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1. OCHOBbI CMMIJIEKCHOIO MeToaa

B oOmem Buae 3anada JIII cBOAUTCS K HAXOXKIACHUIO HCKOTOPOH COBOKYITHO-
CTH 3HAYCHHUN nepeMcHHBIX X = (xq, X3, ..., X;,), JOCTABJISIOLIUX JIMHCHHON (PYHK-
UM LCIIH IKCTPEMAIILHOC 3HAYCHHUC U YJIOBJICTBOPSIOUIUX CUCTCMC OIPAHUYCHUM
B BHUJIC PAaBCHCTB HUJIM HCPABCHCTB.

Maremaruueckasi moae.ab 3aaauu JIIT ¢popmynupyercs cieayrommm oopa3om:

HaiTu wian X = (xy, X5, ..., X,,), KOTOPbIH JOCTABJISICT YKCTPEMYM (PYHKLIHHU

71
Z= Z ¢ ;x; — max (min) (1.13)
j=1

[IPU CUCTCMC OT'PAHUYCHUIA:

Za,j 3 =By, E= T (1.14)
n
Za,-jxj <b;, i=m +1, ms; (L13)
J=1
n
Za,]r] 2 b, i=m,+1, m; (1.16)
F=1
= 0, l_ =B i (1:17)



Jluncitnast pyuxums (1.13) Ha3piBacTCs ueresolt hynkuyueit, MHOKCCTBO ILj1a-
HOB X, YyHOBJCTBOpsIOMMUX cucreme orpannycHuunt (1.14)—(1.17), uaszbiBacTcs
muoxcecmeom oonycmumvix pewenun Q, Xe Q. JlonycruMmplii mwian X e £,
noctapisiomuil uejeBo pyukuuu (1.13) axcTpeManbHOC 3HAUCHUE, HA3bIBACTCS
ONM UMATIBIBIM .

Ecin nesieBast pyHKUMS MOMJICKUT MAKCUMHU3ALMK, @ BCC OIPAaHUYCHUS 3a/a-
Yd UMCIOT BHMJI PABCHCTB U HA BCC IICPCMCHHBIC BCIUYUHBI HAJIOKCHO YCJIOBUC

Heorpuuarciabnoct X; 20, j =17, T0 roBOpAT, YTO 3agaua MPCIACTABICHA B
Kanonuyeckou hopme 3anucu:
n
Z:Zij]- — max;
J=l

Za,] X; = o =il s (1.18)

x; 20, j:l, n.

JI100y10 3aga4y JTUHCHHOTO MPOrpaMMUPOBAHUS MOKHO CBCCTH K 3aJ1a4c Jiu-
HCIHOTO IPOrPaMMUPOBAHUS B KAHOHUYCCKON (pOpME 3aMUCH.



I[IpaBuj10 npuBeaeHUs 3a1a44 JTUHCHHOTI0 MPOrpaMMHPOBAHUS K KaHO-
HUYECKOH hopMe 3aNIMCH COCTOUT B CJICAYIOICM:

1) eciii B HCXOJIHOM 3a/1aue TpeOyeTCss MUHUMU3UPOBATDL LICJICBYIO ()YHKILIUIO
z(X), TO HCOOXOAUMO IICPCUTH OT 3ajlayd HA MHUHUMYM K 3a7a4¢ Ha MAKCHUMYM.
O4eBUAHO, YTO MaKCUMU3aLUs LeJicBON pyHKIuK z(X) HAa 00JIaCTH JOIMYCTUMBIX
pemeHuit X € () skBUBaJIcCHTHA 3ajgayc MUHUMH3aUuu GyHkuuu — z (X) na Toi
’Ke 00J1acTH:

max
Xe Q

CiX; —Imm( ZCJ,\] (1:19)

L
=1

2) €Clii CpeAu OrpaHUUYCHUM €CTh HCPABCHCTBA, TO HCOOXOAUMO IICPCHUTH OT
OlpaHUYCHUM B BHUAC HCPABCHCTB K OrpaHUYCHUSIM B BHJIC PAaBCHCTB.

JInst DTOro BBOJSIT HCOTPULIATCIILHLIC OonoJinumesviivle nepemeninvie X, .; =0,
i=m,+1, m, KOTOpbIC IIPUOABJIAIOTCA K JICBBIM 4acTsM orpanudcuHuil (1.15) u

BLIYUTAIOTCS M3 JICBBIX YacTeil orpanunyucuuii (1.16). B uenesyio pynkmuio (1.13)
JIOMOJIHUTCIILHBIC ICPEMCHHBIC BBOJISITCS € KO PULIUCHTAMHU, PABHBIMU HYJIIO;

3) eclid B UCXOJHOM 3aJa4¢ Ha HEKOTOPLIC MepeMeHHbIC x; (=1, 7) He na-
JIOKCHO YCJIOBUC HCOTPHULATCILHOCTH, TO HUX MNPCIACTABISIIOT B BHUIC Pa3HOCTHU
HCOTPULIATCIILHBIX [ICPCMCHHDBIX:

X =k —Kk . JSFE \; 0 5t =0 (1.20)

) J J J



Paccmotpennblil Boiiie rpaduuecKuil criocod pemeHus 3a1ad JIMHCHHOTO TIpo-
rpaMMUPOBAHMS IPUMCHUM K BecbMa y3komy kiaccy 3agad JIIT: apdextuBHO 1M
MO>KHO PCLIATh 3aa4u, COACPKALIMC HE 00JIee JIBYX MEPEMCHHbBIX. OJHUM W3 YHUBCP-
CAILHBLIX MCTOJIOB SIBJISICTCS CUMMIACKCHBIN (CUMNICKC-MEnO00), HA3bIBACMBIN TAKKC
MCTOOM I10CJICA0BATC/ILHOIO YIIYHILICHHUS TUIaHA.

PaccmorpuMm 3agady JIMHCHHOIO I[MPOrPaMMHUPOBAHUs, IIPCACTABICHHYIO B
CJICIYIOIICM BHUJIC:

n
g = chxj — max; (1.23)
J=1

i
Zaijxj <b, i=1m;
j=l

G i =t 7
x;20, j=1n

(1.24)

Pemicnue 3amauum (1.23)—(1.24) ckiangbiBacTcs U3 JABYX ATAIOB: HAa IICPBOM
HAXOIST KAaKOU-IMOO HAYAJIbHBIM 0a3UCHBIN UIaH, HA BTOPOM — 110 CIICUHAAIbHBIM
[paBUJIaM [CPEXOIAT OT HA4YaAJILHOIO IIaHa K JApyromy, 0osiec OJIM3KOMY K OIITH-
MaJIbHOMY Oa3MCHOMY IUIAHY, 3aTCM K CJCAYIOWIEMY M TakK JI0 TCX IOP, MOKa
3aj1a4ya He OYJICT pelicHa.



1 IlocTpoenue HAYAABLHOTO DA3UCHOIO MJIaHA. [IepeMeHHbBIC, KOTOPBLIC BXO-
JST B JICBYIO YacTh OJIHOTO M3 OIPAaHUYCHUN ¢ KOAPPULUCHTOM, PABHBLIM CJIHHU-
[IC, @ BO BCC OCTaJILHBLIC OrpaHUYCHUS ¢ KOY(PPULUCHTAMU, paBHLIMU HYJIIO (IIpU
HCOTPULIATC/ILHOCTH IIPABBLIX YACTCH), HA3bIBAIOTCS dazucnvimu. [IcpeMeHHbIC, HE
SIBJISIIOLIUCCS Oa3UCHBIMU, HA3LIBAIOTCS €60000nvImu. ECiIN Kaxka0¢ U3 OrpaHu-
YCHUM CUCTCMBI UMCCT 0A3UCHYIO NIEPECMCHHYIO, TO JICTKO HAaWTH Oa3UCHBLIN I1UIaH
3ajlaun. Bece nepemeHHbie, KpoMe 0a3UCHBIX, HYKHO IIPUPABHATL K HYJII0. Toraa
[OCJICAHUC TTPUMYT 3HAYCHMS, paBHLIC MMpaBbIM YacTsm. [IpupaBuuBanue Oa3uc-
HBIX TICPEMCHHBIX K IIPABLIM YacTsAM JacT Oa3UCHBINM IUIaH, T. €. YIJIOBYIO TOUYKY
MHOI'OI'paHHUKA PCLICHUMU.

[IpeacraBum 3amauy (1.23)—(1.24) B KaHOHHYCCKOW (POpME 3aIlKCH.

J100aBuUM K JICBBIM 4acTsIM CUCTCMBI orpanuycHui (1.24) n01oJHUTCILHBIC
[ICPEMCHHBIC X,+;2 0, i=1m:

M

. I L . .23

Zai].,\j +x,..=b., i=lm (1.23)
j=1

JIOTIOHUTEIIBHBIC TICPEMCHHBIC X,,+;2 0 (7 =1.m ) OYAYT ABIATHCS OA3UCHBIMU

nepeMeHHbIMU.  CIICI0BATCIIbHO, HaAY@IbNbIH Oa3ucHbll niaan 3ajadyd OyJICT
UMCTb CJICIYIOLIUN BUIL:



X %= (0,0, 0, Hybys- b)) (1.26)

g M

n m
B LHCJICBYIO (.l)YIIKLlI/IIO AOIMTOJIHUTCIIBHBIC IICPCMCHHLIC BBOIATCH C KOB(}J(]JI/ILII/ICII-

TaMH, PaBHBIMU HYJIIO: ¢,+;, = 0, i=1, m.

2 [lpu3Hak oNTUMAJIBHOCTH 0a3UCHOrO Mm1aHa. CUMILICEKCHbIC TA0JIUUbI.
BBeciaem 0003HaUCHUS:

AO =C‘1b1 +C2b2 o PO i 5 b — ‘b"40’ (127)

m-m

rae Cp =(c,65,...¢,,) —BeKTOp KOYPPUUMCHTOB LEJICBONH (PYHKIUH, CTOSIIIUX Y

Oa3HUCHBIX INCPCMCHHDBIX |

T "
Ay = (by,b,,...b,)" — BeKTOp CBOOOJHBIX YICHOB Y CHCTCMbBI OI'DAaHUYCHHIA,

[IPCIACTABJICHHLIX B KAHOHUYCCKOU (hOopME 3aIlUCH.
3HaucHus A ; Ha3bIBAIOTCS o UenKamu C8ODOONDBIX NEPemMenibixX:

Ay=Cgdy —c; 5 J=1n. (1.28)

ba3zucubli 11an Xy SIBJISICTCS. o nmuMaivibim (JOCTABIISICT LECICBOU (PYyHKIIUU
MaKCUMaJIbHOC 3HAUYCHUC z = z (Xj) = Ay), €CJIM BCC OLCHKHU CBOOOIHBIX ICPCMCH-
HBIX HCOTPULIATCIILHDI.

Jst petienust 3agauu (1.23)—(1.24) oObIYHO YCIIOBHUE 3aHOCST B TAOJIUILY, KO-
TOPYIO HA3LIBAIOT cumniiexkcrnou (tradauua 1.2).



Taoauya 1.2 — CumiliekcHast TadJMua

bIl Cy Xy X, X | My | g Xpom | PelICHHE

Ynt1 | Ca#l an ) d1n l 0 0 by

Xnt2 | Cnh2 asi ax don 0 I 0 b,

xn +m Cn+m a ml a m2 da mn O O ‘I' b m
Z-CTpOKa Al Az An 0 0 0 AO

B niepsoM cTos101e CMMILICKCHON TaOJIMLBI HAXOAUTCS CIUCOK 0A3UCHBIX TIC-
PEMCHHBIX I Ka)KI0TO W3 OrpaHUYCHHI-PaBCHCTB, B cTosOUE C)5 colepikKarcs
COOTBCTCTBYIOIME MM KOYPDUUUCHTB wLeneBoi (yHkuuu. Cronaden «perie-
HKC) — CTONOCL CBOOOAHDIX YJICHOB CHCTEMBI OFPaHUUYCHUM, B KOTOPOM HaXO/T-
¢ 3HaucHus Oa3MCHBIX IEpeMEHHBIX (permicHue 3agayu). B crojduax
X1y X2y wvey Xty — KOOPQUUUCHTBI @y CUCTECMBI OTpaHnuyeHuil. B z-cTpoke win un-

JICKCHOM CTPOKE pacroloKeHbl KOYPPULUCHTHI A (3HAUCHUE LEJICBOI (PYHKIIUN)
i A ;, KOTOpbIC paccunTbiBatoTes 1o Gopmyam (1.27)—(1.28).



3 Ilepexoa Kk Hexyaumemy 0asucHoMy miany. CUMILICKCHbIC NMPeodpa3o-
BaHus. [lycTb CylmICCTBYIOT OTPULATCIILHBLIC OLCHKU CBOOOIAHBIX IICPCMCHHBIX
A;<0. Cpean 3nadeHuil A ;<0 HaxoauM HauOOJILLICE 110 a0COIIOTHON BEINYH-
HC U COOTBCTCTBYIOLIUI €My cmoJidoen j, BbIOUpacM B KadyccTBC gedyuiezo. Co-

OTBCTCTBYIOLIYIO IICPCMCHHYIO X, BBCICM B 0azuc. YTtoObl MepeiTH K HOBOMY

0a3zucHOMY IUIAHY, U3 0a3Mca HYKHO BBIBCCTH OJIHY U3 ICPCMCHHBLIX. BO3MOKHbI
JIBa CJIyyvas.

Ilepewtit ciayuan (pu3Hak HCOrPAaHUYCHHOIO BO3pacTaHUsl LCJICBOM (yHK-
nuu). Eciim B Beayuem cTo0ue HET HU OJIHOIO TIOJIOKUTCIILHOIO AJICMCHTA, T. C.

BCC DJEMEHTBI a; <0 s Bcex i =1, n, 1o nenesas GyHKUUsS HA MHOMKCCTBE JI0-

[IYCTUMBIX IJIAHOB HCOI'PAHUYCHA CBCPXY.
Bmopon cayuan. Eciu cpein 2JICMCHTOB BCAYLICTO CTOJIOLA UMCIOTCS I10-
JIOXKUTEIILHBIC, TO JUIA KaXK0T0 JJIEMCHTA ¢ > ( BCLYLICTO CTOJIOLA HAXOAUM
0

OTHOLUCHHC bi aij . BLI6I/IpaCM U3 HUX HAUMCHbLIICC
. 7o

| B | By
min = =0 (1.29)
la I Jjo J 4 io Jo
M Ha3bIBAaCM COOTBCTCTBYIOLLYIO CHIPOKY 1y 86€0yuiett. IJICMCHT . (Ha riepece-

YCHUU BCIYLICIO CTOJIOLA U BCAYLICH CTPOKHU) OVICT 8e0yuium »iemenmom.



BoImoanuM nepexoji K «HOBOM» CUMIUICKCHON TaOJMIIC 110 CCAYIomuM (op-
MaJIbHBIM IPABUJIAM, KOTOPBIC HA3LIBAIOTCS CUMNICKCHBIMU RPEOOPA30 AN UAMIL:

1 DieMeHTBI BEAYLWICH CTPOKU HOBOM TaOJIHIIbI a’,-o ;U b']. paBHBI COOTBCT-
0

CTBYIOU_[I/IM NJICMCHTAaM crapoﬁ Ta6HI/II_lbI ai j U bi X pa3J_ICJICIIIII>IM Ha BC,[IYU.II/IVI
0 0
AMICMCHT g . . .
I Jo

/ - ’ I :
a, =———; b, =——: j=Ln. (1.30)
&g . o s [ ) |
lo Jo o Jo
2 DJICMCHTEI BEAYIICTO CTONOLA HOBOM TAOMMLbI g PABHBI HYJIO, 32 KC-
0

KJIIOYCHUCM BCAYLICTO 3JICMCHTA, paBHOI'O CAWHULIC:

dis =0 ) dpp=1L (1.31)

i] ip Jo

3 UroObl HaiiTH J11000i Ipyroii 2IeMeHT HOBOIl CUMILICKCHOI Tabiuub! o ;

W b, , BOCIOJIL3YCMCS TPABUJIOM MPSIMOYTOJIbHUKA (PUCYHOK 1.5). DieMeHTBI

HOBOUM CUMJICKCHOM TaOJIULBI HAX0 UM 110 (popMyJiaM:



a/ =a __aijoaioj . b’

) > i
iy Jo

p=1. 3 i=1l, m, i#i,

e @.sas D

; ; — DJICMCHTBI CTapOi TaOJIULbI;

a; ;. —DJICMCHTbI BEAYLICTO CTOIOLA;
a; ;, b; —DICMCHTBI BCIYLICH CTPOKH;

a; j, — BCAYLIMH dJICMCHT.

ij

ijp

a.

igJo

Pucynok 1.5 — IIpaBujio 1ipsiMmoyroJibHuKa

(1.3



JUtst HTOr0 B UCXOHON TAOJIMUC BBIACIISACM MPSAMOYTOJIbHUK, BEPLUUHAMU KO-
TOPOI'O CJYKaT HY/KHBIC IS BBIYUCIICHUS ICMCHTEI (CM. pucyHok 1.5). /{uaro-
HaJlb, COACPIKALLYIO BCAYILIUIA M UCKOMBIM AJICMCHTBHI HOBOW TaOJMLbI, HA30BCM
IJIABHOM, a ApYyryio — nodouynoi. M3 sjiemenra a; BLIMUTACM [POU3BEACHHUC JJIc-
MCHTOB ¢ MOOOYHOM AWAroHajid, ICJACHHOW HAa BCAYIIMI JICMCHT ¢ OCHOBHOM
JaroHaliu.

4 1o »TOMY 3KC IPABUITY MOTYT ObITh BHIYUCIICHBI BCC JICMCHTBI MHICKCHOU
CTPOKHU:

N LY : A{):AO—M. (1.33)

aiojo g inO

[TocnenoBareibHOCTL onepanuid 1—4, 1mo3BoJsonas nepeuTu oT 0QHoro Oa-
3UCHOIO IUIaHA K JPYrOMY HCXYILICMY, HA3LIBACTCS umepauueu cummniexc-
memooa.

Aaroputm pewreHus 3aaaun JIIT cuMmiaieKeHbIM METOIOM:

[lae I ITpenctaBuTh MaTCMaTHYCCKYIO MOJICIIb 3a/1a4U B KAHOHUYCCKOU (op-
MC 3aIlHCH.

[laz 2 TTocTpouTh HaYaILHLIA OA3UCHBIN TUJIaH.

[lae 3 YcnoBue 3a1a4u 3alucaTh B BUJAC CUMILICKC-Ta0JIULIBI.



[llae 4 TlpoBepuTh BBIMOJIHCHUC YCIOBUA ONTUMAILHOCTH. [IpocMoOTpeTh
3HAKK KOY(PDULHEHTOB z-CTpoKH. Ecim Bee A;20, To 3azaya pericHa: J0IycTu-

MOC 0a3MCHOC PCIICHKUEC ONTUMAIILHO U Z =z(X). Ecmnt me Bee A2 0, 0 [CPCUTH
K waey J.

[lae 5 Cpenu 3nauenuid A;<0 HaiTH HAHOOJBIICE 110 A0COJIOTHOH BE/IHYH-
HC U COOTBCTCTBYIOLLMIA €My CTOJIOCL BLIOPATh B KAYCCTBE BEAYLLCTO.

[IIaz 6 TIpoBepUTDH BBLIMIOJIHCHKIEC YCJIOBUS HCOTPAHUYCHHOCTHU LICJICBOM (DYHK-
wiu. Eciii oHO BolmosusieTes, To uelieBass (PYHKIUS HCOrpaHMYCHA (Max z = oo),
MHAYC TICPCUTH K wazy 7.

- MAD ) 5 - r1 f
lae 7 Ansg >JIEMCHTOB a;, >0 BCLYWEro CTOIOLA HAHTH 110 dhopmyiie

(1.29) orHowcHue 6 M COOTBETCTBYIOILYIO CTPOKY BbIOpPATh B KAUCCTBE BEAYILCH.

DIEMEHT 4, ;  Ha TCPCCCUYCHHH BEAYLICTO CTONOLA  BEAYLICH CTPOKH HCIIONb-

30BdATb B KA4CCTBC BCAYILICTO HJICMCHTA.

[lae 8 Tlo npaBuiam 1-4 (popmyiinl (1.30)—(1.33)) BBINOIHUTDL TIEPEXO K
«HOBO¥» CUMILICKCHOU TaOJIMLEC U TICPCUTH K uiaey 4.
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2. NMpumep peweHunsa 3J1MN
CUMIJIEKCHbIM MeToAOM

IHocmanoexka 3adauu. Jlnsi 100bIMM U IPOU3BOACTBA OajljlacTa ICCYaAHOTIO,
[ICCYAHO-TPABUNHOIO U LICOCHOYHOI'O HCIOJIL3YIOTCS CJCAYIOUIUC BUALI peCyp-
COB: DKCKaBaTOPbI, OYJIbI03CPbl U TPYLOBBLIC pecypchbl. OObBCM HMCIOLMIUXCS pC-
CYPCOB, HOPMbI pacxojga peCcypcoB sl JOObIYU U ITPOU3BOACTBA 1 ThIC. M° Gasuia-
CcTa ICCYaHOI' 0, [ICCYAHO-IPABUHUHOIO U MICOCHOYHOI'O, a TAKKC NPUOLLIL OT CIro
pcanu3zauuu IrpuBciacHbl B Tadauuce 1.3. IlorpeOnocTth B Oajuiacrte necyaHo-
IPaBUMHOIO HC MMPCBLIMIACT 8 THIC. M°, B GajUtacTe MEOCHOYHOM — 5 TBIC. M. Tpe-
OyeTCst OIPCIACIIUTL 00OBCMBI JOOBIYM U IIPOU3BOJACTBA OasLiacTa 1ec4anoro, rnec-
YaHO-IPABUHUHOIO U HICOCHOYHOI'O, OOCCIICYUBAIOIIMC MAKCUMAJILHYIO TPUOLLID.

Taoruua 1.3 — UeX0/HbIE JJAHHBbIE 32/1a4H

3aTpaThl pecypcoB Ha 1 Teic. M° GannacTa g
Pecypesl O0beMm
C > "‘ > =Tl .
D [ICCHAHO- e ATV
[eCYaHoro n LLICOCHOYHOTO pecypcos
l"pHB[”II*IH()l'()
JKCKaABaATOPLbI. _
E 14 18 23 420
Malll.-4y
bviib103¢ephl. _
Y b 8 5 6 100
Malll.-4
Tpvii0BbIC pe- _ -
il 3 32 45 54 720
CYPChbI, 4€Jl.-4
[TpuObLIb. _
P! 68 70 75
ThIC. I€H. €]1.




[TocTpoum mamemamuyeckyio mooenn 3a1a4u.

0003Ha4uM 4yepe3 x; — 00beM JOOLIYM U IIPOU3BOACTBA OajlJIacTa MeCYaHoro,
X, — 0aJuracra recyaHo-rpaBUnHoOro, x; — 0awiacTa wedCHOYHOrO.

Torpga uenesast (pyHKLHUS OMUCHIBACT IPUODLIL

z=68 x;+70 x,+75 x; > max
[IPU OrPaHUYCHUAX

— Ha UCII0JIb30BAHUC PECYPCOB:

- JKCKaBaTOPOB 14 x;+ 18x,+ 23 x3 <420;
- 0YJIb103¢pOB 8 2+ D ast 0% < 100;

- TPYHOBBIX PECYPCOB 32 x1+ 45 x,+ 54 x3 <720,

— Ha 00BEMBI IIPOM3BOJICTBA DaJLIacTa:
- [ICCYAHO-TPABUUHOTO X, < &;

?

- ICOCHOYHOI'O 8D,

YCJIOBUC HCOTPULATCIIBHOCTH: X120, x5, 20, x320.



Pewium 3anauy cummniaekcnuvim memooom. IlpeacraBum MmareMaTUdCCKyIo MO-
JIC/Ib 3a/ladyd B KaHOHHYCCKOUM (hopme 3anucu. JJodaBUM K JICBBIM 4HacCTsIM CHCTC-

MBI OrpaHUYCHUMN JOMOJIHUTCIBHLIC IICPEMCHHbBIC X3+;= 0 (i =1.5):

143, + 18x:+ 253 %5 +x, =420,
8,\‘1"‘5,\‘2"‘ 61’3 X = 100,
3 Xt 45 Xa T 54 Xy FXg = 720,

X2 =) Xy = 8,
X3 B e Xg — 5,
x.20, j=18.

J
B meineByio GpyHKIHIO JOMOJHUTCILHBIC TCPECMCHHbBIC BBOJSTCS ¢ KOYPPULIU-

CHTAMHM, PABHBIMU HYJIIO:
z=i08 %1+ TOX%-+T5% ¥ 03 0 8+ 0% FO0xF0 x5,

rae X4, Xs, Xg, X7, Xg — OQ3UCHBIC IICPECMCHHBIC;
X1, X2, X3 — HCOA3UCHBIC (CBOOOIHBIC) IICPCMCHHBIC.

[TocTtpoum HavaiabHbIM Oa3zucHbIN 11aH. Touky (0, 0, 0) ucrosib3yeM Kak Ha-
4aJIbHOC IOITYCTHUMOC peucHue, x;1 = 0, x»= 0, x3;= 0.

TOF,Ha xXE— 420, Xw— 100, X5 — 720., X5 8., xXg — S

X = (0,0, 0,420, 100, 720, 8, 5) — HayaJIbHbIM OA3UCHBIN ITJIAH.

[1pu »Tom
zZ(X*=68-0+70-0+75-0+0-420+0-100+0-720+0 - 8+0 - 5=0.



3a110JIHUM TICPBYIO CUMILICKC-Taduy (tadiuua 1.4).

Taoauya 1.4 — CumiuieKke-1adJmua HAYAJIbHOI'0 J0IYCTUMOI'O PeLeHUsE

Bl | G | x s | % | | om | e g
X4 0 14 0 0 0 0 420 180
Xs 0 8 1 0 0 0 100 16,7
Ys 0 | 32 0 1 0 0 720 13.3
0 0 0 1 0 8
0 0 0 0 1 5
z-ctpoka | 1 | —68 0 0 0 0 0

B z-cTpoke cpeitit OECHOK A ; €CThb OTPULATEIILHEIC, CJICI0BATEILHO, [UIAH i
HC sBigeTes ontuManbHbIM. Cpenn 3nadenuii A; <0 HaxoauM HauOOJILLICE 110
a0COIOTHOM BenyuHe (—73), cronden x3 BoIOUpacM B KauecTBE Beayiero. J{us
[10JIOKUTCIILHBIX JICMCHTOB BEAYLICIO CTOJIONA HAXOAUM HAUMCHBIICC U3 CHM-
[JICKCHBIX OTHOLICHMH O = 5, xg — Beayliast CTpoka. JJIeMeHT 1 Ha repeccycHuu
BCAYILETO CTOJIOA U BEAYIICH CTPOKU — BEAYLIUN YJICMCHT.



B coorBerctBUM ¢ popmysiamu (1.25)—(1.28) nepexoaum K CJICAYIOICH CUM-
IUICKCHOM Tadaune (tadauua 1.5).

Tabauya 1.5 — CuMiILIeKC-1adJ MU VJIYYIHIEHHOI'O pelleHus!

bIl Cg X1 X X3 X3 Xs X X7 Xg Pcm.c- 0
HHC
X4 0 14 18 0 | 0 0 0 — 23 305 |47
0 0 0 1 0 0
0 0 0 0 1 0
0 0 0 0 0 0 1
X3 D 0 0 1 0 0 0 0 1 5
Z-CTpOKa 1 —68 | -70 0 0 0 0 0 i) 373

=@ 0. 5.305. 70,450, 8,0y, =X H=375.

B z-cTpoke cpeau OLCHOK A ; €CTh OTPpULATCIbHBIC, CICI0BAaTCIbLHO, IUIaH X 1
He sBiisieres ontuMalibHbIM. Cpenu 3Hayenuil  A; <0 naxoauM HauOOJIbLICE 110
a0comoTHoM BenuuyuHe (—70), cTolideI X, BbIOMpAacM B Ka4yeCTBC Beaywiero. s
[MOJIOKUTCIILHBIX YJICMCHTOB BCAYLICIO CTOJIONA HAXOAWM HAUMCHBLIICC U3 CUM-
IUICKCHBIX OTHOLUCHUI O = 8, x7; — BeayLiasi cTpoka. DJIeMcHT 1 Ha IepeccUcHUHU
BCAYLICTO CTOJIOLA M BCAYLICH CTPOKU — BCAYIIHUA IJICMCHT.

B coorBercTtBuM ¢ hopmynamu (1.25)—(1.28) nepexoaum K CICAYIOLICH CUM-
IJICKCHOM Tadaune (tadiauua 1.6).



Tabauya 1.6 — CUMILIEKC-TA0/IMUA YJIYYLIEHHOT'0 PeLIeHHUs

Peme-
HUE

—1& =23 | 16l | 1135

I

z-ctpoka | |

2 . . 2
X =10,8,5,161.,30, 90, 8,5), z(X")=935.
5
B z-ctpoke cpenn oueHOK A ; ecTh OTPULATE/IBHEIC, CIICA0BATCIBHO, IU1aH X~
HC SBJIACTCS ONTUMAJILHBIM.
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B cootsercrBuu ¢ Gopmynamu (1.25)—(1.28) nepexoaum K CICAYIOUICH CHM-
[UICKCHOM Tabuue (tadumua 1.7).

Taoauya 1.7 — CuMIIeKe-Ta0dJMuA YJAYYIIEHHOTO PelleH st

bll Ce: | 1 | % | % | X | Xs X6 X7 g Pemenue 3

S | GO | et
S OO | O sy —
O OO O i O

0

=-ctpoka | |

=808 512163 750,00, =X=112625.

3
B z-ctpoke cpeim OLEHOK A ; €CTh OTPULATEIbHLIC, CIICI0BATEILHO, IUIaH X
HC SBJISCTCS ONTUMAIILHBIM.



B cootsercriu ¢ Gopmyamu (1.25)—(1.28) nepexomum K cIeyIomeii cuM-
[ieKkcHoM Ta0umue (Tabiuua 1.8).

Taoauya 1.8 — Cumijieke-1a0mua VJy4eHHOIo peteHus

bl Co | x4 | X | 3 | x4 Xs X X7 Xg | Pemenue

X4 0 0 0 0 1 |-008(-042| 117 0 121

Xg 0 0 0 0 0 | 013 [-003| 0283 | |

X1 08 | 1 0 0 0 | 023 |-0,03 0 0 4.5

X 70| 0 | 0 0 0 0 | 0 8

X3 751 0 0 I 0 |-013] 003 | -0.83 0 4
=etpoka | 1 [ O | O | O | O | 33 0.8 7.5 0 1166
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X*'=(4,58:4:121:0:0:0: 1), z(X"=1166.

4
B z-ctpoke cpeiu OLCHOK A ; HET OTPHLATEIBHBIX, CICN0BATCIBHO, Al X
SIBJIACTCA ONTHMAJIBHDIM.

X'=(4,584:121:0:0:0: 1), z =z(X)=1166.

BoiBoa. [l1s moayucHus MakcumalibHOM IpuObLIN B pasmepe 1166 JCHeKHBIX
< 3
CIMHULL HCOOXOAMMO J00BIBATD M IIPOU3BOAUTE Oau1acta 4,5 ThIC. M” [ICCHAHOTO,
3 y 3
8 ThIC. M” [ECUAHO-TPABHITHOTO 1 4 ThIC. M” LECOCHOUHOTO,
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NMPUMEP PELLEHUA 3TON XXE 3A0AYU B
NMAKETE MATHCAD

Pemenue

i(x1.x2,x3) =

(68 )
70

| x2

\73)

(x1)

\X3

OmnpenendeM IeneRyR GYHKIHK Yepe3 CKaTApHoe
IPOM3BeJeHHE IBYX BEKTOPOB (CyMMapHasd MpHObLIE)

JanaeM HavalbHble PUOIMKeHNd - "Hayran',
HO C Y4eTOM OTpaHHYeHHH 3a1a4Hu (3TH
HavyalbHEIe TPUOIHKEHHA VIORIETROPAIOT
BCEM OTPaHHYEHUIM )

24



Given Hauano 610ka pemenns Mathcad

14-x1 + 18-x2 + 23-x3 < 420
8:x1+5x2+6-x3 < 100

OI‘paHH‘IeHH}I 3agaiHr

32-x1 +45-x2 + 54-x3 < 720
x2%8 X3 &S

x1. =0 229 x3=20 dusugeckye orpaHHIeHHUs

(45
s . [TonyyeHHOe pemeHue
Maximize(f,x1,x2,x3) = | 8 (konen Omoka pemenus Mathcad)

4

Aprymentamu GyHkiuu Minimize SBIAHOTCS:
TIEPBBIH apryMeHT - UM ONTUMH3upyeMoii dyukuuu (f);
OCTaJIbHBIE apryMeHTHI (X1, X2, X3) - COOTBETCTBYIOT apryMeHTaM ONTHMHU3UPYeMOii GYHKIIHH




(4-5\ 3agaeM BEKTOp peleHHH ORIGIN = 0
K=l B Xo=45 x1
o ) Xq = x2
X)=4 X3

f(X0,X1,X2) = 1166

Xj=8 <=8

Xo=4 <=3
14:-Xo + 18:X1 + 23:-Xp = 299
8:Xp+ 5:X1+6:Xp =100
32: X0+ 45 X1+ 54:Xp = 720

Haxogum MakcHManbHYIO IPHOBLTE

<= 420
<=100

<= 720

y6e)KHaEMCH, 9TO0 OIpaHHYCHHA
3aa4¥ BBRIITOJIHAKOTCA

TOL = 1x 10°°



3. OCHOBbI TEeOpUM
aBoucreeHHocTtm 3J1N

JIBOIICTBEHHOCTD — (JyHIaMeHTalIbHOe MOHATHE, Ha OCHOBE KOTO-
POro B THHEHHOM IPOrPaMMHPOBAHHH MOTYYEHBI BAKHBIE TEOPETHYE-
CKHE Pe3yIbTaThl B 00/1aCTH aHAIN3a THHEHHBIX MOJIEIEH, a TaKKe pas-
padoTaHbI 3()(eKTHBHBIE BEIYHCINTEIbHbIE IPOLIETYPHI.

YCTaHOBIEHO, YTO ¢ KAKIOU 3a7auel THHEHHOIO IIPOrpaMMIpO-
BAHHA CBA3aHa HEKOTOpad Apyras 3agaqa, KoTopasd CTPOHTCA II0 BIIOIHE
OIpeIeIeHHBIM IIPABUIAM, IIPHYEM CBA3b 3Ta HACTOIBKO TECHAd, 4TO
pemas OIHY 3 3THX 3a1a4, MOKHO aBTOMATHYECKH MOMYYHTH PEHICHIIe
IPYTOI 3a7ayl WIH YOeINThCA B HEPa3peImNMOCTH IocIeHel. bomee
TOT0, €CIIH OJHA U3 3a1a4 HMEET OMPEICIeHHYI 3KOHOMHYECKYI) HH-
TePIpPETALI0, TO Apyrad 3a7aya TAKAEe HMEET BIIOJHE OIPeIeIeHHBII
COEPAKATEIBHBIN CMBICIL.



MOLEIN OBOUCTBEHHbIX 3AAY B
NTMHEWHOM NPOrPAMMUPOBAHUU

be3 nmorepu 0OMIHOCTH BO3BMEM B KaUe€CTBE HMCXOMHOM 3agadHd 3a-
Iady JIMHEMHOTO IPOrpaMMHUPOBAHHUS B KaHOHHUUYECKOM (popMme (3Ty 3a-
naqy gajiee OyIeM Ha3bIBaTh TAK)KE ITPSIMOI):

c; X+ cxx; +...+ cx; ...+ cpxy—>max
Xyt @ijaXsT...T a ;X; Thame T i —
A1X 1@k T...F A 2iX; o T o ¢ o s )

(1.60)

AmiX] £ Ap2X> T +amj~\}' £ +anmxn:am
X; =20, (j=1,n)

WM B MATPUYHO-BEKTOPHOI (popMe:
(< ¢, x > max

AX =4 (1.61)

x=0.

I




3amaueit, deoiicmeennoii K (1.60), Ha30BeM 3a1auy:
a)y;+ay, t...t ay; ...+ apym—>min
Ayt @ays Yo V@V st @upVn2C
apyit Ayt Ayt T AV 2C5

(1.62)

alnyj_l_ a.’ny.’—i_---_l' ainyi +---+amn}’3n ch
Vi —HE OTPaHMYCHBI B 3HAKE (j=] 2 )

WM B MATPHUHO-BEKTOPHOM (POpMeE:
<4 ,y>->min

A'Y>C,
vV=(V1, V3 ..., V) — BEKTOP-CTPOKA MIEPEMEHHBIX JTBONCTBEHHOM 3a1aUH;
Y=V, V3 s y,,,)T — BEKTOP-CTOJI0CI IIEPEMEHHBIX IBOMCTBEHHOM 3a/1a-
qu.,

A" — TpaHCTIOHMpOBaHHAA MATpHIa K0d(Q(HUINEHTOB JIeBOil YacTH CHc-
TEMBI OI'PaHUUYEHUN IIpAMOit 3a1aun (1.60);

C=(ei, &5 .. c,,,)T — BEKTOP-CTOJIOEI, COCTaBIEHHBIA M3 KO(PPHUIHECH-
TOB IIeJIeBOM (DYHKIUHU NpsaMoi 3agaun (1.60).

(1.63)
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3amaun (1.60) u (1.62) — B3aUMHO-ABOMCTBEHHBIE B TOM CMEICIIE,
UTO, IPUHAB B KauecTBE IpAMOM 3amauy (1.62), MOKHO IEPEUTH K

JIBOMCTBEHHOU 3a1a4uc, KOTOpasd € TOYHOCTBIO 0 0003HaUeHUS [Icpe-
MEHHBIX OyaeT MMeTh BHI 3a1auu (1.60).
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NMPUMEP

Jlana 3agauga JIII B kaHOHITUecKoIl hopme:

3% — X, + 2% 4 X, —  max
2 X, — X e 4,\'3 4 X, = 10
— > 7 o 4 _ 7 " —

3,\.1 - A + X, 2x, 8

4xl = 5 % == D X, = 4

X, = 0, 7=14.
JIBoIicTBeHHAs K 3TOII 3ajade 3aJgada 1IMeeT BILI:

10y, +8y, +4y, — min

2y =3y 4R = 3

=Y +2YP. = . 2=l
4y +y, —2y, =2
);l = 2.}.-’2 Z ].



B camoM o0mewm ciyyae, Korja npsAvas 3aJaua IMEET CMellaH-
HYK0 CHCTEMY OIPAHMUECHMH, COIEPKANIYI0 YPABHEHHA, HECTPOTHE
HEPABEHCTBA PA3IMUHOM HAIPABICHHOCTH M K IEPEMEHHBIM IpelIb-
SBIICHBI PA3IMUHBIC TPeOOBaHUA (HEOTPAHHUEHHOCTh B 3HAKE, HEOT-
PULATENBHOCTD, HEMOM0KHUTEIbHOCTD), IBOMCTBEHHAS 3a1aua MOKET
OBITH NOCTPOEHA HEHOCPENCTBEHHO IO NpAMOM 3amaue. IIpm 3ToM
MOKHO HE HPOBOIMTb TPYAOEMKHX Hpeo0pa30BaHUH, CBA3AHHBIX C
PUJAHAEM HCXOIHOM 3aJaue KaHOHHUYECKOH (DOPMBI, @ HCIIOIb30-

BaTb CICAVIOIINC IIPABUJIA, CBCICHHBIC B Ta0JTHIIBL.



[Ipsivast 3amaua Ha MAKCUMYM LI€I€BOM (DYHKIMH

IIpsmvas 3agaua

JIBOMICTBEHHAaA 3ajJaya

[{eneBast (pyHKIUA:
<c,x>—max

IIpaBas 4acTh CUCTEMBI
orpannueHuii: C

IIpaBast 4aCcTh CUCTEMBI
OIpaHUUYEHUN: A,

[{eneBast pyHKIUA:
< 4; ,y >—> min

n_n

! -€ OTpaHUUCHUE:

I-51 IICPCMCHHAA: y; HC OI'PaHHUYCHA
B 3HAKC

"

i-€ OTpaHUUYeHuE: " <

i -1 IepeMeHHast: y; = ()

i -€ orpaHuucHue: " ="

i -1 IepeMeHHast: y; < 0

J-4 IIEPEMCHHAA. X; HC OI'DAHHUYUCHA
B 3HAKC

j -€ OrpaHUYEHHE: " =

j - IepeMeHHas: x; = ()

j -€ orpaHuueHue: "' ="

J -4 mepeMeHHas: x; < ()

j -€ orpaHuueHue: " <"
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[Ipsivad 3a1aua Ha MEHIMYM LIEI€BOM (DYHKIINK

[Ipsavad 3amaua

J[BOMICTBEHHAS 3a/1aua

[leneBas (yHKIMS:
<c,x>-min

[IpaBag 4acTh CUCTEMBI
orpaHuueHun: C

[IpaBas yacTh CUCTEMBI
OTPaHUUEHUIL: A,

[leneBast QyHKIUS:
< 4, ,y >—> max

[ -€ OrpaHUYEHHUE: " =

! -1 ICpEMEHHAAL: V;
HC OI'PAaHHNYCHA B 3HAKC

n

i -€ OrpaHnueHue: " <

i- TIepeMeHHas: y; < 0

n

I -€ OTPAaHUUEHHUE: "' 2

i - IepeMeHHaL; y; 2> ()

J -8 IepeMeHHAA: X;
HE OIpaHMYEHA B 3HAKE

J -€ OrpaHuucHue: " ="

j -4 TIepeMeHHast: x; > ()

j -€ orpaHuueHue: " <"

j -4 nepeMeHHas: x; < ()

J -€ orpaHuucHue: 2"




[lepBasn TeopemMa ABOUCTBEHHOCTMU:

Ecnu cywecmayem eOuUHCMeBeHHoOe pelwleHue
UCXo0HoU (npsmou) 3ada4qu, mo cyuwecmeyem u
eoduHcmeeHHoe peuweHue 080UCMeeHHOU
3adayu, rnpuyemM 3Ha4eHUs uernesbix pyHKUuUU
Ha ornmumaribHbIX peweHuUsx coernadarom:.

max F = min Fﬂ.
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JHAUCHNE TIEPBOM TEOPEMBI IBOMCTBEHHOCTH COCTOMT, MPEKIE
BCET0, B TOM, UTO Peliad OJHY M3 3474, MOKHO IONYUHTb PEIICHHE
JIPYTOH 3a71aUH I YOGIUTBCA B €6 HEPA3PEIIMOCTH, IT0 00CTOATED-
CTBO HHOIZIA TI03BOILAET CYIIECTBEHHO 00ICIUMTD PEIICHHE 3A/1aUll, TaK
KaK TPE0CTABIAETCA BO3MOKHOCTD BBIOODA MEAKIY IPAMOI H JIBOKCT-
BEHHOH 3a71aU¢H B T0JIb3Y HAMMEHEE TPYI0EMKOL.
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[1py NOCTPOEHUN OBOUCTBEHHOW 33434

MCNOSb3YIOTCA cneayumne npasuna:

* KaXXOaoMy OorpaHM4YeHunIo NCXoAHOU 3a4a4n
COOTBETCTBYET NepemMeHHas ABOUCTBEHHOM

3afauu;
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° KaXaoou nepemMeHHOUN NCXoO4HOU 3a4aum
COOTBETCTBYeT OorpaHu4yeHue
ABOUCTBEHHOM, Nnpu4veM KoadhdunumeHtammn
NpPU HenM3BeCTHbIX B I-M OrpaHn4YeHumn
cnyxat ko3dp1LMEeHTbI Npu X. B

OrpaHN4YeHUsaAX UCXOAHOU 3a4aum;
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« Ko3adhbdunumeHTamm npm Hen3BecTHbIX B LD
ABOUCTBEHHOM 3a4a4Mm ABMAOTCA CBOOOAHbIE
yrieHbl (NpaBble YacTU) B cUCTeMe
orpaHNM4YeHMN NCXOO4HOU 3a4auun, a npaBbIMU
4yacTaAMU B CUCTEME OrpPpaHNYEeHUMN
ABOUCTBEHHOM 3a4a4n — KoaddhuumeHTbl Npw
Hen3sBecTHbIX B LI® ncxogHoun, n ecnu
ncxoagHasi 3agada popmynupyercs ans
HaxoXaeHnsA MakCMMyma, TO ABOUCTBEHHas -
AN HaXOXAEeHUA MMHUMYMa (M HaobopoT).
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4. NMpuuMepbl NOCTPOEHNA ABOUCTBEHHbIX
3afaad

Mpumep 1. UcxoaHan 3apgava — 3apada o packpoe
MaTtepuana (paccmatpuBanu paHee)

W3 mictoBoro Marepnana ompeaeneHHo GpopMbl HEOOXOMIMO BEIPE3aTh 3ar0TOBKII IBYX
TimnoB: A — 180 mryk, B — 900 mryk. Bapnantsl packpos ogHOro jicta (4 BapnaHra) i
OTXOJIbI I10 KaKIOMY BapHAHTY PacKpos OIPEeNeIATCA Ta0 el

BapuaHTel BapuaHTsl packpos [Lman
3aroTOBKU X4 X X3 Xy
A - 3 1 0 180
B 0 3 9 12 900
OTXO0IBI 12 3 3 4

TpeOyeTca HaAIITH KOMIIMYECTBA JIICTOB (X;), PACKPOSHHBIX I10 KAKIOMY II3
BapUaHTOB  packpos  (1=1,2,3,4),  OOCCIICUNBAIOIIIIX  BBIIIOJHEHIIE
TPeOOBAHINI IUIaHA IO BBIIYCKY 3arOTOBOK I CYMMAapPHBIII MITHIIMYM
OTXOJIOB.



MateMmatirieckas MOJICIIb HCXOHOIT (TIPAMOIT) 3aJavt:
z=12x, + 5x, + 3x3 + 4x, = min

4y 3% + 1y +0x, = 180
Ox; + 3x, +9x3 + 12x, =900
x; =20 (1=1,2,3,4)

MaTeMmaTiraeckas Mo/IeIb JBOIICTBEHHOIT 3aJaull:
f =180y, + 900y, - max

4y, + 0y, < 12
3y; +3y, <5
Iy +9y; <3
Oy, + 12y, <4
y; =0 (=1,2)
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BIymHO, 4T0 MOoJaVUeHHAd ABOIICTBEHHAA 3aJada ropas/Io IMPoIe HCXOTHOIL
Harprimep, JBOIICTBEHHAA 3ajJava BKIFOUACT BCETO JBE HEM3BECTHHIX I €€
PEIICHIIE MOKHO ITOJIYUITH IpadIecKnM MeTogoM. MOoKHO ITOKa3aTh,
YTO 3TO peIleHIE: y, = 3/2, y, = 1/6. Torga MakcIMaJIbHOE 3HAUCHIIE
LICTICBOIT ()YHKLIHII JBOIICTBCHHOIT 3a a4l

: 3 1
f=180-=-+900--=420,
2 6
YTO COBIIAJACT C PaHEe HAIJCHHBIM MIHIIMAJIBHBIM 3HAUCHIIEM IICTICBOII
$pyvHKIDm mpgamori 3agaunl. Mmerorca (opMymbl mepexoda OT pPEIleHIT

JTBOIICTBEHHOIT 3adaull (B npumMepe: y; = 3/2, y, = 1/6), K pEIICHIIO
IIPAMOIT 3a1au1 (3HAUYCHILIM X; ), HE peIad IMOCJIEHIOK.
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Kpome TOro, npm ncrnonb3oBaHUN
HaacTpounkn «llonck pewleHmns» B nakete MS
Excel:
eCnun peLlnTb NCXOAHYH0 3a4a4dy C NMOMOLLbIO
9TOro cpeacTaa M Nony4nTb OTYET MO
YCTOMYMBOCTU, TO 3HAYeHUA B rpade
JlagpaH)xa mHoO)Xumernsb (TeHegasi ueHa)
OoT4YeTa No YCTONYMBOCTU E€CTb OfiMuMalsibHbIe
3Ha4YeHUs 080UCMBEHHbIX NepPeMEHHbIX:
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N3ameHAeMble AYeKK

Pesynbr. Hopmup.
Auenka Uma 3HayeHue rpagueHTt
SBS7  KOAMYecTso NUCTOB BapuaHTbl PacKpoA 0 6
SCS7  KonuMyecTso NUCTOB 30 0
SDS7  KonuyecTso NWUCTOB 90 0

SES7  KonuuyecTeo /INCTOB

0 1,999999762

OrpaHuyeHuna
Pesynbr. JlarpaH:«a
Auerka Uma 3HaueHune MHOXUTENDb
SFS4 A ®akr 180 1,5
SFS5 B ®akT 900 |0,166666667
—

Hmerorca GopMylIBl mepexojia OT PEIICHILT

JTBOIICTBEHHOII 3ajaull (B mpuMepe: y; = 3/2, y, = 1/6), K pEIICHIIO

l'[l))IMOfI 3aJatl ('3H&‘I€I—HUIM X ), HC pcadg ITOCJICTHIOIO.
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Mpumep 2. UcxoaHan 3apgava — 3agada o
nnaHUWpoBaHUM NPON3BOACTBA NPOAYKUUU

JI714 TIPOH3BOACTRBA MPOIYKLHH 7 THIIOB TPEOYIOTCA PECYPCHI 1 BUIOB.
HopMBI pacxofa peCypcoB Ha IIPOH3BOACTBO €IHHHIIBI MPOAYKIHH KaKI0-
IO THIIA 3aJaHbI MATPHLEH (a;;)mxn, TAE @ — KOTHUECTBO PECYpPCa i-T0 BHJA,
HE0O0X0IUMOE /I TPOH3BOICTBA € JHHULIEI TPOAYKIHH j-T0 THIA. M3BecT-
HO KOTHYECTBO PeCypcoB b; (Te i = 1, m ) KaXI0To BHIA, KOTOPOE HMEeT-
CA4 B HATHYHH Y OpeANpHATHA. 3BECTHBI TaKKe BEIMYHHEI MPHOBLTH C;
(rme j =1, n), KOTOPYE MOIYYHT NpPEINPHATHE IPH PeaTH3AIMH ¢IHHH-

6l IPOAYKUHUH j-r0 THIA. TpeldyeTcsd HaHTH ONTHMAIbHEIH ILTaH IIPOH3-
BOJCTBA MIPOIYKIHH, T. €. KOIHYECTBO MPOAYKIHH KaKI0T0 THIIA, KOTOPOE
HY;KHO TPOH3BECTH, YTOOBI IMOTYyUYHTh HAHOOIBIIYK IMPHOBLTE. Y CIIOBHE
3aJla4l MOKHO IIPEACTABHTH B BHJIE TalIl. 2.3.
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Mpumep 2. UcxoaHan 3apgava — 3agada o

niaHNpPoOBaHUUN NPOU3BOACTBA NMpoAYKLUUU

Tabauya 2. 3. MexoaHble JaHHBIE K 3aJaYe IVIAHHPOBAHHA NMPOH3BOACTBA

NpPOIYRKIHH
[Tpoavkuna Hamuaue
Pecvpcer

THII | THII 2 THII 1 pecypeon
Pecype 1 ayy ai Aipn by
Pecypc 2 as; 75), ap 2
Pecypcm Qi ) Amn bm
ITpuodeL1H Ci &) Cy

OG003HaYUM Yepe3 X; — KOMHYECTBO IPOAYKIHH j-TO THIIA, KOTOPOE
ITAHAPYETCA BRITYCTHTH ( j = 1, n). Toraa MaTeMaTHUeCKasd MOJEIb 3a-

Ja4dH 6y;I€T BBITTIAACTE CIICOYIOITHM 06pa3om:



= ZCJ,.x ;= max, 2.7)
)

Y ox.zd,  (E=Lai), 2.8)
Jj=l

.20 (] =n) 2.9)

ITeneBag ¢yHKUHA (2.7) 3TOH 3a7aud NPEACTABILICT COOO0H OOMIYIO
IpHOBLTE OT IPOH3BOJCTBA BCEH mpoAyKUHH. OrpaHHuceHHA (2.8) BEIpa-
’KaKT YCIIOBHE TOr0, UTO IMOTPEOICHHE pecypca i-ro BHIAa HE J0DKHO IIpe-
BEIINIATE 3amaca 3TOro pecypca. ¥ CJIOBHA HEOTPHUIATEIBPHOCTH MEPEMEH-
HEIX (2.9) BEITEKAKT H3 CMBIC/IA IIEPEMEHHOH X;: KOJTHUECTBO IIPOIYKIHH
HE MOKET OBITh OTPHIIATEIIEHEIM.
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TaxuM o0pa3oM, MoJeIb 3a1a4d (2.7) — (2.9) MOKET OBITh 3allHCaHA B
CICIVIOMEH KaHOHHUECKOH d)OpMC'

F = ZCr — max,

j=1

Zabrj+1 =, (i =1 m), (2.10)

JIOIOTHUTENBHEIE TIEPEMEHHEIE y; IIPEACTABIAT COO0H ocmamku pe-
cypcoe Kaxcoozo euda. ECTH B ONTHMAIBLHOM PEIICHHH KaKOH-THOO pe-
cypc OYZET HCIIOIB30BaH ITOTHOCTEI0, TO OrPAaHHYEHHE HCXOTHOH 3a1auH
(2.8) OyZeT BBIOIHEHO B BHAE paBeHCTBA y; = 0. Takoe orpaHHUYEHHE B
otueTax Excel HaspBaeTca ceazanueim. Pecypc, KOTOPBIH HCIIOIB30BaH
TIOJTHOCTBI0, CUHTAETCS OehuyumHusiMm.



[1BOoMCTBEHHaA 3a4aya K paccMmaTpuBaeMomn

3agave NaHUpPoOBaHUA NPON3BOACTBA NPOAYKLUMN:

Hcxoanas zagaga

JBoiicTBenHaq 3aJaqa

n
F = chxj — max

j=1

m
F.= Z b,.z,. — min
i=1

(2.11)

Zag.xj <b, (i=1m)
=1

(2.12)

z.20 (i=1,m)

(2.13)

PacCMOTpHM 3KoHOMUYecKull cmuicl OgolicmeeHHoll 3a0adu. J10IycC-
THM, UTO Yy OPEIIPHATHA €CTh BO3MOXKHOCTE PEaTH3allHH BCEX PECYPCOB
HEKOTOPOH OpraHH3allHH BMECTO TOr0, YTOORI OPTaHHU30BEIBATE CBOE IIPO-
H3BOACTBO. HeoOX0AUMO YCTaHOBHTEH IIPHKHIOYHBIE IIEHEI HA PECYPCEHL

[TycTh z; — 3TO 1I€Ha €IUHHUIIEI pecypca i-ro Buaa (rae i = 1, m ). DTH UEHEI

JOJDKHEI OBITH YCTAHOBJICHBI HCXOOA H3 HCCOBIIAJAIOIOIHX HHTICPCCOB
IIPCOIIPHATHA H noxynalomefi OpraHH3allHH.



OOy CTOHUMOCTh pecypcoB (Fz) MOKyMaromas OpraHH3alia CTpe-
MHTCA YMEHBIIHTE. ITO MOKHO BEIPA3UTh CIEAYIOIEH HopMyIoii:

Fz=byz1 + byzr + ... + byz,y, —> min,

rae by, by, ..., b, — COOTBETCTBEHHO, KOJIHYECTBO PECYPCOB 1, 2, ..., m:
Z1, 22, .... Zm — COOTBETCTBECHHO, II¢Ha peCypcoB 1, 2, ..., m;
biz1. byzy, ..., byz;— COOTBETCTBEHHO, CTOHMOCTE PECYPCOB 1, s i

[IpeIpHATHE COINIACHO IIPOJAaTh PECYpPCHI TOIBKO MO TAKHM II€HaM,
IIPH KOTOPBEIX OHO ITIOJIVYUHT 3a HHX BBEIPYUKY, HE MEHBIIYIO TOH CYMMEL,
KOTOPYI MOIJIO OBI IOJIYUHTH, OPraHH30BaB COOCTBEHHOE IIPOH3BOICTBO.
TaxuM 06pa3oM, IPeAIPHIATHE OTKAXKETCA OT BEITYCKa H3SIHII j-T0 THIIA,
€CJIH CTOHMOCTB BCEX PECYPCOB, KOTOPBIE HAYT Ha IMMPOH3BOJICTBO OIHOTO
H3JeIHA j-T0 THIIa, OyJeT OOJIbIIE HIH paBHA MPHOBLIH 3a OJHY €IHHHILY

H3ICTHA j-TO THIIA. 2DTO MOXKHO npcaCcTaBuThE B BHAC CICAYIOIICTO HCpPa-
BCHCTBA.

dizi ¥ wzs ... gz =0, (j=1Ln)

II€ a1Z1, A2iZ2. -... AmiZm — CTOHMOCTE PECYPCOB, KOTOPEIE HEOOXOIHMEI
IUI TIPOM3BOACTBA €IHHHIIBI H3CIHA j-T0 THIIA;
C; — IpHOBLTH Ha OJHO H3JCHHE j-T'0 THIIA.



[I0 CMBICTY ILI€HA HEOTPHIATEIRHA, IO3TOMY B JBOHCTBEHHVI) 3a7a4y
BK/IFOYAKOTCA OrPaHHYCHUA HEOTPHIATEIFHOCTH.

B otuetax Excel, moayuaeMBIX ¢ IOMOIIBIO HAACTPOHKH [louck peute-
HuA, ONITHMATIBbHOE 3HAUCHHE JBOHCTBEHHOH IEpEeMEHHOH z; Ha3hIBACTCA
meneeoll yeroti. T€HEBaA LIEHA €CTh OLICHKA 3HAUUMOCTH PECypca, BEITE-
Karmag U3 KOHKPETHBIX VCIIOBHH 3aJaUH, a HE peajbHad IIEHA Ha PHIHKE.

CornacHo nepBou TeopemMme ABOUCTBEHHOCTM:
max F'= min Fy.

DTO 03HAYAET, YTO IMIPEAMPHUATHIO O€3pa3IMUHO, IIPOU3BOAUTH JIU IIPO-
IyKIHIO TI0 ONTHMAABPHOMY ITaHY X H IIOJy4HTh MAKCHMAIBHYIO IIPH-
OBLIb, THOO IPOJATH PECYPCHI [0 ONTUMAILHEIM [IeHaM Z H IIOTy4HTh Ta-
Ky k€ cymMMmy. J[14 Beex Apyrux (HEONTHUMaIbHBIX) IUTaHOB X U Z MpH-
OBUTh OT BBITYCKAa MPOIYKIIMH BCEr/la MEHBIIE BHYTPEHHEH CTOMMOCTH
3aTPAuCHHBIX PECYPCOB: F < F;, a BEMMUHHA F 7 — F XapaKTepHU3YET Ipo-
U3BOJICTBEHHEIE IIOTEPH.



Ona paccmaTpuBaemMoun 3agavym MOXHO NokKas3saTb,
YyTO UMeeTCSA cnenyroLlee crieacreve nepBoun
TeopeMbl ABOUCTBEHHOCTU -

Crnedcmeue (meopema 06 oyernxax). JIBOHCTBEHHAS OLICHKA z; (TEHEBad
ueHa) [IOKA3bIBACT, KdK H3MCHHTCA LCIICBAA d)YHI\HH}I HCXOIHOH 3aJauH
IIPH H3MEHEHHH PeCcypca b; Ha €IHHULLY:

AF = Abz.z:.

Hoxazamenscmeo

[TycTe HMEHTCA B HATHYHH PECYPCHL by, b, ..., by OG03HAUHM BeIH-
yuHOH F; ONTHMalIbHOE 3HAUCHHE LI€T€BOH (YHKUHH HCXOIHOH 3a7a4H
IIPH TaKOM HaJIHUYUH pecypcoB. Torjaa cormacHo IepBoi TeopeMe ABOHCT-
BEHHOCTH

F, = maxF = minF; =bz +b,z, +..+b,z,.

ITycTh KOMHYECTBO BTOPOrO pecypca MOMYy4HIO IpHpAIIEHHE
b, = b, + Ab,. EcH TIpH 3TOM ONTHMAIbHOE PEMICHHE JBOHCTBEHHOI 3a-

Jaud HEe H3MEHHTICS, TO 3HAUCHHE II€1eBOH (QYHKIHH HCXOJHOH 3aJauH
(F>) 6yaeT BEIPaKEHO CIEAYIOIIHM 00pPa30M:

F, = maxF = minF; = bz + (b, + Ab))z, +...+ b,z, =
=bz +bz, +..+b 2z +Abz =F +Ab,z,.
Crez0BaTebHO, LieneBas QyHKINA IOTydYHIa IPHPAIECHHE 52

AF = F, —F, = Ab,z, .



TaxuM 00pa3oM, 110 TEHEBEIM LIEHAM MOKHO CYJHTE O TOM, HaCKOIIBKO
11€1€C000pa3HO0 H3BICKHBATh PE3EPBBl IA YBEIHYECHHA KOIHUECTBA i-TO
pecypca. ECIH coOOTBETCTBYIOIIAA TEHEBA] LIEHA PaBHA HYIIIO, TO YBEIHYE-
HHE KOJIHUYECTBA 3TOT0 PECypca HHKAK HE MOBIHACT Ha POCT MPHOBLTH. C
JIPYrof CTOPOHBI, YeM OO0JIBIIE TEHEBAd LicHa pecypca, TeM OOJBIIE BO3-
pacTeT IPHOBUIb IPH YBEIHUCHHH KOJIHYECTBA 3TOr0 Pecypca Ha OJHY
eqUHHLY. [T03TOMY TOT pecypc, KOTOPHIH HMEET OOJIBIIYIO TEHEBYIO LIEHY,
CUHTACTCA bonee deuyumHsiMm.

O/IHaKO 3Ta TeOpeMa CIIPaBeTHBA TOJIBKO B TOM CJIyUae, €CIH IIPH H3-
MEHEHHH KOJIHUYECTBa pecypca b; 3HAUCHHS INEPEMEHHEIX z; B ONTHMAIIb-
HOM IIIaHE JBOMCTBEHHOH 3aJaud OCTAKTCA HEH3MEHHBIMH. DTO BHIIOII-
HACTCA B IpeAciaX YCTOHUHBOCTH ONTHMAIBHOIO PEIICHHA, T. €., KOIja
CTPYKTYpa pelIeHHd HE H3MEeHASTCA. [Ipeenl YCTOHYHBOCTH IIPH H3Me-

HCHHH IIPABBIX yacTeH Ol"paHH‘ICHHﬁ VKa3daHEbI B TaOIIHIe «Ol"paHH‘ICHHﬂ»

(Npn ncnonb3oBaHUN HaaCTPonKkM «llonck
pelwleHnsa» B nakete MS Excel).
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Y0o0HO ncnonb3oBaTb HAACTPOUKY
«lMounck pelwueHusi» B nakete MS Excel:
ecrni peLlunTb UcxogHyr 3agadvy ¢ NOMOLLULHO
9TOro cpeacTesa 1 NoNyyYnTb omyem o
ycmou4yusocmu, ToO 3Ha4yeHus B rpadpe
TeHegas1 yeHa oT4yeTa NO YCTOUYMUBOCTU
eCTb onmumMmalibHble 3Ha4eHuUs

deolicmeeHHbIX MepeEMEHHbIX.
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