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1. KOHCHEKT JIEKIIUIA

1.1 Jexknus Ne 1 (2 yaca)
Tema: «MeToAbI ONITUMHU3ANUMN KAK CPeICTBA NPUHATHA ONTUMAJIbHBIX PellleHUI.
JluneitHoe nporpammupoBanue. OCHOBHAsA 32/1a4a JJMHEHHOI0 NMPOrpaMMHUPOBAHM S

MeTO[lbI ONTUMHU3AIIMHA KaK CPEeACTBA IIPUHATHA OIITUMAJBHBIX peme}mﬁ

1.1.1. Bonpocsl JieKum:
1. OcuoBHble noHATH. Kinaccugukaius 3KOHOMUKO-MaTeMaTHYECKUX METOJIOB.
2. MeTroasl MpUHATHS ONTUMaIbHBIX pemeHril. CTpyKkTypa MOJEu.

1.1.2. KpaTkoe coaep:xkaHue BONPOCOB:

1. OcHoBHbIe noHsATHSA. Kiiaccupukauusi IKOHOMUKO-MATEMATHYECKMX METOA0B.

HckyccTBO TpUHATUS HAWIY4YIIMX PENICHWM, OCHOBAaHHOE Ha OMbITE€ M HHTYUIUH,
SIBJISICTCS CYIITHOCTBIO JIF000H c(hephl 4eToBEeYECKON MeATeIbHOCTH. YeI0BEK XOPOIIO WU TIII0X0
pelaeT Bce BO3ZHHMKAIOIIKUE TIepel HUM 3adau. JIuilo, mpuHUMaloliee pelieHue, J0KHO Beeraa
BBHIOMpPATh QJIBTEPHATUBY C MaKCHUMaJIbHO OXHUIAEMOW TIOJIE3HOCTHIO. PanmoHamm3upoBath
IpolecC MPUHATHSA PEHIEHWH — 3TO IeNb OOLIeld Teopuu NPHUHATHS pEIICHUHM, KOTopas Kak
CaMOCTOSITeNIbHAS JUCIUIUTHHA copMupoBaiack B Hadane 60-x romoB XX Beka. Cam mporecc
MPUHSITHS PEIICHUN MOKET OBITh HCHOPMAIIM30BaHHBIM U (DOPMAaTU30BAHHBIM.

Onmumuzayusi — 3TO UEJICHANPABICHHAs NEATEIbHOCTD, 3aKJII0YAIONIASICA B MOJYYECHUU
HaWJIy4dlIuX PE3yJbTaTOB MPU COOTBETCTBYIOIIUX YCJIOBUSX. ONTUMU3ALMS PEIICHUS — 3TO
mpoiiecc nepedbopa MHOXKECTBA (DaKTOPOB, BIUSIOMIMX Ha pe3yabTar. ONTUMAIbHOE PEIICHUE —
3TO BBIOpaHHOE MO KaKOMY-JIMOO KPUTEPUIO ONTHMHU3ALWU Hambosiee 3(p(eKTUBHOE M3 BCeEX
aJbTEPHATUBHBIX BAPUAHTOB pelieHHe. B maTeMaTtnke ONTUMHU3AIUs CBSI3aHA C HAXOXKICHHUEM
ontuMymMma (T.e. MakCHMyMa WIHM MHUHUMYyMa) HEKOTOopod (yHKIMU. B naHHOM KOHTEKCTe
Memoowl onmumuzayuu OyaeM paccMaTpuBaTh KaK CPEJICTBA MPUHSITHS ONTHUMATBHBIX PEIICHHA.
OHU BXOJST B COCTaB S3KOHOMHUKO-MATEMaTHICCKUX METOIOB.

B cocraBe H»KOHOMHMKO-MareMaTHYECKUX METOAOB MOHO BBIICIUTh CJIECIYIOIIHE
paszaensl:

1) oxonomuueckass  kubepwemuxa  (CHCTEMHBIH  aHAIM3  DKOHOMHKH,  TEOPHS
HYKOHOMUYECKON MH(DOPMALIMK U TEOPHS YIIPABISIOIMIUX CHCTEM);

2) mamemamuueckas cmamucmuxa (BBIOOPOYHBIM METOJ, IUCIEPCHOHHBIN aHaJu3,
KOPPEJALIMOHHBIN aHAJIU3, PErPECCHOHHBIM aHAIW3, MHOTOMEPHBIA CTATUCTUYECKUN AaHAIIN3,
(bhaKkTOpHBIN aHAIN3, TEOPHUS UHIEKCOB U JIP.);

3) mamemamuueckas 3KOHOMUs W U3ydaroulasi T€ K€ BOMPOCH C KOJUYECTBEHHOM
CTOPOHBI 9KOHOMempus (TEOPUs IKOHOMHUYECKOTO POCTa, TEOPUs TPOU3BOACTBEHHBIX (DYHKIIHIHA,
MEXOTpacieBble OallaHChl, HAIMOHANBHBIE CYETa, aHallu3 COpoca ©  MOTPeOJICHHUS,
pPerHOHANIBHBINA U TPOCTPAHCTBEHHBIN aHAIN3, TJIO0AIBHOE MOCIIMPOBAHUE U JP.);

4) memoOovl npuHamMuUs ONMUMATbHBIX PEUEHUl, 8 MOM YUCe UCCIe008aHUue onepayuil 8
IKOHOMUKE;

5) memoodvl u Oucyuniumnsl, cneyuguyHvle OMOEIbHO KAK OA YEHMPAIU308AHHO
NIAHUPYEMOUl DIKOHOMUKU, MAK U OJisl PbIHOYHOU (KOHKYPEeHMHOU) SKOHOMUKU (ONTHUMAIIbHOE
IUTAHUPOBAHKE, TEOPHsl ONTUMAJIBLHOTO IIEHOOOpA30BaHUS, MOJAETU MOHOIIOJIHUU, MOICIH
WHIUKATHBHOTO IUIAHUPOBAHUS, MOJEIM Teopur (UPMBI U T.A.). MHOTHE W3 METOOB,
pa3paboTaHHBIX AJIS IEHTPATU30BAHHO TNIAHUPYEMOM 3KOHOMUKHU, MOTYT OKa3aThCs MOJIE3HBIMU
Y MIPYU SKOHOMUKO-MATEMaTUYE€CKOM MOJECIMPOBAHUH B YCIOBUSX PHIHOYHOM SKOHOMUKH;

6) MemoObl IKCNepUMEHMATbHO20 U3VYEHU IKOHOMUUECKUX A6leHuti (MaTeMaTH4YeCKue
METOJIbl aHaJIM3a W IUIAHUPOBAHUS HKOHOMHYECKHUX HKCIEPUMEHTOB, METOAbl MAaIIUHHOMN
MMUTALUH (MMUTALIMOHHOE MOJIETTUPOBAHUE), IEJIOBBIE UTPbI, METOIbI IKCIIEPTHBIX OLEHOK).



2. MeToabl NIPUHATHS ONTHMAJIbHBIX pemieHuil. CTpyKTypa Moae/iu.

[lepeuniciieHHbIE BBIIIE METOABI MPUMEHSIOTCS aJaNTUBHO K 3aJadaM, BO3HHMKAIOIIUM B
npoliecce MPUHATHS TOTO WIM UHOTO pemeHus. OcTaHOBUMCS MOJIpoOHEe Ha YETBEPTOM pazfielie
(Memoovl npunsmus ONMUMANBLHLIX peuleHull), KOTOPBINH SBIAETCS Hanbojee OOBEMHBIM,
BKIIIOUYAIONUM B Ce0sl TaKWe JMCIUIUIMHBI M METOJbI, KaK: ONTHMAalbHOE (MaTeMaTHYECKOe)
IpOrpaMMHUpPOBaHUE, METOAbI BETBEH U T'PAaHHUIL, CETEBbIE METO/IbI IIJIAHUPOBAHUS U YIIPABIICHHUS,
MPOTrpaMMHO-1I€JIEBbIE METO/Ibl IIAHUPOBAHUS W YIIPABIEHUS, TEOPUIO U METOJbI YIPaBICHUS
3aracamu, TEOPUIO MacCOBOTO OOCITYKUBAHMUSI, TEOPUIO UTP, TEOPHUIO PACITUCAHUIA.

Moenb 3KOHOMHYECKOH 3aa4i OIITUMU3AIMN COCTOUT U3 3-X YacTEH:

I. Leneas ¢byHKums (KpUTEpUil ONTUMATBLHOCTH). 37€Ch OMUCHIBACTCS KOHEYHAs I1EJb,
npecieayemMasi Mpu pelieHrud 3aJadd. B kadecTBe TakoW IENH MOXKET OBbITh WM MaKCHMYM
MOJTyYeHUs] KaKUX-JI100 MMoKa3aTeseil uiiu MUHUMYM 3aTpar.

II. Cucrema orpanuueHui.

OrpanuueHus ObIBalOT OCHOBHBIE U JOMOJHUTENbHblEe. OCHOBHBIE, KaK IPaBUJIO,
OMHCHIBAIOT PACXOJ] OCHOBHBIX MPOU3BOJCTBEHHBIX PECYPCOB (3TO KOHCEpBATHBHAS 4YacTh
Monenu). B momenn onu 00s3aTenbHO MPUCYTCTBYIOT. JIOMOJIHUTENbHBIE — MOTYT HMETh
Pa3IUYHBIN XapakTep, SBISIOTCS H3MEHSEMOW YacThl0 MOJETH M OTPaXalT 0COOEHHOCTH
MOJICJINPOBAHUS 3a/1a4U.

III. YcnoBue HEOTPULIIATENBHOCTU NIEPEMEHHBIX BEJIMUMH. A TakKe TpaHUYHbIE YCIOBUS,
KOTOpBIE IOKa3bIBAIOT, B KaKUX Mpefesiax MOTYT ObITh 3HAUEHUS UCKOMBIX INEPEMEHHBIX B
ONTUMAIBHOM PEUICHUHU.

JInneitHoe nporpamMupoBanne. OCHOBHAs 321a4a JIMHEHHOT0 POrPaMMHPOBAHUS
1.1.1. Bonpocsl JieKuunu:

1. Knaccugukaius MeTo10B TMHEHHOTO TPOrPaMMHUPOBAHUSI.

2. OcHOBHas 3a/1aya JIMHEWHOTO TPOrPAaMMHUPOBAHUS B €€ MOJIETh B Pa3IMYHBIX (opMax
3aIHCH.

3. I'paduyeckunii MeTo pelieHUs 3a/1a9d JTMHEHHOTO TIPOTPAMMHUPOBAHHS.

1.1.2. KpaTkoe coaep:xkaHue BONPOCOB:

1. Knaccupukauusi MeTo10B JJUHEHHOI0 NPOrPpaMMHUPOBAHMS.

C uymuCcTO MaTeMaTUYeCKOW TOYKM 3pEHHUs 33Jayd JIMHEWHOro MPOrpaMMHUPOBAHMS
MHTEPECHBI TEM, YTO 3/1eCh HEMPUMEHUMBI METOJIbl HaXOXKICHHSI SKCTPEMYMOB C IOMOIIBIO
IIPOU3BOJHOM.

[lon aumetinvim npocpammuposanuem TOHUMAETCS JHMHEWHOE IUIAHWPOBAHME, T.€.
MOJYYECHUE ONTUMAIIBHOTO TJIaHA-PEIIEHU B 33/1a4ax C JUHEUHOW CTPYKTYpOM.

3aoauamu nunelino2o npoepamMmuposanss Ha3bIBAIOTCS 3a/1a4M, B KOTOPIX JTMHEHHBI KaK
reneBast QyHKIMS, TaK 1 OTPAHUYCHUS B BUJIC PABEHCTB M HEPABEHCTB H JIIsl KOTOPBIX METOJIbI
MaTeMaTUYeCKOT0 aHalln3a OKa3bIBAIOTCSA HEMPUToAHbIMU. JIMHEeHOe mporpaMMUpoOBaHUE
npezcTaBisieT coooi Hanboee YacTo UCIOIb3YEMbI METO/] ONTHMU3ALINH.

MeTopl TMHEHHOTO TPOrpaMMUPOBAHUS MOAPA3AEIIAIOTCS Ha TPYIIIbL:

1) rpymnmna CUMITJIEKCHBIX METOZOB (TOYHBIE);

2) Tpynmna pacupeaeauTeIbHBIX METOI0B (TOUHBIE U MPUOTMKEHHBIE).

Tounsle — weroaspl mepebopa BapUAHTOB pEIICHHUS 3aJa4yd B UTOTE JArOIINe
ONTUMAJILHBIA BapuaHT. MICONIB3YIOTCS IPU MAalIMHHOM PELLIEHUH 3aa4.

[TpubnmkE€HHBIE — TO3BOJISIOT MOJYYUTH TOJIBKO OJWH U3 JOMYCTHMBIX BAapUaHTOB
pemieHus 3anayd. Mcmonb3yroTcs I TONy4YEHUsT TEpBOrO  BapuaHTa B TOYHBIX
pacrpeaenuTeNbHbIX METOAaX WM JUIsl PYYHOTO PEIICHUS 3aa4H.



Kaxnas rpymma MeTooB UMeeT cBOIO 0a30BYyI0 3a7auy. i rpymibl CHMIUIEKC-METOI0B
OazoBoii sBisiercst «OCHOBHasg 3ajjadya JIMHEHHOTO MPOTPAMMUPOBAHUSY, [UIsI TPYIIIbI
pacnpenenuTenbHbIX METOA0B — « TpaHcriopTHas 3agadar.

2. OcHoBHAs 3a27a4a JUHEHHOr0 MPOrPaMMHPOBAHMSA H €€ MOJAe]b B Pa3IHYHBIX
dopmax 3anmcu.

Ilocmanosxka 3adauu.

[Iycte HeEkoTOpOE MpeanpusThe HMEET m BHUJIOB MPOU3BOJICTBEHHBIX PECYPCOB.
[TopsiakoBeIil HOMEp pecypcoB — i, T.€. i=1, 2,..., m.

Hannume xaxxaoro Buja pecypcoB U3BECTHO U 0003HaUaeTCs b;.

[Ipeanonoxum, YTO MPEANPUITHE MOXKET NPOU3BOAUTH M BHUAOB MPOAYKIHUU.
[TopsinkoBBIiT HOMEp TPOAYKIMU — /, T.€. j=1, 2, ..., n.

HeoOxomuMo ompenenuTh Kakoe KOJIHMYECTBO €IUHUI] MPOAYKIIMU KaXIOro BUIA HAJO
IPOU3BOAUTH (X;), YTOOBI MOIYYUTh MAKCUMyM 3TOH HMPOAYKLMU B CTOMMOCTHOM BBIPa)KEHHH,
€CJIM M3BECTHBI 3aTPaThl HA MIPOM3BOJCTBO €IUHUIIBI IPOIYKIMU KaXI0ro BUAa pecypea (a;) U
LIcHa peanus3anuu (c;).

Paszeepnymas ¢hopma 3anucu mooenu.

I. LeneBas pyHKIMSA — OMUCHIBAET BHIXOJ IPOAYKIIMHA B CTOMMOCTHOM BBIPQKECHUU:

Z=cix1teoxt. . tex,—max.

II. Cucrema OCHOBHBIX OrpaHMYEHUMH — OINHUCHIBAET C MOMOIIBI0 MaTEMaTHYECKOH
3aBUCHUMOCTH TOT (DaKT, YTO pacXoJbl IPOU3BOJCTBEHHBIX PECYPCOB HE JIOJDKHBI TIPEBBIIIATH X
HaJIMYHe:

anxitapxot.. . tax, < by

arixitanxyt...taxx, < by;

AmiX1FamoXot. Xy < by,

III. VYcnoBue HEOTPULATEIBHOCTH IEPEMEHHBIX BEJIUYHH:

x120, x>0, ..., x,20.

3ameuanue: B TOCTAHOBKE C BBIOOPOM JPYroro KPHUTEPHUS ONTHUMAILHOCTH IIEJIeBast
GYHKIUS MOXET CTpEeMHUThCS K MUHUMYMYy. Kpome Toro cucrema orpaHU4eHH MOXKET OBITh
CMEIIaHHOM, T.€. COAepPKaTh HE TOJIILKO HEPABEHCTBA (<,>), HO U PABCHCTBA.

Cmpyxmypnas ¢hopma 3anucu mooenu.

B Ttakoit ¢opme mMomenm maroTCs B CHEIUMAIM3WPOBAHHOW JutepaTtype. B aroit dopme
3aMiCH OTPAKACTCS CTPYKTYpa M THIT OTPAHUYCHHH, CTPYKTYpa (YHKIUH, KaKhe MepeMeHHBIC
BXOZIAT B QYHKIMIO Z ¥ B OTPAHHYCHHS.

L Z:ZC.xb—mlax.
i
j=1

IL. zayxj <b - i=1,2,...,m.

j=1
1L %0, j=1.2,...,n.
3ameuanue: ogHoM HOPMyYIOH MOKHO ONUCATH OIPAHUYEHHUS, UMEIOIINE OAUHAKOBYIO
CTPYKTYPY M THII M BKJIIOYAIOIIUE B Ce0s ONHU U TE XK TIEPEMEHHBIE.
CyIIecTBYIOT TaK)Ke BEKTOPHAsI, MATPHYHAsS 1 TaOIH4YHAs (POPMBI 3aIIHCH MOICIIH.

3. I'padpmuecknii MeTo pelieHUs! 3a1a4M JTHHEHHOT0 NPOrpaMMHPOBaHNS
I'paduaeckuii MeTOol OCHOBaH Ha T€OMETPHUYECKON HMHTEPIIPETAIlMU 3a7a4 JIMHEHHOTO
IPOrPaMMUPOBAHUS U IPUMEHSETCS B OCHOBHOM IIpM pEIIEHHUU 331a4  08YMEPHO20
npocmpancmed, Tak KaK JIOBOJBHO TPYOHO, a Yalle MPaKTUYECKHM HEBO3MOXHO H300pa3uTh
rpadu4eckd MHOTOTPAaHHUK pEILICHUH, KOTOpBI oOpasyeTcss B pe3ysibTaTe IepeceueHHs
nonynpoctpacTB. [loaToMy, cymHOCTh Tpaduyeckoro MeToja penieHHs 3aaad JUHEHHOro
IIPOrPaMMUPOBAHUS PacCCMOTPUM Ha MPUMEPE 3a7aud, 3aJlaHHOM B IBYMEPHOM IIPOCTPAHCTBE,
T.€. €€ OIPAHUYEHHUSI COAEPIKAT JBE IEPEMEHHBIE.
5



1.2 Jlexkuus Ne 2 (2 yaca)
Tema: «CMMIUIEKCHBII MeTO/l pellIeHUsl 3a1a4M JUHEHHOT0 MPOrpaMMHUPOBAHM D)

1.2.1. Bonpocsl JieKIum:

1. O0mas xapakTepuCTHKa CUMILIEKC-METO/a ¥ MOATOTOBKA MOJIEIN K PEIICHHUIO.
2. AITOpUTM CUMILJIEKC-METOA.

3. Oco0ble c1yyan B CHMILIEKC-METO/IE.

1.2.2. KpaTkoe coaep:kaHue BONPOCOB:

1. O0mas XapakTepuCTHKA CUMILIEKC-METO/1a M NMOAr0TOBKA MO/eJHM K pPellleHN 0.

Bechb nmyTh penienus 3a1auu CUMILIIEKC-METO0M YCIIOBHO MOXKHO pa30UTh Ha TPH ATara.

I sman. HaxoxieHre UCXOAHOTO BapUaHTAa U MCCIEJOBAaHUE €ro Ha JOMYCTUMOCTb, T.€.
MOJIy4eHUE HAYaJIbHOT'O OMIOPHOT'O PEIICHHUS.

Honycmumvim éapuanmom pelieHHs 3agayd OyJeM CUUTaTh TAaKUe 3HAYEHHS X;, IPU
KOTOPBIX BBIMOJIHAIOTCA BCe TPeOOBaHHUS CHUCTEMBbl OIpaHUYEHMI (BCe HEpaBEHCTBAa BEPHBI U
HENPOTUBOPEUMBHI).

Ecnu ucxonHbelii BapuaHT AOMYCTUM, TO OMOPHOE PEIICHUE HAWACHO M MEPEXOJIUM Ha
BTOpoil stan. MHade, ocymiecTBisieM mnepeOOp BapUaHTOB PEIICHUs 3adadd JI0 IMOJy4eHUs
JOITYCTUMOTO (eciii Takoe BO3MOXHO. Eciin HeT, To 3a1aua perieHust He UMeEeT).

I oman. ViccnenoBanust 10MycTUMOTO BapraHTa Ha ONTUMAJIbHOCTb.

Onmumanvuwill éapuanm — 3TO TaKOEe 3HAYCHUE NEPEMEHHOH X; IPU KOTOPOM OymyT
BBITIOJTHATBCS HE TOJBKO TPEOOBAaHUS CHUCTEMBbI OTPAaHUYCHUN, HO W TpeOOBaHUS IEIEBOMH
¢byaknuu. Ecnu qomycTHMBIA BapHaHT OKaXKeTCS ONTHUMAJIbHBIM, TO 3ajaya pellieHa, MHaye
NEPEXOUM Ha TPETHUI STall.

Il sman. Tlepebop BapuaHTOB PEIICHHS 3a7a9d J0 MOJIYYCHHUS ONTUMAJIBHOTO BapuaHTa
(ecm Takoe BO3MOXKHO. Eciu HeT, To 3a/1a4a He UMEET ONTHUMAIILHOTO PEIICHHS ).

[ToaroroBnenHass Monaedb OCHOBHOW 3aJaud JMHEHHOTO MPOTrPaAaMMHUPOBAHHS OyAeT
BBITJISICTH CICIYIONINM 00pa3oM:

1. Z=cix1+coxot. . . +e,x,—>max.

ILy1=-aiixi-aioxa-...-a1,x,+b1;

Vo=-A21X1-A20X2-. . .-A2pXyTb2;
Ym==Am1X1-Am2X2-. . -'amnxn+bm-
II1. %120, x>0, ..., x,=>0.
W3 sToro Buaa JaHHBIE 3aHOCATCS B TAOMUYHYIO (POPMY AJIS OCYIIECTBICHUS PEIICHUSI.

2. AITOPUTM CHMILIEKC-MeTo/a.

I sman: nony4yeHne Ha4YaIbHOTO OMOPHOTO PELIECHHUS.

HHH TOrOo, YTOOBI MOJIYYUTh HCXO,Z[HBIﬁ BapHUaHT JOCTATOYHO 3aluCaThb MOATOTOBJIICHHYIO
MOJIeJIb B TaOIUYHOU (popme.

Tabmuma 1 — CuMriekc-Tabuia KCXOJHOTO BapraHTa

CBOOO/IHBIE TIEPEMEHHBIC
A

—~
-X1 ) -X,, CB00OOIHBIE YIEHBI
. Vi an an Ain b
‘E? % W as) a Ao by
o O
© g Vm Aml Am2 Amn bm
Z -C| -C) -Cy, 0




N3 xax ol TabIuIlbl MOXKHO BBINTUCATH OJIMH BapUAHT pelIeHus 3anaqu. J[is aToro Hamo
MMOMHHUTB, YTO CBOOOJTHBIC TIEPEMEHHBIC (BEPXHSS CTPOKA TAOIHIIbI) MPUPABHUBAIOTCS K HYJIIO, a
Oa3ucHBIC (KpaifHHIi JIEBBIN CTOIOCI) K COOTBETCTBYIOIIMM CBOOOIHBIM YJICHAM.

Wcxonnpiii BapuanT (o Tabmwuie 1):

1) OCHOBHBIE IepeMeHHbIe (x)): x1=0, x,=0,..., x,~0;
2) JIOTIOJTHUTEIbHBIC IepeMeHHbIe (V;): Y1=b1, Y2=b2,..., Vu=bm;
3) z=0.

Hccnenyem nosiydyeHHbIM BapUaHT HA JOMYCTUMOCTb.

Teopema o donycmumocmu: B Tabnuue OyIeT HaXOJUThCS JONYCTHUMbIN BapHaHT
peleHus 3a1a4u, €CIM Cpeld CBOOOAHBIX WICHOB HE OyJeT OTPHLATENbHBIX (3JIEMEHT Ha
nepeceyeHue cToa01a CBOOOJHBIX WICHOB U CTPOKU Z TPU aHaJIM3€ BO BHUMaHUE HE
MIPUHUMACTCHA).

JloKka3aTenbCTBO: CBOOOIHBIC YJICHBI SIBIAIOTCS 3HAYCHUSAMHU Oa3UCHBIX IEPEMEHHBIX,
€CIIM cpelu 0a3HCHBIX MEPEMEHHBIX €CTh Xj, TO OHH HE MOTYT OBITh OTPHLATEIBHBIMU B CHILY
YCIIOBHSI HEOTpULATENbHOCTH (x;20). Ecu B Gasuce y;, TO OHO HE JJOJIKHO OBITh OTPHLIATEIbHBIM
TaK KaK y; BBOJWIACH KaK pa3HUIA MEXy OOJIbIIEH 1 MEHbIIEH YaCTh0 HEPABEHCTBA.

Ecnu BapumaHT nomyctuMm, TO IEpeHieM Ha BTOPOM d3Tall M HCCIEAYyeM €ro Ha
ONTUMAIBHOCTh. EcaM HeT, TO mnonbiTaeMcs MOJYyYUTh JONMYCTUMBIA BapHaHT, BBIOpaB
pa3pelaronuii 3JIEMEHT 10 CIEAYIOIIEMY IPAaBUILY:

- BBIOOp paspemaromeidl CTPOKHU: CPEIU OTPHUIATEIBHBIX CBOOOIHBIX UICHOB (Kpome
CTPOKH Z), BBIOpaTh 00JbIuii 10 abcomoTHOI BenuuuHe. [1ycts 310 b);

- BBIOOp paspemarumero Ccroilua: B3SATh CHUMIUICKCHBIE OTHOILEHUS, IIOJEIUB
CBOOOHBIN YJICH pa3pelalonieil CTPOKU Ha Kax bl €€ Ko PUIHEHT:

b b b

HaunmeHbliee nog0XKUTEIbHOE U3 CUMIUIEKCHBIX OTHOIICHUH YKa)XeT Ha CTOJOCL.

Bri6upast onucaHHbIM CIIOCOOOM pa3petiaronife 3JIEMEHTh, JeIaeM MIark A0 MOTyYeHUs
JIOMTYCTUMOTO BapHUaHTa (€CIIM TaKOe BO3MOXKHO).

[Ipenmonoxum, YTO Ha KaKOM-TO Ilare MbI TMOJYYUM TaONHIy C JIOMYCTUMBIM
BAPUAHTOM, T.€. HAUJEM ONIOPHOE PELICHUE.

Il sman: uccnenoBanne 1OMyCTUMOTO BapuaHTa HA ONTUMAJIbHOCTbD.

Teopema 06 onmumanbrHocmu. B Tabnuue OyAeT HAXOAWUTHCS ONTHUMAJbHBIA BapuaHT,
ecnu cpear Kod(PUIIMEHTOB CTPOKH Z HE OyAeT OTpHIATeNbHBIX NMPU Z—>max W He Oynuer
HOJIOKHUTEBHBIX MPH Z—>min (3JIEMEHT Ha MepeceyeHne CTOI0a CBOOOJHBIX YWICHOB U CTPOKH
Z TIpu aHallu3e BO BHUMAHKE HE IPUHUMAETCS).

Ecnu BapuaHT oka)keTcsi ONTUMAaJIbHBIM, TO 3ajlaya pelieHa, eciau HET, TO MePEeXoIuM Ha
TPETUH TaIl.

[Ipenmonoxum, 4TO Halll JOMYCTUMbIN BapUaHT HE ONTUMAJIEH.

III sman: HaxoXaeHUE ONITUMAIBLHOIO BapUaHTA.

[TonbITaemMcst TOJIYYUTh ONTHUMAIBHBIM BapHaHT, BHIOpAB pa3periaroniuii dJEMEHT 10
CJICAYIOIIEMY MPaBHITY:

npu Z—max:

- pasperaroniuii cToiler: cpeau OTpUIATeIbHBIX KO3()(UIIMEHTOB cTpOKU Z BBIOpATh
HauOOJIBIINI 110 a0COTIOTHON BETUYMHE (HAIPUMEP, MTYCTh 3TO Cy);

- paspemiaromias CTpoKa: B3STh CHUMILJICKCHBIE OTHOIICHHMS, MOJEIUB CBOOOIHBIC YJICHBI
Ha COOTBETCTBYIOIIUE 3JIEMEHTHI Pa3peLIatoniero cTonla, KpoMe CTPOKH Z:

b b b,

Py 9 see

a, a

n mn

aln

HaumMeHbliee N0I0KUTEIbHOE U3 CUMIUIEKCHBIX OTHOIIEHUH YKaXXeT Ha CTPOKY;
npu Z— min:



- paspeliaroIuii cTonlel: cpean MOJIOKHUTENbHBIX KO03()(PUIHUEHTOB CTPOKU Z BBIOpATh
HauOOoJBIINY (HAITPUMED, IMTYCTh ITO C1);

- paspemaromas CTpoKa: B3STh CHMILICKCHBIE OTHOIICHHS, MOJIEIUB CBOOOIHBIC YJICHBI
Ha COOTBETCTBYIOIME 3JIEMEHTHI Pa3peIIaoLIero cToja01a, KpoMe CTPOKH Z:

b b by

, yeens
a4y a,
HaumensbIiee mosioXXUTETbHOE U3 CUMILICKCHBIX OTHOIIEHUH YKaXKET Ha CTPOKY.

BLIGI/IpaH OIIMCAaHHBIM CHOCO60M paSpeH_Ia}OH_H/If/i QJICMCHT, ACJIaCM IIaru a0 MmoJIy4CHUs

ONTUMAJILHOTO BapuaHTa (€CJIM TAaKOE BO3MOKHO).

3. Oco0ble ciiyyan B CUMILIEKC-MeTO/e.

1. Hepa3spewumocms modenu (cucmema HepaseHCcms He umeem peulenus).
2.Heoepanuuennocms QyHKyuonana (hyHKyus e umeem s3KCmpemaibHo20 3Ha4enus).
3. AnomepHamueHblll ONMUMYM.

4. Cnyuaii 861p0d#cOeHHOCu.

5. Cmewannasn cucmema oepanudeHull.

1.3 Jleknus Ne 3 (2 yaca)
Tema: «lle/104NCI€HHOCTD B JINHEHHOM NMPOrpaMMupoBaHnu. /IBoiicTBeHHOCTH B
JINHEHHOM NMPOrPaMMHPOBAHUN»

Ie104ynCAIEHHOCTD B JINHEHHOM NPOrpaMMHPOBAHUH

1.3.1. Bonpocsl JieKuuu:

1. ITocTaHOBKa ¥ MOJIEJ b LIETIOYHUCIICHHOM 3a]auu.

2. Pemenue 1eI04MCIEHHBIX 3a/1a4 JUHEHHOTO IPOrpaMMUPOBAHHS.

3. HekoTopbie 5KOHOMHYECKHE 3a/1a4H 1[EIOYUCICHHOTO IPOTPaMMHUPOBAHHSL.

1.3.2. KpaTkoe coaep:xkaHue BONPOCOB:

1. ITocTaHoBKA M MOJeJb EJTOYHCJICHHOH 3aJaYH.

[Tycth HEKOTOpOE MPEANPUATHE WMMEET 7 BHJIOB IPOU3BOJCTBEHHBIX PECYPCOB.
[TopsinkoBeIii HOMEp pecypcoB — i, T.e. i=1,2, ..., m. Haiuune KaxI0oro BHJAa PECypcOB
U3BECTHO M 00Oo3Havaercs b;. [Ipeanonoxxum, 9410 MPEeANnpHUATHE MOXKET MPOU3BOAUTH 7 BUIOB
npoaykiud. [TopsaKoBBIH HOMEp NPOAYKIMH — j, T.e. j =1, 2, ..., n. HeoOX0oaumMo omnpeaeiuThb
KaKoe KOJMYECTBO €IUHUI] IPOAYKLUHU KaKA0T0 BUAA HAJIO IPOU3BOIUTS (X)), YUTOOBI MOIY4UTh
MaKCHMyM 3TOH MPOAYKIMH B CTOMMOCTHOM BBIP@KEHHH, €CIIM H3BECTHO, YTO 3aTpaThl Ha
IPOU3BOJICTBO €AMHUIBI NPOAYKLMHU KaKAOTO BHUAA pecypca paBHBl @; €IMHHI,, a LEeHa
peanuzanuy — ¢;. EQMHUIBI TpOU3BOAMMON NPOAYKIUH JOJKHBl IPHHUMATH LIEJIble 3HAYCHHS.
Torma Mmozens 3aaun OYIET BBITIISAACTH CISAYIOIUM 00pa3oM:

I) Z=cix;+cpx + ...+ cpxy, > max.

I) anxi +aipx2+ ... +ayx, < b,

azixy +axpxa + ...+ ayx, < by,
amiX1 T amxz + ..o+ @y < by

II) x; > 0 mx; —nensle, j =1, 2, ..., n.

2. PemieHue 1es104MCJIEHHBIX 32/1a4 JMHEHHOT0 POrpaMMHUPOBAHMS.

WNuorpa 3anaun 1en04MCIEHHOr0 NPOrpaMMUpPOBAaHUsS pelatoT npubdanxeHHo. CHavana,
OTOpPOCHMB  YCIIOBUME  LIEJOYHUCIEHHOCTH,  pEIIalT  33Jadyy  METOAOM  JIMHEHHOro
HpOrpaMMHUpPOBAaHU, a 3aT€EM B IIOJIYYEHHOM OINTHMAJIbHOM PELICHUH OKPYIVIAIOT IHEPEMEHHBIE
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J10 1enbIX yucen. Takoil mprueM MOXKHO MCIIOJIb30BaTh, €CJIM 3HAYEHUS IIEPEMEHHBIX JOCTATOYHO
BEJIMKM M IOTPELIHOCTbIO OKPYIJIEHUS MOXHO IpeHeOpeub. Ecim 3HaueHus HepeMEeHHbIX
HEBEJIMKHU, TO OKPYIVIEHHE MOXKET NPUBECTH K 3HAUUTEIBHOMY PACXOXACHUIO C ONTHMAaIbHBIM
pemenueM. IlosTomy pa3paboTaHbl crelUalbHble METOABI pELICHUs LEeJOYMCICHHBIX 3ajad,
Cpeau KOTOpPhIX MOXXHO BBIJEIUTH JBa HANpaBICHHUs: METOJbl OTCEUEHHUs (OTCEKArOIIMX
IUIOCKOCTEH) 1 KOMOMHATOPHBIE METOIBI.

[IpencraBienre 0 KOMOMHATOPHBIX METOJAX JAeT IIMPOKO MCIOJIb3YEMbIH Ha MPAKTHUKE
METOJ BeTBeW M rpaHull. Mbl OyaeM paccMaTpuBaTh METOJ OTCEKAIOIIUX IIOCKOCTEH, KOTOPBIH
COCTOMT B IOCTPOEHUH JIOTMIOTHUTEIbHBIX OTPAHUYEHUH.

K Merony oTcekaromMx IUIOCKOCTEH OTHOCHUTCS AHAIUTHUYECKHM METOJl PpELICHHUs
IIOJIHOCTBIO LIEJIOUUCIIEHHBIX 3a7a4 — memoo [ omopu. OCHOBHAs €ro UAEs 3aKII0YaeTCs B TOM,
YTO 3ajJjaya CHauyaja pemaercs 0e3 orpaHMuYeHMs LeJourciIeHHOCTH. Eciin pemenue nosnyyaercs
LEJIOYUCICHHBIM, TO 3aJada pEIIeHa, €eCIM HeT, TO K 3a7ade IPUCOCIMHSIOT HOBOE
JIOTIOJIHUTEIIbHOE OIPaHUYEHHE, KOTOPOE Ha3bIBalOT cedeHHeM. [lonmydaroT HOBYIO 3amady, AJs
KOTOPOM MHOKECTBO JOIYCTUMBIX pelleHHH OyneT MEHbLIe, 4eM JUIsl MCXOIHOW 3ajayu, HO
OyzeT cofep:kaTh BCE JOMYCTUMBIE 1IEJIOUNCICHHbBIC PEILICHHS.

3. HexoTopble 3KkOHOMHYECKHeE 32Ja4H1 €104 CJIEHHOT0 NPOrPpaMMHUPOBAHHUS.

3aoaua o panye. OO Bec paHIa 3apaHee orpannyeH. Heo0xoaumo onpenenuTs Kakue
OpeIMeThl IMOJIOKHUTh B paHel, 4ToObl oOmias MOJIE3HOCTh OTOOpAaHHBIX MPEIMETOB Oblia
MaKCHMaJIbHa, €CITU BEC KaXKI0TO MPEeIMEeTa U3BECTEH.

3aoaua o ewvibope o0b6opyodosanus. Ilycte pana  mnpuobOpereHus 000pyIOBaHUA,
pa3MelaeMoro Ha Npou3BOACTBEHHOM Tutomanu 38 M, ¢upma Boiaenser 20 muH. pyo. Umerores
€AMHMULIBI O00OpYyIOBaHMS [BYX THUIOB: THUMa A CTOMMOCTBIO 5 MIuH. py0., TpeOyromiee
MPOM3BOACTBEHHYI0 IUIOM[AAh 8 M° M HMEIOIIEe MPOM3BOXUTEIBHOCT 7 THIC. EIMHHIL
NMPOAYKIMK 33 CMEHY, M THIA B — CTOMMOCTBIO 2 MIIH. py0., 3aHMMAlollee miomans 4 M>, u
JIafoIee 3a CMEHY 3 ThIC. €IMHUI] MPOAYKIUH. Tpedyercs paccunTaTh ONTUMAIBHBIA BapUaHT
npuoOpeTeHus: 000pyI0BaHus, 00ECTIEYNBAIOIIUN MAKCUMYM MTPOU3BOIUTEIBHOCTH Y4acTKa.

K 3amagam menoYucIeHHOTO IPOTPaMMHUPOBAHUS TAKKE OTHOCSTCS

- 3a0aya ONMUMATILHO20 PACKPOS MAMepuanog: Ha MpeanpusITHH MPOU3BOAUTCS PaCKpOn
HECKOJIbKUX PA3IMYHBIX MAPTUH MATEPHAIOB B 3aJaHHBIX KOJMYECTBAX CIUHUI] OIMHAKOBOTO
pa3Mepa B Kax10il napruu. M3 maTepuanaoB Bcex mapTuil TpedyeTcsi U3rOTOBUThH MaKCUMAaIbHOE
YHCII0 KOMILUIEKTOB, B KaXJbI M3 KOTOPBIX BXOJHUT HECKOJBKO PAa3IMYHBIX BUIOB JIETaJCH B
3aJJaHHOM KOJIMYECTBE, €CJIM U3BECTHO, YTO KKIYI0 €AMHMIY MaTepHalia MOXHO PacKpOHUTh Ha
JIETaTH OTPENIEICHHBIM KOJMYECTBOM PA3UYHBIX CIIOCOOOB ISl MOJMYYCHHS AETaleld pa3HOTro
BU/JIA;

- 3a0a4a o HaznayeHusx. C ee IOMOIIBI0O MOYXHO IOJYyYUTh OTBET Ha BOIPOCH! THUIIA: KaK
pacrpenenuTh pabodyux Mo cTaHKam, 4YToObl 0011ast BEIpaOoTKa Oblia HAUOOIBIICH UK 3aTPaThl
Ha 3apa0OTHYIO IJIaTy HAaWMEHBIIMMH, KaK HAWIydIIdM o00pa3oM paclpeleiuTh SKUaKH
CaMOJIETOB; KaK Ha3HAYMTh JIIOJACH Ha pa3luyHble JODKHOCTH M T.J. MareMaTH4ecKu Takue
3aJa4d OTHOCATCS K TPAHCHOPTHBIM 3aJadyaM, C TOH OCOOCHHOCTBIO, YTO B HHUX OOBEMEI
HAJIMYHBIX M TPEOYIOUIUXCS PECYpPCOB JUIsl BBIMIOJIHEHUS KaXKIOW paOOThl PaBHBI E€AMHHUILIC
(aj=b;=1), a Bce mepeMeHHBIE X;; 1100 PABHBI €AMHUIIE, €CIIH i-bI pA0OTHUK HA3HAYEH HA j-YIO
paboty, 100 paBHBI HYNIO B JAPYrux ciay4asx. VcxoaHele JaHHBIE 3a7aud O Ha3HAUCHUSX
TPYNIUPYIOTCS B TaONHIIE, KOTOpask Ha3bIBACTCS MATPHUIICH OIICHOK, a Pe3yJIbTaThl — B MaTPHIIC
HazHayeHuil. [Ipu perennn 3a1a4u 0 Ha3HAYCHUSIX UCIOJB3YIOT AJITOPUTMBI U METO/IbI PEILICHUS
TPAHCIIOPTHBIX 33]1aY;

- 3a0aua o kommusosdxicepe. OHa OTHOCHUTCA K 3a/adyaM MPEAbIAYLIETO BUAA U MOXKET
ObITb CPOPMYNIHpPOBAHA CIEAYIOIMIMM O00pa3oM: HMMEETCS # TOPOJ0B, HPOHYMEPOBAHHBIX
yucnamu oT 1 1o n. KommuBosikep, Bbie3kasi U3 ropoza 1, JomkeH MoObIBaTh B KaXKA0M ropojie
POBHO OJMH Pa3 ¥ BEPHYTHCSA B MCXOJHBIH IYHKT IIPU 3TOM M3BECTHBI PACCTOSHMS C;j MEXKIY
ropoaamu (i = 1,n,j = 1,n,i+#j). TpeOyeTcss HAWTHU caMbIii KOPOTKUI MapIIPyT.
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J{BOMICTBEHHOCTD B JIHHEHHOM NPOrPaAMMHUPOBAHUH

1.3.1. Bonpocsl JieKuunu:

1. ITocTaHoBKa 1 MOJE€/Ib JBOMCTBEHHOM 3a0auM.

2. MeTo/ibl pelieHus.

3. TeopeMbl TeOpUU TBOMCTBEHHOCTH U €€ IKOHOMUUYECKOE COJIEpKAHUE.

1.3.2. KpaTkoe coaep:xkaHue BONPOCOB:

1. ITocTaHoBKA M MOJeJb IBOMCTBEHHOM 3a1a4M.

[Ipeanonoxum, 4YTO HEKOTOPOE NPEANPUATHE PEIIUI0 HE TPaTUTh PECypchl Ha
U3TOTOBJICHHE MPOJYKIUH, a MPOAATh 3TU pecypchl. Torna BOZHUKAET BOMPOC: MO KAaKOW ILIeHe
nponaBath pecypcol? llena momkHa ycTpamBaTh Kak IpoJaBlia, Tak U mokymarens. MHtepec
MOKYTIAIOIIEH CTOPOHBI 3aKII0YAETCS B TOM, YTOOBI 3aIUIATUTD 32 PECYPCHl KAK MOXXHO MEHbIIIE,
a MHTEpEeC MPOJIA0Ie CTOPOHBI — B TOM, YTOOBI MOJTYYUTH 32 PECYPChl HE MEHBIIE TOTO, YTO
OHa MoJty4nsa Obl 3a peann30BaHHbBIN TOTOBBIN TOBap.

Torpa, B Tak Ha3pIBAEMOU 0golicmeenHoU Mooenu, 1eneBas (pyHKuMs OyAeT ONmUChIBaTh
MHTEpEC MOKYMAaIeld CTOPOHBI, CHUCTEMa OTrPAaHMYEHHH — HWHTEpec MpOJaroiel CTOPOHBI
(HEO0OXO0IMMO OLIEHUTh PECYPCHI, KOTOPbIE MOLUUTH Obl Ha U3TOTOBJICHUE €AUHUIIBI MPOAYKIIHH U
CTOMMOCTh 3THUX PECYpCOB OTPAaHUYUTH LIEHOH pealn30BaHHON €IUHHIIBI MPOAYKIUHU). Tperbe
yclIOBHE (HEOTPUIATEIbHOCTh MEPEMEHHBIX BEJIMYMH) OyAET BBINOJHATHCS B CHIIY TOTO, YTO
[[eHa eMHHULBI pecypca He MOXKET ObITh OTpUIaTeNbHOI. BBeas B kauecTBe IIEHBI €IMHUIIBI
pecypca Bemmuuny u;>0 (i=1,2,...,m), ee eme Ha3BIBAIOT OYeHKoU pecypca (WIn
JIBOMCTBEHHOMN OLIEHKOH ), MOJIYYUM CJIEAYIOUIYI0 MOJIEIb:

I) F= b1u1 + b2u2 + ...+ bmum — min.

1) ayur +axius + ... + @y 2 i,

appuy +axpuy + ...+ au, = o,
ainl + Aplis +...F AmnUm 2 Cn.

) u;>0,i=1,2, ..., m.

2. MeToabl penieHus.

Kaxnas w3 3amad JBOWCTBEHHOM mMapbl MOXET pemarbes oTaelnbHo. [lpu s3TOoM
UCIIOJIB3YETCSl KaK CUMILIEKCHBIM METOJ, TaK U rpaduyeckuil (B ciaydae eciu 3ajadya COACPKUT
nBe rnepeMeHHble). OTHOBPEMEHHOE pelIeHUE 3a/ad peaiu3yeTcsl C HMCIOJIb30BaHUEM, TakK
Ha3bIBaCMOM, TBOMCTBCHHON CHMILICKC-TAOIHIIEL.

3. TeopeMbl TeopuM IBOICTBEHHOCTH M €€ IKOHOMHYECKOE CO/IepPKaHMe.

B kauecTBe ocHosHOU  meopembl  080UCMBEHHOCMU  BBIIENAIOT  CIEAYIOILYIO
(OpMyIUPOBKY: €CIIU OJIHA U3 B3aMMHO JBOMCTBEHHBIX 337a4 UMEET ONTHUMAJIbHOE PELIEHHUE, TO
U JIpyrasi Takke MMeeT ONTHUMAaJIbHOE PEUICHUE, IIPU ATOM COOTBETCTBYIOIUE UM ONTHMAJbHBIC
3HaueHUs 1eJIeBbIX (PYHKUMH paBHbI (T.€. max Z = min F).

Kpome 3TOro Bapuanta BO3MOKHBI CIIEIYIOLIME B3aMMOUCKIIIOUAIOUINE CIIy4au: B OJHOU
U3 Iapbl JBOMCTBEHHBIX 33]a4 JOIYCTMMOE MHOXECTBO HE IIyCTO, a IiejeBas QyHKIUS Ha ITOM
MHOXECTBE HE OTpaHHMYeHa, TO Yy APYroil 3ajgauu u3 3TOH mapsl OyJeT MycToe IOMyCTUMOE
MHO’KECTBO (T.€. €CIM B OJJHOM 3a7jaue (QyHKIMOHAI HE OTPaHUYEH, TO 3aJa4a el ABONCTBEHHAs
HE MMeeT pelleHMs ); 00e U3 paccMaTpUBaeMbIX 3aJjad UMEIOT MYCThIE JOMYCTHUMbIE MHOXKECTBA
(T.€. 00€ HE UMEIOT pelleHus).

C 5KOHOMMYECKOH CTOPOHBI PEUICHHE NPSMON 3a7a4u AaeT ONTUMAJIBHBIN IJIaH BBITYCKa
OPOAYKIMM, a pELICHHE BOMCTBEHHOM 3aJaud — ONTHUMAJbHYI0 CHCTEMY YCJIOBHBIX (WX
0B0UCMBEHHBLX) OYeHOK TIPUMEHSIEMBIX PECYPCOB.
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1.4 Jlexkuus Ne 4 (2 yaca)
Tema: «MeToabl pelieHUs1 32124 JJMHEITHOT0 MPOrPaAMMHPOBAHUS TPAHCIIOPTHOIO THIIA»

1.4.1. Bonpocsl JieKum:

1. ITocraHoBKa 1 MOJIeIb TPAHCIIOPTHOM 33Ja4M B Pa3IMUHBIX (POpMax 3alHCH.
2. AITOpUTM pellIeHUS 3a1aui.

3 [IpubnumxeHHblE pacpeeIUTEIbHbIE METOIBI.

1.4.2. KpaTkoe cojep:kaHue BONPOCOB:

1. ITocTtaHOBKa M MOJeJIb TPAHCIOPTHOM 321241 B Pa3JIHYHbIX opMax 3anucu.

[IycTh uMeeM m MyHKTOB, B KOTOPBIX HAaXOJUTCS M3BECTHOE KOJUYECTBO OAHOPOIHBIX
rpy30B (rmocraBiiuku). IlopsakoBslii HOMep nocTaBllMKa 0003Hayaercs i, TO ecTh i=1,2,...,m.
Hanuuue rpy3oB y nocraBmuka b;. Vimeercs n MyHKTOB MCIBITHIBAIOIIUX MOTPEOHOCTh B ITHX
rpy3ax (norpeoureneit). [lopsinkoBbiii Homep norpedurens j=1,2,...,n. IlorpeOHOCTH B Tpy3ax
KaXJ0ro norpedutenss a;. l3BecTHa «ueHa» NEPEBO3KM E€AMHUILIBI TIpy3a OT KaKOOro
IIOCTaBUIMKA K KaXK1A0My IoTpeduTento (c;;). HeodXoquMo cocTaBuTh IIIaH IIEPEBO3KU IPY30B OT
MOCTABIIMKOB K MOTPEOHUTENI0, T.€. ONPEAENUTh: Kakoe KOJWYECTBO TIpy3a HEOO0XOIMMO
IIEPEBE3TH OT KaXKJOTO IIOCTABIIMKA K KaXXJAOMY HOTPEOMTENIO (X;), MPUYEM 3HAYEHHUS X
JOJIKHBI OTBEUYATh CIEAYIOIIUM TPEOOBAHUSIM:

- 0011Me 3aTPaThl HA IEPEBO3KY I'PY30B JOKHBI ObITh MUHUMAJIbHBIMY;

- BCE TPY3bl OT MOCTABIINKOB JOJKHBI ObITH BHIBE3CHBI;

- IOTPeOHOCTH NOTPEOUTENEN B IPy3ax JOJKHBI ObITh YIOBIETBOPEHBI.

I. HeneBast ¢pyHKIUS ONMUCHIBACT 3aTPaThl HA TIEPEBO3KY IPY30B:

Z=ciiXiitexit. .. FenXiteaixartenxnt. . Feuxont. . FemXmtemXmt. . . CppXmy—>min.

II. Cucrema orpaHuuYeHMH ONUCBHIBAET BTOPOE M TpPETbe TPeOOBaHMSA OIS X; U3
[IOCTAHOBKH 3aJIa4H.

1 rpynma: ycioBHE IIOJHOTO BbIBO3a TIPY30B OT IOCTaBUIMKOB (CymMMa TpY30B,
BBIBE3EHHBIX OT [IOCTABIIMKA JJOJDKHA OBITh paBHA HAJIMUHUIO):

xytxpt.. tx, = by,

Xo1txoot. . x2, = by,

X1t Xt X = bma

2 rpynma: YCJIOBHE YAOBJIETBOPEHHS MOTpeOuTens (CyMMa Tpy30B NPUBE3EHHBIX
NOTPEOUTENIO JOJKHA OBITh paBHA €ro MOTPeOHOCTH):

xutxt.. txm=a,

Xiptxot. . Axm=as,

X1t Xt X = ay.

III. YcnoBue HEOTPUIATENBHOCTH MEPEMEHHBIX BEUYUH X120, x1,>0, ..., xpnn=>0.

Cmpyxkmypnas ¢hopma 3anucu mooeny mpaHcnopmHou 3a0adu.

B cnieunanu3upoBaHHoi TuTEpaTYype MOJIENHU JAIOTCA B CTPYKTYpHOU (hopme.

. 2= izn:%xu- — min.
i=l j=1
II. n
1) inj:bi,izl,2,...m;
=l

2) Zx{.i =a./.,j=1,2,...n

i=1

OLL x;20 (= 1,2,....m,j = 1,2,...,n).
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2. AITOPUTM pelIeHUs 3a1a4H.

Maremaruueckass MOZENIb TPAaHCIOPTHOW 3aJadyd OTHOCUTCS K 3ajJadyaM JIMHEHHOIO
IPOrpaMMHUPOBAHUS W MOXET OBITh pElIeHAa CHUMIUIEKCHBIM MeTonoM. OJHako BBUAY
UCKJIIOUUTENIbHOW MPAaKTUYECKONW Ba)XXHOCTH OSTOW 3aJaud M CcHelU(UKM OrpaHUYCHHUH
(orpaHn4eHus 3a7aHbl B BUJIE YPAaBHEHUN; Ka)k/1asl HEU3BECTHAs BXOAMT JIMILb B JBa ypaBHEHMUS;
KO3(QULUMEHTHl NpPU HEU3BECTHBIX — EAMHUIBI) A €€ PELICHUs CO3[aHbl CIEeLUalIbHbIE
anroputMel. CamMbIM pacHpOCTPAaHEHHBIM METOAOM DELIEHUS TPAHCIOPTHOM 3ajauu sBIISETCA
METOJ] IOTEHI1AJIOB.

Pemenue TpancnopTHOM 3a7aun pa3dbuBaeTcs Ha JiBa dTana:

1) ompeneneHue HayaabHOIO JOMYCTMMOIO Oa3uMCHOIO pelleHus (IepBOro ONOPHOIo
IUIaHa) — [EpBOHAYAJIBHOE  paclpeaeieHue IocTaBok. JlocTuraercs  IHOCPEACTBOM
pacnpeesInTeNbHbIX METOIOB;

2) NOCTPOEHHE IMOCIEN0BATENbHbBIX UTEPALUi (I1aroB), yay4lIatOIIUX OMOPHBIE IJIAHBI
(kaxJbpIil HOBBIH IUIAaH HE JIOJIKEH YBEJIMYMBATH CyMMapHbIE 3aTpaThl IPU Z—>min U yMEHbLIATh
npu Z—max). JlocTuraercst nocpecTBOM METOAA MOTEHIHAIOB.

3 IlpudaukeHHbIE pacnpeaeJuTe/JIbHbIe MEeTOIbI.

K HpI/I6JII/DKCHHBIM pacinpeaciuTCIbHbIM MCTOAAM MOXKHO OTHCCTH MCTOJ HaWJIYYIIHNX
HeH U MeToj] ammpokcumanuu. [IpuOnmkeHHBIMM OHM HA3bIBAIOTCS BCJIEACTBHUE TOTO, YTO
IIOJIyUeHHOE MpH IOMOILIM 3TUX METOJOB paclpeleieHue Ipy3a B Taliuie He Tpedyer
JOTIONTHUTEIIbHOW TPOBEpPKH Ha ONTUMAlIbHOCTh, TaK Kak JUOO cpa3y OKa3bIBaeTcs
OIITUMAJIbHBIM, 1100 MaKCHUMAaIbHO K HEMY HpI/I6JII/I)KeHO.
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2. METOAUYECKHUE YKA3AHMUA 110 BBIIIOJIHEHHUTIO
JIABOPATOPHBIX PABOT

2.1 JIabopatopHas padora Ne JIP-1, JIP-2 (4 yaca).
Tema: «CUMIUIEKCHBII MeTO/l pellieHUsl 3a1a4M JUHEHHOT0 MPOrpaMMHUPOBAHM D)

2.1.1 eanb padorei: M3yuuTh paszauyHble MOAXOJbl K PELICHUI0 OCHOBHOM 3aJauu
JUHEHHOr0 IPOrpaMMHUPOBAHMUSL.

2.1.2 3apayu padoThI:

1. I3y4nTh CUMILIEKCHBIM METOJ PELICHHU 3a1a4 JTUHEHHOTO IPOrPaMMUPOBAHMUS.

2. Pa3o0Opatb 0coOble Cilyuyau B CUMIUIEKCHOM METO/IE.

3. HayuuTbcs pewieHuto 3a1ad JuHeiHoro nporpammupoBanust B MS Excel. Pa3o6pats
SKOHOMMYECKYI0 MHTEPIIPETALMIO PE3YJIbTaTOB PELICHHS 3a4a4.

2.1.3 Ilepeyenb NpuOOpPOB, MATEPHUAJTOB, HCIIOJIb3YeMbIX B J1a00pPaTOPHOI padoTe:
1. Kanskynsarop

2. Kommnbrotep

3. Jlocka

2.1.4 Onucanue (xox) padoTbl:

1. U3y4ynTh CHMILIEKCHBIN METO/] pelIeHHsl 3a/1a4 JMHEHHOIr0 NPOrpaMMHUPOBAaHHUS.
3agaua 1

L Lenesas pyHkuus:

Z=30x; +35x, + 136x3 —» max

II.  Cucrema orpaHuMYeHUI:

1,01x; + 1,01x; + 9,45x3 < 136

0,18x; +0,19x, <21,4

3,25x3<16,25

x1 =100

III. VYcioBue HEOTPULIATETBHOCTH:

X1, X2, X3 = 0

Pewenue:

IIepexoauM OT CUCTEMBI HEPABEHCTB K CUCTEME YPAaBHCHUM:
y1=-1,01x; — 1,01x; — 9,45x3 + 136

Y= —0,18x; —0,19x, + 21,4

3 =-3,25x3 + 16,25

V4= X1 — 100

3anuiieM MaTeMaTHYeCKyl0 MOJieNb B TabauMuHON (opme:

Ta6auna 1
—X1 . . CBoOo1HBIC

YJICHBI

V= 1,01 1,01 9,45 136

= 0,18 0,19 0 21,4

V3= 0 0 3,25 16,25

V4= -1 0 0 —100

= =30 -35 —-136 0

13



Jnst  Toro, 4ToOBl BECTH TMapajuIeIbHO TIPOBEPKY BBIYMCICHUNH HEOOXOIUMO
noJiydeHHyo Tabnuny 1 mo6aBuTh cTonbder Y. (Tabi. 2)
Bribepem pa3peniaronmii 3J1eMeHT:
Tabauua 2 |
—X1 Y . . CBoOonHbIE T
YJICHBI
Vi = 1,01 1,01 9,45 136 146,46
Vo= 0,18 0,19 0 21,4 21,59
y3= 0 0 3,25 16,25 19,5
—> = <) 0 0 ~100 -99
7= -30 -35 -136 0 -171
CnenaeM nepByro UTEpaLHio
Tabnuna 3 i —
o | [ R [T s s
— = 1,01 1,01 Q45> 35 38,02 46,47
Vo= 0,18 0,19 0 34 3,77 3,77
y3= 0 0 3,25 16,25 16,25 19,5
x| = -1 0 0 100 99 99
Z= -30 35 -136 3000 2935 2799
[ToxydeH qOyCTHMBIN, HE BBIPOKACHHBII, HO HE ONTUMAIbHBINA BAPHAHT.
CnenaeM BTOPYIO UTEpPALIUIO
Tabnuna 4 l —
| w | | e T T
X3 = 0,11 0,11 0,11 3,7 3,92 4,03
—  n= 0,18 0,19 0 3,4 4,58 3,77
y3= —0,35 —0,35 —0,34 4,21 3,52 3,17
x| = -1 0 0 100 99 99
Z= —-15,46 —20,46 14,39 3503,7 3502,63 | 3482,17
ITomy4yeH nOMyCTUMBIM, HE BBIPOKICHHBIN, HO HE ONITUMAJIbHBIN BapHAHT.
CnenaeM TpeThIO HTEPALHIO
Tabnuna 5
CBoboaHbIe
K& 2 Ed ‘-IJIeIfH 2 22
X3 = 0,01 0,58 0,11 1,73 1,27
Xy = 0,95 5,26 0 17,89 24,1
V3= —0,02 1,84 0,34 10,47 11,96
x| = -1 0 0 100 99
Z= 3,92 107,68 14,39 3869,83 3995,82

[Tonyden nOMyCTUMBII BapUAHT, SIBJSIOLIUNACA ONTHMAIbHBIM.

Z=3869,83

X1 = 100
x;=17,89
X3 = 1,73

»n=0
»=0
y3=10,4
y4=0

14
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PaccmoTpennas Hamu 3ajaya B MCXOJHOM BHJe Oblia chOpMynMpoBaHa CIEIYHOIIUM
obOpazoM:

ITpoaykuueil ropoACKOro MOJIOYHOTO 3aBOJA SIBJISIIOTCS MOJIOKO, kKepup u cmeraHa. Ha
pOU3BOJACTBO 1 T MOJIOKa, Kedupa u cMeTanbl Tpedyercs coorBeTcTBeHHO 1010, 1010 1 9450 kr
MmoJioka. ITpu 3ToM 3aTpaThl pabouero BpeMeHu IpH pa3inuBe 1 T MojioKa U Kedupa COCTaBISAIOT
0,18 u 0,19 mammHo-4. Ha pachacoBke 1 T cMeTaHbI 3aHSTHI CIICIIMAILHBIE aBTOMATHI B TCUECHUE
3,25 u. Bcero ans npousBoACTBa 1EIBHOMOJIOYHOW MPOAYKLHHU 3aBOJ MOXKET HCIOJIb30BaTh
136000 kr mosioka. OCHOBHOE 000PY/TIOBaHHE MOXKET OBITh 3aHATO B TeueHue 21,4 MamuHo-4, a
aBTOMATHI 110 pacacoBKe cMeTaHbl - B TeueHue 16,25 4u. Ilpubeine oT peanuzanuu 1 T Mosoka,
kepupa M CMeTaHbl COOTBETCTBEHHO paBHa 30, 22 um 136 py06. 3aBoj MOJDKEH €XKEIHEBHO
npousBoauTh He MeHee 100 T Mosoka.

CocTaBpTe MaTeMaTHYECKYI0 MOJENb 3aJauyM, MO3BOJISIONIYIO0 OINPEAETIUTh O0BEMBI
BBIITYCKa MOJIOYHOM MPOAYKLUH, TIO3BOJISAIOLIUE OIYYUTh HAUOOJIBLIYIO IPUObLIb.

B pe3ynbrare mnoilydeHHOrO pEHIEHUS MOXHO CJeNaTh BBIBOJ, 4YTO MaKCHUMaJlbHas
npuObUIb BO3MOXKHA B pazmepe 3869,83 py6. OntumanbHbiil 00beM Belycka Mosioka — 100 T,
kedupa — 17,89 1, cmetansr — 1,73 T.

Jlanee paccMOTpUM 3aJaui Ul 3aKpEIJICHUS] HaBblKa PEILIEHUS CUMIUIEKCHBIM METOJIOM.

3agaua 2.

L HeneBas Qpynkius:

Z=2x1+8x2 —5x3+ 15x4 —» max
IIL. Cucrema orpaHUYeHU:

3x1 —x3tx3+ 10x4 <25

X1 +2)C2 +x3+ 5)C4§ 10

2x1+ 10x; +2x3 — 5x4 <26

I1I. VYcnoBrue HEOTPHUIIATEIBHOCTH
X1, X2, X3, X4 > 0

3agaua 3.

L HeneBas Qpynkius:
Z=x1—8xptx3+tx4 —» min
IL. Cucrema orpaHUYeHU:

X1 —Xptx3+tx4<2

—X1— X2 tXx3 +X422
X|—Xp—X3+tx4>2

I1I. VYcnoBrue HEOTPHUIIATEIBHOCTH
X1, X2, X3, X4 >0

3amaua 4.

L LeneBas GpyHKIMs:

Z=50x; +40x, —» max

IL CucreMa orpaHUYEHUI:

2x1 +5x, <20

8x1 + 5x, <40

Sx1+ 6x, <30

III. YcioBre HEOTPULIATENBHOCTH
X1, X2 > 0

3agaua 5.

L HeneBas Qpynkius:
Z=x1+4x, + 3x3 —» min

IL. Cucrema orpaHUYeHU:

X1 +x2+x3<10

2)61 — X2 > 6

X1+ 2x+3x3>12
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I1I. VYcnoBrue HEOTPHUIIATEIBHOCTH
X1, X2, %320

IIPUJIO)KEHUE Pewenue cucmem nunelnvlx ypasHenui memooom MIKHU
(6cnomocamenvHulll aneopumm,)

Memoo nocnedosamenvhblx UCKAIOYEHUN, WIM KaK €ro Has3pIBaIOT TaKKe, Memoo
XKopoana — [laycca mnpencraBiser co0OMl COBOKYIMHOCTh YAOOHBIX BBIYMCIUTEIbHBIX
QITOPUTMOB,  TOCTPOEHHBIX  HA  MOCIEAOBATEIbHOM  NPUMEHEHHHM  SKBUBAJCHTHBIX
npeoOpa3oBaHUl CHCTEMbI YPaBHEHUU. DTOT K€ METOJ C HEKOTOPHIMH JOMIOJTHCHUSIMHU JICKUT B
OCHOBE CUMILIEKCHOT'O METO/a PeLIeHHs 33/1a4 JINHEHHOTO MPOTrpaMMHUPOBAHUSI.

CymecTByIOT 00BIKHOBEHHBIE *OpaaHoBbl uckitoueHus (OXHW) u mogudunupoBaHHbIe

xopaanoBbl uckmouenuss (MXKU). bynmem paccmarpuBaTh MeToA  MOAUGULIIMPOBAHHBIX
YKOPJIAHOBBIX MUCKJIIOYEHUH.

[Iycth nana cucreMa TMHEWHBIX YPABHEHUN:

anxy + apxy ...+ argxs .. ax, = by
arnxi +axnxy +... ¢ arxs ...t arx, = by
apX1 + apxy ... agxg T+ QpaX, = by (1)
A1 X1+ AuoXo +. . ApeXs T QnXn = by
VYcioBHBIE 0003HAYEHNS:

[ — OPSIAKOBBIA HOMEp ypaBHeHus, i = 1, 2,..., m;

J — IOPSIAKOBBIN HOMEp NepeMEHHOMN X, j =1, 2,..., n.

BBeneM 10monHUTENbHBIE IEPEMEHHBIE Y; 10 KaXI0H CTPOKE, MEPEHECs 3JIEMEHThl U3
JIeBOI YacTH B MPaBYIO C MPOTHUBOMNOIOKHBIM 3HaKOM. [Tonyunm cucremy:

y1= an(=x1) + aa(=x2) +... 4+ ar(— xy) +... 4+ ap(—x,) + by )

V2= oo1(—x1) T aa(—x2) +...F aa(— x5) +...F (= x,) + b2

......... 2)
.

Ym = Cm1(—X1) + Oa(— X2) +.. .t Os(— X5) +...F Qn(— X)) + by .

Pemars cucremy Oynem B TabauuHol Gopme.
Cucremy (2) 3anumem B Tabauny MXXHU cnenyromero Buaa (tadmwuima I11).

Taomuua I11 — Ucxonuas tadnuna

—X1 —X7 ... —X . —Xp CBoOogubie
YJIEHBI
Y1 o1 2y Olls Oln by
)2 021 D22 .- Ol .- Ol2n by
Yk Olg1 %) = Olis .- Ol by
Ym Ol QU2 cee Qs cee Clinn bm

YToOBI pemuTh CUCTEMY HEOOXOAMMO X; M ); IIOMEHATh MeCTaMH 1o anroputmy M.

Bribupas pazpemaromiye 3eMeHTsl, 0yZeM IPOBOAUTH pacueThl B KaXI0H clenyrolel Tadiuie
(Tabnuua I12).
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Tabnuna [12 — IIpeobpa3oBannas Tabnuia

—X1 —X —Vi —Xp CBoOogHbIe
qJICHEI
V1 B Biz — Oy Bin Bi
Qg
Y2 Bai B2 -0y, Ban B2
Ol
aks aks (x’ks akv aks
n Bml BmZ —Gms an Bm
Ol

[Tepexon ot ogHOM TabmuIE! K Apyrou — mar MXXH.

B mnepBoit Tabmuie k-as cTpoka OyIeT Ha3bIBaThCs paspeniaronmeid CTPOKOH, S-bIi
cTonOel HaspIBaeTcsl paspewaromuMm  croubuoM. KosapduiueHr, KoTopblii CTOUT Ha
NEePEeCeYeHUH O — pa3pelraroimuii sneMeHT. [lepeMeHHble W3 JeBOro ctojbdua — Oa3ucHbIE.
[TepemenHbIe, OKa3aBIInecs B BEpXHEH CTpOKe TaOIUIbl HA3bIBAIOTCS CBOOOHBIMHU.

CpaBHuBas NEpPBYIO U BTOPYIO TaOuULbI CHOPMYIHUPYEM MPaBUIIO Nepexoa (aaropurm
MXN):

1) 3anonHuTh CcBOOOAHBIE W Oa3uMCHBIE TEPEMEHHBIE B HOBOW TaOiHIlE: TOMEHSTh
MecTaMH 0a3uCHYI0 M CBOOOJHYIO TNEPEMEHHBIE, OKa3aBIIMECS B pa3peIIaloNIUX CTPOKE U
CTOJIOIIE;

2) 3aMOoJHUTH KIIETKY, COOTBETCTBYIOIIYIO Pa3pellalolieMy 3JIEMEHTY, B3STh BEIUYUHY
00paTHYIO pa3pelIaroieMy JIEMEHTY;

3) 3alONHUTH CTPOKY, COOTBETCTBYIOIIYIO pa3peliaronieii; MOoJeNuTh 3JIEeMEHTHI
paspelarmel CTPOKH Ha pa3pellaroIni AIEMEHT;

4) 3amoNHUTH CTOJIOEL, COOTBETCTBYIOIIMN pa3pelaronieMy: IOJEIUTh 3JIEMEHTHI
paspermiaroniero cToyla Ha pa3penarouuil JIEMEHT ¢ MPOTUBOIOI0KHBIM 3HAKOM;

5) ocrtaBiIuecs KIETKU TaOIHIIbI 3aMIOJIHSAIOTCA M0 BBIBEJEHHOU hopmyiie:

a’ksa‘ij _a’isa’kj
By = ;

Oy

S

rje k — HoMep pa3pemiaronieil CTpoKH;
S — HOMEp pa3peliaoliero cToiaona;
i — HOMEp 3aIl0IHAEMOM CTPOKY;

J — HOMED 3aIOJTHAEMOTO CTONOIA;
B = Qs Oy = Oy
11— 5

Oy

S

— a’ksa’nZ — a’isa’kZ

B =

[Tonb3oBatbest mist pacyeTa K03 GUIUEHTOB BBIBEJCHHON (opMyIion He yaoOHO, Oyaem
€€ TPAKTOBATh KAK «IIPABHJIO IPSIMOYTOJIbHUKAY.

Ilocmpoenue npamoyzonvHuka.

Jnd Kaxxaou 3amoiHsIeMOW KIETKH CTPOUTCS CBOM MNPSIMOYTOJIBHUK Ha MOPEABIAYIIECH
TadnuLe:

a ks
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3) nmepByro o0Omyr0 UIsI BCEX MPSMOYTOJIBHMKOB BEpIIMHY CTaBUM B  KIIETKE
pa3pelaroero 3JIEMEeHTa;

4) NpPOTUBOIIOJIIOXKHYIO €1 BEpUIMHY CTaBUM B KJIETKE, COOTBETCTBYIOLIEH HCKOMOMY
JJIEMEHTY;

5) JnumaroHaib, COEIMHSAIONIAs ABE BEPILIMHBI HA3bIBACTCS IT1ABHOM;

6) IBe apyrue BepIIMHBI B3STh B TAKUX KJIETKaX, YTOOB! MOJTYYMJIICS MPSIMOYTOJbHUK.

IIpasuno npamoy2onbHuKa

OT mnpousBeneHUs DIIEMEHTOB, CTOSIIMX B BEpPIIMHAX IO IJIABHOW JUaroHalu
IPSIMOYTOJIbHUKA, OTHATh IPOU3BEACHHME DJEMEHTOB, CTOSILMX HA BTOPON JUaroHaaiu u
pa3leNnnuTh Ha pa3peulatoIui 3J1€MEHT.

Jlig TOoro, 4To0Bl PEUINTh CUCTEMY JMHEMHBIX YpaBHEHUH, Hano aenars marn MKW no
TOTO, TI0Ka BCE MEPEMEHHbIE y; HE MepeiayT u3 6as3uca B CBOOOAHbIE IEPEMEHHbBIE HA MECTO X;.
[TepemeniaTe MOXXHO B JT1000# MOCIEAOBATEIBHOCTH.

N3 xaxpon Tabmuuel MXXUM MOXHO BbIMHCaTh pEIIEHHE CUCTEMbI, JUISL 3TOTO HAJ0
IOMHMTb, YTO CBOOOAHbBIE NEPEMEHHBbIE BCErJa NPUPABHUBAIOTCA K HYIIO, TOrna Oa3ucHbIE
OyAyT paBHBI COOTBETCTBYIOLUM CBOOOIHBIM WIECHAM.

3ameuanus:

1) pa3peraronuii 3JIeMEHT HEe MOXKET ObITh PABEH HYJIIO;

2) uenecooOpa3HO, €CIM BO3MOXKHO, BBIOMpPATh pa3pelIaloliUid 3JIEMEHT paBHBIM
€MHHUILIE, TaK KaK [P 3TOM YIPOLIAIOTCS BBIYMCICHUA. ECIM ke 9TO OKaKeTCsl HEBO3MOXKHBIM,
TO JUISl YMEHBUIEHUs MOIPEUIHOCTEN IPU OKPYIVIEHUH 11€1eco00pa3HO BBIOMPATh €ro OOJIbIINM
110 a0COJIFOTHON BEIMUYHHE.

PaccmoTrpum pemeHne cucrteM JIUHEHHBIX ypaBHeHUM metonoM MOKM Ha xOHKpeTHOM
puMepe.

3amaua 1

Pemuts cucremy:

X1t 2x—x3=15

3x1 +5x, +4x3=7

2x1—X2 +2x3=1

Pewenue:

BBeneM NONOJHUTENBHYIO MEPEMEHHYIO V; MO KaKJIOM CTPOKE, MEpPEHECs IEMEHThI U3
JIEBOW YaCTH B IIPAaBYIO C IPOTHUBOIOJIOKHBIM 3HAKOM:

Y1=-X —2xy+x3+5

Va=-3x1—5x;—4x3+7

y3=-2x1+x—2x3+ 1

3anuiieM NoJay4eHHY1o cuctemy B Tabnuiy MXKU:

Tabnuma 1.1
—X1 —X —X3 CBoOoHBIE
YJICHBI
V1 @) 2 -1 S
v 3 5 4 7
V3 2 -1 2 1

Bribepem paspemaomuid 31eMEHT UCXOIs W3 YNpOIleHUs BbeUUCIeHUU. [lycTh 3TO
ap1=1. Ucnons3ys anroputm MXXU npoBenem cneayromue 1eiCcTBUS.

1) [Tomensiem MecTaMu )| U X|

2) BmecTo pa3pemiaroiero 1eMeHTa ¢ 3anuueM emy oopartssiil 1/0,=1/1=1

3) DnemeHThbl pa3peliarleld CTPOKUM MOWIEHHO pa3/eliuM Ha pa3pellaroluil 3JEMEHT,
T.€.: 2/011=2; —1/011=1; 5/011=5

4) DneMeHThI pa3pelaIIero cToia0ma NowWICHHO pa3aenuM Ha (—app), T.e.: 3/(—oy;) =—
3; 2/(—oq1)=2
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5) OcranbHble 3JIeMEHTHI IPe00Pa3yloTCs ¢ UCIONb30BAHUEM MPaBUiIa MPSIMOYTOJIbHUKA,

T.€
B22:1-5—13-2:_1 B32:1-(—1)1—2-2:_5
B23:1'4_f.(_1):7 B33:1.2_12.(_1):4
B, L7355 o o125
1 1
Ta6muma 1.2
-y —X5 —X3 CBoOoaHbIe
YJICHBI

X1 1 2 -1 5
Y2 -3 D 7 -8
V3 -2 -5 4 -9

B kauecTBe pa3peniaromiero sjgeMeHTa Boioepem az=—1.

Ucnonb3yem anropurm MXKU.

1. ITomeHsaem mecTamu y; U X2

2. Bmecto paspemaromero 3JEMEHTa 0y, 3amnuiieM eMmy oO0patHbld 1/op, = 1/(—1)
=1

3. DJIeMEHTBI pa3peliaieii CTPOKA MOWICHHO pa3/eliuM Ha pa3pellalolini dJIEMEHT,
1.e.: =3/(-1)=3; 7/(-1)=7; -8/(-1)=8

4. DneMeHThl pa3pelIaoiero CToa0a MOWICHHO pa3AesiuM Ha (—o0p;), T.e.:. 2/1=2; —
5/1=-5

5. OcranbHbIE AIEMEHTHI MPE0OPa3yIOTCs C UCIOIB30BAHUEM TPaBUiIa MPSIMOYTOJIbHHKA,
T.C.:

g D23 _ g, o229y

-1 -1
—1-(-1)-2-7 _4-ED=-E5-7
Py; = — =13 P - 31
(=1 =2 (- —9. (=)= (-5)- (-8
B14=5(1) 12(8):_11 B, = ( )_i ) (=8 _ 44
Tabnuma 1.3
4! ) —X3 CBoOOIHBIE
YJICHBI
x| -5 2 13 11
X, 3 1 -7 8
3 13 -5 &) 31

B KauecTBe Pa3pelaloNIero 5IeMEHTa MOXKHO B3SITh TOIBKO 033 (T.K. OCTATIOCH MOMEHSITH
MECTaMM TOJIBKO X3 U y3). T.K. Bce cBOOOJHBIE U Oa3HCHBIE IEPEMEHHBIE TOMEHSIUCh MECTAMU,
TOT OTBETOM OYAYT ABJIATHCS YUCIIA, CTOSIIME B CTOJIOLE CBOOOIHBIX YJICHOB.

OTO0 sBIETCA CIEICTBUEM TOrO, YTO NMEPEMEHHBIE ) BBOJWIMCH KaK Pa3HOCTb MEXAY
IIPaBOM U JIEBOM YACTAMU KaXKJI0TO U3 YPaBHEHUH CUCTEMBI, T.€. y1=)»=y3=0. [loaTomy, eciau Ha
IOCJIEAHEM 3Talle BOCCTAHOBUTH CUCTEMY, UCXOS U3 IOJyUYUBIIEHCcs TaOINLIbI, TO Oy1€EM UMETh!

19



1 1 1 1
X, =04y (=y)+ oy, (=y,) tag; (=) + b

1 1 1 1
X, =0y (=) + a5y (=y,) + oy, (=) + b,

1 1 1 1
X; =0y, (=) + 05, (=y,) + a3 (=y;) + by

u ecnu y1=y,=y3=0, T0

o
X, =b
o
x, =b,
o
x; =b; )

HOBTOMY BBIYMC/IMM TOJBKO OJICMCHTBI, CTOAIIUC B CTOJ'IGI_IC CBO60)IHBIX YJICHOB,

IpeBapUTENbHO BBIIIOJIHUB MYHKTHI 1-4 anroputma. B pe3ynbrate moiaydum tadiuiy:

Tabmuma 1.4
1 -2 -3 CBoOogHbIE
YJICHBI
X 14/31 -3/31 13/31 2
X -82/31 4/31 -7/31 1
X3 13/(-31) =5/(-31) 1/(=31) -1
Takum obpazom, x1=2, Xo=1, x3=—1
[Tokaxxem, 4TO BBIOMpAS 33 pa3pelIAIONINE AJIEMEHTHI JPYTHe YHCIa, MOJYYUM TOT JKE
OTBET.
Tabmuma 1.1'
—X1 —X7 —X3 CBoOoaHbIE
YJICHBI
V1 1 @ -1 5
» 3 5 4 7
V3 2 -1 2 1
Tabmuma 1.2
—X1 -1 —X3 CBoOo1HBIE
YJICHBI
X 1/2 1/2 -1/2 5/2
b2 1/2 -5/2 13/2 -11/2
V3 @ 1/2 32 72
Tabmuna 1.3'
V3 -1 —X3 CBoOoaHbIe
YJIEHBI
X -1/5 2/5 -8/10 18/10
2 -1/5 -13/5 31/5 -31/5
X1 2/5 1/5 3/5 7/5
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Tabanma 1.4'

-3 -1 - CBoOogHbIE
YJICHBI
X2 -7/31 2/31 4/31 1
X3 —-1/31 —13/31 5/31 -1
X1 13/31 14/31 -3/31 2

3amMeuyaHusMu | 1 2, a ecinu B OOBIKHOBEHHBIX JIpO0SX, TO 3a pa3pellaroliMii MOKHO IPUHATH

W3 npuBeCHHBIX BBIYUCIEHUI BUJIHO, YTO MEHATH X; C J; MOKHO B JIIOOOM IOPAJKE, HO
Jydllle BBIOpATh 3a paszperaoimuii aneMent 1 wiun (—1) ¢ nensto ynpouieHus Beluucienuid. Ecin
pellieHne IPUBOIUTCS B JECATUYHBIX APOOSX C OKPYTJIEHHEM [0 COTBIX J10JIEH, TO MOJB3YIOTCS

11000€ YMCII0 U3 BO3MOYKHO JJOITYCTHUMBbIX.

3adanue: peminTe CaMOCTOSATENbHO CIEAYIOIIME CUCTEMbI M IIPOBEPHTE OTBETHI JIFOOBIM

U3BECTHBIM BaM crrocoOoM.

X1 +xy +2x3 =—1
{2)61 — X+ 2x3=-4

dx) +xy +4x3=-2

3anava 3
X1+XZ—3X3=4
2x1tx+tx3=5
3x; +4x —x3=-1

aCCMOTpUM OCOOEHHOCTH B PCUICHUUN CHCTEM JIMHEUHBIX ypaBHeHI/Iﬁ Ha IpuMepax

3agqaya 4 u 7.

3anava 4
X1 +2XZ—4X3 =-1
2x1+tx—5x3=-1
xl—xg—x3=—2
Peuwenue:
y1=—x1—2x2+4x3—1
Vy=-2x1—x3+5x3—1
T =-—x;+txy+tx3—2

Tabmuma 4.1
—X1 —X —X3 CB00OOIHBIE YJIEHBI
i D 2 4 1
»2 z 1 5 1
3 1 -1 -1 -2
Tabnuua 4.2
)1 —X —X3 CB00OOHbBIE YIECHBI
X1 1 2 -4 -1
V2 -2 -3 (3) 1
V3 -1 -3 3 ~1




Tabmuia 4.3

V1 —X2 -2 CB0OOIHBIE YJICHEI
X1 —5/3 -2 4/3 1/3
X3 -2/3 -1 1/3 1/3
3 1 0 -1 -2

3a pazpemaromuil 3IeMeHT MOXKHO BbIOPATh TOJBKO 3JIEMEHT, CTOSIIUN Ha MepeceuyeHu
V3 U X2, HO OH paBeH 0. [TompoGyeM BOCCTaHOBUTBH CUCTEMY 11O ITOCIIEAHEN TabnuLe:

x1=53y1+2x,-4/3y,+1/3

X3 = 2/3 Y1 +X2 — 1/3 » + 1/3

3=yt 0ty -2

PaccmoTtpumM nocnenHee ypaBHeHue:

Tx.y1=y,=y3=0,170 0=-2.

OT0 JI0)KHOE paBeHCTBO. Eciau B cucreMe nMeeTcss XoTs Obl 0OJIHO HEBEPHOE PAaBEHCTBO,
TO cucTeMa peleHuid He umeer. [IpoaHanu3upoBaB MOCHEAHIOW TaOIMIly, HOIYYUM APABUILO:
€CJIM pa3pelIaloIIUi 3JIEMEHT PaBeH HYJIO (IIPU ITOM JIpYyroi BeIOpaTh HENb3s, T.K. BCE 3aMEHbI
y’Ke MPOU3BEJIEHb), @ CBOOOIHBIN YJIEH B 3TOM CTPOKE OTIUYEH OT HYJIsl, TO CUCTEMA pelleHUit
HE MMeEET.

3aMeTHM, 4TO MCXOJ| PEIIEHUs] CUCTEMbl HE 3aBUCUT OT IOCJIEOBATEILHOCTH BBIOOPA
pa3pellarolero 3JeMeHTa Ha KayKJJOM dTarle.

OTBeT: cucTeMa pelleHuil He uMeeT.

3agava 5
X1+XZ+X3=1
3x1t4xy +5x3=2
4X1 +5x2+6x3=4

Y +x+xs =6
2X1 + 3x2 + 4X3 =2
3x1t4xy +5x3=4

3anava 7

X1 +2XZ—4X3 =1

2x1 txp—S5x3=-1

X1 — X2 —X3— -2

Peuwenue:

B pesynbrare pemienus moaydum TaOauILy.

Tabnuna 7.1
- ) V3 CB00OOHbBIE YIECHBI
X1 1/3 -2 —4/3 -3
» -1 0 -1 0
X3 -1/3 -1 -1/3 -1

ENMHCTBEHHO BO3MOKHBIN pa3pellaronivi 3JIEMEHT PaBEH HYIIO.

BoccranoBum cucremy:

x1==1/3y;+2x, +4/3y3; -3

Y2=y1t 0(=x2) +y3+0

x3=1/3y;1+x,+1/3y3 -1

PaccmoTpuM BTOpOe ypaBHEHHUE U IIPH YCIOBUH, 4TO )1 =} = ¥3 = 0 monyuum: 0 = 0, T.€.
UCTUHHOE PaBEHCTBO, A 3TO 3HAYUT, YTO CUCTEMA YpaBHEHUH JIMHENHHO 3aBUcUMa. T.e. COOepKUT
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OecyucIIEHHOE MHOKECTBO peH_IeHI/If/'I, 3aBUCAIIMX OT IIapaMerpa. B mamaom cliy4dac mmapameTpom
6yz[eT SABIIATBCA X (l'[pI/I z[pyroﬁ IIOCJICJOBATCIIBHOCTH BbIGOpa pa3peuaromux 3JICMCHTOB
napamMeTpoM MOXKET CTaTh WM X|, WM X3).

Takum O6p330M, IMOJIYYUM #npasulo. €CIH pa3pema}omm71 3JICMCHT pPaB€H HYIKO H
CBOOOAHBI WIEH B 3TOH CTPOKE TaKK€ paBeH HYJIIO, TO CHCTEMa HMMEET OECUuCIEHHOE
MHOXKECTBO pemeHHﬁ, 3aBUCALICC OT CTOJBKHX IMapaMETPOB, CKOJBKO X-OB HE IEPEIIIIO B basuc.

Toraa oO1iee pemeHne CUCTEMbI BBITIISIIUT CISAYIOMUM 00pa3oMm:

X1 =2x,—3

X3 = Xy — 1

OTBeT: cucTEMa NMEET OSCUNCIIEHHOE MHOKECTBO peI_HeHI/Iﬁ 3aBUCAIIMNX OT Xp: X1 = 2Xp —
3,)62, X3 = Xy — 1.

X1+ 2x7 +x3 — 6x4 = —
X1 tx2+x3—4x4=0
X1 +x3—2x4=3

3amaya 9

X1 + X2 + X3 = 3

X1+ 2x,+3x3=2

2X1 + 3x2 + 4X3 =5
3aMeTHUM, 4TO MPH MOJYYCHUU €IUMHCTBEHHOIO PEIICHHS, BO3MOXKHA ITPOBEPKA MyTEM
MOJCTAHOBKH HANJEHHBIX 3HAYECHHUI B UCXOAHYIO CUCTEMY U IIPOBEPKHU UCTUHHOCTU. B
Ciy4ae OTCYTCTBHSI pEUICHUN WU OECUMCICHHOTO MHOXKECTBA, OPTaHU3aIlUs POBEPKHU
3aTpynHeHa. [loaTomy npuBeneM npaBuio, KOTOPOE MO3BOJISET OCYIIECTBIATh KOHTPOJIb 32
pacyetom Tabau, MXXU:

Ilpasuno:

1. B Tabnuie 1 6epercs 1OMOJHUTEIBHBIN CTOJIOEI, 0003HaAYaeMbIH Xj. ITOT CTOJIOEI]
3aIOIHSETCS MOCIe BEIOOpa pa3pemaroniero dJIeMeHTa.

B X, 3aHOCATCA yMcIa, MPEACTaBIAIOMKUE COO0H CyMMY 3JIEMEHTOB Ka)XJIOW CTPOKHU
0e3 31eMEeHTOB paspelatoniero crondua. [lpu 3Tom K BelMUYMHE, MTOJYyYEHHOH B CTpPOKE, Ilie
CTOWT pa3pelalouidi IEeMEHT, npubaBisercs | (BHE 3aBUCHUMOCTH OT 3HAYCHHUS CaMOTro
pa3periaroniero JEeMeHTa).

[TosicHeHus MpoBeEM JIs IEPBOTO MTPUMEPa PEIIaeMoro BTOPBIM CIIOCOOOM.

Ta6muna 1.1"
—X1 —X7 —X3 CBoOoaHbIE 21
YJICHBI
Vi 1 (2 -1 5 6 =1+(-1)+5+1
yz 3 ~ 4 7 14 | =3+4+7
V3 2 -1 2 1 5 =2+2+1

2. Bo Bcex mocnenyrommx Ttabmmmax MIXXKU OGepercs nBa cronbma cymMm X U Xo.
DJIeMEHTHI X NMPEeAbIAYIIeH TaOauIbl Kak Obl IPOSKTHUPYIOTCS B CTOJOCI] X; HOBOUM TaOJUIIBI B
BHJIC YHCEJI, MOJYYEHHBIX B pe3yJbTaTe BhIUMCIECHUN 1o anroputMmy MXXU (mpu 3TOM HOBBIN
cToI0€I] X IMOKa OCTACTCS CBOOOIHBIM).

Tabmauma 1.2"
—X1 1 —X3 CBobonHble > Py
YJICHBI
X2 1/2 1/2 -12 52 3
2 1/2 =572 13/2 —11/2 -1
V3 52 1/2 372 72 8
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Tabmuna MXXW Oynmer paccuMTaHa BEpHO, €CIM CYMMBbl BceX 0€3 HCKIIOYEHUS
JIEMEHTOB IO Ka)/10H CTpPOKE TaOIMLbl OYAyT paBHbI COOTBETCTBYIOLIEMY 3JIEMEHTY CTOJIOLA

2. Te.:

1/2+1/2—-1/2+5/2 =3 ucr.

1/2-5/2+13/2-11/2 =-1 ucr.

5/2+1/2+3/2+7/2 =8 ucr.

DTO 3HAUYUT, 4TO mepexo oT Tadymmbl 1.1" k Tabnuie 1.2" ocymectsien BepHo. Jlanee
3HAYEHHs, CTOSIIME B CTOJIOLE X, HAM HE ITOHAL00TCS.

3. HOBTOpHCTCH IoCJICA0BATCIIbHOCTD ﬂCﬁCTBHﬁ, Ha4WHaA C ITYHKTa 1.

Tabmuna 1.2"
—X1 - —X3 CBoOoaHbIE 21 2
YJICHBI
X2 1/2 1/2 -1/2 5/2 572 3=t =1/2-1/2+5/2
» 1/2 -5/2 1372 —11/2 -3/2 =17 =-5/2+13/2-11/2
v || 12 3/2 712 13/2 8=t =1/2+3/2+7/2+1
Tabmauua 1.3"
B B B CBobOoHbBIC 5
% Y1 “ YJICHBI : X
X ~1/5 2/5 ~8/10 18/10 2 ory | =—1/5+2/5+18/10
yz ~1/5 ~13/5 31/5 ~31/5 g —T4[5~ | =-1/5+13/5-31/5+1
X 2/5 1/5 35 7/5 2 1375 = 2/5+1/5+7/5
Tabmuua 1.4"
-3 -1 - CBoOonansie h >
YJICHBI
X2 -7/31 2/31 4/31 1 30/31
X3 —1/31 | —13/31 5/31 —1 —40/31
X1 13/31 14/31 -3/31 2 86/31

Takum 0o0pa3om, MBI JAellaeM MPOBEPKY IO XOJy pEUICHUs MpUMepa, YTO IO3BOJIAET
BOBPEMS 3aMETUTH OIMHUOKY U YCTPAHUTH €€.

Hcnonb3oBanue X; u X, TakkKe JaeT YBEPEHHOCTb B OTBETE IIPU OECUMCIEHHOM
MHOKECTBE PEIICHUI WM ITPU OTCYTCTBUHU PEIICHUI BOOOIIIE.

Pemuth cucteMbl TMHENHBIX YPABHEHHH C UCTIOIB30BAHUEM 2| U X).

3anava 10

SX1 + 3XZ — SX3 =-3
6x1 —6xy +4x3=2
5x1—xp +4dx3=2

X;+4x,—x4=5
2X1—3x0+x3+x4=3
X +2x3—-x4=3

2Xy — 33+ 2x4 =3
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dx1 — 17xp — 6x3 — Sx4=—17
43)61 + 24)62 — X3 + 3X4 =28
Xo+2x3+x4=9

2X1 +XxXy= 1

OTBeThI

Ne2 x1 =1, x, = 2, x3 = =2; Ne3 x1 = 79/15, x, = —67/15, x3 = —16/15; Ne5 cucrema

pemenuit He umeeT; Ne6 cucrema pemieHuit He umeet; Ne§ x| = —x3 + 2x4 + 3, x, = 2x4 — 3, 1IpU X3
U x4 — qr000€ uncio; Ne9 x| = x3 + 4, x, = —2x3 — 1, ipu x3 — moo60e uncino; NelQ x; =-5/116, x;
=—-1/116,x3=64/116; Nell x; =1, x,=2,x3=3,x4=4; Nel2 x1 =1, x, =1, x3 =3, x4 = 4.

2. Pazo0OpaThb oco0ble c1y4an B CUMILIEKCHOM MeToO/e.

3agaua 6

L HeneBas Qpynkius:
Z=2x; +3x, —» max

II. Cucrema orpaHUYeHU:

X1 txyt+x3=5
X1 +X2 +X4=9

X1 + X5 S 4
1+ 2x +x6=28
III. YcinoBre HEOTPULIATENBHOCTH

X1, X2, X3, X4, X5, X6 > 0

Pewenue:

[lepexoauM OT cUCTEMBI HEPABEHCTB K CUCTEME YPaBHEHUI:

YIT=—X1—X2—X3 +5

WM=—X—X2—XxX4+9

y=—x1—x5+4

Va=—X]—2X)— X6+ 8

3anuiieM MaTeMaTUYecKyl0 Mojelb B TaOnuuHou ¢opme. Paspemaronuii smemMeHT

BbIOMpaeTcs MPOU3BOJIbHO, HO B 0a3KC JOJIKEH MEPEUTH y;, KOTOPBIH HEOOXOAMMO BEIYEPKHYTh.

Tabnumna 6
— X — X — X3 — X4 — X5 — X¢ CBoOogHbIe >
YJICHBI
Vi (M) 1 1 0 0 0 5 8
y2 Y 1 0 1 0 0 9 11
V3 1 0 0 0 1 0 4 5
V4 1 2 0 0 0 1 8 11
Z -2 -3 0 0 0 0 0 -3
CrenaeM nepByIO UTEPAIUIO
Tabnuma 7
—y1 — X — X3 — X4 — X5 — Xg CBoOoHBIE > Ay
YJICHBI
X1 1 1 1 0 0 0 5 6 B
» +1 0 -1 1 0 0 4 4 3
V3 +1 -1 -1 0 1 0 -1 -1 -3
V4 1 (Y| -1 0 0 1 3 4 3
Z D ~ 2 0 0 0 10 12 13
CrenaeM BTOPYIO UTEPAIUIO
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Tabmuia 8

— )k — X3 — X4 — X5 — Xg CBoOoaHbIe > b
YJIEHBI
X1 -1 2 0 0 -1 2 3 2
2 0 -1 [ (M)Y] o 0 4 4 4
V3 1 2 | Y 1 1 2 2 3
X 1 -1 0 0 1 3 3 4
Z 1 1 0 0 1 13 15 16
Caenaem TpeThIO UTEPALUIO
Tabauua 9
— X3 - — X5 — Xg CBoOoaHbIE 21 2
YJICHBI
X1 2 0 0 -1 2 3
X4 -1 1 0 0 4 4
73 -2 0 1 1 2 2
X -1 0 0 1 3 3
Z 1 0 0 1 13 15
[Tonyden nOMyCTUMBII BapUaHT, SIBJSIOLIUNACA ONTHMAIbHBIM.
Z=13
/xl =2 V1 0
Xy = 3 = 0
X3 = 0 V3= 2
< X4 = 4 V4= 0
X5 = 0
kx6 =0

I[anee paccMOTpuM 3aavuun JIA 3aKPCIUICHUA HaBblKa PCHICHUA CUMIIJICKCHBIM MCTOAOM
CMCIIaHHBIX CUCTCM OFpaHquHHﬁ.

3agaua 7

L HeneBas Qpynkus:

Z=290x; +200x; +270x3 +210x4 —» max

IL. Cucrema orpaHUYeHU:

x1 +x3=30

Xy +x4 =236

1/3x1 +2/9x, < 15

1/2x3 + 1/4x4 <12

I1I. VYcnoBrue HEOTPHUIIATEIBHOCTH

X1, X2, X3, X4 2 0

3amaua 7 B UICXOHOM BuUE Obuta cPOpMyIHpOBaHA CAEAYIOIMINM 00pa3oM:

JIBopel KyJIbTyphl 3aKa3ajl ABYM aTelibe NomuTh 30 MyKCKUX U 36 HKEHCKUX
KOHIEPTHBIX KOCTIOMA. [Ipon3BOAUTENLHOCTD IEPBOIO ATENbE MO MOLIMBY MYKCKUX U )KEHCKHX
KOCTIOMOB COCTaBJISIET COOTBETCTBEHHO 3 M 4,5 IT./IeHb, @ BTOPOTO aTelbe - 2 U 4 IT./IeHb.
®oHJ pabouero BpeMEeHHU MEepBOM MacTEpCKOi cocTaBiseT 15 nHel, a BTopoit MmacTepckoil - 12
nuel. [{ensr mepBoro arense 3a 1 )KEHCKUN U MY»XCKOH KocTioM cocTtasisieT 200 u 290 pyo.
HITYKa, [IEHbl BTOPOT'O aTEJIbE COCTABIISIIOT cOOTBETCTBEHHO 210 1 270 pyo.

CocTaBbTe MaTeMaTHYECKYIO MOJEIb 33aJJa4l, TO3BOJISIONIYIO IBOPILY KYJIbTYpPbI
ONTUMAJIBHO paclpeAeuTh 3aKa3 MEXY aTellbe, C 1eJIbI0 MUHUMU3UPOBATh 3aTPaThl HAa MOLLIUB
KOCTIOMOB.

26



3amaua 8
L LeneBas GpyHKIMs:
Z=2x1t4x3 —» min

II. Cucrema orpaHUYeHU:
2x1txy+4x3+x4>5
X1 + 3X3 + X4 = 2

Xy — 4X4 =5
X1+ 2x+tx3+x4>6
III. YcioBre HEOTPULIATENBHOCTH

X1, X2, X3, X4 > 0
PaCCMOTpI/IM HO,Z[pO6HO PCUICHUC 3a/1a1, UMCIOIINX cnyqaﬁ BBIPOXKXJICHHOCTHU HA ITPUMEPE

3agaun 9.
3amaua 9
L LeneBas GpyHKIUS:
Z=—x1+ 10x; + 4x3 —» max
IL CucreMa orpaHUYEHUN:
X1 tx3<1

2x1txy+x352

2x1 > X T X3

III. YcioBre HEOTPULIATENBHOCTH
X1, X2, X3 > 0

Pewenue:

[TepexoauM OT CHCTEMBbI HEPABEHCTB K CUCTEME YpaBHCHUI:

yi=—x—x3+1

W==2xX1—Xp—x3+2

V3=2X1 X2 - X3

3anuiieM MaTeMaTH4ecKyr Mojeidb B TabmuuHoi (opme. BribepeM paszpemraroriuii

DJIEMEHT.
Tabnuna 10
— X —X — X3 CBoOoaHbBIE 21
YJIEHBI

Vi 1 0 1 1 3

» 2 1 1 2 5

V3 -2 | (1) 1 0 0
Z 1 0 | 4 0 -3

BapuanT gonycrumeiii. Mccnemyem naHHBIN BapHaHT Ha BBIPOXKICHHOCTh. B manHOM

CUMILJIEKC-TAa0IUIIE HAXOJUTCS BHIPOXKICHHBIN BapUAHT, TaK KaK CPEIU CBOOOIHBIX YICHOB
(kpoMe cTpoku Z), MOSBUIICS HOJIb. BeiOMpaeM paspemaroninii 3JeMeHT.

CnenaeM nepByro UTEpaLIo

Tabmua 11
— X - | —Xx3 CBoboaHbIE 2 b
YJIEHBI

V1 1 0 1 1 2 3
¥ ONEE 0 2 2 ]
X ~ 1 1 0 2 0
Z -19 10 6 0 16 -3

CruenaeM BTOPYIO UTEPAIUIO
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Tabauma 12

) -3 — X3 CBoOoHBIE > o
YJICHBI
Vi —-1/4 1/4 1 1/2 372
X 1/4 | -1/4 0 1/2 1/2
X2 1/2 1/2 1 1 3
Z 19/4 | 21/4 6 19/2 5172
[Tony4yeH nOMYCTUMBII BapUaHT, SIBISIOMNNCA ONTUMAJIbHBIM.
Z=19/2
x1=1/2 yi=1/2
Xy = 1 = 0
X3 = 0 V3= 0
Hanee paccMOTpUM 3aJja4i UMEIOLIUX CIIy4ai BBIPOKIACHHOCTH.
3agaua 10
L HeneBas Qpynkmus:
Z="5x1 +10xy + 3x3 + 4x4 —» max
IIL. Cucrema orpaHUYeHU:

0,5)61 + X2 + O,Z)C3 + 0,1)64 < 10

2x1+ 3x3 > 3x3 + 4xy

I1I. YcnoBrue HEOTPHUIIATEIBHOCTH
X1, X2, X3, x4 >0

{le +2x, +2,5x3 + x4 <75

3agaua 11

L HeneBas Qpynkus:
Z=x1+xy+3x3+ 6x4 —» max
IL. Cucrema orpaHUYeHU:

X1t x+x3+x4<20

Adx1 +4dxy > 2x3 + 3x4

I1I. VYcnoBrue HEOTPHUIIATEIBHOCTH

X1, X2, X3, X4 2 0

PaccmoTpum moapoOHO pelieHue 3a1ad, UMEIOIUX Clydyaid Hepa3pemuMOCTH MOJETN
(cucTteMa HEpaBEHCTB HE UMEET pPEIICHUs) Ha puMepe 3a1adu 12.

{xl +x+2x3 +x4 <15

3agaua 12
L HeneBas Qpynkus:
Z=x1+t0.2x; +x3 —» min
IL. Cucrema orpaHUYeHU:
0,1x; +0,2x, <2
{— X1 — 2x2 > 5
2% +3x3< 1
I1I. VYcnoBrue HEOTPHUIIATEIBHOCTH
X1, X2, x3 >0
Pewenue:
[lepexoauM OT CUCTEMBI HEPABEHCTB K CUCTEME YPAaBHEHUI:
y1=-0,1x; —0,2x, +2
==X —2x—-5
V3 =—2)C1 — 3X3 +1
3anuiieM MaTeMaTH4ecKylo Mojeiab B TabiuyHoi ¢opme. BribepeM paspemarommii
AJIEMEHT:
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Taomuma 13

— X — X — X3 CBoOoaHbIe >
YJIEHBI
Vi 0,1 0,2 0 2
— > W 1 2 0 -5
V3 2 0 3 1
V4 -1 -0,2 -1

HccnenyeM HOHy‘ICHHHﬁ BapuaHT Ha AOIYCTUMOCTbL.

B Tabmuie HaXxogUTBCS

HEJONYCTUMBbII BapuaHT pELIeHMs 3a/ladyd, [OTOMY YTO CPeIu CBOOOJHBIX HJIEHOB HMMEETCs
oTpuLaTeNbHbI 37eMeHT. [Ipu BbIOOpe paspeliaromero 3j1eMeHTa MHOoJy4yaeTcs, 4YTO Cpeau
CUMIUIEKCHBIX OTHOIIEHUN HET HAMMEHBIIEro MOoJoXuTelbHoro. CienoBaTesbHO, B JaHHOU
3aJaue HEBO3MOXKHO HAalUTH NOIyCTUMBIN BapuaHT. C 5KOHOMUYECKOM TOUYKHU 3pEHUS 3TO 3HAYMT,
YTO OIPAaHUYEHMS] MOJEIM SBISAIOTCA B3aMMOMCKIIIOYAIOIIMMU, IPOTUBOPEUAILUMHU JIPYT IPYTY
TpeboBaHUAMMU. 3a/1aua HE UMEET PELICHHUS.

Jlanee paccMOTpUM 3aJaud MMEIOIIMX ClIydall Hepa3pemMMOCTH MoJenu (cucreMa
HEPaBEHCTB HE UMEET PEIICHUs).

3amaua 13

L LeneBas QpyHKIMs:
Z=12x; + 14x, + 10x3 + 8x4

IL CucreMa orpaHUYEHU:
2x1 +3xy +4x3 + 5x4 <10

x1 +3x,+0,5x3<5
X1 —2X2—3X4§3

III. YcioBre HEOTPULIATENBHOCTH

X1, X2, X3, X4 > 0
3anaua 14

L HeneBas Qpynkmus:

Z =25x1 +20x; + 30x;3
IIL. Cucrema orpaHU4YeHH:
—10x; — 8xy — 15x3 > 100

2x1 +2x+3x3<20

0,2x;1 +0,3x, + 0,25x3 <5

I1I. VYcnoBue HEOTPUIIATEIBHOCTH

X1, X2, X320

Paccmorpum moapoOHO pemieHue  3anad,

—» Inax

—» min

MMEIOIIMX ClIy4yall HEOrpaHW4YEHHOCTH

¢dyHkmoHana (QyHKIKS HE UMEET SKCTPEeMalbHOTO 3HAYCHUS) Ha MpuMepe 3a1a4u 15.

3agaua 15

L HeneBas Qpynkius:

Z=-2x1—Xx3 —p min
IIL. Cucrema orpaHUYeHU:

—X1—X2—x3%<5
3x1txy—4x3<2
6x; — 8x3 < 8

I1I. VYcnoBrue HEOTPUIIATEIBHOCTH

X1, x2,x3>0
Pewenue:

HepeXOI[I/IM OT CUCTEMbI HCPABCHCTB K CUCTCMC ypaBHeHPIfIZ

Yi=X1 +X2 +X3+5

V2 =3x1—x2 T4x3+2

V3= —6)C2 + 8)63 +8

3anuiieM MaTeMaTH4ecKylo Mojenb B TabiuyHoi ¢opme. BribepeM paspemarommii

9JICMCHT.
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Tabmauma 14 ,L

— X — X — X3 CBoOoaHbIe >
YJIEHBI
V1 -1 -1 -1 5
W -3 1 —4 2
73 0 6 —8 8
V4 2 0 1 0

Hccnenyem TmoNydeHHBI BapuaHT Ha JOMYyCTUMOCTh. B  Tabiuie HaxXoAUThCS
JOMYCTUMBIA BapUaHT peEUICHUs 3aJadyd, IOTOMY UYTO Cpeaud CBOOOIHBIX UJIEHOB HET
OTPULATENIbHBIX JIEMEHTOB.

Uccnenyem monydeHHBIM BapuaHT HAa ONTUMAJIbHOCTh. B  Tabnuue HaxoAUThCs
HEONTUMAJIBHBIM BapUaHT, TaK Kak KOA((HUIIMEHTBI CTPOKU Z TOJOXKHUTEIbHBIE (Z—>min)
(ameMeHT Ha mepeceyeHre cToy0a CBOOOIHBIX WIEHOB U CTPOKH Z MpPH aHalIu3€ BO BHUMAaHUE
He npuHuMaetcs). Beibupaem pasperiaromuii 31eMeHT.

[Ipu BBIOOpe pa3pelaloUIero »JJIeMEHTa IOJNy4YaeTcsi, YTO Cpedud CHMIUIEKCHBIX
OTHOILIEHUNA HET HAaUMEHBIIETr0 MoJoXKuTeapbHoro. CrenoBarenbHO B JaHHOM 3aaaue
HEBO3MOKHO HAaWTH ONTUMAalbHbIA BapuaHT. C SKOHOMHUYECKON TOYKH 3pEHHUS Peyb O Hjee
HEOTPAHUYEHHOCTH KaKOro-ITu00 BHIa pecypca. 3a1aya HE UMEET ONTUMAIBHOTO PELICHUSI.

Jlanmee paccMOTpUM 3aJauyd HMMEIOMIMX CcJy4yail HEOrpaHMYeHHOCTH (YHKIHMOHANa
(pyHKIIMS HE HMEET SKCTPEMAIbHOI'O 3HAYECHHUS).

3anaua 16
L HeneBas Qpynkus:
Z =5x1 + 3x; + 6x3 — » max
IL. Cucrema orpaHUYeHU:
2x1+xy+3x3>25
{xl + X2 < 20
X2 —x3<10
I1I. VYcnoBrue HEOTPHUIIATEIBHOCTH
X1, X2, x3 >0
3amaua 17
L LeneBas GpyHKIHUS:
Z=8x; +x3+ 10x3 —» max
IL CucreMa orpaHUYEHUI:
2)(?1 + 2)(?2 — 4)C3 < 15
3x1 +x,<20
6)62 — IIX3 < 7
III. YcioBre HEOTPULIATENBHOCTH

X1, X2, X3 > 0

OTBeThI
Ne2 Z=36,x1=0,x=3,x3=0,x4=0,8,y1=20,,=0,y3=0; Ne3 Z=2,x;=0,x,=0,

5 17
X3=0,x4=2,y1=0,1,=0,y3=0; Ned Z=265 —,x; =3 2L v, =1 -2 =311 3 =0,),=
23 23 23 23

O; NeS 7 = 12,)61 =3,XQ=O,X3=3,y1 =4,y2=0,y3=0; N7 Z = 16260,X1 =30,XQ=O,X3=O,
xX4=36,y1=0,2=0,y3=5,4=3; N8 Z2=0,x,=0,x=13,x3=0,x4 =2,y =10, 1, =0, y3 =
0,y4=22; Nel0 Z= 127,27, x1 = 18,18, x, =0, x3 =0, x4 = 9,09, y; = 29,55, », =0, y3 =0; Nell Z
=57,86,x1 =321, x, =321, x3=0,x4 = 8,57, y1 =0, y» =5, y3 = 0; Nel3 pewmenus ner; Nel4
pewenus HeT; Nel6 pemenust Het; Nel7 peleHus HeT.
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3. Hayuutbecs pemieHHI0 3agad JIMHeilHOro mnporpammuposanusi B MS Excel.
Pa3zo0paTh 3KOHOMHYECKYI0 HHTEPNPETALUIO Pe3ybTATOB pellieHus 3a1a4.
Yto0s! pemuTh 3a7a4y, UCNOJb3Ys TabauuHbIi pegakTop MS Excel Heo6xoaumo:

— OtkpseiTh Tabnnunblit pegakrop (Ilyck —» I[Iporpammer —» MS Excel);

— 3anuiueM YHuCIOBYI0 MOJENb 3a1a4i Ha pabouuit nuct (pucyHok 1.1). lns storo
HEoOXOIUMO BbIOpaTh SIMEHKM B KOTOPBIX OYAYyT HaXOAMTbCA NepeMeHHble. JlomycTum
x1—C1 x,—C2 (BBIOOp SUEEK IPOU3BOJICH).

B stueiixe Al 3anumrem neneByio Gpynkmuio Z = 2X, +3x, : Al: =2 - C1+3 - C2
[Ipumeuanue: 3anucek GopMyJl Bceria HAUMHAETCS CO 3HAKA «=).

B siueiiky B1 3anumiem sieByro yacth 1-ro orpanuyenus (1x; + 3x;)
Bl:=Cl1+3-C2

B siueiiky B2 3anumiem sieByro yacth 2-ro orpanudeHus (1x; + 1x;)
B2:=C1+C2

Madn  [Mpaeka BWa  BrTaska @opwat  CepeWc  faHHele  OkHO  CNpaeka
NEeHat SGRY $B - w4 @0 7 ador
Al - fe =2"C1+37C2
« EERE e
i 0

]

|-~J|m|m|.r:-|r_u|w =

Pucynox 1.1 — 3anuch unciaoBoit Mozenu Ha pabouem iucte MS Excel

— Tlocne kak YuWCIOBas MOJENb 3alMCaHa, HEOOXOIMMO YCTaHOBHUTH Kypcop B
sueiiky Al (B Heil pacrmonokeHa 1esneBas (yHkims). Beioupaem Bkiaaky «CepBuc» —
«[Touck perieHus. ..», IPH 3TOM OTKPOETCS TUAIOTOBOE OKHO (yHKIUH «[IOMCK pereHus.

— B oTkpbIBIIEMCSl OKHE HEOOXOJMMO YCTaHOBUTh LIEJIEBYIO SUCHKY, @ TOCKOJIBKY Y
BaC Kypcop CTosul Ha siueiike Al, TO 3HaueHHWe IEIECBON sYEHKU OymeT mpaBHIbHBIM. B
NPOTHBHOM CJIy4ae YCTAaHOBUTEC B PYUYHYIO aJpec Ie/IeBOi sueliku (B JTaHHOM Cilydae
porpamMma HCIHOJb3yeT abCONIOTHBIE ajapeca T.e. sueiika Al umeeT aOCOJIOTHBINA aapec
$AS1) (pucynok 1.2).

— VYcraHoBuTe  Mapkep B TOJOXKEHHE,  COOTBETCTBYIOIIUE  KPHUTEPHUIO
ONTUMAJIbHOCTH: MAKCHUMAJIbHOMY HJIH MHHUMAJIbHOMY 3HAYCHHIO.

— B okne «M3MeHss sYeHKH» HYKHO yKa3aTh ajapeca siueeK COOTBETCTBYIOIIHE
nepeMeHHbIM. 111 3TOro HeoOX0AUMO BbIACIUTh Auana3oH sueiiku ¢ Cl mo C2 (pucyHok
1.2).

MNMouck pewenua EE
YCTAHOBMTE WENEEYHD AYEHIY: a1 B3 BEINONHMTE I
PABHOM! % pakcHMansHoMy SHIUSHi  © 3HaHeHH: |D

3aKpEITE |
€ MMHMMANEHOMY SHAUEHHHD
MzMeHAR AYEFKH;
|$C$1:$C$2 %] MpeanonowmTs |
-OrpaHHHEHHA: [apameTpe! |

ﬂ AnBaENTE |

MzMEHHTE |
BoCcTaHoOEMTE |

j ¥AANHTE |
Crnpaska |

Pucynok 1.2 — PaGota B nuanoroBom okHe «llouck perienusn»

— B oxne «OrpanuueHusi» akTUBUpPOBaTh KHOMNKY «JloOaBuTh». OTKpoeTcs OKHO
«/lo0aButh orpannyenus» (pucyHok 1.3). BBonum nepBoe orpanndenue: B okHe «CchlIKa
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Ha SUEWKY» YKa3bIBAIOT aJpec SUEWKH, IJIe HAXOJUTCS JieBas 4acTh 1-ro OrpaHuYeHus -
$B$1, 3aTem BBIOMpAIOT 3HAK OrpaHUYeHHS « < » U 3Ha4ueHue — 300.

JoGaBneHHe orpaHHYEHHA KB

CrbinKka Ha aqeriy: OrpaHHUeHHE:

[sB41 Sl <= x| Ja00 ]
Ok I OTMEHA | AoBaEHTE | Cnpaeka I

Pucynok 1.3 — JluanoroBoe okHO «/loOGaBiieHue OrpaHUUCHUSD)

— AKTHUBHpYEM KJIaBUIIY «J100aBUTH» U aHAJIOTUYHO BBOJUM BTOPOE OTpaHUYEHUE.
3areM BBOAMM YCIIOBHME HeopuuareiabHOocTU. st aToro B okHe «CcbUIKa Ha sS4YEHKy»
yKa3blBaeM [JHMAIa30H sueek, B KOTOpbIX Haxoxasarcs mepemeHHble ($C$1:3C$2). ITocne
noOaBieHMs Bcex orpaHndeHuit Beioupaem «OK». Ilporpamma Bo3Bpaiaercs B AUATIOrOBOE
okHo «ITouck pemenus». BBog uncioBoit Mozenu 3aKOHYEH (pUCYHOK 1.4).

MoMck peweHdn K E3 I

WCTAHOEMTE WENEEYHD AYEAKY ! & BEINonHHTE I
PaBHOA: % MaKCHMANEHOMY SHAYEHHHD € 3HaqEHHH! IU
SaKpEITE

o MHMHHMMSNEHOMY SHAYEHHHD

MzMeHan AHeRkH:

|$C$1 i L e j‘_] MpeANonokHTE |

FOrpaHHYeHKa: MNapameTpel
Bhow st |

SC41CE2 =10 NZMEHHTE |
lI ¥AANHTE |

BOCCTAHOEHTE

Chpaeka

1N

Pucynok 1.4 — 3aBepiienue BBOa YMCIOBOW MOJEIN B AUAJIOTOBOM OKHE
«IIouck peueHus»

— BreiOupaem xomanny «Bsimomnuts». Ha skpaHe mosBUTCS OKHO «Pe3ynbTaTbl
noucka peuieHus» (pucyHok 1.5). Ecinu Mozens coctaBieHa MpaBUIbHO U UMEET PELIeHUE, B
OTKpBIBLIEMCSI OKHE OyZeT coobuieHue: «Pemenue HaiieHo. Bece orpanudeHus U ycioBUs
ONTUMAJILHOCTH BbINOJHEHBI». B okHe «Tum ortyera» BbIOepuTe «Pe3ynbTaThl» U HAXXMUTE

«OK».
PesynbTaThl NOMCKa pEWEHHA EE |

PelleHHe HaMAeHD, Boe OrpaHKYEHHA K Y CNoEMA
ONTHMANEHOCTH EEINONHEHEI. THn oTHETA

PesyIETATE
¥CTORYHEOCTE

Mpeaenel
=

% CoxpabMTE HaiAEHHOE PELIEHHE

o BOCCTAHOEMTE FICXOAHBIE SHAHEHHA

Ok I OTHEHA | C0xpaHMTE CUEHAPHH. .. CMpaeka |

Pucynok 1.5 — OxHo «Pe3ynbTaThl OMCKa PELICHUS
PesynbTar pemienus 3amauu npezacrarieH B «Otuere mo pesyiabTaTam» (pucyHok 1.6).

Pemenue 3amaum OKOHYEHO.
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Fd Microsoft Excel - Knural

@ daiin  Mpaeka Eua Bcraska opwat  Cepewc  JaHHele  OkHo  Crpaeka
heEan &LV & SRl RS | R L

Al A A Microsoft Excel 10.0 OtveT no pesyneTatam

B D e
1 |Microsoft Excel 10.0 OTyeT no pesynstatau

Pabouuit nuct: [Knura1]Muerl
Otyer coznaun: 22.03.05 20:54:36

Uenegan aveika (Makcumym)
Aveika Hua Hcxopuoe 3Ha4enwe Pesynetar
FAH1 0 375

MamMeHABME e AYERKY
Aveika Hus Hcxopuoe zHavenwe Pesynbrar
FCH 0 75
Fh2 0 75

OrpaHu4eHuna
Aveika Husn 3Hauenune ®opuyna Cratyc Painuua
5651 300 $B%1<=300 ceAzaHHOE ]
5652 150 $B$2<=150 cEAZaHHOE ]
HCH1 75 §CH1==0  He cEAzaH. 78
HCH2 75 §CP2>=0  He ceAzaH. 78

[

Pucynok 1.6 — OTtuer no pe3yiapTraram

— Pemenue 3a7aun OKOHUEHO, pe3yJIbTaThl MOXHO pacleyaTaTh.

[Ipumeuanue

Ecnu nmouck He MOKET HAMTH ONTUMAJIBHOE PELICHUE, B JUAJIOrOBOM OKHE Pe3y/ibTarhbl
NMOUCKA pelleHusl BEIBOJIUTCS OJTHO U3 CIEAYIOUIUX COOOIICHUN.

ITouck He MOKeT yIy4IIUTh TeKyllee pemeHne. Bece orpaHnyeHnsi BBIOJIHEHBI.

B mporecce moucka pemieHus HEIb3sd HAWTH TaKoW HAOOp 3HAYCHMI BIMSAIOIINX SYEEK,
KOTOpBIA ObuT ObI Jiydle Tekyliero peueHus. IIpubnusurensHoe penieHue HailieHo, HO J1UO0
JalbHeWIee YTOYHEHHE HEBO3MOXKHO, JUOO MOTPElIHOCTh, 3aJaHHas B JAHAOTOBOM OKHE
ITapaMeTpbl NOMCKa pelIeHUs CIUIIKOM BbICOKA. MI3MEHHTE MOrpEIHOCTh HA MEHBLIEE YNCIIO0
U 3aIyCTUTE IPOLENypy OMCKA PEIICHHS CHOBA.

Ilonck ocTaHOBJIEH (MCTEKJIO 32/ITaHHOE HA TMIOUCK BpeMsl).

Bpemsi, ornymeHHoe ~ Ha  pelleHMe  3aJadd, ~ UCYEpHaHO, HO  JIOCTUYb
YIOBJIETBOPUTENBHOTO pPELICHUS HE yAanoch. UTOOBI NpH ClEAYIOLEM 3allyCKe HpOLEAYpbl
MIOMCKA PEIICHUs] HE MOBTOPATH BBIIIOJIHEHHBIE BBIYHUCIEHHUS, YCTAHOBUTE IEPEKIIIOYATEIb
Coxpanuthb HalifeHHOe pemieHne Wi CoOXpaHUTb CHeHapHi.

ITouck ocTaHOBJIEH (IOCTUTHYTO MAKCUMAJIbHOE YHCJIO UTEPALUil).

[IpousBeneHoO pa3pelieHHOe YUCIO0 UTepalui, HO JOCTHYb YyJOBJIETBOPUTEIBHOTO
peuieHuss He YAaloch. YBEIMYEHUE 4YHCIa HUTEPAalMii MOXKET I0MOYb, OJHAKO CIIEIYeT
paccMOTpETh pPEe3yiabTaTbl, YTOOBl MOHATh HPUUYMHBI OCTAaHOBKHU. YUTOOBI IpH ClEoyIOIEM
3alyCcKe MpOoLEeAYypbl NOMCKA PELICHUs] HE TOBTOPSATH BHIIOJHEHHbBIE BBIUMCIEHUS, YCTAHOBUTE
nepexitoyatenb COXpaHUTH HalileHHOe PpelleHue Wi HaxMmute KHonky CoxpaHHTh
CIleHaPHIiA.

3HauyeHNs HeJeBO TYCHKH He CXOAATCH.

3HaueHue 1IeNeBOM SUCHKU HEOrPaHWYEHHO YBEJIMYHMBACTCS (WJIM YMEHBILAETCS), JaXKe eCIH
BCE OrpaHUUCHUS COOMIOAEHbl. BO3MOXHO ciiefyeT B 3aaye CHATh OAHO OIpaHUYEHUE WM Cpa3y
HECKOJIbKO. M3yunTe mporecc pacxoxIeHus: peleHns, IPOBEPhTE OIPAHUYEHUS U 3aITyCTUTE 3aauy
CHOBA.

ITouck He MOKeT HAWTH MOAXOAALIETr0 pPelIeHMsl.

B mpouecce moucka penieHusi Helb3s CAENaThb UTEpAlMIo, KOTOpas YAOBJIETBOpsaa Obl
BCEM OIpPAaHUYEHUSAM IIpU 3aJaHHOM TOYHOCTH. BeposATHO, OrpaHUYEeHHs] NPOTUBOPEUUBBHI.
Hccnenyiite nuct Ha npeIMeT BO3MOXKHBIX OLIMOOK B (hopMyJiax OrpaHMYEHUI WM B BbIOOpE
OTpaHUYECHUM.
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ITouck ocTaHoOBJIEH MO TPEOOBAHUIO MOJIB30BATEIS.

Haxara xHonka Crom B nuanoroBoM oxkHe Tekyluee COCTOSHHME NOMCKA pelIeHUs!
1ocJjie NpepbIBaHus IOMCKa PEIIEHUs B TPOLIECCE BHIMOIHEHUS HTEPALIUH.

YcaoBus sl IUHEHON MO/IeJId He YI0BJIeTBOPSAIOTCS.

VYcranosneH ¢uaxok JIMHelHasi MoJe/Ib, OJJHAKO UTOTOBBIH MepecueT NOPOKIAET TaKUE
3HAYCHMS, KOTOpBIE HE COMNIACYIOTCSA C JIMHEWHOM MOJENBI0. OTO O3HAYAET, YTO pPEIICHUE
HEJECWCTBUTENbHO M JaHHBIX (opmyn naucra. YUToObl NpOBEpUTH JIMHEHHOCTH 3aJayd,
ycTaHoBUTE (Dr1akoKk ABTOMaTHYecKOe MacIITa0MpOBaHMe U IOBTOPHO 3allyCTUTE 3ajauy.
Ecnu 310 coob1ieHne onarh MOSBUTCS Ha dKpaHe, CHUMUTE (uiakok JIMHelHasi MoesIb 1 CHOBA
3aIlyCTHUTE 3a/ady.

IIpu noncke pemeHus 00HaApyKeHO OIIHO0YHOE 3HAYEHHE B LeJIeBOH siUeliKe N B
siyeiiKke OrpaHUYCHUSA.

Ilpu nepecuere 3HaueHWIl syeek OOHapykeHa omMOKa B OAHOW Qopmyie WM B
HECKOJIBKUX cpa3y. Haliniurte neneByro s4eiiKy WM S4YEHKY OrpaHUYECHMs], IOPOXKAAIOIINE
omnOKy, U H3MEHUTe HX (OpPMyJbl Tak, 4TOObl OHM BO3BpallaIM MOAXOJSIIEE YHCIOBOE
3HA4YCHHUE.

Habpano HeBepHoe ums uiau ¢gopmyina B okHe /[00aBHTH OrpaHMYeHHMe WIH B OKHE
H3menuTh orpanuveHue, q100 B nosne OrpaHmyeHHe ObUIO 3aJjaHO LEJNOE WIM JIBOMYHOE
orpanuueHue. YtoObl OrpaHMUUTH 3HAUEHUS AYEHKHM MHOXXECTBOM LIEJBIX YHCENl BbIOEpUTE
OIepaTop LeJIOro OrpaHUUYCHMsI B CIIMCKE YCIIOBHBIX OIepaTopoB. UTOOBI YCTAHOBUTH ABOMYHOE
OrpaHHu€eHuE, BIOEpUTE ONepaTop sl ABOMYHOI0 OTPAHUUYECHHUS.

Hnmepnpemayus pe3ynbmamos 3a0avu

[TonydyeHHble 3HaueHUs B s4elKax, coAepXalux (Gopmynibl LEIeBOM (QYHKIUU WU
OTpPaHUYEHUH, SBJSIOTCA PE3yJlbTaTOM pacueTa LelleBOM (QYHKIMH M COOTBETCTBYIOLIUX
OTpaHUYECHUU.

Pesynbrar, nomydeHHblii B sueiike Al o3HauaeT NpuObUIb, MOMYYEHHYIO OT IIPOM3BOZICTBA
HPOTYKLIMH.

Sueiiku C1, C2 yka3pIBalOT HaM Ha KOJIMYECTBO MPOU3BEACHHON MPOAYKIUH.

B sueiike Bl 3anmcano 1-oe orpanuueHue, xapakrepusyroliee pacxon cwipbsi C; Ha
IIPOM3BOJCTBO BCEX BUAOB Npoaykuuu. IIpu aTom nomyumicsa pesynsraTr pasHbiid 300, pazHuna
paBHa 0, 4TO yKa3bIBa€T Ha MOJHBIA PACXOJl CHIPbS JAHHOT'O BUAA.

B suelike B2 3amucaHo BTOpoe OrpaHMYeHME, XapaKTepusyrouiee pacxon coipbsi C, Ha
npousBoacTBo npoaykuuu II; u Il,. Pesynbrar paBen 150, pasnuna paBHa 0, 4TO MOJIHOCTBIO
COOTBETCTBYET 33JaHHOMY OIpaHMUYCHHUIO (T.€. ChIpbe Cy U3PaCX0A0BAHO MOIHOCTHIO).

3nauenue sueek Cl, C2 mpesblmator 0, T.e. yClIOBME HEOTPULATEIBHOCTH IEPEMEHHBIX
BBIIIOJTHEHO.

Omeem

MakcumanbHas npuObLIb BO3MOXKHA B pazmepe 375 ennHull.

O6beM Boiycka nponykuuu: IT; — 75 wryk, I, — 75 mTyk.

Coipre C1 uC2 u3pacxo10BaHO NOJHOCTHIO, YCIOBHE HEOTPULIATEIBHOCTH BBIITOIHEHO.

2.2 JIabopatopHas padora Ne JIP-3, JIP-4 (4 yaca).
Tema: «MeToabl pemieHus 32124 JIMHEHHOT0 POrpaMMHPOBAHUS TPAHCIIOPTHOIO THIIA»

2.2.1 Heap padorbl: M3yunTh METObl pelIEHUs 3a/1a4 JUHEHHOrO MPOrpaMMHUPOBAHUS
TPAHCIOPTHOI'O TUIIA

2.2.2 3anayu padoThI:

1. 13y4nTh NOCTAaHOBKY U MOJEIIb TPAHCIOPTHOM 3a1a4H.

2. HayunTbcs pemaTh TpaHCIOPTHYIO 3a/1a4y METOIOM IIOTEHIUAJIOB.
3. HayuuThcs pelieHuo TpaHcnopTHBIX 3aaad B MS Excel.
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2.2.3 Ilepevyenn npudOpoOB, MAaTEPHAJIOB, HCIIOJIb3YeMbIX B JIA00paTOPHON padore:
1. Kanpkynstop

2. Komnerotep
3. Jlocka

2.2.4 Onucanue (xox) padorTnl:

1. U3y4uTh NOCTAHOBKY M MO/I€JIb TPAHCIIOPTHOM 3a1a4M.
(Onopa Ha KOHCIIEKTHI JICKIIH)

2. HayuuThbces pemiaTh TPAHCHOPTHYIO 3224y MeTOA0M NOTEHIIHAJIOB.
Metoa nNOoTeHIMANOB PEeLICHHs TPAHCIOPTHOM 3a/1auu JIMHEHHOTr 0 MPOrpaMMHUpPOBaHUS €
HaXO0X/IEHNEM OIOPHOIo Iu1aHa MeTo oM CeBepo-3anagHoro yria.

3agaua 1

CocTaBuTh IUIaH MEPEBO3KM KapTodens u3 3 COBX030B 3 MarasMHaM Tak, 4YTOObI
CyMMa pacCTOSIHMM Ha nepeBo3Ky Oblia MUHMMainbHOW. Hamnmume kaprodens (B TOHHax),

NOTPEOHOCTh Mara3uHOB M PACCTOSIHUE OT COBX03a J0 Mara3uHa (B KMJIOMETpax) MPUBEIACHBI
B TaOmume 1.

Taomuua 1
Marasun
CoBxo03 I > 3 3amacel
1 2 8 7 300
2 6 ? 3 360
3 > 2 I 180
840
[MoTpebnoctu 210 450 310 970

Hano: b; — Hanuuue rpy3a y i-ro nocrasumuka (i =1, 2, 3)
a; — NOTPEeOHOCTS j-ro norpedurens (j =1, 2, 3, 4)
Bo3MOXHOCTH OCTaBUIMKOB:
3
> b, =840
i=1
Bo3moskHocTH moTpedureneii:

3 3 3 3
>a,=2b, —124-2h | =130
' ' J=1 i=l

3aj1aya OTKPBITOTO THIIA, YTOOBI 3aKPBITh, HY)KHO BBECTH (DUKTUBHOTO IMOTPEOUTEIS C
noTpeOHOCThIO by = 130

X11 X12 X13
X= | x2 Xn  X23

X31 X32 X33

X41 X42 X4

X;; — KOJINYECTBO Ipy3a, IEPEBO3UMOr0 OT i-I'0 MOCTABIIHKA K j-MYy IOTPEOUTENIO.
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4 3
Z= E Ecl.jxl.j —>min

i=l j=l
4 3

2%, =4d, (=1,2,3) 2% =b=1.23.9
i=1 J=

VcioBue BbIBO3A:
x11 +x12 +x13=300
X21 X202 + x23 =360
x31 +x3 +x33 =180
Xa1 X0+ x43 =130
VCloBKE yI0BIETBOPEHHUS IIOTPEOHOCTEI:
X1+ x21 T x31 x40 =210
X12 T X220 T x32 + x40 = 450
X13 T x23 + x33 + x43 =310
Z =2x11 +8x12 + Tx13 + 6x21 + Ox20 + 3x23 + S5x31 + 2x32 + 1x33 + 10x14 + 10x;5 + 10x54 — min

[TonyuaeMm ucxoauslii Bapuant MeTo1oM CeBepo-3aagHoro yria.

Tabmauma 2
Marazun
CoBxo03 3amacel
1 2 3
2 8 7
1 300
210 90
6 - 9 + 3
2 o 360
3?0 : 0
5 2 | 1
3 | I 180
oES ' 180
I R
10 + 10 - 10
4d 130
o=206 130
970
[ToTpebHocTn 210 450 310
970

Zpacr 2210+ 8:90 +9-360 + 1-180 = 420 + 720 + 3240 + 180 = 4560

HccnenoBanue Ha BBIPOKIECHHOCTh. BapuaHT OyneT HEBBIPOXKICHHBIM, €CIH YHCIIO
3aM0JIHEHHBIX KJIETOK N paBHO CyMMeE MOCTaBIIMKOB U MOTPEOUTENEH 3a BHIYETOM €IUHUIIBL N
=m-+n-—1.

N=35

ntm—-1=3+3-1=6,

T.6. N < m + n — 1 — BapuaHT BBIPOKJEHHBIN, CJI€I0BATEIHHO, €r0 HEOOXOAUMO
MOTOJIHUTh, TPOCTAaBUB B  HEIOCTAIONIEM YHCIE KIETOK HOJb. [lOCKOIBKY ATHUM
JOTIOTHUTEIBHBIM KJIETKaM OyAyT OTBEYaTh HYJIEBbIE MEPEBO3KH, TO OOmMI OamaHc u
CyMMapHasi CTOMMOCTh IIEPEBO30OK ILJIaHA MpPH ATOM He u3MeHHTCS. OaHaKo TPOBOIUTH
MOTOJIHEHUE TIJIaHA, BEIOMPAst KIETKU MPOU3BOJIBHO, HENb3sl. HeoOXoanuMo yuuThIBaTh yCIOBUE
AIUKJIMYHOCTH.

[TocTaBuM HOMB B KIETKY (2,3).

Hccnenyem Ha OoNTUMAIBHOCTB, JJISL 3TOTO:

36



1) CocTaBuM cucteMy ypaBHEHHI OTHOCHTEIHHO MOTCHIIMAIOB IS 3aII0THEHHBIX
KJIETOK TaOJIMIBI: YCIOBHE: V; — U; = Cjj.

st kinetku (1,1) vy —uy=c1 =2

utst KiaeTku (1,2) vo —up =c¢jp =8

TUISL KITETKU (2,2) Vo —up = ¢ =9

TSt KIeTKU (2,3) v3 —up = cp3 =3

11t Kietkd (3,3) vi—uz=c33=1

1utst KeTku (4,3) v3 — ug = c43 = 10

Kak npaBuno u; = 0, Torna nosyyaem:

vi=2 u =—1
V2=8 u3=l
V3:2 u4=—8.

2) C noMoIbI0 HaliICHHBIX TIOTEHIIMAJIOB IIPOBEPUM BBINIOJIHEHHE HEPABEHCTBA V; — U
< ¢ 1J11 CBOOOJIHBIX KJIETOK U BBIYUCIIUM
a= |(vj—u,-)—c,-j|
JUISL T€X U3 HUX, JI1 KOTOPBIX 3TO HEPABEHCTBO HEBBITIOIHAETCS.

11t kietku (1,3) Vi—up=ci3
2-0<57 BEPHO
U1 KIeTku (2,1) Vi — Uy < 0o
2-(-1)<6 BEPHO
1t kietku (3,1) Vi —u3z < ¢31
2-1<5 BEPHO
11t Kitetku (3,2) V2 — U3z < €3
8-1<2 HEBEPHO 03 =15
115 Kitetku (4,1) Vi —ug < caq
2-(-8)<10 BEPHO
TU1s1 KITeTKY (4,2) Vo —uUg < Cap
8—(-8)<10 HEBEPHO o4 =6

[Monmyuaem: o3, = 5; a4 = 6.

CylecTBYIOT IJIOXUE KJIETKH, CIIe0BaTeIbHO, BAPUAHT MIPEJICTaBICHHbIN B Tabnume 1
HE ONTUMalbHBIA. [l yaydileHus IjjaHa TIEPEeBO30K B TaOMULE CTPOMUTCA LIUKI
nepepacnpezeneHust 00beKToB nepeBo3ok. ki npeacrapiser coOoi 3aMKHYTYIO JIOMaHYIO
JUHUIO, KOTOpas HayMHAETCs B TOM CBOOOJHOW KIIETKE, II€ YCJIOBHE ONTHUMAJIBHOCTHU
HapylaeTrcs HauOosiee CWiIbHO. B paccMmarpuBaeMoM NpHMepe TaKoM KIETKOW sBIseTcs
Kietka (4,2), rue o Haubombee (o4 = 6).

[Ipy mocTpoeHuMM IUKIa MOXHO IPOXOAMTh KaK dYepe3 3aHsTble, Tak M 4Yepe3
CBOOOHBIE KJIETKU TAOJUIbl, HO IOBOPOTHI MOXHO JI€aTh TOJIBKO B 3aHATBHIX KJIETKaX IOJ
npsAMbIM yrioM. [locTpouM mo yka3aHHBIM IpaBuUjaM LMKJI B Tabnuue 2. JIaHHBIM IMKII
MOKA3bIBAET, YTO JUIS YIYUIIEHHUs IJIaHA IIEPEBO30K, T.€. JUIsl YMEHBIIEHUs! 0011l CTOMMOCTH
IIEPEeBO30K, HEOOXOIUMO HM3MEHMTh O0BEM IEpPEeBO30K B TeX KJIETKaX, IJle HaxoIsaTcs
BEPILUHBI (YIibl HIOBOPOTA) IIUKJIA.

[Topsinok wu3MeHeHHst O0BEMOB MEPEBO30K B BEpIIMHAX I[MKIJIA ONPEAENsIeTcs
cienylmuM olOpa3oM. B BepliMHax LMKIIA pacCTaBISIIOTCS 3HAKU «+» U «—», IPUYEM B
Hauajle [IMKJIa CTAaBUTCS 3HAK «1+», B CIEAYIOIIEH «—», B ClIeaylolei 3a Hell BepliuHe «+» U
T.1. To ecTp, momydaem uepeoOBaHUE 3HAKOB «+» M «—». HampaBieHue ABIKEHUS IPH
paccTaHOBKE 3HAKOB OT CBOOOIHOM KJIETKH 0€3pa3IMyHO, TaK KaK KOJUYECTBO BEPLIMH LIUKIIA
SABIISICTCS YETHOM BenMUMHOM. Hannume 3HaKka «+» B BepIIMHE [IUKJIA TOKA3bIBAET, YTO 00BEM
IIEPEeBO30K HEOOXOIUMO YBEIUYUTh. YBEIMYEHUE M YMEHbLICHHE OOBEMOB IEPEBO30K B
BEpILMHAX LMKJIA MPOU3BOJUTCS HA OJMHAKOBYIO BEIMUYMHY, KOTOpas BBIOMpAETCS paBHOMN
HalMEHbIIEMY U3 00BEMOB IIEPEBO30K B TEX KJIETKAX, € B BEPLIMHE LUK/ CTOUT 3HAK «—».

B wurore mnomyyaem HOBbIM BapuaHT B Tabmuue 3. Crenyromue Iaru IOHUCKa
ONTUMAJILHOTO BapUaHTa COBEPILAIOTCS 110 aHAJIOI'MH BbIILIEU3I0KEHHOTO.
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Taobmura 3

Marazun
CoBxo03 3amacel
1 2 3
2 8 7
1 300
210 90
6 — 9 + 3
2 o 360
250 : 130
5 e
3 180
oa=25 180
10 10 10
4d 130
130
970
[ToTpebHocTn 210 450 310
970
Zpaer =2°210+8-90+9:230 +3-130 + 1-180 =420 + 720 + 2070 +390 + 180 = 3780

HccnenoBanue Ha BBIPOXKAEHHOCT. N=6n+m—-1=3+3-1=6,
T.6. N=m + n — 1 — BapuaHT HEBBIPOKACHHBIN.
Hccnemyem Ha OITUMANBHOCTD, JJISI 9TOTO:
1) CocraBuM CHCTEMY YpaBHEHHUNW OTHOCHTEJIHHO TOTCHIIMAJIOB JUISl 3aMOJIHCHHBIX
KJIETOK TaOJHMIBI: YCIIOBHE: V; — U; = Cjj.
nutst kinetku (1,1) vi —uy =c¢11 =2
11t KIetku (1,2) vo —uy =cp =38
TUTSL KIETKU (2,2) vo —up = ¢ =9
TSt KITeTKU (2,3) vs —up =3 =3
utst kineTku (3,3) vs—us =c33 =1
TSt KITETKU (4,2) va — ug = cqp = 10
Kaxk npasuno u; =0, Torga nonyyaem:

V1=2 u2=—l
V2:8 u3=1
v3 =2 Us=-2.

2) C noMo1Ibi0 HalJIGHHBIX TTOTEHIHAIOB IIPOBEPHM BBIIIOJHEHUE HEPABEHCTBA V; — U;
< ¢j; A7 CBOOOJHBIX KJIETOK U BEIYUCIIUM
a=|(-u) -y
JUTSL T€X U3 HHX, TSI KOTOPBIX 9TO HEPABEHCTBO HEBBIMTOTHICTCS.
st kinetku (1,3) vi—u; <cp3

2-0<7 BEPHO
11t KIeTku (2,1) Vi — Uy < 0

2-(-1)<6 BEPHO
st kietku (3,1) Vi — U3 < 31

2-1<5 BEPHO
115 Kitetku (3,2) V2 —uU3 < C3

8-1<2 HEBEPHO 03 =35
115 Kitetku (4,1) Vi —ug < Caq

2-(-2)<10 BEPHO
115 KieTku (4,3) V3 —Us < Ca3

8—(-2)<10 BEPHO

[Tonyuaem: os; = 5.
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Cy1miecTBYIOT IJI0XUE KJIETKH, CJIEI0BATEIbHO, BAPHAHT MPEICTABICHHbBIN B Tabuie 1
HE ONTUMANbHBIA. /[l yiay4lleHus T[JaHa TEpPEeBO30K B TaOMUIE CTPOUTCA LUK
nepepacrnpeeneHuss 00beKTOB nepeBo3ok. L{uki nmpeacTaBisieT HaYMHAETCS B TOM CBOOOIHOM
KJIETKE, IJIe yCJIOBHE ONTHMAJIbHOCTU HapyllaeTcss Haubolee cuibHO. B paccmarpuBaeMom
npuUMepe TaKoM KIETKOM siBsieTcs Kietka (3,2), rae o Hauboubiee (o3, = 5).

B wurtore monydaem HOBBIM BapuaHT B Tabmuue 4. Crenymoomiue IIard MOUCKa
ONTUMAIBHOTO BapHaHTa COBEPILIAIOTCS 110 aHAJIOTUHU BBIIIECU3II0KEHHOTO.

Tabnuua 4
Marasun
CoBxo03 I > 3 3amacel
2 8 7
: 210 90 300
6 9 3
2 50 310 360
5 2 1
3 120 180
10 10 10
4 130 130
TotpeGHocTn 210 450 310 070 970
Zpaer =2210+8-90+9-50 +3-310 +2-130 =420 + 720 + 450 +910 + 360 = 2860

HccnenoBanue Ha BBIPOKICHHOCTD.
N=6
ntm—-1=3+3-1=6,
T.e. N =m + n— | — BapuaHT HEBBIPOKICHHBIN.
Hccnenyem Ha OoNTUMAIBHOCTB, JJISL ATOTO:
1) CocTaBum cucteMy ypaBHEHHI OTHOCHTEIHHO MOTCHIIMAIOB IS 3aII0THECHHBIX
KJIETOK TaOJIMIBI: YCIOBUE: V; — U; = Cjj.
st kietku (1,1) vi—uy=c1 =2
utst kiaeTku (1,2) vo —up =cjp =8
TUISL KITETKU (2,2) vo —up = ¢ =9
TSt KIeTku (2,3) v3 —up = cp3 =3
101t KIeTku (3,2) vo —uz =c3p =2
TSt KIeTKU (4,2) v — ug = c42 = 10
Kak npaBuno u; = 0, Toraa nosyyaem:

V1=2 u2=—l
V2:8 u3=6
V3=7 u4=—2.

2) C IIOMOLIBIO Haﬁ,[[eHHBIX IMOTCHIUAJIOB IIPOBCPUM BLIIIOJIHCHUC HEPABCHCTBA Vi — U
< Cij JJIA CBO6OHHHX KJICTOK U BBIYHUCIIUM
a= | (—u) -y
AJId TEX U3 HUX, IJI1 KOTOPBIX 3TO HEPABCHCTBO HEBLIITOJIHACTCA.

st kinetku (1,3)

V3 —up < C13

7-0<7 BEPHO
utst kiaetku (2,1) v — Uy < Cop

2-(-1)<6 BEPHO
uist kinetku (3,1) v —u3z < c31

2-6<5 BEPHO
utst kiaetku (3,3) vy — U3z < C33

7-6<1 BEPHO
utst kinetku (4,1) Vi —us < ca1

2-(-2)<10 BEPHO
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111 KIeTku (4,3) V3 —uUs < ca3
7-(-2)<10 BEPHO

Bapunant ontumaseH.

OTBeT: Zmin = 2860

210 90 0
A= 0 50 31
0 180 O

B pe3ynbpTaTe MoJIydeHHOIO PEIIEHUs] MOKHO CIENIaTh BbIBOJ, YTO MUHUMAaJIbHAs CyMMa
paccTosHUN Ha TepeBo3Ky OyaeT paBHa 2860 kM, eciu 1-bIlli COBXO3 mepeBe3eT 1-My u 2-my
MmarasuHaMm cooTBeTcTBeHHO 210 T u 90 T xaprodens, 2-oif coBxo3 2-My M 3-My Mara3uHam
nepesezer coorBeTcTBEHHO 50 T m 310 T kaptodens, a 3-uii coBxo3 2-my maraszuny — 180 T
kaptodens. Ilpuuem u3 2-my mMaraszuny HegomnoctassaT 130 T kapTodens.

Jlanee paccMOTpUM 3aJjauu Ui 3aKPETJICHHS HaBbIKA PEIICHUs TPAHCIIOPTHBIX 3a7au.

3agaua 2
Halitn onTuManpHOE pemeHue 3a1a4u:

by =100 a; =140 3 5 2

b, =150 a, =170 4 7 8

b3 =130 as =230 C= 6 3 2

by =200 8 9 3

bs =180 4 2 8

PemmTe Ha max.

3agaua 3

Halitn onTuManpHOE pemeHue 3a1a4u:

by =1500 a; =800 13 12 15 16

b, =1000 a,=1200 C= 17 15 14 13

b3 =2000 az = 1400 15 14 13 16
as=1100

Pemurs Ha min.

3amaua 4
HaiiTu ontumanbHOE pelieHue 3a/1a4u:

bi=6 a =4 1 2 4 3

b, =8 a =6 C= 4 3 8 5

b;=10 az; =38 2 7 6 3
a4=8

Pewmutes Ha min.

3agaua 5
Halitn onTuManpHOE pemeHue 3a1a4u:

bl =200 ay = 150 7 8 1 2

by =180 ar =130 C= 4 5 8

b3 =190 as =150 9 2 3 6
as =140

PemnTs Ha max.
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3amaua 6

Haiitu ontumansHOE PCUICHUC 3a1a4Nn:

by =500 a; =150 3 3 5 3
by =300 ax =350 C= 4 3 2 4
b3 =100 a3 =200 3 7 5 4
ag = 100
as =100

Pemurs Ha min.

3amaua 7

Haiitu ontumansHOE PCUICHUC 3a1a4n:

b1 =150 a; =200 5 6 8
b, =250 a; =100 Cc= 6 7 6
b3 =50 az = 250 8 9 7
bs=100 5 5 6
Pemute Ha min.
3agaua 8
Haiitn onTuManpHOE pemeHue 3a1aqu:
b1 =130 a; =130 6 6 8 5
bz =55 ay = 75 C= 2 4 3 9
b3 =80 az =65 3 5 7 9
by=65 as =60 3 5 4 4
b5 =135 as = 75 2 5 6 3
ae = 60
PemmTs Ha min.
OTBeTHI
0 0 0
0 0 150
Ne2 A= 110 0 0 Z=4270
30 170 0
0 0 80
300 1200 0 0
Ne3 A = 0 0 0 1000 Z=158600
500 0 1400 100
(0 0 6 0
Neq A = 2 6 0 0 Z="78
0 0 8
G
(70 130 0 0
Ne5 A = 0 0 150 30 Z=4500
80 0 0 110
-
(50 250 0 100 100
Neo A = 0 100 200 0 0 Z=2300
QOO 0 0 0 0
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150 0 0
Ne7 A = 50 0 200 Z=3100
0 0 50
0 100 0
0 50 0 0 20 60
0 0 55 0 0 0
Ne8 A = 55 25 0 0 0 0 Z = 1495
0 0 10 0 55 0
75 0 0 60 0 0

3. Hayuuthbcs pemieHHI0 TpaHCIOPTHBIX 32124 B MS Excel.

Jlnst pemenus nanHol 3agauun B Excel HeoOxonumo:

1) mox 3anuch 1eneBoi GyHKIIMN OTBECTH sTUeUKy Al;

2) Mo 3amuch OTpaHUYEHUN — sUeHKH cToyiona B (KoMM4ecTBO SYEEK COBIANaeT C
KonuuyecTBoM orpannuenuii): Bl, B2, B3, B4, BS, B6;

3) Mo 3amuch MCKOMBIX MEPEMEHHBIX OTBeCTH suekiku cronbuoB C, D, E (konmudecTBo
oTpedUTENEH COBIAAET ¢ KOJIMYECTBOM CTOJIOLIOB,

KOJIMYECTBO IMOCTABIIUKOB — C KOJIMYECTBOM CTPOK).

IIpumeuanue: NICKOMBIE IEPEMEHHBIE X;; Oy1yT HAXOJMUTHLCS B CIEAYIOIMX AYEHKAX:

(x;11—Cl x;— D1 x;3—El

X21 — C2 X2 — D2 X223 — E2

x31— C3  x3;— D2 x33— E3).

[Mopsiaok BeIMoOMHEHUS PAOOTHI:

1. Brectu B siueiiky Al dopmyny neneBoit ¢pyHkiuu (pucyHok 3.1):

=15*C1+17*D1+23*E1+

+ 9*C2+19*D2 + 8*E2+

+24*C3+21*D3+32*E3;
| Microsoft Excel - Kuural

@_] ©ain Mpaswa Bun Boraewa  ®opwar  Cepewc  Jaddbie  Okvo Cripaeka

AN BRI N4 AR Rt ALK
{ Ao k£ s s = )8y g )= s

PHT X o A& =15C1HT D123 E 1490 D282 4°C3+ 21 D3+32°E3

Al 8 [ c [ D[ E]F |6 [HI[ 1 [J]

1 =6 CIHT D13 E 1 COHT DU E LTI DILES
2
El -
o]

Pucynox 3.1 — Beop nieneBoit pynkiuu B Excel

2. a) Beectu B siueiiky B1 neByto yacts 1-ro orpannyenus: = C1+D1+E1 (pucynok 3.2)
ﬂ Microsoft Excel - Kuwral

@_] Dain Mpaska 8o Borasxa  dopwar  Cepemc  [Jawdbie  Owdo  Cripasa

W MRS AN A WY R R R R ,l|.,.hl-‘(}’:"-:)5
| o |xEal=== @ ma s =ie mo b 8-
PAHT * X & =C14D14E1 '
A B | ¢ Db | E | F |l &6 | 0 | 1 | J |
0[=C1+D1+E] b !

Pucynok 3.2 — Beox orpanunuenuii B Excel
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0) Beectu B Aueiiky B2 neByro yacTh 2-ro orpaHuyeHUs:

= C2+D2+E2

B) BBectu B siueliky B3 seByro yacth 3-ro orpaHu4eHuUs:

= (C3+D3+E3

r) Beectu B gueiiky B4 neByto yactp 4-ro orpaHU4eHUs:

=C1+C2+C3

n) Beectu B siueliky BS neByto yacTe 5-ro orpaHu4eHuUs:

=DI+D2+D3

e) Beectu B siueliky B6 neByto yacTh 6-ro orpaHU4eHHUs:

=E1+E2+E3

ﬂ Microsoft Excel - Knurat

Eﬂ Oaiin  [paska Bun Boraeka  ®Gopmat  Cepeuc  OaHHee

o MERE | e AR N A R

OxHo  Cripaska

L@ 3 . AL AL

| x £ al=

PAHT v X /& =C1+C2+C3

A | B c D

m
-
o
o
[

0 0

L S— -4

:LU ------- 4
:C1+C2+(23

U‘||-r—‘-|u|m|—-

Pucynox 3.3 — BBog orpannyenuii B Excel

3. Ha manenu nnctpymeHTOB BeIOpaTh onmuio "Cepsuc", a B Hell Bkiaaky "Ilonck

pemeHus"
Ipumeyanue
Ecin "llouck pemenuss" OTCyTCTBYET,

HYXHO BBIIIOJJHUTL KOMAaHIY

"Cepsuc"—

"Hanctpoiiku". B okne nuanora "HancTpoWku" HY)KHO yCTaHOBHUTH (DJIAXKOK HAIPOTHB CTPOKHU
"TTouck pemenus’".
4. B oxne nuanora "Ilouck pemieHus’" B mosie BBojAa "YCTaHOBUTH LEIEBYIO SYCHUKY"
HY’)KHO BBECTH CChUIKY Ha sdeiiky Al. HeoOxomumo BbIOpaTh croco0 aapecanuu sSdyeek B
abcomoTHOU cucteMe KoopauHatr (T.e. yka3zaTh He Al, a $A$1). Takke HyXHO moCcTynatrb ¢
JIPYTUMU TIEPEMEHHBIMHU.
5. B oxue gumanora "Ilouck pemieHus" HYKHO yCTaHOBUTH MEPEKIIOYaTeNb (PUCYHOK

3.4).

Momck pewenun

VCTaHoBMTE Lenesyto auelicy: SAS1

T () MAKOMMANLHOMY SHAUEHO

"

) MmN oMy SHateHmo]
VsMeHAA AUSTRTT

Orpani-enis:

BoINOnHMTL.
Havemao: |0
SaKpeITh
MpeAnoncxMTE

OapameTpe
OoBasute
WsmeriTe

BoCcTaHoBMTE

YaanuTe

Cripasia

Pucynok 3.4 — PaGota B nuanoroBom okHe «llouck pemienus»

6. B none BBoa "M3MmeHss sueku" HYKHO yKa3aTh CCBUIKM Ha sS4Y€HKH, COAEprKallue
UCKOMBIC TepeMeHHbIe, T.¢. auana3oH sdyeek $CS1 : SE$3 (pucyHok 3.5).

Momck pewenma

YCTEHOBMTE USNEEYIO AuSiy: sAsL

PEBHOM: () MAKCMMANBHOMY SHEUSHIKD

() MMHMMaNBHOMY SHaYEHIIO
V3t

OrpanIErEeT

() sHauermo: |0

BoinonTe

SaKpeTe

MpeanonoxiTs
OapaneTpit
[oBasuTs
VismeniTs

BoccIaHoBMTE
¥AanuTe

Crpasia

Pucynok 3.5 — Ilone BBoJa siueek, 0003HAYAIOIIMX UCKOMBIE IEPEMEHHBIE
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7. B none BBozxa "OrpanuueHus" npu HakaTUM KHONKU "JloGaBUTH" MOSABISAETCS OKHO
nuaiiora "Jlo6aButh orpannyeHus”. B mone Beoja "Cceblika Ha stuciiky" Boautcs $B$1. B moie
BBoAa "Orpannuenue" BBoautca = u yucio 900. Ilpu nomouwm xkHonku "JloGaBUTH" TakuM ke
00pa3oM BBOJISATCS BCe OocTajbHbIe orpannueHus (siueriku $B$2:$B$6) (pucynok 3.6).

~ =

JobBaenenmne orpaHMUeHMA

CCBIMKE Ha AYefiKky: OrpaHUdYeHnE:

$B51 - ES S
[ (8,4 ] [ OTMEHE ] [,ﬂ,nﬁasmbl

Pucynok 3.6 — Jluanorosoe okHo «/lo0aBieHue orpaHudeHus»

8. Jlns BBOAA OrpaHMuYEHH Ha HEOTPULATEIBHOCTh HCKOMBIX HNEPEMEHHBIX B OKHE
nuaora "Jlo0aButh orpanndeHus” B nose BBoja "CchlaKa Ha siueiKy" HY»KHO BBECTHU CCBUIKY Ha
sueiiky $C$1, a B mosne BBoja "Orpannvenus”" HyxHO BBecTH >= M uuciio 0. [Ipu momormm
KHONKK "J|006aBUTH" TakuM ke 0O0pa3oM BBOASTCS YCJIOBHUS HEOTPULATEIBHOCTH OCTaBLIMXCS
UCKOMBIX nepeMeHHbIX. JInbo Beinensercs auanazoH siueek $C$1: $E$3 u 3agaercs >= u uncno
0. INocne BBOAa mocneqHero orpaHndeHust HaxmuTe «OK».

Ipumeuanue

Ecin B 3amadye uMMeercs YCIIOBUE LEJIOYUCIEHHOCTH HMCKOMBIX IIE€PEMEHHBIX, TO B
nuanoroBoM okHe «JloGaBieHue orpaHudeHuil» B mnoje BBojaa "Ccblika Ha sueilky" HY»KHO
BBECTH CChUIKY Ha stueiiky $C$1, a B mosie BBo/ia 3HaKa OrpaHUYEHUsI HY)KHO BBECTH «1iei». [Ipu
noMomy KHonku "J[06aBUTR" TakuM ke 00pa3oM BBOIATCA YCIOBHS LEJIOYMCICHHOCTH
OCTaBIIHMXCSl HICKOMBIX TIepeMeHHbIX. JIn0o Boinensercs auana3on sueek $C$1: $ES3 u 3anaercs
«uen». [Tocne BBoga nocneanero orpaHudeHust Haxmure «OK».

9. llocne HaxaTtust kHONKHU "BrimonHute" Excel paccunThiBaeT pe3ysbTaT U OTKPHIBAET
okHO auanora "Pe3synprarsl moucka pemeHus". B aTom nuanore B okHe "Tum otdera" HYXHO
BbIOpaTh "Pesynbrarel" u Haxarh Ok. [lepen nucrom, rae 3anucaHa NOCTaHOBKA 3ajaydu, Oyner
BcTaBiieH Jiuct "OTder mo pesyiabTaTtaM 1", a Ha dKkpaHe OyAeT BbAaH pe3yibTaT pElIeHUs

3ajauu (pucyHok 3.7).
@ Microsoft Excel - Kuural

I’:ﬂ ®aiin  Mpaska Bua  Bcraexa ©opwat  Cepeuc  [dadHolie  OwkHo  Cnpaska

HR =R RERENT= NN S - RS SRRl - YRS T8 0 LN |
 Arial Cyr L0 - K K YUIES =D o 58 % E {%vﬁvﬁ
B7 - %
A sl ¢ | 0 [ E [E e a o d |
| 1] 32000 900 650 250 0
12 ] 800 50 0 750
3] 550 0 550 0
4] 700
| 5 | 800
| 6 | 750
I [ ]

Pucynok 3.7 — Pe3ynbTaThl pelieHus 3agauu

Humepnpemayus pe3ynsmamog 3adauu

[lonydyenHble 3HaueHUs B dAueiikax, coaepKallux QopMyibl LENeBOW (QYHKUMU U
OTpaHUYEHUH, SBIAIOTCS pE3yJbTaTOM pacueTa LeJeBOo (YHKIMH M COOTBETCTBYIOIIMX
OTpPaHUYECHUU.

Pesynbrar, nonmyueHHslii B siuelike Al, o3HadaeT oO1IyI0 CyMMy 00beMa rpy30MepeBO30K
B TKM.

Sueiiku Bl, B2, B3 mnoka3piBalOT BBINOJHEHHE YCJIOBHUS IOJHOTO BBIBO3a Ipy3a OT
nocrasuuka. fAueiiku B4, B5, B6 nmoka3bIBaloT BBIIIOJHEHUE YCIOBHS IIOJHOTO YIOBIETBOPEHUS
noTpeOHOCTEN OTpeOuTENS.
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3naueHus sueek B juanazonHe $C$1: $E$3 mnokaspiBator kommuectBo rpysza (B T),
NEPEeBE3EHHOI0 OT COOTBETCTBYIOIIETO TIOCTaBUIMKA, COOTBETCTBYIOIIEMY MOTPEOUTEIIIO.
3HaueHusl JAAHHOIO JAMana3oHa npeBblaoT 0, CleIOBATEIbHO YCIOBUE HEOTPHULATEIbHOCTU
MCKOMBIX MIEPEMEHHBIX BBIIIOJIHEHO.

Omeem. OnTuManbHble EPEBO3KH IPY30B IPEyCMATPUBAIOT IEPEBO3KY OT 1-r0
nocTaBiuka 1-my norpedurento 650 T, ot 1-ro mocrapmuka 2-my norpedurento — 250 1, oT 2-ro
nocrasiuuka 1-my norpedurento — 50 T, a 3-my norpedutento — 750 T. 3-i NOCTaBIIMK OTBE3ET
CBOH Tpy3 TOJIBKO 2-My MOTpeOuTento B koaudectBe S50 T. MUHMMaIbHBIA 00bEM ITEPEBO30K
coctaBuT 32000 T kM.

2.3 JlabGoparopHas padora Ne JIP-5 (2 yaca).
Tema: «Toropoe 0030pHoe 3aHATHE»

2.3.1 eab padoTbl: 000OLIUTH IOJYyYEHHBIE 3HAHUSA, IIOJBECTH HUTOT H3Y4YECHHUS
JIMCIUTITHBI

2.3.2 3agauu padoThI:
1. 3akpenieHre peleHus 3a1ay.
2. TecTupoBaHue.

2.3.3 Ilepeuyenn npudOpoB, MAaTEPHAJIOB, HCIIOJIb3YyeMbIX B JIAa00paTOPHON padore:
1. Kommnbrotep

2. Kanpkynsrop

2. locka

2.3.4 Onucanue (xox) padoThi:

1. 3akpenJieHue pelmieHus 3a1a4.

HOHBOHHTCH HUTOTHU U3YUYCHUA OUCHUILINHBI. HpI/I H€O6XOHI/IMOCTI/I MOBTOPACTCA
MaTepua, BHI3BABIINN BOIPOCH.

2. TectupoBanme.

Opranusyercst npoOHOE TECTUPOBAHUE JIJIsI CAMOTIPOBEPKH YCBOCHHBIX 3HAHUN HAa OCHOBE
TECTOBBIX 3aJaHui, peacTaBieHHbIX B POC AUCHUIUIUHBI.
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