Ynpaxnenue 11-13

Kiaacuyecka TpaHcnopTHa 3agaya

Kiracngeckara TpancmoprHa 3amada (KT3) e crermanen cimydail Ha 3amada-
Ta Ha JMHeHHOoTO onTuMupane. Ta e enna ot mbppeute 3J10. QopmynupaHa € OT
amepukaHena Xudkok mpe3 1939 r. KT3 mpencrasnsBa camocTosTeNIeH HHTEPEC
nopagy crneuupUYHUTE CBOWCTBA, KOUTO NpuTekaBa. PemaBanero Ha KT3 cbe
CHUMIIJIEKC METO/Ia € CBBP3aHO C ToiisiMa M3YHCIUTENHA paboTa. 3aToBa ca paspa-
0OTEHM CIIeLMaIHd METOOH 3a HEHHOTO pellaBaHe.

1. UKoHOMHYECKH U MATEMATHYeCKH MOIeJI
1.1. UkoHOMHYEeCKH MOAe

JlaneH BUI MPOAYKT € MPOU3BEICH B MyHKTOBETE A, ..., A, (HapHIaHu npo-
u3800umenu, 00CMasyuyu, ckiadose) ChOTBETHO B KOJIUYECTBA di,. . ., dp. 11yH-
KToBeTE Bj,..., B, (Hapuwuanu nompebumenu, mazazuxu) c€ HYXKIAIT OT TO3HU
MPOAYKT B KOJMYECTBA CHOTBETHO b1, .. ., by, KaTo

m n

(1) Dlai=>"b;
i=1 j=1

TpancnopTHHTE pa3xony 3a MPEBO3 Ha €IWHUIA TPOMYKT OT IMyHKTAa A; 10 IyH-
KTa Bj ca CbOTBETHO ¢;j, i = 1,...,m, j = 1,...,n. 3aja4yara €: 1a ce HampaBu
IJIaH 3a CHAOJABaHETO Ha IyHKTOBeTe B, j = 1,...,n, Taka 4e¢ NOTPEOHOCTH-
Te UM Ja OBbJaT W3ISIO 3aJ0BOJICHH W OOLIUTE TPAHCIOPTHH Pa3Xodu aa ObIaT
MHHHMAJIHU.

1.2. MaremaTuuecku MoaeJl

Jla 03HauMM C X;j KOJIMYECTBOTO NPOAYKT, C KOETO MyHKTBT A;, i = 1,...,m,
cHabnaBa myHkra Bj, j = 1,...,n. Ilpu nnan Ha cHabnsgBane X = (xqg,... s Xon)
reneBara GyHKIHS €

m n
(2 Z(Xu,.--,xmn)=zzcijxij—>min,

i=1 j=1
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1. MKkoHOMHYECKH H MATEMATHYECKH MOJEI

a ycioBHATa (TPAaHCHOPTHUTE OTPAaHUYCHUS) ca

n
(3) Zx,‘jZCli, i = 1,...,m,
J=1
m
(4) injzbj, jI],...,I’l,
i=
) xij 20, i=1,....m, j=1,...,n.

1.3. TpaHcnOpTHHU 321244 OT OTBOPEH THI

B mpakTrkaTa MHOTO IO-YECTO C€ CpeIlaT TPAHCIOPTHH 3aadM, IMPH KOUTO
OasraHC MEXTy TTPOU3BOACTBO M MOTpeOIeHue HIMa. Te ce HapuuaT mpancnopmuu
3a0ayu om omeoper mun. 3a periaBaHeTo UM ¢ HeoOXOAMMO H3KYCTBEHO aa Oble
ch3JaaeH OanaHc.

Cayuaii 1.

HpOI/ISBOI[CTBOTO € IMO-TOJIAMO OT HOTpC6J'IeHI/IeT0 (I/IMa HNKOHOMHNYCCKH CMH-

CBJI):
m n

Zai > Zbl’.
j=1

i=1

3a nma uMa GaJiaHc, ce BbBEXIa uxmusen nompebumen B,.| ¢ MIOTPeOHOCT

m n
bt = ) ai= ) b
i=1 j=1

U TPAHCHOPTHH PA3XOIU OT BCEKH IIPOM3BOAUTEN JO HEIO CHOTBETHO Cjp4+1 = 0,
i=1,...,m. Cien nomyyaBaHeTO Ha ONTUMAJIHOTO PELIEHHE KOJIMYeCTBaTa IMpo-
IYKT, IpeHA3HAYCHU 3a (PUKTHBHUS IOTPEOUTEN, IPOCTO OCTABAT Y ChOTBETHUTE
npousBoauTenu. Maremarudeckust mozaen Ha KT3 ce mpomens, kato orpaHuue-
HusTa (3) cTaBar oT BHIA

n

injﬁai, i=1,...,m.

J=1

21063B$IH6T0 Ha JOIIBJIHUTCIIHUA ITPOMCHIIMBU B JIsIBaTa CTPaHa Ha TE3U OrpaHU4deC-
HUA € CKBUBAJICHTHO HAa BBBCXKIAHETO HaA (I)I/IKTI/IBQH HOTpC6I/ITCH.
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Cayuaii II.

HOTpeGJ’IeHHGTO € MO-TOJIAMO OT MPOU3BOACTBOTO:

zn:bj>
j=1

[TocThmBa ce aHAJOTHYHO: BBBEXKIA CE ukmuseH npouzgooumen Ay C IpOU3-

BOJCTBO
n
Am+l = Z bj -
J=1

Y TPAHCIIOPTHHU Pa3XOJM 0 BCEKU NOTPEOUTEIN ChOTBETHO Cppr1,; =0, j=1,..., 1.
B To3u ciydaii BbB (opMyTUpOBKaTa Ha TPAaHCIOPTHATa 3aja4a Ce MpeMaxBa
M3UCKBAHETO MOTPEOHOCTUTE HA MOTpeduTenuTe na ObAaT M3IUI0 33J0BOJICHH,
THI Karo ToBa OW JOBEJIO O HECHBMECTHMH OTpaHWYeHus. BMecTo Hero ce mcka
[saTa mpoayKIus Aa Obae MpeBO3eHa MIPU MUHUMAIHU TPAHCIIOPTHU Pa3XO[u.
Maremarndeckuar monend Ha KT3 ce mpomens, karo orpanmdeHusnTa (4) craBar
OT BUJA

M=

a;.
i=1

ai

M=

i=1

m
injﬁbj, j=1,...,n.
i=1
H06aBHHeTO Ha OJOIIBbJIHUTCIIHU IIPOMCHJIMBHU B JIsIBaTa CTpaHa HAa TC3W Or'paHH-
YCHUA € CKBHUBAJICHTHO HA BBBCKIAHCTO HA (bI/IKTI/IBeH HpOI/I3BOI[I/ITeJI. Cﬂe,ﬂ I10-
JIy4aBaHCTO Ha ONTHUMAJIHOTO PCHICHUC KOJINYECTBATA IMPOAYKT, KOUTO Tpﬂ6Ba aa
6T),HaT JO0CTaBE€HU OT q)HKTI/IBHI/Iﬂ HpOI/I3BOIII/ITeJI Ha CBOTBCTHUTC HOTpCﬁI/ITeJII/I,
IPpOCTO OCTABAT Y HEIro U HE CC€ IPCBO3BAT.

2. OcHoBHH cBolicTBa Ha KT3

be3 orpammuenue Ha OOmMHOCTTA mpeAmonarame, ue a; > 0, i = 1,...,m,
b; >0, j=1,...,n (uHade HamMansABaMe OpOs Ha IMPOU3BOJUTENIUTE MU MOTpE-
ourenure, a ChbOTBETHUTE MIPOMEHIIMBY HA 3a/lauara ca paBHU Ha HYJA).

KT3 (2)—(5) oueBnano e K3JIO m Moxe ja ce 3amuiue BbB BHAA minclx,
Ax =d, x > 0, kpaero ¢ € R, x € R"™, A e marpuua (m+n)xmn,d € R™", d =

(ai,...,am b1,...,by)T. Equn JIOITyCTUM BEKTOp X = (X11s -+, Xmp) ' TOHSIKOTA
ce 3amucBa Karo Marpuna X ¢ eneMeHTH X, i = 1,...,m, j = 1,...,n, KoiaT0o
ce Hapwuda mampuya Ha npeeosume. AHAIOTHIHO C€ ONpEneis U Mampuya Ha
mpancnopmuume paszxoou C, 4uuTO €lNeMenTu ca ¢;j, i=1,...,m, j=1,...,n.

Teopema 1. 3agaua (2)—(5) uMa ONTUMAIHO PEIICHNE TOTAaBa U CAMO TOTaBa,
KOTaTo € HauIe ycrosuemo 3a banawnc (1).

10 ssayapu 2011 . 3



3. TpaucnioptHa Tabnuua. OCHOBHH TOHATHS

Marpunara A ce cbCTOM OT HYJAM M CIUHMIM, KaTo BbB BCEKH CTHIO MMa
TOYHO JIBA HEHYJICBH €JIEMEHTA, 3a10TO NPOMEHJIMBATA X;; y4acTBa C KOC()UIMEHT
1 camo B /ABE OrpaHHYEHUS — i-TOTO U M + j-TOTO.

Teopema 2. Panrst Ha Matpunara A e paseH Ha m +n — 1.

3. TpancnopTHa Tabdauna. OCHOBHM MOHATHS

[Ipu paznuunute Metoau 3a pemaBane Ha KT3 ce usmonsBar npaBobrbIHU
TaOJIUITN ¥ HSIKOW TIOHATHUS, CBbP3aHHU C TsX. [[paBobIbiaHaTa TaOMUIIA IMA PEIOBE
U CTHJIOOBE, 00pa3yBaly KIeTKU. Beska KiIeTka ce onpenels ¢ HapeneHa JBOMKa
uHAEKCH (I, j), KbIETO i € HOMEPHT Ha pefa, a j— HOMEPHT Ha CTHI0a, B KOWTO
ce HaMupa KjeTkata. ToraBa nMa B3aMMHOEIHO3HAUYHO ChOTBETCTBUE MEXKIY KO-
OpAMHATUTE HA €THO JomycTuMo pemenue Ha KT3 u kneTkuTe Ha Ta3u Tabmuila,
KaTo Ha KOOPAMHATATA X;; CbOTBETCTBA KIeTKara (i, j).

Bcewuku ganam 3a mameno oxp Ha KT3 morar ma ObmaT momapeaeHH B Ipa-
BOBI'BJIHA Tabnuna (HapuuaHa MpaHcnopmHa mabauya), KaKTo € MOKa3aHO Ha
Tabm. 1.

Tabmuma 1
’ C11 ’ C12 Cln
............................. a
X11 X12 Xin !
’ 21 ’ 22 Con
............................. a
X21 X22 A2n 2
Cm1 ’cmZ Cmn
............................. a
Xml Xm2 Xmn m
a
by by | b, |b

Axo 3a 1ageHo 6ap X = {x;;},,,, KoopauHaTara x;; ¢ 6a3ucHa, kinerkara (i, j)
CBILO IIe HapuuaMe basucHa (WK nbiHd, Thl KaTo TaM Ce 3alicBa ChOTBETHATA
CTOMHOCT Ha X;;). AKO X;; ¢ HeDa3uCcHa, KieTkara (7, j) Ile HapuyaMe HebasucHa
(unmu mpasua, 3a110TO TaM HE CE 3alMCBa HUKAKBa CTOWHOCT).

Onpenenenue 1. CEBKYITHOCT OT KJIIETKM Ha TPAHCIIOPTHATA TabJiHIa ce Ha-
pUYa yuKwi1, aKO HaYyleHaTa JIMHUS, 00pa3yBaHa OT OTCEYKH C BBPXOBE B TE€3HU
KJIETKH, € 3aTBOPEHA M OT BCEKH JBE OTCEUKH C OOII BPBX €THATA JICKU B PEI, a
Ipyrara — B CTBJIO Ha TpaHCHOpTHaTa Tabmuia. ChBKYIMHOCT OT KJIETKU B TpaH-
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CIIOpTHaTa TabNHLa, KOSATO ChABPXKA LMKBI, C€ Hapuya yuxiuyxa. B mporuseH
Cllydail ce Hapu4ia ayukIuuuda.

OT ropHOTO OmpezesieHne ClieBa, Ye BCEKU LUK CE ChCTOU OT YeTeH Opoid
KJIETKH. BBB BCEKM IIMKBJ J[BE TMOCIEIOBATETHH (ChCEIHU) KJIETKH UMaT PaBHH
II'BPBU MJIM BTOPU HMHIAEKCH, T. €. ChCEIHUTE KIETKH JIEKaT B €UH U CBIIM pej
WK CTBJIO Ha TpaHcmopTHara Tabnuna. [Ipumepn Ha HUKIIH ca JaaeHu Ha Gur. 1.

@ur. 1. [uxmm. BepxoBere (KIETKUTE) Ha IUKBIIA Ca 03HAYCHU C YEPHHU TOUKU

Teopema 3. Heo6xomuMo ¥ AOCTaTbYHO YCIOBHE MPOM3BOIHA CHBKYIMHOCT
OT BEKTOP-CTHJIOOBE Ha MaTpyLiaTa Ha TPAHCIIOPTHUTE OrPaHUUYCHHUS 1a Oble Ju-
HEIHO He3aBUCHMa € ChOTBETHHTE I KJIETKHM B TPAaHCIIOpTHaTa Tabnuia na He
ChIBPIKAT LUKBIL.

Teopema 4. Heo6xonuMo 1 AOCTaTb4HO YCJIOBHE JOMYCTUMHUST BEKTOP X =
{Xij}m,n na 6b1e Onp 32 KT3 e xnerkure (i, j), 3a kouto x;; > 0, 1a HE CHABPKAT
HOUKBII.

Teopema 5. Heka X = {x;;},n,, € O1p 3a KT3. 3a Bcsaka npasuna xierka (i, j)
CBLIECTBYBa TOYHO €IHH LUKBJ, KOUTO 51 CBbP3Ba C 0a3UCHHUTE (ITBJIHUTE) KICTKU
Ha X.

4. HamupaHe Ha Ha4YaJIHO Oap

[IspBa crenka npu pemasane Ha KT3 e mocTposiBaneTo Ha HawaimHO Oxap. 3a
pasiMKa OT KAaHOHWYHATA 3a]a4a Ha JIMHEHHOTO ONTHMHpAaHe IPH TPaHCIIOpTHATA
3ajJja4ya TOBa C€ OCBHLIECTBBA JIECHO. IMa pa3iMuHu METOOM 3a TIOCTPOsBaHE Ha
HavanHo Oxp. CrMpame ce Ha J1Ba OT TSAX —.Memoo HA ce8epo3andoHus bvl N
Memoo Ha MUHUMATHUS elleMeHM.

4.1. MeToa Ha ceBepoO3anaJgHUus bI'bJ

Onpenensime minf{ay, by }.
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4. Hamupane Ha Ha4aJaHO O1p

e Axo min{ai, b1} = ai, momarame x1; = ai, x;; = 0, j = 2,...,n. Ilpe-
MUHaBaM€¢ KbM HOBa TPAHCIIOpTHA TaONIWIA, MOJydeHa OT cTapara 4pe3
OTCTpaHsABaHe Ha IIbPBUs PEJl U KOpUTHpaHe Ha by: b} = by — ay.

e Axo min{a;,b;} = by, momarame x1; = by, xi; = 0, i = 2,...,m. Ilpe-
MUHaBaMe KbM HOBa TpPAHCIOpTHa TaOiuIia, IMOJydeHa OT cTapara 4upe3
OTCTpaHsABaHe Ha MbPBHA CTHJIO M KOPUTUpaHe Ha ay: a; = a; — by.

e Axo a; = by, OTCTpaHsIBaMe WIH IIBPBUSI CTHIO, WIH IBPBUS PEll, HO CaMO
€IMHUs OT TAX W CIIEJ| HAalpaBeHara KOpEeKIus ce moiy4vasa wim b) = 0,
win a) = 0. ToBa HYJIEBO KOJMYECTBO yYacTBa IBJIHONPABHO T10-HATATHK.
B T03m cimyvaii BUHaru ce moxydaBa W3pOAEHO OIp.

C nonydeHara TaOnuia, KOITO UMa €IUH pa3sMep MO-MaJIko OT MPEIUIIHATA,
MOBTapsAMe OMUCAHUTE MO-TOpe mporeaypH. Taka cieq TOYHO m + n — | CThIKH
CTUTaMe JI0 TaOJIWIla, ChCTOSIIA CE€ OT €aHa KJeTKa (Miu Tabiuma ¢ eauH pel u
enuH cThi0). B To3u ciydaii nBeTe KonmMuecTBa ai M b) ca paBHM U YaK cera
Ce CIMMHUHHpAT U pefl, U cThi0. [IbIHUTE KISTKH B TPaHCIIOPTHATA TabiuIa ca
TOYHO m + n — | ¥ OCBEH TOBa 00pa3yBar alMKINYHA CHBKYITHOCT, T. €. B TSIX CE€
HamMHUpar 0a3MCHUTE KOOPIWHATH HA MOJYYSHOTO OJIp.

HauMeHoBaHHETO HAa METOa WJBA OT TOBA, Ye X|| € Pa3MOJIoKEHa B ,,CeBe-
po3amajHaTa” KJIeTka Ha Tabiurara.

4.2. MeToa Ha MUHUMAJIHUSA eJIeMEHT

Hamupawme c;j, = nlnjn ¢ij. Cnen ToBa onpenensame min{a;y, bj,}.

e Axo min{a;y, bj,} = a;,, nonarame x;,j, = aj,, xj,; = 0, j # jo. IlpemunaBame
KbM HOBa TPAHCIIOPTHA TaONHIIA, TTOIYICHA OT CTapara 4pe3 OTCTpaHsIBaHE
7 . / o PR .
Ha pefia io M KOPUTUpaHe Ha bj,: b = bj, — a,.

e Axo min{a;,, bj,} = b, nonarame x;,, = bj,, xij, = 0, i # ip. [IpemunaBame
KbM HOBA TPAHCIIOPTHA TabNHIa, MOJTy4eHa OT cTapara Ype3 OTCTPaHsIBaHE
Ha CTBIOA jo M KOPUTUpPAHE Ha aj: a; = djy — bj,.

e AKko aj, = bj,, OTCTpaHABaMe MU -5 CTBIO, UM io-51 PEIL, HO CAMO €IUHUS
OT TAX W CJIeJ HallpaBeHaTa KOpPEKIIUs Ce MojlydyaBa Uiu b;.o =0, numm a;() =
0. ToBa HymeBO KOTHMYECTBO y4acTBa IBIHOMNPABHO MO-HAaTaThbK. B To3m
CiIy4ail BHHArH ce IMoJiy4aBa U3poieHo Oap.

C monydenara TabIuIla TIOBTApsIME OMMMCAHUTE MPOIEAYPH, KAaKTO B METOJA
Ha CceBepo3anaaHus bI'bL.
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Ipumep 1. [a ce npuioxar
a) METOIBT Ha CEBEpO3amagHus bI'bl
0) METONbT Ha MHUHUMAIHHUS €ICMEHT

3a HAMHpaHe Ha ONp Ha TpaHCIOpTHATa 3a/1a4a, 3ajaaeHa ¢ Taom. 2.

Tabmuma 2

N E R
EEE RN
o] L8] [2f [

150 120 80 50

100

130

170

Pemenne. Hamupanero Ha HayanHO OAp IO METOJa HAa CEBEPO-3araiHHS
BI'BJI € WIIIOCTpHpPaHO ¢ Tabm. 3. PexsT 3a oTcTpaHsBaHe Ha pefoBe (pecl. CThI00-
Be) IIpH TOJTyYyaBaHe Ha peAylMpaHuTe TaOJMHUIM € O3HaueH OTIISABO (32 peloBeTe)
U oTrope (3a cThiIb0OBeTe) Ha TabmuIara ¢ puMcku Iudpu. TpaHCIOpTHUTE pas3-
X0IH 3a HaMepeHoTo oap ca 2300.

Tabmuma 3
1I v A% VI
IE N T
1100 100
EE R ENE
II1{50 80 130 80
L) Lsl 2] 7]
VI 40 80 50 170 130 50
150 120 80 50
50 40

Hamupanero Ha Ozxp Ha chlnara 3agada [0 METO/a HA MUHMMAJIHUS €JIEMEHT
e wiroctpupano Ha tabi. 4. TpancnopTHUTE pasxomu 3a ToBa Oxp ca 2220. Ilo-
KbCHO 1I€ BUJIUM, Y€ 32 ONTUMAIHOTO pernieHue te ca 2040.
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5. PasnpenenurenieH MeToa 3a pemiapane Ha KT3

Ta6muna 4
II A% VI v
ENRERN T
111 {20 80 100 80
ERE RN ENE
1130 136
[s] L8] [2f [7
VI 40 80 50 +70 120 80
150 120 80 50
20 40

5. PasnpenesanTesien Metox 3a pemiasane Ha KT3

Cropen Teopema 1 ycioBHEeTO 3a OalaHC € HEOOXOIUMO W JIOCTaThyHO, 3a
na mma KT3 ontumanHo pemenue. Taka oT anropuThma Ha CHUMIUIEKC METOIA
OTIIaJa KPUTEPHAT 32 HCOTPAHHMUYEHOCT Ha IiejeBara (DyHKIIHSA M OCTaBaT caMo
JIBa €JIEeMEHTa — KPUTEPUI 3a ONTUMAJIHOCT U MPaBUJIO 3a MPEMUHABAHE OT €1-
HO O1p KBM CHCETHO Ha HETrO, IIPH KOSTO CTOMHOCTTA Ha IieiieBaTa (hYHKITHS Ce
onoopsisa.

5.1. Kpurepuii 32 onTHMaJHOCT

Hexka X e 0ap u (k, /) e mpa3na kietka. OOpa3yBaMe eIWHCTBEHHS LIUKBI Y/,
KOHMTO s CBBP3Ba C KJIETKHTE OT Oasuca Ha X

Yia s (k Dk, j1) - (s, jo)(is, D).

Kietkute oT IUKBIIa MapKupamMe alTepHATUBHO ChC 3HALU + U —, 3aIl09Baii-
ku ot kietkara (k,l) cbc 3Hak +. ToraBa oTHOCHUTENHATa OIIEHKAa HAa MPOMEHIIH-

Cr = Z Cij — Z Cijs

@.Devy; @NeEvy

Bara xy; €

kbaeT0 v}, = {(i, j) € Y, 03Ha4enu ¢ +}, ¥,;, = {(i, j) € yx, O3HAYEHHU C —}.
Teopema 6. bap Ha 3amada (2)—(5) € onTUMaHO TOraBa M CaMO TOTaBa, KO-
raro cy; > 0 3a BCHUKH HETOBH Ipa3Hu KiIeTkH (k, [).
Teopema 6 cieBa HEMOCPEACTBEHO OT YCJIOBHATA 32 ONTHUMATHOCT HA KaHO-
HUYHATa JIMHEHHa 3a7a4a.
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5.2. [IpemuHaBaHe OT eAHO OAP KbM ChCEIHO HA HEro

Teopema 7. Heka X ¢ 61p Ha 3amada (2)—(5). ToraBa BeKTOPHT X , HOIyYEH
oT X 1o GopmynuTe

xij = xij + }ipjp’ (i’ -]) € y;[’
(6) Xij = Xij = Xipjpr (L)) € v
Xij = Xijs ())& Yu>  Xi,j, = min X;j,
@Devy
e O1p Ha 3anada (2)—(5), kKaTo X U X' ca ChCEHH.
Teopema 7 cieaBa HEMOCPEACTBEHO OT (hOPMYIIMTE 33 TIPEMHHABAHE OT €HO
61p Ha KAHOHMYHATA 33/[a4a Ha JMHEHHOTO ONTHMHpPAaHE KbM ChCEIHO HA HETO.

5.3. AaropursMm Ha pa3npeaeTUTeTHU MeTOJ

To3u MeTox € BapuMaHT Ha CHMIIICKC METOZAA 3a PEIlaBaHE HA KAHOHWYHATA
3aJaya Ha JIMHEHHOTO ONTUMHUPAHE U MOXeE JIa C€ OMHUIIE C IIOMOIITA Ha CIETHUS
aJITrOpUTHM:

1. TocrposiBame HavyaHO OAP X MO HAKOH OT M3JOKeHHUTEe MeTonu. [IpemMuna-
BaMe KbM T. 2.

2. 3a BCcsKa IpasHa KieTka (i, j) Ha X IOCTpOosiBaMEe LUKBJIA Y;; U NPECMsATa-
Me c¢;j. IIpoBepsiBame KpuTepys 3a ONTHMAIHOCT (Teopema 6). Ako ToH e
W3ITBIHEH, TO O/Ip € ONTUMAIHO U 3a7adara e pemieHa. Kpai.

Axo KPUTCPUAT 3a ONITUMAJIHOCT HE € U3I'bJIHCH, IPEMUHABAME KbM T. 3.

3. Hamupawme ¢;,j, = min{c;; : ¢;; < 0}. [loctposiBame HOBO 6p X 110 pop-
mynute (6) ¢ moMoIITa Ha HMKBJIA Yj,j,, CBbp3Bawl Kinerkara (io, jo) ¢ Oa-
3WCHHUTE KJIETKH Ha X. [IpeMuHaBaMe KbM T. 2, KaTO BMECTO X B3eMaMe
X

Hpumep 2. [la ce npuitoxu pasnpeaeuTeTHUSIT METO] 32 pelllaBaHe Ha 3a-
Jladara, J1aJicHa ¢ Taoi. 2.

Pemenue.

Hrepaunus 0:

1. 3a nagamno 61p x© usnomysame HamMepeHOTO B TabIL. 3.

2. IlpoBepsiBaMe ycClIOBUATA 32 ONTUMAJIHOCT. 3a LIETa IPeCMATaMe OTHOCH-
TEJIHUTE OLECHKM Ha He0a3MCHHUTE NMPOMEHJINBH (Ipa3sHUTE KieTkw). ToBa
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5. PasnmpenemurencH meTon 3a periaBade Ha KT3

W3BBPINBAME M0 PEAOBE OTIABO HaascHO. [IbpBara mpa3Ha KJeTKa Mpu Ta-
3u Hapenoa e (1,2). HelHuAT muKbi

Yz (112)(2:2)(211)(1:1)

€ MOKa3aH ¢ MyHKTUp Ha Tabn. 5. Taka cpp = (5+1)—(4+3) =6-7=-1 < 0.

Tabmuma 5

IERRE RN

1007~

i
50 + |80

[s] [g D2l [z

Crnenosarenso x© we e onrumauo omp.

3. Tsi KaTo mpoBepKaTa Ha KPUTEPUsS 32 ONTUMAIHOCT IPU pa3lpelenuTe-
HUS METOJI € CBbp3aHa C HAMHMPAHETO Ha IMKbBJA HA BCSAKA Mpa3Ha KIeT-
Ka, HAMHPAHETO Ha BCHYKH OTHOCHTEITHU OICHKHU € JIOCTa MPOABIIKUTEIICH
mporec. 3aroBa B TO3W NpUMeEp Ilie BKapBaMme B 0a3uca IbpBara mpasHa
KJIETKa, KOSITO HE YIOBIICTBOPSBA KPUTEPHUS 32 ONTHUMAIHOCT. B cirydast To-
Ba ¢ kietkara (1,2). MUHMMAaIHOTO KOJUYECTBO B KIIETKUTE, OTOCIS3aHH C
—, e 80.

HUrepanus 1:

1. Omnpenensme koopauHatute Ha HoBoTo O1p X (BK. Tabm. 6) MO hopmy-

mu (6).

Tabmuma 6
EEENERD

20 80 T[T
ERERRGERE

130 1 1
ERCNEE

40 + 180 |50

10 10 suyapu 2011 .



Ynpaxxnenne 11-13

2. IIvpBara npasna kierka e (1, 3). HelHusT uKsn
y13 1 (1,3)(3,3)(3,2)(1,2)
+ - + -

€ ToKa3aH ¢ MyHKTUp Ha Tabm. 6. Takac;3 = (7+8)—-(12+5)=15-17 =
-2 < 0. Crenosarenno x'V we e onrumanno omp.

3. MUHUMAaIHOTO KOJWYECTBO B OTOCIA3aHUTE ¢ — KIIETKU € paBHO Ha 80. To
ce cpellia B JIB€ OT Te3W KJICTKH. ToBa 03HauaBa, 4e CIEABANIOTO Ofp Iie
OBbJe U3POJICHO.

Hrepauns 2:

1. OmnpenensmMe KoopaMHATHTE Ha HOBOTO O1p X (Bk. Tabm. 7) mo dopmy-
mu (6), kaTto u3BaKAaMe oT Oasmca kietkara (3, 3). Torasa kierkara (1,2)
craBa 0a3ucHa Hyna (B Ta3W KJIETKa 3anmucBame uucioro 0 u He s oCTaBsiMe
mpasHa).

Ta6muna 7

IERE

0 80‘;7 ‘1
T [& Lo [
DEREERE

|
|
|
|
[
|
J

1120 50

2. TlocnemoBareTHO HaMHpaMe IMUKIATE W OTHOCHTEITHHUTE OIICHKH Ha Ipa3-
HUTE KJIETKH Ha ToBa OAp:

yia : (L4343, 2)(1.2)
ci4=(11+8)-(7+5=19-12=7>0,
y22 £ (2,22 (1, 1)(1.2)
Cn=@+3)-1+5=7-6=1>0,
y23 £ 2 3@ D1 (L)
c3=(06+3)-1+7)=9-8=1>0,
yas 242 D1 1(1.2).3.2)3.4).
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5. PasnpenenurenieH MeToa 3a pemiapane Ha KT3

c=0B+3+8)-(1+5+7)=14-13=1>0,
y31 1 (3, DG, 22, (I, D),
+ - + -

c31=05+5-8+3)=10-11=-1<0.
3. MUHUMAJIHOTO KOJUYECTBO B OTOEIS3aHUTE C — KJIETKU € paBHO Ha 20.

Hrepanus 3:

1. Onpenensme KoopauHaTHTe Ha HOBOTO O1p X©) (BK. Tabm. 8) mo dopmy-

mu (6).
Tabmuma 8
ENRE R ERT
20 80
EREIRREERE
130
[s] [8] [2] [7]
20 100 50

2. IlocnemoBareTHO HaMHpaMe NUKIUTE W OTHOCHUTEITHUTE OIICHKH Ha Ipa3-
HUTE KJICTKU Ha ToBa Oxap: ¢j; = 1, ¢4 =7, cop = o3 = ¢4 = 0, ¢34 = 2.
Crnenosarenso x> e onrumanHo 6np. OnTuManHaTa CTOMHOCT Ha IIefieBaTa
¢dyskms e 2040.

OcraBa camo 1a 0TOENEKNM, Ye OTHOCHTEITHUTE OLICHKH Ha MPA3HHUTE KIIET-
K{ BBB BTOpHS pe/l Ha Tabiuiara ca paBHH Ha Hyna. ToBa o3HayaBa, 4ye 3ajqavara
UMa M JIPYrH ONTHMAJIHH pemeHus. Te ce moiydasar (omie Tpu Ha Opoi), Ka-
TO BKapame IOCJIeJOBaTeIHO B 0a3uca Te3W TpU Mpa3HH KieTKd. Taka 3agadaTta
npuTexaBa dyetupy onruManay 6ap. da ru o3maunm ¢ X, x®| xS 1 x© O6mm-
AT BUJI Ha ONTHMAIHUTE PEIlCHHs NPEICTaBIsIBa M3IIbKHAIATa OOBHBKA Ha TE3U
yetupu 6ap

6 6
X*:Z/ljx(j)’ /IJZO, j:3,...,6, Z/ljzl
=3 =

12 10 suyapu 2011 .
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6. MeToa HA MOTEHIHAJIUTE

Tos3u MeTon e BapHaHT Ha JIBOMCTBEHHUS CUMILIEKC METOI.

6.1. Kpurepuii 3a onTUMaJHOCT

JIBoliHCcTBEeHaTa 3a/ava Ha 3a7a4da (2)—(5) e

n m
maxw = ijVj - Zaiui
j=1 i=1

IIpH OTPaHUYCHUS
vi—up<cj i=1,....m j=1,...,n

JIBoiCTBEHNTE MPOMEHIIMBY, OTTOBAPALIN Ha orpaHnyeHudarTa (3), ca 03HaYCHHU C
—u;, i = 1,...,m, a Te3u, OTTOBAp:AIIM HA OrpaHUYEHHATA (4) ca O3HAYEHHU C V),
j=1,...,n. Ilpuero e Te ga ce HapUyaT NOMEHYUATU.

JlecHO MOXe Jia ce poBepHU, Y€ ako (—Ui,..., —Uy, V], ... V)T e JIOITyCTUM
BEKTOp 3a TropHAarTa 3aj1a4a, To ¥ BeKTOPbT (—uy—h, ..., —u,—h,vi+h,. .. n+h)T,
KBJIETO 7 = const, CBIIO € TOMYCTUM 3a Hes. ToBa 03HauaBa, ue BCEKH JOITYCTHM
BEKTOp 32 Ta3H JBOMCTBEHA 3a]aya € OMPEIENICeH ¢ TOYHOCT J0 aJUTHBHA KOHC-
TaHTAa.

Teopema 8. HeoOxoaumo u 1ocTaThyHO yCIIOBHE Op X Ja Objie ONTHMAaIHO

pemenne Ha 3anada (2)—(5) e 1a CHIIECTBYBA BEKTOP (—Ul, ..., —Upm; Vi, ..., Vp)l,
TaKbB 4e

@) vi—ui<cjs3ai=1,....m, j=1,...,n,

(8) V;— Ui = Cjj 3a Xjj > 0.

Teopema 8 ciiena OoT TeopeMmuTe 32 JBOWHCTBEHOCT Ha oOlIara 3ajada Ha
JMHEWHOTO ONTHUMUPAHE.

6.2. AropurTbM HAa MeTO1a HA MOTEHUHATHUTE

MeTtonbT Ha MOTEHIUAINTE MOXE Ja C€ OMHIIIE ¢ MOMOIITA Ha CIETHHS aj-
TOPUTBM:

1. ToctposiBame HavyaHO OP X MO HAKOH OT M3JOKeHHUTEe MeTonu. [IpemMuna-
BaMe€ KbM T. 2.

2. Pemasame cucTemara vj — u; = ¢;j 3a ObJIHUTE (Oa3MCHUTE) KIETKH HA X.
Twii karo OposT Ha ypaBHEeHHATA € m + 1 — 1, a OPOAT HAa HEN3BECTHHUTE €
m + n, peIICHUETO Ha CUCTEMara € ONpeIesIeHO C TOYHOCT 10 KOHCTAaHTa.

10 ssayapu 2011 . 13



6. Mertoq Ha NOTEHIIHAIUTE

3. IIpoBepsiBame yCIOBHSTA 3a ONTUMAIHOCT (TeopemMa 8). AKO Te ca U3MbJI-
HEHH, OJIp € ONTUMAITHO U 3a/a4ara ¢ pemieHa. Kpait.

Axo yCJIoBHATA 3a ONITUMAJIHOCT HE Ca U3IMIBJIIHCHU, IPEMHUHABAM€ KbM T. 4,

4. Ompenensime mpa3Ha KieTka (ig, jo), 3@ KOATO HE € U3IBIHEH KPUTEPUAT 3a
ONTUMAJIHOCT, CbC CBOMCTBOTO Cjyj, — Vj, + Uj, = min{c;; —v; +u; : x;; = 0}.
Cebp3Bame kietkara (ig, jo) ¢ 0a3UCHUTE KIIETKU Ype3 eUHCTBEHUS IUKBIL.
IToctposiBame HOBO O1p IO hopmynmTe (6) M TpeMHUHABaMe KbM T. 2.

3abenexka. 300psT Ha KiIeTKara (ig, jo) 10 HAYMHA, H3JIOKEH B T. 3 Ha pas-
MpeeuTeHUS MeTol (PectL. T. 4 OT MeTojla Ha TIOTCHIIUAINTE), HE € ChIIECTBEH,
HO Ce TpaBH, 3a Ja UMa €IHO3HAYHOCT MPU ONMHUCAHUETO Ha anropuThma. Kier-
Kara (ip, jo) MOXe 1a ObJie MPOM3BOJIHO U30paHa MEKIY KICTKUTE (I, ), 32 KOUTO
E,’j <0 (pecn. Cij—Vvjtu < 0)

IMpumep 3. Jla ce npuaoKu METOIBLT Ha MOTCHIIMAIMTE 3a pelllaBaHe Ha 3a-
Jayara, JajeHa ¢ tadiauiara

Ta6muma 9

KK
e
R

90 30

30

60

60

Pemenne. 3amadara e ot orBopeH tuil. [IpeBprmame s B KT3 ¢ gobassaeTo
Ha (ukTuBeH cTha0 (Tadm. 10).

Tabmuma 10

30

60

9]
L7 1 [
9]

60

90 30 30
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Hrepanmus 0:

1. Hamupame Hagaso 61p x© o mMerona Ha ceeposananuus vrbi. Hupop-
MaIyaTa 3a HeTo ce Hamupa B Tabm. 11. Bwkna ce, ye ToBa 61p e m3pose-
Ho. basucHara Hynma Moxe na ObAe mocTaBeHa U B kKieTkara (3, 1) BMecTo

B (2,2).
Tab6muma 11
EIERK
30 30
EINERK
60 0 60
ERIND
30 30 60
90 30 30

2. PemaBame cucremara
Vi — Uy = 1, Vi —u2:7, Vz—u2=2, Vo) — U3z = 10, V3—u3=0.

[Monaraiiku u3 = 0, Hamupame vz = 0, vo = 10, up = 8, vi = 15, u; = 14.
Hanacsime moTeHImannTe, KakTo € moka3aHo B Ta0m. 12.

Tabnuma 12
V; 15 10 0
Ui
RS
ERERK
8 60 0
EROND
0 30 30

3. IlpoBepsBamMe yCIOBUATA 32 ONTHMAITHOCT:

VZ—M1=—4<5=C12, V3—u1=—14<0=C13,

V3—u2=—8<02623, V1—u3=15>1=C31.

B,Z[p HC € OIITUMAJIHO.
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6. Mertoq Ha NOTEHIIHAIUTE

4. IuxbabT Ha KieTkara (3,1) e
y31: (3, D(3,2)(2,2)(2, 1).
+ - + -
MuUHMMaIHOTO KOJIMYECTBO B MapkupaHa ¢ — kietka e 30.

Hrepanus 1:

1. Omnpenensme KoopauHaTUTE Ha HOBOTO O1p XV (BK. Tab1. 13) Mo dopmy-

nu (6).
Ta6imma 13
vj 3 -2 0
Ui
EEERRK
2ENEY)
EIRERK
4+ 130 30
BN
0 30 30

2. PemaBame cucremara
vi—ur =1, vi—ur=7, vi—uz=3, vo—up =2, vy —uz =0.
[Monaraiiku u3z = 0, mamupame vz =0, vy =3, up = —4, vy = -2, u; = 2.
3. IIpoBepsiBaMe yclioBUsITa 32 ONTUMATTHOCT:

V2—M1=—4<5=612, V3—M1=—2<O=Cl3,

V3—u2=4>0:C23, V2—M3=—2<10=C31.
Bbap He e onTumanHo.

4. IluxbsabT Ha KiIEeTKaTa (2,3) €
Y23 1 (2,3)(3,3)(3, (2, 1).
+ - + -

MuHMMaIHOTO KOJIMYECTBO B MapkupaHa ¢ — kieTtka € 30. To ce cpema
JIBA ITBTU, OTKBJIETO CJICABA, Y€ CIEABANIOTO O/p € U3POACHO.

16 10 suyapu 2011 .
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Tabmuna 14
vj 7 2 0
Ui
EEE K
EET
EERK
0 0 30 30
BRI
4 60

Hrepanus 2:

1. Onpenensme kKoopaMHATHTE HA HOBOTO O1p X (BX. Tabm. 14) mo dopmy-
mu (6).

2. PemaBame cucremara
vi—u1=1, vo—ur=2, vi—-up=7, vi—uy =0, vi —u3 = 3.
[Tonaraiiku uy = 0, Hamupame v3 =0, vi =7, vo =2, u3 =4, u; = 6.

3. IlpoBepsBamMe yCIOBUATA 32 ONTHMAITHOCT:

V) — U] —4<5=C12, V3 — U —6<0=C]3,

—2<10=C32, V3 — U3 —4<0=C33.

V2 — U3
Toa Oxap e ontumanno. CroitHocTTa Ha 1ieneBara ynkius ¢ 270.

3agauu

1. [la ce nokaxe, 4e 3aga4a (2)—(5) e u3pojieHa ToraBa u camo TOrapa, Korato

CBINECTBYBAT UHIACKCH i1, ..., ip, P <M, J1,..., jq, 4 < N, TAKABA Y€ @;, + - +a;, =
bjl +"'+qu.

2. la ce mokaxe, ye ako KT3 e m3pomena, To cpmectByBa u > 0, TakoBa
ye 3a BCAKO € < u 3ajadara 71(g), 3a kosito a(e) = (a1 + &,...,an, + &), b(e) =
(b1,...,by_1,b, + me)T, e HeM3poneHa.

3. Jla ce nokaxe, 4e ako a U b ca nenouncinenu B (2)—(5), To 3amadara, 3a

T
kosiTo @’ = (ay,...,dm-1,am + DT, B’ = (b1 + }2, e, by + %) , He MOXe Ja ObJe
M3pOJIcHA.
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3agaun

4. Jla ce nokaxe, ye ako KT3 uma camo eTHO M3pOJCHO O/p, TO CHIIECTBYBa
caMo eJHa ABOMKa MHIEKCH (s,1), TaKMBa Y€ dy + b, = ay + - -+ + a,,.

5. Hexka

m

M(a,b,D) = {x = {x;;} Zx,] a;, inj:bj, 0<xi;<d;
j=1 i=1

[a ce mokaxe, ue HEOOXOMUMOTO U NOCTaTbuHO yciosue M(a,b,D) # (0 e

me al,Zd,] >Zb], Jc{l,...,n}.

jeJ
6. Jla ce okaxke, 4e ako ChILECTBYBa JIBOMKA WHJEKCH ([, f), TaKuBa 4e Cjy —
cy > max(cu cij),i=1,...,1=1,1+1,...,m, T0 3a BCAKO ONTUMAJIHO PELICHUE
X = (x, ]) Ha KT3 umame x;; = min(ay, b,).

7. Hanena e 3amauara

Hexka x© e 61p, momy4eHo 110 METOJa Ha MAKCHMAJIHHS eJIeMEHT (aHAJIOTHYEH Ha
MeTO/Ia Ha MUHUMAITHUS €JIEMeHT), a X* e ontuManHo oap. [a ce mokaxe, de

n n

m
A S
i=1

j=1

l\.)lr—‘

i=1 j=1
8. Jla ce mokaxe, ue ako B 3amada (2)—(5) a u b ca menounucienn BEKTOpH, TO
BCSIKO OJIp € C IICJIOUNCIICHH KOOPIUHATH.
9. la ce nokaxe Teopema 1.
10. [a ce goxaxe Teopema 2.
11. Jla ce nmokaxe Teopema 3.
12. 1a ce noxaxe Teopema 4.
13. [la ce noxaxe Teopema 5.
14. [1a ce noxaxe Teopema 6.
15. [a ce noxaxe Teopema 7.

16. [a ce noxaxe Teopema 8.
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17. Jla ce mokaxke, 4e TBOWHCTBEHATA 3a/1a4a Ha 3aj1a4a (2)—(5) uma 6e30poii-
HO MHOT'0 JOIYCTHMH PEIICHUs, Pa3indaBallly ce ¢ alUTHBHA KOHCTAHTA.

18. Heka B 3agauara Ha JIO maxz = ¢x, Ax = b, x > 0, cucremara Ax = b
nMa panr m — 1 (m e OposT Ha peloBeTe Ha A) U BCSIKO €THO OT ONpaHHYCHHUATA
B cuctemara Ax = b e nuHeliHa KOMOMHAIMS HAa OCTaHAJIUTE orpaHuyeHud. Jla
ce JTOKaXke, 4e ABOMHCTBEHATa Ha TasW 3aja4a MMa 0e3pOifHO MHOTO JOIMYCTHMH
pellleHus, pa3uyaBalliy ce ¢ aJUTHBHA KOHCTaHTa (0000IeHEe Ha TBBPICHUETO
B 3a1. 17).

19. Jla ce nokaxe, ge Bcsiko ontumainHo perrenne Ha KT3 (2)—(5) e onmruman-
HO M 3a 33/1a4aTa, B KOATO KbM BCHUUKH KOE(ULHMEHTH C;;, PA3MOJIOKEHN B €IUH
U ChII pel (WM €IWH M CBII CTHI0), € mprudaBeHa WM M3BaJIeHA eIHa M ChIIa
[IPOM3BOJIHA KOHCTAHTA.

20. Janena e KT3 ¢ m mpou3BomuTeNw W n MOTPEOUTETH W TPAHCIIOPTHH
pasxomu ¢;; = j+ (i — Dn. [la ce nokaxe, 4e 3a NPOM3BOJHU HAJTMYHOCTH @; U
norpedbnoctu bj, i=1,...,m, j=1,...,n,3a KOUTO a1 + -+ dp, = by +---+ b,
BCSIKO JTOITYCTHUMO PELICHUE € ONTHUMAIIHO.

21. 3a Bcsika ot ciegnute T3 na ce HamMepu ONTUMAIHO PEIICHHE M aKo
OTITHUMATHOTO PEIICHUE HE € SMUHCTBEHO, J1a CE TIOCOYH OIIE EIHO.

3abenexka. B 3amaunte, 3a KOUTO HE € U3IIBIIHEHO yCIOBHETO 3a OanaHc, 1a
ce BBBEJIE I10 TOAXOII HAaYWH OINe eIUH pef win cThI0. ToBa ce oTHACA u 3a
cnensamniure (22-25) 3amavn.

75

21.1.C=| 64|, a=(2520,30)", b = (20,40)";
67

1233

21.2.C = ,a=(180,90)T, b = (60, 75, 120, 45)T;
3451

24
213.C=|1 3|, a=(30,40,10)T, b = (20,50);
02

24

12
214.C = - ,a=(25,20,15,40)T, b = (60, 30)T;

35

321
215.C = 654 a = (35,557, b = (30,25,55)T;
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3agaun

21.6. C =

21.7.C =

21.8.C =

219.C =

21.10. C =

463

,a=(110,70)T, b = (110, 60, 50);
13 2) ( ) ( )

4 0 2

,a=(30,45)T, b = (25,45,25)7;
14 10 12

235
4 46 |,a=(100,90,150)T, b = (80, 110, 120)T;
517

3510 1
57 2 0},a=(50,50,15)", b = (30,20,40,25)";
17 811

675
,a=(135,90)T, b = (75, 60, 135)T.
120

22. lanenn ca T3 (Bx. 3abenexxkara kpM 3a1. 21):

675
22.1.C = ( s 0], a = (90,60)T, b = (50,40, 90)T;

a) 1a ce HaMepH MPOU3BOJIHO ONTHMAIHO PEIICHHE;
0) 1a ce HaMEpH TaKOBa ONTUMAIIHO PENIeHne, 3a KoeTo x13 = 60.

13

222.C=]02}|,a=(80,20,60)T, b =(40,100)T;

24

a) J1a ce HaMEepH MPOU3BOJIHO ONTHMAIHO PEIICHHE;
0) 1a ce HaMepHu TaKOBa ONTHUMAJIHO PElIeHue, 3a KoeTo X3 = S50.

23. 3a KoM CTOMHOCTH Ha mapaMeTpure a u 3 Omp

Ha TpaHCIIOpTHAaTa 3ajiada

30 01010
x'=| 0 020 O
04030 O
a+pf 2 a 1 50
4 a-0 2 -1 20
10 4 a+pf 10 70
30 40 60 10

20
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a) € ONTHMAJIHO PEIICHUE;
0) € eIMHCTBEHO ONTHMAJIHO PEIIeHHE;
B) HE € SIMHCTBEHO ONTHMAIIHO pelIeHNe (HaMepeTe BCHYKH ONITUMAIIHH O/1p,

CBhCENIHU Ha X*).
24. 3a xou CTOMHOCTH Ha MapaMeTbpa a ChOTBETHOTO Ofp X* 3a TpaHCIIOPT-
HUTE 33a[a4M, JaJeHU ¢ Tabnuuure:

1 3 a 90
24.1. 4 2 1 50 |, x" = (30 40°20 ],
30 60 70 0050
a 7 30 20 0
24.2. 4 6 25 ,X'=125 0},
7 6 20
45 15 015

a) € ONTUMAIIHO;

0) He e ONTHMaJHO, HO 3a/1a4yaTa NMa ONTHMAIHO Op, ChCETHO Ha X

3abenexka. B 3a1. 24 u 25 Oap ce OoTHACAT 3a 33Ja4MTe, IMONyYEHH OT H3-
XOIHUTE CIICH TIOAXOMISINO BhBEXKIaHE HA Pell WIIM CTHIO C IeJ yIAOBICTBOPSBAHE
Ha yCIIOBHETO 3a OallaHC.

25. 3a KoM CTOWHOCTH Ha MapaMmeTpuTe a U 3 0ap

20 03050 205030 O

x*=| 0 050 0], y'=| 0 050 0

060 010 010 060

Ha T3, mamena c¢ tabmunara
a+p 2 g1 100
-7 @ -2 50
0 -3 a+B | 70
20 60 80 60

a) Ca OIITUMAJIHU pCIICHUA Ha 3aJa4ara,

0) ca crcennu Oap, O3 1a ca ONMTUMATTHU PEIICHUS;

B) 3a CTOMHOCTHTE Ha @ W 3, 32 KOUTO X" U y* ca ONTHMAJHU PElIeHus, J1a

C€ HAMEpH ONTHMAIHO PEUICHHE Z*, 32 KOETO 7}, = 25.
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OtroBopu H perieHus

OTtrosopu ¥ pemenust

1. Jocmamwvunocm. Heka cvmectByBar (I1,J1) Takusa, 9e¢ ) a; = ), b;.
il je

Teit xato Y a; = X b, I = {1,...,n}, J = {l,...,m}, 70 Ya; = 2 b
i€l jeJ iel\I, je\J1

Pazrnexname cnegHuTe TpaHCOPTHU orpanuyenus 11 u Ty:

iel . _ . _ .
T, = (xij)je.}l : inj = bj, JE Jl,inj =a; i €1, Xij > 0p,
iel; Jje1
2 Xij=bj, jeJ\Ji,
iel\l; . iel\
(Xij) s '

S _
NS = ap, i€ T\,
JjeJ\Ji

1)

xij>0

Axo x' u x? ca BbpXxOBe Ha 11 u T, TO MO OYEBUAEH HAYMH C€ KOHCTPyHpa

JIOITyCTUM BEKTOD X, YIOBJIETBOPABALL OTPAHUYEHMATA D, X;j = a;, ), Xij = bj,
= i€l

KOWTO € BPbX M UMa Hal-MHOTO m + n — 2 HEHYJEBU HpéMeHHHBH.
Heobxooumocm. Heka X € BpbX, KOMTO € U3POJCH, T. €. CHINECTBYBa Oa3ncHa

MIPOMEHIINBA, KOSATO € paBHA Ha Hyna. Bceku BpbX 4pe3 MOAXO/sIIa IepMy Talus

Ha BEKTOpHUTE a U b MOXe Ja ce MOCTPOM M0 METOAa Ha CEBEpO3ammagHUs BIb.

Tbli KaTo Ha oIpeseNieHa CThIIKA (KOraTo oIpesesMe HyjaeBara 0a3ucHa MpOMeH-

JNIMBa) KOPUTUPAHWUTE ¢; U b; ca paBHY Ha Hylla, OT TOBA HEMOCPEICTBEHO CIIE/IBA,

Y¢ ChIICCTBYBAT MHOXXECTBA OT MHIACKCH S u T, 3a KOUTO Z a; = Z bj.
i€T JjES

2

2. Twil kaTo 3agadara € U3pOJcHA, TO CHIUICCTBYBAT JBOMKH MHOXKECTBA OT

unpexcu (1;,J;),i=1,...,s, TakuBa, 9e », a; = », b;, i =1,...,s. llle mokaxem,
Jeli Jeli

Ye ChIICCTBYBA &) TAKOBa, ue 3a BCIKO 0 < € < £y M 3a BCsAKA BOMKA MHOKECTBA

(Z,J)

©) D aje) # ) bie).

Jel jeJ

3a Bcsaka aBoiika (I;, J;) o4eBUIHO

2. bj, m ¢ J;

2

aje)= Y aj+le# Y bje) ="
]ZGI; ]Zd; ; jg}.bj-l-mg’ meE J;,

TBH Kato |I;] < m 3a Bcsako € > 0. Heka (/,J) e mpou3BoiIHA JBO¥KA, pa3IndHa
ot (I;,J;), i =1,...,s. Bpamoxuu ca aBa ciydas: m € Jum ¢ J. Axom ¢ J,
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TO TBH KaTo ), a; # , bj, ako Y, a; > } b;, To nocrarbuno € £ > 0, 3a na

jel jeJ jel jeJ
Obae u3nbeiHeHo (9). Ako m € J, Toii kato ), a; # ), bj, ca Bb3MOXKHHU JBa
jel jeJ
cirydJas: a) _ZI aj; < _ZJ b;. 3a na 6wpae m3nbiHeHO (9), € nocrarbuHo £ > 0; 0)
Jje Jje

2, a; > 3, bj. 3a na 6pae u3nbaHEHO (9), JOCTAaTBHYHO € & < m+|,| (Z aj— 3, bj)
Jel jeJ Jel jeJ

3a Te3u I, 3a xouto |I| < m. Heka 81 = minﬁ(z aj— 2, bj) 10 TE€3U IBOUKH
jel jeJ
— mi 1
(1,J), 3a KoUTO Z bj— Z a;j>0nm¢J. Heka o) = mlnm(z aj— Z bj) o
jeJ JeI Jel jeJ
Te3u nABoiku (1,J), 3a xouto m € J, |I| <mm , aj— 3, b; > 0. Torasa 3a Bcsko
Jjel jeJ
£ < 0 = min(d1, d2) € u3nbIHEHO (9).

3. Pemenuero cnenBa HEMOCPEICTBEHO OT PELICHHETO Ha 3ajada 2 U yc-
JIOBHETO 3a LIEJIOYMCIEHOCT (OT HEro cuensa, 4e ako , b; — > a; > 0, 10

jeJ Jjel
Sbi-Yaj>1.

jeJ jel

4. Tvii karo 3ajayara € U3POJIEHa, TO CHIIESCTBYBa JIBOMKA MHOXECTBa OT

unpnexcu (I, J) takasa, ue ), b; = > aj. Axo |I| > 2 u|J| > 2, oueBuaHO 3ana4ara
jeJ Jel

¥Ma TIOBEYE OT €IWH U3POACH BpbX. ClenoBareHo MOHE 3a €HO OT MHOXKECTBaTa

I wim J umame |I| = 1 wmm |J| = 1. be3 ma HapymaBame OOIIHOCTTa, MOKEM Ja

npeanonoxuM, de |J| = 1. CnenosarenHo ChleCTByBa MHIEKC f1: by = ) a;.
jel

Ako nomycHeM, ue |I| < m — 1, cturame 10 IpOTHUBOpEUHE C €AUHCTBEHOCTTa Ha

u3poneHus BpbX. CIeJOBaTeNHO ChILIECTBYBA UHIEKC S| TAKbB, Y€ dg + by =

m

2, aj. AKo JI0IycHeM, 4e ChLIECTBYBA Apyra ABOHKAa MHAEKCHU (s2,12), 33 KOMTO

Jj=1

m
as, + blz = Z dj, TO CTUramMe 10 IIpOTUBOPCUHC C CAMHCTBCHOCTTA.
J=1

5. Heobxooumocm. IIpoBepsiBa ce HETIOCPEICTBEHO.

Jocmamvunocm. 1lle nokaxkeM TBbPJEHUETO 10 UHIYKIIHS COPSIMO m U n. 3a
TOBA € JOCTaThUHO JIa pasriieaaMe IBOUKUTE (m, n), m < n, OT LETU MOJIOKUTEITHI
YuCIIa, HapeIeH! JIMHEHHO ¢ IMOMOoIITa Ha HapeabdaTa <, KOATO ce JehuHUpa 1Mo
caenHus HaduH: (m,ny) < (mo,ny), ako ny < np WK ako ny; = np umy < myp. 3a
(1, 1) TBBpAeHUETO € BApHO. Jla TOMyCHEM, Y€ TBBPJAECHUETO € BIPHO 3a BCUYKH
nBoWkM (m,n) < (mg,ng). Illle mokaxkem, 4ye To € BAPHO U 3a ABOMKaTa (mq, ng).
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Ot ycnoBueTo

imin ai’zdij Zij, Jc{l,...,np},
i=1

jeJ jeJ

mo ip—1
mpu J = {1} cnensa, ue Y, min(a;, d;;) > b. Heka iy € HHIEKCHT, 3a KOUTO ), ¢; <
i=1 i=1

io _
by u Y, ¢; = by. OueBugno iy < mg. a pasmiegame MHOXecTBoTO M(a, b, D) ¢
i=1
pasMepHoCT mg X ng — 1, mapamMeTpure Ha KoeTo ca: a; = a; —ci, i =1,...,ip— 1,

ip—1 —
aj, = a,-o—(bl— D c,-), a=a,i=ig+1,....,mo, b =bip1,i=1,...,n9—1,

i=

D= {dij}, dij = dijy1,i=1,...,mp, j = 1,...,n9 — 1. Jlecno ce nposepsBa, 4ye
mo —_ —

> min (Ei, 2. dij| = > bj3ascaxo J C {1,...,np—1}. OT TOBa 10 UHAYKTHBHOTO
i=1 jeJ jeJ

MpennonoxeHue cuensa, ue M(a, b, D) # (0, T.e. chlmecTBYBa JOITyCTUM BEKTOP
X, YIOBJIETBOPSIBAIll OTPAaHUYCHUSATA, KOUTO 33aaBaT MHOxecTBoTo M(a, b, D) # 0.
Henocpencreeno ce Buxnaa, ue

1

Cip—1
ip—1

bl—ZCiX
i=1

0
0
0

VAOBJIETBOPSBAT OIPaHUYCHUATA, 3a/1aBallld MHOXeCcTBOTO M(a, b, D).

6. [omyckame, 4e ChIECTBYBa BPBX X, 32 KOWTO Xj; < min{ay, b;}. OT ycio-
BUATA Cj;—Cy; > Max(c;j—c;j) HEMOCPEICTBEHO CIIENBA, Y€ ChIIECTBYBA HEOA3UCHA
J#t

MpOMEHIIMBA X;, i, = 0, 3a KosATO ¢, ;, < 0. IIpoTuBOpEune.
0J0 0J0

7. Vnomeane. Hexa x% u x* ca CbOTBETHO 61p, HaMEpEeHO MO MeToAa Ha

MaKCHMAaJTHUS €JIEMEHT, M OITUMAaITHO O1p Ha 3amadata. Heka ¢y > -+ > ¢ 2 0.

nm nm l
C noMoIiTa Ha ThXKISCTBOTO Y. ¢;X; = . (Ci—Cir1) ( > x j), Coums1 = 0, IIOKaXeTe,
i=1 i=1 j=1
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qe
mn nm i G i G
Y cix? Zl(ci_ciﬂ) _lej _lej |
i=1 i= = . )=
= > —_.
mn N nm i = min i -2
Zcix;  Ylei—cuD| X X 2 X
i=1 i=1 j=1 j=1

8. Twpif kato BekTopuTe a U b ca meIoYUCIIeHH, TO HA4aTHOTO OAp, MMOCTpOe-
HO TI0 €TUH OT METONIUTE, U3J0xKeHH B §4, e nenouncieHo. OT TeopeMa 7 ciensa,
Ye MPEMHHABAHETO OT IEJIOYMCIEHO OJp KBbM CJIEe[BAIlO BOAM OTHOBO JIO IIEJO-
yucineHo Oap. Tl KaTo TOBa € BSIPHO 3a BCsKa JIMHEWHA 1eneBa (YHKIHS, TO
BCHYKH OJIp ca IIeT0YHCIICHU.
aib ji
9. Heobxooumocm. OueBunna. [Jocmamwvunocm. Heka x;; = 5 KBIETO

n
s=ay+---+ay, = by +---+b,. HenocpenacTseHo ce npoBepsisa, 4€ ), X;j = a;, i =
j=1

m
L...,om,m 3 x;j = bj, j=1,...,n Crnensa, ue KT3 uma onTumanHo pemenue
i=1

(BSeMaMe 104 BHUMaHHUEC O1IC, Y€ TPAHCIIOPTHUAT MHOI'OCTCH € OFpaHI/I'{eH).

10. Tosa, 4ye paHrbT Ha A He € MOo-ToJIsAM OT M + n — 1, crenBa ot Teopema 1.
Torasa ycmosueto 3a 6anmanc (1) Bomu 10 ¢akra, ue cymara Ha orpanndeHusTa (3)
€ paBHA Ha cymara Ha orpaHuyeHus (4), T.e. Mexay orpaHuueHusTa (3)—(4) uma
nuHeHa 3aBUCUMOCT. ToraBa 1a MaxHeM TOCIEAHOTO orpanndcHue oT (4). B3e-
MaMme cTbiooBeTe Ay, Az, ..., Ay, A1, A2, ..., Aj,—1 Ha MaTpunata A 6e3
rocienHara uM koopauHata. [lomydenara nerepMuHanTa

det|| A1, A2 .. Ay A11AL . Ao || = 1.

6e3 mocieaHara KoopauHara

CnenoparennHo B MoauuIpaHara MaTpuiia A uMa m+n— 1 JTUHEHHO HE3aBUCHMH
CTBHI0a, OTKBAETO cileaBa, ye rank A =m +n — 1.

11. Ha kneTkuTe OT IMKBIa alTepHATHBHO MpucBosBaMe + U —. OT ompe-
JeJICHUeTO Ha IUKBI M TOBA, Y€ BCEKH CTHJIO ChIbpPKa TOUYHO JBa HEHYJICBH
eJIeMEeHTa, KOUTO ca €IMHUIIM, CIeJBa, Y€ CyMaTa Ha BEKTOPUTE, YMHOXEHU Ch-
oTBeTHO ¢ +1 u —1, e paBHa Ha HyJa.

12. Bx. 3axg. 10.

13. Jla mormycHeM, 4e 3a HSIKOS MTpa3Ha KJIETKA ChIIECTBYBAT IMOHE JIBa IUKb-
na. OT TSX MOXE J1a c€ TIOCTPOH IHUKBII, ChIBPIKAI caMO 0a3UCHU KIIETKH, KOETO
MIPOTUBOPEYH Ha TOBa, Ue X € Ofp.
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14. Heobxooumocm. Heka x’ = (xl’.j) e ontumaitHo. [la momycHeM, 4ye chliec-
TBYBa IMpa3Ha KieTka (k, [), 3a KosaTo ¢y < 0. M3mon3Baiiku mporenypara, onmucaHa
B TeopeMa 7, HamupaMe HOBO 0ap X”’. Jla mpecMeTHEM CTOMHOCTTA Ha IiejieBara
¢yukuus B X', Hali-Hanpes 1a o3Hauum

’ + ’
S= 2 ey ST= ) e

(ENEYk (. )evy

ToraBa z(x’) =S +S*+S u

’ — . 1’ .. 1’ . ’’
z(x") = Z CijXjj + Z CijX;j + Z CijX;j

(ivj)¢7kl (l',]')eﬁl (ia.j)e'}']:l
’ ’ ’

= Z Cijxij+ Z c,-j(xij+x,-pjp)+ Z c,j(xij—x,-pjp)

(G )EYk @.pevy Dy
— + - .. .. ..
=S+5"+S + Xi,j, Z Cij Z Cij

(S (,)ery

< z(x).

Axo X' € HEM3POIEHO, TO ChC CHTYPHOCT X;,j, > 0 W mpoTMBOpeumeTO €
O4eBUIHO. AKO X;,; € OasucHa Hyna, TO x”/ = x’ u cTaBa caMo cMsHa Ha 0a3uca
Ha H3pOJCHO Op.

JHocmamvunocm. Wom z(X") = z(X') + x;,j,Cx ¥ Cy > 0 32 Besika HebasucHa
KJIETKa Ha X', TO 3a BCAKO ChCEAHO Ha X' Omp X e usmbiHeHo z(X”) > z(X'), T. .
x’ € OITHUMAIIHO.

15. Koopaunarute Ha X" ymoBieTBopsiBarT orpannuenusata Ha KT3, 3amoro
KOJIMYECTBOTO X;,j, C€ PEMECTBA B PAMKHMTE Ha €/IUH PEIl U €1MH CThIO, KaTo ce
pubaBsi KbM €IHA KJIETKAa OT TO3W pel (CTHIO) M ce M3BaKIa OT Jpyra KJIeTKa
Ha cbius pexa (cThia0). ChBKYITHOCTTA OT IBIHHUTE KIETKH H'' Ha pomycTUMHS
BeKTOp X’ Cce pas3inuaBa OT ChBKYIHOCTTA Ha IIBJIHUTE KieTku H' Ha X’ 1o ToBa,
4ye ChabpiKa Kietkara (k, [) BMecTo eHa KJeTka OT Y Cnenosarenso B H” ¢ us-
KIIIoYeHre Ha (k, [) BCHMYKH OCTaHAIH KJIETKH Ca OT €HA alUKINIHA CHhBKYITHOCT.
Torasa, ako jgomycHeM, 4e B H'’ uMa IUKBJ, TO TOH HENIPEMEHHO Chabpxka (k, [).
Homnyckaneto, ye H” chIbpxa HUKBI BOAU 110 dakTa, 4e TO3U LUKBI TPsAOBa 1a
ceabpxka (k,[), a He chabpxKa (ip, jp—1) 3a HAKoe p. ClIeNOBATENHO CHUIECTBYBAT
HOHE J1Ba UMKbJIA (€AUHUAT C (ip, jp—1), @ APYTHUAT O€3 Hest), KOUTO CBBbP3BaT (K, [)
C aNUKINIHA CHBKYMHOCT OT KJIETKH, KOCTO € HEBB3MOXKHO CIIOpEed Teopema 5.
Taka H” e aunkiIn4yHa CbBKYIHOCT OT KJIETKH 32 JOIyCTUMHS BeKTop X/, T. €. X/
e omp.
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16. Heobxooumocm. Heka x* = (x;kj) e ontuMmaiaHo. ToraBa U JBOHCTBEHATA
Ha KT3 uma ontumaito pemienwne, a (7) He ca HAIO APYTO OCBEH OrpaHHMYEHHTA
Ha asoiictBenara Ha KT3. Karo B3emem mpensun, 4e v; —u; < ¢;j u vjj > 0
oOpa3yBar ABo¥iKa cripernatu yciopusi 3a i = 1,...,m, j=1,...,n, 10 (8) HEe €
HUIIO IPYTO OCBEH (hakTa, de OT ABOWKA CIPETHATH YCIOBHUSA €IHOTO € CBOOOIHO,
a IPyroTO — 3aKPETICHO.

Locmamvunocm. Heka xoopauHatute Ha (—uy, . .. V)L yrnosneTBopsiBat (7)
u (8). 3a mpousBoisieH momyctuM BekTop Ha KT3 x’ = (xl’.j) nMame

n m m n n m
= x P Y X b a
= vj U; ij = Vi iU
j=1 i=1 i=1 j=1 j=1 i=1
n m m n m n m n
= Vj xl]—Zuinij: VJXU—Z UiX;j
j=1 i=1 i=1 j=1 i=1 j=1 i=1 j=1

m m
®
= Z (vj — ui)xij = Z cijXij = 2(X).

CJ'IB,[[OBaTGJ'IHO X € OIITUMAJIHO.

17. Axo [w, V)T = (up,...,upm,vi,...,v0)T € pelIEHHE Ha CHCTeMara v, — u; <
cijpi=1,...,m, j=1,...,n, ouesngno u [u+h,v+h" = (uy+h, ... ,un+h,vi+
hy...,vy+h)T, h = const, chIIO € HEHHO pelieHue.

18. [la o3Haumm i-tus pen Ha A ¢ a; = (a;1,...,4ai), I = 1,...,m. OT ycino-
BHSITA Ha 3ajadaTa CJe[Ba, Y€ CHINECTBYBAT yucna A;, i = 1,...,m (IoHEe eTHO
m m
pasIUYHO OT HyNa) TakuBa, ue ), 4;a; = 0, >, A4;b; = 0. Ille mokaxewm, ge 4; # 0 3a
i=1 i=1
m
Besiko [ = 1,...,m. Jla nomycHem Hampumep, e A; = 0. Torasa (ot Y, A;a; = 0,
i=2

m m
> Aib; = 0, > |4;] # 0) cienBa, de ChIIeCTByBa JUHEHHA 3aBUCHMOCT MEXIY
i=2 =2
OTpaHWYCHUATA C HOMEpa OT 2 10 m M CIICIOBATEIHO PaHTHT HA pemylupaHaTa

cuctema (6e3 mbpBOTO orpaHudeHue) ¢ < m — 2. Ho mppBoTO Orpanudenue (Imo
YCJIOBHE) € JMHEeWHAa KOMOWHANNSA Ha OCTAHAJIUTE ¥ CIICOBATEIIHO CIEI Mprba-
BSHETO My KbM TAX PAaHI'bT Ha HOBaTa CHCTeMa (TOBa OTHOBO € M3XOJHATA) IIe
OCTaHe CBUIUAT, KOETO IPOTUBOPEYH HA TOBA, Y€ TOW € paBeH Ha m — 1. Cueno-
Bareno A # 0. Jla 03HaYMM ¢ A MaTpHuaTa ¢ peoBe a; = A;a; U ¢ b BekTOpa C
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KoopauHatH A;b;, i = 1,...,m. Cucremara AX = b ¢ eKBUBaJICHTHA Ha M3XO/IHATA
(momydeHa e oT Hesl Upe3 YMHOXKAaBaHE Ha PEIOBETE UM C YHCIa, Pa3IndHU OT HY-
na). VI3xonHaTa 3a1a4a 3amicBaMe B eKBHBAJICHTHATA ¥ popMa max{c X : AX = b,

X > 0}. B Ta3m 3amaua cymara OT €JI€MEHTHTE Ha BCEKH CTHIO Ha A € paBHa Ha
o o . =T —T

nyna. Helinara jBoiictBena 3aa4a € min{xgy : A'y > ¢}. Ao y* = (b}, ..., v~

€ ONTUMAJIHO PEIICHUE HAa Ta3H 3aj1a4a, BEKTOPBT y(a) = (V] + a,..., ¥, + a)’

—T
VIOBIIETBOPsIBAa CUCTEMaTa A y > ¢ (KOe(hHUIIMEHTHT B KO€ JIa € OT OTPaHUYCHUS-
Ta MpeJ a € paBeH Ha HyIa), igy(a) = igy* (0 chIIaTa MPUYHMHA) B CICIOBATCITHO
CBUIO € ONTHMAIHO pPEIlICHHE.

19. Heka ot manmeHara 3ajmada € ITOJTydeHa HOBA 4pe3 MPHOaBSHE HA KOHC-
TaHTa k KbM s-THsA pell (CbOTBETHO r-THs CTHI0) Ha Mmarpuuara C = (¢;j)mxn-
Pasnukara MexmTy TPaHCHOPTHHTE Pa3sXOAHM 3a NaJIEH JIOIyCTHM BEKTOp X = (X;;)
Ha M3XOJHATa U ITOJIyYeHAaTa 3a/1a4a He 3aBHCH OT BEKTOpa X — TS € paBHA Ha kaj
(croTBeTHO kb,).

20. Hexka x = (x;;) € nOmyCcTUM BEKTOp Ha 3anadara. Mmame
DD ey =) > GG =D = Y xy Y = n ) xy
i i j i i j
= jbj+n Y (i-Dai,
j i

T. €. TPAHCIIOPTHUTC pa3xoAu HEC 3aBUCAT OT BEKTOpPA X = ()CU)

020 5
21.1. x* =| 020 O |(emurcTBeH), Z* = 300.
20 010

157590 0
45 0 045 | (ue e equHCTBEH), 7* = 615.
0 030 0O

21.2. x*

10 10 10
21.3. x* =| 040 O |(ue e emuncrBen), z* = 180.
10 0 O
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25 0 0
515 0
214. x* = (emuHCTBEH), ¥ = 190.
015 0
30 010
1025 0
21.5. x*=| 0 0 55| (ue e equnctBen), z* = 300.
20 0 O
40 20 50
21.6. x*=|70 0 O |(ue e emunctBen), z* = 500.
040 0
525 0
21.7. x* =| 020 25 | (He e emuHCTBeH), z* = 520.
20 0 O
80 020 O
218. x*=| 0 090 O |(emurcTBen), z* = 980.
0 110 10 30
1520 015
21.9. x*=| 0 040 10 | (enuHcTBEH), 7* = 255.
15 0 00
75 15 45
21.10. x* =] 0 0 90 | (He e enqmHCTBEH), 7* = 780.
045 0
50 040 30 060
22.1. a)x* =| 010 50 |; 6) x™ 20 10 30 |, z" = 520.
030 0 030 0
4040 0 3050 0O
22.2. a)x*=| 020 O] 6)x™ 515 0}, z" =360.
0 40 20 53520
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23. a)4 < @ < 6,8 = 5. 0) 3a HUKOU CTOWHOCTU Ha @ U 8 ONTUMAIHOTO
pemienue He e enuHCTBeHO; B) [Ipu 8 =2, a = 4

3010 010 10 030 10 30 020 0
xP=1 0020 0, x?=[20 0 0 o, x¥=| 0 01010}/;
03040 0 04030 0 04030 0

mpu S = 2, « = 6 onrmmanHu O1p, ChcemTHHM Ha X*, ca X(l), x? g x® =
0 04010
0 020 OfmpuB=2,4<a<6—camoxV ux®,
3040 0 O

241. a)2<a<3.0)0<a<2wuma>3.
242. a)4<a<7.0)a<4wmwm7T <a<S8.

25, a) a < -5, < —a, ax*) =ay") =80(ae+B) +60(e¢+ 1); 6) x* my* ca
CBhCEIHU HE3aBUCUMO OT CTOMHOCTUTE Ha « U 5. He ca onTuManHu pemeHus mpu
20 25 30 25
a>-Suma<-.8)z"= 0 050 0]

035 035
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