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ITpenuciaoBue

B menom, Kypc METOIOB ONTUMHU3AIMYA OXBATHIBAET 33/Ia9M, CYIECTBEHHO
pa3INYANOIINecs [0 JABYM OCHOBHBIM ITPH3HAKAM: JUHEHHOCTD /HEJHHEHHOCTh
U HaJm4Ke/OTCyTCTBHE orpanuydenuii. B coorsercrBuu ¢ 3ruM, 6a30Bblil Kype
COJIEPXKHUT JIMHEHHOE IPOrPAMMHUPOBAHUE U HEJMHEHHOE (BBINYKJIOe) IporpaM-
MUPOBAHUE, IPUYEM MOCJIETHUN PA3/Ies PACIAIACTCS H, BEe 4acTh: Oe3yCI0B-
HAas MUHUMW3AIUs W 330a49¥ HA YCJIOBHBIN 3KcTpemyMm. HekoTopbie mMeTomb
HEJIMHEIHOrO MPOrPAMMUPOBAHUS UCIOJIb3YIOT JTUHEHHOe TPOrPAMMUPOBAHNE
KaK 9aCTbh CBOUX AJTOPUTMOB. B CBs3M ¢ 9TuM, & TAKKE 110 METOIUIECKUM CO-
obparkeHusiM, B JAHHOM y4IeOHOM mocobun 6oJIbIliee BHUMAHNE YIAEIEHO MMEH-
HO JIMHEHHOMY TPOrPAMMHUPOBAHUIO. JTO OMPABAAHO TAKIKE TEM, 9TO JIMHEH-
HOE TPOrPAMMUPOBAHNE KAK WHCTPYMEHT DEIIeHUsT PeabHBIX 33139 TIJIAHU-
POBaHWST C OTPAHUYEHHBIMH PECYPCAMHU BCTPEYAETCS, BEPOSTHO, YAIE, UeM
JIPYTUe METOIbI.

K nuneitHoMy mporpaMMUpPOBAHHUIO KAK MHCTPYMEHTY DPEIeHUs] ONTHMU-
BAIHOHHBIX 3339 0DPAIIAIOTCS MHOTHE CrienuaaucTbl. QCHOBHBIE €r0 MOJb-
30BaTe M — Te, KTO Pelaer npobseMbl YIPABJICHUs, OPraHU3AIMA U LA~
HUPOBAHWS TPOU3BOJCTBA, WU HCIOJB30BAHUS pecypcoB. Peanusanueil Ha
9BM coOTBETCTBYIOIINX MATEMATHIECKHX TAKETOB 3aHMMAIOTCST MATEMATHKHA,
a amanranueil U COMPOBOXKIEHUEM MAKETOB — CIEIUATUCTHI 0 WH(MOPMAIIU-
OHHBIM CHCTEMaM W TEeXHOJOrusM. JlJisi BceX 9THX KaTeropuil CrIenuaancToB
BEChbMA BaXKHO MOHUMAHWE JIMHEHHOIO MpOrpaMMUpOBaHus <«u3uyTpuy. OHO
HE JTAeTCs «CJIeNbIM» HCIOJb30BAHIEM MOTOBBIX MPOTPAMMHBIX TPOIYKTOB, a
npuoOpeTaeTCss TOMBKO JIUIb 9epe3 JIMYHbBIA OMbIT Pa3pabOTKU KOMITHLIOTED-
HBIX TTPOTPAMM, PEATUIYIONUX TOT WU WHON aJrOPUTM.

Taxkum o6pazomM, 3Ta KHUTA MPEIHAZHAYEHA JIJIsT CTYAEHTOB U CIEIUAIIHI-
CTOB, 3aMHTEPECOBAHHBIX TIIYOOKO M3YYUTh CHAYaJa — JIMHEHHOe Iporpam-
MUDOBAaHWE W 3aT€M — METOIbI HEJIMHEHHON ONTUMHU3AINN, ¢ AKIIEHTOM Ha
KOMIIBIOTEPHYIO PEATH3AINAI0 METOIOB U AJTOPUTMOB.

JluneitHoe nporpaMMuUpoOBaHMe — XODPOIIO Pa3zpabOTaHHBIA pa3mes Mpu-
KJIaaHON Maremaruku. [[o Hemy mMmeeTcss oOIupHaa HAyIHAS W ydeOHAsT JH-
Teparypa — KakK OTeYeCTBEHHAs, TaK U U NepeBojiHasa. B cBoem OOIBIMHCTBE,
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JINTEPATYPA JIA€T OCHOBHDBIE TEOPETUIECKHE CBEJICHUS U JIUIIb HHOTIA — IPAK-
TUYECKUE PEKOMEHIAIINHN, KAK 3aIporpaMMupoBarh Ha 9BM ToT win nHOi Ba-
PHAHT CUMILTEKC-MeTona. IIpuMepom penkux, oueHb 3pGHEKTUBHBIX yIeOHBIX
M3/IaHUH C KOMIIBIOTEPHBIMY IPOrPAMMAaMU SBJISAETCS KHHUTA [?], BbImeamas B
usgarenscrse «Pagno u Ceasb»s 1989 rony.

HoBbiM, OCHOBaHHBIM Ha TEXHOJOIHAX, METOAAM OOyYeHHs U IPEroIaBa-
HWsT HAYK TIOBCIOZY B MHUDE YIEJIsSeTCsT Bee Bo3pacTaiiee unMmanne [7]. O6y-
YeHUe, OCHOBAHHOE HA ITPOTPAMMHBIX TTPOEKTAX, 3(PMEKTUBHO IO MHOTUM TIPU-
gnHaM [?]. KpoMe ocHOBHOTO pe3y/brarta — TOHMMAHUS [IPEJIMETA «H3HYTDH»,
OHO COBEPIIEHCTBYET KOMIIBIOTEPHYIO KYABTYPY CHENUATIUCTA, OCOBEHHO BAXK-
HYIO B HACTOAINEE BPEMs, TIOCKOJIBKY TpeOyeT M30MPEeHHOTO MTPOrpaMMUpOBa-
HUS ¥ pa3BuBaer obIiue CrocOGHOCTH K JIOTUYECKOMY U YUCICHHOMY aHAJIU3Y
[PU TIOWCKE PEIeHN MaTeMaTHIeCK OPUEHTHPOBAHHBIX mpobseM. OmgHAKO
OTIBIT TPETIONABAHNS TTOKA3BIBAET, 9TO B HACTOSAIIEE BPEMs HET yIEOHBIX TI0CO-
Owit, paCCUMTAHHBIX HA PEATHU3AIMIO MMEHHO TAKOTO — MPOEKTHO OPUEHTUPO-
BAHHOT'O — MeTOd O0ydeHusd. MakcuMaabHOe MPUOINKEHNE JTa00PATOPHBIX
paboT CTyAEHTOB K 3aJat€e MOJJHOIIEHHON CAMOCTOATENbHON KOMIIBIOTEPHOIT
peaNTM3aIiy YUCJIEHHOTO METOA JeIAeT ITH PAOOTHI MOXOKUMU HA YUeOHBIE
MPOTPAMMHBIE TTPOEKTHI, OTJIMYAIONTHECs] CTPOTO TEMOHCTPAIMEH KaK CAMUX
PA3HOBUIHOCTEH M3y9IaeMOro MeTO/Ia, TaK W BCEX JEeTaJell COOTBETCTBYIOMIAX
AJITOPUTMOB.

[Ipu opranmsaruu u OpoBeeHUN JabOPATOPHOrO TpPaKTUKyMa Ha IBM
BCErja BO3HHUKAET HpobiieMa HMHIUBUIAyaan3anun 3aaanuii. Muorue mocobust
B 3TOM BOIIPOCE YT MO HAUOOJEE MPOCTOMY MYTH — PA3MHOMXKAKT 3aaHUsT
IO OTHOH W TO¥ K€ TeMe BBIMTOJIHAEMON PAbOTHI 33 CUET PASIUINNA B HCXOTHBIX
JAHHBIX. TO, YTO 3TO MAIOMOME3HO, BIOJIHE OYeBUIHO. /lenars Juib HebOIb-
[TMe ¥ KOJUIECTBEHHBIE PA3IHYIN B 33JaHUAX — 3HAYUT OTKA3ATHCSA OT BCEX
YKa3aHHBIX BBIIIIE BBITOJ, TPOEKTHO OPHEHTUPOBAHHOIO OOy YeHMS.

ens mamuOro mocobusi — CHAOIUTH CIIEIIUAJIUCTOR W CTYIEHTOB TOJIHBIM,
TIIATEIHHO BHIBEPEHHBIM M BHYTDEHHE 3aBEPIIEHHBIM (TO €CcTh He Tpedyio-
muM o0paleHusi K JIPyruM MCTOYHUKAM) HAaGOPOM BO3MOXKHBIX BAPUAHTOB
CHUMILTIEKC-METO/IA JIJIsT PEIlIeHnsT 33/1a4 JIUHEHHOro nporpaMMupoBanusd. Mak-
CHUMAJIbHO PA3MHOYKEHHBIE HA 9TOM OCHOBE yd4eDHbIE 3a/IaHHUS OTJIMIAIOTCS HE
IO BBOAMMBIM [IJIsT PEIIEHUS 330a9aM, & MO aJTOPUTMAM, MOIJIEKAIAM KOM-
MBIOTEPHOM TPOrpaMMHO peanusaruu. JIJsg 3TOr0 mocjie KPaTKuX BBOIHBIX
onpegenennii (pa3z. 1) cobpanbl 6a30Bbie TeOpeTHUecKue (HPaKThI, OTHOCSIIY-
ecd K CTAHJAPTHOI 3aja4e JuHeHHOro nporpamMmmuposanus (pasa. 2). Janee
OCHOBHOE BHHUMAaHWE COCPEIOTOYEHO HA METATBHOM WM CTPOTOM ODOCHOBAHWUN
KAKJI0H PA3HOBUIHOCTU CHMILIEKC-METOAA BO BCEBO3MOXKHBIX CXEMAaX Peasiu-
samuu: GasoBoit — (pasa. 3), asoiicTBennoil — (pasz. 4) u MoxudUIUPOBAH-
HO#t — (pasa. 5). Ocobble ciiyuan GyHKIMOHUPOBAHUS AJTOPUTMOB PACCMOT-
perbl B pasxa. 6. Chenyiomuye pa3ienbl aBIASIOTC: MEPEUUCTECHUEM YIeOHBIX
3a/1aHuil 110 JIUHEHHOMY IPOrPaMMUPOBaHUIO (pa3z. 7), CGOPHUKOM TECTOBBIX
3aza4 (pasza. 8) u nepeuneM yueGHbLIX IIPOEKTOB 110 HEJIMHEHHON ONTUMHU3ALUN

(pazz. 9).
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OcobeHHOCTH JAHHOTO M3JIAHUS 3aKII0YAIOTCI B CIAEAYIONUX J00ABICHN-
ax. B pa3n. 3 nobamiena ocHOBHast Teopema 00 alropuTMe CHMIIEKC-MeTo/a,
OXBBITBIBAIOIIAS BCE, B TOM YHUCJE 1 0COObIe, caydan. B pa3a. 6 mobassen ciy-
Jail HeeIUHCTBEHHOCTH DEIICHNUs, UITIOCTPUPYIOMIUH 3Ty TEOPEMY U BCE OCO-
Oble cayvam paccMOTpeHb bosee moapobuo. B pazz. 5 mobasiaen mpumep TOro,
KAK MMPOrPAMMHO PEATH30BATh HAJIOKEHHUE TOMOJHUTEIBHOTO OTPAHUYEHHS Ha
337129y, PEIIEHHYI0 MOIUQUIINPOBANHBIM CUMTLIEKC-MeTOMOM. Pazaen 8, koro-
pOro He GBLIO B MEPBOM U3AHUY, COTEPXKUT HAOOD 3374 JJIsT HCTIONb30BAHUS
B KauecTBe Pa3/IUYHBbIX YUeOHBbIX 3aJaHMil: TeCTOBbIX (IIpU mpueme Jiabopa-
TOPHOTO [IPOEKTA), YIEOHBIX (Ha CEMUHAPCKUX WJIU [IPAKTUIECKUX 3AHATHUSAX )
b0 KOHTPOJIbHBIX (IPH IIpUeMe 3adeTa Win 9K3ameHa). Vcupasienbl HEKO-
TOPBIE ONEYATKU IEPBOrO U3JAAHUS, 3aMeYeHHbe CTyJeHramu. Kpome Toro,
BKJIIOYEH MPEJMETHBIN yKa3aTeIh, 00Jervaiomuil moah30BaHue mocobueM.

YIIbSIHOBCK, U. B. Cemywun
Centsiopn 2003
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Ob61me onpeneieHus

Marepuas 9TOro pasiesia HOCUT BBOAHBIN xapaktep. Ero mess
BaKJI0YAETCS B TOM, YTOOBI HATIOMHHTH T€ OCHOBHBIE KOHIIEII-
AU, KOTOPbIE CTYAEHT MOXKET 3HaTh W3 KypcoB «Maremarude-
ckuil ananu3» u «Jluneiinas anrebpas u KOTODPbIE OH JIOJIZKEH
TTOJTHOCTHIO OCO3HATH, TMPEXKIE UeM IBUHYTHCS TAJIbIIIE.

IIycrs mambl mioObIe 1Ba 00ObEKTA T W ¥, TOTAA YHOpsSAOoUYeHHad mapa
ecTb (T,Y), TAe T ONPeNeaaeTca KAK NEPBbIH 9JEMEHT W Y KAaK BTOPOH dJe-
MEHT 3TO} mapbl. MHOKECTBO yIOPAJZOYEHHDBIX AP HA3bIBAETCH OMHAPHBIM
OTHOIIIEHWEM WJIH, WHade, cooTBercTBUeM. Harmpumep, ecianm MHOKECTBO
YIIOPSIIOYEHHBIX NP BEIIECTBEHHBIX YWCes, YbH 3HAYEHHs] OJUHAKOBBI, 000-
3HaMeHo A, ™Mbl 3amuchiBaeM 310 coorBercTBrue Kak A = {(z,y) € R x R :
z = y}. Ecotm A ectb HEKOTOPOE COOTBETCTBHE, TO 06JIACTH ONpeIesIeHus
coorsercTBUA A, COKpalnenHo obo3HadaeMasd Kak dmn A, naercsa BbIparKeHu-
eM

dmn A = {z: (z,y) € A nust HeKOTOPOTO Y }.

Ecmu A ectb HEKOTOpPOE COOTBETCTBHE, TO 0BJIACTDh 3SHAYEHMUIN COOTBETCTBHS
A, cokpaienno obo3HadaeMast Kak rng A, 1aercs BhIpaskeHueM

mg A= {y: (x,y) € A nna mekoroporo z}.

Hekoropas dyskmus [ ecth coorsercrsue, 00/1a7al0ee CBOWCTBOM, UYTO
BesKuil pas, korga (x,y) € fu (z,y*) € f, 10y = y*. Hekoropas nocJiieroBa-
TeJbHOCTD €CTh PYHKINA, 9bs 00JIACTD OIPENeICHU €CTh MHOMXKECTBO MEJIbIX
gnces. Hekoropas KoHedYHad IMOCIEOOBATEILHOCTD €CTh MOCAEIOBATENb-
HOCTh, Ubsl OOJIACTH OTPENEIEHNsT €CTh KOHEYHOE MHOXKECTBO IIeJIBIX UHCeI,
o6bruno {1,2,...,n} A HEKOTOPOrO MOJOKUTEILHOrO 1ejaoro n. OHa Tax-
JKe Ha3biBaeTcs N-Koi. COBOKYIMHOCTDH BEIECTBEHHO3HAYHBIX MTOCIEI0BATE b
HOCTEH ¢ obmacTeio ompenenenns {1,2,...,n} HA3BIBAETCS N-MEPHBIM BEIIle-
CTBEHHBLIM IIPOCTpPaHCTBOM U obosnadaercsa kak IR". Kazknaprit anement uz IR"™
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€CThb HEKOTOpas BellleCTBeHHAad 7-Ka, WK HEKOTOpas BelllecCTBeHHasd IIOo-
cJIe0BATEJILHOCTh U3 1l 3JIEMEHTOB, WV, WHAYME, HEKOTOPKIH 1-MepPHBIA
BeKTOP. JI1000ii N-BEKTOD T 3alUCHIBAETCH KaK T = (X1, X, ... Ty).

Onpenenenne 1.0.1 Touka uau, unave, Bekrop 6 IR ecmv ynopadouen-
HAA COBOKYMHOCTID T BEULLCTNEEHHBIL Huce: T = (T1,Ta, ... Tp).

IIpu wmCcHoNb30BAHMH BEKTOPHO-MATPHUYHBIX OINEPAINi IPHUHATO BEKTOP
OTOXKAECTBJIATH ¢ MaTpurei-cronbmnom. Mbr OymeM Tak»Ke 3THM MOJIb30BATh-
CsA, XOTs1 B OOBIYHOM TEKCTe yI00HEee BEKTOPHbIE KOMIIOHEHTHI IMCATh B CTPOKY
JIJIsd 3KOHOMUM Mecra. Eciin 2Ke B 3al1Mcy BEKTOPa, IOTPEDYeTCd aKLIEHT Ha TO,
YTO OH TPAKTYETCS KAK MATPHUIA-CTONOEI], TO OYIeM MONIb30BATHCS CUMBOJIOM
TPAHCIOHUPOBAHHA: T = (T1,To,...Ty) ] mmm 21 = (11,22 ... 2y).

Onpegaenenne 1.0.2 OTpesok ﬁQ, 2de P u Q cymov dse mouxu, npedcmas-
Aennne eexmopamu p,q € IR™, ecms mnoscecmeo mouex, onpedessemvz co-
ommuoueHueMm

0
OksuBanenTHaa 3ammch ¢ + 0(p — ¢q), 0 < 6 < 1, EMeer HAIAZHYIO
reoMeTpUYecKyl0 MHTepIpeTaluio: K KOHIy Bekropa ¢ aobapisiercss 1ossa 6
(0 < 0 < 1) pasnocTHOrO BEeKTOPa (P — ), KOTOPBIA HAIPABJIEH U3 TOYKU ()
B Touky P. IlockonmbKy Bcerma MOXKHO 3aMeHuTh 6 Ha 7, ¥ = 1 — 6, TO Ha ca-
MOM JieJIe HaIIPpaBJAeHHOCTh OTPe3Ka, 0003HAYEHHAS 3/1eCh BepXHeil CTPEIKOi,
He IMeeT 3HAYEHNS, I MOXKHO 9TOT OTPE30K 0603HAYATh uepToil: PQ).

Omnpegenenne 1.0.3 Toueunoe mnosicecmeo S Ha3v66eMCA BBIMYKJIBIM
MHOXECTBOM, ecau Vp,q € S : Op+ (1 —0)ge S, 0<0 <1, m e
ecau A10601 ompesok, ozpanuvennbili mowkamu us S, aescum 6 S.

Oupenesienne 1.0.4 Ikxcmpemanrvuas, Uiy KpaiHis MOwKa (uau BepIIu-
HA, UM, UHGYE, Y2A06GA TOUKG) 6HINYKA020 MHOJCECTNEA S ecmb 410664 €20
MOUKA, He AEHCAUWAA BHYMPU OMPE3KA, COCOUHANULE20 NPOUIBOALHYIO NAPY
Mouer MHOMCECTNEA.

JpyruMu cioBaMu: Touka b € S eCTh BEpIIMHA BLITYKJIOrO MHOMKECTBA, S,
eCM He CYIIECTBYIOT JBE TaKhe TOYKU p,q € S, urto b = Op + (1 — )¢ npm
Hexkoropom 0 < 6 < 1.

Onpeznenenne 1.0.5 Bomykiaa oGosiouka mouex Pi, Ps, ... Py, nped-
CMABAEHHBLL COOMBEMCMBYIOULUMY BEKMOPAMY D1, D2, - . . Dk, €CTbD MHOICE-
cMeo mover 6ula

k
y=0p+0p2 . Oipr, D 0i=1, 0<6;, i=TFk
i=1
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Briykiiyto 060J09Ky MOXKHO KOHCTPYKTUBHO BbIBECTH ([IOCTPOUTH), 10~
CIeI0BATEILHO MPUMEHsIsI OnpeaeeHne orpe3ka. OTHOBPEMEHHO 3TO OyIer
oObsiCHEHNEM YCJIOBUS Ha, BecOBble KO3 dunmentot 0;. lamum Takoil BRIBOSI.

IIycts Py, P, — npou3BosibHbIe TOUKHU. Torma

Y2 = kapa + (1 —k2)p1, 0<ky <1,

ecTh gobas Touka orpeska P P,. CoeanHuM ee OTPe3KOM C TPOH3BOJLHOI
roukoit P3. Torna

Y3 = ksps+ (1 —k3)y2 = ksps+ (1 —kz)kopa+ (1 —k3)(1—ko)p1, 0<ks <1,

ecTh Jobas Touka Tpexrpananka Py P P3. CoenuHuM ee OTPe3KOM C IIPOU3-
BosibHOM TOukoil Py. Torma

Ya = kapa + (1 — ka)ys = kapa + (1 — ko) ksps+

+(1 - k’4)(1 — k’g)kgpg + (1 - k4)(1 - kg)(l - kg)pl, 0 S k’4 S 1,

ecTh JI00ast TOUKa derhipexrpanunka Py Po P3 Py.

Takoii mporecc MOXKHO TTPOIOIKATH U JIAJIee UJIN MPEKPATUTD MTOCIIE UCUep-
MMaHUs BCEX MMelIuxcd TodeK. Hanpumep, ecnu nociemadsst U3 UMEIONIUXCS
TOYEK €CTh P5, TO coequHssi ee OTPE3KOM C TOYKO Y4, TOIYIUM, UTO

Ys = ksps+(1—ks)ys =

= ksps+(1—ks) (kapat+(1—ka) (ksps+(1—ks)(kape+(1—Fk2)p1))), 0<ks <1,

ecTh Ji00ast ToUKa nsTurpanHuka Py Po Py Py Ps.
ITo mocTpoenunio, nmeem

Ys = 055 + 04pa + O3ps + O2po + 0101,

rie
05 = ks;
04 = (1 — ks)ka;
O3 = (1 — ks)(1 — ka)ks;
02 = (1 — ]C5)(1 — ]C4)(1 — ]Cg)kg;

01 = (1 —ks)(1 — kg)(1 — k3)(1 — ko).
[IycTh Tenephb HAJIOKEHO YCJIOBHE Ha BeCOoBbIe KO duiiueHTs! §;, a nMeH-
HO:
01 +0+034+0,+05=1, 0; >0, i=1,75.

Torna, eeibpas modbe 0;,0 < 6; < 1, yIOBIETBOPAIOIIKE ITOMY YCIOBHIO,
MOCJIETIOBATEABHO HaliaeM

k5:957 OSkSS:l?
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04 04
ey = - . 0<ks<1;
4 (1—05) (91+02+93+94) ==
03 03
ks = = , 0<k3 <1
ST (1 —05—04) (61 +065+05) ==
0 0
ko = 2 = 2 0<ky<1.

(1—95—94—6‘3) (914‘92)’ -

910 Te Ke cambie ko, k3, ky v k5, KOTOpBIE BBIIIE YIACTBYIOT B MTOCTPOE-
HUM JIOOBIX TOUEK: nByXrpanuuka (ks), Tpexrpanuuka (ks), YeThpexrpaHHu-
ka (k4) m narurpanavka (ks). TeM caMbIM TOKA3aHO, 9TO BBITyKIAsA OG0I0TKA
TOYEK P1, P2, - - - , Pk OLUPEIEIIEHA, IOJHOCTHIO0 ycsoBueM 07 + 60 + ...+ 0, =1
Ha HeoTpuuaresbHble KO3pduuueHThl §; B JuHEHHON KOMOMHALUN

Yy =0ip1 +Oop2+ ...+ Oppr .

Onpeaenenune 1.0.6 Fcau [ ecms nexomopas dynxyua u A ecmov nexomo-
poe nodmmoscecmeo obaacmu onpedeaenus dmn f, moezda fa, cyxkeume f K
A, ecmb dynryua, wwa obaacmov onpedesenus ecmv A, 3adasaeman yeaosuem

falt)=f(t) muate A .

Onpenenenne 1.0.7 Hexomopas kKpuBasi ypoBHs &dyHkuuu f, z2de f
ecmb HEKOMOPaA GYHKUUA (0M) N 6EULECTNEEHNBIL NEPEMEHHBLL, ECTNL MHO-
oicecmeo C' C dmn f, ecau cyocenue gynxuyuu f x C ecmv xonecmanma
(nocmosrnasn eaunuHa).

Onpegesienne 1.0.8 Ecau f(z) ecmb nexomopas sewecmeennas Gymsyus
(om) n eewecmeennms nepemennuit T = (T1,T2,...,Tn) U ECAU UYACTIHBLE
npouseodnue f1(z),..., fn(r) cywecmeyrom (20e f;(x) = Of(x)/0x;), mo
rpajuenT GYHKIUA [ 10 T 0nPedessemcs Kax n-MmepHuiti 6eKmop

grad f(z) = (fu(2), ..., fu()).

B obimiem caygae, rpaJueHT BelecTBeHHOo3HadHoi Gyukiuu f (0T) n Be-
MIECTBEHHBIX TIEPEMEHHBIX €CTh BEKTOD, MMEIOIIAIT HATPABIEHNe HAaubOobIIe-
ro Bo3pacrauus yukiuu f B Kaxkaoit Touke B dmn f. CoorBeTcTBEHHO, BEK-
Top anTurpaauenta — grad f(), mOKa3pIBAET HATPABIEHUE CKOPEHIIIEro CIIyc-
Ka BJOJIb TIOBepxHOCTH f B 00jacTu onpeienenus 3Toi dyukimu. s Becex
BEIECTBEHHO3HAYHbIX (ByHKuuit f (0T) 7 BEIIECTBEHHBIX EPEMEHHBIX, 00-
JIAJAIOMIAX HEIPEPBIBHLIM TPAJNEHTOM, M06asi KpuBas ypoBHA (GyHKIAN f
OPTOTOHANILHA TPAJMEHTyY B KaxkJ0i Touke B dmn f.



2

CranmapTHas 3aJilada JIMHENHOTO
NporpaMMUPOBaHUSA

B 3rom pazmesie Mbl HCIOIB3YEM CTAHIAPTHYIO MATPUIHYIO (hOp-
MY 3aIlUCH 33/Ia91 JUHEHHOTO TPOrPaMMUPOBAHNA, K KOTOPOI MO-
KeT ObITh JierKo mpuBemena jobas JIII-3amaga. Mbr onncbiBaeM
HECKOJIBKO (DAKTOB, OOBSICHSIONINX, KAK CY3UTHh MOUCK OIMITHMYMa,
HaJ, TOMYyCTUMOI 00JACThIO, W TOATOTABIUBAIOIIAX JIyUIlee IMO-
HUMAaHKe CHUMILIEKC-MeTOo1a, KOTOPBIA MpeacTaBiasaeT coboil anred-
pamdeckuit MeTos perienus craHgaptHoit JIII-3asmaun, Hernocpe-
CTBEHHO TOTOBBIN JIJ1d NPOrPAMMUPOBAHUA HA KOMIIbIOTEPE.

2.1 IlocramoBka 3ama4du

Crangaprtaas 3agada JITI wnmeer:

— orpanuuenus Az = b, A = A(m,n), rankA =m, (m <n), z € R",
beR™;

— yCJIOBHE HEOTPHIATEJbHOCTH KoopauHaT Bekropa , = > 0 (r e. Vi :
zi 2 0),

u mpu 3ToM Tpebyer minc’ z, rne ¢ € IR™.
x

Sameuanne 2.1.1 Bexmop xospduvuenmos ¢ = (¢1,Co,...,¢n) onpedes-
em HeaeByio byHKIUIO 2z = ¢l x u Aeasemca ee epaduenmom: grad z = c.
Bexmop epaduenma, yra3uea0wutl HanpasieHue ckopeliuiezo 603PacmMaHUA
Pynxyuu 6 npocmpancmee eexmopos x € IR, opmozonasen sunuam (Pux-
CUPOBANH020) YPOBHA PYHKUUYU, — CM. Pasd. 1.
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Onpenenenne 2.1.1 Tosopam, umo cmandapmuas 3a0046 AUHETHO20 TPO-
2PAMMUPOBAHUA HEBBIPOXKIEHA, €CAU KaAXHCIas M X M MoOMAMPUYUG, 6bi-
Opannas us m X (n+ 1) pacwpennot mampuuyb A, = [A | b], neevipooicdena.
B npomuenom cayvae 2080pam, wmo 3mo — BBIPO2K/JeHHada 3asja4da JIII.

3ameuanue 2.1.2 I[Ipednososicernue 0 HEGbPONCIEHHOCTNY CIPAEEOAUBO OAA
BONDWUNCTBA 300N, 6CTNPEUGEMBLT HA NPAKMUKE, U OHO YIoOHO 0Aa MEOPUL.
Kax cnpasumoes ¢ pewenuem eviposiclennnix 3aday, 6ydem paccmompeno 6
pa3so. 6.

Hannas 3aza4a obiajaer cieiyomumu oOCHOBHbIMU cBoiicrBaMu: (1) Bbi-
OYKJIOCTb MHOYKECTBA JIOMYCTUMBIX perrnenuii; (2) cyluiecTBoBanue Ga3suCHBIX
JIONYCTAMBIX perenuit; (3) ToXKIeCTBEHHOCTh Ba3UCHDBIX JONYCTUMBIX DEIe-
HUI ¥ BEPIIUH MHOXKECTBA, JONYCTUMBIX perenuii u (4) coBnajeHue Xors Obl
OIHOIO ONTHMAJIBHOIO PelleHus 331a4u (€Cu OHO CYIIECTBYET) ¢ KAKOH-In60
BEPIMHON JOMYCTHMOIO MHOXKECTBA, pernernii. /lokaxkem 9Tu CBOHCTBA IOCIe-
JOBATEIBHO.

2.2 BspIDyKJIOCTh MHO>KECTBA JOILyCTUMBIX peHIeHU’it

Onpegnenenne 2.2.1 Muoowcecmeo X mouex 6 IR", ydosaemeoparowux ozpa-
HuNeRUAM U Yyeaosuto dadavwy JIIT, Az = b, x > 0, ecmb MHOYXKeCTBO IOy~
CTUMBIX PEIIeHUu# uiu, uhaie, JoOnycmumoe MHONCECTNEO.

Teopema 2.2.1 Mnoowcecmeo X donycmumoix pewenut
X={xeR": Ax =0, >0} (2.1)

sadavu JIIT evinykao.

HoxkazareasctBo. Ilycts z,y — npousBonbaas mapa Touek u3 X. Torma
Axr=0b, x>0; Ay=b, y>0.

OTpe30K, COeTUHAIONTAI STH TOYKH, O003HAYNM KAaK MHOXKECTBO TOYEK W,

w=axr+ 0y, a+=1, a>0, >0, w>0.
Naeem
Aw = Aax + By) = Az + BAy = ab+ b= (a+ B)b=1b

T.e. Aw=0b, w>0.
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2.3 CymecTBoBaHue 0GAa3MCHBIX JIOMYCTUMBIX PEIIEHU

(BAP)

Oupenesienne 2.3.1 Basucusim peutenuem sadawu JIII (6 cmandapmuot
dopme) naswvieaemcs 6exmMop
B~ b
z=P ( O) ,

2de P ecmb mampuuya nepecmanosox cmoabyos mampuuybt A, makxes 4mo
AP = [B|R], B — mampuya noanozo panza pasmepa mxm; O — (n—m) ny-
AEBBIT dAEMENTO6 6exmopa; R — (n—m) cmoabyo6, suneling 6uparicalouuecs
yepes cmoabybt mampuust B.

Bce 6a3ucHbie perennst B KOJIATIECTBE (:@) = #lm), OIIPEIEISAIOTCS Pa3-
JIMYHBIMYA COUETAHUSIMU 1M, JIMHEHHO HE3aBUCUMBIX CTOJIOIOB MATPUIIHT A U3 n
ee crosibnioB. Marpuria nepectaHoBoK P 3/1ech BBeJieHA, 9TOOBI B PE3YJIbTaTe
MEepeCcTaHOBOK BCE M JIMHENHO HE3ABUCUMBIX CTOJIOIOB MATPHUITHL A OKa3ammch
CIPYNIMPOBaHbI BJIeBO B Buae noamarpuusl B. Torma orpanmdenne Ax = b
PaBHOCH/IBHO ypaprenuio APy =b, roe y = P~ 'z,

Paz6usas sexrop y na ase gactu, ¥y = (y2,y"), y® — nepssie m xommo-
rent, yI — ocTambEBIe (N — M) KOMITOHEHT, TMeeM

-1;, _ p-1p, F
yB = B~'b— B~'Ry", y:<B b B Ry )

Y

Taxum obpasom, perienne y ypapuenuss APy = b BeIpazkKeHO yepe3 CBOOOIHbIE
nepemennste ¥y . O6pamas UX B HyJIb, MOJYIaeM BEKTOD

—=("75):

O Hero BEKTOP & OTIHIAETCS JIUITH TEPECTAHOBKOMN 3J1IeMeHTOB: & = Py. 91oT
T ¥ HA3BIBAETCH OA3WCHBIM PENIEHUEM.

Omnpenenenne 2.3.2 Hyanesvie saemenmu, sexmopa © = Py, noaywuswu-
€CA PABHbLMU HYMO Geaedcmeue 00PAUERUS 6 HYAb C60B0OHBIT (Nocaednux
n—m) nepemennniz yt 6 cocmaee eexmopa y, ydoeremeoparou,ezo ozparuie-
nuo APy = b, naswearomes Heba3sUCHBIMU TIepeMeHHbIMEI. Ocmanbhvie
m asemenmoe eexmopa t = Py nasviearomes 6a3UCHBIMU TTepEeMEHHBIMA
u obpasyrom Gasuc. (Omuocumenvrno mampuuss P cm. onpedeaenue 2.3.1).

Onpenenenne 2.3.3 Ecau basuctoe pewenue obaadaem ce0UCMEOM HEOM-
PUYATNEALHOCTIU CBOUT INEMEHMOE, MO OHO HA3bL6aeM A BABUCHBIM JTOILY-
CTUMBIM pPerieHueM.

Yrobbr n3bekarh (POPMATHHOTO MOHATHS MATPHUIBI MEPECTAHOBOK P B
JaHHBLIX BBIIIE OIpeleeHnaX, nepedpasupyeM HX, HCIOAL3yd CIAEAyIOLIne
dOpPMYITHPOBKH.
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Onpenenenne 2.3.4 BekTopamu orpanmdennii a; € IR™, i = 1,n, na-
3bLEAIOMCA CMOAOUDL MAMPUYDLL A

A=lai,ag,...,a,)
CaMu OrpaHHYEHHUS TOTIA UMEIOT BHI
ria1 + x209 + ...+ 00, = b. (2.2)

CoiicrBo Marpuilbl orpanuyenuil A: tak kak rankA = m, To cpenu ee
n CTOJOIOB CYIIECTBYIOT HAOOPBI IO M JUHEHHO HE3ABUCHMBIX CTOJIOIOB-
BEKTOPOB OTrpaHuyeruii. Yucjio TaKuX pas3JudHbIX JUHEHHO HE3aBUCUMbIX Ha-

m _ (n) _ n!
Gopos xocruraer O = () = sy (coueranns us n o m).

Oupegnenenne 2.3.5 (Onpenenenve 2.3.2 B unoit ¢opmynuposke.) Ilepe-
MEHHBLE T;, CMOAWUE KOIPOUUUEHMAMU NPU GEKMOPAT 02PAHUNEHUT a; 6
KAACIOM AUHETIHO HE3ABUCUMOM HaDOPE U3 T 6EKMOPOs, Ha3veaomMmcs ba-
3UCHBIMU MePEMEHHBIMHU, G OCMAAbHLE — HeOa3MCHBIMMI HepPeMeHHbI-
MU (HEOA3UCHBIE MEPEMEHHDLE UH020G HA3LISAIOT CGOB0OHBLMU NEPEMEHHbL-
MU).

Omnpepenenne 2.3.6 Jhobot eexmop © = (x1,T2,...,Tn dosaemeopsio-
b b b b
wutl ozpanutenuto (2.2) u ycaosuo HeompuyamesbHOCINU 8CeT CEOUL KOOP-
duwam (x; > 0, i = 1,n) nasvieaemcs JOILYCTUMbBIM pellleHMEeM 3adadn
) bl
JITII.

Oupegaenenne 2.3.7 (Oupenenenue 2.3.1 B unoii dbopmysnuposke.) Touka
T = (21,Z2,...,Tn), KOMOPaA YO0BAECTEOPACT 02PAHUMEHUAM (2.2) HA3bI6A-
emcsA GA3UCHBIM pPEIIeHUEM, eCAU 6EKMOPbL G;, HE 6LOJAULUE 6 AUHETHO
HE3ABUCUMDLT HAbOP, UMENM 6 0ZDAHUMEHUAL 6 KAUECTEE KOIPHUUUEHTNO0E
T HYAEEDLE SHAYEHUS.

BazucHoe perienre 0Ka3bIBAETCS He BCETIA MOMYCTUMBIM. DTO CIYYIAETCS
TOrda, KOrda B HEM HMEIOTCA OTPHUIATEJIbHBIC 3JICMEHTDI.

Oupenesienne 2.3.8 (Oupezenenne 2.3.3 B unoit dpopmysnuposke.) Toura
x = (21,%2,...,%,) Ha3WG6GEMCA BASHCHBIM TOILYCTHMbBIM pellleHueM
(uau onopmuvim naarnom) sadawu JII, ecau cucmema 6eKmopos a;, 8LOOAUUL
6 ozparunenue (2.2) ¢ nososcumervruMu Kosphuvyuenmamys T;, x; > 0, u-
HETUHO HEZABUCUMG.

W3 sToro onpeneneHus CaeayeT, 9TO IUCJO0 7' TOJOKUATEIHHBIX KOMIIOHEHT
BP me Gombite, gem m, r < m, TaK KaK HEKOTOPbIE KOI(PDUIINEHTHI TIPH
BEKTOpPaX OIPAaHUYEHUil a; B JMHEHHO HE3aBUCUMOM HabOpe h3 m BEKTOPOB
OTPAHUYEHUN MOTYT OKA3aThCS HYJIEBBIMHU.

Onpeaenenne 2.3.9 BasucHoe donycmumoe peuieHue HA3b6aemces HEBBI-
POXKAEHHBIM, €CAU OHO HE COOEPIHCUN HYAEBDT KOMMOHeHM. B npomuerom
CAYHAEC OHO HA3BLBAEMCA BBIPOKIEHHBIM 0a3MCHBIM JOMYCTHUMBIM pe-
HIeHUEM.
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Teopema 2.3.1 Ecau 3adaua AuHETHO20 NPOZDAMMUPOSAHUS HEBVPONCIEH-
HaA, Mo2da basucHvle nepementsie 6 A1000M BA3UCHOM PEUEHUU ECTNb CMPO2O
HEHYAEDIE TLEPEMEHHDLE.

HokasaTesqbcTBo. [IpeamnonokmmM, 910 CymecTBYIOT ¢ OA3MCHBIX MEPEMEH-
HBIX B HEKOTOPOM 0a3ucHOM pemiennu, ¢ = m—7, 0 < g < m, KOTOpbIE PABHbI
aymo. Torma b momkHO ObI OBITH HEKOTOPOH JnHEHHOH KoMOuHarmeir u3 r
crosibuoB mMarpuibl B (1, Takum obpaszom, marputibl A), npudem B cocrasie-
HA U3 TeX CTOABIOB G;, KOTOPbIE ACCOIMUPOBAHBI C DA3UCHBIMY IEPEMEHHBIMU

B (2.2). U3 3T0r0 BBITEKATIO OBI, 9TO 3TA 341898 BHIPOKICHA. DTO MPOTHU-
BODEYHT TUTIOTE3€ JAHHON TEOPEMBI, UTO H JOKA3LIBACT YKEJACMBIH PE3yJIbTAT.

Teopema 2.3.2 Ecau ozpanuenus umerom Jonycimumoe (HEeompuyameis-
Hoe) pewenue, Mo onu umerom u basucroe (donycmumoe) pewerue.

HoxkazarenscrBo. (Henocpencrsennbiv nocrpoennem BIIP). Ilycrs B 10-
IyCTHMOM pemeHun (N — T) NePEeMEHHBIX PABHBI HYJIIO, & OCTAJIbHBIE T II0-
JIOXKUTENbHBL. Be3 moTepu 0OMHOCTH (C yI€TOM BO3MOKHON MEpEHyMeparuu
[ePEMEeHHBIX, cM. Marpuily P B onpenenenun 2.3.1), 310 3amuiiemM Tak:

z; =0, j=r+1Lr+2,...,n

r
ijajzb, $j>0,j=1,2,...,7“.
j=1

Cayuaii (1): {a;, j =1,2,...,r} — gmuneiino mesapucumbl. Torga r < m,
rie m = rankA, u manHoe momyctumoe perienne siisiercss BIIP, B koTopom
(m — r) mepeMeHHBIX OKA3aJUCh PABHBLI Hya0. [l 3T0ro ciydas Teopema
JTOKA3aHA.

Caywqait (2): {a;, j = 1,2,...,7} — nuHeiiHO 3aBUCUMBL JTO O3HAYAET,

9TO paBE€HCTBO
T
E ozjaj =0
Jj=1

BhIIOTHsIeTCs He pu Beex «; = 0. Ilycts o > 0 mmst mekoroporo k = 1,7.
(ITpu HEOOXOAMMOCTH TOCIIETHEEe PABEHCTBO MOXKeT ObITh YMHOXKeHO Ha —1).
Torna

s

ar=- Y ()a,.

.= €75
J=1j#k

Nmeem orpannyenue

r1a1 + ...+ xR0 + ...+ zra,. = b. (23)
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IToacTraBumM croma mOCIEIHEE BHIPAXKEHHUE JJIA ('

Qf_—1 Qf41
ap—1 —
Qp

x1a1 + ... Fap(... —

k41 —.-.)+ ...+ x.a. =0.

[TpusBenem momoOHBIE W IOy IUM

k=1
Bcerna MoxkHO BeIOpaTh k Tak, 4To
Tk . X
= =min(~;a; > 0).
Qe J Qa;

B cuny storo 3nadenust

Ty . .
Xj=z;—a;(—), j#k j=1r (2.4)
Qg
OKA3BIBAIOTCS TIOOKUTENHHBIMU U
X;=0, j=kr+1Lr+2,...,n (2.5)
B wmrore pemenne X = (X1, Xo,..., X,,) 10onycTAMO, TAK KAK OTPAHUYEHUE

i=1

BoinoaHeHo u X; > 0, ¢ = 1, n, npuueM B 3T0M perieruu (r — 1) nepeMeHHbIX
CTPOTO MOJOKHUTENBHBL U (N — 7 + 1) NepeMeHHbIX PABHBI HYJIIO.

Takum 06pa30M, KOJIUIECTBO CTPOTO TMOJOKUTETbHBIX MEPEMEHHBIX B J10-
MyCTUMOM PEITIEHN] OKA3aJI0Ch YMEHBITIEHO Ha euHUILY. [1pomomkast, Toao0Ho
TOMY, TIPOIECC MCKJIIOUEHUS JIMHEHHO 3aBUCHMOTO BEKTOPA OTDAHUYEHUN a
W3 YUCJIa TeX BEKTOPOB A, j = 1,7, KOTOpbIE BXOAAT B Orpanudenne Az = b ¢
MOJIOKUTETBHBIMY KOIhDHUIMEHTAMHU, TPUAEM K Caydaio 1, B KOTOpoMm 7 < m,
TO ecTb nmocrporm BJIP.

2.4 ToxgecrBennocth B/IP 1 BepIimua MHO>KeCTBa
JOOIMYCTUMBIX PEeITeHmi

Teopema 2.4.1 Basuchvie donycmumvle Pewenus cymb GePUUHbL (GbINYK-
a020) muoorcecmea X donyemumonr pewerud x, Ax = b, x > 0.

3ameuanue 2.4.1 WUnas dopmyaupoera amoti meopemot: Jas mozo wmobo
donycmumoe pewenuve 20 zadavu JII 60110 6a3UCHBIM JONYCTIUMBLM PEULEHU-
em, neobrodumo u docmamowno, wmobo, x° 6uLA0 GEPULUHOTE BUNYKAO20 MHO-
oicecmea X donycmumns pewenud r, Ax =0b, x > 0.
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HokaszaTeabcrBo. O003HAUNM [0 OMPEIETECHIIO

¥ = (z1,...,2,0,...,0)"

KaKoe-HUOYIb> 6a3uCHOe JTOMYCTHMOE pelTenre. DTo 03HagaeT, 9To 1 — eIiH-

CTBeHHOE pemenne ypasHenuss Axz = b pu ycmosum > 0, mMeromee Hyau B
nocaesHux (n — m) KOOPAMHATAX.

(1) YcnoBue meobxomumo. (dano: z° — GasucHOe IOIMyCTHMOE pelie-
mne. Jokazarn: 2 — Beprnmna). IIpeamonosKuM MPOTUBHOE, a WMEHHO, HTO
2% — me Bepmmmna. Torma B X HaifIyTCs MBe IPyTHe Pa3IMIHBIEC TOIKH U U U
takue, 910 2° = fu + (1 — 0)v ana mekoroporo 6, 0 < 6 < 1. Umeem: Au = b,
Av = b, u,v > 0, uto o3naqaer u,v € X. Cregoarenbro, mocnemane (n —m)
KOODJIMHAT BEKTOPOB U U U YIOBIETBOPAIOT YCJAOBUAM DABEHCTBA HYJIO:

0= Gumﬂ + (]. — Q)Um+1;
0= Q’U/m+2 + (]. — 9)U7n+2;

B sTux paBencrax o6a koaddunuenta 6 u (1 — 6) nosokUTEIBHBI, TAK
KaK 10 Ipeanoozkennio x° — BHYTPEHHSS TOUKA, OTPE3KA MEXKIY TOUKAMH 1U
u v. Kpome Toro, wpm+1,...,Un > 04 Upyt1,...,0, > 0.

C y4eroM 3TOro, yKa3aHHBIE PABEHCTBA HYJIK BO3MOKHBI TOJIBKO IIPU
uj =0nv; =0, J=m+1,...,n. Ho Torna v u v noguagaior 1noj, onpeze-
nenune B/IP, a oHO, IO OmIpeiesIeHnto, eCTh €IMHCTBEHHOE PETeHre yPaBHEeHU T
Az =b, x >0, ¢ mysesbiMu nocaeaaumu (n —m) Koopauuaramu. QUeBuIHOE
IIPOTHBOPEYNE IOKA3BIBAET, YTO T = 1 = U €CThb BEpIIHHA.

(2) Yeaosue gocratouno. (Hano: 1° — Kakag-HuOYIH BepIIHHA JOTY-
crumoit obmactu X . okaszars: 2° ects BJIP). O603HAYMM 9epes 1 9mcyio Ko-
opauHAT BeKTOpa ¥, KOTOPBIE CTPOTO MOJIOKUTENbHEL. JokaskeM, uTo 7 < m
U UTO COOTBETCTBYIONINE 3TUM T KOOPIMHATAM BeKTOPHI OTDAHWYeHN a; JIv-
He{HO HEe3aBUCHMBL, TO ecTh, 110 2 ects BJP. s sT0ro OyaeMm neificTBOBATH
Tak ke, Kak B gokazarenbcrse Teopemsr 2.3.2. Kak u tam, nmeem 31ech ciIy-
gaii (1) u cayqait (2). B cayuae (1) nokasarensctso roroso. Ciydaii ke

(2) osnagaer, 4o He upu Beex o; = 0, j = 1,7 BBIIOIHAECTCA PABEHCTBO
T
E Q;a; = 0. (27)
=1

Bseznewm wucio p Takoe, 9To gjist 3TUX 0 7# 0

0 < p < min .
i ey

Torma BeKTOPBI

x1=x0+pa, x2=mo—p0z
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OKazKyTCsl HeoTpumarenabus:: ' > 0 m x? > 0, rme BBeneHO OGO3HAMEHHE
JIST BEKTOPA (v, OTPENEeNsieMOro paBeHCTBOM « = (aq,qa,...,a;,0,...,0).
DTO JAeT BO3MOKHOCTD MEPEMUCATH UCXOIHOE PABEHCTBO MEPEIUIIeM B BUJIE
Aa = 0. Ha 3TOM OCHOBaHUU HMEEM:

Azt = A2 + pa) = A2 + pAa = Az® = b;

Az? = A(2° — pa) = Az® — pAa = A2 =b.

Bepsa nomycymMy MOCHEIHUX TBYX PABEHCTB M yUUTHIBAs, 9TO
1
20 = 5(1‘1 +a?) =02 +(1-0)2% 6= 2

1

y6esxgaeMesi, 4TO IIOCTPOEHBI ABe pasanunble Toukn xb, 2 € X, oraumunbie ot

2 u rakume, uro z° ecrTb BHyTpeHH#AA TOYKa (CepeuHA) OTPE3Ka, UX COe/IH-

HSIOIIET0, TO ecTh £’ — He BEPIIMHA. JTO NPOTUBOPEUUT JAHHOMY YCJIOBHIO,
HOITOMY BCE (vj B HCXOLHOM PABEHCTBE PABHBI HYJIIO, TO €CTh BEKTOPHL Gj,
j = 1,r numefino HezaBucumbl. Ho, kak m3sectHo, ecam a; € IR™, To wmc-
JIO T TAKUX BEKTOPOB HE MOMKET IIPEBBIIATH M, T < m. Mbl BO3BpaTHIACH K

cayuaio (1), miis KOToporo JoCTarovHOCTb YCJIOBUS TEOPEMbl JOKA3aHA.

3ameuanme 2.4.2 Teopemy 2.4.1 ynobuo cchopMynupoBars u HA060POT: Jaa
moz0 wmobu, mouka r° Oviaa eepuiunoli 6vnNYKAI020 MHodcecmea X dony-
cmumntx pewenuti sadavwu JIIT, neobrodumo u docmamouno, wmobvt GEKMOPHL
o2paruverull a;, umenwue 68 Kavecmse K0IPPHUUUENMO8 NoAOHCUMENbHIE
Koopdunamuv, amoti mouku 6 oepanudenuar Ar = b, x > 0, Obtau Aunelino
HE3ABUCUMDL.

B s70it (3kBUBANIGHTHOIT) (DOPMYIUPOBKE, OYEBUIHO, HEOOXOIUMOCTD U JI0-
CTATOYHOCTH IIPOCTO MEHAIOTCS MECTaMU.

2.5 CosBnanenune pemenus 3amauu JII1 ¢ BepmmuOit
JOILyCTUMOTO MHO>KECTBA

Crenyroriee yTBep:KI€HUE SIBJISETCS TJIABHBIM [IJIsT TAJBHEHUIIErO Mepexoa
K IPAKTUYECKOMY BBIUMCIUTEILHOMY METOLY (CHMILIEKC-METOLY ), O3BOJISIO-
[eMy CPaBHUTEIBHO OBICTPO OTHICKMBATHL permenue 3amgadu JIII.

TeopeMma 2.5.1 Ecau yesesasn Gynxyus 2z = cL & umeem KoHewnbvitl Munu-

MYM, MO NO Kpatinet Mepe 00HO ONMUMAALHOE DEWEHUE ABATEMCA DASUCHBLM
donycmumvim pewenuem (Mo ecme 6ePwUHOT JONYCMUMO20 MHOZOZDAHHUKG,
obosnauennozo X ).

HoxkazareabcTBo. Ilycth Bce B/IP onpenensiorcs BeKTOpaMu 1, P2, - - -, Pk
U TyCTb 1esieBasd (PYHKINSA NPUHAMAET B ITUX TOYKAX 3HAYCHUS, COOTBET-
CTBEHHO, 21, 22, . - . , 2k TaK KaK 2z = ¢! p;, TO
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T .
Zi=cp, t=1,2 ... k.

VYaxke uzsectro (u3 reopembr 2.4.1), 4T0 p1, P2, . . ., Dk — ITO BCE BEPIIMHBL MHO-
skecTBa, X JIONYCTHMBIX DeIlleHuil, U 9TO 9TO MHOXKECTBO BBIIYKJIO (U3 Teope-
Mbl 2.2.1), u 4ro J106asi BblIyKJIas 000JI0YKA JAHHBIX TOYEK OIIPEeJIseTCsi
KaK MHOYKECTBO TOYEK T BUIA

k
x=01p1 + 0apa+...0kpr, 6; >0, Zei =1
i—1

B mro6oii Takoit Touke T, * € X, umeem
z=cle=01c"pr +0sc T po+ ... OncT pr = 0121 + 0220 + ... Op 2.

CrnenoBaTebHO, OTHICKAHKE pellleHud £ € X, ONTUMAJIBLHOIO B CMBICTIE MUHH-
MyMa mesesoii gymrkmun (min 2 = min ¢’ z) cpoauTca K 3a7ade HAXOKICHAA
rakmx 4mcen ; > 0, KOTopble B CyMMe JaioT 1 M IPH 3TOM JOCTABILAIOT MU-
HUMYM BE€IMYHNHE

z2=012z1 + 0220 + ...0k2,

rie z; = ¢! p; — BemecTBeHHBIe uucaa. Cpeal KOHEYHOrO HabOpa umCes Z;
BCEr[a HAWMETCs OTHO WJIM HECKOJIBKO, MMEIOIIUX HAMMEHBIee 3HAIEHNUE Znip -
Be3 orpanndenus obImIHOCTH MOXKHO CIMTATh, YTO 3TO IIEPBBIE | 9HCeN, T. €.
2j = Zmin, J = 1,2...,1. Torna Bemuauna z = 0121 +. . . 03,2, 6yner, oueBuaHO,
HAVMEHbIIeN, PABHON Zyin, €CJAU HEOTPUIIATEIBHBIE BECOBhIE KOI(DMUITHEHTHI
BeiOparh Tak: 01 +...0, =1ub; =0npui=10+1,... k. Takum obpazom, 10-
KA3aHO, YTO MUHUMYM (DYHKIUE 2z = ¢! 2 JIOCTUraeTcs B HEKOTOPOH BEpIIHHEe
Pj WM K€ B BBIIYKJIOH 000JIOYKE KOHEYHOI'O 4UC/Ia, BEPIIUH D1, P2, . - ., P, TO

€CTb B TOYKE
! !
x=> Oipi, » 0;i=1,0<0
i=1 i=1

JIONyCTUMOTO MHOTOTPAHHUKA X .

BoiBog 110 pasgeny 1: ITpu noucke perenus 3anaau JIIT (B cranmapr-
HO# popME) IOCTATOYHO OrPAHUYUTHC HAXOK IEHUEM BA3UCHBIX JIOMYCTUMbIX
pelieHuii u TOJIbKO uX (TO €CTh BEPIUIMH AOIMYCTHMOrO MHOTOIDAHHUKA Dellie-
Huil). CUMILIEKC-METO/l, U3JaraeMblil HHUXKE, [PeACTaBadeT cOBOl KOHEUHYIO
LieJICHAIIPABJIEHHYIO IIDOLE/IyPy IIOMCKA TAKOI'0 PELleHud.






3

CuMILIeKc-MeTo/I

CroBo simplex B 0OBIYHOM CMBIC/TE O3HATAET MPOCTOM, HECOCTAB-
HOIi, B MPOTUBOIIOJIOKHOCTH €J0BY complex. Kak maremarute-
CKO€ TOHATHE, CUMILIEKC — €CTh BBIMyKJad 0D0JI0YKa M TOYeK
N-MEPHOI'0 METPUYECKOrO IIPOCTPAHCTBA; (-MEpPHBIH CHMILIEKC
€CTh TOYKa, 1-MepHBINl CHUMIIJIEKC — OTPE30K, 2-MepHBIN — Tpe-
YTOJIBbHUK, 3-MepHBIIT — TeTpadap, U T. A. IlockoabKy yike ycra-
HOBJIEHO (cM. TiaBy 2), uro B 3amade JIII pemerne uimercs B Bep-
IIIUHAX MHOXKECTBA, JAOMYCTUMBIX PereHunit X, siBASOMErocs, KaKk
BU/IHO, CHMILJIEKCOM, CaMa MPOIEAyPa MOUCKA TOJIyYnIa HA3Ba-
HUE «CcuMILieKCc-Meroy. O pa3paboran aMEpUKAHCKUM MaTeMa-
tukoM [\ Jlanmurom B 1947 romy. 9T0O OCTPOyMHOE M300peTeHme
TIO3BOJIIET HAXOIUTH ONTUMAJIBHOE peIlleHre HOCPEICTBOM KOJIH-
YECTBEHHON OIEHKYW TOJIBKO HE3HAYMTETbHON MTOJM BCEX BEPINUH
[IpY EPEMEIEHNH BAOb pebep Ha rPAHUIE THITEPMHOIOIPAHHUKA
(Z1oLyCTHMOrO MHOXKECTBA), OTHICKMBAs TAKUM 00DA30M OLHY Iie-
nesyio Bepinuay. CrieoBaTeIbHO, CUMILIIEKC-METO n30eraeT moce-
MIEHUS KAYKJ0H BEPIIMHBI U IIPOJABUIAETCs OT OJHOM (CTapTOBOil)
BEpIINHBI K ONTUMAJIBHON BepIINHE Yepe3 MHOMKECTBO IIPOMEIKY-
TOYHBIX BEpIIMH. B KaxK/0li BepiuuHe Bce cocepnue (CMEKHbIE)
BEPIIUHBI OIEHUBAIOTCH TAaK, YTOOBI ONPEETNTh, KAKUE U3 HUX
CTIOCOOHBI YMEHBITTUTD T1eJIeBYI0 (hyHKINIO, a Kakne HeT. Hekoro-
pasi HOBasl BepUIMHA BbIOMPAETCS CPey CHOCOOHBIX BEPHINH TakK,
4TODOBI yMEHbIIIeHHUE 11e1eBoi (DYHKIINN ObLIO HAMOOJIBIITNM U3 BO3-
MOXKHBIX, U U3 ITOH HOBOH BEPIIMUHBI OIEHKA COCETHUX BEPINUH
MTOBTOPSAETCsI, TOKA MbI HE JIOCTUTHEM I1€J1€BOl BepIuHbl. Jlannbii
METO/I LIOJLY 4UJI HECKOJIBKO pa3Jm4nbix dhopm (anropurmos). s
yI0OCTBA UX M3JIOZKEHHST PACCMOTPUM TIPEIBAPUTEIHLHO MTPEJICTAB-
JieHne cTaHaapTHOM 3amaqn JII1 B uHOl, sKBUBaIEHTHOM, hopMe.




26 3 CuMIniekc-MeTos

3.1 IIpuBenenne 3amaum JII1 k KaHoHU4Yeckoit popme
g 6a3uca

ITo ompenenenuto B/IP, nias ero Haxo:XKAeHWS HYXKHO CHadajga HalTwm m
JIMHEHHO-He3aBUCUMBIX CTOIOLOB a; Marpuupl orpanudenuit A. Ilycrs oxm
y2Ke HallJieHbl U (C y4eToM BO3MOXKHOMN [IepeHyMepAalluy IIePEeMEHHbBIX ) SBJIsIOT-
€ COMHOXKMTEJISIMU IIPY [EPBBIX 1M IIEPEMEHHBIX, L1, L2, - - - , L. DTH CTOJIOLIBI
00pa3yIoT HEBBIPOXKIEHHYIO MATPUILY

B =ay,as,...,am].

Cnenosarensro, A = [B | R], rne R = [am+1, - - -, Gp] — MaTpHIA 13 CTONO-
IOB, SBJIAIONTUXCA JUHEHHBIMUI KOMOUHAIIMAME CTOJIOIOB MaTpulnl B. Brenem
elle COOTBETCTBYIONHE 0003Ha"eHns: BeKTop 10 = (11, 29,...,2,)7, cocTas-
JIeHHBIH 13 6a3UCHBIX TIEPeMEHHbIX, H BeKTOP 1 = (Tyi1, Tma2, .-+, Tn) L, cO-
CTaBTeHHbI 13 HebasucHbIX (cBOGOMHBIX) Tlepementbix. Torma = (28, zf).
Anagormuno cg = (c1,...,¢m)T, cr = (Cmg1,---,cn)T wec=(cp,cr).

Nmeem crangaprayro 3agagy JIII: MuanMmusupoBaTs 1eeBy0 GyHK-
ITATO

Z:CT$

upu orpannyennax Ar = b, r > 0. Tenepp ¢ MOMONIBIO BBEIEHHBIX 0603HAYE-
HEil 3Ty 3387y TepeITueM B ApyToil popMe, yauTsBad, uTo B! cymecrny-
er.

Cuadasia nepenuiiieMm orpanudenns Ax = b:

BxzB + Rzt =b, 2B+ B 'Rz =¥, ¥ =B 'h.

Marpuy B~!R, nMeromyro pasmepst m X (n —m), obosaaany A’ u 3amumrem
KaK COBOKYIHOCTH CTOJIOIOB:

1 _ —1 N i . AR
A =B " R= 10,110, 0:...:0,];

/ —1 -
a;=B a;, j=m+1,...,n
Jlasiee, mepenuieM 1eeByio ByHKINO 2 = ¢!
z=chaP + Lot =L — Azt + Lot =

= Lo + (¢E - cEAN2 = 29 + T2t

T _ T

rje HoBble KO3 uiuenTs 0003Ha4ens! ¢, ¢ ek —¢L A, To ectw paBEBI

! T ./ s

¢; =¢j —cpaj, J =m+1,...,n,

U 3HAYEHVE TeJIeBOi (DYHKIINN 2 TIPU =¥ = 0 obosmauemHo 2o, T. €. 29 = cgb’.
CrepnoBarenbHO, cTangapTHas 3aga4a JIII:

min(z = c¢’'z), Ax=b, >0



3.2 CuMIuTeKCc-MeTo/I IpH M3BECTHOM 0A3MCHOM JIOIYCTUMOM PEIIeHUN 27

HMeeT CJIeLYIONIYI0 SKBUBAJIEHTHYIO (POPMYIUPOBKY, TAK HA3BIBAEMYIO KAaHO-
HUYecKyro dhopmy 3amaum aag 6asuca 8 = (v1,...,2,,):
MUHUMU3UPOBATDH EJIEBYIO (DYHKITHIO

z—zo=cTa"

[IPH OPAHUIECHHIX
B+ Azt =b, 2B >0, >0,

rie

20 = c5b; ¥ = B~ A':{a;}, j=m+1,...,n

Jo_ T !/ -1 . _
¢; =c¢j—cgaj, a;j =B a;, j=m+1,...,n.

IIpu 3TOM B OGO3HAYEHUSTX YUTEHO, ITO
B ={a;}, j=1,m, rankB=m; A= {a;}, j=1,n

Ocobennoctu ganHoil Gopmbl 3akiovaorcd B caeaytomem: (1) 6asucubie
epeMenHble 2 BXOAAT B OrpaHUYeHns ¢ eUHAYHON MATPULEH, HO IIPH TOM
B 1eseByio GyHkuuio He Bxo#aT; (2) ueneBas dbyukiys (2 — zp) BbIpAYKEHA
TONBKO Yepe3 cBoboIubIe, HebasucHble nepeMennse 1 . MMenno takoe mpen-
crapienue 3aga49n JIII yamobHO 1718 MOCTPOEHNS TOR BBIYMCINTENILHOMN MpoIie-
JIyPbI, KOTOPAs YCIELIHO PEIIaeT 334a9y ¥ U3BECTHA KAK CUMILIEKC-METO/.

3.2 Cumiiekc-MeTo/, IIpu U3BECTHOM 0a3uMCHOM
JAOIYCTAMOM pPeIIeHnn

IIpusenenne 3amaum JIII ¥ xKamormueckoit ¢popme s Hazuca O3HAUALT,
9TO HANIEHO KaKoe-HUOyIb OA3UCHOE PENeHne U OHO MUMeeT BUII:

Heba3ucHbIe epeMenubie ! = 0;

GasucHbIe HepeMeHHble 1D = b';

nenepasd PyHKIUA z =z =chl.

Ecom nmpm stom okazxkercsa, aro b > 0, To 370 6a3WcHOE pEIIeHWEe ecThb
HazucHOe momycruMoe perienue (OfHa U3 BEPIIUH JOMyCTUMOrO MHOIOIDaH-
HHKA), B IPOTUBHOM CJIy4ae OHO He sBJIAETCS JOIYCTUMbBIM DEIIEHUEM.

B mamnOoM myHKTE mpejnosiaraeM, 9To B HAYAJE WU HA OYEPETHOM IIare
pemrenus okasanoch b’ > 0. CupammBaercs, HeJIb3d M CIE1aTh elle War u
eIle YMEeHBIUTh 3HAYEHUE MeIeBOH (DYyHKIMY 2, MEePeXOos K KaKoH-1ubo napy-
roit BepIiuHe JOMYCTHMOTO MHOTOrpaHHuKa? OTBET HA 3TOT BOMPOC IOy 9aeM,
0OpaTHUBININCH K BUIY 2 :

z—z9 =Tzl
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Teopema 3.2.1 (i) Ecau 6ce saemenmos sexmopa ¢ cmpozo noioHcumens-
not, ¢ > 0, moz2da He603MONCHO YMeNbWUMD 2, nepemewiaicy om xf =0
u ocmasaacy 6 donycmumoli obaacmu, x> 0. Munumym @Gynsyuu
z = 2o natiden, u coomeemcmeyouee 6a3ucHoe JONYCTMUMOE PEULEHUE
ABAAEMCA eQUHCMBEHHBIM pewenuem dannol JIIT-3adayvu, m. e. amo u
ecmb onmumasvhoe bazucnoe donycmumoe pewenue (OBZIP).

(i1) Ecau cpedu anemenmos sexmopa ¢ cywecmeyem, no xpatinet mepe, 0dun
INEMEHTN, CRKANCEM Cly, KOTNOPHLT MENBUWE HYAA, MO204 eCTNb TOABKO J6€
BO3MONCHOCTIU,:

(a) Ecau ai, <0 das ecex i = 1,...,m, mozada cywecmeytom donycmu-
Mble PEUeHUS maKue, 4mo Gynkuua 2z moocem bums cIeAGHA CKOADL
y200Hno manot, u dannas JII-3adava ne umeem KOHEUHOZ0 PEULEHUS.

(b) Feau al, > 0 zoma 6v, das odnoezo i, mozda mooicem Gvims Hatideno
HEKOMOPOe HOB0€E BA3UCHOE PEWEHUE MAKoe, NPU KOMOPOM 3HAUEHUE
PYRKYUL Z CMPO2O YMEHDULAETNCA.

(ili) Feau ece saemenmo, sexmopa ¢ neompuyamenvhun, ¢ > 0, 6 mo epe-
MA KK N0 Kpatinet mepe 00un U3 HUL, CKAMCeM Cy, Pasen nya, mozoa z
docmuzaem c60e20 MUHUMYME NO MeHbULET MePe 8 06YT PA3AUNHBLL TNOY-
kaz T. Bcau 066 makus onmumaiswes pewenud o6osnavens xax tH) u
| mo

r=0xM+(1-0)22, o0<6<1

€CNb TOICE ONMUMANHOE DEUEHUE.

(iv) Eeau npouedypa (ii) (b) nosmopaemcsa, mozda nocae KOHEWHO20 “UCAG
wazoe aubo docmuzaemcea caywed (i) (a), 6 Komopom Pynruyua z mooicem
Ovimv cleaana ckoab Yy2o0Ho manoti, Aubo docmuzaemces odun u3 Opyeur
cayuaes, (1) uau (iii), 6 xomopom okazweaemces natidenmvm HekomMoOpoe
pewenue dannot JIII-3adawu.

,H‘OKaSaTeIH)CTBO 3TOM TEOPEMBI CTAHOBUTCA OYEBUIHLIM IIOCJIE€ CJCAYIOIIETrO
aHaJIn3a.

Ecmu Bce koadpdunuentsr ¢ HeoTpunareabHnl, ¢ > 0, TO B JOILyCTHMOM
obmactu mpu xf > 0 menbsa ymenbimTh z, apurasck ot i = 0. Munumym
2z = zo HaligeH.

Ecnu ke cpenu xo3dpduiuentos ¢ ecrb Xord Gbl OJUH CTPOrO OTPULA-
TENBHBIN, TO Z MOYKHO YMEHBINATh U Jajee, ecyii yBenunauBaTb orT 0 Te CBO-
GOJHBIE IIepeMeHHEle B cOocTaBe 2!, KOTOpBIe BXOIAT B IEJEBYIO (DYHKIIHIO
(z — 20) = ¢Txt" ¢ orpunarensubIVME KO3bbUIHIEnTaME ¢/, HO CIes 3a TeM,
9TOOBI IIPH 3TOM OCTATHCA B JOIIYCTUMOM 0BJIaCTH

B At =0, 2P >0, 28 >0 (3.1)

)

Bespazmuuio, CKOMbKO TaKWX MEPEMEHHBIX M KaKKMe W3 HUX BLIOpaTh OI-
HOBPEMEHHO /I yBEJINYEeHNs, HO CUMIIJIEKC-METO/, IIpe/jiaraeT yBeJIndnBaTh
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TosbKO OxHy. 1lemecoobpasno BeIGpaTh Ty HepeMeHHyIo u3 !, KoTopas BXo-

T B (2—29) = T2t ¢ manGombIIIM IO MOTY/TIO OTPUIATEIHHBIM KO3 DUII-
EHTOM. DTO OTBEYACT CKOPEHIIEMy CITyCKY TIO 2 CPEJ BO3MOMKHBIX BADUAHTOR
MOKOOPAWHATHOTO CITYCKa.

Jomycrum, BBIOOP CIOeIaH U Ts €CTh MMEHHO Ta CBOOOIHAsI IepeMeHHad,
KOTOpYIO OyleM yBeJMuuBaTh OT HyJls, OCTaBJsd BCe Apyrue HeOas3uCHbIe I1e-
peMennbie B 2 Hem3aMeHHBLIMM W PAaBHBIME HyT0. TOrfa OTpaHUUEHUs, 33

KOTOPBIMU HAJIO CJIEAUTH, MPUOOPETAOT TPOCTON BU

B tal e, =0, x2>0,2,>0,i=T1m. (3.2)

W3 310ro Mbl BUIMM, 9TO TO U3MEHEHHE B BEJIMYUHE Ts, KOTOPOE MBI BHO-
CHM JI/Isl YMEHBITICHHS 2, BHIHYK/1aeT HAC yMEHbIIATL BeTHIHHy T2, 1714 Toro
4TOObI COXPAHUTD B cusie pasenctsa B (3.2). Ecrecrsenno, 2 ymenbmaercs,
ecu TonbKo al, > 0. Ecin al; < 0, 3T0 m3Menenue Gyer yBeqmaupaTh rl,
u rP ocraercs memsmennbv, ecrm al, = 0. B mocie Hux ABYX CIy€asx orpa-
andenne r2 > 0 He MoxkeT GuITH HapymeHo. Cle0BATEIHHO, eIHHCTBEHHBIH
CJIy9ail, KOTOPBIA MOZKET BBI3BATH GECIIOKONCTBO, ecThb aj, > 0, Tak kax B (3.2)
MbI 06SI3aHbI COXPAHUTD HepaseHcTso 2 > 0.

Temeph Hy’KHO OTBETHTEH HA BOTPOC: JI0 KAKOTO MPEJENTa MOKHO yBEJTUIH-
BaTh T 7 C TOUKH 3pEHUS OTAETBLHOTO B3ATOTO i-TO OTPAHUICHUS: YBETMICHNE
T BIEYET yMeHbITeHHe T2, 1 TOCKOMbKY yMEHBIIATh T2 MOWXKHO TOMLKO 710
HY/JTeBOro 3Hadenus, v2 = 0, yBeMYUBATD T's MOMKHO TOMBKO [0 3HAYEHHS
xs = b}/al,. OmHraxo, ¢ TOUKE 3pEHUs BCEX 1M OTPAHWYEHNH, B3ATHIX OTHOBDE-

MEHHO, YBE€/IIMYIECHUC Ty JOIIYCTHUMO JIMIIOb JO HaMMEHbINCI'O 3HAYCHUA

/

— : bi
Trs = min (,) .

i=1,m \ Qs

HomycTum, 970 9T0 HAMMEHbIIIEE 3HAYEHHEe ODHAPYKEHO B k- CTpOKe orpa-

uuvenunii (3.2), ro ecrs
/ /
. b; \ b
s = 1Min - = -
i=1,m \ Qs Ofs

Torma nmMmeeMm CaedyIONUil pe3yabTaT: BHIOPAHHAA W3 UHCIa HEOA3UCHBIX IIe-

PEMEHHAA Ty YBEJIMYEHA C HYJIEBOTO 3HAYEHWA JIO 3HadeHud b} /aj. W OMHO-
BPEMEHHO k-5 TIepeMeHHAs Tf M3 9uciaa Oa3UCHBIX yMEHBIIEHA /10 HYJIEBOrO
suadenus. To ecTh T, BBeJeHa B 6a3nc, a ) BbIBeJeHa 13 H6a3nca, — COBEPINeH
nepexon u3 oxaoro B/IP k npyromy B/IP, mpu KOTOpOM yMEHBITIEHO 3HAUEHUE
1eseBoit byHKIN.

DT0 ¥ ecTh OYEpPeTHO mar cuMmILieke-merofa. Ilockonbky umciao BIIP
(BepuIMH JIONYCTUMOrO MHOIOIDAHHKMKA) KOHe4HO (He npesbimaer C)'), Mu-
HUMYM 1eJ1eBOi DyHKIuKU Oy1erT HANRIEH 33 KOHEYHOE YUCJIO 1IAroB.
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3.3 AaropurMm cuMmnjekc-Meroqa npu u3sectaoMm BJIP

N3 . 3.1 BugnO, uTO craHgapTHas 3aga4da JIII uvmeer MHOKeCTBO Tpe/-
CTaBJIEHHI, HA3BIBAEMBIX KAHOHUYIECKOH (popMoit m1a 6asnca, — I719 KarKI0TO
b6aznca cBos kanonndeckas (opma. C apyro#i cropoHsl, B i. 3.2 OKA3aHO, 9TO
O4€epEeIHOM LIAr CUMILJIEKC-METO/1a, HA KOTOPOM IIPOUCXO/UT [1€PEXO K MEHb-
[eMy 3HAYEHUIO MeNIeBOi (DyHKIMHU, O03HAYAET BBeleHne B 0a3WC HEKOTOPOL
MEPEMEHHON Ty B3AaMEH NPYroi TEepeMeHHOH Xj, KOTOopasi u3 0a3uca BBIBO-
aurcd. TakuM 06pa3oM, YTOOBI BBIMOIHATD IIAT CHMILIEKC-METOAa, (POpMab-
HO HYKHO mepernucars 3ana4dy JIII B kanonwdeckoii dopme 151 ciemyrorie-
ro, ouepeHoro 6azuca. Ouuiem U neficreust, obpasyonue CTaHIaPTHHIN
CUMILIEKC-AJITOPUTM.

Jlana crapToBasi wim TeKyInas KaHoHu4deckas dbopma 3amaan JIII s 6a-
suca (cum. m. 3.1) B Bune cucremer mpu b’ > 0:

I A/ $B o b/ B F
|:O C/T:| |:$F:||:Z_Z():|7 x ZO,I Zoa

[Jie TOCHeHee yPABHEHNE JAeT BBIPAXKEHHUE [Jid 1eJeBOi (DYHKIUU 4Yepes
HebasucHbre (CBODOMIHBIE) TTepeMeHHbIe.

3necy | — emummunas marpuma pasmepa (m x m); A" = {a}} npm
Jj =m+1,...,n, — MaTpuIa u3 BEeKTOPOB-CTONIONOB a’j; ¢’ — BekTop (cToNGer)
k03D PHUIIEHTOB Y HeGA3NUCHBIX IEPeMEHHBIX 2 ; 29 = cg b’ — ncxonpoe 3Ha-
"eHme meseBoit byHKImH 11 (crapTosoro mmw Tekymero) BIP: x = (2B, ),
B =V, 2 =0.

HeticTBue 1°. BBIACHSIOT, KAKYIO U3 IEPEMEHHBIX !, CKAZKeM X5, MOZKHO
YBEJMYHATH OT HYJIs, YTOObI YMEHBIIUTh 2 OT 3HakYeHus zo. CBHUIAETEIHCTBOM
st 1000 TaKOH IMePpEeMEHHON CJIy?KUT COOTBETCTBYIONMIUEM OTPUIIATETbHDBIH
K0 DUIMEHT B TIOCTETHEN CTPOKe OJIOYHON MATPHUIBI YKA3AHHON BBIIIE CH-
CTeMBI, TO ecTh B cTpoke ¢'L . Ecu mpa (nmm 6ostee) KoaddurmenTa o6maIatoT
STUM CBOHCTBOM, /1000 U3 HEUX MOXKeT ObITh BRIOpaH. OOBITHO CPEIU TaKUX
KOMDHUITNEHTOB BHIOMPAIOT OTPUIIATEIBHBIN 3JIEMEHT C HANOOIBITIM abCOIIOT-
HBbIM 3HAYEHUEM W T€M CaMbIM OIPEJIENISIOT UCKOMYIO IIEPEMEHHYIO Ty Fcin
BCE 3JIEMEHTHI B CTPOKE ¢! HEeOTPUIIATE/IbHBI, CUCTEMA HAXOAUTCA B (DUHATb-
HOI hOpMe U peIlieHne MOJIYIeHO, TAK KaK UCKOMBII T 00Jiee HE CYIIeCTByeT.
BoiOopaHnHyo IepeMeHHyI0 s HA3bIBAIOT BeayIleil mepeMeHHOM, nin BXo-
O4Ieil mepeMeHHOM, OCKOJbKY UMEHHO OHA, TOATOTOBIIEHA, I BBEICHUS
B 6azuc, u coorsercrBytommil (s-if) crosnben HA3BIBAIOT BELYIIUM CTOJIO-
oM.

HelictBue 2°. BoIsCHSIOT, KOTOpasi U3 7 CTPOK OrpaHuyenuii (nepsoie m
CTPOK 3AIIMCAHHON BBIIIE CUCTEMbBI) 00ECIIeUnBaeT

b, oy
- = min 5 |-
Qs i aj >0 Qg
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Howmep 370it crpoku 0603Ha4a0T £ 1 9Ty CITPOKY Ha3bIBAIOT BemyIineit (K-
4eBoil) cTpokoii. Eciu nse unim 6osee cTpoku 061aJa10T 3TUM CBOWCTBOM,
mofast U3 HUX MOXKeT ObITh BHIOpaHa Kak senymas. Kosddunuent aj,, 11s o,
B BeJIyINei CTPOKE HA3BIBAIOT BEAYIIUM 3JjieMeHTOM. [lepemeHuyt0, siB/IsItO-
IIy1ocs Oa3uCHON B BeAyIeil CTPOKe, HA3bIBAIOT BBIXOAAIIEH MepeMeHHOIH,
TaK KaK MMEHHO OHA MOJATOTOBJIEHA IjId MCKIoUeHusd u3 Oasuca. Beemenme B
0a3mc BXOIAIIECH TMepeMeHHoi U BhIBEJACHNE 13 H6A3Uca BBIXOIAIICH TepeMeH-
HOI BBIMOJTHSIOT Oaronaps CAeAYIOIMUM IBYM IeHCTBUSM.

HeiicrBue 3°. Hopmupyiot k-10 CTpOKY, Je/s ee Ha BEIYITUHM SJI€eMEeHT
a}.,, B PE3YILTATE B 9TOH CTPOKE BEYIIAsA IIEPEMEHHASA X5 MOy IaeT Kodbhdu-
muenT 1.

HeiicrBue 4°. IlpoBomar cepur0 BBIYUTAHUI MTPOHOPMUPOBAHHON k-if
CTPOKH, 0epsi ee ¢ MOIXOMANMMEU KO3 duimenramu, u3 BCEX APYIUX CTPOK
CUCTEMBI, C TEM 9TOOBI HCKITIOUYUTD BEAYIIYIO IEPEMEHHYIO Ty U3 BCEX yPaBHEe-
uuil cucremsl, kKpome k-ro. (Iloaxonsiue ko3 HUIMEHTBI K 9TOMY MOMEHTY
BPEMEHN YK€ HAXOAATCS B MATPWIE CHCTEMBI HA TEPECEYEHNN BCEX CTPOK,
KpoMe k-ii, ¢ BeynuM cTOJIBIoOM, UMEIOIIUM HOMED S).

B pe3yabrare 3THX YeThIpeX AEHCTBHUI S-# CTOI0EI] CTAHeT CTOIOIOM €1au-
HUYHOM MAaTpPHIbl, a k-il cTosber, CHCTEMHON MaTpPHIbL IEpeCTaHeT ObIThH Ta-
KOBbIM. DTO U 03HAYAET, YTO LIEPEMEHHAs Ty OKa3aJ/lachb BBeleHa B Oa3uc, a
MepeMeHHasi T OKa3ajach BbiBemeHa u3 Dasmca. COBepINeH mepexoi K Ka-
HOHWYecKoOU dopme 3amaan JIII mua apyroro 6asuca. Ha cremyromem mmare
AJTOPUTMA, ITH JEHCTBHs MOBTOPAIOT, MOKA AeficTBhue 1° He JacT OCTAHOBA
U3-33 OTCYTCTBUA BEAyIeil nepeMeHHOM.

OueBugno, yro agelicrBus 3° u 4° COBIAJAIOT C HPOUEAYPOH UCKIIOYEHHSA
mepeMenHoit x5 mo Mmetony laycca-ZKopaaHna u3 JaHHOH CUCTEMbI YpaBHEHMIT.
JleiictBus xe 1° u 2° mpeaBapsioT ITY NPOIEAYPY JIUIIL CIIeuMUIeCKUM BhI-
Bopom: Bemyeii nepemennoii (geiicrue 1°) u Beaymeii crpoku (aeiicrsue 2°).

IIpumep 3.3.1 Munumusuposams
—2x1 —4dxo = 2
nPU 02PAHUNEHUAT T1,2T2 > 0 u

2I1 + 3$2 S 120
3.’L‘1 + 91’2 § 270 | -

CraugaJia 3anumiem 3ty 3ama4dy JIII B cranmapTHoit dhopme, BBeIs nBe IOMOJ-
HUTEJIbHBIE TIEpEMEHHbIE T3, T4 > 0 :

2x1 + 3x2 + x3 = 120;
3x1 + 922 + x4 = 270;
—2x1 — 4x9 = z.
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B marpuanOoM BHIE:

2 3107 |™ 120
Z2

3 901 21 = {270

—2 400 |3 P
T4

OIHOBPEMEHHO 3TO CAYKUT CTAPTOBOM KAHOHNMIECKOH (hOpMOit 3a1a4u s
6asuca P = (r3,24). Cobommbie, nebasucubie nepemennbie: 1 = (13, 24).
Craprosoe 6asucroe momycTuMoe pemenne: © = (21, T2, 23,24) = (0,0,0,0).
Snadenue 1eseBoil GyHKUUU Ajs Hero; z = zg = 0.

Jns GyHKIMOHMPOBAHUS CUMILIEKC-METOIA, TO €CTh [IJIsT BBITIOJTHEHUS CO-
CTaBJIAIOIMAX €ro JeicTBuii 1°—4°, 10CTaTOYHO OMepHpPOBAThH TOJBKO C PAC-
IMAPEHHON MaTpuileil. B 3ToM mpuMepe OHA WMeeT CJAEAYIONUN CTapTOBBIN
BHI;

2 3 10]120
3901270
—2-400]| =z

Takass MaTpUIA HASBIBACTCA CUMILIEKC-TAOJIUITEH.

Bomosinum B Hell Heobxonumble aeficrug 1°—4°.

IIar 1.

1°. x4, = @9 (Beaymuuit crosiber; — BTOPOIA).

2°. min(%, %) = min(40,30) = 30 (Bemymasa cTPOKa — BTOpAas),
k=2

3°. Tlocme HOPMUPOBKHU:

2 31 0 |120
— |1/3 1 01/9] 30
240 0 | 2
7

(Beaymuii crosben u Beayllas CTPOKA NOMEYUEHDbI Jjisi HAr/IsIHOCTH
CTPEIKAMM).
4°. Tlocae BprunTaHwuii:

1 01-1/3| 30
1/3 10 1/9 | 30
—2/300 4/9 | z+120
Do craemymas KaHonmdeckas dopMa maa 6asuca r8 = (12, 23). CBobommbIe
nepemennsre: o = (11, 14). Basucroe momycTuMoe permenne onpeIesieHo Kak
x = (x1,29,23,24) = (0,30,40,0). 3nauenne meneolt (byHKIHW I HETO:
z+ 120 =0, To ectb 2 = 29 = —120.
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IIar 2.

1°. 2y = x4 (Bemymuii cronGern — mepBbIii).

2°. min(%, £5) = min(40,90) =40  (pemymas crpoxa — meppas),
k=1.

3°. Ilocme HOpMUPOBKH:

— [ 1 01-1/3] 30
1/3 10 1/9 | 30
—2/300 4/9 | z+ 120

7

4°. TlocJse BorauTAHWMIA:

10  1-1/3] 30

01-1/3 2/9| 20

00 2/3 2/9]z+140
Dro chaemyiomas KaHoHMHYecKas dopMa maa 6asuca r8 = (x1,79). Cso-
6ommbie mepemennbie: 11 = (r3,74). BazucHoe IOMyCTHMOE pelTeHre paBHO
x = (x1,22,23,24) = (30,20,0,0). 3nauenne mesnepoli byHKIAW AJA HETO:
z+ 140 =0, To ecTb 2 = 29 = —140.

Tar 3.

1°. Her cBoboaHo#l mepemeHHOH, y KOTOpOit ObLT Obl OTPUIATETBHBIN KOI(D-
durmenT, cpeny n MEPBHIX JTEMEHTOB, N = 4, B MOCJeIHel CTPOKEe MATPU-
ubl. [Ipomece pernenuns 3akoHdeH. PemmennemM maHHON 3a1a9U SBJISIOTCS:
x1 =30, zo =20 u z = —140.

3ameuanue 3.3.1 T'eomerpuyeckasi UHTEPIIPETAAS CUMNAECKC-MEMOIA.
Ecau usobpasums smy 3adawy na naockocmu (Ox1x2), mo pewenue cmap-
MOBAA0 U3 MouKU Hawass koopdunam (r1 = xo = 0). ITocae waza 1 pewe-
HUE NEPEMECTNUAOCE 68 Mouky ¢ Koopdunamamy x1 = 0,29 = 30 (edoav peb-
Pa YEMBPETY20ADHUKA 02PAHUNEHUT, MAK KGK T1 0CMAEAGAOCH HEUSMEHHHLM,
x1 = 0). Hocae waza 2 pewenue NEPEMECTIUAOC 600Ab ZPAHUMHOT NUHUL
3r1 4+ 99 = 270 6 mouxy ¢ woopdunamamu 1 = 30, xo = 20. Ecau 6w
na waze 1 6 deticmeuu 1° 6oua 6wbpar s8apuarm Ts = T1, 4o mosce do-
NYCMUMO, MO NOCAE MGK020 wa2a 1 pewerue nepemecmusoco bv. 8 MouKy
x1 = 60, xo = 0, a nocae waza 2 ono nepemecmunoct 6ot 8Joab 2paHUNHOUT
aunuy 2x1 + 3z = 120 8 my oce oxonnamenvryto mouky x1 = 30, o = 20
u z = —140. Jas omux deyx eapuanmos delicmeuts wucao wazoe 90 0KoH4a-
MeAbHO20 Pewenus 30ech 0Ka3aA0ch 0dunakosom (2 waza). B obwem cayuae
MAK020 COBNAJEHUA HE CAYHAECTNCA, U 3apanee MPYIHO, a MO U HEBOZMONCHO,
npedckazams, KaKOU u3 6apuanmos deticmeud npusodum bvicmpee K 0KOHYG-
MEALHOMY PEULEHUIO.
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3ameuanne 3.3.2 B cumnaerc-mabauye no3uyuis 6 npasom HUNCHEM Y2iY
omeedena das ueneeoli pynruuu. Cumeon z 6 Hell 6vlA 3GNUCGH SblWe OAA
NOACHEHUSA, U OH Doaee He HYJCEH, MAK KGK 30eCt 8bIMUCAEHUA — HE CUM-
soavroe. Camo dice 4ucaooe 3navenue yeaesot Gynryuy ecezda pasHo 31a-
YEHUIO IMO20 INEMEHMA NMAOAUUDL, B3ATNOMY € NPOMUBONOAONCHBIM 3HAKOM,
MaK Kakx 8 mowke 4106020 6a3ucH020 JONYCMUMO20 petenus umeem z—zg = 0,
2de cumeon z onyuien. C ywemom 9mozo0, 6 HAAAE AAZOPUMMAE IAEMENM, 8
omot nosuyuy pasen 0, a 6 xouye on pasen 140, m. e. z = —140.

3.4 Opranu3anus BbIYNCJIEHI CHUMILIEKC-METOIA
npu n3BectHom BP

Nmeem cumiutekc-rabauily B Bujie By MepHOro maccusa (Marpuust A) pas-
mepa (m+1) x (n+1). Ilepsbie m cTpoK comepxkaT KOIDMOUIMEHTH! 1 TPABLIE
YaCTW OTPAHWYEHMH, MPEJICTARICHHBIX B KAHOHUIECKOH (hopMe mis Gasnca.
C TOYHOCTBIO JI0 TIEPEHYMEPAIMU IIEPEMEHHBIX T (TO €CTh IE€PEeCTAHOBKU
CTONBIOB) 3TH OTPAHMYEHAS B YKA3aHHON (HOPME MMEIT BH yPABHEHHI

B
z ’
I A =b.
[ [ F
B srom nynkre Mbl cuumaem orpanudenue b > 0. Hocnenuss, (m + 1)-1,
CTPOKa, MATPHUIIBI COAEPKUT KOIDDUIUEHTHI 1eeBOM (DYHKITUN, UMEIOIIeH B
KAHOHUYECKOH popme J1st Oa3uca CIeayromuil BII:

T B
0 ] {xF} =z — 2.
TMocnenanii, (n + 1)-if, 3MeMeAT 3TOH CTPOKH OTBEMEH MJIsl YUCIOBOTO 3HA-
YeHUS TeeBOH (DYyHKIMY, B3ATOIO ¢ IPOTUBOMOJIOKHBIM 3HAKOM. DTO 3HAYE-
HUE JIOCTUTAETCs [es1eBOoil hyHKIMel Ha TeKyeM 0a3uCHOM PEIeHud, PABHOM
(2B =0, 2 = 0), u B mauame nporecca BHUMCTEHAH OHO paBHO 0.

Kpome aroro, ymoGHO BBecTH aBa ykazarens: (1) ykaszarens NDB(i),
i = 1, m, 6a3ucHoil MepeMenHo# B i-M orpanudenun, u (2) ykasareab NF(j),
7 =1,2,...,n —m, cBOOOIHBIX TIEPEMEHHBIX B KAHOHWIECKOI (popMme s 11e-
JeBoit (BYHKINK 2 — Zp. B 93THX yKasarenax XpaHaTCs HOMEpPa Oa3HCHBIX H,
COOTBETCTBEHHO, CBODOIHBIX TTEPEMEHHBIX.

Ha xaxmoMm 1mare ajiropuTMa BBIIOIHSIOT CAeAyoomme neiicreus 1° — 4°:

1°. TIpoGerator HOMEpA CBOGOMHBIX mepemeHHbIX B N F(j), ¢ TeM 9T06BI Tpo-
BEPUTH 3HAYEHUS JIEMEHTOB

alm+1,NF(j)), j=12,...,n—m

€CTh JIM CpeaW HHUX OTpHIATeNbHbIe. ECam «HeT», pelleHue HaiimeHo u
OIIpPEeIeTIEHO PABEHCTBAMMU 2B =V, 2" =0, Zmin = 20, TO €CThb 15 Ha3UC-
HBIX [IEpEMEHHBIX:
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(NB()) =a(i,n+1), i=1,2,...,m

7 CBOOOIHBIX MEPEMEHHBIX:

x(NF(j)=0, j=1,2,....,n—m
U s 1esieBoil (pyHKIMu:
Zmin = —a(m + 1,n + 1).

Ecnu «1as, TO BEIOHPAIOT U3 YKA3AHHBIX OTPUIATEIHHBIX 3JIEMEHTOB OJIVH,
HampuMep, HanOOJbIK MO aDCOMOTHON Besndnue. llycTh OH mMeer HO-
mep s, § = NF(l). 910 HOMED CBOGOTHON MepeMeHHOH, TEPEeBOIUMOi B
cocTap OA3MCHBIX MEPEMEHHBIX. TeM CaMBIM CTOJOEI] C HOMEPOM S OObSIB-
JIEH BEJyLIMM CTOJIOIOM MATDPHULBL U COOTBETCTBYIOIIAA LepeMeHHas & (S)
OObSIBIEHA BEIYIIEH.

[Ipoberaror HOMEpPA CTPOK, ¢ = 1,2, ..., M, 9TOOBI IO OIIPEIEIEHHOMY Mpa-
BUJLY BBIIEJIUTH KJIIOYEBYIO (BEAYILYIO) CTPOKY, ee HOMeD k. JTO IpaBuiio
3apaHee ONpeeIAoT TaK, 9T00bI Oa3uCHASA MEePEMEHHAs, UMEIOIas HO-
mep N B(i), He BBIILIA U3 JOIYyCTHMON 061aCTH B PE3yIbTATE YBEINICHUS
BenyIell mepeMeHHol, nMmerorneii HoMmep S. [y 3TOro 3ammchIBaiOT i-€
OTpaHUYEHHE:

2(NB(i)) + aj,x(s) = by,

TJe a,, — JMEMEHT NMPHBENEHHOW Bbime moamarpunpl A'; b — smement
BekTopa b’ upapoil yactu orpanuvenuii. B npuHaATHIX 0003HAYECHUAX JLJIsL
cumrerc-rabmiel (Marpuna A, ee smeMentol a4, j)) 3TO ¥*Ke OrpaHuYe-
HUe UMeeT BUJ

(NB(1)) + a(i, s)x(s) = a(i,n + 1).

Tenepb, B 3aBUCUMOCTH OT BAPHAHTA COYETAHUN 3HAKOB W KPUTHIECKUX
(HyneBbIX) 3HauWeHWH ma Benmuann af, u b, = a(i,n + 1), onmpenensator, mo
KaKOTrO MPEIENHHOTO 3HAYEHUsT max(Zs) MOXKHO yBEIWUUBATL BELYIIYIO
nepeMeHHy0 Z(s), 9T00BI B pe3dyabrare 3roro nepevennas x(NDB(i)) He
BBIILIA B 00JaCTh OTPUIATENbHBIX (HEAOMYCTUMbIX) 3Hadenuii. [ToaHbli
mepebop BapuaHTOB cBedeM B Tabu. 3.4.1, B KOTOpO#t Tperuit crosber OT-
BE€YaEeT Ha JIAHHBIA BOIPOC.

Hyx#o npofitu 31y Tabauity st KaxKa0i ctpoku, ¢ = 1,2,...,m, upu
9TOM: €CJIU TOSBUTCA XOTsI OBl OIMH <«3allPET», TO NEPEeMeHHY0 Z(s) Kak
BEIYIYIO CJIEIyeT OTKJIOHUTD U BEPHYTHCA K JAeHCTBHIO 1°, 9To6hl HAfiTH
IPYTYIO MIEPEMEHHYI0 X ($) W TPONENaTh ¢ Hell feficTeue 2°; eCliu ¥Ke HeT
HE OJIHOI'O «3aIIpeTay, TO ceyer Bbibpars Kitodepoe (Haubosee CUIIbHOE)
OrpaHUYeHre, ero HoMep k, IO MpPaBUILY:

/
: b; .
k=arg  min —~| =arg min
ital >0,b0>0 | Qg i:al >0,b0>0

{a(i,nﬂ)}

a(i, s)
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Tabauna 3.4.1. Ilpenen momycTuMOro yBeanmdeHns: BXOIANIEH IepeMeHHOU X5, KO-
raa 0a3ucHas MepeMeHHas B -M OTPAHUYeHNH nMeeT Kodddurment «+1s»

aj, = a(i,s) b; = a(i,n+1) max(zs)

>0 >0 b;/ak,

<0 >0 00

= >0 00

>0 <0 —oo  (3amper)
<0 <0 00

=0 <0 oo (*)

>0 =0 —oo  (3amper)
<0 =0 (%e)

=0 =0 00

(*) — pewenue ocraerca B HemomyCTUMOM 06s1acTu

B pesynbrare 3Toro obbasasor koybdumment af, = a(k,s) Begymmm
3JIEMEHTOM U Kk-10 CTPOKY — KJIIOYEBOM, WM BeAylledl CTPOKOH, IJjisl BbI-
[TOJTHEHU S CJIEAY IOIINUX JBYX AefCTBUi, COCTABIIAIONINX O/IMH IIMKJI NCKJITIO-
genust mo merony laycca-2Kopaana mjis cucteMm JIMHEHHBIX ajrebpande-
ckux ypapHerui. DakT TaKOTO MCKJIIOYEHUST O3HAYAET TIepeBo], 0a3uCHOM
nepeMeHHOil ¢ HOMepoM s = NF'(l) B gucno Gasucubix. Takast «poku-
POBKay JM0/2KHA ObITH 3a(UKCHPOBAHA B UTOrE PECHUCTPAIMEH B3AUMHOTO
obMeHa HOMEPOB:

NF(l) = NB(k).

3°. Hopwmupyior crpoky k 10 Bemymemy suementy a(k, s) megeHUeM HA HErO
BCEX HJIEMEHTOB CTPOKH.

4°. Beramramor cTpoky k, ymMHOKeHHYI Ha KO3hdurnment a(k, ), u3 Beex apy-
rux Crpok, ¢ = 1,2,...,m+ 1, kpome i = k.

B menom, npuBeneHuniit anroputM B aeiicTeusx 3° u 4° mpeacrasisier coboit
obbraHoe uckiouenve laycca-2Kopaana, KoTopoe mpenBapsieTcs CIenuasib-
HBIM BbIOOpOM Bemymiero saementa a(k, s). Boibop Beayinero snemenra moji-
YUHEH Hee MOCJEeI0BATEILHONO aHAMIM3a JOMYCTHUMBIX BEPIIHH, CMEXKHBIX C
TeKyIlel BEPIINHON, 9TO0bI Cpean HUX HAMTH Ty, B KOTOPOIl meneBas PpyHK-
must Oyger ymenbineHa (meiicreue 1°), HO pelleHue OCTAHETCS JOIYCTHMBIM
(neiicreue 2°).

3amevanue 3.4.1 Buodno, 4mo 6 0anHHOM aA20pUMM 6200 NEPECHUMDBLEA-
romea moavko (n —m + 1) cmoabyoe cumnaexc-mabauyvs (mampuys, A), a
UMEHHO:

(1) emoabey ¢ nomepom n + 1, 20e xpanames saemenmos npagod wacmu b’
02paHUMEHUT;
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(2) 6ce cmoabupt 0as c60600HMT NEPEMEHHBLT, KPOME 8€0YULE20, KOMOPLIT 3a-
MEHACTNCA MPUCUAALHBM CTOAOUOM (6C€ HYAU U 00HG eOUNULA 6MECTIO
sedywezo aaemenma a(k, s)), ecezo (n —m — 1) cmoabuyos;

(8) cmoabey 6asucnot nepemennot ©(NB(k)), nepesodumoti 6 wucao c60600-
HYUT TEPEMEHHDLT.

Ocmanvtbie M cMoAbU08 MONCHO HE TEPECHUTNBLEAMD.
ITpumep 3.4.1 Hadimu pewenue x1 > 0,x9 > 0 caedyroweds 3adavu JIII:

1 + a9 < 50,
-1 + 22 <105
x > 20;
x2 > 10;

—2x1 — 39 =z — min.

Tleomerpudeckoe mocTpoeHne MOKA3BIBAET, YTO JOMYCTUMAs 00JIACTb €CTh de-
TBIPEXYTOMBHAK Ha IockocTn O ¢ BepmmHaMu B Toukax: P = (20, 10);
Q = (20,15); R = (30,20); S = (40, 10). Ilepemerias JUHUIO YPOBHA Z B
Hanpasjaenuu anturpaguenta — grad(z) = (2,3), onpeznensgeM, 4To perneHue
MOCTUTAETCS B BepiuHe R O 3HAYEHUEM Zni, = —120. UmMest aToT pe3yabrar
JIJIsT TPOBEPKY, BBIMOIHUM M3JI0XKEHHBIN aaroput™M (hopMaibHO.

Cuadasa 3amuiieM 33729y B CTAaHAAPTHON dopme:

r1 + xo + 73 = 50;
—x1 + 219 + x4 = 10;
T1 — X5 = 20,
ZTo — X — 10;

—2x1 — 319 = %z — min.

Banomusiem maccusbl A(5,7), NB(4) n NF(2) ucxonHbIMU JAHHBIMU:

A NB NF
1 [ 1]1]0[o[o] 50 | m[3] m[1]
—[=1] 2 [0[1[0[o] 10 | @[4] ©@]2]
—1| 0 |0(0|{1|0|—20 (3)
0 [=1/0[0[0[T[=10] ([6]
—2/—3/0(0]0|0| O
T

BP = (0,0, 50,10, —20, —10) # BIIP.
Ormeueno, 4o ucxonHoe 6azucuoe pemenue (BP) ne apisgerca gomycruMbiM.

HTar 1

1°. 3; l.
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2°. min(50/1,10/2,00,00) = 5 k[2].
B pesynbrare meficteuii 1°, 2° Haiijennl (Bbillie U HUKE B TAOJIUIE TOME-
YEHBI CTPEJKAMHU) Beaymmii croben, s = 2, u BeIylias CTpoka, k = 2;
BEIYIUN 3JIEMEHT 2 HAXOAWTCH HA WX MEPECEIEHUN.

3°. Tlocme HOPMUPOBKHM BEOYINEH CTPOKM:

A NB NF

-1 00 010[-20[ @[5
0-10 001/-10| (][g]
—2-30 000 0

1 11 000 50 m[3] 1]
—|-1/2 101/200[ 5| @4 @2
5]

7
4°. Tlocne seramranuit u perucrpanun oomena NF(l) = NB(k) :
A NB NF
—[ 3/2[0[1]-1/2]00] 45| [3] 1]
—1/2[10] 1/2[0p0] 5| @2 @[
—1{0]0 0]1]0]—20] (3)|5]
—1/2(00| 1/2|0]1] —5 (4)
—7/2[0/0] 3/2[0[0] 15
T

BP = (0, 5,45,0,—20, —5) # BIIP.
HTar 2

1°. s ; l .

2°. min(%,oo,oo,oo):Z%O; k.
Haiinensr Beqymmuit cronberr, s = 1, n Bemymas cTpoka, k = 1, B Tabauie
BBIIIIE U HUZKE OHH HOMEYEHBI CTPEIKAMIE; BEIYIIHil 3/eMeHT 3/2 HaXomauT-
Cd HA UX [IEPECEYEHUH.

3°. Tlocyie HOPMUPOBKY BEIYINEH CTPOKH:

A NB NF
- 1[0[2/3]-1/3]0]0] 30] m[3] 1]
—1/2]1] 0] 1/2[0[0] 5| @[2] @4
—1[0] 0] 0[1[0]=20] )[F]
—1/2[0] 0] 1/2[0[1] =5| (6]
—7/2[0] 0] 3/2[0/0] 15
T

4°. Tlocne branranuii u perncrpanuu oomena NF(I) = NB(k) :
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A NB NF

110|2/3|—1/3(0]0| 30 (1) (1)
0[1]1/3] 1/3]0]0] 20| @[2] @4]
0[0{2/3|—1/3|1|0| 10 (3)
0[o[1/3] 1/3[0[1] 10| (4)[6]
0[0{7/3| 1/3]|0|0/120

IITar 3

1°. Pemenne Haiigeno: xp = 30, o = 20 u zpin = —120.

B reomerpuyeckoit maTepriperaiuu perenne ObLI0 HAMJAEHO [y TeM mepeMerne-
Hust u3 Hauasa koopauHar (0,0) B Touky (0,5) u 3aTem B Touky R = (30, 20).
[lepBhie n1Be TOYKM HE HAXOIWIUCH B AOMycTHMON obmactu. Takum obpazom,
yBeTMYEHUE BeAYIIel MepeMeHHOM OT HYJIeBOr0 3HAYEHUs TO3BOJISET HE TOJb-
KO YMEHBIIIATh 3HAYEHUE 1eJIeBoil PyHKIWH, HO U BBOJUTH PEIEHNUE B JOMY-
CTEMYTIO 00JIaCTh.

Sameuanmne 3.4.2 [lo nosody cumyayuu —oo («3anpems) 6 maba. 3.4.1 cm.
Husice npumep 4.1.4, . 4.1.

3.5 Cumnaekc-merosn 6e3 nopoxkaenusd HadaiabHOro B/IP

Pacemorpennsiii B . 3.3 u 3.4 ajropuT™M CHMILIEKC-METONIA, MPUTOJAEH
JUTS CIIydas, KOTIa Kakoe-Hubyib 0a3uCHOE JOIyCTUMOE PEIIeHre U3BECTHO C
camoro Hadaja. Tak mpoucxonut, ecau b > 0 u Bce m OrpaHUYIEHUNl UMEIOT
BUJI «MEHBIIIe WJIM PABHO». 1Orma s NpuBeIeHnsT KayKJI0r0 TAKOTO OrDAHU-
YeHUs K BUIY «PABHO» B HETO BBOIAT CBOIO JO0ABOYHYIO HEOTPHUIATETHHYIO
nepementyio (¢ koaddunuenrom «+1», cm. Tabs. 3.4.1 nysd uCHoOIb30BaHU B
anropurme). Jobapnenubie TakuM 06pa3oM II€PEMEHHbIE KAK PA3 U ABJIAIOTCS
GasucubIME MepeMennbivu 8 B HavagsroM BIIP > 0.

Hamomuaum mpuHInn BBeieHust JOOABOYHBIX IIEPEMEHHBIX B 3aBUCH-
MOCTH OT BHJIa UCXOTHOTO HEpaBeHCTBa B orpanmdenusx JI11-3amaun. Kaxmoe
OrpaHuYeHue, JAHHOE MEPBOHAYATIHLHO KAK HEPABEHCTBO TUIIA, «MEHbBIIE WU
PaBHO», ITOKHO OBITH MIPEeoOPA3OBAHO B PABEHCTBO, YTOOBI OCYIIIECTBUTD II€-
pexon kK crapgaptroit JIII-3amade. Mbr geraem 310 mobaBjieHreM OIHON HOBOIT
MEPEMEHHON CIeBA B KAXKI0e TAKOe HEPABEHCTBO W HA3BIBAEM ITY MIEPEMEHHYIO
«106aBOYHOIT TepemenHOy. OHa TEeHCTBYET KaK «IPYKUHAY, KOTOPAsi BCTAB-
JISTETCS B «3a30D» MEXKJY «JIEBOU YaCThI0» U «IIPABOH 9aCTHbIO» HEPABEHCTBA
THUIIA

«JIeBasl 9aCTby < «IIPaBas IaCTb» (3.3)

7 «PACTATUBAETCA» POBHO HACTONBKO, YTOOBI MPEBPATHTE 3TO HEPABEHCTBO B
PaBEHCTBO

«JIeBas YaCTh» + «I0DABOYHAS TTEPEMEHHAsT> = «Mpapast 9acTb>  (3.4)
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®opMaIbHO, ONpenessdas «A00aBOTHYIO IEPEMEHHYI0» BBIPAKEHNEM
«100ABOYHAS TIEPEMEHHASI» = <IIPABas YaCTh» — «JI€Bad IACTb» (3.5)

¥ MpUMeEHssT K Heil obiee TpeboBaHme HEOTPUIIATEILHOCTH JI0OLIX TepeMeH-
ubix JIII-3amaum, momygaem, 9T0 OMTHOBPEMEHHO BBIMOJHEHBI UCXOTHOE HEDA-
BeHCTBO (3.3) u paBeHcTBO (3.4). BuaHo, 4To 1o6aBodHas IepeMeHHA JOMIKHA
BXO/JMTb B «JIEBYIO 4acTb» HepaseHcTBa Tuna (3.3) ¢ koadduuuentom «+1».

Ecin xe ucxojHoe OrpaHumyeHNe HMEET BHJI HEPABEHCTBA «OOJIbINE WU
PaBHO», TO MBI BBIUYUTAEM CJIEBA HOBYIO «I00ABOYHYIO TIEPEMEHHYIO». DTa TIe-
PEMEHHAsT MOXKET OBITh yIOM00IeHA «IIPYKUHES, KOTOPAS BCTABISIETCH B «3a-
30p» MEKIY <«JIEBOH 9acTbiO» W «IIPABOI YaCTbIO» HEPABEHCTBA, THUIIA

«JIEBAsT YACTh» > «IPABasi 9aCTh» (3.6)

U «CKUMAETCsI» POBHO HACTOIBKO, 9TOOBI IPEBPATUTH ITO HEPABEHCTBO B Pa-
BEHCTBO

«JeBad 9acTh» — «J00aBOYHAsA IIepeMeHHAA» = «IIPaBasd JacTb» (3.7
DOpMaILHO, ONPEeNss 31eCh «I00ABOYHYIO TIEPEMEHHY0> BBIPAXKEHUEM
<<,JJ;O63,BOLIHa§I IIepeMeHHaA» = «JeBad YaCTb» — <«IIpaBad JaCTb»

U MpUMeEHssT K Heil obiee TpeboBaHme HEOTPUIIATEILHOCTH JI0OBIX TepeMeH-
ubrx JITI-3ama4u, moaydaeM, 9T0 OJHOBPEMEHHO BBIMOJHEHBI HCXOTHOE Hepa-
BeHCTBO (3.6) u paBeHcTBO (3.7). BuHo, 4To qo6aBodHas epeMeHHAA JOJIKHA
BXOJUTH B <«JIEBYIO YaCTh» HepaBeHCTBa THma (3.6) ¢ koadbduuuenrom «—1».

JlobaBoUHbIe TIepeMeHHbIe, BBEIEHHBIE TAKUM 00PAa30M B KaXK10€ HEPABEH-
CTBO, MOJHOCTHIO HE3aBUCHUMBI JIPYT OT APYTa, T. €. OHW MOSBJISIOTCS B CTaH-
maptuo#t JIII-3anade ¢ kosdpdunuentamm, KOTOpbEe 00Pa3yiOT BCE CTOIOIIBI
eIMHUYHON MATPUIBI, B34TbIe JIMOO CO 3HAKOM <«+», JUOO CO 3HAKOM <«—».
Kpowme Toro, mobaBodunbe IepeMEHHBIE HE BXOJAST B JAHHYIO IEIEBYI0 (PyHK-
muto z. [lo aTum nmpusHakam, Takue MOOABOUYHBIE MEPEMEHHBIE KAK Pa3 U 00-
pPa3yoT HabOp Ga3MCHBIX mepeMeHHBIX 2, U HauanbHOE GA3MCHOE pelleHHe
(BP), ¢ KOTOPOro crapTyer CUMILIEKC-METO/, BIOJIHE OYEBUTHO.

Sameuanne 3.5.1 Moocho npedsapumensv o YMHOMCUMD HEPAEEHCTNEE M-
na (3.6) na «—1s, umobo, npespamumo UL 6 wepasencmea muna (3.8) u mem
camuim cleaamo 6ce Kospduyuenmo, 04 000ABOUVHBLL TEPEMEHHDL CMPOL0
PasHbMU cMoAbyam edunuunol mampuys.. OOHaKo MoxHcem NoAGUMbCH Cu-
MYGYUA, 4O CUMBAEKC-MEMOI CMAPMyem u3 Hedonycmumoti obAGcmuy, To-
ma, Kk 6UOHO U3 nociednezo npumepa 3.4.1, u npu HedONYCMUMOM HEUAAL-
Hom BP dannwdi aszopumm ycnewno pabomaem. OuesudHo, ecau maxas Cu-
MYGUUS CYUWLLCTNBYEM, TO OHA CYWECTNEYEM, 68 CUAY NPupPodu 3adauu (ere 3a-
BUCUMOCTIU OM, YKA3AHHO20 NPEIBAPUMENbHOZ0 YMHONCEHUS), — CM. NPedbl-
dywuti npumep 3.4.1 u caedyrouudi npumep 3.5.2.
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Ecau kpome orpanntieHuil BUAa «MEHBIE WU PABHO» WIH «DOJbBINE WUIH
PaBHOY», IMEETCSl OTPAHUYEHNE THITA, «PABHO», TO, (POPMATILHO, HET HEOOXOIN-
MOCTH BBOJUTH B HETO JOTMOJHUTENBHYIO IIEPEMEHHYIO, OJHAKO, TOTJA HATAb-
Hoe BP we oueBmano. lloaTomy B Takoe orpaHudenme Tak:Ke BBOJAAT HE JO-
0aBOYHYIO, & UCKYCCMBEHNYIO NEPEMEHHYI0, POJIb KOTOPOI COBEPINIEHHO WHad,
a UMEHHO: MOpOXKAeHne HavdaabHoro BP, kak m3ia0:keHo B ciemyromem 1. 3.6.
OueBnaHO, UTO JTH00AST UCKYCCTBEHHAST TEPEMEHHAST TTOC/IE BBITIOJTHEHUST ITOMN
CBOell pOJM JTOMXKHA CTaTh paBHOHN Hymw. /s sroro Oymer BBemeHa uckyc-
CTNBEHHAA UENEBaA PYHKUUA, PABHAS TTPOCTO CYMMe BCEX MCKYCCTBEHHBIX TIe-
PEMEHHBIX, W TIPOIECC PEeIleHns HAYHETCSI ¢ MUHUMHU3AIMWH dTOH (DYHKIMH.
CoOTBETCTBEHHO, €CJIU HEBO3MOXKHO CIeJaTh ee (& 3HAYUT, U JHOOYI0 HCKYC-
CTBEHHYIO [IEPEMEHHYI0) PaBHOI HyJ0 B npouecce pemenud (cMm. 1. 3.6), 3a-
naga JIIT perrrennst He nMmeer.

IIpumep 3.5.1 Jas x1,z2 > 0 pewums 3adavy:

r1 + 9 S 6;
—2x1 + 329 < 3
2x1 + 3x9 < 21;
—2x1 — bxo = 2z — min.

ITTIar 0. Beox uncioBbix KO3(DHUIIMEHTOB U3 JAHHBIX YCAOBUN W aBTOMATH-
YECKOE 3AMIOJTHEHUE OCTAJTBHBIX YUCJIOBBIX 3HAYEHUN 71 TOTYIeHUs CIEIyI0-
[IEr0 UCXOAHOTO BUJIA MACCUBOB!

A NB NF
I 10016] [5] [1
—|-2 3 1003 |3
2 3010021 |4
—2-5000[0
T

BP = (0,0,3,21,6) = BAP, 0=z
IMlar 1.

1°. s=2, 1=2.
2°. min(6,1,7) =1, k=2.
3°. Tlocme HOPMUPOBKH:

A
1 1 001[6
—|-2/3 1 1/300
2 3 0 10[21
—2 —5 0 00]0

1

—_
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4°. Tlocse BorynTaHUil:
A NB NF
—| 5/3 0-1/301|5 5 1
-2/3 1 1/3 001 2

4 0 —1 10/18 4
—-16/30 5/3 00|5

-
BP = (0,1,0,18,5) = BJAP;  —5= 2.

HTar 2.

1°. s=1, I=1.
2°. min(3,00,9/2) =3, k=1.
3°. Tlocie HOPMUPOBKH:

A

—~[1 0-1/503/53

—2/311/3 0 01

4 0 -1 1 018

~16/30 5/3 0 0 |5
7

4°. Tlocue BorYnTaHUIL:
A NB NF

10-1/50 3/5 |3 1 5

01 1/50 2/5 |3 2

00-1/51-12/5|6 4

00 3/5 0 16/5 |21

BP = (3,3,0,6,0) = B/IP; —21 = minz.
IIar 3.

1°. Her orpunarenbHbx 31eMeHTOB cpeam a(m + 1, NF(1)), I = 1,2. Cneno-
BATEJIBLHO, ONTUMANBHOE OA3UCHOE JOIMYCTUMOE PElleHre HafiIeHo:

OBIP = (3,3,0,6); —21=minz.

B reomerpuueckoii HHTEpIpeTanuu 3/1ech Ha m10ockocTu Ox1Te MPOUCXOAUIIO
nprzkenne 1o Toukam: (0,0) — (0,1) — (3, 3).

Paccmorpum Temeph TmpuMep, T/I€ B OFPAHUYEHUSIX MPUCYTCTBYIOT HEpa-
BEHCTBA JIIOOBIX THIOB. MbI 37ech He Oymem, B oTamume Or npumepa 3.4.1,
[PEIBAPUTENILHO YMHOXKATH HepaBencTBo Tuna (3.6) Ha «—1». B crpokax s
HEPABEHCTB ITOTO THUIIA, [I0 MPUYNHE YKA3AHHOTO HEYMHOXKEHUS UX Ha «—1»,
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posb GA3UCHBIX MEPEMEHHBIX OYAyT HMCIOJHATH J00ABOYHBIE TEPEMEHHBIE C
ko durmentamu «—1». CraegoBarenbHo, BMecTo Taba. 3.4.1 moHamobuTcst
npyrasi TabJUIA BO BpeMsi NefcTBUs 2° CUMILIEKC-AJITOPUTMA, & UMEHHO, CJie-
nyromas taba. 3.5.1. B meit Tperuit cronbern yKa3hiBaeT mIpees J0IMyCTHMOrO
YBETMYEHUS BXOAAIIEH IePEMEHHON Ts T TAHHOTO CIAyYasi.

Ta6auna 3.5.1. Ilpengen nomycTuMOro yBeanmdeHus: BXOAAIEH IepeMEeHHON s 11t
cJIydasi, Koraa 0a3ucHas mepeMeHHas B -M OTPAaHUYeHNN nMeeT KO3 durment «—1s»

ai, = a(i,s) b; = a(i,n +1) max(zs)
>0 >0 00
<0 >0 —oo  (3amper)
=0 >0 oo ()
>0 <0 00
<0 <0 b;/ass
=0 <0 0
>0 =0 00
<0 =0 —oo  (3amper)
=0 =0 00

(*) — pemrerme ocTaeTCa B HEIOMYCTHMOM 061aCTH

Kpowme Toro, B orpannvenue TUia «=» BBEIEM €IIe TEPEMEHHYI0 ¢ KO-
durmenToM «+1», mogpasyMeBas MoI ITUM HEKOTOPYIO HCKYCCTBEHHYIO ITepe-
MEHHYI0, KOTOPas B UTOre JIOJI>KHA CTATh PABHOM HYJIIO, KAK BBIIIE OTMEYAIOCH
(nemocpeacTBento nepes mpumepom 3.5.1). Ho 3aMeTnM npeaBapuTensHo, 4To
3TO BBEJEHUE MBI JeJaeM BHEITHE HeOTJIMIUMO OT CJIyvas OrPDAHUYIeHUsT TUTIA
(3.3). Yro 1pu 3TOM NOJIy4UTCsI, OOCYAUM TOC/IE CJELYIONIEro IIPUMEpa.

IIpumep 3.5.2 Jlaa x1,22 > 0 pewums 3adavy:

21 > 3;
T2 > 14
r1 + T2 = 6
—21’1 + 3$2 < 3;
2x1 4+ 3x9 < 21;
—2r1 — 9x9 = z — min.

IITar 0. Beox unciioBbix KO(DDUIMEHTOB U3 JAHHBIX YCIOBUWI W ABTOMATH-
9eCKOe 3AIOJITHEHNE OCTABHBIX YMCJAOBBIX 3HAYEHUHN JJId MOJYICHUS CIETYIO-
IIEr0 UCXOTHOTO BUIA MAaCCHBOB:
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NB NF

1
2

S Ot W

o
—
o
o

oM wo ~ w

BP = (0,0,-3,-1,3,21,6) # BJIP; 0=z
IMlar 1.

1°. s=2, [=2.
2°. min(00,00,6,1,7) =1, k=4.
3°. Tlocyie HOPMUPOBKHU:

o
o
[u—
= o = W

01021

s}
s}
=)
an}

4°. Tlocne BorunTaHwmii:

A NB NF

20-1 0 000
)

3
2/30 0-1-1/300|0
5
1

—| 5/30 0 0-1/301
—2/31 0 0 1/300

40 0 0 -110[18
~16/30 0 0 5/300[5

i
BP = (0,1,-3,0,0,18,5) # BIIP;  —5

SN W

|
&

HTar 2.

1°. s=1, [I=1.
2°. min(co, 0,3,00,9/2) =3, k=3.
3°. Ilocyie HOPMUPOBKHU:
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A
20-1 0 00 03
2/30 0-1-1/30 0|0
— 10 0 0-1/503/5|3
-2/31 0 0 1/30 0|1
40 0 0 -—-11 o018
-16/30 0 0 5/30 0|5
T
4°. Tlocne BorunTaHmii:
A NB NF
00-1 0 2/50 —6/5|-3 3 7
00 0-1-1/50 —2/5|-2 4
10 0 0-1/50 3/53 1
01 0 0 1/50 2/5|3 2
00 0 0-1/51-12/5|6 6
00 0 0 3/50 16/5/21
BP = (3,3,3,2,0,6,0) = B/IP; —21 = min z.

HTar 3.

1°. Her orpunarenbubix 3aementos cpeau a(m+1, NF(l)),l = 1,2, u NF co-
zepKuT 7 (HOMEp MCKYCCTBEHHOH IlepeMeHHOI, BBeIeHHOH Ha mare O jjis
rTperbero orpanndenus; umeem r7 = 0). Caenosarensno, OBJIP moxer
ObITh BhITaHo (omyckas x7) B suge: OBAP = (3,3,3,2,0,6), —21 = min z.

B reoMerpuyeckoil WHTEpIpETaluK 3J1eCh Ha MI0CKOCTH Q1T IPOUCXOIUT
aprxkenne o Toukam: (0,0) — (0,1) — (3,3), npudeM IepBBIE JBE TOYKU
JIEXKAT BHE JOMYCTUMOI 00/1acTh.

Onpenenenne 3.5.1 Baszuc nasveaemes KOPPEKTHBIM, eciu Kaxcdas ba-
sucHas nepemennas cmandapmuoti JIII-sadauwu nossasemcs 6 (0dnom) oepa-
HuveHuu ¢ xospduyuenmom «+1s u He nossasemcs 6 ueaesolh PyHKUUL.
Ecau, smecmo smozo, cyuecmsyem xomsa 0bt 00na 0G3UCHAA NEPEMEHHAS,
KOMOPAA NOABAAEMCA € Kospduyuermom «—1s, mo maxol b6a3uc Ha3vL60EM-
¢ HEKOPPEKTHBIM.

Taxum o6pazom, Tpu KOPPEKTHOM Oa3uCce MbI OIIEPUPYEM TOJBKO ¢ Tabi. 3.4.1,
TOT/I3, KaK B CJIy9ae HEKOPPEKTHOrO 0a3uca ecTh moTpebHOCTh u B Tabu. 3.5.1.

Sameuanne 3.5.2 B npuwmepe 3.5.2 mpemuve ozpanurenue umeem 6ud «pas-
HO», HO JaHHbBLT NPUMED NOKA3BIEAEM, KaK HEe HYIKHO Jelicmeosams 6 cAy ae
MAKUT 02PAHUMEeHUT. DMOM NPuUMep MaAKHce JeMOHCMPUPYEM, KAKUM 00AHC-
HO OB Pasauue Medcdy 006a80UHBMY U UCKYCCTMBEHHBLMU NEPEMEHHDBLMU.
Kaorcdas uckycemeennan nepemennan 0oANCHE OCTAMbCS PABHOT HYM0 6 Pe-
3yabIame peweHus, 8 mo spems Kax dobasounas ne obazana. Xoms 6 dan-
HOM TPUMEPE UCKYCCMBEHHAA NEPEMEHHAA T7 8 KOHUE PEUEHUA PABHA HYAIO
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u omeem (peayavmam) NpasusbHbil, TO0 PEUWEHUS HE ABAACTNCH TNAKOGBLM,
NOMOMY 4MO OH HE OMAUNUM O, CAYYHAA, K0206 JaHHOE MPEeMbe 02PAHUMEHUE
6vLA0 6Bl 3AMEHEHO 6 YCA0BUY 3adaMU HG «<MeHbWE pasHoy. Omeem npaeuss-
HBLl, mOmoMy wmo ozpaHuvenue 1 + o < 6 «no2aouienos 02panuNeHUEM
2x1 + 3x2 < 21, mo ecmb 3mo nocaeduee ozpanuvuerue mozao 6vl bwmb bes
yusepba ombpoweno Kak Ooaee wuporoe. Kax nyocno deticmeosamo 6 cayuae
02PAHUMEHUT, MUNG «PABHO», NOKA3AHO Hudce 8 T. 3.6 u 6 npumepe 4.1.4.
Smomy noceauser maxsce omoeavHul . 4.8 u, Kpome mozo, m. 5.7.

3.6 Cummiekc-meron ¢ nopoxkaeauem B/IP

Mpenpiaymuit anropurM (1. 3.4 u 0. 3.5) He UCKIIOYAET MOABJICHUA GA3KUC-
HBIX PEeIeHnil, He ABIAIOMNXCSA JOIYCTHMBIMA, B UCXOAHOM COCTOSTHUY WJIA HA,
[IPOMEXKYTOYHBIX MIAraxX. UTo0bl UCKIOYUTh TAKYI CHTYAIHIO, IIPUMEHSIIOT
CTIETYIONINH aJITOPUTM C MCKYCCTBEHHBIMU TIEpEMEHHBIMHU. Ero maes 3akJIio-
9aeTCsi B TOM, 9TOOBI ONpenesnTh HeKOTOpyio HoBywo JIII-3amady, mis koTo-
pOil HAYAJBbHBIH 0A3UCHBIN BEKTOD JIETKO ODHAPYKWTH W PEIIeHHEe KOTOPOLt
IPUBOIUT K rckoMmomy Hadambuomy BJIP mcxommoit JIII-3amaqan.
IIpomemoncTpEpPYEM 3TY UIELIO HA MPEAbIIyIeM npumepe 3.5.2:

MUHUMHU3UPOBATH z = —2x1 — 5xo
2z > 3

T2 > 1

C OTPAHUYECHUSIMU: Tt o= 6
—2z1 + 3x22 < 3

21’1 + 31’2 S 21;

x; >0 (1=1,2).

W3 mara 0 npumepa 3.5.2 ogeBuano, uto Touyka 1 = 0, 9 = 0 He ymosie-
TBOPSAET OrPAHUYIEHNAM n3-3a TpeboBanuit 21 > 3, o > 1 u 1 + 9 = 6,
[TO9TOMY MBI JOJI2KHBI HANTH HEKOTOPBIN Apyroi HadaabHbIN BekTop. Ecmm,
KaK OOBIYHO, MBI BBeleM MOOABOYHBIE TIEPEMEHHBbIE T3 U T4 IS MEPBOTO U
BTOPOTO HAPYIIEHHBIX HEPABEHCTB, TO TIOJYYUM B3aMeH JBa PABEHCTBA:

2I1 — I3 = 3,
T2 — Ty = ].,

cxzz >0, x4 > 0. HeBO3MOXKHOCTD MOMOKUTH 1 = To = 0 A/19 3TUX HEpa-
BEHCTB ITOKA3BIBAET, B J€HCTBUTEILHOCTH, 9TO T1 = X2 = ( BIedeT T3 = —3
n x4 = —1 B Hapymenune Tpebosannit r3 > 0 u x4 > 0.

JloBaBounble IEPEMEHHBIE L5 U Lg, BBEIEHHBIE B 4eTBEPTOE U IATOe (HEeHA-
DYIIEHHBIE) HEPABEHCTBA, HE BLI3LIBAIOT TAKOH IPOGJIEMbI, TIOCKOJBKY

—2x1 + 322 + x5 = 3;
2331 + 3372 + x5 = 21,

¥ PaBEHCTBO T1 = T = (0 He Hapymaer ycaosuit x5 > 0, xg > 0.
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Manesp ¢ HepaBeHcTBaMu THIA «>» (1, Kak Oy1eT BUIHO, C OrDAHUYEHHSI-
MU THIIA «=») 3aKJII0YAETCS BO BBEIEHUU OMHON M 6oJiee TOMOMHATENBHBIX
IIepeMeHHBIX, — B 3TOM IIPUMEpE Ty, Tg U X9, COOTBETCTBEHHO, JJIA IEPBOTO,
BTOPOI'O M TPETHET'O HAPYIIEHHBIX OFPAHUYEHUH, — TaK Ha3bIBAEMBIX UCKYC-
CTBEHHBIX IIepeMeHHBIX, U 3aTeM:

1) B 3aMeHe MepeMeHHOH T3 B TIEPBOM ypaBHEHWH 2x1 — T3 = 3 HA X3 — 7
¢ TeM, 9TOOBI MBI MOIVIH 3alHACATh MEepBOe OrpaHuveHne 2r; > 3 B BUIE
paBeHcTBa 207 — 3 +x7 =3 cx3 > 0wu xy > 0;

2) B 3aMeHe IIePEeMEHHON T4 BO BTOPOM yDaBHEHUU Ty — T4 = 1 HA T4 — I3
¢ TeM, 9TOObI MBI MOIJIH 3aIMCATH BTOPOE OrpaHutdeHne ro > 1 B BuIe
To—T4+2s=1cxys>0unxzg>0mn

3) B 3amuCH TPEThEro OrpaHudeHust T1 + o = 6 Kak 1 + oo + xg = 6 ¢
g > 0.

Tenepb MBI MOXKEM MTOJIOKHTH 1 = T2 = 0, TAK KAK MOMKHO JIETKO OOECIIETUTH
r7—x3 =3, rg— x4 = 1l 1 9 = 6 IpU TOM, 9TO KaK T0DABOUHBIE IEPEMEHHDIE
(x3,%4,%5 U Xg), TAK W UCKYCCTBEHHDIE MEPEMEHHBIE (X7,Tg U Tg) BCE HEOT-
pUIATeNLHBL. MBI, CIeIOBATENBHO, PACCMATPUBACM PACIHIMPEHHYI0 CHCTEMY
OrpaHUYEHU:

2931 731‘3 +x7 = 3;
To —X4 +xs = 1;

1 + 2o T9 = 6; (3.8)
—2x1 + 322 +x5 = 3;
2x1 + 3o +xg =21,

JI7IsI KOTOPO# Oa3MCHBIH JOMYyCTUMBIH BEKTOP OYE€BHIACH KAK COBOKYITHOCTD CJIe-
OYIOIIUX 3HAMEHN: 1 = X2 = X3 =24 = 0,25 =3, 26 =21, 27y =3, 23 =1mu
T9 = 6. Eciim MBI cMOXKeM KakKuM-JIu00 00pa3oM CTapTOBAThH OT ITOTO BEKTOPA,
¥, B KOHIIE KOHIIOB, CMOXKeM HaliTu emte onquo BJ/IP nia paciupennoit cucre-
MbI orpanudernii (3.8), HO TAKOE, 4TO BCe UCKYCCTBEHHBIE IIEPEMEHHbBIE (3/1eCh
Z7,T8 U Tg) PABHBI HYJIIO, TO HEPBbIE IIECTh KOMIIOHEHT TOrO PelleHus o0pa-
3yIOT HEKOTODbIH 6a3WMCHBIN AOMyCTUMBIN BeKTOD Ais ucxonnoit JIII-3amaxin
(TONIBKO ¢ JOOABOYHBIME TIEPEMEHHBIMU), 8 UMEHHO, — JIJI UCXOTHBIX Orpa-
HUYEHUH, 3allUCAHHBIX B BUE YPABHEHHI

211 —x3 = 3;

To —Ty = 1;

1 + X9 = 6;
—2x1 + 3x9 +x5 = 3; (39)

2x1 4+ 322 +x¢ = 21;

;>0 (oma i=1,...,6).

O6GparHo, yio6oe BJ/IP nyis nocsentedi cucrembl orpanudenuii (3.9), BKIo-
9aoIell TOJIHKO UCXOJHBbIE W TO0ABOYHBIE MTEPEMEHHBIE, TOPOXKIAET HEKOTO-
pbIit GA3UCHBIN JOMYCTUMBIA BEKTOP /18 BBINMIEYKA3AHHON DPACIIHPEHHON CH-



48 3 CuMIniekc-MeTos

crembl orpanudenuii (3.8) (paciupennoii ¢ qo6aBjieHueM UCKYCCTBEHHBIX [1e-
PEMEHHBIX) CO BCEMHU UCKYCCTBEHHBIMHU IEPEMEHHBIMY PABHBIMHE HYJII0: T7 = 0,
xg = 0 u g = 0. CremoBaTebHO, OTrPAHUYIEHHS, O KOTOPBIX MBI JT€HCTBUTE b=
HO 3a00THUMCS, T. €. UCXOIHBbIE OrpaHwvenus, nuMeoT HekoTropoe BJIP, ecnu
M TOJBKO €CJIM PACIIMPEHHAs CHUCTEM3, OUPAHUYEHNH mMMeeT Takoi Oa3MCHBIN
JIOIYyCTUMBIH BEKTOP, /i KOTOPOTO BCE MCKYCCTBEHHBIE NIEPEMEHHBIE DABHBI
HYJIIO, B JAHHOM TIpUMepe, Ty = Ty = X9 = 0. A Tak Kaxk BCe OHH, TIO O0IIe-
My TpeDOBAaHUIO, TOJIXKHBI OBITH HEOTPHUIATEBHBI, MbI, B JTeHCTBUTEILHOCTH,
TOBITAEMCA MUHUMUSUPOBAMb CYMMY UCKYCCTBEHHBIX TIEPEMEHHBIX. B manHoM
npuMepe:

MHUHUMHU3UPOBATHL W = X7 + g + X9
¢ orparnuenusvu (3.8) mx; >0 (msmi=1,...,9).

CrienoBaTeIbHO, MBI BBIHYZKIEHBI PEITUTH 9Ty BermoMmorarepayo JII-3anaay
C UCKYCCTBEHHOM Tes1eBoi (pyHKIHEH w, paBHON IPOCTOI CyMMe BCEX HCKYC-
CTBEHHBIX MEPEMEHHBIX, IIPEXKIE YEM PEIaTh UCXOAHYIO 331a4dy. Tak Kak mc-
KYCCTBEHHBIE [TEPEMEHHbBIE TOKHBI OBITh HEOTpHUIATe bHbI, T7 > 0, xg > 0,
g > 0, UMEIOTCS IBe BO3MOKHOCTH:

(1) MunuManbHOE 3HAUEHHE JJIs W AeHCTBUTENBHO ecTh 0. DTO O3HAYAET, UTO
MBI MOKeM HaiiTu HekoTopoe BIIP mis (3.8), B KoTopoM x7 = xg = 29 = 0,
T. e. Mbl MOxkeM HaiiTu BJIP s (3.9).

(2) MunumasbHoe 3HaveHue jjid w Gosbiie, dem 0. DTo O3HAYAET, YTO HU-
kakoro BJIP nag (3.9) He cymiecTByer, Tak Kak [IPE/IIOJIOKHUB CyIECTBO-
BaHUe TAKOI'O DelleHust, Mbl Morin Obl Haiiru nekoropoe B/IP ansa (3.8)
cx7 = x5 = x9 = 0, 7. e. w = 0, ¥ 3TO TPOTUBOPEUUIIO OBI HAIIEMY
MTPEIITOMOKEHUTO.

Tenepb MOKHO TPOMOIXKHUTL HAIlle PACCMOTPEHHE METOIA HA TOM K€ CaMOM
npumepe. [locMoTpruM, Kak 3TOT METOI PabOTAET OT HAYAJIA, 10 KOHITA.

ITpumep 3.6.1 Pewum 3adany ¢ ycaosuem u3 npumepa 3.5.2, o0nospemenno
UAMIOCTPUPYA BOZMONCHYIO OP2AHUIAUUI0 BBLUUCAEHUT A 0bUwez0 cayywas,
BRAI0UANOULE20 02PAHUMERUA A06DLT MUNOS.

ITar 0. Beox 3uHaveHuil A1 CAEAYIOMNX UCXOMHBIX BETUYUNH:
NP — UCXOJHOE KOJIMYECTBO IIEPEMEHHBIX, 3/1eCh NP = 2.

Nng — KOJIMYECTBO OTPAHUYIEHUHN BUIA, «>», 3/1eCh ng = 2.

ne — KOMUIECTBO OTPAHUIEHUH BUIa «=», 3/1eCh ne = 1.

nl — KOJWYIECTBO OrpaHuYeHnil Buaa «<», 31ech nl = 2.

Brranciienre BCIOMOraTe/IbHbIX BEJIUYUH:

ns = ng + nl — YUCII0 NCKYCCTBEHHBIX MEPEMEHHBIX, 31eCh ns = 4.

na = ng + ne — uncyjo nOOABOYHBIX TEPEMEHHBIX, 3/1eCh Na = 3.

n = np+ na + ns — odIIee INCIO JOOABOIHBIX TEPEMEHHBIX, 371ech N = 9.
m = na + nl — obiee IUCTO OrpaHMYeHn, 31eCh M = 5.
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BI)I,ZLeJ'IeHI/Ie IIaMATH JJ1d MaCCHUBOB!

(1) A(l.m+2,1.n+ 1), 3mecs A(1..7,1..10) — marpuna (7 x 10).
(2) NB(1..m), 3necb NB(1..5) — BeKTOp pa3sMepHOCTH 5.
(3) NF(1..n —m), 3mece NF(1..4) — BexTop pasmeprocru 4.

Bsox k0o3dduimeHToB U3 yCI0BUA 3a4a49U B 4aCTU MaTPHUUBL A:

(1) A(l..m +1,1..np), 3mecp A(1..6,1..2),
(2) A(l.m+1,n+1), 3necy A(1..6,10) .

ABTOMaTHYeCKOE 3aI0THEHNE OCTATBHBIX 3JIEMEHTOB MaCCHUBOB; B pe3yabTaTe

A NB NF
2 0 -1000100[3 7 1
0 1 0 -100010|1 8 2
1 10 000001|6 9 3
~23 0 0100003 5 4
2 3 0 00100021 6
—2-50 000000/0
0 00 000111/0
BP = (0,0,0,0,3,21,3,1,6) = BJIP, 0= znm, 0=w.

Sameuanne 3.6.1 U3 5mo020 3an0aHEHUA MACCUBOE BUIHO, WMO NEPEMEHHDLE
pacnpedeservl cAeOYOUUM 06DA30M:

T1 U To — UCTOOHDBIE NEpeMeHHbLE,

T3, T4, Ts U Tg — d06aBOUHBLE NEPEMEHHDLE,

Ty, Tg U Tg — UCKYCCMBEHHDBLE NEPEMEHHDLE.
Taxoe ynopadovenue nepemernovr Moscem botmsd 364KPENAEHO 8 NPOPAMMHOT
peaausayuy. Hckyccmeennvie nepementvie 66004M MOABKO 6 HEPABEHCGA
suda «>» u «=». B mampuuye A chusy dobassena ewe odna cmpoka, 6 Komo-
poti zpansm Kospduyuenmor das uckyccmeennotl yeaesott dynruyuu w. it
snauenus Imoti PYHKLUY ¢ NPOMUBONOA0NCHILM 3HaKoM (—w) omeeden sae-
MEHTN, HG NEPECEMEHUL HUNCHET CMPOKY U NPAB020 cmoabua. Bmopas cnusy
CMPoKa, KK U paree, nPedHasHaena 0ai KOIPPHUUUERMO6 0cHo6HOT 14ene6ol
PYHKUUY U €e 3HAUEHUA ¢ TPOTIUBOTOAOACHIM 3HaKOM (—2). Snauenue —z
IPOHUM KPAUHUT CNpasa aAemenm 3moti Cmpoxu.

PaccmarpuBaembiii CUMITTEKC-METO/, C KCKYCCTBEHHBIMU MTEPEMEHHBIMHU CO-
CTOWT W3 JBYX JTAIOB. JTan | mpeHa3HAYEH /ST PEIIeHU BCIIOMOraTeIbHON
JII-3ana49u, B 10 Bpemsi Kak Jran 11 — s pentenus ocHosuoit. Ilar 0,
PACCMOTDEHHBIN BBINIE B MPUMEpPE, €CTh TOJBKO YCTaHOBOUHBIN mar. B To
K€ BpeMs, ITO TOATOTOBHUTENbHBIA mmar. YTobbl MOArOTOBUTHCS K OCHOB-
HbiM (paboumm) maram Drana I, HAM HYXKHO BBIPA3UTh UCKYCCTBEHHYIO Ie-
JeBy10 (DYHKIIMIO W TOJIBKO 4Uepe3 HebasucHBbIE mepeMeHHbie. B aToM mpume-
pe, w = X7 + rg + Tg9 1O OLIPEHEJCHUI0, HO BCe UCKYCCTBEHHbIE IIePEMEHHbIE
(x7, Ts, Tg) MOJNKHBI NOABUTHCs B HadaabHOM BJIP B KadecTBe Ga3suMCHBIX
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nepeMeHHbIX. B cuity 3Toro Tpebosanud, mar 0 102KeH OBITH 3aBEPIIEH HC-
KJIIOUEHUEM UCKYCCTBEHHBIX MEPEMEHHBIX U3 HUXKHEH CTPOKU. DTO JOCTUTAET-
¢S TyTeM BBIUMTAHUI BCEX TeX ypaBHEeHW, Kyaa ObLId BBEIEHBI HCKYCCTBEH-
HbIE TIEPEeMeHHbIe, U3 HIKHel cTpoku. Ilpu ycjoBum, 9T0 IPUHATO YKa3aHHOE
BbIllIE ynopsaovyeHue nepemenubix (cm. 3ameuanue 3.6.1), nepBoie na crpok
HY2KHO BBIYECTH W3 TIOCJEIHEH CTPOKU. 37eCh Na = 3, U MOCJIe TAKOTO MO0~
TOBHUTETLHOTO BBIYUTAHUST Mbl HMEEM:

A
—| 2 0-1 000100 3
0 1 0-100010/ 1
1 1 0 000001] 6
-2 3 0 010000] 3
2 3 0 001000]21
-2-5 0 000000] O
-3-2 1 100000|-10
T

B pesynbrare 3TOro BhIYMTAHUSA [OJYYEHO MPABUIbHOE (MCIPABIEHHOE) Ha-
JaJbHOE 3HAYMEHNE MCKYCCTBEHHOH 1enepoit pyukmun: 10 = w.

Sameuanmne 3.6.2 I[Ipu npunamom nopadke 3anucu ozpanusenudl (CHa“arn
«>», 3amem «=», U NOMOM «<») OA3UCHBIMU TEPEMEHHBMU 6 HANAALHOM
BJIP bydym eceada me nepemennoie, KOMOPbLE UMEIOM HOMEDE, HAYUHAA C
(np+mng+ 1) u konuas n = np + na + ns, 6 dannom npumepe ¢ 5 no 9.

C 3TOro MOMeHTa HAYMHACTCST ITal 1, Tae TpUMeHsIIOT OOBITHBIA CHMILICKC-
aaroput™ (cM . 3.3 u 3.4) i perieHus BCIOMOraTe/IbHON 3a1a4u JTUHed-
HOT'O MPOrPaMMHUPOBAHUI: W — min .

IMlar 1.
1°. s=1, [=1.

2°. min(3/2,00,6,00,21/2) =3/2, k=1.

3°. Ilocyie HOPMUPOBKHA:

A
—~[1 0-1/2 0001/200]3/2
01 0-100 010/ 1
1 1 0 000 001 6
—2 3 0 010 000/ 3
2 3 0 001 000 21
—2-5 0 000 000 0
—3-2 1 100 000|—10
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4°. Tlocse BorynTaHUil:

A NB NF
1 0-1/2 000 1/200] 3/2 1 7
—l0 1 0-100 010 1 8 2
0 1 1/2 000-1/201| 9/2 9 3
03 —1 010 100 6 5 4
03 1 001 —100/ 18 6
0-5 —1 000 100 3
0—2—-1/2 100 3/200|—11/2
7

BP = (3/2,0,0,0,6,18,1,9/2) = BIP; —-3=2 11/2=w.
IMlar 2.

1°. s=2, [=2.

2°. min(00,1,9/2,2,6) =1, k=2.

3°. Tlocie HOpMUPOBKH (TaK KaK BEAYIUIUH 3JIEMEHT, YKA3AHHDBIHA BbIIIE B MAT-
PUIIE HA TTEPECEYeHNN CTPEJIOK, OKA3AJIC PAaBeH 1, mejieHne HA Hero Bey-
mieil CTPOKYM HUYEro HE MEHSIET) MATPHIA COXPAHU/IA CBON BUIL.

4°. Tlocie BhIUMTAHUINA:

A NB NF

10-1/2 000 1/2 00] 3/2 1 7

01 0-100 0 10/ 1 2 8

00 1/2 100-1/2-11| 7/2 9 3

—l00 -1 310 1-30/ 3 5 4
00 1 301 —1-30/ 15 6

00 —-1-500 1 50 8
00-1/2-100 3/2 20[-7/2
T
BP = (3/2,1,0,0,3,15,0,0,7/2) = BAP; —-8=2; 7/2=w.
ITar 3.
1°. s=4, [1=4.
2°. min(oo,00,7/2,1,5) =1, k=4.
3°. Tlocie HOPMUPOBKH:

A
10-1/2 0 00 1/2 00] 3/2
01 0-1 00 0 10 1
00 1/2 1 00-1/2-11| 7/2
—loo-1/3 11/30 1/3-10[ 1
00 1 3 01 -1-30 15
00 —1-5 00 1 50 8
00—-1/2—-1 00 3/2 20/-7/2
T
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4°. Tlocse BorynTaHUil:

A NB NF
10-1/20 00 1/2 00| 3/2
01-1/30 1/30 1/3 00 2
—|00 5/60-1/30-5/6 01| 5/2
00-1/31 1/30 1/3-10 1
00 20 —-11 -2 00] 12
00-8/30 5/30 8/3 00| 13
00-5/60 1/30 11/6 10(—5/2
T
BP =(3/2,2,0,1,0,12,0,0,5/2) = BOP; —-13=2; 5/2=w.
ITar 4.

1°. s=3, [=3.
2°. min(00,00,3,00,6) =3, k=3.
3°. Ilocyie HOPMUPOBKHA:

DO N
Tt W 00

A
10-1/20 00 1/2 0 0] 3/2
01-1/30 1/30 1/3 0 0 2
—~00 10-2/50 —1 06/5| 3
00-1/31 1/30 1/3—1
00 20 —-11 -2 0 0 12
00-8/30 5/30 8/3 0 0] 13
00-5/60 1/3011/6 1 0]—5/2
T

4°. Tlocue BoranTaHUil:

o
—

A NB NF
1000-1/50 0 0 3/5]3 1 7
0100 1/50 0 0 2/5 3 2 8
0010-2/50-1 0 6/5 3 3 9
0001 1/50 0-1 2/5 2 4 5
0000-1/51 0 0—12/5 6 6
0000 3/50 0 0 16/5[21
0000 00 1 1 10

BP =(3,3,3,2,0,6,0,0,0) = BZIP; —21 = min(z); 0= min(w).

Dran I 3aKkI0YaeTCA B TOCTEA0BATETHHOM YMEHBIIEHUN W J0 HYJIS U 9TUM
OH 3aBEPINWJICHA, TAK KaK HET OTPUIATENbHBIX KOIPDUIMEHTOB B HUKHEHN
crpoke marpuiibl A. 3mech Dram 11 He morpeboBajics, Tak Kak BO BTOPO
CHU3Y CTPOKEe MATPUIBhl A HET OTpUIATENbHBIX KO3(MUIMEHTOB. MuHUMY-
MBI JJI Z U W JOCTUTHYTHI OJHOBPEMEHHO. B reomerpuueckoil mHTEpIpe-
TalUU 37eCh Ha MI0CKOCTH Ox1Te OBLIM MEPEXObI TI0 CIAEAYIONMM TOYKAM:

(0,0) — (3/2,0) — (3/2,1) — (3/2,2) — (3, 3).
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Yrobbl TOKA3aTh, KAK BRIMOIHAIOT JTall 11, Berbepem moce 1ara 2 Ipyroi
BO3MOKHBII TyTh. PaccmMoTpum 3Tn neiicTus.

IMlar 3.

1°. s=3, [=3.
2°. min(oo,00,7,00,15) =7, k=3.
3°. Ilocyie HOpMUPOBKHI:

A
10-1/2 0001/2 00] 3/2
01 0-100 0 10 1
—~loo 1 200 -1-22| 7
00 -1 310 1-30 3
00 1 301 —-1-30 15
00 —-1-500 1 50 8
00-1/2-1003/2 20|—7/2

7
4°. Tlocyie BLIUMTAHUINA:

A NB NF
100 100 0-1 1|5 1 7
010-100 0 1 01 2 8
001 200-1-2 2|7 3 9
000 510 0-5 210 5 4
000 101 0-1-2|8 6
000-300 0 3 2|15
000 000 1 1 10

BP =(5,1,7,0,10,8,0,0,0) = BAP; —15=2; 0= min(w).

[MpuzHakoM ycrmenHoro okondanus Jrana 1 seasercsa 0 aig w 1 HEOTPHU-
[IATEIHHOCTDh BCEX KO DUIMEHTOB Mg W B HUXKHEH cTpoke. Ecam Obl Bce
9T KO3 DUIMEHTHI OKA3AINCh, HEOTPUIIATEIbHBI 1 W He obparumaack B 0, TO
Sram 11 He Mor OBITH HAYAT: UCXOAHBIE OrpaHnydeHust He umeau 061 B/IP. 910
ObL OBl cydail npomusopenuenx ozparurenud (cM. Takxke pa3z. 6).

3ameuanne 3.6.3 Dopmarbhas NPUNUHG AL NOACACHUA CAYHAA TPOMUBO-
PENUGHIT O2panuNeHull 3axaovaemes 6 mom, wmo BJIP, noayuennoe nocae
Omana I, codepocum, no xpatinet mepe, 00HY UCKYCCMBEHHYIO NEPEMEHHYIO
cpedu basucnur nepemennos (caedosamenvro, w 7 0).

Bossparmasice ¥ HareMmy mpumepy, nepexoaum K Jramy 11
B nannom BapwanTe mpomosKenus npumMepa Jdtan 1 Bo3moxken u oH HEOD-

XOIMM, TaK KakK z He JOCTUTJIA MUHUMYMAa: UMEETCsl OTPUIATETbHbIN Koaddu-
nuenT —3 B upeanocaenneii crpoke marpunsl A. g Jrana I1 yxe He HyKHBI
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HU WCKYCCTBEHHBIE TIEPEMEHHbIE, HU MCKYCCTBEeHHas meseBas dynknus. [lo-
9TOMY OHH B JAJILHEHIIIEM BBIYEPKHYTHI U3 BCEX MeiicTBUil. BboruepkusaroT Te
CTOJIONBI MATPHUILI A, JIJIsi KOTOPBIX B MOCIAEIHEH CTPOKE MOJYYEHBI €THHU-
IbI, & TAKKE BCIO MOCJIEIHIOI0 CTPOKY. DTO T€ CTOJOILI, KOTOPBIE IIPU JAHHOM
YIOPSIOYEHNN MePEMEHHBIX UMEOT HOMepa ¢ (np + na + 1) mo n, 3mecw ¢
7 o 9. Kpome toro, u3 Bekropa N F' BBIUEPKHUBAIOT 3JIEMEHTHI, COAEPIKAIIIE
9TH YK€ HOMEpa; IPU JAHHOM YTOPSIOYEHUN 9TO BCETIA TIEPBBIE NS SJIEMEHTOB

BEKTOpA, 3/1eCh NS = 3.

Oran II.
IMlar 4.

1° s=4, |=4.

2°. min(5,00,7/2,2,8) =2, k=4.
3°. Tlocme HOPpMUPOBKH:
A
101 1 00]5
010-1 001
001 2 007
—000 11/50] 2
000 1 01|38
000-3 00]15
T

BP = (3,3,3,2,0,6) = B/IP;

B reomerpuyeckoit nHTEepnperaIun Ha, mIockocTu Ox1To 37eCh ObLIO TBUXKE-

4°. Tlocsae BorauTaHuii:

A NB NF
1010-1/50] 3|[ 1
0100 1/50| 3|| 2
0010-2/50] 3| 3
0001 1/50] 2| 4
0000-1/51] 6| 6
0000 3/50[21

—21 = min(z).

aue o roukam (0,0) — (3/2,0) — (3/2,1) — (5,1) — (3,3).
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JIBOMICTBEHHBIN CUMILJIEKC-METO/T

Jlunus (rUNepnjIoCKOCTb) YPOBHSA Z = Zmin JEJIUT BCE MPOCTPAH-
CTBO TiepeMeHHBbIX 3amaun JIII Ha aBe wacTu: B OMHONW M3 HUX
Z > Zmin W B Hell HAaXOTUTCs JOMyCTHMas 00JIacTb, 3 B APYroi
2 < Zmin ¥ B HEH HET AOIyCTUMOM OOJACTH 3HAYECHUN IEepeMeH-
HbIX. OOBIYHBIN CHUMIILIEKC-METO/I, W3JI0OXKEHHBIN BhIIe, paboTaer,
€CJU OH CTapTyerT w3 O0JACTH, TOe Z > Zyin. LCIH Ke CTapTo-
Boe Gasucuoe pemienue (BP) nexur B obnacru, vie 2z < Zmin, TO
TpeOyercd He YMEHbBIIATh, & YBEJININBATD 2 0 3HAYEHUS Znyip , 1€~
pexoas or HemonycruMbix BP k BJIP. Iag sToro mpeaHa3HaveH
JBOMCTBEHHBIN CUMILIEKC-MeTO . JIpyras cuTyalust, s KOTOPOi
OH CO3JaH, MOXKET BO3HWKHYTH B PE3Y/IbTATE HAJTOXKEHUS TOMOJ-
HUTEJIbHBIX OTDAHUYEHUH Ha yxKe perreHHyto 3a1ady. Oua obs3a-
TEJIbHO BO3HUKHET, €CJIM HAJIOXKEHHOE, JONOJHUTETHHOE OTPaHU-
YeHUe HE COMEPIKUT IEJTUKOM HCXOJIHOE JIOIMyCTHMOE MHOXKECTBO,
a oTJessier OT HEro JIMINb HEKOTOPYIO 4acTh. 1Oria, ecrecTBeH-
HO, HOBOE€ Zmin OOJIBINE TIPEXKHEro, U3 KOTOPOTO IBONCTBEHHDIH
CHUMILIEKC-METO U CTAPTyeT, 9TO0hl He PeIlaTh BCIO 3a7aYy Kak
HOBYTO.

Ilockonbky mpu gBukenuu u3 obnactu z < Zpyin Tpebyer-
Cs YBEJIUYIHBATDH 2z, MpeObIBaHUE B ITOM 0OsacTH OOHAPYKUBAET-
¢ T€M YCJIOBHEM, UTO Bce KO3 DUIIMEHTHI 1e/ieBoil (DyHKIMM, B
KAHOHUYECKOH ¢hopme jist H6asnca, HeOTPUIATENbHEL. [IBukenne
K Zmin OOECTIEYMBAETCs TOCEI0BATEHHBIM UCKJIIOUEHHEM OTPU-
IATETbHBIX MMEPEMEHHBIX U3 Oa3ucHbIX pemennii. Ix orcyrcrBue
jgeaer 6a3UCHOE PEIleHne NONYyCTUMBIM U, IIPH COXPAHEHWH yKa-
3aHHOI'O YCJIOBUS, OLTUMAJIbHBIM.
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4.1 AsaropuTM c KOPPEKTHBIM BHAOM Oa3uca

HepazkHo, n3-3a 9€ro CIoXKUIaCh CUTYAIMsT TOTOBHOCTH IJist PAOOTHI ABOM-
CTBEHHOTO cuMIUTeKe-MeTona. OHa onpejiesieHa npyMs npusHakamn: (1) Her
OTPULATETBHBIX KOIDDUITHEHTOB TeaeBOi (PYHKINHA B KAHOHUIECKOH (hopme
s 6asuca u (2) coorpercrByloiee 6a3UCHOE PENIEHHE HE SBJISeTCs JAOILYCTH-
MbIM (COHEPKUT OTPULIATENbHBIE 3HAYEHUs IIEPEMEHHbIX). UTo0bl Jerde 06-
HApPYKUTH BTOPOH TMPU3HAK, BXOXKIeHNe 6a3ncHBX mepemenunix () B orpa-
HUYEHUs NEJAI0T BCErna ¢ KoaddunmenToM «+1». ITO KOPPEKTHBINH BU/T
6a3mca. UTobbI €ro ¢ caMoro HavaIa UMeTh, BO3MOXKHOE MOsBJIeHe K03hhu-
[HEHTA, «—1» YCTPAHSIOT TIPEIBAPUTETBHBIM YMHOXKEHIEM COOTBETCTBYIOIIEH
cTpoku orpanudennii Ha «—1». ClenoBaTesbHO, UCIONb3YIOT U3BECTHYIO Ka-
HOHWYECKYIO bopMy 3amaun 1jist basuca,

I A (2B v ,
[OT C/T} LcF}[z—zo}’ ¢ 20,

¢ GasucubM permenneM BP = {28 = v/ 2 = 0}. Tem campiv mposepka BTO-
pOro Mpu3HAKa CBEJEHA K OTBETY Ha BOMPOC, HET JTU OTPUIATETbHBIX IJIEMEH-
ToB B BekTope b'. C 3roro Haumuaerca mio6oi mar IBOACTBEHHOrO CHMILICKC-
Merona. B 1enoM ke KazKAblil ero mar pacuajaercd Ha cienyomue 4 geli-
CTBUSI:

Heiicreue 1°. TIpoeepstor smemento b'. Ecim cpeny Hux HET OTpHIA-
TENBHBIX, TO Zmin = To Haiizen co snadennem BJAP = (2 = b/, 2 = 0). Ecom
€CTh HECKOJIBKO OTPHUIATEIbHBIX 3JIEMEHTOB, TO BEIOUPAIOT TY CTPOKY OrPAHI-
JeHuii, ee HOMeD k, Ky/1a BXOAUT HanbGosiee OTPUIIATENLHBIA 9JIEMEHT D), BEKTO-
pa b'. Tem cambIM HaiijeHa ofHa OasucHasa nepemenHas ., = NB(k), koro-
past IoJAKHa GBITH Tajiee BbiBesieHa n3 coctapa o, u3-3a Toro uro z, = b}, < 0.

Jlajiee BO3HUKAET BOIPOC, KAKYI0 W3 HeDA3WCHBIX, CBODOIHBIX TIE€PEMEH-
HBIX B cocraBe rf BBecTH B 6a3uC IyTeM ee yBeJMUEHHS OT HYJEBOTO 3HAYe-
HHUsI B3aME€H BBIBOAMMOI IlepeMeHHOM X7 JlomycTuM, 3TOT BOIPOC pEIleH, U
Bbibpana cBOOOHAS TepeMeHHas Ts. OHa NpeqHa3HAYEHA JJIsd UCKIIIOYEHMsT
U3 BCEX ypaBHEHUH KAHOHUYECKOH (OpMBI, KpoMe A-TO YpaBHEHUsI, KOTOPOE
JTOJIZKHO OBITH MPEIBAPUTETHBHO HOPMUPOBAHO JEJICHUEM Ha, BETYIIHH 3JIeMEHT
ap, < 0. Braromapst Takoil HOpPMUPOBKE, COXPAHSIOT KOPPEKTHOCTD BUa Ga-
31Ca M YCTPAHAIOT OJUH OTpPUIATelbHLIH ameMenT B cronbue b'. Mckiouenne
K€ B CTPOKE /I 11ejieBOil (DYHKIUMU BaKHO CAEaTh TAKUM, 4TOOBI COXpa-
HUTb IIEPBbIA U3 YKA3AHHbBIX [IPU3HAKOB JJisl IPUMEHUMOCTH U B [IOCJIE/LY IOLLEM
JIBOMCTBEHHOTO CUMILIEKC-MeTOa. UTOBBI MPOSICHUTE 3T0, 3amuiineM (hopMyy
mepecdera, j-ro kKoaghUImenTa meaeBoil GyHKIUNA TPU UCKIIOYEHUN:

ct=c —

i
J 5 Cs @y

31ech agj ecTb j-ii KoadpduuuenT k-l Crpoku 10C/Ie ee HOPMUPOBKU:

"o ’
Qs = akj/aks'
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[Tepesrit npusnak Tpebyer cj' > 0 npu ucxoanbix ¢; > 0 u ¢ > 0. fcno, uro
TOJHKO JJIsT TE€X CTOJOIOB j CYyIIECTBYET OMACHOCTh HAPYNINTh TpeboBaHwe
cj‘ > 0, Aad KOTOPBIX a%j > (. Tak kak cj' > 0 paBHOCHJTLHO HEPABEHCTBY

/ /
Cj Cs

lag; |~ | agy |

)

TO BBIOOD S, HOMEpA, BeAyIel MmepeMeHHON X, OKA3bIBAETC IOMYUHEH YCII0-
BUIO ,
/
c . C;
—2— = min ——. (4.1)
3. ’
‘ Ay | Jiap;<0 ‘ akj |
Takum 06pa3oM, BHITOTHSIIOT CIEAYIOIIAE TeHCTBHS:

HeiictBue 2°. B k-it (Bemyiueii) crpoke uWiyT TOJBKO cpeiu CBOGOJI-
HBIX TIEPEMEHHBIX OTPUIATEIhHBIE KOI(D OUIMEHTHI aﬁcj. Ecmu ux ner, T0 He
cymecTByeT 6a3UCHOrO JOMYCTUMOrO pelieHus (BbIXOJ U3 AJTOPUTMA, ¢ ITUM
coobuienuem). Eciu TakoBble ecTb, TO Cpeau HUX BBIGHPAIOT OLWH, G, €r0
HOMEp S, JIJig KOTOPOI'O BBIIOJIHEHO TOJBKO 4TO yKazaHHoe yciopue (4.1) .

/!
DieMenT a;, OObSABISIIOT BEIYIINM.
Yy o !

Heticteue 3°. HopMmupyror k-10 CTPOKY JejeHHeM HA Q).

HeiicrBue 4°. Broranrator k-10 CTPOKY, YMHOXKEHHYIO HA 3JIEMEHT a,
MaTPUIILL 33JAUU, U3 KaXKIO0M i-if cTpoku (i # k).

Orciofa BUIHO, 9YTO JBONCTBEHHBIN CHUMILIEKC-METO PABHOCUIIEH HUCKJTIO-
YeHMIO TIepeMeHHbBIX 1Mo cxeMe laycca-2Kopaana B gefictBusx 3°, 4° npu BbI-
6ope Ha KaKJOM Iare BEAYINEro JEMEHTa IO CIEIUAIbHBIM [PABUJIAM B
nmedicteusx 1°, 2°.

IIpumep 4.1.1 Haidimu neompuuamensvroe pewenue 1, T2 > 0 sadavu

31’1 + 9I2 S 270,
—2x1 — 4o = z — min

060TUCMBEHHBM CUMNAEKC-MEMOJOM.

IIpexk e BCcero 3amuiiieM 3a7a49y B UCXOTHOM CTAaHIAPTHOM BUJIE ¢ KAHOHUYE-

ckoit popmoit mia bas3muca:
2310 120
2 3 10120 (3901>, b<270>

3 9 01270 A
596 sz_( 2-400), Az =1b

B

= Z.

Ora dopma orsedaer Gasucuomy periernio BP = (0,0,120,270) = BIIP u
z = 0, koropoe usobpaykaercsa Toukoil (0,0) ma mmockocru Ozize. Beero
e 37ech nMeerca C7 = 6 BapHAHTOB BBHIOOPA ABYX JWHEHHO HE3ABUCHMBIX
BEKTOpOB-CcToONOB orpanndenuil u3 yerbipex: (1,2), (1,3), (1,4), (2,3), (2,4),
(3,4).
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Bapuanm (3,4) 3anucan Bbiiie. 3aluiieM U BCe OCTAJIbHBIE BADUAHTbI, YTO-

OB IMeTh TIOJTHYIO KapTHHY DA3UCHBIX PEITEeHu#, ¢ X N300parkeHneM Ha TII0C-
KOCTH.

Bapuanm (1,2)

(23 (1 —1/3
B={39) 8" =13 2/9>

. (10 1 =13\ , . (30
B A‘(o1—1/3 2/9 ) V=B = {9

10 1 -1/3/30| BP=(30,20,0,0)=B/P
01-1/3 2/9 20| —140 = 2min
00 2/3 2/9 |140| rouxa (30,20)

Bapuanm (1,3)

30 —\1-2/3

_ 1301/3 _ 90
14— /I 1

B A_<O 31 93) V=P b_( 60)

130 1/3[90| BP=(90,0,—60,0) # BJIP
0—-31-2/3]-60] —180 =z < zZmin
0 2 0 2/3[180| Touxa (90,0)

po (21 Bl= 01/3>

Bapuanm (1,4)

B:(QO 7B_1:( 1/2 o)

31 -3/21
. (132 120\ . .. (60
B A‘(09/2—3/21 =BT =1 g

13/2 1/2 0[60] BP=(60,0,0,90)=BIP
09/2-3/21|90| —120= 2> zmm
0—-1 1 0]|120| Touka (60,0)

Bapuanm (2,8)

(31 (0 1)9
B={4y,):B )

~\1-1/3
_ 1/310 1/9 _ 30
1 _ !/ __ 1p —
B A(l 01-1/3 b'=5B b(30>

1/3 10 1/9[30] BP=(0,30,30,0)=BJIP
1 01-1/3[30] —120=2> 2z
—2/300 4/9 [120| Touxa (0,30)




4.1 AsropuT™M € KOPPEKTHBIM BUIOM Da3uca 59

Bapuanm (2,4)

B (30 p1_ 1/30)

91 —31

_ 2/311/30 _ 40
1 / 1

BA_( 50 51)t=B b_<90>

2/311/30] 40| BP=(0,40,0,—90)
~30 —31|—90] —160 = 2 < zin
2/304/3 0] 160| rouxa (0,40)

YT06BI MPUMEHNTE TBONCTBEHHBIN CHMILTEKC-METOJ, HY?KHO CTAPTOBATH U3
obnact z < Zmin, TO ecTh u3 awboro BP # BIIP. B nannom npumepe st
storo ropgarca ase Touku: (90, 0) mm (0,40). BosbMeM, Hanpumep, B KAYECTBE
crapToporo Bapuant (1,3) :

A NB NF
1 30 1/3] 90] [1 2
—[0 -3 1 —2/3|—60
0 20 2/3[180
T

HTar 1.

1°. k = 2. Beibop BTOPOIi CTPOKH, k = 2, B KAYECTBE BeIyIeil MOKA3aH BHIIIIE,
c7eBa OT TADJIUIBI CTPEJIKOLA.

o : 2 _2/3 ) _ . — 1. —
2. i (H)', H,/gl) —2/3; =1 s=2
Bwibop BTOpOro crombma, s = 2, B KadecTBE BEAYINEro MOKA3aH BHIIIE,
CHU3Y OT TabJIUIbl CTPEJIKOM.
3°. Tocyie HOPMUPOBKHA: 4°. Tlocse BrrauTanuii:
A A NB NF
13 01/3] 90 10 1-1/3| 30| 1 3
01-1/32/9| 20 01-1/3 2/9| 20|| 2 4
02 02/3|180 00 2/3 2/9(140
ITar 2.

1°. Pemenue uaiigeno: BP = (30,20,0,0) = B/AP, —140 = zyin.

IIpumep 4.1.2 Bydem cuumamo, wmo wa 3adauy npumeps 4.1.1 narosceno
QONOAHUMEALHOE 02PUHUYEHUE

511 + 3ZE2 S 150.
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MoO2KHO PEInuTh BCIO 3371a4y, IPUMEHsIsT OOBIIHBIH CUMILIEKC-METO/T, HO MOXKHO
COKOHOMHUTDH BPEMsl, €CJIU TTPOJIOIKUATE perenne mpuMepa 4.1.1 ¢ Toro mecra,
re oHO ObLIO HaiimneHo, 706aBuB eme onHo orpamnndenne. Cxema mobaBaeHMsT
MOKeT OBITH TAKOM:

NB NF

OHAKO TEXHWYIECKH 9TO MOXKET OKA3aThCs HeynoOHbIM, ecau (A, b, ¢, —z) xpa-
HATCA B eAWHOM MaccuBe. B aToMm ciydae 6osee yaoOHbIM IPEICTABIIETC UIH
pas3esibHOe HAMMEHOBAHUE MACCHBOB, WJIH JIPYTOE PACIONOKEHNE ITUX KE U
OOABIEHHBIX JAHHBIX B €MHOM MACCUBE CJIEIYIONIErO BUIA:

NB —Z ¢ NF

Ecan a3bIk mporpaMMUpPOBaHAS JAOMYCKAET /19 MACCUBA HYMEPAITHIO C HY-
JisE CTPOK M CTOJIOIOB, TO HYJIEBYIO CTPOKY ITOTO MACCUBA YIO0OHO OTBECTHU JIJIsi
xpanenust (—z,c), a HyneBoi croaben, — st b. C y4geroMm TOro mepenwmiem
pesynbraT npumepa 4.1.1 u eme cHu3Y U cpaBa K Tabsmie 100aBUM CTPOKY U
CTOJIOEIT JJTsT JOTMOTHUTEIBHOTO OTPAHUYEHUS U JOMOJTHUTEIBHON TIepeMeHHO
x5. PaccmoTpum aTu nefictus.

ITTar 0. Beon nomoMHUTETHHOM CTPOKYW OT'PAHIYICHUTI:

NB [140[00 2/3 2/90] NF

1] [30[10 1-1/3[0] [3

2| [20]01-1/3 2/9)0] |4
1

®)| (15053 0 0

3ech 9Ta HUXKHSAST CTPOKA €Ie HE COOTBETCTBYET KAHOHUYIECKOMY BUIY JIJIsi
6asmuca, modromy B [N B HOMEp D TOKa IPOCTaBJIEH B CKOOKaxX. UToOBI 9TOT BHI
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«Y3aKOHHUTb», HY?KHO IIPOBECTH UCKJIFOUEHNE [IPEXKHUX OA3UCHBIX [IEPEMEHHBIX
21 U T2 N0 NOOABJEHHON CTPOKE. 3MecCh JJIS TOrO JAeJIAl0T 1Ba NpenBapu-
TEJbHBIX BbIYUTAHUSA M3 BBEJEHHOH CTPOKM: (1) BBIYMTAIOT MEPBYIO CTPOKY,
YMHOXKEHHYIO Ha D, u (2) BBIYUTAIOT BTOPYIO CTPOKY, YMHOKEHHYIO HA 3. B
pe3yJIbTaTe MOJIYYAI0T:

NB [140[00 2/3 2/90] NF

1] [30]t0 1-1/30] [3

2| | 2001 -1/3 2/90

|5 |-60j00 —4 11
T

BP = (30,20,0,0,—60) # BIP, —140 = z.

IMlar 1.

1°. k=3

2°. min (%) —1/6; 1=1, s=NF()=3.

3°. Tocyie HOPMUPOBKHA:

14000 2/3 2/9 0
3010 1-1/3 0
20[01-1/3 2/9 0
—| 15000 1-1/4-1/4
T

4°. Tlocne oranranuii u obmena NB(k) S NF(1):

NB [130[000 7/18 1/6] NF
1] [15[100—1/12 1/4| [5
2| | 250010 5/36-1/12| |4

3| 15001 —1/4 —1/4

BP = (15,25,15,0,0) = BJIP, —130 = Zmin.

B reomerpudeckoit narepnperanun Ha miockoctu Ox1xs 30eCh ObLIO JTBUMKE-
aue or touku (30,20) B obmactn 2z < Zmin K Touke (15,25). Y10 318 TOUKA
€CTb DEIleHne 3339, PACTIO3HAETCS B HAYAJe 1ara 2 mo OTCYTCTBUIO OTPU-
HaTeJbHbIX 3Hadenuil cpeau (15,25, 15) B HysesoMm cTosibne MaTpuilnsl. Pernie-
HU€e HANIEHO 33 OIWH Iar, TOCKOJbKY 3IeCh JIOMOJHUTEIHHOE OIDAHUIEHNE
OBLTI0 HAJIOXKEHO, KOTJA 3alMCh 33a49M ObLIa MOJIydeHa B (popme HalIeHHO-
ro pemerus npumepa 4.1.1. 910 orpaHuueHre MOXKHO HAJOXKUTD HA JPYTYIO
3aIUCh 3a/a4u, Ie KOdpuumenTsl 1eaeBoil PyHKIUN HEOTPUIIATE/bHbI, U
TOT/Ia, PEIeHre MBOUCTBEHHBIM CUMILIEKC-METOIOM MOXKET 3aHSATH OOJIbIlee
YUCJIO TITArOB.

Yr06bI MOKA3aTh ITO, HAJIOKHUM JAOMOJTHUTEIbHBIE OTPDAHUYEHNS HA BaPU-
anT (2,4) npumepa 4.1.1.
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IIIar 0. BBoa gOomOMHATETHHOTO OIPAHUYICHIUI:

NB [160[2/304/300] NF
2 102/311/30[0] [1
4| |-90/-30 —31/0
®)| [150] 53 o001

ObecrieunBast FOTOBHOCTD K MBOACTBEHHOMY CHMITIICKC-METOMY, UCKITIOUAeM U3
BBEJICHHOTO OTPAHWYCHUS TICPEMEHHBIC To U T4, SABIIOMACCT OA3UCHBIMU TIe-
pex HagagoMm mara 0. JIIst 3TOro BBIMUTAEM W3 BBEIEHHON CTPOKH K-10 CTPOKY,
YMHOXEHHYI0 Ha noaxoidaiuii koaddunuent; ciadana k = 1, To ecTh HCKIIIO-
gaeM Ga3HCHYIO IIE€pEeMEHHYIO T2, Tak Kak NB(k) = NB(1) = 2, u nouxo-
it KoapUIMEenT, onpeesiseMblii STUM HOMEPOM B TODABJICHHON CTPOKeE,
ecthb 3. [MomyqaeM mocse BEMUTAHUSA:

NB |160(2/304/300| NF
2 4012/311/300 1
—|4| |-90{-30 =310
) 300 30 —-101
T
Barem k = 2, ¥ HYKHO HCKJIOUUTL OA3MCHYIO NEPEMEHHYIO T4, TaK Kak

NB(k) = NB(2) = 4. Ogaaxo u3-3a Toro, uto kK03hOOdUIUeHT B moCaeaHei
CTPOKE, ONpeAeNsteMblii 3TuM HOMEPOM, paseH 0, BbIYMTAHHE HE TpeByercs.
(IIpoBepku Ha HyJb TAKOIO POAA 2KeJATEJIbHBL B LPOIpaMme, 4ro0bl ycrpa-
HUTH HEHYKHbIE 3aTPAThl BpeMeHn ). [OTOBHOCTE K ABOHCTBEHHOMY CHMILIEKC-
MeTojly obecrievena:

BP = (0,40,0,-90,30) # BAP,  —160 = z < Zmin.

IMlar 1.
1°. k=2.

2°. B k-it crpoke TONBKO Cpean CBOOOIHBIX MEPEMEHHBIX HIMLYT HAJHYIHE OT-
punarenbHbIX Ko dunumentos. N F' yKa3biBaeT, 9TO HAI0 MPOBEPUTDH 1-i
u 3-it suementbt 310it crpoku. Onu 06a okazasuch orputiaresbabl. Cpeu
OTPHUIATEILHBIX UIYT TOT, KOTOPLI ObecrmeanBaer

J
CJ
J

| aj; |

2/3  4/3

. . (2 4 2
=min| ———,——— | =min| -, - | = -.
| =317 -3] 99 9

MunumyM 0OeCIIeYeH IePBBIM JIEMEHTOM, YTO OTMEYEHO B JAHHOM CJIyYae
sHadernsiMu [ =1m j = NB(l) =s = 1.

Taxkum obpazom, meiicteuem 1° HalineHa Beaylas CTPOKA, a geiicTBuemM 2°
HafifeH Beaymnmii croberr, YTo B Tabsinile yKa3aHo crpeakamu. Bemyruit
3JIEMEHT I [OCJEeAYIONIero MCK/JYeHus 1o Mmerony laycca-2Kopaana
HaXOIUTC HA MX [IEPECEYEHUH U 31eCh paBeH —3.

min
j=1,3
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3°. Tlocre HOpMUPOBKH:

1602/304/3 00

102/311/3 00

—[30 10 1-1/30

30 30 -1 01
7

4°. Tlocne eranranuii u obmena NB(k) S NF(I) :

NB [140[00 2/3 2/90] NF

2] [20[01-1/3 2/90| [4

1 | 3010 1-1/30

—/5 |-60j00 —4 11
7

BP = (30,20,0,0,—60) # BJIP, —140 = z < Zmin.

HTar 2.

1°. k=3.
2°. [=2,j=NF(l)=3,s=3.
3°. Tocyie HOPMUPOBKHA:

14000 2/3 2/9
2001 —1/3 2/9
3010 1-1/3

—| 1500  1-1/4-1/
7

4°. Tlocne Bbranranuii u obmena NB(k) S NF(I) :

0
0
0
4

NB [130000 7/18 1/6] NF
2] [25[010 5/36—1/12| [4
1| | 151001712 1/4] |5

3] | 15001 —1/4 —1/4

BP = (15,25,15,0,0) = BAP, —130 = zmin.
IIar 3.
1°. Pemenune HaiigeHo:

BOP = (157 257 157()’ O)a Zmin — —130.

B reomerpudeckoil MHTEPIPETAINK 3/eCh ObLIO JBHKEHHE 34 JIBa IIara 1o
rouxam: (0,40) — (30,20) — (15,25).
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IIpumep 4.1.3 Jasn 1,22 > 0 pewums 3adawy (cp. ¢ npumepom 3.5.2)

221 > 3

x2 > 1;

—2x1 + 322 < 3

2x1 4+ 3xo < 21;
—2x1 — 5x9 = z — min

U 3AMEM HAAOHCUMD OONONHUMENBHOE o2paruverue

T+ 19 < 6.
ITar 0.
NB 0)—2-5 0 000 NF
3 3 2 0—-1 000 1
4 11 0 1 0-100
—15 3—2 3 0 010
6] |21 2 3 0 001
T

BP = (0,0,-3,-1,3,21) #BOP, 0= z.
CrauaJjia, permaeM 337a49y OOBIYHBIM CUMILJIEKC-METOIOM, KaK B 1. 3.5.

HTar 1.

1°. s=2,1=2.
2°. min(oo, 0,3/3,21/3) =1, k =3.
3°. Tlocie HOPMUPOBKH:

5 0 0 00
0-1 0 00
1 0-1 060
1 0 0
3 0 0

wy 1/30

01

— == WO
N W D NN

2

4°. Tlocne Bbranranmii u obmena NB(k) = NF(I)

NB -16/30 0 0 5/30] NF

5
3 [3 20-1 0 00
4 ol 2/30 0-1-1/30 |5
1
8

2 —2/31 0 0 1/30
—l6| |1 40 0 0 —11
T

BP = (0,1,-3,0,0,18) # BJIP, —5= .
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2°. min(o0, 00,00,18/4) = 9/2, k =4.
3°. Tlocyie HOPpMUPOBKHA:

5[-16/30 0 0 5/3 0
3 20-1 0 0 0
of 2/30 0-1-1/3 0
1 0

4

—-2/31 0 0 1/3
—[9/2 10 0 0-1/41/
T

4°. Tlocne oramranmii u obmena NB(k) S NF(I)

NB 29100 0 0 1/3 4/3] NF

—6/00—-1 0 1/2-1/2| [6
—3/00 0-1-1/6-1/6
401 0 0 1/6 1/6
9/2110 0 0-1/4 1/4

=N W

BP = (9/2,4,6,3,0,0) = BJIP, —29 = 2.

Tenepp HaKAAIBIBAEM JOMOTHUTETHHOE OTPAHUYEHWE W OJHOBPEMEHHO B
[IOJIY9€HHOM TOJBKO YTO PeIieHnr O0DecnevnBacM KOPPEKTHBIH Bum 6a3mca
(ymuoxkaem Ha «—1» nepsble ase crpoku). Hymepaiuio maros Hauunaem 3a-
HOBO, [1I€Pex0/id K IPUMEHEHUIO JBOUCTBEHHOIO CUMILJIEKC-METO/1a.

HTar 0.

NB [29[0000 1/34/3[0] NF

0
60010-1/21/2[0] [6
30001 1/61/6[0

0
0
1

=~

0100 1/61/6
9/2]1000—1/41/4
(D] [ 61100 0 0

— N s W

Wckrouaem u3 100aBIEHHONE CTPOKYM OTPAHUYEHUI T€ IEPEMEHHBIE, KOTOPHIE
710 3TOr0 GBIH B cTIMCKe 6a3ncHbIX, (3, 4,2, 1), M KOTOPBIE BOIIUIA B 3Ty CTPOKY
He ¢ HysjeBbiMu kKodbduuuenramu (1. €. 1 u 2). Iig 5T0ro npumMeHsieM cxemy
laycca nekmaovenns mo 1o06aBIEHHON CTPOKE, TTOCTe 9ero NMeeM:

NB 2000000 1/3 4/30] NF
3 60010-1/2 1/20] [6
4 30001 1/6 1/60
2 40100 1/6 1/60
11 | 9/2(1000-1/4 1/40
—|7| |-5/2[0000 1/12 =5/12 1
T

BP = (9/2,4,6,3,0,0,—5/2) # BJIP, —29 = 2.
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C 9TOro MOMEHTa CTapTyeT ABOWCTBEHHBIM CHMILIEKC-METO/I.

HTar 1.

1°. k = 5. llepemennyio x7, NB(5) = 7, 6ynem BBIBOOUTH U3 6a3uca, Tak Kak

$7:—5/2<0.
2°. s=06, [ =1, Tak KaK

min
> — vl
l,j=NF (l).akj

3°. Ilociie HOpMUPOBKU:

769 = min 74/3 _ 10
<o\lay; |} =6 \|-5/12]) 5

[\
e

0000 1/34/3

=)

9/2

!

0
0010-1/21/2 0
0001 1/61/6 0
0100 1/61/6 0
1000—1/41/4 0
0000-1/5 1-12/5

1

4°. Tlocne Beranranuii u obmena NB(k) S NF(I) :

NB

Y= N W

210000 3/50 16/5| NF
0010-2/50 6/5 [7
0001 1/50 2/5
0100 1/50 2/5

1000-1/50 3/5
0000—1/51-12/5

D W W N W

BP = (37 37 3a 2a 07 67 O) = B»Z[Pa —21 = Znin.

TTokazxkem OCO6€HHOCTI/I7 KOrga JOIIOJHUTEJIHHO HAJIOXKEHHOE OTPAHUYCHUE NME-

eT BU «=».

IIpumep 4.1.4 Pewums 3adawy npedvidyuwezo npumepa 4.1.3 u 3amem Ha-

AOHCUMD FONONHUMENLHOE

oZPaHUYEHUE

5131+Z‘2:6.

IIpomomkum perieHne TOCIE 3aBEPIIEHUS IIAra 2 U JAJiA 3TOr0 OrPAHU-

YeHus BBEJEM HCKYCCTBEHHYIO IEDEMEHHYI0 Ty U HCKYCCTBEHHYIO LEJIEBYIO
byurmuo w = r7. C 3TOr0 MOMEHTA HYMEDAIIWIO IITATOB HAYHEM 3aHOBO. 3a-
MUCH CUMILIEKC-TabauIl OymeMm BecTr B popMe, IPUHATON 3/1€Ch BE3/1e, KPOMe
npumvepoB 4.1.2 u  4.1.3. Kpome toro, obecrieunm KOPPEKTHBIN BuI 0a3mca
(asropurm 6e3 3Toro Buia H6azuca U3JIOKeH HUXKE, B 1. 4.2).
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HTar 0.
NB NF

0010-1/21/20 3] [5
0001 1/61/60 4
0100 1/61/60 (2)
1000 —1/41/40/9/2| |(1)

(7)

1100 0 01 6
0000 1/34/30] 29
0000 0 01 O

=)

3-3a BBenenus Tperbeil cHU3y CTPOKH (ATOE ONPAHUYEHME) [I€PEMEH-
HBIE X9, T1 TepecTan ObITH O6a3ucHbIMU. Takzke He SBIAeTCA MOKa 0a3uCHOI
U WCKYCCTBEHHAsI MEepPEeMeHHasi T7 MO OTHOIIEHUIO K UCKYCCTBEHHON IesieBoit
dyukuuu (nocaensist cTpoka). JIErko BOCCTAHOBUTD JUJIsl HUX BXOXKJEHUE B
9UCI0 OA3UCHBIX: HYKHO MCKJIIOUUTDH MMEPEMEHHBIE Tg, £ U3 ISATOTO OrPAHU-
YeHUs U [MEPEMEHHYIO T7 U3 HOCAEIHEH CTPOKH IIyTeM OYEBMIHBIX BHIYMTAHUI
crpok. [Momyqanm:

NB NF
0010 —1/2 1/20] 6] [3] 1[5
0001 1/6 1/60 3| |4 2
0100 1/6 1/60] 4] |2
1000 —1/4 1/40] 9/2| |1
—l0000 1/12-5/121|-5/2| |7
0000 1/3 4/30] 29
0000 —1/12 5/120| 5/2

T

BP = (9/2,4,6,3,0,0,—5/2) # BJIP, z=-29, w=—5/2.

Oran I. OObYHBI CHMITEKC-METO, I 1eJIEBOil (DYHKITNN W, TOCKOJBKY B
HUXKHEH CTPOKe MMeeTcsl OTpULATEIbHbIH Koaddunuent —1/12.

IMlar 1.
1°. =1, s=5.

o : 3 4
2°. min (oo, 1760 1760 0% —oo).

)

Cormacuo tabn. 3.4.1, «—00» o3HaUaeT «3amnper». Kcim Bee ke BeIyIyio
CTPOKY BBIODATH MO STOMY NMPU3HAKY, B JAHHOM mpumepe k = 5, TO 3TO
Oymer 03HAYATDH, 9TO CBOOOAHAS IEPEeMEHHAas L5 Tenephb CTaHeT OA3MCHOI,
HO C OTPUIATENBLHBIM 3HAUEHUEM (3TO U €CTh <«3alpers BBIXOIA U3 J0-
nycrumoil obaactu). OgHAKO 5, CTAHOBSICH OTPUNATENLHOMN, G1aromaps
orpunareabHoMy koadbdunuenty —1/12) yBeJnuuT UCKYCCTBEHHYIO 11eJ16-
Byt QyHKIMIO OT ee 3HAUeHUs —5/2. DTO W HYKHO, TAK Kak dtan I mom-
kel 3apepinTbed 3HavenueM w = (. I[Tostomy BBIGOP £ = 5 omnpasman



68

3°.

4°.

Sran I ycnemno 3asepruen. Huxkass cTpoka, cenpmoii cronben w NF(1) =7
MOryT ObITh BbIYepKHYTHI. [locjie 9Toro Bul OCTaBIIeHCs HUXKHEH CTPOKH
k03 dunmentos (0,0,0,0,0,3) u Bux cToabma cBOGOMHBIX wieHOB (—9,8,9,
—3,—30) roBopdT, u4TO JHajee CAeIyeT NPUMEHHUTH JBONCTBEHHBIA CHUMILIEKC-

4 JIBOMCTBEHHBIN CHMILIEKC-METOT,

u BaKTUYECKU HE JOJIXKEH PACCMATPUBATBCS KAk 3auperHbiil. («3anper»
O3HAYAET JIUIITh BBIXOJ U3 JTOMYCTUMOIN 0DJIACTH, KYIa BCETIa CHOBA MOXKHO
[OIACTb C IPUMEHEHUEM JBOMCTBEHHOIO CUMILIEKC-METO/IA).

[Tocnme HOpMUPOBKH:

0010 —1/2 1/2 0] 6
0001 1/6 1/6 0| 3
0100 1/6 1/6 0 4
1000 —1/4 1/4 0]9/2
—10000 1 —512|-30
0000 1/3 4/3 0] 29
0000 —1/125/12 0| 5/2

ITociie BbrunTanmii:

BP = (-3,9,-9,8,-30,0,0) # BJIP,

T

NB
00100-2 6| -9 3
00010 1-2| 8 4
01000 1-2| 9 2
10000-1 3| -3 1
00001 -5 12|-30 )
00000 3—4| 39
00000 0 1] O

T

METOJI, TT0 OTHOIIEHUIO K IMEJIEBON (DYHKIMY 2.

Oran II. [IpoiicrBeHHDIH CUMIIEKC-METO/] C KOPPEKTHBIM BUIOM 6azuca (CM.

u. 4.1).

HTar 2.

1°.
2°.
3°.

k=5.
s =6.
[Tocme HOpMUPOBKH:

NF

17
2|6

z=-39, w=0.
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0010 0-2|-9
0001 0 1| 8
0100 0 1| 9
1000 0—-1|-3
—0000-1/5 1| 6
0000 0 339
T
4°. Tlocne BorunTaHuii:
NB NF
0010-2/50{ 3 3 (7)
0001 1/50| 2 4 5
0100 1/50] 3 2
1000-1/50] 3 1
0000-1/51| 6 6
0000 3/50[21

BP = (3,3,3,2,0,6) = BIIP, 2= —2L.
IMlar 3.

1°. Tlonyuennoe Boie BIP asngerca OBIP (omrumansabiv BIP), no-
CKOJIbKY HET OTPHUIATEIBHBIX 3JEMEHTOB B MPABOM CTOJOIE TAOJIUIBI, U
Zmin = —21.

Teomerpuyecku, Ha maockocTr O X2, 37€CH TOCIE HAJIOKEHUS OTPAHMYIEHIUST
TUIA PABEHCTBA L1+ T2 = 6 Ipou30ILIo ABuKeHue u3 Touku (9/2,4), koropast
ObL1a ONTUMAILHOM /10 HAJIOXKEHUsSI OrpaHuveHus, B To4Ky (—3,9) nepecede-
Hug muHui 201 + 322 = 21 u 1 + 12 = 6 3a npeaensl JOMyCTHMON 00IaCTH
(mar 1). Crenyiomee npmkenune (mar 2) npou3onuio B To4UKy (3,3), mocTas-
JIAOLIY 0 MUHUMYM (DYHKIMY 2.

3ameuanue 4.1.1 M3 cpasrenusa npumepos 4.1.8 u 4.1.4 eudno, wmo ozpa-
HUYEHUE TRUNG <=» Mpedyem 66e0eHUA UCKYCCTNEEHHOT NEPEMEHHOT U UC-
KYyccmeenhoth yeaeeolt PyrHKuUL.

4.2 AsaroputMm 6€3 KOppeKTHOTO BuAa Da3uca

Boimmie 1BOCTBEHHDBIN CUMILIEKC-METO N3JIOXKEH M1 CHTYAIi, KOTIa BCe
HEPABEHCTBA B OIPAHUYEHUIX 33a49M 3apaHee MPHUBEIEHBI K BUILY <«MEHBIIE
wan paBHO». Torma mobaBIEHHBIE TEPEMEHHBIE BXOIST ¢ KOo3ddbdumnmentamu
«+1», U caenoBaTeNbHO, ITH, a TAKKE W BCE MOCTEAyoNne Oa3uCHbIe Te-
pPEMEHHBbIE MMEIOT B KadeCTBE BEKTOPOB OTPAHWYUCHHI CTOJOIBI €TUHUIHOI
marpuilbl. Takoii 6a3uc (B Bue CTOJIOUOB €MHUYHON MATPUIIBI) YCIOBHO Ha-
3BIBAIOT KOPPEKTHBIM, 9TOOBI OTJIMIUTH €r0 OT APYTHX CHTYAIHH, KOTa OTHN
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Oa3ucHbIE MEepPeMEeHHBIE BXOAAT B OrpaHu<eHnsa ¢ KodpduiumeHToMm «+1», a
npyrue ¢ Koaddunuenramu «—1». OUEBUIHO, STH CUTYAIIUU COOTBETCTBYIOT
BKJTFOUEHWIO OrPDAHUYEHUI KAK BUIA «MEHBIE WJIH PABHO», TaK W «OoJbine
WJIK PABHO» B MCXOIHYIO 3aMKCh 33/Ia9H.

Wznoxkenne nBOHCTBEHHOTO CHMIIJIEKC-METO/IA, JIJIs ITOTO BAPHUAHTA BKJITIO-
YUM B CJICJYIONIUI MPUMED, KOTOPBIA MJIIIOCTPUPYET TAKXKE THIl YCJIOBHI,
MpU KOTODPBIX PEIIeHne YI0OHO HAYMHATH WCKATh WMEHHO IBOMCTBEHHBIM
CHUMILJIEKC-METOIOM: HAYAJI0 KOODPAWHAT, OOBITHO CIYZKAIIEe CTAPTOBON TOY-
KO, JIEXKUT B TOJYIPOCTPAHCTBE, TAe 2 < Zmin-

3ameuanne 4.2.1 [Ipeboisanue mexyuezo 6a3UCHO20 PEULEHUA 6 TOAYNPO-
cmpanemee z < Zyin 06HAPYACUBEIOM NO YCAOBUIO HEOMPUUGMEALHOCTNU KO-
apunyuenmos npu nebasucnui (c60600HBT) NEpemennbE 6 cmpoke ueaesol
PYHKUUU U HAAUNUIO CPEOU HUL NOAOAHCUMEALHHT. Juwb Imo ycaosue pas-
pewaem npumMerams J60Ucmeentbill CUMNALKC-MEMOO.

IIpumep 4.2.1 [z x1,z2 > 0 pewums 3adavy:

2x1 + 3z > 6;
2x1 + 622 > 9;
271 + 229 < T
1 + 4x9 = z — min.
IITar 0.
NB NF
I1I2I3I4I5b/ 13 1] 1
2 3-10 0[6| 24 2
—12 6 0 —1 09| 3|5
22 0 0 117
14 0 0 0]0
T

BP = (0,0,—6,-9,7) # BJAP, 0=z.
Pazperiieno npuMmeHsaTs TBORCTBEHHBIN CUMILIEKC-METO/I.

IMlar 1.

1°. Cwmorpsar wepes NB(i) ma cronben b’ m HAXOOAT Te CTPOKH, TJIE TIPOHU3-
senerme a'[i, NB(i)] - V(i) < 0. I3 aux BoOupator HOMED k-ii CTPOKH, B
KOTOPOH 3TO OTPHUIATENBHOE YHCJIO HamMeHbInee. Ecim Takwx CTPOK He
HailZleHo, TO 3a/1a4a pelleHa, KoHel, 31ech k = 2.

2°. Cwumorpsar uepes NF(i) na te KoabHUIUEHTI 111 CBOOOAHBIX TI€PEMEH-
HBIX B k-#f ¢TpOKe, KOTOpBIE mojokuTenbusr, ecmu o [k, NB(k)] = —1, n
orpunarensubl, ecmu a [k, NB(k)] = +1. Cpean HuX BBIOHPAIOT TaKoOi,
KOTOPBIA JOCTaBAAET
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c.
min | —— |.
J |akj|
. (1 4) 1
min ,— | = =.
217161/ 2

B namsoM mpumepe

®ukcupytor HoMepa ¢ = | u s = NF(l), npu KOTOPBIX 3TOT MHHHMYM
Halinen, B mjanHoM mpumepe [ =1, s = 1.

3°. Tlocne HOpMUPOBKHU k-#i CTPOKHM J€/ICHHEM €€ HA BeAyLIUii 9JIEMEHT df, ., B
/ — .
JIAaHHOM TIpUMepe 4y, = 2, HaXOsAT:

23-1 00| 6
—[13 0-1/209/2
22 0 01 7
14 0 00 0

T

o A 3 . !
4°. Tlocne BeranTanmii k-it CTPOKY, YMHOKAEMOI HA G4, U3 BCEX APYTUX CTPOK

(i # k) m mocne 3amensr N B(k) & NF(1), maxonar:

NB NF
0-3-1 10 -3 113 11 4
1 3 0-1/20 9/2] 21 2
—0—-4 0 11 —-2| 3|5
0 1 0 1/20[-9/2
T

BP = (9/2,0,3,0,—2) # BJIP, 9/2=z.

IMlar 2.
1°. @'[3,NB(3)]-¥(3) <0, =k=3.

2°. d'[3, NB(3)] = +1; onun orpunarenbhbii koaddummenr —4 = | = 2,
s =2.

3°. Tocyie HOPMUPOBKHA:

0—3-1 1 0 -3

1 3 0-1/2 0 9/2

—l0 1 0-1/4-1/4 1/2

0 1 0 1/2 0]-9/2
T
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4°. Tlocse BorynTaHUil:

00-1 1/4-3/4]-3/2
10 0 1/4 3/4 3
01 0-1/4-1/4 1/2
00 0 3/4 1/4] —5

NB NF
1 3 1| 4
2| 1 2
3( 2

BP = (3,1/2,3/2,0,0) = OB/IP, 5=z = 2.

HTar 3.

1°. Bee d/[i, NB(i)] - V(i) > 0,

3ameuanue 4.2.2 Hckyccmeennvie nepemennvie ¢ Uckyccmeennoti 4eaesot
dynryuet, xax 6 m. 3.6, u deoticmeennvili CUMNAEKC-MEMOD, Ha NeEPEvLT
632480, necoemecmumst. JelcmeumenbHo, ecat MAKUEe NePeMEeHHbe GEECTNU
O BCET 0ZPAHUMEHUT THUNG <> » U «=», MO 6Ce DA3UCHBIE Pewenus nepeti-
dym 6 xamezopwo BJIP (6asucnuz donycmumnx pewenud). B pesyasvmame
UCHEIHYM, YCAOBUA NPUMEHUMOCTNY JBOTCMEEHHO20 CUMNACKC-MEMOA, KO-
mopwiti pabomaem avwis 6 obaacmu, 20e BP # BJ[P (cm. nodpobuee ni. 4.3).

DTO 3aMeUaHne WILTIOCTPUPYEM CIeAYIOmeil 3a1a4eii, rae B mepBoM ITpuMe-
pe OrpaHnYeHHe THIIA «=» BBOJUM B PEIIEHHE He C MOMOIIBI) UCKYCCTBEHHOMN
EPEMEHON T C MCKYCCTBEHHOM Ie/IeBOi (DYHKIMEH W = Tg, a C 3aMEHOH «=»
Ha «<» U OJHOBDPEMEHHO «>>» ([IPAKTUYECKU TAKON HPUEM MOXKET OKa3aThCs

= KOHEII.

IyYBCTBHUTEIILHBIM K ormubKam BbI“II/ICJ'IeHI/H‘/’I).

IIpumep 4.2.2 Jlaa x1,79 > 0 pewums 3adawy

2Z1+3IC226;
2$1+6$229;
1+ a9 < 4
2x1 + 229 =T,
T, + 2x9 = z — min.
HTar 0.
NB NF
23—-1 000 O0|6] 1/3| 1|1
—126 0—-100 0|9 =2/4 2
11 0 010 04 35
22 0 001 0|7 4|6
22 0 000-—-1|7| &7
12 0 000 00
T

BP = (0,0,—6,-9,4,7,-7) # BAP, 0= z.
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Pa3zperreno npuMeHAaTh ABORCTBEHHDBIH CHMILIEKC-METO/I.

HTar 1.

1°. d'[1,NB(1)]-¥' (1) = -6 < 0;
a'[2, NB(2)]-b'(2) = -9 < 0;
a'[5,NB(5)]-b'(5) = -7 <0, = k=2

2°. d'[2, NB(2)] = —1. JIpa mosokuTeabHbIX KoaddurmenTa:
d[2, NF(1)] =2, d[2,NF(2)] =6. na aux

mnf(—,— | ==, =[01=2 s=2.
Q2||60 3

3°. Tocyie HOPMUPOBKHA:

23-1 000 0] 6
—[1/31 0-1/600 0[3/2
110 010 0 4
001 0 7
7
0

22 0
22 0 000 -1
12 0 000 O
T
4°. Tlocie BbIUMTAHUIA:
NB NF
10-1 1/200 0[3/2] 13| 1|1
1/31 0-1/600 0[3/2] 2|2 2
2/30 0 1/610 0/5/2| 3|5
4/30 0 1/301 0 4| 4|6
—4/30 0 1/300—1| 4] 5|7
1/30 0 1/300 0]-3
7

BP = (0,3/2,-3/2,0,5/2,4,—4) # BAP, 3=z

IIar 2.

1°. d[1,NB(1)] ¥ (1) =-3/2 <0;
a5, NB(5)]-v(5)=-4<0, = k=5

2°. d[5,NB(5)]=-1 & d[5,NF(1)]=4/3>0 &
a5, NF(2)]=1/3>0, =

. 1/3 1/3 ) 1
mn|(——,——— | =-, =1l=1, s=1.
<|4/3| [1/3]) 4

73
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3°. Tlocre HOpMUPOBKH:

10-1 1/200 0|3/2
1/31 0-1/600 0(3/2
2/30 0 1/610 0(5/2
0
4
0

4/30 0 1/301
—| 10 0 1/400-3/
/30 0 1/300

T

4°. Tlocne BuIYHTAHUIL:

-3

NB NF
00-1 1/400 3/4]-3/2] 1[3| 1[7
01 0-1/400 1/4| 1/2| 2|2 2
00 0 010 1/2 1/2| 3|5
00 0 001 1| 0| 4|6
10 0 1/400-3/4] 3| 5|1
00 0 1/400 1/4] —4

BP = (3,1/2,3/2,0,1/2,0,0) = OBAP, —4 = zn.
ITar 3.
1°. Bee d'[i, NB(#)]- V(i) >0, = komemn,.

4.3 Anaroputm 6e3 KOPpPEKTHOTO Buja Dasmca
C NCKYCCTBEHHDBIMU II€PEMEHHbIMU

Ha npumepe npeapiiymieit 3agagqu (cM. npumep 4.2.2) HOKaXKkeM COBMe-
CTHMOCTH HCKYCCTBEHHBIX HEPEMEHHBIX H JBOMCTBEHHOIO CHMILIEKC-METOIA.

IIpumep 4.3.1 Jlaa 1,22 > 0 pewums sadawy

2561 + 3:172 Z 6;
2.1‘1 + 6%2 > 9;
T+ 12 < 4
2x1 + 229 =T,
T, + 2x9 = z — min.

3/ech B HAYAIBHBIX YCIOBUSX €CTh OIPAHUYEHNE T, «=». TOJIBKO A1 HErO
BBEJIEM WCKYCCTBEHHYIO MEPEMEHHYIO Tg U (PYHKIHUIO W = Tg.

HTar 0.

23-1 0006
26 0-100)9
11 0 0104
22 0 0017
0
0

12 0 000
00 0 001
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Hwxuasa cTrpoka 3meck oTBemeHa i KOIMD@UIMEHTOB W 3HAUEHUd PyHK-
mrn w. Yrobsl B HavanmbHoe BP, mpuMeHHTenbHO K w, BONIIA TEepeMeHHbIe
(3,24, %5, Te), CALNAEM MOATOTOBUTEILHOE BLIUATAHNE, T. €. UCKJIIOUUM T¢ U3
cTpoKu (BbIpayKeHwus ) Jjisi w. B pesyabrare nojayduM CTapTOBOE COCTOSHUE:

NB NF
2 3-1 000] 6| [3] 41
2 6 0-100] 9 |4 2
1 1 0 010 4 |5

— 2 2 0 001] 7 |6
I 2 0 0000
—2-2 0 0007
-

BP = (0,0,—6,-9,4,7) # BAP, 0=z, 7=w.

ITo nocienneit cTpoke TabIUIBI PACIIOZHAEM, YTO JJIs MUHUMUAZAIHUHY 1eJle-
Boit dynkuuu w (rau I) 3pece goszked Gbirb HpuMeHeH OObIMHBIA (HEBO-
CTBEHHBI) CUMIIIIEKC-MeTo 663 mopoxkaeHust HadaabHoro BJIP (em. 1. 3.5).

Oran I. [Mlar 1.

1°. 1=1, s=1.
2°. min(oo,oo,%,%) =7/2 = k=4
3°. Tlocyie HOPMUPOBKHA:

2 3-1 00 0] 6

2 6 0-10 0] 9

1 10 01 of 4

= 1 1 0 001/27/2

1 2 0 00 0 0

—2-2 0 00 0]—-7
:

4°. Tlocne BorunTaHwmii:

NB NF
01—-1 00 —1] —1] [3] 1[6
—l04 0-10 -1/ 2 |4 2
00 0 01-1/2] 1/2| |5
11 0 00 1/2| 7/2| |1
01 0 00—1/2[—7/2
00 0 00 1] 0

1

BP = (7/2,0,1,-2,1/2,0) # BAP, 7/2=z 0=w.
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Oran I ycremHo 3aBepiieH, UCKyCCTBeHHas LejeBad QYHKIMs (IOCIENHS
CTPOKA) 1 UCKYCCTBEHHAs IepeMeHHasl L Jajiee He Hyxkubl. Oxuako BP ocra-
J0Ch HenomycTuMbiM. [lasiee, 0 BTOPOl CHU3Y CTPOKE PACHO3HAEM, UTO JOJI-
JKeH ObITh [PUMEHEH JBOACTBEHHBI cuMIuieKc-Meron (cM. 3amevanue 4.2.1 B
n. 4.2).

Oran II. IIar 2.

1°. d[2,NB(2)]-¥(2)=-2<0, = k=2
2°. d'[2, NB(2)] = —1, onun nomoKuTenbHbI K03 dumenT,
d[2, NF(2)] =4, =

¢ 1 1
min ,7j :min():, = [=2 s=2
i \lay | |41/ 4

3°. Tlocie HOPMUPOBKH:

01-1 00 —1
—01 0-1/40 1/2
00 0 01| 1/2
110 00 7/2
01 0 00]—7/2
T

4°. Tlocse BbrauTaHwMii:

NB NF

00-1 1/40[-3/2] [3] 1[6
01 0-1/40 1/2] |2 2
5
1

00 0 01| 1/2
10 0 1/40[ 3
00 0 1/40 —4

BP = (3,1/2,3/2,0,1/2) = BIP, 4= z.

HTar 3.

1°. Bce d'[i, NB(7)] - V' (i) > 0, = maitnennoe B/IP apngercda mCKOMbBIM
OBJIP u zpmin =4, = KOHeIl.
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MomndunmpoBaHHBI CUMILIEKC-METO/T

DTOT BapMAHT HA3BIBAIOT TAKKE YJIYUIIEHHBIM CHMILIEKC-
METO/IOM, TIOCKOJIBKY OH YMEHBIAeT O0beM BBIUUCICHUH Ha KaXK-
JIOM TIare 10 HeOOXOAMMOrO MHUHHUMYMa. DTOT MUHHHYM TOUYTH
ouesuen: (1°) yrobbl onpenesuTh, KAKyI0 HEOA3UCHYIO II€PEMEH-
HYIO BBECTH B 0a3UC, HAM HYKHO TPOBEPUTH TOJIBKO (1 —m) K03h-
GUIMEHTOB [I71si HUX B CTPOKE Tie1eBoii (pyHKImy; (2°) onpeaenus,
KaKyI0 MEPEMEHHYIO BBOJIUTH, CKAXKEM, Ty, MBI JOJ2KHBI MPOAHA~
JIM3APOBATH TOJMBKO 1M TUCENT B CTOMONE a), W M 9UCEeN B CTOAOIE
b', uTobbl peIuThb, KaKylo Da3UCHYO IIepeMeHHYIO yIaIuTh U3 Oa-
suca. Takum 06pa3oM, YTOOBI BEIOPATH BEAYIIAN JIEMEHT B CTAH-
JAPTHOM CHMILIEKC-METOe, HAM HYXKHO UMETh B PACIOPSIKEHUN
TOJBKO (1 + m) guce.

ITono6ubIM cBOMicTBOM 0ObOsazaeT W ABONCTBEHHBIN CHMILIIEKC-
merox: (1°) urobbl onpenesiuTh, Kakyio Ga3sUCHYIO NEPEMEHHYIO
yaaiuTh u3 6asuca, HaM Hy>KHO 3HATH TOJBKO 1 9UCET B CTOI0-
e b npu BeiGOpe HOMepa k omHOro u3 sTMx uucen; (2°) ompe-
JIEJIUB, YTO VIAJIATH, CKaykKeM, NepeMeHHyo ,,r = NB(k), Mol
JIOTDKHBL TTPOAHATTM3UPOBATE TONIBKO (1 — m) uucen B k-ii cTpo-
Ke u (n — m) 4ncen B CTPOKe 1eneBoli DyHKIUH, 9TOOBI PENnTh,
Kakym u3 (n —m) HeGA3MCHBIX IEPEMEHHBIX BBeCTH B Oasuc. Cie-
JIOBaTEILHO, YTOOBI BBHIOPATH BEAYINN JIEMEHT B IBONCTBEHHOM
CHUMILIEKC-METOe, HAM HYKHO WMETh B PACIOPSIKEHUH TOJHKO
2n — m gwuceu.

fcno, uyro Hamboee 3pPeKTUBHLIM ObLT ObI TAKOH MOPAIOK
BBIYUCJIEHUH: CHAYAJIA BBIYUCIUTD T€ YHCIIA, KOTOPBIE HYKHBI JIJTsI
BBIIIEYKA3AHHOIO sieficTBus 1°, 1 3areM — quciia JJis Aeiicreus 2°,
¥ BBITIOJTHATH 9TH AeHCTBUS, TEM CAMBIM OCYIIECTBIIsIsS Tpebyemoe
«IEPEKJTI0YEHNEe> MePeMeHHbIX. UTo ¥Ke Kacaercs meiicTBuil 3° u
4°, cocrapasgiomux Meron laycca-zZKopmnana, TO UX MOXKHO U BO-
BCE UCKJIIOYATDH, €CITU TaK OCYIIECTBUTH OOMEH MEPEeMEHHBIX, UTO
geiicrsus 1° u 2° Ha caeyromeM mware MoryT ObITh IIOBTOPEHBI.
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Wpea 3akmodaerca B TOM, YTO Ha KaxKIOM IIATe KAHOHH-
vecKyio (pOpMy 330a49U [JI TEKYIIEero 6a3mca MOXKHO MOJY9aTh
HE3aBUCAMO OT APYTHX TAKHX (POPM HEIOCPEICTBEHHO U3 MCXOI-
HO# 3ammcu cranmaptHO# 3amadu JIII. YTober ocyimecTBuTh 3Ty
uzeio, HyxkHo: (1) COXpaHATh UCXOIHYIO 3AIKCh 3aJa9U HA [IPO-
TS2KEHUN BCEeH pabOThI METOJA, — 3Ta Ta IEHA, KOTOPYI0 IPUXO-
JIIUTCA TJIaTUTh 3a Gouibiiee GpicTposeiicTeue; (2) UCIOIB30BATH
TaK HA3BIBAEMBIE CHMILIEKC-MHOXKHUTENH T — KO3 (OUIMEHTHI 171
HeTOCPeICTBEHHOTO TIePexXoaa OT NCXOIHOM 3ATTUCH 3a1a91 K €€ Te-
Kylieil KaHoHudeckoit hopme mis 6azuca; u (3) ucnoab3oBarh 06-
pammenHbrii 6azuc B~ — MaTpHIly pazMepa m X m, IO3BOJIIONLYIO
BBIYHCIATH HA KAsKJIOM IIIATE BEAYUWMH CTONOEN o), W OOHOBIATH
CHMILIEKC-MHOKATEIH T, T. €. TIOIYyIaTh BCE 9NCIa, HOOXOIUMBIE
nna pericreuii 1° m 2°.

5.1 CumInLieKc-MHOXKUTEIN
Ilycts mama mcxomHas 3amuch cTangapTHOHN 3amaun JIII:

Ax =0, z € IR", beR™, m<n
rank(A4) = m, x>0, 'z =2 — min.

Tekymumii mar CUMILIEKC-BBIYUCIEHUHN OPee/sieTcs KaKuM-HuOY b BHIOOPOM
M JEMEHTOB BEKTOPA & JIJIsi BKIIOYEHUS UX B HADOP GA3NCHBIX MEPEMEHHBIX,
2B, mpu 3TOM OCTAaMBHBIE N — M 37EMEHTOB OKA3LIBAIOTCS BKIIOYEHBI B HAGOD
nebasuchbix (cBo601HbIX) nepemennbix, v . Jomycrum, Takoil BLIGOD ceaH,

u okazamock = = (z8, 2F).

Bameuanne 5.1.1 Jlonyuwenue, 4mMo uMEeHHO NEPEBLE M, IACMEHMOE GEKMOPG
x sownu 6 T8, ne ozpanunumessHo U c0eAGHO AUUWD Od YOOBCNEE UBNOHCE-

HUA U 3anuce.

Buibop xP ozmauaer, uro m3 n cronbuoB MaTpuIbl orpannueHnii A BbI-
OpaHbl M JUHEHHO HE3ABUCHMBIX CTOJOIOB, KAaK M3BECTHO, 0Opa3yromux Oa-
suc B IR™. 9Ty COBOKYIIHOCTH CTONONOB, YIOPAJIOYEHHYIO COTTIACHO MOPAIKY
BXOYKJIEHHS 3IEMEHTOR BEKTODA & B 20, HA3LIBAIOT «TEKYIIMM 6a3mcoM» 1
PacCMaTPHUBAIOT B BUJE MATPHIL! B. ECTECTBEHHO, 9TO U 3JIEMEHTHI BEKTOPA ¢
K03 huIIHenTOB 1eneBoil (PYHKINH OKA3BIBAIOTCA PA3JeIeHbl Ha, IBE IPYIIIIbL:
cp — nna xB wcp — nna xf.

IIpu coesaHAOM JONYIEHWH MMEEM g UCXOOHON 3aIlliCH 3aJa49d CIIeIy-
IOIIEe IPEACTABICHHE:
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gl ]= L ) 6.

rae depe3 R obo3Hadena Marpuila CTOJIOMOB, ¢ KOTOPHIMEU BXOISAT B CHCTEMY
OrpaHUYeHu A
Az = Bz® + RzF =0 (5.2)

He6A3NCHBIE IEPEMEHHbIE B HOPS/IKe UX BO3PACTAIONIEH HyMeparyy B ' .

Texymuii mar CEMILIEKC-METOAa TPEOyeT KCIOIb30BAHUS KAHOHUIECCKON
dopMbI 3371391 718 BRIOPAHHOTO 6a31ca BMECTO JAHHOTO PEICTABICHUS WC-
xomHoM 3amucn 3ana4un. Kak uzmoxkerno B 1. 3.1, 3TOro AOCTUTAIOT B ABa, JIeii-
CTBUA:

1) ymHO)KeHue BeKTOPHOIO ypaBHeHus orpanudenuil (5.2) ciesa Ha obGpa-
IMeHHLI 6a3nc B!, 4ToOLI IMeTh OrpaHUYeHNs B BUIE YPABHEHUS

B
7 A [%}b A'=B'R, ¥ =B,
xr

2) yMHOXKEHHUEe ITOIO yDABHEHUSI HA cg CJIEBA C LOJIy4Y€HUEM 3alluCu
B
T T An | T _ Ty
cB cpd'] |:ij| = cpb’,

KOTOPYIO 3aT€M BBIYHTAIOT M3 YPABHEHUS IEJIeBON (DYHKINU, YTOOBI ee
[IPEJICTaBUTh B BUJE

B

oT 7 {iF} =2z—2 —min, T =ck—cLA (5.3)

U TE€M CaMbIM BbICHUTH BO3MOXKHOCTD €€ JaJibHelineil MuHuMusanuu (3a
cuer yBeamueHns Kakoi-mmb0 cBoGoaHoi nepeMennoii u3 natopa ! or-
HOCUTETLHO 3HAYeHUS 2 = 20, 29 = CLb/, y’Ke MOMYYeHHOro Ha JAHHOM
Imare, To ecTh Ha TeKymieM GasucuoM pemrennu BP = [28 =V, 2" = 0].

OIHAKO TOrO 7K€ CaMOro MOXKHO JOCTHYb BHEITHE NHBIME, HO BIOJIHE UICHTHY-
HBIMA JEHCTBUSMHA: yMHOKEHHE BEKTOPHOTO ypDABHEHWs orpanmdeHmii (5.2)
cjleBa Ha MATPUILY-CTPOKY KOI(DMUIMEHTOB m1 = [Ty, Mo, ..., Tpm| U Ci10Ke-
HHE MOy YeHHOTO CKAISPHOTO TPOU3BEIEHUS ¢ ypaBHEHNEM IeIeBoi (hyHKIUN
IL7IST IPEJICTABJICHAS ee B BUJIE

B
(xTB+ch)  (xTR+ D) LF] = m'b+ 2z — min,

e Hasjoxkero yenosue w1 B + ¢k = 0. BoiGpanmbie U3 3TOTO yCIOBUS MHO-
KUATETU T, al = —c:ngl, HA3bIBAIOT CUMILIEKC-MHOYXKUTEJIIMMA, TaK KaK
OHM CJIYKaT TOW Ke CaMOH Ied — MPEICTABIEHUIO 3aJa4M B TON K€ KAHOHU-

qeckoit hopme u1a 6azuca, o u seimte. [lostomy 7 = 1T R4-cL, 29 = —nTb.
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Boipaxenus 7! B + cg unl R+ cg, OYEBHUHO, ONPENENAI0OT o000 OOHOB-
nennble (MepecunTanubie) 3HaueHna Koddbdunmenton mpn 22 u " B menenoit
GbYyHKIMNA. DT BBIPAYKEHUS COBEPINEHHO OJWHAKOBBI M0 MPABUIY MEpPecuera,
a MMEHHO: €CJIU XOTAT mepecuuTars i-ii koaddunuent (Ipu nepeMeHHol ;),
TO OepyT i-ii cToaber U3 MATPUILI OrpaHrndeHnii A B MCXOOHOM cucTeMe orpa-
Hudennit Ar = b, yMHOXKAIOT €ro CKaJsIPHO HA CHUMILIEKC-MHOXKUTEIU T U
CKIIAJBIBAIOT ¢ KO3MPDHUIMEHTOM, KOTOPBI OB 3aIaH I TepeMeHHON T; B
HCXOTHOM BBIDAsKeHUH ¢! x = z J1j1d nesieBoit pyHKimu. Jjst 3Toro, ecrecTen-
HO, HY’KHBI 3HAYEHUST CUMILIEKC-MHOKUTEJTEH 7.

Ux onpenensior caeayiommmM o6pa3oM. BepyT odepenroit Habop m JawHEH-
HO HE3aBUCHMBIX CTOJIDLOB U3 UCXOOHON MaTPULbL A ¢ HOMEpaMHu j1, j2, - - - Jm,
opranudyst u3 uux marpuny B. (Bsibop srux cronbuos o3Hadaer BbiOOp Le-
PEMEHHBIX ¢ COOTBETCTBYIOIMIMME HOMEDAMH JJIsT UX BKJIIOUEHUsT B OA3MCHBINH

nabop mepemenunix 22). YMuoxator B cesa Ha MaTPHITY-CTPOKY T, CKIa-
JBIBAIOT pe3ysbTar ¢ Kodddurmentamu cg = (¢j,,Cjy, - - -, Cj,. ), KOTOpPbIE Obl-
T

JIM 3aJ]AHBI JJIs COOTBETCTBYIOIIMX TTEPEMEHHBIX B HCXOTHOM BHJIE €' & = 2
1esieBoit GyHKIUHU, U TPEOYIOT PABEHCTBA HYJIIO TUX CyMM. JDTOMY TpeboBa-
HUIO, TO eCTh JINHEUHOI cucTeMe ypaBHEHMit 7'B = fcg, U TOAYUHAIOTCS
HCKOMBIE CUMILIEKC-MHOXKUTe M 7. KaXkAblit pa3 OHM €IMHCTBEHHBI, TAK KaK
rankB = m, u KaxKIplil pa3 OHU ONPEAENAIOTCs (KAK ¥ OOHOBJEHHBIE KO-
bummenter ¢ = 1T R + ¢L npu ceoGommbix nepemennwix 1), orrankusascs
OT MCXOMHBIX CTOJ0L0B MaTPULIbI OrpaHuYeHnii A U MCXOMHBIX K03 du-
uuentos ¢, ¢k npu nepemennbix #P, 2 B nenesoit bynxkmuu 'z = 2.
Opuu caydail yKa3aHHOTO Tepecuera K03 duimenToB otmernM 0cobo. Ec-
JIM MCXOAHBIA crober a; MaTpuibl A UMes BUJ ¢-ro CTOAOLA, €4, €IMHIYHOMN
MATPHILI ¥ COOTBETCTBYIONIHI HCXOMHBIN KO3 dumenT ¢; ObT paBeH HyJIO,
to: (1) npu BKIIOYeHHH Takoro croabia a; B 6asuc B umeem 7, = 0; (2) npu
BKJIIOYEHHH TAKOIO cTojbna a; B Heba3ucHylo Marpuiy [ uMmeeM cfz = Tq.
Takum obpazom, M000 JTEMEHT MaMSATH KOMIBIOTEPA, OTBEICHHBIN IJIsT TIe-
PEeCYUTHIBAEMOTr0 Ko UImenTa 1meieBoil (DYHKIMY MPU TOI TIepeMEeHHON 3a-
maau JIII, KoTopast BXommia B ee UCXOIHYIO CTAHIAPTHYIO (DOPMYJIUPOBKY C
eIMHUYHBIM BEKTOPOM OIDAHNYEHUN BHIA €, U C HYJIEBBIM 3HAYEHHEM ITOrO
koaddurmenta, B 1eACTBUTEIBHOCTH COXPAHAET HE YTO WHOE KAK CHMILIEKC-
MHO’KUTETh, COOTBETCTBEHHO, BUIA Ty, TpuieM 7, = 0, eCM COOTBETCTRYIO-
masi IepeMeHHast Ha JAHHOM Iare CUMILIEKC-MeTO/Ia OKA3aJIach BKIIFOUYEHA, B

Gasucubli HaGop 7.

5.2 OO6pamiennsbiii 6a3zuc

Kak yxxe ormeuanock B mm. 3.3 u 4.1, CUMILIEKC-METO]T TPEICTABJIS-
er coboit uckmouenue [aycca-2Kopaana (Kak 1IpU PENIEHUM CHCTEM JIUHEd-
HBIX aarebpanyecKux ypaBHEHUil), KOTOPOMY Ha KaxK/JOM IIare npeiiiecTBy-
ot geiicrBusa 1° m 2° mo cHenmmaabHOMY BBIOOPY Beayiiero 3jaementa. Ilpm
9TOM B 00bIYHOM cuMIUIekc-MeToze (1. 3.3) cHavana HAXOAAT BEIyIIuil CTosi-
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Gew, (neficreue 1°) u 3arem Bedyulyto cTpoky (aelicrBue 2°), a B ABOCTBEH-
HOM cuMILIeKc-Meroe (1. 4.1) HaoBopOT: CHAYAIA HAXOMAT BEAYILYIO CTPOKY
(medicteue 1°) u 3arem Bemynmii cronber (aedicreue 2°). Jlas uckiodeHus
laycca-7ZKopmana He mMeeT 3HAYEHUSA, B KAKOM TOPAIKE MeHCTBUM HailIeHbI
BeJyINasi CTPOKa ¥ BeAymuii crosber. CyIecTBEHHO TO, UTO BEIyIIUil 3J1e-
MEHT, PACTIOJIOKEHHBIN B MATPHUIIE HA WX IIEPECEUCHIN, HAWIeH, 9TOObI BBIIOI-
HUTh OJUH TIar UCK0oYeHuss. C TOYKU 3PEHUs PEIEHNsT CUCTeM, JTF000i TaKoii
[Iar O3HAYAeT UCKJIIOUEHUE BeyIeil mepeMenHoil (mpu Beaymem croaoie) us
BCEX yPaBHEHWI, KPOME BeIYIero, rie OHA OCTaHeTcs ¢ KoddduimenTom 1.
Paccymorpum nporenypy uckiarodeHus aycca-2KopaaHa ¢ Toukm 3peHust
obparrenust 6a3mca B CUMILIEKC-METOIE.

Bocnonb3yemcest sieMeHTapHbIMU MaTPUTIAMHE JIBYX BuioB. IlepBas — aua-
TOHAJILHAS PA3Mepa m X m jieMenTapHas Marpuna Dy, y KOTOpOii Bce quaro-
HAJIbHBIE 3JIEMEHTHI PABHBI 1, KpoMe OHOTO, k-To, KoTopbiit He pased (. Ecau
HaJI0 MPOHOPMUPOBATH BEAYIIYIO k-10 CTPOKY MaTpuiibl A myTeM JIeJIeHust ee
HAa BEIYIIUH IMEMEHT Qks, TO PE3YIbTAT YI0OHO 3aMUCATH B BUJE D,;;A r7e
Dys obo3nagaer marpuily Dy, B KOTOpO#l k-#i AnaroHaJbHBINA 3JIEMEHT PaBeH
aks (B34T U3 $-r0 crosbna MaTpuilbl A). TeM caMbiM BBITIOJIHEHA MTOATOTOB-
Ka K HCKJIIOUEHWIO TTEPEMEHHON Iy W3 BCEX YPABHEHWH W OJHOBDEMEHHO K
BKJTFOUEHWIO TOM MepeMeHHON B 6a3uCHBIH HAOOD 2B Bzamen NIepEMEHHOR Ty,
r = NB(k), BerBoAuMOi m3 3Toro Habopa B Habop 1.

Bropas — monnag crosbiioBasi pasMepa m X m 3JeMeHTapHas MaTpPUIa
T¢. Ee nenysieBble 3j1eMeHTBI PACLOJIOKEHbI TOJIBKO HA JUAIOHAIM U B k-M
cTosibIte, MpUYeM BCe TUATOHAJIBHBIE JleMeHThl paBHbl 1. Ecau g ee k-ro
cTosI011a, KPOMe €IUHUIIBI Ha JUATOHAJHN, B3ATHI COOTBETCTBYIOIINE JJIEMEH-
Tl §-r0 crosbua Marpuisl A, To 3ry Marpuiy Gynem obosmaudars T,. O6-
parHas K meit marpura, (TF,)™!, oTmmdaercs mHBEpTHPOBAHTEM 3HAKOB BCEX
BHE/IMATOHAJIbHBIX 371eMEeHTOB k-ro crosbia. C moMoIibio 310 Marpuiibl yio06-
HO 3aMucaTh pe3yabTaT BTOPOTo JeiicTBud B uckiaodennu [aycca-zZKopmana,
a MMEHHO: TIOCJIe BhIYUTAHUS TPOHOPMUPOBAHHON k-if CTPOKY U3 BCEX APYTHUX
CTPOK MaTPHUILI A UMeeM Pe3yIbTAT (Tk‘fs)_lD,;slA.

IIpu pemennn cucrem, korna marpuna A uMeer pasmep m X m, Homepa k
U S COBIAMAIOT ¥ IPOOEraoT Bee 3HAYEHHUS B €CTECTBEHHOM ITOpsifKe: k = s u
s=1,2,...,m. Torma mocme m maros uckiouenns laycca-zKoprana nmeem

(Trim) ™ Dy - - (T52) "' D! (T11) "D A= 1,

mm mm

[IO3TOMY

A*l — (TC )71D,71

mm mm * "

c\—1p—1 c\—1p—1
(TQQ) D22 (Tll) Dll I.
DTO BBIPAXKAET TOT M3BECTHBIN (DAKT, UTO TMPUMEHEHWE CTAHIAPTHON pOoIe-

aypsl uckaiovennsa Laycca-2Kopaana K equaHnTHOM Marpure I gaer obpaTHyio
marpuiy A7l PekyppeHrHo jaHHas mpoue/iypa 3aluilercd TaK:

A7 =(T)'DRt A At =1, t=1,2,...,m, (5.4)

rie t — HOMep mara mporenypsl. Ilo ee okordannn mveem At = A~
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B cummiekc-mMeTone OOBIMHBIM SIBJISIETCS BBEJACHUE B 339y J00ABOTHBIX
U VHOT/IQ UCKYCCTBEHHBIX (CM. M. 3.6) MepeMeHHBIX, MOC/Ie 9ero ux obIee Juc-
JIO paBHO N. Bymem cuuTarh, YTO OHM BBEIEHBI B KAXKI0€ W3 OrPAHUYEHUI 110
nopsiky u ¢ koaddunuenrtamu 1 (Kak, Hanpumep, B . 3.3, 3.4, 3.6). B atom
caydae m X n Marpula orpaHudeHuii A cogep:xut apa 6ioka. B ucxomnoMm
sume A =[G | I], rme G — neserii 6mok, a I — npasbriii 610k, o6pas3yonmit
B MCXOIHOM BUJE €IUHUYHYIO m X m Marpuily. Kak u B cTaHmapTHO mpote-
nype laycca-7Kopmana ajd perenusd CUCTeM, TPUCYTCTBYIONAT B CUMILIEKC-
MeTozle crenuanabHas mporeaypa [aycca-2Kopnana B Toit ee gacTu, Koropast
KaCaeTCs IPaBoro 6JI0Ka MaTpUILbl A, MMeeT BUI:

B =(Tg) 'D!B Y, By'=1, t=1.2,...,N, (5.5)

rje ¢ — HOMep Ilara CUMILIeKc-MeTo/1a; By — 6a3uc Ha mare ¢; B 1 o6pa-
HIeHHbLI 6asuc Ha mare t; By L obparennbiii 6a3uc Ha mware 0 (B UCXOIHOM
cocrosinum); N — [OJIHOE 9UCJIO0 WArOB TO 1poueaypbl. B ganHoM Bbipa-
JKeHuu HOMepa k u § (BedyIneil CTPOKU M BeMyIIero CTosbia B Ipeaeiax me-
PEeCUUTHIBAEMOI Ha KAYKJIOM [IAre MaTpUibl A) Onpenessiorcs M0 IPaBUIaM
OOBIYHOTO WJIVM JIBOMCTBEHHOTO CHUMIIJIEKC-METO/A, /IS KAXKI0TO T, TTOITOMY K
HUM CJI€I0BAJIO OBl 3[€Ch IPUIIMCATh UHIAEKC ¢, HO OH JJIsi [IPOCTOTHI OILYLIEH.

Taxkum 06pa30M, Ha MECTE IPABOro OJI0Ka MATPUILI A, IMEIOIIEro B ACXO-
HOM BuUe 3HauUeHue | u cOOCTBEHHYI0 HyMeparuio cTonoos k = 1,2,...,m,
B pe3yJbTaTe MpUMEHeHUs yKazaHHoil mporenypwl [aycca-zKopmana mocnue t
IIAar'OB OKa3bIBAETCs BHIYUCIIEH oDpallleHHbl 6a3uc B, 1 Or obpamensoro
6asuca B, 11 €ro OTJINYNE ONPEeNeIdeTcs CaeayomuM: basuc By paBeH 6a3ucy
B;_1 mocne 3amensl B HEM k-ro cronbma, k € {1,2,...,m}, cronbrnom HO-
mep s, s € {1,2,...,n}, B3areiv u3 Beeit marpunpl A. VIMeHHO TakoBa poJib
COMHOXKUTENENR (T,gs)’le_,s1 B NIPUBEJEHHON 3allMCU NPONEAyPhl BBIUUCJIEHHS
obparernoro 6asmuca.

DaKTHYECKH, KOHEYHO, HE IPOU3BOIUTCI HUKAKOIO YMHOXKEHUS MaTPULbL
B, 11 Ha 9TU COMHOXKUTENH. VX n1eficTBre B AJITOPUTME BBIUUCIECHNST OOPAIIEH-
HOro 6a3uca CBOAUTCS, OYEBUJIHO, K CJELYOIIEMY.

O6o3HAYMM 3JEMEHTHI MATPHILI Obpariennoro 6asuca B~ wepes [,
1,7 =1,2,...,m, TO ecTb

B Bim
B l—=| ... ... ...
ﬁml e ﬂmm

IIpu t = 0 croga noMemamT IpaBblii OJI0K UCXOAHON MaTpULbl A, paBHBIHA enu-
araaoi marpure I. o mara t, t = 1,2,..., N, 3mech HAXOIUTCS Bt__ll. Tlocne
mara t, t = 1,2,..., N, cioga IIOMeIamT B;l. Ilepecder, To ecTh OGHOBJIE-
Hue obpamenHoro 6asuca (or Bt__l1 k B; ') ocymecteasmor ciaenyrommm
06pazoM, peanm3yomuM AeficTBue COMHOKHATENEH ( ,g's)_l u Dkfsl B BBIYMCJIU-
resibHON npoueaype (5.5).
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(1) Ieiicreue marpurpr D;
HOna j=1,2,...,m BLYHCIUTDL ﬁ,jj = Brj/ s (5.6)
(2) Heticreue marpumpr (TF,) 1
Mg i=1,2,....,m, i#k u j=1,2,...,m
BBIYHCIATH ﬁj; =B — a;sﬁ,:'j. (5.7)

31ech 3HAKOM «-+» OTMeUeHbI IeMEeHTH Marpuibl B! mocie o6GHOBIIEHNS;
aj., — senyuil saemenr (k-# siaemenr s-ro croabua seeit marpuupt A); a)
JIOOBIE JPYTHE FJIEMEHTHI 9TOT0 BEIYIIEro CToIoNa a,.

YuacTByromuil 31ech BeAyIIUil CTOMGEI] @, ONpeNenseTcs, O9eBUIHO, Pa-
BEHCTBOM

s —

! —1
a, =B "ag,

rme B~! = B, 1 31a dopuymna ecTs gacTs Gommee OBMIErO BHIPAIKEHI MATPU-
el A’ = B! R B onucanun 11000r0 TEKYIIEro Mara, CHMILIEKC-MeToa, . 5.1.

5.3 OOHOBJIEHUE CUMILJIEKC-MHOXKUTeJIei

B 1. 5.1 onpeenieHo, 9T0 CUMIIEKC-MHOXKHATEN Ha JTIOOOM ITAre CUMILIEKC-
MeTOTa 3aJaHbl BhIpaxkenueM 7! = —chL B~ tme memomb3yoTes mexomHbIe
cToI0UBl MATPULBL OrpaHuyeHuil A, obpasyoipe Ha 3TOM mare 6asuc B, u
HMCXOTHBIE KO PUITHEHTDI cg [IpY TIePEeMEHHBIX, 0OPA3YIONINX HA ITOM IIare
nabop x”. Ha creyromewm mare, TpuHaIIEKHOCTh K KOTOPOMY BCIOTY 06O-

3HaYaeM UHIEKCOM «+», COOTBETCTBEHHO, TMEEM
(7 ") = ()" (BT

Jas j-ro snementa BexTop-ctpoku (71)T aro maer ciemyiomee BeIparkenwe,
KOTOpOe Mpeobpa3yeM C yIeTOM PaHee YCTAHOBJIEHHDBIX BBIPAXKEHUH [JId dJIe-

menros (BT)~! (1. 5.2):

O & 2 U
= - z; enpr@fy = —4:1%¢k) enp+@)B — enBrnBG =
® S 1 gt +
= - 5(3 )CNB+<7:>(5U — @i, By;) — enprn Bl =
i=1,(i#k

Hy m
= - ; en (i) (Bij — @isBl;) — enpr By =

m m
= — Y enpiyBis + X eNB) B — enBr( B =
=1 =1
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)

)
=T - BJ:LJ (cs —

- / () +
CNB(i)ais) = = 5@05'
i=1

Mz

=

B s1ux npeobpasoBaHusix IEPBOE, BTOPOE, TPETHE U IIATOE PABEHCTBA OYEBU/I-
HbI. YeTBepToe PABEHCTBO OCBODOXKIAET B CYMME OT OrpaHudvenus i # k, Tak
KaK MPEeIbIAYINas Pa3HOCTh B KBAIPATHBIX CKOOKaxX mpu ¢ = k (hopMaabHO 06-
pammaercsa B Hysib. Kpome Toro, 6arogaps sToMy e 00CTOATENLCTBY, CN B+ (4)
3aMEHEHO Ha CNB(;), TAK KaK MMEHHO K-ii 3;1eMeHT BeKTopa cp (M TOJIBKO OH
OZIVH) OOHOBJIAETCA TIPH MEPEXOIE K BEKTOPY cg. ITsaroe paBeHCTBO OUYEBUI-
no. Illecroe papencTBo nosydeno B cuyy Toro, yro NB1(k) = s, s — nomep
BBOJMMOH IIepEeMEeHHOH, 1

m

r_ ’

Cs = Cs — CNB(i)%s-
1=1

Dro, O CcymIecTRy, s-it smement dbopmyant ¢’ = ¢k — ¢L A’ yeramosnennoit

B 1. 5.1 nja mepecdera Tex KO3 MUIMEHTOB, KOTOPBIE O CJIEIYIOMEro Mara
(orMedeHHOrO 371eCh MHAEKCOM «+») Obuin B Habope cp. HelicTBurensHo, B
sekrop-crpoke (c5)T na k-m mecre B kauecrse cﬁ Tenepb PACIOJIOKEH UCXO/-
Hblit koadbdurment c;, s = NBT(k), npu Toit nepementoil z,, KoTopas Ha
mare «+» Bomiaa B HaGop P m KoTopas [0 3TOro mara 3HAYMIACH B HAGO-
pe x! u Gpina BEIOpaHa OTTyHa B KadecTBe BeAyIIeH 1jd BKIIOYEHHS B 10
B3aMen mepeMennoif x,, 7 = NB(k), cocrosmeii B P 10 sToro mara «4».
CutetoBaTesIbHO,
ﬂ'jf =7 — /6’,':]0";

€CTh MOCIEI0BATEIFHOE TPABUJIO OOHOBJICHUSI CUMILIEKC-MHOXXHATEIel,
i=1,2,....,m.

5.4 AaroputMm mMoaudUIIPOBAHHOTO CUMILIEKC-METO/IA

CymMmupyem Marepuai . 5.1 — 5.3 npuMeHUTENbLHO K 0ObYHOMY (HEI-
BOICTBEHHOMY) CUMILIEKC-METOy. IIpr 9TOM MCXOIHBIA BT 3a/1a91

G I b
|:CT OT:|I|:Z:|7 bZOa

npejnoaraer, uro I — eIUHUYHAS MATPUIA pa3Mepa m X m st Oa3uCHBIX
nepemenubix 2, He Bxomamux B uenesyo dyukmmio ¢l 2 = z — min, —
00BIYHO 3TO A00aBJeHHbIE IepeMeHHbe; G — 0003HaYeHHe OCTAIbLHBIX CTOJI0-
noe pacmmpennaoil matpunet A = [ G| I ]| orpasmgennit Ax = b, — 310
cronbipr 1 Heba3uCHBIX HepeMennbx r1 B cocrase Bekropa x = (zf, 2P)
MEePEMEHHBIX 331491, b — TpaBasi 9YacTh OrPAHUYEHUH, /I KOTOPOi yCJIOBUE
b > 0 3mech u manee (B 1. 5.6) He ABJIAETCS IPUHIMITUATBHBIM OIPAHUYEHUEM
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a Bcero Juilb 0603HAYEHNEM CHTYaIINH, KOTaa HadaabHoe BP asigerca BIIP
(cM. HUZKE KOHTP-CHTYAIHIO B ipuMepe 5.7.1). VI3 ucXomHoro Buma 3a/1a9u J1st
JNAJIBHEHINIEro COXPAHSIIOT CJIGIYIONINEe UCXOAHbIE TaHHbe: A, b, .

Jo mauana kaxjoro mara t (t = 1,2,..., N) airopurmMa u3BecTHbI TEKY-
mue 3Hadenns 7, B, b/, 2z, monsexxarrue mocIeI0BaTeIbHOMY OOHOBIICHHIO.
Jlo Hauaia mepsoro mara o Takoel: ™ = 0, B~ =1, = b, z = 0. I3
HCXOIHBIX JAHHBIX UCTOIB3YIOT: G ¥ ¢ — B pacyueTe TeKyIuX KO3 GuImenTon
dT = 7TG + ¢T'; A — B pacuere Texymero Bemymero croiéna a, = B la,
TaK KaK as — s-# cronben us A.

ITar t. Cmaendapmuviti MoOUPUUUPOBEHHBT CUMNAEKC-MEMOO

1°. Haxomar T = 77G + . Cmorpsar gepes N F (i) Ha COCTABHYIO CTPOKY
(T, 7T (kax ma omHO IeJ0e, COOTBETCTBYIONIee HHUYKHEHl CTPOKe MCXOJ-
HOIO BHUJIA 33/1a9u), YTOObI ONPEJIEIUTb, €CTh JU B Hell OTPUIATEIbHBIE
aseMeHThl. Ecim Her, To perenne HadmgeHo, kKoHen. Ecam ecth, To Puk-
cupyior Homep | u, coorBercrBeHHO, HoMep s = NF(I) Toii cBOGOAHOMN
TEPEMEHHOM X4, JJIsT KOTOPOi HafineH Hanboiee OTPUIIATETLHBIN JIEMEHT
¢, m koropasa Gyner BeeneHa B 6a3uC.

2°. Haxomar a, = B~ 'a,. CpaBHHBAIOT BCE COOTBETCTBYIOMIHE 3JEMEHTHI

cronbmnos b u a’,, arober maiiTn HOMED k TaKoi, 9TO

v b
—— = min (f ) .
; ’
a’k's i,a; >0 a’is

Tem cambim Haiinen nomep 7 = N B(k) Toit nepemeHHoii x,., Koropas Oyaer
BHIBeICHA U3 Gazuca. Kpome Toro, B cocrape Beymmero cTondna ), Haiien
BEIyLIUi SJIEMEHT a .

3°. OOGHOBISIOT BCE BEJIMYWHBI K CJIEIYIOMEMY IIArY:
(a) Vxazaremn: NB(k) = NF(I).
(b) Dnements! cronbIa OAZUCHBIX 3HAYCHUI:

i —

b = by /ays: b =0 —aj bl (i # k).

(c) enesyto dynkmuio: 2+ = z — b}
Ipumetuanue: Ha camom dese 30ecth 6bMUCIACMCA UEACEAA PyHk-
YUA € NPOTMUBONOAONCHILM SHAKOM, M. €. —Z.

(d) O6pamennsiit 6aszuc:
B = Buslaks: B = iy — aiuBl (17 k).

(e) Cumriekc-MHOKUTENH: 7tT = 7T — ];"c’g

3amMmeuanue 5.4.1

1. B nocaednem ewpasiceruu B, 06osnanaem k-0 ecmpory 06Ho8.A€H1020 06-
k
PaueHH020 6a3UCa, COCMABACHHYIO U3 IAEMEHMOE ﬁ,:“j, i=12,...,m.
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2. O6nosaennvie snavenua obosnauenss 6 mi. (b), (c), (d) u (e) undexcom
«“+» MOALKO AUWYL 0as Yydobemea. B npoepammar um coomeememesyiom
ONEPATOPDL NPUCBAUBAHUA, HANPUMED, BMECMO 1L (¢) umeem z = z—Cc,by.

IIpumep 5.4.1 s x1,x2, 3 > 0 pewums 3adavy

1 + 2x9 + bxz < 45;

2x1 + 3582 + 3583 S 60,

xr1 + To + 2.%3 S 27,
—9z1 — 10292 — 1523 = 2z — min.

HTar 0. Mcxoaubiil Bug, 3a1a4u.

A b NB NF

1 2 5 1100(45| 1|4 1| 1
2 3 31010[60] 2/5]| 22
1 1 21001127 3/6] 3|3

-9 —10 —-15|0 0 0] O

BP = (0,0,0,45,60,27) = BJIP, 0= 2.

IITar 1.
1°. T =72TG+cT; T =T = (=9, -10, —15). Tak Kak B HAUAJIE AITOPUTMA
b ) b
7T = (0,0,0), To ma mare 1 3TO AeHACTBHE MOXKHO OINYCTHTD, MOJOXKHB
T T

Q

= C .
(T, 77y = (-9,-10,-15,0,0,0) = 1 =3, s =3, ¢, = —15.

1 2 3

2°. . = B7lag; d. = as = a3 :. Tak Kak B Hadaje AJrOPUTMA

B~! = I, 10 na mare 1 3710 JeiicTBrEe MOYKHO OTYCTHT, TIOTOKHB ), = a.
. (45 60 27 45 p
m1n<57372>:5:9 = k:17 akS=5.
3°. O6HOBJIsIeM BCe BEINYUHBI K CIAEAYIONIEMY Mary:
3

1 2 1 2 3
(a) NB=[3[5[6], NF=[1]2]4].

123
(b) ¥ =[9]33).
(c) —z=135.
1/500

(d) B~'=|-3/510].
~2/501
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(e) « = [3[0[0] = [0[o[0] - [1/5[0[0] -[=15].

HTar 2.

T ' [125 T
1°. [—6[—4]0]=[3[0]0] -|2 3 3|+[-9[—10[—15
11 2 3 456 |112

1/5] [1/500] [1
2°. a, =|7/5|=|-3/510] -[2
3/5/ |-2/501| |1

min<9 53 9) ) 5 = k=3, a,=3/5.

1/5°7/5°3/5) " 3/5
1 2 3 1 2 3
3°. (a) NB=[3[5[1],  NF=[6[2]4].
(b) b =[6[12]15].
(c) —z =225.
1/30 —1/3
(d) B~'=| 1/31-7/3|.
-2/30 5/3
(e) =7 =[=1]0]10]=[3]0]0] —[-2/3]0[5/3] -[—6].
ITTar 3.
G
T xT 125 e’

1°. [0]-2[0]=[-1[0[10] -|2 3 3|+ [-9]—10[—15
112 3 4 56 (112

1/3] [ 1/30—-1/3] 2
2°. ) =|4/3|=| 1/31-7/3| -|3
1/3| |-2/30 573 |1

6 12 15 12
(o 2 ) = k=2, d,, =4/3.
mm<1/3’4/3’1/3) 3= = » ke =473

1 2 3

1 2 3
w. @ N5 {3[2[1].  ~Fe[5]a].

87
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12 3

) v = B9

(c¢) —z=243.

1/4 -1/4 1/4

(d) B~t=| 1/4 3/4-T7/4.

-3/4-1/4 9/4
(¢) = = (1723721372 = [0} [AB7A77A) -2

IITar 4.

G
T T 125 cr
1°. [0]0]0] =[—1/2]3/2[13/2] -|2 3 3| +[-9]—10]—15
123 4 5 6 112

=3, s=4, d,=-1/2.
174 [ 1/a—1/4 174 [1
20, ol =| 1/4|=| 1/4 3/4-7/4
~3/4] |-3/4-1/4 9/4

=)

o

3 9 3
in (-2 2 ao) = o =12 k=1 d.. —1/4.
mm(1/4’1/4’oo> 1/4 = » s =1/

(TTo moBomy oo cM. Taba. 3.4.1).

SR NS
12 3
(b) ¥ = [12[6]21).
(c) —z =249
1-1 1
(d) B7'=0 1-2|.
0-1 3
(e) =7 =|0[1]7)=[-1/2[3/2[13/2| - [1]-1]1] -[-1/2].

ITar 5.

G
T T 125 cT
1

T
1°. [0[o]2] =[0]1]7] -|2 3 3|+ [-9]-10]—15].

123 456 |112

Cpemu anementos crpoku (¢/'T, 77), ¢ Homepamu m3 N F, HeT oTpunaTens-
HBIX; KOHell. Ba3ucHoe, B JaHHOM CJIy4ae, ONITUMAJIBHOE PeIeHne MPOoYn-
roiBatoT u3 b’ yepes N B, npu 3ToM CBOOOIHBIE NIePeMEeHHLIE ¢ HOMepaMy
n3 N F paBHBI HYJIIO:
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OBIIP = (21,6,0,12,0,0);  2zmin = —249.

ITo aTomy ke mpuHINIY OA3UCHBIE PEIEHUsT MOTYT ObITh MPOYUTAHDI TI0
OKOHYaHWHW JTIIOOOTO TIara ajJrOpuTMa.

5.5 MoandunupoBaHHbIil ABOICTBEHHBbII
CHMILIEKC-METO/T,

B 1. 5.2 otmeuanock, uTo mponenypa uckimodenus [aycca-2Kopmana, je-
JKalas B OCHOBE JIF0O0T0 BAPUAHTA CUMILJIEKC-METO/Ia, JMCTBYeT mOCjie HaXo0-
JKJIEHWs BEAYINEH CTPOKH U BEIYINEro CTOI0IA BHE 3aBUCUMOCTH OT TOTO, KaK
9TH JEMEHTHI HafimeHbl. B coorBercTBHU € 3TUM chopMyIupyeM Momudm-
LUPOBAHHBIN AJIIOPUTM IIPUMEHUTEIBHO K JBOHCTBEHHOMY CHMILIEKC-METOLY,
OTIMPasACh Ha, OCHOBHBIE TIOJIOXKeHNd u3 . 5.1 — 5.3. Bremne 3amaga nmeer
TaKOM Ke MUCXOJHBbIN BU, KaK U B 1. 5.4:

G 1 b
§ dlenf) o

XapakTepHoe OTIMYMe, Pa3pPEeIIaoee IPUCTyIaTh K UCIIOJIb30BAHUIO JBO-
CTBEHHOTO CWMILIEKC-METOZA, 3aKII09aeTca B ToM, 910 ¢ > 0w b 2 0, B To
BpeMs KaK JJisl IPUMEHEHHs OOBIKHOBEHHOIO CUMILIEKC-MeToa (1. 5.4) obbru-
HbIE TPEGOBAHNS BBITJISIAT «HA000POT»: b > 0 m ¢ 2 0.

Jo mauana xaxkgoro mara t (t = 1,2,...,N) mssecrast b/, 71, B~1, ¢
u z. Tpeboparusa 77 > 0, ¢ > 0u b 2 0 aBigooTca paspermaionuMu J1jis
JadbHedmero mpuMenenus aaropuTtma. o Hadama mara 1 mveem: b = b,
7l =0T, B! =1, ¢ = ¢, z = 0. I3 ucxoqnoro BUma 330adH Ha KasKIOM
nrare MCnoab3yioT: Marpuiny G s HAXOXKJEHUS JIEBOH, COOTBETCTBYIOIICH
qactu k-it (Bemymeit) crpoku a)] = BFG, rae Bl — k-a crpoka marpumbi
B!, u nna onpenenenus obnosaenubix kodddunnentos ¢/T = 177G + 7,
e MCIOJIB3YIOT MX MCXOAHble 3Hadenus ¢! ; seio marpuny A = [ G | I gua
HaxoyKJIeHus s-To (Beaymiero) cronbua a, = B~ lag, e as — mexoambri s-it
croJsibert B aTo# MaTpuie A.

ITar t. /Jlsoticmeennviti MOAUPUUUPOBAHHBIT CUMNAEKC-METO0.

1°. IIpocmarpuBaioT b’, 9TOOLI HANTH OTPHIATENLHBIE 3JIEMEHTHI. Ecam Tako-
BBIX HET, TO perieHue Haiineno; koHer. Oupenensior Homep k Hambosee
OTPHUIATETIHFHOTO DJIEMEHTA ITOTO BEKTOPA.

2°. Haxonar all = 8L G. Tlonuyto k-0 crpoky (ajl, BL) npocMarpusaor Kax
omHo 1enoe yepe3 NF(i), urobbl u3 Hee BbIOparh KodddunuenTor k-ro
OTDAHUYEHUST TOJBKO MPU CBOOOIHBIX MepeMeHHbix. [Ipu aroMm cpeau Hux
BBIOUPAIOT TOILKO OTPULATENbHbIE KO3 DUIMEHTHI @), ; <0, aroGel 3aTem
sadukcupoaTh HOMED | u Haditn HOMep s = N F' (1) Bemymiero cronbua u3
YCIIOBHS
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i c/T7 7TT)]‘ (C/T’ 7TT)S

J laig 1) lagl

)

a raxke anement ¢, = (T, w1),.

IMpumeuanne: (¢, 77); obosnauaem j-ii snemenm cocmaenoti cmpoxu
(C/T, 7TT) .

3°. Haxomar semymmit cronber a, = B~'as u B HeM Bemymuii smeMenT al,,.
4°. OGHOBISAIOT 3J€MEHTHI /I IOATOTOBKY K CIEAYIOIeMy Iary:

(a) VYxazaremm: NB(k) S NF(I).
(b) Cronben 3nadenuil OA3HCHBIX IEPEMEHHBIX:
b =bi/aks; b =0, —ai bl (i # k).
(c) Uenenyio dynkmnmio: 2+ = z — b}
Ilpumeuanue: Hyowcro nomwums, wmo 3decv 2 u 2+ obosnauarom
yeaesyro GyHKyu 0o u nocae 0GHOBAEHUA € NPOMUBONOAOHCHILM 3HA-
KOM.
(d) O6pamennsrit 6a3wuc: ﬂ:} = Brj/ s ﬂj; =0 — agsﬂzj (i # k).
(e) Cummexc-wuokuremn: 77 =77 — gl mi:=77.
(f) Koapdpummentrr: ¢/ = nT'G + 7.

3amMmeuanue 5.5.1

1. Bepznui undexc «+» ucnoavsosan 6 uiu. (b), (c), (d) u (e) das ynpo-
WEHUA; 6 NPOZPAMME BMECTNO FMO20 NPUMEHAOM, OTEPATNOPDL NPUCEAU-
eanua, nanpumep, by == bl /aj.., u m. n.

2. B u. (c) no camom deae 6biMUCAREMCA Ueae6as PYHKYUA ¢ NPOMUBONO-
AOJICHDIM SHAKOM, . €. NPU 0MOGPAANCEHUL HAJ0 TIOMEHATND SHAK U Gbi-
sodumov —z.

B kagecTBe nmpuMepoB BO3bMEM T€ K€ 33Ja49H, 9TO U B 1. 4.2.

IIpumep 5.5.1 Hatiimu 1,22 > 0 maxue, wmo

2.’L‘1 + 3:52 Z 6;
2x1 + 6z > 9;
2r1 + 202 < T;
r1 + 4x9 = 2z — min.
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ITar 0. (Mcxonubiii Buz 3auaumn).

A b NB NF
—2-3100/-6| 1|3 111
—2-6010{—-9| =2/4| 2|2
2 2001 71 3|5
1 4000/ O
BP = (0,0,—6,-9,7) # BJIP, 0=z.
IMlar 1.
1 2 3
1o T =[6[97] = k=2
G
ajl B [-2-3
20, [2276)=[O[1[0] -|-2 6
1 2 345 2 2

i ( L 4 ) L = [=1 1 =1
mn|——,——| == =1, s=1, c¢,=1
| =2]"[ -6 2

3°. a, =B lay=as=(-2,-2,2)T; a}, =-2.

Ipumeuanue: Ha waze 1 MoocHo we ymmoscams as na B~Y, ecau do
nawaaa smozo waza B~ = 1.

4°. O6HOBH6HI/{QZ ) -
(a) NB=3]1]5], NF=4]2].
1 2 3
(b) b’T:9/2 .

(c) —==-9/2
1 -10
(d) B~ =[0-1/20
0 11
(e) =" = [O[L/2[0] ~ [0]o[0] - P[=1/2[0] -[1] -
T el G cr
(6 0T = {1720 - 5 |+[171
12 3 4 5 2 9

IMlar 2.

1°. cm. b Bomme, = k=3.
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G
a;l s [-2-3
2. [0-4=[o0[T] -|-2 -6
1 2 345 2 2

1 1
min<4|>— = =2 s=2, =1

4
1 —-10| (-3 3
3°. a,=|0-1/20| -|—-6|=| 3|; ap, = —4.
0 11 2 —4
4°. O6uosieHue:
1 2 3 1 2
(a) NB=3]1]2],  NF=4]5].
1 2 3

(b) b7 =[3/2[3[1/2

(c) —z=-5b.
1-1/4 3/4
(d) B-1=|0 1/4 3/4
0-1/4-1/4

(e) =7 =|0[3/4[1/4]=[0[1/2]0] - [0[-1/4]-1/4] -[1] .

T 2T 2G ; Py
(f) : ' :2 :6 + ‘
12 3 4 5
2 2
IIar 3.

1°. cm. b Bbume, = Kowuer, .

OBJIP = (3, 1/2, 3/2, 0,0); Zmin = 5.

3ameuanue 5.5.2 Jlaa yckopenus euiroda HG <KOHEU> GAZOPUIMMA UENECO-
06pa3no nocae 1. 4° (¢) nocmaeums npoeepry eexmopa b', anasozunmyo mot,
KOMOopas npedycmompene 8 Hauare uiaaa 6 m. 1°.

IIpumep 5.5.2 Hadimu x1,22 > 0 maxue, wmo

2:61 + 3172 Z 6;
2%1 + 612 Z 9;
T+ 12 < 4
201 + 229 =T,
xr1 + 229 = z — min.
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ITar 0. (Mcxonubiii Buz 3auaumn).

ITar 1.
1 2 34 5
O e e e S
G
-2 -3
i’ B |5 g
2°. [=2[-6]=[o[t[ofo[o] -| |
12 34567 9 9
)
. 1 2 _1 _ _ ;o
m1n<|_2|,_6|>—3 = l—2, s=2 65—2.
3°. a, =B lay=as=(-3,-6,1,2,-2)T; a}, =
(cMm. npumevanue B npeabiayineM npumepe, mar 1, o. 3°).
4°. O6HOoBIEHUE:
1 3 4 5 12
() NB=3 2 5 6 7], NF=1 4].
1 2 3 45
(b) v'T =[=3/2[3/2]5/2]4]-4] .
(c) —z=-3.
1-1/2000
0-1/6000
(d) B-1=[0 1/6100
0 1/3010
0-1/3001
(e) 77'=[01/3000/]=[00000]—-[0—1/6000] ~ .

A b

NB NF

-2
-2
1
2
—2

-310000
601000
100100
200010
-200001

—6
-9
4
7
-7

=W N

Ut

1

200000

0

3 1| 1
4 2
5
6
7

BP = (0,0,—6,-9,4,7,—7) # BJIP,

—6

0=z

93
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C/T 7TT

(f) [1/30]=[01/3000) -
1 2 3 4 567

Hlar 2.
1°. cm. b Bemme, = k=25.
G
-2 -3
i O ~2 -6
2°. [-4/30/=[0-1/3001] | |
1 2 3 4 567 9 9
-2 =2

13 13 ) 1 ,
min , - = Il=1 s=1 <, =1/3.
(—4/3| —i31) T /

3°. a, =B la,=(-1,1/3,2/3,4/3,-4/3)T; al, = —4/3.

4°. Ob6uosienue:
1 3 4

5
() NB=[3 2 5 6 1
1 2 3 45

(b) T =[3/2[1/2[1/2]0[3] .

(¢) —z=—4.

(d), (e), (f) — omyensl, cM. 3aMedanue HOCJE MPEABIAYIIErO IPUMEpA,
= KOHEII.
OBJIP = (3,1/2,3/2,0,1/2,0,0);  zmin = 4.

3ameuanue 5.5.3 Ouesudnoe npeumyu,ecmeo MmoouGUUUPOSEHHOZ0 CUM-
NACKC-MEMO0A 3AKAONAEMCA 68 YMEHBUEHUL 00BeMa HEOOLTOOUMBLL GbIMUC-
aenud. Jpyeoe npeumyuecmeo — 603MOACHOCTIID OULEZ06020 KOHINPOAA Gbl-
wucaenuli Ha ocnose nposepru coommowenus BB = I. H3 u. 5.2 caedyem
U NPUMEPAMU NOOMEEPHCIAENCA, VMO BOBHUCAACMAL MAMPUUG 00PAULEHHO-
20 basuca B™' = [ 3;; | acasemca obpamnot no ommnowenuto ¥ mampuue
B(i,j) = Al i, NB(j) |. Hanpumep, nocae waza 3 npumepa 5.4.1 umeem
NPOGEPOUHOE COOMHOWENUE

1 2

. NPT,

1/4 -1/4 1/4 521 100
1/4 3/4—7/4| -[332]=(010],
—3/4-1/4 9/4 211 001

8 KOMOopom 6mopoll commoocumens, mampuya B, nosyuena usz ucroduod
MAMPUYLL A NpU U3BAEUEHUU U3 Hee CTNOAGU08 6 Nopsdke, Onpedeasemom

1 2 3
yrazamenrem N B : .
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5.6 MoaundumupoBaHHBIII METO/] C UCKYCCTBEHHBIMHU
nmepeMeHHbIMU

AgropuTMm u3 m. 5.4 TPEANONAraeT, YTO MCXOIHBIN BUJI 33Ja4U JEIAET
odeBuaHLIM craproBoe B/IP. 910 TO Ke caMoe TpeanooXKeHne, 9To ObLIO
npusaTo B mi. 3.2 u 3.3. OJHAKO 9aCTO OHO HE BBLIMOJTHAETCS, 9TO BO3HHUKA-
€T TIPU OrPAHUYEHUsIX TUIa «OOJbINe MM PABHO», KOIIA OHU HE 3aMEHEHbI
(ymHOXKeHueM HA —1) Ha «MEHbIIe UM PABHO», WM [IPH OIPAHUYEHUSX TUIA
«paBHO». UTOOBI B 9THUX ClIydyasix CTApTOBATH BCe ke u3 B/IP, mpumensor
HCKYCCTBEHHBIE TIEPEMEHHbIE C WCKYCCTBEHHOH 1e/ieBOil (DYHKIME, pPaBHOL
ux cymme. B 1. 3.6 3TOT npueM U3JI0XKEH [Jisi OOBIMHOTO CHMILIEKC-METO/IA.
Ceituac ero mokaxkem g MOAHMDHUIMPOBAHHOIO CHMILIEKC-METOA, MTPOBOJIsT
napaJiieny ¢ m. 5.4.

K nagany asropurMa uCXOmHBIN BHJL 331841 [10100€H CJIE/yIONIEMY:

G 1 b
' 0T=xT|z=|2]|, b>0.
dar 07 =o7T w

Dro osmawaet, uto = = (zf', 2B) u craproroe BP = BJ/IP = (0,b). (Eciu ne
BBINO/IHEHO b > 0, TO 3T0 Jiuub 03HaUaeT, uro craprosoe BP = (0,b) # BJIP.)
Jlnst ocHOBHOH meieBoit GyHKIuKM 2 uMeeM KO3(DMUIUEHTHI ¢! B CHMILTEKC-
MHOXKHTEH T (MOCTeTHIe CHauaa PaBHBI Hyio). JI7Is MCKyCCTBeHHOI TieTe-
Boit byHKImM w uMeeM KodbduUIMenTbr dX 1 CHUMILIeKC-MHOKHTEH 01 (oHn
CHAYAJIA, TAKIKE HYJIEBbIE).

JLOJI>KHBL OBITH BBITOJTHEHBI BA dTAMa. ITan | — MUHUMH3AIMSA HCKYC-
CTBeHHOU 1esieBoit (yukimu w mast nopoxnaenusi BJIP k magamy Drana 1L
Oran II — MuHMMHU3aAIUS OCHOBHOMN IeaeBoi (DYHKIIUK Z; 3JeCh U3 33039
y2Ke yIaJIeHbl: UCKYCCTBEHHAd TmesieBas (DYHKIUS W U MCKYCCTBEHHBIE Tepe-
mennbie. Ha Dtame 1 Bce neiicTBUS BBIMOMHSAIOT TaK YKe, KAK OMUCAHO B 1. 5.4,
HO OTHOBpeMeHHo ¢ maeymsa mapavu koaddunuenton: (¢, 77) u (dT, o). llpn
srom i DTana | onpenensiomeit seagerca napa (d7, 0!, TOCKOIBKY mMeH-
HO OHA, CBA3aHA C MEHAMMU3UPYEMOH NCKYCCTBEHHOI 11e1eBoit dhyukiueit w. Ha
Drane xe I ocraiorca B pabore mumb nepsad napa (¢!, 1) u MurME3HPY-
eMasd OCHOBHag 1eseBas MYHKIUS 2.

Her HeoOxoquMOCTH MPUBOIUTE AETATHHOE OMUCAHUE AJTOPUTMA, TOCKOIhb-
Ky OHO, C y4eTOM OTMedeHHbIX ocobeHHocTelt Dranos I u I, mosHOCTHIO COOT-
BETCTBYET OMUCAHUIO ajropurma 1. 5.4. JloctaTroduno npuBecTu mpumep.

ITpumep 5.6.1 Jna x1,z2 > 0 pewumo 3adawy

271 + 229 < T
2581 + 3172 Z 6;
2.’L‘1 + 6[C2 Z 9;
T, + 4x9 = z — min.
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Cpasuum ¢ npuMmepamu u3 1. 4.2 u 1. 5.5, re permaercs ra ke 337294,
HO 0€3 MCKYCCTBEHHBIX TEPEMEHHBIX. TaM 3TO 3aCTaBWJIO, COOTBETCTBEHHO,
OPUMEHUTH HE OOLIYHBIN, & JBOMCTBEHHBIN cuMILIekc-Meron (1. 4.2), i xe
MOIUMDUINPOBAHHBIN IBORCTBEHHbLH cumiLiekc-Mero, (1. 5.5).

Pemenne. Hcxonnad 3anuch 3a1a91 TAKOBA:

22 0 0(100|7

23—-1 0/010(6

26 0-1001(9

14 0 0/000}[0

00 0 0]011]0
Otr Hee HYXHO HEPEHTH K KOPPEKTHOMY HCXOIHOMY BHUIY 33a49u, ITOOBI
mvets 0! = 07, Boume ma Mecte ol mMmeem 3mHadgenust o = 011

O3HAYAET W = T + X7. JJIsI mOAyUeHs 0 = BBINOJHAIOT TAaK HA3bI-
BAaEeMOe IOATrOTOBUTEIbHOE BhlunTanue. OHO, 04eBUIHO, O3HAYAET UCKJIIOUYEHNE
UCKYCCTBEHHbBIX [IEPEMEHHBIX Tg U T7 U3 [IPEACTABIECHUS HCKYCCTBEHHOII 1ieie-
BOI (DYHKITNN W U BCETIA CBOIUTCS K BHIYUTAHWIO U3 MEPBOHAYAILHON CTPOKHU
Jist w (HUKHSS CTPOKa, TabJIUIIbI) CYMMBI T€X CTPOK OrPAHUYEHUIt, B KOTOPBIE
HCKYCCTBEHHBIE ITEPEMEHHBIE, 3/IeCh T¢ U L7, BXOMAT KaK OA3WCHbIE TIePEMEH-
wbie ¢ koaddunuenramu 1 (o auaronasu 6s10ka equHUIHONR Marpuupl [).
3ech BbIYTEM BTOPYIO U TPETHIO CTPOKY M3 HOCJEAHEN CTPOKK TAOIUIIbI.

ITlar 0.
A
1 2 3 4 5 6 7 NB NF
2 2 0 0/100 7 5 11
2 3—-1 0010 6 6 2| 2
2 6 0-1/001 9 7 3| 3
1 4 0 0/000 0 4| 4
—4-9 1 1/000] -15

BP = (0,0,0,0,7,6,9) =BIP, 0=-z —15=-w

Teneps 3amada npuobpesia KOPPEKTHBIH MCXOMHBIA BUI, W MPHA ITOM 2 U W
WMEIOT TIPpaBUJIbHbIe 3Hauenus: z = 0, w = 15.

Oran 1. Ciaexyem anropurmy us 1. 5.4, HCIIOIB3yd B KAYECTBE OMPEIEISIONIE

napy (d*,0T) u B xagectre «momyTHoit» mapy (¢, 77).
IITar 1.
1°. dT =TG4+ dT; T =7TG+cT
Tak KaK B HaYajge aaropuTMa nmeeM o. = 0 u 7r =0, t0od” =d"

ucd? = ¢ Baeenr dT = -m.. ..mm
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(d/Tva-T) = (_4a _97171a0a070) = 1| = 27 s = 27 d{s = _97 C; =4

2
2°. a, =B lay =as = | 3|, tak xax ceituac B = I. Nmeem
6
7
b=16|, min(7/2,6/3,9/6)=9/6 = k=3, a,=6.
9
NB NF b*
511 4] 2t = z2-cbf= 0-4-3/2= -6
3. | 6|7 [3/2] wh=w—dlb =-15+9-3/2=-3/2
20131 [3/2
4
-1 ntT _ T B BE . cl
00-2/3] 000/ [001/6 4
[ 002 " 000 001/
I NN X
[003/2] [000] [001/6]

BP = (0,3/2,0,0,4,3/2,0) = BIP;  z=6, w=3/2.
IIpumeuanue: Iocaednue d6a pasencmed onpedessom UCTRUHHBE 3HA-
wenua z u w. Mz nado omaunams om z, 2T, w, wh, ucnosvsyemvir 6
deticmeun 3° Ha KaHCOOM ULGLE 6 KAUECTNEE BONUCAIEMBLT GEAUNUH, SHEK
KOMOPBLL 6CE20G NPOMUBONOAOHCEH SHAKY UCTHUHHBLEL GEAUSUH 2 U W.

ITar 2.
a7 o G dr
o _ 22 0 0
1°0 [-101-1/2]=[003/2]55 | +[-4-911
123 4 P01 126 0-1
T 7T G T
22 0 0
[—1/3002/3]=[00 —2/3] 931 oT 1400
1 23 4 56 7 26 0 —1
[Ipocmarpusaem (d'7,0T) uepes NF = (1,7,3,4) (cM. nomuepKHyThIe HO-
Mepa 3JIEMEHTOB), YTOOBI HAlTU HanboJee OTPUIATENbHBINA 3mement. Ha-
xomum | =1, s =1, d, = —1. Cmorpum gepes NF na (¢, 77 )uno s =1
HaxomMM ¢, = —1/3.
10-1/3||2 4/3 4
2°. a,=B7la,=|01-1/2|2|=| 1|; b =|3/2|,
00 1/6|]2| [1/3 3/2
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(4 3/2 3/2
min (4/3,1,1/3) = k:2, (l;cs =1.

NB NF bt
5 6 2| 2t = z—dbf =-11/2
3°. I 71 03/2] wt=w-d/bf =0
2 3 1
4

[oasrenne w := w = ( 03Ha9AET IPEIBAPUTEILHLIH IPU3HAK YCIICITHO-
ro OKOHYaHUs Jtana [, mpu 3TOM yxe ACHO, UTO

BP = (3/2,1,0,0,2,0,0) = BIIP, == 11/2.

YT06BI MPOBEPUTH OKOHIATENIBHBIN TIPU3HAK U TepeiiTu matee K dramy 11,
TIPOJONKAEM BBIUUCTIEHUSI.

+T T T /
B1 g 1/7; —5/6] [0 ow—2/3\ [0 1ﬁ—k1/2\ ‘y—is/:s\
T—4/3 1/3
0 1-1/2 T T g v
018 131 o1 ~ [@os/ pi-i/2 "

IIpumeuanue: Kax yoice 0mmeuaaiocs, 8 MoouPhuuupo8aHHbLT AA20PUM-
MAL CUMTAEKC-MEMOJa 6Ce20q MONCHO TPOKOHIMPOAUPOSGTNG TIPAEUNDL-
HOCMD BLIYUCAEHUTE O COOMHOULCHUIO!

B! B I
1-4/3 1/3] [122] [100
0 1-1/2| 023|010
0-1/3 1/3| |026] [001

IIpu smom mampuuy B nazxodum us ucrodnoi (corpansemots) sanucu
sadavu, u3eeKaA U3 Hee cmosbuvt no Homepam uwepes NB. B dannom
cayuae smu nomepa NB = (5,1,2).

IITar 3.
d/T T G dT

g

1. (0001155 | o+E=91]

1234 567

26 0-1
C/T 7TT G CT
[00-1/35/6|=[01/3 —5/6\33_(1) 8+
12 3 4 5 6 7 26 0—1
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Cymotpum Ha 3memenTs (d /T,O'T) uepes NF = (6,7,3,4). Cpeau Hux
HET OTPUIATENLHBIX U, KpoMe TOro, w = (. DT0 OKOHUYATEILHBIH TPU3HAK
ycrenaoro 3apepiiennst Jrana [. Janee (Ha Jrane II) mckyccrBeHHBIE
HepeMeHHbIe Xg, X7 U UCKYCCTBEHHAA IeneBad (DyHKIHS w yXKe He HyxXK-
ubr. Takze me nyxust (d 1, 07), u Mbl nepexomum K npocmorpy (¢/L,77)

uepes NF = (6,7,3,4), rme HoMmepa 6 u 7 UTHOPUPYEM.

Oran II. 3asepmaem mar 3, neiicreue 1°. B pesyabrare npocMoTpa nmeeM:

1°. 1=3,s=3,c,=-1/3.
1-4/3 1/3][ 0] [4/3 2
2°. a. =B la, =10 1—1/2||-1|=|=1]; ¥ =|3/2
0-1/3 1/3|| 0 |1/3 1
IMpumeuanue: Hyoicra eca mampuya B~ wmobw natimu a’,, necmompa
HA MOABKO 4MO OMMEUYEHHYI0 JaAbHETUWYI HEHYNHCHOCTND UCKYCCMEEH-
noux nepemennoix. To orce camoe ommocumea u x T, wmo Gydem 6udHo
HUCe HG waze 4, deticmeue 1°.
. 2 1
min (4/3,00, 1/3> = k=1, ap,=4/3.
NB NF bt
3 6| |3/2
3. | 1|7 3| 2t =z—dbf =-11/2—(-1/3)(3/2) = -5
2 51 [1/2
4
B—l
3/4-1 1/4 o T B o
3/4 0-1/4 ]1/4 0 73/4"7]0 1/3 75/6‘ ]3/4 -1 1/4‘ ]—1/3‘
-1/4 0 1/4
bP = (Sa 1/27 3/2707 0) = OBJP, 2y =5.
Onnako dakr, 9TO peleHne 3a7a9u HalIEHO U MMEeEeT 3TOT Bu, Oyaer
ODOHAPYIKEH JIUITH HA CIEYIOMEM Trare 4.
ITar 4.
T T G e
o _ 22 0 0
1°. 10003/4\—]1/40—3/4\ 23-1 0 +/1400
123 4 56 7 e 0-1
Yepes NF = (6,7,5,4), B koropoMm HOMEpa 6 1 7 yKe HTHOPUPYEM, CMOT-
pmm Ha (T, 71) u obmapyxusaem, ato cpemn uucen (3/4,1/4) mer or-
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punaTe/JIbHbIX. 9TO U YKa3bIBa€T Ha KOHEIL pa6OTbI 1 OOCTHUKEHUE OIITH-
MaJsbHOrO GasucHoro momycrumoro pertenus (OBIIP).

Bameuanne 5.6.1 Hado svivucaamo ¢’ noamocmuio, nosmomy wyscro wa-

Todums T yeAuKoM, MO ecTb EMecme ¢ INEMENMAMU, KOTOPblE UMENT
Homepa 6 u 7, TOMA IMO HOMEPE ULHOPUPYEMBLE UCKYCCTNEEHHBLE NepemeH-
o, HHoLmu CA0GAMU, U HOMEDE UZHOPUPYIOM MOABKO TPU NPOCMOMPE
emporu (T, 77T).

5.7 Moagndumuposanssiii JICM ¢ nckyccTBeHHBIMU
mepeMeHHbIMU

B . 4.3 u3moxkeH [BOWCTBEHHBIH CHUMILIEKC-METON, 063 KOPPEKTHOTO BU-
13 6a3mca B TOM CiIy4ae, KOTJA CPean OTPAaHMYEHHUil eCTh OrPAHHYEHUS TH-
[Ia «=» W TOJbKO UMH OOYCJIOBJIEHHO IIPHUMEHEHHE MCKYCCTBEHHBIX IEPEMEH-
HBIX U MCKYCCTBEHHOI IejIeBoii (byHKInu Ha, Jrtane | B BapuaHTe OOBITHOTO
CHUMILJIEKC-METOA; TPU ITOM 331398, TAKOBA, ITO HEOOXOIUMOCTD TPUMEHEHHU ST
MBOWCTBEHHOIO CUMILTEKC-MeTOMa O0Hapy)RuBaerca Ha Jrane 11. lanuas cu-
Tyalldsi PAacCMOTPEHA B MPUMEHEHNH K HEMOMM(PUITIPOBAHHOMY AJTOPUTMY.
Ceiiuac Ha TOM 2Ke IPUMEpPe, YTO B II. 4.3, IOKaxKeM IpUMEHEHHEe MOAU(UIU-
poBanuoro ajsropurma. Ilpu 3rom Ha Drame 1 Byaer paborars ajropur™ u3
n. 5.4 (tounee, u3z n. 5.6), a na Jrane II Gyaer paborars aaropur™ us i. 5.5.

IIpumep 5.7.1 [z x1,22 > 0 pewums 3adavy:

2x1 + 3z > 6;
2x1 + 622 > 9;
1+ 12 < 4
2501 + 21’2 = 7,
x1 + 229 = 2z — min.

Bo Bcex MoanduInpoBaHHBIX aJdTOPpUTMax 0a3mC J0MKEH OBITH KOPPEKTHBIM
O BUJY, TO €CTh JOJI’KEH ObITh 00PA30BAH B MCXOIHOM BUIE CTOJIOIIAMHU €111~
HUYHON MaTpunbl. [103TOMY HEpaBEHCTBA TUTIA, «>>» TOJMKHBI OBITH YMHOXKEHBI
PEIBAPUTEBHO HA —1 Jjid puBeaeHus uX K BUAy «<». C y4eTom 3TOro mc-
XOMHBIN BUJ, 33891 XapaKTepPU3yeTcs: Tabaumeil CaeIyomuMu TAHHBIMU.

HTar 0.

-2-31000|-6
-2-60100/-9
1 10010 4

2 20001 7
1 20000{ O
0 00001 O
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IMepemennast xg, OYEBUIHO, NCKYCCTBEHHAS, U HUKHSIST CTPOKA OTBEIEHA JIJIsT
K03 DUIMEHTOB U 3HAYEHUS UCKYCCTBEHHO 1esieBoil pyHKImn w. Ke nexomn-
HO€E 3HAYEHVE MTOKA, HEBEPHOE, TAK KAK Xg MOKA eIlle He UCKII0IEHA U3 HUKHEH
CTPOKHU, 9TOOBI BBECTH Tg B 6a3UC MPUMEHUTETHHO K w. Cmenas 3To moaAroTo-
BUTEJIbHOE UCKJIIOYEHHE, TIOJTYIUM BEPHOE CTAPTOBOE COCTOSHUE:

NB NF
—2-3/1000|-6 3 11
-2-6/0100|-9 4 2
1 10010] 4 5
2 20001 7 6
1 20000 O
-2-20000|-7

BP = (0,0,—6,-9,4,7) #BIIP, 0=z 7=w.

Teneps ucxOmHBIN BUIT 331891 TOJ00EH YKA3AHHOMY B I1. 5.6 C TEM OTJIUYIHEM,
910 He BbimosHeHo b > 0, 1. e. ucxoguoe BP # BJIP.

Oran I. Munumusanust uCKyccTBeHHOU meseBoil dhyakmmn w. [lo HuxHeH
CTPOKE, OTBEICHHON /I W, PACIO3HAEM, UTO AOJKEH OBITH MPUMEHEH O0bIY-
HbIi MOpuduIupOBaHHbI cuMIiekc-Meron (1. 5.4 u 1. 5.6).

IMlar 1.

1°. dT =o6TG+d"; ¢
1o dT =d7, T =

'T = 277G + . Tak xak B Hauanxe 0! =0 u ! =0,
', dT = (-2,-2), ¢T = (1,2). B pesyabrare numeem

(d?,o7) =(-2,-2,0,0,0,0) = I=1,s=1,d,=-2¢c =1.

2°. a. =B la, = a,

=(-2,-2,1,2)T, 1/ = (—6,-9,4,7)7;

min(co, 00,4/1,7/2) =7/2 = k=4, a, =2.

NB NF b*

3 6 1] 2t= z2-dbf =-7/2; b :=0b"
3°. |4 2| [-2| wt=w—d/b =0

5 1/2

1 7/2

B! ! m B <
100 1] [000-1/2)"[0000 [000L/2] "[1]
010 1
001-1/2 of o7 B d,
000 1/2)  [0001] ~[0000] [0001/2] [-2]

BP = (7/2,0,1,-2,1/2,0) # BJAP, z=7/2, w=0.
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HTar 2.
G
d'r ol [F23 dr
1. 00 -[3001) |26+ 22
1 1
2 2
G
T xT —2-3] T
01 -000-1/2)- 2 6+ (12
1 1
2 2

Cmorpum wa anements (d'7, 0T) gepes NF = (6,2). Tak Kax cpeaym HAX
HeT oTpuIaTeNbHbX ¥ w = 0, To Dran I ycnemno 3apepmen. Janee npu
npocmorpax crpokn (¢'T, 7T) mecToit smeMenT, cOOTBETCTRYIOMNIT HCKYC-
CTBEHHOI TI€PEMEHHOH X6, UTHOPUPYEM, TO €CThb IIPOCMOTD IIPOU3BOIUM
TOJIBKO Yepe3 OCTaBIINiACst BTOPoit sseMenT NF, 1. e. [ =2, NF(I) = 2.

Oran II. IIpononkaem war 2, geiicrsue 1°. [Ipocmorp coobiiaer o nepexo-
JIe K JBOMCTBEHHOMY CUMILIEKC-MeTony (cM. 3ameuanue 4.2.1), npudem 371ech
OpuUMeHsieM MOIUMDUIUPOBAHHBIA aJrOpUT™M (CM. 1I. 5.5).

1 2 3 4
1°. v =[1]-2[1/2]7/2 = k=2

1T
A

Br 2 -3

2°. [0]-4]=[0101]-|-2-6|; a}[NF(2)]=-4<0
11
2 2

//T T 1 1
min ((’;77() :min(): = 1=2,s=2c =1
=NF@2) \ |ay, | | —4 4

100 1] [-3] [-1
010 1| |-6| |-4]
001 —1/2["| 1 0
000 1/2| |2 1

4°. OoGuosjenue:
1 2

3 4

(a) NB=[3]2[5]1], NF=[6]4].
1 2 3 4

(b) v'T =[3/2]1/2[1/2[3] .

(c) 27 =-7/2—1%1/2=—4.
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1-1/40 3/4
0-1/40—-1/4
01-1/2|"
1/40 3/4
7T T BE s
(e) [01/40-1/4]:=[000 —1/2]—[0 —1/40 —1/4]-[1] .
G
T e —2 3]
(#) [00)=[01/50=1/4]-| -2 =6 +[12] .
12 3 4 5 (6) 1 1
2 2

HTar 3.

1°. Cwm. b Boime, = KowHeIr.
BP:(?), 1/25 3/27 0, 1/2):BﬂP:OBﬂP, Zmin = 4.

5.8 JlobaBieHue orpaHnYeHUs B MOAU(PUIINPOBAHHBIH
MeTO[,

B pazza. 4 mpr paccMaTpuBain, KaK MPOJOIKATH PEIIeHne, KOrAa HA TOMb-
KO YTO PEIIeHHYIO 33/1a1y HAJIOXKEHO Kakoe-HuOy b orpanndenue. Ceiidac Mbl
obpaTuMcst K 3TOMY K€ BOMPOCY, HO B MPUMEHEHUN K MOTU(DUIMPOBAHHOMY
CUMILIEKC-METOJY.

Paccvorpum npumep 5.4.1 ¥ TPOAOIKHAM €r0 PereHue, CrparmuBasi: « dro
Oyzet, eciiu MbI 100ABUM elle OfHO orpaHuyeHue?» IlycTh Ipu 9TOM pelieHo
1006ABUTH CJIEYIOIIEE OTPAHUIECHHE:

T+ a9+ x3 < 15.
B sror MomenT (cM. KoHel| pa3. 5.4) Mbl HMeeM:

G B! b NB NF

125 1-1 1 12 1| 4 1/ 6
233 0 1-2 6 2| 2 205
112 0-1 3 21 311 313
123

C/T 7TT —z

002 017 [249]
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A
1 2 5 100}45
2 3 3 010]60
1 1 2 001}27
-9-10-15000]0

Jlobasmenne orpannydenus r1+ra+x3 < 15 Baeder caeayomme MOTAPUKAIIAN
STUX JTAHHBIX:

G B! b NB NF
125 1-1 10 12 1[4 1[6
233 0 1-20 6 2| 2 2|5
112 0-1 30 21 3| 1 313
111 0 0 01 15 4|(7)
123
AT xT —z
002] [0170  [249]
123 4567
A
1 2 5 100045
2 3 3 010060
1 1 2 001027
1 1 1 000115
—9-10-150000/0

WckyccrBennasi mepeMeHHas T7 BBEOEHA, UTOOBI TIPEACTABUTL T0OABICHHOE
(uerBeproe) orpanuyenue B Gopme PABEHCTBA:

T+ T+ 23+ 27 =15, 27> 0.

O/1HAKO, MBL JIOJKHBL UMETh T7 KAK €JIMHCTBEHHYI0 OA3UCHYIO HEPEMEHHYIO
B UETBEPTOM OTDAHUYEHWH, YTOOBI TMPEJACTABUTH 33189y B KAHOHUYECKOL
dopme s 6azmca. ITO O3HAYAET, YTO HAM HYXKHO WCKJOUATH BCE JPY-

rue Ga3uCHBIE IIEPEMEHHbIE, UMEoIuecs B 9ol (derBeproii) crpoke. Yepes
1 2 3 4

NB =[4 2 1 (7)| Mbl BuauM, 9TO HAJO MCKJOYUTH Ty U T1. ITO UCIPAB-

JSOTIee BBIMUTAHNE W3MEHUT TOJILKO HIJKHIOI (4eTBepTyio) cTpoky B B~ ! u
mrkauii anement B . ([loka MBI 3T0O He ¢IeIaan, TePeMEHHAA T7 TIOMEUEeHa,
cBouM HOMEpOM B N B yCJIOBHO B CKODKax.)

IITar 0. Mcnpamasiomniee BIMUTAHWE.
Cwmotpum uepe3 N B Ha jobapiieHHyt0 (HUXKHIOI) ¢Tpoky B G. Jlist aro-
ro MbI IPOGEraeM MOC/AeI0BATEIHLHO dj1eMeHThl BekTopa N B (i) aia Bcex
t=1,2,...,m 1 jgajgee NPOCMATPUBAEM 3JIEMEHTbI HUXKHEN CTPOKM MaT-
purter G B nosunmax, abu HOMEpa cyTh NB(i) (m o3mavaer HagambHOE
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YUCI0 orpanuyenuii, uecb m = 3). Ecau xors Gbl 04uH TaKOH 3JjeMeHT
cymecTByeT (MPUCYTCTBYET) U OH HEHYJIEBOH, TOTIa HUKHUE CTPOKU MAT-
putpt B~! u crogbua b mamensiorcs. I1ocIe10BATEIBIO, 9TO BLILISINT
TaK:

1) ¢=1, NB(l) =4 = 4-ii 31eMeHT OTCYTCTBYET B HUKHEH CTPOKE
matpunbl G = MBI IPOTOJIKACM.

2)i =2, NB(2) =4 = G(m+ 1,2) cymecrsyer u OH HeHyJe-
BOH = MBI BLIYHTaEM i-f0 (BTOPYIO) CTPOKY MaTpuipl B~1 m i-it
(3mech, BTOpOi) 3mementT BekTopa b/, 06e B3aThe ¢ K03hdUIHEHTOM
G(m+1, NB(i)), 3 HmKHel cTpokn MaTpunsl B~1 1, coorseTcTBeH-
HO, HEKHETO 3JIEMEHTa BeKTOpa b'. BbIoHAg 310, Ioaydaem

B! b
1-1 10 12
0 1-20 6
0-1 30 21
0-1 21 9

3)i =3, NB(3) =1 = smementr G(m + 1,1) cymectsyer u ou
HeHy/eBOH  => MBI BLIYUTaEM i-e (TpeThu) CTPOKH MaTpuisl B~ u
cronbua b, B3areie ¢ koadgpdurmentom G (4, NB(7)), 3 HUXKHUX CTPOK
marpunsl B! u cronbma b'. JdeficTBys TakuM o6pa3soM, MbI HOJTydaeM

B! v NB
1-1 10 12 114
0 1-20 6 2| 2
0-1 30 21 301
0 0-11 —12 40 7

K 3ToMy MOMEHTY KOPPEKTHUPYIOIEe UCKIIOUYEHNE 3aBEPIIEHO; 3TO YCIOB-
HO OTMEYEHO TeM, 9TO CKOOKHU B YEeTBEPTOH CTPOKe BeKTOpa NI CHATHI:
mepeMeHHast Ty ¢ ITOr0 MOMEHTa cTaja 0a3ucHON B KAHOHUYIECKOM dhopme
3aa4n g 6asuca. MMeem

BP = (21,6,0,12,0,0,-12) # BJP, 2z = —249.
Daemente! BekTopa (<7, 71) He MOTYT GBITH OTPHIATENBHBL, TIOATOMY MbI
NpOBEPAEM JIEMEHTHI BeKTopa b’ u, Gmaromaps —12, BuauM, 9TO JOIKEH
CTApPTOBATH JBOMCTBEHHBIH CHMILIEKC-METOM, B HAINEM TPUMEDPE, — Ero
MO UITHPOBAHHAST BEPCHUSI.

IIIar 1. Paboraer momudunupoBaHHBIN ABORCTBEHHDBIN CUMILIEKC-METO/, CM.
pasa. 5.5.

1°.

k=4.
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G
al BE 125
2°. ’0071‘:’0071 1‘~ 233 .
12 3 45 6 7 (112
111

Dnsna ma (<7, 77) u (

T

YEPKHYTHIE BBIE HOMEPA), Mbl HAXOIUM

. ( 7
min [ ———, 00, ——
[ =1 -1

a

B—l

I

4 |11 -1
3°. 1|=10
3| |0-1
1

)
1-20-|3
2
1

0 0-11

10

30

2

1

2

3
a/l, BF) uepes NF =[6 5 3| (cu. raxxke na noa-

):2 = 1=3,s=NF()=3, c,=2.

1 2 3 4 1 2 3
. @ Np-al2[i]3].  ~F[6]5]7].
1 2 3 4
(b) " = (3OS T5[12
(c) —z = 225.
BP = (—15,18,12,-36,0,0,0) # BIP .

B—l
1-1-3 4

(d) |0
0-1
00

1-1-1}.

0 3
1-1

aT

T

Bp <

(¢) [T} = PTT0] - O[T [2] -

G
T xT 125 cT
(£) [0[o[0] := [0]1[5]2]-|2 3 3|+ [-9]—10[-15] .
123 4567 (112
111
IMTar 2.
1°. k=1.
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G
a)l T 125
2°. [0]0[0] = [0]—1]—3]4]- 23 3] .
123 45 6 7 (112
111
1.2 3
Cnana wa (¢, 77) u (a/f, L) uepes NF : (cM. TaKkKe NOmMIEPK-
HYTbIe BBEPXY HOMEPA), Mbl HAXOJUM
. 5 1 B B o
mln(| _3|,7| — |,oo> =1 =1=2,5=5,c,=1
a’, B! as
-1 |1 -1-3 4|0
3°. | 1|=(0 1-1-1}-|1|, a},=-1.
-1 |0-1 0 3||0
0Of [0 0 1-1]||0
1.2 3 4 1.2 3
e @ vBlB[1]s],  NF=[s[]7].
12 3 4
(b) v" =[36]-18[21]12] .
(c) —z=189.
BP = (21,-18,12,0,36,0,0) # BJIP.
B—l
-11 3-4
(d)| 10-4 3|.
-10 3-1
00 1-1
T al BE cl
(e) [1[0[2[6] :=[0[1]5[2] —[=1[1[3]=4]-[1] .
G
& T 125 et
(£) [0]0]0] :=[1]0[2[6]-|2 3 3|+ [-9]—10]—15] .
123 4567 (112
111
ITar 3.
1°. k=2
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G

a)’ B 125

2°. [0[1]0]=[1]0[—4]3]-|2 3 3] .
123 45 6 7 |112
111

123
Cnana wa (¢, 77) u (a/f, L) uepes NF : (cM. TaKkKe NOmMIEPK-

HYTBIC BBINIE HOMepa)7 MbI HAXOJIUM

. 2 1 ’
min | ——,00,00 | == = I=1,5s=6, ¢, =2.

| 4]’ 2
al B! as
3 —11 3-4{10
3°. |—4|=| 10-4 3|-|0|, ), =-4.
3 |-10 3-1/]1
1 00 1-1}(0
123 4 1 2 3
e ) N5 Bei]1],  ~F[2li])
12 3 4

(b) b'T =[45/2[9/2[15/2]15/2] .

(c¢) —z = 180.
BD = (15/2,0,15/2,0,45/2,9/2,0) = BIP.

371
—1/410 —7/4
(d) |-1/401 —3/4| .
~1/400 5/4
~1/400 —1/4

7.‘_T 7.{.T ﬁ]{

(e) ]3/2\0\0\15/2\::]1\0\2\6\—]—1/4\0\1\—3/4\- :

G
T e 125 e
(f) [0]1/2]0]:=[3/2][0][0[15/2]-|2 3 3|+[—9]-10[-15] .
112
111

ITar 4.
1°. Her oTpunarenbHbIX 3meMenToB B b = KoHer.
OBIP = (15/2,0,15/2,0,45/2,9/2,0),  zmin = —180.
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Ocobwlie caygan

Bce paccMoTpeHHBIE BBIIE TPUMEPHI M T€OPEMBI OTHOCHUJINCH K
HEBBIPOXKIEHHBIM 33/1a9aM, KOT/Ia MMEJIOCh OIHO €IWHCTBEHHOE
pelenne 1 0COOBIX IPOOIEM He BOZHUKAIO. ETUHCTBEHHOE OCTOXK-
HEHUE PAaCCMATPHUBAJIOCH B pas3i. 3.6, rae He ObLIO OYEBHIHOIO
HAYaJIBHOTO 6A3NCHOTO JOMYyCTUMOTO perneHust. YTobbl cripaBuTh-
Csl C 3THM 3ATPYIHEHHEM, Mbl BBIHYKJIEHbI ObLIM pemaTh BCIO-
MorarenbHyio JIII-3a7aMy ¢ HEKOTOPBIME HCKYCCTBEHHBIMH IIEpe-
MEHHBIMHA W MCKYCCTBEHHOW meneBoil ¢gpyukmumeit. Torma, B 3ame-
qaHu? 3.6.3, MBI OTMEYaJIHN €Ile OJHY TPYAHOCTH: BO3MOXKHOCTH
MPOTUBOPEYNBBIX OTPAHUIEHU.

Ha npakTuke MOT'yT BO3HUKATH HEKOTOPBIE IPYTHe 0COObIe CH-
Tyallul, KOTOPbIE TaKyKe OCJIOXKHAIOT 3a/ady: BBIPOXKIEHHBIH Oa-
3UC, HEOTPAHWYEHHASA AONYCTUMAas 00JACTh U HEeeIUHCTBEHHOE OTI-
TUMaJIbHOE pemterHue. JIAHHBIN pa3ies WLTIOCTPUPYET TAKHUE CITy-
4Yam, HOCKOJIBKY J1I00asi KOMIIbIOTEPHAs IPOIPAMMA, TOJI2KHA OBITH
HACTOJIHKO MOIIHOH, 9TOOBI «YMETb» CIPABJIATHCS C JIIOOBIMHU OCO-
OBIMU CUTYAIUSIMH.

6.1 Jlomyctumas 00JaCTh HE CyHIECTBYET

Haurewm ¢ cutyaruu mpoOTUBOPEUUBBLIX OTPAHUYEHUN. DTOT Caydail O3HA-

YaeT, YTO JOIYCTUMAs 00JIaCTh HE CYIIeCTBYeT.

IIpumep 6.1.1 Jasa x1, o > 0 pewums 3adany:

1 + .TQZS;
T, + 229 < 2
—r1 — To = z — min.
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IITar 0. 3anonHseM MaCCUBBI JJIs 33,3491 MCXOIHBIMU JAHHBIMU:

NB NF
—-1-110]|-3 3 1
— 1 201 2 4 2
—1-100] 0O
T
BP =(0,0,-3,2) # BOP, z=0.
HTar 1.
1°. s=1.

2°. min(oco,2/1) =2 = k=2
3°. Tlocme HOPMUPOBKH: BU, TaOIHUIIBI COXPAHAESTCA.
4°. Tlocie BeITUTAHMIL:

NB NF
—[0111[-1] [3] [4
1201] 2
0101[ 2

BP = (2,0,—1,0) # BIIP, 2= —2.

BrimnosiHenbr ycCii0BuAd NIPUMEHHUMOCTH ,HBOf/iCTBGHHOFO CHUMILJIEKC-METO1a

(m. 4.1).
IMlar 2.
1°. k=1.

2°. B k-ii cTpoke HeT OTpHLATENbHBIX 3jeMeHTOB. He cylecrByer 6a3ucHOro
JIOTyCTUMOTO PEITIEHMUSI.

Paccmorpum uHOM BO3MOXKHBIN MyTh peliieHus B 3TOM npumepe. [Ibirasce
Haiitn Hekoropoe BJIP, MbI BBeIeM MCKYCCTBEHHYIO TIEPEMEHHYIO X5 U TOIPO-
Hyem peruTh (JJId HAYAIA) BCIOMOIATeIbHYO 33a49y: W = T3, W — IMin.

IITar 0. Bsens wcxonHble AAHHBIE, MBI CTAPTYEM OT TAOJIUIBI, T€ TPETUil
¥ YeTBEPTBHIA CTOJOIBI OTBEAEHDBI M JA0DABOUHBIX TMEPEMEHHBIX T3 U T4, A
OATHIA CcTOI0eIT — 71 MCKYCCTBEHHON MepeMeHHOMN X5:

1 1-101}3
1 2 010]2
—-1-1 0000
0 0 0010

SaTem MBI JeaeM MOJATOTOBUTEIHHOE BRIYATAHNE, 9TOOBI TIPEICTABATH CTAP-
TOBYIO TaOJIUITy B KAHOHUIECKOH (pOpME B OTHOIIEHUN OA3WCHBIX MEPEMEHHDBIX
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2B = (24, 25) 1 uckyccrsennoit nenesoit dpynkimu w = T5. Berauramnme Tpe-

Thell CTPOKM U3 HUXKHEHN CTPOKM JaeT

NB NF
T 1-101] 3] [5] [T
—~ 1 2 010 2 2
—1-1 000/ 0 3
—1-1 100[-3
T

BP = (0,0,0,2,3) = BIP, z=0, w=S3.

DTO KOPPEKTHOE HAYATHHOE COCTOSTHUE, ¥ MbI TOTOBBI TTPOIOIKATD.

Oran 1.
HTar 1.

1°. 1=1, s=1.

2°. min(3,3) =2 = k=2.

3°. Tlocme HOPMUPOBKH: BU, TADIHUIIBI COXPAHACTCA.
4°. Tlocie BeITHTAHEAIA:

NB NF
0-1-1-11| 1 5 4
1 2 0 10 2 2
0 1 0 10 2 3
0 1 1 10]-1

BP = (2,0,0,0,1) =BIP, z=-2, w=1.
Tar 2.

1°. Het orpuiaTesbHBIX 9UCEN B IEPBBIX [ATH SJIEMEHTAX TOCAEHEH CTPOKH,
MO3TOMY MUHUMYM JIJIsT W JTOCTUTHYT: Wpin = 1. MBI TIPUIIIH K BO3MOK-
HOCTH, OTMeuaBiieiics B pasa. 3 (cum. npumep 3.6.1 u 3amevanue 3.6.3):
Oran Il me moxker ObiTh Hadar. OOHApPYXKEH CAydYail MTPOTHBOPEUUBBIX
orpanndenuii. C HECKOJIBKO UHOM, Gosee obiueii, Touku 3penus, (CM. 3a-
meuanue 3.6.3), UpuYMHA 3TOr0 3aTpyAHEHUs COCTOMT B TOM, 4T0 BIIP,
nosydenunoe B 1. 4° (Bbiwe), cogepxur (xors Obl) OAHY HCKYCCTBEHHYIO
MEePeMeHHy10, 37eCh Xs.

6.2 BroIipoxXaeHHbIT Da3uc

BenoMunm popMambHOe onpeiesienne, 9to crangapraaga JI-3anaqa (Ax =
b, T'e =2 — min) gBsSETCA 66PONCIeHHOT, €CIU CYNIECTBYET 110 KpaitHei
Mepe OHA M X M TMOIMATPUIA, BHIODAHHAS U3 PACITUPEHHON MaTpuip! [A, b]
pasmepa m X (n+1), Koropas cunrynsapra (BeIpoxk/ena). JIerko Bugers crpa-
BE/IJINBOCTD CJIEIYIOIIero (hakTa.
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Teopema 6.2.1 Ecau JIII-3adauwa nesviposicdena, mo 6a3ucHble nepemertoie
6 JTF0DOM O3UCHOM PEULEHUL CTPO20 OMAUNHDL O HYAS.

TTosToMy, ecau BCTPETUTCS HEKOTOPOe DA3UCHOE pellienne — Oe3pa3InyHoO,
rEOHy(ﬁTI/IMOG HUJIN HET, — B KOTOPOM XOT«A 6bI OOoHA 6&3I/ICHaH nepeMeHHad paBHa
HYJTIO, 3TO CIYKHAT MPU3HAKOM, UTO 3a/1a9a BHIpOKIeHA. PaKT BBIPOKIEHHO-
CTH OTACEH TOJLKO IIPpH OOHAPYKEHUN NMEHHO TAKOr0 OA3UCHOTO PEIIeHHs, T.
e. eclId MbI IIOJIy4aeM HyJb CPeIy 3JeMeHToB cToabua b’ npapoii uacrtu orpa-
nuuenuii A’z = b'. Ecin Mbl 3arem BbibepeM B Kadecrse BeAylueil CTpoku
Ty CTPOKY, TJ€ BCTPETHJICA HYJb CPEIN 3JIEMEHTOR cTosbmna b, To, ouernmHo,
neeBast GyHKIMSA OCTAHETCS HEU3MEHHOUW, W B 9TOM CJYyYae MpOIEeIypa pe-
OIeHUA MOXKET 6eCKOHe‘IHO 3allUKJINTHCA. HeBa)KHO, YiKe BCTPETUJICA UJIN HET
HYJIb B TIPABOI YaCTW OTPAHWYEHNY, — Ba’KHO PACCMATPUBATDH 3TO KAK Pealb-
HYI0 BO3MOXKHOCTbH JIJIsI BBIYUCJIATEIbHON TPOIEAYPhl PEIeHrsd. JTa, Mpolie-
Iypa JIoJIKHA OBITH Tak pa3paboTaHa, 4TOOLI OKA3aThCsl CTIOCOOHOM BHIATY 13
JIIO0OTO TTOTEHITHAILHO DECKOHEUHOTO IUKJIA, €CJIN OH BCE JKe TIOSBUJICS.

PaccvoTpuM HECKOTBKO TPUMEPOB.

IIpumep 6.2.1 Jaa x1,z2 > 0 pewumo 3adawy

—2x1 + x9 < 2;

-1 + 2x9 < 4

T + x9 <8
T1 — 3x2 = z — min.

Wcnonb3yem OOBIMHBIN CHMILIEKC-METOI.

Hlar 0.
NB NF
-2 1100[2] [37] 1[1
-1 20104 4] 2[2
1 100188 |5
1-3000[0
BP = (0,0,2,4,8) =BAP, z=0.
HTar 1.
1°. 1=2,5=2.
2°. min (%,3,%) =min(2,2,8).

Boibepem k = 1 (xors ecrb Bapuaut k = 2).
3°. Tlocme HOPpMUPOBKH: BU, TaOIHUIIBI COXPAHIESTCA.
4°. Tlocme BRITHTAHMIL:
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NB NF

—21 1002 2 11

30-210]|0 4 2

30-101|6 !

—-50 300|6

T

BP = (0,2,0,0,6) = BIP, 2= —6.

Basucuas nepemennas x4 = 0 (BbIIE — MOTIEPKHYTAS TOBUIIHS ).
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2°. min(co, —00,6/3). Cormacuo m. 3.4 m tabn. 3.4.1, curyanua <«3anper»
(—00) Tpebyer mepecMoTpa 3HadeHHA S. TakK KakK Ha 3TOM Iare JpyTro-
ro BbIOOpa 3HAYCHMs S HET, BepHEeMCs K IpeaputyiieMy mary 1. Tam ecrb

JPYroii BApUAHT BRIOOpA Kk, & 9TOT mIar 2 moKa, OTJIOKUM.

IITar 1'.
1°. [=2,5s=2.

2°. min (%, %, %) = min(2, 2, 8). Beibepem k = 2, BmecTo k=1 .

3°. Tlocie HOPMUPOBKH: 4°. Tlocne BBIYMUTAHMIIL:
NB NF
-2 11 00]2 —-3/201-1/20[0 | 3 | 1|1
—|—1/2 101/20]2 —-1/210 1/20(2] | 2 2
1 10 018 —| 3/200-1/21{6| | 5
1-30 00]0 -1/200 3/20|6
T 7

BP = (0,2,0,0,6) = B/IP, z= —6.

Basucuas nepemennas rs = 0.
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3°. Tlocre HOpMUPOBKH: 4°. Tlocne BeIYUTAHMIIL:
NB NF
-3/201-1/2 0|0 001 -1 1i6/| 3 15
-1/210 1/2 0|2 010 1/31/3/4|]| 2 2| 4
— 100-1/32/3/4 100-1/32/3|4| |1
—-1/200 3/2 0[6 000 4/31/3|8
7
BP = (4,4,6,0,0) = OBIP, zmin = —8.

Kak BuiHO, JAHHBIH OTBET HA CUTYALMIO «3aIIpeT» (—00) MO3BOJIM YCIIeI-
HO 3aBEPIIATH TPOIecC pernenus. [lonpobyem ee HaIuIne UTHOPUPOBATD,
MIPOJIOJIZKAS OTJIOXKEHHBIH 1ar 2 CJeAyIonuM oOpa3oM.

IITar 2.

1°. 1=1,5=1.

2°. min(co, —00,6/3). Beibepem k = 2 .

Iloce BoramTammii:

NB NF

3°. Ilocsie HOPMUPOBKHA: 4°.

21 1 00]2 01-1/32/3012|[2 ][4
—| 10-2/31/30[0 —[10-2/31/300] | 1
30 -1 01[6 00 1 -11[6||5
—50 3 00]6 00-1/35/30/6
T T

BP = (0,2,0,0,6) = BJP, 2= —6.

Basucuas nepemennas 1 = 0.

IMlar 3.

1°. [=2,5=3.
2°. min(oo, 00,6/1). Beibepem, Bonpexn npasuaam u3 tabr. 3.4.1, k=2 .

ITocsie BerunTanMii:

NB NF

3°. Iociie HOpMUPOBKU: 4°.

01-1/3 2/30[2 —1/210 1/20]2|[2][4
—3/20 1-1/200] —|-3/201-1/20[0|]| 3
00 1 —11[6 3/200—-1/21[6| | 5
00-1/3 5/30[6 —1/200 3/20[6
T 7

BP = (0,2,0,0,6) = BIIP,

Bazucnas nepemennaa xz = 0.

z = —0.
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HTar 4.

1°. [ =2,s=1.
2°. min (oo, 0, %) Bribepem, Bonpeku npasuiam u3 taba. 3.4.1, k=2 .

3°. Ilocyie HOPMUPOBKHU: 4°. Ilocne BrranTaHmii:

NB NF

2 4
1 3
5

—1/21 0 1202 01-1/32/30[2

- 10-2/3 1/30/0 10-2/31/30[0
3/20  0-1/21/6 00 1-11[6
~1/20 0 3/20[6 00—1/35/30[6
T

BP = (0,2,0,0,6) = BJAP, 2= —6.

Basucuas nepemennas 1 = 0.

OfbACcHeHRE TPOUCXONAIEMY IPU TaKOM 00pase IeiCTBUil ABJICHNIO 3allK-
guBaHud uMeerca mpocroe. OObEKTHBHAA €r0 IPUYMHA — HAJOKEHHE BEp-
LIMH JOIIyCTUMOIO MHOTOTPAHHUKA. B nqannoM caygae B Touke (21, x2) = (0,2)
HepeceKaroTCsl TP OTPAHNYUTEILHBIX JTHHNAH:

1) a1 = 0;
2) 23 =0, 10 ecTb —221 + T3 = 2;
3) x4 =0, T0 ecTb —x1 + 272 = 4.

Dro o3navaer coBuaeHue B 3T0M TOUYKe Tpex Bepuuut: (1) nepeceuenue guHui
x1 = 0w zg3 = 0; (2) mepeceuenne nunnit 1 = 0 u x4 = 0; (3) mepeceuenue
guanit 3 = 0 u x4 = 0. EcrecrBenno, 3Havuenus 1eseBoil (hyHKIMH B ITUX
BEpIIUHAX OAUHAKOBBI, 2 = —6. MbI mepexoanm u3 OZHON TAKOW BEPITUHDI
B Ipyryio, GaKTHIECKH OCTABAsSChH B OMHON M TOH K€ TOYKE, €CJIH IPOHIeM
mar 1, mar 2 u gajee nedicTByeM Tak, KaK BbIOpaHO Ha marax 3 u 4. Dtum
Hepexo/Ibl COOTBETCTBYIOT ceayiomemy rpady (puc. 6.2.1).

Kak BumnHO, Heymaunbl meiicTBust Ha marax 2, 3 u 4. Obmee B HUX TO,
9T0 BbIOpaHHAsA JJisd HOPMUPOBKH (BeJyllas) CTPOKA, ee HoMep k = 2, umeer
uynesoe 3uadenue b), = 0 pyra 6a3uCHON MEPEeMEHHO OT TPEABIYIIEro MAara:
auist wara 2 sro by, = 0 ecrb 3navenue x4 = 0; nag mara 3 sro b = 0 ecrs
suadenve x1 = 0; qys mara 4 1o b, = 0 ectsb 3uaueHue 3 = 0.

Kak yxe ormeuasnoch, 6a3uc, B KOTOPOM XOTs ObI ofHa Oa3ucHas mepe-
MEHHAs PABHA HYJII0, HA3BIBAIOT BBIPOXKAeHHbIM 0asmcom. OH u saBaseTCs
MOTEHITUAIBHON TPUYUHON 3AIMKIMBAHUSA, U 9TA MPUINHA CTAHOBUTCI AKTY-
AJBHOM, ecan JefCTBOBATH MOMO0HBIM 06pa30M.

IIporpavma g 9BM noskaa 06/1a1aTh ClIOCOOHOCTHIO HPEA0TBPALIATH
BANMKJIMBAHUS 110 YKA3aHHON 0ObekTuBHON mpuunbe. Co3maresb CHMILIEKC-
Merona JIaHIUT MpejjiaraeT U3MeHsITh MpapBble YacTy orpaHuveHuii Tak [7],
94TO6BI K HIM HCKYCCTBEHHO JOGABUTH MAJIble BeIHIHHbL €7, et = 1,2, ..., m;
1 — HOMEp OrpaHmveHus. Biaromaps 3TOMY MEPBOHAYAIBHO COBIIAIAOIINE
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BEPIIMUHBI «PA3BOIATCs», HO 3aTE€M B HAHJIEHHOM MPUOINKEHHOM PEIIeHnN
HYKHO TOJIORUTH € = (.

Jpyroii ciocod n3bexkarh 3aIUKINBAHASA TOKA3aH Ha, 3TOM IpuMepe: mar 1/,
mar 2’ (puc. 6.2.1).

Ilar 1’
Co G Mar 2,2 103 Ilar 2/ C*
—0 —0 IITar 3 -0
—0 4= oL L z=-8
z z=—06 z=—0 z=—6
f Ilar 4 T
Cy
1" 1
Iar 2 L — 16 Ilar 3

Puc. 6.2.1. T'pad pemenus ¢ BO3MOKHBIM 3amukmmBaaneM: Co — HCXOmHOE CO-
croauue; C\, — ourumasbuoe cocroguue; Cr, Co, C'3 — cocrosinus B O4HOM U3 Tpex
COBTIAIAIOMIAX BEPUIMH, B KOTOPBIX OJIHA W3 0A3UCHBIX TIEPEMEHHBIX (COOTBETCTBEH-
HO, T4, T1, T3) paBHA Hymo; C4y — 3a TpefesamMu JOIMyCTUMOM 061acTw.

ITar 1, semymmit B cocrosuame C1, cam 1O cebe He CONEPKUT HEeyIATHBIX
neiicTBuii, HO mwar 2 yxe 3apoaut B mukya Cy S Cs (eM. puc. 6.2.1). Tlosromy
MOXKHO MHaYe U30eKaTh MONAJIaHUs B UK/, ecyiu 1oce mara 1 (1 cocrosuust
(') meficTBOBATH CIEAYIOMUM OBPA3OM.

IITar 2”.

1° 1=1,5=1.
2°. min(oco, —00,6/3). Beibepem k = 3 .

3°. Tocyie HOPMUPOBKHA: 4°. Tlocne BeranTaHuii:
NB NF
—21 10 02 01 1/302/3] 6[2]1[5
30 —-21 00 —00 —11 —1|-6|/| 4|23
—| 10-1/301/3[2 10-1/301/3| 2| |1
—50 30 0|6 00 4/305/3]16
7 T
BP = (2,6,0,—6,0) # BJIP, 2= —16 < zmn.
Bouiin B T0uKy nepecedenus juuuii —2x1 + 2 = 2 (rak Kak r3 = 0) u
1 + x93 = 8 (tak xak x5 = 0), HO yXKe 3a Tpemeabl JOMyCTUMON o0sa-

cru. BepryTrhes orTyna u Tem caMbiM 0ThIicKaTh OB/IP MOX)HO Temeps Juiib
JIBOACTBEHHBIM CUMILIEKC-METO0M (YCJIOBUsI €r0 IPUMEHUMOCTH PACIO3HAIOT-
sl KAK BBINOJHEHHBIE [0 HU2KHEH CTPOKE M IPABOMY CTOJIOLY Tabaulpl).
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ITTar 3”.
1°. k=2
2°. min (%,%):4/3 -~ =2 s=3
3°. Tlocme HOPMUPOBKH: 4°. Tlocne BBIYMUTAHMIL:
NB NF
01 1/3 02/3] 6 010 1/31/3/4]] 2 5
—|00 1-1 1] 6 001 -1 1/6/|3 4
10-1/3 01/3] 2 100-1/32/3|4| | 1
00 4/3 05/3[16 000 4/31/38

T
BP = (474a 67070) = OBrHPv Zmin = —8.

B 3akmrodyenne oTMeTHM, UTO JarKe eCIH ¥ IPOU30IILIO HOMAJIAHNE B UK
(3mech cocrostus Co & C3), U3 HErO MOXKHO BBIATH, €C/IM JefCTBOBATH 1IPa-
BusibHO. Hanpumep, Bumno, 9T0 cocrositme Cs moce mara 3 uIeHTHIHO COCTO-
aanio mocae mara 1. CreoBarenbHo, eciy Iocae mara 3 IpuMeHUTb mar 2,
TO BBIXON U3 IWKJIAa obecriedeH. TOYHO Tak yKe MOXKHO BBINTH K (PpUHANBHO-
My (onrumambHOMY) coctosianio Cy 1 nocie coctosinust Cy, eclu AeficTBOBATH
YIAIHO, TO €CTh He JIONYCKaTh TAKOI'0 BhIOOpa HOMEpa k Be/ylieit CTPOKH, [Ipu
koropom 3Hadenune b, = 0. Paccmorpum npumep.

ITar 3'. (mocae miara 2)

1°. [=2,s=3.

2°. min(oo, 00,6/1). = k=3
3°. Tocyie HOPMUPOBKHA: 4°. Tlocne BrrUnTAHUIA:
NB NF
01-1/32/30[2 010 1/31/34]] 2 4
10-2/31/30|0 100-1/32/34| | 1
—00 1 —-11i6 001 -1 1/6/|3
00-1/35/30|6 000 4/31/3|8
T

BP = (4,4,6,0,0) = OBP, 2= —8= zin.

Vnpaotcnenue 6.1.1. JIpyroii xapaKTEPHBIA IPUMED C BO3MOXKHBIM 3aIHK-
JIMBAHUEM M3BECTEH Kak 3ajada Buaa [?]:

1/4x1 — 8xg — r3 + 914 < 0;
1/2x9 — 1229 — 1/223 + 324 < 0;
I3 < 1;

—3/4x1 + 2025 — 1/225 + 624 = z — min.
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1 Y C 2 C
(3.3) Ien 1
5 1 2 1 3 2 4 3 5 4
6 1@y |1 (22 (1,3) | 3 [(24) | 4 (15 | 5
O() Cl CQ 03 C4 CS
< 6
(2,6)

Puc. 6.2.2. 3amukamBanne W BHIXOI W3 IMKJIa B 3amaue V. M. JI. Bua

ITycTh, kak o6br9HO, K — HOMEP BeAyIIedl CTPOKM U S — HOMED BEIYIIETO
cronbua B marpune A orpanmvenuil 3amaqu. [IponymepyiiTe orpanuyenus B
3aaHHOM TIOpsAKe U BbibupaiiTe mapwt (k, s) mar 3a marom tak: (1,1), (2,2),
(1,3), (2,4), (1,3), (2,6). Ybeaurech, uro nocje mara 6 3ajada BEpHETCA B
ucxonuoe cocrosaue Cy, OpiBiiee mnepexn 1marom 1. IIpu stom cocrosaume Cjy
umeeT napy OA3HCHBIX MEPEMEHHBIX Ts W Tg, PABHBIX Hymo. Jamee, o mepe
BBIIIOJIHEHNST YKA3AHHBIX NIATOB BBIOOPA, MAPBI HYJIEBBIX DA3UCHBIX MEPEMEH-
HBIX TOABJISIOTCA B COOTBETCTBUE ¢ puc. 6.2.2. Ecu ke Boibupars napst (k, s)
rax: Ha mare 1’ BeiOpars (k,s) = (3,3) n na mare 2’ soiopars (k, s) = (2,1),
T0 mosiBJIsTiomyeca nocje uux cocrosiausg Cg u Cy, HE UMET HYJIEBbIX O6A3NC-
HBIX TIEPEMEHHBIX, MOJTOMY 3aIlMK/IWBAHUS HE Bo3HEKaer, npudem C, naer

uckomoe pemenne: OBIP=(1,0,1,0,3/4,0,0), 2zmin = —5/4.

6.3 domycTtumas ob6JiacTh He OTPaHUYEHA

Curyamus, Koraa J0omycTuMas 00acTh He OrPAaHUYeHa, YKA3aHA B Teope-
Me 3.2.1 (ii) (a). Ona nokasbiBaer, 4To nesresas GYHKINA MOXKeT ObITH CIeTaHa
CKOJIb YTOJTHO MAJIOH M, CJIeJI0BATEIbHO, (KOHEYHOrO) PEIIEeHUs He CYIIeCTBYET.

IIpumep 6.3.1 as x1, xo > 0 pewumo 3adanwy:

21 + 12 2T,

T+ @2 >4

r1 + 3x9 > 9;
—2x7 — 3x9 = z — min.

IITar 0. Box McXOmHBIX JTaHHBIX W MEHEPAIINST CUMILIEKC-TaOIIITHL:

2 1-1 0 01007
1 1 0-1 00104
1 3 0 0-10019
-2-3 0 0 0000|0
0 0 00 0111]0
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B sToi#t Tabaune mocnemHss CTPOKa BBEIeHA i BcromorareabHoi JIII-
3aaun W = Tg + L7 + Tg — Min ¢ UCKYCCTBEHHBIMU TIEPEMEHHBIMY Xg, L7, g
U MCKYCCTBEHHON TesieBoil dyukimeit w. Ha sToM 1iare Mbl J1ejaeM mojiroro-
BUTEJIbHOE BBIYUTAHNE, YTOOBI MPEICTABUTH TAbJINIY B KAHOHUYIECKOH dhopme
a1 bazuca:

NB NF

2 1-1 0 0100{ 7||6 1

1 1 0-1 0010] 4|7 2

-1 3 0 0-1001] 9|38 3

-2-3 0 0 0000] O 4

—-4-5 1 1 1000|-20 5
T

BP = (0,0,0,0,0,7,4,9) = BAP, z=0, w = 20.

Oramn 1. Pemenne scnomorarensuoit JIII-3agaqm.

IITar 1.
1°. [=2,s=2.
2°. min(?,%,2)=3 = k=3

3°. Tocyie HOPMUPOBKHA:

“1T 0 010 0
0-1 001 0
0 0-1/3001/3
0 0 000 0
I 1 100 0]-20

Ol W =~

\
— | O | = = =

4°. Tlocne BorunTaHmii:

NB NF
6

5/30—1 0 1/310—1/3] 4 1
—| 2/30 0-1 1/301-1/3 1 8
1/31 0 0-1/300 1/3| 3|2 3
9 4
5 5

—10 0 0 —-100 1
—7/30 1 1-2/300 5/3—
T

BP = (0,3,0,0,0,4,1,0) z=-9, w=D5.

2°. mln(5/37m,ﬁ):3/2 = k=2.
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3°. Tlocre HOpMUPOBKH:

5/30—1 0 1/31 0-1/3] 4

—| 10 0-3/2 1/203/2 -1/2[3/2
/31 0 0-1/30 0 1/3| 3
—10 0 0 -10 0 1 9

—7/30 1 1-2/30 0 5/3—5
T

4°. Tlocne BorunTaHMii:

NB NF

—[00—1 5/2—-1/21-5/2 1/2] 3/2|[6

10 0-3/2 1/20 3/2-1/2| 3/2||1

01 0 1/2-1/20-1/2 1/2| 5/2|| 2

00 0-3/2—-1/20 3/2 1/2[21/2

00 1-5/2 1/20 7/2 1/3|-3/2
7

Tt W 00

35 3
BP—<2,2,0,07072,0,0> z=-21/2, w=3/2.
ITar 3.

1°. [ =4,s=4.

2°. min(¥3,00,33)=3/5 = k=1

3°. Tlocie HOPMUPOBKH:

—[00-2/5 1-1/52/5 —1 1/5 3/5

10  0-3/2 1/2 0 3/2-1/2| 3/2

01 0 1/2-1/2 0-1/2 1/2| 5/2

00 0-3/2-1/2 0 3/2 1/2[21/2

00 1-5/2 1/2 0 7/2 1/2|-3/2
7

4°. Tlocne BorunTaHmii:

NB NF
01-2/51-1/5 2/5-1 1/5] 3/5|[4
10-3/50 1/5 3/5 0-1/5[12/5|| 1
01 1/50-2/5-1/5 0 2/5/11/5/] 2
00-3/50-4/5 3/5 0 4/5/57/5
00 00 ©0 1 1 1 0

Tt O W 0o

12 11 3
BP<5,5,0,5,0,0,0,0) z=-57/5, w=0.
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Oran I ycrnemHo 3apepiieH, u ciieiyer YAAJIUTb UCKYyCCTBEHHBIE IIEPEMEHHbIE
Zg, T7, Tg, TAK K& KAK UCKYCCTBEHHYIO IeIeByi0 pyHKINIO w. B pe3ymbrare,
MBI HAYWHAEM OCHOBHOI dram, Jran 11, co cnenyroreit Tabauneii:

NB NF
00—2/51—1/5] 3/5] [4 3
—[10-3/50 1/512/5| | 1
01 1/50—2/5/11/5|] 2
00 —3/50 —4/5[57/5
7

Oran II. Pemenne ocrosHol (3amannoit) JITT-3amaqn.

ITar 4.
1°. [=2,s=5.
2°. min(oo, %,oo) =12 = k=2
3°. Tlocme HOPMUPOBKH: 4°. Tlocne BBIYMUTAHMIIA:
NB NF
00-2/51-1/5| 3/5 10-110| 3||4 3
—|50 =30 1] 12 50-301{12| | 5 1
01 1/50-2/5/11/5 21-100] 7|2
00-3/50—4/5/57/5 40-300|21
T
BP =(0,7,0,3,12) =z = —-21.
IMar 5.
1°. I=1,s=3.
2°. min(oo, 00,00) = 00 =  KOHeI.

[TosiBneHne MHAMKATOPOB «OO» JIJIsi BCEX OUPDAHUYEHUI CBUIETEIbCTBYET,
YTO JOMyCTUMAasT 00JaCTh HEOTPAHIIEHA.

Eciu npomomkuTh OT 3TOrO COCTOSHUS C TIPOU3BOJBHBIM BBIOOPOM Be-
JIYIIEro 3JEMEHTa B TPEThEM CTOJIOIE, TO CUTYAIHs, KOIA BCE WHIMKATOPBI
PABHBI «00», OYIET MOBTOPSITHCH, T. €. BO3MOXKHO GECKOHETHOE 3aIMKIABAHIE.
Y106kl 110KA3aTh 970, PACCMOTPHUM elle oauH (6osiee HPOCTON B BBIYHUCIIUTE b
HOM OTHOIIICHUY) TIPUMEP.

IIpumep 6.3.2 Jas x1, 2 > 0 pewumo 3adary:

x1 — 12 > 1
T < 2;
—21 — To = z — min.
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HTar 0.
NB NF
—| 1-1-10/1 3 1
0 1 01|2 4 2
-1 -1 000
T
BP = (0,0,—1,2) #BIP, 2z=0.
HTar 1.
1°. s=1.
2°. min(oco, 00) = 00 = k=1

3°. Tlocie HOPMUPOBKH: BU, TaOIHUIIBI COXPAHAECTCA.
4°. Tlocme BeITHTAHMIL:

NB NF
1-1-101] [T][3
=0 1 01]2
0-—2-10]1

i

BP = (1,0,0,2) = BAP, z=—1.

IMlar 2.

1°. s=2.

2°. min(oco,2/1) = k=2

3°. Tlocie HOPMUPOBKH: BU, TADIHITBI COXPAHAECTCA.
4°. Tlocse BeraUTAHUA:

NB NF
~[T0-1T13] [T][3
01 01]2
00-12[5

T

BP = (3,2,0,0) = BIP, == —b.

HTar 3.

1°. s=3.
2°. min(oco, 00) = k=1
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3°. Tlocre HOpMUPOBKH: 4°. Tlocne BeIYUTAHMIIL:
NB NF
—-10 1-1|-3 —|—-101-1|-3| | 3 1
01 0 1] 2 010 1| 2
00—-1 2 5 —-100 1| 2
7 T

BP = (0,2,-3,0) # BJIP, z=—2.

Ilar 4.
1°. s=1.
2°. min(co, o) = k=1
3°. Tocyie HOPMUPOBKHA: 4°. Tlocne BeranTaHmii:
NB NF
—| 10-11|3 —|10-11|3] |1 3
01 012 01 012||2 4
—-10 01)2 00—-12}5

:
BP = (3,2,0,0) = BIP, == —b.

B sToit 3aga9¢ pemenne 1 MUHEMATBHOE 3HaYeHUe (DYHKINA 2 HE OTpaHude-
HBL. JTO MOXKHO BUJETH TI0 TOSBJICHAIO BCEX PH3HAKOB 0O TIPU MOJb30BAHAN
raba. 3.4.1 woam rabia. 3.5.1 (em. n. 3.4 u m. 3.5). Onnako dbopmasnbHoe IPO-
JTOJIZKEHUE AJITOPUTMA IPUBOJMT K SBJIEHUIO 3AIMK/INBAHNS, XOTSA 3/16Ch Oa3muc
HEBbIPOXKJICHHDbIHA.

Vnpaocnenue 6.1.2. Haueprure OJOK-CXeMy 3aIlMK/IUBAHUS B TIPUMe-
pe 6.3.1.

6.4 HeenmHCTBEHHOCTHh ONTUMAJIbHBIX PEHIEHUA

IIpumep 6.4.1 /s x1, x5 > 0 pewumo 3adarwy:

201 + 2o < T;
1+ 12 < 4
xr1 + 3%2 S 9;
—r1 — To = z — min.



124 6 Ocobbie cirydan

HTar 0.
NB NF
2 11007 3 1
1 10104 4 2
—| 1 30019 5
—-1-1000}0
T
BP = (0,0,7,4,9) = BJIP, z=0.
HTar 1.

1°. 1=2,5=2.
2°. min(7/1,4/1,9/3) =3 = k=3.

3°. Iociie HOpMUPOBKU: 4°. Tlocse BblunTaHUIA:
NB NF
2 110 0|7 5/3010—1/3|4] | 3 1
1 101 04 —| 2/3001-1/3|1| | 4
—|1/3 1001/33 1/3100 1/3|3|| 2
—-1-100 0[0 —-2/3000 1/3]3
T T

BP = (0,3,4,1,0), 2= —3.

ITar 2.
1°. I=1,s=1.
2°. min(g73, 573, 173) = 3/2 = k=2
3°. Tocyie HOPMUPOBKHA: 4°. Tlocne BerauTanuii:
5/301 0-1/3| 4 —001-5/2 1/2(3/2| [3] |5
— 1003/2-1/2(3/2 100 3/2-1/23/2| |1| |4
1/310 0 1/3] 3 010-1/2 1/2|5/2| |2
-2/300 0 1/3] 3 000 1 0] 4
! 3 5 3 !
BP = (5, 5, 57 07 0), z=—4

31ech Mbl UMEEM CUTYALMIO, IpeaycMoTpeHnyo B Teopeme 3.2.1 (iii). Ona
OBHADYKUBAETCS TOABIEHUEM HYJsI B MOCIEIHEN CTPOKE CHMILIEKC-TabInIBI
(B cTpoke 1ieneBoii byHKIMHA) A1 (XOTA ObI OHOMN) HEOAZUCHON MEePEeMEHHOIH,
B JIAHHOM [PUMEPE, — JJId T, P TOM, 9TO B 3TO CTPOKE MPUCYTCTBYIOT
TaK¥Ke U OTpUNaTe/IbHbIe Yncia (1)1 HeGA3UCHBIX IEPEMEHHDIX ). 3/eCh, IyTeM
BBIGODA BEAYIIETO JIEMEATA HA TIO3UIUH HEOTPUTIATEIBHOTO SJIEMEHTA, TATOTO
cTONBIA, MBI TIOJIYyIaeM BTOPOE MOy CTAMOE DEIEHne U3 TOCIETHeNH TabInIb,
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npudeM 0e3 U3MEHEHUs 3HAUEHN IeeBOi (DYHKINHU 2, OUEBUIHO, OJIarogapst
YIOMSIHYTOMY BBIITIE HYJTIO.

IITar 3.
1°. [=2,s=5.
2°. min(%,oo, i’?g):?) = k=1
3°. Tlocme HOPMUPOBKH: 4°. Tlocye BBIYUTAHUIA:
NB NF
—002 =5 1 3 —00 2-513||5 4
100 3/2-1/2|3/2 10 1-1013| |1 3
010-1/2 1/2|5/2 01-1 201 |2
000 1 0] 4 00 0 10/4

T T
BP = (3,1,0,0,3), z=—4.

ora, CUTyanus IMOBTOPACTCHd, Teneph C I'3. Ecnu TPOJOJIKUTE, TO MBI ITOJTyYUM:

ITar 4.

1°. [=2,5s=3.

2°. min(3, 2, 00) = 3/2 = k=1

3°. Tlocie HOPMUPOBKH: 4°. Tlocne BeIYUTAHMIIL:

—[00 1-5/21/2[3/2 001-5/2 1/2[3/2|[3 ][4
10 1 -1 0 100 3/2-1/2[3/2|| 1
01-1 2 0 010-1/2 1/2|5/2| | 2

00 0 1 0 000 1 0 4

T

= —

BP = (3/2,5/2,3/2,0,0), z=—4.

DTO COCTOAHNE UACHTHIHO COCTOSHUIO TOCHe I1ara 2, Tak 9TO MOXKHO BH-
JeTh 3alUMKINBaHNE MEXKIy mmaroMm 3 u marom 4. EcrecTBenno, HET HEOOXO-
JMMOCTH IPoao/KaTh. OnruManbHoe 6a3MCHOE JOIIYCTUMOE PEIIeHre JAeTCs
BBIIIYKJIOM O0O0JIOUKOR BCEX peLIeHMIl, [10JIy YeHHbIX BHYTPU LMKJIA. 3/€Ch Mbl
nMeeM

3 3 3
= — - 1 — — _
OBIIP (3 29, +29, 29, 0, 3 39),
rme 0 <0 <1.

Sameuanne 6.4.1 /3 suiuieussoncennozo 6udno, 4mo 30UUKAUCGHUE G03-
MOIHCHO HE MOABKO 8 BBLPONCIEHHBLT 300aAL.
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Yuebuble 3aaHUS TI0 JUHENHOMY

NpoOrpaMMUPOBAHUIO

B srom pazzaese Mbl mpuBOAEM HAOOP 3aIaHUM IO TaO0PATOPHOMY
KOMIIBIOTEPHOMY TPAKTUKYMY 110 TEeMATHKe JTUHEHHOr0 MporpaM-

vupoBanusd. Kaxmas maboparopHas pabora BBIIOIHAETCA Kak
yueOHBII BBIYMCIUTENHHBIN MPOEKT, 00JAMAIOIINI CIeIYONIUMA
OCODEHHOCTSIMHU:

1.

IIpoekT BKIIOYAET YUCTICHHDBIH KOHTPOJIBHBIN JTEMOHCTPAIIN-
OHHBIN TpuUMepP 1 HOPMYIUPOBKY AITOPUTMA JIUHEHHOTO TTPO-
rPaMMHUPOBAHUS.

ITpoekT Gaszupyercd Ha 3HAHUSX, MOJYIEHHBIX B 00JIACTH WH-
dopmaruku. [IporpamMma A0IKHA TeMOHCTPUPOBATH UHINBU-
MyaJIbHBIH MOIXO/ CTYAEHTa, UMETH XOPOIIUi CTUJIb IPOrPaM-
MUPOBaHWSA, HauOOJIEEe TOJIHO HCIOJB30BATH BO3MOMKHOCTH
9BM u anropurmudeckoro s3bika. Pekomenyerca PASCAL,
HO MPUHUMAIOTCS paborel, Hanucauubie Ha C, C++ wam Ha
Delphi, Builder C++, Visual Basic u ap.

IIpoekT Tpebyer cHopa v aHAIN3a IKCIIEPUMEHTATHHBIX TAH-
HBIX, TOJYYEHHBIX B XOJ€ IKCIEPUMEHTOB.

Bce npoekThl paHKUPOBAHBI TIO OTHOCATEIBHOMH CJIOKHOCTH, 1
ux nepevenp BKIO4Yaer 20 BAPUAHTOB PadOT HA OLEHKY «YIO-
BJIETBOPUTEILHO» — 0A30BBI YPOBEHBb CJIOKHOCTH, 30 Bapu-
AHTOB HA OIEHKY «XOPOIIO» — TMPOJABUHYTHIA YPOBEHDb CJIOXK-
HocT U 20 BAPMAHTOB HA, OIEHKY «OTJIMYHO» — MOBBITIEHHBIH
YPOBEHb CJIO2KHOCTH.

CaM cryseHT BbIOMpAeT YPOBEHb CIOXKHOCTH M3 TPEX MPe-
JIOXKEHHBIX B COOTBETCTBUU CO CBOUM YKEJIAHUEM MOJIYYUTDH TY
WK WHYIO OIEHKY 3a JaDopaTopHblil npakTukyM. OH MOXKeT
MPOJIBUTATHCA C OTHOTO YPOBHS HA JAPYTOil B COOTBETCTBUU C
3a/1a9aMH, KOTOPbIE OH CTABUT Iepes COOOI.
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Bce mpemyiaraeMble BapuaHTbI 3aJaHui 6a3uMPYyIOTCI HA PACCMOTPEHHBIX
BBITIIE AJITOPUTMAX CHUMILIEKC-MeToaa. TakuxX ajJrOpUTMOB JECSATh; COOTBET-
CTBEHHO 9TOMY MepBas Iudpa HOMEpa BAPUAHTA MMEET BO3DACTAIOININE 3HA-
genusg oT 0 10 9. Bemumem ux mo mopaaky:

0. OGbIYHBINA CUMILIEKC-METOM, IIPH M3BECTHOM CTAPTOBOM Oa3UCHOM pelle-
HUM, ¢ KOPPEKTHBIM BUAOM Oasuca. OrpaHudeHusd «>» U «<», IIPU 3TOM
OTPAHWYEHUS TUTIA, «>>» MPU BBOJIE 3a]Ia4N 3aMEHSTIOT Ha «<» YMHOXKEHU-
em ux Ha —1. Uz3n0xkeH B 1. 3.4.

1. OOBIYHBIH CUMIIJIEKC-METO/, MPU W3BECTHOM CTAPTOBOM OA3MUCHOM perle-
HuH, 6e3 KOppekTHOro Buaa 6azuca. Orpanndenus «>» u «<». l3moxen
B 1. 3.5.

2. OOBIYHBIN CUMILIEKC-METO ¢ IOpoxkaeaneM BJIP, ¢ HCKyCcCTBEeHHBIMY Tie-
PEMEHHBIMU U UCKYCCTBEHHO 11es1eBOil QyHKITHEN, ¢ KOPPEKTHBIM BHIOM
6asuca. M3noxken B m. 3.6. 9TOT aaropuT™ HOAPA3IETEH HA CJEMYIONIHE
5 BapHUAHTOB 33JaHUN, OTMEYEHHBIX BTOPOH mudpoii HOMEPa BAPUAHTA U
OTJIMYIAIONMINXCA THUIIOM OTPAHHYEHMI, KOTOPbIE TOMBKO W AOJIKHBI OBITH
[1OJIO’KEHBI B OCHOBY IIOCTPOEHUSI IIPOIPAMMBIL:

2.1. OrpaHudeHusT THTIA <> ». (SaMeHa OTPAHUYEHNH «<» Ha «>» JOJI2KHA
IPOU3BOAUTHLCH BPYYHYIO TIPU MOATOTOBKE K BBOLY 3a1auu B 9BM).

2.2. OrpaHuyeHus THIA «>» U «<».

2.3. OrpaHuyeHus TUIA «=» U «<». (BaMeHa OTPpAaHWYEHUHN «>» HA «<»
JIOJIZKHA, TIPOU3BOUTHCS BPYUYHYIO IIPHU HOJATOTOBKE K BBOJY 3a/a4H B
9BM).

2.4. OrpaHudeHusT TUTIA, «<=» U <> ». (SaMeHa OrpaHmdYeHmd «<» Ha «>»
JOJIZKHA TTPON3BOAUTHCS BPYUHYIO TIPU MOATOTOBKE K BBOIY 3aJaYd B
9BM).

2.5. OrpaHudYeHus THIIA «=», «>», «».

3. JIBoificTBEHHBIH CHMILIEKC-METO/, [IPU K3BECTHOM CTAPTOBOM OA3MCHOM pe-
IIEHUUH, ¢ KOPPEKTHBIM BUAOM 0Oasuca. OrpaHuYeHusi TAKOTO K€ THUIIA,
Kak B Bapuante 0. Uzoxen B 1. 4.1.

4. JIBOHCTBEHHBIN CHMILIEKC-METO/I IPU U3BECTHOM CTapPTOBOM OA3MCHOM pe-
mieHny, 6e3 KoppekTHOro Buaa 6asuca. OrpaHuveHHsl TAKOIO K€ THUIIA,
KakK B Bapuanre 1. 30xken B 1. 4.2.

5. J/IBONCTBEHHBIN CUMTILTIEKC-METO/T ¢ MUCKYCCTBEHHLIMU MEPEMEHHBIMU U C UC-
KYCCTBEHHOH 1ie/1eBoii (byHKIMEH (TOABKO /i OrPAHMYEHUS THIA <=»)
g nopoxaenus 6azucHoro pemtenus (BIIP) 6e3 koppekTHOro Buma Ga-
3uca. M3noxked B n. 4.3. DTOT aJrOpUTM I[OAPA3IAETIEH Ha CJEAYIOIIAE
3 BapmaHTa 3a/aHuil, OTMEYEHHbIE BTOPOI Iudpoii HOMEPA BAPUAHTA U
OTJINYAIONINECS TUIIOM OTPAHWYEHWI, KOTOPBIE TOJBKO U JOJKHBI OBITH
TIOJIOZKEHBI B OCHOBY TTOCTPOEHUS MPOrPAMMBI:

5.1. OrpaHudenust T, «=» U «<». (SaMeHa OTpAHUYEHUH «>» Ha «<»
JIOJIZKHA, TIPOU3BOUTHCS BPYUYHYIO TIPU TOATOTOBKE K BBOJY 3aJa4u B

9BM).



7 YueOHble 33IaHUS IO JTHHEHHOMY IIPOTDAMMIPOBAHIIO 129

5.2. OrpaHuvyeHus TUIA «=» U <>, (BaMeHa OTrpaHUYEHUN «<» HA «>»
JIOJI’KHA, TTPOU3BOAUTHCS BPYUHYIO TIPU TTOATOTOBKE K BBO/Y 3aJaYU B
9BM).

5.3. OrpaHuveHus TUIA «=», <>», «<».

6. Momudunuposanubiii cumsekc-mMeron (OBbIYHBIN) MPU U3BECTHOM CTap-
toBOM HazucHOM pertennn. OrpaHrdeHuns TAKOrO XKe TUITA, KAK B BADUAHTE
0. N3noxen B m. 5.4.

7. Monudunuposannbiii cuMiekc-Meros (00buHbIil) ¢ nopoxaennem BJIP,
C UCKYCCTBEHHBIMU MEPEMEHHBIMU W MCKYCCTBEHHOU IeIeBoil (DyHKIHe.
Nznoxken B 1. 5.6. ITOT aIrOpUTM MOAPAZIAEIEH HA 5 BADUAHTOB 33, IaHU
B TIOJTHOM COOTBETCTBUU C MPEBIAYIINMHU BApUAHTAMU, HOMePa KOTOPBIX
HAYUHAIOTCsI ¢ udpbr 2:

7.1. CoorBercrByer Bapuanty 2.1.

7.2. CoorBercTByeT Bapuanry 2.2.

7.3. CoorBercrByeT Bapuanry 2.3.

7.4. CoorBercrByer Bapuanry 2.4.

7.5. CoorBercrByer Bapuanry 2.5.

8. MomudunupoBaHHubIii CUMILIEKC-METON (ABOMCTBEHHBIN) TIPH M3BECTHOM
cTapToBOM OasucHOM pernernn. OrpaHnYeHnst TAKOTO Ke THUIa, KAK B Ba-
puante 0. U3moxken B 1. 5.5.

9. MoauduimpoBaHHBIA CHMILIEKC-METOI, (,zILBOﬁCTBGHHI)Iﬁ) C UCKYCCTBEHHBI-
MH IIEPEMEHHBIME 1 UCKYCCTBEHHOI 11e1eBoil dbyHKImedi (TOIbKO 11 Orpa-
HWYEHUH THIA «=») s TOPOXKaeHus GasucHoro pemenus (# BIP). Uz-
JI03KeH B 1. 5.7. OrpaHutveHnst COOTBETCTBYIOT BapuaHTy 5.1.

Sameuanmne 7.1.2 Bapuanmo, 6-9 (moduduvyuposarnsit memod) mpebyrom
KOppeKmHo20 euda 6a3uca: cpedu KoIPHUUUEHTNOE OA3UCHBIT NEPEMEHHBIL
ecms moavko +1 u nem —1.

Orcroma umeeM cienyromue 20 HOMEPOB BApHAHTOB 0a30BOrO yPOBHSI
caioxuoctu (yposenb 1):

0]1]2.12.2|12.32.4|2.5| 3 [4]5.1
5.215.3| 6 |7.1|7.2|7.3|7.4|7.5|8

9

Crenytomme 50 BApMAHTOB 33aJaHUI TOJYINM, BBOAS TPeOOBAHUE DEIKU-
Ma «YTo ecam ... 7. DTO O3HAYAET, YTO MOCJE PEINEHUs 330a9YU B PAMKAX
1106010 U3 BApUaHTOB 6A30BOTO YPOBHS CJIO2KHOCTH ITPOrPAMMA JOJIXKHA, CITPO-
CUTH BBOJ OHHOTO JOOABOYHOIO OTPAHUYEHHHA W C ITOO MECTA MPOIOJIZKHTH
pemterne. Tunm m06aBOYHOrO OrpaHUYeHUs YKA3aH JOMOJHUTEIbHON 1T poii,
nobaBIIsIEMOl K JII0OOMY M3 yKa3aHHBIX 20 HOMEPOB, B COOTBETCTBUU C TADJIH-
Leii:

<[>T =
1 | 2 | 3

N3 stux 50 BapmanTos ciaeayiomue 30 BApDHAHTOB OTHECEHBI K TTPOJIBUHY-
TOMY YPOBHIO CJIOXKHOCTH (ypOBEHb 2):
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0.1 2.1.1 2.3.1 3.1 5.1.1
0.2 2.1.2 2.3.2 3.2 5.1.2
0.3 2.1.3 2.4.1 3.3 5.2.1
1.1 2.2.1 2.4.2 4.1 5.2.2
1.2 2.2.2 2.5.1 4.2 5.3.1
1.3 223 2.5.2 4.3 5.3.2

Ocrasnpubie 20 BapraaToB u3 50 OTHECEHBI K MTOBBIINIEHHOMY YPOBHIO CJIOXK-
HOCTH (YyPOBEHD 3):

6.1 7.1.2 7.2.3 7.4.2 8.2
6.2 7.1.3 7.3.1 7.5.1 8.3
6.3 7.2.1 7.3.2 7.5.2 9.1
7.1.1 7.2.2 7.4.1 8.1 9.2

Takum obpaszom, umeem 70 BapumanTos: 20 BapranHToB 0a30BOr0 ypPOBHS
caoxuocTH, 30 BAPHAHTOB MTPOABHHYTOTO YPOBHS CJI0KHOCTH U 20 BADUAHTOB
MOBBINIEHHOT'O YPOBHS CJIOKHOCTH. BBIOpAHHBIM CTYIEHTOM YPOBEHDb CJIOXKHO-
CTU MOXKET OBITH COOTHECEH C OIIEHKOH, HA KOTOPYIO OH IIPETEH/IYET B PE3YIIbTa-
Te JabOPATOPHOTO MPAKTUKYMA: «YIOBIETBOPUTEIHHO», «XOPOIIO», «OTJIAY-
HO». IIOCKOBKY BapUaHTHI TPOIBUHYTOrO U IOBBIINIEHHOTO YPOBHEH CI0KHO-
CTH SIBJISTIOTCSI TPOW3BOIHBIMHU OT BAPUAHTOB HA30BOTO YPOBHSI, CTYIEHT MO-
JKeT B Iporecce pabOThI MPOJABUHYTHCA Ha O0Jiee BBICOKUN YPOBEHb, YTOOBI
VAYYIIATh CBON PEATHHT.

IMporpamma gosmkaa uMeTh yaobHbIi unTepdeiic (MeHIo moib30BaTes),
JIEMOHCTPHUPOBATH WHINBHIYAIBHYIO pabOTy CTyAeHTa U HAUOOJEe TTOJIHO UC-
[0JIB30BATh BO3MOKHOCTH 9BM 1 g3bIKa IPOrpaMMUPOBAHUS B IESAX IKOHO-
MUM MAITUHHOTO BPpEeMeHH U orepaTuBHON namsatu 9BM. Ona momkHa mpeao-
CTaBJISITH BO3MOXKHOCTH PelleHust JTI0ObIX CTaHIAPTHBIX 33,144 JUHEHHOTO IIPOo-
rPAMMUPOBAHUS, TO3TOMY JIJIsi SKOHOMUY NMAMSTH I1eJIeCO00Pa3HO UCIOIbH30-
BaTh JUHAMHYECKHE OOBEKTHI U [IEPEMEHHbIE CChLIOYHOrO THIA (yKa3aresn).
Pekomen tyercs 3apanee mOArOTOBATH JEMOHCTPAIMOHHBIE 3a7a4u. B kade-
CTBE MMPOBEPOYHBIX MOTYT OBIThH UCIOIL30BAHBI TPUMEDHI U 33191 U3 JTAHHOTO
[PaKTHKYMa WJIH W3 JPYIUX HCTOYHHKOB, Hampumep, [?] win [?].
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TecToBble 3aga4un

DTOT pas/ies CoCTaBJIeH U3 33/1a1, 3aMMCTBOBAHHBIX U3 [?], n npes-
Ha3HAYEH [JIsi UCIOJb30BAHUS B KAYECTBE KOHTPOJBHBIX, TECTO-
BBIX 3aJaHUN mpu mpueMe 1abopaTOpPHBIX paboT WIN Ha dK3a-
MeHe. OTBeThI K 3TUM 3a/a9aM U3BECTHBI, U TOITOMY KOHTPOJIb
OCYIECTBISIETCS IOCTATOYHO MPOCTO. DTO MO3BOJISIET TAKKE MIPHU-
MEHSITh JaHHBIE 33391 B KAUYECTBE OTII0THOTO MATEPUAIIA, TPU
CO3/TaHWY MPOrPAMMHOr0 MpoeKTa. OTBeTHl HAMEPEHHO HE BKJTIO-
YEeHbI B JIAHHOE 10COOHEe, YTOOBI CTUMYJIUPOBATH O0PAIEHUE CTY-
JIEHTOB K APYroil Jureparype, B 4aCTHOCTH, K [?].

CrynenraMm ajpecyercs: cieiayiomiee 3aMedanue. Pemrenune 3a-
JIad PACCUNTAHO HA 3HAHUE OCHOBHBIX MOHSITUN CUMIIIEKC-METOIA,
¥ TIOHWMaHUEe ero paboThl. JTO 03HAUAET, YTO K MPEIIATA€MbIM
TEKCTaM 33/1a9 HYy?KHO OTHOCUTBCS HE CJIUIIKOM (hOpMAJIbHO, T. €.
He Bcerzma Kak K mcxomubiM JIII-3amatuam, a BO3MOXKHO, KaK K 3a-
JladaM, B KOTOPBIX YK€ IPOJesaHa HEKOTOPasd 9acTh MOATOTOBH-
TeJIbHO paboTrbl. B coorBeTcTBUU € 9TUM, B HEKOTOPBIX 33/1a9aX
MOXKET OBITH TIPEJIOKEHO BOCCTAHOBUTH ucxonuyo JII1-3amaqy mo
HUCXOIHOMY TEKCTY YCJIOBUs. J[OMONMHUTETLHO, MOXKET ObITh Tpejl-
JIOKEHO TIOJIKPENUTD MOJYYeHHOE PEIeHrne MeOMeTPUIeCKON MH-
reprperarueii. [lepexon K ABOHCTBEHHOMY CHMILIEKC-METOY MO-
KeT ObITh JOCTUTHYT IIyTEM PACCMOTPEHHUs OJHOTO M3 OrPAHUIE-
HUN KaK J0DABOYHOTO TMOC/E DEIIeHUsl YIPOIIEHHON 3anaun (6e3
9TOr0 OIPAHUYEHUS) UJIK KE [MYTeM HAJOXKEHWs JIOMOJHUTEIbHO-
T0 OrpPAHUYEHUs, KOTOPOE TMPEIJIOKUT CTyIaeHT. B nrobbix ciyga-
SIX HYKHBI: 0OOCHOBaHME HAJIOXKEHHOTO OTPAHUYEHHUS, TIOIITArOBasT
JIEMOHCTDAIIUS aJIOPUTMOB B JielfcTBUY U BepuduKanus (10Ka3a-
TEJILCTBO BEPHOCTH) TOJLY YEHHOTO PEIIeHUS.
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3amayva 1. [Ipogemoncrpupyfite cuMIIEKC-METO, B I€HCTBUH HA, [IPUMEPE:

30z + 4022, — max;
1221 + 4xo < 300;
4x1 + 4dzo < 120;
3x1 + 129 < 252.

3amava 2. [Ipogemoncrpupyiite CUMIIEKC-METON, B T€HCTBUH HA, IPUMEPE:

Tr1 + X9 — max;
r1 + 22 — min;
2x1 + 4xo < 16;
—4171 + 21’2 S 8,
1 + 31’2 > 9.

3amayva 3. [IpogemomncTpupyiite CUMILIEKC-METO, B I€HCTBUH HA, IPUMEpE:

2x1 + 32 — max;

2x1 + x2 < 10;
—2x1 4+ 3z < 6;
2x1 + 4x9 > 8.

3amaua 4. [IpogemoncTpupyiiTe CUMILIEKC-METON, B I€HCTBUN HA, IPUMEDE:

1 + 2x9 — max;
T+ X2 6;
3z1 + 1022 26;
z1 + 11, 20.

A

<
<

3amauva 5. [IpogemMoncTpUpyiiTe CUMILIEKC-METO, B I€HCTBUN HA, IPUMEpE:

r1 + x99 — max;

r1 + 229 < 14
—5(E1 + 31’2 S 15;
4x1 4 620 > 24.

3amava 6. [IpogemoncTpupyfite CUMILIEKC-METOM, B I€HCTBUH HA, IPUMEPE:

T, + 2x9 — max;
4.131 - 23}2 S 127
—x1 + 31’2 S 6;

3amayva 7. [IpogemoncTpupyiite CUMILIEKC-METO, B I€HCTBUH HA, IPUMEpPE:

2rx1 — o — max;
3x1 — 220 < 12
—z1 + 229

<
2:81 + 3172 Z



8 TecrtoBbie 3amauu 133
3agaua 8. IIpomeMoHCTpUPYHTE CUMILIEKC-METO, B JEHCTBUN HA, IPUMeEpe:

—x1 + 4x9 + 224 — x5 — max;
1 — dry + x3 =5;

-1+ X9+ x4 =4
x1 + X9+ x5 =8.

3agayva 9. [IpogemoncTpupyiite CUMIIEKC-METON, B IEHCTBUH HA, IPUMEPE:

—5x1 + 10 — 3 — 1Mmax;
31’1 — Ty — X3 = 4,
Ty — Ty + x3 — T4 = 1;
2x1 + X2 + 223 + x5 =1T.

3amayva 10. IIpoaemoncTpupyiiTe CHMILIEKC-METO, B JIeHCTBUN HA TIPUMEPE:

9x1 4+ 10z + 1623 — max;
1821 + 15z + 1223 < 360;
6$1 + 4$2 + 8£C3 < 192;
5x1 + 3z2 + 3x3 < 180.

3amaga 11. [IpogemoHCTpUPYiiTE CUMILIEKC-METO, B IEHCTBUN HA TIPUMEDE:

2x1 — 6xy + Drs — max;
—2x1+ 29+ x3 + x5 = 20;

—r1 — 2.%2 + T4 + 3(E5 = 24;

3r1 — 229 — 1225 + 26 = 18.

3amava 12. [IpogeMoHCTPUPYIiTE CUMILIEKC-METO, B IEHCTBUU HA TIPUMEDE:

2x1 + x2 — T3 + T4 — T5 — Mmax;
201 + X9 + x4 = 9;
1 + 229 + x5 = T,
1+ X2 + T3 = 5.

3amava 13. [IpogeMoHCTPUPYIiTE CUMILIEKC-METO, B IEHCTBUU HA TIPUMEDE:

2x1 — 3z + 623 + x4 — max;

2x1 + xo — 2x3 + x4 = 24;
Ty + 229 + 4z3 < 22;
T — T + 213 > 10.

3amaga 14. [IpogeMoHCTPUPYIiTE CUMILIEKC-METO, B JIEUCTBUU HA TTPUMEDE:

2x1 — Ty — x4 — min;

Ty — 229 + x3 = 10;
—2x1 — X9 — 2x4 > 18;

3£E1 + Zo+ x4 Z 36.
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3amava 15. IIpoaemoncTpupyiite CUMILIEKC-METO, B JIEHCTBUU HA IIPUMEPE:

2x1 — 3z + 63 +14 — Mmax;
xr1 + 2.1‘2 - 4%3 S 207
xr1 — X2 + 2.’E3 Z 107

21 + To — 2x3 +x4 = 24.

3agaua 16. IIpoasemoncTpupyiite MOTUMHUIITPOBAHHBIN CHMILIEKC-METO B
JerCTBUM Ha LIpuMepe:
30z + 4022 — max;

12121 + 4£E2 S 300,
4(L’1 + 4(L‘2 S 120,
3z, + 129 < 252.

3amava 17. IlpomemorcTpupyiiTe MOTUMUITMPOBAHHBIA CHUMILIEKC-METOI B
JefCTBAN Ha NIPUMEpE:

Tr1 + X9 — max;

T1 + X2 — min;

2x1 + 4xo < 16;
—4x1 + 229 < §;
xr1 + 31’2 Z 9.

3agaua 18. IIpoaemoncTpupyiite MOIuMHUITPOBAHHDBIN CHUMILIEKC-METO B
JelCTBUM HA NpHUMeEpe:
2x1 + 39 — max;

2£C1 + x9 S 10;
—2{E1 + 31’2 S 6;
2x1 + 4xo > 8.

3amava 19. [lpomemoncTpupyiiTe MOTUMUIIMPOBAHHBIA CUMILIEKC-METOI B
JEeiCTBUM HaA IIpUMepe:

T, + 2x92 — max;

T+ 22 6;

3x1 + 10zo 26;

xr1 + 11562 20.

A

<
<

3agaua 20. IIpoasemoncTpupyiite MOTUMHUITPOBAHHDBIN CHUMILIEKC-METO B
JeliCTBUM HA NpHUMepe:
r1 + X9 — max;

r1 + 229 < 14
—5IL'1 + 31’2 S 15;
41 + 622 > 24.

3amaua 21. IlpomemoncTpupyiiTe MOTUMUITHPOBAHHBIA CHUMILIEKC-METOI B
JeCTBAM Ha NIPUMeEpeE:
T, + 2x9 — max;
41’1 — 251;‘2 < 12,
—x1 + 32 6;

<
2x1 + 4xo > 16.



Sagaua 22.

neficTBUM Ha

Sagaua 23.

IeliCTBUU Ha

3amaua 24.

IeiCTBUU Ha

3agaua 25.

neficTBUM HA

3agaua 26.

neificTBUM Ha

3agaua 27.

IeCTBUU Ha

2I1 —

T9 — 1ax;

3581 - QIQ S
—x1 + 229 <
2x1 + 3x0 >

12;

8;
6.
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IIponemoncTpupyiite MOTU(MUITHPOBAHHBIN
[puMepe:

—x1 + 49 + 224 —5 — max;
1 — dx9 + X3
-1+ T2+ x4
T+ X2+ x5

*5.%1 + xo —
3%1 — T2 —
T1 — T2+ T3 —T4

T3
zs3

201 + xo + 223 +x5 =

)
4

b

bl

*©

[IpomemoncTpupyiiTe MOTUMUIUPOBAHHBIMA
L pHAMepe:

[IpomemoucTpupyiiTe MOTUMUIMPOBAHHBIMA
IpuMepe:

921 + 10zo + 163 — max;
18z + 15z + 1223
6x1 + 4z + 8zx3
51’1 + 31’2 + 31’3

2rx1 — 620 +
—2x1 + xo +
—x1 — 229 +

<

<
<

360;
192;
180.

IIponemoncrpupyiite MOTU(MUITHPOBAHHBIN
puMepe:

dxs — max;
T3 + x5 = 20;
ry + 3x5 = 24

3I1 - 2582 — 12I5 + T = 18.

IIponemoncrpupyiite MOTUPUITHPOBAHHBIN
puMepe:

2x1 + T3 — x3 + T4 —T5 — Mmax;
201 + T2 + x4 =09;
T1 + 222 + 25 =T,
1+ x2 + x3 =5.
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IIpogemoncrpupyiite MOAUMUIMPOBAHHBIN CHMIIJIEKC-METO, B
puMepe:

CHMILJIEKC-METO/, B

CHMILJIEKC-METO/M, B

CHMILJIEKC-METO/, B

CHMILJIEKC-METO/, B

CHMILIIEKC-METO/, B
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3agaua 28. IIpoaemoncTpupyiite MOTUMHUITPOBAHHDBIN CHMILIEKC-METO B
JeliCTBUM Ha NpHUMepe:

2x1 — 3x9 + 623 +T4 — max;

2x1 + xo — 2x3 +x4 = 244
r1 + 29 + 4z3 < 22;
xr1 — X2 + 2I3 Z 10.

3amaua 29. IIpomemoncTpupyiite MOIUQPHUIAPOBAHHBIN CHMILIEKC-METO B
JEefCTBAM Ha IIpuMepe:

2xy — x93 — x4 — min;

T, — 21’2 + x3 = 10;
—21‘1 — T2 — 21’4 Z 18;

3r1 + x2+ x4 > 36.

3amava 30. [lpomemorcTpupyiiTe MOTUMUITHPOBAHHBIA CHUMILIEKC-METOI B
JedCTBAN Ha NIPUMeEpeE:

2xy — 3z + 63 + T4 — max;

Ty + 229 — 4zx3 < 20;
xr1 — X2 + 2([,’3 2 10,
201 + 1o — 223 + x4 = 24.
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ITporpamma y49eOHBIX ITPOEKTOB MO METO/IaM

OIITMMMN3annm

B srom pa3pmese Mbl HPUBOAMM NEPEYeHb 33JaHUII HA KypCO-
BOE MPOEKTUPOBAHNE TI0 HEJUHEHHBIM 3aJaUaM OITUMUA3AIY 0e3
OTpaHWYEHUN WU ¢ OrpaHudYeHuAMHU. YUCI0 CyIecTBYIONMX 3a-
a9 U METOJOB ONTHUMU3AINNK OYEHb BEJIUKO U HE MOXKET OBITH
OXBa4€HO IIOJHBIM HM3JIO’KEHWEM B paMKaX CEMeCTPOBOIO Kypca.
IlosTomy 3mech oTOOpaHBI CaMble MOMYIAPHBIE METOIbI, W KaXK-
JIOMY CTYIEHTY TIPEJIaraeTCs BBIMOJIHUTH MPOEKT MO pas3spaboTKe
KOMIIBIOTEPHOI IPOrpaMMBbI I Peau3allii U UCIIbITAHUH OTHO-
T'0 YHCJIEHHOTO MeToia onruMu3anuu. OqHako 3T0 Tpedyer HABBI-
KOB paboThI ¢ HAYIHON WaN yIeOHOI TUTEPATyPOii, CAMOCTOATE b=
HOTO TIOWCKA U W3y4yeHus. Mbl CIMTaeM, 9TO IMOCJe MEPBON 4acTh
Kypca, T. €. 110CJ/Ie [IPOEKTa 110 JIMHEHAHOMY 1IPOIDAMMUPOBAHUIO, Y
CTyzAeHTa OyIeT TOCTATOYHO YMEHUs BHITOJHUATE 33aHUEe HA Kyp-
COBOe IIPOEKTHPOBAHUE II0 HEJWHEHHBIM 3a/adaM ONTUMU3AINN
TIOJIHOCTBIO B CAMOCTOATEIHLHOM DPEXKUME.

B comepxkanne JaHHOTO MPOEKTA BXOAAT: HEOOXOTMMBIE OIIPe-
JIeJIEHUs], ONMCAHUS W AJTOpUTMUYecKas (POPMyJIHPOBKA MeTO-
Jia, ONTMCaHNe KOHCTPYKTUBHBIX OCODEHHOCTE mpeaaaraeMoil mpo-
rpaMMHO# peajin3alliil MeTo/la, KpaTKasd MHCTPYKIUA T0JIb30Ba-
TeJid IPOTrPAMMBI, IVIAH BBIYUCIUTEIBHOI'O SKCIEPUMEHTA, & TaK-
2Ke 9KCIEPUMEHTAJIbHBIE PE3YIbTAThl M BBIBOJBLI, BBITEKAIOIINE U3
Hux. [l TeCTHPOBAHNS U BBIYUCIUTEBHBIX SKCIEPUMEHTOB Pe-
KOMeH/IyeTcst 6parh byHKIuM u orpanuyenus us [7?].

JL71st 3aIuThl TPOEKTa, CTYIEHT PeICTABIAeT Ha Kadeapy mo-
SICHUTEJIbHYIO 3AIUCKY BMECTE C MCXOIHBIMU (DaillaMu mpOrpam-
MbI. IIpoekT 3ammInaerca ¢ IeMOHCTpAIHeil IporpaMMbl B JI6i-
CTBUU.
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MTPOEKTUPOBAHIE TI0 HEJIMHEMHBIM 33/1a9aM ONMTUMU3AITIN.

9 IIporpaMma y4eGHBIX MTPOEKTOB IO METOIAM OIITUMU3AITNN

Msr npemgiaraem cieayiomuit Habop U3 TPUALATH 33JAHUN HA KyPCOBOE

Ne BapmaHT METOma ONTUMH3AIINI Pexomenmyemast mureparypa
1. OpHOMEpHBI TIOUCK, JTUXOTOMUS. [?,?
2. OnnomepHblil monck (PubGonadyn). [7,2,7,7]
3. O HOMEpHBI TOKCK, 30JI0TOE CeUCHUE. [7,2,72,7,7]
4. OmHOMEPHBIN TIOUCK, KBAIPATHIHAL
unrepnonsuus (Ilaysmana). [?]
5. OmHOMEpHBIH MOUCK, KyOudecKas
unarepnonsuus (JasumoHa). [?]
6. MHoromepHbIil TTIONCK, TOKOOPIUHATHBIH
CITYCK. ?2,7,7.7
7. MuoromepHsbiii Iouck, MmeTo], Xyka-/lKxuBca. [?, 7]
8. Muoromepusiii nouck, meron Hemnepa-Musa. 7,7
9. MHOTOMEpHBIIi TIONCK, METOJ, BPAIIAIOIITAXCS
koopauuar (Pozenbpoka). [7]
10. MuoromepHbIil TIOUCK, METOM, MAPAIIETHHBIX
kacaresnbubix (Ilaysmna). [?]
11. Knaccudeckmit meron HeroTona. 7,707
12. Meron Hpiorona-Padcona ¢ Beibopom mara
JpobieHuem. [?,7,7]
13. Meron nauckope#iero crycka. [?,7,7]
14. Metroa mOMOKUATEIBHO ONPEIeIeHHOM
dopmyisr cekyuux (BFGS-dopmyia,
Bpoituen-Paeruep-Tonadapb-lano),
nedpakTopu3zoBanHasa Gpopma. [?, 7]
15. MeTo/ MOJIOXKUTEIBHO OMpPeIeIeHHOMN
dopmyibr cekynmx (BFGS-dopmyia,
Bpoiinen-®aeruep-Tonadap6-lano),
daxTopusoBannaa GopMa. [?, 7]
16. Meron Haswaona-Daeruepa-Ilayasna
(DFP-dopmyia). [, 7]
17. MeToa cOMPSAKEHHBIX TPAIUEHTOB
(®rneruyepa-Pusca). [?, 7,7
18. TTouck c orpannyvenusMu, MOIUMDAITTPOBAHHBIHN
meron Xyka-/Ixusca. [?]
19. Tlowck ¢ orpaHUYeHUSMH, KOMTIJIEKCHBIH METOJ
Bokca. (7, 7]
20. Cmyck ¢ orpannveruamu, meror @panka-Bynda. [?,?,7
21. Cmyck ¢ OrpaHuYueHUAMHU, METO, TPOEKIHH
IPAIUEHTA. [?, 7,7
22. Coyck ¢ OrpaHUYEHUSIMU, METO BO3MOKHBIX

HaIlPABJIEHUIA.
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(upomoimxenue)

Ne BapwaHT MeTOIa ONTHMHU3AINH Pexomenayemas aureparypa
23. Buyrpennue mrpadHube GyHKIMN, METOT

duakko u MakkopMuKa. [7,2,72,7,7]
24. Buytpennue mrpadube (pyHKINH, METO,

Dppoy-Typsura. [?,7,2,2,7]
25. Merog Brernnux mrpadabix OyHKIUIL. [?, 7,7
26. MeTompl cIy4uaifHOrO MONCKA. [?, 7]
27. TpancnoprHas 3a/1a4a, aJTOPUTM

IOCTIENOBATENBHOTO YIIyYIICHUS IIIAHA. [?, 7]
28. Bamaua o HazHaveHusx, MeTon Maka. [?, 7]
29. 3azada 0 paHle, METOJ, JMHAMUYECKOIO

TTPOTPAMMUPOBAHUS. 7,7, 7
30. 3amava KOMMUBOSI2KEPA, METOIBI BETBEH

U TPaHUIL. 7]







3akJ/IroueHue

B nannom y4yebHOM mocobuu perrieHa 3a1a4ua 00eciieveHnsi CTyIeHTOB TTOJTHBIM,
TIIATEILHO BHIBEPEHHBIM HAOOPOM BO3MOXKHBIX BAPUAHTOB CHMILJIEKC-METOIA,
JITsT PEIeHus 3379 JTHHEHHOrO MPOrpaMMUpOBaHusa. BapuanTel 3a0aHui OT-
JUYAI0TCS He [TO BBOAUMBIM I PEIIeHUs 3aJa9aM, a M0 aJrOPUTMAaM, MOJ-
JIEXKAIIAM IPOrPAMMUPOBAHUIO.

[Tocobue comepKUT HE TOJTHKO HEOOXOMNMbIE TEOPETHIECKNEe CBeJeHNs, HO
BCce ODOCHOBAHUS K KAXKIOMY BAPUAHTY CUMIIJIEKC-METO/IA, YKA3AHUS K Opra-
HU3AIWN BBIYUCJIEHUH U MHOXKECTBO WJIIIOCTPUPYIONUX mpuMmepos. Bce 3ro
JIeIaeT mocobne 3aMKHYTBIM, TO €CTh He TPeOYIOMnM MHOTHX OOpaIleHni K
JIOTIOJTHUTEJIBHOM JINTEePATYPE M1JTd BBHIMOJHEHUS WHIUBUTYAJTbHBIX 3 IaHUIH B
YACTH JTUHEHHOrO TPOrPaAMMUPOBaHUs. B 9Toil YacTu cTyaeHT pa3pabaTbiBaeT
CBO# TIPOTPAMMHBIH TPOIYKT MO OTHOMY U3 70 PA3IUIHBIX BAPUAHTOB.

Bo BrOpO#t WacTu Kypca CTYIEHT BBIMOJHSAET y4eOHBIN TPOEKT, TAK¥Ke C
Pa3pabOTKOl U UCIBITAHNEM CBOETO MPOrPAMMHOIO TPOAYKTA 10 oxHoMY U3 30
BApUAHTOB, HO YK€ HA OCHOBE CAMOCTOATETHHON MPOPabOTKHU CIEIHATBEHON
JINTEPATYPBI, B OCHOBHOM, 110 METOJAM HEJMHEHHON ONTUMU3AIMU IPU HAJIU-
YUU WU OTCYTCTBUHU OTPAHUIEHUIN.
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