JlabopaTtopnast pabGora Ne3
Pemenne kaHOHMYECKOU 3a1a49M JIUHEHHOI0 MIPOrPpaMMHUPOBAHUS
METO/I0M nepedopa

1. Ilesab padoThl: 3aKpEenUTh TEOPETUUECKUE CBEICHHS O METOIaX PEUICHUsT KaHOHUYECKOM
3a/1a4d JITMHEHHOT O IIPOrpaMMUPOBAHMS

2. Kparkue TeopeTnyeckue cBeAeHUs

2.1. Kanonnueckas u cranaaptTHasi GopMbl 3a1a4u JTHHEHHOT0 MPOrpaMMHPOBAHUA

3amadyeil smHelHOoro mnporpammupoBanusa (3JIII) HasbIBaroTCS 3a7add, B BEKTOPHO-
MaTPUYHOM BH/I€ 3allMChIBAEMbI€ CIIEYIOINUM 00pa3oMm:

X =argmin (ET -i) ;
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Koncrpykuus B BbIpakeHUU (1) O3HayaeT, 4TO Ha €€ MECTE MOXKET CTOSITh OJIUH U3

3HAKOB =, < WM =.

n — pa3MEpPHOCTh BEKTOpa MEPEMEHHBIX 3alayu (YHCIO TMEPEMEHHBIX Xj), M — YHUCIO
ypaBHEHUH W/WJIM HEPABEHCTB OTPAHUYCHU .

Takum obOpazom, 3JIII — 3T0 3amada ONTHMM3AIMK JTHHEWHOU MENeBOW (PYHKIHH TPH
OTPAaHUYEHUSX, 3aJaHHBIX JUHEHHBIMU PABEHCTBAMHU WUJIM HEPABEHCTBAMH.

Cpenu pasznuunbix BapuaHToB moctaHoBku 3JII1 Beiaenstor nBe (Gopmbl, OTIUYAIOIIHAECS
CrocoOoM 3aJjaHusl OTPaHUYEHUI:

1) xamonmueckas (K3JIII);

2) cranpaptHas (C3JIP).

B kaHonumueckoil ¢opMe Bce OrpaHMyeHHs] 3alaHbl B BHUJE PABEHCTB, MPUYEM YHUCIIO
PaBEHCTB MEHBIIIE Pa3MEPHOCTH BEKTOPA MEPEMEHHBIX 3aauH.

B cranpaptHOil opme Bce orpaHMuYeHHUs 3a/laHbl B BHUJE HEPABEHCTB, MPUYEM YHCIIO
HEPABEHCTB 0OJIBIIIE PA3MEPHOCTH BEKTOPA MEPEMEHHBIX CUCTEMBI (m > n+1).

Vkazannbie hopmbl moctaHoBku 3JII1 npuBenens! B Tabnuie 2.1.

Tabauna 2.1. Dopmer moctanoBku 3J1I1

Kanonnueckas CrannapTtHas
X =argmin(ET'i); X :argmin(ET-i);
xeD xeD

x,20, i=1...n x, 20, i=1...n

A-X=b, A-X<b,

X b, ay a,, X b, a, a,,
X= ,b= A= X= b= A=

'xn bm aml amn 'xn bm aml amn
m<n m2n+1




JIro6ast popma mocranoBku 3JIIT mMoxkeT ObITH CBeACHAa K YKa3aHHBIM JIBYM C ITOMOIIBIO
CIIeNYIONUX TPeoOpa3oBaHUMN:

1. eciu B ycnoBuu 3amaun JIII tpeOyercst ompeaenuts MakcumyM ¢yHkimu f(X) , To 310
SKBUBAJICHTHO HAaXOXJACHUI0O MUHUMYMa -f(X).

2. B orpaHuueHusX THUIIa HEPEBEHCTB BO3MOXKHA 3aMEHa 3HAKa HEPaBEHCTBA Ha
IPOTUBOIOJIOXKHBIH, T.€. HEPABEHCTBO

n
Dagx;2b; (i=L...m)
j=1
OKBHUBAJICHTHO HCPABCHCTBY

_Zaljsz_bl (121,...,m)
j=1
3. OFpaHI/ILICHI/IH B BUJC HCPABCHCTBA MOXHO 3aMCHHUTL OI'paHUYCHUCM B BHUAC PABCHCTBA.
IIycTe orpannyeHue uMeeT BU:

aixq +aXs +...4+a,Xy < b
BBoauM 10NOJIHUTENBHYIO IEPEMEHHYIO X1 = 0, TOTAA
a1X1 + axXp +...4+ apXy + Xpt1 = b
Ecnu 3HaK HEepaBeHCTBA MPOTUBOIOI0KHBIH, T,E,

a;Xp +axs +...+a,X, = b, TO
a1X) + axXp +...4+ apXp - Xptl = b

[Ipu 3TOM, €CTECTBEHHO, YBEIMUUBAETCS pa3MEPHOCTh BEKTOPA X.

4. OT orpaHUYEHU B BUJIE PABEHCTB MOHO MEPEUTH K OTPAHUYCHUSIM B BUJI€ HEPABEHCTB
cienytommm obpazom. CrucreMy U3 m ypaBHEHHH ¢ n EpeMEHHBIMH (M<n) PeIUTh OTHOCUTEIHEHO
m TEPEMEHHBIX, T.€. BBIPa3UTh ATU NMEPEMEHHBIE Yepe3 OCTAIbHBIE (N-mM) MEepeMeHHbIX. Torma c
Y4YC€TOM TOTO, UTO BCC OHU HCOTPULATCIIbHBI, TIOJTYYUM M HCPABCHCTB.

2.3. Meroas! pemrennst K3JIIT

OnpenenuM OCHOBHBIE TEPMUHBI, UCIOB3YyeMble npu pemennn K3JIIT.

Touka, y0BIIETBOPSIIOIIAs OTPAaHUYEHUAM 3a/1a4l Ha3bIBAETCS JONMYCTHMbBIM PEIIEHUEM WU
IUIAHOM.

JlonmycTuMoe pelieHue, mpu KOTopoM neneBas ¢yHkuus f(x) mpuoOperaeT MUHUMAIbHOE
3HaYeHHNE Ha3bIBAETCS ONTHMAJIbHBIM pPelieHuEM (ONTUMAIbHBIM [JIAHOM),

HaGop u3 m mnepeMeHHBIX, A7 KOTOPBIX ONpPEACTUTEIh MAaTPULbI, COCTABICHHBIA M3
KOA(p(UIIMEHTOB MpU ATHX MEPEMEHHBIX, OTJIMYEH OT HyJs, Ha3bIBaeTcs 0azucoM a caMmu
nepeMeHHbIe 0a3UCHBIMU MTEPEMEHHBIMU.

OcraBmuecs (n-m) NEPeMEHHBIX HAa3bIBAIOTCS CBOOOHBIMHU ITEPEMEHHBIMHU.

Pemenue cucreMbl M3 m ypaBHEHMH C m Oa3MCHBIMHU TEPEMEHHBIMU IIPH YCIOBUHU
paBeHCTBA HYJI0 CBOOOAHBIX (N-m) MEPEMEHHBIX HAa3bIBAETCS OA3UCHBIM PEILICHUEM.

Ecnu Ga3ucHoe pelieHue JaeT OTpULaTeNIbHbIC 3HAUEHUsI HEKOTOPBIX NEPEMEHHBIX, TO OHO
HA3bIBACTCS] HEJIOMYCTUMBIM, a 0a3lCHOE pelIeHHEe ¢ HEOTPULATEIbHBIMU 3HAUEHUSIMHU NTEPEMEHHBIX
Ha3bIBAETCS JOMYCTUMBIM Oa3UCHBIM PEIICHUEM.

B Teopun 3JIIT poxazano, uto pemenuem 3JII1 sBiseTcss ogHO W3 Oa3WCHBIX PEIICHHM,
nostomy ans pemeHus 3JII1 neoOxoaumo nepedpaTh O0a3uCHBIE PEeIICHHs 33a7auy 10 KaKOMY-JIH00
AITOPUTMY.




2.3.1. MeToa nepedopa 6a3MCHBIX pelieHn i

B metone nepebopa onpeaensirorest Bce 0a3uCHbIC pelIeHus 3a1a4u. J[s 3Toro HeoO0Xoamumo
paccMOTpeTh BCEBO3MOXKHBIE CIy4ad COYeTaHHUs 0a3uCHBIX (M IITYK) mepeMeHHbIX. KommyecTBo
nepedrpaeMbpIX BaApHAHTOB OIpeAeIsieTcs mo Gopmyie:

m n!
= (2)

"~ m! (n—m)!

Jlist onpeneniennst 0a3MCHOTO PENICHHUS HEOOXOIMMO BBIOpaTh Oa3WCHBIE MEepeMeHHbIe (m
IIEPEMEHHBIX), MPUPABHAB K HYJIIO CBOOOJHBIC, M PEUIMTH TMOJIYYEHHYIO CHCTEMY YypaBHEHHU
OTpaHUYECHUU.

HeperaB BCC COYCTAaHUA 63.31/ICHBIX MNEPCMCHHBIX H, COOTBCTCTBCHHO, OIPCACIUB BCC
0a3uCHBIC peIIeHUs, CpeAr HUX BBIOMPAIOTCS JONMyCTHUMBbIC Oa3ucHbIE pemeHus (C
HCOTPpULATCIIbHBIMU HepeMeHHBIMI/I).

PaccunrtaB 3HaueHus 1eseBoi GyHKUIUU IS KaXKAO0TO U3 JOMYCTUMbIX Oa3UCHBIX PELeHU,
Cpcan HUX BBIGI/IpaeTC}I TO, ITPU KOTOPOM L CJICBAA q)YHKI_II/ISI AJOCTUTra€T MUHUMAJIBHOI'O 3HAYCHU .

IIpumep
Pemnim Metogom nepebopa ciemyronryro K3JIIT:
X =argmin (x, +x,);
X +x, +x,=2,
D:<2x, +4x,+x, =1,
x,20,x,20,x;,20,x, 20;

B nannoi 3a1ade pa3sMepHOCTh BEKTOpA MEPEMEHHBIX N=4, YUCIJIO YpaBHEHUI m=2.

4!
Metonom nepebopa Heobxoaumo nepebpars N =C" =C; = EYEY = 6 0a3WCHBIX PEIICHUN.

CoueTtanus 0a3UCHBIX NEPCMCHHBIX: X1X2, X1X3, X1X4, X2X3, X2X4, X3X4.
B Ta6JII/II_[e 2.2 MMpEACTaBJICHbI COUCTAHUA 0a3UCHBIX MEPCMCHHBIX, CUCTCMBbIL ypaBHeHI/Iﬁ u

0a3uCHBIC PEIICHUS
Tabmuma 2.2. K pemenuto npumepa

Ne | Coueranue Cucrema ypaBHEHU bazucHoe pemenue 3HavYCHHE TIeJICBOU
GbyHKITIN
1 X1X2 x, +x,=2, (35 -1.5 0 0) -
{le +4x,=1;
2| xixs X +x,=2, (05 0 15 0) 0.5
{2xl =1
3 X1X4 x =2, (2 0 0 -3) -
{2xl +x,=1
4 | xx3 X, +x,=2, (0 025 1.75 0) 0.25
{4)52 =
5 X2X4 x, =2, (0 2 0 -7) -
{4x2 +x,=1
6 | X3x4 x, =2, (0 0 2 1) 0
{x4 =




XKupHbIM IPpUPTOM BBIAETICHBI TOMYCTUMbIE Oa3UCHBIE PELLICHMUSL.
Cpenu nomycTUMBIX 0a3MCHBIX PELICHUH MUHUMAJIbHOE 3HAYCHHE 1ieJIeBast PYyHKLIUS UMEeT

IUIA coueTaHus 6.

Takum o6pasom, OntumainsHoe peutenne: (0 0 2 1)

Ha pucynke 2.1 mnpuBenen ¢parment nokymenta MathCAD, B koTopom permieHa
paccmoTpeHHast 3amada. Kak BHIHO W3 pUCYHKa METOJOM Tepedopa MONyYeHO NPaBHILHOE
pelieHue.

f(x1,x2,x3,x4) = x1 + x2

xl:=2 x2:=2 x3:=2 x4:=2
Given
xl +x2+x3=2
2x1 +4x2+x4 =1
x1 >0 x220 x320 x4 20
R = Minimize(f,x1,x2,x3,x4) 0
MWV
0
2
1

Pucynok 2.1 — Pemenue npumepa B MathCAD
Oopamume enumanue, umo yenesas ynxkyus ¢ MathCAD oonxcna 6vimb onpeoenena
Kak pyHKyua ecex nepemeHHuix 3a0auu.

2.4. MaTpuunble onepauuu B MathCAD
[Ipu BBIMONHEHHME HACTOSAIIEH JTAOOPATOPHOW pabOTHl yMOOHO HCIOIB30BaTh BEKTOP-

MaTpUUHYIO (hopMy 3amucu ypaBHEHUI.
B cpene MathCAD BekTopHBIE U MaTpUYHBIC OTIEpaIliy COOpaHbI Ha TTAHET HHCTPYMEHTOB

BekTopa u matpuibl (Vector and Matrix Toolbar), n3o0paxeHnne KOTOpoil mpuBeeHa HA PUCYHKE

2.2.
Matrix R
[ I
L L
e dxi D

Pucynok 2.2 — [1aHenb HHCTPYMEHTOB BEKTOpPA U MaTPHIIbI

Cpenu mpeACTaBIHHBIX Ha TAHENIHM OINEpalluid B JaHHOW paboTe MOTyT OBITH TOJIC3HBI
(W) (14 %1015 (S
o [ _ CO3JJaHHUE MATPHULIBL;
° o HUKHUAHU HHJCKC, IJISI BEKTOpPA 3Ta Olicpalusa BBI6I/IpaeT N3 BCKTOpPA 3JICMCHT C
YKa3aHHBIM HOMEPOM;

-1

*" — BBIYMCIICHUE OOPATHON MaTpHIIbI;

' _ BpramcieHme onpeneTeNs MaTPHLIBL;

" — [1oJy4eHHe CTOJIOMA MATPHIIBL;

" — BBLIUKMCIIEHUE TPAHCIIOHMPOBAHHON MATPUIIbL;
ma _ CO3/IaHUE TIEPEMEHHOMN-NANA30Ha;



[To ymomuanuiro MathCAD Bemer Hymepanuio CTpPOK W CTOJOIOB Matpuil ¢ Hyms. Jlms
IIOBBIIICHUA HArJdIHOCTHU BBIYHUCJIICHUC y,Z[O6HO Ha4YWMHATh HYMCpALUIO C 1. qI/ICHO, C KOTOpOro
HAYMHAETCS HyMepalus 3JIEMEHTOB BEKTOPOB M Marpull xpaHuTca B nepeMeHHor ORIGIN.
W3meHuB ee 3HaUeHUE, MOKHO HaYaTh HYMEPAIMIO C JII000ro yncia. Tak /i Havyaina HyMepaluu ¢
1 ucnonb3yercs KOMaH1a, MPUBEJCHHAs HA PUCYHKE 2.3

QRIGIN, = 1

Pucynok 2.3 — Komanja 3aganus Hadajia HymMepamuu ¢ 1

JInst pemieHWst CHCTEM JIMHEHHBIX YpaBHEHHH YHZOOHO WCHOJB30BaTh H3BECTHBIC U3
JUHEHHOU anreOpbl POPMYIIBL:

A-X=b - x=A"Db. (3)

3anuce hopmyns (3) B cpene MathCAD npuBenena Ha pucyHke 2.4.

-1
xl:=Al1 b
Pucynok 2.4 — HaxoxxneHue pemieHns CuCTEMbI TMHEUHBIX YPAaBHEHUH C UCIIOIb30BAaHUEM
00paTHO MaTPHIIBI

Taxoxe ipu paboTe ¢ MaTpuiiaMu ObIBaeT HEOOX0AUMO "coOpaTh" MaTPHUIly M3 HECKOJIbKHX
HCXOJHBIX, PACIIONOXKUB UX CIIEBa HAMPABO WU CBEPXY BHU3. J{JIs 3TOTO MCIONB3YIOTCS (PYHKIIMH
augment u stack, KOTOpbIe UMEIOT CIEIYIOIINNA CHHTAKCHUC!

augment(A,B,C,....)

stack(A,B,C...)
rae A,B,C — ucxoaneie MaTpUIIbL.

@yHKIMY BO3BPAILAIOT MAaTPULIBI CIIEAYIOLIEH CTPYKTYPBI:

A

augment(A,B,C) (A B C), stack(A,B,C)z B

e

2.5. Ilpumep pemenusi K3JIII meTronom nepedopa

Huxe mnpusBenen noxkyment MathCAD, B koTropoM 3ajaya npuMepa pelIeHa C
ucnoib3oBanreM onepanuii MathCAD.
UcxopHble AaHHbIe

c:=(1 10 0)

1110 2
A= b=
(2 40 1) (lj

ORIGIN :=1
: 1 @ 11
1. Covetanue x1xp  Matpuua cuctembl: Al := augment\A" ", A Al =
- 2 4
xl:= Al Lb

BasncHoe pewenne bl = (x11 xIp 0 O)T blT%(% —% 0 Oj HegonycTUMoe



11
2. CoveTtaHue X1X3 MaTpuua cuctembl: A2 := augment(A<1> ,A<3>) A2 = { J

20
x2:=A2" b
T T 1 3
Basucroe pewenne b2 :=(x2] 0 x23 0) b2" — 2 0 3 0
3HaveHune ueneBon (pyHKUMM 2 = c-b2 f2=05
30 . (AD A@) 1o
. CoyeTaHue x1x4 MaTtpuua cnctembl: A3 := augment\A' " A A3 = ;
- 1
x3:=A3" b
T T
BasvcHoe pewerne b3 :=(x3] 0 0 x33) b3 —(2 0 0 =3) HedonycTMMoe
40 . @ 3 11
. CoveTaHmne xox3 MaTpuua cnctembl: A4 := augment\ A, A Ad = A
- 0
xd = A4 b
1 7
BasncHoe pelueHune b4 = (0 x41 x4y O)T b4T9[0 Z Z Oj
3HaveHune ueneBon hyHKUMKU 4 = c-bd f4 =025
5. CoveTaHune Xox4
T 1 0
Matpuua cuctembl: A5 = augment(A<2>,A<4>) AS = [4 IJ
-1
x5:=A5 b
T T
BaanicHoe pewenne  bS:= (0 x5 0 x57) b5 > (0 2 0 -7) HeZonycTMMoOe
6.C . _ (A A@) 1o
. CoveTaHne X3xq MaTtpuua cuctembl: A6 := augment| A"~ A A6 = -
x6 = A6 b

BasncHoe pewenne b6 = (0 0 x6] x62 )T b6T—>(0 021)

3HaveHune ueneBon hyHKUMKU 6 = c-bb f6 =0

OnTnmanebHoe pelueHue: x = b6 xT =(0 02 1)

3. 3aganus Ha padoTy
3.1. Co3gaTth TEKCTOBBIM OJIOK, cOepKaluii Ha3BaHWE PaOOThHI, HOMEp Bapuanta, OO
CTYyZ€HTa, OTPOPMATUPOBATh TEKCT B COOTBETCTBUHU C 00pa3IOM, IPUBEICHHOM Ha pUCyHKe 3.1.

Jlabopamopuasa paboma Ne3.
PenreHre kKaHOHMYECKOW 3aa4y JUHEHHOTO MPOrPpaMMUPOBAHUS
Beimonun: crygeHt rp. 111111 MBanos U.1.
Hara: 01.03.2009 r.
Pucynoxk 3.1. — O6pazen; popmMaTupoBaHHs TEKCTa




3.2. [IpuBectu k kKaHoHMUYecKkoi Gpopme 3JII1:
i*zargrpi[glf(i); f(X)=x—x,
ox +a,x, <1,
Bx + fox, <3,
VX tx, <5
x,20,x, 20;
[Mapametpsl &, @,, B, B,, 7,, ¥, ONpenestoTcs no Gpopmynam:
=N, a,=7-N, B=N-8, B,=14—N, ,=N-15 rae N — HOMep CTyJeHTa IO
KypHaIy.

3.3. Pemmute K3JII1 meTomom nepebopa 6a3uCHBIX PEIICHHIA.
3.4. Pemnts K3JIIT Bctpoenusimu cpenctBamu MathCAD (pynkius Minimize)

Kaxxnoe 3amanue JDODKHO HAYMHATHCS C TEKCTOBOTO OJIOKA, B KOTOPOM YKa3aH HOMEpP H
bopMyITUpPOBKA 3a/IaHUS.

4. KoHTpo/IbHBIE BONPOCHI

1. Kak hopmynupyercs 3a1a4a JMHEHHOTO MTPOrpaMMHUPOBAHUs?

2. HazoBure ocHoBHbIe ¢Gopmbl mocTtaHoBKH 3JIII W ykakure B YeM 3aKIIOYaeTCs HX
OTIINYHE.

3. Kakue npuembl UCHIONB3YIOTCS AJI MPUBEICHUS 3aJa4l JTUHEHHOro MporpaMMHUpPOBaHUs
K KAHOHUYECKOMY BUY?

4. Kakum 00pa3oM 3ajavya MaKCHMH3ALHH MOKET OBITh CBEJCHA K 3aJadye MHHUMU3AINU U
Ha000poT?



