. Po3r’a3atv meTogom noteHuianis 30anaHcoBaHy TPAHCMOPTHY 3agavy
3 BiZOMVM OMNopHUM nnaHom (ams. 2.4.1.1. MNpuknaaun, npuknag 1). YMoBu 3agavi
3aHeceHi B Tabnuuto 13.

Po3B’saisyBaHHA. 1 Kpok. [loknagemo noTeHuian uz=0. Jani ob4yucnoemo

noTeHuiann psaakiB Ta CTOBMYMKIB TPaAHCMOPTHOI Tabnuui, po3B’sadyloun Ha
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GasnCHUX KNiTUHAX PiBHAHHS Vi —up = ¢y [Mpy UbOMY NOCMIAOBHO LUYKAEMO

©a3ncHi KNiITUHW, ANA SKUX BiAOMUI TiflbKU OAWH NoTeHLuian.

Tabnuuga 13
b,
10 11 8 6 u;
a;

10 3 5 8
12 10 2

5 7 6 4
5 5

1 4 3 7
18 4 8 6
Vj

Akwo BigomMuin noTteHuian u;, TO 3HAaXOOWUMO Vv;: v, =c;tu. Akwo

Joo

BiJOMMI MoTeHLian Vv;, TO 3HAXOANMO u; i u; =v; —cj -
Ockinbkn uz =0, T0 Ha 6a3uncHin KNiTuHI (3,2) Maemo
Vvy=cptuz=4+0=4.
AHanoriyHo Ha 6a3ucHux knituHax (3,3) i (3,4) BignoBigHO OTPMMaemMo
vi=c33+uz=3+0=3 i vy=c3,+uz3=7+0=7.

Tabnuug 14
b,
10 11 8 6 u;
a;
10 3 5 8
12 10 2
5 7 6 4
5 5
1 4 3 7
18 4 8 6 0
Vi 4 3 7

3HangeHi noTeHujianu 3aHocMmo y Tabnuuto 14.
Ona 6asvcHux knituH (2,2) i (2,2) BigoMWiA TiNbKM OAMH NOTeHUjian
v, =4 . ToMy BUKOPUCTOBYEMO iX ANsi OBYMCNEHHA NoTeHuianiB u; i u,:
u ZVZ_C]2:4_3:] y, Uy =V) —C22:4—7:—3.
3HanaeHi noTeHuianu saHocumo B Tabnumuio 15.
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Tabnuuga 15

bj
10 11 8 6 v,
a;
10 3 5 8
12 10 2 !
5 7 6 4
5 5 -3
1 4 3 7
18 4 8 6 0
v, 4 3 7

Onsa 6a3ucHoi kniTuHK (Z,7) BigoMuiA nuwe oauH noTteHuian u; = I . O6uncnioemo
V]:C]I +M]:10+1:11
i 3aHocumo y Tabnuuo 16

Tabnuuga 16
b,
10 11 8 6 u;
a;
10 3 5 8 |
12 10 2
5 7 6 4
5 5 -3
1 4 3 7 0
18 4 8 6
v, 11 4 3 7

O6YMCrIIOEMO  OLiHKM  HEBasnCHUX KNITUH - (i, /)1 A; =cy+u;—v;

3aHOCMMO Yy Tabnuuto 17 (BepXHi NiBUA KyT KNITUHW) nuwe Ti 3 HUX, siKi He
3a0BOSIbHAOTE YMOBM ONTUManbHOCTI:
My =5+(N-11=-9, Ay=4+(-3)-7=—-6, A3;=1+0-11=-10.
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Tabnuuga 17

bj
10 11 8 6 u,
a;

10 3 5 8

12 10 2 !
-9 5 7 6[-6 4

5 5 -3
-10 1 4 3 7

18 4 8 6 0
v, 1 4 3 7

HanmeHwy Big’eMHy OUIHKY Mae knituHa (3,/), NPUEQHYEMO i A0 MHOXWHU
0Ga3nCHMX, 3HAXOOUMO LMK, SIKUIA NMOPOKYE Take NpueaHaHHs (avme. Tabnuuio 18,
KNITUHW LMKy BUAineHi cipum), po3breaemo oro Ha gogatHuin C* ={(3,1),(1,2)}
Ta Big'’eMHun C~ ={(3,2),(1,])} NiBUMKNM, NOYMHAIOUM 3 KNiTUHK (3,2) i obxogsaun
LUK 32 HanpsiMKOM, BKa3aHUM cTpinkamu, (y KniTMHax AogaTHOro MiBUMKNY 40
nepeBe3eHHst AofaeTbea @, a y KniTMHax Bi4’EMHOro NiBUMKIY BiJ nepeBe3eHb
BigHIMaeTbcs 6 ) Ta BU3Ha4aemo 6 =4 no knituHi (3,2) Big’€MHOro niBUMKNy

Tabnuuga 18
o 10 11 8 6 ,
10 3 5 8 :
12 10-0U | 2+0 <
-9 5 7 6| -6 4 3
5 5 )
_10 1 4 3 7
0
18 +0 = 49N 8 6
v; 11 4 3 7| 0=4

Mepexooumo 40 HOBOro OMOPHOro MaHy, Aofakyn 6 [o nepeBe3eHb 4oAaTHOro
niBuMkny i BigHiMaoum @ Big nepeBeseHb Big’eMHoro niBumkny. Lykn
po3puBaemMo Ha kniTuHi (3,2), no skin Bu3Havanum 6. 3aHOCMMO HOBWI NfaH y
TpaHcnopTHy Tabnuuto 19 Ta nepexoaMmMo [0 KPOoKy 2.
2 kpok. O6uucnioemo noTeHuianu, noknaswm uz =0 . OCKiNbKN u3 =0, TO Ha
6asucHux knituHax (3,1), (3,3), (3,4) BignosigHO MaeMo

vi=c3 +tuz=1+0=1,v3=c33+u3=3+0=3,vy=c3,+uz3=7+0=7.
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[Oani, no 6asucHin knituHi (1,/) BA3HAYaAEMO
uy=vy—c;=1-10=-9.

MoTiM, Matoun u; =—-9 , no 6asnCHIN KNITUHI (,2) 3HaxoanMo
Vy=cpp+u;=3-9=-6,

i, HaKiHeUb, Mal4n v, =—6 , Ha KNiTWHI (2,2) oBuyncnoemo
Uy=vy—cy=—06-7=-13.

3aHocumo noTeHuianu y Tabnuuio 19,

Tabnuug 19
o V10| n 8 6 uy

10 3 5 8 9

12 6 6 )
5 7 6 4

5 5 -13
1 4 3 7 0

18 4 8 6

v; 1 -6 3 7

0064YNCNIOEMO OLHKM HEDA3UCHUX KITITUH A =cy+tu—v i 3aHoCcMMO y Tabnuuo

J
20 nuwe Ti 3 HKX, SKi He 3a40BOMbHSATL YMOBU ONTUMAIIbHOCTI:
A3 =5+(=9)-3==7,4,=8+(-9-7==8,4,=5+(-13)-1=-9,

Ay =6+(=13)=3=-10, Ay; =4+ (-13)-7 =16

Tabnuuga 20
b,
) 10 11 8 6 v,

10 3(-7 51-8 8 9

12 6 6 ]

5 -9 5 S 71-10 6|-16 4 13
1 4 3 7 0

18 4 8 6

v, 1 -6 3 7

MpuegHyemo KkniTuHy (2,4), ika Mae HanMMeHLy Bif'€MHY OLiHKY, A0 MHOXWHM
6a3nCHUX, 3HaXOAMMO LIMKIT, IKUI MOPOOXKYE Take NpueagHaHHS, po3breaemMo 1oro

Ha [ogaTHUNn C+:{(2,4),(1,2),(3,1)} Ta BigemHun C ={(2,2),(1,1),(3,4)}
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NiBUMKIW, MOYMHAUMN 3 KNITUHK (2,4) | 06Xx0aa4mn UMK 3a HanpPsMKOM, BKa3aHUM
cTpinkamu, (y KniTMHax gogaTHOro MiBUMKIY OO NepeBe3eHHst 4oOaeTbea 6, a'y
KniTMHax Big’eMHOro MiBLMKMY Big nepeBe3eHb BigHiMaeTbes @) Ta BU3HAYAEMO
6 =5 no kniTuHi (2,2) Big’€eMHOro niBuukny (ame. Tabnuuo 21).

Tabnuus 21
b,
. ’ 10 11 8 6 u;
10 31-7 51-8 8
12 |6-0U |6+0< -
-9 5 71-10 6|-16 4
5 5-01 e | B
1 4 3 7
18 440 = 8 6-0N 0
v; 1 6 3 7| 0=5

Mepexooumo 40 HOBOro OMOPHOro MMaHy, Aofakyn 6 [o nepeBe3eHb 4oAaTHOro
niBuMkny i BigHimaroum €@ Big nepeBe3eHb Big'eMHOro niBuukny. Lukn
po3pvBaeMo Ha KniTuHi (2,2), nNo sk Bu3Havanm €. 3aHOCUMO HOBWIA MNaH y
TpaHCnopTHY Tabnuuto 22 Ta NnepexoaMMo A0 KPoky 3.

Tabnuug 22
b,
; 10 11 8 6 u;
10 3 5 8 9
12 1 11 )
5 7 6 4
5 5 3
1 4 3 7 0
18 9 8 1
v; 1 -6 3 7

3 kpok. OO6uMcnoemMo noTeHuianu, noknaewmn uz =0 . OcKinbkn u3 =0, TO Ha
6a3ucHux knitnHax (3,1), (3,3), (3,4) BignoBsigHO MaeMo

vi=c3 tuz=1+0=1, vy=c33+u3=3+0=3, vy=c3,+uz=7+0=7.
Oani, no 6asucHin knitTuHi (1,/) BU3HA4YaEMO

u;=vy—c;=1-10=-9.
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Matoun u; = -9, no 6asmncHin KNiTWHI (/,2) 3HaxoanMo
vy=cpptu;=3-9=-6,

i, HakiHeub, Malun v, =7, No 6asncHin KNiTuHi (2,4) obuncnroemo
Uy =vy—cyy=7-4=3.

3aHocuMo noTeHuianu y Tabnuuto 22.

Tabnuuga 22
b,
. 10 11 8 6 u;
10 3 5 8 9
12 1 11 )
5 7 6 4
5 5 3
1 4 3 1
18 9 8 1
v 1 -6 3 7

OBUMCIIOEMO OUiHKN HEGA3UCHNX KMITUH 4 = c;; +u; —v; | 3aHOCUMO Y Tabnuto

23 nnwe Ti 3 HUX, SKi He 3a4,0BONBHATL YMOBMW ONTUMarbHOCTI:
A3 =5+(9-3=-7, Ay =8+(-9)-7=-8.

Tabnuuga 23
b,
"0 |11 8 6 u
a;
10 3(-7 5(-8 8 9
12 1 11 ]
5 7 6 4
5 5 3
1 4 3 7 0
18 9 8 1
v 1 -6 3 7

MpueaHyemo kniTuHy (1,4), sIka Mae HarlMeHLy Bif’€MHY OLiHKY, 4O MHOXWHU
6a3nCHNX, 3HaXOAMMO LMKI, SKUA NOPOAXKYE Take NpueaHaHHs, po3brBaemo 1oro
Ha pgopatHuh C* ={(1,4),(3,))} Ta BigeMHun C ={(11),(3,4)} niBUMKNN,
noymHaloumM 3 KNiTMHKM (1,4) | obXoAsum UuUMKN 3a HanpsiMKOM, BKasaHWM
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CTpinkamu, Ta Bu3Ha4yaemMo @ =1 no kniTwHi (1,I) Big’eMHOro niBUMKNy (OUB.

Tabnuuto 24).
Tabnuusa 24
b;
10 11 8 6 u;
a;
10 31-7 5|-8 8 9
12 1-6U 11 +6 = )
5 7 6 4
5 5 :
1 4 3 7 0
18 9+0 = 8 1-61
V; 1 -6 3 1IN 6=1

Mepexooumo 40 HOBOro OMOPHOro MaHy, Aofatyn 6 [o nepeBe3eHb 4oAaTHOro
niBuMkny i BigHimaroum €@ Big nepeBe3eHb Big'eMHoro niBumkny. Lukn
po3pmuBaemMo Ha KniTuHi (/,1) , MO SKin BU3Ha4anocb € . 3aHOCKMO HOBWI MMaH y
TpaHcnopTHy Tabnuuto 25 Ta nepexoaMmMo [0 KPoky 4.

Tabnuuga 25
b,
. 10 11 8 6 u;
10 3 5 8
12 11 1
5 7 6 4
5 5
1 4 3 7
18 10 8 0
Vi

4 kpok. O6Guucnoemo noTeHuianu, noknaswm uz =0 . OcKinbkn u3 =0, TO 3
piBHSIHb Ha BasucHuX knitnHax (3,1), (3,3), (3,4) BignoBigHO Maemo
vi=cy tuz=1+0=1, vy=c33+u3=3+0=3, vy=c3,+u3=7+0=7.
[ani, matoun v, =7, no 6asucHux knitnHax (1,4) , (2,4) BignoBigHO 064MCNOEMO
Uy=vy—cyy=7-4=3 iu=vy—cyy=7-8=-1.
HapewuTi, ocKinbku u; = —1, TO 3 PIBHAHHS Ha Ga3nCHIN KNiTUHI (/,2) 3Haxogumo
Vvy=cpptu;=3-1=2.
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3aHocumo noTeHuiany y Tabnuuto 26 Ta 064MCIIEMO OLHKM HEGA3UCHUX KITiTUH

Ay =cy+u;—v;. BCi OLIHKM HEBIZ'EMHI, TOMy MOTOWHMiA onopHuit nnaH X )

ij J

onTMMarnbHUNA.
Tabnuugsa 26
b,
10 11 8 6 u;
a;
10 3 5 8
12 11 1 !
5 7 6 4
5 5 3
1 4 3 7
18 10 8 0 0
v; 1 2 3 7
Omxe, onTUManbHMM PO3B’siI3KOM AaHOI 3adaui € nnaH nepeBe3eHb
0 11 0 I
X' =x9=lo 0o o 5|,
0 0 8 0

Ak 36iraetbCsl 3 MNOYaTKOBUM OMOPHUM NNnaHOM Uiel 3agaui, 3HangeHuM
METOAOM MiHiManbHOro enemexTa (amB. 2.4.2.2) i Ha sikoMy UinboBa YHKLiA
3aavi HabyBae 3Ha4YeHHs

L(X*)=3-11+8-1+4-5+1-10+3-8=95.
2.6.4. 3aBAaHHA ANA CaMOCTIMHOIO PO3B’sA3yBaHHA.

JlabopaTopHa pob6oTa. Po3B’sidyBaHHA 30anaHCcoBaHOi TpaHCMOPTHOI 3ajaui
MeTo[dOoM MoTeHLUianis. — 2rof.

1. lns gaHoi B iHoMBiayanbHOMY 3aBaaHHi T-3agadi nobyayeaTtu ABOICTY
3agady.

2. 3HanlTK NoYaTKoBMI OMOPHUIA NnaH T-3agadvi METOAOM MiHiManbHOro
ernemMeHTa Ta po3B’si3aty it MeTogom noTeHLuianis.

3. 3HanTM no4aTKoBMIW OMOPHUIA nnaH T-3agadvi MEeToAOM MiBHIYHO-
3axigHoro Kyta Ta po3B’a3aTtu ii METO4OM NOTEHLianiB.

4. TlopiBHATM 3HaWAeHi onTUManbHi PO3B'sAAI3KM 3a CKNagoMm Ta 3a
KiNbKICTIO iTepaLii meTogy noTeHLujianis, HEOOXiAHMX AN IX OTPUMAHHS.

IHavBigyanbHi 3aBaaHHA ([4], cT.118-121):
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2.64.1. 2.6.4.2.
b]- bj
7 7 7 7 2 19 | 19 | 19 | 19 4
a a
4 16 30 17 10 16 20 15 1 22 19 1
6 30 27 26 9 23 20 21 18 11 14 3
10 13 4 22 3 1 20 26 29 23 26 24
10 3 1 5 4 24 20 20 10 3 19 27
2.64.3. 2.6.4.4.
bf bj
11 11 11 11 16 1211212 (12 | 12
a; a;
15 17 20 29 26 25 3 20 26 24 26 29
15 3 4 5 15 24 17 15 20 29 26 23
15 19 2 2 4 13 17 4 10 27 30 7
15 220 27 1 17 19 13 9 16 29 20 3
2.64.5. 2.6.4.6.
bf bj
8 8 8 8 28 9 24 9 9 9
a; a;
18 21 22 2 13 7 15 10 17 9 20 30
12 27 10 4 24 9 15 13 4 24 26 26
17 3 16 25 5 4 19 22 24 30 27 29
13 28 11 17 10 29 11 25 12 11 24 23
2.64.7. 2.6.4.8.
b, bj
i 15115 ] 15 | 15| 20 8 9 13 8 12
a; i
21 30 24 11 12 25 9 5 15 3 6 10
19 26 4 29 20 24 11 23 8 13 27 12
15 27 14 14 10 18 14 30 1 5 24 25
25 6 14 28 8 2 16 8 25 7 28 9

41




2.6.4.9. 2.6.4.10.
b, b.
i 7 7 7 7 42 8 8 13 1 20 | 15
a; i
22 9 17 29 28 8 16 30 2 5 6 15
13 13 21 27 16 29 15 5 29 5 7
17 20 30 24 7 26 14 16 24 14 6 26
18 11 19 30 6 2 15 13 28 4 25 8
2.64.11. 2.64.12.
b, b.
19 | 22 | 23 (17 | 14 ’ 27 | 16 | 25 | 11 7
a; i
17 12 11 25 17 21 28 2 24 7 2 3
14 2 13 4 8 1 3 20 10 15 27 7
1 9 13 2 28 15 15 15 5 12 25 19
43 26 21 3 4 27 30 2 6 3 5 5
2.6.4.13. 2.6.4.14.
b, b.
11 | 22 | 31 6 6 ’ 22 9 12 | 13 | 18
a; i
9 15 6 25 11 12 24 22 24 25 23 29
18 13 14 20 27 30 14 1 21 10 7 19
23 18 7 19 10 21 19 2 26 18 30 27
26 1 29 23 25 18 17 22 10 29 26 23
2.6.4.15. 2.6.4.16.
bj b.
10 8 12 | 14 | 16 5 15| 11 9 20
a; i
12 6 11 20 17 8 17 7 10 16 27 19
17 1 25 3 18 17 19 30 18 8 29 15
8 9 39 16 30 31 11 3 18 28 19 1
13 23 15 4 3 28 13 9 12 2 25 21
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2.6.4.17. 2.6.4.18.
b, b.
’ 22 | 22| 22| 11 11 12 | 13 | 14 | 31 9
a; i
21 4 21 12 8 1 24 5 3 24 10 25
21 20 8 25 15 23 15 30 2 22 16 7
23 17 1 11 5 3 16 30 24 27 29 10
23 23 10 24 6 5 24 15 17 21 2 3
2.6.4.19. 2.6.4.20.
b, b.
11 131 26 | 10 | 10 ’ 7 8 4 11 | 30
a; i
24 21 19 11 12 12 16 25 28 20 15 7
12 26 29 4 1 26 12 27 5 11 23 10
18 39 1 22 8 25 14 1 25 14 16 16
16 53 23 40 26 28 18 8 6 ! 16 18
2.6.4.21. 2.6.4.22.
b, b.
33 | 11 11 11 | 34 ’ 21 | 21 9 9 20
a; i
33 14 25 18 19 23 18 8 1 19 1 15
25 2 17 16 24 2 23 8 27 30 7 7
25 29 3 7 15 22 17 10 20 19 26 20
17 5 20 17 23 10 29 18 28 25 7 22
2.6.4.23. 2.6.4.24.
bj b.
22 | 22122 | 22| 22 15115 15| 15| 10
a; i
33 30 20 27 15 26 16 11 10 15 8 7
33 25 6 28 20 5 15 12 14 29 20 20
33 19 24 11 29 23 24 18 7 5 25 28
11 1 4 6 6 8 15 24 4 30 24 26
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2.6.4.25. 2.6.4.26.
b, bj
i 20 | 20 | 20 | 20 | 20 14 (14 | 14| 14 | 14
a; a;
33 29 53 39 29 22 13 12 6 29 19 21
18 15 33 16 3 3 27 14 3 30 10 10
32 16 27 16 3 5 16 15 27 28 11 24
17 35 50 39 20 23 14 1 23 25 15 13
2.6.4.27. 2.6.4.28.
b, b,
16 | 16 | 16 | 16 | 16 ’ 1211212 (12 | 12
a; a
24 28 26 12 by 11 14 29 7 7 6 16
27 20 23 25 22 9 14 21 13 25 21 7
16 23 15 11 2 7 14 20 10 12 6 2
13 1 26 10 11 19 18 17 7 ! 6 19
2.6.4.29. 2.6.4.30.
bj bi
7 8 13 | 12 | 20 ’ 15115 15| 15| 20
a a
15 20 5 27 10 26 32 17 29 2 8 18
25 7 17 18 21 28 3 14 8 25 15 21
5 27 21 9 23 26 13 29 11 15 13 20
15 1 13 17 23 7 27 27 15 19 8 14
2.6.431. 2.6.4.32.
bj bj
8 11 11 9 21 11 11 11 11 16
a; a;
18 14 5 27 29 23 24 30 17 26 14 3
14 17 7 16 19 2 3 18 14 27 6 20
16 20 12 15 29 5 12 8 24 17 17 26
12 14 24 18 7 13 16 1 18 21 16 12
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2.6.4.33. 2.6.4.34.
b, b.
i 10 | 10 | 10 | 10 | 30 9 9 9 9 24
a; i
34 17 10 7 5 13 17 19 9 14 17 9
18 12 28 25 9 10 17 4 21 27 8 29
6 14 15 18 9 28 16 22 30 4 1 24
12 25 16 21 12 8 10 10 22 8 5 27
2.6.4.35. 2.6.4.36.
b, b.
13 | 13 ] 13 | 13 | 28 ’ 221 22|22 | 22 4
a; i
38 25 16 26 13 23 23 12 21 9 29 7
3 30 23 28 8 27 3 27 13 22 19 1
9 37 23 25 40 28 23 20 27 18 2 23
20 2 1 ! 25 10 23 30 12 3 20 24
2.6.4.37. 2.6.4.38.
b, b.
11 11 11 8 15 ’ 16 | 16 | 16 | 16 | 16
a; i
14 10 15 14 28 1 25 17 16 15 29 9
14 16 7 30 8 29 25 6 27 20 25 20
12 1 21 22 19 12 15 6 15 12 8 14
16 8 25 28 5 19 15 10 24 23 5 22
2.6.4.39. 2.6.4.40.
bj b.
25 | 25| 25 | 25| 30 20 | 20 | 15 [ 15 | 30
a; i
33 24 19 5 9 23 34 24 23 6 29 3
31 15 16 3 13 6 35 20 8 13 2 27
33 7 5 24 11 23 21 30 17 10 23 28
33 4 28 29 21 20 10 4 7 23 27 26
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2.64.41. 2.6.4.42.
b/. b.
‘ 18 18 18 18 18 17 17 17 17 17
a; i
23 3 25 11 22 12 37 23 2 1 10 3
25 9 15 4 26 12 11 20 19 4 16 14
12 13 22 15 12 27 12 7 3 12 21 10
30 6 19 8 11 8 25 9 9 29 8 18
2.6.4.43. 2.6.4.44.
b/ b.
13 13 13 13 16 ! 15 15 16 15 15
a; i
17 30 9 29 6 13 19 21 17 12 24 30
17 23 13 3 28 7 19 6 1 9 5 9
17 4 3 11 6 9 19 7 5 24 6 13
17 3 10 11 10 28 19 29 22 21 5 7
2.6.4.45. 2.6.4.46.
bj b.
14 14 14 18 10 ) 11 16 11 11 11
a; i
16 33 22 14 34 19 24 25 18 14 3 16
17 26 16 7 29 16 7 29 15 27 16 17
21 28 18 17 23 30 16 21 2 29 2 22
16 35 25 11 22 9 13 5 13 1 5 17
2.6.4.47. 2.6.4.48.
bj b.
19 16 16 16 16 14 15 15 15 15
a; i
23 8 28 17 19 11 28 27 6 8 12 23
24 27 5 10 6 19 15 1 25 19 11 12
21 29 11 3 7 8 17 28 19 15 17 29
15 25 16 19 24 13 14 16 22 18 5 13
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2.6.4.49. 2.6.4.50.
b, b.
’ 12 | 18 | 10 | 10 | 10 13 (13 ] 13 ] 21 | 20
a; i
15 13 7 19 18 27 33 39 28 37 27 46
19 1 21 8 20 12 17 21 4 20 3 14
15 5 17 14 23 21 15 25 27 25 24 29
11 7 4 29 18 22 15 12 26 10 5 22
2.6.4.51. 2.6.4.52.
b, b.
13 5 13 ] 12 | 13 ’ 11 12 | 13 ] 14 | 12
a; i
14 16 26 12 24 3 15 29 7 8 11 5
14 5 2 19 27 2 16 10 19 26 1 27
14 29 23 25 16 3 15 16 7 ! 29 23
14 2 25 14 15 21 16 9 10 24 25 17
2.6.4.53. 2.6.4.54.
b, b.
18 | 20 | 19 | 19 9 ’ 22 | 43 | 20 | 17 | 35
a; i
21 14 27 6 16 8 33 23 2 1 4 12
o) 2 4 19 4 27 33 24 17 27 2 5
22 26 23 1 20 3 35 26 2 19 22 11
20 24 5 12 30 5 36 7 1 2 14 9
2.6.4.55. 2.6.4.56.
bj b.
19 | 25 | 20 | 13 | 13 15115 | 18 | 17 | 16
a; i
24 14 27 5 18 19 31 14 6 1 12 19
21 17 20 1 24 3 16 28 13 22 18 4
21 11 7 28 23 9 20 21 27 30 10 14
24 8 26 19 2 24 14 2 5 6 25 7
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b, b;
’ 24 | 25 |1 30 | 20 | 21 17 | 17 | 17 | 17 8
a; a;
36 6 30 25 7 15 19 22 23 16 12 14
40 5 29 21 4 13 19 17 30 1 8 25
25 18 22 5 28 1 19 27 15 13 23 22
19 19 23 8 3 29 19 3 12 21 20 7
2.6.4.59. 2.6.4.60.
bj bj
14 |11 | 17 | 15| 14 34| 39 | 24 8 8
a a;
18 9 21 22 14 10 41 12 15 9 19 22
12 30 34 42 23 26 33 20 15 11 2 19
22 8 17 30 27 9 25 21 26 23 7 16
19 11 20 24 7 25 14 11 24 8 3 29

3. BiakpuTi TpaHcnopTHi 3apaui.

Ak 6yno gosBedeHO Mpu BMBYEHHI BracTMBOCTEN TPaHCMNOPTHOI 3adadi
(amB.. c.6) ymoBa 6anaHcy

m n
Ya = Yh; (3.1)
i=1 j=1
€ Kputepiem ponyctumocTi T-3agadi. Akwo ymoBa 6GanaHcy nopylieHa, To

TpaHCMNopTHA 3afa4a Ha3nBa€ETbLCS BigkpUTOH abo He3banaHCOoBaHOH.
Moxnusi aBa BUnagku HesbanaHcoBaHOCTI:

m n m n
1) Xa;<Xb;,2) Ya>2b;.
i1 =1 i1 =1
PoarnsHemo nepLUVIVI BuNagok. MNoBHe 3ago0BOMEHHS nonnty y ubOMy BuUNaaky
Hemoxrvee. MosHaunmo vepes r; (j = 1,n) BENUUMHY LITPAdY 3@ HEAOMNOCTABKY

OAVHULI NPOAYKTY B NYHKT B (j =1,n), a yepes ;U =1,_n) BENUYuHy ob’emy

He3afoBOMeHoro nonuTy B MNYHKTI B; (j=1n). Topi TpaHcnopTHa 3apava
3BOAMTLCA A0 MiHIMi3aLii cymapHuX BUTpaT (TPAHCMOPTHUX i WTpadHuUX)
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m n n

2 Xy + Xrjyj —min (3.2)
i=1j=1 j=1
3a yMmoB
n —_—
DX =a,i=1m, (3.3)
=l
m JR—
zxifgbj’j:]7n’ (34)
i=l
m —_—
i=1
xp20(i=1mj=1n), (3.6)
y;20,j=1n. 3.7)
BeeaeHHAM DiKTMBHOrO NYHKTY 36epiraHHa NPOAYKTY A,,.; 3 DIKTUBHUM
n m
ob’eMoM 3anacy a,.,;= ».b;—» a; | NUTOMUMM TPaHCMOPTHAMM BUTpaTamMm

j=1 i=1
Cmer,;=1; j=(l,n) U 3aga4a 3BOAWUTBCS [0 36anaHcoBaHoOi TPaHCMOPTHOI
3afavi Takoro Bugy

m+1 n

z ZCUXU — min , (38)
i=1 j=I

n

Yxp=ani=lm+1, (3.9)
j=1

m+1 -

Sy =byj=ln, (310)
i=1

xj20(i=Lm+1,j=1n). (3.11)

3ayBa)KVIMO, Lo BCi JofaTHi nepeBe3eHHs Xm+1, onTuMarnbHOro nnaHy

nepeBes3eHb L€l 3aadvi € PIKTMBHUMM | ABNSOTb COOO0 HE3a40BOMEHMI NOMUT
BiZNOBIOHOIO MYHKTY BUKOPUCTAHHA MPOAYKTY.

Y papyromy Bunagky 3anac npoAYyKTY MNepeBullye MonuT, MOBHe
BMBE3EHHSA MPOAYKTY i3 BCiX MyHKTIB 30epiraHHa HeMoxnvBe. 3BeOEeHHsI Takoi
3apavi 0o 36anaHcoBaHOI TPaHCMOPTHOI 3adadi 34INCHIOTL LUNSXOM BBELEHHS
IKTUBHOTO MYHKTY CNOXUBAHHSA NMPOAYKTY B, ; 3 06’emom nomuTy
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m n
bn+1 = zai - ij

i=1 j=1
i MUTOMUMW  TPAHCMOPTHUMM  BUTPATaMUu  ¢; (i:],_n), O [OPIBHIOKTb
wrtpacdaM 3a OOUHWLIK HEBMBE3EHOro MNPOAYKTY 3 BiAMNOBIAHOMO MYHKTY
A; (i:I,_m). 3HaYeHHs1 HEeBIJOMUX X;,.; AOPIBHIOTbL 3arMLIKaM MPOLYKTY Y
BiANOBIOHWX MyHKTax A; (i :1,_m) .
3a Takux ymoB BuxigHa 3agaya HabyBae BUrnsigy

m n+l

Y. D c;X; —> min, (3.12)
i=1j=1 "

n+l -

Zx,-j:ai,izl,m, (3.13)
j=1

m [

Yoxy=bj,j=lLn+1, (3.14)
i=1

x;20(=1Lmj=1Ln+]1). (3.11)

3.1. NMpuknagw.

Mpuknaa. Po3e’asaty He3banaHcoBaHy TpaHCMOpPTHY 3adady (avBe. Tabnuuio 27)
3 [00aTKOBOKO YMOBOKW — MOTpebu MyHKTY B; MOBUHHI OyTW 3a40BONEHi
MOBHICTIO.
Po3p’asyBaHHA. O6unCcnioemMo cymapHuin 3anac NpoayKTy Ta CymapHUii NonuT Ha
NPOAYKT.

4
a; =45+35+40=120, Zb, =40+35+30+45=150.
1 j=1"
3apava He3banaHcoBaHa, nonut nepesuLLye npono3uito Ha

M

1

4 3

ij—Za,- =150-120=30 opuHuub npoaykty. Bsogumo  pikTUBHOrO
j=1" i=I

noctavaneHuka A4, 3 o6’emom 3anacy a, =30 . OCKinbkv nepLumnii cnoxueay B;
He MOBUHEH OTpuMyBaTW MIKTUBHUA NPOAYKT, TO KMiTUHY (4,/) 6Gnokyemo

HECKiHYeHHMM wWTpachoMm M >0 3a nepeBe3eHHA OAUHMWLI NPOAYKTY; iHLWWM
crnoXueayam, OCKiflbKU ANA HUX He 3afaHi 4oaaTKOBi YMOBW, NMUTOMI TPAHCMNOPTHI
BATPATW, WO [OPiBHIOWOTbL WTpadamM 3a HEBMBE3EHHS OOUHMWLI MNpPOJYKTY,
noknagaemo piBHUMM Hymnw. [ani 3aHocumo y Tabnumuto 27.
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Tabnuuga 27

o V| 40| 35 | 30 | 45 | ey
4 3 2 7
45
1 1 6 4
35
3 5 9 4
40
M 0 0 0
30
bj—xij

lMoyaTkoBMM OMOPHWMIA NNaH 3HaAXoAMMO MeTOAOM  MiHiManbHOro
ernemeHTa. [epLuoto 3anoBHIOEMO KNITUHY (4,]) :

x4 =min(30,35) =30, a; —x;,=30-30=0, by —x; =35-30=35.
Bukpecnioemo YeTBepTuin psaok y Tabnumui 28.

HacTtynHoto 3anoBHIOEMO KNITUHY (2,1) :

Xy, =min(35,40)=35, a; —x,;=35-35=0, b; —x,;=40-35=5.
Bukpecntoemo apyrun psagok (aue.tabnuuto 28). fani 3anoBHOEMO KniTuHy (7,3):

x;3 =min(45,30)=30 a; —x;3=45-30=15, by —x;3=30-30=0.
Bukpecntoemo TpeTiii cToBNYMK (guB.Tabnumuto 28).

Tabnuus 28

« 7| 40

i

HacTynHoto 3anoBHIOEMO KNiTUHY (/,2) :

xp=min(155) =5, d\" —x,=15-5=10, B —x;,=5-5=0.
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Tabnuus 29

Bukpecntoemo apyrui ctoBnumk (aue.tabnuuio 29).

Hani 3anoBH0eMO KniTuHy (3,1) :

X3, =min(40,5) =5, a3 —x3;=40-5=35, b\ —x;,=5-5=0.
BukpecntoeMo nepLunii cToBNYUK (ame.Tabnuuio 29).

HacTynHot 3anoBHIOEMO KNITUHY (3,4) :

X3, =min(35,45)=35, a$) —x3,=35-35=0, by ~x3,=45-35=10.
Bukpecnioemo TpeTi psigok (gue.Tabnuuto 29).

|, HaKiHeLb, 3aNOBHIOEMO OCTaHHIO HEBUKPECTEHY KNITUHY (1,4) :

X4 =min(10,10) =10 ' —x,,=10-10=0, b\’ —x,;;, =10-10=0.

Bukpecnioemo YeTBepTuin CTOBNYMK (aMB.Tabnuuto 29).
OTtpumanu tabnuuto 30 3 No4YaTKOBUM OMOPHMM MIIaHOM 3adavi.

Tabnuuga 30
o Ul 40 | 35 | 30 | 45 |
4 3 2 7
45 5 30 10
1 1 6 4
35 35
3 5 9 4
40 5 35
M 0 0 0
30 30
Vi
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Hani 3agayy po3s'sdayemo mMeTodoM noteHuianis. O6umncnoemo
noTeHuianu, noknaewu u; = 0. 3 piBHAHb ANSA NOTeHuianiB Ha 6a3nCHNX KNiTUHaX

,2), (1,3), (1,4) BignosigHO MaemMo
V) :C12+M]=3+0=3, V3:C13+M]=2+0:2, Vy :C]4+M1=7+0:7.
MoTeHuiann 3aHocumo y Tabnuuto 31.

Tabnuuga 31
o | 40 | 35 30 | 45 Y,
2 4 3 2 7
45 5 30 10 0
1 1 6 4
35 35 5
3 5 9 4
40 5 35 3
M| 0 o[-4 0
30 30 3
v, 6 3 2 7

Oani, 3 piBHSAHb Ha 6a3ncHUX KNiTHax (4,2) i (3,4) oTpMMaemo

uy=vy—cyp=3-0=3, u3=vy—c3y=7-4=3.
[MoTeHuianu 3aHocMmo B Tabnuuto 31.

3 piBHAHHA Ha 6a3ucHin kniTuHi (3,/) obuncnoemo

vi=c3 +uz=3+3=61i
3aHocumo v, =6 B Tabnuuwo 31. |, HapewrTi, no 6asucHin KniTuHI (2,2)
3Haxo4MMO

uy=v;—cyy=6-1=35
i 3aHOCUMO 1ioro y Tabnuuo 31.

O6YMCIIIOEMO  OLiHKM  HEBasuCHUX KNITUH - (i, /)1 A =cy+u;—v;
3aHocuMo y Tabnuuto 31 (BepxHin MiBUA KyT KNiTUHW) Nuwe Ti 3 HUX, SKi He
3a[J0BOJIbHSAOTHL YMOBW ONTUMArbHOCTI:

Ay =4+0-6==2, Ay=3+0-7=-4.

HarimeHLuy Big'€MHy OUiHKY Ay, = —4 Mae KnituHa (4,4) , NpUeEAHYEMO i
00 MHOXWHWM 0asnCHUX, 3HaXOAMMO UMKI, SKUA MOPOMAXYE Take MNpUEOHAHHSA
(kniTMHM UMKy  BuAiNeHi  cipuMm), po3bGMBaemMo MOr0 Ha  JoAaTHUN

C" ={(4,4),(1,2)} Tasig’emHnit C~ ={(1,4),(4,2)} NIBUMNKIK, NOYMHAIOYM 3 KMITUHM
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(4,4) i obxoAsuM UMKN 3@ HaNpsIMKOM, BKa3aHWM CTpinikamu, Ta BU3HA4YaeMo
6 =103a kniTnHoto (1,4) Big’emHoro niBuukny (ame. Tabnuuio 32).

Tabnuug 32
o U 40 35 30 45 v,
2 4 3 2 7
45 5400 30 10-60 < 0
1 1 6 4
35 35 5
3 5 9 4
40 5 35 3
M 0 0[-4 0
30 30-6= +0N 3
v; 6 3 2 7 9=10

Mepexogumo 4O HOBOrO OMOPHOro NnaHy, gogakym ¢ [0 nepeBeseHb
[o4aTHOro NiBUMKMY i BigHIMarouM € Big nepeBeseHb Big’€MHOro nisyukny. Linkn
po3puBaemo Ha kniTuHi (1,4) , 3a sikoto BU3Ha4vanocst ¢ . 3aHOCMMO HOBWIA NNaH y

TpaHcnopTHy Tabnuuio 33 Ta nepexoguMo A0 HACTYMHOro KPOKy MeToay
noTeHuianis.

Tabnuus 33

o U 40 | 35 | 30 | 45 2
4 3 2 7

45 15 30 0
1]-1 1 6 4

35 35 1
3 5 9 4

40 5 35 -1
M| 0 0 0

30 20 10 3
v, 2 3 2 3

O6uncnoemo noTeHuianu, noknaswm u; = 0 . 3 piBHAHbL ANSA NOTEHUianis
Ha 6a3ucHux knituHax (4,2) , (1,3) BignoBigHO Maemo
V) =Cpo +M] =3+0=3 y V3 =Cj3 +M1 =2+0=2.
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Oani, nocnigoBHO BMKOPUCTOBYOUM BasucHi KNituhn (4,2), (4,4), (3,4),
3.1, (2,1), oTpumaemo:
uy=vy—cyp=3-0=3,vy=cyy+uy;=0+3=3,u3=vy—c3y=3-4=-1,
vi=c3 +uz=3+(-0)=2, uy=v;—cyy=2-1=1.
MoTeHuianu 3aHocumo y Tabnumuio 33.

O6umncrtoemMo  oujHKM  HeBasucHUX KNiTuH (i, /) 4y =c; +u; —v; i

3aHocMmo y Tabnuuo 33 (BEpXHi MiBUWA KyT KNITUHW) nuwe Ti 3 HUX, SKi He
33[10BOMbHAIOTL  YMOBW  ONTUManbHOCTI. Taka ouiHka TiNbkM  ofHa:
Ayy =1+1-3=~1.

MpuegHyemo KniTMHy (2,2) 0O MHOXWHM 0a3MCHMX, 3HAXOOUMO LMK,
AKAN MOPOLKYE Take MNpuegHaHHs  (KMiITUHW UMKy BiATOHOBaHI), po3buBaemo
oro Ha popaTtHun C* ={(2,2),(3,1)(4,4)} Ta BigemHnit C~ = {(2,]),(3,4),(4,2)}
NiBUMKMMW, NOYMHAKYM 3 KIMTITUHK (2,2) | 06Xx04a4m UMK 3a HanpsiMKOM, BKazaHUM
CcTpinkamu, Ta BM3Ha4yaemo 6 =20 no kniTuHi (4,2) Big’emMHOro niBuMkny (auB.
Tabnuuto 34).

Tabnuusa 34

o | 40 35 30 45
4 3 2 7

45 15 30 0
1]-1 1 6 4

35 35-0U | +0< 1
3 5 9 4

40 540 = 35-0 1
M| 0 0 0

30 20-61 10460 < 3

Vi 2 3 2 3| _6=20

Mepexogumo A0 HOBOrO OMOPHOrO NnaHy, Aojakyn € [0 nepeBeseHb
[0o4aTHOro NiBUMKMY i BigHIMarouM € Bif nepeBeseHb Bid’€MHOro nisuukny. Linkn
po3puBaemMo Ha KNiTuHI (4,2) , 3a siKolo BU3HaYanocsa 6 . 3aHOCMMO HOBWIA NNaH y

TpaHCcnopTHy Tabnuuio 35 Ta nepexoguMMo OO0 HaACTYMHOro KPOKy MeToay
noTeHuianis.
O6uncnoemo noTeHuianu, MOKnaBLLn u;=0. [NocnigoBHO

BUKOpUCTOBYIOUM BasucHi knitnam (1,2), (1,3), (2,2), (2,1), (3.]), (3,4), (44),
OTPVMMAEMO:
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Tabnuuga 35

o | 40 35 30 45 u
4 3 2 7

45 15 30 0
1 1 6 4

35 15 20 2
3 5 9 4

40 25 15 0
M 0 0 0

30 30 4
v 3 3 2 4

vy=cpt+u;=3+0=3, vy=cpj3+u;=2+0=2, uy=vy—cypy=3-1=2,

vi=cCy+uy=1+2=3, u3=v;—c3;=3-3=0, vy=c3,+uz3=4+0=4,

Uy=vy—cy=4-0=4.

OujiHkM BCiX HeBasnCHUX KIMiTuH (i, j) Ay =y +up—v; HEBIA’€MHI, TOMY
onopHWI NnaH B Tabnuui 35 ontumanbHui. Bigknaawoum QiKTMBHUIA YeTBepTUiA
PSOOK, OTPMMAEMO ONTUMAarbHUA PO3B’A30K BMXiAHOI 3aaadvi

0 15 30 0
X*={15 20 0 0|,
25 0 0 15

L(X*)=3-15+2-30+1-15+1-20+3-25+4-15=275 .
Mpy ubomy 30 oaMHULE NPOAYKTY HEOOTPUMAE croxusay By .

4. TpaHcnopTHa 3aga4va 3 OOMeXeHMMWM MNPONYyCKHUMMU
CMPOMOXHOCTAMM KOMYHiKauin. MaTpuyHa noctaHoOBKa.
PosrnsaHemo 306anaHcoBaHy TpaHCMopTHy 3agady (T-3agady), B ki

[00AaTKOBO MO KOXHIK KOMYHikauil A; B j 3apjaHa ymoBa, Lo obmexye i

NPONYyCKHY CMPOMOXHICTb 3Bepxy,
m n

L(X):ZZCI-jxy- — min , (4.1)

i=1j=1
n —_—
le-j:ai, i=Lm, (4.2)
Jj=1
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inj:bj, j=1n, (4.3)

0<x;<dj i=Lm, j=1n, (4.4)
m n
i=1 j=1
ManVILUO D =||d|| _— — Ha3nBarKwTb mMaTpuuero NPONYyCKHUX
y i=1,m,j=1,n

CMPOMOXHOCTEN KOMyHiKkaui. Hagani 3apgavy (4.1) — (4.5) 6yonemo HasuBaTu
T, - 3apadeto.

[o posB’adyBaHHa T, - 3agadi Moxe 6yTW NMpUCTOCOBAHWA AOBIMbHUNA 3

MeTogiB, SKi po3B’A3yloTb T-3afady, 30kpema i metof noteHuianis. OgHak npwu
LbOMY 3MiHIOOTbCS:

1) yMOBUM pO3B’A3HOCTI;

2) nobynoBa NO4YaTKOBOrO OMOPHOrO MaHy;

3) yMOBM ONTUMAanNbHOCTI OMOPHOTO NIaHy;

4) nepexia [0 HOBOrO OMOPHOrO MriaHy.
PosrnaHemo Ui 3miHu getanbHo.

4.1. YMoBM pO3B’A3HOCTI T, - 3agaui.

Ha BigmiHy Big T-3apadi, ge ymoBa 6anaHcy (4.5) € HeobxigHow i
[OCTaTHLOIO YMOBOK pO3B’A3HOCTi, B T,-3agadvi ymoBa 6GanaHcy € nuwe

HeobXigHO YMOBOK PO3B’A3HOCTI. [iCHO, SKLWO 3@ BUKOHAHHA YMOBU GanaHcy
(4.5) 3HanpeTbCa HOMep i, ANst AKOro

n
Zd,-j <a;, (4.6)
j=1
abo Homep j , 4nsa AKoro
m
Z‘}dly <b;, 4.7)
i

TOo Taka T, -3agava He maTume JOMYCTUMMUX PO3B’sI3KiB, TOOTO ymMoBa GamnaHcy
(4.5) He € focTaTHLO YMOBOO PO3B’A3HOCTI T, - 3aaadi.

4.2. NobynoBa no4aTKOBOro OoNopHOro nnaHy T, - 3agavi.

OsHauveHHs onopHoro nnaHy B T-3agadi rpyHTyBanocb Ha MOHATTI
OCHOBHOI KOMYHiKaLii. BBegemo aHanoriyHe noHaTTa ans T, - 3agaui.
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O3HauveHHA.  KomyHikauito A;B; Ha3eemMoO  OCHOBHOK  KOMYyHiKaujero

dorycmumozo  nnaHy nepegeseHb X T, -3adaui, SKWO MepeseseHHs X
3a008071bHSIE yMOBY
0<x;<dy. (4.8)

3a Takoro O3Ha4yeHHs OCHOBHOI KOMyHikauii Ha T, -3agavy MoxHa 6e3 3MiH
nepeHectT 3 T-3afadvi O3HAYEHHA OMOPHOrO MraHy, Ake rpyHTyBanocb Ha ii
reoMeTpuYHIn  iHTepnpeTauii, a TakoX pesynbTatu Teopem npo MiHilHy
He3anexHiCTb BEKTOPIB-KOMYHiKaLii Ta Npo po3Knag BeKTopa-KoMyHiKaLin.

MouaTkoBuUiA onopHuii NnaH T, - 3agadvi OyayeTbCA 3HAYHO CKNapHiwe y
nopiBHAHHI 3 T-3agadeto. B 3aranbHOMY BUNaKy BiH CKragaeTbCcda 3 ABOX eTanis,
Ha Qpyromy 3 siKux BUKOPUCTOBYETLCS METO[ NnoTeHuianis ana T, - 3agadi, B Yomy

npornsgaeTbca aHanoris 3 M-mMeToOoOM BiAlWyKaHHS MOYaTKOBOrO OMOPHOrO
nnady 3agadi niHinHoOro NporpaMmyBaHHs.

Ha nepwomy etani 6yayeTbcs [OMyCTUMWMIA MnaH nepeBe3eHb 3a
npasunamu MeTody MiHIManbHOro enemMeHTa, ane 3 ypaxyBaHHAM MpPOMYyCKHUX
CMPOMOXHOCTEN KOMYHIiKaLuin. [pu LbOMy, SKLLO BENUYMHA NepeBe3eHHs X, WO
3aHOCMTbCA Y KNiTUHY (i, /) TpaHCNOpTHOI Tabnuui, Bu3Ha4YaeTbca 06’emMoM
3anuLIKiB pecypciB abo nonuTy, TO siK i B T-3agadi nicnsi 3anoBHEHHS KNiTUHW
(i, j) BuKpecnioeTbcs 3 Tabnuui abo psagok, abo croBnuuk (abo i psagok, i
CTOBMYUK, SAKWO 3anuKkM HynboBi, i KniTMHa (i,j) BUAINAETLCA. AKWO X

Benn4ynHa nepeBe3eHHA X BU3HAYaETbCSA TiNbKu NPOnyCKHOKO CMPOMOXHICTIO

dj; (TobTO 06MABa 3anuMLLKKM i 3anacy, i NONUTY MICNSA 3aNOBHEHHS KMiTUHU (i, f)
3anuwarTbCcs A0AATHUMK), TO BUKPECMIOETbCS 3 Tabnuui Tinbkv Taka KniTUHa
(i, j) , i BOHa He BUAINSAETHLCS.

MMicnsa BMKpEeCNeHHs BCiX KIMiITUH TPAHCMOPTHOI Tabnuui MoXe BUSIBUTUCH,
LLIO BCi pecypcu po3nogineHi i BeCb NoNUT 3a40BONEHUI, TOGTO, L0 BUKOHYHOTHCS
yMOBU

m —_—
ini :b]-, j=Ln.
i=1

B ubomy BuMnagky nobygosaHuin AonycTUMUIA NnaH nepesBeseHb NpUMaeTbesa 3a
no4yaTkoBMM OMOpHMI nnaH T, -3agadi, a MHOXWHA BUAINEHWX KIITUH

TPaHCMOPTHOI TabnuuUi NPUAMAETLCA 3@ MHOXUHY B6a3UCHUX KITITUH LibOro NiaHy.
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AKLWO 4YMcno BUAINEHUX KIITUH MeHWe, HiXXK m+n—1, TO MHOXWHa
BUAOINEHNX KNITUH [OMNOBHIOETLCA A0 uucna m+n—I [OBINbHUMU KNITUHAMM
TpaHCNOpTHOI Tabnuui, ane Tak, W00 BOHA 3anuuwanacb auuKIliYHOK
(nepeBipsieTbCcsA, Hanpuknag, METOAOM BWKPECIIOBAHHA TMicNsa  NpuUegHaHHS
KOXHOI KNiTUHK). AKLLO X NiCns BUKPECINEHHS BCiX KMITUH TpaHCMOPTHOI Tabnuui
B [OEesKOMYy psioKy, a, 3HauuTb, | Yy [OesKOMy CTOBMYWKY, 3aniuvLiuiuch
Hepo3nodineHi 3anvwku pecypcie i nonuty, TO6To 3HaMAyTbCA i Ta j Taki, WO

n m
le-j <a; i Zx,-j <b;, TO NEPeXoAsATb O APYroro eTany nobyfoBK NO4ATKOBOTO
Jj=1 i=1

onopHoro nnavy T, - 3agaui.
Hexaw
m n n m
o= Z(al- - ny-)z Z(bj - in]-)
i=1 j=1 j=1 i=1
CyMW HEepo3nofineHnx 3anuilkiB no pecypcax i no nonuty (BOHW piBHIi B cuny

36anaHcoBaHoCTi 3afadvi). CKopucTaeMoch ifeel0 MeTody LTy4yHoro 6asucy i
BBegemMo B Tabnuuio gopatkosi (m+I)— W PSOOK 3 PEcypcoM g, ;=0 i

(n+1)— 1 CTOBMYUK 3 MONUTOM b, ; =5 Ta NoKnagemo:
Cin+l =M, di,n+1 =00 (i=1m),
Cm+],j =M, dm+[,j =®© (] 21,}1),

Cm+l,n+1 =0, dm+],n+1 =0,
ge M >>(0 - HeCKiHYeHHO BenukMn WwTpad 3a nepeBe3eHHs NPOAYKTY Mo
BiZNOBIAHIN KOMYHiKaLlii.

HeposnogineHi 3anuwiku pos3noginsemMo Tak: He3agoBOMEHWA nonuT
33[0BOSIbHAEMO PECYPCOM Bif, (DIKTUBHOIO NYHKTY A,,,;, HEBUBE3EHWUA NPOAYKT
HanpasnsemMo  MIKTMBHOMY crnioxuBavy  B,,;. KnitTuHm 3 gogaTtHumm
nepeBe3eHHAMN y A0AAaTKOBUX PAAKY | CTOBNYMKY BUAINSOTHCS.

Akwo 3aranbHa  KinbKiCTb  BMAINEHWMX KMNITUH  po3lUMpeHol  3adadi
BUSBUTBCA MEHLLOW, HIXK (m+1)+(n+1)—I=m+n+1, TO MHOXUHY BULINEHNX
KNITUH JOMOBHIOKOTL A0 LbOro Yncna A0oBiNbHUMW KNiTMHaMu Tabnuui poswmnpeHoi
T, - 3agadvi, ane Tak, Wob Us MHOXWHA 3anuLianach auuknivyHow. Togdi MHOXNHY
BMAINEHUX KNiTMH nobygoBaHOro AOMycTMMOro nnaHy poswuvpeHoi T, - 3apaui

MOXHa MPUIHATU 38 MHOXWHY MOro 6asvMcHUX KNiTUH. 3a Taknx ymoB Lel nnaH
6yae No4aTKoOBMM OMOPHMM MlaHOM po3wmnpeHoi T, - 3agaui.
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Jani nobynosaHy 36anaHcoBaHy po3wupeHy T, -3agady po3B’si3yloTb

MEeTOOOM MoTeHuianie. £KWO B npoueci po3B’A3yBaHHA BCi NepeBe3eHHs
[0[laTKOBOrO psAfKka i CTOBMNYMKA CTaHyTb PIBHUMM HyMo (38 BUAHATKOM
NepeBeseHHs Xx,,;,.; =0 ), TOBTO Becb iKTVBHMIA 3anac Oyae BuBE3EHWN

(IKTUBHOMY CMoXuBady, TO Ui pPSOOK i CTOBMYMK BigkupgaioTe 3 Tabnuui. Ha
OCHOBHIll YacTuHi Tabnuui B UbOMY BUMAAKY 3anvLUMTBCA NOYATKOBWUIA OMOPHWUIA
nnaH BuxigHoi T, - 3agavi. Akwo x byae OTpUMaHWN ONTUMAanbHWUIA PO3B’A30K

poswmpeHoi T, -3afjadvi, B SKOMY nNpuHaWMHi oAHe IKTUBHE nepeBe3eHHs
popaTHe, To BUXigHa T, - 3agada JonyCTUMKX PO3B’A3KIB HE Mae.

4.3. YMoBU onTUMarnbHOCTi ONOPHOro nnaHy T, - 3aAaadi.

O6uuncneHHs cucTemMu noTeHuianiB Ans onopHoro nnaHy T, - 3apadi

HiYMM He BIOPI3HSETLCA Big OOYMCNEHHS CUCTEMM MOTEHUianiB - Ans OnopHOro
nnaHy T-3apgadi. O3Haka onTMManbHOCTI oOnopHoro nnaHy T, -3agadvi Ans

Ga3ancHMX Ta He3anoBHEHUX KMITUMH TPaHCMNOPTHOI TabnUUi TakoX HiYMM He
BiApi3HAETbCS BiA BiANOBIAHOT 0O3HaKWM Ansa onopHoro nnaHy T-3agadi. BoHa nuwe
OOMOBHIOETbCA ANSA  KMITWMH, WO 3arnoBHEHi 3a MPOMYCKHOK CNPOMOXHICTIO
Bi4NOBIAHMX KOMYHiKaLIin.

Omxe, Hexaih X — geskuin onopHuii nnaH T, - 3apadi, Ey — MHOXWHA
6a3ncHUX KNiTUH Lpboro nnaHy. Beegemo 0o po3rnagy ABi MHOXMHU:

M ={G.) e Ex, x; =0},

d ..
My ={G.)eEx, x;=d;}.
O3Haka ONTUManbLHOCTI onopHoro nnaHy T, -3apadi. OnopHull nnaH X €
ornmumarsibHUMm risiaHoOM Td - aaani, AKWO 8UKOHYIOMbCA yMO8U:

Ay =cj+u;—v; =0, (i,j))e Ex, (4.9)
Ay =cy+u;—v; 20, (i, )l (4.10)
Ay =cy+u;—v; <0, (i, )elk . (4.11)

4.4. Mepexig 0o HOBOro ONOPHOro niaHy.

Hexan oropuun nnaH X  T,;-3agadvi He 3a[OBOSIbHAE YMOBWU
ontumansHocTi (4.9) — (4.11). Axwo B T-3agadi KniTMHa (i, j;) TPAHCNOPTHOI
Tabnuui Ana BBEAEHHSA Y MHOXWHY 6a3MCHMX BM3HaYanach 3a npasuiioM
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Grji)= argmin 4 (@60 (i jy)= argmax |4] )
G, ))ely 4, <0} 13, )ely 4, <0}
10 B T, - 3a4aui il NOTPiBHO BM3HAYaTW, BPAXOBYIOUM i KNITUHN MHOXWHU Ff( , Ha
AKMX NopyLueHi ymosun (4.11), To6T0

(i Jx) = arg max( max |Al-»|, max 45)
(G N)eMy 4y <08 " 4G el 4, >0}

Mowyk uukny C Ha MHOXWHI knituH Ex U{(i;, )} onsa T,-3apgadi i gna T-
3agadi 3MOiNCHIOETbCA OfHakoBo. Posbutta uukny C Ha gomatHun C* Ta
Big’eMHUA C~ niBUMKNM BiaOyBaeTbCcsA cknafHille i 3anexuTb Big TOro, A0 sIKOI

MHOXWHM I")i( un r‘j( HanexuTtb KnitnHa (i, , j, ) -

Axwo (i, ji) € r‘j(, TO Take po3bUTTA HiuMM He BIApPI3HAETbCS Big
aHanorivyHoi npoueaypuv ans T-3agadi. MNpakTU4YHO NOro 3AINCHIOTL Tak: NepLuoko
[0 fopatHoro niBumkny C* BigHOCATb KNiTUHY (iy, j, ), HACTYMHY 32 HELO KMITUHY
no UMKIYy BiQHOCATb A0 Big’€MHOro niBuukny C~, HAcTYNHY KMiTUHY MO LMKy 3a
Ljielo 3HOBY BIOHOCATbL A0 AodaTtHoro niBuukny C*, HAcTynHy — 3HOBY [0
Big’emHoro C™, i T.A., MOKW, Yepryiouu BiOHECEHHSA KNiTWH [0 NiBUWKMIB, He
06inayTb UMK | He NOBEPHYTLCA A0 KMITUHKU (i, j; ) . Hanpamok obxoay uukny C
npu UbOMY He CYTTEBUMW. Y BWUNagky, komn (iy,ji)€ F‘)’(, npouenypa po3ouTTs
3[iNCHIOETLCA  @HamnoriyHo, TiNbKW KNiITUHY (i, j;) MepLlo BigHOCATb [0
Big’eMHoro nisuukny C- .

BusHaveHHs cTanoi € nepeposnoainy nnaHy nepeseseHb y T, - 3agaui

Tex BigbyBaeTbcsa.cknagHiwe. Haragaemo, wo npoueaypa Bu3HadeHHss 6 y T-
3ajadi rapaHTye HeBid'€MHICTb KOMMOHEHT HOBOro OMOPHOro nnaHy. AKWwo
3acTocysatu il B He3aMiHHOMY BUMMSAi Ao T, - 3afadi, To MOXNNBE NepernoBHEHHSA

NPOMYCKHNX CMIPOMOXHOCTEN KOMYHiKaLi Ha KniTuHax JoaaTHoro nisuukny. Tomy
6 obunmcnioetbcst 'y pgBa etanu. Cnoyatky 3HaxogATb 6 = min x; i
{G,.NeC} -
6" = min (dj; —x;;) , @ NOTIM BXe BU3HA4alOTh 6 =min{6~,0"}.
{(,)eC™y '

MNepexin Ao HoBoro onopHoro nnaHy B T;-3agadi HiYum He
BiAPI3HAETLCA Big aHanoriyHoro nepexody B T-3agadi i NPaKTUYHO 3L0iIMCHIOETLCSA
JofdaBaHHAM € [o nepeBe3eHb Yy KMiTMHaxX JodaTHoro niBumkny C* i

61



BigHIMaHHSM € Big nepeBe3eHb y KNiTMHaxX Big'eMHoro niBuukny C~, nicns 4oro
umkn C pospuBaloTb Ha KMiTWHI (i;,j,), 3@ SKOKW BM3HA4anocb € i aka crae
HebasucHoto. NepeBe3eHHs y BCiX iHWMX kniTuHax T, - Tabnuui 3anuwaroTbes

HE3MIHHNMMU.
|, HapewTi, 3ayBaXxMMo, WO BUKNaAEHUA BULLE MeTOo NoTeHuianis Ans
po3B’adyBaHHA T-3apadi poss’asyBaTume i T, - 3agadvy, SKWO B MOr0 anroputm

BHECTU 3MiHM Y BiANOBIAHOCTI 3 BUKNageHummn ocobnueoctamn T, - 3agavi.

4.5. NMpuknagw.

MNpuknaa. Poss’s3daT TpaHCNOpTHY 3agadvy 3 OOMeXeHVMU MPOnyCKHUMMU
CNPOMOXHOCTSIMW KOMYHiKauili, 3agaHy TpaHcnopTHow Tabnuueto 35 ( nuTomi
TPaHCMOPTHI BUTPaTU BkasaHi y BEPXHbOMY NpaBoOMYy, a NPOMYCKHi CMPOMOXHOCTI
KOMYHiKaLi — Y HWKHbOMY MiBOMY KyTaX KOXHOT KMiTUHK).

Tabnuuga 35
b,
’ 70 30 50
a;
5 2 3
45 30 25 25
7 9 6
65 40 15 20
40 4 7 5

25 20 15

Po3B’sisyBaHHs. [TepeBipsemo ymoBy 6anaHcy. 3agada 36anaHcoBaHa, OCKiNbku
3 3

>a;=45+65+40=150, ij =70+30+50=150.

i=1 j=1

3HaxoaMMo Mo4YaTKOBUIM OMOPHWUA NfaH 3agadi. lNeplioo 3anoBHIEMO
KNITURY (1,2) :

X;, =min(a;,b,,d;;) = min(45,30,25) = 25,

aV=a;—x,=45-25=20, bP =b, —x;,=30-25=5.

KniTHa 3anoBHIOETBCS 3@ MPOMYCKHOK CNPOMOXHICTIO, Sika MeHwa i
pecypcy, i nonuty. [licna 3aHeceHHs y KniTUHY (/,2) nepeBe3eHHsa i

BUKPECITIEMO 3 Tabnuui (ame. Tadnuuto 36).
HacTynHot 3anoBHIOEMO KNITUHY (1,3) :

x;3 =min(a\?, b3,d,;3) = min(20,50,25) = 20,
a?=alP —x;3=20-20=0, b\ =b, - x;3=50-20=30.
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Tabnuusa 36

b;
; 70 30 50 a; =Xy
5 3
45 20
30 25
7 9 6
65
40 15 20
4 7 5
40
25 20 15
b;—x; 5

Knituny (7,3) Buainsemo (NigKpecrnoemo nepeBe3eHHs1) i BUKPECIIOEMO NepLUNIA
PSAOK, OCKIMNbKN pecypc NyHKTY A4, BuudepnaHun (gue. Tabnuuto 37).

Tabnuua 37
bj
70 30 50 a; =X
a;
7 9 6
65
40 15 20
4 7 5
40
25 20 15
bj Xy 5 30

Oani 3anoBHeMO KniTuUHY (3,1):

X371 = min(a3,b],d31) = mln(40,70,25) =25 ,

aV =a3 x5, =40-25=15, b\ =b, — x5, =70-25=45 .
KniTMHa 3anoBHIOETLCA 3a MPOMYCKHOK CMPOMOXHICTIO, sika MeHLa i pecypcy, i
nonuty. Knituny (3,/) BUKPECOEMO MiCNs 3aHECEeHHs [0 Hel NepeBe3eHHs (OMB.
Tabnumuio 38).

HacTynHoto 3anoBHIOEMO KNITUHY (3,3) :

x33 =min(a{?, b8, d33) = min(15,30,15) = 15 ,
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aP =al) —x33=15-15=0, BP =b§ —x;5=30-15=15 .

Tabnuusa 38
bj
; 70 30 50 a; =Xy
7 9 6
65
20
7 5
40 15
15
bj — X 5 30

Knituny (3,3) Buainsemo (nigkpecnioemo nepeBeseHHs), He AMBNSAYUCH Ha Te, Lo
X33 =d33, | BAKDECIIOEMO TPETIl PSAAOK, OCKINbKM PEcypec MyHKTY A; BUYepnaHui
(amB. Tabnuuto 39).

Tabnuusa 39

bj
70 30 50 a;—x;

[ani 3anoBHIOEMO KNITUHY (2,3):
Xp3 = min(a,, b3, d3) =min(65,15,20)= 15 ,
a) =ay ~x;3=65-15=50, b =b —x,5=15-15=0.

Knituny (2,3) Buginsemo (NigKpecnoemo nepeBe3eHHs) i BUKPECIOEMO TPETiN
CTOBMYMK, OCKINbKW NOMUT NYHKTY B; 3agosorneHun (ave. Tabnuuio 40).
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Tabnuus 40

HacTynHoto 3anoBHOEMO KNiTUHY (2,1) :
x5 =min(a$?,p\", d5;) = min(50,45,40) = 40 ,
aP =d) —x,;=50-40=10, b =bD —x, =45-40=5.

KniTHa 3anoBHIOETLCA 3@ MPOMYCKHOK CMPOMOXHICTIO, Sika MeHLua i pecypcy, i
nonuty. KnituHy (2,/) BMKpecntoeMo nicns 3aHeCEHHs1 0 Hel nepeBe3eHHs (AMB.

Tabnwuuto 41).
Tabnuus 41
b;
70 30 a; = X
a;
9
65 10
15
b/‘ Xy 5 5

OcTaHHbOI0 3aMOBHIEMO KNITUHY (2,2) :
X35 =min(@$?,6$,d5,) = min(10,5,15) =5 ,
a=aP —xy=10-5=5, b =) —x,,=5-5=0
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KnitnHy (2,2) Bugingemo (NigKpecntoemo nepeBes3eHHs) i BUKPECTHEMO OpYyrin
CTOBMYMK, OCKINbKW NOMUT NYHKTY B, 3agoBoneHun (Ave. Tabnuuio 42).
Tabnuus 42

OcCKinbku iCHytOTb HEPO3MNOAINeHi 3anuLKkn 3 pecypcie & = aé” =35 Ta 3 nonuty

S :bﬁz) =5, TO NepexoaMMo A0 ApYroro etany nobyaoBU NOYaTKOBOMO OMOPHOrO
nnady T, -3apauvi. Byayemo poswmpeHy T, -3agady, SKy 3anMcyeMmo B Tabnuuio
43.

Tabnuusa 43
b;
. 70 30 50 5 u;
5 2 3 M
45 25 20
30 25 25
7 9 6 M
65 40 5 15 5
40 15 20
4 7 5 M
40 25 15
25 20 15
M M M 0
5 5 0
Vj

DIKTMBHUMM B L Tabnuui € NyHKT A4, 3 pecypcoM a, =0 =5 i NYHKT B, 3

nonutom b, =0=5. HesagosoneHnn nonut 6=b1(2) =5 nyHKkTy By
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330BOMbHSIEMO 3a paxyHOK (iKTUBHOTO BUPOOHMKA A, , MOKNAA3EMO x,; =35 i

BUAINAEMO KMiTUHY (4,]); Hepo3noAdineHun pecypc o = ag) =5 MNYyHKTY A,
po3noAinsaemMo iKTUBHOMY croxusady B, , NOKNagaemo x,, =5 i KNiTUHY (2,4)
Takox Buginsemo. Ockinbkv Ans poswmpeHoi T, - 3agadi Yicno 6asmcHUX KNiTuH

OOpIBHIOE 7, a BUAINEHUX KMNiTUH € TiNbkM 6, NOTPIGHO [OMOBHUTU MHOXMHY
BUAOINEHUX KNITUH OOHIE0 KNiTWUHOW, ane Tak, Wwob Uus MHOXMHa 3anuuunacb
auMKMivYHOW. AKWO AiATW 3a NPUHUMNOM MiHIMANbHOMO erieMeHTa, TO MNepLUOoHD
noTpibHO nepeBipUTK KNiTUHY (4,4) . 3aHecemo B Hei BUAINEeHWN Hynb i METOAOM
BUKPECMIOBAHHA MNEPEBIPUMO  OTPUMaHY MHOXWHY BUAIMEHUX KMITUH  Ha
auukniyHicTb. MocnigoBHICTL BMKpecnioBaHb byae Takot: 1 pagok, 3 pagok, 1, 2,
3 cToBNYMKM, 2 psinoK, 4 psook. Bei kniTuHM Tabnuui BUKpecneHi, ToMy MHOXWUHY
BUAINEHUX KNITUH NPUAMAEMO 3a MHOXWHY ©6a3nCHUX KNITUH MNO4YaTKOBOrO
OMOPHOrO NNaHy poswmpeHoi T, - 3agadi (ave. Tabnuuo 43).

PoswmupeHy T, - 3agady po3s’a3yemMo MeTofoM noTeHuianis. Moknagemo
u, =0 i3 piBHAHb Ha BasucHUX kniTnHax (2,2),(2,3),(2,4) 3Haxoammo:

Vy=Cptuy=9+0=9, vi=c3+uy=6+0=6, vy=cyy+u,=M+0=M.
3HangeHi noTeHujianu 3aHocMMo y Tabnuuto 44.

Tabnuuga 44
b,
; 70 30 50 5 u;
5 2 3 M
45 25 20
30 25 25
7 9 6 M
65 40 5 15 5 0
40 15 20
4 7 5 M
40 25 15
25 20 15
M M M 0
5 5 0
v; 9 6 M
Oani, nocniaoBHO BUKOPUCTOBYHOUMN 6a3ncHi KNiTUHU

(1,3),(3,3),(4,4),(4,]), 0BUNCIIHOEMO:
Uy =vz —Cy3 26—323, Uz =v3z —C33 :6—521,
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Uy =Vy —Cyy :M—OZM, Vyp =Cyp — Uy =M+M=2M.
MoTeHuiann 3aHocumo y Tabnuuio 45.

Tabnuuga 45
b;
. 70 30 50 5 u;
8-2M 5 2 3 M
45 25 20 3
30 25 25
7 9 6 M
65 40 5 15 5 0
40 15 20
41 -1 7 5 M
40 25 15 1
25 20 15
M M M 0
5 5 0 M
v, 2M 9 6 M

O6uncrtoemMo  ouiHKM  HeBasucHUX KNiTuH (i, /) 4y =c; +u; —v; i

3aHOCUMO y Tabnuuto 45 (BepxHii MiBUM KyT KMiTUHM) NvWe Ti 3 HUX, sKi He
3a10BOMbHSATL YMOBUW ONTUMAaIbHOCTI:

A =5+3-2M=8-2M, A3, =7+1-9=-1.

Knitunn (7,1),(3,2) 3 NOpyLIEHHsIM O3HAKWU OMTUMAanbHOCTI Hanexartb Ao
MHOXWHU F@(. Tomy Anst BBEAEHHSI Y MHOXMHY 6a3uCHMX BUOMPAEMO KNiTUHY
(1,]) 3 HaWbBinbWMM MoZynem Bif'€MHOT OUiHKW. MNpueaHyeMO Ut KNiTUHY A0
MHOXWHM 6a3ncHUX KNiTUH | MEeTOAOM BMKpecrnioBaHHA (Bcboro Oyage nBa

BMKPECITIOBAHHS: 3 PALOK, 2 CTOBMYMK) 3HAXOAUMO LIUKIT
C={(LD),(4,1),(4,4),(2,4),(2,3),(1,3)} ,

AKMA  po3buBaemo Ha pogjaTtHuh  C* ={(1,1),(4,4),(2,3)} Ta Big’eMHUIA
C™ ={(4,1),(2,4),(1,3)} niBUMKNW, NEPLUOK BIOHOCAYM OO AOOATHOrO MiBLUKITY
KNiTUHY (Z,1) , OCKINbKM BOHa HanexXuTb MHOXWUHI r§(. Lnkn obxoammo 3a

HanNPsIMOM MPOTU FOANHHWKOBOI CTPINKW, NOYMHAKOYM 3 KNiTuHK (1,/) | No4Yeproso

BiHOCAYM KMITUHM UMKNY OO AOAATHOTO i BiA’EMHOro MiBUMKMIB (AuB. Tabnuuto
46).

3a Big’eMHuMm niBumknom C- = {(4,1),(2,4),(1,3)} 3HaxoaMmo
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0" =min(xy,x4,%;3) =min(5, 5, 20) =5,

Tabnuua 46
. ) 70 30 50 5 u;
8-2M 5 2 3 M
45 +0l 25 20-6 < 3
30 25 25
7 9 6 M
65 40 5 15+60 | 5-0«< 0
40 15 20
4| -1 7 5 M
40 25 15 1
25 20 15
M M M 0
5 5-60= o+ M
v; 2M 9 6 M 0=35

3a gopatHuUM niBumknom C* = {(1,1),(4,4),(2,3)} 3Haxoaumo
0" =min(d;; —x;;,d 44 — X44,d23 — Xp3) =min(30 — 0,00 -0, 20— 15) = 5.

Omxe, 6=min(@ ,0")=min(5,5) =5, | ue 3Ha4YeHHs AOCAracTbCH Ha TPbLOX
knitnHax (4,1), (2,4), (1,3).

Micnsa nepexoay A0 HOBOrO OMOPHOroO niaHy umkn C MOXHa po3puBaTth
Ha Oyab-sKil 3 UUX KMiTWH, ane y BiANOBIAHOCTI 3 ifeet0 MeToay LWTy4Horo 6asucy
noTpibHO po3pmBaTN UMK Ha OAHIN i3 (piKTMBHMX GA3MCHUX KMiTWMH, 3BMYaliHO,
AKWO Le MOXNuBO 3pobuTtu. [lepexogMmMo [0 HOBOro OMOPHOro nnaHy
poswwupeHoi T, - 3agadi, gogaryum 6 [0 nepesBeseHb [0AaTHOrO MiBLMKIY

C* ={(1,]),(4,4),(2,3)} i BigHimaroun @ Big NepeBeseHb BiA’EMHOMO MIBLMKMY

C™ ={4,D,(2,4),(1,3)} . Uukn pospmBaemMo Ha @IKTUBHIN KNiTUHI (4,]) (AmB.
Tabnuuio 47).
Bci 6nokosaHi M-meTogom (iKTMBHI KNiTMHM po3wmpeHoi T, - 3agadi

3BINbHUMMCL B4 [Ao4aTHUX MepeBe3eHb, OOMiH  (DIKTUBHUM  MPOAYKTOM
BiAOYBaETLCA TiNbKM MK (DIKTMBHUMW NyHKTamun A, i B, , Tomy 3 Tabnuui 47

MOXXKHa BUAanuTH BignoBigHi iMm psgok i ctoBnumk (aue. Tabnuuto 48).
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Tabnuuga 47

b,
70 30 50 5 U,
a;
5 2 3 M
45 5 25 15
30 25 25
7 9 6 M
65 40 5 20 0
40 15 20
4 7 5 M
40 25 15
25 20 15
M M M 0
5 5
Vj

Mu oTpumanu noYyaTKoBMA ONOPHWIA MnaH BuUXigHoi T, - 3agadi (Tabnuusa
48), npoaoBXyeEMO ii po3B’A3yBaTM METOAOM MOTeHLianiB.

Tabnuuga 48
b,
70 30 50 u;
a;
5 2 3
45 5 25 15 0
30 25 25
7 9 6
65 40 5-0U 20+0 < 3
40 15 20
41 -1 7 5
40 25 +0= | 15-01N -2
25 20 15
v; 5 6 3 0=0

Moknagemo u; =0 i MNOCNIAOBHO BWKOPUCTOBYIOYM OGa3nCHI KNiTUHK
(LD,
(1,3, 2,3), (2,9), (2,2), obuncnumo:
vi=ci tu;=5+0=5 vy=ci3+u;=3+0=3, uy=v3—cy3=3-6=-3,
uz=vy—c33=3-5=-2, vy =cp+u,=9-3=6.
3aHocnMo noTeHuianu B Tabnuuto 48.
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O6uncrtoemMo  ouiHKM  HeBasucHUX KNiTuH - (i, /) 4y =c; +u; —v; i

3aHOCMMO Yy Tabnuuto 48 (BepxHi NiBUWA KyT KNITUHW) nuwe Ti 3 HUX, SKi He
330BOSIbHAOTE YMOBM ONTUManNbHOCTI. Taka OLiHKa nuniwie ofHa:
Ny =7-2-6=-1.

KnitTnHa (3,2)er§(. MpuegHyemo U KMiTUHY A0 MHOXWHM ©a3nCHUX KNiTWH i

3HAXOAMMO LMK
C=1{(3.2.(3.3),(2,3).(2,2)} ,

AKMA  po3buBaemMo  Ha  JodaTHUN Ct={(3,2),(2,3)} Ta  Big’€EMHWUIA
C™ ={(3,3),(2,2)} niBUUKNK, NEPLUOIO BIOHOCAYM OO0 OOOATHOrO MNIBLUMKIY KIITUHY
(3,2) , OCKinbku BOHa HaneXuTb MHOXMHI F(j( (avB. Tabnuuo 48).
3a Big’eMHum niBumkriom C~ ={(3,3),(2,2)} 3Haxoanmo
6~ =min(x,,,x33) =min(5,15,) =35,
no gopatHomy nisumkny C* = {(1,1),(4,4),(2,3)} 3Haxoanmo
6" =min(ds; — x35,d23 — X53) =min(20 — 0, 20 — 20) = min(20,0) =0 .
OTxe, 6 =min(@~,07)=min(5,0)=0, i ue 3HaYeHHn AOCAracTLCS Ha KNiTHI (2,3).
Ockinbkn 6@ =0, TO OMOPHWIA nNNaH 3anuWaeTbcs He3MiHHUM, a
3MiHIOETbCA nuwe noro 6asuc. Pospusatoum umkn C Ha KniTuHI (2,3), 3a siKO

BU3Ha4yanocsa ¢, My, TUM cCamMuM, BUBOAUMO ii i3 MHOXWUHN Ga3nCHMX i BBOANUMO
3aMICTb Hei Y MHOXMHY 06a31CHUX KNiTWH KNiTuHY (3,2) (ave. Tabnuuio 49).

Tabnuua 49
b,
70 30 50 u;
a;
5 2 3
45 5 25 15 0
30 25 25
7 9 6
65 40 5 20 -4
40 15 20
4 7 5
40 25 0 15 2
25 20 15
v; 5 5 3

71



Ob6uncnoemo  noTeHuianu, noknagawyn u; =0 i  NOCNIJOBHO
BUKOPUCTOBYHOUM PIBHAHHSA Ha BasucHux knitnHax (1,7) , (1,3), (3,3), (3,2), (2,2):

vi=ci +u;=5+0=5, v3=c;3+u;=3+0=3,

uz=vy—c33=3-5==2, vy=czpy+tuz3=7-2=5, uy=vy—cyp=5-9=—4.
MoTeHuiann 3aHocumo y Tabnuuto 49.

O64MCrIOEMO  OLHKM HEBa3UCHUX KNITWH (i, /) 4; =c; +u;—v; Ta

ij j
nepeBipseMo yMoBM ontumarnbHOcTi. OuiHku BCiX Heba3ncHUX KniTMH (BOHM
3aMoBHEHI 32 NMPOMYCKHUMW CMPOMOXHOCTAMW KOMYHiKauin) HepgopaTHi. O3Haka

ONTMMarnbHOCTI ONOPHOro nnaHy Ty - 3aja4i BUKOHYETbCS.

OTxe, NOTOYHMI OMOpHMI NnaH X* B Tabnuui 15 — onNTUManbHUA.
OcTaTto4yHO MaeMO:

5 25 15
X =40 5 20|,
25 0 15

L(X")=5-542-25+3-154+7-40+9-5+6-20+4-25+7-0+5-15 =
=25+50+45+280+45+120+100+75 =740

4.6. 3aBOaHHA ANA CaMOCTIMHOro po3B’A3yBaHHA.

NaGopaTtopHa po6Gota. Po3B’A3yBaHHA TpaHCNOPTHOI 3ajavi 3
oO6MeXeHUMNU NPONYCKHAMMU CMPOMOXHOCTSIMM KOMYHiKauii MeToaom
noTeHuianis. — 2rog.

1. Posg’Asat p[aHy B iHOMBIAyanbHOMY 3aBAaHHI Td—3a,qaqy
MeTOA0M MNoTeHLianiB.

IHaveigyanbHi 3aBaaHHA ([4], cT.123-130):

4.6.1. 4.6.2.
bj bj
15130 [ 65| 20 | 10 40 [ 40 | 60 [ 25 5
a; a;
14 10 2 5 10 16 1 10 16 12
50 15 35 14 10 5 10 3 5 6 4 8
11 5 4 11 3 12 13 7 10 14
20 8 4 20 12 18 70 29 12 15 16 16
9 8 12 1 18 1 19 14 13 3
30 10 7 32 20 14 60 12 20 21 10 2
1 4 9 17 18 13 8 15 8 19
40 8 4 16 20 17 30 1 6 21 4 3
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4.6.3. 4.6.4.
b, bj
17 | 33 ] 38 | 21 | 22 75 10 [ 20 | 40 | 30
a; a;
5 3 20 7 25 7 19 7 12 13
10 1 16 5 11 80 |y 6 15 2 25
a8 |, 8 N 12 - 63 126 5 12 |, 175 112 73 134 11
3 1 12 2 19 1 13 19 18 12
27 14 30 18 7 38 o 1 3 15 8
6 3 3 1 13 18 4 11 3 11
46 |5 16 11 13 17 45 |y 5 6 2 10
4.6.5. 4.6.6.
b, b,-
40 | 40 [ 20 | 10 | 30 30 | 27 | 16 | 33 | 24
a; a;
10 16 3 8 15 16 12 3 9 10
14 g 2 3 2 2 15 |5 3 5 4 10
25 |, 33 43 124 95 1 17 |, 45 165 110 114 10
56 |, 2 N 20 . 4 . 11 . 5 23 |, 19 ] 10 . 18 \ 20 . 19
7 17 13 8 15 12 4 11 13 19
4y 20 7 4 21 75 i 17 15 35 20
4.6.7. 4.6.8.
b, bj
35130 | 35| 45| 25 5 15 | 35 15 | 40
a a
30 |y : 4 ’ 15 " 3 ’ 10 1 50 | ’ 6 ? 18 " 5 ’ 25 ’
70 |, 16 N 4 N 9 . 19 B 10 20 |, 17 \ 20 1 11 ] 10 . 9
50 |, 20 . 17 . 11 N 1 N 12 0 |, 2 . 15 . 12 . 13 ] 6
13 14 15 7 8 13 3 3 5 14
20, 5 6 7 10 30 s 7 21 22 6
4.6.9. 4.6.10.
b, b/
S 10 ] 50 | 40 | 50 | 20 11 10 | 14 | 16 17
a; a;
60 |; ’ 20 ! 14 » 25 ° 13 a 10|, 3 10 " 4 ' 5 * 8 ’
80 |, 19 N 20 B 24 4 N 5 13, 54 ]6(» 35 99 19
20 | 9 . 6 . 3 . 19 . 1 8 |, 15 . 14 N 17 . 7 ] 5
7 15 20 6 11 11 15 9 3 16
20 |, 7 2 23 20 17 1 2 1 6 10
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4.6.11. 4.6.12.
bj bj
37 1 26 | 91 | 24 | 13 45 | 38 | 40 | 28 | 34
a; a;
4 13 6 12 1 3 17 6 19 2
20 |, 5 5 3 20 s 7 6 5 4
18 20 4 2 3 1 15 7 6 1
30 1y 11 2 4 40 15 3 20 4 2
17 5 15 10 8 5 13 3 11 17
70 1y 15 38 9 7 52y 13 7 11 8
! 12 18 13 16 18 13 17 1 8
1y 13 41 20 14 3 | 21 16 13 25
4.6.13. 4.6.14.
bj bj
25 | 13 | 60 | 15 | 25 30 | 50 | 13 | 70 | 17
a; a;
14 20 7 17 8 5 3 13 14 9
29 ;s 14 20 7 3 62 |y 25 10 20 2
18 4 14 9 7 11 20 13 19 17
39 n 16 15 4 26, 7 6 10 15
17 15 16 12 20 1 15 2 3 3
28 ;s 10 13 11 5 27 s 6 12 20 30
19 2 1 1 7 9 16 15 1 17
2 | 17 4 20 65 | 30 15 25 5
4.6.15. 4.6.16.
b, b,
50 | 30 | 25 | 80 | 45 20 | 36 | 50 | 40 | 10
a a
2 8 17 3 11 17 1 3 5 2
71 5 11 10 25 10 3 13 12 7 7
5 2 3 16 1 7! 7 20 19 3
69 |4 19 20 20 17 4 | 10 14 10 4
5 9 7 14 18 8 13 3 11 12
58 ;s 13 10 20 25 24 | 19 10 1 3
! 11 2 14 15 15 16 17 11 10
32 i 11 2 20 12 55 i 8 2 24 5
4.6.17. 4.6.18.
bf bf
{21130 75 10 | 15 13 46 | 25 | 49 | 55
a; a;
1 3 13 7 2 9 1 3 7 8
53 o 26 23 8 9 26 |y 10 15 20 18
9 4 15 20 8 8 1 6 9 5
45 18 30 5 5 38 i 8 15 18 13
19 17 12 3 15 20 3 15 14 19
38 |, 25 3 10 39 | 23 18 30 16
7! 3 20 2 14 12 6 10 10 12
15 s 11 2 1 5 o 10 11 24 32
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4.6.19. 4.6.20.
bj bj
55130 | 20 | 33 | 47 55130 | 11 [ 30 | 19
a; a;
11 10 13 12 3 3 15 5 13 10 5 9
6 5 7 3 2 5 5 4 6 7
17 2 18 3 7 1 10 16 15 7
64 |y 4 10 30 4 40 15 10 9 13 8
! 3 1 6 12 13 17 20 18 9
35 g 15 2 41 2 14, 12 4 11 3
12 16 3 14 15 16 10 5 6 16
S 12 10 3 23 76 |3 15 8 13 19
4.6.21. 4.6.22.
bj bj
20 | 40 | 17 | 10 | 33 19 1 20 | 66 | 18 | 22
a; a;
13 12 7 15 12 5 16 3 7 10
19 1y 9 10 6 8 50 1y 10 16 17 9
14 17 11 2 7 6 4 20 1 11
52 |, 31 5 5 17 42 s 11 30 7 4
19 6 11 12 6 19 6 12 19 7
34 3 8 15 16 17 s 2 10 3 2
10 8 20 1 13 15 10 18 17 8
15 s 10 3 6 4 36 1y 5 16 1 11
4.6.23. 4.6.24.
bf bf
55130 77 | 20 | 23 65 | 24 | 50 | 30 | 26
a a
16 9 2 3 17 18 14 6 3 7
27 |y 7 12 10 4 2, 20 30 20 10
12 1 19 10 5 8 19 9 16 17
35 ] 15 10 10 5 29 |y 4 3 2 8
6 12 11 13 2 18 10 14 7 19
49 i 3 27 4 11 68 | 10 30 10 15
5 19 10 ! ] 1 6 10 5 3
94 15 14 30 10 12 26 |y 5 6 4 6
4.6.25. 4.6.26.
bf bf
"1 36|40 | 50 | 35 | 36 167 | 30| 37 | 23 | 40
a; a;
11 12 17 15 3 14 19 17 12 20
13 1y, 12 17 12 15 37 |y 17 4 3 10
1 4 6 2 5 16 1 2 7 5
4 13 17 13 6 6l |y 5 12 11 20
7 11 9 16 19 11 3 9 7 19
77 s 27 13 41 2 72y 4 20 12 2
2 10 5 18 6 12 16 11 5 13
62 | 3 25 20 12 27 |, 20 7 5 10
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4.6.28. -
b 30 | 40 | 15
| 56 20 3
.6.27. . . | |
4 b, 50 | 40 | 23 . 6 : | : -
J 44 3 11 77 6 10 12 19 . : 6
: 19
: : 8 : i 6 . > : 3 . 2 20 15 )
29 4 15 9 " — 4 : 9 12
1 17 1 : . 69 - : : 2
3
66 12 11 s 15 y “ i 16 ]4 6
= 5 14
=) - l 3 : . 4.6.30. np
o b 68 | 40 | 30 |
17
9. |
4.6.2b. 30 | 40 | 70 . Il -
1371 60 3 7 33 |, _ " 14 _ . : :
15 ~
: 5 ]67 ]0 21 227 : 2 o 25 8 3 19 20 7
1
78 1y, < 20 14 ; 7 < i 32 . o 1 - 17 ) 12 18 1
37 5 6 8 3 . ; 24 8 20 12
) = 15 5
20
; 5 ; ; : ; . . 4.6.32. - »
. "1 3s | 50 | 40 |
1
15
1. |
4_6'3b 33 44 26 4 ] ] 15 12 8 :
Y 33 | 57 3 4 |, " N - i 3 5
14 : 2
a; 2 0 14 5 1 5 - y 6 3 :
. 12 15 - - i : : 11
35 13 5 19 0 1 o 19 . 12 - : : - 9 2 4
64 10 - 15 - . - ) - 6 , 8 : :
- 20
o 8 2 5 . - : . 4.6.34. .
S " as | 0| 82 14
3
- - - - - : ’ 0 a 13 12 19
A 3
bb/ 22 41 92 = = 6 12 15 S
2 4 13 _ : 6 :
. 10 ) 13
a; 116 520 _ 30 - g " 5 742 52 4
66 |5 18 2 " 16 _ 19 - T 15 - 6 1 4
79 | _ 20 - ) . 6 3 4 i : :
3
11 . : 10 12 . S
18 s
16 9 15

76




4.6.35. 4.6.36.
bj bj
43 [ 54 | 62 | 46 | 18 39 1 40 | 35 | 30 | 35
a; a;
3 6 15 11 7 3 2 6 20 3
56 1y 15 5 28 10 15 1y 5 4 8 20
3 2 5 12 11 14 6 17 16 6
83 |3 25 15 16 17 76 s 10 16 15 24
1 3 17 14 20 13 18 2 3 5
35 1, 17 16 1 4 19 s 10 4 2 3
5 16 2 17 13 18 17 3 19 11
49 1 30 26 3 1 69 |y 16 19 15 15
4.6.37. 4.6.38.
bf bf
99 | 53 | 21 | 47 | 29 19 | 40 | 30 | 52 | 28
a; a;
6 20 3 14 5 3 15 1 2 17
2 5 15 7 20 10 20 |, 4 12 5 5
6 19 7 12 3 8 15 11 3 17
84 |y 15 19 17 9 76 | 20 10 37 10
10 19 5 3 14 3 20 19 7 10
15 | 3 5 2 4 19 s 4 13 13 3
18 10 13 2 19 1 2 16 18 7
78 5 28 20 10 15 4 s 25 10 7 15
4.6.39. 4.6.40.
bf bf
24 | 50 | 30 | 25 | 45 44 | 36 | 29 | 35 | 44
a; a;
5 16 15 3 12 15 8 10 1 14
22 |y 7 10 3 5 22 |y 6 5 10 4
17 13 7 19 8 5 1 3 16 14
47 | 30 5 10 4 76 i 10 20 2 32
1 7 17 18 14 2 13 16 ! 5
36 |, 12 10 5 14 64 | 12 19 5 14
8 6 13 14 12 19 13 14 5 12
69 | 2 10 13 24 26 s 16 10 5 3
4.6.41. 4.6.42.
bf bf
140 | 40 | 40 | 40 | 40 141 1 27 | 32 | 53 | 38
a; a;
20 8 10 13 15 20 15 5 1 8
35 i 7 10 11 5 15 s 7 10 3 5
17 1 1 19 14 19 3 14 7 9
55 s 25 10 5 13 76 i 10 11 30 20
3 13 18 6 10 1 1 11 14 7
28 |y 3 10 18 10 12 s 6 14 8 6
7! 7 2 13 1 3 15 5 16 5
82 |, 10 20 27 16 88 |y 12 15 23 15
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4.6.43. 4.6.44.
bj bj
49 [ 30 | 22 | 23 | 25 34 [ 21 | 19 | 64 | 30
a; a;
13 S 3 " 6 16 ; 2 A 14 25 " 19 % 4 . 18 2 S 14
3 16 2 7 6 19 6 10 11 8
79 19 24 23 17 36 5 9 6 15 6
20 19 13 5 15 5 11 1 16 13
23 10 5 3 6 41 3 11 4 30 18
11 14 10 9 17 3 6 2 12 17
34 20 5 10 14 6 66 13 5 13 20 23
4.6.45. 4.6.46.
bj bj
33| 40 | 43 | 35 | 25 35| 40 | 60 | 45 | 15
a; a;
12 11 5 15 8 16 17 16 12 8
63 13 10 11 15 16 37 12 15 8 10 5
2 3 7 4 18 3 6 5 14 15
72 20 21 22 7 40 5 11 15 5
19 5 17 11 7 9 8 18 2 19
17 19 6 15 8 4 55 6 16 20 15 13
11 8 1 12 16 16 5 6 18 7
24 10 11 13 2 1 63 15 4 20 25 8
4.6.47. 4.6.48.
b, b,
28170 | 15| 13 | 42 71| 20|50 | 23 | 27
a; a;
6 12 5 3 11 4 2 9 16 5
74 16 32 9 14 54 21 22 13 10 12
13 16 9 7 12 4 10 18 15 3
33 13 17 4 12 73 25 12 15 10 13
19 17 1 16 15 5 13 14 11 18 12 2
17 15 4 4 10 5 5 4
20 19 18 7 18 15 7 17 13 20
42 14 8 7 16 51 27 5 17 4
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Dopartok.

Tema: “TpaHcnopTHa 3apgava’.

Nekuia 13. TpaHcnopTHa 3aga4va, NOCTAaHOBKA, Ta OCHOBHI
BNacTUBOCTI. — 2roAa.

3micmosHa nocmaHoséka mpaHcriopmHoi  3adayi. MamemamuyHa
modlenb 3b6anaHcoeaHoi mpaHcriopmHoi 3adaui (T — 3adauyi). TpaHcriopmHa
mabnuys. lNnaH nepese3eHb. Bekmopu-komyHikauiti. Bnacmueocmi T — 3adadyi.
Kpumepiti  donycmumocmi T — 3adayi. Teopema npo paHe mampuui T
KoegbiuieHmie cucmemu obmexeHb T — 3adayi. Teopema npo pPo38’sa3HICMb
T — 3adayi. paghosa iHmepnpemauiss T — 3adayvi. OnopHi nnaHu T — 3adavi.
Kpumepiti niHiliHoi He3anexHocmi eekmopie-koMyHikaujdl.

3aedaHHs Ansi camocmiliHoi po6omu. — 4200.

3micToBHa MnocTaHOBKa TPaHCMOPTHOI 3agadvi. MatemaTnyHa Moaenb
36anaHcoBaHOi TpaHCcNopTHOI 3agadi ( T — 3agadi). TpaHcnopTHa Tabnuus. Mnax
nepeese3eHb. Bektopu komyHikauin. BnactuBocTti T —3apadi. Kputepin
ponyctumocTi T — 3apadi. Teopema npo paHr matpuui 7 koediuieHTiB cuctemm
obmexeHb T —3apgadi. Teopema npo  po3B’'aAsHiCTb T —3agjadi. [padosa
iHTepnpeTauis T —3apgadi. OnopHi nnaHn T —3apgadvi. KpuTepit niHiAHOT
He3aneXHOCTi BEKTOPIB-KOMYHiKaL,il.

TNekuia 14. BnactuBocTi onopHux nnaHiB 7 — 3apgadvi. — 2roAa.

Teopema npo posknad eekmopa-KoMyHikauili. Bnacmusocmi onopHux
nnaHie T — 3adauyi: doriycmumicmb, y3200KeHicmb 3 paHaom Mampuui T,
ayukniydicmb. Memod eukpecritogaHHsi. Memodu nobydosu novYamkosux
OMopHUX nnaHie T-3adayvi: mMemod  MigHIYHO-3axiOHO20 Kyma, Memood
MiHiMarnbHo20 efieMeHma.

3aedaHHs Ansi camocmiliHoi po6omu. — 4200.

Teopema npo posknag BeKTopa-koMyHikauin. BnactmBocTi onopHux
nnaHis 7 —3agadi: [[OMNyCTUMICTb, Y3roMKeHiCTb 3 paHrom wmatpuudi T,
auukniyHictb. Metop BukpecnioBaHHs. MeToan nobyaoBM NMoYaTKOBUX OMOPHMX
nnaHis T —3agadi: MeTog niBHIYHO-3axigHOro Kyta, MeTOA4 MiHiManbHOro
eremeHTa.

Nekuis 15. ABoicTa 3aga4a Ao TpaHcNopTHoi. MeToa noTeHuWianiB.—
2ropg.

[eoicma 3adaya o mpaHcrnopmHoi, momeHuianu psiOKie ma cmoern4yukKie
mpaHcnopmHoi mabnuyi. ObepyHmyeaHHsi Memody nomeHujanie. basucHa
mampuuyss onopHoeo nnaHy T — 3adauyi. ObyucneHHss nomeHuianie. lepesipka
onmumarsnbHOCmi  OMOPHO20  M1aHy. lpasuno nobydosu yukny Onsa
nepeposnodiny nepeseseHb ma po3bumms yukny Ha O0oGamHull | ei0’eMHull
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nieuuknu. [lepexi0 0o HOB020 OMOPHO20 nnaHy. Aneopumm Memody
rnomeHujarie.

Na6opaTtopHa po6orTa. Po3B’s3yBaHHsA 36anaHcoBaHoiI
TPaHCNOPTHOI 3a4advi MeToaoOM NoTeHuianis. — 2roA.

1. Ona paHoi B iHOMBIAyanbHOMY 3aBgaHHi T — 3agadi nobyaysatu
OBOICTY 3agauvy.

2. 3HanTn noyaTkoBWMMA oMOpHUA nnaH T —3agadvi  MeToaoM
MiHiManbHOro enemMeHTa Ta po3B’sa3aTtu ii METOAOM NoTeHLianiB.

3. 3HanTu noyatkoBMIi OMOpHWI nnaH T —3agadvyi MeToaoM MiBHIYHO-
3axigHoro Kyta Ta po3B’a3atu ii METO4OM NOoTeHLianiB.

4. TlopiBHATU 3HaWOeHi ONTMManbHi PO3B'sI3KM 3a CKIMAgoM Ta 3a
KiNbKICTIO iTepauin MeToay noTeHuianis, HeobXiaHMX ANs iX OTPUMaHHS.

3aedaHHs Ansi camocmiliHoi po6omu. — 4200.

[lBoicTa 3agaya OO TpaHCMOPTHOI, MOTEHUianu psAakiB Ta CTOBMYMKIB
TpaHcnopTHoi Tabnuui. O6rpyHTyBaHHA mMeTody noTeHuianiB. basncHa maTpuus
onopHoro  nmaHy 7T —3apadi. OG6GuucneHHs  noteHuianis.  lepesipka
ONTMMAarbHOCTI ONOpPHOro nrnaHy. [NpaBuno nobyaoBu UMKy ANS Nepepo3noginy
nepeBes3eHb Ta Po3bUTTA LMKIY Ha JoaaTHUM i Big'eMHun niBumknu. MNepexig 0o
HOBOIO OMOPHOTO NfaHy. ANropuTM MeToay NoTeHLjianis.

Nekuia 16. Bigkputi TpaHcnopTHi 3apavi. TpaHcnopTHa 3agaya 3
obMeXeHUMM NPONYCKHUMW CMPOMOXHOCTAMM KOMYHiKauin. — 2roa.

Bidkpumi abo HesbanaHcosaHi mpaHcropmHi 3adayi, 36edeHHs ix 00
3banaHcoeaHux. BpaxysaHHsi 0o0amkosux yMO8 3 8UBE3eHHsI ma rnonumy Ha
npodykm. TpaHcnopmHa  3ada4a 3  OBMeXeHUMU  MpOnyCKHUMU
CMPOMOXHOCMAMU KOMYHIKauil, MampuyHa nocmaHoska (T, — 3adaya). Ymosu

pose’sisHocmi.  [lobydosa  noyamkKog8o20  OMOPHO20  [1aHy,  O3HaKa
Hedonycmumocmi T, — 3adayi. O3Haka OnNmMuUMasibHOCMi OMOPHO20 [1/1aHy.

lMpasuo nobydosu yukny 0515 nepepo3nodiny nepese3eHb ma po3bumms YUKy
Ha do0amHuli i 8id’emHul nisyuknu. lNepexid 00 HOB020 OMOPHO:20 MNaHy.

NaGopaTtopHa po6Gota. Po3B’AsyBaHHA TpPaHCNOPTHOI 3ajayvi 3
o6MeXeHUMU NPONYCKHAMM CMPOMOXHOCTSIMM KOMYHiKauii MeToaoMm
noTeHuianis. — 2rog.

1. Poss’a3atn gaHy B iHAMBIAyansHOMY 3aBfaHHi T, — 3agady MeToaoM
noTeHujianis.

3aedaHHs Ansi camocmiliHoi po6omu. — 4200.

Bigkputi abo HesbanaHcoBaHi TpPaHCMOPTHI  3agadi, 3BedeHHA X 1o
3banaHcoBaHux. BpaxyBaHHA [04aTKOBMX YMOB 3 BUBE3EHHs Ta MONUTY Ha
npoAaykT. TpaHcnopTHa 3agava 3 OOMEXEHUMU MPOMYCKHUMU CMPOMOXHOCTSMU
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KOMYHiKaLii,

mMaTpuyHa noctaHoBka (7, —3agava). YMOBU  pO3B’SI3HOCTI.

MobynoBa NOYaTKOBOro OMOPHOTO MrlaHy, O3Haka HegonyctuMmocTi T, — 3afaui.

OsHaka onTumanbHOCTI OMopHOro nnaHy. [lpaBuno nobygoBu uuvkny Ans
Nnepepos3noainy nepeBeseHb Ta po3OMTTA UMKITY Ha [ogaTHWA | Big’€MHUI
nisumknu. MNMepexig 4O HOBOro OMOPHOro NiaHy.

KoHTponbHi 3anntaHHs o Temy “TpaHcnopTHa 3agaya’.

1.
2.

o ks w

T20oNO

- O

13.
14.
15.
16.
17.
18.
19.

20.
21.

22.

3MicTOBHa NOCTaHOBKa TPAHCMOPTHOI 3a4avi.

MaTemaTnyHa Mopenb 306anaHcoBaHOi TpaHCMNOPTHOI  3agadi
(T - 3apauyi).

TpaHcnopTHa Tabnuus. MNnaH nepeseseHb. BekTopu komyHikauin.
BnactusocTi T — 3agadi. Kputepin gonyctumocTti T — 3agadi.
TeopemMa npo paHr mMaTpuui T KoedilieHTiB cucTeMu oOMexeHb
T — 3agaui.

Teopema Npo po3B’si3HiCTb T — 3agadi.

pacposa iHTepnpeTauisa T — 3agaui.

OnopHi nnanu T — 3agaudi.

Kputepil NiHINHOT He3aneXHOCTi BEKTOPIB KOMYHIKaLliiA.

TeopeMa npo posknaz BeKTopa KOMYHikaLin.

BnactuBocTi  onopHux  nnaHis T —3apadi:  OONYCTUMICTb,
Y3rogXXeHicTb 3 paHrom matpuui T , aumKnivHiCTb.

MeTopn, BUKpEeCTOBaHHS.

MeToam nobynoBy noyaTkoBMX OMOPHUX NnaHiB T — 3agjadi: MeTosq
NiBHIYHO-3axigHOro KyTa, METOA MiHiManbHOro enemeHTa.

[lBoicTa 3agaya 4o TpaHCNOPTHOI, NOTEHUianu psaKiB Ta CTOBNYMKIB
TpaHCNopTHOI Tabnuui.

O6rpyHTYyBaHHS MeToAy noTeHuianis. basvucHa maTpuus onopHoro
nnany T — 3agaui.

O6umncneHHs noTeHujiani..

Mepesipka onTMManbLHOCTi ONOPHOro NNaHy.

MpaBuno nobynoBu UMKy AnNs Nepepos3nofiny nepeBeseHb Ta
pO3BUTTA LUMKITY HA AOAATHUI i Bi €EMHWUIA MiBUUKIN.

Mepexia 4O HOBOro OMOPHOIO NaHy.

AnropuTm MeToAy noTeHuianis.

Bigkputi abo He3banaHcoBaHi TpaHCNOPTHI 3adadvi, 3BeEeHHs iX 0
36anaHcoBaHuX. BpaxyBaHHS [04aTKOBMX YMOB 3 BMBE3EHHS Ta
NnonuTy Ha MNPOOYKT.

TpaHcnopTHa 3agava 3 obmexeHumu NpONyCKHUMMU
CMPOMOXHOCTAMU KOMYHiKaLin, MaTpuyHa NnocTaHoBKa
(T, — 3apgaya). YMOBM PO3B’A3HOCTI.
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23.

24.
25.

26.

[MoBygoBa no4yaTKoOBOro OMOPHOro NMaHy, O3Haka HegoMnyCTUMOCTI
T, — 3apaui.

O3Haka onTMManbHOCTI OMOPHOro NiaHy.

MpaBuno noOydoBu UMKy ANS NEpPepos3noAiny nepeBes3eHb Ta
po36UTTSA UMKy Ha AOAATHUNA i BiA'€MHUIA MiBUMUKIN.

Mepexia 4O HOBOro OMOPHOIO NaHy.
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