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1. KOHCHEKT JEKIUI

1.1 Jleknus Ne 1 (2 yaca)
Tema: «MeToabl ONTUMHU3ALMHU KAK CPEJACTBA NPUHATHS ONTUMAJIBHBIX PelIeHUID)

1.1.1 Bonpochl JieKuum:
1. OcHoBuble ToHATHA. Kitaccudukanust 5)KOHOMUKO-MaTeMaTHUYECKUX METOIOB.
2. MeTo/1bl IPUHATHS ONTUMAIBHBIX pelieHui. CTpyKTypa MOJIENH.

1.1.2 KpaTkoe conep:kaHue BOIPOCOB:

1. OcHoBHbIe noHATHS. Kilaccupukanusi IKOHOMHKO-MATEMATHYECKHUX METO/10B.

HckyccTBO TPUHATHS HaWIy4IIUX PpEHICHHH, OCHOBAaHHOE HAa OIBITE€ W HWHTYUIUH,
SIBIISICTCS CYITHOCTBIO JII000# chepbl uenoBeueckoi nesTenbHOoCTH. YeT0oBeK XOpOIIO WK TI0X0
peliaeT Bce BO3HUKAIOIIKE Mepe HUM 3a1a4d. JIuio, mpruHUMalolee pelieHue, JoHKHO Beeraa
BBIOMpaATh QBTEPHATHBY C MAaKCHUMAaJIbHO OXHUJAA€MON TOJE3HOCThIO. PalmoHanm3upoBath
MPOIIeCC TPUHATUS PEIICHUH — 3TO I1eJb OOIIEH TEOpUU NPHHATHS PEIICHUN, KOTOpas Kak
caMoCTOsITeNIbHAs TUCIUILINHA copMupoBanachk B Havyaie 60-x rogoB XX Beka. Cam mporiecc
MPUHSITHS PEIIEHUH MOKET ObITh HEHOPMAJIM30BaHHBIM U (HOPMAaTU30BaHHBIM.

Onmumuszayusi — 3TO LiEJECHANPABICHHAs JESATEIBHOCTD, 3aKIIOYAONIAsACA B MOITYYEHUH
HAWIYYIIUX pPe3y/lbTaTOB IPH COOTBETCTBYIOIIUMX YCIOBHSX. ONTUMHU3ALUS PEIICHUS — 3TO
mporiecc nepedopa MHOKeCTBa (PAaKTOPOB, BIUSIONUX HA pe3ynabTaT. ONTUMATBHOE PEUICHHE —
3TO BBIOpaHHOE IO KAaKOMY-JIMOO KPUTEPHIO ONTUMH3AIMK HamOojiee 3(P(EeKTUBHOE M3 BCEX
ATBTEPHATUBHBIX BAPUAHTOB pelieHUEe. B MaTemaThke ONTHUMH3AIUs CBsI3aHA C HAaXOXKJICHUEM
ontuMyma (T.e. MakCUMyMa WIM MHUHUMyMa) HeKOoTopod (yHKIuU. B naHHOM KOHTEKcTe
Memoovl onmumuzayuy OyJIeM paccMaTpUBaTh KaK CPEACTBA MPUHATUS ONTUMAIBHBIX PEILICHHH.
OHU BXOJAT B COCTaB 9KOHOMUKO-MAaTEeMaTUYECKUX METO/IOB.

B cocraBe 53KOHOMHKO-MAaTe€MaTHYECKHX METOJOB MOXHO BBIICIUTh CJIEAYIOIINE
pa3aensr:

1) oxonomuueckan  kubepmemuxa  (CUCTEMHBIH  aHAIM3  DKOHOMHKH,  TEOPHS
SKOHOMMYECKON MH(POPMAIH U TEOPUS YIPABISIIOIINX CUCTEM);

2) mamemamuyeckas cmamucmuxa (BHIOOPOYHBIM METOJA, JWCHEPCHOHHBIA aHAJM3,
KOpPPEISLMOHHBIM aHaJ3, PErpeCCUOHHBIA aHajdu3, MHOTOMEPHBIM CTaTUCTHYECKUM aHaJu3,
(baxTOpHBIN aHANIN3, TEOPUS UHACKCOB H Ip.);

3) mamemamuyeckas 9KOoHOMuUs W U3Yy4Yalollas Te€ >K€ BOMNPOCHI C KOJIMYECTBEHHOU
CTOPOHBI 9KOHOMempus (TEOpUsl SKOHOMHUECKOTO POCTa, TEOPHsI MPOU3BOJICTBEHHBIX (DYHKITHIHA,
MEXOTpacjeBble OalaHChl, HalMOHANBHBIE CYeTa, aHalu3 COpoca U MOTpeOsIeHuUs,
PETHOHANBHBIN ¥ MPOCTPAHCTBEHHBIN aHANIN3, TTI00aTFHOE MOICTUPOBAHUE H [IP.);

4) memoovl npuHAmMUSA ONMUMATHBIX PeUeHUll, 8 MOM Yucje Uccied08aHue onepayutl 8
9KOHOMUKE;

S)memoovr u Oucyuniumvl, cneyuguuHvle OMOEIbHO KaK Ol YEeHMPAIU308aHHO
NIAHUPYEeMOU IKOHOMUKU, MAK U O]l PLIHOYHOU (KOHKYPEeHMHOU) 9KOHOMuKu (ONTUMAaIbHOE
IUTAHUPOBAaHKUE, TEOpHsl ONTHUMAJIBHOTO I[€HOOOpa30BaHUS, MOJEIU MOHOIIOJINUH, MOJEIU
WHAWNKATUBHOTO TUIAHWPOBAHUS, MOJACIUW Teopud QGUpMbI U T.A.). MHOTHE U3 METOOB,
pa3paboTaHHBIX AJI LEHTPATU30BAHHO IJIAHUPYEMOM 3KOHOMHUKHU, MOTYT OKa3aThCs MOJIE3HBIMU
Y TIPU SKOHOMHUKO-MATEeMaTH4€CKOM MOJICTUPOBAHUU B YCIOBUSAX PHIHOYHOW SKOHOMHUKH;

6) MemoObl IKCNEPUMEHMANLHO20 U3YUEHUS IKOHOMUYECKUX fAeleHull (MaTeMaTH4eCcKHue
METO/Ibl aHallM3a W IUIAHUPOBAHUS 3KOHOMMYECKHX JKCIIEPUMEHTOB, METOAbl MAIIMHHOU
UMUTAIMH (MMUTAIIMOHHOE MOJICTUPOBAHNUE), IEIOBbIE UTPbI, METO/IbI SKCIIEPTHBIX OLICHOK).



2. MeToabl NIPUHATHS ONTUMAJIBHBIX pelieHuil. CTpyKTypa Moae/u.

[lepeunciieHHbIE BBIIIE METOMBI MPUMEHSIOTCA aJalNTUBHO K 3a7a4aM, BO3HHMKAIOIIUM B
npoliecce MPUHATHS TOTO WIM UHOTO pemeHus. OCcTaHOBUMCS MOJIpoOHEee Ha YETBEPTOM pazfielie
(Memoovl npunsmus ONMUMANBLHLIX peuleHull), KOTOPBIH SBIAETCS Hanbojgee OOBEMHBIM,
BKIIIOUYAIONIUM B Cce0sl TaKWe AMCIUIUIMHBI M METOJbI, KaK: ONTHMAalbHOE (MaTeMaTHYECKOe)
IpOorpaMMHUpPOBaHUE, METO/AbI BETBEN U T'PAaHHUIL, CETEBbIE METO/IbI IIJIAHUPOBAHUS U YIIPABIICHHUS,
MPOrpaMMHO-1I€JIEBbIE METO/Ibl IUIAHUPOBAHUS U YIIPABIEHUS, TEOPUIO U METOMbI YIPaBICHUS
3aracamu, TEOPUIO MacCOBOTO OOCITYKUBAHMUSI, TEOPUIO UTP, TEOPHUIO PACITUCAHUIA.

Monenb 3KOHOMHYECKOH 3a0a4M OIITUMHU3AIMNA COCTOUT U3 3-X YacTei:

I. HeneBast pyHKIUs (KpUTEPH ONTUMAIBLHOCTH). 31€Ch OMUCHIBACTCS KOHEYHAs IIIb,
npecieayemMasi Mpu pelieHrud 3aJadd. B kadecTBe TakoW IENH MOXKET OBITh WM MaKCHMYM
MOJTy4eHUs! KaKUX-JI100 MMoKa3aTeseil uiiu MUHUMYM 3aTpar.

II. Cucrema orpaHU4EHHUH.

Orpanuyenusi ObIBalOT OCHOBHBIE U JOMOJHUTENbHBIE. (OCHOBHBIE, Kak IpaBUIIO,
OTHCHIBAIOT PACXOJ] OCHOBHBIX MPOU3BOJCTBEHHBIX PECYPCOB (3TO KOHCEpBATHBHAS 4acTh
Monenu). B momenn onu 00s3aTenbHO MPUCYTCTBYIOT. JIOMOJIHUTENbHBIE — MOTYT HMETh
pa3IUYHBIN XapakTep, SBISIOTCS H3MEHSEMOW YacThl0 MOJETH M OTPaKarT 0COOEHHOCTH
MOJICJINPOBAHUS 3a/1a4U.

III. VYcioBue HEOTPULATENBHOCTH MIEPEMEHHBIX BEJIMUMH. A TaKyK€ IPAaHUYHbIE YCIIOBHUS,
KOTOpBIE TOKa3bIBAIOT, B KaKUX Mpefesiax MOTYT ObITh 3HAUEHUS MCKOMBIX INEPEMEHHBIX B
ONTUMAIBHOM PEUICHUHU.

1.2 Jleknus Ne 2 (2 yaca)
Tema: «J/InneiiHoe NporpaMMHupoOBaHMe. OcHoBHast 3ajgava JINHEHHOr o
NMPOrpaMMHUPOBAHUSD)

1.2.1 Bonpocel JieKuu:

1. Knaccugukaius MeTo10B JMHEHHOTO MTPOrPaMMHUPOBAHUSI.

2. OcHOBHas 3a7a4a JUHEHHOTO MPOTrPAMMHUPOBAHUS M €€ MOJICNIh B Pa3IMYHBIX (hopmax
3aIHCH.

3. I'paduyeckuii MeTO pelieHUs 3a/1a9d JTMHEHHOTO TIPOTPAMMHUPOBAHHS.

1.2.2 KpaTtkoe cogep:xkaHue BOIPOCOB:

1. Knaccupukauusi MeTo10B JJUHEHHOT0 NPOrPaMMHUPOBAHMS.

C uymuCTO MaTeMaTU4YeCKOW TOYKM 3pEHHUs 3aJayd JIMHEWHOro MPOrpaMMHUPOBAHMS
MHTEPECHBI TEM, YTO 3/1eCh HEMPUMEHUMBI METOJIbl HaXOXKICHHSI SKCTPEMYMOB C IOMOIIBIO
IIPOU3BOJHOM.

Ilon aumetinvim npocpammuposanuem TOHUMAETCS JHMHEWHOE IUIAHUPOBAHUE, T.€.
MOJIYYECHUE ONTUMAIIBHOTO TJIaHA-PEIIEHU B 33/1a4ax C JUHEUHOW CTPYKTYpOH.

3aoauamu nunelinoco npoepamMmuposaniss Ha3bIBAIOTCS 3a/1a4M, B KOTOPIX JTMHEHHBI KaK
rieneBast pyHKIMS, TaK U OTPAaHUYCHUS B BUJIC PABEHCTB M HEPABEHCTB M JIIsl KOTOPBIX METOJIbI
MaTeMaTHUYECKOT0 aHalln3a OKa3bIBAIOTCSA HEMPUToAHbIMU. JIMHEeHOe mporpaMMUpOBaHUE
npezcTaBisieT coooi Hanboee YacTo UCIOIb3YEMbI METO/] ONTHMU3ALINH.

MeTopl TMHEHHOTO TPOrpaMMUPOBAHUS OIPA3AEIIAIOTCS Ha TPYIIIbL:

1) rpymnmna CUMITJIEKCHBIX METOZOB (TOUHBIE);

2) Tpynmna pacupeaeauTeIbHBIX METOI0B (TOUHbBIE U MPUOTMKEHHBIE).

Tounsle — wmeroawpl mepebopa BapUAHTOB pEIICHHUS 3aJa4yd B UTOTE JAOIINe
ONTUMAJILHBIA BapuaHT. MICOMB3yIOTCS IPU MAallIMHHOM PELLeHUH 3aa4.

[TpubnmkEHHBIE — TO3BOJISAIOT MOJYYUTH TOJIBKO OJWH W3 JOMYCTHMBIX BAapUAHTOB
pemieHus 3anaun. Mcmonb3yroTcs IS TONy4Y€HUsT TEpBOrO  BapuaHTa B TOYHBIX
pacrnpeaenuTenbHbIX METOaX WK ISl pyYHOTO PEIICHUS 3aa4yH.



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 327a4a JUHEHHOr0 MPOrpPaMMHUPOBAHMSA H €€ MOJAe]b B Pa3IHYHBIX
dopmax 3anmcu.

Ilocmanosxa 3adauu.

[Iycte HeEkoTOpO€ mNpeanpusTe HMEET m BHUJOB MPOU3BOJCTBEHHBIX PECYPCOB.
[TopsakoBeIil HOMEp pecypcoB — i, T.€. i=1, 2,..., m.

Hannuue 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 JTOBOJBHO 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.



1.3 Jexknust Ne 3-4 (4 yaca)
Tema: «CUMIIEKCHBII MeTO/ pelieHUs 3212491 JMHEHHOIr0 NPOrpaMMHPOBAHUSD)

1.3.1 Bonpocsl Jieknuu:

1. O6mas xapakTepuCTHKa CUMILIEKC-METO/Ia ¥ MTOATOTOBKA MOJENU K PELICHHUIO.
2. AITOpUTM CUMILIEKC-METO/1A.

3. Oco0bIe c1ydan B CUMILIEKC-METO/IC.

1.3.2 KpaTtkoe cogep:xkaHue BOIPOCOB:

1. O0masi XapakTepuCTHKA CUMILJIEKC-METO0/1a U MOJAT0TOBKA MO/I€JIU K PellleHUI0.

Bech nyTh penieHus 3a1aqu CUMILIEKC-METO0M YCIIOBHO MOYKHO pa3OUTh HAa TPH ATara.

I sman. HaxoxJieHne UCXOAHOrO0 BapHaHTA U MCCIENOBAHUE €r0 Ha JOMYCTUMOCTb, T.€.
MOJIy4YeHUE HAYaJIbHOT'O OMIOPHOT'O PEIICHHUS.

Honycmumvim eapuanmom pelIeHHs 3aJadd OyAeM CUMTATh TAKUE 3HAYEHHS X;, NPH
KOTOPBIX BBIMIOJHSIOTCS BCE TPEOOBAHMS CHUCTEMBl OTpaHWYCHHI (BCE HEPaBEHCTBAa BEPHBI U
HEMTPOTHBOPEUYHUBHI).

Ecnu ucxogHblii BapuaHT AOMYCTUM, TO OMOPHOE PEIICHUE HAWACHO M MEPEXOJIUM Ha
BTOpoil stan. MHade, ocymiecTBisieM mnepeOOp BapUaHTOB PEIICHUs 3afadd JI0 IOJy4eHUs
JOITYCTUMOTO (eciii Takoe BO3MOXHO. Eciin HeT, To 3a1aya perieHust He UMeEeT).

I oman. ViccnenoBanust 10nycTUMOTO BapraHTa Ha ONTUMAJIbHOCTb.

Onmumanvuwill éapuanm — 3TO TaKOE€ 3HAYCHUE NEPEMEHHOH X; IPU KOTOPOM OymyT
BBITIOJTHATBCS HE TOJBKO TPEOOBAaHUS CHUCTEMBbI OTPAaHUYCHUN, HO W TpeOOBaHUS IEIEBOM
¢byaknun. Ecnu nomycTHMBI BapHaHT OKaXKeTCS ONTHUMAJIbHBIM, TO 3ajaya pellieHa, MHaye
NIEPEXOUM Ha TPETHUI STall.

Il sman. Tlepebop BapuaHTOB PEIICHHS 3aa9d J0 MOJIYYCHHUS ONTUMAJIBHOTO BapHUaHTa
(ecu Takoe BO3MOXKHO. Eciiy HeT, To 3a/1aua He UMEET ONTHUMAIILHOTO PEIICHHS ).

[ToaroronenHass MoJaelb OCHOBHOW 3aJauyd JMHEHHOTO MPOTrPaAaMMHUPOBAHHS OyAeT
BBITJISICTH CICIYIONINM 00pa3oM:

1. Z=cix1+coxot. . . +ex,—>max.

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

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

2. AITOPUTM CHMILIEKC-MeTOo/a.

I sman: nony4yeHne Ha4YaIbHOTO OMOPHOTO PELIECHHUS.

IL]'DI TOrOo, YTOOBI MOJIYYUTh HCXO,Z[HBIﬁ BapHuaHT JOCTATOYHO 3aluCaTb MOATrOTOBJIICHHYIO
MOJIeJIb B TaOIMYHOU (popme.

Tabmuma 1 — CuMriekc-Tabiuia KCXOJHOTO BapraHTa

CBOOO/IHBIE TIEPEMEHHBIC
A

— —~
-X1 ) -X,, CB00OOJHBIE WIEHBI

° Vi ai a2 Ain by

% E ¥2 as axn A2n by
Q
g =
g &

© g Vm Aml Am2 Amn bm

Z -Cy -Cy -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_IaIOH_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.

1.4 Jleknus Ne 5 (2 yaca)
Tema: «1le104MCIEHHOCTDH B JIMHEHHOM NPOrPAMMHUPOBAHUN

1.4.1 Bonpocs! JieKnum:

1. ITocTaHOBKA M MOJIENb LICJIOYNUCIIEHHON 3a1a4H.

2. PeleHue 1e10YMCICHHBIX 3a7a4 JIMHEHHOTO MPOrpaMMHUPOBAHMUSL.

3. HekoTopsie SKOHOMUYECKHE 3aa4U LIETOUYUCIEHHOTO TPOrPaMMHUPOBAHUSL.

1.4.2 KpaTkoe coaep:kaHue BONPOCOB:

1. IlocTaHOBKA M MOJIeJbL EJIOYHCICHHOH 3aa4M.

[Iycts HeEkOTOpOE TMpeAnpHsITHE HMEET 7 BHUIOB TPOU3BOJCTBEHHBIX PECYPCOB.
[lopsnkoBbiii HOMep pecypcoB — i, T.e. i=1,2,...,m. Hanuuune kaxmoro Buaa pecypcoB
W3BECTHO M 0003Hauvaercs b;. [Ipeanosoxum, 4To MpeanpusasTHE MOXKET MPOU3BOJAUTH 7 BUIIOB
npoaykuuu. [lopsiikoBbiii HOMep npoAykuuu — j, T.e. j =1, 2, ..., n. Heo6xoaumo onpenenutsb
KaKo€ KOJIMYECTBO €MHUL] IPOLYKIUHN KaXKJ0r0 BUAA HAJ0 NPOU3BOAUTH (X;), YTOOBI MOTYUUThH
MaKCHUMyM 3TOH TPOAYKIIHA B CTOMMOCTHOM BBIPKEHWH, €CIIM W3BECTHO, YTO 3aTpaThl Ha
IPOU3BOACTBO E€IMHUIIBI IPOAYKLUUH KaXXJOro BHAA pecypca paBHbl a; CIUHUIL, a LEeHa
peanus3anuu — ¢;. EauHuIBl IPpOM3BOAUMOM MPOXYKIMU AO/DKHBI IPUHUMATh LEJIble 3HAUEHHUS.
Torna Monens 3a1auu OyIET BHITIISAETh CICAYIONUM 00pa3oM:

) Z=cixi+cxp+ ...+ cx, — max.

D) anxi +apx;+ ... tayx, < b,

axxy +anxs + ... + ayx, < by,
Am1X1 + paXa T o F QX < Dy
II) x; > 0 m x; —nenwle, j =1, 2, ..., n.

2. PemieHne e 109MCJICHHBIX 32124 JTHHEHHOT0 NPOrpaMMHPOBaHHUS.

WNHorza 3a1a4uy 1eJOYMCICHHOTO IPOrpaMMHUpPOBaHuUs pematoT npubnmxenHo. CHauana,
OTOpPOCHUB  YCJIOBUE  LE€JIOYHMCIEHHOCTH,  pEIlalT  33Jadyy  METOAOM  JIMHEHHOro
IPOrpaMMHUPOBAHUs, & 3aT€M B MOJYYECHHOM ONTHMAJIbHOM PELICHUU OKPYIJISIIOT IepeMEHHbIe
710 LIeNbIX yKucell. Takoi mpreM MO>KHO HCIOJIb30BaTh, €CJIM 3HAYEHUS IEPEMEHHBIX JOCTATOYHO
BEJIMKM M IOTPELIHOCTbIO OKPYIJIEHUS MOXHO IpeHeOpeub. Ecim 3HaueHus NepeMEeHHbIX
HEBEJIMKHU, TO OKPYIVIEHHE MOXKET NPUBECTH K 3HAUUTEIBHOMY PACXOXACHUIO C ONTUMAaIbHBIM
pemenueM. IlosTomy pa3paboTaHbl crelUaNbHble METOABI pELICHUs LEeJOUYMCICHHBIX 3ajad,



Cpeau KOTOpPhIX MOXXHO BBIIEIUTb JBa HANpaBICHMUs: METOJbl OTCEUEHHUs (OTCEKAIOIIMX
IUIOCKOCTEH) 1 KOMOMHATOPHBIE METOIBI.

[IpencraBienre 0 KOMOMHATOPHBIX METOJAX JAeT IIMPOKO MCIOJIb3YEMbIH Ha MPAKTHUKE
METOJ BeTBeW U rpaHull. Mbl OyaemM paccMaTpuBaTh METOJ OTCEKAIOIIUX IIOCKOCTEH, KOTOPBIH
COCTOMT B ITOCTPOEHUH JIOTIOJTHUTEIbHBIX OTPAHUYEHUH.

K Merony oTcekaromMx IUIOCKOCTEH OTHOCHUTCS AHAIUTUYECKHM METOJl PpELICHHUs
IOJIHOCTBIO LIEJIOUUCIIEHHBIX 3a7a4 — memoo 1 omopu. OCHOBHAs €ro UAes 3aKII0YaeTCs B TOM,
YTO 3ajJjaya CHauyaja peraercs 0e3 orpaHMuYeHMs LeJourciIeHHOCTH. Eciin pelenue nosnyyaercs
LEJIOYUCICHHBIM, TO 3aJada pEIIeHa, €eCIM HeT, TO K 3a7ade IPUCOCIMHSIOT HOBOE
JOTIOJIHUTEIbHOE OIPaHUYEHHE, KOTOPOE Ha3bIBalOT cedeHHeM. [lomydaroT HOBYIO 3amady, AJs
KOTOpPOM MHOKECTBO JOIYCTUMBIX pelleHHi OyneT MEeHblIe, 4eM JUIsl UCXOIHOW 3ajadyu, HO
OyzeT cofep:kaTh BCE JOMYCTUMBIE 1IEJIOUNCICHHbBIE PEILICHHS.

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

3aoaua o panye. O0mUH Bec paHIa 3apaHee orpannyeH. Heo0xoaumo onpenenuTs Kakue
OpeIMeThl IMOJIOKHUTh B paHel, 4ToObl oOmias MOJIE3HOCTh OTOOpAaHHBIX MPEIMETOB Oblia
MaKCHMaJIbHa, €CITU BEC KaXI0TO MpeIMEeTa U3BECTEH.

3aoaua o ewvibope o000pyodosanus. Ilycth pana  mnpuobOpereHus 000pyIOBaHUA,
pa3MelaeMoro Ha Npou3BOACTBEHHOM Tutommanu 38 M, ¢upma Boiaenser 20 muH. py0. Umerores
eAMHMULIBI O00OpYyIOBaHHMS [IBYX THUIOB: THUMa A CTOUMOCTBIO 5 MIH. py0., TpeOyromiee
MPOM3BOACTBEHHYI0 IUIOM[AAh 8 M° M HMEIOIIEe MPOM3BOXUTEIBHOCT 7 THIC. SIMHHIL
NMPOAYKIMK 33 CMEHY, M THIA B — CTOMMOCTBIO 2 MIIH. py6., 3aHHMAlollee miomans 4 M>, u
JIafoIee 3a CMEHY 3 ThIC. €IMHUI] MPOAYKIUH. Tpedyercs paccunTaTh ONTUMAIBHBIA BapUaHT
npuoOpeTeHus: 000pyI0BaHus, 00ECIIEYNBAIOIIUN MAKCUMYM MTPOU3BOIUTEIBHOCTH Y4acTKa.

K 3amagam menoYuciIeHHOTO IPOTPaMMHUPOBAHUS TAKKE OTHOCSTCS:

- 3a0aya ONMUMATILHO20 PACKPOS MAMepUanog: Ha MpeanpUsITHN TPOU3BOAUTCS PaCKpOn
HECKOJIbKUX PA3IMYHBIX MAPTUH MATEPHAIOB B 33JaHHBIX KOJMYECTBAX CIUHUI] OAMHAKOBOTO
pa3Mepa B Kax10il napruu. M3 MmaTepuanaoB Bcex mapTuil TpedyeTcsi U3roTOBUTh MaKCUMAalbHOE
YHUCII0 KOMIUIEKTOB, B KX/l M3 KOTOPBIX BXOJHUT HECKOJBKO PAa3IMYHBIX BUIOB JIETaJel B
3aJJaHHOM KOJIMYECTBE, €CJIM U3BECTHO, YTO KKIYI0 €AMHHIY MaTepHalia MOXHO PacKpOHUTh Ha
JIETaIH OTPENICICHHBIM KOJMYECTBOM PA3IMYHBIX CIIOCOOOB ISl MOJNYYCHHS AETaleld pa3HOTro
BU/JIA;

- 3a0a4a o HaznayeHusx. C ee IOMOIIBI0O MOYXHO IOJYYUTh OTBET Ha BOIPOCH! THUIIA: KaK
pacrpenenuTh pabodyux Mo cTaHKam, 4YTOObI 0011ast BEIpaOoTKa Obljla HAMOOBIICH UM 3aTPaThl
Ha 3apa0OTHYIO IJIaTy HAaWMEHBIIMMH, KaK HAWIydIIdM o0pa3oM paclpeleinTh SKUMaKH
CaMOJIETOB; KaK Ha3HAYMTh JIIOJACH Ha pa3lWyHble JOHKHOCTH W T.J. MareMaTH4ecKu Takue
3aJa4d OTHOCATCS K TPAHCHOPTHBIM 3aJadyaM, C TOH OCOOCHHOCTBIO, YTO B HHUX OOBEMEI
HAJIMYHBIX M TPEOYIOUIUXCS PECYpPCOB JUIsl BBIMIOJIHEHUS KaXKIOW paOOTBhl paBHBI EIMHHUILIC
(aj=b;=1), a Bce nepeMeHHbIE X;; TMOO PaBHBI €IMHHIIE, €CIIN i-blii PAOOTHUK HA3HAYEH HA j-yIO
paboty, nu00 paBHBI HYNIO B JAPYrux ciydasx. VcxoaHele JaHHBIE 3a7aud O Ha3HAUCHUSX
TPYNIUPYIOTCS B TaONHIIE, KOTOpask Ha3bIBACTCS MATPHUIICH OIICHOK, a Pe3yJbTaThl — B MaTPHIIC
HazHayeHuil. [Ipu perennn 3a1a4u 0 Ha3HAYCHUSIX UCIOJB3YIOT AITOPUTMBI U METO/IbI PEIICHUS
TPAHCIIOPTHBIX 33]1aY;

- 3a0aua o kommusosdxicepe. OHa OTHOCHUTCSA K 3a/ayaM TMPEAbIAYLIETO BUAA U MOMKET
ObITb CPOPMYNIHpPOBAHA CIEAYIOIMIMM O0pa3oM: HMMEETCS # TOPOJOB, HPOHYMEPOBAHHBIX
yucnamu oT 1 1o n. KommuBosikep, Bbie3kasi U3 ropoza 1, JomkeH MoObIBaTh B KaXKA0M ropojie
POBHO OIMH Pa3 U BEPHYTbCS B UCXOAHBIM IYHKT IIPU TOM M3BECTHBI PACCTOSHMSA Cjj MEKIY
ropomamu (i = 1,n,j = 1,n, i #/). TpeGyeTcst HAWTH caMblii KOPOTKHIl MAPIIPYT.



1.5 Jleknus Ne 6 (2 yaca)
Tema: «/|BOMCTBEHHOCTH B JIMHEHHOM MPOrPAMMMPOBAHUI

1.5.1 Bonpochbl Jiekuum:

1. ITocTtaHOBKA 1 MOJE€JIb JBOMCTBEHHOM 3a4a9H.

2. Metonsl perieHus.

3. Teopembl Teoprun TBOWCTBEHHOCTH U €€ YKOHOMUYECKOE COJIEpKaHHE.

1.5.2 KpaTtkoe coaep:xkaHue BONPOCOB:

1. IlocTaHOBKA M MOJieJIb IBOHCTBEHHOI 3a1a4H.

[Ipeamnonoxum, 4YTO HEKOTOPOE NPEANPUATHE PEIIUI0 HE TPaTHUTh PECypchl Ha
M3TOTOBJICHHE MPOJYKIMH, a MPOJATh 3TH pecypchl. Torna BO3HUKAET BOMPOC: MO KaKOH IeHe
nponaBath pecypchl? lleHa mopkHa ycTpaumBaTh Kak IpoOJaBlia, TaKk W mokymarens. MHTepec
MOKYIAIOMIEH CTOPOHBI 3aKITIOYACTCS B TOM, YTOOBI 3aIUTATUTH 32 PECYPCHl KAK MOXKHO MEHBIIIE,
a WHTEpEC MPOJIAOIIeH CTOPOHBI — B TOM, YTOOBI MOJYYUTh 32 PECYPChl HE MEHBIIE TOTO, YTO
OHa IoJty4usa Obl 3a pealn30BaHHbIN TOTOBBIN TOBap.

Torma, B Tak Ha3bIBAEMOU 080UCMEEeHHOU MoOeau, 1ieleBas QyHKIUS OyJIeT OMUCHIBATh
WHTEpPEC TOKYMAloUeld CTOPOHBI, CHUCTEMa OTPAHMYCHUW — HHTEpPEC MPOMAIOIICH CTOPOHBI
(HE0O0X0IMMO OLIEHUTh PECYPCHI, KOTOPbIE MOLUUTH Obl HA U3TOTOBJICHUE €AUHUIIBI MPOAYKIIHH U
CTOMMOCTh 3THUX PECYpCOB OTPAaHUYUTH IIEHOW peayiM30BaHHON CIMHMIIBI MPOAYKIUK). TpeThe
ycloBUE (HEOTPHIIATEILHOCTh MEPEMEHHBIX BEIMYUH) OyAET BBIMOIHATHCS B CHIIy TOTO, YTO
[IeHa eIWHHUIIBI pecypca He MOXET OBITh OTpHUIATEIbHOW. BBens B kauecTBe IEHBI €IUHMIIBI
pecypca Bemmuuny u;>0 (i=1,2,...,m), ee eme Ha3BIBAIOT OYeHKou pecypca (WIn
JIBOMCTBEHHOMW OIICHKOH ), MOJYYUM CJIEAYIOIIYI0 MOJIEIb:

I) F= b1u1 + b2u2 + ...+ bmum — min.

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

apuy +apuy t ...+ apiy 2 C2,
aipU + axpln +...+ Amnlm 2 Cp.

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

2. Metoanl pemieHus.

Kaxnas w3 3amady JBOWCTBEHHOM mMapbl MOXET pemarbes oTaelnbHo. [lpu sTOoM
HCIIOJIB3YETCSl KaK CUMILIEKCHBIM METOJ, TaK U rpaduyeckuil (B ciaydae eciu 3ajaqya COACPKUT
nBe repeMeHHble). OTHOBPEMEHHOE pelIeHUE 3a/ad peaiu3yeTcsl C HMCIOJIb30BAaHUEM, 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 PELIEHHE, TO
U JIpyrasi Takke MMeeT ONTHUMAaJIbHOE PEUICHUE, IPA ATOM COOTBETCTBYIOIME 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 JOIYCTUMOE MHOXECTBO HE IyCTO, a IiejeBas QyHKIUS Ha ITOM
MHOXECTBE HE OTpaHMYeHa, TO Yy APYroil 3agauu W3 3TOH mapsl OyJeT MycToe IOMyCTUMOE
MHO’KECTBO (T.€. €CIM B OJJHOM 3a7jaue (yHKIMOHAI HE OTPaHUYEH, TO 3aJa4a el JABONCTBEHHAs
HE MMeeT pelleHMs ); 00e U3 paccMaTpUBaeMbIX 3aJjad UMEIOT IMYCThIE JOMYCTHUMbIE MHOXKECTBA
(T.€. 00€ HE UMEIOT pelleHus).

C 5KOHOMMYECKON CTOPOHBI PEUICHHE NPSMON 3a7a4y AA€T ONTUMAJIBHBIN IJIaH BBITYCKa
OPOAYKIMM, a pELICHHE BOMCTBEHHOM 3aJaud — ONTHUMAJbHYI0 CHCTEMY YCIOBHBIX (WX
0B0UCMBEHHBLX) OYeHOK TIPUMEHSIEMBIX PECYPCOB.



1.6 Jlexkust Ne 7-9 (6 yacoB)
Tema: «MeToabl pelIeHU 32124 JUHEHHOT0 MPOrpaMMHPOBAHUS TPAHCIOPTHOIO THIIA)

1.6.1 Bonpocsl Jieknuu:

1. ITocTaHOBKa U MOZEIIb TPAHCIIOPTHOM 3a/1a4M B PA3IMYHBIX (hOpMax 3aIHCH.
2. AIropuT™ peleHus 3aJauu.

3 IIpubnnxeHHble pacupenenuTebHbIe METO/BI.

1.6.2 KpaTtkoe cogep:xkaHue BOIPOCOB:

1. [TocTaHoBKA M MO/IeJIb TPAHCIIOPTHOM 3a1a4i B Pa3JIMYHbIX GopMax 3anucH.

[IycTh uMeeM m MyHKTOB, B KOTOPBIX HAaXOJUTCA M3BECTHOE KOJIUYECTBO OAHOPOIHBIX
rpy30B (rmoctaBimuky). [lopsakoBslii HOMEp MocTaBIIMKa 0003Hayaercs i, TO ecTh i=1,2,...,m.
Hanuume rpy3oB y nocraBmuka b;. FiMeercs n MyHKTOB MCHBITHIBAIOMINX MOTPEOHOCTD B 3TUX
rpy3ax (morpeduteneii). [lopsakoBsiii HoMep morpedutens j=1,2,...,n. [ToTpeOHOCTL B rpy3ax
Ka)XJIOro noTpedutenss a;. V3BecTHa «1l€Ha» INEPEBO3KM EIAMHUIIBI TIpy3a OT KakI0ro
IOCTAaBLIMKA K KaKA0My MoTpeduTento (c;;). HeobxoauMo cocTaBUTh IUIaH EPEBO3KU I'PY30B OT
MOCTABIIMKOB K MOTPEOHUTENI0, T.€. ONPEAENUTh: Kakoe KOJWYECTBO TIpy3a HEOOXOIMMO
IIEPEBE3TH OT KaXKJOTO IIOCTABIIMKA K KaXJAOMY HOTPEOMTENIO (X;), MPUYEM 3HAYEHHUS X
JOJIKHBI OTBEUYATh CIEAYIOIIUM TPEOOBAHUSIM:

- o0mIre 3aTpaThl Ha IEPEBO3KY I'PY30B JOJKHBI OBITh MUHUMAJIbHBIMU,

- BCE TPY3bl OT MOCTABIINKOB JOJKHBI ObITh BHIBE3CHBI;

- IOTPeOHOCTU NOTPEOUTENEN B IPy3ax JOJKHBI ObITh Y1OBIETBOPEHBI.

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

Z=ciiXiitexit...FenXiteaixatenxnt. . Feuxot. . FemXmtemXmt. . . CmppXmy—>min.

II. Cucrema orpaHuuYeHMi ONUCBHIBAET BTOPOE M TpPeTbe TpeOOBaHMUSA OIS X; U3
MOCTAaHOBKH 3a/1a4H.

1 rpynma: ycjaoBHE IIOJHOTO BbIBO3a TIPY30B OT IOCTaBUIMKOB (CymMMa TpY30B,
BBIBE3CHHBIX OT IMOCTABIIMKA J0HKHA OBITh PaBHA HAIMYHUIO):

xytxpt.. x, = by,

Xo1txoot.. x2, = by,

xm1+xm2+~ . -+xmn = bma

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

xutxt.. txm=a,

Xiptxoot. . Axme=as,

X1t Xt X = ay.

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

Cmpyxmypnas ¢hopma 3anucu mooeny mpaHcnopmHou 3a0adu.

B cneunanusupoBaHHo 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).



2. AIropuT™M penieHus 3a1a4u.

MaremaTnueckass MOJENb TPAHCHOPTHOM 3aJaud OTHOCHUTCS K 3aJadyaM JIMHEWHOTO
OPOrPaMMUPOBAHUS W MOXET OBITh pelleHa CHUMIUIEKCHBIM MeTonoM. OHako BBUAY
UCKJIIOYMTENBHOM IPAaKTMYECKONM Ba)XXHOCTH 3TOM 3aJaud M CHEHU(PUKH OrpaHUYEHUH
(orpanuyeHus 3aaHbl B BUJI€ YPAaBHEHUI; Kax/1as HEU3BECTHAsI BXOJUT JIMIIb B 1B YPAaBHEHUS;
KOO PUIIMEHTHl TP HEW3BECTHBIX — EAUHUIBI) AJisi €€ PEIICHHS CO3/IaHbl CIelHAIbHbIC
anroputmbl. CaMbIM pacpOCTPaHEHHBIM METOJOM pEUICHUs TPAHCIOPTHOW 3aJaud SIBISETCS
METO/l TOTEHIINAJIOB.

Pemenue TpanciopTHOM 3a7aun pa3buBaeTcs Ha JiBa dTana:

1) ompeznenenne Ha4aJbHOTO JOMYCTUMOIO 0A3MCHOrO pemieHus (IEepBOTO OIMOPHOTO
IUIaHa) — TepBOHAYaJbHOE  paclpeAesieHHe IMocTaBokK. JlocTuraercs  MOCPEACTBOM
pacrpeIenuTebHbIX METOJIOB;

2) MOCTpOEHHE MOCIEN0BATENbHBIX UTEPAlUi (I1aroB), yAy4YIIAIOIIUX OMOPHBIE TJIAHBI
(KaX7p1if HOBBIN TUIAH HE JOJKEH YBEIMYMBATh CYMMapHBIE 3aTpaThl IPU Z—>min U YMEHbIIATh
npu Z—max). JlocTuraercs mocpeicTBOM METOAa MOTEHIHAIOB.

3 IIpudinxeHHBIEe pacnpeneIuTeIbHbIe MeTObI.

K nmpuGnuxkeHHbIM paclpenesuTeNIbHBIM METOAAM MOYKHO OTHECTH METOJ HaWIy4IIMX
OCH U MCTOA alnpOKCUMAILIUH. HpI/I6JII/I)KeHHBIMI/I OHH HAa3bIBAKOTCA BCICACTBHEC TOI'O, YTO
[OJy4eHHOEe IpU TOMOLIM 3THX METOJOB paclpelelieHue rpy3a B Tabnuue He Tpedyer
JIOTIONIHUTEIBHOW TPOBEPKM Ha ONTUMAIbHOCTh, TaK Kak JHOO cpa3y OKa3bIBaeTcs
ONTUMAJIbHBIM, JINOO MAKCUMaJIbHO K HEMY IPUOIHKEHO.

1.7 Jdexknust Ne 10 (2 yaca)
Tema: «baj1aHCOBBIE MOAEIH)

1.7.1 Bonpocsl JieKIuu:

1. Cxema MexxoTpaciaeBoro 0axanca MpoOU3BOJCTBA M PACTIPEICIICHUS TPOTYKTa.

2. Koo uuneHTs! MpsAMBIX U TIOJTHBIX MAaTEPHATIBHBIX 3aTpar.

3. MexoTpacneBbie OalaHCOBBIE MOJIENIU B aHATM3€ SKOHOMUUYECKHUX MTOKA3aTENICH.

1.7.2 KpaTkoe coaep:kaHue BONPOCOB:
1. Cxema mMe:xxoTpac/ieBOro 6ajaHca Mpou3BoJACTBA U pacnpeeaeHus NPOAYyKTA.
[TpuHnMnuanpHas cxemMa MeXOTpacieBOro OanaHca MPOM3BOACTBA U paclpeesieHus

COBOKYITHOT'O OOIIIECTBEHHOT'0 MPOAYKTa B CTOMMOCTHOM BBbIpQXKEHHUHU IIPEICTABICHA B TaOIHLIE.

Tabnuna — [punnunuansHas cxema mexorpacieoro 6ananca (MOB)

[IpousBonsimue [ToTpebmnsitomue oTpaciu Koneunsriit Banosoit
oTpaciu 1 2 3 n IIPOAYKT NPOAYKT
1 X1 X12 X13 Xin Y X
2 X2 X2 X23 X2n Y, Xo
3 X3 X32 X33 X3n Y3 X3
n Xnl Xn2 Xn3 Xnn Yn Xn
AmopTtu3zanus c1 o c3 Cn
Ormara Tpyaa 3 Vo V3 Vi n n
YucTel 1O0X0.1 mi my ms m, X, = X j
Banosoit Xi X, X; X, i=1 -1
MPOJIYKT




B 0CHOBY 3TO#1 CXE€MBI MOJOKEHO pa3leiICHUE COBOKYIIHOTO IPOAYKTAa HA JBE YacTH:
IIPOMEXYTOUHBIM M KOHEYHBIH HPOAYKT. Bce HapoaHOe XO35AHCTBO IPEACTABICHO B BHIE
COBOKYIIHOCTM n OTpacieil (MMerTcs B BUAY YHUCThIE OTPACiIM), NPU 3TOM KaxkJaas oTpacib
burypupyer B 6angaHce Kak IPOU3BOASIIAs U KaK HOTPeOIIsIoas.

2. KoappuuueHThI NPAMbIX U OJHBIX MATEPHAJIBLHBIX 3aTPAT.
Bennunnel a; Ha3BIBAIOTCA KOIPDuyuenmamu npAMbIX MaAmepualvHuiX 3ampam W
PacCUUTHIBAIOTCS CIEAYIOIUM 00pa3oMm:

a, = i=L.,n,j=1,..,n
' j

Koagpduyuenma npsamvix mamepuanvuvlx 3ampam a; nokasvbleéaron, Kakoe KOJIHMYECTBO
NPONYKIUM (- OTpaciiu HeoOX0oAuMoO (€ClM YYUThIBATh TOJBKO TpSMbIC 3aTpaThl) s
MPOU3BOACTBA €IUHULBI IPOIYKLINH j-H OTPACIIH.

Kosagduyuenmor nonuvix mamepuanvuvix 3ampam b;; nokaswiearom, Kakoe KOIHMYECTBO
OPONYKLUUU i-U OTPaciu HYXKHO MPOU3BECTH, YTOOBI C YYETOM MIPSIMBIX U KOCBEHHBIX 3aTpar
3TOW MPOAYKIIWY MOMYIUTh €AUHUIY KOHEYHOW MPOTYKIUAH j-H OTPACIIH.

3. Me:xoTpaciieBble 02J1aHCOBBIC MO/IE/IH B AaHAJIN3€ JKOHOMHYECKHX IOKa3aTeel.

K umncny BakHEWIIMX aHAIMTUUYECKHUX BO3MOXKHOCTEH OaJaHCOBOI'O METOJIA OTHOCHUTCS
oIpeielIeHUe MPSAMBIX U MOJHBIX 3aTpaT TPyJa Ha €AMHUIY MPOAYKLUHU U pa3paboTKa Ha 3TOH
OCHOBE 0aJaHCOBBIX MPOJYKTOBO-TPYAOBBIX MOJIENEH, UCXOAHON MOJENbIO MPU 3TOM CIYKUT
OTYETHBIH MEXIPOAYKTOBBIM OanaHc B HaTypalbHOM BbIpaXKeHUU. B 3TOM GanaHce Mo cTpokam
IPEJCTaBICHO pACIpPENETICHUE KaKJIO0ro OTIEIBHOIO NIPOAYKTa Ha IPOU3BOJCTBO JPYIHX
IIPOAYKTOB M KOHEUHOE NOTpediaeHue (NepBblii U BTOPOH KBaJPaHThI CXEMbl MEXOTPACIEBOIO
Oananca). OTnenbHON CTPOKOM JaeTcsl paclpezesieHue 3aTpaTr >KUBOIO TpyJa B IPOU3BOJCTBE
BCEX BUJOB MPOIYKIUH; IPEII0JIAraeTcs, YTO TPYAOBbIE 3aTPaThl BEIPAXKEHBI B €IMHULIAX TPYya
OJINHAKOBOH CTENEHU CII0KHOCTH.

1.8 Jlexnus Ne 11-12 (4 yaca)
Tema: « DyHKIUM MOJE3HOCTH U cripoca. 3ajjaya nmoTpedMTEeILCKOr0 BbIOOpa. YpaBHeHHe
Cayukoro»

1.8.1 Bonpocel Jieknuu:

1. OcHOBHBIE TOHSTHSI.

2. @yHKIUSA MOJIE3HOCTH U €€ CBOWUCTBA.

3. 3amaya noTpeduTEnbCKoro Beibopa. yHkuuu copoca.

4. O¢pdextsr komneHcanuu. Ypasaenue Ciynkoro. OLeHka 3J1acCTUYHOCTH CIPOca.

1.8.2 KpaTtkoe cogep:xaHue BOPOCOB:

1. OcHOBHBIE OHATHS.

Ha prinok nokymnarens ToiakaioT norpedHoctu. [lorpedHOCTH MOPOXKIAIOT CIIpOC. AHAIU3
cnpoca u nompeonenusi — 3mo 00aACmb IKOHOMUKO-MAMEMAMUYECKUX UCCIe008aAHUL, Yelb
KOMOpbIX — HAyuyHoe HNpedsuoeHue MamepuaibHblX nompeoHocmell Ja00ei U NOUCK
ONMUMANbHBIX Nymell ux yoosiemeoperus. PazpabaTbiBalOT TaKKe MOJIEIIN, KOTOPHIE CBA3BIBAIOT
crpoc W moTpedieHue ¢ npou3BojcTBOM. COBOKYIMHOCTh TaKHUX MOJENEH oOpasyeT cucmemy
Mooenell npoSHO3UPOBAHUS IKOHOMUKU.

C xareropusiMu CIIpOC U MOTpeOICHNE MEPEKINKACTCS YaCTO BCTPEUAIOIIAACS KaTerOpHs
— noneshocms. Cynuth 00 YHOBJICTBOPEHHUU IMOTPEOHOCTEH YJIECHOB OOIIECTBA MOXKHO IO
0OIIIECTBEHHOM TOJIE3HOCTH JaHHBIX Ojar. Eciu mon obwecmeennoil none3nocmsio MTOHUMACTCS
OOBEKTUBHBIN PE3yNbTaT MPOM3BOJCTBEHHON NEATEILHOCTH KaK KPUTEPHsI ONMTHUMAIbHOCTH, TO



cyOveKmueHas noje3Hocmsy — 3TO OLIEHKa OJiar, pecypcoB, pe3ybTaTOB € MO3ULMHA OTAEIBHOIO
noTpeduTeNs, 3TO €ro 0J1arocoOCTOsHNE, YOBIETBOPEHHE €ro NOTPEOHOCTE.

2. @yHKIHS M0JIe3HOCTH U ee CBOMCTBA.

VYaoBneTBopeHUEe HHIMBUIyyMa IPUMEHSETCS Kak Mepa IpeINouTeHus, Kak Mepa
COIIOCTABJICHUS MEXY 3aTpaTaMu M YCWIHAMHU C OJHOW CTOPOHBI M PE3YJIbTaTaMU — C IPYTrOM.
[Tosne3HocTs NPUHATO BbIpaXaTh B BHUJAE (YHKLUHU, IS KOTOPOW apryMeHTaMu SBISIOTCA
3aTpaThl, YCUIIMS, allbTepHATUBHbIE NOTPeOsIeHNs Oaar U T.1. JTa (QyHKIMA MO0Iy4niIa Ha3BaHUE
¢pynkuun nosnesnocru. IlonesHocts Oinar — 3TO NEpeMEHHas BEIMYMHA, OHA HU3MEHSETCS C
U3MEHEHHEM YpOBHeEH noTpediaeHus 3Tux Oar.

B o0wieit popme QpyHKIMH MOJIE3HOCTH MOKET ObITh MPEJCTABIIEHA B BUJIE:

u=u (xl,xz,..., x,),

IZe Xi,X2,..., X, — (AKTOPbI, BIUSIOIINE HA MTOJIE3HOCTb U.

Ceoticmea ¢hynKyuu nonre3Hocmu.

1. Bo3pacranue notpebaeHust OAHOr0 NPOAYKTa MPH MOCTOSHHOM MOTPEOIEHUHU APYroro
IPOAYKTA BEJET K POCTY NOTPEOUTEIHCKOM OLIEHKH, T.€.

ecin X, +Ax; > x;, 1o u(x; + Ax;,x,) > u(x;,x,);

ecu X, +Ax, > x,, 10 u(x,x, + Ax,) > u(x,,x,).

ou(x,,x,) —u' >0, Ou(x,,x,) —u, >0
ox, 0ox,

ITepBble yacTHBIE POU3BOAHBIE HA3BIBAIOTCS NpeoebHbIMU NONE3HOCMAMU NPOOYKMOS:
u| — TpejeNbHAs TOJNE3HOCTh MEPBOrO MPOAYKTa, U é — HIpelenbHasl MOJE3HOCTh BTOPOIO
npoaykra. s npeaenbHbIX MONE3HOCTEN UCTIONb3YeTCA TakKe cuMBoauka M,, M, .

2. IlpenenpHas NOJE3HOCTb KaXJIOTO MPOAYKTa YMEHBIIAETCS, €CIU OO0BEM €ro
notpebieHus pacTeT (3TO CBOMCTBO MpeAeIbHOM MOJIE3HOCTH HAa3bIBACTCS 3aKOHOM YOBbIBaroOIIeH
peIebHON I0JE3HOCTH).

2 2
0 uz =ufy <05 alz
ox, Ox,

3. [IpenenbHas NOJE3HOCTh KaX/A0I0 IPOJYKTA YBEIMUNBAETCS, ECJIM PACTET KOJUUYECTBO
Jpyroro nNpoaykra. B aToMm ciydae npoJykT, KOJIMYECTBO KOTOPOIro (PMKCUPOBAHO, OKa3bIBACTCS
OTHOCHUTENIHO AePUUUTHBIM. [103TOMY NOMOIHUTENBHAS €r0 €IUHULA IPUOOpETacT OOJbIIYIO
LICHHOCTb M MOXeT ObIThb noTpedieHa Oonee >3¢dexTuBHO. J[aHHOE CBOMCTBO CIpaBEAIMBO HE
IUIS Bcex OJiar.

_ 0
=uy <0-

2 2
ou 4,  Ou >0
=Up = =Uy;
Ox,0x, Ox,0x,

3. 3agauya noTpedUTENBCKOr0 Boi0opa. ®yHKIMM cIIpoca.

3agaua nMoTpeOUTENbCKOro BhIOOpA (3a1aua palMOHAIBHOIO MOBEACHHS NOTPEOUTENS Ha
pBIHKE) 3aKjirdaercs B BbIOOpe Takoro mnorpedutenbckoro Habopa (xj, X2), KOTOpBIH
MaKCUMM3HUPYET ero (PyHKIHUIO MOJIE3HOCTH IIPU 33JaHHOM OIO/I)KETHOM OIpaHUUYECHUH.

dopManbHO 3a0aua nompebumenbcko2o bl60pa UMEET BU/L:

L u(x,x,) —> max.
. px+px,<I.
L. x, 20, x,>0.

I'ne p1 u p, — ppIHOUHBIE LIEHBI HA TIEPBBIN M BTOPOH TOBAp COOTBETCTBEHHO, / — I0XOJ
MOKyIaTesl.



4. I Pextbl koMnencanun. YpapaeHue Ciaynkoro. OneHka 3J1aCTHYHOCTH CIIPOCa.
Ecnu mpu pocte 1eHbl HAa OJUH TOBap MPU CHIKEHUU €ro CIpoca, pacTeT CIpoC Ha
JIpYrol TOBap, TO 3TU TOBAPBI 83aumosameHsemvle. Hao0OpOT, ecnu crnpoc Ha APYroi ToBap
TaK)Ke MajiaeT, TO OHU g3aumodononHsemvle. OJHAKO, pealibHas B3aMMO3aMEHSEMOCTh MOXKET
HCKaXaTbCsa OGI.I.[I/IM CHIDKEHUEM OJIaroCOCTOSHUSI Inpu pocCTeC LCHbBI HAa OJWH U3 TOBAPOB.
[TepBblii TOBap MOKET 3aMEHSTHh BTOPOH B MOTPEOJICHUH, HO CIIPOC HAa HETO MOXET HE PacTH,
IMOCKOJIBKY IPOCTO CHU3WIICA HOXOM. I[JISI CHATUA I3TOI0 MCKAKCHHA HCIOJB3YIOT IMOHATHC
KOMNEHCUPOBAHHO20 UBMEHEHUs YeHbl, TO €CTh TAKOT0, KOTOPOE COMPOBOXKAAETCS YBEIMUYCHUEM
J10X0/1a HOTPEOUTEIIS, TO3BOJISIOLINM €MY MOAEPKUBATH PEKHUN YPOBEHb 0J1Iar0COCTOSHUS.
B koopaunaTtHo# opme ypaBHeHue CIyKOro (coriacHo ,EXZ AC — BC) npumer Bu:
o _[ox H
op, | adp, or I
U MOXKET paccMaTpUBAThCA KaK MPU Pa3HbIX, TaK U MPHU COBMAAAIOIINX I U j.
Onacmuunocms cnpoca no yeHe TOKa3bIBAET CTENEHb M3MEHEHHUS CIIpOoca B OTBET HA

HN3MCHCHHUC LICHBI HA TOBAP U PaBHA!:

comp

ox. X

— L. !
P; P,
Inacmuunocmo cnpoca no ()0x0()y IMMOKAa3bIBACT CTCIICHbL M3MCHCHUA CIIPOCa B OTBCT HaA
HU3MCHCHUC JOXOJ0B HOTpeGPITCHCﬁ H paBHA:

€jj

€, =—17 , l=1,n.
Breinonnsercs PaBCHCTBO!

n
Zeij +e, =0, i=l,n.
Jj=1

To ecTh cyMMa BceX 3JaCTUIHOCTEH CIIpoca 1Mo [IeHE U T0XOAY JOJDKHA PAaBHATHCS HYJIIO.

1.9 Jlexknusi Ne 13 (2 yaca)
Tema: «IIpousBoacTBeHHbIEe (PYyHKIIMN»

1.9.1 Bonpocsl JieKnuu:

1. OcHoBHble OHATHS. CBONCTBA MPOU3BOJACTBEHHBIX (PYHKIIMH.
2. DNacTUYHOCTH BBITYCKA.

3. IIpousBoacrteenHas pynkuust Kob66a-/lyrmnaca.

4. luHamMuyuecKasi IpOU3BOJCTBEHHAs (PYHKIHS.

1.9.2 KpaTtkoe cogep:xkaHue BOIPOCOB:

1. OcHoBHbIe OHATHUSA. CBOIiCTBA MPOU3BOACTBEHHbIX QYHKIUIA.

IIpouzeoocmeennvimu @ynKyusmy Ha3bIBAIOT COOTHOLIEHHWE MEXIY MHCIOIb3yEMbIMU
IPOM3BOJICTBEHHBIMU PECYPCaMU U BBIITYCKa€MOM MPOIAYKLUEH.

B o0wieit popme npon3BoACTBEHHAS PYHKLIHS MOXKET OBITh IIPEJCTaBIEHA B BUJE:

y=f(x, x5 x,),
IZI€ X1, X2,..., X, — 3HAUEHHsI 00BEMOB 3aTPauMBACMbIX HJIM UCIOJIb3YEMBIX PECYPCOB; ¥ — 00BEM
BBIITYCKaeMOM MPOIYKIINH.

ITpon3BosacTBeHHbIE (GYHKUMU HPUMEHSIOTCS Ul aHajdu3a BIMSHUSA PA3JIMYHbBIX
coueTaHuil (akTOpoB Ha OOBEM BBIIYCKAa B ONpPEJEICHHBI MOMEHT BpeMEHH (cmamuueckuil
eapuanm) W JJI1 aHalu3a, a TaKXe MPOrHO3UPOBAHMS COOTHOLIEHHUS 00BEMOB (aKTOPOB U
o0bema BBINYCKAa, B pa3Hble MOMEHTbl BpeMeHU (Junamuueckuii eapuanm). Taxxke
IIPOM3BOJICTBEHHbIE (DYHKIIMHM UCIOJB3YIOTCA Ha PA3IMYHBIX YPOBHSIX S3KOHOMHUKHU — OT Qupmbl
(mpeanpusATUs) 0 HApPOJHOIO XO35AMCTBA B LEIOM (aepecuposannas TPOU3BOJICTBEHHAS



(GyHKIMS, B KOTOPOW BBITYCKOM CIIY)KHT MOKAa3aTelbh COBOKYITHOTO OOIIECTBEHHOTO MPOIYKTa
WJIN HAIlMOHAJILHOTO JI0XO0JIa | T.I1.).

Ceoticmea npous800CmMeeHHbIX PYHKYULL

CBoiicTBa TPOM3BOJCTBCHHBIX (YHKIMH paccMOTpUM Ha mpuMmepe (QYHKIHH IBYX
nepeMeHHbIX y = f(X;,X,), KOTopas UMeeT 001acTh onpeneneHus x, >0 u x, > 0:

1) mpou3BOACTBO HEBO3MOXHO TMPH OTCYTCTBUM XOTs OBl OIHOTO pecypca, T.e.
f(Osxz) :f(xl’o) =0;

2) mpH YBEJIMYCHUHU 3aTPaT MPOU3BOJCTBEHHBIX PECYPCOB BBIMYCK HMPOAYKIMH PACTET
x(1) > x(0) = f(x(1) > (fx(0)); ecnu ¢yukuus auddepeHInpOBaHa, TO MOXKHO 3alKcaTh

Ox,
3) mo Mepe yBeIMUYEHMsI KOJUYECTBA OJHOIO pecypca MpPU MOCTOSHHBIX KOJIMUYECTBAX

Ipyrux npezaenpHas AS((EKTUBHOCTb HCIOJIB30BAaHMSI 3TOrO pecypca HE BO3pacTaer.
Marematuuecku 3TO TpeOoBaHHe I JABaXKIbl U (GEepeHIUPYEMbIX MPOU3BOACTBEHHBIX

i

x>0 = @I‘(x) >0 (i:1’2)’ HJIK TICpBad 4acTHasd NpoOu3BOAHAA |:8f(x):| ITOJIOXKUTCIIbHA,

(GYHKUIUH BBITTISANT TaK: of gx) <0-

Hanpumep, 5T0 o03HauaeT, 4TO pOCT BOOPYKEHHOCTH CpEICTBAMM IPOU3BOJACTBA
IPUBOJIUT K POCTY BBITYCKa MPOAYKIIUH, HO TEMIT POCTa BBITYCKA MPOJYKIIMKA BCE BPeMs MajaeT
(3akoH yObIBaromieit 3 (HEeKTUBHOCTH);

4) 1npous3BOACTBEHHAas (YHKLUHA XapaKTepU3yeTcsl OINpeAeNeHHOW oTaauedl or
pacupeHuss MacmtaboB mpousBoAcTBa. OTjada OT pacIIMpEeHUs MacuITaboB MPOM3BOJCTBA
XapaKTepU3yeT MPOU3BOACTBEHHYIO (YHKIHIO C TOUYKH 3PSHUS U3MEHEHUS BBIITYCKA TPOTYKIHH
IIpY MPONOPLUOHATBHOM U3MEHEHMH 3aTpaT PecypcoB, KOTOPOE MAaTEMAaTUUYECKU BbIpa)kaeTcs B
YMHO)XEHUH BCEX KOMITOHEHT BEKTOpA X Ha MOJIOKUTEIbHBIN CKasp q. [IpuHATO rOBOPUTH, UTO
CKansgpHast QyHKIUS SBISETCS OHOPOIHON (DYHKIMEH CTETIEHH p, €CIH ISl JII000T0 BEKTOpa X U

M000TO CKaJlsipa f OHa YAOBJIETBOPSIET ycloBUKO f(tx) =q” f(x).

2. DJIaCTHYHOCTH BBIIIYCKA.
OTHolIeHNEe NpenenbHON TNPOU3BOAUTENBHOCTH M, i-r0 pecypca K €ro cpenHei

1
IIPOM3BOUTENBHOCTH A; Ha3bIBACTCS 91ACMUYHOCIbIO 8bINYCKA N0 i-My pecypey (1o dakTopy
npousBoacTBa). CUMBOJIMKA!
M, x, of (x .
=7l=7l&’ (l :1’2)_
4, f(x) ox
CymMma E +E, = E, Ha3blBACTCA 21ACMUYHOCTbIO NPOU3EOOCMEA. E TOKa3bIBAacT, Ha

i

CKOJIBKO IPOLIEHTOB YBEJIMUYUTCS BBIIIYCK, €CJIM 3aTpaThl i-r0 pecypca yBEJIUYaTcsl Ha OJUH
IPOLIEHT NPU HEU3MEHHBIX 00BEMax JAPYroro pecypca.

3. IlpousBoacrBennas ¢pyukuus Koo6a-Ayraaca.

Jljist MOIETUPOBaHUS OTJICIBHOTO PETUOHA WITH CTPAHBI B LIEJIOM (T.€. IS PEIICHUS 3a1a9
HA  MakpOSKOHOMHYECKOM,  MHUKPOIKOHOMHYECKOM  YpOBHE)  4YacTO  HCHOJb3YIOT
MPOU3BOJICTBEHHYIO (DYHKIIMIO BH/IA:

y=a,x'x;,

Te ap, di, a, — NapaMeTpsl MPOU3BOACTBCHHONH (PYHKIHH. DTO TOJOKUTEIBHBIE MOCTOSHHBIC
YHCclia, IPUYEM YacTo d; U dy TaKoBbl, YTO a;+ax=1. [IpousBoacTBeHHas GyHKIUS JaHHOTO BUAA
Ha3bIBACTCS npouzgoocmeennol @yuxkyuen Kobba-/[yenaca 1mo MMEHH JBYX aMEPUKAHCKHUX
SKOHOMHUCTOB, NMPEIJIOKUBIINX €€ UCTO0JIb30BaTh B 1929 rony.

4. JlunaMuyeckasi Npou3BOACTBeHHAs PyHKIUS.
[TpousBoacTBeHHas QYHKIUS Ha3bIBACTCA OUHAMUYECKOU, ECIIN:



1) Bpems ¢ purypupyer B KaueCTBE CAMOCTOSITEIbHOM NIEPEMEHHOM BEIUYMHBI (KaK Obl
CaMOCTOSITENILHOTO (haKTOpa MPOU3BOJICTBA), BIUSIOIIErO Ha 00BEM BBITYCKAeMOM MPOLYKIINH;

2) mapaMeTpbl NPOM3BOACTBEHHONM (YHKIMM U €€ XapaKTepUCTUKa [ 3aBUCAT OT
BPEMCHH 1.

PaccmoTpuMm nmpumep AMHAMHMUYECKON NPOM3BOACTBEHHOM (YHKLIMHU: IPU IMOCTPOCHUU
MPOU3BOJCTBEHHON (yHKIMU Hay4yHO-TexHu4eckuid mporpecc (HTII) moker ObITH yuTeH ¢

t
nomolsio BBeeHus Muoxutens TII e” | rne mapamerp p (p>0) xapakTepusyeT TeMI IIPUPOCTa
nox simstHueM HTII:

y(t) = e” f(x,(t),x,t) ,rnet=0,1,..,T.

1.10 Jleknus Ne 14 (2 yaca)
Tema: «CucreMHOe MOJeJMPOBAHME KAaK OCHOBAa ONTHMAJIBHOrO IUIAHUPOBAHUS B
COBOKYIHOCTH 3a/]1a4 yIIpaBJjieHHUs POU3BOACTBOM

1.10.1 Bonpocsl Jeknum:

1. 3agaun oONTUMHU3ALMM NPOU3BOACTBA: MAaKCHUMHU3alMs MNpUObUIM B  Clydasx
JOJITOBPEMEHHOTO U KPATKOBPEMEHHOTO IPOMEXKYTKOB.

2. [loHsTHs ynpaBiieHUs U ONITUMAJIBLHOIO IUIAHUPOBAHMSL.

3. CucreMHOE MOJIETUPOBAHUE B IIPOIIECCE PEILICHUS 3a/1a4 YIPaBICHUSI.

1.10.2 KpaTkoe conep:kaHue BOIIPOCOB:

I. 3agaum oNTUMHM3AlMH NPOU3BOJACTBA: MAKCHUMM3AUMA NPUObUIM B CJIOy4asx
JA0JITOBPEMEHHOT0 U KPATKOBPEMEHHOI0 MPOMEKYTKOB.

dopmalibHO 3ajjaua MaKCHUMM3AlMM MNPUOBLIM B ONpEAECICHHOM BpPEMEHHOM Iepuoje
umeeT BuA: PR — max. Takas mocTaHOBKa 3a7a4d MaKCHUMHU3AIMH MMPUOBUIH 3aBUCUT OT TOTO,
[0 HTOraM KakKoro BpPEMEHHOrO0 MPOMEXYTKa (JAOITOBPEMEHHOTO (JOJITOCPOYHOT0) MU
KPaTKOBPEMEHHOT'O (KPaTKOCPOYHOr0)) pupMa MaKCUMHU3UPYET CBOKO IIPUOBLIb.

B cnyuae ooneospemennozo npomexcymka hupma MOXKET CBOOOJHO BBIOMpPATH JIHOOOM
BEKTOP 3aTpaT X = (X;,X,) U3 IPOCTPAHCTBA 3aTpaT, HOITOMY 3a/1a4a MAKCUMU3AI[MK NPUObLIH B
clly4ae JOJITOBPEMEHHOI'0 MPOMEXYTKA UMEET CICIYIOIINUN BU:

Pof (X,%,) = (px, + pyx,) = PR(x,,x,) — max
npu ycnoBuy, uto x; =20, x, 20 (x; ¥ x, — 00bEMbI HCIOIB3YEMBIX (GUPMOI PECYpCOB).

B cnyuae xpamkospemennozo npomesicymka pupma JOJDKHA YYUTHIBaTh HEU30EKHbIE
JUMHUTHI Ha 00BEMBI UCIIOJB3YEMBIX €10 PECYPCOB, KOTOphIe (POPMaIbHO MOTYT OBITH 3aMUCaHbI
B BUJIC HEJIMHEHHOrO0 HepaBeHCTBa: g(x,,x,) < b (orpanuueHui suga g(x,,x,) < b Moxer ObITh
Heckonbko). CremoBarenbHO, 3adada MaKCUMU3AIMK MNPUOBUIM I  KPATKOCPOUHOTO
MPOMEKYTKA UMEET BUJI 33/1a9M MATEMaTUIECKOTO MPOTrPAMMHUPOBAHHSI:

Pof (x,%,) = (pyX, + p,x,) = PR(x;,x,) — max
IpH ycIoBuy, 910 g(x,X,) <b, x, 20, x, >20.

2. ITonsiTHA ynpaBJ/ieHUs] U ONITUMAJIBHOI0 NJIAHMPOBAHMSI.

Ynpaesnenue — cozHatenpbHOE 1eJICHANPABIEHHOE BO3JICHCTBUE CO CTOPOHBI TOCYIapCTRa,
SKOHOMHUYECKUX CYOBEKTOB Ha JIOJEH U IKOHOMHYECKHUE OOBEKTHI, OCYIECTBISEMOE C IEbIO
HaIPaBUTb UX JCUCTBUS B HY)KHOE PYCIIO M IMOJTYYUTD JKEJTAEMBbIC PE3YIIbTAThI.

OnmumanvHoe niaHuposarue — MIIAHUPOBAHKE HA OCHOBE SKOHOMHKO-MAaTeMaTHYECKHX
METOJ/IOB M MOJIEJIEH, TT03BOJISIONIEE BEIOPATh M3 BCEX BO3MOJKHBIX M JIOMYCTHUMBIX HAWJIyYITUN
MJaH, XapakKTepu3yeMbld MAaKCHMaJbHBIM 3HAUYEHHEM IIeJIeBOM  (QyHKIUU (KpUTEpUs
ONTHMAJIBHOCTH).



3. CucreMHOe MOeTMPOBAaHME B Npolecce pelieHus! 3a1a4 YIpaBJIeHHUs.

OCHOBOIIOJIATAIONIMM B COBOKYITHOCTH KJIACCU()MKAMOHHBIX TPU3HAKOB SIBIISETCS
CYIIHOCTh MOJEJIUPYEMBIX 3KOHOMHYECKHX IporieccoB. COBOKYITHOCTh BCEX IKOHOMUYECKUX,
IPOU3BOICTBEHHBIX, TEXHOJIOTHYECKUX MPOLECCOB COCTABISIET EIUHBIH OOBEKT CUCMEMHO2O
MOOENUPOBAHUSL.

Cucrema mMojeeii npeacrasiseTr co00l COBOKYMHOCTh JIOTHYECKH, HHPOPMAIIMOHHO U
QITOPUTMUYECKU CBSI3aHHBIX MOJIEJTIeH, OTPAXAIOUIMX SKOHOMHYECKHE, OpPTaHM3alMOHHBIE U
TEXHOJIOTHYECKHE MPOIECCHl BOCIIPOM3BOACTBA B UX OOBEKTHBHOM CYIIECTBYIOLIEM E€IWHCTBE.
Cucrema Mozeneil HCHoONb3yeTcs UIs NPUHATHA S(Q(EKTUBHBIX pPEIICHHH 10 DPa3BUTHUIO
pa3INYHBIX cdep MPOU3BOJCTBA.

[Tpu mocTpoeHUN CHCTEMBI MOJIEIICH CelyeT NPUICPKUBATHCS CICAYIOIIUX NPUHYUNOS:

- IPUHLUI Pa3BUTHS;

- IPUHIIMI €IUHCTBA;

- IPUHIIMI OTHOCHTEIILHON aBTOHOMHOCTH;

- IPUHIIMIIBI COOTBETCTBUS U aJlalTalUH;

- IPUHIIMI OPUEHTAIMH HA BBIXOAHBIC TIOKA3aTENH;

- IPUHIMI HE00X0ANMOro pasHooOpasus;

- IPUHLUT B3aUMHOTO JIOTIOJIHEHHS MOJICTICH;

- IPUHLUN YBSI3KH MOJICIIEH.

OnmHa W3 OCHOBHBIX METOJMOJOTMYECKHX IPOOJEM CHCTEMHOTO MOJCIMPOBAaHUSA U
COTJIACOBAHMUS IUIAHOBBIX PAcueTOB HA OCHOBE INPHUMEHEHHUS CHUCTEMbl MOJIENEH COCTOUT B
IIOCTPOGHHHM CHUCTEMBI KPUTEPHEB ONTUMAIBHOCTH. Kpumepuili OnmumanioHOCmu CIysHcum
IKOHOMUKO-MAMEMAMUIECKUM BbIPANCEHUEM YelU PA3GUMUSL MOOETUPYEMOU CUCTIEMDbL.

1.11 Jlexuus Ne 15 (2 yaca)
Tema: «/luHaMUYecKoe MPOrpaMMHUPOBAHME»

1.11.1 Bonpocsl Jeknum:

1. OcHOBHBIE MOHATHS TUHAMUYECKOT'O IPOrPAMMHUPOBAHHUSL.

2. O61mas MoCcTaHOBKa 3a/1a4l TUHAMUYECKOTO ITPOrPaMMUPOBAHHUS.

3. 'eomeTpudeckas HHTEpIpeTalys 3aJa4u AUHAMUUYECKOT0 IPOrpaMMUPOBaHUS.

1.11.2 KpaTkoe conep:kaHue BOIIPOCOB:

1. OcHOBHBIEC NOHATHS JUHHAMHYECKOI0 IPOrpaMMHPOBAHHUS.

B 3agayax auHaAMuU4ecKOro mporpaMMHpPOBaHUsS SKOHOMHYECKHU MPOLECC 3aBUCHUT OT
BpEMEHH (OT HECKOJIbKUX MEPHOI0B (3TAllOB) BPEMEHH ), TOITOMY HAXOIUTCS Psii ONTHMAJIbHBIX
perieHuil (mocaeoBaTeNbHO sl KaXKJI0ro 3Tara), 00ecleyuBaIINX ONTUMAIBHOE Pa3BUTHE
BCEro Ipolecca B LEIOM. 3aJayd JUHAMHUYECKOrO0 IPOrPAMMHMPOBAHMS  HA3bIBAKOTCS
MHO202MANHLIMU WU MHO20ULA20BbIMU.

Jlunamuueckoe npocpammuposarue TPEACTaBIIET cOOOH MaTeMaTHYECKWN ammapar,
MO3BOJISIFOILMM  OCYIIECTBIIATh ONTHUMAJIBHOE IUIAHUPOBAHWE MHOIOIIATOBBIX YIIPABIISIEMBIX
IIPOLIECCOB U MPOIIECCOB, 3aBUCAILINX OT BPEMEHH.

DKOHOMHMYECKHUHN MPOIECC HA3bIBACTCS YHPABIAEMbIM, €CIM MOXHO BIUATH Ha XOJ €ro
pa3BuTHUA. Ynpasenenuem Ha3bIBAE€TCA COBOKYIHOCTh PELIEHUN, IPUHUMAEMbIX HA Ka)KOM dTare
JUI BIMSIHUSL HA XOJ Ipouecca. B SKOHOMMYECKMX Mpoleccax YNpaBICHUE 3aKIKOYAETCA B
pacupeiesieHul W IepepaclpeesieHM CpeACTB Ha KaxaoM »tane. Hampumep, Bbimyck
OPOJIYKUUU JIIOOBIM TPEANPUATHEM — VIPABISIEMBbIM MPOLECC, TaK KaK OH OMpelesseTcs
U3MEHEHHEM cocTaBa 000pyAOBaHUS, 0OBEMOM MOCTABOK CHIPhs, BEINYMHON (PUHAHCUPOBAHUS
u T.7. COBOKYITHOCTh PEIICHHH, MPUHUMAEMbIX B Havajie KakJI0ro rojia miaHupyeMoro nepuosia
1o oOecreyeHnIo MPeANpUaTUs ChIpbeM, 3aMeHe 000pyI0BaHUs, pa3MepaM (pUHAHCUPOBAHUS U
T.[., IBIIAETCS yIPABICHUEM.



I[JISI 0OJBIIMHCTBA 3aaa4 AUHAMHUYCCKOI0 MporpaMMupOBaHUA KIIACCHYCCKUC MCETO/bI
dHaJIi3a WKW BapHWAllMOHHOI'O HCYUCIICHUA OKa3bIBArOTCA H€3(1)(1)CKTI/IBHHMI/I. HI/IHaMI/ILICCKOC
mporpaMMHpOBaHUC, HUCIIOJIB3YSA MNOI3TAINMHOC INIAHUPOBAHUE, IMO3BOJIACT HC TOJBKO YHNPOCTUTH
PCUICHUEC 3a/la4, HO MW pCeIIUTb TC€ H3 HHX, K KOTOPbBIM HCJIB3Ad IMMPUMCHUTb MCTOIbI
MaT€MaTH4YCCKOIO aHajIn3a.

2. O0masi NOCTAHOBKA 321a4M JHHAMHYECKOI0 NNPOrpaMMHUPOBAHHUS.
ITycts HekoTOpas ¢u3nueckas ymnpasiseMas cucteMa S HaXOAMTCS B MEPBOHAYAILHOM

cocrogHuu Sy € S, (rme §, — oOnacTh HayalabHBIX COCTOsiHUI). C Te4eHUEM BPEMEHU €€

COCTOSIHUC MCHACTCA U CUCTEMA IPUXOJUT B KOHECYHOC COCTOAHUC Sk S Sk (rz[e Sk — o0nacTh

KOHEUHbIX cocTosiHUi). C mpoueccoM HM3MEHEHUs COCTOSHHUS CHUCTEMbI CBA3aH HEKOTOPBIN
4yHiCIIeHHBIH Kputepuil W. HeoOXoauMo Tak OpraHu30BaTh IPOLECC, YTOOBI KPUTEPUH AOCTUT
ONTUMAJILHOTO 3HAYEHUS.

O0603HauYMM MHOKECTBO BO3MOKHBIX ynpaBieHui uepe3 U. Toraa 3ajaua COCTOUT B TOM,
YTOObl M3 MHOYKECTBA BO3MOXKHBIX ympaBineHuil U Haiitu Takoe ymnpasiaeHue U*, xotopoe

IO3BOJIMT NEPEBECTH CUCTEMY S M3 HAYaJIILHOIO COCTOSIHMA Sy) € S, B KOHE4YHOe Sy € S, Tak,

yto Kputepuil W(U) npuHUMaeT onTUMalbHOE 3HaUeHue W*.

3. I'eomeTpuyeckasi MHHTepIpeTanus 3a1a4M JHHAMHYECKOr0 IPOrpaMMHPOBaHHUs.

Cocrosinue ¢u3nyeckoil cucteMbl S MOXHO ONKMCAaTh YHCIOBBIMH I1apaMeTpaMu,
HalpUMep pacxofOM TOPHOYEro M CKOPOCTbIO, KOJMYECTBOM BIIO)KEHHBIX CPEICTB M T. 1.
HazoBeM »TH mnapaMeTpbl KoopouHamamu cucmemvl, TOT/ld COCTOSIHHE CHCTEMbl MOYHO
M300pa3uTh TOUYKOM S, a mepexo U3 OAHOIO COCTOSIHUS S; B Ipyroe S» — TpaeKTOpHeH Touku S.
VYnpasnenue U o3HauaeT BbIOOp ONpPEAEICHHON TPaeKTOPUH NepeMelleHust Touku S u3 S; B Sy,
T.€. YCTaHOBJIEHUE OIPEAEIEHHOr0 3aKOHa ABW)KEHUSA TOYKH S. COBOKYMHOCTb COCTOSHUH, B
KOTOPbIE MOXXET IEPEXOJUTh CHUCTEMa Ha3bIBACTCH 001ACMbIO B03MOJCHbIX cocmosaHul. B
3aBUCHUMOCTM OT 4MCJa [apaMeTpOB, XapaKTEPU3YIOIIUX COCTOSHUE CHUCTEMBl, 00JacTh
BO3MOXHBIX COCTOSIHUH CHCTEMBI MOXKET ObITh Pa3IMYHOM.

Ilyctb, Hampumep, COCTOSIHME CHUCTEMBI S XapaKTEpHU3yeTCsi OJHUM IapaMeTpoM,
kKoopauHaTol x. CrenoBaTesbHO, OOJNACThIO BO3MOXKHBIX COCTOSIHHII CHCTEMBI SIBJISETCA
COBOKYITHOCTh 3HAU€HUM X, a YIpaBJIEHWEM — 3aKOH J[BM)KEHUS TOUYKHM S M3 HaAyalbHOI'O

coctosHus Sp € S, B KoHeUHOe S; € S, 1o ocu Ox WK €€ YacTu.

Ecin cocrosHue cucremsl S XapakTepusyeTcss IBYyMsl IapaMmerpamu (X; U Xz), TO
00J1aCThI0 BO3MOXKHBIX COCTOSHUM CHCTEMBl CIIY’KUT IJIOCKOCTh x;Ox; WM €€ 4YacTb, a
ylpaBieHUEe U300pa3uTCcs JUHUEN Ha IUIOCKOCTH, IO KOTOPOM Touka S mepeMmeniaercs u3 Sy €

S,BSkre S,

B o6miem ciydae, korja COCTOSIHME CUCTEMbBI OMUCHIBACTCS 1 mapamerpamu x; (i =1, 2, ...,
n), 00JacThl0 BO3MOXKHBIX COCTOSHUN CIIY’)KMT #-MEPHOE IIPOCTPAaHCTBO, a YIpaBlICHUE
n300pakaeTcs NepPeMEIEHUEM TOUKH S U3 KaKOM-TO HayaabHOU 00J1acTH S, B KOHEUHYIO S, IO

HEKOTOPOU «TPAaEKTOPUM» ITOTO MPOCTPAHCTBA.
Taxum obpa3om, 3aaue JMHAMHYECKOIO IPOIPaMMHUPOBAaHUs MOKHO J1aTh CIIEAYIOLIYIO
eeomempuieckylo unmepnpemayuto. W3 Bcex TpaeKTOpui, NpUHALIEKAIUX 0O0IACTH

BO3MOKHBIX COCTOSIHUH CHCTEMBI M COCIMHAIOMMX obmactd S u S, HE0OXOAUMO BHIOPATH

TaKyl0, Ha KOTOPOU KpUTepui W NIpUHUMAET ONTUMAJIbHOE 3HAYCHUE.



1.12 Jlexuus Ne 16 (2 yaca)
Tema: «CeTeBoe IVIAHUPOBAHME U YIIPABJICHH €»

1.12.1 Bonpocsl Jeknum:

1. OcoGeHHOCTH ¥ OCHOBHBIE 3TAIbl CETEBOTO MJIAHUPOBAHUS U YIIPABICHUS.
2. OcCHOBHBIE IOHSTHS U OTPECIICHUSI.

3. Bpemennsle napaMeTpsl COOBITUH, pabOT U MyTEH.

4. OnTUMHU3aIMs CETEBBIX MOJEIEH.

1.12.2 KpaTkoe conep:kaHue BOIIPOCOB:

1. Oco0eHHOCTH ¥ OCHOBHBIE ITANbI CETEBOI0 MJIAHUPOBAHUS U YIIPABJIEHHSI.

Cemesoe IInanupoeanue u Ynpaenenue — 3TO KOMIUIEKC IpapUUeCKMX M PacueTHBIX
METOJIOB, OPraHU3aLMOHHBIX MEPONpPUATUH, OOECIeYnBaAIOIUX MOJACIUPOBAHUE, aHAlU3 U
JUHAMHYECKYIO [IEPECTPOMKY IJIaHa BBIIIOJIHEHUS CIOXHBIX IIPOEKTOB U pa3pabOTOK, HAIpUMED,
TaKUX KaK: CTPOUTENICTBO M PEKOHCTPYKIHS KaKUX-IHNOO OOBEKTOB; BBINOJIHEHHWE HAy4yHO-
UCCJIEIOBATEIbCKUX M KOHCTPYKTOPCKMX pabOT; MNOArOTOBKAa IPOMU3BOJACTBA K BBIIYCKY
NPOJNYKLHH; TIEPEBOOPYKEHUE aAPMHUHU; PpPa3BEPThIBAHUE CUCTEMbl MEJULMHCKUX WU
npoUTAKTUIECKIX MEPOTPHUSITHA.

Xapaxmephoti ocobeHHoCmbl0 TaKUX NPOEKTOB SBISIETCA TO, YTO OHU COCTOST W3 psija
OTJICNbHBIX, dJIEMEHTApHBIX pabom. OHU 00YCIaBIMBAIOT APYr Apyra TakK, YTO BBIIOJIHEHUE
HEKOTOpBIX pabdOT HE MOXKET OBbIThb HayaTO paHblIE, YEM 3aBEpLUIEHbl HEKOTOPbIE IPYIHE.
Hanpumep, yknanka ¢yHaaMeHTa He MOKET ObITh HayaTa paHblile, 4yeM OyayT JOCTaBJICHbI
HeoOXOUMbIE MaTEpUasbl; 3TH MaTepualbl HE MOTYT ObITh JOCTaBJIEHbI paHblIE, yeM OyAyT
MOCTPOCHBI TMOABE3AHbIE IyTH; 000 ATam CTPOUTENHCTBA HE MOXET OBITh HayarT 0e3
COCTaBJICHUS] COOTBETCTBYIOLEH TEXHUYECKOW JOKYMEHTALUU U T.1.

Cemesoe [Inanuposanue u Ynpasenenue exiiouaem mpu OCHOBHbIX dmMana: CTPYKTYPHOE
IUTAHUPOBAaHUE; KaJICHJapHOE IJIAHUPOBAHUE; ONIEPAaTUBHOE YIIPABJICHUE.

Cmpykmypnoe niaHuposanue HayMHaeTcd C pa3OMeHUs TpoOeKTa Ha YETKO
OIpe/ie/IEHHbIE Olepaluy, UIsl KOTOPbIX ONPEAEsAeTCs MPOAOJIKUTENBHOCTb. 3aTEM CTPOUTCS
ceTeBoi TpaduK, KOTOPHIM MpEACTaBISET B3aUMOCBSI3M pabOT MpoekTa. DTO MO3BOJISAET
JIETAJIbHO aHAJIM3UPOBaTh BCE PAOOTHI U BHOCUTH YJIYULIEHHs] B CTPYKTYpY IpPOEKTa €l 10
HayaJla ero peajan3alui.

Kanenoapnoe nnanupoeanue mnpeaycMaTpuUBaeT IOCTPOCHHME KalleHAAPHOTO Trpaduxa,
OTpEeNSAIONIEr0 MOMEHTHl Hayajlla M OKOHYAHHUS Kaxaod paboThl W Jpyrue BpeMEHHbBIC
XapaKTEpUCTUKU CETEeBOro rpauka. OTO IO3BOJSET, B YaCTHOCTH, BBISBISTH KPUTHUECKHE
orepanuy, KOTOPbIM HEOOXOIUMO YAENnATh oco0oe BHUMaHHE, YTOObI 3aKOHYHUTH MPOEKT B
JUPEKTUBHBIA CpoK. Bo Bpems KajeHAapHOro IUIAHUPOBAHUS ONPEAEIAIOTCS BpPEMEHHBIE
XapaKTepUCTHUKU BCEX pabOT ¢ IeNbl0 MPOBEICHHS B JAajbHEHIIEM onmumuzayuu CETeBOU
MOJIEJIH, KOTOpask HO3BOJIUT YIy4YIIUTh 3((HEKTUBHOCTH UCIIOIb30BAaHUS KaKoro-inbo pecypca.

B xone onepamusnozo ynpasnenus UCTionb3yrOTCs CETEBON U KaleHIapHBIN TpaduKu 1Ist
COCTaBJICHUS NEPUOAMUECKUX OTUETOB O XOJI€ BBIIIOJIHEHUS NpoekTa. [Ipu aTOM cereBas Mozenb
MOJKET IO/IBepraThCsi ONEepaTUBHON KOPPEKTUPOBKE, BCIEACTBUE Yero OyIeT pa3pabaTbiBaThCs
HOBBIM KaJCHAAPHBIN IUIAH OCTAJIbHOM YaCTH MIPOEKTA.

2. OcHOBHBbIC IOHATHS U ONPeIeJICHHUs.

OCHOBHBIMU TOHATUSIMM CETEBbIX MOJENEH SBIAIOTCS MOHATUS «coObimusy WU
«pabomuly.

Paboma — 310 HEKOTOpBIH Ipouecc, MNPUBOJAMMN K JOCTHXKEHHUIO OIPEIEICHHOrO
pe3ynbpTaTa, TpeOYIOLUIMI 3aTpaT KakKuxX-IM00 pecypcoB U HUMEIOUIMM NPOTSHKEHHOCTh BO
BPEMEHH.



CobOvimue — 3T0 MOMEHT BPEMEHHM, KOTJa 3aBEpIIAIOTCS OJHU pabOThl U HAYMHAIOTCS
npyrue. Hanpumep, GyHaaMeHT 3aauT 6E€TOHOM, KOMIUIEKTYIOLUE [TOCTABJIECHbI, OTYEThI CAAHBI
u T.4. CoObITHE NpeacTaBiIsieT co00M pe3ynbTaT NPOBEACHHBIX padoT U, B OTJIMUUE OT paboT, HE
UMeEeT NPOTSKEHHOCTH BO BPEMEHH.

3. BpeMeHnHble mapaMeTpbl COObITHI, Pa0OT U MyTeil.
K BpeMeHHBIM napamempam cobvimuii OTHOCSITCSL:
o Tp(i) — paHHUH CPOK HACTYIUICHUS COOBITHS i. DTO BpeMs, KOTOPOEe HEOOXOAUMO s

BBITMIOJIHEHHS BCEX paboT, MPEIIeCTBYIOIINX JAHHOMY cOObITHIO i. OHO paBHO HAaMOOJbIIECH U3
IPOJOKUTEIBbHOCTH IyTEH, NPEIIECTBYIOIIMX JAHHOMY COOBITHIO.
e T7(i) —HO3MHUH CPOK HACTYIUICHHSI COOBITHS i. DTO Takoe BpeMs HACTYIUICHHS

COOBITUSL i, TIPEBBIIIEHHE KOTOPOIO BBI30BET AHAJOTMUYHYIO 3aJ€pXKKy HACTYIUICHUS
3aBepuIaroIiero coobitus cetu. Ilo3aHuil cpok HacTyIuIeHHs J1I000ro COOBITUS 1 paBEH Pa3HOCTU
MEXYy NPOJOJKUTEIBHOCTBIO KPUTUYECKOrO MyTH M HauOOJbIIEH M3 MPOAOIIKUTEIbHOCTEH
yTeH, CIEAYIOINX 3a COOBITUEM i.

® R() — PE€3€PB BPEMEHU HACTYIICHUS COOBITUSA i. DTO TAKOKW MPOMEXKYTOK BPEMEHH, Ha
KOTOPBIIl MOXKET ObITh OTCPOUEHO HACTYIUIEHHUE COOBITUS i O€3 HapyLIeHHsI CPOKOB 3aBEpPLICHUS
npoekTta B 1enoM. HauanbHble M KOHEUHBIE COOBITHSI KPUTUYECKUX PabOT MMEIOT HYJIEBBIE
pe3epBbl COOBITUH.

K HanbGonee Ba)XHBIM BPEMEHHBIM napamempam pabom OTHOCSTCS:

° TpH(i, J) - paHHUU CPOK Hayaa paboThl;

° THH(i, J) - O3AHUH CPOK Hayana paboThl;
® Tpo(l, J) - paHHUI CPOK OKOHYAHWHSI PaOOTHI;
° THO(I, _]) - O3AHUI CPOK OKOHYAHUS PaOOTHI;

4. OnTHMH3anus CeTeBLIX MO/IeJIe.

Memoouxka onmumuzayuu 3a2py3Ku cemesvlx Mooenell no Kpumepuio "MuHumMym
ucnoanumerneu”.

[Tpu onTUMH3aLIMK KCTIONB30BAHUS pecypca paboyeil CHIIbI Yallle BCEro ceTeBble paboThl
CTPEMSATCSl OpraHU30BaTh TAKUM 00pa3oM, UTOOBI:

® KOJIMYECTBO OJIHOBPEMEHHO 3aHATHIX UCTIOJHHUTENEH ObLI0 MUHUMAIbHBIM;

® BBIPOBHATH MOTPEOHOCTH B JIIOJCKHX Pecypcax Ha MPOTSKEHHH CPOKa BBIOIHEHUS
MPOEKTA.

Memoouka onmumuzayuu cemesvix mooenetl no kpumepuro "epems-3ampamor”

[enbto onTumMu3anuu mno kpurepuio "Bpems - 3atpaTsl” SBIsSETCS COKpAIICHHE BPEMEHH
BBITIOJTHCHMS TIPOEKTA B IIEIIOM. DTa ONTUMHU3ANNS UMEET CMBICI TOJIBKO B TOM cliydae, Korja
BpeMsl BBITIOJIHEHUSI pabOT MOKET ObITh YMEHBILIEHO 3a CYET MOJKIIIOUEHHUS JOMOJHUTEIbHBIX
PECYPCOB, UTO MPUBOIUT K IMOBHIIICHUIO 3aTPAT HA BEITIOJHEHUE PadOT.

1.13 Jlexuus Ne 17 (2 yaca)
Tema: «J1eMeHTbI TEOPUH UTP B 327a4aX MO/IeJMPOBAHMUS IKOHOMUYECKHX IMTPOLECCOB»

1.13.1 Bonpocsl Jeknum:

1. OcHOBHBIE TIOJIOKEHUSI TEOPUH UTD.
2. Knaccudukanus urp.

3.CBoiicTBa peuIeHU MaTPUYHBIX UTP.

1.13.2 KpaTkoe conep:kaHue BOIIPOCOB:



1. OcHOBHBIE NOJI0:KEHUS] TEOPHH UTP.

B mocneanue ronpl 3HaueHHWE TEOPHH UTP CYLIECTBEHHO BO3POCIO BO MHOTHX O0JIACTSIX
SKOHOMHUYECKUX U COLMAIbHBIX HayK. B 9KOHOMHKE OHA MPUMEHHMA HE TOJIKO JJIS PelIeHUs
o0lIeX034iCTBEHHBIX 3a7lady, HO M JUIs aHajiu3a CTpaTernyecKux MpoOsieM MpeanpHusITHA,
pa3pabOTOK OPTaHU3ALUOHHBIX CTPYKTYP U CUCTEM CTUMYIIUPOBAHUS.

Urpbl oxBaThIBalOT, KaK MpPaBHUIIO, HECKOJIBKO MEPHOOB, B TEUEHHUE KOTOPHIX HTPOKH
OPEIIPUHUMAIOT TIOCJIEJOBATEIbHbIE WM OJHOBPEMEHHbIE JEHCTBUSA. OTH  JEHCTBUSA
0003HavYaroTCs TepPMUHOM “X0x”. JIeficTBUS MOTYT OBITh CBSI3aHbI C IIEHAMH, 00beMaMH MPOJAXK,
3aTpaTaMM Ha Hay4dHbIE HCCIEeNOBaHUS U pa3paboTku u T.4. [lepumoapl, B TeueHHE KOTOPHIX
UTPOKU JIENAI0T CBOU XO/Ibl, HA3bIBAIOTCS dTaraMu UTphbl. BeIOpaHHbIE HA KaKOM 3Tare XO/bl B
KOHEYHOM CYETE OMPENEIIOT “IaTeXu’’ (BBIMTPHIIN WIH YOBITOK) KaKJIOr0 HUTPOKA, KOTOPHIE
MOTYT BBIP@XAaTbCd B MATEPUAIbHBIX I[EHHOCTSX WM JAeHbrax (IMperuMyIIeCTBEHHO
JUCKOHTUPOBaHHAas! PUObLID).

Eme oqHUM OCHOBHBIM MOHSTHEM JaHHOM TEOPHUH SBIsETCS cTparerus urpoka. [lox Hei
MOHUMAIOTCSI BOBMOXKHBIE JCHCTBUS, MMO3BOJIAIONINE UTPOKY Ha KaKJIOM 3Tare UIpbl BHIOMPATH
U3 ONpEAENEHHOr0 KOJMYECTBAa aJbTEPHATUBHBIX BapHAHTOB TAaKOW XOJ, KOTOPBIH
IOpEJICTaBIsIETCs €My ‘“‘JIy4lIMM OTBETOM~ Ha JEHCTBUS APYTUX WIPOKOB. OTHOCHUTEIBHO
KOHIEMNINH CTPATETUU CIeAyeT 3aMETUTh, YTO UTPOK OMpeEeNsieT CBOU ACHCTBUS HE TOJIBKO AJIs
ATANoB, KOTOPHIX (PaKTHUECKH JOCTUTIa KOHKPETHASI UTPA, HO U JUIS BCEX CUTYyaIlui, BKIIOYAs U
T€, KOTOPbIE MOT'YT ¥ HE BOSHUKHYTh B XOJI€ TaHHOM UTPBHI.

2. Knaccudpurkanus urp.

Knaccupukanuio HUrp MOXHO MPOBOAUTH: IO KOJUYECTBY HUIPOKOB, KOJIHUYECTBY
CTpaTerui, XapakTepy B3aUMOJCHCTBUS UIPOKOB, XapaKTepy BBIMIPHILIA, KOJIMYECTBY XOJOB,
COCTOSIHHIO MH(OpMAIUU U T.J.

B 3aBucHMOCTH OT KOJIMYECTBA UIPOKOB pa3jIMyaroT UrPbl ABYX U 1 UIPOKOB. IlepBbie
U3 HHUX Haubonee wusyueHbl. Urpsl Tpéx u Oosiee HUIrpOKOB MEHEE MHCCIENOBaHbl M3-3a
BO3HMKAIOIIUX [PUHLUUIHAAIBHBIX TPYAHOCTEH M TEXHUYECKUX BO3MOYKHOCTEH IMOIYydYEHUs
pemeHus. Yem Oouibliie UTPOKOB - TEM 00JIbLIE MPOOIIEM.

[To xonuyecTBY CTpaTeruii Urpsl JensITCS Ha KOHEUHbIE U OeckoHeuHble. Eciiu B urpe Bce
UT'POKU UMEIOT KOHEYHOE YHCII0 BO3MOXKHBIX CTpATErnid, TO OHA Ha3bIBaeTcs Korneynou. Eciu xe
X0Ta Obl OMH W3 UTPOKOB UMEET OECKOHEYHOE KOJUYECTBO BO3MOXKHBIX CTpPATErHii, Urpa
Ha3bIBACTCSI HECKOHEUHO.

[To xapakTepy B3aMMOJIEUCTBUS UTPHI AEIATCS HA:

1) beckoanuyuonnvie: UTPOKU HE UMEIOT IIpaBa BCTyNaTh B COIJIALIEHUs, 00pa30BbIBATH
KOAJIULUU;

2) Koanuyuonnvle (KOONEPATUBHbBIE) — UTPOKH MOT'YT BCTYIIAaTh B KOAINULIUH.

B koomnepaTuBHBIX UTpax KOAIUILIMM ONPEIEIICHbI 3apaHee.

Ilo xapakrepy BBIUIpBIMIEH WIPbl JENATCA HAa: UIPbl C  HYI€B0U  CYMMOU
(«aHTaroHUCTHYECKHE», OOLIMII KamuTand BCEX HIPOKOB HE MEHSETCs, a Iepepacrpeaesercs
MEXJly UTPOKaMM; CyMMa BBIUTPBILIEH BCEX UTPOKOB paBHA HYJIIO) U UTPbI C HEHYNEB0U CYMMOLL.

[To Buny ¢QyHKuM BBIMTPBIIIA WrPHl  JAEISATCS Ha: MaTpU4yHble, OMMAaTpHUYHBIE,
HEIpEepbIBHbIE, BBHITYKIIbIE, cenapadenbHble, TUIA Ty3J1eH U ap.

Mampuunas urpa — 3T0O KOHEYHasi Urpa ABYX UIPOKOB C HYJE€BOM CYMMOM, B KOTOpPOU
3a1aéTCsl BBIMIPHII Mrpoka | B BuAe MaTpullbl (CTpOKAa MaTpUllbl COOTBETCTBYET HOMEPY
IPUMEHSIEMOIN CTpaTeruu Urpoka 1, cronber; — HoMepy NMPUMEHSEMOW CTpaTeruu Urpoka 2; Ha
[EPECEUEHUH CTPOKU U CTOJIOIAa MAaTpPULlbl HAXOAUTCS BBIMIPHIII UIPOKa 1, COOTBETCTBYIOIUI
NPUMEHSIEMBIM CTpaTerusim). Jljis MaTpUUHBIX UTP JOKA3aHO, YTO JI00as U3 HUX UMEET pelIeHue
U OHO MOXET OBbITb JIETKO HailieHo NyTéM CBEIEHUS HUIPbl K 3a7ade JIMHEHHOro
IpOrpaMMHUPOBAHUS.

bumampuunas uepa — 3TO KOHEYHas Urpa JIByX HUIPOKOB C HEHYJIEBOH CyMMOH, B
KOTOPOM BBIMIPBIIIM KAXJA0I0 UTPOKa 33Jal0TCd MAaTPULIAMU OTAEJIBHO ISl COOTBETCTBYIOLIETO



Urpoka (B KaXxJ0H MaTpHlle CTpOKa COOTBETCTBYET CTpaTeruu Urpoka 1, cronber — crpateruu
UTPOKa 2, Ha NEPEeceueHUr CTPOKU U CTOIOIA B MEPBOM MAaTPHUIE HAXOAUTCS BBIMIPHIII UTPOKA
1, Bo BTOpOWl MaTpuie — BBIMTPBII Urpoka 2). Jins OuMaTpUuHBIX WUIp TaKXkKe pa3padoraHa
TEOpHsl ONTUMAIBHOIO IIOBEIECHUS MIPOKOB, OJHAKO pELIaTh TAaKHE MIPbl CIOXKHEE, YeM
OOBbIYHbIE MAaTPUYHBIE.

Henpepuignoti cuutaercss Urpa, B KOTOPOH (yHKIMS BBIUTPBILIEH KaXJIOro HIpoKa
SIBJIIETCSL HEIIPEPBIBHOM B 3aBUCUMOCTH OT CTpaTeruil. JlokazaHo, 4YTO UTPhl ITOrO KJlacca UMEIOT
peleHusl, 0lHaKO He pa3paboTaHO MPAKTUUYECKH ITPUEMIIEMBIX METO/I0B UX HaXOXKACHUS.

Ecnn ¢yHKIUS BBIMIPBILIEH SIBJISETCS BBINYKIIOM, TO Takas Urpa Ha3bIBAETCS GbINYKIOLL.
Jis HUX pa3paboTaHbl NMPHEMIIEMbIE METOIbl PEIIEHHUs, COCTOSIIUE B OTHICKAHUU YHUCTOM
ONTUMAJIBHOW CTpareruu (ONnpeAenéHHOro 4uciaa) Uil OJHOIO MIpoKa U BEpOATHOCTEN
NPUMCHCHH S YUCTBHIX ONTUMANBHBIX CTPATETHIA APYroro Urpoka. Takas 3afada pelaeTcsi CpPaBHUTENBHO JIETKO.

3.CaoiicTBa pemieHUid MATPUYHBIX UTP.

OnTuUMalbHbIE CTPATErHMH JIETKO HAXOAATCS MJisi HEOONBIINX WIP, HO BBIYUCIICHUS
CTaHOBSTCA JOCTAaTOYHO CIIO)KHBIMH C POCTOM YHCJIA CTpaTeruid. J[ias momcka onTHUMallbHBIX
CTpAaTeruii UCIIOJIb3yeTCsl HECKOJIBKO MTPHEMOB.

[lepBblii TpHEeM COCTOMT B YMEHBIIEHUU PA3MEPHOCTH WIPBI 32 CUET OMpPEIEICHUS
JOMHHHPYIOIIUX CTPOK W CTOJIOIOB B IUIATEXKHOW Mmarpuile. JIOMUHUPYIONIUM CTOJIOIIOM
(cTpokoif) Ha3bIBaeTcsl CTOJOEN, B KOTOPOM BCE BBIUIPHIIIM HE MEHbIE BBIUTPHIIICH B
HEKOTOPOM JPYTOM CTOJIOLE.

Csoticmeo 1. Ecnu uucras cTpaTeruss OJAHOTO U3 UTPOKOB COACPKHUTCS B CIEKTpE
HEKOTOPOM €ro ONTUMAaJIbHOW CTPATETHH, TO BBIMTPHIII ATOTO0 HIPOKA B CUTYAIHH,
00pa30BaHHOM JTAHHOW YMCTOM CTpaTeruel u JIroOol ONTUMAaIBLHOM CTpaTeruel Ipyroro urpoka,
PaBEH 3HAYEHUIO KOHEYHON aHTArOHUCTHUYECKON UTPBI.

Csoticmso 2. Hu oiHa cTporo JOMUHUpPYyeMasi YUCTasl CTPATErusl UTPOKA HE COJAEPKUTCS
B CIIEKTPE €ro ONTHMAJIbHOW CTPAaTerWH (JaHHOE CBOWCTBO BBITEKAET W3 OIMPEICIICHUS
JOMHUHHUPYEMBIX CTPAaTeruil).

Ceoticmeo 3. Ilycts G = (X,Y,4) — xoHeuHas anTaronuctuueckas urpa, G'= (X | xY,A)
— noabirpa urpsl G, a x” — uucras crparerust urpoka 1 B urpe G, 1oMUHUpyeMas HEKOTOPOi
cTpaterueil X, CekTp KoTopoil He coxepxuT x’ Torma Besikoe pemenue (x°, 1°, v) urpsl G’
SIBJIIETCSL pemeHueM urpsl G.

Ceoticmeo 4. Ilycte G = (X,Y,A) — koHeUHas aHTaroHuctuueckas urpa, G'= (XY | y,A)
— noabirpa urpsl G, a y’— yucras crparerus urpoka 2 B urpe G, 1oMUHUpyeMas HEKOTOPOM
CTpaTeruei y, CHeKTp KOTOpod He coiepxkuT y’Torama Bcskoe pemieHue urpbsl G’ sBiseTcs
pewenuem G.

Cesoticmeo 5. Ecnu st 4uCTON cTpaTeruu x "Urpoka 1 BBIIOJHEHB! YCIOBUS CBOWCTBA 3,
a JI7Isl YUCTOM cTpaTeruu y "Urpoka 2 BBIIIOJIHEHBI YCIOBUS CBOIMCTBA 4, TO BCAKOE PELICHUE UTPBI
G =X\ x,Y | y,A) asasercsa pemenneMm urpel G = (X,Y,4). (HBIMH cliOBaMH, pericHUE
MIOIMATPHIIBI UTPHI SBISETCS PEIICHHEM MaTPHIIBI JAHHON UTPHI).

Csoiicmeo 6. Tpoiika (x°, y°, v) sBusercs pemenreM urpsl G = (X,Y,4) Toraa u TOJILKO
torga, korma (x°, y°, kv +a) sBusercs peuienueMm urpel G(X,Y,kA+a), rne a — moboe
BELIECTBEHHOE 4ucio, Kk > 0. (AppuHHOE mpeodpazoBaHuEe HE BIUSET HA Pe3ylbTaT UCTUHHOIO
pelIeHNs MaTPUYHOM UTPHI)

Csoiicmeo 7. Jlnst Toro, 9ro0bl x° = (X ,...,X{ ,...,X 5, ) ObLIa ONMUMALLHOU CMEWAHHOU

cmpamezuell MaTPUYHON UTPBI ¢ MaTpuled 4 U IEHOW UTPhl U, HEOOXOAUMO M JOCTATOYHO

m —_—
BBITNIOJIHEHHUE CIIEAYIOIINX HEPABEHCTB Z a;x;zv (j=1Ln).

i=1



1.14 Jlekuus Ne 18 (2 yaca)
Tema: «MoaesaupoBaHue CMCTEM MacCOBOI0 00CIYKMBAHU

1.14.1 Bonpocsl Jekuum:

1. OcHOBHbBIE »53J€MEHTbl M 3aJaud, pelIaeMble B paMKax TEOPUU MacCOBOIO
00cITy)KMBaHUS.

2. Knaccugukanuus cucteM MaccoBOro 00CiIyKMBaHUS.

3. OcHOBHBIE CBOMCTBA MPOCTEHIIEH CUCTEMBI MACCOBOTO 0OCTYKUBAHHUS.

4. PacueT OCHOBHBIX XapaKTEPUCTHK.

1.14.2 KpaTkoe coaep:kaHue BONPOCOB:

1. OcHoBHBIE 3JIEeMEHTHI W 3a/1a4H, pelllaeMble B PaMKax TeOpPHH MacCOBOIO
00CTyKMBAHMSI.

MHorue >KOHOMHYECKHE 3a/adl CBSI3aHbl C CUCMEMAMU MACCOB020 OOCTYICUBAHUS
(CMO), T.e. TAKMH CUCTEMaMHU, B KOTOPBIX, C OJHON CTOPOHBI, BOSHUKAIOT MAaCCOBBIE 3aIPOCHI
(TpeboBaHus) Ha BBHINOJIHEHHE KAKUX-TMOO YCIyr, C IpYrodl — IMPOUCXOIUT YAOBIETBOPEHUE
3THUX 3alpPOCOB.

CMO BxmroyaeT B ceOsl CICOYIOIINE DSJIEMEHTBI: UCMOUYHUK MpeDdO8aHUl, BX00AUUL
nomok mpebosanuil, ouepedsb, 00CLYIHCUBAIOWUE YCMPOUCMEA (KAHAIbL 0OCIYIHCUBAHUS),
8bIX005WULL NOMOK mpebosanuti. MeTogaMu TEOPHH MAacCOBOTO OOCITY>KUBAHHUS MOTYT OBITh
pellleHbl MHOTHE 3aJla4d HWCCIICIOBAaHUS TPOIECCOB, MPOMCXOASIINX B JKOHOMHKE. Tak, B
OpraHM3alil TOPTOBIM OSTU METOJbl MO3BOJIAIOT OMNPEICIUTh ONTUMAIbHOE KOJIUYECTBO
TOPTOBBIX TOYEK JIAHHOTO MPOQIIISL, YHCICHHOCTh IPOJABIIOB, YACTOTY 3aB0O3a TOBAPOB U JPYTHE
napaMeTphbl.

OCHOBHBIM MTPU3HAKOM CHCTEM MAaCCOBOTO OOCITYKHUBAHUS SIBISCTCS HAIMINE HEKOTOPOU
obcmyscusaroujeli cucmemul, KOTopasi mpeJHa3HaueHa JUIsl OCYIIECTBICHHS ACUCTBUN COTJIACHO
TpeOOBAaHUSM IOCTYMAIOMUX B CUCTEMY 3ds680K. 3asBKHU IOCTYMAIOT B CHCTEMY CIy4ailHBIM
obOpazom. Ilockonbky oOcayXuBarolmasi CHCTeMa, KaK TMpaBUIO, HMEET OTrpaHUYCHHYIO
MPOIMYCKHYI0 CHOCOOHOCTB, a 3asBKH IMOCTYMAIOT HEPETYNSPHO, TO MEPHOJUYECKH CO3/1aeTCs
ouepellb 3as8BOK B 0KHJIaHUU OOCIYy)KMBaHMS, @ HHOTJa 00CTyKUBAIOIasi CUCTEMa MPOCTanBaeT
B OKUJAHHUH 3aABOK. M TO U Apyroe B SKOHOMHYECKUX CHCTEMaX BIICYET HEMPOU3BOJAUTEIHHBIC
U3JIEPKKH  (MTOTEpH), MOITOMY MpPH MPOCKTUPOBAHMM CHCTEM MAacCOBOrO OOCTyKUBaHUS
BO3HUKAET 3a/laya HAXOXKICHHS PAIMOHAIBHOW MPOIMYCKHOW CIIOCOOHOCTH CHCTEMBI, TpH
KOTOPOM JOCTUTAETCsl MPUEMIIEMbIH KOMIIPOMHCC MEXY U3JIEPKKaMH OT MPOCTOS B OKUAAHUU
BBITIOJTHEHUS 3asBKU M TMPOCTOSI CUCTEMBI OT HEIOTPY3KU. BriepBbie 3a1auu Takoro THHa ObUH
pemiensl B paborax A. K. Dprnanra B Hauaje NmpoIUIOro BeKa M JIerIH B OCHOBY ‘““Teopuu
MaccoBOI'0 00CIYXUBaHUA , KOTOpasl YCIEIIHO pa3BUBACTCS B HACTOSILIEE BPEMSL.

Taxum 06pazom, cucTeMa MacCOBOTO OOCIY)KMBaHHUSI COCTOUT U3 CIEAYIOIIUX OCHOBHBIX
NEeMEHTOB: 1) 6noka obcnyscusanus, 2) nomoxka 3as60K W 3) oyepeou B OXUJAHUU
00CITy)KMBaHUS.

2. Knaccudukanus cucreM MaccoBoro 00CJay:KuBaHus.

CucreMpl MaccoBOro O0OCIY)XMBaHMsSI MOTYT OBbITh KJIacCHU(ULUMPOBAHBI 10 PSAAY
IIPU3HAKOB.

1. B 3aBUCHUMOCTH OT yCIOBUI OXHUAAHUS Hadajia 00CIy)KMBaHUsI pa3In4aoT:

* CMO ¢ nomepsimu (0TKa3amu),

* Opounapnocms TIOTOKA O3HAYAET NPAKTUYECKYIO HEBO3MOXHOCTb OJIHOBPEMEHHOI'O
HOCTYIUIEHUs JBYX U Oosee TpeboBaHuid. Hampumep, 10CTaToOuHO Majol SBISETCS BEPOSITHOCTD
TOT0, YTO M3 TPYMNIbl CTAaHKOB, OOCIIY)KMBaeMbIX OpHUIaJ0oil PEMOHTHHMKOB, OIHOBPEMEHHO
BBIIIYT U3 CTPOsI Cpa3y HECKOJIBKO CTAHKOB.



CmayuonapHvlm HA3BIBAETCS TOTOK, JJII KOTOPOTO MAaTEMaTHYECKOE OXKHJIAHWE YHCIia
TpeOOBaHMH, MOCTYMAKONIUX B CUCTEMY B €IMHHILY BpeMeHU (0003HAUMM A), HE MEHSETCS BO
BpeMeHH. Takum 00pa3oM, BEpOSTHOCTH MOCTYILICHUS B CHCTEMY OMPEACIIEHHOTO KOJIHYECTBA
TpeOOoBaHUIl B TEUEHHE 3a/laHHOTO NMPOMEKYTKAa BpPeMEHU At 3aBUCUT OT €ro BETUYHMHBI U HE
3aBUCHT OT Ha4yaJia €ro OTCYEeTa Ha OCHU BPEMCHH.

Omcymcmeue nocnedeiicmsusi O3HA4aeT, 4YTO YUCIO TpeOOBaHWM, MOCTYNHMBIIUX B
CUCTEMY JI0 MOMEHTa f, HE ONpEIeNIeT TOTO, CKOJBKO TPEOOBaHWU MOCTYHNUT B CHUCTEMY 3a
MPOMEXKYTOK BPEMEHHU OT ¢ 10 ¢ + At.

Baxnas xapakrepuctuka CMO — Bpemst o0ciyxuBaHus TpeOoBaHui B cucteme. Bpems
o0cCiyXMBaHUSI OJHOrO TpeOOBaHMS SABIAETCSA, KaK MPaBUIIO, CIy4alHOH BENTUYMHON W,
CIIeIOBATeNIbHO,  MOXKET  OBITh ~ OMHCAHO  3aKOHOM  pacmpeneicHus.  HaumbOonbiiee
pacmpocTpaHeHHe B TEOpPUU U, OCOOEHHO, B TPAKTHUECKUX MPUIOKECHHUSIX MOTYUUI
9KCNOHEHYUAaNbHbll 3aKOH pacnpeodenenus epemenu oocayxcuseanus. CMO ¢ oorcuoanuem.

2. ITo uncny xananoB obcimyxkuBanus CMO paensarcs Ha:

* 0OHOKAHANbHbIE;

* MHO2OKAHANbHbIE.

3. 1o mecTy HaxoxaeHus ucTounuka TpedoBanuit CMO nensrcs Ha:

* PA30MKHYymble, KOT/1a UCTOYHUK TpeOOBaHMs HAXOIUTCS BHE CUCTEMBI,

* 3aMKHymble, KOTJ1a UCTOYHUK HAXOJAUTCS B CAMOU CHCTEME.

3. OcHOBHBIE CBOMCTBA NPOCTEiIIeH CHCTEMbI MacCOBOI0 00CIyKMBaHUS.

Opounapnocms TIOTOKAa O3HA4YaeT MPAKTHUECKYH0 HEBO3MOXHOCTb OJIHOBPEMEHHOIO
HOCTYIUIEHUs IBYX M Oosee TpeboBanuil. Hanpumep, 1ocTarouHo Manoi siBiIsieTCs BEPOSTHOCTD
TOTO, 4YTO M3 TPYHIbl CTAHKOB, OOCIIYKMBAaeMbIX OpHUrazioil pEeMOHTHHMKOB, OJHOBPEMEHHO
BBIMIYT U3 CTPOsI Cpa3y HECKOJIbKO CTAHKOB.

CmayuonapHvim HA3bIBAETCS MOTOK, AJII KOTOPOrO MAaTeMaTUYECKOE OKHMIaHUE YHCIIa
TpeOOBaHU, OCTYNAIOIINX B CUCTEMY B €AMHMIY BpeMeHHU (0003HAYUM A), HE MEHSETCS BO
BpeMeHU. Takum 00pa3oM, BEpPOSATHOCTb MOCTYIJIEHUS B CHUCTEMY ONPEAEIIEHHOTO KOJIMYECTBa
TpeOOBaHUI B TEUEHHUE 3aJJaHHOI'O NMPOMEXYTKa BpeMEHHM At 3aBHCHUT OT €ro BEJIUYHMHBI U HE
3aBUCHUT OT HayaJla €ro OTCYETa HAa OCHU BPEMEHH.

Omcymcmeue nocnedeiicmeus O3HA4YaeT, YTO YHUCIO TpeOOBaHUM, NOCTYNUBIIMX B
CUCTEMY O MOMEHTA f, HE ONpEIENAeT TOTr0, CKOJIbKO TPEOOBAaHUN IMOCTYHNHUT B CHUCTEMY 3a
MIPOMEXKYTOK BPEMEHHU OT ¢ 10 ¢ + At.

Baxnas xapakrepuctuka CMO — Bpemst oOciykuBanus TpeOoBaHuil B cucrteme. Bpems
00CIIy’)KUBaHUsI OJHOTO TpeOOBaHMs SBJSIETCSA, KaK IPaBUJIO, CIyd4allHOW BEJIUYMHOW W,
ClIe0BaTEIbHO, MOET  ObITh  ONMCAHO  3aKOHOM  pacmpeneneHus.  Haubonbiuee
pacnpocTpaHeHHEe B TEOPUM U, OCOOEHHO, B IPAKTHMYECKUX MNPHIOKEHUSAX IMOIYydnII
9KCHOHEHYUAbHBI 3AKOH PAChPeOeieHUs 8peMeHU 00CTYIHCUBAHUSL.

4. PacyeT OCHOBHBIX XapaKTepPHUCTHK
1. BepossTHOCTB TOr0, 4TO BCE OOCIYKUBAIOIINE KaHAJIbI CBOOO/IHBI:
-1

n—1 ak an

—_— J’_ e —
k! nl(l-a/n)
2. BeposITHOCTh TOTO, YTO 3aHSATO POBHO K OOCITY)KMBAIOIIMX KaHAJIOB IPU YCIOBHUH, YTO

oOmiee uyMciao TpeOOBaHUI, HAXOASAIIMXCS Ha OOCIY)XMBAHMM, HE NPEBOCXOJUT 4YHUCIIA

OGCJ'IY)KI/IBaIOIHI/IX alaparos:
k
P, =%PO, npu /< k< n.

0=

3. BeposTHOCTB TOTO, UTO B CUCTEME HaXOUTCs k TpeOOBaHUH B ciIydae, KOI/la UX YUCIIO
Oosble yrcaa 00CIyKUBAIOIUX KaHAJIOB!



k
a
nlnt"

P = P, npu k>n.

4. BCpOHTHOCTb TOIro, 4TO BCC OGCJ'Iy}KI/IBaIOH_H/IC KaHaJIbl 3aHATHI:

k
(04

T al(-aln)

5. Cpennee Bpemsi O0XHJaHUA TpeOOBaHHMEM Hayajla OOCIY)XMBaHMS B CHCTEME
(ko3 huIMEHT MPOCTOS OYepen):

f B; (a/n<l).

P
E=—"—; (a/n<])
Hn—a)
6. Cpenuss 1JiMHA OYepeIu:
oP a™!

2 n(l—a/n) - nln(1-a/n)?

7. CpenHee 4uci0 CBOOOJHBIX OT 00CITYKUBAaHUS KaHAJIOB:

n—=1 _
@:Z”kwg

P; (a/n<]

k:() k!
8. KoaddumumenTt npoctost KaHAJIOB:
E
3
E, =—.
n
9. CpenHee 4HCII0 3aHATHIX 00CITY)KMBAaHUEM KaHAJIOB:
E,=n-E,
10. KoadhdurueHT 3arpy3ku KaHAJIOB:
E4
K, ==

Berlieonucanuble XapakTEpUCTUKU YAOOHO MCIONb30BaTh IpU npoektupoanuu CMO.
[Tocne nmpoBeleHHBIX BBIYMCICHUN JaHHBIC MO PA3IMYHBIM MOJyYCHHBIM BapHaHTaM CBOJST B
Tabnubl. OKOHYATEIbHOE PEIIEHNUE O BHIOOPE AHUCLUIUIMHBI OYEPEIU, KOJNYECTBE KaHAIOB MX
IPOMYCKHOW CHOCOOHOCTH HpPUHUMAETCs JULOM NpuHuMarouuMm pemenue (JIIIP) u moxer
3aBUCETb OT MHOXECTBA, B TOM YUCJIE U CYyOBEKTUBHBIX (PaKTOPOB.



1. METOJJMYECKHUE YKA3AHMUS 110 BBIITIOJIHEHUIO
JIABOPATOPHBIX PABOT

2.1 JlaGoparopHas padora Nel-5 (10 yacoB).
Tema «CuMIIEKCHBIN MeTO/ pelleHNs 321a4H JHHEHHOr0 POrpaMMHPOBAHMS

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

2.1.2 3agayu padoThI:

1. U3yuuts rpaduueckuil METOJ pelIeHHs 3a7a4 JMHEHHOTO IPOrpaMMHUPOBaHUS.

2. I3y4nTh CUMIUIEKCHBIN METOJI PEIIeHUs 3aa4 IMHEWHOIO IPOrpaMMUpPOBAHUS.

3. PazoOpatk ocobOble cilyuyan B CUMIUIEKCHOM METOJIE.

4. HayuuThbecs penieHuro 3ajav JUHEeWHoro nporpamvmupoBanus B MS Excel. Pa3zoGpath
HSKOHOMHUYECKYI0 HHTEPIPETALMIO PE3YJITATOB PELICHUS 3a/1a4.

5. Kontponbhas pabota

2.1.3 Ilepeyenb NpuOOpPOB, MATEPHUAJTOB, HCIIOJIb3YeMbIX B J1a00paTOPHON padoTe:
1. Kanskynsarop

2. Kommnbrotep

3. Jlocka

2.1.4 Onucanue (xox) padoTbl:

1. U3yunTs rpadpuyecknii MeTo pelieHusl 3a/1a4 JMHEHHOTr0 NPOrpaMMHUPOBaHHUS.

3amaua 1
Haiitn MakcuMaabHOE 3HAYCHUE JIMHEHHON (DYHKITUU:
z = 50x; + 40x,
MIPU OTPaHUYECHUSX
2x1+ 5%, < 20
8x1+5x, <40
5x1+ 6X2 < 30

x12>20;x,>0

Pewenue

IToctpouM MHOrOyrojapHUK pemieHuil (puc.l), ams storo B cucreme koopauHat xi0x; Ha
IJIOCKOCTH U300pa3uM IpaHUYHBIE NIPSIMBIE:

2x1 + 5x, =20 (1))

8)(31 + 5)62 =40 (lz)

5x1+ 6x2 =30 (l3)
X1 = 0; X2 = 0

OTH npsMble PEKOMEHYETCsl CTPOUTD 110 JIBYM TOYKaM IEPeCceueHHs C OCSIMU KOOPIMHAT.
Hanpumep, nns /) takumu toukamu 0ynyt Touku 4(0;4) u E£(10;0).

B3sB kakyro-HuOyAb TOUKy (ynoOHEe BCEro B3ATh Hauyalo KOOPAMHAT), yCTAHABJIMBAaEM,
KaKyl0 IOJIYIUIOCKOCTb OIPENEseT KaKJI0€ U3 HEPAaBEHCTB, COOTBETCTBYIOLIEE YpPaBHEHUSIM
IPAaHUYHBIX TPAMBIX (3TH MOJYNJIOCKOCTH Ha puc.l IoOKa3aHbl CTpelKaMH, IITPUXOBKOIL
BbIIEsIeTCSl o0asi 4yacTh (IepeceueHne) yKa3aHHBIX IOJIYIUIOCKOCTEH). MHOroyrojipHUKOM
pelIeHU WIN 001acmelo 0onyCmuMblx pewlenuti TAHHOM 3afaudl sBISETCS OrpaHUYCHHBIH
nATuyroisHuKk OABCD.

Jlanee cTpouM OJHY M3 JMHUH YypOBHSA LeNeBOM (YHKIMHM Kak HOpPSAMYIO JIMHUIO,
COOTBETCTBYIOILYIO ypaBHEHMIO Z=const. B Hamell 3ajade MOXXKHO mocTpouTs npsmyoo 50x; +
40x, = 200 (l4). Yepes Touky O mpOBOIUM TMPSMYIO, MapPAUICTbHYIO 4, €li COOTBETCTBYET



ypaBHenue Z=0 unu 50x; + 40x, = 0. Takum oOpazom, onpesensseM HalpaBiIeHUE ABMXKEHUS 110
JMHUSAM YPOBHS LIeJIeBOM (PYHKIMH, COOTBETCTBYIOIIEE €€ HauOblcTpelleMy BO3pacTaHuIo (Ha
puc.l 3TO HampaBi€HHE OTMEUEHO CTPENKOM Ha mnpsiMoM /4). OcylecTBiss NepeMelleHue
npsAMOi /4 mapamenbHo caMmoil cebe B BBIOpaHHOM HampaBlIeHUH, MOJdydaeM, 4yTo (QpyHKuus Z
IPUHUMAET MaKCUMaJbHOE 3HAYEHHE HA MHOIOYTOJIbHUKE pellieHui B Touke C. DTOT BBIBOJ
ClIelyeT U3 meopembvl: eciu ORMUMAIbHOE peuieHue 3a0auu Cyuiecmeyem, mo OHO
oocmuzaemcs, no KpaitHei mepe, ¢ 00HOI U3 6ePUIUH 001aCMU OONYCIUMBIX PeUeHUl.

| | -
0 \\\\ D>6> 1? X1

Pucynok 1 — MHOTrOyrojabHUK pelieHuit
Touka C neXHUT Ha MEpeceyeHUr NPsAMbIX [, U [3 U, CIeI0BATENbHO, JAJIA ONpPEACICHUS €€
KOOPJIMHAT HY>KHO PEIIUTh CUCTEMY YPABHEHUN:
8)(31 + 5)62 =40
Sx1 + 6x, =30
IToncraBuM HaliieHHbIE 3HAUEHUA X1 U X2 B QyHKIMI0 Z (50 - 90/23 + 40 - 40/23).
OTBeT: ONTUMATILHOE PEUICHUE 3a/1a9U Zmax = 6100/23 mipu x; = 90/23; x, = 40/23.
3agava 2
Haiitn MakcuMaabHOE 3HAYCHUE JIMHEHHOW (DYHKITUU:
Z= lel + 3)62
IIPU OTPaHUYECHUSX
2x1 +3x, <33
x1+6x,>14
Sx1—4x,>2
X1 —2x <6
3amaua 3
Haiitu MuHMMaIbHOE 3HAYCHUE TUHEHHON (YHKIIUH:
Z= lel + 3)62
IIPU OTPaHUYEHUSX
2x1 +3x, <33
x1+6x,>14
Sx1—4x,>2
X1 —2x <6

3agaua 4



Haiitn MuHMManpHOE 3HaUEHUE JIMHEHHON (PyHKIINHU:

Z= 2)61 + X2

[IPY OIPAHUYEHUSAX

—2x1+3x,<9

X1+ 2x,>8

X1 + X2 < 8

X1 > 0, X2 > 0

3amaua 5

Haiitn MuHMMaIbHOE 3HAYCHUE TUHEHHON (YHKIIUH:

Z= 4)C1 — 3)62

IIpY OIPAHUYEHUAX

X1 t2x<6

2x1 +4x, > 8

2x1—x2>2

X1 Z O, X2 Z 0

3amaua 6

Haiitn MakcuMaabHOE 3HAYCHUE JIMHEHHON (DYHKITUU:

Z= —2x1 — 4)62

[IpY OIPAHUYECHUAX

3x1 —2x <6

Sx; +4x,>20

X1 > 0

x>0

3amaua 7

Haiitn MakcuMaabHOE 3HAYCHUE JIMHEHHOW (DYHKITUU:

zZ=X1 + X2

IIpH OTPaHHCHHAX

2x1tx,>2

x1+3x,>3

x1—xp>-1 >

3x1 —x 56

X1 + X2 < 5

x120; x>0

Pewenue

B 3aBucuMocTu OT BHJa 00JAaCTH AOMYCTUMBIX PEUICHHH U OTHOCHUTENIBHOTO MOJIOKEHHUS
JIMHUM YPOBHS BO3MOXKEH CIIEIYIOIIMN Ci1ydail, TOKa3aHHbIN Ha puUC.2.

[ToctpoM MHOTOYrOJBHUK pelieHuil (puc.2), Anas 3Toro B cucteme koopauHat x;0x, Ha
MJIOCKOCTH M300pa3uM IrpaHUYHBIC MPSMBbIE:

2x1 +x=2(ly)
x1+3x=3 ()
X1 —x2=—1 (13)
3x1—x2=6 (l4)
x1+x2=5(ls)
X1 =0; x2=0

MHOTOyTrOIbHUKOM pEIICHUN WIH 001acmbilo 0ONYCMUMbIX peulenuti TaHHOW 3aJadu
SIBJIIETCS OTPAaHUUEHHBIA NATUYTOJIbHUK ABDEF.

Jlanee cTpouM OAHY W3 JHMHHM YypOBHS 1eNeBOW (QYHKIMH KaK NPSIMYIO JIMHUIO,
COOTBETCTBYIOIIYIO YPABHEHUIO Z = const.
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Pucynok 2 — BeInykJiiblii MHOTOTPaHHUK PELICHUI

B 3aBucuMocTH OT BHa 00JIACTH JOMYCTHMBIX PEUICHUH U OTHOCUTEIBHOTO IMOJIOKCHHUS
JMHUH YPOBHS BO3MOXKEH CIEIYIOIIMIA CiIydail, TOKa3aHHbIN Ha puC.2.

Ha puc. 2 MmakcuMyM JocTuraercst B IByX BeplIMHax 4 U B, a ciefoBaTelbHO, U B JI000H
Touke AB. Ilpou3onuio 370 NOTOMy, 4TO JIMHUS YPOBHA (PYHKIMM Z MapajielbHa CTOpoHE AB
MHOTOYTOJIbHUKA 00JIaCTH TOMYCTUMBIX pemieHui. bynemM B moMoOHBIX ciaydasX TOBOPHUTH, YTO
3aJ1a4a UMEET albMepHAMUBHbLL ONMUMYM.

CnenoBaTenbHO, 7Sl ONPEACTCHHUS KOOPAMHAT HYXHO PEIIUTh CHCTEMY YypaBHEHUH
COCTABJICHHYIO W3 ypaBHEHUH MPSAMBIX, Tiepecekatomuxcs B Touke 4 (x; —xp = —1 (), x; + xp =
5 (I5)), mu6o B Touke B (3x; —x2 = 6 (l4), x1 + x2 =5 (I5)):

X1 —X2 = — 1 (13)
{ x1 +x2 =5 (I5)

OTBeT: omnTUMaIbHOE pElIeHHE 3aJaydl JOCTUraeTcs B JI000H Touke mnpsMoil AB,
Hanpumep B Touke A: x; = 2; xo = 3. [loacraBnss 3Ha4Y€HUA X| U X2 B JIMHENHHYIO0 QyHKUIHO (2 +
3), mostydaem Zm,x = 5.

Utak, eciu obracmv Oonycmumvlx pewienuii ecmb  BbINYKAbIU  MHO20Y201bHUK
(orpanuveHHass 00JaCTh), MO MAKCUMYM U MUHUMYM TUHEUHOU DYHKYuu Z 00CmMucaromcs no
Kpaiineli mepe 8 0OHOU U3 6ePULUH IMO20 MHO20Y20IbHUKA.

3agaua 8

Haiitu MakcumMaabHOE 3HAYCHUE JIMHEHHON (DYHKITUU:

Z= X1 — X2

MIPU OTPAaHUYCHUAX

—2x1+3x,<9

X1 —x =<2

X1 tx < 8

x120,x>0

3agaua 9

Haiitu MunnmanbpHO€ 3HaU€HUE TUHEHHON (YHKIINH:
Z=2x 1— ZXZ

[IPY OIPAHUYEHUSAX

3x1 4x, <12

X1 t2x, >4

X1 —Xx2>3

3x1+3x, <18

3amaua 10

Haiitn MUHMMaJIbHOE 3HAUYCHUE TUHEHHON (YHKIIUH:
zZ= —3X1 — 2)62

[IpY OIPAHUYECHUAX



3x1 —2x, > -6
dx)1 —x,> 8
X1—2X2§8
3x1+tx2>29
x120;x>0

Pewenue.
[TocTpouM MHOTOYTOJBHUK perieHui (puc.3), misa 3Toro B cucreme koopawHat xi0x, Ha
MJIOCKOCTH U300pa3uM IrpaHUYHBIC MPSMBIE:
3X1 — 2)C2 =6 (11)

4X1 — X2 = 8 (lz)

X1 — 2)C2 =8 (13)

3X1 + X2 = 9 (14)
X1 = 0; X2 = 0

\\ Zmax
.

Pucynok 3 — Beinykiiblii MHOTOIpaHHUK pelIeHu
ITycte Temepb 00JacTh JONMYCTUMBIX PEIIEHUH INpelcTaBiseT co00il HeorpaHUUYEHHYIO
¢urypy (puc. 3). B aroit obnactu QpyHkuMsi Z HOCTHUraeT MakCUMyMa B Touke B u He umeer
MUHUMYMA (Zpin—> — ©).

3agaua 11

Haiitu MakcumanbHOE 3HAYCHUE JIMHEHHONU (PYHKITUU:
Z=x1+2x

[IPU OTPaHUYECHUSX

—2x1+3x,<9

X1 —2x<2

X1 > 0

x>0

3agaua 12

Haiitu MunnmanbpHO€ 3HaU€HUE TUHEHHON (YHKIINH:
Z=-2x1+3x;

MIPU OIPAHUYEHUAX

3x1—2x,>-6

4)C1 — Xy > 8

X1 —2x <8

3x1tx>9

x120;x20



3amaua 13

Haiitn MakcuMaabHOE 3HAYCHUE JIMHEHHOW (DYHKITUU:
Z=-2x1+3x>

MIPU OTPaHUYECHUSX

3x1—2x,>—-6

dx)1 —x7> 8

X1 — 2)62 < 8

3x1+x2>29

x120;x>0

3amaua 14

Haiitn MakcuMaabHOE 3HAYCHUE JIMHEHHOW (DYHKITUU:
Z= X1 —X2

IIPU OTPaHUYECHUSX

—2x1+3x,>9

X1 —2x>2

X1 + X2 < 8

x120,x>0

Pewenue.

[Toctpoum MHOTOYronbHHUK pemeHuit (puc.4). [ns satoro B cucreme koopauHat x0x, Ha

IIJIOCKOCTH I/I306pa3I/IM I'paHUYHBIC ITPSAMBIC:

=2x1+3x2=9 ()

x1—2x2 =2(h)
x1+x2=8(l3)
X1=O,XZ=O

B nmanmHom cayudae (puc.4) HE CYHIECTBYET HH OJIHOH TOYKH.
npuHaUIekanedn BceM obOnactaM. To ecTh HE CYIIEeCTBYET €AMHOM 00JacTH JOMYCTHMBIX
3HAUYCHUM.

Pucynok 4 — BeInykJiblii MHOTOTPaHHUK PELICHUI

OnHOBpEMEHHO

Taxum o6pa3om, nocTpoeHue 1eneBoi (yHKIIMU HE HMEET CMbICIa. 3a/iaya pelIeHUsl He

HUMCCT.

3agaua 15

Haiitu MakcumanbHOE 3HAUCHUE JIMHEHHONU (PYHKITUU:
Z=5x1+x

MIPY OIPAHUYEHUAX

2x1+ 3x, >33

x1t6x<14

Sx1—4xy <2

X1 —2x <6



3anaua 16
Haiitu MunnmanbpHO€ 3HaUCHUE TUHEHHON (QYHKIIUH:
Z=—x1tx
[IPY OIPAHUYEHUAX
2x1tx>4
x1+3x56
2x1>12

dx; +x, <4

OTBeTnI

N2 7Z=129,x1=12,x,=3; Ne3 Z=26,x1=2,x,=2; Ned Z=37/7, x; = 6/7, x, = 25/7;
NS Z=2,x1=2,x,=2; Ne6 Z=—124/11, x; = 32/11, x, = 15/11; Ne8 Z = 2 (anbTepHATUBHBIIA
ontumyMm); Ne9 Z = 6 (anprepHaTuBHBIA onTUMyM); Nell Z = + oo; Nel2 Z = — oo; Nel3 Z = + oo;
NelS Her ontumansHoro pemenusi; Nelé Het ontumanbHOro pemeHus.

2. U3yuynTh CUMILJIEKCHBI MeTO/I pelleHusl 32/1a4 JJMHEHHOr0 NPOrpaMMupOBaHUS.

3agaua 1
Lenesas pyHkuus:

Z=30x; +35x, + 136x3 —» max
Cucrema orpaHuyeHHi:
1,01x; + 1,01x; + 9,45x3 < 136
0,18x; +0,19x, <21,4
3,25x3<16,25

x; =100
YcnoBrue HEOTPULIATENIBHOCTH
X1, X2, X3 = 0

L

IIL.

III.

Pewenue:
[lepexoauM OT CUCTEMBI HEPABEHCTB K CUCTEME YPaBHEHUM:
y1 =-1,01x; — 1,01x; — 9,45x3 + 136
2 =-0,18x; —0,19x, + 21,4
y3=-3,25x3+ 16,25

V4 = X1 — 100
3anuiiemM MaTeMaTHYECKYI0 MOJIENb B TAOIUYHOU Qopme:

Tabauma 1
. . . CB0OOIHBIC
YJICHBI

V= 1,01 1,01 9,45 136
V= 0,18 0,19 0 21,4
3= 0 0 3,25 16,25
V4= -1 0 0 —100
Z= -30 -35 —-136 0

Jiis  Toro, dYTOOBI BECTH TNApaUIETBbHO TMPOBEPKY BBIYHCICHUN HEOOXOAMMO B

noJIy4eHHyo Tabnuny 1 m1o6aBuTh cTonbder Y. (Tada. 2)
Br16epem pa3peniaromuii 3J1eMeHT:



Tabmuna 2 |

. v . T CBoOoanbie T
YJICHBI
V1= 1,01 1,01 9,45 136 146,46
Vo= 0,18 0,19 0 21,4 21,59
V3= 0 0 3,25 16,25 19,5
V4= Cl D 0 0 ~100 99
7= -30 35 —-136 0 -171
CrernaeM MepByrO UTEPAIIHIO
Ta6numa 3 l
Cgo0o
K 2 0 qnel){lrl,{lme 2 22
yi= 1,01 1,01 Q45D 35 38,02 46,47
Vo= 0,18 0,19 0 3.4 3,77 3,77
V3= 0 0 3,25 16,25 16,25 19,5
x| = -1 0 0 100 99 99
Z= -30 35 -136 3000 2935 2799
[Mosy4ueH JOMyCTHMBIN, HE BHIPOKACHHBIH, HO HE ONTHMAIbHBINA BAPHAHT.
Crenaem BTOPYIO UTEPALIUIO
Ta6nuua 4 l
Cgo0o,
K 2 Ed qnelfgme 2 22
X3 = 0,11 0,11 0,11 3,7 3,92 4,03
¥ = 0,18 0,19 0 3,4 4,58 3,77
V3= -0,35 -0,35 0,34 4,21 3,52 3,17
x| = -1 0 0 100 99 99
zZ= —-15,46 -20,46 14,39 3503,7 3502,63 | 3482,17
[Mosy4ueH JOMyCTHMBIN, HE BHIPOKACHHBIH, HO HE ONTHMAbHBINA BAPHAHT.
CnenaeM TpeTbIO UTEPALUIO
Tab6ymma 5
Cgo0o,
Eé 2 Ed qnelfzme 2 22
X3 = 0,01 -0,58 0,11 1,73 1,27
Xp = 0,95 5,26 0 17,89 24,1
y3= —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
[Mosy4ueH qOMyCTHUMBbINA BapUAHT, SBISIOIIUICS ONTHMAIbLHBIM.
Z=13869,83
{xl =100 (y1=0
x,=17,89 12=0
3= 1,73 3 s = 10,47
\y4 - O

PaCCMOTpeHHaH HaMHM 3aJada B HUCXOAHOM BHJC ObLIa C(i)OpMyanOBaHa cJIeaAyromum

o0OpazoM:



ITpoaykuueil ropoACKOro MOJIOYHOTO 3aBOJA SIBJISIFOTCS MOJIOKO, kKepup u cmeraHa. Ha
pOU3BOACTBO 1 T MOJIOKa, Kedupa u cMeTanbl Tpedyercs coorBeTcTBeHHO 1010, 1010 1 9450 kr
MmoJioka. ITpu 3ToM 3aTpaThl pabouero BpeMeHu IpH pa3nuBe 1 T MoJioKa U Kedupa COCTaBISAIOT
0,18 u 0,19 mammuo-4. Ha pacdacoBke 1 T cMeTaHbI 3aHSTHI CIICIIMAILHBIE AaBTOMATHI B TCUECHUE
3,25 u. Bcero ans npousBoACTBa 1EIBHOMOJIOYHOW MPOAYKLHUHU 3aBOJ MOXKET HCIOJIb30BaTh
136000 kr mosioka. OCHOBHOE 000PYTIOBaHHE MOXKET OBITh 3aHATO B TeueHue 21,4 MamuHo-4, a
aBTOMATHI 110 pacpacoBKe cMeTaHbl - B TeueHue 16,25 4u. Ilpubeine oT peanuzanuu 1 T Mosoka,
kepupa M cCMeTaHbl COOTBETCTBEHHO paBHa 30, 22 um 136 py0. 3aBoj MOJDKEH €XKEIHEBHO
npousBoauTh He MeHee 100 T MoJoka.

CocTaBbTe MaTeMaTHYECKYI0 MOJENb 3aJauyM, MO3BOJISIONIYIO0 OINPEAEIUTh O0BEMBI
BBIITYCKa MOJIOYHOM MPOAYKLUH, TTO3BOJISIOLINE MOIYYUTh HAUOOIBUIYIO TPUObLIb.

B pe3ynbrare nosiydeHHOro peEHIeHUs MOXHO CJeNaTh BBIBOJ, 4YTO MaKCHUMaJlbHas
npuObLIb BO3MOXKHA B pazmepe 3869,83 py6. OntumanbHbiil 00beM Bblycka Mosioka — 100 T,
kedupa — 17,89 1, cmetansr — 1,73 T.

Jlanee paccMOTpUM 3aJaui Ul 3aKpEIJICHUS] HaBblKa PEIIEHUS 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

3amaua 3.

L LeneBas GpyHKIMs:
Z=x1—8xr+x3+t x4 —» min
IL CucreMa orpaHUYEHU:
X=Xy tx3+x3<2

— X1 —Xotx3tx4>2

X1 —Xy—X3+tx4>2

III. YcioBre HEOTPULIATENBHOCTH
X1, X2, X3, X4 > 0

3agaua 4.

L HeneBas Qpynkmus:

Z =50x; +40x, —» max

IL. Cucrema orpaHUYeHH:

2x1+ 5%, <20

8x1 + 5x, <40

Sx; + 6x, <30

I1I. VYcnoBue HEOTPHUIIATEIBHOCTH
X1, x>0

3amgaua 5.

L LeneBas GpyHKIHUS:

Z=x1 +4xy + 3x3 —» min

IL CucreMa orpaHUYEHUI:

X1 + X2 + X3 < 10

2X1—%x>6

X1+ 2x+3x3>12

III. YcioBre HEOTPULIATENBHOCTH

X1, X2, X3 > 0



HIPUJIOKEHUE Pewenue cucmem nunelHvlx ypasHenuu memooom MIKHU
(6cnomocamenvbHulll Aneopumm)

Memoo nocnedosamenvubix UCKIIOYEHUl, WX KaK €ro Has3blBalOT TaKXKe, Menoo
Kopoana — ITaycca mupencraBinseT co0OM COBOKYNMHOCTh YOOOHBIX BBIUYHCIUTEIbHBIX
QITOPUTMOB,  TMOCTPOEHHBIX  HA  MOCJEAOBATEIbHOM  NPUMEHEHUH  SKBUBAJICHTHBIX
npeoOpa3oBaHUil CHCTEMbI YpaBHEHUN. DTOT K€ METOJ C HEKOTOPHIMH JOMOJIHEHUSMH JICKUT B
OCHOBE CUMIUIEKCHOTO METO/1a PEIICHUS 3a/1a4 JIMHEHHOTO MPOrPaMMHUPOBAHUS.

CymecTByI0T 00bIKHOBEHHBIE )OopAaHoBbI HckiItodeHus (OXKW) u monuduumrpoBanHbie

xopaaHoBbl uckmouenuss (MJKU). bynem paccmarpuBath MeTon MOJIM(ULHMPOBAHHBIX
KOPJIAHOBBIX UCKITIOUEHUH.

IIycTe nana cucrema JIMHEMHBIX YPaBHEHUM:

anx) + apxy ...+ arxs ... apx, = by
a1 Xy + anxn +...F AreXg +...F aArpXy = bz

A1 X1 T AgaXa T ApeXs T T QpnXn = by
VcnoBable 0003HAYEHUS:

[ — MIOPS,AKOBBIN HOMEp ypaBHeHUs, [ = 1, 2,..., m;

Jj — NOPSIIKOBBIN HOMEp MepeMeHHon x, j =1, 2,..., n.

BBenem nonoiaHUTENbHBIE NEPEMEHHBIE ); IO KaXIAOW CTPOKE, MEPEHECs IJIEMEHThI U3
JIEBOM YaCTH B MPABYIO C MPOTUBOMOJIOKHBIM 3HAKOM. [Tomydunm cucremy:

yi=on1(—=x1) T aia(—x2) ...+ a(—x5) ...+ au(—x,) + by M

V2= oi1(=x1) + oa(—x2) +...+ ap(— x5) +...F ou(—x,) + b2

......... . @
Vi = ai(—x1) T oga(—x2) +...F ops(— X5) +.. .+ Au(— X)) + by

Vm = aml(_ xl) + amZ(_ x2) +...t+ ams(_ xs) +...t+ amn(_ xn) + bm _/

Pemate cucremy O0ynem B TabnuaHon hopme.
Cucremy (2) 3anumem B Tabnuuny MXXU cnenyromero Buaa (tadbnuima I11).

Tabauma I11 — Ucxomuas tadiuma

—X1 —X .. —X .. —Xp CBoOogHbIe
YJIE€HBI
Y1 (0581 (2w Qs Qi by
)2 21 D22 Qs 02 by
Yk Ol 7] — Olis o Ol by
Ne——"
Ym Qi 2 cee Qs cee Qlyn bm

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

Bribupas pazpemaromiyie 3eMeHTsl, O0yZeM IPOBOAUTH pacueThl B KaXI0H cienyromel Taduunie
(Tabnuua I12).



Tabnuna [12 — IIpeobpa3oBannas Tabnuia

—X1 —X2 —Vk —X CBoOonHbIe
YJIEHBI
»i B Bi2 — oy, Bin Bi
Qg
»2 B2 B2z —a,, Ban B2
Ol
S I TR B N S O b
aks aks (x’ks akv aks
Yn Bml Bm2 _a7ns an Bm
Ol

ITepexon ot ogHOM TabaMLBI K Apyroit — mar MOKU.

B mnepBoit Tabmuie k-as cTpoka OyIeT Ha3bIBaThCs paspeniaronmeid CTPOKOH, S-bIi
cTonOel HaspIBaeTcsl paspewaromuMm  croubuoM. KosapduiueHr, KoTopblii CTOUT Ha
NEePEeCeYeHUH O — pa3pelraroimuii sneMeHT. [lepemMeHHble 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
pa3pelaroniero croilla Ha pa3peliaomui 3IEMEHT C IPOTUBOIIOJIOKHBIM 3HAKOM;

5) OCTaBIIUECCA KIICTKHU Ta6HI/IHBI 3aIlOJIHAKOTCA 11O BBIBeﬂeHHOﬁ (bOpMyHe:
Ay Oy =00y )

B” B QA
rje k — HoMep pa3pemiaronieil CTpoKH;
S — HOMEp pa3pelialiero cToiaona;
i — HOMEp 3aIl0IHAEMOM CTPOKY;
j — HOMED 3aroIHsIeMOro CTo01a;
B, = Oy Oy — Oy :
o
ks
B, = Qs Oy = OG0 ys

(ON

[Tonp3oBatbest 1 pacyeTa K03 GUIIMEHTOB BBIBEJCHHON GopMyIiol He yaoOHO, Oyaem
€€ TPAKTOBATh KaK «IIPAaBUJIO IPSIMOYTOJIbHUKAY.

Ilocmpoenue npsamoyzonvHuKa.

JUtst KaXAO0W 3amoJIHAEMOW KIIETKHM CTPOHUTCS CBOM INPAMOYTOJIBHUK Ha NPEAbIAYLICH
Tabnuue:

3) nmepByro o0Omyr0 [UIsI BCeX MPSMOYTOJIBHMKOB BEpIIMHY CTaBUM B  KIIETKE
pa3pelaroero 31eMeHTa;

4) TPOTHUBOIIOJIIOKHYIO € BEPIIMHY CTAaBUM B KJIETKE, COOTBETCTBYIOMIEH HCKOMOMY
3JIEMEHTY;



5) JIumaroHaib, COEIMHSAIONIAs ABE BEPILIMHBI HA3bIBAETCSI IT1ABHOM;

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

IIpasuno npamoy2onbHuKa

OT mnpousBeneHUs DIIEMEHTOB, CTOSIIMX B BEpPIIMHAX IO IJIABHOW JUaroHalu
IPSIMOYTOJIbHUKA, OTHATh IPOU3BEACHHME DJEMEHTOB, CTOSILMX HA BTOPOH JUaroHaau H
pa3leNnuTh Ha pa3peulatoIui 3J1€MEHT.

Jliig TOoro, 4To0Bl PEUINTh CUCTEMY JMHEMHBIX YpaBHEHUH, Hano aenars marun MKW no
TOTO, TMIOKa BCE MEPEMEHHbIE y; HE MepeiayT u3 6as3uca B CBOOOAHbIE IEPEMEHHbBIE HA MECTO X;.
[TepemeniaTe MOXXHO B 1000 MOCIEAOBATEIBHOCTH.

N3 xaxpon Tabmuuel MXXUM MOXHO BbIMHCaTh pEIIEHHE CUCTEMbI, JUIsL 3TOTO HAJ0
IOMHMTb, YTO CBOOOAHBIE NEPEMEHHBbIE BCErJa NPUPABHUBAIOTCA K HYIIO, TOrna Oa3ucHbIE
OyAyT paBHBI COOTBETCTBYIOLMM CBOOOIHBIM WICHAM.

3ameuanus:

1) pa3peraronuii 3JIeMEHT HEe MOXKET ObITh PABEH HYJIIO;

2) uenecooOpa3HO, €CIM BO3MOXKHO, BBIOMpPATh pa3pelIaloUid 3JIEMEHT paBHBIM
€MHHUILIE, TaK KaK IIPY 3TOM YIPOLIAIOTCS BBIYMCICHUA. ECIM e 9TO OKaKeTCsl HEBO3MOXKHBIM,
TO JUUISl YMEHBUIEHUs MOIPEUIHOCTEN IIPU OKPYIVIEHUH 11€1eco00pa3HO BBIOMPATh €ro OOJIbIINM
110 a0COJIIOTHON BEIMUYMHE.

PaccmoTrpum pemreHne cucrteM JIUMHEHHBIX ypaBHeHUM metonoM MOKM Ha xOHKpeTHOM
puMepe.

3amaua 1

Pemuts cucremy:

X1t 2x—x3=15

3x1 5% +4x3=7

2x1—Xx2 +2x3=1

Pewenue:

BBenem ONOJHUTENBHYI0 NEPEMEHHYIO J; IO KaXKJIOU CTPOKE, IEPEHECS DJIEMEHTHI U3
JIEBOW YacTH B IIPABYIO 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
YJIEHBI
V1 @) 2 -1 S
W 3 5 4 7
V3 2 ~1 2 1

Bribepem paspemaomuid 31eMEHT UCXOIs W3 YNpOIleHUs BbUUCIeHUU. [lycTh 3TO
ap1=1. Ucnons3ys anropurm MXXU npoBenem cneayroiue 1elCTBUS.

1) [Tomensiem MecTamMu )| U X|

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

3) DnemeHThbl pa3pelarleld CTPOKUM MOWIEHHO pa3eliuM Ha pa3pellaroluil 3JEMEHT,
T.€.: 2/011=2; —1/011=1; 5/011=5

4) DneMeHThI pa3pelaIIero cToia0ma NoWISHHO pa3aenuM Ha (—opp), T.e.: 3/(—oq;) =—
3; 2/(—ay1)=2

5) OcranbHble 3J1eMEHTHI IPE0OPA3yIOTCS C UCIOIb30BAaHUEM IPaBUiIa MPSIMOYTOJbHUKA,

T.C.:
1-5-3-2 1-(-1)-2-2

BZZ = 1 =-1 [332 = —1 = -5
1-4-3.(=1 1-2-2-(-1

stz ( ):7 B33:#:4

1 1



524:1.713.5:_8 B34=1-1—12-5=_9

Tabnuna 1.2

-y —X2 —X3 CBobonHbIe
YJICHBI

X1 1 2 -1 5
y2 -3 D 7 -8
Vs -2 =5 4 -9

B kauecTBe pa3pemiaromiero sjgeMeHTa Beioepem az=—1.

Hcnons3yem anropurm MOKH.

1. ITomensaem mecTamu y; U X2

2. BmecTro paspemaromero 53JE€MEHTa 0p; 3amuiieM eMmy oOpartHblid 1/op, = 1/(—1)
=1

3. DnemMeHThbl pa3pelarolleld CTPOKH MOWIEHHO pa3/eliuM Ha pa3pellaroluil 3JEMEHT,

T.e.: —3/(-1)=3; 7/(-1)=T7; -8/(-1)=8

4. DneMeHThl pa3pelIarIIero CTojada MOWICHHO pa3AeiiuM Ha (—o0p;), T.e.. 2/1=2; —

5/1=-5

5. OcranbHble 3JIEMEHTHI IPE0OPa3yOTCs C UCIONIb30BAaHUEM MpaBUiIa MPSIMOYTOJbHUKA,

T.C.:

_L(ED-2: ()

Bll B31

— _2(_1)_(_5)(_3) =13

-1 -1
(=T — 4-(-1)—(=5)-7
By; = L 1)1 2 7=13 By = - =-31
DD (— —9.(=1)=(=5)-(-8
Bl4:5(1) 12(8):_11 B, = ( )_i ) (=8 _ 44
Taomuma 1.3
N -2 —X3 CBoOoaubIe

YJICHBI

X1 -5 2 13 -11

X2 3 -1 -7 8

V3 13 -5 Gﬁ) 31

B xauectBe paspiIaromero 3JIEMCHTAa MOKHO B35Th TOJIBKO Q33 (T.K. OCTaJIOCh ITIOMCHATH
MCCTaMM TOJIBKO X3 U y3) T.x. Bce CBO60)IHI>I€ u Oa3uCHEIE MEPEMCHHBIC ITIOMCHAJIINCh MCCTAMMU,

TOT OTBCTOM 6y,HYT ABJIATBHCA 4HCila, CTOAIINUC B CTOJ'I6I_[€ CBOGOI[HLIX YJICHOB.

OTO0 sBiSIETCA CIEICTBUEM TOrO, YTO NMEPEMEHHBIE ) BBOJWIMCH KaK Pa3HOCTb MEXAY
IIPaBOM U JIEBOM YACTAMHU KaXKJI0TO U3 YPaBHEHUH CUCTEMBI, T.€. y1=)»=y3=0. [loaTomy, eciau Ha

IMMOCJICHEM OTaIl€ BOCCTAHOBUTb CUCTEMY, UCXOJ U3 HOJ'Iy‘lPIBIHCfICH Ta6J'II/II_II>I, TO 6y,Z[CM HUMCTh:

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

1 1 1 1

X, =0y (=) + oy (=y,) + o, (=y;) + b,
1 1 1 1

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

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




o

X, =b
Y/

x, =b,

_
x; =b; )

HOBTOMY BBIYMCIIMM TOJIBKO 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 CBoOOHBIE
YJIEHBI
X 14/31 -3/31 13/31 2
X2 -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 KE
OTBET.
Tabmuma 1.1
—X1 —X7 —X3 CBoOoaHbIE
YJICHBI
V1 1 @ -1 5
2 3 5 4 7
V3 2 -1 2 1
Tabmnuua 1.2
—X1 -1 —X3 CBoOo1HBIE
YJICHBI
X 172 1/2 -1/2 5/2
b2 172 -5/2 13/2 -11/2
V3 @ 1/2 3/2 72
Tabmnuna 1.3
-3 -1 —X3 CBo0OoaHbIe
YJIEHBI
X -1/5 2/5 -8/10 18/10
» -1/5 -13/5 31/5 -31/5
X1 2/5 1/5 3/5 7/5




Tabanma 1.4'

-3 V1 -2 CBo0OoHBIE
YJIEHBI
X2 -7/31 2/31 4/31 1
X3 —-1/31 —13/31 5/31 -1
X1 13/31 14/31 -3/31 2

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

3amMeuyaHusMu | 1 2, a ecinu B OOBIKHOBEHHBIX JIpO0SX, TO 3a pa3pellaroliMii MOKHO IPUHATH
11000€ YMCII0 U3 BO3MOYKHO JJOITYCTHUMBbIX.

3aoanue: pemiTe CaMOCTOSITENIBHO CIEAYIOIINE CUCTEMbI U MPOBEPHTE OTBETHI JIOOBIM
M3BECTHBIM BaMm crioco6om.
3amava 2
X1 txp +2x3 =1
{le —xy+2x3=-4
Adx; +x0 +4x3=-2
3amaya 3
X1 + X2 — 3X3 =4
2x1tx+tx3=5
3x; +4x —x3=-1
ACCMOTPUM OCOOEHHOCTH B PECIICHHHM CUCTEM JIMHCWHBIX ypaBHCHHH Ha NpHUMeEpax
3agqaya 4 u 7.

X1+ 2x, —4x3 =-1

2X1 +x2—5x3 =-1

X1 —Xp—X3=—2
Pewenue:

V) =-—x] —2x+4x;— 1

y2=—2X1—XQ+SX3—1
3 =-—x] +xy+tx3—2

Tabnuna 4.1
—X1 ) —X3 CB0OOOIHBIE YJICHEI
Vi @) 2 4 1
»2 ~z 1 -5 -1
3 1 -1 -1 -2
Tabnuna 4.2
V1 —X —X3 CB0OOIHBIE YICHEI
X1 1 2 —4 -1

V2 —2 -3 (3) 1

V3 -1 -3 3 —1




Tabmuia 4.3

V1 —X2 - CB0OOHBIE YJICHBI
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
3x; +4x, +5x3=2
4X1 +5x2+6x3=4

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

3anava 7

X1 +2x2—4x3 =1

2x1 txp—S5x3=-1

X1 — X2 —X3— -2

Peuwenue:

B pesynbrare pemienus moaydum TaOauILy.

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

EAVMHCTBEHHO BO3MOXKHBIN pa3pellarOui 3JIEMEHT PaBEH HYIIIO.

BoccranoBuMm cucremy:

X1 = —1/3)/1 + 2x2 + 4/3y3 -3

2=yt 0(=x2) +y3+0

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

PaccmoTpuM BTOpOE ypaBHEHHE U IIPU YCIOBUH, UTO V| = ), = )3 = 0 momyuum: 0 = 0, T.e.
HCTUHHOE PAaBEHCTBO, @ 3TO 3HAYMUT, YTO CUCTEMA yPAaBHEHUM JIMHEHHO 3aBUCUMa. T.€. COOEPKUT
OecuncIeHHOe MHOXKECTBO PEIICHUH, 3aBUCIIUX OT apameTpa. B 1aHHOM cityuae nmapaMeTpoM



Oyner SBIATBCA X (MPU JAPYrodl IMOCHEIOBATEIBHOCTH BBHIOOpA pa3pelIalomINX 3JIEMEHTOB
napamMeTpoOM MOXKET CTaTh WIIH X|, WJIH X3).

Takum oO0pa3oMm, TOIYYHM HpaAGUNO: €CIU PAa3PElIAOIIN 3JIEMEHT paBEeH HYII0 U
CBOOOJIHBIN WJIEH B JTOH CTPOKE TaKXE DPABEH HYJIO, TO CHUCTEMa HMMEET OCCUMCICHHOE
MHOECTBO PEUICHUH, 3aBUCSIIEE OT CTOJIBKUX MapaMeTPOB, CKOJIBKO X-OB HE MEPeIuIo B 6a3uc.

Toraa oO1ee pemeHne CUCTEMbI BBITIISIUT CICAYIOMUM 00pa3oM:

X1 = 2x2 -3

X3 = X2 — 1

OtBet: cuctema uMeeT OECUMCICHHOE MHOXKECTBO PEIICHUM 3aBUCSIINX OT X3! X| = 2X) —
3,XQ, X3 = X2 — 1.

3anava 8

X1+ 2x) +x3 —6x4 = —
X1 t+xy+x3—4x4=0
X1+X3—2X4=3

3anava 9

X1 +x+x3=3

X1+2XZ+3X3=2

2x1+t3x +4x3=5
3amMeTuM, 4YTO NpH TMOJTYYEHUU EIUHCTBEHHOTO PEIICHHS, BO3MOXXHA IPOBEpPKa IyTeM
MOJCTAHOBKH HaWJIEHHBIX 3HAYEHUW B HCXOJHYIO CHUCTEMY U MPOBEPKHM HCTUHHOCTH. B
Clly4yae OTCYTCTBHUSI PEUICHUH WM OECUHMCIECHHOTO MHOXECTBA, OPraHU3alus MPOBEPKHU
3aTpyaHeHa. [losToMy npuBeseM MpaBuiio, KOTOPOE MO3BOJSET OCYIIECTBISATh KOHTPOJIb 3a
pacueroMm Tabnun MXXU:

IIpasuno:

1. B Tabnuie 1 6epercs 1OMOJHUTEIBHBIN CTOJIOEI, 0003HaYaeMbIH X|. ITOT CTOJIOEI]
3aIOIHSETCS MOCIe BEIOOpa pa3pemaroniero dJIeMeHTa.

B X, 3aHOCATCS 4Mcna, MpeNCcTaBIsAoLIMe cO00I CyMMy 3JI€MEHTOB Kax/10il CTpOKH
0e3 3;eMeHTOB paspelatoniero crondua. [Ipu 3Tom K BelMUYMHE, OJYyYEHHOH B CTpPOKE, I'lie
CTOUT pa3pelIaloluil ieMeHT, npudasisercs 1 (BHE 3aBUCMMOCTH OT 3HAY€HHUS CaMoOro
pa3periaroniero JEeMeHTa).

[TosscHeHnus MMpOBEACM JIA IEPBOIro IMpHUMEpPa p€racMoro BTOpbIM CII0CO00OM.

Tabmauma 1.1"
—X1 —X —X3 CBo0OoHbIE >
YJIEHBI
Vi 1 (2 -1 5 6 =1+(-1)+5+1
) 3 N~ 4 7 14 | =3+4+7
3 2 —1 2 1 5 =2+2+1

2. Bo Bcex mnocnenyromux Ttabnuuax MOKW Oepercst nBa crosnbua cymm X; u X.
OnemMeHThl X npeaplayliell Tabauipl Kak Obl IPOEKTUPYIOTCS B CTOJOEI] X, HOBOM TaOIMIIbI B
BUJIC YHMCEJI, IOJYYEHHBIX B pe3ysbTaTe BhIUMCICHUN 1o anroputMy MKW (mpu 3ToM HOBBIH
cTOoJIOEI] X MOKa OCTAETCsl CBOOOHBIM).



Tabnuua 1.2"

—X1 1 —X3 CBoboHbIE % pY)
YJICHBI
X2 1/2 1/2 -1/2 5/2 3
»2 172 —-5/2 13/2 —-11/2 -1
V3 5/2 1/2 3/2 7/2 8

Tabmuna MOXXUW Oynmer paccuMTaHa BEpHO, €CIM CyMMbl BCeX 0€3 HCKIIOYEHUS
3JIEMEHTOB IO Ka)/10M CTpPOKE TabIMLbl OYAyT paBHbI COOTBETCTBYIOLIEMY 3JIEMEHTY CTOJIOLA

2. T.e.:

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 Tadymibl 1.1" k Tadmuie 1.2" ocymectsien BepHo. Jlanee
3HAYEHHS, CTOSIIME B CTOJIOLE X, HAM HE ITOHAJ00TCS.

3. HOBTOpHCTCH IoCJICA0BATCIIbHOCTD ﬂCﬁCTBHﬁ, Ha4WHaA C ITYHKTa 1.

Tabmuna 1.2"
—X1 - —X3 CBoOonguble 21 2
YJICHBI
x2 1/2 12 -1/2 5/2 5/2 3=t =1/2-1/2+5/2
» 1/2 -5/2 1372 -11/2 -3/2 =11 =-5/2+13/2-11/2
v || 12 3/2 72 13/2 8=t =1/2+3/2+7/2+1
Tabmauua 1.3"
B B B CBobOoHBIC 5
3 g “ YJICHBI : X
X ~1/5 2/5 ~8/10 18/10 ’ oy | =-1/5+2/5+18/10
yz ~1/5 ~13/5 31/5 ~31/5 g T4/ | =-1/5+13/5-31/5+1
X 2/5 1/5 355 7/5 2 1375 = 2/5+1/5+7/5
Tabmnuua 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 oOpa3oM, Mbl AelaeM MPOBEPKY IO XOJYy pPELIECHUS MNpPUMEpPA, YTO MO3BOJSAET
BOBpEMS 3aMETUTh OLUIMOKY U YCTPAHUTH €.

Wcnonb3oBanue X; u X, TakkKe JaeT YBEPEHHOCTb B OTBETE IIPU OECUMCIEHHOM

MHO’KECTBE PELUICHUI UM IIPU OTCYTCTBUM pPELIEHUH BOOOLIE.

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



S5x1+ 3x; — S5x3=-3
6x; —6x7 F4x3=2
S5x1—xp +4x3=2

3amava 11
(X;+4x,—x4=5

2X1 —3X,+tx3+x4=3
X +2X3—x4=3
\2X2—3X3+2X4:3

3anava 12

(4)61 — 17)62 — 6X3 — SX4 =-17
43x) + 24xy — x3 + 3x4 =28
Xyt 2x3+x4=9

¥2x1 +x=1

OTBeThI
N2 x1 =1, xp = 2, x3 = =2; Ne3 x; = 79/15, x, = —67/15, x3 = —16/15; Ne5 cucrema

peienuit He umeeT; Ne6b cuctema penieHuit He umeet; Ne8 x| = —x3 + 2x4 + 3, xp = 2x4 — 3, 1IpU X3
U x4 — q1000€e uncno; Ne9 x; = x3 + 4, x, = —2x3 — 1, ipu x3 — modoe uucino; NelQ x; =-5/116, x;
=—1/116,x3=64/116; Nell x; = 1, x,=2,x3=3, x4 =4; Nel2 x; =1, x,=—1,x3=3, x4 = 4.

3. Pa3o0paTh ocoOble cjiyyan B CUMILIEKCHOM MeTo/le.

3amaua 6

L LeneBas GpyHKIMs:
Z=2x1t3x; —» max

IL CucreMa orpaHUYEHUI:

X1 +X2 +X3=5
X1 +x2+x3=9

x1tx5<4
X1 +2x+x6=8
I1I. VYcnoBrue HEOTPHUIIATEIBHOCTH

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

Pewenue:
IIepexoauM OT CUCTEMBI HEPABEHCTB K CUCTEME YPABHEHUN:
N=—-x1—x2—x3+5

M=—X1—X2— X4 +9

m=—x1—x5+4

Y4 =— X —2x2—x6+ 8

3anuiemM MAaTEMaTU4YCCKYI0O MOICIb B TaOJIMYHOM (l)OpMe. Paspema}oumﬁ 3JICMCHT

BbIOMpaeTCs MPOU3BOJIBHO, HO B 0a3KC JTOJIKEH NMEPEUTH Y;, KOTOPBI HEOOXOAMMO BHIYEPKHYTh.

Tabnuia 6
— X — X — X3 — X4 — X5 — Xg CBoOogubie 21
YJIEHBI

Vi (N 1 1 0 0 0 5 8
¥ Y 1 0 1 0 0 9 11
3 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 nepBylo UTEpaIUIO



Tabmauua 7

—y1 — X — X3 — X4 — X5 — Xg CBoOo1HBIE > Ay
YJICHBI
X1 1 1 1 0 0 0 5 6 8
» +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 UTEPALIHIO
Tabnuua 8
—Vh — X3 — X4 — X5 — Xg CBoOoaubIE 21 b
YJICHBI
X1 -1 2 0 0 -1 2 3 2
V) 0 -1 [ (MY] o0 0 4 4 4
3 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
CrenaeM TPETHIO UTEPALUIO
Tabmuna 9
— X3 -2 — X5 — X6 CBoOoaHbIC p )Y}
YJICHBI
X1 2 0 0 -1 2 3
X4 -1 1 0 0 4 4
V3 -2 0 1 1 2 2
X -1 0 0 1 3 3
Z 1 0 0 1 13 15
[Tonmy4yeH AOMYCTUMBII BapUaHT, SIBJISIOMUNUCS ONTUMAIbHBIM.
Z=13
/x 1= 2 Vi 0
X2 = 3 = 0
X3 = 0 V3= 2
< X4 = 4 Y4 = 0
X5 = 0
\X6 =0

I[a.nee PaCcCMOTPpUM 3aaaqdu AJiA 3aKPCIUICHHA HaBblKa PCHICHHA CHUMIIIICKCHBIM MCTOJO0M
CMCIIaHHBIX CUCTEM OFpaHquHHﬁ.

3amaua 7

L LeneBas QpyHKIMs:

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

III. VYcnoBue HEOTPULATEIBHOCTH

X1, X2, X3, X4 >0

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



JlBopery KyabTypbl 3aka3an AByM aTenbe nowmuTh 30 Mykckux M 36 KEHCKHX

KOHLIEPTHBIX KOCTIOMA. [IpOM3BOUTENBHOCTD MIEPBOTO ATENbE MO MOLINBY MYXCKUX U KEHCKHX
KOCTIOMOB COCTAaBJISIET COOTBETCTBEHHO 3 u 4,5 WIT./IeHb, a BTOPOTO arenbe - 2 U 4 IIT./IeHb.
®donjg paboyero BpeMEHH MEPBOM MACTEPCKOM cocTaBiisieT 15 mHEH, a BTOpOH MacTepckoi - 12
nHeil. Llensl nepBoro arenbe 3a 1 jkeHCKM U Myxckoil kocTioM coctasisieT 200 u 290 pyO®.
IITYKa, [IEHBl BTOPOTO aTeIbe COCTABIAIOT cOOTBETCTBEHHO 210 1 270 pyo.

CocTaBpTe MaTEMaTHYECKYI0 MOJEIb 3aJauyd, I[O3BOJISIOIIYI0 JABOPLY KYJIbTYpPBI

OIITUMAJIBHO PACIIpCACIUTD 3dKa3 MCKAY aTCJIbC, C LCJIbI0O MUHUMU3UPOBATL 3aTPAThl HAa ITOIINB

KOCTIOMOB.
3amaua 8
L LeneBas QpyHKIMs:

Z=2x1t4x3 —» min

IL. Cucrema orpaHuYeHUH:
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/1a4, UMCIOIINX cnyqaﬁ BBIPOXKXJICHHOCTHU HA ITPUMEPE

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

2x1tx+x3<52

2x1 > X T X3

III. YcinoBre 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

DJICMEHT.
Tabnuma 10
— X — X — X3 CBoOoaHbIE 2
YJIEHBI

Vi 1 0 1 1 3

» 2 1 1 2 5

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

BapuanTt pgonyctumeii. HMccnenyem naHHBIM BapHaHT Ha BBIPOXKJICHHOCThb. B jmaHHOU

CUMILJIEKC-TA0IUIIE HAXOJUTCA BBIPOKICHHBIA BApUAHT, TaK KaK CpPEAu CBOOOJHBIX YJICHOB
(kpoMe cTpoku Z), OSBUJICS HOJIb. BeiOMpaeM paspearoninii 3JeMeHT.

CrnenaeM nepByro UTEpaLIo



Tabanma 11

— X - — X3 CBoOoaHbIE 2 b
YJICHBI

Vi 1 0 1 1 2 3
V) A | -1 0 2 2 5
X ~ | 1 1 0 2 i
Z —-19 10 6 0 16 -3

CnenaeM BTOPYIO UTEPALIUIO

Tabnuna 12

) -3 — X3 CBoOo1HBIE 2 >
YJICHBI

Vi —1/4 1/4 1 1/2 3/2
X1 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 51/2

[TonyyeH nOMyCTUMBII BapUaHT, SIBISIOMNNCS ONTUMAIbHBIM.

Z=19/2

X1 = 1/2 Y1 = 1/2

X2 = 1 = 0

X3 = 0 V3= 0

Jlajiee pacCMOTPHUM 3324y UMEIOIIUX CIIy4aid BBIPOKICHHOCTH.

3amaua 10

L LeneBas QpyHKIMs:

Z=5x1+10xy + 3x3 + 4x4 —» max

IL CucreMa orpaHUYEHU:

0,5x1 +x+02x3+0,1x4 <10

2X1 + 3)62 > 3X3 + 4X4

III. YcioBre HEOTPULIATENBHOCTH
X1, X2, X3, X4 > 0

{2}61 +2x +2,5x3 t x4 <75

3apava 11

L LeneBas QpyHKIMs:
Z=x1txy+3x3+ 6x4 —» max
IL CucreMa orpaHUYEHUN:

X1 +x2+x3+x4<20

dx; + 4xy > 2x3 + 3x4

III. YcioBre HEOTPULIATENBHOCTH

X1, X2, X3, X4 > 0

PaccmoTpum moapoOHO peleHHne 3a1ad, UMEIIIUX Clydald HEpa3pemuMOCTH MOJETH
(cucTteMa HEpPAaBEHCTB HE UMEET PEIICHU) Ha IpuMepe 3a1adu 12.

{X] +xp+2x3 +x4<15

3amaua 12
L LeneBas QpyHKIMs:
Z=x11t0,2x; + x3 —» min
IL CucreMa orpaHUYEHU:
0,1)61 + 0,2)(?2 < 2

{— X1 —2x>5
2x, +3x3< 1

I11. YcioBre HEOTPULIATENBHOCTH



X1, %2, %320

Pewenue:

IIepexoauM OT CUCTEMBI HEPABEHCTB K CUCTEME YPABHEHUN:

y1=-0,Ix; —0,2x, +2

V2 ==X —2x2—5

y=-2x1—-3x3+1

3anuiieM MaTeMaTH4ecKylo MoOJedb B TabinyHOW ¢opme. BribepeM paspemaromuii
JJIEMEHT:

Tabnuma 13
— X — X — X3 CBoOoaHbIE 2
YJICHBI
Vi 0,1 0,2 0 2
W 1 2 0 -5
V3 2 0 3 1
Z -1 -0,2 -1 0

Hccnenyem mONy4YeHHBIM BapuaHT Ha JIOMycTUMOCTh. B Tabmuue HaxoauTbes
HEJONYCTUMbII BapuaHT pELIeHMs 3a/ladyd, MOTOMY YTO CPeIu CBOOOJHBIX WIEHOB HMMEETCs
oTpHuLaTeNbHbI 37eMeHT. [Ipu BbiOOpe paspellaromero 3jeMeHTa MHOoJy4yaeTcs, 4YTO Cpeau
CUMIUIEKCHBIX OTHOIIEHUN HET HAUMEHBIIEro MOJOoXKuTelbHOro. CienoBaTesbHO, B JaHHOU
3aJjaue HEBO3MOXKHO HAalTH NOIyCTUMBIN BapuaHT. C 5KOHOMHUYECKOM TOUYKHU 3pEHUS 3TO 3HAYMT,
YTO OIPAaHUYEHMS] MOJEIM SBJISAIOTCS B3aUMOMCKIIIOYAIOIIMMU, IPOTUBOPEUAILUMHU JIPYT IPYTY
TpeOoBaHUAMMU. 3a/1aua HE UMEET PELICHHUS.

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

3agaua 13

L HeneBas Qpynkmus:

Z=12x; + 14x, + 10x3 + 8x4 —» min
IL. Cucrema orpaHUYeHU:

2x1+ 3xy +4x3 + 5x4<-10
x1+3x+0,5x <5

X1 —2x—3x4<3

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

3anaua 14

L LeneBas GpyHKIUS:

Z=25x1 +20x, + 30x3 —» max
IL CucreMa orpaHUYEHU:

—10x; — 8x, — 15x3 > 100

2x1+ 2xy +3x3<20

0,2)61 + 0,3)62 + 0,25)63 <5

III. YcioBre HEOTPULIATENBHOCTH

X1, X2, X3 > 0

PaccmoTpuM 1monpoOHO pemieHue 3aAad, HMMEOLMX clydaidl HEOrpaHMYEHHOCTH
¢dyHk1MoHana (QyHKLHS HE UMEET SIKCTPEMAJIbLHOTO 3HAYEHU) Ha MpuMepe 3a1a4u 15.

3amaua 15

L LeneBas QpyHKIMs:

Z= —2)(?1 — X3 —> min

IL CucreMa orpaHUYEHUI:

—xl—xg—x3§5



3x1txy—4x;<2

6x; — 8x3 <8

I1I. VYcnoBrue HEOTPHUIIATEIBHOCTH

X1, X2, x3 >0

Pewenue:

[lepexoauM OT CUCTEMBbI HEPABEHCTB K CUCTEME YPaBHEHUM:

yi=xitxptx;+5

Va=3x1—x2 T4x3+2

V3= —6)C2 + 8)63 +8

3anuiieM MaTeMaTH4ecKyr Mojeidb B TabmuuHo (opme. Bribepem paszpermraroriuii
3JICMCHT:

Taonuua 14 ‘L

— X — X — X3 CBoOoHBIE 2
YJIEHBI
Vi -1 -1 -1 5
W -3 1 -4 2
V3 0 6 -8 8
Z 2 0 1 0

Uccnenyem monydeHHBIH BapuaHT Ha JOMYCTUMOCTb. B  Tabmuie HaxoAUThCs
JOMYCTHUMBIA BapuUaHT peIIeHUs 3aJayd, MOTOMY YTO CpeId CBOOOJHBIX UJIEHOB HET
OTPHUILIATEIILHBIX 3JIEMEHTOB.

Hccnenyem monydeHHBbIH BapHaHT Ha ONTUMajbHOCTh. B Tabmuue HaXoAUTHCS
HEONTHMAJbHBIH BapHaHT, TaK KaK KO3(PQUIMEHTHl CTPOKM Z NOJOXKUTENbHbIE (Z—>min)
(a71eMeHT Ha TepeceyeHue CToI0Ia CBOOOHBIX WICHOB U CTPOKHU Z MPH aHAJIM3€ BO BHUMAHUE
He MpuHuMaeTcs ). Beibupaem pasperiaronuii 31eMeHT.

[Ipu BbIOOpE paspemaromero 3JIEMEHTa TOJy4aeTcs, 4YTO CpPeAd CHUMILIEKCHBIX
OTHOIIEHUH HET HaMMEHBLIEro MoJiokuTeabHoro. CrenoBaTeNbHO B JaHHOW 3ajaue
HEBO3MOKHO HANTH ONTUMaibHbIM BapuaHT. C SKOHOMHMYECKOW TOYKH 3pPEHUS Peub O HJiee
HEOTrpaHMYEHHOCTH KaKoro-1u0o BHa pecypca. 3aJauya He UMEeeT ONTHUMAIbHOTO PElIeHHS.

Jlanee paccMOTpuUM 3aJladyd  HMMEIOUIUX CIydyald HEOrpaHWYeHHOCTH (YyHKIIMOHAJA
(byHKIIMS HE KMEET IKCTPEMAIBHOTO 3HAYCHUS ).

3anaua 16

L HeneBas Qpynkus:

Z =5x1 + 3x; + 6x3 —» max

IL. Cucrema orpaHUYeHU:
2x1+xy+3x3>25

X1+ x<20

X2 —x3<10

I1I. YcnoBrue HEOTPULIATEIBHOCTH

X1, x2,x3>0

3agaua 17

L HeneBas Qpynkius:

Z=8x1 +x,+ 10x3 —» max

IL. Cucrema orpaHUYeHU:
2x1+2xy —4x3< 15

3X1 + X2 < 20

6x,—11x3<7

I1I. VYcnoBrue HEOTPHUIIATEIBHOCTH

X1, x2,x3>0
OTBeThI



NQZZ=36,X1 OXQ 3X3 OX4 08y1 20)/2 0y3 0N°3Z 2X1 O,x2=0,

5 1
—0,x4=2,71=0,72=0, 3= 0; Ned Z=265 —,x;=3 21 v, =1 7,y1 315, -0, =
23 23 23 23

O;NQSZ=12 X1_3 )CQ_O X3_3 y1_4 yz—O y3_0'N°7Z=16260 X1_30 XZ_O X3_O
xX4=36,y1=0,2=0,y3=5,14=3; N8 Z2=0,x,=0,x=13,x3=0,x4 =2,y =10, 1y, =0, y3 =
0,y4=22; Nel0 Z= 127,27, x; = 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.

4. Hayuutbecs pemieHHI0 3agad JIMHeilHOro mnporpammuposanusi B MS Excel.
Pa3zo0paTh 3KOHOMHYECKYI0 HHTEPIPeTAlMIO Pe3yJIbTATOB pPellleHns 3a1a4.
YTo0s!I pemuTh 3a7a4y, UCNO0Jb3Yys TabauuHbIi pegakTop MS Excel Heo6xoaumo:

— OtkpsiTh Tabnnunblil pegakrop (Ilyck —» I[Iporpammer —» MS Excel);

— 3amnuiueM 4MCIOBYIO MOJENb 3a/laun Ha pabounii nuct (pucyHok 1.1). Jlnst aToro
HEoO0X0AUMO BBIOpaTh slUEHKHM B KOTOPBIX OYAyT HaXOAMThCSA INepeMeHHble. Jlomyctum
x1—C1 x,—C2 (BbIOOp sluEEK TPOU3BOJIEH).

B sueiike Al 3anumiem nenesyto Gynkuuio Z = 2x; +3x, : Al: =2 - C1+3 - C2
[Tpumedanue: 3anuch GOpMyIT BCErla HAUMHAETCS CO 3HAKA «=).

B sueiiky B1 3anumem sneByro yactb 1-ro orpannuenus (1x; + 3x;)
Bl:=Cl1+3-C2

B sueiiky B2 3anuiem sneByro yactb 2-ro orpannyeHus (1x; + 1xz)
B2:=Cl1+C2

dain  Mpaeka Bwa Broraeka dopmat  Cepewc fAadHHbie OkHo  Crpaeka

DEeEEar SaY & B v @& =-45 @[3 2 s
Ad - A =2C1434C2
A e T
0 i
0

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

— Tlocne kak 4ucnoBas MOAENb 3alucaHa, HEOOXOIUMO YCTAaHOBUTb Kypcop B
a4yeiiky Al (B Hell pacnosoxeHa neneBass ¢yHkuus). Boibupaem Bkianky «CepBuc» —
«Ilouck peureHus. ..», Ipu 3TOM OTKPOETCS JUAIOr0BOE€ OKHO (yHKIMH «Ilouck perenus».

— B oTkphIBIIEMCSI OKHE HEOOXOAMMO YCTAHOBUTD LIETIEBYIO AUYECHKY, a HOCKOJIBKY Y
Bac Kypcop cTosa Ha siueiike Al, To 3HaueHue LeneBoil sueliku OyneT NpaBUiIbHBIM. B
IPOTUBHOM CJy4ya€ YCTaHOBUTE€ B PYUHYIO ajpec LEeJIeBOM sAueiiku (B JaHHOM cCiydae
porpaMMa MCIOJIb3yeT aOCOJIOTHBIE ajpeca T.e. siueilka Al mmeer aOCOJIOTHBIN ajpec
$AS1) (pucynok 1.2).

— VYcraHoBUTE  Mapkep B IIOJOXKEHUE,  COOTBETCTBYIOUIME  KPUTEPHIO
ONTUMAJIBHOCTU: MAaKCUMaJIbHOMY WJIM MUHUMAJIBHOMY 3HAYEHHUIO.

— B okme «M3MeHsA gYEMKM» HYKHO yKasaTb ajpeca sA4eeK COOTBETCTBYIOLIUE

nepeMeHHbIM. Jljist 3TOro Heobxoaumo BbACIUTh Auana3zoH sueiku ¢ Cl mo C2 (pucyHok
1.2).



Mouck pewenun 2] x|

¥CTAHOBMTE WENEEYHD AYEHKY $a%1 % BEINOAHHTE I
PEBHOMA! % MAKCHMANEHOMY SHAYEHHID 7 sHaueHmH: |U |
3aKpEITE

€ HMMHAMANEHOMY SHAYEHHHD
MzMEHAA AHERkK;

|$C$1 ot v 3] MpeanonowmTe |
FOrpaHHHeHHA; [apameTpe! |

d AoBaEHTE |
HzMEHHMTE |
BoccTaHOBMTE |
j ¥AanMTE |
Cnpagka |

Pucynok 1.2 — PaGora B quanoroBom okue «llouck pemeHus»

— B oxne «OrpanuueHusi» akTUBUpPOBaTh KHOMNKY «Jlo0aBuTh». OTKpoeTcs OKHO
«/lo0aButh orpanndenus» (pucyHok 1.3). BBonum nepBoe orpanundenue: B okHe «CchlIKa
Ha SUEWKY» YKa3bIBAIOT aJpec SUEWKH, IJIe HAXOJUTCS JieBas 4acTh 1-ro OrpaHuYeHus -
$B$1, 3aTem BBIOMpAIOT 3HAK OrpaHUYeHHS « < » 1 3Ha4YeHue — 300.

JofiagneHHe or paHHYEHHA 2 x|

CChINKa Ha A4eriy: OrpaHH-EHHE:!

[sB41 ] [== =]/ [z00 E3|
OK I OTMEHS | AofaEnTE | Cnpaeka |

Pucynok 1.3 — JluanoroBoe okHO «/loGaBiieHue OrpaHUUCHUSD)

— AKTHBHUpYEM KJIaBUIIY «I00ABUTH» M aHAIOTUYHO BBOJWM BTOPOE OTPAHUYCHHUE.
3areM BBOAMM YCJIOBHE HeopuuareiabHocTH. st 3Toro B okHe «Cchlika Ha siueiky»
yKa3blBacM JHMAINa3oH sueeKk, B KOTOpbIX Haxoxsrcs mnepemenHbie ($C$1:$3C$2). IMocne
nobasiieHus Bcex orpanndeHuil Beioupaem «OK». IIporpamMma Bo3Bpalaercs B IUaJIOr0BOE
okHO «[louck pemenus». BBog uncinoBoit Mojenu 3akoHueH (pUCyHOK 1.4).

MoMck pewenun K
YCTAHOBMTE UENEEYH) A-eRty: .3 BEINONHKTE I

PagHof: % MakcHMansHoMy sHaYeHHHD £ 3HaHEHHHD: |D
SAKpLITE

" MMHMMANEHOMY SHIHEHHMD
~MzHEHAA AUekicH:

|$C$1:$C$2 %] Npeancnosge |
HOrpaHHHeHHA; NapameTpe! I
$B41 <= 300 - AofaenTe |
tB$2 <= 150 = =

$CH1CE2 =10 VsHEHHTE |
EBOCCTaHOEMTE |

;I ¥aanmTe |
Cnpaeka |

Pucynok 1.4 — 3aBepiueHue BBO1a YMCIOBOM MOJEIN B AMAJIOTOBOM OKHE
«ITouck pemenus»

— Broibupaem komanay «Beimonanuts». Ha skpane nosButcs okHO «Pe3ynbTarhbl
noucka peuieHus» (pucyHok 1.5). Ecinu Mozens cocTaBiieHa MpaBUIIbHO U UMEET PELICHUE, B
OTKpBIBIIEMCS OKHE Oyner coobuienue: «Pemenue HaiineHo. Bece orpanuueHust 1 ycnoBus
ONTUMAJIBLHOCTHU BBINONHEHb». B okHe «Tum oryera» BbiOepuTe «Pe3ynbTarbl» U HaXMHUTE
«OK».

PesynbTarsl noMcka peweHus 2| x|

PeleHHE HaRAEHD, BCe OrpaHHHYeHHA H YCNOEMA
ONTHMANEHDOCTH ERINONHEHEI. THn oTHeTa

¥ CoXpaHmTE HalfaeHHDE peweHHe

g BoccTaHOBHTE HEXOAHBIE SHAYSHHA

OR I OTMEHA | COXPaHMTE CUEHARHH. .. | Crpaska I

Pucynok 1.5 — OkHo «Pe3ybTarhl MOMCKA PEIICHUSI
Pesynbrar pemenus 3agauu npezacrasiieH B «OTuere 1mo pesynbraram» (puUcyHOK 1.6).




Pemenue 3a1aum OKOHYEHO.

®adn  [Opaska Buwa BcTaeka  ®opwat  Cepeuc Adaddble OkHo  CRPaEKa
hedsn &RV & SR SRS 00| R

Al A f Microsoft Excel 10.0 Ot4eT no pezyneTatam

B D e T
1 |M_1crusuft Excel 10.0 Ot4er no pesynbraTau
_ 2 |Padouuit nuct: [Knura1]luctl
3 |O7ver cozpan: 22.03.05 20:54:36
4
| 5 |
B |Leneean aueitka (Makcumym)
7 | HAueixa Hua Wcxoguoe snauenne Pesynurar
8 3AR a 375
| 8|
0
11 |MzmeHAeMEe AYeikn
12| Aueitka Hua McxogHoe sHaueHue Pesynbrar
3] $CH a 75
14| §CE2 a 75
[l
B |
17 |OrpaHuyanua
18| Aveixa Hua 3HaueHue ®opuyna Cratyc Pazuuua
9] §BH1 300 $B$1<=300 ceazaHHoR 0
20| §B%2 150 $B$2<=150 ceAzaHHOE 0
21| 5CH1 75 §CH1==0  He ceAzaH. 78
22| FCE2 75 $CE2>=0  He cBAzaH. 75
23

Pucynok 1.6 — Otuer no pesyiapraTam

— Pemenue 3a1aun OKOHYEHO, pe3yNbTAaThl MOXKHO pacleyaTarb.

IIpumeyanue

Ecnu nouck He MOKET HalTH ONTUMAJIBHOE pElIeHUE, B JUAIOrOBOM OKHE Pe3y/ibTarhbl
NMOUCKA PelIeHusl BBIBOIUTCS OJTHO U3 CIAEAYIOUIUX COOOIIEHUH.

IHonck He MOsKeT yJay4YIIMTh TeKyllee pemieHue. Bce orpannyeHus BbINOJHEHBI.

B npouecce noucka peuieHus Heab3sd HAWTHU TaKOM HAOOp 3HAYEHMH BIIMSAIOIIUX SYEEK,
KOTOpBIH ObuT OBl Jydlie Tekyliero peuenus. [IpubnusutensHoe peuieHue HaiieHo, HO JTUOO
JaJIbHENIIee YTOYHEHUE HEBO3MOXKHO, JMOO NOrPEIIHOCTb, 3aJaHHas B JAMAJIOTOBOM OKHE
ITapameTpbl MOMCKA pelIeHUs CIUIIKOM BbICOKA. MI3MEHHMTE MOrpelHOCTh Ha MEHBIIEE YUCIIO
U 3aIlyCTUTE NPOLEAYPY IOMCKA PEIICHUs CHOBA.

ITouck ocTaHoBJIeH (MCTEKJIO 32JaHHOE HA MONCK BpeMsi).

Bpems, ornyuieHHoe — Ha  pellleHME  3aJayd, ~ UCYEpIaHO, HO  JOCTUYb
yIOBJIETBOPUTENBLHOTO pPEUICHUS HE yAanoch. UTOOBI MpH ClIEAYIONEM 3alycKe MpOoLeAypbl
[IOMCKAa pEIIEHUs HE IOBTOPSTH BHIIOJHEHHBIC BBIYMCIECHUS, YCTAHOBUTE IEPEKIIIOYATEND
CoxpaHuTthb HaiiieHHOe pemieHue Wiu COXpaHUTH CIleHAPHId.

ITouck ocTaHOBJIEH (JOCTUTHYTO MaKCHMAJIbLHOE YHCJIO UTEPAIHil).

[Ipou3BeneHO pa3pelIeHHOE YHUCIO HUTEpalud, HO JOCTHYb YIOBJIETBOPUTEIBHOTO
pellleHusT HE YJIaloCh. YBEIWYEHME YMCIa WTEpalMil MOXKET I0MOYb, OJHAKO CJIEIYET
paccMOTpeTh pe3yabTaThl, YTOObI MOHATH MPUYMHBI OCTAHOBKH. UTOOBI MpH CIEAYIOIIEM
3alyCKe MPOLEAYpbl TOUCKA PEIICHUs] HE MOBTOPAThH BBIIIOJIHEHHBIE BBIUMCIIEHUS, YCTAHOBUTE
nepekiaouatenb COXpaHUTh HalileHHOe pemeHHe wid HaxMmuTe KHOnKy CoxpaHUTh
CLleHApHIA.

3HaYeHN 1eJIeBO AYeii KU He CXOASATCS.

3HaueHue LIENEBOM SUEHKN HEOTPAaHWYEHHO YBEJIMUYMBACTCS (WM YMEHBILAETCS), JAaXKe €CIIU
BCE OrpaHHYCHUsI cOOMIOeHbl. BO3MOXHO clienyeT B 3aaye CHATh OJHO OTPaHUYCHUE WM Cpa3y
HECKOJIbKO. V3yunTe nporecc pacxokIeHUs! pellieHNs], IPOBEPHTE OTPAaHUYEHUS U 3aIlyCTUTE 3a/1a4y
CHOBA.

ITonck He MOKEeT HAWTH MOAXOAALIEr0 PeleHHs.

B mpornecce moucka pemieHusi Helb3s clelaTh WTEpalnio, KOTopas YAOBIETBOpsiiaa Obl
BCEM OIpPAaHUYEHUSM IpU 3aJaHHON TOYHOCTH. BeposTHO, orpaHudeHus HPOTUBOPEUUBHI.



Hccnenyiite nuct Ha npeIMeT BO3MOXKHBIX OLIMOOK B (hopMyJiax OrpaHMYEHUIl WM B BbIOOpE
OTpaHUYECHUM.

ITouck ocTaHoOBJIEH MO TPEOOBAHUIO MOJIB30BATEIS.

Haxara xHonka Crom B nuanoroBoM okHe Tekylee COCTOSHHME NOHMCKA pelIeHUs!
1ocJjie NpepbIBaHUs IOMCKA PEIIEHUs B TPOLIECCE BBIMOIHEHUS HTEPALIUH.

YcaoBus 1Jisl IUHEHON MO/1eJId He YI0BJIeTBOPSIOTCS.

VYcranosneH ¢uaxok JIMHelHass MoJe/Ib, OJJHAKO UTOTOBBIH MepecueT NOPOKIAET TaKUE
3HAYCHMS, KOTOpBIE HE COMNIACYIOTCSA C JIMHEWHOM MOJEIBI0. DTO O3HAYAET, YTO pPEIICHUE
HEJECWCTBUTENBHO M JaHHBIX (opmyn naucra. YUToObl NpOBEpUTH JIMHEHHOCTH 3aJayd,
ycTaHOBUTE (Dr1akoK ABTOMAaTHYeCcKOe MacIITa0MpPOBAaHMe U ITOBTOPHO 3allyCTUTE 3ajauy.
Ecnu 310 coob1ieHne onarh MOSBUTCS Ha dKpaHe, CHUMUTE (uiakok JIMHelHasi MoesIb 1 CHOBA
3aIlyCTHUTE 3a/ady.

IIpu noncke pemeHus 00HapyeHO OIIHO0YHOE 3HAYEHHE B LeJIeBOH siUeliKe N B
siYeiiKke OrpaHUYCHUSA.

IIpu nepecuere 3HaueHWIl syeek OOHapykeHa omMOKa B OAHOW Qopmyie WM B
HECKOJIBKUX cpa3y. HalinurTe neneByro s4Y€iKy WIM S4YEHKY OIpaHUYECHMs], IMOPOXKAAIOIINE
omnOKy, U HM3MEHUTe HMX (OpPMYJbl Tak, 4TOObl OHM BO3BpAIlAIM MOAXOJSIIEE YHCIOBOE
3HA4YCHHUE.

Habpano HeBepHoe ums uiau ¢gopmyina B okHe /[00aBHTH OrpaHMYeHHMe WIM B OKHE
H3menuTh orpanuveHue, 1100 B nosne OrpaHmyeHHe ObUIO 3aJjaHO LEJNOE WIM JIBOMYHOE
orpanuueHue. YToObl OrpaHMUUTH 3HAUEHUS SYEHKH MHOXXECTBOM LIEJBIX YHCENl BbIOEpUTE
OIepaTop WeJIOro OrpaHUUYCHMsSI B CIIMCKE YCIIOBHBIX OIepaTopoB. UTOOBI YCTAHOBUTH ABOMYHOE
OrpaHHuYEHUE, BBIOEpUTE ONEepaTop sl ABOMYHOI0 OTPAHUUYCHHUS.

Humepnpemayus pe3ynbmamos 3a0avu

[lonydyeHHble 3HaueHUs B sA4elKax, coiepXalmux (Gopmynbl LEIEBOM (QYHKIUU WU
OTpPaHUYEHUH, SBJSIOTCA PpEe3yJbTaTOM pacueTa LelleBOM (QYHKIMH M COOTBETCTBYIOLIUX
OTpaHUYECHUU.

Pesynbrar, nomydeHHelii B sueiike Al o3HauaeT NpuObUIb, MOMYYEHHYIO OT IPOM3BOICTBA
HIPOTYKLIN.

Sueiiku C1, C2 yka3pIBalOT HaM Ha KOJIMYECTBO MPOU3BEACHHON MPOAYKIUH.

B sueiike Bl 3anmcano 1-oe orpanuueHue, xapakrepusyouiee pacxon cwipbsi C; Ha
IIPOM3BOJCTBO BCEX BUAOB Npoaykuuu. IIpu sTom nomyuwmicsa pesynasraTr pasHbiid 300, pazHuna
paBHa 0, 4TO yKa3bIBa€T Ha MOJHBIA PACXOJl ChIPbS JAHHOTO BUAA.

B suelixke B2 3ammucaHo BTOpoe OrpaHMYeHME, XapakTepusyrouiee pacxon coipbsi C, Ha
npousBoacTBo npoaykuuu II; u Il,. Pesynbrar paBen 150, paznuna paBHa 0, 4TO MOJTHOCTBIO
COOTBETCTBYET 33JaHHOMY OI'paHMUYCHHUIO (T.€. ChIpbe Cy U3PaCX0A0BAHO MOIHOCTHIO).

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

Omeem

MakcumasbHas npuObLIb BO3MOXKHA B pazmepe 375 ennHull.

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

Coipre C1 uC2 u3pacxo10BaHO NOJHOCTHIO, YCIOBUE HEOTPULIATEIBHOCTH BBIITOIHEHO.

5. KonutpoJsbHas padora...........
(BapuanTtsl 3aganuii npencrasienbl B ®OC qucCHUIITHHBL)

2.2 JIaGopatopHas padora Ne6 (2 gyaca).
Tema «llesi0unCIeHHOE TPOrPAMMHPOBAHUE)

2.2.1 Heab padorbl: M3yuuTb MeTOABbI peUIEHHUS 3aJad  LEJOYUCICHHOIO
IPOrpaMMHUPOBAHUS.



2.2.2 3agauu padoThI:
1. Pa300paTh NOCTaHOBKY U MOJEIIb 3aa4H.
2. HayuuTbcs peleHuIo 1eNI04YUCIeHHBIX 3a1a4.

2.2.3 Ilepevyenn npudOpoOB, MAaTEPHAJIOB, HCIIOJIb3YyeMbIX B J1Aa00paTOPHON padore:
1. Kanbkynstop

2. Komnerotep

3. Jlocka

2.2.4 Onucanue (xox) padorTnl:

1. Pa3o0paTh MOCTAHOBKY U MO/ eJIb 32/1a4H.

Lenouucnennoe npozpammuposanue — — 3TO Pa3HOBUAHOCTh JMHENHOTO
IPOrpaMMHUPOBAHUs, MOJPAa3yMEBAIONIAs, YTO HCKOMbIC 3HAYECHUS JOJDKHBI OBITh LEJIBIMU
YHCJIaMHU.

ITocTaHOBKA LIEIOYNCIIEHHON 3a]a4M 3BYYUT TAK)KE€, KaK U IOCTAHOBKA OCHOBHOM 3a/1a4M
JTMHEHHOT0 NPOrpaMMHUPOBAHHUs M JOOABIIAETCS TOJBKO OJHO YCIOBUE — LEIOYUCIECHHOCTD X;.

ITycte HekoTOpOE MNpeANnpusATHE HMEET 7 BHUAOB IPOU3BOJCTBEHHBIX PECYPCOB.
[lopsnkoBbiii HOMep pecypcoB — i, T.e. i=1,2,...,m. Hanuune kaxmoro Buaa pecypcoB
U3BECTHO U oOo3Hauaercs b;. [Ipennonoxum, 4To NpeAnpusITHE MOKET MPOU3BOJAUThL 711 BUIOB
npoaykuuu. [lopsiikoBbiii HOMep npoAykuuu — j, T.e. j =1, 2, ..., n. Heo6xoaumo onpenenutsb
KaKoe KOJIMYECTBO €MHUL] IPOLYKIUHN KaXKJOro BUAA HAJ0 NPOU3BOAUTH (X;), YTOOBI MOTYUUTh
MaKCUMyM 3TOH NPOAYKLMH B CTOMMOCTHOM BBIPaKEHUH, €CIM H3BECTHO, UTO 3aTpaThl Ha
IPOM3BOJCTBO CIMHMIBI IPOAYKIUHM KaXXIOro BUAA pecypca paBHBl a; CIWHMIL, a ICHA
peann3anuy — ¢;. EXMHAIBI IPOU3BOAMMON NPOJYKIUH JIOJKHBI IPUHUMATh LIEJIbIC 3HAYCHHS.
Torna moaens 3a1auu OyJET BHIIIISIETh CIETYIOLUM 00pa3oM:

) Z=cix;+coxp+ ...+ cx, > max.

H) anxi + ainxs + ...+ aA1nXn < bl,

anxi + anxy ...+ ayx, < by,
A X1 + AyoXo + ... F Ay < by,

II) x; > 0 m x; —nenwie, j =1, 2, ..., n.

Metoael  pemieHMst  3aad  JIMHEHHOrO  NPOTPaMMHUPOBAaHUS  HE  TapaHTUPYIOT
LEJI0YMCIEHHOCTU PEIIEHUS.

2. HayunThesl pelieHHI0 1eJIOYHMCIeHHBIX 3a/1a4.
[Ipenmonokum, 9TO HA KAKOM-TO IIare MbI MOJYYHUIH TAONHIy C ONTHMAIbHBIM
BapUaHTOM pelleHus 3aaauu (Tadumma 1).

Tabmuma 1 — OnTUManbHBIA BapuaHT MJIs UCXOTHOW 3agaun Oe3 OrpaHUyYeHUs 10
LEIOYUCIEHHOCTH

-X1 -V -Xn CBOOOIHBIE YJIEHBI
X2 an’ ay’ a’ by’
Y2 axy' a' e Ao by’
Ym aml’ am2’ amn’ m’
z ¢y’ ' " ' 0 520, ¢;>0.




[Ipenmnonoxkum, 4To B HOTYYEHHOM ONTHMAJIbHOM BapHaHTE CPEAU NE€PEMEHHBIX X; €CTh
npoOHoe 3HadyeHue. CocTaBUM JOTIOJHUTEIBLHOE OTPaHUYEHUE IO IEJIOYUCICHHOCTH JTOU
IIEPEMEHHOM.

OO6o3HayuM yepes [3; LieN0Oe YUCIIO, HE MPEBOCXOsNIEe KOIDPHULUUEHTbl U CBOOOIHBIN
YJIeH B CTPOKE, B KOTOPOH HaXOMUTCs EPEMEHHAs X; C IPOOHBIM 3HAUCHUEM.

Jns xaxkzporo kodgduiuueHta U cBOOOJHOIO 4iI€HAa COCTABUM PA3HOCTh O = a; — Py
(ecnu camo a;; nenoe, To B = a; u o; =0).

OueBuHO, YTO BCe 3HaYeHUs o > 0.

Bo3bmeM o;; B kauecTBe K03 (GHULHUEHTOB HOBOT'O JONOIHUTEIBHOTO OrPAHUUYECHHUS:

oi1xXr oy Tt X, = O

3anuiemM 3TO TOTOTHUTEIFHOE OTPAHUYCHIE B BUJIE PABCHCTBA BBES JAOMOJHUTEIHHYIO
nepeMeHHyo s; > 0:

S; = 0;1X1 T 0pxp + ...+ X, — O

Jlanee cocraBisieTcs pacUIMpeHHasi CUMILIEKC-Ta0nIla, T.€. B TaOIHIly C ONTUMAJIbHBIM
BapHAHTOM BBOJIUTCS JIOTIOJHUTENIbHAS CTPOKA, B KOTOPOW 3alMCHIBACTCS JOIMOJHUTEIHHOE
orpannyeHue (Tabauna 2), mociie Yero BEIYMCICHHS TPOI0JIKAIOTCS.

Tabnuma 2 — BapuanT pemieHus Juisi KCXOIHOM 3a1a4u ¢ J00aBJICHHBIM OTpaHUYCHUEM

-X1 -1 ... -X,, CB0OOHBIE YTIEHEI
X2 at’ ap’ ai,’ by’
»2 az’ a' o az,’ by’
Ym amll am2' cee amn’ bm’
Si — 0y — 02 — O — 0y
VA ct’' o' . ¢ 0]

Hanee 3amaya pemiaercss CUMIUIEKC-METOJOM C TOJIY4EHHEM JONYCTUMOIO U
ONTUMAJIBLHOTO BapuaHTa. B ciyuae He06X0AMMOCTH B TaOIMILY BBOASTCA €LIE OrPAHUYECHHUS.
3ameuanue: npu paboTe ¢ JIMHEHHBIMM LEIOYMCIEHHBIMU 3aJjayaMy ONTHUMHU3ALUU
HEOO0X0AMMO HUMETh BBUAY: 1) ycJIOBHE LEIOYMCICHHOCTH PACHpPOCTPAHSETCs TOJBKO Ha
OCHOBHBIE IIEPEMEHHBIE Xj, a IOIOJHUTEIbHbIE IEPEMEHHbIE (OCTATOK PECYPCOB) U LeleBast
(GyHKIMS (BBIXOJ NPOAYKLIUH B CTOUMOCTHOM BBIPaXEHHH) HE 0053aTEIbHO JODKHBI IPUHUMATh
LeNble 3HA4YEHMsI; 2) YCIOBHE LIEJIOUYMCICHHOCTH MOXET TOJbKO «yXYALIUTb» PE3yJbTaT
peleHus 3a1a4y; 3) CyIecTBYeT psj 3a/1a4, KOTOopble 0e3 JONMOJHUTEIbHBIX OTPaHUYEHUHN cpasy
SIBJIIFOTCSI LIEJIOUYHCIIEHHBIMU MJIM BOBCE HE MOT'YT OBITh PEIIEHbI C YCIOBUEM LIEJIOUNCIEHHOCTH,
HO U3 ITOCTAaHOBKH 33Ja4y 3TO CJI0)KHO YBUJIETh 3apaHee.

3agaua 1
L Heneast pyHkius:
Z=4x, +5x, +x3 —» max

II. Cucrema orpaHM4YeHUN:
3x1 +2x, <10

x; +4x, <11

3)(31 + 3)62 +x3< 13

III. YcnoBue HEOTPULIATEIBHOCTH:

X1, X2, x3 >0

X1, X2, X3 — LCJIBIC

Pewenue:

IIepexoauM OT CUCTEMBI HEPABEHCTB K CUCTEME YPAaBHCHUM:



n= —3x1—2x, + 10

m=—x1—4x+11

= —3x1—3x—x3+13

3anuiieM MaTeMaTHYECKYIO MOJIENb B TaOIUUHOM (opMme:

Tabmauma 1 l
— X — X — X3 CBoOoaHbIE
YJICHBI
Vi 3 2 0 10
V) 1 ()| o 11
Vs 3 3 1 13
Z —4 -5 -1 0
BapuaHT nonmycTumplii, HO HE ONITUMAJIbHBIN. BeiOepeM pa3peniaroniuii 2JIeMeHT.
CnenaeM nepByro UTEpaLUIo
Tabnuua 21
— xlv CBoOoguble
— 2 S YJIEHBI
Vi (O —-1/2 0 9/2
X2 Y 1/4 0 11/4
V3 9/4 —3/4 1 19/4
Z —11/4 5/4 -1 55/4
CnenaeM BTOPYIO UTEPALIUIO
Tabnuna 3 i
CBo0Oo1HBIE
4 — 2 S YJIEHBI
X 2/5 -1/5 0 9/5
X2 —-1/10 3/10 0 23/10
¥3 —9/10 -3/10 (M) 7/10
Z 11/10 7/10 ~ 187/10
Crenaem TpeTbIO UTEPALUIO
Tabnuna 4 l
CBoOoIHBIE
4 — 2 & YJIEHbI
X1 0,4 -0,2 0 1,8
X2 —0,1 0,3 0 2,3
X3 —0,9 —0,3 1 0,7
Z 0,2 0,4 1 19,4
[Tony4yeH nOMyCTUMBII BapUaHT, SIBISIOMNNCA ONTUMAIbHBIM.
IIepBbIii OITUMAaNBHBIN BAPUAHT:
Z=194
X1 = 1,8 Y1 = 0
X2 = 2,3 = 0
X3 = 0,7 {y3 =0

BapunaHT onTUMAanbpHBbIM, HO HE LEIOYUCICHHBIN.

CocTaBUM J1I0NIOJIHUTENbHBIE OTPAHUYEHUS 1O LIEJTOYUCIEHHOCTH X3.

Tax yucno, ne npeseimaromiee (—0,9) u mpu 3Tom Hanbosee OJIU3KOE K HEMY U K TOMY XKe
nemnoe — 310 (—1). [Toaromy:

o31 = —0,9 - (—l) = O,l

I[a.nee AHAJIOTM4YHO:



az2 =—0,3 — (-
(133:1—1:0

1)=0,7

3es. = 0,7-0=0,7

Takum O6p8.30M, MBI ITOJIYYHIIA JOITOJIHUTCIbHBIC OIPAaHUYCHUA:

071y1 + 057)’2 + 0)’3 2 057

To ectb 53 =0,1y; + 0,7y, + 0y3 — 0,7
Jlo6aBuM B Tabauiy 4 1ONOJHUTENBHOE OTPAHUYEHHE §3 U MOJydnM Tabauny 5. [lanee

peuracM CUMIIIICKC MCTOJJOM.

Tabnuna 5
CBo0OogHbIe
s — 2 -3 YJICHBI
X1 0,4 -0,2 0 1,8
X —-0,1 0,3 0 2,3
X3 -0,9 —0,3 1 0,7
53 0,1 0,7 0 —0,7
Z 0,2 04 1 19,4
BapuaHT He 1O0TTyCTUMBI.
Tabmuna 5
. s - CBo0OoHbIe
YJICHBI
X1 3/7 =772 0 2
X -1/7 3/7 0 2
X3 —6/7 -3/7 1 1
» 1/7 -10/7 0 1
Z 1/7 4/7 1 19

ITocne npeoOpa3zoBaHus MOJy4aeM ONTUMAIbHBIN IEJI0UUCICHHBINA BapUAHT.

Bropoii onTuManbHbIN BapUaHT:

Z=19
X1:2
)C2=2
X3:1

Z[anee paccMOTpuM 3aavuun JIA 3aKPCIUICHUA HaBblKa PCHICHUA CUMIIJICKCHBIM MCTOAOM

C YUCTOM LCIOYHUCIICHHOCTHU.

1

3agaua 2
L Heneast pyHkius:
Z=x1+2x, —» max

II.  Cucrema orpaHuyYeHUI:

3x1tx, <7
x1+t3x <7
I1I1.
X1, X2 > 0

X1, Xp — IEJIbIE

Ycnosue HCOTPpUIATCIIbBHOCTHU!

=0
»n=1
»3=0




3amaua 3
L [leneBas GpyHKIUSA:
Z=2x1+x3+x3 —» max
II. Cucrema orpaHM4YeHUN:
X1+ 2x+2x3=16
{xl +x, <7
3x; +2x3> 18
III. VYcioBue HEOTPULIATETHHOCTH:
X1, X2, X3 > 0
X1, X2, X3 — LeJIbIE

3agaua 4

L Heneast pyHkius:
Z=110x; +90x, —» max
II.  Cucrema orpaHMyYEHUI:

3x; +4x, <10
2x1tx, <8
<5

III.  YcnoBue HEOTPULIATEIIBHOCTH:
xp,x220
X1, X2 — ICIBIC

3amaua 5
L [leneBas pyHKIMA:
Z=x1+t2x+3x3 —» max
II. Cucrema orpaHM4YeHUN:
6)C1 + 4)62 + 3X3 < 25
x1 +3x, +2x3< 15
III.  YcnoBue HEOTPULIATEIBHOCTH:
x1, X2, X320
X1, X2, X3 — LCJIBIC

3amaua 6
L [leneBas pyHKIMA:
Z=Xx1—X, —» max
II. Cucrema orpaHM4YeHUN:
X1 —2xtx3=1
x1+3x+x4=3
II. YcnoBue HEOTPULIATEIBHOCTH:
X1, X2, X3, X4 > 0
X1, X2, X3, X4 — LICJIBIC

OTBeTHI

N2 1-w1it: Z=21/4, x1=T7/4, x,=T7/4;2-0i1: Z=2,x1=1,x,=2; Ne3 1-p1ii: Z= 18,5, x; =
T,x%=0,x3=4,5;2-0ii: Z=17,x1 =6, x, =1, x3 =4; Ned 1-p1ii: Z=1100/3, x; = 10/3, x, = 0; 2-
on: Z=330,x1=3,x=0; Ne5 1-p1it: Z=22,5,x1=0,x=0,x3=7,5;2-0i: Z=21,x1 =0, x, =
0,x3="7; Ne6 1-p1ii: Z=22,5,x1=0,x,=0, x3=7,5; 2-0i: LIETOUNUCIECHHOCTH HET.



2.3 JIabopatopHas padora Ne7 (2 yaca).
Tema «/[BOMCTBEHHOCTDH B JIMHEHHOM MPOrPaMMHPOBAHUI

2.3.1 Hean padorbi: M3yunTh MeToAbl pelIEHHUs ABONCTBEHHBIX 3aJay JIMHEHHOTO
POrpaMMHUPOBAHUS.

2.3.2 3agauu padoThI:
1. Pa3o6path nmocTaHOBKY ¥ MOJIeb ABOMCTBEHHOM 3a1auu. [IoHsATHE NTBOMCTBEHHOCTH.
2. HayunTbcs pelieHUIo ABOMCTBEHHBIX 3a/1a4.

2.3.3 Ilepevyenn npud0OpoB, MAaTEPHAJIOB, HCIIOJIb3YeMbIX B J1Aa00paTOPHON padore:
1. Kanpkynstop

2. Komnerotep

3. Jlocka

2.3.4 Onucanue (xox) padorTpi:

1. Pa3o0parb mNOCTAaHOBKY MW MoOJIeJdb BolicTBeHHO# 3agaum. IlonsTue
JIBOMCTBEHHOCTH.

Aneopumm cocmasnenus 080UCMBEHHOU 3A0aUU.

1) Tun 3kcTpeMyMma LieneBo QyHKLIUN MEHSETCS;

2) KaXIOMYy OrpaHHYECHHUIO HMCXOJHOM 3a/layd CTAaBUTCS B COOTBETCTBHE IEpEeMEHHas
JBOMCTBEHHOM 33124,

3) cBOOOAHBIE WIEHBI HCXOAHOM 3aa4l CTAaHOBATCS KO3 PUIIMEHTAMH NPU IEPEMEHHBIX
B 1IeJIeBOM ()YHKIIMH JIBOWCTBEHHOM 3a/1a4u;

4) xax eI cTosoer Ko3(pPUIMEHTOB B CUCTEME OIPaHUYCHUH (OPMHUPYET OTpaHUUYCHUE
JBOMICTBEHHOM 3aJ]a4d, IPU STOM THUI HEPABEHCTBA MEHSETCS; KOAPPUIIUEHTHI IPH MTEPEMEHHBIX
B 1I€JIEBOM (DYHKIIMU MCXOJHON 3a7auu CTAaHOBSTCS CBOOOJHBIMU UJI€HAMU B COOTBETCTBYIOIIMX
HEpPABEHCTBAX JIBOMCTBEHHOM 3a1a4Hu.

PaccMoTpuM KOHKpETHBIH puMep MOCTPOSHHS IBONCTBEHHOW MOIEIH:

UCXO/HAs 3a/1a4a: JBOVICTBCHHAS 3a/1a4a:
I) Z=6x; + 4x, —> max. I) F=8u;+ 6u; —> min.
IT) 2x; +4x, <8, 1) 2u; + 2uy > 6,

2x1 +x, <6. duq + up > 4.
II) x; >0, x, > 0. I) u; >0, u, > 0.

Crnenyer OTMETUTD, YTO:

- MaTeMaTH4EeCKHUEe MOJICIIM Maphl IBOMCTBEHHBIX 3a/1a4 MOTYT ObITh CHMMETPUYHBIMU U
HECUMMETPUYHBIMA. B HECMMMETPUYHBIX JBOWCTBEHHBIX 3a/a4aX CUCTEMa OrpPaHUYCHHI
MCXOJHOM 3a/lauu 3a/JaeTCsl B BUJIE PABEHCTB, a JBOMCTBEHHOW — B BHUJI€ HEPABEHCTB, MPUYEM B
MOCJIETHEW MePEMEHHbIE MOTYT OBITh M OTPULIATEIbHBIMU. B CHMMETpUUYHBIX 3a7a4ax CUCTEMa
OTpaHUYCHUN KaK MCXOIHOM, TaK U ABOMCTBEHHOM 3a7a4M 3a1aeTCsl HEPABEHCTBAMM, TPUYEM HA
JIBOVICTBEHHBIE TIEPEMEHHBIE HAJIAraeTCs YCJIOBUE HEOTPULATEIBHOCTH. Hallle paccMaTpuBarOTCs
CHUMMETPUYHBIE B3aUMOJIBOMCTBEHHbIC 3a/1a4H;

- Kaxaas U3 3a/1a4 JBOMCTBEHHOM Napsl (HOPMAIBHO SBIISIETCS] CAMOCTOATENBLHOM 3a/1a4eit
JMHEWMHOTO MPOrPaMMHUPOBAHUS U MOXKET PEeIIaThCd HE3aBUCUMO OT Apyro. OaHako,
WCIIOJIb30BaHUE CUMILIEKCHOTO METO/1a PELIEHUS OJTHOW U3 JBOWCTBEHHBIX 33/1a4 JBOWCTBEHHOU
napbl aBTOMaTUYECKH MPUBOIUT K PEIICHUIO ApYroi 3aaaun. HarsimapiM 000CHOBaHUEM
JTAHHOT'O TIOJIOKEHHSI MOXKET CIYKUTh BO3MOKHOCTb HUCIIOJb30BaHMS JBOMCTBEHHON CUMILIEKC-
TaOJIMIIBI JJIS1 OTBICKAHMSI HCKOMBIX 3HAUYCHUM 1IEJIEBbIX (PYHKITUH.



2. HayunThbcsl pelieHuI0 IBOCTBEHHBIX 3a/1a4.

3apava 1

Jnsa mpsiMoii 3a1au TOCTPOUTE ABOMCTBEHHYIO €1, U HAWJIUTE ONTUMAJIbHBIE PEIIEHUS
ATHUX 3a/ad4.

L [leneBas pyHKIUSA:

Z=4x1+2x,+3x3 — 5 min

II. Cucrema orpaHM4YeHUN:

dx1 +3x,—x3>4

Sx1+x+2x3>6

III.  YcnoBue HEOTPULIATEIIBHOCTH:

X1, X2, x3 >0

Pewenue
JIBoiicTBeHHas 3a71a4a UMEET BU/I:
L [eneBas pyHKIUA:
F=4u, + 6u, —— max;
II. Cucrema orpaHM4YEeHUN:
4uy + Suy <4
3up +tuy <2
—u; +2uy <3
II. VYcioBue HEOTPULIATETBHOCTH:
uy, up > 0.

IIepexoauM OT CUCTEMBI HEPABEHCTB K CUCTEME YPAaBHCHUM:
V1 =—4u1 —5u2+4
{Vz =3u;—u+2
Vi=u —2u, +3
Pemas ee Ha OCHOBE COCTaBJIEHUS CUMILIEKC-Ta0IUI] UMEEM:

Tabanma ll Tabmnuma 2
Y| » Z Vi X1 VA
CBo0Oon- CroGor-
—uy | —up HbIE —u | =N
HBIE YIECHBI
YJIEHBI
X1 14} 4 5 4 2 Uy 4/5 1/5 4/5
X2 V2 3 1 2 X2 Vz 11/5 -1/5 6/5
X3 V3 -1 2 3 X3 V3 -13/5 -2/5 7/5
Cpobom- | p |4 | g 0 Crobon- | o | g5 | g5 24/5
HBIE YICHBI HbIE YJIEHBI

[TonyueHn n1OMyCTUMBIN BapUaAHT, SIBIISIFOIIUIACS ONTUMAIbHBIM JJIs1 IBOMCTBEHHOM
3a7aun;
F (u)=124/5
u; = 0 Vl =0
{U2:4/5 V2:6/5
Vi="17/5
Ha ocHoBaHHUM COOTBETCTBUA MEXY MTEPEMEHHBIMHU 3aIUIIEM ONTUMAIBLHOE PEIICHUE

UCXOOHOU 3aJ1aUu:
Z (x) = 24/5

X1=6/5 y1=4/5
{)Q:O {y2=0

X3=0




3amemum, umo 015 peutenuss UCXOOHOU 3A0a4U CUMNIEKC-MemO0OM nompeb08anoch Ovl
BLINOIHUMDb He MeHee 08yX umepayull. Pewenue dice 080ticmeeHHOl 3a0a4u HAIOEHO 3d OOHY
umepayuro.

[Tpu perieHnn ABONCTBEHHBIX 3a/1a4 MOTYT BCTPETUTHCS CICAYIONINE CITydau:

a) 00e 3a/1auM pa3pelIlrMbl;

0) o0JlacT TOMYCTUMBIX pelIeHU 00eHX 3a/1au MyCThIE;

B) OJIHA 33/1a4a UMEET HeOTPAaHNYCHHYIO 00JIACTh JOMYCTHMBIX PEIICHUN, BTOpas —

MyCTYIO.

3agaua 2

Jlist npsAMOM 3a1a4u TOCTPOMTE ABOMCTBEHHYIO €1, U HAUAUTE ONTHUMAJIBHBIE PEIICHUS
3THUX 3a/ad.

L Heneast pyHkius:

Z = 6x; +4x, — » max

II.  Cucrema orpaHuyYeHUI:

x1 +4x, <8

2x1tx <6

III. YcioBue HEOTPULIATETBHOCTH:

X1, X2 > 0

Pewenue

JIBOWICTBEHHAA 3aauya UMEET BUI:

L Heneast pyHkius:

F=8u; +6u, —» min

II.  Cucrema orpaHuMyYEHUI:

2u; +2u, > 6

{4111 +u, >4

III. VYcioBue HEOTPULIATETBHOCTH:

uy, up > 0.

I'padmyeckoe penieHne UCXOAHOM 3a7a4uu IPUBEIEHO HA pHC.], a TBOMCTBEHHON — Ha
puc.2. MakcumanbHoe 3HaueHue QyHKIUU Z = 56/3 ncxoqHoH 3ajaun JocTUraeTcs B Touke X =
(8/3;2/3), 1.e. mpu x; =8/3 u x,=2/3. MunumMansHoe 3HaueHue GyHKIUH F=56/3 TBOMCTBEHHOM
3agauun gocruraercsa B Touke U = (1/3;8/3), 1.e. mpu u1=1/3 n u;=8/3.

A Puc.1
—>

X2

|
A

\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
0

X1




Puc.2

I[a.nee PacCMOTPUM 3aJlavi JJId 3aKPCIJICHUA HaBbIKa IMOCTPOCHUA )IBOﬁCTBCHHI)IX UM H
pCeUICHUA UX CUMIIJICKCHBIM U Fpa(bI/I‘-IeCKI/IM METOJ0M.

3amaua 3

Jnsa mpsiMoii 3a1au TOCTPOUTE ABOMCTBEHHYIO €1, U HAWJIUTE ONTUMAJIbHBIE PEIIEHUS
ATUX 3a7a4 rPaQUIECKUM METOIOM.

L [leneBas pyHKIMSA:

Z=6x;+3x; —» min

II. Cucrema orpaHM4YeHUN:

—3)C1 — Xy > 3

2x1 +tx, <2

III.  YcnoBue HEOTPULIATEIBHOCTH:

x1, x>0

3agaua 4

JUist npsAMOM 3a1a4u TOCTPOMTE ABOMCTBEHHYIO €, U HAUAUTE ONTUMAJIBHBIE PEIICHUS
9THUX 3a/1a4 JI0OBIM CIIOCOOOM.

L Heneast pyHkius:

Z = 6x11+2x, —» max

II.  Cucrema orpaHuyYeHUI:

—x1+3x, <3
X1 —3)(32 §—6

III. YcioBue HEOTPULIATETBHOCTH:
x1,x2>0



3amaua 5

Jnsa mpsiMoii 3a1au TOCTPOUTE ABOMCTBEHHYIO €1, U HAWJIUTE ONTUMAJIbHBIE PEIIEHUS
ATHUX 3a]a4 JOBIM CIIOCOOOM.

L [leneBas pyHKIMSA:

Z=4x; +2x; —» max

II. Cucrema orpaHM4YeHUN:

X1 +XQ§6
{x1§3
2x1 +x, <10

III. VYcioBue HEOTPULIATETBHOCTH:
X, x>0

3amaua 6

Jnsa mpsiMoii 3a1au TOCTPOUTE ABOWCTBEHHYIO €1, U HAWJIUTE ONTUMAJIbHBIE PEIIEHUS
ATHUX 3a]a4 JOBIM CIIOCOOOM.

L IleneBas pyHKIUSA:

Z=5x1—8x; —» min

II. Cucrema orpaHM4YeHUN:

2x1tx <5

xX1—x2>1

x1+3x <10

III. VYcioBue HEOTPULIATETBHOCTH:

X1, x>0

3amaua 7
Jna mpsiMoii 3a1au TOCTPOUTE ABOMCTBEHHYIO €1, U HAWJIUTE ONTUMAJIbHBIE PEIIEHUS
ATHUX 3a]a4 JOBIM CIIOCOOOM.

L [leneBas pyHKIMA:
Z=5x1+6x; —p max
II. Cucrema orpaHM4YeHUN:
Sx1+9x, <45

{le +3x, <19
2x1 +x <10
III. VYcioBue HEOTPULIATETBHOCTH:
X1, x>0

OTBeTHI

Ne3 net pemienust; Ne4 et pemeHust; NeS Zyox =18, x1=3,x,=3,y1=0,1,=0,y3=1;
Fmin= 18, u = 2, [75) =2, us = 0, V1 = O, V2 = 0; Ne6 Zmin=2,x1 =2,XQ =2,y1 = 0,y2 = 0,y3 = 5;
Fox=2,u1=1,uy=7,u3=0, V1 =0, V,=0; Ne7 Znax =35, x1 =3, x,=10/3,y,=0,1, =0, y3 =
2/3, Fmin = 35, uy = 1/4, Uy = 5/4, us = 0, V1 = O, V2 =0.

2.4 JIabopatopHas padora Ne§-11 (8 uacos).
Tema «MeToasbl pelieHUsI 32124 JTUHEHHOI0 IPOrPaAMMHMPOBAHUSI TPAHCIIOPTHOIO THIIA»

2.4.1 Heab padorbl: M3yuuTh MeTOABI pelICHUS 3a]a4y JUHEHHOTO MPOrpaMMHUpPOBaHUS
TPAHCIOPTHOTO TUIIA

2.4.2 3agauun padoThI:

1. ITucemenHsbI# ompoc.

2. 3y4uTh NOCTAaHOBKY U MOJI€/Ib TPAHCIIOPTHOM 3aJjauu.

3. HayuuThcs pemiaTh TpaHCIIOPTHYIO 3a/1a4y METOJIOM IOTEHIUAJIOB.



4. HayunTbcs pelieHuIo TpaHCIOpTHBIX 3a1a4 B MS Excel.

5. Pa3o0parh 5KOHOMHUYECKYIO HHTEPIPETALUIO Pe3yIbTaTOB PEIICHNS 33/1a4.
6. KonTponbHas pabora

2.4.3 Ilepeyenn npuOOpPoOB, MAaTEPHAJIOB, HCIIOJIb3YyeMbIX B J1Aa00paTOPHON padore:
1. Kanbkynstop

2. Komnerotep
3. Jlocka

2.4.4 Onucanue (xox) padorThi:

1. [IncbMeHHBII Onpoc.

KoHnTposns npoBoauTcs B NUCBMEHHOM BHAE B (opMe KoJIoKkBUyMa. B Bapuante

IPEyCMOTPEHO [Ba BONIPOCA, KOTOPbIE I'PYNIHUPYIOTCS B CIYYailHOM MOPSAKE W3 MEepeyHs
KOHTPOJIbHBIX BOIIPOCOB MMYHKTOB 6./.1.1. n 6.1.2.1. PI1]1.

2. U3y4uTh NOCTAaHOBKY M MOJeJIb TPAHCIOPTHOM 3a1a4H.
(Onopa Ha KOHCIIEKTHI JICKIIHH )

3. Hayuutbes pemiaTb TPAHCIOPTHYIO 3224y METOA0M IOTEHIIHAJIOB.
Meroa NOTEeHIHANIOB PELICHUS TPAHCIIOPTHON 3a/1a4 JIMHEHHOTO IIPOrPAMMUPOBAHMUS C
HaXO0XJIEHNEM OIIOPHOro Iu1aHa MetooM CeBepo-3anagHoro yria.

3agaua 1

CocTaBuTb IJ1aH MEPEBO3KU KapTodes u3 3 COBX030B 3 MarasuHaMm Tak, YTOObI
CyMMa pacCcTOSTHUH Ha 1epeBo3Ky Obula MUHMManbHON. Hannuue kaprodens (B TOHHAX),

NOTPeOHOCTh Mara3uHOB U PaCCTOSIHUE OT COBX03a JI0 Mara3uHa (B KMJIIOMETpax ) MPUBEICHbI
B Tabnure 1.

Tabmauma 1
Marazun
CoBx03 1 > 3 3amacel
1 2 8 7 300
2 6 9 3 360
3 > 2 1 180
840
[MoTpebnoctu 210 450 310 970

Hano: b; — Hanuuue rpy3a y i-ro nocrasmuka (i =1, 2, 3)
a; — NOTPeOHOCTS j-ro norpedburen (j =1, 2, 3, 4)
B03M0OXKHOCTH MOCTaBIIMKOB:

3

> b, =840

i=1

Bo3mosknoctu notpedureneii:
3

Z a, =970

=



3 3 3 3
2T AN W
j=1 i=1 j=1 i=1

3azaya OTKPBITOTO THUIIA, YTOOBI 3aKPBITh, HY’KHO BBECTH (DUKTUBHOTO NOTPEOUTENS C
noTpeOHOCThIO by = 130

X11 X12 X13
X= | x X2 X23
X31 X32 X33
X411 X2 Xg
X;j — KOJIMYECTBO IPy3a, HEPEBO3MMOTrO OT i-I'0 MOCTABIIKKA K j-My TTOTPEOHTEIIIO.
4 3
Z= E E C;X,; —>min
i=l j=1
4 3
le,,-=aj(j=1,2,3) .1x,-j:b,-(i=1,2,3,4)
i= j=

VYcaoBue BEIBO3A:
X11 +X12 +X13 =300
X1 +x22 +x23 =360
X31 T x32 + x33 = 180
X41 + x40 +x43 =130
YcnoBue yoBIETBOPEHHS TOTPEOHOCTEH:
X11 +x21 +x31 +x41 =210
X12 T X202 + x32 + x40 =450
X153+ x23 T x33 + x5 =310
Z = 2x11 + 8x12 + 7X13 + 6XQ1 + 9XQ2 + 3XQ3 + SX31 + ZX32 + IX33 + 10X14 + 10X15 + 10X24 — min
[TonyuyaeM ucxoauslii Bapuant MeTo1oM CeBepo-3aagHoro yria.

Tabmnuua 2
Marasun
CoBxo03 3amacel
1 2 3
2 8 7
1 300
210 90
6 - 9 + 3
2 N 360
3FO : 0
5 2 | 1
3 | I 180
o5 1 180
Ll
10 + 10 - 10
4dp 130
o=206 130
970
[TorpeOHOCTH 210 450 310
970

Zpaer =2°210+ 890 +9-360 + 1-180 =420 + 720 + 3240 + 180 = 4560

HccnenoBanne Ha BBIPOXKICHHOCTh. BapuaHT OyJeT HEBBIPOXKICHHBIM, €CITH YHCIIO
3aIOJHEHHBIX KJIETOK N paBHO CyMME IOCTaBIIMKOB M IMOTPEOHUTENCH 32 BBIYCTOM €IUHULIBI: N
=m+n-1.

N=5

n+m—-1=3+3-1=6,



T.. N < m + n — 1 — BapuaHT BBIPOXKIEHHBIN, CJICIOBATEIIEHO, €r0 HEO0OXOIUMO
MOTOJIHUTh, TPOCTAaBUB B  HEIOCTAIOLIEM YHCIE KIETOK HOJb. [lOCKOIBKY ATHUM
JOTIOTHUTEIBHBIM KJIETKaM OyIyT OTBeYaTh HYJEBBIE MEPEBO3KH, TO OOmMi OanaHc U
CyMMapHasi CTOMMOCTh TIEPEBO30K ILJIaHA MPH ATOM He Hu3MeHHTCsS. OpHaKo MTPOBOIUTH
MOTIOJTHCHHE TIJIaHa, BEIOMpAsi KIETKUA MPOU3BOJIBHO, HENb3s. Heo0X0aMMO yUUTHIBATh YCIOBHE
ALMKJIMYHOCTH.

[TocTaBuM HOMB B KIETKY (2,3).

Hccnenyem Ha ONTUMAIBHOCTB, JJIS 3TOTO:

1) CocTaBuM cucteMy ypaBHEHHI OTHOCHTEIHHO OTCHIIMAIOB IS 3aII0THCHHBIX
KJIETOK TaOJIMIBI: YCIOBHE: V; — U; = Cjj.

st kinetku (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

11t Kietkd (3,3) vs—uz=c33=1

utst KieTku (4,3) v3 —ug = c43 = 10
Kak npaBuno u; = 0, Toraa nosyyaem:

vi=2 u =—1
V2=8 u3=l
V3:2 u4=—8.

2) C noMoIbI0 HaliICHHBIX IIOTEHIMAJIOB IIPOBEPUM BBINIOJIHEHHE HEPABEHCTBA V; — U
< ¢ 1J11 CBOOOJHBIX KJIETOK U BBIYUCIIUM
a= |(vj—u,')—c,'j|
JUISL T€X U3 HUX, JI1 KOTOPBIX 3TO HEPABEHCTBO HEBBITIOIHAETCS.

11t kietku (1,3) V3—up=ci3
2-0<57 BEPHO
11 KiteTku (2,1) Vi — Uy < 0o
2-(-1)<e6 BEPHO
st kietku (3,1) Vi —u3z < ¢31
2-1<5 BEPHO
11t Kitetku (3,2) V2 — U3z < €3
8-1<2 HEBEPHO 03 =15
11 Kitetku (4,1) Vi —ug < Caq
2-(-8)<10 BEPHO
TU1s KITeTKu (4,2) Vo —uUg < Cap
8—(-8)<10 HEBEPHO o4 =6

[Monmyuaem: o3, = 35; a4 = 6.

CylIecTBYIOT IJIOXUE KJIETKH, CIIe10BaTeIbHO, BAPUAHT MIPEJICTaBICHHbIN B Tabnume 1
HE ONTUMANbHBIA. Jl7s yiIydmieHus IUlaHa TIEPEeBO30K B TaOJHUIE CTPOUTCS ITHKII
nepepacnpezeneHuss 00beKToB nepeBo3ok. ki npeacrapiser coOoi 3aMKHYTYIO JIOMaHYIO
JWHUIO, KOTOpas HAYMHACTCS B TOM CBOOOTHOW KIIETKE, IZI€ YCIOBHE ONTHMAIbHOCTH
HapylaeTrcs HauOosiee CWiIbHO. B paccMmarpuBaeMoM NpHMepe TaKoM KIETKOW sBIseTcs
Kietka (4,2), rue o Haubombee (o4 = 6).

[lpn mocTpoeHHMM IUKIa MOXHO IPOXOAMTh KaK dYepe3 3aHsTble, TaKk M 4Yepe3
CBOOOJHBIC KJIETKH TAOJIHUIBI, HO TOBOPOTHI MOXHO JENaTh TOJBKO B 3aHATHIX KJIETKAX IO
npsAMbIM yriioM. [locTpouM mo yka3aHHBIM IpaBuUaM LMKJI B Tabnuue 2. JIaHHBIM IMKII
MIOKa3bIBACT, YTO IS yIyUIIECHHS TUIaHa MIEPEBO30K, T.€. ISl YMEHBIICHHS OOIIEH CTOMMOCTH
IIEPEeBO30K, HEOOXOIUMO HM3MEHMTh O0BEM IEpPEeBO30K B TeX KJIETKaX, I/le HaxomsaTcs
BEPILUHBI (YIiIbl HIOBOPOTA) IIUKJIA.

[Topsinok wu3MeHeHHs O0BEMOB MEPEBO30K B BEpIIMHAX IMKIJIA ONPEAEsIeTCs
creyomuM o0pazoM. B BepmmMHax HUKIa PAacCTAaBISIOTCS 3HAKH «+» U «—», MPUYEM B
Hauajle [IMKJIa CTAaBUTCS 3HAK «+», B CIEAYIOIIEH «—», B ClIeaylollei 3a Hell BepluHe «+» U



T.A. TOo ecTh, NOJMy4yaeM 4epeloBaHUE 3HAKOB «+» U «—». HampaBienue nBHKeHUS NpU
paccTaHOBKE 3HAKOB OT CBOOOIHOM KJIETKH 0€3pa3IMyHO, TaK KaK KOJUYECTBO BEPIIMH LIUKIIA
SIBJIIETCS YETHON BenMuMHOM. Hannume 3Haka «+» B BEpIIMHE LUKJIA [TOKA3bIBAET, UTO 00bEM
IEpeBO30K HEOOXOJMMO YBEIUYUTh. YBEIMYEHHE M YMEHbIICHHE OOBEMOB IEPEBO30K B
BEpILMHAX LMKJIAa MPOU3BOJUTCSA 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. Crexnyromue Iiaru IOHUCKa
ONTUMAJILHOTO BapUaHTa COBEPILAIOTCS 110 aHAJIOIMH BbIILIEU3I0KEHHOTO.

Tabnumna 3
Marazun
CoBxo03 3anacel
1 2 3
2 8 7
1 300
210 90
6 - 9 + 3
2 _ - 360
250 : 130
5 e S RN
3 180
oa=>5 180
10 10 10
4 130
130
970
[TorpeOHOCTH 210 450 310
970
Zpar =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, JJISL 9TOTO:
1) CocraBuM CHCTEMY YpaBHEHHUW OTHOCHTEIHHO TOTCHIIMAJIOB JUIsl 3allOJIHCHHBIX
KJIETOK TaOJMIBI: YCIOBHE: V; — U; = Cjj.
st kiaetku (1,1) vi —uy =c¢11 =2
11t KIetku (1,2) vo —uy =cjp =38
TUTSL KIETKU (2,2) vo —up = ¢ =9
U1t KIeTKU (2,3) vs —up =3 =3
utst kineTku (3,3) vs—us =c33 =1
TSt KITETKHY (4,2) va — g = cqp = 10
Kaxk npasuno u; =0, Torga nonyyaem:

V1=2 u2=—l
V2=8 u3=l
V3:2 u4=—2.

2) C noMonibr0 HalIEHHBIX IOTEHIMAI0B IPOBEPHM BBIITOJHEHUE HEPABEHCTBA V;j — U,
< ¢ 1J11 CBOOOJIHBIX KJIETOK U BBIYUCIIUM

o= | (v —u)—cy|
JUTSL TEX U3 HUX, JUISI KOTOPBIX 3TO HEPABEHCTBO HEBBITTOTHSIETCSI.

1t kietku (1,3) Vi—up=ci3

2-0<57 BEPHO
11 KiteTku (2,1) Vi — Uy < 0o

2-(-1)<6 BEPHO
11t kietku (3,1) Vi —u3z < ¢31

2-1<5 BEPHO



11t Kitetku (3,2) V) — Uz < c32

8-1<2 HEBEPHO 03 =15
111 Kitetku (4,1) Vi —ug < Caq

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

8—(-2)<10 BEPHO

[Tonyuaem: a3, = 5.

Cyl1ecTBYIOT IUJIOXHE KJIETKH, CIeI0BaTeNIbHO, BAPUAHT IPEICTaBICHHbIN B Ta0nuie 1
HE ONTUMAaNbHBIA. Jl7s yiydmieHus IUlaHa TIEPEeBO30K B TaOJIUIE CTPOUTCS ITUKII
nepepacnpezenenns 00beKToB epeBo3ok. L{uki nmpeacTasiser HaYMHAeTCs B TOM CBOOOIHOM
KJIETKe, TJe yCIOBHE ONTHMAIBHOCTH Hapyllaercs: Hauboisiee CiibHO. B paccmaTpuBaeMoMm
pUMeEpe TaKOH KJIETKOM sABJsieTCs KieTka (3,2), rae o Hanboubiee (a3 = 5).

B wurtore mnonydaem HOBBIM BapuaHT B Tabiuuue 4. Crenyrooliue IIard IMOUCKa
ONTUMAJIBFHOTO BApUAHTa COBEPILIAIOTCS MO aHAJIOTHH BBILICH3I0KEHHOTO.

Tabauia 4
CoBx03 Marasun 3amacel
1 2 3
2 8 7
I 210 90 300
6 9 3
2 50 310 360
5 2 1
3 180 180
10 10 10
4 130 130
TotpeGiocTi 210 450 310 o0 970
Zpaer =2:210+8:90+9:50 +3-310+2-130 =420 + 720 + 450 +910 + 360 = 2860

HccnenoBanue Ha BEIPOKICHHOCTD.
N=6
n+m—-1=3+3-1=6,
T.6. N=m + n— 1 — BapuaHT HEBBIPOKACHHBIH.
Hccnenyem Ha OITUMANBHOCTD, JJISL 9TOTO:
1) CoctaBuM CUCTEMY YpaBHCHHH OTHOCUTEIIBHO MOTEHIIMAIOB JIJIsl 3aIIOJTHEHHBIX
KJIETOK TaOJIMIBI: YCIIOBHE: V; — U; = Cjj.
st kietku (1,1) vi—uy=c1 =2
utst KieTku (1,2) vo —up =c¢jp =8
TUISL KITETKU (2,2) vo —up = ¢ =9
TSt KIeTku (2,3) v3 —up = cp3 =3
1015t KIeTku (3,2) vo —uz =c3p =2
TSt KIeTKU (4,2) vo — ug = c42 = 10
Kak npaBuno u; = 0, Torna nosyyaem:

vi=2 u =—1
V2=8 u3=6
V3:7 u4=—2.

2) C noMoIbI0 HaliICHHBIX TIOTEHIMAJIOB IIPOBEPUM BBINIOJIHEHHE HEPABEHCTBA V; — U
< ¢ 1J11 CBOOOJIHBIX KJIETOK U BBIYUCIIUM
o= |(vj—u,-)—c,-j|
JUTSL TEX U3 HUX, JUIsl KOTOPBIX 3TO HEPABEHCTBO HEBBITTOTHSIETCSI.

11t kietku (1,3) vi—up <cp3
7-0<7 BEPHO
11 KiteTku (2,1) Vi —uy <0



2-(-1)<6

st kinetku (3,1) Vi —u3 <31
2-6<5
utst kinetku (3,3) V3 —u3 <33
7-6<1
utst kinetku (4,1) Vi —Us < ca1
2-(-2)<10
utst kiaetku (4,3) V3 —us < Cca3
7-(-2)<10
Bapuant ontumaiies.
OT1BeT: Znin = 2860
210 90 0
A= 0 50 31
0 180 0

B pesynbTaTe moaydyeHHOro pelieHus MOXHO CJiejaTh BBIBOJI, YTO MUHUMAJbHAs CyMMa
paccTosHUN Ha TepeBo3Ky OyaeT paBHa 2860 kM, eciu 1-blii COBX03 mepeBe3eT 1-My u 2-my
MmarasuHam cooTrBeTcTBeHHO 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

BEPHO

BEPHO

BEPHO

BEPHO

BEPHO

kaptodens. Ilpuuem u3 2-my mMarazuny HegonoctassaT 130 T kapTodens.

I[a.nee PaCcCMOTPUM 3agavdu JJIsd 3aKPCIIJICHUS HaBblKa PCIICHUA TPAHCIIOPTHLIX 3a1a4.

Haiitu ontumansHOE PCUICHUC 3a1a4Nn:

3agaua 2

b1 =100

bz =150

b3 =130

by =200

bs =180
Pemutes Ha max.
3amaua 3

ay = 140
ay = 170
a3 =230

C

Haiitu ontumMansHOE PCUICHUC 3a1a4Nn:

by =1500
b, =1000
b3 =2000

Pewmutes Ha min.

3agaua 4

a; =800

a>=1200
a3 = 1400
ag = 1100

C

Halitn onTuManpHOE pemeHue 3a1a4u:

b1=6
b2:8
b3=10

Pemurs Ha min.
3agaua 5

a1=4
a2=6
a3=8
ag 8

Halitn onTuManpHOE pemeHue 3a1a4u:

b1 =200
b, =180
b3 =190

ay = 150
a, =130
as = 150

as =140
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Pemnths Ha max.
3agaua 6
Halitn onTuManpHOE pemeHue 3a1a4u:

b1 =500 a; =150 3 3 5 3
b, =300 a, =350 C 4 3 2 4
b3 =100 az =200 3 7 5 4
as =100
as = 100
Pemute Ha min.
3amaua 7
Haiitu onTuManbHOE pelieHre 3a/1auu:
b1 =150 a; =200 5 6 8
b, =250 a; =100 C 6 7 6
b3 =50 az = 250 8 9 7
bs=100 5 5 6
Pemute Ha min.
3amaua 8
Haiitu onTuManbHOE pelieHre 3a/1auu:
b1 =130 a; =130 6 6 8 5
b, =55 a =175 C 2 4 3 9
b3 =80 az = 65 3 5 7 9
b4 =65 ag = 60 3 5 4 4
b5 =135 as = 75 2 5 6 3
ae = 60
Pemute 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
N\
(50 250 0 100 100
Ne6 A = 0 100 200 0 0 Z=2300
QOO 0 0 0 0

[\S 2N S e Ne IS °N



150 0 0
Ne7 A = 50 0 200 Z=13100
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

4. HayuyuTthbcs pelieHMI0 TPaHCHOPTHBIX 3aaa4 B MS Excel.

Jlnda peenus nanHou 3agauu B Excel HeoOxoaumo:

1) mox 3amuchk 1eneBol GYHKIIMKM OTBECTH STYCUKY Al;

2)moj 3amuch OrpaHMYEHUN — siUeWKH crosidna B (kKoiaumdecTBO siUeeK COBIANAET ¢
KoJm4yecTBOM orpannuenuii): B1, B2, B3, B4, BS, B6;

3) moxa 3amuch MUCKOMBIX MEPEMEHHBIX OoTBeCTH siueiku cronduoB C, D, E (kxomnuectBo
noTpeduTeneil coBmnagaeT ¢ KOJIMYECTBOM CTOJIOIIOB,

KOJIMYECTBO MOCTABIIUKOB — C KOJIMYECTBOM CTPOK).

IIpumeuanue: ICKOMBIE NIEPEMEHHBIE X;; OyyT HAXOAUTHCS B CIEAYIOLIHX sUeHKax:

()C11 — Cl1 X1 — D1 X13— El

X1 —>C2 x3p—> D2 xp3—E2

X31 — C3 X31 — D2 X33 — E3)

[Topsinok BhIMONHEHUS PabOTHI:

1. Beectu B aueiiky Al ¢popmyiy nieneBoit pyHkiuu (pucyHok 3.1):

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

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

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

@_] 0ain Mpaskz Bun Boraewa  dopwam  Cepemc  [Jardble Owko  Cripsska

MNET" RENETIERRN-2 Y WW NN A8 R CRAL llIH}E
| A0 L gL === S g s 8 LE S s
PAHT v X e =1GCIHATDI423 E1+9°C24+19 D248 E2+ 24" 03+21*Da+32*E3
A | B | Cc [ D] EJF |6 [HI] I | J |
1 [ CIAT D2 E 149 C21 P DI+ E2+ 24" C3+21°D3+32°E3
2] [
3 -
4]

Pucynox 3.1 — Beop nieneBoii pynkiuu B Excel

2. a) Beectu B siueiiky B1 neByro wacte 1-ro orpannuenus: = C1+DI1+E1 (pucynok 3.2)
ﬂ Microsoft Excel - Kuwral

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

WA RERETEIRA A NP Y S AL X XX TR Y IR )
| o lagil=s S Al@ e na i = = o4 ]
PAHT * X & =C14D14E1
A B | ¢ D E | F | 6 | L]
0[=C1+D1+E] b !

Pucynox 3.2 — BBog orpannuenuii B Excel

0) Beectu B siueliky B2 neByro yacTh 2-ro OrpaHM4CHHUS:



= C2+D2+E2

B) BecTu B siueiiky B3 sieByro 4acTh 3-TO OorpaHUYEHUS:

= C3+D3+E3

r) Beectu B siueliky B4 neByro yacTtp 4-ro orpaHM4CHHUS:

= Cl1+C2+C3

1) Beectu B siueiiky BS neByro yacTe 5-ro orpaHU4eHHUS:

=DI1+D2+D3

e) Beectu B siueiiky B6 neByto yacTe 6-ro orpaHUYCHUS:

=E1+E2+E3

@ Microsoft Excel - Kuwra1

@_] Daiin  Mpaska Bwo Boraexa  dopwar  Cepeuc  JadHele  Owho  Cripaska
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Pucynok 3.3 — Beox orpanunuenuii B Excel

OTCYTCTBYCT, HYXHO BbIIIOJIHUTH KOMAHIY

3. Ha manenu uHcTpyMeHTOB BeIOpath onuuto "Cepsuc”, a B Hell BkiIaaky "Ilouck

"CepBuc"—

"Hanctpoiiku". B okne nuanora "HaacTpoliku" Hy)XKHO yCTaHOBUTH (pIa’KOK HAIPOTUB CTPOKU

"[Touck pemenus".

4. B okne nuanora "Ilouck pemenus" B mnosie BBoJa "YCTaHOBUTH LIEJEBYIO SUEHKY"
HYXHO BBECTH CCbUIKY Ha siueiiky Al. HeoOxoaumo BbIOpaTh CcHoco0 ajapecanuu siueek B
abcooTHOM cucteMe koopauHat (T.e. ykaszaTh He Al, a $A$1). Takke HY)XHO MOCTyHatrh C

JPYTUMHU [T€PEMEHHBIMHU.

3.4).

Mowmck pelweHmMa

YCTaHOBITE UENeBYHD aueiiicy:

sAS1

T () MAKOMMANBHOMY SHEYEHIID

BbInonHWTE
sHaqeHmo: |0
= SarKpeiTe
Msmengn auenT

OrpaHYeEHMaA: OapameTpel

| [o5aEHTE

BoccraHoBuTe

Crnpaska

Pucynok 3.4 — PaGota B quanioroBom okne «llouck pemenus»

5. B oxne guanora "Ilouck pemieHus" HYKHO YCTaHOBUTb IEpEKIIOYaTENlb (PUCYHOK

6. B nosie BBoja "M3meHss ssiuelku'" HYKHO yKa3aTh CChUIKM Ha SYEHKH, COAEpIKaIlMe
UCKOMBIC TIepeMeHHbIe, T.e. nuana3on siueek $C$1 : SE$3 (pucynok 3.5).



Mouck pewenma

VCTEHOBMTE LUENEBYID AYEKY: SAS1 BrinonHuTe

PagHoii: MEKCHMANBHOMY SHEYEHHID 3Haqenuo: |0
O = ¥ O G 3aKpEITE

() MMHMMANEHOMY SHAYEHMID

SCS51:5E53

OrpaH1-eria; DapameTpel

OobasnTh

II I II&

M3meHnTE

BoccTaHoBMTh
| YOaniTe
Crnpaska

PI/ICYHOK 3.5 —Ilone BBOJAa A4YCCK, O603H8.LI8.IOIHI/IX HCKOMBIC ITCPEMCHHBIC

7. B mone BBoaa "OrpanuueHus" npu Hakatuu KHOMKHU "J[00aBUTH" MOSBISIETCS OKHO
nuanora "Jlo6aButs orpanndenus”. B mose BBona "Ccebuika Ha stueiiky" BBoautcs $B$1. B none
BBOoJIa "Orpannuenue" BBogutcs = u unciao 900. [Ipu momomu kHomku "J[06aBUTH" TakuM ke

00pa3oM BBOJIATCS BCe OcTalibHbIe orpanuucHus (srueiiku $B$2:$B$6) (pucynok 3.6).
-" =

lobaenenme orpaHMUYeHMA

CChINKa Ha auelKy: _ OrpaH4eHue;
¢BS1 = AES 5.
QR | | OTHMeHa | |,.E|,D§E|EH-1TI: | | CrpaBka |

Pucynok 3.6 — Jluanorosoe okHo «/{o0aBineHue orpaHudeHus»

8. Jlnsg BBOZA OrpaHMYEHUN Ha HEOTPULIATENBHOCTh HCKOMBIX IIEPEMEHHBIX B OKHE
nuanora "Jlo0aButh orpanndeHus” B nose BBoja "CchlaKa Ha s;lueiKy" HY>KHO BBECTHU CCBUIKY Ha
sueiiky $C$1, a B mosne BBoja "Orpannvenus”" HyxHO BBecTH >= u uuciio 0. [Ipu momormm
KHONKK "Jl00aBUTH" TakuM ke 0O0pa3oM BBOASTCS YCJIOBHS HEOTPULATEIBHOCTH OCTaBLIMXCS
HCKOMBIX nepeMeHHbIX. JInbo Beinensercs auanazoH siueek $C$1: $E$3 u 3agaercs >= u uncno
0. ITocne BBO#A mocieqHero orpanndeHus HaxmMuTe «OK».

Ilpumeuanue

Ecinm B 3agadye MMeeTcs YCIOBUE LEJIOYUCICHHOCTH MCKOMBIX IIEPEMEHHBIX, TO B
IuajaoroBoM okHe «JloOaBneHue orpaHuveHui» B moisie BBoga "Ccblika Ha sSYEHKY" HYXHO
BBECTHU CCHUIKY Ha stueiiky $C$1, a B mosie BBosia 3HaKa OrpaHUYEHHs HY)KHO BBECTH «1iei». [Ipu
nomMomy KHomnku "Jl006aBUTB" TakuM k€ 00pa3oM BBOZSTCS YCIOBHUS LEIOYMCIEHHOCTU
OCTaBIIMXCSI HICKOMBIX TIepeMeHHbIX. JInbo Beinensercs auanason sueek $C$1: $ES3 u 3amaercs
«uemn». [Tocne BBosa mocnennero orpanndeHust Haxmute «OKy.

9. Ilocne Haxatus kHonku "BrimonauTs" Excel paccuuThiBaeT pe3ynbTaT U OTKPHIBAET
OKHO auainora "Pe3ynprarel noucka pemienus". B atom nuanore B okHe "Tum otuera" HyXHO
BeIOpath "Pesynbrarsl" u HaxkaTh Ok. Ilepen snucTom, rae 3amucaHa ocTaHOBKa 3ajjauu, Oyzaer
BcTaBjieH aucT "Otyer mo pesyiabTatam 1", a Ha sKkpaHe OyJeT BbAAH PeE3yjabTaT PELIEHUs
3amauu (pucyHok 3.7).



@ Microsoft Excel - Kuura1

IE‘_" ®aiin  Mpaeka Bua Bcraeka Qopwat  Cepewc  [aHHeie  OkHo  Cripaeka
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Pucynok 3.7 — Pe3ynpTaThl pemieHus 3agadn
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5. Pa3o0paTh 3KOHOMHYECKYI0 HHTEPIPETALHIO Pe3y1bTATOB PeLIeHHs 3a1a4.
Hnmepnpemayus pe3ynbmamos 3a0avu
[lonyuyenHble 3HaueHus B dAueiikax, coaepKallux QopMyiabl LEneBOW (QYHKUMH U
OTpaHUYEHUH, SBJSIOTCA PpE3yJbTaTOM pacueTa LelleBOM (QYHKIMH M COOTBETCTBYIOLIUX
OTpaHUYECHUU.

Pesynbrar, nonmyueHHslii B siuelike Al, o3HadaeT oO11yI0 CyMMYy 00beMa rpy30MepeBO30K
B TKM.

Sueiiku B1, B2, B3 mnoka3piBalOT BBINOJHEHHE YCJIOBHUS IOJHOTO BBIBO3a Ipy3a OT
nocrasuuka. Sueiiku B4, B5, B6 nmoka3bIBaloT BBIIIOJHEHUE YCIOBHS IIOJHOTO YOBIETBOPEHUS
noTpeOHOCTEN OTpeOUTENS.

3naueHus syeek B jauanazone $C$1: $E$3 mnokaspiBator kommuectBo rpysza (B T),
NEPEeBE3EHHOI0 OT COOTBETCTBYIOIIETO TIOCTaBUIMKA, COOTBETCTBYIOIIEMY MOTPEOUTEIIO.
3HaueHusl JAAHHOIO JAMana3oHa npeBblaroT 0, ClIeIOBATEIbHO YCIOBHUE HEOTPHULATEIbHOCTU
HCKOMBIX MIEPEMEHHBIX BBIIIOJIHEHO.

Omeem. OnruMasnbHble TEPEBO3KU TIPY30B IPEAYCMATPUBAIOT IEPEBO3KY OT 1-ro
nocTaBiuka 1-my norpedurento 650 T, ot 1-ro mocrapmuka 2-my norpedurento — 250 1, oT 2-ro
nocrasluka 1-my norpedurento — 50 T, a 3-my norpedurento — 750 T. 3-i MOCTaBIIMK OTBE3ET

CBOH I'py3 TOJIBKO 2-My moTpebutento B koaudectBe 550 T. MUHUMAIBHBIN 00bEM TEPEBO30K
coctaBuT 32000 T kM.

5. KonTpoJsbHasi pabora
(Bapuantsl 3ananuii npencrasiaensl B @OC auCHUIUINHBI)

2.5 Jlabopatopnas paoora Nel2-13 (4 yaca).
Tema «baj1aHcoBbIe MOAETIN

2.5.1 Heanb padorei: M3yunTh METOIBI pellieHNs 0aTaHCOBBIX MOAEEH

2.5.2 3agauu padoThI:

1. Pa300paTh "KOHOMHYECKHI1 CMBICI ITOKa3aTeNIei 1 MaTeMaTHYECKUX 3aBUCUMOCTEHA,
MPUMEHSIEMBIX IIPU COCTABJICHUH CXEMBbI OaaHca.

2. Pa3zo0Oparts pemenue 6anancoBbix Mmojeneit B MS Excel.

3. HayuuThcs 1aBaTh SKOHOMHUYECKYIO MHTEPIIPETALUIO PE3YIIbTATOB PEIICHHS 3a/1a4.

2.5.3 Ilepeyenb npuOOpPOB, MATEPHUAJIOB, HCIIOJIb3YeMbIX B J1a00pPaTOPHOI padoTe:
1. Kanskynsarop

2. Kommnbrotep
3. Jlocka



2.5.4 Onucanue (xox) padoTsbl:

1. Pa3o0partpb

IKOHOMMYECKHNH

CMBICJI

nokKasarejei H

33BHCHMOCTeﬁ, NMPUMEHACMBIX IIPH COCTABJICHUU CXEMbI O0ajiaHca.

MAaTEMATHYCCKHUX

3apava 1
3aKOHUYUTE COCTABJICHHUE CXEMbl OTYETHOT0 OajlaHca 10 UMEIOIIMMCS TAaHHBIM.
[IpousBopsinne [ToTpebnstomue Kouneunrsrit Banosoi
oTpaciu 0Tpaciu HPOIYKT V; IPOIYKT X;
1 2
1 20 30
2 60 10
Y cn0BHO UncTasg NPOAYKIUS Z; 70
Banoso#i npoaykr X; 100

Pewenue
l)ecmm i =j, 10 X; = X;

2) X=2x+Y
=l

3) X :ny +Z;

= ecami =j = 1, 10 X;= X; = 100.

= X, =X,-V,—x,, x, =100 =30 -20 = 50..

2
= X, =) X,+Z,, X, =50+10+70 =130,

i=1

2
= Z, =X %y Z,=100 - (20 + 60) = 20.

i=l

" 2

4 X=Yx+Y = Y, =X,-) %, % =130-(60+10)=60.

J=1 J=1
[TpouszBoasue [ToTpebnstomue Koneunsrit Banosoii
oTpaciu oTpaciu MPOAYKT V; MpPOAYKT X;
1 2
1 20 50 30 100
2 60 10 60 130

VY ¢10BHO uncTas NpOAYKLHS 20 70
Z;
Banoso# nponyxr X; 100 130

3amava 2

3aKOHUYUTE COCTABJICHHUE CXEMbI OTYETHOTO OajlaHca 10 UMEIOIIMMCS JaHHBIM.

[IpousBopsinne [ToTpebnstomme Kouneunrsrii Banosoin
oTpaciu oTpaciu MPOAYKT HIPOIYKT
1 2
1 176 370
2 222 457

VYcioBHO yncras 74 245
MPOJTYKIIUS
BanoBoyt npoaykr




3amaua 3

3aKOHYNTE COCTABJIICHHE CXEMBI OTUETHOI'O OalaHca MO0 UMEIOIIMMCS JaHHBIM.
[IpousBopsinne [ToTpebnstomme Kouneunrsrit Banooi
OTpaciu OTpaciu MPOAYKT MPOAYKT
1 2
1 100
2 55 450
YcnoBHO uncTas 215 185
MPOAYKIUS
Banosoii mpoaykT 300

3agaua 4
3aKOHYHUTE COCTABJIIEHHE CXEMBI OTYETHOTO 0OaJaHca Mo UMEIOIIMMCS JaHHBIM.
[IpousBopsinne [ToTpebmnstomme Kouneunrsrii Banosoi
OTpaciu OTpaciu MPOAYKT MPOAYKT
1 2 3
1 15 33 50
2 28 27 233 315
3 15 17 121
VYcaoBHO uncTas 230 76
MPOJTYKIUS
BasioBoit npoaykT 172

3amaua 5
3aKOHUYUTE COCTaBJICHHUE CXEMbl OTYETHOr0 OajiaHca 10 UMEIOIIMMCS TAaHHBIM.
[IpousBonsimue [ToTpebnstomue oTpaciu Koneunsriit Banosoit
oTpaciu 1 2 3 NPOIYKT MPOJTYKT
1 712
2 103 57 1100
3 200 78 35 675 988
VYcnoBHO uncras 645 853 700
IPOJYKIUS
BasioBoit npoaykT 1015

2. PazoOpaTsb pemienue 6ajancoBbix moaesieit B MS Excel.

3agaua 6
Hcnonp3ys naHHble OanaHca, ONpeaenuTe 00beMbl IPOU3BOJCTBA BaJOBOM MPOIYKIUH,

K02 UIIMEHTH! TPSIMBIX U MOJHBIX MaTepUalIbHbBIX 3aTparT.
[IpousBonsmue [ToTpebastomue oTpaciu Koneunsrit
oTpaciu 1 2 MPOAYKT
1 90 100 60
2 50 110 40

Pewenue

1) ompenensemM 00bEMBI MPOU3BOJICTBA BAJIOBOM MpoayKiuu (X;) mo popmyie:

n
Xo=2+,
I

=L..,n

X1=90+ 100+ 60=250; X,=50+110+40=200.
2) BBIYMCIUM KOA(PPULIUEHTBI IPAMBIX 3aTpart (a;)1no Gopmyne

X

_ Y




a;1=90:250=0,36; a;»=100:200=0,5;
ax =50:250=0,2; ax»=110:200 =0,55.
3) Paccunraem mMatpuily MOJHBIX MaTepUaIbHbIX 3aTpaT Mo Gopmyie:
B=(E—-A)"
a) Haitnem marpuny E — A

- A_l 0] [036 057 [064 -05].
1o 1] 102 055 [|-02 045]

0) paccunuTaeM ONpeaeIUTENb MaTPULIbI
OnpenenureneM KBaJAPaTHOW MATPHIIBI 2-TO MOPsAKa A HA3bIBACTCS YUCIO di1- dao- 1o
a, dp

ay) . Onpenenurens ob6o3Hauaercs A(A) niu .
a) 4y

A(E - A) =0,64-0,45 - (-0,5)-(-0,2) = 0,288 - 0,1 = 0,188.

B) BMECTO KaXKIOI'O 3JICMEHTa MaTPHIbl MOCTABHUM €ro ajneebpauieckoe OONOIHEHUE:

045 027,

[0,5 0,64}

Aneebpauueckum 0ononHeHueM HEKOTOPOTO JIEMEHTA ONPEACTUTENS Ha3bIBACTCS MUHOD
9TOr0 3JeMeHTa, YMHOXeHHBIH Ha (-1)°, rme s — cymMma HOMEPOB CTPOKM M CTOJIONA, Ha
MEPECEYCHUH KOTOPBIX PACIIONIOKEH ITOT JICMEHT.

Munopom HEKOTOPOTO 3JIEMEHTA ONPEICITUTENS Ha3bIBACTCS ONPECIIUTEb, TOJTyIaeMbIii
U3 JIAaHHOTO OTPEJCIIUTENsI BBIUCPKMBAHUEM CTPOKH U CTOJIONA, HAa TMEPECEYCHUH KOTOPBIX
PaCIOJIOKEH 3TOT JIEMEHT;

T') TOJIYYEHHYIO MATPUIy TPAHCIIOHUPYEM

{0,45 0,5 }

02 0,64
1) KK SJIEMEHT MOJIYICHHON MATPUIIBI ISIMM Ha OTPEICIIUTENh HCXOMHON MAaTPHUIIhI
U TI0JIy4aeM MaTPHUIly 0OpaTHYIO JTaHHOM:
2,39 2,66
1,06 3,40]
B kauecTBe MpOBEpPKU MOXKHO paccuuTaTh MATpUILy X.

{2,39 2,66} {60} {250}
X =BY = . = ,
1,06 3,40 | | 40 200

X1=2,39-60 +2,66-40 = 249,8;

X2=1,06-60 + 3,40-40 = 199,6.

BeinonHeHHbIe pacyeTsl, BO3MOXKHO IPOBECTH € MCIIOJIB30BaHUEM CIELMATN3UPOBAaHHbBIX
nporpaMM WiIM 0ojiee IIMPOKO PACIPOCTPAaHEHHBIX HHCTPYMEHTOB, Takux kak Excel.
PaccmoTpum pemenue 3toro npumepa B cpene Excel. Ilpu stom OynyT ucnonb30BaHbl Takue
¢yukun kak MOBP (pacuet o6patHoit MaTpuusl) ¥ MYMHOX (ymHOXeHUE MaTpuL).

Pewenue

3aHocHM HCXOIHBIEC TaHHbIE Ha pabounii muct Excel (pucynok 1).
Microsoft Excel - GanaHc

B=(E—A)‘1={

Et_l] dafn  Mpaska Bwma  Bcraeka  $opmar  Cepeuc  fadHele  OkHo  Cnpaeka

HIRNE=N" NN RN AN RN AN BRIl R
i arial Cyr * 10 »| XK & ‘_I|§§§§‘3|"?§ % 000 {,-Eg -')?gl
D1 - [
A | B [ © E [ F [ &6 |

[ 0 |
g0 100 )| |
4n

a0 110

Pucynok 1 — Ucxoanbie qaHHbIe
1) onpenensieM 00beMBbl POU3BOACTBA BAJIOBOW Mponaykuuu (X;) mo dopmyse:



n
Xi:inj+Yi, i=1,..,n.
j=1

Hs storo B sAueiiky D1 3anocum ¢opmyny: =CYMMA(A1:C1), B sueliky D2:
=CYMMA(A2:C2) (pucyHoOK 2).

3 Microsoft Excel - Gananc

i) main  Mpaeka Bua  BrTaka  DopMaT  CepeWc  Jadbble  OkHo  Crpaeka

HRN=R" NEWETE= NN W RN AR KRR R
i Arial Cyr o0 oK KU |S = =58y 052 o
D2 - A =CYMM(AZC2)
A | B [ ¢ b | E [ F [ &

(1] 1] 100 &0 260

2] ] 110 40 200l

13

L4

15

5

Pucynok 2 — Pacuer X;

2) BbIYMCIUM KO3(DOUIHEHTBI NPSAMBIX 3aTpart (a;) 1o popmyie

X..
¥ ;o ;s —
a;=—, i=L.,nj=1..n

J

g storo B siueriku A3 u B3 mepeHocum 3HaueHus X; , paccuuTaHHble B cTondue D

(MoxHO HaOpaTh C KJIaBHATypbl, MOKHO HCIOJIb30BaTh ¢yHkIHi0 «lIpaBka — crnenuanbHas
BCTaBKa... — BCTaBUTb 3HAUYCHHUS], TPAHCIIOHUPOBATDHY, ).

B sueiiky E1 3anmceiBaem ¢opmyny: =A1/A$3, konupyem 3ty hopmMmyny B nuana3oHe
E1:F2. Pesynbrarom Oyner sBIAThCS MaTpulia Kod3()PUiuueHToB npsaMbIX 4 (pUCYHOK 3).

B3 Microsoft Excel - Kuural

@_] dakin  [paska Bua  Broraeka  dopmat  Cepeuc fladHele  OkHo o Cnpaeka

INEEHR GGV R SRR -8 T
i Arial Cyr - 10 - | K K ﬂ|§§§g’3|&§% ﬂﬂﬂfég-ifﬁ\
E1 - £ =A1AS3
A | B | ¢ | D EEEm F | &
1 90 100 (=] 250] 03] 05
2| 50 110 40 200 02 055
3] 250 200
4l |
5
6

Pucynok 3 — Pacuer MaTpuiibl KOAQHUIIMEHTOB MPSIMBIX 3aTPaT
3) Paccunraem mMarpuily NOJIHBIX MaTe€pUabHbIX 3aTpaT 1o Gpopmyie:
B=(E-A4)"
a) Haiinem marpuny (E — A) (pucyHok 4), B nuamnazone A6:B7 3anuiiemM eauHUYHYIO
maTpuny U B auanasoHe C6:D7 marpuny A. B sueliky E6 3anumem dopmyny: =Al1-Cl,
KonupyeMm 31y popmyiny B quanazone E6:F7, pezynbratom siBisiercst Matpuna (£ — A4).

E3 Microsoft Excel - Knural

El] dafin  [Opaska Bua Beraska  @opmat  Cepewc JadHele kO Cnpaska

RN WS T NN o WP R A AR
: Arial Cyr -0 - K& Y| === o an 000
55 - fe =AB-CB
A T F & E F G|
90 100 0 2500 035 05
50 110 40 200 02 055
280 200

11 0 0% 05
0 02 085

Pucynok 6.4 — Pacuetr matpunsl (£ — A4)
0) Haiinem matpuiy oopatnyto (E — A), nis sroro Ha nucte Excel Bbiaenum auamna3zoH
G6:H7. Manum komanay «BcraBka — ®yHkuus...». B oTkpbiBIIeMcs okHe «Mactep GpyHKuuii»

Heo0XoauMo BbIOpaTh Kareropuio «MaTtemaTuueckue», u3 Mmatemaruueckux — MOBP (pucynok
5).



MacTe p dhyHkumi - war 1 uz 2

Mamck dyHRLpb:

I =
| BEBANTE KPATKOR ONMCaHME ASFCTENA, KOTOPOE Hy3HO
| BEINONHMTE, M HaXMATE KHOoMEY "HafTi"

Hafitr

KaTeropHm! | MateMaTHHeckHe v |

BeibepHTe diyHICLHIO:
[Mose Al
|MOMPEA — 1
| Py |
|HEHET
| OKPBBEPY
| OKPBHA3
QOKEYEN |
MOBP{Maccue)
E036palllaeT ofpaTHYH MATRHLLY (MATPHLLA XPaHHTCA B MACTHBE],

CrOpasiea N0 3T0H dyHKumm OTMeHa

Pucynox 5 — OkHo «Mactep GyHKIIUN»
Haxwmure OK. Otkpoercst okHO « ApryMeHThl pyHKkun». Heo6xoaumo 3axaTe Maccus B

KoTopoM Haxonutcs marpuna (E — A). Beogum maccuB E6:F7  (pucynox 6).

Aprynme HTbl hyHIELLHKH fgl
MOEF

Maccve |g6:F7| = {0,64-0,5:-0,2)0,4

= {2,3936170212766; 2,65
E03EpallaeT ofpaTHYH MATPHULY (MATPHILA XPEHATCA B MACCHEE),

MaccvB HHCNOB0A MACCHE C PABHBIM KONMMHECTEOM CTROK W CTONGWO0E, nkbo
AMENAZ0H KM MACCHE,

CNpagka N0 3ToH dyHKWHK SHaHeHHe: 2, 393617021

Pucynok 6 — BBoa naHHBIX, IpU pacueTe 00OpaTHOM MaTpHIIbI
st otoOpakeHusi pe3ysbrara B Buiae Matpuibl, Haxmurte Shift+Ctrl+Enter (ecim
Haxatb OK, To B siueitke G6 Oyzaer oxno uucio). MaccuB G6:H7 Oyzaer comepkarb UCKOMYIO
marpuny B=(E — A)"' (pucynok 7).

=1 Microsoft Excel - Kuural

@_] daiin  [paska Bua  Bcraeka  dopmat  Cepekc JabHoie  OkHo  Cnpaska

P05 3 O[3 R BB F 0 - B 3 - AL AL ] 0o

 Avial Cyr 10 -] K & U |E = =08y o 58 EEE - O
GB - £ [=MOEP(EE:F7)}
ATE e E F 6 [ H | 1 ]
[ 50 100 B0 250 0,36 05
2| 50 110 40 200 02 055
3] 250 200
4
5
B | 11 0 0,36 05 054 05[] 2333617 2853574
7] ol 1] 02 055 02 0.45] 106383 3,404255
8
g
10|
11

Pucynox 7 — Pe3ynbrar pacuera oOpaTHON MaTPHILBI
B kauecTBe nmpoBEepKHM MOXKHO paccuMTarbh marpuny X. Marpuna X paccyuTeIBacTCs IO
dbopmyine X = BY. Beenem B aumanazon 16:17 matpuny V. Beienum nuamazon J6:J7, BeiOepem
koMaHny «BcraBka — ®ynkuus...». B oTkpeiBmiemcs okne «Mactep (yHkiuit» BeiOepeM
kareropuro «Maremarudeckue» u u3 Hux MYMHOX (pucyHnox 8).

MacTe p hyHrupH - war 1 uz 2

Oomck thyHIKLMN:

BE£AHTE KPATKOE OMNHCAHHE ASACTEHA, KOTOPOE Hy#HO
BBINONHKTE, M HaxMATE KHonKy "HafTr"

Hath

KaTeropma: |MaTeMaTM‘~IeCKMB b4 |

BribeprTe diyHKWHIO:

rPAAYCH ~
SHAR
KOPEHD

MOEP 3

MOI‘IPEE
HEHET bt

MY¥MHO¥{maccre1;maccne?)
BO3BPALLAET NPOHSEEASHHE MATPHL (MATPHUE XPSHATCA B MACCHBAX].

Cnpaska no 3ToH dyHkimm OTMEHA




Pucynok 8 — Oxno «Mactep pyHKIUN»

Haxmure OK. Ortkpoercs okHO «ApryMeHTol (yHkiun». HeoOxomumo ykaszaTh
MacCCHUBBI, B KOTOPBIX HaXOJATCS MEPEMHOKAaeMble MAaTPHUILbl (IOPSAIOK BBOJA MAacCHBOB UMEET
3HAYCHHE), B HaleM npumepe 3To maccuBbl G6:H7 u 16:17 (pucynox 9).

AprymeHTbl (hyHKIHH g|
T MHCH
MaccuBl | Ge:H7 = {2,393617021 2766
Maccue? |16:17] = {6040k
= {750:200%
BosepallaeT NPOMSEEAEHHE MATEHL, (MATPHUEI XPEHATCA B MACCHEEX).
MaccuB2 NepeLii M3 NEPEMEHOXAEMEL HACCHEOE, KOTOPEIA A0MHKEH HMETE TO He
YHCnG cToNBUOE, YTO M ETOPOH,
CNpaeka no 3ToA dyHKLHH SHadeHke: 250 [ [0]4 ] [ OTHEHA ]

Pucynok 9 — BBoj JaHHBIX, PH TEPEMHOKEHUH MaTPHUIL
[Tocne okonuanus BBoaa naHHbiXx Haxkmute Shift+Ctrl+Enter. Maccus J6:J7 Oyner

COACPIKATb UCKOMYIO ManI/IHYX(pI/ICYHOK 10)
B3 Microsoft Excel - Kuwural

E_] darin  [paeka Bua Bcraka @opmat  CepeWc  fdadHele  OkHo  Cnpaeka

PNEEHRSIA T RB S8 a G ol

; arid Cyr w0 XK KUIEEEHEDe mwRMIEEH H-A-F
I3 - A {=MYMHOH(GE:H7,16:17))
A | e [ ¢ | o [ e [ F [ & [ H [ o+ [T a0 1T kK |

EN a0 100 [ 260 036 05
2] &0 110 40 200 02 055
ER 260 200

|4 |

3

E 1] 0] 036 05 2393617 2658574 60| 250
7 0] 1] 02 055 -02[ 045 106383 3404285) 40| 2000

B

[ ]

Pucynok 10 — Pe3ynbraT pacuera MaTpuibl X
3agaua 7

Hcnonp3ys naHHble OanaHca, ONpeaenuTe 00beMbl IPOU3BOJCTBA BaJOBOM MPOIYKIUH,

K02 UIIMEHTH! NPSIMBIX U MOJHBIX MaTepUaIbHbBIX 3aTparT.
[IpousBonsmue [ToTpebasromue oTpaciu Koneunsriit
oTpaciu 1 2 MPOAYKT
1 10 17 23
2 20 15 35
3amaua 8

HCHOJ’IBSYH JaHHBIC Gancha, OIIPpEACIINTE 00BEMBI IMpOU3BOJACTBA BaJIOBOM MNpOAYKIHWH,

KO3 PUITMEHTHI PSAMBIX U MOJHBIX MATEPUAIBHBIX 3aTparT.
[IpousBopsinne [ToTpebastomue oTpaciu Koneunsrit
oTpaciu 1 2 MPOSYKT
1 70 45 25
2 25 30 40
3agaua 9

Hcnonp3ys ko3puuueHThl NpSIMbIX MaTEpUaJIbHBIX 3aTpaT U OOBEMbI KOHEUHOTO
IPOAYKTA M0 OTPACISIM PacCUUTATh KOA(PPHUIHUEHTH! NOJHBIX MaTEpUAIBHBIX 3aTpaT U 00bEMbI

MPOU3BOACTBA BAJIOBOM MPOIYKLIHH.

022 054 20
A= , V= :
038 0,26 17




3amaua 10
Hcnonb3yst k0ahhUIMEHTbl TPSAMBIX MaTepUAbHBIX 3aTpaT U 00bEMbl KOHEYHOTO MPOIYKTa 10
OTpacisIM paccuuTaTh KO3((ULIMEHTHI NOMHBIX MaTepUAIbHBIX 3aTpaT U 00ObEMbI IIPOM3BOJICTBA BAIOBOM

TIPOTYKITHH.
0,36 0,15 70

A= s YV = .
0,40 0,25 50

3agaua 11
Ha ocHoBaHWM pAaHHBIX, TPHUBEACHHBIX B HWXKECICIYIONUX TaOIUIAaX, pacCYUTaTh
KOB(I)(l)I/II_II/IGHTBI HpHMBIX 1 IIOJIHBIX MaTepI/IaHBHBIX 3anaT.

a)
[IpouszBoasiue [ToTpebastomue oTpaciu Koneunsrit
oTpaciau 1 2 3 MIPOSYKT
1 50 60 80 60
2 25 90 40 105
3 25 60 40 85
0)
IIpousBoasmue [ToTpebugromue orpaciu Koneunslit
OTpaciiu 1 2 3 MIPOAYKT
1 40 18 25 71
2 16 9 25 36
3 40 45 50 115
B)
IIpousBoasmue [ToTpebugromue orpaciu Koneunsrit
OTpaciu 1 2 3 MIPOAYKT
1 18 36 25 61
2 45 90 25 20
3 36 36 50 30
3agaua 12

Janbl KO3QOUIUEHTH! TIPSIMbIX MaTepPUANIBHBIX 3aTpaT U 00beMbl KOHEYHON IPOAYKIIMH B
MEXOTpaciieBOM OalaHce i Tpex oTpacieil.

02 02 0]l 50
A=]04 03 02|’y =|40]|
0,2 02 04 30

Tpebyercs paccuntarh KO3()PUIMEHTHI OJIHBIX MAaTEPUAIIBHBIX 3aTpaT U HAlTH 00BEMBI
BAJIOBOM MPOJYKIIUU OTPACIIEH.

3amaua 13

Jlanbl KO3 GUIMEHTH IPSIMBIX MaTepUaIbHbBIX 3aTPAT U 00bEMbl KOHEUHOM MPOYKIIUH B
MEXO0TpacaeBOM OanaHce Uil TPEX OTPaCIIEH.

03 04 02 40
A=]02 01 03|>V=[15]
01 02 0,2 10

Tpebyercs paccuntarh K03((UIMEHTHI MOJIHBIX MaTepHaIbHbIX 3aTPaT U HAUTH 00BEMbI
BaJIOBOM NMPOAYKIUU OTPACIEH.

3agaua 14
Ha ocHoBe maHHBIX 3amaun 12 BOCCTAaHOBHUTE CXEMY MEXKOTPACICBOTO MaTEepPUATBHOTO
Oasauca.




3amaua 15

Ha ocHoBe maHHBIX 3aJayu 13 BoccTaHOBHUTE CXEMY MCXKOTPACIICBOI'O MAaTCpUAIIBHOTO

Oasauca.

3amaua 16
MexoTpacneBoii OajlaHC MPOW3BOJCTBA U PACHPENEICHUs TPOIYKIIUH
Ta0JIHIIE.

npeaAcCTaBJICH B

[IpousBonsmue [ToTpebnsitomue oTpaciu Koneunas BanoBas
oTpaciu 1 2 3 MPOAYKIMS MPOTYKIUS

1 232,6 51,0 291,8 200,0 775,3

2 155,1 255,0 0,0 100,0 510,1

3 232,6 51,0 1459 300,0 729,6
YcnoBHO uncTas
MPOJTYKIUS 155,0 153,1 291,9
Banosas
MPOAYKIUS 775,3 510,1 729,6

3azaHbl 3aTpaThl XKUBOTO TpynAa (TPYAOBbIE pECypChl) B Tpex orpacisax: L= 1160, L,

= 460, L3 = 875 B HEKOTOPBIX €IUHUIIAX U3MEPEHHs TPYIOBBIX 3aTpaT. Tpedyercs omnpenenuThb

KO3 (UILIMEHTHI IPSIMON U MOJTHON TPYLOEMKOCTH.

Pewenue
1) HaxoauM K03 HULIHUEHTHI IPSIMON TPYAOEMKOCTH
L, 1160 460 875
t. = / t :—:1,5, :—:0’9’ =—=1.2.
X T 7753 > 7510, * 77206

2) paccuMThIBaeM MaTpully K03(pPHUIMEHTOB NOJHBIX MaTEPHAJIbHBIX 3aTpaT

2,041 0,612 1,020
0,816 2,245 0,408 |
0,867 0,510 1,684

3) HaxoauM KO3 PHUITMEHTHI MTOTHON TPYIOEMKOCTH

B=(E-A" = ,_

2,041 0,612 1,020
T=1B= T=(50912)0816 2,245 0408
0,867 0,510 1,684

=(4,84;3,55;3,92).

1,5-2,041+0,9-
Pacuem snemenmos mampuyvt T': 15.0,612+0,9-

0,816 +1,2-0,867 = 4,84;
2,245 +1,2-0,510 = 3,55;
1,5-1,020+0,9-0,408 +1,2-1,684 = 3,92.

3agaua 17

[To nanHbBIM MexoTpaciaeBoro 0amaHca, MPEeACTaBICHHOTO B TAOIUIE U 3aTPaTaM >KHBOTO
tpyna Ly = 80, L, =45, Ly = 90, onpeaenutb K03PPUIIUESHTHI TPSIMOK U MOJTHOU TPYTOEMKOCTH.

IIpousBoasmue [ToTpebugromue orpaciu Koneunas Banosas
OTpaciiu 1 2 3 POAYKIHUS MIPOAYKIHUS
1 18 7 5 21 51
2 6 8 2 20 36
3 3 15 14 23 55




3amaua 18

ITo naHHBIM MeKOTpaciaeBoro 6ajnaHca, MPeJCTaBIEHHOI0 B TaOIUIlEe U 3aTpaTaM KHUBOTO
tpyna L; = 300, L, = 290, L; = 450, onpenenutbh Ko3(pPUUUEHTH NPsSAMON M MOJHOU

TPYAOEMKOCTH.
[TpouszBoasue [ToTpebastomue oTpaciu Koneunas Banosas
oTpaciau 1 2 3 IIPOTYKLIHS IIPOLYKLIHS
1 90 56 64 240 450
2 45 85 210 310 650
3 83 98 101 518 800
3agaua 19

ITo JaHHBIM MCKOTPACICBOTO 6ancha, MNpeaACTaBJICHHOTO B T8.6JII/II_I€ N CTOMMOCTH

OCHOBHBIX ITPOU3BOACTBEHHBIX (hoHI0B @ = 1250, @, = 1700,

KO3 (ULIMEHTH! IPSIMON U MOJHON (POHTOEMKOCTH.

@53 = 1010, onpenenuts

IIpousBoasmue [ToTpebugromue orpaciu Koneunas Banosas
OTpaciiu 1 2 3 POAYKIHUS MIPOAYKIHUS
1 180 210 115 405 748
2 250 80 170 620 1120
3 112 87 35 276 510
3amaua 20
[To nmanHBIM MexoTpacieBoro OanaHca, MPEACTABIEHHOTO B Ta0iHlle U CTOMMOCTH
OCHOBHBIX MPOHU3BOJACTBEHHbIX ¢GoHAOB @ = 83, &, = 58, @3 = 75, ONPEAETUTH
K02 PUIMEHTHI IPSIMON U TTOJTHON (DOHTOEMKOCTH.
IIpousBoasmue [ToTpebugromue orpaciu Koneunas Baiosas
oTpaciau 1 2 3 IIPOTYKLIHS IPOYKLIHS
1 5 6 37 57
2 4 7 1 23 35
3 11 8 6 45 70
3agaua 21
ITo naHHBIM cxeMbl MeXOTpacieBoro Oananca u 3arpat Tpyna L= 1160, L,=460, L;=
875 cocTaBUTh CXEMY MEXOTpaclieBOro OanaHca TpyJa.
[IpousBonsimue [ToTpebastomue oTpaciu Koneunas Banosas
oTpaciu 1 2 3 MPOYKIIUS MPOAYKIUS
1 232,6 51,0 291,8 200,0 775,3
2 155,1 255,0 0,0 100,0 510,1
3 232,6 51,0 145,9 300,0 729.,6
VYcnoBHO uncras
MPOAYKIUS 155,0 153,1 291,9
Banosas
MPOAYKIUS 775,3 510,1 729.,6
Pewenue
1) HaxoauM K03 PULHMEHTHI IPAMOM TPYJOEMKOCTU
ok 1160 460 875
= =  =———=15; t,=—=0,9; ; =———=L2.
X 7753 510,1 729,6

2) YMHOXas INepBYyI0, BTOPYIO U TPETbIO CTPOKM MEPBOrO U BTOPOIO KBAJPaHTOB
MEXXOTpPACIEBOr0 MaTepHalbHOrO OanaHca, Ha COOTBETCTBYIOLIME KO3(DPUIMEHTH MpsMON
TPYAOEMKOCTH, [IOJIy4aeM CXeMY MEXOTpaciaeBoro dansanca Tpy/a (B TpyIOBbIX U3MEPHUTENX)



l. =x.t

ij ijli
I, =232,6-1,5=3489, 1, =51,0-1,5=765, I, =291,8-15=437,7,
1, =200-1,5=300,

1, =1551-09=139,6, 1, =255,0-0,9 =229,5,
1, =100-0,9 =90,

I, =232,6-1,2=279,1, I, =51,0-12=61,2, [, =1459-12 =175,
1, =300-12 =360,

1,,=0,0-09=0,

MesxoTpacneBoii OanaHc 3aTpat Tpyaa

Otpacab MesxoTpacieBbie 3aTpaThl 3arpatsl Tpyaa Ha | 3aTpaThl TpyAa B
OBEIIECTBICHHOTO TPyAa KOHEUYHYIO OTpacisax
> 3 IPOIYKIIHIO
1 348.,9 76,5 4377 300,0 1163,0
139,6 229,5 0,0 90,0 459,1
3 279,1 61,2 175,1 360,0 875,5

He3nauntenbHbie PACXOXKACHUA MCKAY JAaHHBIMHU Ta6J'II/II_U>I N HCXOJHBIMHU JaHHBIMU

BBI3BAHBI IMOTPCIIHOCTAMUA OKPYIJICHUA TPHU BBIYHUCIICHUU.

3agaua 22

[To maHHBIM CXE€MBI MEXOTpacieBoro dananca u 3arpat Tpyaa L; = 2950,

L2 =3 100, L3
= 1500 cocTaBUTh CXEMy MEKOTpAcIeBOro OajgaHca Tpyza.
[IpousBoasinue [ToTpebastomume oTpacau Koneunas Banosas
oTpaciau 1 2 3 IPOYKLUS IPOYKLIUS
1 830 715 390 1980 3915
2 650 817 235 1200 2902
3 350 185 148 737 1420
3amaua 23
ITo naHHBIM CXeMBI MEKOTpacieBoro Oananca u 3arpar tpyna L; = 100, L,=102, [5=
163 cocTaBUTh CXeMy MEKOTpAclIeBOro OajgaHca TpyJa.
[IpousBopsinne IToTpebanstomume oTpaciu Koneunas Banosas
oTpaciu 1 2 3 IPOJIYKLUS IIPOJTYKLUS
1 15 22 12 31 80
2 17 13 23 15 68
3 35 15 10 37 97
3amaua 24
I[To gaHHBIM  CXeMBI  MEXOTpAacJIeBOro OamaHca W CTOMMOCTH  OCHOBHBIX

MPOU3BOJCTBEHHBIX (POHAOB KaxI0i U3 oTpacieit @)= 1053, @, = 1200, @3 = 3090, cocTaBuTh
CXEeMy MEXOTpaclIeBOro OajiaHca MPOU3BOICTBEHHBIX (DOHIIOB.

[IpousBonsimue [ToTpebnstomue oTpaciu Koneunas BanoBas
oTpaciu 1 2 3 NPOAYKIIS MPOTYKIUS
1 250 345 127 682 1404
2 101 485 320 809 1715
3 713 305 513 1044 2575




3amaua 25

I[To gaHHBIM  CXeMBI  MEXOTpacJIeBOro OamaHca M CTOMMOCTH  OCHOBHBIX
MPOU3BOJCTBEHHBIX (HOHAOB Kax10i U3 orpaciend @) = 809, @, = 673, @3= 1005, cocraBuTh
CXEMY MEXOTpaciieBoro 6ajaHca mpou3BOACTBEHHBIX (JOHJIOB.

[IpousBopsinne IToTpebanstomume oTpaciu Koneunas Banosas
OTpaciu 1 2 3 MPOAYKIUS NPOAYKIHUS
1 310 218 415 790 1733
2 98 170 53 315 636
3 436 275 119 710 1540
3amaua 26

Ha ocHoBaHMUM cXeMBbl OTUETHOTO OajlaHCca U CTOMMOCTH OCHOBHBIX IPOU3BOJICTBEHHBIX
¢onnoB oruetHoro nepuona @; = 40, &, = 12, @3 = 38 onpenennure, CKOJIbKO MOTpedyeTCs
KanuTaJIbHBIX BJIOKEHUM JIJIs MPOM3BOJCTBA KOHEYHOIO MPOJYKTa B pazmepe Y =45, ¥, =36, 13
=15.

[IpousBonsimue [ToTpebastomue oTpaciu Koneunsriit
OTpaciiu 1 2 3 IIPOAYKT
1 30 45 18 20
2 15 18 27 23
3 28 8 13 47
3amaua 27

Ha ocHoBaHMU cXeMbl OTYETHOTO OajaHca M TPYAOBBIX 3aTpaT OTYETHOTO mepuoaa L) =
290, L, = 204, L; = 56, onpenenuTe CKOJbKO NMOTpeOyeTcss MpHUBIIEYb TPYAOBBIX 3aTpaT AJs
MPOU3BOACTBA KOHEYHOTO MpoAyKTa B pazmepe Y =200, ¥, =250, Y3 =190.

[IpousBonsmue [ToTpebastomue oTpaciu Koneunsrit
OTpaciiu 1 2 3 IPOAYKT
1 155 230 175 185
2 250 180 137 215
3 50 168 80 150
OTBeTHI

Ne2 x1;="74, xp=136, V1=120, V,=199.

Ne3 X11= 30, X202 = 165, y1= 170, YZ=230.

Neq X, =288, V1=190, x20=27, x33=19, Z, = 238.
Nes5 X11= 67, X12=112, X13= 118, X23 = 135, y2= 805.

N7 X, =50, X, =70, 4 2[0,200 0,243} :(1,479 0,457)

0,400 0214 0752 1,505
2,626 1,820
No8 X, = 140, X, =95, 4|00 0474 "5 {2 soedl
0172 0316 0,660 1,920
Ne9 5 _ (1»989 1’452} Xi ~ 64,462, X = 56,075.
1,022 2,097
Nel0 32[1»786 0’357],)@ 142,857, X, ~ 142,857.
0,952 1,524

1 0,200 0,231 0,381 1,464 0,829 0,883
Nell a) A=]0,100 0346 0,190 |> B=| 0,301 1,838 0,573

0,100 0,231 0,190 0,267 0,626 1,507



0

{0,260 0,222 0,100
A=

0,260 0,523 O,ZOOJ

,104 0,105 0,100

515 0,525 0,255

» B=0,249 1292 0,193 |
0,655

1,015 1,459

0129 0200 0164 1,677 0,925 0,636
)A: 0321 0500 0,164 | B=|1426 3,004 1083 |
0,257 0,200 0,329 1,067 1250 2,057

N2, [0 0 g:g:;},XlzIZSASI,Xzz169,912,X3z147,788.
0,973 0,885 2,124
1,833 1,000 8333
Nel3 0528 1500 0,694 , X1= 96,667, X>= 50,556, X3~ 37,222.
0,361 0,500 1,528
Nel4
[IpousBonsmue [ToTpebastomue oTpaciu \% X;
OTpaciiu 1 2 3
1 24,690 33,982 14,779 50 123,451
2 49,381 50973 29,558 40 169,912
3 24,690 33,982 59,115 30 147,788
Z; 24,690 50973 44,336
X; 123,451 169,912 147,788
NelS
[IpousBonsmue [ToTpebasromue oTpaciu \% X;
OTpaciiu 1 2 3
1 29,000 20,222 7,444 40 96,667
2 19,333 5,056 11,167 15 50,556
3 9,667 10,111 7,444 10 37,222
Z; 38,667 15,167 11,167
X; 96,667 50,556 37,222

i
Nel7 t,=1,57, t,

=1,25,s=1,64, T'= (3,391; 3,890, 2,803).

Nel8 £, = 0,67, t,= 0,45, = 0,56, T = (1,166; 0,805; 0,989).
Nel9 fi= 1,67, =1,52, 4= 1,98, F=(4,283;2,854; 4,183).
Ne20 ;= 1,46, f= 1,66, fi= 1,07, F = (2,088; 3,040; 1,863).

Ne22
OTtpacib MesxoTpacieBbie 3arpaThl Tpyaa Ha 3arpathl Tpyaa B
3aTpaTsl Tpyaa KOHEYHYIO TTPOIYKIIHIO OTpacisax
1 2 3
1 622,50 536,25 292,50 1485,00 2936,25
695,50 874,19 251,45 1284,00 3105,14
3 371,00 196,10 156,88 781,22 1505,20
Ne23
OTtpacib MesxoTpacieBbie 3arpaThl Tpyaa Ha 3arpathl Tpyaa B
3arpaThl Tpyna KOHEYHYIO TTPOIYKIIHIO OTpacisax
1 2 3
1 18,75 27,50 15,00 38,75 100
25,50 19,50 34,50 22,50 102
3 58,80 25,20 16,80 62,16 163




Ne24

Otpacib CroumocTh MEXOTpaciaeBbIX Croumocts Croumocts
IIPOU3BOJICTBEHHBIX (POHJIOB IIPOU3BO/ICTBEHHBIX IIPOU3BO/ICTBEHHBIX
1 5 3 (OH/I0B HA KOHEUHYIO ¢donnoB
IPOAYKIHUIO
1 187,50 258,75 95,25 511,50 1053,00
70,70 339,5 224,00 566,30 1200,50
3 855,60 366,00 615,60 1252,8 3090,00
Ne25
Otpacib CronMocTh MEXOTPACIEBBIX Croumocts Croumoctb
IIPOM3BOJICTBEHHBIX (POHIIOB IIPOU3BO/ICTBEHHBIX IIPOM3BOJICTBEHHBIX
1 ) 3 (OH/I0B HA KOHEUHYIO doH10B
IPOAYKIHUIO
1 145,70 102,46 195,05 371,30 815,51
103,88 180,20 56,18 333,90 674,16
3 283,40 178,75 77,35 461,50 1001,00

No26 @, = 53,560, @, = 14,115, @3 =28,324.
Ne27 L, =334,204, L,= 238,706, L3;=67,090.

3. Hayuutbes 1aBaTh Y)KOHOMHUYECKYH) HMHTEPHPETAIUI0 Pe3yJIbTATOB pelleHus
3aga4.

banancoBbie Mojenu, Kak CTaTMYECKHE, TaK U JIMHAMHYECKHUE, IMIMPOKO MPUMEHSIOTCS
IpU 3KOHOMHMKO-MAaTEMaTUYECKOM MOJEIMPOBAHUN 3KOHOMMYECKUX CHUCTEM M IpoleccoB. B
OCHOBE CO3JIaHHSl JTHX MOJCNIEH JeKUT OalaHCO8bll Memood, T.e. METOJI B3aUMHOIO
COTOCTABJICHUS HMMEIOIIUXCS MaTepHalbHbIX, TPYAOBBIX M (UHAHCOBBIX pPECYpCOB U
nOoTpeOHOCTEN B HUX.

MexoTpacieBoii 6ananc (MODB, merom «3aTpaThl-BBITYCK») — 3TO HSKOHOMHKO-
MaTeMaTuyeckas OanaHcoBasi MOJIEb, XapaKTepPU3YIOIlas MEXOTPACIEBbIEe MPOU3BOICTBEHHBIC
B3aUMOCBSI3M B HDKOHOMHUKE CTpaHbl. XapaKTEpU3yeT CBSI3M MEXKIY BBIIMYCKOM MPOAYKIUHU B
OJIHOWM OTpaciM MW 3aTpaTaMy, PacXOJOBAaHUEM NPOIYKIMU BCEX YUYaCTBYIOIIMX OTpacieH,
HEOOXOOUMBIX JUIsi 0OecredeHus 3TOro BhIycka. MeKoTpacineBoil OajlaHCc cocTaBiseTcs B
JEHE)KHOH M HaTypaibHOU (hopmMax.

MexoTpacneBoil OajaHC TPENCTaBICH B BUIE CHUCTEMbl JMHEHHBIX ypaBHeHUU. [loj
banancoeol Moodenbio TIOHUMAIOT CUCTEMY YPaBHEHUN, KOTOPBIE YAOBIETBOPSIOT TPEOOBAHUSM
COOTBETCTBUS HAJIMUYUsI PECypca U €ro MCHoJb30BaHUs. MOXKHO TaKXe yKa3aTb TaKUe MPUMEPDI
0aJIaHCOBOT'O COOTBETCTBHUS, KaK COOTBETCTBUE HAIMYUS pabouel CUJIbI U KOJUYECTBA pabodmX
MECT, MJIATeKEeCMOCOOHOI0 CIIpOca HaceNeHus U MPEeUI0KEeHHsI TOBApPOB U yCIyr U T.1. [Ipu aTom
COOTBETCTBUE IMMOHHUMAETCS JTUOO KaK PaBEHCTBO, JHMOO MEHEEe JKECTKO — KaK JOCTaTOYHOCTh
pecypcoB JUIsl MOKPBITUS MOTPEOHOCTH U, CIEI0BATENbHO, HATMYME HEKOTOPOTO pe3epBa.

Baxneiiiue Buabl 6a1aHCOBBIX MOJIETICH:

- YacTHble MaTepuaibHble, TPYAOBble U (UHAHCOBBIE OajaHCHl [UIsI HAPOIAHOIO
XO03SIICTBA U OTJIEIBbHBIX OTPACIIEH;

- MeXoTpacieBble 0anaHChl;

- MAaTpUYHbIC TeXMPOMUHIIIAHBI IPEATPUATUN U GUPM.

OcHoBy MH(pOPMAIMOHHOTO obecrieueHns: 0anaHCOBBIX MOEell B SKOHOMUKE COCTaBIISET
Marpuia Ko3()(UIIMEHTOB 3aTpaT PeCcypCoB IO KOHKPETHBIM HAMpPABJICHUAM HUX HKCIOJIb30BaHUS.
Hampumep, B Momenu MexoTpaciaeBoro OajiaHca Takyld pOJIb HWIpaeT Tak Has3blBaeMas
mexHo02udeckas mampuya — Tabianuia MeXOTPaciIeBOro 0anaHca, CoCTaBlIeHHas U3 KOAPPHUIMEHTOB
(HOPMAaTHBOB) MPSIMBIX 3aTpaT Ha MPOU3BOICTBO €IUHHUIIBI MPOAYKLIUH B HATYPAIbHOM BBIPAKEHUU.
[To MHOrMM mpUYMHAM HMCXOAHBIE JAaHHBIC PEATbHBIX XO3IUCTBEHHBIX OOBEKTOB HE MOTYT OBITh
UCIIOJIb30BaHbl B OANaHCOBBIX MOJIEJISIX HEMOCPEICTBEHHO, IMOTOMY MOATOTOBKA MH(OpMAIMK JUIs



BBOJIa B MOJENb SBISIETCS BeChbMa CEphe3HOM mpobiemoil. Tak, Mpu TOCTPOSHHH MOAETH
MEKOTPACIEBOro OanaHca MCHOJb3YeTCs CHEU(UIEcKOe MOHITHE YUCTON (MM TEXHOJIOTHYECKON )
OTpaCIy, T.€. YCIOBHOU OTpaciu, OObEIUHSIONICH BCE TIPOU3BOICTBO JAHHOTO MPOIYKTA HE3aBUCUMO
OT BEJIOMCTBEHHOH (aJIMUHHMCTPATUBHOW) MOJYMHEHHOCTH U (HOpM COOCTBEHHOCTH MPEANPUATHHA W
¢upm. Ilepexom OT XO34HCTBEHHBIX OTpaciell K YHUCTBIM OTpacisiM TpeOyeT CHenuaabHOro
npeoOpa3oBaHus peaTbHBIX JTAHHBIX XO3SIMCTBEHHBIX OOBEKTOB, HAITPUMED, arperupoOBaHUs OTPACIICH,
WCKITIOYCHUSI BHYTPHOTPACIEBOr0 000poTa U JIp.

2.6 JIabopatopHas padora Nel4-15 (4 yaca).
Tema «@yHKIUM MOJE3HOCTH M CHpoca. 3ajadya MmoTpedUTE]HLCKOr0 BbIOOpa. YpaBHeHUe
Cayukoro»

2.6.1 Ileas pabGorbi: M3yunts oOmue nNOHATHA (QYHKIUU IOJIE3HOCTH U CIpOCa,
HAY4YMThCS peIIaTh 3a7a4y NOTPeOUTEIbCKOro BbIOOpa U BECTH pacyeT psijia IoKas3arenen

2.6.2 3agayu padoThI:

1. Pa3o6patp oOuiue noHATUs QyHKIUH M10JIE3HOCTU U 337a4 IOTPEOUTEIBCKOr0 BbIOOpA.
2. HayuuThcs peleHuro 3aaun noTpednTeNnbCKoro BeIdopa.

3. U3meHeHue nieH. MI3mMeHeHue 1oxona.

4. Db dexThr komneHcanuu. Y pasHenue CIyIikoro.

5. IIuceMeHHBbII ompoc.

2.6.3 Ilepeuenn npudOpoB, MAaTEPHAJIOB, HCIIOJIb3YeMbIX B J1A00paTOPHON padore:
1. Kanpkynstop
2. Jlocka

2.6.4 Onucanue (xox) padoTsbl:

1. PazoOpatp o0mme nmoHATHS QYHKIUHM IMOJE3HOCTH M 331a4 NOTPeOMTEIbLCKOIO
BbIOOpA.
(Onopa Ha KOHCIEKTHI JICKIIH)

2. HayuuThbcs pelieHHIO 3a1a4 NOTPe0UTeIbCKOro BoIOOpa.
3agaua 1
JUig GyHKIUU OJE3HOCTH U = X1°X2 IOCTPOUTH HECKOJIBKO KPUBBIX O€3pa3inyusl.
Pewenue
[To ompeneneHuto KpuBOM Oe3paznuuusi u = const, TOrAa U3 33JaHHOTO YPAaBHEHHS
(GYHKIMHM TOJNE3HOCTH U = X|'Xp, HEOOXOJUMO BBIPA3UTh OJIHY IMEPEMEHHYIO Yepe3 APYTYIo.
u

Jomyctum, BbIpa3uM x; uepes x; : X, = —— . JlaHHOe ypaBHEHUE BbIpa)KaeT OOLIUN BUJ JIMHUH
1

6e3paznuuus. [lockonbKy B 3ajadye He yKa3aHO, KaKOMY YPOBHIO JOJDKHBI COOTBETCTBOBATH
JUHUM Oe3pa3nuuusi, ypoBeHb Oe3paszauuusi BbIOMpaeM IpPOU3BOJBHO, Hampumep u = 4, Tornaa

4
YpaBHCHHUC JIMHHUH 663paannqnﬂ UMECT BUL x2==——.13H6HpaeM IMPOU3BOJIbHO HECKOJIBKO
X
1

TOYCK.
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Pucynoxk 2 — [loctpoenue nuuuu 0e3paznuyus
AHANOTHYHO CTPOSTCA JUHUH 0e3pa3anyus J000ro ypoBHS MOJIE3HOCTH.

3agaua 2

JUotst QYHKIIMY MOJIE3HOCTH U = 4/ X;X, TOCTPOWTE HECKOJIBKO KPHBBIX Oe3pasinymsl.

3amaua 3

Jlnis GyHKIUY TOJIE3HOCTH U =

3amaua 4

3agaua 5

Jlist GyHKIIMM TIOJIE3HOCTH U = X

P xft

X5 HOCTpOﬁTC HCECKOJIBKO KPHUBBIX 663p33J’II/I‘II/I${.

mz

JUig GyHKIUU TOJE3HOCTH U = X[ " X;

iz

IIOCTPOMTE HECKOJIBKO KPUBBIX O€3pa3inyusl.

HaWTHU: a) MMpCACIbHBIC IIOJIC3HOCTHU B O6H_[€M

Bune; 0) mpeaenbHble mosnesHoctd B Toukax (1,1), (1,2), (2,1); B) mpoBeputh yObIBaHUE

MPEAEIbHBIX TOJIE3HOCTEH.
Pewenue
ou(x,,x,)

a) M, =u| = o
1

e
2/

X1

M, _ul —(x/ /)

1

0) B Touke (1,1)

% b2
Mlz%zl_ﬁ%:o,s,zu
2x/* 2-172
B Touke (1,2)
4 b
2/3
M =22 - = __063 M
2x1/2 2-1/2
B Touke (2,1)
% b2 X
M= =" o35, M= =
ZxA 2-24

1

_ .,
M, =u, =

ou(x,,x,)

ox,
V
3x/

2

SN

—“2 (x{?x] )

uoos

X1

2 H s
%) 315 3
xl% 1%
L N ~021:
3 3.0%
Yy
L= =047,
3.7



2
0’u p 0u
B) —=u; <0, 2—u22<0
ox, X,
/
! !
5 %
= (), ), =| o | ==
11 1 X1/ x y y )
2x1 2 4x/?
X
13
_ % _ - mpeaenbpHas MOJE3HOCTH 1-ro ToBapa yObIBaeT;
3
4x/?
/
e e
2
=Y, = | =2
22 1 Xy /Xy / 7 s
3x2 9x;°
X,
)
2% - 2- 0
_2% - IpeaenbHas MoJIE3HOCTh 2-I0 TOBapa yObIBAeT.
5
9x;3
3agaua 6
Jiia ¢pyHKIMU nojae3HocTu U = 4/ X, X, HaWTH NpeaeibHbIe MOJE3HOCTH B 00IIEM BUAE

u B Toukax (1,1), (1,2), (2,1). IIpoBeprTe yObIBaHME NMPEAEIHHBIX MOJIE3HOCTEH.
3agaua 7
%02

I[J'IH (bYHKHI/II/I MOJIC3HOCTH U = X[~ X, HaWTH MMpCACIbHBIC ITOJIC3HOCTH B OGIHCM BUIC

u B Toukax (1,1), (1,2), (2,1). IIpoBeprTe yObIBaHKHE MPEAESTHHBIX MOJIE3HOCTEH.
3amaua 8

Jlist GyHKUIMY TOTIE3HOCTH u = xl%x% HaWTH MpeeNibHbIC MOJE3HOCTH B 00IIEM BUJE U B
toukax (1,1), (1,2), (2,1). IIlpoBeprTe yObIBaHUE MPEACIBHBIX OJIE3HOCTEH.

3agaua 9

Pemmuth 3amadyy noTpeOMTENbCKOro BbIOOpa, eciu (yHKLIMS TOJE3HOCTH 3aJaHa
dbopMysIoii © = Xx1°X,, IEHBI HA TOBapbl COOTBETCTBEHHO paBHbI p| = 4, pr = 6, noxoxn I = 40.

Pewenue

dopmanibHO 3a7]aua NOTPEOUTETHCKOTO BBIOOpA UMEET BU/I:

u (x1, x2) = XX — max,
npu yeaosusax px, + p,x, <1, x, 20, x,20.

JUist peleHust 3TOM 3aJadu BO3MOKHO IPUMEHEHHE Merona Jlarpawika, B pe3yibTaTe

MOJIyYUM CUCTEMY JBYX YPAaBHEHMU C IBYMs HEU3BECTHBIMU X; U X

/
ho_b / / / /
uy P, u :(xl'xz)xl =X U :(xl‘xz)xz =X,
pix +pyx, =1
[ToxcraBnsiem B cucTeMY 3HAYEHUsI IPOU3BOIHBIX.
— 1
X, P Xy Py =X Pr» xp +xp =1, TS
- —;7 = = = Py
v P+ pyx, =1 DXy +pyXy = 1. _ 1
PiX +pox, =1 X2 = 2p,
1 .
x, = —— — (QyHKIusA crpoca Ha 1-blid TOBap,
2p,
X, = L (GyHKIMSA cripoca Ha 2-blif TOBap.
2p,

IToncTaBuB 3HAYEHU 1IEH U J0X0a, HAXOAUM 3HAYEHHUS X1 U X):
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2p, 2-4 2p,

3amaua 10
Pemnte 3amayy mnorpeOuTENbCKOrOo BbIOOpa, ecinu (YHKIUS TOJE3HOCTH 3ajaHa

(Gopmynoil u = ./x,x, , ICHbI HA TOBAPbl COOTBETCTBEHHO paBHbl p1 =4, pr=1, noxox I = 40.

3agaua 11
Pemuth 3amaduy noTpeOMTENbCKOro BbIOOpa, e€ciu  (yHKLIMS TOJE3HOCTH 3aJaHa

dbopmymnoit u = x/ / , IEHbI Ha TOBapbl COOTBETCTBEHHO paBHbl p; = 10, pr =5, noxox I = 60.
N3o6pazute rpa(bnqecm/l pelieHne 3aJauu.

3agaua 12
Pemmuth 3amaduy noTpeOMTENbCKOro BbIOOpa, eciu  (yHKLIMS TOJE3HOCTH 3aJaHa

1 2,
bopmynoit u = xIAxZA , IEHbI Ha TOBAPbI COOTBETCTBEHHO paBHbI p; = 10, pr =5, noxox I = 60.
N306pa3ute rpaduyecku perieHue 3a1aumn.

OTtBeThI
u2 2
Ne2 Vpasuenue nunuu 6e3paznuuus x, = —. Ne3 YpaBHeHue TMHUN Oe3pa3Iuuus x, = 7
X, x[3
u' x% )cy2
Ned Vpapuenue nunuu Gespasmuuns x, = —-. Ne6 M, = ;Y M, = l—y; npu (1,1) M;= 0,5,
X 2x/? 2x5?
M
M, =0,5; npu (1,2) M, = 0,71, M, = 0,35; npu (2,1) M, = 0,35, My = 0,71; u], :—;y,
4x/?
x% 2)cy2 x%
uy, =-— ly N7 M, =—21/ M, :—Iy ; ipu (1,1), M, = 0,66, M> = 0,5; npu (1,2) M, = 0,94,
4x;°2 3x{3 2x;?
2x% x%
M, = 035 mpu (2,1) My = 0,53, My = 0,79 u),=—""-, up=—"". Ne8
9x14 4)@?
3x/ %

M, =" M, - ; ipu (1,1), My = 0,75, M, = 0,25; nipwm (1,2) M, = 0,89, M, = 0,15; npu
4x/ 4x/

1 2

3x%‘ 3x/
(2,1) M; = 0,69, M= 0,42; u], =— 27,u£/2= 1/ Nel0 x; =5, x, = 20. Nl 1 x; = 4.5, x;
16x]* 16x5*
282,6 .
= 3; ypaBHEHHE JTMHUK O€3pasIuius X, = ——— , ypaBHEHHE OHO/DKETHOM IHHUA Xp=12 - 2X).
X
5.8 .
Nel2 x; = 2,57, x, = 6,86; ypaBHEHHE JUHUM Oe3paziuuus X, = R ypaBHEHHUE OOJKETHOMN
x/*

JIUHAU X = 12-2X;.

3. Pa3o0paTh 3aBUCHUMOCTH M3MEHEHHS leH U U3MEHEeHMsI 10X0/1a.
(Onopa Ha KOHCIEKTHI JICKILIH)



4. HayunThcsi BeCTH pacdeT KOMIICHCALMOHHOIO 3(exkTa HAa OCHOBE ypaBHEHHUS
Cayukoro.

3agaua 1
OyHKIMA crnpoca Ha ToBap X; 3amaHa dopmyno —— . Kak u3Menurtcs cnpoc Ha 1-it
Py
TOBap MPU U3MEHEHUH LIEHBI (p1) U HATMYUU KOMIIEHCAIUH?
Pewenue
Jlannas 3a1aua peraercs npu nomoinu ypasHeHus: CiyIikoro, T.€. U3 ypaBHEHUs
%: ﬂ _[%}C}_ HaﬁﬂeM|:d3Cf:| .
p;, %P comp ol P Loy
B namem cioyuae i =1,/ = 1.
ox ox ox
Torﬂa %: % — % xl = 1 :—1+|:—1:|x1
on Lop |, Lol op, comp op, Lol
/
G_{Lj L o (1) _ L
ap, 2p, n 2p12 ol 2p, I 2p,
ox, 1 1 1 1 1 21 1 1
A =S ot =57t ) =T ot =,
ap, comp 2p; 2p 2p; 2p, 2p 4p;  4p 4p,
3amava 2

. 21 o
dyHKIMA crpoca Ha TOBap X| 3ajaaHa (bopMynon?’—. Kak wmsmenutcs crpoc Ha 1-i
P

TOBap MPU U3MEHEHUH LIEHBI (p1) U HATMYMU KOMIIEHCAIUH?

3amaua 3
21 1

@yHkuMs crnpoca Ha 1-plif ToBap 3azaHa (QopMyJoi 3p Ha 2-0i TOBap —3 ,
1 2

HE00XO0MMO PacCUUTaTh:

a) KaKk W3MEHUTCS CIpoc Ha l-plii TOBap IpM M3MEHEHUM LEeHbl Ha 1-blii TOBap u
COXPaHEHHMHU IPEXKHEr0 YPOBHS OJIarOCOCTOSHUS;

0) KaKk M3MEHUTCS CIpoC Ha 1-plii TOBap NpU H3MEHEHUM IIE€Hbl Ha 2-0M TOBap U
COXPaHEHHMHU IPEXKHEr0 YPOBHS OJIarOoCOCTOSHUS;

B) Kak M3MEHHUTCS CIpPOC Ha 2-0i TOBap NpU HM3MEHEHMM LEeHbl Ha l-blif TOBap
COXPaHEHHMHU IPENKHEr0 YPOBHS OJIarOCOCTOSHUS;

I) KaKk M3MEHMTCS CHpOC Ha 2-0M TOBap INpU HM3MEHEHMM LI€Hbl Ha 2-Oi TOBap H
COXPaHEHHUHU MPEXKHET0 YPOBHA 0J1aroCOCTOSHUS.

3agaua 4
PaccunraeM 37macTHYHOCTH CIpoca IO IIEHaM U 3JaCTHYHOCTH CIpoca MO JOXOIY IJIS
1
x = —
KIIMY copoca *1 .
byn p 20,
Pewenue
ox, X, 1 1 1 1
e, =—:1—=|—1| : =——F:——=-1
op, P, 2p, 2p, - p, 2p; 2p,

P



ox, X 1 1 1

e, = —= : =0: =0
o, P 2p, s 2p,-p, 2p,p,
ox, X, 1 1 1 1
el] = — = . = . =
o 1 2py), 2p-1 2p; 2p,
J
3amaua 5
PaccunTaeM 371acTHYHOCTH CIIpoca IO IIEHAM W AJIACTHYHOCThH CIIpOca MO JIOXOAY st
X 37
¢yHkuu cnpoca X = .
7p,
3amaua 6
PaccunTaeM 371acTUYHOCTH CIIpoca IO IIEHAM W AJIACTHYHOCThH CIIPOca MO JIOXOAY st
41
byHKIMH cripoca X1 = .
7p,

3agaua 7
%\ )5

OyHKIUs 1moJe3HOCTH 3aaaHa (opmynoir U = X{~X57 | PaccuMraeM 3JIaCTHYHOCTH
CIpoca II0 IIEHaM M JIaCTHYHOCTB CIPOca MO A0X0AY Ut (PYHKIMH CIIpoca Ha IMEPBBIA TOBap.

Pexomenoayuu x pewenuro

1. Heobxoaumo HaiiTu yHKLMIO cripoca Ha 1-blif TOBap. DTO MOMKHO CHENaTh PELIUB
3a/1auy MOTPEOUTEIbCKOTO BhIOOpA (CM. pelIeHue 3a1aun 9).

2. 3Has Kak GOpMHUPYETCsI CIPOC Ha NEPBBIN TOBAp, 110 UCIOJIB3YEMBIM paHee (hopMysaM
paccunThIBaeM 3JaCTUYHOCTH (CM pelieHue 3aaaun 16).

3agaua 8

PaBHO3HAYHO 1T BO3/IEHICTBHE HA MOTPEOUTENILCKUI CITPOC YBEIUUYeHHE 10X01a B K pa3 u
cokpaiienue B K pa3 Bcex ueH? CrenaiTe BbIBOABI JJIsl pACCMaTPUBAEMON MOJEIIH.

a)u =xy° X

6) u = PRERE

OTBeTnI

N"'ZM gm)[a_} :_2_12;6){%} _u )F_} __Aa
op, comp 9p; op, comp 9p; op, comp 9p,p, op, comp 9p,p,

sz} :_2712. Nes e, =-1, e, =0, ¢,=1. Ne6 ¢, =-1, e, =0, ¢, =1 N7
apz comp 9p2

X, :2_1, e, =—1,¢e, =0, ¢, =1.Ne8 a) na; 0) na.

3p,

5. IlncbMeHHbIH onIpoc

Konrpons mnpoBoauTcs B NMHCEMEHHOM BHUAE B (opMe KOJUIOKBUyMa. B Bapumante
IPEyCMOTPEHO [[Ba BONPOCA, KOTOPbIE I'PYNIHUPYIOTCS B CIyYailHOM IOPSAKE W3 MEepeyHs
KOHTPOJIbHBIX BOIIPOCOB MMYHKTOB 6./.3.1. n 6.1.4.1. PI1]1.



2.7 JlabGopaTtopHas padora Nel6 (2 gaca).
Tema «IIpousBoacTBeHHBbIE QYHKIMID)

2.7.1 Heas padorbl: M3yunTe o0O0IIKME MOHATHS MPOU3BOJICTBEHHBIX (YHKUMHA WU
HAY4YMUThCS BECTU pacyeT psja nokasaresei

2.7.2 3apauu padoThI:

1. Pa306patb OCHOBHBIE MOHATHS M CBOMCTBA.

2. HayuuTbcsa BeCcTM pacueT »JJIacCTUYHOCTHM BBIIYCKa W pemarb 3aJadd ¢
npousBoJcTBeHHOU (pyHkueit Kob6a-/{yrnaca.

2.7.3 Ilepevyenn npudOpoB, MATEPHAJIOB, HCIIOJIb3YeMbIX B J1Aa00paTOPHO# padore:
1. Kanbkynstop
2. Jlocka

2.7.4 Onucanue (xox) padoTsbl:

1. PazoOpaTh OCHOBHBbIE IOHATHS U CBOMCTBA.
(Onopa Ha KOHCIIEKTHI JICKIIHH )

2. HayunTbes BecTHM pacyeT 3JACTHYHOCTH BBINYCKa W peliaTh 3aJa4d €
npousBoacTBeHHON pynkumei Ko6oa-/Ayraaca.

3amaua 1
1

IIpousBojacTBeHHass (QYHKLUS HMEET BUI V= 5-x%, rne y — 00BeM BBIIIYCKaeMOM
OPOAYKIMH, X — BEJIMYMHA 3aTpayuBaeMoro pecypca. OnpenenuTs B 00IIEM BHJE CPEAHION U
IpeIeNbHYI0 HPOM3BOAUTENIBHOCT PECypca, paccuuTaTh 3aCTUYHOCTh Bhlycka. Haiftu
3HauUEHUE CpelHeN U MpeAebHON NPOU3BOJUTENBHOCTH pecypeca B Toukax x = 1; x =4; x = 9; x
= 16. PaccuuTtaTh B 3THX TOYKaX 3JJACTUYHOCTH BBIIYCKA.

Pewenue

1/2
Ax:f(x)_s*x _ 5 _af(x):(5*x1/2)1_5*lx(571) 5

x  x \/;; T o ) 2\/;;

p_M, 5 5 _s*x 1
T4 2dx A 2dxrs 2
5 5 5 5 5 5 1
1A =——==F="=5_M. =2 = =25 F —-.
e x A1 2[ 241 21 T2
5 5 5 5 5 |
=4 Ax:—:—:——zs M = :1,25’E =—
P x A4 2 f ToJa 2.2 )
5 5 5 5 5 5
S6A == =2 =125 M = - =2 =0,625, E,=—
i x 16 4 2x 2416 2-4
3agaua 2

1
[Ipou3BoACTBEHHAs (YHKIHS HMeeT BHA V=3-X>, rae y — 00beM BHITyCKAaeMoil

IPOAYKIMH, X — BEIMYMHA 3aTpauyuBaeMoro pecypca. Onpenenuts B 00LIEM BUAE CPEHIO U
IPEACIbHYI0 IPOU3BOJUTEIBHOCT PECYpCa, PACCUMUTATh SJIACTUYHOCTH BbINycka. Haiith



3HauUEHUE CpeJHEHN U IpesleIbHON POU3BOAUTENBHOCTH pecypea B TOUKax x = 8; x = 27; x = 64.
PaccunTaTh B 3TUX TOYKAX JIACTUYHOCTH BBITYCKA.

3agaua 3

Iponssoxncreennas Gpynkuus numeer Bug YV = 0,9L +1,8K | rne L — zarpars Tpyna, K —
3aTparhl Kanurtaia (3aTpaThl OCHOBHBIX MPOU3BOJACTBEHHBIX (OHIOB). OnpenenuTs CPeaHIOn H
IpeeIbHYI0 IPOU3BOUTENLHOCTh PECYPCOB, PACCUUTATh AJIACTUYHOCTH BBIITYCKA IO pecypcam
Y 3JIACTUYHOCTb MPOU3BOJICTBA NMpH GUKCUPOBAHHBIX 3HaueHusx L} =3, K; =3,5; L, =4, K= 3;
L; =5, K3=2,5. [ToctpouTh H30KBaHTHI IPH PUKCUPOBAHHOM BhITIyCKe ¥y = 2,7; y=6,3;y=9.

Pewenue

Cpennsisi 1 mpefenbHas MPOU3BOAUTEIBLHOCTh PECYpPCOB, IMACTUYHOCTH BBIMYCKa IO
pecypcaM U 3JaCTUYHOCTh MPOU3BOJICTBA NMPHU (PUKCHUPOBAHHBIX 3HAUCHHUSX PACCUUTHIBAETCS IO
dbopmyrnam (cM. perieHue 3aaaqu 1).

[To ompeneneHuio M30KBAHTHI )y = ¢ = const —=> W3 ypaBHEHUS MPOU3BOACTBEHHOMN
¢ynkuun y =0,9L +1,8K HeoOX0oauMo BBIpa3UTh OJHY MEPEMEHHYIO dYepe3 Apyrymoo (T.K. y =

const). Jlomyctum, BeIpasum L yepe3 K: L = 0_)/9 -2K.

JlaHHO€E ypaBHEHME BbIpa)kaeT OOLINI BUJ NU30KBAHTHI.

N3okBanTa ypoBHa y = 2,7 wumeer Bua L = 3 — 2K. Ecinu B JaHHOE YypaBHEHHE
IPOM3BOJILHO MOJCTaBUTh 3HaueHUs K, TO MOXHO IMOCTPOUTH JIMHUIO, KOTOpast OyAeT sABIAThCA
M30KBAHTON ypoBHs mpousBojcTBa y = 2,7. Ilpu ypoBHe mpousBoicTBa y = 6,3, ypaBHEHUE

W30KBaHTEI UMeeT Bun L =7 — 2K.
ITpu y =9, n3okBanra — L = 10 — 2K.

3amaua 4
1 3

[TponsBosacTBeHHAs (YHKLUS HMeeT BUA ) = L*K* e L - 3arpaTsl Tpyna, K —
3aTpaThl KanuTaaa (3aTpaThl OCHOBHBIX MPOM3BOACTBEHHBIX (HOHI0B). OnpenenuTs CpeaHon U
IpeJeNbHYI0 IPOU3BOAUTEIBLHOCTD PECYPCOB, IPU (UKCUPOBAHHBIX 3HAUeHUAX L = 2; K| = 32;
L, = 40,5; K, = 0,5. Paccuurarh 3JaCTHYHOCTb BBINYCKA MO pecypcaMm U 3JIaCTUYHOCTD
npou3BoacTBa I1ocTpOnTh M30KBAaHTHI TPH (PUKCUPOBAHHOM BbIITyCKE y = 2; )y = 3.

3agaua 5
LI
IponsBoncTBennas (ynxmus umeer Bux y = LK ? | rne L — 3arparel Tpyma, K —
3aTpaTrhl Kanurtaia (3aTpaThl OCHOBHBIX MPOU3BOJACTBEHHBIX (OHIOB). OnpenenuTs CPeaHIOn U
IpeeNbHYI0 MPOU3BOAUTEILHOCTD PECYPCOB, IPU (UKCHPOBAHHBIX 3HAUeHUAX L = 27; K| = 9;
L, = 64; K, = 16. PaccuurtaTh 53JaCTUYHOCTb BBIIIyCKa IO pPECypcaM MU 3JIACTUYHOCTh
npou3BoACTBa. [IoCTPOUTH M30KBAHTHI PHU (PUKCHPOBAHHOM BhIIycke y = 1; y=2;y =3.

3agaua 6

ITpousBoncTBenHas pynkuus ectb pyHkuus Ko60a-Llyrnaca. YToObl yBEIUUYUTh BBIIYCK
npoaykuuu Ha 3%, HaJl0 yBETUYUTh (GOHJBI Ha 6% WIIM YUCIEHHOCTh pabouux Ha 9%. Cpenuss
MPOU3BOAUTENBHOCTh OJHOTO pabOTHUKA 3a mecsan 1 muH. py6., a Bcero padotHukos 1000.
OcHoBHble QoHabl ouneHuBanuch Ha 10 mupa. py6. Kakolt Bua mMeeT Npou3BOACTBEHHAs
(GyHKIMS, yeMy paBHa cpeHss POHI00Taaya.

Pewenue

®ynkuua Ko66a-/lyrnaca umeer Bun y = a,K “L* . Tpebyerca HaliTu mapamerpsl

ypaBHEHUS d, dj, d; U Ag.



DnacTUYHOCTh BBINYCKA MO I-My pecypcy (E;) NOKa3bIBAaeT, Ha CKOJIBKO IPOLIEHTOB
YBEJIMYUTCS BBIIYCK, €CIM 3aTpaTbl i-r0 pecypca YBelIM4YaTcs Ha OAMH IPOLEHT IpH

1

HEM3MEHHBIX 00beMax apyroro pecypea, Ly =3% :6% = 5

M 0
Eie = AK My = a_[):‘ = (a,K" L") = a,L"a, K™,
K
a R‘“lLaz ~ ) (ay-1) ya,
AK = l =0 = _ aOK(al I)L 2 , EK = —aoallfa y ]; =a, T.C.
K K a, K L"
1 K%
Ec=a=— 4, =2=" = g KL
2 K K
1
AHaJIOrM4HO onpenensieM d, = g
Cpennss IIPOU3BOAUTEIILHOCTD OJIHOTO paboTHHKA

Y
ALzz:10000OO:> Y =1000000*L, tx L=1000 Y =1000000%1000=10". TIlo

YCIIOBHIO 3a1a9u K =10", TIOJICTaBJIAEM 3HAYECHHUS B dopmyy

1 1
10° =, *(10° p *(10°F = a, =1000.
1 1
[TpousBoacTBeHHas GyHkuus Oymer umetsh Bua Y =1000* K213, Cpennsist GpoHI00T a9

_Y _10 _
ok o100 7
3agaua 7

ITpousBoncTBenHas pynkuus ectb pyHkuus Ko60a-Jlyrnaca. YToObl yBEIUUYUTh BBIIYCK
nponykuuu Ha 1%, Hamo yBenuuuTh (GoHIbl HAa 3% Wi 4YuCIeHHOCTh padounx Ha 3%. OauH
pabOTHUK 3a MecsAll Npou3BOAUT npoaykuuu Ha 10 muH. py0., a Bcero pabotrHuxos 1000.
OcHoBHble (oHABI oLleHMBaluCh Ha 1 mupa. pyO. Kakoll Bua uMeeT NpOU3BOJICTBEHHAs
(GyHKLUsA, UeMy paBHa cpeAHss GoHI00TAAYA.

3agaua 8

IIpousBoncTBenHas pynkuus ectb pyHkuus Ko60a-Jlyrnaca. YToObl yBeIUUYUTh BBIIYCK
nponykuuu Ha 2%, Hamo yBeauduTh (POHIBI HAa 5% Wi 4YuCIeHHOCTh padounx Ha 5%. OauH
pabOTHUK 3a MecCALl TPOU3BOIUT NIPOAYKIMH HAa 1 MIIH. py0., a Bcero paboTHUKOB 32. OCHOBHbBIE
donabl oneHnBanuck Ha 10 mupa. py6. Kakoil Bux uMeeT npou3BOACTBEHHAs (QYHKLHS, YEMY
paBHa cpeaHssl pOHI00TAAYA.

3amaua 9

[TpousBoacTBenHas pyHkus ecth GyHkus Koo6a-/lyriaca. UToObl yBEIMUUTH BBIMYCK
npoaykuuu Ha 1%, Hano yBenuuuTh (GoHABI Ha 2% WM YMCIEHHOCTb pabdounx Ha 4%. Onux
paOOTHUK 3a Mecsll MPOMU3BOAUT Mpoaykuuu Ha 10 MiH. py6., a Bcero paboTHHKOB 625.
OcHoBHble (QoHabpl oueHuBanuch Ha 100 muH. py6. Kakoif Bua mMeeT Nnpou3BOACTBEHHAs
(GyHKLUsA, UeMy paBHa cpeaHss GoHI00TAAYA.

3agaua 10
IIpoussoacreennas ¢yukius umeer sua Y = 0,9L +1,8K | paccuntaTs npenensuyro

HOPMY 3aMEHBI TPyJla KalmuTaloM (Rg;) U MPEJSIbHYI0 HOPMY 3aMEHBI KanuTtaia Tpyaom (Rgy).
Pewenue:



oy ,
R - oL _ (0,9L+1,8K),L _09
D (09L+18K)x L8
oK
oy :
_ ok _(09L+18K)x _ 18
Y (09L+18K), 09
oL

=0,5

=2

3agaua 11
11

IIpousBonacTBeHHas QyHKIUS UMEET BUA )V = L’K? , PaCCUMUTaTh MPENEIbHYI0 HOPMY
3aMeHbI TpyJa KanuTaaoM (Rix) U MpeneabHyl0 HOpMY 3aMeHbI KanuTana TpyaoM (Rxz).

3agaua 12
1 3

[poussoncTBennas dynxius umeet Bun ¥ = L*K* | paccuntars npenensuyio HOpMy
3aMEHbI Tpya KanuTaioM (Rpx) ¥ MpeAeabHyI0 HOPMY 3aMEHbI KanuTaia TpyaoM (Rkz).

3amaua 13
1 1

[MpousBoscTBeHHas (yHKims umeer Bua ) = L>K? | paccunrars TpeaeabHYI0 HOPMY
3aMeHbI TpyJa KanuTalioM (Ryx) ¥ IpeAeNbHYI0 HOPMY 3aMeHbI KanuTana TpyaoM (Rxz).

3anaua 14
1 2

[pousBoacTBenHas (yHKIms umeer Bua y = LK * | paccunrtars mpenenbHy0 HOPMY
3aMEHbI TpyJa KanuTayloM (Rk;) ¥ MpeAeIbHYI0 HOPMY 3aMEHbI KanuTana TpyaoM (Rxz).

OTBeThI
3
Ne2 Ax = T,Mx=%,Ex:l;anxZSAXZE,szl;npnx=27 szl,szl;
v & 3 4 4 3 9
3 1 K L
npu x = 64 A, =—, M, = —. Ne3 4, =09+18—, 4, =18+09—, M, =09, M, =18;
16 16 L K
E, = L , E, = 2K , E=1; ipu L = 3; K = 3,5 EL:le,467; E.=07;
L+2K 2K+ L 15

E:%z1,167;nan=4;K=3; EL=§:0,4;EK=%=0,75;E=1,15;HpHL=5;K=2a5;

3 1

K \4 L4

E ==05; B =-=05  E=1. N4 a4=|"|  a=Cf
2 2 L £

3 1
M =l[£j4,M,{:%[£j4;an/ILZZ;KZSZ; A, =8, A4, :%, M, =32, M, :%;nan

1 1 9
=40,5,K=0,5, AL=E’AK=3’ ML:_’ MK:Z; EL=

3
; E. =—; E=1; ypaBHeHus
108 £ P



M30KBaHT TIpU y = 2 L=F, npu y = 3 L=F. NS 4 =—, Ay=—F, M, =—,
3 K2 33
1
L 1 1
My=—5,mpuL =27, K=9 4, =2, A =1, M, =3, Mc=—;mpn L = 64, K = 16
2K?
1 1 1 1 1 5
A, =Z,AK=1, M, :E’ M, =E; E, =§; E, =E; E=g;ypaBHeHI/I$II/I3OKBaHTZ npuy =1
1 8 S s
L:ﬁ’ mpu y = 2 L:K%, mpu y = 3. N7 yp=10°-13-K3; A, =10. Ne8
22 L1
y=800-L°-K%; A4, =0,0032. Ne9 y=125000-L*-K?; 4, =625. Nell
2K 3L K 3L K L
RLK =3—L, XL :ﬁ' Nel2 RLK ziﬁRKL =?. Nel3 RLK =I’RKL :E' Nel4
K oL

Ry =— R, ==
LK ZL KL K

2.8 JlabGopaTropHas pabdora Nel7 (2 gaca).
Tema «@yHKuHU NMoe3HOCTH. PyHKUIMHU cripoca. IIpou3BoacTBeHHbIE (PYHKIUN

2.8.1 Lleap padoThI: 3aKpeNUTh HaBBIKU pelieHus 3aaad 1no teme «IIpous3BoacTBeHHBIE
Gynkuuu. @yHKIKUN N07e3HOCTH. DYHKIUY cIIpocay

2.8.2 3agayu padoThI:
1. KonTponbHas pabora.

2.8.3 Ilepeuenn npud0OpoB, MAaTEPHAJIOB, HCIIOJIb3YeMbIX B J1A00paTOPHON padore:
1. Kanbkynstop

2.8.4 Onucanue (xox) padorTni:
1. KonrpoabHas padora.
(BapuanTsl 3aganuii npencrasieHbl B @OC quCIUTIITAHBI)

2.9 JIabopatopHas padora Nel8 (2 yaca).
Tema «TOroBoe 0030pHoe 3aHATHE)

2.9.1 Heabp padoTbl: 0000MMTH MOJYYCHHBIC 3HAHHS, TOJBECTH HWTOT H3YYCHHS
U CIUTITUHBI

2.9.2 3agauun padoThI:
1. YcTHbIi onpoc.

2.9.3 Ilepeyenb NpudOpPOB, MATEPHUAJTOB, HCIIOJIb3YeMbIX B J1a00pPaTOPHOI padoTe:
1. Kommnsrorep
2. locka

2.9.4 Onucanue (xox) padoThi:



1. YcTHBbI# onpoc.

[Tonpa3zymeBaeTcsl 3aciyliMBaHHUE AOKIAJAOB CTYJEHTOB IO BBHIOpAaHHBIM HUMH TEMaM
COIIPOBOKAACMBIX (HO )KeﬂaHI/IIO) CHaﬁHaMH Ha KOMIIBIOTECpax. HOI[BOI[}ITCSI HUTOTHU U3Yy4YCHUA
JTUCIUTINHBI.

Pazpaboran J.A. AHIpUEHKO



