[loKyMeHT noanucaH NpocToi 31eKTPOHHOM NOANUCHIO
NHdopmaumsa o Bnagenbue:

®UO: EmenbaHos Ceprei lenHaabesmy MUHOEBPHAVKU POCCUU

[lomxHOCTb: pekTop
[ara noanvcanws: 05.(DIGIIEPAABHOE TOCYIAPCTBEHHOE OI0/KETHOE 00pa30BaTEILHOE

YHUKANbHBIA NPOTrPAMMHbIiA KITHOY:
Y¥HPSHKASHUE BRICIIETO 00pa30BaHUs

9ba7d3e34c012eba476ffd2d064cf2781953be
CTBCHHbLIN YHHUBCPCUTCT»

(IO3T'Y)

Kadenpa nporpaMMHOI HHKEHEpUU

018 1.

AHAJIN3 HA YYBCTBUTEJIBHOCTb

MGTOI[I/I‘ICCKI/IC YKa3aHus K HPAKTHICCKOMY 3aHATHUIO
I10 AUCHUIIIINHC «MGTOILBI OIITUMAJIbHBIX pemeHI/Iﬁ»

JUIsl CTYACHTOB HAIIPaBJICHUS TTOJATOTOBKH
38.03.01 «DxoHOMUKAY

Kypck 2018



YK 519.6
Cocrasurenu: B.B. Ceupunos, T.B. Ansa0beBa

Peniensenr:

KaHIUJAT TEXHUUECKUX HayK, JTOLEHT Kadeaphl NpOrpaMMHON HHKEHEPUU
IO3I'Y B.B. Ananvkos

AHAJIM3 HA 4YYBCTBUTEJbHOCTb: METOAMYECKUE YKa3aHUS K
NPAaKTUYECKOMY 3aHATHIO MO0 JUCHMIUIMHE «MeToasl ONTHUMabHBIX
peuieHui» Uil CTyAGHTOB  HampaBieHusi mnoarotoBku  38.03.01
«IKOHOMHUKA / Oro-3ar. roc. yH-T; COCT.: B.B. CBupuos,
T.B. AnsoseBa. Kypck, 2018. 21 c.

N3n0xeHbl OCHOBHBIE CBEJCHUS O METOAaX aHaJIM3a PEIIeHUs 3a1a4u
JUHEWHOTO MPOTrpaMMHUPOBAHMS HAa YYBCTBUTEIBHOCTh U YCTOMUMBOCTb.
PaccMoTpeHbl TpuMepbl BBITIOJTHEHUS 3aaaHuil. IlpuBeneHbl BapUaHTHI
3alaHUN, KOHTPOJIbHBIE BOIIPOCHI K 3alIUTE MMPAKTUUECKON padOTHI.

Meroauueckre yKa3zaHHsl COOTBETCTBYIOT TpeOOBaHUsIM padoueit
MPOTPaMMBbI IO JUCIUTUIUHE «METOabl ONITUMAJIBHBIX PEIICHUMN.
Martepuan npeaHazHadeH 11 cTyaeHToB 38.03.01 «OxoHOMUKA) OYHOM U
3a04HOU (hopM 00yUEHHUS.

TekcT meyaraeTca B aBTOPCKOU PENAKIINUT

[Tognmucano B meyath 02.10.2018.. Popmat 60 x 84 1/16.
VYen. neu. 1. 1,0. Yu.- uza. 1.0,9. Tupax 100 sk3. 3aka3 2148. becnnatHo.
FOro-3amaanbiii rocyapCTBEHHBIN YHUBEPCUTET.
305040, Kypck, ya. 50 net OxTsa0ps, 94.



O~ wNE

Copaep:xxanue
LICIB BAHSTHIS ...ooeeeiieieeiiiiiiis ettt e e et e e e e e e e e e aaaanaans 4
KpaTKue TEOPETUUECKHUE CBEIMEHUS .....covvinennrrrreeeeeeeeeeesssaannnnnnneeeneeeeeenns 4
TTpUMED BBITTOTHEHUS BAIAHMS «..vvvvvereeeeeeesssssssitnrsnreeeeaseeesssssnnsnnnssseeees 13
120 91070:37 01 %M 0393 0 5 (SCT: P 13 1 6 SO PP TP PP TOPORP 20

KOHTPOTBHBIE BOTIPOCBL . ..c.cciivieiieessssiiieeeeesssnntsneeeessannnneeeeessannreeeaeessnes 22



AHAJIN3 HA YYBCTBUTEJIBHOCTb
1. Ileanb 3aHATHS

[lenpro MPaKTUYECKOTO 3aHATHUS SBJISACTCA U3YYEHUE METOJIOB aHAJIN3a
pELIEHUs 3aa4d JTMHEUHOTO MPOrPAMMUPOBAHUS HA YYBCTBUTEIBHOCTh U
YCTOUYUBOCTb.

3aganme. /laHa cTangapTHas 3a7a4a JMHEWMHOTO MPOrPaMMHUPOBAHUSI.

1. IIpuBectu 3a1auy K KAHOHUYECKOMY BHJIY 1 HANTH €€ ONTUMAIbHOE
pEIICHHE C MTOMOIIbI0 CUMILIEKC-METO/IA.

2. Haittn k03 UIIUEeHTHI YyBCTBUTEIHLHOCTH 10 PECYpcaM.

3. HaifTu rpaHuiibl yCTOMYMBOCTH 1O PECypCaM.

4. HaliTu TpaHuIlbl YCTOMYMBOCTHU IO IICHOBBIM KOd(hPuIiueHTam.

5.BbiOpaTh AeUIUTHBIM pecypc U MPOU3BECTU JTOMYCTHUMOE €ro
M3MEHEHHUE B MpeJIeNiax OTpe3ka yCTOWYMBOCTH ONTUMAILHOTO 6a3uca:

6. BeiOpate HenepUIUTHBIN pecypc, €clii OH €CTh, TPOU3BECTH B HEM
U3MEHEHUE, BBIXOMSINEE 3a MpeAesibl YCTOMUYMBOCTH TEKylIero Oaswuca,
MNOJIYYEHHYI0 ONTHUMAJIbHYI0, HO HE JIOMYCTUMYIO CHUMIUIEKC-Ta0IuIly
IPUBECTU K JOMYCTUMOMY BUIY ABOMCTBEHHBIM CUMILIEKC-MeToa0oM. Eciu
HeAeULIIMTHBIN Pecypc OTCYTCTBYET, ClIeNaTh HEAOMYCTUMOE U3MEHEHUE B
IEPBOM pecypce.

/.BpiOpaTh 0a3uCHBI MNPOAYKT U CcleJaTh B €ro IEHOBOM
koa(unrente aobdoe AOMYCTUMOE U3MEHEHUE OTIANYHOE OT 0.

8.lns  moGoro  HeOa3MCHOro  MOPOAyKTa  BbIOpaTh  Jr000€
HEJOMYCTUMOE U3MEHEHHUE €0 LIEHOBOr0 KO3(P(PUIMEHTa, COOTBETCTBEHHO
CKOPPEKTHPOBATh 3aKIIOUYHUTEIbHYI0 CUMILIEKC-Ta0NMIy M MPUBECTH €€ K
ONTUMAJILHOMY BUAY OOBIYHBIM CUMILIEKC-METOIOM.

2.KpaTkue TeopeTHu4yeckue cBeJIeHUsI

Kanonndeckas 3a1aua JMHEHHOTO MPOTpaMMHUPOBAHUS UMEET BU/I:
P=c'x— max;
AX =Db;
X >0,
rae Alm,n] — npssMoyrosbHas HEBBIPOXKICHHAS MATPHIIA, B KOTOPOH YHCIIO
CTPOK MMEHBIIE YUCIa CTOJIOIOB N, TAKUM 00pa3oM, g (A) =m.



Beigenum B MaTtpuiie A HEBBIPOXKIACHHYIO KBaJpaTHYI0 MAaTpPHILY
B[m,m], Ha3piBacMyro Matpuield Oa3uca. Torma ocTajlbHBIE CTOJIOIBI

MaTpuilbl A cocTaBisiIOT HebasucHyto moamarpuity N[m,n—m] u wmbi
YCIIOBHO 3aIHUChIBaeM, 4YTO A= [B, N] — pa30ueHne MaTpUIlbl OTPaHUYECHU N
Ha MoaAMaTpuIly 0a3uca U HeOa3UCHYIO MOAMATPUILY.

COOTBETCTBEHHO CTOJIOEL] HEU3BECTHBIX X Pa30UBAETCA HA BEKTOP Xg
0a3MCHBIX IIEPEMEHHBIX, BEKTOp Xy HEOA3UCHBIX MEPEMEHHBIX, YTO

X
B o
CUMBOJIMYCCKH 3aIlIUCBIBACTCA B BHUIAC X = N CHUCTEMA JIMHCHUHBIX
X
N

orpaHnyeHni 3amaun  AX=D Moxker ObITh 3amuMcaHa B  BHJC

X
[B, N]- B l=b wm B Buzie BXg + NXy =b. W3 mocnennero ypaBHeHus
XN

MBI BbIpa’KacM Oa3ucHBIE INCPEMCHHBIC UCPC3 HeOa3uCHEBIE B BUIC
g =B b —B'Nxy. (1)
Jlanee, Mbl aHAJIOTMYHO pa30MBaeM BEKTOP IIEHOBBIX KOA(PGHUIIMEHTOB

c

B

B BUJIE C = , TOT/[A [I0CJIE TPAHCIIOHMPOBAHKS IOYIHM ¢ = (C-é, cL ),
CN

MOCJIE Yero Mbl MOXEM mpeoOpa3oBaTh LEIEBYI0 (DYHKIMIO 3a1a4yu

Xp

clenyromuM obpasoM P =¢' X = (Cg Cy, ) = CgXg +Cp Xy -

XN
Ecnu B naHHO€ BbIpa)keHue Mbl ojicTaBuM Gopmyiy (1), To monyyum
P=cg (B b—B™Nxy )+clxy =cgB b —(cgBN —c )xy.

[Tonyuunu npeoOpa3oBaHHYIO 3a7ady, B KOTOPOM OrpaHUYCHUS U

nesneBas PyHKIIMS BIPaKEHbI Yepe3 HeOa3UCHbBIC IEPEMEHHbBIC
Z — max;

Z+ (C; BN —cg )xN = cp B7'D;
Xg + B™"Nx = B™'b;

[IpeoOpazoBanHass 3ajadya WMEET BaKHEWIIEe 3HAYCHUE U
3aMUChIBAETCA B (JOPME TEKYIEH CUMILIIEKC TaOIUIIbI:



b Z XB XN Pem.

z 1 0 cgB'N—-cy| ciBb

Xg 0 | BN =N B
rae | — enuHuyHag matpuna. 3ameTum, yto | = B'B=B.

BenuuyuHbl d" =c'B AT HA3bIBAIOTCA  OTHOCHTEIbHBIMH
OIICHKAMM TIEPEMEHHBIX U 3aMUCBHIBAIOTCS B Z-CTPOKE CUMILICKC-TAOJIUIIBI.
IIpu 3TOM OTHOCHTENbHBIE OLIEHKA Oa3UCHBIX MEPEMEHHBIX paBHbI (), Tak

kak dg =cgB'B—c 5=0.

bonee xkommakTHO TCKYyIIass CUMIIIICKC Ta6m/1ua 3aIlIMChIBACTCS B BUJC:

b Z X Per.
z 1 d’ cgB b
Xg 0 |A=BA |B™

OGosnaunm [ =B7'b, Torma mpeoGpasoBaHHYI0 3aady MOXKHO

3alluCaThb B BUJC:
Z — MmaxX;

4 +(CE BN — ¢y, )xN = cgf;

W3 Tekyuiell CHUMIUIEKC TaOJMUIBI TMOJY4YaeTcs TeKyllee Oa3ucHOe

X
B .

pelieHue X = 3a7a4M JIMHEWHOTO IPOrpaMMHUPOBAHUS, B KOTOPOM
O b

HeOa3ucHble TepeMeHHble paBHBl 0, To ecTh Xy =0, Takum oOpaszom,

nojiyqyaeM X = 0 — TeKyllee Oa3ucHOe pelleHue, Mg KOTOPOro

T
z(x)=cgp.
DTy BEIIMYMHY ITOJIC3HO TAKXKE 3alucaTh B BUJIE Z(X) = CE B=n'b,

rIe BEKTOp 7' = CE B! mokasbiBaer BKJIa B PUOBLIb KAXKIOTO PeCypea 13

UX BeKTOpa b ¥ Ha3BIBaeTCS BEKTOPOM TEHEBBIX IICH PECYPCOB.



AT TR-1 T T T
N3 ¢popmynsl zZ=Cgf —(CB BN —cy )xN =cgP—dyxy mDonydaeMm,
4TO TeKylee 0a3ucHoe pelieHne, B KotopoM Xy =0 onrtumanbHO TOoraa u
TobKO TOr/a, Koraa dy >0. To ecTh OTHOCHTENbHBIE OLCHKH HeGA3UCHBIX

IEPEMEHHBIX HEOTPHUIATENbHBI HIHM, 4TO TO ke camoe, d' >0 —Bce
AJIEMEHThI Z-CTPOKHM TEKYIEW CHUMIIIEKC-Ta0IuIlbl HEOTPUIIATENIbHbBI, TaK
KaK B 3TOM CJIy4ae IIPH YBEIMYEHUN BEKTOPA HEOA3UCHBIX IEPEMEHHBIX Xy

OT TCKYIICIO 3HAYCHMHA XN =0 X IOJIOKHUTEJILHBIM BCIIMYMHaAM, LEJIEBas

(GYHKIMS Z MOyYaeT HEMOJOKUTEIbHOE MPUPAILLICHHUE dL Xy -

Nrak, Texyiias CUMIUIEKC TabuIa
Z — MmaxX,

4 +(CE BN — ¢y, )xN = cgP;

OnuceiBaeT KOPPEKTHOE penieHue 3a/lauu JTUHEHHOTO
IPOrpaMMUPOBAHMS, €CJIM BBIMIOJTHSIIOTCS 1B YCIOBUSL:
B >0 — ycioBue AOMYCTUMOCTH;

CE B!N - CL —n' N - CL > (0 — yciioBu€ ONTUMAJIBHOCTH.

IHpumep.
Jlana mpeoOpa3oBaHHas CTaHAApTHAs 3a7a4a
P =30-4X, —5X5 —3Xs —4X,
X, =9+3X, — X5 + Xg — X7;

Xo =0—T1X, +2X5 — 2X5 — 2X;

Xg = 1+ X4 —3X5 + 3Xg + 3X7;
3amnucaTth CUMILIEKC-Ta0INITY, COOTBETCTBYIOIIYIO JaHHOU 3aj1aye.
Pemenue.
Wmeem: cpxg =30 7

MEEM. CgXg = — 3HAUCHUC ILICJICBOU (1)YHKHI/II/I Ha TCKYLICM

0a3MCHOM pEIICHUY;



X
X1 4
X5 y
Xg =| Xy |, Xy = — TeKyIIUHA COCTaB Oa3sUCHBIX M HEOA3UCHBIX
X6
X3
X7
[IEPEMEHHBIX;
5
B=| 6 |=Xg — 3Ha4YeHUs OA3UCHBIX IEPEMEHHBIX;
7
-3 1 -1 1
BIN=N={7 -2 2 2 — TIpeoOpa3zoBaHHasl oaAMAaTpUIIA
-1 3 3 -3

HE0a3MCHBIX TEPEMEHHBIX;
N —CL —d} = (4 5 3 7) — OTHOCHUTEILHEIE OLICHKU

HE0A3UCHBIX IEPEMEHHBIX.
[TonyyaeM cuMILIEKC-TaOIUILY:

Z Xg | X | X3 | X4 Xg Xe X7 | Pemr | Komm.
z 1 0 0 0 4 5 3 / 30 | Omr.
X 0 1 0, 0|3 1 -1 1 5 -
X, 0 0 1|0 I —2 2 2 6 -

X3 0 0 o, 1| -1 3 -3 -3 I -

B xone n3aMeHeHus ’KOHOMUYECKUX MapaMeTPOB, TAKUX KaK LIEHbI Ha
IPOIYKIIMIO WM YPOBEHb 3allaCOB PECYPCOB TEKYIAasl CUMIUICKC-Ta0auIa
MOXXET TIepecTaTh YJOBJETBOPATH YCIOBUSM  JOMYCTUMOCTH  WJIU
ONTUMAJIBLHOCTH, €€ HY)KHO MPUBECTU K oNTHUMaibHOMY BuAy. IIpu stom
TeKymuii 0a3uc MO0 oOCTaeTcsl ONTUMalbHBIM, TOrJa B TEKYyIIeH
CUMIUIEKC-Ta0JIMIIE ~ TPOUCXOAUT  OMpPEJACNICHHAs  KOPPEKIHUs IO
OMHUCBhIBaEMbIM ajee Gopmyram, MO0 HYKHO TIEPEUTU K HOBOMY Oasucy,
UL 4ero OCYIIECTBJISETCA psAa IIaroB mpsMoro (mpu  moTepe
ONTUMAJIBHOCTH) JIHOO JBOWCTBEHHOTO CHMILIEKC-MeTo/a (IpH ToTepe
JTOMYCTUMOCTH).




PaccmoTpum mopsiIOK MCCleAOBaHUS YYyBCTBUTEIBHOCTH TEKYIIETO
ONTUMAJLHOTO PEIICHUS 3aJadyd JUHEWHOTO MPOrPaMMHUPOBAHUS IIO
IIpaBbIM YacTsM, TO €CTh IO peCypcaMm.

Nmeem Gpopmyisl

oz Tea-1\ -
N =T = (CB B )i ,1=1,...,m — k03hPUIIUEHTb YyBCTBUTEIBLHOCTH.
|
OHM HaxoMSITCS B TEKYIIEH TaOJIUIIE CICAYIOITUM 00pa3oMm:
ITycte X, =S; — AONOJHUTEIbHAST ~ OCTaTOYHAs  NE€pPEMEHHas

=0.
B wucxomHOM Marpuie OrpaHHdeHMd A TNEpeMEHHON X, =S

m

COOTBETCTBYIOIIASl pecypcy I, OHAa UMEeT IIEHOBON KOA(PGHUIUEHT Cy,;

COOTBETCTBYET cTonben A, . ; C HOMEpOM M + i, comepauuii eTUHUILY B
IMO3UIINN | )41 HMCI’OH_[I/Iﬁ HYJIM B OCTAJIbHBIX IMO3UIUAX, TOrId ITOJIYIHUM
dm+i - dsi - TCT A-,m+i —Chti =T

I/ITaK, KOC‘)(l)(l)I/IHI/IeHT YYBCTBUTCIIbHOCTU HpI/I6I>IJ'II/I o peCcypcy bi

paBCH OTHOCUTEIBbHOMN OLCHKC d HOHOHHHTGHBHOﬁ HepeMeHHOﬁ

m+l
X4 = Sij> COOTBETCTBYIOLIEH TaHHOMY pecypcy. JlaHHble (GOpMyIbl BEpHBI
TOJIKO B TOM JHana3oHe M3MEHCHHS BEKTOpa MMEIOIIMXCS pecypcoB b,
OpU KOTOPOM TEKYIIMH 0a3uc Xg COXpaHseT CBOK ONTUMAJIbHOCTb.
[ToaTOMy Ba)XXHO YMETh PacCUMTHIBATH TPAHUIIBI JOMYCTUMBIX MU3MEHEHUMN
BEKTOpa pecypcoB D, mpH KOTOPHIX TEKYIIUHA Oa3nuc COXpaHSIET CBOIO
ONTUMAJIbHOCTb.

[IpenmonoxuM, HWMEIO MECTO M3MEHEHHE BEKTOpa pPEeCcypcoB
b'=b+Ab. PaccmMoTpum cuTyanuio, Korma H3MEHHJICA TOJBKO OJIMH
pecype: b =b;+Ab,bj=Db;,i# j. [Ilocnenum wusmenenne ycnosuii
ONTHUMAJIbHOCTH TEKYIIIETO PEIICHUS:

CE B~'N —CL —1' N —CL >0 — ycioBU€ ONTHUMAIBHOCTH TEKYIIErO
0a3uce He 3aBHCUT OT BEKTOpa pecypcoB D u coxpansercsa. YcioBue
nomyctumocti P = B~ >0 nprobperaer Bux;:
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0
B'=B(b+Ab)=B+B*Ab=B+B~| Ab [>0;
0
B+Ab(B™) >0
o
rae (B_l) ~— i-b1it cTonGer Matpuusl B, Ho mms paccMaTprBaeMoii
o

w w _1 A
CTAaHJAPTHOU 3aJayd JIMHEMHOI'O MPOrpaMMHUPOBAHUSA (B ).i = A n4is TO

eCTh I-bIii cTONOEIl 00paTHON MaTpHIbl OasWca paBeH M-+i-omy cTonOIy
NPUBEICHHON MaTpullbl OrpaHu4YeHuil A, COOTBETCTBYIOIIMN OCTATOYHOM
nepeMeHHoOM I-ro orpanumueHus S;. lLlemeBas ¢yHkuus MeHsiercs

CJIEAYIOLIUM obpasom: '=72+mAb =2+ Ay i s TO €CThb
MOIU(PHULIMPYETCS TaKUM K€ 00pa3oM, KaK W IpaBas 4acTh, TOIBKO C
MCIIOJIb30BAHUEM Z-KOMIIOHEHTHI CTONIONA A, . .

Wrak, mpu u3MeHeHHMH I-TO pecypca Ha BennuuHy Ab Tekymias
CUMILIEKC TabJIdIla U3MEHSIETCSl CAEAYIOMMNM 00pa3oM: K CTOJIOIY MpaBbIX
JacTel 1 IeNIeBON (yHKITUU J00aBsieTcss M+i cToder] TeKyel CUMILICKC
TaOMUIBI, YMHOKEHHBIN Ha BENWYMHY W3MEHeHus pecypca Ab. Ecnu mpu
9TOM HM3MCHEHHBIH BekTop ['>0 ocraHeTcs HEOTPHUIIATECIILHBIM,
M3MEHEHHAs CUMILUICKC-Ta0JIUIA SIBJISAETCS KOPPEKTHOM M ONTHUMAJIbHOM,
COOTBETCTBYIOIIEH HOBOMY BEKTOpy pecypcoB b'. Eciam ke B BekTope
npaBelii 4vacTeii [3'HOBOM CHMILIEKC-TAOIMIBI OYAyT OTpHIATCIbHBIC
AJEMEHTHI, TO TeKymuil Oa3zuc B Oyaer HEZOMyCTHMBIM M TEKYIIYIO
CUMILIEKC-Ta0JIMIy HYKHO MPUBOJUTH K JOIMYCTUMOMY BHIY C MOMOIIBIO
JBOMCTBEHHOI'O CHUMIUIEKC-MeToa. Ecim ocTarodHas MepeMeHHas S

sABJIsieTC 0a3MCHOM B TekylieM Oasuce, TO cronden A, ..; CIUHUYHBIM,

colIepKalluii CAMHHUIY TOJAbKO B IO3MIMH I, B 3TO Clydyae YCIOBHUE
JIOITYCTUMOCTH YIIPOIACTCS 51 nmpruoopeTaeT BU]]

Ab, +B; >0 < Ab; €[-B;,0], tae B; =S, — ocraTok pecypca i B Tekylem
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TUTaHE MPOM3BOJICTBA, TO €CTh JIJII COXPAHEHUS ONTHUMAIBHOCTH TEKYIIETO
TUTaHa 3alac pecypca He JODKEH YMEHBITUTHhCS Oojiee ero ocraTka Ha
cknage. Ecnm xe ocrarounas mepemeHHasl S; SABISETCS HEOA3HCHOW, TO
HCIIONb3Ysl BJEMEHThl cTonbma A, .;, MOJydaeM TpaHULbl JUara3oHa

YCTOMYMBOCTH TEKYILIETO PEIICHUS

max P—' <Ab < min P—i, (1)
i>0|A >0 _Ai,m+i i>01A 1, <0 —Aﬁ,mJ,i

TIPUYEM ECIIU HET TAKUX CTPOK i, uto A 1. > 0, To neBas rpanmua qanHOrO

MHTEpBaAa paBHa —00, €CJIM K€ HeT Takux i, uto A i <0, To npasas

rpaHulia JaHHOTO MHTEpBaJla paBHA 0.
PaccmoTrpuM uccienoBaHME Ha YYBCTBUTEIBHOCTh MO IIEHOBBIM
kodpuieHtam ¢;,1< j <n nponsBOAMMOI NPOAYKLNH, TO €CTh H3YIUM

BJIMSAHUC HN3MCHCHHA IICHBI C'j =cC j + Ac j Ha YCTOHqHBOCTB TCKYLLICTO

. -1
0aszuca B. IIpu 3ToM BekTOp mpaBwIx dactelt 3 =B b >0 He u3MmeHsercs u
COXpaHSAET CBOIO HEOTPUILIATEIIBHOCTh, TO €CTh JIOMYCTUMOCTh, PACCMOTPUM

yCII0BHE ONTHMANIbHOCTH: O = CE B!N - CL >0.
PaccMorpum  cHavwama ciaydad  X; €N, TO ecth  u3yyaemas

nepeMeHHasl ABJISIeTCS HeO0a3MCHOW, Torjaa Mpu HU3MEHEHUU c'j =cj +Ac;

M3MEHSIETCS TONBKO BEKTOP Cy B TOSHIMH | M MbI TOTYYHM YCIOBHE
d;=d;—Ac; 20, orciona mnomy4aem ycinoBue yCTOHumBOCTH AC; <d;,

ch e[—oo,d-].

To ecth, 4TOOBI TeKylas CHUMIUIEKC TabJMla CcoXpaHuia CBOIO
ONTUMAJIBHOCTh, IIEHA HE0A3WCHOTO MPOJIyKTa | JO/DKHA BO3PAcTH HE

Oosnee yeM Ha OTHOCHTENbHYHO oueHKy d;. Ilpu 5TOM OTHOCHTENbHAs

OOCHKaAa OJTOro IIPOAYKTA, PACIIOJIOXKCHHAA B Z'CTPOKG, U3MEHACTCA 110
r _ (v [
npasuiy di =d; —AC;, Ipyrux U3MEHeHUH B TeKylel cumiiekc-Tabume

HC OCYLICCTBIIACTCA.
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Ecnu xe u3smMeHeHue O CHBI AC j BBIXOIUWUT 3a NPCACJIbl JOITYCTUMOI'O

MHTEpBaJIa [—oo,d j], TO TEKyllass CHUMIUIEKC-TabInIla CTAaHOBUTCS
HeonTuMaibHON B mosuumu dj <0 u Tpelyercst psix urepauuii 06bMHOIO

CHUMIUIEKC-METO/IA, IS IPUBEICHUS €€ K ONTUMAIIBHOMY BUY.
Iyers X; € B, mpuuem X; =B;, To ectb J-as TepeMeHHast SBISCTCS

0a3uCHOM, pudueM I-0if Mo cyeTy B Oa3uce, TOra OHa COOTBETCTBYET I-0OH

CTPOKE B CHUMIUICKC-Ta0NMLE, BENMYMHA Cj=cj+Ac; NPUHALICKUT

CTpOKE CE 0a3uMCHBIX TICHOBBIX KO3(PPHUIIMEHTOB, HAXOSICh B 1-Of MO3UIINN
ATOM CTPOKM W B COOTBETCTBUU C (HOpMYIIOH dy = CE BN —CL
OTHOCHUTEJIbHBIE OIIEHKM HEO0a3UCHBIX MEPEMEHHBIX H3MEHSIOTCS 10
bopmyne dfj =dy +ACjI\AIi,,, rre N=B™N.

Oty popMyny yaoOHO pacnpoCTpaHUTh Ha BCIO Z-CTPOKY HUCHOJIb3Ys
bopmyny z = CEB, TOrJa mofy4uM Z'=Z+AC;B;, TO €CTh P U3MEHEHNH

0a3MCHOr0 LEHOBOTO KOX((UIMEHTAa ¢; HA BEIMYMHY AC;, HpUYEM

OasucHas ICpEMECHHAA X j pacioIoO’KC€Ha B CTPOKEC | CI/IMI'IJ'IGKC'Ta6J'II/IL[BI,

HY’)KHO KO BCEH Z-CTpOKe, BKJIIOYas 3HA4YeHUE IeJaeBod (yHKIUH,
NpuOaBUTh I-yI0 CTPOKY CHMILICKC-TAOIMIIBI, BKIIOYAs TPABYIO 4YacTb,
YMHOXXCHHYIO Ha BEIMYHMHY H3MeHeHHs AC; (npu stom 1 — enununa B

0a3uCHOM CTOJIOIIE | HTHOPUPYETCS, TO €CTh paccMaTpuBaeTcs Kak 0).

Ecin mpu 3ToM wm3MeHerHas crpoka d’' >0, To moilydeHHas
CUMILIEKC-Ta0JHIIa OYACT JOIMYCTUMOW U ONITUMAJILHOW U OTPaXKaTh, TAKUM
o0pa3oM, W3MEHHUBIIYIOCS DSKOHOMHYCCKYIO CHUTyaluioo. B mpoTmBHOM

cllydae, TO eCTh IPU HATMYHH OTPHULATEIBHBIX JIEMEHTOB B cTpoke d',
U3MEHEHHas TalOjula TepsSeT YCJIOBHE ONTUMAIBHOCTH M HYXHO
BBITIOJIHUTH PSJI 9TAllOB OOBIYHOTO CUMILIEKC-METOAa JIsl TOBEJCHUSI €€ JI0
ONTUMAJILHOTO BUA.

[To ananoruu ¢ opmynamu (1) momydaem dhopmysbl il AMaNa30Ha
JOMyCTUMOTO  HM3MCHEHHMS  IIeHOBOro  Kod(ddummenta  Oa3sucHOU
MIEPEMEHHOM:
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max dAk <Ac;<  min dA (2)
ke[1,n+m] k= j|A >0 _'Aﬁ,k ke[Ln+m]|A <0 _AU

3. Ilpumep BbINOJHEHUS 3aJAHUS

JlaHa cragagapTHas 3aja4a JUHEMHOIO0 NPOrpaMMUPOBAHUS
Z =3X% + X, +2X3 — max;

2%, + 2Xy +3X%3 < 20;

X+ Xy + X5 <11,

X =0; X, 20; X3 0.

1.Ilpusecmu 3adauy K KAHOHUYECKOMY 6UOy U Haumu ee

onmuma’iibHoe peuteHue ¢ NOMOuLbro CUMNIEKC-Memood.
Z — MmaxX,

Z—3% — X, —2X%3 + 08, +0s =0;
2X, +2Xy +3%3 +5, +0-5, = 20;
X{+ Xy +X3+0-5 +5, =11,

X, 20; X, 20; X3 20;s, 20; s, > 0.

B Z X1 Xs X3 S]_ 52 Perm. Bi/Aij Komm.
Z 1 -3 | -1 | 2 0 0 0 — | Heonr
S 0 2 2 3 1 0 20 10 | x—>B
s, 0| 11110 1 11 | 11 | B>y
B Z X1 Xo X3 S]_ 52 Perm. Bi/Aij Komm.
Z 1 0 2 | 52 1 0 30 - Onr
5, 0| 1|1 [32|12] 0 10 - -
s, 0 | 0| 0 |-1/2|-12]| 1 1 - -
zmax = 30,

B={x,5}; N ={%,xX,5};
X, =10,x,=0,%;=0,s,=0,s, =1.

2. Havimu xosguyuenmot vyscmaumenvHocmu no pecypcam
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Ty, =dSl =1;
chz :d32 :0,

3. Haiimu epanuysl ycmotiuusocmu no pecypcam

1) b;:
10 1/2
+Ab, > 0;
1 -1/2
10+1/2-Ab, > 0; 10>-1/2-Aby; Ab, >-20
< <
1-1/2-Ab, > 0; 1>1/2-Aby; Ab, <2

Ab, €[-20,2];
2) b,:

10 0

( j+Ab2( jzo;
1 1

{ 10> 0;

1+ Ab, >0;
Ab, €[-o0,~1];

4. Hatimu epanuyl ycmouyueocmu no yeHo8blM Kodghduyuenmam
1)Heb6a3ucHbie TPOTyKTHI

Ac, € [—oo,dx2 ] =[—x,2];

Ac, € [—oo,dx3 J: [~ 0,5/2]

2)BazucHbie IPOTYKTHI:

dy +AgN;, >0

Ac (1 3/2 1/2)+(2 5/2 1)=0
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AC; +2=0; Ac, = -2;
3/2-Ac; +5/220; < Ac 2 -5/3; <
1/2-Ac; +120; Ac, = -2;
< Ac 2 max{—2,—5/3,—2} =-5/3;
Ac, e[-5/3,].

5. Bvlibpams Odehuyumuslii pecypc u npouzgecmu OONYCMuUMoe e20
UsMeHeHuUe 8 npedeiax ompe3Ka yCmouyueocmu onmumMaibHo20 6auca:

HebunutHeIM pecypcoMm sIBIsieTcs, Hampumep, pecypc b, =20, Tak
KaKk JJI1 HEero ocraroyHas mnepemeHHas S; =0, To ecTb JaHHBIM pecypc

pacxoayercs MoaHOCThI0. 1o mpeapiayemMy s 3TOoro pecypca MHTEPBAI
YCTOUYUBOCTH

Able[—20,2]. Bribepem B JaHHOM JaMamna3oHe JIFOOOE 3HAYCHHUE
ommyHoe oT 0, BozpMeM Hampumep Ab, =-5. Hcnonssyem dopmymy

' d
[;j = (;j + Ab{'{;] WIN B IaHHOM CJIy4ae

2" (30 1 25
X |=|10 [+(-5)| 1/2 |=|75
s,) | 1 -1/2) (35

2'=25 %x=1755s,=35.
To ecTp mpu AONYCTUMOM YMEHBIIEHWH NEPBOrO pecypca Ha S
CAMHUI] ToJlyyaemasi NpUObLUIb yMEHBIIWJIACh Ha 5 €., MPOU3BOJCTBO

MepBOro MpoaAyKTa Ha 2,5 €., OCTaTOK BTOPOTO pecypca yBEIWUYMIICS Ha
25en. mo 3,5 en.

DKOHOMUYECKUM IIPOLIECC B HOBBIX YCIIOBUSAX oyner
XapaKTCpUu30BaThCA CUMILICKC-TaOINIICH:
B Z X1 Xo X3 S]_ 32 Perm. B|/ Ai j Komm.
Z 1 0 2 | 5/2 1 0 25 — Onrt
X, 0| 1| 1 [32|1w2] 0| 75 — B
S, 0 0 0 |-12|-12| 1 3,9 — -
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6. Buibpams Hededhuyumusiii pecypc, eciu OH ecmb, NPOU3BECMU 8
HeM U3MeHeHUe 8blxoosaujee 3a npeoeivl YCmouuueocmu mexkywe2o oasuca,
NOJYYEHHYI0 ONMUMAILHYI0 HO He OONyCMUMYK  CUMNIEKC-MAaoauyy
npugecmu K 00NYCMUMOM) 8UQY 0BOUCMBEHHBIM CUMNIEKC-Memooom. Ecu
Hedeuyumuslli  pecypc  OMCYymcmeyem  coelams  HeOONnyCmumMoe
uUsMeHeHue 8 nepeoM pecypce.

HebunutaeiM  pecypcom sBisercst pecype b, =11, Tak kak B

ONTHMAJILHOM PEllleHUH ero OCTATOYHAs MepeMeHHas S, =1 MOJNIOKUTENbHA.
13 npensiayiero umeeM Ab, €[—o0,—1]. Bo3bMeM m060e 5KOHOMHYECKH

KOPPEKTHOE 3HAYCHHE BHE JTOT0 TPOMEXKYTKa, IIyCTh, HaMpUMep,
Ab, =—6, Torma HoBoe 3HaueHue pecypca b, =11-6=5. Ilepecuntaem

CHUMILIEKC-Ta0IHIly 1Mo Gpopmyiie

Z' 30 0 30
z' JA d52
( 'j:( ]+Ab{A ],I/IJ‘II/I ¥ |=|10 [+(-6)[ 0 |=|10 |.
¥ P A, S, 1 1 -5
[TomydaeM H3MEHEHHYIO CHMILICKC-Ta0IHUILY:
B 7 X\ | X9 | X3 S S, | Pem. | Bi/Aj| Komwm.
7 1 0 2 5/2 1 0 30 — He non.
X 0 1 1 |32 112 0 10 — —
S, 0 0 0 [-1/2|-12] 1 -5 — —

JlaHHasgs CHUMILIEKC-TA0dMIa SBISETCS ONTHMAIBHOM, HO HE
nonyctumon. IlpuBeneM €€ K ONTUMAIBHOM JBOWCTBEHHBIM CHUMILIEKC-
METOJIOM.

B 7 X X5 X3 S S, Pem. | Komm.
z 1 0 2 | 5/2 1 0 30 | He nom.
X 0 1 1 |32 1/2 0 10 B—s,
S, 0 0 0 |-1/2|-1/2 1 -5 ss—>B
Dj/Aij | — — - | 5 | 2 — —
B i Xq Xo X3 S S, Pem. Komm.

7 1 0 2 3/2 0 2 27,5 | [om., onr.
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X 0 1 1 1 0 1 5 —
S 0 0 0 1 1 -2 5/2 —
Zzmax = 27.5;

B={x,5}; N ={X5,X35,}
Xl :5, X2 :O,X3 :O, Sl :5/2,82 :O
[.Bvlibpamb  6a3ucHuili. NpoOykm u coeiamv 6 €20 UYEHOBOM

Koaghhuyuenme noboe donycmumoe usmenerue omauuroe om 0.
basucHpIM  MpPOAYKTOM  SBIAETCS  TEPBBIH € IICHOBBIM

kodppunuentom C =3. N3 mpenpiaynmero umeeM AC € [—5/ 3, oo].
Bo3bmeM 1000€ 3HaU€HUE U3 3TOr0 MHTEpBaia, OTIndHOoe oT 0, Hampumep,
Ac, =—1, nonyunm ¢ =3—-1=2. Cumiuiekc-TabiauIly CKOPPEKTUPYEM 10

bopmynam dy =dy, +AC1|\AI11, , ' =74+ XAc,.
B manHOM ciydae nonydaem
(d, dy, dy)=(2 5/2 )+(-1)@A 3/2 1/2)=(1 1 1/2);
7' =30+10(~1) = 20.

HonyqaeM CPIMHJIGKC-TEI6JIPIHY B HOBBIX YCJIOBUSAX:

B 7 X\ | X | X3 S S, | Pem. | Bi/Ajj | Komm.
4 1 0 1 1 1/2 0 20 — Ont
X 0 1 1 |32 112 0 10 — —
S, 0 0 0 |-1/2| -1/2 1 1 — —
8.[na  moboco  Hebasuchoco  npooyKma  6vlopamv  10O0e
HeOonycmumoe usMeHeHue e2o YeHOB020 ko3 puyuenma,
COOMBEMCMBEHHO — CKOPPEKMUPOBAMb  3AKTIOYUMENbHYIO  CUMNIEKC-

maobauyy u npueecmu ee K ONMUMAIbLHOMY 6UOY OObIYHbIM CUMNIEKC-
MemooOoM.

Heba3ucHbIMU TpOIyKTaMU SIBISIOTCS MPOAYKTHI 2 W 3, BO3bMEM
OpOAYKT 2, st Hero C, =1. [peasiaymero umeem AC, € [—oo,2]. BozsmeMm
AC, =3, nonyuyuM ¢, =14+3=4. Cumiuiekc TabIUIy CKOPPEKTUPYEM IO
dopmyrne dy =d, —Ac, =2-3=-1. [lonyyaem cumIuiekc-rabamiy:
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B 7 X X5 X3 S S) Pem. |Bi/A; i Komm.
Z 1 0 | -1 | 5/2 1 0 30 — | Heont
x. | 0 | 1 |1 |32|12] 0 | 10 | - _
s, | 0 |0 0 |—12]-12] 1 | 1 | - -

HpI/IBOI[I/IM €C K OIITUMAJIBHOMY BUOY OOBIYHBIM CUMIIJICKC-METOAOM.
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B 7 X X5 X3 S Sy Pem. Bi/Aij Komm.
i 1 0 -1 | 5/2 1 0 30 — | He omr
Xq 0 1 1 32 | 1/2 0 10 10 | X, >B
S, 0 0 0 |-1/2| -1/2 1 1 — B—X
B 7 X X5 X3 S Sy Pem. Bi/Aij Komm.
7 1 1 0 4 3/2 0 40 — Orrr.

X, 0 1 1 32 | 1/2 0 10 —

S, 0 0 0 |[-1/2| -1/2 1 1 —

zmax = 40;

B={X,,5,};N ={x, X3,5,}
X, =0,X, =10,X3=0,5,=0,s, =1.
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4. UaauBUAyaJibHbIE 32 IaHUSA

No 3amaHue No 3amaHue
Z =% + X, +2X3 = Max; Z =X + Xy +2X3 = Max;
. 2% + 2%, + 3X%53 < 20; 5 2% + 2%, + 3X%5 < 20;
X+ Xy + X5 <11, X, + X, + X3 <15;
X, 20; X, 20; X3 0. X, 20; X, 20; X3 0.
Z =Xy + Xy +2X3 = Max; Z=X +3: X, +2X; = Max;
3 2X; + 2X, +3X5 < 20; 4 2-X, +2-%, +3- X3 < 20;
X{ + Xy + 2X5 <15; X + X, +2- X3 <15
X >0; X, >0; X3 >0. X, 20,%X, 20;%, 0.
Z =X +3Xy + 2X3 — mMaXx; Z =% +3X, +4X; > max;
2% + 2%, +3X5 <18; 2%y + 2%, + 3X%3 <18;
5 6
X, + X, 4+ 2X5 <15; X; + X, +2X5 <15;
X, =2 0; X, 20;%3 20. X, 20; X, 20; X3 =0.
Z =Xy +3X, +4X3 — max; Z = 3%y +3X, +4X3 — max;
2%, +2X, +3X5 < 21, 2% + 2%, +3X5 < 21,
I 8
X, + X, 4+ 2X5 <15; X, + X, 4+ 2X5 <15;
X, 20X, 20; X3 20. X, 20X, 20; X3 20.
Z = 3%y +3X, +4X3 — max; 7 = 3%, +3X, + 4%, —> Max;
2%, +2X, +3X5 < 21, 2%, + Xy + 3% < 2L
9 | Ax + X, +2x%3 < 25 10 A%, + %, + 2%, < 25
X, 20X, 20; X3 20. % >0 X, >0; X; >0.
Z = 3%y +3X, +4X3 — max; 7= ¥, + 3%, + 4%, —> Max
2Xy X 3% < 2L 2% + X, +3%3 < 21;
11 | 4x +x, +2%3 < 28; 12 A%, + %, + 2%, < 28
X, 20X, 20; X3 20. % >0 X, >0; X; >0.
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3aganue

3amaHue

13

Z =X +3X, +4X3 = max;
2% + Xy +3Xg < 21

AX, +2X, +2X5 < 28;

X, 20X, 20; X3 0.

14

Z =X +3X, +4X3 = max;
2% + Xy + X3 <16;

AX; +2X, +2X5 < 28;

X, 20X, 20;%x 3>0.

Z =Xy +3X, + X3 = Max;
2% + Xy + X3 <16;

Z =Xy +3X, + X3 = mMax;
2% + Xy + X3 <16;

15 16
AX, +2X, +2X5 < 28; 3X, + 2X, +3X3 < 28;
X, 20; X, 20;%3 20. X, 20; X, 20; X3 20.
Z =Xy +3X, + X3 = Max; Z =2%; +3X, + X3 = maXx;
2X; + Xy + X3 <16; 2X; + Xy + X3 <16;
17 1 2 3 18 1 2 3

3X, + 2X, +3X3 < 25;
X, 20; X, 20; X3 20.

3X, + 2X, +3X3 < 25;
X, =20; X, 20; X3 20.

19

Z=2% +4Xy + X3 — Max;
2% + Xy + X3 <16;
3X, + 2X, +3X3 < 25;

X, 20; X, 20; X3 = 0.

20

Z=2% +4Xy + X3 — Max;
2% + Xy +3Xg < 20;

3X; + 2X, +3X%3 < 25;

X, 20; X, 20; X3 = 0.

21

Z=2%; +4Xy +3Xg = max;
2% + Xy +3Xg < 20;

3X, + 2X, +3X3 < 25;

X, =2 0; X, 20; X3 20.

22

Z = 2% +4X, +3X; = max;
4%, + X, +3X5 < 26;

3X; + 2%y 4+ 3X3 < 25;

X, 20; X, 20; X3 0.

23

Z = 2% +2X, +3X3 = max;
4%, + X, +3X5 < 26;

3X; + 2%y 4+ 3X3 < 25;

X, 20; X, 20; X3 0.

24

Z =X + Xy + Xg = Max;
4Xy + Xy 4+ 3X3 < 26;
3X; + 2X, +3X53 < 25;
X, =20; X, 20; X3 0.
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No 3anaHue No 3ajaHue
Z =X+ X, + X3 = max; Z =Xy +2X, + X3 = Max;
4Xy + Xy +3X3 < 28; 4Xy + Xy 4+ 3X3 < 28;

25 3X; 42X, +3X53 < 25; 26 3X; 42X, +3X53 < 25;
X, =20; X, 20; 320. X, =2 0; X, 20; X3 0.

5. KOHTpoJIbHBIE BONIPOCHI

1. Kakomn BUJT nMeeT KaHOHHUYECKas 3aj1aya JIMHEWHOTO
IPOrPAMMHUPOBAHUS?

2.4Yto Takoe npeodpazoBaHHas 3aa4ya?

3.3amnucaTh CTPYKTYPy CUMILICKC-TAOJHUIIBI.

4.BpImucaTh YCIOBHUS JIONMYCTUMOCTH W ONTHMAJIBHOCTH PEIICHUS,
COOTBETCTBYIOIIETO TEKYIIEH CUMILIEKC-Ta0JIHIIE.

5.1TpuBectrt  GopMynbl YYBCTBUTCIBHOCTH IICICBOM (YHKIHH TIO
pecypcam.

6.3 Kakoro ycJOBUSI HaXOJSATCS HMHTEPBAIbI  yCTOMYHUBOCTH
ONTUMAJIBLHOIO 0a3zuca Npu U3MEHEHUU PECYPCOB.

7.Kak HaX0auTCS MHTEPBAJ YCTOMYMBOCTU ONTUMAJILHOTO Oa3uca mpu
M3MEHEHUH LIeHbl He0a3UCHOTO MPOIYKTA?

8.1I3 kakoro yclIOBHS OIpPENEIseTCd HWHTEPBAl YCTOMYHMBOCTH
ONTUMAJILHOIO 0a3uca Mpyu Bapualvu EHOBOro Kod(duineHta 6a3ucHOro
npoaykra’?

9.KakuM MeTo0oM JOBOAMTCS 1O ONTUMAaJIbHON CHUMILUIEKC-Ta0IuIa
IPU HEAOMYCTUMOM U3MEHEHUH BEJIMYUHBI pecypca?

10.KakuM MeTO0M AOBOJUTCS A0 ONTUMAIbHOM CHUMILIEKC-TabJIUIIA
IPU HEAOIMYCTUMOM U3MEHEHHUH 1IEHOBOTO Kod(pulineHTa NpoayKTa?



